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B xanre Kp8TKO paccMoTpeHbI BOIIPOCbI <PIISIIKII He<p
reraaoaux IIJIaCTOB. OIIlIcaHbI CIIoc06b1 BCKpblTIIH IIJIa

CTOB IIPII 6ypellllll. YAeJIeHO BHIIMaHlle TeXHOJIOrll1l OlIpO

60BaHIIH IIPOAYKTIIBHbIX 06"beKTOB C IIOMO/.UblO IIJIaCTO

IIcIIblTaTeJIeA Ha Tpy68X II IIHTep1IpeTaU1I1I pesyJIbTaTOB 

oIIp060BaHIIH. nplIBe.lleHbI CBe.lleHIIH IIO npoexrapoaa
HIlIO KOHCTPYKUIIII CKBaJKIIH, IIO KOHCTpyKUIIHM II IIPOq
HOCTHbiM xapaKTepllcTIIKaM 06Ca.llHblx rpyo II IIX coena
HeHIIA. I1SJIOJKeHbl BOIIPOChI TeXHOJIOrll1l KpeIIJIeHIIH 

CKBaJKIIH 06Ca.llHblMII KOJIOHHaMII II MeT0.llbl pacsera 06
caanax KOJIOHH. Onacansi TaMIIOHaJKHble MaTepll8JIbl, IIX 

csoscraa, BJIIIHHlle OCHOBHblX <paKTopOB aa 3TII CBoAcT

aa II CIIoco6bl peryJIllpOBaHIIH. PaCCMOTpeHbl CIIoc06bl 
OCBoeHIIH, IICIIblTaHIIH. JIIIKBlIllaUlI1I II KOHcepBaUlI1I IIPO

6ypeHHblX CKBaJKIIH. B SaKJIIO'IeHlle IISJIOJKeHbl BOIIpOCbl 

TeXHIIKII 6eSOIIaCHOCTII ,II sa/.UIIThI oKpYJKalO/.UeA cpenu 
OT sarpHSHeHIIH npz SaKaH'IIIBaHIIII CKBaJKIIH. 

Y'Ie6HIIK IIpeliHaSHaqeH .n:JIH CTy.n:eHTOB BySOB II <pa
KyJIbTeTOB, 06y'lalO/.UIIXCH IIO CIIeUII8JIbHOCTII <Bypeaae 
He<pTHllbiX II rasosux CKBaJKIIH. 

Ta6JI. 12, IlJI. 95, CIIIICOK JIIIT. - 67 uasa. 

P e U e H S e H T sn 
Ka<pe.n:pa 6ypeHIIH rIBaHo-<I>pallKoBCKoro IIHCTIITYT8 
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nPEA Hen0 BHE 

Herprerasonocuaaiouran rrpOMbIIIIJIeHHOCTb HBJIHeTCH 

senyutef OTpaCJIblO napoanoro X03HikTBa CCCP. E)I{e

rO.ll.HO B CTpaHe .lI.06bIBaeTCH HeCKOJIbKO COT MHJIJIHOHOB 

TOHH HeepTH H COTHH MHJIJIHap.ll.OB Ky60MeTpOB rrpHpO.ll.

noro H nonyraoro ra3a. llJIH .lI.06bItIH HeepTII H rasa H 

.lI.JIH rrOHCKOB H pa3Be.ll.KH HOBbiX HeepTHHbIX H ra30BbIX 

MeCTOpO)l{.lI.eHHH Ka)l{.lI.bIH ron 6ypHT MHOrHe TblCHqH 

CKBa)l{HH. Ha pa3BHTHe aedireraaonocuaaioutea npo

MbIIIIJIeHHOCTH H pasaenxy HOBbIX MeCTOpO)l{.lI.eHHH pac

XO.ll.YlOTCH 60JIbIIIHe MaTepHaJIbHbfe H neaeacaue cpe,ll.

CTBa. Bypeaae CKBa)l{HH HBJIHeTCH caMOH KarrHTaJIOeM

KOHOTpaCJIblO nerpreraaonoeuaaiomei; rrpOMbIIIIJIeHHO

CTH. B 3TOH OTpaCJIH HMelOTCH 3HatIHTeJIbHbIe pesepnu, 

BbIHBJIeHHe H HCrrOJIb30BaHHe KOTOpbIX cnocoocrayer 

COKpameHHlO CpOKOB paaneztxa HOBbIX, yJIytIIIIeHHlO 3ep

epeKtHBHOCTH .3KCrrJIyaTaUHH paapacaruaaeaux MeCTO

pO)l{.lI.eHHH, Y.ll.eIIIeBJIeHHlO .lI.06bltIH HeepTH H ra3a. He

MaJIbie peaepsu 3aKJIlOtIalOTCH B COBepIIIeHCTBOBaHHH 

KaqeCTBa BCKpbITHH HeepTHHbIX H ra30BbIX rrJIaCTOB rrpH 

6ypeHHH, yCKopeHHH orrp060BaHHH H HCrrblTaHHH, B CO

BepIIIeHCTBOBaHHH KOHCTpyKUHH CKBa)l{HH H yMeHbIIIe

HHH MeTaJIJIOeMKOCTH, B rrOBblIIIeHHH .lI.OJIrOBeqHOCTH 

KperrJIeHHH H pa306meHHH aerpreraaosonoaocaux ro

PH30HTOB. 

yqe6HHK rro KYpCY «3aKaHtIHBaHHe CKBa)l{HH» CO

3.l1.aeTCH nnepsue. B HeM paCCMaTpHBalOTCH sonpocu 

BCKpbITHH rrp0.ll.YKTHBHbIX rrJIaCTOB 6ypeHHeM, orrp060Ba

HHH nepcnexrasaux 06'beKTOB B npouecce 6ypeHHH, 

npoeKTHpOBaHHH KOHCTpyKUHH CKBa)l{HH, pacvera H rex

HOJIOrHH KperrJIeHHH CKBa)l{HH H pa306meHHH npoaauae
MbiX nJIaCTOB, a TaK)I{e aexoropue sonpocu TeXHOJIOrHH 

peMOHTHO-H30JIHUHOHHbIX pa60T. Hsyseaae xypca HMeeT 

uensro He TOJIbKO 03HaKOMHTb CTY.ll.eHTOB C KOMrrJIeKCOM 

Ha3BaHHbIX pa60T, HO H noxoxs HM COBepIIIeHCTBOBa

HHlO TeXHOJIOrHH H TeXHHKH 3THX pa60T, BCKpbITHlO 

HMelOllI,HXCH pesepsoa. 
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50JIblIIylO nOMOIII.b B npoueccs pa60TbI nan yqe6HH

KOM OKa3aJI ztouear Jr. B. 50pHCeHKO, KOTOpOMy aBTOp 

aupaacaer HCKpeHHlO1O 6JJarO,napHOCTb. ABTOp 6JIaro,na

pHT raxsce rrpo<p. B. r. 5!coBa H xaan. TeXH. nayx 

B. n. Bauarona, I1. A. Be,nHIII.eBa, A. A. <I>e,nopOBa, 

JI. H. lIla,npHHa sa noaesaue 3aMeqaHHH H COBeTbI, cne

JIaHHbIe npH 03HaKOMJIeHHH C pyKonHcblO yqe6HHKa. 

ABTOp 6y,neT npH3HaTeJIeH qHTaTeJIHM aa KpHTHqe

CKHe 3aMeqaHHH H COBeT,bI, KOTOpbIe nOMoryT ,naJIbHeH

urexy COBepllleHCTBOBaHHIO xypca H yqe6HHKa. 3aMeqa

HHH H COBeTbI cnezryer HanpaBJIHTb B H3,naTeJIbCTBO 

eHenpa» no anpecy: 103633, Mocxaa, TpeTbHKoB
CKHH rrp., 1/19. 

• 

OCHOBHblE OB03HAlfEHJ1f/, IlPHHf/TbIE B ¥l[EBHJ1KE. 

d
d
d - BHyTpeHHHA ,nHaMeTp 06ca,nHoH KOJIOHHbI;
 

M - HapY)f{HbIH ,nHaMeTp MyepTbi o6ca,nHoH Tpy6bI;
 

H - HapY)f{HbIH ,nHaMeTp o6ca,nHoA rpyou:
 
dc - ,nHaMeTp CKBa)f{HHbI;
 
E - MO,nyJIb ynpyrocra:
 
g - ycxopenae CHJIbI TH)f{eCTH;
 
H - rJIy6HHa ypOBHH }KH,nKOCTH B KOJIOHHe Tpy6;
 
1- MOMeHT HHepUHH CeqeHHH TeJIa Tpy6bI; 
k - K03epepHUHeHT npoHHuaeMocTH; 

ka - K03epepHUHeHT aHOMaJIbHOCTH nJIaCTOBOro ,naBJIeHHH; 
k(j - K03epepHUHeHT oeaonacaocra: 
kn - HH,neKC ,naBJIeHHH nOrJIOIII.eHHH; 

kCM - K03epepHUHeHT sanaca npOqHOCTH na CMHTHe;
 
kCTP - K03epepHUHeHT aanaca npOqHOCTH aa pacraaceaae;
 

ka - K03epepHUHeHT, yqHTbIBaIOIII.HH YBeJIHqeHHe rH,npaBJIH
qeCKHX corrpOTHBJIeHHH 3a CqeT MeGTHbiX conpOTHBJIe
HHH (MyepT H T. n.}; 

L - rJIy6HHa cnycxa KOJIOHHbI rpye:
 
iT - cpenuas ,nJIHHa onaoa Tpy6bI;
 
. n - OTHOCHTeJIbHOe Bo,noco,nep)f{aHHQ TaMnOHa)f{HOrO paCT


sopa: 
pnn - nJIaCTOBOe ,naBJIeHHe; 

Pc - ,naBJIeHHe B CKBa)f{HHe Ha paccxarpaaaeaoa rJiy6HHe; 
Pn - ,naBJIeHHe norJIOIII.eHHH; 

PeT - CTaTHqeCKOe ,naBJIeHHe cToJI6a npO¥bIBOqH0H )f{H,nKO
CTH aa paccxarpaaaeaoa rJIy6HHe; 

PrlJ, - rH,npo,nHHaMHqeCKOe ,naBJIeHHe Ha CTeHKH CKBa)f{HHbI 
na paCCMaTpHBaeMOH rJIy6HHe; 

py- H36bITOqHOe ,naBJIeHHe B KOJIOHHe rpye y YCTbH; 
PYK - H36bITOqHOe ,naBJIeHHe B 3aKOJIOHHOM npocrpaacrne y 

YCTbH; ,_
 
PB - sayrpeaaee ,naBJIeHHe;
 
PH - Hapy)f{H<lle ,naBJIeHHe;
 

P BM - KpHTHqeCKOe ,naBJIeHHe ,nJIH rpytia no epopMyJIe Bap

JIOy C yserox MHHycoBoro nonycxa na TOJIIII.HHy CTeHKH;
 

PnpelJ, - KpHTHqeCKOe Hapy)f{HOe H36bITOqHOe ,naBJIeHHe ,nJIH
 
rpytisr npa ,nByXOCHOM narpyaceaaa: 

Pon - H36b1TOqHOe ,naBJIeHHe B KOJIOHHe y YCTbH npa onpec
COBKe; 

Pc - KpHTHqeCKOe ,naBJIeHHe ,nJIJI Tpy6bI no <popMyJIe 
r. M. CapKHCOBa; 

Pm - CTparHBalOIII.a51 aarpysxa peasooaoro coenaaeaas no 
<popMyJIe n. n. llIyMHJIoBa; 
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r K - pa,uHyc KOHTypa rrHTaHHH CKBaLKHHbI;
 
t c - panayc CKBaLKHHbI;
 

Re - nap axerp PeHHOJIb,uCa;
 

SK - napaxerp CeH-BeHaHa -I1JIbIOIlIHHa ,uJIH rrOTOKa BH3


KOrrJIaCTHqHOH LKH,uKOCTH B 3aKOJIOHHOM rrpOCTpaHCTBe;
 

T; - Cpe,uHHH a6COJIIOTHaH resrneparypa rasa B CKBaLKHHe
 
rro IlIKaJIe KeJIbBHHa; 

WB - CKOpOCTb aocxozrauiero rrOTOKa B aaKOJIOHHOM npocr
paHCTBe; 

WKp - KpHTHqeCKaH CKOpOCTb TeqeHHH LKH,uKOCTH; 

(W B ) -rrpe,ueJIbHO nonycruxaa CKOpOCTb socxonmuero rrOTOKa;
npeil 

Z - rJIy6HHa paccuarpuaaejroro CeqeHHH OT YCTbH; 

Zrr - rJIy6HHa, Ha KOTOpOH BoaMOLKHO rrOrJIOllIeHHe; I 

ZrrJl - rJIy6HHa nnacra, na xoroporo BoaMOLKHo rrpOHBJIeHHe; 

{j - HOMHHaJIbHaH TOJIllIHHa CTeHKH rpyriu; 
~K - 6eapaaMepHaH BeJIHqHHa ,uJIH rrOTOKa B aaKOJIOHHOM 

rrpOCTpaHCTBe, onpenensexaa rro pHC. 55; 
~c - K03<p<PHUHeHT CLKHMaeMOCTH raaa; 
Bt - OTHOCHTeJIbHaH TaHreHUHaJIbHaH ,ue<popMaUHH; 

!'!Prr - MO,uyJIb rpazmenra ,uaBJIeHHH rrOrJIOllIeHHH; 

!'!PrrJl - MO,uyJIb rpazmenra rrJIaCTOBOro ,uaBJIeHHH; 

6K - K03<P<PHUHeHT MeCTHbiX corrpOTHBJIeHHH B aaKOJIOHHOM 
rrpOCTpaHCTBe; 

'I'j - ,uHHaMHqeCKaH (rrJIaCTHqeCKaH) BH3KOCTb LKH,uKOCTH; 

AK - K03<p<p HUHeHT rH,upaBJIHqeCKHX corrpOTHBJIeHHH 3aKO
JIOHHOrO rrpOCTpaHCTBa; 

!L - K03<p<p HUHeHT Ilyaccona: 
par - OTHOCHTeJIbHaH rrJIOTHOCTb ra3a rro Boa,uyxy; 
PB - rrJIOTHOCTb npecaoa BO,ubI; . 

po- OTHOCHTeJIbHaH rrJIOTHOCTb rrpOMbIBOqHOH LKH,uKOCTH; 

porr - rrJIOTHOCTb LKH,uKOCTH B KOJIOHHe rrpH orrpeCCOBKe; 
prr - nJIOTHOCTb rrpOMblBOqHOH LKH,uKOCTH;
 

;'Jnp - rrJIOTHOCTb nponaaosuoa LKH,uKOCTH;
 

PUP - rrJIOTHOCTb TaMrrOHaLKHoro paCTBopa;
 

pm - rrJIOTHOCTb ,uHcrrepCHOHHOH cpe,ubI; 

P - rrJIOTHOCTb LKH,uKOCTH B KOJIOHHe npn orrpOOOBaHHH Ii 
OCBOeR-HH;
 

crT - pa,uHaJIbHbIe HarrpHLKeHHH;
 

crt -- TaHreHIIHaJIbHble HarrpHLKeHHH;
 
cr2- ocesue HarrpHLKeHHH;
 

crT - npe,ueJI TeKyqeCTH;
 

TaK B - 3KBHBaJIeHT.HOe HarrpHLKeHHe; 

'to- ,uHHaMHqeCKOe aanpazceaae cnaara rrpOMblBOqHOH 
LKH,uKOCTH. 

'OCTaJIbHble 0603HaqeHHH rrOHCHeHbI B COOTBeTCTBYIO-
UJ:HX r .nasax. 
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rJlABA 1 

3J1EMEHTbl <l>H3HKM 
HE<I>TErA30BOrO nnACTA 

KaLK,ubIH rrpo,uyKTHBHbltl: rrJIaCT B He<pTHHoH H ra30BoH aaJIeLKH 

xapaxrepasyior COBoKyrrHocTbIO BeJIUqUH. 3HaHHe 3TUX BeJIHqUH 

He06xo,uHMO ,uJIH roro, qTo6bI onpenenars aepoarnue U H3BJIeKae

Mble sanacu nerpra H r-asa, OlIeHHTb BoaMoLKHbIH rroTeHIIHaJIbHbIH 

,ue6HT LKH,uKOCTH, BbI6paTb OrrTHMaJIbHbIH <pUJIbTP ,uJIH npenorapa
meHHH paspyureaaa KOJIJIeKTOpa B nepaon 3KCrrJIyaTalIHu CKBa

LKHHbI H peurars pan npyrax BaLKHblX aana-r. BypOBHKH ,uOJILKHbI 

snars 3TH BeJIUqUHbI, qT06bI rrpaBHJIbHO BbI6HpaTb COCTaB H CBOH

CTBa rrpOMbIBOqHOH LKH,uKOCTH ,uJIH paseypaaaaaa nponyxraaaoro 
nnacra, KOHCTPYKIIHIO HH}lmeH qaCTU CKBaLKHHbI, a TaKLKe npensa
,ueTb BoaMoLKHylO creneas aarpaaaeaaa rrpUCTBOJIbHOH qaCTH rrpo

nyxrnaaoro nnacra U CBoeBpeMeHHO npnaars srepsr K TOMy, qTo6bI 

He nonycrars aarpasaeaaa UJIU, B KpaHHeM cnyxae, CBeCTH ero K 

HaHBoaMoLKHoMy MIiHHMyMy. 

§ 1. rpaHyJIOMeTpHqeCKHH COCTaD nopon 
npo.Ii.yKTHBHOrO nnacra 

Herprs H r-as conepxcarca B rropax H TpeIlJ,HHaX rropo,u-KOJIJIeKTO

pOB. ECJIH nopona-xoanexrop COCTOHT U3 sepea pa3HOH <pOPMbI, 

cneaearapoaaaasrx MeLK,uy C060H (nanpasrep, rrecxaanx) HJIH He

ClIeMeHTHpCBaHHbIX (necox), H LKH,uKOCTb (He<pTb, r-as, nona) aa
nOJIHHeT nopu TaKOH noponu, KOJIJIeKTOp Ha3bIBaIOT rpaHyJIHpHbIM 

(OT CJIOBa «rpaayna» - aepno). ECJIU LKe LKH,uKOCTb co,uepLKHTCH B 

OCHOBHOM JIHllIb B rpeunrnax noponsr, KOJIJIeKTOp Ha3bIBalOT rpe
W.HHHbIM. B rrpuljIo,ue BCTpeqaIOTCH TaK)Ke cxetuannue, HJIH rpany
JIHpHO-TpeIlJ,HHHbl,e KOJIJIeKTOpbI. 

Ilecsaasre rrJIaCTbI COCTOHT as sepea pasnux <pOPMbI Ii paavepa. 
rpaHyJIOMeTpHqeCKHM COCTaBOM TaKOH noponu Ha3bIBaIOT conoxyn
HOCTb ,uaHHbIX 0 paanepe (Macce) sepeu paansrx <ppaKIIHH. B CO

CTaB O,uHOH <ppaKIIUH BKJIIOqaIOT see sepaa, pasxep (HJIH xacca) 
KOTOpbIX He BbIXO,uHT aa npenensr, YCTaHOBJIeHHbIe ,uJIH ,uaHHOH 

<ppaKIIHH. OT rpaHyJIOMeTpHqeCKOrO COCTaBa rropo,u 3aBUCHT rropH

CTOCTb, npoaanaeaocrs, ynensnas rrOBepXHOCTb, KarrHJIJIHpHble 

caoacrna U aexoropue npyrae xapaKTepHCTHKH HX. 

rpaHyJIOMeTpHqeCKHH COCTaB nopon orrpenenaior C rrOMOIlJ,bIO 

CHTOBoro H ce,uHMeHTOMeTpHqeCKOrO aaanasa. CUTOBOH aHaJIHa npa
MeHHIOT ,uJIH pacceaa <ppaKIIHH cunyxax nopon C paaxepox qaCTUU 
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He Menee 0,05 MM. B JIat'.iopaTopHH o6bI'IHO HCrrOJIb3ylOT Ha60p npo
BOJIOqHblX HJIH lIIeJIKOBbIX CHT (acero 10-11 CHT) C paaaepava 
oTBepcTHH (CTOpOHbI KBa~paTa B caery) OT 0,053 no 3,36 MM. CHTa 

paaaeuraior O~HO nan ~PYrHM TaK, qTo6bl B, caMOM aepxy 6bIJIO 

CHTO C HaH60JIee KpynHbIMH OTBepCTHHMH. Ha sepxaee CHTO aa
. csrnaior HaBecKy cbIrryqetl: noponsr (o6bIqHO 50 r) H npocenaaior ee 

B reneaae IS MHH. 3aTeM B3BelIIHBalOT oCTaBlIIYIOCH na Ka)K~OM CH

re nopoay, H pe3YJIbTaT 3anHCbIBalOT B Ta6JIHIJ:Y rrpOTHB pasxepa 
cooTBeTcTBYlOmero CHTa. 

Ce~HMeH1:0MeTpHqeCKHM aHaJIH30M nOJIb3ylOTCH ~JIH onpeztene-
HHH CO~ep)KaHHH qaCTHIJ: xpynaocn,ro MeHee 0,05 MM. Crroco6 3TOT 

. 100. 
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::II 50 .. 
l
tlI 

iii Iii ii' 

./ 

II 

II 
~ . 
.:t'0 

10- 2 10·' 
J!uaMemp lIacmuq,cM 

PHC. I. fpa$HK cyxxapaoro rpaayno
MeTpH'IeCKOro COCTaBa 

rreH3HIO HaJIHBalOT B IJ:HJIHH~pHqeCKHtl: cocyzr, B KOTOpbItl: onycxa

lOT TOHKHtl: CTeKJIHHHbItl: ~HCK, nO~BelIIeHHbItl: aa nneno ce~HMeHTO
MeTpHqeCKHX BeCOB H. A. <1>HrypoBcKoro. B HaqaJIbHbItl: MOMeHT 

H3MepeHHH BeCbI HaXO~HTCH B paBHOBeCHH: no Mepe roro KaK aa 

CTeKJIHHHbIH ~IfCK OCa)K~aIOTCH TBep~b1e qaCTHIJ:bI, paBHOBeCHe Be

COB napyuraercn, H ~JIH BOCCTaHOBJIeHHH ero zrpyroe rtneuo BeCOB 

rrpHXO~HTCH aarpyacars ~OnOJIHHTeJIbHO. PerHCTpHpyH BeJIHqHHY 

MaCCbI, nO~BelIIHBaeMofi aa nropoe nnevo ~JIH BOCCTaHOBJIeHHH 

OCHOBaH HB TOM, qTO ocaxc
neaae CTOJIb MeJIKHX qaCTHIJ: 

B BH3KOtl: )KH~KOCTH nonsu

HHeTCH saxony CTOKca. 3a

KOH CTOKca cnpaBe~JIHB npH 
HeCTeCHeHHOM ~BH)KeHHH sa

CTHIJ:. n03TOMY MaCCOBaH 
KOHIJ:eHTpaIJ:HH qaCTHIJ: B )KHk 

KOCTH He ~OJI]KHa npesu
urars 1%. 

HaHOOJIee TOqHbIM cno

co6oM ce~HMeHTOMeTpHqe
cxoro aHBJIH3a CqHTalOT B3Be

lIIHBaHH& oceBlIIHX qaCTHIJ:. 

XOpOlIIO rrepeMelIIaHHylO eye

paBHOBeCHH, H 

rrO~BeCKH 3TOtl: 
qeTa CKOpOCTH 
qaCTHIJ:. 

Pe3YJIhTaThI, 

BpeMH, npourennree OT aaxaaa onsrra ~O MOMeHTa 

MaCCbI, noaysaror naaasre, Heo6xo~HMbIe ~JIH pac
OCa)K~eHHH H BKBHSaJIeHTHoro ~HaMeTpa oceBlIIHX 

rrOJIYlleHHhle npa CHTOBOM H ce~HMeHTOMeTpHqe
CKOM aHaJIH3e, OOhlqHO HaHOCHT na rpaqia« cyxxapnoro rpaayao

MeTpHqeCKoro COCTaBa HJIH Ha rpa<pHK pacnpe~eJIeHHH qaCTHIJ: no

PO~b1 rro paaaepau, no OCH aticnacc HB 3THX rparpaxax OTKJIa~bI
BalOT ~HaMeTp HJIH JIOrapH"<pM ~HBMeTpa qaCTHII; rro OCH 0p~HHaT 
aa nepsox rpa<pHKe (pHC. I) OTKJIa~bIBaIOT cyMMapHyro Maccy scex 
qaCTHII ztaanoro H xeasurero ~HaMeTpa B nponenrax OT oometl: 
MaCCbI HaBeCKH, B3HTOil: ~JIH aHaJIH3B; aa 8TOpOM )Ke rpa<pHKe

Maccy qaCTHIJ: ~aHHoro pa3Mepa (~aHHoA <ppaKIJ:HH) B rrpOIIeHTax 
OT o6ru:ell MaCChi HBBeCKH. 
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Paaxepu qaCTHII nopon xoryr KOJIe6aTbCH B aecsaa lIIHpOKOM 

~Hana30He (OT KOJIJIOH~HbIX pa3MepoB ~o HeCKOJIbKHX caHTHMeT

pOB). B 60JIblIIHHcTBe nOpOkKOJIJIeKTOpOB pasxepu qaCTHIJ: aaxo
~HTCH o6bIqHO B npeztenax OT 0,01 no I MM. Crenens HeO~HopO~HO' 
CTH qaCTHII noponu npHHHTo xapaxrepaaoaars OTHOlIIeHHeM ~Ha

MeTpa ornepcraf cara, sepea xoropoe rrpOlIIJIO 60% o6meii: MaCCbI 

HaBeCKH (TOqKa A na pHC. I), K ~HaMeTpy oTBepcTHfi roro CHTa, 

-repes xoropoe IlPOlIIJIO TOJIbKO 10% MaCCbI. .LI.JIH 60JIblIIHHcTBa 

He<pTHHbIX H ra30BbIX nJIaCTOB creneas Heo~Hopo~HOCTH KOJIe6JIeTCH 

OT 1,I~o 20. 

§ 2. nOpHCTOCTh H Y,lJ.eJlbHaJI noaepxuocrs nopon 

IlpaKTHqeCKH ace OCa~OqHbIe noponsr HBJIHIOTCH nopacruxa. 
A6cOJIIOTHOii: nopacrocrsio Ha3bIBalOT OTHOlIIeHHC cyMMapHoro o6'be

Ma rrop Vnop B oripasue noponu K BH~HMOMY ero o6'beMy V0 6p 

knop = Vnop/ Vonp- (1.1) 

Ilopsr, coennaeaasre ztpyr C ztpyrox, oepasytor rroposue xaaa
JIbI. Flopoaue KaHaJIbI nopon He<pTHHbIX H ra30BbIX MeCTOp0)K~eHHif 

yCJIOBHO ~eJIHT aa TpH rpyrmsr: 
a) cBepXKallHJIJIHpHbIe - C paaxepox 60JIee 0,5 MMi 

6) KarrHJIJIHpHbIe - OT 0,2 MKM no 0,5 MM; 

B) cy6KanHJIJIHpHbIe - xeaee 0,2 MKM. 

Herprs, ras H aozra no cBepXKanHJIJIHpHhlM nopav ~BH)KYTCH 

caotionao non ~eHcTBHeM ~a)Ke He6oJIblIIoro nepenazta ~aBJIeHHH 

HJIH CHJIbI rpaBHTaIIHH; no KanHJIJIHpHbIM - ~BH)KeHHe rrpOHCXO~HT 

"pH 3HaqHTeJIbHOM yqaCTHH KarrHJIJIHpHbIX CHJI. B cy6KanHJIJIHpHbIX 
nopax CHJIbI MOJIeKyJIHpHOro npHTH)KeHHH )KH~KOCTH CTeHKaMH xa

HaJIOB CTOJIb BeJIHKH, qTO B npaponaux YCJIOB.HHX )K.H~KOCTb rro HHM 

nepeaeuiarscs npaxrnsecxa He MO)KeT. Cy6KallHJIJIHpHhIe nopsr 

xapaxrepnu ~JIH rJIHH, rJIHHHCTbIX CJIaHl):eB, aprHJIJIHTOB, HBJIHIO

mHXCH nOKpb,llIIKaMH aetprer-aaoaacumeanux nopon. XOPOlIIHMH 

KOJIJIeKTOpaM~e<pTHHraaa HBJIHIOTCH re noponu, B KOTOpbIX npe

06JIa~a1OT cBepXKanHJIJIHpHbIe nopOBbie KaHaJIbI. 
K03<p<PHIIHeHTOM OTKpblTOH nopacrocra Ha3bIBalOT OTHOlIIeHHe 

cyMMapHoro o6'beMa nop, coocuraiomnxcs npyr C npyrox, K BH~H' 
MOMy o6'beMy oripasua noponu, K03<P<PHIIHeHT OTKpblTOH nopacro

CTH scerna MeHblIIe a6COJIIOTHOH nopacrocra, TaK KaK B nopone 

HMelOTCH 3aMKHYTbIe nopu. ECJIH ~JIH rreCKOB pa3HHIIa Me)K~y HHMH 
MaJIa H o6bIqHO He npeauuraer 5-6%, TO ~JIH Kap60HaTHbIx KOJI

JIeKTOpOB pa3HHIIa MO)KeT 6bITb secsxa 3HBqHTeJIbHotl:. 

K03<p<PHIJ:HeHT OTKPbITOtl: nopacrocrn MO)KHO. onpezteaars Me

TO~OM B3BelIIHBaHHH. .LI.JIH sroro H3MepHIOT Maccy M1 B03~YlIIHO

cyxoro 06pa3IJ:a nopona, a 3aTeM Maccy M2 roro )Ke 06pa3IJ:a, Ha
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cunrenaoro non saxyyaox KepOCHHOM. Torna K09<pq>HUHeHT orxpu-
TOH rrOpHCTOCTH 

k Mz-M1 (1.2)
O. n ~ PHVO(jP , 

r).I.i PH - nJIOTHOCTb KepOCHHa. 

Cyxxapayto rrOBepXHOCTb BCeX rrOpOBbIX KaHaJIOB, cO).I.ep)KaIIJ,HX

CH B e).I.HHHue 06beMa 06pa3ua rrOpO).I.bI, Ha3bIBalOT y).I.eJIbHOH rro

BepXHOCTblO. BeJIHqHHa y).I.eJIbHOH rrOBepXHOCTH 3aBHCHT OT <pOPMbI 

3epeH H rpaHyJIOMeTpHqeCKOrO COCTaBa rropO).I.bI. TaK KaK pa3Mep 

sepea 06bIqHO MaJI, a rropHCTOCTb ).I.OBOJIbHO 3HaqHTeJIbHa, ynens
HaH nOBepXHOCTb noponu MO)KeT 6bITb OqeHb 60JIbIIIOH. 4eM 60JIb

IIIe y).I.eJIbHaH rrOBepXHOCTb, TeM 60JIbIIIHH 06beM )KH).I.KOCTH <pH3Hqe

CKH ynepacnaaercs na HeH B BH).I.e rrJIeHOK. 

Cyurecrnyior HeCKOJIbKO cnocotios onpeneneana y).I.eJIbHOi!: no

BepXHOCTH nopoa, flpOCTeHIIIHH: H3 HHX OCHOBaH na 3aBHCHMOCTH 

Me2K).I.y y).I.eJIbHOH: rrOBepXHOCTblO H rpaHyJIOMeTpHqeCKHM COCTaBOM 

noponsr. 
ECJIH 6bI see qaCTHUbI nOpO).I.bI HMeJIH C<pepHqecKylO <POpMy H 

O).I.HHaKOBbIH ).I.HaMeTp, cyaxapuas rrOBepXHOCTb scex qaCTHU B 1 M S 

noponu 6bIJIa 6bI panna 

~ = 6 (I - knop) (1 3) 
o(jp d'l ' . 

rne d« - ).I.HaMeTp qaCTHU. 

Peansaue sepaa HMelOT yrJIOBaTylO <POpMy H ).I.aJIeKO He O).I.HHa

xonue paauepu. flO9TOMy ynensnyro rrOBepXHOCTb eCTeCTBeHHbIX 

neCKOB BblqHCJIHIOT KaK CyMMy y).I.eJIbHbIX rrOBepXHOCTeH scex <ppaK

UHH: rpaHyJIOMeTpHqeCKOrO COCTaBa 

~ = 6k'l (I - kn op) ~ Ml (1.4)
o6p M 1 dl ' 

rne k'l- nonpaeosaan K03<p<PHUHeHT, yqHTbIBalOmHA YBeJIHqeHHe 

nOBepXHOCTH H3-3a HeC<pepHqHOCTH qaCTHU (rro ).I.aHHbIM K. r. Op

KHHa, k'l= 1,2+1,4; MeHblliHe 3HaqeHHH K09<p<pHUHeHTa OTHOCHTCH 

K OKaTaHHbIM sacrnuaa, 60JIbIIIHe - K yrJIOBaTbIM); M i - Macca 

nanaoa <ppaKUHH qaCTHU; d; - Cpe).I.HHH ).I.HaMeTp i-A <ppaKUHH 

qaCTHU 

I I (I 1)1[."""='2 -,+-" . (1.5)
z dl dl 

d; H d; D).I.ecb 6JIH)K8HIIIHe crannaprnue pasMepbI oTB.peTHA 

CHT. 

Y.n.eJIbHaH rroBepxHocTb o6pa3uoB rreCqaHHKOB, oT06paHHbIx H8 

rrpO).I.yKTHBHbIX rrJIaCTOB POMallIKHHCKoro H TYHM83HHcKoro He<pTH

HbIX MecTopo2K.n.eHHH, aanpuaep, KOJIe6JIeTCH OT 38000 ).I.O 
113000 M2jM 3 [11]. 
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§ 3. npOHHIJ.aeMOCTb ropuux nopon 

Crroco6HOCTb nopon rrpo).I.yKTHBHbIX rrJIaCTOB rrponycKaTb )KH).I.

KOCTb Ha3bIBalOT rrpoHHuaeMocTblO. IlpOHHuaeMbIMH 5lBJI51IOTC5I 
npaKTHqeCKH ace oca).I.OqHble nopoau. O).I.HaKO rrpoHHuaeMocTb rro

pO).I. C cy6KarrHJIJI51pHbIMH rropaMH HHqTO)KHO MaJIa; rr09ToMY TaKHe 

nopoas (rJIHHbI, rJIHHHCTble CJIaHUbI, 8prHJIJIHTbI H aexoropue ).I.py

rHe) yCJIOBHO CqHTalOT HerrpoHHuaeMbIMH. 
O).I.HOH H3 rJIaBHbIX <pH3HqeCKHX xapaKTepHcTHK KOJIJIeKTOpa 

CJIy)KHT a6COJIIOTHa51 npommaeaocrt-. A6cOJIlOTHOH Ha3bIBalOT npo
HHuaeMocTb nopacroa cpenu npu <pHJIbTpaUHH xepea nee O).I.HOH 

KaKOH-JIH60 )KH).I.KOCTH, XHMHqecim HHepTHoH rro OTHOIIIeHHIO K no
po).I.e. B xasecree TaKoH )KH).I.KOCTH 06blqHO HCrrOJIb3ylOT CyXOH B03

).I.yx HJIH ras, TaK KaK nosrn HeB03MO)KHO HaHTH xHMHqeCKH HHepT

HOH rro OTHOIIIeHHIO K nopone KarreJIbHOH )KH).I.KOCTH.
 
nJI51 KOJIHqeCTBeHHoH oueuxn nponnuaexocrn B JIa60paTopHH
 

06bIqHO rrOJIb3ylOTcH 3aKOHOM JIHHeHHOH <pHJIbTpaUHH napCH, co

rJIaCHO KOTOpOMy CKOpOCTb <pHJIbTpaUHH rrp51MO rrporropUHOHaJIbHa
 

rpa).I.HeHTy ).I.aBJIeHH51 H 06paTHO rrporropUHOHaJIbHa.n.HHaMHqeCKOH
 

B513KOCTH )KH).I.KOCTH 
(1.6)Q k (Pl- pz)

7 = --;:j I 

rne Q _ 06beMHbIH pacxon )KH).I.KOCTH; k - K09<p<pHUHeHT rrporrop

UHOHaJIbHOCTH, Ha3bIBaeMbIH a6COJIlOTHOH rrpoHHuaeMocTblO; Pl, 
P2 _ COOTBeTCTBeHHO ).I.aBJIeHH51 aa BXO).I.e B oopaaen H aa BblXO).I.e 
H3 Hero; F - nnomans <pHJIbTpaUHH; 11- ).I.HHaMHqeCKaH B513KOCTb 

)KH).I.KOCTH; 1- ).I.JIHHa 06pa3ua nopHcToH noponu.
1:13 <pOpMyJIbI (1.6) CJIe).I.yeT, qTO a6coJIIOTHa51 rrpoHHuaeMocTb 

(1.7)
k=~Q

(Pi - pJ F 
TaK KaK r-as HBJI51eTC51 C)KHMaeMOH )KH).I.KOCTblO, ero 06beMHbIH 

pacxon B pa3HbIX rro ).I.JIHHe 06pa3U8 CeqeHH51X HerrOCTOHHeH. flo

9TOMy rrpH H3MepeHHH rrpOHHuaeMOCTH rropO).I.bI .n.JI51 ra3a B <POpMY
JIy (1.7) He06xo).I.HMO rro).I.CTaBJI51Tb o6beMHbIH pacxon raaa, npaae
).I.eHHbIH K cpenaexy ).I.aBJIeHHIO B oopaane. Ilon cpe.n.HHM rrOHHMa

lOT cpe).I.Hee apH<pMeTHqeCKOe ).I.aBJIeHHH Ha BXOJJ.e B 06pa3eu H Ha 
BbIXO).I.e H3 Hero. flOJIaralOT, qTO ras paCIlIHpHeTC51 H30TepMHqeCKH 

B coOTBeTCTBHH C 3aKOHOM BOHJIH-MapHOTTa. C yqeTOM CKa3aHHO

ro <pOpMyJIy (1.7) ).I.JI51 orrpe).I.eJIeHH51 rrpoHHuaeMocTH rro..raay MO)K

HO rrepenHcaTb B BH).I.Q 

k= 2QoPofJI'l (1.8) 
:(PI - pD F ' 

rne Qo - o6beMHhIH pacxon raaa npu aTMoc<pepHOM .n.aBJIeHHH; 

Po _ 8TMOc<pepHoe ).I.aBJIeHHe; 111' - B513KOCTb r asa rrpH HOpMaJIb-

HhIX yCJIOBHHX.
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Pa3MepHOCTb rrpOHH~aeMOCTH B Me1K,llYHapO,llHoil: CHCTeMe enn
HHU 

~ H·c 
C ·7·M 

(k) = =M2• 
H ('1.9)
7·M2 

3a e,llHHH~y rrpOHH~aeMOCTH B 1 M2 rrpHHHMaIOT nponnuaeaocrr, 
TaKOH nopucroa cpenu, nepea oopaaeu KOTOpOH ,llJIHHOH 1 M H rrJIO

ma,llblO norrepellHoro CeqeHHH 1 M2 npa rreperra,lle ,llaBJIeHHH 1 Ila 
e)l{eCeKYH,llHO rrpo<pHJIbTpoBbIBaeTcH 1 M3 1KH,llKOCTH C BH3KOCTbIO 
1 Da·c. 

Ha npaxraxe 06bIlIHO rrOJIb3yIOTcH ropaazto MeHbllIeH e,llHHH~eH, 
HMeHyeMoH ,UapCH (,U). DpolUi~aeMocTb B 1 ,U 'paaaa 1,02 MKM2, 

12 T. e. rrpH6JIH3HTeJIbHO B 10 paa xensure e,llHHH~bI rrpOHH~aeMOCTH2• 
B 1 M DpoHH~aeMoCTb B 0,001 ,U Ha3bIBaIOT MHJIJIH,llapcH. OpOHH

~aeMOCTb KOJIJIeKTOpOB He<pTHHbIX H ra30BbIX MeCTOp01K,lleHHH H3
MeHHeTCH OT HeCKOJIbKHX MHJIJIH,llapCH no 2-3,U. 

B peaasaux yCJIOBHHX He<pTHHoro HJIH rasoaoro naacra nparox 
K CKBa)l{HHe rrpoHCXO,llHT B YCJIOJ;lHHX pa,llHaJIbHOH <PHJIbTpa~HH. 
06'beMHYIO GKOpOCTb nparoxa HeC1KHMaeMOH KarreJIbHOH )l{H,llKO

CTH. npa pa,llHaJIbHoti: <pHJIbTpa~HH MO)l{HO HaRTH rro <popMYJIe 'uIO
rrlOH 

Q= 2nkh (Pun - PC> 

. 'R ' ( 1.10)I)ln
'c 

rne h - MOmHOCTb rrJIaCTa; pnn - rrJIaCTOBOe ,llaBJIeHHe aa KOHType 

rrHTaHHH; Pc - ,llaBJIeHHe aa CTeHKH CKBa)l{HHbI B rrpO,llyKTHBHOM 

naacre (3a60HHOe ,llaBJIeHHe); r« - panayc KOHTypa rrHTaHHH CKBa
)l{HHbI; 'c - panayc CKBa)l{HHbI. 

BeJIHlIHHY kh/T] rrpHHSlTO Ha3bIBaTb K03<P<PH~HeHTOM ranponpo. 
BO,llHOCTH (HJIH rrpOCTO rH,llpOrrpOBO,llHOCTbIO) rrJIaCTa. 

1-'f3 <pOpMyJIbI (1.10) cnenyer, xro rrpOHH~aeMOCTb rrpH pana
aJIbHOH <pHJIbTpa~HH 0,llHO<pa3HOH KarreJIbHOH 1KH,llKOCTH 

'l('lQln
'c 

k= 2:rth(Pun - Pc)' (1.11) 

AHaJIOrHlIHO rrpOHH~aeMOCTbnpa pa,llHaJIbHoti: <PHJIbTpa~HH r-aaa: 
'l('l'JrQ o Ill""'-; 

k= (2 2)' (1.12)2nh Pm! - Pc 

B rrpO,llyKTHBHbIX rrJIaCTax He<pTHHbIX H ra30BbIX MeCTOp0)l{,lle

HHH BCer,lla CO.Aep)l{aTCH nse (He<pTb+BO,lla; ra3+BO,lla; He<pTb+ 

raa) HJIH TpH (He<pTb+ra3+BO,lla) <pa3bI. DPOHHIUleMOCTb noponu 

,llJIH JII060H H3 <pa 3 npa <pHJIbTpa~HH ,llBYX- HJIH TpeX<pa3HOR 1KH,ll

KOCTH MeHbllIe ee a6COJIIOTHOH rrpOHH~aeMOCTH. 003TOMY, rrOMHMO 
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a6COJIIOTHOll, rrOJIb3YlOTCH TaK1Ke rrOHHTHHMH <!>a30Boll H OTHOCH

TeJIbHOH rrpOHH~aeMOCTeH. Ilon <pa30BOH rrOHHMaIOT rrpOHH~aeMOCTb 
nOp0,llbi ,llJIH ,llaHHOH )l{H,llKOCTH (HJIH ra3~) rrpH HaJIHlIHH B rropax 

MHorO<pa3HOH CHCTeMbI. OTHOCHTeJIbHOH rrpOHH~aeMOCTbIO KOJIJIeKTO

pa Ha3bIBaIOT OTHOllIeHHe <pa30BOH rrpOHH~aeMOCTH K a6COJIlOTHOH. 

<I>a30BaH H OTHOCHTeJIbHaH rrpOHH~aeMOCTH ,llJIH pa3JIHlIHbIX <pa3 
3aBHCHT OT BO,llO-, aerpre- H ra30HaCbImeHHOCTH noponoro npocrpan
CTBa KOJIJIeKTOpa, <pH3HlIeCKHX H <pH3HKO-XHMHlIeCKHX CBOHCTJ;l )KH,ll

KOCTeH H KOJIJIeKTopa. ECJIH, aanpnxep, sacra nop noponu 3aHHTa 

BO,llOH, TO rrpOHH~aeMOCTb ee ,llJIH He<pTH HJIH raaa YMeHbllIaeTCH H 

TeM CHJIbHee, lIeM 60JIbllIe BO,llOHaCbImeHHOCTb. Ha pHC. 2 noxasana 
3aBHCHMOCTb OTHOCHTeJIbHOH nponauae- ... 
MOCTH necxa ,llJIR He<pTH H BO,llbi OT BO- ~ DB 
nonacsnueaaocra noposoro npocrpan- ~' 
CTBa. 0 pH BO,llOHaCblmeHHOCTH MeHee ~ 0,0 
20 % BCH sona <pH3HlIeCKH ynepscaaa eT- ~ aff 
CH B TOHKHX H TyrrHKoBbIX rropax, B cy- ~' 

)KeHHbIX MeCTax KOHTaKTa sepea rropo- ~ 02. 
,llbI, a TaK1Ke B anne rrJIeHOK aa nosepx- ~., 

. ~ 

HOCTH rrOP?BbIX KaHaJIOB H OCTaeTC5I He- ~ 0 20 ''10 GO BO 100 

1/ 

1\' 'J 1'2 

'" 1\./ 
17 

/ 
V' r-, 

rrO,llBH)KHOH. TaK KaK lIaCTb u0 6 'b e M a rrop & BotJMh-C/,/U/IHHocmb % 
3aHHTa HerrO,llBH)KHOH

u 

BO,llOH, TO <pHJIb- ' 

rpauaa He<pTH B03MO)KHa JIHllIb B CBO PHC. 2. 3aBRcHMoCTb OTHO
CHTeRbHOH npoHH~aeMocTH60,llHoil: OT BO,llbI qaCTH CeqeHHH nopo
necxa ,lVUI He<t>TH (1) H BO

BbIX KaHaJIOB; rr03ToMY OTHOCHTeJIbHaH ,D;bI (2) OT BO,D;OHaCbIIUeH
rrpOHHlI,aeMOCTb ,llJIH He<!>TH rrpn TaKoif HOCTH noposoro npocrpau-

BO,llOHaCbImeHHOCTH He npeasnnaer CTBa 

80%, a ,llJIH' sonu npaxrnsecxa panna 
HyJIIO. OpH )lBeJIHlIeHHH BO,llOHaCbllUeHHOCTH necxa no 40%, T. e. 

ansoe, OTHOCHTeJIbHaH rrpOHHlI,aeMOCTb ,llJIH He<pTH CHH)KaeTCH 60

nee lIeM B 2 paaa, a ,llJIH BO,llbI ztocrnr-aer rrpHMepH030%. OpH 

BO,llOHaCblmeHHOCTH 80% rrpOHHlI,aeMOCTb ,llJI5I HeqnH nanaer npax
THlIeCKH ,llO HyJIH. 8TO osaasaer, sro He<pTb, conepscamascs B no
pax TaKOH noponsi, npoxao ynepzcaaaercs KarrHJIJIHpHbIMH H npy
rHMH CHJIaMH. 

ilpOHHlI,aeMOCTb rpaHyJIHpHOrO KOJIJIeKTOpa 3aBHCHT B OCHOB

HOM OT paaxepa nopoaux KaHaJIOB. E,llHHOH 3aBHCHMOCTH Me)K,lly 

rropHCTOCTbIO H rrpOHHlI,aeMOCTbIO nopon He cyutecrnyer. MHorHe 

nopozna C 60JIbliiOH rropHCTOCTbIO (nanpnxep, rJIHHbI) 06JIa,lla1OT 

aecsaa MaJIoif npoaanaeaocrsto JIH60 rrpaKTHlIeCKH nenponauae
Mbl• .upyrHe 1Ke noponu C He60JIbliiOH rropHCTOCTbIO HMeIOT ,llOBOJIb

HO BbiCOKYIO rrpOHHlI,aeMOCTb (uanpaaep, aetcoropue H3BeCTHHKH). 

0pOHHlI,aeMOCTb 06bIlIHO pacrer C YBeJIHlIeHYleM pasaepa rrop. 

§ 4. Heonnoponnecrs KOJlJleKTOpCKHX CBOHCTB nopon 

K KOJIJIeKTOpCKHM CBmlcTBaM ropnsrx nopon OTHOCHT 06bIlIHO 

HX nopacrocn. H rrpOHHlI,aeMOCTb, rrOCKOJIbKY HMeHHO OT HHX saaa
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• CSiT BMeCTHMOCTb rrOpOBOrO rrpOCTpaHCTBa H rrpOBOJI.HMOCTb ero JI.JIH 
KaUeJIbHOH: )KHJI.KOCTH H rS3S. KOJIJIeKTOpCKHe CBOHCTBa peansaux 

KOJIJIeKTOpOB HeOJI.HopOJI.Hbl. HeoJI.HopoJI.HOcTb HBJIHeTCH CJIeJI.CTBH
eM pa3Ho06pa3HH yCJIOBHH: OcaJI.KOHaKOrrJIeHHH, yrrJIOTHeHHH H ~e

MeHTa~H:H nopon, rrepeOTJIO)KeHHH COJIeH: HJIH BblmeJIalIHBaHHH B 

npouecce MHrpa~HH rrJIaCTOBbIX )KHJI.KOCTeH:, TeKTOHHlIeCKHX JI.BH)Ke

HHH aeMHOH KOPbI H npyrax <j:>aKTopOB. B npenenax OJI.HOrO nponyx

THBHoro nnacra HeqlTHHOrO HJIH' raaosoro MeCTOpO)KJI.eHHH lIaCTO 

MO)KHO 06Hapy)KHTb rrOJIH C pa3JIHlIHOH: TeKcTypOH:, pasaoro MHHe

paJIOrHlIeCKoro COCTaBa (HarrpHMep, Ha OJI.HOM rrOJIe KOJIJIeKTOpOM 

HBJIHeTCH XOpOIIlO npoaauaexuf necsaanx, rrOlITH He COJI.ep)KamHH 

rJIHHHCTblX lIaCTH~; aa npyrox none - CHJIbHO 3arJIHHH3HpOBaHHbIH, 

rrOlITH rrenpoaanaeaua aJIeBpOJIHT H T. rr.) H, CJIeJI.OBaTeJIbHO, C 

pa31IblMH <j:>H3HlIeCKHMH CBoHCTBaMH. KaK rrpaBHJIO, B CBOJI.OBOH: 

lIaCTH crpyxrypu rrpOHH~aeMOCTb KOJIJIeKTOpa 3HalIHTeJIbHO Bbl ure, 

lIeM H8 rrepmpepaa. 
'uOBOJIbHO lIaCTO MOIll,HOCTb rrpOHH~aeMOH: lIaCTH rrpOJI.yKTHBHoro 

nJISCT8 CYIll,eCTBeHHO H3MeHHeTCH rro rrJIOIll,aJI.H crpyxrypu; na OT

JI.eJIbHblX YlIaCTKax B03MO)KHO BbIKJIHHHBaHHe nponnuaenux 30H, 

aaxeuieaae HX HerrpOHH~aeMbIMH rrOpOJI.aMH. Bce 3TO cYIll,eCTBeHHo 

3aTpYJI.HHeT peureaae 3aJI.alIH 0 JI.eikTBHTeJIbHOH npoaauaexocrn TO

ro HJIH HHoro YlIaCTKa rrpOJI.yKTHBHoro rrJIaCTa H 0 rrOTeH~HaJIbHO 

B03MO)KHOM JI.e6HTe Ka)KJI.OH: BHOBb npooypeaaoa CKBB}KHHbI, a 

TaK}Ke MHorHX npyrnx 3aJI.alI pS3pa60TKH He<j:>THHbIX H raaoaux Me

CTOpO}KJI.eHHit 

OJI.HOH H3 npasaa HeOJI.HOpOJI.HOCTH KOJIJIeKTOpCKHX CBOHCTB MO

)KeT 6blTb HaJIHlIHe rpeuma, xaaepa H MHKpoKapcToBbIX nycror B 

rrpOJI.yKTHBHoM nJIaCTe.· Kaaepau H MHKpoKapcToBble rrycroru xa

paxrepau JI.JIH xapcoaaraux KOJIJIeKTOpOB; rpeumau }Ke MoryT 

6blTb pacnpocrpaaeau H B reppareaaux KOJIJIeKTopax. B Kap60

HaTHblX KOJIJIeKTOpax MHKpoTpemHHbI, rrO-BHJI.HMoMy, HBJIHIOTCH oc

HOBHbIMH rrYTHMH <j:>HJIbTpa~HH He<j:>TH H r-aaa H3 xasepa H rrOJIOCTeI'1 
K CKBa}KHHe. B reppareaaux xce KOJIJIeKTOpax <j:>HJIbTpa~HH B03MO)K

aa KaK no MHKpOTpeIll,HHaM, TaK H no 06bIlIHbIM nopoaux KaHaJIaM; 

rHJI.paBJIHlIeCKOe corrpOTHBJIeHHe MHKpoTpemHH, OJI.HaKO, 3aMeTHO 

MeHbIIle, lIeM noposux KaHaJIOB; rr03ToMY B 30Hax rpeuiaaoaarocrn 

npcanuaexocn, KOJIJIeKTOpB pesxo YBeJIHlIeHa. 

Tpeutauu, KaK rrpaBHJIO, pacnonoaceusr BepTHKBJIbHO H lIaCTO 

opaearnponanu rro crpaaax csera. ITo JI.aHHbIM E. M. CMeXOBa, 

cers rpeuma 06bIlIHO COCTOHT H3 JI.BYX OCHOBHbIX cHCTeM BepTHKaJIb

HbIX napYIIleHHH CrrJIOIIlHOCTH, pacnonoxcenmax B38HMHO nepnen

JI.HKyJIHpHO. 
CTporOH npayposeaaocra rpeunrn K onpeneneanua YlIaCTKaM 

crpyxrypu MeCTOpO)KJI.eHHH HeT. TeM Hi MeHee 06bIlIHO 60JIbIIlaH 

TpeIll,HHOBaTOCTb npaypoxeaa K HBH60JIee H30rHYTbIM YlIaCTKaM 

crpyxrypu - CBOJI.Y H8. CKJI8JI.KaX C KpyTbIMH KPblJIbHMH H rrepHKJIH
H8JIHM H8. rrOJIOrHX CKJIaJI.Kax. 3TO 06'bHCHHeTCH, BHJI.HMO, TeM, lITO 

B03HHKHOBElHHe rpeuma CBSl3aHO C TeKTOHHlIElCKHMH JI.e<j:>opMa~HSlMH. 
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~eJIHlIHHa paCKpbITOCTH TpeIll,HH 06bIlIHO KOJIe6JIElTCSI B rrpeJI.eJI8.x 

10-80 MKM, HO B OTJI.eJIbHbIX CJIYlIaSlx na He60JIbIIlHX rJIy6HH8x 

JI.OCTHraeT HeCKOJIbKHX caHTHMeTpoB. B npouecce pa3pa60TKH Me

CTOp0}KJI.eHHSI TpeIll,HHOBaTOCTb H crenens paCKpbITHH rpemaa MO

rYT HeCKOJIbKO H3MeHSlTbCSI, nOCKOJIbKY H3MeHSleTCH nJI8CTOBOe JI.aB
JIeHHe B 3aJIe)KH H, CJIeJI.OBaTeJIbHO, HarrpH}KeHHOEl COCTOSlHHe cxene

ra nopoztu.
KOJIJIeKTOpCKHe CBOHCTBa nopon H3MeHHIOTCH C YBeJIHlIeHH6M 

rJIy6HHbI 3aJIeraHHH nJIaCTa. TaK KaK C rJIy6HHoH ropaoe JI.aBJIe

HHe B03paCTaeT, YBeJIHlIHBaeTCH ynJIOTHeHHOCTb nopon, yMeHbIIl8

IOTCH, KaK rrpaBHJIO, pasaepa noposux KaHaJIOB B rpaayaapaux 
KOJIJIeKTopax H KOJIHlIeCTBO xpynuux nopOBbIX KaHaJIOB; cOOTBeT

CTBeHHO YMeHbIIlaeTCH npOHH~aeMOCTb. BMeCTe C TeM aa 3HalIH

TeJIbHblX rJIy6HHax JI.OBOJIbHO lIaCTO BCTpelIaIOTCH TpeIll,HHHble H no

POBO-TpeIll,HHHble KOJIJIeKTOpbl B TaKHX no aospacry noponax, B 
KOTOpblX ua He60JIbIIlHX rJIy6HHax CYIll,eCTBeHHOH TpeIll,HHOBaTOCTH 

He 3aMetIeHO. IT03TOMY, HeCMOTpH na YMeHbIIleHlle C rJIy6HHoH no- . 

POBOH npoHH~aeMocTH, HHOrJI.a aa JI.0CTaTolIHo 60JIbIIlOH rJIy6HHe 

BCTpetIaIOTCH rrpoJI.yKTHBHble nn acrst C BbICOKOH 06Il1,eH npoaauae
MOCTblO 6JIarOJI.apH HaJIHlIHIO B HHX pa3BHToH CHCTeMbI MHKpoTpe

mHH. B KatIeCTBe rrpHMepa MO}KHO Ha3BaTb Heq>TeHocHble 3aJIe)KH 

MeJIOBOrO sospacra aa CeBepHoM KaBKa3e, 3aJIeraIOIlI,He aa ray

6HHe CBbIIIle 4000 M. 

§ 5. BJIHHHHe H3MeHeHHH HanpH)I{eHHOrO COCTOHHHH noponu
 

B npouecce pa3paooTKH MeCTOpO)l{,IJ,eHHH
 

ua KOJIJleKTOpCKHe cBoAcTBR
 

ITOpOJI.bl-KOJIJIeKTOpbI HaXOJI.SlTCH B CJIO)KHOM HanpH)KeHHOM co

CTOSlHHH. OHH BocnpHHHMaIOT sec BbIIIleJIe)KaIll,eii TOJIIlI,H ropaux 

nopon H ucnuruaaior BcecTopoHHee C)KaTHe. 
,UJISl roro lIT06bl JIylIIIle npeJI.CTaBHTb ce6e xapaxrep nanpaxea

aero COCTOHHHH nOp0JI.bl-KOJIJIeKTOpa, paccuorpaa npocreauryio 
cxesry. ITpeJI.rrOJIO}KHM, tITO nopOJI.a-KOJIJIeKTOp npeJI.CTaBJIHeT C060H 

06'beMHyIO peurerxy, CKeJIeT KOTOpOH: COCTOHT H3 BepTHKaJIbHhIX 

CTOJI6HKOB. Csepxy H CHH3Y OHa H30JIHpOBaHa npaKTHtIeCKH He

rrpOHH~aeMblMH nOpOJI.aMH. HaJI. sepxaea HenpOHH~aeMOH noxpuur

KOH pacrrOJIO)KeHa TOJIIlI,a npOHH~aeMblX H HenpOHH~aeMbIX nopon, 

HaCblmeHHblX pa3HhIMH )KHJI.KOCTHMH. BbIJI.eJIHM BepTHKaJIbHhIH 3JI@

MeHT nopoa C rrJIOIll,aJI.bIO nonepesaoro CetIeHHH B OJI.Hy eJI.HHHu,y. 

ECJIH 6bI nopst KOJIJIeKTOpa 6blJIH 3anOJIHeHbl ra30M H HMeJIH CO

06meHHe C aTMoc<t>epOH, sec seen TOJIIlI,H nopon BocrrpHHHMaJICSl 6bl 

TOJIbKO CToJI6HKaMH CKeJIeTa H, CJIeJI.0BaTeJIbHO, HarrpH)KeHHe C)Ka-

THSl B HHX 6bIJIO paBHO: 

an (1.13) 
Q% = 1- knop , 
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, 
r.ne On- :BeC TOJlm;H nopon B BbI,ll.eJleHHOM BepTfIKaJlbHOM 9J1eMeH
re, 3aJleraIOIJ.J:HX auure paCCMaTpHBaeMOH rrOpO,ll.bI-KOJlJleKTOpa. 

06bI'IHO <pOpMyJly (1.13) sanacsraaror B sane 

C1z=.Prngz, (1.14) 
r,ll.e Pm- Cpe,ll.HHH y,ll.eJlbHaH 06'beMHaH M{l.cca BbIllleJleLKam;HX rop
HbIX nopon; Z - rJly6HHa aanerauas paCCMaTpHBaeMOH noponu
xoanexropa. 

.D.aBJleHHe pr, ooycnoaneaaoe BeCOM asnuenescatuax ropnux no
pon H 'IHCJleHHO pasuoe C1z, 06bI'IHO Ha3bIBaIOT rOpHbIM naaneaaea. 

B ,ll.eHCTBHTeJlbHOCTH rrop'bl KOJlJleKTOpa nacsnnenu LKH,ll.KOCTbIO 
non nJlaCTOBbiM naaaeaaex Pnn. IT03TOMY sec auureaeacaurax no
P0,ll. BocrrpHHHMaeTCH He TOJlbKO CToJl6HKaMH CKeJleTa KOJlJleKTOpa, 
HO H nJl8CTOBOH LKH,ll.KOCTblO. Ha YCJlOBHH paBHOBeCHH CHJI B sune
JleHHOM BepTHKaJlbHOM 3J1eMeHTe 

On= C1 0" (l-knop) + PnnknQp 
cnenyer, 'ITO ,ll.eHCTBHTeJlbHOe, HJlH 3<p<peKTHBHOe, nanpaxcenue B 
CToJl6HKe cxenera 6Y,ll.eT 

C1 = Gn - knopPnn (1 15)
0<1> 1- k • • 

D OP 

113 CpaBHeHHH <pOpMyJl (1.13) H (1.15) BH,ll.HO, tITO 3<p<peKTHBHoe 
aanpasceune B cxenere KOJlJleKTOpa MeHbllle ropaoro nasneaaa H 
pa3HOCTb TeM 60Jibllle, 'IeM saute rrJlaCTOBOe naanenae H nopa
CTOCTb xonaexropa. 

ITO,ll. BJlHHHHeM HarrpHLKeHHH C1a<l> BbI.neJIeHHbIH 3J1eMeHT noponu 
CTpeMHTCH pacmaparscn B ropH30HTaJltiHOM uanpaaneaaa, ECJlH 
rrpanars, 'ITO rropona yrrpyra, OTHOCHTeJlbHaH ,ll.e<pOpMaU;HH ee, CO
rJlaCHO 0606m;eHHoMy aaxony I'yxa, ,ll.O.nLKHa COCTaBHTb 

et = En 
I 

[C1t-ltn(C1r+C1z)), (1.16)' 

r.ne En- MO,ll.YJlb yrrpyrocTH noponu; !-tn - K03<P<PHU;HeHT Ilyacco
na; C1z, C1r H C1t - ocesoe, panaansaoe H TaHreHU;HaJlbHOe aanpaace
HHH auneneanoro 3J1eMeHTa noponu. 

rOpH30HTaJlbHaH ,ll.e<popMaU;HH paClllHpeHHH rrOp0,ll.bI rrOA BJlHH
HHeM seca asnuexescautax nopon HeB03MOLKHa, TaK KaK 3TOMy rrpe
nHTcTByeT conpornaneaae COce,ll.HHX 3J1eMeHTOB. DOJlOLKHB C1z= C1a<l>. 
a £t=£r-O, H3 <pOpMyJlbI (1.16) rroJlytIHM 

C1t=C1r = I I1n O'O"'=XO'Bcjl, (1.17)-I1n ... . 

rne X- K03¢<pHU;HeHT 60KoBoro pacrropa 

X= 1 f.l~. • (1.18), 

.D.ml ropnstx nopon K03<p<pHU;HeHT Ilyaceoaa K{)JletSJleTCH HpH
MepHO' OT 0,15 ,ll.0 0,5; HaH60Jlblllee 3Ha'leHH6 ero xapaxrepno ,r;:lH 
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aexoropsix xeMoreHHbIX nopon (uanpaxep, 6HlllO¢HT); OH B03pa
CTaeT C YBeJlH'IeHHeM TeMnepaTypbl. ,UJlH nop0./I.-KOJlJleKTOpOB OH 
MeHHeTCH OT 0,15-0,2 ,ll.JlH rreC'IaHHKOB no 0,25-0,3 ,ll.JlH saptio
HaTOB. K03<p<PHU;HeHT 60KoBoro pacrropa MOLKeT H3MeHHTbCH ,ll.JlH 
nOpO,ll.-KOJlJleKTOpOB B nuanaaone OT 0,15 ,ll.0 0,4, B OCHOllHOM. 

B npouecce pa3pa60TKH MecTopoLK,ll.eHHH rrJlaCTOBOe naaneaae B 
rrpO,ll.yKTHBHoM 06'beKTe He OCTaeTCH nOCTOHHHblM. B ra30BOH 3a· 
JleLKH nJlaCTOBOe ,ll.aBJleHHe rro Mepe oroopa rasa YMeHblllaeTCH H 
anorna ,ll.OBOJlbHO 6bICTpO. B He<pTHHoA 3aJleLKH OHO MOLKeT JlH60 
YMeHblllaTbCH rro Mepe ortiopa He<pTH, eCJlH He rrpOBO,ll.HTCH Mepo
rrpHHTHH no nonnepacamno nnacrosoro .naBJleHHH HJlH eCJlH revn 
ortiopa H3 nnacra 60Jlbllle rexna HarHeTaHHH B Hero LKH,ll.KOCTH, 
JlH60 aaorna YBeJlH'IHBaTbCH, eCJlH HHTeHcHBHOCTb 3aKa'lKH LKH,ll.KO

CTH 60Jlbllle rexna orfiopa. 
113MeHeHHe nJlaCTOBOro naaneaas, KaK BH,ll.HO H3 <pOpMyJlbI 

(1.15), sener K rrepepacnpe,ll.eJleHHIO HarrpHLKeHHH B xonaexrope. 
ECJIH rrJlaCTOBOe naanenne yMeHblllaeTcH, 3<p<peKTHBHbIe nanpasce
HHH CLKaTHH B cxenere B03pacTaIOT. B peay.nsrare npoacxonar ne
<popMaU;HH cLKaTHH cxenera; nopacrocrs H npoaauaexocrs KOJlJleK
ropa npa nOM YMeHblllaIOTCH. DPH CHJlbHOM CHHLKeHHH nnacrosoro 
naaneans H COOTBeTcTByIOm;eM YBeJlHQeHHH 3<P4>eKTHBHbIX aanpa
LKeHHH MOLKeT 6b1Tb napyurena u;eJlOCTHOCTb cxenera, B HeM rrOHBHT
CH rpeiuansr. TaKHe TpeIJ.J:HHbI MoryT HBHTbCH KaHaJIaMH, rro KOTO
pbIM npn pa36ypHBaHHH nponyxruaaoro nnacra 6Y,ll.eT rrOrJIOm;aTbCH 

rrpOMbIBO'lHaH LKH,ll.KOCTb. 
ITPH YBeJlH'IeHHH nnacroaoro ,ll.aBJleHHH nyrex 3aKa'lKH LKH,ll.KO

CTH 3<p<peKTHBHble HanpHLKeHHH B CKeJIeTe YMeHblllaIOTCH, a npo
HHu;aeMOCTb HeCKOJIbKO B03paCTaeT. DPH nonsnueaaa ,ll.aBJIeHHH Bbl
ure ropnoro B03MOLKHO paCCJIOeHHe noponu C 06pa30BaHHeM rpe
IJ.J:HH B aarrpaBJIeHHH CJlOHCTOCTH HJlH CJlaHu;eBaTOCTH. 

Ilpaaenennue snecs <pOpMyJlbl rr03BOJIHIOT JlHlllb Ka'leCTBeHHO 
oxapaKTepH30BaTb aanpaxceaaoe COCTOHHHe B MaCCHBe KOJIJIeKTO
pa. .D.eHcTBHTeJlbHbIH xapaxrep pacnpeneaeaas HanpHLKeHHH 60Jlee 
CJlOLKHbIH, TaK KaK H crpyxrypa noposoro npocrpaucraa ropaano 
60JIee CJIOLKHa, na H He see <paKTOpbl, BJIHHIOIJ.J:He na H8rrpHLKeHHoe 
COCTOHHHe nopoms, HaMH 6b1JIH Y'lTeHbI. 

YrrpyrHe .ne<popMaU;HH CKeJleTa H aepeH KOJlJleKTOpa HBJIHIOTCH 
06paTHMbIMH. ECJlH LKe H3MeHeHHe 3<p<peKTHBHbIX HarrpHLKeHHH CO
rrpOBOLK,ll.aeTCH rreperpynrrHpOB!WH sepeu, CKOJIbLKeHHeM HX no no
BepxHOCTHM KoHTaKT8, paspyureaaex sepen HJIH u;eMeHTa, TaKH€ 
p,e<popMaU;HH He06paTHMbI: nocne BocCTaHOBJIeHHfl rrepBOHa'l8J1bHOH: 
BeJIU'IHHbI 9<P¢eKTHBHbIX HarrpHLKeHHH ,ll.e<popMaU;HH rrOJlHOCTblO He 
HC'Ie3aeT, 'a rrepBOHaqaJlbHbIe rropHCTOCTb H npOHHu;aeMOC1'b He BOC

CTaHaBJlHBaIOTCH. 
K03<p<pHU;HeHT CLKHMaeMOCTR rrop, T. e, OTHOllleHHe BeJlHqHHbI 

YMeHbIlleHHH 06'beMa nop npn yBeJIHtIeHHH 3<P¢eKTHBHoro aanps
LKeHHH CKeJIeTa na 1 ITa K rrepBOHaqaJIbHoMY OO'beMy nop, aaBHcHT 
OT BeJIH'IHHbI ropnoro nasneuas. TaK, B cnysae neC'I8HHKOB, cue
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B nonyraux (T. e. .ll:ot)bIBaeMbIX BMeCTe C He<pTbIO) raS8X Me

MeJITHpOBaHHbIX rJIHHHCTbIM u.eMeHTOM, OH, rro .ll:aHHbIM B. M . .no6 rana 06bItIHO cO.ll:ep}l{HTCH OT 30 no 50%, .ll:pyrHx rasoo6pasHbIx
pbIHHHa, YMeHblIlaeTCH OT 1,15.10-9 Da-I npn O"a<\J=8 MDa no 

yrJIeBO.ll:0p0.ll:OB - OT 40 .ll:0 60%.0,35.10-9 Da-I npa O"a<\J=64 MDa, a cueaearapoaaaaux rJIHHHCTO
Kap60HaTHbIM uexeuroa - OT 2,75.10-9 no 0,32.10-9 Da- 1• B CJIy
xae :iKe TpeI..I.J.HHoBaTbIx Kap60HaTHbIx KOJIJIeKTOpOB HeKoTopbIX Me
CTOpO:iK.ll:eHHH Cesepaoro Kasxasa OH KOJIe6JIeTCH, rro .ll:aHHbIM 
CeBKaBHHDHHe<pTb, OT 0,4·10-8.ll:o 2,15.10-8 Da-I. 

Ha rJIy6HHe 1500-2000 M K03<p<pHu.HeHT nponauaeuocra rrec
tIaHO-rJIHHHCTbIX nopon TOJIbKO sa CtIeT yrrpyroro .ll:e<popMHpoBaHHH 
MO:iKeT YMeHblIlHTbCH na 10-40% rro cpaBHeHHIO C BeJIHtIHHOH, HS
MepeHHoH rrpH aTMoc<pepHbIX yCJIOBHHX. BJIHHHHe HSMeHeHHH 3<p
<peKTHBHbIX HarrpH:iKeHHH CKeJIeTa, BbISBaHHoro YMeHblIleHHeM nna
CTOBoro .ll:aBJIeHHH, H8 KOJIJIeKTOpCKHe CBoHcTBa rrp0.ll:YKTHBHbIX 
rrJIaCTOB rrOJIeSHO ytIHTbIBaTb npn npoexrapoaanaa KOHCTpyKU.HH 
CKBa:iKHH, a raxxce onep auas rro orrpoooaanmo H OCBoeHHIO. 

§ 6. Cocras H 4JuSUQeCKOe COCTOHHue He4JTu U rasa 
B yCJIOBHHX nponyxraaaoro nJIaCTa 

Herprs H npnponaua r-as COCTOHT HS CMeCH paSJIHtIHbIX yrJIeBO
.ll:0P0.ll:OB. B HHX TaK:iKe npacyrcrnyror tIaCTO aSOT, yrJIeKHCJIOTa, 
cepononopon, penxae raau H npyrne KOMrrOHeHTbI. B saBHCHMO
CTH OT COCTaBa, rrJIaCTOBbIX .ll:aBJIeHHH H rexneparypu yrvreaono
ponu MoryT HaXO.ll:HTbCH B SaJIe:iKH B paSJIHtIHbIX <pHSHtIeCKHX CO
CTOHHHHX - r-asoocpasaoa, :iKH.ll:KOM, B aane raSO:iKH.ll:KOCTHbIX CMe
ceH JIH60 l'Bep.ll:OM. B tIHCTO raaoaon SaJIe:iKH conepscarcs B OCHOB
HOM MeTaH (no 98% rro o6beMy), ~TaH H nponaa, Ha .ll:0JIIO neara
na H 60JIee TH:iKeJIbIX yraenonoponoa rrpHXO.ll:HTCH 06bItIHO He 60JIee 
0,2%. )I\H.ll:KHe yrneaonoponu npacyrcrnyror B BH.ll:e napes. 

ECJIli· rrJIaCTOBOe naaneaae B SaJIe:iKH BbICOKoe, rrJIOTHOCTb npn
P0.ll:HbIX raSOB rrpH6JIH:iKaeTCH K rrJIOTHOCTH JIerKHX yrneaonoponaux 
:iKH.ll:KOCTeH. DPH TaKHX yCJIOBHHX aexoropoe KOJIHtIeCTBO :iKH.ll:KHX 
yrneaonoponoa pacraopsercs B C:iKaTOM rase. 3 aJIe:iKH, conepxca
I..I.J.He rrO.ll:06HbIe CMeCH yrJIeB0.ll:0p0.ll:OB B rasoo6pasHoM COCTOHHHH, 
HaSbIBaIOTCH raSOKOH.ll:eHCaTHbIMH. Ha .ll:0JIIO MeTaHa B raSOKOH.ll:eH
carnux aaneacax rrpHXO.ll:HTCH OT 70 .ll:0 95%, npyrnx rasooripas
HbiX yrneaonoponoa - OT .ll:OJIeH npoueara .ll:O 15%, :iKH.ll:KHX yrne
BO.ll:0P0.ll:OB -.ll:O 9%. faSOKoH.ll:eHcaTHbIMH MeCTOpO:iK.ll:eHHHMH B 
CCCP HBJIHIOTCH BYKTbIJIbCKOe B KOMH ACCP H Opeaoyprcxoe. 

ECJIH B SaJIe:iKH CO.ll:ep:iKHTCH He TOJIbKO 60JIblIlOe KOJIHtIeCTBO 
rasa, HO H .ll:0CTaTOtIHO 60JIblIlOe KOJIHtIeCTBO He<pTH, ee HaSbIBaIOT 
nedrreraaoaoa.: DPH 60JIblIlOM rrJIaCTOBOM .ll:aBJIeHHH tIac1'b He<pTH 
MO:iKeT 6bITb pacrsopeaa B C:iKaTOM rase. ECJIH :iKe conepzcaaae ra
sa rro cpaBHeHHIO C 06beMOM He<pTH aeooasuroe, a naanenae cpas
HHTeJIbHO BbICOKoe, raa MO:iKeT 6bITb rrOJIHOCTbIO pacrsopea B He<p
TH H raSOHe<pTHHaH CMeCb B rrJIaCTe HaX0.ll:HTCH B O.ll:Ho<paSHOM 
(:iKH.ll:KOM) COCTOHHHH. TaKyIO sanezcs 06bItIHO HaSbIBaIOT He<pHIHoH. 
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§ 7. Hsxorupne csoacrsa rR30B H He4JTeH 

DPH HOpMaJIbHbIX yCJIOBHHX revneparypu H .ll:aBJIeHHH yrJIeBO
.nOpO.ll:bI OT MeTaHa .no 6yTaHa HaXO.ll:HTCH B rasoo6pasHoM COCTOH
HHH. DPH rrOBbIlIleHHH .ll:aBJIeHHH nporran H 6yTaH JIerKO nepexonsr 
B :iKH.ll:KOe COCTOHHHe. Vupyrocrs HaCbII..I.J.eHHbIX napos yraesonopo
.nOB, T. e. TO naaneaae, npa KOTOpOM ras HatIHHaeT KOH.ll:eHCHpO
BaTbCH H rrepeXO.ll:HTb B :iKH.ll:KOe COCTOHHHe, yBeJIHtIHBaeTCH C POC
TOM reunep a'rypu H YMeHblIleHHeM nJIOTHOCTH yr.neaoztopozta. T8K, 
eCJIH rrpH TeMrrepaType 20°C ynpyrocTb rrapoB 6yTaHa paBHa rrpH
xepao 0,2 MDa, TO 3TaHa - OKOJIO 4 MDa; npa TeMrrepaType 80°C 
vnpyrocrs napon nossnuaerca COOTBeTCTBeHHO .ll:0 1 H 11 MDa. 
YrrpyrocTb napos MeTaHa HaH60JIblIlaH H npn rexneparype 20°C 

npeasnnaer 25 MDa. 
DPHp0.ll:HbIe r-aasr He nO.ll:tIHHHIOTCH crporo ypaBHeHHHM COCTOH

HHH H.ll:eaJIbHbIX raSOB. 06bItIHO .ll:JIH pacxera COCTOHHHH npnponnux 
rases rrOJIbSYIOTCH ypaanenaesr Knaneapona, B xoropoe saenena 
nonpanxa, ytIHTbIBaIOI..I.J.aH OTKJIOHeHHe peaJIbHbIX raSOB OT saKOHOB 
C}I{aTHH H paClIlHpeHHH H.ll:eaJIbHbIX: 

pV = ~cMRT, (1.19) 

r.ll:e P - ztaanenae; V - 06beM rasa; ~c - nonpanxa, Ha3bIBaeMaH 
. K03<p<pHu.HeHToM C:iKHMaeMOCTH; M- Macca rasa; R - raSOBaH no

CTOHHHaH; T - a6COJIIOTHaH TeMnepaTypa rro lIlKaJIQ KeJIbBHHa. 
CtIHTalOT, tITO B H.ll:eaJIbHOM rage o6beM MOJIeKyJl M8JI no 

cpaBHeHHIO C o6beMoM rasa, a caxa MOJIeKyJIbi lHI rro.nBep:iKeHbI 
BJIHHHHIO CHJI aaaaxaoro rrpHTH:iKeHHH. MOJIeKYJIbI:iKe peaJIbHbIX 
raSOB HMeIOT orrpe.neJIeHHbIe pasxepu, xaccy H BsaHMo.ll:eHcTBYIOT 
npyr C ztpyrox. DPH MaJIOM .ll:aBJIeHHH, xorna '1HCJIO MOJIeKyJI B 
e.ll:HHHu.e o6beMa H saHHMaeMbIH HMH o6beM HeBeJIHKH, peaJIbHbIH 
r aa rrpH6JIH:iKaeTCH K H.ll:eaJIbHOMY, a KO~<p<pHu.HeHT C:iKHMaeMOCTH 
ero 6JIHSOK K e.ll:HHHu.e. C yBeJIHtIeHHeM .ll:aBJIeHHH MOJIeKyJIbI r-aaa 
c6JIH:iKaIOTCH, a CHJIbI rrpHTH:iKeHHH Me:iK.ll:Y HHMH nOMoraIOT saeur
HHM CHJIaM, C:iKHMaIOI..I.J.HM r-as. D03TOMY peaJIbHbIe rasu .nOJI:iKHbI 
C:iKHMaTbCH CHJIbHee, tIeM H.ll:eaJIbHbIH ras, 8 K08<p<pHu.HeHT C:iKH
MaeMOCTH .ll:0JI:iKeH YMeHblIlaTbCH. ECJIH :iKe yrJIeBO.ll:0p0.ll:HbIft r aa 
C:iKaT HaCTOJIbKO,tITO rrJIOTHOCTb ero rrpH6JIH)i{aeTCH K rrJIOTHOCTH 
:iKH.ll:KOCTH, Me:iKMOJIeKyJIHpHbIe paCCTOHHHH COKparn:aIOTCH CTOJIb 
3HatIHTeJIbHO, tITO Me:iK.ll:Y MOJIeKyJIaMH rasa HatIHHaIOT .ll:eA:cTBoBaTb 
CHJIbl OtTTaJIKHBaHHH, xoropue nperisrcreyror .ll:aJIbHeHlIleMY csca
THIO. B TaKHX yCJIOBHHX peaJIbHbIH npHpO.ll:HblA raa .nOJI:iKeH C:iKH
MaTbCH MeHblIle, tIeM npa MeHbWHX .ll:aBJIeHHHJ<;, a K03<p<pHI..I.HeHT 

C:iKHMaeMOCTH ero .ll:OJI:iKeH pacra. Ha pHC. 3 npanonarcs sxcnepa
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PHC. 4. 3aBHcHMoCTb K03<j>
<j>HUHeHTa C)/{HMaeMOCTH aso
ra or ,l{2BJleHHH: 

1 - npa TeMnepaType 18'CI 2
npn rexneparype 150'C 

(1.22) 

~c.a H ~c.y - K03<p<p HI.I.HeHTbI 

yrnesonoponnoa 'laCTH raaa 

PHP=!,YiPKP i Ff TRP=!,YiTHP i - COOT
BeTCTBeHHO cpennexparasecxae naaae

HHe H a6COJIIOTHaH resmeparypa: Yi
MOJIbHaH KOHI.I.eHTpaI.I.HH i-ro KOMITOHeH

ra B raae. 
ECJIH B COCTaB npaponnoro rasa 

BXO.n.HT TaK)Ke aeyraeaonoponaue KOM

noaearsr, OCHOBHblM H3 KOTOpblX (rro 

3aHHMaeMoMy 06'beMy) HBJIHeTCH a30T, 

K03<P<PHI.I.HeHT C)KHMaeMOCTH rasa MO)K

HO Bbl'lHCJIHTb rro rrpaBHJIY a.n..n.HTHBHO

CTH: napaverpu CMeCH npaxepao npo
ITOpI.I.HOHaJIbHbI MOJIbHblM KOHI.I.eHTpaI.I.H

HM H napaxerpax orneasaax xoano
HeHTOB 

~c = Ya~o.a + (I-Ya) ~c.y, 

rne TnJI  a6COJIIOTHaH rexneparypa B nnacre. 

O.n.H8 H3 Ba)KHbIX xapaxrepacrnx - OTHOCHTeJIbHaH rrJIOTHOCTb 

raaa. Ilon OTHOCHTeJIbHOH rrJIOTHOCTblO rasa po.r rrOHHMalOT oruome

HHe MaCCbl r-aaa, 3aKJIIO'leHHOH B e.n.HHHI.I.e o6'beM:a npa .n.aHHOM nan

JIeHHH H rexneparype, K Macce cyxoro soanyxa B TOM )Ke 06peMe 
rrpa rex )Ke yCJIOBHHX 

Po. I' = Pr/Pna' (1.24) 
r.n.e PI' H pna - rrJIOTHOCTH ra3a H B03.n.yxa COOTBeTCTBeHHO. , 

flJIOTHOCTb npaponaoro r-asa 3aBHCHT OT ero COCTaBa, rexnepa

rypu H .n.aBJIeHHH. 4eM MeHbllIe KOHI.I.eHTpaI.I.HH MeTaHa H ssnue CO

aepacanae .3TaHa, nponaaa H 60JIee TH)KeJIblX yrneaonoponoa, TeM 

60JIbllIe rrJIOTHOCTb raaa, O.n.HH KHJIOMOJIb JII06oro r-asa npn HOp

MaJIbHbIX yCJIOBHHX 3aHHMaeT 06'beM B 22,4 M3. ECJIH COCTaB r-aaa 

H3BeCTeH, rrJIOTHOCTb ero OpH HOpMaJIbHbIX yCJIOBHHX MO)KHO HaHTH 

no <popMyJIe 

PI' = M r/22,4, (1.25) 
rne Mr - Cpe.n.HHH MOJIeKyJIHpHaH Macca raaa: 

M r =!, (yIM r i ) . (1.26) 

3.n.ecb Mri - MOJIeKyJIHpHaH Macca i-ro KOMnOHeHTa. 
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r.n.e Ya - MOJIbHaH .n.03a a30Ta: 

C)KHMaeMOCTHa30Ta (pHC. 4) H 

COOTBeTCTBeHHO. 

OTHollIeHHe 06'beMa rasa npa rrJIaCTOBblX yCJIOBHHX rexnepa
rypu H .n.aBJIeHHH K 06'beMy, KOTOpbIH r as 3aHMeT OpH HOpMaJIbHbIX 

yCJIOBHHX, 06bI'lHO Ha3bIBalOT 06'beMHbIM KOJl<p<pHI.I.HeHToM. BeJIH'lHHY 

sroro K03<p<pHI.I.HeHTa' MO)KHO HaHTH, BOCrrOJIb30BaBllIHCb ypaane

HHeM (1.19) Knaneapoaa 

B =~ T n JI 
PnJI 273' 

(1.20) 

(1.21) 

~o' 

1'1 

8 

yrJleBO,l{0P0,lJ;HbIX rasoa OT 

13 
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P = _P
Pnp = "1:.YtPIlP t 

MeHTaJIbHbIH rpaqia« 3aBHcHMOCTH K03<p<pHIJ,HeHTa C)KHMaeMocTH 

yrJIeBo.n.opO.n.HIiIX ra30B, xoropue He conepxcar 3Ha'lHTeJIbHblX KO

JIH'leCTB HeyrJIeBo.n.opO.n.HbIX KOMrrOHeHTOB, OT npaseneanor-, nas
JTeHHH 

PHP 

H OT rrpHBe.n.eHHoH TeMrrepaTypbl 

" T T
T - _"_ 

np - IYiTHPi - r 
ll P 

, 

rae PKPi H TIlP i - KpHTH'leCKHe .n.aBJTeHHe H a6COJTIOTHaH rexnepary
pa i-ro KOMnoHeHTa (HanpHMep, MeTaHa) rrpupo.n.Horo raaa: 
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BJIHHHHe TeMrrepaTypbl H ,n:aBJIeHHH aa rrJIOTHOCTb raaa rtoxasa
HO aa pHC. 5. 3HaH OTHOCHTeJIbHYIO rrJIOTHOCTb rasa, JIerKO rro 3TO
My rparpaxy onpeneaari, HCTHHHyIO rrJIOTHOCTb npn 3a,n:aHHbIX nas
JIeHHH H rexnepa-rype. 

YrJIeBO,n:OpO,n:HbIe H npyrae raasr paCTBOpHIOTCH B Heq,TH. OT KO
JIHqeCTBa paCTBOpeHHOrO B rrJIaCTOBOH Heq,TH raaa 3aBHCHT ee Ba2K

HeHllIHe CBOHCTBa, B TOM qHC
J'DOffil 1 I I· 1 II i j i I -d=loi

I J JI 

I'" 

11~~...11 

~~va 

jLL 
fa II 

3 
I ''I I6 ~;r

~~ UII 
=--

L 

T .1 'I J....1 

i JIe C2KHMaeMocTb, BH3KOCTb,I 1.L -1...). , .-.t:::::I 
rrJIOTHoCTb. qeM auure MOJIe

KyJIHpHaH Macca rasa, TeM 
60JIbllIe pacTBopHMOCTb ero10, ., B Heq,TH. Haaxeaee pacrno

~ pHMbI a30T H MeTaH. C po
~Sl 

CTOM ,n:aBJIeHHH pacrsopa
~ ., MOCTb rasos Ot'5bIqHO B03pa

craer: onaaxo npa noasnue~ HHH ,n:aBJIeHHH cauure npa
~ 

xepao 10 MITa KOJIHqeCTBO 
pacTBopeHHoro B Heq,TH ra3a 

/0 

M02KeT rrpaKTHqeCKH cTa6H
JIH3HpOBaTbcH Ha orrpe,n:eJIeH

5 

J 
HOM ypoane, a B aexoropuxU,7f,O 5 /U SO 

/1!CfJIIIMII(08 da!/181fl,l,4, JlRa CJIyqaHX ,n:a2Ke CHlI2KaTbCH. 
B napatpnaacnax Heq,THX pa

PHC. 5. fpa<j>HK BJIHJlHHJl rexneparypu H CTBOpHMOCTb ra30B HaH60JIb
.lI.aBJIeHHH na nJIOTHOCTb rasa: OTHOCH

uraa; C YBeJIHqeHHeM conepTeJIbHaH nJIOTHOCTb ra3a no B03.l1.YXY paB
aa 0,7 2KaHHH apoMaTHqeCKHx yrne

pHCyHK&N. KPHBOf! ua J 2 3 4 BO,n:OpO,n:OB paCTBopHMOCTbTexneparypa, 'C 18 88 98 149 naaaer. C FIOBblllIeHHeM TeM

neparypsr paCTBopHMOCTb 
yrJIeBo,n:opO,n:HbIX ra30B YMeHbliiaeTCH. . 

ITPH YBeJIHqeHHH ,n:aBJIeHHH 06beM Heq,TH BCJIe,n:CTBHe ee yrrpy
rOCTH YMeHbliiaeTCH. YrrpyrocTb Heq,TH xapaKTepH3YIOT K03q,q,H~H
eHTOM C2KHMaeMOCTH, non KOTOpbIM rrOHHMaIOT OTHOCHTeJIbHOe H3
MeHeHHe ee 06beMa npa YBeJIHqeHHH ,n:aBJIeHHfI aa 1 ITa: 

~ = - _1_ LlVH (1.27)
H VH tsp » 

r,n:e L1 VH - H3MeHeHHe o6beMa Heq,TH; VH - HCXO,n:HbIH: ee o6beM;

L1p - npapoer ,n:aBJIeHHH.
 

K03q,q,H~HeHT C2KHMaeMOCTH Heq,TeH, He conepzcaumx paCTBO
penaoro rasa, KOJIe6JIeTCH OT 4.10- 10 no 7. IO-IO ITa-I; K03q,q,H

~HeHT C2KHMaeMOCTH JIerKHX Heq,TeH, B KOTOpbIX pacraopeao 3HaqH
TeJIbHOa KOJIHqeCTBO raaa, ,n:OCTHraeT 140· IO- IO ITa-I. OH pacrer C 
rrOBbIllIeHHeM TeMrrepaTypbl. 

ECJIH oroepars rrpo6y Heq,TH npn rrJIaCTOBbIX yCJIOBHHX H 3aTeM 
CHH2KaTb ,n:aBJIeHHe, H3 Heq,TH aaxaer BbI,n:eJIHTbCH pacraopeaaua 
raa, To ,n:aBJIeHHe, npa KOTOpOM HaqHHaaTCH BbI,n:eJIeHHe r-asa H3 
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2KH,n:KOCTH, Ha3bIBaIOT ,n:aBJIeHHeM HaCbIllIeHHH. ObI6qHO ;z 88 HOBbiX 
Heq,THHbIX MeCTOp02K,n:eHHHX rrJIaCTOBOe ,n:aBJI€lHHe suure ,n:aBJIeHHH 
HaCbIllIeHHH. ECJIH B npouecce orrpo60BaHHSI, OCBOeHHH HJIH sxcnnya
Ta~HH CKBa2KHHbI ,n:aBJIeHHe aa ee saooe CHH3HTb HH2Ke ,n:aBJIeHHSI 
HaCbIllIeHHH, BbI,n:eJIeHHe rasa M02KeT HaqaTbCH B rrpO,n:yKTHBHOM 
nnacre. ,UaBJIeHHe HaCbIllIeHHSI aaBHCHT OT COCTaB8 Heq,TH, rexne
parypu H COCTaBa paCTBopeHHbIX ra30B. qeM auure rexneparypa 
HJIH 60JIbllIe conepscaane a30Ta H xeraaa, TeM 60JIbllIe ,n:aBJIeHHe 
HaCbIllIeHHH. ,UaBJIeHHH HaCbIllIeHHH B pa3HbIX yxacrxax npoztyx
THBHOrO nnacra MoryT 6bITb He o,n:HHaKOBbIMH H3-3a pa3JIHqHSI B 
COCTaBe Heq,TH. 

TaK KaK B rrJIaCTOBbIX yCJIOBHHX Heq,Tb CO,lJ.ep2KHT 3HaqHTeJIb
Hoe KOJIHqeCTBO pacraopeaaoror-asa, rrJIOTHOCTb ee B 3THX yCJIOBHHX 
HH2Ke rrJIOTHOCTH Aera3HpOBaHHOH Heq,TH. C noasnneanex ,n:aBJIeHHH 

rrJIOTHOCTb Heq,TH, HaCbIllIeHHOH yrJIeBO,lJ.Opo,n:HbIMH raaaxa, YMeHb
uraercs, a a30TOM HJIH yrJIeKHCJIbIM ra30M - HeCKOJIbKO B03pa
CTaeT. C pOCTOM rexneparypu rrJIOTHOCTb Heq,TH yxensuraerca. 

BHaKOCTb Heq,TH CHH2KaeTCH rro xepe YBeJIHqeHHH KOJIHqeCTBa 
paCTBopeHHbIX B HeH yraesonoponaux ra30B, pOCTa rexneparypu H 
HeCKOJIbKO B03paCTaeT npa rrOBbIllIeHHH ,n:aBJIeHHH asnue ,n:aBJIeHHH 
HaCbIllIeHHH. ITPH paCTBopeHHH a30Ta B Heq,TH BH3KOCTb B03paCTaeT. 
BH3KOCTb Heq,TeH pa3JIHqHbIX MeCTOp02K,n:eHHH H3MeHHeTCH B nna
CTOBbIX yCJIOBHHX B llIHpOKOM ztaanaaoae - OT MHorHX COTeH ,n:o 
,n:eCHTbIX ,n:OJIeil: MITa· c; OHa M02KeT 6bITb B,n:eCHTKH paa MeHbllIe 
BH3KOCTH ,n:era3HpOBaHHOH Heq,TH. 

CBOHCTBa Heq,TeH MoryT CYllIeCTBeHHO H3MeHHTbCH KaK C rJIy6H
HOH 3aJIeraHHH 3aJIe2KH, TaK H rro ee nnoutazta. BH3KOCTb Heq,TH B 
nnacre 06bIqHO YBeJIHqHBaeTCH OT xynona CKJIa,n:KH K KPbIJIbHM. 
,n:aBJIeHHe HaCbIllIeHHfI H KOJIHqQCTBO raaa, pacraopeaaoro B 1 M8 

Heq,TH, YMeHbllIaIOTCH no xepe rrpH6JIH2KeHHH K Bo,n:OHeq,THHoMy 
KOHTaKTy. 

§ 8. nJIaCTOBbie BO,lJ.bI HecjJTHHblX H rasoaax 3aJIilKeA 

Herprsnsre H raaoaue MeCTopolK,n:eHHSI scerna sonepacar sony. 
YCJIOBHMCH Ha3bIBaTb sony aepxaea, eCJIH OHa aacsnuaer npOHH
~aeMbIH rrJIaCT, aaJIaraIOllIHH ssnue nponyxraaaoro (raso- HJIH Heq,
TeHOCHoro) nnacra: H")KHeH, eCJIH aacsnuaer rrJIaCT, pacrrOJI02KeH
HbIH HHlKe rrponyxrasaoro; nonourseaaoa HJIH KpaeBOH, eCJIH OHa 
3arrOJIHHeT nopu KOJIJIeKTOpa non Heq,THHoil: (ra30BOH) 3aJIe2KbIO 
H soxpyr nOCJIe,n:HeH; rrpOMe2KyTOqHOH, eCJIH H8CbIllIaeT npoaauae
MbIH rrpOrrJIaCTOK B caMOM rrpo,n:yKTHBHOM nnacre, 

B co6CTBeHHO Heq,THHOH (ra30BOH) qaCTH rrJIaCTa Bcer,n:a TaK2Ke 
co,n:ep2KHTCH sona, coxpaanauraaca eo BpeMeHH 06pa30BaHHH 3aJIe
2KH. 3Ty sony Ha3bIBaIOT OCTaTOqHOH (HJIH aaorzta peJIHKTOBOii). 

Bona B rropHCTOH cpene M02KeT CYllIeCTBOBaTb B BH,n:e: 
a) KarrHJIJIHpHO CBH3aHHOH B Y3KHX rropOBbiX KaHaJIaX, B KOTO

pux B 60JIbliiOH crenean CKa3bIBaeTCH BJIHHHHe KarrHJIJIHpHbIX CHJI; 
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, II' 
6) a.n;cop6~HOHHOH, y.n;ep}KHBaeMol!: MOJIeKYJUlpHhIMH CHJIaMH y 

nosepxnocrn CKeJIeTa rropo.n;h1 H npoxao CBH3aHHOH C qaCTH~aMH 
CKeJIeTa; 

B) rrJIeHOqHOH, rrOKphlBaIOI.qeH rH.n;poepHJIhHhIe yqaCTKH nosepx
HOCTH CKeJIeTa noponsr: 

r) CB060.n;HOH:. 

OCTaTOqHaH BO.n;a OKaShIBaeT 60JIhIlIOe BJIHHHHe aa xapaxrep H 

rrYTH .n;BH}KeHHH yrJIeBO.n;OpO.n;OB B rrOpHCTOM rrJIaCTe, na HeepTeOT.n;a
sy, CMaqIIBaeMoCTh nopon, HarrpHMep, eCJIH OCTaTOqHaH nona rro

KphlBaeT TOHKOH rrJIeHKoH, rrOBepXHOCTh rrOpOBhIX KaHaJIOB, 3Ta rro

BepXHOCTh OCTaeTCH rH.n;poepHJIhHOH. ECJIH }Ke nneaxa BO.n;hI OTcyT

CTByeT, HeepTh BCTyrraeT B rrpHMOH KOHTaKT C rrOBepXHOCThIO rropo

BhIX KaHaJIOB; aa 3TOH rrOBepXHOCTW a.n;COp6HPYIOTCH rrOBepXHOCTHO 

aKTHBHhIe BeI.qeCTBa (I1AB) , co.n;ep}KaI.qHeCH B HeepTH, BCJIe.n;CTBHe 

qero rrOBepXHOCTh CTaHOBHTCH B SHaqHTeJIhHOH Mepe rH.n;poep06HOH. 

I10JIaraIOT, qTO 60JIhIlIaH qaCTh OCTaTOqHOH BO.n;hI y.n;ep}KHBaeTcH 
KarrHJIJIHpHhIMH CHJIaMH H qTO TOHKaH nneaxa ee rrOKphlBaeT TOJIhKO 
OT.n;eJIhHhIe yqaCTKH rrOBepXHOCTH KOJIJIeKTOpa; CrrJIOIlII:{OH rrJIeHKH 

BO.n;hI Me}K.n;y HeepThIO H rrOpO.n;OH HeT. COCTOHHHe OCTaTOqHOH BO' 

.n;hI SaBHCHT OT ee XHMHqeCKOrO COCTaBa. YCTOHqHBhle rrJIeHKH BO.n;h1 

na rrOBepXHOCTH nopozu 06paSYIOTCH TOJIhKO B TOM cay-rae, eCJIH 
rrOBepXHOCTHOe HaTH}KeHRe Me}K.n;y BO.n;OH H HeepThIO ,OqeHh MaJIO 

HJIH nona cJIa60 MHHepaJIHSOBaHa. CHJIhHO MHHepaJIHSOBaHHhle 
OCTaTOqHhle BO.n;hI He 06paSYIOT paBHOBeCHOH CMaqHBaIOI.qeH rrJIeHKH, 
TaR KaK HOHhI COJIeH paapyuraior COJIhBaTHhIe CJIOH. 

Co.n;ep}KaHHe OCTaTOqHOH BO.n;hI saBHCHT TaK}Ke OT COCTaBa no

ponu H ee rrpOHH~aeMOCTH. C YBeJIHqeHHeM rrpOHH~aeMOCTH KOJIH
qeCTBo OCTaTOqHOH BO.n;hI YMeHhllIaeTCH. 

ECJIH B rrpo.n;yKTHBHOM rrJIaCTe HMeeTCH rro.n;OIlIBeHHaH (xpaesaa) 
Bo.n;a, TO, Me}K.n;y C06CTBeHHO HeepTHHOH (raSOBOH) H qHCTO BO.n;HHOH 

30HaMH ero pacrrOJIaraeTCH uepexonaaa SOHa, B KOTOpOH conepxcar

CH H HeepTh (raa), H nona. Pacnpeneaeaao BO.n;hIH HeepTH (rasa) B 
rrepexo.n;HOH SOHe orrpe.n;eJIHeTCH B OCHOBHOM rpaBHTa~HOHHhlMH H 

KarrHJIJIHpHbIMH CHJI8MH, rrpOHH~aeMOCThIO ee H rpaHYJrOMeTpHqe_ 

CKHM COCTaBOM nopoz, B XOpOIlIO OTCOpTHpOBaHHhIX rreCqaHHKax C 

BhICOKOH rrpOHH~aeMOCThIO MOI.qHOCTh rrepexo.n;HoH SOHhI HeBeJIHKa, 

He npeaaurae- HeCKOJIhKHX .n;eCHTKOB caHTHMeTpOB. B MeJIKOsepHH/ 
CThIX }Ke rrJIOXO OTCOpTHpOBaHHhIX necvaaaxax C He60JIhIlIOH rrpo
HH~aeMOCThIO M0IIJ:HOCTh :lTOH 30HbI MO}Kef .n;OCTHraTh 5-10 M. 

I1epexo.n;HaH SOHa HMeeTCH TaK}Ke Me}K.n;y qHCTO HeepTHHOH H 

qHCTO raSOBOH SOHaMH B HeepTeraSOBOM MeCTOpO}K.n;eHHH; 3Ta SOHa 
SarrOJIHeHa HeepThIO, raSOM H OCTaTOqHOH BO.n;OH. MOIIJ:HOCTb 3TOH 

30HhI, KaK H SOHhi Me}K.n;y qHCTO raSOBOH H qHCTO BO.n;HHOH qaCTH

MH raaoaoro MeCTOpO}K.n;eHHH, 06bIqHO MeHhWe, qeM Me}K.n;y HeepTH

HOH H BO.n;HHOH SOHaMH. aTO CBH3aHO C paSJIHqHeM rrJIOTHocTeil: 
HeepTH, BO.n;hI H rasa. 

LLJIfl orrpe.n;eJIeHHH KOJIHqeCTBa OCTaTOqHOH BO.n;hI B HeepTHHOM 

HJIH raSOBOM KOJIJI€KTOpe He06xo.n;HMO oreepars xepn, HO TaK, qTO
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6hI B Hero He norian Bo.n;HhIA epHJIbTpaT nposnasosaon }KH.n;KOCTH H 

qT06hI OCTaTOqHaH nona He 6hwa BhITeCHeHa H He ucnapanacs. Lle
JleC006paSHO TI03TOMY B xaxecrae rrpOMhlBOqHOH }KH.n;KOCTH npa OT' 

60pe xepaa HCrrOJlh30BaTh pacraopu aa HeepTHHOH OCHOBe. Ilon
HHThIH HS CKBa}KHHhI xepa cnezryer HeMe.n;JleHHO rrOMeCTHTh B sa

KphITbIH cocyn non CJIOH HeepTH JlH60 naparpaaaposars, 8 S8TeM OT

npasnrs B JIa60paTopHIO .n;JIH aaaaasa. 

nJlaCTOBhIe BO.n;bI scerna MHHepaJIH30BaHhI. B HHX conepxcarcs 

XJlOpH.n;bI, Kap60HaThI H 6HKap60HaThI I.qeJIOqHhIX H IIJ:eJIOqHO!e

MeJIhHhIX MeTaJIJIOB, HO.n;, 6pOM, aMMHaK, yraeaonoponasre rasa, 

cepoaonopon (aaorna B SHaqHTeJJhHOM KOJlHqeCTBe). B rrJIaCTOBhIX 

BOJ/.ax 06Hapy}KeHhI aHHOHhI H MblJla .HaepTeHOBhIX, H }KHpHhIX KHC

JIOT, epeHOJIhI, aSOTCOJ/.ep}KaIIJ:He KHCJlOThI H nexoropue npyrae op

raaasecxae BeIIJ:eCTBa, nepeurenurae CIOJ/.a HS HeepTH. COJ/.ep}KaHHe 

COJleH B rrJIaCTOBblX BOJ/.ax KOJIe6JleTCH OT HeCKOJIhKHX .n;eCHTKOB J/.O 

300 Kr!M3, conepxcaaae }Ke OpraHHqeCKHX aHHOHOB MO}KeT J/.OCTH

ran, nuorna 5 Kr!M3. KOH~eHTpa~HH COJIeH B OCTaTOqHOH BOJ/.e 

06hIqHO asnue (naorna B HeCKOJlhKO pas), qeM B nonourseaaoa. 

§ 9. MOJIeKyJUlpHo-noBepxHocTHble CBOHCTBa CHCTeMbI }KHJ/.KOCTb

,nOpHCTaJi cpena H HX BJIHJlHHe aa epHJIbTpau.HIO }KHJ/.KOCTH 

YJ/.eJIhHaH rroaepxaccrs KOJlJIeKTOpOB HeepTH H rasa aepenxo J/.O

CTHraeT J/.eCHTKOB ThICHq M2• B TaKHX yCJIOBHHX sospacraer POJlh 

noaepxaocraux HBJleHHH aa rpanauax pasnena HeepTh - nopona, 

r-as - nopona, HeepTh - BOJ/.a H T. rr. B qaCTHOCTH, CBOHCTBa rrorpa

HHqHhIX CJlOeB conpaxacaroumxca epas H nponeccos, xoropsre npore

KaIOT aa nosepxnocrax KOHTaKTa }KHJ/.KOCTH (HeepTh, ras, BOJ/.a) C 

noponoa, MoryT CYIIJ:eCTBeHHO BJlHHTh aa J/.BH}KeHHe }KHJ/.KOCTeH rro 

nnacry, aa BhITeCHeHHe OJ/.HOH }KHJ/.KOCTH npyrojl, aa creneas sa

rpHSHeHHH rrpHCTBOJIhHOH SOHhI CKBa}KHHhI epHJIhTpaTOM npoxu
BOqHOH }KHJ/.KOCTH. 

BaX<HeHllIeH xapaKTepHCTHKOH nOBepXHOCTH paazreaa J/.BYX CO

rrpHKacaIOIIJ:HXCH epas HBJIHeTCH rrOBepXHOCTHoe HaTH}KeHHe }KHJ/.KO

CTH. nOBepXHOCTHoe HaTH}KeHHe }KHJ/.KOCTH aa rpanaue C raSOM sa

BHCIIT OT XHMHqeCKOrO COCTaBa }K1IJ/.KOCTH H rasa, KOJlHqeCTBa pacr
aopeaaoro rasa, KOJIHqeCTBa rrOJIHpHhIX KOMrrOHeHTOB B conpaxaca

IOIIJ:HXCH epa3ax H HX npaponu, OT reaneparypu, J/.aBJIeHHH H npy
fHX epaKTopOB. nOBepXHOCTHoe HaTH}KeHHe C pOCTOM rexneparypu 
YMeHhllIaeTCH BCJIeJ/.CTBHe OCJla6JIeHHH Me}KMOJleKYJIHpHhIX CHJl. 

C YBeJlHqeHHeM J/.aBJIeHHH rrOBepXHOCTHoe HaTH}KeHHe }KHJ/.KOCTH aa 

rpaaaue C raSOMTaK}Ke, KaK npasano, YMeHhllIaeTCH BCJleJ/.CTBHe 

C}KaTHH rasa H paCTBopeHHH ero B }KHJ/.KOCTH. 4eM asnne pacraopa

MOCTh rasa, TeM aaannrensaee yxeasureaae rrOBepXHOCTHoro HaTH

}KeHHH C POCTOM J/.aBJIeHHH. 
CJIO}KHee xapaxrep HSMeHeHHH IIOBepXHOCTHoro HaTH}KeHH1'l aeq» 

TIl aa rpaaaue C BOJ/.OH. ECJIH HeepTh ner-aaapoaana H rrOqTH He CO

J/.ep}KHT BOJ/.opaCTBopHMhIX IIOJlHPHhIX KOMrrOHeHTOB, ee nosepxne

2& 

I.. _ 



I ~'r 
CTHoe HaTlDKeHHe aa rpauane C BO)].OH: npaKTRtIeCKR He saBRCHT OT 
TeMnepaTypbI R )].aBJIeHHlI. ECJIH >Ke B He¢TH coaepxcarcn nOJIlIpHble 
KOMnOHeHTbI, paCTBOpRMbIe B aozte, TO C pOCTOM )].aBJIeHHH H TeM
neparyp» nOBepXHOCTHoe HaTH>KeHHe es na rpaaans C BO)].OH: MO
>KeT YBeJIHtIHBaTbCli B pesyJIbTaTe paCTBopeHHH 3THX KOMnOHeHTOB 
B Bo)].e. cha saBHCHMOCTb eure 60JIee YCJIO)l{HHeTCli npa HaCbII..lI,eHHH 
He¢TH yrJIeBo)].opO)].HbIMH rasaMH. TaK KaK paCTBopHMOCTb raSOB B 

He¢TH 60JIblIIe, tIeM B sozte, C yBeJIHtIeHHeM )].aBJIeHHlI HaCbII..lI,eHHH 
nOBepXHOCTHoe HaTH)I{eHHe He¢TH na rpaHRu;e C rasoa yxensura
eTCH CHJIbHee, tIeM BO)].bI. IT03TOMY C nOBbIlIIeHHeM )].aBJIeHHH yBeJIH
tIHBaIOTCH paSHOCTb nOBepXHOCTHbIX HaTH)I{eHHH He¢TH H BO)].bI aa 
rpaaaue C raSOM H Me>K<paSHoe HaTlI>KeHHe Me>K)].y HHMH. 

C nOBbIlIIeHHeM TeMnepaTypbI YMeHblIIaeTCH paCTBopHMOCTb rasa 
B He¢TH. D03TOMY nOBepXHOCTHoe HaTlI>KeHHe He<PTH, HaCbIllI,eHHOH 
raSOM, na rpaaans C BO)].OH: C pOCTOM TeMnepaTypbI )].OJI>KHO yxeas

urarscs. ECJIH >Ke O,n:HOBpeMeHHO YBeJIHtIHBaIOTCH H TeMnepaTypa H 
)].aBJIeHHe, HSMeHeHHe nOBepXHOCTHoro HaTH>KeHHlI He<pTH na rpaaa
ue C BO)].OH MO>KeT oxaaarscn HeSHatIHTeJIhHbIM. 

Henocpe)].CTBeHHO HSMepHTb nOBepXHOCTHoe H8TlI>KeHHe sa rpa
HHu;e pasne.ra TBep)].oe TeJIO - >KH)].KOCTb Tpy)].HO. D03TOMY BsaHMO
)].eHCTBHe )I{H)].KOCTH C TBep)].bIM TeJIOM ou;eHHBaIOT KOCBeHHO, 06bltI 

HO nyre« HSMepeHHlI xpaesoro yraa CMatIHBaHHlI. KpaeBOH yroa 
8 MO>KeT CJIy>KHTb MepoH CMatIHBaHHH >KH)].KOCTbIO nOBepxHoCTH 
TBep,n:oro TeJIa. IToBepxHocTh TBep)].oro TeJIa CMatIHBaeTCli )I{H)].KO
CTbIO TeM JIytIlIIe, tIeM MeHblIIe pasHocTb nOJIHpHOCTeH Me)l{)].y re
JIOM H JKH)].KOCTbIO. BbICOKOnOJIlIpHble JKH)].KOCTH, T. e. 06JIa)].aIOllI,He 
BbICOKHM nOBepxHoCTHbIM HaTlI)I{eHHeM, CMatIHBaIOT TBep)].ylO no

BepxHOCTb xyxce, tIeM MaJIOnOJIlIpHble. Hanpaasp, pryrs CMatIHBaeT 
JIHIIIb HeKoTophle MeTaJIJIbI, rorna KaK MeHee nOJIlipHali sona CMa

tIHBaeT He TOJIhKO MeTaJIJIbI, no H MHorHe MHHepaJIbI, a MaJIOnOJIHp
aue MaCJIa - ace TBep)].bIe TeJIa. 

Do BeJIHtIHHe xpaesoro yrvra CMatIHBaHHlI tIaCTO Cy)].lIT 0 KatIeCT

Be BO,n: H HX cnoc06HOCTH OTMblBaTb He<pTHHYIO nJIeHKy C nOBepXHO

CTH noponsr. l{eM MeHblIIe yron 8, TeM JIytIlIIe CMatIHBaIOllI,alI cno

C06HOCTb JKH)].KOCTH. JIytIlIIe OTMbIBaIOT He<pTHHyIO nJIeHKy BO.nbI,
 
XOpOlIIO CMatIHBaIOI..lI,He noponv, 

BeJiRtIHHa yrvra cMalIHB8HHH saBHCHT OT MHorHX ¢aKTopoB. Oco
(leHHo 60JIblIIOe BJIHHHHe aa Hee OKaSbIBaIOT nponeccu aacopeuan, 
nOCKOJIbKY npa a,n:cop6U;HH MeHHeTCli XHMHtIeCKOe crpoenae nosepx
HOCTH rsepnoro TeJIa. ECJIH, HanpHMep, aa noeepxsocra TeJIa an

COp6HpoBaHo DAB TaK, tITO ero HenOJIHpHbIe yrJIeBo,n:opo,n:Hble uena 
opHeHTHpoBaHbI B CTOpOHy raepnoro TeJIa, a nOJIlIpHbIe pa,n:HKaJIbI 

(OH, COOH, CO, COH R np.) oopauieua B CTOpOHy )I{H,n:KOCTH, 
CMaqHBaeMoCTb ncaepxaocrn BO)].OH yJIytIlIIaeTCH. HanpoTHB, eCJIH 
HenOJIHpHble yrJIeBo)].opo)].HbIe IJ.enH opaearapoaann B CTOpOHy >KH)].
KOCTH, CMaqHBaeMoCTb BO)].OH YXy)].lIIaeTcH, a He<pTbIO, aanporna, 
yJIytIlIIaeTcH. Hanpaxep, KBapIJ., HSBeCTHliK H npyrae MHHepaJIbI, 
BXO)].lIllI,He B COCTaB He¢TbCo)].ep>KallI,HK KOJIJIElKTOpOB, no caoeM 
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npapoae rH)].p0<pHJIbHbI, T. e. XOpOlIIO CMatIHBaIOTCll BO)].OH. TeM He 
MeHee, caMH nerprsconepacautae noponu tIaCTO secsaa nJIOXO CMa
tIHBaIOTCH BO)].OH, TaK KaK nOBepXHOCTb HX (no KpaHHeH srepe, MHO
THe ytIaCTKH ee) rH)].po<p06HSOBaHa B pesynsrare a)].cop6IJ.HH >KH)].
KHX yraesonoponoa He<pTH. Creneas TH)].P0<pHJIbHOCTH TaKOH noponu 
OKaSbIBaeT cyuiecraeaaoe BJIHHHHe na KOJIHtIeCTBO nocrynnaurero B 
npO)].yKTHBHbIH nnacr <pHJIbTpaTa npOMbIBOtIHOH )I{H)].KOCTH B rrpo

uecce 6ypeHHH. 
IUeJIOtIHbIe BO)].bI JIytIIIIe CMalIHBaIOT nOBepXHOCTb nopO)].-KOJI

JIeKTOpOB, qeM ,n:HCTHJIJIHpOBaHHaH HJIH COJIeHali sona. 3TO 06olIC
naerca TeM, tITO rrpOHCXO)].HT OMbIJIeHHe I..lI,eJIOl.faMH BO)].b1 opraua

qeCKHX KHCJIOT, conepxcautaxca B He<pTH; 
MbiJIa >Ke, aacopoapyacs aa nOBepXHOCTHX 8z e 
paszeaa He¢Tb - sona H He¢Tb - nopo- :!!~~~~~~ 
)].a - aozra, YMeHbIIIaIOT KpaeBOH yrOJI ;t=-== 
CMatIHBaHHlI. Ha BeJIHtIHHy yrna CMatIHBa- ..._..=...- - .8

f


HHH BJIHHIOT TaKJKe )].aBJIeHHe H rexne :::§:'-=-= 'I. 
parypa. 

B nepaon BCKpbITHH nponyxrasnoro 
nnacra 6ypeHHeM H B nepaon oCBoeHHH 

PRC. 6. Cxexa H3MeHeHHll
CKBaJKHHbI rpaHHIJ.bI pasnena <pas He 

yrJIOB CMaqHBaHlllI npn
OCTalOTCH cTa6HJIbHbIMH, OHH nepesreina H3MeHeHHH HanpaBJIeHHH 
IOTCH: npa BCKpbITHH nJIaCTa He<pTb OTTe J\BH)KeHHH MeHHCKa B xa

CHHeTCH OT CKBa)l{HHbI BO)].HbIM <pHJIbTpa ITHJIJIlipHOM KaHaJIe 

TOM npOMbIBOqHOH JKH,n:KOCTH; npa OCBoe· 
HHH, HanpOTHB, <pHJIhTpaT BbITeCHHeTCli IIJIaCTOBOH He<pTbIO. DPH 
TaKOM HSMeHeHHH HanpaBJIeHHH ,n:BH>KeHHH rpaHHIJ.bI paaaeaa <pas 
MeHlIeTCH KpaeBOH yrOJI CMatIHBaHHH. I1sMeHeHHe yrvra CMatIHBa

HHH npa nepensnacenaa no TBep,n:OH nOBepXHOCTH rpextpasnoro ne
pnaerpa CMatIHBaHHlI HaSbIBaIOT KHHeMaTHtIeCKHM THCTepeSHCOM. 

KpaeBOH yroa CMatIHBaHHH 8\, o6pasyIOI..lI,HHCH npa BbITeCHeHHH 
He<pTH BO,n:OH, 06hltIHO HaSbIBaIOT HacTynaIOIUHM; yrOJI )I{e 82, oopa
syIOIUHHCH npa BbITeCHeHHH BO)].bI He<pTbIO, - orcrynarourav 
(pRC. 6). Me)l{,n:y CTaTHtIeCKHM yrJIOM CMatIHBaHHll 8 H 3THMH yrna

MH nOtITH scerna C06JIIO)].aeTcH COOTHOlIIeHHe: 8\ > 8> 82. BeJIHtIHHa 
KHHeMaTHtIeCKOrO racrepeaaca CMatIHBaHHH saBHCHT· OT CKOpOCTH 

nepesreureaas rpexrpasaoa rpaHHIJ.bI paaztena no noaepxuocra rsep
,n:OH <pasbI, OT urepoxoaarocra rrosepxnocra H a)].cop6IJ.HH aa Hei\: 
ITAB. DPH 60JIblIIOH CKOpOCTH BbITeCHeHHH He¢TH BO,n:OH HS rropa
CTOH cpeztsr aacrynarounn; yron BCJIe)].cTBHe rncrepeaacnux HBJIe
HHH MO>KeT CTaTh 60JIblIIe 90°, ,n:a)/{e eCJIH B CTaTHtIeCKHX yCJIOBHHX 
nosepxaocrs nopoaux KaHaJIOB rH,n:p0<pHJIbHa. B rrJIaCTOBbIX yCJIO
BHHX rucrepesac CMatIHBaHHH OCJIO)l{HlleTCli HaJIHtIHeM B nopax KOJI
JIeKTOpa OCTaTOtIHOH BO)].bI, xoropas, sepoarao, cnocoocrayer yJIytI 
lIIeHHIO CMatIHBaHHH nosepxaocra 3THX rrop BO,ll.HbIM <pHJIbTpaToM 
npOMbIBOtIHOH >KH)].KOCTH. 

CBoHcTBa )/{H,n:KOCTH B TOHKOM CJIOe-nJIeHKe, nOKpbIBaIOm;eM no
aepxaocrs rsepnoro TeJIa, cyuiecraeaso OTJIH'laIOTCH OT CBOHCTB 
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Toli >Ke >KH.n.KOCTH, HaJIHTOH TOJICThIM CJIOeM. )l(H.n.KOCTb B TOHKOMI~' 
CJIOe TOJIr.u.HHOH nopanxa 10-5 CM 06JIa){aeT nOBhIllIeHHblMH nJIOT

HOCTbl(}, ynpyrocrsro npa cnsare, 60JIbllIeH BH3KOCTbIO. MOJIeKYJIbI 

)KH.n;KOCTH B TaKOM CJIoe na nOBepxHoCTH rsepnoro TeJIa nOJIHpH

30BaHbl, OpHeHTHpOBaHbl OT nOBepXHOCTH TeJIa B CTOpOHy >KH.n;KOCTH. 

DOJIHMoJIeKyJIHpHblH CJIOH OpHeHTHpOBaHHO paCnOJIO)KeHHbIX MOJIe

KyJI HOCHT Ha3BaHHe COJIbBaTHoro. COJIbBaTHhIe CJIOH B nopax Heep

Hanpa8/lt:HUt: 661mecHe-HIJR 
./ Ch/QADWfa Herpmu 8 f

'Ln:;r:s s s 55f S 5 S , 

p' ~=:::;2;~ --li'V~ f __ p"-
Pile. 7. CxeMa ,lJ,e¢OpM81.(1I11 KaIIJIII B KaIIIIJIJIlipe 

, 
THHoro KOJIJIeKTOpa COCTOHT H3 nOBepxHocTHo-aKTHBHhIX H .n;pyrHx 

KOMnOHeHToB HeepTH, a B npHCTBOJlbHOH 30He, 3arpH3HeHHOH epHJIbT

paTOM npOMblBOlJHOH >KH.n;KOCTH, MoryT BKJIIOlJaTb TaK)Ke DAB, co

nepacauiaeca B epHJIbTpaTe. DAB KOHUeHTpHpyIOTCH He TOJIbKO ua 
nOBepXHOCTH pasneaa rpas, HO H BHyTpH CJIOH n06JIH30CTH OT no
BepXHOCTH pa3.n;eJIa. 

Ancoponaoaaue H CBH3aHHhIe C HHMH COJIbBaTHhIe 060JIOlJKH 06

pa3YIOT-cH He TOJIbKO na nOBepXHOCTH pasnena rsepnoe TeJIO

)KH.n;KOCTb, HO na scex Boo6r.u.e paaaenax epa3, B TOM lJHCJIe na rpa

aaue paanena aerpn, - soaa. B COCTaB nOBepXHOCTHhIX CJIOeB na 
rpaanue HeepTb - sona BXO.n;HT HaepTeHOBble KHCJIOTbl, HH3KOMOJIe

xyaxpnue CMOJIbI, KOJIJIOH.n;Hble lJaCTHl.(b1 BblCOKOMOJIeKyJIHpHblX 

CMOJI H actpansreaoa, MHKpOKpHCTaJIJIhI naparpaaa, a TaK)Ke lJaCTH

UbI MHHepaJIbHblX H yrneponacrux cycneasaa. DOBepXHOCTHblH 

CJIOH na :nOH rpanaue oopasyercs, BH.n;HMO, B pe3YJIbTaTe CKOnJIe

HHH MHHepaJIbHblX H yraeponacrsrx 'laCTHU, a TaK)Ke MHKpOKpHCTaJI

JIOB napaepHHa no.n; BJIHHHHeM H36HpaTeJIbHOrO CMalJHBaHHH BO.n;OH 

rH.n;POepHJIbHbIX YlJaCTKOB HX nOBepXHOCTH. Ancopeapyrornaeca na 

3TOH )Ke rpanaue acepaJIbTO-CMOJIHCTble sentecraa, nepexons B rene

oopaaaoe COCTOHHHe, u.eMeHTHpyIOT lJaCTHu.b1 napadiaaa H MHHe

paasuue lJaCTHu.bI B e.n;HHbIH MOHOJIHTHhIH CJIOH. DOBepXHOCTHblH 

CJIOH -MO)KeT YTOJIr.u.aTbCH TaK)Ke 6JIaro.n;apH COJIbBaTau.HH reJIeti: 
acepaJIbTO-CMOJIHCTbIX semecrs HeepTHHOH epa30ii [11]. 

AHoM ansaue CTpyKTypHO-MeXaHHlJeCKHe CBoHcTBa nosepxaocr
HblX CJIOeB 06yCJIOBJIHBaIOT, B lJaCTHOCTH, BhICOKYIO YCTOHlJHBOCTb 

nexoropux Bo.n;oHeepTHHbIx 3MYJIbCHH. B03Mo)KHO TaK)Ke, lJTO azi

COp6uHoHHbIe CJIOH na nOBepxHOCTH pasnena 0F8TOQHaH Bo.n;a

HeepTb B pH.n;e CJIyQaeB MoryT HeCKOJIbKO TOPM03HTb npo.n;BH)KeHHe 
epHJIbTpaTa npOMblBOlJHOH :>KH.n;KOCTH B HeepTHHoA nJIaCT H CMeIlIH
sanae aozmoro epHJIbTpaTa C OCTaTOlJHoA Bo.n.oit 
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MHKpOHeo.n;Hopo.n.HOCTH nopHcToH cpe.n;hI H HaJIHlJHe B HeA He· 

CKOJIbKHX epa3 (HeepTb + raa + nona + rsepnaa nOBepXHOCTb cpenu) 
MoryT OKa3bIBaTb saaeraoe BJIHHHHe aa .xapaxrep TelJeHHH H BeJIH

lJHHy rH.n;paBJIHlJeCKHX conpOTHBJIeHHH, B03HHKaIOr.u.HX npn JIaMH

HapHOH epHJIbTpaU.HH :>KH.n.KOCTH. 

Dpe.n;noJIO:>KHM, lJTD B U.HJIHH.n.pHlJeCKOM KanHJIJIHpe, CMOlJeHHOM 

BO.n;OH, CTOJI6HK HeepTH OKa3aJICH Me:>K.n.y CToJI6HKaMH BO.n.hI (pHC. 7). 
Ilon .n.eHcTBHeM KanHJIJIHpHbIX CHJI CTOJI6HK aerpra CTpeMHTCH npa
HHTb crpepnxecxyro epOpMy. KanHJIJIHpHOe .n;aBJIeHHe, coanasaexoe 
Ka)K.n;brM H3 MeHHCKOB, 

PKao=2cr/'M' (1.28) 
r.n;e cr - nOBepXHOCTHOe HaTH:>KeHHe Ha pa3.n.eJIe HeepTb - Bo.n.a; 

'M - pa.n.Hyc MeHHCKa. 
ECJIH reneps npHJIO)KHTb aaeuraee .n.aBJIeHHe H 3aCTaBHTb :>KHk 

KOCTH nepexeutarsca no KanHJIJIHpy, epopMa MeHliCKOB H3MeHliTCH 

(CM. nYHKTHp na pHC. 7), a KanHJIJIHpHhIe .n;a,BJIeHgH, coanaaaexue 
JIeBhIM H npaBblM MeHHCKaMH, 6y.n.yT paaau COOTBeTCTBeHHO: 

P~an = 2cr/r~; P:an = 2cr/,~. (1.29) 

Pa3HOCTb 3THX AaBJIeHHH 

P.IR = 2cr (-~- __ (1.30)1_, )

'M 'M 
rrpe.n;CTaBJIHeT .n;onOJIHHTeJIbHOe conpOTHBJIeHHe ABH:>KeHHIO. TaKoe 

cOnpOTHRneHHe B03HHKaeT Bcer.n;a npH .n.BH:>KeHHH ny3hIpbKoB ra3a 

If HeCMellIHBaIOr.u.HXCH :>KH.n;KocTeH B KanHJIJIHpHblX xananax. ECJIH 

ysecrs, lJTO 

rM=r/Cose, 

TO 

20
Pill = -,- (cos e" - cos 8') I (1.31) 

rAe, - paAHyc KanHJIJIHpa. 

PaCCMOTpeHHoe HBJIeHHe anepaue HCCJIe.n.oBaHO )l(aMeHoM H 

Ha3BaHO ero HMeHeM. 

B npo.n.yKTHBHOM KOJIJIeKTOpe nopoaue KanHJIJIHphI HMeIOT no 

AJIllHe nepexeanoe ceseaae. DpH nepexozte rJIo6yJI HeepTH H BO.n.hI 

na pacurapenaoa lJaCTH KanHJIJIHpa B cy:>KeHHyIO OHH nerpopaapy

IOTCH; BCJIeAcTBHe aepaaeacraapanaycoa o6pa3yIOr.u.HXCH npa 3TOM 

MeHHCKOB B03HHKaeT .n.onOJIHHTeJIbHOe conpOTHBJIeHHe .n.BH>KeHHIO 

PM = 2cr (_1_,__1_" ) I (1.32) 
'M 'M 

rAe 'M,': - COOTBeTCTBeHHO panaycu MeHHCKOB rJIo6yJl B cy
){{eHHOH H paCllIHpeHHOH lJaCTHX nopoaoro KaHaJIa. 
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TIOCKOJIbKY B nopacroji cpene rrpHCTBOJIbHOii 30Hbl rinacra KOJIH

qeCTBO o6pa3ylOI.1.J,HXCH rJIo6yJI BeJIHKO, B03HHKalOI.1.J,ee BCJIe~CTBHe 

3<p<peKTa !KaMeHa ~OrrOJIHHTeJIhHOe COrrpOTHBJIeHHe ~BH)I{eHHIO MO

)l{eT 6bITb secsxa 60JIbIIIHM. B03MO)l{HO, qTO BJIHHHHe 3TOrO 3<p<peK

Ta B peaJIbHOM KOJIJIeKTOpe 3HaqHTeJIbHO OCJIa6JIHeTCH 6JIarO~apH 

C)I{HMaeMOCTH raaoaux rrY3b1pbKOB H rrJIaCTOBOii )l{H~KOCTH, yrrpyro

CTH nopon, a TaK)I{e HaJIHqHIO xpyrmux KaHaJIOB H rpeman, B KO

ropux rrpOHBJIeHHe KarrHJIJIHpHblX CHJI oCJIa6JIeHo. 

Ha xapaxrep ~BH)I{eHHH )l{H~KOCTeii H ra30B B nopacron cpene 
MoryT OKa3b1BaTb BJIHHHHe TaK)I{e rrOBepXHOCTHble HBJIeHHH na rpa
naue rnepnoe TeJIO - )l{ll~KOCTb. Hanpauep, eCJIH na rrOBepXHOCTH 

noponax KaHaJIOB a~cop6HPYIOTCH TIAB, TO oopasyiorcs ancopti
U.HOHHO-COJIbBaTHble CJIOH, xoropue npaxrnsecxa He yuacrnyror B 

npouecce ~BH)I{eHHH H YMeHbilialOT 3<p<peKTHBHoe cexenue rrop, a 

CJIe~OBaTeJIbHO, nponauaexocrs noponu. 

§ 10. nOHHTUH 0 K03lj)lj)Uu.ueHTe aHOMaJIbHOCTU 

naacrosoro ~aBJIeHUH, UH~eKce ~aBJIeHUH nOrJIOIll,eHUH 

U nopoaost ~aBJleHUU B cycneaaaa 

TIo~ K03<pqmu.HeHToM aHOMaJIbHOCTH B 6ypeHHH rrOHHMalOT OT

HOlIIeHHe rrJIaCTOBOro ~aBJIeHHH pun na rJIy6HHe ZITn OT YCTbH CKBa

)l{HHbl K ~aBJIeHHIO cToJI6a npecnon BO~bI TaKoii )l{e BblCOTbl 

Pun (1.33) ka = Pngziln 

r~e 'Pn - rrJIOTHOCTb npecaoa BO~bI. 

HH~eKCOM ~aBJIeHHH rrOrJIOIll,eHHH 6y~eM Ha3bIBaTb OTHOlIIeHHe 

~aBJIeHHH PII na CTeHKH CKBa)l{HHbI, npa KOTOpOM B03HHKaeT norao
meaae rrpOMblBOqHOii )l{H~KOCTH, K ~aBJIeHHIO cToJI6a BO~bl BblCO

Toii OT paccxarpaaaeaoro 06"beKTa no YCTbH 

- ~kI1- • (1.34) 
Pngzu 

B TeXHHqeCKOM: nareparype qaCTO rrOJIb3YlOTCH TepMHHaMH 

«MO~YJIb rpa~HeHTa rrJIaCTOBOro ~aBJIeHHH» ~PIIn H «MO~YJIb rpa

~HeHTa ~aBJIeHHH rrOrJIOI.1.J,eHHH» ~Pu, rrOHHMaH non HHMH OTHOlIIe

HHe COOTBeTcTBylOIll,ero ~aBJIeHHH K rJIy6J:1He paccaarpaaaeuoro 
nJIaCTa OT YCTbH: 

~Pun = PurrlZun (1.35) 

H 

~Pu = Pu/Zu' (1.36) 

OqeBH~HO 

~Pun = kaPng, (1.37) 

~PII = kuPng· (1.38) 

,UJIH JII060ii noponu cnpanennnno COOTHOlIIeHHe kn;;:'ka. 
30 

BeJIHqHHY ~aBJIeHHH rrOrJIOIll,eHHH onpenensror onuraux nyrex 
ne ~aHHblM Ha6JIIO~eHHii B' npouecce 6ypeHHH JIH60 C rrOMOI.1.J,blO 

cneuaansnux HCCJIe~OBaHHii B CKBa)l{HHax. BeJIHqHHa OTHOlIIeHHH 

knlka MO)l{eT H3MeHHTbCH OT onnoro ysacrxa rrJIOI.1.J,a~H K npyroxy 
H, KOHeqHO, C rJIy6HHoii. B MaCCHBHbIX raaonux MeCTOp0)l{~eHHHX 

BeJIHqHHa 3Toro OTHOlIIeHHH HeCKOnbKO B03paCTaeT OT KyrrOJIa 

CKJIa~KH K KPbIJIbHM. OHa H3MeHHeTCH TaK)I{e B npouecce paspa
60TKH MeCTOp0)l{~eHHH rro Mepe H3MeHeHHH rrJIaCTOBOro ~aBJIeHHH. 

y CJIOBHMCH non OTHOCHTeJIbHOii rrJIOTHOCTblO po npoxueo-moa 
)l{H~KOCTH rrOHHMaTb OTHOlIIeHHe rrJIOTHOCTH PIT nocnennea K rrJIOT

HOCTH npecaoa BO~bI pn 

Po = PII/Pn~ (1.39) 

06b1qHO npn 6ypeHHH rrJIOTHOCTb rrpOMbIBOqHOii )l{H~KOCTH BbI6H

pater C TaKHM pacseroa, qTo6bl ~aBJIeHHe cToJI6a ee 6blJIO HeCKOJIb

KO suure rrJIaCTOBblX ~aBJIeHHll B aeoocaaceanox ynacrxe CKBa)l{H

HbI, HO ncerna MeHbllie ~aBJIeHHii rrOrJIOIll,eHHH 

pun < PIIgz <Pu' (1.40) 

ECJIH B epOpMyJIy (1.40) rrO~CTaBHTb COOTBeTcTBylOIll,He iRaqi

HHH H3 epOPMYJI (1.33), (1.34) H (1.39), rrOJIyqHM 

ka< Po < ku' (1.41) 

TIPOMbIBOqHaH )l{H~KOCTb COCTOHT HS ~BYX HJIH rpex rpaa: )l{Hl(

Koii nacnepcnonuon cpenu, qaCTHu. TBep~oii nncnepcaof epa3b1, a 

nnorna TaK)I{e rasa. TIJIOTHOCTb nacnepcaon epa3bl B 60JIblIIHHCTBe 

cnyxaea 60JIbilie rrJIOTHOCTH nacnepcaoaaoit cpenu. TIoKa npoxu
BOqHaH )l{H~KOCTb HaXO~HTCH B ~BH)I{eHHH, sacrauu raepnon epasbI 

pacnpenenenu B Heii 60JIee HJIH MeHee paancxepno. TIo~ ~eiicTBHeM 
CHJIbl TH)I{eCTH xaxcnas xacrana cTpeMHTcH OCa)l{~aTbCH B )l{H~KOii 

cpene, HO ocaacnenmo npensrcrnytor nepexeuraaanae (revenue) 

)l{H~KOCTIi Ii BH3KOCTb nocnenaen. TIPH OCa)l{~eHHH xacraua rrepe

MeI.1.J,aeTCH OTHOCHTeJIbHO )l{H~KOii cpenu, BblTeCHHH ee ssepx: npa 
3TOM B03HHKaeT corrpOTHBJIeHHe, CHJIa xoroporo paana secy qaCTH

U.bI B nacnepcaonnof cpene. TaKHM 06pa30M, sec rnepnux xacrrrn 

B ~HcnepCHOHHOii cpe~e nOJIHOCTblO BocnpHHHMaeTCH nocJIe~Heii Ii 

nepenaercs na CTeHKH BMeIll,alOIll,erO cocy~a, narrpuxep CKBa)l{H

HbI,- KaK ~aBJIeHHe. TIoKa ace qaCTHu.bl rnepnoa rpaasr HaXO~HTCH B 

rH~paBJIHqeCKH B3BelIIeHHOM COCTOHHHH, CTaTHqeCKOe ~aBJIeHHe 

cycnenaaa paBHO 

, OJ\{+ G~ 
peT = = Pugh, (1.4.)f; 

rne GJ\{ H G~ - BeC ~HCnepCHOHHOii cpenu H nacnepcnon ep!3b1 

COOTBeTCTBeHHO nan paccaarpaaaesnra CeqeHHeM cToJI6a cycnsa

3HH; h - BblCOTa 3TOrO cToJI6a; F - nJIOIll,a~b nonepenaoro CeqeHHH 

cToJI6a cyeneH3HH. 
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I~', ECJIH cycneasmo OCTaBHTb B noxoe, uacraua nacnepcaoa <p a3b1 

6Y.ll.YT nocrenenao BblXO.ll.HTb HS rH.ll.paB.TIHqetKH saaeureauoro CO
CTOHHHH: qaCTHqHO - ocezrars na znro BMel.I.l,alOl.I.I,erO cocyaa, na
CTHqHO - B cOCTaBe CKeJIeTa THKCOTporrHOH crpyxrypu, eCJIH TaKO
BaH oopaayerca B cycneasaa, - saaacars aa crenxax sroro cocyna. 
COOTBeTCTBeHHO 6Y.ll.eT YMeHbwaTbCH nee nacnepcaoa <pa3bI, BOC
rrpHHHMaeMbIH )l{H.ll.KOH cpenoa, a 3HaqHT, H .ll.aBJIeHHe, nepenasaeaoe 
cycnenaaef na CTeHKH BMel.I.l,alOl.I.I,erO cocyna. B JIlO60H MOMeHT ape
MeHH rrOCJIe OCTaBJIeHHH cycrreHsHH B rrOKoe .ll.aBJIeHHe Ha CTeHKH 

cocY.ll.a 6Y.ll.eT paBHO 

= Gm + G~ (1 43) peT F . 

rne G~ < G~ - BeC TOH qaCTH .ll.HCrrepCHOH <pa3b1, KOTOpaH no

xa euie OCTaeTC:H B rH.ll.paBJIHqeCKH B3BeWeHHOM COCTOHHHH. 
YCJIOBHMCH naaneaae, nepenasaeaoe cycneasaea na CTeHKH BMe

maxnnero cocyna B noxoe, Ha3b1BaTb nopoaux. ECJIH cycneaaas na
XO.ll.HTCH B cocyne C aenpoaauaeasrxa CTeHKaMH H .ll.HHl.I.I,eM H B rro
xoe B HeH He rrpOHCXO.ll.HT HHKaKHX 06beMHblX H3MeHeHHH, noponoe 
nasneaae MO)l{eT YMeHbwaTbCH OT .ll.aBJIeHHH cToJI6a seen cycnen
3HH B H8qaJIbHbIH MOMeHT rrOKOH no .ll.aBJIeHHH cToJI6a TOJIbKO .ll.HC
rrepCHOHHOH cpensr rrOCJIe suxona scex qaCTHU rsepnoa <pa3bI H3 
rH.ll.p8BJIHqeCKH asaeurenaoro COCTOHHHH. CKOpOCTb ssrxona qaCTHU 
H3 fH.ll.paBJIHqeCKH asaemeaaoro COCTOHHHSl 3aBHCHT OT xpynaocru 
H rrJIOTHOCTH HX, KOHueHTpaUHH .ll.HCrrepCHoH <pa3b1 B cycnenaaa, npo
aauaeaocrn THKCOTporrHOH crpyxrypu, 06pa3ylOl.I.I,eHCH B cycneuaan, 
BH3KOCTH .ll.HcrrepCHOHHOH cpenu H .ll.PYrHX rpaxropoa. Hanpasrep, 
rropoBoe .ll.aBJIeHHe B BO.ll.OrreCqaHOH cycrreH3HH rra.ll.aeT OqeHb 6b1CT
po, TaK KaK HHKaKofi THKCOTporrHOH crpyxrypu B Hefi He 06pa3Y
eTCH, a npoaauaeuocrs necxasoro «CKeJIeTa» nazce npa 60JIbiIIoH 
KOHueHTpaUHH necxa B cycrreasna BeJIHKa. HarrpOTHB, CKOpOCTb 
YMeHbweHHH noposoro .ll.aBJIeHHH B BbiCOKOKaqeCTBeHHOH 6eHToHHTO
BOH cycneasaa BeCbMaMaJIa, H npouecc CHH)I{eHHH .ll.aBJIeHHH B HeH 
MO)l{eT .ll.JIHTbCH B -rexeaae MHOrHX xecsues, rrOCIWJIbKY nponauae
MOCTb THKCOTporrHOH crpyxrypsr ropasno HH)I{e, qeM aoztonecuanok 
cycnenaajr, 

ECJIH cycneaaas HaXo.ll.HTCH B cocyne C npouauaeauaa CTeHKa
MH, aanpanep B CKBa)l{HHe, npouecc CHH)I{eHHH nopoaoro .ll.aBJIeHHH 
HaMHoI:O y6bIcTpHeTCH; 3TOMy cnococcrsyer OT<pHJIbTpOBbIBaHHe CBO
60.ll.HOH .ll.HCrrepCHOHHOH cpenu H3 cycneasan nepea nponauaeaue 
CTeHKH H 06pa30BaHHe MeHee npoaauaeuoro CKeJIeTa. CHH)i{eHHe 
rropoBoro .ll.aBJIeHHSl B cycrreH3HH B 3TOM cJIyqae rrpeKpal.I.l,aeTCH 
nocne BbipaBHHBaHHH ero C rrJIaCTOBbIM .ll.aBJIeHHeM B OKpY)l{alOl.I.I,eH 

cpene. 

&2 

fJIABA 2
 

BCKPblTHE npOJl.YKTHBHblX nJIACTOB
 
nPH 6YPEHHH
 

KOHeqHaH uens 6ypeHHH CKBaiKHH - nonyseaae He<pTH H rasa 
as 3eMHbIX nenp. Iloayseaae HaqaJIbHOrO npnroxa He<pTH H r-aaa H3 
nnacra B 60JIbWOH crenenu 3aBHCHT OT TeXHOJIOrHH 6ypeHHH, OT 
COCTaBa H CBOHCTB rrpOMblBOqHOH )l{H.ll.KOCTH, .ll.JIHTeJIbHOCTH B03.ll.eH
CTBHH ee na nponyxraaauf rrJIaCT, a TaK)I{e OT xasecraa pa60T rro 
paa06l.I.1,eHHlO naaaoro nnacra OT npyrax npoanuaeaux ropH30HTOB. 

§ II. BJlHSlHHe rrpOMblBOqHOH 1KHAKOCTH aa KaqeCTBO BCKpbITHSI 
nponyxraeaoro naacra 

nJIOTHOCTb rrpOMbIBOqHOH )l{H.ll.KOCTH .ll.JIH BCKpbITHH nponyxrna
noro rinacra 06bIqHO Bbl6HpalOT C yxerox aepasencrsa (1.41). Tex
HHqeCKHMH rrpaBHJIaMH senenas 6ypOBbIX pa60T B CCCP pexoxeano
BaHbI CJIe.ll.YlOl.I.I,He COOTHoweHHH rrJIOTHOCTH )l{H.ll.KOCTH H K03<P<PHUH
eura aHOMaJIbHOCTH: .ll.JIH CKBa2KHH rJIy6HHoll no 1200 M polka= 
=1,10+1,15; .ll.JIH 60JIee rJIy60KHx CKB8iKHH polka=I,05. B .ll.ellcT
BHTeJIbHOCTH .ll.0BOJIbHO qaCTO 3TH peKOMeH.ll.aUHH He BbinOJIHHlOTCH, 
a 3HaqeHHH polka .ll.OCTHralOT 1,15-1,3. Me)l{.ll.Y CKBa2KHHOH H npn
CTBOJIbHOll 30HOf! nponyxrasaoro nnacra, TaKHM 06pa30M, nOqTH 
acerna B03HHKaeT 60JIbWaH pa3HOCTb .ll.aBJIeHHll. Ilon BJIHHHHeM 
60JIbiIIoI'O .ll.H<p<pepeHUHaJIbHOrO .ll.aBJIeHHSl B rrp0.ll.YKTHBHbIe nJIaCTbI 
nponaxaer He TOJIbKO <pHJIbTpaT npoxuaosuoa 2KH.ll.KOCTH, HO TaK
2Ke rsepnaa rpaaa ee, ccooenno, eCJIH B nJIaCTaX HMelOTCH rpeum
HbI HJIH aaoro pona xpyrmae xanansr, 

npOHHKHOBeHHe B rrJIaCT rrpOMbIBOqHOH 2KH.ll.KOCTH H ee <pHJIbTpa
Ta sener K H3MeHeHHlO npescne acero crpyxrypsr noposoro npOCT
paHCTBa H rrpOHHuaeMOCTH rrpHCTBOJIbHOH 30HbI. Creneas sroro H3
MeHeHHH 3aBHCHT OT psna <paKTOpOB H YMeHbwaeTCH rro Mepe yna
JIeHHH OT CKBa2KHHbI. B rpaHyJIHpHOM nJIaCTe BClO 06JIaCTb, B KOTO
pyio rrpOHHKJIH rrpOMbIBOqHaH 2KH.ll.KOCTb H ee <pHJIbTpaT, YCJlOBHO 
M02KHO nonpaanenars aa .ll.Be 30HbI: 30Hy KOJIbMaTaUHH, npaauxaro
l.I.I,YlO K CKBa2KHHe, H 30Hy rrpOHHKHOBeHHH <pHJIbTpaTa. 

30Ha KOJIbMaTaUHH- 3TO TOT yqaCTOK soxpyr CKBa2KHHbI, B no
pbI xoroporo rrpOHHKJIH qaCTHUbi nacnepcnof <pa3bI rrpOMblBOqHOH 
2KH.ll.KOCTH. TOJIl.I.I,HHa 3TOH 30HbI 3aBHCHT B OCHOBHOM OT COOTHowe
HHH rpaHyJIOMeTpHqeCKOrO COCTaBa nacnepcaoa rpasu nposnrson
HOll 2KH.ll.KOCT'H H crpyxrypu noposoro rrpOCTpaHCTB8 (pacnpenene. 
HHH rrop rro paaaepax) nnacra, a TaK2Ke, BepOSlTHO, OT nepenana 
.ll.aBJIeHHH B nepaon 6ypeHHH H OT np0.ll.OJI)I{HTeJIbHOCTH B03.ll.eHCTBHH 
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npOMbiBO'IHOH }KH)J.KOCTH aa nopony. B rpaaynapaux KOJIJIeKTOpaX 

HaHOOJIee TOHKHe 'IaCTHUbI )l.HCnepCHOH <pa3bl npOHHKalOT no aaatio

aee KpynHbIM nopossra KaHaJIaM, 'IaCTH'IHO aaxpuaaior HX, yxeas

uraror naoutans Ce'IeHHSI H npespamaror xpynaue xananu B cpen

HHe H MeJIKHe. XOTSI ~OPHCTOCTb noponu B 30He KOJIbMaTaUHH npa 

3TOM YMeHbllIaeTCSI He3Ha'IHTeJIbHO, npOHHuaeMOCTb CHH}KaeTCSI pes

KO. I1MeIOTcSI naaaue 0 TOM, 'ITO HaHOOJI€e TOHKHe 'IaCTHUbl )l.HC

nepCHOH <pa3bl rJIHHHCTbIX paCTBopOB MoryT npOHHKaTb B nopu C 

panaycox oOJIee 1,6-6 MKM. I1cCJIe)l.OBaHHSI nOKa3bIBa1OT, 'ITO, eCJIH 

naaxerp nop d« noponu MeHbllIe yrpoeaaoro )l.HaMeTpa dq 'IaCTHU 

TBep)l.OH <pa3bI npOMbIBG'IHOH }KH)l.KOCTH, nOCJIe)l.HHe C03)1.alOT na no

BepXHOCTH CTeHOK CKBa}KHHbI $HJIbTpauHoHlIylO KOpKy H nO'ITH He 

npOHHKalOT B nJIaCT. ECJIH 3dq<drr< 10 dq , 'IaCTHUbl TBep)l.OH <pa

3bl npoHHK81OT aerayooxo B nopony, saxpusaror nopu H C03)1.alOT 

<pHJIbTpaUHoHHylO KOpKy B caMoH nopone. TOJImHH8 TaKoH 30Hbl 

OObI'IHO He npeasnuaer 1-2 CM. ECJIH }Ke )l.HaMeTp nop npeauuraer 

10 dq, qaCTHUhI MoryT nponaxars rayeoso B nJIaCT, aa HecKOJIbKO 

)l.eCSITKOB caHTHMeTpoB H oOJlee [55]. B rpeutuaonarsrf KOJlJleKTOp 

rsepnas rpasa npOMbIBO'IHOH }KH)l.KOCTH MO}KeT npOHHKaTb aa O'IeHb 

OOJIbllIOe paCCTOSIHHe, anorna - aa )l.eCSITKH MeTpOB OT CKBa}KHHbI. 

B pe3YJIbTaTe 'IaCTH'IHOrO OT<pHJlbTpoBbIBaHHSI )l.HCnepCHoHHOH cpe

)l.bI H3 npOMbIBO'IHOH }KH)l.KOCTH aa nOBepXHOCTH rpeuian 06pa3y1OT

CSI <pHJIbTpaUHoHHble KOpKH. TaKHM 00pa30M, rpeutauu oxaauaa

IOTCSI 3anOJIHeHHbIMH aacrynaeaurea npOMbIBO'IHOH }KH)l.KOCTblO H 

<pHJIbTpaUHoHHoH KOpKOH. 

Y)l.aJIHTb H3 nnacra sacrynaeauryto npOMbIBO'IHylO }KH)l.KOCTb, 

<pHJIbTpaUHoHHble KOpKH H npyrne 'IaCTHUbl TBep)l.OH <pa3bl npa oc

BoeHHH CKBa}KHHbI ynaerca JlHllIb 'IaCTH'IHO. Ilpoaauaexocn, 30HbI 

KOJIbMaTaUHH B pe3YJIbTaTe npOHHKHOBeHHSI nacnepcaon <pa3bl npo

MhlBO'IHOH }KH)l.KOCTH nepenxo CHH}KaeTCSI B 10 paa H oOJlee. 

BJIHSIHHe <pHJIbTpaTa npOMbIBO'IHOH }KH)l.KOCTH na KOJlJleKTOpCKHe 

CBOHCTBa oOJlee CJIO}KHO. Bo-nepaux, npoaaxaa B nnacr, <pHJlbTpaT 

lKH)l.KOCTH na BO)l.HOH OCHOBe YBJla}KHSIeT nopony. 4acTo B <pHJlbTpa

Te CO)l.ep}KaTCSI XHMH'IeCKHe neutecraa, cnococcrayroume YBeJlH'Ie

HHIO rH)l.po<pHJlbHOCTH noponu H, CJIe)l.OBaTeJlbHO, KOJlHlIeCTBa <pH3H

lIeCK" CBSI3aHHOH BO)l.bI. Ho YBeJlH'IeHHe TOJlII.I.HHbl ranparusrx 000

JIO'IeK aener K YMeHbllIeHHIO !i<p<peKTHBHoro Ce'IeHHSI nopoaux xana

JIOB, a noasnueaae BO)l.OHaCbImeHHoCTH - K YMeHbllIeHHIO <pa30BOH 

npOHHuaeMoCTH )l.JlSI He<pTH H rasa (CM. § 3). 
BO-BTOpbIX, KaK npaBHJIO, B npO)l.yKTHBHbIX nJIaCTaX HMeeTCSI 

aexoropoe KOJlH'IeCTBO rJIHHHCTblX MHHepaJIOB. Ilon BJIHSIHHeM BO)l.

aoro <pHJIbTpaTa MHorHe HS rJIHHHCTblX MHHep8JIOB ranparapytor H 

yBeJIH'IHBaIOTCSI B olheMe, aatiyxaror. Ilon B03)1.eHCTBHeM BO)l.HOrO 

<pHJIbTpaTa MO}KeT npoacxonars TaK}Ke )l.e3HHTerpaUHSI rJIHHHCTbIX 

'IaCTHU H O)l.HOBpeMeHHo rH)l.paTaUHSI . .II.e3HHTerpauHH cnocoocrayior 

meJIO'IH, 'IaCTO conepzcamaecs B npOMbiBO'IHOH }KH)l.KOCTH. B pe

3YJlbTaTe )l.e3HHTerpaUHH YBeJIH'IHBaIOTCH cyMMapHaSI noaepxaocrs 

rJlHHHCThIX 'IaCTHU H KOJIHqeCTBO CBHlaHHOA BO)l.bI. Ooa npouecca-e
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ranparauus H )l.e3HHTerpaUHSI - senyr K YMeHbllIeHHIO 3<p<peKTHB

aoro Ce'IeHHSI noposux KaHaJIOB, 3aKpblTHIO nexoropux H3 HHX H 

YMeHblIIeHHIO npoaauaesrocra. 

Bvrpersax, npoHHKaSI B npO)l.yKTHBHblH nnacr, <pHJIbTpaT OTTec

HSIeT OT CKBa}KHHbI nJIaCToBylO He<pTb (raa). <l>HJIbTpaT OObI'IHO HMe

er MeHbllIYIO BSI3KOCTb, 'IeM He<pTb. Ilponaarascs no noposua xa

HaJIaM H MHKpOTpemHHaM, OH BCTpe'IaeT MeHbllIee rH)l.paBJIH'IeCKOe 

conpOTHBJIeHHe H aa aexoropux y'IaCTKaX )l.BH}KeTCSI oblCTpee, 'IeM 

He<pTb. HaHOOJIee oJlaronpHSITcTBYIOT raxoxy onepessaiomeuy )l.BH

}KeHHIO BO)l.HOro <pH~bTpaTa y'IaCTKH nopoaux KaHaJlOB C SIBHO Bbl

pa}KeHHOH rH)l.p0<pHJIbHOH nosepxaocrsro. DbIJIO 6bI OllIHOO'IHbIM 

npencraanars, 'ITO <pHJIbTpaT )l.BH}KeTCSI no nopaa nO)l.OOHO nopllI

HIO H BbITeCHSIeT H3 HHX He<pTb H raa nOJIHOCTblO. COBepllIeHHO 'IeT

KOH rpauauu Me}K)l.y 30HOH, 3aHSITOH <pHJIbTpaTOM, H 'IHCTO He<pTSI

HOR (ra30BOR) xacrsro nJIaCTa HeT. flo KpaHHeH Mepe, B 'IaCTH 

npHCTBOJIbHOH OOJIaCTH 06pa3yeTcSI CMeCb BO)l.HOrO <pHJIbTpaTa H 

nJIaCTOBOH He<pTH; B fIOPOBbIX KaHaJIaX 3TOH OOJlaCTH }KH)l.KaSI cpena 

pa30HTa aa KaneJIbKH aonnoro <pHJIbTpaTa H He<pTH (3MYJIbCHSI). 

Ilpa )l.BH}KeHHH }Ke 3MYJIbCHH B nopHCTOH cpene B03HHKalOT 3Ha'IH

TeJIbHO OOJIbllIHe rH)l.paBJIHlIeCKHe conpOTHBJleHHSI, He}KeJIH npn 

<pHJIbTpaUHH O)l.HOpO.n.HOH }K.H)l.KOCTH. B CJIy'Iae 00pa30BaHHSI BO)l.O

He<pTSIHOH 3MYJIbCHH rH)l.paBJIH'IeCKHe conpOTHBJIeHHSI <pHJIbTpaUHH 

He<pTH K CKBa}KHHe B03paCTaIOT, a <pa30BaSI aeqirenpoaauaeaocn, 

YMeHbllIaeTCSI TaK}Ke OJIarO)l.apH 3<p<peKTy )KaMeHa (CM. § 9). 
B-'IeTBepTbIx, B <pHJIbTpaTe npOMbIBO'IHOH }KH)l.KOCTH cO)l.ep}KaTCSI 

B pacrsopeanoa BR)l.e pa3JIH'IHbIe XHMH'IeCKHe semecraa. Hexoro
pue H3 HHX npa B3aHMO)l.eHcTBHH C BemeCTBaMH, npacyrcrnyioma

MH B npO)l.yKTHBHoM nJIaCTe, MoryT naaars nepacraopaxue OCa)l.KH. 

Hanpanep, eCJlH B nJIaCT B Ka'IeCTBe <pHJlbTpaTa nocrynaer }KeCTKaSI 

aona, conepscamas aaasurensnoe KOJIH'IeCTBO HOHOB KaJlbUHSI, 'IaCTb 

opraaauecxax BemeCTB MO}KeT sunacrs B OCa)l.OK (cKa}KeM, B BH)l.e 

KaJIbUHeBblX MbIJI). B peaynsrare 'IaCTb nopoaux KaHaJIOB MO}KeT 

OblTb saxpura, ceseaae npyrax KaHaJIOB - cyxceno, 
B BO)l.HOM <pHJlbTpaTe scerna cO)l.ep}KHTCSI OOJlbllIOe KOJlH'IeCTBO 

B03)1.yxa. KHCJIOpO)l. B03)1.yxa MO}KeT OKHCJISITb aekoropue KOMno

HeHTbI nJIaCTOBOH He<pTH H cnocoocTBoBaTb BbIna)l.eHHIO B OCa)l.OK 

otipaayrouiaxca npa nOM CMOJlHCTblX Bel.I.I.eCTB. B03MO}KHO, xro B 

OT)l.eJIbHbIX CJlYllaSIX naparpaasr, acdiansreau H CMOJlbl asmanaior B 

OCa)l.OK BCJle)l.CTBHe YMeHbllIeHHSI rexneparypu npHCTBOJIbHOH 30HbI 

npa npoxsmxe CKBa}KHHbI. 

CHH}KeHHe npOHHuaeMOCTH KOJlJleKTOpa nOA B03)1.eHCTBHeM 

<pHJIbTpaTa npOMblBOllHOH }KH)l.KOCTH, KaK npaBHJIO, ropasno MeHb

tne, lIeM B pe3YJIbTaTe KOJIbMaTaUHH lIaCTHuaMH TBep)l.oR <pa3b1. 0)1.
HaKO rJlyoHHa npOHHKHOBeHHSI <pHJlbTpaTa B nJIaCT BO MHoro pa3 

OOJlbllIe TOJIl.I.I.HHbl 30Hbl KOJIbMaTaUHH. HaHOOJIee HHTeHCHBHO 

<pHJIbTpaT npOHHKaeT B nJIaCT B nepaon oypeuHSI H npOMblBKH CKBa

}KHHbI. Ilocae npexpameaaa npOMhIBKH CKOpOCTb npOHHKHOBeHHSI 

<pHJIbTpaTa YMeHbllIaeTCSI KaK BCJle)l.CTBHe 00pa30BaHHSI MaJlOnpOHH
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'\I't' u.aeMoH KOpKH aa CTeHKaX CKBa:>KHHbl, TaK H B pe3YJIbTaTe yxeas
men H51 noposoro ,lI,aBJIeHHH B rrpOMblBOtiHOH :>KH,lI,KOCTH B noxoe 

(CM. § 10). B nepaox rrpH6JIH:>KeHHH oueaars MHHHMaJIbHO B03

MO:>KHhI1i: panayc 30Hbl rrpoHHKHoBeHHH q>HJIbTpaTa aa BpeMH rrpo

MbIBKH CKBa:>KHHbI MO:>KHO cJIe,ll,ylOI1.I,HM 06pa30M. ITyCTb CKOpOCTb 

,lI,HHaMHtleCKOH BO,ll,OOT,lI,atlH rrpOMblBOtiHOH :>KH,lI,KOCTH BlJ" MOI1.I,HOCTb 

UJIaCTa h. 3a BpeMH t npoxaaxa CKBa:>KHHbl npa 6ypeHflH B rrJIaCT 

nponaxner cJIe,ll,ylOI1.I,HH 06beM q>HJIbTpaTa: 

V<II = 2n,CB1J.th. 

I1pe,ll,rrOJIO:>KHM, sro q>HJIbTpaT rrOJIHOCTblO BblTeCHSleT nnacroayto )KH,lI,

KOCTb H3 OTKpbITblX rrop rrpHCTBOJIbHo1i: 30Hbl. Toraa cyMMapHblH 

06beM OTKpbIThIX rrop 3arpH3HeHHo1i: q>HJIbTpaTOM 30Hbl oyner 

Va = rt (';-'~) hkon ' 

I1pHpaBHHB 06beMbl, rrOJIytlHM q>OpMyJIy ,lI,JIH onpeneneaas MHHH

MaJIbHO B03MO:>KHOrO 3HatleHHH paaayca 3arpH3HeHHOH 30HbI 

V 2+2fcBnt'a = r, -k-· (2.1) 
OD 

ECJIH, nanpaaep, npa 6ypeHHH CKBa:>KHHbl pa,ll,HYCOM 'c=O,1 M 

AJUI rrpOMbIBKH HCrrOJIb3YlOT rJIHHHCTblH paCTBOp C ,lI,HHaMHtleCKOH 

M3/(M2.C),aonoornasea BlJ,=4·1O-6 TO npa OTKpblTOH rrOpHCTOCTH 

nnacra kon=O,2 MHHHMaJIbHbIH panayc 30HbI 3arpH3HeHHH rrOCJIe 

1 q aenpepusaoa rrpOMblBKH 6Y,ll,eT paaen 0,15 M, rrOCJIe 10 tI
0,39 M, a rrOCJIe 50 tI - 0,84 M. 

4eM MeHbille CKOpOCTb 6ypeHHH, TeM npononaorreasnee B03,l1,eH

CTBHe rrOTOKa rrpOMblBOtiHOH :>KH,lI,KOCTH. Ho C YBeJIHtleHHeM nponon

:>KHTeJIbHOCTH B03,l1,eHcTBHH H ,lI,HHaMHtleCKOH BO,ll,OOT,lI,atlH pacTeT 

panayc 30HhI 3arpH3HeHHH. C noasnneaaev rexneparypu B CKBa:>KH

He YMeHbillaeTCH BH3KOCTb q>HJIbTpaTa H COOTBettTBeHHO B03paCTa

lOT ,lI,HHaMHtleCKaH aonoornaxa H pannyc 30HbI hrpH3HeHHH.· ,UeH

CTBHTeJIbHbIH pannyc 30Hbl 3arpH3HeHHH ropasno 60JIbille BbltlHCJIeH

noro rro q>opMyJIe (2.1), rrOCKOJIbKY rrOJIHOrO BblTeCHeHHH rrJIaCTOBOH 

)i{H,lI,KOCTH H3 rrop noponu He rrpOHCXO,ll,HT. 

OTq>HJIbTpOBbIBaHHe non BJIHHHHeM pa3HOCTH ,lI,aBJIeHHH HBJIHeT

CH rJIaBHOH, HO He e,ll,HHCTBeHHOH rrpHtlHHOH rrpOHHKHOBeHHH ,lI,HCrrep

CHOHHOH cpenu rrpOMbIBOtiHOH :>KH,lI,KOCTH B rrpO,ll,YKTHBHbIH rrJIaCT. 

OHa MO:>KeT nocrynars, XOTH H B ropaano MeHbIIIHX KOJIHtleCTBaX, 

TaK:>Ke non BJIHHHHeM npyrux q>aKTopOB, TaKHX, KaK OCMOTHtieCKOe 

,lI,aBJIeHHe, KarrHJIJIHpHbIe CHJIbI. 

OCMOTHtieCKOe ,lI,aBJIeHHe B03HHKaeT Ha KOHTaKTe ,lI,BYX paCTBO

pOB C pa3HOH MHHepaJIH3au,HeH, pa3,l1,eJIeHHbIX noaynpoaauaeaoa 
neperoponxos: OHO TeM asnne, tleM 60JIbille pa3HOCTb . KOHu,eHTpa

u,Hit B CKBa:>KHHe POJIb nonynpoaauaexoa neperoponxa BblIIOJIHHeT 

q>HJIbTpau,HOHHaH xopxa, 06pa3ylOI1.I,aHCH aa npoaauaexsrx CTeHKax. 

BblCOKoe OCMOTHtieCKOe ,lI,aBJIeHHe B03HHKaeT B CJIytlae pa36ypHBa

HHH nponyxrasaoro nnacra, conepscauiero MHHepaJIH30BaHHylO BO
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,lI,y, C HCrrOJIb30BaHHeM rrpOMbIBOtiHOH :>KH,lI,KOCTH na npecuos sone. 
KarrHJIJIHpHOe ,lI,aBJIeHHe 06paTHO nponopuaoaansao paaaycy rro

POBblX KaHaJIOB (CM. § 9). B nponyxrasaoa nnacre na 3HatlHTeJIb

HOM paCCTOHHHH OT aonoaedrraaoro (ra30BO,ll,HHOro) KOHTaKTa MHO

me KarrHJIJIHpHbIe H cy6KarrHJIJIHpHbIe nopu aanoaaeau yrnesono
ponaaa. ITPH BCKpblTHH nnacra 6ypeHHeM C npaxeaeanex npoxu
BOtiHOH :>KH,lI,KOCTH na BO,ll,HOH OCHOBe paBHOBeCHe KarrHJIJIHpHhIX CHJI 

aapyuraerca, H BO,ll,HaH q>a3a aasnaaer BHe,ll,pHTbCH B TOHKHe Heq>

Tera30HaCbII1.I,eHHbIe nopu, OTTeCHHH H3 HHX yrvresonoponu B xpyn

nsre nopsr. Ilpouecc KarrHJIJIHpHOrO BrrHThIBaHHH MO:>KeT nponon

:>KaTbCH ,lI,O HacTyrrJIeHHH paBHOBeCHH KarrHJIJIHpHblX ,lI,aBJIeHHH. HaH

60JIee HHTeHCHBHO KarrHJIJIHpHOe BrrHTblBaHHe rrpOTeKaeT B ra30

HaCbII1.I,eHHbIX noponax; B Heq>TeHaCbII1.I,eHHblX noponax 3TOT rrpo

uecc H,lI,eT Me,ll,JIeHHee. 

B nepaon rrpOMbIBKH CKBa:>KHHbI POJIb aaenpeuas ,lI,HcrrepCHOHHOH 

Cpe,ll,bl rro,ll, BJIHHHHeM OCMOTHtieCKHX H KarrHJIJIHpHblX CHJI He3HatlH

TeJIbHa no cpaBHeHHIO C POJIblO q>HJIbTpau,HH non BJIHHHHeM H36bl

TOtiHOrO ,lI,aBJIeHHH. B nepnon »ce rrOKOH KapTHHa MO:>KeT CYI1.I,eCT

BeHHO H3MeHHTbCH; B aexoropsrx CJIytlaHX, Ha~pHMep, eCJIH npo

,lI,YKTHBHbIH rrJIaCT MaJIOrrpoHHu,aeM, POJIb KarrHJIJIHpHblX CHJI H OC

MOTHtieCKOrO ,lI,aBJIeHHH MO:>KeT 6bITb, rrO-BH,lI,HMOMy, npesanapyro
I1.I,eH. 

ITPH 60JIbrnOH rrp0,ll,OJI:>KHTeJIbHOCTH B03,l1,e1i:cTBHH rrpOMbIBOtiHOH 

:>KH,lI,KOCTH C BbICOKOH sonoornasei; BO,ll,OHaCblI1.I,eHHOCTb Y3KOH 30HbI, 

rrpHMblKalOI1.I,eH K CKBa:>KHHe, non cosoxynaax BJIHHHHeM Ha3BaHHhlX 

q>aKTopOB MO:>KeT, BepOHTHO, nO,ll,HHTbCH ,lI,O ypOBHH, npn KOTOpOM 

BCH Heq>Tb, cnocotinas ,lI,BHraTbCH, 6Y,ll,eT OTTeCHeHa B rJIy6b nnacra. 

Ho no 3HatlHT, nro q>a30BaH npoaauaexocrs TaKOH 30Hbl ,lI,JIH Heq>

TH ynaner ,lI,O caxoro HH3Koro ypOBHH. 
IToKa:>KeM aa npnaepax, CKOJIb CYI1.I,eCTBeHHblM MO:>KeT 6bITb 

BJIHHHHe rrpOHHKHOBeHHH B rrpO,ll,YKTHBHblH rrJIaCT rrpOMblBOtiHOH 

:>KH,lI,KOCTH H ee q>HJIbTpaTa. 
COTPY,ll,HHKH oarnHHITHHeq>Tb corrOCTaBHJIH ,lI,e6HTbI CKBa:>KHH 

ApJIaHCKOro MeCTOpO:>K,lI,eHHH, Heq>TeHOCHbIH rrJIaCT B KOTOpbIX 6blJI 

npooypen C rrpOMblBKOH rJIHHHCTblMH pacrsopaxa C pa3HOH BO,ll,O

OT,lI,UtleH. 3a OCHOBy npa cpaBHeHHH rrpHHHJIH Cpe,ll,HIOIO y,ll,eJIbHYIO 

rrpO,ll,yKTHBHOCTb, T. e. CyTOtlHblH ,lI,e6HTCKBa:>KHHbI, OTHeceHHblH K 

1 M 3q>q>eKTHBHoH MOI1.I,HOCTH nponyxraanoro nnacra H nenpeccan 

B 1 ITa. BeJIHtlHHbI cpezmax y,ll,eJIbHbIX nponyxraanccref rro rpex 

rpynnax CKBa:>KHH npnaeneau B Ta6JI. 1. 
H3 Ta6JI. 1 BH,lI,HO, xro cpennas ynensnaa rrpO,ll,yKTHBHOCTb 

CKBa:>KHH B HatlaJIbHblH nepaon 3KCrrJIyaTau,HH yxeasuraerca no Me

pe YBeJIHtleHHH BO,ll,OOT,lI,atlH rJIHHHCTblX paCTBopOB. 
Ha MeCTOpO:>K,lI,eHHHX TaTapHH, Baurxnpaa, YKpaHHbl, KYH6bl

urescxoa 06JIaCTH ,lI,e6HTbl Heq>THHbIX CKBa:>KHH, B KOTOpblX ,lI,JIH 

BCKpblTHH rrpO,ll,yKTHBHblX rrJIaCTOB HCrrOJIb30BaJIHCb paCTBopbl Ha 

Heq>THHOH OCHOBe, B 3-4 paaa asnne ,lI,e6HTOB CKBa:>KHH, npooypen

HblX C rrpoMblBKOH rJIHHHCTblMH pacraopaaa: npa 3TOM rrpO,ll,OJI:>KH
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Ta6JIHua 

Cpe.llHHH Y.IleJlbHaH npO.llYKTHBHOCTb. Kr/(CYT·M·na) 

BoAoOTAa'la rJlHHHCTOro pac
nopa no BM-6. eM"/30 MHH 

Ilepaun MeCHII sxcuayara-
IIHH 

I TpeTHA MeCHl.l, 9KCnJlyaTB
IIHH 

<10 
10-15 
15-20 

5,1.10-2 

4,1.10- 2 

2,9.10- 2 

4,8.10-2 

3,5.10-2 

2,6.10- 2 

TeJIbHOCTb pa60T no Bbl30BY nparoxa-a OCBoeHHIO CKBa2KHH B nep

BOM cnyxae COCTaBJIHJIa HeCKOJIhKO qaCOB, rorna KaK BO BTOpOM 

OT HeCKOJIhKHX CyTOK .lI.O HeCKOJIhKHX He.ll.eJIh. 

B O.ll.HOH H3 CKBa2KHH na POMaIllKHHcKOM MeCTOp02K.lI.eHHH B Ta

TapHH np0.ll.YKTHBHhIH .lI.eBoHcKHH nJIaCT 6hIJI BCKphIT co cnnonruux 
OT60pOM xepaa H npOMhIBKOH: 06paI.I.I:eHHOH HeepTHHoH 3MyJIhCHeH, 

npa 3TOM cpennas nerprenponauaeaocn, ero 6hlJIa panna 0,58 n. 
Sarex B CKBa2KHHY 3aKaqaJIH nJIaCToByIO BO.ll.Y C TaKHM pacxerox, 

qTo6hI OHa npOHHKJIa B nJIaCT aa 1,5-2 M. Ilocne nosropnoro 

OCBoeHHH OKa3aJIOCh, qTO cpenaaa aerprenpoaanaeaocn, nJIaCTa 

YMeHhIllHJIaCb .lI.O 0,25 n, T. 

CTBeHHO 3arpH3HeHHoH 30Hbl 

e. 

-

B 2,3 paaa, a 

.lI.O 0,13 n, T. 

npoaauaexocrs c06

e. nOqTH B 4,5 paaa. 

Ha ra3JIHHCKOM ra30BOM MeCTop02K.lI.eHHH O.ll.HY H3 CKBa2KHH, 

.lI.e6HT xoropoa COCTaBJIHJI 575 ThIC. M3/CyT, 3a.ll.aBHJIH rJIHHHCThlM 

pacraopox C Bo.u.oOT.lI.aqeil: 10 CM3/30 MHH. Cnycrs 4 CYT CKBa2KHHY 

OCBOHJIH, HO .lI.e6HT ee CHH3HJICH .lI.O 305 ThIC. M3/CyT, T. e. B 1,9 pa

sa, XOTH nenpeccas 13 060HX CJIyqaHX 6hIJIa onaaaxoaoa. 

KaK BH.lI.HM, npa neynanao EhI6paHHoH npOMhIBOqHOH 2KH.lI.KOCTIl 

nOCJIe.ll.HHH cnocoona pesxo YXY.ll.IllHTh KOJIJIeKTOpCKHe CBOHCTBa 

npHCTBOJIhHOH 30HhI nJIaCTa, BCJIe.ll.CTBHe nero yaensnraercs Y.lI.eJIh

HaH npO.ll.YKTHBHOCTh, no KpaHHeH xepe, B HaqaJIhHhIH nepaon 3KC

nJIyaTalJ:HH, sospacraer np0.ll.0Jl2KHTeJIhHOCTh pa60T no BhI30BY npa

TOKa H OCBoeHHIO CKBa2KHHhI. B nexoropux CJIyqaHX H3-3a CHJIhHO

ro 3arpfl3HeHHfl npO.ll.yKTHBHoro nJIaCTa Bo06I.I.I:e He Y.ll.aeTCH U.OJIy

qHTh npOMhIIllJIeHHhIH npHTOK HeepTH H r-asa. CHJIhHOe 3arpH3HeHHe 

B nOHCKOBo-pa3Be.ll.OqHhIX CKBa2KHHaX M02KeT 6hlTh npHqHHOH OIllH

60qHorO 3aKJIIOqeHHH 0 HenepcneKTHBHOCTH Toro HJIH HHoro ropH

30HTa. 

§ 12. OlJ:eHKa CTeneHH 3arpH3HHIOIlJ,erO B03.u.eHcTBHH 

npOMblBOqHOH :lKH.u.KOCTH aa KOJIJIeKTOp 

npe.ll.nOJI02KHM, qTO nJIaCT O.ll.HOPO.ll.HhlH, a epHJIhTpalJ:HH K CKBa

1KHHe HBJIHeTCH nJIOCKO-pa.ll.HaJIhHoH. npHTOK nJIaCTOBOH 2KH.lI.KOCTH 

npOHCXO.ll.HT non BJIHHHHeM pasnocra Me2K.lI.Y nJIaCTOBhlM .lI.aBJIeHH

eM POll aa KOHType nHTaHHH panaycov 'H H 3a60HHhIM .lI.aBJIeHHeM 

3i 
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Pc B CKBa2KHHe panaycosr 'c. 0603HaqHM .lI.3BJIeHHe H3 Hapy>KHOA 
rpaaaue 3arpH3HeHHOH 30HhI pa. 

06beMHaH CKOpOCTh npHTOKa nJIaCTOBOH 2KH.lI.KOCTH H3 CKBa2KH

HhI B 3arpH3HeHHYIO 30Hy COrJIaCHO epopMyJIe (1.10) 

Qf = 2nkh (POll - Pa) (8)
1"J rH

1n
ra 

a H3 3arpH3HeHHOH: 30Hhl B CKBa2KHHY 

Qff = 2nkah (Pa - pc) (d)
1"J r'

In.....!... 
re 

B CHJIy Hepa3phIBHOCTH epHJIhTpalJ:HH Qf= Qff = Q. 
HapH.lI.Y C 3'l:HM, TaKyIO 2Ke CKOpOCTh npHTOKa Q npu .lI.aHHOA 

nenpeccaa POll - Pc M02KHO nOJIyqHTh H3 He3arpH3HeHHOrO nJIaCTa 

C npOHHlJ:aeMOCThIO kaHB 

Q = 2nk 9HBh 

1"J 

(POll - Pc) 

In~ 
(8) 

re 
OqeBH.lI.HO, 

POJl-p.J = (PoJl-Pa) + (Pa-Po)' (r) 
nO.ll.CTaBHB B aupaacenae (r) 3HaqeHHH pa3HOCTeH .lI.aBJIeHHH H3 

epOPMYJI (a) H	 (6), nOJIyqHM [53] 
rH k raIn-+-1n

k ra ka rc 
--k9HB I 

rH 
n-

re 

cI>opMyJIa (2.2) nOKa3hIBaeT, CKOJIh 

Cpe.ll.HeH npOHHlJ:aeMOcTH Bcero nJIaCTa 

(2.2) 

CHJIhHOMY YMeHhIlleHHIO 

3KBHBaJIeHTHO YMeHhIlleHHe 

nponauaeaocra OT k .lI.O ka TOJIhKO He60JIhIllOif npHCTBOJIhHOH: 30HM. 

Hanpaxep, eCJIH panayc 06JIaCTH nHT8.HHH 800 M, panayc CKBa2KH

HhI 0,1 M, panayc 3arpH3HeHHoH 30HhI 0,5 M, a nponauaexocrs no

CJIe.ll.HeH B 3 pasa MeHhIlle npoaauaeaocra nJIaCTa, TO raxoe aarpas

HeHHe 3KBHBaJIeHTHO YMeHhIlleHHIO npOHHlJ:aeMOCTH scero nJIaCTa B 

1,4 pasa: eCJIH 2Ke npOHHlJ:aeMOCTh 3arpH3HeHHoH 30Hhl 6Y.ll.eT B 

6 paa MeHhIlle, 3TO paBHOCHJIhHO CHH2KeHHIO npOHHlJ:aeMOCTH scero 

nJIaCTa B 1,9 pasa. 

4acTo .lI.JIH OlJ:eHKH BJIHHHHH 3arpH3HeHHH Ha KOJIJIeKTOpCKHe 

cBoHCTBa npHCTBOJIhHOH 30HhI nJIaCTa nOJIh3YIOTCH rrOHHTHeM 0 CKHH

3epepeKTe (OT aHrJIHHCKOro CJIOBa skin - caoa). Ilepenan .lI.aBJIeHHM, 

He06xo.ll.HMhIH .lI.JIH nOMep2KaHHH 06beMHoH CKOpOCTH epHJIbTpalJ:HH 

Q xepes 3arpH3HeHHYIO 30HY, JIerKO naara 'H3 epOPMYJIhl (6) 

re 
1"JQ In.....,-;

(Pe - Pole = " .... b J, • (n) 
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ECJIH 3Ta 30Ha He aarpnsaeua, ,lI.JIH ooecneueaas TaKOH }l{e CKO

pOCTH <pHJIbTpaIJ.HH rpetiyercs nepenan ,lI.aBJIeHHH: 

'allQln'0Pa-Po~ (e)
21tkh 

BblqHTaH H3 <pOpMyJIhI (,lI.) <pOpMyJIy (e), nonyuaex aupaacenae 
,lI.JIH orrpe,ll.eJIeHHH ,lI.OrrOJIHHTeJIbHOrO rreperra,ll.a ,lI.aBJIeHHH, KOTOphIH 

rpetiyercs ,lI.JIH nonnepacaaas HeH3MeHHOH CKOpOCTH <pHJIbTpaIJ.HH Q 
rrOCJIe 3arpH3HeHHH rrpHCTBOJIbHOH 30HhI 

llQ I 'a (k ) (}I{)i», - PJa - t», - Po)= 21tkh n --rc- ""k;-I . 

BeJIHqHHY 

k .) rSk = --I In---!.. (2.3)( ka '0 
npaasro Ha3hIBaTb CKHH-3<p<peKToM [60]. 

113 <pOpMyJIhI (2.3) BH,lI.HO, qTO BeJIHqHHa CKHH-3<p<peKTa MO}l{eT 

6bITb KaK. rrOJIO}l{HTeJIbHOH, TaK H OTpHIJ.aTeJIbHoH. ECJIH Sk> 0, 
3TO osnaxaer, qTO non BJIHHHHeM rrpOMbIBOqHOH }l{H,lI.KOCTH KOJIJIeK

TOp€KHe CBoHcTBa rrpHCTBOJIbHOH 30HhI YXY.L\WHJIHCb. ECJIH IKe 

Sk<O, rrpOHHIJ.aeMOcTb npHCTBOJIbHOH 30HhI yJIyqWHJIaCb rro cpaa

HeHHIO C rrpOHHIJ.aeMOcTbIO TOH qaCTH rinacra, B KOTOpyIO npoxsrsou
HaH IKH,lI.KOCTb He rrpOHHKJIa. 

DPH paspaoorxe peuerrrypu rrpOMhIBOqHOH }l{H.L\KOCTH ,lI.JIH 

BCKphITHH rrpO,ll.yKTHBHoro rrJIaCTa Ba}l{HO rrpaBHJIbHO OIJ.eHHTb B03

MO}l{HYIO creneas BJIHSlHHSl ee na KOJIJIeKTOpCKHe CBoHCTBa. O,ll.HH H3 

C"OC060B TaKOH OIJ.eHKH COCTOHT B TOM, qTO B JIa60paTopHH H3Me

pHIOT rrpOHHIJ.aeMOCTb 06pa3IJ.OB KOJIJIeKTOpa ,lI.JISl He<pTH (ra3a) ,lI.O 

3arpH3HeHHH HX rrpOMbIBOqHOH }l{H,lI.KOCTbIO H nOCJIe 3arpH3HeHHH; 

uanpasneaae ,lI.BHIKeHHH <pHJIbTpaTa rrpOMbIBOqHOH }l{H,lI.KOCTH xepea 
06pa3eIJ. npa 3arpH3HeHHH rrpOTHBOrrOJIO}l{HO HarrpaBJIeHHIO <pHJIbT

paIJ.HH He<pTH npa onpeneneaaa rrpOHHIJ.aeMOCTH. BeJIHqHHY ornoure

HHH He<pTerrpOHHIJ.aeMOCTH 06pa3IJ.a rrOCJIe 3arpSl3HeHHSl K HCXO,ll.HOH 

He<pTerrpOHHIJ.aeMOCTH ero Ha3hIBaIOT K03<p<PHIJ.HeHTOM BOCCTaHOB

JIeHHH rrpOHHIJ.aeMOCTH. 4eM MeHbwe K03<p<pHIJ.HeHT BOCCTaHOBJIeHHH 

npOHHIJ.aeMOCTH, TeM CHJIbHee aarpasaarouiee B03.L\eHCTBHe npouu
BOqHOH }l{H.L\KOCTH na KOJIJIeKTOpCKHe CBOHCTBa rropHCTOH cpenu, 

B Ta6JI. 2 rr0Ka3aHO, CKOJIb cyuiecraeaaux MO}l{eT 6bITb BJIHH

HHe aexoropux BO,ll.HbIX <pHJIbTpaToB, a B Ta6JI. 3 - rJIHHHCTbIX 

pacraopos aa BeJIHqHHY K03<p<pHIJ.HeHTa BOCCTaHOBJIeHHSl nponauae

MOCTH rpaHyJIHpHhIX rreCqaHHKOB [I]. 
KaK BH,lI.HM, B natiop aropnux onurax HaH60JIee CHJIbHO CHH3H

nacs rrpOHHIJ.aeMOCTb npa rrpoHHKHoBeHHH B oopaseu npecaos BO.L\hI; 

MHHepaJIH30BaHHaH rrJIaCTOBaSl aona H BO,ll.HbIH pacrsop xnopacroro 

KaJIbIJ.HH OKa3bIBaJIH cpasnarensno MaJIOe BJIHSlHHe. Oc06eHHo pes

KO YMeHbllIHJIaCb rrpOHHIJ.aeMOCTb rJIHHHCTOro necxaaaxa. 
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Ta6J1H~a 2 

HaqaJJbHaH KosljJljJHuHeHT 
nopoila 

BHA lKHilKOCTH, sarpHSHHIOnpoauuae- BOCCTaHOBne-
MOCTb, .n llJ.ell nopony 

HHH 

I1cKyccTBeH HbllI: 6earJI H 0,6 Ilpecnaa soaa 0,53 
HHCTblH necsauax 
To JKe 2,0 To JKe 0,74 
,UeBoHcKHH necsaamc Po 0,4 » 0,42 
MaWKHHCKoro MecropOJK,ne-
HHlI 
To JKe 2,0 » 0,50 

» 0,4 OJI acroaaa eoaa 0,86 
» To lKe 2,0 0,82 

fJlHHHCTblH necsauax - 'uHCTHJlJlHpOBaHHall aona 0,30 
To lJ<e I %-HblH pacrsop NaCI 0,36-

» - I %-HbIH pacrsop CaCl, 0,87 

Ta6J1H~a 3 

KOgljJljJHUHeHT BocCTaHoBneHHH 
BHA npOM~HoqHolI lKHAKOCTH npOHHuaeMOCTH 

Bo,nonpOBO~Hall Bo,na 0,60 
Ilpecnsrf rJlHHHCTblll pacrsop N2 I 0,72 
fJlHHHCTbIH pacrsop N2 I, oopaooraa 0,47 
Hblll 10% YIlJ,P 
I' JI HHHCTbIll pacrsop N2 1, o6pa6oTaHHblll 0,60 
1% KMU 
Pacrsop aa He¢TlIHoH OCHOBe 1,00 

§ 13. Ilpasieaenae noaepxeocrao-aarnauux Bew,eCTB 

npa BCKpblTHH npO,ll.yKTHBHOrO nnacra 

DPH rrpoHHKHoBeHHH BO,ll.HOrO <pHJIbTpaTa rrpOMbIBOqHOH }l{H.L\KO

CTH B aedirenacumenauf rrJIaCT B noposux KaHaJIaX B03HHKaeT 

KarrHJIJIHpHOe ,lI.aBJIeHHe, cnocoecrayromee rrp0.L\BH}I{eHHIO <pHJIbTpaTa 

B rJIy6brrOpO,ll.bI H npenarcrayiomee <pHJIbTpaIJ.HH He<pTH K CKBa}l{H

He. BeJIHqHHY KarrHJIJISlpHOrO ,ll.aBJIeHHSl H, CJIe,ll.OBaTeJIbHO, 3<p<peKT 

)KaMeHa MO}l{HO yxeasunm, eCJlH HaHTH cpencrsa ,lI.JISl pesxoro 

CHH:>KeHHH rrOBepXHOCTHoro HaTH}I{eHHH aa rpanaue pasnena <pHJIbT

par - yrJIeBO.L\0p0,ll.HaH cpena , YBeJIHqeHHH 3<p<peKTHBHoro pa,ll.Hyca 

noposux KaHaJIOB sa cner COKparu.eHHH TOJIllJ,HHbI a,ll.COp6IJ.HOHHbIX 

060JIOqeK H rrJIeHOK aa rrOBepXHOCTH nopoau, rH,lI.po<p06H3aIJ.HH 3TOH 

rrOBepXHOCTH C TaKHM pacserox, qT06bI ,lI.OBeCTH KpaeBOH yrOJI CMa

qHBaHHH ,lI.O e::::::: 900 
• TaKHM cpencraox SlBJIHeTCH npaxenenae COOT

BeTcTByIOru.HM 06pa30M rtoztotipauaux nosepxaocrno-axraaasrx 
semecrs. 
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nOBepXHOCTHO-aKTHBHble aemecraa, BBO,ll.HMble B rrpOMblBOqHYIO 
)KH,ll.KOCTb ,ll.JIH BCKpblTHH nponyxrasaoro nnacra, ,ll.OJI)KHbl y,ll.OBJIeT
BOPllTb CJIe,ll.YIOrn;HM Tpe60BaHHHM: 

a) npa MaJIOH KOHII,eHTpaII,HH 3HaqHTeJIbHO YMeHblllaTb nosepx
HOCTHOe HaTH)KeHHe aa rpanaue pasneaa sozta - yrvresonoponuaa 
cpena; 

6) ynysurari, CMaqHBaeMOCTb noponu HeepTblO B npacyrcrsna 
sonaoro epHJIbTpaTa rrpOMblBOqHOH )KH,ll.KOCTH; 

B) He 06pa30BblBaTb HepaCTBopHMoro OCa,ll.Ka rrpH KOHTaKTe C 
rrJI8CTOBblMH BO,ll.aMH, conepzsamaxacs B HHX COJIHMH H C rOpHbIMH 
noponava: 

r) rrperrHTcTBoBaTb ,ll.HCrreprHpoBsHHIO H Ha6yxaHHIO rJIHHHCTbIX 
qSCTHII" conepxcamaxca B nnacre, B npacyrcraaa sonaoro epHJIbTpaTa; 

n) B B03MO)KHO MeHbllleH crenena ancopcaposarsca aa nosepx
J'HOCTH noponu, TaK KaK npa a,ll.COp6II,HH B 3HaqHTeJIbHOM KOJIHqeCT

Be pe31W YBeJIHqHBalOTCH pacxon nAB H CTOHMOCTb 06pa60TKH HM; ·1; 

e) npenarcraoears 06pa30BaHHIO 9MYJIbCHH B nopncroa cpene, 
"/ 

a II rex CJIyqaHX, xorna 06pa30BaHHe 3MYJIbCHH HeH36e)({Ho, cnocoti
CTBOBaTb B03MO)J{H0 60JIee TOHKOMy H3MeJIbqeHHIO rJI06yJI ztac
nepcnoii rpassr B HeH, npennrcrnoaars KOaJIeCII,eHII,HH 3THX rJI06yJI; 

)({) npenarcraosan, 06pa30BaHHIO na rpaaaue pasnena rpas an
COp6II,HOHHbIX CJIOeB reneocpasaon crpyxrypu, TaK KaK TaKHe CJIOH !JC03,ll.aIOT 60JIblllOe ranpaanasecxoe corrpOTHBJIeHHe <pHJIbTpaII,HH :f 
rrJIaCTOBOH )KH,ll.KOCTH K CKBa)KHHe. 

,l.I.JIH 06pa60TKH rrpOMblBOqHOH )KH,ll.KOCTH nepen scspuraex rrpo
,ll.yKTHBHoro nnacra MoryT 6bITb HCrrOJIb30BaHbI KaK BO,ll.OpaCTBopH
Mble, TaK H neqrrepacraopaxue nAB. BO,ll.OpaCTBOpHMble nAB, KO
ropue CHJIbHO CHH)KaIOT nonepxaocrnoe HaTH)({eHHe H apaeaoa yrOJI 
CMaqHBaHHH, cnocoocrnyior yneJIHqeHHIO OTHOCHTeJIbHblX nponauae
MocTeH nopucroji cpenu nJIH HeepTH H BO,ll.bl H cyMMapHoH npoaa
II,aeMOCTH ,ll.JIH HHX. Hedrrepacrnopaasre nAB CHJIbHO CHH)KaIOT OT
HOCHTeJIbHYIO rrpOHHII,aeMOCTb IIOpHCTOH cpenu ,ll.JIH BO,ll.b1, cnocoocr
SYIOT YMeHbllleHHIO BO,ll.OHaCbIll~eHHOCTH noponu, YMeHbllleHHIO TOJI
rn;HHbI ranparnux 060JIoqeK, ranporpooasyror nosepxnocn, noposux 
KaHaJIOB. 

B nocnennae 10-15 JIeT pasnauaue nAB ,ll.OBOJIbHO urapoxo 
HCnOJIb3YlOT ,ll.JIH 06pa60TKH npoaunoxasrx )KH,ll.KOCTeH npa scxpu
THH nponyxraanux rrJIaCTOB. npHMeHHIOT KaK aeaoaoreaaue (On-7, 
Ofl-10, Y<1>3a, KAY<1>3 14, ,ll.HCOJIBaH H np.) , TaK H aoaoreuuue 
DAB: aHHOHHble (CyJIbepOHOJI, a30JIHT, cynuponarpaesue COJIH 
CHC) H KaTHOHHble (xaranaa, BbipaBHHBaTeJIb A H np.). Bo MHO
rHX CJIyqaHX nonysen secsaa cytuecrneaaua 3epepeKT OT HX npnxe
HeHHlI: YlleJIHqHJIHCI> cpenaae aauansaae ,ll.e6HTbI, COKpaTHJIHCb cpo
KH OCBoeHHH CKB8lKHH. B nexoropux CJIyqaKX, O,IJ.HaKO, iepepeKTa He 
nonyseao, 

HaH60JIee rrO,ll.Xo,ll.Hrn;HMH ,ll.JIH 06paQOTKH rrpoMbIBollHblX )KH,ll.KO
cTeH Ha BO,ll.HOH OCH08e HBJIHIOTCH HeHOHoreHHble flAB, TaK KaK OHH, 
BO-DepBblX, MaJIO a,ll.COp6Hpy1OTcH Ha rroBepxHocTH ropHbIX rropo,ll. 

'2 

(nosrovy 3epepeKT MOlKeT 6bITb ,ll.OCTHrHyT npn pacxone He60JI!;JIIIoro 
KOJIHqeCTBa flAB); BO-BTOpblX, BeCbMa 3Ha4HTeJIbHO CHH)KaIOT no
sepxaocruoe HaTHlKeHHe na rpaaaue aona - HeepTb npa MaJIOH KOH
II,eHTpaII,HH. TaKHe npencraaarenn 3TOH rpyrmu, KaK OKCH3THJIHpO
BaHHbIe epeHOJIbI on-7, On-10, rrOJIHOCTblO pacrsopuxu B npecaoa 
H MHHepaJIH30BaHHoH rrJIaCTOBOH aonax, a OKCH3THJIHpOBaHHble 
cnapru - B npecaoa none. Hexoropue H3 cnnpros rrOJIHOCTblO 
pacTBopHIOTCH TaKJKe B rrJIaCTOBbiX sonax. Y)Ke npa KOHII,eHTpa
II,HH 0,25% On-10, nanpnxep, BeJIHqHHa· nosepxaocruoro narazce
HHH na rpanaue BO,ll.HblH pacrsop nAB - HeepTb CHHlKaeTCH B 
Cpe,ll.HeM B 5 pas. Heaoaorennuc nAB coxpaaator BbiCOKYIO nosepx
HOCTHylO aKTHBHOCTb B MHHepaJIH30BaHHblx cpenax; OHH ftBJIRIOTCSI 
TaK)Ke BbiCoK03epepeKTHBHblMH ,ll.e3MYJIbraTopaMH. 

AHHoHHble nAB - «HOBOCTb», eflporpecc», cyasrpoaar, CYJIbepO
HOJI H npyrae rrOJIHOCTblO paCTBopHIOTCH TOJIbKO B npecaoll sone, 
npaxrasecxn nepacrsopaxu B KepOCHHe H naior xaonseaaaaue 
ocanxa B rrJIaCTOBOH none. Karaoaaue flAB - apxaanu, xara
MHH A, xaranaa A, BbipaBHHBaTeJIb A rrOJIHOCTblO pacTBopHIOTCH B 
npecaoa H rrJIaCTOBOH sonax. HOHoreHHbIe flAB, sa aexoropux 
HCKJIlOqeHHeM, a,ll.COp6Hpy1OTcH aa nosepxaocra ropnux nopon 8 
60JIbllleM KOJIHqeCTBe, qeM HeHoHoreIfllbie. fl03TOMy pacxon TaKHX 
nAB aa 06pa60TKy ,ll.JIK rrOJIyqeHHH 3epepeKTa B CHH)KeHHH nosepx
HOCTHoro H8TH)({eHHH aa rpaaaue pasneaa sona - HeepTb B yCJIOBH
HX rrpHCTBOJIbHOH 30HbI nponyxraauoro nnaera cymecraeuao suure, 
qeM HeHOHoreHHblX. 3TO Ba)KHblH epaKTop, eCJIH y-recrs, qTO CTOH
MOCTb flAB ,ll.OCTaTOqHO BbICOKa. 

flo ,ll.aHHblM oalllHHflHHeepTb, na ApJIaHcKoM HeepnIHoM MeCTO
pO)K,ll.eHHH npa BCKpbITHH rrpO,ll.yKTHBHoro nnacra C rrpOMbIBKOfi 80
,ll.OH, 06pa60TaHHOH HeHHoreHHbIM flAB Ofl-10, cpennsa npoztyx
THBHOCTb B HaqaJIbHbIH nepaon 3KCrrJIyaTaII,HH B03pOCJIa 60JIee qeM 
B 1,5 paaa, rorna KaK npa o6pa60TKe aHHOHHblM flAB CyJIbepOHO
JIOM YMeHblllHJIaCb 60JIee qeM aa 40% rro cpaBHeHHIO co cpenaea 
rrp0,ll.yKTHBHoCTblO npa rrpovuaxe rJIHHHCTbIM pacrsopox. TaKoH 
xapaxrep BJIHHHHH nAB na 3epepeKTHBHoCTb BCKpbITHH nnacra, BH
,ll.HMO, 06bHcHHeTcH TeM, qTO Ofl-10 rrOJIHOCTblO paCTBopHeTCSI 8 MH
HepaJIH30BaHHo1\ rrJIaCTOBOH sone, He otipasyer aepacraopmnax 
ocazncos npa B3aHMO,ll.eikTBHH C COJIHMH rrJIaCTOBOH sonu H npaxra
qeCKH rrOJIHOCTblO coxpaHHeT B 3THX yCJIOBHHX rroBepxHocTHylO aK
THBHOCTb. K03ep<pHII,HeHT BOCCTaHOBJIeHHH HeepTerrpOHHII,aeMOCTH B03
pacraer B 2-2,5 pasa rro cpaBHeHHIO C rrpoMblBKOH BO,ll.OH 6e3 flAB 
H nocraraer 0,8-1,0 npa rpanaeurax ,ll.aBJIeHHH 5-10 Mfla/M. Bo
,ll.OHaCblrn;eHHOCTb noponsr IIpH BbiTeCHeHHH BO,ll.HOrO pacrsopa nAB 
HeepTblO 3HaqHTeJIbHO yMeHblllaeTcH, qTO 06ycJIoBJIeHo B OCHOBHOM 
BbITeCHeHHeM rrJIeHOqHOH H KarrHJIJIHpHo-y,ll.ep)KHBaeMOH BO,ll.b1. 

AHHOHHblH )({e CyJIbepOHOJI npa KOHTaKTe, nanpaxep, C MHHepa
JIH30BaHHoH rrJIaCTOBOH BO,ll.OH yrJIeHOCHOro ropH30HTa B 3HaqHTeJIb
HOH Mepe yTpaqHBaeT rroBepxHocTHylO aKTHBHOCTb (c YBeJIHqeHHeM 
KOHII,eHTpaII,HH 3TOH BO,ll.b1 Ha KOHTaKTe C pacTBopoM flAB rroBepx
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HOCTHoe HanUKeHHe B03paCTaeT) H oopasyer 06HJIbHble XJIOrrbeBH,lI.
aue OCa,n:KH, xoropsre lIaCTHIIHO 3aKpblBaIOT nopoaue xauansr H 
,n:OrrOJIHHTeJIbHO YMeHbIIIaIOT npoaauaeuocn, rrpHCTBOJIbHOH 30Hbl. 

113 9TOrO npauepa He cnenyer, ozmaxo, ,n:eJIaTb BbIBO,n: sooeme 0 
aenparonaocra CyJIb<pOHOJIa H npyrax HOHoreHHblX nAB ,n:JIH oopa
60TKH npoausosasrx )KH,n:KocTeH C ueJIbIO yJIyllIIIeHHH xasecraa 
BCKpbITHH nponyxrnaaux rrJIaCTOB. nOJIO)KHTeJIbHble pe3YJIbTaTbI 
nonyseau npa HCrrOJIb30BaHHH aHHOHHoro cyaupoaoaa, KaTHOHHoro 
aJIKaMOHa OC-2 H npyrax HOHoreHHblX nAB B pane 06JIaCTeH 
(A3ep6aH,n:)KaH, TaTapHH, CapaTOBCKaH, Ilepxcxas 06JIaCTH, lJelle
ao-Haryureraa H np.). Ilpa OTCyTCTBHH HeHOHoreHHbIX nAB BO 
MHOrHX caysaax MO)KHO BOCrrOJIb30BaTbCH HOHoreHHblMH nAB, HO 
KOHKpeTHbIH BH,n: nAB H peuerrrypy 06pa60TKH scerna Hy)KHO Bbl
6HpaTb C ynerox crenena MHHepaJIH3aUHH (H COJIeBorO COCTaBa) 
rrJIaCTOBOH sonsr H BO,n:HOH OCHOBbl rrpOMbIBOllHOH )KH,n:KOCTH, TeM
neparypu BO BCKpbIBaeMoM nnacre H creneaa ancopriuaa nAB aa .'i 

nosepxaocra ropnof noponu. KOHueHTpaUHH nAB B <pHJIbTpaTe 
rrOCJIe ancoptiuan lIaCTH ero na rrOBepXHOCTH noponu ,n:OJI)KHa 6bITb 
,n:OCTaTOllHOH ,n:JIH 9<p<peKTHBHoro CHH)KeHHH rrOBepXHOCTHoro HaTH
)KeHHH aa rpaaaue pasnena sona  yraeaonoponaas cpena. 

§ 14. OCHoBHble Tpe60BaHHH K COCTaBY H CBOHCTBaM 
npOMbiBO'IHOH )KHJ].KOCTH J].JlH BCKpblTHH 

npOJ].yKTHBHoro nnacra 

HaHJIyllIIIHMH rrpOMblBOllHblMH )KH,n:KOCTHMH ,n:JIH BCKpbITHH rrpo
,n:YKTHBHbIX rrJIaCTOB npn 6ypeHHH HBJIHIOTCH rasooopaaaue arearu 
H 6e3Bo,n:Hble pacrsopu na He<pTHHOH OCHOBe, a TaK)Ke oripaureaaue 
9MYJIbCHOHHbIe pacrsopu C MHHepaJIH30BaHHOH BO,n:HOH <pa3oH. 

B 60JIbIIIHHCTBe cnyvaea npa pa36ypHBaHHH rrpo,n:YKTHBHbIX nna
CTOBB HaCTOHmee BpeMH npHMeHHIOT rrpOMblBOllHble )KH,n:KOCTH na 
BO,n:HOH OCHOBe. K BbI60pY HaH60JIee no,n:xo,n:HmeH ,n:JIH 9TOH ueJIH 
)KH,n:KOCTH cnenyer npem.aaars pH,n: Tpe60BaHHH. OCHOBHble H3 HHX 
TaKOBbI: 

1) <pHJIbTpaT npoMblBollHOH )KH,n:KOCTH He ,n:OJI)KeH crroc06CTBO
aars Ha6yxaHHIO r JIHHHCTblX lIaCTHU, YBeJIHlIeHHIO rH,n:po<pHJIbHOCTH 
noponu H KOJIHlIeCTBa <pH3HlIeCKH CBH3aHHOH BO,n:bI B rropax nJIaCTa; 

2) COCTaB <pHJIbTpaTa ,n:OJI)KeH 6bITb TaKHM, lIT06bI npa nponax
HOBeHHH ero B rrJIaCT He npoacxonana <pH3HlIeCKHe HJIH XHMHlIeCKHe 
B3aHMo,n:eHCTBHH, COrrpOBO)K,n:aIOmHeCH 06pa30BaHHeM aepacrsopa
MblX ocanxos: 

3) rpaHyJIOMeTpHlIecKHH COCTaB rsepnof <pa3bI rrpOMblBOQHOH 
)KH~KOCTH ,n:OJI)KeH COOTBeTCTBOBaTb cTpyKType rropoBoro rrpocTpaH
CTBa nponyxrasaoro nnacra: BO H36e)KaHHe rJIy60Koro npoaaxaoae
HHH rsepnsrx lIaCTHU B rrJIaCT B rrpoMbiBollHOH )KH,n:KOCTH conepxca

1
HHe lIaCTHU ,n:HaMeTpoM dq > 3" dn ,n:OJI)KHO 6bITb He MeHee 5 06. % 
OT otiuiero 06beMa r sepnoa <pa3bl [55]; 
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Ta6J1Hua4 

Cpe,llHHR ,llH8MeTp, I,n:H8na30H p83MepOBM8TepH8n 

EeHTOHHTOBbIe fJlHHbI 

nbIJleBHJJ:HbIH KpeMHe3eM 
Ilopourox xpexueaexa 06bIQHOH 3epHHC
TOCTH 
fpaBHH 0,42--0,84 MM 

fpaBHH 0,84--2,0 MM 
fpaBHH 1,4--2,4 MM 

MKM nap, MKM 

1,5 «10 
2,0 ~1O 
15 2--64 

550 2to--840 
1545 840--2000 
2000 1680--2380 

4) nOBepXHOCTHoe HaTH)KeHHe aa rpaaaue <pHJIbTpaT- yrJIeBO
noponaoe conepscnaoe nnacra ,n:OJI)KHO 6bITb MHHHMaJIbHbIM; 

5) sonoornasa npa 3a60HHbIX yCJIOBHHX resmeparypu H naane
HHH ,n:OJI)KHa 6bITb MHHHMaJIbHOH, a rrJIOTHOCTb H peOJIOrHlIeCKHe 
CBoHcTBa TaKHMH, lIT06b1 ,n:H<p<pepeHUHaJIbHOe ,n:aBJIeHHe npa pastiy
pHBaHHH uponyxraaaoa TOJImH 6bIJIO 6JIH3KHM K HYJIIO; 

6) creneas MHHepaJIH3auHH H COJIeBOH COCTaB <pHJIbTpaTa ,n:OJI)K
Hbl 6bITb 6JIH3KHMH K nJIaCTOBbIM, a OCMOTHlIeCKoe ,n:aBJIeHHe MHHH
MaJIbHbIM. 

C TOllKH 3peHHH 9THX Tpe60BaHHH, 6eCmeJIOllHble MHHepaJIH30
sannue npoasrsoxaae )KH,n:KOCTH C MaJIOH aonoornaxea 3HallHTeJIb
HO JIyllIIIe ,n:JIH BCKpbITHH npo,n:yKTHBHbIX rrJIaCTOB, He)KeJIH npecaue 
HJIH iuenovnue (aanpaxep, 06pa60TaHHble YIUP) pacrnopu, ,n:a)Ke 
eCJIH rrOCJIe,n:HHe HMeIOT MeHbIIIYIO sonoornauy, a MHorOKOMrrOHeHT
nue neasr ropaano 9<p<peKTHBHee xanensnsrx npoMblBOllHbIX )KH,n:KO
CTeH aa BO,n:HOH OCHOBe. 

He06xo,n:HMO npa 6ypeHHH nepnsrx paasenoaaux CKBa)KHH aa 
Ka)K,n:OH nnouiana ortiapars xepa H3 npo,n:yKTHBHbIX rrJIaCTOB H B JIa
60paTopHH onpenenars COJIeBOH COCTaB <pJIIOH,n:OB xaxcnoro nnacra 
H pacnpenenenae rrop rro paavepax. B 3aBHCHMOCTH OT pe3YJIbTaTOB 
TaKoro aHaJIH3a CJIe,n:yeT pa3pa6aTbIBaTb peuerrTypy npOMbIBOllHOH 
)KH,n:KOCTH ,n:JIH nocnenyiotuax CKBa)KHH, npeacne scero MHHepaJIOrH
lIeCKHH COCTaB ,n:HcrrepCHOHHOH cpenu H rpaHyJIOMeTpHlIeCKHH COCTaB 
TBep,n:OH <pa3bI. B peansnux noponax rrpo,n:YKTHBHbIX rrJIaCTOB cnexrp 
nop MO)KeT 6bITb secsaa IIIHpOKHM. BnoJIHe sepoarno rr09TOMY, liTO 
B COCTaB ,n:HcrrepCHOH <pa3bl rrpOMblBOllHOH )KH,n:KOCTH npnnerca BBO
,n:HTb saxynopaaaromae lIaCTHUbl He KaKorO-TO onaoro pasxepa, a 
HeCKOJIbKHX p asaepos C TaKHM paClIeTOM, lIT06bI OHH MOrJIH C03,n:aTb 
MOCTHKH na COOTBeTcTByIOmHx rropax H 06pa30BaTb HerJIy60Ko OT 
CTBOJIa CKBa)KHHbl cpaBHHTeJIbHO TOHKyIO <pHJIbTpaUHoHHyIO KOPKY. 
Paaxepu TaKHX lIaCTHU H KOHueHTpaUHH HX B npOMbIBOllHOH )KH,lI.
KOCTH ,n:OJI)KHbl y,n:OBJIeTBOpHTb npaaany, yxaaaaaosry B rr. 3. Ilpa 
6ypeHHH nocnenyrouiax CKBa)KHH He06xo,n:HMO noaropars aHaJIH3bI 
crpyxrypu noposoro npocrpaucraa H COCTaBa rrJIaCTOBbIX <pJIIOH
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nO,ll.BeIIIHBalOT B 06Ca,ll.HOA KOJIOHHe; npOCTpaHCTBO Me>K,lI.y epHJIbT

pOM H KOJIOHHOH lJ:aCTO HSOJIHpylOT naxepox (pHC. 8, 8). MeTO,ll. HMe

er re >Ke ,lI.OCTOHHCTBa H OrpaHHlJ:eHHH, 'ITO H npe,ll.bI,lI.ymHH. B OTJIH

lJ:He OT npenunyinero, ero MO>KHO npHMeHHTb H B rex CJIylJ:aHX, 

xorna npO,ll.yKTHBHaH 3aJIe>Kb CJIO>KeHa noponaua, He,ll.OCTaTOlJ:HO 

YCToiilJ:HBbIMH npn 3KCnJIyaTaUHH. 
Meron 4. CKBa>KHHy 06Ca>KHBaIOT KOJIOHHOH Tpy6,l1.o KpOBJIH 

npO,ll.YKTH~HOH 3aJIe>KH, 3aTeM paatiypasaror nOCJIe,ll.HlO1O H nepexpu

BalOT XBOCTOBHKOM. XBOCTOBHK ueaenrapyicr no scea ,lI.JIHHe, a sa

TeM nepdiopapytor npOTHB sanaanoro HHTepBaJIa (pHC. 8, a). 
IIPH TaKOM MeTO,ll.e MO>KHO H36e>KaTb cyutecraeauoro sarpsaae

HHH KOJIJIeKTOpa, BbI6HpaH npOMbIBOlJ:HYIO >KH,lI.KOCTb TOJIbKO C yxe

TOM cHTyaUHH B caMoH aanexca. OH nonycxaer CeJIeKTHBHylO 3KC

nJIyaTaUHIO pa3JIHlJ:HbIX npOnJIaCTKOB H n03BOJIHeT 6bICTpO H C MH

HHMaJIbHbIMH 3aTpaTaMH cpencrs OCBaHBaTb CKBa>KHHy. 
XOTH KOHCTpyKUHH CKBalliHHbI HeCKOJIbKO yCJIO>KHHeTCH, TeM He 

MeHee lJ:eTBepTbIH xeron, nO-BH,lI.HMOMy, HBJIHeTCH ,lI.JIH MHOfHX 

MeCTOp0>K,lI.eHHH HaH60JIee paUHOHaJIbHbIM C TOlJ:KH 3peHHH nonyse

HHH HaH60JIbIIIHX ,lI.e6HTOB HeepTH H OCBoeHHH CKBa>KHHbI B xpar

lJ:aHIIIHH CpOK. 
MeTO,ll. 5. OTJIHlJ:aeTCB OT nepsoro xerona JIHilib TeM, lJ:TO B 

CKBa>KHHy nOCJIe pa36ypHBaHHH npO,ll.yKTHBHoH 3aJIe>KH cnycxaior 

oocanayro KOJIOHHy, HH>KHHH YlJ:aCTOK KOTOpOH sapaaee COCTaBJIeH 

H3 Tpy6 C meJIeBbIMH oTBepcTHHMH, H TeM, 'ITO ueaearapyior JIHilib 

HHTepBaJI BbIIIIe KpOBJIH nponyxraaaoa 3aJIe>KH (pHC. 8, 8). IIep

epopHpoBaHHbIH YlJ:aCTOK KOJIOHHbI pasueuta lOT npOTHB nponyxras

HOH 3aJIe>KH. IIPH 3TOM xerone ooecnenart, CeJIeKTHBHylO 3KCnJIya

TaUHIO roro HJIH HHOro npOnJIaCTKa HeJIb3H. 
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PIIC. 8. Cxeau KOHCTpyKUllft npll3a6oHHoft '1aCTII CKBa}KIIH: 
1  o(Sca,ll.Hali KonOHHa; 2  L\eMeHTRbllI xaaeas: 3  He4>TeHocHbllI nnacr: 4  BO,ll.oHOCHblll 
nnacr: 5 - OTKPblTbllI CTBon; 6  nonsecxa: 7  4JunbTP; 8 - CTeHKa CKB8lKHHbl; 9  XBOCTG' 
BRK; 10 - uep4>opaL\HOHHble KaH8nbl 

,,# 

,lI.OB If npa He06xo,ll.HMOCTH BHOCHTb COOTBeTcTBylOmHe KOppeKTHBbI 

B peuerrrypsr npOMblBOlJ:HbIX >KH,lI.KOCTeH. 
B ta6JI. 4 npHBO,ll.HTCH ,lI.aHHbIe 0 paaaepax aexoropux MaTe

pHaJIOB, xoropue xoryr 6bITb HCnOJIb30BaHbI B KalJ:eCTBe aaxynopa

BalOmHX ,lI.06aBOK [66]. 

YCJIOBHMCH non xeronoa BXO>K,lI.eHHH nOHHMaTb nOCJIe,ll.OBaTeJIb

HOCTb onepaUHH paa6ypHBaHHH H KpenJIeHHH HenOCpe,ll.CTBeHHo npo

,lI.yKTHBHOH 3aJIe>KH. IIpHMeHHIOT HeCKOJIbKO MeTO,ll.OB BXO>K,lI.eHHH, 

OCHOBHbIMH H3 KOTOpbIX HBJIHIOTCH nars paccxarpaaaeasrx HH>Ke. 

Meron 1. IIpO,ll.yKTHBHylO 3aJIe>Kb npotiypaaaior, He nepexpsrsaa 

npenaapnreasao BbIlIIeJIe>KamHe noponu CneUHaJIbHOH KOJIOHHOH 

06Ca,ll.HbIX rpyti, 3aTeM cnycxaror ,lI.O 3a60H oticanayro KOJIOHHy H 

uexearupyror. .ll.JIH co06meHHH BHyTpeHHeH nOJIOCTH 06Ca,ll.HOH KO

JIOHHbI C npO,ll.yKTHBHoH 3aJIe>KblO ee neprpopapyror, T. e. B KOJIOHHe 

npOCTpeJIHBalOT 60JIblIlOe lJ:HCJIO OTBepCTHH (pHC. 8, a). 
MeTO,ll. HMeeT cnenyiourae ,lI.OCTOHHCTBa: npocr B peaJIH3aUHH; 

n03BOJIHeT CeJIeKTHBHO cooouran, CKBa>KHHy C JII06bIM npOnJIaCTKOM 

npO,ll.yKTHBHoH 3aJIe>KH;- CTOHMOCTb c06CTBeHHo 6ypOBbiX pa60T MO

>KeT 6bITb MeHbIIIe, lJ:eM npa ,lI.PYfHX xeronax BXO>K,lI.eHHH. 

B cnysae HCnOJIb30BaHHH npOMbIBOlJ:HOH >KH,lI.KOCTH aa BO,ll.HOH 

OCHOBe npa 3TOM xerone, O,ll.HaKO, BeJIHKa BepOHTHOCTb CHJIbHOrO sa

rpH3HeHHH npO,ll.yKTHBHoH 3aJIe>KH: nOCKOJIbKY CBOHCTBa >KH,lI.KOCTH 

npHxo.u.HTCH BbI6HpaTb C YlJ:eTOM reOJIOro-epH3HlJ:eCKHX yCJIOBHH He 

TOJIbKO B caMOH 3aJIe>KH, HO TaK>Ke BO BceH OTKpbITOH lJ:aCTH CTBO

JIa BbIIIIe nee. IIPH CHJIbHOM 3arpH3HeHHH npO,ll.yKTHBHoH 3aJIe>KH 

BeJIHKH sarparsr BpeMeHH H cpencrs aa BbI30B npHTOKa H OCBoeHHe 

CKBa>KHHbI, a ,lI.e6HT lJ:aCTO naxaoro HH>Ke nOTeHUHaJIbHO B03MO>K

aoro. 
MeTO,ll. 2. IIpe,ll.BapHTeJIbHO ,lI.O KpOBJIH npO,ll.yKTHBHoH 3aJIe>KH 

cnycxaior H nexearnpytor 06Ca,ll.HYlO KOJIOHHy, H30JIHpyH BblIIIeJIe

xcauiae noponu, 3aTeM nponyxranayio 3aJIe>Kb npooypusaior ,lI.OJIO

TaMH MeHbiliero nnaxerpa H OCTaBJIHIOT CTBOJI CKBa>KHHbI HH>Ke 

oailiMaKa 06Ca,ll.HOH KOJIOHHbI OTKpbITbiM (pHC. 8, 6). 
IIPH TaKOM xeroae BXO>K,lI.eHHH COCTaB H cBoHCTBa npOMbIBOlJ:HOH 

>KH,lI.KOCTH BbI6HpalOT C YlJ:eTOM cHTyaUHH TOJIbKO B caMoH 3aJIe>KH, 

lJ:TO n03BOJIHeT CBeCTH K MHHHMyMy onaCHOCTb 3arpH3HeHHH KOJIJIeK

ropa: nosepxaocrs >Ke epHJIbTpaUHH nJIaCTOBOH >KH,lI.KOCTH B CKBa

>KHHy OKa3bIBaeTCH HaH60JIbIIIeil:. 

Paccxarpaaaexsrf MeTO,ll., O,ll.HaKO, npHMeHHM TOJIbKO B cnyxae, 

eCJIH npO,ll.yKTHBHaH 3aJIe>Kb CJIO>KeHa YCTOHlJ:HBbIMH noponaxa _ H 

aacuutena TOJIbKO O,ll.HOH >KH,lI.KOCTblO; OH He n03BOJIHeT CeJIeKTHBHO 

3KCnJIyaTHpoBaTb KaKOH-JIH60 npOnJIaCTOK. 

MeTO,ll. 3. OTJIHlJ:aeTCH OT npenunyurero TeM, lJ:TO CTBOJI CKBa

>KHHbI B npO,ll.yKTHBHoH 3aJIe>KH nepexpuaaror epHJIbTPOM, xoropua 
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§ 15. MeTO.n.bl BXOOK)J.eRHSI B nponyxraeayio SaJIe>Kb 
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§ 16. MeTO.IJ.HKa Bbloopa MeTO.IJ.a BXO:lK.IJ.eHHH 

B npO.IJ.yKTHBHylO 3aJle:lKb 

Ilpa Bbl60pe MerO.IJ.a BXO)K.IJ.eHIiH B IIpO.IJ.yKTHBHyIO sanescs ueae

cooopasao IIpH.IJ.ep)KHBaTbCSI CJle.IJ.YIO~eH MeTO.IJ.HKH. 
A. Ou;eHHTb MO~HOCTb IIpO.IJ.yKTHBHOH SaJle)KH, IIo.IJ.JIe)Ka~eH 

pas6ypHBaHHIO, H BblHCHHTb 'IHCJIO IIpOHHU;aeMblx IIJIaCTOB B HHTep

BaJIe OT KpOBJIH SaJIe)KH .IJ.O IIpOeKTHoH rJIy6HHbI CKBa)KHHbI. 
B. BbISlCHHTb xapaxrep HaCbImeHHOCTH scex IIpOHHu;aeMbIx IIJIac

TOB IIpO.IJ.yKTHBHOH SaJIe)KH H peurars, KaKHe MeTO.IJ.bI BXO)K.IJ.eHHH 

IIpHeMJIeMbI .IJ.JIH .IJ.aHHOH KOHKpeTHoH cHTyaU;HH. TaK, eCJIH BCSI IIPO

.IJ.YKTHBHaSi SaJIe)Kb IIpe.IJ.CTaBJIHeT C060H KaK 6bI e.IJ.HHbIH IIJIaCT, aa

cblmeHHbIH TOJIbKO O.IJ.HOH )KH.IJ.KOCTbIO (aanpaaep, TOJIbKO rasoa HJIH 

TOJIbKO He<pTbIO), MoryT 6bITb HCIIOJlbSOBaHbI see MeTO.IJ.b1. ECJIH )Ke 

IIepeMe)KaIOTCSI, CKa)KeM, aerpreaocaue IIJIaCTbI C BO.IJ.OHOCHbIMH 

JIH60 B O.IJ.HOM IIpOHHu;aeMoM IIJIaCTe cO.IJ.ep)KaTCH nse HJIH TpH )KHk 

KOCTH, ,ll.JISI BXO)K,ll.eHHH MoryT 6bITb HCIIOJIbSOBaHbI TOJIbKO IIepBbIH 

H 'IeTBepTbIH xeronu. 
B. ECJIH BCKpblTHIO IIO,ll.JIe)KHT MaCCHBHaH IIP0,ll.YKTHBHaH sa

JIe)Kb (T. e. TOJI~a 60JIbIllOH MomHOCTH - B HeCKOJIbKO COT MeTpOB 

H 60JIee, - HaCbImeHHaH O,ll.HOH )KH,ll.KOCTbIO, 06bI'IHO raSOM), one

HHTb BOSMO)KHOCTb onaoapexeaaoro IIp06ypHBaHHSI seen MomHOCTH 

TOJI~H 6es IIepeKpbITHH BepXHeH ee 'IaCTH IIpOMe)KyTo'lHOH KOJIOH
HOH. . 

B MaCCHBHbIX raSOBbIX aanescax K03<P<PHllHeHT aHOMa:JIbHOCTH 

IIJIaCTOBOro ,ll.aBJIeHHSI cymecTBeHHO HSMeHSleTCSI IIO MomHOCTH pac
.cxarpaaaeaoro HHTepBaJIa: K03<p<pHU;HeHT aHOMaJIbHOCTH ka.B B 

KpOBJIe	 'IaCTO aaxaoro 60JIbIlle K03<P<PHu;HeHTa aHOMaJIbHOCTH ka.H 

6JIHS IIO,ll.OIllBbI. 
nJIH BCKpbITHH 6ypeHHeM BepXHeH 'IaCTH TaKOH SaJIe)KH BO HS

6e)KaHHe IIpOHBJIeHHSI HS IIJIaCTa OTHOCHTeJIbHaH IIJIOTHOCTb IIpOMbI

BO'IHOH )KH,ll.KOCTH ,ll.OJI)KHa 6bITIo 

(2.4)Po~ka.lI· 

)l(H,ll.KOCTb C TaKOH IIJIOTHOCTbIO MO)KHO HCIIOJIbSOBaTb IIpH pas

6ypHBaHHH BceH MOmHOCTH MaCCHBHOH SaJIe)KH JIHIllb B TOM cay-rae, 

eCJIH naanenae cToJI6a ee MeHbIlle ,ll.aBJIeHHH IIOrJIOmeHHH B HH)KHeH 

H cpenaea 'IaCTHX TOJImH, T. e., eCJIH 

Po <s«: (2.5) 

rne kn.B - HH,ll.eKC ,ll.aBJIeHHH IIOrJIOmeHHH B HH)KHeM HHTepBaJIe 

MaCCHBHOH SaJIe)KH. 

B rex )Ke CJIy'laHX, xorna 3TO IIOCJIe,ll.Hee yCJIOBHe He C06JIIO,ll.a

eTCH, BCKpbITHe scea MomHOCTH MaCCHBHOH SaJIe)KH cpasy aenony

CTHMO, TaK KaK BOSHHKHeT IIOrJIOmeHHe TSI)KeJIOH IIPOMbIBO'lHOH 

)KH,ll.KOCTH B HH)KHIOIO 'IaCTb SaJIe)KH, BCJIe,ll. sa KOTOpbIM MO)KeT 

Ha'laTbCH raSOlIpOHBJIeHHe HS BepXHHX HHTepBaJIOB. 
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B IIO,ll.06HbIX cHTyaU;HHx no BCKpblTHH HH)KHerO HHTepBaJIa sane

>KH 6ypeHHeM BepXHHH HHTepBaJI CJIe,ll.yeT IIepeKpbITb 06Ca,ll.HOH KO

JIOHHOH H aanezcao repMeTHSHpOBaTb. Ilocne sroro He06xo,ll.HMO 

.YMeHbIllHTb IIJIOTHOCTb IIPOMblBO'lHOH )KH,ll.KOCTH H TOr,ll.aJIHIllb 

BCKpbIBaTb HH)KHHH HHTepBaJI. 

r. Ou;eHHTb xapaKTep HSMeHeHHH KOJIJIeKTOpCKHX CBOHCTB IIO 

MOllJ,HOCTH IIpO,ll.yKTHBHOH SaJIe)KH. ECJIH IIpOHHu;aeMOCTb cymecrnea

HO He HSMeHHeTCH, MO)KHO IIpHMeHHTb see MeTO,ll.bI BXO)K,ll.eHHH, HO 

IIpe,ll.IIO'lTHTeJIbHee BTOPOH, TpeTHH HJIH IISlTbIH. ECJIH )Ke IIpOHHu;ae

MOCTb O,ll.HHX IIP0,ll.YKTHBHbIX y'lacTKoB CHJIbHO OTJIH'IaeTCH OT IIpO

HHu;aeMocTH ,ll.pyrHx, u;eJIeC006paSHee HCIIOJIb30BaTb IIepBbIH HJIH 

'IeTBepTbIH MeTO,ll.bI, xoropue IIOSBOJIHIOT Hs6HpaTeJIbHO IIOJIy'laTb 

IIpHTOK HS JII060ro ysacrxa IIpO,ll.yKTHBHOH SaJIe)KH. 

n. Ou;eHHTb yCTOH'IHBOCTb IIOP0,ll. IIpO,ll.yKTHBHOH SaJIe)KH. ECJIli 

IIOP0,ll.bI xoporno cu;eMeHTHpOBaHbI H HeT oCHoBaHHH onacarsca, 'ITO 

KaK B npouecce 6ypeHHSI, TaK H IIpH ,ll.JIHTeJIbHOH 3KCIIJIyaTaU;HH OHH 

naxayr paspymarsca, peSOHHO IIpHMeHHTb BTOPOH MeTO.u: BXO)K,ll.e

HHH. ECJIH IIOP0,ll.bI He,ll.OCTaTO'lHO yCTOH'IHBbI H IIpH 3KCIIJIyaTaU:HH 

BMeCTe C IIOTOKOM )KH,ll.KOCTH BOSMO)KeH BbIHOC 'IaCTHU; KOJIJIeKTOpa, 

nysure HCIIOJIbSOBaTb TpeTHH HJIH IISlTbIH MeTO,ll.bI. B cnyxae HeycTOH

'IHBbIX IIopon, xoropue MoryT paapyurarscs zrasce B npouecce 6y

peHHH, IIpHrO,ll.HbI B OCHOBHOM TOJIbKO IIepBbIH H 'IeTBepTbIH MeTO,ll.bI. 

E. Y'IeCTb COOTHorneHHe K03<P<PHU;HeHTOB aHOMaJIbHOCTH IIJIaCTO

BbIX ,ll.aBJIeHHH B IIpO,ll.yKTHBHOH SaJIe)KH H B paCIIOJIO)KeHHbIX asnne 

aee IIpOHHu:aeMbIx ropaaoarax H oueaars BOSMO)KHYIO creneas sa

rpHSHeHHH IIP0,ll.YKTHBHbIX IIJIaCTOB IIPOMblBO'lHOH )KH,ll.KOCTbIO H ee 

<pHJIbTpaTOM, a TaK)Ke TaMIIOHa)KHbIM pacraopox B nepnon 6ypeHHH 

H KpelIJIeHHH CKBa)KHHbI IIpH Ka)K,ll.OM HS rex MeTO,ll.OB BXO)K,ll.eHHH, 

xoropue IIpH ysere scex YIIOMHHYTbIX ssnne tpaxropon MoryT 6bITb 

HCIIOJIbSOBaHbI B ,ll.aHHoH IIpO,ll.yKTHBHOH SaJIe)KH. 

OKOH'IaTeJIbHOe perneHHe B IIOJIb3Y Toro HJIH HHoro MeTO,ll.a 

,ll.OJI)KHO 6bITb IIpHHHTO C yserox 3KOHOMH'IeCKHX rpaxropos. 

§ 17. BCKpbITHe npO.IJ.yKTHBHbIX nJlaCTOB C HH3KHMH 

K03<P<PHU:HeHTaMH aHOMaJlbHOCTH nJlaCTOBbIX .IJ.aBJleHHH 

flpH BCKpbITHH IIJIaCTOB C aHOMaJIbHO HHSKHMH ,ll.aBJIeHHHMH C 

HCIIOJIbSOBaHHeM ,ll.JIH sroro 06bI'IHbIX KalIeJIbHbIX IIPOMbIBO'lHbIX 

)KH,ll.KOCTeH HMeeTCH OlIaCHOCTb He TOJIbKO rnyooxoro IIpOHHKHOBe

HHH B IIJIaCT <pHJIbTpaTa, HO H IIOrJIOmeHHH caMOH )KH,ll.KOCTH IIO,ll. 

BJIHHHHeM 60JIbIllOrO ,ll.H<p<pepeHU;HaJIbHOrO ,ll.aBJIeHHH. I1sBecTHo He

MaJIO cnysaes, xorna H3 TaKHX IIJIaCTOB, sarpHSHeHHbIX IIOrJIOmeH

HbIM rJIHHHCTbIM paCTBopOM, He ynasanocs aooome IIOJIy'lHTb HHKa

xoro IIpHToKa. 
I YMeHbrnHTb OlIaCHOCTb sarpHSHeHHH H IIOBbICHTb Ka'leCTBO 
I 

-i	 BCKpbITHH IIJIaCTOB C HHSKHMH K03<P<PHU;HeHTaMH aHOMaJIbHOCTH 

MO)KHO, eCJIH B npouecce 6ypeHHH nonaepzcaaan, paaaosecae Me)K

,ll.y naanenaex B CKBa)KHHe H IIJIaCTOBbIM ,ll.aBJIeHHeM, a IIpH OIIeHb 
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HH3KHX K03<P<PHII.HeHTaX aHOMaJIbHOCTH - naace OTpHIJ,aTeJIbHOe 
,lI;H<p<pepeHII.HaJIbHOe .n.aBJIeHHe. ECJlH K034'<PHII.HeHT aHOMaJIbHOCTH 
nJIaCTOBOrO .n.aBJIeHHlI HaXO.n.HTCH B zmanaaoae 0,9<ka~1,0, pan
HOBeCHe .n.aBJIeHHH MOLKHO 06.e_Cne'lHTb .n.aLKe npn HCnOJIb30BaHHH 
.n.JIH npOMblBKH xanensnux LKH.n.KOCTeH (aa yrJIeBO.n.OpO.n.HOH OCHO
Be). ECJIH LKe ka<O,9, .n.JIlI rrOMepLKaHHH paBHOBeCH51 .n.aBJIeHHH 
npaxomrrcs HCrrOJIb30BaTb aspaponaaaae npoxuaosuae >KH.n.KOCTH, 
nenu HJIH raa (B03.n.yX). Ilpa paBHOBeCHH .n.aBJIeHHH npenorapauia
eTCH B03MOLKHOCTb nocrynneaaa B nJIaCT rrpOMblBO'lHOH LKH.n.KOCTH 
H ee <pHJIbTpaTa, HO He HCKJIIO'IaeTCH B03MOLKHOCTb BrrHTbIBaHH1I 
BO.n.HOH OCHOBbI ee no.n. .n.eHCTBHeM KarrHJIJIlIpHblX CHJI H OCMOTHlIe
cxoro .n.aBJIeHHH. KOHeIlHO, B03MO>KHaSi creneas CHH>KeHHH npoan
uaeMOCTH .n.JIH nJIaCTOBOH LKH.n.KOCTH npa 3TOM CYIII.eCTBeHHO MeHb
we. TeM He MeHee ee cnenyer Y'lHTbIBaTb H COCTaB BO.n.HOH OCHOBbI 
Bbl6HpaTb TaK, 'IT06b1 OTpHII.aTeJIbHOe BJIHlIHHe YKa3aHHblX <t>aKTO

;'i'pOB CBeCTH K MHHHMyMy. 
Ilpuuenenue aspupoeannod ~Ua'WCTU. HaH60JIee WHpOKO HC

nOJIb3YIOT aspapoaaaayro sony, MHHepaJIH30BaHHyIO C II.eJIbIO yMeHb
WHTb OCMOTH'IeCKOe .n.aBJIeHHe. OCHOBHOH cnoco6 a3paUHH - CMe
WHBaHHe B03Ayxa, aarneraexoro B JIHHHIO OOBH3KH CKBa)l{HHbl 
xoxnpeccopaaa, C BO.n.OH, nO,lJ.aBaeMOH B Hee OYPOBblMH uacocauu. 

Ilonnepacaane pa'BHOBeCHSI .n.aBJIeHHH MO)l{HO otiecrrenars rry-
TeM peryJIHpOBaHHH OObeMHoro pacxozta LKH.n.KOH .n.HcnepCHOHHOH 
cpenu H CTeneHH a3paII.HH ee (T. e. OTHoweHHH OObeMHoro pacxona 
nosnyxa npn HOpMaJlbHbIX yCJIOBHHX K 06beMHoMy pacxony LKH.n.
KOH cpezns ). nOCKOJIbKY B npouecce paaoypaaaaas nponyxraaaoro 
nJIaCTa B npOMbIBOIlHYIO LKH.n.KOCTb nocrynator TaKLKe yraesonopon
asre raau, lIaCTHIIHO ra3HpOBaHHe LKH.n.KOCTH nponcxonar aenocpen
CTBeHHO B CKBaLKHHe, H 3TO cnezyer Y'lHTbIBaTb npa peryJIHpOBaHHH 
nonaxa KOMrrpeccopOB. 

Ilpuuenenue nen. Ilenu lIBJIHIOTCH cnoeoripaaaoa a3pHpOBaHHOH 
LKH.n.KOCTbIO. B a3pHpOBaHHOH sone B03.n.yX Haxo.n.HTCH B BH.n.e xpyn
HbiX nyaupsxoa, xoropue JIerKO nepeaematorca OTHOCHTeJIbHO LKH.n.
KOH cpenu. Taxas CHCTeMa TepMo.n.HHaMH'IeCKH xpaaae HeycToH'IH
aa: .n.aLKe npa KpaTKOBpeMeHHOM npeKpaIII.eHHH II.HpKyJISlUHH OHa 
6b1CTpO pacnanaercs na ornensasre KOMnOHeHTbl: B03.n.yX 6b1CTpO 
nepeaemaercs saepx, a LKH.n.Ka5I cpena OKa3bIBaeTC5I nosra nOJI
HOCTbIO nerasupoaaaaoa. 

Csoeotipaaae nen 3aKJIIO'IaeTCH, so-nepaax, B. TOM, 'ITO B HX 
COCTaB BXO.n.5IT xerupe HJIH nars KOMnOHeHTOB (B03.n.yX, nona, ne
Hooopa3YIOIII.ee nAB, rsepnue 'IaCTHII.bI BbloypeHHoH noponu H 
'IaCTO - cTa6HJIH3HpYIOll.I,ee nAB, cnocoocrayroutee nossmreaaro 
yCTOH'IHBOCTH); BO-BTOpblX, B03.n.yX (raa) npacyrcrsyer B BH.n.e MeJI
KHX nyaupsxoa, paaaoxepao pacnpeneneanux BO acex oObeMe H 
paaneneaaax TOHKHMH LKH.n.KOCTHblMH nJIeHKaMH; a-rpersax, nOJI5Ip
nae rpynnu nAB CHJIbHO ranparaposaau H 06pa3yIOT aa nosepx
HOCTH BO.n.HblX rrpOCJIOeK csoeoepaaaua xapxac, KOTOpblH npaaaer 
neae yCTOH'IHBOeTb, T. e. cnOCOOHOCTb .n.JIHTeJIbHOrO CYIII.eCTBOBaHHfI 
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B03.n.YWHbIX nY3b1pbKOB B Heno.n.BHLKHOA cpene, nporaaoneacrayer 
KOaJIecu.eHUHH nyasrpsxos, Bbl.n.eJIeHHIO H3 neau OCHOBHOH MaCCbI 
soanyxa H OTCTaHBaHHIO neraaapoaaaaoa nacnepcaonnoa cpeau. 

nOCKOJIbKY yCTOH'IHBOCTb nena ropaaao ssmre yCToil'lHBOCTH 
a~pHpOBaHHOH BOAbI, peansaoe conepzcaaae sosnyxa (raaa) B neue 
npn o.n.HHaKOBOH: CTeneHH a3paII.HH asnue. n03TOMY coaaaaaexoe 
neHOH .n.aBJIeHHe aa CTeHKH cxsaacaasr MeHbwe, lIeM npa rrposrsra
xe a3pI:lpOBaHHOH BO.n.OH. Ha pHC. 9 npaaonarcs rparpnx pacnpene
JIeHHSI Jl.aBJIeHHH rro rJIy6HHe CKBa)KHHbI npa npoausxe BO.n.OH: 
(KpHBa5I 1), aspaposauaoa BO.n.OH npa CTeneHH a3paUHH a=40 
(KpHBaSi 2)· H neHOH C TOH )l{e CTeneHbIO a3paUHH npn KOHII.eHTpa
II.HH cynsrpoaona 0,1% (KpHBa5I 3); pacxon )KH.n.KoH¢a3b1 BO scex 
CJIYllalIX o.n.HHaKOB. C YBeJIHlIeHHeM rJIyoHHbI pa3HOCTb .n.aBJIeHHH, 
coanaaaexux nOTOKOM aspapoaanaoa 
BO.n.bI H nOTOKOM rreHbI rrpH o.n.HHaKOBbiX 
CTeneHlIX aspauaa H pacxone nacnep
CHOHHOH cpems, sospacraer. 3Ta pas
HOCTb npa npo-mx pannux YCJIOBHlIX 
YBeJIHIIHBaeTCH C YMeHbweHHeM pacxona 
nacnepcaonaoa cpenu [1]. 

TaK KaK nena HMeeT 60JIbllIylO yc
TOHIIHBOCTb H conepsorr 06JIbIlIee KO
JIHlIeCTBO soaayxa, .n.era3aII.HSI ee CJIO>K
nee, 'IeM aspapoaaasoa BO.n.bI HJIH 
06b1'1HOrO ra3HpoBaHHoro rJIHHHCTOro 
pacrsopa. ,UJIlI paapymeaas neau H 
ynanenas rasa Hy>KHbI ssrcoxorrpoaaao
.n.HTeJIbHble neraaaropu. ,Uera3aII.HH ne
Hbl cnocoocrnyer TaK)I{e .n.poCCeJIHpOBa
HHe nOTOKa B urryuepe, yCTaHaBJIHBae
MOM H3 BbIKH.n.e H3 CKBa)l{HHbI. 

jja6I1CNUe, Mna 
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Puc. 9. I'patpax pacnpenene-
HUH ~aBJIeHHA no r JIy6uHe 
CKBa}KHHhI npa npouuaxe 
Bo~oli, a3pHpOBaHHOH ·ao)l.oli 
u neaoa 

Ilpuuenenue easootipasnux aeenroe. Ilpa pa36ypHB3HHH npo
.n.YKTHBHbIX nJI3CTOB C O'leHb HH3KHMH K03ep<pHII.HeHTaMH aHOMaJIb
HOCTH, a TaK)Ke nJIaCTOB C HH3KOH npOHHII.aeMOCTbIO HJIH HaCblIII.eH
HbIX BbICOKOB5I3KOH HeepTbIO .n.JIlI ynanenaa WJIaMa C 3aOOH MO)l{HO 
ycneumo HCrrOJIb30BaTb' soanyx (ras). B 3TOM cay-rae OJIaro.n.apH 
OTpHII.aTeJIbHoMy .n.HepepepeHII.HaJIbHOMY .n.aBJIeHHIO nJIaCT cosepurea
HO He 3arp1I3HlIeTCH, a B CKBaLKHHy B npouecce oypeHHH nparexaer 
rrJIaCTOBaH LKH.n.KOCTb. Bo H30eLKaHHe 00pa30BaHHH B3pbIBoorraCHOH 
CMeCH sosnyxa C nJIaCTOBblMH yraesonoponaan B B03.n.YWHblH no
TOK BBO.n.HT BO.n.HbIH paCTBOp neaooopaayromero nAB. YCTbe CKBa
)KHHbl repMeTH3HpYIOT cooTBeTcTByIOIII.HMH npeaeuropaxa. 

Mnoeosatiounu« C1C8a:J1CUflbl. Ha aerprnnux MeCTOpO>K.n.eHHHx C 
aHOMaJIbHO HH3KHM nJIaCTOBbIM .n.aBJIeHHeM, C rrJlOXHMH KOJIJleKTOp
CKHMH CBoHcTBaMH, C BbICOKOH BH3KOCTbIO HeepTH nparox K CKBaLKH
He MO>KHO CYIII.eCTBeHijO rrOBbICHTb, eCJIH KpaTHO YBeJIHIIHTb nosepx
HOCTb epHJIbTpaII.HH. 'uJlH aroro H3 OCHOBHoro CTBOJIa CKBaLKHHbI 6y
par HeCKOJIbKO 60KOBblX CTBOJIOB, nanpaanas HX HaKJIOHHO HJIH nos
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TH rOpH30HTaJIbHO no rrpO)J,yKTHBHOMy naacry. ,UJIHHa 60KOBbIX 

CTBOJIOB KOJIe6JIeTCH OT HeCKOJIbKHX )J,eCHTKOB )J,O HeCKOJIbKHX COTeH 
MeTpOB. 

Pacseru noxaausaior, qTO )J,e6HT CKBa)KHHbI, npooypeanon B 

O)J,HOpO)J,HOM no KOJIJIeKTOpCKHM CBOHCTBaM nnacre, MO)KeT yBeJIH

qHTbCH B 2 pasa H 60JIee, eCJIH cyuxapnas )J,JIHHa 60KOBbIX CTBO ~! 
JIOB raxoro )Ke )J,HaMeTpa, KaK H OCHOBHOH, COCTaBHT 10-20% '& 

paanyca 06JIaCTH rrHTaHHH. Ha pHC. 10 noxasan rparpax aaBHCH

MOCTH OTHOCHTeJIbHOrO )J,e6HTa MHoroaa60HHOH CKBa)KHHbI OT OTHO

CHTeJIbHOH )J,JIHHbI 60KOBbIX CTBOJIOB B rrpO)J,yKTHBHOM nnacre, 
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oOKo861,z cm8Mo!J 

PHC. 10. fpa<jJHK BJIHHHHH 
qHCJIa H OTHOCHTeJIbHOH ~JIH' 

HbI 60KOBblX CTBOJIOB aa OT-

HOCHTeJIbHblH ~e6HT MHoro
sa6oHHOH CKBaJKHHbI. UH<jJ

psr Y KpHBblX OSHaqalOT qHC
no 60KOBbiX CTBOJIOB 

Do)J, OTHOCHTeJIbHbIM )J,e6HTOM rrOHHMa

eTCH OTHOlIIeHHe )J,e6HTa MHoroaa60HHOH 

CKBa)KHHbI K )J,e6HTy CKBa)KHHbI raxoro 

ace )J,HaMeTpa 6e3 60KOBbiX CTBOJIOB. 

3a OTHOCHTeJIbHylo )J,JIHHy rrpHHHTO OT

HOlIIeHHe cyMMapHoH )J,JIHHbI 60KOBbiX 

CTBOJIOB K pa)J,Hycy 06JIaCTH rrHTaHHH 

[62]. Bo MHOrHX CJIyqaHX npapocr ne

6HTOB OKaabIBaeTCH )J,a)Ke 60JIee aaaxa
TeJIbHbIM. 

4HCJIO 60KOBbIX CTBOJIOB 3aBHCHT 

OT KOHKpeTHblx yCJIOBHH roro yuacrxa 
nponyxrnanoro rinacra, rue coopyscaer
CH CKBa)KHHa. ECJIH nponyxrnaaue nna

CTbI na MeCTOpO)K)J,eHHH He HCTOilleHbI 

CHJIbHO npenunyutef 3KCrrJIyaTaIJ;Heii, 1 ~ 

ropH30HTaJIbHble rrpOeKIJ;HH 60KOBbiX 

CTBOJIOB paaaeuraior 06blqHO TaK, qTO

6bI paBHOMepHO )J,peHHpOBaTb 06JIacTb 
rrHTaHHH. ECJIH )Ke MeCTOpO)K)J,eHHe 

CHJIbHO HCTOilleHO HJIH KOJIJIeKTOpCKHe 

CBOHCTBa xpaiine HeO)J,HopO)J,HbI no 
MOillHOCTH H no nnomann, rrpHXO)J,HTCH ysnrunari, H COOTBeTCTBeH

HO perynapoaars )J,JIHHy, qHCJIO H npotpans 60KOBbIX CTBOJIOB, aa
rrpaBJIHeMbIX B ry HJIH HHylO CTOPOHY. 

Hano aaxernrs, qTO na-sa CJIO)KHOCTH pa60T no rrpHHYJJ.HTeJIb

HOMy HCKpHBJIeHHIO 60KOBbIX CTBOJIOB, cpaBHHTeJIbHO HHaKHX CKOpO

crea 6ypeHHH, a TaK)Ke as-aa Tpy)J,HOCTH npenornpaureaaa npopsma 

qy)K)J,b1X BO)J, K rrpO)J,yKTHBHOMy nnacry MHoroaa60HHble CKBa)KHHbI 

coopyxcaror B OCHOBHOM B rex CJIyqaHX, xorna npyrae MeTO)J,bI HH
TeHCHepHKaIJ;HH nparoxa aerpra He3epepeKTHBHbI. 

§ 18. BCK'PblTHe 06'beKTOB C aHOMaJIbHO BbICOKHM 

nJiaCTOBblM JJ,aBJIeHHeM 

Ilepen BCKpblTHeM IIJIaCTa C aHOMaJIbHO BbICOKHM )J,aBJIeHHeM 
Clma)KHHY BO Ha6e)KaHHe raso-, nerpre- H BO)J,OlIpOHBJIeHHH 3arrOJI
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HHIOT YTH)KeJIeHHOH npOMbIBOqHOH )KH)J,KOCTblO, rrJIOTHOCTb KOTOpOl\ 
)J,OJI)KHa 6b1Tb TaKOH, qT06bI BblI10JIHHJIOCb yCJIOBHe (1.41). 

4eM suure K03epepHIJ;HeHT aHOMaJIbHOCTH rrJIaCTOBOro )J,aBJIeHHH, 

TeM, KaK rrpaBHJIO, MeHbllie pasaocrs Me)K)J,y HH)J,eKCOM )J,aBJIeHHH 

noraouienas H K03epepHIJ;HeHTO,M aHOMaJIbHOCTH. Hepenxo nosroxy 
CTaTHqeCKOe )J,aBJIeHHe CToJI6a rrpOMblBOqHOH )KH)J,KOCTH OKa3bIBaeT

CH 6JIH3KHM K )J,aBJIeHHIO nornomeaas (T. e. rnnpopaapuaa HJIH pac

KpbITHH eCTeCTBeHHblX rpeuura) nponysrusnoro nnacra. Bo BpeMH 

6ypeHHH H oc06eHHo rrpH crrycKe 6ypHJIbHOrO HHcTpyMeHTa 8 CKBa

)KHHy npn rrO)J,06HOH cHTyaIJ;HH rrpOMbIBOqHaH )KH)J,KOCTb non B03

)J,eHCTBHeM aoaaaxatomero BbiCOKOrO rH)J,pO)J,HHaMHqeCKOrO )J,aBJIe

HHH MO)KeT npOHHKaTb no rpemanax H )J,pyrHM xpynaua KaHaJIaM 

B rrpO)J,yKTHBHbIH rrJIaCT H cepseaao 3arpH3HHTb ero. 

4eM MeHbllie rrJIOTHOCTb rrJIaCTOBOH )KH)J,KOCTH H 60JIbilie xom

HOCTb npO)J,yKTHBHoro 'nnacra, TeM 60JIbilie pa3HOCTb Me)K)J,y K03ep

epHIJ;HeHTaMH aHOMaJIbHOCTH B KpOBJIe H 6JIHa rrO)J,OIIIBbi ero. DPH 

60JIbiliOH MOillHOCTH nnacra H3-3a sroro BO BpeMH 6ypeHHH na HH)K

HIOIO sacrt. ero )J,eHcTByeT aecsaa 60JIbiliOe H36bITOqHOe )J,aBJIeHHe 

Pl1.RcP = PeT+Prll.-PrrJl' (2.6) 
r)J,e prTJ, - rH)J,po)J,HHaMHqeCKOe )J,aBJIeHHe rrpH rrpOMbIBKe HJIH cnycKe 

KOJIOHHbI rpyo. 

D03TOMY aanasa npenornpamenaa aarpH3HeHHH rrpO)J,yKTHBHbIX 

06beKTOB C aHOMaJIbHO BbiCOKHM rrJIaCTOBbiM )J,aBJIeHHeM HBJIHeTCH 

He MeHee Ba)KHOH, qeM npa BCKpbITHH rrJIaCTOB C HH3KHMH K03epepH

IJ;HeHTaMH aHOMaJIbHOCTH. 
OCHOBHOH nyrs pelIIeHHH 3a)J,aQH - 3TO nO)J,)J,ep)KaHHe B nepnon 

pa36ypHBaHHH nJIaCTa MHHHMaJIbHOrO nOJIO)KHTeJIbHOrO )J,HepepepeH

IJ;HaJIbHOrO )J,aBJIeHHH. 

B nepnoa pa36ypHBaHHH npO)J,yKTHBHoro nnacra fl npOMbIBOq

ayro )KH)J,KOCTb acerzia nocrynaer nJIaCTOBaH )KH)J,KOCTb. OCHOBHble 

IIyTH rrpOHHKHOBeHHH nJIaCTOBOH )KH)J,KOCTH (rasa) B CKBa)KHHY B 

3TOT nepaoa TaKOBbI: 
, a) BMeCTe C 06JIOMKaMH BbI6ypHBaeMOH noponu, nopu KOTOpOH 

OHa nacsnuaer: 
6) B pe3YJIbTaTe )J,Hepepy3HH; 
B) BCJIe)J,CTBHe rpaBHTaIJ;HOHHOro 3aMeilleHHH JIerKOH nJIaCTOBOH 

)KH)J,KOCTH B xpynaux rrOJIOCTHX, BCKPblTbIX CKBa)KHHOH, 60JIee TH

)KeJIOH npOMbIBOqHOH )KH)J,KOCTblO; 

r) B pe3YJIbTaTe npHTOKa H3 nJIaCTa B Tex CJIyqaHX, KOf)J,a )J,aB
JIeHHe B CKBa)KHHe OKa3bIBaeTCH HH)Ke nJIaCTOBOro (uanpnaep, npa 

6b1CTpOM rrO)J,beMe 6ypHJIbHOH KOJIOHHbI, rrpH rrO)J,beMe )J,OJIOTa C 
B03HHKIIIHM B03JIe Hero CaJIbHHKOM, IIO)J, BJIHHHHeM CHH)KeHHH IIOPO

noro )J,aBJIeHHH B THKCOTpomioH IIPOMbIBOqHOH )KH)J,KOCTH IIpH )J,JIH

TeJIbHOM OTCyTCTBHH IJ;HpKyJIHIJ;HH). 
DOJIee JIerKaH IIJIaCTOBaH )KH)J,KOCTb (IIpe)K)J,e ncero, raa) crpe

MHTCH nepexemarscs B 60JIee TH)KeJIOH IIPOMbIBOqHOH )KH)J,KOCTH 

aaepx. ECJIH YCTbe CKBa)KHHbI OTKpbITO, TO IIO Mepe IIO)J,beMa IIO ee 
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~.~ i : t , ..J., '.i CTBOJlY H3 IIJlaCTOBOH 2KH,n:KOCTH BbI,n:eJlHIOTCH rryssrpsxa paCTBOpeH
HOrO ra3a H 06DeM rrY3bIpbKOB rrOCTeneHHO YBeJlHtIHBaeTCH. KorAa 
2Ke paCCTOHHHe ,n:o OTKpbITOrO YCTbH CTaHOBHTCH He60JlblllHM (He
CKOJlblW COT MeTpOB), pacurapenae nysupsxoa rasa nponcxonar 
oxeas HHTeHCHBHO. 

ECJlH conepxcaaue nJlaCTOBOro raaa I!l npOMbIBOtIHOH 2KH,n:KOCTH 
MaJlO, BbI,n:eJleHHe CB060,n:HbIX rrY3bIpbKOB H pacmapeaae HX no Me
pe rrpH6J1H2KeHHH K ycrsto He npencraanaer orraCHOCTH no rex nop, 
noxa CHH2KeHHe 3a60HHoro ,n:aBJleHHH, ocycnosaeauoe yMeHbllleHH
eM nJlOTHOCTH rrpOMbIBOtIHoA 2KH,n:KOCTH, secsxa He3HatIHTeJlbHO H 
noxa C rtoxonnao HMelOmHXCH aa 6ypOBOA cpencrs ,n:era3aU;HH yna
eTCH rrOJlHOCTblO y,n:aJlHTb raa H BOCCTaHaBJlHBaTb HCXO,n:HylO nJlOT
HOCTb rrpOMbIBOtIHOH 2KH,nKOCTH nepen HOBbIM U;HKJlOM U;HpKyJlHU;HH. 
fa3HpOBaHHe rrpOMbIBOtIHOH 2KH,n:KOCTH, onaaxo, CTaHOBHTCH onac
HbIM, eCJlHBbI3BaHHble 3THM yxeasnreaae nJlOTHOCTH unpxyaapyio
meH rrpOMbIBOtIHOt% 2KH,n:KOCTH H CHH2KeHHe 3a60HHoro ,naBJleHHH 
3HatIHTeJlbHbI, TaK KaK M02KeT HatIaTbCH (HJlH HHTeHcHqmU;HpoBaTb
CH) rrpHTOK H3 nnacra. O,n:HHM H3 rrpH3HaKOB B03HHKHOBeHHH 
TaKOH onaCHOH cHTyaU;HH HBJlHeTCH YBeJlHtIeHHe ypOBHH 2KH,n:KOCTH 
B npHeMHbIX eMKOCTHX nacocos npa npoxuaxe BCJle,nCTBHe He,n:OCTa
TOtIHO rrOJlHOH neraaauaa ee. 

Hepenxo B CKBa2KHHaX rrpOTHB nponyxraaaoro nnacra B nepnon 
OTCyTCTBHH npOMblBKH oopaayiorcn nasxa rasa. ECJlH BOCCTaHOBHTb 
npoxusxy, nasxa raaa 6y,n:eT nepeaeutarsca saepx H YBeJlHtIHBaTb
CH B 06beMe. Ilpa rrpH6J1H2KeHHH K ycraro OHa B pesynsrare HHTeH 'a:

'I

CHBHoro pacmapeaas BbITOJlKHeT H3 CKBa2KHHbl pacrrOJlO2KeHHYIO Bbl
t.! 

me nopuato npOMblBOtIHOH 2KH,n:KOCTH; npa 3TOM 3a60fIHoe naanenae 
CKatIK006pa3HO nOHH3HTCH. TaKoe HBJleHHe Ha3b1BaIOT Bbl6poCOM. 
Pesxoe CHH2KeHHe 3a60HHoro ,n:aBJleHHH npn Bbl6poce tIaCTO npaso
,nHT K HHTeHcHBHoMy nparoxy H3 nnacra H <pOHTaHHpOBaHHIO, eCJlH 
He npaaaret Mepbl K repMeTH3aU;HH YCTbH H C03,n:aHHIO ,n:OCTaTOtIHOrO 
rrpOTHBo,n:aBJleHH5I aa nnacr. Il03ToMy BOCCTaHaBJlHBaTb rrpoxuaxy 
B cnyxae ra3HpOBaHHH npOMbIBOtIHOH 2KH,n:KOCTH cneztyer TOJlbKO 

, npa repMeTH3HpOBaHHOM YCTbe CKBa2KHHbl. 
BOJlblllYIO onacaocrs npencraanaer nocrynneaae B npoxusos\ ' 

ayio 2KH,n:KOCTb 3HatIHTeJlbHOrO KOJlHtIeCTBa ra3HpOBaHHOH He<pTH, 
r TaK KaK 3a60HHoe ztaaneaae npa 3TOM YMeHbIllaeTC5I He TOJlbKO B 

pesynsrare pacmapeaas rrY3bIpbKOB raaa no xepe rrpH6J1H2KeHHH 
K ycrsro CKBa2KHHbI, HO TaK2Ke BCJle,nCTBHe roro, tITO rrJlOTHOCTb 
He<pTH scerna MeHbIlle rrJlOTHOCTH rrpOMbIBOtIHOH 2KH,n:KOCTH. 

ECJlH YCTbe CKBa2KHHbI 3aKpbITO, TO npn rrpo,n:BH2KeHHH rasapo
BaHHoA nauxa saepx rro CTBOJlY B03M02KHO JlHIllb aecsxa orpanasea
Hoe pacurapenae rrY3b1pbKOB raaa rro xepe roro, KaK B peayasrare 
Bo,nOOT,n:atIH B OKpY2KalOmHe noponu oyner yxensmarsca 06beM 
rrpOMbIBOtIHOH 2KH,n:KOCTH. Ho 3TO 03HatIaeT, tITO B nysupsxax raaa 
coxpaasercs nasneaae, 6J1H3KOe K nnacroaoxy. 4eM ssnne nonaa
MaeTCH ra3HpOBaHHaH naxxa, TeM 60JlblllHM CTaHOBHTCH H36bITOtI
Hoe .lI.aBJleHHe aa 3aKpbITOM YCTbe H, cnencaarensao, TeM 60JlbIlle 

S4 

nasneaae, nepenanaeaoe npOMbIBOtIHolf 2KH,n:KOCTblO na CTeHKH 
CKBa2KHHbI, TeM 60Jlbllle onaCHOCTb paapsrsa nopon H nOrJlOmeHHSI. 
CHH2KeHHe 2Ke ypOBHH 2KH,n:KOCTH npa nOrJlOmeHHH aener K yMeHb
urenmo rrpOTHBo,naBJleHHH aa ra30HOCHbIH nnacr H HHTeHCH<pHKaU;HH 
npl;lTOKa H3 Hero. 

Ilpa 6bICTpOM OTKpblTHH aBTOMaTHtIeCKOrO npenoxpaaareasaoro 
xnanaaa, KaK H B cnyuae HCTetIeHHH 2KH,nKOCTH xepea urryuepa na
sexaoro repxeraaapytoutero 060py,nOBaHHH npa 3HatIHTeJlbHOM H3
6bITOtIHOM ,naBJleHHH aa ycrse, B CHCTeMe B03HHKalOT KOJleOaHHH 
,naBJleHHH (BOJIHOBOH npouecc), tITO OTpHu;aTeJlbHO CKa3bIBaeTCH na 
paoore ooopynoaanas. CymecTBeHHO yxeasunrn, axnnaryny KOJle
oaHHH M02KHO, eCJlH B CHCTeMe OOBH3KH nporaaoasropocoaoro 060
py,n:oBaHHH YCTbH HCrrOJlb30BaTb lllTyu;epa C peryJlHpyeMoH BeJlHtIH
HOH nnoutazta npoxonnoro xaaana, a nocne TaKHX urryuepoa ycra
HOBHTb cneuaaasaue cenaparopu noasnueaaoro rro cpaBHeHHIO C 
araocrpepaua ,naBJleHHH H ,nocTaTOtIHO 60JlbIIIOrO 06beMa. 3TO 
rr03BOJl5leT YMeHblllHTb nepenan ,naBJleHHA, cpatiarstaaexaf B urry
uepe, H ocyiuecraars nepaavnyro cenapaumo rasa H3 rrpOMbiBOtIHOH 
2KH,nKOCTH. 

B nocnennae ronsr ace oOJlee urapoxo npaxeasercn cnocof 15y
peHHH, npa KOTOpOM rrOMep2KHBaeTCH pasaoaecae Me2K,n:y nnacro
BblM ,n:aBJleHHeM B pasoypaaaeaoa 06beKTe H saooHHhIM naaneaa
eM. IlOMep2KaHHe rrpaKTHtIeCKH aynesoro ,n:H.<PEPepeHU;HaJlbHOrO JJ.aB
JleHHH rr03BOJlHeT cyutecrneaao noasnnart, CKOpOCTb 6ypeHHH H CBO
,n:HTb K MHHHMyMy aarpaaneaae nponyxraaaoro nnacra. B 9TOM 
cnyuae, 0,nH3KO, B nepaon pa36ypHBaHHH nponyxraaaoro nnacra, 
oc06eHHO C BbICOKHM K03<P<PHU;HeHToM aHOMaJlbHOCTH, B CKBa2KHHe 
OJlH3 yCTb51 H3 npOMbiBOtIHOH 2KH,n:KOCTH M02KeT BbI,n:eJlHTbCH raa. 
Cnenosareasao, YCTbe CKBa2KHHbI ,n:OJl2KHO ObITb nOCTOHHHO repMe
TH3HpOBaHO, a B KOJlbu;eBOM npOCTpaHCTBe npa oypeHHH M02KeT B03
HHKaTb H36bITOtIHOe aaanenae. YCJlOBHe paaaosecaa ,naBJleHHA 

PUJI = PeT +Prn +PY.R' (2.7) 

rne Py.K - H36bITOtIHOe nasneaae y YCTbH 8 xonsueaox npocrpaa
CTBe. 

Ecna ocecnesari, xopomyio nerrpepusayio neraaauaro rrpoMbl
BOtIHOH 2KH,nKOCTH H He norrycxaru cyuiecrseaaon KOHu;eHTpaU;HH ra
aa H He<pTH B HeH, M02KHO ,n:06HTbCH, tIT06bI H30bITOtIHOe naaneaae 
na npOTH2KeHHH OOJlbllleli tIaCTH BpeMeHH pa60TbI ,n:OJlOTa na 3a60e 
rrpaKTHtIeCKH OTCyTcTBOBaJlO, Py.K ~ O. ):(JlH sroro He06xo,n:HMO aa 
BpeMH Ka2K)J;oro pefica CKBa2KHHY 3arrOJlHHTb rrpOMbIBOtIHOH 2KH)J;
KOCTblO, nJlOTHOCTb KOTOpOH paCCtIHTaHa C ytIeTOM peOJlOrHtIeCKHX 
cBoAcTB ee, CKOpOCTH H pe2KHMa TetIeHHH B KOJlbu;eBOM npocrpaa
CTBe B COOTBeTCTBHH C YCJlOBHeM (2.7), H TmaTeJIbHO KOHTpOJlH
posars KaK CBOHCTBa 2KH,nKOCTH, TaK H pe2KHM npoMbIBKH. Ilepen 
OKOHtIaHHeM peaca na nepaon cnycxc-nomeanstx onepauaa H npy
rHX paoor, npa KOTOpblX CKBa2KHHY He npoauaaior, ee 3arrOJlHHIOT 
60Jlee TH2KeJlOH rrpOMblBOtIHOH 2KH,n:KOCTblO, nJlOTHOCTb KOTOpOH BbI
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PHC, 11. Cxeua repMeTH3aUHH ycrss CKBaMHHbI npa BbiCOKOM .D.aBJleHHH: 

1- yHHBepcanbHbIIl npesenrop: 2 - HnaIIIeqHblll npeaenrop: 3  xpecroaaua; 4, 6  xpaaer 
aucoxoro AaBneHHH; 5 - cjlnaHeu; 7 - TpoIlHHK; 8  6blcTpocMeHHoe COei\HHeHHe K HSCOCy Bbl
coxcro AaBneHHSI; 9  6blcTpocMeHHble urryuepa; 10  xpecroaaua: II - MSHoMeTp; 12 - rpex
XOAOBoll xpan; 13 - 6ycjlep; 14  perynHpyeMblll IIITYUep; 15 - oT6ollHaSi xaxepa; 16  ap a
IUaIOIUHllcSI npenerrrop 

Om' «eMeHmUpo8oYH080 
satoca 

8 

1I0PHbIM JIHHHHM B CKBa)KHHY 1I0,AaIOT yTH)KeJIeHHyIO IIPOMbIBOqHYIO 

)KH,AKOCTb, eCJIH He06xo,AHMO JIHKBH,AHpOBaTb aasamueecs IIpOHB

JIeHHe. 

ABapHHHaH JIHHHH CJIy)KHT ,AJIH OTBO,Aa IIJIaCTOBOH )KH,AKOCTH 

(rasa) B Cneu.HaJIbHbIH aM6ap HJIH K <paKeJIy B cnyxae aaxasure

rOCH IIpOHBJIeHHH, eCJIH CKBa)KHHY HeJIb3H OCTaBHTb 3aKpbITOH na 

BpeMH, 1I0Ka Be,AeTCH 1I0,ArOTOBKa K rJIYlIIeHHIO ee. Ha paooxex H 

aBapHHHOM Tpy60IIpOBO,AaX YCTaHaBJIHBaIOT KpaHbI BbiCOKoro .n:aB

JIeHHH C ,AHCTaHu.HoHHbIM ylIpaBJIeHHeM, MaHoMeTpbI sucoxoro ,AaB

JIeHH5I, a naorna TaK)Ke pacxononep. . 
ECJIH O)KH,AaIOT, qTO MoryT 6bITb BCKpbITbi 06beKTbI C oseas 

BbICOKHM IIJIaCTOBbiM ,AaBJIeHHeM H qTO B IIJIaCTOBOH )KH,AKOCTH (ra

3e) B cay-rae IIpOH~JIeHHH MO)KeT cO,Aep)KaTbCH 60JIblIIOe KOJIHqeCT

BO a6pa3HBHbIX qaCTHu. HJIH KOMlIoHeHToB, BbI3bIBaIOru.HX KOpp03HIO, 

BMeCTO ,AByX YCTaHaBJIHBaIOT TpH IIJIalIIeqHbIX npesearopa, B TOM 

qHCJIe O,AHH C rJIyxHMH IIJIaIliKaMH; B KOMIIJIeKT 06BH3KH IIpH 3TOM 

BBO,AHT TaK)Ke BTOpyIO xpecrosaay, ,AOIIOJIHHTeJIbHble paoo-ryio H 

aBapHHHyIO JIHHHH. 
Bees KOMIIJIeKT npOTHBOBbI6poCOBoro 060py,AOBaHHH pasaemaror 

Me)K,Ay IIOJIOM 6ypOBOH H 1I0BepxHocTbIO 3eMJIH. Pa60qHH H ana

PHHHbIH Tpy601IpOBO,AbI KJIa,AyT na cnenaansnue CTOHKH-OIIOpbI H 

xpenar K HHM, qT06bI yCTpaHHTb B03MO)KHOCTb CHJIbHOH BH6paU.HH 

UpH 3KCIIJIyaTau.HH. 

6HpaIOT C C06JIIO,AeHHeM yCJIOBHH (1.41). Ehy )KH,AKOCTb xpaaar B 

peaepsnux eMKocTHX, 06BH3aHHblx C 6ypOBbIMH aacocana. OpH 

BOCCTaHOBJIeHHH IIPOMbIBKH ,AJIH osepennoro peaca yTH)KeJIeHHyIO 

)KH,AKOCTb BbiTeCHHIOT H3 CKBa)KHHbI B pesepnaue eMKOCTH H CHOBa 

3aMeHHIOT 60JIee JIerKoH. 4T06bI CBeCTH norepa Ka)K,AOH H3 )KH,AKO

crea B pe3YJIbTaTe HX nepeMelIIHBaHHH K MHHHMyMy H ooecnesari, 

C06JIIO,AeHHe paaaosecas ,A8BJIeHHH npa 6ypeHHH, neaecooopasuo 
,AJIH KOHTpOJIH nJIOTHOCTH BbIXO,AHru.eH H3 CKBa)KHHbI )KH,AKOCTH HC
nOJIb30BaTb aBTOMaTHqeCKHH nJIOTHoMep. 

§ 19. npOTHBOBbl6pocoBoe o6oPYJl.OBaHHe YCTbH CKBa)KHHbI 

.ll.o BCKpbITHH rinacra C 8HOMaJIbHO BbiCOKHM ,AaBJIeHHeM na 

YCTbe CKBa)KHHbI YCTaHaBJIHBaIOT KOMnJIeKT nporaaoauopocoaoro 

060py,AOBaHHH, KOTOpbIH 06bIqHO BKJIIOqaeT ,ABa nJIalIIeqHbIX H yHH

BepCaJIbHbIH npeaearopa, OpH pOTOpHOM 6ypeHHH, npa 6ypeHHH C 

npO,AyBKOH, C npOMblBKOH a3pHpOBaHHOH )KH,AKOCTbIO, C 06paTHOH 

npOMbIBKOH, a TaK)Ke npa 6ypeHHH C peryaapyeaua ,AHrprpepeHu.H
aJIbHbIM ,AaBJIeHHeM (B TOM qHCJIe  C nO,A,Aep)KaHHeM paBHOBeCHH 

,AaBJIeHHH) B COCTaB KOMnJIeKTa BKJIIOqaIOT TaK)Ke apauiatoumacs 

npesearop. Bpauraiomaecs npeaearopu HCnOJIb3YIOT ,AJIH repxera
3au.HH YCTbH CKBa)KHHbI B nepaon aparnenas HJIH paCXa)KHBaHHH 

6YPHJIbHOH KOJIOHHbI, 1I0Ka H36bITOqHOe ,AaBJIeHHe aa YCTbe cpasna

TeJIbHO HeBeJIHKO. OpH BbICOKOM H36bITOqHOM ,AaBJIeHHH apaurars 

HJIH nepeaenian, KOJIOHHy 6YPHJIbHbIX rpyo He peKOMeH,AyeTcH, TaK 

KaK IIPH nOM 6bICTpO H3HalIIHBaeTCH pesaaa YIIJIOTHHTeJIbHbIX 3JIe
M@HTOB H aapyuraercs repMeTHqHOCTb. 

Cxeua repxerasanan YCTbH CKBa)KHHbI IIpH BbICOKOM ,AaBJIeHHH 

TaKOBa. Ha <pJIaHeu. sepxaero KOHu.a KOH,AyKTopa (HJIH IIpOMe)Ky

TOqHOH KOJIOHHbI) YCTaHaBJIHBaIOT xpecronaay C ,AByMH 60KOBbIMH 

OTBO,AaMH (pHC. 11). Csepxy K xpecroaaae 1I0CJIe,AOBaTeJIbHO xpe

IIHT npeaenropsr caasaaa IIJIalIIeqHbIe, 3aTeM - YHHBepCaJIbHbIH (H 

sparnaroumacs}. Ha,A BepxHHM npeaearopov YCTaHaBJIHBaIOT nar

py60K-HanpaBJIeHHe. OOKa aa YCTbe ,AaBJIeHHe arvoctpepnoe H He

06XO,AHMOCTH B repxeraaauaa HeT, IIPOMbIBOqHaH )KH,AKOCTb H3 

CKBa)KHHbI IIpH 6ypeHHH HalIpaBJIHeTCH IIO lIaTpy6Ky-HalIpaBJIeHHIO 

B OqHCTHYIO cacrexy. K BTOMy )Ke narpyoxy IIpHCOe,AHHHIOT Tpy60

IIpOBO,A OT eMKOCTH ,AJIH ,AOJIHBa CKBa)KHHbI IIpH 1I0,AbeMe 6ypHJIbHOH 
KOJIOHHbI. ' 

K KpecToBHHe npHcoe,AHHHIOT ,ABa Tpy60IIpOBO,Aa: pa60qHH H 

aaa pHHHbIH. Pa60qHH Tpy60IIpOBO,A cHa6)KaIOT 6bICTpOCMeHHbIM H 

perynapyeasrx IIITyu.epaMH. OOCJIe 3aKpbITHH npesearopa IIOTOK 
IIPOMbIBOqHOH )KH,AKOCTH HalIpaBJIHeTCH H3 CKBa)KHHbI IIO pacoseay 

Tpy60npOBO,Ay B OqHCTHYIO cacrexy: npn 3TOM H36bITOqHOe ,AaBJIe

HHe cpatiarsrsaerca B urryuepax. K paoonexy Tpy60IIPOBO,Ay IIO,A

COe,AHHHIOT JIHHHH OT 6YPOBoro nacoca H OT aacoca, cnocoriaoro 
C03,AaBaTb 60JIee BbiCOKoe ,AaBJIeHHe (06bIqHO B KaqeCTBe TaKoro 
HCIIOJIb3YIOT nacoc Moru.Horo u.eMeHTHpOBOqHOrO arperara}. 00 aa-
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" Patio-tee )J,aBJIeHHe rrpOTHBOBbl6poCOBOrO 060py)J,OBaHH5I )J,OJI)KHO 

COOTBeTCTBOBaTb MaKCHMaJIbHOMY )J,aBJIeHHIO, KOTOpOe MO)KeT B03
~ 

HHKHyTb na YCTbe CKBa)KHHbl B cay-rae 3aKpblTH5I npesenropa rrOCJIe
 

HatIaBllIerOC5I raso-, aedrre-, BO)J,Orrp05lBJIeHH5I. Ilpn 6ypeHHH raao


BbiX H pa3Be)J,OtIHblX CKBa)KHH HaH60JIbllIee H36bITOtIHOe )J,aBJIeHHe
 ~ ~ ;} 
~ <0:>. 

na YCTbe orrpe)J,eJI5IIOT )J,JI5I CJIytIa51 Bbl6poca Bceil: rrpOMbIBOtIHOil: i!: ~ __ 
'Q;s.)KH)J,KOCTH rro <popMyJIe ~ 

Py =z pun e- s, (2.8) 
II'r)J,e 

o,034Por%nn f(2.9)S =. ~cTc 

Tc - Cpe)J,H5I5I a6COJIIOTHa51 resmeparypa rasa B CKBa)KHHe (no 1Z 
IlIKaJIe KeJIbBHHa); e - OCHOBaHHe HaTypaJIbHblX JIOrapH<pMOB. . l: 

B cay-rae He<pT5IHOH CKBa)KHHbI B03MO)KHOe \:I36b1TOtIHOe )J,aBJIe


HHe na YCTbe 06b1tIHO paCCIIHTblBaIOT no rrpH6JIH)KeHHOH <popMyJIe
 

py = Pnn-P,pgznn, (2.10) 
,IL~ 

rne P(jl - rrJIOTHOCTb raaapoaaanon He<pTH B 3aKpbITOH CKBa)KHHe.
 

,UJI5I 6e3Bo)J,HblX CKBa)KHH p(jl MO)KHO onpenenars rro O)J,HOH H3 ,i
 
~ __JCJIe)J,YIOlI.J,Hx 9MrrHpHtIeCKHX <pOpMyJI [45]: 

Pell = 1274-0,555m,p, . (2.11) PHC. 12. Cxeaa 06B1I3KH YCTbeBblX cenaparopos AJllI 6ypeHHlI npa peryaapye
MOM AaBJleHHH:eCJIH )J,aBJIeHHe HaCbllI.J,eHHH He<pTH MeHbllIe )J,aBJIeHH5I na YCTbe 
1- KpaHbI BblCOKoro naaneaas: 2 - perynHpyeMhle urryuepa: 3 - cenaparop asrcoxcro naa

CKBa)KHHbl; JIeHHlI; 4 - npeJl,OXp8HHTeJIbHblII KJIanaH; 5 - pa3rpY3o'lHhlil KJl8n8H BblCOKoro Jl,8BJIeHHlI Jl,JIH 
r838; 6 - ra30BblII c'!eT'IHK; 7 - pa3rpY3o'lHblll KJI8naH HH3Koro Jl,8BJIeHHlI Jl,JIli raaa: 8 - 00
P8THblII xnanaa: 9 - cenaparop HH3Korb nasneaas: 10 - pa3rpY30'!Hblil xnanau HH3Koro Jl,aB
JIeHHlI Jl,JI!! }KHJI,KOCTH; I l >« pa3rpY3o'lHblil xnanaa asrcoxoro naaaeaax Jl,nll }KHJI,KOCTH; 12
xpaasr HH3Koro Jl,aBJIeHHlI; 13 - peryaarop noaava 830T8; 14 -1l8T'IHK ypoaaexepa 

Pell = 1450-0,75mq" (2.12) 

eCJIH )J,aBJIeHHe HaCbllI.J,eHH5I 60JIbllIe H36b1TOtIHOrO na YCTbe.
 

3)J,ecb m41 - Macca He<pTH H rasa, BbI)J,eJIHBIlIHXC5I npn aTMOC


<pePHbIX YCJIOBH5IX H3 1 M3 rrJIaCTOBOH He<pTH;
 HeCKOJIbKO 60KOBbiX OTBO)J,OB, paCrrOJIO)KeHHblX na paansrx ypOBH5IX, 

H O)J,HH OTBO)J, B xpuurxe. ,UBa Cpe)J,HHX 60KOBbIX OTBO)J,a cenaparopa
moll = PH + r,pPr' (2.13) BbiCOKOrO )J,aBJIeHH5I COe)J,HH5IIOTC5I Tpy60rrpOBO)J,aMH C pa60tIeH JIH

rne PH - rrJIOTHOCTb )J,era3HpOBaHHOH He<pTH npa aTMOC<pepHbIX YC HHeH 06B5I3KH rrpOTHBOBbI6poCOBOrO 060py)J,OBaHH5I: O)J,HH - Cpa3Y 

JIOBH5IX; pr - rrJIOTHOCTb rasa, Bbl)J,eJIHBllIerOC5I H3 rrJIaCTOBOH He<p )Ke rrOCJIe peryJIHpyeMbix urryuepoa, BTOPOH - B 06xo)J, 9THX IlITY

TH, npa rex )Ke YCJIOBH5IX; F(jl - ra30BblH <paKTOp nepen 3aKpbITHeM nepos (pHC. 12). Ha scex OTBO)J,ax YCTaHOBJIeHbI xpanu sucoxoro 
CKBa)KHHbI. )J,aBJIeHH5I JIH60 npenoxpaanreasaue KJIanaHbI.. 

YMeHbllIHTb nepenan )J,aBJIeHHH, cpa6aTbiBaeMblH B urryuepax, Ilepez; HatIaJIOM pa60TbI cenaparop tIaCTHQHO 3arrOJIH5IIOT )KH)J,

BH6paU:HH, xoropue B03HHKaIOT npa )J,pOCCeJIHpOBaHHH rrOTOKa ra KOCTbIO, a npocrpancrno Ha)J, Hero - C)KaTbIM a30TOM non pa60QHM 

3HpOBaHHOH )KH)J,KOCTH, a TaK)Ke nozrnepxotaars 60JIbllIyIO cTa6HJIb )J,aBJIeHHeM. Cenaparop aucoxoro )J,aBJIeHH5I HCrrOJIb3YIOT rrpescne 

HOCTb )J,aBJIeHH5I B KOJIbu:eBOM rrpOCTpaHCTBe CKBa)KHHbl H oCylI.J,eCT scero B nepaoz BOCCTaHOBJIeHH5I rrpOMblBKH CKBa)KHHbI, B KOTOpOH 

BCKpblT ropH30HT C BbiCOKHM rrJIaCTOBbIM )J,aBJIeHHeM (HJIH opeon 

)J,aBJIeHHH rro cpaBHeHHIO C arxocrpepaua rr03BOJI5IIOT ycrseaue ce

SmlTb nepaasnoe OT)J,eJIeHHe rasa OT )KH)J,KOCTH npn noasnueuaoa 
BTOp)KeHH5I B 30He ABIl,U); sa BpeM5I rrOK051 B TaKOH CKBa)KHHe 

naparopu. Ycrseaue cenaparopu rrpHMeH5IIOT npescne acero )J,JIH tIaCTO rr05lBJI5IIOTC5I nasxa CHJIbHO ra3HpOBaHHOH )KH)J,KOCTH C BblCO

KHM )J,aBJIeHHeM. ECJIH oxcanaexoe H36bITOQHOe )J,aBJIeHHe B KQJIb

nHBaIOT )J,Ba cerrapaTopa: O)J,HH paCCtIHTaH Ha pa60tIee )J,RBJIeHHe 
6ypeHH5I npn paBHOBecHH )J,·aBJIeHHH. 06b1tIHO aa 6YPOBOH yCTaHaB

u:eBOM npocrpancrae y ycrsa MO)KeT npenucars paoouee )J,aBJIeHHe 

8-10 MIla, BTOPOH - aa H36bIT01IHOe )J,aBJIeHHe OKOJIO 1 Mila. B nepaox cenapaTope, npOMbiBOtIHyIO )KH)J,KOCTb HarrpaBJI5IIOT B 

Cerraparop rrpe)J,CTaBJI5IeT C060H BepTHKaJIbHblH U:HJIHH)J,pHtIe rrOCJIe)J,HHH nepea peryaapyexuf urryuep. Ilocne CHH)KeHH5I )J,aBJIe

CKHH cocyn C noaycoepasecxaan )J,HHlI.J,eM H KpbIIlIKOH. OH HMeeT HH5I y yCTb51 )J,O paoosero B nepsox cenaparope rrpOMblBOtIHyIO 

58 59 
" 

--8 DYUcm.HglO ~1J 
c/J;cmcHI/ ~ 

j.,~ ....... ,•••. ,
 



.1 

"iI.:II'r 

, 
)KH)1.KOCTb nycxaior B Ot5XO)1. nrryuepoa. Ilpa MaJIOM Ha6bITOlfHOM 

)1.aBJIeHHH y ycrss nOTOK )KH)1.KOCTH HanpaBJISlIOT B cenaparop HHa

xoro )1.aBJIeHHSI, nepnun )Ke cenaparop BbiKJI10Ifa lOT. 

B cena parope BbICOKoro )1.aBJIeHHSI xacrs r-aaa, conepscaurerocs 
B npoMbIBolfHOH )KH)1.KOCTH, BbI)1.eJISleTCSI H sepea BepxHHH 60KOBOH 

OTBO)1. HanpaBJISleTCSI )1.JISI yTHJIHaau.HH. 4acTHlfHo )1.eraaHpoBaHHaSl 

)KH)1.KOCTb sepea HH)KHHH 60KOBOH OTBO)1. HanpaBJISleTCSI B cenapa

TOp naaxoro )1.aBJIeHHSI, rne BHOBb neraaapyerca. Ha sroro cenapa

Topa raa Ifepea BepXHHH 60KOBOH OTBO)1. HanpaBJISleTCSI )1.JISI C)KHra

HHSI B rpaxeae, a npoxstsosnaa )KH)1.KOCTb xepea HH)KHHH 60KOBOH 

OTBO)1. - B OlfHCTHYIO cncrexy )1.JISI OCB060)K)1.eHHSI OT IfaCTHu. tuna
Ma H OKOHlfaTeJIbHOH neraaanaa. 

1(0MnJIeKT cenaparopos cHa6)KeH KOHTpOJIbHO-HaMepHTeJIbHblMH 

npH60paMH: aa raaOOTBO)1.HbIX JIHHHSlX yCTaHaBJIHBalOT raaoasre 
ClfeTlfHKH-paCXO)1.0MepbI; aa BepXHHX H HH)KHHX 60KOBbiX OTBO)1.ax 

paarpyaolfHble KJIanaHbI; nOCJIe)1.HHe peryJIHpylOT OTBO)1. raaa H 

)KH)1.KOCTH TaK, IfT06bI B cenaparope cTa6HJIbHO COXpaHSlJIOCb patio
'lee )1.aBJIeHHe. YnpaBJIeHHe pa60ToH cenaparopos H pet-ynapyeasrx 
llITyu.epoB oCYI.IJ.eCTBJISleTCSI )1.HCTaHu.HOHHO CO cneu.HaJIbHOrO rryJIb

ra, aa KOTOpblH BbIBe)1.eHbI TaK)Ke rrOKaaaHHSI scex )1.aTlfHKOB. ~1 

C uensto rrpe)1.0TBpaI.IJ.eHHSI BbI6poca )KH)1.KOCTH xepea 6ypHJIb

asre Tpy6b1 aenocpencraemro non Be)1.YI.IJ.eH Tpy60H, a B aapytieac
HOH npaxraxe - Me)K)1.y Be)1.YI.IJ.eH Tpy60H H BepTJIlOrOM ycraaas
JIHBalOT 06paTHblH xnanaa sucoxoro )1.aBJIeHHSI. 

§ 20. 06opY)1.0BaHHe HH>KHerO YlJaCTKa CKBa>KHHbI lI>HJIbTpOM 

ECJIH rrpO)1.yKTHBHblH rrJIaCT CJIO)KeH HeCu.eMeHTHpoBaHHoH HJIH 

cJIa60Cu.eMeHTHpoBaHHoH rrOpO)1.oH, rrpH OCBoeHHH H 3KCrrJIyaTau.HH 

CKBa)KHHbI, IfaCTO nasce npn neaucoxoa nenpeccaa, HalfHHaeTCSI 

paapyurenae KOJIJIeKTopa. B CKBa)KHHY npn 3TOM BbIHOCHTCSI aaana
TeJIbHOe KOJIHlfeCTBO necxa. O)1.HHM aa 3q>q>eKTHBHbIX cnocotios rrpe

)1.0TBpaI.IJ.eHHSI asmoca necxa SlBJISleTCSI 060py)1.0BaHHe HH)KHerO 

YlfacTKa CKBa)KHHbI, B aOHe 3KCrrJIyaTHpyeMoro rrpO)1.yKTHBHoro 

nnacra, cneuaansnsrx rpaBHHHblM q>HJIbTpOM. 

,UJISI coa)1.aHHSI raxoro q>HJIbTpa B CKBa)KHHY B sony npoztyx
THBHoro nJIaCTa cnycxaior npa rrOMOI.IJ.H 6YPHJIbHblX Tpy6 H nonse
llIHBalOT aa HH)KHeH IfaCTH rrpe)1.bI)1.YI.IJ.eH 06Ca)1.HOH KOJIOHHbI MeTaJI

JIHlfeCKHH OCTOB, KOTOpbIH 06b1lfHO COCTOHT aa HeCKOJIbKHX 06Ca)1.HbIx 

rpyf C npotppeaepoeaaauxa B HX CTeHKax oTBepcTHSlMH I.IJ.eJIeBH)J.

HOH q>OpMbI H u.eHTpHpylOI.IJ.HX rpoaapea, 3aTeM B aasop Me)K)1.y 

q>HJIbTpOM H CTeHKaMH CKBa)KHHbI naauaaior rpaana. Ha pHC. 13 
noxaaaaa O)1.Ha aa cxex HaMbiBa rpaBHSI. B CKBa)KHHY npaxepao )1.0 

HH)KHerO KOHu.a q>HJIbTpa cnycxaror KOJIOHHy rpyo (6YPHJIbHbIX HJIH 

aacocao-xoanpeccopnux) co cneuaansnu« pacnpenenarensnux 
yCTpOHCTBOM. CKBa)KHHY npoxuaaicr caaxana IfHCTOH )KH)1.KOCTblO, 

aarev B )KH)1.KOCTb BBO)1.SlT cneuaansnue q>paKU.HH rpaBHSI. nOTOK 

}I(H)J,KOCTH rpancnoprupyer rpaana rro KOJIOHHe rpyo sepea pacrrpe
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)1.eJIHTeJIbHOe yCTpOHCTBO B KOJIbu.eBoH aaaop Me>K)1.y q>HJIbTpOM H 

CTeHKaMH CKBa)KHHbI (pHC. 13, a). I'pasaa aanoaaser 3TOT saaop, 
a )KH)1.KOCTb, rrpOH)1.SI sepea oTBepcTHSI q>HJIbTpa, rrO)J,HHMaeTCSI B 

pacrrpe)1.eJIHTeJIbHOe yCTpOHCTBO 

H nanee rro aarpyouoxy rrpo a 5 crpaacrny - aa )1.HeBHylO no

BepxHoCTb. 1(0r)1.a BeCb YlfacToK 

CTBOJIa aa OCTOBOM aarrOJIHHTCSI 

rpaaaex, HaMbiB rrOCJIe)1.HerO 

npexpamator H onpeccoaunaior 
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rpaanaaoe yrrJIOTHeHHe. Ilocne 
onpeccosxa cnocotiosr 06paTHoH 

U.HpKyJISlU.HH BbiMbIBalOT aa 
q>HJIbTpa HaJIHllIHHH rpasaa 
(pHC. 13,6) H Tpy6bl nO)J,HHMa

lOT as CKBa)KHHbI. 

3q>q>eKTHBHOCTb pa60TbI §
rpaaanaoro q>HJIbTpa CYI.IJ.eCT-

BeHHO aaBHCHT OT Bbl60pa rpa

y
HyJIOMeTpHlfeCKoro COCTaBa rpa-

BHSI H B MeHbllIeH creneaa OT 

TOJII.IJ.HHbI rpaBHHHOH 06CbIITKH. 

ECJIH, HarrpHMep, *OJIJIeKTOpOM 

CJIy)KHT cJIa60 cu.eMeHTHpOBaH ~J-S
HblH TOHKoaepHHCTbIH necxanax, 
a )1.JISI 06CblrrKH HCrrOJIbaYIOT. 

oneas xpynaue sepaa rpaBHSI, 

npa 3KCrrJIyaTau.HH TOHKHe Ifa

CTHU.bI noponu caoryr JIerKO ~:\--6 
npoaaxars B CKBa)KHHY BMeCTe 

C nJIaCTOBOH )KH)1.KOCTblO rro 

KpyrrHblM nopoasrx KaHaJIaM 

rpasaaaoro q>HJIbTpa. Bo Ha6e

)KaHHe sroro paavep IfaCTHu. 
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PHC. 13. Cxesra aaxuaa rpaaas )(JIlirpaBHSI )1.JISI q>HJIbTpa scerna 
C03)(aHHlI <pHJIbTpa (cnoco6 <PHPMbI

Bbl6HpalOT C YlfeTOM rpaay.no «JIaiieHc») : 
xerpasecxoro COCTaBa noponu a - HaMblB rpaaas; 6 - 06paTHaH npOMblBKa 
nponyxrasaoro nJIaCTa. ,UJISI BbI 1 - KOJIOHHa Tpy6; 2 - pacnpeneaa-reaj, no


TOKOB; 3 - naxep: 4 - XBOCTOBHK C l\JHJIbTpO

SlCHeHHSI rpaayaoxerpasecxoro BhlMH Tpy6aMH; 5 - rpaBHlI; 6 - CTeHKa CKBa


}KHHbI
COCTaBa He06xo)1.HMO orocpars 
C rrOMOI.IJ.blO KOJIOHKOBbiX caaps
)1.0B JIH60 60KOBbiX rpyHToHOCOB 06paau.bI Ha TOH IfaCTH )1.aHHoro 

nponyxrasaoro nnacra, B KOTOpylO He rrpOHHKJIH IfaCTHu.bI TBep)1.0H 

q>aabl npOMbiBOlfHOH )KH)1.KOCTH. 3aTeM rro KpHBOH cyMMapHoro rpa

ayaoxerpasecxoro COCTaBa HaXO)J,SlT paavep OTBepCTHH raxoro CHTa, 

sepea xoropoe npOllIJIO 50% BceH MaCCbI IfaCTHu., BaSlTOH )1.JISI aaa

JIHaa. 3TOT pasxep rrpHHHMalOT aa 6aaoBblH dfj. ,UJISI HarOTOBJIeHHSI 
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~H~bTpa peKoMeH~yeTcH HCrrO~b30BaTb ~paKUHID rpaBHH C pa3Me

pOM lIaCTHU [66] 
dq = (5-6) dfj' (2.14) 

l.JeM 6o~bIIIe B nnacre TOHKHX lIaCTHU, TeM Me~blle ~omKeH 6bITb~ rpaaaa. )Ke~aTe~bHo, lITo6bI rpaBHH COCTOH~ B OCHOBHOM H3 sepea 
KBapua H~H ~pyrHx TBep~bIx H KOpp03HOHHOCTOHKHX MaTepHa~oB. 

.u~H YMeHbIIIeHHH ranpaananecxax conporaaneaan ~H~bTpa pexo
MeH~yeTcH ucnonssosars sepaa oxpyrnos ~OpMbI. 

IIIHpHHa lll.e~eH B OCTOBe ~H~bTpa ~O~}I{Ha orsesars COOTHO

IIIeHHID 

tIm ~ 2dq. (2. 15) 

MHHHMa~bHaH TO.1J:lll.HHa rpaBHMHoH 06CbIITKH, npa KOTOpOH o6ec

nexaaaercs y~ep}l{aHHe OCHOBHOH MaCCbI lIaCTHU cxenera noponu, 
~BH}I{ymHxcH BMeCTe C rr~aCTOBOH }l{H~KOCTbID, panna npuxepao 
(4-5) d'l' Ha npaxraxe scerna HaMbIBaIDT ~H~bTPbI ,c 6o~bIIIeH 

TOJllll.HHOH 06CblrrKH. Haorna ~~H sroro CTBO~ CKBa}l{HHbI B npo
~YKTHBHOM nnacre aexaoro pacIIIHpHIDT MexaHHlIeCKHMH H~H razr
paB~HlIecKHMH paCIIIHpHTe~HMH. Ilpa paCIIIHpeHHH cneztyer acnons
soaars TO~bKO TaKHe rrpoMbIBollHble }l{H~KOCTH, xoropue He aarpas
HHIDT nnacr. 
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rJlABA 3 

Onp060BAHHE nEPCnEKTHBHblX rOPH30HTOB
 
B npOll.ECCE 6YPEHHn
 

§ 21. 3a.o.alfH H cyumocrs onp060BaHHR 

Ba}l{Hefl:IIIHe aa,ll.allH npn 6ypeHHH paaaenoxaux CKBa}l{HH - BbI

HB~eHHe scex rr~aCTOB, B KOTOpbIX conepacarcs He~Tb H raa, H yc

TaHOB~eHHe rrpoMbIIII~eHHoH ueHHOCTH xascnoro aa HHX. B aaasu
Te~bHoH crenean 3TH aanana peuraior C acnoassoaaaaex MeTO~OB 

rrpOMbI~OBOM reO~H3HKH H C noxoumo oroopa xepaa. B repparea
HbiX nopoaax C noxoursro MeTo~oB rrpoMbIC~OBOH reoqiaaaxa 06bIlI

HO ynaerca BbIHBHTb re nnacru, 8 KOTOpbIX xoryr conepscarsca 
yrnesonoponu, YTOllHHTb noaosceaae KPOB~H H rrO~OIII8bI nepcnex
THBHbIX 06beKTOB H norryuart, PH~ ~PYrHX noaesuux MaTepHa~08. 

B Kap60HaTHbiX rropo~ax 3TH MeTO~bI lIaCTO He rrpHHOCHT ycrrexa. 

OKOHlIaTe~bHoe 3aK~IDlIeHHe 0 Ha~HlIHH He~TH H rasa B TOM 

H~H HHOM nnacre, C~O}l{eHHOM ~a}l{e TeppHreHHbIMH noponaxa, H 

TeM 6o~ee 0 ero rrpoMbIIII~eHHoH 3HallHMOCTH MO}l{HO C~MaTb TO~b

KO B pesyasrare npavoro onpoooaaaas, T. e. ncnysenas nparoxa 

}l{H~KOCTH (raaa) H3 rr~aCTa. B aa~allH onpo6oBaHHH rrepcrreKTHB

HbIX ropH30HTOB BXO~HT: 

a) noayseaae nparoxa nnacroson }l{H~KOCTH (r-asa) aa orrpo

6yeMoro orrsexra: 

6) ortiop npotisr rr~aCTOBOH }l{H~KOCTH (rasa) ~~H nocnenyroure

ro ~a6opaTopHoro aHa~H3a COCTaBa ee H CBOHCT8; 

B) oueHKa rrpO~YKTHBHOCTH 06beKTa; 

r) oueHKa Ko~~eKTopCKHX CBOHCTB rr~aCTa; 
n) oueaxa crenena 3arpHaHeHHOCTH rrpHCTBO~bHOA aOHbI nnacra. 

Cymaocrs orrpo60B8HHH aaK~IDlIaeTCH B HaO~HUHH paCCMaTpH

saeaoro 06beKTa OT acex OCTa~bHbIX npoaauaeaux 06beKTOB H OT 

B03~eHCTBHH ~aB~eHHH cronoa rrpOMbiBOllHOH }l{H~KOCTH, aarrO~HHID

meH CKBa}l{HHY, C03~aHHH ~OCTaTOllHO 60~bIIIOH pa3HOCTH Me}l{~y 
naacroaux ~aB~eHHeM B ~aHHOM 06beKTe H ~aB~eHHeM B CKBa}l{HHe 

C uensio noxyseaaa nparoxa naacroson }l{H~KOCTH, perHCTpaUHH 

06beMHOH CKOpOCTH rrpHTOKa H xapaKTepa H3MeHeHHH ~aB~eHHH B 

CKBa}l{HHe rrpOTHB naaaoro 06beKTa aa rrpOTH}I{eHHH scero nepaona 

onpooosaaaa, 8 TaK}I{e B oroope rrpe~CTaBHTe~bHOH nporia nnacro

BOH }l{H~KOCTH. 

KOHKpeTHbIH 06beM aaziax, xoropue CTaSHTCH npa onpotioaaanu 
roro H~H aaoro ropH30HTa, 3aBHcHT OT Ha3HalleHHH CKBa}l{HHbI, nep

crreKTHBHOCTH 06beKTa, crroco6a onpo60BaHHH, YCTOHlIHBOCTH rropoA 

B Heo6c8}1{eHHofl: lIaCTH CTBo~a CKBa}l{HHbI, COCTaBa H CBOHCTB "PO
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MhlBOqHOH :>KH,n:KOCTH, B03MO:>KHOCTeH 060py,n:OBaHHH H annapa'rypu, 
KOTOphIMH pacnonaraer npennpaarne, KBaJIH<pHKau.HH HH:>KeHepHO
ro nepCOI-IaJIa H npyrax <paKTOpOB. 

PeIIIHTh 3TH sanaxa MO:>KHO KaK B npouecce 6ypeHHH, Cpa3Y :>Ke 
nOCJIe BCKphITHH ,n:aHHOrO nepCneKTHBHOrO 06beKTa, no nepexpuraa

'/	 ero 06ca,n:HOH KOJIOHHOH, TaK H nOCJIe 3aBepIIIeHHH 6ypeHHH seen 
CKBa:>KHHhl H yKpenJIeHHH CTeHOK ee KOJIOHHOH rpyo. B nOCJIe,n:HeM 
cnyxae peIIIeHHe aanas onp060BaHHH COBMemalOT C ,n:eTaJIhHhlM HC
nsrranaea 06beKTa, eCJIH H3 aero nonysaror npHTOK :>KH,n:KOCTH. flo
CKOJIhKY B npouecce 6ypeHHH B03MO:>KHO cymecrneuaoe 3arpH3HeHHe 
npoaauaexoro nJIaCTa H yxymuenae ero KOJIJIeKTOpCKHX CBOHCTB, 
HaH60JIee nocroaepayto nepBOHaqaJIhHYIO HH<popMau.HIO 0 conepxca
MOM nJIaCTa MO:>KHO nOJIyqHTh npa onp060BaHHH B npouecce 6ype
HHH, noxa He npOHHKJIO B nJIaCT 3HaqHTeJIhHOe KOJIHqeCTBO nponu
BOqHOH :>KH,n:KOCTH H ee <pHJIhTpaTa. Bo MHorHX CJIyqaHX onpoooaa
HHe B npouecce 6ypeHHH n03BOJIHeT TaK:>Ke 3aMeTHO YMeHhIIIHTh 
CTOHMOCTh CKBa:>KHHhI: 

a) eCJIH onpotiosaaaue 06beKThI OKa3aJIHCh Henpo,n:yKTHBHhIMH, 
OTna,n:aeT He06xo,n:HMOCTh cnycKa H u.eMeHTHpoBaHHH 06ca,n:HoH KO-
JIOHHhl ,n:JIH HX pa306meHHH; , 

6) eCJIH Henpo,n:yKTHBHoH OKa3aJIaCh qaCTh 06beKToB, OTna,n:aeT 
He06xo,n:HMOCTh ,n:eTaJIhHOrO acrnrrauas HX, neprpopauaa 06ca,n:HoH 
KOJIOHHhI nporaa TaKHX 06beKToB, a TaK:>Ke yCTaHoBKH paaorimaro
mHX MOCTOB na nepaon HCnhITaHHH. 

K. onp060BaHHIO nOCJIe OKOHqaHHH 6ypeHHH CKBa:>KHHhI H cnycxa 
oricanaon KOJIOHHhI cnenyer nparierart, JIHIIIh B KpaHHHx cnyxaax: 

a) eCJIH noponu xpanae aeycroauasu H 3<p<peKTHBHoe onpooo
BaHHe B npouecce 6ypeHHH HeB03MO:>KHO H3-3a onaCHOCTH npnxaara 
onp060BaTeJIH HJIH HeHa,n:e:>KHOCTH pa306meHHH nanaoro 06beKTa 
OT npyrnx nponauaexsrx 06beKToB H B03,n:eHcTBHH ,n:aBJIeHHH cToJI6a 
npOMhlBOqHOH :>KH,n:KOCTH B CKBa:>KHHe; 

6) eCJIH annapaTypa HenpHro,n:Ha ,n:JIH onp060BaHHH ,n:aHHoro 
06beKTa, aanpanep BCJIe,n:CTBHe qpe3MepHo BhICOKOH nJIaCTOBOH 
reaneparypu. 

B npouecce 6ypeHHH 06beKThl onporiyior no Mepe HX BCKphITHH, 
T. e. cnocooox «csepxy BHH3». 

Ilocne OKOHqaHHH 6ypeHHH 06beKThI onpooyror cnocoriov «CHH3Y 
asepx». 3TO oanaxaer, 'ITO caasana onpooyior caMhlH HH:>KHHH 06b
eKT. 3aTeM, H30JIHpOBaB ero u.eMeHTHhIM MOCTOM, onpooyror cnezryio
mHH, 6JIH:>KaHIIIHH K nexy cnepxy 06beKT. TaK, nOCJIe,n:OBaTeJIhHO 
nepexona OT HH:>KHerO 06beKTa K aepxaesry, BhlHCHHIOT npcnyxras
HOCTh scex HaMeqeHHhlX K onp060BaHHIO B03MO:>KHO nepcnexraanux 
ropH30HTOB. TeXHHKa H TeXHOJIOrHH 3Toro cnoc06a onp060BaHHH 

,II, aHaJIOrHQHhl npHMeHHeMhlM npa OCBoeHHH CKBa:>KHH H ,n:eTaJIhHOM 
acnsrraaaa 06beKTOB (CM. § 72). 

"i JlJIH onp060BaHHH 06beKToB B npou.ecce 6ypeHHH HCnOJIh3YlOT 
cneuaansaue armaparta, MO:>KHO Bhl,n:eJIHTh TpH rpyrmu TaKHX an
naparos: 
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1. Annaparu, cnycxaevsre B CKBa:>KHHy aa KapOTa:>KHOM Ka6eJIe. 
C HX noxomuo MO:>KHO H3 roro HJIH aaoro JIOKaJIhHOrO yxacrxa 
06beKTa orotipan, B repaernaapoaanauf 6aJIJIOH He60JIhIIIylO no 
06beMy (06hlqHO OT 5 ,n:o 20 ,n:M 3) nopumo :>KH,n:KOCTH (rasa) H 3a
perHcTpHpoBaTh xapaKTep H3MeHeHHH ,n:aBJIeHHH H TeMnepaTyphl B 
6aJIJIOHe aa nepaon orriopa npotiu. 

JlocToHHcTBa raxoro cnocotia onp060BaHHH: a) MHHHMaJIhHhlH 
06beM no,n:rOTOBHTeJIhHhlX pa60T K cnycKy annapaTa B CKBa:>KHHy; 
6) MHHHMaJIhHhle 3aTpaThl BpeMeHH Ha cnycK H no,n:beM annapaTa 
H oT60p npotia :>KH,n:KOCTH; B) MHHHMaJIhHaH creneas 3arpH3HeHHH 
06beKTa npOMhlBOqHOH }KH,n:KOCThlO no nasana onp060BaHHH. 

OCHOBHOH He,n:OCTaTOK cnocotia: MaJIhIH 06beM HH<popMau.HH 06 
onpooyeaox 06'beKTe, 'ITO CBH3aHO C OrpaHHqeHHOH BMeCTHMOCThlO 
6aJIJIOHa H C TeM, 'ITO HCCJIe,n:OBaHHe OXBaThIBaeT JIHIIIb He3HaqH
TeJIhHYIO xacrs MomHOCTH 06beKTa. 

Onp060BaHHe C noxotusto armaparos, cnycxaexux B CKBa:>KHHy 
aa Ka6eJIe, cneztyer paCCMaTpHBaTb KaK aecsxa oneparaanuf H ne
IIIeBblH cnocoo nOJIyqeHHH nepBOHaqaJIhHOH HH<popMau.HH 06 HHTe
pecyroutex npennpaarae 06beKTe, ocooenno 06 06beKTax MaJIOH 
MomHOCTH HJIH MaJIOH nepcneKTHBHoCTH. Ilpnauan ,n:eHcTBHH, KOH
CTpyKU.HH annapaToB H TeXHOJIOrHH onp060BaHHH C HX nOMOmhlO 
paccaarpaaaiorca B xypce «flpOMhICJIOBaH reorpasaxa». 

2. Armapara, cnycxaexsre B CKBa:>KHHy npn noxouia KOJIOHHhl 
6YPHJIhHhlX Tpy6 H qaCTO HMeHyeMble nJIaCTOHCnhITaTeJIHMH. 3TH 
armaparu secsua IIIHpOKO HCnOJIh3YlOTCH B 6ypeHHH H n03BOJIHIOT 
nOJIyqHTh HaH60JIhIIIHH 06beM HH<popMau.HH 06 onp06yeMoM 
06beKTe. 

OCHoBHhle He,n:OCTaTKH nJIaCTOHCnhlTaTeJIeH: a) He06xo,n:HMOCTh 
BhInOJIHeHHH ,n:OBOJIhHO 3HaqHTeJIhHOrO 06beMa no,n:rOTOBHTeJIhHhIX 
pa60T nepen cnycxox armapara B CKBa:>KHHy; 6) auavareasnue 3a
rparsr BpeMeHH KaK aa c06cTBeHHo cnycx H no,n:beM, TaK H aa non
rOTOBHTeJIbHble K cnycxy pa60TbI; B) B03MO}KHOCTh 60JIee cymecr
seaaoro 3arpH3HeHHH noztnexcautero onp060BaHHIO 06beKTa npo
MhlBOqHOH }KH,n:KOCThlO sa BpeMH no,n:rOTOBHTeJIbHhlX pa60T H cnyc
xa, He}KeJIH B cay-rae HCnOJIh30BaHHH armapara aa Ka6eJIe; r) 60JIb
IIIaH CTOHMOCTb pa60T, qeM npa HCnOJIh30BaHHH annapara aa 
Ka6eJIe. 

3. Annaparu, copacunaexue BHYTPh KOJIOHHbl 6YPHJIhHhlX Tpy6 
aenocpencraenao nepezt HaqaJIOM onp060BaHHH 06beKTa. TaKHe an
naparu n03BOJIHIOT onpotioaars TOT 06beKT, KOTOphlH B ,n:aHHhlH 
MOMeHT pa36ypHBaeTCH ,n:OJIOTOM. OCHOBHhle ,n:OCTOHHCTBa annapa
TOB: a) B03MO}KHOCTb onp060BaHHH 06beKTa, noxa OH npaKTHqeCKH 
erne He aarpaaaea npOMblBOqHOH }KH,n:KOCThlO; 6) MHHHMaJIhHhle 3a
TpaThl BpeMeHH Ha cnycK H no,n:beM annapaTa H no,n:rOTOBHTeJIh
Hhle pa60TbI K onp060BaHHIO; B) MHHHMaJIhHaH CTOHMOCTh onpotio
BaHHS!. 

Henocrarxa TaKHX armaparos: a) cpaBHHTeJIhHO MaJIblH 06beM 
ROpU.HH }KH,n:KOCTH, oT6HpaeMoH H3 06beKTa, H nenocraro-mun 06b
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PHC. 14. Cxexa onpoooaanaa nepcnexraanoro ropH30HTa npa noxouut 
fTJIaCTOHCnblTaTeJIlI: 

a  cnYCK annapa'ra ; 6  nepBblll oTKpblTblll nepHOJJ. onpoeoaaaas: 8  nepBblil sa
KllblTblil nepHOJJ.; Z - OTKpblTHe yp.BHHTeJlbHOrO KnanaHa; a - npoxusxa qepea lIHP
KYnHu,HOHHbdt KJlanaH npa nom.exe H3 CKB3}KHHbI 

CHH HalJHeT npnrexars H3 nJIaCTa B nonnaxepnyro 30Hy CKBa)KHHbl 
H lJepe3 OTBepCTHSl B Ij:>HJlbTpe 6 H OTKpbIT~e KJIanaHbI 2 H 3 3anOJI
HHTb nOJIOCTb 6ypHJIbHOH KOJlOHH~. ITpHTOK H3 nJIaCTa 6y.u.eT npo
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eM aarpopxaua», nonyuaeaoti 06 06'heKTe; (5) B03MO)KHOCTb HO
nOJIb30BaHHH TOJIbKO npH pOTOpHOM 6ypeHHH. 

Annaparu nepsoa H rpersef rpynn, nO-BH.u.HMOMy, ll,eJIeC006pa3
HO HCnOJIb30BaTb B KaqeCTBe onepaTHBH~x Cpe.u.cTB .u.JIH nOJIylJeHHH 
nepBHlJHOH HHlj:>opMall,HH 0 co.u.ep)KHMOM roro HJIH anoro 06'heKTa. 
ITJIaCTOHcnblTaTeJIHMH }Ke cnenyer onpoooaars npexcne acero re 
06'heKTbI, HaJIHlJHe Helj:>TH HJIH rasa B KOTOP~X nojrrsepxcneao nan
HblMH oneparaansrx MeTo.u.OB H npOMblCJIOBOH reoqJH3HKH; HX TaK)Ke 
cnenyer npHMeHHTb B rex CJIylJaHX, xorna HeT ysepeaaocra B .u.OCTO
sepaocra .u.aHHbIX npOMblCJIOBOH reolj:>H3HKH H oneparaansrx cnoco
60B onp060BaHHH. 

§ 22. npHHI.J.HnHaJIbHaH cxexa onpotioaaaas 06'beKTR 
c nOMOlI.J.blO nnaCTOHCnbITaTeJIH 

COBpeMeHHbIH OTelJeCTBeHHblH nJIaCTOHCnblTaTeJIb COCTOHT H3 
CJIe.u.ylOmHX OCHOBHbIX Y3JIOB (pHC. 14): Ij:>HJIbTpa 6, naxepa 5, c06
CTBeHHO onp060BaTeJIH C ypaBHHTeJIbHblM 4 H rJIaBHblM snycxaua 3 
KJIanaHaMH, sanopaoro snanana 2 H ll,HPKYJIHI.I,HOHHOro xnanaaa 1. 

B nepaon cnycxa annapara B CKBa)KHHY rJlaBHblH KJIanaH 3 on
p060BaTeJIH (pHC. 14, a) 3aKp~T; n03ToMY )KH.u.KOCTb, BblTeCHHeMaH 
nJlaCTOHCn~TaTeJIeM, He MO)KeT nponaxayrs BHYTPb KOJIOHHbI rpyf 
H .u.BH)KeTCH asepx TOJIbKO no xoasueaoxy npOCTpaHCTBY. 4T06b1 
yxeasunrrs rH.u.paBJIHlJeCKOe .u.aBJIeHHe, xoropoe .u.eHcTByeT na CTeH
KH CKBa)KHHbI B nonnaxepaos 30He B nepaon cnycxa armapara H 
xoropoe B 60JIblllOH Mepe 3aBHCHT OT rH.u.paBJIHlJecKHX conpOTHBJIe
HHH, B03HHKaIOmHX B Y3KOM aasope Me)K.u.y CTeHKaMH CKBa)KHH~ H 
ynJIOTHHTeJIbHblM 3JIeMeHTOM naxepa, OTBepCTHH ypaBHHTeJIbHOrO 
xnanaaa 4 aa BpeMH cnycxa armapara OCTaBJIHIOT OTKpbITbIMH. 
4acTb )KH.u.KOCTH, B~TeCH5leMOH nJIaCTOHCnbITaTeJIeM, neperexaer 1I3 
nonnaxepaoii 30HbI B nannaaepnyro TaK)Ke xepca meJIH B Ij:>HJIbTpe 
6, BHyTpeHHIOIO nOJIOCTb llITOKa naxepa H oTBepcTHH ypaBHHTeJIb
noro xnanaaa. 

CnycTHB nJIaCTOHCnblTaTeJIb B CKBa)KHHY, pacurapstor B pana
aJIbHOM HanpaBJIeHHH pe3HHoBblH ynJIOTHHTeJIbH~H 3JIeMeHT naKe
pa 5 TaK, lJT06b1 OH nJIOTHO npH)KaJICH K CTeHKaM CKBa)KHHbI H 
repMeTHlJHO pa306mHJI nonnaxepayio 30Hy OT nannasepaoii 
(pHC. 14, 6). BCJIe.u. sa 3THM 3aKpblBaIOTcH oTBepcTHH ypaBHHTeJIb
aoro xnanaaa 4, OTKp~BaIOTcH oTBepcTHH rJIaBHOrO snanaaa 3 H 
nonnaxepnaa 30Ha CKBa)KHHbI nonysaer cooomeaae C auyrpeaaek 
nOJIOCTbIO onpo60BaTeJIH, a lJepe3 OTKPblTbIH aanopnsni KJIanaH 2 
TaK)Ke CnOJIOCTbIO KOJIOHHbI 6ypHJIbHblX rpyo. 

ITPH cnycxe B CKBa)KHHY nOJIOCTb KOJlOHHbI Tpy6 3anOJIHHIOT 
)KH.u.KOCTbIO C TaKHM paClJeTOM, lJT06~ .u.aBJIeHHe cToJI6a nOCJIe.u.HeH: 
6b1JIO cyutecrseaao xensure nJIaCTOBOro .u.aBJIeHHH B onpooyeaox 
orrsexre. ECJIH 06'heKT HMeeT 60JIee HJIH MeHee 3HalJHTeJIbHYIO npo
HHll,aeMOCTb \I CO.u.ep)KHT )KH.u.KOCTb (ras}, nOCJIe OTKpblTHH xnana
na 3 3Ta )KH.u.KOCTb non BJIHHHHeM MrHOBeHHO B03HHKllIeH nenpec
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)l.OJDKaTbCH )1.0 TeX rrop, noxa KJIarraHbI 2, 3 OCTalOTCH OTKpbITbIMH 

JIH60 noxa nanneane cToJI6a )KH)l.KOCTH B KOJIOHHe rpyo H rrJIaCTO

acnsrrarene He cpaBHHeTCH C rrJIaCTOBbIM. 

Crrycrs nexoropoe BpeMH rrpHTOK rrJIaCTOBOH )KH)l.KOCTH B 6y

PHJIbHble Tpy6bI npepsraaror, 3aKpbIBaH )l.JIH sroro sanopaua KJIa

nan 2 (pHC. 14, 8). rIoCJIe 3aKpbITHH xnanaaa 2 nocrynnenae 

)KH)l.KOCTH H3 nnacra B nonnaxepnyio 30Hy 6y)l.eT euie nponoascars

CH, a )l.aBJIeHHe B03pacTaTb )1.0 Tex rrop, rrOKa OHO He CTaHeT paB

HbIM rrnacroaoay, 
ECJIH aanopauf xnanaa 2 orxpun, BHOBb, nparox rrJIaCTOBOH 

)KH)l.KOCTH B 6ypHJIbHble Tpy6bI B0306HOBHTCH, a )l.aBJIeHHe B nonna

xepnoa 30He B MOMeHT OTKpbITHH xnanaaa pesxo rrOHH3HTCH. Crryc

TH aexoropoe BpeMH aanopuus xnanaa 2 CHOBa 3aKpbIBa1OT; npn 

3TOM rrpHTOK B rpyoa npexpamaercs, a )l.aBJIeHHe B nonnaxepnoii 

30He 6bICTpO B03paCTaeT BCJIe)l.CTBHe npononacaroureroca nocrynne

HHH CIO)l.3 )KH)l.KOCTH H3 nnacra. 

rIoCJIe BblpaBHHBaHHH )l.aBJIeHHH B nonnaxepnoa 30He H B nnac

re npanonanaaror KOJIOHHy 6YPHJIbHbIX rpyti, npaxnanuaas J{ HeH 

yCHJIHe, HeCKOJIbKO npeasnuarouiee ee aec B }l{H)l.KOCTH; npn 3TOM 

caaxana 3aKpoeTCH rJIaBHbIH xnanaa 3, 3aTeM orxpoerca ypaana

TeJIbHbIH xnarraa 4 H rrpOMbIBO'lHaH )KH)l.KOCTb H3 aannaxepaoro 

npocrpancraa aauaer neperexari, B nonnaxepayro 30Hy (pHC. 14, e). 
)laBJIeHHH Ha pe3HHoBbIH 3JIeMeHT rraKepa cBepxy H CHH3y BbIpaB

HHIOTCH, H, TaK KaK oceaas C)KHMalOmaH CHJIa HC'Ie3JIa, pe3HHOBbIH ·~r)": 

3JIeMeHT B03BpaTHTCH B nepncaaxaasaoe, rpaacnopraoe COCTOHHHe, -~~ 

a naxep 6y)l.eT OCB060)K)l.eH OT rrpH)KaTHH K CTeHKaM CKBa)KHHbI. 

Teneps rrJIaCTOHCrrblTaTeJIb MO)KHO rrO)l.HHMaTb H3 CKBa)KHHbI. 

Te OTpe3KH BpeMeHH, B reneaae KOTOpbIX rrJIaCTOBaH )KH)l.KOCTb 

nocrynaer B rrOJIOCTb KOJIOHHbI 6YPHJIbHbIX rpyti, rrpHHHTO Ha3bIBaTb 

OTKpbITbIMH nepnonaan orrpoooaaaas. Te xce OTpe3KH BpeMeHH, B 

Te'leHHe KOTOpbIX rrpHTOK H3 rrJIaCTa B rrO)l.rraKepHylO 30Hy rrpOHC

XO)l.HT npa 3aKpbITOM sanopaox xnanaae, Ha3bIBalOT 3aKpbITbIMH 

nepnonaaa. OlleBH)l.HO, HHTeHCHBHOCTb pOCTa )l.aBJIeHHH B nonnaxep

HOR 30He B rexeane 3aKpbITOrO nepuona naxaoro 60JIblIIe, lIeM B 

OTKpbITbIH nepaon, 

§ 23. KOMnoHoBKa nJiaCTOHCnblTaTeJlH 

B COCTaB KOMrrOHOBKH rrJIaCTOHCrrblTaTeJIH, rrOMHMO Ha3BaHHblX 

ssmre, BXO)l.HT eute pH)I. Y3JIOB. Paccaorpux xparxo aaaaaseaae y3

JIOB rrOJIHOH KOMrrOHOBKH. 

QJU/lbTp. Ilpenaasaauen )l.JIH nponycxa )KH)l.KOCTH H3 nnacra B 

rrJIaCTOHCrrbITaTeJIb B nepaon orrp060BaHHH H )l.JIH sanepacaaaa cpaa

HHTeJIbHO xpynnux '1aCTHIJ. CKeJIeTa rinacra, xoropue MoryT conep

)KaTbCH B rrJIaCTOBOH )KH)l.KOCTH; B cay-rae rrpoHHKHoBeHHH B rrJIaCTO

acnurarens TaKHe lIaCTHIJ.bI MoryT a6pa3HBHo H3HalIIHBaTb xnana

HbI H )l.pyrHe 3JIeMeHTbI arrrrapaTa JIH60 3aKyrropHBaTb KaHaJIbI C 

MaJIbIM npoxonaux Ce'leHHeM, nanpnxep IIITYIJ.ep. 
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<I>HJIbTP COCTOHT, KaK rrpaBHJIO, H3 nnyx CeKIJ.HH, pa3)1.eJIeHHbIX 

Me)K)l.y C060H aarJIyIIIKOH. BepXHHH CeKIJ.HH npencraanser C060H 

narpyoox C pe3b60H na KOHIJ.aX, B CTeHKax xoroporo npotppesepo

BaHbI nponoasnue meJIH IIIHpHHOH He 60JIee 3 MM )l.JIH npoxona 

)KH,LJ,KOCTH. HH)KHHH »ce CeKIJ.HH HMeeT pa.aaansasre OTl~PCTHH )l.JIH 
coooureaas co CKBa)KHHoH. 

ECJIH B rrJIaCTOBOH )KH)l.KOCTH cO)l.ep)KHTCH 3Ha'lHTeJIbHOe KOJIH

'1eCTBO cpaBHHTeJIbHO xpynaux raepnux '1aCTHIJ., BO BpeMH tPHJIbT

paIJ.HH )KH)l.KOCTH npa orrp060BaHHH TaKHe '1aCTHIJ.bI MoryT saxyno

pnaars meJII1, C03)1.aBaTb na aepxneii CeKIJ.HH csoero poaa epHJIbTpa

IJ.HOHHyIO KOPKY. fH)l.paBJIH'IeCKOe corrpOTHBJIeHHe TaKoH KOpKH MO

)KeT 6bITb secsua 60JIbIIIHM. Ilo Mepe saxynopxa meJIeH H pOCTa 

rH)l.paBJIH'IeCKOrO COrrpOTI1BJIeHHH CKOpOCTb rrpHTOKa rrJIaCTOBOH 

)KH)l.KOCTH YMeHblIIaeTCH. Herxo paarpana-nrn, YMeHblIIeHHe CKOpO

CTH npnroxa BCJIe)l.CTBHe saxynopxn meJIeH OT YMeHblIIeHHH CKOpO

CTH npnroxa, 06yCJIOBJIeHHOrO )l.pyrHMH rrpH'IHHaMH, MO)KHO nyrex 

corrOCTaBJIeHHH )l.aBJIeHHH B BepXHeH CeKIJ.HH H B CKBa}J{HHe BO ape

MH orrp060BaHHH. )lJIH sroro B 06e CeKIJ.HH nonemaror rJIy6HHHble 

MaHOMeTpbl; MaHOMeTp B HH)KHeH CeKIJ.HH perHcTpHpyeT )l.aBJIeHHe 

B CKBa)KllHe. 3Ha'lHTeJIbHOe pa3JIH'IHe B rrOKa3aHHHX 3THX MaHOMeT

pOB HBJIHeTCH rrpH3HaKOM saxynopxa uienea. 

K HH)KHeH CeKIJ.HH CHH3Y rrpHCOe)l.HHHIOT onopasnt 6a1IIMaK. 

B nepnon orrp060BaHHH epHJIbTP )l.OJI)KeH HaXO)l.HTbCH nenocpen

CTBeHHO rrpOTHB Toro y'lacTKa rrJIaCTa, H3 KOToporo rrpe)l.CTOHT rro

JIy'lHTb rrpHTOK )KH)l.KOCTH. ECJIH paCCTOHHHe OT 3Toro y'lacTKa )1.0 

3a60H 60JIblIIe )l.JIHHbI epHJIbTpa, K aexy CHH3Y rrpHCOe)l.HHHIOT onny 

HJIH HeCKOJIbKO TOJICTOCTeHHbIX 6YPHJIbHbIX rpyf H na HH)KHIOIO 

rpyoy HaBHH'IHBaIOT 6a1IIMaK. Tpytiu, pacnonoacenaue HH)Ke tPHJIbT

pa, 06pa3ylOT XBOCTOBHK. 

IIaxep, Flaxep CJIy)KHT )l.JIH repMeTH'IHOrO pa306meHHH noune

xcauiero orrp060BaHHIO 06'beKTa OT OCTaJIbHOH '1aCTH CKBa)KHHbI. 

)lJIH orrp060BaHHH HCrrOJIb3YlOT naxepu MeXaHH'IeCKOrO H ranpan

JIH'IeCKOrO )l.eHCTBHH. Ha pHC. 15 noxasa H cOBpeMeHHbIH naxep C 

pa3)1.BH)KHOH MeTaJIJIH'IeCKOH onopoa. OH COCTOHT H3 nonoro IIITO

xa 6, aa KOTOpbIH HaCa)KeH IJ.HJIHH)l.pH'IeCKHH pe3HHoBbIH yrrJIOTHH

TeJIbHbIH 3JIeMeHT 4, xopnyca 2 C BepxHHM rrepeBO)l.HHKOM 1, Ha

}KHMHOH rOJIOBKH 3, JIerreCTKOBOH MeTaJIJIH'IeCKOH onopu 5 )l.JIH yrr

JIOTHHTeJIbHOrO 3JIeMeHTa, HH)KHerO nepenonnaxa 7 H IIIrrOHO'lHOrO 

COe)l.HHeHHH )l.JIH rrepe)l.a'lH BpameHHH OT Koprryca K IIITOKy H HH)K
nexy nepesonnaxy. 

ECJIH 6alIIMaK epHJIbTpa rrOCTaBHTb aa 3a60H H na Hero C03)1.aTb 

ocesyro narpysxy '1aCTblO aeca KOJIOHHbI 6YPHJIbHbIX rpyri, xopnyc 

naxepa 6y)l.eT nepeaemarecs BHM3 OTHOCHTeJIbHO HerrO)l.BH)KHOrO 

IIITOKa, KOTOpblH sepea HH)KHHH nepesonaax COe)l.HHeH C epHJIbTpOM. 

rIPH rtepeaeuieaaa xopnyca BHH3 Ha)KHMHaH rOJIOBKa rrpH)KHMaeT 

pe3HHOBblH 3JIeMeHT K MeTaJIJIH'IeCKOH orrope H C)l.aBJIHBaeT ero B 

oceBOM HarrpaBJIeHHH; rrrH 3TOM B pa)l.HaJIbHOM HarrpaBJIeHHH pe

3HHOBblH 3JIeMeHT paCIIIHpHeTCH H rrJIOTHO rrpH)KHMaeTCH K CTeHKaM 
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a) ypaBHHTeJIbHbIH KJIanaH 6, npennaaaaseaaua ,lI.JIfI 06Jlcrlle
HHH neperoxa npoMbiBollHOH }l{H,lI.KOCTH, asrrecnseaon nJIaCTOHCnbI
TaTeJIeM, H3 nonnaxepuoro npocrpancrsa B aannaxepaoe npa cnyc
xe (a npa nom.exe  B npoTHBOnOJIO}l{HOM HanpaBJIeHHH), yMeHb
IlleHHH B03HHKalOmero npa 3TOM ranponaaaaasecxoro ,lI.aBJIeHHH H 
o6ecnelleHHH BbipaBHHBaHHH ,lI.aBJIeHHH Ha,ll. H no,ll. rraKepoM nepe,ll. 
oCB060}l{,lI.eHHeM nOCJIe,ll.HerO no OKOHlIaHHH onp060BaHHH; 

6) rJIaBHbIH, HJIH anycxaoa, xnanaa 9, KOTOpbIH ,lI.OJI}l{eH rrpe
norepamars nocrynneaae npoauso-moa }l{H,lI.KOCTH B nOJIOCTb KO
JIOHHbI Tpy6 B nepnon cnycxa nJIaCTOHCrrblTaTeJIH B CKBa}l{HIIY H 
nozrseaa H3 nee H, HanpOTHB, nponycxars B 3TY nOJIOCTb nJIaCTO
syro }l{H,lI.KOCTb B nepaon onp060BaHHH; 

B) TopM03HaH xastepa 4 C nopmaex 5, lIaCTO HMeHyeMaH rH,lI.
paBJIHlIeCKHM pene BpeMeHH, npenaasaasennaa ,lI.JIH aanepxcxa 01'
KpbITHH BnycKHoro KJIanaHa 9 Ha HeKoTopbIH Hanepe,ll. 3a,ll.aHHbIH 
HHTepBaJI BpeMeHH nOCJIe C03,l1.aHHH Ha nJIaCTOHCnbITaTeJIb oceBoH 
C}l{HMalOIJJ;eH aarpysxa; 

r) IllTYI.J.ep 1 ,lI.JIH. orpaaaseana CKOpOCTH nparoxa nJIaCTOBOH 
}l{H,lI.KOCTH B nepaon orrp060BaHHH H YMeHbIlleHRH ynapaoa aarpys
KH Ha XBOCTOBHK B MOMeHT OTKpblTHH BnycKHoro KJIanaHa; 

n) IllTOK 2 H xopnyc 3, npenaaaaaseaaue ,lI.JIH pasaemeaaa ne
pellHCJIeHHbIX suure yCTpOHCTB, a raxxce ,lI.JISI nepeztava oceaux yCH
JIHH H apauiaiouiero MOMeHTa 01' KOJIOHHbI rpyf K pacnOJIo)J{eHHbIM 
HH}l{e Y3JIaM nJIaCTOHCnbITaTeJIH. . 

B nepaon cnycxa nJIaCTOHCnbITaTeJIH B CKBa}l{HHY WTOK 2 3aHH
MaeT aaaaacuree nOJIO}l{eHHe OTHOCRTeJIbHO xopnyca 3; oTBepcTHH 
nnycxuoro xnanaaa 9 repMeTHIIHo saxpuru rHJIb30H 8; CaJIbHHK 7 
HaXO,ll.HTCH suure oTBepcTHH ypaBHHTeJIbHOrO xnanaaa 6, rtosroxy 
rrOCJIe,ll.HHH OTKpbIT H npoxusovnaa }l{H,lI.KOCTb, asrrecnaeuaa nnac
TOHcrrbITaTeJIeM, MO}l{eT neperexars H3 nonnaaepnoro npocrpaacrsa 
xepea BHyTpeHHHe rrOJIOCTH qmJIbTpa, scca H KJIanaH 6 B KOJIbI.J.e
soe npoCTpaHCTBO CKBa}l{HHbI nan naxepox. OpH C03,l1.aHHH }l{e oce
BOH C}l{HMalOmeH CHJIbI ,lI.JIH naxeposxa IllTOK 2 onycxaerca OTHO
CHTeJIbHO xopnyca 3 B naxcaee nOJIO}l{eHHe; npa 3TOM caasana CaJIb
HHK 7 saxpsmaer oTBepcTHH ypaBHHTeJIbHOrO xnanaua 6, a 3aTeM 
HH}l{HHH KOHeI.J. IllTOKa 2 BbIXO,ll.HT H3 rHJIb3bI 8, oTKpbIBaH ornep
CTHH rJIaBHOrO xnanaaa 9. 

C}l{HMalOIJJ;aH oceaas aarpysxa na nJIaCTOHCrrbITaTeJIb npa cnyc-· 
xe MO}l{eT B03HHKHYTb HeO}l{H,lI.aHHO, eCJIH 6aIllMaK <pHJIbTpa HJIH 
naxep CH,lI.yT na cyzceaae HJIH aa nsrcryn B CTBOJIe CKBa}l{HHbI. .LJ.JIH 
roro IIT06bI npa BHe3anHOM nOHBJIeHHH C}l{HMalOIJJ;eH HarpY3KH He 
OTKpbIJICH npeacnespeaeaao rJIaBHblH KJIanaH rrJIaCTOHCrrbITaTeJIH, 
B KOHCTpyKI.J.HIO onp060BaTeJIH sseneaa TopM03HaH xavepa 4, nop
urens 5 KOTOpOH nocaxcea C aexoropof CB060,ll.OH na napyzcnyto 
nporoxxy WTOKa 2. Ilopureas ,lI.eJIHT nOJIOCTb xaxepu 4 aa nae 
lIaCTH  HH}l{HIOIO H BepxHIOIO; OHH MoryT coocuiarscs npyr C ,lI.Py
rOM TOJIbKO lIepe3 Y3KHH KaHaJI B nopume, eCJIH na rrJIaCTOHCnbI
TaTeJIb ,lI.eHcTByeT oceaas C}l{HMalOmaH CHJIa, a raiose sepes ropaa
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CKBa}lmHbI, eCJIH nepsoaa
lIaJIbHbIH 3a30p Me}l{,lI.y 
3JIeMeHTOM H CTeHKaMH He
BeJIHK. JIenecTKOBaH ono
pa, 06pa30BaHHaH MeTaJI
JIHlIeCKHMH nJIaCTHHaMH, 
nO,ll. BJIHHHHeM OCeBOH 
C}l{HMalOIJJ;eH HarpY3KH ua 
naKep pa3,l1.BHraeTCH H CO
KpaIJJ;aeT CB060,ll.HbIH KOJIb
I.J.eBOH 3a30p Me}l{,lI.y CTeH
KaMH CKBa}l{HHbI H naxe
pOM, npenHTcTByH TaKHM 
nyrea 3aTeKaHHlO B 31'01' 
3a30p pe3HHbI npa pa
JI.HaJIbHOM pacurapeaaa yn
JIOTHHTeJIbHOrO 3JIeMeHTa. 

00 OKOHlIaHHH onp060
BaHHH npH npHJIO}l{eHHH K 
naKepy oceBoH pacTHrH
BalOIJJ;eH CHJIbI pe3HHoBbIH 
3JIeMeHT coxpauraercs B 
pa,ll.HaJIbHOM HanpaBJIeHHH, 

S ~ a nJIaCTHHbI JIeneCTKoBoH 
6 onop a B03BpamalOTcH B 

PHC. 16. Cxeua onpotio HCXO,ll.HOe rpaacnoprnoe 
sareaa naacroucmrrareaa nOJIO}l{eHHe. 

.LJ.JIH Ha,ll.e}l{HOH naxe
pOBKH He06xo,ll.HMO co6JI1o
,lI.aTb cJIe,ll.YIOIJJ;ee COOTHO
ureaae Me}l{,lI.y' ,lI.HaMeTpa
MH peaauosoro 3JIeMeHTa 
d« H CTBOJla CKBa}l{HHbI dc 
B MeCTe yCTaHoBKH na
xepa: 

dn ?;: (0,8+0,9) dc. (3.1) 
flcc. B nepaon onpoeo

aanaa .HH}l{HHe Y3JIbI nna-
CTOHCnbITaTeJIH MoryT 
6bITb rrpHXBalleHbI. QT06bI 
06JIerllHTb OCB060}l{,lI.eHHe 
HX, B KOMrroHoBKy nJIaCTO
HcrrbITaTeJIH BKJIIO'IaIOT rn
,lI.paBJIHlIeCKHH HCC. OpHH
I.J.Hrr ,lI.eHCTBHH TaKHX HCCOB 

paccx arpaaaercs B xypce «TeXHOJIOrHH 6ypeHHH». 
Onpotioearenn. 31'0 OCHOBHOH Y3eJI nJIaCTOHCrrbITaTeJIH. B co

CTaB cr-o BXO,ll,fIT (pHC. 16): 

"., 

I 

I" 



rne LOT' LH - .n:JIHHa ysxoro KaHaJIa npa TapHpOBKe H npa onpotio
BaHHH OObeKTa B CKBa)KHHe COOTBeTCTBeHHO; '1']01" 'l']H - BH3KOCTh 
)KH.n:KOCTH B TOpM03HOH KaMepe rrpH TeMrrepaType Ii .n:aBJIeHHH B 
nepnon TapHpOBKH H orrp060BaHHH COOTBeTCTBeHHO; PH - BeJIHqHHa 
oceaos C)KHMalOmeH HarpY3KH npa orrp060BaHHH. 

1-13 tPOpMyJIbI (3.2) BH.n:HO, qTO na CpOK OTKphlTHH rJIaBHOrO KJIa
nana OOJIhIIIOe BJIHHHHe OKa3hIBaeT BH3KOCTh )KH.n:KOCTH B TOpM03
HOH xaxepe. BH3KOCTh )Ke )KH.n:KOCTH MO)KeT CHJIhHO H3MeHHThCH 
npn H3MeHeHHH rexneparypu. UeJIeC006pa3Ho noaroxy B xa secrne 
paOOqeH npaxeaars raxyio )KH.n:KOCTh, BH3KOCTh KOTOpOH npa 3a
OOHHbIX TeMrrepaType H .n:aBJIeHHH rr03BOJIHT 06eCrreqHTh He06xo.n:H
MylO sanepacxy OTKphlTHH rJIaBHorO xnanana. 
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no OOJIhIIIerO CeqeHHH 3a30p Me)K.n:y rrOpIIIHeM H IIITOKOM, OTKpbI
BalOmHHCH B cnyxae rrpHJIO)KeHHH K rrJIaCTOHCrrhlTaTeJIIO OCeBOH pac
THrHBalOw.eH CHJIhI. 

Korna IIITOK 2 non .n:eHcTBHeM ocesoa C)KHMalOmeH CHJIbI crpe
MHTCH orrycrtrrscs BHH3 OTHOCHTeJIhHO xopnyca 3, BMeCTe C HHM 
.n;OJI)KeH nepexemarsca nopurens 5. Ilepexemeamo )Ke rropIIIHH rrpe
narcrsyer )Klf.n:KOCTh, aaxonsutaacs B HH)KHeH qaCTH xavepu 4. 
TaK KaK B 31'01' nepaon )KH.n:KOCTh MO)KeT neperexars H3 HH)KHeH 
qaCTH xaxepu B BepXHlO1O TOJIhKO qepe3 Y3KHH KaHaJI B nopume, 
TO CKOpOCTh onycxanaa IIITOKa H rrOpIIIHH 6y.n:eT 3aBHCeTh 01' rH.IJ:
paBJIHqeCKOrO COrrpOTHBJIeHHH 3TOrO KaHaJIa, a .n:JIHTeJIhHOCTh rrepe
MemeHHH H3 sepxnero xpaaaero rrOJIO)KeHHH B HH)KHee (a cneno
BaTeJIhHO, H npoxezcyrox BpeMeHH 01' MOMeHTa C03.n:aHHH ocesoa 
C)KHMalOmeH CIiJIhI no MOMeHTa OTKphlTHH OTBepCTHH rJIaBHOrO KJIa
nana) - TaK)Ke 01' 06beMa TOpM03HOH xavepu. 

fH.n:paBJIHqeCKOe corrpOTHBJIeHHe yaxoro KaHaJIa MO)KHO perynn
poaars H3MeHeHHeM .n:JIHHhI ero H BH3KOCTH )KH.n:KOCTH B xaaepe. 
,UJIH sroro nopurens cnenaa H3 nayx neranea, coenaaaexux npyr 
C npyrox C noaoun.io JIeHTOqHOH pesstisr: peasoa )Ke napesana TaK., 
qTO Me)K.n:y BepIIIHHOH BHTKa O.n:HOH .n:eTaJIH H Brra.n:HHoH BHTKa 
CMe)KHOH otipaayercs He60JIhIIIOH 3a30p. ,UJIHHa ysxoro KaHaJIa ITpH
MO rrporropUHOHaJIhHa qHCJIy BHTKOB pe3h6bI, Haxo.n:HmHXCH B 3a
uennenua. 

Ilocne H3rOTOBJIeHHH rrJIaCTOHCrrhlTaTeJIH na saaone rH.n:paBJIH
secxoe pene BpeMeHH rapapyior, T. e. 3KcrrepHMeHTaJIhHO orr
pe.n:eJIHIOT TOT npoueacyrox BpeMeHH tOT rrOCJIe C03.n:aHHH oceaon 
C)KHMalOw.eH HarpY3KH POT, rro HCTeqeHHH xoroporo OTKpoeTCH 
rJIaBHhIH arrycxaoji xnanan. LITOObI oueaars CpOK OTKphlTHH snycx
aoro xnanaaa nOCJIe C03.n:aHHH C)KIiMalOmeH HarpY3KH npn onpooo
BaHHH B yCJIOBHHX CKBa)KHHhI, MO)KHO BocrrOJIh30BaThCH tPOpMyJIOH 
[6] 
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Sanopnsu; «nanan. CJIy)KHT .n:JIH npexpauteaas np aroxa rrJIaCTO
BOH )KH.n:KOCTH B rrOJIOCTh KOJIOHHhI 0YPHJIhHhIX TPYO npa saxpu
TOM ypaBHHTeJIhHOM xnanaae. 3a.n:aqH orrp060BaHHH oOJIee rrOJIHO 
MoryT 6hITh peIIIeHbI npa HCrrOJIh30BaHHH sanopaoro xnanana MHO
roxparnoro .n:eHcTBHH, rr03BOJIHIOmerO HeCKOJIhKO pa3 npepsmars H 
3aTeM onart, B0306HOBJIHTh nparox rrJIaCTOBOH )KH.n:KOCTH B 6ypHJIh
asre Tpy6hI 6e3 na pyIIIeHHH naxeposxa. 

II.UpKyAfll{UOHHblU «nanan. 31'01' KJIarraH-rr03BOJIHeT npoauaan, 
CKBa)KHHY rrOCJIe 3aBepIIIeHHH orrp060BaHHH H oCB060)K.n:eHHH naxe
pa, a TaK)Ke yCTaHaBJIHBaTh BceB03MO)KHbIe 
BaHHhI (HetPTHHylO, BO.n:HHylO, KHCJIOTHylO) B 
CJIyqae rrpHxBaTa 6YPHJIhHbIX Tpy6. UeJIh rrpo
MhIBKH- 3aMeHHTh rrpOMhIBOqHYIO )KH.n:KOCTh B 
CKBa)KHHe, KOTopaH MOrJIa e nepaon onpoooaa
HHH rasapoaarsca, na CBe)KylO, aeraaapoaaa
ayio, a TaK)Ke, eCJIH He06xo.n:HMO, BbITeCHHTh 
nnacroayro )KH.n:KOCTh H3 KOJIOHHhI 6YPHJIhHhIX 
rpyo aa znreanyto nosepxaocrs. 

Hsuepurenenue nputiopu: Ilepen cnycxox 
B CKBa)KHHY B rrJIaCTOHCrrhlTaTeJIe yCTaHaBJIHBa
101' rJIy6HHHbIe MaHoMeTpbI H rJIy6HHHhle repxo
xerpu .n:JIH perHCTpaUHH .n:aBJIeHHH H resmepa
rypu B nepaon orrp060BaHHH. 06bIqHO .n:JIH paa
MemeHHH npariopoa HCrrOJIh3ylOT cneuaansaue 
rrepeBo.n:HHKH. PeKoMeH.n:yeTcH yCTaHaBJIHBaTh 
HeCKOJIhKO rJIy6HHHbIx MaHoMeTpoB: B tPHJIhTpe, 
Me)K.n:y rJIaBHhIM H aanopasnr KJIarraHaMH H nan 
aanopaua KJIarraHOM. Becsaa )KeJIaTeJIhHO san 
sanopnua KJIarraHOM yCTaHaBJIHBaTh TaK)Ke ne
oHTorpatP· 

IlpH60pbI .n:OJI)KHbI 6bITh paCCqHTaHhI aa He
CKOJIhKO 60JIee IIIHPOKHH .n:Harra30H TeMrrepaTyp 
H .n:aBJIeHHH, qeM O)KH.n:aIOTCH B CKBa)KHHe B 
HHTepBaJIe orrp060BaHHH. 'uJIHTeJIhHOCTh pa60ThI Pile. 17. Cxexa 
qaCOBhIX MexaHH3MOB caxonacnes 3THX npatio npo600T6opHHKa 
pOB .n:OJI)KHa 6bITh .n:OCTaTOqHa .n:JIH perHCTpaUHH 
napaverpoa B rexeaae BCerO nepnona orrp060BaHHH. )l(eJIaTeJIhHO, 
qTOOhI CaMOrrHCUhI HaqHHaJIH perHCTpaUHIO He3a.n:OJIrO no naxepos
KH rrJIaCTOHCrrhITaTeJIH. 

IIp0600T6opHUKU. ,UJIH oroopa OP06bI rrJIaCTOBOH )KH.n:KOCTH B 
nepaon orrp060BaHHH npn .n:aBJIeHHH, MaKCHMaJIhHO rrpH6JIH)KaIO
meMCH K naacrosoxy B .n:aHHOM rOpH30HTe, HCrrOJIh3ylOT cneunans
asre rrp0600T60pHHKH. Cxexa rrpOOOOToopHHKa noxaaana na pHC. 17. 
Ilp060OT60pHHK pasxemaror HH)Ke sanopaoro xnanaaa rrJIaCTOHC
rrbITaTeJIH. Ilpn C03.n:aHHH ocesoa HarpY3KH aa rrJIaCTOHCrrhITaTeJIh 
.n:JIH naxeposxa narpyoox 1 BMeCTe C KpecTOBHHOH: 4, yxpenaeanoa 
B HeM, rrepeMemaeTCH BHH3 OTHOCHTeJIhHO Koprryca 2; np" 3TOM 
rrpy)KHHbI 5 C)KHMaIOTCH, a KJIan3HhI 7 iIpOOOOTOOpHOI'.i: xaxepu 6 

(3.2)POTllIl]1I 
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OTKpblBaIOTCH. B nepaon OnpOOOBaHHH nJIaCTOBaH }l{H~KOCTb, no
crynaiouras B nJIaCTOHCnbITaTeJIb, ~BH}I{eTCH aaepx KaK no xonsue
BOMy aasopy Me}l{~y xopnycox 2 H npotioortiopnof xaxepon 6, TaK 
H xepea BHyTpeHHlO1O nOJIOCTh xaxepu. Ilpa CHHTHH c}I{HMalOmeii 
HarpY3KH no OKOHqaHHH onpocoaaaas narpytiox 1 BMeCTe C xpecro
BHHOii 4 nepeaemaercs saepx OTHOCHTeJIhHO xopnyca, a KJIanaHbI 7 
non ~eiicTBHeM npyscaa 5 repxerasao saxpuaaror nOJIOCTh npooo
OTOOpHOii xaaepu 6. BeHTHJIhHblH Y3M 3 CJIy}l{HT ~JIH oroopa 
nJIaCTOBOii }I{"'~KOCTH H3 npocooroopaos xaxepa nOCJIe nom.exa 
nJIaCTOHCnblTaTeJIH aa ~HeBHYIO nosepxaocrs. 

§ 24. nO~roTOBHTeJIbHble pa60TbI K onpotioaamno 

Ilpa no~rOTOBKe K onp060BaHHIO He06xo~HMO peunrrs PH~ Bon
pOCOB: a) YTOqHHTh rJIyoHHy HHTepBaJIOB, H3 KOTOpblX rpeoyerca 
nOJIyqHTh nparox nJIaCTOBOii }l{H~KOCTH (r-asa): 0) YTOqHHTh MeCTa, 
rne ~OJI}I{HbI OblTh yCTaHOBJIeHhI naxepu; B) BblopaTh COCTaB KOM
nJIeKTa nJIaCTOHCnblTaTeJIH; r) BhlopaTh BeJIHqHHY nenpeccna ~JIH 

onpOOOBaHHH Ka}l{~OrO OO'heKTa;~) C03~aTh yCJIOBHH, npa KOTOphlX 
onaCHOCTh B03HHKHOBeHHH OCJIO}l{HeHHii B nepaon cnycxa H nO~'heMa 

nJIaCTOHCnblTaTeJIH H B nepaon onpOOOBaHHH OO'heKTa MHHHMaJIhHa; 
e) OOopY~OBaTh Ha~JIe}l{amHM 00pa30M YCThe CKBa}l{HHbI. 

B reOJIOrO-TeXHHqeCKOM napsne YKa3b1BaIOTCH ropH30HTbI, nO~JIe
. :~ 

»cauiae onpoooaaamo. He scerna, O~HaKO, ropH30HT onnoponen no 
cocrasy, KOJIJIeKTOpCKHM caoacrsaa H HaChlmeHHOCTH nopon; aaorzra 
B HeM npoaauaexue OO'heKThl qepe~YIOTCH C npaKTHqeCKH HenpOHH
lI,aeMhlMH, aacoxonpoaanaexsre C HH3KOnpOHHlI,aeMblMH; O~HH 

nponauaeasra OO'heKT HeqJTeHOCeH HJIH rasoaocea, ztpyros - HaChI
uieu Bo~oii. B npouecce oypeHHH He scerna MO}l{HO nOJIyqHTh ~OCTO
aepayto HH<popMall,HIO 0 npOHHlI,aeMOCTH H HaChlmeHHOCTH xascnoro 
H3 06'heKTOB nanaoro ropH30HTa. 

nOCJIe roro KaK nepcnexrnanua ropH30HT BCKphlT, oypeHHe CJIe
nyer npHOCTaHOBHTh H B CKBa}l{HHe BhlnOJIHHTb Heooxo~HMhli!: MHHH
MyM reo<pH3HqeCKHX HCCJIe~OBaHHii (KaBepHOMeTpHIO HeOOCa}l{eHHO
ro yxacrxa, npO<pHJIeMeTpHIO ysacrxa ~JIHHOH 30-50 M nenocpencr

I
,,{t; 

BeHHO Ha~ ~aHHhlM ropH30HTOM, a npa OOJIhillOH MomHOCTH ropa
30HTa  TaK}I{e B npenenax acxpuroa MOmHOCTH nOCJIe~HerO; CTaH
~apTHhlH xaporasc H oOKoBoe xaporascaoe 30H~HpOBaHHe 5K3). I'o
PH30HThI HeOOJIhIllOii MomHOCTH lI,eJIeCOOOpa3Ho scxpuaars nOJI
HOCThlO. ECJIH }l{e MomHOCTh nepcnexrasaoro ropH30HTa BeJIHKa, }l{e
JIaTeJIhHO onpoooBaHHe npOH3BO~HTh nOHHTepBaJIhHO, nOCJIe BCKPhl
THH Ka}l{~hlX 15-25 M MOmHOCTH ropH30HTa. Ilpa YBeJIHqeHHH MOm
HOCTH onpooyexoro OO'heKTa casnne 20-25 M pe3YJIhTaTHBHocTh on
poooaaaua cymecrsenao YXY~IllaeTcH. 

no ~aHHhlM xaporasca H 5K3 ~OJI}I{HhI OhlTh YTOqHeHhI qHCJIO, 
MomHOCTh H rJIyoHHhI 3aJIeraHHH npoaauaexax OO'heKTOB B nepcnex
THBHOM ropH30HTe, B03MO}l{HaH npOHHlI,aeMOCTh H xapaxrep nacsnuea
HOCTH HX (aeqm; ras, soaa): no ,TJ.aHHhlM KaBepHoMeTpHH  KOH<pH
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rypauas HeOOCa}l{eHHOrO yxacrxa CTBOJIa CKBaJKHHbI, MeCTa cYJKe
HHii H pesxax neperaoos, BKOTOphlX MoryT B03HHKHYTh OCJIOJKHeHHH 
npa cnycxe nJIaCTOHcnhlTaTeJIH; no ~aHHhlM npO<pHJIeMeTpHH ~OJI

}l{Hhl OhlTh BhlopaHbI yqaCTKH CTBOJIa ~JIHHOii 10-15 M C HOMHHaJIh
HhlM naaxerpox, CJIO}l{eHHhle YCToiiqHBhlMH noponaxa H pacnono
}l{eHHble OJIH3 OO'heKTa onpoooaaaaa, B KOTOphlX MOJKHO ycrauo
BHTh naxep, 

ECJIH no ~aHHhIM re0<pH3H<ieCKHX HCCJIe~OBaHHH BhlHCHeHO, <iTO 
KOJIJIeKTOpCKHe CBOIlcTBa no MOmHOCTH nepcnexraaaoro ropusoara 
pesxo MeHHIOTCH HJIH B HeM CO~ep}l{aTCH ~Ba HJIH OOJIee npOHHIJ.ae
MhlX OO'heKTa, nacsnneaasrx pa3HblMH }l{H~KOCTHMH, KajK~hlii TaKoii 
OO'heKT CJIe~yeT onpoooaars pa3~eJIhHO OT npyrax, nOCKOJIhKY yCJIO
BHH npHTOKa }l{H~KOCTeH H3 HHX cymecrseaao pa3JIHqHhI. 

Pe3YJIhTaTHBHOCTh onpOOOBaHHH OO'heKTa, KaK npaBHJIO, nona
uraercs C YBeJIHqeHHeM nenpeccaa. Hanpaxep, aa nJIOma~HX Ilpa
ypansa npa YBeJIHqeHHH ztenpeccan C 5 ~o 20 Mna OHa B03pOCJIa 
npauepno B 2,5 pasa, a B BOCTOqHOM Ilpenxaaxaase - na 70% [34]. 
YBeJIHqeHHe ztenpeccaa casnne 25-30 Mna, BH~HMO, B 60JIbIllHHCTBe 
CJIyqaeB Hell,eJIeCOOOpa3Ho, TaK KaK pe3YJIhTaTHBHocTb npH 3TOM 
soapacraer cpaBHHTeJIhHO MaJIO, HO pesxo YCJIO}l{HHeTcH saaasa 
ooecneseaaa repMeTHqHOCTH naxeposxa. Ilpa Bhloope BeJIHqHHhl 
nenpeccaa ~OJI}I{HhI OhITh yvrena cnenytomae OCHOBHble rpaxropu . 

A. THn 3aJIe}l{H. ECJIH 3aJIeJKb ra30KOH~eHcaTHaH, BeJIHqnHY zte
npeccaa lI,eJIeCOOOpa3Ho BhloHpaTh TaK, qTOOhl npenorsparan, onac- . 
HOCTh asmaneaas KOH~eHcaTa B KOJIJIeKTOpe H 3HaqHTeJIhHOrO CHHJKe
HHH npOHHlI,aeMOCTH npHCKBaJKHHHOii 30HbI OO'heKTa. ECJIH 3aJIe)Kb 
He<pTHHaH, }l{eJIaTeJIhHO, qTOOhl ~aBJIeHHe aa saooe OhlJIO He HHWoe 
~aBJIeHHH aacsnueuas He<pTH ra30M BO H36e}l{aHHe Bhl~eJIeHHH 

nY3h1phKOB rasa B KOJIJIeKTope. 
5. YCTOi!:qHBOCTh nopoznr onpooyeaoro OO'heKTa H nopon, ne

pexpuaatoutax ero. nOpO~hI-KOJIJIeKTOphi MoryT paspyurarsca . ITO..'!. 
BJIHHHHeM speaxepao OOJIhIllOii zienpeccaa, a sacrausr paspyurenaof 
noponu, BhlHOCHMhle nOTOKOM nJIaCTOBOH )KH~KOCTH, MoryT aaxyno
punars meJIH <pHJIhTpa HJIH Y3KHe npoxoaaue xaaansr aexoropux ya
JIOB nJIaCTOHCnhlTaTeJIH, JIHOO paapyurars HX. Heycrosuaaue Woe no
ponsr, nepexpuaatomae KOJIJIeKTOp, MoryT paspyurarsca, OChIIlaTbCH 
HJIH asmyaaaarsca B CTBOJI CKBa}l{HHhI H, TaKHM 00pa30M, C03~aBaTh 
B03MO}l{HOCTh npnxsara. 

B. THn KOJIJIeKTopa. Hexoropue HCCJIe~OBaTeJIH nonaraior, qTO 
npa OOJIhIllHX ~enpeCCHHX B rpemaansrx KOJIJIeKTOpax rpeutauu MO
rYT CMhIKaThCH, BCJIe~CTBHe sero npOHHlI,aeMOCTh ysteusuraerca. 
nO-BH~HMOMY, npa nepsoa onpOOOBaHHH lI,eJIeCOOOpa3HO C03~aBaTh 

~OCTaTOqHO BhlCOKYIO ~enpeCCHIO, 3aTeM onpOOOBaHHe nOBTopHTb, HO 
npa nOHH}I{eHHOii nenpeccaa. 

Flpa OhlCTpOM C03~aHHH OOJIhIllOii nenpeccaa B nonnaxepaou 
npOCTpaHCTBe B03HHKalOT KOJIeOaHHH ~aBJIeHHil: C 60JIhIllOii aMnJIH
TY~Oi!: (BOJIHOBOH nponecc). OHH MoryT OhlTb npHqHHOH paapsrsa 
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rpanynspnoro KOJIJIeKTOpa II rrOrJIOlll,eHIIH rrpOMbIB01JHOH }KII.lI.KOCTIi 

rrOCJIe OTKpbITIiH ypaBHIITeJIbHOrO xnanaaa. 

r. YCTOH1JIIBOCTb yrrJIOTHIITeJIbHOrO 3JIeMeHTa naxepa. LJeM 60JIb

ure P83HOCTb .lI.aBJIeHIIH B nannaxepuojt II nonnaxepnoa 30Hax, TeM 

ssnne rH.lI.paBJIII1JeCKaH narpysxa aa naxep. MaKCIiMaJIbHO .lI.OrryCTII

MaH pa3HOCTb .lI.aBJIeHIIH 3aBliCliT OT KOHCTpyKUIIII rraKepa II .lI.JIH 
OTe1JeCTBeHHbIX naxepos He npessnnaer 35-45 MOa [6, 31]. Ilaxep 
BbI6IIpSIOT C Y1JeTOM reOCTaTII1JeCKOH resmeparypu B 30He onpoooaa
HIIH. 

n. CorrpOTIIBJIHeMOCTb KOJlOHHbI rpyo CMHTIiIO II36bIT01JHbIM na

PY}KHbiM .lI.aBJIeHlIeM. OPII C03.l1.aHIIII nenpeccaa C ueJIbIO rrOJIY1JeHIIH 

npnroxa II3 nnacra na HII}KHlOIO rpyoy B aannaxepaoa 30He .lI.eHCT

ayer 3Ha1JIITeJIbHOe H36bIT01JHOe .lI.aBJIeHlIe PII, pasnoe pasaocra nan

JIeHIIH CTOJI60B }KII.lI.KOCTeH B CTBOJIe CKBa}KIIHbI II B KOJIOHHe, 

PII= [puL-p (L-H) ] g, (3.3) 

rne L - rJIy6IIHa HM}KHerO KOHU8 rpyriu OT YCTbH; H - rJIy6IIHa 

CHII}KeHIIH ypOBHH }KH.lI.KOCTIi B KOJIOHHe OT YCTbH 

H = z -
UJI 

Pun  6,PTl. 
pg • 

(3.4) 

3.l1.ecb Zun - rJIy6IIHa onporiyeaoro 06'beKTa OT YCTbH; p - rrJIOT

HOCTb }I(H.lI.KOCTIi B KOJIOHHe; 6.PIl.  aananaas nenpeccns. 

H36b1T01JHOe aapyxcaoe .lI.aBJIeHHe BO II36e}KaHlie pa3pYllIeHH5I 

Tpy6bI scerna .lI.OJI}KHO y.ll.OBJIeTBOpHTb yCJIOBIiIO (6.1). OPII npose

P01JHOM pacsere pexoxennyercs npanaaars K03<p<pHUlIeHT sanaca 
rrp01JHOCTIi kC M > 1,3. 

E. Crenens 3arpH3HeHIIH KOJIJIeKTOpa rrpOMbIB01JHOH }KII.lI.KOCTbIO. 

4eM 60JIbllIe 3arpSI3HeHHOCTb, TeM asnue .lI.0JI}KHa 6bITb nenpeccns. 

Ha nepaon c06cTBeHHo onpoooaanas 06'beKTa, KOTOpbIH MO}KeT 

rrp0.ll.OJI}KaTbCSI .lI.O 1 1J II 60JIee, KOJIOHHy rpyri C rrJIaCTOIICrrbITaTeJIeM 

OCTaBJIHIOT B CKBa}KHHe 6e3 .lI.BII}KeHIIH; npn 3TOM npovstaxa CKBa

}KIIHbI HeB03MO}KHa. 003TOMY 60JIbllIOe BHIIMaHlie .lI.OJI}KHO 6bITb yzte
JIeHO BbI60py COCTaBa II CBOHCTB rrpOMbIB01JHOH }KH.lI.KOCTIi .lI.JISI aa

rrOJIHeHIIH CKBa}KIIHbI na nepaon orrp060BaHIiH. 3Ta }KII.lI.KOCTb .lI.OJI

}KHa 06JIa.ll.aTb BbICOKOH ce.ll.HMeHTaUHoHHoH yCTOH1JHBOCTbIO, 1JT06bI 

1JaCTIiUbI raepnos <pa3bI He OCa}K.lI.aJIIiCb II3 nee II He MOrJIIi npnxsa

TIITb naxep; He yxynurars YCTOH1JIIBOCTb ropnsrx nopon II He 06pa30

BbIBaTb na npouauaeasrx CTeHKax CKBa}l{IIHbI TOJICTbIX II JIlIrrKHX 

<pIIJIbTpaUHOHHbIX KOpOK; OTHOCIITeJIbHaH rrJIOTHOCTb }KII.lI.KOCTH .lI.OJI

}KHa 6bITb B03MO}KHO 6JIII}Ke K K03<p<PIIUHeHTY aHOMaJIbHOCTH rrJIaCTO

Bora .lI.aBJIeHIISI B onpotiyexoa 06'beKTe, 1JT06bI He MOrJIO BO"HIIK

nyrs 60JIbllIOe .lI.II<p<pepeHUHaJIbHOe .lI.aBJIeHHe, cnocoocrnyromee npn

xaary rpyri II naxepa, H rlI.lI.paBJIII1JeCKaH narpysxa na naxep 6bIJIa 
MIIHHMaJIbHoH. ECJIII B Ka1JeCTBe rrpOMbIB01JHOH }KH.lI.KOCTIi IICrrOJIb

3YIOT pacraopsr na BO.ll.HOH OCHOBe, BO.ll.OOT.lI.a1Ja IIX .lI.OJI}KHa 6bITb He 

60JIee 3-5 CM3 aa 30 MHH npn 3a60i'IHOH rexneparype, a COJIeBOH 

COCTaB <pIIJIbTpaTa B03MO}KHO 6JIII}Ke K cocrasy ao.a, conepacauiaxca 
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B rropax nopon, BCKpbITbIX CKBa>KIIHoH. Becsxa rrepcrreKTIIBHbIMIi HB

JIHIOTCSI rrpOMbIB01JHble }KII.lI.KOCTIi C KOH.lI.eHCHpOBaHHoH rsepnon <pa
30H. 

0PII cnycxe rrJIaCTOIICrrblTaTeJISI B CKBa}KIIHe B03HHKaeT 3Ha1JH

TeJIbHOe rH.lI.p0.ll.HHaMII1JeCKOe .lI.aBJIeHHe (aaorna 5-10 M08 nazce 

npa He60JIbllIOH CKOpOCTH cnycxa). 3TO CBSI3aHO npezcne scero C 

TeM, 1JTO B MaJIOM aasope Me}K.lI.Y naxepoa H CTeHKaMIi CKBa}KIIHbI Be

JIIiKO rH.lI.paBJIII1JeCKOe conporuanenae. 4T06bI YMeHbllIlITb rnnpona

HaMII1JeCKOe .lI.aBJIeHHe, caeziyer He TOJIbKO OrpaHII1JHBaTb CKOpOCTb II 

ycxopenae nepeaemeaas KOJIOHHbI rpyri, HO TaK}Ke nonnepxcaaan, 

npenensnoe CTaTII1JeCKOe II .lI.IIHaMH1JeCKOe HarrpH}KeHIISI czmara, naa

CTII1JeCKYIO BH3KOCTb II rrJIOTHOCTb rrpOMbIB01JHOH }KH.lI.KOCTIi na MHHII

MaJIbHO He06xo.ll.IIMOM ypoane, npn KOTOpOM 06eCrre1JIIBaIOTCSI ynep

xcanae 1JaCTIiU rsepnon <pa3bI (B TOM 1JHCJIe yTH}KeJIHTeJIH) BO B3Be

llIeHHOM COCTOHHHII B nepnon rrOKOH H rrpOTHBO.ll.aBJIeHlIe na CTeHKH, 

.lI.OCTaT01JHOe .lI.JIH npenornpaureaas nparoxa rrJIaCTOBbIX }KII.lI.KOCTeH 

B nannaxepaox IIHTepBaJIe II OCbIIIaHIiH (IIJIII BbIIIY1JHBaHIISI) nopon. 

CYlll,eCTBeHHO YMeHbllIlITb rH.lI.p0.ll.IIHaMII1JeCKOe .lI.aBJIeHHe MO}KHO TaK

}Ke, eCJIIi YBeJIH1JIITh 3a30p. nJIH sroro B npouecce 6ypeHIISI sa 10
30 M .lI.O KpOBJIIi 06'beKTa onpoooaaaas MO}KHO YMeHbllIlITb .lI."aMeTp 

.lI.OJIOTa II rrp06YPlITb 3yMrr<p (CTBOJI MeHbllIero .lI.IIaMeTpa); naxep B 

3TOM CJIy1Jae YCTaHaBJIIIBaIOT B syxntpe. ECJIII npnnaru MepbI, ooecne

1JIIBaIOllI,IIe YCTOH1JIIBOCTb nopon II npenorspauraroume onacnocri, 

rrplIXBaTa B rrep"o.ll. orrp060BaHIISI, ueJIeC006pa3Ho IICrrOJIb30BaTb 
rrOJIHbIH KOMrrJIeKT rrJIaCTOHCrrbITaTeJIH. JIHllIb B rex CJIy1JaHX, KOr.ll.a 

IIMeIOllI,IIeCH B paCrrOpH}I{eHHII npennpaarns cpencrsa He.ll.OCTaT01J

HbI, 1JT06bI rrpezoraparan, onacaocrs npnxsara HHcTpyMeHTa HJIH 

06eCrre1JHTb YCTOH1JHBOCTb rropo.ll. B Te1JeHHe BpeMeHII, He06xo.ll.IIMOrO 

.lI.JIH OTKpbITbIX II 3aKpbITbIX nepaoztos orrp060BaHHSI, nonycraao npn

MeHHTb HerrOJIHbIH KOMrrJIeKT, IICKJII01JHB II3 Hero ornensnsre y3JIbI 

(rrp0600T60pHHK, aanopusra xnanan. 1JaCTb H3MepHTeJlbHbIX npnoo

pOB). ECJIII npennonaraercs C03.l1.aBaTb 01JeHb BbICOKYIO nenpeccmo, 

6JIH3KyIO K npenensnok .lI.JIH naxepa, ueJIeC006pa3HO B KOMrroHoBKy 

BKJII01JaTb ztaa naxepa, p acnoa araa IIX 0.ll.HH HerrOCpe.ll.CTBeHHO Ha.ll. 
.lI.pyrHM. ECJIII }Ke rrpHXO.ll.HTCH onporioaars 06'beKT, HII}Ke xoroporo npn 

6ypeHHH BCKpblTbI erne 0.ll.IIH HJIH HeCKOJIbKO nponauaexsrx 06'beKTOB, 

B KOMrroHoBKy TaK}I{e BKJII01JaIOT naa naxepa, HO paaaemaior TaK, 

1JT06bI OHII II30JIlipOBaJIH rro.ll.JIe}Kalll,HH onpoooaaaaro 06'beKT OT acex 

npyrax, H <pHJIbTP YCT8HaBJIIIBaIOT Me}K.lI.Y naxepaxn. TaKyIO }Ke KOM
nouonxy IICrrOJIb3yIOT .lI.JIH nOHHTepBaJIbHOrO orrp060BaHHH ropH30HT8 

60JIbllIOH MOlll,HOCTIi. 

MeCTa CY}KeHIIH II pe3KHX neperurios CTBOJIa CKBa}KIIHbI, BbIHB

neanue rro xaaepnorpaaxe, npopariaraaaror HOBbIMH .lI.OJIOTaMH, 1JTO
6bI npenorapanrn, B03MO}KHOCTb nocanox rrJIaCTOHCrrbiTaTeJIH npn 

cnycxe. 00 OKOH1JaHlIlIrrpopa60TKII CKBa)KHHY HHTeHCIIBHO npouu

BaIOT C ueJIbIO rrOJIHOrO Y.ll.aJIeHIISI llIJIaMa; B rrpOMbIB01JHYIO }KH.lI.

KOCTb na B0.ll.HOH OCHOBe npn 3TOM BB0.ll.SIT CMa301JHble .lI.06aBKH. 

Ilepea cnycxoa B CKBa}KHHY see y3JIbI nnacroacnurareaa npose
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pSlIOT na repMeTHtIHOCTh nyrea orrpeCCOBKH rHApaBJIHtIeCKHM nas
JIeHHeM, npeasmratoutaa MaKCHMaJIhHO B03MOMHYlO HatIaJIhHYIO ne
npeCCHIO. Y3eJI npasnaror repMeTHtIHhIM, eCJIH aa 10 MHH HcrrhITaHHSI 
.n;aBJIeHHe He CHH3HTCSI. 

BOJIhIlIOe BHHMaHHe .n;OJIMHO 6hITh yneneao repMeTHqHOCTH H 
rrpOtIHOCTH 6ypHJIhHOH KOJIOHHhl, UeJIeC006pa3HO B nepaon, npen
IlleCTBYIOI.U:HH BCKphITHIO nepcnexraaaoro ropH30HTa, rrpOBeCTH ne
<peKTOCKorrHIO H orrpeCCOBKY scex 6YPHJIhHhIX rpyo H coennaeaaa, 
KOTophie rrpe.n;rrOJIaraeTCSI HCrrOJIh30BaTh .n;JISI crrycKa rrJIaCTOHCrrhITa
TeJISI. HaH60JIee nonxonauiaxa .n;JISI cnycxa rrJI3CTOHCrrhiTaTeJISI S1BJISI
IOTCSI 6YPHJIhHhIe Tpy6hI C KOHHtIeCKHMH cTa6HJIH3HpylOIUHMH noscxa
MH, a TaKMe Tpy6hI C npaaapenauxa coe.n;HHHTeJIhHhIMH KOH~aMH. 

HaH60JIee onacaas paCTSlrHBalOI.U:aSl narpysxa .n;eHCTByeT na sepx
nee ceseaae KOJIOHHhI rpyo B nepaon oCB060M.n;eHHH naxepa H YCTpa
HeHHSI rrpHxBaTa XBOCTOBHKa. YCJIOBHe rrpOtIHOCTH rrpH paCTSlMeHHH 
MOMHO aanacari, TaK: 

(3.5)~qilig+GII+ PA <, UkTF
(j , 

rne qi - npaaeneanas Macca 1 M ceK~HH KOJIOHHhI rpyti C .n;aHHhIMH 
HapyMHhIM .n;HaMeTpoM H TOJII.U:HHOH CTeHKH; Ii  .n;JIHHa ceK~HH; 
GK - sec I1JIaCTOHCrrhITaTeJISI H XBOCTOBHKa; aT - npenen TeKytIeCTH 
xarepaana Tpy6hI; F - nnomans paccxarpaaaeaoro nonepesnoro 
CetIeHHSI TeJIa KOJIOHHhI; kG - K03<P<PH~HeHT 3arraca rrpOtIHOCTH rrpH 
pacTHMeHHH; PA  HaH60JIhIllee B03MOMHoe yCHJIHe caepx seca KO
JIOHHhI, xoropoe .n;OJIMHO 6hITh rrpHJIOMeHO .n;JIH JIHKBH.n;a~HH npa
XBaTa. BeJIHtIHHy sroro yCHJIHH cnenyer aaaaanars, HCXO.n;H H3 
onsrra JIHKBH.n;a~HH npaxsaroa B .n;aHHOM paiione. 

Ilpa onpoooaaaaa 06beKToB C aHOMaJIhHO BhICOKHMH rrJIaCTOBhI .,{J 

MH .n;aBJIeHHSlMli H XOPOIlIHMH KOJIJIeKTOpCKHMH CBoHcTBaMH KOJIOHHa ~{~ 

rpyf MOMeT 6hITh 6hICTPO 3arrOJIHeHa rrJIaCTOBOH MH.n;KOCThlO; BeJIH
tIHHy nenpeccna aaorna npaxonarcs perynapoaars npa rrOMOI.U:H 
YCTheBhIx urryuepoa, YCTaHOBJIeHHhIX B MaHH<p0JIh.n;e (CM. § 25). 
Ha YCThe B 3TOM cnyxae MQ)KeT B03HHKHYTh sucoxoe H36hITOtIHOe 
.n;aBJIeHHe. n03TOMY Tpy6hI .n;OJIMHhI 6hITh paCCtIHTaHhI aa conporns
JISleMOCTh paapsrsy npa TaKOM .n;aBJIeHHH (CM. § 42) H onpeccoaaau. 

npO.n;OJIMHTeJIbHOe B03.n;eHCTBHe rrpOMhIBOtIHOH MH.n;KOCTH na BO.n;
HOH OCHOBe He6JIarOrrpHSlTHo CKa3hIBaeTCSI na KOJIJIeKTOpCKHe caoficr
sa nonnexcauiero orrp060BaHHIo nnacra. n03TOMY see nonroroaa
rensaue K orrp060BaHHIO paooru .n;OJIMHhI -6bITh BhIIIOJIHeHhI TaK, tITO
6hI npoueacyrox BpeMeHH MeM.n;y BCKphITHeM 06beKTa .n;OJIOTOM H 
HatIaJIOM c06cTBeHHo orrp060BaHHSI 6bIJI MHHHMaJIhHhIM. Pe3YJIhTa
THBHOCTh orrp060BaHHH YMeHhIllaeTcSI C yBeJIHtIeHHeM sroro npoxe
MyTKa. Hanpnxep, na rrJIOI.U:a.n;S1x Ilpaypaxsa npa YBeJIHqeHHH rrpo
MeMyTKa BpeMeHH MeM.n;y BCKpbITHeM 06beKTa H -BhI30BOM nparoxa 
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c 1,5 no 3 CYT pe3YJIhTaTHBHocTh YMeHhIlIaeTcSI npaaepao ansoe, 
a no 6 CyT-B 4 pasa [17]. 

§ 25. 06opY.ll.OBaHHe YCTbH CKBaMHHbI 
.ll.JIH onpodosanaa nJIaCTa 

060py.n;OBaHHe ycrsa CKBaMHHhI .n;OJIMHO ooecneuars B03MOM
HOCTh rpaacnopruposxa rrJIaCTOBOH MH.n;KOCTH, nocrynatouref xepea 
rrJIaCTOHCrrhITaTeJIh B KOJIOHHy rpyo, aa 

l 

v~""~s 

__6 

. 
~ 

6e30rracHoe paccToHHHe 01' 6ypOBOH B crre
~HaJIhHYIO eMKOCTh (HJIH .n;JIH CMHraHHSI B 
<paKeJIe); BpaI.U:eHHSI H ocenoro nepexeute
HHH KOJIOHHhI rpyc; rrpHMoii H ooparuon 
rrpoMbIBKH CKBaMHHhI; orrp060BaHHH ropa
30HTa npa 3a.n;aHHOM peacaxe: H3MepeHHSI 
H36hITOtIHOrO .n;aBJIeHHSI Ha YCThe H 06beM
HOH CKOpOCTH nparoxa rrJIaCTOBOH MH.n;KO
CTH, a B pane CJIytIaeB - TaKMe perYJIHpO
BaHHSI HX; repMeTH3a~HH CKBaMHHhI H 3a
.n;aBJIHBaHH5I ee, eCJIH npn nozrseae rrJIaCTO
HcrrbITaTeJIH HatIHeTCSI nposaneaae, a TaK
Me 6e30rraCHOCThpa60T. 

.uo cnycxa rrJIaCTOHCrrhiTaTeJIH YCThe 
.n;OJIMHO 6hITh 060py.n;OBaHO npesearopaaa; 
naaxerp npoxonaoro OTBepCTHSI B supea
HhiX nnauncax npesearopa .n;OJIMeH COOT 8 
BeTCTBOBaTh .n;HaMeTpy 6YPHJIhHhIX rpyc, 
C rrOMOI.U:hlO KOTOphiX cnycxaercs rrJIaCTO

9HcrrhiTaTeJIh• 
Ilpa 3aKphITHH nnamenaoro npesearo

pa KOJIOHHy Tpy6 HeJIh3H HH spatuars, HH 
pacxaacasars. n03TOMY rrOMHMO nnanres
HhiX rrpeBeHTopOB Ha YCThe CJIe.n;yeT yCTa
HOBHTh BpaI.U:alOI.U:HHCSI HJIH yHHBepCaJIh PHe. 18. BepTJIIO}l(H811 ro
HhiH npesenrop. JIOBKa: 

ECJIH rrpH orrp060BaHHH BhICOKoe H36hI 1 - sarnyurxa: 2 - CTBon; 3
xpecrosaua; 4 - nO)l,WHnHHK;

TOtIHoe .n;aBJIeHHe B KOJIOHHe y YCThH He	 5 - xopnyc: 6 - npo6KoBblA 
xparr; 7 - wap; 8 - naaen:MOMeT B03HHKHyTh, aa BepXHHH KOHe~ ee 9 - 3all(HTHbIA KonnaK 

06hItIHO HaBHHtIHBalOT Be.n;yI.U:YIO rpyoy, 
xoropyio C rrOMOI.U:hlO 6ypoBoro pyxasa xepea CTOSIK coe.n;HHHIOT 
C HarHeTaTeJIhHOH JIHHHeH 6ypOBhIX HaCOCOB; K C6pOCOBOMy na
rpyoxy 3TOH JIHHHH noncoenanmor HeCKOJIhKO rpyo, rro KOTOphIM 
nnacroayio MH.n;KOCTh H3 KOJIOHHhI Tpy6 MOMHO OTBeCTH aa 6e3
onacaoe paccrosnae 01' 6ypOBOH yCTaHOBKH. 

ECJIH Me B KOJIOHHe rpyti y ycrss MOMeT B03HHKHYTh BhICOKoe 
.n;aBJIeHHe, na BepXHlO1O rpyoy HaBHHtIHBalOT Crre~HaJIhHYIO BepTJIIOM
nyio rOJIOBKy (pHC. 18), KOTOpylOC rrOMOI.U:blO MeTaJIJIHtIeCKOrO YCThe
Bora MaHH<p0JIh.n;a coe.n;HHSlIOT C HaCOCOM ~eMeHTHpOBOtIHOrO 
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l arperara H C rpanox ,n:JIH coopa H cenapauna rrJIaCTOBOH >KH,n:
KOCTH, BbiTeCHHeMOH H3 6ypHJIbHOH KOJIOHHbI. 

YCTbeBOH Mal1H<p0JIb,n: (pHC. 19) c06HpalOT na 6bIcTpocbeMHbIx 
coe,n:HHeHHHX H sepes xpan BbICOKoro ,n:aBJIeHHH 2 coe,n:HHHIOT C sepr
JIIO>KHOH rOJIOBKOH 1 rrOCJIe cnycxa B CKBa>KHHy 6YPHJIbHbIX rpyo. 
,UJIHHy MaHH<pOJIb,n:a perynnpyror C rrOMOIUblO KOMrrJIeKTa rpyo 4 BbI
coxoro ,n:aBJIeHHH, yCTaHaBJIHBaeMbix Me>K,n:y 6b1CTpOCbeMHblMH coe
,n:HHeHHHMH 5; ruoxocn, ero ,n:OCTHraeTCH aa cner IIIapHHpHbIX KO
JIeH 3. 4epe3 O,n:HH H3 OTBO,n:OB TpoHHHKa 6 MaHH<p0JIb,n: coe,n:HHHIOT C 

no topoc 

PIIC. 19. Cxexa 06BH3KII YCTbH npa onpo6o
BaHIIII 06'beKTOB C BbICOKIiM UJIaCTOBbIM AaB

JIeHlleM 

K I/eHeHmUpo6o'lHOH!J 
aepeeamy 

ueMeHTHpOBOqHbIM HaCOCOM. K npyrouy OTBO,n:y TpOHHHKa npacce
,n:HHHIOT np060OT60pHHK 8 C MaHoMeTpaMH 9 H BeHTHJIeM 7 ELICOKoro 
,n:aBJIeHHH ,n:JISl oroopa npoou rrJIaCTOBOH >KH,n:KOCTH, a TaK)Ke IIITY
uepaue KaMepbI 10 H 11 C KpaHaMH BbICOKoro ,n:aBJIeHHH 12. Illryuep
aue xaxepu nepea TpOHHHK 13 coe,n:HHHIOT Tpy6aMH BbIKH,n:HOH JIH
HHH C aM6apoM ,n:JIH coopa rrJIaCTOBOH >KH,n:KOCTH H C <paKeJIOM. DpH 
coopxe ycrsesoro MaHH<p0JIb,n:a B urryuepnue xaxepu BBHHqHBalOT 
urryuepa pasaux naaxerpoa (06bIqHO 6 H 8 MM). ,UJIH H3MepeHHH 
06beMHOH CKOpOCTH nparoxa nJIaCTOBOH )KH,n:KOCTH aa BblKH,n:HOH 
JIHHHH yCTaHaBJIHBalOT pacxonovep. 
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§ 26. Cnycx annapara H onpoeoaanae nJIaCTa 

Ilepen crrycxosr rrJIaCTOHCrrbITaTeJIH nopureas TOpM03HOH KaMepbl 
perynnpyior TaK, qT06b1 r JIaBHblH xnanaa ero OTKpbIBaJICH He panee 
qeM xepes 3-5 MHH rrOCJIe C03,n:aHHH C)KHMaIOIUeH aarpysxa: B COOT
BeTcTBylOIUHe Y3JIbI KOMrrOHOBKH YCTaHaBJIHBalOT H3MepHTeJIbHbIe 
npnoopu, BbI6paHHble C yseroa HaH60JIbIIIHX B03MO)KHbIX naane
HHH H revnep aryp, H 3aBo,n:HT nacoaue MexaHH3MbI. B npaoopu 
BCTaBJIHIOT qHCTbIe 6JIaHKH ,n:JIH perHCTpaUHH resmeparypu H naane
HHH, a B MexaHH3M BKJIlOqaTeJIH qaCOB- KaJIH6pOBaHHbIe cpesnsre 
IIInHJIbKH, paCCqHTaHHbIe ,n:JIH BKJIlOqeHHH qaCOBOro MexaHH3Ma He
3a,n:OJIrO no naxeposxa. ECJIH npencroar onpooonart, 06beKT C aHO
MaJIbHO BbiCOKHM rrJIaCTOBbIM ,n:aBJIeHHeM HJIH ra30HOCHbIH ropH30HT, 
B CTBOJI BepTJIIO)KHOH rOJIOBKH ueJIeC006pa3Ho BBHHTHTb peracrpa
PYIOIUHH MaHoMeTp, paCCqHTaHHblH na ,n:aBJIeHHe, npeasnuaiomee 
aa 15-20% MaKCHMaJIbHO O)KH,n:aeMoe na YCTbe. 

DpH cnycxe rrJIaCTOHCrrblTaTeJIH B CKBa)KHHY B03MO)KHbI OCJIO)KHe
HHH nnyx BH,n:OB: npescnespeaeanoe OTKpbITHe rJIaBHOrO snycxnoro 
xnanana arrrra para H rrorJIOIUeHHe rrpOMbIBOqHOH )KH,n:KOCTH. C)KH
MalOIUaH CHJIa, ,n:OCTaTOqHaH ,n:JIH OTKpblTHH rJIaBHOrO xnanaaa. MO
)KeT B03HHKHYTb npn nocanxe naxepa na cy)KeHHH HJIH aucrynu B 
CTBOJIe CKBa)KHHbI. BeJIHqHHa ee 3aBHCHT OT CKOpOCTH H yCKopeHHH 
cnycxa KOJIOHHbl rpyo. ,UJIH roro qT06b1 xnanau He 6bIJI OTKpbIT 
npeacnespeaenno, Hy)KHO CJIe,n:HTb aa TeM, qT06bI YMeHbIIIeHHe seca 
aa 6ypOBOM xptoxe npn cnycxe rrJIaCTOHCrrbITaTeJIH 6bIJIO KpaTHO 
MeHbIIIe BeJIHqHHbI HarpY3KH, rrpHHHTOH ,n:JIH naxepoaxa, a ,n:JIHTeJIb
HOCTb nocanxa aa cyxceaae xopose cpoxa OTKpbITHH rJIaBHOrO KJIa
naua. Bo H36e)KaHHe npeacnespesrennoro OTKpbITHH xnanana pexo
MeH,n:yIOT B cay-rae, eCJIH npa cnycxe HMelOT MeCTO nocanxa armapa
ra, nepea Ka>K,n:bIM aapauraaannex o-repennoa CBeqH H rrOCJIe Hero 
npnnonaaaars KOJIOHHy rpyo na 2-3 M. 

Iloraouienae MO)KeT B03HHKHYTb B TOM cay-rae, eCJIH cyMMa CTa
THqeCKOrO H rH,n:po,n:HHaMHqeCKOrO ,n:aBJIeHHH rrpH crrycKe OKa)KeTCH 
60JIbIIIe ,n:aBJIeHHH paapuaa KaKOrO-JIH60 nnacra. He06xo,n:HMO nos
TOMy C06JIIO,n:aTb yCJIOBHe 

PeT + PrA < I1pnzrr ' (3.6) 
r,n:e Sp; - MHHHMaJIbHbIH rpa,n:HeHT ,n:aBJIeHHH rrOrJIorueHHH; Zrr

rJIy6HHa 3aJIeraHHH noponu C TaKHM rpanaearox. 
BepXHHH npenen rH,n:po,n:HHaMHqeCKOrO ,n:aBJIeHHH MO)KHO npH6JIH

)KeHHO oueHHTb rro rrOKa3aHHHM cOBpeMeHHoro HH,n:HKaTopa Beca. 
ECJIH npeueopeus TpeHHeM Me)K,n:y KOJIOHHOH Tpy6 H CTeHKaMH CKBa
>KHHbI, TO YMeHbIIIeHHe HarpY3KH na 6ypOBOH KplOK npn cnycxe MO)K
HO paCCMaTpHBaTb KaK BbITaJIKHBalOIUYIO CHJIy OT rH,n:po,n:HHaMHqe
CKOro ,n:aBJIeHHH 

0 1 -02 (37)
~A~ F . 

c ' 

rne OJ  narpyaxa na 6ypOBOH KplOK B MOMeHT, xorzta KOJIOHHa nepe
MeruaeTCH BHH3 C ouens MaJIOH CKOpOCTblO; O2 - aarpyaxa na KplOK 
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B nepaon cnycxa nJIaCTOHCnbITaTeJIH; Fe- nnomaas nonepexaoro ce

lIeHHH CKBaiKHHbI. 
Peuraa COBMeCTHO asrpaacenas (3.6) It (3.7), nonyaaex <pOpMyJIy 

AJIH onpeneneaas BeJIHlIHHbI pa3rpY3KH 6ypoBoro KpIOKa, npa KOTO

poii: He B03HHKHeT norJIOmeHHe 

0 1 -02 <;" F~~rr (~Prr-Png). (3.8) 

K03<p<pHU.HeHT 6e30nacHocTH pexoxeanyex npHHHMaTb k(j ~ 1,5

1,7. 
Ilpa cnycxe B cKBaiKHHY KOJIOHHy Tpy6 XOTH 6bI lIaCTHlIHO aa


nOJIHSlIOT iKHAKOCTbIO. Onepanmo 3anOJIHeHHH MOiKliO cymecTBet.lHo
 
06JIerllHTb H yCKOpHTb, eCJIH B co


CTa B KOJIOHHbI HeCKOJIbKO asnue uap
fI s 

z
 

KyJIHu.HOHoro xnanaaa BKJIIOlIHTb cne


u.HaJIbHbIii: 3anOJIHHTeJIbHbIn KJIanaH
 

(pHC. 20). Ilpa cnycxe nJIaCTOHCnbI


TaTeJISl sepea nOT KJIanaH B Tpy6bI
 

nocrynaer iKHAKOCTb H3 naanaxepno


ro npOCTpaHCTBa CKBaiKHHbI. KJIanaH
 

3aKpbIBaeTCH H nocrynnenae iKHAKO


CTH npexpauiaerca aBTOMaTHlIeCKH, 

KaK TOJIbKO AaBJIeHHe cToJI6a ee B 

Tpy6ax AOCTHrHeT·3apaHee 3aAaHHon 

BeJIHlIUHbI. He06xoAHMyIO CTeIIeHb 3a
J IIOJIHeHHH onpeAeJIHIOT B 3aBHCHMO

CTH OT sanauaoa AeIIpeCCHH H HUiK

Hero IIpeAeJIa H3MepeHHH rJIy6HHHbIX 

MaHOMeTpOB. fJIy6HHHbIn MaHOMeTp 

HaIIHHaeT peracrpapoaart, AaBJIeHHe 

JIHlllb B TOM cayxae, eCJIH AaBJIeHHe 

oxpyacaiontea cpenu He HHiKe HeKO

roporo MHHHMyMa. Hanpaaep, HHiK

• HHH IIpeAeJI H3MepeHHH MaHOMeTpa
PHe. 20. 3anoanarem.aau RJIa- Mfn 3M
nan: -, paccsarannoro na 
a - nQJlQ)KeHHe B nepaon aanOJIHeHHSI; 40 Mna, paaen 4 Mna. 
6 -r-' nocne a3nOJIHeHHSI: no OKOHlIaHHH cnycxa nJIaCTOUC1 - xaaan: 2 - oTBepcTHH; 3 - nop

meHb; 4 - KaJIH6pOB8HH851 illnHJIbKa IIblTaTeJIH C MexaHHlIeCKHM naxepox
 

6alllMaK cTaBHT· H8 3a60n H c03AaIOT 

aarpysxy, He06xoAHMyIO AJIH HaAeiKHoA IIaKepoBKH. BeJIHlIHHa 

non HarpY3KH 3aBHCHT OT aasopa MeiKAy IIaKepOM H CTeHKaMH 

CKBaiKHHbI H ynpyrax xapaKTepHCTHK ynJIOTHHTeJIbHOrO 3JIeMeHTa 

naxepa IIpH CiKaTHH. Ilosroxy B IIaCIIopTe naxepa AOJIiKHa 6bITb 

IIpHBeAeHa 3aBHCHMOCTb paAHaJIbHOn Ae<popMau.HH yIIJIOTHHTeJIbHO
ro 3JIeMeHTa OT oceson ciKHMaIOmen aarpysxn. B MOMeHT OTKpbI-· 

THH rJIaBHOrO anycxnoro xnanaaa IIJIaCTOHCIIblTaTeJIH aarpysxa aa 

rraxep aospacraer H TeM pease, lIeM 6h1CTpee orxpuaaercn xnanan. 

::!ha aarpyaxa COCTOHT H3 ABYX KOMIIOHeHTOB: craraxecxof CHJIbI, 
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paBHOH npOH3BeAeHHIO pa8HOCTH AaBJIeHHH B HaAIIaKepHOH H nOA' 
IIaKepHOH 30Hax IIpH OTKpbITHH rJIaBHOrO xnanaaa na naoutans 
xoasueaoro aasopa MeiKAY CTeHKaMH CKBaiKHHbI H nJIaCTOHCnblTa

renex, H AHHaMHlIeCKOH CHJIbI, TeM 60JIbllleH, lIeM 6b1CTpee OTKpbI

BaeTCH rJIaBHbIH KJIan8H U lIeM 60JIbille BeJIHlIHHa AenpeCCHH. 

CyMMapHaH aarpysxa xepea naxep nepenaercs na <pHJIbTP-XBOC

TOBHK; ynJIOTHHTeJIbHbIA: iKe 3JIeMeHT naxepa nOA ee B03AeHCTBHeM 

CTpeMUTCH CKOJIb3HTb BHH3 no CTeHKaM CKBaiKHHbI; npn 3TOM MeiKAY 

HHM H CTeHKaMU B03HHKaeT CHJIa TpeHHHJHanpaBJIeHHaH nnepx. ECJIH 

pa3HOCTb MeiKAY cyxaapaoa narpysxoa H CHJIOH TpeHHH 60JIbille KpH

THlIeCKOH CHJIbI, npH KOTOPO" XBOCTOBHK yTpallHBaeT npHMOJIHHeH

ayio <POpMy yCTOHlIHBOCTH, nOCJIeAHUH npOAOJIbHO H30rHeTCH. a npoIi 
cenaaae naxepa OKaiKeTCH 3HallHTeJIbHhIM. Taxoe npoceaauue MO~~, 
iKeT 6b1Tb npHlIHHOH HerepMeTHlIHOCTH naKepOBKH. Bo H36e)KaHHe 

3Toro ne.neco06pa3HO npHMeHHTb B03MOiKHO 60JIee KopOTKHe XBOC

TOBHKH H3 TOJICTOCTeHHbIX rpyd; npa HaBHHlIHBaHHH KBaApaTHOH 

Tpy6bI (HJIH BepTJIIOiKHOH rOJIOBKH) na 6ypHJIbHyIO KOJI<'HHy CJIeAHTb 

aa TeM, lIT06bI B MOMeHT nOCTaHOBKH 6alllMaKa na 3a60H HaA pOTO

pOM OCTaB8JICH YllaCTOK Tpy6bI AJIHHOH 5-6 M; sroro AOCTaTOllHO. 

lIT06bI xoxneacapoaars npocezianae. 

B nepaon cnycxa nJIaCTOHCnblTaTeJIH B CKBaiKHHY H npa naxe

pOBKe CJIeAHT aa nOJIOiKeHHeM ypOBHH iKHAKOCTH B KOJIbu.eBOM npocr

paHCTBe. CHHiKeHHe ypOBHH iKHAKOCTH npa cnycxe CBHAeTeJIbCTByeT 

o aasaameaca nOrJIOmeHHU ee, a npn naxeposxe - 0 nerepxenor
HOCTH nOCJIeAHeii: H neperexaaau iKHAKOCTH BHYTPb KOJIOHHbI rpyf 
sepea OTKPblBIllHHCH rJIaBHbIA KJIanaH. ECJIH nornourenae B03HHKJIO 

npa cnycxe nJIaCTOHCnbITaTeJIH, HyiKHO caaxana yCTpaHHTb norno

utenae, a 3aTeM JIHlllb onpooosan, nnacr. B cay-rae CHHiKeHHH ypOBHH 

npa naxepoaxe, KOJIOHHy HaTHrHBaIOT, naxep npHnOAHHMaIOT, H ne

JIaIOT nonurxy HOBon naKepOBKH. ECJIH naneaae ypOBHH npOAOJl}Ka

eTCH, nJIaCTOHCnbITaTeJIb nOAHHMaIOT H3 CKBaiKHHbI H BbIHCHHIOT 

npHlIHHbI HerepMeTHlIHOCTH naKepOBKH. Ilpa nOBTopHOM cnycxe an

napara naxep YCTaHaBJIHBaIOT B HOBOM MeCTe. 
C MOMeHTa OTKpbITHH rJIaBHOrO xnanana IIJIaCTOHCnbITaTeJIH Ha

lIHHaeTCH c06CTBeHHO onp060BaHHe 06beKTa. LLJIH nOJIylleHHH 60JIee 

nocroaepuoa HH<popMau.uu 0 nnacre npouecc c06CTBeHHO onpoooaa

HHH AeJIHT aa sersrpe srana: ABa OTKpbITbIX srana npHTOKa H ABa 

3aKpbITbIX srarra BOCCTaHOBJIeHHH AaBJIeHHH. 
3aAalla nepsoro srana COCTOHT B TOM, lIT06bI OCB060AHTb onpo

6yeMbIH 06beKT OT B03AeikTBHH AaBJIeHHH cToJI6a npOMbiBOllHOH 

iKHAKOCTH, CHH3HTb AaBJIeHHe aa 3a60e HHiKe nJIaCTOBOro B 06beKTe 

H nOJIYllHTb HallaJIbHblH npHTOK H3 nOCJIeAHerO C neJIbIO OllHCTKH 

npHCTBOJIbHoii: 30HbI OT 3arpH3HeHHH. npOAOJIiKHTeJIbHOCTb sroro 

srana HeBeJIHKa, ee 06b1l1HO orpaHHlIHBaIOT 3-5 MHH. Ha AHarpaMMe 

rJIy6HHHoro MaHOMeTpa, yCTaHOBJIeHHOrO II <pHJIbTpe, MOMeHTy OT

KpbITHH rJIaBHOrO xnanaaa COOTBeTcTByeT YllaCTOK BE pesxoro na

AeHHH AaBJIeHH5I B nonnaxepaoa 30He, a nepnoxy OTKpblTOMy 
srany - yxacrox BF (pHC. 21). LLaBJIeHHe B reseaae orxpuroro 
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PHC. 22. 3aBHcHMoCTb OTHOlIleHHlI MHHHMaJIb

HO He06xo,lJ.HMOH lIP0,lJ.OJIJKHTeJIbHOCTH BOCCTa

HOBJIeHHI1 3a60iiHoro ,lJ.aBJIeHHI1 (lit B ) MHB B 

1I0,lJ.lIaKepHOH 30He K lIP0,lJ.OJIJKHTeJJbHOCTH t« 
orxpuroro nepaona OT lIP0,lJ.o.~JKIITeJIbHOCTH 

OTKpblTOrO nepaona ,lJ.JII1 06beKToB C pasnoa 

rH,lJ.pOllpOBO,lJ.HOCTbro: 

1- MB/ln=f(KhITJ); 2  KhITJ~2.5· 10- 11 M'/na' c; 
3  KhITJ=2,5 • )0-10 M'lna· c; 4 - KhlTJ ~ 1.5X 
X 10-9 M'/na -c ; 5  KhITJ~2.5 • )0-9 M'lna· C 

meH ll3 onpotiyeaoro 06beKTa }l{ll~KOCTbIO, C rrOMOmbIO pacxonouepa, 

ycranoaneanoro na YCTbeBoM MaHll<po~b~e. Ecna CKOpOCTb nparoxa 
aennxa, KO~OHHa Tpy6 MO}l{eT 6blCTpO s anonaarscs }l{ll~KOCTbIO, II 

cxnaxcaaa na-mer <poHTaHllpoBaTb sepes YCTbeBoH MaHll<p0~b~. 

B 3TOM cnyxae pacxonoxepoa MO}l{HO ll3MepllTb ~e6llT nenocpencr
BeHHO nnacronon }l{ll~KOCTll, a nporiy ee oroepars YCTbeBblM rrpo

600T60pHllKOM. 

Do acre-reana sanaaaoro apexeun (ll~ll npn npexpameuan Bbl

TeCHeHllH sosnyxa ll3 KO~OHHbl) aanopnun xnanan 3aKpbIBaIOT BTO

pa-mo (TOqKa )K na pac, 21), II nasauaerca qeTBepTblH, aaxpsrrsra 
sran. 3a~aqa ero  aaperncrpnponan, KOHeqHYIO KPllBYIO )Kif BOC

CTaHOB~eHllH nanneaaa, He06xoT\llMYIO ~~H rrpll6ml}1{eHHOH ouenxa 
Ko~~eKTopcKllX CBOHCTB 

06beKTa. DOCKO~bKY B re
xenae rpersero srana, ro

pasno 60~ae npozioaacu
rensnoro, qeM nepnua, 06

nacrs noanxceanoro nan
~eHllH pacnpocrpananacs 

Ha 3HaqllTe~bHoe paccToH

Hlle rro 06beKTy OT CKBa

}l{llHbl, ~~H BOCCTaHOB~e

HllH ~aB~eHllH B 3TOH 06

.nacrn II na 3a60e rpeoy

eTCH 60~bllle BpeMeHll, 

qeM aa BTOpOM arane, 
D PO~O~}I{llTe~bHOCTb BTO

poro 3aKpbITOrO srana Bbl

6llpaIOT TaK}I{e B aaaaca

MOCTll OT rH~pOrrpOBO~HO-

CTll 06beKTa. LJeM 60~b

ure kh/'Y} II aarencaaaee 
rrpllTOK Ha TpeTbeM 3Tarre, 

TCM MeHbllle npenenn Tpe

6yeTcH ~~H qeTBepTOro 3Tarra. DPll Ma~OM 3HaqeHllll kh/'Y} rrpo

~O~}I{llTe~bHOCTb qeTBepToro 3Tarra ~O~}I{Ha 6bITb B 2-3 pa3a 

60~bllle, qeM TpeTberO; rrpll cpe~HeH Be~llqllHe kh/T] 3TO COOTHOllle-

Hlle MO}l{HO cOKpaTHTb ~o 1-1,5, a rrpll BblCOKOM 3HaqeHllH 

kh/T]  ~o 0,8-1. ,Il.~H orrpe~e~eHllH He06xo~llMOH rrpO~O~}I{ll

Te~bHOCTll qeTBepToro 3Tarra MO}l{HO BocrrO~b30BaTbCH TaK}I{e rpa

<pllKOM 13alllHI1DI1He<pTb (pllC. 22). KpllBaH 1 rrOKa3bIBaeT 3a

BllCllMOCTb orrTllMa~bHoro COOTHOllleHllH rrpO~O~}I{llTe~bHocTeH 

qeTBepToro II TpeTberO 3TarrOB OT rH~pOrrpOBo~HOCTll 06beKTa, a 

KpllBble 2-5 - OT rrpO~O~}I{llTe~bHocTH TpeTberO 3Tarra ~~H 06b

eKTOB C pa3HblMll 3HaqeHHHMll rH~pOrrpOBo~HOCTll. EC~ll rrpe~Bapll
Te~bHO MO}l{HO rrpll6~ll}l{eHHO OI.l,eHllTb rll~porrpoBo~HOCTb C TOqHO

CTbIO XOTH 6bl 30%, Be~llqllHY ee OTK~a.ublBaIOT Ha OCll a6CI.I,llCC, 

BOCCTaHaB~llBaIOT rreprreH~liKY~HP ~O KpHBOH 1 Ii ll3 TOqKll rrepece
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BpeMR 
PHC. 21. ,UHarpaMMa H3MeHeHHl1 ,lJ.aBJIeHHH, 

peracrpapyeaaa rJIy6HHHblM MaHoMeTpoM, 

YCTaHOBJIeHHblM B ¢HJIbTpe !lJIaCTOHClIblTa
TeJII1: 

OA - cnYCK annapara: AE  naxepoaxa: EB - OT
xp srrue rJIaBHOro xnanaaa: Bl'  nepBhlfi OTKPblTblfi 
sran onp060BaHHlI; r/l,  nepaun aaKpblTblfi aran: 
/l,E - OTKpblTHe aanopuoro xzranane ; E)l(  BTO
POH OTKPblTbIiI aran; )l(lI - BTOpOl! aaKpbITbll! 
nan; HI( - OTKpblTHe ypaBHHTeJIbHOrO xnanaua: 
KJI - oCB060lKi\eHlle naKepa; JIM - nOi\1>eM annapa
ra HS CKBa>KHHbl 

3Tarra paCTeT Me~~eHHO rro Mepe TOrO, KaK B pe3Y~bTaTe rrpllTOKa 

113 06beKTa nonsnuaerca yposeas }l{ll~KOCTll B KO.7JOHHe rpyri. 
BTOpOH sran nanunaerca C MOMeHTa aaxpuras sanopnoro xnana

na (TOqKa F). TaK KaK ~aB~eHlle na 3a60e B 3TOT MOMeHT najrnoro 
MeHbllle nnacrosoro, npnrox }l{ll~KOCTll B nonnaxepnyio 30Hy ll306b

exra npononscaerca. DOCKO~bKY sanopuas xnanan 3aKpbIT, }l{llk 

KOCTb ll3 nozmaxepuoa 30Hbl He MO}l{eT nepetexars B rrO~OCTb KO~OH

Hbl 6ypll~bHbIX rpyfi, rr03TOMY naanenae B 30He 6blCTpO pacrer (xpa
BaH FII.). DPO~O~}I{llTe~bHOCTb sroporo, 3aKpbITOrO srana ~O~~{Ha 

6bITb B 3-5 paa oonsiue, qeM nepsoro srana. Ecnn npono.nacarens
HOCTb sroporo srana Bbl6paHa npanansno, K KOHI.I,y ero naaneuae B 

nonnaxepaoa 30He noasrcnrca npnuepno no nnacroaoro. D03TOMY 

Haqa~bHOH KpllBOH BOCCTaHOB~eHllH ~aB~eHllH FII. rrO~b3YIOTCH ~~H 
onpeneaeans sepoarnoro aaaseaas nnacroaoro naanenaa B 06beKTe. 

3a~aqa rpersero srana  pacnpocrpanars B03MymeHlle, BbI3BaH

Hoe peaxnv CHll}l{eHlleM naanenaa npn orxpsrraa sanopuoro rrOBO

pornoro xnanana {yna
CTOK ,Il.E), na B03MO}l{HO 

60~blllee paCCTOHHlle OT 

cxsazcaasr rro onporiyeuo

My 06beKTy, nonyaars 

npnrox }l{ll~KOCTll ll3 He3a

rpH3HeHHOH 30Hbl ero, OTO

6paTb rrp06y rr~acToBoH 

}l{ll~KOCTll II ouemrrs 06b

eMHyIO CKOpOCTb npnroxa, 

xapaKTep ll3MeHeHllH ee 

BO npexena. ,Il.~H pemenaa 

3TllX aanas rpeoyerca 3Ha

qllTe~bHO 60~bllle speue

Hll. D03TOMY npoaonscn

Te~bHOCTb rpersero, orxpu

roro arana (yqaCTOK E)K) 
Ko~e6~eTcH OT 15 MllH 

~o 1 q II 60~ee. Ee 

Bbl6llpaIOT B 3aBllCllMOCTll 

OT <pa30BoH rrpOHllI.l,aeMOCTll k, MomHOCTll h orrp06yeMoH qaCTll 

06beKTa II BH3KOCTll T] rr~aCTOBOH }l{ll~KOCTll, T. e. OT rH~pOrrpOBo~

HOCTll kh/T]. LJeM Bblllle rH~pOrrpOBo~HOCTb 06beKTa, TeM 60~ee 
KOPOTKllM MO}l{eT 6bITb TpeTllH, OTKpbITblH 3Tarr rrpllToKa. Do 

~aHHbIM 13alllHI1DI1He<pTb, rrpll Hll3KOH rH~pOrrpOBo~HOCTll 

(kh/T]<25·10-12 M3/Da·c) rrpe~cTaBllTe~bHYIO rrp06y rr~acToBoH 
}l{ll~KOCTll MO}l{HO rro~yqllTb, eC~ll rrpllToK rrpO~O~}I{aeTCH He Me

Hee 1 q; rrpll cpe~HeH rH~pOrrpOBo~HOCTll (25·10-12<kh/T]< 

< 250.10-12 M3/Da· c) rrpO~O~}I{llTe~bHOCTb rrpllToKa MO}l{HO cOKpa

TllTb ~o 30 MllH, a rrpll BblCOKOH  ~OCTaTOqHO 15-20 MllH. 

OI.l,eHllTb 06beMHyIO CKOpOCTb rrpllToKa B 3TOT rrepllo~ MO}l{HO rro 

pacxo~y B03~yxa, BblTeCHHeMoro ll3 6ypll~bHOH KO~OHHbl rrocTyrraIO
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qeHHH onycxaior nepnennaxyanp na OCb Op)l.HHaT. 3aTeM xepes 
TOqKY nepeceseaas C OCbIO Op)l.HHaT rrpOBO)l.HT KpHByIO, napannens
HyIO 6JIH}I{aihueH na KpHBblX 2-5, 3a)l.aIOTCH )l.JIHTeJIbHOCTbIO 
rpersero srana H, OTJIO}l{HB rrOCJIe)l.HIOIO na OCH a6CUHCC, BOC
CTaHaBJIHBaIOT nepneanaxyasp )1.0 rrOCTpOeHHOH KpHBOH. TOqKa 
rrepeCeqeHHH )l.aCT HCKOMOe COOTHOWeHHe )l.JIHTeJIbHOCTeA )l.ByX rro
CJIe)l.HHX 3TarrOB. ECJIH }l{e mnponposonnocn, OueHHTb npeasapa
TeJIbHO HeJIb3H, 3a)l.aIOTCH )l.J1HTeJIbHOCTbIO rpersero srana, OT
KJIa)l.blBaIOT ee Ha OCH a6CUHCC H BOCCTaHaBJIHBaIOT rreprreH)l.HKy
JIHp )1.0 KpHBOH 2 MaJIOH ranponposonnocrn (kh/TJ = 25.10-12 

M3/l1a· c). Opnnnara TOqKH nepecexenaa ztacr opHeHTHpOBOqHOe 
aaasenae HCKOMoro COOTHOlIIeHHH rrpO)l.OJI}I{HTeJIbHOCTeH xersepro
.ro H rpersero 3TarrOB. 

I1pH orrp060BaHHH ropH30HTOB C aHOMaJIbHO BblCOKHM rrJIaCTO
BbiM )l.aBJIeHHeM qaCTO 6ypHJIbHyIO KOJIOHHy rrpHxO)l.HTCH npa cnycxe 
rrOJIHOCTbIO 3arrOJIHHTb }l{H)l.KOCTbIO. B 3TOM cnyxae perynapoaars Be
JIHqHHY ztenpeccaa B nepaonu nparoxa MO}l{HO C noxomsto YCTbe
BbiX urryuepoa, a aanacstsars xpasue BOCCT8HOBJIeHHH nasne
HHH  perHcTpHpyIOr.u.HMH YCTbeBblMH MaHoMeTpaMH. 

nJIH CHHTHH naxepa C MeCTa rro OKOHqaHKH orrp060BaHHH K KO
JIOHHe rpyo rrJIaBHO npaxnaauaator pacraraaarouryio narpysxy H yae
JIHqHBaIOT ee csepx aeca KOJIOHHbI cryneaaua no 10-20 KH C BbI
)l.ep}l{KOH B 1,5-2 MHII. 110cJIe oCB060}l{)l.eHHH naxepa naacroacnura
TeJIb rrO)l.HHMaIOT H3 CKBa}l{HHbI. 110)l.beM npepusarcr, KaK TOJIbKO 
yposens }l{H)l.KOCTH B KOJIOHHe OKa}l{eTCSl y YCTbH. Perrrcrpapyior 
)l.JIHHy H3BJIeqeHHblX K ~TOMY MOMeHTy H3 CKBa}l{HHbI Tpy6 H, CJIe
)l.OBaTeJIbHO, rJIy6HHy, )1.0 KOTOpOH rrO)l.HHJICH ypoaeas }l{H)l.KOCTH B 
KOJIOHHe B nepaon nparoxa H3 nnacra, npoxusaior CKBa}l{HHY H KO
JIOHHy sepes UHpKyJIHUHOHHblH KJI8rraH H BblTeCHSlIOT rrJIaCToByIO 
}l{H)l.KOCTb B CrreUHaJIbHYIO eMKOCTb na nosepxnocra. I1pH aeotixo
)l.HMOCTH npensapareasao oT6HpaIOT npotiu }l{H)l.KOCTH H KOHTpO
JIHPYIOT COOTHoweHHe Me}l{)l.y KOJIHqeCTBOM <pHJIbTpaTa npcxuaou
HOH }l{H)l.KOCTH H KOJIHqeCTBOM rrJIaCTOBOH }l{H)l.KOCTH B HHX C no
MOr.u.bIO nopraraaaoa uearparpyrn. B nepaon orrp060BaHHH H 
riozrseua KOJIOHHbI CJIe)l.HT sa ypoanea rrpOMblBOqHOH )KH)l.KOCTH B 
KOJIbueBOM npocrpancrae CKBa}l{HHbl H B cay-rae CHH}I{eHHH ero 
)l.OJIHBaIOT }l{H)l.KOCTb C ueJIbIO npenorapauieaas raso-, nerpre-, 
BO)l.OrrpOHBJIeHHH. 

§ 27. HHT.epnpeTaUHH peayasraroa onpoeoeauaa 
c nOMOlUblO nJlaCTOHCnblTaTeJlH 

110 OKOHqaHHHOrrp060BaHHH rrpOH3BO)l.HTCH npesoie scero xase
CTBeHHaH aarepnperauas naansrx, sanacanaux r Jly6HHHblMH MaHO
MeTpaMH, repxouerpaxa, )l.e6HTorpa<poM, a TaK}I{e Ha3eMHoH peru
crpapytomert annaparypos, UeJIb sroro - y6e)l.HTbCH B repveras
HOCTH y3JIOB rrJIaCTOHCrrblTaTeJIH, KOJIOHHbI rpyf H naxeposxa, a TaK
}l{e B )l.OCTOBepHocTH sanacea peracrpapytouiea armaparypu. nml 
3TOro onpenensior no )l.HarpaMMaM rJIy6HHHblx MaHoMeTpoB naane
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HHH B rrOCJIe)l.HHH MOMeHT cnycxa KOJIOHHbI (ToIIKa A na pHC. 21), 
rrpH OTKpblTHH (TOqKa B) rJIaBHOrO BrrycKHoro KJIarraHa rrJIaCTOHC
nsrrarens H B MOMeHT nepsoro 3aKpblTHH (TOqKa r) sanopnoro KJIa
nana, B KOHue nepsoro saxpsrroro nepnozra (TOqKa 11.), B HaqaJIbHblH 
H KOHeqHblH MOMeHTbI sroporo orxpuroro nepnoaa (TOIIKH E H )l(), 
B KOHue sroporo saxpuroro nepaona (TOqKa H), rrOCJIe OTKphlTHH 
ypaBHHTeJIbHOro xnanana (TOqKa K). 3HalleHHH )l.aBJIeHHH B MOMeH
Tbl A H K cpaBHHBaIOT co CTaTHqeCKHMH )l.aBJIeHHHMH cToJI6a npoau
BOqHOH }l{H)l.KOCTH, BblqHCJIeHHblMH no H3BeCTHblM rrJIOTHOCTH 3TOit 
}l{H)l.KOCTH H rJIy6HHe yCTaHoBKH MaHOMeTpa. PaCXO}l{)l.eHHe Me}l{)l.y 
H3MepeHHblMH H pacsernsnra BeJIHqHHaMH )l.OJI}I{HO 6b1Tb B npeaenax 
TOqHOCTH MaHoMeTpoB H rrJIOTHOMepOB; H3MepeHHble 3HaqeHHH zraa
JIeHHH B MOMeHTbl A H K )l.OJI}I{Hbl 6b1Tb npaxrnxecxa O)l.HHaKOBbIMH. 
naJIee corrOCTaBJIHIOT 3HaqeHHSl )l.aBJIeHHH B MOMeHTbI A H 11.. ECJIH 
naxeposxa repxerauaa, aropas BeJIHqHHa scerzra MeHblIIe nepaoa, 
110 naarpaaxe MaHOMeTpa, yCTaHOBJIeHHOrO Ha)l. rJIaBHblM KJIarr~OM, 
y6e}l{)l.aIOTCH B repMeTHqHOCTH ero H KOJIOHHbI rpyti, a TaK}I{e )l.p' rHX 
y3JIOB, pacnonoacennux nan 3THM KJIarraHOM. ECJIH see repxer 110, 
MaHoMeTp B nepaon cnycxa rrJIaCTOHCrrblTaTeJIH peracrpapyer HeH3
MeHHoe )l.aBJIeHHe, JIHWb B nepaonu )l.OJIHBa }l{H)l.KOCTH B KOJIOHHy 
Tpy6 na )l.HarpaMMe <pHKcHpyeTcH COOTBeTcTBylOr.u.ee noasnueaae nas
JIeHHSl. 0 repMeTHIIHOCTH 3aKpblTHH sanopnoro nosoporuoro xnanaaa 
Cy)l.HT rro )l.HarpaMMe MaHOMeTpa, yCTaHOBJIeHHOrO Ha)l. HHM. ECJIH 
xnanan saxpur rrJIOTHO, MaHOMeTp B saxpurue nepnonsr onpoooaa
HHH )l.OJI}I{eH peracrpapoaan, HeH3MeHHOCTb )l.aBJIeHHH. 

110 KpyTH3He KpHBOH nparoxa BO BTOPOH OTKPblTblH nepaon MO}l{
HO cynan, 06 HHTeHCHBHOCTH nocrynnenas }l{H)l.KOCTH H3 nnacra, 4eM 
6b1CTpee pacrer )l.aBJIeHHe B 3TOT nepaon, TeM HHTeHCHBHee rrpHTOK. 
ECJIH }l{e xanoxerp peracrpapyer npaxrasecxa HeH3MeHHoe naane
HHe, 3HaqHT nparoxa HeT. ECJIH cnaxaaa nparox 6b1JI HHTeHCHBHblM, 
a 3aTeM npaxrasecxn rrpeKpaTHJICH, 3TO MO}l{eT CBH)l.eTeJIbCTBOBaTb 
JIH60 0 TOM, qTO KOJIJIeKTOp HeycTOHqHB H uiena <pHJIbTpa rrOJIHOCTblO 
aaxynopenu qaCTHuaMH rsepnon <pa3b1, JIH60 0 rrJIOXHX KOJIJIeKTOp
CKHX CBOHCTBax y)l.aJIeHHOH 30HbI orrp06yeMoro 06beKTa. B rrepBOM 
cay-rae MaHOMeTp, YCTaHOBJIeHHblH non sarnyurxoji <pHJIbTpa, oyner 
peracrpapoaars HHTeHCHBHoe BOCCTaHOBJIeHHe )l.aBJIeHHH B nonnaxep
HOM rrpOCTpaHCTBe C MOMeHTa npexpaurenaa nparoxa xepea 3a6HTble 
OTBepCTHSl <pHJIbTpa. Bo BTOpOM cay-rae see xanoaerpu, ycrauos
aennue HH}I{e aanopnoro xnanana, B KOHue sroporo 3aKpbITOrO ne
paona (TOqKa H na pHC. 21) aaperacrpnpytor naauoro MeHbwee 
)l.aBJIeHHe, He}l{eJIH B KOHue nepsoro 3aKpbITOrO nepaona (TOqKa 11.). 

nJIH orrpeneJIeHHH KOJIJIeKTOpCKHX CBOHCTB rrJIaCTa rro pe3YJIbTa
TaM rrpo.n.OJI}I{HTeJIbHOrO HCCJIe)l.OBaHHH npn yCTaHoBHBweMCH pexca
Me nparoxa 06blqHO HCrrOJIbSYIOT KPHBYIO BOCCTaHOBJIeHHH )l.aBJIeHHH 
H <pOpMyJIy Xopnepa [61] 



r.D.e pc - .u.aBJIeHHe B CKBa2KI1He Ha ypoBHe Cepe.D.liHbI rrJIaCTa; Q 
.D.e6liT He¢Tli npn 3a60HHbIX reuneparype H .D.aBJIeHHli; t« - npono.n
2KliTeJIbHOCTb nparoxa; f::".t B - rrpo.u.OJI2KHTeJIbHOCTb BOCCTaHOBJICHHSI 

.D.aBJIeHHH nOCJIe npeKpaIJJ.eHH5I npHTOKa. 
3TOH 2Ke ¢OpMyJIOH rrpHHHTO nOJIb30BaTbCH npn 06pa60TKe pe

3YJIbTaTOB onp060BaHHSI nJIaCTOHCrrbITaTeJISlMH. Ho B npouecce onpo
60BaHH5I npo.u.OJI2KHTeJIbHOCTb npnroxa HeBeJIHKa, CKOpOCTb era Me
H5IeTCH BCJIe.D.CTBHe YBeJIHIJeHHSI .u.aBJIeHliH B no.u.naKepHoH 30He, a 
TaK2Ke I13MeHeHHH npoaauaeaocru rrpHCTBOJIbHOH 30HbI nJIaCTa (6JIa
rona pa IJaCTHIJHOH OIJHCTKe rrOCJIe.D.HeH OT 6ypoBoro pacrnopa) li B5I3
KOCTli 2KH.u.KOCTH, ¢HJIbTpYIOIJJ.eHCH IJepe3 9Ty 30HY. He.D.OCTaTOIJ
HO TOIJHO H3BeCTHa TaK2Ke parioraiomas MOIJJ.HOCTb rinacra. 009TO
My xapaKTepHCTHKH nJIaCTa, onpenenenaue no .D.aHHbIM onpocoaa
Hli5l, Hy2KHO paccuarpnaars KaK rrpH6JIli2KeHHble. 

113 ¢OPMYJIbi (3.9) BH.D.HO, 'ITO 3aBHCHMOCTb 

tn + M B )Pnn-Pc = n M •f (I 
B 

51BJI5IeTCH JIHHeHHOH. ECJIH HaHTH TaHreHC yraa HaKJIOHa nOH npa

MOH K ocn a6cu.HCC 

. Pnn - Pc (3.10)
t* = tn + M B ' 

In M 
B 

liCnOJIb3Y51 .D.JI5I 9TOrO KOHeIJHYIO KPHBYIO BOCCTaHOBJIeHliSl .u.aBJIeHHSI, 
11 no .D.aHHbIM .D.e6HTOrpa¢a HJIH paCXO.D.OMepa onpenenars cpennee 
saa-reane .D.e6liTa Q .D.JI5I sroporo orxpsrroro nepnona nparoxa, M02K
HO npli6JIH2KeHHO ouenars rH.D.pOnpOBo.u.HOCTb He3arp5l3HeHHOH IJaCTli 

He¢TeHOCHoro nJIaCTa 

(-!:!!:...) __9- (3.11) 
'I] B.)\. - 4ni•• 

lIT06bI HaHTH i*, KPHBYIO BOCCTaHOBJIeHHSI naanenas pa36HBalOT 
aa HeCKOJIbKO orpeaxos, COOTBeTcTBylOIJJ.HX He60JIblIIliM npOMe2KyT
KaM apexerrn I1tB , H .D.JI5I Ka2K.D.0rO npoxeacyrxa onpe.D.eJISlIOT cpenaee 
.D.aBJIeHHe p-, 3TH nannsre HaHOCHT na rrOJIyJIOrapH¢MHIJecKylO CHCTe
My KOOP.D.liHaT. OnbIT nOKa3bIBaeT, 'ITO na rrpSlMYIO JI02KaTCSI TOJIbKO 
HeCKOJIbKO nOCJIe.D.HHX TOIJeK, CHSlTbiX C KOHeIJHOH KpHBOH BOCCTa
HOBJIeHli51 .D.aBJIeHli5l. I1MeHHo -repes 9TH TOIJKH npOBO.D.SlT npaxyio H 
C rroxoutsro CPOPMYJIbI (3.10) onpe.D.eJI5IIOT HaKJIOH i«. 

I1Hor.D.a HaKJIOH i, HaXO.D.51T 6e3 nocrpoenas rparpaxa . .llJISI sroro 
B ¢OpMyJIy (3.10) BM~CTO pnn rrO.D.CTaBJISlIOT .D.aBJIeHHe PII. B KOHeIJ
HbIH MOMeHT sroporo srana (TOIJKa fl. aa pHC. 21), BMeCTO pc
.D.aBJIeHHe PH B KOHu.e neraeproro srana (TOIJKa H), BMeCTO tn 

np0.D.OJI2KHTeJIbHOCTb rpersero srana, a BMeCTO I1tB - rrpo.D.oJI2KH

TeJIbHOCTb tB xerneproro arana [36]. B nOCJIe.D.HeM CJIyIJae .D.JISI 
onpe.D.eJIeHH5I rrpH6JIH2KeHHOrO 3HaIJeHH5I rH.u.porrpOBO.D.HOCTH B ¢op
MyJIy (3.11) rrO.D.CTaBJI5IIOT cpennee 3HaIJeHHe .u.e6HTa Q aa rpersea 
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srane orrp060BaHHSI. TaKOH: cnocoti M02KHO npaxeaari., eCJIH YIJa
CTKli xpnnux BOCCTaHOBJIeHH5I .D.aBJIeHHSI, aanacaaaue B KOHu.e BTO
POl'O H neraeproro aranos, napannensau oca a6Cu.HCC, .D.aBJIeHHe 
2Ke B KOHu.e seraeprcro srana He MeHblIIe 75% .D.aBJIeHHSI B KOH
ue nroporo srana, a np0.D.OJI2KHTeJIbHOCTb seraeproro srana co
CTaBJISleT He MeHee nOJIOBlIHbI rrp0.D.OJl2KHTeJIbHOCTli rpersero. 

<l>aKTHIJecKylO rH.D.pOnpOBO.D.HOCTb C YIJeTOM B03M02KHOrO aa
rpSl3HeHHH rrpliCTBOJIbHOH: 30HbI rrpOMbIBOIJHOll 2KH.D.KOCTblO M02KHO 
npH6JIH2KeHHO orrpenenars no rpopxyne (1.1 0) H .u.aHHbIM, nOJIyIJeH
HbIM BO BpeMH rpersero srana onpotionanns. 

Qln~ 
3 H Bh)(k = 'c. (3.12) 

'I] np 2n (Pr!n - Pc) 

OU.CHHTb B03M02KHYIO creneas 3arpSl3HeHHSI nnacra rrpOMbIBOIJ
HOM 2KH.D.KOCTblO M02KHO npn noxoum K09¢¢Hu.HeHTa saxynopxa 
rrpHCTBOJlbHOH 30HbI liJIH CKHH-9¢¢eKTa. OO.D. K09¢¢HU.lieHTOM aaxy
nopxa nOHliMaIOT OTHOlIIeHHe rroTeHu.HaJIbHOH rH.D.ponpORO.D.HOCTH K 
¢aKTHIJeCKOH 

(~L)\
k Pnn - Pc
 

a3 H = = -.-'---':;-' (3.13)

3 H Bh)(k 2t.ln - 
11 IIp f C 

r . 
lIaCTo C MaJIOH norpemaocrsro rrpHHHMalOT In _R_ ~ 2n. 

f C 

ECJIli ¢OpMyJIy (2.2) peumrs OTHOCHTeJIbHO k/ka H nOJIyIJeHHOe 
supaacenae rr0.D.CTaBHTb B ¢OpMyJIy (2.3), nOCJIe.D.HSISI npaaer BH.D. 

Sk = (_k__ I) In..!..!.!...-. 
, k3H B 'c 

Ho H3 ¢OPMYJIbI (3.13) BH.D.HO, 'ITO k/kaHB=kaaH' 009TOMY CKHH-9¢
¢eKT 

Sk=(k"3,,-1) In (3.14);H.
c 

OpH 06pa60TKc pe3YJIbTaTOB onp060BaHHH B <t>OpMyJIbI (3.12) H 
(3.13) BMeCTO PrlJI rrO.D.CTaBJIHIOT .D.aBJIeHHe P II. B KOHu.e sroporo 
srana, a BMeCTO Pc - .u.aBJIeHHe PI}/( B KOHu.e rpersero srana 
(CM. pHC. 21). 



fJlABA 4 

KOHCTPYKLJ.H}l CKBA)I(HH 

§ 28. LJ.eJlH H cnocoobl xpenaeaas CKBalKHH 

B npouecce 6ypeHHH BCKPbIB810TCH ropaue noponu, pa3JIHlJalO

l.I.J.HeCH npyr OT ~pyra JIHTOJIOrHlJeCKHM COCTaBOM, q>H3HKo-MeXaHHlJe

CKHMH CBoHcTBaMH, creneasio HaCbIl.I.J.eHHOCTH H BH)l.OM HaCbIl.I.J.alO

l.I.J.eH )KH~KOCTH, K03q>q>HIJ.HeHTaMH aHOMaJIbHOCTH nJIaCTOBbIX ~aBJIe 'I 
;-~i 

HHH H HHbIMH xapaxrepacraxaxa. Hapaay C YCTOHlJHBbIMH, aanpa


Mep Kap60HaTHbIMH noponaxa, CTBOJI CKBa)KHHbI B KOTOpbIX MO)KeT --it
 
~JIHTeJIbHOe BpeMH OCTaBaTbCH He3aKpenJIeHHbIM, BCTpelJalOTCH ae


YCTOHlJHBbIe H HeCBH3HbIe noponu: TaKHe noponu JIerKO OCbInaIOTCH,
 

paspyuraiorca HJIH BbIIlYlJHBalOTCH yxce scsope nOCJIe pa36ypHBaHHH.
 

HeYCTOAlJHBbIe noponu oc06eHHO lJaCTO BCTpelJalOTCH aa cpasaa


TeJIbHO He60JIbWHX rJIy6HHax, a TaK)Ke B 30Hax TeKTOHHlJeCKHX aa


pyureaaa. QT06bI npenoraparars napynreaae YCTOHlJHBOCTH CTeHOK
 

CKBa)KHHbI, CTBOJI ee npHXO~HTCH xpenars.
 

K03q>q>HIJ.HeHTbI aHOMaJIbHOCTH nJIaCTOBbIX ~aBJIeHHH B npOHH

IJ.aeMbIX noponax xoryr 6bITb CYl.I.J.eCTBeHHO pa3JIHlJHbIMH. ECJIH B 

npouecce 6ypeHHSI 6Y~YT BCKpbITbI ropH30HTbI npOHHIJ.aeMbIX nopon 

C pa3HbIMH K03q>q>HIJ.HeHTaMH aHOMaJIbHOCTH, MoryT B03HHKHYTb 

6JIarOnpHHTHbIe yCJIOBHH ~JIH neperoxa nJIaCTOBOH >KH~KOCTH H3 ro

pH30HTa C BbICOKHM K03q>q>HIJ.HeHTOM aHOMaJIbHOCTH B ropH30HT C 

nOHH)KeHHbIM K03q>q>HI.(HeHTOM aHOMaJIbHOCTH xepea CTBOJI CKBa>KH

HbI. nO~06HbIe neperoxa He~onYCTHMbI, noroxy lJTO OHH Be~YT K no

repe npHpO~HOH 3HeprHH, norepe lJaCTH nJIaCTOBOH )KH~KOCTH H3 ro

pH30HTa C BbICOKHM K03q>q>HIJ.HeHTOM aHOMaJIbHOCTH, aaorna K YXYk 
weHHIO KOJIJIeKTOpCKHX CBOHCTB B ropH30HTe C nOHH>KeHHbIM K03q> i
qIHIJ.HeHTOM aHOMaJIbHOCTH. Ileperoxa MoryT 6bITb npHlJHHOH BbI6po '1, 
COB, rpHq>OHo06pa30BaHHH, orxpuroro q>OHTaHHpOBaHHH, aenony

CTHMoro 3arpH3HeHHH ropH30HTOB C apTe3HaHCKHMH H IJ.eJIe6HbIMH 

Bo~aMH, HHTeHCHBHOH KOpp03HH CKBa)KHHHOrO 060pY~OBaHHH, 8 

aaorna H norepa CKBa>KHHbI. QT06bI npenoraparars neperoxa, npa

XO~HTCH H30JIHpOBaTb npOHHIJ.aeMbIe ropH30HTbI npyr OT npyra. 

B 3KCnJIyaTaIJ.HOHHbIX CKBa)KHHaX ~JIH TpaHcnopTHpOBaHHH nna

CTOBOH >KH~KOCTH OT npO~YKTHBHbIX ropH30HTOB K ~HeBHOH nosepx

HOCTH, a B HarHeTaTeJIbHbIX CKBa>KHHaX - ~JIH TpaHcnopTHpOBaHHH -* 
pa60lJeH >KH~KOCTH C ~HeBHOH nOBepXHOCTH K npOHHIJ.aeMbIM ropa

,~,
 

30HTaM rpeoyercs npOlJHbIH H repMeTHlJHbIH KaHaJI, KOTOpbIH Mor 6bI
 
Ha~e)KHO CJIy>KHTb B resenae MHorHX ~eCHTKOB JIeT. TaKHM xaaa


JIOM MO>KeT 6bITb CneIJ.HaJIbHaH KOJIOHHa rpyo,
 
OCHOBHbIMH IJ.eJIHMH KpenJIeHHH HBJIHIOTCH: a) C03~aHHe ~OJIro

BelJHOrO H repMeTHlJHOrO KaHaJIa ~JIH TpaHcnopTHpOBaHHH >KH~KO
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CTH; 6) otiecnexeaae YCTO:l{lJHBOCTH CTeHOK CKBa>KHHbI B reseaae 

scero cpoxa CJIy>K6bI ee, ClJHTaH OT aaxana CTpOHTeJIbCTBa; B) npen

OTBpaUJ.eHHe nepeTOKOB nJIaCTOBbIX )KH~KOCTeH H3 onaoro npOHHIJ.ae

MOro 06'beKTa B npyroa HJIH B aruocrpepy H CBH3aHHbIX C HHMH TH

>KeJIbiX OCJIO)KHeHHH; r) C03~aHHe yCJIOBHH ~JIH npOlJHOrO aaxperine

HHH aa YCTbe CKBa>KHHbI npOTHBOBbI6poCOBoro H 3KCnJIyaTaIJ.HOHHO
ro 060pY~OBaHHH. 

HaH60JIee pacnpocrpaaeaauaa cnococaxa KpenJIeHHSI HBJIHIOTCH 

cnYCK B CKBa>KHHy KOJIOHH 06ca~HbIX rpyc, 3anOJIHeHHe 3aKOJIOHHO

ro npOCTpaHCTBa Bel.I.J.eCTBaMH, cnoc06HbIMH CO BpeMeHeM aaraepne

aars H C03~aBaTb repuerasayro H nposnyro CBH3b Me>K~y Tpy6aMH 

H rOpHbIMH noponaxa. ,UJIH apexeaaoro yKpenJIeHHH OT~eJIbHbIX 
YlJaCTKOB CTBOJIa CKBa>KHHbI npaoeraror K yCTaHoBKe IJ.eMeHTHbIX 

MOCTOB HJIH 06pa60TKe CTeHOK CKBa)KHHbI pacrsopaxa CneIJ.HaJIbHblX 

XHMHIJeCKHX Bel.I.J.eCTB, 3aMOpa>KHBaHHIO H HHbIM MeTo~aM. 

§ 29. nOHHTHe 0 KOHCTpyKIJ.HH CKBaJKHHbI 

Ilon KOHcTpyKIJ.HeH CKBaJKHHbI nOHHMalOT coaoxynaocn; ~aHHbIX 
o KOJIHlJeCTBe H rJIy6HHax cnycxa oocannux KOJIOHH, naaxerpax 06

canaux !WJIOHH, ~HaMeTpax CTBOJIa CKBa)KHHbI ~JI51 Ka)K~OH H3 KO

JIOHH H HHTepBaJIaX IJ.eMeHTHpoBaHHH (rJIy6HHax sepxaea H HHJKHeH 
rpaHHIJ. KaJK~OrO HHTepBaJIa). 

3AeMeflTbl KOflCTpyK/.{UU cxeaocunu. Ilepsaa rpyoa HJIH KOJIOH

aa rpyo, cJIy>Kal.I.J.aH ~JIH npe~OTBpal.I.J.eHHH paaasma nopon, 3aJIe

ralOl.I.J.HX 6JIH3 ~HeBHoH nosepxaocra, pa306l.I.J.eHHH CTBOJIa CKBa)KH

HbI, coopyacaexon B aKBaTopHH sonaoro 6acceHHa, OT oxpyxcaro
l.I.J.HX BO~ H ~JIH coe~HHeHHH YCTbH C OlJHCTHOH CHCTeMOH 6ypOBOH 
yCTaHoBKH, Ha3bIBaeTCH nanpaenenuex. 

KOJIOHHa rpyd, cnycxaexas B CKBaJKHHy nOCJIe HanpaBJIeHHH H 

cnyxcantaa ~JIH yxpenaean 51 CTeHOK nOCJIe~HeH B He~OCTaTOlJHO 

YCTOHlJHBbIX noponax H ~JIH nepexpsrras 30H OC'.nO)KHeHHH, npaypo

lJeHHbIX K cpaBHHTeJIbHO HerJIy60KO 3aJIeralOl.I.J.HM ropH30HTaM, a 

TaKJKe ~JIH H30JIHIJ.HH ropH30HTOB, conepscautax apresaaacxae H IJ.e
JIe6Hble BO~b1, Ha3bIBaeTCH KOflayICTopOM. 

CaMaH BHyTpeHHHH KOJIOHHa Tpy6 HOCHT Ha3BaHHe 3KcnAyaTa

uuonnoa. OHa CJIy>KHT He TOJIbKO ~JIH yKpenJIeHHH CTeHOK CKBaJKH

HbI H H30JIHUHH COOTBeTcTBy10l.I.J.HX ropH30HTOB, HaCbIl.I.J.eHHbIX Heq>

TblO, ra30M HJIH BO~OH, HO TaK)Ke KaHaJIOM ~JIH TpaHcnopTHpOBKH 

~06bIBaeMOH H3 npO~YKTHBHOH TOJIl.I.J.H HJIH 3aKalJHBaeMOH B nOCJIek 
HIOIO JKH~KOCTH (rasa). 

Bee KOJIOHHbI rpyo Me)K~y KOH~YKTOPOM H 3KCnJIyaTaIJ.HOHHOH 
KOJIOHHOH Ha3bIBalOTCH npOMe;}fCyTottflblMU. I1x cnycxator ~JIH nepe

KpbITHH cpaBHHTeJIbHO rJIy60KO 3aJIeralOl.I.J.HX HeYCTOHlJHBbIX nopon, 

JIH60 ~JIH H30JIHIJ.HH npO~YKTHBHbIX ropH30HTOB, pacnOJIOJKeHHbIX na
MHoro asnue npoeKTHOH rJIy6HHbI CKBaJKHHbI, JIH60 ~JIH H30JIHIJ.HH 

nopon, OKa3bIBalOl.I.J.HX CHJIbHOe arpeccasnoe B03~eHCTBHe na npo
MbIBOlJHYIO JKH~KOCTb, H ~JIH npyrax IJ.eJIeH. 
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pesxa 'IHCJIaMH rrOKa3bIBalOT aapyzcaue )J.HaMeTpbI ceKU:HH, aanpn

Mep 168X146 MM (pHC. 23). 

§ 30. npOeKTHpOOaHHe KOHCTpyKU:HH CKBaJKHHbI 

CKBa}KHHa HBJI51eTCH )J.OJIrOBpeMeHHbIM KarrHTaJIbHbIM coopyace

HHeM. 003TOMY KOHCTpyKU:HH ee )J.OJI}KHa 6bITb rrpO'IHOH, ooecnesa

aars repMeTH'IHOe pasoomeaae scex nponanaeaux nopon, BCKPbITbIX 

npa 6ypeHHH, 6e3yCJIOBHylO B03MO}KHOCTb )J.OCTH}KeHHH npoexrnoa 
r JIy6HHbI H peIIIeHHH reOJIOrHQeCKHX H )J.PYfHX HCCJIe)J.OBaTeJIbCKHX 

3a)J.a'I B npouecce 6ypeHHH, ocyr.u:eCTBJIeHHH sanpoexraposaanux pe

}KHMOB 3KCrrJIyaTaU:HH na acex sranax pa3pa60TKH MeCTOpO}K)J.eHHH, 

C06JIIO)J.eHHH Tpe60BaHHH 3aKOHOB 06 oxpaae nenp H aaiuare oxpy

}KalOru:eH cpenu OT 3arpH3HeHHH. Bsrecre C TeM KOHCTpyKU:H51 CKBa

}KHHbI )J.OJI}KHa 6bITb 3KOHOMH'IHOH. 

Ha BbI60p KOHCTpyKU:HH CKBa}KHHbI BJIHHIOT MHOrO'IHCJIeHHble 

<f!aKTopbI: Ha3HaQeHHe CKBa}KHHbI (pa3Be)J.O'IHaH, 3KCrrJIyaTaU:HOHHaH 

na He<pTb HJIH ras, HarHeTaTeJIbHaH H T. rr.), rrpOeKTHa51 rJIy6HHa ee, 

oc06eHHOCTH reOJIOrH'IeCKOrO CTpoeHHH MeCTOpO}K)J.eHHH (HaJIHQHe 

TeKTOHH'IeCKHX HapyIIIeHHH, COJIHHblX IIITOKOB, KOJIHQeCTBO nponyx

THBHblX 06beKTOB H pacnoxosceaae HX npyr OTHOCHTeJIbHO npyr-a H 

)J.pyrHe) H CTerreHb )J.OCTOBepHOCTH 3HaHHH 06 3TOM, YCTOHqHBOCTb 

ropnux nopon, xapaxrep H3MeHeHHH C rJIy6HHoH K03<p<pHU:HeHTOB 

aHOMaJIbHOCTH rrJIaCTOBbIX )J.aBJIeHHH H HH)J.eKCOB )J.aBJIeHHH rrorJIO

uieaaa, COCTaB rrJIaCTOBbIX }KH)J.KocTeH (xHMH'IeCKHH H rro <pH3HQe

CKoMy COCTOHHHIO: xanensaas }KH)J.KOCTb, raa, ra30}KH)J.KOCTHaH 

execs}, rrOJIO}KeHHe YCTbH CKBa}KHHbI (aa cyme HJIH B aKBaTopHH 

BO)J.Horo 6acceHHa), nporpam, CKBa}KHHbI, cnocoo H rrpO)J.OJI}KHTeJIb

HOCTb 6ypeHHH, ypoaens pa3BHTHH TeXHOJIOrHH 6ypeHHH, MeTO)J. 

BXO}K)J.eHHH B rrpO)J.yKTHBHylO TOJIru:y, rexueparypaua pe}KHM B rre

pHO)J. 6ypeHHH H 3KCrrJIyaTaU:HH, )J.e6HT H crroc06bI 3KCrrJIyaTaU:HH 

)J.aHHoH CKBa}KHHbI na paaaux sranax pa3pa60TKH MeCTOpO}K)J.eHHH, 

CTerreHb cOBepIIIeHcTBa 3KCrrJIyaTaU:HOHHoro 060py)J.oBaHHH, Tpe60

BaHHH 3aKOHOB 06 oxpane aenp H aaumre oxpyacaiourea cpe)J.bI,3KO

HOMH'IHOCTb (CTOHMOCTb CTpOHTeJIbCTBa npa TOM HJIH HHOM sapnarr

re KOHCTpyKU:HH, CTOHMOCTb e)J.HHHU:bI )J.06bIBaeMOH rrpO)J.YKU:HH), 

cy6beKTHBHble MOMeHTbI (KBaJIH<pHKaU:HH HH}KeHepHO-TeXHH'IeCKOrO 

rrepCOHaJIa, Tpa)J.HU:HH rrpe)J.rrpHHTHH H rrpoeKTHOH OpraHH3aU:HH H 

npyrae) . 
Cnpoexrapoaars KOHCTpyKU:HIO CKBa}KHHbI - 3TO 3Ha'IHT orrpe

)J.eJIHTb He06xo)J.HMoe )J.JI51 yCJIOBHH )J.aHHOrO KOHKpeTHOrO YQaCTKa 

MeCTOpO}K)J.eHHH KOJIHQeCTBO 06ca)J.HbIX KOJIOHH, paaaepsr 3THX KO

JIOHH ()J.HaMeTp, rJIy6HHy yCTaHoBKH HH}KHerO KOHu:a H )J.JIHHy Ka}K

)J.OH), )J.HaMeTpbI )J.OJIOT )J.JIH 6ypeHHH CTBOJIa non Ka}K)J.YIO KOJIOHHy, 

rrOJIO}KeHHe BepXHeH H HH}KHeH rpaHHU: HHTepBaJIOB u:eMeHTHpOBa

HHH H BbI6paTb MeTO)J. BXO}K)J.eHHH B rrpO)J.yKTHBHylO TOJIr.u:y. OpH pe

IIIeHHH 3TOH 3a)J.aQH 'IaCTO MO}KeT 6bITb IlOJIY'IeHO HeCKOJIbKO aapa
aHTOB KOHCTpyKU:HH. 3a OKOHQaTeJIbHbIH Hy}KHO npanavan, HaH60
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o6a 

PHC. 23. I'parpasecsoe 
pyKUHH CKBa)KHHbl: 
a  co CllJIOWHblMH KOJIOHH8MH; 6 - C XBOCTOBHKOM; 
8 - C KOM6HHHpoBBHHoll 3KCllJlYBT3l\IlOHHOi! KOJlOll
HOft H XBOCTOBHKOM 

06bIqHO aepxnaii KOHeu: KOJIOHHbI rpyo YCTaHaBJIHBalOT aa YCTbe 

CKBa}KHHbI. Hepenxo, O)J.HaKO, BepXHHH KOHeu: KOJIOHHbI pacnonara

lOT B CKBa}KHHe aa 3HaqJfTeJIbHOH rJIy6HHe OT yCTbH. Taxyro KOJIOH

ny Ha3bIBalOT X80CT08UKOM. 
Ta QaCTb KOJIOHHbI, KOTOpaH COCTaBJIeHa H3 rpyti CO cnenaansao 

rrpOCBepJIeHHbIMH HJIH nporppeaeponannuau OTBepCTH51MH HJIH B KO

TOPOH rrOCJIe cnycxa B CKBa}KHHY rrpOCTpeJIHBalOT MHOrO'IHCJIeHHble 

OTBepCTH51, Ha3bIBaeTCH epUllbTpOM. 
Fpadiuuecsoe ueotipascenue KOftCTpyKl{UU CK8aJICUftbl. B TeXHH

qeCKOH JIHTepaType KOHCTpyKU:HIO CKBa}KHHbI yCJIOBHO H306pa}Ka1OT 
CJIe)J.ylOr.u:HM 06pa30M: 0)1.

HOH BepTHKaJIbHOH CrrJIOIII

HOH JIHHHeH rrOKa3bIBalOT 

06Ca)J.HylO KOJIOHHy; 'IHCJIO 

y sepxaero KOHu:a TaKOH 

JIHHHH oaaasaer HapY}K

HbIH )J.HaMeTp 06Ca)J.HOH 

KOJIOHHbI B MHJIJIHMeTpaX; 

4HCJIO y HH}KHerO KOHu:a 

JIHHHH - rJIy6HHy crrycKa 

ZfO(] KOJIOHHbI B MeTpaX; eCJIH 
n KOHCTpyKU:HIO CKBa}KHHbl 

BXO)J.HT XBOCTOBHK, crin0 III 

HOH JIHHHeH rrOKa3bIBa~T 

TOJIbKO HHTepBaJI )J.ei'rcTBI1

reJIbHOrO paaaeiuenaa 
rpy6 XBOCTOBHKa, a nynx
THpHOH . JIHHHeH - HHTep

BaJI OT aepxaero KOHu:a 

XBOCTOBHKa )J.O YCTbH; )J.Ha

MeTp XBOCTOBHKa xapaKTe

pnayer 'IHCJIO y sepxaero 

H306pa)KeHHe KOHCT' KOHu:a nynxrapaof JIHHHH; 

qHCJIO Y BepXHerO KOHu:a 

CrrJIOiliHOH JIHHHH noxaasi-
BaeT rJIy6HHy BepXHerO 

KOHu:a XBOCTOBHKa OT 
yCTb51 CKBa}KHHbI. HHTepBaJI u:eMeHTHpOBaHHH rrOKa3bIBalOT IIITpH

XOBKOti; qHCJIa y rpanau HHTepBaJIOB 03HaqalOT rJIy6HHy 3THX rpa

HHU: OT YCTbH. 
Hanpaaneaae na rpatpuvecxox H306pa}KeHHH KOHCTpyKU:HH, KaK 

npaBHJIO, He rrOKa3bIBa1OT. 

ECJIH 06ca)J.HaH KOJIOHHa COCTaBJIeHa H3 rpyo pasastx )J.HaMeT

pOB, ee H306pa}Ka1OT OTpe3KaMH )J.ByX (HJIH rpex - no 'mCJIy )J.Ha

MeTpOB) npaaux, HH}KHHH H3 KOTOpbIX pacnoaararor 6JIH}Ke KOCH 

CKBa}KHHbI, qeM sepxaan: B MeCTe CTbIKOBKH ceKU:HH H3 rpyti pa3HbIX 

.LI.HaMeTpOB OTpe3KH coe)J.HHHIOT HaKJIOHHOH rrpHMOH H YKa3bIBalOT 

rJIy6HHy MeCTa CTbIKOBKH OT YCTbH. Y sepxaero KOHu:a sepxuero OT
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nee 3KOHOMHqHblH, T. e. TOT, KOTOpblH 1I0SBOJIHeT 06eCIIeqHTb BbIllOJI

HeHHe 1I0CTaBJIeHHbiX nepen CKBa}l{HHOIf aanax IIpH MHHHMyMe sa

rpar aa passenxy (B cnyxae 1I0HCKOBO-paSBe,ll.OqHbIX CKBa)l{HH) HJIH 

aa paspatiorxy (AJIH 9KCIIJIyaTau.HOHHblX, H3rHeTaTeJIbHb1X, Ha6JIIo

narensnux CKBa}l{HH) MeCTOp0}l{,lI.eHHH HJIH, IIO KpaHHeH xepe., npa 
MHHHMaJIbHOH Ce6eCTOHMOCTH e,nHHHu.bI ,lI.06b1BaeMOH IIpO,ll.yKU.HH• 

Butiop 'JUC/la U C!lly6uHbl cnqctca oticaiinu» KOIlOHH. Ilpacrynari, 
K IIpOeKTHpOBaHHIO KOHCTpyKU.HH pexoaeanyerca C 1I0CTpOeHHH rpa
epHKOB HSMeHeHHH K03epepHu.HeHTa aHOMaJIbHOCTH ka IIJIaCTOBblX ,lI.aB

JIeHliH 1'1 HH,lI.eKCa ,lI.aBJIeHHH kn 1I0rJIom.eHHH C rJIy6HHoH. C 1I0MOm.blO 

T8KHX rparpaxos MQ)KHO onpenenurs re HHTepBaJIbi rJIy6HH, B npe
nenax KOTOpblX BblllOJIHHMO yc

a· to /.11 1.8 ka,lIn.Po ri. 8 JIOBHe (1.41), 1'1 HaMeTHTb nep
o BbIrl BapHaHT KOHCTpyKU.HH• 

EC.TIH IIpH 6ypeuHH B HH)I{eJIe

}l{am.eM HHTepBaJIe ,lI.OJI)I{Ha 

6LITb HCIIOJIbSOBaHa IIPOMbIBOqlODO 
HaH }l{H,lI.KOCTb co CTOJIb BbICO-

KoH OTHOCHTeJIbHOH II.TJOTHO-

CTblO, 'ITO OHa 6Y,ll.eT 1I0rJIO

marsca B TOT HJIH HHOH ropa
30HT sepxnero HHTepBaJIa, HJIH 

CO CTOJIb MaJIOH IIJIOTHOCTblO, 

'ITO US BepXHero HHTepBaJIa MO

2000 

3000 }l{eT HaqaTbCH HHTeHCHBHblfi 

IIpHTOK IIJIaCTOBOH }l{H,lI.KOCTH, 

BepXHHH HHTepBaJI He06xO)l,HMO 

H30JIHpOBaTb, npexcne qeM CTOJIb 
'fOOO cym.eCTBeHHO HSMeHHTb IIJIOT

HOCTb IIPOMblBOqHOH )l{H,lI.KOCTH.z 
O,ll.HH HS HaH60JIee paClIpOCTpa

PHC. 24. fpacjJHKH H3MeHeHHll K03cjJ¢H' HeHHbIX CIIoc060B HSOJIHU.HH 
UHeHTa aHOMaJlbHOCTH lIJlaCTOBblX nan ClIyCK 06ca,ll.HOH KOJIOHHbI C no
JleHHl% (l), HH)l.eKCa )l.aBJleHHA norJlO CJIe,ll.Ylom.HM SalIOJIHeHHeM saxo
uieuaa (2), OTHOCHTeJlbHOH lIJlOTHOCTH 

JIOHHOrO rrpOCTpaHCTBa paCTBOlIPOMbIBOQHOl% )l{H)l.KOCTH (3) (cneaa)
 

H BapHaHTbI KOHCTpyKUHH CKBalKHHbI pOM nsxcyutero.
 
(cnpana) DyCTb, aanpaaep, xapaxrep
 

HSMeHeHHH K03epepHu.HeHToB aHO

MaJIbHOCTH ka 1'1 HH,UeKCOB ,naI3JIeHH51 noraomeaaa k« B panoae N 
COOTBeTcTByeT H306pa}l{eHHoMy na pHC. 24, a. OpH 6ypeHHH ,lI.O 

rJIy6HHbi npnxepno 350 M MQ)KHO HCIIOJIbSOBaTb IIPOMblBOqHYIO 

}l{H,lI.KOCTb C OTHOCHTeJIbHOH IIJIOTHOCTblO He MeHee 0,98, a HH)I{e ,lI.O 

rJIy6HHbI 2250 M - He MeHee po= 1,10 ,lI.JISI npenynpescneaan IIpH

TOKa HS npoaauaeaux IIJIaCTOB, aaneraromax B HHTepBaJIe 400
700 M. ,UJISI 6ypeHHH HH}I{e 2250 M rpeoyerca IIPOMblBOqHaSi )l{H)I.

KOCTb C Po~ 1,5, qT06bI npenornparars IIpHTOK HS o6beKTa, KpOBJIH 
xoroporo HaXO,ll.HTCH aa rJIy6HHe 2370 M. Ho raxas }l{H,lI.KOCTb 6y

ner 1I0rJIom.aTbCH B 1I0pO,ll.b1, 3aJIeralOIIJ.He B HHTepBaJIaX 0-350 M 
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H 900-1000 M. Bo Hs6e)l{8HHe TaKOrO OCJIO)l{HeHHSI uenecootipas
HO CIIYCTHTb 06Ca,ll.HYlO KOJIOHHy ,lI.O rJIy6HHbI 2200 M, HSOJIHpOBaTb 

BepxHHH HHTepBaJI, H TOJIbKO 1I0CJIe sroro YBeJIHqHBaTb OTHOCH

TeJIbHYIO IIJIOTHOCTb IIPOMblBOqHOH )l{H,lI.KOCTH ,lI.O po= 1,6. 
Paccyxcnaa aHaJIOrHqHO, MO)l{HO IIpHHTH K auaony, 'ITO IIpH sa

,lI.8HHOH CHTyaU.HH B CKBa)l{HHY IIpH,lI.eTCH CIIYCTHTb TpH oocanaue 
KOJIOHHbI (pHC. 24, 6). TaKoB nepsua BapHaHT KOHCTpyKU.HH. 3aTeM 

OH ,lI.OJI>KeH 6b1Tb OTKoppeKTHpOBaH C yseroa npyrax epaKTopoB, cy

lI.J.eCTBeHHblX AJIH ,lI.aHHOH IIJIOm.3,l1.H. 

Haorna npa 6ypeHHH BCTpeqalOTCH aeycroa-msue 1I0pO,ll.bI, 1'1 

OCJIO>KHeHHe, 06YCJIOBJIeHlIOe HeycTOHqHBOCTblO, CTOJIb HHTeHCHBHO, 

qTO 6es yKpelIJIeHHH CTeHOK KOJIOHHOH ,lI.aJIbHefimee yrJIy6JIeHHe CTa

HOBHTCH HeBOSMO)l{HbIM .'11'160 B03HHKaeT cepsesaas OlIaCHOCTb ,lI.JIH 

u.eJIOCTHOCTH KOHCTpyKU.HH CKBa)l{HHbI. Ope,ll.IIOJIO)l{HM, aanpaaep, 
'ITO B paCCMaTpHBaeMOM cnyxae B HHTepBaJIe rJIy6HH 1600-1640 M 

BCTpeqaeTCH IIJIaCT IIJIaCTHqHOH rJIHHbI, KOTopaH aeynpyro nerpopaa
pyeTcH 1I0,ll. ,lI.eHcTBHeM ropHoro ,lI.aBJIeHHH 1'1 BbllIyqHBaeTCH B CTBOJI 
CKBa>KHHbI. 

Do OlIbiTY 6ypeHHH H8 ,lI.8HHOM MeCTOpO>K,lI.eHHH HSBeCTHO, 'ITO 

CKOpOCTb aeynpyros ,lI.eepopMau.HH rJIHHbI He npeBOCXO,ll.HT ,lI.OlIyCTH

MOH BeJIHqHHbI 1'1 npouecc CTpOHTeJIbCTBa cym.eCTBeHHO He OCJIO)l{HH

eTCH TOJIbKO B TOM cnysae, eCJIH IIPOMbIBOqHaH )l{H,lI.KOCTb HMeeT Ma

JIylO sonoornasy 1'1 IIJIOTHOCTb He MeHee 1900 Kr/M3. )KH,lI.KOCTb C 

TaKoH IIJIOTHOCTblO 6Y,ll.eT 1I0rJIom.aTbCH MHorHMH ropasoaraxn. 00

9TOMy B lIepBbIH BapHaHT KOHCTpyKU.HH uenecooopaauo BHeCTH CJIe

,lI.YIOm.He HSMeHeHHH: nepsyro oocanayro KOJIOHHy CIIYCTHTb ,lI.O rny
6HHbI 1550 M; IIJIaCT IIJIaCTHqHo1% rJIHHbI nepexpurs BTOPOH KOJIOH

HOH-XBOCTOBHKOM ,lI.O rJIy6HHbI 1680 M (pHC. 24, 8). 3TO 1I03BOJIHT 

IIpH 6ypeHHH sepxaero HHTepBaJIa HCnOJIbSOB8Tb npOMblBOqHYIO 

)l{H,lI.KOCTb C po::::::: 1,15, B IIJIaCTe IIJI aCTHqHOH rJIHHbI - >KH,lI.KOCTb C 

po~I,9, a HH>Ke - 60JIee nerxyto )l{H,lI.KOCTb C po~I,6. 
Bo MHorHX paaoaax uaurea crp aau aepxaaa HHTepBaJI reOJIOrH

qeCKOrO paspeaa CJIO)l{eH MHOrOJIeTHeMepSJIblMH 1I0pO,ll.aMH. Mom.

HOCTb MepSJIbIX 1I0P0,ll. KOJIe6JIeTCH OT HyJIH ,lI.O HeCKOJIbKHX COT MeT

pOB. Cym.eCTByIOT, 110 KpafiHeH Mepe, naa THlIa MHOrOJIeTHeMepSJIbiX 

1I0pO,ll.. K O,ll.HOMy THIIY MO>KHO OTHeCTH TaKHe IIOPO,ll.b1, qaCTHu.b1 KO

TOpbIX 60JIee HJIH MeHee nposao CBHsaHbI Me)l{,lI.y C060H TeM HJIH 

HHbIM ueaenrapyrourax Bem.eCTBOM (HO He JIb,ll.OM); IIpH pacrerine
HHH (T. e. IIpH 1I0BblWeHHH rexneparypu 1'1 npeapauteaaa JIb,ll.a B BO

ny) CBHSb Me)l{,lI.y TaKHMH qaCTHu.aMH Coxp8HHeTCH 1'1 nopoaa, 
BCKpbITaH CKBa)l{HHOH, seaer cees ,lI.OCTaTOtIHO YC'fOHqHBO. 06bIqHO 

peKOMeH,lI.ylOT sees HHTepBaJI MepSJIOTbl, CJIO)l{eHHOH TaKHMH IIOPO

,lI.aMH, nepexpaaars KOH,lI.yKTOpOM (HJIH IIpOMe)l{YTOqHOH KOJIOHHOH), 

6awMaK KOH,lI.yKTopa pasxeman, na 100-200 M HH}I{e rpaaauu 
MepSJIOTbI, B YCTOllqHBOH nopozie C IIOCTOHHHOH 1I0JIO>KHTeJIbHOH TeM

neparypos. 
Ko BTOpOMy THIIY cnenyer OTHeCTH noponu, uacraua KOTOpbIX 

83'8HMHO CBSUlaHbI TOJIbKO Jlb,ll.OM HJIH B OCHOBHOM JIb,ll.OM. OpH pac
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reIIJIeHHH TaKHX nopoa CBH3h Me)K,lI.y qaCTHuaMH yrpaxaaaerca, 

KaK TOJIhKO JIe,lI. pacraer, H OHH aanaaaior HHTeHCHBHO OChInaThCH 

B CKBa)KHHy. ECJIH npa 6ypeHHH HCnOJIh3yeTcH npOMhIBOqHaH )KH,lI.

KOCTh C nOJIO)KHTeJIhHOH rexneparypoa, npouecc paCTenJIeHHH Mep3

JIOThi 3a cser rertn a, conepacauierocs B 3TOH )KH,lI.KOCTH, H,lI.eT aenpe

phIBHO H H3 CKBa)KHHhI aa naesnyro nOBepXHOCTh BhIHOCHTCH orpox

HOe KOJIHqeCTBO OChInaBIlIHXCH qaCTHU, a B CTBOJIe ee oopasyerca 
xpynaas xasepaa, HHOr,lI.a 06beMOM BO MHoro ,lI.eCHTKOB Ky60MeTpOB. 

Hepeaxo BO BpeMH npOXO,lI.KH rJIy60Ko aaneraroumx ropH30HTOB HJIH 

,lI.a)Ke B nepnon 3KCnJIyaTaUHH B xanepay 06BaJIHBaeTCH nopona 60

JIee BepxHHx ropH30HTOB H BOKpyr YCThH CKB8)KHHhI 06pa3yeTcH 

xpynaas sopoaxa, qTO aener K asapua C 3KCnJIyaTaUHoHHhIM HJIH 6y

POBhIM 060py,lI.OBaHHeM. Bo H36e)KaHHe sroro B rex CJIyqaHX, xor-na 

npa 6ypeHHH npeztoraparars pacrenneuae H OChInaHHe Mep3JIhIX no

PO,lI. sroporo rnna HeB03MO)KHO, ueJIeC006pa3Ho nepexpusan, HX 

KOH,lI.yKTOpOM cpaay )Ke nOCJIe np06ypHB8HHH H YCTaHaBJIHBaTh 6allI

MaK nocaezurero aa 10-20 M HH)I{e HH)I{HeH rpaaauu TaKoH noponsr 
B Mep3JIOH nopone nepsoro rana. 

Xeaoreaasre OT.TIO)I{eHHH qaCTO TaK)I{e nepexpusaror CneUHaJIh

HOH 06Ca,lI.HOH KOJIOHHOH, eCJIH npn ,lI.aJIhHeHllleM yrJIy6JIeHHH CKBa

)l{HHhI B03MOlKeH CHJIhHhIH pa3MhIB HX C 06pa30BaHHeM xpynaux xa

sepn JIH60 eC.1JH xeaoreaaue noponu MoryT xpanae He6JIarOnpHHT

HO BJIHHTh aa CBoHcTBa npOMhIBOqHOH )l{H,lI.KOCTH. 

I'opuae nopoau, aanerarourae 6JIH3 ,lI.HeBHoH nosepxaocra, 

06hlqHO HBJIHroTCH MaJIOnpOqHhIMH H JIerKO paaauaaiorcs nOTOKOM 

npOMhIBOqHOH )l{H,lI.KOCTH npa 6ypeHHH. TaKHe noponu scerna nepe

xpuaaror 06Ca,lI.HOH KOJIOHHOH - HanpaBJIeHHeM HJIH KOH,lI.yKTOpOM. 

ECJIH YCThe CKBa)l{HHhI ,lI.OJI)I{HO 6bITh pacnoaozceao B aKBaTopHH 

BO,lI.HOro 6acceHHa, 06Ca,lI.HOH KOJIOHHOA - HanpaBJIeHHeM nepexpsr
saror nero TOJIW.Y BO,lI.hI H ,lI.OHHhIX OCa,lI.KOB; 6allIMaK HanpaBJIeHHH 

ycraHaBJIHBaroT B nJIOTHhIX KopeHHhIx nop0,lI.ax; BepxHee CeqeHHe 

HanpaBJIeHHH ,lI.OJI)I{HO B03BhIllIaThCH nan BO,lI.HOH noaepxnocrsro aa

CTOJIhKO, qT06hI npa caMhIX CHJIhHhIX urropxax rpetinu BOJIH 6hIJIH 
HeCKOJIhKO HH)I{e ero. 

DPH npoexrapoaanna KOHCTpyKUHH CKBa)l{HHhI He06xo,lI.HMO yqH

ThIBaTh TaK}Ke cnocoo 6ypeHHH, yposeas TeXHOJIOrHH 6ypeHHH B nan

HOM pafroae H npodians CTBOJIa CKBa)l{HHhI. B npouecce 6ypeHHH 06

canasre KOJIOHHhI H3HallIHBaroTcH ,lI.OJIOTaMH, 6YPHJIhHhIMH 3aMKaMH H 

Tpy6aMH. DPH 60JIhillOM 06beMe cnycxo-nozrseanux onepauna HJIH 

aecsva ,lI.JIHTeJIhHOM spameaaa 6ypHJIhHOH KOJIOHHhI oricanaue TPy

6hI MoryT 6hITh nporepru HaCKB03h, ocotienno B xecrax pesxnx HC
KpHBJIeHHH HJIH neperutioa. B rex CJIyqaHX, xoraa CHJIhHhIH H3HOC 

06Ca,lI.HOA KOJIOHHhI MO)l{eT 6hITh npHqHHOH cepseanoa aaapnn HJIH 

TH)I{eJIOrO OCJIO)l{HeHHH, He06xo,lI.HMO npHHHMaTh 3<p<peKTHBHhle npe

nynpenarensnsre MephI. I( qHCJIy TaKHX Mep MO)l{HO OTHeCTH cnYCK 

JIOnOJIHHTeJIhHOH 06CaJIHOH KOJIOHHbI, saxeay H3HOllIeHHoro yxacr

xa KOJIOHHhI HOBhIM, nOBopOT ua aexcropsni yrOJI ynacrxa KOJIOH
HhI C O,lI.HOCTOpOHHHM H3HOCOM. 
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DpoeKTHpOBaHHe KOHCTpyKUHH 3KCnJIyaTaUHoHHhIX H HarHeTa

TeJIhHhIX CKBa}KHH ueJIeC006pa3Ho nauaaars C BhI60pa MeTO,lI.a BXO)l{

,lI.eHHH B nponyxrasayro TOJIW.Y, nOCKOJIhKY nOCJIe,lI.HHH MO)l{eT no

BJIHHTh aa rJIy6HHy cnycxa H ,lI.HaMeTp 3KCnJIyaTaUHoHHoH 06Ca,lI.HOH 

KOJIOHHhI. TaK, npa BTOpOM H3 Ha3BaHHhIX asnue (CM. § 15) MeTO,lI.OB 

BXO)l{,lI.eHHH 6allIMaK KOJIOHHhI ,lI.OJI)I{eH 6hITh yCTaHOBJIeH He na npo

eKTHOH rJIy6HHe CKBa)l{HHhI, a B HenpOHHuaeMOH nopone 6JIH3 KPQB

JIH nponyxraanoro nJIaCTa. DPH rpersev H qeTBepTOM xeronax 

6allIMaK 3KCnJIyaTaUHoHHOH KOJIOHHhI ,lI.OJI)I{eH 6hITh yCTaHOBJIeH 

TaK)I{e y KpOBJIH nponyxrasaoro nJIaCTa ,lI.a)l{e B TOM cay-rae, eCJIH 

COOTHOllIeHHe (1.41) n03BOJIHeT cnYCTHTh 3TY KOJIOHHy ,lI.0 npoexr

HOH r JIy6HHhI CKBa)l{HHhI; c06cTBeHHo )l{e npO,lI.yKTHBHhIH nJIaCT ,lI.OJI

)l{eH 6hITh nepexpur ,lI.OnOJIHHTeJIhHOH KOJIOHHOH-XBOCTOBHKOM. 

DPH npoeKTHpoBaHHH KOHCTpyKUHH nepBhIx nOHcKoBo-pa3BeJIOq

HhIX CKBa)l{HH qaCTO orcyrcrsyer ,lI.OCTaTOqHO ,lI.OCTOBepHaH HH<pOP

MaUHH 0 reoJIOro-<pH3HqeCKHX xapaxrepncraxax nopoz (YCTOHqHBO

CTH, nJIaCTOBhIX ,lI.aBJIeHHHX H ,lI.aBJIeHHHX norJIow.eHHH, npO,lI.yKTHB

HOCTH H KOJIJIeKTOpCKHX CBoHcTBax H T. n.). ECJIH ecrt, OCHOBaHHH 

nonara'rs, qTO reonoro-rpnaasecxne yCJIOBHH B ,lI.aHHOM paaone sees

Ma CJIO)l{HhI, B pane cnysaea nonycruxo npenycxorpen, B KOHcTpyK

UHH peaepnayro oticanayro KOJIOHHy. Taxyro KOJIOHHy cnycxaror, eCJIH 

KpaHHe He06xo,lI.HMO nepexpsrrs 30Hy OCJIO)l{HeHHH, 0 KOTOpOH npn 

npoexrapoaanaa KOHCTpyKUHH HHqerO He 6hIJIO H3BeCTHO, JIH60 eCJIH 

B xozie cTpOHTeJIhCTBa CKBa)l{HHhI BhIHcHHeTcH, qTO npoexrayio rny

6HHy ee Hy)l{HO cyutecraenno YBeJIHqHTh. 

ECJIH na KOH,lI.yKTOp HJIH npoaexcyrosnyro KOJIOHHy ,lI.OJI)I{HO 6hITh 

yCTaHOBJIeHO npOTHBOBhI6poCOBoe 060py,lI.OBaHHe, rJIy6HHy cnycxa 

TaKoH KOJIOHHhI npescne acero B nOHcKoBo-pa3Be,lI.OqHhIX H ra30BhIX 

CKBa)l{HHaX ueJIeC006pa3HO BhI6HpaTh C yxeroa aaaoonsurero nan

JIeHHH,KoTopoe MO)l{eT B03HHKHYTh B CKBa)l{HHe nOCJIe 3aKphITHH 

npesearopa npa BhI6poce. ECJIH 3TO ,lI.aBJIeHHe OKa3hIBaeTCH auure 
,lI.aBJIeHHH pa3phIBa nopo,lI. y npe,lI.nOJIaraeMOro MeCTa yCTaHoBKH 

6allIMaKa ,lI.aHHoH KOJIOHHhI, rJIy6HHy cnycxa Hy}KHO 'YBeJIHqHTh na

CTOJIhKO, qT06hI ,lI.aBJIeHHe paspsma nopon 6hIJIO 60JIhille MaKCHM2JIh

noro ,lI.aBJIeHHH B CKBa)l{HHe npa BhI6poce. , 
Dpe,lI.nOJIO)l{HM, aanpauep, aa MeCTOpO)l{,lI.eHHH X na rJIy6HHe 

2900-3000 M aaneraer ra30BhIH nJIaCT C nJIaCTOBhIM JIaBJIeHHeM B 

KpOBJIt145 MDa. OH nOKphIT csepxy TOJIw.eH aprHJIJIHTOB MOW.HO

crsro 700 M. Bsnue HaXO,lI.HTCH reppnreaaue OTJIO)l{eHHH. I1H,lI.eKChI 

,lI.aBJIeHHH nOrJIow.eHHH paBHhI B HHTepBaJIe OT 1500 ,lI.0 1560 M 

kn = 1,6, aa yxacrxe OT 1560 ,lI.0 1900 M - kn = 1,9, a HH)I{e kn = 2 ,2 . 

DJIOTHOCTh npOMhIBOqHOH )l{H,lI.KOCTH ,lI.JIH BCKphITHH raaoaoro nJIaCTa 

panna 1670 Kr/M3. B cay-rae nOJIHOrO BhI6poca 3TOH )l{H,lI.KOCTH CKBa

)l{HHa 6Y,lI.eT 3anOJIHeHa ra30M C OTHOCHTeJIhHOH nJIOTHoCThro po,r==
=0,6. I(03<p<PHUHeHT C)I{HMaeMOCTH r-aaa ~c=1,07, Cpe,lI.HHH revne
parypa rasa no CTBOJIy CKBa)l{HHhI Tc = 368 K. 

OqeBH,lI.Ho, cKBa)l{HHY MO)l{HO 3anOJIHHTh npOMhIBOqHOH )l{li,lI.KO

crsro C nnoraocrsro 1670 Kr/M3 JIHillb B TOM cny-rae, eCJIH npenaapa
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TeJIbHO CrrYCTHTb 06CaJJ:HylO KOJIOHHy JJ:O rJly6HHbI npaaepno 1600 M 

H H30JIHpOBaTb rrJIaCTbI C kn = 1,6. Ilposepux, HeT JIH orraCHOCTH paa
puna HtDKeJIe)Ka!-J1.Hx nopon ra30M B cay-rae 3aKpbITHSI npesenropa 
rrOCJIe suopoca. 

.lJ.aB.'leHHe r-asa na rJIy6HHe 1600 M B aaxpsrron CKBa)KHHe MO)K

HO naHTH rro q>opMyJIe (2.8), eCJIH npn onpenenenaa BeJIHlJHHbI S 

B q>OpMyJIy (2.9) BMeCTO Znn rrOJJ:CTaBHTb Znn - z, rJJ:e Z - rrpeJJ:rro

JIaraeMaSl rJIy6HHa crrycKa KOJIOHHbI. B paccMaTpHBaeMoM CJIylJae 

= 0,034.0,6·(2900-1600) = 0 0675
 
S 1,07.368 "
 

1I, CJIeJJ:oBaTeJIbHO, 

Pc = 45·e- O, 06 75 = 42,2 Mfla. 

BBeJJ:eM rrOHSlTHe 06 OTHOCHTeJIbHOM JJ:aBJIeHHH rro BOJJ:e 

Pc (4.1)POTH = -p ;;Z.
B, 

Bo H36c)KaHHe paapsma nopon He06xoJJ:HMO 

POTH <«; (4.2) 

B paccuarpaaaeaoa npauepe 
42 2,10"
 

POTH= IIlM'a J<lGOO =2,69,
 

T. e. aa rJIy6HHe Z= 1600 M yCJIOBHe (4,2) He C06JIIOJJ:aeTCSI. l..lT06bI 

HaMTH JJ:OCTaTOlJHY~ fJIy6HHy crrycKa rrpOMe)KyTOlJHOH KOJIOHHbI, 
Hy)KHO BbIlJHCJIHTb 3HalJeHHfJ OTHOCHTeJIbHbIX JJ:aBJIeHHH JJ:JISI HeCKOJIb

KHX rJIy6HH B HHTepBaJIe 01' 1600 JJ:O 3000 M H corrOCTaBHTb HX C 

BeJIHlJHHaMH kn. B 3TOM npnaepe 3HalJeHHSI OTHOCHTeJIbHbIX JJ:aBJIe

HHH paaau: aa rJIy6HHe 2000 M POTH=2,19, na rJIy6HHe 2200 M 

POTH=2,02. CJIeJJ:oBaTeJIbHO, lJT06bI yCJIOBHe (4.2) 6bIJIO BbIIIOJIHeHO, 
npoaexcyronayto KOJIOHHy Hy)KHO cnycrurs JJ:O rJIy6HHbI He MeHee 

2000 M. 

l..leM rJIy6)Ke aaneraer rrpoJJ:yKTHBHbIH ropH30HT, TeM, KaK npaaa

JIO, asnue rrJIaCTOBOe JJ:aBJIeHHe B HeM II asnue H36bITOlJHOe JJ:aBJIeHHe 

B KOJIOHHe BCJIylJae 3aKpbITHSI npeneurop a npn BbI6poce. 06caJJ:HbIe 

KOJIOHHbI 60JIbillOro JJ:HaMeTpa HMelOT MaJIylO npo-mocrs na paspua 
01' H36bITOlJHOrO sayrpeaaero JJ:aBJIeHHSI. n03TOMY, eCJIHBepXHHH 

YlJaCTOK CKBa)KHHbI nepexpur 06caJJ:HOH KOJIOHHOH 60JIbillOrO JJ:Ha

MeTpa, a npn BCKpblTHH rJIy60Ko aaneratourero ropH30HTa Md)KeT 

B03HHKHYTb orraCHO BbiCOKoe JJ:JIH 3TOH KOJIOHHbI H36bITOlJHOe JJ:aB

JIeHHe, nepen BCKpblTHeM raxoro ropH30HTa BepXIIHH YlJaCTOK CKBa

)KHHbI rrpHXOJJ:HTCSI nepexpunars JJ:orrOJIHHTeJIbHO 60JIee rrpOlJHOH 06

caJJ:HoH KOJIOHHOH MeHblllero JJ:HaMeTpa. TaKHM 06pa30M, BepxHHI1 
YlJaCTOK 06bIlJHO nepexpusaior HeCKOJIbKHMH 06caJJ:HbIMH KOJIOHHa

MH. ECJIH, OJJ:HaKO, H3HOC npenunyuren 06caJJ:HoH KOJIOHHbI He npen
CTaBJIHeT onaCHOCTH, a yrpoau B03HHKHOBeHH5I BbICOKoro H36b1TOlJ

aoro aayrpeaaero JJ:aBJIeHHSI He cymecrnyer, B CKBa)KHHe C u.eJIbIO 
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CHH)KeHHSI CTOHMOCTH ee H 3KOHOMHHMeTaJIJIa HOBOH 06caJJ:HOH: KO

. JIOHHOH u.eJIeC006pa3Ho yxpennsrs JIHlllb TOT YlJaCTOK CTBOJIa, KOTO


PblH: He nepexpur upenunymef KOJIOHHOH, T. e. BMeCTO CnJIOIllHOH
 

KOJIOHHbI B KOHCTpyKU.HH CKBa)KHHbI. acnoasaoaars XBOCTOBHK. XB(') 


CTOBHKaMH lJaCTO nepexpuaaior HHTepBaJIbI nopon, CKJIOHHbIX K OCbI"
 

rraHHIO HJIH BbmYlJHBaHHIO. 
l..leM CJIO)KHee KOHCTpyKU.HSI, TeM OHa JJ:opO)Ke. n03TOMY BKJIIO

lJa'rb Ty HJIH HHyIO 06caJJ:HyIO KOJIOHHy B KOHCTpyKU.HIO CKBa)KHHbI 

u.eJIeC006pa3HO JIHlllb B TOM cnyxae, eCJIH JJ:pyrHMH cnocooaxn HeJIb

3S1 rrpeJJ:OTBpaTHTb OCJIO)KHeHHSI rrpH 6ypeHHH JIH60 3KCnJIyaTau.HH 

HJIH eCJIH npa rrpHMeHeHHH JJ:pyrHX cnocotioa CTOHMOCTb CKBa)KHHbI 

OKa)KeTCSI 60JIee BbiCOKOH, lJeM npa YCJIO)KHeHHH KOHCTpyKU.HH. Ha

npnxep, BO MHOrHX CJIylJaSlX OCbIIIaHHe nopon YJJ:aeTCH npexpartrn. 
nyrex yCTaHoBKH uexem-aoro MOCTa; noraouienne npOMbIBOlJHOH 

)KHJJ:KOCTH - nyrea pasyanoro peryJIHpOBaHHH ee nJIOTHOCTH H peo
JIOrHlJeCKHX CBOMCTB, OrpaHHlJeHHSI CKOpOCTH H yCKopeHHSI npH BbI

rrOJIHeHHH TeXHOJIOrHlJeCKHX rrpou.eCCOB (crrycK Tpy6, BOCCTaHOBJIe

HHe rrpOMbIBKH H T. rr.) JIH60 nyrex apexeanoro TaMnOHHpOBaHHSI 

30HbI rrOrJIOmeHHSI; pa3MbIB xexoreuaux nopon H TaK Ha3bIBaeMYIO 

nJIaCTHlJeCKYIO nerpopsrauato pnna HeYCTOHlJHBbIX nopon - 3aMeHOH 

npOMblBOlJHOH )KHJJ:KOCTHHa BOJJ:HOH OCHOBe yrJIeBOJJ:opOJJ:HOH )KH.n:

KOCTbIO. Onacaocrs BbI6poca, oc06eHHO na XOpOIllO H3YlJeHHbIX Me

CTOp0)KJJ:eHHSlX, MOH{HO npeJJ:OTBpaTHTb, eCJIH OCHaCTHTb 6ypOByIO 

COOTBeTcTByIOmeH annaparypoa JJ:JISI aBTOMaTHlJeCKOrO KOHTpOJISI 

rrJIOTHOCTH H ra30cOJJ:ep)KaHHSI rrpOMbIBOlJHOH )KHJJ:KOCTH, JJ:era3aTO

paMH H rrpOTHBOBbI6poCOBbiM 060pYJJ:OBaHHeM H n03a60THTbCSI 0 TOM, 

lJT06bI OHH HaJJ:C)KHO pa60TaJIH, a nepconan 6bIJI JJ:OCTaTOlJHO 06ylJeH 

H JJ:Hcu.HrrJIHHHpOBaH. 
Butiop aUaMeTpOB 06CaaHblX KOAOHH u aOAOT. .lJ.JISI roro lJTO

6bI 06caJJ:HyIO KOJIOHHy MO)KHO 6bIJIO cnYCTHTb B CKBa)KHHY, JJ:HaMeTp 

rrOCJIeJJ:Hetf scerna JJ:OJI)KeH 6bITb 60JIbille MaKCHMaJIbHOrO Hapy)KHO

ro JJ:HaMeTpa KOJIOHHbI 

dc=c dM + 26.,p (4.3) 

rne dc - JJ:HaMeTp CKBa)KHHbI (ero npHHHMaIoT 06bIlJHO paBHbIM 

JJ:HaMeTpy JJ:OJIOT, KOTOpbIMH rrp06ypHJIH JJ:aHHbIH. YlJaCToK); dM 

HaH60JIbllIHI1 HapY)KHbIH JJ:HaMeTp KOJIOHHbI (06bIlJHO 91'0 JJ:HaMcTp 

Myq>TbI, coeJJ:HHSlIOmeH JJ:Be CMe)KHbIe rpytist}; 6."- paJJ:HaJIbHbIH: sa

30p Me)KJJ:Y cTeHKoH CKBa)KHHbI H BbIcTynaIOmHM napyacy 3JIeMeH

TOM KOJIOHHbI (nanpaaep, Myq>TOH), JJ:OCTaTOlJHbIH JJ:JISI cB060JJ:Horo 

cnycKa ee. 
.lJ.HaMeTp JJ:0JIOTa JJ:JISI 6ypeHHH CTBOJIa nOJJ: nOCJIeJJ:YIOmyIO oocan

HyIO KOJIOHHy (d)l,lrroCJI JJ:0JI)KeH 6bITb MeHbllle nayrpeanero ,IlHaMeT

pa npeJJ:bIJJ:YlJ.I.eH KOJIOHHbI 

(dA)nocJI = (d)npeJl.- 26., (4.4) 

rne 6. - He06xoJJ:HMbItf paJJ:HaJIbHbli% 3a30p JJ:JISI caoeonaoro npoxe

JJ:a JJ:OJIOTa lJepe3 npenunyntyto KOJIOHHy. 
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F BeJIHqHHY saaopa ~K BbI6HpalOT C yserox )l{eCTKOCTH KOJIOHHbI, 

rJIy6HHbI cnycxa ee B OTKpblTbIH: CTBOJI CKBa)l{HHbI, HCKpHBJIeHHOCTH 

CTBOJIa. YCTOHqHBOCTH CTeHOK CKBa)l{HHbI, paaaepon, KOHCTpyKUHH 

H qHCJIa 3JIeMeHTOB CrreUHaJIbHOrO 060pY.ll.OBaHHH, aaneaaeaoro 
na oticannyto KOJIOHHy .lI.JIH rrOBblIIIeHHH xanecrna pa306meHHH rrpo

HHuaeMbIX rrJIaCTOB, a TaK)I{e ooutero qHCJIa cnycsaexux B nanayro 

CKBa)l{HHY "KOJIOHH. TaK, 06b1qHO B BepTHKaJIbHbIX CKBa)l{HHaX npa 

cnycxe KOJIOHH .lI.HaMeTpOM OT 114 no 168 MM rrpHHHMalOT ~K=5+ 
+ 15 MM, KOJIOHH .lI.HaMeTpoM OT 178 no 245 MM - ~K= 15+25 MM, 

KOJIOHH .lI.HaMeTpoM OT 273 .lI.O 351 MM - ~K=25+40 MM, a KOJIOHH 

60JIbIIIerO .lI.HaMeTpa - ~K=40+50 MM. 4eM 60JIbIIIe naaxerp H, 

CJIe.ll.OBaTeJIbHO, )l{eCTKOCTb KOJIOHHbI, TeM 60JIbIIIe 3a30p. B HaKJIOH

HblX CKBa)l{HHaX, KaK rrpaBHJIO, 3a30p HeCKOJIbKO 60JIbIIIe. qeM B Bep

THKaJIbHbIX. ECJIH .lI.JIHHHbIH yqaCTOK CTBOJIa CKBa)l{HHbI npooypeu 
nepea He.ll.OCTaTOqHO YCTOH:qHBble noponu, CKJIOHHble K aunyvaaa
HHIO, BeJIHqHHY saaopa ~K rrpHXO.ll.HTCH 6paTb 60JIbIIIe, qeM B cnysae, 

eCJIH CTBOJI nporiypen B YCTOH:qHBbIX noponax. B CKBa)l{HHaX MHoro

KOJIOHHOH: KOHCTpyKUHH qaCTO OrpaHHqHBalOTCH MHHHMaJIbHblMH aa

30paMH, naxce eCJIH 3TO He BrrOJIHe 6JIarOrrpHHTHO .lI.JIH pa60T rro pas

06meHHIO rrJIaCTOB. . 
BeJIHqHHY aasopa ~ Bbl6HpalOT C yseroa B03MO)l{HOrO netinaro

rrpHHTHoro COqeTaHHH OBaJIbHOCTH Tpy6 rrpe.ll.b1.l1.ymeH: 06Ca.ll.HOH: KO

JIOHHbI, nonycxos aa .lI.HaMeTp 3THX rpyd H na .lI.HaMeTp .u.OJIOT .lI.JIH 

6ypeHHH non nocnenyiouryto KOJIOHHy. 06b1qHO ~=5+ 15 MM; 60JIb

IIIHH: 3a30p rrpHHHMalOT .lI.JIH .lI.0JIOT 60JIbIIIOrO .lI.HaMeTpa. 
ECJIH onur noxassmaer, qTO na scex rrpOTH)I{eHHH (HJIH aa 60JIb

IIIeH: qaCTH) HHTepBaJIa 6ypeHHH non nannyro oricannyto KOJIOHHy 

epaKTHqeCKHH: .lI.HaMeTp CTBOJIa CKBa)l{HHbI CHCTeMaTHqeCKH 3HaqH

TeJIbHO 60JIbIIIe .lI.HaMeTpa .lI.OJIOT, acnoassyeaux .lI.JIH npoxoznca no
ro HHTepBaJIa, ueJIeC006pa3Ho rrpH rrpoeKTHpoBaHHH HOBblX CKBa

)l{HH' COOTBeTCTBeHHO YMeHbIIIaTb BeJIHqHHY aasopa ~K' Te He60JIb

IIIHe yqaCTKH, B npenenax KOTOpbIX .u.HaMeTp CTBOJIa 6JIH30K K HO

MHHaJIbHOMY, MO)l{HO pacIIIHpHTb npa npopatiorxe CKBa)l{HHbI ne

pen crrycxox KOJIOHHbI. Bnaroziapa »ce HCrrOJIb30BaHHIO .lI.0JIOT MeHb

utero .lI.HaMeTpa qaCTO yztaerca rrOBbICHTb CKOpOCTb 6ypeHHH H CO

KpaTHTb CTOHMOCTb CKBa)l{HHbI. KOHeqHO, HaH60JIbIIIHH: HapY)l{HblH: 

naaxerp nocaenyroutea 06Ca.ll.HOH: KOJIOHHbI scerna .u.OJI)I{eH 6bITb 

MeHbIIIe HaHMeHbIIIero snyrpennero .lI.HaMeTpa npensrnyutej; KOJlOH

HbI, a pa3HOCTb 3THX .lI.HaMeTpOB He .lI.OJI)I{Ha 6bITb MeHbIIIe 2~. 
Pacser scerna HaqHHalOT C Bbl60pa .lI.HaMeTpa 3KCrrJIyaTaUHoH

HOH: KOJlOHHbI. ,ILJIH 3KCrrJIyaTaUHoHHbIX H HarHeTaTeJIbHbIX CKBa)l{HH 

.lI.HaMeTp 3KCrrJIyaTaUHOHHOH: KOJIOHHbI .lI.0JI)I{eH 6bITb aanau 3aKa3

qHKOM - Hf,ILY. Ero BbI6HpalOT B 3aBHCHMOCTH OT .lI.e6HTOB CKBa

)l{HHbI no )KH.lI.KOCTH (HeepTb+BO.ll.a+ra3) aa pa3HbIX CTa.ll.HHX paa

pa60TKH MeCTOpO)l{.lI.eHHH; cnocoooa 3KCrrJIyaTaUHH .lI.aHHOH: CKBa

.)I{HHbI; qHCJIa O.ll.HOBpeMeHHO p aanensno sxcnnyarapyexux 06beKTOB 

B HeH:; ra6apHTHbIX paaxepos 060py.u.OBaHHH, xoropoe .u.OJI)KHO 6bITb 

cnyuieao B CKBa)l{HHY .lI.JIH 3KCrrJIyaTaUHH. ,ILHaMeTp 3KCrrJIyaTaUHoH

100 

HoA KOJIOHHbI .u.OJI)KeH 6bITb .lI.OCT8TOqHbIM TaK)I{e .lI.JIH roro, qTo6bI 'B 

CKBa)KHHe MO)l{HO 6bIJIO BbIIIOJIHHTb peaoaraae pa60TbI. 

,ILHaMeTp 3KCnJIyaTaUHOHHOH: KOJIOHHbI .lI.JIH rrOHCKOBo-pa3Be.ll.Oq

HbIX CKBa)l{HH BbI6HpalOT TaK, qT06bI B HHX MO)l{HO 6b1JIO BbIIIOJIHHTb 

aecs He06xo.u.HMblH: KOMIlJI€KC reonoro-reorpaaasecxax HCCJIe.ll.OBa

HHH:, onpoeosan, see nepcnexraaaue ropH30HTbI, .lI.eTaJIbHO HCCJIe.ll.0

B8Tb Te H3 HHX, KOTopble OKa3aJIHCb - no .lI.aHHblM onp060BaHHH 

npO.ll.yKTHBHblMH, a B pane cnyxaea TaK)I{e, qT06b1 MO)l{HO 6b1JIO nps 

He06xo.ll.HMOCTH H3 nOH: KOJIOHHbI yrJIy6HTb CKBa)l{HHY, BbIIIOJIHHTb 

B HOBOM ynacrxe TaKHe »ce HCCJIe.ll.OBaHHH H HCnblTaHHH H crrYCTHTb 

XBOCTOBHK (TaK Ha3bIBaeMbIH pesepaaua naaxerp). 

4acTo B rJIy60KHX CKBa)KHHaX HCnOJIb3YlOT KOM6HHHpOBaHHble 

oocaaaue KOJIOHHbI; BepXHHH: yqaCTOK TaKoH KOJIOHHbI COCTaBJIftlOT H3 

Tpy6 60JIbIIIerO .u.HaMeTpa, qeM HH)I{HHH:. KOM6HHHpOBaHHe n03BO

JIHeT YMeHbIIIHb rH.lI.paBJIHqeCKHe conpOTHBJIeHHl'I, xoropue B03HHKa

lOT npa npoxusxe CKBa)l{HHbI B nepaon 6ypeHHH CTBOJIa non rrOCJIe

nytouryro KOJIOHHy; HCrrOJIb30BaTb B 06Ca.ll.HOH: KOJIOHHe MeHee .u.eepH

UHTHble Tpy6bI, C MeHbIIIHM npenenox TeKyqeCTH, qeM 3TO neoexona

MO .lI.JIH cnycxa KOJIOHHbI HeH3MeHHoro naaxerpa: YBeJIHqHTb npo

nycxayro cnocoriaocrt, 3KCnJIyaTaUHoHHoro JIHepTa; paaaecrars B 

KOJIOHHe 60JIee BbIcOKonpOH3BO.ll.HTeJIbHOe 3KCnJIyaTaUHoHHoe ooopy

.lI.OBaHHe. KOM6HHHpOBaHHblMH MoryT 6bITb KaK 3KCnJIyaTaUHoHHble, 

TaK H npoaescyronaue oecannue KOJIOHHbI. 

M3 Tex BapHaHTOB KOHCTpyKUHH:, npH KOTOpblX 06eCneQHBaeTCH 

peIIIeHHe nOCTaBJIeHHblX nepezt CKBa)l{HHOH: aanax, OnTHMaJIbHblM HB

JIHeTCH BapHaHT, n03BOJIHIOmHH .lI.06HTbCH HaHMeHbIIIeH: ceoecroa

MOCTH e.u.HHHUbI .lI.06bIBaeMoH nponyxuaa HJIH HaHMeHbIIIeH: CTOHMO

CTH CTpOHTeJIbCTBa. 

Butiop unrepeanoe ueuenrupoeanust. 3anOJIHeHHe npocrpaacraa 

Me)l{.lI.Y 06Ca.ll.HOH KOJIOHHOH: H CTeHKaMH CKBa)l{HHbI pacraopox as

»cymero, H3 xoroporo B KOpOTKHH: CpOK 06pa3yeTC5I npaKTHqeCKH He

npoaauaeaun xaxeas, HBJIHeTCH B .lI.aHHOe BpeMH OCHOBHbIM cnoco

60M repxera-raoro pa306meHHH npoaauaexux ropH30HTOB npyr OT 

npyra, npenornpautenas neperoxos rrJIaCTOBblX )l{H.lI.KOCTeH: H3 O.u.HO

ro ropH30HTa B npyroa HJIH B arwocrpepy sepea 3aKOJIOHHOe npo

crpaacrao. 
B npouecce .u.JIHTeJIbHOfi 3KCrrJIyaTaUHH CKBa)l{HH TeXHHqeCKOe 

COCTOHHHe oricazmux KOJIOHH H3MeHHeTCH. O.ll.HOH: H3 Ba)l{HeHIIIHX 

npnxaa nora HBJIHeTCH KOpp03HH rpyo. no .lI.aHHbIM TaTHMnM

HeepTb, B CKBa)l{HHaX TaTapHH B pe3YJIbTaTe aapyacaoa KOpp03HH 

repMeTHqHOCTb Tpy6 MO)l{eT 6bITb aapyurena ysce xepea HeCKOJIbKO 

JIeT rrOCJIe aanana 3KCnJIyaTaUHH; B nonaanatomex 60JIbIIIHHCTBe 
cnyxaea HHTeHCHBHaH KOpp03HH npayponeaa K TeM yxacrxaa ocean

HbIX KOJIOHH, xoropue nepexpsmaror BO.ll.OHOCHble npoauuaexsre 
06beKTbI H He 6b1JIH 3aueMeHTHpOBaHbI. Ha aaneaearaposaaaue 

yqaCTKH CKBa)KHH rrpHXO.ll.HTCH MeHee 2% HapyIIIeHHH repxeraxao

CTH 06Ca.ll.HbIX KOJIOHH, CBH3aHHblX C Kopp03HeH:. 
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, CJIe.lI.OBaTeJIbHO, 3aKOJIOHHOe npOCTpaHCTBO npOTHB BCeX npOHH
uaexux nJIaCTOB .lI.OJI)KHO OblTb 3aueMeHTHpOBaHO. BepXHlO1O rpaaa
uy ueMeHTHpyeMoro HHTepBaJIa. CJIe.lI.yeT pa3MelUaTb He MeHee qeM 
aa 200 M BblIIIe oaIIIMaKa npenunyuief OOCa.lI.HOH KOJIOHHbI HJIH 
KpOBJIH sepxaero npoaauaexoro nJIaCTa. 

ECJIH KOJIOHHa nepexpusaer MHOrOJIeTHeMep3JIbie noponu, ee 
HeOOXO.lI.HMO Ha.lI.e)KHO aauexearapoaars raxsce .lI.JISI roro, qTOObi 
rennas npoxsrso-raas )KH.lI.KOCTb He MOrJIa npoanxayrs B 3aKOJIOH
Hoe npOCTpaHCTBO, HHTeHCHepHUHpOBaTb pacrenneaae Mep3JIbiX no
pon H pa3pYIIIHTb HX. ECJIH )Ke B npouecce pa36ypHBaHHSI Mep3JIbiX 
nopon (aanpaxep, yxasannoro BblIIIe ijTOporo' rana) HaqaJIOCb xa

sepaooopaaoeaaae, ueJIeCOOOpa3HO He TOJIbKO B B03MO)KHO KpaHaH
IIIHH CpOK nepexpsrrs TaKHe noponu KOJIOHHOH, HO H 3anOJIHHTb sa
KOJIOHHOe npOCTpaHCTBO TBep.lI.elOlUHMH MaTepHaJIaMH, qTOObi npe
noraparan. B03MO)KHOCTb OOBaJIHBaHHSI nopon B xasepay. 

OpaBMJIaMH Be.lI.eHHH oyposux paOOT B CCCP npenycxorpeao, 
qTO KOH.lI.yKTOpbl BO scex CKBa)KHHaX, npoaeacyrosaae If 3KCnJIyaTa
UHOHHble KOJIOHHbI B ra30BbIX H pa3Be.lI.OqHbIX CKBa)KHHaX, a TaK)Ke 
npoaeacyrouaue KOJIOHHbI B HeepTSIHblX CKBa)KHHaX rJIyoHHoH CBblIIIe 
3000 M .lI.OJI)KHbI OblTb aauexenrapoaaaa no BceH .lI.JIHHe. I1HtepBaJI 
ueMeHTHpoBaHHSI 3KCnJIyaTaUHoHHbIX KOJIOHH B HeepTSIHblx CKBa)KH
aax paspemaercs orpanaaaaan, yqaCTKOM OT oaIIIMaKa .lI.0 ce-re
HHSI, pacnOJIO)KeHHOrO He MeHee qeM aa 100 M BblIIIe oaIIIMaKa npe
.lI.bI.lI.YlUeH OOca.lI.HOH KOJIOHHbI, a npOMe)KYTOqHblX KOJIOHH B HeepTSI
HbiX CKBa)KHHaX rJIyoHHoH MeHee 3000 M - yqaCTKOM .lI.JIHHOH He Me
nee 500 M OT oaIIIMaKa C yserox reOJIOrHqeCKHX yCJIOBHH. Taxoe )Ke 
orpaHHqeHHe HHTepBaJIa ueMeHTHpOBaHHH .lI.OnycKaeTcSI .lI.JISI npOMe
)KYTOqHblX H 3KCnJIyaTaUHoHHblX KOJIOHH B rasoasix H paaaenosaux 
CKBa)KHHaX, eCJIH npHHSITbI 3epepeKTHBHble Mepbl .lI.JISI otiecnexeaaa 

repMeTHqHOCTH COe.lI.HHeHHH TPYO [16]. . 
KOHeqHO, B rex CJIyqaSIX, xorna uexenrapyror JIHIIIb HH)KHHH 

yqaCTOK KOJIOHHbI, Hy)KHO CJIe.lI.HTb aa TeM, qTOObi see npoaauaexue 
noponu ObIJIH Ha.lI.e)KHO H30JIHpOBaHbI. 

fJlABA 5 
06CAJJ,HblE TPY6bl 
H HX COEJJ,HHEHHSI 

§ 31. KOHCTPYK~HSI 06CaJl.Hblx Tpy6 

)J.JISI KpenJIeHHSI CTeHOK CKB8)KHH npHMeHSIIOT cneuaansaue 
cransaae rpyou, Ha3bIBaeMbie OOCa.lI.HbIMH. B HeepTSIHblx H rasoaux 
CKBa)KHHaX HCnOJIb3YlOT npeHMYJ..UecTBeHHO uensaoxaraasre TpyObl, 
H3rOTOBJISIeMbie B COOTBeTCTBHH C rOCT 632-64; HanpaBJIeHHSI H 

KOH.lI.YKTOPbI OOJIbIIIOrO .lI.HaMeTpa HHOr.lI.a COCTaBJISIIOT H3 caapmsx 
CTaJIbHblX rpyd. 

OOCa.lI.HaSI rpyca, H3rOTOBJIeHHaH B COOTBeTCTBHH C 
rOCT 632-64, .lI.OJI)KHa HMeTb epOPMY .lI.JIHHHOrO nonoro xpyraoro 
UHJIHH.lI.pa, aa xonuax xoroporo napesaaa HapY)KHaSI KOHHqeCKaSJ 

Ij. 

PHC. 25. Oocanuas rpyoa no faCT 632-64 H MY<pTa K HeA: 
dH - H8PYlKHb'lI .D;H8MeTp; d - 8HyTpeHHHA .D;HaMeTP; 1M - .D;nHH8 MYcI>Tbl; d.. - H8PYlKHbln 

I\H8MCTP MYcI>TbJ 

peasoa (pHC. 25). )lBe raxae TpyObI ·COe.lI.HHSIIOTCSI .Me)K.lI.Y COOOll 
MyepTOH, CHaO)KeHHOH BHyTpeHHeH KOHHqeCKOH pessoca. Occanaue 
TpyObI H3rOTOBJISIIOT oeCIIIOBHbIMH C iIapY)KHbIM .lI.HaMeTpOM 0'1' 114 
.lI.0 508 MM II C pa3JIHqHbIMH TOJIlUHHaMH CTeHOK. TOJIlUHHY CTeH
KH TpyObI YBeJIHqHBalOT sa cser YMeHbIIIeHHSI aayrpenaero 
nnaxerpa. 

PeaJIbHO H3rOTOBJISIeMble 3aBO.lI.aMH oocanasre TpyObi BCer.lI.8 He
CKOJIbKO OTJIHqalOTCSI no epopMe OT H.lI.eaJIbHO xpyrnoro UHJIHH.lI.pa. 
Ilonepexaoe ceseaae peaJIbHOH Tpy6bI nOqTH acerna CJIerKa OBaJIb
HO; TOJIlUHHa CTeHKH He scerna nOCTOSIHHa He TOJIbKO no .lI.JIHUe 
TpyObl, HO TaK)Ke B nonepexaox CeqeHHH ee. B CBSI3H C 3THM B 
rOCT 632-64 YCTaHOBJIeHbI npenensaue HOPMbI .lI.OnYCKaeMbiX OT
KJIOHeHHH OT HOMllHaJIbHblX pa3MepoB II.lI.eaJIbHO KpyrJIOro UHJIHH.lI.
pa. TaK, .lI.JISI 06WqHblX OOCa.lI.HblX TPYO C )J,HaMeTpOM He OOJIee 
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219 MM Ii Myqn K HIiM OTKJIOHeHIi51 rro aapyxcaoxy .n:HaMeTpy He 
.n:OJI)KHbI npeasnuan, + 1%, a .n:JI5I rpyf 60JIbIllerO naaxerpa
± 1,25 %; OTKJIOHeHHe rro TOJIllJJIHe CTeHKH .n:OJI)KHO 6bITb He 60JIee 

MHHyC 12,5%, rro Macce oT.n:eJIbHOH rpyou - He 60JIee rrJIIOC 9% 
HJIH MHHYC 6 %. no CrreUHaJIbHoMY 3aKa3Y sasonu .n:OJI)I{HbI asro
TOBJI5ITb Tpy6bI noasnneuaon TOtfHOCTH. 

nOCKOJIbKY <popMa CetfeHH5I rpyou OTJIHtfaeTCSI OT xpyra, BBe

neno rrOHSITHe OBaJIbHOCTH. Ilon OBaJIbHOCTblO rrOHHMalOT OTHOIlle

HHe pa3HOCTH HaH60JIbWerO H HaHMeHbIllero HapY)KHbIX .n:HaMeT

pOB nonepesnoro CetfeHH5I Tpy6bI K HX noaycyaxe 

e = 2 [(dH)max - (dH)mlnJ (5.1) 
(dH)max + (dH)rnln • 

B COOTBeTCTBHH C I'Of.T 632-64 OBaJIbHOCTb oocannux Tpy6 

He .n:OJI)KHa npeasnuars 80 % nonycxaexux OTKJIOHeHHH rro HapY)K

HOMy .n:HaMeTpy. 3TO oaaaxaer, tfTO .n:JISI 06b1tfHbIX oocanaux Tpy6 

C HapY)l{HbIM .n:HaMeTpOM He 60JIee 219 MM OBaJIbHOCTb He .n:OJI)I{Ha 

6brr-b 60JIee 

=082[(I+I,01)dH-(I-O,01)dHI·0016 
e '(I+O,OI)dH+(I-O,OI)dH ' , 

HJIH 1,6% 

rne a« - HOMHHaJIbHblH HapY)l{HbIH .n:HaMeTp 06ca.n:HoH Tpy6bI. 

,UJISI 06bltfHbIX oocannux rpyf C HapY)KHbIM .n:HaMeTpoM 60JIee 

219 MM OBaJIbHOCTb He .n:OJI)I{Ha npenuurars e=O,02, HJIH 2%. 
Ilpa noasnneanof TOtfHOCTH H3rOTOBJIeHHSI OBaJIbHOCTb He .n:OJI)KHa 

npeasnuars COOTBeTCTBeHHO 1,2% .n:JI5I rpyo C HapY)KHbIM .n:HaMeT

pOM He 60JIee 219 MM H 1,6% .n:JISI rpyf 60JIbIllerO .n:HaMeTpa. 
B 60JIbWHHCTBe cny-raea OBaJIbHOCTb 06bltfHbIX oecannax rpyo C 

naaxerpox 146 H 168 MM He npesuuraer 1%. 
Oocanaue Tpy6bI H3rOTOBJISIIOT H3 yrneponacrux H J1erHpOBaH

Ta6J1HLla5 

fpynn8 npOQHOCTH CT8nH Tpy6 

flOK838TenH 
C I .n: I K I E I JI 

1 
M I p 

Bpeseauoe conporuaneaue, 
Mna - 490 635 685 735 785 880 1080 

npeAeJl TeKylJeCTH, Mna 
OTHOCHTeJlbHOe yAJlHHeHHe, % 

npn AJlHHe oopasua. paB-
HOH 5 AHaMeTpaM ero 
npa iJ,JIHHe oopasua, pas

315 

18 

14 

370 

16 

12 

490 

12 

10 

540 

12 

1O 

635 

12 

1O 

735 

12 

10 

930 

12 

1O 
HOH 10 AHaMeTpaM ero 

I , 
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HbIX CTaJIeH, B KOTOpblX conepzcaaae cepu H <poc<popa He .n:OJI)I{HO 
npeasnuan, 0,045% K a)l{.n: oro, a conepxcaaue MbIllibSIKa - He 60JIee 

0,15 %. B COCTOSIHHH nocraaxa, T. e. rrOCJIe H3rOTOBJIeHH5I rpyou, . 
3TH CTaJIH .n:OJI)I{Hbi y.n:OBJIeTBopSITb Tpe60BaHHSIM, YKa3aHHbIM B 
Ta6JI. 5. 

Tpy6bI 1'1 My<pTbI K HHM, KaK rrpaBHJIO, .n:OJI)I{HbI H3rOTOBJISITb 

H3 CTaJIH o.n:HHaKoBoH rpyrmu nposnocra. ,UorrycKaeTcSI, onnaxo, 
H3rOTOBJISITb MY<PTbI K rpyoax naaxerpoa no 245 MM npa TOJIIUH

He CTeHKH He 60JIee 10 MM, a TaK)I{e KO acex Tpy6aM 60JIbWerO 

.n:HaMeTpa 1'13 CTaJIH npensrnyurea rpynnu rrpOtfHOCTH, nanpnxep K 

Tpy6aM 1i3 CTaJIH rpynrrsr rrpOtfHOCTH K MY<PTbi H3 CTaJIH rpyrmu ,U. 

Tpyrisr rpyrrrr rrpOtfHOCTH K H ssnue .n:OJI)I{HbI TepMHtfeCKH oopa
6aTbiBaTbcSI; B crannapre, onnaxo, He YKa3aHbI BH.n:b1 repxooopa
60TKH. 

COrJIaCHO I'OC'T 632-64 see oocannue Tpy6b1 .n:HaMeTpoM 

219 MM H xenee H 50% rpyf 60JIbIllerO .n:HaMeTpa rrOCJIe HaBHHtfH

BaHHSI H 3aKperrJIeHHSI My<pT .n:OJI)I{Hbi aa saaone nozraeprarscs HC

rrbITaHHIO rH.n:paBJIHtfeCKHM .n:aBJIeHHeM - onpeccosxe. npO.n:OJI)I{H

TeJIbHOCTb orrpeCCOBKH - He MeHee 10 c. ,UaBJIeHHe onpeccoaxa 
paCCtfHTbIBalOT TaK, tfT06bI 3KBHBaJIeHTHOe aanpaxceuae na BHyT

penuen nosepxnocrn COCTaBJI5IJIO B rpyoax C HapY)KHbIM ziaaxer
pOM 219 MM H MeHee 80%, a B rpyoax 60JIbWerO .n:HaMeTpa

60% OT npenena rexyxecrn xarepaaaa: npn 3TOM npennoaaraior, 
tfTO .n:HaMeTp 1'1 TOJIIUHHa CTeHKH Tpy6 coorsercrayior HOMHHaJIb

HbIM 3HatfeHHSIM. Tpytisr, npn HCrrbITaHHH KOTOpblX 06Hapy)l{eHbI 

Tetfb HJIH norenae B CTeHKe, He paapeuraercs orrpyscan, norpeoa
TeJIIO. ECJIH oonapyzceaa Tetfb B pe3b60BOM coennneaaa, coennae
HHe .n:OJI)KHO 6bITb 3a6paKOBaHO, a na rpyoe aapeaaaa HOBaSI 

pessria. nOCJIe Hape3KH pe3b6bI 06513aTeJIbHO rrpOBo.n:HTC5I rrOBTOp

HaSI orrpecCOBKa. 

Oocanaue Tpy6bI .n:OJI)I{HbI 6b1Tb rrp5lMbIMH. ECJIH Me)l{.n:y KOH

uaMH Tpy6b1 Tyro HaTSIHYTb HHTb, CTpeJIa rrporH6a Ha paccToSIHHH 

O.n:HOH TpeTH .n:JIHHbI Tpy6bI OT xaacnoro H3 ee KOHUOB He .n:OJI)I{Ha 

npeasnuars 1,3 MM na Ka)l{.n:bIH MeTp .n:JIHHbI sroro yxacrxa: rroce

penaae Tpy6bI nporaf He .n:OJI)I{eH npenuuran, 1/2000 .n:JIHHbI ee. 
nOMHMO paccxorpeauux auure oocanaux rpyri, xoropue 

HMelOT rrocT05lHHYlO rro .n:JIHHe TOJIIUHHy CTeHKH, aexoropue aanonsr 
H3rOTOBJISIIOT cneuaansnue Tpy6bI C YTOJIIueHHbIMH KOHuaMH. YBeJIH

tfeHHe TOJIIUHHbI CTeHKH rpyf y KOHUOB oCyIUeCTBJISIeTC5I, KaK rrpa

BHJIO, TOJIbKO napyacy. YTOJIIUeHHe KOHUOB rr03BOJI5IeT noasrcnrs 
nposnocrs pe3b60BbIX coenuaeaml aa paCT5J)KeHHe, a TaK)I{e rep

MeTHtfHOCTb HX. B CCCP TaKHe Tpy6bI H3rOTOBJISIIOT rro speaen
HbIM TeXHHtfeCKHM YCJIOBHSIM H HMelOT IllH<PP ToO (Tpy6b1 ocean
aue 6e3MY<PToBble). 

3aBo.n:bI orrpyscaior oocanaue Tpy6bI rroTpe6HTeJISIM naprna
MH. Kaxnas napras cHa6)1{aeTC5I ceprnrpuxarox, B KOTOpOM yno
cToBepSIeTcSI KatfeCTBO Tpy6 1'1 COOTBeTCTBHe HX Tpe60BaHHSIM CTaH

napra HJIH TeXHHtfeCKHX yCJIOBHH. 
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§ 32. Pe3b6oBble Coe,/l,HHeHHH 06ca,/l,Hblx Tpy6 

CoeaUHeHuR c KOHu~ecKou pe3b6ou TpeyeoAbHoeo npo¢uAR. 
Ha Hapy)l{HOH nosepxaocra KOHUO~ oticanaux rpyo, H3rOTOBJISle
MIoIX B COOTseTCTBHH C rOCT 632-64, napesana KOHHlIeCKaSi peas
6. TpeyrOJIbHOrO np0<pHJISI (pHC. 26). YroJI npa aepnrane nporpa
JUI pe3b6bI paaea 60°. Baccexrpaca sroro yrna .n;OJI)[{Ha 6b1Tb 
nepneannxynspaa KOCH pe3b6b1. BepWHHbI H snananu pe3b6bI 

90" 

PHe. 26. npoljlHJlb pesb6b1 no fOCT 632-64 

aaxpyraeau, IlpHlIeM paaayc 3aKpyrJIeHHSI BeplIIHH HeMHoro 60JIb
we panayca 3aKpyrJIeHHSI snanaa. Illar peascu, H3MepSieMblH na
paJIJIeJIbHO OCH ee, pasen 3,175 MM; aa .n;JIHHe B 25,4 MM pasxe
m.aIOTCSI aocesn, BHTKOB (HHTOK) pe3b6b1, n03ToMY lIaCTO ee aa
3bIBalOT BOCbMHHHTOllHOH. Xapaxrepacraxa pe3b6b1 no 
rOCT 632-64 npHBo.n;HTCSI HH)[{e 

llIar peab6b1 s, MM 3,175
 
fJly6HHa pesb6b1 hI' MM 1,810
 
Pa(50Qall BblCOT8 npO~IIJ1l1 h2 , MM 1,734

Paaayca aaxpyrneaaa, MM:
 

sepuraa r 0,508 
snaaaa rl 0,432
 

3asop ~p, MM 0,076
 
YrOJl HaKJlOHa oripaayroutefl xcayca KOCH 1°47'24"
 
peab6b1 v
 

Pessoa BbIIIOJIHeHa aa CJIa60KOHHlIeCKoH nosepxaocra KOHua 
Tpy6bI. Koaycaocrs peastiu, T. e. OTHOlIIeHHe paanocra .n;HaMeTpoB 
ee B nayx nonepesnsrx ceseaasx K' paccroaaato Me)l{.n;y nOCJIe.n;HH
MH, paaaa 2tgv= 1/16. KOHHlIecK8S1 peastia n03BOJISleT nyrex na
TSlra npH CBHHlIHBaHHH coe.n;HHSleMblX .n;eTaJIeH ~OCTHlIb HeCKOJIbKO 
60JIblIIeJ1 repMeTHlIHOCTH coe.n;HHeHHSI no cpaBHeHHIO C UHJIHH.n;pH
lIeCKOH pe3b6oH npH o.n;HHaKoBoH TOHHOCTH H3rOTOBJIeHHSI. 
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OC6 pea6'6/
---.--'----, I .------_ 

npH Hape3Ke pe3b6b1 B 30HeCOllJIeHeHHSI KOHyca C UHJIHH.n;pH
lIeCKOH nOBepxHOCTblO rpyou oopaayiorcs HeCKOJIbKO BHTKOB He
nOJIHOrO npO<pHJISI: aepumau HX cpeaaau (pHC. 27). nJIOCKOCTb, 
nepneaaaxyaspayro KOCH peasou, B KOTOpOH .n;HaMeTp BHTKa C 
nOJIHbIM npO<pHJIeM TOllHO pasea napyzmoay .n;HaMlnpy UHJIHH.n;pH
lIeCKOH nOBepXHOCTH Tpy6b1, Ha3bIBalOT OCHOBHOH nJIOCKOCTblO. Ko
aeu aenpepuaao HC"Ie3alOm.eH HHTKH pessou Ha3bIBalOT KOHUOM 
c6era. Or nOH TOllKH KOHua c6era npanaro aecra ClIeT BHTKOB 

HOHe", cDeza pe.J666/ ( noc- JlUHUII. napll/l./le/l6Hall 
AtdNIIR p/tCKasa mp!loe) oCIt pe365i/.mp;!" 

IZ"1/ lo.cHo6Nall nAoCHOCm6 
.~ 

'{}J1UNItR CpeQNeZO
90" 'til oUQAlempa pm66/~ 

BumK(J CnO/lN6/M npOlplt/leMI ,__L'_qC6 peJ6!!!._--+
I. L ~ 

flol108itHa OI1UH6I M!J'Pm6f 

'. =< < <«< <<< «~ 

. • "OHell, .elna peJ666f " CoeoulitNue,c8uNl/eNHOe Ip;I/H/II CoeouHeNu~ C8UHV~HH08 NQ cmaNKe 

PIIC. 27. 3J1eMeHTbI peaseosoro coenaaesns 06c8AHblX Tpy6 no fOCT 632-64 

peasou. OCHoBHaSi nJIOCKOCTb coananaer C nSlTblM BHTKOM OT KOH
ua c6era (nepaux BHTKOM nOJIHOrO npo<pHJISI), 

Ha BHyTpeHHeH nosepxaocra My<pTbl napesaior TaKHe ace KO
HHlIeCKHe peastisr, KaK H na xoauax Tpy6bl, lIpHlIeM BeplIIHHbI KO
HyCOB oopauteaa ztpyr K npyry. 

nOCKOJIbKY panaycu 3aKpyrJIeHHSI BeplIIHH H snanaa pa3JIHlI
HbI, npH CBHHlIHB8HHH My<pTbI C Tpy60M B coe.n;HHeHHH o6pa3yeTcSI 
TOHKHH 3a30p; aaationsuraa BblCOTa ero ~p......;O,076 MM. B nOT 
3a30p BbI.n;aBJIlil~EeTCSl H3JIHilieK CMa3KH; OH BbIIIOJIHSleT POJIb csoe
oopaaaoro rH.n;paBJIHlIeCKOro saraopa. 

Bonsuraa xacre oocannux Tpy6, H3rOTOBJIeHHblX no 
rOCT 632-64, HMeeT coe.n;HHeHHSI C HOpMaJIbHOH ,lI,JIHHOH pe3b6bI, 
Ha rpyoax .n;HaMeTpoM 127 H. 140 MM C TOJIlUHHOH CTeHKH 6 MM 
H na rpytiax .n;HaMeTpoM 194 MM H 60JIee C TOJIlUHHOH CTeHKH 7 MM 
.n;JIHHa pe3b6bI HeCKOJIbKO Kopolle HOpMaJIbHOH (TaK Ha3b1BaeMaSi 
xoporxas pessoa). Crannapr npenycxarpaaaer TaK)I{e H3rOTOBJle
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My¢roBble coeiiunenun C pesuiot; rpaneueuiiasenoeo npodiunst. 
I1pOqHOCTb Coe)l.HHeHHH MO)KHO cylIIecTBeHHO nOBbICHTb, eCJIH rpe
yrOJIbHbIH nporpans pe3b6bI C 60JIbIIIHM yrJIOM npn BepIIIHHe 3a~e

HHTb rpaneueanaasasnr C MaJIbIMH yrJIaMH HaKJIOHa 60KOBbIX rpa

Hei\:. B nOCJIe)l.HHe roztsr npHMeH5IIOTClI Tpy6bI, na KOTOpbIX aapesa
aa rpaneueanansaaa pesstia C KOHyCHOCTbIO 2tgv= 1/16, IIIarOM 

5,08 MM; rJIy6HHoH 1,6 MM H yrJIaMH HaKJIOHa rpaaen nporpans 3 
H 100 

(pHC. 28). Ilocaaxa pe3b6bI ocylIIeCTBJI5IeTC5I no BHyTpeHHe

My H aapyxcaoxry )l.HaMeTp8M ee. I1pH CBHHqHBaHHH OT pyxa MY<P

TbI C Tpy60i\: ocesoa HaT5Ir )l.OJI)KeH 6bITb pasea 14+3 MM; nOCJIe 

)l.OKpenJIeHH5I COe)l.HHeHH5I MaIIIHHoH ropeu My<pTbI )l.OJI)KeH COBna

)l.aTb C nOCJIe)l.HeH pHCKOH Ha Tpy6e HJIH He )l.OXO)l.HTb )1.0 Hee He 

60JIee qeM aa 5 MM; )l.HaMeTpaJIbHbIH HaTH npn 3TOM COCT8BHT 

0,75 MM. 
Tpyou C TaKHMH coe)l.HHeHH5IMH B CCCP HMeIOT IIIH<PP OTTMI 

(oecanaue Tpy6bI C rp aneueanaasaoa pe3b60H, C MY<PTaMH). I10 
)l.aHHbIM BHI1I1ET, npOqHOCTb aa paCT5I)KeHHe pe3b60BbIX COe)l.H

HeHHH OTTMI na 25-50% BblIIIe, qeM COe)l.HHeHHH C pe3b60H 

TpeyrOJIbHOrO npo<pHJIlI no fOCT 632-64. 
Tpy6bI C MY<PTOBbIMH COe)l.HHeHH5IMH nOBblIIIeHHOH repxernsuo

CTH HMeIOT IIIH<PP OTTf1. OHH cHa6)KeHbI pe3b60H raxoro )Ke npo

<pHJI5I, qTO H Tpy6bI OTTMI, HO OTJIHqaIOTClI OT nOCJIe)l.HHX, BO
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HHe Tpy6 )l.HaMeTpOM OT 114 )1.0 245 MM BKJIIOqHTeJIbHO H MY<PT K 
HHM C y)l.JIHHeHHOH pe3b60H. YBeJIHqeHlie )l.JIHHbI pe3b6bI COCTaB

JI5IeT OT 13% )l.JI5I Tpy6 )l.HaMeTpoM 114 MM )1.0 40% )l.JIH rpyf )l.Ha

MeTpoM 245 MM. 
Ka)K)l.a51 rpyria nepen BbIllyCKOM C 38BO)l.a )l.OJI)KHa 6bITb caac

»<eHa MY<PTOH, HaBHHqeHHOH na O)l.HH H3 ee KOHIIOB. I1pH HaBHHqH

BaHHH apyxayro )1.0 OTKa3a paCCT05lHHe OT ropua MY<PTbI )1.0 KOHlIa 
c6era peascu na rpyoe )l.OJI)KHO 6bITb paBHO HaT5Iry A, pernaxea
THpOBaHHoMy B fOCT 632-64. BeJIHqHHa sroro HaT5Ira )l.JI5I rpyri 
)l.HaMeTpOM 245 MM H MeHee C HOpMaJIbHOH: (H KOpOTKOH) )l.JIH

HOi\: pe3b6bI H )l.JI5I Tpy6 nnaxerpox 194 MM H xeuee C y)l.JIHHeHHOH 

pe3b60H pasaa 9,5 MM, a )l.JI5I acex OCTaJIbHbIX rpyo  II MM. OT

KJIOHeHHe ztorrycxaercs + I BHTOK. COe)l.HHeHHe )l.OJI)KHO 6bITb 3a

KpenJIeHO C nOMOlIIbIO MY<PTOHaBepTOqHOrO CTaHKa. I10CJIe )l.OBHH

qHBaHHH MY<PTbI aa CTaHKe ropeu ee )l.OJI)KeH connanars C nocnen
HeH pHCKOH peascu: OTKJIOHeHHe norrycsaercs + I BHTOK. ,UHaMeT

paJIbHbIH HaT5Ir COCTaBJI5IeT B nepnox cnyxae 0,6+0,2 MM, a BO 

BTOpOM 0,7+0,2 MM. 
ECJIH npa HaBHHqHBaHHH apyxayto )1.0 OTKa3a ropeu MY<PTbI 

HaMHoro He )l.OH)l.eT )1.0 KOHlIa c6era peascu aa rpytie, TO npa ')1.0

KpenJIeHHH COe)l.HHeHHH MaIIIHHOH: 6e3 KOHTpOJI5I BeJIHqHHbI KpyT5I

utero MOMeHTa Hanp5l)KeHH5I B TeJIe Tpy6bI H B MY<PTe B MOMeHT, 

KOr)l.a TopelI My<pTbI nO)l.OH)l.eT K KOHlIY c6era pe3b6bI, MoryT OKa

3aTbCH xpeaaepno BbICOKHMH, onaCHbIMH )l.JI5I lIeJIOCTHOCTH peas
60Boro COe)l.HHeHH5I. HanpOTHB, eCJIH npn HaBHHqHBaHHH MY<PTbI 

aa rpyoy spyuayro )1.0 OTKa3a paCCT05lHHe Me)K)l.y TOPIIOM MY<PTbI H 
KOHIIOM c6era peasoa na rpytie 6y)l.eT 3HaqHTeJIbHO MeHbille BeJIH

qHHbI A, nOCJIe )l.OKpenJIeHH5I MaIIIHHOH H COBMelIIeHH5I ropua MY<P

TbI C KOHIIOM c6era pe3b6bI coe)l.HHeHHe 6y)l.eT cJIa60 3aT5IHYTO H 

aerepaernsno. Ilepen HaBHHqUBaHHeM My<pTbI pesstia )l.OJI)KHa 

6bITb onauteaa H noxpsrra cMa3KoH, 06eCneqHBaIOlIIeH repxems
HOCTb COe)l.HHeHHH H npenoxpaaatoutef pe3b6y OT 3a)l.HpOB H KOp

p03HH. ,UJI5I 3alIIHTbI peasti OT nOBpe)K)l.eHH5I H 3arp5l3HeHH5I npn 
TpaHcnopTHpOBKe H xpaHeHHH Ha cB060)l.HbIH KOHelI Tpy6bI HaBHH

qHSaIOT npenoxpanarensaoe KOJIblIO, a B My<pTy BBHHqHBaIOT 

~P06KY. I1pe)l.BapHTeJIbHO 3TH pe3b6bI )l.OJI)KHbI 6bITb nOKpbITbI an
THKOPP03HHHOH CMa3KOH:. 

PaCCMOTpeHHbIM nuure COe)l.HHeHH5IM C pe3b60H TpeyrOJIbHOrO 

npO<pHJI5I npHcYlIIH )l.Ba xpynaux He)l.OCTaTKa. Bo-nepnsrx, npon
HOCTb raxoro MY<PTOBoro COe)l.HHeHH5I COCTaBJI5IeT OT 55 )1.0 70% 
npOqHOCTH no TeJIy HeHape3aHHoro yqaCTKa Tpy6bI; HaH60JIee CJIa

6bIM 51BJI5IeTC5I ceseaue no OCHOBHOH nJIOCKOCTH. BO-BTOpbIX, aeno

CTaTOqHO BbICOKa repMeTHqHOCTb HX. I103TOMy Tpy6bI C TaKHMH 

COe)l.HHeHH5IMH uenecooepaaao HCnOJIb30B8Tb )l.JI5I KOMnJIeKTOBaHHH 

npezcne acero HH)KHHX yqaCTKOB 06Ca)l.HbIX KOJIOHH, rue npon

HOCTb na paCT5I)KeHHe He 51BJI5IeTC5I cepsesuux JIHMHTHpyIOlIIHM 

<paKTOpOM, a H36bITOqHOe BHyTpeHHee )l.aBJIeHHe cpaBHHTeJIbHO He

BeJIHKO. 
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PHe. 30. KOIJCTPYK~HH
 
eoe.llHHeHHIl Tpy6 e rpa

nenenaansnoa pe3b60A::
 
a - peasria; 6 - ynJloTHHTeJlb

HaB qaCTb coeAHHeHHB
 

Puc. 31. COe.llHHeHHe 06

caaaux 6e3MycjJToBblX
 
rpyf Of-1M
 

nepaux, HaJIHlJHeM YIIJIOTHHTeJIbHbIX IIOBepXHOCTeH - Hapy)I(HOH y 

HHlIlIeJIbHOrO KOHI.I.a rpyou H BHyTpeHHeH - B Cpe,ll,HHHOH lJaCTH 

MY<PTbI; BO-BTOpblX, TeM, lJTO pessooaoe coeaanenae 3aKpeIIJIHeTCH' 

,lI,O yrropa TOpI.I.a rpyou B Cpe,ll,lIHHbIH BbiCTYII My<pTbi (pHC. 29). 

OpH TaKOM 3aKpelIJIeHHH coenaaeaas C03,l1,ae.r..CH nocanxa IIO yIIJIOT

HHTeJIbHbIM KOHlIlJeCKHM nosepxnocrna H IIO BHyTpeHHeMy H aa

py)I(HOMy naaxerpax peasou, TOlJHO <pHKcHpyeTcH sananaua naa

MeTpaJIbHbIH HaTHr (,..... 0,5 MM), yCTpaHHeTcH 3a30p Me)I(,lI,y coena

HHeMbIMH ,lI,eTaJIHMH, lJeM ,lI,OCTHraeTCH 60.TJee BbiCOKaH repxeran

HOCTb. OTKJIOHeHHH IIO KOHyCHOCTH rJIa,ll,KHX YIIJIOTHHTeJIbHblX IIO

sepxaocrea Tpy6bI H My<pTbi na ,lI,JIHHe 14 MM He ,lI,OJIJKHbI IIpeBbI

urars +0,03 MM. 
BesMy¢ro8ble coeOUHeHUR. c p'esb6ou rpaneueuiianunoeo npo

rpU/lR.. Cyrn.eCTByIOT 6e3MY<PTOBbie coenaaeuas rpyf C yTOJII.IJ.eHHbI
MH KOHI.I.aMH H Tpy6 C IIOCTOHHHOH IIO ,lI,JIHHe TOJII.IJ.HHOH CTeHOK. 
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Tpyriu C YTOJIrn.eHHbIMH KOHI.I.aMH paapaeoraau B ,lI,BYX sapa
aarax. B rpycax TEO-4 (Tpy6b1 6e3MY<PTOBble oocazmue) yTOJI

mems o6a KOHI.I.a; na O,ll,HOM H3 KOHI.I.Oa aapesana aapyacaas, a na 

npyrox - BHyTpeHHHH KOHHlJeCKaH TpalIeI.I.eH,lI,aJIbHaH peasria. 
B rpytiax TEO-5 yTOJIrn.eH TOJIbKO O,ll,HH KOHeI.I., aa KOTOpOM nape
saaa BHyTpeHHHH peastia; na npyrox, HeyTOJIrn.eHHoM, KOHI.I.e HMe

eTCH aapyxcaas peasoa. OPO<pHJIb H pasaepu rpaneueanaasaux 
pe3b6 aa rpyoax TEO TaKHe »ce, KaK H na rpyriax OTTMI. 

Ha KOHI.I.aX rpyf TEO HMeIOTCH TaKHe )I(e raaaxae KOHHlJeCKHe 

YIIJIOTHHTeJIbHble nosepxaocra, KaK H aa rpyoax OTTn (pHC. 30). 

Coe,ll,HHeHHH 3aKpelIJIHIOTCH ,lI,O ynopa TOpI.I.OB. Tpy6b1 TEO H 

OTTn MO)I(HO-COe,ll,HHHTb npyr C npyrox 6e3 ,lI,OIIOJIHHTeJIbHbIX lIe· 

peBO,ll,HHKOB. 

Tpy6bI TEO H OTTn pexoxeanyercs HCIIOJIb30BaTb ,lI,JISI yKOM

IIJIeKTOBaHHH YlJaCTKOB 06Ca,ll,HbIX KOJIOHH C H36b1TOlJHblM BHyTpeH

HHM ,lI,aBJIeHHeM ,lI,O 50 MOa. 

r Beaxydrroasre rpyou Of-1 M C IIOCTOHHHOH IIO ,lI,JIHHe TOJIrn.HHOH 

CTeHOK cHa6)I(eHbI aa O,ll,HOM KOHI.I.e Hapy)I(HOH, a aa npyrox v

BRyTpeHHeH KOHHlJeCKOH pe3b60H TpaneI.I.eH,lI,aJIbHOrO IIpO<pHJIH. Ko

HyCHOCTb pe3b6b1 2tgv= 1/12; mar - 5,08 MM; paoouas BbiCOTa 

IIPO<pHJIH 1,4 MM; 60KOBbie rpaan IIPO<pHJIH HaKJIOHeHbI 1I0,ll, yrna
MH 3 H 30° (pHC. 31). Pe3b60Boe coenaaeaue 3aKpelIJIHeTCH ,lI,O 

ynopa TOpI.I.OB. Ilocanxa pe3b6b1 IIPOHCXO,ll,HT IIO BHyTpeHHeMy ,lI,H

axerpy ee; xpoxe roro, ,lI,JIH YBeJIHlJeHHH )I(eCTKOCTH MY<PToBoro 

KOHI.I.a npenycaorpeaa IIOCa,ll,Ka IIO cpeaauauu aepumnaa IIpO<pH

JIH aa YlJaCTKe OT aaxana c6era pe3b6bI na HHlIlIeJIbHOM KOHI.I.e 

rpyrisr ,lI,O ynopaoro ycryna. 
Do ,lI,aHHbIM BHI1I1ET, IIPOlJHOCTb Coe,ll,HHeHHH Of-1M IIpH pac

TH)I(eHHH COCTaBJIHeT OKOJIO 50% IIPOlJHOCTH TeJIa Tpy6bI B aeaa
pe3aHHOH lJaCTH, a repMeTHlJHOCTb IIpH HCIIOJIb30BaHHH CMa30K 

P-2, P-402 ,lI,OCTHraeT IIpH rn,ll,paBJIHlJeCKOM HClIbITaHHH 35 MOa. 

Xapaxrepaoa oc06eHHocTbIO oocanaux KOJIOHH, COCTaBJIeHHbIX 

H3 rpyo Of·1M, HBJIHeTCH IIOCTOHHCTBO Hapy)I(HOrO ,lI,HaMeTpa IIO 

Bcefl ,lI,JIHHe. 

§ 33. Ceapaue coenaaeaaa 06Ca,ll,Hblx Tpy6 

O,ll,HHM H3 HaH60JIee 3<p<peKTHBHbIX cIIoc060B 1I0BblmeHHH rep

MeTHlJHOCTH HBJIHeTCH csapxa coe,ll,HHeHHH oocanaux Tpy6. OpH

MeHHIOTCH HeCKOJIbKO THIIOB caapuux COe,ll,HHeHHk pacrpyonoe 

(pHC. 32, a), nnyxpacrpytiaoe (pHC. 32, 6), MY<PToBoe (pHC. 32, 8), 
BCTblK (pHC. 32, e), aannens-pacrpytiaoe (pHC. 32, 0), nsyxpacr

l pyoaoe C I.I.eHTpHpyIOrn.HM KOJIbI.I.OM (pHC. 32, e) 
H3 ,lI,OCTOHHCTB COe,ll,HHeHHH, IIOKa3aHHbIX aa pHC. 

HBJIHeTCH JIerKOCTb ueHTpHpoBaHHH KOHI.I.OB Tpy6 

pasno CJIO)I(Hee I.I.eHTpHpoBaTb KOHI.I.bI rpye IIpH 
H CTbIKOBOM COe,ll,HHeHHHX. . 

III 

H npyrae. O,ll,HHM 
32, a, 8, 0 H e. 
IIpH cBapKe; ro

nayxpacrpyriaou 
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PHC. 32. Csapaue COe,llHHeHHH 06Ca,llHbIX Tpy6 II 
;'1 

DpOtIHOCTb npa pacrascenaa pacrpyouoro H MY<PTOBoro caap
HbIX coenaaeuaa npaxepno panna, a nayxpacrpyriaorc - HeCKOJIb I.•....~J\
KO BbIIIIe npOtIHOCTH crannaprnoro peasooaoro coenaaeaas no 

v, 

rOCT 632-64. DpOtIHOCTb cruxocaapnoro coenaaeans 6JIH3Ka 1(a B pane CJIytIaeB - ,n:a)l{e panna) K npOtIHOCTH TeJIa Tpy6bI. Cy
w:eCTBeHHbIM He,n:OCTaTKOM cruxocnapnoro H - B MeHbIIIeH CTe
nenn - nayxpacrpyriaoro coenanenaa HBJI5leTC5l 06pa30BaHHe rpa I 
Ta Ha sHyTpeHHeH nOBepXHOCTH Tpy6 BCJIe,n:CTBHe 3aTeKaHH5l pac f\nJIaBJIeHHOrO MeTaJIJIa npli CBapKe H BbI3BaHHoe 3THM 3aMeTHoe 
YMeHbIIIeHHe sHyTpeHHero ,n:HaMeTpa 06ca,n:HOH KOJIOHHbI. 31'01' H~ 
D.OCTaTOK ycrpanea B coe,n:HHeHHHX, nOKa3aHHblX na pHC. 32, 8 H e. tDpliMeHHIOTcH B CCCP HaH60JIee IIIHpOKO nnyxpacrpyriasre C 
ueurpupyrotuax KOJIbUOM H nannens-pacrpyoaue CBapnue coezia 4 
HeHHH. B nepsox 1i3 HHX na 060HX KOHlI,aX Ka)l{,n:oH oricanaoa ( I 

j
rpyrisr nenaror BHyTpeHHHe paCTOtIKH rJIy6HHoH,n:0 0,3 TOJIlllHHbI
 
CTeHKIi H ,n:JIIiHOH 30-50 MM. Ilepen CBapKOH nne Tpy6bl uenrpa

PYIOT C nonoun.to CneUHaJIbHOrO KOJIbua H3 MaJIoyrJIepo,n:IiCTOH CTa

JIIi, xoropoe BCTaSJIHIOT B 3TH paCTOtIKIi. KOJIbUO npenarcrnyer J.,
 
TaK)I{e 3aTeKaHliIO paCnJIaBJIeHHOrO MeTaJIJIa BHYTPb Tpy6 npli ~
 

caapxe. !I 
.~


Dpli HlinneJIb-pacTpy6HOM coe,n:HHeHHH npe,n:BapHTeJIbHO Ha o,n: .~. 

HOM KOHue Tpy6bI nenaior raxyto see BHyTpeHHlO1O paCTOtIKy, KaK 
Ii B npenunyutex cnyxae, a na npyrox KOHue- aapyacnyto npo ~i.
TOtIKy. Ilepen CBapKOH CTaKaH, 06pa30BaBIIIHHCH npa aapyscaon 

, 

npOTOtIKe KOHua O,n:HOH Tpy6bI, BCTaBJIHIOT BO BHyTpeHHlO1O paCTOtI t xy KOHua npyron Tpy6bl; TaKHM 06pa30M ,n:OCTHraeTCH xopOIIIaH { 
ueHTpOBKa Tpy6 H npe,n:OTBpaluaeTCH 06pa30BaHHe rpaTa Ha BHyT ! 

pennef nOBepXHOCTH npa csapxe. Hsrmexs-pacrpyriuoe coenaae
HHe ueJIeC006pa3HO npHMeHHTb JIHIIIb ,n:JI5l Tpy6 C MaJIOH OBaJIb
HOCTblO. D pn 3HatIHTeJIbHOH OBaJIbHOCTIi rpyf cnenyer HCnOJIb30

~: aars coenaaenns C BHyTpeHHHM nenrpapyiouiax KOJIbUOM. 

us 

JJ.JI5l ynepscaaas KOJIOHHbl na secy npa zmyx nOCJIe,n:HHX ranax 
CBapHbIX coe,n:HHeHHH Ha Hapy)l{HoA nOBepXHOCTH Tpy6bI Ha pa~ 

CTOHHHH npauepno 200 MM 01' sepxnero KOHua ee nenator npo
TOtIKy ,n:JIHHOH 0,3-0,5 ,n:HaMeTpa Ii rJIy6HHoH -,n:o 0,4 TOJIIUHHbI 
CTeHKH. B 3TY npOTOtIKy npn cnycxe 06CilD.HOA KOJIOHHbl BCTaBJI5lIOT 
CneUHaJIbHblH IIIapHHpHblH XOMyT, non KOTOpblH 3aTeM nonaonsr 
06b1tIHbIH 3JIeBaTop. 

Taxas npOTOtIKa YMeHbIIIaeT npOtIHOCTb Tpy6bl aa pacrascenae. 
06bltIHO npOtIHOCTb !J.R pacrascenae B MeCTe Hapy)l{HoH npOTOtIKIi 
non XOMyT nexaoro BblIIIe npOtIHOCTIi craanaprnoro peasriosoro 
coenaaeaaa no rOCT 632-64. DpOtIHOCTb cnapaoro coenaaeaaa 
MO)l{eT 6bITb nOBblIIIeHa no npOtIHOCTIi TeJIa Tpy6b1, eCJIIi HCnOJIb
30BaTb CneUHaJIbHbIe Tpy6bI C YTOJIIUeHHblMH aa 8-10 MM no ,n:1i
axerpy KOHuaMH H npOTOtIKy non XOMyT nenars B yTOJIIUeHHOA 
tIaCTH. 

Tpy6bl caapnnaior aenocpencrseaao nan YCTbeM CKBa)l{HHbl. 
nJIH 3TOro HCnOJIb3YlOT nOJIyaBToMaTbI H aBTOMaTbl ,n:JI5l 3JIeKTpO
nyrosof cnapxn HHcTHTyTa HM. E. O. Flaroaa, DpHMeH5leTC5l KaK 
cnapxa B 3aIUHTHoH cpene, TaK H 6e3 3aIUHTHoii cpezns. 3JIeKTpO
nyrosux cnocoooa csapaaaror oticanasre Tpy6bI rpyrmu npOtIHO
CTH JJ., 1i3rOTOBJI5leMbIe 1i3 yrneponacrux craneli, a TaK)I{e TPy
6bI 60JIee BbICOKIiX rpyrm npOtIHOCTH, eCJfH OHIi H3rOTOBJIeHbI H3 
XOpOIIIO caapaaaexux CTaJIeH. 

I1MeeTC5l TaK)I{e onsrr KOHTaKTHoH caapxn C nOMOIUblO aBTOMa
TOB HHcTHTyTa liM. E. O. Ilaroaa. TaKIiM cnocooox MO)l{HO coezm
H5lTb Tpy6bI JII060H rpyrmu npOtIHOcTH. KOHTaKTHa5l csapxa ocy
lUeCTBJI5leTC5l nyTeM HarpeBa KOHUOB Tpy6,n:0 nJIaCTHtIeCKOrO co
CT05lHH5l H oceBoro c,n:aBJIHBaHIi5l HX no TopuaM. DpOtIHOCTb 06pa
3YIOIUerOC5l IIIBa paaaa npOtIHOCTH TeJIa rpytiu. Y sroro cnocotia, 
ozmaxo, ecrs nna cymecrneaaux He,n:OCTaTKa: ao-nepnux, npa 
c,n:aBJIHBaHHIi KOHUOB Tpy6 Ha BHyTpeHHeii nOBepxHocTH 06pa3Y
eTC5l rpar; BO-BTOpbIX, yCTaHoBKH ,n:JI5l KOHTaKTHoii caapxa 60JIee 
rpovoanxa, tIeM ,n:JI5l nyronoa. 

§ 34. npOtIHOCTb 06Ca.ll.Hblx Tpy6 H HX COe.ll.HHeHHH 
UpH oceaoa paCTHJKeHHH 

JIo TellY Tpy6bl. ECJIH K rpyrie npHJIO)l{HTb ocesyro pacrar-aaa
IOIUylO CHJIy, B nonepevnoa CetIeHHH ee B03HHKHyT aanpaaceaas. 
BeJIHtIHHy CHJIbI, npa KOTOpOH aanpasceuas ,n:OCTHrHyT npeneaa 
TeKytIeCTH MaTepHaJIa, MO)l{HO onpenenars no <popMyJIe 

PT = : (d~-d2) aT' (5.2) 

rne d - BHyTpeHHHH ,n:HaMeTp Tpy6bl. 
JIo ceapnonu coe8UHeHUlO. Ilpenensayro paCT5lrHBaIOIUYIO aa

rpY3KY ,n:JI5l cnapaoro IIIBa 06bItIHO BbItIHCJI5lIOT no <popMyJIe 

PT = kCBJtdw6aT , (5.3) 
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(a) 

H aa onopayio 
nOBepxHocTeH 

ECJIH raxoe 3aTHHyToe coennueaae aarpyscars ocesoa CHJIOH P 
(pHC. 33, 6), CHJIa HOpMaJIbHOrO ,lI,aBJIeHHH aa onopaoa nosepxao
CTH ab 6Y,lI,eT aospacrars, a aa nosepxaocra be YMeHbwaTbCH. TaK 
KaK no npHHHToMy asnue yC.TIOBHIO oceaas CHJIa pasaoxepao pac
npe,lI,eJIHeTCH no scex BHTKaM nOJIHOrO npO<pHJIH, TO yCJIOBHe pan
HOBeCHH BbI,lI,eJIeHHOrO BHTKa 

r,lI,e n B - lIHCJIO BHTKOB nOJIHOrO nporpana, HaXO,lI,Hll.I,HXCH B 3aI.I.en
nenna; Y- BeJIHlIHHa H3MeHeHHH npOeKI.I.HH paaaoneacrnyiomea 
CHJI, npHJIO)l{eHHhlX K O,lI,HOH onopaofi nOBepXHOCTH, aa OCb pe3b6bI. 

OTC1O,lI,a 

Y = 0,5P/nB • (6) 

Panaansaaa COCTaBJIHlOll.I,RJI paanonescrsyiouiea CHJI, npHJIO
)l{eHHDlX K onopaoa nosepxaocra ab, 

R~=pd, 

(R~+ Y)-(R~-Y)- ~B =0, 

a) rpyria H MY<PTa Ilpe,lI,cTaBJIHIOT co6oii I.I.HJIHH,lI,Phl xpyrnoro 
nonepeuaoro cesenas: TOJIll.I,HHa CTeHOK HX B Ka)l{,lI,OM ceseaaa He
H3MeHHa (paanocrennue I.I.HJIHH,lI,Pbl); 

6) oceBaH Harpy3Ka paBHoMepHo pacnpe,lI,eJIeHa no BceM BHT
KaM pe3b6bl nOJIHOrO npotpana: 

B) MY<PTa a6COJIIOTHO )l{eCTKaH; 
r) oceaas CHJIa nOJIHOCTblO nepenaercs aa nonepexnoe ceseaae 

Tpy6bI B 30He nepsoro BHTKa nOJIHOrO npotpana. 
PaCCMOTpHM xyqrroaoe coenaaeaae, CBHHlIeHHoe C ynpyrax aa

THrOM. nOCKOJIbKY pessca KOHHlIeCKaH, TO npa HaBHHlIHBaHHH My<p' 
Tbl Ha Tpy6y Ha onopHblX nOBepXHOCTSlX BHTKOB B03HHKHyT CHJIhl 
peaKI.I.HH, nopuaasaue K 3THM nOBepXHOCTHM, II CHJIhl TpeHHH, ,lI,eH
CTBylOll.I,He npOTHB HanpaBJIeHHH nepeueutenaa BHTKOB. Bhl,lI,eJIHM 
MbICJIeHHO O,lI,HH BHTOK (pnc. 33, a) H o603HallHM N - CHJIy peax
I.I.HH, HOpMaJIbHylO K onopaoa noaepxnocrn ab, T - CHJIy TpeHHH 
aa TOH xce onopaoa noaepxaocrn. nOJIHaH peaKI.I.HH R 6Y,lI,eT OT
KJIOHeHa OT peaKI.I.HH HOpMaJIbHOrO ,lI,aBJIeHHH Ha yroJI TpeHHH ~ . 

Pa3JIO)l{HM CHJIy R aa panaansayro COCTaBJIHlOll.I,YIO R» (C)I{H
MalOll.I,YIO rpyoy H pacTHrHBalOll.I,YIO MY<PTy) 

R['=Rcos(a+~) 

H np0,lI,OJIbHYIO COCTaBJIHlOll.I,YIO 

R~ = R sin (a +~) = R[' tg (a + ~), 
rne a  yrOJI HaKJIOHa rpana BHTKa KOCH peasriu. 

OlleBH,lI,HO, TaKHe )l{e CHJIbI 6y,lI,yT ,lI,eHCTBOBaTb 
nOBepxHocTb be BHTKa, nOCKOJIbKY nJIOll.l,a,lI,H 3THX 
O,lI,HHaKOBhl 

R~= R~. 
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npenensayio 
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PHC. 33. Cxeaa K pacsery 
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rne dill  Cpe,lI,HHH naaxerp caapnoro WBa; keB  uoupasovaua 
K03<P<PHI.I.HeHT, YlIHTbIBalOll.I,HH <pOpMy csapnoro WBa: ,lI,JIH MY<PTO
caapuoro H pacrpytiaoro cOe,lI,HHeHHH kCB= 0,7; ,lI,JIH CTbIKOCBapHoro 
COe,lI,HHeHHH 6es yTOJIll.I,eHHH KOHI.I.OB Tpy6 kCB= 0,9; ,lI,JIH KOHTaKT
noro caapnoro coe,lI,HHeHHH C YTOJIll.I,eHHeM CTeHOK rpyf B MeCTe 
CThlK8 TOPI.I.OB kCB= 1,0 [19]; 

II - HOMHHaJIbHaH TOJIll.I,HHa CTeHKH Tpy6hl. 
ECJIH aa rpyriax ,lI,eJIalOT nporosxy non XOMyT, 

pacraraaaroutyio CHJIy ,lI,JIH cexeaas no nporosxe 
<popMyJIe (5.2), nO,lI,CTaBJIHH BMeCTO d« HapYiKHbIH 
6hl B MeCTe npOTOllKH. 

B My¢roBoM eoeOUHeHUU e peestiot; rpeqeonenoeo npO¢UAH. no 
fOCT 632-64. Ilpa onpezteneaaa npoxaocra crannaprnoro peas
6oBoro COe,lI,HHeHHH C,lI,eJIaeM cnenyroutae nonyiueuaa: 

lit 



rne PI - paJI.HaJIbHOe Ll.aBJIeHHe; f - nnouians OrrOpHOH nosepx
HOCTH. 

IlpoeKII.H5I CHJI, rrpHJIO)KeHHbIX K OrrOpHOH rrOBepXHOCTH ab, aa 
OCb pe3b6bI 

R~+ Y = pdtg(a+ lp).
 

OTCIOJI.8 paJI.H8JIbHOe Ll.aBJIeHHe na rrOBepXHOCTb ab
 
. + P ctg (a + cp)
 (B)PI ~ Po 2tno '
 

. R~ctg(a+cp)
 
rne po= t 

AH8JIOmqHO p8JI.HaJIbHOe JI.aBJIeHHe aa nosepxnocn, be 

P etg (a + cp) ( ) 
Ps = Po 2tno r 

1,13 nocnennea <POpMyJI bI BHJI.HO, qTO npn HeKOTopoM 3HaqeHijH 

oceaoa HarpY8KH JI.aBJIeHH6 P2 aa noaepxnocrt, BHTKa be MO)KeT 06

paTHTbC5I B HyJIb. 

ECJIH P2>O, TO npn YBeJIHqeHHH CHJIbI P pannansaoe JI.aBJIeHHe 

H8 rrOBepXHQCTb rpaaa ab 6YJI.eT B03paCTaTb HaCTOJIbKO xce, aa

CKOJIbKO YMeHblIIaeTC5I paJI.HaJIbHOe JI.aBJIeHHe na rrOBepXHOCTb 

rpaua be; cpennee )Ke aaasenae paJI.HaJIbHOrO JI.aBJIeHH5I aa no

aepxnocrs scero BHTKa 6YJI.eT OCTaBaTbC5I HeH3MeHHbIM H pas

HbIM Po. 
Hapeaaaasra KOHeII. Tpy6bI HaXOJI.HTC5I B CJIO)KHOM nanpaaceu

HOM COCT05lHHH, HcrrblTblBa51 B03JI.eHCTBHe ocesoa CHJIbI PH paJI.H

aJIbHOrO JI.aBJIeHH5I. PaLl.HaJIbHOe JI.aBJIeHHe rrpepblBHCTO: OHO pe3KO 

MeH5IeTC5I npn nepexone OT OJI.HOH rpaan BHTKa K npyron. Il03ToMy 

Ll.JI5I ynpouteaas pelIIeHH5I 3aJI.aqH CJIO)KHYIO rrOBepXHOCTb pe3b6bI 

3aMeHHM rrOBepXHOCTblO rJIaJI.KOrO II.HJIHHJI.pa, HapY)KHblfi JI.HaMeTp 

xoroporo pasen CpeJI.HeMy JI.HaMeTpy dcp pe3b6bI B OCHOBHOH rrJIO

CKOCTH, BHyTpeHHHH - BHyTpeHHeMy JI.HaMeTpy rpyrisr, a JI.JIHHa 

paBHa rrpoeKII.HH Ll.JIHHbI pe3b6b1 C BHTKaMH rrOJIHOrO rrpo<pHJI5I Ha 

OCb pe3b6b1. Ha rrOBepXHOCTb II.HJIHHLl.pa JI.eHcTByeT paaaoaepaoe 
Ll.aBJIeHHe P., BeJIHqHHY KOToporo HaXOLl.HM H3 yCJIOBH5I paBeHCTBa 

CYMMbI CHJI paLl.HaJIbHbIX JI.aBJIeHHH, JI.eHcTBylOlll,HX aa nosepx

HOCTb pe3b6bI H na rrOBepXHOCTb II.HJIHHJI.pa 

p.ndcpl = PoF , (LI.) 

rne F=2fno - cyMMapHa51 rrOBepXHOCTb BHTKOB rrOJIHOrO rrp0<pHJI5I. 

Ilon JI.eHCTBHeM sroro Ll.aBJIeHH5I B rrp0JI.OJIbHbIX CeqeHH5IX II.H

JIHHLl.pa B03HHKalOT aopaansnue C)KHMalOmHe Harrp5l)KeHH5I, JI.OCTH

ratoutae HaH60JIblIIefi BeJIHqHHbI na aayrpenaea nosepxaocrn ee. 

BeJlHqHHY H8rrp5l)KeHHH MO)KHO HaHTH rro <popMyJIe JI5IM3 [51]. 
2 

a = Pod - PHd~ ± (Po - PH) d2d~ (5.4) 
t,» d2_d2 d2(d2_d2). 

H I H 
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rJI.e Po H PH - COOTBeTCTBeHHO BHyTpeHHee H Hapy)KHOe JI.aBJIeHH5I; 

dj - JI.HaMeTp paCCMaTpHBaeMOH TOqKH CeqeHH5I. , 

IloJIO)KHM 3JI.eCb Po=O, PH=P*, d;=d, dH=dcp . Torna TaH

reHII.HaJIbHOe Harrp5l)KeHHe Ha BHyTpeHHeH rroBepxHocTH II.HJIHHJI.pa 

2p d~p a - • (e)
t - - d2 _d2 

cp 

B nonepeuaux CeqeHH5IX II.HJIHHJI.pa non JI.eHCTBHeM CHJIbI P B03

HHKalOT ocesae aopxansaue Harrp5l)KeHH5I az. Ilpa nepexozte OT 

II.eJIbHOrO TeJIa Tpy6b1 K Hape3aHHoMy yqaCTKy BeJIHqHHa 3THX Ha

rrp5l)KeHHH HeCKOJIbKO yMeHblIIaeTC5I, TaK KaK qaCTb CHJIbI socnpa
HHMaeTC5I MY<PTOH. ,UJI5I ynpouienns pacnera 6yJI.eM npeaeoperars 
YMeHblIIeHHeM Harrp5l)KeHHH H CqHTaTb, qTO na cexeaae Tpy6b1 rro 

OCHOBHOH rrJIOCKOCTH CHJIa P nepenaercs rrOJIHOCTblO, Torna. 
4P 

az 1t (d~p _ d2 ) • ()K) 

COrJIaCHO rperseil reopnn rrpOqHOCTH HaH60JIblIIee KaCaTeJIb

Hoe aanpasceane, pasaoe nonypaanocra HaH60JIblIIerO H HaHMeHb

mero rJIaBHbIX HOpMaJIbHblX nanpaaceana, He JI.0JI)KHO npeaaurars 
rrOJIOBHHbI npeaena TeKyqeCTH xarepaaaa 

1:" - az -at .-- aT (5.5)mas - 2 ~-2-' 

IlOCKOJIbKy TOJIlll,HHa CTeHKH 06CaJI.HbIX rpyf BO MHoro pas 

MeHblIIe naaxerpa HX, MO)KHO C He60JIblIIOH norpenmocrero npa

H5ITb dcp +d ~ 2d cp . YqHTbIBa51 3TO H rr0JI.CTaBJI5I5I B aupaacenae 
(5.5) 3HaqeHH5I at H az H3 <pOpMyJI (e) H ()K), HaXOJI.HM TO saase

HHe oceson CHJIbI, npa KOTOpOM rrpHBeJI.eHHOe nanpaacenae B cene

HHH rro OCHOBHOH rrJIOCKOCTH Hape3aHHoro KOHII.a Tpy6b1 JI.OCTHraeT 

rrpeJI.eJIa TeKyqeCTH [43]. 

._ A .<: ( p",dcp )P (5.6)CTp - rt: cpvc aT-~ , 

rae 6c = (d cp-d)j2 - CpeJI.H5I5I TOJIlll,HHa CTeHKH II.HJIHHJI.pa. 

PaCCMOTpHM rerreps CJIyqaH, KOrJI.a P2= O. 1'13 <pOpMyJIbI (r)· 

CJIeJI.yeT, qTO 3TO B03MO)KHO, KOrJI.a OCeBa51 CHJIa JI.OCTHrHeT BeJIH

qHHbI P=Po. 

P _ 2Potno PoF (3) 
o - ctg (a + cp) ctg (a + qJ) • 

IlOKa CHJIa P MeHblIIe Po, OHa paarpyxcaer nosepxaocrs be 
BHTKa OT CHJIbI JI.aBJIeHH5I, B03HHKalOlll,eH npn HaBHHqHBaHHH MY<P

TbI, H KaK 6bI nepexnanusaer 3TY CHJIy aa rrOBepXHOCTb ab; npa 

3TOM cpeJI.Hee JI.aBJIeHHe rro rroBepxHocTH Bcero BHTKa OCTaeTC5I He

H3MeHHbIM. Ho KaK TOJIbKO CHJIa P rrpeB30HJI.eT BeJIHqHHY Po, ITO

sepxaocrs be He 6YJI.eT 60JIee pa3rpY)KaTbC5I H pasaocrs CHJI P-Po 
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6y)J.eT BOCnpHHHMaTbCH TOJIbKO nOBepXHOCTblO abo n03TOMY npa 

P>Po BeJIHtIHHa pa)J.HaJIbHOrO )J.aBJIeHHH aa nonepxaocrt, ab 6y
)J.eT panna [43] 

_ +' Po etg (a, + cp) (P - Po) etg (a, + qJ)

PI - Po 2fn

B 
+ fn

B
 

nO)J.CTaBHB B 3TO aupaxceaae BMeCTO Po ero 3HatIeHHe H3 rpop
MyJIbI (3), nOJIytIHM 

_ 2P etg (a, + qJ) ( ) 
PI - r;' • H 

TaK KaK P2=O, TO cpenaee pa)J.HaJIbHOe )J.3BJIeHHe no BceH no

BepXHOCTH BHTKa 

PI + P2 P t ( )Pcp = 2 = F C g a + lp . (K) 

TaKHM 06pa30M, npa P>Po cpennee pa)J.HaJIbHOe )J.3BJIeHHe C 

yBeJIHtIeHHeM CHJIbI P B03paCTaeT nponopnaoaansao npHJIO)/{eHHOH 

oceaoa CHJIe P, a He OCTaeTCH HeH3MeHHbIM, KaK 3TO 6bIJIO npa
P<Po. . 

KaK H B npenunyuiex cayxae, 3aMeHHM CJIO)/{HYIO nOBepXHOCTb 

pe3b6bI nOBepXHOCTblO U:HJIHH)J.pa TaK, tIT06bI CYMMbI CHJI paaa
aJIbHOrO )J.aBJIeHHH Ha 3TH nOBepXHOCTH 6bIJIH B3aHMHO paBHbI. 

TaK KaK npa P>Po pa)J.HaJIbHOe )J.aBJIeHHe na noaepxaocrs be 
pasao HyJIIO, TO cyMMa CHJI pa)J.HaJIbHOrO )J.aBJIeHHH na nosepx-

F 
HOCTb pe3b6bI panna PI2' n03TOMY yCJIOBHe ()J.) )J.JIH paCCMaT' 

paaaeaoro CJIytIaH npaaer BH)J. 

F 
p*rtdcpl = PI ""2' 

nO)J.cTaBHB BMeCTO PI ero 3HatIeHHe H3 epOPMYJIbI (H), ~aH)J.eM 
BeJIHtIHHy pa)J.HaJIbHOrO )J.aBJIeHHH Ha nOBepXHOCTb U:HJIHH)J.pa 

_Petg(a,+qJ) ( ) 
P* - ndcpl . JI 

nO)J.cTaBHM reneps B epOpMyJIy (5.5) 3HatIeHHH HOpMaJIbHbIX 

H8npH)/{eHHH o, H o, H3 epOPMYJI (e) H ()/{) C ytIeTOM BbIpa)/{eHHH (JI) 

~ 2Pd~p etg (a, + qJ) _ 

( 2 2) + ( 2 2) n ,dcp - d ndepl dcp - d (JT' 

OTclO)J.a, nOJIO)/{HB d cp+d ~ 2d,cp H dcp-d= 20c, 

n6cdcpoTP51= (5.7)
dcp 

1 + 21 etg (a, + qJ) 

. LJaIlI,e scero 06ca)J.HbIe Tpy6bI non )J.elkTBHeM spesaepno 60JIb

mOH paCTHrHBalOIlI,eH CHJIbI 06pblBalOTCH B ceseaan y nepsoro 

BHTKa C nOJIHblM npotpanex. n03TOMY npa npaKTHtIeCKHX pacserax 
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B epOPMYJIy (5.7) BMeCTO cpenaef TOJIIlI,HHbI CTeHKH Tpy6bI B oc
HOBHOH nJIOCKOCTH nO)J.CT8SJIHIOT TOJIIlI,HHy CTeHKH no Bna)J.HHe peas
6bI B TOM )/{e CetIeHHH. 

<1>opMyJIa (5.7) snepsue 6bIJIa ncnyseaa <1>. 11. 5!KOBJIeBbIM 

H Ha3BaHa ero HMeHeM. Be.lJHtIHHa PH xapaxrepasyer Ty ocesyio 
CHJIy, HMeHyeMylO CTparHBalOIlI,eH, npn IWTOpOH B 30He nepsoro 
BHTKa nOJIHOrO nporpana aanpaxcenae B TeJIe Tpy6bI )J.OCTHraeT 

npenena TeKytIeCTH. 113 epOPMYJIbI (5.7) BH)J.HO, tITO CTparHBalOIlI,aH 

aarpysxa pessoosoro coe)J.HHeHHH scerna srensure TOR ocesof CH

.1bI, npa KOTOpOf! B rJIa)J.KoM U:HJIHH)J.pe C HapY)/{HbIM )J.HaMeTpoM 

d cp H TOJIIlI,HHOf! CTeHKH tS c aanpaaceaae (Jz paBHO npeneny rexy
tIeCTH. .3Ta pasaaua B03paCTaeT C YMeHbmeHHeM yr.na npotpana ; 
pe3b6bI, HO YMeHblIIaeTCH C yBeJIHtIeHHeM cyMMapHoH )J.JIHHbI BHT
KOB nOJIHOrO nporpans. 

Ilpa BbIBO)J.e epOPMYJIbI <1>. I1. 5!KOBJIeBa C)J.eJIaH pH)J. ynpomaio
IlI,HX )J.onyIlI,eHHH H 3aMeH, OTMetIeHHbIX asnne. n03TOMY epOpMyJIy 

CJIe)J.yeT paCCMaTpHBaTb KaK npH6JIH)/{eHHylO. CtIHTaIOT, tITO pac
nernue 3Ha tIeHHH 3aHH)/{eHbI npOTHB )J.eHCTBHTeJIbHbIX. LJT06bIC6JIH

3HTb pacueraue BeJIHtIHHbI C epaKTHtIeCKHMH, B epOpMyJIy (5.7) 
nO)J.CTaBJIHIOT aaasnnenaoe 3HatIeHHe yrna TpeHHH lp= 18°. nef!

cTBHTe.nbHbIH yron TpeHHH )J.JIH CMa3aHHblX noaepxaocren HaXO)J.HT

CH, nO-BH)J.HMoMy, B )J.Hana30He OT 3 )J.O go [37, 47]. 
He06xo)J.HMO 06paTHTb BHHMaHHe na cJIe)J.ylOIlI,He )J.Be B03MO)/{

HbIe npHtIHHbI 3HatIHTeJIbHOrO paCXO)/{)J.eHHH paCtIeTHbIX H OnblTHbIX 

BeJIHtIHH CTparHBalOIlI,eA aarpysxa. Bo-nepaux, rpopxyna 
$. 11. 5!KOBJIeB8 cnpaaeztaaaa JIHlIIb B TOM cay-rae, xorna ocesaa 
CHJIa P>Po. ECJIH oceaas CHJIa P<Po, BeJIHtIHHa crparaaaiomea 
CHJIbI, BbItIHCJIeHHaH no 3T0l1 epopMyJIe, 6y)J.eT MeHblIIe rpaxnrse
CKOH; B 3TOH 06JIaCTH CJIe)J.yeT nOJIb30aaTbCH epOpMyJIOH (5.6).
K CO)/{aJIeHHIO, Ha)J.e)/{lIbIX onbITHbIX )J.aHHbIX 0 BeJIHtIHHaX panaans
HbIX )J.8BJIeHHA Po B 3aTHHYTbIX pe3b60BbIX coe)J.HHeHHSlX HeT; n03TO

My HeB03MO)/{HO noxa onpeneaars rpanasaoe 3HatIeHHe CHJIbI Po, 
3HaHHe KOToporo n03BOJIHJIO 6bI 60JIee np8BHJIbHO Bbl6HpaTb pac

xerayro epOpMyJIy )J.JIH CTparHBalOIlI,eH CHJIbI. 

BO-BTOPbIX, epOPMYJIbI (5.6) H (5.7) nOJIytIeHbI )J.JIH pasaocren

HbIX KpyrJIbIX rpyo. Ilpa 3HatIHTeJIbHOA OBaJIbHOCTH, He6JIarOnpHHT

HOM COtIeT8HHH nonycxos aa OBaJIbHOCTb, TOJIIlI,HHy CTeHKH H KO

HyCHOCTb pe3b6bI )J.ef!cTBHTeJIbU8H CTparHB81OIlI,8H irarpyaxa aaor
na MO)/{eT OKa3aTbCH MeHbme pacseraoa, 

3a)J.atIa 0 BeJIHtIHHe CTparHBalOIlI,eH HarpY3KH B t50JIee TOtIHOH 

nOCT8HOBKe C ytIeTOM HeKOTopOH HepaBHOMepHOCTH pacnpe)J.eJIeHHH 

oceaoa CHJIbI no BHTKaM pe3b6bI H peaJIbHOA )/{eCTKOCTH MyepTfli 

peureaa n. 10. MOtIepHIOKOM [37]. <1>opMyJIa n. 10. MOtIepHIOK8 
HMeeT BH)J. 

ndcn&COT ,= - 

d~,1I, (I - 11) (I - C) kT ctg (IX+ lJl)
 
PM (5.8) 

1+ 2dcpl 
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rzte dcll. - Cpe,n:HHHbIH zmaxerp Tpy6bI B OCHOBHOH llJIOCKOCTH; 

dcp - Cpe,n:HHH naaxerp pe3b6bI B TOM }Ke CeqeHHH; 6 c - Cpe,n:H5I5I 

TOJIIlUIHa CTeHKH rpyriu B TOM }Ke CeqeHHH; /-! - K03<p<PHUHeHT 

Ilyaccona: kT = 0,8 + 0,9 - K03<P<PHUHeHT, paBHbIH OTHOIIIeHHIO npe
nena IIPOIIOpUHOHaJIbHOCTH IIpH paCT5I}KeHHH K npeneny IIPOIIOP

UHOHaJIbHOCTH IIpH C}KaTHH; C - 6e3pa3MepHbIH napaxerp, xapax
TepH3YIOIIJ.HH My<pTOBOe pe3b60BOe COe,n:HHeHHe 

C = dCM6c
 

2dcll.6 M
 

dCM - Cpe,n:HHHbIH ,n:HaMeTp MY<PTbI B OCHOBHOH llJIOCKOCTH; 6 M -

TOJIIUHHa CTeHKH MY<PTbI B TOM }Ke CeqeHHH. 

ECJIH B <popMyJIe (5,8) 1I0JIO}KHTb dCIl.=dcp, C=O (T. e. IIpH

H5ITb, 'ITO MY<PTa a6COJIIOTHO }KeCTKa5I) H /-!=O (T. e. CqHTaTb, 'ITO 

nonepesnoe cyscenae MaTepHaJIa Tpy6bI IIpH ,n:eHCTBHH OCeBOH CH

JIbl P OTcyTCTByeT), 1I0JIyqHM <pOpMyJIy <P. 11. 5!KOBJIeBa. 

B <pOpMyJIy (5.8) 1I0,n:CTaBJI5IIOT ,n:eHcTBHTeJIbHbIH yroa TpeHH5I 

cp ~ 3°30'. Harpysxa, BblqHCJIeHHa5I 110 <popMyJIe (5.8), paBHa IIpH

MepHo 80% HaH,n:eHHoH OllbITHbIM nyrex. 
BeJIHqHHY cTparnB8IOIUeH HarpY3KH MO}KHO onpenenars TaK}Ke 

110 <popMyJIe n. n. Illyaanoaa 

Pill = n6cdcpoT (5.9) 

dcp •I + kill 21 etg (a + cp) 

rne krn = 6 c/ ( 6 c + 6 ) - K03<p<pHUHeHT, yqHTblBaIOIUHH, 'ITO OCeBa5I 

CHJIei qaCTHqHO nepenaercs MY<PTe sepea BHTKH HellOJIHOrO IIPO

<pHJI5I H 1I0TOMy na cesenae rpytisr, COBlla,n:aIOIIJ.ee C OCHOBHOH llJIO

CKOCTbIO, ,n:eHCTByeT JIHIIIb sacrs 3TOH CHJIbI. 

BeJIHqHHa, HaH,n:eHHa5I 110 <popMyJIe n. n. Illyaunoaa, JIe}KHT 

Me}K,n:y 3HaqeHH51MH, BblqHCJIeHHbIMH 110 <popMyJIaM <P. 11. 5!KOBJIe

aa H ,ll. IO. MOqepHIOKa. 

B 3apy6e}KHOH IIpaKTHKe MY<PTOBble coe,n:HHeHH5I C pe3b60H 

TpeyrOJIbHOrO IIPO<pHJI5I paCCqHTbIBaIOT He 110 CTparHBaIOIUeH aa
rpysxe, a 110 aarpysxe, paspyunnomea coeaaaeaae HJIH BbI3bIBaIO

IUeH 06PblB Tpy6bl B CeqeHHH 110 OCHOBHOH llJIOCKOCTH. HarpY3KY, 

IIpH KOTOpOH pa3pyIIIaeTC5I pesstioaoe coenaueane, T. e. peasoa TPy

6bI BbIXO,n:HT H3 COllp5I}KeHH5I C pe3b60ii MY<PTbl, MO}KHO onpene
JIHTb, aanpavep, 110 <popMyJIe <pHpMbI «MaHHecMaH» [64] 

ndl610T (5 10)P 
pas = (d + 6) et (a + ) . . 

0,4+0,65 I I 19 . cp 

r,n:Q d, - cpe,n:HHHbIH ,n:HaMeTp rpyrisr B CeqeHHH nocepennse nape
38HHoro KOHiIa rpyost; 61 - cpe,n:H5I5I TOJIIUHHa CTeHKH rpyrisr B TOM 

xce CeqeHHH. 

PeSYJIbTaTbI pacxeroa 3TOii 110 <popMyJIe 06blqHO HeCKOJIbKO HH
}Ke OllbITHblX ,n:aHHbIX, HO B OT,n:eJIbHbIX CJIyqa5IX IIpeBblIIIaIOT 011bIT

asre BHaqeHH5I na 5-10%. 
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HaH60JIee pacnpocrpanerrnuan aa py6e}KOM 5IBJI5IIOTC5I 1I0JIy3M

IIHpHlJeCKHe <pOpMyJIbl AMepHKaHcKoro He<pT5IHOrO HHcTHTyTa [42]. 
B coeiiunenuu C pe3b6ot1 rpaneueuoansnoeo npodninn. Ilpn pac

-rere coe,n:IIHeHHH C pe3b60H rpaneneanaasnoro IIPO<pHJIH onpene
JIHIOT KaK CHJIy, IIpH KOTOpOH B03MO}l{eH oopun Tpy6bl (HJIH MY<P

rsr) B OllaCHOM CeqeHHH [54]: 

Ppaa = n (d + 6s) 6 s(Js, (5.11) 

TaK H CHJ1Y, IIpH KOTOpOH: B03MO}KeH asrpus rpytist H3 MY<PTbI, 

P 51 (d 8 cE I 2E]hz ) (5.12)BhIP = no, (JT ell. + -- + K
III III - • 

r,n:e (Js - apexeaaoe COllpOTHBJIeHHe xarepaaaa IIpH paCTH}KeHHH; 

6 c - TOJIIUHHa CTeHKH 110 snannae nepaoro BHTKa 1I0JIHOrO IIpO<pH

JIH; ~C=~M+~T - 06IIJ.HH ,n:HaMeTpaJIbHbIH HaTH coenauenas 
(~M' 6T - ,n:HaMeTpaJIbHaH ,n:e<popMalI,H5I COOTBeTCTBeHHO My<pTbI H 

Tpy6bI OT aarara B OllaCHOM CeqeHHH); £1 - MO,n:yJIb YllpOqHeHH5I 

xarepnana B llJIaCTHqeCKOH 06JIaCTH; III = 0,5 - K03<p<PHlI,HeHT Ily
aCCOHa ,n:JIH llJIaCTHqeCKOH 06JIaCTH; 

= dc]J. tg (cp - ~) •K 
21 • 

. ~ - HaHMeHbIIIHH: yrOJI HaKJIOHa IIPO<pHJI5I BHTKa K JIHHHH, nep
lIeH,n:HKyJIHpHOH: KOCH peasou. ,llJIH Tpy6 OTTM, OTTf, TBO H 

Of-1M ~=3°. 
ECJIH HaH60JIee CJIa6bIM HBJIHeTCH ceneaae 110 TeJIy My<pTbI B 

30He COllpH}KeHHH C nepaux BHTKOM 1I0JIHOrO IIPO<pHJIH na rpyce, 
TO B <popMyJIe (5.11) cnenyer BMeCTO (d+6 a ) 1I0,n:CTaBJIHTb cpen
HHH nnaxe'rp TeJIa My<pTbI (dM - 6 aM) , a MeCTO 6 s - TOJIIUHHy CTeH

KH 6 aM MY<PTbI !I0 srranane pe3b6bI B YKa3aHHoM CeqeHHH. 

§ 35. COllPOTHBJIHeMOCTb KpyrJIbIX 06CaJI.HbIX Tpy6 

H36bITOqHOMY rHJI.paBJIH'IecKoMy JI.aBJIeHHIO 

flPOtlHOCTb Tpy6bt. Ilon BJIHHHHeM H36bITOqHOrO mnpaanasecso
ro ,n:aBJIeHHH Tpy68 MO}KeT 6bITb paspyurena B MepH,n:HaHaJIbHOM 

CeqeHHH. Bo H36e}KaHHe B03HHKHOBeHH5I onacaux ,n:JIH ee IIPOqHO

CTH HallpH}KeHHH 3KBHBaJIeHTHOe Hallp5I}KeHHe Ha BHyTpeHHeH 110

aepxnocra Tpy6bI COrJIaCHO reopna HaH60JIbIIIHX KaCaTeJIbHbIX aa
IIpH}KeHHH He ,n:OJI}KHO IIpeBblIIIaTb npenen TeKyqeCTH MaTepHaJIa 

(JaHs = (Jt-(Jr<(JT· (5.13) 

nO,n:cTaBHB 3HaqeHHH (Jt,r H3 <pOpMyJIbI (5.4) JlHM3, Haii,n:eM TO 
H36bITOqHOe ,n:aBJIeHHe, IIpH KOTOpOM C06JIIO,n:aeTCH paBeHCTBO 

(5.13) 

d2
0T (d~ - )PB- PH} (0.14){PH-PS Kp = 2d~ 
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Ha puc. 34 rrpHBO,llHTCH -pe3YJIbT8TbI pacxera KpHTHqeCKOrO nan
JIeHHH ,llJIH xpyrnux rpyti C npeneaox TeKyqeCTH (JT=490 MDa 

rro <popMyJIaM (5.15) (KpHBaH 1) H (5.17) (KpHBaH 2). Jlerxo BH

,lleTb, qTO <pOpMyJIOH (5.15) enenyer rrOJIb30BaTbCH npa kcT>krp, T. e. 
B 06JIaCTH, pacrrOJIO)l{eHHOH nesee TOqKH A, 8 <pOpMyJIOH (5.17)
npa kcT<krp, T. e. B 06JIaCTH, pacrrOJIO}l{eHHOH npasee TOqKH A. 

1ill 

(a) 

Ka)l{.llaH H3 <pOpMyJI B caoeti 06JIaCTH naer HaHMeHbIllee 3H8qe

HHe KpHTHqeCKOrO ,llaBJIeHHH. 06blqHO rpyrisr, ,llJIH KOTOpblX crrpa

Be,llJIHBa <popMyJIa (5.17), Ha3bIBalOT TOHKOCTeHHblMH. 

§ 36. Conp01'HBJlHeMOC1'b OBaJlbHblX o6ca.n.Hblx 1'py6 
H36b11'OllHOMY Hapy1KHoMy rH.n.paBJlHlIecKoMY .n.aBJleHHIO . 

Peansnue oocannsre Tpy6b1 MoryT HMeTb nexoropyio OBaJIb

HOCTb. BCJIe.llCTBUe 31'0ro corrpOTHBJIHeMOCTb HX CMHTHIO H36b1TOq

HbIM HapY}l{HblM ,llaBJIeHHeM cYIll,eCTBeHHo MeHbIlle, qeM 31'0 CJIe

nyer H3 <pOpMyJI (5.15) H (5.17). 
B OTJIHqHe 01' KpyrJIhIX rpyri, xoropue npa H36b1T04HblX aapyxc

HbIX ,llaBJIeHHHX HH}I{e KpHTHqeCKOrO acnsmraaior TOJIbKO zterpop
MaUHIO panaansnoro C}I{aTHH, a 

rrOCJIe ,llOCTH}I{eHHH KpHTHqeCKOrO 

,llaBJIeHHH - TaK}I{e nerpopaaumo 
H3rH6a, oaaxsaae Tpy6bI npa JIIO

60H BeJIHqHHe H36b1TOqHOrO Ha

pyxcnoro ,llaBJIeHHH nonaepraiorca 
O,llHOBpeMeHHo C}I{aTHIO H H3rH6y. 

CJIe,llOBaTeJIbHO, rpopaa nonepes
noro cexeaas B pe3YJIb1'aTe zte
<popMaUHH H3rH6a H3MeHHeTCH npa 
JII060M H36b1TOqHOM naPY}l{HOM 

,llaBJIeHHH, rr03TOMy MO}l{HO era
BHTb sanasy JIHIllb 0 pacnere 
OBaJIbHOH Tpy6b1 na npo-mocrs. 
BnepBble TaKaH 3a,llaqa 6b1JIi p~ 
uieaa 5. B. 5yJIraKOBbIM, a He

CKOJIbKO n03}1{e C. D. THMoIlleHKo 

[48]. Paccaorpux aanany 06 on

peneneaaa KpHTHqeCKOrO zraane- PIlC. 35. Cxexa .LJ.e4)QpMa~1l1l osam-

HHH ,llJIH OBaJIbHOH paanocrennon soro xo.nsua 
Tpy6bI co CB060,llHbIMH KOHuaMH. 

,UorrycKaeMaH .llJIH oticanaux Tpy6 OBaJI.bHOCTb cpaBHHTeJIbHO 
HeBeJIHKa. 1l03TOMy <pOpMy rrepBOHaqaJIbHOHOCH nonepeuaoro ce

4eHHH Tpy6bI MO}l{HO npuasrn, rrpOH3BOJIbHylO, HO C C06JIIO,lleHHeM 

yCJIOBHH na OCHX cHMMeTpHH. DpHMeM ,llJIH paccvarpnaaeaof 
OB8JIbHOH Tpy6b1 HaH60JIbIllee HaqaJIbHOe pa,llHaJIbHOe OTKJIOHeHUe 

01' xpyr-a paBHbIM Uo (pHC. 35). Torna HaqaJIbHbIe panaansaae 
OTKJIOHeHHH 01' xpyra ,llJIH OBaJIbHOH Tpy6bI MO}l{HO onacars ypas
HeHHeM [49]. 

U = Uo cos 21\i, 
rae ,p  ueHTpaJIbHbIH yrOJI. 

Ilon BJIHHHHeM napyacnoro ,llaBJIeHHH ace TOtIKH OBaJIbHOA TPy
6bI rrOJIyqaT pa,llHaJIbHbIe rrepeMeIll,eHHH y H OBaJIbHOCTb ee yBeJIH

'lHTCH. HaH.lleM BeJIHqHHY 3THX nepeaentenaa. ,UJIH penrenaa sana
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(5.15) 

(5.17) 
3 

2EkcT 
PJI=-I-fl 2 ' 

ECJIH npapaanars <pOpMyJIbI (5.15) H 

(5.17), MO)l{HO HaHTH rpaaaunoe auaveaae 
K03<P<PHUHeHTa CTeHHOCTH, paaneasromee 
06JIaCTH rrpHMeHHMOCTH 3THX <pOpMyJI 

krp = VaT (I -;; [.12) • (5.18) 

30 !/H cm zo 
oI I I I 

10 

501-\ H \\ _ I I 

qO I \ \\I 'j 'vel ----I 

10 I I ""'I ~''" I 

201. 1\\\\\1 I 

11.'il1, ('CJm rrOJIOR<HTb anecs dH+d ~ 2dn, 

{ 
PH- PH} 

= P6 = 2kCT (J T ' 
P/i-PB IIp 

rne kCT=fJ/d H - K03<p<PHUHeHT CTeHHOCTH rpyrisr. 
<l>OpMyJIOH (5.15) Bapaoy 06b1qHO rrOJIb3YlOTCH ,llJIH onpeneneaan 

rrpOqHOCTH 06Ca,llHblX rpyf na paspua 01' H36b1TOqHOrO BHyTpeHHe

ro ,llaBJIeHHH. DOCKOJIbKY crannapr nonyc
xaer YMeHbIlleHHe TOJIIll,HHbI CTeHKH rpyf 
rrpH 06b1qHOH TOqHOCTH H3rOTOBJIenHH,ll0 

12,5%, B <pOpMyJIy (5.15) BMeCTO HOMH

HaJIbHOH TOJIIll,I1HbI CTeHKH fJ rrO,llCTaBJIHIOT 

B03MO)l{HOe nauxeasmee ee anauenae. Flo
3TOMy paC4eTHaH <pOpMyJI3 .llJIH KpHTHqe

CKoro H36b1T04HOro BHyTpeHHero ,llaBJIeHHH 

P6M= (PB  PH)HP = 0,875· 2· kcT(J'r' (5.16) 

YCT0t1tiU80CTb ¢OPMbt. ECJIlf rpyoa TOH

KOCTeHHaH, <popMa nonepesaoro CeqeHHH ee 

MO)l{eT H3MeHHTbCH non BJIHHHHeM H36bI

TOqHOro napyxcaoro rH,llpaBJIHqeCKOrO nas
JIeHHH naace B TOM cay-rae, eCJIH 3KBHBa

JIeHTHOe nanpaxcenae aa BHyTpefIHeH rro

BepXHOCTH MeHbIlle npenena TeKyqeCTH. 

B xypce «COrrpOTHBJIeHHe MaTepH8JIOB» 

nOKa3aHO, 41'0 KpHTHQeCKOe H36b1TOqHOe 

aa pyscaoe naanenue, npa KOTOpOM xpyr
JIaH paBHOCTeHHaH Tpy6a TepHeT yCTOHqH

BOCTb <pOPMbI, MO)l{HO HaHTH rro <popMyJIe 
JIeBH [51] 

JOI 'tl\\: 't I ~ 

PHC. 34, 3aBHcHMoCTb 

KPIITHlJCCIWfO H36blT04HO
ro aapyxcuoro runpaanu
lJeCKOfO .LJ.aBJleHHlI OT KO-

3q)(pll~lleHTa CTeHHOCTIlIty(i rpynna npOlJHOCTH 

I-no <pop MyJle (5.15); 2
"0 <pDpMyJle (5.17); 3  no <pop
MyJle (5.22) npa e~O.OI; 4
no <!>DpMYJle (5.22) npx e= 
0,01, HD 6es ysera K03<!><!>H
D;HeHTa 1,13; 5  no <popMyJle 
(5.23) npa e=O,OI: 6  no 
<popMyJle (5.23) npa e-O,02 



tIH BhI,n:eJIHM B rpytie ,n:ByMH nonepesnsraa CeqeHHHMH, ynaaenau
MH npyr OT npyra aa paCCTOHHHe B onny e,n:HHHUy ,n:JIHHhI, KOJIhUO. 

Paccevex KOJIhUO MepH,n:HaHaJIhHhIM CeqeHHeM nonoaax H paCCMOT

pHM sepxaee rrOJIyKOJIhUO. B03,n:eHCTBHe H8 aero ortipomeanoro 
HIDKHero rrOJIyKOJIhua 3aMeHHM CHJIaMH P=PH·AO H onopauxa 
MOMeHTaMH Mo. . 

TaK KaK HaqaJIhHaH OBaJIhHOCTh KOJIhua MaJIa, TO ,n:JIH onpene
JIeHHH ynpyrax nepeaeuieana BOCrrOJIh3yeMcH ,n:HepepepeHUHaJIhHhIM 

ypasneaaex ynpyron KpHBOH ,n:JIH TOHKoro CTep)KHH C KpHBOH OChIO 

dBy M,2
 
d'i'2 +y= --EY' (6)
 

rne M - H36HraIOlUHH MOMeHT; r - pannyc OCH. 

H3fH6aIOlUHH MOMeHT M B CeqeHHH B OT CHJI, ,n:et%:cTByIOlUHx 

nesee CeqeHHH, paaen 

M=Mo+P.AC-PHABA: =Mo+ ~H (2AO.AC-AB2). (B) 

H3 TpeyrOJIhHHKa AOB cnenyer 

OB2 = OA2+ AB2_20A· AC 

nO,n:CTaBHM CIO,n:a BMeCTO ,n:JIHH OTpe3KOB HX 3HaqeHHH, aupa
)[{eHHhle xepea paaayc KpyrJIOH Tpy6hI r HaqaJIhHhle H ynpyrae pa

naansnsre nepeaemenaa: 

20A· AC-AB2 = OA2_0B2 = [,-(uo+YO)]2_['_(U+y)]2. (r) 

Ilpenetipezcea sa MaJIOCThIO BeJIHqHHaMH (UO+YO)2 H (U-ty)2. 
Torna H3 BhIpa)KeHHH (B) H (r) HaH,n:eM 

M=Mo-PH'[(UO+Yo)-(U+Y)]· (n) 
Teneps ,n:HepepepeHUHaJIhHOe ypaaaenae (6) MO)KHO C yseroa 

BhIpa)KeHHH (a) H (n) aanacars B sane 
d2 y
d'i'B + "I;y = B, (e) 

r,n:e 

P ,32_1+_H_.X E/ ' 

B = -:- Mo,2 + PH,3yo+ PH,3yo (1- cos 2'i') 
E/ 

Otiiuee peuieaae raxoro ypsBHeHHH 6y,n:eM HCKaTh B BH,n:e 

Y ~ Yo COS2'IjJ. ()K) 

nO,n:CTaBJIHH ypaaaenae ()[{) B aupaaceaae (e), nonyxaea 

[ -4yo + X2yo+ PH~~UO] COS2'i'-[-Mo'2 + ~13 (yo+u o)] = O. (3) 
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TaK KaK (3) jlBJIHeTCH peurenaea ypaBHeHHH (e), OHO ,n:OJI)KHO 

6hITh TO)K,n:eCTBOM. 3TO oaaaxaer: 

P-4y +X2y +_H_.J!,3U = 0 lo 0 E/ • (H) 

-MO,2 + PH,3(yo +Uo) = 0 

H3 nepaoro ypaBHeHHH CHCTeMpI (H) naxonux, ytIHThIBaH, tITO 

,n:JIH KOJIhua e,n:HHHqHOH urapanu 1= 1')3/12: 

PH (5.19)Y0=' UO' 
PJI - PH 

rne p~ = 2Ek3 - KpHTHqeCKOe ,n:aBJIeHHe ,n:JIH xpyrvroro KOJIhua.CT 

H3 sroporo ypaBHeHHH TOH )Ke CHCTeMhI 

Mo= PH' (Yo + Uo)· (K 

nOJIHOe pannansaoe nepexeuienae 6y,n:eT
 

v = U+ Y = (Uo+ Yo) COS2'i', /
 
a H3fH6aIOlUHH MOMeHT COrJIaCHO epopMyJIe (,n:) 

M = Pa' (Yo + Uo) - PH' [(Uo+ Yo) - (u + y)] = PH'V, 
H3 epOPMYJIhI (5.19) BH,n:HO, qTO C YBeJIHqeHHeM ,n:aBJIeHHH PH 

yrrpyroe pannansaoe nepexemeaae TaK)Ke B03paCTaeT H npn P~ 

p~ Y-+OO, T. e. no Mepe rrpH6JIH)KeHHH PH K p~ yrrpyroe pannaasnoe 
nepexemenae HeOrpaHHqeHHO YBemlqHBaeTCH. Ilpa TaKOM pOCTe 

yrrpyroro pa,n:HaJIhHOrO rrepeMelUeHHH HarrpH)KeHHH B OBaJIhHOM 

KOJIhUe xoryr ,n:OCTHqh npenena TeKyqeCTH, xorna H36hITOqHOe aa

pY)KHOe ,n:aBJIeHHe na Hero 6y,n:eT eme MeHhllle KpHTHtIeCKOrO ,n:JIH 

xpyrnoro KOJIhua. n03TOMY non KpHTHqeCKHM ,n:JIH OBaJIhHOrO KOJIh

ua 6y,n:eM rrOHHMaTh raxoe suaneaae H36hITOqHOrO Hapy)KHOrO nan
JIeHHH, npn KOTOpOM B npouecce yrrpyroro pannansaoro nepeue
lUeHHH ero CTeHOK HarrpH)KeHHH ,n:OCTHraIOT npenena TeKyqeCTH. 

HarrpH)KeHHH B MepH,n:HaHaJIhHhIX CeqeHHHX KOJIhua ecrs cyMMa 

HarrpH)KeHHH C)KaTHH OT CHJIhI PH' H HarrpH)KeHHH H3fH6a OT MO

MeHTa M 

0' = PH' + M<'l (5.20)
P 'i/"' 

rne F - naomans MepH,n:HaHaJIhHOrO CeqeHHH KOJIhUa; 1- MOMeHT 

HHepUHH roro »ce CeqeHHH. 
nO,n:cTaBHM B epOpMyJIy (5.20) aaaoonsuree snaueaae MOMeHTa 

Mo H3 BhIpa)KeHHH (K), a BMeCTO 0' - npenen TeKyqeCTH MaTepHa

JIa KOJIhua 

PH' PH' (Yo +Uo) <'l-p-+ 2/ =O'T 
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HJIH C Y4eTOM q>OpMYJIbi (5.19) 

PHr + PHr 6 ( PH + 1) U = a - (JI) 
F 2/' 0 T'

PlJ - PH 

,UJHI KOJIhua e.uHHH4HOH llIHpHHhI F = 1.l). 
nYCTh nonyoca OBaJIhHOH Tpy6hI pannsr rmln H r max. Torna 

OBaJIhHOCTh 

2(rmax- rmln)
e= 

rmax +rmln 
Ho rmax-rmln=Uo, a r max+rmtn=2r. n03TOMY uo=er/2. 

nO.uCTaBHB aaanenaoe 3Ha4eHHe Uo, a TaK)Ke F, I H p~ .uJISI 

KOJIhua e.uHHH4HOH llIHpHHhI B aupaaceaae (n). nOJIy4HM nOCJIe 

npe06pa30BaHHH 

p~ - [ 2kCTo, + 2E k~T( 1+ 2~T)] PH +4Ek~TaT = 0. 

Hanaeasuraa xopeas sroro ypaaaeaas ecrs KpHTH4eCKoe H36b1

T04Hoe Hapy)KHOe .uaBJIeHHe .uJISI paCCMaTpHBaeMoro OBaJIbHOrO 
mlJ~a . 

(PH)HP = kCT {aT + Ek~T ( 1+ ---l:;)

- (5.21) v[aT + Ek~T (1 + 2~-;-)r-IEk~TaT} '. 
lh06b1 nepenrn OT xo.nsua e.uHHH4HOH urapaau K peaJIhHOH TPy

CSe, aeooxonaao )KeCTKOCTh EI 3aMeHHTh aa UHJIHH.upH4ecI<YIO 
£/ 

-.--2-' Kpove roro, B Q:>OpMyJIy (5.21) BXO.uHT npenen TeKy4ecTH
-11 

MaTepHaJia npn C)KaTHH, KOTOphIH na 10-15% 60,7Ihllle npeaeaa 
TeKy4ecTH npa paCnI)KeHHH. B cnpaaoxaof »ce nnreparype H B 

nacnoprax aa Tpy6b1 YKa3hIBaIOT npenen TeKy4ecTH npH pacraxce
HHH. n03TOMY nepen npaaoa 4aCThIO Q:>OpMyJIhI Hy)Kl!O BBeCTH 

nonpasoxuun COMHO)KHTeJIh, npH6JIIJ3HTeJIhHo paBHhIH 1,1. 
3KcnepHMelITaJIhHO YCTaHOBlJeHO, 4TO ziaaneaae, npa KOTOpOM 

rpyria CMHHaeTC5I (cMHHaIOUJ.ee naanenae) , B cpenaex B 1,13 paaa 
60JIhllle KpHTH4ecKoro .uaBlJeHH5I, BhI4HCJIeHHOrO no Q:>opMylJe 

(5.21). Ilocae BH~CeHH5I YK838HHhIX nonpasox nOJIy4HM Q:>OpMyJIy 

CMHHalOUJ.ero .uaBJIeHH5I .uJI5I OB8JIhHhIX rpyf 

POM = I ,24k l T { aT + Ek~T (1 + 2~)
- v[aT+Ek~T(1 + 2~T )r -4Ek~TaT}' (5.22) 

3TO supaaceaae HMeHyIOT Q:>opMyJIOH fHHH - Bynraxoaa., 
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Oocanaue Tpy6hI MoryT 6bITh He TOJIhKO OB8JIhHhIMH, HO H pas
HOCTeHHhIMH (T. c. C nepexeaaoa no nepaverpy TOJIlll,HHOH CTeHKH). 

JIoKaJIbHOe yaensureaae TOlJUJ.HHhI CTeHKH no cp8BHeHHIO C HOMH

HaJIOM CHH.lKaeT conpOTHBJIHeMOCTh Tpy6hI 1cl.36bIT04HOMY Hapy)KHO

My .uaI3JIeHHIO. 3a.u848 06 onpeneneana xpnrnuecxoro Hapy)KHOrO 

H36b1T04Horo .uaBJIeHHSl .uJI5I OBaJIhHhIX paanocreaaux rpyti, HMeIO

UJ.llX Q:>OpMy ce4eHHH, nOKa3aHHYIO na pHC. 36, snepsue peureaa 
f. M. CapKHcoBhIM [43] 

pc = 1, lkM{aT + Ek6k* (1 ++)_
.2k.k.. 

-i[ aT +Ek6k• ( 1+ 2k~M )r-4Ek6k*aT} • (5.23) 

r.ue 

k", = 6rnln/dH ; ko = 60/dH ; k* = 60/6 m1n; 

6m1n = (1-0,Olao)6; 
6m 1n - aaaxensuraa TOJIUJ.HHa CTeHKH nepanaocrennon rpyfisr; 
60 - cpennas p8C4enIaH TOJIUJ.HHa CTeHKH nepaanocreanof rpytist, 
onpenenaeaaa C Y4eToM nonycxcs no fOCTy, 

60 = VO,5 (A3 + 6~ln); 
A - B03MO)KHaH HaHMeHhlilaH TOJIUJ.HHa CTeHKH paaaocrenaoa 
rpyou

A= )6'(1-0,OlaM 

\ 1+0,Olb. ' 

aM - OTpHuaTeJIhHblH nonycx H8 Maccy rpyrisr, %; b - nOJIO}KH

Te_lhHbIH nonycx ua HapY)KHhIH nnaxerp, %; a 0 - orpuuareas
Hbli! nonycx aa TOJIUJ.HHy CTeHKH, %. 

B CCCP rpopuyna (5.23) r. M. Cap

KHCOBa npHHSlTa B Ka4eCTBe OCHOBHOH .uJISI 

pac4eT8 conpOTHBJIHeMOCTH 06ca.uHblx 

rpyo CM5ITHIO H36bITOIIHblM na PY)KHblM 

.uaBJIeHHeM. JIerKo aaners, 4TO, eCJIH npe
He6pe4h paaaocrenuocrsio (T. e. nOJIOfKHTh 

ko=kM=kcT H k*=I), 3Ta rpopayaa npe
spauraerca B Q:>OpMyJIy fHHH-5yJIraKO

aa 6e3 nonpaaosnoro sxnapauecxoro KO

3Q:>Q:>HUHeHTa 1,13. IIIH pOKOH sxcnepaaen
TaJIhHOH nposepxn Q:>OpMyJIbI r. M. CapKH

COI3a He npOBo.uHJIH. Ho conOCTaBJIeHHe 

pacxeraux nanuux C onbITHblMH .uaHHbIMH 

.uJISI rpyf .uHaMeTpOM OT 146 Jl,0 219 MM no

Ka3bIBaeT, 4TO pacxernue 3Ha4eHHSl HH)Ke 

onsrraax npnaepno aa 15-20%. Bepo- PHC. 36. OBa.%HOe pa3HO

HTHO, snecs CKa3b1BaIOTCH TpH 06CTOHTeJIh- CTeHHoe KOJlb~O 
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CTBa. BO-nepBbIX, TO, qTO <paKTHqeCKHe OBaJlbHOCTb H pa3HOCTeH
HOCTb MeHblile npHHHTbIX JJ.JIH pacsera. BO-BTOPbIX, <pOpMyJla 
r. M. CapKHCOBa, KaK H <pOpMyJla rHHl1-oyJlraKoBa 6e3 K03<p
<pHUHeHTa 1,13, xapaxrepnayer re KpHTHqeCKHe .uaBJleHHH, npa KO
TOpbIX npenena TeKyqeCTH .uOCTHraIOT 3KBHBaJleHTHble HanpH)KeHHH 
TOJlbKO na BHyTpeHHeH nosepxaocra rpytisr. B OTIbITaX )Ke H3MepH
lOT CMHHalOIUee naaaeuae, T. e. TO naaneaae, npa KOTOpOM B HeKO
TOpOM CJlOe, npHMbIKalOmeM K BHyTpeHHeH nOBepXHOCTH, nanpaace
HHH npeauurator npenen TeKyqeCTH H B03HHKalOT nJlaCTHqeCKHe ne
epOpMaUHH, anyuiae C ynposneaaea MaTepHaJla. B-TpeTbHX, OnbIT
HbIe nanaue, nO-BH.uHMOMy, HeCKOJlbKO 3aBbIllIeHbI. TIPH nposene
HHH OnbITOB Ha CTeH.uaX BCer.ua B03HHKaJlH CHJlbI TpeHHH B ynJloT
HeHHHX Me)K.uy KOpnYCOM crenna H HCnbITyeMoH Tpy60H. 9TH CHJlbI 
.ueHCTBOBaJlH KaK oceaas C)KHMalOmaH CHJla npa YBeJlHqeHHH aa
pY)KHOrO .uaBJleHHH aa rpytiy. TIPH HeBbICOKOM oceaox C)KaTHH CO
npOTHBJlHeMOCTb Tpy6bI CMHTHIO YBeJlHqHBaeTCH (CM. § 37). 

Ha pHC. 34 nOKa3aHbI 3aBHCHMOCTH KpHTHqeCKOrO .uaBJleHHH, 
BbIqHCJleHHoro no <popMyJlaM rl1HI1 - oyJlraKoBa H r. M. Cap
KHCOBa .uJlH 06ca.uHbIx Tpy6 C npe.ueJlOM TeKyqeCTH MaTepHaJla 
490 MTIa, OT BeJlHqHHbI 1/kc T, 06paTHoH K03<P<PHUHeHTY CTeHHOCTH. 
4T06bI HarJlH.uHO npe.ucTaBHTb ce6e CTeneHb BJlHHHHH OBaJlbHOCTH 
Ha BeJlHqHHY KpHTHqeCKOrO .uaBJleHHH, .uOCTaTOqHO conOCTaBHTb 
KPHBYIO 3 C yqaCTKOM KpHBOH 1, Jle)KamHM nesee TOqKH A, H C yxa
CTKOM KpHBOH 2 npaBee TOH )Ke TOqKH. KpHBaH 3 nocTpoeHa .uJlH 
rpyti C e=O,Ol. BJlHHHHe pasnocreunocrn MO)KHO npocnenars, ec
JlH cpaanars KPHBYIO 5, nocTpoeHHylO no <popMyJle r. M. CapKH
COBa, C KpHBOH 4, nocrpoenaoa no epopMyJle (5.22) O. B. Byara
KOBa, HO 6e3 yqeTa K03<p<PHUHeHTa 1,13. 

10. A. TIeCJlHK [41] noxaaan TaK)Ke, qTO POJlb HepaBHOCTeHHO
CTH B <popMyJle r. M. CapKHCOBa rrpeyaenaxeaa. oc06eHHO .uJlH TOH
KOCTeHHbIX Tpy6, H npe.uJlaraeT KpHTHqeCKOe naanenae onpenenars 

no <popMyJle 

pu = pJI (1-8L\n)' (5.24) 

r.ue 8 - K03<pepHUHeHT pa3HOCTeHHOCTH: 

0,01 (all - aM - b)
8= .

1 -0,01 (aM + 2b) , 

3e 4+3ro 
1 + - 2kc (l - ro) 8-3ro 

L\p; = 3e 
1 +2k (l - ro)2 c 

(J) = (PH)RP/PJI; kc = 6ep/dH ; 

(Pll)RP - KpHTHqeCKOe naaneaae, BbIqHCJIeHHOe no <popMyie 
(5.21) npu cpennex 3HaqeHHH TOJIIUHHbI CTeHKH; 6cp - CpeJI.HHH 

TOJImHHa CTeHKH rpytiu.
 
128
 

B aapyoescnon npaxraxe aa conpornanaeaocn, Tpy6 npa na
pyJKHOM rH.upaBJIHqeCKOM narpyacenaa npHHHMalOT CMHHalOIUee 
.uaBJIeHHe, xoropoe onpenenatcr rro 3MrrHpHqeCKHM <popMyJIaM [42]. 

§ 37. Ilposuocrs o6ca.u.Hblx Tpy6 npa COBMeCTHOM .u.eiicTBHH 
ocesoa CHJIbl H pasaoaepaoro 6oKoBoro .u.aBJIeHHR 

Buure 6bIJI paccxorpen sonpoc 0 rrpOqHOCTH rpyf npa Harpy
2KeHHH JIH60 CHJIOH, .ueHcTBylOmeH B.uOJIb OCH, JIH60 m.upaBJIHqeCKHM 
.uaBJIeHHeM na 60KOBylO nosepxnocrs. PaCCMOTpHM reneps 60JIee 
CJlO)KHbIH CJIyqaH, xorna na Tpy6y I! /l1r 

u

o.uHonpeMeHHo .ueHCTByIOT oceBaH CH-
~ ~ 

8
4 ' 

"all 
I J\ 

t 

JIa P H na pY)KHOe ranpaaancecxoe 
.uaBJIeHHe PH. HMeeTCH HeCKOJIbKO aa
pHaHTOB peurenaa 3TOH aaaasa. 

TIPH paCCMaTpHBaeMOH cxeae na
rpyxcenaa B TeJIe Tpy6hl B03HHKaeT 
CJIO)KHOe nanpaaceanoe COCTOHHHe. 
MO)KHO, BOCnOJIb30BaBlllHCb O.uHOH: H3 

-q8 \ - 0, II 0 D,'f. 0,'864-' reopaa nposaocra, HaHTH 3KBHBa· 
C""amltl:. Pacmll:JfU/f.@JIeHTHOe HarrpH)KeHHe H, rrpHpaBHHB Dcc8(Je HanplI.:NeeHlt6 

ero npeneny TeKy"leCTH, peumrs rro
nyseuaoe ypasnenae OTHOCHTeJIbHO PRC. 37. IloJlY3J1J1Rnc aanpaxe
npenensaoro .uaBJIeHHH PupelJ,' TIo- HRH 
CKOJIbKY MeXaHHqeCKHe xapaKTepH-
CTHKH MaTepHaJIa oricanaux rpyo npa paCTH>KeHHH H CJKaTHH npa
MepHO o.uHHaKOBbI, 06bIqHO rrOJIb3YlOTCH 3HepreTHqeCKOH TeOpHeH 
nponnocra. COrJIaCHO 3TOH reopaa MOMeHTy nepexona H3 yrrpyroro 
COCTOHHllH B rrJIaCTHqeCKOe COOTBeTcTByeT paBeHCTBO Me>K.uy y.ueJIb
HOH rrOTeHUHaJIbHOii saepraea <pOpMOH3MeHeHHH npa CJIO)KHOM na
rpyacenaa H O.uHoHMeHHoH snepraen npa rrpOCTOM paCTH)KeHHH. Yc
JIOBHe npounocra 

(<Jt-<Jr )2+ {<Jr-<Jz)2+ (<J z-<Jt )2-< 2<J;. (5.25) 

113 epOpMyJIbI (5.4) JIHM3 cnenyer, qTO npa PB=O <Jr=O. TIOt(
CTaBHB <Jr=O B ypasaenae (5.25) H peuras ero OTHOCHTeJIbHO <Jtt 
HaH.ueM uaaxensuree anaxeaae nocnennero 

V 2 . 3 2 °z 6' 
fJt = <JT-T <Jz- -2-· (5.2 ) 

Ha pHC. 37 noxasaaa 3Ta 3aBHCHMOCTb B oe3pa3MepHoM BH.ue. 
KaK BH.uHM, ocesoe paCTH)KeHHe yaensuraer npenensao nonyera
Moe saaseaae TaHreHUHaJIbHOrO HarrpHJKeHHH, a CJle.uOBaTeJIbHO, H 
BeJIHqHHY KpHTHqeCKOrO Hapy)KHOrO .uaBJIeHHH, rorna KaK ocesoe 
CJKaTHe MO)KeT aaxce cnocoticrsoaari, nexoropony YBeJIHqeHHIO HX. 

ECJIH B epOpMyJIy (5.26) BMeCTO <Jt noncraaart, ero snaseaae H3 
<pOpMyJIbI (5.4), nOJIyqHM cnenyrouiee aupaaceaae .uJIH onpenene
HHH npenem-noro Hapy)KHOrO m.upaBJIHqeCKOrO .uaBJIeHHH npa on

6 CO./lOn8B 129 
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PHC. 38. 3aBHcHMoCTb K03q>¢H
10 naenra k** OT az/ar no 

JI. B. I13MaiiJIOBy \o o,z 0.'1 0.0 6 z/lSr 

PHC. 39. 3aBHcHMoCTb pnpeJI. OT az/ar JJ:JIlI Tpy6 d«= 168 MM, 6 = 10 MM rpynnu 
rrpOqHOCTH I<:: 
J - no A. A. I'aaaopoacxoay: 2 - no JI. B. 113MallJIOBY; 3 - no T. E. Epexeako 

HOBpeMeHHOM rrpHJIO)KeHHH ocesoa CHJIbI .u.JI5I KpyrJIbIX paBHOCT(~H

HbIX rpyf 

2
d~ - d [-. r 3 (a )2 . a ] 

PnpeJI. = nJ2 aT V 1-4 a: - 2;T . (5.27) 

ECJIH rrOJIO)KHTb snecs dH+d=2dH H dH-d = 26, a TaK)Ke ysecrs 

epOpMyJIy (5.15), rrOJIyqHM OKOHqaTeJIbHO 

PnpeII. = k**PB, (5.28) 
r.u.e 

k•• = V1- ~ ( ~: r-;;T' (5.29) 

A. A. rai'IBopoHcKHi'I [9J rrpe.u.JIaraeT HCrrOJIb30BaTb aHaJIOrHq

HyIO epOpMyJIy TaK)Ke .u.JI5I OBaJIbHbIX paanocrenaux rpye, 3aMeHHB 

B aupaacenan (5.28) PB aa pc 

PnpeII. = k**pc . (5.30) 

CrrpaBe.u.JIHBOCTb raxoro rrpe.u.JIO)KeHH5I HY)K.u.aeTC5I B rmarensnoa 

nposepxe, TaK KaK aaxeaa OTHOIIIeHH5I at/aT OTHOIIIeHHeM PnpeII./PC, 
KaK BH.u.HO H3 epOPMYJIbI (5.23), He.u.OCTaTOqHO npasoaepna. 

JI. B. I13Mai'IJIOB [21 J peIIIaJI sanauy .u.JI5I OBaJIbHbIX paBHOCTeH

HbIX rpyo, HCXO.u.5I H3 rrOJIO)KeHH5I 0 TOM, qTO OCeBa5I paCT5IrHBaIO

mas CHJIa cnocoecrsyer YBeJIHqeHHIO OBaJIbHOCTH Tpy6bI, a 3KBH

BaJIeHTHOe Harrp5I)KeHHe orrpe.u.eJI5IJI rro TpeTbei'I TeopHH rrpOqHOCTH. 

B nrore OH rrOJIyqHJI epOPMYJIY, KOTOpyIO MO)KHO rrpHBeCTH K BH.u.y 

epOPMYJIbI (5.30), HO C cyw:eCTBeHHO HHbIM 3HaqeHHeM k.., qeM rro 

epopMyJIe (5.29). 3HaqeHH5I k•• rro JI. B. I13Mai'IJIOBy npnsenenu aa 

pHC. 38. 
0, T. E. Epeveaxo [19J rrpe.u.JIO)KHJI 3MrrHpHqecKyIO epOpMyJIy 

PnpeII. = (l-kE P ) pc, (5.31) 

rne kE - 3MrrHpHqeCKHi'I K03epepm.I,HeHT, onpeneneaasm aBTopOM .u.JI5I 
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06Ca.u.HbIX rpyo C HapY)KHbIM nnaxerpox 146 H 168 MM rpyrrn 

rrpOqHOCTH .ll. H K; P - OCeBa5I paCT5IrHBaIOw:a5I CHJIa. 

B 3apy6e)KHOH narepa-rype BJIH5IHHe oceaon CHJIbi na conpo
THBJI5IeMOCTb CM5ITHIO 06blqHO peKoMeH.u.YIOT yqHTbIBaTb C rrOMOJJ.I,bIO 

3aBHCHMOCTH (5.28) [58J. 
Ha pHC. 39 B xauecrse npuuepa npaaenenu pe3YJIbTaTbI pacne

ra rro pa3HbIM epopMyJIaM .u.JI5I oricannux rpyc C HapY)KHbIM nna
MeTpoM 168 MM H TOJIW:HHOH CTeHKH 10 MM rpynnu rrpOqHOCTH K 
npn OBaJIbHOCTH e=O,Ol. Jlerxo saners, qTO 3HaqeHH5I pnpelJ, rro 

epopMyJIe A. A. raHBOpOHCKOrO HH)Ke cooTBeTcTByIOJJ.I,HX 3HaqeHHiI 

rro epopMyJIaM T. E. Epeaenxo H JI. B. I13MaHJIOBa, ocooeaao npa 
3Ha qHTeJIbHbIX BeJIHqHHaX OTHOIIIeHH5I o.lo». 

BJIH5IHHe ocesoro HarpY)KeHH5I na corrpOTHBJI5IeMOCTb rpyf 
CM5ITHIO H3yqaJIH 3KcrrepHMeHTaJIbHO HeCKOJIbKO aBTopOB. Pe3YJIb

TaTbI onuros secsua rrpOTHBOpeqHBbI. ECJIH .u.aHHbIe O.u.HHX 6JIH3KH 

K 3aBHCHMOCTH (5.30), KOTOpa5I orotipaxceaa KpHBOi'I 1 aa pHC. 39, 
TO .u.aHHble npyrax pacrrOJIaraIOTC5I 3HaQHTeJIbHO asnne 3TOH KpH

BOH. B CB5I3H C TaKOH rrpOTHBOpeqHBOCTbIO 3KcrrepHMeHTaJIbHbIX 

.u.aHHbIX .u.JI5I paCQeTa corrpOTHBJI5IeMOCTH 06ca.u.HbIX Tpy6 CM5ITHIO 

npa CJIO)KHOM aarpyacenaa peKOMeH.u.yeTC5I B epOpMyJIy (5.30) non

CTaBJI5ITb 3HaqeHH5I .k.., HaH.u.eHHbIe rro pHC. 38. 

§ 38. BJIHHHHe pe3b6bI H JIOKaJIbHbIX nporoxex ua corrpOTHBJIHeMOCTb 

oocaJJ.Hblx TpyO CMHTHIO npa rH.u.paBJIHlfeCKOM Harpy)KeHHH 

BAURHue pe3b6bt. Ilpa HaBHHqHBaHHH MyepTbI aa rpyoy C peas

60i'I rro rOCT 632-64 yqaCTOK Me)K.u.y KOHII,OM c6era pe3b6bI H 

OCHOBHOH rrJIOCKOCTbIO He nepexpunaerca rrOJIHOCTbIO Myc!noH. 

B npenenax sroro xoporxoro rro .u.JIH- , 

He ysacrxa TOJI~HHa CTeHKH rpyou, ;;P;PHP 
aa KOTOpyIO nencrnyer aapyacnoe ' 
rH.u.paBJIHqeCKOe .u.aBJIeHHe, HeCKOJIb- q8 
KO MeHbilie HOMHHaJIbHoH. no nan- 0,6 
HbIM A3I1HMAIlla, KpHTHqeCKOe .u.a B: 011 
JIeHHe aa cser MyepTOBbIX coenauenaa ' 
HeCKOJIbKO yxeasuraerca. TaK, .u.JI5I 0,2 
oocanaux Tpy6 C HapY)KHblM .u.HaMeT- 0 

\"........ 

\ ""  r- J!-\. ..... ~_.' I.... II! 

. 62r-.:::: 
pOM 168 MM 3TO YMeHbIIIeHHe COCTaB

JI5ieT OKOJIO 10% npa TOJIW:HHe CTeH' PHC. 40. fpa¢HK BJIHHHHH paaae
KH 9 MM H MeHee H npnnepao 5% npn pOB rrpOTOqKH Ha corrpOTHBJIlIe· 

60JIbilieH TOJIW:HHe CTeHKH. Cnenyer MOCTb Tpy6bl CMlITHIO 

3aMeTHTb, qTO KOJIHqeCTBO acnsrra
HHi'I 6bIJIO He6oJIbIIIHM, a TOqHOCTb He.u.OCTaTOqHO BblCOKa. 

BAURHue HapY~HbtX nporose«. JIoKaJIbHOe YMeHbIIIeHHe TOJIW:H

HbI CTeHKH npoacxonnr TaK)Ke aa CQeT nporosex, xoropue nnorna 

.u.eJIaIOT .u.JI5I nonaecxa rpyoa na 3JIeBaTOpe (CM. § 33). TaKHe 

rrpOTO'lKH YMeHbIIIaIOT corrpOTHBJI5IeMOCTb rpyf CM5ITHIO, HO CTe

nens YMeHbIIIeHH5I cyw:eCTBeHHO 3aBHCHT OT r JIy6HHbI H .u.JIHHbI npo

6· lil 
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TOlJKH. Ha pHC. 40 rrpHBo.u.SlTCSI pesyxsraru 9KcrrepHMeHTaJIbHbIX 
HCCJIe.u.oBaHHH Kpacaonapcxoro epHJIHaJIa BHI1I1 na rpyoax C aa
PY>KHbIM naaxerpox 89 MM npa TOJIIIJ.HHe CTeHKH 6,5. MM H3 CTa
JIH MapKH 36f2C C npeneaox TeKylJeCTH OT 490 no 715 Mna. no 
OCH a6IJ.HCC OTJIO>KeHa .u.JIHHa rrpOTOlJKH, supazceaaaa B .u.OJISIX aa
py>KHOrO naaxerpa: rro OCH opnanar - KpHTHlJeCKOe .u.aBJIeHHe B 
.u.OJISIX OT BeJIHlJHHbI o.u.HOHMeHHoro .u.aBJIeHHSI .u.JISI Tpy6bI 6e3 rrpo
TOlJKH; IJ.HepPbl Y KpHBblX rrOKa3bIBaIOT rJIy6HHy rrpOTOlJKH B rrpo
IJ.eHTax OT TOJIW.HHbI CTeHKH Tpy6b1. 

113 pHC. 40 BH.u.HO, lJTO npa rJIy6HHe IiPOTOlJKH He 60JIee 0,5 b 
H .u.JIHHe cssnue l'dH corrpOTHBJIfleMOCTb Tpy6b1 C nporoxxof CMfl
THIO YMeHbIllaeTCSI npaxepao no corrpOTHBJIfleMOCTH TaKOH Tpy6bI, 
TOJIIIJ.HHa CTeHKH KOTOpOH panna TOJIIIJ.HHe B MeCTe rrpOTOlJKH. Ec
JIH rJIy6HHa rrpOTOlJKH npeauuraer 0,5 6, aHaJIOrHlJHbIH 9epepeKT 
HMeeT MeCTO y>Ke npa .u.JIHHe rrpOTOlJKH 60JIee 0,5 dH. ECJIH >Ke ray
6HHa rrpOTOlJKH He npeasnnaer 0,4 6, a .u.JIHHa ee He 60JIee 0,5'dB , 

yxensurenae corrpOTHBJIfleMOCTH CMflTHIO He npessnuaer 10%. no 
.u.aHHbIM asropon HCCJIe.u.OBaHHfl, 9TH pe3YJIbTaTbI MO)l{HO pacnpocr
paaars na oocanuue Tpy6bI C Hapy>KHbIM .u.HaMeTpoM 141-168 MM. 

§ 39. BJlHHHHe cnocofia Harpy:lKeHHH aa uecyuiyso 
cnocoflaocrs oOca.u.HoH TpyObI 

CorrpOTHBJISIeMOCTb 06ca.u.HoH Tpy6bI CMSlTHIO 
py>KHbIM .u.aBJIeHHeM, HJIH necyutaa cnocotiaocrs, 
BHCHT He TOJIbKO OT epOpMbI CelJeHHSI ee, HO TaK2Ke OT 
3.u.aHHSI Hapy>KHOrO .u.aBJIeHHSI. 

H36bITOlJHbIM 
CYIIJ.eCTBeHHO 

cnocooa 

Ha
aa
co

nepeaa~a pa8HoMepHoco aa8AeHUR ~epe3 ynpycoe T8epaOe Te
AO. Ilpencraaasr ce6e, lJTO TOHKOCTeHHaSi xpyraas rpytia oxpysce
aa ynpyrna MaCCHBOM (KaK 6bI snaaaa B 9TOT MaCCHB), KOTOpblH 
H C03.u.aeT na nee paanoxepnoe napyscaoe .u.aBJIeHHe. M. 51. JIeoHoB 
H B. B. Ilaaaciox [33] nOKa3aJIH, lJTO B 9TOM cnyxae norepa yc· 
TOHlJHBOCTH epOPMbI nonepexnoro CelJeHHSI MO>KeT rrpOH30iiTH npa 
.u.aBJIeHHH, aaxaoro npesuurarourex TO, npn KOTOpOM 9KBHBaJIeHT
Hoe nanpnaceaae B TeJIe Tpy6bI .u.OCTHraeT npeneaa TeKylJeCTH. CJIe
.u.OBaTeJIbHO, ynpyrna HapY>KHbII~I MaCCHB YBeJIHlJHBaeT HecyIIJ.YIO 
crroc06HOCTb TOHKOCTeHHOH Tpy6bI; 9Ta crroc06HOCTb B paCCMaTpH
BaeMOM cay-rae lIHMHTHpyeTcSI He YCTOHlJHBOCTbIO epOpMbI, a npos
HOCTbIO. 

Haepuocenue cUapa8AU~eCKUM aa8AeHUeM. Ilpencrasaa ce6e 
reneps, lJTO TOHKOCTeHHaSi xpyrJIaSi rpytia oxpyxceaa npoaauae
MbiM TBep.u.b1M MaCCHBOM, aacsnneanux >KH.u.KOCTbIO, H napyscaoe 
.u.aBJIeHHe na rpytiy nepenaerca nocpencraox 9TOH >KH.u.KOCTH. Ec
JIH 6bI He 6bIJIO Hapy>KHOH 060JIOlJKH soxpyr Tpy6bI, rrOCJIe.u.HSISI yr
paTHJIa 6bI YCTOHlJHBOCTb KpyrJIOH epOpMbI rrOCJIe roro, KaK nasne
HHe >KH.u.KOCTH rrpeBbICHJIO BeJIHlJHHY PJl H nonepeuaoe ceseaae TPy
6bI npaoopeno epOPMY OBaJIa; npn 9TOM paaxep CelJeHHSI B.u.OJIb on
HOH Ha oceH YBeJIHlJHJICSI 6bI, a B.u.OJIb rreprreH.u.HKyJISIpHOH K HeM 
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PHO. 41. fpaepHK BJIHlIHHlI aepaeaoaepaoro pacnpeneaenaa aapyscaoro JJ.aBJIeHHJI 
aa conpOTHBJIlieMOCTb xpyraoro KOJIbua CMlITHIO: 
1 - ODbiTHS. DO cxaMe 8; :I - recpemxecxaa DO cxeae III 3 - TeOpeTHQeCK811 DO cxexe 41 
4 - TeOpeTR'leCKBlI DO cxexe 6 

OCH - YMeHbIIIHJICSI. OKPY>KaIOIIJ.Hii rpyoy TBep.u.bIA MaCC1:IB OKa
3bIBaeT COrrpOTHBJIeHHe raxoxy H3MeHeHHIO epOPMbI nonepesaoro 
CelJeHHH H, CJIe.u.OBaTeJIbHO, cnocoocrsyer rrOBbIIlleHHIO YCTOAlJHBO' 
CTH epOpMbI. B CaMOM TBep.u.OM MaCCHBe B03HHKalOT paCTSlrHBaIOo 
IIJ.He TaHreHIJ.HaJIbHbIe H C>KHMalOIIJ.He panaansaue aanpaaceaaa, 
.u.OCTHralOIIJ.He HaH60JIbIIIHX 3HalJeHHH B 30He 60JIbIlleA OCH OBaJIa. 
ECJIH 9KBHBaJIeHTHOe aanpaacenae B CJIOSIX raepnoro MaCCHBa, rrpH
MbIKalOIIJ.HX K 60JIbWeH OCH OBaJIa, npeasoaner npenensaoe saa-re
HHe, onpenexaexoe rrpOlJHOCTblO TBep.u.oH 060JIOlJKH, nOCJIe.u.HHH 
HalJHeT paCTpeCKHBaTbCSl, a corrpOTHBJIeHHe, oxasuaaeaoe H3MeHe
HHIO epOPMbI OBaJIa, YMeHbWHTCH. MO>KHO O>KH.u.aTb, CJIe.u.OB8TeJIbHO, 
lJTO aecyniaa cnocooaocn, TOHKOCTeHHOM rpyosr, OKpY>KeHHOii 
TBep)J.bIM ynpyrax MaCCHBOM, 6y.u.eT ssnue, lJeM rrpH OTCyTCTBHH 
raxoro MaCCHBa, HO creneas YBeJIHlJeHHSI 6y.u.eT sasacers OT ynpy
rHX xapaKTepHCTHK H npOlJHOCTH MaCCHBa. Ilpa nposax paBHbIX 
YCJIOBHSlX crenens YBeJIHlJeHHSI HeCYIIJ.eH crroc06HOCTH OBaJIbHO:J 
Tpy6bI 6y.u.eT 60JIbIlle, lJeM KpyrJIOH. 

PH)J. HCCJIe.u.OBaTeJIeH 9KcrrepHMeHTaJIbHO H3YlJaJIH BnHSlHHi OK 
pyzcaioutero MaCCHBa na HecyIIJ.YIO crroco6HOCTb rpyc. B 9THX orra 
Tax HcrrbITyeMylO Tpy6y rrOMeIIJ.aJIH BHYTPb TOJICTOCTeHHoro MeTa~
JIHlJeCKOrO IJ.HJIHH.u.pa; KOJIbIJ.eBOA aaaop Me>K.u.y Tpy60A H IJ.HJIHH.u.
pOM aanOJIHSlJIH IJ.eMeHTHblM KaMHeM, HaCbIIIJ.eHHbIM Bo.u.oA. Ilpox
HOCTb uesearaoro KaMHSI npa C>KaTHH B paaaax onarax HaXOAH
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nacs B nuanasoae OT 2 .u.o 18 Mna. Hapyacnoe nasneaae na HC

nWTyeMY~ Tpy6y C03.u.aBaJlH HarHeTaHHeM BO.u.W B ~eMeHTHwH Ka

MeHb. B onsrrax Jl. 5. H3MaHJlOBa [20] na rpyoax naaxerpox 
168 MM C OBaJlbHOCTb~ e::;;;;0,012 aecyuias cnococaocrs B03paCTa

na aa 12-39% npa K03<pqJH~HeHTe CTeHHOCTH kCT = 0 ,0 3 8 + 0 ,04 6 

H aa 63-130 % npa kCT = 0,026+0,030, a B onsrrax A. A. I'aaso
poncxoro [9] na rpytiax C naaxerpoa 31-35 MM npn kCT = 0 ,0 4 5 + 

+0,081 H e<O,OOI-oT 10 .u.o 29%, npa e=0,0105-oT 18 no 
53 % H npa e=0,0215 - OT 33 no 80 %. C YBeJlH'leHHeM npenena 
TeKy'leCTH xarepaaaa rpyti BeJlH'lHHa npapocra, KaK npaaano, He

CKOJlbKO YMeHblllaJlacb. KaK BH.u.HM, npapocr necyuien cnocooao
CTH 60Jlbllle .u.JlH rpyf C YBeJlHlJeHHOIl OBaJlbHOCTb~ H MaJlOH TOJl

mHHoH CTeHKH. 
KOHe'lHO, na pesyasraru 3THX onWTOB cyutecrsenao BJlHHJlH 

ynpyrHe xapaKTepHcTHKH H np0'lHOCTb MeTaJlJlH'leCKOrO ~HJlHH.u.pa. 
ECJlH ~HJlHH.n:p H3rOTOBHTb H3 MaTepHaJla C MeHblllHM Mo.u.YJleM yn
pyrocra, npupocr aecyutea cnocotiaocra OKaJKeTCH xenee 3Ha'lH

TeJlbHbIM. 
Hepaenonepnoe pacnpeitenenue uaptpcnoeo aa8/lef/,Ufl. MOJKHO 

yrsepacnars anpaopu, 'ITO npu HepaBHOMepHOM pacnpenenenaa 
na pyJKHOrO .u.aBJleHHH aecyuias cnocoonocrs MeHbllle, HeJKeJlH npn 
paBHOMepHOM pacrtpenerrenaa. Ha pHC. 

TeOpeTH'leCKHX H 3KcnepHMeHTaJlbHWX 

cxeMax HepaBHoMepHoro pacnpe.u.eJleHHH 

[18]. Bee pacnens H OnbITbI BWnOJlHeHbI 

.u.HaMeTpOM 65 MM npa TOJlmHHe CTeHKH 

=0,0575, H3 CTaJlH C O'T=510 Mna. H3 

YBeJlHlJeHHH yrna OXBaTa npaxepno no 
~ 

41 nOKa3aHbI pesym.raru 
HCCJle.u.oBaHHH npu rpex 

HapyJKHOrO .u.aBJleHHH 

aa KOJlb~aX C HapyJKHbIM 

3,73 MM, T. e. npa kCT = 

pacynxa BH.u.HO, 'ITO npa 
60-160° B 3aBHCHMOCTH 

OT cxeau narpyxcenua necyuiaa cnocotinocrs xonsua yxeasmaer
i~l 

CH. MHHHMyM uecyuiea cnocooaocra npa 3THX cxexax Harpy
JKeHHH npnaepno B 8-10 pas MeHbllle BeJlH'lHHbI KpHTH'leCKOrO 

.u.aBJleHHH npH paauowepaox rH.u.paBJlW'leCKOM HarpyJKeHHH. 

, 
~ .. 

r 

fJlABA 6
 

KPEnJlEHHE CKBA)I(HH
 
OliCA,lI,HbIMH TPYliAMH
 

§ 40. YCJlOBHR pa60Tbi o6ca)J.Hblx KOJlOHH 

YCJlOBHH pa60TbI 3aBHCHT OT rana KOJlOHHW, nepnona 3KcnJlY
aTa~HH ee H OT Ha3Ha'leHHH CKBaJKHHW. 

Cnqc« 8 CK8a~Uf/,Y. Ilpn cnycxe na 06ca.u.HY~ KOJlOHHY .u.eHCT

BY~T pacraraaarouiaa CHJla OT coocraeuaoro seca rpyti; CJKHMa~
utas Apxaaenosa CHJla (BbITaJlKHBa~JJ..I.aH CHJla iKH.u.KOCTH); paCTH

rHBa~JJ..I.aH CHJla OT aeca JKH.u.KOCTH B KOJlOHHe; CHJla TpeHHH Me)K.u.y 

KOJlOHHOH H CTeHKaMH CKBaiKHHW; oceasre CHJlbI HHep~HH KOJlOHHbI 

H JKH.u.KOCTH, aaxonsuieacs B KOJlOHHe H B 3aKOJlOHHOM npOCTpaHCT

Be; ranponaaaaasecxas ocesaa CHJla, B03HHKa~maH BCJle.u.CTBHe 

.u.BHJKeHHH npOMWBO'lHOH JKH.u.KOCTH, BbITeCHHeMOH H3 CKBaJKHHbI 

HJlH npOKa'lHBaeMOH .u.JlH npOMbIBKH nocnenaea: panaansnue CTaTH

lJeCKHe H rH.u.po.u.HHaMH'leCKHe .u.aBJleHHH na HapYiKHY~ H BHyTpeH
H~~ nOBepxHOCTH rpyo; H3rH6a~mHH MOMeHT B MeCTax H3MeHeHHH 

3eHHTHoro HJlH asaxyransnoro yrJlOB CKBaJKHHbI; H3rH6a~JJ..I.HH MO

MeHT OT COCTaBJlH~meH coocraeaaoro seca HaKJlOHHO pacnonoacen
HWX y'laCTKOB KOJlOHHW H OT pa3HOCTH .u.aBJleHHH JKH.u.KOCTH Ha 

aepxmoio H HHiKH~~ nOBepxHOCTH HX. Oceaas CHJla OT rnnpona
HaMH'leCKOrO .u.aBJleHHH B 3aKOJlOHHOM npOCTpaHCTBe npH npHMOH 

cxexe npOMbIBKH HBJlHeTCH acerna CiKHMa~meH. Xapaxrep JKe CHJI 

TpeHHH H HHep~HH MOiKeT 6bITb pa3J1H'lHWM. Hanpuaep, B MOMeHT 

npHno.u.HHMaHHH KOJlOHHW C pOTopa HJlH npH pacxaiKHBaHHH CHJlW 

TpeHHH H HHep~HH caMoH KOJlOHHbI HBJlH~TCH pacTHrHBa~JJ..I.HMH, 

rorna KaK npa nepexeuteusn KOJlOHHbI BHH3 - CJKHMa~mHMH. 

Ha6J1~.u.eHHH nOKa3bIBa~T, 'ITO npu cnycxe KOJlOHHbI 6e3 paCXaJKH

BaHHH B BepTHKaJlbHY~ CKBa)KHHY cyMMa ocenux CHJI 06bIlJHO He 

npesuuraer coticrneanoro seca rpyti, a B HaKJlOHHY~ - ztaxce MeHb

ure HX aeca B iKH.u.KOCTH. ECJlH, onaaxo, KOJlOHHY npaxonarcs pac

xaxcaaars HJlH npunonnaaan, na HeCKOJlbKO MeTpOB, cyMMa oceaux 
CHJI MOJKeT 6bITb 60Jlbllle coticrsennoro neca rpyf H TeM 3HalJHTeJlb

Hee, 'leM 60Jlbllle HCKpHBJleHa CKBaiKHHa, 'leM 60Jlbllle .u.JlHHa yxacr

xa, oxaaasureroca B Heo6caJKeHHOM CTBOJle CKBaiKHHW, 'leM 60Jlbllle 

MomHOCTb nponuuaeaux nopon na 3TOM yxacrxe H 'leM MeHbllle 3a

30p MeJK.u.y CTeHKaMH CKBaJKHHbI H KOJlOHHOH. Hanpnnep, np a pac

XaJKHBaHHH C npOMWBKOH KOJlOHHW rpyri .u.HaMeTpoM 73 MM B CKBa· ( 
JKHHe, 06CaJKeHHOH 146-MM KOJlOHHOH, cyMMapHaH narpysxa na 

sepxnee ceseaae npenuurana aec KOJlOHHW aa 10% [40]. Ilpu npn

no.u.HHMaHHH xce oricannux KOJlOHH naaxerpox 146 H 168 MM B ne

paon cnycxa B neoocaaceaaue HaKJlOHHWe CKBaJKHHW .u.HaMeTpoM 
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190 H 214 MM co CMem.eHHeM saeoes aa 270-350 M OTHOCHTeJlbHO 
YCTbH B TaTapHH cyxxa oceaux CHJI, rrpHJIO)l{eHHbIX K sepxaexy ce
lIeHHIO, non ,naHHblM TaTHI1ITI1He<pTH, npesuuraaa aec KOJlOHHbI aa 
80-90%. CyMMa oceaux CHJI soapacraer TaK)I{e C YBeJIHlIeHHeM 
BpeMeHH HaXO)/{,neHHH KOJIOHHbI B noxoe nepen paCXa)l{HBaHHeM 
BCJIe,nCTBHe rrpHJIHrraHHH rpyo K CTeHKaM CKBa)l{HHbI, a anorna 
H3-3a npaxsara. 

Ileuentupoeanue. B nepaon c06CTBeHHO ueMeH'THpOBaHHH KO
JIOHHbI C paCXa)/{HBaHHeM aa nee ,neHcTByIOT re )l{e CHJIbI, lITO H npa 
cnycxe, HO BeJIHlJHHa nexoropux H3 HHX cym.eCTBeHHO H3MeHHeTCH. 
ITOCKOJIbKY 06b1lJHO ycxopeaae npa paCXa)l{HBaHHH KOJIOHHbI MaJIO, 
BeJIHlJHHa CHJIbl HHepUHH caMoH KOJIOHHbl MeHbwe, lJeM npa cnycxe, 
Ho 3HalJHTeJIhHO MoryT B03paCTH ocensre CHJIbl, 06yCJIOBJIeHHbIe rH)I.
po,nHHaMHlJeCKHM ,naBJIeHHeM; CHJIa seca )/{H,nKOCTH B KOJIOHHe B 
nepaon ,nBH)I{eHHH B HeH TaMrrOHa)/{HOrO pacrsopa C 60JIbWeH rrJIOT
HOCTblO, He)l{eJIH rrpOMbIBOlJHaH )/{H,nKOCTb; BblTaJIKHBalOm.aH CHJla' 
rrOCJIe BblTeCHeHHH TaMrrOHa)l{HOrO pacraopa B 3aKOJIOHHOe npocr-

It 

paHCTBo; paztaansnue ,naBJIeHHH. B MOMeHT nocanxn nponaaonaof 
rrp06KH na cTOrr-KOJIbUO aa KOJIOHHy nepenaercs CHJIa ranpaanave
cxoro yztapa. Hanpauep, npn ueMeHTHpoBaHHH occanaux KOJIOHH:{i 
6e3 paCXa)/{HBaHHH B pane rJIy60KHx CKBa)/{HH ocesas aarpysxa aa " 
aepxaee cesenae B03paCTaJIa na 15-25% rro cpaBHeHHIO C aarpya
KOH nepen HalJaJIOM 3aKalJHBaHHH uexetrrnoro pacraopa [30, 40]. ! 

ITocJIe OKOHlJaUHH ueMeHTHpoBaHHH anepunosnue CHJIbI H CHJIbI 
ranponanaxasecsoro ,naBJIeHHH nepecraior ,neHcTBOBaTb. BCJIe,ncT
BHe 6blcTporo CHH)I{eHHH noposoro ,naBJIeHHH B ueMeHTHOM pacrao
pe (CM. § 55) YMeHbwalOTCH Apxaxenona CHJIa H napyacaoe pa
,nHaJIbHOe ,naBJIeHHe. 113-3a uenocrarouuon ee,nHMeHTaUHoHHoH CTa
6HJIbHOCTH ueMeHTHbIX pacrnopos sacn, rsepnoa <pa3b1 H3 HHX 

j 

OCa)/{,naeTCH aa suc-rynaiouiae 3JIeMeHTbI KOJIOHHbI, YBeJIHlJHBaH oce- (I, 

ayto pacrsraaaiomyio aarpysxy. 
B nepnon npousmxa H ueMeHTHpoBaHHH rexnep arypa HH)/{HerO 

YlJaCTKa CKBa)/{HHbI yxeasuraercs, a sepxaero - aospacraer H TeM 
CHJIbHee, lJeM asnue reOCTaTHlJeCKaH rexneparypa y 3a60H. ECJIH 
BepxHHH YlJaCTDK KOJIOHHbI He 3aueMeHTHpOBaH, TO B nepaoz rrOKOH 
rrOCJIe OKOHlJaHHH ueMeHTHpOBaHHH OH OXJIa)/{,naeTCH H, CJIe,nOBa
TeJIbHO, CTpeMHTCH yKOpOTHTbCH. Bo MHorHX CJIylJaHX, onaaxo, yKO
poseaae HeB03MO)/{HO, TaK KaK BepXHHH KOHeu KOJIOHHbI aaxpennea 
(aanpaaep, noaseurea na 6ypOBOM xpioxe) H He MO)l{eT CB060,nHO 
nepeueuiarscs BHH3, a HH)/{HHH - npaxaa-reu B pe3YJIbTaTe 06e3
BO)l{HBaHHH ueMeHTHoro paCTBopa H 06pa30BaHHH KaMHH rrpOTHB 
npoaauaeaux rrJIaCTOB H He MO)l{eT nepexemarucn asepx. IT03TOMY 
B BepXHeH lJaCTH KOJIOHHbI rrOHBJIHeTCH ,norrOJIHHTeJIbHaH paCTHrH
aaiomaa CHJIa, KOTopaH TeM 60JIbWe, lJeM CHJIbHee OXJIa)l{,neHHe. Ha 
BeJIHlJHHY 3TOH CHJIbI BJIHHeT raxzce H3MeHeHHe panaansaax nasae
HHH aa KOJIOHHy. Hepe.D,KO cyxaa ocenux CHJI, npanoacennux K 
nepxaexy CelJeHHIO KOJIOHHbl B nepaon CXBaTblBaHHH uexenraoro 
pacrsopa, rrpH6JIH)I{aeTCH K secy ee, a naorna ,na)l{e npesuuraer 
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nOCJIe,nHHH. 113BecTHo xaoro CJlYlJaeB napyureans uenocraoctu 06
ca.D,HbIX KOJIOHH B nOT nepaozt, 

Bupenue. IToCJIe 06pa30BaHHH uexearuoro KaMHH B KOJIbueBOM 
npocrpaacrae CKBa)l{HHbI oocanayio KOJIOHHy HaTHrHBalOT C HeKO· 
TOPblM yCHJIHeM H COe.D,HHHIOT C npenunyuief TaK, lJTO ocesoe nepe
Mem.eHHe O,nHOH KOJIOHHbI OTHOCHTeJIbHO ,npyroH, KaK npaBHJIO, OKa· 
3blBaeTCH HeB03MO)/{HbiM. ECJIH paccxarpaaaexas KOJIOHHa HBJIHeT
CH npoaeacyroxnoa, npa ,naJIbHeHWeM yrJIy6JIeHHH CKBa)l{HHbi xoryr 
cyutecrnenno H3MeHHTbCH reaneparypa npOMbIBOlJHOH )l{H,nKOCTH H 
snyrpeaaee ,naBJIeHHe B KOJIOHHe. 

JII060e H3MeHeHHe ,naBJIeHHH HJIH rexneparypsr B CKBa)/{HHe co
nposoaoraerca cooraercrayiomea .D,e<popMaUHeH oocanuux KOJIOHH, 
a eCJIH netpopaanas HeB03MO)l{Ha, - B03HHKHOBeHHeM ,nonOJIHHTeJIb
HblX ocesux H panaansaux CHJI. CJIe,nOBaTeJIbHO, aa npoxezcyrox
ayio KOJIOHHy B nepaon 6ypeHHH CKBa)l{HHbi ,neHcTBYIOT c06cTBeH
HblH nee ee; CHJIa HaTH)I{eHHH npa 06BH3Ke; oceaue H panaansaue 
CHJIbI, B03HHKalOm.He BCJIe.D,cTBHe H3MeHeHHH rexneparypu H naane
HHH nOCJIe 06BH3KH ,naHHOH KOJIOHHbI C npenuaymea; H3rH6alOm.HH 
MOMeHT na YlJaCTKaX HCKpHBJIeHHH KOJIOHHbl, a raiose OT COCTaB
JIHIOm.eH seca H pasaocra pa,nHaJIbHbIX .D,aBJIeHHH aa HaKJIOHHbIX 
YlJaCTKaX CKBa)l{HHbi; lJaCTHlJHO coxp aaaercs ratose BJIHHHHe CHJI, 
xoropue 6bIJIH npaaosceasr K KOJIOHHe B KOHue ueMeHTHpOBaHHH. 
ITepHO.D,HlJeCKH, nanpaxep, B nepaon cnycxo-nozrsexuux onepauaa, 
aa KOJIOHHy ,neHcTByIOT .D,HHaMHlJeCKHe aarpysxa. BnyTpeHHHH no
aepxaocrs npoaexcyrouaon KOJIOHHbI (H xoanyxropa) H3HauIHBaeT
CH B pe3YJIbTaTe TpeHHH 0 nee ,nOJIOT, 6YPHJIbHbiX 3aMKOB H npyrax 
npenxeros npa MHoroKpaTHbix cnycao-nozrseaaax onepauasx H 
spameaaa 6ypHJIbHOH KOJIOHHbI. 

Oceoenue U 3lCcnAyaraf.{UJl CIC8a{)ICUHbt. ITPH OCBoeHHH H 3KCnJIya
TaUHH CKBa)l{HHbI na 9KCrrJIyaTaUHoHHylO KOJIOHHy ,neHcTByeT TOT )l{e 
KOMrrJIeKC CHJI, lJTO H na npoaescyroxayto KOJIOHHy B nepaon 6ype
HHH. O,nHaKO KOJIHlJeCTBeHHble 3HalJeHHH CHJI cym.eCTBeHHO H3MeHH
IOTCH. TaK, npu OCBoeHHH CKBa)l{HHbl ,nJIH nOJIYlJeHIUI npHTOKa H3 
nJIaCTa ,naBJIeHHe BHyTpH KOllOHHbI yxeastnator: nacre ,nJIH aroro 
B 9KCrrJIyaTaUHOHHOH KOJIOHHe )l{H,nKOCTb 3aMeHHIOT 60JIee JIerKOH H 
C cyuiecraeaao HHOH reuneparypoa. B nepnon 9KCnJIyaTaUHH CKBa
)l{HHbI B KOJIOHHe HaXO.D,HTCH )l{H,nKOCTb, nJIOTHOCTb KOTOpOH, KaK 
upaBHJIO, 3HalJHTeJIbHO xeasnre, lJeM nepen HalJaJIOM OCBoeHHH. Cy
m.eCTBeHHO H3MeHHeTCH rexneparypa 06ca,nHoH KOJIOHHbI. B 9KC
rrJIyaTaUHoHHbIX CKBa)/{HHaX rexneparypa KOJIOHHbl YBeJIHlJHBaeTCH 
H TeM CHJIbHee, lJeM ssnue reOCTaTHlJeCICaH rexneparypa na 3a60e H 
,ne6HT CKBa)KHHbI. B narnerareasaax CKBa)/{HHaX xapaxrep H3MeHe
HHH 3aBHCHT OT resrneparypu 3aKalJHBaeMOH )l{H,nKOCTH: rexnepary
pa KOJIOHHbl MO)l{eT KaK YBeJIHlJHBaTbCSI (npn 3aKalJHBaHHH ropasea 
)l{H,nKOCTH), TaK H yxeasurarsca [npa 3aKalJHBaHHH XOJIO.D,HOH BO
,nbl) no cpaBHeHHIO C resmeparypoa nepen 06BH3KOH oecannux 
KOJIOHH. B <poHTaHHpylOm.HX H aarnerareasaux CKBa)/{HHaX BHyT
peHHee .D,aBJleHHe B BepxHeM YlIacTKe 3KCnJIyaTaUHoHHoH KOJIOHHbI 
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I 
I' asnue (H tIaCTO, OC06eHHO B raaoaux, HaMHOrO), tIeM nepen 06BH3

Koii:. 

I. 
OpH 06BH3Ke BCe npoxescyrosaue H 3KCnJIyaTaUHoHHble KOJIOH

IIbl HaTHrHBalOT C TaKHM paCtIeTOM, tIT06bl yCTpaHHTb B03MO)l{HOCTb 

npO~OJIbHOrO H3rH6a. Ho nOCKOJIbKY BCe KOJIOHHbl COe~HHHIOT C KOH

~YKTOPOM, cyMMa yCHJIHH aarara 3THX KOJIOHH ~eHcTByeT na KOH

~YKTOP KaK C)I{HMalOmaH OCeBaH CHJIa. 

B nepnon 3KCnJIyaTaUHH CKBa)l{HHbl napyxcaas H BHyTpeHHHH 

nOBepXHOCTH 06Ca~HbIX KOJIOHH xoryr nonneprarscs KOpp03HH. 

BHyTpeHHHH nOBepXHOCTb 3KCnJIyaTaUHoHHOH KOJIOHHbl H3HaIIIHBaeT

CH npH nO~3eMHWX H KanHTaJIbHWX peMOHTaX CKBa)l{HHW. 

OpOtIHOCTb 06ca~HWx KOJIOHH B nepaon 3KCnJIyaTaUHH CKBa)l{H

Hbl MO)l{eT YMeHbIIIaTbCH TaK)I{e IiI pe3YJIbTaTe eCTeCTBeHHOrO crape

HHH MaTepHaJIa. 

XapaKTep paCnpe~eJIeHHH pa3HWX CHJI no ~JIHHe KOJIOHHW He· 

O~HHaKOB. HH)I{HHH, cpaBHHTeJIbHO He60JIbiliOH ~JIHHbl, ytIaCTOK 

06bltIHO C)I{aT oceBWMH CHJIaMH, npHtIeM HanpH)I{eHHH C)I{aTHH 

yxeasurarorcs OT MaKcHMyMa y 6aIIIMaKa ~O HyJIH na BepXHeH rpa

naue yxacrxa. BepXHHH ytIaCTOK scerna pacrsnyr, HanpH)I{eHHH 

ocesoro paCTH)I{eHHH B03paCTalOT OT HyJIH Y HH)I{HeH rpaanuu yua

CTKa ~O MaKcHMyMa y YCTbH. 

I1HatIe pacnpeaeneau CHJIbl pa~HaJIbHOrO ~aBJIeHHH. B re ne

PHO~bI pa60TbI, xorna ~aBJIeHHe BHyTpH KOJIOHHbl OKa3bIBaeTCH 

MeHbilie aapyxcaoro (nanpnxep, npn cnycxe KOJIOHHbl, cHa6)1{eHHOH 

06paTHblM KJIanaHOM, 6e3 ~OJIHBa; npn nOHH)I{eHHH ypOBHH B HeH 

BCJIe~CTBHe nOrJIOmeHHH npn 6ypeHHH; B nepaon OCBoeHHH CKBa· 

)l{HHbl H npn rJIy6HHHoHaCOCHOH 3KCnJIyaTaUHH), H36bITOtIHOe aa

pyxcaoe ~aBJIeHHe C rJIy6HHoH yBeJIHtIHBaeTCH. OpH ueMeHTHpOBa

HHH, npu epOHTaHHOH 3KCnJIyaTaUHH H B ~PYrHX CJIytIaHX B KOJIOHHe ~, cyuiecrsyer H36wTOtIHOe ~aBJIeHHe, xoropoe C rJIy6HHoH yMeHbIIIa

eTCH. ECJIH )l{e KOJIOHHa 3anOJIHeHa YTH)I{eJIeHHOH npOMWBOtIHOH 

)l{H~KOCTblO, H36wTOtIHOe sayrpeaaee ~aBJIeHHe C rJIy6HHoH yBeJIH

tIHBaeTCH. 

B CBH3H C TaKHM xapaxrepox pacnpenenenns CHJI HH)I{HHH yxa

CTOK 06ca~HOH KOJIOHHW paCCtIHTblBalOT na conpOTHBJIHeMOCTb CMH

THIO B TOT nepaon, xorna H36wTOtIHOe aapyscaoe ~aBJIeHHe MaKCH

MaJIbHO. BepXHHH xce ytIaCTOK paCCtIHTblBalOT B nepsyro oxepens aa 

conpOTHBJIHeMOCTb pa3pbIBY OT aaaooasurero H36bITOtIHOrO BHyTpeH

Hero ~aBJIeHHH H na npOtIHOCTb npn ~eHCTBHH HaH60JIbilieH CyMMW 

ocessrx CHJI. 

§ 41. PaClJeT 9KcnJlyaTaUHoHHOH KOJlOHHbl na conpOTHBJlSleMOCTb
 

CMSlTHIO H36b1TOlJHblM HapY)l{HblM .n.aOJleHHeM B CKBa)l{HHe
 

C YCTOHlJHBblMH CTeHKaMH
 
~. 
f UeJIOCTHOCTb KOJIOHHbl non ~eHcTBHeM H36bITOlJHOrO aapyscaoro 

~aBJIeHHH He 6y~eT aapyurena, eCJIH ~JIH xaxcnoro ee CetIeHHH Bbl

pOJIHHeTCH yCJIOBHe 
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Pa-Pn<[P]a l (6.1) 
rne [ph - ~onYCTHMoe H36biTOlJHOe aapyacnoe ~aBJ]eHHe ~JIH rpyf 

B paCCMaTpHBaeMOM CetIeHHH. 
BeJIHtIHHy nonycraxoro H36bITOlJHOrO napyacnoro ~aBJIeHHH 

Ha3HalJalOT B 3aBHCHMOCTH OT KpHTHlJeCKOrO ~aBJ]eHHH no 

r. M. Capxacoay 

[P]a = Pcik c M ' (6.2) 
K03epepHUHeHT aanaca npOlJHOCTH na CMHTHe B CCCP npHHHMa

lOT kCM = 1,0; JIHilib ~JIH Tex Tpy6 06ca~HoH KOJIOHHbl, xoropue na

XO~HTCH npOTHB HeycTOHlJHBbIX nopoa 3KCnJIyaTaUHoHHoro 06beKTa, 

kCM YBeJIHlJHBalOT no 1,15-1,3 [50]. 
Cyutecrnytoutae HbIHe MeTO~HKH pacxera KOJIOHH aa conporan

JIHeMOCTb CMHTHIO pa3JIHlJalOTCH Me)l{~y C060H B OCHOBHOM nonxo

~OM K onpeneneumo aapyxcaorc ~aBJIeHHH [19, 20, 26, 35, 43, 44, 
46, 50, 58]. Paccnorpaa zrae H3 HHX. 

Mero8Ufw BH HHTHeditu [26]. B OCHOBe oepHUHaJIbHOii MeTO

~HKH, YTBep)l{~eHHOH ~JIH npennpnarna HeepTHHOH H raaoaof npo

MblIIIJIeHHOCTH B 1976 r., JIe)l{aT cnenyrouiae HCXO~Hble nOJIO)l{eHHH. 

A. Hapyxcaoe ~aBJIeHHe aa KOJIOHHy B ueneaearapyexov HH

repaane C03~aeTCH CTOJI60M rrpOMbIBOtIHOH )l{H~KOCTH 

(6.3)PH = Pngz. 
B. B ueMeHTHpyeMoM HHTepBaJIe napyscaoe ~aBJ]eHHe C03~aeTCH 

COCTaBHblM CTOJI60M rrpOMbIBOlJHOH )l{H~KOCTH H TaMrrOHa)l{HOrO 

pacrsopa B 3aKOJIOHHOM npocrpaucrne. B KOHetIHblH MOMeHT ue

MeHTHpoBaHHH OHO paBHO CTaTHlJeCKOMY ~aBJIeHHIO nora cToJI6a 

(6.4)p~ = [Pnh +PUP (z-h)] g, 
r~e h - rJIy6HHa KpOBJIH ueMeHTHOrO KaMHH OT YCTbH; Pu.p - rrJIOT

HOCTb TaMrrOHa)l{HOro pacrnopa. 
B. CXBaTbIBaHHe H rnepnenae TaMrrOHa)l{HOrO pacrnopa npoac

XO~HT 6e3 06beMHblx H3MeHeHHH, rr03ToMY napyxcnoe ~aBJIeHHe ua 

KOJIOHHy B rrepHo~ TBep~eHHH TaMrrOHa)l{HOrO pacTBopa OCTaeTCH 

HeH3MeHHbIM. 
r. UeMeHTHblH KaMeHb H oxpyscaroume noponu HBJIHIOTCH yrrpy

rHMH TeJIaMH C o~HHaKoBwMH MO~YJIHMH ynpyrocrn H K03epepHU H

eHTaMH Ilyaccona, nosroay HX MO)l{HO paccnarpnaan, KaK e~HHYIO 

ynpyryro TOJICTOCTeHHylO 060JIOlJKy aoxpyr KOJIOHHbI. 
n. OpH YMeHbIIIeHHH ~aBJIeHHH BHyTpH KOJIOHHW napyxcaoe TaK

)l{e CHH)I{aeTCH; BbI3BaHHaH YMeHbIIIeHHeM aayrpeuaero ~aBJIeHHH 

pa~HaJIbHaH ~eepopMaUHH rrOrrepelJHOrO CelJeHHH KOJIOHHW npoHcxo

~HT 6e3 HapyIIIeHHH CuerrJIeHHH ee C ueMeHTHoH 060JIOlJKOH. 3TO 

npe~nOJIO)l{eHHe HBJIHeTCH OCHOBHblM ~JIH BblHBJIeHHH CBH3H Me)l{~y 

H3MeHeHHHMH snyrpenaero H aapyxcaoro ~aBJIeHHH. 
HaH~eM OTHOCHTeJIbHYIO TaHreHUHaJIbHYIO ~eepopMaUHIO aapysc

HOH rrOBepxHocTH !<OJIOHHbl npa YMeHbIIIeHHH aayrpenaero ~aBJIeHHH 
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aa BeJlHIIHHY Sp« PaCCM8TpHBaH 3MaQy KaK nJlOCKYIO (0%==0). 
nO,nCTaBJlHeM B <pOpMyJly (1.16) 3HaqeHHH Ot H Or H3 BbIpa>KeHHH 
(5.4) 

I [ AP.d l
- APHd; + (1 + J!) (APB - APa) dB] (6.5)et = E (1- J!) di _ d2 d2 _d2 ' 

H 

rne ~ H E - K03<p<pHu.HeHT Flyaccoua H MO,nyJlb ynpyrocra MaTe
pHaJla rpyd, COOTBeTCTBeHHO; /iPa- H3MeHeHHe Hapy>KHOrO nanne
HHH H8 KOJlOHHy. 

TaK KaK ynpyrHe CBOHCTBa u.eMeHTHoi! 060JlOllKH H oKpy>KalO
l.IJ.HX ee ropnux nopon o,nHHaKOBbI, TO Hapy>KHbIH panayc 060JlOllKH 

'~ Ru--+oo, a H3MeHeHHe ,naBJleHHH H8 nOBepXHOcTH panayca R H pas
HO HyJlIO. ECJlH 3T0 ysecrs, TO nocae no,nCTaHOBKH BbIpa>KeHHH 
(5.4) B <pOpMyJly (1.16) nOJlYIlHM caeztyiouiee saaueaae OTHOCH
TeJlbHoi! ,ne<popMau.HH BHyTpeHHeH nOBepXHOCTH u.eMeHTHoH060
JlOIlKH: 

, 
8/ = 

rne ~~ 
JlOIlKH. 

(I + fJ~) !J.PH (6.6) .E~ , 

H E~ - K03<p<pHUHeHT Ilyaccoaa H MO,nyJlb ynpyrocra 060

nOCKOJlbKY OTPbIBKOJlOHHbI OT u.eMeHTHoH 060JlOllKH HeB03MO
>KeH, TO nerpopaauaa Hapy>KHOA nOBepXHOCTH KOJlOHHbI H BHyTpeH
Hei! nOBepXHOCTH 060JlOllKH o,nHHaKOBbI, 8t= 8;. D03TOMY, peuras 
COBMeCTHO BbIpa>KeHHH (6.5) H (6.6), ncnyxaea cnenyioutyio 3aBH

,

\ 
," CHMOCTb H3MeHeHHH Hapy>KHOrO ,lI;aBJleHHH ua 

HHH BHyTpeHHero ,naBJleHHH B HeA: 

/ipu = kKP/ips.
~: 
l'; r,ne

1<,'" 
ri' 

2t'< 

kltP = Ie I .• \ /1 I •• \ ru I rJl .. \ I 11 I II \ 01 .h; 

'(~I 

~~ : 
Q=E/Eu } (6.9)
'P= dald . 

DyCTb suyrpeuaee naanenae B KOJlOHHe B KOHu.e u.eMeHTHpOBa
HlfH paBHO p~. Ilocne CHH>KeHHH ,naBJleHHH B KOJlOHHe na /iPs 

,), ~.; 

aayrpeaaee naaneaae B HeH 6y,neT P« = p~-/ips, a aapyscaoe 
naaneuae aa 3au.eMeHTHpoBaHHbIH ynacrox 

,i PH = P~-kKP/iPa. (6.10) 
l.·.··

Torna H36bITollHoe aapyzcaoe naaneaae 

PH-PI "" (p~-p~) + (l-kKP) /iP.· (6.11 ) 
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KOJlOHHY OT H3MeHe

(6.7) 

(6.8) 

3HalleHHSI p~ II p~ Haxo,nHM H3 YCJlOBHH B KOHu.e uexenrnpo
BaHHSI. .llnSI cexeaaa, pacnOJlO>KeHHOrO na rJly6HHe Z OT yCTbSI, 

p~ '""' [Pnh +Pu.p(z-h)] g; 

p~ = py+ p~pgz, 
r,ne pnp - nnOTHOCTb npo,naBOIlHOH >KH,nKOCTl:t; 

py'- H36bITOllHoe nasneaae B KOJIOHHe y yCTbSI. 
BenHIIHHY py onpe,neJlSIeM H3 YCJlOBHSI .paBeHCTBa ,naBJleHHH 

p~ H p~ Y 6awMaK8 KOJIOHHbI B KOHu.e u.eMeHTHpOBaHHSI 

[pnh+Pa.p (L - h)] g = py + PnpgL. 

OTCIOJl8 

Py= [pnh+Pu,p(L-h) -PnpL] g. 
Torna H36bITOllHoe napyxoroe nasneuae 

Pu-Ps = -(pu,p-Pnp) (L-z) g + (l-kKP) /ips' (6.12) 

Bnyrpeaaee ,naBJIeHHe B KOJIOHHe B nepaon OCBoeHHSI CKBa>KHHbl 

p:=pg(z-H), (6.13) 

rne P - nJlOTHOCTb >KH,nKOCTH B KOJlOHue. 
CJle,nOBaTeJlbHO, H3MeHeHHe BHyTpeHHero ,naBJleHHSI B KOJIOHHe 

nocJle u.eMeHTHpOBaHHSI 

/ipa = P~-P: = g (pu.p-Pnp)L + (Pnp-p)z-(p~.p-Pn)h+ pH]. 
(6.14) 

BHHHTHe<pTb pexoxeanyer no <popMyJle (6.12) onpeneaars H3
6bITOllHoe naaneane TOJIbKO ,nJlSI ceseaaa, pacnOJIO>KeHHOrO y 6aw
MaKa oocanaoa KOJlOHHbI. nOJlO>KHB Z= L, nOJIyllHM pacnerayio 
<pOpMyJly ,nJlSI sroro cexeaaa 

(Pu- Ps)z=L = (1- kKP) g ((Pu.p- p) L-(Pu.p-Pn) h+pH]. (6.15) 

Pacnpe,neneHHe Hapy>KHbIX ,naBJleHHH B 3au.eMeHTHpOBaHHoH 30
He BHHHTHe<pTb CIIHTaeT JlHHeHHbIM, a BeJlHIIHHY Hapy>KHOrO 
,naBJleHHSI ,nJlSI JII060ro npoaescyrosaoro cexenaa npeanaraer onpe
,neJlSITb no <popMyJle 

= () + (PH)z-b - (PH):J-h ( -h) (6 16)Pu PH %=h L_ h z. . 

rne (PH)z-h - napyscuoe nasneaae y KPOBJIH uexearaoro KaMHSI, 
BbIlIHCJleHHOe no <popMyJIe (6.3); (PH)z=L - aapyxcaoe nasneaae y 
6aWMaKa 06ca,nHoi! KOJlOHHbI, paccvarauaoe no <popMyne (6.10). 

Cnenoaareasao, H36bITollHoe aapyxcnoe ,naBJleHH8 npa ocsoenaa 
CKBa1KHHbI 

-.J (PH)z=l; -.(PH)t ...h ( h) • (6.17)
PH-'-P (pH)z-h T L-h z- -p•. 
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JIHillb B cnyxae, eCJlH rinacrosoe ,ll.aBJleHHe B rrpoHHIJ,aeMOM ro
pHSOHTe 60JIbllIe HaH,ll.eHHOrO rro !jJopMyJIe (6.10), sa napyxcnoe 
npHHHMaeTcH rrJIaCTOBOe naaneaae. 

B paccaorpeaaof MeTO,ll.HKe OIllH601IHbl cJleAyIOI.l.I.He HCXOAHbIe 
nOJIO.IKeHHH: a) lITO napyzcnoe ztaunenae aa KOJIOHHy B nepaoa 
CXBaTblBaHHH H rsepneaas TaMIIOHa)KHOrO pacrsopa OCTaeTCH HeHS
MeHHbIM; 6) lITO IJ,eMeHTHbIi'I KaMeHb H ropasre nopona HMelOT onn
HaKOBbIe ynpyrae xapaKTepHCTHKH H COCTaBJIHIOT e,ll.HHYIO 060JIOlIKy; 
B) lITO npa YMeHhIlleHHH snyrpennero ,ll.aBJIeHHH orpus KOJIOHHbI OT 
IJ,eMeHTHOH 060JIOlIKH HeBOSMO.IKeH. HeT JIOrHKH TaK)Ke B npeztno
.lKeHHH onpeztenars aapyxcaoe naaneaae y 6allIMaKa KOJIOHHbI rro 
!jJopMyJIe (6.10), a BO scex npyrax celIeHHHX SaIJ,eMeHTHpoBaHHoH 
30HbI - rro !jJopMyJIe (6.16). ECJIH rpopayna (6.10) noaysena C yne
TOM roro, lITO -racrs pa,ll.HaJIbHOH C.lKUMaIOI.l.I.eH narpysxa socnpana
MaeTCH IJ,eMeHTHbIM KaMHeM, TO !jJopMyJIa (6.16) OSHalIaeT, no cy
I.l.I.eCTBy, lITO na BepXHIOIO sacrs saIJ,eMeHTHpOBaHHoro YlIaCTKa KO
JIOHHbI CO CTOpOHbI KaMHH COS,ll.aeTCH KaKoe-TO ,ll.OnOJIHHTeJIbHOe aa
pY.IKHoe naaneaae. 

Metoouxa MHHX u rn [44]. B OCHOBe ~lTOH MeTO,ll.HKH JIe.IKaT 
TaKHe UCXO,ll.HbIe rrOJIO.IKeHHH: 

a) rropoBoe ,ll.aBJIeHHe B IJ,eMeHTHOM pacTBope B rrepHo,ll. CXB2TbI
I' 

BaHHH U raepnenas yxensuraercs BCJIe,ll.CTBUe BbIXOAa rsepnon rpa
SbI HS rH,ll.paBJIUlIeCKU aaseureanoro COCTOHHUH H 06beMHblx HSMeHe
HHH ,ll.0 rrJIaCTOBOro nporns rrpOHHIJ,aeMbIX ropxsoaros: 

6) 06pasyIOI.l.l.aHCH HS IJ,eMeHTHoro pacraopa cpaBHHTeJIbHO TOH
KaH rsepnaa 060JIOlIKa BHCHT aa CTeHKax CKBa.IKUHbI, nonotiao TO
MY, KaK BHCHT CTeHOBble naaena aa MeTaJIJIHlIeCKOM xapxace Bbl
coxoro S,ll.aHHH, H rrOCJIe C!jJOpMHpOBaHHH He cosnaer ,ll.aBJIeHUH na 
06Ca,ll.HYIO KOJIOHHy;

~!,\; B) npn YMeHbilleHUH sayrpeanero ,ll.aBJIeHUH Me.IK,ll.y 06Ca,ll.HOH 
KOJIOHHOH H IJ,eMeHTHOH 060JIOlIKOH MO.IKeT 06paSOBaTbCH sasop, 
rrpOHHIJ,aeMbIH ,ll.JIH rrJIaCTOBbIX .lKu,ll.KOCTeH. 

B nepaoz CXBaTbIBaHHH TaMrrOHa.IKHbIH paCTBOp HBJIHeTCH TeJIOM 
C secsaa BbICOKOH rrpOHHIJ,aeMOCTbIO. Ilpa CHU.lKeHUH noposoro 
,ll.aBJIeHHH B rrepUO,ll. CXBaTbIBaHUH 1Jepes 3TO TeJIO MO.IKeT BOSHHK
nyrs neperox rrJIaCTOBbIX .lKH,ll.KOCTeii HS O,ll.HOrO ropnaoara B npy
rOH UJIH B arxoctpepy. Bo Hs6e.IKaHUe BOSHHKHOBeHHH neperoxos 
ropHSOHTbI C rrOBbIIlleHHbIM K03!jJ!jJUIJ,HeHTOM aHOMaJIbHOCTU rrJIaCTO
Bora ,ll.aBJIeHUH He06xo,ll.HMO Ha,ll.e.IKHO HSOJIUpOBaTb aT npyrax npo
HHIJ,aeMbIX ropHSOHTOB U arxoctpepu XOTH 6bI na nepnoa !jJOpMUpO
BaHHH IJ,eMeHTHoro KaMHH. O,ll.HUM us cnocooos USOJIHIJ,UH HBJIHeTCH 
yCTaHoBKa rraKepa. 

Hs-aa MaJIOH TOJII.l.I.HHbI IJ,eMeHTHoir 060JI01JKU H HaJIUtIUH B Heir 
aexoroporo tIHCJIa KarrUJIJIHpHbIX U CBepXKarrUJIJIHpHbIX KaHaJIOB ona

l· B pa,ll.UaJIbHOM HarrpaBJIeHHU rrpOHHIJ,aeMa AJIH rrJIaCTOBbIX .lKH,ll.KO
crea, n03TOMY, eCJIH ropaue noponu YCTOH1JHBbI H orraCHOCTU He
paaaoxepaoro Harpy.IKeHHH 06ca,ll.HOH KOJIOHHbI HeT, sa aapyxcnoe 
MO.IKHO npaaan, nJIaCTOBOe naanenae B COOTBeTcTByIOI.l.I.eM ropnsoa
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re. Flyers, nanpnaep, K03!jJ!jJHIJ,HeHT aHOMaJIbHOCTU rrJIaCTOBOro 
n:aBJIeHUH y KpOBJIU rrponyxrnaaoro ropnaoma ka > 1,0; B OCTaJIb
HbIX .IKe rrpOHuIJ,aeMbIX rrJIaCTaX, aaaeraiomax nsnue, ka = 1,0. YCTa
HOBUM naxep HeCKOJIbKO ssnne KpOBJIU nponyxruaaoro ropasonra. 
Torna B nonnaxepnoa SOHe napyxcnoe ,ll.aBJIeHUe na KOJIOHHy 6Y,ll.eT 
paBHo rrJIaCToBoMy B rrpo,ll.yKTHBHoM ropUSOHTe 

PH = PnJI' (6.18) 
a B Ha,ll.rraKepHoH SOHe B rrpe,ll.eJIax SaIJ,eMeHTUpoBaHHoro ytIaCTKa, 
uenepexpsrroro rrpe,ll.bIAYI.l.l.eH 06ca,ll.HOH KOJIOHHOlf, 

PH = Pogz. (6.19) 
Haaeoasuree napyxcaoe ,ll.aBJIeHHe B neueaearapyeaoa SOHe 

MO.IKHO HaRTH rro !jJopMyJIe (6.3). Haaneasuree snyrpenaee naane
HHe na KOJIOHHy npn OCBoeHHH CKBa.IKHHbI onpeaenmor rro rpopvy
JIe (6.13); rrpn p acxere 3KCrrJIyaTaIJ,UOHHbIX KOJIOHH AJIH nepsux 
pasBe,ll.OtIHbIX CKBa.IKUH Y1JUTblBaIOT BOSMO.IKHOCTb rrOJIHorO onopoxc

HeHUH UX, T. e. rrpHHHMaIOT PB ~ O. 

§ 42. Pacser 3KCrrJIyaTaIJ,HOHHOH KOJIOHHbI 
na corrpOTHBJIHeMOCTb paapuny 

UeJIOCTHOCTb KOJIOHHbI non ,ll.eHCTBHeM Hs6bIT01JHOrO BHyTpeHHe
ro ,ll.aBJIeHUH He oyner aapyinena, eCJIU B JII060M CeqeHHH ee BbIIIOJI

HHeTCH yCJIOBUe 

PB - PH -< [P]B' (6.20) 
rne [p] B - ztonycraace US6bITOtIHOe snyrpenuee AaBJIeHue. 

.LI.orrycTHMoe US6bITOtIHOe snyrpennee nasaenue onpeneastor rro 

!jJopMyJIe 

[p]o = PBM/k B , (6.21) 

rAe PB M - KpUTUtIeCKOe naanenne, paCCtIUTaHHOe rro rpopvy.ne 
(5.16); kB - K03!jJ!jJUIJ,UeHT sanaca rrpOtIHOCTU na paspsm, 
BHI1I1THe!jJTb pexoxenzryer cJIe,ll.yIOI.l.I.ue era SHatIeHUH: ,ll.JIH 06caA
HbIX rpyo C HapY.IKHbIM naaxerpox no 219 MM kB = 1,15; AJIH Tpy6 
60JIbillero AuaMeTpa ko == 1,52 [26]. 

Hau60JIee nacoxoe snyrpeanee AaBJIeHUe BOSHUKaeT B KOJIOHHe 
npn nposepxe repMeTUtIHOCTH ee onpeccosxoa 

PB = Pon+ Pongz, (6.22) 

r,ll.e pon - rrJIOTHOCTb .lKH)l.KOCTU B KOJIOHHe rrpH orrpeccoBKe; pon
Hs6bIT01JHOe ,ll.aBJIeHUe B KOJIOHHe y YCTbH rrpu orrpeccoBKe. 

CJIO.IKHee C BbI60pOM BeJIUtIUHbI napyxcaoro AaBJIeHUH. 
Mero8U1w BHHH'I'nednt». 3a napyxcaoe B HeIJ,eMeHTupyeMofi 

SOHe rrpHHuMaIOT ziaanenae cToJI6a rrpOMbIB01JHOH .lKU,ll.KOCTU. Ha
pY.IKHoe ,ll.aBJIeHU8 na HU.lKHee cexenne KOJIOHHbI B IJ,eMeHTHpye-
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MOH 30He onpenenrnor C YlJeTOM COOTHOllleHH51 (6.7) no epopMyJle 

PH = P~ + kKPf:..pa, (6.23) 

a non f:..PB nOHHMalOT pa3HOCTb Me>K,Ay BHyTpeHHHMH ,A<lBJleHH51MH 

B KOJlOHHe B :>TOM CelJeHHH B MOMeHT onpeCCOBKH H B KOHlJ:e uexea
THpoBaHHH 

f:..PB = Pon-g [(Pu.p - Pon) L- (Pu.p - Pn)hI. (6.24) 
Torna H36b1TOlJHOe snyrpeanee ,AaBJleHHe y 6alllMaKa KOJlOHHbI 

(PlI- PH)z=L = (l-kIlP){Pon - g [(Pu.p -Pon) L - (Pu.p-Pn) hll· 
(6.25) 

'11 
Pacnpeneneaae >Ke H36bITOlJHblX ,AaBJleHHH B rrpOMe>KyTOlJHbIX 

CelJeHHHX B 3aueMeHTHpOBaHHOH 30He npHHHMalOT JlHHeHHblM 

PB-PH=(pa-pH)z=h+[(PH-PH)Z=L-(PB-PH)Z=h] ~-~, (6.26) 

r,Ae tp; - PH)z=h - H36bITOlJHOe BHyTpeHHee ,AaBJleHHe Ha,A KpOBJleH 

ueMeHTHoro KaMHH 

(PB - pH)z=h = pon- (Pn - Pon) gh. (6.27) 

o He,AOCTaTKax raxoro nO,AXO,Aa K peuienmo 3a,Aa tIH 6blJIO CKa

aano B § 41. 
MeroduKa MHH X urn. Iloposoe ,AaBJleHHe B npOMblBOlJHOH 

}i{H,AKOCTH B noxoe co spexeaex YMeHbrnaeTC51,AO CTaTHlJeCKOrO 

,AaBJleHHH cToJl6a ,AHcnepCHOHHOH cpe,AbI. npH paClJeTe HeueMeHTH

pyeaoro YlJaCTKa 06ca,AHOR KOJlOHHbI aa paapus ueJleC006pa3HO no

3TOMy aa aapyxcaoe ,AaBJleHHe npHHHMaTb 

PH = PllCgz, (6.28)
~' rne pm - rrJlOTHOCTb ,AHCnepCHOHHOH cpensr npOMbIBOlJHOH >KH,A

KOCTH. 

Ilpa pacsere neaearapyexoro YlJaCTKa cnenyer YlJHTblBaTb, lJTO 

non BJlH51HHeM aucoxoro H36b1TOlJHOrO sayrpennero ,AaBJleHJl51 KO

JlOHHa B pa,AHaJlbHOM aanpaaneana pacurnpaerca; npa :>TOM B ue

MeHTHOH 060JlOlJKe MoryT B03HHKHYTb Hanp51>KeHHH paCTH>KeHHH 

OllIlB, npeBOCXO,AHmHe npOlJHOCTb KaMHH, H ueJlOCTHOCTb nOCJle,AHCrO 

6y,AeT aapyurena. B cay-rae >Ke aapyurenaa ueJlOCTHOCTH KaMHH 

3¢¢eKT OT nonnepacaaarouiero B03,AeHCTBHH ero na KOJlOHHY, yna

TblBaTb KOTOpbIH npeanaraer BHI1I1THeepTb, pe3KO YMeHblllHTC51 

HJlH HClJe3HeT BOBce. n03TOMY, lJT06bI HCKJllOlJHTb onaCHOCTb pas

puna KOJlOHHbl B cay-rae paapyurenas KaMHH, ueJleC006pa3HO B03

MO>KHbll"j 9¢¢eKT nonnepamaaromero B03,ACHCTBHH He YlJHTblBaTb, 

8 aa uapyscaoe nprrnaxars nJlaCTOBOe ,AaBJleHHe B OKpy>KalOmHX 

nopoaax. ECJIH ropaaouru C k«> 1 OT,AeJIeHbI OT asnuepacnonoacen~. HblX C ka = 1,0 naxepon, H36bITOlJHOe ,AaBJIeHHe B Ha,AnaKepHOH 30

He MO>KHO HaRTH no epopMyJle . 

PB - PH = Pon + (Pon-PB) gz, (6.29) 
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a B nonnaxepnos 30He: 

PB-PH = Pon- (kaPD-POU) gz. (6.30) 

BepxHHH HHTepBaJl CKBa>KHHbI 06bllJHO nepexpur ,AByMSl HJlH 60

nee 06ca,AHblMH KOJlOHHaMH. ECJlH npOCTpaHCTBO Me>K,Ay HHMH sa

\~eMeHTHpOBaHO, oopaayercs COCTaBHaH xpens, B xoropoa aapyxc

HaH KOJIOHHa nepea uexearnyio 060JlOlJKY OKa3bIBaeT nonnepscxy 

BHyTpeHHeH KOJlOHHe. no ,All;HHblM BHI1I1ET, npa BbICOKOH npOlJHO

CTH uexeurnoro KaMHH H36bITOlJHOe aayrpenaee ,AaBJleHHe, KOTOpO

My MO>KeT npOTHBOCT051Tb COCTaBHaH xpens, ssnne KpHTHlJeCKOrO 

,AJlH BHyTpeHHeH KOJlOHHbI aa 45-65%. ECJlH npa ueMeHTHpoBaHHH 

npHHHTbI Mepbl K TOMy, lJT06b1 nOJlHOCTblO BbITeCHHTb npoauaos

ayro >KH,AKOCTb H3 xoasuenoro sasopa Me>K,Ay KOJlOHHaMH, 3aMeHHTb 

ee BbICOKOKalJeCTBeHHbIM u.eMeHTHbIM paCTBopOM H C03,AaTb nOJlHO

uennyto cocrasayro xpens, noauurenae conpOTHBJlHeMOCTH BHyTpeH

HeH KOJlOHHbI paspuay MO>KHO YlJeCTb nyresr coorsercrsyiomero 

YMeHbrneHH51Ko9epepHu.HeHTa sanaca npOlJHOcTH. MO>KHO TaK>Ke BOC· 

nOJlb30BaTbCH MeTO,AHKOH pacnera COCTaBHblX xpenef BHI1I1ET 
[8]. 

nOCKOJlbKY CKBa>KHHa 5lBJlHeTCH ,AOJlrOBpeMeHHblM KanHTaJlbHblM 

coopy>KeHHeM H BblCOKHe BHyTpeHHHe ,AaBJleHHH B 9KcnJlyaTaUHoH

HOH KOJlOHHe B03HHKalOT B OCHOBHOM yace nocne C,AalJH CKBa>KHHbl 

npOMbICJlY, YlJHTblBaTb nOJlO>KHTeJlbHOe BJlHHHHe u.eMeHTHoH o60JlolJ

KH na npOlJHOCTb KOJlOHHbI uenecootipaaao JlHlllb B TOM cnyxae, eCJlH 

ecrs yBepeHHOCTb, lJTO B nepaon axcnnyarauaa CKBa>KHHbI CHJlbHOe 

nOJiH>KeHHe npOlJHOCTH rpyo B pesynsrare asnoca HJlH KOpp03HH 

HX, a T8K>Ke uexearaoro KaMHH HCKJlIOlJeHO. 

§ 43. Pacser sKcnJlyaTal.{HOHHOH KOJlOHHbI 

aa npOlJHOCTb npa oceaoa pacTSuKeHHH 

YCJlOBHe npOlJHOCTH KOJlOHHbI aa paCTH>KeHH6 non ,AeHCTBHeM 

oceaux CHJI B nepaon cnycxa B CKBa}i{HHY H u.eMeHTHpoBaHHH MO}i{
HO sanacan, B BH,Ae 

a+e,< [P]np, (6.31) 

rne a - sec YlJaCTKa KOJlOHHbI, pacnoaoaceanoro HH}i{e paccxarpa

aaexoro CelJeHHH, 

a = (ql/l + q2/2 +... + qnln) g; 

qs. q2, ..., q« - npHBe,AeHHaH Macca 

POR H T. ,A. CeKl.{HH KOJlOHHbI; II, 12, 

meH cexuaa KOJlOHHbI; Pc - cyMMa 

jleHcTBylOmHx na paCCMaTpHBaeMOe 

(6.32) 

1 M rpyti nepaoji CHH3Y, BTO

... , In - ,AJlHHa COOTBeTCTBYIO

BCeX OCTaJlbHblX OCeBbIX CHJI, 

ceneaae: [P]np - ,AOnycTHMaH 
OCeBaH paCTHrHBalOmaH CHJla ,AJlH ,AaHHOrO CelJeHHH KOJlOHHbI. 

ECJlH KOJlOHHY npa cnycxe H ueMeHTHpOBaHHH He paCXa>KHBaIOT 

H He npHnO,AHHMaIOT 60Jlee lJeM aa 0,3-0,5 M, npa pacnere 06bIlJHO 

noaaraior Pc=O. Ilpa paCXa>KHBaHHH HJlH npHnO,AHHMaHHH KOJlOll' 

146 



Hbi na HeCKOJlbKO MeTpOB, OC06eHHO B HaKJlOHHblX H HCKpHBJleHHbIX 
CKBa)KHHaX, BeJlHlJ:HHa P« MO)KeT 6bITb BeCbMa 3HalJ:HTeJlbHOfi 

(CM. § 40) H npeneeperan- eto He cnenyer. BeJIHlJ:HHY 3TOfi CHJlbI B 
nepsox rrpH6J1H)KeHHH MO)KHO onpeaeaurs rryrex CTaTHCTHlJ:eCKOfi 

06pa60TKH pe3YJIbTaTOB rrpOMblCJIOBbiX H3MepeHHfi narpyaxa aa 6y
posoa KplOK C rrOMOI.I.I.blO perHCTpHpylOI.I.I.HX CHJlOH3MepHTeJlbHbIX 

rrpH60pOB. ECJIH HaH60JIbiliaH narpyaxa na 6ypOBOfi KplOK npn pac
Xa)KHBaHHH sceii KOJIOHHbl C rrpOMbIBKOfi HJIH B nepaon 3aKalJ:HBaHHH 

IJ;eMeHTHoro pacrsopa panna PIl.D, a sec KOJIOHHbI B soanyxe Gil' 
TO cyMMa scex npounx ocesux CHJI, )l.eHcTBylOI.I.I.HX na sepxaee ce-

lJ:eHHe ee, 

P -= PIl.tS-GIl. (6.33)
T 

B nepaox rrpH6JIH)KeHHH MO)KHO nonycrars, lJ:TO 3Ta CHJIa ocnee
 
HJlH MeHee paBHoMepHo pacrrpe)l.eJIeHa rro TOMy ylJ:aCTKy KOJIOHHbI,
 

xoropua pacnonoaceu B HHTepBaJIe CKBa)KHHbl, He nepaxpurox rrpe


)l.bI)l.YI.I.I.eH 06ca)l.HOH KOJlOHHOH. B caMOM nene, K03qHpHIJ;HeHT rpe


HHH KOJlOHHbI rro nopone 60JIbllIe, lJ:eM MeTaJlJla rro MeTaJIJly; npn
 
paCXa)KHBaHHH MyqnbI KOJIOHHbl xoryr C)l.HpaTb qJHJlbTpaIJ;HOHHylO
 

KOpKy HJlH )l.a)Ke nopony: rrpH)KHMalOI.I.I.ee yCHJIHe OT nepenana )l.aB

JleHHH MO)KeT 6bITb secsxa 3HalJ:HTeJIbHbIM rrpOTHB HHTepBaJlOB rrpo


HHIJ;aeMblx nopon, HaKOHeIJ;, onacaocrs 06pbIBa KOJIOHHbl npn ra


KOM xapaxrepe rrpHJlO)KeHHH CHJIbI PT 60JIbllIe, lJ:eM B cnynae pas


HOMepHoro pacrrpe)l.eJleHHH rro scea )l.JlHHe OT 6allIMaKa )l.0 yCTbH.
 
ECJlH npaasrrs raxoe )l.OrrYI.I.I.eHHe, TO BeJIHlJ:I1HY CHJlbI P« MO)KHO
 

HafiTH rro ¢opMYJle 

L z
Pc = P

T
L _ L ' (6.34) 

n 

rne L - rJly6HHa cnycxa rrpe)l.bl)l.YI.I.I.efi 06ca)l.HOH KOJIOHHbI.n 
ECJlH paccMaTpHBaeMoe cesenne pacrrOJIO)KeHO nsnue 6allIMaKa 

rrpe)l.bl)l.YI.I.I.eH KOJlOHHbl (zo:;;;Ln ), TO PC=P T •
 

.uOrrycTHMylO ocesyro paCTHrHBalOI.I.I.YIO CHJlY )l.JIH paccxarpaaae


MOrO CelJ:eHHH KOJlOHHbl H3 Tpy6 rro faCT 632-64 MO)KHO onpene-


JlHTb no rpopayne 

[Plnp = P ill/kCTP ' (6.35) 

Ilpu HCrrOJlb30BaHHH rpyti C HHbIM THrrOM cOe)l.HHeHHH BMeCTO Pill
 
B ¢OpMyJly (6.35) Hy)KHO rrO)l.CTaBHTb nauxeasuree H3 3HalJ:eHHH "
 

cTparHBalOI.I.I.eH JlH60 pa3pYllIalOI.I.I.eH HarpY3KH pessriosoro coennae

HHH HJIH canst, npa KOTOpOH B rene Tpy6bI HarrpH)KeHHH )l.OCTHraIOT
 

npenena TeKylJ:eCTH (CM. § 34).

Ilpn pacnere rro CTparHBalOI.I.I.eH aarpysxe, onpeneaeuaof rro
 

¢opMyJIe n. n. Illyaanosa, perJIaMeHTHpoBaHbI cJIe)l.ylOI.I.I.He saase


HHH K03¢¢HIJ;HeHTa aanaca rrpOlJ:HOCTH (Ta6JI. 6) [26].
 
Ilpn pacsere rro paspyuraiomea narpysxe pe3b60Boro COe)l.HHe

llHH 06bIlJ:HO nonaraicr kCTP = 1,8.
 
HQ
 

Ta6J1Hua5 

)l.HaMeTp TPYlS. 14M )l.nHHa KonOHHbI. 14 

K03<\><\>HlJ,HeHT aanaca npO'lHOCTH k CTP 

B HaKnOHHblX CKBa.' B BepTHKanbHblX 
>KHHaX CKBaJKH uax 

I ,15 1,30 
1,30. 1,30 
1.30 1,45 
1,45 1,45 

114-168 

178-219 

<3000 
~3000 
<1500 
pi 500 

K pacuery rrpOlJ:HOCTH npa paCTH)KeHHH npacrynaior rrOCJIe TO

ro, KaK KOJlOHHY paCClJ:HTaJlH aa conpOTHBJlHeMOCTb CMHTHIO H36bI
TOlJ:HbIM HapY)KHbIM naaneaaex H na conpOTHBJlHeMOCTb paapusy 
H36bITOlJ:HbIM BHyTpeHHHM )l.aBJleHHeM H, CJIe)l.OBaTeJIbH~ HaMeTHJIH 

nepBbIH BapHaHT KOHCTpyKIJ;HH (TOJII.I.I.HHbI cTeHOK, rpyrmu npou
HOCTH MaTepHaJIa H )l.JlHHbI CeKIJ;HH). ilpOBepHIOT rrp0lJ:HOCTb Ka)K
)l.OH CeKIJ;I1H, HalJ:HHaH C HI1)KHefi, B sepxuex CelJ:eHHH. ECJlH B sepx

HeM CelJ:eHHH KaKOH-JIH60 H3 CeKIJ;HH yCJIOBHe (6.31) He aunonna
eTCH, )l.JlHHy 3TOH CeKIJ;HH yxeasurarcr . .uorrycTHMylO )l.JIHHy 3TOH 

CeKIJ;HH MO)KHO HafiTH, eCJlH B YCJlOBHH (6.31) G H Pc 3aMeHHTb 

COOTBeTcTBylOI.I.I.HMH 3HalJ:eHHHMH H3 ¢OPMYJl (6.32) H (6.34), a BMe
CTO [P]np rrO)l.CTaBHTb BeJlHlJ:HHY nonycraaoa oceaon CHJlbI )l.JIH 

rpyti )l.aHHOH CeKIJ;HH. Torna nonycruxyro )l.JIHHy CeKIJ;HH MO)KHO 
onpenennrs, eCJIH ypasaeaae (6.31) peumrs OTHOCHTeJlbHO In. ECJIH 

CeKIJ;HH pacnonoacena B aurepsane, He nepexpurox npenunyuiea 
KOJIOHHOH, nonycraaas )l.JIHHa CeKIJ;HH 

n-I 

~ Iin-I 
i=1 

[Plnp n - ~ qi/ig - PT L- i;
1 - i=1 (6.36)n~ PT
 

qng + L - Ln
 

eCJIH )Ke HH1'epBaJl nepexpur rrpe)l.bI)l.YI.I.I.eH KOJlOHHOH, TO 

n-I
 

[Pl nPn - ~ qi/tg - PT
 

In<'-
£=1 (6.37)
qng 

Bee rrOCJIe)l.YIOI.I.I.He, ssnue pacnonosceaasre CeKIJ;HH sxcnnyara
IJ;HOHHOH KOJIOHHbI )l.OJl)KHbI 6bITb yKoMrrJIeKTOBaHbI 60Jlee npouau
MH Tpy6aMH (T. e. JlH60 C 60JIee BbiCOKHM npenenox TeKylJ:eCTH, JIH
60 C 60JlbllIeii TOJlI.I.I.HHOH CTeHKH, JIH60 C COe)l.HHeHHHMH 60JIee Bbl
COKOH rrpOlJ:HOcTH) • .uJIHHy Ka)K)l.ofi nocnenyroutef CeKIJ;HH MO)KHO 
onpenemrrs TaK)Ke H3 ypaBHeHHH (6.31), eCJIH ynecrs, lJ:TO cyMMa 
ocenux CHJI, rrpHJlO)KeHHbIX K sepxaexy CelJ:eHHIO CMe)f{Hoi!: CHH3Y 
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ceI<UHH, paana .u.OrryCTHMOA aarpysxe .u.JISI Tpy6 9ToA CeKUHH. ECJIH
 
paCC'HITHIBaeMaSi HOBaSi CeKUHSI pacnonosceaa B HHTepBaJIe, He 06

Ca>KeHHOM npe.u.hI.u.YIUeA KOJIOHHOH, nonycraxaa .u.JIIiHa ee
 

In+l _ [Plnp (n+l) - [Pl;p n (6.88) 

kcTP(qn+tg+ L_TLn)' 

B npoTHBHOM CJIy'lae 

I _ [Plnp (n+l) - [Plnp'! (6.39)
n+1 - kcTpqn+ig 

rae qn+1 - npnseneaaaa xacca 1 M rpye paccvarpaaaexos cex
UHH; 

[PJoP n+ll [PJoP n - norrycraxas oceaas paCTSlrHBalOIUaSi CHJIa .u.JISI 
Tpy6 .u.aHHoii H npenunymea ceKUHH KOJIOHHbI, COOTBeTCTBeHHO. 

YCTbeBOH y'laCTOK KOJIOHHbI .u.JIHHOH 25-50 M 06h1'lHO KOMnJIeK
TylOT H3 60JIee TOJICTOCTeHHbIX rpyfi, 'leM Tpe6ylOTcSI no pacxery, 
rrOCKOJIbKY OH nonsepraerca 60JIee 3Ha'lHTeJIbHOMY H3HOCy npa see
B03MO}f{HHIX nonsexaux H KarrHTaJIbHbIX pexonrax CKBa)l<HHbI, a 
raxxce npa H3MepHTeJIbHbIX H HCCJIe.u.OBaTeJIbCKHX paeorax. B paao
Hax C O'leHb HH3KOH ce30HHOH TeMrrepaTypoH (rrpHMepHo MHHYC 
50°C H HH}I{e) yCTbeBoii y'laCTOK ueJIeC006pa3Ho KOMrrOHOBaTb H3 
rpye C noasnuenaoa xnanocroaxocrsro MaTepHaJIa. 

3Ha'leHHSI npenena TeKy'leCTH, MO.u.YJISI ynpyrocrn xarepaaaa H 
npoxaocrasre xapaKTepHCTHKH rpyd, npaaonanue B pa3JIH'IHbIX 
CrrpaBO'lHHKaX, .u.aHbI .u.JISI rexneparypu ,..., 20°C. B Tex cayxaax, 

',;'1.xorna B CKBa)KHHe O}l{H.u.aeTCSI O'leHb BblCOKaSi rexneparypa (na
npaaep, 180-200°C H 60JIee), cnenyer BHOCHTb KoppeKTHBbI B 
np0'lHOCTHbIe xapaxrepacraxa, nOCKOJIbKY npa 3TOM npenen rexy
'leCTH MaTepHaJIa H MO.u.YJIb ynpyrocrn 3aMeTHO yxeasuraiorca. Do 
.u.aHHbIM K. l1. JIolliKapeBa, 

(J~ = (JT - ka!1T; (6;40) 

£'",. E-kE!1T, (6.41) 

rne (JT H E - cnpaaosaue SHa'leHHSI npenena TeKy'leCTH H MO.u.YJISI 
ynpyrocra npa reaneparype 20°C; k (J H kE- COOTBeTCTBeHHO KO'" 
3¢¢HUHeHTHI rexneparypaoro H3MeHeHHH npenena TeKy'leCTH HMO :,11 
.u.yJISI ynpyrocrn: .u.JISI 
kE=69 MDa/K; /),T -
HHTepBaJIe CKBa)KHHbI 

!1T = T c'.-20; 

Tc - resrneparypa 
°C. 

JIerHpOBaHHhlX CTaJIeH k a =0,465 MDa/K, 
npHpOCT rexneparypu B COOTBeTcTBylOIUeM 'I;; 

(6;42) 

yxacrxa KOJIOHHhI B YCJIOBHSlX CKBa)KHHhI, 

PeIWMeH.u.yeTcSI paCC'lHTbIBaTb HeCKOJIbKO BapHaHTOB KOJIOHHhI. 
3TH BapHaHTHI MoryT OTJIH'laTbCSI npyr OT npyra TOJIlll.HHOA CTeHOK 
CeKUHH, rpynnoa npO'lHOCTH MaTepHaJIa, THnOM COe.u.HHeHHlt 3a 
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OKOHIlSTeJIbHbIA BapHaHT 
roPOM CTOHMOCTb caMoH 
HHMaJIbHa 

~ 

C.... l} c,M, +cTLT 
'-=1 

ueJIeC006pa3HO npHHHMaTb TOT, npH KOo 
KOJIOHHbI H TpaHcnopTHpOBaHHSI Tpy6 MH

k 

~ Mil (6.43)
i~1 

rae Ct -'-- CTOHMOCTb eAHHHUbI xacca Tpy6 ,naHHoA cneUHq>HKaUHH 
(T. e. C .u.aHHoH TOJII..UHHOH cTeHKH, .u.aHHhlM THnOM coe.u.HHeHHSI H 
,naHHoil: rpynnu npO'lHOCTH); M i - Macca Tpy6 ,naHHoA cneumpaxa
una: CT - CTOHMOCTb TpaHcnopTHpOBaHHH e.u.HHHUhI MaCChi KOJIOH
Hhi aa enaaauy ,nJIHHbI nYTH; LT - .u.JIHHa nYTH TpaHCrrOpTHpOBaHHSI 
rpyf OT aasona ,no 6ypOBOii: 

§ 44. Pacser yCHJIHH HaTnA 8KCnJIyaTaUHoHHoA 
KOJIOHHbI npH o6BH3Ke 

Ilocae o6pa30BaHHSI ,nOCTaTO'lHO npoxaoro uexearaoro KaMHH B 
3aKOJIOHHOM npocTpaHcTBe 3KCnJIyaTaUHoHHylO KOJIOHHy 06BSl3h1Ba
lOT C npe,nhl.u.YIUeil: 06ca,nHoA KOJIOHHOH: C nOMoIUblO CneUHaJIbHOA 
rOJIOBKH C ueJIblO repMeTH3aUHH yCTbSl CKBa)l{HHbI. Ilpa OCBoeHHH 
H 9KCnJIyaTaUHH CKBa)l{HHhI rexneparypa H aayrpenaee naanenae B 
KOJlOHHe, KaK npaBHJIO, cYI..UecTBeHHo OTJIH'laIOTCSI OT reuneparypu 
H ,naBJIeHHH B MOMeHT 06BSl3KH KOJIOHH. IlOCKOJIbKy nOCJIe 06BSl3KH 
BHyTpeHHHSI KOJIOHHa 06h1'lHO yrpasnaaer CB060.u.y oceaoro nepexe
IUeHmJ OTHOCHTeJIbHO Hapy>KHOH, npn H3MeHeHHH rcxneparypu HJJH 
.u.aBJIeHHH MoryT B03HHKHYTb ocesae CHJIbI, .u.OCTaTO'lHO 60,lIblllHe, 
'lTo6h1 He3aueMeHTHpoBaHHbIA y'laCTOK KOJIOHHhI yTpaTHJI npSlMOJIH
HeAHylO q>OpMy npo.u.OJIbHOA yCTOH'lHBOCTH, a aaorna .u.a)l{e nocra
rosaue, '1T06hl aapyuranacs CBSl3b Me)l{.u.y KOJIOHHOA H ueMeHTHbIM 
KaMHeM. KaK rrpo.u.OJIbHhlA H3rH6 KOJIOHHhl, TaK H HapyllleHHe 
CuenJIeHHSI Me}l{.u.y aero H ueMeHTHhlM KaMHeM MoryT cnocoficrnn
sars pasrepxeraaauan peaseosax coe.u.HHeHHIl: HJIH pa306u\eHHIO 
npoaauaexsrx nJIaCTOB. O.u.HHM HS cnocoeos npe.u.OTBpaI..UeHHSI npo
.u.OJIbHOrO H3rH6a HeueMeHTHpyeMoro yxacrxa KOJIOHHhl MO)KeT 6h1Tb 
YCT8HoBKa B HH>KHeA 'laCTH ero KOMrreHcaTopa ocesux .u.e¢opMaUHlt 
,L{pyrHM, HaH60JIee pacnpocrpaaeaaaa cnocooou SlBJISIeTCH npensa
pHTeJIbHOe HaTSl1KeHHe KOJIOHHhI npa b6BH3Ke C TaKHM yCHJIHeM, 
'1T06bI npa nOCJIe.u.YIOIUHX OLKH.u.aeMhlX H3MeHeHHSlX rexneparyp» H 
.u.aBJIeHHSI rrpo.u.OJIbHhlH: H3rH6 HeueMeHTHpyeMoro yqaCTKa 6b1JI HC
KJIIO'IeH. 

PaCCMOTpHM xeronaxy pacxera He06xo.u.HMoro yCHJIHSI HaT5DKe
HHSI KOJIOHHbI npa 06BH3Ke aa CJIe.u.YlOlUeM npOCTOM npnaepe. 3KC
rrJIyaTaUHoHHaH KOJIOHHa, sepxaaa y'laCTOK KOTOpOH .u.JIHHOH h He 
3aueMeHTHpOBaH, .u.OJI1KHa 6bITb 06BSl3aHa C KOPl.u.yKTOpOM, aaue
MeHTHpOBaHHbIM rro BceH .u.JIHHe. Floaaraex, 'lTO nOCJIe 06BH3KH 
oceaoe nepeMeI..UeHHe aepxnero H HH)l{Hero KOHUOB He3aueMeHTHpo
BaHHorO ysacrxa KOJIOHHhI HeB03M01KHO H tITO oceasre CHJIbI, KOTO
pue MoryT B03HHKHYTb B 3aueMeHTHpOBaHHOM HHTepBaJIe KOJIOHHbI 
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npa B03MO)l{Hh!X H3MeReRHHX resmeparypst H naanenas, HeJl.OCTa

TO'lHbI ,gJIH aapynreaaa CBH3H Me)l{,gy KOJIOHHOH H u.eMeHTHblM KaM

HeM, JIH60 Me)l{,gy KaMHeM H CTeHKaMH CKBa)l{HHbl, a TaKJKe MH 

paapyurenas KaMHH. 

OlIpe,geJIHM CHJIbl, xoropue MoryT B03HHKHYTb B He3au.eMeHTH

pOBaHHOM yxacrxe KOJIOHHbl B pe3YJIhTaTe li3MeHeHliH rexneparypu 

liJIli ,gaBJIeHliH B HeM 1I0CJIe 06BH3KH. 

CUlla, 8b138a1UlaJl usuenenueu reunepatupu. ECJIli 6hl sepxnna 

KOHeu. KOJIOHHhl 6hlJI cB060,geH, TO IIpH H3MeHeHliH revneparypu 

oceBaH ,ge~opMau.liH He3au.eMeHTlipOBaHHoro yqaCTKa 6b1JIa 6b1 

paBHa 

I1h 1 = (J,thl1TH' (6.44) 

rne at - K03~~liu.lieHT JIliHeHHOro paCIlIHpeHHH MaTepHaJIa rpyo; 

11TH = T1-T2; 

TI H T2 - resmeparypa ysacrxa B MOMeHT 06BH3KH H B paCCMaT

pliBaeMhlH MOMeHT 1I0CJIe 06BH3KH COOTBeTCTBeHHO. 

I10CKOJIhKy 1I0CJIe 06BH3KH oceaas ,ge~opMau.liH HeB03MOJKHa, B 

KOJIOHHe B03HliKaeT ocesaa cana. BeJIli'lHHY ee MO)KHO HaHTli IIO 

3aKoHy fyKa 

I1h = P1h (6.45)
1 EF' 

r,ge PI - ocesas cana; F - IIJIOl1.I,a,gh IIOlIepeqHOiO cexeaaa TeJIa 

KOJIOHHbi. 

Peruas COBMeCTHO BhlpaJKeHHH (6.44) li (6.45), 1I0JIy'laeM ~op· 
MyJIy ,gJIH onpeaeneaaa liCKOMOH CHJIbl 

PI = (J,IEFI1TH • (6.46) 

I1Pli narpese KOJIOHHbl cana PI 6y,geT CJKliM a IOl1.I,eH, IIpH OXJIaJK

.neHlili - paCTHrHBaIOl1.I,eH. 

CUlla, 06ycIl081lennaJl usuenenueu iiaesenun. ECJIli 6hl aepx

nee ceueaue KOJIOHHbl 6blJIO cB060,gHO, IIpH H3MeHeHHli anyrpeaaero 

naaneaua aa BeJIliqliHY I1PB HJIli HapyJKHOrO - aa BeJIH'IliHy I1PH, 
31'0 ceseaae lIepeMeCTHJIOCh 6hl B oceaox nanpaanenan na I1h2. Be

JIli'lliHY ocesoro nepeaeurenas MOJKHO HaHTli IIO ~opMYJIe 0606

utennoro 3aKOHa I'yxa (1.16), eCJIH B nee BMeCTO HalIpHJKeHliH az, 
at li o, 1I0,gCTaBliTb BeJIli'lliHbl npnpocra cooreercrayioutax nanps

JKeHliH l1az, l1at li l1ar • 

B paccaarpnsaeaox cnysae l1az = 0, l1at H I1crr MOJKHO HaHTli 

IIO ~opMYJIe (5.4) JIHM3, eCJIH B 1I0CJIe,gHeH PB H PH 3aMeHHTh na 

I1PB li I1PH COOTBeTCTBeHHO. 
TaK KaK Hali60JIbiliHe HalIpHJKeHHH B03HHKaIOT Ha BHyTpeHHeH 

1I0BepXHOCTli, 1I0JIOJKliM di = d. I10,gCTaBliB B ~OPMYJIY (1.l6) 3Tli 

3Ha'leHHH npapocra HalIpHJKeHliH, 1I0JIy'lliM 

B = ~ (~PHd~ - ~PBd2 ). (6.47)
t E d2 _ d2 

H 
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Ho lIepeMel1.I,eHHe aepxnero cesenns KOJIOHHbI 1I0CJIe 06BH3KH 

HeB03MOJKHO. TJ03TOMY B He3au.eMeHTHpoBaHHoM yxacrxe ee B03HH
xaer ocesas CHJIa, BeJIH'IHHy KOTOpOH MOJKHO onpenenars, peuraa 
COBMeCTHO BblpaJKeHHH (6.47) H (6.45) 

2P2 = ret (I1PHd;-I1PBd ) . (6.48) 

06bl'lHO C'IHTaIOT, 'ITO HapyJKHOe ,gaBJIeHlie 1I0CJIe 06BH3Kli He 
H3MeHHeTCH, T. e. I1PH=O. Torna 

P2 = - ~ I1PBd2• 
(6.49) 

Osesnnno 
A III IVIJ.PB = PB -PB , (6.50) 

rne p~" - snyrpeaaee ztaaneaae na ysacrxe KOJIOHHbl B MOMeHT 

06BH3KH: p~V - anyrpennee ,gaBJIeHlie B TOM JKe ysacrxe B pac
CMaTpHBaeMblH MOMeHT 1I0CJIe 06BH3Kli. 

BHyTpeHHee ,gaBJIeHHe B MOMeHT 06BH3KH JIliHeHHO B03paCTaeT 

01' HyJIH Y yCTbH no po6 g h Y KpOBJIli u.eMeHTHoro KaMHH. Cneno
BaTeJIbHO, cpeztaas BeJIli'lHHa eayrpeusero ,gaBJIeHHH B 31'01' MOMeHT 

p~II = 0,5Poogh, 

rne po6 - IIJIOTHOCTb JKH,gKOCTli B KOJIOHHe IIpH 06BH3Ke. 

TJPli OCBoeHHH CKBaJKHHhl ,gaBJIeHHe JKH,gI<OCTH CHHJKaIOT; 06blq
HO OHO H3MeHHeTCH 01' HyJIH na rJIy6HHe H (IIOJIaraeM H<h) ,go 

p g (h-H) Y KpOBJIH uexearnoro KaMHH. Cpennee 3HaqeHHe BHyT
peanero ,gaBJIeHHH B 31'01'· nepnon 

PIV = O,5pg (h- H)2 
B h. 

O'leBH,gHO, IIPH H>h p~V =0, TaK KaK p=O. 
ECJIli pa3HOCTb cpe,gHHX ,gaBJIeHHH 1I0,gCTaBHM B ~OPMYJIY 

(6.49), HaH,geM oceayro CHJIY, KOTopaH B03HHKaeT B KOJIOHHe B 

pe3YJIbTaTe YMeHbllIeHHH BHyTpeHHero ,gaBJIeHHH IIPH OCBoeHHH 

reI-! 2 [P(h-H)2 ]
Pa= -4- gd h Pooh . (6.51) 

TJpn ~OHTaHHOH 3KCIIJIyaTau.HH He~THHOH CKBaJKHHbl ,gaBJIeHHe 
B KOJIOHHe B03paCTaeT 01' py na YCTbe ,go py+p3gh Y KpOBJIH ue
MeHTHoro KaMHH; cpenns s BeJIH'IHHa ,gaBJIeHHH 

p~V = py + O,5P3gh, 

rne P3 - IIJIOTHOCTb JKH,gKOCTH B KOJIOHHe IIpH 3KCIIJIyaTau.HH. 

TJo,gCTaBHB pa3HOCTb cpe,gHHX 3Ha'leHHH ,gaBJIeHHH B ~OPMYJIY 
(6.49), 1I0JIy'lHM oceayro CHJIy, KOTopaH B03HHKaeT B KOJIOaHe 
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BCReACTBHe H3MeHeHHH AaBReHHH B nepHOA ~OHTaHHOA 9KcnRyaTa· 

U.HH 

nfL 2 nfL h 6 62 P4 = 2""""" pyd - -4- (PoO - Po) gtP . (. ) 

Ilepsoe caaraexoe snecs CHR8 paCTHrHBaIOIllaH, rorna KaK BTO

poe (npa P06>P9) - cana C:>KHMaIOIllaH, KaK H CHRa Pa npa poo>p. 
DPH 9KcrrRyaTaUHH ra30BOH CKBa:>KHHbI AaBReHHe B KOROHHe 

S t B03paCTaeT OT pun e-s y YCTbH AO Pun e-


KaMHH; cpenaee 3HaIJeHHe AaBReHHH B aTOT
 

IV °5 (-' -SI)p« ~ ,pnn e + e ; 
BeRHIJHHy SI BblIJHCRHIOT rro ~opMYRe (2.9) 
znn-h. D09TOMY ARH raaosoa CKBa:>KHHbI 

nfLd2 
P """ -4- [Pun (e- S + e-SI)-poogh].4 

y KpOBRH u.eMeHTHOro 

nepaon 

nyrea saaeau Zan ua 

(6.53) 

JlCUAUR narstscenus: ECRH cyMMa oceaux CHR XOTH Obi B HH:>K
HeH 30He aenexenrupyexoro yIJaCTKa OKa:>KeTCH C:>KHMaIOIlleH, 
STOT yIJaCTOK MO:>KeT norepars rrpHMORHHeHHyIO ~OPMY yCTOHIJHBO
CTH. 1..ITOObI yIJaCTOK rrpOAORbHO He H3rHoaRCH, npa 00BH3Ke era 
He06xoAHMO HaTHHyTb C TaKHM yCHRHeM PH, IJTOObI B cnyxae rro
HBReHHH B HH:tKHeM CeIJeHHH yIJaCTKa ocesoa C:tKHMaIOIlleH CHRbI 
nocnenaas Obwa ObI MeHbille KpHTHIJeCKOH BeRHIJHHbI PKp, npa KO

TOPOH HaIJHHaeTCH H3rHlS, T. e. 

(6.54)PH+'1:,P+PIIP-G0?30, 

rne Go - sec nenexearnpyexoro yIJaCTKa KOROHHbI; !.P - cyMMa 

ocenux CHR, B03HHKaIOIllHx nocne 00BH3KH. 
ECRH rrOACTaBHTb B (6.54) BMeCTO '1:,P COOTBeTcTBylOIllHe 3HaIJe

HHH CHR, B03HHKaIOIllHX npa 00BH3Ke, npa YMeHbIlleHHH BHyTpeH
Hero AaBReHHH B KOROHHe B rrepHOA OCBoeHHH HRH rRyoHHHoHacoc
HOH 3KcrrRyaTaUHH CKBa:tKHHbI, npa yBeRHIJeHHH 
ReHH5I B nepnou ¢OHTaHHoi\: sxcnnyarauaa HRH 
KOCTH, rroRyIJHM CJIeAYIOIllYIO cacrexy ypaBHeHHH 

aeorixonaaoro yCHJIHH PH HaTH:tKeHHH KO.lIOHHbil 

GO-PIIP;
 
PH ?3 Go-Pl-Pa-PHpl
 

1GO-PI-P4-PHP'
 

nnyrpeuuero AaB
HarHeTaHHH :tKHA" 
ARH onpeneneaas 

(6.55) 

KpHTlIIJeCKOe 3HaIJeHHe ocesoa C>KHMaIOIlleH CHRbI [46] i 

(6.56)PHP=3,41VElq2g2. 

OIJeBHAHO, cyMMa ocenux CHJI, xoropue AeHCTBYIOT na RIOooe 
CeIJeHHe aenexearnpyeaoro yIJaCTKa KOJIOHHbI npn 00BH3Ke H B J1IO
OOH rrOCJIeAYIOIllHH nepaon, He AOJI:tKHa npeaunrars AorrycTHMoA 
BeRflIJHHbl. D09TOMY yCROBHe rrpOIJHOCTH KOJIOHHbI npn 06BSl3Ki H 

Hi2 

B nOCReAYIOIllHe nepaonu MO>KHO sanacars B BHAe 

I
PH-G~;
 

[PJDP~ PH +P1 +P8-G~: (6.57)
 

PH+P1+P1-GO, 

rne G~ - sec yIJaCTKa KOROHHbI, pacrrOJIO:>KeH}WrO aunre paccuar
paaaexoro CeIJeHHSI. 

DPH orrpeAeJIeHHH yCHRHH HaTH~{eHHH oOca.u.HoH KOJIOHHbI rro 
~opMYJIe (6.55) H npa nposepxe nposaocrn ee rrOCJIe 00BSl3KH rro 
q,opMyJIe (6.57) Ba:tKHO rrpaBHJIbHO yIJeCTb B03MO:tKHbIe yCJIOBHSI 
pa60TbI KOROHHbI. I1HaIJe MO)KeT B03HHKHYTb aBapHHHaH cHTyaUHH. 
ECRH, aanpaxep, yCHRHe HaTSI:tKeHHH paCCIJHTaHO AJIH sxcnnyara
UHOHHOH CKBa:tKHHbI, H3 KOTOpOH AOR:tKflbI A06bIBaTb rOpHIJYIO 
He~Tb, a BrrOCJIeACTBHH CKBa:tKHHY OYAyT HcrrORb30BaTb AJIH narae
T8HHH XOROAHOH BOAbI, He06xoAHMO nosropnrs paCIJeTbI ARH HO
BbIX yCROBHH H H3MeHHTb HaTHf KOROHHbI. B rrpoTHBHOM cnyxae 
KOJlOHHa MO:tKeT ObITb 060pBaHa. TaKaH )Ke asapaa MO:tKeT npou
30HTH H npa onpeccosxe KOJIOHHbI rrOCJIe 00BH3KH. 1..ITOObI 9TOfO He 
rrpOH30IllJIO, AaBJIeHHe npa onpecconxe He AOJI:tKHO npeasnnars Be
JIHIJHHbI, KOTOpyIO MO)KHO HaHn:r, eCJIH B rperse ypasaeaae CHCTe
MhI (6.57) BMeCTO P4 rrOACTaBHTb COOTBeTcTByIoIllee 3HaIJeHHe H3 
q,OpMyJIbI (6.52) H peunrrs ypasaeaae OTHOCHTeJIbHO H30bITOIJHOfO 
AaBJIeHHH y ycrss 

.......lPlnp- PH- p , +a~+o,25nfL(p06-Pon)gd2h 658)
Pon"""" O,5nfLd2 • ( . 

ECRH yCJIOBHe (6.57) He BbIIIOJIHHeTCH, HeOOXOAHMO npaaart, 
MepbI, xoropue n03BOJIHT YMeHbIllHTb yCHJIHe HaTSI>KeHHSI JIHOO rro
BbICHTb rrpOIJHOCTb COOTBeTCTBYIOIllefO yIJaCTKa KOJIOHHbI. OAHOH H3 
Mep SlBJIHeTCH yxeasureaae AJIHHbI aeneaearnpyeaoro yIJaCTKa. 
Eha Mepa, OAHaKO, MO:tKeT AaTb Hy:tKHbIH 9q,q,eKT JIHillb B TOM 
cnysae, eCRH u.eMeHTHaH OOOJIOIJKa B 3aKOROHHOM rrpOCTpaHCTBe He 
OYAeT paspyureaa npn narare JIH60 B peaynsrare CHJIbHOfO H3Me
HeHHH TeMrrepaTypbI H BHyTpeHHero AaBJIeHHH B 3au.eMeHTHpOBaH
HOM yIJaCTKe. Hanpaxep, B aucoxoreaneparypaax CKBa:tKHHaX 
onacaocrs aapyiuenaa cuenneaaa Me:tKAY KOJIOHHOH H u.eMeHTHoH 
060JIOIJKOH aecsaa BeJIHKa. D09TOMY ueaecooepaaao TaKyIO CKBa
:tKHHy ueaearnpoaari, CTyrreHIJaTbIM cnocooox C pa3pbIBOM BO ape
MeHH (CM. § 61) H rrepeA ueMeHTHpoBaHHeM BepxHeH cTyrreHH KO
JIOHHy npenaaparensao HaTHHyTb. UeMeHTHpOBOIJHyIO Myq,Ty Hy)K
HO yCTaHaBRHBaTb aa yIJaCTKe, rne H3MeHeHHe rexneparypu aese
RHKO. He06xOAHMoe yCHJIHe' aarara nepezi u.eMeHTHpoBaHHeM MO:tK
HO onpenemrn, rro H3JIO>KeHHOH asnue MeToAHKe. nOCJIe 06pa30Ba
HHH KaMHH B BepXHeM HHTepBaJIe HaTHf Hy:tKHO rrpHBeCTH B 
COOTBeTCTBHe C yCJIOBHSlMH, B KOTOpbIX 6YAeT pacorars 06caAHaH 
KOJIOHHa. 
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ECJIH .u.JIHHa aeueaenrapyexoro ysacrxa aeJIHKa, na HH}KHIOIO 

ttacTb ee npu OCBOeHHH MO)l{eT .u.eHCTBOBaTb SHaqHTeJIbHOe Hs6bI

TOqHOe aapyxcaoe naaneaae, IT03TOMY HH>KHHH yqaCTOK uenecoori
paSHO rrpOBepHTb Ha corrpOTHBJIHeMOCTb CMHTHIO npH OAHOBpeMeH

HOM ocesox paCTH)I{eHHH. 'uJIH nposepxa MO)l{HO BOCrrOJIbSOBaTbCH 

<pOpMyJIOH (6.1), aanacas ee B aane 

PH-PB<'PnpeTJ,/kc M '	 (6.59) 
a BeJIHqHHY pnpeTJ, onpeztenars rro <popMyJIe (5.30) npa 

I, a = PH+ PI ~ P3 - G~	 • (6.60)
z 

r ,i' § 45. Oco6eHHocTH pacsera npOMe)l{YTOIJHblX KOJIOHH 

H KOH.u.YKTOPOB 

ITPH pacsere npoaeacyrosnux KOJIOHH H KOH.u.yKTOpOB yqHTbI

8alOT npexcne scero Te CHJIbI, xoropsre MoryT .u.eHcTBoBaTb aa HHX 

He TOJIbKO npn cnycxe H ueMeHTHpOBaHHH, HO raxxce npa nans
HeHweM yrJIy6JIeHHH CKBa)l{HHbI HH)I{e 6awMaKa paCCMaTpHBaeMOH 

06ca.u.HoH KOJIOHHbI. TaK, rrpH paCqeTe Ha corrpOTHBJIHeMOCTb CMH

THIO sa sayrpenaee rrpHHHMalOT aauxeusuree .u.aBJIeHHe, xoropoe 
MO)l{eT BOSHHKHyTb B cnynae CHH)I{eHHH ypOBHH )l{H.u.KOCTH npn 
rrOrJIOmeHHH, JIH60 npn aaxeae rrpOMbIBOqHOH )l{H.u.KOCTH C BbICOKOH 

rrJIOTHOCTblO, KOTOpOH SarrOJIHeHa KOJIOHHa B KOHue ueMeHTHpOBa

HHH, )l{H.u.KOCTblO C MaJIOH rrJIOTHOCTblO, KOTopaH oyner HCrrOJIbSO

BaTbCH npn .u.aJIbHeHWeM yrJIy6JIeHHH CKBa)l{HHbI. ,UaBJIeHHe orr
[: peCCOBKH H, CJIe.u.OBaTeJIbHO, HaH60JIbWee Hs6b1TOqHOe sayrpeauee 

.u.aBJIeHHe orrpe.u.eJIHIOT B saBHCHMOCTH OT Toro .u.aBJIeHHH, KOTopoe~~ MO)l{eT BOSHHKHyTb B KOJIOHHe rrOCJIe SaKpblTHH yCTaHOBJIeHHOrO na 
! HeH rrpeBeHTopa B CJIyqae Bbl6poca B rrepHO.u. yrJIy6JIeHHH CKBa
"1 
'	 )l{HHbI, JIH60 OT .u.aBJIeHHH B KOHue ueMeHTHpOBaHHH .u.aHHoH KOe 

JIOHHbI. ITPH pacxere yCHJIHH HaTH)I{eHHH KOJIOHHbI .u.JIH 06BHSKHi' 
i	 yqHTbIBalOT BOSMO)l{HbIe HSMeHeHHH reaneparypu H .u.aBJIeHHH B 
t,	 nepaon .u.aJIbHeHWero yrJIy6JIeHHH CKBa)l{HHbI. ECJIH xce CKBa)l{HHa 

rrpe.u.HaSHaqeHa .u.JIH HarHeTaHHH B rrJIaCT BbiCOKOTeMrrepaTypHoH 

)l{H.u.KOCTH (HJIH .u.JIH .u.06bIqH TaKOH )l{H.u.KOCTH), uenecooripasao 

yuarsmari, TaK)I{e yCJIOBHH H CHJIbI, xoropue MoryT BOSHHKHyTb B 

nepaon 3KCrrJIyaTaUHH CKBa)l{HHbI.~-
Becsxa cyutecrnenaux <paKTOpOM .u.JIH npOMe)l{YTOqHbIX KO

JIOHH H KOH.u.yKTOpOB HBJIHeTCH HSHOC BHyTpeHHeH rrOBepXHOCTH 

, Tpy6 rrpH yrJIy6JIeHHH CKBa)l{HHbI. B pesyJIbTaTe HSHoca rrpOqHOCTb,., 
rpyf H HX coezmaeaaa YMeHbwaeTCH. KOHeqHO, npexcne scero 

Hy)l{HO npnuaxari, MepbI I{ npenorapauieamo asaoca KOJIOHH. Ho 

~. TaK KaK rrOJIHOCTblO yCTpaHHTb HSHOC HeJIbSH, ero npaxonarcs 

yqHTblBaTb rrpH paCqeTe. OCHOBHaH Tpy.u.HOCTb s.u.eCb BOSHHKaeT B 

rrpOfHOSHpOBaHHH BepOHTHOH BeJIHqHHbI asuoca KOJIOHHbI B onac

HbiX CeqeHHHX. ,UJIH rrporHOSHpOBaHHH aaaoca .u.OJI)I{eH 6bITb HC
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nOJIbSOBaH CTaTHCTHqeCKHH xarepaax rrpOMblCJIOBbIX Ha6JIIO.u.eHHH 

H HSMepeHHH. 
O.u.HH HS MeTo.u.OB npOfHOSHpOBaHHH npennozcea B AsI1HMAllle. 

ECJIH npennonozcars, 'ITO OCHOBHOH rrpHqHHOH asaoca HBJIHeTCH 

rpenne Me)l{.u.y 6YPHJIbHblMH saMKaMH H BHyTpeHHeH rrOBepXHOCTblO 

06ca.u.HoH KOJIOHHbI rrpH 6ypeHHH H crrycKo-rro.u.seMHblX orrepaUHHX 

B nepaon yrJIy6JIeHHH CKBa)l{HHbI HH)I{e 6awMaKa .u.aHHoH KOJIOH

HbI, rorna MO)l{HO rrOCTpOHTb KOppeJIHUHoHHylO saBHCHMOCTb Me)l{

.u.y BeJIHqHHOH H3Hoca Tpy6 B TOM HJIH HHOM CeqeHHH H BeJIHqHHOH 

pa60TbI TpeHHH B HeM. ¢opMyJIa AsI1HMAllla, xapaxrepuayrouras 
sry saBHCHMOCTb, HMeeT BH.u. 

2cplakuLl {L + L (~-1) + sed [~ 
H sio 0 y l a a 4Tlcp + 

c-Ln 1l+_5(~+ L . )]}	 (6.61)
l a Co Cp , 

rne Cp - qHCJIO peHCOB 6ypHJIbHOH KOJIOHHbI HH)I{e paccxarpaaae
Mora CeqeHHH; C6 - qHCJIO 6YPHJIbHbIX rpyo B O.u.HOH csese: Is H 

1 - .u.JIHHa 6ypHJIbHOrO saxxa H Cpe.u.HHH .u.JIHHa O.u.HOH 6ypHJIbHOH6 
Tpy6b1 COOTBeTCTBeHHO; kH = 1,3...;- 1,5- nonpaaouaun K03<p<PHU H

eHT; L6 - Cpe.u.HHH .u.JIHHa yxacrxa 6ypHJIbHOH KOJIOHHbI HH)I{e pac
cMaTpHBaeMoro CeqeHHH; 

Lo= L, +CP2~ 1 tl.; -Ln 'Il);	 (6.62) 

L, - paccroaaae OT 6awMaKa npoaeacyrosnoa KOJIOHHbI no pac
cxarpaaaexoro CeqeHHH ee; L« - npenensaas rJIy6HHa 6ypeHHH, 

rro .u.OCTH)I{eHHH KOTOpOH B CKBa){{HHY lo-I.e. M/M
6y.u.eT cnyuieua npyraa KOJIOHHa, ne

60 Ipexpuaarotuaa paccuarpaaaeaoe ce

seaue: l-e.« -: rJIy6HHa aaxana nep I50 
Bora penca nOCJIe cnycxa paCCqHTbI

BaeMoH npoxexcyroxaoa KOJIOHHbI; ¥o
Ly - .u.JIHHa YTH)I{eJIeHHbIX 6ypHJIb


HbIX rpyri; d; - H.apY)l{HbIH .u.HaMeTp I
 1\ .30 
6ypHJIbHOrO	 3aMKa; (J) - yrJIOBaH CKO

POCTb apauieaaa 6ypHJIbHOH KOJIOH \toI 

HbI; to - rrpo.u.OJI)I{HTeJIbHOCTb Mexa -,
HHqeCKOrO 6ypeHHH .u.o crrycKa rrOCJIe ,to
,nylOmeH KOJIOHHbI; S - YCJIOBHbIH "'-I-- 
y.u.eJIbHbIH HSHOC 06ca,UHbIx rpyo, T. e.
 

TOT nyrs TpeHHH 6YPHJIbHbIX sa MKOB o qUi o,lQ 0/5 420 1125
 
o rrOBepXHOCTb 06ca.u.HoH KOJIOHHbI, t~; ,pail/elM 
sa 'KOTOPbIH TOJImHHa CTeHKH Tpy6bI PIIC. 42. Saaacaaocn, yCJlOBHO

B	 MeCTe TpeHHH YMeHbwaeTCH na ro YAeJlbHoro 113HOC3 06caAHo~ 

KOJlOHHW OT IIHTeHCIIBHOCTIl npo·e.u.UHHUy. BeJIHqHHa ~ ,UOJI){{Ha onpe
cTpaHcTBeHHoro IICKplIBJleHHH

.u.eJIHTbCH a a OCHOBaHHH 06pa60TKH CKBa>KHHbI (no Jr. 6. lbMaAJlo
CTaTHCTHqeCKOrO rrpOMblCJIOBOrO MaTe· By) 
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paana, B nepaox npH6JIHiKeHHH S MOiKHO HaATH no 3MnHpH'IecKoA 
KpHBOH (pHC. 42) B aaBHCHMOCTH OT HHTeHCHBHOCTH npocrpancr

neaaoro HCKpHBJIeHHH CKBaiKHHbI io 
t, = ~CPa/ La. (6.63) 
3.u.eCb l« - paCCTOHHHe MeiK.u.y• .u.ByMH CMeiKHblMH TO'lKaMH H3

MepeHIUI KpHBH3HbI CKBaiKHHbI HHKJIHHOMeTpOM; ~CPH - H3MeHeHHe 
npOCTpaHCTBeHHoro yrJIa HCKpHBJIeHHH CKBaiKHHbI na H3MepHeMOM 
Y'laCTKe, xoropoe MOiKHO HaATH no epopMyJIe M. M. AJIeKcaH.u.poBa 

~CPu = V(~a8)2 + (~aB sin aaY!,	 (6.64) 
rne ~a3 - paanocrs 3eHHTHbIX yrJIOB B yxaaanaux .u.Byx CMeiKHblX 
TO'lKaX; ~aa - paaaocrs a3HMYTaJIbHblX yrJIOB B rex see TO'lKaX; :f 
a3 - cpe.u.HeapHepMeTH'IeCKOe 3eHHTHbIX yrJIOB B rex iKe roxxax. 

nOJIh3YHCb epOpMyJIOH: (6.61),' MOiKHO ouennrs B nepaox npa
6JIlliKeHHH BeJIH'IHHy nsaoca Tpy6 B paaaux Ce'leHHHX, npescae 
scero B xecrax HaH60JIee HHTeHCHBHoro HCKpHBJIeHHH CKBalKHHbI. 
ECJlH 3Ha'lHTeJIbHblH H3HOC MOiKeT npencrasns'rs onaCHOCTb .u.JIH ue
JIOCTHOCTH KOJIOHHbI, cooTBeTcTBYIOIll,HH: y'lacToK ee lI,eJIeC006pa3
HO ynpoxaars nyrex yBeJIH'IeHHH TOJIIlI,HHbI CTeHKH Tpy6. nJlH ra ,( 
KHxy'lacTKoB yCJIOBHe npO'lHOCTH (6.1) CJle.u.yeT 3anHcaTb B BH.u.e i 

Pn-PB<:kdpla' 

YCJlOBHe (6.20) C yxerox 

_ ./ 2(6- ~H) O'T
Pu Pu ~ k d

B B 

a B .7JeBYIO 'IaCTb YCJlOBHH 

'(6.65) 

epOPMYJlbl (5.16) - B anne 

(6 66) 
. 

')! 
J 

(6.57) BMeCTO [P]np HyiKHO noncras

~ JlHTb X[P]np.	 K03epepHlI,HeftTbI k, H X Y'lHTblBalOT YMeHbIlleHHe KpH
r THtIeCKOrO .u.aBJIeHHH H CTparHBalOIlI,eA HarpY3KH pessooaoro coet 
1 .n.HHeHHH COOTBeTCTBeHHO npa asaoce. 3Ha'leHHH HX MOiKHO onpe
I· .n.eJIHTb C IlOMOIll,blO TeOpeTH'IeCKHX saeacaxocrea B epyHKlI,HH OT,I','
n- HOCHTeJlbHOrO pa.n.HaJIbHOrO H3Hoca eu CTeHKH Tpy6b1 
" 

e = ~a/6;	 (6.67)
H 

9TH 3aBHCHMOCTH nOKa3aHbI na pHC. 43 H pHC. 44 [22, 28]. 
BeJlH'IHHa H3Hoca Tpy6 CHJlbHO 3aBHCHT OT HHTeHCHBHOCTH HCK

pHBJIeHHH KOJIOHHbl. 4T06b1 npomosapyeasre 3Ha'leHHH asnoca 
6b1JlH .n.OCTaTO'lHO .u.OCTOBepHbI, BaiKHO B03MOiKHO roxaee 3HaTb HH
TeHCHBHOCTb npocrpaacrneauoro HCKpHBJleHHH. n03TOMY »ceaareas
HO, 'IT06bI paccrosnns MeiK.u.y CMeiKHblMH TO'lKaMH H3MepeHHH 
HHKJIHHOMeTpOM 6bIJIH He 60JIee 5 M. Heooxoaaao raxsce yTO'lHHTb 
saBHCHMOCTb, nOKa3aHHYlO ua pHC. 42. B03MOiKHbI, KOHe'lHO, H 

npyrae cnocoou nporH03HpOBaHHH asaoca. 
~. ;) OnHcaHHaH asnue xcronaxa He n03BOJlHeT nporaosapoaars H3

HOC KOHlI,eBbIX YllaCTKOB npoaescyrosaux KOJIOHH, npescne scero 
ycrsesoro. TaK KaK OHH nonaepacenu secsxa CHJIbHOMY H3HOCy, 
BepXHHH y'lacToK .u.JlHHOH .u.o 50~100 M H HH>KHHH .u.JIHHOH .u.o 
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PHC. 44. 3aBHcHMoCTb K03<jJ<jJHUHeHTa 
YMeHbweHHlI crparaaaiomea HarpY3KH 
OT OTHOCHTeJIbHOrO asnoca TPYO (no 
JI. B. 113MallJIoBy) 

PHC. 43. 3aBHcHMoCTb K03<jJ<jJHUHeHTa 
YMeHbweHHlI KpHTHQeCKOro Hapy1KHOrOo I t I I I H36wTOQHOrO AaBJIeHHlI or OTHOCHTeJIb' 

~z	 o,¥ 0,6 t u Horo H3Hoca 06caAHwx TPYO (no 
JI. B. 113MaHJIoBy) 

30 M KOMnJIeKTylOT H3 60JIee TOJICTOCTeHHbIX Tpy6, 'IeM no cneay
er no pacxery 6ea yxer a asaoca, 

YCTOUttUBOCTb KOHayKTopa. Ilpoaeacyrosaae H 9KCnJIyaTaIl,H
onaue KOJIOHHbI 06BH3bIBalOT C KOHAyKTOpOM TaK, 'IT06b1 sepxnae 
yxacrxa 9THX KOJIOHH B JII060H MOMeHT nOCJIe 06BH3KH 6b1JIH pac
THHyTbI. Ho ocesue CHJIbI, xoropsre pacraruaaior BHyTpeHHHe KO
JIOHHbI, .u.eAcTByIOT aa KOH.n.yKTOp KaK CiKHMaIOIlI,He. ECJIH XOTH 6bI 
He60JIbillOA BepxHHH y'lacToK KOH.u.yKTopa He 3all,eMeHTHpOBaH Ha
.u.e>KHO B CTBOJIe CKBaiKHHbI, non B03.u.eHCTBHeM oceaux CiKHMalOIlI,HX 
CHJI OH MOiKeT norepars yCTOH'IHBOCTb H npononsno H30rHYTbCH. 
Bo H36eiKaHHe nponoasaoro H3rH6a aucrynarouiero naa lI,eMeHT
HbIM KaMHeM yxacrxa xonnyxropa neotixonasro BblnOJlHHTb yCJIO
BHe [51] 

~p <Fit [al o ' (6.68) 
rne ~p - cyMMa oceaax CHJI npHJIO>KeHHblX K aepxaexy KOHlI,y 
xoanyxropa nOCJIe 06BH3KH; PK - aaaaensuraa nJIOIll,a;!1b rronepes
noro Ce'leHHH TeJIa xoaayxropa: [(J'] 0 - nonycraxoe aanpxaceaae 
oceBoro CiKaTHH, BeJIH'IHHa KOToporo 3aBHCHT OT rH6KocTH cB060.u.

aoro KOHlI,a xoaayxropa 

j "" kp,h •	 (6.69)
'a 

3.u.eCb kA ~ K03<p<pHlI,HeHT npaseaeaaa .u.JIHHbI. CB060.u.HblH 
yqaCTOK xoaaysropa 6JIaro.u.apH HaJIHqHIO CBH3aHHblX C HHM BHyT
peHHHX o~ca.u.HblX KOJIOHH MOiKHO C .u.OCTaTOqHblM npH6JIH>KeHHeM 
paCCMaTpHBaTb KaK crepzceas C O.u.HHM aanenanaua, a .u.pyrHM
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urapnapuo onepnra KOHu:aMH H rrpHHSITb kA=0,75; h - ,lI.JIHHa CBO

OO,ll.HOrO Y4aCTKa KOH,lI.yKTopa; r« - panayc HHepU:HH nonepexaoro 
Ce4eHHSI 

rH = 0,25 V d~ + d
2 

• (6.70) 

,UJISI onpenenenaa [a]c npa 0~j~V2jRpMO)KHO socnoasso-
BaTbCSI <POpMyJIOH [57] 

aT ( j2)a = 1--- (6.71)[10 "-,, i- n\ 4jRP' 

a npa V2j Kp<j<300 - <POpMyJIOi\ 

aT O,5+A[ 1 (6.72)a C = k (I + a) '2 
e I+-!-A 

fRp 

V
rae kc;=1,3; 

""ii,2E
fliP = -- - rrpe,ll.eJIbHaSI rHOKOCTb KOH,lI.yKTopa; a - K03<P

aT 
<PHU:HeHT HeCOBepmeHCTBa, Y4HTbIBalOmHH B03MO)KHOCTb HeKOTOpo

ro OTKJIOHeHHSI CBOOO,ll.HOrO KOHu:a KOH,lI.yKTopa OT crporo rrplIMOJIH

HeHHOH <POPMbI H HeOOJIbmylO 3KCu:eHTPH4HOCTb rrpHJIO)KeHHSI aa
rpY3KH; rrpHHHMalOT a=0,25; 

5k;-(I+a)jKPA= 2,5.I0


5·I05k 2a
 
A 

113 <POpMyJIbI (6.68) BH,lI.HO, 4TO B npeaenax CBOOO,ll.HOrO KOHu:a 

KOH,lI.yKTopa He)KeJIaTeJIbHO HMeTb TpyObI C HeyTOJImeHHbIMH KOH

naaa, aa KOTOpbIX HMeeTCSI pessoa, rrOCKOJIbKY nnoutans ce4eHHSI 

aapesaaaoro KOHu:a H, CJIe,ll.OBaTeJIbHO, nonycruaaa C)KHMalOmalI 

aarpyaxa 3Ha4HTeJIbHO MeHbllIe, 4eM coricraeano TeJIa TPyObI. 3TO 
He OTHOCHTCSI TOJIbKO K COe,ll.HHeHHIO KOH,lI.yKTopa C KOJIOHHOH ro
JIOBKOH, rrOCKOJIbKY B 3TOM ce4eHHH HeT orraCHOCTH rrp0,ll.OJIbHOrO 

H3rHOa. 

Becsxa OOJIbmOe 3Ha4eHHe ,lI.JISI npononsnoa YCTOH4HBOCTH HMe· 

er TaK)Ke COOCHOCTb KOJIOHH H KOH,lI.yKTopa npa 00BSI3Ke. ECJIH OCb 

KOJIOHHOH rOJIOBKH cxeuieaa HJIH aexnoro HaKJIOHeHa KOCH KOH

,lI.yKTopa HJIH <PJIaHU:bI, C noxoun.io KOTOpbIX KOJIOHHbI nonaeumsa
IOTCSI onaa aa npyryio, HeMHoro HaKJIOHeHbI KOCH KOH,lI.yKTopa, 

C)KHMalOmalI ocesaa CHJIa oY,ll.eT rrpHJIO)KeHa K UOCJIe,ll.HeMY 3KC

u:eHTpH4HO H YCTOH4HBOCTb KOH,lI.yKTopa CYmeCTBeHHO YMeHbmHTCSI. 

§ 46. Hexoropue ocotiue cnyxaa pacsera 06Ca)l.Hblx KOJlOHH 

Hepenxa CJIy4aH, xorzta CBOOO,ll.HbIH Y4acTOK KOJIOHHbI OKa3bI

BaeTClI Me)K,lI.y ,lI.BYMSI 3au:eMeHTHpoBaHHbIMH Y4acTKaMH (pHC. 45). 
TaKHe cHTyaU:HH MoryT B03HHKHyTb, aanpaaep, npa cryneaxaroa 
u:eMeHTHpoBaHHH, npa u:eMeHTHpoBaHHH HHTepBaJIa C xpynauaa 
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xaaepuaan, H3 KOTOpbIX He Y.ll.aeTCSI Bbl-

TeCHHTb 3Ha4HTeJIbHYlO 4aCTb rrpOMbIB04- ( 

HOH )KH,lI.KOCTH, a TaK)Ke B HHTepBaJIaX sa Z 
JIeraHHSI HeYCTOH4HBbIX rrpO.ll.yKTHBHbIX 

rrJIaCTOB, eCJIH KOJIJIeKTOp paspymaercn npa 
3KCrrJIyaTaU:HH CKBa)KHHbI H soxpyr <PHJIb

TpOBOH 4aCTH KOJIOHHbI 00pa3yeTcSI oonee 
HJIH MeHee KpyrrHaSI KaBepHa. 

04eBH,lI.HO, aa CBOOO,ll.HbIH Y4aCTOK KO

JIOHHbI Oy,ll.yT .lI.eHCTBOBaTb He TOJIbKO re 
~ oceaue CHJIbI G*' xoropsre ObIJIH rrpHJIO


)KeHbI K aexy B MOMeHT 00pa30BaHHSI u:e


MeHTHoro KaMHSI, HO TaK)Ke ocesae CHJIhi
 

PI H P5, OOyCJIOBJIeHHbIe COOTBeTCTBeHHO
 

H3MeHeHHeM TeMrrepaTypbI, snyrpenaero H
 

Hapy)KHOrO ,lI.aBJIeHHH rrOCJIe 00pa30BaHHSI
 
PHC. 45. Cxexa K pacueryKaMHSI. CyMMa acex ocesux CHJI MO)KeT 
o6caAHOH KO~OHHM: 

ObITb KaK paCTSIrHBalOmeii, eCJIH Y4aCTOK 
1 - I\eMeHTHblll xaxeas; 2

pacnoaoxea ,lI.aJIeKO OT oaWMaKa KOJIOH 06CaAH8.R KOJIOHHa; 3 - npo
MbIBOQH3R >KH.ll.KOCTb; 4

HbI, TaK H C)KHMalOmeH. DP04HOCTb KOJIOH CTeHKa CKB8>KHHbI 

HbI non BJIHSIHHeM CYMMbI oceaux CHJI He 

oY,ll.eT aapyureaa TOJIbKO npa COOJIIO,lI.emiH yCJIOBHSI 

J G* + PI + Pol < [Plop' (6.73) 

ECJIH aa CBOOO,ll.HbIH Y4aCTOK KOJIOHHbI ,lI.eiicTByeT TaK)Ke OOJIb

moe H30bIT04Hoe aapyxcaoe ,lI.aBJIeHHe, aecyuras cnocooaocn, 00

cannux TpyO BO H30e)KaHHe CMSITHSI ,lI.OJI)KHa y,ll.OBJIeTBOpSITb yCJIO
BHIO (6.59) npa 

a = G. + PI + Po 
Z F 

ECJIH cyMMa ocesux CHJI SIllJISIeTCSI C)KHMalOmeH, CBOOO'uHblii 

Y4aCTOK KOJIOHHbI MO)KeT norepan, np0,ll.OJIbHYIO YCTOH4HBOCTb B 
CJIy4ae aa pynreaaa yCJIOBHSI 

G* + PI + Po+ PIIP >0, (6.74) 
rne PKp - KpHTH4eCKaSI C)KHMalOmaSI CHJIa, npa KOTOpOH crepzceus 
C ,lI.BYMSI HerrO,ll.BH)KHO 3aKperrJIeHHbIMH KOHu:aMH Ha4HHaeT nponons
HO H3rHOaTbCSI. 

B nepaov npHOJIH)KeHHH [51] 
4n2EI 

PHP<~, (6.75) 
r,ll.e h - ,lI.JIHHa CBOOO,ll.HOro Y4aCTKa. 

DPH HeOOJIbllIOii ,lI.JIHHe CBOOO,ll.HOrO ynacrxa CTeHKH 06Ca,ll.HbIX 

TPYO non B03,l1.eiicTBHeM C)KHMalOmeii ocesoa CHJIbI MoryT BbmY4H
BaTbCSI, eCJIH 0Y,ll.eT H8 pymeno yCJIOBHa 

G. +PI + P& I< a 
F Hp' (6.76)/
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rne (JKp - KpHTHtIeCKOe 3HatIeHHe HarrpsDKeHHti C2KaTHSI, KOTOpOe 
M02KHO B rrepsox rrpH6JIH2KeHHH HaHTH rro epopMyJIe C. D. THMO

lIIeHKO [49] 

(J = 26£ 1 n
2 
-1 (6 77) 

ItP du V3 (1 - 112) n2 + I' . 

rne n - uenoe	 tIHCJIO; npa pacsere M02KHO npaaars n=2. 
Oceayto CHJIy P5 M02KHO onpenenars no epopMyJIe t6.48) , eCJIH 

BMeCTO I1PH H I1pB noncraanrs 3HatIeHHSI H3MeHeHHH Hapy2KHOrO H 

snyrpeaaero .n.aBJIeHHH rrOCJIe 3aKperrJIeHHSI KOHU;OB cnotionaoro 

yuacrxa KOJIOHHbI u;eMeHTHbIM KaMHeM. Onpeneaux, nanpaaep, sry 
CHJIy .n.JISI CJIytIaSi 06pa30BaHHSI 3HatIHTeJIbHOH KaBepHbI BOKpyr 

I~).	 
epHJIbTpa KOJIOHHbI B pe3YJIbTaTe pa3pYlIIeHHSl nponyxrasaoro nna

CTa H sxaoca necxa npa 3KCrrJIyaTaU;HH CKBa2KHHbI. B nepaon raep

.n.eHHSI u;eMeHTHoro paCTBopa Hapy2KHOe .n.aBJIeHHe Ha 3TOT ytIaCTOK 

paBHO nnacrosoxy 

PB = pnn, 
a BHyTpeHHee 

P~ = py+ PnpgL,p,
f'" 
,.1,' rne L<'P - rJIy6HHa cepenaasr epHJIbTpa OT ycrss. B paccaarpasae

MbIii nepaon 3KCrrJIyaTau;HH CKBa2KHHbI Hapy2KHOe .n.aBJIeHHe 
.. " 

P: - P~n-Apnn,!" 
t'.. a BHyTpeHHee .n.aBJIeHHe 

P;= P~lI -l1pnn-l1p4>' 
I	 U A 

r.n.e p' nn - rrJIaCTOBOe .n.aBJIeHHe B .n.aHHblH rrepHO.n.; OPhJl - ne

rrpeCCHSI, OOYCJIOBJIHBalOIlI,aSl rrpHTOK rrJIaCTOBOH 2KH.n.KOCTH K CKBa
2KHHe; I1P<'P - rH.n.paBJIHtIeCKOe COrrpOTHBJIeHHe epHJIbTpa. DO.n.CTa

BHB 3TH 3HatIeHHSI B epOpMyJIy (6.48), rrOJIytIHM 

PD= ll: {[I1pnn + (Pnll - P~n)] d; - [PnpgL", + I1pnn + I1p",

- (p~lI - py)] d2 
} .	 (6.78) 

Orciona BH.n.HO, tITO npa npoxax paBHbIX YCJIOBHSlX C2KHMalOw.a~ 
CHJIa P5 .n.OCTHraeT MaKcHMyMa npa rroJIHoii saxynopxe epHJIbTpa. 
O.n.HOH H3 Mep npenorapauieaaa rrOBpe2K.n.eHHSI epHJIbTpa rro3TOMY 
SlBJIHeTCSI YMeHblIIeHHe nenpeccaa HaCTOJIbKO, tITo6bI He npoacxona

JIO pa3pYlIIeHHH nnacra. 
,r, 
t" 

~ 
Becsxa tIaCTO u;eJIOCTHOCTb 06ca.n.HbIX KOJIOHH aapyuraercs B 

CKBa2KHHaX, B KOTOpbIX BCKpbITbI noponsr, CKJIOHHble K «rrJIaCTHtIe
CKOMy» TetIeHHIO. PaCCMOTpHM nse B03M02KHbIe cHTyaU;HH. 

Dpe.n.rrOJI02KHM,	 tITO He6oJIblIIOH rro MOIll,HOCTH rrJIaCT noponu, 
,.!	 CKJIOHHOH K TetIeHHIO, nepexpur 06ca.n.HoH KOJIOHHOH; B nnacre HMe

eTCH KaBepHa, SarrOJIHeHHaSi HeHTpaJIbHOH rro OTHOlIIeHHIO K rropo,ne 

160
~" 
{ 

2KH.n.KOCTbIO (aanpaaep, 6e3Bo.n.HbIM pacrnopoa aa HeepTSIHoA OCHO
Be). KOJlOHHa aa ytIaCTKaX BbIlIIa H HH2Ke sroro nnacra XOpOIIIO 3a
u;eMeHTHpOBaHa. 

B rrepHO.n. CXB8TbIBaHHH H TBep.n.eHHSI u;eMeHTHoro paCTBopa rro
posoe ,1J.aBJIeHHe B HeM 6bICTPO YMeHblIIaeTCH. DPH YMeHblIIeHHH 
.n.aBJIeHHH KaCaTeJIbHbIe HilIIpH2KeHHH B OKpY2KalOw.eH rropo.n.e B03
pacraior, tITO cnocoticrnyer pa3pYlIIeHHIO ee H BbI.n.aBJIHBaHHIO B 

xasepay. ECJIH caxa nopona, u;eMeHTHblii KaMeHb H KOHTaKTbI rro

cnenaero C 06ca.n.HoH KOJIOHHOH H CTeHKaMH CKBa2KHHbI aenpoaa

u;aeMbI .n.JISI 2KH.n.KOCTH, no Mepe BbI.n.aBJIHBaHHH rroponu .n;aBJIeHHe 

B xasepae .n.OJI2KHO B03paCTaTb. BbI.n.aBJIHBaHHe 6y.n.eT nponoaxars
CH He 60JIee, qeM no rex rrop, noxa .n;aBJIeHHe B xasepae cpasas
eTCH C rOpHbIM pr H xacarensaue HarrpH2KeHHSI HCtIe3HyT. B 60JIb

IIIHHCTBe CJIytIaeB «rrJIaCTHtIeCKoe» rexenae rrpeKpaTHTCSI paaee, no

CKOJIbKY rropo.n.a 06JIa.n.aeT HeKOTopOH rrpOtIHOCTblO. Do.n; BJIHHHHeM 

B03P8cT81Ow.ero Hapy2KHOrO H H3MeHHIOw.erocH snyrpennero naa

JIeHHii B paCCMaTpHBaeMOM YlJaCTKe KOJIOHHbI B03HHKHeT ocesaa 
CHJIa, BeJIHtIHHy xoropoa M02KHO HaHTH rro epopMyJIe (6.48). l.JT06bI 

u;eJIOCTHOCTb paccxarpnsaeaoro yxacrxa He 6bIJIa aapyureaa, 
.n.OJI2KHbI C06JIIO.n;aTbCH yCJIOBHH (6.73), (6.74) H (6.76). 

ECJIH K8BepHa SarrOJIHeHa rrpOMbIBOtIHOH 2KH.n;KOCTblO H8 BO,nHOH 
OCHOBe, 8KTHBHOH rro OTHOlIIeHHIO K nopoae, rrpOlJHOCTb nocaezmea 

B pesyasrare YBJIa2KHeHHH M02KeT cyurecraenao YMeHbIIIHTbCH. 

B 9TOM CJIyqae «rrJIaCTHtIeCKoe» TetIeHHe rropo.n.~ rrpeKpaTHTcH rrpH 
60JIee BbiCOKOM .n.aBJIeHHH B xasepae, He2KeJIH B cnysae UCrrOJIb80
BaHHH 6e3Bo.n.HoA 2KH.n.KOCTH. 

DPHtIHHOA rrOBbIlIIeHHH .n.aBJIeHHH B xasepne MoryT 6bITb He 
TOJIbKO «nJI 8CTHtIeCKoe» reseaae noponu, HO H epa30Bble nepexonu, 
KOTopble MoryT HMeTb MeCTO rrpu KOHTaKTe BO.n.HOH rrpOMbIBOtIHoti 

2KH.n.KOCTH C HeKOTopbIMH xexoreaasrxa noponaxa (6HllIOepHTOM, 

KapHaJIJIHTOM). DPH pRCTBopeHHH 6e3Bo.n.HbIX conea, aanpnxep ra
JIHTa, rH,1J.paTHbI8 060JIOlJKH HX HOHOB C2KHMaIOTCH ~ cyMMapHbIH 
06'beM CHCTeMbi «COJIb +nona» YMeHblIIaeTCSl. ECJIH 2Ke nopona 

BKJIlOtIReT KPHCT8JIJIOrH.n.paTbI (aanpaxep, 6HlIIOepHt HJIH KapH1!.JI
JIHT), npa paCTBopeHHH rrOCJIe.n.HHX 06'beM CHCTeMbI «KpHCTaJIJIO
ranpar-l-sonas yBeJIHtIHBReTCH. TaK, npa paCTBopeHHH 6HlIIoepHTa 
B npecaoa sone npa rexnepa'rype 50°C 06'beM CHCTeMbI yBeJIHtIHB8
eTCSl HR 3,3%, 8 B HacbIw.eHHOM pacrsope XJIOpHCTOro HaTpHH _ 

.n.a2KeHR 4,2%. C pOCTOM TeMrrep8TypbI yBeJIHtIeHHe 06'beMa CTaHO
BHTCH eme 60Jlee 3HatIHTeJlbHblM. Hexoropue HCCJIe.n.OBaTeJIH noaa
rator rr09ToMY, tITO BTex 'CJIyq8HX, xorna B03M02KHbI nonoeaue 
epa30BbIe nepexoznr, .n.aBJIeHHe B xasepae M02KeT OKa3aTbCH .n.a2Ke 
cyw.eCTBeHHO 60JIblIIe ropaoro. 

,UaBJIeHHe B xasepae M02KeT rrpH6JIH3HTbCH K ropaoxy HJIH, TeM 
60JIee, rrpeB30HTH ero JIHlIIb B TOM CJIYtIae, eCJIH CTeHKH xaaepau 
rrOJIHOCTblO .repxeraunu. BOJIee BepOHTHO, onaaxo, tITO u;eJIOCT
HOCTb KOHTRKTa Me2K.n.y u;eMeHTHbiM KRMHeM. H 06ca.n.Hoii KOJIOHHOH 

JIH60 KRMHeM H CTeHKRMH CKB82KHHW 6y.n.eT aapyureaa npezcne, lJeM 
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,lI.aBJIeHHe B xasepne rrpHOJIH3HTCH K rOpHOMY. Ilpa rrOHBJIeHHH He

repMeTHqHOCTH )j{H,lI.KOCTb H3 xaaepau nasuer yrexars, POCT ,lI.aBJIe


HHH rrpeKpaTHTCH, a «rrJIaCTHqeCKoe» TeqeHHe rropo,ll.W oy,ll.eT rrpo


,lI.OJI)j{aTbCH. MaJIOBepOHTHO, qTOObI nonepenaoe ceneaae xaaepau
 
ObIJIO KpyrJIbIM, a KOJIOHHa ObIJI8 pacnonozceaa COOCHO C xasepnoa.
 

n03TOMY BbI,lI.aBJIHBaeMaH BHYTPb
 

a 5 xasepau nopona B KaKOH-TO MO


MeHT BoH,lI.eT B HerrOCpe,ll.CTBeHHbIH
 

KOHTaKT C OOCa,ll.HOH 'KOJIOHHOH H
 

4 

rorzra aarpyxceaae nocnenaea na
PY)j{HWMH pa,ll.HaJIbHbIMH CHJIaMH 

CTaHeT HepaBHOMepHbIM (pHC. 46); 
na Hee Oy,ll.yT ,lI.eHCTBOBaTb He 

TOJIbKO rH,lI.paBJIHqeCKOe naBJIeHHe, 

HO raioxe ropH30HTaJIbHaH rrepe

pesuaaiouras CHJIa H H3rHoaIO

mHH MOMeHT. Ilpa HepaBHOMepHOM 

aarpyxceaaa YCTOHqHBOCTb TPYO 

rrpOTHB CMHTHH naxaoro MeHbwe, 

qeM rrpH paBHOMepHOM rH,lI.paBJIH

qeCKOM aarpyzcenua (CM. § 39). 
Ha,ll.e)j{HwH pacser ysacrxa KOJIOH

Hbl na corrpOTHBJIHeMOCTb CMHTHIOt!? ~: 
HeB03MO)j{eH B TaKOH caryauna no

PHC. 46. Hexoropue cxeMbi Harpy TOMy, qTO HeH3BeCTeH ,lI.eHCTBH
*eHHH 06ca~HOH KonOHHbI B HHTep TeJIbHbIH xapaxrep aarpyaceaaa.
Bane aanerauxs 1I0PO~, CKnOHHblX K Cyuiecrnyer HeCKOJIbKO crroco«lInacTHlIeCKOMY» TelleHHIO:
 
a - O,llHocTopoHHHll KOHTaKT noponu C OOB npenorapameuns napyureaas
 

• xoaoanoa: 6 - ,llByxcTopoHHHll KOHTaKT; u,eJIOCTHOCTH yxacrxa KOJIOHHbI
1- creaxa CKBa>KHllbl; 2 - ueMeHTHblll xa

MeHb; 3 - 06Ca,llHali KOJlOHHS; 4 - npo apOTHB nopo.a, CKJIOHHbIX K «nna

MbIBOQH8H JKH,Il.KOCTb; IT - nJIaCT «DJIa· 

CTHqeCKoMy» . TeqeHHIO. O,ll.HH H3CTHqHoll~ nopozns 

HHX 3aKJIIOqaeTCH B TOM, qTOOhI He 

,lI.orrYCTHTb 00pa30BaHHH KaBepHW B nepaon oypeHHH, a rrOCJIe crryc

xa OOCa,ll.HOH KOJIOHHbI otiecnexart, rrOJIHOe saaemeane rrpOMWBOq· 

HOH )j{H,lI.KOCTH B 3aKOJIOHHOM rrpOCTpaHCTBe paCTBopOM raxnoaazc

noro uexeara H paanoxepnoe narpyacenue KOJIOHHbI HapY)j{HbIM 

naBJIeHHeM. 
ECJIH paBHOMepHoe Hapy)j{Hoe ,lI.aBJIeHHe Ha TPYOY C03,l1.aeTCH 

ynpyrav TBep,ll.bIM TeJIOM, corrpOTHBJIHeMOCTb ee CMHTHIO suure, qeM 

npa rH,lI.paBJIHqeCKOM aarpyxceaaa (ca. § 39). Ha 3TOM OCHOBaH 

npyron cnocoti, CKBa)j{HHY u,eMeHTHpyIOT HH)j{e xaaepnu, a B KO

JIOHHe nporas nnacra, CKJIOHHOrO K «rrJIaCTHqeCKoMy» TeqeHHIO, C03

,lI.aIOT BpeMeHHbIH MOCT H3 aucoxonpo-taoro uexeara. no cnycxa 
KOJIOHHbI B CKBa)j{HHY onpenenaior CKOpOCTb TeqeHHH noponu ny

TeM 3arrHCH nporpanerpaxa ysacrxa qepe3 cpaBHHTeJIbHO HeOOJIb

lime npouexcyrxa BpeMeHH (1-3 CYT). Ilocne u,eMeHTHpoBaHHH 
cKBa)j{HHY OCTaBJIHIOT B noxoe aa BpeMH, ,lI.OCTaTOqHOe ,lI.JIH roro, 

qTOOW rrop0,ll.a OXBaTHJIa KOJIOHHy rro BceMy ee rrepHMeTpy. Heoo
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xozmnoe ,lI.JIH 3TOrO BpeMH MO)j{HO paccuarars, 3HaH CKOpOCTb re

qeHHHrrop0,ll.bI H paaaepu nonepesaoro CeqeHHH KaBepHW. 3aTeM 

u,eMeHTHWH MOCT pa36ypHBaIOT. 

YqaCTKH KOJIOHHbI rrpOTHB nopon, CKJIOHHWX K «rrJIaCTHqeCKoMy» 

TeqeHHIO, B OOOHX CJIyqaHX paCCqHTbIBaIOT aa ConpOTHBJIHeMOCTb 

CMHTHIO rro <popMyJIe (6.1), nonaras Pa=Pro 
YttaCTOK CKBaJICUHbt B MHOeOJleTHeMep3JlbtX nopoiiax. Ilpa 6ype

HHH B MHOrOJIeTHeMep3JIWX noponax qaCTO B pe3YJIbTaTe pacrenae
HHH 00pa3YIOTCH OOJIee HJIH MeHee xpynuue xaaepnu. KaK npasa
JIO, H3 xpynaux .xasepa npn u,eMeHTHpOBaHHH rrpOMbIBOqHYIO )j{H,!I.

KOCTb rrOJIHOCTbIO BWTeCHHTb He ynaerca, rr03TOMY yqaCTOK KOJIOH

HbI B xanepne H auure nee OCTaeTCH CB060,ll.HbIM. ECJIH CKBa)j{HHY 

OCTaBHTb aa ,lI.JIHTeJIbHOe BpeMH B noxoe, rrpOMbIBOqHaH )j{H,lI.KOCTb 

MO)j{eT saaepaayrs. nOCKOJIbKY nnomazis ceuenas 3aKOJIOHHOrO 

npOCTpaHCTBa rro rJIy6HHe yqaCTKa rrepeMeHHa, K TOMy BpeMeHH, 

xorna B CY)j{eHHbIX MeCTax sroro rrpOCTpaHCTBa see ceseuae oy,ll.eT 

3aHHTO JIb,ll.OM, B xaneptre OCTaHeTCH' erne 3HaqHTeJIbHblH OObeM 

)j{H,lI.KOCTH. K03<P<PHu,HeHT OObeMHoro pacurapeaaa JIb,ll.a OOJIbWe, 

qeM sonu. n03TOMY nOCJIe roro KaK xasepua OKa)j{eTCH 3aMKHyTOH, 

,lI.aJIbHeHlIlee 06pa30BaHHe JIb,ll.a B HeH conpoaozcnaerca noasnne
HHeM ,lI.aBJIeHHH. Haorzta npa rrOBbIlIleHHH ,lI.aBJIeHHH nenoasre rrepe

MblqKH B CY)j{eHHbIX MeCTax pa3pWBaIOTCH H ,lI.aBJIeHHe BHOBb rra

ztaer. ECJIH xce nepexsmxn coxpaHHIOTCH, npn noasnuenaa ,lI.aBJIe

'HHH MO)j{eT 6bITb aapyurena u,eJIOCTHOCTb KOJIOHHbI. YMeHblIlHTb 

orracaocrs aapyureaas u,eJIOCTHOCTH KOJIOHHbI MO)j{HO, eCJIH npnnan, 
Mepw K rrpe,ll.OTBpameHHIO 06pa30BaHHH KaBepH B rrepHO,ll. 6ypeHHH 

H K rrOJIHoMy 3aMemeHHIO npOMbIBOqHOH )j{H,lI.KOCTH B 3aKOJIOHHOM 

rrpOCTpaHCTBe paCTBopOM aaxcyutero. 

§ 47. Samara oticanasrx KOJIOHH OT asaoca 

BHyTpeHHHH noaepxaocrt, KOH,lI.yKTOpOB H npoxeacyrouaax KO

JIOHH H3HalIlHBaeTCH B npouecce cnycxa H nom.exa ,lI.OJIOT, 6ypHJIb

HbIX rpyo, 3a60HHbIX ,lI.BHraTeJIeH. J13HOC HMeeT ,lI.BOHKHH xapax

rep. Pesusr JIOrraCTHblX H <ppe3epHwx ,lI.OJIOT, 3y6u,bI H lIlTWpH uta

pouresnux ,lI.OJIOT, raepnocnaaanue BCTaBKI:f H aJIMa3W pacurapn

TeJIeH, KaJIH6paTOpoB H aJIMa3HWX ,lI.OJIOT aepeztxo nporppeseponu
BaIOT y3KHe, HO ,lI.OBOJIbHO r JIy60KHe npononsnue KaHaBKH. YTH)j{e

aenaue 0YPHJIbHble Tpy6bI, H ocooenao 6YPHJIbHble 3aMKH, asrpa
6aTbIBaIOT )j{eJIoOOOOpa3Hble yrJIyOJIeHHH, ,lI.HaMeTp KOTOpbIX 6JIH

30K K aapyxcaoay naaxerpy 3THX 3JIeMeHTOB. 

no ,lI.aHHbIM M. A. KHCeJIbMaHa, pacnpenenenae asaoca rro ,lI.JIH

He 06Ca,ll.HOH KOJIOHHW aepaaaoxepaoe. HaHOOJIee CHJIbHO H3HalIlH
BaIOTCH xoaueasre yqaCTKH, rrpe)j{,lI.e scero, y YCTbH H yqaCTKH, npn

ypoxeaaue K MeCTaM H3rHoa KOJIOHHW, a raroxe K MeCTaM H3MeHe

HHH BHyTpeHHero ,lI.HaMeTpa TPYO. XapaKTep H3Hoca rro ,lI.JIHHe KO

JIOHHbI, OOyCJIOBJIeHHbIH B3aHMO,ll.eHCTBHeM 0YPHJIbHbIX saMKOB C rro
aepxaocrsro OOCa,ll.HbIX rpyd, BOJIH006pa3HbIH, npasex BW,lI.eJIHIOTCSI 
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«BOJlHbI» rpex THrrOB: KOpOTKHe C ,n:JlHHOH ,n:o 3 M, cpezmae C ,n:JlH
HOH no 12 M H ,n:JlHHHble. B03HHKHoBeHHe cpennax H ,n:JlHHHblX 
«BOJlH» CBH3aHO, rrO-BH,n:HMOMy, C BOJlH006pa3HblM xapaxrepou HC
KpHBJleHHH CKBaMHHbI If nponoasaoro H3rH6a KOJlOHHbI. DOHBJle
HHe Me KOpOTKHX «BOJlH» CBH3aHO C nonepesnuxa KOJle6aHHHMH 
6ypHJlbHOH KOJlOHHbI, B03HHKaIOI.J.J.HMH B peaynsrare yaapos TOPUOB 
3aMKOB 0 TOPUbI 06ca,n:HbIX Tpy6. DO::lTOMY KopOTKHe «BOJlHbI» npn
yposenu K KOHueBbIM YllaCTKaM 06ca,n:HOH KOJlOHHbI, a TaKMe K yna
CTKaM CTblKOBKH oticanaux Tpy6 pa3HbIX BHyTpeHHHX ,n:HaMeTpOB. 

Pa3pa60TaHO HeCKOJlbKO crroc060B YMeHbweHH~ HHTeHCHBHOCTH 
asuoca BHyTpeHHeH rrOBepXHOCTH oocazmsrx KOJlOHH. TaK, ,n:JlH aa
I.J.J.HTbI OT aanoca aoopyzceanex 6ypOBblX ,n:OJlOT C03,n:aHbI YHHBep
cansnue ,n:BYXCJlOHHble 060JlOllKH, HaHOCHMbIe na 60KOBble pezcy
mae rrOBepXHOCTH HHcTpyMeHTa. MaTepHaJlOM 060JlOllKH cnyxcar 
KJleHI.J.J.He, aHTH<PPHKUHOHHble H nxacrudmuapyexsre BeI.J.J.eCTBa, raep
,n:OCTl~ KOTOpblX HHMe TBep,n:OCTH xarepaana oticanaux Tpy6 H pes
UOB ,n:OJlOTa. HapYMHblH CJlOH 060JlOllKH 06J1a,n:aeT 60Jlbwei{ H3HO
COCTOHKOCTbIO, lIeM BHyTpeHHHH. DpH 6ypeHHH BHyTpeHHHH CJlOH 
060JlOllKH 6bICTpO paapyuraercs [27]. 

,UpyrHM cnocooox HBJlHeTCH npaxeaeaae cneuaaasnux HaMO
JlOTHblX lJ,eHTpaTOpOB co C'beMHblM ueHTpHpyIOI.J.J.HM nporexropox H3 
pe3HHbI, noaasranena HJlH npyrorc MaTepHaJla C MeHbllIeH, lIeM Ma
repaan oficamnax rpyo, raepnocrsto H MaJlblM K03<P<PHUHeHToM 
TpeHHH 0 crans. 

,UJlH YMeHbllIeHHH aanoca oecanaux Tpy6 6YPHJlbHblMH 3aMKaMH 
HcrrOJlb3YIOT cneunaasasre npenoxpanarensaue xonsua H3 3J1aCTHlI
HbIX MaTepHaJlOB, aerprecroaxoa pe3HHbI, xoropue Ha,n:eBaIOT JlH60 
aenocpencrsenao na 6YPHJlbHblH 3aMOK, JlH60 aa 6ypHJlbHyIO rpyoy 
Y 3aMKOBoro xonyca, JlH60 B cpennea lIaCTH 6ypHJlbHOH rpytisr, 
'uHaMeTp npenoxpanarensnux xoaeu ,n:OJlMeH 6bITb HeCKOJlbKO 
60JlbllIe ,n:HaMeTp.a 6ypHJlbHoro saxxa, lIT06bI xacanae 6ypHJlbHOH 
KOJlOHHbI 0 noaepxaocrs oocannux rpyf npoacxoaano TOJlbKO B 
MeCTax pa3MeI.J.J.eHHH xoaeu. DOJloMeHHe xoneu na 6ypHJlbHOH 
KOJlOHHe rro ::lTOH Me npanaae ,n:OJlMHO 6bITb crporo <pHKCHpOBaH
HbIM. Marepaan xoaeu ,n:OJlMeH 06J1a,n:aTb BblCOKOH H3HOCOCTOH
KOCTbIO. 

BeCbMa rrepcrreKTHBHbI pa3'beMHble rrpe,n:oxpaHHTeJlbHble KOJlbUa 
H3 aJlIOMHHHeBblX CrrJlaBOB. DpH TpeHHH raxoro KOJlbUa 0 urepoxo
BaTyIO rrOBepXHOCTb cransaax oocanmax Tpy6 H3HallIHBaeMblH MHr
KHH MeTaJlJl 3arrOJlHHeT snanaaa Me)i{,n:y aacrynaxa llIepOXOBaTO
CTH CTaJlbHOH rrOBepXHOCTH H CXBaTblBaeTCH C HeH. B pesyasrare 
YMeHbllIaIOTCH 06I.J.J.aH llIepOXOBaTOCTb BHyTpeHHeH nosepxaocra 06
ca,n:HoH KOJlOHHbI, rpeaae H H3HOC nocnezmea. 

)l(eJl06006pasHble Bblpa60TKH na H30rHYTblx yxacrxax ocean
HOH KOJlOHHbI 06pa3yIOTcH npeaaytuecraenao C TOH CTOpOHbI, K KO
ropoa npaacaru 6YPHJlbHbie Tpy6b1. ECJlH YllaCTOK 06ca,n:HoH KO
JlOHHbI He 3aueMeHTHpOBaH, YMeHbWHTb rJly6HHy TaKHX Bblpa60TOK 
H yCTpaHHTb onacnocre CKB03Horo rrpOTHpaHHH KOJlOHHbI MOMHO 
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nyTeM 60Jlee paBHOMepHoro pacnpe,n:eJleHHH H3Hoca no nepHMeTpy 
Tpy6b1. 3TO nocrar-aercs rryresr nepnoaanecxoro noeopavasaaaa 
,n:aHHoro yqaCTKa nocJle HeKOToporo ,n:onycTHMoro H3Hoca Ha yroJl 
He MeHee 45-50°, nymne - aa 80-90° [27]. LJT06b1 TaKol!: nOBO
pOT 6bIJI B03MO)i{eH, npa cnycxe KOJlOHHbI B COCTaB HH}KHeA lIaCTH 
aeuexearupyeaoro yxacrxa BKJlIOlIaIOT CneUHaJlbHbIH COllJleHHIOI.J.J.HH 
ySeJI (pHC. 47). 

DOCKOJlbKY no ,n:JIHHe KOJIOHHbI H3HOC npoacxonjrr «BOJlH006pa3
HO», ,n:JIH 60JIee pasnoaepaoro pacnpeneaeaas ero H YMeHbweHHH 
rJly6HHbI 06pa3yIOI.J.J.HXCH B O,n:HOM MeCTe supaoorox CeBKaBHI1DI1 
peKoMeH,n:yeT nepHo,n:HlIeCKH BepTHKaJlbHO nepeMeI.J.J.aTb He3aueMeH
THpoBaHHblH yxacrox. KaK nOCJIe nosopora, TaK H nocne BepTHKaJIb
noro nepeMeI.J.J.eHHH KOHTaKTHpOBaTb C 6y
PHJlbHblMH 3aMKaMH (HJlH npenoxpaua-
TeJlbHblMH KOJlbuaMH) 6y,n:yT Te YllaCTKH 
BHyTpeHHeH nOBepXHOCTIf 06ca,n:HOH KO Z 
JlOHHbI, xoropsre ,n:o sroro MOMeHTa 6b1J1H 

J
MaJlO H3HOllIeHbI JlH60 soocme He H3HallIH
BaJlHCb. BepTHKaJlbHOe nepexeuieaae ¥lIa

'ICTKa KOJlOHHbI B03MO)i{HO npa HaJlHlIHH B 
HH)i{HeH lIaCTH ero CneUHaJlbHOrO COllJleHH
totuero Y3J1a. 5iUJB rJly60KHe CKBaMHHbI 06b1l1HO, rrOMH
MO KOH,n:yKTopa, npHxo,n:HTCH cnycKaTb o,n:· 
ny HJlH aae npoaeacyroxaae KOJlOHHbI. 00
CKOJlbKY C rJly6HHoH, KaK npaBHJIO, npo ;~ 
xonxa aa peac ,n:OJlOTa yMeHbllIaeTcH, sac
TO 06'beM cnycxo-nom.eanux onepauna H 

PHC. 47. Cxexa yCTpOHCTnpononxcareasuocn, BpaI.J.J.eHHH 6YPHJlbHblX 
aa D;J111 noaopora ueueaen

Tpy6 B nocJle,n:YIOI.J.J.eH 06ca,n:HOH KOJlOHHe rapyexoro YtJ8cTKa 06
aaxaoro 60JlbllIe, lIeM B npenunyuiea. 00 C8D;HOH KOJIOHHbI: 
::lTOMy H H3HOC BepxHHx YllacTKoB ::lTHX KO 1- COel\HHHTeJlbHblA naTPY

60K; 2 - raaxa: 3, 6 - ynJloTJlOHH MO)i{eT 6b1Tb cYI.J.J.eCTBeHHo pa3J1HlI HHTeJlbHble 'JleMeHTbI; 4 - crte
l.\HaJlbHall Myq,T8 l.\eMeHTHpy,HbIM. B pane cnysaes nonycraxo H -noaes
eMoA: lJ8CTH KOJlOHHbI; 5 - 38· 

HO 60Jlee paaaoaepao pacnpenenars H3HOC sop, sanoJlHlIeMbilI cMasKoA 

Me)i{,n:y npoxeacyrovauau KOJlOHHaMH H 
KOH,n:yKTOpOM. YMeHbllIHTb H3H6c sepxaero yxacrxa, aanpnxep, 
nepsoa npoxescyrosnoa KOJlOHHbI. MO)i{HO, eCJIH pasneaan, ee na 
nse lIaCTH H B cKBaMHHy CHalIaJIa cnycrars TOJlbKO HH)i{HIOIO xacn, 
,n:JlH nepexpuras CTBOJla HH)i{e 6allIMaKa xonnyxropa: BepxHIOIO xce 
cnycKaTb nocJle Toro, KaK H3HOC KOH,n:yKTopa ,n:ocTHrHeT npe,n:eJlbHO 
,n:orrycTHMoH BeJlHlIHHbI. 

Hnorna nepen BCKpblTHeM ropH30HTOB C noasnuenauaa K03<P<PH
UHeHTaMH aHOMaJlbHOCTH nJlaCTOBblX ,n:aBJIeHHH B CKBa)i{HHY npaxo
,n:HTCH cnycxan, cneuaansayro npoaeacyrosuyro KOJlOHHY, TaK KaK 
na npe,n:bI,n:YI.J.J.eH H3-3a CHJlbHOrO aaaoca ee aepxaero ysacrxa HeJlb3H 
yCTaHoBHTb npOTHBOBbl6poCOBoe 060py,n:OBaHHe. B pane cnynaes 
MOMHO OTKa3aTbCH OT cnycxa ,n:onOJlHHTeJlbHOH KOJIOHHbI, eCJlH sa
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'U~HHTb CHJIbHO H3HoweHHbIA: BepXHHH yxacrox npenunymea KOJIOH.hI ceKUHeA: HS HOBbIX rpyo. 3aMeHa H3HOlIIeHHbIX rpyo HOBbIMH 

B03MO)J{Ha npa C06JIIO,n:eHHH pana YCJIOBHH: a) eCJIH H3HoweHHbIH 

yIIacToK He saueMeHTHpOBaH H He rrpHXBaIIeH; 6) eCJIH OCTaTOIIHaH 

nposuocrs H3HoweHHbIX rpyo H coennaeann eI..I.I,e ,n:OCTaTOIIHa ,n:JIH 

roro, IIT06bI H3BJIeKaeMbIH yxacrox KOJIOHHbI He 6bIJI 060pBaH npn 

nozrseae; B) eCJIH yBeJIHIIeHHe CTOHMOCTH CTpOHTeJIbCTBa CKBaJKHHl>l, 
CBH3aHHoe C 3aMeHOH naaoureaaoro yxacrxa KOJIOHHbI HOBbIM,'3a BbI

IIeTOM OCTaTOIIHOH CTOHMOCTH H3BJIeIIeHHbIX rpyo, MeHbwe yBeJIHIIe

HHH CTOHMOCTH, BbI3BaHHoro yCJIOJKHeHHeM KOHCTpyKuHH CKBaJKHHbI 

aa CIIeT BKJIIOIIeHHH ,n:orrOJIHHTeJIbHOH 06ca,n:HOH KOJIOHHbI. 

ECJIH rrpe,n:ycMaTpHBaeTCH 3aMeHa BepXHero yIIacTKa rrpOMeJKy

TOIIHOH KOJIOHHbI HOBbIM, nepezr cnycxox KOJIOHHbI CKBaJKHHy ueJIeCO

06pa3HO 3arrOJIHHTb rrpOMbIBOIIHOH JKH,n:KOCTbIO raxoro COCTaBa, npn 

KOTOpOM B03MOJKHOCTb npaxaara neneaearapyeaoro yxacrxa csene

na K MHHHMyMy (nanpavep, paCTBopOM na yrJIeBo,n:opo,n:HOH OCHO

Be), HCKJIIOIIHTb KOHTaKT 06ca,n:HOH KOJIOHHbI co CTeHKaMH CKBaJKH

Hbl nyrex yCTaHoBKH ueHTpHpyIOI..I.I,HX rpoaapea, 
Oc06eHHO CHJIbHOMY H3HOCY noasepraercs nepnas csepxy rpyfia. 

3TO CBH3RHO B OCHOBHOM C rrpaKTHIIeCKOH HeB03MOJKHOCTbIO CTpO

roro rrOCTOHHHoro ueHTpHpOBaHHH TaJIeBOH CHCTeMbI H Be,n:yI..I.I,eH 

Tpy6bI OTHOCHTeJIbHO YCTbH CKBaJKHHbI H3-3a KOJIe6aHHH BbIWKH, 

TaJIeBOH CHCTeMbI non BJIHHHHeM nepeaenaux ocenux H nonepes

HblX CHJI H ,n:e<popMaUHH OCHOBaHHH BbIWKH. I103TOMy ,n:JIH npenor

BpaI..I.I,eHHH paapyurenas YCTbH CKBaJKHHbI B rex CJIyIIaHx, xorna na 

Hero ,n:OJIJKHO 6bITb yCTaHOBJIeHO rrpOTHBOBbI6poCOBoe 060py,n:OBaHHe, 

peKOMeH,n:yeTcH B KaIIeCTBe YCTbeBOH HCrrOJIb30BaTb HaH60JIee TOJI

CTocTeHHyIO rpyoy, 

§ 48. npOTHBOKOppo3HoHHaH aaunrra o6ca,ll.HblX KOJIOH'H 

KOPP03HH HapyJKHOH H BHyTpeHHeH nosepxaocrea oocannsrx KO

JIOHH npoacxomrr npezcne scero non B03,n:eHcTBHeM rrJIaCTOBbIX BO,n: 

H ra30B H or-racru - aexoropux xeaoreaaux nopon. B rrJIaCTOBbIX 

sonax He<pTHHbIx H ra30BbIX MeCTOpOJK,n:eHHH rrOIITH ncerna conep

JKaTCH yrJIeKHCJIOTa, ceposonopon H npyrne arpeccaaaue BeI..I.I,eCTBa; 

BO,n:OPO,n:HbIH nOKa3aTeJIb rrJIaCTOBblX BO,n: IIaCTO pH <7. I1pHIIHHOH 

KOpp03HH MOJKeT 6bITb TaKJKe ;;r:eHcTBHe 6aKTepHH. .uOBOJIbHO HH

TeHCHBHaH KOpp03HH B03MOJKHa rro,n: ,n:eHcTBHeM KHCJIOpo,n:a. 

Caxoe pacnpocrpaaenaoe cpencrso 3aI..I.I,HTbI HapyJKHOH nosepx

HOCTH oricannux KOJIOHH OT KOpp03HH - C03,n:aHHe B 3aKOJIOHHOM 

npocTpaHcTBe 060JIOIIKH H3 KOpp03HOHHOCTOHKHX ueMeHTOB. XOTH 

TaKaH 060JIOIIKa He 06ecneIIHBaeT rrOJIHOH 3aI..I.I,HTbI OT KOpp03HH, 

onnaxo, pe3KO yveasuraer HHTeHCHBHOCTb paspyureaas MeTaJIJIa. 

3<p<peKTHBHOCTb 3aI..I.I,IITbI nOBbIwaeTCH, eCJIH nopu ueMeHTHoH 060

'- JIOIIKH. KOJIbMaTlIpYIOTCH nOJIHMepHbIMH BeI..I.I,eCTBaMII. 
Cpencraox YMeHblIIeHHH KOpp03HH CTaJIbHbIX rpyo MOJKeT 6bITb 

noauurenae pH rrpoMbIBoIIHOH JKII,n:KOCTH auure 7, a TaKJKe asene
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HHe B COCTaB npOMblBOIIHOH JKH,n:KOCTII 1:I TaMnOHaX(HbIX pacrnopon 

CrreUHaJIbHbIX IIHrlI6HTopOB KOpp03HII (KaTanIIHa, HeHTpaJIII30BaH

noro sepaoro KOHTaKTa H4K, Cy.'lb<pOH3TOB pa3JIH lIHblX MeTaJIJIOB, 

aMHHOB H npyrux aaorconepxcaumx coezmnenna, OKHCJIeHHOrO ner

pOJIaTyMa, Ky60BbIX OCTaTKOB BblCOKOMOJIeKyJIHpHblX JKHpHbIX KHC

JIOT H T. n.). 

I10JIe3HbIM MeporrpHHTHeM HBJIHeTCH 3arrOJIHeHHe aeuenearapye

Mora yxacrxa 3aKOJIOHHOrO rrpOCTpaHCTBa CKBaJKIIHbI HeBo,n:HOH rrpo

MblBOIIHOH JKH,n:KOCTbIO. 

BbICOK03<p<peKTHBHbI 3JIeKTpOXHMHIIeCKHe cnocoou 3aI..I.I,HTbI 06

ca,n:HbIX KOJIOHH OT KOpp03HH. I1pHHUHnHaJIbHaH cxeMa KaTo,n:HoH 

3 a I..I.I,HTbI noxasaaa aa pHC. 48. 
MHHyCOByIO KJIeMMy HCTOIIHHKa 

rrOCTOHHHoro TOKa coe,n:HHHIOT 

,n:peHaJKHbIM nposonox C 3aI..I.I,H

maeMoH oricanaoa KOJIOHHOH, a 

rrJIIOCOBYIO - C aHo,n:HbIM 3a

3eMJIeHHeM. 06bIIIHO xarozuryto 

3aI..I.I,HTy C03,n:aIOT nocne OKOHIIa

HHH 6ypeHHH CKBaJKHHbl H cna

IIH ee rrpOMbICJIY. rI03TOMY aa

mHmaIOT onnospexenao KaK 

oocanaue KOJIOHHbI, TaK H 

lIIJIeH<pbI (T. e. rpyrionpononu, 

rro KOTOpbIM ,n:06bIBaeMaH rrpo PHC. 48. Ilpauuanaansnaa cxeua K8' 

~YKUHH TpaHcrropTHpyeTcH K TO,n:HOH 38W;HTbI: 

/ - xaroaaaa crauuaa; 2 - corrporaaneuae:rrpOMbICJIOBoMy C60pHOMy rryHK 3 - H30JlHPYIOW.Hli q,JlaHeq; 4 - 8HO,ll;HOe S8
TY). OIITHMaJIbHYIO BeJIHIIHHy. SeMJleHHe; 5 - oocanaaa rpyoa: 6 - wJleliq, 

CHJIbI TOKa, npa KOTOpOH ooec

rreIIHBaeTCH rrpaKTHIIecKH rrOJIHaH 3aI..I.I,HTa oocanaux KOllOHH 01 

3JIeKTpOXHMHIIeCKOH KOpp03HH, onpenenstor 06bIIIHO 3MnHpHIIeCKH. 

Hapsny C YKa3aHHbIMH cnocotiana 3aI..I.I,HTbI 06ca,n:HbIX KOJIOHH 

OT KOpp03HH BO MHOrHX CJIyIIaHx IICrrOJIb3YIOT Tpy6bI H3 cneuaans

HbIX BbICOKOJIerHpOBaHHbIX CTaJIeH. 3TO OTHOCIITCH B nepnyro OIIe

pens K 3KCIIJIyaTaUHoHHbIM KOJIOHHaM ra30BbIX, He<pTHHbIX H HeKO

TOpbIX HarHeTaTeJIbHbIX CKBaJKHH, rro KOTOpblM TpaHcrropTHpyIOTC5I 

raau H JKH,n:KOCTH C BbICOKHM conepxcaaaea ceposonopona HJIH HH3
KHM 3HaIIeHHeM pH. 

§ 49. Ilonroroaxa K cnycxy ooca,ll.HoH KOJIOHHbI B CKBaJKHHy 

Cnycxy oocannoa KOJIOHHbI ,n:OJIJKHa npezuuecraoaarr, TI..I.I,aTeJIb

HaH nposepxa H nonroronxa KaK scex ee 3JIeMeHTOB, TaK II 6ypo

soro 060py,n:oBaHH5I, MexaHH3MOBIi HHcTpyMeHToB, xoropue oynyr 
IICrrOJIb30BaTbCH rrpH crrYCKe. 

Ilooeoroexa KO/lOHHbl. Ilonroronxa H nposepxa 3JIeMeHTOB 06
caznrof KOJIOHHbI oCylU,ecTB,IIHIOTCH npexcne acero aa Tpy6HOII oase. 

BH3yaJIbHO OCMaTpI1BaIOT Bee rpyou, npennaaaaxennsre ,n:JI5I cnycxa 
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B )J.aHHyIO CKBa}l{HUY, H oT6paKOBbIBaIOT re H3 HHX, B KOTOpblX 06
napyzceau asnsre )J.e<peKTbI (rpeunnra, BMHTHHbI, KpHBH3Ha, no

spescneaaue pe3b6bI H T. n.). OOCJ1e ocxorpa Tpy6bi nO)J.BepraIOT 
HHcTpyMeHTaJIbHoMy KOHTpOJIIO npa noxoma )J.e<peKToCKOnHtIeCKHX 
yCTaHoBoK, nposepmor npa noxouta KaJIH6pOB KOHyCHOCTb H mar 
peastisr, nO)J.6HpaIOT MY<PTbI K Tpy6aM no BeJIHtIHHe aarsra; MY<PTbI 

H Tpy6b1, OBaJIbHOCTb KOTOpblX npeauuraer npezren, )J.onycTHMblH 

cTaH)J.apTOM, oT6paKoBblBaIOT. 
Tpytia, npa ocxorpe H KOHTpOJIe KOTOpblX )J.e<peKTOB He oonapy

sceao, onpeccoauaaior BO)J.OH. .LI.aBJIeHHe onpeccosxa 06ca)J.HblX 

Tpy6 ,ri.JIH 3KCnJIyaTau.HOHHblX H OTBeTCTBeHHblX npoaescyrosaux 
KOJIOHH )J.OJI}I{HO He MeHee tIeM aa 5% npesuuran, H36b1TOtIHOe 

sayrpeaaee )J.aBJIeHHe, xoropoe MO}l{eT )J.eHcTBoBaTb aa COOTBeT

CTBYIOm.yIO ceKu.HIO KOJIOHHbI npa nposepxe repMeTHtIHOCTH ee noc-. 
JIe cnycxa B cKBa}l{HHY (CM. § 70). Bo BCHKOM cay-rae OHO He )J.OJILK

HO 6bITb MeHee BeJIHtIHHbI, YKa3aHHOH HHLKe, HOHe )J.OJILKHO npesoc
XO)J.HTb BeJIHtIHH )J.aBJIeHHH rH.u.pOHCnbITaHHH, nonycxaexux fOCT 

(CM. § 31). 

HapYlKHblii AHa- 426-377 351-273 245-219 194-178 168 145-140 127--114 
MeTp Tpy6, MM 
Haaaeasuree 6 7 8 8,5 10 11 13 
naan ea He onpee-
COBKH Tpy6 ne-
pen cnycxoa,
 
Mna
 

Tpy6b1 onpeCCOBbIBalOT aa cneuaansaox CTeH)J.e. Tpy6y H ee coe

.u.HHeHHe npH3HaIOT repxerasnuaa, eCJIH B rexeaae 30 C )J.aBJIeHHe 
CHH3HTCH He 60JIee tIeM aa 0,5 MOa. Herepxerauaae Tpy6bI oropa
KOBbIBaIOT. 

- .LI.JISI CMa3KH pe3b60BbIX coe)J.HHeHHH npa H36b1TOtIHOM BHyTpeH
tIeM .u.aBJIeHHH 20-25 MOa MoryT 6bITb HCnOJIb30BaHbI npa reune

parype no 100°C - CMa3Ka P-2, a npa 60JIee BblCOKoA rexnepary
pe - CMa3Ka P-402 aa CHJIHKOHOBOH OCHOBe. OpH 60JIee BblCOKHX 
H36b1TOtIHblX )J.aBJIeHHHX, a TaKLKe )J.JIHKOJIOHH B raaoaux CKBaLKH

aax pexoaeanyercs npHMeHHTb nOJIHMepH3yIOm.HecH COCTaBbI YC-l, 

KHI1I1HO-2 H np . .LI.JIH noasnueaas repMeTHtIHOCTH coe)J.HHeHHH 
npa H36b1TOtIHblX .u.aBJIeHHHX 15-40 MOa (B 3aBHCHMOCTH OT )J.Ha

MeTpa rpyo) MOlKeT 6b1Tb HCnOJIb30BaHa TaKLKe <pTopOnJIaCTOBaH 
JIeHTa <I>YM. 

O)J.HH H3 HaH60JIee 3<p<peKTHBHblX cnocoooa nossnneaaa repxe

THtIHOCTH peasooaux coe)J.HHeHHA - MeTaJIJIH3au.HH nosepxaocru 
pe3b6. TOHKHH CJIOH JIerKOnJIaBKOrO MeTaJIJIa (U.HHK, aJIIOMHHHH 
H T. n.) TOJIm.HHOH OT 0,2 )J.O 0,5 MM HaHOCHT aa nosepxaocri, pe3b

6b1 My<pTbI C noxoutsio Cneu.HaJIbHOH MeTaJIJIH3au.HoHHoH yCTaHoBKH. 
0pH3HaHHble rO)J.HbIMH Tpy6b1 3aB03HT aa 6ypOByIO sa HeCKOJIb

KO .u.Heil' no cnycxa B CKBa}l{HHy. 06m.aH )J.JIHHa )J.OCTaBJIeHHblX CIO)J.a 
rpyti )J.OJILKHa aa 5% npeauurars .u.JIHHy 06ca)J.HoH KOJIOHHbI; pesepa 
COCTaBJIHIOT H3 HaH60JIee nposaux rpyo, Bxecre C Tpy(SaMH aa 6y
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pOByIO )J.ocTaBJIHIOT 3JIeMeHTbI TeXHOJIOrHtIeCKOH OCHaCTKH 06ca)J.HoA: 
IWJIOHHbI: nearpapyiomae rpoaapa, cKpe6KH, 6allIMaK, HanpaBJIHIO
niyto npooxy, 6allIMatIHblH narpyoox, ooparaue H )J.H<p<pepeHu.HaJIb

HblH xaanaau, CTOn-KOJIbu.O, MY<PTbi )J.JIH CTyneHtIaTOrO nexearapo
BaHHn, naxepu, npOMblBOtIHyIO rOJIOBKy H T. n. Ope)J.BapHTeJIbHO 
3TH 3JIeMeHTbI )J.OJILKHbI 6b1Tb nposepenu, a nexoropue H3 HHX on

peCCOBaHbI. TaK, ooparaue xnanaau onpeCCOBblBaIOT )J.aBJIeHHeM, 

npeasnuarourax B 1,5 paaa HaH60JIbllIyIO pasaocrs .u.aBJIeHHH CTOJI

60B }l{H)J.KocTeH B 3aKOJIOHHOM npocrpaacrse H B KOJIOHHe nOCJIe 

u.eMeHTHpoBaHHH, C u.eJIbIO nposepsa npOtIHOCTH H repMeTHtIHOCTH 

HX. Onpeccosxoa nposepmor TaKLKe repMeTHtIHOCTb My<pT .u.JIH CTy

neauaroro u.eMeHTHpoBaHHH; paoosee )J.aBJIeHHe naxepos; )J.aBJIeHHe, 
Heo6xo)J.HMoe )J.JIH cpesaaaa llInHJIeK, xoropue y)J.epLKHBaIOT BTyJIKH 

u.eMeHTHpOBOtIHblX My<pT, H T. n. 00JIe3HO nposepars TaKLKe netpop
Mau.HIO npyacaaaux u.eHTpHpyIOm.HX <poHapeH non B03,ll.eHCTBHeM 

HaH60JIbllIerO npHLKHMaIOm.ero yCHJIHH, xoropoe MOLKeT B03HHKHyTb 

npa cnycxe KOJIOHHbI B CKBa}l{HHy. 
Ilooeoroexa CTBOAa CKBa:JICUHbt. K naxany cnycxa KOJIOHHbI B 

CKBaLKHHe )J.OJILKHbI 6b1Tb aaaepureau see HCCJIe)J.OBaTeJIbCKHe H H3

xepareasaue pa60TbI (KapoTaLKH,' oT60p npoo 60KOBbIM rpyaroao

COM, KaBepHOMeTpHH, HHKJIIiHOMeTpHH, onp060BaHHe nepcnexraaaux 

06beKTOB H T. )J..). 
OOCJIe nOJIytIeHHH HOBoA xaaepaorp aaxu BblHBJIHIOT ytIaCTKH 

cy>KeHHH CTBCMa CKBaLKHHbI H YTOtIHHIOT MeCTa yCTaHoBKH na KO

JIOHHe u.eHTpHpyIOm.HX <pOHapeH H cKpe6KOB. <l>OHapH peKOMeH)J.y

eTCH pa3Mem.aTb B Tex ytIaCTKaX HHTepBaJIa u.eMeHTHpOBaHHH 

(npeacne scero, npOTHB npO)J.yKTHBHblX ropH30HTOB), rne )J.HaMeTp 
CTBOJIa 6JIH30K K HOMHHaJIbHoMy. ECJIH 3eHHTHblH yrOJI He npesu

uraer 3°, paccrosaae MeLK)J.y <poHapHMH MOLKeT COCTaBJIHTb 20
25 M; aa ytIaCTKaX LKe C 60JIbllIHM 3eHHTHblM yrJIOM, a raxxce na 

ytIaCTKaX HHTeHCHBHoro H3MeHeHHH 3eHHTHoro HJIH a3HMyTaJIbHOrO 
yrJIOB <poHapH uenecoofipaaao CTaBHTb H3 KaLK.u.oH o6ca.u.HoH rpyoe, 

00 HHKJIHHOrpaMMe BblHCHHIOT ytIaCTKH pesxax H3MeHeHHH se

HHTHoro H a3HMyTaJIbHOrO yrJIOB. YtIaCTKH cyLKeHHH, sucrynoa H 
neperaoos CTBOJIa CKBa}l{HHbI Tm.aTeJIbHO npopaoarusaior HOBblMH 
)J.OJIOTaMH H pacmapmor )J.O HOpMaJIbHOrO .u.HaMeTpa. Ilpopaoara
sars CTBOJI pexoxeaayercs HOBbIMH .u.OJIOTaMH co CKOpOCTbIO 35
40 M/tI, a ytIaCTKH HaH60JIee onacaux cy}l{eHHH H neperneoa - co 

CKOPQCTbIO 20-25 M/tI. )KecTKocTb KOMnOHOBKH HH3a 6ypHJIbHOH 
KOJIOHHbI npa npopaoorxe )J.OJI}I{Ha COOTBeTCTBOBaTb LKeCTKOCTH 0(S

ca)J.Holi: KOJIOHHb1, nO)J.JIeLKam.eH cnycxy, ocoeeuno B rex CJIytIaHX, 
xorna npopaoaruaarorcs HHTepBaJIbI HHTeHCHBHoro HCKpHBJIeHHH. 

I Ilocne npopaoorxa H npoauaxa rJIy60KoH CKBa>KHHbI CTBOJI ee 

tIaCTO llIa6JIOHHpyIOT. .LI.JIH sroro B CKBa>KHHy cnyCKaIOT aa 6ypHJIb
HOH KOJIOHHe KOMnoHoBKy H3 rpex-serupcx oticannux Tpy6 H y6elK
)J.aIOTCii B TOM, tITO OHa )J.OXO.J{HT )J.O 3a(SOH (Sea nocanox. 00 OKOHlJ8

HHH llIa6JIOHHpOBaHHH CKBa}l{HHY npOMblBaIOT C u.eJI'bIO nOJIHOrO 
y)J.aJIeHHH urnaxa. Bo BpeMH npOMblBKH >KeJIaTeJIbHO nOMepLKHBaTb 
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ryp6yJICHTHbIH pe)IUJM Te'reHH51 IKH,ll.KOCTH B KOJIbueBOM npocrpan
CTBe. ECJIH npn npOMbIBKe H3 CKBaJl(HHbl BbIXO,ll.HT raSHpOBaHHblH 

paCTBOp, uenecootipasuo L\eJI3Tb nepepsm aa 10-15 MHH. )lJIHTeJIb
HOCTb KaIK,ll.OrO nepnozia npOMbIBKH - onna-nsa UHKJIa UHpKyJI51
UHH., 

)lJ151 npopaoorxu H npoMbIBKH CKBaIKHHbi HyIKHO HCnOJIbSOBaTh 

npoMbIBo'IHYJO IKH)IKOCTb C MHHHMaJIbHOH BO,ll.OOT,ll.aLIeH, HHSKHMIi 
SHaLIeHH51MH CTaTHLIeCKoro H ,ll.HHaMHLIeCKoro Hanp51IKeHHH czmara 
H BOSMOIKHO MeHbIllcH B51SKOCTbJO. COCTaB 3TOH )KH,ll.KOCTH ,ll.OJIIKeH 

06ecneLIHBaTb yCTOHLIHBOCTb CTeHOK CKBaJl(HHbI. )lJI51 YMeHbIlleHH51 

JIHnKOCTH q>HJIbTpaUHoHHbiX KOpOK B npoMbIBoLIHyJO IKH,ll.KOCTb aa 
BO,ll.HOii OCHOBe BBO,ll.51T CMaSOLIHbie ,ll.06aBKH. 

OpH nozrseue 6ypHJIbHOH KOJIOHHbl nOCJIe npopariorxa HJIH urati 

JIOHHpOBaHH51 HSMep51JOT ee ,ll.JIHHy H, TaKHM 06paSOM, YTOLIH51JOT 
,ll.JIHHy CKBaIKHHbI. 

nOoeOTOBKa 6ypoBoeo o6opyooBaH.Ufl. OpH cnycxe 06Ca,ll.HOH KO

JIOHHbl '1aCTO cYIUeCTBeHHO aospacraer narpyaxa aa 6ypoBoe 060
pynosaane. 003TOMY no HaLIaJIa cnycxa He06xo,ll.HMO TIUaTeJIbHO 

npoaepars acnpaaaocn. scero 6ypoBoro 060py,ll.OBaHli51, Ha,ll.eIKHOCTb 

KpenJIeHH51 ero, COOCHOCTb BbIIllKIi, CTOJIa poropa Ii yCTb51 CKBaIKIi 
HbI. Ha 6ypOByJO ,ll.OJIIKeH 6bITb ,ll.OcTaBJIeH ncnpannuf ancrpyxear 

,ll.JI51 cnycxa cocazmux Tpy6 (3JIeBaTOpbI, KJIJOLIIi, XOMyTbl Ii T. rr.). 
)lJI51 06JIerLIeHliH Ii yCKopeHH51 ueHTplipOBaHH51 H CBHHLIHBaHH51 06
canasrx Tpy6 B auunce na BblCOTe 8-10 M OT nOJIa nO,ll.BeIllHBaJOT 

cneuaansnyio nepenmosnyro JIJOJIbKY. Boxpyr CTOJIa poropa aa 

yposue ero sepxaef rrJIOCKOCTIi nenaior ,ll.epeB51HHbIH HaCTHJI. 
ECJIH nee 06Ca,ll.HOH KOJIOHHbl SHaLIHTeJJbHO 60JIbIlle aeca 6YPliJIb

HOH KOJIOHHbI, npn He06xo,ll.HMOCTH YCJJOIKH51IOT OCHacTKy T8JIeBOH 
CHCTeMbI, a liSHOIlleHHblH TaJIeBbIH KaHaT SaMeH51IOT HOBblM. 

Oocanaue KOJJOHHbl ,ll.JJliHOH no 3000-3500 M 06bILIHO cnycxaror 
C nOMoIUblO MexaHlislipoBaHHbix KJIHHbeB H O,ll.HOrO 3JIeBaTOpa; npn 

60JIbIlleH ,ll.JIliHe KOJJOHHbl OT HCnOJIbSOBaHH51 KJIHHbeB npHXO,ll.HTC51 

OTKaSaTbC51 as-sa onaCHOCTH nOBpeIK,ll.eHH51 rpyf cyxapaxa: BMeCTO 

KJJHHbeB npliMeH51JOT BTOPOH 3JJeBaTOp. 
ECJIIi ,ll.liaMeTp 6YPliJIbHbiX rpyo, xoropue HCrrOJIbSOBaJIH ,ll.JI51 

6ypeHH51 non naanyio 06Ca,ll.HYIO KOJIOHHy, He paaen ,ll.HaMeTpy 06
C8,ll.HbIX rpyri, He TOJIbKO rrpOBepHIOT acnpasnocrs Ii patiorocnocoti 
HOCTb npenenropos, HO TaKIKe 3aMeH51IOT B HHX aupeanue nJIaIllKH 

B COOTBeTCTBHH C ,ll.liaMeTpOM oricannux rpyo. 
Ha 6ypOBOH aeooxozmao HMeTb TaKIKe nepeaozmax ,ll.JI51 6bICT

poro noncoennaenns Be,ll.YIUeH Tpy6bl K 06Ca,ll.HOH KOJIOHHe ,ll.JI51 npo
MeiKYTOLIHblX npOMbIBOK CKBaIKHHbl (liJIIi CneUHaJIbHYIO npOMblBOLI

HyJO rOJIOBKy). 

§ 50. Cnycx 06ca)l.Ho/1 KOJIOHHbI B cKBalKHHY 

] Iepen cnycxou Ka)J(,ll.YIO 06Ca,ll.HYIO Tpy6y Illa6JIOHlipYlOT IKeCT

I\HM )IBOHHbIM llla6.TJOHOM cooraercrnyrouiero paaxcpa. Tpytiu, LIe
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pes «oropue Illa6JIOH He npoxonnr, opaxytor, TaK KBK OHH HMelOT
 
yBeJIHLIeHHylO OBaJIbHOCTb, H SaMeH51IOT HOBbIMH H3 pesepaa, HMelO

IIIerOC51 na 6ypOBOiL
K MOMeHTy HaLIaJIa cnycxa KOJIOHHbl aa 6ypOBOH ,ll.OJIIKeH 6bITb 

rrO,ll.rOTOBJJeH HHIKHHH' ynacrox ee, BKJIIOLIaIOIUHH, KaK. rrpaBHJIO, 
. 6aIllMaK C HarrpaBJI51IOIUeH np06KOH Ii 6aIllMaLIHbIH narpytiox. 

oaIllMaLIHblH narpytiox npencraanaer C060H OTpe30K 06ca,ll.HOH 

Tpy6bI, B KOTOpOM rrpopesaHO HeCKOJIbKO OTBepCTHH ,ll.JI~ rrpoxo,ll.a 

IKH,ll.KOCTH. OTBepCTH51 pacrrOJIaraJOTC51 no BHHTOBOH .
 

JIHHlili. Ha 060HX KOHuax rraTpy6Ka HapesaHa
 

nplicoeAHHliTeJIbHa51 pesb6a.
 
Bauiuax 1 - 3TO TOJICTOCTeHHoe KOJIbUO, H8


BliHLIHBaeMoe na HHIKHHH KOHeu 6aIllMaLIHoro nar


pyrixa (pHC. 49). Ero npliMeH51IOT, LIT06bl yBeJIIi 

LIHTb npoxaocrs HlilKHero KOHua 06Ca,ll.HOH KOJIOH


Hbi H aaunrnrrs rrOCJIe,ll.HHH OT nOBpeIK,ll.eHH51 npn
 

nocanxe ua ycrynu B CTBOJIe CKBaIKHHbJ. 
HarrpaBJI51IOIUa51 npooxa 2 npe,ll.CTaBJJ51eT C060H
 

JIerKO pas6ypHBaeMylO nerans 06TeKaeMoH q>OpMbl
 
C oTBepCTli51MIi ,ll.JI51 npoxona IKIi,ll.KOCTIi. Ha3HaLIe
 z 
HHe np06KH - YMeHbIllHTb conporaanenae ,ll.BIDKe

HlilO KOJIOHHbi npa cnycxe B CKBall<HHy. 
Ha BepxHliH KOHeu 6alIlMaLIHoro narpytixa na

BHHLIliBalOT MY<PTy, C KOTOpOH COe,ll.liHHIOT nepayio PRC. 49. Bam
MaK C nanpan06Ca,ll.HYIO rpyoy. Ha BepxHliH KOHeu nepsof TPy
JUIIOl1J,ei1 rrpolS

6bl HaBHHLIliBalOT 06paTHblH KJIanaH (puc. 50). KOi1 
Csepxy K xnanany xpensr BTOpylO rpyoy, MeIK,ll.y 
BTOPOH Ii rperi.eit Tpy6aMIi YCTaHaBJIliBalOT y,ll.JIHHeHHYIO Myq>Ty H 
B HeH xpenar ynopaoe KOJIbUO (CTorr-KOJIbuO), eCJIIi <PYHKUliH 3TO
ro KOJIbua He MOIKeT BbITIOJIHHTb 06paTHblH KJIarraH. OpH cnycxe 

KOJJOHHbl HHIKHlie rr51Tb-,ll.eC51Tb Myq>T npuaapuaaror K rpyria« npe
PbIBIiCTbIM lIlBOM, LIT06bl HCKJIIOLIHTb BOSMOIKHOCTb OTBHHLIliBa

HH51 ax. 
ECJIIi KOJIOHHa 060py,ll.OBaHa 06paTHbiM KJIarraHOM, B nee BO as

6eIKaHHe CM51TH51 06ca,ll.HblX rpyti rrepHp,ll.HLIeCKH rrpHxO,ll.HTC51 ,ll.OJIH
aars npoasraouayio iKH,ll.KOCTb. 06blLIHO 3TO zienator rrOCJJe cnycxa 

KaIK,ll.bIX 300-400 M Tpy6, a anorna Ii LIaIUe. 
llT06bI HCKJJIOLIHTb Heo6xo,ll.HMOCTb no.naaa KOJIOHHbI, YMeHbIllHTb 

BeJIHLIliHY BOSHliKalOIUero rli,ll.p0,ll.liHaMliLIecKoro ,ll.aBJIeHH51 Ii yCKO
pars cnycx 06Ca,ll.HbiX rpyti, rrpHMeH51IOT ooparnue xnanaau ,ll.H<p
q>epeHUliaJIbHOrO rnna, xoropue B rtepnon cnycxa C03,ll.a1OT orpann
LIeHHoe conporaaneaae nocrynneanro rrpoMbIBoLIHOH IKH,ll.KOCTH aa 
CKBaIKHHbl BHYTPb KOJIOHHbi nepes npoccens 9 (pHC. 51). 00 OKOH
LIaHHli cnycxa B KOJIOHHy copacusaior map 6, KOTOpblH npn npo
MbIBKe CB060,ll.HO npoxonnr uepea ornepcrne B HaIKHMHOM KOJIbue 1, 
rrp0,ll.aBJIHBaeTC51 sepea naxer paapeaaux IllaH6 2, pesaaoayro ,ll.lia
rpparxy 3 Ii ca,ll.HTC51 na orpanauarens 7. Ilocne nocanxa mapa 
aa orpanauareas nOTOK rrpOMblBOLIHOH IKH,ll.KOCTH orratiaer BHHS 
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PHC. 50.-06paTHbIii urapoeoa KJIanaH: 
1 - xopnyc; 2  ceilno; 3 - yonoTHHTeJlI>H811 M8HlKeTa; 4  Konl>qo; 5  wap; 6 _ KopsHHa 

i 

I(PYTIIII\HA MO&\eHT H· M 

HapYlKRblA ilHaMeTP. IOOTHManl>HhlA I
Tpy6. MIl 

MHIIHManbHbllI 
MaHCHManb-

HblA 

114,3 1370 1670 2160 
139.7 2750 3630 5400 
168,3 3230 4300 6460 
177,8 3820 5200 7750 
193,7 3820 5200 7750 
219,1 4200 5600 8250 
244,5 4700 6350 9500 
273.0 5000 6650 9900 

Ta!5JIHua 7 

xo,n:HMwe rrpOtIHOCTb H repMeTHtIHOCTb coenaaenaa: eCJIH )/{e MO
MeHT npa ~OKperrJIeHHH speaaepao BeJIHK, MO)/{HO pasopsars MY~
Ty HJIH CMSlTb KOHeu. TPYOW. B TaOJI. 7 npaseneau SHatIeHHSl KPy
TSlIll,HX MOMeHTOB ,n:JISl MY~TOBWX coe~HHeHHfI TPYO C pesbooH rpe
yrOJIbHOrO rrpO~HJISl, pexcxeanoaaaaae AHH. 

Cnycx ~JIHHHWX KOJIOHH tIaCTO aaaaxaer 2-3 CyT. 3a .apexa 
cnycxa B HH)/{HeH tIaCTH CKBa)/{HHW xoryr BOSHHKHyTb OOBaJIbI, 
rasOrrpOSIBJIeHHSl. lJTOOW cOKpaTHTb apexa, B reseaae xoroporo 

. HH)/{HSlSl tIaCTb CKBa)/{HHW OCTaeTCH 6es npoxuaxa, H yexopars 
xpennenae ee; ~JIHHHWe npoaexyrouaue KOJIOHHW aepenxo cny
CKaIOT B ~Ba-TpH npaexa. CHatIaJIa cnycxaror ytIaCTOK KOJIOHHW, 
,n:JIHHa xoroporo, KaK rrpaBHJIO, ,n:OCTaTOtIHa ~Jl:Sl nepexpsrras see
ro OTKpbITOrO CTBOJIa. BepxHHH KOHeu. ero pacrronaraior B npenu
,n:ymeH KOJIOHHe, tITOObI OOJIertIHTb coezraaeaae ytIaCTKoB. Ecna 
,n:JIHHa orxpsrroro CTBOJIa BeJIHKa H xpernrrs ero npaxonarcs B nsa 
npnexa, sepxaaa KOHeu. HH)/{HerO ysacrxa CJIe~yeT paaxeuiars 
nporas yCToiitIHBWX nopozr, H8 yxacrxe, CTBOJIa C HOMHHaJIbHWN 
,n:HaMeTpOM. 

Heooxonasrocrs cnycxa ooca~Hwx KOJIOHH rro tIaCTSlM MO)/{eT 
OWTb oOyCJIOBJIeHa raxxce He~OCTaTOtIHOH rrpOtIHOCTbIO TPYO aa 
pacraxceaae HJIH nenocraroxaoa rpY30rrO~'beMHOCTbIO OypOBOH yo
TaHOBKH. 

HH)/{HHe ytIaCTKH· occannux KOJIOHH cnycxaror B CKBa)/{HHY aa 
OypHJIbHWX rpycax. )J.JISl coenaaeaas OypHJIbHWX H oocanusrx TPYO 
rrpHMeHSlIOT CrreI.l,HaJIbHOe COtIJIeHeHHe, KOTopoe rrOSBOJISleT u.eMeH
THpOBaTb HH)/{HHH ytIaCTOK, npoxunars BepxHIOIO xacn, CKBa)/{H
HbI rrOCJIe u.eMeHTHpoBaHHSl H OTcoe~HHSlTb oypHJIbHWe TPYOW OT 
ooca~HbIx rrOCJIe CXBaTWBaHHSl nexeamoro TeCTa JIHOO rro OKOH
tIaHHH u.eMeHTHpOBaHHSl. Ha BepXHHH KOHeu. crrycKaeMoro ytIaCTKa 
-10 (pHC. 52) oocannoa KOJIOHHW HaBHHtIHBaIOT cneunansayro 
MY~TY 5, aa HH)/{HHH KOHeu. OypHJIbHOH KOJIOHHbI - Crreu.HaJIbHWH 
nepesonnax J. Cneuaansaaa MY~Ta CHaO)/{eHa JIeBOH: peasooa H 
KOHHtIeCKHM ce,n:JIOM na sepxaex KOHu.e. Taxas )/{e peasoa HMeeT
CR aa HHIKHeM KOHu.e cneuaansaoro nepeaonsuxa. BHyTpH cneua
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PHC. 51. .LJ:HljlljlepeHUHaJIbHbIll o!5paTHhili KJIBlJaH: 
1  lIalKHMHoe xcnsno: 2  naxer paapesuux wa1l6; 3  peaHHosall ilHa<!JparMa; 4 _ xonsuo: 
5 - KOpOyC; 6  wap; 7 - OrpaHH'lHTeJIl>; 8  MeM6paH8; 9  ilPOCCeJIl> 

MeMopaHy 8 H rrpOXO~HT tIepes rrepH~epHHHwe OKHa B OrpaHHtIH
TeJIe. B cay-rae )/{e BOSHHKHOBeHHSl npnroxa HS CKBa2KHHbI B KO
JIOHHy urap npanonaaaaercn, rrpH)/{HMaeTCSl K pesnaosoa ~Ha

~parMe 3 H nepexpusaer orsepcrae B KOJIbu.e J, aaxpuaan npo
XO~ ,n:JISl )/{H~KOCTH. 

OpH cnycxe ~JIHHHbIX KOJIOHH rrpOMWBOtIHaSl )/{H,n:KOCTb B CKBa
)/{HHe MO)/{eT oxasarsca pasrasHpoBaHHoH. llToow y~aJIHTb HS 
CKBa)/{HHW raaaposaaaua pacrsop H. ll1JIaM, rrpHxO~HTCSl ~eJIaTb 
rrpOMe)/{YTOlJHWe npoxuaxa rrOCJIe cnycxa Ka)/{~WX 500-800 M 
TPYO. ITpOMWBKy Be~YT B reuenne onaoro u.HKJIa U.HpKyJISlU.HH ,n:JISl 
,n:aHHoH rJIy6HHw cnycxa, a npa CHJIbHOM rasapoaaanu pacrsopa _ 
no rrOJIHOrO y~aJIeHHSl rasa HS Hero. 

OO·OKOHtIaHHH cnycxa BceM KOJIOHHW CKBa)/{HHY, KaK rrpaBHJIO, 
rrpOMbIBaIOT B reueaae oznroro - ztayx U.HKJIOB. BOCCTaHaBJIHBaTb. 
U.HpKyJISlI.l,HIO BO HSOe)/{aHHe BOSHHKHOBeHHSl rrOrJIOIll,eHHSl scerna 
CJIe~yeT C MaJIOH CKOpOCTbIO, yBeJIHtIHBaTb rro~atIy HaCOCOB I.I,eJIe
cooopaSHO TOJIbKO rrOCJIe paspyll1eHHSl THKCOTporrHOM CTpyKTypW B 
rrpOMbIBOtIHOM )/{H,n:KOCTH. ECJIH KOHCTpyKU.HSl ooca,n:HOH KOJIOHHW H 
OOopY~OBaHHe yCTb51 rrOSBOJISlIOT, nepezt BOCCTaHOBJIeHHeM npoxua
Kif )/{eJIaTeJIbHO apautars KOJIOHHy C HeOOJIbll10H CKOpOCTbIO. 3TO 
OOJIertIHT paspyurenae CTpyKTypW H YMeHbll1HT onacaocn, BOSHHK
HOBeHHSl rrorJIOmeHHH; 

Ilpa ,n:OKperrJIeHHH peasooaoro coezmaeuaa Mall1HHHbIMH KJIlO
tIaMH Heooxo,n:HMO KOHTpOJIHpOBaTb KpyTSlIll,HH MOMeHT. )J.JIH sroro 
MeX8HHtIeCKHM KJIIOtI ~OJI)/{eH OWTb OCHameH MOMeHTOMepOM. ITPH 
CBHHtIHBaHHH C He~OCTaTOtIHWM MOMeHTOM He ~OCTHraIOTCH aeoo
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PHC. 52. Paa'senuaurcns )l.Jlfl cnycxa HH)/meH '1aCTH oricanaoa KOJlOHHbl IiJlH 
XBOCTOBHKa: 

J - cneuaansnsnl nepesonaax: 2, 7 - IIInHJIbKH; 3 - BTyJIKa; 4 - npoasiaoxuue OTBepCTHlI; 5
cnel.\HaJIbHalI MyqlTa; 6 - nepeeonaax: 8 - paS)I.eJIHTeJIbHalI npoexa: 9 - ynJIOTHHTeJIbHble MaH
>KeTbI; 10 - XBOCTOBHK HJIH HH>KH5I5I xacrt, 06C8AHOA KOJIOHHbl 

PHC. 53. Y3eJl CTbIKOBKH HH)/mell H sepxaea '1acTeii KOJlOHHbI: 

J - BepXHlIlI xacru cnycxaeuon oGca)I.Hoi! KOJIOHHbI; 2 - nocanosaua nepeBO)I.IIHK; 3 - narpy
t50K; 4 - Cnel.\H8JIbHalI MyqlTa; 5 - t5aIIIMaqHalI npoexa: 6 - npe)I.b1)I.yll\alI oocanuaa KOJIOHHa; 
7 - HHJKHlIlI 'laCTb cnycxaexon ot5ca)I.Hoi! KOJIOHHbl 

aJIbHOrO nepeaoztaaxa pacnonosceaa BTyJIKa 3, ynepzcaaaexas 
cronopaaxa UIrrHJIbKaMH 2. BTyJIKa nepexpuaaer oTBepcTHSI 4 B 

TeJIe nepesonaaxa, -repes xoropue npoxusaror CKBa)KHHY rro OKOH

qaHHH ueMeHTHpoBaHHSI crryrueHHoro yqaCTKa 06ca,n:HoH KOJIOHHbI. 

JIeBaSI pessoa CJIy)KHT ,n:JISI OTcoe,n:HHeHHSI 6YPHJIbHbIX rpyo 01' 06
canaux. 

HH)KHHH KOHeu sepxaero ysacrxa 06ca,n:HoH KOJIOHHbI ooopyny
101' aanpasaaroinea npotixoa H coe,n:HHHTeJIbHbIM KOHyCOM 

(pHC. 53). CTbIKOBOqHYIO nosepxaocrs xonyca rrOKpbIBaIOT CJIOeM 

MSIrKoro MeTaJIJIa (CBHHUa). 3aKaHqHBalOT cnycx sroro ysacrxa B 

CKBa)KHHY OqeHb Me,n:JIeHHO C rrpoMbIBKOH, Ha6JIIO,n:aSI aa ,n:aBJIeHH~ 

eM B CTOSIKe. BbICTpoe YBeJIHqeHHe ,n:aBJIeHHSI CBH,n:eTeJIbCTByeT 0 

BXO)K,n:eHHH HH)KHerO KOHua sepxnero yxacrxa B CrreUHaJIbHYIO 

MY<PTy HH)KHero. BepXHHH yqaCTOK cnycxaior no corrpHKOCHOBeHHSI 

KOHHqeCKHX rrOBepXHOCTeH ,n:eTaJIeH COqJIeHeHHSI; 3aTeM rrpHrro,n:HH

MalOT TaK, qT06bI ero HH)KHHH KOHeu OCTaBaJICSI BHyTpH cneua

aJIbHOH MY<PTbI HH)KHerO ysacrxa, H ueaearapyror aa secy. Ilocne 
ueMeHTHpOBaHHSI coe,n:HHHTeJIbHbIH KOHyC sepxaero yxacrxa caxca

101' aa KOHHqeCKYIO rrOBepXHOCTb CrreUHaJIbHOH MY<PTbI HH)KHerO 

1U 

yqaCTKa H KOJIOHHy OCTaBJISIIOT B rrOKoe Ha rr~pHO,n: TBep,n:eHHSI ue

MeHTHoro paCTBopa. 

ECJIH naannpyror KOJIOHHy cnycxars rro qaCTSIM, Ka)K,n:bIH yna
CTOK paccmrrsraaior na paCTSI)KeHHe C yserosr TOJIbKO ero c06CTBeH

aoro seca H ,n:orrOJIHHTeJIbHbIX CHJI npa paCXa)KHBaHHH. Il03TOMy, 

eCJIH ,n:JISI KOMrrJIeKTOBaHHSI KOJIOHHbI HCrrOJIbSOBaTb rpyfisr O,n:HOH 

rpynnsr rrpOqHOCTH, TO 06ruHH sec ee npa cnycxe rro qaCTSIM scerna 
MeHbUIe, qeM sec TaKOH »ce KOJIOHHbI, cnycxaevof sa O,n:HH npaex: 
SHaqHT, MeHbUIe H CTOHMOCTb c06CTBeHHO KOJIOHHbT. .IlJISI KOMrrJIeK

TOBaHHSI BepXHHX ceKUHH ,n:JIHHHOH KOJIOHHbI npa cnycxe rro qaCTSIM 

MO)KHO HCrrOJIbSOBaTb MeHee nponaue rpytisr, aanpavep, rpynrna 
rrpOqHOCTH K BMeCTO rpyo rpyrmsr rrpOqHOCTH JI, xoropue MorJIH 

6bI rroTpe60BaTbCSI npn cnycxe KOJIOHHbI B O,n:HH npaex. 3TO TaK)Ke 

cnocoocrayer YMeHbUIeHHIO CTOHMOCTH c06CTBeHHO 06ca,n:HOH KO

JIOHHhI. 

BMeCTe C TeM cnycxy 06ca,n:HbIX KOJIOHH rro qaCTSIM npucyut PSI,n: 

He,n:OCTaTKOB. 

Bo-nepaux, CTbIKH yqaCTKOB qaCTO OKaSbIBalOTCSI aerepxeras
HbIMH. Hapyutenae repMeTHqHOCTH MO)KeT 6bITb CJIe,n:CTBHeM ne

<popMaUHH 06ca,n:HOH KOJIOHHhI rro,n: BJIHSIHHeM HSMeHeHHSI TeMrrepa

rypsr H snyrpennero ,n:aBJIeHHSI, eCJIH yqaCTOK CTbTKOBKH He sane
MeHTHpOBaH HJIH aanexearapoaaa HeKaqeCTBeHHO. 

BO-BTOPbIX, XOTSI CTOHMOCTb c06CTBeHHO KOJIOHHbI npa cnycse 
rro qaCTSIM MeHbUIe CTOHMOCTH KOJIOHHbI, crrycxaexok sa O,n:HH npa
eM, 06I.UaSI CTOHMOCTb pa60T, CBHsaHHbIX C xpenaeaaex, B nepsox 
cay-rae MO)KeT OKasaTbCSI 60JIee BbICOKOH BCJIe,n:CTBHe roro, qTO npa
XO,n:HTCSI ueMeHTHpOBaTb Ka)K,n:hIH yqaCTOK oT,n:eJIbHO H sarpaua
aars ,n:orrOJIHHTeJIbHOe BpeMSI na O)KH,n:aHHe saraepnenas nexearno
ro pacrsopa H acnoxorareasaae pa60ThI (aanpnxep, nonroroasa 
K ueMeHTHpoBaHHIO, onpeccosxa yqaCTKOB, pasoypasaaae npoxe
)KYTOqHhIX ueMeHTHbIX CTaKaHoB, ynopnux KOJIeu H 06paTHhiX KJIa

nanos H T. rr.) 

CTOHMOCTb pa60T, CBSIsaHHbIX C xperineaaea CKBa)KHHbI CrrJIOUI

HOH KOJIOHHOH, 

ClIP = ClI +Cti.ytlIp+c; + Ca , (6.79) 

a npn cnycxe rro qaCTSIM 

C~p = CK C + CG. yt~p + C~ + C~, (6.80) 

rne ClI H ClIe - CTOHMOCTb c06cTBeHHo KOJIOHHhI oricazmux 
rpyo: Co. y- CTOHMOCTb npoxara 6ypOBOH yCTaHoBKH sa CYTKH; tlIp 

H t~p - rrpo,n:OJI)KHTeJIbHOCTb pa60T rro KperrJIeHHIO H ueuearapo
BaHHIO CKBa)KHHhI; Cu. H C: - CTOHMOCTb ueMeHTHpoBaHHSI; Ca1 

H C~ - CTOHMOCTb BcrrOMOraTeJIbHhIX H SaKJIlOqHTeJIbHbIX pa60T. 

Cnycx rro qaCTSIM 3KOHOMWleCKH onpaanan TOJIbKO npn yCJIO-

BHH, eCJIH c; < CKP' 
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Cnqc« XtlODrOBU1W8. XBOCTOBHK cnycxaror B CKBa)l{HHY aa KO

JIOHHe 6ypHJIbHbIX Tpy6, C KOTOpOH ero coe,lI.HHHIOT npa nOMOII.I.H 

pa3'be,lI.HHHTeJlH (CM. pHC. 52). ,UJIHHHbIe XBOCTOBHKH nOCJIe uexen
THpoBaHHH nO,lI.BeIllHBaIOT B npe,lI.bI,lI.YII.I.eH KOJIOHHe C nOMOII.I.bIO cne

).J.HaJIbHbIX yCTpOHCTB - nO,lI.BeCOK JIH60 na ueMeHTHOM KaMHe. 

B nOCJIe,lI.HeM cnysae 6YPHJIbHble Tpy6bI OTBHHlJHBaIOT 01' XBOCTO

BHKa TOJIbKO nOCJIe 3aTBep,lI.eHHH ueMeHTHoro pacTBopa. KopoTKHe 

XBOCTOBHKH aaor.aa CTaBHl' aa 3a60H H cpaay )l{e nocne nexearapo
BaHHH OTCOe,lI.HHHIOT 6YPHJIbHble Tpy6bI. Hano HMeTb B BH,lI.y, lJTO 

npn 3TOM XBOCTOBHK non ,lI.eHCTBHeM coocrseaaoro seca MO)l{eT 

np0,lI.OJIbHO H30rHyTbcH. 

ECJIH XBOCTOBHK cnycxaior B ra30BYIO CKBa)l{HHY, coenaaeane 
ero C npe,lI.bI,lI.YII.I.eH KOJIOHHOA CJIe,lI.yeT repxerasapoaan, C no

MOII.I.bIO naKepa. , 
DPH crrycxe B cKBa)l{HHY JII060H 06Ca,lI.HOH KOJIOHHbI B Ka)l{,lI.OM 

CelJeHHH ee ,lI.OJI)I{HO BbInOJIHHTbCH yCJIOBHe npOlJHOCTH (6.31)., Do

3TOMy ,lI.0 aaxana cnycxa KOJIOHHbI 6ypHJIbII.I.HKy Hy)l{HO ,lI.aTb HH

CTpyKUHH 0 MaKCHMaJIbHO ,lI.OnycTHMoM OTKJIOHeHHH CTpeJIKH HH,lI.H

xaropa aeca, ECJIH B npouecce npHnO,lI.HHMaHHH KOJIOHHbI CTpeJIKa 

OTKJIOHHeTCH ,lI.0 npe,lI.eJIbHOrO 3HalJeHHH, HaTHrHBaTb KOJIOHHy C 

60JIbIllHM yCHJIHeM nenonycraxo. UeJIeC006pa3Ho OCTOpO)l{HO npo

sepayrs KOJIOHHy, BOCCTaHOBHTb npoxuaxy, BBeCTH B npOMbIBOlJHYIO 

:lKH,lI.KOCTb CMa30lJHble ,lI.06aBKH H TaKHM nyrex YMeHbIllHTb CyMMy 

,lI.onOJIHHTeJIbHbIX ocesux CHJI, xoropue ,lI.eHcTByIOT na KOJIOHHy. 

He pexoxennyercs OCTaBJIHTb KOJIOHHy 6e3 ,lI.BH)I{eHHH aa CKOJIbKO

HH6y,lI.b np0,lI.OJI:lKHTeJIbHOe BpeMH: 31'0 6JIarOnpHHTcTByeT yBeJIHlJe

HHID CYMMbI CHJI Pc. Pa3rOH H ropvosceaae KOJIOHHbl npa cnycxe 
,lI.OJI}j{HbI 6bITb nJIaBHbIMH BO H36e}j{aHHe nOHBJIeHHH 60JIbIllHX aaep

UHOHHbIX IiarpY30K H. rH,lI.paBJIHlJeCKHX ynapos. 

ECJIH KOJIOHHa HMeeT caapasre COe,lI.HHeHHH, ,lI.0 cnycxa CBapHO

ro ursa B CKBa:lKHHY OH ,lI.OJI}j{eH OXJIa,lI.HTbCH na sosnyxe ,lI.0 reane

parypu npaaepno 400°C; npa 6bICTpOM OXJIa:lK,lI.eHHH B }j{H,lI.KOCTH 

MeTaJIJI B 06JIaCTH caapnoro uma CTaHOBHTCH xpynxax. OXJIa}j{,lI.e

HHe uma MO}j{HO HeCKOJIbKO yCKOpHTb, HCnOJIb3yH 06,lI.yB ero B03,lI.y

XOM C nOMOII.I.bIO B03,lI.yxO,lI.yBKH. BCJIe,lI.CTBHe He06xo,lI.HMOCTH OXJIa

:lK,lI.eHHH csapaux IllBOB np0,lI.OJI:lKHTeJIbHOCTb cnycxa TaKHX KOJIOHH 

06bllJHO 60JIbIlle, He}j{eJIH KOJIOHH C pe3b60BbIMH COe,lI.HHeHHHMH. 

§ 51. PaC'IeT pe)l{HMR cnycxa 06Ca,lI.HOH K.OJIOHHbl 

CKOpOCTb H yCKopeHHe cnycKa 06Ca,lI.HOH KOJIOHHbI npHxo,lI.HTCH 

OrpaHHlJHB8Tb H3-3a onaCHOCTH B03HHKHOBeHHH BbICOKoro ranpo

,lI.HHaMHlJeCKOrO ,lI.aBJIeHHH, xoropoe MO:lKeT 6blTb npHlJHHoft paspu

aa nopon H nOrJIOII.I.eHHH npOMblBOqHOH )l{H;lJ,KOCTH, CMHTHH ocean
HOH KOJIOHHbI JIH60 paapymeaas ooparaoro xnanaaa. HaH60JIee 

onacaas cHTyalJ,HH B03HHKaeT npa cnycxe 06Ca,lI.HoH KOJIOHHbI C aa

I<pbITbIM 06paTHblM KJIanaHOM, nOCKOJIbKY B 3TOM CJIYlJae BCH )l{H,lI.
KOCTb, BblTeCHHeM8H KOJIOHHOA, ,lI.BH)I{eTCH TOJIbKO no 38KOJIOHHOMy 
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npocrpaacrsy. DOlJTH TaKaH )l{e cHTyaUHH MO)l{eT B03HHKHYT~J ec

JIH 06paTHhIH KJIanaH OTKpbIT, HO ,lI.HaMeTp npOXO,lI.HOrO KaHaJIa B 

HeM MaJI. 
PaCCMOTpHM CJIylJaH cnycxa KOJIOHHbI C 3aKpbITbIM HH}j{HHM 

KOHUOM. 
Korna KOJIOHHa Tpy6 HaXO,lI.HTCH B CKBa}j{HHe, K napyscaoa no

BepXHOCTII ee npananaer aexoropua CJIOH )l{H,lI.KOCTH. DPH nepexe
II.I.eHHH KOJIOHHbI, aanpauep, BHH3 BMeCTe C HeH 6Y,lI.eT ,lI.BHraTbCH 

raxace npHJIHnIllHH CJIOH, KOTOpbIH B CBOIO oxepens 6y,lI.eT yBJIeKaTb 

C C060H BHH3 ztpyr-ae CMe}j{HbIe CJIOH )l{H,lI.KOCTH. D03TOMY )l{H,lI.

KOCTb, BbITeCHHeMaH KOJIOHHOH, ,lI.BH)I{eTCH ssepx He no sceay cese
HHIO 3aKOJIOHHOrO npOCTpaHCTBa, a JIHIllb no Hapy:lKHOH lJaCTH ero. 

Cpe,lI.HIOIO 3Q>Q>eKTHBHyIO CKOpOCTb BOCXO,lI.HII.I.erO nOTOKa BbITeCHH

eMOH }j{H,lI.KOCTH MO)l{HO onpenexars no q>opMyJIe Bypxxapnra 
[56] 

We = wT ( 2 d; 2 + b; ) , (6.81)
d -dHc 

rne WT - CKOpOCTb cnycxa 06Ca,lI.HOIi KOJIOHHbI; b; - nonpaaxa, 

YlJHTbIBaIOII.I.aH HCKa)l{eHHe npoQ>HJIH cxopocrea TelJeHHH B 3aKO

JIOHHOM npocTpaHcTBe no,lI. BJIHHHHeM 

CJIOeB )l{H,lI.KOCTH, npHJIHnIllHX K KO- br 
JIOHHe. BeJIHlJHHa ee 3aBHCHT 01' pe- Oq 
}f{HMa TeqeHHH (pHC. 54). ,UJIH npnri- r 

nH)I{eHHbIX pacneroa MO}j{HO npHHH- 03 
MaTb bT = 0,5. J 0,'" 0.6 0,8 dH/dc 

llT06bI npa cnYCK6 KOJIOHHbI He 
PHC. 54. 3aBHcHMoCTb no

....
'\~ 

I..... .'\/ I'\Z 

B03HHKJIO nOrJIOII.I.eHHe npOMbIBOlJHOA 
npaBKH bT OT COOTHomeHHH 

:lKH,lI.KOCTH, He06xo,lI.HMO BbIIIOJIHHTb ,IlH8MeTpOB deld« npa pasnux 
yCJIOBHe (8.19). C,lI.eJIaTb 3TO MO}j{HO peJKHMaX TeqeHHH: 

TOJIbKO nyrea OrpaHHlJeHHHBeJIHlJH 1 - TypllyJleHTHbllI; 2 - CTpyKTypHblll 

HbI rH,lI.p0,lI.HHaMHlJeCKOrO ,lI.aBJIeHHH;
 

OCTaJIbHble COCTaBJIHIOII.I.He sroro yCJIOBHH B nepaon cnycxa KO-,
 

JIOHHbI per-yaapoaars HeB03MO)l{HO. fH,lI.p0,lI.HHaMHlJeCKOe JJ.aBJIeHHe
 

npa crrycxe KOJIOHHbI CKJIa,lI.bIBaeTCH HS ,lI.BYX KOMnOHeHTOB: O,lI.HO


ro - 3aBHCHII.I.ero 01' CKOpOCTH, KOTOpyIO npnoopeaa :lKHJJ.KOCTb K
 

KOHUY np~,lI.IllecTBYIOII.I.erO MOMeHTa BpeMeHH,' H aroporo - aaepua

onaoro, 3aBIlCHII.I.erO 01' yCKopeHHH ,lI.BH:lKeHHH )l{H,lI.KOCTH B pac


cMaTpHBaeMbIH MOMeHT. TaK, rrpa Typ6yJIeHTHOM pe)l{HMe TelJeHHH
 
yCJIOBHe (8.19) C ,lI.ocTaTOlJHOH ,lI.JIH npaKTHlJeCKHX paClJeTOB TOlJHO


CTbIO MO}j{HO sanacars
 

( g + 0,5"Kk3W; 
de  d 

H 
+ an 

) 
PnZn < l!J.pnzn' (6.82) 

rne AI< - K03<pQ>HUHeHT m,lI.paBJIHlJeCKHX conpOTHBJIeHHft B 3aKO

JIOHHOM npocTpaHcTBe 

A 
II 

= 0.3\64 . 
ReO,26' 

(6.83) 
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PHC. 55. I'patpax aaBHCHMOCTH ~ = f (5):
 
1 - )l.JIlI xpyrnsrx rpyd: 2 - )l.JIlI COOCHoro KOJIbl\eBorO npocrpaacraa
 

W s - CKOpOCTb BOCXO,n:S1IJJ.erO rrOTOKa BbiTeCHSleMOH )l{H,n:KOCTH, no

cTHrHyTaSl K HalJaJIY paCCMaTpHBaeMOrO MOMeHTa crrycKa; an 
ycxopenae ,n:BH)I{eHHSI )l{H,n:KOCTH B ,n:aHHbIH MOMeHT; Zn - rJIy6HHa 

rinacra, B KOTOPbU1 B03MO)l{HO rrOrJIOIJJ.eHHe; ks - K03epepHIl,HeHT, 

YlJHTbIBalOIJJ.HH YBeJIHlJeHHe rH,n:paBJIHlJeCKHX COrrpOTHBJIeHHH B 3a

KOJIOHHOM rrpOCTpaHCTBe aa ClJeT MyepT na 06Ca,n:HbIX rpyoax H 3JIe

MeHTOB TeXHOJIOrHlJeCKOH OCHaCTKH, 

_ 1 ~II de -- dH • (6.84)k a - + -x;;- iT ' 

~II - K03epepHIJ.HeHT MeCTHbiX COrrpOTHBJIeHHii; ,n:JISI MyepTOBbiX cy
)l{eHHH 

d2 _ d2 

(6.85)SH= ( /2 -d; 1)\
C M 

IT - ,n:JIHHa o,n:Hoii 06Ca,n:HOii rpyeu. 
flOJIO)l{HB an=O, MO)l{HO onpenenars npenensno nonycrnxoe 

3HalJeHHe CKOpOCTH TelJeHHSI B 3aKOJIOHHOM rrpOCTpaHCTBe 

(w ) < 1 f 2 (Llpll - Png) (do - dH) • (6 86) 
a IIpeA ~ V A.llk sPll . . 

ECJIH (Wa)IlPeA ~ WKP' noncraaas HaH,n:eHHoe 3HalJeHHe 
(Wa)IlPeA B epOpMyJIy (6.81), JIerKO HaHTH npenensao ,n:onycTH

Moe 3Haneaae CKOpOCTH cnycxa KOJIOHHbI. ECJIH (Wa)IlPeA < WIIP' 
pacxer Hy)l{HO cnenars rrpHMeHHTeJIbHO K CTpyKTypHOMy peacaxy 

TelJeHHSI B 3aKOJIOHHOM rrpOCTpaHCTBe, npn KOTOpOM ranponanaxa

lJeCKOe ,n:aBJIeHHe 

51' W2
4'of n 0, "KPnZ n 3 

(6.87)PrA=1i1l (dc - dH) + iT ' 

rne ~II - 6e3pa3MepHaSi BeJIHlJHHa, onpenensexaa ITO pHC. 55 B sa
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BHCHMOCTH OT napaverpa CeH-BeHaHa-I1JIbIOIlIHHa, 

S = '0. (de - dH ) • 

II ljW3' (6.88) 

TO, 'rJ - ,n:HHaMHtleCKOe nanpascenae cnaara H nnacrasecxas BSl3
KOCTb rrpOMbIBOlJHOH )l{H,n:KOCTH. 

BeJIHlJHHY KpHTHlJeCKOH CKOpOCTH, COOTBeTcTBylOIJJ.eH CMeHe pe
)l{HMOB TelJeHHSI, MO)l{HO BbIlJHCJIHTb rro epOpMyJIe 

WIIP = ~dReIlPd)' (6.89)
Pn e- H 

KpHTHlJeCKOe 3HalJeHHe lJHCJIa PeHHOJIb,n:ca 

RellP = 7,3Heo,58 + 2100, (6.90) 

rne He - napasrerp Xencrpeva 

He = 'oPn (de;~-- dH)2 • (6.91) 
lj 

nOJIO)l{HB B yCJIOBHH (6.82) wa=O, MO)l{HO onpenennrs npeaens

HO nonycravoe 3HalJeHHe yCKopeHHSI )l{H,n:KOCTH B 3aKOJIOHHOM rrpo
cTpaHCTBe. 

Bo H36e)l{aHHe CMSITHSI o6ca,n:HoH KOJIOHHbI npn crrycxe neorixo

,n:HMO, lJT06bI pa3HOCTb Me)l{,n:y CyMMOH CTaTHlJeCKOrO H ranponmra

MHlJeCKOrO ,n:aBJIeHHH PCT+PrJJ, B 3aKOJIOHHOM npocrpancrae H CTa

THlJeCKHM ,n:aBJIeHHeM PB BHyTpH KOJIOHHbI 6bIJIa scerna MeHbllie 
KpHTHlJeCKOrO ,n:aBJIeHHSI ,n:JISI rpyf 

PeT + PrJJ, - PB < [pIH' (6.92) 
OTCIO,n:a C YlJeTOM epOPMYJIbI (6.13) MO)l{HO HaHTH nonycruayro 

rJIy6HHy OrrOp0)l{HeHHSI KOJIOHHbI npa cnycxe 

H < /P]H- PrJJ, • (6.93)Pug 

Ilpa rrpaKTHlJeCKHX pacserax 06bIlJHO sropoe cnaraeaoe B lJHC

JIHTeJIe epOPMYJIbI (6.93) B SIBHOM sane He YlJHTbIBaIOT. ECJIH npa

HSITb BO BHHMaHHe, lJTO npn 3TOM nonycxaercs 3HalJHTeJIbHaSl rro

rpeumocrs, H yuecrs, lJTO 60JIbiliaSi lJaCTb 06ca,n:HOH KOJIOHHbI npn 

cnycxe pacrsnyra (a paCTSI)I{eHHe yxensuraer corrpOTHBJISIeMOCTb 

rpyti CMSITHIO), TO K03epepHIJ.HeHT sanaca rrpOlJHOCTH cnenyer npn
HHMaTb kcM;;:::2. 



fJlABA 7
 

TAMnOHA)I(HbiE MATEPHAJIbi
 

§ 52. HaSHaqeHHe TaMnOHIDKHblX MaTepHanOo 
H TpeoooaHRH K RRM 

B (')ypeHHH npHHHTo Ha3hIBaTb TaMnOHaLKHhIMH TaKHe MaTepHa

JIhI, H3 BO,AHhIX cycnenaaa KOTOpblX oopasyerca npaKTHtIeCKH He

npoaauaexoe TBep,AOe TeJIO. 

. Taanoaascaue MaTepHaJIhI HCnOJIb3yioT npescne scero ,AJIH 3a-. 

nOJIHeHHH 3aKOJIOHHOrO npocrpancrsa CKBaLKHH H H30JIH~HH scex 
npoaauaexux nopoa ztpyr OT ztpyra: npenorapauieaas neperoxa 

LKH,AKOCTH (rasa) H3 O,AHOrO nJIaCTa B npyron HJIH B arxocrpepy no 

3aKOJIOHHoMy npocrpaacrsy: ,AJIH saxynopxa rpeuma, xasepa H 

npyrnx KaHBJIOB, no KOTOpblM MOLKeT nOrJIOIUaTbCH npOMhIBOtIHaH 

LKH,AKOCTb; ,AJIH aauraru HapyLKHOH: nosepxuocra 06Ca,AHhIX KOJIOHH 

OT KOpp03HH nJIaCTOBhIMH BO,AaMH (raaaxa}: ,AJIH npH,AaHHH 60JIb

lIleH: yCTOH:tIHBOCTH 06CB,AHblM KOJIOHHaM; ,AJIH C03,AaHHH nOCTOHH

HOH: HJIH BpeMeHHOH: nepexsrsxa B CTBOJIe CKBaLKHHbI (~eMeHTHhIH 
MOCT) H npyrax ~eJIeH:. 

Taxnoaaacaae MaTepHaJIhI, acnoassyexue ,AJIH pa306meHHH 

npoaauaexux nJIaCTOB, ,AOJILKHbI y,AoBJIeTBOpHTb psny Tpe60BaHHH: 

1. CycneH3HH raxoro MaTepHaJIB ,AOJILKHa 6hITb JIerKO npoxasa
BaeMoH B reseaae BpeMeHH, He06xo,AHMOrO ,AJIH rpaacnopraposa
HHH ee B 3a,AaHHbIH HHTepBaJI CKBaLKHHhI, a B noxoe - ce,AHMeHTa

~HOHHO yCToiitIHBOii. 

2~ no OKOHtIaHHH rpaacnoprapoaaaas B cKBaLKHHy cycneasaa 
B KOpOTKHii CpOK ,AOJILKHa npeBpBTHTbCH B npaKTHtIeCKH HenpOHH

uaexoe TBep,AOe TeJIO, ,AaLKe eCJIH rexneparypa oxpyxcarouiea cpe
,AhI HHLKe HyJIH °C. , 

3. CycneH3HH ,AOJILKHa npespauiarsca B rsepnoe TeJIO C He60JIb

lIlHM yBeJIHtIeHHeM 06beMa HJIH no KpaHHeH Mepe 6e3 MaJIeHlIleH 

ycanxa B YCJIOBHHX KOHKpeTHoH cHTya~HH B CKBaLKHHe. 

4. 0(')pa30BaBlIleecH H3 cycneasaa TBep,AOe TeJIO ,AOJILKHO 6bITb 

BblCOK03JIaCTHtIHbIM, . ,AOJIrOBetIHhIM, CTOHKHM nporas KOpp03HH npn 

KOHTaKTe C nJIaCTOBblMH LKH,AKOCTHMH H ra3aMH. 

5. 3TO TBep,AOe TeJIO ,AOJILKHO coxpaaars CBOH MeXaHHtIeCKHe 

CBOHCTBa, HenpOHH~aeMOCTb H KOpp03HOHHylO yCTOHtIHBOCTb npa 

scex H3MeHeHHHX rexneparypa, xoropue B03MOLKHbI B nepaon pa

60TbI ,AaHHOH CKBaLKHHhI. 

6. OHO ,AOJIJKHO HMeTb C~enJIeHHe C o(')ca,AHOH KOJIOHHOii H CTeH

KaMH CKBaJKHHbI H npOtIHOCTb ,AOCTaTOtIHhIe, tIT06bI npOTHBOCTOHTb 

TeM CHJIaM, xoropue MoryT B03HHKHYTb B nepaon pa60TbI CKBaLKH

Hlol. 
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7. Taanoaascaue MaTepHaJIhI ,AOJILKHhI 6hITb He,AeqlH~HTHhIMH 
H cpaBHHTeJIbHO He,AOpOrHMH, nOCKOJIbKY nOTpe6HocTb B HHX ,AO
BOJIbHO BeJIHKa. 

8. ECJIH TaMnOHaLKHhIH MaTepHaJI HCnOJIb3YlOT )J.JIH C03,AaHHH 

nepexsruor (xocra) B CKBaLKHHe, 06pa3ylOmHH:CH H3 ero cycnen
3HH KaMeHb ,AOJILKeH 06JIa,AaTb 6 OJIblIlOH npOtIHOCTblO H LKeCTKO
CTblO. 

§ 53. Baaoaue TaMnoHalKHble MaTepHanbi 
H TaMnOHaJKHble CMeCH 

HaH60JIee lIlHpOKO B KatIeCTBe TaMnOHaLKHbIX MaTepHaJIOB npu
MeHHIOT nexoropue BH,AbI ~eMeHTOB, a TaKLKe cneuaaasaue CMeCH, 

npHrOTOBJIHeMble na HX OCHOBe B 3aBO,ACKHX yCJIOBHHX JIH60 aeno
cpencrseaao aa 6ypOBbIx npe,AnpHHTHHX. XOTH ~eMeHThI HenOJIHO

CTblO y,AOBJIeTBOpHIOT Ha3BaHHbIM asnne Tpe60BaHHHM K TaMnOHaLK

HbIM MaTepHaJIaM, noxa HeT npyrax MaTepHaJIOB, xoropue, y,AOB

JIeTBopHH 3THM Tpe60BaHHHM, 6bIJIH 6bI KOHKypeHTocnoc06HhI C ~e

MeHTaMH no ,AOcTynHoCTH H cpaBHHTeJIbHO MaJIOH CTOHMOCTH. Ba
30BbIMH ~eMeHTaMH, xoropue MoryT 6hITb HCnOJIb30BBHbl. KaK B 

tIHCTOM BH,Ae, TaK H ,AJIH npHrOTOBJIeHHH TaMnOHaLKHblX cxecea, 

HBJIHIOTCH nOpTJIaH,AcKHe, lIlJIaKOBbIe, 6eJIHTOBbIe, rJIHH03eMHcTble 
H aexoropsre npyrae. 

JIopTAaHal{eMeHTbl. 3TO nopouncooripaaaoe BHLKyIUee seutecrso, 
noayxaeaoe nyrex 06LKHra no cnexanaa H nocnenyromero TOHKoro 

H3MeJIbtIeHHH CMeCH KBp60HaTHbIx H rJIHHHCTblX nopon, nO,A06paH

HhIX C TaKHM paCtIeTOM, tIT06bl B HCXO,AHOM cupse CO,AepLKaJIOCb 

CaO OT 60 .AD 75%, AbOs - OT 3 .AD 8%, Si02 - OT 15 ,AO 25% 
H Fe20S - OT 2 )J.O 6%. B KatIeCTBe 6a30BhIx ,AJIH pa306meHHH 

nJIaCTOB H npyrax H30JIH~HOHHhIX pa60T B CKBaLKHHax HCnOJIb3y

lOT ,ABe pa3HOBH,AHOCTH TBMnOHaLKHhIX nOpTJIaH,A~eMeHTOB, surry
cxaexsrx B COOTBeTCTBHH C rOCT 1581-78: a) ,ll.JIH «XOJIO,AHbIX» 

CKBaLKHH; 6) ,ll.JIH "rOpfllJHX cKBaLKHH". B uexenre nonycxaerca co
,AepLKaHHe aKTHBHblX MHHepaJIbHhIX ,A06aBOK, y,ll.OBJIeTBOpHIomHJI 
OCT 21-9-74, JIH60 aaepraux ,A06aBOK B BH,Ae xaapuesoro necxa 

HJIH .KpHCTaJIJIHlJeCKOrO H3BeCTHHKa, JIH60 rpaHymfpoBaHHoro ao
xennoro HJIH repaotpocqiopnoro umaxa. 

B tIHCTOM BH,Ae nOpTJIaH,A~eMeHThI MOLKHO HCnOJIb30BaTb B CKBa

LKHHax C reaneparypon He casnne 100°C; ,ll.aJIbHeH:lIlee yBeJIHtIeHHe 

rexneparypu aecsaa He6JIarOnpHHTHO CKB3hIBaeTCH aa H30JIH~H
OHHbIX CBOIlcTBax KaMHH. 

lleuenru na OCHOB8 MOAOTblX spanusupoeasnux lUAa!WB. 
Illnaxaxa aaausaror KaMHeBH,AHbIe orxonu MeTaJIJIyprutIeCKHX 

npoueccos, oopasyiomneca OT CnJIaBJIeHHSI paaaoponaux OKHCJIOB. 

B COCTaB ,AOMeHHbIX lIlJIaKOB BXO,ll.HT OKHCJIhI KaJIb~HH, KpeMHHH, 

aJIIOMHHHH, LKeJIe3a, MarHHH, a TaKLKe MapraH~a H npyrax 9JIeMeH

TOB. no cpaBHeHHIO C nOpTJIaH,ll.~eMeHTOM, B noxeaaax lIlJIaKaX 
MeHblIle OKHCH KaJIb~HH, HO 60JIblIl6 xpexaesexa. OCHOBHblM KOM
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rrOHeHTOM IIIJIaKa, 06JIa,ll.alOlUHM BfDKylUHMH cBoikTBaMH npa 06bItI
HOH resmeparype, f1BJIfleTCfI 6eJIHT. OpH HeBbICOKHX reaneparypax 
TeCTO H3 IIIJIaKOBOro uevenra CXBaTbIBaeTCfI O'IeHb Me,ll.JIeHHO. 
C rrOBbIIIIeHHeM rexneparypu aKTHBHOCTb uexeara B03paCTaeT. 

BfI)KYlUHe CBOHCTBa IIIJIaKOBbIX u:eMeHTOB cymecrnenao 3aBHCflT 
He TOJIbKO OT COCTaBa uexenra, HO TaK)Ke OT copra MeTaJIJIa, npn 
BbIrrJIaBKe xoroporo oopasyercs IIIJIaK, OT TeXHOJIOrH'IeCKOro peacn
Ma MeTaJIJIyprH'IeCKOH rre'IH, TeMrrepaTypbI paCrrJIaBJIeHHOrO IIIJIaKa, 
rexrreparypu H crroco6a rpanynsuaa H ,ll.pyrHX epaKTopOB. TaK KaK 
3TH rpaxropu He coxpaasnorca HeH3MeHHbIMH ,ll.a)Ke ,ll.JIfi O,ll.HOH H 
TOH )Ke nexa, TO xa 'IeCTBO IIIJIaKOBbIX u:eMeHTOB OKa3bIBaeTCfI BeCb
Ma HecTa6HJIbHbIM. 

B 'IHCTOM BH,ll.e IIIJIaKOBble uexeartr B Ka'IeCTBe TaMrrOHa)KHOrO 
MaTepHaJIa HCrrOJIb3YlOTCfI cpaBHHTeJIbHO peztxo. HaH60JIee IIIHpOKO 
npaxeamorcs u:eMeHTbI, nparoroanaexue nyrex COBMeCTHoro rro
MOJIa rpaHyJIHpOBaHHbIX ,ll.OMeHHbIX IIIJIaKOB C xsapueasm rreCKOM 
(IIIJIaKOrreC'IaHble nexenru] JIH60 C rrOpTJIaH,ll.u:eMeHTHbIM KJIHHKe
pOM (IIIJIaKOrrOpTJIaH,ll.u:eMeHTbI). TaK, ,ll.JIfi u:eMeHTHpOBaHHfI CKBa
)KHH C rexneparypoa OT 160,ll.o 220°C sunycxaerca nexerrr 
WOUC-200, rrOJIY'IaeMbIH nyrev COBMeCTHoro rrOMOJIa zroxennoro 
IIIJIaKa H xaapuesoro necxa, a ,ll.JIfi CKBa)KHH C revnepatypof OT 80' 
no 160°C - nexear WOUC-120, KOTOpbIH rrOJIY'IaIOT nyrex COB
MeCTHoro rrOMOJIa ztoxennoro IIIJIaKa, xaapueaoro necxa H He6oJIb
uroro KOJIH'IeCTBa noprnannnexearnoro KJIHHKepa. OOCJIe,ll.HHH nr
p aer POJIb axrnaaropa, cnocoocrnyroutero yCKopeHHIO CXBaTblBaHHfI 
uexearnoro TeCTa. 

OepcrreKTHBHbIMH ,ll.JIfi npaxeaemrs B CKBa)KHHaX C BbICOKHMH 
rexneparypaaa f1BJIflIOTCfI CHJIHKaTHO-rH,ll.pOrpaHaTHbIe uexenrsr, 
nonyvaeaue nyrex COBMeCTHoro rrOMOJIa rpanynapoaaanoro ,ll.OMeH
noro IIIJIaKa, rrHpHTHbIX orapxos H HeraIIIeHOH H3BeCTH. Kaxem, H3 
TaKHX u:eMeHTOB HMeeT BbICOKYIO rrpO'IHOCTb rrpH TeMrrepaTypax ,ll.O 
200°C H BbIIIIe, KOpp03HOHHoyCTOH'IHB B arpeccasuux rrJIaCTOBbIX 
sonax, B TOM 'IHCJIe conepxcamax cynsrparu MarHHfI H HaTpHfI. 

EeAUTO-KpeMfleseMUCTblU l{eMeflT. OOJIY'IaIOT nyrex COBMeCTHO
ro rrOMOJIa HeepeJIHHOBOro IIIJIaMa, f1BJIfllOlUerOCfI OTXO,ll.OM npoas
BO,ll.CTBa rJIHH03eMa, H xaapuesoro necxa B COOTHOIIIeHHH (70
50) : (30-50) % B nopomox C y,ll.eJIbHOll noaepxnocrsto 200

M2/KL OpH300 rrOMOJIe ,ll.06aBJIflIOT 1-2 % 6eHToHHTa ,ll.JIfi npazia
HHfI 60JIbIIIeH Ce,ll.HMeHTaU:HoHHoH cTa6HJIbHocTH uexenrnoay recry. 
Bsacymyio OCHOBy ueaenra ·COCTaBJIfieT 6eJIHT. EeJIHTO-KpeMHe3e
MHCTbIH uexear MO)KHO HCrrOJIb30BaTb B 'IHCTOM sane H B Ka'IeCTBe 
6a30Boro ,ll.JIfi rrpHrOTOBJIeHHfI TaMrrOHa)KHbIX cMeceH ,ll.JIfi CKBa)KHH 
C reaneparypoa OT 150 ,ll.O 300°C. 

rnunosenucrue ueuenru. r JIHH03eMHcTbIH uexenr rrOJIY'IaIOT 
nyrea 06)KHra no cnexanaa H nocnenyiomero rrOMOJIa CMeCH 6oKcH
T8 H Kap60HaTa KaJIbU:HfI. OpH COBMeCTHOM rrOMOJIe rrOCJIe crreKa
HHfI TOH )Ke CMeCH H ztayaonaoro ranca B COOTHOIIIeHHH npuaepao 
3: 1 rrOJIY'IaIOT rHrrCOrJIHH03eMHcTbItl nexenr. OCHOBHbIM. MHHepa-

JIOM, o6eCrre'IHBalOlUHM BfI)KymHe cBoHCTRa 3THX uevearoa, f1BJIfleT
CfI O,ll.HOKaJIbU:HeBbIH aJIIOMHHaT CaO· AI 20 g, conepzcanae xoroporo 
MO)KeT nocrarars 50%. 

3TH u:eMeHTbI MoryT 6bITb HCrrOJIb30BaHbI ,ll.JIfi CKBa)KHH C TeM
neparypoa He BblIIIe 25°C. Hx ocotiennocra: 6blcTpoe CXBaTbIBaHHe 
H. TBep,ll.eHHe rrpH HH3KHX TeMrrepaTypax H BbICOKafi KOppo3HoHHafi 
CTOHKOCTb B HeKOTopbIX rnnax arpeccasnsrx rrJIaCTOBbIX son. 

llopTAaflol{eMeflTflble cmecu OAf/. BblCOKUX rennepurqp. Taxno
Ha)KHble nopraannnexearu HMelOT ztaa cymecraeaaux He,ll.OCTaTKa: 
a) C rrOBblIIIeHHeM rexneparypu CBblIIIe npnxepao 60°C MaKCH
MaJIbHafi rrpO'IHOCTb uexearnoro KaMHfI BO BpeMeHH yxensuraercs, 
a npomtuaesrocr], B03paCTaeT (CM. § 56); 6) xoppoaaoaaas CTOH-. 
KOCTb npa KOHTaKTe C arpeccasuuaa rrJIaCTOBbIMH BO,ll.aMH HeBblCO
xa. 3TH He,ll.OCTaTKH B 3Ha'IHTeJIbHOH Mepe MO)KHO yCTpaHHTb no
6aBJIeHHeM K KJIHHKepy rrpH rrOMOJIe HJIH HerrOCpe,ll.CTBeHHo K rropT
JIaH,ll.u:eMeHTY 30-50% (OT MaCCbI ueueara) xaapueaoro necxa HJIH 
,ll.OMeHHoro IIIJIaKa. 

TaKHe MO,ll.HepHU:HpoBaHHbIe rrOpTJIaH,ll.u:eMeHTHbIe CMeCH HCrrOJIb
3YlOT npa rexneparypax npaxepno ,ll.O 160°C. 

06Aezlleflflble uemenrnue cuecu. OJIOTHOCTb pacraopoa, nonyna
eMblX H3 6a30Bblx u:eMeHTOB, MO)KHO H3MeHflTb B ziaanaaoae OT 
1800 ,ll.0 2000 Kr/M 3. 06JIer'IeHHble uexearnue CMeCH npennaaaase
HbI ,ll.JIfi rrpHrOTOBJIeHHfI TaMrrOHa)KHbIX pacrsopoa C cyiuecrnenno 
MeHbIIIeH rrJIOTHOCTbIO. CYlUeCTBYIOT HeCKOJIbKO cnocooos nonyxe
HHfI o6JIer'IeHHbIX u:eMeHTHbIX cxecea: 

a) .u.06aBJIeHHe K KJIHHKepy (IIIJIaKy) npa rrOMOJIe HJIH Herro
cpencrsenno K 6a30BoMy uexeury MHHepaJIbHbIX BelUeCTB, cnocoti
HbIX CBfl3bIBaTb 60JIbIIIoe KOJIH'IeCTBO sonu: 

6) nooaanemre K 6a30BoMy uexenry MeJIKHX eppaKU:HH rnepnsrx 
BemeCTB C MaJIOH rrJIOTHOCTblO (aerpraaoro KOKca, rHJIbCOHHTa, ac
epaJIbTOB, 6HTyMoB H T. rr.); 

B) ,ll.o6aBJIeHHe K 6a30BoMy ueaenry MeJIKHX rpanyn C 3aMKHy
TbIMH nopaxa, 3arrOJIHeHHbIMH ra30M (acnyueaaoro nepnara, nna
MHJIOHa, xsapueasrx MHKpo6aJIJIoHoB H T. rr.); 

r) CHHTe3 cneuaansnsrx BfI)KymHX. 
HaH60JIee IIIHpOKO CeH'IaC HCrrOJIb3YlOT rrepBbIH cnocoe. B xa

'IeCTBe MHHepaJIbHbIX ,ll.06aBoK K KJIHHKepy (IIIJIaKy) HJIH 6a30BoMy 
uexem-y ynorpeoamor rJIHHbI (6eHToHHT, rraJIbIrOpCKHT, rH.n:POCJIIO,ll.bI 
H np.) , KpeMHe3eMHcTbIe MaTepHaJIbI (,ll.HaTOMHT, rpene,n, onoxa, 
CHJIHKareJIb), MaTepHaJIbI ByJIKaHH'IeCKOrO rrpOHCXO)K,ll.eHHfI (nexaa, 
ByJIKaHH'IeCKHe nennu, TyepbI) , xaprioaarasre MaTepHRJIbI (H3BecT
HflK, MeJI). 3TH MaTepHaJIbI HMelOT He60JIbIIIylO rrpO'IHOCTb H JIerKO 
pa3MaJIbIBRIOTCfI B rropOIIIOK C BbICOKOH y,ll.eJIbHOH nosepxaocrsro 

M2/Kr(no 1000 Ii 60JIee). HaH6oJIbIIIylO y,ll.eJIbHYIO rrOBepXHOCTb 
H HaH6oJIbIIIYlO cnocoonocn, CBfl3bIBaTb sony HMelOT rJIHHHCTble, 
3aTeM KpeMHe3eMIICTble ,ll.06aBKH. 

CMeCH noprnaunueaeara C rJIHHHCTbIMH MaTepHaJIaMH, 'IRCTO 
lIMeHyeMble reJIbu:eMeHTaMH, HCrrOJIb3YlOT B OCHOBHOM B CKB8>KHHax 
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C reuneparypoa no 80°C;. CMeCH :lKe HS IIwaKOBOrO uexeara C rra
o!IbIrOpCKHTOBOH rJIHHOH MO:lKHO npaxeasrs npa rexneparypax npa
MepHo OT 60,u.0 250°C. 

CMecH nopr.naanueaeara C KpeMHe3eMHcTbIMH ,u.o6aBKaMH pexo
MeH,u.yeTcH HCrrOJIb30BaTb B reaneparypuoa ziaanaaone OT 50 no 
160°C, a 6eJIHTO-KpeMHe3eMHcToro uexenra - OT 100 no 300°C. 
B yxaaaaaux reaneparypnux ,u.Harra30Hax KOHetIHaH rrpOtIHOCTb 
KaMHH H3 cxecea C xpeaaeaexacruaa ,u.o6aBKaMH ssnue, He:lKeJIH 
H3 cxecea C rJIHHHCTbIMH ,u.06aBKaMH npn nposax pasaux yc
JIOBHHX. 

06IIJ,HM He,u.OCTaTKOM o6JIerQeHHblX cMeceH HBJIHeTCH TO, tITOC 
YMeHblIIeHHeM rrJIOTHOCTH TaMrrOHa}f{HOrO pacrsopa CHH}f{aeTCH TaK
}f{e rrpOtIHOCTb 06pa3ylOIlJ,erOCH H3 Hero KaMHH H B03paCTaeT rrpo
HHu.aeMOCTb. 

I'paaynu C 3aMKHYTblMH nopaua, SarrOJIHeHHblMH ra30M, xoryr 
tIaCTHtIHO pa3pYlIIaTbCH non BJIHHHHeM BbICOKoro ,u.aBJIeHHH cpenu, 
npa 3TOM 3epepeKT CHH}f{eHHH rrJIOTHOCTH TaMrrOHa}f{HOrO pacraopa 
B 3HatIHTeJIbHOH creneaa yTpatIHBaeTCH. Hanpaxep, rrJIOTHOCTb ue
MeHTHoro pacrnopa C ,u.o6aBKoH 15 % acnysenaoro nepnara B03pa
CTaeT C 1250 Kr/Ms npn arxoctpepaox ,u.aBJIeHHH no MaKCHMaJIbHoto 
3HaQeHHH 1450 Kr/Ms npn ,u.aBJIeHHH 7 MOa; rrJIOTHOCTb pacrnopa, 
conepscaurero 8% rrJIaMHJIOHa OT MaCCbI ueueara, yBeJIHtIHBaeTCH 
C 1200 Kr/Ms rrpH aTMocepepHoM ,u.aBJIeHHH ,u.o 1450 Kr/M3 H 60JIee 
npn ,u.aBJIeHHH 60 MOa. 

J'TJwiCeJleHHble ueueurnue cuecu.. YTH}f{eJIeHHble CMeCH rOTOBHT 
rryrex COBMeCTHoro rrOMOJIa noprJIaH,u.u.eMeHTHoro KJIHHKepa HJIH 
rpaaynaponanaoro noxenaoro IIIJIaKa C MHHepaJIbHblMH ,u.06aBKaMH 
BbiCOKOH rrJIOTHOCTH (4000 Kr/Ms H 60JIee). B KatIeCTBe TaKHX nooa
80K HCrrOJIb3ylOT B OCHOBHOM 6apHT, }f{eJIe3Hble H aaorna CBHHu.OBbie 
pynu. 

BOJlOKHUCTble UyeMeHTbl. 3TH CMeCH nonysator nyrex ,u.06aBJIe
HHH K 6a30BoMy uexerrry acriecroaux OTXO,u.OB, HMeIOIlJ,HX BOJIOKHa 
,u.JIHHOH 2-4 MM. TaKHe CMeCH rrpHMeHHIOT rrpH u.eMeHTHpOBaHHH 
CKBa}f{HH B TpeIIJ,HHOBaTbiX noponax. 

KOpp03UOHHOCTOUKue ueuenr«. KaMeHb H3 noprJIaH,u.u.eMeHTa 
rrpHKOHTaKTe C rrJIaCTOBbIMH aonaxa MO:lKeT pa3pYIIIaTbCH B pe
SYJIbTa~~ BblIlJ,eJIatIHBaHHH HaH60JIee paCTBopHMbIX KOMrrOHeHTOB 
ero, aanpaaep, m,u.pOOKHCH KaJIbu.HH (KOppOSHH BblIIJ,eJIatIHBaHHH), 
BCJIe,u.CTBHe XHMHtIeCKOrO rrpe06pa30BaHHH COCTaBa rro,u. ,u.eHCT
BHeM HOHOB MarHHH (MarHeSHaJIbHaH KOpp03HH), cynsrpar-aoaoa 
(cyJIbepaTHaH KOpp03HH) H CyJIbepH,u.OB (CyJIbepH,u.HaH KOppOSHH), B 
pesynsrare KaTHOHHOro 06MeHa. KOpp03HOHHOCTOHKHMH aaauaator 
re u.eM8HTbI HJIH CMeCH, KaMeHb H3 KOTOPI:!IX OTJIH'IaeTCH BbiCOKOH 
yCTOHtIHBOCTblO rrpOTHB scex UJIH XOTH 6b1 nexoropux BH,u.OB KOp
P0:lHH. TaK, secsua KOpp03HOHHOCTOitKHMH HBJIHIOTCH rJIHH03eMH
CTbIe ueaerrru. BbiCOKOit yCTOHtIHBOCTblO rrpOTHB KOpp03HH BbIIlJ,e
JIatIHBaHHH 06JIa,u.aIOT re u.eMeHTbI H CMeCH, B IC8MHe H3 KOTOpblX 
rrpaKTH'IeCKH ~e. conepzcarcs m,u.pOOKHCb K8JIbU.UH. KOppOSHOHHO
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CTOHKHMH npa KOHTaKTe C rrJIaCTOBblMH aonaxa, HaCbIIIJ,eHHblMH 
XJIOpH,u.aMH MarHHH, KaJIbu.HH H HaTpHH, H C rOpHbIMH noponaxa, 
coztepacauraaa 3TH KOMIIOHeHTbI, HBJIHIOTCH IIIJIaKOBbie H IIIJIaKOrreC
IJaHbIC uexearsr [5]. K CTOHKHM rrpOTHB cyJIbepaTHoH KOppOSHH OT
HOCHTCH nyuuonaaoaue noprJIaH,u.u.eMeHTbI C conepacaaaea CsA 
B KJIHHKepe He 60JIee 8% H OTHOIIIeHHeM AIj!Os: Fe20S~0,7 [15], 
B tIaCTHOCTH, CMeCH noprJIaH,u.u.eMeHTa C KpeMHe3eMHCTblMH ,u.06aB
KaMH rana onoxa, rpenena, a raioxe IIIJIaKOrrOpTJIaH,u.u.eMeHTbI. 
B yCJIOBHHX cyJIbepaTHo-cyJIbepH,u.HOH arpeccaa HaH60JIee CTOHKHMH 
OKa3bIBalOTCH IIIJIaKOrreCtIaHbIe uexearu, rJIHH03eMHCTble uexeans 
H HX CMeCH C rrOpTJIaH,u.CKHMH u.eMeHTaMH. 

PaCWUpJllOU{ueCJl cuecu. TaKHe CMeCH HCrrOJIb3YlOT ,u.JIH nparo
TOBJIeHHH raanoaascasrx pacrsopoa, 06'beM KOTOpblX npa rsepne
HHH yBeJIHtIHBaeTCH. Y CJIOBHO paCIIIHpHIOIlJ,HeCH CMeCH MO}f{HO paa
,u.eJIHTb aa zme rpyrmu. Ilepsyto COCTaBJIHIOT u.eMeHTbI H CMeCH, npn 
HCnOJI.b30BaHHH KOTOpblX npouecc pacIIIHpeHHH npoucxonnr B oc
HOBHOM rrOCJIe roro KaK u.eMeHTHblH KaMeHb CepOpMHpOBaJICH, npa
06peJI ,u.OCTaTOtIHO 60JIbIIIylO rrpOtIHOCTb H B 3HatIHTeJIbHOH Mepe 
yTpaTHJI nJIaCTHtIHOCTb. K TaKHM MaTepHaJIaM OTHOCHTCH ranco
rJIHH03eMHCTbIH nexear H CMeCH TaMnOHa}f{HOrO nOpTJIaH,u.u.eMeHTa 
C 10-20% mrrCOrJIHH03eMHCToro JIH60 5-10% MHrae3HTa HJIH no
JIOMHTa, 060}f{:lKeHHblX npa resmeparype 700-900°C. BeJIHtIHHa 
pacIIIHpeHHH TaMnOHa}f{HOrO KaMHH B rnepnosr COCTOHHHH He ,u.OJI}f{
aa npeasnuars, rro-BH,u.HMoMy, 1-1,5 %; npa 60JIbIIIeM paCIIIHpeHHH 
B03MO}f{HO pacrpecxaaaaae H paapyineaae KaMHH. 

BTOPYIO rpynny COCTaBJIHIOT CMeCH, pacumpeane pacrnopa H3 
KOTOpbIX SaKaH'IHBaeTCH K KOHU.y CXBHTblBaHHH ero, T. e. npoacxo
,u.HT B nepaon, xorna KpHCTaJIJIH3au.HoHHaH crpyxrypa epOpMHpylO
IIJ,erOCH uexeuraoro KaMHH He npaoopena eme 3HatIHTeJIbHOH npos
HOCTH H 06JIa,u.aeT 60JIbIIIOH nJIaCTHtIHOCTbIO. 3,u.eCb nonycrnxa ro
pasno 60JIbIIIaH BeJIHtIHHa pacurapeaas, B KatIeCTBe paCIIIHpHIOIIJ,HX 
,u.06aBOK MoryT 6bITb HCnOJIb30BaHbI OKHCH KaJIbu.HH H MarHHH, rro
nyseaasre 06}f{HrOM cupsa npa onpeneneuaox rexneparypaov pe
}f{HMe. TaK, B KatIeCTBe ,u.06aBKH K THMnOHa}f{HbiM nopraaanuexea
TaM, HCnOJIb3yeMbIM npa resmeparype zto 100°C, ycneumo npaxe
aena aeraureaaa H3BeCTb CaO, nOJIytIeHHHH 06}f{HrOM Kap60HaTa 
KaJIbu.HH npa reuneparype 1200°C; npa rexneparype B CKBa}f{HHe 
no 180°C ,u.06aBKoH K 6asoBbIM nexearaa H nexearao-necsaasra 
CMeCHM MO}f{eT CJIY}f{HTb OKHCb MarHHH, rrOJIytIeHHaH 06}f{HrOM xpo
MaTHoro IIIJIaMa npa reaneparype 1200-1300°C, H npa t}OJI6e BbI
COKHX resrneparypax B CKBH:lKHHaX - OKHCb MarHHH, nOJIytIeHHaH 
OO}f{HroM npa rexneparype 1600°C 114]. . 

H usxoeuepocsonusnue ueuenru. UeMeHTbI HMelOT 60JIbIIIylO 
yztensayro nOBepXHOCTb H aecsua rHrpOCKOrrHtIHbI. OOrJIOIlJ,aH H3 
arxocrpepu anary H yrJIeKHCJIOTy, OHH cpaBHHTeJIbHO ObICTpO rep s
lOT aKTHBHOCTb H CJIe}f{HB8IOTCH, KOMKyIOTCH; CBOHCTBa paCTBopOB 
H 1<aMHH npa 3TOM cyIlJ,eCTBeHHO yxy,u.IIIaIOTCH. O,u.HHM H3 crrOCOOOB 
coxpaaeaaa ,u.JIHTeJIbHoit 8KTHBHOCTH H npenorapauieaas CJIe}f{HSae. 
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MOCTH ueMeHTOB HBJIHeTC5I asenenae npn rrOMOJIe KJIHHKepa (UIJIa

xa) CrreUHaJIbHbIX .n:06aBoK, KOTOpbIe npuaator rrOBepXHOCTH nopour
xa ranpotporiaocrt, JIH60 YMeHbIllalOT ee rHrpOCKOIItIlJHOCTb. I'anpo
¢06H3HpOBaHHbIe uexenra HeIKeJIaTeJIbHbI .n:JIH uenea 6ypeHHH, 
TaK KaK OHH rrJIOXO CMalJHBalOTCH BO.n:OH, a rrpHrOTOBJIeHHbIe H3 HHX 

paCTBOpw BcrreHHBalOTCH H He.n:OCTaTOlJHO ce.n:HMeHTaUHOHHO yCTOH

lJHBbI. .lI.JIH ueMeHTHpOBaHHH CKBalKHH HCrrOJIb3YlOT HH3KorHrpOCKO

rrHlJHWe ueMeHTbI, 06pa60TaHHbIe TpH3TaHOJIaMHHOM. TaKHe uexen
TbI MeHbIlle CJIe)l{HBalOTCH H coxpanstor aKTHBHOCTb B rexeaae 60

nee rrpo.n:OJI)I{HTeJIbHOrO BpeMeHH. 

§ 54. OCHoBHble caoacraa ueaenruoro nopourxa, 
pacraopa H KaMHH 

Ceodcrea nopotuxa. Ilon rrJIOTHOCTblO TaMrrOHa)l{HOH CMeCH rro

HHMalOT Maccy e.n:HHHUbI 06"beMa ee B rrJIOTHOM TeJIe, T. e. aa BbIlJe

TOM eCTeCTBeHHOH rropHCTOCTH. - nJIOTHOCTb CYXOH CMeCH 3aBHCHT OT 

COCTaBa. rrOCJIe.n:HeH H rrJIOTHOCTH xaxcnoro KOMrrOHeHTa 

PM = ~PiCi' (7.1) 

r.n:e Pi - rrJIOTHOCTb COOTBeTcTBylOllIero KOMrrOHeHTa CMeCH; Ci 

conepscaaae naunoro KOMrrOHeHTa B CMeCH B .n:OJIHX OT 061l1eH Mac

CbI ee. 

Baacnaa xapaxrepacraxa CMeCH - Macca e.n:HHHUbI 06"beMa ee 

6e3 BWlJeTa eCTeCTBeHHOH rropHCTOCTH, HMeHyeMaH y.n:eJIbHOH HaCbIII

HOH MaccoH. Y.n:eJIbHaH HacwrrHaH Macca 3aBHCHT OT TOHKOCTH no

MOJIa H YMeHbIllaeTCH C YBeJIHlJeHHeM rrOCJIe.n:HeH. TaK, yztensnas 

aacurrnaa Macca TaMrrOHa)l{HOrO noproraannexenra B PbIXJIOM CO

CTOHHHH panna npaxepao 1200 Kr/M3, a CMeceH sroro uexeara 

C TOHKo.n:HcrrepCHbIMH .n:06aBKaMH MO)l{eT CHH3HTbCH no 800 Kr/M3. 

Ilpa yrrJIOTHeHHH nopourxa, nanpaaep, nyrex HaJIO)l{eHHH BH6paUHH 

y.n:eJIbHaH HaCbInHaH Macca MO)l{eT B03pacTH B 1,2-1,5 paaa. 
Y.n:eJIbHaH nosepxnocrs, T. e. cyMMapHaH nosepxaocn, lJaCTHU, 

conepacauraxcs B 1 xr MaTepHaJIa, H3MepeHHaH MeTo.n:OM B03.n:yxO

nponnuaeaocra, MO)l{eT H3MeHHTbCH B 3aBHCHMOCTH OT crenena H3

MeJIblJeHHH KOMrrOHeHTOB rrpHMepHo OT 250--350 .n:JIH rrOpTJIaH.n:ue

MeHTa .n:o 1000 M2/Kr H .n:a)l{e no 1500 M2/Kr .n:JIH CMeceH 6a30BbIx ue-
MeHTOB C 60JIbIllHM KOJIHlJeCTBOM ronxonacnepcaux .n:06aBoK. . 

Ceouctea /{eMeHT1W20 pacreopa. YCJIOBHMCH Ha3bIBaTb OTHOCH

TeJIbHbIM sonoconepzcauaea n TaMrrOHa)l{HOrO pacrsopa OTHOIlleHHe 

MaCCbI BO.n:W K Macce rsepnof ¢a3bI, B3HTbIM .n:JIH ero npHrOTOBJIe

HHH. .lI.JIH nOJIHOH ranparauaa TaMrrOHa)l{HOrO noprnannueaenra 

rpeoyercs 20--25% BO.n:bI OT ero MaCCbI, T. e. n=0,2-;-0,25. Ho Te

CTO, xoropoe oripasyercs npa CMeIllHBaHHH uestenra C TaKHM KOJIH

lJeCTBOM BO.n:bI, OKa3bIBaeTCSI rrpaKTHlJeCKH HenpOKalJHBaeMWM. no

3TOMy .n:JISI rrOJIYlJeHHSI pacrnopa, KOTOpWH MO)l{HO rpancnoprapo

aari, B CKBa)l{HHY, scerna .n:06aBJIHIOT K uevenry BO.n:bI 3HalJHTeJIb

HO 60JIbIlle, qeM rpeoyerca .n:JIH rnnp arauau. B OTelJeCTBeHHOH 
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npaxraxe aa MHHHMaJIbHO neotixonaaoe 06bIlJHO rrpHHHMalOT raxoe 
aonoconepscaaue, npn KOTOpOM naaxerp xpyra pacnnuaa paCTBO

pa H3 crannaprnoro xonyca A3HIU1 paaen 18 CM. TaK, .n:JIH pa

crnopa H3 raanonazcnoro nopr.naanuevenra MHHHMaJIbHOe n= 
= 0,35 -;- 0,4. HaH60JIbwee nonycrnaoe aonoconepscanae orpana
lJHBaeTCH ce.n:HMeHTaUHoHHoH yCTOHlJHBOCTbIO TaMrrOHa)l{HOrO pa

crsopa. 
nJIOTHOCTb TaMrrOHa)l{HOrO pacraopa aaBHCHT OT COCTaBa raep

.n:OH ¢a3bI H OTHOCHTeJIbHOrO sonocozepacanas. ECJIlt B COCTaB npn
rOTOBJIHeMOrO pacrnopa He BBO.n:HT ra30HarrOJIHeHHWe rpaayau 
(nepmrr, rrJIaMHJIOH H T. rr.) H paCTBOp He aspapyror, rrJIOTHOCTb ero 
MO)l{HO paCClJHTaTb rro ¢opMyJIe 

p = (1 + n) PT.cPm (7.2) 
n-p Pm + npT.C ' 

r.n:e pm - rrJIOTHOCTb )l{H.n:KOCTH, C KOTOpOH CMeIllHBalOT TaMrrOHa)l{

Hwii nopourox, 
Oneas aazcnoe 3Ha lJeHHe HMeeT rro.n:BH)I{HOCTb TaMrrOHa)l{HOrO 

pacrsopa. B MHpOBOii npaxraxe HaH60JIee IllHpOKO rrpHMeHSIeTCH 

KOCBeHHbIH cnocoo oueaxn rrO)l.BH)I{HOCTH rro rycrore (HJIH KOHCH

CTeHUHH) pacrsopa, H3MepHeMOH B yCJIOBHWX enannuax C rro

MOlllblO cneuaansaoro npnoopa - KOHCHCTOMeTpa, B KOTOpOM BOC

rrpOH3Bo.n:HTCH reunepa'rypa H .n:aBJIeHHe, oxcanaexsre npa ueMeHTH

pOBaHHH. Ilpaoop COCTOHT H3 CTaJIbHOrO CTaKaHa 8 (pHC. 56), spa

utarotuerocs C He60JIbIlloii CKOpOCTblO soxpyr BepTHKaJIbHOH OCH; 

paMKH 7 C JIOrraCTHMH, noxenteanoa B CTaKaH; 3JIeKTpo.n:BHraTeJIH 

10 C peztyxropox 9, CMOHTHpOBaHHbIX na 061l1eii CTaHHHe 11 C KpOH

IllTeHHOM 1. OCb 6 paMKH nonseurena C noaoiusro nonunmaaxa 2 
B KpOHWTeHHe 1. K oca npaxpermea O.n:HH KOHeu KaJIH6poBaHHoH 

npysonru 3, BTOpOH KOHeu Herro.n:BH)I{HO CBH3aH C KpOHIllTeHHOM. 

ECJIH B CTaKaH HaJIHTb TaMrrOHa)l{HbIH paCTBOp H BKJIlOlJHTb zmnra

TeJIb, spautenae OT CTaKaHa xepea paCTBOp 6y.n:eT nepenasarscs 

pavxe C JIOrraCTHMH. TaK KaK C OCblO paMKH coenanena npyacaaa, 

TO paxxa rrOBepHeTCH JIHIllb na yrOJI, npn KOTOpOM KpyTHllIHH MO

MeHT, rrpHJIO)l{eHHWH K HeH CO CTOpOHbI TaMrrOHa)l{HOrO pacrsopa, 

6y.n:eT paaen MOMeHTy ynpyrax CHJI npyxcansr. TaK KaK npyxcana 

KaJIH6poBaHHaH, TO, H3MepHH C noxoutsio CTpeJIKH 4 H IIIKaJI bI 5 
yrOJI nosopora paMKH, MO)l{HO onpenennrs BeJIHlJHHY rrpHJIO)l{eHHO

ro K Heft MOMeHTa. 06bIlJHO H? urxany HaHOCHT .n:eJIeHHH He B e.n:H

nauax xpyrmuero MOMeHTa, a B yCJIOBHWX ennnauax KOHcHcTeHUHH 

YEK. 3a 1 YEK rrpHHHMalOT yro.n, aa KOTOpWH noaepuercs paaxa 

npaoopa, eCJIH B CTaKaHe 6y.n:eT aaxoznrrsca HblOTOHOBCKaH )l{H.n:

KOCTb C .n:HHaMHlJeCKOH BH3KOCTbIO 1 Mna· c. 
4T06bI MO)l{HO 6wJIO aocnpoassomrrs yCJIOBHH .n:aBJIeHHH H TeM

neparypu npa ueMeHTHpoBaHHH, CTaKaH npariopa 3aKJIIOlJeH B crre

UHaJIbHbIH aBTOKJIaB. Paaaepu CTaKaHa H paMKH, )l{eCTKOCTb KaJIH

6poBaHHoH rrpy)l{HHw H CKOpOCTb apamenas CTaKaHa .n:OJI)I{HW 6bITb 

crporo o.n:HHaKOBbIMH .n:JISI acex npaoopos. 
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PHC. 58. fpact>HK H3MeHeHH>I 
JJ:HHaMHqeCKOrO aanpaseenua 
CJJ:BHra (1) H nJIaCTHqeCKOH 
Bl\3KOCTH (2) paCTBopa HS 
CMeCH 6esMeUHcKoro ~eMeHTa 
C 10% 6apxaHHoro necxa BO 
BpeMeHH npa 75°C H n= 0,51 
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8peMII,II111 HiJl/tllltl JIZ/T/6{1pe
HUR,MaH 

MHOrHe TaMnOH8:>KHble p8CTBOpbl MO}l{HO B nepaou npH6JIH:>Ke

HHH paccxarpasan, KaK BH3KOrrJlaCTH'lHble rena, a 0 nOJI.BH:>KHO

CTH HX CYJI.HTb no JI.HHaMH'leCKoMy HarrpH:>KeHHIO CJI.BHra H nnacra

'leCKoi% BSI3KOCTH, H3MepHeMblM C noxoutsto CrreII.HaJIbHblX BHCK03H

xerpos. 3a CpOK sarycreaaaaa B 9TOM 

cnyxae MO:>KHO npHHHTb oTpe30K apexe

HH OT Ha'laJla 3aTBopeHHH JI.O MOMeHTa 

Haq8JI8 ftHTeHCHBHoro pOCTa JI.HHaMHqe

cxoro HanpH:>KeHHSI CJI.BHra (pHC. 58). 
B OTe'leCTBeHHOH rrpaKTHKe qaCTO 

rrOJIb3ylOTcSI TaK:>Ke rrOHSITHSIMH 0 cpoxax 
CXBaTblB8HHSI. CpOKOM aasana CXBaTbl

BaHHSI Ha3blBalOT npOMe:>KyToK BpeMeHH 

OT aaxana 3aTBopeHHSI JI.O MOMeHTa, xor

zta npOqHOCTb crpyxrypu B HenO)l.BH:>K

HOM TaMnOHa:>KHOM pacrsope, noxemea

HOM B CTaHJI.apTHbli% KOHyC, JI.OCTHrHeT 
TaKOH BeJlH'lHHbI, 'lTO CTaHJI.p8THaSI arna 

BHKa, norpyacaeuas B paCTBOp, He JI.O
XOJI.HT JI.O HH:>KHeii rpaHHII.bI xoayca aa 

1-2 MM. DoJI. CpOKOM KOHII.a CXBaTblBa

HHSI rrOHHMalOT npouescyrox BpeMeHH OT 

H8'laJIa 3aTBopeHHSI )1.0 roro MOMeHTa, 

xorna T8 »ce HrJIa BHKa 6y)l.eT norpy

:>KaTbCSI B TeCTO He 60Jlee 'leM aa 1 MM. 

Do CPOKY Ha'l8JIa CXBaTblB8HHH MO:>KHO 

rrpH6JlH:>KeHHO cynars 0 cpoxe uaxaaa 
3arycTeBaHHSI. Do pa3HHII.e B cpoxax KOHII.a H aavana CXBaTblBaHHfI 

KOCBeHHO CYJI.SIT 0 TeMne HapaCTaHHH Ha'laJIbHOH npO'lHOCTH II.e

MeHTHoro KaMHSI. 
I1CKJIIO'lHTeJlbHO 60JlbIIIOe aaaxeaae JI.JlH xasecraa pa306meHHfI 

rrJIaCTOB HMeeT CeJI.HMeHTaII.HOHHaH yCTOH'lHBOCTb TaMrrOHa:>KHOrO 

pacrsop'a. DOTeHII.HaJlbHO Jl1060H TaMnOHa:>KHblii paCTBOp KHHeTH

'leCKH HeycTOH'lHB: cpaBHHTeJlbHO rpyoue qaCTHII.bl TfI:>KeJlOH rsepnoa 

<pa3bl ero BCerJI.a CTpeMSITCH orrYCKaTbCSI BHH3 non JI.eHCTBHeM CHJlbI 

TSI:>KeCTH OTHOCHTeJlbHO 60JIeeJlerKOH JI.HCnepCHoHHOH CpeJI.bl. KOH

II.eHTpaII.HSI TBepJI.OH <pa3bl B pacrsope BeJlHKa, rr03TOMY ocascne

HHe 'laCTHII. He nOJI.'lHHSIeTCH saxony CTOKca, a CKOpOCTH OCa:>KJI.eHHH 

60Jlee xpynaux H60JIee TH:>KeJlblX qaCTHII. npaKTH'leCKH O)l.HHaKOBbI 

CO CKOpOCTSIMH OCa:>KJI.eHHH 60Jlee MeJlKHX H 60Jlee JlerKHX 'laCTHII.. 

TBepJI.aSI <pa3a ovens MeJI.JIeHHO onycxaercs BHH3, 8 BblTeCHSIeMaSI 

eto cB060JI.HaSI BOJI.a <pHJIbTpyeTcSI aaepx no noposux xaaanax 

Me:>K)l.y TBepJI.blMH qaCTHII.8MH. 0 CeJI.HMeHTaII.HOHHOH YCTOi%qHBOCTH 

CYJI.SIT npeacne scero no BeJlH'lHHe K03<P<PHII.HeHTa BOJI.OOTCTOSI, T. e. 
no OTHOIIIeHHIO 06'beMa aonsr, BblJI.eJlHBIIIeHCH H3 250 CMs raano

Ha:>KHOrO pacreopa, HaJlHTOrO B MepHblil CTeKJlflHHblA II.HJlHHJI.P. aa 
2 'l nOKOSI, K HCXOJI.HOMy 06'beMy pacrsopa. COrJlaCHO HopMaM AMe

puxancxoro nerpraaoro HHcTHTyTa (AHI1) YCTOH'lHBblMH CqHTaIOT
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PHC. 56. npHH~HnHaJIbHall exexa KOH
CHCTOMeTpa 

PHC. 57. fpaepHK HSMeHeHHlI KOHCHCTeH~HH pacraopa HS CTepJIHTaMaKcKoro nexea
ra BO BpeMeHH: 

N. KpHBoll 
H8 pacynxe 

C'lHTaIOT, 'lTO KOHCHCTeHII.HH ecrs SeJlH'lHHa, 06paTHaH rrOJI.BH:>K

HOCTH. KOHcHcTeHII.HSI H3MeHSIeTCif BO BpeMeHH rro Mepe roro, KaK 

pa3BHBaeTCSI npOII.eCC rH)l.paTaII.HH (pHC. 57). 06bI'lHO YJI.OBJleTBO

pHTeJlbHO rrOJI.BH:>KHbIMH C'lHT8IOT raanoaascasre pacraopu, KOHCH

GTeHII.HSI KOTOpblX B rexeaae BpeMeHH, )l.OCTaTO'lHOrO JI.JlSI rpaacnop

THpOBaHHSI pacrsopa B CKBa:>KHHy, He npeauuraer 10-15 YEK. Do 

xepe pa3BHTHSI rHJI.paTaII.HH BSI:>Kymero nacrynaer nepaon, xorna 

pacrsop CTaHOBHTCSI rpynao npoxasaaaeaux. DpOMe:>KyToK apexe

HH OT nasana CMeIIIHBaHHSI TaMrrOHa:>KHOrO nopourxa C BO)l.OH JI.O 
MOMeHTa, xoraa KOHCHCTeHII.HSI CTaHOBHTCSI spesxepao rycroa, 8 pa

CTBOp - rrJlOXO rrOJI.BH:>KHbIM, Ha3hIBalOT CpOKOM s8rycTeBaHHSI. 

06bl'lHO TaKOH KpHTH'leCKOH TO'lKOH C'lHTaIOT KOHCHCTeHII.HIO B 
50 YEK. 

.lJ.JlH II.eMeHTHpOBaHHSI CKBa:>KHH B 60JlbIIIHHCTBe cnyxaea :>KeJla

TeJlbHO HCrrOJlb30BaTb pacTBopbl, rrO)l.BH:>KHOCTb KOTOpblX B Te'leHHe 

BpeMeHH, )l.OCTaTO'lHOrO JI.JlSI TpaHcIIopTHpOBailHSI B CKBa:>KHHy, 
H3MeHSIeTcH B He60JlbIIIOM )l.Harra30He, a nocne OCTaBJleHHSI pacrso

pa B noxoe pesxo naaaer. CpOK 3arYCTeBaHHSI TaKHX pacrnopos 

rrpaBHJlbHee orrpe)l.eJlHTb rro MOMeHTX Ha'laJla HHTeHCHBHoro pOCTa 
KOHCHCTeHII.HH. 



CH pacraopu C K03<p<PHU;HeHTOM BO,AOOTCTOH He (5oJIee 2%, a H3 He
KOTOpblX COpTOB nesreara - zrasce He 60JIee 1,4%. 

Ce,AHMeHTaU;HoHHYIO YCTOHqHBOCTh rrOJIe3HO KOHTpOJIHpOBaTh 
TaK)Ke B onurax C pacraopox, HaJIHTblM B KOHHqeCKYIO KOJI6y HJIH 

B Y3KHH BbiCOKHH U;HJIHH,Ap. ECJIH Ce,AHMeHTaU;HOHHO HeycTOHqHBblH 
pacTBop OCTaBHTh B rrOKoe B KOHHqeCKOH KOJI6e, crrYCTH HeKoTopoe 
BpeMH B HeM B,AOJIh HaKJIOHHblX CTeHOK cocy,Aa rrOHBHTCH KaHaJIbI, 

rro KOTOpblM ,ABH)KyTCH saepx crPYHKH BO,AbI, HHOr,Aa naxce C KOMOq

KaMH TBep,AOH <pa3hI. 3TH KaHaJIhl coxpaHHIOTCH H B u;eMeHTHOM 
KaMHe, eCJIH npu TBep,AeHHH He rrpOHCXO,AHT 3HaqHTeJIhHOrO yBeJIH

qeHHH ero 06'heMa. 

B HeycTOHqHBOM pacrsope, HaJIHTOM B Y3KHH BbiCOKHH U;HJIHH,AP, 

co epeveaea 06pa3yIOTcH ropaaoaransaue rpeIl.J,HHhl, aanonueanue 
BO,AOH. Paapusu rrOHBJIHIOTCH BCJIe,ACTBHe roro, qTO npouecc rpasu
TaU;HOHHoro OCa)K,AeHHH TBep,AOH <pa3b1 H,AeT O,AHOBpeMeHHo C oepa

30BaHHeM crpyxrypu B pacrnope H 3aBHcaHHeM rrOCJIe,AHeH aa CTeH

xax cocyna. tIeM MeHhIUe ,AHaMeTp cocyna, TeM 60JIhIUe oopasyer
CH TaKHX rpenraa. TaKHe xce rpeumau, aanoaaeaasre BO,AOH, xoryr 
06pa30BblBaThCH B CKBa)KHHaX, rrOCKOJIhKY 3a30p Me)K,Ay CTeHKaMH 

CTBOJIa H 06Ca,AHOH KOJIOHHOH rrOqTH BCer,Aa ,AOcTaTOqHO MaJI. 

CB060,AHaH BO,Aa, conepacautasca B TaMrrOHa)KHOM pacrnope, 
MO)KeT OT<pHJIhTpOBhIBaThCH H3 Hero xepea npoaanaeaue CTeHKH 

CKBa)KHHbI, H3-3a Hero rrO,ABH)KHOCTh pacrnopa YMeHhIUaeTCH. D03
TOMy Ba)KHOH xapaKTepHCTHKOH HBJIHeTCH BO,AOoT,Aaqa TaMrrOHa)K

uoro pacraopa. XOpOIUHMH MO)KHO CqHTaTh pacrnopu, BO,AOOT,Aaqa 

KOTOpblX qepe3 CTaH,AapTHblH <pHJIhTP rrpH rreperra,Ae ,AaBJIeHHH 

7 MDa H resmeparype, O)KH,AaelvlOH B u;eMeHTHpyeMoM HHTepBaJIe 
CKBa)KHHhl, He npeauruaer 10-15 CM3 aa 30 MHH. BO,AOOT,Aaqa 
pacrnopa, rrpHrOTOBJIeHHOrO H3 TaMIIOHa)KHOrO rrOpTJIaH,Au;eMeHTa 

IIpH n=O,5, ,AOCTHraeT 800 CM3 H 60JIee. 

Ceoacrea uesenrnoeo «auns: DpOqHOCTh KaMHH, oopaayioure

rOCH H3 TaMrrOHa)KHOrO pacrsopa, HHTeHCHBHo pacrer B rrepBhlH ne
pHO,A TBep,AeHHH, rrpo,AOJI)KaIOIl.J,HHCH OT HeCKOJIhKHX qaCOB,AO He
CKOJIhKHX CyTOK, B 3aBHCHMOCTH OT COCTaBa uexenra, rexnepary

pu, ,AaBJIeHHH H npyrax <paKTopOB. B ,AaJIhHeHIUeM HHTeHCHBHOCTh 
pOCTa 6hlCTpO yMeHhIUaeTCH, HO nposnocn, nocreneaao MO)KeT yBe
JIHqHBaThCH B reneaae ,AJIHTeJIhHOrO BpeMeHH, Hepe,AKO MHOrHe Me

CHU;hI. O,AHOBpeMeHHO C pOCTOM· rrpOqHOCTH YMeHhIUaeTCH rrJIaCTHq
HOCTh KaMHH, OH CTaHOBHTCH ace 60JIee xpynxax TeJIOM. 

DpOqHOCTh KaMHH HMeeT 60JIhIUOe aaaseaue npexcne scero ,AJIH 
06eCrreqeHHH repMeTHqHOCTH 3aKOJIOHHOrO rrpOCTpaHCTBa CKBa)KHH: 

B cnynae CHJIhHOrO rrOBhlIUeHHH H36hITOqHOrO aayrpeuaer-o ,AaBJIe

HHH B 06ca,AHOH KOJIOHHe, rexneparypu ee HJIH rrpHJIO)KeHHH K KO
JIOHHe ocesof paCTHrHBaIOIl.J,eH CHJIbi rrOCJIe 06pa30BaHHH uexenr
Horo KaMHH B rrOCJIe,AHeM B03HHKaIOT 3HaqHTeJIhHble TaHreHU;HaJIh
nue H ocesue paCT51rHBaIOIl.J,He Harrp51)KeHH51, non B03,AeHCTBHeM KO
ropux KaMeHh MO)KeT pa3pYIUHThC51. Kaxem, MO)KeT pa3pYIUaThC51 
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TaK)Ke non ,AeHCTBHeM ynapaux narpyaox npa npOCTpeJIOqHhlX pa 
60Tax B CKBa)KHHe. 

C YBeJlHqeHHeM MO,AyJI51 ynpyrocra uexenrnoro KaMHH soapacra
er ,AOJI51 panaansnsrx aarpyaox, xoropue BocrrpHHHMaIOTC51 HM, H 
COOTBeTCTBeHHO YMeHhIUaeTcH aarpysxa na 06Ca,AHyIO KOJIOHHy OT 
H36b1TOQHOrO ,AaBJIeHH51; rrpOqHOCTh KperrH rrpH 3TOM yBeJIHqHBaeT

C51. MO,AYJIh yrrpyrocTH KaMH51 YBeJIHqHBaeTC51 o,AHOBpeMeHHo C 
pOCTOM rrpOqHOCTH; B 3aBHCHMOCTH OT COCTaBa KaMH51 H rexnepa

Typhl BeJIHqHHa ero na O,AHH-,ABa rrOp51,AKa MeHhIUe MO,AyJIH yrrpy
rOCTH CTaJIH. 

UeMeHTHhlH KaMeHh 5lBJIHeTC51 1l0PHCTblM TeJIOM. B npouecce 
rH,ApaTaU;HH rrOpTJIaH,Au;eMeHTa IIpH HeBhlCOKOH reaneparype paaayc 

rrop YMeHhIUaeTcH OT ,AOJIeH MHJIJIHMeTpa B )KH,AKOM TaMIIOHa)K

HOM pacrsope ,AO e,AHHHU; H naxce COThlX ,AOJIeH MHKpOMeTpa B crpop
MHpOBaBIUeMCH KaMHe. DPH 1l0BhlIUeHHblX rexneparypax B KaMHe 

MO)KeT rrpOHCXO,AHTh rrepeKpHCTaJIJIH3aU;HH HeYCTOHqHBhIX nponyx

TOB rH,ApaTaU;HH, 06pa30BaBIUHXCH B HaqaJIhHhlH nepaon TBep,AeHH51, 

B 60JIee YCTOHqHBhle npa ,AaHHblX yCJIOBHHX, IIpH 3TOM panayc rrop 
YBeJIHQHBaeTcH. Do ,AaHHhIM B. C. )],aHIOIUeBcKoro H K. A. Ll)Ka6a

poaa, Cpe,AHHH pazmyc rrop B KaMHe TpeXMeC51qHOrO B03paCTa, coop
MHpOBaBIUeMCH H3 pacrsopa TaMrrOHa)KHOrO nopr.nanztnevenra 

C n=O,5 npa reanep arype 22°C, paaen 0,012 MKM, npn rexnepary
pe 50°C - 0,025 MKM, a npa rexneparype 160°C - yxce 0,6 MKM. 

DpaKTHqeCKH nenpoaauaeaus, MO)KeT 6hITh TeJIO JIHlllh C cyrixanan

JIHPHhlMH KaHaJIaMH, paztayc KOTOpblX MeHee 0,2 MKM. )],a)Ke B KaM

He co Cpe,AHHM panaycox rrop 0,012 MKM HMeeTCH aexoropoe qHCJIO 
,AOCTaTOqHO xpynaux KaHaJIOB C paaaycox 1 MKM H 60JIee, 6JIaro
napa KOTOpblM KaMeHh CTaHOBHTCH npoaanaeaux. Do KpyllHblM rro

POBhlM KaHaJIaM )KH,AKOCTh MO)KeT neperesars H3 oznroro nnacra B 

npyros HJIH B arxocrpepy. DpOHHKHoBeHHe arpeccHBHOHrrJIaCTOBOH 
)KH,AKOCTH rro KarrHJIJIHpHhlM KaHaJIaM BHYTPh KaMHH cnocoocrayer 
HHTeHcH<pHKaU;HH KOpp03HH ero. Ba)KHO nosrovy KOHTpOJIHpOBaTh 

npouauaeaocri, uexearnoro KaMH51 H TaK perynapoaari, COCTaB ero, 
QTo6hl npenoraparars B03MO)KHOCTh 06pa30BaHH51 3HaQHTeJIhHOrO 
qHCJIa KarrHJIJIHpHblX H 60JIee xpynaux noposux KaHaJIOB-. 

o KOpp03HOHHOH CTOHKOCTH uexenruoro KaMH51 CY,A51T rro xapax
repy H3MeHeHH51 rrpOQHOCTH H nponauaeaocra, a TaK)Ke crpyxrypu 
ero rrpH ,AJIHTeJIhHOM xpaHeHHH B arpeccHBHblX rrJIaCTOBbiX BO,Aax. 

)],JI51 sroro oopasuu uexearaoro KaMHH onycxaior B CKBa)KHHy,. 
B KOTOpyIO nocrynaer arpeccasnaa rrJIaCTOBaH BO,Aa, JIH60 B crre
U;HaJIhHYIO BaHHy C rrpOTOQHOH rrJIaCTOBOH BO,AOH ,AJIH rrpO,AOJI)KH
TeJIhHOrO xpanenaa, tIepe3 onpeneneaaue HHTepBaJIbi BpeMeHH H3

DJIeKaIOT H3 BO,AbI qaCTh oopaanos H H3MepHIOT HX rrpOQHOCTh, rrpo
HHu;aeMOCTh, HCCJIe,AyIOT crpyxrypy, Kaaeas MO)KHO CQHTaTh KOp
p03HOHHOCTOHKHM, eCJIH rrOCJIe ,AJIHTeJIhHOrO xpaHeHH51 B arpeccHB
HOH rrJIaCTOBOH BO,Ae (uanpnuep, B TeqeHHe 1 rona) nposaocn, He 
yMeHhlllHJIaCh, a npoaauaexocn, He B03pOCJIa. 
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Ilpouecc npespauteaaa T8MnOHa}l{HOrO pacrsopa B 'PBep~oe reno 
MO}l{eT COnpOBO}l{~aTbCH aexoropux H3MeHeHHeM ero reoxerpaae
cxoro OObeMa. ECJIH npa TBep~eHHH TeCTa reOMeTpHqeCKHH OObeM 

ero yMeHblIIaeTCH, Me}l{~y ~eMeHTHblM KaMHeM H ooca~HOH KonOH

HoA, Me}l{~y KaMHeM H CTeHKaMH CKBa}l{HHbl MO}l{eT 00pa30BaTbCH 

3830p, no KOTOpOMy npoaauaexue nJI8CThI 6Y~YT cooomarsca npyr 
C npyroa, nnH ~eMeHTHpOBaHHH CKBa}l{HH nparonaa JIHlIIb TaKHe 

raanoxasonre cxeca, npa raepneaaa pacraopos H3 KOTOphlX reo- ; 

MeTpHqeCKHii OObeM HeCKOJIbKO YBeJIHqHBaeTCH (paCIIIHpHIOm.HeCH 

CMeCH) JIHOO OCTaeTCH HeH3MeHHblM (oe3YC8~OqHble ~eMeHTbI). Ko
HeqHO, YBeJIHqeHHe oObeMa npa TBep~eHHH ~OJI}I{HO H~TH oea oopa
30BaHHH rpeutaa H 3HaqHTeJIbHOrO qHCJla KanHJIJIHpHblX nopoaux 
KaHaJIOB. 

§ 55. 0 noposoa ,IlaBJleHHH, npouauaeaocra
 
H TaMnoHHpylOmeA cnocodaocra ~eMeHTHbiX paCTBOpOB
 

,j: 
MexaHH3M epOpMHpoBaHHH noposoro ~aBJIeHHH B cycneasaax ] 

OblJI paccxorpen B § 10. OCTaHoBHMcH n03ToMY TOJIbKO aa cneua

epHqeCKHXOc06eHHocTHX, npacyumx TaMnOHa}l{HblM pacrsopax, 
B pe3YJIbTaTe peaxuafl ranparauaa uexeara B HenO~BH}I{HOM .\! 

TaMnOH8}1{HOM pacrsope B03HHKaeT KoarYJIH~HOHHaH raxcorponaaa 

crpyxrypa, no Mepe pOCTa npOqHOCTH 9TOH crpyxrypu yBeJIHqHBa

IOTCH CHJIbl CBH3H ee co CTeHKaMH BMem.alOm.ero cocyna H CHJIbI rpe

HHH ocenaiomef crpyxrypa 0 CTeHKH. 008 3TH epaKTopa cnocoti 

CTBylOT 3aBHcaHHIO crpyxrypu aa CTeHKax cocyna, T. e. auxony 

TBep~OH epa3bl H3 rH~paBJIHqeCKH B3BelIIeHHoro COCTOHHHH, H yMeHb

lIIeHHIO CKOpOCTH ocenanaa, O~HOBpeMeHHO C pOCTOM npOqHOCTH 

crpyxrypu BO BpeMeHH YMeHblIIaeTCH ee npOHH~aeMOCTb, coxpauta

. IOTCH paaxepu noposax KaHaJIOB, B03paCTaeT rH~paBJIHqeCKOe CO


'npOTHBJIeHHe nOCJIe~HHX. nOCKOJIbKY npa ocenaaan rsepnsre qaCTH


usr BblTeCHHIOT BO~y, KOTopaH ~OJI}I{Ha epHJIbTpOBaTbCH asepx no 

nopOBblM KaHaJIaM crpyxrypu, YMeHblIIeHHe pasxepa 3THX xaaa
JIOB H npOHH~aeMOCTH cnocoticrayer CHH}I{eHHIO CKOpOCTH epHJIbTpa· 

~HH BO~bl H CKOpOCTH ocenaaas crpyxrypu, a CJIe~OBaTeJIbHO, sa

BHcaHHIO na CTeHKax cocyna H YCKopeHHIO suxona rsepnoji epa3bl 

H3 rH~paBJIHqeCKH B3BelIIeHHoro COCTOHHHH, T. e. OOJIee OblCTpOMy 

CHH}I{eHHIO noposoro ~aBJIeHHH. OqeBH~HO, non B03~eHCTBHeM aa

3BaHHblX epaKTopOB noposoe	 ~aBJIeHHe B TaMnOHa}l{HOM pacrsope, 

nOMemeHHOM B cocyn C aenpoaauaeaaxn CTeHKaMH H ~HHm.eM, co 

apeaeaex ~OJI}I{HO CHH3HTbCH ~O ~8BJIeHHH CTOJIOa ~HciIepCHOHHOH 
cpena. 

Ho npouecc ranparauaa COnpOBO}l{~aeTCH KOHTpaK~HeH, HHTeH

CHepH~HpYIOm.eAcH nOCJIe CXBaTblBaHHH TaMnOHa}l{HOrO pacrsopa. 

B peayJIbTaTe KOHTP8K~HH H YBeJIHqeHHH nopHCTOCTH ~eMeHTHoro 
TeCTa H K8MHH npOHCXO~HT ~aJIbHei\:wee YMeHblIIeHHe nopoaoro 

,lI,aB.heHHH. ECJIH TaMnOHa}l{HblH paCTBOp Haxo~HTCH B cocy~e C He
npOHH~8eMblMH CT&HKaMH H ~HHm.eM, noposoe naaneaue B HeM no- 'i; 
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cne CXBaTblBaHHH MO}l{eT CHH3HTbCH non BJIHHHHeM KOHTpaK~HH HH
}l{e arxoctpepnoro. 

I13MepHTb nopoaoe ~aBJIeHHe B JIa60paTopHbIX yCJIOBHHX MO>K

HO C noaouu,io yCTaHoBKH, cxexa KOTOpOH noxaaana na pHC. 59. 
I1MnyJIbcHylO rpytixy 5 qaCTIFIHO 3anOJIHHIOT epHJIbTpaTOM HCCJIe

nyexoro TaMnOHa}l{HOrO pacrnopa, a ~HJIHH~P 2 - sonoa, 3aKpbIB 

BeHTHJIb 4, nHeBMOHaCOCOM 7 rIOBbIlIIalOT ~aBJIeHHe B rpytixe 5 
HaCTOJIbKO, qTOObI y BeHTHJIH 4 OHO ObIJIO paBHO HaqaJIbHOMY nas
neHHIO CTOJIOa raanonaac-

Horo paCTBopa BblCOTOH
 

hu..p. 3aTeM xepes xpan 1 21
 
3aKaqHBalOT B ~HJIHH~P 2
 I;::;'~'G 
HCnbITyeMbIll raxnoaaac

HbIll pacrsop 3, rIOJIHOCTblO 11~
 

BbITeCHHH BO~y xepes sepx

HHH CJIHB 11. Cpaay }l{e
 

nOCJIe 3anOJIHeHHH ~HJIHH~


pa 2 TaMnOHa>KHblM pa~ -14
 
TBOpOM orxpsmaror BeH- 6 10.
 
THJIb 4 H CJIe~HT aa TeM, 8
 ..,,'" 
qTOObl ypoBeHb epHJIbTpaTa
 

B TpyoKe 5 OCTaBaJICH He 11(-,
 

H3MeHHbIM. no Mepe CHH


}l{eHHH rIOpOBOro ~aBJIeHHH 

B TaMnOHa>KHOM p acrsope
 

ypoBeHb B TpyoKe 5 cTpe 12
 
MHTCH onycrarscs. l.h06bI
 

sroro He npOH30IIIJIO,
 
HrOJIbqaTbIM BeHTHJIeM pe


ryaapytor naanenae B
 

rpyrixe 5 TaK, qTOObI ypo

BeHb OCTaBaJICH BO apexe


HH HenO~BH}I{HbIM. no rIO


Ka3aHHIO ofipaauosoro Ma·
 

HOMeTpa 6, H3BecTHoMY no


JIO}l{eHHlO ypOBHH H nJIOT

PHC. 59. Cxexa yCTaHoBKH JJ:JJlI OllpeJJ:eJIeHHlIHOCTH epHJIbTpaTa JIerKO 
1I0K33BTeJIli TBMlIOHHpYlOw.eH clIoco6HOCTH pa

BbIqHCJIHTh ~aBJIeHHe y crsopa: 
BeHTHJIH 4, KOTopoe paBHO	 1 - KP8H; 2 - l\HJlHH)l.P; 3 - TaMnoHalKHblll pac

TBOp; /. 12. 13. 20 - BeHTHJlH; 5 - HMnyJlbcHaH Tpy15. nopoBOMy ~aBJIeHHIO B 
xa ; 6 - o6pa3l\oBblll M8HoMeTp; 7 - nueaaon acoc; 

TaMnOHa}l{HOM pacrsope 8 - npel\H3HoHHblll BeHTHJlIo; 6. 10 - q,HJlIoTPbI; 11. 
16 - CJlHB; 14 - fH15KHe TPy6KH; 15. 19, 22 - MepHble

na rJIyoHHe hu..p. Xapaxrep l\HJlHH)l.Pbl; 17, 18, 21 - cocynu C BO)l.oll 

H3MeHeHHH OTHOCHTeJIbHOrO 

noposoro ~aBJIeHHH B TaMnOHa}l{HbIX pacrsopax nOKa3aH na 

pHC. 60. Bee peaareuru, KOTOpbIe HHTeHcHepHIJ.HPYIOT npoueccu 
crpyxrypooopaaoaanna H CXBaTblBaHHH B TaMnOHa>KHblX paCTBO

pax, CrIOCOOCTBylOT TaK}I{e YBeJIHqeHHIO CKOpOCT1:1 CHH}I{eHHH nopo
Bora ~aBJIeHHH. 

7 COJlOBbell lila 



Ba)KHeHWHMH nOIm3aTeJIHMH, XapaKTepH3ylOmHMH CnOC06HOCTb 
TaMnOHa)KHOrO pacrsopa	 B nOKOe H30JIHpOBaTb npoaauaexsre 
nJIaCTbI npyr OT npyr-a, HBJIHIOTCH nponanaeaocri, H CY<P<P03HOHHaH 

'. CTOHKOCTb ero. Onpeneneuae npOHH
'" ",zp ~ uaeMOCTH TaMnOHa)l{lJOrO pacrsopa B 
~ ~ ~6 \ ""'- f . paHHHH nepnon nOKOH npe.n.CTaBJIHeT" 
~~ ~2 \......."- 60JIbWHe Tpy.n.HOCTH H B03MO)Imo 
~~ 0.8 JIHWb npn aecsaa MaJIblX nepenaaax 1 

~ ~ , 1 \ . .n.aBJIeHHH. npe.u.nOJIO)KHM, IJTO npOIJ- 'I 
~1 0,'1 '\.. . HOCTb THI{COTpOnHOH CTpyKTypbI. BO; 

'" 0 80 180 2'10 '	 scex TOIJKaX nonepennoro CeIJecIHH; 
cToJI6a pacrsopa o.u.HHaKOBa. Torna]

BpeMR AlUH	 • 
, )l.JIH roro, IJT06bI 3Ta crpyxrypa He:i 

Puc. 6J. Fpaoax H3MeHeHIHI BO MOrJIa 6bITb paapytuena, a paCTBOp;: 
speaenn OTHOllleHHR nopoaoro He 6b1JI BbI6pOllleH H3 cocyna <pHJIbT-l
.o.aBJIeHHR B cToJI6e ueMeHTHoro. ) 
pacrsopa BhlCOTOH hn..p K nan- pYIOmeI1~H )l{li.n.KOCTblO, CHJIa nanae- r 
JIeHHIO raxoro me 1I0 BblCOTe HHH 3TOH )l{H.n.KOCTH aa rJIy6HHe hu,.pf; 
cToJI6a npeCHOH aonsr B rroxoe: (CM. pHC. 59) .n.OJI)I{Ha 6bITb MeHbwe!i 
1:-JJ,eMeHTHwll paCTBOp npa n-0,5 II seca GT ... xapxaca crpyxrypu B BO
20 G; 2 - JJ,eMeHTHbu1 pacrsop C )1.0- .",
 

liaBKoll 6% GaGI, npn n=O,5 H 20°C ~e H CHJIbl CuenJIeHHH ero CO CTCHKa-

MH cocyzra 

11: 2
4- dU:pP;K < GT. <I> +ndu. phu. peu. p, 

rjJ:e du,.p·- .n.HaMeTp cocYjJ:a; PHI - .n.aBJIeHHe <PHJIbTpYlOmeHCH )l{H.n.
KOCTH na rJIy6UHe hl~.p; Elu,.p - CTaTHIJeCKOe nanpaxceaae CjJ:BHra' 
TaMnOHa)l{HOrO pacrnopa B paCCMaTpHBaeMbIH MOMeHT BpeMeHH. 

Pa3.n.eJIHM 06e IJaCTH 3Toro HepaBeHcTBa lia HaqanbHOe .n.aBne
HHe cToJI6a TaMnOHa)l{HOrO pacrsopa pu,.pghu,.p: 

~< PT.o-Pm + 481.\.p (73) 
Pu,. pghu,. p (1 + n) PT.O Pu,. pghu,. p • . 

113 3TOH <pOpMyJIbI cnenyer, IJTO, aanpavep, aa noprnaaztuexear
HbIA pacrsop C nJIOTHOCTblO PI\.p= 1800 [{r/M3 (pT.C=3200 Kr/M3; 

n=0,5; pm= 1000 Kr/M3), HaJIHTbIH B cocyn jJ:HaMeTpoM 2 CM, aa 
rJIy6HHe hI\.p MO)l{HO C03.n.aTb naanenne Pm, pasnoe nepBOHaIJaJIbHO
My jJ:aBJIeHHIO cToJI6a TaMnOHa)l{HOrO paCTBOpa (Pm = Pu..pghu..p) " 
TOJIbKO nOCJIe Toro, KaK npOIJHOCTb crpyxrypu npeaucar ElI\.p> , 
>48 Il a. Ilpn rexneparype 20°C .n.JIH raxoro ynpOIJHeHHH CTpyK-" 
TypbI 6e3 BBOjJ:a yCKopHTeJIH CXBaTblBaHHH Tpe6yeTcH npHMepno 
2 IJ. B 60JIee paHHHH nepaon nepenaa jJ:aBJIeHHH Pm jJ:OJI)I{eH 6bITb 
ropasno MeHbWHM. 

nJIH npI16JIH)I{eHHOH oueHKH HaIJaJIbHOH npOHHuaeMOCTH TaM
nOHa)l{HOrO TeCTa cocyn 18 H rpyrixy 14 (CM. pHC. 59) nepen HaIJ8
JIOM onsrra 3anOJIHHIOT BO.n.OH, aa IWTOpOH rOTOBHT TaMnOHa)l{HbIH .: 
pacrsop: cocyn 18 YCT8HaBJIHBalOT C C06JIIO.u.eHHeM yCJIOBHH 

hu~ (0,9+0,95) p~p hu..p, 

rAe PllC - nJIOTHOCTb BOjJ:bI. 
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Cpaay )l{e nOCJIe aanOJIHeHHH UHJIHHjJ:pa 2 TaMnOHa)l{HblM pac
TnopoM OTKpblBalOT BeHTHJIb 12 H CJIejJ:HT 3a nocTynJIeHHeM BOjJ:bI 
B MepHbIH UHJIHHjJ:P 19. 113MepHB cpejJ:HIOIO 06beMHylO CKOpOCTb no
cTynJIeHHSl BO.n.hI B MepHbIH UHJIHHjJ:P 19, MO)l{HO no <popMyJIe (1.7) 
BbIIJHCJIHTb npouanaevocrs pacrsop a, nOJIO)l{HB B HeM 

(7.5)Pl- P2 = Pmg (hu -0,5hu. p). 

113-3a Ma.'10rO 3HaIJeHHH pa3HOCTH (hH-O,5 hu..p) ourarisa B onpe
,n,e.lJeHHH nponnnaeaocra, 06yCJIOBJIeHHaH norpeumoctsto H3Mepe
HHH PI-P2 H CKOpOCTH <pHJIbTpaUHH, MO)l{eT OKa3aTbCSl seCbMa 
60JIbWOH. BepOHTHO TaK)I{e, IJTO npa H3MepeHHH npoanuaexocra 
TaMnOHa)KHOrO pacrsopa B paHHHH nepaon nOKOH <PHJIbTpYIOIll,aHCH 
)l{H.n.KOCTb MO)l{er cyutecraenao H3MeHHTb crpyxrypy nopossrx xa
HaJIOB, cnoc06CTBOBaTb yBeJIHIJeHHIO nponnuaeaocru, a B pane CJIy
'laeB - pa3BHTHIO Cy<P<P03HH. no 3THM npHIJHHaM npOHHuaeMOCTb 
TaMnOHa)l{HbIX paCTBopOB aa paHHeH CTa.ll.HH CTpyKTypo06pa30Ba

HHH He H3MepHIOT. 
Flon CY<P<Po3HeH nOHHMalOT npouecc paapyureuas xapxaca no

pncroro TeJIa (B naurex CJIyIJae - CKeJIeTa TaMnOHa)l{HOrO paCTBO
pa H KaMHH) <pHJIbTpYlOmeHCH sepea Hero )l{H.n.KOCTblO. CY<P<P0 3HH 

(pa3MbIB) B03MO)l{Ha B TOM CJIYIlae, eCJIH KaC8TeJIbHble HanpH)I{eHHH 
na rpaaaue KOHTaKTa <PHJIbTpYlOmeHCH )l{HjJ:KOCTlI CO CTeHKaMH no
POBbIX KaHaJIOB oxaxcyrcs	 60JIbme npOIJHOCTH 3TlIX CTeHOK. 

TaMnOHa)l{HbIH pacrnop HBJIHeTCH secsaa HeOjJ:Hopo.n.HOH CHCTe
MOH; npOIJHOCTb crpyxrypu	 H paaaepu noponux KaHaJIOB B pasuax 
TOIJKaX nonepe-moro CeIJeHHH cToJ16a pacrsopa MoryT 6bITb cyuiecr
BeHHO pa3JIHIJHbIMH. n03TOMY ~Y<P<P03HH MO)l{eT npoacxonnrs .n.a)l{e 
B TOM CJIYIJae, eCJIH CTaTHIJeCKOe nanpasceaae C,JJ.BHra pacraopa, H3
MepeHHoe cymecmytoutaxu MeTo.n.aMil, 6y.n.eT yjJ:OBJIeTBOpHTb yCJIO

BHIO (7.3). 
UJIH cpaBHHTeJIbHOH oueHKH cnoc06HoCTH pa3HMx TaMnOHa)l{

HhIX pacraopos npenarcrsoaars B03HHKHOBeHHIO <pHJIbTpaUHH BO
.n.bI xepea HHX Ii CY<P<P03HH MO}l{HO BOCrrOJIb30BaTbCSl TaKHM cnoco
60M. Cocyn 18 (CM. pHC. 59) YCTaHaBJIliBalOT C C06JIIO.n.eHHeM yCJIO
BliH (7.4), a cocyn 17 -- C C06JIIOjJ:eHlieM COOTHomeHHH h2/hl=0,1. 

Cocynu 17, 18 H rpytixy 14 3anOJIHHIOT BO.n.OH, BeHTHJIH 4, 12 H 13 
3aKpbIBalOT. B HMnyJIbCHOH rpyrixe 5 nHeBMOHaCOCOM 7 C03.n.a1OT 
H36bITOIJHOe .n.aBJIeHHe, He06xo.n.HMoe .n.JIH li3MepeHHH noposoro 
.n.aBJIeHHH B TaMnOHa)l{HOM pacrnope. 3aTeM BOjJ:y H3 UHJIHHjJ:pa 2 
BblTeCHHIOT nOJIHOCTblO TaMnOHa)l{HbIM pactaopox, 3aKpbIBalOT xpan 
1 H, OTKpbIBaH HeMe,JJ.JIeHHO BeHTHJIb 4, H3MepHIOT noposoe ztaane
HHe. KaK TO~bKO nopoBoe .n.aB~eHHe cpaBHHeTcH C .n.aBJIeHlieM B 
rpyrixe 14 y BeHTHJIH 12, OTKpbIBalOT BeHTHJIli 12 H 13 H CJIe.n.HT aa 
noerynnenae« BO,JJ.bI H3 cocyna 17 B MepHbIH UHJIlIH.n.p 15. ECJIH 
npoaauaeaocrs TaMnOHa)l{HOrO pacrsopa oueus BeJIHKa HJIH noa 
BJIHHHHeM pa3HocTH jJ:aBJIeHHH B <pHJIbTpax y BeHTHJIeH 12 H 13 B 
pacrnope 06pa3ylOTcH CY<P<P03HoHHbIe KaHaJIbI, BOjJ:a HS cocyna 18 
7*	 195 



4epe3 ~eMeHTHoe TeCTO 6y~eT nepeTeKaTh B cocy~ 17 H CTeKaTh B 
MepHhIH ~HJIHH~p. OnhIT npO~OJI)KaIOT no Tex nop, noxa He y6e
~HTCH, tITO CKOpOCTh nocrynneaas BO~hI B MepHbIH ~HJIHH~P CTa
6HJIhHa HJIH B03paCTaeT BO BpeMeHH, HO He nosxce nasana CXBaThI
BaHHH. ECJIH sona B MepHhIH ~HJIHH~P 15 He nocrynaer HJIH CKO
POCTh npHTOKa 6bICTPO yxensuraerca, ornrr nOBTopHIOT, HO npn 
HeCKOJIbKO 60JIhWeM OTHoweHHH h2/h l • 

YCJIOBHMCH TOT HaH60JIhWHH OTHOCHTeJIbHhIH nepenan ~aBJIeHHH 

Me.lK~y <pHJIhTpaMH, npn KOTOpOM euie He B03HHKaeT YCTOHtIHBhIH 
neperox BO~hI H3 cocyna 18 B cocyn 17 sepea TaMnOHa.lKHbIH pac
TBOp, Ha3bIBaTh nOKa3aTeJIeM raxnoaapyrouiea cnoc06HoCTH 

kT = 1+ hz/hI' (7.6) 
4eM 60JIhWe nOKa3aTeJIh leT, TeM nymne H30JIH~HOHHhIe CBOHCTBa 
TaMnOHa.lKHOrO pacrsopa. 

YBeJIHtIHTh nOKa3aTeJIh raxnonapyroutef cnoc06HOCTH H yxens
ilIHTh npOHH~aeMOCTh pacrnopa MO.lKHO CJIe~YIOmHMH cnocotiaan: 
a) YMeHhweHHeM OTHOCHTeJIhHOrO Bo~OCO~ep.lKaHHH; 6) yBeJIHtIeHH
eM CKOpOCTH CTpyKTypo06pa30BaHHH C noaoun.io yCKopHTeJIeH CXBa· 
ThIBaHHH; B) peryJIHpOBaHHeM rpaHyJIOMeTpHtIeCKOrO COCTaBa TaM
flOHa.lKHOH CMeCH, HanpaBJIeHHhIM na npenornpauienne 06pa30BaHHH 
CBepXKanHJIJIHpHhIX H KanHJIJIHpHhIX nop; r) BBO~OM B COCTaB CMeCH 
~06aBOK, cnocoricrnyroutax pacurapeaaio TaMnOHa.lKHOro· TeCTa 
B nepnon sarycreaanaa H CXBaThIBaHHH; n) ~06aBJIeHHeM K paCTBO
py BemeCTB, cnocotiaux KOJIbMaTHpOBaTh nopoaue KaHaJIhI. 

§ 56. BJlHJlHHe rexneparypu H }l.aBJleHHJI aa CBoHcTBa 
TaMnOHa)l{HOrO pacraopa H KaMHJI 

I1HTeHcHBHoCTh XHMH4eCKHX peaxuna cyutecraenao 3aBHCHT OT 
revneparypu. C nOBhIweHHeM resrneparypu yBeJIHtIHBaeTCH CKO-
b- POCTh peaxuna ranparanna, tITO sener 
~-'0 K YMeHhweHHIO nO~BH.lKHOCTH. POCTy 
~ ~HHaMHtIeCKOrO HanpH.lKeHHH cnaara, 
~ 8 cOKpameHHIO CpOKOB sarycreaanaa Ii 
~ 6 CXBaThIBaHHH TaMnOHa.lKHhIX pacrao
t::! pOB (pHC. 61). ECJIH, nanpauep, npn 
~ Ii resmeparype +5°C HatIaJIO CXBaTbIBaHHH 
~ pacrsopa H3 rannoaaacaoro nOpTJIaH~~e-
E; 2 MeHTa nacrynaer tIepe3 HeCKOJIhKO zte
"" eHTKOB tIaCOB nOCJIe 3aTBopeHIiH, TO npn 
~ 0 I I I I I I 

rexneparype 80°C nOT CpOK coxpamaec 20 110 50 80 100 
~ eTCH no 1-2 tI. Ilp Ii crpuuarensnuxTeMnepaml/pa, DC 

reMnepaTypax TaKoH pacTBop 3aMep3a
PHC. 61. Tpaqmx BJUlHHHH 

er, TaK H He CXBaTHBwIiCb. BCJIe~CTBliereuneparypu na CpOKH CXBa

TblBaHHH pacraopon TaM no YMeHbweHHH BH3KOCTIi BO~hI C nOBbI

aascaoro nOpTJlaH.lIJ];eMeHTa: weHHeM TeMnepaTyphI YBenHtIliBaeTCH 
J - H3lJ3JIO CXB8TbIB8HHSI: 2 - KO" BO~OOTJI:aqa TaMnOHa.lKHbIX paCTBopOB.
Hell, CXB8TblBaHHSI 
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Ta6JIHII88 

YCJlOBHR TBep.l\eHHR 

MaccoBoe 110°C, 0C'110°C, 140°C, I 200°C, 1140 200°C.•ICOOTHO 30Mfla 40 Mfla 50 Mfla30Mfla 40Mfla 50Mfla 
ureua e IL\eMeHT: 
neCOK 

flPO'lHOCTb npa HarH6e '1epea 48 'I. flpOHHL\aeMOCTb xepea 48 'I • .n 
Mfla 

1,4 18,9 29,52,0 1,94,4I 0 
II ,I 0 02,54,5 8,82 I 

06,7 04,5 9,9 -I I 

Becsaa CJIO.lKHOe BJIHHHHe OKa3hIBaeT reaneparypa aa MexaHH
4eCKHe CBOHCTBa TaMflOHa.lKHOrO KaMHH. 4eM asnue rexneparypa, 
TeM 6hICTpee paCTeT HatIaJIhHaH npOtIHOCTb KaMHH H TeM 6hICTpee 
OHa ~OCTHraeT nanaucmero 3HatIeHHH (pHC. 62). Hanpunep, npu 
rexneparype 30°C pOCT npOtIHOCTH noprnannuexearnoro KaMHH 
npO~OJI.lKaeTCH 60JIee rona; npn revneparype 60°C npouaocri, no
CTHraeT MaKcHMyMa npaxepuc xepes IIOJIrO~a, a npn rejmeparype 
160°C ysce nepes 5-10 tI. ECJIH noasnueaae revnep arypu npaxep
HO no 60-70°C cnocoticrnyer JIHWh 3HatIHTeJIbHoMY cOKpameHHIO 
cpoxa ~OCTH.lKeHHH MaKCHMaJIhHOH npOtIHOCTH, npaKTHtIeCKH He 
BJIHHH aa BeJIHtIHHy nOCJIe~HeH, TO npa YBeJIH4eHHH rexneparypu 
cnsnue 70°C cymeCTBeHHO yxeusuraerca raiose BeJIHtIHHa MaKCH
MaJIhHOH npOtIHOCTH nOpTJIaH~~eMeHTHoro KaMHH. Ilpoaauaeaocri, 
nOpTJIaH~~eMeHTHoroKaMHH, HanpOTHB, C yBeJIHtIeHHeM reuriep ary
pu npuaepno no 80°C yxeasuraerca, a npn 60JIee BhICOKHX rexme
parypax pacrer. rIPH4HHbI raxoro H3MeHeHHH CBOHCTB paccaarpn
BalOTCH B xypce «XHMHH npOMhIBOtIHhIX H TaMnOHa.lKHbIX .lKH~

xocren». 
OTpH~aTeJIhHOe BJlHHHHe rexneparypu na MeXaHHtIeCKHe 

CBoHcTBa KaMHH MO.lKHO cyuiecraeaao YMeHhwHTh nyrea ~06aBJIe
HHH K nOpTJIaH~~eMeHTY KpeMHe3eMHcTbIX BeUJ,eCTB HJIH ~OMeHHoro 

WJIaKa. TaKHe ~06aBKH CBH3hIBaIOT rH~POOKHCb KaJIh~HH, BhI~eJIHIO

'10 
ti 

§ 30 

if 20 
.~ 

§ fa 
'" ~ 0 

zoo V 
yo; 

<, 
609- r--. 

VI:' ~ '- - g(j;; t'-..... 
......;:~ ~ 

~ 
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......~ 120 D 

, fO roo0,' 
sosoaom HlLMHfI, cym 

PHC. 62. Xapasrep H3MeHeHHH npOlJHOCTH noptnaunueacuruoro KaMHH BO apeac
HH npa pasnax rexnepa'rypax 
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BJIHSlHHSI TeMnepaTYI?b1 na np0'lHOCTb KaMHJI H3 urna
KOBbiX u:eMeHTOB BeCbMa HH.u.HBH.u.yaJICH H 
3aBHCHT OT COCTaBa uinaxa H TOHKOCTH no
MOJIa ero. Ka:>K.u.oii rexneparype cOOTBeT
crsyer onpenenenaas OnTHMaJIbHaSl TOH
KOCTb nOMOJIa, npH KOTOPOH np0'lHOCTb 
KaMHSI MaKCHMaJIbHa. 4eM astute rexnepa
rypa, TeM 60JIee rpy6bIM .u.OJI:>KeH 6h1Tb 
nOMOJI. Jl06aBKa aexoroporo KOJIH'leCTBa 
xaapueaoro necxa K uiaaxy npa nOMOJIe 
6JIarOnpHSlTHO CKa3hIBaeTCJI Ha npO'lHOCTH 
KaMHH, oco6eHHO npH TeMnepaType 60JIee 
130°C. XapaKTep H3MeHeHHSI npO'lHOCTH 
WJIaKOUeC'laHOrO KaMHSI OnTHMaJIbHOrO co
CTaBB nOKa3aH aa pHC. 63. HaH60JIbllIeii 
npO'lHOCTH KaMeHh .u.OCTHraeT npa rexnepa
rype 200--220°C; npH 60JIee BhICOKHX TeM
neparypax np0'lHOCTb CHH:>KaeTCSI, tITO CBJI
3aHO C HHTeHcH¢HKaU:HeH npou:eccoB nepe
Kp'HcTaJIJIH3aU:HH B rsepnoa TeJIe. npOHH
u:aeMOCTb KaMHH C pOCTOM TeMnepaTyphi 
npnaepuo .u.o 200°C, KaK npaBHJIO, yxeas
llIaeTCSI, a npa 60JIee BbiCOKOH rexneparype 
pacrer. MaKcHMyM npO'lHOCTH KaMHSI 06bI'l

MOJIHpHOM OTHOllIeHHH CaO: Si02~ 0,5--0,7 
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mYIOCH B npouecce rH.u.pOJIH3a KJIHHKepHbIX MHHepaJIOB npa nOBhI
llIeHHhIX resmep arypax, H npeBpaJJ.J.aIOT ee B rH.u.POCHJIHKaTbI. BJIHSI
HHe reaneparypu H .u.aBJIeHHSI aa MeXaHH'leCKHe csokcraa nopr
JIaH.u.u:eMeHTHOrO KaMHSI nOKa3aHO B Ta6JI. 8 [4]. 

Xapaxrep 

HO .u.OCTHraeTCSI npH 
[5]. 

,UaBJIeHHe OKa3bIBaeT ropasno MeHbllIee BJIHSlHHe aa CBOHCTBa 
TaMnOHa:>KHbIX pacrnopos H KaMHSI. 3Ha'lHTeJIbHOe YBeJIH'leHlJe naa
JIeHHH npa reaneparype no 80-100°C cnococcrnyer aexoropcuy 
POCTy Ha'laJIbHoii npO'lHOCTH nopr.naanuexearaoro KBMHSI, 60JIee 
3aMeTHoMy npn MeHbIllHX reuneparypax: npn 60JIee BbICOKHX TeM
neparypax C pOCTOM .u.aBJIeHHSI np0'lHOCTb raxoro KaMHSI MO:>KeT 
CHH:>KaTbCSI. BH.u.HMO, yBeJIH'leHHe .u.aBJIeHHSI cnocoticrayer 60JIea 
6bICTpOMy npOHHKHOBeHHIO BO.u.bI B rJIy6HHHble y'laCTKH 'laCTHU: BSI
xcyuiero H ycxopeanto ranparauaa HX. no 3TOii npaxaae C pOCTOM 
.u.aBJIeHHSI HeCKOJIbKO B03paCTaeT KOHCHCTeHU:HSI TaMnOHa:>KHOrO pac
rsopa H cOKpaJJ.J.aIOTcSI CpOKH 3arycTeBaHHSI H CXBaTblBaHHSI. 

BJIHSlHHe rewnep aryp u aa CBOllCTBa TaMnOHa:>KHbIX pacraopos 
H KaMH5I He06xo.u.HMO Y'lHTbIBaTh npn BhI60pe saxcyuiero .u.JISI ue
MeHTHpoBaHHSI KOHKpeTHoro HHTepBaJIa CKBa:>KHHbI. B Ta6JI. 9 npH
BO.u.SlTCSI peKoMeH.u.aU:HH K BbI60py COCTaBa TaMIloHHpYIOJJ.J.eil CMeCH 
.u.JI5I pa3HhIx yCJIOBHH B CKBa:>KHHaX [13]. 3TH peKOMeH.u.aU:HH He 
pacrrpOCTpaH5IIOTCH Ha CKSa:>KHHhI, B KOTopbIe HaMe'laeTCH 3aKaqH
BaTb BhICOKOTeMuepaTypHble :>KH.u.KOCTH (HarrpHMep, neperpeTblH 

PHC. 63. rpa¢lHK BJlIHIHHlI 
TeMnepaTypN H ~aaneHHH 

aa npOlJHOCTb uinaxo-nec
'lJaHOrO KaMHH OUTHManb
Horo COCTaBa [5]: 
I - ClKaTHe; 2 - HarHIS 



nap) HJIH B xoropux nJIaHHpyeTC5I npoaenenae repxn-recsoro Boa
,n:eikTBH5I aa nJIaCT, a TaK)I{e aa reOTepMH'IeCKHe CKBa)l{HHhI CO'IeHh 
BhICOKOi'I rexneparypon rrJIaCTOBOH )I{H,n:KOCTH. CneUIi<pH'IHOCTh na
3BaHHhIX Clma)l{HH COCTOHT B TOM, 'ITO speaaepao BeJlIlKO paaJIH'IHe 
Me)l{)1.y TeMrrepaTypoi'I B rrepHO,n: ueMeHTHpOBaHH5I H TeMnepaTypoi'I 
B nepaon 3KCnJIyaTaUHH. 

§ 57. PerYJlHpOBaHHe eBOHeTB TaMrrOHa)l{HblX pacraopoa H KaMHSI 

CBoHcTBa TaMnOHa)l{HhIX pacraopos H KaMH5I cyuiecraenao sa
BHC5IT KaK OT COCTaBa TaMnOHa)l{Hoi'I CMeCH, TaK H OT sonoconep
)I{aHH5I, XHMH'IeCKOrO COCTaBa BO,n:hI, reuneparypu H ,n:aBJIeHHH B 

PRC. 64. I'parpax BJlH51HH51 OTHOCHTeJlbHOrO aonoconepxcanaa aa npoxnocrs (a) R 
npoHH~aeMocTb (6) nOpTJlaH,n:~eMeHTHoro KaMH51 TpexcyTo'JHoro B03pacTa npR 
75°C 

ueneurapyeaoa aoae CKBa)l{HHhI. TaK, C yBeJIH'IeHHeM sonoconep
)I{aHHH. C o)1.Hoii CTOPOHbI. yay-nuaerca no,n:BH)I{HOCTh TaMrrOHa)l{HO
ro pacrnopa, yveastuarorca rrJIOTHOCTh, rrJIaCTHlleCKaH B5IaKOCTh H 
,n:HHaMHlleCKoe Hanp5I)I{eHHe cnaara, YBeJIHIlHBalOTcH CpOKH aarycre
BaHHH H CXBaThIBaHH5I ero; C npyroa CTOpOHhI, C YBeJIHlleHUeM BO,n:O
conepxcaaas sospacraer aonoornaxa H yxyznuaerca ce,n:HMeHTaUH
OHHaH YCTOi'ItIHBOCTh pacrsopa, 6hICTpO ysrensmaercn npounocrt., 
aoapacraior nopncrocrs H nponauaevocrt, KaMHH (pHC. 64), T. e. 
yxynmarorcs re CBoi'IcTBa nocaennero, xoropsre onpenensror crro
C06HOCTh repxeraxao pasocuian, npoaauaexsre nJIaCTbI. J],HanaaoH 
H3MeHeHHH aonoconepacanns, npn KOTOpOM pacrsop coxpanser no
cTaTollHYIO ce,n:HMeHTauHoHHylO YCTOi'IIlHBOCTh npn xopouiea non
BH)I{HOCTH, a KaMeHh - HaOJI5IUHoHHYlO cnocoonocrs, aecsva aese
JIHK; aanpaxep, ,n:JI5I TaMnOHa)l{HOrO noprnaunuexenra - npanepno 
OT 0,4 )1.0 0,5. IT03TOMY, eCJIH npnxonnrca YBeJIHIlHBaTh sonoconep
)I{aHHe pacrsopa ,n:JI5I YMeHhllIeHHH nJIOTHOCTH, He06xo,n:HMO npHHHTh 
Mephl ,n:JIH oriecneuenaa ce,n:HMeHTaUHoHHoi'I YCTOi'IIlHBOCTH H rpe
6yeMhlx CpOKOB aat-ycreaanaa ero, a TaK)I{e cnoc06HOCTH K nanexc
HOMy paa06meHHIO npoaauaexstx nJIaCTOB. TaKuMH MepaMH MoryT 

200 

1 2 3 
CuiJep.Jl(,aH/J,c 81fIf, Mace. % 

::,1/ 
~ 

~J 
~ 

~ 21 I 'I Jr I I I / II 
~ 
~ fl "" I I I loY I.,.{ I 

10 20 30 
CooepllaHue ,x/fopuiJa, % 

Ollll~ 

~81--1 I I A A 

~ 
~t,ll\ I 1\ I I ~ 

tl 
§21 I"' I P( I I I 

~ 

6hITh BhI60p TaMnOHa)KHoi'I CMeCH nonxonamero cocraaa, JIH60 )1.0
6aBJIeHHe K pacraopy CneUHaJIhHhIX XHMHlleCKHX semecra, cnocoo
crayronmx ycxopeaaony CTpyKTypo06paaOBaHHIO B HeM H KOJIhMa
TaUHH (saxynopaaamno) nop B pacraope H KaMHe, JIH60 o6e 3TH 
MephI o,n:HOBpeMeHHO. ECJIH )I{e aonocoaepacanae rtpaxonarcn yMeHh
urars C uensio YBeJIHIleHH5I rrJIOTHOCTH pacrsopa, K nexy )1.06 aBJIH
lOT rrOBepXHOCTHo-aKTHBHbIe seurecrna, YJIYlllIIalOI.I.I.He no,n:BH)I{HOCTh. 

f, Bnpouea, BOaMO)l{HOCTh ysenaue
oI I , I I 7 I I HHH rrJIOTHOCTH aa cner CHH)I{eHHSl 

aonoconepacanas secsxa orpaaa
xena. 
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HaH60JIee i<p<peKTHBHhIM crrOC060M peryJIHpOBaHHH TaKHX 
CBoikTB TaMrrOHa)l{HhIX paCTBOpOB, KaK rrO,n:BH)I{HOCTh, CpOKH airy
CTeBaHHSl H CXBaThIBaHHSl, aonoornaua, SlBJIHeTC5I BBOJJ. cneunans
HhIX XHMHlleCKHX BemeCTB B BOJJ.Y, aa KOTOpOi'I aaTBOpHeTCSl rauno
Ha)l{HaH CMeCh. Y CJIOBHO pearearsr MO)l{HO paanenars na CJIeJJ.YIO
tune rpyrmsi: a) yCKopHTeJIH CXBaThIBaHH5I; 6) aaMeJJ.JIHTeJIH CXBa
ThIBaHHH; B) rrOHHaHTeJIH BO,n:OOTJJ.aIlH; r) rrJIaCTH<pHKaTopbI, ynys
uraronme rr0JJ.BH)I{HOCTh paCTBopOB. YCJIOBHOCTh raxoro JJ.eJIeHHH co
CTOHT B TOM, lITO peansnue pearearu MHoro<pYHKUHOHaJIhHhl, T. e. 
MoryT OJJ.HOBpeMeHHO JJ.ei'IcTBoBaTh, cxaacea, K8K aaMe,n:JIHTeJIH 
eXBaThIBaHHSl H KaK rrJIaCTH<pHKaTophI, HJIH )1.a)l{e KaK yCKopHTeJIH 
eXBaThIBaHHH npn OJJ.HOi'I KOHueHTpaUHH H KaK aaMe)1.JIHTeJIH - npn 
,n:pyroi'I. IT03TOMY OrrTHMaJIhHOe KOJIHlleCTBO peareara scerna JilhI
6upalOT orrhlTHhiM nyrex, rrpHlleM sxcnepnaearu rrpOBOJJ.SlT HMeHHO 
C TOi'I TaMrrOHa)l{Hoi'I CMeChlO, KOTopaH npennaaaaxena JJ.JISl uexen
THpOBaHHH nannoa CKBa)l{HHhI. 

PHC. 65. Fpaipax BJlH51HHlI XJlOpH,n:OB na CpOK aasana CXBaTblBaHHSI TaMnOH8)1{
HbIX pacraopos: 
1- KCI; 2 - NaCI; IJ- FeCI,; 4 - CaC!, 

PHC. 66. I'parpax BJlH51HHlI BHHHOKaMeHHOH KHCJlOTbi aa CpOKH CXBaTblBaHHSI ue
MeHTHblX pacraopoa: 
1- xoneu cxaarsmanna np a reranepa rype 140'C H l\aBJIellHH 40 Mrra; 2  aaxano cxsaru
Ballllll npa resmeparype 140'C H nannemnr 40 MOa; 3  xoneu cxsaruaanua npx ressnepary
pe 200'C H naaaenaa 50 MOa; 4  lIaqaJIO CXBaThIBallHlI npa rexnepa-rype 200'C H naaae
nHH 50 MOa 
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JlcKopuTeAU CX8aTbI8aflUR. B KatIeCTBe pearenroa, HHTeHcHqlH
IlHpYlOmHX peaxuan runp arauaa H yCKOp5l10111HX 3arYCTeBaHHe Ii 

CXBaTblBaHHe raanonaaorstx paCTBOpOB, liCrrOJIb3YlOT Kap60HaT xa
JIHS! ~COa, XJIOpH,lJ.bl KaJIbllH5I (pHC. 65), narpua, aJIIOMHHH5I, KaJIb
uaaaposannyio N azCOa H xaycrasecxyto N aOH conu, cepHOKHCJIbIH 
rJII1H03eM, CHJIHKaT uarpns H npyrne seutecraa. Hesoropue H3 3THX 
BemeCTB rrpHMeH5IIOT B KatIeCTBe yCKopHTeJICH CXBaTbIBaHH5I KaK npu 
HH3KHX rrOJIQ}KHTeJIbHbIX, TaK Ii npn OTpl1~aTeJIbHbiX resrneparypax 
(K2C O a, CaCl2, NaCl), npyrue - TO.TlbKO npu rrOJIOmHTeJIbHblX TeM
neparypax. CHJIHKaT HaTpH5I II K8JIbUHHHpoBaHHYio CO,lJ.y HCrrOJIb
3YlOT H ,lJ.JI5I ycxopeuaa CXBaTbIBaHH5I H raepnenus MaJIOaKTHBHbIX 
raanouaacaux cMeceH (WJIaKO-rreCtIaHLIX, 6eJIHTO-KpeMHe3eMHcTbIX) 
npu Iie,lJ.OCTaT01J.HO BbICOKOH reaneparype, a XJIOpH,lJ. HaTpH5I H no
raur K2C O a - raxsce ,lJ.JIfl CHHmeHHSI reuneparypu 3aMep3aHH5I 
BO,lJ.bI. K 1J.HCJIy nantionee CHJIbHbIX yCKopHTeJIeH OTHOCflTCH noraur, 

. XJIOpH,lJ.bI KaJIbUHH H allIOMHlIHH, K3JIbUHHHpOBaHHaSi CO,lJ.a Ii CliJIH
KaT HaTpH1:I. Ilpa 3Ha1J.HTCJIbHOH ,lJ.06aBKe XJIOpH,lJ.OB (npnaepno 60
nee 5%) ,lJ.OJIrOl:le1J.HOCTb noprnaanueaenraoro KaMH51 CHHmaeTCH. 

3aMeoAureAll cxearueanun. B xasecrae 3aMe,lJ.JIHTeJIeH CXBaTbI
BaHHS! npa ueMeHTHpoBaHHH CKBanUIH HCnOJIb3yloT B OCHOBHOM rH,lJ.
poq:nwbHble flAB, xoropue a,lJ.COp6HPYIOTC5I IIa 1J.aCTHl..laX B5I}l{ymero 
H 06pa3ylOT rrJIeHKH, xoropsie 3aTpY,lJ.H5IIOT npoHHKHOBeHHe BO,lJ.bI 
BHYTPb 1J.aCTHIl H TeM caMbIM 3aMe,lJ.JI5IIOT HX rH,lJ.paTaUHIO. K 'lHCJIy 
HaH60Jlee 3lPq>eKTHBHbIX 3aMe,lJ.JIHTeJIeA CXBaTbIBaHHH OTHOC5ITC5I 
kapfiocyasrpar, TeX1IHtIeCKHH BHHHbIH KaMeHb (npn rejanep arypax 
Jl.O 200"C) , BHHHOKaMeHHaJi KHCJIOTa (pHC. 66) H ee npoaaaonaue 
(,lJ.0 170°C) , TpHJIOH 0 (,lJ.0 160°C) , JIHrHocyJIblPoHaThI KaJIbUHrl 
(CCo, KCCo, OK3HJI H np.) , CYHHJI, Kap60KCHMCTHJIIJ:eJIJIIOJI03a 
KMU (,lJ.0 140-150°C), CHHTaH flJI, rrOJIHq>cHOJI JIeCOXliMHtIeCKHH 
Il<I>JIX, H1npOJIHrHHH (,lJ.0 IOO°C) , 60pU3H KHCJIOTa (,lJ.0 120°C) , 
CMeCb 60pHOH H BHHHOKaMeHHOI1 KHCJIOT (,lJ.0 200°C), a T3Kme CMeCII 
ranaua. KMU HJIH CCo C xpoxaraaa KaJIH5I HJIH HaTpII5I (no 
150°C) H np. Hexoropue H3 3THX peareuros (CCo, KCCo, fl<1>JIX) 
Bbl3blaalOT BcrreHHB8HHe pacrsop a, rr03ToMY BMeCTe C HHMH B pac
TBOp ,lJ.06aBJIHIOT neHoraCHTeJIH: coanCTOKH, KOHTaKTbI (tIepHbIH, 
H4K, ra30HJIeBbIH), KOCTHblH mHp, q>JIOTOMaCJIO, K3JIbl..llieBbIH MbI
.1I0Haqn, rro.'IHMeTHJICHJIOKCaHoBylO mH,lJ.KOCTb flMC HJIH np, 3TH rre
HoraCHTeJIH, KpOMe flMC, npC,lJ.BapHTeJIbHO paCTBOp5lIOT B xepocnae 
HJIH )J,H3eJIbIIOM TOnJIHBe, nOCJIe tIero BJilO,lJ.5IT B lleMeHTHbIH pacrsop. 
flMC paCTBOp5llOT aenocpencrneano B BO,lJ.e, na KOTOpOH nparoroa
JIHIOT TaMrroHamHbIH pacrsop, 

IInactudiuxaropu. flJIaCTHlPHKaTopaMH 06bltIHO Ha3bIBalOT Be
IlJ,eCTB a, cymecraeaao yM eHb ura IOmHe ,lJ.HHaMHtIeCKOe Ha rrp 51meH He 
C,lJ.BHra, 8 HHOr,lJ.a raiose nJIaCTHtIeCI<ylO BH3KOCTb, H, CJIe,lJ.OBaTeJIb
HO, YJIytIliI8101IJ:lle tIO,lJ.BH}KHOCTb TaMrrOHamHbIX paCTBopOB. Xopouree 
nnacrnrpannpyroiuee B03,lJ.eikTBHe OKa3bIBalOT TaKHe flAB, KaK rro
JIIIaKpJI.TlaMH,lJ. rIAA, BHHHOKaMeHHa5I KHCJIOTa H ee npcaasonnue 
(,lJ.0 180-200°C), JIHrHocyJIbeponaTbI, rnnan C XpOMrrl1KOM (,lJ.0 

150°C) , HlnpOJIHrHHH, ,lJ.y6HTeJIH (fl1<1>-I, )],-4, )],-12 H np.). nAB 
,lJ.06aBJIHIOT 06b1tIHO B KOJIHtIeCTBe 01' 0,1 ,lJ.0 1,5% 01' MaCCbI HeM&HTa 
B 3aBHCHMOCTH 01' rexneparypu, CJIe,lJ.yeT 3aMeTHTb, tITO xapaxrep 
BJIHHHHH flAB ,lJ.OBOJIbHO CJIOmHbIH; aexoropue H3 HHX npu onpene
JIeHHbIX KOHueHTpaUH5IX MoryT He TOJIbKO He pa3)KHmaTb, HO J\.8JKe 
aaryuian, raanouaaorue paCTBOpbI. 

llOHU3UTeAU BoOOOTOaIf.U. YMeHbliIHTb BO,lJ.OOT,lJ.atIy raxnoaaac
HblX paCTBopOB MomHO nyrex ycxopennoro epOPMHPOB8HHSI B HHll: 
KOJIJIOH,lJ.HOH crpyxrypu, ,lJ.HCrreprHpOBaUHeM tI8CTHI..l TBep,lJ.OH lPa3b1 
H pa3BHTHeM aoxpyr HHX runparnux 060JIOtIeK, a T8Kme nyreu 
KOJIbMaTallHH rrop B xopxe, oop aayiouieacs ua nponauaeaux CTeH
xax CKBamHHbl B HatIaJIbHblH MOMeHT OTq>HJIbTpOBblBaHHH cB060n
HOH BO,lJ.bI. )],JIH peryJIHpOBaHH5I BO,lJ.OOT,lJ.atIH liIHpOKO npakruxytor 
,lJ.06aBJIeHHe K ueaenry Hc60JIbiliOrO KOJIHtIeCTB8 (2 - 6%) BbICO
KOKatIeCTBeHHoro 6eHToHHTa H OpraHHqeCKHX BbiCOKOMOJIeKYJIHpH~X 

nOJIHMepOB (01' 0,1 ,lJ.0 2 % B 3aBHCHMOCTH 01' CBOHCTB nonaxepa}. 
K tIHCJIy 3lPlPeKTHBHbIX nOHH3HTeJIeH BO,lJ.OOT,lJ.aqH MO)I{HO OTHeCTH 
xaptiocyxsrpar '(J\.o 200°C) , COJIH BHHHoKaMeHlIoll KHCJIOTbi (no 
180°C), JIHrHocyJIblPoHaTbI, 60pHylO KHCJIOTy, KMU (,lJ.0 130
150°C) , rrOJIHaKpHJIaMH,lJ., ranan, 3TaHcYJIblPoHaTueJIJIlOJI03Y, rrOJIH
BHHHJIOBblH cnapr (no 100-130°C) H npyrae seuiecraa. 3epepeKTHB
HOCTb CHHmeHH5I BO,lJ.OOT,lJ.aqH rrpoH3BoJ\.HblMH rrOJIHaKpHJIOBOH KHC
JIOTbi (nAA. K-4,- rnnan) rrOBbIllIaeTC5I npa OJ\.HoBpeMeHHoM J\.06aB
JIeHHH K pacrsopy 60pHOH HJIH BHHHoKaMeHHoH KHCJIOT, KaJIbIlHHH
pOBaHHoH CO,lJ.bl H nexoropux npyrax pearenroa, npenarcrnyiourax 
6bICTPOH KoaryJISIUHH OCHOBHoro rrOHH3HTeJISI BO,lJ.OOTJ\.aqH. 

YA!JIf.WeHUe U30AR/{UOHHbIX CBOUCT8 KaMHR. flo Mepe sarnepne
BaHHH KaMeHb yTpaqHBaeT rrJIaCTHqHOCTb H CTaHOBHTCH xpyrrKHM 
TeJIOM, xoropoe rrJIOXO npoTHBoCTOHT paCT5IrHBalOmHM nanpaace
HHHM. 3aMeTHo rrOBblCHTb 3JIaCTHlIHOCTb KliMiI5I H O,lJ.HOBpeMeHHo 
euie 60JIee CHH3HTb nponauaeaocrs MomHO ,lJ.06aBJIeHHeM B COCTaB 
raxnonaacnoro pacrnopa rrOJIHMepHblX MaTepH8JIOB. ITOJIHMepbl 
,lJ.OJImHbI yJ\.oBJIeTBOpHTb cJIeJ\.YlOmHM YCJIOBH5IM: XOpOIliO pacrso
p5lTbCH B BO,lJ.e HJIH 06pa30BbIBaTb YCTOHlIHBble BOJ\.Hble 3MYJIbCHH; 
nOJIHMepH30BaTbcH B meJIOtIHOH cpene, conepxcauiea 60JIbiliOe KO
JIHqeCTBO HOHOB KaJIbUHH; crrocoticraoaart. 06pa30BaHHIO cenaweu
Tal..lHOHHO YCTOHqHBOH cycneuaaa raanonaaororo MaTepHaJIa, yJIyq .. 
llIeHHIO J\.elPopMaTHBHbIX caoacrs H nenponauaeaocra KaMHH 6e3 
cyuiecraeaaoro CHHmeUHH ero rrpOliHOCTH; He J\.OJImHbI cnoc06CTBO

aars yeaaxe KaMHH npn TBepJ\.eHHH.
K qHCJIy rrOJIHMepOB. xoropsie MoryT 6bITb HCnOJIb30BaHbl J\.JIH 

yJIy1J.llIeHHH ,lJ.elPopMaTHBHbIX CBOHCTB H nenponauaeuocra KaMHH. 
MomHO, BH,lJ.HMO, OTHeCTH repaopeaxrnaaue lPeHOJIlPopMaJIb,lJ.erH,lJ.
nue H pe30pI..lHHoq>opMaJIbJ\.efH,lJ.Hble CMOJIbI, snoxcannyro CMOJIy, xa
THOHaKTHBHbIH JIaTeKC H nexoropue npyrue. B OTeqeCTBeHHoH npo
MbillIJIeHHOCTH HaH60JIee IlIHpOKO rrpHMeH5IIOTCH lPeHOJIlPopMaJIb,lJ.e
rH,lJ.Hble TC)],-9 H TC-IO H pe30PIlHHolPopMaJIb,lJ.efli,lJ.HaH <I>P-12 CMO
JIbi. CMOJIy npenaapurenstro paCTBopHIOT B ~o,lJ.e. OJ\.HOBpeMeHHO co 
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Ta6JIHua 10 

KOnHqeCTBO KOMnoHeHT8 H8 1 Kr T8MnOH8lKHO CBoRcTB8 p8cTBopa H KBMHR ro nopTnBHA~eMeHT8 

npOQIlOCTb
CpOKH CXBaT~BaHHH.OTBepAH Tenb xepea 48 q,CMOJIa, eM 8 

q-MHH Mna 
C< BOAa. ...,2 CMaU 

,,0:I: ;,i:I! •<I>P·12 TC,!!.-9 :s: H8Q8JIO KOHeu C>RaTHe>JarH6nO.0.":.:: ,,0
09 t~ c:-& 

Ilpa rexneparype aa saooe .no 40°C 

-- 2-10 1,6- 75 275 3-30 8,4150 
44 1,5 7, I - 3-05 5-55- 350150 
-62 2-15 3-00 1,9200 280- - 6.0 

100 75 2-50 ~20 1,4 4,8265-50 

Flpa rexneparype ua saooe 60-80 °C 

150 I - I - , - 122 ,5 1 295 I 1-30 I 2-10 II,5 I 4, 5 

CMOJIOH B BO,lJ,y ,lJ,06aBJIHIOT OTBep,lJ,HTeJIb; B xasecrae nocnenaero 

HCnOJIb3ylOT 06bIqHO ¢OpMaJIHH HJIH napatpopx. nOCJIe TmaTeJIbHO

ro nepeaeumaanaa KOMflOHeHTOB CMOJIbI C BO,lJ,OH na nOJIyqeHHOM 

BO,!!.HOM pacrsope rOTOBHT TaMnOHa)KHYIO cycneuamo. CMOJIbI TC,U-9 

H <l>P-12 HBJIHIOTCH nAB, yCKopHlOmHMH CXBaTblBaHHe TaMnOHa)K

noro pacrnopa. 9¢¢eKT yCKopeHHH CXBaTblBaHHH 6bICTPO aospacra

er c YBeJIHqeHHeM ,lJ,06aBKH oTBep,!!.HTeJIH. B pe3YJIbTaTe nOJIHMepH

3aUHH CMOJIbI B cpene neaenrnoro p acrnopa oopasyerca npocrpan

CTBeHHaH crpyxrypa, KOTopaH oriecnenaaaer 3HaqHTeJIbHOe (B 1,5

2 pasa) yxeasurenae MO,!!.yJIH ynpyrocrn KaMHH. nOCKOJIbKY IIOpbI 
KaMHH B OCHOBHOH xacce OKa3bIBalOTCH 3aIIOJIHeHHbIMH aaraepnea

llIeH CMOJIOH, IIpOHHuaeMOCTb KaMHH ysrensuraerca, a KOpp03HOH

HaH CTOHKOCTb noauuraerca. Oc06eHHocTbIO IIOJIHMepueMeHTHbIx 

pacrsopoa HBJIHeTCH TaK)Ke TO, qTO ¢HJIbTpaT HX CO apeaenev 3a

TBep,!!.eBaeT. 
CymecTBeHHbIH He,!!.OCTaTOK nOJIHMepueMeHTHbIX paCTBopOB

ycanxa HX npa TBep,!!.eHHH, ocorienno B nJI aCTOBbIX noaax. BeJIHqH

na ycaztxn 3aBHCHT OT COCTaBa H KOJIHqeCTBa CMOJIbI B pacraope. 

no ,!!.aHHbIM TaTHl1nl1, ycanxa KaMHH H3 IIOJIHMepueMeHTHoro pac

raopa, conepxcauiero 20% CMOJIbI (OT MaCCbI nOpTJIaH,!!.ueMeHTa), 

IIpH TBep,!!.eHHH B nesoucxoa sene POMallIKHHcKoro aerpranoro Mec

TOpO)K,!!.eHHH COCTaBJIHeT 0,12-0,26%, a npn YBeJIH4eHHH conepaca

HHH CMOJIbI ,!!.O 30% noapacraer ,!!.O 5% Ii 6oJIee. n03TOMY conep

)KaHIie CMOJIbI B pacrsop ax C nOpTJIaH,!!.ueMeHTOM He ,!!.OJI)KHO npe

asnuars, no ,!!.aHHbIM oallIHl1nl1, 20%. B Ta6JI. 10 B xanecrse IIpH

Mep8 IIOKa3aHa peueIITypa nOJIHMepueMeHTHbix pacTBopoB, pa3pa
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60TaHHbIX B TaTHl1nI1He¢TH ,!!.JIH MeCTOpO)K,!!.eHHH TBTapHH H TIO

MeHcKOH 06JIaCTH. Becsxa >KeJIaTeJIbHO B COCTaB nOJIHMepueMeHT

HbIX p acrnopos BBO,!!.HTb pacumpmouiyto ,!!.06aBKy. 
1130JIHUHOHHaH cnocoonocn, KaMHH ynymuaerca, eCJIH IIpH raep

,!!.eHHH pacrnopa IIpOHCXO,!!.HT nexoropoe YBeJIH4eHHe olSbeMa. Taxoli 
3¢¢eKT MO)KeT 6bITb ,lJ,OCTHrHyT He TOJIbKO C IIOMomblO paCllIHpHIO

mHXCH TaMIIOHa)KHbIX csrecea, HO TaK)Ke npa 3aTBopeHHH TaMIIOHa)K

noro IIOpTJIaH,!!.ueMeHTa C conepzcanaea He MeHee 12% CaA ua KOH

UeHTpHpoBaHHoM pacrnope cepHOKHCJIOrO HaTpHH. Ilpouecc pacura

peHHH aaaepuraerca B reneaae 2 CYT, BeJIHqHHa pacumpeuaa - OKO

JIO 1%. Pacurapenae KaMHH npa TBep,!!.eHHH 06yCJIOBJIeHO 06pa30

BaHHeM B pe3YJIbTaTe rH,lJ,paTaUHH BbICOKOaJIIOMHHaTHoro ueveara 

rH,lJ,pocYJIb¢OaJIIOMHHaTa KaJIbUHH. I1cIIOJIb30BaTb Na2S0 4 ,lJ,JIH npu

rOTOBJIeHHH pacurapmouteroca TaMIIOHa)KHOrO pacrsopa peKOMeH

nyercs B HHTepBaJIe rexneparyp OT MHHYC 5 ,lJ,0 IIJIIOC 50°C. 

§ 58. 06pallJ,eHHble 3MYJIbCHOHHble TaMnOHa)KHWe pacrsopu 

Oopauiennue 3MYJIbCHOHHbIe TaMIIOHa)KHbIe pacrsopu paspatio

TaHbI B CBH3H C He06xo,lJ,HMOCTblO ueMeHTHpoBaHHH CKBa)KHH, IIpO

6ypeHHbix C npoxsmxoa )KH,!!.KOCTHMH aa yrJIeBO,lJ,OpO,lJ,HOH OCHOBe. 

LLHcIIepcHoHHOH Cpe,lJ,OH raxoro pacraopa HBJIHeTCH yrneaonoponnaa 
)KH,!!.KOCTb, 06bI4HO ,!!.H3eJIbHOe TOIIJIHBO, aaryuteunoe MbIJIaMH opr-a

HH4eCKHX KHCJIOT HJIH OMblJIeHHblMH aC¢aJIbTeHaMH 6HTyMa. 

LLHcnepcHylO ¢a3Y pacraopa COCTaBJIHIOT 4aCTHUbi TaMIIOHa)KHOH 

CMeCH, CMOqeHHbIe BP,lJ,OH, H 3MYJIbrHpOBaHHble rJI06yJIbI BO,!!.bI. Co

CTaB TaMnOHa)KHOH CMeCH Bbl6HpalOT B 3aBHCHMOCTH OT revnepary

pu H ,!!.aBJIeHHH, IIpH KOTOpbIX ,lJ,OJI)KeH pariorars ueMeHTHbIH xa

MeHb, COJIeBOrO COCTaB8 IIJIaCTOBblX )KH,!!.KOCTeH H oxpyacaumx rop

HbIX II op O,!!. , a TaK)Ke OT Tpe60BaHHH K IIJIOTHOCTH pacrsopa npn ue

MeHTHpOBaHHH CKBa)KHHbI. 

Hanauae Me)K¢a3HbIX IIJIeHOK HB rpaaauax pasnena ¢a3 3MyJIb

CHH IIpenHTCTByeT rH'!!'paTaUHH H pOCTy KpHCTaJIJIOB ranparnux HO

Boo6pa30BaHHH. n03TOMY CpOKH 3arycTeBaHHH H CXBaTbIBaHHH 06

pamennux 3MYJIbCHOHHbIX TaMnOHa)KHbIX pacrsopoa ,!!.a>Ke IIpH lIbl

COKHX resmeparypax MoryT 6bITb aecsaa 60JIbllIHMH; npa 06blqHbIX 

)Ke rexneparypax TaKHe pacrnopu MoryT OCTaBaTbCH nO,!!.BH)KHbI

MH B Te4eHHe MHorHX CyTOK. Peryaapyior CKOpOCTb CTpyKTypo06

pa30BaHHH H CXBaTblBaHHH rryrex HCIIOJIb30BaHHH BH)KymHx C paa

JIH4HOH rH,!!.paBJIHqeCKOH aKTHBHOCTblO, H3MeHeHHH TOJImHHbI If 

IIPOqHOCTH Me)K¢a3HbIx IIJIeHOK C IIOMomblO 3JIeKTpOJIHTOB, CJIa6blX 

KHCJIOT, nAB, a TaK)Ke KOHueHTpaUHH rnepnoa ¢a3bI II OKHCJIeHHO

ro 6HTyMa. 
TeXHOJIOrHH IIpHrOTOBJIeHHH oep auiennoro 3MYJIbCHOHHoro TaM

nOHa)KHOrO pacrnopa, paapaoorauaaa B MI1HX H I'Il, cyuiecrsea

HO OTJIH4aeTCH OT TeXHOJIOrHH IIpHrOTOBJIeHHH 06blqHblX ueMeHTHbIX 

pacraopoa. Cnauana B eMKOCTb HaJIHB810T pacrnop OKHCJIeHHOrO 

6IiTyMa B ,!!.H3eJIbHOM TOIIJIHBe, BBO,!!.HT B Hero npaxepno 3/ 4 pacuer
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aoro KOJIHtJeCTBa nAB H TmaTeJIbHO nepeaeuraaator, nepexauasaa 
HaCOCOM H3 eMKOCTH B eMKOCTb no 3aMKHyToMy U:HKJIY. O,UHoBpe
MeHHO- B ,UpyroH: eMKOCTH rOTOBSIT 06bltJHblH TaMnOHa)KHbIH pacrnop, 
T1u:aTeJIbHO ero nepeaeumnaa. 3aTeM TaMnOHa)KHbIH pacrnop BBO
jJ;SIT B CHcTeMy U:HpKyJIHU:HH 6HTyMHoro pacrsopa. Ilpn CMeWHBaHHH 
,UByX pacrsopoa B npHcyTcTBHH nAB (B KatJeCTBe nAB tJaCTO HC· 
nOJIb3YIOT CYJIb¢>OHO.rr) nOJIytJaeTCH oopameanaa 3MYJIbCHH. no 
OKOHtJaHHH 9MyJIbrHpOBaHHSI H3 pacTBopa B eMKOCTH Bw,UeJISIeTCSI 
r a H36blTotJHaSi BO,UB, xoropas He pacxonyercs na rH,UpaTaU:HIO BH
»cymero (npnaepno 50-60% 06beMa BO,Ubl, nepsonaaansno B3HTO
ro ,UJISI npHrOTOBJIeHHH 06bltJHoro neaenrnoro pacrsopa). 3TOT H3
6bITOK BO,UhI y,UaJISIIOT, a B 3MYJIbCHOHHhlH pacrsop BBO,USIT OCTaJIb
Hoe KOJIHtJeCTBO nAB H nepeaeunmaior ero ,UO nOJIytJeHHSI cTa6HJIb
HOH CHCTeMW. 

nOCKOJIbKY npa 06WtJHOH rexnepa'rype oripautennue 9MyJIbCHOH
nsre rajanonaacnsre pacrsopu B reseune MHorHX CyTOK He CXBaTbl
BaIOTCSI, HX uenecooopasno rOTOBHTb 3a6JIarOBpeMeHHo, ,UO aaxana 
uexearaposanas. 

§ 59. Taanoaascaue pacraopu AJBI H30JBILI,HH 30H nOrJlOlLI,eHHA 

Taanonaacaue pacraopsr, acnonsayeasre ,lI,JISI H30JlHU:HH 30H no
rJIOmeHHSI npoMbIBotJHOH )KH,lI,KOCTH, ,lI,OJl)KHbl 06JIa,lI,aTb pH,lI,OM cne
U:Hq>HtJecKHx CBOHCTB: a) y,lI,OBJleTBOpHTeJIbHOH nO,lI,BH)KHOCTbIO na 
nepHO,lI, TpaHcnopTHpoBaHHSI OT ,lI,HeBHOH nOBepxHocTH ,lI,0 30HhI no
r JIOmeHHH; 6) B03MO)KHO MeHbweH nJIOTHOCTbIO; B) cnoc061WCTbIO 
npa paCTeKaHHH no rpeuumaa 30HhI 6hICTpO aarycreaars H npesp a
marsca B npaxrauecxn nenpoaanaeaoe oeaycanouaoe rnepzioe re
JIO, HMelOmee XOPOWYIO a,lI,re3HIO C nOpO,lI,aMH; r) He paCTeKaTbCSI 
,lI,aJIeKO OT CKBa)KHHbl no xasepuaa H He pa3)1UI/I(3TbCSI cyuiecrsen
HO nJI8CTOBOH BO,lI,OH, a C MOMeHTa nocTynJIeHHSI B xasepuy npespa
maTbCSI B MaJIonO,lI,BH)KHOe reno C 60JIbWHM yrJIOM eCTeCTBeHHoro 
orxoca H B03MO)KHO 6blCTpee sarsepneaars 6e3 ycamca. 

Oueus Ba)KHYIO POJIb arpaer HHTeHCHBHOCTb pOCTa npOtJHOCTH 
crpyxrypu, 06pa3yIOmeHcSI B TaMnOHa)KHOM p acrscpe. l.J:eM 6h1CTpee 
OHa yBeJIHtJHBaeTCSI C MOMeHTa nOCl'ynJIeHHSI paCTBopa B 30Hy no
rJIOmeHHSI, TeM 60JIbWe COnpOTlIBJIeHHe pacTeKaHHIO nocneaaero no 
rpeumnaa H, CJIe,lI,OBaTeJIbHO, 60JIbWe BepoHTHoCTb ycncumoro sa
KphlTHSI HX. 

Pa3pa60TaHO 60JIbWOe tJHCJIO TBMnOHa)KHbIX pacrnopos H nacr 
,lI,JISI H30JISIU:HH nOrJIOmeHHH pa3JIHtJHOH HHTeHCHBHOCTH. PaCCMOTpHM 
nexoropue H3 HHX. 

Jl enoueuetcrtcue pacreopu. CymecTBeHHO YMeHbwHTb ,lI,aBJIeHHe 
na norJIOmaIOmHH nJIaCT MO)KHO npn HCnOJIb30BaHHH nenoueuenr
HblX pacrsopon C 60JIbIlIOii CTeneHbIO a9paU:HH. TaKHe pacrnopu no
JIytJalOT B naa npneua. CHatJaJIa B BO,lI,e paCTBopSIIOT nenooopaayio
utee IlAB (uanpnnep. CyJIhq)OHOJI) H na 9TOll DO,lI,e npHrOTOBJISIIOT 
pacrsop H3 IIOpTJIaH,lI,CKOrO H.lJH npyroro nexeara. 3aTeM B CKBa)KH
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HY sepea cneunansnun cMeCHTeJIb, YCl'aHOBJIeHHblH B nanopnox Tpy· 
oonposone 06BSI3KH YCTbSI, O,lI,HOBpeMeHHo 3aKatJHBaIOT u:eMeuTHbli% 
pacrsop H B03,lI,yX B Hy)KHOH nponopuna, npa KOTOpOH C06JIIO,lI,aeTCSI 
paBHOBeCHe ,lI,aBJIeHHH. B nepHo,lI, 3arycTeBaHHSI H CXBaThlBaHHH 
xacrs aosnyxa H3 neuonexeuraoro pacrnopa BhI,lI,eJISIeTcSI. n03TOMY 
Ba)KIW Bbl6paTb nAB TaK, tJT06bl ,lI,OCTHraJIOCb B03MO)KHO 60JIec 
ToHKoe ,lI,HCneprHpoB8HHe ny3wpbKoB B03,lI,yxa, paDHoMepHoe pa~ 

npenenenue HX B 06beMe H BblCOKaSi yCTOIhHBOCTb neuu. 
Bucipocxearueatotuuecs cuecu BCC. 11CXO,lI,HhlM BSI)KymHM ,lI,JlSI 

npHrOTOBJIeHHSI BCC CJIy}KaT TaMnOHa)KHble nopraaanuexearu, Bbl
coxonpounsm H cTpOHTeJIbHhIH rancu. HaH60JIee pacnpocrpaneuu 
BCC ua OCHOBe nOpTJIaH,lI,u:eMeHTOB. 11x npHrOTOBJISIIOT 06bltIHO H3 
TaMnOHa)KHOrO nOpTJIaH,lI,u:eMeHTa C ,lI,06aBJIeHHeM ,lI,0 6-8% OT Mac
Cbl BSIJKymero TaKHX yCKopHTeJIeH CXBaTbIBaHHH, KaK CaC12, JIH60 
10-20% rJIHH03eMHCToro (HJIH rHnCOrJIHH03eMHcToro) nexeara. 

3.IlJIOTHOCTb TaKHX BCC 06bItJHO pasua 1800-1900 Kr/M BCC nOHlI
)KeHHOll nJIOTHOCTH MO)KHO nOJIytJHTb ,lI,06aBJIeIHieM K 6a30BoMy ue
MeHTy He MeHee 5-8% 6eHTOHHTa, a r aioxe Na2C03 H yCKopHTeJlH 
CXBaTbIBaHHSI npn coornercrayiomea YBeJIH1leHHH OTHOCHTeJIbHOrO 
BO,lI,OCO,lI,epJKaHHSI JIH60 H3 CMeCH nOpTJIa,lI,u:eMeHT3 H runca B COOTHO
weHHH npaxepno 1 : 1, B nOCJIe,lI,HeM cnyxae B pacrsop npHxO,lI,HTCH 

BBO,lI,HTh 3aMe,lI,JIHTeJIb CXBaTbIBaHHH. 
061lt!ztteHHble TaMnOHaJICH~le pacreopm C lWPOT1WlrtU cposanu 

CXBaTblBaHUJl npHrOTOBJISIIOT TaKJKe H3 c~ecH nOpTJIaH,lI,u:eMeHTa C 
rJIHHonOpowKoM B COOTHoweHHH npHMepHo 7: 3 no Macce npn OT
HOCIHeJIbHOM sonoconepxcanaa 0,9-1,2 C ,lI.06aBKOH B xauecrse 
yCKopHTeJISI CXBaTbIBaHHSI cepHOKHCJIOrO rJIHH03eMa. OnTHMaJIhHYIO 
,lI,06aBKy rJIHH03eMa Bbl6HpaIOT C ytJeToM rennepa'rypu H rJIy6HHbi 
30Hbl nor.nomenna. TaK, no ,lI,aHHbIM BOJIrorpall.Hl1nl1, 3Ta ,lI,06aB
xa COCTaBJISIeT OT 3:"-6% npa reaneparype 20-40°C H UC60JIbWoA 
rJIy61!He 30Hbl ,lI.0 0,5-1 % npu rejmeparype 70-90°C H rJIy6HHe 

30Hbl nOrJIOmeHHSI 3000-3500 M. 
TaMnOHaJICHble pacreopu «a YZIle80aOPOaHOU oCHOBe. YrJIeBO,ll.O

ponuue JKH,lI,KOCTH HHepTllbl no OTHoweHHIO K TaKliM MaTepHaJIaM, 
KaK u:eMeHTbl, ranc, 6eHToHHT: npn OTCyTcTBHH sonu 3TH xarcoua
JIbl He rnnparnpyior. ,llJISI H30JISIU:HH 30H nOrJIOIu:eHHSI npHMeHSIIOT 
nsa runa paCTBopOB na yrJIeBO,lI,0p0,lI,HOH ocnose: a) 6e3BO,lI,Hble co
JIHpo-6eHTOHHTOBble cycnensaa C conep acaunea np axepuo OT 1 no 
2 T 6eHToHHTa na 1 M3 ,lI.H3eJIbHOrO TOnJIHBa; 6) 3MYJIbCHH C OTHOCH
TeJIbHO He60JIbWHM KOJIHtJeCTBOM BO,lI,bl (COJISIpo-u:eMellTHble, COJISI
pO-rHnCOBWe, COJISIpO- u:eMellTHo-6eHToHHToBble H T. n.). 3MyJlbCHH 
rOTOBHT nyTeM CMeWHBaHHSI BO,ll.HOH cycneH3HH u:eMeHTa (rHnca) C 
cycneH3HeH nextenra (6eHToHHTIl) B .a.H3eJIbHOM Ton.1HBe. 

TaMnOHa)KHble pacrnopu na yrJIeBO,lI,OpO,lI,HOH OCHOBe rp ancnop 
THpyIOT ,lI.0 3011hI nOrJIorueHHSI Me}K,lI,Y ,lI.ByMlI nopU:HSI MH ,lI.H3eJIhllOrO 
TonJIHBa, xoropue npenornpamaior nepeMeUIHBaHHe pacraopa C 
npOMblBOtIHOH )KH,lI,KOCTbIO na BO,ll.HOH OCHOBe (HJIli C BO,lI,OH). B 30He 
norJIOmeHHSI TaMnOHa)KHbIH paCTBOp nepeMeWHBaeTCSI C nJlaCTOBOH 

207 



BO,ll.OH (HJIH C BO,ll.HOH npOMbIBOqHOH JKH,II.KOCTbIO) j npa 3TOM nona 
BbITeCHHeT yraenonoponnyio JKH,II.KOCTb C nOBepXHOCTH sacrnu ue
MeHTa (6eHTOHHTa, nmca); nOCJIe,ll.HHe HHTeHCHBHO rH,II.paTHpyIOT, 
H paCTBOp npespamaerca B MaJIOnO,ll.BHJKHyIO nacry, npOqHOCTb 
crpyxrypu KOTOpOH 6bICTpO B03paCTaeT BO BpeMeHH. "lIT06bI C,II.eJIaTb 
npoueccu OTMbIBa nOBepXHOCTH sacrau OT yrJIeBO,ll.OpO,ll.HOH JKH,II.KO
CTH BO,ll.OH H rH,II.paTaUHH 60JIee HHTeHCHBHbIMH, B TaMnOHaJKHbIH 
paCTBOp MOJKHO BBO,ll.HTb TaKJKe pearenrsr ,ll.JIH peryJIHpOBaHHH CpO
KOB sarycrenauaa H CXBaTbIBaHHH. UeJIeC006pa3HO TaKJKe B xase
CTBe npOMbIBOqHOH H nponaaoxnon JKH,II.KOCTeH npn rpancnoprnpo
BaHHH TaKHX TaMnOHaJKHbIX paCTBopOB HCnOJIb30BaTb BO,ll.Y. 

Taunonascnue pacreopm na OCH08e nO/lUMep08. ,UJIH H30JIHU,HH 
30H nOrJIOmeHHH see 60JIee llIHpOKO npHMeHHIOTC5I nexoropsre BH,II.bI 
nOJIHMepOB (epopMaJIb,ll.erH,II.HbIe TC,U-9 H TC-lO, rexcapeaopuanoeue 
H npyrne CMOJIbI, epeHOJIOCnHpTbI, ranan, MeTac, nO.JIHaKpHJIaMH,II. 
nAA). Pa3pa60TaHO HeCKOJIbKO cnocorios 11X HCnOJIb30BaHHH. 

A. B BH,II.e BO,ll.HbIX paCTBopOB CMOJIbI C OTBep,ll.HTeJIeM. B pesyas
rare XHMHqeCKHX peaxuna MeJK,II.y KOMnOHeHTaMH TaKHe pacrsopu 
co apexeaex npespamarorcs B ynpyryro pe3HHOnO,ll.06HYIO Maccy, 
KOTOpyIO aaorzia Ha3bIBaIOT aasxoynpyron CHCTeMOH BYC. ECJIH 
BYC sanaaart, B rpeunmsr 30HbI nOrJIOmeHHH, OHa MOJKeT arpars 
POJIb CaJIbHHKa, caMoynJIOTHHIOw.erOCH non ,ll.eHCTBHeM neperiana 
,ll.aBJIeHHH. B xasecrae OTBep,ll.HTeJIH B TaKHX pacrnopax 06bIqHO HC
nOJIb3yIOT epopMaJIHH HJIH naparpopa. 

E. B BH,II.e BO,ll.HbIX cycneasaa nOJIHMepOB C 6a30BbIM ueMeHTOM, 
HJIH C rHnCOM, HJIH C 6eHTOHHTOM. I1HTeHcHBHOCTb POCTa npOqHOCTH 
CTpyKTypbl B TaKHX cycneH3HHX OqeHb CHJIbHO 3aBHCHT OT COCTaRa 
nOJIHMepa, KOHu,eHTpau,HH OTBep,ll.ItTeJIH, OT COCTaBa H CBOHCTB rsep
,ll.OH ,ll.06aBKH (ueMeHT, rHnc, 6eHTOHHT), OTHOCHTeJIbHOrO BO,ll.OCO,ll.ep
JKaHHH It reaneparypu oxpyacaromea cpensr. TaK, nOJIHMepu,eMeHT
aue pacrnopu na oase CMOJI TC,U-9 MOJKHO ItCnOJIb30BaTb npn TeM
neparype OT 20 ,11.0 50°C, aa 6a3e CMOJI TC-lO - OT 50 ,11.0 70°C, a 
CMOJI TCKrC - OT 70 ,11.0 90°C; nOJIHMeplllJIaKOBbIe pacrsopu na 
OCHOBe ¢eHOJIOCnHpTa <I>C peKOMeH,II.yIOTcH ,ll.JIH rexneparyp OT 70 
,11.0 110°C. CpOK nasana CXBaTbIBaHHH, aanpnxep, nOJIHMepueMeHT
noro pacrsop a, conepacautero 15 CMS CMOJIbI <I>P-12 It 35cM3 B0,11.bI 
aa 100 r nOpTJIaH,II.u,eMeHTa, npa rexneparype 70°C coxpamaercs C 
2 ,11.0 0,6 q B cnyxae YBeJIHqeHHH KOHueHTpaI.I,HH naparpopxa C 2 ,11.0 
3% OT MaCCbI saacymero. 

B. B BH,II.e npaKTHqeCKH HepacTeKaIOmHXCH nacr C KOpOTKHMH 
cpoxaxa CXBaTbIBaHHH. TaKHe nacrsr MoryT 6bITb nonysenu, aanpn
Mep nyrea CMelllItBaHHH BO,ll.HOrO pacrnopa MeTaca C BO,ll.HOH CYC
neH3HeH nOpTJIaH,II.u,eMeHTa, 06pa60TaHHoH CaCI 2, JIH60 cxeunma
HHeM ,ll.BYX u,eMeHTHbIX cycnensna. onna H3 KOTOpbIX npHrOTOBJIeHa 
aa 1l0,ll.HOM pacraope DAA, a npyraa - aa BO,ll.HOM p acrnope CaCI2• 

Cueumaanae ocymeCTBJIHeTCH npa 3aKa1IHBaHHH 060HX pacrnopos 
B KOJIOHHy 6YPHJIbHblX Tpy6 ,ll.JIH TpaHCnOpTItpOBaHHH B 30Hy no
r JIOmeHHH. 
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3epepeKTHBHOCTb H30JIHUHH 30H norJIOmeHHH cyutecreenno nOBbI
lllaeTcH, eCJIH B TaMnOHaJKHbIH pacrnop npa npHrOTOBJIeHHH nocas
JIHTb nexoropoe KOJIHqeCTBO rpaHyJIHpHbIX HJIH BOJIOKHHCTbIX HanOJI
HHTeJIeH, cnocoonux 06pa30BbIBaTb B rpetuanax noponbI saxynopn
BaIOmHe MOCTItKH (pe3HHoByIO xpourxy, opexosyro CKOpJIyny, KOpLJ.
Hoe BOJIOKHO, CJIIO,II.y-qelllyHKY, H3MeJIbqeHHbIe OTXO,ll.b1 peaxronna
CTOB, npesecnue OnHJIKH H T. n.). BH,II. aaxynopuaarourero HanOJIHH
TeJIH BbI6HpaIOT C yxerox urupnusr rpenmn B norvrouraiomea nJIaCTe. 
Hanpaxep, rpaHyJIHpOBaHHaH opexoaas CKOpJIyna cnocoriaa saxyno
paaars TpeW.HHbI lllHpUHOH npaaepno ,11.0 6 MM. 

Cyw.eCTBeHHbIH He,ll.OCTaTOK MHOrHX paCCMOTpeHHbIX TaMnOHaJK
HbIX paCTBopOB 3aKJIIOqaeTCH B TOM, qTO BO BpeMH rpancnoprnpoaa
HHH ,11.0 30HbI nOrJIow.eHHH H B caMoH 30He OHH B 3HaqHTeJIbHOH Mepe 
nepeaeumaarorca C npOMbIBOqHOH JKH,II.KOCTbIO H C nJIaCTOBOH BO,ll.OH, 
npa 3TOM HX H30JIHu,HoHHaH cnocofinocrt, CHJIbHO yxynuraercs. 
B HaHMeHbllleH CTeneHH 3TOT He,ll.OCTaTOK npncym, nO-BH,II.HMoMy, 
BYC H nOJIHMepu,eMeHTHbIM nacran. nOCKOJIbKY nacru K TOMy JKe 
nOqTH He paCTeKaIOTCH, HX ueJIeco06pa3HO HCnOJIb30BaTb ,ll.JIH H30
JIHU,HH 30H HHTeHCHBHoro norJIOmeHHH B CHJIbHO Tpew.HHOBaTbIX H 
KaBepH03HbIX noponax, 



rJlABA 8
 

PA306ll1.EHHE nJiACTOB
 
B CKBA)l(HHE
 

§ 60. Tpe60BaHHA K KaqeCTBY pa306meHHA nJlaCTOB 

Ilpouauaestue rrJIaCTbI, scxpsrnae CKBa>KHHOH, pasorimaior npyr 
OT npyra ,n:JIH roro, lIT06bI YCTpaHHTb B03MOlKHOCTb neperoxa >KH.n:
KOCTH H3 oznroro 06beKTa B npyroa HJIH B arxocrpepy H TaKHM oripa
30M rrpe,n:OTBpaTHTb HerrpOH3BO,n:HTeJIbHOe paCXOnODaHHe 3arraCa 
3HeprHH B rrpO,n:YKTHBHbIX rOpH30HTaX, npOHHKHOneHHe e HHX lIy>K
nux BO,n: H yxynurenae KOJIJIeKTOpCKHX CEDHCTD, HCKJIlOllUTb orrac
HOCTb 3arpH3HeHHH oxpyxcaroutef cpensr, B03HHKHOBeHHH B3p blBOB 
H noacapos na TeppHTOpHH 6JIH3 CKBa>KHHbI, a TaK)I{e orraCHOCTH He
ClIaCTHbIX cnyuaes C JIIO,n:bMH. K KalleCTBY pa306meHHH rrJIaCTOB 
rrpe,n:bHBJIHIOTC5J BeCbMa cepsesnue Tpe60BaHHH. 

1. Pasocuraioman cpezta ,n:OJI>KHa 6bITb repMeTHLIHOH npn rex ne
penazrax ,n:aBJIeHHH, xorop ae cyutecrayror HJIH MoryT B03HHKHYTb 
Me}l{,n:y rrpOHHuaeMbIMH rrJIaCTaMH, nCKpbITblMH CKBa)lOiHOiL 

2. Pasoouraioman cpeaa ,n:OJI>KHa rrOCTOHHHO HMeTb rrJIOTHbIH 
KOHTaKT C OKpy}/{aIOmHMH ropHblMH nopo.aaua H nosepxnocrsro 06
ca,n:1I0H KOJIOHHbI, repxerasuocrs xoroporo He ,n:OJDKHa napyuiarscn 
npn JII06bIX B03MO}/{HbIX ,n:eqlOpMaJ~HllX oricanaux rpyo. 

3. Pa306malOma5J cpe.aa ,n:OJI>KH3 6bITb 'uOJIrOBellHoH, T. e. He 
,n:OJI}/{Ha paapyuiarsca non B03,n:eHCTBHeM rrJIaCTOBbIX >Ku,n:KOCTeH, 
ra30B, 6aKTepHH H npn H3MeHeHHHX resmep aryp, B03MOiKHbiX B rre

P"O,n: 6ypeHH51 HJIH 3KCrrJIyaTaUHH CKBa>KHHbl. 
4. Tepuernsnocrs pa306meHH5I He ,n:OJI}/{Ha napyuiarsca non 

,n:CHCTBHeM ynapnsrx narpysox, xoropue B03HHKalOT npn npocrpe
JIOllHO-B3PbIBHbIX H HHbIX pariorax B CKBa}/{HHe. 

5. Pasoouraiomas cpena B CKBa}/{HHaX C MHoroJIeTHeMep3JIhIMH 
rroponaua ,n:OJI>KHa 6bITb MOp030CT01%KOH, T. e. He ztonxota p aspy
urarsca npa MHorOKpaTHOH CMeHe rrOJIO)l{HTeJIbHOH rexneparypu na 
OTpHll,aTeJIbHylO H OTpHuaTeJIbHOH na rrOJIO}/{HTeJIbHYIO. 

OCHOBHbIM MeTo,n:OM pa306meHH5J rrJIaCTOB B HaCTOHIuee BpeMH 
HBJIHeTCH ueMeHTHpOBallHe, T. e. 3arrOJIHeHHe sanaaaoro HHTepBaJIa 
aaKOJIOHHOrO rrpOCTpaHCTBa CKBa}/{HHbI HJIH ynacrxa 06ca,n:HOH KO
JIOHHbI cycnenaaes BH>KymHX MaTepHaJIOB, cnocoriaoll B noxoe aa
rnepneaars H npespautarsca B rrpaKTHlIeCKH aenponnuaexstf xa
MeHh. B nedrreraaonotiuaaiourefl rrpOMblrnJIeHHOCTH HCrrOJIb3ylOT He
CKO,1bKO cnocorios ueMeHTllpOBaHHH. B 3aBHCHMOCTli OT xapaxrep a 
peuraeuux aanax HX MO>KHO nonpaanenars na cnenyroume rpyrmu: 

a) cnocoriu nepsaaaoro ueMeHTHpoBaHHH; 

;Ii 

6) cnocoriu pevoaraoro nevem-apoaaaua;
 
B) cnocoou H30JIHUHH 30H rrorJIOmeHHH;
 
r) cnocotisi YCT3HOBKH ueMeHTHbIX MOCTOB.
 

§ 61. Cnocotiu nepBH'IHOrO ueMeHTHpoBaHHA CKBa:lKHH 

Ilepnauaoe ueMCHTHpoBaHHe ocymeCTBJIHeTCH cpa3Y }/{e nocne 
cnycxa B CKBa>KHHy 06ca,n:HoH KOJIOHHbI H HMeeT ue.m.io paaocuieuae 
nponauaevsrx rrJIaCTOB npyr OT .n.pyra H 
aaunrry Hapy>KHOH noaepxnocrn oocannof 
KOJIOHHbI OT KOpp03HH rrJIaCTOBbIMH )KH,n:KO
CTSlMH, a TaK>Ke nossnuenne YCTOHqHBOCTH 
CTeHOK CKBa>KHHbI H 06ca,n:HoH KOJIOHHbI. 
Cyutecrnyer HeCKOJIbKO cnocorios nepsnx
noro ueMeHTHpoBaHHH: 0,n:HoCTyrreH4aTbIH, 
MHorocTyrreHlIaTbIH, MaH}/{eTHbIH, 06paTHbIH. 

Odnocrunenxarut: cnoco6. Eho HaH60

nee pacrrpocTpaHeHHbIH cnoc06 rrepBHllHoro
 
ueMeHTHpoBaHHH.
 

Ilocne OKOHlIaHHH I1POMbIBKH CKBa>KHHbl 
ua oricanuyro KOJIOHHy HaBHHlIHBalOT UC
MeHTHpoBollHylO rOJIOBKy (pHC. 67), B KOTO
pyio BCTaBJIeHbI nse ueaearapono-rusre paa
n.eJIHTeJIbHbIe rrp06KH - HH)I{HHH H sepx
HHSI (pHC. 68), ynepacnaaeaue OT C110JI3a
HHH BHHa cronopaun. K OTBo,n:aM rOJIOBlOi 
npHcoe,n:HHHIOT Tpy60rrpoBo,n:hI OT ueMeHTH
POBOllHbIX HaCOCOB. 

UCMeHTHpoBaHHe ocyurecranaercn CJIe
,n:YlOmHM 06pa30M. BbIBlIH4IIB31OT cronop, 
ynepacaaaiomas HH>KHIOIO npotixy, H no
aepx nee B rOJIOBKy UCMeHTHpoBOllHblMH 
aacocaau aaxasusaior TaMrrOHa}/{HbIH pac
TEOp, KOTOpbIH rOTOBHT C novoun.io cne
UHaJIbHbIX CMeCHTeJIbHbIX MawHH, yCTaHoB
JIeHHblX 1106JIH30CTH 01' CKBa}/{HHbI. TaM
rrOHa>KHbIH pacrnop 3 rrpOTaJIKHBaeT HH}/{
nroro pa3,n:eJIHTeJIbHylO npooxy 4 rro ocean
HOil: KOJIOHHe 5 (pHC. 69). Ilocne aaxasxa 
[3 oricaznryro KOJIOHHy TaMrrOH3)1{HOrO pac
rsopa B 06beMe, .n.OCT3TOllHOM ,n:JIH 3arrOJI
HeHHH 3a,n:aHHoro HHTepBaJIa a3KOJIOHHOrO 
npocrpaacraa CKBa)KHHbl H yxacrxa KO Pile. 67. UeMeHTllpOBOlJ

Hall: rOJlOBKa:nOHHbI HH)I{e ynopnoro KOJIbua 6, aaxpu
J -- xopnyc: 2 - HHlKH"" pasBalOT xpanu 9 aa HH}/{HHX 60KOBbIX OTBO AenHTeJlbKll" npo!l1<8, ~ - (50

nax 2 rOJIOBKH 1, BbIBHHlIHBalOT cronopu, KOBOil oraon: 4 - crcnop c 
canhHHKO>!; 5 - aepxHHlI paa


ynepscaaa roume aepxnroro p aanen lITeJIbHYIO aeaareasuaa npo!lKs; 5 

xpsnuxa xopnyca: 7 - xpecro
npotixy, H nosepx nee saxauaaaior npona- allHa; 8 - nepeaonnax 
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PRC. 69. Cxeaa O,ZJ.HocTyneHQaTOrO u:eMeHTRpoBaHHlI: 
a  saxaxxa ra anoaaacuoro pacraopa: 6 - HaqaJIO saKaqKH uponaeovnoa lKHi\KOCTH; 11 - 3B
aepurenae S8Ka'4KH npOi\aBOqHOA lKHi\KOCTH 

MHT CHrHaJIOM .u.JIH npexpamenas HarHeTaHH5I npO.u.aBOqHOH MH.u.KO

CTH B KOJIOHHy; no 3TOMy CHrHaJIy xp ansi 8 H 9 na rOJIOBKe saxpu

BaIOT, HaCOCbl OCTaHaBJIHBaIOT, a cKBaMHHy OCTaBJI5IIOT B noxoe aa 

nepnozt TBep.u.eHHH raanonascnoro p acrnop a. 

ECJIH oocannas KOJIOHHa 060py.u.OBaHa npOqHbIM H repxerau
HbIM 06paTHblM KJIanaHOM 7, nOCJIe OCTaHOBKH HaCOCOB H36b1

TOqHOe .u.aBJIeHHe B lJ,eMeHTHpOBOqHOH KOJIOHHe 06blqHO CTpaBJIHBa

lOT, CJIerKa nJIaBHO npHOTKpbIBaH O.u.HH H3 KpaHOB. Ilpa CTpaBJIHBa

HHH .u.aBJIeHH5I H3 KOJIOHHbI ssrrexaer He60JIbWOe KOJIHqeCTBO MH.u.

KOCTH. 3aTeM xpan CHOBa 3aKpbIBalOT, H na neptrozr TBep.u.eHHH pac

rnopa yCTaHaBJIHBalOT KOHTpOJIb sa H36bIT0'IHbIM .u.aBJIeHHeM, KOTO

poe MOMeT B03HHKHyTb, nanpaxep, BCJIe.u.CTBHe narpeaa MH.u.KOCTH 

B KOJIOHHe non BJIJf5lHHeM TenJIOTbi rH.u.paTalJ,HH BHMymero. I--!36bI

TO'IHoe .u.aBJIeHHe He .u.OJIMHO npeasnuars nonycrnaoro .u.JIH cocan
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PHC. 68. Llcacarapoeounue npo6KII: 

a - HHMHflR; 6  nepXHHR; 8 - nepxnna qac-rj, ceK~HoHHoA: rrpo6XH; 2 - HH)KH~Ut tJaCTb Toll 
lKe np06KH: a- BepXHlIlI npotixa IVlll HHlKHeA CTyneHH npa cryneaaa-rosr I1eMeHTHpOBaHHH; 
e  np06Ka i\JIlI OTKPblTHli I1eMeHTHpOBOqHoi! My<!JTbI; 1  peaHHoBble MaHlKeTbI; 2 - MeTaJI
JIHqeCKHA cepnesaax: 3  MeM6paHa; 4  r-anxa; 5 - HOlK; 6  cTonopHoe KOJIbI10; 7  cezino: 
8  KaJIHl'ipoBaHHble llITH<!JTbl; 9  nocanouaaa roJIOBKa 

BOqHylO MH.u.KOCTb 12 sepea BepXHHH OTBO.u. 10 rOJIOBKH. B xaxecrae 

nponascsnoa 06blqHO HCnOJIb3yIOT npOMbIBOqHYIO MH.u.KOCTb, KOTO

POH 6bIJIa 3anOJIHeHa CKBa)KHHa, JIH60 aoziy. nOCJIe roro KaK aepx

H~UI npooxa 11 BoH.u.eT B oticannyio KOJIOHHy, BHOBb OTKpbIBalOT 

xpansr na HHMHHX 60KOBbIX orsonax rOJIOBKH H xepea HHX TaKMe 
3aKaqHBalOT nponaso-myro MH.u.KOCTb. 

HHMHHH npooxa, .u.OH.u.H no ynopnoro KOJIblJ,a 6 B KOJIOHHe, OCTa. 

HaBJIHBaeTCH. TaK KaK aarneranne MH.u.KOCTH B KOJIOHHy nponoaxca

eTCH, .u.aBJIeHHe B HeH nOCJIe OCTaHOBJ{H HHMHeH np06KH 6bICTpO 

pacrer, Ilon B03.u.eHCTBHeM pa3HOCTH .u.aBJIeHHH Ha.u. npo6KOH H non 

HeH MeM6paHa B npooxe paspyuraerca H TaMnOHaMHbIH paCTBOp qe

pes npoxonnoa KaHaJI B npooxe H OTBepCTH5I B 6aWMaKe H 6aWMaq

HOM narpyrixe BblTeCHHeTCH B 3aKOJIOHHOe npOCTpaHCTBO CKBaMHHbi. 

nJIOTHOCTb raanoaaacnoro pacrsopa B 60JIbWHHCTBe cnysaea 

60JIbWe, qeM npOMbIBOqHOH MH.u.KOCTH B CKBaMHHe. n03TOMY C MO

MeHTa nauana BblTeCHeHHH raxnonaacnoro pacrsopa B 3aKOJIOHHOe 

npOCTpaHCTBO .u.aBJIeHHe B lJ,eMeHTHpOBOqHOH rOJIOBKe H B Hacocax 

YBeJIHqHBaeTC5I no Mepe npo.u.BHMeHHH BepXHeH np06KH BHH3 no KO

JIOHHe. nOCJIe nocanxn BepXHeH np06KH na HH)lmlOlO .u.aBJIeHHe B 

KOJIOHHe pe3KO B03paCTaeT. Pe3KHH POCT .u.aBJIeHH5I (<<CKaqOK») CJIY. 
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PHC. 72. Cxexa nayxcryneasaroro ueMeHTHpOB8HIUl: 
a - aBKa'lK8 TBMnOnail<HOrO pac'rsop a ""JIB HIlJKHeA crynena: 6  nepen OKOH'IaHHCM UCMeH
THPOB8HHB HHJKHeil c'ryneuu: 8 - npOMblBKB nccne UCMCHTHpoaaHHB HHlKHeJl crynena; ._ 
l1eMCHTHpOBaHHC BTOpOJl cryneua; a OKOH'I8HHe I\eldeHTHpOBBIlHB BTOPOJl crynena 

Op06KH H CHrHaJIbHOe KOJIbUO IlSrOTOBJIHIOT IlS nerxo pastiypn
aaexoro MaTepH3.IIa. HH:>KH5IH npooxa CJIy:>KIlT .n.JIH npenorapamenna 
nepeaeuraaanaa TaMnOII3:>KHOrO pacraopa C H.n.ymeH snepena Jlm.n.
KOCTblO npa .n.BH:>KeHHH no 06ca.n.HoH KO.IIOHHe H .n..lIH cnapaaas nJIeH
KIl npOMbIBOtIHOH }KH.n.KOCTH C BHyTpeHHeH nOBepXIIOCTH rpyo. Bepx
HHH npocxa npenorapamaer nepeaeunmaaae TaMnOHa:>KHOrO pac
rsopa C nponaaouaoa :>KIl.n.KOCTbIO. B OTe1leCTBeHHOll nparcruxe HIl:>K
HIOlO npooxy tIaCTO He npIlMeHHIOT. 3TO HBJIHeTCH OIIIH6KOH H BO 
MHorHX CJIy'IaHx sener K yxyzuuenaro KatIeCTBa ueMeHTIlpoB3HHH. 

lJeyxc1'yn'eftttaTOe uesientupoeanue. Oo.n.JIe:>KamIlH ueMeHTIlpo
B3HIlI0 IHITepBa.II Clma:>KIlHbI .n.e.IIHT na naa ysacrxa, a B COCTaB 06
ca.n.H0I1 KOJIOHHbI IIa CTbIKe 3TIlX ytIaCTKOB BK.IIIOtI3lOT cneUIla.IIbHYIO 
ueMeHTHpOBOtIlIyIO My!PTY (pnc, 71). CHapY:>KIl KO.IIOHHbI nan MY!P
TOll Il non HeIO pasaemaror ueHTpIlpYIOIl.I;Ile !pOHapu. CymecTByIOT 
.n.Be pa3HOBll.n.HOCTU .n.ByxcTyneHtIaTOrO ueMeHTIlpOBaHIl5l. 

OPIl cTyneHtIaTOM ueMeHTIlpOBaHIlH C pa3pWBOM BO BpeMeHIl 
cnanana B KOJIOHHy 4 3aKatIIlBaIOT nepuyio nopumo 3 TaMnOHa:>KHO
1'0 pacrsop a B 06beMe, He06xo.n.IlMOM ,lI,.lIH 3anOJIHeHHH 3aKOJIOHHOrO 
npocrpancrna OT 336051 no ueMeHTIlpOBOtIHOH My!PTbI Il ytIaCTK3 KO
JIOHHbI HIl:>Ke ynopuoro KOJIbua 9, 3 S3TeM nosepx nepaos pasnenn
TeJIbHOH np06KIl 2  npo.n.3BOlJHYIO >KIl.n.KOCTb (puc. 72). OepB35J 
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HbIX rpyo, B npOTIlBHOM cnysae ero He06xo.n.IlMO CTpaBJIIlBaTb. ECJIIl 
repaeraunoro ooparnoro xnanaaa B KOJIOHHe BeT, HS,6bITOtIHOe .n.aB
JIelIHe B rOJIOBKe cpaay :>Ke no OKOHtI3HIlH ueMeHTHpOB3HH5I CTpaB
.rIlIB3Tb HeJIb3H. Becsxa nOJIe3HO B 3TOM CJIytI3e aa ueMeHTHpOBOtI
BOH rOJIOBKe HMeTh npenoxpanarensaua KJIan3II, oTperyJIHpOBallHbIH 
aa naanenne, HeCKOJIbKO MeHbIIIee npenensuo nonycruaoro .n.JIH 06
ca.n.HoH KOJIOHHbi. Torna npa npH6JIH:>KeHHIl .n.aBJIeHIlH K onacnovy 
npeneny KJI3naH orxpoercs Il onaCHOCTb paspyureuna KOJIOHHbI 6y
ner HCK.lIlOtIeHa. 

OpH uenenrnpoaanna .n.JIIlHHbIX KO.IIOHH CHrHaJI 06 OCTaHOBKe 
sepxnea np06KH npnxonnr na nosepxaocts Il !PIlKcHpyeTcH MaHO
MeTpoM na YCTbe C aanosnauaea na HeCKOJIbKO cexyun. 3TO onacno, 
TaK KaK SaKatIK3 :>KIl.n.KOCTH npo.n.O.II:>KaeTCH H non BJIHHHHeM 6bICTPO 
soap acrarontero .n.aBJIeHIlH MoryT 6bITb pa3pYIIIeHbI nporixa, ynopuoe 
KOJIbUO IlJIIl KOJIOHHa. Bo Ils6e:>KaHIle sroro ueJIeC006pa3IIo aa HeKO
TOpOM paccrosuaa OT ynopnoro KOJIbua yCTaHaBJIHBaTb CHrHaJIbHOe 
KOJIbUO (pHC. 70). Taxoe KOJIbUO yKpenJI5IIOT B KOJIOHHe npa nOMO
Ill,Il rapupoaanaux IIInIl.IIeK. KaK TO.IIbKO BepxHHH npooxa CH.n.eT na 
CHrHaJIbHOe KO.IIbUO, naanenae B KO.IIOHHe, B KOTOpyIO npononacaer
CSf narueranae :>KH.n.KOCTH, peaxo B03paCTeT. 3TOT CK3tIOK .n.aBJIeHHH 
6y.n.eT sa!pHKcIlpoBaH Ha nOBepxHocTIl, H onepaTopw cBoeBpeMeHHo 
cxoryr npexparurs SaKatIKY nponaaosuoa :>KH.n.KOCTIl. Illnansxa ra
pHpyIOT TaK, tIT06bI OHIl Cpe3aJIHCb npn noaumenaa .n.aBJIeHIlH nan 
aepxnea np06KoH na 3-4 MOa. Ilocae cpeaauas IIInH.lIeK BepxHHH 
np06K8 BMeCTe C CIlrHaJIbHbIM KOJIbUOM npozionacaer .n.BH:>KeHHe no 
CXO:>K.n.eHIl51 C HH:>KHeH npooxos. 

PHe. 71. MyqJTa .llJIH CTyneHlJaTOrO ueMeHTHpOBaHHH: 
1  xopnyc: 2  ynJloTHHTeJIbHble xoasua: 3  aepxnas 
BTyJlKa; 4 - KBJlHlSpOBBHHble mTH<!>Tw; 5  sanopaaa BTyJl
K8; f - oTBepcTHB ""JIll npoxona JKH""KOCTH; 7  HHJKHBB 
BTyJlKa; 8 - Orp8HH'IHTellb nepexeureuaa HHJKHeA BTyllKH 

PHe. 70. CHrHaJlbH06 KOJIbUO: 
1 - BTyIlKa; 2  KSJlHlSpOBBHH8R mnHJlbKB; 3 - KOJlbI\O; 4
peaHH08ye KOJlbI\a 



pa3,l1.eJIHTeJIbHaH nporixa (CM. pHC. 68) HMeeT 3JIaCTHqHble pesauo

ssre MaH)KeTbl, KOTOpbIMH OHa rrpH)KHMaeTCH K CTeHKaM 06Ca,ll.HOH 

KOJIOHHbI, H )KeCTKHll u.eHTpaJIbHbIH crepxcens. .llHaMeTp CTep)KHH 

H 3JIaCTHqHOCTb MaH)KeT TaKOBbI, qTO npooxa ,lI.OCTaTOqHO CB060,ll.HO 

npoxoaar sepea u.eMeHTHpOBOqHylO MyqlTy, HO Ca,ll.HTCH ua HH)KHee 

ynopnoe KOJIbU.O. 

OOCJIe 3aKaqKH nopuna nponaao-mof )KH,lI.KOCTH B 06beMe, paa

HOM BHyTpeHHeMy 06beMy KOJIOHHbl Me)K,lI.y ynopnstv KOJIbU.OM 9 
(pHC. 72) H u.eMeHTHpOBOqHOH MyqlTOH, oCB060)K,lI.aIOT BTOpylO paa

,lI.eJIIneJIbHYIO npooxy 11 H nosepx nee CHOBa 3aKaqHBalOT rrpon a

BOqHYIO )KH,lI.KOCTb 10. Op06Ka 11 onycxaercs BHH3 no KOJIOHHe, ca

,lI.HTCH na HH)KHIOIO BTyJIKy 6 MyepTbl H nepexpsrsaer rrpOXO,ll.HOH xa

HaJI B HeH. TaK KaK uarneraaae )KH,lI.KOCTH npononacaercx, ,lI.aBJIe

HHe B KOJIOHHe pesxo soapacraer: npn noasnuenaa ,lI.aBJIeHHH aa 

3-4 MOa IllrrHJIbKH 1, ynepacasaiomae BTyJIKy 6, cpeaarorcs H rro

CJIe,ll.HHH BMeCTe C npooxoa nepexenraerca BHH3 ,lI.0 yrropa 8, OT

KpbIBaH 60I\OBb!e oTBepcTHH 7 B MyepTe. 4epe3 3TH OTBepCTH5I npo
,lI.aBOqHaH )KH,lI.KOCTb BbIXO,ll.HT B 3aKOJIOHHOe rrpOCTpaHCTBO. 0POMbl

BalOT BepXHHH HHTepBaJI CKBa)KHHbI ,lI.0 rex rrop, noxa He aarsepneer 
TaMrrOHa)KHbIH paCTBOp B HH)KHeM ysacrxe (OT HeCKOJIbKHX qaCOB ,lI.0 

CyTOK). OOCJIe sroro B KOJIOHHy 3aKaqHBalOT BTOpylO nopuaro TaM

rrOHa)KHOrO pacrnopa B 06beMe, He06xo,ll.HMOM ,lI.JIH 3arrOJIHeHHH 

sepxaero yxacrxa 3aKOJIOHHOrO rrpOCTpaHCTBa, OCB060)K,lI.aIOT H3 

u.eMeHTHpOBOqHOH rOJIOBKH BepxHIOIO npooxy 12 H BbITeCHHIOT TaM

rrOHa)KHbIH pacreop qepe3 60KoBble oTBepcTHH B MyepTe HOBOH nop
u.HeH 13 nponaaoxaof )KH,lI.KOCTH. 06beM 3TOH nopuua paaen BHyT

pennesry 06beMy yuacrxa 06Ca,ll.HOH KOJIOHHbl OT MyepTbl ,lI.0 uenen
THPOBOqHOH rOJIOBKH. BepXHHH rrp06Ka 12, ,lI.oCTHrHyB BTyJIKH 5, 
yKperrJIeHHOH C rrOMOW:blO TapHpOBaHHblX umanex B xoprryce uexen
THPOBOqHOH MyepTbl, C,lI.BHraeT BTyJIKy BHH3 ,lI.0 yrropa B TOpeU. HH)K

HeH BTyJIKH 6; npn :)TOM BTyJIKa 5 saxpsmaer OTBepcTHH 7 MyepTbI 

H p aaoouraer rrOJIOCTb KOJIOHHbl OT 3aKOJIOHHOrO npocrp aacrna. 
Ilocae aarnepnenus TaMrrOHa)KHOrO pacrnopa H nposepxa rep

MeTHqHOCTH BepxHero yqaCTKa 06Ca,ll.HOH KOJIOHHW rrp06KH BTyJIKH 

H yrrop pasoypaaaror. 

Crynensaroe u.eMeHTHpoBaHHe C paspunoa BO BpeMeHH npuxe
HHIOT B cJIe,ll.YIOW:Hx caryauaax: a) eCJIH npn onnocrynenuaroa ue

MeHTHpoBaHHH HeH36e)KHO nornoutenae pacrnop a: 6) ecna BCKpblT 

rrJIaCT C aHOMaJIbHO BblCOKHM ,lI.aBJIeHHeM H B nepaon CXB3TbIBaHHH 

TaMrrOHa)KHOrO pacrsopa rrOCJIe onaocryneusaroro u.eMeHTHpOBaHHH 

MoryT B03HHKHYTb neperoxn H ra30rrpOHBJIeHHH; B) eCJIH ,lI.JIH O,ll.HO

cTyrreHqaTOrO u.eMeHTHpOBaHHH Tpe6yeTcH O,ll.HOBpeMeHHoe yqaCTHe 

B onep auna speaaepno 60JIbillOrO qHCJIa u.eMeHTHpOBOqHbIX HaCOCOB 

H CMeCHTeJIbHblX MaIllHH. 

OCHOBHOH He,ll.OCTaTOK cnocoria - 60JIbillOH p aspun BO BpeMeHH 

Me)K,lI.y OKOHqaHHeM u.eMeHTHpOBaHHH HH)KHerO ynacrxa H HaqaJIOM 

u.eMeHTHpOBaHHH sepxnero. 3TOT He,ll.OCTaTOK MO)KHO D OCHOBHO'li 

yCTpaHHTb, yCTaHoBHB na 06ca,ll.HOH KOJIOHHe HH)Ke u.eMeHTHpOBOq-

HOH MyepTbl HapY)KHbIH naxep, ECJIH rro OKOHqaHHH u.eMeHTHpoBaHHH 

HH)KHeH crynenn 3aKOJIOHHOe npocrp aucrso CI<Ba)KHHbl repMeTH3H

ponars naxepox, MO)KHO cpasy »ce npacrymrn, K u.eMeHTHpoBaHHIO 

aepxnero yxacrxa. 
OOCJIe,ll.OBaTeJIbHOe cTyrreHqaTOe u.eMeHTHpoBaHHe u.eJIeC006pa3

HO rrpHMeHHTb B rex CJIyqaHX, eCJIH: a) MOW:HOCTb u.eMeHTHpOBOqHbIX 

HaCOCOB He,ll.OCTaTOqHa ,lI.JIH npoaenenas onepauaa B O,ll.HH npnea: 
6) rrpe,ll.rrpHHTHe He pacrrOJIaraeT ,lI.OCTaTOqHWM qHCJIOM u.eMeHTHpo

BOqHblX HaCOCOB H CMeCHTeJIbHblX MaIllHH ,lI.JIH BblIIOJIHeHHH onepauaa 
B O,ll.HH npnea JIH60 na 6ypOBOH HeJIb3H pa3MeCTHTb raxoe ooopyno
BaHHe; B) ,lI.JIH sepxnero H HH)KHerO yqaCTKOB CKBa)KHHbl ,lI.OJI)KHbl 

6bITb HCrrOJIb30BaHbl raanonaaonre p acrnopu p asnoro COCTaBa, na
npavep, C cyw:eCTBeHHO pa3HblMH cpOKaMH aarycreaaaas. 

OpH rrOCJIe,ll.OBaTeJIbHOM u.eMeHTHpOBaHHH B KOJIOHHy 3aKaqHBalOT 

nepsyro nopumo TaMrrOHa)KHOrO pacrsopa B 06beMe, He06xo,ll.HMOM 

,lI.JIH 3arrOJIHeHHH 3aKOJIOHHOrO rrpOCTpaHCTBa OT 3a6051 ,lI.0 u.eMeHTH

POBOqHOH MyepTbl H yxacrxa KOJIOHHbl HH)Ke ynopnoro KOJIbu.a, 3aTeM 

nosepx nepnoa pa3,l1.eJIHTeJIbHOH rrp06KH - rrepBylO nopumo npozta
BOqHOH )KH,lI.KOCTH B 06beMe, paBHOM BHyTpeHHeMy 06beMy KOJIOHHbI 

OT ynopnoro KOJIbu.a ,lI.0 u.eMeHTHpOBOqHOH MyepTbI. BCJIe,ll. aa 3TOH 

nopuaef nponaaouuoa )KH,lI.KOCTH B KOJIOHHy cnycxaior BTOpylO pas

,lI.eJIHTeJIbHYIO nporixy H 3aKaqHBalOT BTOpylO nopumo TaMrrOHa)KHOrO 

p acrnopa B olheMe, paBHOM 06beMy 3aKOJIOHHOrO rrpOCTpaHCTBa OT 

MyepTbl ,lI.0 3a,ll.aHHOH OTMeTKH. Ilonepx BTOPOH nopuna TaMrrOHa)K'HO

ro pacrsopa noueutator rpersto pa3,l1.eJIHTeJIbHYIO nporixy H aaxana
BalOT BTOpylO nopumo nponaao-mon )KH,lI.KOCTH. 06beM 3TOH nopuna 
pasen DHyTpeIIHeMy 06beMy 06Ca,ll.HOH KOJIOHHbI ua yxacrxe OT ue

MeHTHpOBOqHOH MyepTbI ,lI.0 YCTbH. K. TOMy BpeMeHH, xorna arop as 

pa3,l1.eJIHTeJIbHa51 npooxa ,lI.OCTHrHeT u.eMeHTHpOBOqHOH MyepTbl H OT

xpoer OTBepCTHH B HeH, nepnas nopuns TaMrrOHa)KHOrO pacrnop a 6y

ner BbITeCHeHa B 3aKOJIOHHOe rrpOCTpaHCTBO. OOCJIe CXO)K,lI.eHHH BTO

POH H rpersea rrp060K ,lI.aBJIeHHe B KOJIOHHe pe3KO B03paCTaeT H 3TO 

CJIy)KHT CHrHaJIOM ,lI.JIH 3aKpbITHH KpaHOB na u.eMeHTHpOBOqI-IOH ro
JIOBKe H OCTaHOBKH HaCOCOB. 

OOCJIe OCTaHOBKH HaCOCOB H36wTOqHOe ,lI.aBJIeHHe B u.eMeHTHpO

BOqHOH rOJIOBKe rrJIaBHO CTpaBJIHBaIOT, eCJIH 06paTHbIH xnanan H ue

MeHTHpOBOqHa51 MyepTa repxeravaa, H OCTaB.TIHIOT CKBa)KHHY B noxoe 
,lI.JI5I rsepnenas TaMrrOHa)KHOrO pacraopa (c 3aKpbITbIMH KpaHaMH na 
rOJIOBKe). OpH CTpaBJIHBaHHH ,lI.aBJIeHHH He06xo,ll.HMO KOHTpOJIHpO

aars 06beM )KH,lI.KOCTH, asrrexaiouten H3 KOJIOHHbi. 

OCHOBHble He,ll.OCTaTKH cnocoria: 3HaqHTeJIbHO 60JIee sucoxoe 
,lI.aBJIeHHe na CTeHKH CKBa)KHHbI, qeM npn u.eMeHTHpOBaHHH C paspu
BOM BO BpeMeHH, qTO C03,l1.aeT onacaocrs nornoutenaa, H onacnocri, 
B03HHKHOBeHHH neperoxos H 3aKOJIOHHbIX ra30rrpOHBJIeHHH B nepnon 
CXBaTblBaHHH H rnepnenaa TaMrrOHa)KHorO pacrnopa, 06yCJIOBJIeHHaH 

6blCTPblM CHH)KeHHeM B nocnennex noposoro ,lI.aBJIeHHH. 

UeMeHTHpOBOqHble MyepTW H naxepu cneztyer p aaaetnari, rrpOTHB 

YCTOHqHBbl~ nenpoanuaeaux nopozt. UeMeHTHpOBOqHaH MyepTa 
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)l,OJDKHa 06eCnelIHBaTb repuerauaoe pasoouieuae nOJIOCTH KOJIOlIHbl 
01' 3aKOJIOHHOrO rrpOCTpaHCTBa He TOJIbKO B nepnon TBep.n.eHH5I TaM
rrOH8)KHOrO pacrsopa, HO TaK)Ke nOCJIe pa36ypHBaHH5I BTyJIOK B Hen. 

CKBa}/(HHbI anorna uexenrnpyior B TpH H .n.a)Ke B lIeTblpe npueua. 
llJlJI 31'01'0 B COCTaB KOJIOHHbl BKJIiOlialOT COOTBeTCTBeHHO .n.Be lIJIH 
TpH nexeamposovasre MyepTbi. OOCJIe.n.OBaTeJIbHOCTb pa60T raxa a 
)Ke, KaK H npn nsyxcryneauaroe ueMeHTHpOBaHHH. 

Maft:JfCeTflOe l.WMeHTUpOBaftUe. 31'01' cnocoo rrpHMeH5II01' .n.JI5I ue
MeH1'HpOBaHH5I CKBa)KHH npn rr5lTOM H3 paccxorpenasrx astute MeTO-

n.OB BXO)J{.n.eHH5I B nponyxruaayio 
ro.muy (CM. § 15). 

B COCTaB 06ca.n.HoH KOJIOHHLl 
HeCKOJIbKO ssnue epHJIbTpa BKJIlOlIa
lOT ueaenrnpoaovnyio MyepTy (HJIH 
npyroe yCTpOHCTBO, cnocoonoe Bbl
rrOJIHHTb ee epyHKUHH), a na na
PY)KHOH rrOBepXHOCTH KOJIOHHbl 
Me)K.n.y MyepTOii H epHJIbTPOM yx
perrJI5IIOT MaH)KeTY, H3rOTOBJIeHHYlO 
B BH.n.e 6pe3eHTOBOH BOpOHKH H3 
ynpyrox MeTaJIJIHlIeCKOM xapxace 
(pHC. 73). OpH aaxasxe B orican
ayro KOJIOHHy pacxernoro 06beMa 
TaMrrOH3)KHOrO pacrsopa nocnen
HHII OT.n.eJI5IIOT OT rrpoMblBoliHOH H 
npoztaaovnofi )KH.n.KocTeH .n.ByMH 
pa3)l,eJIHTeJIbHbIMH np'o6lwMH TaK 

PHC. 73. UeMeWflfpOIJOYHall MaH)/WTa llie, KaK nropyto nopumo raxno
Ha)KHOrO pacrsopa npa rrOCJIe)l,OBa-

TeJIbHOM cryneuvaroa uexeurnpoaauua. 06beM nponaaouaon 
)KH)l,KOCTH paneu BHyTpeHHeMy 06beMy KOJIOHHbl OT uenerrrapo-
BOliHOH MyepTbl no yCTb51. 

OepBa51 npooxa Ca)l,HTC5I aa HH)KHlOIO BTyJIKy ueMeHTHpon04HOH 
MyfjJTbl, cnaaraer ee BHH3 .n.o yrropa H orxpusaer 6oKoBbie oTBepcTHH 
B xopnyce MyepTbl, sepea xoropue B SaKOJIOlfHOe npocrpaucrao Bbl
TeCHHeTC5I TaMrrOHa)KHbIH paCTBOp. Bropas nporixa ca.n.HTC5I na Bepx-· 
HIOIO BTyJIKy, cnnaraer ee BHHS no yrropa B TOpeU nepsoa nporixa 
H aaxpusaer oTBepcTHH B MyfjJTe. PesKHH CK3110K .n.aBJleHIlH B nexea
THpOBOliHOH rOJIOBKe If nacocax B MOMeHT CXO)K.n.eHH5I rrp060K CJIy
)KHTCHrHaJIOM .n.JIH npexpauienas noztasu nponasosuoa )KH.n.KOCTH H 
3aKpblTHH xpanos na orsonax ueMeHTHpOBOliHOH rOJIOBKH. 

ECJIH KOJIOHHa cnariacena repMeTHlIHblM 06paTHbiM KJIanaHOM H 
ueMeHTHpOBOliHOH MyepTOH, rrOCJIe OCTaHOBKH HaCOCOB Hs6blTOliHOe 
.n.aBJIeHlfe B ueMeHTHpOBOliHOH rOJIOBKe nJIaBHO CTpaBJIHBalOT H 
OCTaBJIHIOT CKBa)KHHY B noxoe C aaxpsrrsiaa KpaHaMH aa nepaon 
rsepneaua TaMrrOHa}/{HOrO pacraopa. B nepuon TBep.n.eHHH pacrnopa 
KOHTpOJIHpylOT BeJIlfllHHY H36b1TOliHOro )l,aBJIeHHH B ueMeHTHpOBOll
HOH rOJIOBKe H npn He06xo.n.HMOCTH nJIaBHO CTpaBJIHBalOT ero. 
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MaH)KeTa CJIy)KHT ,AJIH npezorapamenaa OCa)K.n.eHHSI T8MrrOHa)K
noro pacrsopa B 30Hy epHJIbTpOBOA: lIaCTH 06ca.n.HoH KOJIOHHhI. B ra
SOBhlX CKBa){{HHaX BMeCTO MaH)KeTbI ueJIeC006pasHO HCnOJIbSOBaTb 
HapY)KHbIH naxep na KOJIOHHe. 

06paTftOe ueuentupoeanue. ECJIH rtpennonar-aior HCrrOJIb30BaTb 
cnocoo oriparnoro ueMeHTHpOBaHHft, oocannyio KOJIOHHy cnycxaior B 
CKBa)KHHY 6es oriparnoro xnanana H ynopuoro KOJIbua. Ha BepXHHH 
KOHeu KOJIOHHbl rrOCJIe npoaunxa HaBHHlIHBalOT rOJIOBKy C KpaHaMH 
BbICOKoro .n.aBJIeHH5I H JIy6pHKaTopOM. fOJIOBKy coe;lI;HHHIOT Tpy60
nposonoa C UHpKyJI5IUHOHHOH CHcTaMoH 6ypOBOH. 3aKOJIOHHOe npo
crpancrso CKBa)KHHbI repxeraaupyior npeaearopox. 

UeMeHTHblH paCTBOp saxaxaaaior nenocpencrsenno B 3aKOJIOH
Hoe rrpOCTpaHCTBO; BbITeCH5IeMa51 HM npoxstaosnaa )KH,llKOCTb non
HHMaeTC5I aaepx no 06ca.n.HoH KOJIOHHe H xepes ycrsesyio rOJIOBKy H 
Tpy60rrpOBO.n. HarrpaBJI5IeTC5I B OllHCTHYIO cHcTeMy. OOCJIe Toro KaK 
nepsaa rrOpUH5I TaMrrOHa)KHOrO pacrnopa BoH.n.eT B 6aillMaK KOJIOH
Hbl, HaCOCbl OCTaHaBJIHBalOT, xpanu na YCTbeBOH rOJIOBKe saxpsmaror 
H CKBa)KHHY OCTaBJI5IIOT B noxoe aa nepaon TBep.n.eHH5I pacraopa. 

ECJIH paananne B rrJIOTHOCTHX TaMrrOHa)KHOrO pacrsopa H npoau
BOliHOH )KH.n.KOCTH 3HallHTeJIbHO, a 06beM TaMrrOHa)KHOrO pacrnopa 
.n.OCTaTOliHO BeJIHK, CKOpOCTb TelleHHH rrOCJIe.n.Hero B SaKOJIOHHOM 
rrpOCTpaHCTBe MO)KeT CTOJIb nosp acrn, lITO .n.aBJIeHHe B 3TOM npo
CTpaHCTBe y yCTbH ynazter HH)Ke arxocrpepnoro. Torzta HalJHeTCH non
COC soanyxa xepes HerepMeTHliHOCTH B 06BHSKe rpyconposonoa JIH60 
rrpHTOK )KH.n.KOCTH HS nponauaexsrx nopon. Bo H36e)KaHHe sroro B 
nepaon ueMeHTHpOBaHHH He06xo.n.HMO KpaHaMH na YCTbeBOH rOJIOBKe 
TaK peryaapoaari, CKOpOCTb auxona rrpOMblBOliHOH )KH.n.KOCTH H3 KO
JIOHHbl, lIT06bl .n.aBJIeHHe B 3aKOJIOHHOM rrpOCTpaHCTBe y yCTbH scerna 
6bIJIO HeCKOJIbKO auure arxocrpepaoro. 

HaH60JIbillYlO Tpy.n.HOCTb npa 06paTHOM ueMeHTHpOBaHHH npen
CTaBJlJreT onpenenenae MOMeHTa, xorna nepaas nopuaa TaMnOHa)KHO
1'0 pacrnopa noztxonar K 6aillMaKy 06ca.n.HoH KOJIOHHbI. Ha.n.e)KHO 
9TO MO)KHO cnenars C noaomsro npnoopa .n.JIH raMMa-KapOTa)Ka. 
TaKoll npaoop cnyxaror B CKBa)KHHY na Ka6eJIe, nporryuteuuou xepea 
JIy6pHKaTOp B YCTbeBOH rOJIOBKe, H YCTaHaBJIHBalOT rr06JIH30CTH 
(B 100-200 M) OT 6aillMaKa. Ilepnyio nopuaio TaMrrOHa)KHOrO pac
reopa aKTHBHpylOT HSOTorrOM C MaJIblM nepnonov noaypacnana, 
3Ha51 rJIy6HHy yCTaHoBKH npariopa B KOJIOHHe H 06beM 3aKOJIOHHOrO 
npocrpancrna na yxacrxe OT 3TOH rJIy6HHbi OT 6amMaKa KOJIOHHbl, 
no cyMMapHoH noztaxe HaCOCOB, aaxasunaroumx )KH.n.KOCTb B CKBa
)KHHy, MO)KHO JIerKO paccxaran, BpeM5I, sa xoropoe TaMrrOH8)KHbIH 
pacTBop 3arrOJIHHT 3TOT YliacToK H.BoH.n.eT BHytpb KOJIOHHbI. 

OpH 06paTHoM ueMeHTHpoBaHHH aa CTeHKH CKBa)KHHbIOKa3bIB&.
eTCH MeHbillee .n.aBJIeHHe, lIeM npn onnocrynemarov cnocorie; rpeey
IOTCH MeHee MOllJ,Hble HaCOCbl; nerve, lIeM npn zpyrax cnocooax, )1.0

6HTbCH 60JIee rrOJIHOrO aaxeuienaa npoMbIBoliHOH )KK.n.KOCTH TaM"DO
Ha)KHbIM pacraopov. Hapany C 3THM, npa TaKOM cnocooe KalleCTBO 
TaMrrOHa)KHOrO pacrsopa, nocrynaiotuero B HH:lKHIOIO sacn. CKBaJK.H
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Hbl, xyace, '1eM npn O)J.HOcTyneH'IaTOM, nOCKOJlbKY pasneaarem.nue 
npOOKH HCnOJlb30BaTb HeB03MO)KHO H OJlH3 OaIllMaKa KOJlOHHbl OKa

3blBaeTCH, no cyuiecrsy, CMeCb TaMnOHa)KHOrO pacrsopa C npOMbIBO'l

HOH )KH)J.KOCTblO. Cylll,eCTBeHHO yMeHbIllHTb OO'beM 00pa3YlOIll,eHCH 

CMeCH MO)KHO, eCJlH B 3aKOJlOHHOM npOCTpaHCTBe npn ueMeHTHpOBa

HHH nO)J.)J.ep)KHBaTb pa3BHTOH TypoyJleHTHblH pe)KHM Te'leHHH. 
Ooparuoe UeMeHTHpOBaHHe ueJleC006pa3HO npHMeHHTb B CJle)J.YIO

Ill,HX cHTyaUHHX: a) eCJlH H3-3a onaCHOCTH nornomeuas onnocrynen

'1aTOe ueMeHTHpOBaHHe HeB03MO)KHO; 6) eCJlH aa 6ypOBOH HeJlb3H 

cocpenorosars )J.OCTaTO'lHoe '1HCJlO MOIll,HblX HaCOCOB )J.JlH UeMeHTH

pOBaHHH )J.pyrHMH cnocoriaan. 

§ 62. UeMeHTHpoBaHHe XBOCTOBHKOB 

XBOCTOBHKH ueueurapyior O)J.HocTyneH'IaTbIM cnocooox. npH'IeM 

HH)KHIOIO paanenurensnyio nporixy B OTe'leCTBeHHoH npaxrnxe, KaK 

npasnao, He npHMeHHIOT. nOCKOJlbKY )J.HaMeTpbl XBOCTOBHKa H 6y

PHJlbHblX rpyo, npa nOMOIUH KOTOpblX ero cnycxaior B CKBa)KHHY, 

pa3JlH'IHbI, TaMnOHa)KHbIH paCTBOp OT)J.eJlHIOT OT npO)J.aBO'lHOH )KH)J.

KOCTH CneUHaJlbHOH np06KoH. TaKaH np06Ka COCTOHT H3 )J.BYX ceK

UHH (CM. P HC. 68, 8 He). HH)KHIOIO ceKUHIO H3rOTOBJlHIOT non BHyT

peHHHH )J.HaMeTp XBOCTOBHKa H nO)J.BeIllHBaIOT npa nOMOIUH rapn

pOBaHHblX nmanex B p as-senannrene (CM. pHC. 52); B nenrpam.noa 

'1aCTH ,nOH ceKUHH HMeeTCH npoxonnoa xanan. BepxHlO1O )Ke cex

UHIO H3rOTOBJlHIOT non BHyTpeHHHH )J.HaMeTp 0YPHJlbHbIX rpyo. 
Ilocne npoxsmxa CKBa)KHHbI B 6YPHJlbHbie Tpy6bl '1epe3 nexen

THpOBO'lHylO rOJlOBKY 3aKa'lHBalOT TaMnOHa)KHbIH pacrnop B 06'beMe, 

Heooxo)J.HMOM )J.JlH 3anOJlHeHHH xonsuesoro npocrp ancraa Me)K)J.y 

XBOCTOBHKOM H CTeHKaMH CKBa)KHHbl H yuacrxa XBOCTOBHKa HH)Ke 

ynopnoro xonsua, 3aTeM oCB0(0)K)J.aIOT BepxHlO1O ceKUHIO np06KH H, 

3aKa'lHBaH nonepx nee nponaaosayto )KH)J.KOCTb, npOTaJlKHBalOT BHH3 

no OypHJlbHOH KOJlOHHe. Ilocne nocanxa aepxuen ceKUHH na HH)KHIOIO 

)J.aBJleHHe B 6ypHJlbHbiX rpyoax pesxo aoapacraer, umansxn cpesa

IOTCH H ofie ceKUHH, KaK e)J.HHaH npotixa, )J.BH)KyTCH BHH3 )J.O ynop

noro xonsua, BblTeCHHH TaMnOHa)KHbIH pacrsop B xoasuesoe npo

crpaacrso CKBa)KHHbI. 
B onpenenenasrf MOMeHT 3aKa'lKH npo)J.aBO'lHOH )KH)J.KOCTH B 

6YPHJlbHbie Tpy6bl cop acsmator urap, KOTOpblH ca)J.HTCH aa BTyJlKy 3 
pa3'be)J.HHHTeJl51 (CM. pHC. 52) H C)J.BHraeT ee BHH3; npa 3TOM orxpu

BalOTCH oTEepcTHH 4 H nponaaosuaa )KH)J.KOCTb uaxanaer asrrexars 
B 3aKOJlOHHOe npocrpaacrao. Ilponuaxy np0)J.OJl)KaIOT )J.O CXBaTblBa

HHH TaMrrOHa)KHOrO pacrsopa. 3aTeM 6ypHJlbHylO KOJlOHHY OTcoe)J.H

HHIOT H H3BJleKalOT H3 CKBa)KHHbI. 
np0)J.OJl)KHTeJlbHOCTb na)J.eHH51 urapa )J.O BTyJlKH npn Typ6yJleHT

HOM pe)KHMe Te'leHHH B 6ypHJlbHbiX rpytiax MO)KHO paCC'IHTaTb no 

rpopwyne [32]: 
1M (8.1)lUI = r-.--.

2,25V ~:(~:p-~)+w'
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rne lM - paccroaaae OT YCTbH no pa3'be)J.HHHTeJlH; dUl - )J.HaMeTp 

utapa; PUI H prrp - nJlOTHOCTH mapa H npO)J.aBO'lHOH: )KH)J.KOCTH COOT
BeTcTBeHHo; W - CKOpOCTb Te'leHHH )KH)J.KOCTH B KOJlOHHe; Cw 

K03epep HUHeHT conpOTHBJleHHH npn Typ6yJleHTHOM pe)KHMe 

dill )3
0,157 Cf;;( 

Cw = ( d )3 + 0,245. (8.2)
lll 

1- dB 

Torna 06'beM nponaaouuojl )KH)J.KOCTH, nocne 3aKa'IKH xoroporo 
cnenyer copacsman, map, 

, 11: 

Vrrp = T kcllt [d2 (Lx -ho) +dn (1M - llllw)] , (8.3) 

rne k cllt - K03epepHUHeJ;IT C)KHMaeMOcTH npo)J.aBO'lHOH )KH)J.KOCTH; 

Lx - )J.JlHHa XBOCTOBHKa; ho - paccroanae OT ynopnoro xonsua )J.O 

6aIllMaKa XBOCTOBHKa; dB - BHYTpeHHHH )J.HaMeTp 6YPHJlbHbiX Tpy6. 

AHaJlOrH'IHO uexeurapyior HiH)KHHe yaacrxn 06ca)J.HblX KOJlOHH 
npn cnycxe no '1aCTHM. 

§ 63. OCHoBHble (jlaKTOpbl, BJlHHlOlll,He na Ka'leCTBO 

ueMeHTHpoBaHuH 

Ka'leCTBO pa3061ll,eHHH npoaauaensrx nJlaCTOB nyrejs ueMeHTH
pOBaHHH 3aBHCHT OT cJle)J.YIOIUHx rpynn rpaxropos: 

a) cOCTaBa raanonnpyiomea CMeCH; 

6) COCTaBa H CBOHCTB TaMnOHa)KHOrO pacrnop a; 
B) cnoc06a ueMeHTHpoBaHHH; 

r) nOJlHOTbl 3aMeIUeHHH npo)J.aBO'lHOH )KH)J.KOCTH TaMnOHa)KHbIM 
pacraopox B 3aKOJlOHHOM npocrpancrae CKBa)KHHbI; 

)J.) npO'lHOCTH H repMeTH'IHOCTH cuenneuas TaMnOHa)KHOrO KaM
HH C 06ca)J.HoH KOJlOHHOH H CTeHKaMH CKBa)KHHbI; 

e) HCnOJlb30BaHHH )J.onOJlHHTeJlbHbIX cpencrs )J.JlH npenorapauie

HHH B03HHKHOBeHHH epHJlbTpaUHH H 06pa30BaHHH cyepep03HOHHbiX 

KaHaJlOB B TaMnOHa)KHOM pacrnope B nepnon sarycreaaaas H CXBa
TbIBaHHH; 

)K) pe)KHMa nOKOH CKBa)KHHbl B nepnon aarycreaaaas H CXBaTbl
BaHHH TaMnOHa)KHOrO pacrnopa. 

Cocraa TaMnOHa)KHOH CMeCH Hy)KHO Bbl6HpaTb TaK, '1TOObl B 

)J.Hana30He reurrep aryp, xoropue MoryT B03HHKHYTb B CKBa)KHHe 

B nepnon ee CJlY)KObl, H npn TOM COCTaBe ropnux nopon H nJlaCTO
aux )KH)J.KOCTeH, C KOTOpblM TaMnOHa)KHbIH xaxeas oyner B3aHMO

)J.eHCTBOBaTb, nOJlHOCTblO y)J.OBJleTBOpHJlHCb TpeOOBaHHH, CepOPMY

JlHpOBaHHbIe B § 52. 3TO 3Ha'lHT, 'ITO, eCJlH B nepnon uexenrnpo

BaHHH rexneparypa B CKBa)KHHe KOJleOJleTCH, aanpnuep, OT MHHYC 

5°C OJlH3 YCTbH )J.O nJlIOC 50°C y aatioa, a B nepaon 3KCnJlyaTaUHH 
MO)KeT noauurarscs )J.O 250°C, COCTaB TaMnOHa)KHOH CMeCH )J.OJI)KeH 

OblTb TaKHM, '1T06bl ueMeHTHblH: KaMeHb OCTaBaJlCH np0'lHblM H 
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npaKTHlJeCKH HenpOHHuaeMbiM B resenae ,lI.OJIrHX JIeT CJIy)K6bl npn 
TeMnepaTypc 250°C, a pacTBop H3 3TOH cMeCH CXBaTbiBaJICH H 3a~ 
TBcp,ll.eBaJI 6C3 yca,ll.KH npH TeMnepaTypc MHHYC 5°C. ECJIH B rop
HbiX noponax H nJIaCTOBbIX )KH,lI.KOCTHX, C KOTOpbIMH 6y,ll.eT KOHTaK

THpoBaTb KaMCHb, cO,1J.ep)KaTCH arpeccHBHbIC KOMnOHeHTbI (nanpa

MCp, CCPOBO,ll.0P0,ll. HJIH XJIOpHCTbIH MarHHH), KaMeHb ,lI.OJI)KeH 6bITh 

CTOHKHM nporus KOpp03HH, Bbl3b1BaeMOH 3THMH BcmeCTBaMH, a 

pacrsop ,lI.OJI)KeH CXBaTbIBaTbCH B HX npHcyTcTBHH. 
Ilpa nJIaHHpOBaHHH COCTaBa H CBOIICTB TaMnOHa)KHOrO pacrnopa 

YllHTblB8lOT ,lI.HHaMHlJeCKYIO (1'. e. npa npoMblBKe) TeMnepaTypy B 

HHTepBaJIe ueMcHTHpoBaHHH, HaH60JIblllee ,lI.aBJIeHHC B CKBa)KHHe B 

nepaon UCMCHTHpoBaHHH, nJIaCTOBbIe ,lI.aBJIeHHH B npouauaeusrx 
noponax, ,lI.aBJIeHHH rH,lI.pOpa3pbIBa nopon, a TaK)Ke OTHOCHTeJIbHble
 

nepena,ll.bI ,lI.aBJIeHHH Me)K,lI.y 6.1JH3paCnOJIO)KeHHbIMH npoaauaeausor
 
nJIaCTaMH. Peuerrrypy TaMnOHa}KHOrO pacraopa pa3pa6aTbIBaIOT C
 

TaKHM paClJeTOM, lJT06bI npa MaKCHMaJIbHOH ,lI.HHaMHlJeCKOH rexne

parype H HaH60JIbllleM ,lI.aBJIeHHH CpOK naxana sar-ycreaaaas 6blJI
 

HeCKOJIbKO 60JIbllle (aa 20-30 MHH - B 3aBHCHMOCTH 01' rJIy6HHbI
 

CKBa)KHHbI H ,lI.JIHHbI nejaearapyeaorc HHTepB8JIa) BpeMeHH, He06


XO,ll.HMOro ,lI.JIH TpaHcnopTHpoB8HHH pacraopa B 3a,ll.aHHblH HHTepBaJI
 

CKBa)KHHbl. ECJIH reOCTaTHlJeCKaH revneparypa B ueMeHTHpyeMoM
 

HHTepBaJIe HH)Ke HyJIH °C, B COCTaB pacrnopa Hy}KHO BBeCTH Be


meCTBO, cnocotiaoe nOHH3HTb resmeparypy 3aMep3aHHH BO,ll.b1 XOTH 

6101 aa 3-5 K HH)Ke MHHHMaJIbHOH TeMnepaTypbI nopon. 
KalJeCTBO ueMeHTHpOBaHHH cymecTBeHHo 3aBHCHT 01' H30JIHUHOH

HbiX CBOHCTB TaMnCHa)KHOrO pacrsopa, 01' coornoureaaf nJIOTHOCTeH 

H peOJIOrHlJeCKHX -CBOHCTB TaMITOHa)KHOrO pacrsopa H npOMbIBOlJHOH 

)KH,lI.KOCTH. UeJIeC006pa3Ho n03TOMY ,lI.JIH ueMeHTHpoBaHHH HCnOJIb

30BaTb pacrsop C HaH60JIblllHM B03MO)KHbIM 3HalJeHHCM noxasare

JIH TaMnoHHpyIOmei'i cnoc06HoCTH. 
YCJIOBHMCH Ha3b1BaTb OTHOCHTeJIbHblM nepenaziox ,lI.aBJIeHHH 

t:i.PIIJI OTHOllleHHe pasnocrn ,lI.aBJIeHHH P~ll-P~ll B JI.BYX npounuae

MbiX ropaaoirrax (p' n II > P~n) K ,lI.aBJIeHHIO cToJI6a aonu Me)K,lI.y 

HHMH 
r n 

b:	 _ Pnn -- PUll (8.4) 
PUJI - Pugt1z ' 

rne t:i.z - paCCTOHHHe Me)K,lI.y ropH30HTaMH. 
ECJIH acxpsrrsr HeCKOJIbKO npOHHuaeMbIX ropH30HTOB C 60JIb

lllHM OTHOCHTeJIbHblM nepenanox ,lI.aBJIeHHfi (t:i.pn;n> 1,5) HJIH r-aao

BblH nJI8CT, ,lI.JIH npe,ll.OTBpaI.l.l,CHHH 06pa30BaHH51 B TaMnOHa)KHOM 

pacrsope B noxoe CY<P<P03HOHHblX KaHaJIOB H B03HHKHOBeHH51 nepe

TOKOB nJIaCTOBbiX )Kfl,ll.KOCTeH (raaa) CJIC,lI.yeT yCTaHaBJIHBaTb ua 

06ca,ll.HOH KOJIOHHC napyzcuue naxepu. Ilaxepu peKOMeH,lI.YCTC51 

pasaetuars ssnne KpOBJIH r-asoaoro nJIaCTa H Me)K,lI.y ropnaonraxu 

C 60JIblllHM Apnn npOTHB HenpOHHuaeMbIX nopon na YlJaCTK8X C 

HOMHHaJIbHbIM ,lI.HaMeTpOM CKBa)KHHbI. OpH He60JIblllHX t:i.pnJl HOT
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CyTCTBHH naxepos nOJIe3HO aa KOJIOHHe yCTaHaBJIHBaTb MaH)KeTbI. 

B noxoe B pe3YJIbTaTe Ce,ll.lIMeHTaUHH nan MaH)KeTof! oopasyercs 
CJIOH TaMnOHa)KHOrO pacrnopa C yBeJIHlJeI-IHOH KOHUCHTpaILHeH rsep

,lI.OH <pa3bI H noauureauux nOKa3aTeJIeM raanoaapyiomea cnocoono

CTH, 3aTpY,ll.HHIOI.l.I,HH 06pa30BaHHe CY<P<P03HOHHbIX KaHaJIOB H B03

HHKHOBeHHe ncpeTOKOB. 

COOTHOlllCHHH nJIOTHOCTeH H peOJIOrHlJeCKHX CBOHCTB TaMnOHa)K

noro pacrsopa H npOMblBOlJHOH lKH,lI.KOCTH BJIH51IOT, ao-nepaux, aa 

IIOJIHOTy BbITeCHeHHH npOMbIBOtIHOH )KH,lI.KOCTH H3 3aKOJIOHHOrO npo

CTpaHCTBa (CM. § 64); BO-BTOpbIX, na BeJIHlJHHy ,lI.aBJIeHHH na CTeH

KH CKBa)KHHbI. B JII060H MOMeHT ILeMeHTHpoBaHHH CTaTH'IeCKOe 

,lI.aBJIeHHe cToJI6a )KH,lI.KOCTeH B 3aKOJIOHHOM npocrp axcrue BO H36e

xcanae ra30He<pTenpOHBJIeHHH ,lI.OJI)KHO 6bITb 60JIbille flJIaCTOBOro 

B nponauaeasrx noponax: cyMMa }KC CTaTHlJeCKOrO H rH,lI.pO.D.HHaMH

lJeCKOrO ,lI.aBJICHHH BO H36emaHHe nOrJIOlUCHHH TaMllOHa)KHOrO 

pacraopa JIH60 npoauao-mos }l(H,lI.KOCTH ,lI.OJI>KHa 6bITb MCHblIIC 

.uaBJIeHHH nOrJIOI.l.l,eHHH HaH60,7iec CJla6bIX ropIl30HTOB. 

Becsxa CJIa6bIM YlJaCTKOM HBJ1HCTCH KOHTaKT Me}l(Jl.Y 06Ca,ll.HOp. 

KOJIOHHOH H ueMeHTHbIM K<WlHeM. llPOllHOCTh CuenJICHHH nasce lJH

CTofI HOBOH nonepxaocru C KaMHCM o-reas MaJIa. B 60JIbWHHCTBe 

CJIylJaeB na Hapy)KHOH noaepxuocrn KOJIOHHbI HMelOTCH MaCJIHHble 

n51THa H nnenxa npOMbIBOlJHOH )KH,lI.KOCTH (uauie scero ---- rJIHHH

CTaH nJIeHKa), H3-3a KOTOpblX npOlJHOCTb CuenJIeHHSI erne 60JIce 

CHH)KaeTC51. 31'0 MaJIOnpOlJHOe cuenneane paapyuraercs npu pa

,lI.HaJIbHOH ,lI.eepopMaUHH KOJIOHHbI, 06ycJIOBJICHHOII CHH)KCHHeM BHyT

peanero ,lI.aBJIeHH51. B pe3YJIbTaTe orpuna KOJIOHHbI 01' ueMeHTHoro 

KaMHH Me}l(,lI.Y HHMH 06pa3yeTC51 TOHKHH 3a30p, no KOTOpOMy MO

rYT <pHJIbTpoBaTbcH nJiaCTOBbIe )KH,lI.KOCTH. 

CYI.l.l,CCTBCHHO YBeJIHlJHTb npOlJHOCTb CuenJIeHI1H MO)KHO, CCJIH 

C,lI.eJIaTb Hapy)KHyIO noaepxnocri, Tpy6 rpyoourepoxoaaros. .lJ.JIH 

sroro na nOBcpxHOCTb rpyo HaHOC51T nOKpbITlIC H3 3nOKcH,lI.HOH 

CMOJIbi H rpytioaepuncroro xaapueaoro necxa. CMOJIOneClJaHOe no

xpurae MO)KI-io HCnOJIb30B8Tb npn revneparypax ,lI.0 150-170°C. 

OHO TaIOKe cnocoocrsyer 3aI..QHTe rpyti OT KOpp03HH. 

LlJISI YMeHbllleHH51 onaCHOCTH 06pa:-;osaHH51 aasopa Me)K,lI.y 06

Ca,ll.HOH KOJIOHHOH II TaMnOHa}l<HbIM KaMHeM ueJIeC006pa3Ho cpasy 

2Ke no OKOHlJaHHH ueMeHTHpOBaHH51 crpaanrs H36bITOlJHOe BHyTpeH

aee ,lI.aBJIeHHC B KOJIOHHe y YCTb51. Torna KaMeHb 6y,ll.eT <pOPMHPO

BaTbCH npu 6JIH3KOM K MHHHMaJIbHoMY Hapy)KHOM nnaxerpe KO

JIOHHbI. 

YMeHblllHTb onaCHOCTb paapyurenas CuenJIeHH51 B pe3YJIbTaTe 

OCCBOH JJ.c<popMaUHH rpyri MO}KHO, eCJIH npaoerayrs K cryneunaro

My UCMeHTHpOBaHHIO C pa3p~BOM BO BpCMeHH H nepe,ll. UCMCHTHpO

BaH HeM BepXHHX yqaCTKOB KOJIOHHy HaT51HYTb C COOTBCTCTByIOmHM 

yCHJIHCM. 

KpaHHC CJIa6b1M yaacrxoa, KaK npaBHJIO, HBJI51CTCH KOHTaKT 
Me)K,lI.y TaMnOHa)KHblM KaMHCM H ropnuxn noponaxn. 06pa30B8

HHIO nposaoro H rCpMCTHlJHOrO CuenJIeHHH Me)K,lI.y HHMH npenarcrsy

223 



er q>HJIbTpall,HOHHaH KOpKa rrpOMbIBOqHOH }I{H.lI.KOCTH, oopasyiouraa l_?_'
 

CH ua npoaauaexux yxacrxax CTeHOK CKBa}l{HHbI, H nnenxa ~)TOH
 

}I{H.lI.KOCTH - na nenponnuaexsrx yxacrxax. a TaK}I{e ycaztxa KaM

HH rrpOTHB aenponanaeaux yqaCTKOB 60JIbIIIOH rrpOTH}I{eHHOCTH.
 
repMeTHqHOCTb KOHTaKTa KaMHH C nenponuuaeasraa nopcnaxa MO-
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Puc. 74. CKpe6KIf ,llJISI ynanenaa ¢lfJIbTpal.\lfOHHbIX KOpOK npa pacxascaaanaa 
(CJIeBa saepxy) If spaureana (CJIeBa BHlf3Y If cnpaaa) o6ca,llHOll KOJIOHHbI 

}I{eT 6bITb napyurena BCJIe.ll.CTBHe TOrO, qTO npa KOHTpaKlI,HH ue
MeHTa nneaxa 06e3BO}l{HBaeTCH, YMeHbIIIaeTCH B 06beMe H pacrpec
KHBaeTCH. 

CJIa6aH CBH3b Me}l{.lI.Y TaMrrOHa}l{HbIM KaMHeM H rOpHbIMH rro
ponaxn MO}l{eT 6bITb cpaBHHTeJIbHO JIerKO paspyurena, eCJIH Me}l{.lI.Y 
.lI.ByMH rrpOHHlI,aeMbIMH nJIaCTaMH B03HHKHeT B npouecce 3KCrrJIya
rauna CKBa}l{HHbI (HJIH cyurecrsyer B npaponaux yCJIOBHHX) 3Ha
qHTeJIbHblH rrepena.ll. .lI.aBJIeHHH. 

l..J:T06bI C.lI.eJIaTb cuenaenne KaMHH C rOpHbIMH noponaaa 60JIee 
Ha.ll.e}l{HbIM, Heo6xo.ll.HMO C rrOBepXHOCTH CTeHOK CKBa}l{HHbI npa 
lI,eMeHTHpOBaHHH Y.ll.aJIHTb rrOJIHOCTblO q>HJIbTpall,HOHHYIO KOpKy rrpo
MbIBOqHOH }I{H.lI.KOCTH H nnenxy ee JIH60, B KpaHHeM cnyxae, npespa
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THTb HX B npoxnoe rnepnoe TeJIO, HMelOI..lI,ee xopouree cuenneane C 
noponaxa H lI,eMeHTHblM KaMHeM H He pa3pYIIIalOI..lI,eeCH npa KOHT
paKlI,HH J~eMeHTa. Y.lI.aJIeHHe q>HJIbTpall,HOHHbIX KOpOK B03MO}l{HO Me
X:J.HHqeCKHM JIH60 XHMHqeCKHM nyrex. )J.JIH MeXaHHqeCKOrO ynane
HHH HCnOJIb3YlOT cneuaansnue cKpe6KH, xoropue C.lI.HpalOT q>HJIb
rpaunonayro KOpKy npa paCXa}l{HBaHHH (pHC. 74, a) HJIH apauie
HHH (pHC. 74, 6) 06Ca.ll.HOH KOJIOHHbI. Cnapaexaa co CTeHOK xopxa 
BOCXO.ll.HI..lI,HM rrOTOKOM rrpOMbIBOqHOH }I{H.lI.KOCTH H nepsux nopuaa 
TaMrrOHa}l{HOrO pacrsopa Y.ll.aJIHeTCH OT rrOBepXHOCTH noponu: 
aa ee MeCTe oopaayercs lI,eMeHTHaH xopxa, 06JIa,ll.aIOI..lI,a51 ropaano 
60JIbIIIeH nposuccrsro. 

CKpe6KH YCTaHaBJIHBalOT Ha 06Ca.ll.HOH KOJIOHHe npOTHB npOHH
uaexsrx nopon H aaKperrJIHIOT HerrO.ll.BH}I{HO. HaH60JIbIIIHH aapyac
HbIH naaxerp cxpeoxa .lI.OJI}I{eH 6bITb HeCKOJIbKO 60JIbIIIe .lI.HaMeTpa 
CKBa}l{H"HbI. CKpe6KH, H306pa}l{eHHbIe aa pHC. 74, a, paaaeuiaior aa 
paccToHHHH rrpHMepHo 3 M .lI.pyr OT .lI.pyra; BO BCHKOM cJIyqae OHO 
He .lI.OJI}I{HO npeasnuars 0,6-0,7 .lI.JIHHbI paCXa}l{HBaHHH KOJIOHHbI. 
CKpe6KH, H306pa}l{eHHbIe na pHC. 74, 6, .lI.OJI}I{HbI 6bITb paaaeuieau 
B.lI.0JIb scero yxacrxa KOJIOHHbI nporas nponauaesn,rx nopon, 

Pa3pYIIIeHHIO q>HJIbTpall,HOHHbIX KOpOK H yJIyqIIIeHHIO cuenne
HHH uexenrnoro KaMHH co CTeHKaMH CKBa}l{HHbI, rro .lI.aHHbIM 
Yq>HMcKoro aerprsaoro HHcTHTyTa, cnocoticrsyer HaJIO}l{eHHe BH6pa
lI,HH C qaCTOTOH npaxepao 100-175 I'u aa rrOTOK TaMnOHa}l{HOrO 
pacrsopa. I'eneparop BH6pall,lIH paaxeuiaior y 6aIIIMaKa 06Ca.ll.HOH 
KOJIOHHbI. 

)J.JIH XHMHqeCKOrO paapyureaaa q>HJIbTpall,HOHHbIX KOpOK HCnOJIb
3ylOT cnennansnue }I{H.lI.KOCTH, xoropue npoxanaaaior B cKBa}l{HHY 
nepen TaMrrOHa}l{HbIM pacrnopox. TaKHe }I{H.lI.KOCTH 06b1qHO aaasr
BalOT 6yq>epHbIMH, TaK KaK OHH pa3.l1.eJIHIOT rrpOMbIBOqHYIO }I{H.lI.
KOCTb OT TaMrrOHa}l{HOrO pacrnopa (CM. § 65). 

Ilpn lI,eMeHTHpOBaHHH CKBa}l{HH B xeaorennux OTJIO}l{eHHHX co
JIH MoryT pacrnopsrrscs B .lI.HCrrepCHoHHOH cpene . TaMrrOHa}l{HOrO 
pacrnopa; npn 3TOM He TOJIbKO B03paCTaeT MHHepaJIH3all,HH }I{H.lI.
KOH cpenu H H3MeHHeTCH ee COJIeBOH COCTaB, qTO CKa3b1BaeTCH aa 
CBOHCTBax pacrsopa H KaMHH, HO Me}l{.lI.Y q>OpMHpyIOI..lI,HMCH TaM
nOHa}l{HbIM KaMHeM H CTeHKaMH CKBa}l{HHbI MO}l{eT 06pa30BaTbCH 
}I{H.lI.KaH rrpOCJIOHKa BblCOKOMHHepaJIH30BaHHOH BO.ll.bI. TaKaH rrpo
CJIOHKa HBJIHeTCH KaHaJIOM .lI.JIH neperoxa nJIaCTOBblX }I{H.lI.KOCTeH. 
BCJIe.ll.CTBHe roro, qTO npa paCTBopeHHH COJIeH H3 CTeHOK CKBa}l{HHbI 
crenens MHHepaJIHaall,HH OKa3bIBaeTCH HeO.ll.HHaKOBoH B pa3HbIX 
yqaCTKaX rrOrrepeqHOrO CeqeHHH cToJI6a paCTBopa (HaH6oJIee BblCO
KaH 6JIH3 CTeHOK CTBOJIa, HaHMeHbIIIa51 - y 06Ca.ll.HoH KOJIOHHbI), 
npOHCXO.ll.HT neonnoapexeaaoe CXBaTbIBaHHe ero, a rnepneaae H.lI.eT 
C pa3HOH HHTeHCHBHOCTblO. Ilpa CYI..ll,eCTBeHHOM pa3JIHqHH B CKOpO
CTHX raepneaaa pasnux CJIOeB pacrsopa B KaMHe MoryT B03HHKHYTb 
MeCTHble HarrpH}I{eHHH, xoropue cnocoocrayior pa3pYIIIeHHIO ero. 
nOCTyrrJIeHHe COJIeil: B COCTaB TaMnOHa}l{HOrO pacrnopa 6JIaro.rrpHHT
CTByeT KOPP03HH KaMHH. 
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CBecTH K MHHHMyMy OnaCHOCTb,. 06pa30BaHHH >KHJl.KOCTHOft npo
CnOHKH Me>KJl.Y KaMHeM H CTeHKaMH CKBa>KHHbI H npenoraparars 
B03HHKHOBeHHe MeCTHbIX HanpH>KeHHi% npa TBepJl.eHHH MO>KHO, ecna 
TaMnOlia>KHbIH paCTBOp rOTOBHTb H3 COneCTOHKOrO uexeara aa 
paccone, conepscauiea H36bITOtIHOe KOnHtIeCTBO BOJl.OpaCTBOpHMblX 
COneH, KOTOpbIe BXOJl.HT B COCTaB XeMOreHHbIX nopcn, BCKPbITbIX 
Jl.aHHoH CKBa>KHHOH. TaK KaK rexneparypa aa Jl.HeBHOH nOBepXHO
CTH scerna MeHbIlle, tIeM B ueaearapyexoa aarepsaae, no Mepe 
rpaacnopraposaaas B CKBa>KHHy H36bITOK coneH 6YJl.eT paCTBO
PHTbCH B BOJl.e H nepecsnneaaua BOJl.HbIH paCTBOp CTaHeT aacumea
HbIM HnH aexnoro HeJl.OHaCbIlI.l.eHHblM. Ilpaxeaeaae coneCTOHKHX 
I.l.eMeHTOB n03BonHeT npeJl.OTBpaTHTb HHTeHcHBHyID KOpp03HID 

KaMHH.> 
.upyrHM cnocoeox npenorapauteaaa B03MO>KHOCTH 06pa30BaHHH 

>KHJl.KOCTHOH rtpocnoaxa Me>KJl.y KaMHeM H xeaorenauxa nOpOJl.aMH 
HBnHeTCH acnonsaoaanae 06palI.l.eHHbIX TaMnOHa>KHblX 9MynbcHoH
HbIX paCTBopOB. ,UnH npHrOTOBneHHH 3MynbcHH I.l.eneC006pa3HO TaK
>Ke acnonsaosars BOJl.Y, HaCbIlI.l.eHHyID TeMH BOJl.OpaCTBopHMbIMH CO

nHMH, xoropue COJl.ep>KaTCH B Jl.aHHOH nopone, 
.uJIH nOBbIIlleHHH repMeTHtIHOCTH KOHTaKTa TaMnOHa>KHOrO KaM

HH C rOpHbIMH noponaun H 06caJl.HOH KonOHHOH scerna noneaao 
acncnsaoaars pacrsopu, pacumpmouraeca npa TBepJl.eHHH. HaH
60nbIllHH 3q>q>eKT OT Hcnonb30BaHHH TaKHX paCTBopOB MO>KeT 6b1Tb 
Jl.OCTHrHyT npa ycnOI'HH nonaoro BbITeCHeHHH npOMbIBOtIHOH '>KHJ!.

KOCTH H YJl.aneHHH q>HnbTpaI.l.HOHHbIX rnHHHCTbIX KOpO~. 

§ 64. 3aMellleHHe npOMbiBO'lHOA >KH,II,KOCTH TaMnOHa>KHblM 
paCTBOpOM 

OOJIHOTa 3aMelI.l.eHHH npOMbIBOtIHOH >KHJl.KOCTH TaMnOHa>KHblM 
paCTBopOM B 3aKOJIOHHOM npOCTpaHCTBe 3aBHCHT OT MHorHX q>aK
TOpOB, Ba>KHeHIllHMH H3 KOTOpblX HBJIHIDTCH KOHq>Hrypar.(HH sroro 
npOCTpaHCTBa, COCTOHHHe 06CaJl.HOH KOJIOHHbI (nOKOH, Jl.BH>KeHHe), 
pe>KHM TetIeHHH }KHJl.KOCTeH, COOTHOllleHHe nJIOTHOCTeH >KHJl.KOCTeH, 
TeXHOJIOrHtIeCKaH OCHaCTKa KOJIOHHbI, COCTaB, CBOHCTBa H 06beM 
HCnOJIb3yeMoH 6yq>epHOH >KHJl.KOCTH. PaCCMOTpHM xapaxrep BJIHH

HHH 3THX q>aKTopOB. 
OPOMbIBOtIHbIe >KHJl.KOCTH H raxnouaacaue pacraopu, eCJIH OHH 

cpaBHHTeJIbHO MaJIO THKCOTponHbI, MO>KHO paCCMaTpHBaTb B nepaou 
npH6JIH>KeHHH KaK TeJI8BH3KOnJIaCTHtIHbIe. Ilpa CTpyKTypHOM pe
>KHMe TetIeHHH BH3KOnJIaCTHtIHOH >KHJl.KOCTH cpeJl.HHH tIaCTb nOTOKa 
Jl.BH>KeTCH nO,lI.06HO npooxe: CKOpOCTH scex CJIOeB BHyTpH 9TOH 
np06KH O,lI.HHaKOBbI. Ilpa secsxa MaJIbIX CKOpOCTHX TetIeHHH npoti 
xa 3aHHMaeT nOtITH BCID nnomans CetIeHHH nOTOKa. C yBeJIHtIeHHeM 
CKOpOCTH TetIeHHH mapana np06KH yxeasuraercn, yBenHtIHBaeTCH 
urapaaa rpaJl.HeHTHbIX 30H, B KOTOpbIX CKOpOCTb H3MeHHeTCH OT 
enos K CJIOID. Ilpa Typ6yJIeHTHOM pe>KHMe B nOTOKe B03HHKaIDT 
nonepexaue nynscauaa, non 'BnHHHHeM KOTOpblX nOJIHOCTbID pas
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pyuraercs npooxa, peaxo YMeHblllaeTcH paaaaua Me>KJl.Y CKOpOCTH
MH TetIeHHH 60JIblllHHCTBa cnoes B rpanaearaux 30Hax, CpeJl.HSlH 
CKOpOCTb TetIeHHSI npH6JIH>KaeTCH K MaKCHMaJIbHOH, a npodnen, CKO
pOCTeH saeurae CTaHOBHTCH oneas nOXO>KHM aa nporpam, npa CJIa· 
60pa3BHTOM CTpyKTypHOM pe>KHMe. 

npeJl.nOJIO>KHM, tITO CKBa>KHHa HMeeT xpyrnoe nonepexaoe ce- - 
seaae, HeH3MeHHoe no ,lI.JIHHe, 06caJl.HaH KonOHHa pacnoaosceaa 
crporo COOCHO CTBOJIy, nJIOTHOCTH H peonorasecxae csoacraa npo
MbIBOtIHOH >KHJl.KOCTH H TaMnOHa>KHOrO pacraopa, a TaK>Ke CMeCH, 
06pa3yIDlI.l.eHCH B 30He HX KOHTaKTa, - O,lI.HHBKOBbI. Ilpa CTpyK
TypHOM pe>KHMe OCHOBHaH xacca npOMbIBOtIHOH >KH,lI.KOCTH 6YJl.eT 
BblTeCHHTbCH TOH tIaCTbID nOTOKa TaMnOHa>KHOrO pacrsopa, KOTO
pas Jl.BH>KeTCH KaK npooxa co CKOpOCTbID, pasaon CKOpOCTH nepe
MelI.l.eHHH np06KH. B rpanaearnax 30Hax 6JIH3 CTeHOK CKBa>KHHbI 
H 06CaJl.Hoit KOJIOHHbI CKOpOCTH TetIeHHH cytuecraeaao MeHbllle; no
3TOMy CKOpOCTH BblTeCHeHHH npOMbIBOtIHoi% >KHJl.KOCTH TaMnOHa>K
HbIM paCTBopOM H3 9THX 30H 6y,lI.yT HH>Ke CKOpOCTH BblTeCHeHHH 
OCHOBHOH MaCCbI I.l.eHTpaJIbHOH np06KoH. K TOMy BpeMeHH, xorna 
I.l.eHTpaJIbHaH npooxa TaMnOHa>KHOrO pacrsopa Jl.OCTHrHeT sanaa
aoro CetIeHHH saxonoaaoro npocrpaacrsa, B rpaaaearaux 30Hax eute 
COXpaHH'I'CH aexoropoe KOJIHtIeCTB'0 HeBbITeCHeHHQA npOMblBOtIHOA 
>KH,lI.KOCTH. nYCTb Jl.JIHHa yxacrxa 3aKOJ,lOHHOrO npOCTpaHCTBa, non
nexcautero I.l.eMeHTHpoBaHHID,· panna [D,. YcnoBHMCH non K03q>q>H
I.l.HeHToM nOJIHOTbI 3aMelI.l.eHHH npOMbIBOtIHOH >KH,lI.KOCTH nOHHMaTb 
OTHOIlleHHe 06beMa TaMnOHa>KHOrO pacraopa, nocrynaanrero B 3TOT 
ytIaCTOK aa BpeMH, B rexeaae xoroporo npooxa nepexemanacs OT 
HH>KHerO CetIeHHH ero ,lI.0 sepxnero, K reoaerpanecxoxy 06beMy 
yxacrxa. ECJIH CKOpOCTb TetIeHHH np06KH wop, TO BpeMH raxoro 
nepexeutenas 

tnp = l u/wnp • 

Ilpa cpenaea CKOpOCTH TetIeHHH WB TaMnOHa>KHOrO pacrsopa 
06beM ero, nocTynHBIUHA aa BpeMH tup B paccaarpaaaesrua ysa
CTOK 

, It (2 2)
VU'P==T dc-dH wBtoP' 

Torna K03q>q>HI.l.HeHT nOJIHOTbI 3aMelI.l.eHHH npoausosaoa >KH,II,

KOCTH
 

~ (d~ - d~) wBtnp = w • 
B

4 wop (8.5)a
k = ~ (d~ _ d~) woptop 

KaK BH,lI.HM, 3TOT K03q>q>HI.l.HeHT TeM MeHbIUe, tIeM 60nbIUe paa
JIHtIHe. Me>K,lI.y cpenaea H MaKCHMaJIbHOH CKOpOCTHMH TetIeHHH 
TaMnOH8>KHOrO pacraopa, ECJIH B (8.5) BMeCTO WB H wnp nOJl.CTa
BHTb COOTBeTcTByIDlI.l.He BbI~a>KeHHSI, xoropue MoryT 6bITb HaHJl.eHbI 
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nyrea HHTerpHpOBaHHH ypaBHeHHH BHHraMa, nOJIylJHM aaBHCHMOCTb 
K03<p<pHu.HeHTa ka OT peOJIOrHlJeCKHX caoacrs TaMnOHa)l{HOrO pac
TBOpa, paaaepos nonepexnorc CelJeHHH H cpenaea CKOpOCTH Te
lJeHHH. Ha pHC. 75 noxasaa xapaxrep aaBHCHMOCTH (8.5) B <pyHKU.HH 
nap axerpa CeH-BeHaHa - I1JIblOllIHHa SK. Hs pHC. 75 BH.lI.HO, lJTO 
C YMeHbllIeHHeM nap axerpa SK H, CJIe.ll.OBaTeJIbHO, paavepa np06KH 
K03<P<PHu.HeHT nOJIHOTbI saaeuieaaa TaKMe HeCKOJIbKO yxeusura

eTCH; npn paaBHTOM CTpyK

~ -~ 

;" ~ 
~ ..... 

rypaox peacaxe OCTaeTCHHI 
HeBWTeCHeHHOH nOpH.lI.Ka 
15% npOMbIBOlJHOH MH.lI.KO49 
CTH. 

B peaJIbHWX yCJIOBHHX 
peOJIOrHlJeCKHe CBOHCTBa H 

0,7 J IIJIOTHOCTH BWTeCH5IeMOH H 
10 10Z 10 Sf( BbITeCH5IlOmeH MH.lI.KOcTeH 

scerna paaJIHlJHbI, Teope
PHC. 75. 3aBHcHMoCTb K09Q)(1JHQHeHTa nOJlHO rHlJeCKH aanaua 0 saxeure
TM 3aMell{eHHH OT napaMeTpa CeH-BeHaHa - 

0,8 

HHH O.ll.HOH BHaKOnJIaCTHlJ
HJlblOllIHfla npn Oj1HHaKOBMX peOJlOrHlleCKHX 

HOH MH.lI.KOCTH npyroa CCBOHCTBax H nJlOTHOCTHX BMTeCHHeMOH H BM

TeCHHIOll{eH R<Hj1KocTeH npa dB: de = 0,5-0,9 cyurecraenao paaJIHlJHbIMH 
CBOHCTBaMH npa CTpyK

TypHOM pescaae TelJeHH5I paCCMOTpeHa B paoore [10]. B HeH no
xasaao, lJTO: 

a) npa O.ll.HHaKOBWX aHaqeHHHX peOJIOmlJeCKHX CBOHCTB H nJIOT
HOCTeH MH.lI.KOCTeH BeJIHlJHHa K03<p<pHu.HeHTa nOJIHOTbI aaMeUI.eHH5I 
BoapaCTaeT C YBeJIHqeHHeM .lI.HHaMHqeCKOrO HanpHMeHHH C.lI.BHra 
(3TO cnenyer TaKMe as pHC. 75); 

6) npH paBeHcTBe nJIaCTHqeCKHX BHaKocTeH HnJIOTHOCTeH K03<p
<pHu.HeHT nOJIHOTbI saxeuieaaa YBeJIHlJHBaeTC5I C aoapacranaex pas
HOCTH MeM.lI.Y aHalJeHHHMH .lI.HHaMHlJeCKOrO HanpHMeHHH C.lI.BHra 
raxnoaaacaoro pacrnopa H npOMbIBOqHOH MH.lI.KOCTH; 

B) eCJIH peOJIOrHqeCKHe CBOHCTBa BbITeCH5IeMOH H BbITeCHHlOmeH 
MH.lI.KOCTeH O.ll.HHaKOBbI, K03<p<pHu.HeHT nOJIHOTW saxemenas Boa
pacraer npn yBeJIH'IeHHH paaHOCTH MeM.lI.Y nJIOTHOCT5IMH TaMnOHaM
noro pacraopa H rrpOMWBOqHOH MH.lI.KOCTH. 

CY.ll.51 no 3KcnepHMeHTaJIbHWM .lI.aHHWM I'oaapna H KJIapKa, 
BHI1I1KpHe<pTH H npyrnx HCCJIe.ll.OBaTeJIeH, npa COOCHOM pacnono
MeHHH 06Ca.ll.HOH KOJIOHHbI B CKBaMHHe xpyrnoro nonepexaoro ce
lJeHH5I HaH60JIee nOJIHOe aaaeuieane .lI.OCTHraeTCH npH paaBHTOM 
Typ6yJIeHTHOM peacaxe TeqeHHH 06eHX MH.lI.KOCTeH (ka~ 0,95+ 
0,97). TIPH CTpyKTypHOM Me peacaxe K03<p<PHu.HeHT nOJIHOTbI sa
MemeHH5I B paanux onurax KOJIe6aJICH OT 0,52 .lI.0 0,97; HaH60JIee 
BWCOKHe aHalJeHHH B pane OnbITOB 6WJIH nOJIYlJeHbI npa osens Ma
JIbiX CKOpOCTHX TelJeHHH H BbICOKOM saaxeaaa napaxerpa SK (TaK 
HaabIBaeMbIH «np06KOBbIH» peMHM TeqeHHH). 

TIOJIHOTa aaMeUI.eHHH aaBHCHT OT np0.ll.0JIMHTeJIbJIOcTH sosnea
CTBH5I BbITeCHHlOmeH MH.lI.KOCTH aa BbiTecH5IeMYIO. Ilpn npO'IHX pas
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HbiX yCJIOBHHX nOJIHOTa saxeureuas rrpOMbiBO'IHOH MH.lI.KOCTH auure 
B TOM CelJeHHH aaKOJIOHHOrO npocrpaacrna, rne np0.ll.OJIMHTeJIbHOCTb 
BOa.ll.eHCTBH5I na nee nOTOKa TaMrrOHaMHoro pacrsopa 60JIbllIe. 

Oceaoe resenae B5IaKonJIaCTHqHOrO TeJIa B KOHu.eHTpHlJHOM KOJIb
u.eBOM npOCTpaHCTBe BoaMOMHO JIHllIb B TOM cnyxae, eCJIH K HHM
neay CelJeHHIO npHJIOMeHO .lI.aBJIeHHe P, XOT5I 6bI aexuoro npesu
nraiouiee .lI.aBJIeHHe Po~ He06xo.ll.HMOe .lI.JI5I aanana C.lI.BHra, 

L 4ToL (8.6)Po = Pug + de:- d
lt 

' 

rne To - .lI.HHaMHqeCKOe uanpaxceaae C.lI.BHra; L - rJIyoHHa cnycxa 
oocanaoa KOJIOHHbI; de H a« - .lI.HaMeTp CKBaMHHbI H HapyMHbIH 
.lI.HaMeTp KOJIOHHbI COOTBeTCTBeHHO. 

B peaJIbHOH CKBaMHHe oseas xacro 06Ca.ll.HaH KOJIOHHa pacno
JfOMeHa 3Kcu.eHTpHqHO. B 3TOM cnyxae, KaK BH.lI.HO as <pOpMyJIbi 
(8.6), .lI.JI5I Ha'IaJIa TelJeHH5I B yaKoH lJaCTH xonsueaoro aasopa rpe
6yeTcH npHJIOMHTb 60JIee BbICOKoe .lI.aBJIeHHe, HeMeJIH .lI.JIH aanana 
TelJeHH5I B WHpOKOH qaCTH aasopa. ECJIH B HHMHeM nonepeuaox ce
lJeHHH npHJIOMHTb .lI.aBJIllHHe xeasuree, lJeM rpeoyerca .lI.JIH C.lI.BHra 
B5IaKOnJIaCTHlJHOH MH.lI.KOCTH B yaKoH qaCTH sasopa, HO 60JIbllIee, 
qeM HyMHO .lI.JI5I C.lI.BHra B umpoxoa lJaCTH, reseaae 6Y.ll.eT npoacxo
.lI.HTb JIHllIb B nOCJIe.ll.HeH. B cyxceaaoa 
Me lJaCTH aasopa BHaKOrrJIaCTHqHa51 MH.l!.
KOCTb OCTaHeTC5I HerrO.ll.BHMHOH (pHC. 
76). YCJIOBHMCH Te y'IaCTKH nonepexnoro 
CelJeHH5I aaKOJIOHHOrO npocTpaHcTBa, B 
xoropux MH.lI.KOCTb OCTaeTCH HenO.ll.BHM
HOH, aaasrsan, aacToHHbIMH aOHaMH. 
BoaHHKHoBeHHIO aacrojiaux aOH cnocoti 
crnyer TaKMe THKCOTpOnH5I npOMbIBOlJ· 
HbIX MH.lI.KOCTeH: oopasoaaaae B nenon
BHMHOH: MH.lI.KOCTH crpyxrypu H ynpos
HeHHe ee co BpeMeHeM. 

PHC. 76. Cxexa oepaaosaaaaECJIH KOJIOHHa He KaCaeTC5I CTeHKH 
aaCToHHbIX aOH:CKBaMHHbI, YBeJIHlJeHHeM pacxona MH.lI.
1 - ilBHlKyw;allcll npO/olblBO'lH811

KOCTH .lI.aBJIeHHe Ha KOHu.eBoe CelJeHHe lKHilKOCTb; 2 - aarvcreauraa npo
/oIbIBO'Iliall lKHilKOCTb; 3 - OllC8ilMOMHO nO.ll.H5I'Tb .lI.O BeJIHlJHHbI, npeau HaH KOJIOHHa; 4 - CTeHKH cxaa

uraiourea ueorixonaxoe .lI.JIH C.lI.BHra B ys lKHHbl; 5 - <!JHJlbTpaI\HOHHall KOP
Ka 

KOM saaope, H .lI.06HTbC5I TeqeHH5I B HeM.
 
Ho rH.lI.paBJIHlJeCKHe conpOTHBJIeHHH B
 
WHpOKOM saaope cyuiecraeano MeHbllIe, lJeM B yaKoM. n03TOMY
 
Typ6yJIeHTHOe reneaae BoaHHKaeT npescne scero B HaH60JIee WH

pOKOH lJaCTH xonsueaoro CelJeHHH. Ilonepesuue nynscauaa, npn

cyiUHe Typ6yJIeHTHoMy TelJeHHIO, B onpe.ll.eJIeHHOH CTerreHH crroc06

CTBylOT paspyureaaro crpyxrypu B ·(5oJIee cyMeHHbIX ylJaCTKaX, HO
 
rrpH aHalJHTeJIbHOH HeCOOCHOCTH paCrrOJIOMeHHH 06ca.ll.HOH KOJIOHHW
 
(HJIH OBaJIbHOCTH CTBOJIa cKBaMHHbI) TaKHX nynscauaa nenocra

TOlJHO .lI.JIH cymecrnenaoro BbipaBHHBaHH5I cxopocren TelJeHHjI B
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WHpoKoA H yaKoH IJaCTSlX aaKOJIOHHOro npOCTpaHCTBa. B TO ape

MSI KaK B llIHpOKOH IJaCTH npOMblBOIJHaSl }KH,lJ.KOC'tb H TaMnOHa}K

HhiH paCTBOp ,lJ.BH}KYTCSI B Typ6yJIeHTHOM peacaxe C BbiCOKOn CKO

pOCTblO, B yaKoH IJaCTH CeIJ~HHSI COXpaHSleTCSI crpyxrypaua Pi}KHM 

C ropasno MeHbIlleH CKOpOCTblO TeIJeHHSI. YBeJIHIJeHHe Typ6yJIeHT

-HOCTH sa CIJeT nOBblIlleHHSI cpenaea CKOpOCTH TeIJeHHSI IJaCTO He

BOaMO}KHO as-sa OnaCHOCTH nOrJIOmeHHSI. 
By,lJ.eMOueHHBaTb 3KCUeH-<f:!HICHTeT pacnOJIO}KeHHSI KOJIOHHbI Be

JIHIJHHOH 
2~mln 

eo	 (8.7) 
de -dH '
 

rae L\mIn - aaaxeasuras IIIHpHHa KOJIbueBOro aaaopa,
 
Ha pHC. 77 noxasaa xapaxrep BJIHSlHHSI 3KcueHTpHcHTeTa na 

pacnpeneaeaae cxopocrea B ysxoa H IIIHpOKOM aaaopax KOJIbueBO

ro CeIJeHHSI npa CTpyKTypHOM pe}KHMe 

[63]. ECJIH nJIOTHOCTH H peOJIOrHIJe

CKHe CBOHCTBa npOMblBOIJHOH }KH,lJ.KO
1,2 

00 10 
~ I CTH H TaMnOHa}KHOrO pacrsopa O,lJ.H
<:> 

HaKOBbi H npH KOHTaKTe HX He 06pa
~08 
<:i I syerca CMeCb C cymeCTBeHHO HHblMH 

CBOHCTBaMH, TO K TOMy BpeMeHH, xor~ ~6 
D;2l rpaaaua HX paaaena B IIIHpOKOM~
 

~ 01/
 -

"
,.. 

'/8 
/ J 

II Jj / 
io"" /.V'tt 

3aaope nO,lJ.OH,lJ.eT K 3a,lJ.aHHOH TOIJKe 
~ I 

3aKOJIOHHOrO npOCTpaHCTBa,	 B ysxox 
~ 02 OHa 6Y,lJ.eT HaXO,lJ.HTbCSI euie ,lJ.aJIeKO
~ I 

01' 3TOH TOIJKH. 3HaIJHT, IJaCTb npoxuc§ 0 
BOIJHOH }KH,lJ.KOCTH aa ysxoro aasopaWi5 !,IZ I.J'I 
He 6Y,lJ.eT BbITeCHeHa. 4T06b1	 cpensaeCpedNAA GNOPOCI1l6 '8 /(OA6

I4t60Jl etvt#lJlJ, AIle CKOpOCTH TeIJeHHSI 6b1JIH 6JIHaKH ,lJ.pyr 

K ztpyry B pasaax YIJaCTKaX nonepes
PHC. 77. rpa<pHK BJlHlIHHlI 3KC' 

Horo CeIJeHHSI aaKOJIOHHOrO npOCTpaHueHTpHcHTeTa pacnOJlOlKeHHlI 06

caJlHoA KOJlOHHbI B CKBalKHHe aa CTBa, rpeoyerca TmaTeJIbHO uearpapo

OTHOCHTeJlbHYJO CKOpOCTb rese sars 06Ca,lJ.HylO KOJIOHHy.
 
HHlI npa CTpyKTypHOM pelKHMe B
 IlOJIHOTa aaxemeaas npOMbIBOIJ
Y3KOM aasope (nJlOTHOCTb 

HOH }KH,lJ.KOCTH B cJIYIJae, xorna 06
B1I3KOnJlaCTH'IHOli lKHJlKOCTH
 
1200 Kr/M3, nnacrauecxas B1I3 canaan KOJIOHHa pacnonosceaa 3KC

KOCTb 10 xfla- C, ..nHHaMH'IeCKOe ueHTpHIJHO, HO He KacaeTC~ CTeHOK
 
HanplilKeHHe cnaara 5 na;
 CKBa}KHHbI, 110BbIIllaeTCSI, eCJIH ,lJ.HHa
d.=228 MM, da = 152 MM: 

4 MHIJeCKOe nanpaxeaae cnsnra H nJIOT-
Nt KpHBOll 1 2 3 
e.	 ......... 1.0 0,75 0,50 0,33 HOCTb TaMnOHa}KHOrO pacrsopa cy

meCTBeHHO 60JIbIlle COOTBeTcTBylOmHX 

xapaKTepHCTHK npOMbIBOIJHOH }KH,lJ.KOCTH, a cpe,lJ.HSISI CKOpOCTb 

CTpyKTypHoro TeIJeHHSI TaKOBa, 'ITO SI,lJ.PO nOTOKa (<<np06Ka») aa
HHMaeT nOIJTH nOJIHOCTblO ace KOJIbueBOe CeIJeHHe. I1CCJIe,lJ.OBaTeJIH 

peKoMeH,lJ.YIOT nonnepxcanars C'KOpOCTb BOCXO,lJ.SlmerO nOTOKa TaM
nOHa}KHOrO pacrsopa B 3aKOJIOHHOM npocrpascrse MeHee 

0,45 ulc, COOTHOIlleHHe nJIOTWOCTen npa TaKHX CKOpOCTSlX [65] 
PIl.P-PU;;o, 250 Kr/M'l., (8.8) 
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a COOTHoweHHe ,lJ.HHaMHIJ~KHX HanpSl>KeHHA cA8Hta [63] 

(To)I1' p:'to > L\max/L\mln' (8.9) 
rne (T,)u.p - ,lJ.HHaMHIJeCKOe aanpazceaae C,lJ.BHra TaMnOHa}KHOrO 

pacraopa; L\max - HaH60JIbIllaSl IIIHpHHa KOJIbueBOro aasopa. 

H~ pHC. 78 nOKa3aH rpatpn« BJIHSlHHSI COOTHOIlleHHSI nJIOTHOCTeH 

H 06'beMHoH CKOpOCTH TeIJeHHSI aa nOJIHoTy 3aMemeHHSI npOMblBOIJ

HOH iKH,lJ.KOCTH TaMnOHa>KHblM pacrsopox npa MaKCHMaJIbHOM 

3KcueHTpHcHTeTe pacnOJIO}KeHHSI oocan-

HoA KOJIOHHbI eo = O. Ha pHC. 78 BH,lJ.HO, K) I J 
'ITO aaaxynuree aaxenteaae OTJIHIJaeTCSI 

B rex CJIYIJaSlX, xorna nJIOTHOCTb TaM no- 07 
RaMHoro pacTBopa MeHbIlle HJIH paBHa I . 

nJIOTHOCTH npOMblBOIJHOH >KH,lJ.KOCTH, H 2 
'ITO BJIHSlHHe pa3HOCTH nJIOTHOCTe" Boa

pacraer C YMeHbIlleHHeM CKOpOCTH TeIJe· ~51 ( 
HIlSl. 

Hs epOpMyJIbi (8.9) BbITeKaeT, 'ITO P.J 
eCJIH KOJIOHHa npaneraer K CTeHKe CKBa- I 

>KHHbI, nOJIHOe saxemeaae npOMblBOIJHOH Pac.xoiJ aM J/c 
J 

>KH,lJ.KOCTH 6ea nepeaemeaas KOJIOIlHbI PRC. 78. rpa<p~K BAHlIHHlI co

HeBOaMO}KHO. OTHoweHHlI naornocrea H 

3HatIHTeJIbHOe YBeJIHIJeHHe ,lJ.HHaMHIJe- 06'beMHOli CKOpOCTH reseuaa 
cxoro H8.npSl}KeHHSI C,lJ.BHra TaMnOHa}K- aa nOJlHoTY 3aMeI.QeHHlI npo
noro pacrsopa .Bbl3b1BaeT cooraercrayio- MblBO'IHOli lKHJlKOCTH raano 

IlalKHbl14 pacTBopoM npH e. = 
IllHH pOCT rH,lJ.paBJIHtIeCKHX conpOTHBJIe- =0; 8 15 Ila, da =51 MM.n= 
IilHH, tITO MO}KeT npHBeCTH K noraouie- d. =76 M [63]: 
HHIO. Il03TOMy ueJIeC006paaHO nOBbI- 1 - Pn>PJ:l.p: 2 - Pn-PJ:l'P :1

urart, ,lJ.HHaMHIJeCKOe aanpaxceaae C,lJ.BH- Pn<PJ:l.p 

ra ,lJ.0 BeJIHIJHHbI, COOTBeTcTBylOmeii He

paseacray (8.9), JIHIllb B He60JIbIIIOH nepsoa nopuaa TaMnOHa}K

aoro pacrsopa, HenOCpe,lJ.CTBeHHO KOHTaKTHpylOmeH C npOMblBOIJ' 
HOH }KH,nKOCTblO. .uOCTaTOIJHO, eCJIH BbiCOTa cToJI6a 3TOH nopuan 

B 3aKOJIOHHOM npOCTpaHCTBe 6Y,lJ.eT nOpSl,lJ.Ka 100 M. 

YMeHbIIIHTb B03MO}KHOCTb BoaHHKHOBeHHH aOH, B KOTOpblX coxpa

HSleTCSI npOMblBOIJHaH }KH,lJ.KOCTb C aepaapyureaaoa CTpyKTypOH, II 

TeM YBeJIHIJHTb nOJIHOTy BbiTeCHeHHH ee TaMnOHa}KHblM paCTBopOM 

MO}KHO, eCJIH HCnOJIbaOBaTb ,lJ.JISI npOMbIBKH CKBa}KHHbI nepea ue

MeHTHpOBaHHeM }KH,lJ.KOCTb C MHHHMaJIbHblM npeneasaax CTaTHlIe

CKHM aanpasceaaex C,lJ.BHra, ,lJ.OCTaTOIJHblM ,lJ.JISI ynepscaaas rsep
,lJ.oA epa3b1 BO B3BeIlleHHOM COCTOSlHHH. 

K03epep HUHeHT nOJIHOTbi aaxeureaaa npOMblBOIJHOH }KH,lJ.KOCTH B 

HiKJIOHHblX CKBIl.}KHHaX, KaK npaBHJIO, xeasme, IJeM B BepTHKaJIb

HblX, oc06eHHO npa 3KcueHTpHIJHOM nOJIO}KeHHH 06Ca,lJ.HOH KOJIOHHhI. 

TaK, 8 onurax aa MO,lJ.eJIH HaKJIOHHOH CKBa}KHHbI C 3KcueHTpHIJHO 

pacnOJIO}KeHHOH KOJIOHHoA, BbinOJIHeHHblX B A3ep6aii,lJ.}f(8.HCKOM HH

cTHTyTe HeepTH H XHMIIH HM. A3H36eKosa, K03epepHUHeHT nOJIHOTbi 

aaMew.eHHH npa CKOpOCTfiX TetIeHHSI 1-3 M/C 6b1JI B 1;5 pasa, a. 

231 



oa. rr---, 

e
 
m 

A-A 

PHe. 79. IJ.eHTpHpylOlUHe <jloHapH:
 
a - ynpyrHlI; (\ - lKecTKHlI
 

npn CKOpOCTHX 0,4-0,7 M/C npuxepao B 3 pasa MeHbllle, tJeM B 

onurax I'osapna H KJIapKa aa Mo,neJIH BepTHKaJIbHOH CKBa2KHHbI; 

rrOJIHOTa 3aMemeHHH npn CKOpOCTH rexeaas 0,05 M/C 6b1JIa noxrn 

TaKOH 2Ke, KaK H npn CKOpOCTH 3 M/C. 
TaKHM 06pa30M, eCJIH CTBOJI BepTHKaJIbHOH CKBa2KHHbI HMeeT 

no BceH ,nJIHHe KpyrJIOe rrorrepellHoe celleHHe rrOCTOHHHoro pa3Mepa 

H oocanaas KOJIOHHa XOpOIlIO B HeM uearpapoaana (T. e. ec ~ 1), 
HaH60JIee rrOJIHOrO 3aMemeHHH npoauaosnoa 2KH,nKOCTH TaMrrOHa2K

HbiM pacraopox M02KHO ,nOCTHlIb npa Typ6yJIeHTHOM pe2KHMe rene

HHH HX; npa 3TOM KpHTH4.eCKaH CKOpOCTb resenas ,nJIH npojasmou

HOil: 2KH,nKOCTH ,nOJI2KHa 6bITb HeCKOJIbKO MeHbIlIe KpHTH4.eCKOH CKO

pOCTH ,nJIH TaMrrOHa2KHOrO pacrnopa. ECJIH nonnepacanae ryptiy
JIeHTHOro pe2KHMa B 3aKOJIOHHOM rrpOCTpaHCTBe HeB03M02KHO, 

y,nOBJIeTBOpHTeJIbHOrO 3aMemeHHH M02KHO ,n06HTbCH npn nevenra

pOBaHHH C MaJIOH CKOpOCTblO socxonsutero rrOTOKa H C06JIIO,neHHH 

yCJIOBHH (8.8) H (8.9). 
ECJIH B CTBOJIe CKBa2KHHbI HMelOTCH pacurapenaa H cy2KeHHH, 

JIH60 <popMa nonepesnoro ceuenas cyurecraenao OTJIHlIaeTCH OT 

xpyra, JIH60 oricannan KOJIOHHa· pacnoaoxeaa 3Kcll.eHTpHlIHO, HaH

60JIee nOJIHOr03aMemeHHH rrpoMblBollHOH 2KH,nKOCTH TaMnOHa2KHblM 

pacrsopox M02KHO ,nOCTH4.b spaureaaex KOJIOHHbI XOTH 6bI C MaJIOH 

CKOpOCTblO. YBeJIH4.eHHIO rrOJIHOTbi 3aMemeHHH cHoc06cTBylOT ocesoe 

nepexeutenae 06ca,nHoH KOJIOHHbI B nepaon ll.eMeHTHpoBaHHH H 
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JIOKaJIbHaH Typ6yJIH3all.HH rrOTOKa. PaCXa2KHBaHHe OKa3b1BaeT MeHb

mee BJIHHHHe aa rrOJIHoTy 3aMemeHHH, lIeM spauieaae KOJIOHHbI. 

B 60JIbIlIHHCTBe cnyuaes, ocooeaao B HaKJIOHHbIX CKBa2KHHaX H 

npn 3Kcll.eHTpHlIHOM pacrrOJI02KeHHH KOJIOHHbI B CTBOJIe, yJIyllIlIeHHIO 

3aMemeHHH rrpOMbIB04.HOH 2KH,nKOCTH cnocoocrayer npoxasanaaae 

nepen TaMrrOHa2KHbIM pacrsopox nopuaa cneuaansaoa 6Y<PepHOH 

2KH,nKOCTH. 

'uJIH uearpaponaaaa oocanaoa KOJIOHHbI B CKBa2KHHe HCrrOJIb

3YIOT ynpyrae H 2KeCTKHe rpoaapn (pHC. 79). YrrpyrHi1 rrpY2KHHHblH 

<poHapb COCTOHT H3 nayx passeaaux urapnupaux KOJIell., coenaaea

HbIX Me2K,ny C060H HeCKOJIbKHMH nJIOCKHMH HJIH pe6pHcTblMH npy

2KHHaMH, H30rHYTblMH HapY2KY. <l>oHapb 06bIlIHO Ha,neBaIOT TaK, 

lIT06bI MY<PTa 06ca,nHoH KOJIOHHbI 6bIJIa Me2K,ny IlIapHHpHbIMH KOJIb

ll.aMH ero. ECJIH 2Ke paccroaaae Me2K,ny <poHapHMH ,nOJI2KHO 6b1Tb 

MeHbIlIe ,nJIHHbI O,nHOH Tpy6b1, aa TeJIO rrOCJIe,nHeH aanesaior cne

uaansnoe orpaHHlIHTeJIbHOe KOJIbll.O H rrpHBapHBaIOT, a rpoaapi, 

Ha,neBaIOT aa KOJIbll.O. ,UHaMeTp <poHapH pexoveanyercs BbI6HpaTb 

na 15-20% 60JIbIlIe HOMHHaJIbHOrO ,nHaMeTpa CKBa2KHl:IbI. Ilepen 
cnycxox 06ca,ntlOH KOJIOHHbI He06xo,nHMO npoaepars 2KeCTKOCTb 

<poHapH H y6e,nHTbcH B TOM, liTO ,ne<popMall.HH ero non ,neHCTBHeM 

rrpH2KHMaIOmeH CHJIbi B MeCTe YCTaHOBKH B CKBa2KHHe He npesu
CHT nonycruayto ,nJIH ll.eHTpHpOBaHHH KOJIOHHbI, a TaK2Ke B TOM, 

liTO <pOHapb C TaKOH 2KeCTKOCTblO npoaner sepes B03M02KHble cy

2KeHHH B CTBOJIe CKBa2KHHbI. 

)KecTKHH <pOHapb COCTOHT H3 onnoro HJIH nayx KOJIell. H 2KeCT

KHX pe6ep, npaaapenaux rrapaJIJIeJIbHO OCH KOJIell. HJIH non HeKOTO

pbIM yrJIOM, no CrrH,paJIH. ,UHaMeTp 2KeCTKOro rpoaaps ,nOJI2KeH 6bITb 

MeHbIlIe ,nHaMeTpa caaux Y3KHX celleHHH CKBa2KHHbI. )KecTKHe <p0

napa 06b1l1HO HCrrOJIb3YIOT npa MaJIOM aasope Me2K,ny 06ca,nHOH 

KOJIOHHOH H CTeHKOH CKBa2KHHbI. 

<l>oHapH peKOMeH,nyeTcH yCTaHaBJIHBaTb B HHTepBaJIe ll.eMeHTH

poBaHHH aa yxacrxax CTBOJIa; He HMeIOmHX xasepa. PaCCTOHHHe 

Me2K,ny <pOHapHMH B C2KaTOH lIaCTH 06ca,nHOH KOJIOHHbI MO}KHO 

onpenemrrs no <popMyJIe BHI1I1BT 

t; = 296 -! f E./f (8.10)
4> V gq Sin aa ' 

rne q - Macca 1 M yxacrxa KOJIOHHbI; eta - yrOJI HaKJIOHa CTBOJIa 

CKBa2KHHbI aa yxacrxe ll.eMeHTHpOBaHHH 06ca,nHOH: KOJIOHHbI; f 
HaH60JIbIlIaH BeJIHlIHHa nporatia KOJIOHHbI Me2K,ny ,nByMH U.eHTpH

pYIOmHMH <pOHapHMH: 

l> dc-dB f-I (8.11)- Q M It' 

3,neCb fM - paClIeTHblH: MHHHMaJIbHO ,norrYCTHMbIH 3a30p Me2K,ny 

KOJIOHHOH H CTeHKaMH CKBa2KHHbI nocepenane HHTepBaJIa MeJK,ny 
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AByMSl CMe}l{HblMH <lJoHapSlMH; peKOMeHAYIOT npHHHMaTb fM
=0,25 (dc-d fl ) ; fu, - nporne nJIaHOK uenrparopa nOA ,neAcTBHeM 

npH}I{HMaIOlI.I.efi CHJIl>!; B aaBHCHMOCTH OT AHaMeTpa <lJoHapSl fu.== 
=2+10 MM. 

. LlJIHHy YIJacTKa KOJIOHHbI, C}I{aTOrO oceauan CHJIaMH B KOHue 

ueMeHTHpoBliHHH, BbllJHCJISlIOT no <lJopMyJIe 

1 
Clll 

= n Id~ [lqPu,. p + (L -IJ PR] 
4qcp 

- d
2
LPRP} 

(8.12) 

rae pup - nJIOTHOCTb npOAaBOIJHOH }I{HAKOCTH B KOJIOHHe; qcp-;
cpennee aHaIJeHHe MaCCbI 1 M C}I{aTOrO YIJacTKa KOJIOHHbI. 

Paccrosaae Me}l{AY A~YMH caMblMH BepxHHMH <lJoHapHMH B 

pacTHHyToH IJaCTH KOJIOHHbl 

f ~+ 4Gf )2• "1 (8.13)l41 = V qcpg ( qcpg + (l~)4 • 

rne G - paCTHrHBaIOlI.I.aH CHJIa OT seca YIJacTKa KOJIOHHbI AJIHHOH 

lu,-lclll: 

G= qcP (ill-lcm) g cos(Xs' (8.14) 

Cpennee paccrosuae Me}l{AY CMe}l{HblMH <lJoHapHMH B pacTHHY

TOH IJaCTH KOJIOHHbI 

". l41 = l~; l~ . (8.15) 

JIyIJllIeMy aaMelI.I.eHHIO npOMblBOIJHOH 

}I{HAKOCTH T8MnOHa}l{HblM paCTBopO.M cno

c06cTByeT yCTaHOBKa Ha 06caAHoH KOJIOH

He Typ6yJIH3aTOpOB (pHC. 80). Typ6yJIH3a

TOp COCTOHT 1'13 xopnyca, HenOABH}I{HO 3a

KpenJIHeMOrO aa 06caAHOH rpyoe, H ynpy
rHX (06b1IJHO pe3HHOBbIX) JIOnaCTeH, HaK

JIOHeHHblX nOA yrJIOM 30-500 K 06pa3YIO

lI.I.eH. Jlonacra H3MeHSlIOT aanpaaneaae BOC

XOAHlI.I.ero nOTOKa npOMblBOIJHOH }I{HAKOCTH 

H TaMnOHa}l{HOrO pacrsopa, cnoc06cTByIOT 

06pa30BaHHIO MeCTHblX aaxpea H paapyine
HHIO crpyxrypsr B 3aCTOHHblX 30Hax, Typ
6yJII'I3aTOpbl nOJIe3HO yCTaHaBJIHBaTb B HH

TepBaJIaX HeAOCTaTOIJHO xopOlliero ueHTpft

posaana KOJIOHHbI, co CJIO}l{HOH KOH<lJHry
panaea CeIJeHHH CTBOJI;l., a TaK}I{e aa 

YIJaCTKax C HellIHpoKHMH KaBepHaMH. 

2a4 

PHC. 80. Typ6YJlHsarop: 
/ - kopnyc; 2 - JlOORCTH; J
~Jl~B ~Jl. ~HkCRU,HH RR Tpy6. 

§ 65. 6YclJepHble >KH.u.KOCTH 

Byqiepnue }I{HAKOCTH MoryT BblnOJIHSlTb cJIeAYlOlI.I.He <lJyHKUHH: 

a) OTAeJIHTb TaMnOHa}l{HblH pacrsop OT npOMblBOIJHOA (H npoaasos
HOII:) }I{HAKOCTH H- npenorspautars oopaaoaaaae rycTblxTPYAHO

npcxasnaaexux CMeceH HX; 6) YBeJIHIJHBaTb nOJIHoTy 3aMelI.I.eHHlI 

npOMblBOIJHOH )KHAKOCTH raxnoaaaonsx paCTBopOM; B) cnocoo
CTBOBaTb pa3pYllIeHHIO <lJHJIbTpaUHOHHblX rJIHHHCTblX KOpOK aa npo
aauaexux CTeHKax CKBa}l{HHbI JIH60, HanpOTHB, ynpoxasrs TaKHe 

KOpKH H cnoc06CTBOBaTb JIyIJllIeMy cuenJIeHHIO nOCJIeAHHX C ue
MeHTHbiM KaMHeM; r) npa 06paTHOM ueMeHTHpOBaHHH CJIY}l{HTb pe
nepox AJIH KOHTpOJIH sa npH6JIH}I{eHHeM nepsoa nopuaa TaMnQ

H8}1{HOrO pacraopa K 6allIMaKY 06caAHOH KOJIOHHbI. 
Ilepsyio <lJyHKUHIO ycneurao MO}l{eT BblnOJIHHTb JII06aH }I{ft,n

KOCTb, nOABH}I{HOCTb CMeCH KOTOpoA ~ npOMblBOIJHOH }I{H)I;KOCTblO 

H C TaMnOHa}l{HblM paCTBopOM 60JlbllIe nOABH}I{HOCTH nOCJIeAHHX. 

LlJIH nora rpeoyerca cpaBHHTeJIbHO He60JIbllIOH 06'beM 6Y<IJepHoA 

}I{HAKOCTH: ,nOCTaTOIJHO, eCJIH BblCOTa cToJI6a ee B HHTepBaJIe saxo
JIOHHOrO npocrpaacraa C HaH60JIbllIeH nJIOlI.I.aAbIO nonepesaoro ce
IJeHHH COCTaBHT OT 20--30 M npH HCnOJIb30BaHHH BH3Koynpyroro 

'pa3AeJIHTeJIH AO 150-200 M B cay-rae HCnOJIb30BaHHSl BOAbI. 

BTOpyIO <lJYHKII:HIO HaH60JIee ycneumo MOrJI8 6b1 BblnOJIHHTb 

raxas }I{HAKOCTb, KOTopaH npaKTHIJeCKPI He CMellIHBaeTCH C npoxu
BOIJHOH }I{HAKOCTbIO H raxnoaascaax paCTBopOM, cnocooaa ABH

rarscs KaK npooxa H nOA AeHCTBHeM ,naBJIeHHSl BOcxOAHlI.I.ero no

TOKa npOMblBOIJHOH }I{HAKOCTH B 3i.KOJIOHHOM npOCTpaHCTBe ynpyro 

pacunrpnrscs H BblAaBJIHBaTb nOCJIeAHIOIO H3 3alI.I.eMJIeHHblX 30H 

H JIOKaJIbHblX pacumpeaaf (xaaepa) CTBOJIa CK8a}l{HHbI. K raxoro 
'TH{la }I{HAKOCTHM yCJIOBHO MO}l{HO OTHeCTH TaK ila3b1BaeMblA BH3KO

ynpyrHH pa3AeJIHTeJIb. B OTeIJeCTBeHHOH npaxraxe nOJIyIJHJI npaae
HeHHe BH3KoynpYfHH pa3AeJIHTeJIb, npeACTaBJISlIOlI.I.Hfi rQJIC06pa3HYIO 

CMeCb BOAHoro pacraopa nOJIHaKpHJIaMHAa, BOAHoro pacrsopa 

rexcapeaopuanonoa CMOJIbI H TeXHHIJeCKOrO <lJopMaJIHHa. Fens 
yCTOHIJHB K B03AeHCTBHIO rexneparypu AO 80°C, BblCOKOMHHep3JIH

30BaHHbIX nJIaCTOBblX BOA, cTa6HJIeH H He nonaepscen CHHepe3HCY. 

Ilpouecc ynpyroro pacnnrpeans reJIH H BblTeCHeHHH npOMblBOqHOfi 

}I{HAKOCTH H3 3aCTOHHblX 30H H JIOKaJIbHbLX pacurapeaaa nporexaer 

80 BpeMeHH. n03TOMY XOPOllIHH 3<IJ<lJeKT AOCTHraeTCH npa He60JIb

llIHX CKOpOCTHX BOCXOAHlI.I.ero nOTOKa. 
B KaIJeCTBe 6Y<IJepHoH }I{HAKOCTH HaH60JIee llIHpOKO HCnOJIb3y

IOTCH BOAa H BOAHble pacrsopu COJIeH (NaCl, CaCl 2 H T. n.), lI.I.eJIO

~eH (NaOH) H nAB (CYJIb<IJOHOJI), Cuemasascs C npOMblBOIJHOA 
}I{HAKOCTbro, OHH pa3}1{H}I{aIOT ee, YMeHbllIaIOT CTaTHIJeCKOe H AH

HaMHIJeCKOe HanpSl.}I{eHHH CABHra H BH3KOCTb. Typoyaearaue BHX

pa, B03HHKaIOlI.I.He npn ABH}I{eHHH TaKOH 6Y<IJepHofi }I{HAKOCTH, cno

C06CTByIOT pa3pYllIeHHIO THKCOTponHofi crpyxrypu B a8CTOHHblX 
'·SOH8X. 3<IJ<lJeKTHBHOCTb BblnOJIHeHHH BTOPOH <lJyHKUHH B03paCTaeT 

c yseJiHIJeHHeM npo,nOJI}I{HTeJIbHOCTH 803AeAcTBHH Typ6yneHTHoro 
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nOTOKa BO,ll.HOrO pacrsopa na 3aCTOHHble 30HbI. no ,ll.aHHbIM pazra 

HCCJIe,UOBaTeJIeH, >KeJIaTeJIbHO, qT06bI raxoe B03,UeHCTBHe nponon
>KaJIOCb He xeaee 7-10 I MHH• 3epepeKTHBIlOCTb BbITeCHeHH5I npouu
BOqHOH >KH,UKOCTH BO,UHbIMH pacrsopaaa soapacraer C YBeJIHqeHHeM 

nJIOTHOCTH nOCJIe,UHHX. n03TOMY npa BbI60pe nJIOTHOCTH 6yepepHoH 

>KH,UKOCTH po peKoMeH,UyeTC5I npH,Uep>KHBaTbC5I COOTHOIIleHH5I 

Pn < Po < PIH' (8.16) 

nJIOTHOCTb ee perynnpyror nyrex H3MeHeHH5I KOHI.I,eHTpaI.l,HH BO

nopacrsopaxux COJIeH. 

Byrpepnyio >KH,UKOCTb BbICOKOH nJIOTHOCTH (Po = 1700-+

+ 2400 Kr/M3) MO>KHO nparoroaars na 6a3e BO,UHoro pacrnopa rana

na H 6apHTa. 

ECJIH >Ke npHMeH5IeTC5I 60JIee JIerKa5I 6yepepHa5I >KH,UKOCTb 

(po< pn), 06beM ee CJIe,UyeT BbI6HpaTb TaK, qT06bI MHHHMaJIbHOe 

,UaBJIeHHe B 3aKOJIOHHOM npocrpaacrse HeCKOJIbKO npeBbIIIlaJIO naa

CTOBoe 

h <: (Pn - kaPB) Zun (8.17)
0"'" pn- PI! • 

rne h6 - BblCOTa cToJI6a 6yepepHoH >KH,ll.KOCTH B 3aKOJIOHHOM npocr

paHcTBe. . 

nOBbIIIleHHIO 3epepeKTHBHoCTH pa3pYIIleHH5I crpyxrypu B 3aCTOH

HbIX 30Hax cnocoocrayer BBO,U B COCTaB 6yepepHoH >KH,UKOCTH necxa 

H npyrnx T5I>KeJIbIX 3epHHCTbIX MaTepHaJIOB. QT06bI otiecnexars CTa

6HJIbHOCTb TaKOH >KH,UKOCTH, B ee COCTaB ,U06aBJI5IIOT KMU H 
I.I,eMeHT. 

ECJIH B nJIaCTOBbiX epJIIOH,Uax co,Uep>KHTC5I cepOBO,UOpO,U, I.I,eJIeCO

06pa3HO B COCTaB 6yepepHOH >KH,UKOCTH BBO,UHTb sonopacrnopaaue 

rH,UpOOKHCJIbI ,UByxBaJIeHTHbiX MeTaJIJIOB HJIH XJIOpHOe >KeJIe30. 

.LI.JI5I pa3pYIIleHH5I rJIHHHCTbIX epHJIbTpaI.l,HOHHbIX KOpOK HCnOJIb3y

lOT TaKHe 6yepepHbIe >KH,UKOCTH, xoropue cnocotiasr scrynars B XH

MHqeCKHe peaKI.I,HH C KOMnOHeHTaMH Be~eCTBa KOpKH, paCTBOp5ITb 

HX JIH60 pa3pbIXJI5ITb H OCJIa6JI5ITb CB5I3H Me>K,ll.y qaCTHI.I,aMH raep

,ll.ofi epa3bI. B xauecrse TaKHX >KH,UKOCTeH MoryT 6bITb HCnOJIb30Ba

Hbi pacrsopsr HeKOTopbIX KHCJIOT (COJI5IHOH, cyJIbepaMHHOBOH, yKCyC

HOH H np.), rH,UpOOKHCH KaJIbI.l,H5I, epocepaTOB HaTpH5I, cepHOKHCJIOrO 

aJIIOMHHH5I, KaycTHqeCKOH conu, MaCJI5IHbIe 3MYJIbCHH (nanpaaep, 
aonopacraopaaoro MaCJIa BHHHHn-117 HJIH npacanxa CB-3y R 

aone, conepacauief B xaxecrae 3MyJIbraTOpa nAB on-7 HJIH 

Oll-IO) H np. [2] . .LI.JIHTeJIbHOCTb B3aHMo,UeHcTBH5I 6yepepHOH >KH,U

KOCTH C epHJIbTpaI.l,HOHHOH KOpKOH, He06xo,UHMa5I ,UJI5I pa3pYIIleHH5I 

nOCJIe,UHeH, 3aBHCHT OT COCTaBa >KH,UKOCTH H KOpKH, a naoma TaK

>Ke OT pe>KHMa TeqeHH5I, H 06bIqHO KOJIe6JIeTC5I OT 5,U0 30 MHH. 

Pa3pYIIleHHIO epHJIbTpaI.l,HOHHbIX rJIHHHCTbIX KOpOK cnocoocrayer 

TaK>Ke npOKaqHBaHHe no 3aKOJIOHHoMy npocTpaHcTBy B5I3Koynpy

roro pa3,UeJIHTeJI5I JIH60 60JIbillOrO 06beMa BO,UbI H BO,UHbIX paCTBO
pOD coaea, 
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Becsua nOJIe3HbIM MO>KeT 6bITb HCnOJIb30BaHHe KOM6HHHpoBaH

uoro 6yepepa: npoxaxaaaaae BCJIe,U 3a He60JIbillOH nopuaea B5I3KO

ynpyroro pa3,UeJIHTeJI5I BTOPOH 6yepepHoH >KH,UKOCTH C pearenraxa, 
cnoc06cTBYIO~HMH pa3pYIIleHHIO epHJIbTpaI.l,HOHHbIX KOpOK aa CTeH

xax CKBa>KHHbI. 
Ilpa I.I,eMeHTHpoBaHHH CKBa>KHH B MHOrOJIeTHeMep3JIbiX noponax 

peKoMeH,UyeTC5I HCnOJIb30BaTb 6yepepHble >KH,UKOCTH, rexneparypa 
3aMep3aHH5I KOTOpbIX HH>Ke reaneparypu nopon, K qHCJIy TaKHX 

>KH,UKocTeH MO>KHO OTHeCTH BO,UHbIe pacrsopu XJIOpH,UOB, norama, 
,UH3THJIeHrJIHKOJIH H pana npyrux XHMHqeCKHX BellJ,eCTB. 

B COCTaB 6yepepHblx >KH,ll.KOcTeH, KaK npaBHJIO, BXO,ll.HT pearen

TbI, xoropue B pane cnyxaes xoryr OKa3bIBaTb He>KeJIaTeJIbHOe 

BJIH5IHHe aa CBoHcTBa TaMnOHa>KHbIX pacrsopoa, aanpaxep, xpes

MepHo YBeJIHqHBaTb CpOKH HaqaJIa 3arycTeBaHH5I H CXBaTbIBaHHH 

npH I.I,eMeHTHpoBaHHH CKBa>KHH C HH3KHMH HJIH yMepeHHbIMH TeM

neparypaxn JIH60, nanporas, cospauiars 3TH CpOKH npa I.I,eMenTH

pOBaHHH CKBa>KHH C BbICOKHMH rexneparypasru. QT06bI H36e>KaTb 

sroro, I.I,eJIeC006pa3HO nepen TaMnOHa>KHbIM paCTBopOM npoxaxa

san, aeoonsuryro nOpI.l,HIO BO,UbI HJIH BO,UHoro pacrnopa peareara, 

cnoc06Horo HeHTpaJIH30BaTb He>KeJIaTeJIbHOe B03,UeHCTBHe TaKHX 

Be~eCTB, JIH60 ,U06aBJI5ITb pearenr B nepsyro nopumo TaMnOHa>K

noro pacrsop a. 

§ 66. OCJlO>KHeHH9 npa l(eMeHTHpoBaHHH 

H cnocotiu HX npe)l,OTBpaII\eHH9 

Ilpa I.I,eMeHTHpoBaHliH CKBa>KHH MoryT HMeTb MeCTO nOrJIOmeHHe 

TaMnOHa>KHOrO pacrnopa H npOMbIBOqHOH >KH,UKOCTH, pesxoe nOBbI

IIleHHe ,UaBJIeHHH B nepaon BbITeCHeHHH TaMnOHa>KHOrO pacrsopa H3 

66ca,UHoH KOJIOHHbI, ra30np05IBJIeHH5I H neperoxa sepes 3aKOJIOHHOe 

npocrpaacrao, xaure scero B nepaon CXBaTbIBaHHH H TBep,UeHH5I 

TaMnOHa>KHOrO pacrsopa, HenOJIHOe 3anOJIHeHHe sananaoro HHTep

BaJIa 3aKOJIOHHOrO npocrpaacrsa TaMnOHa>KHbIM pacrsopoa, oro

JIeHHe 6aIIlMaKa KOJIOHHbI H npyrae OCJIO>KHeHH5I. 

nOrJIO~eHH5I 5IBJI5IIOTCH CJIe,ll.CTBHeM B03HHKHOBeHH5I xpeaaepao 

BbiCOKHX ,UaBJIeHHH na CTeHKH CKBa>KHHbI npa I.I,eMeHTHpoBaHHH. Mo

>KeT 6bITb HeCKOJIbKO npaxan onacno sucoxoro nOBbIIIleHH5I 

,ll.aBJIeHH5I : 
a) HenpaBHJIbHblfi BbI60p BeJIHqHHbI nJIOTHOCTH TaMnOHa>KHOrO 

pacrsopa 6e3 yxera HH,UeKCOB ,UaBJIeHHH nOrJIO~eHH5I, rnnponana

MHqeCKHX ,UaBJIeHHH npa ,ll.BH>KeHHH B 3aKOJIOHHOM npocrp aacrse 

H BbiCOTbi HHTepBaJIa I.I,eMeHTHpoBaHHH; 
6) HenpaBHJIbHbIH: BbI60p pe>KHMa H cnocofia I.I,eMeHTHpOBaHHH, 

6e3 ysera rex >Ke epaKTopoB; rH,ll.p0,ll.HHaMHqeCKOe ,UaBJIeHHe, oco

6eHHo npa Typ6YJIeHTHOM pe>KHMe TeqeHH5I, YBeJIHqHBaeTCH C 

pOCTOM CKOpOCTH; npa HenpaBHJIbHOM BbI60pe CKOpOCTH ,UBH>KeHH5I 

cyMMapHoe ,UaBJIeHHe B 3aKOJIOHHOM npocrpaacrae MO>KeT npeau

CHTb nasneaae nOrJIow.eHH5I HaH60JIee CJIa6bIX nopon; 
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B) 06eaBO)KHBaHHe TaMnOHa>KHOrO pacrsopa B HHTepBaJIe, CJIO

)KeHHOM npoaanaexuxa noponaxa; 
r) 06paaOBaHHe 60JIbllIOrO 06'beMa rycroa BblCOKOTHKCOTpOnHOH 

CMeCH TaMnOHa)l{HOrO pacrsopa H npOMblB01JHOH )KH,ll.KOCTH; 

n) O,ll.HOCTOpOHHee nponanxceaae TaMnOHa)l{HOrO pacrsopa no 
WHpOKOH 1JaCTH nonepesaoro Ce1JeHHSI a8KOJIOHHOrO npOCTpaHCTBa; 

e) npezcnespexeaaoe aarycresanae H CXBaTblBaHHe raanonasc-
HOro paCTBopa BCJIe,ll.CTBHe HenpaBHJIbHOrO Bbl60pa COCTaBa ero, 

HapYllIeHHSI sananaoa peuerrrypu npH npHrOTOBJIeHHH, SHa1JHTeJIb

Horo YBeJIH1JeHHSI cpOKa u.eMeHTHpOBaHHSI no cpaBHeHHID C paC1JeT

HhlM, npHMeHHTeJIbHO K KOTOpOMy paspaooraaa peuerrrypa, HJIH 
CHJIbHOrO 06eaBO)KHBaHHSI npa KOHTaKTe C npoaauaexuxa nopo

,ll.aMH. 

B npou.ecce u.eMeHTHpOBaHHSI .zr.aBJIeHHe B aaKOJIOHHOM npOCT

paHCTBe scerna ,ll.OJI)KHO 6b1Tb asnne nJIaCTOBhlX ,ll.aBJIeHHH. Jlon 

BJIHSlHHeM paaHOCTH 9THX ,ll.aBJIeHHH HeHa6e)KHO OT<pHJIbTpOBblBaHHe 

1JaCTH CB060,ll.HOH BO,ll.bI aa raxnoaaxcaoro pacrsopa B npoannaexue 
noponu. Taxoe 06eaBO)KHBaHHe He npe,ll.CTaBJISIeT onaCHOCTH TOJIbKO 

B TOM CJIy1Jae, eCJIH paCTBOp HaXO,ll.HTCSI B aenpepuaaoa ,ll.BH)I{eHHH, 

a aa CTeHKax CKBa)KHHbI HMeeTCSI xaaonponnnaeuas <pHJIbTpau.HOH

aaa KOpKa aa 1JaCTHu. TBep,ll.OH <paabl npOMbIB01JHOH )KH,ll.KOCTH. ECJIH 
)Ke 9Ta KOpKa na KaKOM-JIH60 Y1JaCTKe CKBa)l{HHhI yaaneaa, aa TaM

nOHa)KHOrO pacraopa 6Y,ll.eT OT<pHJIbTpOBblBaTbCSI CB060,ll.HaSi sona, 

a aa CTeHKax CKBa)l{HHbI oopaayerca ueaearaas xopxa. 4eM 60JIb

ure CKOpOCTb Te1JeHHSI, TeM xensure TOJII.I.\8Ha KOpKH, ocotienao npa 
Typ6yJIeHTHOM pescaae Te1JeHHSI. ECJIH)I{e ,ll.BH)KeHHe pacraopa 

XOTSI 6h1 xparxoapeaesao npHOCTaHaBJIHBaeTCSI, xopxa B KOpOTKHH 
CpOK MO)l{eT aanOJIHHTb nOJIHOCTbID HJIH n01JTH nOJIHOCTbID sees aa· 

sop Me)K,ll.y KOJIOHHOH H CTeHKaMH CKBa)KHHbI. Ilpn BOCCTaHOBJIe

HHH U.HpKyJISlU.HH Ha Y1JaCTKaX C TOJICTOH <pHJIbTpau.HoHHoH KOpKOH 
BoaHHKaIDT secsxa 60.i:IbllIHe MeCTHble rH,ll.paBJIH1JeCKHe conpOTHBJIe

HHSI. ,UJISI npOTaJIKHSaHHSI pacrsopa sepea TaKHe Y1JaCTKIf nepenxo 
rpeoyercs HaCTOJIbKO nOBblCHTb .a.aBJIeHHe, 1JTO MoryT 6b1Tb pasop
BaHhI noponu B HHTepBaJIe Me)K,ll.y 6allIMaKoM KOJIOHHbI H Y1JaCTKOM 
C TOJICTOH KOpKOi\: JIH60 oticanasre rpytisr. 

4T06bI yCTpaHHTb onaCHOCTb 6b1CTpOrO 06eaBO)KHBaHHSI raxno
Ha)KHOrO pacrsopa, He06xo,ll.HMO, ao-nepaux, He norrycxars HH Ma

JIeHllIea OCTaHOBKH B ,ll.BH)KeHHH ero C MOMeHTa suxoaa nepsoa nop
U.HH B aaKOJIOHHOe npOCTpaHCTBO no aasepurenna acero npouecca 

u.eMeHTHpOBaHHH; BO-BTOpblX, CHH)KaTb BO,ll.OOT,ll.a1JY pacrsopa nyrex 
COOTBeTCTBYIDI.I.\eH 06pa60TKH no ypOBHSI He 60JIee 10-15 CM3 aa 
30 MHH HJIH KOJIbMaTHpoBaTb noposue KaHaJIbI B CTeHKax CKBa)KH

HhI, HCnOJIbayH ,ll.JISI 9TOro cneuaansayro 6y<pepHyID )l{H,ll.KOCTb. 
Ilpa paspatiorxe peuenrypu TaMnOHa)KHOrO pacrsopa ,ll.JISI ue

MeHTHpoBaHHSI KOHKpeTHoro HHTepBaJIa CKBa)KHHhI He06xo,ll.HMO npa
BHJIbHO ou.eHHTb TeMnepaTypy H ,ll.aBJIeHHe B HeM H HcnblTblBaTb 

paCTBOp npa ,ll.aHHhlX yCJIOBHHX. ECJIH CBOHCTBa pacrsopa onpezte
neHhI npn CYI.I.\eCTBeHHO HHblX yCJIOBHSlX, aanpaxep, npa KOMHaTHoA 
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reaneparype H aTMOC<pepHOM ,ll.aBJIeHHH, npa u.eMeHTHpOBaHHH CKBS· 
)KHHbI CBOHCTBa non BOa,ll.eHCTBHeM BblCOKHX rexneparypu H ,ll.aBJIe

HHSI MoryT HaCTOJIbKO HaMeHHTbcSI, 1JTO Ha1JHeTCH npexcaespeaea
Hoe sarycreaanae pacraopa H 06yCJIOBJIeHHOe 9THM' nosuureaae 

,ll.aBJIeHHSI. 
OCJIO)l{HeHHSI MoryT 6h1Tb CJIe,ll.CTBHeM napyurenas penenrypu 

paCTBppa npH ero npHrOTOBJIeHHH Ha 6ypOBOH: aHa1JHTeJIbHOe 
yxeasureaae BO,ll.OCO,ll.ep)l{aHHSI B oraeasaax nopuaax pacrsopa, aa

Ka1JHBaeMhlX B CKBa)KHHY, MO)KeT 6b1Tb npH1JHHOH YMeHbweHHSI 
nO,ll.BH)KHOCTH H npeacneapexeaaoro aarycresanaa, a aHa1JHTeJIbHOe 

YBeJIH1JeHHe BO,ll.OCO,ll.ep)KaHHSI - npH1JHHoi\: peaxoro yxynureaas ce

,ll.HMeHTau.HOHHoH yCTOH1JHBOCTH, BoaHHKHOBeHHSI cy<p<poaHOHHblX sa

HaJIOB H T. n.· KaK npaBHJIO, B npHrOTOBJIeHHH raxnonaxororc 
pacraopa aa 6ypOBOi\: O,ll.HOBpeMeHHO y1JaCTByIDT HeCKOJIbKO CMe

CHTeJIbHhlX MaWHH. UeJIeC006paaHO nopuaa pacrsopa, npHrOTOB

JISieMble paaHblMH MawHHaMH, HanpaBJIHTb CHa1JaJIa B 06I.I.\YID ocpea
HHTeJIbHyID eMKOCTb ,ll.OCTaT01JHO 60JIbWOrO 06'beMa, TI.I.\aTeJIbHO ne

pexeuraaars B Hei\: H, JIHWb y6e,ll.HBWHCb, 1JTO CBOHCTBa nepeaeuran

noro pacraopa COOTBeTcTByIDT peKOMeH,ll.OBaHHblM ,ll.JISI ueaearapo
BaHHSI naaaoro HHTepBaJIa, aaKa1JHBaTb ero B CKBa)KHHy. OTCID,ll.a 

BhlTeKaeT He06xo,ll.HMOCTb HenpepblBHoro KOHTpOJISI CBOi\:CTB KaK 

nopu.HA pacrsopa, npHrOTOBJIHeMOrO IYa)K,ll.OH CMeCHTeJIbHOH MaWH
HOH, TaK H pacrsopa, nOJIy1JeHHOrO nOCJIe TI.I.\aTeJIbHOrO nepexeum
BaHHSI B OCpe,ll.HHTeJIbHOH eMKOCTH, H oneparaaaoro ynpaBJIeHHSI 
pe)KHMOM pa60ThI MaWHH C u.eJIbID 6b1CTpOrO peryJIHpOBaHHSI CO

CTaBa npHrOTOBJISIeMOrO paCTBopa H ,ll.oBe,ll.eHHH CBOHCTB ero ,ll.0 pe

KOMeH,ll.OBaHHblx 3Ha1JeHHH. TaKoH KOHTpOJIb H ynpasneaae MO)l{HO 

oCYI.I.\eCTBJISlTb, aanpaxep, C nOMOI.I.\bID CTaHu.HH CKU-2M. 
faaOnpOSlBJIeHHSI H neperoxa nJIaCTOBbiX )KH,ll.KOCTeH sepes saxo

JIOHHOe npocrpaacrao SlBJISlIDTCH CJIe,ll.cTBHeM CHH)KeHHSI nporaso
,ll.aBJIeHHSI na CTeHKH CKBa)KHHhI HH)Ke nJIaCTOBhlX ,ll.aBJIeHHH B npo

HHu.aeMhlx ropHaoHTax; BoaHHKHOBeHHSI KaHaJIOB B aaKOJIOHHOM 

npOCTpaHCTBe, 06YCJIOBJIeHHOrO Ce,ll.HMeHTau.HOHHoH HeycTOH1JHBO
CTbID TaMnOHa)KHOrO pacrsopa H CY<P<poaHeH ero; OCTaBJIeHHSI B ue
MeHTHpyeMoM HHTepBaJIe HeBbITeCHeHHoH npOMbIB01JHOA )KH,ll.KOCTH 

H 4>HJIbTpau.HOHHhlX rJIHHHCTblX KOpOK; ycanxa aarycreauref npo

MblB01JHOH )KH,ll.KOCTH H raxnoaaacaore KaMHSI; paCTpeCKHBaHHSI 
rJIHHHCTOH nJIeHKH npn KOHTpaKU.HH nexeara, OHH MoryT BoaHHK

HyTb TaK)Ke BCJIe,ll.CTBHe 06paaOBaHHH saaopa Me}l{,ll.y TaMnOHa)l{HbiM 

KAMHeM H 06Ca,ll.HoH KOJIOHHOR, 06yCJIOBJIeHHOrO YMeHbweHHeM 

,lI.aBJIeHHSI H resmeparypa )KH)l.KOCTH B nOCJIe)l.HeH. 
llpe,zr.OTBpaTHTb raaOnpOSlBJIeHHSI H nepeToKH B nepHO,ll. C06CT

BeHHO u.eMeHTHpOBaHHH MO)l{HO, eCJIH C06JIID,ll.aTb npaannsnoe CO
OTHoweHHe Me)K,ll.y nJIOTHOCTSlMH H 06'beMaMH )KH,ll.KOCTeH, aaKa1JH

BaeMblX B aaKOJIOHHOe npocrpaacrso (CM. § 67), a npa 06paTHoM 
u.eMeHTHpoBaHHH - TaK)I{e perynaposars npoTHBO)l.aBJIeHHe aa 
YCTbe 06ca,zr.HoH KOJIOHHhI TaK, 1JT06b1 nasaeaae H8 CTeHKH CKBa

'l<HH!>I Bcerp,8 6b{JIO saure nJIaCTOBoro. B nepaon )l{e CXBaTbI6aHHSI 
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H TBep.n.eHH5I TaMrrOHa)KHOrO pacrnopa CHH)KeHHe rrOpOBOrO .n.aBJIeHHH 
B HeM HeH30e)KHO npa mOOOM COCTaBe pacrsopa (CM. § 54). Ilpo
THB npoaauaeaux nJIaCTOB OHO CHH)KaeTCH no nJIaCTOBOro B rene
HHe HeCKOJIbHHXqaCOB, eCJIH na CTeHKax CKBa)KHHbI HMeeTCH epHJIbT
paU:HoHHaH rJIHHHCTaH xopxa, Heme OblCTpee npa OTCyTCTBHH KOp
KH. TaK, npn u:eMeHTHpOBaHHH HerJIyooKHX CKBa)KHH B TaTapHH H B 
KpaCHo.n.apCKOM Kpae rropOBoe .n.aBJIeHHe CHH)KaJIOCb npaKTHqeCKH 
.n.o nJIaCTOBOro B rexeaae 5-10 q [24, 29]. Ilpn OOJIblllOM ynane
HHH OT rrpoHHu:aeMbix rrJIaCTOB nopoBoe .n.aBJIeHHe npH TBep.n.eHHH 

CHH)KaeTCH eute oOJIee 3HaqHTeJIbHO. CBecTH K MHHHMyMy onaCHOCTb 
B03HHKHOBeHH5I rrepeToKoB H ra30np05lBJIeHHH MO)KHO nyTeM yCTa
HOBKH rraKepoB Ha ooca.n.HoH KOJIOHHe, ooeCneqeHHH MaKCHMaJIbHO 
B03MO)KHOH rrOJIHOTbI 3aMemeHHH HPOMblBOqHOH )KH.n.KOCTH raxno
Ha)KHbIM pacrsopoa, HCnOJIb30BaHH5I paClllHp5lIOmHXCH u:eMeHTHbIX 
pacraopos C HaHOOJIbllleH raxnonnpyiomea cnocotiaocrsto, coxpa
meHHH paspuna BO BpeMeHH Me)K.n.y OKOHqaHHeM u:eMeHTHpoBaHHH H 
HaqaJIOM CXBaTblBaHHH pacraopa, C03.n.aHH5I MHOrOqHCJIeHHbIX JIO

KaJIbHbIX 30H ce.n.HMeHTaU:HOHHoro yrrJIOTHeHHH TaMrrOHa)KHOrO 
pacrnopa, nonnepxcaunn H30bITOqHOrO .n.aBJIeHH5I B 3aKOJIOHHOM 
npocTpaHcTBe y YCTbH B nepHo.n. 3arycTeBaHH5I H CXBaTblBaHH5I 
pacrnop a, a TaK)Ke HCrrOJIb30BaHHH cryneu-raroro u:eMeHTHpoBaHHH 
C paspusoa BO BpeMeHH. 

B nepssrf nepaon rrOK051 rsepnaa rpasa TaMnOHa)KHOrO pacrnopa 
nOCTerreHHO OCa)K.n.aeTCH BHH3. ECJIH na KOJIOHHe paaxecrnrs HeKO
ropoe qHCJIO JIerreCTKOBbIX peanaoaux MaH)KeT 30HTHqHOrO rana, 
rnepnaa rpasa Oy.n.eT CKanJIHBaTbCH nan HHMH. B pe3YJIbTaTe nan 
Ka)K.n.oH MaH)KeTOH oepasyercs HeOOJIblllOH BbICOTbI ynJIOTHeHHbIH 
CJIOH pa~TBopa C cyutecrnenao MeHbllleH npouauaeaocrsio H C 00
JIee KOpOTKHM CpOKOM HaqaJIa 3arycTeBaHHH. TaKHe CJIOH rrpenHT
CTByIOT 00pa30BaHHIO CKB03HbIX ce.n.HMeHTaU:HOHHbIX KaHaJIOB. MaH
)KeTbI pexoaeanyercs paaaemars nan Ka)K.n.oH MyepTOH na yxacrxax 
asnue KpOBJIH npoaauaeaux nopon C noasrureaastx K03epepHU:HeH
TOM aHOMaJIbHOCTH HJIH 3HaqHTeJIbHbIM OTHOCHTeJIbHbIM nepenaaov 
.n.aBJIeHHH, ocooeuno B rex CJIyqa5lX, xorna He y.n.aJI5IeTCH rJIHHHCTa51 
xopxa. 

ECJIH B HHTepBaJIe, nonaeacamea u:eMeHTHpoBaHHIO, HMeeTCH 
JIHlllb O.n.HH npoaauaeasta ropH30HT, npenoraparurs B03HHKHOBeHHe 
ra30npOHBJIeHHH H3 Hero MO)KHO, eCJIH B 3aKOJIOHHOM npOCTpaHCTBe 
Y YCTbH B nepnozt CXBaTbIBaHHH TaMnOHa)KHOrO pacrnopa nonaep
>KHBaTb H30bITOqHOe .n.aBJIeHHe. BeJIHqHHY neooxonuaoro .n.aBJIeHHH 
MO)KHO paccuarars no epopMyJIe 

PY.K ~ Pnn-pOT- Pm' (8.18) 

r.n.e peT - CTaTHqeCKOe .n.aBJIeHHe CTOJIOa npOMblBOqHOH H oyepepHOH 
lKH.n.KOCTeH; pm- .n.aBJIeHHe CTOJIOa .n.HCnepCHOHHOH Cpe.n.bI TaMrrO
Ha*»oro paCTBopa aa paCCMaTpHBaeMblH ropH30HT. 
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TaKHM )Ke cnocoooa MO)KHO npenoraparrm, neperoxa sepea 3a
KOJIOHHOe npocrpaacrno, CBH3aHHble C cyepep03HeH TaMnOHa)KHOrO 
pacrsopa, eCJIH OTHOCHTeJIbHble nepenanu nJIaCTOBbIX .n.aBJIeHHH 
Me)K.n.y nponauaexsma ropH30HTaMH B HHTepBaJIe u:eMeHTHpOBpHH5I 
HeBeJIHKH. ECJIH OTHOCHTeJIbHble nepenansr 3HaqHTeJIbHbI, neperoxn 
MoryT B03HHKHyTb, KaK npaBHJIO, Me)K.n.y HH)KHHMH ropH30HTaMH, 
TaK KaK B pe3YJIbTaTe 00e3BO)KHBaHH5I TaMnOHa)KHOrO pacrsopa non 
BJIHHHHeM H30blTOqHOrO .n.aBJIeHH5I npoTHB o.n.Horo H3 BepxHHx npo
HHu:aeMbIX ropH30HTOB oopaayercs u:eMeHTHbIH MOCT. Ilocae 00pa30
BaHH5I MOCTa YCTbeBoe H30blTOqHOe .n.aBJIeHHe npaKTHqeCKH He ne
peaaercs aa OOJIee rnytioxo pacnoaoaceuaue yqaCTKH 3aKOJIOHHorO 
npOCTpaHCTBa. 

Ilpa crynenvarox u:eMeHTHpOBaHHH C pa3pbIBOM BO BpeMeHH 
.n.aBJIeHHe na CTeHKH CKBa)KHHbI MO)KHO perynnpoaan, nyrex COOT
sercrnyromero BbIoopa rJIyoHHbI yCTaHOBKH u:eMeHTHpOBOqHOH MYep
TbI, ·nJIOTHOCTH )KH.n.KOCTH .n.JIH npOMblBKH CKBa)KHHbI nOCJIe ueuen
THpOBaHHH HH)KHerO HHTepBaJIa, CKOpOCTH npoxsraxa H BeJIHqHHbI 
H30blTOqHOrO .n.aBJIeHHH B 3aKOJIOHHOM rrpOCTpaHCTBe y ycrsa. ,L(JI5I 
sroro aeotixonnao COOJIIO.n.aTb CJIe.n.YIOmHe yCJIOBHH: 

a) BO H30e)KaHHe rrOrJIOmeHHH TaMnOHa)KHOrO pacrsopa npa 
u:eMeHTHpOBaHHH HH)KHerO yxacrxa 

PeT +Pu..p + Prn < Pn; (8.19) 
0) BO H30e)KaHHe rrOrJIOmeHHH roro )Ke pacrnopa B HaqaJIbHbIH 

nepaon npOMblBKH CKBa)KHHbI sepea u:eMeHTHpOBOqHyIO MyepTy 

PeT + Pu.. p + Prn + Ps. K < Pu' (8.20) 
rne PIl,.p - .n.aBJIeHHe CTOJIOa TaMnOHa)KHOrO pacrsopa na CJIaObIH 
nJIaCT; Py.K - H30bITOqHOe .n.aBJIeHHe y YCTbH B 3aKOJIOHHOM npOCT
paHCTBe npa npouuaxe xepea MyepTy; pu - .n.aBJIeHHe rrorJIOmeHHH 
cnatioro nJIaCTa, pacnOJIO)KeHHOrO HH)Ke u:eMeHTHpOBOqHOH MyepTbI; 

B) .n.JIH npe.n.OTBpameHHH ra30-HeepTenp05lBJIeHHH B rrepHO.n. 3a
rYCTeBaHH5I H CXBaTblBaHHH TaMnOHa)KHOrO pacrsopa B HH)KHeM HH
TepBaJIe 

PeT + Prn +Pm + Pr.K > Pun, (8.21) 

rne pn;{ - rrJIaCTOBOe .n.aBJIeHHe B ra30BOM (HeepTHHOM) nnacre, sa
neraioutex HH)Ke MyepTbI. 

B 30He KOHTaKTa TaMnOHa)KHOrO pacrsopa C oyepepHOH )KH.n.KO
CTbIO 00pa3yeTc5I CMeCb, OOJIa.n.aIOmaH OOblqHO HH3KOH H30JiHU:HOH
HOH cnOCOOHOCTbIO. BbICOTa CTOJIOa TaKOH CMeCH, nO-BH.n.HMOMy, He 
npessnuaer B OOJIblllHHCTBe cnyxaea 100-150 M. n03TOMY uexea
THPOBOqHyIO MyepTy u:eJIeCOOOpa3Ho yCTaHaBJIHBaTb B KOJIOHHe aa 
200-300 M asnue KpOBJIH ropH30HTa C nOBbIllleHHbIM K03epepHU:HeH
TOM aHOMaJIbHOCTH. 

O.n.HH H3 HaHOOJIee 3epepeKTHBHblX cnOCOOOB npenorspameaaa 
OCJIO)KHeHHH npn u:eMeHTHpOBaHHH H B rrOCJIe.n.YIOmHH nepaon >

npHMeHeHHe pa3.n.eJIHTeJIbHbIX naxepos aa oocannoa KOJIOHfle. Ta
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KHe naxepu .n:JIH npenorapameans raaOnpOHBJIeHHA H nepeTOKOB 
.n:OJI}I{Hbl YCTaHaBJIHBaTbCH aaure KpOBJIH rOpHaOHTa C noauureaaux 
1t03<p<PHU:HeHTOM aHOMaJIbHOCTH, a TaK}I{e Me}l{.n:y ropHaOHTaMH C 
OTHOCHTeJIbHbIM nepenanox nJIaCTOBbIX .n:aBJIeHHH, aHaqHTeJIbHO OT

JIHqalOru.HMCH OT e.n:HHHU:bI, a .n:JIH npenor
spautenas noraouteans npa CTyneHqaTOM 
u:eMeHTHpOBaHHH - asnue KpOBJIH norJIO

~f utatoutero o6beKTa, scerna aa yxacrxe C 
Z HOMHHaJIbHbIM .n:HaMeTpOM CTBOJIa npOTHB 
S YCTOHqHBblX nopon. Ilaxepu paCIlIHpHIOTCH
'I B pa.n:HaJIbHOM HanpaBJIeHHH H nJIOTHO npa
s }l{HMaIOTCH K CTeHKaM CKBa}l{HHbI non Boa
A .n:eHCTBHeM MeXaHHqeCKOrO HJIH rH.n:paBJIH
~ qeCKOrO yCHJIHH, npnxnanuaaeaoro K HHM 
d cpasy }l{e nOCJIe OKOHqaHHH u:eMeHTHpOBaIf. 
8.,	 HHH. 

Ha pHC. 81 noxasaa naxep ranpaana-re
CKoro ~eHcTBHH .n:JIH cTyneHqaTOrO H MaH
}l{eTHOrO u:eMeHTHpoBaHHH. OH COCTOHT aa 
xopnyca 8, peaaao-rxaaesoro ynJIOTHHTeJIb

8 aoro 3JIeMeHTa 9 H u:eMeHTHpoBQqHOH My<p
Tbl. HH}I{HHH BTyJIKa 6 MY<PTbi aaxpuaaer

9 He TOJIbKO OTBepCTHSI A .n:JIH suxona npor	 MblBOqHOH }l{HAKOCTH B' aaKOJIOHHOe npocr
paacrso, HO TaK}I{e xaaansr B, C noxoursro 
KOTOpbIX KOJIbu:eBaH nOJIOCTb r Me}l{.n:y KOp
nYCOM H ynJIOTHHTeJIbHbIM 3JIeMeHTOM MO
}l{eT cooouiarscs C BHyTpeHHeH nOJIOCTblO

fO 06ca.n:HoH KOJIOHHbI. B KOHu:e uexearapo
BaHHH HH}I{HerO HHTepBaJIa CKBa}l{HHbI B 
KOJIOHHY ctipacunator map 7, KOTOpbIH ca
.n:HTCH na HH}I{HIOIO BTYJIKY 6. Ilon BJIHHHH
eM sospacraiouiero .n:aBJIeHHH B KOJIOHHe 

PHC. 81. Ilaxep BHI1I1BT BTyJIKa 6 cxeutaercs BHHa no ynopa IlInH
JlJlH cryneasaroro H MaH JIeK KpaH oTBepcTHH A;5 B HH}I{HHH	 npa
lKeTlloro lI,eMeHTHpoBaHHlI: 3TOM OTBepCTHH B BO BTYJIKe COBMeru.aIOTCH
I - 4JHKCaTOP; 2. 5 - umaas

KH; 3, 6 - BTYJlXH; 4 - ynJloT C BXO.n:HblMH oKHaMH KaHaJIOB B, npoxu

HHTMbHwe xonsua: 7 - wap; 
8 - xopnyc naxepa; 9 - yn BOqHaH }l{H.n:KOCTb no 3THM KaHaJIaM noCTY
JlOTHHTeJlbHblA 9J1eMeHTI 10naer B KOJIbu:eBYIO nOJIOCTb r H paCIlIHpH
D\ljleBOAHHK 

er ynJIOTHHTeJIbHblH 3JIeMeHT 9 no nJIOTHO
ro npH}I{aTHH K CTeHKaM CKBa}l{HHbI. Ilpa 

.n:aJIbHeHllIeM nOBbIllIeHHH .n:aBJIeHHH B KOJIOHHe IlInHJIbKH 5 cpe
aaIOTCH, BTyJIKa.6 nepexeutaercs snaa no ynopa H repaeraxao 
aaxpusaer BXO.n: B KaHaJI B; npa !HOM oTBepcTHH A B My<pTe OT
KpblBalOTCH H npcxusosaas }l{H.n:KOCTb BblXO.n:HT B aaKOJIOHHOe 
npOCTpaHCTBO. 

IlpHqHHaMH HenOJIHOrO aanOJIHeHHH aa.n:aHHoro HHTepBaJIa 3a
KOJIOHHOro npocTpaHcTBa TaMnOHa}l{HbIM pacTBopoM xoryr 6l>iTb 
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OUIH6KH B OnpeAeJIeHHH 06'beMa 3TOrO npOCTpaHCTBa npa nnaaapo
BaHHH onepauna, 0llIH6KH B HaMepeHHH 06'beMa pacrsopa, <paKTH
qeCKH -aaxavaaaoro B CKBa}l{HHY, nOrJIOmeHHe pacrsopa, a TaK}I{e 
OCTaBJIeHHe aHaqHTeJIbHOrO 06'beMa nocnenaero B 06ca.n:HoH KOJIOH
He. He06xo.n:HMbIH: .n:JIH u:eMeHTHpOBaHHH sanaauoro HHTepBaJIa 06'b
eM TaMnOHa}l{HOrO pacraopa paCCqHTblBaIOT no cpenaexy .n:HaMeT
py CKBa}l{HHbI, KOTOpblH onpenenstor no xaeepaorpaxxe, aanacaa
HOH nepen cnycxox KOJIOHHbI. TaK KaK KOH<pHrypaU:HH nonepexaoro 
CeqeHHH CTBOJIa qaCTO aaMeTHO OTJIHqaeTCH OT xpyra, 06'beM, pac
CqHTaHHblH: TaKHM 06paaOM, cnenyer paCCM8TpHBaTb, KaK nepsoe 
npH6JIH}I{eHHe. K aexy Hy}l{HO BBeCTH nonpasoxaun K03<p<P HU:HeHT, 
qT06bI KOMneHcHpOBaTb HeTOqHOCTb B onpeneaeaaa HCTHHHoro 
06'beMa aaKOJIOHHOrO npocrpaacrna, a raxsce ysecrs BOaMO}l{HbIe 
nOTepH paCTBopa BCJIe.n:CTBHe 06paaOBaHHH HeTBep.n:elOru.eH: CMeCH C 
6Y<PepHOH: H npOMbIBOqHOH }l{H.n:KOCTHMH, na-sa OT<pHJIbTpOBbiBaHMH 
aexoroporo KOJIHqeCTBa BO.n:bI qepea npomruaeaae CTeHKH CKBa}l{H
Hbl H no .n:pyrHM npaxaaaa. O.n:HOH: aa BOaMO}l{HblX 0llIH60K B onpe
.n:eJIeHHH 06'beMa TaMnOHa}l{HOrO pacrsopa, <paKTHqeCKH 3aKaqaHHO
ro B CKBa}l{HHY, HBJ.IHeTCH HenpaBHJIbHblH yser C}I{HMaeMOCTH ero, 
oc06eHHO B rex CJIyqaHX, xorna .n:JIH 06pa60TKH HCnOJIbaYIOT pea
rearu, cnocoricraytoume BcneHHBaHHIO pacrsopa (aanpauep, JIHrHO
CYJIb<pOHaTbI). HaH60JIee Ha.n:e}l{Hble naaaue MO}l{HO nOJIyqHTb c 
noaomsio pacxonouepa H cyxxaropa, YCTaHOBJIeHHbIX na cTaHU:PIH 
CKU. Ilpa OTCyTCTBHH TaKHX npH60pOB K03<p<PHU:HeHT C}I{HMaeMO
CTH pacrnopa cnenyer oueaars C noaoutsto JIa60paTopHblX npH60
pOB. 

Ilpa cnycxe B CKBa}l{HHY KOJIOHHbl, 060py.n:OBaHHOH: cKpe6KaMH, 
Typ6yJIHaaTOpaMH, uearparopaua H MaH}I{eTaMH, soxpyr 3THX 3JIe
MeHTOB MoryT 06paaOBbiBaTbCH He60JIbllIHe CaJIbHHKH aa qaCTHU: 
conpaaaoa rJIHHHCTOfi KOpKH. TaKHe CaJIbHHKH noauurator raapaa
JIHqeCKOe conpOTHBJIeHHe aaKOJIOHHOrO npOCTpaHCTBa H, CJIe.n:OBa
TeJIbHO, 6JIarOnpHHTcTBylOT BoaHHKHOBeHHIO norJIoru.eHHil'. Bo Ha6e
}l{aHHe sroro neooxonaxoro xaute neaars npOMe}l{YTOqHble npOMblBKH 
H y.n:aJIHTb aa CKBa}l{HHbI CKonHBWHeCH KyCOqKH conpaaaoa KOpKH. 

§ 67. OpraHH3aU:HSI npouecca u:eMeHTHpoBaHHH 

Peuenrypy .n:JIH u:eMeHTHpoBaHHH KOHKpeTHoA: CKBa}l{HHbl paspa
6aTl>iBaIOT aa HeCKOJIbKO .n:HeH .n:o aa-raaa CaMOH: onepauaa, He06
xoaaaue .n:JIH u:eMeHTHpoBaHHH xarepaanu .n:OJIJKHbI 6bITb .n:OCT8B
JIeHbI na 6ypOBylO aatinaroapenearm, TaMnOHa}l{HaH CMeCb - aa
rpyzceaa B 6yHKepbI CMeCHTeJIbHbIX MaIlIHH. ECJIH nporpaMMoH npe
nycxarpaaaerca HCnOJIbaOBaTb .n:Ba paaaux raxnoaaxcaux pacrso
pa, cyxyto CMeCb .n:JIH onaoro pacrsopa (nanpaxep, noprnaanne
MeHT) aarpyxcator B 6yHKepbI O.n:HOH rpynnu MaIlIHH, a CMeCb .n:JIH 
sroporo pacrsopa - B 6yHKepbl npyron rpyrma. .LI.0 nasana ueaea
THpOBaHHH HaCOCbI H CMeCHTeJIbHble MaIlIHHbl, xoropue 6y.n:yT yxa
CTBOBaTb B onepauaa, .n:OJI}I{HbI 6blTb coenaaenu C YCTbeM CKBa}l{H
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arperaros H CMeCHTeJIbHbIX MaUlHH, nOCJIe,lJ,OBaTeJIbHOCTb BBo,Ua HX 

B paoory, BbI)l.eJIHeT O)l.HH HJIH naa ueMeHTHpOBOqHbIX arperara, KO

TopbIe )l.OJI)KHbI aasepurars npouecc, H T. )l.. 

Ha pHC. 82 noxaaana onna H3 cxex 06BH3KH 060py)l.OBaHHH. 

Hepe)l. HaqaJIOM onepauaa MepHHKH ueMeHTHpOBOqHbIX arperaroa 

1, 2, 5 H 6 3anOJIHHIOT BO)l.OH, a arperaroa 3 H 4 - npO)l.aBOqHOH 

)KH)l.KOCTbIO. OCTaJIbHOH 06'beM BO)l.bI xpaaarcs B eMKOCTH 17, a 

npO)l.aBOqHOH )KH)l.KOCTH - B eMKOCTH 16. Pearearu, xoropue rpe

6yIOTCSI )l.JIH 06pa60TKH TaMnOHa)KHOrO pacrnopa, npenaaparensno 

pacTBopHIOT B aone. 

Ha nepaox srane ueMeHTHpoBaHHH BO)l.OnO)l.aIOII.J.He HaCOCbI arpe

raTOB 1 H 2 HarHeTaIOT sony B ranpoaaxyyuaue CMeCHTeJIH MaUlHH 

8, xyna onaospexeaao nocrynaer cyxas TaMnOHa)KHaH CMeCb H3 

6yHKepoB. 113 CMeCHTeJIH TaMnOHa)KHbIH paCTBOp nocrynaer B 

Ocpe)l.HHTeJIbHyIO eMKOCTb 14, rne TII.J.aTeJIbHO nepeaeumaaercs. 
TIocJIe nepeMelIIHBaHHH TaMnOHa)KHOro pacrnopa nopumesue naco

CbI arperaroa 5 H 6 HarHeTaIOT ero H3 eMKOCTH 14 xepea aanopauf 
KOJIJIeKTOp 11 6JIOKa MaHH<pOJIb)l.a 13 H ueMeHTHpOBOqHyIO rOJIOBKy 

18 B 06Ca)l.HyIO KOJIOHHy. TIo Mepe paCXO)l.OBaHHH BO)l.bI H3 MepHH

KOB arper-aroa 1 H 2 sanae ee nOnOJIHHIOT H3 eMKOCTH 17 HaCOCOM 7 
Qepe3 paanaro-raaa KOJIJIeKTOp 12 6JIOKa MaHH<pOJIb)l.a. 

Cpasy »ce nOCJIe 3aKaqKH pacseraoro orrsexa TaMnOHa)KHOrO 

pacrsopa B 06Ca)l.HyIO KOJIOHHy xpaau na HH)KHHX 60KOBbIX OTBO

nax rOJIOBKH 18 3aKpbIBaIOT, a xepea BepxHHH 60KOBOH OTBO)l. ue

MeHTHpOBOqHbIM arperarox 4 3aKaqHBaIOT nponaaonayto )KH)l.

KOCTb. O)l.HOBpeMeHHo npoMbIBaIOT HaCOCbI, JIHHHH 06BH3KH arpe

raTOB H aanopasra KOJIJIeKTOp OT OCTaBllierOCH B HHX TaMnOHa)K" 

noro pacrsopa, a MepHHKH ueMeHTHpOBOqHbIX arper-aroa 5 H 6 3a

nOJIHSlIOT npoaaaosaoa )KH)l.KOCTbIO, KOTOpyIO nonaer aacoc 15 xepea 

pasnaro-raua KOJIJIeKTOp 12 6JIOKa MaHH<pOJIb)l.a. TIocJIe npOMbIBKH, 

oTKpblBaIOT xpanu na HH)KHHX OTBO)l.ax rOJIOBKH 18 H 3aKaqI1BaIOT 

B KOJIOHHy nponaaosayro )KH)l.KOCTb nopuraeauxa aacocaxa arpe

raTOB 3, 5 H 6 uepes aanopaua KOJIJIeKTOp 6JIOKa MaHH<p0JIb,ll,a. 

)J,JIH KOHTpOJIH nJIOTHOCTH, pacxona H )l.aBJIeHHH )KH)l.KOCTH B na

nopuox KOJIJIeKTOpe, a TaK)Ke cyxxapaoro 06'beMa 3aKaqaHHOH 

)KH)l.KOCTH HCnOJIb3YIOT CTaHUHIO CI\U 9, )l.aHHKH KOTOpOH YCTaHoB

JIeHbI B aanopnou KOJIJIeKTOpe 6JIOKa 13. TIapaJIJIeJIbHO 06bIqHO H3

MepHIOT TaK)Ke nJIOTHOCTb TaMnOHa)KHOrO pacrnopa, npHrOTOBJIHe

Moro Ka)K)l.OH cMeCHTeJIbHOH MalIIHHoH (eCJIH 3TO n03BOJIHeT cxeaa 

06BH3KH ee), C nOMOII.J.bIO pbIqa)KHbIX BeCOB HJIH apeonerpa, KOHT

pOJIHPYIOT )l.aBJIeHHe no MaHoMeTpy, a KOJIHqeCTBO 3aKaqaHHOH >KH)l.

KOCTH  no cyMMe 06'beMOB OnOp0)KHeHHbIX MepHHKoB. 

B ranponaxyynaox CMeCHTeJIe cyxaa TaMnOHa)KHaSi CMeCb nepe

MeUIHBaeTCH C BO)l.oii B rexeaae oxeas xoporxoro BpeMeHH. Hexo
ropae qaCTHUbI He ycneaator nOKpbITbCH BO)l.HbIMH 060JIOqKaMH, 

CJIHnaIOTCH npyr C npyrox H 06pa3yIOT arperaru, xoropue B )l.aJIb

HeHUleM rnnparapyror o-reas Me)l.JIeHHO. B TaMnOHa)KHOH CMeCH, 

oc06eHHO nOCJIe )l.JIHTeJIbHOrO xpanenas, HMeIOTCH 60JIee HJIH MeHee 
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PHe. 82. Cxexa 06BH8KH o6opy.n;oBaHHH npa ueMeHTHpoBaHHH 

-, 

HbI cacrexos Tpy60npOBO)l.OB. lJT06bI yCKOpHTb 06BH3Ky 060py)l.OBa

HHH, HCnOJIb3YIOT CneUHaJIbHbIH nepe)l.BH)KHOH 6JIOK MaHH<pOJIb)l.a, na 
KOTOpOM HMeIOTCH naa KOJIJIeKTopa: nanopaua H paanaro-mua  ' 

)l.JIH npHcOe)l.HHeHHH JIHHHH OT HaCOCOB H KOMnJIeKT rpyf C 6bICTpO

C'beMHbIMH coe)l.HHeHHHMH. OJIOK MaHH<pOJIb)l.a YCTaHaBJIHBaIOT B03

MO)KHO 6JIH)Ke K yCTbIO CKBa)KHHbI H coe)l.HHHIOT C ueMeHTHpOBOq

HOH rOJIOBKOH )l.ByMH JIHHHHMH rH6KHx MeTaJIJIHqeCKHX pyxaaon. 

TIepe)l. HaqaJIOM ueMeHTHpoBaHHH pyKoBO)l.HTeJIb onepaUHH npo

BO)l.HT HHcTpyKTa)K scex yqaCTHHKoB ee: Ha3bIBaeT 06'beMbI TaM no

Ha)KHOrO pacrsopa H npO)l.aBOqHOH )KH)l.KOCTH, xoropue )l.OJI)KHbI 

6bITb 38KaqaHbI I(a)K)l.bIM H3 arper-aron, YKa3bIBaeT pe)KHM pa60TbI 
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xpynaue KOMOtIKH BSDKymero, xoropue He nacneprapyiorcs B CMe· 

carene. l..JT06b1 ooecnesars 60Jlee nOJlHOe p.HcnepmpOBaHHe xpyn
HblX tIaCTHU H nOBblCHTb aKTHBHOCTb BH}l{ymero, ueJleC006pa3HO B 

COCTaB aarnerareasaax Tpy60npOBo.u.OB, no KOTOpblM HaCOCbI nona -$: 

lOT TaMnOHa}l{HblH paCTBOp B ocpenuarensayto eMKOCTb HJlH B 06

canayio J{OJlOHHY, BKJllOtIaTb yasrpasaysosoa HJlH cTpyflHblil: aKTH

sarop 10. B CTpyHHOM axrasarope nOTOK TaMnOHa}l{HOrO pacraopa 
non .u.aBJleHHeM 5-7 MOa HanpaBJlHeTCH tIepe3 naa conna, pacno

J10}l{eHWble B KOpOTKOM xopnyce npyr nporas npyra (pHC. 83). OpH 

coynapeaaa CTpyH, aupusaro
mHXCH H3 conen co CKOpO

CTblO 100-120 ulc; xpynaue 
KOMOtIKH H arperaTbI CJlHn

IlIHXCH tIaCTHU BlI}l{ymero .u.HC

neprapytorca: 06pa30BaBIlIHe

CH npa 3TOM TOHKHe tIaCTHUbI 

noxpusaiorcs BO.u.HblMH 060

J10tIKaMH H B .u.aJlbHeHllIeM ax
THBHO ytIaCTBylOT B peaKUH

HX ranparauaa, 
Pyxoaonarens onepauan 

Haxo.u.HTCH B nOMemeHHH 

CTaHUHH CKIJ., orxyna non

.u.ep}l{HBaeT reaerpoaayto 

CBH3b C MallIHHHCTaMH scex 

arperaros H MallIHH H naer 

oneparuanue YK83aHHH B 

PHe. 83. CTpyAHblH 8KTHBaTop: cJlytIae He06xo.u.HMOCTH BHe
J - TpoAHHX; ~ - 6b1CTpOpa3'beMHOe COe.llHlleHHe; ceHHH KoppeKTHBoB B pe}l{HM
3 - Tpy6xa; 4 - nnpy60x; 5 - raAxa; 6 - con
110; 7 - xopnyc	 pa60TbI. He3a.u.oJlro .u.o OKOH

tIaHHS! onepaUHH OH HanOMH

aaer MallIHHHCTaM cooreercrsyroumx arperaros 0 He06xo.u.HMOCTH 

npexpauteana 3aKatIKH nponasosaoa }l{H.u.KOCTH, a npa 6b1CTpOM 

nosuureaaa .u.aBJleHHH B MOMeHT CXO}l{.u.eHHH np060K npaxaasmaer 

OCTaHOBHTb nOCJle.u.HHe arperaThl H aaKpblTb KpaHbI B HanopHoM 

rpynonposone (HJlH aa rOJlOBKe). 
B cay-rae yCTaHoBKH aa oocanaoa KOJlOHHe naxepa, cpasy }l{e 

no OKOHtIaHHH 3aKatIKH nponasosaoa }l{H.u.KOCTJ>I naxepyior 3aKOJlOH

Hoe npOCTpaHCTBO, a 3aTeM nJlaBHO CTpaBJlHBalOT H36bITOtIHOe naa

J1eHHe B ueMeHTHpOBOtIHOH rOJlOBKe H KOHTpOJlHpylOT BblTeKaHHe 

}l{H.u.KOCTH H3 aee: npa repMeTHtIHOCTH 06paTHblX KJlanaHOB asrrexa- 

HHe, 06yCJIoBJleHHoe ynpyrHMH CBOHCTBaMH CHCTeMbI, 6bICTpO npe

xpauraercs. ECJlH saresanae He npexpamaercs, surexaiouiyro }l{H.u.

KOCTb BHOBb 3aKatIHBalOT B KOJlOHHY H, C03.u.aB H36b1TOtIHOe nasne

HHe B 2-3 MOa, saspuaaior xpaa aa rOJlOBKe. CTpaBJlHBaTb H3

6b1TOtIHOe naaneaae B rOJlOBKe no arxocdiepaoro npa repverasaax 
oeparaux xnanaaax MOJKHO J1HllIb B TOM cay-rae, eCJlH conporas

JlHeMOCTb oocanaax Tpy6 CMHTHIO B Ka}l{.u.OM CetIeHHH 60JlbIlIe pas
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HOCTH Me}l{.u.y .u.aBJleKHeM croatia raxnoaaacaoro pacrsopa H npo
MblBO'lfHOH }l{H.u.KOCTH B aaKOJlOHHOM npOCTpaHCTBe H .u.aBJleHHeM 

croxoa nponaaosaon }l{H.u.KOCTH B KOJlOHHe. KOJlOHHY C aerepxe
THtIHblMH xnanaaaaa OCTaBJlHIOT B nOKOe .u.J1S1 TBep.u.eHHH TaMnO

Ha}l{HOrO pacrsopa scerna C 3aKpblTblMH KpaHaMH aa rOJlOBKe. 

ECJlH B CKBa}l{HHe scxpsrru rOpH30HTbI C aHOMaJlbHO BblCOKHMI'I 

nJlaCTOBblMH .u.aBJleHHHMH HJlH rasoaacsnueaaue no OKOHtIaHHH 

ueMeHTHpOBaHHH aaxpuaaior npeseurop, repaeraaapya 3aKOJlOHHOe 

npOCTpaHCTBO, eCJlH naaaox onepauaa npenycuorpeao, nepen sa
KphlTHeM npesearopa B 3aKOJlOHHOM npOCTpaHCTBe C03.u.a1OT He06
xonaxoe 1i136b1TOtIHOe naaneaae, 

ECJlH CKBa}l{HHY npencroar ueMeHTHpOBaTb npa MaJlOH CKOpOCTH 

aocxonsuiero noroxa, 3aKOJlOHHOe npocrpaacrso .u.OJl}l{HO 6b1Tb rep

MeTH3HpOBaHO npesearopox: aa pa60tIeH J1HHHH npesenropa, no 

KOTOpOH H3 CKBa}l{HHbI surexaer npoxusovaaa }l{H.u.KOCTb, cnenyer 
yCTaHoBHTb BTOpOil: pacxonoxep H perynapyexue urryuepa. B ne
paon ueMeHTHpoBaHHH, HaqHHaH C MOMeHTa auxona nepsoa nopuan 
TaMnOHa}l{HOrO pacrsopa B 3aKOJlOHHOe npocrpaacrso, B nocaenaex 
ua YCTbe C noxouisso urryuepos Hy}l{HO TaK peryanposars npoTHBO

naaneaae, tIT06b1 pacxozi }l{H.u.KOCTH, aurexaiouiea H3 CKBa}l{tiIHhl, 

6b1J1 pasea pacxony }l{H.u.KOCTH, 3aKatIHBaeMOH B CKBa}l{HHy. 

Ta!<OH }l{e KOHTpOJlb pacxonos 3aKatIHBaeMOH H BblXo.u.Hmeil: H3 

CKBa}l{HHbI }l{H.u.KOCTeH ueJleC006pa3HO BeCTH rajose npn 06paTHOM 

ueMeHTHpOBaHHH, oc06eHHO B rex cnysasx, xorna nJlOTHOCTb TaM

nOHa}l{HOrO pacrsopa 3HatIHTeJlbHO 60JlbIlIe nJlOTHOCTH npOMbIBOtI

HOil: }l{H.u.KOCTH, a BepXHHe npoaauaexue ropH30HTbI He nepexpuru 
npenunyuiea KOJlOHHOH. . 

00 3aBepIlIeHHH 'ueMeHTHpOBOtIHOH onepauan CKBa}l{HHY OCTaB

J1HIOT B noxoe na CpOK, He06xo.u.HMblil: .u.J1H npeapameaaa rasmoaaac

aoro pacrsopa B npaKTHtIeCKH HenpOHHUlleMbIH KaMeHb C MHHH

MaJlbHO He06xo.u.HMoH npOtIHOCTblO. 3TOT CpOK saBHCHT OT KatIeCTBa 

ncxonaoro ueueara H COCTaBa pacrsopa, rexneparypu B anrepaane 

ueMeHTHpOBaHHH, Ha3HatIeHHH o6ca.u.HoH KOJlOHHhl, a raiose OT KO

3qJqJHUHeHTOB aHOMaJlbHOCTH nJlaCTOBblX .u.aBJleHHA. Bo MHorHX 

paaoaax npH.u.ep}l{HBaIOTCH caenyiourax CpOKOB O}l{H.u.aHHH rsepne
HHH TaMnOHa}l{HOrO pacrsopa: a) 12-16 tI - .u.J1H KOH.u.yKTOpOB H 

npoaexyrosasrx KOJlOHH, xoropue He nepexpusaior nnacru C aHO

MBJlbHO BbiCOKHMH .u.aBJleHHHMH HJlH MHOrOJleTHeMep3J1hle noponu H 

.u.J1H ueMeHTHpOBaHHH KOTOpbIX HcnOJlb3YlOT uexear aucoxonpocaoa 
MapKH; 6) 24-48 tI - .u.J1S1 KOH.u.yKTOpOB H npoxezcyroxaux KOJlOHH, 
aauexearapoaaaaux 06J1ertIeHHblMH TaMnOHa}l{HhlMH pacraopaxa C 

aeaucosoa Ha1JaJlbHOH npomrocrsio KaMHH, a raxsce .u.J1H sxcnnyara

UHOHHblX I;l npOMe}l{YT01JHblX KOJlOHH, nepexpusaroumx nnacru C 

aHOMaJlbHO BbICOKHMH .u.aBJleHHHMH, eCJlH TaMnOHa}l{HhlH pacrsop 

rOTOBHT H3 BblcOKOnp01JHOrO uexenra: B) no 72 1J - .u.J1S1 sxcnnyara
UHOHHhlX H OTBeTCTBeHHblX npOMe}l{YT01JHblX KOJlOHH, eCJlH' HCnOJlb

SYIOT CMeCb C HeBhlCOKOH Ha1JaJlbHOH np01JHOCTblO KaMHIL B CKBa

}l{HHaX C BbiCOKOH reaneparypoa 3TH CpOKH coxpatuaiorcs. 
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DPH ueMeHTHpOBaHHH HHTepBaJIa MHOrOJIeTHeMep3JIblX nopon 
rrOJIe3HO B nepaon CXBaTbIBaHHH H TBep.u.eHHH TaMrrOHa)l{HOrO 

pacrnopa nonaepxcaaan, B 06Ca.u.HOH KOJIOHHe He60JIbllIyIO rrOJIO)l{H

TeJIbHYIO rexneparypy C ueJIblO npenoraparars saaepaaaae BO.u.bI 

B TaMrrOHa)l{HOM TeCTe. 3TO MO)l{HO cnenars nyrex nepaonasecxoro 

rrpOKalJHBaHHH rrpOMblBOlJHOH )l{H.u.KOCTH sepes 6YPHJIbHbIe rpyou, 
cnyiuenasre BHYTPb 06Ca.u.HOH KOJIOHHbI. 

Ilocne 06pa30BaHHH B 3aKOJIOHHOM rrpOCTpaHCTBe ueMeHTHOrO 

KaMHH C .u.OCTaTOlJHOH rrpOlJHOCTbIQ BbIIIOJIHHIOT CJIe.u.YIOI.U.He patio

r sr: a) crrYCTH npnxepno CyTKH, HO He panee cpoxa KOHua CXBaTbI

BaHHH, CTpaBJIHBaIOT H36blTOlJHOe .u.aBJIeHHe B 06ca.u.HoH KOJIOHHe H 

B 3aKOJIOHHOM rrpOCTpaHCTBe, eCJIH OHO COXpaHHJIOCb.u.O sroro; 

6) onpenensior rrOJIO)l{eHHe KpOBJIH uexearnoro KaMHH B 3aKOJIOH

HOM rrpOCTpaHCTBe H oueHHBaIOT KalJeCTBO ueMeHTHpOBaHHH (rrOJI

HOTy 3aMeI.U.eHHH rrpOMbIBOlJHOH )l{H.u.KOCTH raxnonaacasrx paCTBO

pOM, HaJIHlJHe KOHTaKTa Me)l{.u.y 06ca.u.HoH KOJIOHHOH H KaMHeM, KaM
HeM H CTeHKaMH CKBa)l{HHbl) C rrOMOI.U.bIO reodrasasecxax MeTo.u.OB. 

ECJIH npa KOHTpOJIe asrscneno, lJTO lJaCTb sanamroro HHTepBaJIa 

3aKOJIOHHOrO rrpOCTpaHCTBa He 3aueMeHTHpOBaHa JIH60 3aueMeHTH

pOBaHa rrJIOXO H lJepe3 3TOT YlJaCTOK B03HHKJIH HJIH MoryT B03HHK

nyrs npa .9KCrrJIyaTaUHH CKBa)l{HHbI neperoxn rrJIaCTOBbiX )l{H.u.KO

crefi, He06xo.u.HMO BbirrOJIHHTb pexoarnsre paeoru H JIHKBH.u.HpoBaTb 

6paK (CM. rJI. 10). 

§ 68. MeTO,lJ.HKa pacsera O,lJ.HOcTyneHqaTOrO ueMeHTHpooaHHSI 

UeJIbIO paClJeTa HBJIHeTCH orrpe.u.eJIeHHe KOJIHlJeCTBa MaTepHa

JIOB, He06xo.u.HMb1X .u.JIH ueMeHTHpoBaHHH sananuoro YlJaCTKa CKBa

)l{HHbl; pe)l{HMa 3aKalJHBaHHH TaMrrOHa)l{HOrO pacrsopa H nponasos

HOH )l{H.u.KOCTH, npa KOTOpOM MO)l{eT 6blTb ooecneseao 3arrOJIHeHHe 

aaaanaoro YlJaCTKa 3aKOJIOHHOrO npocrpancrna TaMrrOHa)l{HbiM pa

CTBOpOM 6e3 OCJIO)l{HeHHH H HaH60JIee rrOJIHOe BbiTeCHeHHe npouu
BOlJHOH )l{H.u.KOCTH; He06xo.u.HMb1X rra paxerpon HaCOCHoro 060py.u.0

BaHHH, a TaK)I{e lJHCJIa ueMeHTHpOBOlJHblX HaCOCOB H CMeCHTeJIbHbIX 

MaIlIHH; rrpo.u.OJI)I{HTeJIbHOCTH ueMeHTHpoBaHHH. 

Paccaorpaa xeronaxy pacsera aa CJIe.u.yIOI.U.eM npaxepe, 
DyCTb rpeoyercs aaneaearapoaan, HHTepBaJI .u.JIHHOH lrr, B Bep

THKaJIbHOH CKBa)l{HHe rJIy6HHoH L. HaH60JIbIIIHH KO.9<pqmuHeHT aHO

MaJIbHOCTH rrJIaCTOBOro .u.aBJIeHHH ka HMeeT rrpo.u.YKTHBHbIH aeqire

HOCHblH ropH30HT aa rJIy6HHe ZIIJI' B CKBa)l{HHe HMeIOTCH ztaa CJIa

6bIX nnacra cpaBHHTeJIbHO He60JIbiliOH MOmHOCTH: O.u.HH C rpanaen

TOM .u.aBJIeHHH rrOrJIOI.U.eHHH /).p~ na rJIy6HHe z~ B HeueMeH

rapyexoa HHTepBaJIe, BTOPOH C rpafiaenrox .u.aBJIeHHH /).p~ > /).p~ 

aa rJIy6HHe z~ B uexenrapyexox HHTepBaJIe. B OCTaJIbHblX 

HHTepBaJIaX rpa.u.HeHTbI .u.aBJIeHHH rrOrJIOI.U.eHHH cymecTBeHHO 60JIb

me /).p~ . CKBa)l{HHa 3arrOJIHeHa rrpOMbIBOlJHOH )l{H.u.KOCTbIO C rrJIOT-' 

HOCTbIO prr, .u.HHaMHlJeCKHM uanpasceaaex cnanra 'to H rrJIaCTHlJeCKOH 
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BH3KOCTbIO 11 (npa )lHHaMHlJeCKOH rexneparype). Ilponaaouaas 
)l{H.u.KOCTb HMeeT TaKHe )l{e CBoHCTBa. 

Butiop nJlOTflOCTU raunonaocnoeo pacreopa. DPH BbI60pe rrJIOT

HOCTH He06xo.u.HMO C06JIIO.u.aTb yCJIOBHH (8.8) H (8.19). 3TO 3HalJHT, 

lJTO 

Pn+ 250<prr,.p<Po.rr-200, (8.22) 

rne PO.II - BepxHHH npenen, npa KOTOpOM CTaTHlJeCKOe .u.aBJIeHHe B 

KOHue ueMeHTHpoBaHHH pasno npenensao nonycraaoxy. BeJIHlJHHY 

ero JIerKO HaHTH, eCJIH B <popMyJIe (8.19) rrOJIO)l{HTb pr]1.=O 
(pHC. 84): 

t.p~z~ - [Pn (L -11\) - (PIT - Pll) hll] g 
(8.23)Po, n = (z~ + 11\ _ L) g • 

Onpeiienenue norpetinux KOJlUtteCTB MaTepUaJlOB. He06xo.u.HMbIH 

06beM TaMrrOHa)l{HOrO pacrsopa .u.JIH ueMeHTHpoBaHHH CKBa)l{HHbI 

Vrr,.p= ~ kl\.p[(d~-d~)ll\+d2ho]+ Uo1h (8.24) 

06beM nponaso-mon )I{H.u.KOCTH 

2(L-hVnp = : kOlRd o) + Voll; (8.25) 

06beM 6Y<PepHOH )l{H.u.KOCTH 

V II = -T kl\. P (d~ - d~) he: (8.26) 

rae ho - paccroaane OT 6a.IlIMaKa KOJIOHHbl .u.o ynopaoro KOJIbua; 

krr,.p - KO.9<p<pHUHeHT, BBO.u.HMbIH .u.JIH KOMrreHcaUHH <paKTOpOB, He 

rro.u..u.aIOI.U.HXCH TOlJHOMY yxery (CM. § 66), a TaK)I{e C)I{HMaeMOCTH 

pacrsopa: Vori - 06beM, He06xo.u.HMb1H .u.JIH 3arrOJIHeHHH rpyconpo
BO.u.OB 06BH3KH ueMeHTHpOBOlJHblX HaCOCOB C YCTbeM CKBa)l{HHbI. 

KOJIHlJeCTBO CYXOH TaMrrOHa)l{HOH CMeCH, He06xo.u.HMOH .u.JIH npn

rOTOBJIeHHH 1 M3 pacTBopa; 

Prr,. p (827'mT • C = 1+ n . . ) 

06I.U.ee KOJIHlJeCTBO TaMIIOHa)l{HOH CMeCH .u.JIH nparoroaneaaa 

nyscaoro 06beMa pacrsopa 

MT'C=kT'CmTOVrr"p, (8.28) 
rne kT • c - KO.9<p<PHUHeHT, YlJHTbIBaIOmHH norepa raanoaaacaoa 

CMeCH npa aarpysxe CMeCHTeJIbHblX MaIIIHH H rrpllrOTOBJIeHHH pacr

aopa. 
06beM BO.u.bI, He06xo.u.HMbIH .u.JIH rrpHrOTOBJIeHHH TaMrrOHa)l{HOrO 

pacrsopa, 

V = nM T . c • (8.29) 
m kT • cPm 
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(8.35) 

rne AIl.Q. - K03<p<PHUHeHT rH.n:paBJIHqeCKHX conpoTHBJIEmHA aa yxa
CTKe resenas raxnoaaacnoro pacrsopa B aaKOJIOHHOM npocrpaacrae. 

Ilpa CTpyKTypHOM TeqeHHH acex iKH.n.KocTeH B aaKOJIOHHOMnpo
crpaacrse 

_ 4 {TO (L -axlD.)+ ('to)l1,. p [z~ - (L -a:ll1,)]} + 
Prl1. - de  dB ~R ~R. Q. 

o,5: uw; { [• ]} + ' Pn(L-a,;ln) + Pit. p Zn- (L-a,;lu.) , 

BOCXOMIIJ.ero nOTOKa MOiKHO HaATH as CJIe.n.YIOIIJ.ero ypaBHeHHH: 

!i '  g = 4"'0 . + O,5~KPO (WB)~Pe.A (830) 
po Po ~Il (do  du) IT' . 

nOCKOJIbKY nJIOTHOCTb raanoaaacaoro pacrsopa 60JIbille nJIOT
HOCTH npOMblBOqHoii H 6y<pepHOH iKlI.n.KOCTeH, TO C MOMeHTa aasana 
BblTeCHeHHH ero B aaKOJIOHHOe npOCTpaHCTBO CTaTHqeCKOe .n.aBJIeHH8 
aa 'CTeHKH CKBaiKHHbI B03paCTaeT. Bo Ha6eiKaHHe nOrJIOIIJ.eHHH aa 
BTOpOM srane aeotixonaao, qT06b1 cyMMa CTaTHqeCKHX .n.aBJIeHHH 
cToJI6a npoauaosnoa H 6y<pepHOii iKH.n.KOCTeH peT, cToJI6a ranno
naacaoro pacrsopa PJ1,.P H ranponanaaasecxoro .n.aBJIeHliH aa norno
IIJ.alOIIJ.HH nJIaCT 6b1JIa scerna MeHbwe .n.8.BJIeHHH nOrJIOIIJ.eHHH, T. e. 
BbInOJIHflJIOCb yCJIOBHe (8.19). 

0603HaqHM li; - BbICOTY cToJI6a raxnoaascaoro pacrsopa B sa
KOJIOHHOM npocrpaacrae B JIlO60ii npoMeiKYTOqHblH MOMeHT aroporo 
srana (pHC. 85) JII . 

ax = hx/lu.. (8.31) 
Oueaanao, ax MOiKeT HaMeHHTbCH B .n.l'Iana30He OT HyJIfl, noxa 

TaMnOHaiKHbIii pacraop naxonarcs TOJIbKO B 06ca.n:HoH KOJIOHHe, .n.o 
e.n.HHHUblB MOMeHT OKOHqaHHH ueMeHTHpOBaHHfl. Bupaaax BeJIHIIH
Hbl, Bxo.n.HIIJ.He B <pOpMyJIy (8.19), xepes ax 

PeT = [Pllhll +Pn (L-axlQ.-h ll )) g; (8.32) 

PI1,. p = PI1,. P [z~ -(L-azlu}] g. (8.33) 

Ilpa Typ6yJIeHTHOM TelleHHH acex iKH~KocTeA B aaKOJIOHHOM npo
crpancrse 

Pm = ~,5~:; {AuPn (L-a xll1,) +AK.I1,PI1,. p [z~-(L~axll1,)]}, (8.34) 

rne ~1l.Q. - 6e3paaMepHaH BeJIHqHHa, onpenennexaa no pHC. 55 .n.JIH 
nOTOKa raxnouaseaoro pacrsopa B aaKOJIOHHOM npocrpancrae. 

AHaJIOrHIIHO MOiKHO COCTaBHTb aupaaceaas .n.JIH prA npa HHblX 
COlleTaHHHX peiKHMOB rexeaas npoauaosaoa iKH.n.KOCTH H TaMno
aaxcaoro pacraopa B 2aKOJIOHHOM npOCTpaHCTBe. . 

Iloncraaax BblpaiKeHHfl (8.32)-(8.35) B ypasaeaae (8.19) 
H pennia nocnenaee OTHOCHTeJIbMO ax. Ilocne nexoropux npeoopa
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PHC. 84. Cxexa K pacxery 3aKJlIO'IHTeJlbROIl CTaJlHH ll,eMeHTllIpoBaHHlI: 

I - OPOMblBOQU8H lKH,llKOCTb; :2  llyljlepH8H lKH,llKOCTb; 3, 5  nornouiaioume OJl8CTbI: 4
T8MOOK8lKKblA p8CTBOp 

PHC. 85. Cxeua K pacsery BbiTeCHeHHlI TaMnOHalKHoro pacrnopa B saKOJlOHHOe 

npocrpaacrno: 
1- OPOMblBOQK8H lKK,llKOCTb; I, 6  OOrJlOU\81Ow.ue OJlacrbl; 3 -llyljlepK8Jl lIUUIKOCTb; 4
nMooH8lKKblA p8CTBOp 

HOH iKH)l.KOCTH 60JIbIlIOH, a nJIOTHOCTb H p~OJIOrHqeCKHe csoacraa ee 
cYIIJ.eCTBeHHo OTJIHqHbI OT cooTBeTcTBylOIIJ.HX xapaxrepacrax npo
MblBOqHOii iKH.n.KOCTH H raxnoaascaoro pacraopa, npouecc ueJIeCO
06pa3PIO paaneaars aa TpH srana. 

Paccuorpax CJIylfaii, xorna 06beM 6Y<PepHOii iKH.n.KOCTH MaJI. 
80 H36eiKaHHe nOrJIoIIJ.eHHH aa nepaox srane ncooxonaxo, qT06b1 
CyMMa CTaTHqeCKOrO H rH.n.po.n.liHaMHqeCKOrO .n.aBJIeHHii cToJI6a npo
MblBOqHOH H 6y<pepHOfl lKH.n.KocTeH 6b1JIa xeasme .n.aBJIeHH5I norno
IIJ.eHHH, T. e. BbInOJIHHJIOCb yCJIOBHe (8.19). 2)TO saauar, qTO npn TYP
6yJIeHTHOM peiKHMe TeqeHHH B aaKOJIOHHOM npocrpaacrae sepxaaa 
npenen CKOpOCTH cneztyer onpenenars no <popMyJIe (6.86). Ilpa 
CTpyKTypHOM iK~ pescaxe TeqeHHH npenensao nonycraxyio CKOpOe-Tb 

iaO 

Ilorpeeaae KOJIHqeCTBa pearearos .n.JIH 06pa60TKH TaMnOHa1K
noro pacraopa paCCqHTIiBalOT BCOOTBeTCTBHH C peuerrrypoa, pas
pa60TaHHOH JIa60paTopHeA 6ypoBoro npennpasras HJIH Hl1nH. 

npeoeAbHbLU peocux UreMeHTupOBaHUJl. ECJIH 06beM 6Y<PepHOfl 
1KH.n.KOCTH cpaBHHTeJIbHO MaJI, c06CTBeHHO npouecc ueMeHTHpOBaH!iH 
MOiKHO YCJIOBHO paaneanrs aa naa srana: B TeqeHHe nepsoro TaM
nOHaiKHIiH paCTBOp Haxo.n.HTCH TOJIbKO BHyTpH 06ca.n.HoH KOJIOHHbI; 
BTOpOii: sran HaqHHaeTCH C MOMeHTa nOHBJIeHHH nepsof nopuaa 3TO
ro pacrsopa B 3aKOJIOHHOM npOCTpaHCTBe. ECJIH iKe 06beM 6y<pep



30BaHUH nOJIyqUM CJIe.u.YIOll.I,He epOpMyJIhI, nOKa3h1BaIOllI.Ue 3aBHCH
MOCTb npe.u.eJIbHO .u.OnyCTUMOH 6e3pa3MepHOH BhlCOThi cToJI6a TaM
nOHa)l{HOrO pacrnopa B 3aKOJIOHHOM npOCTpaHCTBe, npa KOTOpOH 

1 11 

eute He 6y.u.eT nOrJIOll.l,aTbCH paCTBOp, OT CKOpOCTU aocxonsuiero 

nOTOKa: 
a) npn Typ6yJIeHTHOM TeqeHUU scex )l{H.u.KocTeit 

(Xx =- Pl -; P2 
b ' 

(8.36) 

r.u.e	 Pi = (t1p~ -PIl. pg) z~ + [(PIl. p-Pn) L + (Pn- plI) hll ] g; (8.37) 

.' ~ O,5k3w; [AKPnL - AK. IlPIl. p (L - z~)] . (838) 
~- ~-~'	 . 

=( _ )g+ O,5k3W;(AK.IlPIl.p-AKPn)	 (839) 

" 

j 

b1 

6) 

ax 

p
3 

+ 

b 
2 

PlI'p Pn d d'	 .C- H 

npn CTpyKTypHOM pe)l{HMe TeqeHUH scex )l{u.u.KocTeA 

= Pl -; Pa (8.40)
b~ 11 

4 [ ToL {to)Il. p (L - z~) ]
= --	 +dc - a« ~H . ~H. 1\ 

O,5~KW; [PnL-PIl. p (L-Z~)] 
iT;	 (8.41) 

= (p _ P ) g + 4 [(TO)1\. P _ ~1 + 0, 5~K (Pu.. p - Pn) wi 
u-P D do - a« ~H.1\~" iT • 

(8.42) 

AHaJIOrHqHhle epOpMyJIhi MO)l{HO nOJIyqHTb H .u.JIH ztpyrnx cosera
HUH pe)l{HMOB TeqeHUH B 3aKOJIOHHOM npOCTpaHCTBe. 

Bo u36e)l{aHHe nornoureans B nJIaCT aa rJIy6HHe z~ CKOpOCTb 

nocxonsurero nOTOKa no Mepe BblTeCHeHUH TaMnOHa}KHorO pacraopa 
B 3aKOJIOHHOe npOCTpaHCTBO He06xo.u.uMO nOCTeneHHO yxeasruars: 
aauasrcruaa CKOpOCTb B H<ftIaJIe sroporo srana He .u.OJI)I{Ha npeau
urars (WB)DPe~' I10JIb3yHCb epopMyJIaMH (8.36) - (8.42) H aHaJIO-, 
rHqHblMU HM .u.JIH npyrnx COqeTaHHH pe)l{HMOB TeqeHHH U noncras-
JIHH B HUX coornercrayroume 3HaqeHUH CKOpOCTU B nnanasone 
0< W < (WB)DPe~' MO)l{HO nocrpoars npeaeasayto KpHByIO 3aBHCH
MOCTU 

B
ax=f (wB ) (pHC. 86). 2ha KpHBaH xapaxrepasyer npenensno 

.u.onycTuMoe aaasenae 6e3pa3MepHoH BbICOTbI cToJI6a TaMnOHa)l{HO
ro pacraopa B 3aKOJIOHHOM npocrpaacrne npa Ka)l{.u.oH CKOpOCTU 
socxonauiero nOTOKa. YCJIOBUMCH Ha3bIBa Tb pe)l{HM ueMeHTHpOBa
HUH, npn KOTOpOM crporo C06JIIO.u.aeTCH pacirernaa 3aBHCHMOCTb 

ax=f (W B ) , npe.u.eJIbHbIM. 
C06JIIO.u.eHue npenensnoro pe)l{UMa npa o.u.HOBpeMeHHOM apauie-

KpaHaHlllUH CpOK, u36e)l{aTb noraomeans raxnoaazcnoro pacrsopa 
H npOMblBOqHOH )l{H.u.KOCTU U .u.OCT dqb Hau60JIee nOJIHOrO aurecae
HHH nOCJIe.u.HeH H3 ueaearapyeaoro nnrepaana. ECJIU oecanaa» KO
JlOHHa B nepaon uexearnpoaanaa OCTaeTCH Heno.u.BU)I{HOH, B npe
.u.eJlbHbIH pe)l{HM cneztyer BHeCTU xoppexrasu, aanpaanenasre na no
CTH)I{eHHe Hau60JIee nOJIHOrO aaxernerran npOMbIBOqHOH )l{H.u.KOCTU 
TaMnOHa)l{HbIM pacraopoa. O.u.HUM U3 TaKHX xoppexrnnoa MO)l{eT, 
aanpnxep, 6bITb nepexozt K «np06KoBOMy» pe)l{uMy TeqeHUH B 3a
KOJIOHHOM npocrpaacrne B TOT MOMeHT, xorna CKOpOCTb WB YMeHb
urunacs .u.o KpHTUqeCKOH W"p. 

Butiop cuecuressnux suuuun. 06blqHO .u.JIH npHrOTOBJIeHHH 
TaMnOHa)l{HOrO pacrsopa ucnOJlb3YIOT cneuaaasaue MalllHHbI C Me
XaHHqeCKOH UJIU nHeBMaTHqeCKOH no.u.aqeH nopounca TaMnOHa)l{HOH 

,oc,.. 
1,0 
Q:¥ 
(lGs 
Q:z 
aT 

o .ox Ill' Jr' .c:t) 1 ,IIWe W, I W, I We r~npeqW"MIC 
I I I I I I I 

o lQ:'H EQ~H lQ:'H CQiH Q,'1c 

PRC. 86. 3aBHcHMoCTb a,,,=f(WB). };Qll'H - CYMM3P
Han no~aqa HacocoB 

caeca K. ru.u.pOCMeCHTeJIIO; cpaBHHTeJIbHO penxo MelllKH C TaMno
Ha)l{HOH CMeCbIO nonaror K ru.u.pOCMeCUTeJIIO spysnyro. MHHUMaJIb
HO Heo6xo.li.HMOe qHCJIO CMeCUTeJIbHbIX MalllUH onpenenmcr B 3aBH· 
CUMOCTH OT oouiero KOJIH<IeCTBa TaMnOHa)l{HOH cxeca .u.JIH ueMeHTU
pOBaHUH CKBa)l{UHhI U KOJIHqeCTBa ee, xoropoe MO)l{HO sapaaee 3a
rpyaurs B 6yHKep O.u.HOH MalllUHbI 

M T. O	 84ieM = -u- ,	 ( . 3)Pc	 CM 

r.u.e UCM - BMeCTUMOCTb 6yHKepa O.u.HOH MalllUHbI; pc - y.u.eJIbHaH 
nacunnaa xacca CYXOH TaMnOHa)l{HOH CMeCH. 

I1poH3Bo.u.HTeJlbHOCTb CMeCHTeJIbHOH MalllUHbI no pacraopy 3aBU
CUT OT CKOpOCTH nonaxa .cYXOH caeca H BO.u.bI B ru.u.pOCMeCHTeJIbHOe 
yCTpOHCTBO. TaK KaK .u.JIH npHrOTOBJleHHH I M3 raanoaaxcnoro pacr
sopa rperiyercs m T • C xr cyxoro nopourxa H nmT • C xr BO.u.bI, TO npn 
nonane B CMeCUTeJIbHOe yCTpOHCTBO mCM Kr/c nopounca U nmCM Kr/c 
BO.u.h1 6y.u.eT BhlXO.u.UTb QCM M3/C pacrsopa. CJIe.ll.OBaTeJIbHO, npOU3

no	 pacrsopy, C yqeTOM cjJOPMYJIhi 
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(8.27), MO)KHO onpenenars no ¢OPMYJIi 

, 1+ nQCM = -.- mCM' (8.44)
PIt.p 

.llJISI sroro B CMeCHTeJIbHOe ycrposcrao BO.ll.Y He06xo.ll.HMO nonasars
 
C 06'beMHOH CKOpOCTbIO
 

nmCM (8.45)QlR==~' 

.llJISI nosiaxa BO.ll.bI HCnOJIb3YIOT JIH60 aacoc, YCTaHOBJIeHHblH aa 
60pTy cMeCHTeJIbHOH MalIIHHbI, JIH60 nacoc ueMeHTHpOBOtIHOrO arpe
rara, )l(eJIaTeJIbHO, lJ:T06b1 nacoc xor C03.l1.aBaTb .lI.aBJIeHHe He MeHee " 
4-5 MOa. 3TO n03BOJIHT pacrsop, npHrOTOBJISIeMbIH B ranpoaaxy
yMHOM CMeCHTeJIe, rpaacnoprapoaan, B OCpe.ll.HHTeJIbHyIO eMKOCTb 
6e3 yCTaHoBKH .lI.OnOJIHL-ITeJIbHOrO nacoca Me)K.lI.Y CMeCHTeJIeM H ex
KOCTbIO. 

Bbl60p uenenrupoeounux HaCOC08. .llJISI 3aKatIHBaHHSI raxno
Ha)KHOrO pacraopa H npO.ll:aBOtIHOH )KH.lI.KOCTH npa BbI6paHHoM pe" 
)KHMe He06xo.ll.HMbI ueMeHTHpOBOtIHble HaCOCbI, HMeIOI.UHe .lI.OCTaTOtI
HyIO rH.lI.paBJIHtIecll:YIO MOI.UHOCTb. B npouecce ueMeHTHpoBaHHSI nas
JIeHHe B nacocax H3MeHSleTCSI B 1III1pOKOM naanaaoue. CHatIaJIa no 
Mepe 3aKatIHBaHHSI B KOJIOHHy TaMnOHa)KHOro pacraopa C 60JIee Bbl
COKOH, tIeM npOMbIBOtIHaSi )KH.lI.KOCTb, nJIOTHOCTbIO .lI.aBJIeHHe YMeHb
lIIaeTCSI naorna .lI.O aruocrpepaoro H .lI.a)Ke HH)Ke; 3aTeM C MOMeHTa 
suxoaa sroro pacrsopa B 3aKOJIOHHOe npocrpaacrso .lI.aBJIeHHe B03-' 
pacraer H nOCTeneHHO .lI.OCTHraeT MaKcHMyMa. 

.llaBJIeHHe B ueMeHTHpOBOtIHOH rOJIOBKe B HatIaJIbHbIH MOMeHT 
. SaKatIHBaHHSI TaMnOHa)KHOrO pacrsopa B 06Ca.ll.HyIO ltOJIOHHy 

Pa = PT + PH + (Po. - Pll) hT, (8.46) 

r.ll.e hT - BbICOTa cToJI6a 6y¢epHoA )KH.lI.KOCTH B KOJIOHHe; PT 
rH.D.paBJIHtIeCKHe cOnpOTHBJIeHHSI npa TetIeHHH npOMbIBOtIHOH )KH.D.- ; 
KOCTH B 06Ca.ll.HOH KOJIOHHe; 

npa Typ6yJIeHTHOM pe)KHM6 

,." 0, 5APnLwI • (8 47) PT A , • 

npa CTpyKTypHOM pescaae 

4'toL 8 8PT =--v; ( .4 ) 

PH - rH.lI.paBJIHtIeCKHe conpOTHBJIeHHSI npn TetIeHHH npoausosnoa
 
)KH.lI.KOCTH B 3aKOJIOHHOM npocrpaacrse:
 

npa Typ6yJIeHTHOM pexcaxe
 

0.5AKPnLW~k. (8.49)P. = dc-dB 

npa CTpyKTypHOM pe>KHMe 

= 4ToL 0.5~KPnL~ (8 50) 
PH ~H (dc - do) + IT ' • 

rne W - CKOpOCTb TetIeHHSI B 06Ca.ll.HOH KOJIOHHe; .~ - 6e3paSMep
aaa BeJIHtIHHa, onpeaensexaa no pHC. 55 B saBHCHMOCTH OT napa
MeTpa CeH-BeHaHa-HJIhIOlIIHHa .lI.JI5I nOTOKa B KOJIOHHe; A. - KO
3¢¢HUHeHT rH.lI.paBJIHtIeCKHX conpOTHBJIeHHH 06ca.ll.HOH KOJIOHHbI. 

.llaBJIeHHe B ueMeHTHpOBOtIHOH rOJIOBKe B JII060H MOMeHT BTOPO
ro srana ueMeHTHpOBaHH5I ecrt, cyMMa rH.D.paBJIHtIecJ{.Hx conporas
JIeHHH B 06Ca.ll.HOii KOJIOHHe H 3aKOJIOHHOM npocrpaacrae H pasaocra 
CTaTHtIeCKHX .lI.aBJIeHHH aa 3a60H CTOJI60B )KH.D.KOCTH B 3aKOJIOHHOM 
npocrpaacrne H B KOJIOHHe 

Pit = PT +PH + [Po.: paxlU. + Pllhll + Po. (L-hll-a:rJu)-P•. p~-
-Po. (L- hu)]g, (8.51) 

rne hn, - BbICOTa cToJI6a TaMnOHa>KHOrO pacrsopa B KOJIONHe B .lI.aH
HbIH MOMeHT sroporo srana 

k (1 - a ) (d 2 
- d2

) I
hlJ. = 11,. P ~I H u.. (8.52)C 

fH.lI.paBJIHtIeCKHe conpOTHBJIeHHSI 8 06ca.ll.HOH KOJIOHHe npa rese-
HHH TaMnOHa)KHOrO pacrsopa H npO.ll.aBOtIHOH )KH.lI.KOCTH: 

npa Typ6yJIeHTHOM pe)KHMe' 

= 0,5 [A lPn (L - hn,) + An,Pn,. phn,] WI • (8.53)PT d • 

npa CTpyKTypHOM pe)KHMe 

_...!. [ 'to (L - hn,) ('to)n,. phn, ] (8.54)PT - d ~ + ~It • 

fH.lI.paBJIHtIeCKHe conpOTHBJIeHHSI B SaKOJIOHHOM npocTpaHcTBe: 
npa Typ6yJIeHTHOM pexcaxe 

_ O,5k3 [AKPn (L-axlu,) +AK.u,pu,.paxltl]w~. 
h- ~_~ , (8.55) 

npa CTpyKTypHOM pe)KHMe 
= 4 [TO (L - aX1u.) + ('to)lt. p ax.ln, ] +
 

PH dc - do ~H ~H. U
 

0,5~KW; [Pn (I. -aXlu,) + Pu,. paxlu,J (856)
+ IT' • 

rne A.n, - K03¢¢HUHeHT rH.lI.paBJIHtIeCKHX conpOTHBJIeHHH npa rese
HHH TaMnOHa)KHOrO pacrsopa B KOJIOHHe; ~n, - 6e3pa3MepHaSi BeJIH
tIHHa, onpenenaexaa no pHC. 55 B 3aBHCHMOCTH OT napaxerpa CiH
Beaaua - HJIbIOlIIHHa .lI.JI5I nOTOKa TaMnOHa)KHOrO pacraopa B KO
JIOHHe. 

3a.ll.aBaSiCb 3HatIeHHSlMH CKOpOCTH BOCXO.ll.SlI.UerO nOTOKa B naana
30He O<w B< (W B )nP8A H onpenenas .lI.JISI Ka)K.lI.OrO HS HHX BeJIHtIHHy 
ax no rparpnxy 3aBHCHMOCTH ax=f (WJI), MO)KHO no ¢opMyJIe (8.51) 

255 
2M 



HaHTH COOTBeTcTByIOI.IJ.ee ,n:aHHOH CKOpOCTH ,n:aBJIeHHe B u.eMeHTHpO· 
BOtIHOH rOJIOBKe. ,UaBJIeHHe B u.eMeHTHpOBOtIHOM HaCOCe OOJIbilie 
,n:aBJIeHHH B u.eMeHTWpOBOtIHOH rOJIOBKe Ha BeJIHtIHHy rH,n:paBJIHtIe
CKHX COnpOTHBJIeHHH porJ B rpyoonpoaonax Ha3eMHOH OOBH3KH. 00
3TOMy ,n:JIH 3aKatIHBaHHH TaMnOHa}l{HOrO pacrsopa B CKBa}l{HHY He
OOXO,n:HMbI u.eMeHTHpOBOtIHbIe HaCOCbI, CnOCOOHbIe C03,n:aBaTb ztas
JIeHHe 

Prr..H > Pa +Po6' (8.57) 
B MOMeHT CXO}l{,n:eHHH sepxneii H Hli}l{HeH pa3,n:eJIHTeJIbHbIX npo

OOK ,n:aBJIeHHe B nacocax aospacraer na Pcx=3-7-5 MOa. 003TOMY 
,n:JIH aroporo srana u.eMeHTHpOBaHHSI HY}l{Hbi HaCOCbI, cnocotinue 
C03,n:aBaTb ,n:aBJIeHHe .< 

Pu.. H > Pu. +Po6 +Pcx' (8.58) " 

ECJIH npn u.eMeHTHpOBaHHH He HcnOJIb3yIOT ocpezmarensuue C 
eMKOCTH, cyuxapaaa OO'beMHaH CKOpOCTb nonaxa u.eMeHTHpOBOq· ' 
HbIX HaCOCOB, ytIaCTByIOIIJ,HX B saxanxe TaMnOHa}l{HOrO pacrsopa 
B KOJIOHHy, ;lI.OJI}I{Ha ObITb panna cyxaapnoa npOH3Bo,n:HTeJIbHOCTH 
CMeCHTeJIbHbIX MaIIIHH. 003TOMY tIHCJIO u.eMeHTHpOBOtIHbIX HaCOCOB, 
Heooxo,n:HMbIX ,n:JIH 3aKatIKH TaMnOHa}l{HOrO pacraopa B oocannyro 
KOJIOHHy, 

• .' QCM
tIl,. H = t CM -Q-

rr..H ' 

rne QII.H- OO'beMHaH CKOpOCTb noaaxa onnoro nacoca: 
i~M - tIHCJIO o,n:HOBpeMeHHO pa60TaIOI.IJ.HX CMeCHTeJIbHblX MaIIIHH. 

Bo H30e}l{aHHe nOrJIOI.IJ.eHHH npOMbIBOtIHOH }I{H,n:KOCTH cneztyer 
BbinOJIHHTb yCJIOBHe 

ill,. HQu,. H < 0,25n Cd; -d~)(wB)npeA' 
CYI.IJ.eCTBeHHo H3MeHHTb pe}l{HM paooru CMeCIfTeJIbHbIX MaIIIHH 

nOCJIe aa xana nparososnenaa ravrtonazcaoro pacrsopa He pexo
MeH,n:yeTcH, TaK KaK npn 3TOM CBOHCTBa pacrnopa MoryT 3HatIH
TeJIbHO OTKJIOHHTbCH OT 3a,n:aHHbIX. 003TOMY, eCJIH OO'beM raxno
Ha}l{HOrO pacrnopa OOJIbilie snyrpenaero OO'beMa KOJIOHHbI, cneny
er eI.IJ.e na nepaox srane u.eMeHTHpOBaHIfH noztnepacaaars B 3aKO
JIOHHOM npOCTpaHCTBe CKOpOCTb socxonsnuero nOTOKa BbIIIIe KpH
THtIeCKOH WHp ,n:JIH npOMbIBOtIHOH }I{H,n:KOCTH H TaMnOHa}l{HOrO pa
crsopa, KOHetIHO, npa yCJIOBHH, tITO WHP < (WB)npell H tITO nOCJIe 
suxona TaMnOHaIKHOrO pacrnopa B 3aKOJIOHHOe npOCTpaHCTBO He 
napymaerca npenensnoe COOTHOIIIeHHe ax=f(wB ) . 

Ha BTOpOM srane u.eMeHTHpoBaHHH cyMMapHyIO nonasy uexea
THpOBOtIHbIX HaCOCOB IKeJIaTeJIbHO perynaponart, nJIaBHO T&K, tITO
Obi H3MeHeHHe CKOpOCTH BOcxo,n:HIIJ,erO nOTOKa B 3aKOJIOHHOM npo- , 
crpancrne crporo COOTBeTCTBOBaJIO 3aBHCHMOCTH ax =f (wB ) . Flpax
THtIeCKH oCYI.IJ.eCTBHTb raxoe perynaponanae noxa oueas CJIO}l{HO. 
003TOMY OObItIHO noziauy HaCOCOB peryaapytor cryneasaro. Y:TO
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ObI COKpaTHTb npo,n:OJIIKHTeJIbHOCTb ueMeHTHpOBaHHH H He nony
CTHTb norJIOIIJ,eHHH, ueJIeCOOOpa3HO B HaqaJIbHbIH nepuon sroporo 
srana nonaepxoraars B03MO}l{HO OOJIee BbiCOKYIO CKOpOCTb B'OCXO
nauiero nOTOKa Wi (Q ,1. pHC. 86). KaK TOJIbKO B 3aKOJIOHHOe 

B 

npocrpaacrso oy,n:eT BbITeCHeH OOqeM al V u,'~ raxnonaxcnoro pa
crsopa, nonasa HaCOCOB ,n:OJI}I{Ha ObITb H3MeHeHa, a CKOpOCTb 
YMeHbilieHa ,n:o w" (CM. nYHKTHp na pHO. 86). OpR CKOpOCTH w· 

e a 
B 3aKOJIOHHOe npocrpancrso MO}l{eT ObITb BblTeCHeH OObeM 
(CIt - al) V u,'p, nOCJIe sero CKOpOCTb BHOBb ,n:OJI}I{Ha ObITb yMeHbIIIe

m 
aa /1.0 w H T. /1.. 4eM xensure pasaaua Me}l{,n:y CMeMHbIMH CRO

B 

pOCTHMH, TeM obIcTpee oy,n:eT 3aKOHtIeH BTOPOH aran uexenraposa-
HHH. Heotixozmxoe tIHCJIO HaCOCOB ,n:JIH otiecnesenaa TpeoyeMoH 
CKOpOCTH Wei BOCXO,n:HI.IJ.erO nOTOKa na BTOpOM srane 

n (d 2 _d2\ w 
i = HI Bt (861)

rt. H 
C4Qu.. H • • 

OOCJIe,n:HIOIO He60JIbIIIYIO nopUHIO nponasouaon }I{H,n:KOCTH sa
KatIHBaIOT B 06ca,n:HyIO KOJIOHHy O,n:HHM HJIH ,n:ByMH nacocaxn C 
He60JIbiliOH no,n:atIeH, tIT06bI He pa3pYIIIHTb npa CXO}l{,n:eHHH npoo
KH HJIH ynopaoe KOJIbI.J,O. 

f]pOaO/l~UTe/lbHOCTb u;eMeHTup08aHUH.. ECJIH Vu..p< o-; TO 
BbITeCHeHHe TaMnOHaIKHOrO pacrnopa B 3aKOJIOHHOe npOCTpaHCTBO 
HatIHHaeTCH TOJIbKO nOCJIe 3aKatIKH B KOJIOHHy 06'beMa d V "'" 
= Vn.p-VII.P npO,n:aBOIIHOH IKH,n:KOCTH. 00310MY BpeMH, neooxona
Moe Ha 3aKatIHBaHHe TaMnOHa}l{HOrO paCTBopa H npo,n:aBOtIHOH 
}I{H,n:KOCTH, MO}l{HO HaHTH no <popMyJIe 

t = Uu..P + I'lV +~ (a/-a/-l)UU..P (8.62)n iu.. HQU..H in. HQU..H ~ in. HQII. H 

ECJIH VrJ,.p> Vnp, xacn, raanoaazenoro pacrnopa 6y,n:eT asrrec
HeHa B 3aKOJIOHHOe npOCTpaHCTBO eI.IJ.e ,n:o HatIaJIa 3aKatIKH npo,n:a
BOtIHOH }I{H,n:KOCTH B KOJIOHHy. Bespaaxepaas BbICOTa CTOJIOa Bbl
TeCHeHHOH qaCTH pacraopa 

4 (UII.p- Unp)a ~ ......:.....,..:;~--;;~-' (8.63)on"d 2 _ d 2\ l • 
\ C HI u, 

BpeMSI, aeotixonaaoe ,n:JIH 3aKatIHBaHHH raanonaxcnoro paCTBO
pa H nponaaosaoa }I{H,n:KOCTH B 310M CJIYtIae, MO}l{HO onpenenars 
no <popMyJIe (8.62), eCJIH nOJIO}l{HTb d V =0 H ysecrs, tITO saxasxa 
nponaaounoa }I{H,n:KOCTH HatIHHaeTCH B MoMeHT, Kor,n:a ai-l=aO. 

CpOK aaxana sarycreaanas raxnonaacnoro pacrsopa npn -aa
60HHOH ,n:HHaMHtIeCKOH rexneparype H ,n:aBJIeHHH ,n:OJI}I{eH y,n:OBJIeT
BOpHTb yCJIOBHIO 

t3al'~tIl+MII' (8.64) 
rne dtIl - pesepa BpeMeHH na ,n:onOJIHHTeJIbHbIe H Henpe,n:BH,n:eHHbIe 
pacoru B nepaon ueMeHTHpoBaHHH: KOH,n:HU.HoHHpoBaHHe TaM no
9 CO,JIOBbeB 257 



PHC. 87. K pacsery A8BJle
HHH B ~eMeHTHpOBO'lHOA 

rOJIOBKI npa YCT8HOBKe 
uexearaoro MOCTa: 
J  rOJIOBKa; 2 - OpOMhiBO'l
Hall JKH.n.KOCTL; 3  op0,l/,aao'l
Hall JKH.n.KOCTL; 4 - 6yJ!>epHwe 
JKH.n.KOCTHI 6 - BepxHllll opolS
xa: 6  T8MOOHaJKHhlII PIlC
TBOp; 7  KOJIOHH8 TPYlS; ,_ 
pa36ypHBaeMhlII naxep 

(8.65) 

, -.....r--r-t-.. 

¥ 

6~· 

7 

8~y.M 

8 

TaMnoHa}KHblH paCTBOp OT,AeJIHIOT OT 06e

HX nop~HH 6yepepHOH }KH,AKOCTH,AByMH 
pa3,AeJIHTeJIbHblMH np06KaMH. Do OKOHIJa

HHH 3aKaIJKH nopuaa npO,AaBOIJHOH }KH,AKO
CTH KOJIOHHy Tpy6 npHnO,AHHMaIOT C He
60JIbIIlOH CKOpOCTbIO HeCKOJIbKO· auure 

aepxnea rpanausr 6Y,AYUl.ero MOCTa H rura
TeJIbHO npouuaaior CKBa}KHHy. 3aTeM TPY

6b1 nO,AHHMaIOT aa ,AHeBHyIO noaepxaocrs, 
a CKBa}KHHY OCTaBJIHIOT B noxoe ,AJIH rsep
,AeHHH TaMnOHa}KHOrO pacraopa. 

Burecaeaae TaMnOH8}KHOrO pacrsopa 
npO,AOJI}KaIOT ,AO MOMeHTa ,AOCTH}KeHHH pa

BeHCTBa ,AaBJIeHHH B KOJIb~eBOM npocTpaH

CTBe H B KOJIOHHe Tpy6 y 6aIIlMaKa (6a
JIaHCOBblH npaauan). lIT06b1 06JIerIJHTb 

peurenae 3a,AaIJH 06 onpeaeaenaa MOMeH

Ta npeKpaUl.eHHH ~eMeHTHpOBOIJHOH onepa
~HH, nJIOTHOCTH 06eHx nop~HH 6yepepHoH 
}KH,AKOCTH ,AeJIaIOT O,AHHaKoBblMH, TaK }Ke 

KaK H nJIOTHOCTH npOMblBOIJHOH H npozta

BOIJHOH }KH,AKocTeii. 061>eM BTOPOH nop

~HH 6yepepHoH }KH,AKOCTH paCCIJHTblBaIOT 
TaK, IJT06b1 BbICOTa cToJI6a ee B KOJIOHHe 

Tpy6 6b1JIa paBHa BbiCOTe CToJI6a nepBOH 
nopuaa B KOJIb~eBOM npOCTpaHCTBe, a 061>

eM nopuaa npO,A8BOIJHOH }KH,AKOCTH TaK, 
qT06b1 B MOMeHT OKOHIJaHHH 3aKaIJKH ee 
ypOBHH TaMnOHa}KHOrO pacrsopa B KOJIb

~eBOM npocrpaaerse H B KOJIOHHe 6blJIH 
O,AHHaKoBblMH. Torzta ,AaBJIeHHe B rOJIOBKe 

Ha YCTbe KOJIOHHbI B MOMeHT BbipaBHHBaHHH ypoBHeH TiMnOHa*_ 
noro pacrsopa (pHC. 87) 

Pu.. r = Pp. u +PT +PH' 

rne PP.u  nepenan ,AaBJIeHHii, He06xo,AHMhlii ,AJIH nepeaeuieaas no 
KOJIOHHe sepxaea pa3,AeJIHTeJIbHOH np06KH. 

TaK KaK BbiCOTbi CTOJI60B TaMnOHa}KHOrO p acraopa H()yepepHolf 
JKH,AKOCTH HeBeJIHKH, TO C ,AOCT.aTOIJHOH TOIJHOCTbIO CyMMy PT+PH 
MO}KHO onpeneaars 3KcnepHMeHTaJIbHO no MaHoMeTpy aa rOJIOBKe, 

eCJIH H3MepHTb ,AaBJIeHHe B HeH npH npOKaIJHBaHHH npOMblBOIJHOH 
}KH,AKOCTH nepen HaIJaJIOM onepauaa C TaKOH }Ke MaJIoA CKOpO

CTbIO, KaK H B KOH~e onepanan. BeJIHIJHHy PP.u CJIe,AyeT onpene
JIHTb 3KcnepHMeHTaJIbHO TaK}Ke ,Ao HaIJaJIa ~eMeHTHpOBOIJHOlf one. 
panna. 

lIT06b1 yMeHbIIlHTb nepexeumaaaae raxnoaaxcaoro pacrsopa C 
nepaoji nopunen 6yepepHOH }KH,AKOCTH BO BpeMH npHnO,AHHM8HHH 

KOJIOHHbI Tpy6, B nOCJIe,AHIOIO CJIe,AyeT Me,AJIeHHO nO,AKaIJHSaTb npo
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Ha}KHOrO pacrsopa B OCpe,AHHTeJIbHol'i eMKOCTH nepen HaIJaJIOM 38
KaIJKH B 06Ca,AHyIO KOJIOHHy, OTKJIOHeHHe epaKTHIJeCKOrO pe}KHMa 
pa60TbI HaCOCOB OT paCIJeTHOrO H T. n. 

§ 69. YCTaHOBKa u.eMeHTHWX MOCTOB 

MOCTOM Ha3bIBaIOT HCKyccTBeHHoe coopyxceaae, nOJIHOCTbIO ne

pexpusaiouiee nonepexaoe CeIJeHHe CKBa}KHHbl (HJIH 06Ca,AHoH KO

nOHHbI) aa yIJaCTKe cpaBHHTeJIbHO He60JIbIIlOH ,AJIHHbI, y,AaJIeHHOM, 
KaK npaBHJIO, OT 3a60H. MOCTbI xoryr 6b1Tb peaaaoaue, nJIaCT

MaCCOBble, MeTaJIJIHIJeCKHe, uexetrraae H H3 npyrax MaTepHaJIOB. 
MOCTbI YCTaHaBJIHBaIOT ,AJIH peIIleHHH CJIe,AyIOUl.HX 3a,AaIJ: 

a) apexenaoro HJIH nOCTOHHHoro pa306Ul.eHHH HH}Ke3aJIeraIOUl.HX 

npoaauaexux nJIaCTOB OT Bb1IIle3aJIeraIOUl.HX (aanpaxep, npa on

p060BaHHH MeTO,AOM «CHH3y BBepx», npH nepexo,Ae OT 3KCnJIyaTa
~HH HH}KHerO HCTOUl.eHHOrO npO,AyKTHBHoro ropH30HTa K 3KCllJIya

Ta~HH BepxHero ropH30HTa H T. n.); 6) yCTpaHeHHH onaCHOCTH H3

JIHBa nJIaCTOBhlX }KH,AKOCTeH B arxocrpepy nOCJIe JIHKBH,Aa~HH CKBa

}KHHbI HJIH npa BpeMeHHoH KOHcepBa~HH ee; B) C03,AaHHH npOIJHOH 
onopu ,AJIH KOJIOHHbl rpyfi B nepaon naKepOBKH CKBa}KHHbI npn on
p060BaHHH nepcnexrasaux ropH30HTOB; r) C03,AaHHH npOIJHoH· 

onopu npa 3a6ypHBaHHH 60KOBoro CTBOJIa; ,A) yKpenJIeHHH neyc

TOHIJHBblX, OCblnaIOUl.HXCH HJIH paaxuaaeaux nOTOKOM npOMbIBOIJ
HOH }KH,AKOCTH nopon, 

Pa3pa60TaHO MHQ}KeCTBO cnocoooa yCTaHOBKH MOCTOB, IJaCTb 

H3 KOTOpblX paCCMaTpHBaeTCH B xypce «OpOMbICJIOBaH reoqiaaa

sa». HaH60JIee IJaCTO HCnOJIb3yIOT uexearaue MOCTbl, coananaexsre 
nyrex TpaHcnopTHpOBaHHH pacrsopa BH}KYUl.erO no KOJIOHHe 6y

PHJIbHblX rpyo. 
HaH60JIee 3epepeKTHBHhlM HBJIHeTCH CJIe,AyIOLUHH cnocoo C03,AaHHH 

uexearaoro MOCTa. B CKBa}KHHe aexaoro HH}Ke HH}KHeH rpanauu 

y-racrxa, B KOTOpOM rpetiyerca C03,AaTb MOCT, YCTaHaBJIHBaIOT .. 
paaoypaaaeaua naxep HJIH MaH}KeTHYIO npooxy, HCKJIIOIJaIOUl.He 
B03MO}KHOCTb Oce,AB.HHH BHH3 cToJI6a TaMnOHa}KHOrO paCTBopa•. ;i! 

Llo HH}KHeH rpananu sroro yIJaCTKa cnycxaior KOJIOHHy rpyd H 
TUl.aTeJIbHO npOMbIBaIOT CKBa}KHHy. ECJIH B npeztenax yIJaCTKa· 

HMeIOTCH xasepasr, B COCTaB KOJIOHHbl BKJIIOIJaIOT npacnocorineaae 
C 60KOBblMH rH,ApOMOHHTOpHbIMH HaCa,AKaMH H CHJIbHblMH CTpyHMH 

BblMblBaIOT H3 xaaepa aarycreauryro npOMblBOIJHylO }KH,AKOCTb H 
IIlJIaM. Bo BpeMH npOMblBKH BO scex CJIyIJaHX ~eJIeC006pa3HO spa
mars H paCXa}KHBaTb KOJIOHHy rpyo. Ilpa HaJIHIJHH xaaepn pacxa

}KHBaTb caenyer aa TaKyIO ,AJIHHy, IJT06b1 CTpyH, BbiTeKaIOUl.He 
H3 rH,ApOMOHHTOpHblX Haca,AOK, MOrJIH nopazcart, BCIO nOBepXHOCTb 

KaBepH03HblX HHTepBaJIOB. 
OOCJIe npOMblBKH B KOJIOHHy Tpy6 nOCJIe,AOBaTeJIbHO 3aKaIJH

BaIOT nepBYIO nopumo 6yepepHoH }KH,AKOCTH, nopumo TaMnOHa}KHO
ro pacrsopa B03MO}KHO 60JIee }KeCTKOlf KOHCHCTeH~HH, BTOpyIO 

nopumo 6yepepHOH }KH,AKOCTH H nopumo npO,AaBOIJHOH }KH,AKOCTH. 
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Ta6J1HlJ,a 11 
,lI.aBOqHYIO )KH,lI.KOCTb H rrO,ll.,lI.ep)KHBaTb B rOJIOBKe H36blTOqHoe ,lI.aB

JIeHHe plJ,.r~ pp.n +PT' 
TaMrrOHa)KHYIO CMeCb ,lI.JISI coanaaas MOCTa caenyer Bbl6HpaTb 

C yqeTOM TeMrrepaTypbl H ,lI.aBJIeHHSI B 3a,ll.aHHOM HHTepBaJIe CKBa
)KHHbl. PaCTBOp ,lI.OJI)KeH HMeTb B03MO)KHO MeHbllIee OTHOCHTeJIbHOe 

BO,ll.OCO,ll.ep)KaHHe, KOpOTKHe CpOKH 3arycTeBaHHSI H CXBaTbIBaHHSI, 

,lI.OCTaTOqHble, O,ll.HaKO, ,lI.JISI BblrrOJIHeHHSI u.eMeHTHpOBOqHOH orrepa
U.HH; KaMeHb ,lI.OJI)KeH HMeTb B03MO)KHO 60JIee BblCOKYIO rrpOqHOCTb, 

6blTb rrpaKTHqeCKH HerrpOHHu.aeMbIM npn TeX rreperra,ll.aX ,lI.aBJIeHHH, 
xoropue xoryr ,lI.eHCTBOBaTb na MOCT. Becsxa )KeJIaTeJIbHO, qT06b1 

TBep,ll.eHHe llIJIO C paCllIHpeHHeM KaMHSI. 
Ha rrpaKTHKe qaCTO ,lI.OrrycKalOT OTKJIOHeHHSI OT paCCMOTpeHHOH 

suure TeXHOJIorHH: He YCTaHaBJIHBalOT 6JIH3 HH)KHeH rpaaaua 6y,ll.y
uiero jaocra orpaHHqHTeJIbHble rrpHcrroc06JIeHHSI (naxep, MaH)KeT

ayto npooxy H T. rr.), He rrpHMeHSIIOT He TOJIbKO HH)KHIOIO, HO H 
BepXHlO1O pa3,l1.eJIHTeJIbHble rrp06K,H, a anoraa H 6y<pepHble )KH,lI.KO

CTH. 3TO npasonar, Bo-rrepBblX, K pesxoxy YBeJIHqeHHIO rtepeue
llIHBaHHSI TaMrrOHa)KHOrO pacrsopa C 6Y<PepHblMH, a npn OTcyTCT
BHH rrOCJIe,ll.HHX - C rrpOMblBOqHOH H rrp0,ll.aBOqHOH )KH,lI.KOCTSlMH; 

BO-BTOpblX, K CrrOJI3aHHIO cToJI6a TaMrrOHa)KHorO pacraopa BHHa 

OTHOCHTeJIbHO rpanau ynacrxa, rne Tpe6yeTcSI C03,l1.aTb MOCT; 
B-TpeTbHX, K He06xo,ll.HMOCTH xparaoro YBeJIHqeHHH 06beMa raxno
Ha)KHOrO pacrsopa rro cpaBHeHHIO C reoMeTpHqeCKHM 06beMOM 

ynacrxa CKBa)KHHbl. Hepenxa CJIyqaH, xorna H3-3a TaKHX OTKJIOHe
HHM H HerrpaBHJIbHOrO onpeneaeaas rroTpe6HblX 06beMOB raxno

Ha)KHOrO pacrsopa H ,lI.pyrHx )KH,lI.KOCTeH, 06yCJIOBJIeHHOrO yxasaa
HblMH OTKJIOHiHHSlMH, onepauan rro yCTaHoBK6 MOCTOB oxassraaior-

CSI 6esycrrellIHbIMH. 
OI5'beMbl T8MrrOHa)KHOrO pacraopa H ,lI.pyrHx )KH,lI.KOCTeH, aeoti

XO,ll.HMblX ,lI.JISI BblrrOJIHeHliSi u.eMeHTHpOBOqHOH onepauaa, paccsu

TblBalOT rro 9MrrHpHqeCKHM <popMyJIaM. Onna as MeTO,ll.HK, conep

)K8lll,HX T8KHe <pOpMyJIbl, paapaoorana BO BHHHKPHe<pTH• ECJIH 

V~=C3VTP' 

BHeCTH B nee He60JIbllIHe KoppeKTHBbI, ,lI.JISI orrpe,ll.eJIeHHSI 06beMOB 

MO)KHO BOCrrOJIb30BaTbCSI CJIe,ll.YIOlll,HMH <popMyJIaMH: 

TaMrrOHa)KHOrO pacraopa 

V . 
lt p = Fo~+ClVTP; (8.66) 

rrp0,ll.aBOqHOH )KH,lI.KOCTH 

V n p = c VTP-F TphM;
2 

(8.67) 

6Y<PepHOH )KH,lI.KOCTH 

V~ =C3VTP +c4F K . nhM ; 
(8.68) 

(8.69) 

rne Fe, FTp, Fre.n - COOTBeTcTBeHHO nnouiana nonepexnoro ceqeHHfl 

/ CKBa)KHHbI B I1HTepBaJIe yCTaHoBKH MoCTa, KOJIOHHbI Tpy6 H 
ueaoro rrpOCTpaHCTBa; VTP - BHyTpeHHHH 06beM KOJIOHHbl 
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3aaqeHHH 9MnHpHQeCKHX K03cjlcjlHlJ,HeHTOB 

THn 6ycjlep Holl 
lKHi\KOCTH 

c. c. C3 C. 

nplI IIcnOJlb30aallHII Tpy6 C BIIYTPb BbicalKellHblMH KOHlJ,aMH 

BO.lla 0,05 0,97 0,02 0,4I 
HeT 0,1 0,94I 

npll HCnOJlb30BaHIIII rJla.llKOnpOXO.llHbIX Tpy6 

Bona 0,025 0,98 0,02 0,4 
HeT 0,055 ~ 0,97 

hM - npoexrnas ,lI.JIHHa MOCTa; Cl, C2, C3, C4 - 9MrrHpHqeCKHe K09<p

<pHUHeHTbI, yqHTbIBalOlll,He. norepa TaMrrOHa)KHOrO pacrsopa aa CTeH
xax Tpy6, npn CMellIHBaHHH co CMe)KHbIMH )KH,lI.KOCTHMH, a TaK)Ke 

norepa 6Y<PepHOH )KH,lI.KOCTH npa ,lI.BH)KeHHH rro lWJIOHHe rpyf H 
KOJIbueBoMY npocrpaacray, OpHeHTHpOBOqHble 3HaqeHHH 9THX KO

9<p<PHUHeHTOB ,lI.JISI CJIyqaH u.eMeHTHpOBaHHH 6ea pa3,l1.eJIHTeJIbHbIX 

rrp060K npaseaeau B Ta6JI. 11. 
ITocJIe 06paaoBaHHH u.eMeHTHoro KaMHSI ,lI.OCTaTOqHOH rrpOqHO

CTH B CKBa)KHHY cnycxaior KOJIOHHy rpyf C ,lI.OJIOTOM, YTOqHSlIOT no

JIO)KeHHe sepxaea rpaaauu MOCTa, paaeypaaaior cnatiyro BepxHlO1O 
xacrs ero H nposepsuor repMeTHqHOCTb MOCTa nyrex YMeHbllIeHHSI 
,lI.aBJIeHHSI na Hero csepxy JIH60 C noxouisro rrJIaCTOHCrrblTaTeJISI, 

cnycxaexoro ua KOJIOHHe rpye, JIH60 nocpencraox aspauaa H CHH
)KeHHSI ypOBHSI )KH,lI.KOCTH. KpHTepHH repMeTHqHOCTH YKa3aHbI B 
§ 70. ECJIH MOCT OKa3aJICSI nerepxerasaua, pa3pYllIHJICSI HJIH CMe

CTHJICSI asepx npa TaKOM npoaepxe, ero pasoypuaaror H onepaumo 
rrOBTopHIOT aaHOBO. 



fJlABA 9 

3AKJlIOQHTEJlbHblE. PA60Tbi 
UPH 6YPE.HHH CKBA)I(HH 

§ 70. 06BJl3Ka oC)ca.D.HWX KOJlOHH H nposepxa repMeTH'lHOCTH 

no HCTe'leHHHperJIaMeHTHpoBaHHoro CPOK8 TBep,Il.eHHSI TaMno
H8>KHOrO pacraopa 06ca,Il.HylO KOJIOHHy HB ycrse COe,Il.HHSIIOT C npe
,Il.bI,Il.ymeft H repMeTH3HpylOT Me>KKOJIOHHOe npOCTpaHCTBO TaKHM 
06p830M, 'lTo6b1 B JIlO60H nOCJ1eJl.ylOmHA MOMeHT MO>KHO 6bIJIO 

KOHTpOJIHpOBaTb Jl.aBJIeHHe B HeM. 
Q6BSl8bIBalOT oticanaae KOJlOHHbI .D.pyr C Jl.pyroM npa noaoum 

KOJlOHHbIX rOJlOBOK pa3HbIX KOHCTpyKIJ,HH. HaH60JIee yaaaepcans
HbIMH SIBJISlIOTCfI KJIHHOBble KOJIOHHble rOJIOBKH, O,Il.Ha H3 KOTOpbIX 
nOK8UH8 na pHC. 88. QHa COCTOHT H3 xopnyca 7, HaBHH'lHBaeMOrO 
H8 BepxHHH KOHeIJ, npeJl.bIJl.ymeii 06ca,Il.HOH KOJIOHHbI; nseaecrana 1, 
KOTOpbIH YCT8H81'lJIHBalOT Hi <pJI8HeLl. koprryca H xpenar K nocnen
HeMy 60JITaMH; KJIHHbeB 9, npn noaoma KOTOpblX nO.D.BeIliUBaIOT 
BHyTpeHHlO1O KOJIOHHy (T. e. nepBYIO npoaezcyrosayio KOJIOHHy aa 
rOJlOBKe KOHJl.yKTopa; BTOpylO npoaeacyrosnyio KOJIOHHy aa rOJIOB

xe nepsoa H T. ,II..), H ynJIOTHHTeJIbHblX YCTPOi\CTB ,Il.JISI 06eCne'leHHSI 
repMeTH'lHOCTH scex coeJl.HHeHHH. B reae xopnyca H nsenecrana 
HMeIOTCSI 60KoBble oTBepcTHSI, aaxpsrrsre np06KaMH 8. TIocJIe 06
BH3KH ,Il.ByX KOJIOHH B O,Il.HO H3 TaKHX oTBepcTHH BBHH'lHBaIOT KpaH 

BbICOKoro ,Il.8BJIeHHSI, xepes KOTOpblH C nOMoIUblO M8HoMeTpa KOH
TpOJIHpylOT nasnenae B Me>KKOJlOHHOM npocrpaacrae, a npa He
06XO,Il.HMOCTH CTpaBJIHBalOT ras (OTBO,Il.SIT aa <paKeJI). TIPH 06BSl3
Ke KOJIOHH, xoropue nepeKpbIB810T r830HOCHbie nJIaCTbI JIH60 He<p
TeHOCHhle C nosuureanax KOi<p<PHIJ,HeHTOM aHOMaJIbHOCTH, ueJIeCO
06P83HO B O,Il.HO H3 oTBepcTHH BCT8BHTb H npHBapHTb K Kopnycy 
(HJlH nbe,Il.eCTaJIY) narpyeoxc Kp8HOM BblCOKoro ,Il.aBJleHHSI, 'lepe3 
KOTOpblH np" He06xo,Il.HMOCTH MO>KHO 6bIJIO 6bI saxaxara B 3aKO
JIOHHOe npocTp8HCTBO npOMblBO'lHylO >KH,Il.KOCTb ,Il.JlSl yCTpaHeHH5l 

ra30npOHBJIeHHH.
Ilepen 06BH3KOH 06ca,Il.HYIO KOJIOHHy. KOTopaSI C MOMeHTa OKOH

qaHHH IJ,eMeHTHpoB8HHH ,Il.OJI>KH8 OCT8s8TbCHnO,Il.BerneHHoH aa xpio
xe 6ypOBOH yCTaHoBKH, HaTSlrHBaIOT c paCqeTHblM yCHJIHeM 
(CM. § 44) " 3aTeM rrpa nOMOIUH KJIHHbeB nO,Il.BeIIIHBaIOTB rOJIOB
xe. nOCJIe nO,Il.BeCKH aa BepXHHH KOHeu KOJIOHHbI HaSHH'lHBaIOT 
nbe,Il.eCT8JI H coe,Il.HHHIOT nOCJIe,Il.HHH C <pJIaHueM xopnyca rOJIOBKH. 

, fepMe:rH'lHOCTb 06Ca,Il.HOH KOJIOHHbI, l<OJIOHHOii rOJIOBKH H aaue
MeHTHpOllaHHoro 3aKOJIOHHOrO npOCTpaHCTBa npOBepSIIOT nyreu 
onpeCCOBKH. np0,Il.aBO'lHYIO >KH,Il.KOCTb B KOJIOHHe npe,Il.BapHTeJIbHO 
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3aMeHsnOT ua BO,Il.Y. TIPH onpeccosxe sayrpeauee ,Il.aBJIeHHe B JIIO
60M Ce'leHHH KOJIOHHbI ,Il.OJi)KHO He MeHee 'leM H8 10% npessnnars 
HaH60JIbllIee O)KH,Il.aeMOe ,Il.aBJIeHHe 3,I1.eCb B nepHO,II. onp060BaHHSI, 
HcnblTaHHSI HJIH 9KCnJIyaTaIJ,HH CKBa)KHHbI (a ,Il.JISI npoaescyrosnux 

KOJIOHH - B cnyxae 3aKpblTHSI 
npesearopa npa Bbl6poce HJIH 
3aMeHbI npOMblBO'lHOH )KH,Il.KO
CTH npyroa C 60JIee BblCOKOH 
nJIOTHOCTblO B XO,Il.e ,Il.aJIbHeHllIe
ro yrJIy6JIeHHSI CKBa)KHHbl). 

ECJIH Tpy6b1 C HaHMeHbllIeH 
np0'lHOCTblO aa paapus COCTaB
JISIIOT BepXHlO1O CeKLl.HIO KOJIOH-, 
HbI, ,Il.aBJIeHHe pon, KOTOpOe ,Il.OJI
)KHO 6bITb C03,I1.aHO aa ycrse 
IIpH onpeccoaxe, MO)KHO paccxa
rars no <popMyJIe 

Pon= 1,lpy. (9.1) 

ECJIH}[{e KOHCTPYKLl.HSI KO
JIOHHbI 60Jlee CJIO)KHaSl, a O}[{H
naexoe ,Il.aBJIeHHe y yCTbSI BbI
COKoe, IJ,eJIeC006pa3HO onpecco

10 BbIBaTb ee no ceKLl.HSIM, OT.ll.eJISISI 
acnuryesryio CeKLl.HIO OT HH}[{e1 

(). ii ,. 

z 
PHC. 88. Cxeaa 06B1I3KH oocanaax KOJlOHH aa YCTbe C nOMOIlJ,blO KJlHHOBOA KO
,10HHOii rOJlOBKH: 

1 - nheJ\ecTaJl; 2 - HalKHMHa" raAKa; 3 - MeTaJlJllI'leCKOe sonsuo: 4, 5 - ynJloTHHTeJlbHble
 
sonsua: 6 - ynnorrnrrens; 7 - xopnyc rOJlOBKH; 8 - KOHTpOJlhHhle OTBepCTH,. C npo(\KaMH:
 
9 - KJlHHb"; /0 - q,JlaHen.; 11 - ynJloTHHTeJlbHaH MaHlKen; 12, 13. 14 - o(\caJ\Hhle KOJlOHHbI
 

PHC. 89. Xapaxrep pacnpeneaeaaa BHYTpeHHHx .u.aBJleHHH no .u.JlHHe 9KCnJlyaT8

QHOHHOH KOJlOHH~:
 
1 - J\aBJleHHe CTOJl(\a BOJ\hl; 2 - J\aBJIeHHe CTOJl(\a npOMhIBO'IHOA lKHII.KOCTH; 3 - HaH(\OJlb

Illee J\aBJleHHe npa sKcllJlyaUll,HH raaoBoA CKoalKHHhI: 4 - lI.aOJleHHe npa onpeccoasa 

263 



pacrrOJIO)KeHHbIX C rrOMOIUbIO naxepa, cnycxaeuoro aa 6YPHJIbHbIX 
Tpy6ax. B 3TOM CJIy'lae He06xo~HMOe ~aBJIeHHe B 06Ca~HOH KO
JIOHHe y YCTbH npn onpeccosxe MO)KHO onpenenars rro <pOpMyJIe 

Pon = 1,IPo-Pongze' (9.2) 

rae Po - HaH60JIbIllee O)KH~aeMOe sayrpeanee ~aBJIeHHe y sepxaero 
KOHu.a paCCMaTpHBaeMOH cexuaa: Ze - rJIy6HHa sepxnero KOHu.a 
310H cexuaa OT YCTbH. 

Bo scex CJIy'laHX ~aBJIeHHe orrpeCCOBKH BepXHeH cexuaa KO
JIOHHbI ~OJI)KHO 6blTb He MeHbIlle BeJIHlJ:HH, YKa3aHHbIX HH)Ke [25] 

HapY)KHblfI )l.Ha 426-377 351-273245-219 194-178 168 146-140 127-114 
Merp KOJlOHHbI, 
MM 
HaHMeHbUJee 5 6 7 7,5 9 10 12 
aasnea He onpec-
COBKH KOJlOHHbI, 
MOa 

KOJIOHHy rrpH3HaIOT repMeTHlJ:HOH B TOM cay-rae, eCJIH rrOCJIe 
3aMeHbI rrpO~aBO'lHOH )KH~KOCTH BO~OH He Ha6JIIO~aeTCH nepe
JIHBa )KH~KOCTH H BbI~eJIeHHH ra3a Ha yCTbe H eCJIH B rrepHO~ BbI
~ep)KKH KOJIOHHbI non YKa3aHHblM asnue ~aBJIeHHeM nocnennee 
B reueaae 30 MHH CHH)KaeTCH He 60JIee 'leM na 0,5 Mna npa orr
peCCOBO'lHOM ~aBJIeHHH casnue 7 Mna H He 60JIee 'leM na 0,3 Mna 
npa MeHbIlleM orrpeCCOBO'lHOM ~aBJIeHHH. KOHTpOJIb aa H3MeHeHHeM 
~aBJIeHHH Ha'lHHaIOT sepes 5 MHH rrOCJIe C03~aHHH sanaanoro nas
JIeHHH orrpeCCOBKH. 

Ilponepxa repMeTH'lHOCTH 06ca~HoH KOJIOHHbl onpeccosxoa noc
JIe oopa30BaHHH nexearnoro KaMHH HMeeT cyIUecTBeHHbIH He~OCTa
TOK. llaBJIeHHe B KOJIOHHe npa onpeccosxe, ocooenao B raaoaux 
CKBa)KHHaX, 'laCTO naxaoro 60JIbIlle, 'leM B nepaon TBep~eHHH 
TaMrrOHa)KHOrO pacrsopa (pHC. 89, xpusue 4 H 2). B pane cnysa
eB rro 3TOH rrpH'lHHe u.eMeHTHblH KaMeHb B 3aKOJIOHHOM rrpocTpaH
CTBe, npescne scero B sepxuea 'laCTH CKBa)KHHbI, paspyuraercs H 
He MO)KeT B ~aJIbHeHIlleM Ha~e)KHO BbIIIOJIHHTb <pyHKU.HH pa306
IUaIOIUeH cpenu. YCTpaHHTb 3TOT He~oCTaTOK MO)KHO, eCJlH onpec
COBbIBaTb 06ca~HYIO KOJIOHHy He rrOCJIe 3aTBep~eHHH TaMrrOHa)KHO
ro pacrnopa, a nepen Ha'laJIOM u.eMeHTHpOBaHHH (JIH60 B KpaHHeM 
cnynae cpaay xce rrOCJIe OKOH'laHHH ero). 

repMeTH'lHOCTb 3KCrrJIyaTau.HoHHblX KOJIOHH BO Bcex pa3Be~0lJ:

HbIX CKBa)KHHaX, a TaK)Ke B rex 3KCrrJIyaTau.HoHHbIX CKBa)KHHaX, 
B KOTOpblX B nepaon orrp060BaHHH, HCrrbITaHHH HJlH 3KCrrJIyaTau.HH 
~aBJIeHHe y YCTbH cyIUecTBeHHO He npeasnuaer araocdrepuoro, ~O
rrOJIHHTeJIbHO rrpOBepHIOT nyrev CHH)KeHHH ypOBHH )KH~KOCTH. Ilpa 
TaKOM HCnbITaHHH pexoneanyerca CHH)KaTb ypoaens )KH~KOCTH 

B KOJIOHHe aa 40-50 M HH)Ke roro, npa KOTOpOM npennonaraerca 
Bbl3b1BaTb nparox rrJIaCTOBOH )KH~KOCTH npa orrp060BaHHH HJlH 
OCBoeHHH. I'nyrinna CHH)KeHHH ypOBHH, O~HaKO, He ~OJI>KHa npe
asnnan, BeJIH'lHHbI, npa KOTOpOll H36blTOlIHoe napyacnoe ziaaneaae 
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T80JlH~8 12 

~HaMeTp KO-
JIOHHbJ, MM 

rny6HD8 CHHlKeHHR ypOBHR OT YCTbR, M 

<400 I 400-600 I 600-100 I800-1060 I ~IOOO 

MaKcHM8nbHo lIonycTHMoe nOBtilmeHBe YPOBBR • xononae, M 

114-219 
i>219 

0,80 
0,50 

1,10
0,80 

1,40 
1; 10 

1,70 
1,30 

2,00 
1,50 

MO)KeT CTaTb 60JlblIIe corrpOTHBJIHeMOCTH rpyn H8HMtHee nposaoa 
cexuaa CMHTHIO. COrJIaCHO d1HCTpyKU.HH no HCnhITaHHIO CKBa)KHH 
na repMeTH'lHOCTb» [251 rJIy6HH8 CHH)KeHHH ypOBHH ~OJI)KHa 6hITb 
He HH)Ke YKa3aHHbIX BeJIH'lHH. 

rJly6HH8 CKB8)KHHbI, M <500 500-1oot) 1000-1500 1500-2000 
~2000

H8HMeHbUJ8H rJly6HH8 CHH- 400 soo 010 800 1000)KeHHH ypOBHJI B KOJlOH-
He, M 

ECJIH )Ke npa 6ypeHHH CKBa)KHHhI R B K8lJ:eCTBe npo,!{aBOlJ:HOH 
)KH~KOCTH npa u.eMeHTHpOBaHHH HCnOJIbSOBaJIH 6ypOBOH paCTBOp 
C nJIOTHOCTbIO BhIlIIe 1400 Kr/M s, OrpaHHlJ:HBaIOTCH aaMeHOH 310ro 
pacrnopa aa BO~y, H yposeas B KOJIOHHe He CHH)KaIOT, KOJIOHHy 
C'lHTaIOT repMeTH'lHOH, eCJIH aa 8 lJ: Ha6JIIO~eHHH yposeas )KH~KO
CTH B HeH rrO~HHMeTCH He 60JIee, lJ:eM YKa3aHO B Ta6JI. 12. Ha
6JIIO~eHHH aa H3MeHeHHeM ypOBHH Ha'lHHaIOT 'lepes g lJ: rrOCJIe 
CHH)KeHHH ero, 'lT06hI B OCHOBHOM yerpauars BJIHHHHe JKH.lI.KOCTH, 
cTeKaIOIUeH co CTeHOK KOJIOHHhI. 

ECJIH KOJIOHHa cnymeaa B HeCKOJIbKO npaexoa, FepMeTHlJ:HOCTb 
ee 06bI'lHO nposepaior rrOCJIe aaTBep~eHHH TaMrrOHa}KHOrO pacrao
pa rryTeM rH~paBJIH'leCKOH onpeccoBKH CHa'laJIa BepxHero y'laCTKa, 
3aTeM ~BYX sepxaax, aaxoaeu, acea KOJIOHHbL ECJIH O~HH H3 ytla
CTKOB OKa3aJlCH HerepMeTHlJ:HbIM, CHalJ:aJIa yCTpaHHIOT oOHapY}KiH
uue ~e<peKTbl, rrosropao ero onpeccoauaaior H JIHlIIb 3aTeM npo
BepHIOT repMeTH'lHOCTb CJIe~YIOII.I,ero ysacrxa. ECJIH Ka}K~hIH yxa
CTOK 06ca~HoH KOJIOHHbI onpeccoausaio- npn cnycxe, npoaepars 
repMeTH'lHOCTb CTbIKa ~BYX YlJ:aCTKOB MO}KHO onpeccoBKoH nOCJIe 
3aTBep~eHHH TaMnOHa}KHOrO pacrsopa, OT.n:eJlHB ero npensapa
TeJlbHO OT OCTaJIbHOH 'laCTH KOJIOHHbI npa nOMOII.I,H naxepos, crry
cxaexux na 6YPHJlbHhIX rpyoax. 

B rasoaux CKBa)KHHaX repMeTH'lHOCTb YCTbeBoH lJ:aCTH 3KC
nJlyaTau.HoHHblX KOJIOHH .n:onOJIHHTeJlbHO npoBepHIOT nyTeM orrpec
COBKH B03.n:YXOM. llJlH sroro B 06ca.n:HyIO KOJIOHHy cnycxaior aa
cocno-xoanpeccopuu« rpyou, Me}KKOJlOHHOe npocTpaHcTBo repne
TH3HPYIOT npn rrOMOIUH npenenropa HJIH <poHTaHHoH apnarypu, 
BOCCTaHaBJlHBalOT 06paTHyIO rrpoMbIBKY BO).:WH, B KOTOpyIO KOM
npeccopox HarReTaIOT B03.n:yX. Ilocne roro, KaK .n:aBJIeHHe aarue
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TaHHH ;:r;OCTHrHeT MaKcHMyMa ,lI.ml ;:r;aHHOrO KOMnpeCCOpa (06b1qHO 
8-10 Mna), aa,u;BH>KKH aa YCTbe Me>KKO.lIOHHoro npocrpaacrsa 
saxpaaaior H B aacocao-xoxnpeccopaue Tpyobl IJ,eMeHTHpOBOqHbIM 
HaCOCOM 3aKaqHBalO'I sony ,u;o 'rex nop, noxa ;:r;aBJIeHHe C>KaTOrO 
sosnyxa B Me>KKOJIOHHOM npOCTpaHCTBe He ;:r;OCTHrHeT sanaaaoro 
,u;aBJIeHHH onpeCCOBKH. 

ECJIH na xonnyxrope HJIH npOMe>KyTOqHoH· KOJIOHHe ;:r;OJI>KeH 
lSbITb yCTaHOBJIeH npesearop, onpeccosxoa npOBepSiIOT TaK>Ke rep
MeTHqHOCTb aaIJ,eMeHTHpOBaHHoro npOCTpaHCTBa aa ,u;aHHOH KOJIOH
Holt Taxas nposepxa BOaMO>KHa, eCJIH HH>Ke oamxaxa KOJIOHHbI 
aaxonsrcs aenponauaeaue ropaue noponu. Ilepen onpeccoaxoa 
CKBa>KHHy yrJIy6JISIlOT aa 1-2 M, a sarea B HH>KHIOIO xacn, KO
JIOHHbI xepea 6YPHJIbHble Tpy6b1 aa.KaqHBaIOT IIOPIJ,HIO BO,u;bI. LlaB
JIeHHe aa YCTbe KOJIOHHbI npa onpeccosxe MO>KHO paccuarart, no 
q>opMYJIe (9.2), no;:r;CTaBHB BMeCTO PB - HaHOOJIblllee BOaMO>KHOe I~ 

;:r;aBJIeHHe y oalIIMaKa B cnyxae aaxpuras npesearopa npa BbI
6poce. 

Bo Ha6e>KaHHe paapsma nopon y OallIMaKa KOJIOHHbI H norno
ru.eHHSI npOMblBOqHOH >KH;:r;KOCTH npa onpeccosxe ueocxonaxo co
OJIIO;:r;aTb yCJIOBHe 

Pan < Pu - PougL. (9.3) 

Onpeccosxy aaneaeurapoaannoro aaKOJIOHHOrO npocrpaacrsa 
nenecootipaaao ocytuecranars sepea 0ypHJIbHbIe TPYObI C rnnpan
JIHKO-MeXaHH'leCKHM naxepox, YCTaHaBJIHBaeMbIM B HH>KHeH ocean
HOH rpyoe. 

J\§ 71. Ilepdropauaa ooCa,ll.HoH KOJIOHHbI ), 
f;i 

LlJISI co06ru.eHHSI nOJIOCTH 3KCnJIya'IaIJ,HOHHOH KOJIOHHbI C npo
;:r;YKTHBHblM nJIaCTOM nOCJIe saraepneaas TaMIIOHa>KHOrO pacraopa 
B Heil: C nOMOIIJ,bIO CneUHaJIbHbIX annapajos, nasuaaeaax neprpo
paropaxa, npocasaior nexoropoe qHCJIO 'O'IBepcTHH. Koopnaaaru 
yxacrxa, B KOTOpOM ;:r;OJI>KHbI 6b1Tb np06HTbI oTBepcTHSI, YTOqHSlIOT 
no ;:r;aHHblM reorpaaauecxax HCCJIe;:r;oBaHHH, BblIIOJIHSleMblX nepezt 
cnycxox KOJIOHHbI. B aacroatuee BpeMSI HCrrOJIbaYIOT B OCHOBHOM 
neprpoparopu CTpeJISIIOrn.He H ranpoaepaaaaaoro ;:r;ei1:c'IBI15I. HaH
60JI.ee llIHpOKO npHMeHSIIOTcSI nsa rana CTpeJISlIOIIJ,HX neprpoparo
pOB: nyneaae H KyMyJIH'IHBHble. Ilpaauansr ,u;eHCTBHSI HX H 'IeXHH
Ka neptpopauaa paCCMa'IpHBaIOTcSI B xypce «npOMbICJIOBaSi reo
q>H3HKa». 

.uo aaxana nepqiopauan oticannyro KOJIOHHy 'Irn.aTeJIbHO npo
MbiBaIOT. Ilpoxueo-raaa >KH;:r;KOC'Ib BO HaOe>KaHHe aarpssaeana 
nponyxrasaoro nJIaCTa ;:r;OJI>KHa y;:r;oBJIe'IBOpSl'Ib rpeooaaaaax, yxa
aaHHblM B § 14. K03q>q>HIJ,HeHT TpeHHSI Me>K;:r;y BHyTpeHHeH nosepx
HOCTbIO o6ca;:r;Hoil: KOJIOHHbI, nOKpbI'IOH nJIeHKOH rrpOMblBOqHOH >KH;:r;
KOCTH, H rroBepXHOC'ISlMH reorpaaasecxax npaoopoa H Ka6eJISI, npa 
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nOMOIIJ,H xoroporo crrycxator npH60pw, ./10JI>KQH dldT.. MHHH-
MaJIbHhIM. 

YCThe CKBa>KHHbI ;:r;JISI neprpopauaa ./10JI>KHO 6h1Tb repueraaape
aaao Cneu.H8JIbHOH nepq>opaIJ,HOHHOH aa;:r;BH>KKOii sacoxoro ;:r;aBJIe· 
RHSI. T8K KaK nOCJIe rrpOCTpeJIa HeCKOJIbKHX OTBepCTHH B KOJIOHHe 
y YCThH MO>KeT BoaHHK
ayrs HaObl'IOqHOe naane a 6

Om JfflCoc~ 
~HHe, aan ycrsex npa non

rOTOBKe K neptpopauna 
yCTaHaBJIHBaIO'I CneIJ,HaJIb- ---<!>-H 

. HhiH JIy6pHKaTop, KOTOphiH -~I ~ 
n03BOJISIeT MHorOKpaTHO 
cnycxars B 06ca;:r;HylO KO
JIOHHy rro;:r; ;:r;aBJIeHHeM 
neprpoparopu. 

Ilpn npHMeHeHHH crpe

JISiIOrn.HX nepooparopos B
 
pane CJIyqaeB' Boa 4
MO>KHbI ;:r;eq>opMaIJ,HSI 06

S 
cannoa KOJIOHHbI H otipa

5aOBaHHe aHaqHTeJIbHhIX no 
npOTSI>KeHHOCTH rpeuiaa B 

JIJ,eMeHTHOM KaMHe, a TaK
>Ke aa pYlIIeHHe CIJ,errJIeHHSI 
KaMHSI C KOJIOHHOH. l.I106b1 

7YM6HbllIHTb onaCHOCTb pac
TpecKHBaHHSI KaMHSI, He
xoropue HCCJIe;:r;OBaTeJIH 
pexoaennyior neptpopapo
aars KOJIOHHy, noxa xa

MeHb He yTpaTHJI rrOJIHO

CTblO nJIaCTHqeCKHe CBOH

CTBa H He npH06peJI BblCO-

KylO xpynxocrs. PHC. 90. fHJlpOaOpasHBHali nepepop8UHlM
 

Fuopoatipasuenan nep- a - cxexa nepcjJop8~RH; 6 - nepcjJoPBTop
 

¢Opa~UR OCHOBaHa Ha HC
nOJIbaOBaHHH KHHeTHqeCKOH 3HeprHH CTpyH >KH;:r;KOCTH, B KOTOp6f\ 
aaseureao HeKOTOpOe KOJIHQeCTBO BblcoKoa6paaHBHblx qaCTHIJ, xaap
IJ,eBOrO necxa. LlJISI npocrpena OTBepCTHH B oticanayto KOJIOHHy 
2 (pHC. 90) cnycxator aa KOJIOHHe aacocao-xoanpeccopaux Tpy6 1 
cneIJ,HaJIbHbIH neprpoparop 3. B xopnyce 6 neprpoparopa pasaeme
HbI HeCKOJIbKO KOHOH;:r;aJIbHblX Haca;:r;OK 4 C ,lI.H8MeTpoM npoxo,u;Horo 
oTBepcTHSI OT 4 JI.O 6 MM. nOCJIe cnycxa neprpoparopa aa S8./18H
HyIO rJIy6HHy npOMblBaIOT 06ca;:r;HyIO KOJIOHHy H c6paChIB8lOT urap 
5, KOTOpblH nepexpusaer npOXOJI.HOe orsepcrae B XBOCTOBHKe 7. 
Teneps >KH;:r;KOCTb, SaKaQHBaeM8Sl B nacocao-soanpeccopaas TPy
6bI, MO>KeT BbIXOJI.HTb H3 HHX TOJIbKO xepea KOHOH,u;aJIbHbIe H8ca,u;KH. 

Ih06b1 rrpooHTb orsepcrae B oocanaoa KOJIOHHe, IJ,eMeHTH~M 
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KaMHe H ropnoa nopone, CTpyR ,ll.OJDKHa 06JIa,ll.aTb 60JIbUIOH KHHe
TlPleCKOH anepruea H BblCOKOH a6pa3HBHOCTblO. fl03TOMy CKOpOCTb 
CTpyH )KH,ll.KOCTH B nacanxe ,ll.OBO,ll.HT ,ll.0 120-150 M/C H 60JIee, 
a B COCTaB )KH,ll.KOCTH BBO,ll.RT OT 50 ,ll.0 100 Kr/M 3 rrpeHMyr.u.eCTBeH
HO xsapueaoro necxa C 3epHaMH OT 0,2 ,ll.0 2 MM. Ilepenan ztaane
HHH B aacanxe nocrnraer 15-20 MITa H 60JIee. B xauecree )KH,ll.
KOCTH-rreCKOHOCHTeJIH HCrrOJIb3YlOT re CHCTeMbI, .KOTopble He yxyn
UIalOT KOJIJIeKTOpCKHe CBOHCTBa nponyxrasnoro nnacra, HO cosna
lOT rrpOTHBO,ll.aBJIeHHe, ,ll.OCTaTO'lHOe ,ll.JIH npenorapamenaa nparoxa 
B CKBa)KHHY rrJIaCTOBOH )KH,ll.KOCTH B nepaon pa60T, csaaaunux 
c neprpopauaea. TaKHMH )KH,ll.KOCTHMH MoryT 6bITb ,ll.era3HpOBaHHaH 
HeepTb, pacraopsr aa HeepTHHOH ocaose, BO,ll.HblH pacrsop XJIOpH

croro KaJIbUHH H T. rr. 
CTpyH aopasaaoconepacamea )KH,ll.KOCTH, auxonautaa C BbICO

KOH CKOpOCTblO H3 nacanxa, cnocotina npoonrs sa KOPOTKHH rrpo
Me)KyToK BpeMeHH orsepcrne HJIH r.u.eJIb B HeCKOJIbKHX KOJIOHHaX, 
ueMeHTHoM KaMHe H JII060H ropnoft nopone. ):LJIHHa neprpopauaon
aoro KaHaJIa, oopaayiouteroca npa 15-20-MHHyTHoM B03,ll.eit
CTBHH CTpyH, MO)KeT ,ll.OCTHraTb 1 M H 60JIee, npasex ,ll.HaMeTp 
K8HaJIa B 06ca,ll.HOH KOJIOHHe pasea npnaepno 13-15 MM, a B rro
pone -,ll.0 60 MM, T. e. 60JIbUIe, 'leM npn zipyrax cnocotiax neprpo
paUHH. C noxoutsio rH,ll.pOa6pa3HBHoro neprpoparopa MO)KHO npo
6HBaTb He TOJIbKO OTBepCTHH KpyrJIOro rrOrrepe'lHOrO Ce'leHHH, HO 
TaK)Ke ropH30HTaJIbHbIe (npa Me,ll.JIeHHOM spatneaaa neprpoparopa 
BOKpyr BepTHKaJIbHOH OCH )H BepTHKaJIbHble (rrpH Me,ll.JIeHHOM Bep
THKaJIbHOM nepeneureaaa) uiena. 06bI'lHO B O,ll.HOpO,ll.HbIX, MOHO
JIHTHblX rropo,ll.ax rrp06HBalOT rro ,ll.Ba-'leTblpe KpyrJIblX KaHaJIa Ha 
Ka)K,ll.bIH xerp MOr.u.HOCTH nponyxraanoro nnacra; B rrJIOTHbIX, a6pa
3HBOCTOHKHX, CJIa60rrpOHHuaeMblX H YCTOH'lHBbIX noponax pexo
MeH,ll.yeTcH npoonaars aepraxaasnsre uiena BbICOTOH OT 100 ,ll.0 
500 MM, paccroanae Me)K,ll.y r.u.eJIHMH ,ll.OJI)KHO 6bITb He MeHee 0,5 M. 
IUeJIH pasaeinaior B UIaXMaTHOM nopanxe. ITP0,ll.OJI)KHTeJIbHOCTb 
06pa60TKH O,ll.HOrO HHTepBaJIa C uensto C03,ll.aHHH TaKHX r.u.eJIeH

OKOJIO 1 'l [7]. 
fH,ll.poa6pa3HBHaH rrepepopaUHR H,ll.eT rrpH HerrpepblBHoH UHpKy

JIHUHH )KH,ll.KOCTH. ITocJIe roro KaK KHHeTH'leCKaH 3HeprHH CTpyH 
H3paCXO,ll.OBaHa, aripasaaconepzcamaa )KH,ll.KOCTb aurexaer H3' npo
6HBaeMoro KaHaJIa B oricazmyto KOJIOHHy H y,ll.aJIHeTCH na naes
nyio noaepxaocrs, npn 3TOM nexoropoe I).OJIH'leCTBO necxa ocaac
naercs na sa60H. ITo OKOH'laHHH neptpopauna nOT OCa,ll.OK BbIMbI
BalOT HS 06Ca,ll.HOH KOJIOHHbI cnococox 06paTHOH UHpKyJIHUHH. 
ECJIH necox CHJIbHO yrrJIOTHHJICH, ero pa3pbIXJIHIOT XBOCTOBHKOM 
neprpoparopa, sp autaa ,ll.JIH sroro KOJIOHHy nacocno-xoxnpeccop

HbIX rpyo. 
I'anpoatipasaaaaa neprpopauaa HBJIHeTCH secsaa 3epepeKTHBHblM 

crroc060M co06r.u.eHHR rrpO,ll.yKTHBHoro rrJIaCTa C 3KCrrJIyaTaUHoHHOH 
KOJIOHHOH. Ilpa 9TOM cnocotie ueMeHTHbIH KaMeHb He paCTpeCKHBa
eTCH, a B 06C8,ll.HoH KOJIOHHe He B03HHKalOT onacnue nerpopaauaa. 
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np06HBKa oTBepCTHH 3THM cnocoooa, ozuraxo, 06XO,ll.HTCH aopoace, 
'leM CTpeJIHIOr.u.HMH neprpoparopaaa. ):LJIH rnnpoaopaananoa neprpo
paUHH rpeoyrorcs secsxa xomnue HaCOCHbIe arper-arer, rreCKOCMe
CHTeJIbHble MaUIHHbI H CJIO)KHaH CHCTeMa 06BH3KH MaUIllH C YCTbeM 
CKBa)KHHbI, a TaKJI{e CrreUHaJIbHaH 6pHra,ll.a KBaJIHepHUHpoBaHHblx 
pa60'lllx. 3TOT crroc06 ueJIeC006pa3Ho rrpHMeHHTb B Tex CJIy'laHX, 
xorna ,ll.pyrHe MaJI03epepeKTHBHbI: npa MaJIOH nponauaeaocra npo
nyxrnsaoro nnacra, npa CHJIbHOM 3arpH3HeHHH rrpllCTBOJIbHOH 30HbI 
nnacra B npouecce 6ypeHHH, B rpeuraaaux KOJIJIeKTOpax, a TaK
)Ke npa BCKpblTHH rrJlaCTOB C osens BbICOKOH rexneparypoa, eCJIH 
OTC~TCTBYIOT TepMOCTOHKHe CTpeJlHIOr.u.He nepdioparopu, 

§ 72. OCBoeHHe H acnsrraaae CKBalKHH 

!loA ocaoemrex rrOHflMalOT KOMrrJleKC pa60T, nposozmxux C 
uensto O'lHCTKH rrpHCTBOJIbHOH 30HbI npoayxraanoro nnacra H CKBa
)KHHbI OT 3arpH3HeHHH H noayueaaa rtpoMbIUIJIeHHOrO nparoxa nna
CTOBOH )KH,ll.KOCTH. ):LJlH OCBoeHHH B 3KCrrJIyaTaUHoHHylO KOJlOHHY 
crrycxaior KOJIOHHy HaCOCHO-KOMrrpeccopHbIX rpyri, HH)KHHH KOHeu 
KOTOpOH YCTaHaBJIHBalOT na 50-150 M asnue aarepaana neprpopa
UHH (JIH60 aa HHOH rJIy6HHe, COrJlaCOBaHHOH C ,ll.06b1BalOr.u.HM npen
rrpHHTHeM). YCTbe CKBa)KHHbI repaerasnpyror npn noaoma epoHTaH
HOH apMaTypbl, KpecToBHHy KOTOpOH YCTaHaBJIHBalOT Ha BepxHHH 
q.lJIaHeu KOJlOHHOH rOJlOBKH (pHC. 91). Ha Ka)K,ll.OM 60KOBOM OTBO,ll.e 
eJIKH epoHTaHHoH apxarypu pasaemaior urryuepayro xaxepy, K KO
TOpOH rrO,ll.COe,ll.HHHIOT KOpOTKylO rpyoy, 060py,ll.OBaHHylO xapxaaa
MH ,ll.JIH pasxemenaa repuoaerpoa, rpexxonoasraa KpaHHKaMH H 
3a,ll.BH)KKaMH BbICOKOro ,ll.aBJIeHHH. Ha scex 60KOBbiX orsonax ycra
HaBJIHBalOT perncrpapyiourae H noxassraaroume MaHoMeTpbl, rrpo
600T60pHHK H, rro B03MO)KHOCTH, pacxonoxep. Ilocae 3a,ll.BH)KeK BbI
coxoro ,ll.aBJIeHHH K Tpy6aM rrpHcOe,ll.HHHIOT C60pHylO JlHHHIO HH3Koro 
,ll.aBJIeHHH, KOTopaH CBH3b1BaeT CKBa)KllHY C rpanov H MepHblMH ex
KOCTHMH. Tpannyio yCTaHoBKy fl MepHble eMKOCTH pasxemaror HB 
paCCToHHHH He MeHee 50 M OT YCTbH CKBa)KHHbI. OT rpanaoa ycra
HOBKH npcxnanuaaror naa rpyoonpoaona: O,ll.HH - K KOJlJIeKTopy 
,ll.JIH coopa )KH,ll.KOCTH, BTOpOH - K epaKeJlbHoMy CTOHKy ,ll.JlH C)KHra
HHH r-aaa, BbI,ll.eJIHIOr.u.erOCH B rpane. <l>aKeJlbHblH CTOHK pa3Mer.u.BIOT 
aa paCCTOHHHH He MeHee 100 M OT CKBa)KHHbI, rpana H MepHblX eM· 
xocrefi. 

K orsonaa epOHTaHHoH ap srarypu noncoenansnor TaK)Ke c6po
COBylO JlHHHIO C xpanoa BblCOKOro ,ll.aBJIeHHR. 3Ty JlHHHIO HCrrOJIbSy· 
IOT ,ll.JIH OTBO,ll.a B C60pHylO eMKOCTb (HJlH K rpaxeay) )KH,ll.KOCTH, no
crynaroinea H3 CKBa)KHHbI npa oCBoeHHH, a TaK)Ke ,ll.JIH rrpoMhlBKM 
scex JIHHHH 06BH3KH. 

B OCHOBe scex cnocooos OCBoeHHH Jle)KHT YMeHbUIeHHe naBJI1
HHH cToJI6a )KHAKOCTH B CKBa)KHHe HH)Ke rrJlBCTOBOro H C03,ll.BHHI 
,ll.errpeCCHH, ,ll.ocTaTO'lHOH ,ll.JIH rrpeO,ll.OJIeHHH corrpOTHBJleHHH ~HJIbT. 

paUHH nJIaCTOBOH )KHAKOCTH K CKBa)KHHe. YMeHblUHTb npOTHBOAaa
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PHC. 91. CxeM8 015I1H3KH YCTbH ra30BoA CKBaJKHHbI ,llJIH RCllblTaHHH H RCCJIe,llOB8

HHH:
 
1- JlyllpIIK8TOP; 2 - K8TYlllK8 AJllI YCT8HOBKH M8HOMeTpoB H TepMOMeTpOB; 3 - urryuepaas
 
K8Mep8; 4 - YCTbe CKB8lKHHbI; 5 - nopoAoYJlaBJlHB8Tenb; 6 - TepMoMeTp; 7 - TennoollMeHHHK;
 
B - npysep; 9 - BeHTHJlH BblCOKoro AaBJleHHlI; 10 - npollooTllopH8lI TpyllKa; II - rpelleHK8
 
C BeHTHnllMII BblCOKoro AaBJleHHlI; 12 - npeAoxp8HHTeJtbHblll KJl8n8U; 13 - rpan; J4 - M8HO

MeTp; 15 - a8ABlIlKKa; 16 - MepH811 eMKOCTb
 

JIeHHe Hi npo)l.yKTHBHblA nJIaCT MOlKHO CHHlKeHHeM nJIOTHOCTH H 
yposas lKH)l.KOCTH B !jKCnJIyaTaIl.HOHHOA KOJIOHHe. BeJIHtIHHy )l.enpec
CHH Jl.JIft nOJIytIeHHH npHTOKa BblOHpaIOT B saBHCHMOCTH OT rnna KOJI
JIeKTOpa (rpaHyJIHpHblH HJIH TpeI.II.HHHblH), BH)l.a nJIaCTOBOH lKH)I.
KOCTH (He¢Tb, ras, aona), yCTOHtIHBOCTH KOJIJIeKTOpa H KOJIJIeKTOp
CKHX cBoHCTB nJIaCTa. B rasoaux CKBalK'HHax npa O)l.HHaKOBOM TH
ne KOJIJIeKTOpa BeJIHtIHH8 ztenpeccaa cYI.II.ecTBeHHo xensure, tIeM B 
He¢THHblx. ' 

CYI.II.eCTByeT HeCKOJIbKO cnocoooa BblsoBanpHToKa H! nJIaCTa. 
ECJIH K03¢¢HII.HeHT aHOMaJIbHOCTH nJIaCTOBOro )l.aBJIeHHH cYI.II.eCT
BiHHO 60JIbIlle e)l.HHHlI.bl, KOJIJIeKTOpCKHe c,BOHCTB8 nJIaCTa xopourae 
H npHCTBOJIbHaH SOHa aarpsaneaa MaJIO, tIaCTO 6blBaeT )l.OCTaTOtIHO 
saaeaars npOMbIBOtIHyIO lKH)l.KOCTb, KOTOpOH OblJIa sanoanena KO
JIOHHa Ha~aHYHe neptpopauaa, aa sony JIHOO He¢Tb. B rex lKe 
C3IytIaHX, xorna KOS¢¢HII.HeHT aHOMaJIbHOCTH nJIaCTOBOro )l.aBJIeHHSI 
He. npessnnaer e)l.HHHlI.bl, KOJIJIeKTOpCKHe CBOHCTBa nJIOXHe HJIH npa
CTBOJIbHaH 30Ha npO)l.yKTHBHoro nJIaCTa CHJIbHO sarpHSHeHa B ne
paon 6ypeHHH, lI.eMeHTHpOBaHHH H nepoopauaa, )l.JIH nOJIytIeHHH 
npHTOKa npHXO)l.HTCH He TOJIbKO 3aMeHHTb npOMblBOtIHyIO lKH)l.KOCTb 
aa aony HJIH He¢Tb, HO TaKlKe aspapoaart, sony JIH60 CHHlKaTb 
yposeas BO)l.bI (He¢TH) B 06Ca)l.HOH KOJIOHHe. 3aMeHHTb npoxx
BOtIHyIO lKH)l.KOCTb aa sony pexoueaayerca nOCTeneHHO. 

HaHOOJIee 3¢¢eKTHBHblH cnocoo OCBoeHHH - nocrenenaoe yae
JIHqeHHe CTeneHH aspauaa BO)l.bl nocae saxeaa eIO npOMbIBOtiHoA 
lKH)l.KOCTH B 06Ca)l.HOH KOJIOHHe. )lJISl sroro B npOCTpaHCTBO MelK)l.y 
3KCnJIyaTall.HOHHOH KOJIOHHOA H H8COCHO-KOMnpeccopHblMH Tpy6aMH 
O)l.HOBpeMeHHO 3aKStIHBaIOT sony ueMeHTHpOBOtIHblM HaCOCOM H 
B03)1.yX nepeJI.BHlKHblM npoMblcnoBblM KOMnpeccopOM. TIocTeneHHO 
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YBeJIHtlHBaH nonaxy B03)1.yxa, MOlKHO B )l.OBOJIbHO IllHpOKHX npeneaax 
pervauposan, nJlOTHOCTb BO)l.OBOS)l.yIllHOH CMeCH H YMeHbIllaTb npo
THBO)l.8BJIeHHe aa nJIaCT. qTOObI )l.OCTHtIb OOJIbIlleH nJIaBHOCTH CHH 
lKeHHSl npOTHBO)l.aBJIeHHH H yMeHbIll"Tb 
pacxon B03)1.yxa, pexoxennyerca K sone 
nepen a3pHpOBaHHeM )l.OOaBJIHTb neHOOO-
pa3YIOIIJ.ee TIAB. TIoCJIe nOJIytIeHHH npHTO , 
Ka H3 npO)l.yKTHBHoro nJIaCTa Hacoc H KOM
npeccop OTKJIIOtIaIOT, a CKBalKHHe )I.a lOT 
B03MOlKHOCTb nopaoorars. 

PacnpOCTpaHeHHbIM HBJIHeTCH TaKlKe1 

xoxnpeccopaua cnocoo OCBoeHHSl. nJlSI 3TO
ro B MelKKOJIOHHOe npOCTpaHCTBO nepe a 
)l.BHlKHbIM xovnpeccopoa HarHeTaIOT B03
)l.yx. ClKaTbIH B03)1.yX OTTeCHHeT aony BHH3 
K oaIllMaKY HaCOCHO-KOMnpeccopHbIX rpyo, 
a aarex, npopsasunrcs BHYTPb 3THX rpyd, 
rasapyer lKH)l.KOCTb H BbITaJIKHBaeT ee aa 
)l.HeBHyIO nOBepXHOCTb. TIo Mepe HaCbII.II.e
HHH lKH)l.KOCTH B03)1.yXOM rIJIOTHOCTb H nas
JIeHHe CTOJIOa ee yMeHbIllaIOTCH, a nocne 

JBblopoca KalK)l.OH nopuna BO)l.bI H3 TPYO 
yposeas lKH)l.KOCTH B CKBaJKHHe na.aaer, 
Ilocne roro KaK HatIHeTCH' npHTOK nJIaCTO-
BOH JKJi)l.KOCTH B CKBaJKHHy, KOMnpeccop 
OTKJIlOtI aIOT. , .• '~:;;1 * 

CYI.II.eCTBeHHbIH He)l.OCTaTOK xoxnpeccop
aoro cnocooa OCBoeHHH - OOJIbIllHe KOJIe· 
oaHHS! )l.aBJIeHHH, TIPH pe3KOM CHHJKeHHH 
)l.aBJIeHHS! aa nJIaCT B MOMeHT BbIopoca aa 
)l.HeBHyIO nOBepXHOCTb oxepenaux nopuan t=j=;J-S
BO)l.bI HHTeHCH¢HII.HpyeTcH npHTOK H3 nna

CTa. ECJIH KOJIJIeKTOp npO)l.yKTHBHoro nJIa

eTa He)l.OCTaTOtIHO yCTOHtIHB, pe3KaH HHTeH

c'H¢HKaIl.HH nparoxa MOJKeT cOnpOBOJK)l.aTb-


CH paspyurenaea CKeJIeTa noponu, BbIHOCOM PRC. 92. Ilopurens ,llJlll
 

B CKBaJKHHy OOJIbIllOrO KOJIHtIeCTBa necxa H OCBoeHHlI CKB8JKRHbl
 

oopa30BaHHeM neCtIaHOH npooKH.
 

Haorna yposeas JKH)l.KOCTH CHHJKaIOT nopumeaaaaeu. nJIH STO
ro B aacocao-xoanpeccopnue rpyou aa xaaare 1 (pHC. 92) cnyc
KaIOT cnenaaasnun nopureus 5. TIoKa nopurens non THJKeCTbIO rpy
3dBOH urraara 2 onycxaercs BHH3, BblTeCHHeMa51 HM JKH)l.KOCTb nepe
rexaer sepea ocesoa KaHaJI B nopurae H nOJIOCTb narpyoxa 4 B 
npocrpancrso Ha)l. KJIanaHOM 3. TIPH nO)l.'beMe nopums KJIanaH 3 
aaxpuaaerca, a JKH)l.KOCTb, HaXO)l.HI.II.aHCH non HHM, BblTeCH5IeTCSl 
saepx H nepeanaaercs xepea BepxHHH OTKPbITblA xoneu HaCOCHO
xounpeccopmsx TpyO. rJIyoHHa norpyzceaaa nopunrs non yposeas 
JKH)l.KOCTH saBHCHT OT npOtIHOCTH xaaara H )l.OCTHraeT 300 M. Cno
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qOt> MO>KHO npHMeHHTb JIHilib B TeX CJIylJaHX, xorna HeT OnaCHOCTH 
Bbl6poC8 H He rpetiyerca repMeTH3HpOBaTb YCTbe CKB8>KHHbl. BpeMH,t 
aeocxonaxoe .nJIH nOJIylJeHHH npHTOKa TaKHM crrOCOOOM, ropasno { 
60JIbIIIe,lJeM npenunymaxa cnocooaaa. 

)l,JIH OCBoeHHH CKB8>KHH, rrpo.nyKTHBHblll: rrJIaCT B KOTOpblX HMe
eT HHSKOt nnaCTOBoe .naBJIeHHe HJIH CHJIbHO 3arpH3HeH 8 rrponecce 
dfpeHHH, e YCl1eXOM MoryT OblTb HCnOJIb30BaHbI orrp060BaTeJIH, 
oftycKaeMhle H8 KOJIOHHe TPYO. )l,JIH noasnueaas 3epepeKTHBHOCTH OC
BoeHHH CKBa>KHH, BCKPblBIllHX aedrreaocasre nJIaCTbI C HH3KHMH 
1{0iepepHnHeHTaMH aHOMaJIbHOCTH, neaecooopasao no neprpopauaa 
CJlH>K8Tb .naBJIeHH6 B oOca.nHoft: KOJIOHHe AO nJIaCTOBOro HJIH .na)!{e f 

HeCKOJIbKO HH)!{e nocne.nHero.i~; 
Ilocae nOJIylJ8HHH npHTOK8 H8 nnacra CKB8>KHHe naior HeKOTo-fit 

poe BpeMH nopaoorars, lJTOObl OlJHCTHJlaCb OT 3arpH3HeHHH npacr- ~ ~ 
BOJIbH3H SOH8. TaK, eCJIH nOJIylJeH epOHT8HHpYlOmHH nparox H3 Heep-:';l 
ranoro nnacra, crpyto >KH.nKOCTH HarrpaBJlHIOT sepes BepxHHH OOKO- .~! 
HOH OTBO.n epOHTaHHOft: eJIKH H urryuep B COPOCOBblH: aM6ap. )lHaMeTp ~..~.''.1. 
ulTynepa lSbloHpalOT C TaKHM paClJeTOM, lJTOObi He B03HHKJIO lJpe3-1J 
MepHO 60JlbIllOii nenpeccaa H He aaxaaocs paspyureaae CKeJIeTa~ij 
rtnaCTa H uexearaoro KaMHH. OObIlJHO B Te'IeHHe nepsux 1,5-2 lJ ••,. 
ucnoassyior urryuep .nHaMeTpoM 6-8 MM, a 3aTeM nrryuep MeHb
rijero .nH8.M6Tpa - 5 MM. DPH TaKOM .nH8MeTpe urryuepa CKBa>KHHa 
parioraer no rex nop, noxa He CTaOHJIH3HpylOTCH AaBJIeHHH y YCTbH 
B Me>KKOnOHHOM npOCTpaHCTBe H aa rOJIOBKe (oyepepe) epOHTaHHOH it 

eJIKH, a TaK>Ke .ne6HT. B cnysae nparoxa H3 ra30HOCHoro nnacra 1CKBa)!{HHt B reseaae nepaax 2-3 lJ rr03BOJIHIOT epoHTaHHpoBaTb lJe ~,.~ 

pta sepxaaa OOKOBOA: OTBO.n eJIKH B ooxoa urryuepa C ueasto yna
JleHHH >KH.nKOCTH, naxonsuieacs B sxcnnyarauaonnoa KOJIOHHe, H 
OlJHCTKH 386oH, 8 aaTeM nOTOK HanpaBJISIIOT nepea HH>KHHH OOKOBoA 
OTBO.n H urryuep. Faa, BbIXO.nHI.IJ.HH H3 CKBa)!{HHbI, C>KHraIOT B epaKeJIe.J\~ 

Docne CT86HJIH3au,HH .naBJIeHHH y YCTbH H .neoHT8 npH .naHHOM 
.AHaMeTpe urryuepa CKBa>KHHy C'IHTaIOT ocsoeaaoa H npacrynator K 
HCCJle.noB8HHIO ee, MCCJHl.noBaHHe npoBo.nHTCSI C u,eJIblO onpenenenas ~. 

acex npoxacaoaax xapRKTepHcTHK npa YCTaHoBHBIllHXCH pe)!{HMaX 
paeoru: .lleOHTa, raaosoro epaKTopa, 3aooHHbIX H nJIaCTOBOro naane
HHH, rexneparypu, KoaepepHu,HeHTa rrpoAyKTHBHOCTH CKBa)!{HHbI, npo j 

aauaexocru H rH.nponpoBOAHOCTH nJIaCTa, a TaK)!{e COCTaBa H caoa- .~. 
eTB rrJlaCTOBOH: )!{H.nKOCTH (rasa). Pe)!{HM paOOTbI C'IHTaIOT ycraao
BHBIllHMCH, eCJlH npa .naHHOM .AHaMeTpe urryuepa saooaaoe H ycrs
easre .AaBJleHHH H )l.eOHT CTaOHJIbHbI. CKBa)!{HHY HCCJIe.nyIOT npa ne
rsrpex-urecra pe)!{HM8x: caanana npn MHHHMaJIbHOM ziaaxerpe IllTY
uepa, 3aTeM )l.H8MeTp nrryuepa CTyrreHHMH YBeJlHlJHBaIOT. Do naa
HhIM TaKHX HCCJle)l.OBaHHH CTpOHT HH.nHKaTopHylO KpHBylO «.neoHT
nenpeccas», BbIHBJlHIOT OIITHMaJIbHbIil: pe)!{HM nparoxa, rroBTopHIOT 
HCCJle.nOBaHHe npa TaKOM pe)!{HM8 H peracrpapyior KPHBYIO BOCCTa
HOBJleHHH )l.aBJleHHH. MCCJIe.noBaHHe onaoro nnacra OObIlJHO 3aHHMa
eT HeCKOJlbKO CyTOK, MCCJle.noBaHHe rrpH O.nHOM pe>KHMe ClJHTalOT 
3aKOHlJeHHbIM, eCJlH .nBa rrOCJle.nOBaTeJlItHhiX HIMep.8Hft .u.iBJleHHA It 

~7~ 

.lle6HTOB npaKTHlJeCKH (B npeneaax norpenmocra npadopos) cosna

.naIOT. YCTbeBble .naBJleHHH H3MepHIOT OObl'IHO xepes K8)!{.nble 3 'I, 
3aooHHble .n8BJIeHHH H .ne6HTbI- 1-2 15838 B CyTKH. )lJIH H3MepeHHft 

. 3aOOHHblX .naBJleHHH HcrrOJlb3YlOT rJlYOHHHble MaHOMeTpbl, a YCTbe
BhIX .naBJleHHH - oopasuosae xaaouerpu. Cnycrs CYTKH nocae pe

·':rHCTpanHH KpHBOH BOCCTaHOBJleHHSl .n8BJleHHH r JIyOHHHbIM MaHOMeT
pOM .neJl8IOT .norrOJlHHTeJlbHOe H3MepeHHe rrJlaCToBoto .naBJIeHHH B 
saxpuroa CKBa)!{HHe. 

OOneM HCCJle.nOBaHHH B 3KCnJIY8T8nHOHHblX CKB8)!{HH8X MO)!{eT 
ObITb COKpaI.IJ.eH; ero YCTaHaBJIlfBalOT rro COrJlaCOBaHHIO c .nOOblBalO
mHM npennpaaraex. Ilocne OKOH'I8HHH HCCJle.n.OBaHHH nposonar 
KpaTKOBpeMeHHylO (He MeHee 10-15 CyT) npooHylO 3KcrrJlyaT8u,HIO 
CKBa>KHHblHa orrTHMaJlbHOM pescaue no nnaay, cOrJlaCOBaHHoMY C 
Hr,nY. ' 

B pa3Be.nOlJHbIX CKBa)!{HH8X .neT8JIbHO HCCJIe.nYIOT K8K OO'beKTbI, 
npa onpoooaaaan KOTOpbIX ObIJlH rrOJIYlJeHbI nparoxa HeepTH H raaa, 
TaK H OO'beKTbl, xoropue He ObIJlH onporioaaau B npouecce oypeHHH, 
80 0 rrepcrreKTHBHOCTH KOTOpblX CBH.neTeJIbCTBYIOT M8TepHaJIbI npo
MbICJIOBO-reoepH3HlJeCKHX HCCJle.nOBaHHH. Hcnuraaae MO)!{eT OblTb 
Ha3HaQeHO T8K)!{e B TOM cnysae, eCJlH npa orrp060BaHHH OblJlH rro
JIy'IeHbl orpauarensnue pesyasraru, HO. HMeeTCH 060CHOBaHHoe 
COMHeHHe B rrpaBHJlbHOCTH HX. 

ECJIH B pa3Be.nOlJHOH CKBa)!{HHe npencroar acnsrrarr, HeCKOJlbKO 
rrJIaCTOB, onepaumo HalJHHalOT C HH>KHero. Do OKOHQaHHH accneno
BaHHH HH>KHero nnacra CKBa}f{HHY 3a.naBJlHBaIOT npOMblBOlJHOH )!{H)l.
KOCTblO, y.noBJleTBOpHIOI.IJ.eH YKa3aHHblM ssnne TpeooBaHHHM (CM. 
§ 14), YCTaHaBJlHBalOT neMeHTHblH MOCT B anrepaane Me)!{.ny HH)!{
HHM H OJlH)!{aHIllHM K nexy suurepacnoaoaceaaax OO'beKTOM, npo
BepHIOT repMeTHlJHOCTb MOCTarrOCJIe 3aTBep.neHHH TaMrrOHa>KHOro 
pacraopa cnocodox rrOHH)!{eHHH ypOBHH >KH.nKOCTH B KOJlOHHe. ECJIH 
MOCT repxeranea, oocanayro KOJIOHHy nepoopapyiornporas sroporo 
CHH3Y nepcnexrasaoro nnacra, Bbl3hIBalOT nparox 'H3 Hero H nposo
.nHT neransno HCCJIe.nOBaHHe. TaK, CJle.nYH CHH3Y ssepx, nocnenosa
TeJlbHO acnuruaaior see nepcnexraanue 06'beKTbI. HCITblTaHHe ClJH
TalOT aaKOHlJeHHbIM, eCJIH 110 scea OO'beKTaM noaysenu peayasrarsr, 

.	 n03BOJlHIOIl./,He COCT8BHTb KalJeCTBeHHYIO xapaxrepacrnxy xaxcnoro 
nJIaCT8 H onpeneaars OCHOBHble napaxerpu. 

ECJIH npa HcrrhITaHHH 06'beKTa noaysaior OOJlbillOtl: .neOUT HeepTll 
HJIH rasa, K acnsrraaaio nocaenyiourax, pacnoaoacenasrx suure 
OOneKTOB npacrynator TOJlbKO C paapemeaas opraaaaauaa, noma
HeHHoH aenocpencraeano COOTBeTCTBylOmeMy MHHHCTepcTBy. Taxoe 
paapeuieaae naior JIHillb B HCKJllOlJHTeJlbHblX caysaax, 3TO OOnSlC
HSieTCH TeM, lJTO npa 3a.naBJIHBaHHH nJIaCTa .nJIH npexpauieaaa npa
TOKa H yCTaHoBKH u,eMeHTHoro MOCTa KOJIJleKTOpCKHe CBOHCTBa ero 
B rrpHCTBOJIbHOA SOHe MoryT OblTb CHJIbHO yxynuieasr. KaK npaBHJIO, 
nocne rrOJlYlJeHHSI HHTeHCHBHoro npHTOKa HeepTR HJlH rasa H3 rrJl8C
Ta H rrOJlHOro HCCJle.nOBaHHSI ero CKB8>KHHY rrepe.nalOT Hr)l,Y .nJIH 
8KCrrJlyaTanHH. 
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.nJHI pa60T, CBH3aHHbIX C nOJIy'leHHeM npHTOKa H HCCJIe.nOBaHH
ex nepaoro 06beKTa 8 paasenoxaux CKBa}KHHaX, HCnOJIb3YIOT 6y
pOByIO yCTaHoBKy. OCBoeHHe H HCCJIe.nOBaHHe nOCJIe.nYIOmHX 06beK
TOB B paaaenosnax CKBa}KHHaX H OCBoeHHe 3KCnJIyaTau.HOHHbIX CKBa· 
}KHH, KaK npaBHJIO, aenyr C nOMOmbIO 60JIee JIerKHX nepeztsascaax 
yCTaHOBOK. 

Ha acnaranae (HCCJIe.nOBaHHe) xascnoro 06beKTa COCTaBJIHIOT 
nJIaH, yTBep}K.naeMbIii pyKoBo.nHTeJIHMH 6ypoBoro npennpasras: B 
cnyuae, eCJIH CKBa}KHHa no.nJIe}KHT nepenase aerpreraaonoriaaatoute
My npezmpaanno, 3TOT nJIaH COrJIaCQBbIBaIOT C pyKOBO.nCTBOM noc
aenaero. Do' OKOH'laHHH HcnbITaHHH CKBa}KHHbI COCTaBJIHIOT aKTbI 0 
pe3YJIbTaTaX HCCJIe.nOBaHHH xascnoro 06beKTa, YCTaHoBKe uexear
HbIX MOCTOB H nposepxe HX repMeTH'lHOCTH, 0 nepenase CKBa}KHHbI 
B 3KcnJIyaTau.HIO JIH60 KOHcepBau.HH ee, eCJIH nnoutans euie He non
rOTOBJIeHa .nJIH 3KCnJIyaTau.HH, JIH60 0 JIHKBH.nau.HH CKBa}KHHbI, eCJIH 
pe3YJIbTaTbI HcnbITaHHH nOJIHOCTbIO OTpHu.aTeJIbHbIe. 

§ 73. JIHKBH,lI,aQHH H KOHCepBaQHH CKBa}KHH 

CKBa}KHHY JIHKBH.nHpyIOT, eCJIH npa HCnbITaHHH ee He nonysea 
npOMbIIIIJIeHHOrO 3Ha'leHHH npHTOK nJIaCTOBOii }KH.nKOCTH HH H3 on
noro ropH30HTa. ,lJ.JIH sroro nporas xascnoro acnuraasoro nJIaCTa 

,t 
YCTaHaBJIHBaIOT u.eMeHTHbIii MOCT; nonouma MOCTa .nOJI}KHa aaxo i' 

.nHTbCH He xeaee 'leM na 20-30 M HH}Ke, a KpOBJIH - asnue COOT
BeTCTBeHHO HH}KHeii H sepxaea rpaaau HHTepBaJIa neprpopauaa. 
ECJIH nJIaCTbI pacnOJIO}KeHbI n06JIH30CTH O.nHH OT npyroro, uexenr
lIbIii MOCT MO}KeT 6bITb CnJIOIIIHbIM. KPOBJIH uexearaoro MOCTa, ycra
HaBJIHBaeMOro .nJIH H30JIHU.HH caxoro sepxaero H3 HcnbITaHHbIX ro
pH30HTOB, .nOJI}KHa aaxonarscs, KaK MHHHMyM, aa 50 M ssnue aepx-
HHX neprpopanaoaaux orsepcraa. 

ECJIH aa paceaarpaaaexoa nnouiana HeT ra30BbIX HJIH aerprera
30BbIX 3aJIe}Keii, a TaK}Ke ropH30HTOB C aanopauxa MHHepaJIH30
BaHHbIMH sonaxa (c k«> 1), xoropue xoryr 3aI:pH3HHTb npecnue 
HJIH QeJIe6HbIe BO.nbI, paspeuraerca nepen JIHKBH.nau.Heii CKBa}KHHbI 

H3BJIeKaTb H3 aee oricanaue Tpy6bI. 
Ha YCTbe JIHKBH.nHpoBaHHoii CKBa}KHHbI YCTaHaBJIHBaIOT penep, 

aa KOTOpOM npa nOMOmH 3JIeKTpOCBapKH YKa3bIBaIOT HOMep CKBa
}KHHbI, Ha3BaHHH naourana H rrpezmpaaraa, npooypaaurero CKBa}KH

ay, nary OKOHqaHHH 6ypeHHH. 
ECJIH oocanasre Tpy6bI He H3BJIe'leHbI, YCTbe CKBa}KHHbI aaxpu

BaIOT rJIyxoii 3arJIyIIIKoii HJIH rJIyxHM <pJIaHu.eM C BBapeHHbIM BeH
THJIeM; 3arJIyIIIKa H 60JITbI, CKpenJIHIOmHe <pJIaHeu. C KOJIOHHOii, 
.n0JI}KHbI 6bITb npaxaaxeau csapxoa, ECJIH BepXHHe Tpy6bI 3KCnJIy
aTaQHOHHoii KOJIOHHbI H3BJIeqeHbI, B KOH.nyKTOp HJIH npOMe}KyTO'lHyIO 
KOJIOHHy cnycKaIOT Ha rJIy6HHy He MeHee 2 M np06Ky H Ha.n Heii 
KOJIOHHy 3anOJIHHIOT 6eTOHOM. Han YCTbeM CKBa}KHHbI yCTaHaBJIH

BaIOT 6eToHHyIO TyM6y paaxepox 1X 1X 1 M. 
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B rex caysasx, xoraa npa HcnbITaHHH H8 nJI8CTa noayxen nparox 
npOMbIIIIJIeHHOrO 3Ha'leHHH, HO naonrans HJIH YlJaCTOK nnoutaaa He 
no.nrOTOBJIeHbI K 3KCnJIyaTaQHH, CKB8}KHHY KOHcepBHpyIOT. Koacep
Bau.HIO Hy}KHO .neJIaTb TaK, qT06bI CKBa}KHHY MO}KHO 6bIJIO nOBTopHO 
BBeCTH B 3KcnJIyaTau.HIO H KOJIJIeKTOpCKHe cBoiicTBa npHCTBOJIbHOA 
30HbI aa BpeMH KOHcepBau.HH cymecraeuao He yxy.nIIIHJIHCb. 

Cnocoo KOHcepBau.HH 3aBHCHT OT .nJIHTeJIbHOCTH ee H K03<p<pHU.H
eara aHOMaJIbHOCTH nJIaCTOBOro .naBJIeHHH. ECJIH ka> 1,0, HH}KHHA 
y'laCTOK CKBa}KHH~ cnenyer SanOJIHHTb npOMbIBO'lHOH }KH.nKOCTbIO 
aa He<pTHHOH OCHOBe HJIH .npyroA, He BbI3bIBaIOmeii yxy.nIIIeHHH KOJI
JIeKTOpCKHX csoncra nJIaCTa; aan HHTepBaJIOM nepoopauaa ycraao
BHTb u.eMeHTHbIH MOCT BbICOTOH He- xeuee 25 M, a OCTaJIbHYIO xacrs 
3KCnJIyaTau.HoHHoH KOJIOHHbI 3anOJIHHTb ce.nHMeHTau.HOHHO yCTOH'lH
BoA }KH.nKOCTbIO. )1.aBJIeHHe cToJI6a 3TOii }KH.nKOCTH .nOJI)I{HO aa 5
10% npeasnnars nJI8CTOBoe. CaMbIA BepxHHA yqaCTOK .nJIHHOH: npa
MepHo 30 M, a B pasoaax C MHOrOJIeTHeMep3JIbIMH noponaxa - OT 
YCTbH no rJIy6HHbI aa 50-100 M HH}Ke HH}KHeA rpaaaua TaKHX no
pon 3anOJIHHIOT aeaaxepaaiouief }KH.nKOCTbIO (aanpaxep, COJIHpO
BbIM MaCJIOM, pacrsopox CaCh H T. n.). Ha nepaon KOHcepBau.HH 
aacocao-xoxnpeccopaue rpyosr OCTaIOTCH B 3KCnJIyaTaQHOHHOii KO
JIOHHe nan u.eMeHTHbIM KaMHeM. 

ECJIH K03<P<PHu.HeHT aHOMaJIbHOCTH nJI8CTOBOro .naBJIeHHH ka< 
< 1,0, TO npa npo.nOJI}KHTeJIbHOCTH KOHcepBau.HH 60JIee 1 rona H3 
ra30BbIX CKBa}KHH rJIy6HHoA no 2000 M H H3 He<pTHHbIX CKBa}KHH 
aacocao-xoxnpeccopaue Tpy6bI H3BJIeK8IOT, aa YCTbe yCTaHaBJIHBa
IOT 3a.nBH}KKY BbICOKoro .naBJIeHHH C KOHTPOJIbHblM BeHTHJIeM. 

DPH KOHcepBau.HH CKBa}KHH C ka < 1 aa CpOK B HeCKOJIbKO Me
csuea uexearaae MOCTbI paspetuaercs He yCTaHaBJIHBaTb, a npa 
KpaTKOBpeMeHHOH KOHCepBau.HH (no 3 xec) TaKHe CKBa}KHHbI MO}K
HO He 3a.naBJIHBaTb npOMbIBOqHOH }KH.nKOCTbIO. Ha nepaon xoacep
Bau.HH HaCOCHO-KOMnpeccopHbIe Tpy6bI OCTaIOTCH B 3KCnJIyaTau.HOH
HOH: KOJIOHHe nan <pHJIbTPOM; aa YCTbe YCTaHaBJIHBaIOT <pOHTaHHyIO 
apxarypy C KOHTPOJIbHbIM BeHTHJIeM. 

TeppHTopHIO aoxpyr saxoacepaapoaaaaon CKBa}KHHbI OrOpa}KH
BaIOT; aa orpaxcneaaa YKa3bIBaIOT HOMep CKBa}KHHbI, aasaaaae 
MeCTOpO}K.neHHH, HaHMeHOBaHHe npennpasraa H CpOK KOHcepBau.HH. 
C sa.nBH}KeK <pOHTaHHOH: apxarypsr cHHMaIOT IIlTypBaJIbI, <pJIaHU.bI 
3a.nBH}KeK 3aKpbIBaIOT 3arJIyIIlKaMH, a B narpyoxa BMeCTO MaHOMeT
pOB BBHH'lHBaIOT np06KH. B nepaon KOHCepBau.HH CKBa}KHHa .nOJI}KHa 
6bITb non peryaapaua Ha6JIIO.neHHeM. ECJIH KOHCepBau.HH nponon
}KHTeJIbHaH, COCTOHHHe CKBa}KHHbI npOBepHIOT He pexce onaoro pasa 
B KBapTaJI H pe3YJIbTaTbI npoaepxa aaHOCHT B cneu.H8JIbHbIH >KYP
HaJI . 
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rJlABA to 

H30JlSlll.HSI 30H nOrJlOll'(EHHSI
 
npOMbIBO'IHOR )l(H,lI.KOCTH
 

H PEMOHTHQ-H30JlSlLI.HOHHbIE PA60TbI
 
B CKBA)I(H HAX
 

§ 74. HSOJUII.{HSI 80H noraeuieaas npOMbiBO'IHOA ]KHAKOCTH 

HaH60JIee pacnpocrpaaeaaas cnocoo HSOJIHUHH SOH nornome
HUH npOMbiBOtIHOH }l{H)l.KOCTH npa 6ypeHHH - ueMeHTHpOBaHHe 

6b1CTpOCXBaTbiBalOmHMHCH TaMnOHa}l{HblMH paCTBOpaMH, Cne1.{H8JIb

HblMH TaMnOHa}l{HblMH naCTaMH JIH60 nOJIHMepHblMH MaTepHaJIaMH 

(CM. § 59). Cymecrsyior HeCKOJIbKO paSHOBH)l.HOCTeH ueaearapo
oaHHH nOfJIOmalOmHX SOH. C )l.OCT8TOtIHblM OCHOBaHHeM BCe 3TH 

paSHOBH)l.HOCTH MO}l{HO KJIaCCH<pHUHpOBaTb aa nse rpyrmu. ,'~ 

K nepnoa MO}l{HO OTHeCTH ueMeHTHpOBaHHe 6es npenaaparens
j,HOfO paS06meHHH SOHbI nOfJIOmeHHH OT npyrax npOHHU8eMbiX HH

TepBaJIOB, BCKPblTbiX B )l.aHHOH CKBa}l{HHe. B 3TOM cnyxae B CKBa .... 
.v

}l{HHy cnycxaror KOJIOHHy 6YPHJIbHblX rpyo, Hli}l{HHH OTKpblTblH KO -: 

aeu KOTOpOH YCTaHaBJIHBalOT HeCKOJIbKO auure KpOBJIH SOHbI no

rJIOmeHHH. no KOJIOHHe rpyo B CKBa}l{HHY SaKatIHBalOT nopUHIO 

TaMnOHa}l{HOfO pacrsopa B 06'beMe, )l.OCTaTOtIHOM )l.JISI SanOJIHeHHH 

ytISCTK8/ CTBOJIa )l.JIHHOH hn npOTHB nornomaiomef SOHbI H HeMHOfO 
.... ;~ , auure ee, a TaK}I{e )l.JIH SanOJIHeHHH KaHaJIOB B noraouiarourea no

pone soxpyr CKBa}l{HHbI 

Uu.p = 0,25nd~hnknr' (10.1) 

rne knr - K03<P<PHUHeHT, ytIHTblB810mHA 06'beM K8HaJIOB B nornouia / 

IOmel'i nopone, xoropue )l.OJI}I{Hbl 6b1Tb SanOJIHeHbI raxnoaaaouax 
pSCTBOpOM, a TaK}I{e npyrae <paKTOpbl H onpenenaeaua onblTHbiM 

nyrea B saBHCHMOCTH OT MOmHOCTH SOHbI, HHTeHCHBHOCTH nornoute 1~ 

~ I'~ \ \: 
HHH H CBOHCTB HCnOJIbsyeMoH TaMnOHa}l{HOH CMeCH. 

TaMnOHa}l{HblH paCTBOp BblTeCHHIOT HS KOJIOHHbI Tpy6 B CKBa}l{H ;I~ 

ay nop'.J.HeH npO)l.aBOtIHOH }l{H)l.KOCTH, B KatIeCTBe KOTOpOH 06b1tIHO 

HCnOJIbSYIOT npoauaoxayio }l{H)l.KOCTb, npnaeaasuryrocs npa 6ype

HHH. 06'beM nOH nopuaa paCCtIHTblBalOT TaK, tIT06b1 B MOMeHT, 

KOf)l.S BepXHHH rpaaaua TaMnOHa}l{HOfO pacrsopa OKa}l{eTCSI HeMHO

ro asnue KpOBJIH SOHbI nOfJIOmeHHH, )l.aBJIeHHe B CKBa}l{HHe CTaJIO 

pasaux nJIaCToBoMy B 3TOA SOHe. Ilpennoaoacau, xro CTaTHtIe

CKHH yposeas npOMblBOtIHOH }l{H)l.KOCTH B CKBa}l{HHe nepen cnycxox 

(SypHJIbHblX Tpy6 HaXO)l.HTCH aa fJIy6HHe hy OT YCTbH. ECJIH )l.PYfHX 
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npoxauaeaux nJIaCTOB B CKBa}l{HHe He BCKpblTO, TO nJIaCTOBOe )1.88

'. JIeHUe B nornomaiouiea SOHe 

Pun = Png (Zn-hy), 
f)l.e Zn - fJIy6HHa nO)l.OllIBbI 3TOA SOHbI. 

AaBJIeHHe na nOfJIOmalOmHH nJIaCT B KOHue 

Po = (Pu.phD +Pnph1) g, 
rne hi - BbiCOTa cToJI6a npO)l.aBOtIHOH }l{H)l.KOCTH 

I1s yCJIOBHH paBeHCTBa )l.aBJIeHHH HaXO)l.HM 

h >= Pn (zn - hy ) - Prs.. phn
 
1 PuP •
 

06'beM nOpUHH npO)l.aBOtIHOH }l{H)l.KOCTH 

Unp = 0,25nd~hl' 

(10.2) 

ueMeHTHpoBaHHH 

(10.3) 

B CKBa}l{HHe. 

(10.4) 

(10.5) 

nOCJIe SaKatIKH npO)l.aBOtIHOH }l{H)l.KOCTU 6ypHJIbHble Tpy6b1 non-

HHMalOT HS CKBa}l{HHbI. ECJIH sees 06'beM Unp cpaay aaxaxars B 

CKB8}1{HHY, BblCOTa cToJI6a npO)l.aBOtIHOH }l{H)l.KOCTH OKa}l{eTCH SHa

tIHTeJIbHO 60JIblile hI> a )l.aBJIeHHe aa sacoe npessrcar nJIaCTOBOe B 

nornomarouteii SOHe. Bo Hs6e}l{aHHe 3TOfO neaecooopasno CHatIaJIa 

aaxauars nopUHIO 06'beMOM Unp-U(). T (U6. T - 06'beM, saHHMaeMblH 

ytIaCTKOM 6ypHJIbHOH KOJIOHHbI )l.JIHHOH hi). OCTaJIbHYIO }l{e xacrs 
npO)l.aBOtIHOH }l{H)l.KOCTH CJIe)l.yeT SaKatIHBaTb no Mepe nO)l.'beMa 

6ypHJIbHblX rpyri, 
B 60JIbIllHHCTBe CJIytIaeB B CKBa}l{HHe HMelOTCH He O)l.HH, a He

CKOJIbKO nponauaeaux fOpHSOHTOB C paaaaxa K03<p<PHUHeHTaMH 

aHOMaJIbHOCTH nJIaCTOBblX )l.aBJIeHHA. nOCJIe BCKpblTHH nornoutaio
meA: SOHbI HS fOpHSOHTOB C 60JIee BblCOKHMH K03<P<PHUHeHTaMH aHO

M8JIbHOCTH B cKBa}l{HHY HatIHHaeT nocrynars nJIaCTOBaH }l{H)l.KOCTb 

U aarex neperexars B noraomaiouiyto nopony. TaKHe neperoxa 
tIaCTO cnocoocrsyror paS}I{H}I{eHHIO H nazce nOJIHoMy pasauay TaM

nOHa}l{HOfO pacraopa H npenarcrsytor Ha)l.e}l{HOH HSOJIHUHH nOfJIO

meHHH. B 3TOM, BH)l.HMO, SaKJIlOtIaeTCH onaa HS OCHOBHblX npHtIHH 

lIHSKOH 3<p<peKTHBHoCTH nepsoa rpyrmu paSHOBH)l.HOCTeH uexeara
pOBaHHH SOH, xapaKTepHSYlOmHX~H Cp8BHHTeJIbHO 60JIblilOA HHTeH

CHBHOCTblO nOfJIOmeHHH. 
Ko BTOPOH fpynne OTHOCHTCH paSHOBH)l.HOCTH ueMeHTHpOBaHHH 

C npenaaparensaux pasoriuteaaea 30HbI nOfJIOmeHHH OT )l.PYfHX 

npoanuaexsrx nopon C noxomsto paSJIHtIHblX naxepos H pasneaa

TeJIbHblX np060K. no xaaepaorpaxxe i:IaXO)l.HT ytIaCTOK CTBOJIa C HO

MHHaJIbHblM naaxerpoe 6JIHS KpOBJIH noraomaiouiea SOHbI. 

B CKBa}l{HHY )1.0 9TOfO ysacrxa cnycxator KOJIOHHy 6ypHJIbHblX Tpy6, 

na HH}I{HeM KOHue KOTOpoA nonaeuren pas6ypHBaeMblH naxep (puc. 

93). nOCJIe BOCCTaHOBJIeHHH UHpKyJIHUHH npOMblBOtIHOA }l{H)l.KOCTH B 

Tpy6b1 cepacusaior pasoypaaaeaua urap 7, KOTOpblH, )l.OCTHrHyB 

naxepa, ca)l.HTCH na ceano 8 H aaxpsrsaer npoxon )l.JIH }l{H)l.KOCTH. 

B peayasrare )l.aBJIeHHe B rpyoax noasnnaercs, npOMblBOtIHaH ]KHD.· 
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KOCTb xepes orsepcrna 6 npoxonar B 3a30p Me}l{n:y xopnycox 2 
naxepa H ynJIOTHHTeJIbHbIM 3JIeMeHTOM 4, KOTOpbIH, pacmapaacs, 
nJIOTHO npaxcaxaercs K CTeHKaM CKBa}l{HHbI. OpH noasnuenaa nas
JIeHHH B rpyriax UPHM~PHO aa 5 MOa KaJIHOpOBaHHbIe llITH<!>TbI 9 

G 

9 

7 
8 

It 

5 

PRe. 93. Pa36ypRBaeMblil 
naxep 

cpesatorcs, cenao 8 BbiTaJIKHBaeTCH H3 
Kopnyca 2 H n:aBJIeHHe B Tpyoax nan:aeT. 
OpH CHH}I{eHHH n:aBJIeHHH B rpyoax KJIa
nanu 5 3aKpbIBaIOT OTBepCTHH 6, npeztor

,~ij 

apauiaa BbITeKaHHe }l{Hn:KOCTH H B03Bpa
uieaae ynJIOTHHTeJIbHorO 3JIeMeHTa 4 B HC
xonnoe nOJIO}l{eHHe. Ilocae naxeposxa B 
0ypHJIbHbIe TPYObi 3aKa'lHBaIOT Heooxon:H
MbIH OOeeM TaMnOHa}l{HOrO pacraopa, 
OCBOOO}l{n:aIOT pa3n:eJIHTeJIbHYIO npooxy H 
npOTaJIKHBaIOT ee BHH3 nponaaosnoa }l{H)J.
KOCTbIO. OpH noasnuenan n:aBJIeHHH B oy
PHJIbHbIX rpytiax na 5-6 MOa nOCJIe no
can:KH npooKH 3 Ha BepxHee cen:JIO Kopny
ca 2 saxaxxy nponaso-moa }l{Hn:KOCTH npe
xpauiaror, BpaIJ..I.eHHeM snpaao OTcoen:HHH
IOT nepeaozmax 1 B HH}I{HeH JIeBOH pessoe 
OT xopnyca 2 naxepa H rpyou non:HHMaIOT. 
OaKep C npooKoH 3 npenHTCTByeT nepeTO
xy }l{Hn:KOCTH H3 sepxnax nanopnux ropn :~j 

30HTOB B 30Hy nOrJIOmeHHH no KOHua ne
f'O' 

paona TBepn:eHHH raxnoaaacaoro pa
crsopa. 

Heooxon:HMbIH OOeeM TaMnOHa}l{HOrO pa
crsopa onpeztensnor, KaK H B npensnryurex 
caysae, OnbITHbiM nyrex no pe3YJIbTaTaM 
npenaapurensnoro HCCJIen:OBaHHH norno
IJ..I.aIOmeH 30HbI. B rex CJIy'laHX, xoraa HH

TeHCHBHOCTb nOrJIOmeHHH ouens BeJIHKa, 'IaCTO n:o aaxana uexen
THpOBaHHH B paccaarpaaaeayio 30Hy HaMbIBaIOT rpyo03epHHCTbIH 
3aKynopHBaIOIJ..I.HH MaTepHaJI H TaKHM cnocoeox n:06HBaIOTCH pe3
xoro YMeHbllIeHHH HHTeHCHBHOCTH nOrJIOmeHHH. UeMeHTHpOBaHHe 
C HCnOJIb30BaHHeM naxepos HBJIHeTCH ropaano 60JIee 3<!><!>eKTHBHbIM 
cnocoeox H30JIHUHH 30H norJIOIJ..I.eHHH, He}l{eJIH 6e3 HHX. 

ECJIH B CKBa}l{HHe HMeeTCH HeCKOJIbKO 30H nOrJIOIJ..I.eHHH, HX MO}l{
HO H30JIHpOBaTb nOCJIen:OBaTeJIbHO CHH3Y asepx, OTn:eJIHH nOCJIen:yIO
IJ..I.YIO OT npen:bIn:YIJ..I.eH pa30YPHBaeMbiM naxeposr; npa 3TOM K nexea
THpOBaHHIO nOCJIen:yIOmeH MO}l{HO npacrynari, no OKOH'IaHHH uexeu
THpOBaHHH npensrnyuiea, He O}l{Hn:aH 3aTBepn:eHHH TaMnOHa}l{HOrO 
pacrsopa. OOCJIe 3aTBepn:eHHH TaMnOHa}l{HOrO pacrsopa naxep H 
ueMeHTHbIH xaxem, B CKBa}l{HHe pa36ypHBaIOT. 

Ka'leCTBO H30JIHUHH oueHHBaIOT nyrex onpeCCOBKH COOTBeTcTBy
IOIJ..I.eH 30HbI nOCJIe pa30ypHBaHHH naxepa H KaMHH. ECJIH ObIJIO 
aaueMeHTHpOB8HO HeCKOJIbKO 30H; onpeCCOBbIBaIOT HX noposns, 
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cBepxy BHH3, nOcne pa30ypHBaHHSI naKepa H KaMHSI npOTHB COOT
BeTcTByIOmeH 30HbI, HO no pa36ypHBaHHH naxepa Han: nOCJIe)1.yIO
meH, HH}I{epaCnOJIO}l{eHliOH 30HoH. ,UJIH orIpeCCOBKH B cKBa}l{HHY 
cnycxaior 0ypHJIbHbIe Tpy6bI C rHn:paBJIHKO-MeXaHH'IeCKHM naxepox, 
KOTOpbIH YCTaHaBJIHBaIOT Han: accaenyexoa 30HOli. Onpeccosxy ue
JIeC006pa3Ho nposomm, rJIHHHCTbIM pacrsopox C MaJIOH BOn:OOT
n:a'leH, C03n:aBaH na CTeHKH CKBa}l{HHbI B HCCJIe)1.yeMoH 30He HaHOOJIb
IDee n:aBJIeHHe, xoropoe MO}l{eT B03HHKHYTb npa nOCJIen:YIOmHX one
paunsx. Ka'leCTBO H30JIHUHH MO}l{HO C'IHTaTb yn:oBJIeTBOpHTeJIbHbIM, 
eCJIH OOeeM }l{Hn:KOCTH, KOTOpbIH npHxon:HTCSI nonxasasars B TpyObI 
n:JISI nonnepscanaa nOCTOHHCTBa onpeCCOBO'lHOrO n:aBJIeHHSI aa BpeMH 
onpeCCOBKH, He npesocxonar cyuiecraeaao noreps, OOyCJIOBJIeHHbIX 
BOn:OOTn:a 'IeH. 

§ 75. 06CJle,ll,OBaHHe TeXHHlJeCKOrO COCTOSlHHSI CKBaJKHHbI 

,Ue<!>eKTbI B KpenJIeHHH CKBa>KHHbI MoryT ObITb CJIen:CTBHeM He
nOJIb30BaHHH opaKOBaHHbIx oocannux rpyo, napyurenna ueJIOCT
HOCTH TPYO H coen:HHeHHH non: B03n:eHCTBHeM 'Ipe3MepHO OOJIbllIHX 
ocesux narpysox, BbICOKoro H36bITO'lHOrO ,lI,aBJIeHHH HJIH HepaBHO
xepsoro aarpyaceana TPYO no nepaxerpy, asnoca oocazmux TPYO 
B npouecce oypenaa, HenOJIHorO 3aMelI..I.eHHH npOMbiBO'lHOH >KHn:
KOCTH raxnonaacaus paCTBopOM B 3aKOJIOHHOM npOCTpaHCTBe, 
nOrJIOmeHHH TaMnOHa}l{HOrO pacrsopa npn ueMeHTHpOBaHHH, BbICY
llIHBaHHH H paCTpeCKHBaHHH rJIHHHCTbIX nJIeHOK B npouecce KOH
TpaKUHH BH}I{YlI..I.erO, CY<!><!>03HH r JIHHHCTbIX KOpOK, TaMnOHa)KHOrO 
pacrsopa H KaMHH H npyrax npH'IHH. ,Ue<!>eKTbI B KpenJIeHHH MoryT 
ObITb OOHapY)KeHbI B nepaon O)KHn:aHHH 3'TBepn:eHHH raxnoaazc
noro pacrsopa, npn nposepxe repMeTH'IHOCTfi oocan:HOH KOJIOHHbI H 
xasecraa ueMeHTHpOBaHHH, npa n:aJIbH~HllIeM yrJIyOJIeHHH CKBa)KH
HbI, a TaK}I{e B nepaon OCBoeHHH H 3KcnJIyaTaUHH ee. YCJIOBHO ace 
n:e<!>eKTbI KpenJIeHHH MO)KHO KJIaCCH<!>HUHpOBaTb na TaKHe rpynnu: 
a) )1.e<!>opMaUHH oocan:HOH KOJIOHHbI, CBH3aHHbIe C H3MeHeHHeM 
<!>OPMbI ee nonepe-moro Ce'leHHH (BMHTHHbI, CnJIIOIJ..I.HBaHHe) JIHOO C 
napyureanex CnJIOIllHOCTH (OOpbIB B TeJIe HJIH B peasrie}: 0) nerep
MeTH'IHOCTH TPYO H coe.QHHeHHH, HeCBH3aHHbIe Cnapyurenaex CnJIOllI
HOCTH KOJIOHHbI; B) n:e<!>eKTbI B ueMeHTHOM KaMHe (rpeuiaau; 
cen:HMeHTaUHOHHbIe H CY<!><!>Y3HOHHbIe K8HaJIbI; HenOJIHOTa 3aMeIJ..I.e
HHH npOMbIBO'lHOH )KHn:KOCTH H T. n.): r) OTcyTcTBHe uexearuoro 
KaMHH B HHTepBaJIe, nonaexcasmex ueMeHTHpoBaHHIO. 

,UJIH onpenenenaa xapaxrepa H MeCTOnOJIO}l{eHHH n:e<!>eKTOB He
OOXOn:HMO oOCJIe)1.0BaTb COCTOHHHe CKBa)KHHbI. ECJIH HaJIH'IHe ne
<!>eKTOB BbIHBJIeHO nOCJIe nOJIy'leHHH npHToKa H3 npon:yKTHBHoro 
nJIaCTa, CKBa)KHHY rvrymar, 3aKa'lHBaH TaKyIO npoauao-myio }l{Hn:
KOCTb, 'ITOObI B nepaon pexonra nJIaCT He Mor ObITb cyuiecraenuo 
3arpH3HeH. 

'uJIH onpen:eJIeHHSI ,lI,e<!>eKTOB nepBoii rpynnbI OObI'IHO HCnOJIb3y
IOT llIaOJIOHbI H nexara. Illatinon npen:CTaBJIHeT eoooH MeTaJIJIH'Ie
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CKHH U.HJIliU.lJ.p C ueatpaJIbHblM npOMbIBOqHblM KaH8JIOM; na UH21meM 
TOpU.e llIa6JIOHa HMeeTCH CJIOa MHrKOrO MeTaJIJIa (KaK npaBHJIO, 
CBHHu.a) TOJII..lI.HHOH no 15 MM, a aa 60KOBOH nosepxaocra - R<eJI06, 
nOKpblT~H TaKHM R<e MeTaJIJIOM. JKeJI06 CJIyR<HT .n.JIH roro, qT06b1 
llIa6JIOH He xor 3aKJIHHHTbCH B 06ca.n.HoH KOJIOHHe B cay-rae nenana
HHH MeJIKHX MeTaJIJIHqeCKHX npenxeros, 

Ilenara 6b1BaIOT nJIOCKHe H KOHycHbIe. HHR<HHH TOpu.OBaH H 60
KOBaH nOBepxHocTH neqaTH nOKpbITbI CJIOeM MHrKoro MeTaJIJIa TOJI
I..lI.HUOi'! 15-25 MM. no OCH nexara HMeeTCH npoxonaon npOMbIBOq
HIllH KaHaJI. ';1· 

Illatinon (nesars) cnycxaior B CKBf!R<HHY Me.n.JIeHHO npa nOMO

I..lI.H KOJIOHHbI rpyo, nenpepusao Ha6JIIO.n.aH aa nOKa3aHHHMH HH.n.H

xaropa seca. Ilepen nocanxon llIa6JIOHa (nexara) aa npenHTCTBHe
 
CKBaR<HHy Tl..lI.aTeJIbHO npOMbIBaIOT. ECJIH llIa6JIOH non narpysxoa
 
20-30 KH He npoxoztar BHH3, ero no.n.HHMaIOT H3 CKBaR<HHbI, OCMaT

pHBaIOT H HaMeqaIOT nJIaH .n.aJIbHeHllIHX 06CJIe.n.OBaHHH.
 

C noxomsro nexara, HMeIOl..lI.eA TOJICTbIH CJIOH MHrKoro MeTaJIJIa, 
MOR<HO nOJIyqHTb rJIy60KHH CJIe.n. roro npenxera, KOtOpbIH HBJIHeTCH 
npenHTCTBHeM .n.JIH npo.n.BHR<eHHH ee BHH3. no TaKHM ornexarxaa ':~;

;?Cy.n.HT 0 q,opMe nOBepXHOCTH, C KOTOpOH conpaxacanacs aexart; Ilpa
 
nOMOI..ll.H nJIOCKOH nenara BbIHCHHIOT nOJIOR<eHHe npenHTCTBHH B CKBa

R<HHe. KOHycHaH neuars HCnOJIb3yeTcH ·.n.JIH oneaxa HaJIHqHH H xa

paxrepa BMHTHH B 06ca.n.HbIX rpytiax H B q,HJIbTpe.
 

. I 
50JIee .n.OCTOBepHbIe naaaue 0 COCTOHHHH 06ca.n.HoH KOJIOHHbI '.~' 

MOR<HO nOJIyqHTb nyrea q,OTorpaq,HpOBaHHH. .IJ.JIH 3TOH U.eJIH CJIy- -" 
R<aT cneuaaasaue CKBaR<HHHbIe q,OToannapaTbI, cnycxaeasre na xa
6eJIe. <1>oTorpaq,HpOBaHHe B03MOR<HO noxa TOJIbKO B cnyuae, eCJIH 
CKBaR<HHa 3anOJIHeHa npospauaof R<H.n.KOCTbIO. n03TOMY nepen q,o
rorpadmpoaaaaex He06xo.n.HMO BCIO CKBaR<HHy" HJIH, no KpaHHeH Me
pe, yqaCTOK, no.n.JIeR<aI..ll.HH 06CJIe.n.OBaHHIO, 3anOJIHHTb npoapa-nroa , 
R<H.n.KOCTbIO. .\1 

J
.IJ.JIH BH3yaJIbHOrO o(')CJIe.n.OBaHHH COCTOHHHH BHyTpeHHeH noaepx

HOCTH oocannoa KOJIOHHbI MOR<eT 6b1Tb HCnOJIb30BaH8 TaKR<e CKBa
R<HHHaH q,OTOTeJIeBH3HOHHaH yCTaHOBKa. 

MeCTOnOJIOR<eHHe nerpexron BTOpOi'! rpynnu MOR<HO onpenenars 
;j; 

C noxoutsio reoq,H3HqeCKHX MeTo.n.OB, paccxarpnaaexux B xypce }~ 

«npOMblCJIOBaH reotpaanxa», H ru.n.paBJIHqeCKHX. fH.n.paBJIHqeCKHe 
MeTo.n.b1 OCHOBaHbI Ha H3MepeHHH pacxo.n.a HJIH .n.aBJIeHHH R<H.n.KOCTH 
B KOJIOHHe asnue H HHR<e ynacrxa C nerpexraaa. ECJIH HaJIHqHe 
ueq,eKTOB 06HapyR<eHO nOCJIe nepq,opau.HH KOJIOHHbI HJIH pa36ypH
BaHHH uexearaoro CTaKaHa B HeH, npenaaparensao ssnue 30HbI 
q,HJIbTpa YCTaH8BJIHB8IOT u.eMeHTHbIH MOCT. PaCCMOTpHM HeKOTO
pue H3 rH.n.paBJIHqeCKHX MeTo.n.OB. 

B KOJIOHHy, YCTbe KOTOpOH repMeTH3HpOBaHO nOCJIe cnycxa pac
xonoxepa C sepryurxoa, HarHeTaIOT aony, TaK KaK B KOJIOHHe HMe
IOTCH HerepMeTHqHOCTH, nona .n.BHR<eTCH BHH3 no Tpy6aM no .n.e
rpexruux MeCT H sepes HerepMeTHqHOCTH BblTeK8eT B 3aKOJIOHHOe 
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npOCTpaHCTBO. Bo BpeMH HarHeTaHHH BO.n.bI C nocToHHHOH no.n.aqeA 
• pacxonoxep nepeueuiaror C nocToHHHOH C!WPOCTbIO no KOJIOHHe Tpy6 

H perHCTpHpyIOT 06beMHyIO CKOpOCTb TeqeHHH R<H.n.KOCTH. Iloxa npa
60p Haxo.n.HTCH HHR<e nerpexraoro yxacrxa, ero nOKa3aHHe 3aBHCHT 
TOJIbKO OT CKOpOCTH nepeaeurenas H OCTaeTCH cTa6HJIbHblM. Buuie 
R<e nerpexraoro yxacrxa nOKa3aHHe npnoopa 3aBHCHT He TOJIbKO OT 
CKOpOCTH nepeaeuieaas ero, HO TaKR<e OT pacxona HarHeTaeMOH BO
.n.bI. MeCTOnOJIOR<eHHe nerpexraoro 'yuacrxa onpenensror no anrep
BaJIy rJIy6HH, B KOTOpOM CYl..ll.eCTBeHHO H3
MeHHIOTCH nOKa3aHHH pacxonoxepa. 

MeCTO HerepMeTHqHOCTH MOR<HO 06Ha

pyR<HTb TaKR<e C noaoun.io MaHR<eTHOH
 
np06KH. TaKyIO npotixy BCTaBJIHIOT B 06

cazmyro KOJIOHHy, B KOTOpyIO 3aTeM na

rHeTaIOT sony B 06beMe, paaaox BHyTpeH
 1 
HeMy 06beMy KOJIOHHbI. no.n. .n.aBJIeHHeM 
BO.n.bI MaHR<eTHaH npooxa nepexeuraercs 
BHH3, noxa He npoliner sepea .n.eq,eKTHbIH 7 
yqaCTOK. 3aKOHqHB aaraeraaae BO.n.bI, 
CTpaBJIHBaIOT H3(')bITOqHOe .n.aBJIeHHe H, 6 
cnycKaH B KOJIOHHy rpY3 Ha MepHOM TpO
CHKe, H3MepHIOT rJIy6HHy, aa KOTOpOH a 
OCTaHOBHJIaCb nporixa.
 

Ilpn M8JIOH HerepMeTHqHOCTH KOJIOHHbI
 
.n.e¢>eKTHblH yqaCTOK MOR<HO 06HapyR<HTb
 lJ 
rryrex onpeCCOBKH C npHMeHeHHeM naxe
pa . .IJ.JIH sroro B 06Ca.n.HYIO KOJIOHHy aa 
6YPHJIbHbIX rpyoax cnycxaior naxep, ycra J 
HaBJIHBaiOT ero nocepennae .n.JIHHbI KOJIOH 5 
Hbi H nOCJIe repxernaanan MeR<KOJIOHHOrO 
rrpOCTpaHCTBa B nocnenaee HarHeTaIOT 'I 
sony, noauuras .n.aBJIeHHe aa YCTbe no 5
10 Mna. ECJIH B reseaae 30 MHH .n.aBJIeHHe 
He CHHR<aeTCH, CqHTaIOT, qTO aerepxeras

PHC. 94. Cxexa caxoyn
HbIH yqaCTOK aaxonarcs B HHR<HeH nOJIO aoruatouteroca ranpasaa
BHHe KOJIOHHbI. n03TOMY .n.aBJIeHHe CTpaB '1eCKOrO naxepa 
JIHBaIOT, naxep cnycxator H yCTaHaBJIHBa
lOT nocepennae HHR<HerO yxacrxa 06ca.n.HoH KOJIOHHbI, a 3aTeM 
BHOBb orrpeCCOBbIBaIOT aannaxepaoe MeR<KOJIOHHoe rrpOCTpaHCTBO. 
ECJIH .n.aBJIeHHe npa onpeccosxe nanaer, HerepMeTHqHbIH yqaCTOK 
pacnonoscea MeR<.n.y nepaux H BTOPbIM CeqeHHHMH, B KOTOpbIX 
YCTaH8BJIHBaJIH naxep. CTpaBJIHBaIOT .n.aBJIeHHe B MeR<KOJIOHHOM 
rrpOCTpaHCTBe, yCTaHaBJIHBaIOT naxep nocepennae aerepverasuoro 
ysacrxa H BHOBb orrpeCCOBbIBaIOT MeR<KOJIOHHOe npOCTpaHCTBo. TaK, 
nOBTOpHH orrpeCCOBKH, nocrenenao coxpauiaior .n.JIHHy roro yxacr
xa, B npenenax xoroporo Haxo.n.HTCH HerepMeTHqHOCTH. Onepaumo 
06bIqHO CqHTaIOT 3aKOHqeHHoH. xorna .n.JIHHa yxacrxa COKpanIT<;51 
.n.o 10-15 M. 
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Cxexa onaoro 113 naxepos, acnonsayexux .nJIH 06Hapy)KeHlI5I 
MeCTa HerepMeTHqHOCTH B 06Ca.nHoi'I KOJIOHHe, noxasaaa ua pac. 94. 
Ilaxep cnycxaror C OTKpbITOH MaH)KeTOH 1, xorna nopurens 2 na
XO.nHTCH B KpaHHeM HlI)KHeM rrOJIO)KeHHH OTHOCHTeJIbHO UHJIHH.npa 3. 
DpllYBeJIlIqeHlIH rH.npaBJIHqeCKOrO .naBJIeHHH B Me)KKOJIOHHOM npo
crpaacrse nan naxepox peaauosaa MaH>KeT3 1 paCIIlHp5leTCH, nJIOT
HO npH)KHMaeTCH K 06ca.nHoH KOJIOHHe H pasoomaer nannaxepnoe 
npocrpaucrso OT nonnasepaoro. JJ.JIH oCB060)K.neHHH naxepa B 6y
pllJIbHbIe Tpy6bI copacuaaior map 4 H aaxauaaarcr )KH.nKOCTb. Illap 
ca.nHTC5I na cenno B UlIJIlIH.npe 3, saxpuaaa npn .9TOM oceson npo
XO.nHOH KaHaJI. Harneraenas B Tpy6bI )KH.nKOCTb xepes 60KoBbIe OT
BepCTHH 5 B CTBOJIe 6 aurexaer B nOJIOCTb uanannpa 3 H .naBHT na 
nopurens 2 canay: npa 3TOM nopurens 11 KO)KyX 7 nepeueutarcrca 
asepx OTHOCHTeJIbHO UHJIlIH.npa 3, MaH)KeTa C)KlIMaeTC5I 11 BXO.nllT B 

. KO)l{yX. B MOMeHT nonxona nopums K xpaitueay sepxueay nOJIO)Ke
HHIO cpaoaruaaer cronopnoe yCTpOi'ICTBO 8, orpauauaaatouiee XO.n 
nopums 11 npenorapauiaromee BOaMO)KHOCTb caMonpOHaBOJIbHOrO 
oCB060)K.neHHH MaH)KeTbI npa nozn-eue naxepa. 

JJ.eepeKTbI rpersen H ueraeproa rpyrrrr onpenensror C noxomuo 
reoqiaaasecxax MeTo.nOB, nyreu onpeccosxa aaueMeHTHpoBaHHoro 
npocTpaHcTBa nOCJIe paa6ypHBaHHH ueMeHTHoro CTaKaHa B rrpOMe
)KYTOqHoi'I KOJIOHHe, a TaK)Ke nyrex HarHeTaHlI5I nopuan aKTlIBlIpO
BaHHoH BO.nbI B aaueMeHTlIpoBaHHbIH lIHTepBaJI qepea CrreUHaJIhHbIe 
oraepcrna, npocrpeneaaue B occannoa KOJIOHHe nporas nenpo
uauaexoa noponu, H nocnenytoiuero rrpOCJIe)KHBaHlI5I nyrea .nBIl
>KeHHH STOH BO.nbI C nostoutsto reorpnaasecxoa annaparypsr. 

§ 76. Cnocotia peaoaraoro ueMeHTHpoBaHHSI 

UeJI5IMlI pexoaruoro ueMeHTHpoBaHHH HB.TIHIOTeH: a) JIHKBlI.na
UHH rpeuma H KaHaJIOB B ueMeHTHOM KaMHe, no KOTOpbIM nJIaCTO
BaH )KlI.nKOCTh (raa) MO)KeT neperexars 113 OJlHOrO ropnsonra B 
zipyroa HJIH B aruoctpepy; 6) ycrpaneane xpynnsrx nerepxeras
HOCTeH B 06CaJlHOH KOJIOHHe; B) cosnaaue pasoouiaroumx .9KpaHOB 
Me)K.ny npo.nYKTlIBHbIM II BO.nOHOCHbIMH ropH30HTaMlI. 

Ilpexcne, qeM npacrynars K peuoarnoxy ueMeHTHpOBaHlIlO C 
uensto JIHKBII.naUHlI rpeutan 11 KaHaJIOB B ueMeHTHOM KaMHe, He06
XOJlllMO orrpenenars nOJIO)KeHHe JleepeKTHoro yxacrxa 11 aanpaareane 
JlBlI)KeHlIH )KlIJlKOCTH B HeM, OqllCTlITh KaHaJIbI 11 rpeuianu OT rps
3H II OCTaBwei'IcH npOMbIBOqHOH >K1I.nKOCTH H ouenars B03MO>KHYIO 
lIHTeHClIBHOCTh TeqeHHH )KlIJlKOCTH rro HHM. ECJIH He06xoJllIMOCTh 
peMOHTHoro ueMeHTlIpOBaHlIH BbIHBJIeHa JlO nepepopaUllll 06CaJlHOii 
KOJIOHHbI B 30He rrpo.nyKTHBHoro rrJIaCTa, JlJIH OqHCTKH KaHaJIOB B 
ueMeHTHOM KaMHe 11 nocnenyiomero 3arrOJIHeHlIH HX TaMrrOHa)KHbIM 
paCTBopOM rrpOTHB nenponauaexoa noponsi HeMHoro auure KpOBJIH 
nnacra, H3 xoroporo )KlI.nKOCTh .nBH)KeTCH saepx no JleepeKTHoMy 
yxacrxy, rrp06HBalOT KyMyJIHTlIBHbIM nepdioparopox HeCKOJIhKO 
~eCHTKOB OTBepCTHH Ha ytIaCTKe JlJIHHOH 1--2 M. ECJIlI HerepMeTlIq

~~~ 

" 
HOCTh uexenraoro KaMHH otinapyscena npa onpeccosxe aauexenra
poaanaoro npocrpancraa aa rrpOMe)KyTOqHOH KOJIOHHOH (CM. § 70), 
npOCTpeJIHBaTh CneUllaJIbHbIe oTBepCTH5I B KOJIOHHe qaCTO He Tpe
6yeTC5I: OqHCTKY KaHaJIOB 11 sanoaueaae lIX TaMnOHa)KHblM pacrso
pOM MO)KHO ocymecrsars nepea OTKpbITbIH HlUKHIIH KOHeu .9TOH KO
JIOHHbI. ECJIlI He06xoJlllMOCTh peaonrnoro ueMeHTHpOBaHH5I BhIHBJIe
Ha nOCJIe rrepepopaUlili 3KCrrJIyaTaUHoHHOH KOJIOHHbI npOTHB npo
JlyKTHBHoro nJIaCTa, B HeH npllxo.nllTCH np06HBaTh .nonOJIHHTeJIbHO 
HeCKOJIhKO JleCHTKOB OTBepCTHH, sepea xoropue MO)KHO 6YJleT OtIlI
CTlITb xaaansr B JleepeKTHOM ynacrxe 11 aauexearapoaan, IIX. Taxae 
OTBepCTHH np06HBalOT npOTlIB HenpOHlIuaeMoi'I nOpOJlbI HeCKO.llbKO 
auure KpOBJIIi nponyxrnanoro nJIaCTa, 1I3 xoroporo nJIaCTOBaH >KIIJl
KOCTh (ras) JlBII)KeTC5I asepx rro 3aKO.llOHHOMY npocrpancrsy 1I.II1I B 
KOTOphiH nparexaer BOJla 1I3 sepxaero BOJlOHOCHOro ropasoara, JIll
60 HeCKOJIhKO ssnue KpOBJIH HlI)KHerO BOJlOHOCHOro ropaaonra, H3 
xoropcro BOJla nocrynaer B npOJlYKTIIBHbIH nnacr. B cnynae aeoo
XOJlllMOCTlI npocrpena TaKlIX oraepcrna asnue axcnayarauaoasoro 
epHJIhTpa, ytIaCTOK .9KCnJIyaTaUlloHHoH KO.llOHHbI B 30He epllJIhTpa 
06bltIHO aanOJIH5IIOT neCKOM, a HaJl epllJIhTPOM YCTaHaB.IIIIBaIOT ue
MeHTHbIH MOCT. 

PeMoHTHoe ueMeHTHpOBaHlIe, KaK npaBIIJIO, CBH3aHO C He06xoJlH
MOCThlO C03JlaHlI5I BbICOKoro .naB.IIeHHH B rrepllo.n HarHeTaHlI5I TaM
nOHa)KHOrO pacrsopa B KaHaJIbI nerpexrnoro yxacrxa H nonnepxca
HH5I raxoro JlaB.IIeHII5I B nepaon TBepJleHlI5I pacrsopa. Cyutecrayer 
HeCKOJIbKO cnocotios pevonrnoro ueMeHTlIpOBaHH5I. PaCCMOTpHM He
xoropue 113 HHX. 

Ileuentupoeanue ties naxepa. B .9KCII.IIyaTaUIIOHHYIO KOJIOHHy zo 
HH)KHHX OTBepCTlIH (11.1111 aa 5--7 M HH)Ke ax) cnYCKalOT KO.llOHHY 
aacocao-xoanpeccopnax rpyti; na BepXHlIH KOHen; .9TOi'I KO.llOHHhI 
HaBlIHtIlIBalOT ueMeHTlIpOBoqHYIO rO.llOBKY C nOKa3bIBalOIll.HM H pe
mCTpHpylOIll.IIM MaHOMeTpaMII, a Me)KKOJIOHHOe npOCTpaHCTBO rep
MeTlI3HPYlOT npeaearopox. B nacocno-xoarrpeccopnere TPy6bI saxa
tIlIBalOT sony, npoauaaror CKBa)KlIHy, a 3aTeM, aaxpsrs xpaa na BbIKlI
Jle npesenropa, narneraror BOJlY xepea OTBepCTlI5I, nporiarue B ocean
HOH KOJIOHHe, B 3aKOJIOHHOe npOCTpaHCTBO 11 rtnarensno npoxuaa
lOT rpeumasr II xanana B ueMeHTHOM KaMHe; npn .9TOM perncrpa
PYIOT 06beMHylO CKOpOCTb HarHeTaHlI5I aoztsr II JlaB.IIeHlIe aa YCTbe. 
ECJIlI lIHTeHClIBHOCTh UllPKYJI5IUHlI oneas Ma.lla, anorna BMeCTO BOJlbi 
3aKaqllBalOT nopUli1O BOJlHOrO paCTBopa HHrH6HpOBaHHOH COJIHHOA 
KIICJIOTbI, naior B03MO>KHOCTb eH npopearaposars C noponon 1I ue
MeHTHhiM KaMHeM B rpemanax II KaHaJIaX, a 3aTeM sepes 10--15 q 

rurareasno YJla.ll5lIOT nponyxru peaKUHH 113 nJIaCTa B CKBa)KHHY, 
BbIaBaB JlJIH sroro nparox 113 BOJlOHOCHOro ropasonra. B HeKOTophIX 
CJIytIa5lX OqllCTKY KaHaJIOB B ueMeHTHOM KaMHe uauaaaror C auso
ea nparoxa as BOJlOHOCHOro ropH30HTa. 

Ilocne OqllCTKlI KaHaJIOB B ueMeHTHOM KaMHe onpenensror lIH
TeHClIBHOCTh 3aKOJIOHHOH UHpKyJI5IUHlI no CKOpOCTlI HarHeTaHlIH BO
Jlbl H JlaBJIeHlIlO na YCTbe II B 3aBliCliMOCTH OT see peuraror sonpoc 0 
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He06xo.ll.HMOM 061ieMe TaMnOHa)KHOrO pacrsopa H pe)KHMe B.blTeCHe
HHH ero B aaKOJIOHHOe npOCTpaHCTBO. 

3aTeM B KOJIOHHy HaCOCHO-KOMnpeccopHblX Tpy6 npH OTKpblTOM 
KpaHe Ha BblKH.lI.HOH JIHHHH npeBeHTopa aaKaqHBaIDT paCqeTHblH 
06beM TaMnOHa)KHOrO pacraopa C MaJIOH BO.ll.OOT.lI.aqeH; npa nOM 
CKOpOCTb suxona )KH.lI.KOCTH as Me)KKOJIOHHOrO npOCTpaHCTBa xpa
HOM perynapytor TaK, qT06bJ- Ha6blTOqHOe .lI.aBJIeHHe B uexearapo
J;lOqHOH rOJIOBKe He nanano HH)Ke 0,2-0,5 MIla. KaK TOJIbKO HH)K
HHH rpaaaua TaMnOHa)KHOrO pacrsopa nonoaner na 100-150 M K 
HH)KHeMY KOHl.{y aacocao-xoanpeccopaux rpyo, xpaa na BblKH.lI.e 
npesearopa aaKphIBaIDT, a TaMnOHa)KHblH pacrsop xepes oTBepcTHH 
B 06Ca.ll.HOH KOJIOHHe BblTeCHHIDT B aaKOJIOHHOe npocrpaacrso. Ilpa 
BblTeCHeHHH TaMnOHa)KHOrO pacrsopa .lI.aBJIeHHe B l.{eMeHTHpOBOqHOH 
rOJIOBKe 6blCTpO pacrer; nQ Mepe pOCTa .lI.aBJIeHHH CKOpOCTb saxas
KH nponasosaoa )KH.lI.KOCTH B nacocao-xoanpeccopnae Tpy6bl 
YMeHbllIaIDT TaK, qT06bl .lI.aBJIeHHe He npeaumano nonycraxoro .lI.JIH 
06Ca.ll.HOH KOJIOHHbl. Ilpouecc BblTeCHeHHH npexpauiaror, KaK TOJIbKO 
BepxHHH rpaHHl.{a TaMnOHa)KHOrO paCTBopa npH6JIHaHTCH ua 100
150 MK HH)KHeMY KOHl.{y nacocao-xoxnpeccopaux rpyo JIH60 .lI.aBJIe
HHe nO.ll.HHMaeTCH .lI.O npeneasao nonycraxoro .lI.JIH 06Ca.ll.HOH KOJIOH
Hbl. Ilocne sroro aacocao-xoarrpeccopnue Tpy6bl nO.ll.HHMaIDT TaK, 
qT06bl HH)KHHH KOHel.{ HX OKaaaJICH aa 10-15 M BblllIe nepxnax OT
BepcTHH B 06Ca.ll.HOH KOJIOHHe, H cnoc060M 06paTHofi l.{HpKyJIHl.{HH 
BblMblBaIDT as CKBa)KHHbl HaJIHllIHHH 06beM TaMnOHa)KHOrO pacrso
pa. Ilocne aarsepneaas TaMnOHa)KHOrO pacrsopa paaoypasaror ne
MeHTHblH CTaKaH B 06Ca.ll.HOH KOJIOHHe H nposepmor ee repxeras
HOCTb. 

Ilpa 06paTHoH npoxuaxe H B nocJIe.ll.YIDIUHH nepaon raepnenaa 
TaMnOHa)KHOrO pacraopa B 06Ca.ll.HOH KOJIOHHe nO.ll..lI.ep)KHBaIDT nan
JIeHHe, JIHllIb npaxepao aa 0,5 MIla HH)Ke aaaauctuero .lI.aBJIeHHH 
npa BblTeCHeHHH TaMnOHa)KHOrO pacrnopa (cnocoo H. K. BaH6a
KOBa). 

Hnorna npa OTKpblTOM xpaae na BblKH.lI.e npesearopa B HaCOCHO
xoxnpeccopaae Tpy6bl aaKaqHBaIDT He TOJIbKO BCID nOpl.{I1ID raxno
Ha)KHOrO pacrsopa, HO H xacrs 06beMa nponanosuoa )KH.lI.KOCTH 
(aonu}. Ilocne BblpaBHHBaHHH yposnea TaMnOHa)KHOrO pacraopa, 

. B rpyriax H Me)KKOJIOHHOM npOCTpaHCTBe aaKaqKY . npexpa
maIDT, Tpy6bl npHnO.ll.HHMaIDT asnne ypOBHH TaMnOHa)K
noro pacraopa H, aaxpsra npesearop, HarHeTaIDT npo
.lI.aBOqHYID )KH.lI.KOCTb O.ll.HOBpeMeHHO B rpyria H Me)KKOJIOH-
Hoe npOCTpaHCTBO. BblTeCHeHHe TaMnOHa)KHOrO pacrsopa aaxaaxa
BaIDT, xorna B oocanaoa KOJIOHHe nan BepXHHMH OTBepCTHHMH OCTa
HeTCH JIHllIb He60JIbllIOH CTOJI6 ero (,...,10 M) JIH60 .lI.aBJIeHHe ,nOCTHr
HeT npenensaoro .lI.JIH oocanaux rpyo. Ilocne sroro cnococox 06
paraoil l.{HpKyJIHl.{HH CKBa)KHHY TmaTeJIbHO npovsmatcr H OCTaBJIH
IDT B noxoe .lI.JIH rsepneaas TaMnOHa)KHOrO pacrsopa. Ilpa npoxua
xe H raepnenaa nOJllJ.ep)KHB8IDT raxoe )Ke .lI.aBJIeHHe, KaK H npa ue
MeHTHpoBaHHH no cnocoey H. K. BaH6aKoBa. 
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. llesentupoeauue C U88AeK.aeMblM naxepon. B 06Ca.ll.HYID KOJIOH
Hy cnycxaior KOJIOHHy HacocHo-KoMnpeccopHbIX (HJIH 6YPHJIbHblX) 
Tpy6 C naxepox, aarrpaxep, rH.lI.paBJIHKO-MeXaHHqeCKHM, BHHay. Ec
JIH ropasonr, aa xoroporo BO.ll.8 nocrynaer B np0.ll.YKTHBHblA nJIaCT, 
pacnOJIO)KeH HH)Ke nocnennero, naxepoa repxeraaapyior yqaCTOK 
06Ca.ll.Hoii: KOJIOHHbl B CeqeHHH Me)K.lI.Y 3KCnJIyaTal.{HOHHblM <l>HJIbTpOM 
H BepxHHMH oTBepcTHHMH, np06HTblMH nan BO.ll.OHOCHblM ropasoarou, 
Ilocas naKepOBKH 8 HaCOCHO-KOMnpeccopHble Tpy6b1HarHeTaIDT BO-. 
.lI.Y, KOTopaH npOXO.ll.HT sepes OTBepCTHH B 06Ca.ll.Hoii: KOJIOHHe HH)Ke 
naxepa, nO.ll.HHMaeTCH no KaHaJIaM B l.{eMeHTHOM K3MHe .lI.O rrpoztyx
THBHoro nJIaCTa H xepea OTBepCTHH 3KCnJIyaTal.{HOHHoro<l>HJIbTP8 no" 
crynaer B Me)KKOJIOHHOe npOCTpaHCTBO ssnue naxepa, Ilocae rtna
TeJIbHOH npOMblBKH KaHaJIOB B l.{eMeHTHOM KaMHe B HaCOCHO-KOM
npeccopaue Tpy6bl aaKaqHBaIDT He06xo.ll.HMblH 06beM TaMnOHa)K
aoro pacrsopa H BblTeCHHIDT nOCJIe.ll.HHH B aaKOJIOHHOe npOCTpaHCT
BO. 3aTeM OCB0(0)K.lI.aIDT naxep, npHnO.ll.HHMaIDT ero aa 15-20 M 
auure 3KCnJIyaTal.{HOHHQrO <l>HJIbTpa H cnocoeoa 06paTHo1i: l.{HpKyJIH
lJ,HH TmaTeJIbHO npoMblBaIDT CKBa)KHHy. B nepaon npOMblBKH H no
cneztytoutero CXBaTblBaHHH H raepneans TaMnOHa)KHOrO pacraopa 
na YCTbe nOJllJ.ep)KHBaIDT Ha6blTOqHOe .lI.8BJIeHHe HeCKOJIbKO HH)Ke 
MaKCHMaJIbHOrO B nepaon l.{eMeHTHpoBaHHH. 

ECJIH l.{eJIbID pexoarnoro l.{eMeHTHpoBaHHH HBJIHeTCH JIHKBH.lI.a
l.{HH nparoxa B np0.ll.YKTHBHbIH nJIaCT sonu aa sepxaero rOpH30HTa 
HJIH KaHaJIOB H rpeunm, no KOTOpbIM rreperexaer ras B aepxaae ro
pasoaru HJIH B araoerpepy, oTBepcTHH B 06Ca.ll.HOH KOJIOHHe npoon. 
BaIDT HeCKOJIbKO auure KpOBJIH np0.ll.YKTHBHor9 nJIaCTa npOTHB He
npoaanaeaux nopozi, a naxep yCTaHaBJIHBaIDT ssrnre aepxnax OT
BepCTHH. B cay-rae raaOBOH CKBa)KHHbl rJIy6HHa ysacrxa 06Ca.ll.Hoii: 
KOJIOHHbl, B KOTOpOM np06HBaIDT oTBepcTHH, .lI.OJI)KHa Y.ll.OBJIeTBO
pars yCJIOBHID 

Z > PcI I'1.pu, (10.6) 

rne Pc- .lI.aBJIeHHe B aaxpsrrojr CKBa)KHHe, aanOJIHeHHo1i: raSOM. 
IlPH peMoHTHoM l.{eMeHTHpoBaHHH C naxepov HaH60JIbllIee .lI.aBJIe

HHe B nepaon BblTeCHeHHH TaMnOHa)KHOrO pacrsopa He .lI.OJI)KHO npe
BblllIaTb npeztensno zronycraaoro .lI.JIH HaCOCHO-KOMnpeccopHblX rpyd; 
OHO scerna .lI.OJI)KHO 6blTb MeHbllIe .lI.aBJIeHHH paapsrsa rropon aa ysa-
CTKe nepoopauaa. . 

IlOMe sarsepnemm TaMnOHa)KHOrO pacrsopa TpylSbl C naxepoe 
nO.ll.HHMaIDT aa .lI.HeBHyID nOBepXHOCTb, l.{eMeHTHblA KaMeHb pasdy
pHBaIDT, a 06Ca.ll.HyID KOJIOHHy ncnaruaaior aa repaerasaocrs. 

aeMeHTup08aHue C HeU38AeK.aeMblM naxepou, Onepanaa OTJIH
saercs OT paCCMOTpeHHOH asnue TeM, qTO nocne BblTeCHeHHH rajmo
Ha)KHOrO pacrsopa sepes rrepoopauaomrue oTBepcTHH 8 (pHC. 95) 
B SaKOJIOHHoe npocrpaacrao naxeposxy He aapyuiaio-, a KOJIOHHy 
HaCOCHO-KOMnpeccopHblX rpyo 4 apameaaex anp aso OT.lI.eJIHIDT OT 
naxepa 11, npHnO.ll.HHMaIDT H rrocae Tru8TeJIbHOA npOMblBKH CKBa)KH-
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PHC. 95. Cxexa peaoaraoro ueMtHTHpoBaHHII C HCnOJIb30B8HHeM HeH3BJIeK8eMOro 

naxepa:
 
a - rH,llpos6pS3HBHSlI DepljlopSL\HlI ,llJlll peuoaraoro L\eMeHTHpOBSHHR; 6 - DPOMblBKB KSHS

J10B B ,lleljleKTHoM L\eMeHTHOM KSMHe; 8 - OpO,llSBJlHBSHHe TSMDOHSlKHoro PSCTBOPS B aSKO'
 
J10HHble KSHSJlW; e - 06pSTHSlI OPOMblBKS 06CS,llHolI KOJlOHHbI H HSCOCHO-KOMopec~opHblX Tpy6
 
1- 06CS,llHSlI KOJlOHHS; 2 - L\eMeHTHbllI KSMeHb; 3 - CTeHKS CKBBlKHHbI; 4 - HSCOCHO-KOM

npeccopnue Tpy6b1; 5 - HeljlTeHocHbllI OJlSCT; 6 - DepljlopsL\HOHHble KSHSJlbI; 7 - rH,llpos6ps.
 
3HBHblII nepooparop: 8 - KSHSJI rH,llpos6ps3HBHolI nepdiopauaa: 9 - BO,lloHOCHbllI OJlSCT; 10

6e30DscHblII 3SMOK; II - HeH3BJleKSeMblII DSKep; 12 - 06psTHblII KJlSOSH; 13 - KSHSJI 3SKO

J1oHHolI L\HPKYJlllL\HH; 14 -TSMOOHSlKHbllI pSCTBOp
 

H~ cnOC060M 06paTHOH nHpKynHnHH HaBneKaIDT Ha ~HeBHYID no
BepXHOCTb. nnH nora acnonssyior cnenHanbHblH naxep 11 C 06paT
H~M uraposua xnanaaoa 12. Ilaxep coe~HHHIDT C HH)f{HHM KOHnOM 
KonOHHbI rpyf 4 C noxoutsio 6eaonacHoro saaxa 10. qT06~ yMeHb
lllHTb ranpaanasecxae conpornaneaas, npa cnycxe naxepa B CKBa
)f{HHy 06paTH~H xnanaa OCTaBnHIDT OTKpbITbIM. ll1ap xnanaaa aa
HHMaeT paoosee nonoaceaae B MOMeHT naxepoaxa. no OKOHtIaHHH 
onepauna 06paTH~H xnanaa aaxpunaercs, nosroxy B nonnaxep
HOH soae nasneaae npu OCB060)f{~eHHH HaCOCHO-KOMnpeccopH~X 
Tpy(S He CHH)f{aeTCH. Ilocne aarsepaeaaa TaMnOHa)f{HOrO pacrsopa 
naxep H neMeHTHblH CTaKaH B 06ca~HoA KonOHHe paaoypaaaior. 

Ilpa ~BH)f{eHHH no rpemaaax H xaaanax B neMeHTHOM KaMHe 
TaMnOHa>KHbln paCTBOp non Boa~eHCTBHeM 60nbllloro Ha6~TOtIHOrO 
~aBneHHH 06eaBO)f{HBaeTCH H npeapamaercs "B rpynnonpoxauaaae
MyID Maccy. qT06~ ~06HTbCH MaKCHManbHO nonaoro sanoaaeaaa 
xasanoa H rpeman B neMeHTHOM KaMHe, cnenyer acnoassosars 
TaMnOHa>KHble pacrsopu C ManOH BO~OOT~atIeH npa scex cnocooax 
peMOHTHoro neMeHTHpOBaHHH. 

Ilpn peMOHTHOM neMeHTHpOBaHHH pasnenarensasre np06KH, KaK 
npasano, He npHMeHHIDT; noaroxy TaMnOHa)f{HblH paCTBOp nepeue
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lllHBaeTCSI C npOM~BOtIHOA H npO~aBOtIHOA )f{H~KOCTHMH, tITO Hy)f{HO 
YtIHThlBaTb npn onpeneneaaa norpeonoro 06beMa pacrsopa. 06~tI
HO He06xo~HMblH olheM raxnoaaaororo pacrsopa paCCtIHThIBaIDT 
no <popMyne 

Vu..p = VI +V~+ u; (10.7) 

rae V1-06beM, He06xo~HM~A ~nSl aanoaaeaaa KaHanOB H rpeuiaa 
B ~e<peKTHOM yxacrxe aaxonoaaoro npOCTpaHCTBa; V2 - 06beM 
uexearaoro CTaKaHa, ocraanseaoro B 06ca~HOH KonOHHe; Vs 
06beM, pacxonyexuf aa 06paaOBaHHe CMeCH co CMe)f{HbIMH )f{H~KO
CTHMH. 

Hanexcaux cnocoooa pacsera O(SbeMOB VI H Vs HeT, nosroay 
ax onpe~eJIHIDT npH6nH)f{eHHIO C ytIeTOM HaKOnJIeHHOrO onara. 

§ 77. C03,lJ.aHHe uexearaoro axpana 

B sxcnnyarauaoanux CKBa)f{HHaX ~nH npeaorspameaas npesc
nespexeaaoro npopusa BO~~ as BO~OHaCblmeHHOH tIaCTH nnacra B 
He<pTeHac~meHHYID anorna coanaior pasoeurarounre uexearaae 3K
paau, nnH nora B 06ca~HYID xonoaay cnycxaior xonoaay HaCOCHO
xoxnpeccopaux Tpy6 Cnaxepox, KOTOP~H YCTaHaBJlHBaIDT aecxons
KO ssnue nnOCKOCTH BO~OHe<pTHHoro KOHTaKTa (BHK). Iloa naxe
pOM nexaoro suure BHK C noaomsio ranponecxocrpyaaon neprpo
pauaa cosnaior ropaaouransayio .rpeumay, B KOTOpyID aanaanaaa
IDT 50-100 MS aerprexaayraoa CMeCH, nH60 BHaKOH He<pTH, nH60 
rH~po<p06HOH Bo~oHe<pTHHoA 9MynbcHH, cTa6HnHaHpoBaHHoH nAB. 
nnH npenorspauieaas CM~KaHHH rpeumau nocne CTpaBnHBaHHH 
~aBneHHH B nocnenmoio nopunto CMeCH ~06aBnHIDT 1-2 T xpynao
sepaacroro necxa. Ilocne aa~aBnHBaHHH CMeCH C neCKOM B rpeum
ay xoaoaay aacocao-xoxnpeccopaax Tpy6 na YCTbe repMeTHtIHO 
aaxpuaaior H CKBa>KHHy OCTaBnHIDT B noxoe na CyTKH. B reseaae 
3THX CyTOK ~aBneHHe nOCTeneHHO cTpaBnHBaIDT ~o aTMOc<pepHoro. 
Ilocne CHHTHH Ha6blTOtIHOrO ~aBneHHH oCB060)f{~aIDT naxep H CKBa
)f{HHy ruiarensao npoM~BaIDT no aa60H. 

no OKOHtIaHHH npoM~BKH HH)f{HHH KOHen HaCOCHO-KOMnpeccop
H~X Tpy6 yCTaHaBnHBaIDT HeCKOJlbKO ssnue rpemaau ranpopaspu
aa H, acnonsays, nanpnxep, cnocoo pexoaraoro neMeHTHpoBaHHH C 
ueaaanexaexax naxepox, aa~aBnHBaIDT B rpeumay MaKCHManbHO 
B03MO)l{HblH 06beM TaMnOHa)f{HOrO pacrsopa: aarex oCB060)f{~aIDT 

Tpy6~ OT naxepa, BOCCTaHaBnHBaIDT 06paTHyID nHpKynHQHID, npo
MblBaIDT 06ca~HYID xononay H OCTaBnHIDT CKBa)f{HHY B noxoe. Ecna 
acnonsaytor npyroa cnocoo peaoaraoro neMeHTHpoBaHHH, B nepaon 
npoM~BKH H TBep~eHHH TaMnOHa)f{HOrO pacrsopa aa YCTbe nonaep
>KHBaIDT Ha6~TOtIHOe naaneaae aexaoro HH)f{e MaKCHManbHoro npa 
aa~aBnHBaHHH. Ilocne saraepnenas OCTaBlllHHCH B 06ca~HoH KonOH
ne neMeHTH~H CTaKaH paaoypaaaior C TaKHM paCtIeTOM, tITOQbI 
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HCKyccTBeHHhlA saooa OKaaaJICH XOTH 6h1 na 1-2 M asnne C08.D.aH
noro B rpeurane sxpaaa, H IIpOBepHIOT repMeTIf1IHOCTb CHHLKeHHeM 
ypOBHH LKH,ll.KOCTH (CM. § 69). 

3a,ll.aBJIHBaeMhlH B rpeuiaay TaMIIoHaLKHhlH pacrsop ,ll.OJILKeH 
IIOCJIe aaraepneaaaas otipaaoaars ueMeHTHhiH 3KpaH panaycoa 30 C'j 

50 M. CTOJIb rJIy60Koe IIpO,ll.BHLKeHHe B rJIy6b IIJIaCTa BoaMOLKHO 
JIHWb B TOM cnynae, eCJIH HCIIOJIbayeTcH TaMIIOHaLKHblH paCTBOp 

'{
C MHHHMaJIbHOH aonoornaxea JIH60 TaMIIOHaLKHhlH paCTBOp na He¢!
THHOA OCHOBe, IIpHrOTOBJIeHHhle aa TOHKO,ll.HCIIepCHoro nexeara. 

TaMIIOHaLKHhlH paCTBOp na HeqlTHHOii OCHOBe OT,ll.eJIHIOT OT IIPOMhI
BOlJHOH H IIpO,ll.aBOlJHOH LKH,ll.KOCTeH aa BO,ll.HOH OCHOBe IIOpUHHMH "\:'1 

6eaBO,ll.HOH yrJIeBO,ll.0p0,ll.HOH LKH,ll.KOCTH. 

" 
>·,i·f~1 

• :;~! 
t,·

'"i,1 

""i 
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!', fJlABA 11 

TEXHHKA 6E30nACHOCTH H 3AUJ.HTA
 
OKPY/KAIOUJ.EA CPE,llbl
 

.OT 3Arp5I3HEHH5I nPH 3AKAHqHBAHHH CKBA/KHH
 

Baxcaeanree YCJIOBHe 6eaOIIaCHOCTH pa60T IIpH aaKaHlJHBaHHH 

CKBaLKHHhI - nonnepzcanae aa 6ypOBOH H aoxpyr nee oopaanosoro 
nopsnxa H lJHCTOThI, xopouras OCBemeHHOCTb scex pa60lJHX MeCT H 

repparopaa, cHcTeMaTHlJeCKHH KOHTpOJIb aa acnpaaaocn,ro scero 

MeXaHHlJeCKOrO H 9HepreTHlJeCKOrO 060py,ll.OBaHHH H cBoeBpeMeHHoe 
ycrpaaenae ocaapysceaaux netpexroa. Bo Ha6eLKaHHe IIOLKapoB H 

-aapuaoa na 6ypOBOH H B6JIH3H nee C MOMeHTa aaxana pasoypaaa-

HHH ropH30HTOB, conepacauiax yraesonoponaue KOMIIOHeHThI, He 

paspeuraerca xypars, HCIIOJIbaOBaTb 9JIeKTpOMOTOpbl, .D.BHraTeJIH H 
npyroe 060py,ll.OBaHHe, IIpH paoore KOTOphiX B03HHKalOT acxpu, He 

.D.OJILKHO 6h1Tb HCTOlJHHKOB orxpsrroro orna. Ha 6ypOBOH H n06JIH

30CTH OT nee ,ll.OJILKeH HaXO,ll.HTbCH npenycxorpeaaua IIpaBHJIaMH 

KOMIIJIeKT IIOLKapHhlX HHcTpyMeHToB, BKJIlOlJaH neaaue oraeryurare
JIH H sanae IIeCKa. 

'§ 78. TexHHKa oe30hacHocTH npa BCKpblTHH H onpOOOBaHHH 

npO.D.yKTHBHblX ropH30HTOB H OCBoeHHH CKBalKHH 

Ha paccxarpaaaexsrx 9TaIIax aaKaHlJHBaHHH MoryT BoaHHKHyTb 
OIIaCHOCTH, CBH3aHHbie C nepexemenaex THLKeCTeH IIpH CIIyCKO
IIO,ll.'beMHbIX OIIepaUHHX; C BhlCOKHMH ,ll.aBJIeHHHMH aa YCTbe CKBaLKH

HhI, B KOJIOHHe 6YPHJIbHhlX HJIH HaCOCHO-KOMIIpeccopHbIX Tpy6, B 
IIJIaCTOHCIIhlTaTeJIe H IIp0600T60pHHKe; C HCIIOJIbaOBaHHeM TOKCHlJ

HhiX KOMIIOHeHTOB ,ll.JIH 06pa60TKH IIPOMhlBOlJHOH LKH,ll.KOCTH HJIH 
yJIylJWeHHH KOJIJIeKTOpCKHX CBOHCTB IIpO.D.yKTHBHoro IIJIaCTa; C IIpH
TOKOM IIJIaCTOBblX ¢!JIIOH,ll.OB, conepacauiax ropionae HJIH TOKCHlJHhle 

KOMIIOHeHThI; C HCIIOJIb30BaHHeM aspuaxarux aeutecrs ,ll.JIH nepqio
paUHH oticanmax KOJIOHH•• 

Ilpasana ·6eaOIIaCHOCTH, xoropue He06xo.D.HMO C06JIIO.D.aTb npa 

nepexemeaaa THLKeCTeH (IIO,ll.TaCKHBaHHe Tpy6, cIIyCKo-IIO.D.'beMHhle 
OIIepaUHH, CIIyCK H IIO,ll.'beM IIJIaCTOHCIIhlTaTeJIH H T. II.), ocaemena 
B xypce «TeXHOJIOrHH 6ypeHHH», a IIpH HCIIOJIbaOBaHHH BaphiBlJaThlX 

BemeCTB - B xypce «ilpOMbICJIOBaH reotpasaxa». HaH60JIee BhlCO
KHe aarpysxn aa nom.exayio sacrs 6ypoBoro o60py,ll.OBaHHH Boa
HHKaIOT, IIO-BH,ll.HMOMy, IIpH oCBo60LK,ll.eHHH naxepa IIJIaCTOHCIIblTa
TeJIH IIOCJIe oIIp06oBaHHH. il09TOMy IIepe,ll. oIIp06oBaHHeM IIJIaCTa 
He06xo,ll.HMO TmaTeJIbHO IIpOBepHTb HcIIpaBHOCTb Bcero 060py,ll.OBa

flHH H yCTpaHHTb ,ll.e¢!eKThI, a 6ypHJIbmHKOB IIpOHHCTpyKTHpoBaTb 0 
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npe~e~bHO ~onycTHMOa HarpysKe npH nO~~eMe KO~OHHW. ll~HHY 
BepXHeH 6YPH~bHOH Tpy6w nepe~ naKepOBKOH n~aCTOHCnWTaTe~H 
Hy>KHO OTperY~HpOBaTb TaK, 'IT06w 6w~0 y~06HO H 6eSOnacHO yn
paanars KpaHOM BWCOKOrO ~aB~eHHH aa BepT~IO>KHOH rO~OBKe. 

)

llo aaxana pa60T YCTbe CKBa>KHHbI ~O~>KHO 6bITb repaerasapo
BaHO npOTHBOBW6poCOBWM 060pY~OBaHHeM, paeoxee naaneaae KO
roporo BWIIIe HaH60~bIIIero O>KH~aeMOro ~aB~eHHH B cnyuae sanon
HeHHH CKBa>KHHW H KO~OHHW rpyti n~aCTOBbIM ep~IOH~OM. Ilpa BCKpbI
THH H onp060BaHHH n~aCTa TaKHM 060pY~OBaHHeM HB~HIOTCH npe
BeHTopHaH yCTaHoBKa H 06paTHWH K~anaH B 6ypH~bHWX Tpy6ax, 
YCTbeBOH MaHHepO~b~ C BepT~IO>KHOH rO~OBKOH, a npHOCBoeHHH H 
HCnbITaHHH - epOHTaHHaH apxarypa. Ilepen yCTaHoBKOH npOTHBO
Bw6poCOBoe 060pY~OBaHHe cnenyer onpeccoaars: ~aB~eHHe onpec
COBKH ~O~>KHO COOTBeTCTBOBaTb npotiaoxy, yxaaaaaoay B nacnopre 
060pY~OBaHHH. Ilocne MOHTa>Ka npOTHBOBbI6poCOBoro ooopynosa
HHH aa YCTbe raSOBOH H~H paSBe~OlJHOH CKBa>KHHW npOHSBO~HTCH 

nOBTopHaH onpeccosxa BOS~YXOM, a aa YCTbe HeepTHHOH CKBa>KH
HbI - BO~OH aa naanenae, cooraercraytoutee npOlJHOCTH 06ca~HOH 
KO~OHHW aa paapua, BYPOBbie pyxasa H aeprvnor npn onp060BaHHH 
nnacra MO>KHO HcnO~bSOBaTb TO~bKO B cnyxae, eC~H O>KI'I~aeMOe 

' ... 

Hs6bITOlJHOe naaneaae B 6ypH~bHWX rpyoax y yCTbH 6y~eT MeHbIIIe 
nonycraxoro ~~H 3THX yS~OB. 

06BHSKa npesenropoa ~O~>KHa 06eCnelJHBaTb BOSMO>KHOCTb KaK 
npHMOH, TaK H 06paTHOH npOMblBKH CKBa>KHHbI non Hs6bITOlJHWM 
~aB~eHHeM, n~aBHoro CTpaB~HBaHHH H36b1TOlJHOrO ~aB~eHHH Ha 
ycrse, a TaK>Ke aaxeau BblIIIe~IIIero HS CTpOH npesearopa HOBWM 
6e3 paarepxeraaatraa ·CKBa>KHHbI. BWKH~Hwe ~HHHH OT npesenropos 
~O~>KHW HanpaB~HTbCH no npHMOH B npOTHBOnO~O>KHWe CTOpOHW; 
na HHX He paapeuraercs ~e~aTb nOBopOTbI, TaK KaK 3TO MO>KeT cno
C06CTBOBaTb ycxopeaaoxy HSHOCy rpyf neCKOM, co~ep>KaW:HMCH B 
nOTOKe BblXO~Hw:eH H3 CKBa>KHHbI >KH~KOCTH (rasa). Ha Ka>K~OH 
~HHHH YCTaHaB~HBaIOT ~Be 3a~BH>KKH, paCClJHTaHHbIe aa raxoe >Ke 
naaneaae, KaK H npeaenropu: pesepsnaa H patiosan: Me>K~y 3a
~BH>KKaMH ~O~>KeH 6WTb YCTaHOB~eH MaHOMeTp, paCClJHTaHHblH aa 
MaKCHMa~bHoe O>KH~aeMOe ~aB~eHHe aa YCTbe. 3a~BH>KKH Hy>KHO 
YCTaHaB~HBaTb TaK, lJT06b1 noztxozt K HHM scerna 6bIn cB060~eH; 

';~-~:

HX sanpeuiaercs pasaeuran, non nO~OM 6ypOBOH H YK~a~b1BaTb na 
seM~IO. Llenecooepaaao TaK>Ke aa BbIKH~HblX ~HHHHX CTaBHTb nar
lJHKH, xoropue nonasana 6w CH~bHWH 3ByKOBOH caraan B cnyxae 
nOBblIIIeHHH ~aB~eHHH ~O onacaoro npenena, a aa aBapHHHOH ~H
HHH - npenoxpanareasaua xnanaa, OTKpbIBalOW:HH ee, KaK TO~bKO' 

nasaeuae y YCTbH npH6~H3HTCH' K ypOBHIO. onacaoxy ~~H npOlJHO
CTH 06ca~HOH KO~OHHW, H~H K Be~HlJHHe, npa KOTOpOH naaneaae aa 
CTeHKH OTKpWToro Y'l(lCTKa CKBa>KHHW 6y~eT 6~H3KO K ~aB~eHIUO 
paapuaa noponu. 

BblKH~Hble Tpy60npoBO~W BWBO~HTCH K 3eM~HHWM aM6apaM, 
coopyscaexux C nO~BeTpeHHOH CTOpOHbI, B~a~H OT npOe3R<HX ~O· Ipor, ~HHHH snexrponepenas, >KH~bH H MeCT, rne pa60TalOT ~BHraT~

~H sayrpeaaero cropaaas, na paccTOHHHH He MeHee 100 M OT CKBa
. >KHHbI. Ha KOHlI,e rpyoonpoaona YCTaHaB~HBaIOT CTOHK BWCOTOH He
 

MeHee 10 M ~~H CR<HraHHH ra3a. Bce BWK'tf~HbIe ~HHHH ~O~>KHW
 
HMeTb He60~bIIIoH YK~OH OT CKBa>KHHW, 06eCnelJHBalOW:HH C~HB
 

>KHAKOCTH caMOTeKOM. I1x YK~a~bIBaIOT aa cneuaansasre CTOHKH

onopu H xpensr TaK, lJT06w BH6pall,HH, BOSHHKalOW:He npa epoHTa

HHpoBaHHH CKBaR<HHbI. He CKa3WBa~HCb aa npOlJHOCTH H He xoraa
 
npHBeCTH K pa3pyIIIeHHIO ~HHHH. 

ll1TypBa~w ynpaB~eHHH npeBeHTopOM H~H nY~bTa ynpaB~eHHH 
cnenyer BbIBO~HTb B nerxo nocrynaoe MeCTO, B CTOpOHy OT YCTbH 
CKBa>KHHW He xenee lJeM aa 10M. Han IIITypBa~aMH yrrpaaneana 
~O~R<eH 6bITb cnenaa aasec H3 ~OCOK TO~W:HHOH He MeHee 50 MM 
co cTeHKoH, oripauteaaoa B CTOpOHy CKBa>KHHbI. Ha CTeHKe nepen 
KaR<~WM IIITypBa~oM MaC~HHOH xpacxoa HaHOCHTCH crpenxa, yxa
SWBalOw:aH aanpaaneaae spameaas IIITypBa~a ~~H saxpuraa npe
senropa, a lI,HeppaMH - lJHC~O 060pOTOB, aeooxonaxoe ~~H nonaoro 
saxpurns. TOH >Ke xpacxoa aa IIITYPBa~e H CTeHKe HaHOCHTCH MeT
KH, COBMew:eHHe KOTOpbIX coorsercrayer nO~HoMY OTKpWTHIO npe
senropa. 

B npouecce 6ypeHHH KOHlI,eBbIe 3a~BH>KKH aa BbIKH~HbIX ~HHHHX 
~O~>KHbI 6bITb 3aKpbITbI, a SaABH>KKa aa BbIKHAe B OlJHCTHYIO CHCTe
My OTKpbITa. 

Ha nepaon rona C OTpHlI,aTe~bHOH rexneparypon aosnyxa npe
BeHTopHaH yCTaHoBKa AO~>KHa 6bITb yrenneaa. 

Hcnpasaocn, npOTHBOBbI6poCOBoro 060pY~OBaHHH He06xo~HMO 
KOHTPO~HpOBaTb He pe>Ke oAHoro pasa sa BaxTy nyTeM 3aKpwTHH 
H OTKpbITHH npesearopoa H Sa~BH>KeK; exceaenensao cnenyer npo
BepHTb HaAe>KHOCTb 60~TOBWX Kpen~eHHH H HcnpaBHocTb 60KOBWX 
OTBOAOB npeaearopoa, epOHTaHHOH apxarypu H cenaparopoa. 

Ha paccxarpaaaeaux sranax SaKaHlJHBaHHH CKBaR<HH MoryT 
BOSHHKaTb ra30HeepTenpOHB~eHH5LBn~OTb no Bw6poCOB H OTKpbITbiX 
epOHTaHOB. BaR<HWMH npoepH~aKTHlJeCKHMH MeponpHHTHHMH, aa
npaaneanuxa aa npenorapauteaae TaKHX OC~O>KHeHHH npa BCKpbI
THH nnacra, HB~HIOTCH: KOHTPO~b n~OTHOCTH >KH~KOCTH, BWXO~H' 

w:eH H3 CKBaR<HHbI, C nOMOW:blO aBTOMaTHlJeCKOrO n~OTHOMepa; 

KOHTPO~b ypOBHH R<H~KOCTH B npaexaux eMKOCTHX 6ypOBWX aaco
COB C nOMOW:blO ~aTlJHKa. KOTOpbIH nonaaan 6bI CH~bHbIH 3ByKOBOH 
CHrHa~B c~YlJae onaCHoro H3MeHeHHH ypOBHH; aBTOMaTHlJeCKHH 
KOHTPO~b rasOCO~epR<aHHH npOMblBOlJHOH R<HAKOCTtf; 060pY~OBaHHe 
OlJHCTHOH CHCTeMbI BbICOKonpOH3BOAHTe~bHbIMH BaKyyMHwMH nera
saTopaMH; CHCTeMaTH'IeCKHH KOHTPO~b MeXaHHlJeCKOH CKOpOCTH 
npOXO~KH. 

3aMeTHoe YBe~HlJeHHe MeXaHHlJeCKOH CKOpOCTH ~POXO~KH npH 
pa36ypHBaHHH r~HHHCTWX nopon H aprH~~HTOB, nepexpsmaioutax 
ra30HeepTeHaCbIIUeHHbIe n~aCTW, MO>KeT C~YR<HTb npH3HaKOM BCKpW
THH opeona BTOp>KeHHH B 30Hax A.Bnll. Bo Hs6e>KaHHe Bw6poCOB 
BOCCTaHaB~HBaTb npOMbIBKY CKBa>KHHbI nocne ~~HTe~bHoro npo
CTOH (aanpnuep, nocne CMeHW ~O~OTa, no OKOH'IaHHH aaxpuroro ne
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paona Onp060BaHHH H T. n.) CJIe,lI.yeT TOJIbKO npn repMeTH3HpOBaH
HOM YCTbe. Orxpuaars npesearop MORmo He panee, lJeM nOCJIe nep
aoro ~HKJIa ~HPKYJIH~HH, y6e,lI.HBIlIHCb, tITO ,lI.aBJIeHHe aa YCTbe CKBa
)f{HHbI arxoctpepsoe. 

B cay-rae, eCJIH BO BpeMH 6ypeHHH HatIaJIHCb ra30npOHBJIeHHe 
HJIH nepenns )f{H,lI.KOCTH sepea orxpsrroe yCTbe, He06xo,lI.HMO aaxpsrrs 
YHHBepCaJIbHblH npesearop, HHTeHcH4>H~HpoBaTbnpOMbIBKY, nepao
,lI.HtIeCKH pacxaxcaaars H nposopannaan, 6ypHJIbHble Tpy6bI H TIna
TeJIbHO neraaapoaars npoxaaouayto )f{H,lI.KOCTb. DPH onaCHOCTH BbI
6poca ayacao saxpsrrs BepxHHH nJIallietIHblH npesearop, npenna
~HTeJIbHO npHnO,lI.HHB 6ypHJIbHylO KOJIOHHy TaK, tIT06b1 aan pOTOpOM 
OKa3aJIaCb 6ypHJIbHaH rpyoa, H npoausars CKBa)f{HHY, C03,lI.aBaH 
npOTHBO,lI.aBJIeHHe aa ycrse, a npa He06xo,lI.~MOCTH - YTH)f{eJIHH 
npOMblBOtIHyIO )f{H,lI.KOCTb, ,lI.0 nOJIHOrO ycnoxoeaaa CKBa)f{HHbI. 

DocJIe S8KpblTHH npeBeHTopa npH ra30He4>TenpOHBJIeHHH He06
XO,lI.HMO CJIe,lI.HTb aa TeM, tIT06b1 na reppnropaa, npnaeraiomea K 
CKBa)f{HHe, He nOHBHJIHCb rpH4>OHbI. DPH nOHBJIeHHH rpH4>OHOB HY)f{
HO nOCTeneHHO CHH)f{aTb npOTHBO,lI.aBJIeHHe aa BbIKH,lI.e npesearopoa,r _He nonycxaa, O,lI.HaKO, nOHH)f{eHHH ypOBHH )f{H,lI.KOCTH B CKBa)f{HHe H 

6ypHJIbHOH KOJIOHHe. 
DJIaCToByIO )f{H,lI.KOCTb, BbIXO,lI.HIl{YIO H3 CKBa)f{HHbI npn ra30He4>,f!' ~" 

TenpOHBJIeHHH, BOCCTaHOBJIeHHH npOMbIBKH xepea ~HPKYJIH~H

OHHblH KJIanaH npa onp060BaHHH, npn OCBoeHHH HJIH acnuraana, 
He06xo,lI.HMO cooapari, B 3eMJIHHble aM6apbl, ynanenaue OT 6ypOBOH, 
a neryxae KOMnOHeHTbI, conepacaiuaecs B ~nOH :>KH,lI.KOCTH, cenapa
posars H czcarari, B 4>aKeJIe. 

CJIe,lI.yeT. ITOMHHTb, tITO aexoropue KOMnOHeHTbI, conepacauiaeca 
B nJIaCTOBbiX 4>JIIOH,lI.8X (yraesonoponaue raau, CepOBO,lI.OpO,lI. H npy
rae}, a raxxce aexoropue XHMHtIeCKHe pearearu, acnonsayeaue ,lI.JISI 
06pa60TKH npoxuaoumax )f{H,lI.KOCTeH (nanpaxep, KCCB, xpOMnHK, 
OK3HJI H ,lI.pyrHe) HJIH ,lI.JIH yBeJIHtIeHHH npOHH~aeMOCTH npHCTBOJIb
HOH 30HbI nponyxraaaoro nJIaCTa (uanpaxep, COJIHHaH KHCJIOTa), 
TOKCHtIHbI, MoryT asrsusars O)f{OrH npn nonananna aa KO)f{y H CJIH
3HCTble 060JIOtIKH tIeJIOBeK8, OTpaBJIeHHe HJIH yrrynn,e. B cnynae npa
MeHeHHH TOKCHtIHblX XHMHtIeCKHX peareHTOB nepCOHaJI He06xo,lI.HMO 
06eCnetIHTb cneuonescnof H aaJl.l,HTHblMH OtIKaMH H npoaacrpyxrapo
aan, npaBHJIaM 06pameHHH C TaKHMH BeIl{eCTBaMH. ,UJIH npenornpa
Jl.I,eHHH HeCtIaCTHbiX CJIYtIaeB, CBH3aHHblX C HaJIHtIHeM B rrJIaCTOBbIX 
4>JIIOII,lI.aX apennux KOMnOHeHTOB, Heo6xo,lI.HMO KOHTpOJIHpOBaTb 
ypoaeas 3ara30BaHHOCTH soxpyr CKBa)f{HHbI, KOMITOHeHTHblH COCTaB 
r-aaa, He ztonycxars npesuurenas nonycraxux HOpM KOH~eHTpa~HH 

spenaux ra30B B arxocrpepe, Ha 6ypOBOH ,lI.OJI)f{Ha 6bITb aIITetIxa 
C Ha60pOM aeotixonaxsrx Me,lI.HKaMeHTOB, a nepCOHaJI ,lI.OJI)f{eH 6b1Tb 
o6ytIeH nOJIb30BaHHIO HMH. ECJIH )f{e ypoaem, 3ara30BaHHOCTH rrpe
auuraer HOpMY, nepCOH8JI 6pHra,lI.b1 ,lI.OJI)f{eH 6b1Tb 06eCnetIE!H COOT
BeTcTBylOJl.I,HMH acnpaaaaxa nporuaoraaaxu, aa pa60TOH ero He06
XO,lI.HM rrocToHHHblA KOHTpOJIb K~aJIH4>H~HpoBaHHoro Me,lI.H~HHCKoro 
pa60THHKa H ra3011rraCaTiJIbHOH: 6pHra,lI.bI. 

29i 

. PH,lI. Y3JIOB o6opy,lI.OBaHRSI npa onepauanx rro 3aKaHtIHBaHHIO CKBa
)f{HH MO)f{eT HaXO,lI.HTbCH non BbiCOKHM ,lI.aBJIeHHeM. D03TOMY nepco
HaJI 6pHra,lI.b1 ,lI.OJI)f{eH 6b1Tb 06ytIeH 06paIl{eHHIO C TaKHMH Y3JIaMH. 
TaK, OTcoe,lI.HHHTb BepTJIIO)f{HyIO rOJIOBKy (a npa ee OTCyTCTBHH 
Be,lI.yIl{YIO Tpy6y C xpaaox BbICOKoro ,lI.aBJIeHHH) OT 6ypHJIbHOH: KO
JIOHHbI rrOCJIe orrp060BaHHH nJIaCTa MO)f{HO TOJIbKO rrOCJIe CTpaBJIH
BaHHH H36bITOtIHoro ,lI.aBJIeHHH B rpyoax; ortiapars npoou rrJIaCTO
aoro 4>JIIOH,lI.a H3 rrp0600T6opHHKa CJIe,lI.yeT TOJIbKO C noxomsro crre
~HaJIbHbIX yCTpOHCTB, npenaaaaaseauax ,lI.JIH 3TOH ~eJIH, rrOCKOJIbKY 
B HeM coxpaaaerca sucoxoe ,lI.aBJIeHHe. Ilpescne, tIeM pasoapan, 
nJIaCTOHCrrblTaTeJIb HJIH rrp0600T60pHHK no OKOHtIaHHII onpooosa
HHH, He06xo,lI.HMO xepea npe,lI.OXpaHHTeJIbHbIH BeHTHJIb CTpaBHTb H3

6b1TOtIHOe ,lI.aBJIeHHe. 
DJIOTHOCTb 60JIbllIHHCTBa yrJIeBO,lI.0p0,lI.HblX ra30B H ceposonopona 

60JIbilie rrJIOTHOCTH aosnyxa. 3TH KOMrrOHeHTbI MoryT CKarrJIHBaTbCH 
B rrOHH)f{eHHbIX ytIaCTKaX MeCTHOCTH, KOJIO,lL~ax; B aaxpsrrsrx H no
ayaaxpurux rrOMeIl{eHHHX H T. rr. D03TOMY ace MeCTa, rne xoryr na
XO,lI.HTbCH JIIO,lI.H, ,lI.OJI)f{Hbi XOpOIliO H rrOCTOHHHO rrpOBeTpHBaTbCH. 

B cay-rae B03HHKHOBeHHH orxpsrroro 4>oHTaHa He06xo,lLHMO npex
paTHTb rro,lI.atIy 3JIeKTp03HeprHH Ha 6ypOBylO, OCTaHOBHTb ,lI.BHraTe
JIH, rrOTYIlIHTb see ronxa na repparopaa, npaneraxnuea K CKBa)f{H
He, aanperars ,lI.BH)f{eHHe rpaacnopra H neurexonos, rrOJIb30BaHHe 
orxpuru« oraex H xypeaae, auaaars MallIHHbI noscapaoa oxpaau 
H npaaars xepa K c60py )f{H,lI.KOCTH, H3JIHBaIOIl{eHCH H3 CKBa)f{HHbI. 
o "HatIaBllieMCH 4>oHTaHHpoBaHHH 6ypHJIbIl{HK 06H3aH HeMe,lL.1CHHO 
C006Il{HTb pyKOBO,lI.CTBy npennpaaraa 'J: 6ypOBOMy MacTepy. ,Uo npn
6b1THH na 6ypOByIO MacTepa HJIH CTapllIHX Crre~HaJIHCTOB npennpas
THH 6ypHJIbIl{HK B03rJIaBJIHeT patioru rro JIHKBH,lI.a~HH 4>oHTaHHpo

BaHHH. 
,UJIH pa60TbI no JIHKBH,lI.a~HH 4>oHTaHa pa60tIHX CJIe,lI.yeT ooecne

tIHTb cneuonezcnos H3 aenpoxoxaexoro MaTepHaJIa, nporaaorasa
MH, acnpasmra HHcTpyMeHToM, He ,n:alOIl{HM npn ynapax IfCKpbl. 
B 6e30rraCHOM MeCTe, rr06mf30CTH OT 6ypOBOH, Hy)f{HO C03,lLaTb Me
,lI.H~HHCKHH rrOCT, cHa6)f{eHHbIH Me,lI.HKaMeHTaMH ,lI.JISI OKa3aHHH no
MOIl{H nOJIytIHBIlIHM TpaBMbI HJIH nOCTpa,lI.aBIlIHM OT O)f{OrOB, OTpaB
JIeHHH H ynyursa H caHHTapHbIM TpaHCITOpTOM. 

Pa60TaMH no JIHKBH,n:a~HH 4>OHTaHa ,lI.OJI)f{eH pyKOBO,lI.HTb onur
HblH Cne~HaJIHCT, Ha3HatIeHHbIH pyKoBO,lI.HTeJIHMH 6ypoBoro npen

npHHTHH. 

§ 79. TexHHKa 6e30nacHocTH npa xpenneuaa 
H ~eMeHTHpoBaHHH 

DPH KpenJIeHHH H ~eMeHTHpoBaHHH CKBa)f{HH MoryT B08HHKHYTb 
onaCHOCTH, CBSl3aHHble C nepesreuieaaex TH)f{eCTeH, cBHHtIHBaHHeM 
rpyo B KOJIOHHy, BbICOI<HMH ,lI.aBJIeHHHMH npa BbiTeCHeHHH TaM no
Ha)f{HOrO pacrnopa B 3aKOJIOHHOe npoCTpaHCTBO, C O,lI.HOBpeMeHHoH 
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"---~ 

paOOTOH OOJIbUlOrO tIHCJIa MaUlHH ua CpaBHHTeJIbHO HeOOJIbUlOH
 

nnouranxe B03JIe CKBaJKHHbI, C HCnOJIb30BaHWeM TOHKO,lJ.HCnepCHblX
 

TaMnOHaJK:HblX MaTepHaJIOB, XHMHtIeCKHX pearearos, a HHOr,lJ.a TaK


JK:e pa,lJ.HOaKTHBHblX H30TonOB.
 

Bee oocanuax KOJIOHH aaxnoro OOJIbUle aeca OypHJIbHOH KOJIOH

HbI, npHMeHSIeMOH ,lJ.JISI oypeHHSI CKBaJKHHbI. n03TOMY ,lJ.0 aauana 

cnycxa OOca,lJ.HoH KOJIOHHbI HeOOXO,lJ.HMO TlI.J,aTeJIbHO npoaepars HC

'npaBHOCTb MeXaHHtIeCKOrO H saeprerasecxoro oOopY,lJ.OBaHHSI, KO

JlOHHOH rOJIOBKH, KOHTpOJIbHO-H3MepHTeJIbHOH annaparypsr, H30JISI

UHH 3JIeKTpOKaOeJIeH, 3JIeKTpOnpOBO,lJ.KH, CHCTeMbI 3a3eMJIeHHSI; npa

rO,lJ.HOCTb oOopY,lJ.OBaHHSI ,lJ.JISI HCnOJIb30BaHHSI npH Tex Harpy3Kax, 

xoropue xoryr B03HHKHYTb BO BpeMSI cnycxa, paCXaJKHBaHHSI H ue

MeHTHpOBaHHSI KOJIOHHbI; npaBHJIbHOCTb UeHTpHpOBaHHSI BbIUlKH, 

TaJleBOH CHCTeMbI; npaBHJIbHOCTb yCTaHoBKH nO,lJ.BeCHOH JIIOJIbKH ,lJ.JISI 

nOMOmHHKa OypHJIbII.J,HKa; COOTBeTCTBHe nnaurex B npenearopax 

,lJ.HaMeTpy cnycKaeMoH 06Ca,lJ.HOH KOJIOHHbI. PYKOBO,lJ.HTeJIb paOOT H 

OypHJIbII.J,HK, paOOTalOlI.J,HH y TopM03a JIeOe,lJ.KH, ,lJ.OJlJKHbI 3HaTb Be

JIHtIHHy npe,lJ.eJIbHO ,lJ.OnycTHMoH Harpy3KH Ha TaJIeBylO cHcTeMy H 

BblUlKY H BeJIHtIHHy npenensao nonycraaoro HaTSIJKeHHSI ,lJ.aHHOH KO

JIOHHbI csepx ee seca B JKH,lJ.KOCTH. Bee BH,lJ.bI oOopy,lJ.OBaHHSI, OOBSI3

KH, HHcTpyMeHTa, xoropue xoryr OKa3aTbCSI non HanpSIJKeHHeM, 

,lJ.OJIJKHbI ObITb Ha,lJ.eJKHO H30JIHpOBaHbI H 3a3eMJIeHbI. 

Cnycxars oocanaae rpyfisr B CKBaJKHHy CJIe,lJ.yeT C nOMOlI.J,blO 

cnaanepos HJIH KJlHHbeB; cnycxars na 3J1eBaTOpax paspeuraerca 
TOJIbKO B CJIytIae KpaHHeH HeOOXO,lJ.HMOCTH (HanpHMep, npH onac

HOCTH nOBpeJK,lJ.eHHSI TPYO cyxapaxa KJI'tlHbeB). CBapHBaTb TpyObl 

nan YCTbeM CKBaJKHHbI MOJKHO JIHUlb npa nOJIHOM OTCyTCTBHH rasa

pOBaHHSI npOMblBOtIHOH JKH,lJ.KOCTH. BbillOJIHSITb TaKHe paOOTbI xoryr 

TOJIbKO CBapII.J,HKH, HMelOlI.J,He paspenrenae KOTJIOHa,lJ.30pa aa npOH3

BO,lJ.CTBO OTBeTCTBeHHOH CBapKH. 

Ilpa cnycxe KOJIOHHbI HeOOXO,lJ.HMO KOHTpOJlHpOBaTb HaJIHtIHe 

ypOBHSI JKH,lJ.KOCTH Y yCTbSI CKBaJKHHbI, nJIOTHOCTb H ra30CO,lJ.epJKaHHe 

BblTeCHSIeMOH JKH,lJ.KOCTH, a npn npOMeJKyTOtIHbIX npoxusxax - TaK

JKe COOTBeTCTBHe npyr ztpyry paCXO,lJ.OB 3aK~tIHBaeMOH H BblXO,lJ.SIlI.J,eH 

JKH,lJ.KQCTeH. B cay-rae nOSIBJIeHHSI npH3HaKOB ra3HpOBaHHSI IlpOMbI

BOtIHOH JKH,lJ.KOCTH HeOOXO,lJ.HMO saxpurs npesearop, yCHJIHTb HHTeH

CHBHOCTb npOMbIBKH, 3aMeHHTb rasapoaaaayio JKH,lJ.KOCTb CBeJKeH 

YTSIJKeJIeHHOH B TOH tIaCTH CKBaJKHHbI, KY,lJ.a yxce cnyuteaa KOJIOHHa, 

H 3aTeM MaKCHMaJIbHO yCKOpHTb cnYCK OCTaJIbHOH ee tIaCTH. 
.IJ.0 aaxana ~eMeHTHpOBaHHSI uexear H ,lJ.pyrHe nopourxootipas

nsre MaTepHaJIbI, 1l0TpeOHbIe ,lJ.JISI onepauaa, ,lJ.OJIJKHbI OblTb aarpyxce

HbI B oyHKepbl CMeCHTeJIbHbIX MaUlHH. nepCOHaJI, KOTOpblH 3aHSIT aa 

TaKHX norpyso-mo-paarpyso-max patiorax, HeOOXO,lJ.HMO OOeCnetIHTb ..: 
IlPOTHBOllbIJIeBbIMH pecnaparopaxa, KOMOHHe30HaMH H cneunans

HbIMH OtIKaMH, 3alI.J,HII.J,alOII.J,HMH ,lJ.blXaTeJlbHble IlYTH H rnaaa OT nona

,lJ.aHHSI nblJIH H npyrax spenaux BelI.J,eCTB. BpalI.J,alOII.J,HeCSI Y3JIbI CMe

CHTeJIbHblX MaUlHH ,lJ.OJIJKHbI ObITb aaxpuru Ilpe,lJ.OXpaHHTeJIbHbIMH 

KOJKyxaMH HJIH peurerxaua. 
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B ueMeHTHpOBOtIHOH onepauan OObItIHO yxacrnyer MHoro Ma

IlIHH. OOBSI3Ka 3THX MaUlHH MeJK,lJ.y COOOH H C YCTbeM CKBaJKHHbI 

,lJ.OJIJKHa OblTb BbIIlOJlHeHa TaK, tITOOM noaxon ,lJ.JISI OOCJIyJKHBaIOlI.J,erO 

nepcoaana ObIJI CBoOO,lJ.eH. MeJK,lJ.y pyKoBO,lJ.HTeJIeM pa60TbI H MaUlH

HHCTaMH, 3aHSITblMH aa CMeCHTeJIbHbIX MaUlHHax, ueMeHTHpOBOtIHbIX 

arperarax H y OypOBbIX HaCOCOB, ,lJ.OJIJKHa ObITb yCTaHOBJIeHa H8

,lJ.eJKHaSI CHCTeMa CBSI3H. C reppnropaa, rne pacnOJIOJKeHO ueMeHTH

pOBOtIHOe oOopY,lJ.OBaHHe, ,lJ.OJIJKHbI OblTb ynaaeau see MaTepHaJIbI H 

npenxeru, He acnonssyeaue npa ueMeHTHpOBaHHH. 060pY,lJ.OBaHHe, 

paCIlOJIOJKeHHOe aa nnarrpopnax MaUlHH, ,lJ.OJIJKHO ObITb 3aKpenJIeHO 

H He ,lJ.OJIJKHO MeUlaTb pariore MaUlHHHCTa H CJIeCapSI. Bee aBTOMa

IlIHHbI ,lJ.OJIJKHbI ObITb pacnOJIOJKeHbI KaOHHaMH B CTOpOHy, npOTHBO

1l0JIOJKHylO OT CKBaJKHHbI, a nozrseanaste nYTH ,lJ.JlSI HHX - CBOOO,lJ.

uu, BbIXJIOIlHbIe TpyDbI ,lJ.BHraTeJIeH ,lJ.OJIJKHbI OblTb ODOPY,lJ.OB8HbI 

HCKporaCHTeJISIMH. 

HaCOCbI, ueMeHTHpOBOtIHaSI H npOMblBOtIHaSI rOJIOBKH, npenoxpa

HHTeJIbHble KJIanaHbI H JIHHHH ODBSI3KH HaCOCOB ,lJ.OJIJKHbI ObITb on

peccoaaasr ,lJ.aBJIeHHeM, npeasnuaioruax B } ,5 pasa HaHOOJIbUlee 

OJKH,lJ.aeMOe npa ueMeHTHpOBaHHH (HJIH npouunxe) • .IJ.HaMeTp xa

JIHOpOBaHHoH UlIlHJIbKH B npe,lJ.OXpaHHTeJIbHOM xnanaae ,lJ.OJIJKeH co

OTBeTCTBOBaTb npenensao nonycrnaoxy ,lJ.aBJIeHHIO npa ,lJ.aHHOH ue

MeHTHpOBOtIHOH onepauaa. Ilpenoxpanarensaue xnananu ,lJ.OJIJKHbI 

HMeTb KOJKyXH H TpyOOllpOBO,lJ.bI ,lJ.JISI OTBO,lJ.a JK:H,lJ.KOCTH B oe30nac

Hoe MeCTO. 

ECJIH B npouecce ueMeHTHpoBaHHSI H3 CKBaJK'tlHbI HatIHeT BbIXO

,lJ.HTb ra3HpoBaHHaSI JKH,lJ.KOCTb, HeOOXO,lJ.HMO aaxpsrrs npesearop H, 

Ilp0,lJ.OJIJKaSI onepaumo, C03,lJ.aTb npOTHBo,lJ.aBJIeHHe B 3aKOJIOHHOM 

npOCTpaHCTBe C 1l0MOlI.J,blO perynapyexoro urryuepa aa OOKOBOM 
oTBO,lJ.e. 

MHorHe XHMHKaJIHH, acnoasayexue ,lJ.JISI OOpaOOTK'tI TaMnOHaJK

HbIX pacrsopoa, a TaKJKe aexoropue YIlJIOTHHTeJIbHble COCTaBbI (aa

npaxep, YC-}), acnoasayexue ,lJ.JISI repMeTH3aUHH peasooaux coe

,lJ.HHeHHH, TOKCHtIHbI. B cay-rae IlpHMeHeHHSI HX HyJKHO nponacrpyx

rapoaars nepCOHaJI IlpaBHJIaM OOpalI.J,eHHSI C HHMH, a TaKJKe cnao

,lJ.HTb cOOTBeTcTBYlOlI.J,eH cneUO,lJ.eJK,lJ.OH H 3alI.J,HTHbIMH OQKaMH. Ilpa
BHJla De30nacHoro IlOJIb30BaHHSI TaKHMH aeuiecraaaa OCBelI.J,eHbI 

B xypce «npOMbIBKa CKBaJKHH H npOMbIBOtIHbIe JKH,lJ.KOCTH». 
Ilpa O,lJ.HOBpeMeHHoH patiore OOJIbUlOrO tIHCJIa ,lJ.BHraTeJIeA BH¥T

peaaero cropaaaa B03MOJKHO OTpaBJIeHHe JIIO,lJ.eH BblXJIOIlHbIMH ra

3aMLl. n03TOMY CJIe,lJ.yeT IlpHHHMaTb MepbI It YMeHbUleHHIO KOHueHT

paUHH 3THX ra30B B arxocqiepe JIHDO CHaOJKaTb nepCOH8J1 IlPOTHBO

rasaxa. 
Bee ueMeHTHpOBOtIHble pa60TbI peKOMeH,lJ.yeTcSI npOBO,lJ.HTb TOJIb

KO B CBeTJIOe BpeMSI CyTOK. Ha nepaon pa60T no KpenJIeHHIO H ue

MeHTHpOBaHHIO CKBaJKHHbI na repparopna OypOBOH He paspeuraercs 
npacyrcrnoaars JIHuaM, HeIlOCpe,lJ.CTBeHHO He yQaCTByIOII.J,HM B one

paUHH. nepCOHaJI OpHra,lJ.bI ,lJ.OJIJKeH OblTb 06yQeH OK83aHHIO nepsoa 

1l0MOlI.J,H TIOCTpa,lJ.aBIlIHM OT TpaBM, OJK:OrOB HJIH OTpaBJIeHHij. 
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§ 80. 3aw.HTa oKpY1KalOw.eA cpe,ll.bI OT sarpasnenaa 

OKpYLKalOllI,aH cpena (arxocrpepa, noxaa, HCTOqHHKH apreaaaa

CKHX H ueJIe6HbIX_ BO,A) MOLKeT 6b1Tb aarp ssaeaa B pe3YJIbTaTe BbI

6poca H3 CKBaLKHHbI npa epoHTaHHpOBaHHH: HJIH neperoxa sepes He

H30JIHpOBaHHoe 3aKOJIOHHOe npocrpaacrso nJIaCTOBblX epJIIOH,AOB, 

conepacauiax ceposonopon, yrJIeBo,AOpO,AbI, COJIH HaTpHH, KaJIbUHH, 

MarHHH H npyrax 3JIeMeHTOB, a TaKLKe B pe3YJIbTaTe Bbl6pacblBaHHH 

npOMblBOqHOH LKH,AKOCTH, KOTopaH OCTaeTCH no OKOHqaHHH 6ypeHHH, 

HJIH aeripeacaoro oopaineuas C pa,AHOaKTHBHblMH H30TonaMH, aaor

,Aa HCnOJIb3Y~MbIMH ,AJIH KOHTpOJIH xaxecrna pa306ll1,eHHH npoaauae

MblX nJIaCTOB. 

O,AHHM H3 MeponpHHTHH, aanpaaneaaux aa npeaorspameane sa

rpH3HeHHH oxpyacaiouiea cpenu, HBJIHeTCH coopyzceaae na paccroa

HHH 100-200 M OT CKBaLKHHbI C nO,ABeTpeHHoH CTOpOHbI ,AO nasaaa 

pa60T no BCKpbITHIO npO,AyKTHBHblX nJIaCTOB 60JIbllIOrO 3eMJIHHOrO 

aM6apa ,AJIH criopa nJIaCTOBOH LKH,AKOCTH, Bbl6pacblBaeMoH H3 CKBa

LKHHbI npn onp060BaHHH, OCBoeHHH, ncnurarma CKBaLKHHbI H npa 

ynpaBJIHeMOM epoHTaHHpoBaHHH. B TOM LKe cay-rae, eCJIH B03HHKJIO 

aeynpasnaeaoe epOHTaHHpOBaHHe (T. e. npn OTCyTCTBHH npOTHBO

Bbl6poCOBoro 060py,AOBaHHH, HeHcnpaBHOCTH ero HJIH paspyureaaa 

YCTbH), He06xo,AHMO CPOqHO COOPY,AHTb 3eMJIHHOH BaJI ,AJIH orpaaa

qeHHH B03MOLKHOCTH paCTeKaHHH nJIaCTOBOro epJIIOH,Aa no 60JIbllIOH 

repparopaa, ,UpyrHM oueas nOJIe3HblM xeponpaaraex HBJIHeTCH na

KepOBaHHe 3aKOJIOHHOrO npOCTpaHCTBa aa yxacrxax auure KpOBJIH 

ropH30HTOB C nOBbIllIeHHblMH K03epepHUHeHTaMH aHOMaJIbHOCTH JIH60 

Me1K,Ay ropH30HTaMH C 60JIbllIHM OTHOCHTeJIbHblM nepenanox nna

CTOBblX ,AaBJIeHHH cpa3y LKe nOCJIe OKOHqaHHH ueMeHTHpOBaHHH, 

a TaKLKe C03,AaHHe H36bITOqHOrO ,AaBJIeHHH B 3aKOJIOHHOM npocrp aa

CTBe na nepaoz TBep,AeHHH TaMnOHaLKHoro pacrnopa, eCJIH naxe

pOBKa HeB03MOLKHa. 
I'asu, BbI,AeJIHlOllI,HeCH H3 nJIaCTOBblX epJIIOH,AOB H H3 rrpoxuaos

HOil: LKIf,AKOCTH,He06xo,AHMO CLKHraTb B epaKeJIe HJIH yTHJIH3HpOBaTb 

B npOMbICJIOBOH rasoceopnon cera, 

ECJIH B nJIaCTOBOH BO,Ae CO,Aep)KHTCH CepOBO,AOpO,A, HyLKHO npx

HHTb MepbI K H30JIHUHH raxoro nJIaCTa H HeHTpaJIH3aUHH H2S. ,UJIH 

KOJIbMaTaUHR rpaHyJIHpHblX nJIaCTOB C CepOBO,AOpO,AHOH BO,AOH pe

KOMeH,AyeTcH yCTaHaBJIHBaTb BaHHbI, conepscamae 5-10% BO,AOpa

CTBOpHMblX COJIeH Me,AII, LKeJIe3a, MarHHH, HHKeJIH HJIH CBHHua, 3ep

epeKTHBHblH cTa6HJIH3aTOp (aanpaaep, KMU-600, xapriorpe«, xpax

MaJI), BO,Ay H npn He06xo,AHMOCTW yTHLKeJIHTeJIb H rJIHHonOpollIOK; 

,AJIH KOJIbMaTaUHH rpeunmuax nopon pexoxeanyerca npHMeHHTb 

BaHHbI H3 BO,AOpaCTBopHMbIX CHJIHKaTOB. ,UJIH HeHTpaJIH3aUHH cepo

BO,AOpO,Aa B npOMbIBOqHYIO LKH,AKOCTb CJIe,AyeT BBO,AHTb BO,AHblH pa-

CTBOp Me,AHOrO HJIH LKeJIe3HOrO xynopoca [12}. 
ECJIH cepoBO,AOpO,A cO,AepLKHTcSj B nonyruox HJIH npHpO,AHOM ra

ae, npn CLKHraHHH rasa B epaKeJIe oopasyrorca cepaacrua H cepaua 

rasa, BbI3bIBalOllI,He CHJIbHOe OTpaBJIeHHe LKHBOH IipHpO,AbI. n03TO
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My era He06xo,AHMO HeHTpaJIH30BaTb ,AO CLKHraHHJI rasa B epaKeJIe. 
O,AHH H3 cnocooos HeHTpaJIH3aUHH COCTOHT B nonase B BbIKH,AHylO 

JIHHHIO npoTHBoBbl6pocoBoro 060py,AOBaHHH HJIH epoHTaHHoH apMa

rypu BO,AopacTBopHMbIX rH,ApOOKHCJIOB ,AByxBaJIeHTHblx MeTaJIJIOB 
[12} . 

Pa,AHoaKTHBHble nsoronu HeJIb3H HCnOJIb30BaTb B CKBaLKHHe, 

eCJIH npe,ABapHTeJIbHO Ha,AeLKHO He H30JIHpOBaHbI ropH30HTbI apre

3HaHCKHX H uenetiaux BO,A, a TaKLKe nponauaeaue nJIaCTbI, HMelO

mae C006ll1,eHHe C ,AHeBHOH nOBepXHOCTblO n06JIH30CTH OT ,AaHHOH 

6YPOBOH: AKTHBHpOBaHHaH LKH,AKOCTb He ,AOJILKHa BbIXO,AHTb na 

,AHeBHylO nOBepXHOCTb. no OKOHqaHHH pa60TbI TeppHTopHIO CKBa

LKHHbI H O,AeLK,Ay pa60TaBllIHX HyLKHO nposepars H y6e,AHTbCSI B OT

CyTCTBHH onacaux KOHueHTpaUHH pa,AHOaKTHBHbIX Bew.eCTB. CCTaT

KH HeHCnOJIb30BaHHbIX H30TonOB, a TaKLKe LKH,AKOCTb nOCJIe nposrua

KH eMKOCTeH H HaCOCOB, nO,ABepraBllIHXCSI B03,AeiicTBHIO iaKHX Be

llI,eCTB, CJIe,AyeT pa36aBHTb BO,AOH ,AO 6e30naCHOH KOHueHTpaUHH H 
aaxopouars B CneUHaJIbHO OTBe,AeHHOM MeCTe. 

Bce yrJIeBO,AopO,AbI, oxaaaamaeca aa repparopna soxpyr CKBa

LKHHbI, no OKOHqaHHH pa60T ,AOJILKHbI 6hITb coopaau H YTHJIH3HPO

BaHbI JIH60 cOLKLKeHbI, eCJIH YTHJIH3aUHSI HeB03MOLKHa. OCTaBllIYIOCSI 

npOMbIBOqHYIO LKH,AKOCTb cneayer rpaacnoprapoaan, aa ztpyryio 
6ypOBylO ,AJISI HCnOJIb30BaHHH HJIH aaxopoaars B cneUHaJIbHO OTBe

,AeHHoM MecTe, npe,ABapHTeJIbHQ HeHTpaJIH30BaB npa He06xo,AH

MOCTH spennue XHMHqeCKHe pearearu, DOJIbllIaSi qaCTb repparopaa 

soxpyr 3aKOHqeHHOH CKBaLKHHbI ,AOJILKHa 6b1Tb peKyJIbTHBHpOBaHa H 

soaapamerra ,AJISI CeJIbCKOX03S1HcTBeHHoro (HJIH aaoro) HcnOJIb30

BaHHSI. He60JIbllIaSi LKe qaCTb repparopaa soxpyr 3KCnJIyaTaUHOH

HOH CKBaLKHHbI B COOTBeTCTBHH C ,AeHcTBylOllI,HMH HopMaMH ,AOJILKHa 

6bITb orpazcnena 3eMJISlHbIM BaJIOM, 6JIaroycTpoeHa H nepenaaa ,AJIl1 
HCnOJIb30BaHHSI nr,UY-, 
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