


/ 
I, 

A. M. flCAmnn, A. M. flKOB~EB 

H3JlAHHE 
llEPEPABOTAHHOE H 'hl>Jlo,J 

"" / 

M'}/ 
. / 

H3AATEJIbCTBO cH E A P A)} 

MOCK B a 1973 .~ .., 

...._ ....r 

"----'" \ . 

,{'t 

\ 



Y~R 622.245.59 

HcaWHH A. M., HKOBJIeB A. H. HCIIhITaHlle CKBalfUIH. HaA. 2-e, 
nepepati. II AOIIOJIHeHHoe. M., «Henpaa, 1973, 264 c. 

RHllra IIOCBHJ:IJ;eHa rexaase II TeXHOJIorIDi IIClihITaHIIH paane
A0'lHhIX II 3KCIIJIyaTaD;lIoHHhIX CKBalRlIH B nponecce 6ypeHIIH. IIo
APo6HO paccaorpoau cxexsr ycrpoacrna II KOHCTPYKD;IIII OTe'leCTBeHHhIX 
II aapy6elRHhIX acnsrrareaeii II onpooonareaea IIJIaCTOB, mapoao IIC- , 
noasayeaux B HaCTOHJ:IJ;ee BpeMH, a TaKlRe HaxOAHIIJ;lIXCH B CTa~IllI 

paapatiorxa, IIplIBe~eHhI paC'IeThI OCHOBHhIX yaJIOB IIClihITaTeJIeii 
II onpofionareaea IIJIaCTOB. 

Paccxorpeaa peayJIbTaThI npaaeaenaa acnsrrareaea II onpo6o
nareaea IIJIaCTOB, a rarose OIIlIcaHhI MeTO~llKll II AaHhI npaaepsr pac
rnnlJlpoBKll naarpaxa ~aBJIeHlIH, nOJIyqeHHhIx C IIOMOID;bIO rJIy6IIHHhIX 
perlIcTpllpYIOJ:IJ;IIX MaHOMeTpoB. 

Hanra paCC'IlITaHa aa IIHlReHepHO-TeXHlI'IeCKIIX pafiomaxoa He
lJITHHOii IIpOMhIIIIJIeHHOCTII, reOJIOrOB, pa6oTHIIKOB HayqHO-IICCJIe~o

BaTeJIbCKIIX, npoexrmrx IIHCTlITyrOB II ayaon, aaHlIThIX paapatioraoit 
II coaepmeacraoeaaaea TeXHllKn II TeXHOJIOrllll IIClihITaHlIH CKBalRllH. 

Ta6JIlID; 34, IIJIJlIOcTpaD;llH 147, CIIIICOK zrareparypsr 116 HaaBaHllH. 

H 0382-497 
043(01)-73 231-73 @ HaAaTeJIbCTBO «Henpa», 1973 

BBE,IJ;EHIIE 

,IJ;npeKTHBaMH XXIV cseana KIICC no nJITHJIeTHeMy nnaay npenyc
MOTpeH aHaqHTeJIbHLIH pOCT ,l:\OO:blqH He4lTH H rasa C )J;OBe,l:\eHHeM )J;OOLIqH 

< U 
He41TH B 1975 r.,l:\O 480-500 MJIH. T H rasa no 300-320 MJIp,l:I. M3.

i TaKOH POCT MomeT OLITb ,l:\OCTHrHyT KaK nyrex aHaqHTeJIbHOrO yne" .j JIHqeHnJI ,l:\OOLIqH He41TH H raaa aa paapatiarraaaexux He4lTJIHLIX H raao
BLIX MeCTOpOm,l:\eHHJIX, TaK H nyrex yCHJIeHHJI nOHCKOB, paanenxa H OCBO,'1 eHHJI HOBLIX nepcneKTHBHLIX He4lTe- HraaO,l:\OOLIBaIOIIJ;HX paHOHOB. IIpe

.(\f~I, nycaorpeaaoe YBeJIHqeHHe na rona B ron OO'heMa paanenosnoro oypeHHJI 

11l' npanener K pOCTy OO'heMa paOOT no HcnLITaHHIO CKBamHH. 
TeMnLI H peayJIbTaTHBHOCTb paOOT no nOHCKaM H paanenxe npOMLIm, I~ 

. '3: JIeHHLIX aanacon He4lTH H rasa B aHaqHTeJIbHOH CTeneHH aaBHCJIT OT opra
f, 

HHaan;HH H TeXHHqeCKOrO OCHam;eHHJI paOOT no HcnbITaHHIO paaneno-rasrx 
CKBamHH. 3a nOCJIe,l:\HHe rO,l:\LI TeXHHKa H TeXHOJIOrHJI HcnLITaHHJI nnac
TOB B paaaenosmax CKBamHHax nperepnena cepseamae HaMeHeHHJI, OJIa
ronapa IIIHpOKOMy npHMeHeHHIO HcnbITaTeJIeH nJIaCTOB, crrycaaeuax 
B CKBamHHy aa Tpyoax, a raroxe onpOOOBaTeJIeH nJIaCTOB, crrycxaesrsrx 
B CKBamHHy aa xaaare. 

Hasaro npOMLIIIIJIeHHOe OCBoeHHe onpotiosareaea nJIaCTOB, cfipacsr
BaeMbIX BHYTPb OypHJIbHLIX rpyfi. 

B HaCTOJIIIJ;ee BpeMJI rrpnofiperea :;lHaqHTeJIbHLIH onsrr npHMeHeHHJI 
HcnbITaTeJIbHLIx' HHcTpyMeHToB aa OTeqeCTBeHHLIX He4lTJIHbIX MecTopo
m,l:\eHHJIX H nocrarcsno rJIyOOKO paapafioramr TeOpeTHqeCKHe OCHOBLI 
arrrepnperanaa pesym.raron HcnLITaHHH, nOJIyqaeMLIX npa nOMOIIJ;H 
acnararenea nJIaCTOB [13-16; 21; 36; 43; 44; 47; 67; 73; 74]. 

O,l:\HaKO TeMnLI pOCTa nOHCKOBLIX paOOT na He4lTb H raa, MHorooopa
aae reOJIOrHqeCKHX, reorpadranecxax, TeXHHqeCKHX H npyrax yCJIOBHH 
npOBO,l:\KH paaeenosmax H 3KcnJIyaTan;HOHHLIX CKBamHH y Hac B crpaae 
nOCTOJIHHO TpeOYIOT ,l:\aJIbHeiimero COBepmeHCTBOBaHHJI TeXHHKH H TeXHO
JIOrHH HcnLITaHHJI nJIaCTOB B oypJIm;HXCJI CKBamHHax. 

II03TOMY HayqHO-HCCJIe,l:\OBaTeJIbCKHe HHCTHTyTLI He4lTJIHOH npOMLIm
JIeHHOCTH (CeBKaBHIIIIIIHe4lTb, BHIIIIBT, BHIIIIHe4lTenpoMreo
41HaHKa, BOJIrorpa,l:\HIIIIIIHe4lTb H np.) H npyrax Be)J;OMCTB (B'Y<PB
HlIlIfe04lHaHKa, BHlIfHII) npOBO,l:\HT aHaqnTeJIbHLIH 06'heM nay-tao
HCCJIe,l:\OBaTeJ!bCKHX H OIIbITHO-KOHCTpyKTOpCKHX paOOT no Coa,l:\aHHIO 
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TeXJlH1leCKHX Cpe,n;CTB H TeXHOJlOrHH HcnhlTaHHH llJIaCTOB, omexaromax 
COBpeMeHHoMy Hay'IHo-TeXHHqeCKoMy ypOBHIO. r't 

Onpe,n;eJIeHHbIi nporpecc B 06JIaCTH HCIILITaHHi CKBaiKHH npOH30 '.~ 
men H B aapy6emHoi npaxraae, 

Co BpeMeHH BbIxo,n;a B CBeT nepBoro H3,n;aHHH KHHrH «HcnhlTaHHe 
CKBamHH. nponmo llHTL JIeT. B HacTOHm;eM BTOpOM Ha,n;aHHH 0606m.eHbI 
peayJILTaTbI npHMeHeHHH. HCllhITaTeJlLHbIX HHCTpyMeHTOB H npHBe,n;eHbI {
OllHcaHHH HOBbIX KOHCTpyKqHi HCllhITaTeJlei H onpoooBaTeJlei llJIaCTOB, 
paapafio'raamrx KaK B CCCP, TaK H aa py6emOM. 

I'nasa 2 aanacaaa anropaxa COBMeCTHO, a OCTaJlbHOH MaTepHaJI ,,~lKHHrH aanacaa A. M. Hcamansra. 
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OCOBEHHOCfII nClIbITAHIIJI 
1 . PA3BE]l;OQHblX II 3RCIIJIYATAIJ;IIOHHblX CKBAiKIIH 

IIo,n; HCIILITaHHeM CKBamHHhI nOHHMaeTCH Boa6ym,n;eHHe npHTOKa H3~
 
npH3a6ofuIoii: aOHhI H H3yqeHHe O,n;HOrO HJIH HeCKOJIbKHX npO,n;YKTHBHhIX .. 
rOpH30HTOB, BCKphIThIX npa 6ypeHHH, OT,n;eJIbHorO HeOOJIbmOrO rrpOCJIOH,~
 nnacra H T. n, KaK B nponecce 6ypeHHH (B He3aKperrJIeHHOM CTBOJIe), 
TaK H rrOCJIe OKOHqaHHH 6ypeHHH (B 06cameHHoi CKBamHHe).

A OCHOBHOi aa,n;aqei, pemaexoa B nponecce HCIILITaHHH cKBamHHhI, 
HBJIHeTCH onpeneaeaae napaaerpon acmarunaeaoro nJIaCTa, scxpuroro' !l: 
npa 6ypeHHH, npHqeM qeM 6JIHme 9TH xapaxrepacraxa OTpamaIOT ecrec

~ TBeHHoe COCTOHHHe npH3a6oiHoii: aOHhI, TeM 60JILmyIO :qeHHOCTL OHH 
rrpe,n;CTaBJIHIOT ,n;JIH pemenaa nonpoca 0 nepcneKTHBHOCTH naaaoro reo,Ii" JIOrHqeCKOrO paapeaa npa paaaenosaoa 6ypeHHH HJIH 0 npo,n;yKTHBHOCTH .~ '8, 9KCrrJIyaTa:qHOHHoi CKBamHHhI. II09ToMY HeaaBHCHMO OTHa3HaqeHHH CKBa
mHHhI (paaaeaoxaaa HJIH 3KCnJIyaTa:qHOHHaH) npa ee HcnhITaHHH crpeI"
MHTCH onpenearm, xapaxrepacraxa nJIaCTOB, MaKCHMaJILHO npH6JIHmeH
asre K HX eCTeCTBeHHoMy COCTOHHHIO. O,n;HaKO 9TO aaBHCHT He TOJIbKO 
OT rrpaBHJlLHO BLl6paHHoro xerona HcrrbITaHHH 06'LeKTOB Hero npaxra1ill~: _ qeCIWrO npHMeHeHHH, HO H OT TeXHOJlOrHqeCKHX onepanaa, npOBo,n;HMMX 

;'\' ' 
~' , B cKBamHHe, xoropue BJlHHIOT aa 3f1lflleKTHBHoCTb HcnhITaHHH. 

1 

Pemaiomee BJIHHHHe na ,n;OcTOBepHOCTL pe3YJlbTaTOB HcnhlTaHHH OKa
asrsaer nponecc BCKpbITHH npo,n;YKTHBHbIX ropH30HTOB npa 6ypeHHH 
CKBamHHbI, B nepBYIO osepem, 3TO OTHOCHTCH K HcnhITaHHIO 061>eKTOB 
B nponecce oypeHHH, xoma Mem,n;y 9THMH TeXHOJIOrHqeCKHMH oneparraa
MH OTCyTCTByIOT npoMemyTOqahle pa60TbI (apenneaae CTBOJla CKBamHH~ 

06ca,n;Hoi KOJIOHHOi H nepfilopaIJ;HH). ,IJ,eii:cTBHTeJIbHO, eCJlH HCllhITaHHH 
npOBo,n;HTCH Henocpe,n;CTBeHHO nocJle BCKpbITHH llJIaCTa, TO HaMeHeHHH 
B npHaa6ofuIoii: 30He, xoropsre fIlHKCHpyIOTCH B nponecce HCllhITaHHH, 
06YCJIOBJleHbI nponeccoa 6ypeHHH HCllhITbIp~eMoro HHTepBaJIa. ECJIH 
me HcnbITaHHH npoaonrrrca B ooca,n;Hoi xoaoaae nOCJIe OKOHqaHliUl 6ype
HHH, TO aa KaqeCTBO HcnbITaHHH OKaabIBaIOT BJlHHHHe H nponecc BCKpbI
THH nnacra, H xpenneaae CKBamHHLl 06ca,n;Hoii: KOJIOHHOi, xorna, KpoMe 
MeTaJIJIHqeCKoii: KOJIOHHbI, nparoxy mH,n;KOCTH H3 nJIaCTa B CKBamHHy 
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panaormsre OTBepcTHll B 06Ca.n;HOH KOJIOHHe B onpeneneaaoji crenena 
acxaacaer HHlfIopMan;HIO 0 nnacre. \ 

I
 IIpOHHn;aeMOCTH IIJIaCTa, IIpHqeM coneparanae rJIHHhI B sepaax OKOJIO
~eMeHTHhIH paCTBOp, rrpOHHRalOIIJ;HH B npaaafioti t, 2-3% .n;OIIOJIHHTeJIbHO COOTBeTcTByeT CHHiKeHHIO IIpOHHn;aeMOCTH aa 

rrpenarcrnyer TaKme 

nnacra xepea nepdioHylO SOHY. RpoMe roro, Bos6ym.n;eHHe npnroxa HS ~. 30-40% [55]. 
Onur 1I0KaSaJI, qTO HaH60JIee JIerKO rrOMalOTCJI nafiyxaamo rJIHHhI 

narpaesoro THlIa [1] H YCTOHqHBee B 3TOM OTHomeHHU: rJIHHhI xansnae
soro THlIa (aanpaxep, rH.n;pOCJIIO.n;hI POMamKHHcKoro MecTopoiK.n;eHHJI). 

YCTaHOBJIeHO, qTO nafiyxanae rJIHH B IIpeCHI>IX aonax, IIJ;eJIOqHhIX cpenax 

BOT rrOqeMY conepnrencraoaaaae MeTo.n;HK, TeXHHKH H TeXHOJIOrHH J:. 
HcrrhITaHHJI rrJIaCTOB csaaaao npexcie ncero C coaepnreacraoaaaaea rrpo

necca BCKphITHll rrpo.n;YKTHBHhIX ropaaoaros H yrJIy6JIeHHhIM HsyqeHlleM 

nponeccon, nporexaromax npn aTOM B nnacre, 
PaCCMOTpHM peSYJIbTaTbI JIa60paTopHbIX H rrpOMhICJIOBhIX HCCJIe.n;o

Bamdi: BJIHllHim nponecca 6ypeHHll B rrpo.n;YKTHBHOM nnacre na eCTeCTBeH

Hoe COCTOllHHe CJIaralOIIJ;HX ero nopon, 

1. COCTOHHIIE IIPII3ABOBHOB 30HbI IIJIACTA 
IIEPEA HCIIbITAHIIEM 

HelflTllHhIe HJIH raaonsre rrJIaCTbI, SaJIeralOIIJ;He na paSJIHqHhIX rJIy6H

nax, nocnpanaxaa .n;aBJIeHHe MaCCHBa nopon, pacnonozeeaasrx nan HHMH, 

HRXO.n;JlTCJI B onpeaeneaaox (eCTeCTBeHHOM) COCTOJlHHH.' B nponecce 
6ypeHHJI, xorna ofipaayerca CTdOJI CKBamHHhI, H paapynrenaaa qaCTb 

nopoma y.n;aJIJleTCJI na rrOBepXHOCTb, eCTeCTBeHHoe COCTOJlHHe npaaa
60HHOH SOHhI soxpyr CTBOJIa CKBaiKHHhI aapymaerca. RaK OTMeqaJIOCb 

nume , qeM MeHbme HsMeHeHHJI, nponcxonamae B rrpHsa60HHOH SOHe, 

TeM .n;OCTOBepHee peaynr.rarsr HcrrhITaHHH 06'beKTa. 

O.n;HaKO·Tpy.n;HO rrpemroaoacarr., no MOiKHO .n;OCTHqb rrOJIHOrO coxpa

aenaa eCTeCTBeHHhIX napaxerpoa naacra npa ero BCKphITHH. ITpaKTII

qeCKII peas MOiKeT lI.n;TH 0 MHHHMaJIbHhIX IISMeHeHlIJlX, xoropue nperep
nenaror noponu npnaatioaaon SOHhI npn BCKphITHH IIJIaCTOB B npouecce 
6ypeHlIJI CKBaiKHH. 8TO B KaKOH-TO CTelIeHH MOiKeT 6hITb .n;ocTHrHyTo, 

eCJIH 6y.n;YT HSBeCTHhI rrpHqHHhI, BhIShIBalOIIJ;He HSMeHeHHJI B nnacre, 
3HaqHTeJIbHhIH 06'beM HaYqHhIX HCCJIe.n;oBaHHH H rrpaKTHqeCKHH orrhIT 

rro BCKpbITHIO rrJIaCTOB H HcrrbITaHHIO CKBaiKHH B paSJIHqHhIX reOJIOrH

qeCKIIX YCJIOBIIJlX rrOSBOJIHJIH BhIJlBHTb OCHOBHhIe rrpHqHHI>I, BJIHJlIOIIJ;He 

na IISMeHeHHe eCTeCTBeHHhIX napasrerpos 1I0p0.n; rrpHaa60HHoH 30HI>I npn 
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npoxonar 60JIee HHTeHcHBHo, qeM B MHHepaJIHSOBaHHhIx. 

O.n;HaKO He TOJIbKO natiyxanae rJIHHHcTOro xarepaana nnacra npnaonar 
K CHHiKeHHIO rrpOHH~aeMOCTHnopon. B IIJIaCTaX, rne OTCyTcTByeT rJIHHa, 

}WSMOiKHO CHHiKeHHe rrpOHHn;aeMOCTH 1I0.n; Bos.n;eHCTBHeM noma, 06YCJIOB

JIeHHOe KarrHJIJIJlpHI>IMII CIIJIaMH, KOTOpbIe BOSHIIKalOT aa rpanane MeiK.n;y 

BO.n;OH H HelflTblO na-aa paSJIHqHJI HX lfIIISHKO-XHMHqeCKIIX CBOHCTB. B Helfl 

TJlHOM IIJIaCTe npn IIPOHHI\HOBeHHH BO.n;bI o6pasylOTCJI YCTOHqHBhIe BO.n;O

HelflTJlHhIe CMeCH, rrpHqeM crerreas BJIHJlHIIJI BO.n;1>I na CHHiKeHHe npoaa
~aeMOCTII 1I0PO.n; rrpHsa60HHOH SOHhI Heo.n;HHaKOBa H saBHCHT OT lfIIISHKO

XIIMlIqeCKHX ,CBOHCTB HelflTII II IIpOHHKalOIIJ;eH B IIJIaCT BO.n;bI, a raroxe OT 

JIIITOJIOrHqeCKOH xapaKTepHCTHKH IIJIaCTa. TaK, Ha6JIIO.n;eHIIJI sa Bos.n;eH

CTBlIeM BO.n;bI aa aafiyxanao rJIHH IIpO.n;YKTIIBHI>IX rrJIaCTOB POMamKIIH

cxoro MeCTopOiK.n;eHHll IIpHBeJIII K BhIBO.n;y, qTO He 3TOT npouecc JlBJIJleTCJI 

OCHOBHOH IIPlIqHHOH cmoseaaa IIpOHHn;aeMOCTH 1I0pO.n; B naaaox paiione. 
ITPlIqlIHOH raxoro CHHiKeHHJl OKaSaJIOCb BJIHJlHHe KarrlIJIJIJlpHI>IX CIIJI, 

06YCJIOBJIeHHI>IX 06paSOBaHHeM Bo.n;O-HelflTJlHhIX 3MYJIbCHH [10, 60, 61, 
76, 77]. HCCJIe.n;oBaHHJl rrOKaSaJIII, qTO pOMamKIIHCKaJl HelflTb IIplI rrepe

MemlIBaHHII C npecnoa BO.n;OH 06pasyeT YCTOHqHBYIO 3MyJIbCIIIO, cTa6HJIb
HyIO B reaeaae HeCKOJIbKIIX MeCJI~eB [11]. 

Hapany C 3TlIM CHlIiKeHHe rrpOHII~aeMOCTH sa cser KarrlIJIJIJlpHI>IX 

CIIJI rrpOJlBJIJleTCJl CIIJIbHee B nnacrax, XapaK1'epHsylOIIJ;IIXCJI JIHTOJIOrH

qeCKOH aeonaoponaoorsro II IIMelOIIJ;HX HHSKlIe IIJIaCTOBhIe .n;aBJIeHIIJI. 

ABTOphI npyrax pa60T [28, 31, 79], HCCJIe.n;YJl BJIIIJlHHe BO.n;bI aa xa

uecrso KepHOB, rrplIIIIJIH K BI>IBO.n;y, 'ITO nona II nonnue pacrnopsr CHlIiKalOT 

rrpOHII~aeMOCTb aa BceH rJIy6lIHe csoero rrpOHIIKHOBeHIIJI B rrJIaCT. 

JIcCJIe.n;oBaTeJIII [2, 3] YTBepm.n;aIOT, qTO YCTOHqnBhIe 3MYJIbClIH 

6ypemIH. 

ITo Mepe cOBepmeHcTBOBaHHJI npamarenr.aoro MeTo.n;a 6ypeHHll 61>1JIO 

06paIIJ;eHO BHHMaHlIe na BJIHJlHHe rrpOMLIBOqHOH mn.n;KocTH na nedrreor
.n;aqy naacra H CpOKH OCBOeHHJI CKBaiKHH. OCHOBHI>IMH rrpasnnaaa OCJIOiK

HeHHH npa OCBoeHlI1I CKBaiKlIH CqUTaJIH rJIHHHsan;HIO HX CTeHOK H aaxy

IIOPKY nopoaux KaHaJIOB 06pasOBaBmeHcJI rJIHHHCTOH KOpKOH 6YPOBoro 

pacrnopa [40 J. Onaaxo .n;aJIbHeHmHMH MHOroqHCJIeHHI>IMH HCCJIe.n;OBaHHJI

MH 6blJI0 yCTaHOBJIeHO, qTO BJIHJlHHe rrpOMI>IBOqHOH iKH.n;KOCTH na noponsr 
rrpHsa60HHoII SOHbI unacra SHaqHTeJIbHO CJIOiKHee H saBHCHT OT MHorHX 

lfIaKTopOB. Jlon Bos.n;eHCTBHeM iKH.n;KOCTH, rrpOHHKalOIIJ;eH B rrJIaCT, B HeM 
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o6paSYlOTCJl He npn rrepeMeIIIlIBaHHH nnyx 1JlICThIX iKH.n;KOCTeH, a npn 
HaJIlIqlIH 3MyJIbraTOpOB, xoropsre ancoptiapyrorca na rrOBepXHOCTII xa

rrezn, 3MYJIbCHII. Y CTaHOBJIeHO, qTO 60JIbmHHCTBO HelflTeH, .n;06hIBaeMhIX 

na OTeqeCTBeHHhIX MeCTopOiK.n;eHIIJlX, conepacar aClfIaJIbTo-eMOJIHCThIe 

BeIIJ;eCTBa, xoropste crroc06CTBYlOT 06paSOBaHlIIO YCTOHqHBhIX 3MYJIbClIH 

HeljlTII C IIpeCHOH BO.n;OH. ITPIIBO.n;JlTCJI nanasre [34] 06 YMeHbmeHIIH aa

qaJIbHhIX .n;e6HToB CKBaiKHH B pesynr.rare rrplIMeHeHIIJI 6YPOBhIX pacrnopon 
aa BO.n;HOH OCHOBe II BO.n;bI npn BCKphITlI1I rrJIaCTOB B BamKHpHII B cpe.n;

HeM na 15-20 %. BpeMJI OCBOeHIIJI CKBaiKlIH npn 3TOM B cpenaeu yBeJIH
xaaaerca na 30-35%. 

3apy6eiKHI>IMH HCCJIe.n;OBaTeJIJlMII TaKiKe yCTaHOBJIeHO, 'ITO nponaxaroIIpOTeKalOT CJIOiI\HbIe lfIHsHKO-XHMHqeCKHe rrponeccsr, BbISI>IBalOIIJ;He HSMe
IIJ;aJl B rrJIaCT nona HJIII lfIlIJIbTpaT 6ypoBoro pacrnopa OTpHn;aTeJIbHO BJIH

aer na IIpOHHn;aeMOCTb nopon. TaK, aa MecTopoiK.n;eHHII ,Il;o.n;CJIeH.n; B Ka
aane [29] CHlIiKeHHe rrpOHHn;aeMOCTH IIPO.n;YKTHBHI>IX rrJIaCTOB B 3KCIIJIy

HeHHe eCTeCTBeHHoro COCTOJlHHJI nopon IIpHsa60HHOH SOHI>I. 

Cepaa HCCJIe.n;OBaHHH [40] nonrnepnaaa, qTO rrpOHHKalOIIJ;aJl B rrJIaCT 

nona HJIH lfIHJIbTpaT 6YPoBoro pacrnopa BhISI>IBalOT Ha6yxaHHe rJIHHI>I, !. 
aTa~IIOHHhIX CKBaiKlIHax npoacxommo sa cser Ha6yxaHHJI rJIIIHHCTI>IXHaxo.n;JlIIJ;eHCJI B nopone rrpHsa60HHoH SOHI>I, H CHHiKeHHe TaKHM 06pasoM ,~.6 7 



'IaCTHIJ;, HaXO.n;HBIDHXCJI B paapeae nJIaCTOB. Y CTaHOBJIeHO [23, 27, 52] 
aa OCHOBe~-onLITa no aaKaH'IHBaHHIO CKBamHH H peaynsraroa HCCJIe.n;o-· 
BaHBii, nposeneaaux B ClliA, 'ITO B peayasrare npOHHKHOBeHHJI HHOpO.n;
HLlX mH.n;KOCTeii B nJIaCT ero 3KCnJIyaTaIJ;HOHHLIe CBOD:CTBa nOCJIe BCKpLI
THII HapymaIOTCJI. 

HCCJIe.n;OBaHHJI neC'IaHLIX KepHOB nOKaaaJIH, 'ITO «flHJIbTpaTLI OOLI'IHLIX 
OYPOBLIX paCTBopOB BLIaLIBaIOT CHHmeHHe npOHHIJ;aeMOCTH nopon aa 20
80% [41], npH'IeM 3TO Boa.n;eD:CTBHe «pHJIbTpaToB OM.JlCHJlJIOCb aafiyxa
HHeM KOJIJIOH.n;HLIX MaTepHaJIOB B eCTeCTBeHHLIX xepnax, H n03ToMy 
MaKCHMaJIbHOe CHBmeHHe IIpOHHIJ;aeMOCTH OLlJIO 06HapymeHo B xepnax 
co aHa1JHTeJIbHLIM oonepacaaaea r~HH. B JIHTepaTYpe npaaeneau peayas
TaTLI HcnLITaHHD: [70], cBH.n;eTeJIbCTBYIOm;He 0 TOM, 'ITO npa npoHHKHO
BeHHH B nJIaCT, co.n;epmam;Hii rJIHHy, npecaoa BOWd npo.n;YKTHBHOCTb 
CKBamHHLI MomeT yMeHbmBTbCJI,.n;O 1/<l - 1/10 cnoero rrepaoaaxamaoro 
aHa'IeHHJI. YCTaHOBJIeHO TaKme, 'ITO aapany C HaoyxaHHeM npa npOHHK
HOBeHHH B nJIaCT BO.n;LI oopaayIOTcJI aOHLI xananaapao-ynepacaaaexoa 
BO.n;LI, ocooeHHO B nJIaCTaX C HHaKHMH .n;aBJIeHHJlMH. 
.	 IIccJIe.n;oBaHHJI, npoaenenasre B 1l0JIbCKOM HHCTHTYTe He«pTH, noaaaa

~	 JIH, 'ITO CHHmeHHe npOHHIJ;aeMOCTH neC'IaHHKOB 1I0.n; Boa.n;eD:CTBHeM oypo~ 

noro pacrnopa MOmeT .n;OXO.n;KTb no 95 % [26]. Hccaenonaaae BJIHJlHHJI 
paCTBopOB OT.n;eJIbHLIX COJIeH npHBeJIO K BLIBOJ(Y, 'ITO paCTBopLI XJIOpHC
Toro KaJIbIJ;HJI H XJIOpHCTOro aMMOHHJI MaJIO BJIHJlIOT aa KepHLI aa necxa
HlIKOB, a paCTBOpLI XJIOpHCTOro HaTpHJI BJIBJlIOT CHJILHO [112]. 

B o.n;Hoii HB pafior [113] BLICKaaaHO npennonoateaae, 'ITO npa aHa'IH
,I TeJIbHOM HacLIJIJ;eHHH nJIaCTa Bo.n;oii MomeT npoacxonars OTpLIB rJIHHlIC

TblX 'IaCTHIJ; OT CTeHOK noponux KaHaJIOB H HX nepexemeaae no KaHaJIaM 
nJIaCTa. 8TO CMem;eHHe mepnsrx 'IaCTHIJ; MomeT BLIaBaTb aaxynopxy nop 
nJIaCTa H CHHmeHHe npOHKIJ;aeMOcTH npHaaOOD:HOii aOHLI. YKaaaHHLIe HC
CJIe.n;OBaHHII nonraepxutaror BLIBO.n; 00 OTpHIJ;aTeJIbHOM BJIHJlHHH OypOBOro 
pacrnopa na npHajlOOD:HYIO aOHy nJIaCTa npa ero BCKpLITHH H aa Ka'IeCTBO 
HCIILITaHHJI CKBamHH. 

O.n;HaKO, KaK BH.n;HO aa npaaenenaoro BLIme, HMeIOTCJI paaHOrJIaCHJI 
B OIJ;eHKe CTeneHH BJIHJlHHJI «pHJIbTpa pacrsopa aa rroponsr npo.n;YKTHBHLIX 
IIJIaCTOB. Em,e OOJIbIDHe np.OTHBOpe'IHJI cym,eCTByIOT B OIJ;eHKe BJIHJlHHJI 
TBep.n;oH ~aaLI OypOBLIX paCTBopOB Ha COCTOJlHHe nopo.n; npHaaOOHHoii 
aOHLI. Macrae HCCJIe.n;OBaTeJIH YTBepm.n;aIOT, 'ITO TBep.n;LIe 'IaCTHIJ;LI, naxo
.n;Jlm;HeCJI B OYPOBOM pacrsope, rJIyOOKO B nJIaCTHe npOHHKaIOT H n03TOMY 
He MoryT CHJIbHO BJIHJlTb na erO"npOHHIJ;aeMOCTb. ITo YTBepm.n;eHHIO .n;py
rHX HCCJIe.n;OBaTeJIeii, npOHHKHOBeHHe TBep.n;LIX 'IaCTHIJ; JlBJIJleTCJI OCH9B
HOD: npH'lHHOH CHHmeHHJI npOHHIJ;aeMOCTH nopo.n;, npHaaooiiHoH aOHLI. 
ABTOpLI O.IJ;Hoii aa paOOT [40] HaOJIIO.n;aJIH npOHHKHOBeHHe rJIHHHCTLIX 
'IaCTHIJ; B neCOK na rJIyoHHy 15-20 MM. 

ITPH Hay'IeHHH npOHHKHOBeHHJI oypoBoro paCTBopa, npHrOTOBJIeH
aoro na BO.n;HOH OCHOBe, B HcKyccTBeHHO yTpaMoOBaHHLID: neCOK OLIJIO 
yCTaHOBJIeHO, 'ITO Ha nOBepxnocTH OopaaIJ;a oopaaOBLIBaJIaCb nJIOTHaJl 
KOpKa TOJIm,HHOH 2-2,5 MM, H rnepnue 'IaCTHIJ;LI B nopsr necxaaoro 
OopaaIJ;a He npOHHKaJIH (npOHHKaJIH B nJIaCT TOJIbKO no Tpem;HHaM), 
a oT41BJIbTpOBaHHaJl noaa npOCa'IHBaJIaCb na rJIyoHHY 12-13 CM. 

H 
~ 

IIccJIe.n;oBaHHJI KepHOB HS CKBamHH Jlenaaoropcxoa IIJIOm;a.n;1l: Tarap
cxoti ACCP nOKaaaJIH, 'ITO npOBHKHOBeBHe TBep.n;oH «paSLI OYPOBoro 
pacrnopa B npHsaooiiHyIO SOBy MomeT B 10 H oOJIee pas CBHSHTb ee npo-
BHn;aeMOCTb [61]. -

Ocoseaao CHJIbHO CBHmaeTCJI npOBHIJ;aeMOCTb B npo.n;YKTHBHLIX ro
pasoarax C HHSKHMH nJIaCTOBLIMH .n;aBJIeHHJlMH. 

Ilpa BCKpLITHH BLICOKOHanopHLIX IIJIaCTOB rnepnsre 'IaCTHIJ;LI oypo
soro pacrnopa, oopaaYJl KOpKy aa CTeHKe CKBamHHLI, B IIJIaCT rJIyooKo 
He npOHHKaIOT H n03ToMy CHJIbHO He BJIHJlIOT aa HaMeHeHHJI B npaaafioa
HOH SOHe, HO npa oypeHHH B .n;peHHpOBaHHOM nJIaCTe, Kor.n;a rsepnaa 
«pasa pacrsopa npOHHKaeT BrJIyob nJIaCTa, BJIHJlHHe ee na noponsr ana
'IHTeJIbHO noapacraer [4]. 

OTMe'IaJIOCb [76], 'ITO TBep.n;LIe 'IaCTHIJ;LI nacnepcaoa «paaLI OypOBLIX 
paCTBopOB MoryT HaHeCTH SHa'IHTeJIbHLIH npen nJIacTY. ECJIH paSMep 
TBep.n;LIx 'IacrnIJ; B pacrnope MeHbme, 'IeM nopoasre KaHaJILI nJIaCTa IIJIlf 
nJIaCT CJIOmeH Tpem,HHOBaTLIMH noponaxa, TO 3TH 'IaCTHIJ;LI, npOHIIKaJl 
rayfioao B nJIaCT, nOJIHOCTbIO HJIH 'IaCTlf'lHO nepeKpLIBaIOT nopu nopon 
npusaOOHHOH SOHLI. 

IlpH OCBoeHUU cKBamUH, xorna oypeHue B npo.n;yKTUBHOM nJIaCTe 

t; 
A conposoactaaocs nOrJIom,eHUJlMH pacrsopa, aa nOBepXHOCTb BMeCTe 

C nJIaCTOBOH mu.n;KOCTbIO H3BJIeKaJIHCb «pHJIbTpaT oypoBoro pacraopa 
H rJIJlHa [62]. TaK, HS O.n;HOH CKBamUHLI Haaaacxoa nnomana Tarap
CKOH ACCP npa onpOOOBaHHH aa 16 CyTOK OLIJIO USBJIe'IeHO 0,92 M3 

1~ 
rJIJIHLI H OKOJIO 6 MS«pHJIbTpaTa,npH'IeM rJIHHa OLIJIa HS oypoBoro paCTBO
pa. AHaJIOrlI'IHLIe peayasrarsr OLIJIH nOJIy'IeHLI npa HcnLITaHUU cxnaaca
HbI na BepxHe-RoH.n;HHCKOD: nnomana (TIOMeHb), r.n;e BMeCTe C 3 MS npec
HOH BO.n;bI OLIJIO HSBJIe'IeHO no 3% rJIHHLI, KOTOpaJl no CBoeH xapaxre
pUCTIIKe OLIJIa aHaJIOrU'IHa TBep.n;oii «pase oYPoBoro pacrsopa [63]. 
ABTOpOM TaKme OTMe'IeHO [64], 'ITO B KpynHosepHHCTLIX necxax rJIUHa 
U3 OYPOBoro pacrnopa npOHHKaJIa B nopacryro cpeny aa rJIyoHHy no 
45 MM, a B neC'IaHUKaX - na 20 MM. 

3apyoemHLIMH UCCJIe.n;OBaTeJIJlMH [52] yCTaHOBJIeHO, 'ITO npn onpener;1 
JIeHHLIX YCJIOBHJlX aaoponaaa TBep.n;aJl «paaa MomeT npOHHKaTb B nJIaCT 

),..,.,
)":;\1 aa rJIyoHHy 30 CM H oOJIee, npHlJeM C y.n;aJIeHUeM OT CTeHKH CKBamUHLI 
-J ~' 

r 
; 1 BrJIyob nJIaCTa KOJIII'IeCTBO nponaxaromax TBep.n;LIX 'IaCTHIJ; yMeHbmaeT

CJI, a noroxy yMeHbmaeTCJI H ax BJIUJlHHe aa 3KCnJIyaTaIJ;IIOHHLIe CBOH
CTBa nponyxrasaoro nJIaCTa. TaK, onLITaMH [23] OLIJIO onpeneaeao, 'ITO 
no Mepe yrJIYOJIeHHJI B nJIaCT KOJIH'IeCTBO rJIHHHCTOro xarepaana, npOHU
xaiomero B npaaatioanyro SOHy, YMeHbmaeTCJI H CHUmaeTCJI ero BJIUJlHIle 
aa npOHHIJ;aeMOCTb. YKasaHHLIe onLITLI npOBo.n;HJIUCb na OopaSIJ;ax U3 
anyana (nepBOHa'IaJIbHOD: npOHHIJ;aeMOCTbIO 670 M.IJ;) npa HaCLIJIJ;eHIIU ax 
5%-HLIM paCTBOpOM oeHToHuTa. B .n;pyroH patiore [70] OTMe'IeHO, 'ITO 

1:
q,,'j "i' TBep.n;LIe 'IaCTUIJ;LI oypoBoro pacrsopa npOHHKaIOT B nJIaCT na 2-3 CM 

H ax BJIUJlHHe yCTpaHJleTCJI cpaBHHTeJIbHO JIerKO npa HcnLITaHHH CKBa
mIlH. 

! i. RaK BH.n;HO H3 npHBe.n;eHHLIX rrpaxepoa, creneas BJIHJlHHJI «pIIJIbTpa
~ Ta H TBepWdx 'IaCTHIJ; oYPoBoro pacrnopa BaBHCJlT OT HX KOJIH'IeCTBa H ray{j 

OUHN npOHHKHOBeHHJI B nJIaCT. Onpe.n;eJIeHHIO 3TUX napaxerpon OLIJIti.1" 
911 

~ ..;, 
~:: 

8 



t 
nOCBHm;eH pH)J; JIa60paTOpHliIX H npOMIiICJIOBIiIX HCnhITaHHH. qepea ROpRH 

~ 

npOHHIJ;aeMOCTbIO 350-550 M)J; .pHJIbTpaT npOHHRaJI na rJIy6HHy 300 MM: 
.0< 

H 6oJIee, TBep)J;liIe qaCTHIJ;1iI - na aHaqHTeJIbHO MeHLmyIO rJIy6HHy [23]. 
Ha OCHOBaHHH )J;aHHIiIX cepHH HcnliITaHHH [115] cneaaa BIiIBO)J;, qTO
 

B necsaasre ROJIJIeRTOpliI npoaaxaer aHaqHTeJIbHOe ROJIHqeCTBO rnepnsrx
 
qaCTHIJ;, xoropsre ofipaayior BHyTpeHHIOIO .pHJILTpaIJ;HOHHyro ROpRy, H
 
)J;aHhI npaaepsr CHHllieHHH npo)J;yRTHBHoCTH CRBalliHH B aaBHCHMOCTII OT
 
rJIy6HHIiI npOHHRHOBeHHH 6YPoBoro pacrnopa H COOTHomeHHH npoaana

eMocTeH SarpJJaHeHHOH aOHIiI nnacra H aeaarpaaaeaaoro nJIaCTa. Hare

pecno, qTO )J;allie npa HerJIy6oRoM rrpOHHRHOBeHHH pacrnopa nponyx

THBHOCTb CRBalliHHIiI MOllieT CHH3HTbCJJ oneas cymecrneaao. iho MOllieT
 
6liITb 06'I>JJCHeHO HaJIHqHeM rJIHHIiI B noponax nnacra, ROTopaH non Boa

)J;eHCTBHeM .pHJIbTpaTa 6ypoBoro pacrsopa nafiyxaer H rrpHBo)J;HT R CHH

.meHIIIO rrpOHHIJ;aeMocTH.
 

B rrJIaCT MoryT rrpoaaxarr, aaasareasasre ROJIHqeCTBa .pHJIbTpaTa 
6YPoBoro pacrnopa. 

Ha pHC. 1 npHBe)J;eHIiI rpa.pHRH H3MeHeHHJI 06'I>eMa rrJIaCTOBOH lliH)J; -j:2, 

~ '.~""
ROCTH, BIiITeCHJJeMOH .pHJIbTpaTOM 6ypoBoro paCTBopa H3 rrpHaa6oHHoH 

~	 aOHIiI BrJly6b nnacra. YRa3aHHhIe rpa.pHRH nocrpoemr )J;JIJI CRBalliHH 1 
paaJIHqHOrO naaxerpa (d), npa paaJIHqHOH rropHCTOCTH nopon H paaaux (~ COOTHOmeHHJlX naaaerpa o6Bo)J;HeHHJI R )J;HaMeTpy CRBalliHHIiI (De/d). 

'.;,
06'I>eM lliH)J;ROCTH, BIiITeCHeHHOH .pHJIbTpaTOM pacrnopa H3 npHsa6oHHOH ~.: 

30HIiI, nsrpaxrea B JIHTpaX aa 1 M MOm;HOCTH nnacra.
 
MexaHH3M npOHHRHOBeHHH 6ypoBoro paCTBopa B rrJIaCT CXeMaTHq
 i 

HO MOlliHO rrpencraaarr, B CJIe)J;yIOm;eM BH)J;e. Ilon )J;eHCTBHeM nepenana 'f 
ii,)J;aBJIeHHH Melli)J;y aafioea CRBalliHHIiI H rrJIaCToM qepe8 60ROByIO crenxy
 

06pa30BaBmerOCH CTBOJIa 6ypOBOH paCTBOp rrpOHHRaeT BrJIy6b rrpHsa

60HHOH 30HIiI, npn aToM aa CTeHRe CRBalliHHIiI ofipaayerca xopxa H3 rnep


I")J;IiIX qaCTHIJ;, ROTOpaJJ naaxane npenarcrayer rrpoHHRHoBeHHIO B rrJIaCT it,. 
IaTHX qaCTHIJ;, a 3aTeM H orpaaaxaaaer 06'I>eM npoaaxaromea B rrJIaCT 
,

OT.pHJIbTpOBaHHoii npoxsraonaoa lliH)J;ROCTH. I{OJIHqeCTBO nponaxaromero I',B rrJIaCT .pHJIbTpaTa H raepnsrx qaCTHIJ;, a raroae rJIy6HHa HX nponaxaose

HHJJ 3aBHCJJT OT pacnpenenenaa rro paaaepax nop B nopone H raepnsrx
 
qaCTHIJ; B pacrnope, BalliHIiIM rrapaaerpox 6ypoBoro pacrnopa, BJIHHIOm;HM
 t·

Iaa cnocotiaocrr, ero rrpoHHRHOBeHHJI B rrJIaCT, JJBJIJleTCJI aonoornasa. 
BOJIbmHHCTBO HCCJIe)J;oBaTeJIeii aaHHMaJIOCb onpezteaenaex .pHJIbTpa


IJ;HOHHhIX xapaRTepHcTHR pa3JIHqHliIX 6YPOBliIX pacTBopoB B YCJIOBHJlX
 
CTaTHqeCROii .pHJIbTpaIJ;HH qepea 6yMailillliIe .pHJIbTPIiI HJIH qepea necsa

HIIR [115]. <PIIJIbTpaIJ;IIJJ -repea necsanax nporexaer TaR llie, RaR H xepea
 
6YMalliHliIii .pIIJIbTP [5], II rpa.pIIR IIMeeT )J;Ba JlBHO aupaareaaax yqaCTRa:
 
RpHBOJIIIHeHHliIii (HeycTaHoBIIBmaJJCJJ .pIIJIbTpaIJ;IIJI B nepaon ofipaaoaa


~ . 
HHJI .pIIJIbTpaIJ;HOHHOii ROpRII) II rrpJlMOJIIIHeiiHliIii, cooTBeTcTByIOm;HH ,
 
rrOCTOJJHHOH CROpOCTII .pHJIbTpaIJ;IIII )J;HcrrepcHoHHOii cpe)J;1iI pacrnopa
 
qepe3 ROpRy. Onurasra yCTaHOBJIeHO, qTO C YBeJIHqeHHeM nepenana )J;aB

JIeHIIJJ rrpOHHIJ;aeMOCTb .pHJIbTpaIJ;IIOHHOii ROpRH II BO)J;ooT)J;aqa paCTBopa
 
CHHlliaIOTCJJ.
 

BOJIee rr03)J;HIIMH IICCJIe)J;OBaHHJJMII 6liIJIO yCTaHOBJIeHO, qTO B CRDa i\ 
lliIIHe npn 6ypeHIIII B rrpO)J;yRTIIBHOM nnacre nponecc .pnJIbTpaIJ;HII 6ypo
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Puc. 1. fpallJHRII BhITeCHeHHR: llJIaCTOBOH iRlI)J;ROCTH q.UbTpa
TOM 6ypoBoro pacrnopa. 

5) )J;HHaMHqeCRaJJ .pIIJIbTpaIJ;IIJI qepea 60ROByIO creaxy CRBalliHHIiI 
npII IJ;HPRYJIJlIJ;IIII rrpOMIiIBOqHOii lliH)J;ROCTII; 

B) CTaTHqeCRaJJ .pIIJIbTpaIJ;IIJI rrOCJIe npexpameaaa IJ;HpRyJIJlIJ;Hn npo
MIiIBOqHOii lliH)J;ROCTH. 

Onepezaaiomaa .pHJIbTpaIJ;nJJ He JlBJIJJeTCJI onpe)J;eJIJlIOm;eH B npo
necce npOHHRUOBeHIIJI lliII)J;ROii .pa31iI B rrJIaCT. 

IICCJIe)J;OBaHIIJIMII .pIIJIbTpaIJ;HOHHIiIX csoacra paanaaaux 6ypOBliIX 
paCTBopOB npa IJ;HPRYJIJJIJ;IIII [12, 48, 49, 50] yCTaHOBJIeHO, qTO BJIHJIHIIe 

11 

soro pacrnopa HM.eeT 60JIee CJIOlliHliIii xapaxrep. PaCCMaTpIIBaIOTCJI 
[116] TpH BII)J;a .pIIJIbTpaIJ;HII 6ypOBoro pacrnopa B rrJIaCT: 

a) rrpOHIIRHOBeHHe pacrnopa B rrJIaCT rro)J; )J;OJIOTO, T. e. rrpOHIIRHOBe
HIIe pacrsopa orrepeacaer yrJIy6JIeHHe )J;OJIOTa; 



,n;I1HaMH"lIeCKOH qUlJIbTpaIJ;HH 60JIbille, "lIeM CTaTH"lIeCKoH. Ha ,n;HHaMH"lIeC
KYro tPHJIbTpaIJ;HIO OKaSbIBaIOT BJIHHHHe CKOpOCTb IJ;HPKYJIJlIJ;HH, ranpo
CTaTH"lIeCKOe ,n;aBJIeHHe, BJlSKOCTb pacrnopa , rexneparypa. TaK, C yne
JIH"lIeHHeM CKOpOCTH IJ;HPKYJIJI~H 6ypOBbIX paCTBOpOB, npHrOTOBJJeHHbIX 
HS 6eHTOHHTOBbIX rJIHH, B 2 paaa BOSpaCTaJIa sonoornasa na 30-f)0 %. 
IIpH yBeJIH"lIeHHH rHp;pOCTaTH"lIeCKOrO p;aBJIeHHJI rarone yBeJIH"lIHBaJIaCb 
aonoornaxa, npasea HaH60JIee HHTeHCHBHbIH POCT ee Ha6JIIOp;aJICJI npa 
MaJIbIX p;aBJIeHHJlX (no 12 Krc/cM9). PeSKO soapacraer nonoornas a npH 
yBeJIH"lIeHHH rearreparypu na aafioe. TaK, C nOBbImeHHeM resmeparypu 
no 98°C ,n;ame npa MaJIbIX CKOpOCTJlX IJ;HPKYJIHIJ;HH (0,15 MiceK) BOP;O
omasa BospOCJIa aa 100% no cpaBHeHHIO C sonoornaseii npa TeMnepa
TYpe OKOJIO 20°C. 8TO 06'bJlCHJleTCJI SHa"llHTeJIhHbIM CHHmeHHeM BJISKOC

TH pacTBopa npIl nOBbIilleHHH TeMnepaTypbI. 
ABTOpOM onacaaaux asmre pa60T npoaeneasr onsrrsr no perYJIHpOBa

HHIO nepaona tPOpMHpOBaHHJI tPHJIbTpaIJ;HOHHOH KOpKH B p;HHaMH"lIeCKHX 
YCJIOBHJlX nyTeM 06pa60TKH paCTBOpOB YII.I.P. YKasaHHbIH nepaon 6bIJI 
yxeasmea C 90-120 MHH (P;JIJI He06pa60TaHHbIx pacrnopoa) no 30-35 
H p;aiKe no 10-12 MHH. IIoBTopHbIMH HCCJIep;OBaHHJlMH aroro nponecca 
[511 yCTaHOBJIeHO, "liTO C yBeJIH"lIeHHeM CKOpOCTH nOTOKa H TeMnepaTypbI 
nonoomaxa 6YPOBbIX paCTBopOB noapacraer , npH"lIeM npa BbICOKHX 
rearreparypax BJIHJlHHe CKOpOCTH nOTOKa CKaSbIBaeTCJI CHJIbHee., l\ ana
JIOrH"lIHbIM BbIBop;aM npHWeJI H p;pyroH aBTOp [541, KOTOpbIH raroxe OT
Me"llaeT POCT tPHJIbTpaIJ;HH npOMbIBO"llHOH iKHP;KOCTH npn ee IJ;HPKYJIJlIJ;HH 
no cpaBHeHHIO C tPHJIbTpaIJ;HeH B CTaTH"lIl:lcKOM COCTOJlHHH H n03TOMY 
pexoxemryer npoaonarr, BCKpbITHe nJIaCTOB C MaJIbIMH paoxonasrn 6ypo,I 

I noro pacrnopa. 
l\aK OTMe"llaJIOCb, C pOCTOM nepenana p;aBJIeHHJI MeiKp;y CTBOJIOM CKBa

iKHHbI H nJIaCTOM ,n;HHaMH"lIeCKaJl tPHJIbTpaIJ;HJI pacrnopa yCHJIHBaeTCJI 
H noapacraer 06'beM tPHJIbTpaTa, npOHHKaIOIIJ;erO B nJIaCT. ~JIJI 06ecne
"lIeHHJI 6esonaCHOCTH npH BCKpbITHH nJIaCTOB C BbICOKHMH p;aBJIeHHJlMH 
cneIJ;HaJIbHO YTJliKeJIJlIOT npoxsmo-raue paCTBOpbI, "lIT06bI rHp;pOCTaTH
"lIeCKOe ,n;aBJIeHIIe cToJI6a iKHP;KOCTH, SanOJIHJlIOIIJ;eH CKBaiKHHY, npeauma
JIO nJIaCTOBOe p;aBJIeHHe. Onnaxo "lIpeSMepHoe yBeJIH"lIeHHe ,n;aBJIeHHJI 6y
poaoro pacraopa npasonar BO MHorHX caysaax K peaaosry CHHiKeHHro 
npOHHIJ;aeMOCTH npHsa60HHoH SOHbI nJIaCTa H SHa"llHTeJIbHbIM TPYP;HOCTJlM 

npn HCIIbITaHHH CKBaiKHH. 
Onaoapexeaao 6bIJIO yCTaHOBJIeHO, "liTO "lIeM 60JIbme BpeMJI KOH

TaKTa 6ypoBoro pacraopa C nJIaCTOM, TeM 60JIbillHH yIIJ;ep6 npanoca'r 
3TOT pacrnop B npHsa60HHOH SOHe nponynraaaoro ropHSOHTa. 

Ha OCHOBaHHH paccaorpeanoro MexaHHsMa Bosp;eHCTBHJI 6YPOBbIX 
paornopoa aa eCTeCTBeHHOe COCTOJlHHe nJIaCTa npa 6ypeHHH CKBaiKHH 

MOiKHO Cp;eJIaTb CJIep;yIOIIJ;He BbIBOp;bI. 
IIsMeHeHHe eCTeCTBeHHoro COCTOJlHHlI nopon nJIaCTa B OCHOBHOM npo-' 

HCXO,n;HT Hs-sa npOHHKHOBeHHJI tPHJIbTpaTa 6ypoBoro paCTBopa H TBep
P;bIX "lIaCTHIJ;, HaXOp;JlIIJ;HXCJI B npOMbIBO"llHOH iKHP;KOCTH, B npHsa60HHyIO 
SOHy nJIaCTa B peayasrare CJIep;yIOIIJ;HX rrponeccon: a) Ha6yxaHHJI rJIHHH
CTbIX "lIaCTHIJ;, COp;epiKaIIJ;HXCJI B noponax npHsa60HHOH SOHbI, npa 
HX KOHTaKTe C tPHJIbTpaTOM pacraopa: 6) 06pasoBaHHJI YCTOii"llHBbIX 

t2 

3MYJIbCHH; B) 06paSOBaHHJI MaJIOpaCTBopHMOro ocanxa B nopax ITJIaCTa 
npn BsaHMop;eHCTBHH tPHJIbTpaTa 6ypoBoro pacraopa C naacroaoa iKHP;
ROCTbIO; r) npOHHKHOBeHHlI B nJIaCT TBepp;bIX "lIaCTHIJ; H aaxyrropxa HMH 
noposux KaHaJIOB npHsa60HHOH SOHbI; n) nepeMeIIJ;eHHJI rnepnax "lIaCTHIJ;, 
OTPLlBaIOIIJ;HXCJI OT nOBepXHOCTH noponux KaHaJIOB, non Bosp;eHCTBHeM 
tPHJIbTpaTa pacrsopa no KaHaJIaM nJIaCTa H CYiKeHHJI npoxonnoro cese

"i~ HHJI npa ocaamenaa "lIaCTHIJ;. 
Creneas Bos,n;eiicTBHJI YKasaHHbIX npOIJ;eCCOB aa COCTOJlHHe npaaatioa

HOH SOHbI npa BCKpbITHH nJIaCTa paSJIH"lIHa H saBHCHT OT tPHSHKO-XHMH
"lIeCKHX CBOHCTB 6ypoBoro pacrnopa H nJIaCTOBOH iKHP;KOCTH, a raroae 
OT CTeneHH HeO,IJ;Hopo,n;HOCTH (JIHTOJIOrH"lIeCKOrO CTpOeHHJI) nopon nJIaCTa. 
MHOrO"llHCJIeHHbIe HCCJIep;OBaHHJI B JIa60paTopHbIX YCJIOBHJlX H aaaepsr, 
BbInOJIHeHHbIe B 6YPJlIIJ;HXCJI CKBaiKHHax, nOSBOJIHJIH yCTaHoBHTb CJIe,n;y
IOIIJ;He HaH60JIee 06IIJ;He saKOHOMepHOCTH 0 BJIHJlHHH OTp;eJIbHbIX tPaKTopOB 
na creneas OTpHIJ;aTeJIbHOro Bos,n;eHCTBHJI 6YPOBoro pacraopa na nJIaCT: 

a) C yBeJIH"lIeHHeM 06'beMa tPHJII>TpaTa, KOJIH"lIeCTBa rnepnsrx "lIaCTHIJ;, 
npOHHKaIOIIJ;HX B nJIaCT, H rJIy6HHbI HX npOHHRHOBeHHJI B npHsa60HHyIOf~· 
SOHy noapacraer OTpHIJ;aTeJIbHOe BOSp;eHCTBHe 6ypoBoro pacrnopa aa 
nJIaCT; 

6) B rpaaynapmrx KOJIJIeKTOpax tPHJIbTpaT 6ypoBoro pacrnopa MOiKeT 
nponaxarr, na 60JIbmyIO rJIy6HHy (20 CM H 60JIee), rorna KaK rnepnsre 
"lIaCTHIJ;bI npOHHKaIOT B nJIaCT aa rJIy6HHy 2-3 CM, H TOJIbKO npa HaJIH
"lIHH nopoaax KaHaJIOB 60JIbWOrO Ce"lleHHJI HJIH TpeIIJ;HH B paapeae nJIaCTa 
rsepnsre "lIaCTHIJ;bI, npOHHKaJl BrJIy6b npHsa60HHOH SOHbI," npHBOp;JlT 
K cYIIJ;eCTBeHHoMy CHHiKeHHIO npOHHIJ;aeMOCTH nopon: 

B) HaH60JIbillHH npen 6ypoBbIe pacraopu npHHOCJlT HHSKOnpOHHIJ;ae
MbIM nJIaCTaM, a raroae npop;YRTllBHbIM ropaaonrax C HllSKllM nJIaCTO
BbIM p;aBJIeHHeM; 

r) C YBeJIll"lleHlleM nepenana ,n;aBJIeHHJI MeiKp;y CTBOJIOM CKBaiKllHbI 
H npusa60HHOH SOHbI H spesrena KOHTaKTa pacrnopa C nJIaCTOM yBeJIH
"lIHBaeTCJI KOJIH"lIeCTBO nponaxaiomero B nJIaCT tPHJIbTpaTa H rnepnux 
"lIaCTllIJ; II YCllJIHBaeTCJI OTpHIJ;aTeJII>HOe" BJIHJlHHe pacraopa aa npOHHIJ;ae
MOCTb nJIaCTa; 

,n;) na creneas Bosp;eHCTBllJl paCTBopOB na IIJIaCT 60JIbWOe BJIllJlHHe 
OKaSbIBaeT sonoornasa nJIaCTa; 

e) p;HHaMll"lleCRaJl tPllJIbTpaIJ;IlJl nporexaer HHTeHCllBHee, "lIeM CTaTH
secxaa, npasea C YBeJIH"lIeHlleM CKOpOCTH nOTORa pacrnopa B CKBaiKHHe 
noapacraer II HHTeHCllBHOCTI> tPHJII>TpaIJ;llll. 8TO BJIHJlHHe CKOpOCTH aa ,n;ll

:x' naxaxecxyro tPllJIbTpa~IO oc06eHHO soapacraer npa BbICOKllX sa60HHbIx 
resrneparypax (100 QC). 

Hax BHP;HO HS IlSJIOiKeHHOro nsnne, MHoro06paslle reOJIOrH"lIeCKllX 
\ .	 

II npyrnx yCJIOBllH nposonxa CKBaiKHH He nOSBOJIJleT nOJIHOCTbIO coxpa
HllTb eCTeCTBeHHbIe napaaerpsr nJIaCTOB npa BCKpbITllH, a rarose COS
p;aTb YHHBepCaJIbHbIH MeTO,n; BCKPbITllJl nJIaCTOB, KOTOpbIH otiecnexan 
6bI MaKCHMaJIbHOe coxpaaenae eCTeCTBeHHbIX napaaerpon nJIaCTa B JIIO
6bIX YCJIOBllJlX. Ha OCHOBe llCCJIe,n;OBaHllH H npaxranecaoro OIIbITa MOiKHO 

t	 CtPOPMyJIllpOBaTb aeaoropue rpefioaaaaa, npep;'bJlBJIJleMbIe K npOMLIBO"ll
HbIM iKllP;KOCTJlM, a raroae K MeTop;aM 6ypeHllJl, npe,IJ;HasHa-qaIO~CJI 
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f\JIHBCRpLITHH IIJIaCTOB B TeX HJIH HHLIX reOJIorHlleCRHX yCJIOBHHX. 
IIof\6op MeTOf\a BCRpLITHH f\OJImeH rrpOBOf\HTI.CH B 3aBHCHMOCTH OT epHSU
RO-reOJIorHlleCRHX CBOHCTB ROJIJIeRTopa H epHSHRO-XHMHlleCROH xapax
TepHCTHRH rrJIaCTOBOH mHf\ROCTH. 

IIPH paapafiorxe HJIH rrof\6ope rrpOMLIBOllHLIX mHf\ROCTeH f\JIH BCRpLI
THH rrJIaCTOB C n;eJII.IO MHHHMaJII.Horo HX BOSf\eHCTBHH aa npHaa6oHHyIO 
SOHy HCXOf\HT aa CJIef\YIOIIJ;HX Tpe6oBaHHH: 

a) otiecneaeaae MHHHMaJII.HOrO rrpOHHRHOBeHHR epHJII.TpaTa H TBepf\LIX 
sacran B npaaarioaayro SOHy nnacra: 

6) OTCyTcTBHe peamraa C rJIHHHCTLIM MaTepHaJIOM, HaXOf\RIIJ;HMCH 
B unacre: 

B) Hef\orrYCTHMOCTl> 06paSOBaHHH HepaCTBOpHMLIX ocanxoa B nopo
Bl>IX RaHaJIaX nnaora sa cxer BsaHMOf\eHCTBHH C rrJIaCTOBOH mHf\ROCTI.IO; 

r) ofiecrreaeaae Heo6xof\HMOH CTa6HJII.HOCTH npa BLICORHX TeMrrepa
Type, f\aBJIeHHH H npa ROHTaRTHpOBaHHH C rrJIaCTOBOH BOf\OH; 

f\) otiecrreseaae cpaBHHTeJII.HO nernoro Yf\aJIeHHHrrpOHHRDmX B rrJIaCT 
epHJII.TpaTa H TBepf\LIX llaCTHD; npa OCBoeHHH CRBamHl~LI. 

BJIHRHHe rrpOMLIBOtIHOH mHf\ROCTH aa IJPOf\YRTHBHOCTI. nnacra sa
panee rrpef\BHf\eTl> OlleHI. TpYf\HO, TaR RaR OHO saBHCHT OT ROHRpeTHLIX 
CBOHCTB BCRpLIBaeMoro 06'I>eRTa H npaaeaaesroro npn aToM pacrnopa. 
MomHO JIHmI. cxaaars , llTO C n;eJII.IO YMeHI.meHHH OTpHn;aTeJII.Horo BOS
f\eHCTBHR aa rrJIaCT BCRpLIBaTI. ero cnenyer C npaaeaeaaesr mHf\RoCTII, 
CBoHcTBa ROTOPOH 6JIHSRH R CBoHcTBaM rrJIaCTOBOH mHf\ROCTH. 

MorYT 6LITI. peROMeHf\oBaHLI H rrpHMeHHIOTCH B orrpezteaeaaux reOJIO
[I rHlleCRHX yCJIOBHRX CJIef\YIOIIJ;He npoasrao-rasre mHf\ROcTH: cupaa HeepTI., 

f\06bIBaeMaH aa f\aHHOM MecTOpomf\eHHH, HeepTI. npyroro MecTopo~eHHR, 

COJIeHaR nona (ocoeenao npaexaeaa rrJIaCTOBaH nona, f\06LITaR HS cocen
HHX CRBamHH), pacmopu aa HeepTRHOH ocaone , rrpOMLIBOtIHLIe mllf\RoCTU, 
o6pa6oTaHHLIe XHMHlleCRlIMII pearearaxa. 

COBepmeHCTBOBaHHe MeTOf\OB BCRpLITHR rrJIaCTOB C n;eJII.IO MaRClIMaJII.
noro coxpaaeaaa eCTeCTBeHHLIX napaxerpoa rrpll3a6oHHOH SOHLI npa 6y
peHHH CRBamllH rrpOHCXOf\lIJIO rro HeCROJII.RHM HarrpaBJIeHHRM. BLIJIH 
cOSf\aHLI XHMlIlleCRHe pearearsr, rroHlImaIOIIJ;He aonoornasy 6ypoBoro pac
TBopa; paSpa60TaHLI 6ypOBbIe paCTBOpLI, mllf\RaH epasa ROTOpLIX rro CBOllM 
CBoHcTBaM aaaaoranaa rrJIaCTOBLIM mllf\ROcTRM, SarrOJIHRIOIIJ;HM npnaa
60HHyIO SOHY; COSf\aHLI MeTOf\LI BCRpl>ITlIR rrpOf\YRTHBHLIX ropllSOHTOB 
6es lIS6LITOllHoro f\aBJIeHlIR na rrJIaCT; paapatioraasr crreuaansaae f\06aB
RlI R 6ypOBLIM paCTBOpaM, npeznraaaanaronraeca f\JIH BpeMeHHOH aaxy
rropRlI rropOBLIX RaHaJIOB rrJIaCTa. 

2. TEXHHHA H TEXHOJIOrlIH HCIILITAHIIH IIJIACTOB 
B PA3BE,lJ;O'lHLIX H :1I\CIIJIYATAIJ;IIOHHLIX CHBAiKlIHAX 

B HaCToHIIJ;ee BpeMR rrpHMeHHIOT f\Ba aana HcrrLITaHHH rrJIaCTOB B CRBa
mHHax ua HeepTHHLIx II raSOBLIX MeCTopOmf\eHHRX: 1) I1CIILITaHIIe 061>eR
TOB rrOCJIe OROHllaHHH 6ypeHIIR II crrycxa 06caf\HOH ROJIOHHLI II 2) ncnsrra
HHe B nponecce 6ypeHHH no xepe yrJIy6JIeHlIH CTBOJIa CRBamHHbI. 8TII 
f\Ba BIIf\a HcrrLITaHIIH rrpOBOf\RTCH no paaaoa TeXHOJIorHII C rrpIlMeHeHIIeM 
COOTBeTCTByIOIIJ;HX TeXHHlleCRlIX cpencra. 
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HaH60JIee oTpa6oTaHHOH TeXHOJIOrHeH RBJIReTCH rrepBaH, HO sa 

nocaennee BpeMH SHallHTeJII.HO YBeJIHllHJICH 061>eM HcrrLITaHHH 061>eRTOB 
D 6ypRID,HXCH casaaraaax. 

McrrLITaHHe rrJIaCTOB B axcrrayaranaoansrx CRBamHHax, RaR rrpaBHJIO, 
rrpOBOf\HT rrOCJIe OROH'IaHHR 6ypeHHH H crrycxa 06Caf\HOH ROJIOHHIiI, a TaR
me B aeaaxpenneaaoa CTBOJIe cRBamHH f\JIR orrpef\eJIeHHH BJIHaHHHxpen
JIeHHH CRBamHHLI H rrepepopan;HH na f\e6HT. B aTOM cay-rae oCyID,eCTBJIHIOT 
HCIILITaHHR no H rrOCJIe crrycxa 06Caf\HOll: ROJIOHHLI H corrOCTaBJIHIOT nony
'1eHHLIe pesyJII.TaTLI. Hpoxe Toro, HcrrLITaHHH no f\aHHOH TeXUOJIOrHH 
rrpOBOf\RT C n;eJII.IO BIiIHBJIeHlIH: HaH60JIee rrpOHHn;aeMLIX (HJIH HaH60JIee 
rrpOf\YRTHBHLIX) OTf\eJII.HLIX rrpOCJIOeB B rrpOf\YRTHBHOM paapese nnacra, 
a raroxe C n;eJII.IO HcnLITaHHR BLImeJIemaID,HX ropHSOHTOB. 

Pa60TLI B CRBamIlHe rro orpatioraaaoa TeXHOJIOrHH rrpOBOf\RT B OIIH
CaHHOll: HHme nOCJIef\OBaTeJII.HOCTH. IIOCJIe RperrJIeHHR CRBamHHLI H pas
6ypHBaHHR n;eMeHTHoH npofixa aa ycrse YCTaHaBJIHBaIOT axcnayararra
OHHyIO apaarypy H npOBOf\RT nepdropanmo 06Caf\HOH ROJIOHHLI rrpOTHB 
rrpOf\YRTHBHOro nJIaCTa. ECJIH He rrpOHCXOf\HT eCTeCTBeHHoro npHTORa 
mHf\ROCTII (rasa) HS npaaatioaaoii SOHLI, TO BLInOJIHRIOT TeXHOJIOrH.JeCRHe 
onepauna f\JIR Bos6ymf\eHHH npHTORa HS naacra. )l;JIR sroro npaxena
IOTCR CJIef\YIOID,He MeTOf\LI: aasreaa 6YPoBoro pacrnopa , SarrOJIHHIOID,erO 
CTBOJI cRBamHHLI, BOf\HLIM paCTBopOM IIAB HJIH HeepTI.IO; CHHmeHHe 
ypOBHR mHf\ROCTH B cRBamHHe nyrea TapTaHHR, nopmaeaanaa lIJIH npa 
rroxoma xosnrpeccopa. B nocaennee BpeMH f\JIH aTHX n;eJIeH npaaeaaerca 
aapaponanaaa mHf\RoCTI. C f\06aBROll: IIAB (neaa), qaCTo aaxeay 6ypo
soro pacrsopa BOf\HLIM paCTBOpOM IIAB CO'leTaIOT co CHHmeHHeM ypOBHH 
mHf\RocTH B CRBamHHe. ,I R Ha1l60JIee npocrrax cnooofiax OTHOCHTCH aaxeaa 6ypoBoro paCTBO
pa BOf\HLIM paCTBopOM IIAB HJIH HeepTI.IO, ROTopLIe HarHeTaIOT B CRBa~. mHHy llepea 6ypHJII.HLIe HJIHHaCOCHO-ROMrrpeccopHLIe Tpy6LI. BCJIef\CTBHe 

H TaROll: saMeHLI sec cToJI6a mHf\ROCTH, SarrOJIHHIOID,eH CRBamHHy, CHHmaeT
CR, H f\aBJIeHHe aa HcrrLITLIBaeMIiIll: rrJIaCT YMeHI.maeTCR. 

IIPH HHSRHX nJIaCTOBl>IX f\aBJIeHHRX HJIH HcnLITaHHH nJIaCTOB C HHS
ROll: npOHHn;aeMOCTI.IO nopon, T. e. npa Heo6xof\HMOCTH yBeJIlI'IHTI. rrepe
nan f\aBJIeHHR Memf\Y nJIaCTaMH H sa60eM, CHHmaIOT yponeas mHf\ROCTHr· 
B CRBamHHe. B raseaae f\JIHTeJII.HOrO BpeMeHH f\JIH aroro ua paasenos
HLIX H aRCrrJIyaTan;HOHHLIX nJIOm;af\RX HCrrOJII.SOBaJIH meJIOHRy H nop
meas. 8TO 061>HCHHeTCH B nepBYIO osepens npOCTOTOH TeXHOJIOrH'IeCRHX 
orrepan;Hll: H ROHCTpyRn;HH npHMeRReMoro 060pYf\OBaHHH. B nOCJIef\Hee 
BpeMH HcnOJII.SOBaHHe meJIOHOR eseneao R MHHHMyMy, a rapraaae B pa
ne paHOROB see eIIJ;e npHMeHHeTCH B Re6oJII.IIIHX 061>eMax. 

BOJIee npOHSBOf\HT~JI'LIH MeTOf\ Bos6ymf\eHHH npHTORa mH~ROCTII 
H HSnJIaCTa- ROMnpecco LIH. lliHf\ROCTI. HS CRBamHHLI!npH aTOM Yf\aJIH') 

eTCR aa nOBepXHOCTI. nOMOID,I.IO apJIHepTa, 06LI'lHO npHMeRHeMoro npn 
f\06LIlle HeepTH HS CRBamHR C HHSRHM nJIaCTOBLIM ~aBJIeHHeM. B HaCTOH
ruee BpeMH RaH60JII.mee pacnpocrpaneaae f\JIR apJIHepTa nOJIyllHJI nepe
f\BHmHOH xoxnpeccop "YIIR-80 C MaRCHMaJII.HLIM ~aBJIeHHeM 80 Rrc/cM 2 • 

8 M3/MHH)HHsRaH npOHSBOf\HTeJII.ROCTI. yxaaannoro ROMnpeccopa (~o 
npHBOf\HT R YBeJIHlleRHIO BpeMeHH npOf\YBRH czsaroro Boshyxa' npn 

',) 
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HCm.JTamIJIX CKBamHH. 3TO HaH60JIee OIIJ,ym;aeTcH npa oIIp060BaHHH rny
60KO SaJIeraIOIIJ,HX rrJIaCTOB C HHaKHMH rrJIaCTOBhIMH AaBJIeHHHIIIH, KOr)J;a 
rpefiyerca aHaqHTeJIbHOe CHHmeHHe ypOBHH mHAKOCTH B CKBaa\HHe. 

,1l;JIH YBeJIHqeHHH rJIy6HHhI, )J;O KOTOpOH MOmHO npHMeHHTb C){{aThIH 

BOSJJ;YX, 6hIJI HcrrOJIbaOBaH cnocof O)J;HOBpeMeHHOH SaKaqKH B CKBaa{HHY 
BOSJJ;YXa H mH)J;KOCTH, T. e. CHHmeHHe rHAPOCTaTHqeCKOrO )J;aBJIeHHH aa sa

60H HarHeTaHHeM B CKBamHHy neaa. ,1l;JIH 3TOH ~eJIH 6hIJI HcrrOJIb30BaH 

~e.MeHTHpOBOWhIHarperar H ABa cnapeaaux naaeas-aoarrpeccopa ,1l;K-2 

c pa60qHM AaBJIeHHeM 230 KrcjcM 2 • 

IIoCJIe B036ymAeHHH nparoxa rrpOBOAHT aanacs AaBJIeHHH npa pas
JIHWhIX pemHMax pa60ThI nnacra. IIoJIomHTeJIbHOH oc06eHHocTbIO 

TaKOH TeXHOJIOrHH pa60T HBJIHeTCH BOSMOmHOCTb rrpOBe)J;eHHH AJIHTeJIb

HhIX HcrrhITaHHH B CKBamHHe. KOHeqHO, 3TO nonycxaerca TOJIbKO rrpa 

HcrrhITaHHH 3KCIIJIyaTa~oHHhIX cKBamHH, rne 3TH pa60ThI «l'aKTHqeCKH 

BXO)J;HT B KOMIIJIeKC pa60T rro OCBoeHHIO CKBamHH. 

IIpHMeHeHHe AaHHoH TeXHOJIOrHH HcrrhITaHHH rrJIaCTOB B paaaenos

HhIX CKBamHHax HMeeT CBOH oc06eHHocTH. ITPH paaaenosnoa 6ypeHHll 

xame ncero BCKphIBaIOT HeCKOJIbKO 061jeKTOB, nonneatamax HcrrhITaHHIO, 

rr03ToMY B ooca~HOH KOJIOHHe caatrana HCIIhIThIBaIOT caMhIH HIImHHH 

ropH30HT, a saTeM nepexonar aa pacnoaoaeeaasre nsmre 06'beKThI. IIocJIe 
BCIIhITaHHH KamAoro OO'beKTa ero HaOJIHpyIOT OT CKBamHHhI npa rrOMOIIJ,H 

~eMeHTHoro MOCTa. TaKaH TeXHOJIorHH HCIIhITaHHH rrJIaCTOB B 06cameH

HhIX cxaaaoraa x rrOJIyqHJIa HaSBaHHe cxeMhI HcrrhITaHHH 06'beKTa «CHHSy 

BBepX». TeXHlIqeCKHe cpencrsa H MeToAhI Bos6ym,n;eHIIH nparoxa B 3THX 
)I	 CJIyqaHX rrpHMeHHIOTcH re me, qTO H npa HCIILITaHHH rrJIaCTOB B 3KCII.IIy

aTan;HOHHhIX CKBamHHax. 
Onur rrOKa3aJI, qTO npaxeneaae cxeMhI HcrrhITaHIIH rrJIaCTOB «CHII3Y 

nsepx» B paaaenoxasrx cxaaaeanax CBHsaHO co 3HaqHTeJIbHhIMH aarpara

MIl BpeMeHH H MaTepHaJIbHhIX cpeACTB He TOJIbKO aenocpencrneaao aa HC

nsrranae , HO H oc06eHHO aa paa06IIJ,eHHe 06'beKTOB rrOCJIe HCIIhITaHHH. 

IIo3TOMY ary TeXBOJIOrHIO pa~HOHaJIbHO npaaeaars na MeCTopOlli)J;eHHHX 
C OCJIOmHeHHhIM reOJIOrHqeCKHM paapeaox HJIH npa HCIIhITaHHH raSOBhIX 

rrpOllYKTHBHhIX roplI30HTOB C aHOMaJIbHO BhICOKHM rrJIaCTOBhIM AaBJIeHHeM. 
B 60JIbmHHCTBe cnysaen HCIIhITaHlIe 06'beKTOB B paSBeAOWhIX cxsa

mHHax CJIeAyeT IIpOBOAHTb npa 6ypeHHH no Mepe yrJIy6JIeHHH CTBOJIa 
CKBamIIHhI. TaKOH cnocoti, HaSBaHHhIH CXeMOH HcrrhITaHHH 06WKTOB 

«cnepxy BHH3», oCyIIJ,eCTBJIHeTCH npa rrOMOIIJ,H Cne~HaJIbHOrO 3a60HH"ro 
HBcTpyMeHTa - HcnhITaTeJIeH rrJIaCTOB, cnycxaeasrx B CKBamHHy aa TPy
6ax. CJIeAyeT OTMeTHTb, qTO B CJIyqae HerepMeTHqHOCTH 06ca)J;HOH RO

JIOHHhI HJIH AJIH C03)J;aHHH aHaqHTeJIbHhIX AerrpeCCHH aa rrplI3a60iIHyIO 
SOHY HCIILITaTeJIII IIJIaCTOB rrplIMeHHIOT H rrOCJIe OKOHqaHHH 6ypeHfIH H 

crrycKa 06caAHoii KOJIOHHhI. , 
3a rrOCJIe)J;Hee BpeMH 3HaqHTeJIbHO BOSpOC 06'beM rrpHMeHeHHH ncnura

TeJIeii IIJIaCTOB aa OTeqeCTBeHHhIX HerpTHHhIX H ra30BhIX MeCTopOlli)J;eHIIHX. 

Ha pHC. 2 npanenea rparpHK pOCTa qHCJIa 06'beKTOB (B 3KCIIJIyaTa~nOH
HhIX H paSBeA01DlI>IX caaaacaaax). HCIIhITaHHhIX aa npemrpanraax MH! I 
HHCTepCTBa HerpTHHoH npOMhImJIeHHOCTH B reseaae rrOCJIeAHHX BOCbMH 

JIeT. KaK BII)l;HO HS rrpHBeAeHHhIX AaHHhIX, sa nponrennrae 8 JIeT 06'beM 
i \ 
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.. ~ 'r npUMeHeHHH HCIIhITaTeJIeH IlJIaCTOB YBeJIHqHJICH 60JIee qeM B 4,5 paaa • 
TaK, B 1965 r. npa rrOMOJIJ,H HCIIhITaTeJIeH rrJIaCTOB 6hIJIO acnuraao 600 
06'beKToB,' qTO COCTaBJIHJIO OKOJIO 10,3% OT 06JIJ,ero qHCJIa HcrrhITaHHhIX 

rrJIaCTOB, a B 1971 r. - OKOJIO 2770 06'beKTOB, HJIH OROJIO 33% OT emerOA
HO HCIIhIThIBaeMhIX rrJIaCTOB. He06xo)J;HMo nozrsepxayrr., qTO rrpOIISOmJIH 
He TOJIbKO KOJIHqeCTBeHBhIe, HO H KaqeCTBeHHhIe HSMeHeHHH B nponene

HHH HCIII>ITaHHH IIJIaCTOB. ECJIH B 1965 r. qHCJ!O YAaqnhIX HCIIhITaHHii 

npa rrOMOJIJ,H HCIIhITaTeJIeH rrJIaCTOB COCTaBIIJIO 77,6%, TO B 1969 r. 

yme 87,5%. YBeJIHqHJIHCb rJIy6HHhI CKBamHH, HcrrhITaHHhIX npa rrOMOJIJ,H 
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HCnhITaTeJIeH rrJIaCTOB. ECJIH B nepnoaaxam.aaa nepaon HX npasreae

HHH rJIy6HHhI CKBaamH OrpaHHqHBaJIHCb 3000-3500 M (rrpHqeM acnsrra
}{ HHH aa TaKHX rJIy6HHax rrpOBOAIIJIIICb OqeHb peAKO), TO sa nOCJIe)J;HHe
: .
 
.J rO)J;hI IIpH nOMOJIJ,H HCIIhITaTeJIeH rrJIaCTOB acnaraau COTHH CKBamHH
 

/L.: rJIy6HHoH 3000-4000 M, a TaKme npoaeneaa HeOAHOKpaTHhIe HcrrLITaHHH 

CKBamHH rJIy6HHoH 4000-5000 M (B 1969 r. IIX 6hIJIO npOBeAeHO 28). 

OAHoBpeHeHHo aospacraer 06'beM rrplIMeHeHHH onp060BaTeJIeH naac
TOB npa 6ypeHIIH CKBamHH. 

IIpHMeHeHHe HCIIhITaTeJIeH H orrp060BaTeJIeH nJIaCTOB aa OTeqeCTBeH
.;' 

HhIX HerpTHHhIx H raSOBhIX MecTopom)J;eHHJlX l;t:03BOJIHJIO rrOBhICHTb 3rp
rpeKTHBHoCTb reOJIOrO-rrOHCKOBhIX pa60T H C3KOHOMHTb SHaqHTeJIbHLIe 
MaTepnaJIbHhIe cpencrna, ...... 
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rJIABA BTOPAH 

IICIIbITAHIIE II OIIPOBOBAHDE IIJIACTOB
 
B IIPOUECCE B'YPEHDn CRBAjI\lIH
 

llapaMeTpbI IIJraCTOB orrpe,n;eJUUOT npa oypeHllll CKBamlIH nyreu 
HCnLITaHUH, OnpOOOBaHlIH llJIll KOMnJIeKCHOrO llCCJIe,n;OBaHHH. PaaJIHlJ:lIe 
YKaaaHHbIX onepanaa aaKJIIOlJ:aeTCH B CJIe,n;yIOID;eM. Ilpn HCIIbITaHHH 
olheKTa He TOJIbKO Boaoym,n;aKJT nplITOK nJIaCTOBOH mH,n;KOCTH (Hm! raaa) 
aa npHaaOOHHOH aOHbI B llcnbITaTeJIbHbIH HHcTpyMeHT, HO H npll nOMOID;H 
rJIyOHHHbIX MaHOMeTpOB aanHCbIBaIOT naarpaaxsr naanenaa, no KOTO
pbIM onpe,n;eJIHIOT epHaHlJ:eCKlle napaMeTpbI acmrruaaeuoro OO'beKTa. 
McnbITamIH COnpOBOiR,n;aIOTCH OTOOPOM aHR'mWJIbHLIX OO'belttOB nJIaCTO
BOH JRH,n;KOCTH H npOBo,n;HTCH npa nOMOID;H CrreD;HaJIbHbIX HHcTpyMeH
TOB - llcnbITaTeJIeH nJIaCTOB, cnycxaexax B cxaaxcaay aa rpytiax, 

Ilpa acrmranaax OO'beKTOB onpenenaror CJIe,n;YlOID;He epllalllJ:eCKlle 
napauerpsr nnacra C :u;eJIblO COCTaBJIeHHH He TOJIbKO KalJ:eCTBeHHon, HO 
H KOJIHlIeCTBeHHOH xapanrepacrana nponyxraaaoa aOHbI CKBaanIHbI: 
IIJraCTOBoe ,n;aBJIeHHe, aaooHHyIO TeMnepaTypy, rnnponpoeonaocn., KO::lep
eplln;lleHTnbeaOnpOBo,n;HOCTH, npOHll:u;aeMOCTb llcnbITbIBaeMoro aarepnaaa, 
KO::lepepllD;HeHT aaxynopxa npllaaOOHHOH aOHbI, KO::lepepll:U;HeHT rrponyn
THBHOCTJI nanaorn ropaaon-ra (paClJ:eTHLIH), xapaxrep HaCbIID;eHJlH 
naacra. 

OnpOOOBamle OO'beKTa npOBo,n;HT C :u;eJIbIO rrOJIylJ:eHHH npenaaprrrens
HbIX ,n;aHHLIX 0 nnacre B OCHOBHOM ,n;JIH ero KalJ:eCTBeHHOH onenxa. Onpo
OOBaHHe COnpOBOJR,n;aeTCH OTOOPOM HeOOJIbffiHX OO'beMOB rrJIaCTOBOH 
iRll,n;KOCTll llJIU rasa B OaJIJIOHbI OrpaHHlJ:eHHOn eMKOCTU H BbInOJIHHeTCH 
npH nOMOID;H onpOOOBaTeJIen, aafipacsrnaexsrx BHYTPb 0YPllJIbHbrX Tpyo 
UJIH cnycxaeasrx B CKBamHHy na KaOeJIe-Tpoce. IIpaana , onpotionaaae 
OO'beKTa MOiRHO rrpOBo,n;HTb H npa rrOMOID;H HcrrbITaTeJIeH nJIaCTOB, Kor,n;a 
orpaHHlIIIBalOTCH Boaoym,n;eHHeM npHTOKa aa nnacra, OTOOPOM npencra
BHTeJlbHOH nporisr nJIaCTOBOn mlI,n;KOCTH II He npononar rll,n;po,n;IIHaMHlJ:eC

3a nocnenaee BpeMH paapafioramr MeTo,n;HKa II TeXHHlIeCKlle cpencrna 
,n;JIH KOMrrJIeKCHOro HCCJIe,n;oBaHHH nJIaCTOB, OTJIHlJ:IITeJIbHon. ocofiea
HOCTbIO xoroporo HBJIHeTCH npoaeneaae HeCKOJIbKHX onepanaa aeno
cpencraeaao B nponecce oypeHllH cKBamUH 6ea nomexa oypRJIbHOrO 
RHcTpyMeHTa na IIoBepXHOCTb: OTOOp xepna, reoonaasecnao aaMepbI, onpo
oOBaHue nnacra , npaxea sra onepanaa MoryT BbInOJIHHTbCH B JlIOOOH 
nOCJIe,n;oBaTeJIbHOcTH. PeaYJIbTaTbI TaKoro accnenonaaaa nOaBOJIHIOT 
nOJIYlJ:llTb HanOOJIee rrOJIHbIe naaasre 0 nnacre , ,n:JIH KOMrrJIeKCHbIX llCCJIe
,n;OBaHllH paapaOOTaH crre:U;llaJIbHbIH KOMrrJIeKT aaoonHoro U HaaeMHoro 
ooopy,n;oBaHllH. 

TaKlIM ofipaaox, B aaBlIClIMOCTlI OT rrOCTaBJIeHHbIX aanaa B rrponecce 
oypeH~H CKBamHH MomHO BbInOJIHHTb: 

1) acmaraaae OO'beKTOB npa nOMoID;lI llcnbITaTeJleH rrJIaCTOB, cnycna
eMbIX B CKBamlIHY na Tpy6ax; 

2) onpotionaaae OO'beKTOB npa nouorrra onpotioaareaea nJIaCTOB, 
aaripacanaexux BHYTPb OyplIJIbHbIX Tpyo; 

t3) onpodonaaae OO'beKTOB IIplI nOMor:u;ll orrpoOOBaTeJIeH IIJraeTOB, 
cnycxaeasrx B CKBamllHY aa Ka6eJIe-KaHaTe llJIll MeTaJIJIlllJ:eCROM rpoce: 

4) IWMnJIeKCHOe accnenonaaae nJIaCTOB npa nOMOID;ll naaeaaoro II aa
60HHoro lIcnLITaTeJIbHOrO otiopynonaaaa. 

B COOTBeTCTBlllI C ::lTHM paapatioraaa CJIe,n;YlOID;He TeXHII'IeCKlle open
CTBa: 

1) acmrrarena rrJIaCTOB, crrycxaexsre B CKBamlIHY aa OypllJIbHbIX 
lIJIll aacocao-sosorpeccopaux rpyfiax (c orropoa 1I 6ea onopsr na 
aafioji}; 

2) onpotionarena nJlaCTOB, aaopacuaaexue BHYTPb 6ypllJIbHbIX 
Tpy6; 

3) onpofioaarena nJIaCTOB, crrycxaexsre B CKBamllHY na Ka6eJIe-Ka
nare IIJIII MeTaJIJllllleCKOM rpoce: 

4) ofiopynonanae ,n;JIH KOMnJIeKCHOro llCCJIe,n;OBaHllH nJIaCTOB. 

1. IICTIhITAHHE OB'hEHTOB 
llPII llOMO~1I IICllhITATEJIEB llJIACTOB 

C OllOPOB HA 3ABOB, 
CTIYCKAEMhIX B CKBA'KHHY HA TPY,BAX 

McnbITaHllH OO'beKTOB IIpll rrosronra uCIIbITaTeJIeH rrJIaCTOB C onopoii 
aa aa60H npOBo,n;HTCH no srepe yrJIYOJIeHlIH CKBaiRlIHbI no cxeae «csepxy 
nnna». Hcnaraaae npennonaraexux IIpO,n;YKTlIBHbIX nJIaCTOB B paane
,n;O'lHbIX cxaaaomax MomHO npononart, KaK B KOJIOHHe oficannsrx TpyO, 
TaK II B OTKpbITOM neoticaacenaoa CTBOJIe. 

CJIe,n;yeT OTMeTllTb, 'ITO lICIIbITaHlIH MoryT npOBo,n;llTbCH He TOJIbKO 
C :u;eJlbIO BbIJIBJIeHHH nOTeH:U;llaJIbHbIX BOaMOiRHOCWH IIJIaCTa, HO TaKiRe 

KHX IICCJIe,n;OBaHHH. O,n;HaKO B HOpMaJlbHbIX yCJIOBHHX ::lTO rrpOBo,n;HTb ,n;JIH onpeneaeaaa aarepsaaa neprpopanan ooca,n;HOH KOJIOHHLI, npoaepxa
Hepa:U;llOHaJIbHO. :u;eMelITHbIX MOCTOB na repMeTII'lHOCTn, yCTaHOBJIeHHH MeCT noraomeaaa,

,I IIPll onpOOOBaHHH IIJraCTa orrpeneaasor: nJIaCTOBoe ,n;aBJIeHlle, aaOOH BbIHBJIeHlIH npecaosonmax nJIaCTOB. IIPll rrOMOID;ll IICIIbITaTeJlen MOiRHO 
HyIO reuneparypy, rparransr Bo,n;O-HecJ>THHoro, raao-aedrranoro KOHTaK nponoztarr, II KHCJIOTHyIO oopa6oTKy, rll,n;paBJlll'leCKllH paapsm IIJIaCTar
TOB, xapaxrep HacbIID;eHIIH nnacra. II aexoropsre ,n;pyrlle onepanan. 
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HaH60JIl,mHH npaKTHlIeCKHH HHTepeC npe.n;CTaBJIHIOT HCIIhITaHHH 
B HeaaI\penJIeHHOMCTBOJI'e CKBailmHLI, T. e. B nportecce 6ypeHHH. Hcnura
Teml nJiaCTOB 6ea crrycxa 06ca.n;HoH KOJIOHHLI 6hIJIH npHMeHeHLI nrrepnue 
B 1926 r, B CllA. IIepBLIe naTeHTLI na HcnLITaHHe npo.n;YKTHBHhlX nnac
TOB B npo:o;ecce 6ypeHHH B .n;OBOJIbHO npHMHTHBHOH $opMe OTHOCHTCH 
K 1866 r., T. e.urpmrepao K TOMy BpeMeHH, xorna 6LIJIa npofiypeaa B TH
TycBHJIJIe (1859 r.) nepsaa CKBaiRHHa aa aaepaxaacxoa KOHTIIHeHTe. 
Onaaxo 3TO IIlJ06peTeHlIe HaMHOro onepenaao caoe BpeMH. TOJIbKO 
lIepea 60 JIeT nOCJIe BLI.n;alIlI nepBLIX naTeHTOB IICIIhITaTeJIII nJiaCTOB 

1\ , CTaJiH npHMeHHTbCH aa He$THHLIx npoMLICJIax npa onp060BaHHlI llJIaCTOB 
B HeaaKpellJIeHHLIX CKBaiRlIHax. IIpHMeHeHlIe aroro cnocotia BO MHO
rHX TLICHlIax CKBaiRHH cnoc06CTBOBaJIO OTKpLITIIIO HOBLIX MeCTOpo

! 
,I iR.n;eHlIiL 

HaH60JIbmee pacnpocrpaneaae sa py6eiROM nOJIylIlIJiII IICnLITaTeJIII 
nJiaCTOB $lIpM ,lJ;iROHCTOH II XaJIJIH6ypTOH. 3a nocaenaee BpeMH paapa
60TaHa KOHCTpyKIJ;lIH IICnLITaTeJIH nJiaCTOB C onopoH Ha aa60H $IIPMLI 
JIaHHa. 

B COBeTcKoM COIOae HcnLITaTeJIII nJiaCTOB nepBLIX KOHCTpyKIJ;lIH npa
MeHHIOTCH C 1944 r. na npOMLICJIaX I'poaneacxoro He$THHoro paaoaa 
(44]. CHalIaJIa IICnOJIbaOBaJI_1I MexaHHlIeCKlIe IIcnLITaTeJIII C KOHHlIeCKHMH 
YllJIOTHHTeJIbHLIMII 3JIeMeHTaMlI Ha rJIy6l1Hax .n;o 1800 M, a Ha'IllHaH C 
1948 r, CTaJiH npaaeaars HcnLITaTeJIII C :O;IIJIIIH.n;plllIeCKlIMlI ynJIOTHIITeJIb
HLIMH 3JIeMeHTaMlI B CKBaiRHHaX rJIy6HHoH 2000-2400 M, a B OT.n;eJIbHLIX 
CJIylIaHx no 3000 M l46]. C 1958 r. na paaBe.n;OlIHLIX nJIOIIJ;a.n;HX CCCP 
npllMeHHIOT rll.n;paBJIlIlIeCKlIe HcnLITaTeJIH, KOTopLIe CJIyiRaT .n;o HaCTOH

Ii utero BpeMeHH OCHOBHLIM IICnLITaTeJIbHLIM HHcTpyMeHTOM. KOHCTpyK:O;lIH 
OTelIeCTBeHHLIX HcnLITaTeJIeH nJiaCTOB paapafioraau IIHCTlITYTaMH .' CeBKaBHlIlIlIHe$Tb, BHHHHe$TenpoMreo$lIaIlKa • 

1I0cJIe.n;oBaTeJIbHocTb onepanaa, npOBo.n;IIMLIX npa IICnLITaHlI1I nnac
TOB, MOiRHO npOCJIe.n;IITb no pllC. 3. 

Cym,HOCTb rrponecca HcnLITaHIIH nnacra aaKJIIOlIaeTCH B TOM, lITO 
HcnLITLIBaeMLIH 06'MKT HaOJIlIpyeTcH npa nOMOIIJ;H naxepa OT pacnono
meHHLIX BLIme ropHaOHTOB H KaK 6LI BBO.n;IITCH B 3KCnJIyaTa:O;lIIO na KO
POTKHH nepnon BpeMeHH. Ilpa nOMOIIJ;1I CIICTeMLI KJIanaHOB coanaior!!• 

HeCKOJIbKO peiRHMOB nparoxa iRlI.n;KOCTII aa rmacra II BOCCTaHOBJIeHIIH 
.n;aBJIeHHH B aoanynmoa KaMepe.. 

IIpH cnycxe HCIIhITaTeJIH nJiaCTOB neperox 6ypoBoro pacrnopa npo
HCXO.n;HT KaK no KOJIb:o;eBoMy'aaTpy6HoMy npOCTpaHCTBy, TaK II lIepea 
$IIJIbTP 6, naxep 5 H O'i'BepcTHH 4 ypaBHIITeJIbHOrO rorarraaa , lITO CHlIiRaeT 
rH.n;po.n;HHaMHQeCKHe conpOTHBJIeHHH, BoaHIIKaIOIIJ;lIe npa cnycxe IIH
cTpyMeHTa Ha aa60H. OTBepcTIIH 3 nplleMHOrO H 1 :O;lIpKyJIH:O;lI0HHoro 
KJIanaHOB npn 3TOM aaKpLITLI, a aanopaoro xnanaaa 2 - OTKpLITLI. 
Ha pHC. 3, a rreperox 6ypoBoro pacrsopa noxaaaa CTpeJiKaMII. ' 

1I0cJIe yCTaHoBKII HHcTpyMeHTa aa aatioe II 1I30JIHIJ;lIlI IICIIhITLIBae
Moro nnacra OT pacnonoacenaoro BLIme CTBOJIa CKBaiRlIHLI Boa6YiR.n;aIOT 
nparox iRH.n;KOCTH na nnacra B Tpy6LI [pao, 3, 6), T. e. BLInOJIHHIOT na
lIaJIbHLIH aran - HcnLITaHHe aa nparox (OTKpLITLIH nepaon IICIIhITaHIIH). 
3aTeM aanopaua KJIanaH aaKpLIBaIOT [pnc, 3, 6) II 06eCne'IllBaIOT 
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3. IlOCJIep;OBaTeJlbBoCTb onepa~llil npn llCllbITaBlill CKBaliUlB acmrrareaess 

llJIaCTOB C onopoa na aa6oil. 
HcrrhlT3TeJIH B CIlBIDRHHy; 6 - nparox lliH/lIlOCTH aa nnacra (nocne sanaxep OBIlH); 

aallphlThlJl: nepaon acmaraaas (BOCCTaHOBJIelUle AaBJIelUlH BHYI'PH HCIIhlTaTeJIII rrJIaCTOB); 
BhIpaBHHBaBHe /laBJIeBHH Hall H non naxepox nepen rrO/l'beMOM acmrrarenn rrJIaCTOB; f! 

rpaacnoprnoe rrOJIOllieBHe acnsrrarena rrJIaCTOB (Y/laJIelUle rrpo6hl nnacroaoa lliH/lIlOCTH H3 6y
pllJIbBhlX TPy6 npa noaoma 06paTHoJl: rrpOMhlBIlH). 

OTBepCTHII /lJIII 06paTHoJl: rrpOMhlBIlH; 2 - aarrOpHD-rrOBopOTBhlJl: ioranaa; 3 - rrpHeMHhlJl: 
RJIarraH HCIIhlTaTeJIH; 4 - OTBepCTllC ypaBBHTeJIbBorO IlJIarraHa; 5 - naxep; 6 - rreplj)opllpOBaH

Hall 1I1l0pHall TPy6a. 



BOCCTaHOBJIeHHe p;aBJIeHHH B noanynraoa KaMepe (aaKphIThIH rrepuon UCIIbI
TaHHH). 3aKJIIOqHTeJIbHhIM aranox UCrrhITaHUH HBJIHeTCH aaxpsrrae npn
eMHoro KJIarraHa HcrrhITaTeJIH IIJIaCTOB H OTKphITHe OTBepCTUH ypaBHu
TeJIbHoro KJIarraHa, qepea KOTophIe rrpOHcXOP;HT BhIpaBHUBaHue p;aBJIe
HHH B nannaxepnoa U nonnaxepnoa aoaax CKBaiRUHhI (pHC. 3, 8). IIocJIe 
aroro npOBop;~TCH C'LeM naxepa H nozrsea HHcTpyMeHTa na nosepxaocrs 
(pHC. 3, 0). 

Caerryer OTMeTHTb, qTO He ncerna BhIp;epiRUBaeTCH TaKaH oxepenaocrr, 
orrepartnii. )J;JIH nOJIyqeHUH 60JIee rJIy60KoH UH4JopMaD;HH 0 nJIaCTe 
11 onpeneaeaaa HaqaJIbHOrO nJIaCTOBOro p;amIeHHH naoma HaqHHalOT 
HcrrhITaHUH C aaxpsrroro nepaona, BO BpeMHxoroporo rJIy6uHHhIMH MaHO
MeTpaMH, pacnOJIOiReHHbIMH B 4JHJIbTpe H B Boap;yIIIHoH KaMepe, sanacsr
BaeTCH aaxaasaaa KplIBaH BOCCTaHOBJIeHHH p;aBJIeHHS. II TOJIbKO nOCJIe 
<lTOrO coanaior npHTOK nJIaCTOBOH iRHP;KOCTH (OTKphIThIH nepaon acnsrra
HHS), a aarea aanaosmaror KOHeqHYlO KPHBYlO BOCCTaHOBJIeHHJI naane
lIHJI (KOHeqJIbIH aaKphIThIH nepnon HcnhITaHHH). KpOMe Toro, B COBpeMeH
HbIX yCJIOBHJIX C nOMOID;blO yCTaHoBKH MHoronoaHD;HOHHhIX aanopno
nOBopOTHhIX KJIanaHOB npoaonar HeCKOJIbKO aaapsmax H OTKphIThIX 
nepaonon HcnhITaHHH. 

Ilepen BCKpbITHeM nJIaCTa, nonnezeamero ncnuraamo , CHHMalOT 
xanepaorpasory ncero neaaxpenneaaoro CTBOJIa CKBaiRHHhI. IIo KaBepHO
rpaxxe onpeneamor nOpJIp;OK BCKphITHJI nJIaCTa H rrop;rOTOBKH CKBaiRUHhI 
R HcnbITaHHlO. ECJIH CTBOJI CKBaiRHHhI HMeeT aaanarensmre cyiReHHJI, 
TO P;JIJI 06eCneqeHHH npoxonaaocra HcnhITaTeJIJI IIJIaCTOB npa cnycae 
ero B CKBaiRUHY U repMeTUqHOH naKepOBKII BCKphITlIe nJIaCTa npOBOp;JIT

Ii P;OJIOTOM xeasnrer-o naaxerpa, qeM naaxerp CKBaiRIIHbI. IICIIlilTaTe.ru~ 

nJIaCTOB B aTOM cnyxae cnyoxaior C rraKepYlOID;IIM aJIeMeHTOM MeHbmero 
p;uaMeTpa II YCTaHaBJI.IlBalOT ero B aatiypeaaox aYMn4Je. 

Ilpa 60JIee 6JIarOnpUJITHhIX yCJIOBIIJIX, xorna reOJIOrHqeCKUH paspea 
CKBaiRUHhI npencrasaea YCTOllqUBhIMU noponaua, nJIaCT BCKphIBalOT 
nepen acnuraaaaaa P;OJIOTOM Toro iRe p;uaMeTpa, qTO U p;lIaMeTp CKBaiRU
RbI. B TaKOH CKBaiRlIHe nepen cnycxox acnurarena nJIaCTOB nOCJIe 
RapOTaiRa, rro KOTOpOMy opaenraponoxao onpeneaaror rpaaanu acnaru

,i
I naexoro 06'LeKTa, CHlIMalOT xanepnorpasnry U onpenenmor IIHTepBaJI 

yCTaHOBKlI naxepa. Op;HaKO eCJIlI B CKBaiRlIHe 06HapyiReHhI neaaasarem,
RbIe CYiReHllS, xoropae xoryr nonpenars naxepyromaa aJIeMeHT, TO CTBOJI 
.npopatiarsmaior mapomeamaa P;OJIOTOM, a sarex nOCJIe npoxaaaa 1I BhI
paBHHBaHllJI napaaerpon 6ypoBoro pacrnopa crrycaaior lICnhITaTeJIb 
nJIaCTOB. 

COOTBeTCTBeHHO YCJIOBIIJIM B CKBaiR.IlHe nop;6upalOT KOMnoHoBKy lIC
maraTeJIbHorO HHcTpyMeHTa. 

HeCMOTpJI na TO, qTO npaxenenae HcnhITaTeJIeH nJIaCTOB P;JIJI onpo
OOBaHIIJI 06'LeKTOB HepaD;1I0HaJIbHO, P;O CIIX nop anasarexsaoe qllCJIOpell 
COB C IICIIbITaTeJIbHhIM lIHcTpyMeHToM B CKBaiRHHhI BhInOJIHJIlOT CD;eJIblO 
KaqeCTBeHHOll OD;eHKll HcnhIThIBaeMhIX nJIaCTOB, 6ea nponenenaa rllp;
ponaaaaanecxax IICCJIep;OBaHuH. B aTlIX CJIyqaJIX nplIMeHHlOT ynpomea
nyro KOMnoHoBKy ncnsrraTeJIbHOrO lIHCTpyMeHTa, BKJIlOqalOID;Yro TOJIbKO re 
yaJIhI, xoropsre nOaBOJIJIlOT orodpars npencranarensayro npofiy iRlIP;KOCTlI.

'r
I 
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TaKaJI KOMnoHoBKa (pac. 4, a), COCTOllT na 6YPllJIbHhIX Tpy6 1, D;lIpKY
JIJID;1I0HHOrO reranaaa 2, IICIIlilTaTeJIJInJIaCTOB 3, acca 4, 6eaonacHoro aax
xa 5, naxepa 6, 4JlIJILTpa 7, XBOCTOBHKa 8 n onopaoro 6aillMaKa 9. 

Ilpa IIcnOJILaOBaHlIlI HcnhITaTeJIJI nJIaCTOB P;JIJI 
l1CnhITaHllH 06'LeKTOB npHMeHJIlOT nOJIHylOKOMno
HOBKy (pllC. 4, 6), B KOTOpylO xposre yxaaaaaax 
name yaJIOB, COCTaBJIHlOID;IIX ynpomeaayio HOM
nOHoBKy, BXOP;HT p;OnOJIHHTeJILHO rrepeaonaax 10 
P;JIS yCTaHoBKII rJIy611HHoro MaHoMeTpa, aanopao
nOBopoTHhIH KJIanaH 11, 6ypHJILHLIe Tpy6LI 12, 
06paaYlOID;ne aosnymayto xaxepy, rrepenonnax 13 
AJIJI yCTaHoBKlI rJIy611HHoro MaHoMeTpa B BoaAym
HOH xaaepe, nepeaoaaaxa tA B 15 AJIJI yCTaHoBKII 
rJIy6lIHHhIx MaHOMeTpOB, perncTpllpyroID;IIX p;aBJIe
HBe COOTBeTCTBeHHO BHyTpll4JUJIbTpa 1IB aaTpy6HoM 
I1pOCTpaHCTBe. 

KpoMe paccMoTpeHHhIx.yaJIOB KOMnOHOBKlI aa
60HHoro lICIIhITaTeJILHOrO nnorpyaenra, rrpa ncmz
TaHllJIX nJIaCTOB npIIMeHH.eTCJI BepTJIlOiRHaJI YCTbe
BaJI rOJIOBKa, YCTaHaBJIlIBaeMaH na nosopxaocra na 
KOJIOHHy 6ypllJIbHhIX Tpy6. Ona nOaBOJIJIeT npOBO
paxanars lIHCTpyMeHT B nponecce IIcnhITaHlIll, He 
napymaa repMeTlIqHOCTlI 6ypUJIbHOH KOJIOHHhI. 

HUiRe paccMOTpeHhI HaaHaqeHlIe 1I YCTpOii:CTBO 
OCHOBHhIX cOCTaBHhIX qaCTeH lICnhITaTeJIH una
CTOB C onopoii na aa60H II OCHOBhI IIX pacxera. 

OcHOBHLIe Y3JIbI uonsrrareaa I1JIaCTOB
 
C onopOH Ha aa60H
 

llaHepyrom;UH 8JIeMeUT a XBOCTOBIIK (OIlOp
HblH HKOpb). IIaKepYlOID;lIB aJIeMeUT rrpennaaaaaen 
AJIH paa06ID;eHlIJI lICnhIThIBaeMoro nJIaCTa lIJIlI He
60JIbmOrO yqaCTKa ero OT OCTaJILuorO CTBOJIa 
CKBaiRlIUhI. CYID;eCTBYlOT naxepyiomae (ynJIOTHlI
TeJIbHbIe) aJIeMeHThI UeCKOJIbKlIX KOHCTpyKD;lIII 
KOHlIqeCKlIe, D;lIJIIIHp;plIqeCKlIe 1I np. 

B IICIIbITaTeJIJIX, orryoxaesnax B CKBaiRlIHY na 
Tpy6ax C onopoa aa aa60B P;JIJI roro, qT06bI na
KepYlOID;HH aJIeMeHT Mor Ae4JopMlIpOBaTbCH non 
p;eii:cTBlIeM seca rpyfi, He06xOAlIM yrrop. STOT iRe 
ynop YAepiRlIBaeT naKepYlOID;lIH aJIeMeHT OT CMe
ID;eHIIJI BUlla non p;eHCTBlleM nepenana p;aBJIeHlIH 
B nponecce lIcnhITaHHH. B xasecrne raxoro yrropa 
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Puc. 4. IIpHHIJ,HIInaJIb
HaH cxexa KOMllOHOBKR 
nCIIhITa TeRH IIJIaCTOB C 

OIIOpHhIM axopea. 
a - ynpoU\eHHall ROMno
HOBRa; 6 - nonaaa ROM

nOHOBRa 

B HcnhITaTeJIJIX nJIaCTOB npHMeHJIlOT onopHhI:H JIKOpL (XBocTOBaK). Pa60
Tocnoc06HoCTb ynJIOTHlITeJIbHOrO aJIeMeHTa B aHa"tJ:lITeJIbHOH Mepe aasa
CHT 0'1' npaBlIJIbHOrO nOA60pa onopaoro JIKOpJI. Ilpa a6paaHBHhIx nopo
Aax, OCTphIX ssrcrynax, HepOBHOCTJIX CTeHOK naxepyiomae aJIeMeHThI 
MoryT 6hITL nOBpeiRp;eHhI II repMeTUqHOCTb He 6YAeT p;OCTlIrHYTa. 
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,[{JIIfHY HROpH nO,IJ;6HpaIOT C TaRHM pacserox, qTOOhI nOCJIe yCTaHoB
RH HROP'H ua aaOOH naxep HaXO,I(HJICH TOqHO na aa,I(aHHOH rJIy6HHe. 
Horna OTRphIBaeTCH RJIanaH HcnhITaTeJIH H BoaHHRaeT nepenan ,I(aBJIeHIIH 
Meil(J.l;y CTBOJIOM CRBaiRHHhI, pacnOJIOiReHHhIM Ha,lJ; rraxepox, H aOHOH 
nJIaCTa, HaXO,I(Hm;eD:CH non naxepox, aa BepXHIOIO noaepxaocrs ynJIOT
HHTeJIbHOrO <lJIeMeHTa aasaaaer .o;eD:CTBOBaTb ocesoe ycHJIHe, ,I(ocTHraIO
m;ee 60JIbnmX BeJIHqHH. TIO,I( )l;eHCTBHeM <lTOrO yCHJIHH naxep ,I(oynJIOT
HHeTCH H 06eCneqHBaeT nOJIHyIO repMeTHqHOCTb. HHiRHHH ROHen; naxepa 
onapaercs xepea iReCTRHH nep4>opHpOBaHHhID: 4>HJIbTP na HROpb. Pacma
penae naxepa npOHCXO)l;HT HOpMaJIbHO npa yCTaHoBRe ern B TBep,I(hIX no
ponax - necnaaasax, H8BeCTHHRax, neCqaHHROBhIX CJIaHn;aX, T. e. B TOM 
cnyxae, xorna CTeHRH CTBOJIa CRBaiRHHhI He paaMhIBaIOTCH, 

TaRHM 06paaOM, OT paaaepoa onopaoro HROpH Hero iReCTROCTH aa
BHCHT creneas repaeraaanaa H patiora HCnhITaTeJIH nJIaCTOB B n;eJIOM. 
BTO ocotienao BaiRHO, ROr,I(a HCIIhITaHHe H npOMhImJIeHHaH oneaxa nJIaCTa 
ocym;eCTBJIHIOTCH B He06caiReHHOH CRBaiRHHe. qTOOhI aa60D: MOl' socrrpa-. 
HHMaTb OOJIbmHe narpyaxa, HROpb ,I(OJIiReH HMeTb OOJIbmyIO onopayio 
nOBepXHOCTb, a nopona aa aafioe ,I(OJIiRHa OhITb ,I(OCTaTOqHO nposaoa. 
IToCJIe,I(Hee yCJIOBHe ocofieaao BaiRHO, eCJIH nepen HCIIhITaHHeM B CRBa
iRHHe npOBO,I(HJIOCb n;eMeHTHpOBaHHe. TIOCROJIbRY BepXHHH onopmra 
CJIOD: npe,I(CTaBJIHeT COOOH CMeCb n;eMeHTHoro pacrsopa C OYPOBhIM, 
STY CMeCb HeOOXO,I(HMO paSMbITI> HJIH paafiypnrr, ,I(O CJIOH TBep,I(OrO 
uexeara. 

TIoCJIe orfiopa xepaa rpefiyerca npopatioma aaOOH ,I(OJIOTOM, TaR 
RaR a,I(eCb BcerAa oCTaeTcH CTOJIOHR nOp0,I(hI. ECJIH npHaaOOHHaH aOHa 
CRBaiRHHhI npe,I(CTaBJIeHa ,I(OJIOMHTOM HJIH ,I(pyrOD: RpenROD: noponoa, 
TO aa60D: MOiReT aocnpaaaxarr, OOJIbmyIO narpyaxy. TIPH yCTaHoBRe 
iRe onopnoro HROpHna n;eMeHTHOM MOCTy HJIH aarrexearapoaaaaoa aatioe 
He06xo,I(HMO HMeTb B BH,I(y, 'ITO npOqHOCTb neaeara (100-400 RrcjcM2) 

3HaquTeJIbHO HHiRe npOqHOCTH 60JIbrrmHCTBa nopon, TI03TOMY, xorna 
HROpb onycxaerca aa uepaatiypeansta n;eMeHT, xame scero HcnhITaHHH 
ORaahIBaIOTCH HeY,I(aqHhIMH BCJIe,I(CTBHenpOCRaJIbahIBaHHH naxepyionrax 
SJIeMeHTOB. C n;eJIbIO nOBhImeHHH npOqHOCTH nesrearnoro RaMHH CJIe,I(yeT 
npaaesars neaearaue pacrnopu C HHaRHM BO,I(O-n;eMeHTHhIM 4>aRTopoM 
(He oOJIee 45%). 

B TaOJI. 1 npaaenemr BeJIHqHHhI conpOTHBJIeHHH CiRaTHIO ,I(JIH HaH60
nee qaCTO BCTpeqaIOm;HXCH nopon. 

Ha npaxraxe CHHiReHHH narpyaxa aa HROpb MOiRHO ,I(OCTHrHyTb 
3a6ypHBaHHeM ayMn4>a H npHMeHeHHeM ynJIOTHHTeJIbHOrO <lJIeMeHTa 
MeHbmero naaxerpa, qeM ,I(HaMeTp cRBaiRHHhI. TaRHM oopaaoM yneasnoe 
JJ;aBJIeHHe na aaooD: MOiReT OhITb ,I(OBe,I(eHO ,I(O ,I(OnycTHMhIX npe,I(eJIOB. 

,[{JIH pacxera XBOCTOBHRa HcnhITaTeJIH nJIaCTOB MOiRRO HCnOJIbaOBaTb 
CJIe,I(YIOm;yIO MeTO,I(HRy [47]. 

Ilpa yCTaHoBRe HcnhITaTeJIH nJIaCTOB na aaooH nOCJIe RacaRHH onopsr 
XBOCTOBHRa aa Hero aasaaaer ,I(eD:CTBOBaTb CiRHMaIOm;aH CHJIa OT 
c06CTBeHHoro seca. ECJIH AJIHHa XBOCTOBHRa npensnnaer onpeneaeaaue 
(RpHTHlJeCRHe) paaxepsr, TO OR non ,I(ell:CTBHeM c06CTBeHRoro aeca aara
6aeTCH B BH,I(e CnHpaJIH C HeO,I(HHaROBhIM maroa, ,[{JIH ofiecneseaaa nase

Ta6JIlI~a 1 

Coupll'l'BBJleHHe nJlOTROCTb. 
nOpOp,ht ClIIaTilRl. arcI CIl" I or 111"I 

OCaA°'lHhIe
 

70-2200
 2.0-2.9lf3BecTBflH • • 2,15-2.9300-2000,D.OJIOMllT .. 
2.0-2.7650-1000IleC'IaHBK 2,6-2.82000-3000Cepaa BaRRa .. 

MarMaTH'IeCRUe
 
UOO-3200
 2.3-2.8I'pannr . . . . 

2.5-3.01400-2300.. :I .CHeHHT 2.5-3.42500-3500Basaasr . . . . .. 
2.2-2.751300-3000. . . . . . . . IIop4Ju p 2.2-2.8500-1000TpaxHT .. . . . . 
2.5-3.0ra66po . . . . . . Ao 2300 

pOBRH na nasep H XBOCTOBHR coanaior ,I(OIJOJIHHTeJIbHyIO narpyaxy. 
1I0,I( ,I(eHCTBHeM <lTOll: OceBOD: HarpyaRH npOHCXO)l;HT )l;e4>opMan;HH ynJIOT
RHTeJIbHorO 3JIeMeBTa naxepa H paaoom;eHHe CTBOJIa CRBaiRHHhI aa )l;Be 
aOHbI (Ra)l;naRepBYIO H nonnaaepayro). TaRHM oopaaOM, no OTRphITHH 
npaexaoro naanaaa HCIIhITaTeJIH aa XBOCTOBHR )l;eD:CTByeT CiRHMaIOm;ee 
YCIIJlHe (G ) , CRJla)l;hIBaIOm;eecH aa ero cooCTBeHHoro neca HOCeBOD: aa

l 
rpyaRH, nOTpeOHOB: )l;JIH )l;e4>opMan;HH ynJIOTBHTeJlbBoro aneaeara. 

Ilocne OTRphITHH npaeaaoro xnanana aa ROpOTRHD: rrpoxeacyro« 
BpeMeHH BoaHHRaeT nepena)l; )l;aBJIeHHH MeiR)l;y Ba)l;naRepHOH H nO)l;ua
RepROD: aOHaMH cRBaiRHHhI. Ha naxep H XBOCTOBHR nepenaeroa aaaxa
rensaaa ,I(HHaMHqeCRaH narpyaxa B nane TOJIqRa. 1I0cJIe <lTOrO aa XBOC
TOBHR aasanaer )l;eD:CTBOBaTb nOCTOHHHaH (npH «CyXOM. nnacre) HJIH 
IIocTeneBBO yMeBbmaIOm;aHCH ocenaa aarpyaaa (G2 ) . YMeBbmeBHe oce
BOD: aarpyaxa npa HCllhITaHHH npOHCXO)l;HT B peayJIbTaTi:l npHTORa iRH,I(
KOCTH B TpyOhI, BhIahIBaIOm;ero CHHiReHHe nepenana )l;aBJIeHHH. TIPH aa
rpyiReBHH XBOCTOBHRa H ero )l;e4>opMa~HH B BeM BoaHHRaIOT BanpHiRt\HHH 
CiRaTHH (OCl!<) H aarafia (OH)' CyMMapHoe aanpasserrae orrpeneaaerca 

no 4>opMyJle 

o = 0ClK+0 =..!!..-+ (MH)W8KC (1) 
~ H F W I 

rne N - CiRHMaIOm;aH HarpyaRa, )l;ell:CTByIOm;aH aa XBOCTOBHR; F
nnomans rronepe-moro CeqeHHH TpyOhI, aa ROTOpOD: HarOTOBJleB XBOCTO
BHR; (MH)';aKc - MaRCHMaJlbHhIll: HarHOaIOm;HD: MOMeHT, ,I(eD:CTByIOm;HB: 
B HaUOOJlee HarpyiReHHOM CeqeHUH; W - MOMeHT conpOTHBJleHHH no
nepesaoro CeqeHHH TPYOhI aa HarHO. 

Ilpn HarHoe XBO~TOBHRa B CTeCHeBHOM npOCTpaHCTBe CTBOJIa CRBa
iRIIHhI MOiRHO ,I(OnyCTHTb, 'ITO CiRHMaIOm;aH aarpyaxa N pasaa cyMMapHOB: 
BepTHRaJIbHOD: OCeBOD: aarpyaxe G = G1 + G2 • CTaTHlJeCRaH ocenaa 
aarpyaxa G1 aanaerca nepen HcnhITaHHHMH RaR cyMMa aeca XBOCTOBHRa 
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II Harpy3KII, nOTpe6HOH P;JIH )l;e41opMa~HH naxepa , a CTaTHlIeCKaH Ha
rpyaxa G2 , )l;eHCTByroID;aH aa naxep H XBOCTOBHK IIOCJIe OTKPhITJlH 
npHeMHOrO KJIalIaHa HClIhITaTeJIH, MomeT 61lITh OlIpe)l;eJIeHa IIO 4lopMYJIe 

G2 = ~ [(D~-d~JlT)HYp-(D~-dn)H3YJ, (2) 

f')l;e Dc - )l;HaMeTp CKBamHHIlI; dWT - )l;HaMeTp aapyzsaoro mTOKa 
HClIllITaTeJIH IIJIaCTOB; H - rJIy6HHa yCTaHoBKH naxepa; I'p - Y)l;eJIbHhIH 
sec 6ypoBoro pacrnopa: d; - )l;HaMeTp oTBepcTHH B naxepe; H - ypo

3 
aeas mH)l;KOCTH, 3aJIHTOH B Tpy61lI; 1'3 - y)l;eJIbHllIii nee aaJIHTOH mH)l;
EOCTH. 

MaKCHMaJIbHhIH H3rH6aIOID;HH MOMeHT OlIpe)l;eJIHeTCH IIO 4lopMyJIe 
2

(MU ) M2 KC = 2 tD, -D ) n EJ (3). T I~p , 

r)l;e D T - HapymHIlIH )l;HaMeTp Tpy6; E - MO)l;yJIb ynpyrocra MeTaJIJIa 
"Tpy6; J - MOMeHT HHep~HH nonepenaoro cesenaa Tpy61lI; lKP - KpHTH
lIeCKaH )l;JIHHa Tpy6. 

IIocJIe IIO)l;CTaHOBKH 3HalIeHHH BeJIHlIHH IIOJIYlIaeM 

G 2
cJ EJ = -+2 (D -D) nF C T 12 , (4)

. np 

i I')l;e G - cyMMapHoe ocesoe yCHJIHe, )l;eHCTByIOID;ee na XBOCTOBHK; F _ 
llJIOID;a)l;b nonepe-moro cenenaa Tpy6 XBOCTOBHK1L 

CyMMapHoe aanpazeeaae B TeJIe XBOCTOBHKaHe )l;OJImHO npensmra'rr, 
upenena TeKylIeCTH MeTaJIJIa, H3 xoroporo H3rOTOBJIeHIlI Tpy6hI, T. e. 

a ~ cJn 

'r)l;e o, - upenea TeKylIecTH MeTaJIJIa rpyti, 
M3 ypaBHeHHH (4) MomHO oupenenarr, JIH60 IIpe)l;eJIbHYIO narpyaxy, 

l\OTOPYIO )l;OJImeH BhI)l;epmHBaTb BIlI6paHHIlIH XBOC:rOBHK, JIH60 IIO rpetiye
.MOH ocenoa aarpysxe nonotipars cexeaae XBOCTOBHKa. 

MaKCHMaJIbHaH oceBaH Harpy3Ka Ha XBOCTOBHK C YlIeTOM 3HalIeHHH 
~3/EJ .I\pHTHlIeCKoii )l;JIHHIlI Tpy6 lKP = 1,98 V q MomeT 61lITb onpenenena 

no 4lopMyJIe 

a~ [aT-5,04(Dc-DT) r~q2]F, (5) 

~)l;e g - nee 1 M Tpy6 B mH)l;KOCTH; 

g = go ( 1 - -~: ) , 

~)l;eCb go - nee 1 M Tpy6 B noanyxe: I'll{ H I'M - y)l;~JILHllIii nee COOTBeT
-CTBeHHO mH)l;KOCTH H MeTaJIJIa Tpy6. 

Caenyer HMeTb B BH)l;y, lITO IIpH )l;eHCTBHH CHJIIlI G BepXHHH lIaCTb 
XBOCTOBHKa BOClIpHHHMaeT 60JIbmee YCHJIHe, lIeM HHmHHH H30rHyTaH 
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lIaCTb, H 4lopMyJIa (5) )l;OJImHa 61lITb oraeceaa K nepxneay BHTKy 
CIIJlpaJIH. 

AJIH nonfiopa XBOCTOBHKOB, pa6oTaIOID;Hx B rJIy60KHx CKBamHHax 
IIpH 60JIbnmX )l;elIpeCCHHX na nJIaCT, pacner CJIe)l;yeT npOBO)l;HTL C YlIe
TOM )l;HHaMHlIeCKoii HarpY3KH, B03HHKaIOID;eH npa OTKpllITHH npaexaoro 
roranaaa HcnllITaTeJIH nJIaCTOB. 

MaKCHMaJIbHaH CHJIa y)l;apa B aTOM cnysae onpenenaerca no 4lopMyJIe 

r ( R o r 
PM2KC=G2V 1+512 nET Dj <'>xB(D xB - 6x B) (H_kHB ) , (6) 

~XB 2 Vp 

rne G - CTaTHtIeCKaH ocesaa narpyaxa, )l;eHcTByIOID;aH aa nanep H XBOC2 

TOBHK BO BpeMH HcnIlITaHHH; Ro - pannyc OTBepCTHH npaeanoro KJIa
nana; - )l;JIHHa XBOCTOBHKa; <'>XB - TOJIID;HHa CTeHKH XBOCTOBHKa;L X B 

H

DX B - HapymHllIii )l;HaMeTp XBOCTOBHKa; H - rJIy6HHa yCTaHOBKH naxe
pa; I'B H I'p - y)l;eJIbHllIii nee COOTBeTCTBeHHO BO)l;1lI H 6YPOBoro pacrnopa; 

B - BIlICOTa cToJI6a BO)l;IlI, 3RJIHTOH B Tpy61lI. 
IIpH pacxere XBOCTOBHKa no MaKCHMaJIbHOll )l;HHaMHlIeCKOH aarpya

xe Heo6xo)l;HMO HMeTb B BH)l;y, lITO npa aTOM npenemr npO'IHOCTH H rexy
lIeCTH 60JIbmHHCTBa MaTepHaJIOB B03paCTaIOT. AJIH CTaJIeH 9TH noxaaa
TeJIH YBeJIHlIHBaIOTCH nOlITH B 2 paaa H noaroxy Koa4141H~HeHT, nsrpaxra
IOID;HH COOTHomeHHe (aT).u.HH npa )l;HHaMHlIecKoii aarpyaxe K (aT)CT npa 
CTaTHlIecKoH narpyaxe, 

(O"T)I\HH ~ 2. 
KI\ = (O"T)CT 

IIo9TOMY CHJIy PM2KC' onpenenemryio no 4lopMyJIe (6), npa pacsere 
XBOCTOBHKa caenyer YMeHbmHTb B 2 paaa. 

PaClIeTIlI nOKa3IlIBaIOT, lITO na np0'IHOCTb MeTaJIJIa XBOCTOBHKa BJIHHeT 
aafioaaan TeMnepaTypa, KOTOpyIO raroae cnenyer YllHTIlIBaTb, eCJIH HCIIIlI
TaTeJIb npenaaana-ren )l;JIH pa60TIlI B CKBamHHax C BbICOKHM TeMneparyp
HIlIM rpenaearox. AJIH TaKHX CJIylIaeB 4lopMyJIa (5) MaKCHMaJIbHOH KpH
THlIecKoH oceaoii HarpY3KH IIpHHHMaeT 'CJIe)l;yIOID;Hii BH)l;: 

G~p~ [aT-KtT(t-to)-5,04(Dc-DT) -V Jq2(E;KfL1T) JF, (7) 

rne K;T - Koa4141HD;HeHT reaneparypaoro H3MeHeHHH npenena rexyse-
UK " 4 7~I\rc/cM2)CTH MeTaJIJIa XBOCTOBHKa ( )l;JIH JIerHpOBaHHIlIX CTaJIeH t T= , ;)-----ec- ; 

(t - to) - pa3HOCTb rexneparyp: Kf - K094141H~HeHT rexneparypaoro 
H3MeHeHlIH MO)l;yJIH ynpyrocra ()l;JIH MeTaJIJIOB, pa6oTaIOID;Hx npa t = 

= 0-300 DC, K f = 0,0007.106 I\rC/~M2); [o., - K;T (t - to)] H (E

- Kftlt) - COOTBeTCTBeHHO npenen TeKY'IeCTH II MO)l;yJIb ynpyrocra, 
YMeHbmeHHllIe 1I3-3a nOBllImeHHH rexneparypsr. 

Iloncser IIO 4lopMyJIe (7) nOKa3aJI, lITO, nanpaaap, KpHTHlIeCKaH 
narpyaxa na XBOCTOBHK )l;HaMeTpo'1M: 114 MM npa TOJIID;lIHe ero CTeHKlI 
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1.0 MM npHMeHHTeJIbHO K CKBamHHe ~HaMeTpOM 190 MM C YBeJIHlJeHlreM 

TeMnepaTypLl no 150°C CHHaHJIaCb C 117 no 94 T, T. e. npaxepao na 20% 
()T nepaoaasansaoa aarpyaxa. 8TO neofixonaao YlJHTLlBaTb npa npaKTII
qeCKHX pacqeTax •

.j), 
B nepaonanansaax KOHCTpyKqHHX MeXaHUqeCKHX HCITI>lTaTeJIeii 

nJIaCTOB, npHMeHHBmHxcH B CCCP, XBOCTOBLle onopsr BLlnOJIHHJIHCb 

aa 0YPHJIbHLlX TPYO ~HaMeTpOM 73 MM, 89 MM ~JIH CKBamHH, npodypen
BLlX ~OJIOTaMH .N2 5 H 6, H 168 MM ~JIH CKBamHH, npofiypeamax ~OJIOTa
XH .N2 10-12. AJIH HarOTOBJIeHHH axopefi HcnOJIbaOBaJIH TOJICTOCTeH

BLle TpyOLl, ~JIHHa HKopeii HCIIblTaTeJIeii KOJIeOaJIaCb B npenenax OT 4 no 
-80-tOO M. HaHOOJIeelJaCTO npHMeHHJIH HKOpH ~JIHHOii 15-25 M. B co

BpeMeHHLlX KOHCTPYKI\HHX rH~paBJIHlJeCKHXHCIILlTaTeJIeii nJIaCTOB HKOpH 

EarOTaBJIHBaIOT na 0YPHJIhHbIX rpyfi ~HaMeTpOM 89 MM ~JIH CRBamHH, 

npotiypeaasrx ~OJIOTaMH .N2 6
T a 6 JIUn;a 2 8 H 102-127 MM ~JIH CRBa

mHH, npotiypeansrx ~OJIOTa?tnr 

.N2 9. AJIHHa HKOpH KOJIeOJIeTCH 

OT 15-25 no 140 M. Ha-aa 
OIIaCHOCTH sacopenaa OTBep

CTUll ~HJIbTpa IIep~opHpoBaH
HaH lJaCTb OIIOpbl HCIIblTaTeJIH 

He ~OJImHa OblTb ROpOlJe 4 M. 

121-127 
133 
165 

165-197 

)l;uaMeTp IlUKO
o6pa3Horo 

1\OJlOTa, 14M 

197 
222-248 

248 
273-298 

)l;IIaMeTp 
CKBalflUHbI, 

MM 

171 
197 
222 
248 

Pa3Mep lio
HH'leCKOrO 

rraxepa, MM 

lIarHo onopnoro HROpH ana

lJHTeJIhHO YMeHbmaeTCH npa 

HcnOJIbaOBaHHH CTaOHJIHaaT~ 

]JOB, npaueaeaae KOTOpblX, O~HaRO, ssrasraaer OCJIOmHeHHH B cnysae 

anapaaasrx paOOT, CBHaaHHblX C npHXBaTOM onopaoro HRopH. 

RaR BH~HO na npaneneaaoro ssnne pacsera , HRopHaH Tpyoa nocnpa

HHMaeT OOJIbmHe narpyaxa, H n03TOMY oamMaR HROpHOH TpyObl BblnOJI

lIHeTCH C aoaaoaeao OOJIbmeH onopaoii nOBepXHOCTbIO. OTBep~THH B HROp

HOH Tpyoe, npenaaana-rennsre ~JIH npoxona IIJIaCTOBOH mH~ROCTIIII npen

oOTBpam;eHHH nonananaa rpaaa, xpynnsrx KyCOlJROB nopO~bl, ROMROB 

rJIHHhI, B aapytiescasrx HCIIblTaTeJIHX IIJIaCTOB ~eJIaIOT OObllJHO ~HaMeTpOM 
Be fioaee 4,7 MM. B OTelJeCTBeHHblX ROHCTPYRI\HlIX ~HJIbTpOBble lJaCTH 

JlROpH BLlnOJIHeHbl CO m;eJIHMH. 

Ilepsoaa-ransao npHMeHHJIH HcnblTaTeJIII IIJIaCTOB C ROHHqeCRHMH 

.naRepYIOm;HMH 3JIeMeHTaMH. AJIH yCTaHoBRH TaRoro naxepa B cKBamHHe 

BeOOXO~HMO OLlJIO OypHTb aYMII~ ~OJIOTOM 50-75 MM xeasmero ~I1a

MeTpa, lJeM ~llaMeTp CRBamllHbl. Ha otipaacaaamaaca BblCTyn yCTaHaB

..JIllBaJICH naxep. 

Coornomeaaa ~HaMeTpOB CRBamHHbl II ~OJIOTa ~JIH ROHIIlJeCROrO IIa

xepa npaaeneasr B TaOJI. 2. 
O~HaKo ROHlllJeCKHH naxep MomHO yCTaHoBHTb TOJIbRO npa yCJIOBHH, 

'ITO KpOBJIH acnsmmaeaoro IIJIaCTa CJIOmeHa ~OCTaTOqaO yCTOiitrilBLlMH 

lIJIOTHLlMH nopo~aMH. B HeYCTOHqHBblX noponax CJIe~yeT IIOJIbaOBaTbCH 

HCIILlTaTeJIeM IIJIaCTOB C I\HJIHH)l;pHlJeCRHM IIaRepOM. 

OqeBH~:B:O, lIeM OOJIbme aaaop MeiRf\Y naKepYIOm;HM 3JIeMeHTOM H CTeH
RaMH CRBamHHbl, TeM xeaee aaneaeaa repxeraaanaa H TeM OOJIbme Be

pOHTHOCTb npopsma mH~ROCTH, HaXO~Hm;eHCH aan naxeposr, B aOHY 

acnaraaaa. O~HaRO C YMeHbmeHHeM aaaopa Mem~y IIaRepOM H CTeHROH 

CRBamHHLlaaTpY~HHeTCHCnyCR HcnLlTaTeJIH IIJIaCTOB. 
3apyoelliHLlH onsrr nOaBOJIHJI yCTaHoBHTb, lITO P;JIH paccaarpaaae

MblX HCIILlTaTeJIeH COOTHomeHHe ~HaMeTpOB CRBamHHLI H naxepyiomero 
3JIeMeHTa COCTaBJIHeT OT 1,08 no 1,1 [91J. IIpHMepHo TaRHe me BeJIH

lIHHLI COOTHOmeHHH nOJIyqeHLl npa aaaaaae ~aKTHlJeCRHX ~aHHhIX OTe

qeCTBeHHoH npOMblIIIJIeHHOCTH 
Ta6JlJu~a 3

(TaOJI. 3). 
OnTHMaJIbHLlM COOTHome

,I:(uallleTP.I4M
HHeM ~HaMeTpOB ClJIITaeTCH COOTHOmeHlle 

1\UaMeTpOB[59) ICRBalRl!H&I DaRepa 

K= g~=1,115. 
1,12 

Ha OCHOBe TeOpHH nonofiaa 85 
6575 

1,134-1.09 
97 

75-78 
85-87 1.142-1.115[67) OblJIO yCTaHOBJIeHO OllTH 119 109 1.09 

MaJIbHOe COOTHomeHHe ~HaMeT 115125 1.086 
pOB CRBamHHLl H naxepyromero 145 135 1.075 
3JIeMeHTa B npeneaax 1,1 190 170-180 1.115-1.06 

214 195 1.0961,12, T. e. OqeHb MaJIO OTJIIIlIa 220 1.114243 
IOm;eeCH OT rrpaseneaaoro 245269 1.096 
asrme. 298 1,104270 

TaKHe meCTKHe rpefioaaaaa 

npa nonfiope HCXO~Horo p;Ha

xerpa naxepa npHBo~HTK TOMy, lITO pa~HaJII>HLIH aaaop Mem~y CTeHKOH 

CKBamHHLl H aaPYlliHOH nOBepXHOCTbIO naxepa ~OJImeH ObITI> MHHH

MaJIbHblM. Hanpaaep, npa HcnblTaHHHX OO'beKTOB B caaaaeaaax HaHOOJIee 

pacnpocrpaneansrx ~HaMeTpOB, oypHm;HxcH ~OJIOTaMII .N2 8 (190 MlII) II 

.N2 9 (214 MM), nOT aaaop OhIJI panea 7,5-10 MM. 

B CBHaH C 3THM BoaHHRaIOT noasmreamre TpeOOBaHHH R no~rOTOBRe 

CTBOJIa cKBamHHLl nepen HcnLlTaHHHMH, a B OT~eJII>HLIX CJIYlIaJlX, OCO

oeHHO B rJIYOOKHX CKBamHHaX, ~JIJI npOBe~eHHH IICIILITaHllH rpefiyerca 

aatiypanaaae aYMn~a ~OJIOTOM MeHbmero naasrerpa, qeM ~HaMeTp CKBa

mHHbl. HcnblTaHHH OO'beRTOB C aafiypaaaaaex aYMn~a TpeOYIOT 3Ha'lH

TeJIbHblX aarpar BpeMeHH H nosroay K HHM npatieraior B OCOOO CJIOmHLlX 

CJIylIaHx ~JIH ooecnelIeHIIH oeaaBapHiiHoH npOXO~HMOCTII HCIILlTaTeJIH 

nJIaCTOB II repaeraxaoa naRepOBRH CTBOJIa npa IIcnLlTaHHH. 

Bo MHorHX paaoaax CCCP, rne reOJIOrHlIeCRHe paapeaa H COCTOHHHe 

CTBOJIOB CRBamHH B nponecce oypeHHH n03BOJIHIOT YBeJIHlIHTb aaaopa 

Mem~y CRBamHHOH H naxepox, ROa~~HI\HeHT K ~OBO~HT no 1,16 [571, 
a naoma H oOJIee. O~HaRo erne HeJIb3H c-rarars. lJTO nonpoc 0 Ha~elliHOH 
pafiore naxepa IIpH YBeJIHlIeHHblX aaaopax B OYPHm;HXCH cxsaataaax 

npHHI\HImaJIbHO pemen, 3a nOCJIe~HeeBpeMH IIHCTHTyTOM CeBRaBHHIIH

He~Tb B OTelIeCTBeHHblX KOHCTPYRI\HHX HCIILITaTeJI~H nJIacTOB BBe~eH 
naxep C MeTaJIJIlIlJeCROH JIeneCTKoBoH onopoa, npa KOTOP9H YMeHbma

eTCH aaaop Mem.n;y ROpnyCOM naxepa II CTeHROH CRBamHHLl. IIpHHI\Hn 

pafiortr raxoro naxepa aaRJIIOqaeTCH B TOM, lITO npa yCTaHoBKe ero 
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B CKBalliHHe p;HaMeTp MeTaJIJIHlJeCKOH onopsr nop; p;eHCTBHeM OCeBOrO 
Ca\HMaIOm;erO yCHJIHH yBeJIII'lHBaeTCH, 'ITO npIIBOp;IIT K lJaCTlIlJIIoMy ne
peKphITIIIO KOJIbIJ;eBorO npOCTpaHCTBa Memp;y KOprryCOM rraxepa II CTeH-

KOH CKBamIIHbI. 
TIpHMeHeHIIe yxasamroro naxepa B KOMnOHOBKe IICIIblTaTeJIH nJIaCTOB 

C OnOpOH na aaOOH nOaBOJIIIJIO p;OBeCTII KOaepepIIIJ;IIeHT K no 1,18, T. e. 
panaansmae aasopa Memp;y naKepYIOm;IIM :meMeHToM II cTeHKOH CKBa
iKHHbI npII cnycne IIcnblTaTeJIH B CKBaiKHHY COCTaBJIJlJIII OKOJIO 20 MM. 
3TO oOecnelJlIBaJIO XOpOmyIO npoxop;IIMOCTb IICIIblTaTeJIH nJIaCTOB no CTBO
JIy CKBamIIHhI II ycTpaHHJIO nonpeactenae HapyiKHoH nOBepxHOCTII naxe
pyiomero aJIeMeHTa npa cnycxe aa 3aOoH. 

B JIHTepaTYpe [91 J IIMeIOTCH cBep;eHIIH,.lJTO B KOHCTpyKIJ;IIII IICIIhITa
TeJIH l}JHpMbI )];iKOHCTOH aHaJIorHlJRaH MeTaJIJIIIlJeCKaH JIeneCTKOBaH ono
pa B naxepax p;IIaMeTpoM 127-203MM pexoaeanyerca P;JIH npHMeHeHHH 
npn KoaepepHIJ;lIeHTaX K = 1,15-1,25.

Ocofioe MeCTO npn ooeCnelJeHHH Hap;emHoH repMeTIIlJROH nanepoaaa 
CTBOJIa CKBamHHbI npn YBeJIHlJeHHblX aaaopax Memp;y cTeHKoH CKBail\lIHbI 
U nanepon OTBOP;UTCH rUp;paBJIUlJeCKHM naKepyIOm;HM aJIeMeHTaM. )];eH
CTBIITeJIbHO, cnocoOHOCTb rIIp;paBJIIIlJeCKUX naxepyiomax aJIeMeHTOB 3Ha
lJlITeJIbHO p;eepopMupoBaTbcH npa p;eHcTBuH II30blTOlJRorO p;aBJIemlH, coa
nanaeaoro BHyTpU naxepa , ooeCnelJUBaeT repMeTIf1IHYro naxepoasy He 
TOJIbKO npn YBeJIlIlJeHHhIX aaaopax MeiKAY naxepox U CTeHKOH CKBamllHbI, 
HO II npa HaJIUlJUU HeOOJIbrnUX xanepn B MeCTe yCTaHoBKU naxepyiomero 

aJIeMeHTa. 
PaapaOOTKOH rHp;paBJIIIlJeCKUX ynJIOTHHTeJIbHblX aJIeMeHTOB AJIH UC

rmrarenea nJIaCTOB B HarneH crpane HalJaJIII saHHMaTbCH npaKTlIlJeCKU 
8-9 JIeT naaazr, rrpaxex HaHOOJIee cepseaao aToH npOOJIeMe CTaJIII yp;e
JIHTb BHUMaHlIe TOJIbKO aa nOCJIep;HlIe 4-5 JIeT. B pesyasrare COBMeCTHblX 

. HaYlJRO-HCCJIep;OBaTeJIbCKllX U OIIhITHO-KOHCTpyKTOpcKII X patior HHHPTI 
U BHHHBT OblJIU C03p;aHbI onsrrmre oopaaIJ;hI rlIp;paBJIUlJeCKIIX peaano

.,
i TKaHeBhIX ynJIOTHUTeJIbHblX aJIeMeHTOB p;uaMeTpoM 168 MM, npenaasna
" 
" lJaIOm;lIeCH P;JIH uCIIhITaHuH nJIaCTOB B CKBamUHax, oypHm;uxcH P;OJIO
~i TaMil p;lIaMeTpaMII 190 U 214 MM. B JIaOOpaTopHhIX yCJIOBUHX yxaaaaaae 

rUp;paBJIUlJeCKUe ynJIOTHeHUH OOeCnelJHBaJIII repMeTH1JHyIO naKepoBKy
2 

B MeTaJIJIHlJeCKOH Tpyoe crenna npa nepenanax no 230 Krc/cM [84], 
B npOMhIrnJIeHHblX YCJIOBIIHX peaIIHO-TKaHeBhle ynJIOTHHTeJIbHble aJIeMeH
ThI ooeCnelJUBaJIII repMeTIIlJHyro rraxepoaxy CTBOJIOB CKBamIIH p;IIaMeTpa
MU 190 U 214 MM II rrpasreaenae ucnblTaTeJIbHhIX IIHcTpyMeHToB npa pa
naansasrx aaaopax Memp;y naxepox H cTeHKoH CKBamlIHbI no 24 MM (npu 

K = 1,29).
ECJIU P;JIH cTaHp;apTHblx MeXaHHlJeCKIIX naKepOB OblJIU onpep;eJIeHbI 

OnTIIMaJIbHble coornomeaaa MeiKp;y p;uaMeTpoM CKBamUHbI U p;lIaMeTpoM 
nasepyiomero aJIeMeHTa, npu KOTOpblX p;ocTIIraeTcH repMeTlIlJRaH naxe
pOBKa, TO P;JIH IIaKepOB C rIIp;paBJIUlJeCKHMII ynJIOTHHTeJIbHblMII :3l1eMeHTa
Mil aror sonpoc erne He BblHCHeH. Ornar nplIMeHeHIIH ucnblTaTeJIbHblX 
llHcTpyMeHToB C rIIp;paBJIHlJeCKIIMII ynJIOTHUTeJIbHblMH aJIeMeHTaMII no

xaaan, 'ITO npa KoaepeplIIJ;lIeHTe K = ~~~ = 1,27 p;oCTIIraJIaCb IrepMeTlIlJ

'v, 
30 

HaH naxeponna. Op;HoBpeMeHHo npoxonaxocrr, acnsrrarena p;ame C P;BY
MH naxepaxa OblJIa xopomea oea nocanon IIHcTpyMeHTa. Eme cnofionnee 
OhIJI cnycx IIHcTpyMeHTa B KoMnOHOBKe C OP;HHM rlIp;paBJIlIlJeCKIIM ynJIOT
HUTeJIbHblM aJIeMeHTOM fies npep;BapIITeJIbHOH nop;rOTOBKH CKBamIIHhI. 

TIOCKOJIbKy C YBeJIlIlJeHIIeM KoaepepUIJ;UeHTa K peaxo soapacraer na
rpyaxa, p;eHcTByrom;aH na naKepYIOm;IIH aJIeMeHT npa BoaHUKHOBeHIIII 
nepenana p;aBJIeHIIH Memp;y aannaxepnoa H nonnaxepaoa aOHaMH CKBa
mUHbI, TO cJIUrnKOM OOJIbrnHe aaaopsr Memp;y CKBaiKIIHOH H KOprryCOM 
naxepa MoryT npIIBeCTU K lJpeaMepHoMy YCJIOmHeHlIro KOHCTPYKIQIII na
xepa. ECJIH npa aTOM ylJeCTb, 'ITO B CTeCHeHHblX yCJIOBUHX CKBaiKIIHhI 
TPYP;HO paaMeCTIITb naxep no
nsnnennoa npOlJROCTH, TO 
npaKTlIlJeCKH P;JIJI CKBamIIH, 
OYPHm;IIXCH p;OJIOTaMII p;IIaMeT
paxn 190, 214, 243 MM, neae
coofipaano COOTHorneHIIe p;Ha
MeTpOB CKBaiKHHbI H ranpan
JIlIlJeCRorO ynJIOTHHTeJIbHOrO 
aJIeMeHTa nop;oHpaTb B npe
nenax K = 1,15-1,4, rrpasex 
HUiKHIIH npenen COoTBeTCTByeT 
sreasmeay p;HaMeTpy CKBa
mUHbI, a BepXHIIH - OOJIb
meay, 

Ta6JIun;a 4 

.D:HlIJl(eTPbI, MM 

C!malflDHbl 
rHApaBJlH

secaoro 
naRepa 

Hoaljlljln~HeHT 
K 

152--,-168 143 1.07-1.18 
168-178 152 1,1-1.17 

200 178 1.12 
219-:..244 187 1,17-1,31 
273-340 200 1,37-1,7 

TIPH TaKUX KoaepepIIIJ;UeHTaX UMeeTCH npaKTUlJeCKaH BoaMomHOCTb 
naxepoa onaoro ranopaaxepa oOecne1JlITb naaeponxy CTBOJIOB CKBamHH 
rpex paaxepon, T. e. eCJIH D n = 168 MM, TO npa Dc = 190 MM, K = 
= 1,15; npa Dc = 214 MM, K = 1,27, a npa D; = 243 MM, K = 1,4. 
TIo aameay MHeHHIO, p;aJIbHeHrnee YBeJIHlJeHUe KoaepepHn;IIeHTa K aeneae
coofipaano, B aTHX CJIylJaHX cnenyer npaaeaarr, naxep OOJIbrnerO pas
Mepa. 

AHaJIOrnlJHhIe pexoxeananaa no rIIp;paBJIlIlJeCKIIM naxepax npHHHThI 
U B npaKTIIKe ucnhITaHIIH nJIaCTOB B nponecce oypeHIIJI CRBaiKHH sa py
oeiKOM [69 J. TaK, aMepIIKaHcKoH eplIPMOH «JIaHHa») P;JIH MaJIblXp;IIaMeTpOB 
CKBamIIH pexosrennonaara Koaepl}JIIn;IIeHThI K = 1,17 - 1,18 U TOJIbKO 
P;JIH OOJIbIIIlIX naaxerpoa K = 1,3-1,7 (TaOJI. 4). Cnenyer TaKiKe HMeTb 
B BUP;y, 'ITO MaJIble p;IIaMeTphI xapaxrepma P;JIH HHiKHHX rJIYOOKIIX UHTep
BaJIOB CKBamUH, me naxepu npa pafiore acnsmaaaior OOJIbrnUe nepe
nap;hi p;aBJIeHHH, a CTBOJIhI OOJIbrnHX p;uaMeTpoB 06b1lJRO OYPHT B sepxaax 
uHTepBaJIaX U nepenap;hI p;aBJIeHIIH npu ux ucnblTaHIIHX 3HalJUTeJIbHO 
MeHbIIIlIe. KpoMe roro, P;JIH HeycTOH1JHBblX paapesos CKBamIIH cnezryer 
rrpenycaarpaaars OOJIbIIIlIe aHalJeHIIH K, TaK KaK B TaKHX cxnaaeaaax 
MoryT BCTpelJaTbCH cYiKeHIIH CTBOJIa, 'ITO yxyp;rnaeT npoxonaaocrr, HH
crpyxeara aa aaOoH. 

TIo Mepe HaKOnJIeHIIH onura npHMeHeHHH rHp;paBJIlIlJeCKIIX naxepoa 
npn aonsrranaa nJIaCTOB B OYPJlIIJ;IIXCH CKBaiKHHax OhIJIII HaMeHeHhI pe
KOMeHp;aIJ;IIH no BeJIlIlJRHaM KoaepeplIn;HeHTOB K [91 J. TaK, P;JIJI CKBamlIH 
p;uaMeTpaMU 152-260 MM, acnsrrsmaeaux B HOpMaJIhHhIX YCJIOBHHX, 
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peROMeH)l;yIOTcH K = 1,07-1,3 H npa oJIarOnpHHTHLIX"YCJIOBHHX HcnLI

TaHHH (xopomee COCTOHHHe CTBOJIa CRBamHHLI, BHCORoe RalIeCTBO oypo

noro pacraopa H T. n.) )l;OnycRaIOTCH SHaTIeHHH K = 1,4-1,63 (TaOJI. 5). 

"I	 Ta6JIB~a 5 

,{\H:lHeTP CHB3lRHHhI, MIl 

peHOMell.l\yelllhlll I MaHCBM3nbHhIA 

,IJ;UllIIeTp nauep3, 
)1M 

ROllCWIl!I~UeHT K 

peHolleBlU'eMWll 11Il3HCIIIll8n&HbIit 

152-165 
165-181 
181-190 
190-219 
219-235 
235-260 

178 
213 
248 
260 
279 
318 

127 
143 
152 
178 
187 
200 

1.2-1.30 
1.15-1.27 
1.19-1.25 
1.07-1.23 
1.18-1.25 
1.18-1.30 

1,40 
1.54 
1.63 
1.47 
1.49 
1.59 

llpaRTHlIeCKH oseas Tpy)l;HO BLI)l;epmHBaTL COOTHomeHHH )l;HaMeTpoB 

B COOTBeTCTBHH C OnTHMaJILHLlMH SHalIeHHHMH. ll08TOMy )l;JIH cKBamHH, 

npofiypeaaax )l;OJIOTaMH paSJIHWLIX paaaepoa, B nepsax OTelIeCTBeHHLIX 

ROHcTPyRD;HHx HcnLITaTeJIeii: llJIaCTOB peKoMeH)l;OBaJIHCb y·nJIOTHHTeJIb

mae 3JIeMeHTLI cJIe)l;ylOJIJ;HX paauepoa [58] B MM: 

~OJIOTO ......M 8 (190) .M10(243) .M 11(269) .M 12(295) 
~BaMeTp yIIJIOTHB-

TeJIbHorO aae-

MeHTa ••••• 175-182 220-225 245-250 270-275 

B cOBpeMeHHLIx KOHCTpyKD;HHx acnarareaea llJIaCTOB npenycaorpe
HO npHMeHHTL ynJIOTHHTeJILHLIe 8JIeMeHThI CJIe)l;ylOJIJ;HX paaaepos [37] 
B MM: 

~BaMeTp CKBallUlHhI 118 129 125-127 140-145 148-154 190 
~BaMeTp ynJIOTBIl

TeJIbHOrO aJIeMeH-

Ta ••••••• 107 115 115-120 120-130 140 170 

B npaKTHlte HaOJIIO)l;aIOTCH oTcTynJIeHHH OT yxaaaaasrx pexoaeana
D;Hii:. TaR, B Boarorpancxoa OOJIaCTH npa HCllLITaHHH CKBamHH rJIyoH

HOii: fionee 2000 M npHMeHHJIHCb ynJIOTHHTeJIbHhle 8JIeMeHTLI CJIe)l;ylOJIJ;HX 

paaaepos [57] B MM: 

~llaMeTp AOJIOTa • • • • • • • • • • • •• 190 243 269 
~llaMeTp ynJIOTBHTeJIbHOrO aJIeMeHTa ••• 160-165 210 240 

AmI HcnLITaTeJIeH C D;HJIHH)l;pHlIeCKHMH pesHHoBLIMH naKepYIOJIJ;HMH 

3JIeMeHTaMH sa pyoemoM nOJILsylOTcH )l;aHHblIIH, npHBe)l;eHHLIMH B TaOJI. 6, 
B KOTOpOB )l;aHLI BeJIH1jHHLI nepeMeJIJ;eHHH nepxaea lIaCTH naxepa, aeoti
XO)l;HMLIe )l;JIH pasasaraa peaaaosoro ynJIOTHeHHH H nOJIYlIalOJIJ;HBCH npn 
3TOM YBeJIHlIeHHLIB naaaerp naxepyiomero 8JIeMeHTa. 

IIpa npHHHTLIX COOTHomeHHHX )l;HaMeTpOB naxepa H CKBamHHLI rpe
OylOTCH onpeneaeaaae ocemre yCHJIHH )l;JIH ooecnelIeHHH repxeranaocra 
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Ta6JIB~a 6 

f: 

)J;1I3MeTp pe311HOBoro 
n8HepYlOIIlero 
llileMeHT3,1IIIIlIl 

IIepe1llllelIleHHe 
BepxHell 'l:3CTH. )1M 

,IJ;ullIIeTP peaaaoaoro 
n8HepYlOIIlero 

BJIellleHT8 nooae 
P33lR3THII. 1IIIIlIl 

,IJ;n1lH3 n3HepyK511\C1'O 
llneMeHT3 AO paa

lR3THl1. )1M 

430114 200 120 
114 230 124 450 
115 250 128 450 
115 250 128 420 
130 250 150 420 
135 200 145 450 
135 230 152 450 
135 230 158 420 
140 200-250 152-160 420 
175 300 217 750 
175 340 236 850 
181	 340 245 850 
220 320 278 750 
220 340 284 750 
245 320 313 750 
245 340 320 760 
265 340 344 760 
275 340 " 365 760 . 

'I.:;	 naKepOBKH (TaOJI. 7). B TaOJI. 7. npaaenensr TaKme peKOMeH)l;aD;HH 

H <paKTHlIecKHe )l;aHHLIe aa rJIyoHRax 2000-3400 M no aarpyaxax, IIpH

MeHHeMLIM npa "HCIILITaHHH CKBamHH [58]. 
Ta6JIH~a 7 

)J;1I3MeTP naxepa, MM	 Oceaoe ClRIIM310IIlee YCHIIHe, •:1	 I TC 

~; 

AO Aelj)opM3IJ;Hl'I I nocne Aelj)0pM3IJ;HH I peHoMeHAyeMoe lj)3HTH'ieCHOeI 
118 150 7 6-10 
140	 180 8 6-10 
180 I 220 10 10-15 
225 270 11 12-20 
250 320 -14 
275 350I 16 15-20 

YKasaHHLIe )l;aHHLIe HeJIbSH peKOMeH)l;OBaTb )l;JIH acex paaoaos HcnLI

TaHHB, TaK KaK oceasre yCHJIHH )l;JIH )l;e<pOpMaIJ;HH ynJIOTHHTeJILHOro 3JIe-. 

MeHTa npa yCTaHoBKe HcnLITaTeJIH B CKBamHHe, a CJIe)l;OBaTeJIbHO, H nan
JIeHHH, BOSHHKalOJIJ;He aa nonepxaocra KOHTaRTa peaaaosoro 3JIeMeHTa 

co creaxoa CKBamHHLI, B SHalIHTeJIbHOB CTeJ;IeHH saBHCHT OT npOWOCTH 

nopon npHsaooiiHoB SOHLI. Hanpaaep, B IOmHLIX He<pTHHLIx paaoaax 
(OO'Le)l;HHeHHe Craaponomaeereraa) )l;JIH cKBamHH, npofiypeaasrx )l;OJIO

TaMH .N2 8 (190 MM), B rH)l;paBJIHlIeCKHX HcnLITaHHHX nJIaCTOB HCnOJIb

SYIOT D;HJIHH)l;pHlIeCKHe ynJIOTHHTeJIbHLIe 8JIeMeHTLI )l;HaMeTpOM 180 MM, 

)l;JIH )l;e~OpMaIJ;HH KOTOpLIX npHMeHHIOT CmHMalOJIJ;He narpyaxa B npene
nax 14-20 TC. 
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CKOJIbKRX HHTepBaJIOB (3-50o'beKTOB). TIPOqaOCTL TaKHX naxepon P;OJI

mHa COOTBeTCTBOBaTL TpeoyeMIiIM rrepenanax p;aBJIeHRH npa MHorOKpaT

HOM- HcnIiITaHHH. TI03TOMY paapafiorxa OTeqeCTBeHHIiIX KOHCTpyKn;HH 

rHp;paBJIHqeCKHX ynJIOTHHTeJIbHIiIX aJIeMeHTOB npOBOp;HJIaCb B p;Ba arana, 
B nepnox arane OIiIJIH paapatioraaa rHp;paBJIHqeCKHe aJIeMeHTIiI na ne
penanu p;aBJIeHHH !:ip = 250-300 Krc/cM 2 npa COOTHOmeHHH p;HaMeTpOB 

CKBamHHIiI H naxepa K = 1,27. BTOpOH aran npenycxarpanaer cosna
HHe rHp;paBJIHqeCKHX aJIeMeHTOB na Sp = 350-400 Krc/cM 2 npH MaK
CHMaJIbHOM K = 1,4 187]. 

Cnezryer oTMeTIITb, qTO nepssre ofipaansr rlIp;paBJIHqeCKHX naxepy

IOm;HX aJIeMeHTOB OTeqeCTBeHHoH KOHcTpyKn;HII OIiIJIH paCCqHTaHIiI .aa npa

MeHeHlIe npa aaooHHbIX rexneparypax no 100°C, a BO BTOpOM arane 

no 150°C. 

Ha pHC. 5 npaseneaa rpa«l>lIKH aaBHCHMOCTH norrycraxux-nepena

P;OB p;aBJIeHHJl OT naaxerpa HcnliITIiIBaeMbIX CKBamHH P;JIH craanaprnux 

naxepyronrax aJIeMeHTOB p;HaMeTpaMII 109-270 MM. 8TlI aaBIICHMOCTH 

nOCTpoeHIiI no peayxsraraa npaKTlIqeCKHX HcnliITaHHH II JIaOOpaTopHIiIX 

HCCJIep;OBaHIIH naKepYIOm;IIX 3JIeMeHTOB, lIarOTOBJIeHHIiIX na pea\iHOBOH 

cMeCH TBepp;OCTbIO 70-80 en. no Illopy P;JIH nonycraaoa rexneparypu 
no 90°C [68]. 

Ha pac. 6 aaofipazaema aaanornaaue aaBHCHMOCTH P;JIH rHp;paBJIII

qeCKHX ynJIOTHHTeJIbHIiIX 3JIeMeHTOB no p;aHHIiIM aapydexcaoro onura, 

nplIqeM aa pac. 6, a npaseneau rpa«l>HKH P;JIH naxepos OOliIqHOrO IICnOJI

HeHIIJl, a na pHC. 6, 6 p;aHIiI aaBHCHMOCTH P;JIH rHp;paBJIHqeCKHX naxepos 

YBeJIHqeHHOH npoxop;IIMOCTH, T. e. HX HapymHIiIH p;HaMeTp, a CJIep;OBa

TeJIbHO II TOJIm;IIHa OOOJIOqKII YMeHbmeHIiI II noroay OHH npezmaaaaxaiorca 

P;JIJl paooTIiI C MeHLnmMII nepenanaxa p;aBJIeHIIH. ,D;JIHHa nplIMeHJlBnmXCH 
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CTIIMhIX nepenanon naane
HIIJI OTp;HaMeTpa CKBalRlIHhI 
P;JIJI craanapraux naxepy-
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,D;aBJIeHHe na KOHTaKTHliIe nOBepXHOCTH Mem~y naxepoa II CTeUKOH 

CKBamHHIiI MOmeT HaMeHHTbCH He TOJIbKO B peayJIbTare HaMeHeHHH oce

BOH aarpyana, HO H BCJIep;CTBHe HaMeHeHHH P;JIHHIiI naxepyiontero ane
MeHTa. TIPH BliIoope P;JIHHIiI naxepyiomero :3JIeMeHTa yqHTIiIBaIOT raroxe 
«I>HaHKo-MeXaHHqeCKHe CBOHCTBa rroponsr , B KOTOpOH OH yCTaHaBJIHBaeTCH. 

,D;JIHHa ynJIOTHHTeJIbHoro ::meMeHTa OOliIqHO KOJIeOJIeTCH OT 400 no1200 MM. 

TIPH HaJIHqHH B nopone BepTHKaJIbHIiIX rpemaa nanepyronrae aJIeMeHTIiI 

HomHO onnaanarr., qTOOIiI OOm;aH p;JIHHa ynJIOTHeHHH p;OCTHraJIa 3000 MM. 

TaK KaK nOCJIe OTKpliITHH xaanana HcnliITaTeJIH naKepYIOm;HH ane
}'feHT non p;eHCTBHeM nepenana p;aBJIeHHH Mor nepeMeCTHTbCH no CTeHKe 

CKBamHHIiI, TO C n;eJIbIO YBeJIHqeHHH CHJIIiI Cn;enJIeHHH aa pyoemoM 

(B CllA) nonepxaocrs naxepa nOKpliIBaIOT MeTaJIJIHqeCKlIMH afipaaan
HIiIMH qaCTHn;aMH, xoropsre npa pacnrapenaa naxepyromero aJIeMeHTa 

BHep;pHIOTCH B nopony, coananaa Hap;eJI\HOe aaxpenaeaae. 
Cp;BHraIOm;aH cHJIa B aHaqHTeJIbHOH Mepe aaBHCHT OT nepenana nan

JIeHHH, KOTOpliIH BoaHHKaeT aa nanepe B nponecce HcnIiITaHHH. TaK 

KaK B MOMeHT OTKpliITHH npaeomoro rcranaaa nonnaxepnaa aoaa CKBa

mHHIiI xepea BHyTpeHHIOIO nOJIOCTb HcnliITaTeJIbHOrO HHcTpyMeHTa CO

OOm;aeTCH C OypHJIbHIiIMH TpyoaMH, B KOTOpliIX COXpaHJleTCJl a TMoc«I>ep

Hoe p;aBJIeHHe, TO B HaqaJIbHIiIH rrepaon aa aafioe CKBamHHIiI yCTaHaBJIH

BaeTCJl p;aBJIeHHe, 6JIHaKOe ;K aTMoc«I>epaoMy, H na nasep acmararean p;eH
crayer nepenan p;aBJIeHHH, paBHIiIH rHp;pUCTaTHqeCKOMy p;aBJIeHHIO mHp;
KOCTH, aanOJIHJlIOm;eH CTBOJI CKBamHHIiI Hap; naxepox. Op;HOBpeMeHHO 

BoaHHKaeT nepenan p;aBJIeHHJl Memp;y npHaa60HHOH aOHOH nJIaCTa H CKBa

mHHOH, BliIaIiIBaIOm;HH npHTOK mHp;KOCTH aa nJIaCTa K aafioro. 
TIPH OOJIbmHX rJIyoHHax aaneranaa nJIaCTOB B nponecce HcnliITaHHH 

MoryT BoaHHKaTb oneas OOJIbmHe nepenanu p;aBJIeHHH, xoropsre npanonar 

K paapymeamo npHaaOOHHOH aOHIiI H aapymenaro eCTeCTBeHHoro COCTOJl

HHJl nopon, CJIaraIOm;HX nJIaCT. KpOMe roro, npn coap;aHHH OOJIbmHX 

HaqaJIbHIiIX nenpeccaa na nJIaCTbI, CJIOmeHHliIe Tpem;HHOBaTIiIMH nopo

p;aMH, npoacxonar CMIiIKaHHe rpemaa H CHHmeHHe npOHHn;aeMOCTH nopon. 

B CBHaH C aTHM, a raiose yqHTIiIBaH npOWOCTb TpyO, aa KOTOpliIX 

CIIyCKaIOT HCIIIiITaTeJIb IIJIaCTOB B CKBamHHy, acrrsrranaa 06'beKTOB IIPO

BOP;JlT C OrpaHHqeHHIiIMH p;eIIpeCCHJlMH aa IIJIaCT. Orpananenae P;OCTH

raerca yCTaHoBKOH B HcnliITaTeJIbHIiIH HHcTpyMeHT aa60HHliIX nrryrtepon 

HJIH qaCTHqJIliIM aanOJIHeHHeM OypHJIbHIiIX Tpy6 mHp;KOCTbIO, T. e. coana

HHeM npOTHBOp;aBJIeHHJl. 
OIIIiIT HcnliITaHHH IIpH IIOMOm;H KOMnJIeKTa HCIIIiITaTeJIbHIiIX HHCTpy

MeHTOB IUnI fpoaY«I>Hllll noxaaan, qTO B OCHOBHOM nepenane p;aBJIeHHH 

B nponecce HCIIIiITaHHH p;oIIycKaJIHCb He oOJIee 150 KrC/CM 2 
• Hcxozta aa 

TaKHX Be)]:HqHH H paCCqHTbIBaJIH aa IIPOqHOCTb naaepyromae aJIeMeHTIiI 

MeXaHHqeCKorO cacaraa. C YBeJIHqeHHeM rJIyoHH HCIIIiITIiIBaeMIiIX CKBa

mHH aanansasre nepenanu p;aBJIeHHH OIiIJIH noaenema no 200-300 xrc/CM 2 
• 

HeCKOJIbKO HHOH IIOP;XOP; cymecruyer K onpenaneamo IIpOqaOCTH 

rHp;paBJIHqeCKHX YIIJIOTHHTeJIbHIiIX aJIeMeHTOB. Y xaaaamre aJIeMeHTbI 

IIpHMeHHIOTCJl IIpH YBeJIHqeHHIiIX aaaopax Memp;y cTeHKoH CKBamHHIiI 

II KOpnyCOM naxepa, a raroxe IIpH IIOHHTepBaJIbHIiIX MHorOKpaTHIiIX HCIIIiI

TaHHHX, xorna aa OP;HH CIIyCK HHcTpyMeHTa IIpOBOP;JlT HCIIIiITaHHJl He
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PHC. 7. 3aBHcHMoCTb 
I1POlJHOCTH rHApaBJIHlJe-
CRHX YIIJIOTHHTeJIbHhlX 
8JIeMeHTOB OT naaxerpa 

CRBa lKHHhI. 
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'ITO rrOCJIeAHHe HMeIOT cYID;eCTBeBHbIe npeaxymecrna. IIpH 0AHHaKOBbIX: 

AorrycKaeMbIX nepenanax AaBJIeHHH rHApaBJIH'IeCKHe naxepsr ofiecne

'IHBaIOT repMeTHlIHyIO naxeponxy npa 66JIbmHX aaaopax B CKBa

iKHHe, 'IeM naxepu MeXaHH'IeCKOrO CiKaTHH. Hanpaaep, CTaHAapTHbIH 

naxep AHaMeTpOM 135 MM npa HcrrOJIbaOBaHHH B CTBOJIe CKBaiKHHLI AHa

MeTpOM 150 MM (K = 1,11) nonycxaer nepenan !:ip = 240 Krc/cMlI, 

a rHApaBJIH'IeCKHH naxep AHaMeTpOM 136 MM 3TOT iKe nepenan norrycxaer 

B CKBaiKHHe AHaMeTpOM 172 MM (K = 1,25). IIaKepyIOID;HH 3JIeMeHT Me

xaHH'IeCKOrO CiKaTHJl (170 MM) B CKBaiKHHe AHaMeTpoM 200 MM (K = 

= 1,18) AorrycKaeT nepenan AaBJIeHHH !:ip = 140 Krc/cM
lI; 

rHApaBJIH'IeC

KHH naxep 06bIlIHoro HcrrOJIHeHHH (165,1 MM), nepenan AaBJIeHHll s» = 
= 140 Krc/cM1 norrycxaer B CKBaiKHHe AHaMeTpOM 235 MM (K = 1,42). 
AHaJIOrHlIHbIe COOTHOmeHHJl cYID;eCTByIOT H AJIH OCTaJIbHbIX THrropaaMe

pOB naxepon. 
HeooXOAHMO OTMeTHTb, '11'0 npa yBeJIH'IeHHH aaaopa MeiKAY CTeHKOH 

CKBaiKHHLI H naaepox AorryCTHMbIe nepenanu AaBJIeHHH AJIJl rraKepYIOID;HX 

3JIeMeHTOB MexaHHlIeCKOrO CiKaTHH CHHiKaIOTCH aHa'lHTeJIbHO pease, 

'IeM P;JIH rHApaBJIH'IeCKHX. IIpeAeJIbHbIe aaaseaan AorryCTHMbIX nepena

,n;OB AaBJIeHHH AJIH rHApaBJIH'IeCKHX naxepon He npeaamaror 350 Krc/cM
lI 

j 

a MaKCHMaJIbHbIe aa60HHbIe rexneparypa He rrpeaarrraror 150°C [87]. 
HOpMaJIbHaH pafiora rHApaBJIH'IeCKHX naxepon B CKBaiKHHax 06ecrre

'IHBaeTCJl sa C'IeT roro , 'ITO HX 060JIO'lKa HarOTOBJIHeTCH aa rrpO'lHLIX 

3JIaCTHlIHbIX MaTepHaJIOB B CO'leTaHHH C MeTaJIJIH'IeCKOH OrrJIeTKoH. 

Ha pHC. 7 npnaeneaa aaBHCHMOCTb rrpO'lHOCTH rHApaBJIH'IeCKHX naxepos 

aa paapsm OT naaxerpa CKBaiKHHbI, IIOJIy'leHHaH 3KcrrepHMeHTaJIbHbIM 

llyTeM B JIa60paTopHLIx yCJIOBHHX. Bce acrrarrsnaexue KOHCTPYK~HH 
IIaKepOB ObIJIH 06bIlIHoro HcrrOJIHeHHH, I aa HCKJIIO'IeHHeM rraKepYIOID;HX 

3JIeMeHTOB p;HaMeTpaMH 108 H 136 MM, HarOTOBJIeHHbIX C yBeJIH'IeHHbIM 

IIpoxoAHbIM Ce'leHHeM, a raiose IIaKepOB AHaMeTpoM 178 H 260 MM j 

B:bIIIOJIHeHHbIX co crre~HaJIbHbIM rrOKpbITHeM aapyaoroa rrOBepXHOCTH 

aa rJIyoHHy 6,35 MM. 
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PKC. 6. 3aBKCKMoCTb AOIly
CTKMhlX nepenanon AaBJIeHKJI 
OT naaaerpa CRBalKKH AJIJI 
rKApaBJIHqeCRHX YIIJIOTHH-

TeJIbHhlX 8JIeMeHTOB. 

a - llaRephi B 06h1'1HOM UCIlM
HeHHu; 6 - naxepsr yBeJIH'IeH
Holl IlpOXOAHMOCTII; 8 - naaepsr 
C yBeJIH'IeHHhIM BHYTPeHHHMAHa

MeTPOM• 
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B 3THX OnLITaX naKepYIOID;HX 3JIeMeHTOB COCTaBJIHeT 915 MM H TOJIbKO 

naxepsr MaJILIX AHaMeTpoB 117-136 MM BbIrrOJIHeHbI AJIHHOH 1270 MM. 

B aMepHKaHCKOH npaxraxe rrpHMeHHIOTCH raroxe rHApaBJIH'IeCKHe rraxepsr 

C YBeJIH'IeHHbIM BHyTpeHHHM AHaMeTpOM, B KOTOpLIX YMeHbmeHHe TOJI

ID;HHLI 060JIO'lKH AOCTHraeTCH aa C'IeT yBeJIH'IeHHH BHyTpeHHerO npoxon

HOrO Ce'leHHH (pHC. 6, 6). KaK BHAHO aa rrpHBeAeHHbIX rpa«l>HKoB (pHC. 6,6) 
AaHHLIe naxepu paCC'IHTaHLI P;JIH HcnOJIbaOBaHHH npa MeHbmHX aaaopax 

B CKBaiKHHe, 'IeM rHp;paBJIH'IeCKHe OObI'IHOrO HcrrOJIHeHHH (pHC. 6, a). 
AHaJIHa peaym-raroa rrpHMeHeHHH naxepyiomax 3JIeMeHTOB MexaHH

'IeCKorO CiKaTHH H rHApaBJIH'IeCKHX yrrJIOTHHTeJIbHbIX 3JIeMeHTOB rroxaaan, 
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TaKHM 06paaOM, repxerasnocrs naKepOBKH H KaqeCTBO npOBe)J;eHHH 
pa60T npa HcnhITaHHH 06'beKTOB B 6ypHm;HXCH cxnaactnax B anaxareas
HOH CTeneHH aaBHCHT OT npaBHJIbHorO nO)J;60pa paaMepa XBOCTOBHKa 
(onopnoro HKOpH) H COOTHOIIIeHHH )J;HaMeTpOB CKBamHHhI H naxepa. 

npueMlUilU xsatuuc uonumamesn nsacmoe. HeaaBHcHMO OT KOHCTpyK
THBHoro BbIIIOJIHeHHH npaexaoro xnanana OH npennaaaanen )J;JIH OTKphI
THH )J;ocTyna nJIaCTOBOH mH)J;KOCTH BHYTPb HcnhITaTeJIH H ynepacaaaa 
ee BHyTpH HHcTpyMeHTa )J;O KOHIJ;a HcnhITaHHH. B TeqeHHe ncero cnycxa 
HHcTpyMeHTa KJIanaH aaxpsrr. IT03TOMY 6ypHJIbHhIe Tpy6hI OCTaIOTC1I 
nyCThIMH HJIH HX qaCTHlffiO· aanOJIHHIOT mH)J;KOCTbIO HJIH raaox )J;JIH CHH
meHHH aasansaoro nepenazra )J;aBJIeHHH npn HcnhITaHHH. ITo )J;OCTHmeHHH 
naKepOM aa)J;aHHOH rJIy6HHhI Ha Hero HaqHHaeT )J;eHCTBOBaTb HarpyaKa 
OT neca Tpy6. ITO)J; )J;eHCTBHeM aarpyaxa npOHCXO)J;HT oceaoe nepeaeme
HHe 6ypHJIbHhIX HJIH HaCOCHO-KoMnpeccopHhIX Tpy6, B peayxarare ROTO
poro ypapHHTeJIbHhIH RJIanaH aaxpsmaerca , a npHeMHhIH RJIanaH acna
rareaa OTRphIBaeTcH. B MOMeHT OTRphITHH roranaaa )J;aBJIeHHe B rpyfiax 
paBHO JIH60 aTMoclflepHoMy, JIH60 )J;aBJIeHHIO BO)J;HHOH HJIH raaonoa IIO
)J;yIIIKH, n03ToMy mH)J;RoCTb aa nJIaCTa aaxaaaer nocryna'n, B aomrrarenr.. 
,JJ;aBJIeHHe cToJI6a mH)J;RocTH, HaxO)J;Hm;eHCH Ha)J; naxepox, npenoxpanaer 
cTeHRH CRBamHHhI OT OChInaHHH H 06BaJIOB B nponecce HcnhITaHHH. B Co
speaenmax HcnhITaTeJIHX ynpaanenae npHeMHhIM xaanaaoa ocyme
CTBJIHeTCH nyrea ocenoro nepexemeaaa rpyti, na KOTOphIX HHcTpyMeHT 
crrycxarora cxnaaoray. 

ITo OROHqaHHH HcnhITaHHH BCJIe)J;cTBHe aaanareasnoro neperrana 
Mem)J;y )J;aBJIeHHeM cToJI6a npOMhIBOqHOH mH)J;RocTH H )J;aBJIeHlIeM nOA 
naxepoa npaKTHqeCRH aeaoaxoacao CHHTb HcnhITaTeJIb no rex nop , 
noxa 3TH )J;aBJIeHHH He 6Y)J;yT BhIpaBHeHhI. IT03TOMY B 60JIbIIIHHCTBe 
KOHCTpyRIJ;HH HcnbITaTeJIeH nJIaCTOB npHeMHbIH RJIanaH BbInOJIHeH BMeCTe 
C ypaBHHTeJIbHbIM, 06hIqHO YCTaHaBJIHBaeMbIM Ha)J; naxepox H BO DpeM1I 
cnycxa HHcTpyMeHTa B CRBamHBY OCTaIOm;HMCH OTRpbITbIM. YpaBHHTeJIb
HbIH KJIanaH CJIymHT )J;JIH C006m;eHHH nO)J;naKepHOH aOHbI C nannanep
HOHnpn cnyoxe HHcTpyMeHTa B cxsaacaay H TaKHM 06paaOM )J;JIH yMeHb
IIIeHHH )J;aBJIeHHH, noanaxaromero nO)J; nanepox npa cnycxe HcnbITaTeJIH 
nJIaCTOB. YpaBHHTeJIbHbIH KJIanaH npenaaana-rea TaRme )J;JIH nupaa
HHBaHHH )J;aBJIeHHH B yxaaaanux aonax CKBamHHbI B ROHIJ;e acnsr
TaHHH. 

,JJ;JIH qeTROrO paarpaaaseaaa OTRpbITHH II aaKpbITHH RJIanaHOB, a 
rarose npenorapameana aecaoenpeaeaaoro HX cpa6aTbIBaHHH B npo
necce HcnbITaHHH HCnOJIbaYIOT MeXaHHqeCKOe, rH)J;paBJIHqeCKOe HJIII 
KOM6HHHpOBaHHoe (O)J;HOBpeMeHHO MeXaHHqeCKOe H rH)J;paBJIHqeCKoe) 
ropxoaamee yCTpOHCTBO, CBHaaHHoe co IIITOKOM HcnbITaTeJIH nJIaCTOB. 

MeXaHHqeCKOe ropuomeane ocym;eCTBJIHeTCH C nOMOm;bIO meCTKHX 
BHTbIX npyacan cacaraa , a rH)J;paBJIHqeCROe - C nOMOm;bIO CneIJ;HaJIbHhIX 
ropxoaasrx xaxep , naasmaexux TaKme rH)J;paBJIHqecRHM pene BpeMeHH. 
ITPH nOMOm;H pene BpeMeHH )J;OCTHraeTCH aanaansraaaae OTKpbITHH npa
exaoro KJIanaHa HcnhITaTeJIH nJIaCTOB, B resenae xoroporo npOHCXO)J;HT 
)J;elflopMaIJ;HH YIIJIOTHHTeJIbHorO 3JIeMeHTa H naxeponxa CTBOJIa CRBamHHhI. 
TaRHM 06paaOM, npa coananaa ocenoa narpyaxa na naxep npHeMHhIH 

r KJIanaH OCTaeTCH aaKpbITbIM no rex nop, noxa He npOHaOH)J;eT nOJIHOro 
paa06m;eHlIH nO)J;naRepHOH H Ha)J;naKepHOH aOH CRBamHHbI. 

ITpHHIJ;Hn )J;eHCTBHH yKaaaHHOH RaMephI aaRJIIOqaeTCH B TOM, qTO 

i' 
nepexemeaae IIITOKa HcnhITaTeJIH npOHCXO)J;HT O)J;HOBpeMeHHO C )J;BHme

HHeM nopIIIHH B IJ;HJIHH)J;pe, aanOJIHeHHOM DHaKOH mH)J;ROCTbIO. B nopmae 
BhInOJIHeHbI CneIJ;HaJIbHbIe rH)J;paBJIHqeCKHe KaHaJIbI, no KOTOphIM mH)J;

1{OCTb neperexaer aa HHmHeH aOHbI B BepXHIOIO. ITO)J;60POM paaxepon 

r 
nonepe-moro CeqeHHH H )J;JIHHbI rH)J;paBJIHqeCROrO KaHaJIa, a raiose CO
OTBeTCTByIOm;eH mHjl;KOCTH B IIIHpOKOM naanaaoae perynapyior BpeMH 
TopMomeHHH. TaR, B coapeueamrx HcnbITaTeJIbHhIX ancrpyxearax rH)J;
paBJIHqeCRHe KaHaJIbI BhInOJIHeHbI B BH)J;e crrapaaa npHMoyrOJIbHOrO 
CeqeHHH. Paoxon mH)J;RocTH xepea TaRyIO cnapans onpe)J;eJIHeTCH no 41op
MYJIeI47] 

3(b-O,579a),Q= 1~:l a (8)

1 rne /1p = 4Pofn (D2 - dg) - nepenan )J;aBJIeHHH, coa)J;aBaeMbIH B TOp
MoaHoH RaMepe; Po - OCeBaH narpyaxa , npHJIOmeHHaH R IIITORy HCIIbITa
TeJIH nJIaCTOB; D - BHyTpeHHIIH )J;lIaMeTp xopnyca TopMoaHOH xaxepu; 
do - HapymHbIH )J;HaMeTp IIITORa ropaosaoa xaxepsr: !.I. - BHaROCTb 
mH)J;ROCTH, aanOJIHHIOm;eH xaaepy: l - )J;JIIIHa BHHTOBoro RaHaJIa cna
paJIH B nopmne ropaoaaoa KaMepbI; a H b - COOTBeTCTBeHHO MeHbIIIaH 
H 60JIbIIIaH CTOpOHhI CeqeHIIH rH)J;paBJIHqeCROrO RaHaJIa. • 

lIJIH npHMeHHTeJIbHO R peaJIbHOH ROHCTpyKIJ;HH ropxoaaoa RaMephI, 
npHHHToH B OTeqeCTBeHHbIX HcnhITaTeJIHX nJIaCTOB C onopoa aa aa60H, 
pacxer )J;JIHHbI rlI)J;paBJIHqeCROrO RaHaJIa B nopmne npOBO)J;HT no lflopMyJIe 

l = Poa3 (b -O,579a) T (9) 
12/!LoF2 • 

I) r)J;e T - BpeMH nepexemeaaa nopIIIHH aa nepxaero nOJIOmeHHH B HlImHee, 
T. e. BpeMH TopMomeHHH )J;BlImeHHH IIITOKa; L o - )J;JIHHa xona IIITORa 
HcnhITaTeJIH nJIaCTOB; F = n/4 (D2_ d~) - nnomam, nonepenaoro ce
qeHHH ropuoaaoa KaMepbI. 

B HeROTopbIX KOHCTpyKIJ;HHX HCIIhITaTeJIeH nJIaCTOB nopmeas TOpM03
HOH RaMephI BbIIIOJIHeHC KOJIbIJ;eBbIM ROHHqeCRHM rH)J;paBJIHqeCRIIM xa
HaJIOM (pHC. 8), PeryJIlIpOBaHHe npoxonaoro CeqeHHH B KaHaJIe II HaMeHe
HHe TaRIIM otipaaox BpeMeHH TopMomeHIIH )J;OCTHraeTCH oceasm nepeae
meaaea )J;BYX xacrea nopIIIHH C ROHHqeCKHMH nOBepXHOCTHMH. Pacxon 
iRH)J;ROCTII sepea TaROH ROHHqeCRHH KaHaJI onpe)J;eJIHeTCH no 410pMyJIe 

Q= ~ . /',.pd K3h3 (10)
12,...H ' 

I
 
r)J;e d - HalIMeHbIIIHH )J;HaMeTp xoayca nopIIIHH; K = (D1- dI)f2H 

ROHyCHOCTb nopIIIHH; D1, dl - cOOTBeTcTBeHHO HaH60JIbIIIlIH H aaa

MeHbIIIHH )J;HaMeTpbI xonyca nopIIIHH; H - )J;JIHHa ranpannaaecnoro
 
KaHaJIa no OCH RaMepbI; h - ocenoe CMem;eHHe )J;BYX ROHHqeCRHX nonepx

HOCTeH.
 

l 
ITPH yCJIOBHH. qTOneperox 06'beMa Q mH)J;ROCTH aa BpeMH TopMomeHIIH 

T panes npOlIaBe)J;eHHIO )J;JIIIHbI xona IIITOKa L o HCIIbITaTeJIH nJIaCTOB 

I 
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3anopnbl;U uanan BaxOAIITCJI aa aexoropoa paCCTollHIIH ornpaea
Horo KJIanaHa HCnLITareJIJI nJIaCTOB H rrpeABa3Ba'laeTCJI AJIH cosAaBlIH 
B03Aymaoii xaxepu, KOTOpaJl aanOJIHJleTCJI mRAKOCTbIO Ha-nOA nanepa 
npH OTKpLlTHII npHeMHoro KJIanaBa HCnLITareJIJI nJIaCTOB. BoaAYDIHaJl 
xaxepa rr03BOJIJleT HCIIbIThIBaTb cxaaacaay C BHaKHM DJIaCTOBLIM A8BJI&-
BHeM, Jlame xorna AaBJIeBHe BOAJ! Ji/"fM 
BOH HJIU raaoaoa noirymaa BTPy "rlr.-~~--,----.-----, 

6ax asnne AaBJIeBIIJI B nJIaCTe. 
Ilpa AByKpamoM nepexpu

TIIU CKBamHHbI npHMeBJlIOT 88
nopmre KJIanaBbI AByX BUAOB: 
AHCROBLlH U rrosoporasra. ,IJ;HC
KOBLlii COCTOHT HS CTaJIbBOro 

PIlC. 9. 3aBHcHMoCTb BH3KOCTII MaCJla, 
aarymeaaoro KayqyKoM, OT TeMUepa

TypLI. 

'tOO 

p,nJ 

6(J0 

41 

xoprryca, HMeIOm;ero npOXOABoe 
OTBepCTUe, nepexpsrroe aJIIOMH
HBeBLlM AHCKOM. TaKoii KJIanaB 
OTRplJIBaeTCIl npa a86paCLlBaBlIH CTaJIbBOH nrraara, paspblBalOm;eii 
aJIIOMBHHeBblii ABCK. Ilosoporaaa KJIanaB yCTaBaBJIHBaeTCJI B KOJIOBHY 
6YPWIbHLlX UJIH BaCOCBO-KOMnpeccopBbIX Tpy6 B aaKpblToM nOJIOmeBUU 
H OTKpLlBaeTCJI rryTeM Bpam;eBUJI ROJIOBHLl. Ilpa AaJIbBeiimeM ee spa
m;eHBB KJIanaB CHOBa aaRpbIBaeTCJI U npa 3TOM coaAalOTCJI yCJIOBHJI AJIJI 
peracrparraa ROHe1lHOrO AaBJIeHlIH B aaKpLlTOM nepaone BcnLlTaHBIl. 

llpUMeHHIOT 0ABO- U AByxno3uD;HOBBble aanopmre KJIanaBLl, xoropue 
COOTBeTCTBeBBO 06ecne'IHBaIOT OAUB B ABa aaxpurax nepaona HCIThITaBHii 
nJIaCTa. 

3a rrOCJIeABee BpeMJI B OTe'leCTBeHBOH B aapy6emBoii npaxraxe 
pacnpocrpaaeaa '1eTLlpeXnoaB~oBHLle aanopao-nonoporasre xnanaau, 
06eCne'lBBaIOm;He coanaaae xersrpex OTKpLlTblX H '1eTblpeX aaKpLlTbIX 
nepaonon HcrrLlTaBBJI. 

}':;-.. 

,Y" 

~. 

(11) 

~ 
...... 

~ 

Po 

RaR BHAHO aa npaneneaaux cIlOpMyJI, aa BeJIlI'IHHy BpeMeHH TOpMO
iKeHHJI, xpoxe reOMeTpH'leCRHX paaaepon RaMepLl, ROHCTpyKTHBHIJIX 
pemeaaa rHApaBJIlI'IeCRHX KaHaJIOB H AeiicTBylOm;Hx CHJI cymecraeaaoe 
BJIIIJlHUe oxaauaaer BJlaKOCTb iKIIAROCTH, aanoaamomea ropaoaayio Ra
Mepy. B naxecrae TaRoii iKHAKOCTII B OTe'leCTBeHllHX KOHCTPYR~JlX 

uCnLlTareJIeii nJIaCTOB npHMeHJlJIOCb MaCJIO 
xapxa MC-20. OAHaKO npa patiore B se
JIOBHJlX BLlCORHX aa60iiHLlx reuneparyp 
(100-120 0c) BJlaROC'l'b aroro MaCJIa 3Ha
'1HTeJIbHO YMeHbmaeTCJlII He 06ecne'lIIBaeTCJI 
He06xOAlIMoe BpeMJI TopMOiKeHHJI. II03TOMY 
sa nOCJIeAHee BpeMJI B cepaaasrx acrra
TaTeJIJlX oresscraeaaoro npOH3BOACTBa 
(CeBRaBHHIIHHecllTb) 6LlJIO npUMeBeHO 
MaCJIO, aarymeaaoe RayqyRoM. RaR noxa
aan onur, sra CMeCb COXpaBJleTCR: BJl3ROii 
npa resmeparypax AO 150°C (pIIC. 9) U 
06eCne'IHBaeT AOCTaTO'IBO npOAOJIiKUTeJIb
aoe BpeMR: TopMOiKeHHJI B 3THX YCJIOBHJlX. 

Ha puc. 10 npHBeAeHLl pacseraae rpa
cIlHRH aaBHCIIMOCTH BpeMeHII TopMOiKeHUR: OT 
paauepa rUApaBJIII'leCROrO RaHaJIa npa 

PIIC. 8. Cxexa YCTpoRcTBa UCnOJIbaOBaHHH MaCJIa MC-20 H MaCJIa, aa
TOpM03HOil: KaMepLI. rymeaaoro RayqyRoM. Ha rpaclluROB BHAHO, 

'ITO nOCJIeAHJIJI iKlIAROCTb otiecnexaeaer 
aHa'lHTeJIbHO 60JIbmee BpeMJI TopMOiKeHHJI, '1eM MaCJIO MC-20, n03TOMy 
ee UcnOJIbaYIOT npa yBeJIII'IeHBLlX pasaepax rRApaBJIU'IeCRUX RaBaJIOB. 
06bl'lHO B npOMLlmJIeHHLlX YCJIOBIIJlX ropaoerryro KaMepy perynapytor 
npa nOArOTOBRe HCnLITaTeJIJI nJIaCTOB AJIH cnycxa B canaacaay. 

IJ,upTiyA1tijuonn1iul "Aanan npenaaaaasaerca AJIJI neperoxa npoMblBO'l
BOH mUAKOCTH na 6ypUJIbBLlX rpyf B cxsaacaay (npa npJlMOH npOMLlBRe) 
UJIH na CKBaiKlIBLl B 6YPUJIbHble Tpy6Ll (npa 06paTHOH npOMLlBKe). 
He06xOAUMOCTb B npJlMOH HJIH 06paTHoH npoaaaxe B nponecce acnsrra
HIIJI rrJI8CTOB MomeT 6hITb aaanaaa pa3JIl'l'lBLlMH TeXHOJIOrH'IeCKHMH npa
'1HHaMH (AJIJI npeAOTBpam;eBUJI npaxsara HHcTpyMeHTa; H3BJIe'leBHJI 
aa nosepxaocrs np06bl rrJIaCTOBOii mHAROCTH H AP). 

B aacroamee BpeMH npHMeBJlIOT xnanaast, cpa6aTLlBaIOm;He npa npa
m;eHHH KOJIOHBhI rpyf HJIH npa nOBhImeBHH AaBJIeHHJI B rpytiax, Cyme
CTByIOT HeCROJIbKO ROBCTpyRIl;HH D;HpKyJIJlD;HOBBhIX KJIanaHOB, AJIJI OTKpLl
THJI ROTOpLlX rrpHMeBHIOT rpya, aa6paChIBaeMbIii sayrps 6ypUJIbBbIX 
Tpy6. 
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aa naomans norrepesaoro Ce'leH.IDI TOpM03BOii RaMepLl F, T. e. QT = 
= L"', nocne npeoripaaoaaaaa MOiKHO BLlBeCTH cIlopMyJIy. AJIJI onpeneae
HHJI BeJIH'lHHLl h, ROTOpaJl aarramerca B BRAe 

h = _1_.:/ 12F2HLo"," 
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H cc rrpenaaaaanea AJIH oCB060iKAeHlUl naxepa HJIH npHXBa'leHHOrO 
B CKBaiKHHe HHcTpyMeHTa nyrex npHJIOiKeHHH K HHiKHeMY KOHU;y KOJIOHHhI 
6ypHJIbHhIX HJIH HaCOCHO-KoMnpeCCOpHhIX Tpy6 YAapHhIX narpyaox. 

Cym;ecTByIOT MeXaHH'leCKHe H rHApaBJIH'leCKHe HCChI. 
Tlpa YAapHO-KaHaTHOM 6ypeHHH MeXaHH'IeCKHe HCChI npHMeHHIOTCH 

AJIH COaAaHHH nepHOAH'IeCKHX YCHJIHH na nrranry, nanpaaneamrx BBepX 
npa OTphIRe AOJIOTa OT aa60H. ,1l;JIH aTOH iKe u;eJIH HX npHMeHHIOT B KOM
nOHOBKax HCIIbITaTeJIeH nJIaCTOB, cnycKaeMhIX B CKBaiKHHY na OypHJIb
HhIX rpyfiax. 

B HaCTOHm;ee BpeMH B OCHOBHOM npHMeHHIO"l' rHApaBJIH'IeCKHe HCChI, 
BHyTpH KOTOphIX nepHOAH'IeCKH nonumaror AaBJIeHHe, '1T06hI coanarr, 
ynap, He06xOAHMhIH AJIll oCB060iKAeHHH npaxnanennoro HHcTpyMeHTa. 
CHJIa ynapa B nepBYIO osepens aaBHCHT OT paCTHrHBaIOm;eH CHJIhI, npa
JIOiKeHHOH K KOJIOHHe 6ypHJIbHhIX HJIH HaCOCHO-KOMnpeccopHhIX rpyti. 

Beeonacuuii aa.MOK npeAycMaTpHBaeTCll B KOMnOHOBKe HcnhITaTeJIH 
na TOT CJIy'laH, eCJIH naaep HJIH HKOpb HJIH TOT H APyroH OKaahIBaIOTCH 
npHXBa'leHHhIMH H He MoryT 6hITb HaBJIe'leHhI aa CKBaiKHHhI. B HaCTOH
mee BpeMH HMeIOTCH 6eaonaCHhIe aaMKH HeCKOJIbKHX BHAOB: AJIH pas's
eAHHeHHH HX npaaeaaerca npanoe HJIH JIeBOe npamenae KOJIOHHhI Tpy6. 
HaH60JIee paU;HOHaJIbHhIMH CJIeAyeT C'IHTaTb6eaonaCHhIe aaMKH, paa'sena
HHeMhIe npanax Bpam;eHHeM,TaK KaK npa aTOM He OCJIa6JIHIOTCH aBeHbJI 
KOJIOHHhI 6ypHJIbHhIX HJIH HaCOCHO-KOMnpeccopHhIX rpyfi. l\.poMe roro , 
6eaonaCHhIH aaMOK B HopMaJIbHhIX yCJIOBHHX AOJIiKeH 06eCne'lHBaTb 
uepenaxy npamenaa KOJIOHHhI rpyf BO BpeMH HcnhITaHHH, He napymaa 
ee repMeTH'IHOCTH. TaKOH aaMOK COCTOHT aa aanneaa H My<}lThI, coe,z:(H
HeHHhIX npn nOMOm;H HanpaBJIllIOm;HX nmanen, KOTophIe He nOaBOJIHIOT 
aaMKy paa'beAHHHTbCH npn 06hI'IHOM MaHeBpHpOBaHHH 6ypHJIbHhIMH TPy
6aMH BO speaa acmaraana. ,1l;JIH pa3'beAHHeHHH 6eaonaCHoro aaxaa 
CO'leTaIOT BepTHKaJIbHhIe nepexemeaaa H npasoe npameaae KOJIOHHhI. 

¥ crpoacrea 
AJIH OrpaUH'IeUHH ua'laJIbuoii AenpeccHH ua nJIaCT 

Illnujuepu, C u;eJIbIO peryJIHpOBaUHH Ha'laJIbUOH AenpeCCHH aa nJIaCT 
B KoMnouoBKy HcnhITaTeJIeH BKJIIO'IaIOT nrrynepu. Ilpa nOMOm;H onnoro 
HJIH UeCKOJIbKHX urrynepon MOiKUO perynaponarr, CKOpOCT.b nocrynnenaa 
nJIaCTOBOH iKHAKOCTH B aaBHcHMOCTH OT HX npoxonnoro OTBepCTHH. 

Tlpa BhICOKOM nJIaCTOBOM AaBJIeUHH '1aCTO npHMeUHIOT aa60lIHhIe 
mrynephI , YCTaHaBJIHBaeMhIe AJIH roro, '1T06hI npa OTKphITHH xnanana 
HcnhITaTeJIH, T. e. B MoMeUT, xorna npoHCXOAHT pesxoe CHHiKeUHe AaBJIe
UHH nOA naxepox, ue paspymanacr, nopoma npHaa60HUOH aOUhI H ue 
nocrynana B acnsrrareas. 

l\.OUCTpyKU;HH nrrynepnoro yana B HcnhITaTeJIHX nOaBOJIlleT npa 
He06xOAHMOCTH aaraerars csepxy nposnaaoaayro iKHAKOCTb no KOJIL
neaoxy aaaopy MeiKAY mrynepoa H nnyrpenaea CTeUKOlI xoprryca 
BCIIbITaTeJIH. HapHAY C aTlIM lIMeIOTCH nrrynepa npOCTOH KOUCTpyKU;lIl1, 
COCTOHm;lIe aa CMeUHhIX conen , YCTaUaBJIlIBaeMhIX B BepXHeH '1aCTlI 
lICIIbITaTeJIll. 

BOJIbillOH npaKTlI'IeCKHH mrrepec npeACTaBJIHeT aa60HUhIff rnnpaana
'1eCKHH mrynep. OH rrpennaaaasea AJIll YMeHbilleHlIH rllApaBJIlI'IeCKOH 
aarpysna aa naxepyromae aJIeMeHThI H aamnru nJIaCTa OT BoaHHKaIOm;I'IX 
rHApaBJIlI'IeCKHX YAapOB B Ha'laJIbHhIH nepaon acmrraaaa. ABTOMaTlI
'1eCKOe npacnocofinenae, YCTaHaBJIlIBaeMOe B BepXHeH '1aCTlIlICnhITaTeJIH, 
otiecnesaaaer lICnhITaHHe aa nparox xepea rHApaBJIlI'IeCKlIH KaHaJI, 
paaaepsr xoroporo C Te'leHHeM apexeaa lICIIhITaHlIH YBeJIlI'lHBaIOTCH. 
B MOMeHT OTKphITlIll rrpaesmoro roranaaa AHaMeTp nrrynepa COCTaBJIHeT 
ncero 3,,175 MM. 1I0 Mepe nOCTynJIeHlIH nJIaCTOBOH iKlIAKOCTH cepAe'IHlIK 
ranpaanaxeoxa perynapyeaoro nrrynepa nOA BJIlIHHlIeM IIJIaCTOBOro 
n;aBJIeHBH nepeaemaerca nsepx, nOCTeneHHO yBeJIlI'IlIBaH npOXOAHoe 
OTRepCTlIe AO 4,75 MM (nOJIHOe OTKphITlIe). 

1I0MHMo rHApaBJIlI'IeCKHX nrrynepon npHMeHHIOTCH MeXaHlI'IeCKlI 
per-ynapyexue nrrynepu, paaxep npoxozraoro OTBepCTlIH KOTOphIX MOiKeT 
6hITb lIaMeHeH BO BpeMll HcnhITaHlIH nyTeM npOBopa'lllBaHHH KOJIOHHhI 
6ypHJIbHhIX lIJIlI HaCOCHO-KOMnpeccopHhIX rpyfi, 

B nparcraxe HcnhITaHlIH npHMeHHIOTCH B OCHOBHOM illTyu;ephI C no
CTOHHHhIM ceseaaex rrpoxonaoro OTBepCTHH, rHApaBJIlI'IeCKlIe nrrynepu 
(aBToMaTlI'IeCKHe) H MeXaHlI'IeCKlIe. 

Illrynep CnOCTOHHHhIM cesenaea npoxonaoro OTRepCTlIH MOiKHO noae
IIJ;aTb no-rra B JII060M MeCTe HHcTpyMeHTa, OAHaKO HaH60JIee paU;HO
HaJIbHO YCTaHaBJIlIBaTb ero nOA ypaBHlITeJIbHhIM KJIanaHOM, TaK KaK 
B cnysae ero aaxynopxa MOiKHO npaaeaarr, 06paTHyIO npOMhIBKY. 

Bodsna« UItU za80BaR noiununa. ,1l;JIll OrpaHlI'IeHlIH Ha'laJIbHOH nerrpec
CHII na nJIaCT, KpOMe mrynepon, npaaeaaerca BOAHHaH lIJIlI rasoaaa 
nonymxa , coanaaaeaaa B 6ypllJIbHhIX lIJIlI HaCOCHO-KOMnpeccopHhIX TPY
6ax npa HcnhITaHHlI nponynrnaaoro ropaaoara C OiKIIAaeMhIM BhICOKlIM 
AaBJIeHHeM H BhICOKHM Ae611ToM. BOAHHaH HJIlI raaonaa nonyrnxa YMeHb
maer Ha'laJIbHYIO CKOpOCTb nOTOKa II npenynpeaoiaer BoaHlIKHOBeHlIe 
rHApaBJIH'IeCKlIX YAapOB, cnocofiasrx napymarr, nJIaCT II BhIaBaTb OCJIOiK
HeHHH, aanpaaep, npaxnar HHCTpyMeHTa aa aafioe , npeIIJlTCTByeT CMH
TlIIO KOJIOHHhI 6ypllJIbHhIX HJIH HaCOCHO-KOMnpeccopHhIX Tpy6 nOA AeH
CTBlIeM aaemaero rHAPOCTaTH'IeCKOrO AaBJIeHlIH. 

CJIeAyeT HMeTb B BHAY, 'ITO npaxeaeaae BOAHHOH nonymxa npa aemr
TaHlIH MOiKeT npHBeCTlI K TOMy, 'ITO nJIaCThI CHlIaKlIM AaBJIeHHeM He 6YAyT 
BhIHBJIeHhI H nJIaCTOBaH iKHAKOCTb He nocrynnr B lICnhITaTeJIb. Ha npax
THKlI HaBeCTHO npaxeaeaae BcnOMOraTe,JIbHOrO xnanaaa, paCnOJIOiKeH
noro HaA HcnhITaTeJIeM II nocnpaaaxaromero nee BOAHHOH rrorrymxa. 
B aTOM cnysae ofiecneaanaerca coxpaaenae soanymaon xaxepsr MeiKAY 
BOAHHOH nonymxoii H lICnhITaTeJIeM nJIaCTOR II CTaHOBlITCH BoaMOiKHhIM 
noaysenae ofipasnoa iKlIAKOCTlI II AaHHhIX 0 nJIaCTOBOM AaBJIeHHH naaee 
rorna, xorna OHO HlIiKe AaBJIeHlIll BOAllHOH nonymxa, 

ECJIH OrpaHlI'IeHIIH Ha'laJIbHOH AenpeCClIlI na nJIaCT BhIaBaHhI neofixo
AHMOCTbIO coxpanenaa YCTOii:'lllBOCTlI nopon, CJIaraIOm;lIX npaaatioaayro 
aOHY, TO AJIHHy Tpy6, aanoaaaexsrx iKlIAKOCTbIO (BOAOH) npa crrycxe 
HHcTpyMeHTa B CKRaiKlIHY, onpeAeJIHIOT no CJIeAYIOm;eH <}lopMyJIe: 

h = PRII 
V:I:1P 

• (12) 
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rAe Pna - nJIaCTOBOe AaBJIeHHe; !i.p - AonycTHMhIH nepenan AaBJIeHHH 
MemAY nJIaCTOM H HCIIhITaTeJIeM nJIaCTOB (AonycTHMaH nenpeccaa na 
nJIaCT, HCXOAH HS np01lH0CTH rropon): 'YlK - YAeJIbHhIH sec iKHAKOCTH, 
SaJIHTOH B TpyOhI. 

B Tex CJIy"'laHX, xorna Ha"'laJIbHaJJ AenpeccHH OrpaHH"'IHBaeTCH npos-
HOCTbIO rpyfi, na KOTOphIX crrycnaior HHcTpyMeHT, AJIHHy TPYOt nOAJIe

mam;HX sanOJIHeHHIO, onpeaeamor no 
.popMyJIe 

h =H- T1PcM , (13)
'l'lK 

rne H - rJIyoHHa yCTaHoBKH acmrra
TeJIH nJiaCTOB; "1 - Koa.p.pH~eHT sa
naca npO"'lHOCTH TPYO na cMHTHe; PCM
npenensaoe naemaee AaBJIeHHe (AaB
JIeHHe CMHTHH) Tpy6; 'YlK - YAeJIbHhIH 
nee mHAKocTH. 

ECJIH ypoaeas mHAKocTH B CKBa
mHHe HaxoAHTcH aa onpeAeJIeHHOH 
rJIy6HHe, TO B .popMyJIe (13) aeofixo
AHMO HS rJIyoHHhI H BhI"'IeCTb BeJlH
"lIBHy CTaTH"'IeCKOrO ypOBHII mHAKOCTH 
(H - hCT) ' 

3anOJIHeHHe TPYO npoBoAHTCH npa 
cnycKe HHcTpyMeHTa H, KaK noxaaan 
onur , CBIIsaHO co SHa"'lHTeJIhHhIMH 
aarparaxa BpeMeHH [22]. TaK, npa 
crrycne HcnhITaTeJIII na rJIyoHHy 
4400 M C ,n:OJIHBOM B sIDmee BpeMH 
TpeoyeTcII oOJIee 22-23"'1. TaKoH 
npOAOJImHTeJIbHhIH CnyCK HHcTpyMeHTa 

PIIC. H. 'YCTpOi'lCTBO Ami aanon BJIHHeT rarose H aa Ka"'leCTBO acnara
HeHHJI 6YPHJIbHhIX Tpy6. HHH OO'beKTa. 

a - nonoaeeaae B nponecce aanoxae
BHII; 6 - nOCJ1e aanOJIHeHBII. C JJ;eJIbIO OOJIer-qeHHII H yCKopeHHII 

OnepaJJ;HH no SanOJIHeHHIO 0ypHJIbHhIX 
TPYO npa cnycxe HHcTpyMeHTa paapatioransr cnerraaasmre npacnocofi
JIeHHH. Cxeltla paooThI onnoro I1S HHX npanenena aa pHC 11. 

IIpH cnycxe B CKBamHBy mnAKOCTb "'Iepes oTBepcTHII 2 nocrynaer 
B OypHJIbBhIe TPyOhI. no Mepe cnycxa KOJIOHHhI noasnnaerca ypoaens 
muAKOCTH B OypHJIbBhIX Tpy6ax. B TOT MOMeHT, norna aa AH.p.pepeBIQI
aJIbBhIH nopmem, 3 oy,n:eT )IenCTBOBaTb paC"'IeTHOe ocesoe yCHJIHe, non 
BJIHHBHeM xoroporo cpeaeerca mnansna 4, rropmeas nepexecrarca 
nsepx, H rHApaBJIH"'IeCKHH KaBaJI 1 aaxpoerca. IIpHToK mHAKOCTH HS 
CKBamHBbI npexpararca.

"YCTpOHCTBO MomeT OhITb paaaemeao HerrocpeAcTBeHHo HaA acnura
TeJIeM rrJIaCTOB, H IIIIIHJIbKa B aToM cnysae AOJImHa OhITb paCC"'IHTaBa 
na cpeaaromee yCHJIHe, cooraercmyromee rHAPOCTaTH"lIeCKoMY AaBJIeHHIO 
scero CTOJIOa muAKOCTH, aarrOJIBHIOm;eH oypHJIbHhIe TpyOhI. OHO MomeT 

a u 

OhITb raioae yCTaHOBJIeBO na OnpeAeJIeHBOH BhICOTe HaA HCrrhITaTeJIeM 
Il TOrAa IIIIIHJIbKa AOJImHa OhITb paCC"lIBTaHa aa cpea OT yCHJIHII, coana
BaeMOrO TOJIbKO TOB '1aCTbIO CTOJIoa mHAKOCTH, KOTOphIH BaXOAHTCH 
HaA YCTpOHCTBOM. 

AHaMeTp OTBepCTHH B BaJIHB01lH0M YCTpOHCTBe OrrpeAeJiHIOT paC"'IeTHbIM 
rryTeM npa CJIeAYIOm;HX yCJIOBHHX: caesa 0ypHJIbHhIX TPYO AOJImHa aa
rrOJIHIITbCH iKHAKOCTbIO B Te"'leHHe BpeMeHH ee CDyCKa H Bapam;IIBaHHII 
CJIeAYIOm;eH CBe"'lH, paBBOCTb ypoBBeH mHAKOCTH B SaTpYOHOM npocrpaa
CTBe H B rpytiax He AOJImHa npesumare AJIHHhI Op;HOH cnesa. IIpH aTOM 
aanoaaeaae Tpyo He BJIHlleT aa BpeMH crrycxa HBcTpyMeHTa, KOTOphIH 
rrpOBOAHTCH C TaKOHme CKOpOCTbIO, KaK H oeB BarrOJIHeBIIII TpyO. 

AHaMeTp OTBepCTHII B aaJIHB01lH0M yCTpoHcTBe onpeneamor no .pop
MyJIe [22] 

d = .. / 4rl If..!:.... (14) 
o V nllT J! .2g , 

rne 'B - BHyTpeHBHH panayc TPYOhI; n - gCJIO oTBepcTHH B aaJIHBO"'l
HOM yCTpOHCTBe; 11 - Koa.p.pHJJ;HeHT pacxona (AJIII KpyrJIhIX oTBepcTHH 
npa conepmeaaoa cscaraa CTpyH 11 = 0,62); T - BpeMH aarrOJIHeBHH 
mHAKOCTbIO OAHOH CBe"'lH; L - AJIl'IHa CBe"'lH 0YPIlJIbHhIX TPYO (L = z 
paanocrs YPoBHeH mHAKOCTH B BaTpyoBoM rrpOCTpaHCTBe H Tpyoax); 
g - ycxopeaae CHJIhI TlImeCTH. 

Hpoxe BOAhI HJIH oypoBoro pacrsopa, AJIH aarrOJIHeHHH TpyO npa 
cnycae HCIIbITaTeJIJJ MomHO DCnOJIbaOBaTb npaponasra HJIIl KaKOH-JIHOO 
AemeBhIH HHepTHhIH raa. OOhI"llHO rrpHMeHIIIOT aBOT, AOCTaBJIHeMhIH aa oy
pOByIO B OaJIJIOHax. IIpHMeBeHHe rasa AJIJJ coanaaaa norrymxa cnasa
BO C BeooxoAHMOCTbIO yCTaBoBKH B KOJIOHHe OypHJIbBhIX HJIH HaCOCHO
KoMnpeccopHhIX TPYO BcrrOMOraTeJIbHOrO xaanana, npenaaaaaseaaoro 
AJiII rrpeAynpem,n:eHHH CMHTHH KOJIOHHhI H yCTpaBeHHII HeOOXOAHMOCTH 
B aarrOJIHeBIlH BceH KOJIOHHhI aBOTOM. Ilponecc Ha'lHBaeTCH C rrepeoxaase
AeBHII aBOTa AO rexneparypu -195°C. iRHAKHH aaor AOCTaBJIHIOT 
B crreJJ;HaJIbHhIX MaIIIHBax eMKOCTbIO AO 10 M3 , a BaTeM no Mepe· HaAoo
HOCTH OH aarpenaerca H npeapamaerca B raa. I'aaootipaaaua aaor 
cmHMaeT611 AO AaBJIeHll1l 700 Krc/cM2 H HarrpaBJIlIeTCII B CKBamHHy. 

Aaor npHMeHHIOT Be TOJIbKO AJIH aanoaneaaa TpyO npa HCIIbITaBHH 
nnacra, HOTaKme H AJia HarrOJIHeBHH nanynaoro naxepa, npn rrep.popaJJ;H~ 
OHBhIX pafiorax , KHCJIOTHOH 06paOOTKe, AJIH OOPbOhI C rrOrJIOm;eHHHMH 
oypoBoro pacrnopa npn HcrrhITaHHH KOJIOBHbI na repMeTH"lIHOCTb, aaxaa
"'IHBaHHII CKBamH·H HAP. 

TaK, npn SaKaH"'IHBaHHH OAHOH HS CKBamHH BOCTO"'lHOrO Texaca 
BpeMJJ CBaOHpOBaBHJJ AJIII HcrrbITaBHII HllmHeH SOHhI COCTaBJIIIJIO 28 'I. 

Hcmrranae CJIeAYIOm;eH BOHhI rrpOBOAHJIH npa nOMOm;H aaora. Ha rny
OHBy 3350 M OhIJIa cnymeaa KOJIOBHa 0ypHJIbBhIX TPYO C raanxonpo
XOABhIM OTBepCTHeM, H BCIIonepanaa BhITeCBeHHII mHAKOCTllII HcrrhITaHHII 
aaaana scero 2,5"'1; oom;aa aKOHOMHII COCTaBHJIa 1500 AOJIJI. (CTOIlMOCTh . 
AOJIOTa 675 AOJIJI.). 

HCIIhITaHHe nnacra C npaaeaeaaex aaora rrOSBOJIlIeT nonysar» aeaa
rpaaaenaae oopaaJJ;hI rrJIaCTOBOH mHAKOCTH. C STOH JJ;eJIbIO KOJIOBHy 

45 
44 



6YPHJIhHhIX Tpy6 crryCKaIOT rrycToH, a 3aTeM 3arrOJIH1lIOT rro~ ~aBJIeHHeM 

a30TOM. IIoCTeneHHo CHHiKa1l ~aBJIeHHe B KOJIOHHe, MOiKHO rrpe~OTBpaTHTh 

pe3Koe rrpOHBJIeHHe rrJIaCTa H rH~paBJIHlJeCKlIe yp;aphI. TaKIIM 06pa30M 

06eCrrelJHBaeTC1l paBHOMepHoe rrocTyrrJIeHHe iKU~KOCTH lJepe3 OTBepCTH1l 

lIep.popHpOBaHHoH lJaCTII XBOCTOBHKa, HCKJIIOlJaeTC1l orraCHOCTh 06BaJIOB 

H 3aKyrropKH HHcTpyMeHTa TBep~hIMH lJaCTHJJ;aMH rropO~hI H KyCOlJKaMH 

rJIHHhI. He.pTh H3BJIeKaIOT B BH~e «JJ;eJIoro» 06pa3JJ;a, a He KarreJIh, pac

ce1lHHhIX rro BceMy 06'heMy 6ypHJIhHhIX Tpy6, 3arrOJIHeHHoMy iKlI~KOCThIO. 
Tpy6hI 3arrOJIH1lIOTC1l a30TOM 3HalJIITeJIhHO 6hICTpee, lJeM iKH~KOCThIO. 

IIpH IIcrrOJIh30BaHHH a30Ta ~JI1l C03~aHH1l rro~ymKH yCTpaH1leTCH orrac

HOCTh rrOiKapa, yrrpom;aeTca peryJIHpOBaHHe ~aBJIeHII1l B KOJIOHHe. 

lIOCKOJIhKy rrpHMeHeHHe a30Ta B rrpaKTHKeHCIIl>ITaHII1l rrJIaCTOB rrpH 

6ypeHHH He.pT1lHhIX CKBaiKHH ~aJIO rrOJIOiKlITeJIhHhIe pe3yJIhTaThI, <lTOT 

MeTO~ B HaCT01lm;ee BpeM1l rrOJIylJaeT Bce 60JIee mlIpOKoe pacrrpOCTpa

HeHHe. 
Ror~a rrpe~rrOJIaraeMOe ~aBJIeHHe HcrrhITbIBaeMoro ropH30HTa MeHh

me ~aBJIeHH1l BO~1lHOH IIJIH ra30BOH rro~ymKH, TO B KoMrrOHOBKe HcrrhITa

TeJIhHOrO HHCTpyMeHTa MeiK~y IIcrrhITaTeJIeM rrJIaCTOB H MeXaHHlJeCKHM 

HJIll rll~pOMeXaHlIlJeCKllMKJIarraHOM YCTaHaBJIllBaIOT rrycThIe 6ypllJIhHhIe 

TpyObI, C03~aIOm;lle B03~y~yIO KaMepy. Ee 06'heM rrpllHllMaIOT 113 pac

'leTa 10-15% OT 06'heMa rrpOMbIBOlJHOH iKll~KOCTll, HaXO~1lm;eHC1l rro~ 
rraKepoM. (ha KaMepa 06eCrrelJllBaeT He06xo~IlMYIO rrpO~OJIiKllTeJIhHOCTh 
rrepeTOKa rrJIaCTOBOH iKll~KOCTll rrOCJIe OTKpbITH1l KJIarraHa HcrrhITaTeJI1l 

II .pllKcllpoBaHlIe HalJaJIhHOrO ~aBJIeHII1l 3aKphIToro rrepllo~a. lIocJIe 

3arrOJIHeHll1l B03~ymHoH KaMephI 3arropHbIH KJIarraH OTKphIBaIOT, 11 rrJIa

CTOBa1l iKll~KOCTh MOiKeT rroCTyrraTh B 6ypllJIhHbIe Tpy6hI. 

fJIY6HHHhIe perllcTplIpyrom:He MaHOMeTphI H TepMoMeTpbI 

lIpH OJJ;eHKe rrpo~YKTllBHOCTll llcrrbITbIBaeMbIX ropH30HTOB He06xo

~HMO orrpe~eJIHTh rrJIaCTOBOe ~aBJIeHHe H .p1l3lIlJeCKlle rrapaMeTpbI rrJIaCTa. 

fJIy6lIHHhIe perHcTpHpyIOm;lIe MaHoMeTphI 06eCrrelJllBaIOT perllcTpaJJ;llIO 

Bcex 113MeHea1IH ~aBJIeHII1l BO BpeM1l llcrrbITaHU1l. 
B HaCT01lIn;ee BpeM1l BCe llcrrhITaTeJIll rrJIaCTOB cHa6iKeHhI rJIy6uHHhIMll 

perllcTplIpYIOm;IIMll MaHoMeTpaMH, KOTophIe 3arrlIChIBaIOT Ha crreJJ;llaJIhHOH 

Jv.eTaJIJIHlJeCKOH JIeHTe IIJIll 6yMare 113MeHeHH1l ~aBJIeHH1l, B03HllKaIOm;He 

no~ rraKepOM llcrrbITaTeJI1l C MoMeHTa crrycKa llHcTpyMeHTa B CKBaiKlIHY 

~o ero 113BJIelJeHlIllHa IIOBepXHOCTh. lIo ~HarpaMMaM~aBJIeHll1l, 3arrlIcaH

HhIM perHcTplIpYIOm;IIMH MaHOMeTpaMll, paCrrOJIOiKeHHhIMH B pa3JIlIlJHhIX 

Y3JIaX IIcrrhITaTeJI1l rrJIaCTOB, ocym;eCTBJI1leTC1l TaKiKe KOHTpOJIh 3a pa60

TOli KJIarraHOB llcrrbITaTeJI1l. 
B 3apy6eiKHoH rrpaKTllKe HalI60JIee rrmpoKoe rrpllMeHeHlle rrOJIylJlIJIH 

perllcTplIpYIOm;lle rJIy611HHhIe MaHoMeTphI C Tpy6KoH BYP~oHa. BHemHee 

~aBJIeHlIe iKH~KOCTllB YKa3aHHhIX MaHoMeTpax rrepe~aeTC1l lJepe3 pe3lIHo

ByIO ~lIa.pparMY K iKll~KOCTll, 3aKJIIOlJeHHOH B Tpy6Ke BYP~oHa. Perll

cTplIpyIOm;uH rrpu60p, rrpllKperrJIeHHhIH K HHiKHeH lJaCTH 3TOH Tpy6Ku, 

RhIlJeplJllBaeT Bee 113MeHeHH1l ~aBJIeHII1l Ha ~uarpaMMe. ,D;HarpaMMa CO

e~lIHeHa rrpH rrOMOm;lI BlIHTOBoro MexaHlI3Ma C rrpyiKlIHoH rrplIBo~a lJaco
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Boro MexaH1l3Ma, yCTaHOBJIeHHOrO B HlIiKHeH lJaCTII MaHOMeTpa. qaeoBoH 

MexaH1l3M Bpam;aeT 6JIaHK ~lIarpaMMhI C KOHTpOJIlIpyeMoH CKOpOCThIO. 

CaM rJIy611HHbIH MaHOMeTp rrOMem;aIOT B crreJJ;lIaJIhHbIH 3am;IITHhIH KOiKyX, 

KOTOpbIH orrlIpaeTC1l Ha pe3lIHOBhIH aMopTH3aTOp, 'ITO IICKJIIOlJaeT ero 

rrOBpeiK~eHlle BO BpeM1l crrycKa HHcTpyMeHTa. B KalJeCTBe KOiKyxa ~JI1l 
yCTaHoBKII MaHoMeTpOB MOiKeT 6bITh llCrrOJIh30BaH XBOCTOBIIK IIJIII crre

JJ;lIaJIhHbIH rrepeBO~HHK. 

,D;JI1l HOpMaJIhHOH 3KCrrJIyaTaJJ;1I1I rJIy6HHHhIX MaHOMeTpOB perllCTplI

pyeMhIe rrJIaCTOBhIe ~aBJIeHII1l ~OJIiKHhI 6hITh Ha 25% HlIiKe rrpe~eJIhHOrO, 
Ha KOTopoe paCClJlITaH MaHOMeTp. 

qllCJIO YCTaHaBJIHBaeMlJX rJIy6lIHHhIx perllCTpllpYIOm;lIX MaHOMeTpOB 

3aBHCHT OT Tpe6yeMoH TOlJROCTII 113MepeHIIH H JJ;eJIeH HcrrbITaHH1l (OT 

O~Horo ~o TpeX-lJeThIpeX MaHOMeTpOB B llCrrhITaTeJIe). 

MaHoMeTp, rrpe~Ha3HalJeHHhIU~JI1l rpa.pHlJeCKOrO 1I306paiKeHU1l rrpo

JJ;ecca HcrrhITaHH1l, paCrrOJIOiKeH B HHiKHeH lJaCTH 1lKOP1l HcnbITaTeJI1l rrJIa.. CTOB BHe rrOToKa rrocTyrraIOm;eu' rrJIaCTOBOu iKH~KOCTH. lIOCKOJIhKy 3TOT 

MaHOMeTp He OMhIBaeTC1l rrJIaCTOBOU iKlI~KOCThIO, C ero rrOMOm;hIO orrpe~e

JI1lIOT 113MeHeHH1l ~aBJIeHII1l HeIIOCpe~CTBeHHOB KOJIhJJ;eBOM rrpOCTpaHCTBe 

CKBaiKHHhI, MKJIIOlJeHHOM rro~ rraKepYIOm;IIM <lJIeMeHTOM. 

BepXHlIU perHCTpHpYIOm;IIH rJIy6HHHhIU MaHOMeTp yCTaHOBJIeH Ha 

rrYTH rrocTyIIaIOm;eH IIJIaCTOBOU iKH~KOCTII. OH rrpe~Ha3HalJeH ~JI1l pe

, rHCTpaJJ;IIH H3MeHeHH1l ~aBJIeHH1l BHyTpH HcrrhITaTeJI1l. YCTaHOBJIeHHhIU 

Ha~ rraKepOM, OH HaXO~HTC1l HeIIocpe~CTBeHHO B rrOTOKe iKlI~KOCTH H 3a

IIllChIBaeT Bce KOJIe6aHII1l ~aBJIeHH1l iKH~KOCTll, rrocTyrraIOm;eu lJepes 

OTBepCTII1l XBOCTOBHKa H3 rrJIaCTa. 

06hI'IH0 IIpH HcrrhITaHH1lX C rrOMOm;hlO IICIIbITaTeJIeU, crrycKaeMhIX 

Ha 6YPllJIhHhIX Tpy6ax, ~OCTaTOlJHO ~BYX perHcTpHpyIOm;HX MaHOMeTpOB. 

TpeTHU pernCTpHpYIOm;HU MaHOMeTp IIHor~a YCTaHaBJIIIBalOT BHyTpH 

B03~ymHoH KaMephI llCIIbITaTeJI1l rrJIaCTOB ~JI1l KOHTpOJI1l 3a pa60TOU 

IIpHeMHoro KJIarraHa. 

,D;ocToBepHOCTh ~aHHhIX 06 IIcrrbIThIBaeMOM rrJIaCTe B 3HalJHTeJIhHOH 

CTerreHH 3aBHCHT OT pa60Tocrroc06HoCTlI perlIcTpHpyIOm;Hx MaHoMeTpOB 

H TOlJHOCTH H3MepeHHH. 

B Ta6JI. 8 IIpHBe~eHhI ~aHHhIe 0 TOlJHOCTII rrOKa3aHHH rJIy6HHHhIx Ma

HOMeTpOlJ 3apy6eiKHhIx KOHCTpyKJJ;HU. 

,D;JI1l HHTeprrpeTaJJ;HH rrOJIylJeHHhIX pe3YJIhTaTOB IIcrrhITaHU1l 60JIhmoe 

3HalJeHlIe HMeeT ero rrpO~OJIiKHTeJIhHOCTh,TaK KaK ~e61IT CKBaiKlIHhI 1lBJI1l

eTC1l .pyHKJJ;Heu BpeMeHH. lIpHMeH1leMhIe ~JI1l rJIy6lIHHhIx MaHOMeTpOB 

Ta6JIIID;a 8 

rrpelleJIbHOe llaBJIeHHe, IIorpelliHOCTb B lIo-11 rrpelleJIbHOe IIorpelliHOCTb B lIO
HrcjcM' HaaaHHflx, HrC/CM2 naBJIeH8e, HrcjcM2 HaaaHHHX, Hrc / CM' .I

560140 0.035 0.140 
700210 0.053 0,175 

0,Q70280 845 0.210 
0.087350 1055 0.263 
0,105420 1406 0.351 
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qaCOBhIe MeXaHHaMhI paCCqHTaHhI Ha llpO~OJDKHTeJII>HOCTI>xo~a 12-24 
48-72 q. 

«J)upMa XaJIJIHoypToH llpHMeHJleT llpH HCIIhITaHHH lIJIaCTOB rJIyoHH

H1ie perHcTpHpYIO~He MaHoMeTpLI C llpe~eJIaMH HBHepeHHJI 165

1335 Krc/cM 2 , C qaCOBhIM MexaHHaMOM ~JIHTeJII>HOCTI>IOxo~a 12, 24 H 48 q. 

B KOMllJIeKT rJIyOHHHhlx perucTpHpylOi:D;Hx llpHOOPOB BXO~JlT TaKme 

TepMOMeTphI, paCC1JHTaHHLIe Ha paooTy llpH TeMllepaType ~o 250°C. 

.«I>HpMa )l;moHcToH, aaHHMalO~aJlCJI HarOTOBJIeHHeM HCllLITaTeJIeH llJIaCTOB, 

BLIrrycKaeT rJIyoHHHLIe perHcTpHpylOlIl;He MaHoMeTpLI «T», paCCqHTaHHhIe 

Ha IIJIaCTOBOe ~aBJIeHHe 120, 210, 350, 490, 705 H 1055 Krc/cM2 • R MaHO

MeTpaM llpHJIaralOTCJI MaKCHMaJII>Hhle TepMoMeTpLI co CJIe~YlOIIl;HM ~Ha

llaaOHOM aaMepa TeMllepaTyphI: 15-95 °C, 40-150 °C, 95-205°C. 

fJIyoHHHhIe perHcTpHpylOlIl;He MaHoMeTpLI BLIrrycKalOTCJI TaKme 4>Hp

MOH JIHHTepT H Ro Ha ~aBJIeHHe 330, 450 H 595 Krc/cM2• 

3a llOCJIe~Hee BpeMJI rrmpOKoe llpHMeHeHHe llOJIy1JHJIH rJIyoHHHLIe 

parHcTpHpYrOlIl;He, MaHoMeTpLI H TepMoMeTpLI THIIOB K-2' H K-3, 

paapaooTaHHhIe 4>HpMOH RacTep. OHH llpe~HaaHaqalOTCJI ~JIJI perucTpa

WlH COOTBeTCTBeHHo ~aBJIeHHJI B npe~eJIax 70-1405 Krc/cM 2 H TeMllepa
TypLI ~o 260°C. MaHoMeTpLI BhIllYCKalOT C qaCOBLIMH MexaHHaMaMH, 

06eClleqHBalOIIl;HMH TpH ~HallaaOHa llpO~OJImHTeJII>HOCTH paooTLI: 

1) 3,6 HJIH 12 'I; 2) 12,24 HJIH 48'1; 3) 30, 60 HJIH 120 q. PeryJIHpOBaHHe 

llpO~OJImHTeJII>HOCTH paooTLI ~OCTHraeTCJI YCTaHoBKoii: meCTepeHqaTOrO 

pe~YKTopa Ha TpeoyeMLIH pemHM. 

B OTeqeCTBeHHhIx HCIIhITaTeJIJlX IIJIaCTOB HCllOJIl>aYIOTCJI CTaH~apTHLIe 
perHcTpHpylOlIl;He MaHOMeTpLI MflI-7 H MflI-3M, paCCqHTaHHhIe Ha aa

Mep ~aBJIeHHH ~o 160, 250 H 400 Krc/cMJ llpH aaooiiHhIX TeMllepaTypax 

~o 80°C. B HHX llpHMeHJlIOTCJI qaCOBhIe MexaHHaMhI C paOOqHM XOlJiOM 

lI.0 15'1 npH qaCTOTe BpalIl;eHHJl 1/ 4 H 1 OO/MHH. IIpH paooTe B cKBamHHax 

C BhICOKHMH aaOOiiHhIMH TeMllepaTypaMH (OKOJIO 150°C) B rJIyoHHHLIx 

MaHoMeTpax llpHMeHJlIOTCJI qaCOBLIe MexaHHaMLI 27-4 qlI. 

B HaCTOJllIl;ee BpeMJI OCBaHBaeTCJI llpOHaBO~CTBO npeIJ;HaHOHHhIX rJIy

6HHHLIX MaHOMeTpoB KOHCTpyKIJ;HH Y4>HHH H HOBhIX rJIyoHHHLIx MaHO

MeTpoB HopMam.Horo pJl~a KOHCTpyKIJ;HH BHHHRaHe4>Teraa, oOJIa~a

IOIIl;HX llOBLImeHHOH paooTociiOCOOHOCTl>1O B YCJIOBHJlX HCllhITaHHH 

cKBamHH H BhICOKOH T01JHOCTLIO HaMepeHHJI ~aBJIeHHH. 

)l;JIJI BhIJlBJIeHHJI llPO~YKTHBHLIX llJIaCTOB llpH OqeHI> HeOOJIl>mHX 

~enpeCCHJlX npHMeHJlIOTCJI ~H4>4>epeHIJ;HaJII>HLIe MaHoMeTpLI C OOJIl>mOH 

TO'IHOCTI>IO nOKaaaHHH, qro OqeHI> BamHO ~JIJI nocJIe~YlOlIl;eH HHTepnpe

TaIJ;HH KpHBOH BOCCTaHOBJIeHHJI ~aBJIeHHJI. B aapyoemHoH llpaKTHKe 

B HaCTOJllIl;ee BpeMJI ~JIJI Ollpe~eJIeHHJI llepella~a ~aBJIeHHJJ 0,07 Krc/cM1 

IfcnOJIMYlOT MaHoMeTpLI C llpe~eJIOM HaMepeHHJI 0,28 Krc/cM 2• 

B HCIIhITaTeJIJlX llJIaCTOB OTeqeCTBeHHLIX KOHCTpyKIJ;HH C IJ;eJII>IO 

yBeJIH'IeHHJI TO'IHOCTH KOHe'IHOrO yqaCTKa KpHBOii: BOCCTaHOBJIeHHJI 

lI.aBJIeHHJI llpHMeHJlIOT lI.H4>4>epeHIJ;HaJII>HhIH rJIyoHHHhIH MaHOMeTp ,lJ;fM-4, 

KOTOphIH YCTaHaBJIHBalOT B aaooiiHoM HHcTpyMeHTe MellilJiY HCllhITaTeJIeM 
llJIaCTOB H aaiiopHO-iiOBOpOTHhIM KJIaiiaHoM. 

OllhIT llOKaahIBaeT, 'ITO ~aBJIeHHe, aaperHCTpHpOBaHHOe MaHOMeTpOM 

llOCJIe yCTaHoBKH llaKepa, HeaaBHCHMO OT Toro, llOfJIOlIl;aeT llJIaCT llpOMLI

• 
B01JHYIO mHlI.KOCTI> HJIH HeT, qaCTO ohlBaeT BLIme CTaTHqeCKor0lI.aBJIeHHH. 

A,". 
qTOOhl ooeCne1JHTI> qeTKylO pefHCTpan;HIO CTaTHqeCKOrO ~aBJIeHHJI, 

Heooxo~HMO cOKpalIl;aTI> OTKpLIThIH llepHo~ HCllLITaHHJJ, Kor~a npoHcxo

~HT npHToK llJIaCTOBOH mHlI.KoCTH B OYPHJII>HhIe TPYO~, 'H yBeJIH1JHBaTl> 

llpO~OJImHTeJII>HOCTI>aaKpLIToro nepHo~a, Kor~a aallOJIHHeTCJI llJIaCTOBOH 

mH~KOCTI>IO OrpaHHqeHHLIH aaMKHyTLIH 001>eM BHyTpH HCIIhITaTeJIJJ. 

TaK, eCJIH llO YCJIOBHJlM paapeaa HCllhITaTeJII> nJIaCTOB MomHO OCTaBHTI> 

B CKBamHHe B TeqeHHe 3 'I, TO llpO~OJImHTeJII>HOCTL llpHToKa (OTKpLIThlH 

llepHO~) n;eJIeCOOOpaaHO yCTaHoBHTI> B npe~eJIax 1/2 'I, a OCTaJII>HOe BpeMJI 

HCllOJIl>aOBaTI> ~JIJI perucTpan;HH CTaTHqeCKOrO ~aBJIeHHJI llpH aaKpLIToM 

llepHOlI.e HCIIhITaHHJI. ECJIH HCllhITaTeJIb llJIaCTOB MomeT OCTaBaTI>CJI 

B cKBamHHe B TeqeHHe ~JIHTeJII>HOrO BpeMeHH, TO HeOOXO~HMO, qTOOLI 

aaKphIThIH llepHO~ no MeHbmeH Mepe paBHJlJICJI OTKpLITOMy. 

ECJIH B peaYJIbTaTe HCllLITaHHJI ollpelI.eJIe:a:a np0lI.YKTHBHOCTb llJIaCTa, 

a MOIIl;HOCTI> ero HeHaBeCTHa, TO oypeHHe OOIiI'lHO llpO~OJImalOT ~O nOJIy

qeHlIJI llOJIHhIX CBe~eHHH 0 llJIaCTe. Bo BpeMJI oypeHHJI 3Toro HHTepBaJIa 

npO~OJI)KaIOTHCllLITaHHJI p;o Tex nop, llOKa peayJIbTaThI OYlI.YT CBH~eTeJIh

CTBOBaTh 0 lI.0CTHmeHHH llo~omBLI llJIaCTa. 
HCIIhITaHHH OO'LeKTOB llpH llOMOIIl;H HCllLITaTeJIeH llJIaCTOB C OllOpOH 

Ha aaooH, CllyCKaeMhIx B cKBamHHy Ha Tpyoax, JlBJIJlIOTCJI OCHOBHhIM 

If HaHOOJIee pacllpOCTpaHeHHLIM BHP;OM HCIIhITaHHH B OYPJlIIl;HXCJI CKBamH

Hax. 3a llOCJIe~Hee BpeMJI paapaooTaHhI H Bce oOJIee mHpOKO IIpHMeHJI

IOTCJI B llpOMLImJIeHHOCTH TaKme H ~pyrHe MeTO~hI HCllLITaHHJI H f>llPOOO

8aHHJI llJIaCTOB, paccMoTpeHHhIe HHme. 

2. IICllbITAHIIE OB'LEKTOB llPII llOMOlll,lI 
IICllbITATEJIEn llJIACTOB BE3 OllOPbI HA 3ABOn, 

CllYCKAEMLIX B CKBAiKHHY HA TPYBAX 

HCllLITaHHJI 001>eKTOB llpH nOMolIl;H HCllLITaTeJIeH IIJIaCTOB C OllOpOH 

Ha aaOOH, KaK OTMeqaJIOCh BLIme, npoBolI.JlT llO Mepe BCKPhITHJI HCllLITLI

BaeMoro HHTepBaJIa, T. e. llO CxeMe «cBepxy BHHS», llpH 8TOM HCllLITLIBalOT 

OO'LeKTLI; pacnOJIomeHHLIe Ha HeOOJIhmHX paCCTOJlHHJlX OT aaooJl CKBa

mHHhI. )l;JIJI HCllhITaHHJI aTHM MeT0lI.0M IIJIaCTOB, Haxop;JlIIl;HXCJI Ha BhlCOTe 

100 M H OOJIee OT aaooJl, TpeoyeTcJI yCTaHOBKa n;eMeHTHoro MOCTa (HCKyC

CTBeHHoro aaOOJl), 'ITO B aHa1JBTeJIbHOH CTelleHH YCJIOmHJleT TeXHOJIOrHIO 

llpoBelI.eHHJlpaOOT B OYPJllIl;eHCJI CKBamHHe. OcooeHHO OOJIhmHMH TPYlI.
HOCTJlMII II SHa1JBTeJIbHLIMH aaTpaTaMH BpeMeHH H MaTepHaJIhHLIX cpe~CTB 

xapaKTepHSylOTcJI HCIIhITaHHJI HeCKOJIbKHX O~HOBpeMeHHO BCKphlThIX 

OO'LeKTOB, Kor~a RallilJihIH Ha HHX ~OJImeH OhITh HaOJIHpOBaH OT OCTaJIhHLIX 

n;eMeHTHhIM MooTOM. B 8THX CJIyqaJlx HapymaeTcJI cxeMa HCllLITaHHH 

llJIaCTOB «CBepxy BHHa» H OO'LeKThI HCllLITLIBalOT B oopaTHOM llOpJl~Ke 
«CHHay BBepX». 

~ IIpaKTHKa HCllhITaHIIH 001>eKTOB, pacnOJIomeHHhIX Ha 60JIbmOM pac

CTOJlHHII OT aaOOJl, HJIH HeCKOJIhKHX ~CKPLIThIX O~HOBpeMeHHO B paapeae
l} CKBamllHhI, llOKaaaJIa, 'ITO n;eJIeCOOOpaaHO BeCTH HX llpH llOMOIIl;III1CIIhI

TaTeJIeH IIJlaCTOB oea OllOpLI Ha saOoH. TIPH aTOM HCllLITLIBaeMhlH OO'LeKT 

HaOJIHpylOT CBepxy H cHHay C llOMOlIl;hlO ~BYX naKepOB. TaKaJl TemOJIOrHJI 
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ocooeHHO alfllfleRTHBHa IIpH HCIIbITaHHH HeCROJIbRHX OAHOBpeMeHHO BCRPbI

TbIX IIJIaCTOB HJIH HeCROJIbRHX IIpOCJIOeB B IIPOAyRTHBHOH TOmD;e. YRaaaH

HOe IIOHHTepBaJIbHoe HCIIbITaHHe IIJIaCTOB MomHO IIpOBOAHTb B JIroOOH 

IIOCJIeAOBaTeJIbHOCTH - JIHOO IIO Mepe HX BCRpbITHH (<<CBepxy BHHa»), 

JIHOO IIOCJIe BCRpbITHH Bcero HHTepBaJIa HeaaBHCHMO OT 'IHCJIa BCRPbITbIX 

001>eRTOB H HX paCIIOJIOmeHHH OTHOCHTeJIbHO aaOOH. CJIeAyeT OTMeTHTb, 

'ITO IIOHHTepBaJIbHOe HCIIbITaHHe IIOaBOJIHeT BbIHBHTb HaHOOJIee IIPOAyR

THBHbIe HHTepBaJIbI B IIJIaCTaX, cOAepmam;HX IIpOCJIOH C paaJIH1JHOH rrpOHH

n;aeMOCTbIO, H C AOCTaTO'lHOH T01JHOCTbro orrpeAeJIHTb y'lacTRH AJIH rrepcPo

paD;HH oocaAHOH ROJIOHHbl rrOCJIe OROH'IaHHH oypeHHH CRBamHH TOJIbRO 

IIpOTHB HaHOOJIee IIepCIIeRTHBHbIX HHTepBaJIOB. 

OcooeHHO acPlfleRTHBHo MHorORpaTHoe nOHHTepBaJIbHOe HCIIbITaHHe 

nJIaCTOB, npH ROTOpOM aa OAHH CnyCR HHcTpyMeHTa B CRBamHHy npOBO

AHT HcnbITaHHe HeCROJIbRHX OAHOBpeMeHHO BCRPbITbIX 001>eRTOB. CHa

'IaJIa HcnbITbIBaroT HHmHHH HHTepBaJI, a aaTeM nepeXOAHT R pacnOJIOmeH

HblM Bblme 001.eRTaM. B aTOH CBHaH OXBaT HcnblTaHHHMH Bcex nJIaCTOB 

cHHay BBepx npHoopeTae'r HHoe aHa'leHHe, 'IeM npH HcnOJIbaOBaHlUI TOH 

me cxeMbI B CRBamHHe nOCJIe cnycRa oocaAHOH ROJIOHHbI. 

IIpH nOHHTepBaJIbHbIX HcnbITaHHHX, RaR H npH OObI'IHbIX, npoBOAHT 

Ra'lecTBeHHyIO H ROJIH'IeCTBeHHyro oD;eHRy nJIaCTOB. 

TeXHH'IeCRHe cpeACTBa AJIH HcnbITaHHH nJIaCTOB oea onopbI Ha aaOOH 

HMeroTcH ABYX BHAOB: HcnbITaTeJIH C onopOH Ha cTeHRy CRBamHHbI H HcnbI

TaTeJIH nOABeCHoro THna. 

3a pyoemoM nOHHTepBaJIbHble HcnbITaTeJIH nJIaCTOB C onopOH Ha cTeHRy 

CRBamHHbl paapaOOTaHbI cPHpMaMH ,IJ;moHcToH H XaJIJIUoypTOH H BXOAHT 

B ROMnJIeRT HcnbITaTeJIbHOrO HHcTpyMeHTa, cnycRaeMoro B CRBamHHy 

Ha Tpyoax. McnblTaTeJIH nJIaCTOB nOABeCHoro THna paapaOOTaHbI lflHpMOH 
JIaHHa. 

PaapaOOTROH OTe'leCTBeHHbIX ROHCTpyRD;HH nOHHTepBaJIbHbIX HcnbI

TaTeJIeH nJIaCTOB nOABecHoro THna aaHHTbI HHCTHTyTbI BHMMBT 

H CpeAAaHMMraa. 

Ha pHC. 12 npHBeAeHa cxeMa nOHHTepBaJIbHOrO HcnbITaTeJIH nJIaCTOB 

C onopoH Ha cTeHRy CRBamHHbl. B OTJIH'IHe OT CTaHAapTHoro HcnbITaTeJIb

Horo HHcTpyMeHTa B ROMnoHoBRy ero BXOAHT: cneD;HaJIbHaH onopa 6, 
ROTopaH, onHpaHCb Ha cTeHRy CRBamHHbI, BocnpHHHMaeT Bce yCHJIHH, 

BoaHHRaIOm;He npH AelflopMaD;HH naRepOB :'l MOMeHT naRepOBRH H OTRpbI

THH npHeMHoro RJIanaHa HcnbITaTeJIH nJIaCTOB; HHmHHH naRepyrom;HH 

aJIeMeHT 4; TPYObI 3 H lflHJIbTp 2, YCTaHaBJIHBaeMbIe MemAY naRepaMH; 

BepxHHH IIaRepYIOm;HH aJIeMeHT 1. HaA BepXHHM naRepOM paaMem;aIOT 

yaJIbl OObI'IHOrO HcnbITaTeJIH nJIaCTOB. 

IIpH HcnbITaHHH CTBOJI CRBamHHbl nOA HHmHHM naRepyrom;HM aJIe

MeHToM cOOOm;aeTcH 'Iepea RaHaJI 5 C aaTpyoHbIM npoCTpaHcTBoM CRBa

mHHbl, pacnOJIOmeHHbIM HaA BepXHHM naRepyrom;HM aJIeMeHTOM, oJIarOAapH 

'IeMy BblpaBHHBaeTCH AaBJIeHHe B aTHX aOHax, H Ha onopy He AeHcTByeT 

ycHJIHe OT nepenaAa AaBJIeHHH, BoaHHRaIOm;ero nOCJIe OTRpbITHH npHeM

Horo RJIanaHa. OTO yCHJIHe, AeHcTByrom;ee cBepxy Ha BepXHHH naRepy

IOm;HH aJIeMeHT, BocnpHHHMaeTCH TpyoaMH H lflHJIbTpOM, YCTaHOBJIeHHblMH 

MemAY naRepaMH. 

KaHaJI 5 noaBOJIHeT TaRme ROHTpOJIHpOBaTb repMeTH'IHOCTb naKe

pOBRH HllmHero naRepyrom;ero aJIeMeHTa, TaR RaR B CJIy'lae yTe'lRH mllA

ROcTH 'Iepea HHmHIIH naRep B HcnbITaTeJIb

Hyro aOHy npOHaOHAeT nepeToR oypOBoro pac

TBOpa 'Iepea RaHaJI BHHa, 'ITO BbIaOBeT CHll

meHlle ypOBHH B aaTpyoHoM npOCTpaIJCTBe 

cRBamHHbI. 
KpOMe yRaaaHHOH ROMIIOHOBRH npHMe-

HHeTCH llcnbITaTeJIb C OAHHM naRepyrom;HM 

aJIeMeHTOM, B ROTOpOM onopa C lflllJIbTpOM 

YCTaHaBJIIIBaeTCH HenocpeACTBeHHO nOCJIe 

naRepa. IIOCROJIbRY npH aTOH ROMnOHOBRe 

onopOH BocnpHHIIMaroTcH cmHMarom;lle yCll

JIHH,HeOoxoAHMbIeAJIH AelflopMan;HH naRepa 

H OTKpbITHH npHeMHoro RJIanaHa, a TaRme 

{)CeBaH HarpyaRa, BoaHHRaIOm;aH OT nepe

naAa AaBJIeHHH nOCJIe OTRpbITIIH npHeMHoro 

RJIanaHa, TO HcnbITaHHe oea onopbI Ha aa

OOH C OAHHM naRepoM MomeT npoBoAIITbCH npH 

MaJIbIX AenpeccHHx Ha nJIaCT C yCTaHoBRoH 

onopbI B YCTOH'IIIBOM llHTepBaJIe CRBamHHbI. 

IIocJIe BCRpbITHH HHTepBaJIa, nOAJIema

m;ero llcnbITaHHro, npoBop;HT RapoTam, no 

peayJIbTaTaM ROToporo OIIpeAeJIHIOT rpaHHD;bI 

nJIaCTOB HJIH OTAeJIbHbIX ero y'laC,TROB, H 

CHHMaroT RaBepHOrpaMMy AJIH oIIpeAeJIeHIIH 

MeCT yCTaHoBRH IIaRepyIOm;Hx aJIeMeHTOB. 

OAHoBpeMeHHo onpep;eJIHIOT YCTO:ti:'lHBbIH HH

TepBaJI reOJIorH'IeCROrO paapeaa AJIH yCTa

HOBRll onopbl. ECJIH B CRBamHHe HMeroTcH 

cymeHHH CTBOJIa, ROTopble MoryT aaTpYAHIITb 

cnycR HHCTpyMeHTa, TO CTBOJI IIpopaoaTbI

BaroT AOJIOToM. IIpaBAa, TpeOOBaHHH R 'IH

CTOTe aaoOH B aTOM CJIy'lae He IIMeIOT Toro 

pemarom;ero aHa'leHHH, RaR npH HcnOJIbaO

BaHHll llcnblTaTeJIeH C onopOH Ha aaOOH, 

TaR RaR npH yCTaHoBRe HCIIbITaTeJIbHorO 

HHcTpyMeHTa BbICORO HaA aaooeM HCRJIro

'IaeTCH BoaMomHOCTb ero npHXBaTa Ha-aa 

, ocaARa BbIoypeHHoH IIOPOAbI. 
IIOCJIe OIIpeAeJIeHHH HHTepBaJIOB HcnbI

TaHIIH yTO'lHHroT RoMnoHoBRy HCIIbITaTeJIH 

nJIaCTOB. PaCCTOHHlle MemAY IIaRepaMH nOA

oHpaIOT B aaBHCHMOCTll OT MOm;HOCTH IIJIaCTa. 
B COBpeMeHHblx ROHCTpyRD;HHX aTO paCCTOHHHe 
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PRC. 12. CxeMa IIoRHTep
BaJIbHOrO RCIIblTaTeJIlI IIJIa
CTOB C OIIOpOii: Ha cTeHKy 

CKBalKRHbl. 

a - B TpaHcnopTHOM nOJIOlHe
HRR; 6 - IIpH npRToHe lHHAHO

CTR H3 IIJIaCTa. 

yCTaHaBJIHBaroT B npe-

AeJIax 2-25 M. 
McnbITaTeJIb IIJIaCTOB cnycRaroT Ha aaAaHHyro rJIyoHHy, IIOBOpOTOM 

ROJIOHHbI TpyObl oCBooomAaroT lflHRcaTopbl B onope, H OHa BXOp;HT 
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B KOHTaKT co CTeHKOB CKBamHHLl. IIoc.n:e aTOrO orropa BOClIpHHHMaeT Bce 

yCHJIBH, B03HHKalOm;He lIpH pa60Te HCIILlTaTeJIH lIJIaCTOB, KOTopaH HHqeM 
He OTJIHqaeTCH OT TeXHOJIOrHqeCKHX. olIepaD;HB, BLllIOJIHHeMLlx lIpH HC~ 
lILlTaHHHX C OlIOpOB Ha 3a60B. OlILIT upHMeHeHHH YKa3aHHLIX HCULITa

Te.n:eD: lI.n:aCTOB lIOKaaa.n:, ~o H3-3a 60JIL

mora .n;HalIa30Ha xapaKTepHcTHK uapo.n;, B 

KOTOpLIX UPOBO.n;HTCH HCULITaHHH 06'beKToB, 

Tpy.n;HO uo.n;6HpaTb KOHCTpyKIJ;H1O OlIOp H 

yCHJIlIJI .n;JIH HX yCTaHOBKH. IIoaToMy HCULI

TaTeJILHLle HBcTpyMeHTLI C onopaMH Ha 

CTeHKy CKBaiRHHhI B OCHOBHOM lIplIMeHH
IOTCH B 06cameBBLIx CKBamlIHax. 

Ha pHC. 13 UOKaaaBa cxeMa UOHHTep

BaHLBoro HClILITaTeJIH lIJIaCTOB lIo.n;BeCBoro 

THlIa, .n;e<IlOpMaIJ;HH lIaKepylOm;Hx aJIeMeHTOB 

B KOTOpOM lIpOHCXO.n;HT lIO.n; .n;eBcTBHeM H3

6LITolffioro .n;aBJIeBHH, coa.n;aBaeMoro BHyTpH 
6ypHJILBLIX Tpy6. 

Cym;eCTByeT BeCKOJILKO cuoc060B C03.n;a

BHH aTOro .n;aBJIeBHH: HClIOJILaOBaHHe 6ypo

BLIX BacocoB; lIpHMeBeHHe .n;H<f/<I>epeHD;Ha.n:L

HLIX uopIDHeB B aa60iiHoM HHcTpyMeHTei lIpH 

MHoroKpaTHoM HClILITaBHH 06'I>eKTOB np:oIe

HeBHe HacocoB, yCTaBOBJIeBBLIX B 6ypHJIL

BOD: KOJIOBBe. Ram.n;Llii H3 aTHX cuoc060B 

HMeeT CBOH lIOJIOmHTeJILHLIe n OTpHD;aTe.n:L

HLIe CTOpOBLI. TaK, lIpHHClIOJIb30BaHHH 6y

pOBLIX HaCOCOB MomBO ocym;eCTBJIHTb lIaKe

pOBKy H .n:erKO peryJIHpOBaTL Be.n:HqHHY 

H36LITolffioro .n;aBJIeBHH. O.n;HaKO 3aTeM Tpe6y

eTCH CHHmeHHe YPOBHH mH.n;KOCTH B 6ypH.n:L

HLIX Tpy6ax (aTO .n;OCTHraeTCH cBa6HpoBaHHeM 

HJIH upHMeBeBHeM' CrreD;HaJIbBOrO KOMnpec

copa C KOMUJIeKTOM HaCOCHO-KOMlIpeccopBLIX 

Tpy6). CBHmeBHe ypOBBH mH.n;KQCTH B 6y

PHJIbHLIX Tpy6ax Be06xo.n;HMo .n;.n:H coa.n;aBHH 

nepeua.n;a .n;aBJIeBHH Mem.n;y HCULITLIBaeMLIM 

nJIaCTOM H 6YPH.n:LHLlMH Tpy6aMH H Boa6ym

.n;eBHH lIpHTOKa nJIaCTOBOii mH.n;KOCTH HJIH 
raaa B BHX. 

IIpHMeHeBHe .n;H<f/<f/epeHD;Ha.n:LBoro nopma If
 
Puc. 13. CxeMa nOBBTep
 llH H HClIOJIL30BaBHe lIpH naKepOBKe rH}l;po

BanbHoro UCD~aTenH nna- CTaTnqeCKOro .n;aBJIeBHH mH.n;KOCTH, aalIOJIHH
CTOB nO,l1;BeCHoro Twa. lOID;eii CTBOJI CKBaiRHHLI, 06ecne1ffiBaeT yCTa

a - B TpBHCIIOPTHOM: nOJIOlHe HOBKy HClILITaTe.n:H lI.n:aCTOB H paao6m;eHueHll:H; 6 - BO BpelllJl UpHToHa 
lfllljU(OCTH lI3 DJIacT3.. I -:- Bepx 06'I>eKTOB 6ea UpHMeHeHHH BaCOCOB 6YPoBoii
mUt DaI<epyIOlI\lUl llJIeMellT; 2 _
 
tum>Tp; 8 - lD!lfIBHA UaHepy- yCTaHOBKH. )l;aHHLIii CUOCOO coa.n;aHHH HaOLI


IOm;Hlt MeMellT. TOlffioro .n;aBJIeBHH B rH.n;paBJIHqeCKHX yn-

JIOTHHTeJILHLIX aJIeMeHTax TpeoyeT Ma.n:o BpeMeHH H 06ecneqHBaeT Ha.n;em

HylO pa60TY HCIILITaTeJIH lIJIaCTOB. E.n;HBCTBeBBLIM Bey.n;06cTBoM lIpH aTOM 

Cuocooe 'HBJIHIOTCH aaTpy.n;HeHlIJI B peryJIHpOBaHHH Be.n:H'IHHLI Ha6LITo'l 

Horo .n;aBJIeHHH. IIo3ToMY B KOMlIJIeKTe HCIILlTaTeJIH IIJIaCTOB, npe.n;ycMaT

pHBaeTcH HeCKOJILKO .n;H<f/<f/epeHD;HaJILHLIX nopnmeii H IJ;HJIHH}l;POB 
C paaBMM COOTHomeHHeM IIJIom;a.n;eii. 

YCT8BoBKa BaCOCOB paaJIHqaLIX KOBcTPyKD;HD: B OypHJILHOii KOJIOBBe 

ooectteqnBaeT JIerKOe peryJIHpOBaHHe BeJIH1ffiHLI Ha6LIToqaoro .n;aBJIeHHH 

B rH.n;paBJIHqeCKHX ynJIOTHHTeJILBLIX 3JIeMeHTax H BOaMOmHOCTL MHoro

KpaTHoro HCIILlTaHHH HeCKOJILKHX OO'beKTOB aa O.n;lIH CrryCK HHcTpyMeHTa 

B cKBamHHy. RaK H lIpH HcnLITaHHHX C onopoii Ha aaooii HcnLITaTeJIl. 

crrycKalOT Ha rryCTLIX Tpyoax. R He.n;OCTaTKaM aToro ClIocooa OTBOCHTCH 

nOBLImeHHLIe TpeooBaHlIH K BLI60py HHTepBaJIa .n;JIH yCTaHoBKH naKepy

IOm;HX aJIeMeHTOB. T&K KaK npH pa60Te aaooiiHoro Hacoca HHcTpyMeHT 

.n;OJImeB HMeTb .n;OCT8TOqaO lIpOqaLIB KOHTaKT co CTeHKOH cKBamHHU, TO 

BLIOOP lIOpO.n;, C KOTOpLIMH KOHTaKTHpyeT CTOlIOpJUIJ;ee YCTpOD:CTBO, 

HMeeT 60JILmoe SHaqeHlIe .n;JIH Ha.n;emBoii paooThl lIHcTpyMeHTa B n;e.n:Old. 

RpoMe Toro, B KOMnOHOBKe aa60iiHoro HHcTpyMeHTa .n;OJImeR OLITL 

Hacoc, paooTalOm;lIH lIpH Bpam;eHlIH 6ypHJILHOB KOJIOHRLI, qTO suaqJl

Te.n:bHO yCJIOmBHeT KOHCTpyKD;HIO HCIILlTaTeJIH lIJIaCTOB. IIpHMeHeHHe 

Bcex YKaaaHIILIX BLIme cnoc06oB coa.n;aBHH HaOLITOqaOrO .n;aBJIeHHH npB 
naKepOBKe 06ecne1ffiBaeT a<fI<fIeKTHBHOCT:b HcnLITaHlIH B OypHtn;HXCJl 

CKBamHHax npH paaJIH1ffiLIX yCJIOBHHX. 

fJIaBHaH ocooeHHOCTL nOHHTepBaJILHLIX HClILlTaTeJIeH n.n:aCTOB lIO.n;

BeCHoro THlIa - OTCyTcTBHe CHJIOBOH CBH3H HHcTpyMeHTa CO CTeHKOH 

CKBamHHLI. Y CTpOHCTBa, Haxo.n;Hm;lIeCH B KOHTaKTe co CTeHKOH CKBaiRHHU 

lIpH naKepOBKe, upe.n;HaaHaqalOTCH .n;JIH TopMomeHHH OT.n;eJI:bHLIX .n;eTaJIeii 

BO BpeMH Bpam;eHHH KOJIOHHLI TpyO, BocnpHBHMalOT BeaBa1ffiTeJI:bBLIe 

KpyTHm;He MOMeHTLl H n03TOMY pa6oTalOT B 6JIaronpHHTHLIx YCJIOBIUIX. 

OTeqeCTBeHHLIe H aapy6emHLIe HcnLITaTeJILHUe HHCTpyMeHTLI TaKOr() 

THna BLIlIOJIHeHLI C rlI.n;paBJIHqeCKHMH YIIJIOTHHTeJIbHLIMlI a.n:eMeHTaMH, 

TaK KaK OHH HB.n:HIOTCH HaH60JIee paD;HOHaJILHOB KOHcTpyKD;lIeii .n;.n:H 

lIOHHTepBa.n::bHoro HCIILITaTeJIH n.n:aCTOB. 

IIpH HCIILITaHHH 06'I>eKTOB C lIOMOm;LIO nOHHTepBaJILHOrO lIcnLITa

TeJIH nJIaCTOB no.n;BeCHoro THna Bce no.n;rOTOBHTeJILHLIe paooTLI npOBo.n;HT 

B TOB me nOCJIe.n;OBaTe.n:LHOCTH, KaK H npH HCnOJILaOBaHHlI HcnLI

TaTeJIeii C olIopoii Ha cTeHKy CKBamHHLI. TeM He MeHee 11 B .n;aHHOM 

CJIyqae OOJILmOe BHHMaHlIe oopam;alOT Ha BLIOOP lIHTepBa.n:a .n;.n:H yCTa

HOBKH ynJIOTHHTeJILHLIX aJIeMeBTOB, no.n;OHpaH HaH60JIee yCToiiqRBLIe 

nopo.n;LI. 

RaK yKaaLIBaJIOCL Burne, B KOMnJIeKT nOHHTepBaJILHOrO HcnLITaTeJIH 

n.n:aCTOB C onopoii Ba CTeHKy CKBamHHLI BXO.n;HT B .OCHOBHOM Te me yaJILI, 

qTO 11 B HcnLITaTeJI:b C onopoB Ha 3a60B, aa HCK.n:lOqeHlIeM onopu H KOMno

HOBKH C .n;ByMH ynJIOTHHTeJILHLIMlI 3JIeMeHTaMlI H ypaBHlITeJI:bHLIM Kalla

JIOM, .n;H<f/<f/epeHI\Ha.n:bHoro nOpIDHJI H aa6oiiHoro Hacoca. 

Onopa Ha cmeHl£Y C1£8a:HCUHbl BLInOJIHHeT TY me <f/yHKD;HIO, qTO H XBO

CTOBHK B HCnLITaTeJIe nJIaCTOB C onopoB Ha aaooii. OHa npe.n;OTBpam;aeT 

nepeMem;eHHe HBcTpyMeHTa BHH3 npH .n;e<f/opMaIJ;HH naKepylOm;Hx 
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3JIeMeHTOB H IIpH yIIpaBJIeHHH HCIILITaTeJIeM IIJIaCTOB B IIpOIJ;eCCe BceX 
HCIILITaHHH. 

Cym;ecTByeT HeCKOJIb:KO KOHCTpyKTHBHLIX perneHHH OIIOpLI. HaHOOJIee 

OTpaOOTaHHOH KOHCTpyKIJ;HeU CqHTaeTCJI lIIIJIHIICOBaH OIIopa,' IIpHHIJ;HII 

paOOTbI KOTOpOH OCHOBaH Ha HCIIOJIbaOBaHHH caMOTOpMOaJlm;eB:CJI KOHH

qeCKOH IIOBepXHOCTH. Ha pHC. 14 HaoopaiKeHa cxeMaTH

qeC:KH TaKaJl OIIopa, IIpH yCTaHoBKe KOTOpOB: CIIeIJ;HaJIb

HLIe IIJIarnKH 1, CKOJIbaH IIO KOHHqeC:KOH IIOBepXHOCTH 

Koprryca OIIOpLI, BXO~HT B :KOHTaKT co CTeHKoB: CKBa

iKHHLI H IIepe~aIOT Ha Hee yCHJIHH, BoaHHKaIOm;He IIpH ~e

lflOpMaIJ;HH YIIJIOTHHTeJIbHLIX :meMeHTOB. 

,n;JIJI repMeTHllHoH IIaKepoBKH IIpH IIoHHTepBaJIbHOM 

HCIILITaHHH IIJIaCTOB HHiKHHB: YIIJIOTHHTeJIbHLIH :meMeHT 

IIo~oHpaIOTHeCKOJIb:KO OOJIbrnero jJHaMeTpa, qeM Bepx

HHB:. IIo3ToMY IIpH ~eHcTBHH OCeBO'B: HarpyaKH, coa~a
BaeMOH ~JIJI IIaKepOBKH, BHaqaJIe ~OCTHraeTCH KOHTaKT 

co CTeHKOH CKBaiKHHLI HHiKHero IIaKepyIOm;ero 3JIe

MeHTa, a IIOTOM BepXHero. MCXO~H Ha 3Toro, paCqeT 

OIIOpLI IIPOBO~HT C yqeTOM oceBoro yCHJIHH, nOTpeoHo

ro ~JIJI ~elflOpMaIJ;HH BepxHero YIIJIOTHHTeJIbHOrO 3JIe

MeHTa. IIo3TOMY cyMMapHaH HarpyaKa, "~eHcTBYIOm;aH 
Ha onopy, paBHa yKaaaHHoH BbIrne oceBOH HarpyaKe 

II Becy TPYO, YCTaHOBJIeHHhIX MeiK~y IIaKepaMII. 

PacqeT onophI CBO~IITCH K OIIpe~eJIeHHIO ~OIIYCTHMOH 
oceBOH HarpyaKII IIpH yCTaHoBKe HCIILITaTeJIH IIJIacTOB 
B CKBaiKHHe. 

IfOMnOH,06Jia C 06yMR. yn.wmH,UmeAbH,1i£MU 8AeMeH,

maMu CJIyiKHT ~JIJI HaOJIJlIJ;HH IICIILITLIBaeMoro OO'beKTa 

cBepxy II cHHay. IIo3ToMY IIpH OTKphITHII npHeMHoro 

KJIaIIaHa TPYOLI II lflHJIbTP HCIILITLIBaIOT Te iKe HarpyaKII, 

qTO H XBOCTOBIIK HcnLITaTeJIH IIJIaCTOB C OIIOpOH Ha aa6oH. 

YqHTLIBaa YCJIOBHJI IIpHMeHeHHH IIOHHTepBaJIbHoro HC

nLITaTeJIJI IIJIaCTOB (Kor~a MOm;HOCTb OO'beKTa He IIpe

BLIIIIaeT 15-25 M, TO paOOTa lflHJIbTpa 8HaqHTeJIbHO 

YIIpOm;aeTca), ero paCCqHTbIBaIOT JIHIIIb Ha IIPO~OJIbHLIii: 
HarHO C OIIpe~eJIeHHeM ~OIIYCTHMLIX oceBLIX yCHJIHU. 

JJu(jirjiepeHlfUaAbH,1i£U noputeH,b, JlBJIHIOm;HHCJI O~HHM 
Ha OCHOBHLIX yaJIOB IIoHHTepBaJIbHOrO HCIILITaTeJIa 

IIJIaCTOB IIo~BecHoro THIIa, IIpe~HaaHaqaeTCH, Ka:K yKa

aaHO BLIme, ,n;JIJI coa,n;aHHH HaOLITOqHOrO ~aBJIeHHJI BHyTpH rH~paBJIHqe
CKHX 3JIeMeHToB. 

Ha pHC. 15 HaoopaiKeHa cxeMa yCTpoHcTBa ~HlfllflepeHIJ;HaJIbHOrO 
IIOpIIIHJI. fH,n;pocTaTHqeCKOe ,n;aBJIeHHe Pr iKH~KOCTH, aaIIOJIHJlIOm;eB: 
cKBaiKHHY, ,n;eHcTByeT Ha IIJIOm;a~b 

F = 11: (D~-DI) 
I 4 

PRC. 14. Qilopa 
aa cTeHKy CKBa

iKHHhI. 

1 - TIJI3nIKH; 2 -
IilOIlapb; 3

IilHJlbTP· 

H coa,n;aeT OceBOe ycHJIHe, ~eUCTBYIOm;eeHa IIoprneHb BHDa, paBHoe 

P = Pr' ~ [(D~ - D~) - (D~ - D~)l = Pr 11: (D~;D~) 

8TO yCHJIHe, ,n;eHcTByJl ua IIJIOm;a~b 

F 2 = 11: (Di - D~) ." 
4 

coa~aeT B aOHe IIO~ HHiKHHM 

IIopmHeM HaOLITOllHoe IIO OTHO- 1: 
meHHIO K rH~pOCTaTHqeCKoMy ~2001 

//\ I

I I

1.1' .I' -II rr I I

-+--

i V / 1 

'" '"t:i 
~ ... 
:..: 

Pr1H IIIH-rt- ~/501 
:::. 

~ 
.i; 

:::.'" 1001 

is 
~ 
~ 

Pr "'} 50\~
 
WL1p~' II! '~~ IJ'f
 

~ 
~ 

o	 1000 2000 3000 
rnyfiuHo ycmoHo6Ku ucnblmamenfl. H 

PRC. 16. 3aBlIcliMoCTb 1I36hlTO'lHOrO p;aBJIeHlIH, C03PRC, 
p;aBaeMoro IIopIIIHeM, OT rJIy6lIHhI yCTaHoBKII IICIIhI

TftTeJIH B CKBaamHe. 

1 - oypoBofi pacTBOp, '\'p = 1,2 fC/CM"; 2 - Bo~a. '\'B = 
= 1 fC/CM". 

,n;aBJIeHHe I1p, KOTopoe H OOeCIIeqHBaeT ~elflopMaIJ;HIO rH~paBJIHqeCKHX 

yIIJIOTHHTeJI:qHLIx :meMeHTOB, MaoLITowoe ~aBJIeHHe, coa~aBaeMoe IIpH 

IIOMOm;H ,n;HlfllflepeHIJ;HaJIbHOrO IIQpmHR, OIIpe~eJIJlIOT no lflopMyJIe 

_ Df~D~ 
I1P-Pr' DJ-Di (15) 

Ha pHC. 16 IIpHBe~eHLI rpalflHKH aaBHCHMOCTH HaOLIToqHorO ,n;aBJIeUHR 

OT rJIyoHHLI aaJIeraHHJI HCIIbITLIBaeMoro OO'beKTa IIpH aaIIOJIHeHHH CKBa

iKHHhI BO,n;OH H OypOBLIM pacTBopoM y~eJIbHorO Beca YP = 1,2 rcjcM
3

• 

fpalflHKH paCCqHTaHhI ,n;JIJI IIoHHTepBaJIbHOrO HCIILITaTeJIbHOrO HHCTpy

MeHTa H HcnLITaUHR OO'beKTOB B CKBaiKHHax, OYPJlm;HXCJI ~OJIOTaMH 
.M 8 H 9 (190 H 214 MM). ,n;JIH yKaaaHuoro HCIILITaTeJIJI nJIaCTOB CIIpa

Be,n;JIHBa aaBHCHMOCTb I1p = 0,6Pr' OIIIiIT IIOKaaaJI, qTO IIpH TaKHX 

55 

15, ,n:mllCpepeHIJ;lIaJIb
HhlH IIopmeHb. 

54 



COOTHomeRWIX p;aBJIeHHH OOeCnellHBaeTCJI repMeTH'maJi naKepOBKa B CKBa

WHHaX p;HaMeTpaMH 190 D 214 !rIM npH rJIyoDHe aaJIeraHHJI OO'LeRTa 
500 M H oOJIee. 

3a6ouH,bl,u nacoc, YCTaHaBJIHBaeMbIH B OypHJIbHOH ROJIOHHe P;JIJI coa
J];aHHJI DaObITOqfiOrO p;aBJIeHUJI BHyTpU rHp;paBJIUlieCRUx YllJlOTHHTeJIbHbIX 

3JIeMeHTOB, paooTaeT OT Bpam;eHIDI ROJIOHHbI TpyO. IIpHMeHJlIOTcJI MHoro

nJIyHmepHbIe UJIU nopDIHeBbIe HaCOCbI. ROHCTpyRIQIu ux BbInOJIHeHbI 

C TaRUM paclieToM, lITOObI RpyTJlm;UH MoMeHT, BoaHuRaIOm;UH npu paooTe 

nacoca, ObIJI RaR MomHO MeHbme U TaRUM oopaaOM)1;O MUHuMyMa CHuma

.JIaCb ObI CDJIa CD;enJIeHDJI CTonopHIn;ero yCTpoHcTBa (4!oHapH) co cTeHRoH 
-eRBamDHbI. OTO p;OCTHraeTCJI npHMeHeHDeM llJIyHmepoB H KJIanaHOB Ma
JIbIX p;HaMeTpOB. 

(/JOH,apb npy;)ICuH,H,bl,U, B DcnbITaTeJIJlX nJIaCTOB nop;BeCHoro Tuna CJIy

WUT P;JIJI yp;epmaHHJI B Henop;BHmHoM nOJIOmeHUU BTyJIRH, nepeRpbIBa

IDm;eH OTBepCTUJI p;u4J4JepeHD;UaJIbHOrO nOpDIHJI, WID P;JIJI TopMOmeHUJI 

Ropnyca HHmHeH lIaCTU MHorORpaTHoro UCIIbITaTeJIJI llJIaCTOB npu 
I <~ I Bpam;eHHH OypHJIbHOH ROJIOHHbI. B nepBOM CJIyllae 4!oHapb p;OJImeH BOC

npHHHMaTb RpYTHm;DH MOMeHT, BoaHHKaIOm;HH npH OTBHHlIHBaHUU 

BryJIRD, ROTopaH nepeRpbIBaeT OTBepCTHe, COOOm;aIOm;ee BHyTpeHHIOIO 
nOJIOCTb rHp;paBJIHlIeCRUX ynJIOTHHTeJIbHbIX 3JIeMeHTOB C aaTpyOHbIM npo

CTpaHCTBOM, BO BTOpOM CJIyllae- RpyTJlm;UH MoMeHT, BoaHURaIOm;UH npu 

HarHeTlluUH mup;ROCTU B rUp;paBJIUlieCRUe ynJIOTHUTeJIbHbIe3JIeMeHTIll:' 
C nOMOm;bIO Hacoca, yCTaHOBJIeHHOrO B OYPWIbHOH ROJIOHHe. TaRuMoo

paaOM 4!oHapb paCCliUTbIBaIOT Ha npOWOCTb B OOOUX CJIyllaJIX nyTeM 
onpep;eJIeHUJI p;onyCTuMoro yCWIUJI P;JIJI rrpUmaTHJI ero rrpymuH R CTeHRe 

-eRBaiRHHbI, ROTopoe ooecnellHBaeT yp;epiRaHHe BTyJIRU HJIU Ropnyca 

IICnbITaTeJIH B HenOp;BHiRHOM nOJIOiReHHH. 

llpue.MH,lJUJ, aanopnlJUJ, ypa8H,UmeM>nbl,e ~nanbl, H p;pyrHe yCTpOH

-eTBa B nOUHTepBaJIbHbIX ucnbITaTeJIHX llJIaCTOB BbInOJIHeHLl no-paaHoMy 

U paOOTaIOT JIUOO OT BepTURaJIbHorO nepeMem;eHUJI OypUJIbHOH ROJIOHHbI, 

.JIHOO OT Bpam;eHUJI TpyO, a B OTp;eJIbHbIX CJIYllaJlx OT ROMOUHupOBaHHoro 

nepeMem;eHlIJI OYPWIbHoro UHcTpyMeHTa, T. e. lIepep;OBaHUJI BepTURaJIb

Horo nepeMem;eHUJI C nOBopOTOM TpyO. OcooemOCTbIO pa~OTbI RJIarraHOB 

B HCIILITaTeJIJlX rrJIaCTOB, npUMeHJlIOm;UXCJI P;JIJI MHorORpaTHoro UCIIblTa

HHJI HeCROJIbRHX OO'beKTOB aa OP;UH cnycK UHcTpyMeHTa B cKBamuHy, 
JiBJIJleTCJI BoaBpam;eHHe HX rrOcJIe ucnLITaHHJI Ramp;oro OO'LeKTa H C'beMa 

HHcTpyMeBTa B nepBOHallaJIbHOe nOJIOiReHDe, ROTOpoe OHU aaHHMaJIU 

nepep; yCTaHoBKoii B CKBamuHe. 

3.0llPOEOBAHHE OE~EKTOB 

llPH llOMO~:U: OllPOEOBATEJIEB llJIACTOB, 
3ABPACLIBAEMLIX B BYP:U:JILHLIE TPYELI 

MHOrOllHCJIeHHLIe HCCJIep;OBaHHJI H OIIblT HcrrbITaHHJI rrJIaCTOB rrOKa

aaJIH, liTO C yBeJIUlIeHDeM rrpOMeiRyTRa BpeMeHH MeiRp;y BCRpLlTDeM OO'beRTa 

11 ero HcnLITaHHeM Tpy,lJ;Hee onpep;eJIHTb p;eiiCTBUTeJIbHbIe xapaRTepu

CTHRH rrpHaa60itHoH aOHbI nJIaCTa. BJIHJlHHe 3Toro npoMemyTRa BpeMeHH 

~m;e OOJIbme CRaabIBaeTCJI rrpH onpooOBaHHH nJIaCTOB, KOI'p;a OToHpaIOT 
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HeOOJIbIIIHe OO'LeMLI nJIaCTOBOH mHp;ROCTH B OaJIOHHLI orpaHUlIeHHOH eM

ROCTH. B 3THX cnYllaHX Ha-aa OOJIbmorO ROJIHlIeCTBa npoHHKarom;ero 

B nJlaCT 4!HJlbTpaTa oypoBoro paCTBopa lIaCTO He MoryT rrOJIyqBTb rrpep;CTa

BHTeJlbHOH npooLl llJIaCTOBOH mHp;ROCTH, H Ha nOBepxnocTb nOp;HHMaIOT 

oypoBoii paCTBOp UJIH ero 4!HJlbTpaT. 
OcooeHHOCTbIO onpOOOBaHHJI OO'beRTOB npH nOMOm;H onpOOOBaTeJIea 

nJIaCTOB, aa6paCbIBaeMhIX B OypUJIbHLle TPYObI, JlBJIJleTCJI BoaMomHOCTb

onpep;eJIeHUJI xapaRTepUCTHR npHaaooiiHoH aOHbI Henocpep;CTBeHHO nOCJIe 

BCRPbITUJI nJIaCTa oea nop;'LeMa oypUJIbHOrO uHcTpyMeHTa Ha nOBepxnocTb. 

KpOMe TOro, C HX nOMOm;bIO BOaMOiRHO Henocpep;cTBeHHoe onpep;eJIeHUe 

xapaRTepa 4!HJIbTpaTa, HaCLIm;aIOm;erO nJIaCT, a no COCTaBy ero YTOqfiH

IOTCJI reo4!uaHlIeCRHe p;aHHLle, ROJIJIeRTOpCRHe CBoHcTBa llJIaCTa. IfHTep

npeTaIQIJl RpHBLlX HapaCTaHHJI p;aBJIeHHJI B OaJIJIOHe onpOOOBaTeJIJI 00

JIerliaeT nepBulffiYIO OD;eHRY rHp;pop;HHaMHlIeCRUX napaMeTpoB HCCJIep;o

BaHHoro llJIaCTa UJIH ero OTp;eJIbHItIX YliacTRoB. ,lI.JIH 3Toro naRep onpooo

BaTeJIJI YCTaHaBJIUBaIOT B ROJIOHHy 0YPHJIbHItIX TPYO Hap; P;OJIOTOM, U p;JIa 

OToopa npooltl nJIaCTOBOH iRHp;ROCTU npUMeHJleTCJI CneD;HaJIbHLlH C'LeMHltlii 

npOOOOTOOPHHR, ROTOpltlii aaOpaCItIBaroT BHyTpb OypHJIbHLlX TPYO. 
B CBH3H C TeM, lITO KOJIHlIeCTBO OTOHpaeMOH npOOLl onpep;eJIJleTCa 

eMROCTbIO OaJlJIOHOB npOOOOToopHHRa, HaylieHue OrpaHH'IlIBaeTCH BbIHB

JIeHHeM npep;BapHTeJIbHbIX p;aHHLlX 0 nJIaCTe, npoxop;HMOM B npoD;ecce 

oypeHHH. 
B onpOOOBaTeJIJlX npep;ycMoTpeHO HCnOJIb30BaHHe RaR naKepyIOm;HX 

3JIeMeHTOB MexaHHlIeCRoro CiRaTUH, TaR U rUp;paBJIHlIeCRHX YllJlOTHUTeJIb

HItIX ::lJIeMeHTOB. 
TaRHe onpOOOBaTeJIU C rUp;paBJIHlIeCRUMH ynJIOTHUTeJIbHLlMH 3JIeMeH

TaMU nOJIyllHJID pacnpOCTpaHeHue B CillA, <DPf U KaHap;e. B CCCP 
paapaoOTKoii onpOOOBaTeJIeH nJIaCTOB aaBJlTbI HHCTUTyTbI BHMMBT 

H BY<DHIfMfeo4!HaHRa. IIOCROJIbRY npOOOOTOOpHHR cnycRaeTcH B CRBa

iRHHY lIepea ROJIOHHy 0ypHJIbHLlX DJIH HaCOCHo-RoMnpeccopHLlX TPYO~ 
TO oypeHue npepltlBaeTCH He Hap;OJIrO, T. e. Ha BpeMJI COOCTBeHHO onpooo

BaHHH H, CJIep;OBaTeJIbHO, OTnap;aeT Heooxop;UMOCTb B p;OnOJIHHTeJIbHOM 

cnycRe u nOp;'LeMe oypHJIbHOrO HHcTpyMeHTa. 
IIaRepYIOm;uH 3JIeMeHT pacnOJIOmeH B mecTRoH lIaCTH OypHJIbHOii RO

JIOHHLl, ero p;HaMeTp Ha 1-1,5 MM MeHbme HapymHoro p;HaMeTpa nepe

Bop;HURa. BJIarOp;apH 3TOMy yCTpaHJleTcH ROHTaRT naRepa co CTeHRaMH 

CRBamHHLl npH cnycRo-I10p;'LeMHLlX onepaD;UJlX U B npon;ecce oypeHHH. 

Bo BpeMJI oypeHHJI paaMep naRepYIOm;ero 3JIeMeHTa 2 (pHC. 17, a), 
pacnOJIOiReHHOrO Henocpep;CTBeHHO Hap; P;OJIOTOM, He HaMeHHeTCH. U;Hp

RYJIHD;DH npOMItIBOliHOH iRUP;ROCTH (CM. CTpeJIKH Ha puc. 17, a) npoHcxo

P;HT TaR iRe, RaK H npH OObIliHOM pOTOpHOM oypeHHU. IIpH onpooOBaHHH 

BCRpLlToro OO'LeRTa npooooTOOpHHR 3 aaOpaCItIBaIOT B ROJIOHHy OypUJIb

HItIX TPYO. IIop; p;aBJIeHHeM, coap;aBaeMLlM oypOBItIM HacoCOM, npOMItIBOll 

HaH iRUP;ROCTb HallHHaeT nocrynaTb B nOJIOCTb rHp;paBJIUlieCROro ynJIOTHB.~ 

TeJIbHOrO 3JIeMeHTa, ROTOpltlH pacmHpHeTcH H ROHTaRTupyeT co CTeH

KaMU CRBaiRHHbI (puc. 17, 6). fUp;paBJIHlIeCRHH ynJIOTHHTeJIbHbIH <JJIeMeHT 

rraKepa repMeTHaDpyeT CTBOJI CKBamHHLl HaMHOrO OOJIbmerO p;HaMeTpa ~ 
'IeM p;DaMeTp ynJIOTHHTeJIbHOrO 3JIeMeHTa. BJIarOp;apH <JTOMy 4>opMa 
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PHC. 17. IIocJIeAoBaTeJIbHocTb OIIepaIJ;HH
 
UpH oIIpo6oBaHHH IIJIaCTa C IIOMOIIJ;l>IO
 
DIIpo6oBaTemI, aa6pacblBaeMoro B 6ypHJIb

Hble Tpy6bl.
 
p. - oypeIDIe; 6 - oroop UpOOhl; 8 - H3BJIeqe
IIHe upooooroopIDIlla Ha UOBepxHocTb. 1 - /1;0
.JIOTO; 2 - rH/I;paBJIH'leCllllil uallep; 3 - UPOOO-

OroOpHHll. 
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IIpuMeHHeMIiIe KOHCTpyKn;uu rrp0600T6opHUKOB rrOaBOJIHIOT oT6upaTh 

.n;o 80-100 JI rrJIaCTOBOH iKU.n;KOCTU, qTO 06eCrreqUBaeT rrOJIyqeHUe 

.n;OCTOBepHIiIx .n;aHHhIX rrpu orrp060BaHuu 06'heKTa, TaK KaK 06'heM rro.n;

rraKepHororrpOCTpaHCTBa CKBaiKUHIiI, aarrOJIHeHHOH 6YPOBIiIM paCTBopOM 

COCTaBJIHeT 10-15 JI, T. e. B 8-10 paa MeHbme, qeM. rrOJIeaHaH eMKOCTh 

rrpo600TOopHuKa. 
RaK rrOKaaaJI orrIiIT rrpUMeHeHUH orrucaHHIiIX orrp060BaTeJIeH rrJIaCTOB, 

rrpu rrOMOm;U ux rrOJIyqaIOT .n;aHHhle, uau60JIee rrpU6JIUiKeHHIiIe K eCTeCT

BeHHIiIM xapaKTepuCTuKaM orrp06yeMoro 06'heKTa. He60JIhIIIHe aaTpaTIiI 

BpeMeHU Ha rrpOBe.n;eHue pa60T 06eCrreqUBaIOT orrpo60BaHue .n;aiKe He60JIb

mux UHTepBaJIOB reOJIOrUqeCKOrO paapeaa B CKBaiKUHe U 60Jlee TOqHOe

BIiIHBJIeHUe Bo.n;O-He4JTHHoro ujru raaO-iKu.n;KOCTHoro KOHTaKTOB. llOCKOJIb

Ky orrp060BaHuH rrpOBo.n;HT rro Mepe BCKpIiITUH UHTepecyIOm;ux UCCJIe.n;o

BaTeJIH UHTepBaJIOB B rrpon;ecce 6ypeHuH, TO yCTaHoBKa yrrJIOTHUTeJIbHIiIX 

8JIeMeHTOB B CBeiKeBCKpIiITIiIX rrJIaCTaX He Tpe6yeT Tm;aTeJIbHOH rro.n;ro

TOBKU CTBOJIa CKBaiKUHIiI. OOIiIqHO rrepe.n; orrpo60BaHueM rrpOBo.n;H1" 

TOJIhKO OqUCTKY aa60H OT IIIJIaMa. 
Crren;U4JUqeCKUe yCJIOBUH orrpo60BaHUH rrJIaCTOB Herrocpe.n;CTBeHHO 

rrOCJIe UX BCKpIiITUH 6ea rro.n;'heMa 6ypUJIbHOrO UHCTpyMeHTa Ha rrOBepx

HOCTb rrpe.n;'hHBJIHIOT .n;orrOJIHUTeJIbHIiIe Tpe60BaHUH K OCHOBHIiIM yaJIaM 

rrpUMeHHeMoro o60py.n;OBaHUH rro Cplj.BHeHUIO C rrpUMeHHeMbIM rrpu ucrrIiI 

TaHUHX. 
IIaKep onpo608ameJU£ n.n,acm08 CJIyiKUT .n;JIH paao6m;eHUH orrpo6yeMOro. 

06'heKTa OT pacrrOJIOiKeHHOro BbIme CTBOJIa cKBaiKUHIiI. B OTJIUqUe 01" 

aHaJIOrUqRIiIX yrrJIOTHUTeJIbHIiIX 8JIeMeHTOB, rrpUMeHHeMbIX B HcrrIiITaTeJIb

HhIX UHcTpyMeHTax, rraKep orrpo60BaTeJIH .n;OJIiKeH 06JIa.n;aTb 60JIbmeii 

rrp0qROCTbIO U He .n;OJIiKeH MemaTb yrJIy6JIeHUIO CKBaiKUHIiI rrpu Tpe6y

eMIiIX peiKUMax 6ypeHUH. II08TOMY rrpOqHOCTb rraKepa .n;OJIiKHa 6IiITb paBHa 

rrpOqHOCTU 6YPUJIbHOH KOJIOHHIiI. RpOMe Toro, rraKep .n;OJIiKeH rrpe.n;oxpa

HHTb OT paapymeHuH yrrJIOTHUTeJIbHIiIH 8JIeMeHT He TOJIbKO rrpu crrycKe 

UHCTpyMeHTa, HO H BO BpeMH Bcero BpeMeHU .n;OJI6JIeHUH, KOTopoe MOiKe'!" 

.n;JIUTbCH HeCKOJIbKO qaCOB. CJIe.n;yeT TaKiKe UMeTb B BU.n;y, qTO yrrJIOTHU

TeJIbHbIH 8JIeMeHT '.n;OJIiKeH 06ecrreqUBaTb HeCKOJIbKO rraKepOBOK CTBOJIa 

aa O.n;UH crrycK 6ypUJIbHOrO UHCTpyMeHTa B CKBaiKuHy. ,[(JIH rrpe.n;oxpaHe

HUH yrrJIOTHUTeJIbHOrO 8JIeMeRTa OT paapymeHHH rrpu crrycKe II 6ypeHlIu 

ero HapYiKHbIH .n;uaMeTp .n;eJIaIOT ReCKOJIbKO MeHbme .n;uaMeTpa MeTaJIJIU

qeCKOrO Koprryca rraKepa. B 8TOM OTHomeHUII ru.n;paBJIUqeCKUe yrrJIOTHU

TeJIbHIiIe 8JIeMeHTIiI UMeIOT cym;ecTBeHHoe rrpeuMym;ecTBo rrepe.n; 8JIeMeH

TaMU MeXaHUqeCKOrO CiKaTUH, .n;JIH KOTOpIiIX YBeJIUqeHlIe aaaopa MeiK.n;y 

HX HapyiKHoH rrOBepXHOCTbIO U CTeRKOH CKBaiKHHIiI OqeHb OrpaHUqeHO. 

B CBHau C TeM, qTO orrp060BaHUIO rro.n;JIeiKaT OT.n;eJIbRIiIe IIRTepBaJIIiI 

rro Mepe BCKpbITIIH rrJIaCTa, B 8THX CJIyqaHX rraKep .n;OJIiKeH 06eCrreqUBaTh 

repMeTUqRyIO rraKepoBKy rrpH yCTaHoBKe yrrJIOTHUTeJIbROrO 8JIeMeHTa 

npOTUB rrpOHUn;aeMOH qaCTII rrJIaCTa. OrrIiIT rrOKaaaJI, qTO yCTaHoBKa na

Kepa B rrpOHUn;aeMOH qaCTU YCJIOiKH1IeT He TOJIbKO 06ecrreqeHUe repMeTlIq

ROH rraKepoBKu, HO U C'heM rraKepa rrOCJIe orrp060BaHUH. MaBecTHhI 

cJIyqau rrpuxBaTa 6ypUJIbHOH KOJIOHRIiI B rrpoHUn;aeMoM IIHTepBaJIe reo

JIOrUqeCKorO paapeaa BCJIe.n;cTBlIe rreperra.n;a .n;aBJIeHUH MeiK.n;y CKBaiKuHoR 
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4. OllPOBOBABIIE OB1JEKTOB 
llPII llOMO.DJ;1I OllPOBOBATEJIEa llJIACTOB, 

CllYCKAEMbIX B CKBAmllHY HA KABEJIE·TPOCE 

,l];mI rrOJIylJeHHH AaHHLIx 0 rrJIaCTe HJIH HeSHalJHTeJII>HOM ero YlJaCTKe 

HcrrOJIl>sYIOT orrpOOOBaTeJIH, cnyCKaeMLIe B cKBaiKHHY Ha KaOeJIe-Tpoce. 

OCOOeHHOCTI>IO TaKoro orrpOOOBaHHH rrJIaCTOB HBJIHeTCH HSOJIHD;HH HeOOJII>

moro YlJaCTKa CTBOJIa CKBaiKHHLI H BOSOYiKAeHHe rrpHTOKa iKHAKOCTH 

(HJIH rasa) rro cym;eCTBy HS OAHOii TOlJKH CTBOJIa. IIpH aTOM SHalJHTeJII>HLIe 

saTpaThI BpeMeHH H cpeACTB rrOSBOJIHIOT npOBOAHTI> orrpOOOBaHHe OOJII>

moro 'IHCJIa HHTepBaJIOB H yCKOpHIOT HSylJeHHe reOJIOrHlJeCKOrO paspesa 

CKBaiKHHLI • 

BrrepBLIe orrpOOOBaTeJIH rrJIaCTOB, crryCKaeMLIe B CKBaiKHHY Ha KaOeJIe, 

OLIJIH rrpeAJIOiKeHLI B rpOSHeHCKOM He«l>THHoM paiiOHe B 1939 r., OAHaKO 

OCHOBHLIe paooTLI rro COSAaHHIO aTHX HHcTpyMeHToB OLIJ!:H rrpOBeAeHld 

B rrOCJIeBOeHHLIii: rrepHOA. B 1954-1964 rr. BeJIaCI> paspaooTKa orrp06o

BaTe.rreii B rposHHH f19] H rrapaJIJIeJII>HO B 1957-1965 rr.- B BY<J>

HHHreo«l>HsHKe. HalJHHaH C 1959 r., Hay'IHO-HCCJIeAOBaTeJII>CKHe H 
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110 Mepe SarrOJIHeHHH rrpOOOOToopHHKa rrJIaCTOBOH iKHAKOCTI>IO H BhI

paBHHBaHHH AaBJIeHHH B Tpyoax H B rrOArraKepHoii SOHe CKBaiKHHLI mTOKH 

APOCCeJIH rrOA AeDCTBHeM npYiKHHhI rrepeMem;aIOTCH BBepx H OTKpLIBaIOT 

OTBepCTHH BTyJIKH. IIpH BLIpaBHHBaHHH AaBJIeHHH rrepeA C1teMOM rraKepa 

mTOKH APOCCeJIH saHHMaIOT rrepBOHalJaJII>HOe rrOJIOiKeHHe H rrOJIHOCTI>IO 

OTKpLIBaIOT OTBepCTHH BO BTyJIKe. PaOOTa ,il;poCCeJIH CTaHOBHTCH OOJIee 

lJeTKOii, eCJIH KOHCTpyKD;HH ero rrOSBOJIHeT OTKpLITI> OTBepCTHe 2 He B oy

pHJII>HLIe TPYOLI, a B saTpyoHoe rrpOCTpaHCTBO CKBaiKHHLI, paCrrOJIOiKeHHOe 

HaA rraKepOM. B aToM CJIylJae ApocceJII> oYAeT pearHpOBaTl> Ha HSMeHeHHe 

rreperraAa AaBJIeHHH MeiKAY HaArraKepHoii H rroArraKepHoii SOHaMH CKBa

iKHHLI H OOeCrrelJHBaTl> paooTy yrrJIOTHHTeJII>HOrO 9JIeMeHTa rraKepa 

B rrpeAeJIaX ero AOnyCTHMLIX rreperraAOB AaBJIeHHH. 

PeeucmpupylOUfue My6uHHbZe MaHOMempbZ orrpoOOBaTeJIeH rrJIaCTOB, 

saopacLIBaeMldx B oypHJII>HLIe TPYOLI, HMeIOT SHalJHTeJII>HLIe OTJIH'IHH 

OT MaHOMeTpOB, rrpHMeHHeMLIX B HcrrLITaTeJIHX rrJIaCTOB. (,l];JIH KOHTpOJIH 

. paooTLI ImarraHOB orrpoOOBaTeJIH MoryT OLITI> HCnOJII>SOBaHLI OOLI'IHLIe 

MaHOMeTpLI, rrpHMeHHeMLIe B HCIILITaTeJIHX rrJIaCToB.) OrrLIT orrp06oBa

HHH rrJIaCTOB C OTOOpOM OrpaHHlJeHHOrO OO1teMa rrJIaCTOBOii iKHAKOCTH 

nOKasaJI, lJTO npH BosoyiKAeHHH rrpHTOKa iKHAKOCTH HJIH rasa.HS rrpOHH

D;aeMoro rrJIaCTa paOOlJHe eMKOCTH rrpooooToopHHKa SarrOJIHHIOTCH 

sa OlJeHI> KOpOTKHii npoMeiKyToK BpeMeHH. 3arrHCLIBaeMLIe J:!:pH aToM 

AHarpaMMffiJ HapaCTaHHH AaBJIeHHH TPYAHO HHTepnpeTHpOBaTI>, TaK KaK 

SarrHCI> rrOJIylJaeTCH B OlJeHI> MeJIKOM MacmTaOe. ).l;JIH YBeJIHlJeHHH Mac

mTaoa sarrHCH rrpH orrpOOOBaHHH rrJIaCTOB paspaOOTaHLI crreD;HaJII>HLIe pe

rHCTpHpyIOm;He MaHOMeTpLI C yCKopeHHLIM Bpam;eHHeM KapeTKH H OJIaHKa. 

OHH CHaOiKeHLI yCTpoiicTBaMH, KOTopLIe BKJIIOlJaIOT rrpHBOA Bpam;eHHH 

TOJII>KO rrpH AOCTHiKeHHH rrpOOOOTOOpHHKOM saOOH H COSAaHHH HSOLITOlJ

Toro AaBJIeHHH B OypHJII>HLIX Tpyoax. IIpH coopKe OOopYAOBaHHH Ha rro

BepXHOCTH Hero crrycKe MaHOMeTp He paOOTaeT, SarrHCI> HSMeHeHHH AaB

JIeHHH rrpOHCXOAHT TOJII>KO B rrepHOA rrpHTOKa nJIaCTOBOii iKHAKOCTH. 
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H OKpYiKaIOm;eii rropoAoii. To iKe MOiKeT rrpoHsoiiTH H rrpH CHHTHH rraKepa, 

lwrAa Ha Hero AeiicTByeT rreperraA AaBJIeHHH H yrrJIOTHHTeJII>HLIii aJIeMeHT 

.cHJII>HO rrpHiKaT K CTeHKe CKBaiKHHLI. 

HapHAY C orrHcaHHLIMH orrpoOOBaTeJIHMH rrJIaCTOB, rrpHMeHHeMLIMH 

npH oypeHHH CKBaiKHH pOTOpHLIM crrocoooM, paSpaOOTaHIil HHcTpyMeHThI 

P;JIH orrpoooBaHHH CBeiKeBcKpLITLIX rrJIaCTOB rrpH TYPOmmOM oypeHHH 

C OroOPOM KepHa. B lJaCTHOCTH, COSAaHa KOHCTpyKD;HH orrpoOOBaTeJIH 

rrJIaCTOB, rrpHMeHHeMoro rrpH oypeHHH C OTOOpOM KepHa TYPooAOJIOTaMH 

'THrra RT,l]; co c1teMHoii rpyHToHOCKOii. OcooeHHOCTI>IO paooTLI TaKoro 

orrpoOOBaTeJIH HBJIHeTCH Bosoy1RAeHJ;Ie rrpHTOKa H 

OTOOp rrpooLI rrJIaCTOBOii iKHAIWCTH HJIH rasa He lJe

pes cTeHKy CKBaiKHHLI, a lJepes ee saOoD. 

IIpo6oom6opHul'O orrpoOOBaTeJIH nJIaCToBI. saopa

CldBaeMoro B oypHJII>HLIe TPYOLI, CJIyiKHT AJIH BOS

oyiKAeHHH rrpHTOKa iKHAKOCTH (HJIH rasa) HS rrJIa

CTa, OToopa H AOCTaBKH Ha rrOBepXHOCTI> rrpOOLI 

rrJIaCTOBOii iKHAKOCTH, a TaKiKe sarrHCH HapaCTaHHH 

AaBJIeHHH no Mepe SanOJIHeHHH paOOlJHX eMKOCTeii 

rrpOOOOTOopHHKa. ,l];JIH YBeJIHlJeHHH OO1teMa OTOHpae

Moii iKHAKOCTH H OOJIerlJeHHH COOPKH rrpOOOOTOOP

HHKH BLIrrOJIHHIQTCH ceKD;HOHHLIMH • 

HapHAY C rrpHeMHLIM: H ypaBHHTeJII>HLIM KJIarra

HaMH B rrpOOOOToopHHKe rrpeAycMoTpeHId crreD;HaJII>

HLIe mTYD;epLI AJIH CHHmeHHH HalJaJII>HOii Aerrpec

CHH Ha rrJIaCT rrpH OTKpLITHH npHeMHoro KJIarraHa. 

CHHiKeHHe HalJaJII>HOii AerrpeCCHH AOCTHraeTCH TaKiKe 

rryTeM SarrOJIHeHHH paOOlJHX eMKOCTeii rrpOOOOTOOP

HHKa CiKaTLIM rasoM, HarrpHMep aSOTOM. ,l];JIH 9THX 

iKe D;eJIeii B rrpOOOOToopHHKax OTelJeCTBeHHoii KOHCT-

Pnc. 18. CxeMa PYKD;HH rrpHMeHHeTCH APOCCeJII> (pHC. 18), COCTOHm;Hii 
~pOCCeJIH. HS Koprryca 1, BepXHero 3 H HHiKHero 4mToKoB, rrep

«I>opHpoBaHHoii BTyJIKH 6 H rrpYiKHHLI 5. qepes OT

~epCTHe 2 APOCCeJII> cOOOm;aeTcH C BHyTpeHHeH rrOJIOCTI>IO OYPHJII>HhlX 

'Tpyo, a lJepes OTBepCTHe 7  C rrOArraKepHLIM rrpoCTpaHcTBoM CKBa

iKHHId. 
IIpH yCTaHoBKe rraKepa B CKBaiKHHe rrOA AeiicTBHeM HSOLITO'IHOrO AaB

.JIeIiHH B Tpyoax BepxHHii mTOK 3 rrepeMem;aeTcH BHHS, CiKHMaH rrpy

;iKHHy 5. HHiKHHH mTOK 4 rrpH aTOM saHHMaeT rrOJIOiKeHHe, COOTBeTcTBy

IOm;ee BeJIHlJHHe AeiicTByIOm;ero neperraAa AaBJIeHHH, H rrepeKpLIBaeT lJaCTI> 

,QTBepCTHH B rrep«l>opHpoBaHHoii BTyJIKe 6. B MoMeHT OTKpLITHH rrpHeM

Boro KJIarraHa rreperraA AaBJIeHHH MeiKAY BHyTpeHHeii rrOJIOcTi.IO OypHJII>

BLIX TpyO H rroArraKepHLIM rrpocTpaHcTBoM pesKO BospaCTaeT, lJTO rrpH

BOAHT K em;e OOJIl>meMY CiKaTHIO rrpYiKHHLI, rrepeMem;eHHIO mTOKOB BHUS 

H rrepeKpLITHIO lJaCTH OTBepCTHii BTyJIKH. TapHpoBaHHeM rrpYiKHHLI Ha 

>orrpeAeJIeHHLIe CiKHMaIOm;He yCHJIHH AOOHBaIOTCH TaKoro rrOJIOiKeHHH 

mTOKa B rrep«l>opHpoBaHHoii BTYJIKe, rrpH KOTOpOM HalJaJII>HLIii rreperraA AaB

.JIeHHH nyTeM aBTOMaTHlJeCKOrO peryJIHpOBaHHH CKOpOCTH rrOTOKa rrOA

p;epiKHBaeTCH B saAaHHLIX rrpeAeJIax. 



OIILITHO-KOHCTpyKTopcKHe pa60TbI no coa)J;aHlUO onp060BaTeJIeH npOBO
,n;JlTCH B BYcPHlIlIfe0«pHaHKe, r,n;e paapa60TaH KapOTamHbIH onp060
BaTeJIb nJIaCTOB, cepHHHO BbirrycKaeMbIH OTeqeCTBeHHOH npOMbIIIIJIeH
HOCTbIO [16]. 

IIepBbIe 06paan;bI onp060BaTeJIeH nJIaCTOB aa py6emoM 6bIJIH co
a,n;aHbI H npHMeHeHbI «pHpMOH IDJIIOM6epme B 1955 r. [16]. 

IIPH onp060BaHlIH 06'1>eKTOB onp060BaTeJIb nJIaCTOB crryCKaIOT Ha 
KapoTamHoM KaOeJIe npaKTHqeCKH Ha JII06yIO rJIy6HHy, KOTOpyIO ,n;orryc
KaeT npOqHOCTb Ka6eJIJI. OT60p np06bI KOHTpOJIHpyeTcJI Ha nOBepx
HOCTH :meKTpHqeCKHMH npH60paMH, -noMeID;eHHbIMH B HaMeplITeJIbHOH 
KaMepe. )J;aBJIeHHe npH cnycKe 11 npHToKe «pHKcHpyeTcJI perHcTpHpy
IOID;HM MaHoMeTpoM, YCTaHaBJIHBaeMbiM BHyTpH onp060BaTeJIJI. 

BJIaro,n;apJl r1I6KoH CBJlaH C onp060BaTeJIeM BoaMomeH oT60p np06bI 
nJIaCTOBOH mlI)J;KOCTH Ha BCKpbIToro 06'1>eKTa C MHHHMaJIbHOH aaTpaToH 
BpeMeHH JI1I60 Mem,n;y ,n;ByMJI ,n;OJI6JIeHHJlMH B npon;ecce npoBo,n;KH paa
Be,n;OqHOH CKBamHHbI, JIH60 nepe,n; CrrycKOM 06ca,n;HoH KOJIOHHbI nOCJIe 
OKOHqaHlIJI 6ypeHHJI. Onp060BaTeJIH npHMeHJlIOT TaKme nOCJIe cnycRa 
H nep«popan;lIlI 06ca,n;HoH KOJIOHHbI. 

IIplIH~n pa60Tbi KapoTamHoro onp060BaTeJIJI aaKJIIOqaeTCJI B TOM. 
qTO nOCJIe ero cnyCKa Ha aa,n;aHHYIO rJIy6HHy (pHC. 19, a) no,n; ,n;eHcTBHeM 
:meKTpHqeCKOrO HMnyJIbca, no,n;aBaeMoro C nOBepXHOCTH, OTKpLIBaeTCJI 
KJIanaH, qepea OTBepCTHe KOToporo npOMbIBOqRaJl mH,n;KoCTb nOCTYnaeT 
B peaepByap Ha,n; BepXHHM ,n;H«p«pepeHn;HaJIbHbIM nopnIHeM H,n;aBHT Ha Hero 
cHHay. IIo,n; 3THM ,n;aBJIeHHeM IIopmeHb nepeMeID;aeTCJI BBepx, HarHeTaJl 
mH,n;KOCTb B n;HJIHH,n;pbI ynopHoro 6amMaKa, KOTOpbIH ,n;BHmeTCJI B pa,n;H
aJIbHOM HanpaBJIeHHH ,n;o conpHKOCHOBeHHJI co CTeHKaMH CKBamHHbI 
(pHC. 19, 6). BJIaro,n;apJl aToMy ynJIOTHHTeJIbHaJl no,n;ymKa C 60JIbmHM 
yCHJIHeM npHmHMaeTCJI K CTeHKe CKBamHHbI H HaOJIHpyeT He60JIbmOll 
yqaCTOK HcnbITbiBaeMoro nJIaCTa 01' CTBOJIa. 

IIocJIe 3Toro BapbIBaIOT KyMyJIJlTHBHbIH aapJl,n;, B peayJIbTaTe 06pa
ayeTcJI KaHaJI, H nJIaCTOBaJl mH,n;KOCTb nocTynaeT qepea Hero B HHmHHll pe
aepByap onpOOOBaTeJIJI (pHC. 19, e). IIHor,n;a HHmHHH peaepByap onpo
60BaTeJIJI paa,n;eJIJlIOT neperopo,n;KoH Ha ,n;Be KaMepbI, coooID;aIOID;HecH 
Mem,n;y C060H qepea OTBepCTHe mTyn;epa. BepxHIOIO KaMepy aanOJIHJlIOT 
BO,n;OH (coa,n;aIOT BO,n;JlHyIO no,n;ymKY). )J;JIJI yCTpaHeHHJI nepeMemHBaHHJI 
np06bI nJIaCTOBOH mH,n;KOCTH C BO,n;OH B BepxHeH KaMepe YCTaHaBJIHBaIOT 
nopmeHb. Bo,n;HHaJl no,n;ymKa H mTyn;ep cnoC06CTByIOT YMeHbmeHHIO 
rH,n;paBJIHqeCKorO y,n;apa, BoaHHKaIOID;ero B nepBbIH MoMeHT npHTOKa mH,n;
KOCTH. IIpHMeHeHHe BO,n;HHOH no,n;ymKH H mTyn;epa He06xo,n;HMO B OCHOB
HOM npH onp060BaHHlI ropHaOHTOB C BbiCOKHMH nJIaCTOBbIMH ,n;aBJIeHHJlMH. 
IIPH HHaKOH npOHlrn;aeMOCTH nJIaCTa npHMeHeHHe BO.D:JlHOH no,n;ymKll 
H mTyn;epa He06J1aaTeJIbHO. 

B npon;ecce aanOJIHeHHJI peaepByapa perHCTpHpYIOID;HH MaHOMeTp 
aanHCbIBaeT KPHBYIO HapaCTaHHH ,n;aBJIeHHJI BHyTpH onp060BaTeJIJI. 

Ror,n;a paa,n;eJIJlIOID;HH nopmeHb onyCTHTcJI ,n;o ynopa H BCJI BepXHJlR 
aOHa aanOJIHHTCJI nJIaCTOBOH mH,n;KOCTbIO, BepXHHH KJIanaH OTKpbIBaeTCH 
H cpaay me aaKpbIBaeTCH KJIanaH, OTceKaIOID;HH np06y BHyTpH onp060
BaTeJ!!l' IIoCJIe 3Toro BbipaBHHBaeTcH ,n;aBJIeHHe Mem,n;y HaOJIHpOBaHHbIM 

1)2 

yqaCTKOM nJIaCTa H CKBamHHoH. CHHmaeTCH ,n;aBJIeHHe BHyTpH nplImHM
HOH CHCTeMbi H no,n; ,n;eHCTBHeM npymHH ynopHbIH 6amMaK BoaBpaID;aeTCJI 
B TpaHcnopTHoe nOJIOmeHHe (pHC. 19, e). ECJIH npH aTOM ynJIOTHHTeJIbHaJl 
IIo,n;ymKa OCTaeTCJI CHJIbHO npHmaTOH K CTeHKe CKBamHHbI, TO ee oCB060m~ 

a 
PlIC. 19. IIocJIeAOBaTeJIbHocTb oIIepa~ll:ii npll onpo6oBaHlIlI nJIa

CTOB onpo60BaTeJIeM, CIIYCKaeMblM B cKBalKllHY Ha Ka6eJIe. 
a - cnycR B CRBIDRHHY; 6 - yCTaHoBRa npoTHB onpooyeMoro mIaCTa; 8

nepljlopaI\HII H OTOOP npoohl nJIacToBoll lRHAROCTH; 2 - nO~'beM Ha nOBepx-
HOCTb. 

p;aIOT nplI nOMOID;H BapbIB ~.JI'oro aapJl,n;a, cneIJ;HaJIbHO nOMeID;a
eMOrO B lIHcTpyMeHTe. Onp060BaTeJIb MOmHO nO)J;HHMaTb 
Ha nOBepXHOCTb. 

PaCCMOTpeHHbIH Onp060BaTeJIb C O)J;HHM aapJI,n;OM )J;JIJI npOCTpeJIHBaHHH 
KaHaJIa, crrycKaeMbIH B CKBamHHy Ha Ka6eJIe-KaHaTe, npHMeHJleTCJI 
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B OCHOBHOM B MJIrKHX IIJIII CJlatioCI(eMeHTlIpOBaHHLIX nopo,n;ax. AJIS 

KpenKHX nopo,n;, a TaKiKe ,n;JIH IICCJIe,n;OBaHIIH B KOJIOHHe 06Ca,n;BLIX Tpy6 

6LIJI paspa60TaH IIHCTpyMeHT, B KOTOpOM npe,n;ycMoTpeH npocTpeJI ,n;BYX 

KaHaJIOB ,n;JIH BOSMOiKHOCTII perllCTpaI(1I11 Ha'laJIbBorO ,n;aBJIeHIIII npll sa

KpLITOM nepllo,n;e IIcnLITaHIIII. OnpOOOBaTeJIb C,n;ByMII KaHaJIaMII o6JIa,n;aeT 

TeM npeIlMYDJ;eCTBOM, 'ITO npll HapymeHlI1I repMeTII1JHOCTII II npopLIBa 

npOMLIBO'IHOH iKlI,n;KOCTII OH aBTOMaTII'IeCKII saKpLIBaeTClI. 
OnLIT npllMeHeHlI1I KapOTaiKHLIX onpOOOBaTeJIeH nOKaaaJI, 'ITO npll 

nOMODJ;1I IIX MOiKHO pemHTb CJIe,n;YIODJ;lIe sa,n;a'lll: yCTaHoBHTb BOSMOiK

HOCTb nOJIy'leHlIlI npllToKa iKlI,n;KOCTII II rasa liS nJIacTa; onpe,n;eJIIITb 

xapaKTep HaCLIm;eHHOCTII nJIaCTa; onpe,n;eJIIITb nJIaCToBoe ,n;aBJIeHlIe II sa

OOiIHyIO TeMnepaTypy; npOBeCTII rll,n;po,n;IIHaMII'IeCKlIe IICCJIe,n;OBaHIIH 

nJIaCTa C I(eJIbIO IIsy'leHlIfI ero npOHIII(aeMOCTII; OI(eHIITb npo,n;yKTIIBHOCTb 

nJIaCTa II COOTHomeHlIe HecIJTb : ras (raSOBLIH clJaKTOp); YCTaHOBIITb nOJIO

iKeHlIe Bo,n;O-HecIJTHHoro II raSO-iKlI,n;KOCTHoro KOHTaKTOB. 
Hs BCex nepe'lllCJIeHHLIX nOKaSaTeJIeH Hall60JIbmee SHa'leHlIe ,n;JIS 

onpe,n;eJIeHIIII ,n;aJIbHeiimeH cy,n;b6LI 6ypllBmeiicII CKBaiKlIHLI npllo6peTaIOT 

BLIHBJIeHlIe BOSMOiKHOCTII nOJIy'leHIIH npllToKa liS onpooyeMoro nJIaCTa, 

YCTaHOBJIeHlIe xapaKTepa ero HaCLIDJ;eHHOCTII II npo,n;yKTIIBHOCTII. CJIe

,n;yeT TaKiKe IIMeTb B BII,n;y, 'ITO onpo60BaHlIe OO'beKTOB npll nOMODJ;1I onpo

60BaTeJIeii nJIaCTOB, cnycKaeMLIX Ha Ka6eJIe, B OCHOBHOM npe,n;HaSHa

'1aeTCH ,n;JIII onepaTlIBHoii OI(eHKII OT,n;eJIbHLIX IIHTepBaJIOB B paSBe,n;O'IHLIX 

CKBaiKlIHax. IIpll aTOM CTaBHTcH nOIlCKOBLIe sa,n;atlll, B '1aCTHOCTII, BLI

IICHeHlIe I(eJIeC006paSHOCTII npllMeHeHIIH ,n;pyrllx, 60JIee Tpy,n;oeMKlIx 

MeTo,n;OB IIcnLITaHIIH II IICCJIe,n;OBaHIIII nJIaCTOB. 
06'beKTLI ,n;JIH onp060BaHlIII C nOMODJ;bIO KapoTaiKHLIx onpo60BaTeJIeii 

BLI6l1paIOT no ,n;aHHLIM reocIJlISlI'IeCKIIX IICCJIe,n;oBaHlIii. B xopomo IIS

y'leHHLIx paspesax IIX MOiKHO BLI6l1paTb TOJIbKO no KpllBOii KapOTaiKa. 

Ra'leCTBO npoBe,n;eHIIII pa60T B SHa'lllTeJIbHOH CTeneHII saBIICIIT OT 

COCTOIIHIIII CTBOJIa CKBaiKIIHLI, noaToMy nepe,n; cnycKoM onp060BaTeJIH He

06XO,n;IIMO CHHTb KaBepHorpaMMy, no KOTOpOH onpe,n;eJIIlIOT IIHTepBaJILI 

yCTaHoBKII IIHcTpyMeHTa.a CBHSII C TeM, 'ITO onpo60BaHlIe nJIaCTa npOBo,n;HT '1epes HeSHa'lll

TeJIbHLIe IIHTepBaJILI, ,n;JIH nOJIy'leHIIH 06'beKTIIBHoii ero xapaKTepllCTIIKH 

onpo60BaHlIe npOBo,n;HT He MeHee '1eM B Tpex TO'lKax. IIpll TaKOH TexHO

JIOrHII paOOT HCKJIIO'IaIOTCII o~6KH B OI(eHKe nJIaCTOB, HMeIODJ;Hx Heo,n;HO

po,n;Hoe CTpoeHlIe. 

5. KOMllJIEKCHbIE B~CJIEAOBAHlUl llJIACTOB 
B llPO~ECCE BYPEHBJI -CKBAiKIIH 

IIpll HcnLITaHHH II onpo60BaHlIH nJIaCTOB B OYPIIDJ;IIXCH cKBaiKHHax 

reocIJlISlI'IeCKlle IICCJIe,n;oBaHIIH npoBo,n;HT, KaK npaBIIJIO, AO cnycKa HcnLI

TaTe.rrbHoro HHcTpyMeHTa IIJIH, eCJIH BOSHIIKaeT Heo6xo,n;lIMOCTb B nOBTop-

HLIX saMepax, nOCJIe IISBJIe'leHlI1I 6ypllJIbHOH KOJIOHHLI C IICnLITaTeJIeM 

lIJIaCTOB Ha nOBepxHocTb. . 
AJIII nOJIy'leH1I1I SHa'lllTeJIbHO OOJIbmeH IIHclJopMaI(IIH 0 reOJIOrll'leCKOM 

paspese II napaMeTpax npo,n;yKTIIBHLIX ropll30HTOB BO BHHHBT paspa,.. 

60TaH MeTo,n; KOMnJIeKCHOro IICCJIe,n;oBaHIIII nJIaCTOB B np0I(ecce 6ypeHHII 

CKBaiKIIH. ihy pa60Ty HHCTHTyT Be,n;eT COBMeCTHO C BY<DHHHfeocIJH

SHKOii, BHHfHH, BHHHRaHecIJTeraSOM. IIpll KOMllJIeKCHOM IICCJIe,n;o

BaHlI1I BLInOJIHHIOT OTOOp KepHa, reocIJlISlI'IeCKlIe HCCJIe,n;oBaHIIH II onpo

60BaHHe npo,n;YKTHBHoro ropllsoHTa HJIII He6oJIbmOrO ero y'lacTKa ties 

HSBJIe'leHHII oypHJIbHOrO IIHcTpyMeHTa 

Ha nOBepXHOCTb. YKasaHHLIe onepa

I(HH MoryT npOBo,n;IITbCH B JII060H no

CJIe,n;oBaTeJIbHOcTII. HHclJopMaI(HH 0 npo

xo,n;HMLIX nJIaCTaX, nOJIy'laeMaH Heno

cpe,n;cTBeHHo nOCJIe HX BCKphlTIIH, n03

BOJIlleT He TOJIbKO Ka'leCTBeHHO oI(e

HHTb IICCJIe,n;yeMLIii y'laCToK nJIaCTa, 

HO II nOJIy'lllTb ,n;aHHhle 0 clJlISlIlJeCKIIX 

ero napaMeTpax, T. e. c,n;eJIaTb KOJIII'Ie

cTBeHHyIO OI(eHKY. CJIe,n;yeT OTMeTHTb, 

lJTO HCCJIe,n;OBaHIIH B CKBaiKHHe npOBO
II,n;HTCH Henocpe,n;CTBeHHO nOCJIe BCKpLI

THH nJIaCTa, II nOJIy'leHHLIe ,n;aHHLIe 6y

,n;yT Hall60JIee 6JIlI3KO COOTBeTCTBOBaTb 

eCTeCTBeHHLIM xapaKTepllCTIIKaM nopo,n; 

npllsa6oiiHoii SOHhI, B KOTOpyIO em;e 

He npOHIIK clJHJIbTpaT 6YPOBoro pac
TBopa. z 

BypeHHe C OT6opOM KepHa rrpOBO

,n;IIT pOTOpHLIM crroco60M C yCTaHoBKoii 

B 6YPllJIbHOii KOJIOHHe rll,n;paBJIHlJeCKOrO 
3rraKepa. IIepe,n; yrJIy6JIeHlIeM B 6ypllJIb

HLIe Tpy6LI sa6paCLIBaIOT C'beMHyIO 

rpyHTOHOCKy, KOTopaH I(eHTpllpyeTCII 

B mrrHH,n;eJIe rll,n;paBJIII'IeCKOrO naKepa 

H He CBHsaHa C ero KJIarraHHOii CIICTe

Moii. IIo OKOH'IaHIIH ,n;OJI6JIeHIIH rpyH

TOHOCKy IISBJIeKaIOT Ha rrOBepXHOCTb II " 
no pesyJIbTaTaM IICCJIe,n;OBaHIIII KepHa 

HaMe'laIOT JIIIOO ,n;aJIbHeiimee yrJIy6JIe
PIIC. 20. llpoBep;eHlie reo«plisliqe

HlIe sa60H, JIlI60 npOBe,n;eHlIe reocIJlIslI CKIiX saMepoB llpli KOMllJIeKCHOM 
'1eCKIIX saMepOB. B TOM CJIy'lae, Kor,n;a HCCJIeAOBaDlrH nJIaCTOB. 

,n;aHHLIe IICCJIe,n;OBaHIIH KepHa rrOKaSLI

BaIOT HaJIII'IlIe KOJIJIeKTOpa, MOiKeT 6LITb npOBe,n;eHO onpo6oBaHlIe BCKpLI

Toro IIHTepBaJIa nJIaCTa. IIpll reocIJlISlI'IeCKIIX 3aMepax KOJIOHHy 6y

PIlJIbHLIX Tpy6 1 (pIlC. 20) npllrro,n;HHMaIOT Ha,n; sa60eM II cnycKaIOT B HeEJ 

Ha Ka6eJIe 2 reocIJlISHlJecKYIO arrrrapaTYPY 4, KOTopall '1epes oTBepcrne 
B 6ypllJIbHOii rOJIOBKe 3 npoxo,n;IIT Ha sa60H. 

Onpo6oBaHlIe nJIaCTa npOBo,n;HT npll nOMODJ;H npo6ooT6opHIIKa, cnyc

KaeMoro B tiypllJIbHLIe Tpy6LI Ha Ka6eJIe. IIocJIe ,n;OCTlIiKeHIIH rll,n;paBJIII

lJeCKOrO naKepa npo6ooT6opHlIK nepeKpLIBaeT ero I(eHTpaJIbHOe OTBep

CTHe H OTKpLIBaeT KJIanaH, '1epes KOTOpLIH BHyTpeHHHH rrOJIOCTb 6ypHJIbHLIX 
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Tpy6: c006IIJ,aeTCR C rll.n;paBJIII'IeCKHM ynJIOTHIITeJIbHhlM 8JIeMeHTOM 
naKepa. IIplI yBeJIII'IeHIIII .n;aBJIeHIIR B Tpy6ax YnJIOTHIITeJIblILIii 8JIeMeHT 
.n;e'qlopMllpyeTCR II nJIOTHO npllJIeraeT K CTeHKe' cKBamHKLI, lIaOJIllpyR 
oup06yeMhlii yqacToK nJIaCTa OT pacnOJIOmeHHOro BbIme CTBOJIa cKBamHHbI. 
IIoBblmeHlleM .n;aBJIeHIIR B Tpy6ax .n;OCTllraeTCR OTKpbITlle nplleMHorO KJIa
naHa B np0600T6opHIIKe, BHyTpll KOToporo COXpaHIIJIOCb aTMoc~epHoe 
AaBJIeHlle. B peSYJIbTaTe BOSHIIKaeT npllTOK liS nJIaCTa. B npon;ecce npll
ToKa cneJJ;llaJIbHbIe AaTlJIIKH ~IIKCIIPYIOTIISMeHeHlle .n;aBJIeHIIR II nepe.n;aIOT 
no Ka6eJIIO CllrHaJIbI Ha nOBepXHocTb, r.n;e aaIDICbIBaIOTCR KpllBble BocCTa

HOBJIeHIIR .n;aBJIeHIIR II KpllBbIe npIITOKa. qepea onpe.n;eJIeHHoe BpeMR 

up0600T60pHIIK no.n;HHMaIOT Ha nOBepXHoCTb. 
3JIeKTpll'lecKHii KaHaJI CBRSII C sa60iiKLIM IIHcTpyMeHToM 06ecne'lll

lJaeT nOJIyqeHlle AaHHbIX 0 nJIaCTe, .n;OCTaTO'IHbIX .n;JIR onpe.n;eJIeHHR ero 
~IISlIlJeCKHX ;napaMeTpOB (npOHIln;aeMOCTb, npo.n;yKTIIBHOCTb, CKIIH

&cJ?cJ?eKT II .n;p.). IIpon;ecc KOMnJIeKCHoro IICCJIe.n;OBaHIIRnJIaCTOB no saTpa
TaM BpeMeHII npllpaBHIIBaeTCR K onp060BaHllIO npll noMoIIJ,1I onp060BaTe

JIeii, sa6paCblBaeMbIX BHYTPb 6ypllJIbHbIX Tpy6, a no pesyJIbTaTaM 
JIPll6JIllmaeTCR K IICnblTaHIlIO 061>eKTOB npll noMoIIJ,1I IICnblTaTeJIeii, 
crrycKaeMbIX B CKBamllHY Ha Tpy6ax. B 8TOM SaKJIIO'IaeTCR ero OCHOBHoe 

JIpeHMyIIJ;eCTBO no cpaBHeHIiIO C npHMeHReMbIMII cnoc06aMII IICnblTaHllii II 
onp060BaHllii nJIaCTOB. B \Tex CJIy'laRX, Kor.n;a Tpe6yeTcR onpe.n;eJIIITb 

TOJIbKO xapaKTep HaCbIIIJ,eHHOCTII BCKpbIToro y'lacTKa nJIaCTa 6es .n;e

TaJIld!bIX sanllceii npon;ecca npllTOKa, MOmRO npHMeHRTb up0600T60pHIIK 
.OT onp060BaTeJIR nJIaCTOB, sa6paCbIBaeMoro B 6ypllJIbHbIe Tpy6bI, 6ea 

8JIeKTplllJeCKoro KaHaJIa CBRall C nOBepXHOCTbIO. 
B OTJIlI1JIIe OT HaseMHoro II sa60iiHoro 060py.n;OBaHIIR, npHMeHReMOro 

npH IICllbITaHlI1I IlJIII onp060BaHIIII nJIaCTOB IIHCTpyMeHTaMII, crrycKae
MbIMH B CKBamllHY Ha Tpy6ax IlJIII Ha Ka6eJIe, B aHaJIorll'IHOM 060py.n;OBa . 
HIIH npll KOMnJIeKCHOM IICCJIe.n;OBaHIIII nJIaCTa npe.n;ycMaTpllBaeTCR .n;Ba 
KaHaJIa CBRSII C sa60iiHbIM IIHCTpyMeHToM - rll.n;paBJIII'IeCKllii II 8JIeKTpH
lIeCKllii. rll)l;paBJIlIlJeCKaR CBRSb nOsBOJIReT ynpaBJIRTb pa60Toii naKepa 
11 KJIanaHHOii CIICTeMbI np0600T60pHIIKa, a no 8JIeKTpll'leCKOMy KaHaJIy 
uOCTYnaeT IIHcJ?opMan;IIR 0 npllTOKe mll.n;KOCTII IlJIII rasa liS nJIaCTa B npo

600roOpHIIK. 

"L 

• 
rJIABA TPETbH 

COBPEMEHHhIE TEXHIIQECRUE CP~CTBA 

,lJ;JIJI IICllhITAHIIJI II 0IlPOBOBAHIIJIllJIACTOB 
II TEXHOJIOr:UJl HX IIPIIMEHEHIIJI 

B BYPJIIIJ;HXC1I CKBAjIDilHAX 

B CBRall C YBeJIlIlJIIBmHMCR 06'beMOM paaBe.n;O'IHOro 6ypeHIIR II He06~
XO.n;HMOCTbIO IICCJle.n;OBaHIIR CKBamllH B npon;ecce paaBe.n;KII K paapa60TK9' 
TeXHIIKII II TeXHOJIOrllllllCUbITaHHR II onp060BaHIIR nJIaCTOB 6bIJIO npBBJIe'-' 
'IeHO BHIIMaHlle 60JIbmoro Kpyra HHmeHepHO-TeXHII'IeCKIIX' II Hay'IHblx 

21. RJlaCcHepIIKa~HlI HCIILITaTeJleii nJlacToB,l 

pa60THIIKOB y Hac B CTpaHe II aapy6emoM. B peayJIbTaTe 6bIJIO coa.n;aHO 
MHome'CTBO CJIOmHbIX, .n;oporOCTOJIIIJ;IIX II He :acer.n;a onpaB)l;bIBalOIIJ,Jil·X 
ce6R KOHCTpyKn;lIii. O,ri;HaKo OUbIT nOKaaaJI, 'ITO HeTHe06xo.n;lIMOCTlI 
B 60JIbmoii raMMe IICUbITaTeJIeii II onp060ilaTeJIeii IIJIaCTOB II MOmRO orpa 4 

HlIlJlITbCR HaH60JIee Ha.n;emRhlMlIlI npOCTblMII 113 HIIX. 
Ha pIIC. 21 npllBe.n;eHa KJIaCCII~IIKan;IIR IIcnbITaTeJIeii nJIacToB, cnyC... · 

KaeMbIX B CKBamHHy Ha Tpy6ax. It MeXaHlIlJeCKHM IIcnbITaTeJIRM nJIaCTOB 

1 no npHHRTOii B npaHTHHe repMIlHOJlor:o:&norOHpaTHhIe nCIIhITaTeJlH (llml: 
IIcnhIT3TeJlH MHOrOHpll,THoro ~eiiCTBHlI) Ha3hIBalOT MHOrO~IIHJlOBhIMH II: Hao6opo~ •. 

~ ~ 



OTBeceBhI HcrrhITaTeJIbBhIe HBCTpyMeBThI, yrrpaBJIeBHe KJIarraBaMH B KOM 
TOphIX OCym,eCTBJIJIeTCJI BepTHKaJIbBhIM rrepeMeIIJ,eBHeM HJIH BpaIIJ,eBHe 

KOJIOBBhI TPYO (T. e. OT MexaBHqeCKOrO rrpHBOAa), a TaKiKe nyTeM aaopaM 
ChIBaBHJI rpyaa, paapymeBHeM MeTaJIJIHqeCKOH AHaljlparMhI HJIH cpeao 

mrrHJIeK, YAepiKHBaIOIIJ,HX mToK KJIarraBa. 
OcooeBBOCTbIO rHApaBJIHqeCKHX HcrrhITaTeJIeH rrJIaCTOB, BaJIHqHe 

B KoMllOBOBKe rrpHeMHOrO KJIarraBa rHApaBJIHqeCKHX TopMoaBhIX KaMep 

(peJIe BpeMeBH) HJIH rHApaBJIHqeCKHX BeypaBBOBemeBBhIX rropIDHeH, 

ooecrreWBaIOIIJ,HX rrayay MeiKAY aarraKepOBKOH H OTKphITHeM rrpHeMBoro
 

KJIarraBa HCIIhITaTeJIJI. fH~paBJIHqeCKaJI KaMepa MOiKeT OhITb yCTaBO
B




JIeBa H B ~pyrHx yaJIax HCIIhITaTeJIbBOrO HBCTpyMeBTa. PaaJIHqaIOT
 

OABoKpaTBhIe rH~paBJIHqeCKHe HcrrhITaTeJIH rrJIaCTOB, Kor~a aa BpeMJI
 

rrpeohIBaBHJI Ba aaooe ooecrreqHBaeTCJI O~HB OTKphIThIH H O~HB aaKphI e
 

1hIH rrepHO~ HCIIhITaBHH, H MBorOKpaTBhIe, Kor~a ooeCrreqHBaIOTCJI
 

BeCKOJIbKO OTKphIThIX H aaKphIThIxrrepHO~OB HcrrhITaBHH. ¥BeJIHqeBHe
 

WCJIa rrepHOAOB HCIIhITaBHH rroaBOJIJIeT BarrHcaTb BeCKOJIbKO KpHBhIX
 

npHToKa H BOCCTaBOBJIeBHJI ~aBJIeBHJI, no rrOBhImaeT ~OCTOBepBOCTb
 
peayJIbTaTOB HcrrhITaBHJI. 

HcrrhITaTeJIH rrJIaCTOB KaK O~BOKpaTBhIe, TaK H MBoroKpaTBhIe rrpH-

MeaJIIOTCJI HJIH B KoMrrOBoBKe C orropOH Ba aaoon, Kor~a HMeeTCJI crreu;H

AJIbBhIH XBOCTOBHK C orropBhIM oamMaKOM, C rrOMOIIJ,bIO KOToporo HBCTpy

MeBT oIIHpaeTCJI Ba aaoOH, HJIH B KoMrrOBOBKe oea orrophI Ba aaoOH, Kor~a 
B KOMllOBOBKY' BB~T crreIJ;llaJIbBYIO orropy, C rroMoIIJ,bIO KOTOpOH HB

CTpyMeBT orrHpaeTCJI Ba cTeBKy CKBaiKHBhI, HJIH HcrrOJIbaYIOT rHApaBJIH

qeCKHe rraKepyIOIIJ,He 8JIeMeB!hI, Be TpeoyIOIIJ,He cHJIOBhIX OllOP (HcrrhITa

1eJIb rrJIaCTOB rrOABeCBoro THrra). . 
HcrrhITaTeJIH rrJIaCTOB C orropOH Ba aaoOH rrpHMeBJIIOTCJI C KOBHqeCKHMH 

H U;HJIHBAPHqeCKHMH rraKepyIOIIJ,HMH 8JIeMeBTaMH MeXaBHqeCKOrO CiKaTHJI, 

a TaKiKe C rH~paBJIHqeCKHMH rraKepyIOIIJ,HMH 8JIeMeBTaMH. HcrrhITaTeJIH 

llJIaCTOB rrO~BeCBoro THrra MoryT OhITb O~BOU;HKJIOBhIMH, Kor~a Ba O~HB 
peHC B CKBaiKHBY HcrrhIThIBaIOT TOJIbKO OAHB OO'I>eKT, HMBorOIJ;HKJIO

BhIMH _ aa Ka~hIH peHC B CKBaiKHBY HCllhIThIBaIOT ~O meCTH 001>eKTOB. 

CJIe~yeT HMeTb B BH~y, qTO B ~aBBOH KJIaCcHIjIHKaIJ;HH Be yqTeBhI Be

KOTOphIe BerrpHBIJ;lIrrHaJIbBhIe OCooeHHocTH HcIIhITaTeJIbHOrO HBCTpyMeBTa, 

aarrpHMep, HCIIhITaTeJIH rrJIaCTOB C orropOH H oea orrophI Ha aaoOH MoryT 

npHMeHJITbCJI KaK C O~HHM, TaK H C ~BYMJI rraKepaMH (~JIJI rrOHHTepBaJIb

Boro HcrrhITaHHJI rrJIaCTOB), a TaKiKe MoryT HCrrOJIbaOBaTtCJI B KoMrro-

BOBKe HcrrhITaTeJIeH C~BoeBBhIe rraKephI H T. A· 
OrrpooOBaTeJIH rrJIaCTOB rrpHMeBJIIOTCJI B OTeqeCTBeBBOH H aapyoeiK-

BOH rrpOMhImJIeHBOCTH ~BYX OCHOBHhIX THllOB: copaChIBaeMhIe BByTpb 

OypHJIbHhIX Tpy6 H crrycKaeMhIe B CKBaiKHHY Ha KaOeJIe. TIoCJIeABHe 

rroApaa~eJIJIIOTCJI Ba KapOTaiKHhIe C HcrrOJIbaOBaHHeM KyMyJIJITHBHhIX 

3apJI~OB ~JIJI oopaaOBaBHJI KaBaJIOB B C1eHKe CKBaiKHBhI H OTKphITHJI KJIa

naHOB H C 8JIeKTpOMarBHTHhIMH H rHApaBJIHqeCKHMH KJIarraHaMH. HHiKe 

paCCMaTpHBaIOTCJI KOBCTpyKIJ;HH H ocooeHHoCTH rrpHMeBeBHJI HaHOOJIee 

pa:crrpOCTpaBeHHhIX B BacTOJIIIJ,ee BpeMJI HCIIl>lTaTeJIbHhIX HBCTpy

MeHTOB, a TaKiKe rrpHBeAeHhI KpaTKHe ~aBHhIe 00 HODhITaBHJIX H orrpO

OOBaTeJIJIX, BaXO~JIIIJ,HXCJI B CTa~HH rrpoMhImJIeBHoro OCBoeHHJI. 

1. IICIILITATEJIH IIJIACTOB C OIIOPOB HA 3ABOB, 
CIIYCKAEMLIE B CK,BAiKHHY HA TPYBAX 

llepBhIe OTeqeCTBeHHhIe KOHCTpyKIJ;HH HCIIhITaTeJIen rrJIaCTOB (HIl), 

pa3paoOTaHBhIe fp03HHII, 6hIJIH MeXaBHqeCKHe [58]. IIpHHJITaJI KOMrro

BOBKa HcrrhITaTeJIbHOrO 

HHcTpyMeBTa Hil B rrpHB

IJ;Hrre coxpaBeBa H B COB

peMeHBhIx HcrrhITaTeJIJIX 

rrJIaCTOB. 3Ta KOMllOBOBKa 

BKJIIOqaeT orropHhIH XBOCTO

BHK C IjIHJIbTpOM 1 (pHCY

BOK 22, a), rraKep 2, ypaB

BHTeJIbBhIH KJIarraB 3, rrpH

eMHhIH TapeJIbqaThIH KJIa

rraH 4 H 3arropBhIH KJIarraH 

5. TIocJIe crrycKa HHCTpy

MeHTa Ha 3aoOH C03AaIOT 

oceByIO Harpy3Ky Ha rraKep, 

rro~ B03~eHCTBHeM KOTOpOH 

rraKepYIOIIJ,HH 8JIeMeBT Ae:

cPopMHpyeTCJI ~O corrpHKOC

HOBeBHJI co cTeHKOH CKBa

iKIIHhI. IlpH YBeJIHqeHHH 

8TOH Barpy3KH rrpYiKHBa 6 
(pHC. 22, 6) ciKHMaeTCJI H 

OTKpbIBaeTCJI TapeJIbqaThIH 

KJIarraB. mH~KOCTb 3arrOJI

HJIeT KaMepy MeiKAY TapeJIb

qaThIM H 3arropHhIM KJIarra

HaMH. IlpH ~aJIbHeHmeM 

OKphITHH 3arropHoro KJIa

rraHa OT y~apa rpy3a 7 llO 

TOPIJ;y mToKa 8Toro KJIa

rraHa iKHAKOCTb rrocTyrraeT 

B TpyOhI. llepe~ rrO~1>eMOM 
HBcTpyMeHTa Ha rrOBepx

BOCTb 3aKphIBaeTCJI TapeJIb

qaThIH KJIarraH, a 3aTeM rrpo

RcXOAHT CHJITHe rraKepa H 

B03BpaIIJ,eHHe ero B TpaH

crropTHoe rrOJIOiKeHHe (pHcy

HOK 22,8). 
MeXaHHqeCKHe HcrrbITa

TeJIH rrJIaCTOB rrpHMeHJIJIH B PlIC. 22. IlocJIep;oBaTeJIhBocTh onepa~ii: nplI 
OCHOBHOM C 1944 rro 1958 r. lIcnnrramill fiJIaCTOB lIcnlilTaTeJIeM MIl. 
B CBJI3H C pOCTOM rJIyoHH a - CnyCR B CRBaJRHHy; 6 - UOJIOlIleHHe HCUi>lTaTeJIli 

UpH 3anOJIHeHHll ITJIaCToBoJ!: lflH,D.IWCTbIO; ., - uepe,ll; 
pa3Be~OqghIX CKBaiKHH H UO,ll;'beMOM H3 CI{BalflHHhI. 
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Pac. 24. YBJlIil aCIIIilTaTeJIH DJIaCTOB BUr. 
a - rJlAp/UlJlH'lecRmt HCIIHTlITeJIb nJIaCTOB; 6 ~ ynnOTBH. 
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m;lIM liS B;lIJIlIH,n;pa, pas,n;eJIeHHOro nopnmeM 10, C rll,n;paBJIH'IeCRlIMlI Ra
HaJIaMlI 11 Ha BepXHIOIO SOHy 8 1I HlImHIOIO SOHy 9. IIpll ,n;BlImeHlIH mTO
Ra BHlIa mll,n;RoCTb, ,aanOJIHHIOm;aJl BHyTpeHHIOIO nOJIOCTb rll,n;paBJIlI'Ie

CRoro peJIe, nepeTeRaeT lIa HlImneH SOHLl B 
BepxBIOIO no rll,n;paBJIlI'IeCI\lIM RaHaJIaM B 
nopnme, npll aTOM cos,n;aeTCH rll,n;paBJIlI'Ie
CRoe conpOTlIBJIeHlIe, no,n; ,n;eiiCTBlIeM ROTO
poro yCTaHaBJIlIBaeTCJI onpe,n;eJIeHHaH CRo
POCTb nepeMem;eHlIH IllTORa BHlIa. TaRlIM 

Pac. 23. ROMIIOBOBRa aCIIH
TaTeJIH!mlacToB BUr. 

~ ~~ 

TU,n;paBJIJlllecRlIe HCllhITaTelIlI WIaCTOB uur 
KOHCTP~lIl1 rpoaHHH 

I1cnhITaTeJIlI ,n;aHHoH ROHCTpyRD;lIlI npllMeHJlIOTCH B npOMhIillJIeHHO
CTlI C 1958 r. [451. TlI,n;paBJIlI'IeCRlIH lIcnhITaTeJIb nJIaCTOB (pllC. 23) co
CTOllT lIa 6aillMaRa 1, <flllJIbTpa 2, XBOCTOBHRa 3, 6eaonaCHoro aaMRa 4, 
naRepa 5, 6eaonacHoro aaMRa 6, Jlcca 7, rll,n;paBJIH'IeCROrO lICIIhITaTeJIJI 
8, n;lIpRYJIJln;1I0HHoro- RJIanaHa 9. I1cIIhITaTeJIb cnycRaIOT B CRBamllHY 
Ha 6ypllJIbHhIX Tpy6ax 10. 

Ha1l6oJIbmllH lIHTepeC npe,n;CTaBJIJleT rH,n;paBJIlI'IeCRlIH HcnhITaTeJIb 
nJIaCTOB, B ROTOpOM CMOHTlIpoBaH ypaBHlITeJIbHhIH RJIanaH, npHeMHhIH 
RJIanaH 1I peJIe BpeMeHlI (pllC. 24). Ilpll cnycRe HcnhITaTeJIH B CRBamllHY 
mTOR nplleMHOrO RJIanaHa 1 (pllC. 24, a), Ha ROHn;e ROToporo yCTaHoB
JIeHa ynJIOTHlITeJIbHaJl rOJIOBRa ypaBHlITeJIbHOrO RJIa;naHa 2, Haxo,n;lITCH 
B RpaHHeM BepxHeM nOJIOmeHlIlI. qepea OTBepCTlIe 3 ypaBHlITeJIbHOrO 
RJIanaHa mll,n;ROCTb nepeTeRaeT Ha CRBamllHhI no,n; naRepoM, 'Iepea BHyT
peHHlIe RaHaJIhI naRepa 1I n;eHTpaJIbHOe OTBepCTlIe 4 lICnhITaTeJIJI nJIaCTOB 
CHOBa B CRBamllHy. qepea aTlI me RaHaJIhI nJIaCT c006m;aeTcJI co CTBOJIOM 
CRBamllHhI, pacnOJIOmeHHhIM Ha,n; naRepOM, BCJIe,n;CTBHe 'Iero ,n;aBJIeHHe 
B YRaaaHHblX aOHax nOCJIe OROH'IaHHH oToopa npo6hI nJIaCTO
BOH mll,n;ROCTlI BbIpaBHHBaeTCH. Ror,n;a lICnblTaTeJIb ,n;OCTlIrHeT aa60R 
no,n; ,n;eHcTBlIeM Beca Tpy6, ocym;eCTBJIJleTCn aanaRepOBRa. illToR!,l 
nepeMem;aeTCH BHlIa H nepeRpblBaeT n;eHTpaJIbHOe OTBepCTue ypaBHlITeJIb
Horo RJIanaHa. IIpll ,n;aJIbHeiimeM nepeMem;eHHlI mTORa OTRphIBaeTCH OT
BepCTHe 5 npHeMHoro RJIanaHa, 1I nJIaCTOBaJl mll,n;ROCTb 'Iepea OTBep
CTlIe 6 1I qeHTpaJIbHoe OTBepCTlIe 7 mTORa nocTynaeT B Tpy6b1. 

IIocJIe,n;oBaTeJIbHocTb H Heo6xo,n;lIMan npo,n;OJImllTeJIbHOCTb onepan;lIii 
o6eCne'IHBaIOTCJI Cnen;HaJIbHhIM rll,n;paBJIlI'IeCRlIM peJIe BpeMeHH, COCTOJl

70 

npHMeHeHlIeM 6YPHJIbHhIX Tpy6 MeHbmero ,n;HaMeTpa Y'IaCTlIJIlICb Hey,n;a'I
HhIe peHChI B Heo6cameHHhIX CRBamHHax. AHaJIHa npllMeHeHlIJI MexaHH
'IeCRlIX lICnhITaTeJIeH·nJIaCTOB B Heo6cameHHhIX CRBamllHax nORaaaJI, 'ITO 
OCHOBHOH npH'IlIHOH Hey,n;a'I 6hIJIa HerepMeTlI1JHaJl naRepOBRa CTBOJIa 
CRBamllHhI. KpOMe Toro, B 6ypllJIbHhIX Tpy6ax MaJIorO ,n;lIaMeTpa He Bcer,n;a 
OTRphIBaJICJI aanopHhIH RJIanaH, oco6eHHO npll 6ypeHlIlI Ha yTJlmeJIeH
HhIX pacTBopax, Ror,n;a B aOHe Ha,n; aanopHhIM RJIanaHOM. 06paaOBhIBaJICR 
oca,n;oR reMaTlITa, npenJlTCTBOBaBmlIH npoxom,n;eHlIIO rpyaa R RJIanaHy. 
C npHMeHeHlIeM. nmllJIe1JHoro aanopHoro RJIanaHa Ha,n;emHOcTb pa60ThI 
RJIanaHHOH ClICTeMhI lICIIhITaTeJIeH llJIaCTOB HeCROJIbRO nOBhIClIJIaCb, 
o,n;naRO BCJIe,n;cTBlIe peaRlIX TopMomeHlIH, BoaHlIRaBmllX npll cnyCRe 
HHcTpyMeHTa, npollcxo,n;lIJIO npem,n;eBpeMeHHoe OTRphITlIe aanopHoro 
RJIanaHa, a YClIJIeHlIe cpeaaIOm;lIX nnnmeR npllBo,n;lIJIO R aaTpy,n;HeHlIJlM 
npll OTRphITlIH RJIanaHa B npon;ecce lICIIhITaHlIH. 

B CBJlall C aTlIM B TpoaHHH 6hIJI paspa60TaH rll,n;paBJIlI'IeCRlIH lICIIhI
TaTeJIb nJIaCTOB TlIna HIlT, B ROHCTpyRn;lIIO ROToporo OhIJIa BBe,n;eHa 
cnen;lIaJIbHaJl RaMepa, aanOJIHeHHaH ryCThIM MaCJIOM, o6eCne'IllBaIOm;aJl 
Heo6xo,n;lIMyIO BhI,n;epmRY Mem,n;y npOn;eCCOM aanaRepOBRH 1I OTRphITlIeM 
nplleMHoro RJIanaHa). 
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06pa30M, AOCTllraeTCH HeOOXOAllMaH BhIAepiIma MemAY rrpO~eCCOM aa
rraKepOBKH, aaKphITlleMypaBHllTenbHOrO II OTKphITlleM rrplleMHoro KRa
rraHOB. PerYRllpOBaHlle BhIAepmKll MemAY orrepa~llHMll AOCTllraeTCH 
rrpllMeHeHlleM mllAKOCTeH paanll'lHOH BJIaKOCTll (aBHaIWOHHhIe MaCRa). 

IIPH rrpoeKTHpOBaHHll rllApaBnll'leCKllX HcrrhITaTeReH rrnaCTOB AOOH
BanllCb OTKPhITllJI rrplleMHoro KnarraHa '1epea 2,5-3 MHH rrocne rrepeAa'l1i 
cmllMaIO~eH HarpyaKll Ha rral\ep. IIepBhIe rrpOMhIrrmeHHhIe llcrrbITaHllH 
rroKaaaRB, 'ITO Aame rrpB aa60HHhIX TeMrrepaTypax 135-140 °C rrpHeM
HhIH I\RarraH OTl\phIBaRCH '1epea 8-10 MHH. BhIRO yCTaHOBReHO Tal\me, 
'ITO rrpli cmllMaIO~llXHarpyal\ax Ha rral\ep 8-10 TC AOCTaTO'lHa aaAepml\a 
B OTKphITliH rrplleMHoro I\RarraHa Bcero Ha 1-1,5 MllH, a rrpll HarpyaKe 
20 TC - 0,5 MBH [45], 

IIPH CHHTHH rral\epa rrOCRe CTOHHHH Ha rrpHTOl\e B rropmHe rllApaBJlH
'1eCl\oro peRe OTl\pbIBaIOTCH l\aHaRhI OORbmoro Ce'leHHH ARH rrepeTolia 
mHAKocTH liS BepXHeH aOHhI B HHmHIOIO. IDTOK rrepeMem;aeTCH BBepx, 
OTBepCTBH rrplIeMHoro KRarraHa aaKpLIBaIOTcH II OTKphIBaIOTCH ypaBHH
TenLHhIH KnarraH, '1epes I\OTOPhIH mHAI\OCTL Ba rrRaCTa MomeT rrOCTYrraTL 
B CI\BamllHY HaA rral\epOM. 3TO rrpHBOAllT 1\ BhIpaBHBBaHllIOAaBReHHH 
MemAY IIJlaCTOM II CTBonOM CKBamHHhI, 'ITO ooner'laeT CHHTlle rraKepa 
II BaBneqeHBe BcnhITaTeRH nnaCTOB Ha nOBepXHOCTL. 

R ocooeHHOCTHM paCCMaTpHBaeMoro HcrrhITaTemI nnaCTOB OTHOCBTCH 
Tal\me npHMeHeHlle nal\epOB C AonOnHHTeJILHOii peaHHOBoii onopoii 13, 
pacnonomeHHoii rrOA OCHOBHhIM peallHOBLIM 3ReMeHTOM 12 (pllC. 24, 6). 
PeallHoBhIe 3neMeHTLI ohInll llarOTOBJIeHhI lla HllTPllJILHOii peallHLI TBep
AOCTLIO 85-88, a BnOCJIeACTBllB 80 eAllHllD; rro illopy. ~OnOJIHllTeRLHaH 

orropa Ba peaBHLI nOBhImeHHoii TBepAOCTH npeAOTBpa~aeT aaTel\aHBe 
8JIaCTlI'lHOrO 8JIeMeHTa B aaaop MemAY CTeHl\oii CKBamllHhI II KOpnyCOM 
llcrrhITaTeRH rrJIaCTOB. 

BhIJIll paapaOOTaHhI I\OHCTPYI\~llll 1I llarOTOBReHhI rllApaBRll'leCKBe 
llcrrLITaTeJIll rrJIacTOB HIIf-75, HIIr-110, HIIr-146. HallooRee mllpOI\Oe 
rrpllMeHeHlle rrOJIy'lliJIll llcrrLITaTeRli HIIf-146 (AllaMeTpoM 146 MM), 
rrpll rrOMOIIl,ll KOTOphIX B IOmHLIX paiioHax rrpOBOAllJIllCL llcrrLITaHllH rrRac
TOB B HeoocameHHhIx CI\BamBHax Ha rJIyoBHax AO 3600 M. 

KOMnJIeKT lICrrLITaTeJIbHhIX HHcTpyMeHToB 
KHH rpoaY<DHHH 

HapHAY C rllApaBnH'IeCKHMll HcnhITaTeRHMll nnaCTOB I\OHCTPYI\D;Hll 
rpoaHHH, rrpHMeHHBIIIHMHCH B OCHOBHOM B IOmHLIX paiioHax CTpaHhI, 
B BOCTO'lHLIX He41THHhIx paHoHax rrpHMeHHnn rUApaBJIU'IeCKlle ucrrLITaTeJIll 
I\OHCTpYI\~un Y41HHH. Ha oaae rUApaBJIll'leCI\UX BcnhITaTeneii rrJIac
TOB KOHCTPYI\D;Uii fpoaHMM U Y 4lHHM OhIR paapaooTaH I\OMrrJIel\T 
lIcnhITaTenbHhIX HHcTpyMeHToB KHH rpoaY<I>HHH, KOTOpLIii rroaBO
JIHeT rrpOBOAllTb yrJIyoReHHLIe llCCJIeAOBaHUH rrJIaCTOB [43 J. 

Ha plIC. 25 1I30opameHa cxeMa I\OMrrOHOBl\1I RUH fpoaY<I>HHH. 
KOMrroHoBl\a COCTOHT ua orrophI-xBOCTOBUl\a 1, aaKphIToro cneD;Ham,HoK 
aarJIymKoii (oamMaI\OM), 4llIJIbTpa 3, B KOTOpOM paaMe~eHhI ABa perHCTpu.,
pYlOm;IIX MaHOMeTpa 2, rral\epa 4, Hcca 5, cRymaID;ero ARH oOJIer'leHIIH CHH

• 

TIIH rral\epa, rllApaBJIll'leCKOro IIcrrLITaTeRH nJIaCTOB 6 (nepBaH coopl\a), 
rrepeBOAHHl\a 8 AJIH YCTaHOBI\H perlICTpHpyIOID;ero MaHoMeTpa 7, OypHRb
HbIX Tpyo 9, YCTaHaBJIliBaeMhIX Mem,ll;y AByMH .1lCIILITaTeJIHMII rrJIaCTOB 
n cRymaIqUX ,lI;RH coaAaHHH BOa,ll;ymHoii KaMepLI 
npH CHHTIIII Ha'laRbHOii I\PIIBOii BOCCTaHOBReHHH 
AaBJIeHllH; rHApaBnH'IeCKoro HCIILITaTeJIH nJIaCTOB 10 

15(BTopaH coopKa), aarropHoro KJIarraHa 11, ~Hpl\ynH
D;HOHHoro KnanaHa 12, rrepeBO,ll;HUl\a 14 AJIH yCTa.,. 1/f 

13HOBI\H rJIyoHHHOii 1\0HTPOJIbHO-HaMepHTeJIbHOii arrrra

paTypLI (perHCTpupyIOm;ero MaHoMeTpa 13). McrrLI 12
 
TaTeJIb nJIaCTOB HHH rpoaY<I>HHH cnyCl\aeTCH B
 
CKBamuHy Ha 6ypHJIbHLIX UJIH HacocHo-KoMnpec


10COpHLIX Tpy6ax 15. 
ijIIf nepBoii COOPI\II OTJIH'IaeTCH OT MIIr BTO

poii C'60pKH TeM, 'ITO B nocJIe,ll;Heii oTBepcTliH ypaBHH.,. 
TeRbHoro KJIarraHa aarJIymeHLI. _.__~ 

B rrpoD;ecce cnycl\a B cKBamHHy mHAKocTb o6~ 
l\aeT I\oprryc HcnLITaTeJIH cHapymH, a '1aCTb nOTOK\ 

9npoxOAHT '1epea BHyTpeHHlIe KaHaJIhI 4lHJIbTpaTa,'
 
mTOI\ rraKepa, HCC II oTBepcTHH ypaBHlITeJILHOro
 
KJIanaHa. 3TO rrpHBOAHT K YMeHbmeHHIO rH,!I;paBJIH'Ie

CKHX corrpOTHBJIeHlIii npH ,lI;BHmeHHH HHcTpyMeHTa
 
BHHS H oOJIer'laeT ero npoxO,!l;HMOCTb B CKBamHHe. a
 

IIpH AOCTHmeHHB aaOOH Coa,ll;aIOT cmIIMaIOID;YIO 
HarpyaKy Ha rraKep (BeCOM 6ypHJILHLIX Tpy6) , 'ITO 
nplIBOAHT K Ae41opMaD;HB ynJIOTHHTeJIbHoro 8JIeMeHTll, 
H npllmaTHIO ero K CTeHKe CKBamHHLI. 30Ha HCnLI
TLIBaeMoro rrJIaCTa HaOJIllpyeTcH OT pacnOJIOmeHHoro 
BhIme CTBOJIa CKBamHHhI. B 8TO me BpeMH mTOK aa
nopHoro KJIarraHa nepeMem;aeTCH BHHa, H Ha'lHHaIOT 
clIUlMaTbCH 06e C60Pl\1l rH,lI;paBJIH'IeCl\oro HCllhITa
TeJIH nJIaCTOB. qepea 1-5 MHH cpaoaTLIBaeT peJIe 
BpeMeHll rrepBoii c60pKH HIIr, ero ypaBHHTeJIbHLIH 
KJIanaH aaKpLIBaeTCH II rrOCJIe 8Toro OTKpLIBaeTCH 
npHeMHLIH KJIanaH, oOeCne'lHBaIOID;HH rrpoxo,ll; mllA
KOCTH Ha rrJIaCTa B Tpy6hI, pacnOJIOmeHHhIe MemAY 
AByMH rH,lI;paBJIH'IeCKHMH HcnLITaTeJIHMU rrJIaCTOB. 
PerHcTpHpyIOID;He MaHOMeTpLI, yCTaHOBJIeHHLIe B 
4l11JIbTpe, OTMe'laIOT peal\oe CHHmeHHe ,lI;aBJIeHHH. 

IIo UCTe'leHHU orrpeAeJIeHHOrO BpeMeHH cpa6a
ThIBaeT peJIe BTOpOH c60pKH HIIr, H lIJIaCTOBaH 
mHAKOCTL nocTyrraeT BHyTpb 6YPIWbHLIX Tpy6. Pnc. 25. CxeMa 

KOMIIOHOBKH KITHMaHoMeTphI, YCTaHOBJIeHHhIe B 4lHJIbTpe H Mem,ll;y 
fpoaYl1>HHH.,lI;ByMH HrII, peruCTpHpyIOT CHumeHHe ,!I;aBneHHH, a 

aaTeM aanHcLIBaIOT KpHByIO rrpHTOKa, KOTOpyIO TaKme 4lHKcllpyeT Ma
HOMeTp, yCTaHOBJIeHHLIH HaA BTOpoii c6opKoH HIIr. 

BpeMH CTOHHHH Ha npHTOKe npaKTH'IeCKH MomeT HaMeHHTbCH B aHa
'111TenLHhIX npe,ll;eJIax: OT 20 MHH AO HeCKOJIbKHX '1aCOB B aaBHCHMOCTH 
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Pile. 26. YaJlI>! RHH rpoaY<1>HHH. 
a - !PHJlbTP; 6 - mrnep; B - IICC. 
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(/>lMbmp (pHC. 26, a) npenaaaaaxea ,D;JIH OrpaHHlJeHHH KOJIHlJeCTBa 
II paaxepa TBep,D;hIXlJaCTHIJ;, nocrynaiomax BMeCTe C nJIaCTOBOH mH,D;KO

! . CTI.IO BHYTPI. HcnhITaTeJIH llJIaCTOB, H COCTOHT HS 
.. ,D;BYX CeKIJ;HH 1, B CTeHKax KOTOpliIX BliInOJIHeHbI 

CneIJ;HaJII.HhIe m;eJIH 2. HHmHHHCeKIJ;HH aaxaa
'IHBaeTCH OaIDMaKOM 3, CJIymam;HM ,D;JIH onopsr 
na saooH. )l;JIH yCTaHOBKH perHcTpHpyIOm;ero 

oM..' l...-.J MaHoMeTpa B BepXHeH cexrraa ~HJII.Tpa CMOH
THpoBaH xapaaa 4, onHpaIOm;HHcH na CneIJ;HaJII.
HyIO CTOHKy 5. Maaoxerp ~SBJIeKaIOT csepxy 
lJepes ornepcrae nepeBO,D;HHKa 6 HJIH CHHSy 
nOCJIe BhIBHH'IHBaHHH CTOHKH HS HHmHero nepe
Bo,n;"HHKa. B CBHSH C OOJII.mnMH CmHMaIOm;HMH 
aarpyaxaaa, xcroprre ,D;OJImeH BhI,D;epmHBaTI. 

5 -it:::H I ~HJII.TP, cexrraa HsrOTOBJIHIOT HS TpyO C TOJI
m;HHoH CTeHKH 20 MM. OOm;aH ,D;JIHHa ~HJII.Tpa 
B cfiopxe 3,5-4 M. 

ITPH HcnhITaHHHX B OCJIOmHeHHIiIX yCJIO
BHHX, KOr,D;a BOSHHKaeT onaCHOCTI. npnxaara, 
Mem,D;y HHmHeH CeKIJ;HeH~HJII.Tpa H OaIDMaKOM 

YCTaHaBJIHBaIOT nepeBO,D;HHKH C JIeBIiIMH KOHHlJeCKHMH peSI.OaMH, KOTO
psre nOSBOJIHIOT OTBHHTHTI. HHcTpyMeHT OT npHXBalJeHHOH lJaCTH OaIDMaKa 
II HSBJIelJI. ero na nOBepXHOCTI.. 

OT HHTeHCHBHOCTH npHTOKa am,D;KOCTH HS nJIaCTa H COCTOHHHH CTBOJI8 
CKBamHHIiI. ITo HCTelJeHHH ynaaanaoro BpeMeHH CHHmaIOT CmHMaIOm;yIO 
aarpyaxy H rryrex spamenaa 0ypHJII.HIiIX TpyO (na 15-20 OOOpOTOB) 
aaapanaior aanopmra nOBOpOTHIiIB: KJIanaH. )l;ocTyn nJIaCTOBOB:mH,D;KOCTH 
B TpyOIiI npexpamaerca, 'ITO npHBO,D;HT K BOSpaCTaHHIO ,D;aBJIeHHH non 
naKepOM, H perHCTpHpyIOm;He MaHOMeTpliI, YCTaHOBJIeHHliIe B ~HJII.Tpe 
H Mem,D;y ,D;ByMH IIITr, sanHCIiIBaIOT KOHe'IHyIO KPHBYIO BOCCTaHOBJIeHHH 
,D;aBJIeHHH. )l;JIH aanaca aTOH KpnBOB: HHcTpyMeHT BIiI,D;epmHBaIOT aa sa
ooe B reseaae onpeneaemroro BpeMeHH, COCTaBJIHIOm;erO OKOJIO nOJIOBHHIiI 
BpeMeHH CTOHHHHna npHTOKe, HO He MeHee 30 M:HH. ITocJIe aTOH BIiI,D;epmKH 
cOS,D;aIOT pacraranaiomee yCHJIHe na TpyOIiI, lJeM OOeCnelJHBaeTCH nepe
Mem;eHHe mTOKOB peae BpeMeHH ofeax COOPOK IIITr nsepx, aaxpurae 
npHeMHliIx KJIanaHOB B HHX H OTKpliITHe ypaBHHTeJII.HOrO xnanana B IIITr 
nepaoa COOpKH. ITJIaCT cOOOm;aeTCH C saTpyoHIiIM npOCTpaHCTBOM CKBa
mHHIiI Ha,D; nasepox, H MaHOMeTpliI B ~HJII.Tpe peracrpapyror BOCCTa
HOBJIeHHe ,D;aBJIeHHH ,D;O rH,D;pOcTaTHlJeCKOrO; YpaBHHBaHHe ,D;aBJIeHnH 
OOJIerlJaeT CHHTHe naKepa H HSBJIelJeHHe HHcTpyMeHTa Ha nOBepx
HOCTI.. 

Ecna HHCTpyMeHT He OCBooom,D;aeTCH, TpyOIiI pacxaacaaaror. ITPH 
pacxaaeananaa C nOMOm;I.IO acca OOeCnelJHBaeTCH COS,D;aHne y,D;apHOH aa
rpYSKH aa npHXBalJeHHyIO lJaCTI. HHcTpyMeHTa, 'ITO ycxopaer ero OCBOOO
m,D;eHHe. ECJIH HHcTpyMeHT BCe-TaKH He OCBOOO~,D;aeTCH, KOJIOHHy npOBO
palJHBaIOT npa O,D;HOBpeMeHHOH HaTHmKe HHcTpyMeHTa, JIHOO npHMeHHIOT 
npyrae MeTO,D;1iI OCBOOOm,D;eHHH HHcTpyMeHTa. 

ITPH norrseae aa nOBepXHOCTI. perHCTpHpYIOITJ;HH MaHoMeTp B ~HJII.' 

rpe ~HKcHpyeT CHHmeHHe rH,D;pOCTaTHlJeCKOrO ,D;aBJIeHHH ,D;O aTMoc~ep
noro. B nponecce nO,D;'beMa HS TPYO oepYT npofisr nJIaCTOBOH mH,D;KOCTH. 
ROHCTpyKIJ;HH IJ;HPKYJIHIJ;HOHHOro xaanaaa nOSBOJIHeT ocym;eCTBJIHTI. 
npHMyIO HJIH oopaTHYIO npOMIiIBKY C IJ;eJII.IO nozrseaa aa nOBepXHOCTI. 
nJIaCTOBOH mH,D;KOCTH xepea OypHJII.HliIe TPYOIiI HJIH xepea aarpytiaoe 
npOCTpaHCTBO. OTKpliITHe IJ;HPKYJIHIJ;HOHHOro KJIanaHa ,D;OCTHraeTCH no
sumeaaea ,D;aBJIeHHH BHyTpH 0ypHJII.HIiIX TpyO ,D;O BeJIHlJHHIiI, npensrmaio
m;eH ,D;aBJIeHHe B aarpyfiaox npOCTpaHCTBe. 

ITo YCTaHOBJIeHHIiIM B HHcTpyMeHTe MaHOMeTpaM, KpOMe peracrpa
:u;nn ,D;aBJIeHHH, MomHO npOBO,D;HTI. onpezteaenae lJeTKOCTH paooTIiI KJIa
naHOB, a caMIiIH BepXHHH MaHOMeTp HeOOXO,D;HM raxme ,D;JIH KOHTpOJIH 
rep1t1eTH'IHOCTH OypHJII.HIiIX TpyO. 

B nOCJIe,D;Hee BpeMH aa caeay paCCMOTpeHHOB: KOMnOHOBKe BHe,D;pH
eTCH KOMnOHOBKa oes HcnliITaTeJIH nJIaCTOB (BTOpaH cfiopxa}, B KOTOpOIT 
HCnOJII.syeTcH MHorOnOsHIJ;HOHHIiIH sanopHo-nOBOpOTHIiIB: KJIanaH. 

PaspaOOTaHIiI CJIe,D;yIOm;He KOHCTpyKIJ;HH KOMnJIeKTOB onacanmrx 
HcnhITaTeJII.HhIX HHcTpyMeHTOB: RIIII-146 (npenaaaaanaerca ,D;JIH acnsr
TaHHH nJIaCTOB :B neoficaacenmax CKBamHHax ,D;HaMeTpOM OT 190 ,D;O 
295 MM); RlIlI-95 (,D;JIH CKBamHH ,D;HaMeTpoM OT 118 ,D;O 161 MM) H 
RIIII-65 (,D;JI11 CKBamHH ,D;HaMeTpoM OT 75 ,D;O 112 MM). 

HaHOOJIee mapoxoe rrpmseaeaae nOJIylJHJIH HcnliITaTeJIH RIIII-146. 
Haase paCCMaTpHBaeTCH KOHCTpyKIJ;HH OCHOBHhIX ySJIOB yxaaanaoro KOM
nJIeKTa HcnhITaTeJII.HhIX HHcTpyMeHToB. 
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IIPH HcrrMTaHHH O(heRTa, paCrrOJIOiReHHOrO na SHa'lHTeJILHOM pac
CTOHHHH OT Sa60H, nan H non cPHJILTPOM YCTaHaBJIHBaIOT XBOCTOBHR HS 
06LI1JHLIX 6ypHJILHLIX Tpy6, B ROTOpOM MOiRHO pacrrOJIOiRHTL BTOPOH pern-
CTpHpYIOm;HH MaHOMeTp.	 . 

Ilaxep (pHC. 26, 6) COCTOHT HS MeTaJIJIH'IeCROrO acpnyoa H peaanonoro 
ynJIOTHHTeJILHOrO aJIeMeHTa. IIPH aanaxepoase CiRHMaIOm;aH narpyaxa 
OT seca Tpy6 xepea nepeBO~HHRH 1 H 3 nepenaerca aa rOJIOBRy 4 peaa
aosoro aJIeMeHTa 5. IIo~	 ~eHcTBHeM aroro yCHJIHH pesHHoBLIH aJIeMeHT 
nanaaaer yBeJIH'IHBaTLCH B naaaerpe H CORpam;aTLCH B ~JIHHe, 'ITO npa
BO~HT R nepeaemeamo HaSBaHHLIX ~eTaJIeH no nOJIOMy mroxy 2. Peaa
HOBLIH aJIeMeHT HMeeT HHiRHIOIO MeTaJIJIH'IecRyIO onopy 6, coe~HHeHHYIO 
C HHiRHHM nepeBO~HHROM	 7 npa nOMOm;H n;HJIHH~pH'IeCROH pesL6LI. 

IIOJILIH mTOR HMeeT mnOH01JHLIe coe~HHeHHH CROpnyCHLIMH ~eTaJIHMH, 

npa nOMOm;H ROTOpLIX nepenaerca npameaae XBOCTOBHRy H cPHJlLTPY. 
,IJ;JIH repxeraaanaa pesL60BLIX coe~HHeHHH npHMeHHeTcH MHrRoe neHLRO
noe ynJIOTHeHHe. 

Xapaxrepacraxa n;HJIHH~pH'IeCRHX naxepon HcnLITaTeJIeH rrJIaCTOB 
R1Uf-146 npaaeneaa B Ta6JI. 9. 

Ta6J1Hn;a 9 

ll.Q166 I	 

I )J;HaMeTP, MM 
)J;onYCTH-CamMa-

IO~aH aa- MaH pac-
}!CJIOBBOe )J;HaMeTP )J;JlHBa, Macca, rpY3Ra aa THrHBaIO-
o603Ha- Ropllyca, . MM RP pe3HHO- CRBa- pe3HHOBhdi man aa-

'1elnle MM Boro lRHHhl 3J1eMeHT, rpysxa,
3JleMeHTa TC TC 

ll.Q146 146 2300 173-195 170 190 ,no 18 50
180 190-214 » 18
195 214 » 18
220 243 » 20

--
166 2340 1285-310 I 245 269 ,no 22 75 

270 298 » 25 

Hcc, BXO~Hm;HH B ROMnoHoBRy RIHI Hcc-146 HBJIHeTCH MeXaHH'IeCRHM. 
Horna mTOR 2 (pHC. 26, 6), CROJILSH no BTyJIRe 3, nepeaemaerca nnepx, 
npHTOR iRH~ROCTH HSCRBaiRHHLI B xaxepy non mTOROM npOHCXO~HT sepes 
HHiRHee OTBepCTHe, 'ITO aaMe~JIHeT ~BHiReHHe nocnenaero nnepx. RaR 
TOJILRO mTOR ~OCTHrHeT nepxaero OTBepCTHH, npHTOR iRH~ROCTH B xa
Mepy peSRO noapacraer, 'ITO npHBO~HT R 6LICTpOMy rrepexemeaaio mTORa 
nsepx H HaHeceHHIO ynapa no xopnycy 1. 3TOT ynap OT xopnyoa xepea 
rrepenonaax 4 nepenaerca aa pacnOJIOiReHHLIH BHHSy npHXBa'leHHLIH 
HHCTpyMeHT H cnocoticrayer ero oCBo60iR~eHHIO. Xon mTORa npa pac
XaiRHBaHHH npHHHT paBHLIM 600 MM.Ero ynJIOTHeHHH paCC'IHTaHLI aa nan
JIeHHe 250 Rrc/cM2 • 

B nponecce aRCnJIyaTan;HH ero nonnepraror onpecconse aa aTO nan
JIeHHe ~JIH nponepna repMeTH1JHOCTH pesL60BLIX coe~HHeHHH. Onaonpe
MeHHO npOBepHIOT HSHOC BHyTpeHHeH Tpy6RH, aa nOBepXHOCTH ROTOpOH 
B rrponecce axcnnyaranaa ofipaayrorca napanaau (ocemre RaHaJILI); 

rrOCJIe~HHe MoryT 6LITL npH'IHHOH paapymenaa ynJIOTHHTeJIl>HLIX ROJIeI\ 
B mTORe acca. 

Hexoropua ~aHHLIe Hcca-146 npHBe~eHLI HHiRe. 

Hapy)I(HLIii AHaMeTp, MM .. 
,nJlHHa, MM: 

B pacraayroa COCTOHHHH 
B cmaTOM eOCTOHHHH .. 

Macea, Kr ••••••.•• 

146 

2135 
1535 
150 

Hcnumamesu nsacmoe HUr-l4fi (nepnaa 
cfiopxa) npanenen na pHC. 27 OCHoBHLIe '1aCTH ero: 
rrpHeMHLIH RJIanaH, ypaBHHTeJIl>HLIH RJIanaH H rH~
paBJIH'IeCROe pene BpeMeHH. 

IIPH cnycxe H nO~'beMe HHcTpyMeHTa MIIf-146 
HaXO~HTCH B pacTHHyTOM nOJIOiReHHH. Illranra 3 2 
H mTOR 4 HaXO~HTCH B RpaHHeM BepXHeM nOJIo
iReHHH, oTBepcTHH 9 arrycxaoro xnanaaa sax
pLITLI, 'ITO npenarornyer ~OCTYny iRH~KOCTH 

BHyTpL 6ypHJILHLIX Tpy6. CaJILHHR 7 HaXO~HTCH 
nan OTBepCTHHMH 10 ypaBHHTeJILHOrO xaanana H 
xepea HHX iRH~ROCTl> neperexaer B CRBaiRHHY, 
yJIy'lmaH npOXO~HMOCTL HHcTpyMeHTa. 

IIocJIe ~OCTHiReHHH sa60H non ~eHCTBHeM 12 
neca 6ypHJILHLIX Tpy6 nrraara 3 H mTOR 4 ne
peMem;aIOTCH BHHS. OTBepcTHH ypaBHHTeJIl>HOro 
rcranaaa saRpLIBaIOTcH, a oTBepcTHH npaeaaoro 
roranaaa oTRpLIBaeT rHJILaa 8, H iRH~ROCTL '1epes 11 
n;eHTpaJILHOe OTBepCTHe mTORa H mTaHrH nocry
naer B 6ypHJILHLIe Tpy6LI. ,IJ;JIH peryJIHpOBaHHH 
nenpeccaa na IDJaCT H CROpOCTH nOTORa B ranpan- 10 
JIH'IeCRHX RaHaJIaX HcnLITaTeJIH nJIaCTOB B sepx- 7 
HeH qaCTH mraara YCTaHaBJIHBaIOT 'cnen;HaJIl>HLIH 
C'beMHLIH mTyn;ep~, ROTOpLIH aaRpenJIHeTCH ro
JIOBROH 1. 

CBoeBpeMeHHocTL aaRpLITHH ypaBHHTeJIl>HOrO 
xnanaaa H OTRpLITHH oTBepcTHH npaexaoro RJIa- .9 
naaa o6eCne'lHBaeTCH rH~paBJIH'IeCRHM peae npe
MeHH, COCTOHm;HM aa n;HJIHH~pH'IeCROH RaMepLI, 
SanOJIHeHHOH MaCJIOM MC-20, H nopmna 6, nepe
Mem;aIOm;erOCH B aaxepe BMeCTe co mTOROM 4. 
IIPH ~BHiReHHH BHHS nopmeas nJIOTHO npaaea
MaeTCH R nepxaexy yrropnoay TOpn;y mTORa, H 
MaCJIO HSHHiRHeH SOHLI 11 neperexaer B BepXHIOIO 
SOHY 1~ xepea RanHJIJIHpHLIe RaHaJILI 5, BLInOJI
HeHHLIe B nopnrae B BH~e n;HJIHH~pH'IeCKOH 

pesL6LI. 
Paaaepsr RaHaJIOB no~6HpaIOT TaR, '1To6LI 06eCne'lHTL Heo6xo~HMYIO 

CKOpOCTL ~BHiReHHH nopmna H COOTBeTCTBYIOm;yIO BLI~epiRRY MeiRAY 
oneparmaaa no aarraxepoane H OTRpLITHIO npaexaoro xnanana. ,IJ;JIHHy 
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PHC. 27. rllApaBJlHtle
eKIIH IICDhITaTeJlb naa

CTOB Hllr-146. 
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xaaaaon peryJlupyIOT IIyTeM BBBH1J:BBaHBJI OAHOH 1J:aeTB nopmaa 
lJ .n;pyryIO. 

IIpB .n;BBiKeHBB DITOKa naepx BHa1J:aJle saKpLIBaeTCJI IIpBeMHLIH xaa
nan, a SaTeM OTKpLIBaIOTCJI OTBepCTBJI ypasaareasaoro xaanana. 3TB 
onepanaa IIPOBCXO.n;JlT 3Ha1J:BTeJlbHO oLICTpee, 1J:eM IIpB nepeaemeaaa 
DITOKa BHBS, TaK KaK IIpB .n;BBiKeHBB snepx nopmens OTXO.n;BT OT sepx
aero ropna DITOKa, B MaCJlO BS BepXHeH SOHLI 12 cB060.n;HO neperexaer 
B HBiKHIOIO BOHy 11 xepea xoasneaoa.aaaop MeiK)l;y DITOKOM B IIOpmHeM, 
'ITO OOeClIe1J:BBaeT OeClIpeIIJITCTBeHHoe nepeaemeaae DITOKa anepx. 
B c~ecTBYIOm;BX KOHCTpy~JlX XO.n; IIOpIIIHJI-peJle BpeMeHB IIpBHB
1daeTCJI P!lBHIdM 200 MM. 

TaK KaK BJlSKOCTb MaCJla, SaIIOJlHJlIOm;erO BliYTpeHHIOIO IIOJlOCTb 
peae . BpeMeHB, saBBcBT OT reaneparypu, aa aaaone-aaroroaareae 
OIIldTHLIM IIYTeM YCTaHaBJlBBaIOT >tBCJlO BBTKOB IJ;BJlBH.n;plflleCKoH peSboLI, 
aa xoropoe HeoOxo.n;BMO noaepayrs BHeIIIHIOIO neram, IIOpIIIHJI, 'lTOOLI 
OOeClIe1J:BTb TpeoyeMoe rB.n;paBJlB1J:eCKOe conpOTBBJIeHBe .n;BBiKeHBIO mTOKa 
JI aeoOxo.n;HMoe BpeMlI Bld)l;epiKKB MeiK)l;y salIaKepOBKOH B OTKpLITBeM 
JIpBeMHOrO xaanaaa BCIILITaTeJlJl IIJlaCTOB. IIOpmHB peae BSrOTOBJlJlIOT 
c 24BBTKaMB IJ;BJlBH.n;pB1J:eCKOH peSbOLI. 

MacJIo .n;JlJI peae speaena TpeoyeTcJI IIOBLImeHHoii 1J:BCTOTLI, TaK 
J(aK .n;aiKe IIpB caMoM HeSHa1J:BTeJlbHOM conepaeaaaa TBep.n;LIX 1J:aCTBn; B 
JlX nonanaaaa B KalIBJlJIJlpHLIe KaHaJILI IIOPIIIHJI peae aapymaerca HOp
1daJlbHaJl patiora HfIl', Iloaroay IIpB cfiopxe peae BpeMeHB MaCJlO IIO.n;
~epraeTCJI O'IHCTKe. 

PaCTJlrBBaIOm;aJl aarpyaaa, .n;eHcTBYIOm;aJl na mTOK BCIIldTaTeJlJl IIJla
CTOB iI paaaaa ru.n;pOCTaTB1J:eCKoMy .n;aBJleHBIO B CKBaiKBHe, yMHoiKeHHoMy 
aa pa~HocTb IIJIOm;a.n;eH rronepenaoro Ce1J:eHBJI HBiKHeH B sepxaea 1J:aCTeH 
mTOKa B MeCTax YIIJlOTHBTeJlbHLIX xoaen KaMepLI, npenorapamaer npeac
.n;eBpeMeHHoe OTKpLITBe IIpBeMHOro xaanaaa Mllf IIpB HeOiKB.n;aHHLIX 
KpaTKOBpeMeHHLIX rrocanxax BHcTpyMeHTa B nponecce CIIYCKa B CKBa
?RBHY BJIB IIpB pacxaacasaaaa BHcTpyMeHTa B CJIy1J:ae SaTJliKKB aa aafioe. 

KaMepy ru.n;paBJIB1J:eCKOrO peae BpeMeHB, YIIJlOTHeHBJI rOJIOBKB DITOKa 
JIpBeMHOrO KJIalIaHa, a rarose peasfiomre coe.n;BHeHBJI Mllf IIpB cfiopxe 
UpOBepJlIOT aa repMeTB'lHOCTb. ,l(JIJI aroro BHyTpB Mllf IIOBLImaIOT 
nanaenae .n;6 250 Krc/cM 2 B Bld)l;epiKBBaIOT B Te1J:eHHe 15-20 MHH. 

HHiI\e IIpBBe.n;eHLI HeKOTopLIe .n;aHHLIe 0 rB.n;paBJIH1J:eCKOM JlCIILITaTeJIe 
JIJIaCTOB Mllf-146. 

HapYiKHhIii AHaMeTp, MM .. 146 
)l;JIHHa, MM: 

B CiKaTOM COCTOJlHHH •••••• ••• • 2220 
B paCTJlHYTOM COCTOJlHHH •••••••••••• 2420 

Macca, Kr ••••••••••••• •• 202 
061>eM MaCJIJlHOH KaMepLl pene, CM3 •• ••••• 1600 
MaKCHMaJIbHaJi AJIHHa KaIIUJIJIJlpHI.lX KaHaJIOB peae, MM 6900 
CeqeHlle ~HJIBH)qJHqeCKOH pe3b6L1 peae, MM •••••• 1.25 X 1.25 
,l!;HaMeTp DIT~epOB, MM • • • • • • • • • • • • • • •• 6; 8; 10 

fH.n;paBJIH'IeCKOe peae BpeMeHH Mllf BTOPOH COOpKH B KOMIIJIeKTe 
RMH-146 HaCTpaHBaIOT aa SHa1J:BTeJIbHO OOJIbmHe IIaysLI (15-20 MHH), 
lIeM H Mllf IIepBOH COOPKH (1,5-3 MHH). 
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lIepe800nUl£ OM ycmano81£U nputiopoe. B HeM MOiKHO YCTaHaBJIHBaTh 
rrorpY7RHLIe KOHTpOJIbHO-BSMepHTeJIbHLIe IIPHOOpLI .n;JlJI. HCIILITaHIIH 
IIJIaCTa. Ilepesonaax BLIII01IHeH B BH.n;e TpyOLI e (puc 28), InfeIOm;eH 
BHyTpH xapxaa 3.n;JIJI paSMem;eHHJI IIpHOOpOB. KapMaH saKaH1J:HBae'1'CJI 
BHHSy CTOHKOH 5, coenanenaok IJ;BJIHH.n;plfllecKoHe 

t' pesbooH C HHiKHInf IIepeBo.n;HHKOM 6. IIo KOHCT
t PYKIJ;BH xapxaa aaaaorasea xapaany tIlBJlbTpa.
I 

IIpHOOP MOiKHO BSBJleKaTb JIHOO cnepxy xepea 01"

BepCTHe B BepXHeM nepeaonaaxe 1, JlHOO CHHSy
 
IIpH BLIBBH1J:HBaHHH CTOHKH HS HHiKHero nepe

Bo.n;HBKa. ,l(JIJI npoxona iKH.n;KOCTB B CToiiKe BLI

rrOJIReHLI OTBepCTBJI 4. ,l(aHHaJl KOHCTPYKD;HJI
 
paCC1J:BTaHa aa paaaemeaae IIpHOOpa MaKCHMaJIb 1~
 
HOH.n;JlHHOH 2 M H .n;HaMeTpOM 40 MM.
 

KpaTKaJl xa paKTepHCTBKa nepesonaaxa IIII-146 

PBC. ·28: IIepeBop;IDIIt 
P;JIJI yCTaHoBKB npa

60pOB. 

.n;JIJI yCTaHOBKH IIpHOOpOB: 

MaKcHMaJIbHLlH AHaMeTp, MM 
)l;J1:HHa, MM •••••••• 
)l;HaMeTp xopnyca, MM: 

HapYiKHhID: • • • •• • • • • " 

146 
2112 t 

114 
BHYTpeHHBu • • • • • • • • •• 98 3 

1;..T.,l/,y6unnue peeucmpupuunuue ManOMempu ac
rrOJIbSYIOTCJI .n;JIJI KOHTpOJIJI paOOTLI OT.n;eJIbHLIX 
ySJIOB BCIILITaTeJIJI IIJIaCTOB B CHJlTJlJI naarpaaa 
.n;aBJIeHHJI, 110 KOTOpLIM OlIpe.n;eJIJlIOT $BSH1J:eCKHe ~. 

IIapaMeTpLI IIJIaCTa. K HaHOOJIee pacnpocrpanea
HLIM peruCTpBpYIOm;HM IIpBOOpaM, npHMeRJIeMLl1d 
B HCIILITaTeJIRX IIJIaCTOB OTe1J:eCTBeHHOH KOHCTpyK s 
n;HH, OTHOCJlTCR MaHOMeTpLI MfII l65]. 

Ha pBC. 29, a npaseneaa cxexa yCTpoiicTBll 
peracrpapyiomero MaHOMeTpa THlIa MflI, KOTO
PLIH COCTOHT JlS rpex 1J:aCTeH. B sepxaea repaera
1IeCKH saKpLIToH xaxepe 1 yCTaHaBJIHBaeTCJI MaK
CHMaJIbHLIH TepMoMeTp 2, CJIYiKaIIJ;HH .n;JIJI onpene
JIeHHR reaneparypsr aa aafioe B nponecce HCIILIT~
HHJI. B cpe.n;HeH xaaepe 4, COOOm;aIOm;eHCR C OK
pYiKaIOm;eii cpe.n;oii xepea OTBepCTHe 3, CMOHTH':' 
posaaa IIpYiKHHa 5, BepxHHH KOHen; KOTOpOH 
IIpBKpelIJIeH K KOpIIYCy MaHOMeTpa, a HHiKHBH 
npacoenaaea K IIOpmHIO 6. Ilopmeas IIpO~eH 

B HBiKHIOIO xaxepy 8, me IIOMepiKlIBaeTCR 
aTMoc«fIePHoe .n;aBJIeHHe. 

if\H.n;KOCTb, IIpOHHKaJl 1J:epes OTBepCTHe 3, .n;aBHT aa nopmens 6, 
KOTOpLIH rrepeaemaerca BHHS JI paCTRrHBaeT IIpoTapHpoBaHHyIO IIPy
iKBHY 5. BMecTe C IIOpmHeM rrepeaemaerca BHHS nepo 7, IIpBKpelIJIeHHOe 
K HHiKHeMy KOHIJ;Y IIOpmHJI, xoropoe HaHOCBT pHCKy na OJIaHKe, yxpen
JIeHHOM aa BHyTpeHHeH nOBepXHOCTH oapaoaHa 9. IIpH IIO.n;BHiKHOM oapa
oaHe H3MeHeHHe .n;aBJIeHHJI B oKpYiKaIOm;eH cpene na OJlaHKe OTMe1J:aeTCR 
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• 
BepTHRaJiLHOHJIHHHeH. IIpH apamoaaa OapaOaHa, OCym;eCTBJIHeMOM lJaCO
BhIM MexaHHSMOM 10, na OJiaHRe BhIlJeplJHBaeTCH naarpaaxa HSMeHeHHlI 
AaBJIeHHH BO BpeMeHH. 

fJIYOHHHhIe peracrpnpyionrae MaHoMeTphI MfII-3M H MfII-7 HCrrOJIh
ayIOTcH AJIH HsMepeHHH AaBJIeHHH AO 160, 250 H 400 Rrc/cM2 npa MaRCH
MaJIhHhIX sa60HHhIx TeMrrepaTypax AO 80 DC. 

PaCCMOTpeHHhIe ROHCTpyRIJ;HH peracrpapyronrax MaHOMeTpOB OhIJiH 
CrrpOeRTHpOBaHhI AJIH rHApOAHHaMHlJeCRHX HCCJIeAOBaHHH B CRBamHHax, 
rr09TOMY OHH He B rrOJIHOH Mepe COOTBeTcTByIOT yCJIOBHHM HcrrhITaHHH 
OO'heRTOB npa rrOMOm;H acnurarenea rrJIaCTOB. HeBhICORHH RJIaCC TO'IHOC
TH H HHSRaH norrycraaaa reaneparypa OrpaHHlJHBaeT OOJIaCTh HX npmre
HeHHH [13]. IIo9ToMY cosepnreacraosanae CTaphIX H paspatiorxa HOBhIX 
ROHCTpyRIJ;HH ROHTPOJIhHO-HSMepHTeJIhHhIX rrpHoopoB H ocooeHHo rJIy
OHHHhIX peracrpapyromax MaHoMeTpOB OhIJiH nanpaaaeaa aa noasnneaae 
HX RJIaCCa TO'IHOCTH H ooeCrrelJeHHe HaAemuoH pafiorsr npa rrOBhImeHHhIX 
aaooHHhIx TeMrrepaTypax. 

B y 4lHHH OhIJi cnpoenrapoaaa MaHOMeTp C Bpam;aIOm;HMCH nopnraex 
IIfM-1 (RJIaCC TO'IHOCTH 0,2%), rrpeAUaSHalJeHHhIH AJIH HCrrOJIh3()BaHHH 
B HcrrhITaTeJIHX rrJIaCTOB npa saooHHhIx AaBJIeHHHX AO 400 Rrc/cM2 II TeM
rreparype AO 80°C [30 L 

B OTJIHlJHe OT rrpeaenax ROHCTpyRIJ;HH B IIfM-1 (pHC. 29, 6) npenycaor
peao rrepaonasecnoe xparaoapeaeanoe npameaae nopmaa, lJTO ofiecrre
lJHBaeT HeOOXoAHMyIO rrpOAOJImHTeJIhHOCTI> HcrrhITaHHH aa nparoa H sa
rrHCI> AHarpaMMhI AaBJIeHHH. MaHOMeTp COCTOHT HSrpex lJaCTeH. B sepxaea 
repMeTHlJHOH xaxepe 3 pasaemeao peracrpapyiomee H ynpasaaannee 
YCTpOHCTBO. B cpeAHeii lJaCTH npafiopa CMOHTHpoBaHa npyacanao
rropmaenaa CHCTeMa. B HHmHeH repMeTH'IHO aaxpsrroa RaMepe noxemea 
MexaHHSM npamenaa nopmaa MaHOMeTpa. 

B nponecce patiorsr oapaoaH 6, aa ROTOpOM saRpeIIJIHeTCH OJiaHR, 
npamaerca lJaCOBhIM MexaHHaMOM 1. BaJIHR lJaCOBOro xexaaaaxa H oapa
oaH coenanema MHOroAHCROBOH MY41TOH 4. IIpH rrOMOm;H ::lTOH MY41ThI 
BRJIIO'taeTCH H BhIRJIIOlJaeTCH oapaoaH. IIpH npameaaa oapaoaHa JIaTyH
Hoe rrepo 5, nepeaemaromee rro HarrpaBJIHIOJ:D;HM 7, 4lHRcHpyeT aa oyMare 
RamAoe HaMeHeHHe AaBJIeHHH B oRpymaIOJ:D;eH cpene. ,[(JIH npenornpame
HHH rrOJIoMRH B nepacanxe rrepa HMeeTCH mapaap 8, rrpH rrOMOm;H ROTO
poro OHa npaxpenaaerca R nopmmo. 

Ilpysraaao-rropmaeaaa CHCTeMa COCTOHT HS rropIIIHH 10, AJIH rrpe
AOTBpam;eHHH aarpHSHeHHH xoroporo yCTaHOBJIeH CaJII>HHR 9, MaHoMeTpH
lJeCROH rrpymHHhI 11, R HHmHeMy TOpn;y ROTOpOH npacoenanea rrpHBOA
HOH BaJIHR 14, npoxonamaji xepea yrrJIOTHeHHe 13 H HMeIOm;HD: panaans
ao-ynopasra mapanorronnranaaa 15. BHyTpeHHHH rrOJIOCTI> aaxepu, rne 
paaxemeaa npyaeaaa , SarrOJIHeHa MaCJIoM H HaOJIHpOBaHa OT oxpyacaro
m;eH cpeAhI peaanoasnr RomyxoM le C IJ;eJIhIO npenompameaaa ROppOSHH 
rrpymHHhI H npyrax MeTaJIJIHlJeCRHX lJaCTeD: npyaeanno-nopnraeaoa CH
CTeMhI. 

Ilopmeas 10 H BaJIHR 14 HMeIOT oAHHaRoBhIH HapymHhIH AHaMeTp, 
lJTOOhI yCHJIHH OT saemaero AaBJIeHHH, CTpeMHJ:D;HeCH aaABHHyTI> IIX BO 
BHyTpeHHIOIO rrOJIOCTh RaMephI, BBaHMHO ypaBHOBeml1BaJIHCh, H paAHaJII>
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ao-ynopaua nonnranaax paarpyacanoa OT ocenoa aarpyaxa. Baaronapa 
8TOMy P;JIJI Bpam;eHHJI BaJIHKa Tpe6yeTcJI MeHbIIlllii MOMeHT H CHHmaIOTCJI 

nOrpeIllHOCTH B nOKaaaHHJlX MaHOMeTpa, 
06YCJIOBJIeHHLIe p;ecl>opMa:qHeii OnOpHOrO 
ySJIa non narpyaxoa, 

It 

1 

9 

3 

6 
7 

l~8 

VJJW/J--" 

Ha OP;HOM HS BaJIHKOB 'laCOBOrO MeXa
HHSMa yCTaHOBJIeH KOJIJIeKTOp 2, npenaa
SHa'leHHLIii P;JIJI rrepaonaseexoro BKJIIO
'leHHJ! 8JIeKTpOp;BHraTeJIJI 18. ROHTaKTLI 
KOJIJIeKTOpa Sa6JIO"HpOBaHLI HCKporacH
TeJIbHLIM KOHrypOM, KOTOpLIii COCTOHT HS 
conpOTHBJIeHHii 21 H xoanenoaropa 22, 
BKJIIO'leHHLIX B ceTb nOCJIep;OBaTeJIbHO. 
,I..J;JIJI Bpam;eHHJI nopmaa npaxeaea 8JIeK
rponaararecn, 18 C penyxropoa 16. 3JIeK
Tp08HeprHIO nsararem, noayxaer OT 6aTa
peii 20. 3JIeKTpOp;BHraTeJIb BKJIIO'laeTCJI 
8JIeKTpOMarHHTHLIM peae 19, nOJIy'laIOm;HM 

1(3	 CHrHaJI OT KOJIJIeKTOpa, CMOHTHpOBaHHoro 
na BaJIH~e xacosoro MexaHHSMa xepea 
TOKonop;BOp; 17. 

16 

~/7 

NI:::B_Pl-H 

Zf 

B IIfM-1 8JIeKTpOp;BHraTeJIb BKJIIO
'laeTCJI rrepaonasecxa .aa 5 cex ('lepes 
Kamp;yIO MHHyTy). 3a 8TO BpeMJI nopnreas 
cosepmaer 2-3 o6opoTa. Ilepaomrsecxoe 
spameaae nOpmHJI, KpOMe 8KOHOMHH 8JIeK
Tp08HeprHH, .n;aeT BOSMOmHOCTb ycrpa
HHTb JlBJIeHHe nOJIJlpHaa:qHH, B peayas
rare 'lero yJIy'lmaeTCJI pafiora HCT01IHHKa 
TOKa. Op;HOBpeMeHHO C 8THM BO BpeMJI 
nays nOBLImaeTCJI 8. p;. c. 6aTapeii. TaK, 
npa HCnOJIbSOBaHHH 6aTapeii «Carypm 
npOp;OJImHTeJIbHOCTb pa60TLI MaHOMeTpa 
MomeT p;OCTHraTb 300 'l. 

Onaaxo cym;eCTBeHHLIM Hep;~cTaTKoM 
pacoaorpeaaoa KOHCTPyK:qHH peracrpa
pyiomero MaHoMeTpa JlBJIJleTCJI orpaaa
'leHHOe npaaeaenae TOJIbKO npa He6oJIb
mHX sa60iiHLIx resmeparypax (p;o 80 "C),

a s 
'lTO He nOSBOJIJleT HCnOJIbSOBaTb ero npa 

PDC. 30. rJIy6lIBHhIe peracrpa rHp;pOp;HHaMH1IeCKHX HCCJIep;OBaHHJlX B 
PYlOIIJ;IIe MaHOMeTpLI. rJIy60KHX CKBamHHax. 

a -	 lIpeIlH3HoHHLIit 'I1!IIa MIIII-1; 
6 - re.lIHKCHhIA TUlIa MrH-1. 3a nOCJIep;Hee BpeMJI HHCTHryTOM 

BHHHRAHecl>reras paapatioraasr KOHCT
pyxnaa npe:qHSHOHHLIX peracrpapyiomax MaHOMeTpOB MIIII-1 H 
MIIII-2, a TaKme reJIHKCHOro peracrpapyromero MaHOMeTpa MfH-1, 
KOTopLIe cnenaansao npep;HaSHa'laIOTCJI P;JIJI HCnOJIbSOBaHHJI B HCllLITa
TeJIJlX nJIaCTOB. B xaaoaerpax MIIII-1 H MIIII-2 (pHC. 30, a).HsMepJleMOe 
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p;aBJIeHHe BocnpHHHMaeTCJI nopmaea 5; nocrynareasaoe nepexemeaae 
xoroporo ypanaoaenraaaerca HaTJlmeHHeM BHHTOBOii :qHJIHHp;pH'leCKOii 
npymHHLI 6, paaxemeanoa B aaxepe C JIa6HpHHTHLIM paSp;eJIHTeJIeM 7. 
Op;HoBpeMaHHo P;JIJI YMeHbmeHHJI TpeHHJI 8JIeKTpOp;BHraTeJIeM nOCTOJlH
noro TOKa 9, llHTaIOm;HMCJI OT 6aTapeH aKKyMyJIJlTOpOB 10, npHBOp;HTCJI 
BO npameaae nopmeas. TaKHM o6pasoM, rrooryrrareasaoe nepeaemeaae 
ero crporo nponopnaonaasao BeJIH1IHHe HSMepJleMOrO p;aBJIeHHJI. 

CHsMepHTeJIbHLIM nopnraea coenaaeaanopyanoaaa HrJIa 4, peracrpa
pYIOm;aJl ero nepeMem;eHHe Ha nOBepxaocTH MeTaJIJIH1IeCKOrO p;HarpaM
xaoro 6JIaHKa. BJIaHK cBepTLIBaeTCJl B :qHJIHHP;P H BC'laBJIJleTCJI Bp;HarpaM
MHLIii 6apa6aa 3. IIpH spameaaa 6apa6aHa 'laCOBLIM MexaHHSMOM pera
CTpHpyIOTCJl aa 6JIaHKe HSMeHeHHJ! p;aBJIeHHJl BO BpeMeHH. Ilponoaara
TeJIbHOCTb sanaca CBJlSaHa C eMKOCTbIO aKKyMyJIJlTOpHOii 6aTapeH, 
n08TOMY Bpam;eHHe HSMepHTeJIbHOrO nopIllHJl npep;yCMOTpeHO nepHop;H
xeoxce. ,I..J;JIJl aroro B npafiope HMeeTCJI 8JIeKTpOMeXaHH1IeCKHii npepsr
BaTeJIb C pep;yKTopOM 8. 

IIycK xacoaoro MexaHHSMa sanaoa 2 H BUIO'leHHe aKKyMyJIJlTOpHOii 
6aTapeH 8JIeKTpOp;BHraTeJIJl ocym;eCTBJIJlIOTCJl rHp;pOBKJIIO'laTeJIJlMH 1, 
11, KOTopLIe HaCTpaHBaIOTCJl aa JII060e aanaaaoe p;aBJIeHHe. 

Haase npaseneaa xparxaa TeXHH'leCKaJl xapaxrepacraxa yxasaa
HLIX MaHoMeTpoB. 

Mrm-1 Mllll-2 
IIpeAeJILI D3MepeHDJI AaBJIeHIl:JI, usc]CM2 10-100 80-400 

16-160 120-600 
120-600 
25-250 

Pa6o'laJI TeMllepaTypa, °C •.•.... • 20-100 20-160 
OCHOBHaJI npDBeAeHHaJI norpenraocrs , % ±0.2 
Ilopor '1yBCTBBTeJIbHOCTD, % . . . . . . . . . He 60JIee 0,1 
)J;JIBHa 6naHRa ABarpaMMLI AJIJI 3anDCD AaBJIe-

HDJI, MY •••••••••••••••••• 190±20 , ' ':," 

qacToTa Bpa~eHDJI ADarpaMMHOrO 6apa6aHa, 
06/MBH •••••••••••••••••• 1 

BpeMJI peracrpanaa, q: 
MaRCDMaJIbHOe (npa Bpa~eHDD B Te'leHDe 

5 cex C nay30H 30 cex) •••••••• 12 
MllBDMaJIbHOe (npa aenpepsraaox Bpa~eHBB 

nopnraa) •.	 2.5 
Pa6o'laJI cpeAa .'. • • • • • • • • • • • • • • HelflTb, BOAa, 

6ypOBOH pacrsop 
Pa3MepLI, MM: 

na pymHLIH ADaMeTp •• ••••••• 40 40 
AJIDHa • • • • • • • ••	 2300 2330 

Macca, Rr • • • • • • • • • • • • • • • • •• 10.3 10.5 

fJIy6HHHLIe reJIHKCHLIe MaHOMeTpLI C MeCTHoii peracrparraea MfH-1 
(pHC. 30, 6) npenaaaaaseasr P;JIJI HsMepeHHJI H aanaca p;aBJIeHHJI B npa
sa6oiiHoii SOHe H B rpyfiax npa HCllLITaHHH 06'beKTOB C nOMOm;bIO HCIIH
TaTeJIeii nJIaCTOB. 

HSMepJleMOe p;aBJIeHHe xepea CHJIbcl>OHHLIii paSp;eJIHTeJIb 21 Bosp;eii
crnyer aa BHHTOByIO Tpy6'laTyIO npyaomy (reJIHKc) 19, pacKpy1IHBaIO
m;YIOCJI aa yrOJI, rrponopnaoaansmra BeJIH1IHHe p;aBJIeHHJI. Ha HHmHeM 
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Tpy61IaTOHKOHn;e npymHHLI yCTaHOBJIeHO ynJIOTHeHHe 20. BeJIH'IHHa 
yraa nonopora peracrpapyerca namymea HrJIOH 18 aa ,u;HarpaMMHOM 
6JIaHKe, yKpenJIeHHOM B 6apa6aHe 17. ~JIH perncrpanaa HsMeHeHHH nan
JIeHlIH BO BpeMeHH 6apa6aH nOCTynaTeJIbHO rrepexemaerca C nOMOm;bIO 
xononoro BHHTa, spamenae xoroporo ocym;eCTBJIHeTCH qaCOBLIM npHBO
,u;OM aanaca 15. BepXHHH KOHen; xonosoro BHHTa aaxpennea B xaperxe 
16. qacoBOH npanon BKJIIOqaeTCH MexaHHsMOM aanepacxa, COCTOHm;HM 
HS BcnOMOraTeJIbHOrO xacoaoro npasona 12, penyxropa H JIHM6a ycra
HOBKH BpeMeHH 13, a TaKme cronopa 6aJIaHCa xacoaoro npanona 14. 
Oco6eHHocTbIO MaHoveTpOB MfM-1 B OTJIHqHe OT H3BeCTHLIX rJIy6HHHLIx 
npatiopon HBJIHeTCH MexaHHSM aanepaoca BKJIIOqeHHH qaCOBOro npanona , 
KOTOpLIH nOSBOJIHeT nOJIyqHTb YBeJIHqeHHLIH MacmTa6 aanaca BO ape
MeHH. 

Haase npaneneau KpaTKHe TeXHHqeCKHe ,u;aHHLIe MaHoMeTpa MfM-1. 

Paaaepsr MaHOMeTpa. MM: 
p;lIaMeTp • • • • • • • • . • • • • 36 
p;mma (HaH60JJbillaH) • • • . . • • 2100 

Ilpenema HaMepeHHH p;aBJJeHHH, Krc/cM2	 0-100 0-160 
0-250 0-400 
0-600 

Pafioxaa TeMllepaTypa, °C ..... no 160 
OCHoBHall npaneneaaaa norpemaocra, % He 60JJee ±1 
JIopor 'fyBcTBHTeJJbHOCTH, % 0.25 
Paasrepsr p;n:arpaMMbI. MM:
 

IllHpHHa ••••••••
 55±5 
p;JIHHa • • • • • • • • • • • 192 

BpeMII nepeaemeaaa fiapsfiaaa •. 'f .•.... 8
 
Macnrraf aanaca BO BpeMeHH. MHH/MM •.••
 2.5 
BpeMH aap;epamH BKJJIO'feHHH npasona aanaca, 'f OT 0 p;o 15 
PaOO'faH cpeaa . . . . . . . . . . . . . . . . aona, He«pTb, 

6YPOBOH paCTBOp
Macca. Kr • • • • ...	 . . 8 

fJIy6HHHLIH reJIHKCHLIH perHcTpHpYIOm;HH TepMoMeTp C MecTHoH pe
racrpanaea Tfl1-1 npenaaaaaxen ,u;JIH HsMepeHHH H aanaca rexnepary
pLI B CKBamHHe npa HCnLITaHHH 06'I>eKTOB C nOMOm;bIO HcnLITaTeJIeH 
nJIaCTOB. ITo YCTPOHCTBy H rrpannarry ,u;eHcTBHH aTOT npH60p MaJIO OT
JIHqaeTCH OT rJIy6HHHoro peracrpapyromero xaaoaerpa MfM-1. ECJIH 
K yxaaanaoay MaHoMeTpy BMeCTO CHJIbtP0HHoro pas,u;eJIHTeJIH yCTaHoBHTb 
TepM06aJIJIOH, TO YBeJIHqeHHe TeMnepaTypLI B oKpymaIOm;eH cpe,u;e npa
nener K nOBLImeHHIO ee B TellMo6aJIJIoHe H BHyTpH reJIHKCHOH npyarama. 
ITPH aTOM reJIHKCHaH npyncana pacxpysasaerca na yrOJI, nponopnao
HaJIbHLIH HSMeHeHHIO reaneparypn. 

RaK H B MaHOMeTpe, BeJIHqHHa yraa nonopora peracrpapyercn namy
m;eH HrJIOH na ,u;HarpaMMHOM 6JIaHKe. 

TepMOMeTpLI Tfl1-1, H reJIHKCHLIe peracrpapyiomae MaHoMeTpLI 
cHal)meHLI MexaHHsMoM aanepauca :eftJIIOqeHHH qaCOBOro npaaona peru
CTpan;HH, 'ITO rrOSBOJIHeT nOJIyqHTb YBeJIHqeHHLIH MacmTa6 aanaca no ape
MeHH. 

Hance npaaenena KpaTKaH xaparerepacraxa TfM-1. 

Ilpeneaa HaMepeBHH TeMuepaTypbI. °C . 30-100; 30-160 
,[\aBJJeHHe oKpymalOm;eii cpemr, KrclcM2 • p;o 600 
OCHoBHaH npaseneanaa norpemaocrs. % He60JJee ±1 
JIopor 'fYBcTBHTeJJbHocTlI. % He 60JJee 0,3 
Paaaepa naarpasoes, MM: 

mHpHHa ••••••••	 55±5 
p;JJlIHa • • • • • • . . • • 192 

BpeMH nepeaemeaas 6apa6aHa, 'f 8 
TeUJJOBaH HHepD;HoHHOCTb, MlIH • • • He 60JJee 15-20 
Macnrraf aaUHCH BO BpeMeHH. MHH/MM •••• 2.5 
BpeMH aaneparaa BKJJIO'feHHH npanona aanaca, 'f OT 0 no 15 
Pa60'faH cpep;a • • • • • • • • • • • • • • • • sona, HeiflTb, 

6YPOBOii pacrsop 
Paaaepsr, MM: 

npafiop aa 100°C 36X1950 
npafiop aa 160°C 36X1850 

Macca, Kr •••••.	 10 

Banopno-noeopomuuii xsanan 3II-146 CJIymHT ,u;JIH paaotimenaa 6y
PHJIbHLIX Tpy6 H HcnLITaTeJIH nJIaCTOB C n;eJIbIO CHHTHH peracrpapy
IOm;HMH MaHoMeTpaMH KOHe1J:HOH KpHBOH BOCCTaHOBJIeHHH ,u;aBJIeHHH 
B nponecce HcnLITaHHH. 

Ror,u;a HHCTpyMeHT cnycxaior B CKBamHHy, aarropao-noaoporaua 
KJIanaH OTKpLIT, a nOJILIH mTOKHaxo,u;HTCH B BepXHeM nOJIOmeHHH. CBOH
MH BLIcTynaMII OH BXO,u;HT B aanenneaae C BLICTynaMH aa KOpnyCHOH ,u;e
TaJIH H TaKHM 06pasOM npenorapamaerca BOSMomHOCTb saKpLITHH KJIa
nana npa npamenaa KOJIOHHLI Tpy6, TaK KaK npa spameaaa mTOKa O,u;HO
BpeMeHHO nepenaerca spameaae H xopnycy xaanaaa. 

ITPH HCITLITaHHH nJIaCTa eanopao-ncaopormra KJIanaH OCTaBJIHIOT 
OTKpLITLIM, H mH,u;KOCTb qepes OTBepCTHH B narpytise, aanepnyrox 
na nOJIHLIH mTOK, npoxonar B 6ypHJIbHLIe Tpy6LI. )];JIH saKpLITHH xnanaaa 
HeCKOJIbKO yMeHbmaIOT cmHMaIOm;yIO aarpyaxy H apamaior Tpy6LI. 
Bpamenae Tpy6 ocym;eCTBJIHeTCH npa cmHMaIOm;eH narpyaxe 5-6 TC. 
B rrpon;ecce Bpam;eHHH Tpy6 H mTOKa naTpy60K 6JIaro,u;apH CTonopaM 
BMeCTe C npo6KoH nepexemaerca nnepx, nOCJIe 15 060pOTOB OH nepexpsr
naer nearpansaoe OTBepCTHe noaoro mroxa H npexpamaer nocryn mH,u;
KOCTH B 6YPHJIbHLIe Tpy6LI. Cronopu npa aTOM BLIXO,u;HT HS aanenaenaa 
C naTpy6KoM H npH ,u;aJIbHeHmeM Bpam;eHHH Tpy6 naTpy60K CBo6o,u;HO 
spamaerca llMeCTe CO mTOKOM. 

Haace npaaeneaa HeKOTopLIe ,u;aHHLIe aarropno-noaoporaoro xnana
na 3II-146. 

Paaxepra, MM: 
BapymHbIH naaxerp 146 
p;JJHHa . • . • • . 1130 

Macca, Kr ••..••••• 139 
,IJ,ouyCTHMaH pacraranaiomas aarpyaaa, TC 67 

aUp"'yAAijUOnnbJU nsanan npeimaenasen ,u;JIH BOCCTaHOBJIeHHH npHMOH 
IIJIH 06pl;lTHOH n;HpKYJIHn;IIH B CKBamIIHe nan HcnLITaTeJIeM llJIaCTOB. ITPH 
aTOM oTo6paHHyIO B Tpy6LI npo6y nJIaCTOBOH mH,u;KOCTH MOmHO nonnarr, 
aa nOBepXHOCTb,u;O HSBJIeqeHHH HHcTpyMeHTa HSCKBamHHLI HJIH B cay-rae 
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'ra6JIHn;a 10 

PaSMephI•.MM 

Macca, HI' 
](JIHHa HapYlRlIhLIl ](RaMeTp 

YcnOBHoe 0603Ha'leHHe 

47 
KIJ;-178 

146480KIJ;-146 
178 58 

KIJ;JI-146 
500 

146 57608 

IIpmIHuaHIIH KOJIOHHLI 6ypHJILHLIX Tpy6 COS,IJ;aTL BO,IJ;HHyIO HJIII Hecfl
THHyIO (<BaHHy». B lUUI-146 IICIIOJILSYIOTCH IJ;lIpKyJIHqIIOHHLIe KJIaUaHLI 
~BYX BII,IJ;OB: TlIrra RIJ; (RIJ;-146) II KOHCTpyKIJ;1I11 JIeBIIIJ;KOrO (KIJ;JI-146). 

IJ;IIPKYJIHqIIOUHLIH ananaa KIJ;-146 BLIrrOJIUeU B 
BH,IJ;e rrepeBO,IJ;UIIKa C,IJ;ByMH IJ;IIJIIIU,IJ;pll'leCKIIMII Ka

t UaJIaMII, B O,IJ;HOM aa KOTOpLIX (coo6m;aIOm;IIMCH C 
saTpy6uLIM IIpOCTpaUCTBOM) YCTaHOBJleua npofiaa 
C rrpYiI\lIUUOH Sam;eJIKoH. IIpo6Ka aaxpenneaa 

2 aJIIOMIIHHeBoH IIIIIlIJILKOH ,IJ;lIaMeTpOM 3 HJIII 5 MM. 
)J;JIH OTKpLITIIH IJ;IIPKYJIHIJ;1I0HHOro xnanaaa 

3 BUYTPII Tpy6 COS,IJ;aIOT IIS6LITOllHoe ,IJ;aBJIeUlIe, rro,IJ; 
BOS,IJ;eHCTBlIeM xoroporo aJIIOMIIHlIeBaH mnansxa 
cpeaaerca, npofixa BLI,IJ;aBJIIIBaeTCH snepx lIS 
BTYJIKII II yneparanaerca B TaKoM . rrOJIOiI<eUHH 
rrpYiI<HUUOH Sam;eJIKoH. qepes 06paSOBaBIDlIHCH 
KaHaJI iI<1I,IJ;KOCTL aa 6ypllJILUhIX Tpy6 MOiI<eT 
rreperexars B CKBaiI<IIHY II aa CKBaiI<IIULI - B 
Tpy6hI. 

IJ;lIpKyJIHIJ;HOHUhIe KJIarraULI KOHCTpyKIJ;1I11 
JIeBIIIJ;KOrO (pac, 31) cUa6iI<eUhI nopmaea 3, 
KOTOpLIH aaxpasaer 6oKoBLIe OTBepCTIIH B KOP

'I	 rryce 1 ananaaa. "YcTaUOBJIeHHaH na nopmae rrpy
iI<lIua 4 cTpeMIITcH C,IJ;BIIUyTL nopmeas ananaaa 
BHIIS II OTKpLITL nocryn iI<H,IJ;KOCTII aa Tpy6 B 
cxnaaeaay. Ilopmeas y,IJ;epiI<IIBaeTCH B nepxnea 
rrOJIOiI<eUIIH mnllJILKOH 2, cpeaaiomeaca npa cos
,IJ;aUIIIIIIS6hITO'lUOrO ,IJ;aBJIeUIIH. B nponecce cfiopxa 
YCTaHaBJIIIBaIOT mnIlJILKY, KOTopaH npa KOU
TpOJILUOH nponepxe cpeaaerca IIO,IJ; ,IJ;eHcTBlIeM 
,IJ;aBJIeUIIH 25-30 KrcjcM2 • 

IIocJIe OTKpLITIIH IJ;UpKyJIHqllouuoro KJIarraHa 
nopmem, y,IJ;epiKlIBaeTCH B UlIiKHeM rrOJIOiI<eUIIII 
rrpyiI<IIHOH, KOTopaH ae rrOSBOJIHeT eMy [rrO,IJ;UII
MaTLCH nsepx npa 06paTHOH npoxsraae. 

B Ta6JI. 10 npaneneau xparxae ,IJ;aUHhIe 0 pac
cxorpeansrx IJ;IIPKYJIHIJ;1I0UUhIX xaanaaax. 

PHC. 31. IJ;HpKyJIHIJ;HOIIIIhrii KJIaIIaH KQJI-146. 

Haaeanoe oOOPYJl:OBaHHe, npaaeaaexoe c KIIB 

HapMY Csa60HuLIM IIcrrLITaTeJILULIM aacrpyaearox paapatioraao aa
seMBOO o6opY,IJ;OBaBlIe, acnoassyeaoe JIlI60 B nponecoe HCIIhITaulIH na 6y
pOBOH, JIlI60 AJIH rrO,IJ;rOTOBKH II 06CJIyiKlIBaulIH IICIILITaTeJIeH rrJIaCTOB. 

Ca.MAJXOOHaR nOM8aJ£ Aa6opamopUR CIIJI-l npennaaaa-reaa ,IJ;JIH 
rrO,IJ;rOTOBKH K l3KcrrJIyaTaIJ;1I11 rJIy6l1HHLIx npafiopoa K IICIIhITaTeJIHM 
IIJIaCTOB B YCJIOBIIHX paaaenosaoro 6ypeHIIH, KOr,IJ;a HCCJIeAOBaUlIe CKBa
iKlIH rrpOBO,IJ;IITCH aa SUa'lIlTeJILUOM ynanenaa OT 6aSLI. Oaa rrOSBOJIHeT 

1......./·
 

ocym;ecTBJIHTL CJle,IJ;YIOm;lIe onepanaa: ,IJ;OCTaBKy rJIy6l1uuLIX npafiopon 
K cxsaacane II rrO,IJ;rOToBKy HX K cnycxy C IICrrl>ITaTeJIHMH rrJIaCTOB, no
nepxy II rapapoaxy TepMOMeTpOB H MauoMeTpOB, BKJIIO'IaH onpeneaeaae 
rexrreparypaax norrpaaosaax KoacflcflHIJ;lIeHTOB, pacmaippoexy AlIarpaMM
HhIX 6JIaHKOB, TeKym;IIH peMOUT rJIy6l1uHLIX npafiopon, nepenon npo6 
B KOUTeHUepLI. 

060pY,IJ;OBaHlIe JIa60paTopllll MouTHpyeTcH B yTeIIJIeUUOM H OTaIIJIH
aaexox KYSOBe, yCTaUOBJIeUHOM aa macca aBTOM06HJIH rrOBLImeUUOH 
rrpOXO,IJ;IIMOCTII. 

B KOMrrJIeKT aafioparopaa BXO,IJ;HT rJIy611BUhIl) npH60pLI ,IJ;JIH IICIIhITa
TeJIeH IIJIaCTOB (8-10 mr.): peracrpapyromae reJIHKCULIe MaHoMeTpLI 
MrH-1, per-acrpapyiomae TepMoMeTphI TrH-1, peracrpapyiomae npena
SIIOHHLIe nopmaeaue xaaoaerpsr MIIII-1 H MIIII-2. qHCJIO npatiopos 
KaiK,IJ;OrO THrra II npenema HsMepeulIH saBHCHT OT YCJIOBHH IICIIhITaUHH 
H rrOCTaBJIeHUhIX sanas. Baecre Caafioparopaea rrOCTaBJIHIOT BOS,IJ;ymuyIO 
TepMOCTaTHpyIOII(YIO YCTaHOBKY T"Y-6. 

HHiKe npaaeneau aparxae TeXHH'IeCKlIe AaUUhIe CIIJI-1. 

I1cllIJlTaTeJIbHLlH ranpocrean rIIJI-1: 
AaBneHlfe, Krc/cM2 • • • • • • • • • • 11.0800 
IlPOIfSBOAllTeJIbHOCTb (sa 0AIfH xOA), CMS 20 

Bosnymaaa repaocrarapyiomaa yCTaHoBKaTY-6: 
qlfCJIO TepMOCTaTOB • • • • • • • • • • • • 2 
peryaaposaaae H IIOA,D;epmaHHe TeMIlepa-

TypbI •..•.........•••. C IIOMO~blO KOH
TaKTHbIX TepMO
MeTpOB TIIR-6 

ROHTpOJIb TeMilepaTyphl C nOMO~blO JIa60., 
paropaax TepMO

MeTpOB T JI-4 
pafioaaa reaneparypa B repaocrarax, °C 30-200 
TOqHOCTb IlOA,D;epmaHHlI TeMIlepaTypbI, °C ±0,2 
TeMIlepaTypHLIii rpaAHeHT, °C • • . . . He HHme 0,3 

CTa6HJIlfSaTOp HaIlpHmeHHH C-3C: 
HaIlpnmeHHe, B ••.... • 220 

MO~HocTb, KBa: 
HOMIfHaJIbHall ••..•..•...•.• 3 
MaKCHMaJIbHan, IlOTpe6JIHeMaH npa aarpese 4-4.5 

KOMilapaTOp AJIH paCmHcPPOBKH AHarpaMMbl R-5, 
mT.•.•••••••.••.••.•••• 1 

fpYSOIIO!l.'beMHOCTb (c yqeToM seca xyaosa), xrc 1200-1400 
Macca, xr: 

CMOHTlfpOBaHHOrO o6opYAoBaHHH 600-700 
na6opaTopHB C 06opYAoBaHHeM 4900±100 

I'afiaparmae paSMephl, MM ••... 6250 X 2350X 3100 
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rlecxorpa aa HeKOTOpLIe KOHCTpyKTHBHLIe He~OCTaTKH CIlJI-1 rna
pOKO rrpHMeH1IIOTCJI aa OTeqeCTBeHHLIX He«l>TJlHLIX H raaOBLIX MeCTopom~e
HHJlX. 

Houmeilnepu oirunapuue (pHC. 32) upezmaaaa-rensr ~JIJI orfiopa, xpa
HeHHJI, rrepeBoaKH H rrepeBo~a B arrrrapaTypy ~JIJI HCCJIe~OBaHHJI rrpo6 
rrJIaCTOBLIX mH~KocTeH, raaon H raao-mH~KOCTHLIX caecea, HaXO~lIm;HXCJI 

non ~aBJIeHHeM ~o 500 Krc/cM2. KOHTeHHep npencranaaer C060H IJ;HJIHH
~pHqeCKHH TOJICTOCTeHHLIH cocyn 1 na HepmaBerom;eH CTaJIH, K TOpIJ;aM 
xopnyca xoroporo npanapeaa ~Ba ~OHLImKa C oTBepCTHlIMH, CJIymam;HMH 
~JIJI aarrOJIHeHHJI KOHTeHHepa rrpo6oH Hero onopoamenaa. B ~OHLImKH 

I 

PIIC. 32. RomeiiHep AJIH orfiopa npo6. 

BBHHqeHLI aanopasre BeHTHJIH 2 ~JIJI repMeTHaaIJ;HH rrOJIOCTH KOHTeHHepa 
H ~JIlI coe~HHeHHJI ero npa rrOMOm;H rpydonposonos C npodoortiopaaxoa 
HJIH annaparox ~JIJI HCCJIe~OBaHHJI. 

Ilpa rpaacnoprapoaaaaa xoareaaepa aa crreIJ;HaJILHLIe BLIcTyrrLI 
aa ~OHLImKax aazteaaror aam;HTHLIe KOJIrraKH 3. ,I:(JIJI y~o6cTBa nepenocaa 
KOHTeHHep cHa6meH PYKOJlTKOH 4, mapnapao aaxpennennoa na xoprry
ce npa rrOMOm;H ~BYX XOMyTHKOB H CrreIJ;HaJILHOrO aamHMHoro ycrpoacrna. 
Paapafioraao TpH ranopaaxepa KOHTeHHepoB KJRO-4; KJRO-5; KJRO-6. 

Hance npaaeaeasr KpaTKHe TeXHHqeCKHe ~aHHLIe xonreaaepoa. 

10R0-4 R7RO-5 RifW-6 

06'beM, CM3 . • •• 400 800 800 
MaKCIIMaJIbHOe AaB

350aerrae, Krc/cM'J. 
I'afiaparmae paaxe

350 500 

phi, MM ••••• 87X199X463 100X239X543 113X239X543 

Tepuocmamupgxnuax ycmano8r;,a «Berep-I» npenaaaaaseaa ~JIJI ra
pHpOBKH H nonepxa rJIy6HHHLIx npafiopon (MaHOMeTpOB, ~H«I>MaHoMeT
pOB H TepMOMeTpOB) paaJIHqHLIX KOHCTpyKIJ;HH. «Berep-I» HMeeT Boa
~YillHYro KaMepy TepMOcTaTHpOBaHHJI C aaMKHyToH IJ;HpKYJIJll:QleH. ,I:(JIJI 
OXJIam~eHHJI OH cHa6meH yCTpOHCTBOM aapymenaa IJ;npKYJIJlIJ;HH C BLI
6POCOM ropaxero soanyxa. 

8R 

Haase npaseneaa KpaTKHe TeXHHqeCIme ~aHHLIe yCTaHoBKH «Be
rep 1». 

MaKcnMaJIbHaH rexneparypa TepMOCTaTHpOBa-
HHH, °C ..•.•........... 250
 

TO'lHOCTb nOMeplRaHIIH reaneparypu, °C . 0,15
 
Paaxepn KaMepbI TepMOCTarnpOBamIH, MM:
 

AJInHa pa6o'leii aOHbI • • • . . • . . . 1500 
AJIIIHa KaMephl • • • • . . . • • . . . . • 2000 

DpOCTpaHCTBeHHaH CTa6HJIbHOCTb TeMnepaTyp

aoro nOJIH rJIy6nHHoro npafiopa B pa6o'leii
 
aoae, °C .••...........•... ±0.3
 

'BpeMH paaorpeaa (oXJIalRAeHnJI) xaxepsr TepMO
CTaTnpOBaHHJI, MnH: 

Ha 250°C . . 30 
Ha 25°C , ......•. 3 

,Il,HaMeTpbI repaocrarapyeasrx rJIy6l1HRhlx npa
60pOB, MM •••••••• 26-42 

06m;aJI MOm;HOCTb yCTaHoBKn, KBT 6 
J'atiaparsr, MM 2500X1000X1165 
Macca, Kr ••....••••• He 60JIee 300 

.It 

s 

Cmeno CTM-l npezmaaaasea ~JIJI HacTpoHIOI TapnpOBKH rJIy6JIHHLIX 
MaHOMeTpOB B rrpOMLICJIOBLIX cJIym6ax KIIIl nepen HcrrLITaHHJlMH B CKBa
mHHe. I'pyaonaa lWJIOHKa CTeH~a cHa6meHa 3JIeKTpOABHraTeJIeM ~JIH 
Bpam;eHHJI rpyaos C aBTOMaTHqeCKHM OTKJIroqeHHeM npa KpaiiHeM HHmHeM 
HX rrOJIOmeHHH H aBTOMaTnqeCKHM BKJIroqeHHeM npa HX nozrsexe, 

Pac, 33. Hoxna parop AJIH pacIIIHcPPOBKll AnarpaMM my6nHHbIx 
MaHOMeTpOB. 

1 - rrpellMeTm.rll: CTOJUrn; 2. 9- rrpHlRHMLI;· 3 - JIyrrhl; 4 - mTaTlIB; 5 
nonepexaaa H3MepHTeJIbHaHJIHHeJ!:Ra; 6 - xaperna; 7 - npononsaan H3
MepHTeJIbHaH JIHHeJ!:Ra; 8 - aanaaa RpOHWTeJ!:H; 10 - nepenaaa nnaasa: 

11 - MHRpOBHHT. 
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HHiKe npaneneaa KpaTKHe TeXHJI1IeCKHe ,n;aHHLIe CTM-1. 

ITpeAeHM HSMepeHUH AaBHeHHH, Rrc/cM2 
BepxHri • • • • • • • • • • • • • • • • • • • • • •• 1000 
HllmHllH • • • • • • • • • • • • • • • • • • • • • •• 10 

Ocnoaaas IIplIBeAeHHaH norpemaocrs BO BceM AuaIIaSOHe 
HSMepeHlIll, % . . . . . . . . . . . . . .. . .. ±O.05
 

l!acToTa Bpa~eHllH rpyaosoa ROHOHRB, 06/MBH • • • • •• 30 

IIepeHOCl£!Jl,U xounapomop K-5 (pHC. 33) BXO,n;HT B COCTaB caMoxo,n;HOB 
nOJIeBOB JIaOOpaTopHH CIIJI-1 H npeaaaaaaxea ,n;JIlI pacmaepoaxa B no
JIeBLIX H JIaOOpaTopHLIx YCJIOBHlIX ,n;HarpaMMHLIX OJIaHKoB. 

)J;JIJI HaMepeHHJI ,n;aBJIeHHlI aa naarpaaaax npa lIOMOII\H KoMlIapaTo
pa R-5 cpaBHHBaIOT BeJIHqHHLI xoopnaaar HCCJIe,n;yeMoB TOqKH 001>eI<Ta 
na naarpaxae C BLICOKOTOq»OB HaMepllTeJIbHOB JIHHe:iiI<OB:. )J;JIJI oOJIee 
Toq»oro OTCqeTa aaaep nenyr xepea ayny. OT HSBeCTHLIX lIPHOOPOB 
nonofiaoro aaaaaseaaa xoanaparop aroro THna OTJIHqaeTClIlIpOCTOTOB: 
H Ha,n;eiKHOCTbIO KOHcTpyKn;HH, y,n;OOCTBOM 3KClIJIyaTan;HH H rpaacnop
THpOBKH. 

HHiKe lIpHBe,n;eHLI KpaTKHe TeXHHqeCKHe ,n;aHHLIe xosmaparopa R-5. 

TIpeAeHM aaxepeaas IIO oca, MM: 
IIPOAOHbHOB •• • • • • • • • • • • • • • • 
nonepesaoa . . . . . . . . . . . . . . . .
 

TOqHOCTb OTCqeTlt'-nepeMe~eBllH HSMepHTeHbHoH 
HeHRH H IIpeAM.eTHOrO CTOHllRa, MM 

I'afiaparmre paaaepsr, MM: 
6es H~lIRa ••••• 
C H~BROM •••••• 

Macca (c H~HROM), Rr • • 

200 
132 

HH

0.05 

270X223X65 
320X270X80 

5,5 

IIcDldTaTeHb llJIaCTOB MBoroI<paTHoro ,n;eiCTBUlI 

COBepmeHCTBOBaHHe CTaH,n;apTHLIx HClILITaTeJIeB IIJIaCTOB OTeqeCTBeH
HOH KOHcTpyI<n;lUI BeJIOCb B HalIpaBJIeHUU OOeClIeqeHUJI JIyqmeB lIpOXO
)l;HMOCTU aacrpyaeara B CKBaiKHHax U BOSMOiKHOCTU HeCKOJIbKUX OTKpLI
ThIX U aaI<pLIThIX nepaonos UClIhITaHUJI. B aacraryre CeBRaBHHIIH
HelflTb coanaa UClILITaTeJIb lIJiaCTOB MHOrOKpaTHOrO )l;eBCTBHlI, lIOaBOJIJlIO
m;UB BLInOJIHUTb HeCKOJIbKO saKpLITLIx U OTKphITLIXnepaonon UClILITaHHlI. 
Ha puc. 34 npaaeneaa KOMlIOHOBKa yxaaaaaoro HHcTpyMeHTa, B I<OTOpyIO 
BXO,n;lIT yaJIhI CTaH,n;apTHoro ucnhITaTeJIJI lIJiaCTOB U BHoBb·paspaooTaH
HLIe. 

ROMnoHoBKa UClIhITaTeJIJI lIJiaCTOB C paa,n;BHiKHhIM MexaHHaMoM nos
BOJIJleT nyrea oceaoro nepesremeaan KOJIOHHhI TPYO(aa 1-1,4 M) OTKphI
BaTh HJIU aaI<pLIBaTb npHeMHhIB I<JIanaH, He aapymaa repMeTHq»OCTH 
naKepOBKH. Ilepesremenae naer BoaMOiKHOCTb rarose pacxaaraaarr, UH
crpyxear B CKBaiKHHe, eCJIH BOaHHI<aeT OlIaCHOCTb ero npaxaara. Oco
oeHHocTbIO 3TOB I<OMlIOHOBKH JlBJIlIeTClI JIyqmaJl lIpOXO,n;HMOCTb UHCTpy
MeHTa B CKBaiKUHe. 3,n;ecb UClIOJIbaOBaH naxep C paa,n;BuiKHoB MeTaJIJIH
qeCKOB onopoa, nOaBOJIlIIOm;eB ,n;OCTH% repMeTJI1IHYIO lIaKepOBI< y npa 
COOTHomeHlUI ,n;uaMeTpOB CKBaiKUHLIH naxepa K = 1,19-1,22. IIpHMeHe
Hue yxaaaaaoro HClIhITaTeJIJI lIJIaCTOB B oypron;Hxca CKBaiKUHax noxaaa-

JIO ero paOOTocnOCOOHOCTb npa qeTLIpeX OTI<pLITLIX H qeTLIpeX aaI<pLITLIX 
nepnonax uClIhITaHHJI. .:J 

R paaperiorxaa nOCJIe,n;HHx JIeT OTHOCUTClI TaI<iKe onacaanoe BLIme 
yCTpOBcTBO ,n;JIlI aanOJIHeHHJI OypHJIbHhIX TPYO npa crrycxe B cKlJaiKHHY, 
OqeHb npocroe no KOHCTpyI<IJ,IDI, coanaaaoe CeBRaBHHIIHHeIflTb. 

HHiKe paCCMaTpHBaIOTCJI 
I<OHCTpYI<IJ,HH BHOBb paapafio
TaHHhIX yaJIOB HHcTpyMeHTa. 

Pa3a6~l£OU Mexal£U8M 
(puc. 35, a) npenaaaaasea 
)l;JIlI KOHTpOJIJI sa OTI<pLITHeM 

It 

5 

6 

7 

8 

9 

10 

Pac, 34. KOMIIOHOBRIl llCIIblTaTeHH 
IIHaCTOB MHOrORpaTHoro AeHCTBllH. 

1,3 - liypWIbmIe TPylibl; 2 - l\HpRYJlfl
l\HOHllblA ananaa; 4 -paSlUIIDIlHoil lIIexa
HHSM; 5 - HCIIHT3.TeJIb WIaCToB; 6
flee; 1 - rtaxep; 8 - illWIbTP; 9 - XBD

CTOBHR; 10 - onopa. 

J 

z 

1 

4 ? 

8 

z 

·9 

10 

tf 

PHC. 35. ¥SHbI HCIIblTaTeHH MaCTOB MHoro-


RpaTHoro AeHCTBBH.
 

a - pB8jUlHl1(Hoil lIIeXaHHSIII; 6 - naxep C pas
lUIID1lHOil onopoil. 
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H aaapsrraea npaexaoro H ypaBHHTeJIbHOrO KJIarraHOB B HCIIhlTaTeJIe 
IIJIaCTOB npa MHOrOKpaTHOM acnsrraaaa 06'beKTOB. Paa)l;BHiRHOH MeXa
HHaM COCTOHT na xoprryca 1, aepxnero nepesonnaaa 3, rpyaosoro 
IIITOKa 2, Tpy6KH paa)l;eJIHTeJIJI 4 H HHiRHero nepenonaaaa 5. BepxHHH 
nepeaonaax BhlrrOJIHeH C BHyTpeHHeH peab60H, a HHiRHHH - C aapyzs
HOH. AJIJI nepenana Bpam;eHHJI mTOK H xopnyc xexaaaaxa HMeIOT meCTH
rpaHHYIO noaepxaocrs. Paa)l;BHiRHOH MexaHHaM HMeeT CB060)l;HhlH XO)l; 
OKOJIO 950 MM. 

Ilasep c paai)6U3/CnOU Mema.A.ltu'lecxou onopoii (pHC. 35, 6) COCTOHT 
aa xoprryca 1, sepxaero nepesommxa 3, nepxaero mTOKa 4, peaanosoro 
:3JIeMeHTa 7, aatiopa MeTaJIJIHqeCKHX rrJIaCTHH 8, HHiRHero mTOKa 9 H HHiR

Hero nepeaonaaxa 10. PeaHHoBhlH aaexear npacoenaaea K Koprrycy 
naxepa npa rrOMOm;H )l;BYX cK06 6, aaxpsrrsrx rrpenoxpaaareasmra 
KOiRyXOM 5. 

IIocJIe cnyoxa na aa60H BepXHJlJI qaCTb naxepa onycxaerca BHHa 
no yrropa JIerreCTKoBoH onopu B HHiRHHH nepeaonnax, H npn coanaaaa 
ocesoro YCllJIHJI IImHJIbKa 2 cpeaaerca. Hopnyc H BepxHHH nepenon
HHK nepeaemarcrca BHHa H CiRHMaIOT peaHHoBhlH aJIeMeHT. Jlenecrxa 
MeTaJIJIHqeCKOH onopu npa aTOM nepexonar B ropHaOHTaJIbHOe rrOJIOiReHHe 
H qaCTHqHO nepexpsmaior aaaop MeiR)l;y naxeposr II CTeHKOH CKBaiRHHbI. 

IIpH CHJlTHH naxepa BepXHJlJIero qaCTb BMeCTe C Tpy6aMH nonaaxaer
CJI asepx , a JIerreCTKH MeTaJIJIllqeCKOH onopsr MoryT nporny'rsoa BHHa, 
qTO npanener K CHHiReHHIO ranpaanaxecaax conporaanenaa npa rrO)l;'be
Me HHcTpyMeHTa aa rrOBepXHOCTb. 

Paapatioraaa naxepu C paa)l;BHiRHOH MeTaJIJIllqeCKOH onopoii )l;JIJI 
CKBaiRHH )l;llaMeTpaMll 190- 295 MM. OCHOBHhle paauepu aTHX naxepoa 
npnsenemr B Ta6JI. H. 

Ta6JIIl~a 11 

P3aMepM peaHHoBoro P3aMepM p3anBHlRHolt 
3J1eMeHT3. MM onopu, MM 

)J;H3MeTp"YCJlOBHOC 
cKBam.HHbI,ol5oaH3'1CHHC 

MMB p315o'lCMH3pYlRHMit B HCXOl\HOM InJlHH3nH3MCTp UOJIOlRCHHH nonOlRCHHHI 
190 

180 
160 185ITl.(-146P 160 735 

214 
195 

735 180 208 
243 

220 
195 235735 

269770 220 265 

ITl.(-178P 245 770 245 290 295 

KOMrrOHOBKa HcrrhITaTeJIJI IIJIaCTOB
 
C rlf)l;paBJIll'leCKHM naxepoa
 

CTpeMJIeHHe C03)l;aTb HCIIhlTaTeJIb IIJIaCTOB C xopomeH rrpOXO)l;HMOCTbIO 
B CKBaiRHHe rrpHBeJIO It paapafiorxe BO BHlflfBT KOMrrOHOBItH HCIIhlTa
TeJIbHorO HHcTpyMeHTa C rH)l;paBJIHqeCKHM rraxepox. 

HHiRe paCCMaTpHBaIOTCJI yaJIhl yKaaaHHOH KOMrrOHOBKH. 
I'udpaenuseoxuti naxep U npucnocotiseuue i)MI, sanaxepoexii (pHC. 36, a) 

npenaaaaanaerca )l;JIJI HcrrhlTaHHH 06'MKTOB B 6YP.llm;HXCJI CKBaiRHHaX 
npa rrOMOm;H oraanapmux Klflf. IIpH coxpaaenaa TOH iRe KOMrrOHOBKH 
HCIIhlTaTeJIbHoro HHcTpyMeHTa BMeCTO naxepa MeXaHHqeCKOrO CiRaTHJI 
yCTaHaBJIHBaIOT rH)l;paBJIHqeCKHH naxep. 

IIpH cnycxe B CKBaiRHHY nopmeas 3 H mTOK 1 aacoca HaXO)l;JlTCJI 
B BepXHeM rrOJIOiReHHH H npaxpenaeaa K IJ;HJIHH)l;PY 4 nacoca mnansxa
MH 2. IIocJIe )l;OCTHiReHHJI aafioa COa)l;aIOT oce _, 
ByIO narpysxy, mrrHJIbKH 2 cpe3aIOTCJI, H rrop
nreas, nepeaemaacr, BHHa,aaraeraer iRH)l;KOCTb 
BO BHyTpeHHIOIO rrOJIOCTb rH)l;paBJIHqeCKOrO 
yrrJIOTHHTeJIbHOrO aJIeMeHTa 6 (pHC. 36, 6), KO
TOpLIH )l;e41opMHpyeTCJI)l;O corrpHKOCHOBeHHJI co 
cTeHKoH CKBaiRHHhl. IIocJIe aroro OTKphlBaeTCJI 
npaexasra xnarraa acnararena rrJIaCTOB, H 

s 
rrponecc acuuranaa 061>eKTa rrpOXO)l;HT B TOH 
iRe rrOCJIe)l;OBaTeJIbHOCTH, qTO H npa HCrrOJIbaO
BaHHH craanaprrrax Klflf. 

B KOHIJ;e acmcraaaa npa nepeaemeaaa 6y
PHJIbHOH KOJIOHHhl nsepx C HeH BMeCTe nonaa
MaeTCJI H nopnrens , BhlahlBaJi neperox iRH)l; 6 

KOCTH na BHyTpeHHeH rrOJIOCTH yrrJIOTHHTeJIb
noro aJIeMeHTa B IJ;HJIHH)l;P nacoca. B sepx
HeMrrOJIOiReHHH OH BhlXO)l;HT aa KOHTaKTa CIJ;eHT
paJIbHOH Tpy6KOH 5 H 06eCrreqHBaeT nsrpaaaa
BaHHe )l;aBJIeHHJI B IJ;HJIHH)l;pe H rH)l;paBJIHqeCKHX 
KaHaJIaX aorrstrarena. KaK rrOKa3aJI onur, 
HCrrOJIb30BaHHe nacoca 06JIerqaeT C1>eM na

Q 
xepa rrOCJIe HcrrhlTaHHH, TaK KaK B peaynsrare 

t;l 

neperoxa iRH,ijKOCTH aa yrrJIOTHHTeJIbHorO ane PIlC. 36. rIlApaBJIIlQeClmii: 
MeHTa B IJ;HJIHH)l;P nacoca rrO)l; )l;eHCTBHeM rrepe naxep C 

AJIH 
npacnocofineaaex 

nana )l;aBJIeHHJI naxep aoaapamaerca B nepno
aanaa

a -
epoaaa, 
B CKBalRHHY; 

aasansaoe rrOJIOiReHHe. BeJIHqHHa Ha6hlToquoro 
npa crrYCKC 

6 - rtoerre aarraxep onx'a. 

)l;aBJIeHHJI, norpetiaoro )l;JIJI repMeTHqtlOH naxe
pOBKH, peryaapyerca paaaepasra nonepe-raoro CeqeHHJI rrOpIIIHJI H oce
BOH aarpyaxoa OT nepexemeaaa 6ypHJIbHOH KOJIOHHhl, qTO JIerKO KOH
TpOJIHpyeTcJI C rrOBepXHOCTH. 

IIpHMeHeHHe rH)l;paBJIHqeCKHX naxepoa B craanaprnsrx KOMrrOHOBKax 
06ecrreqHBaeT repxeraxayro naxepoaxy npa aHaqH'\f:JJIbHhlX aaaopax 
MeiR)l;y CTeHKOH CKBaiRHHhl H xopnycox naxepa, qTO oseas BaiRHO npa 
ncmrranaax B rJIy60KHX CKBaiRHHaX, me HcrrhlTaHHJI 06hlquhlMH xerona
MH caaaaasr C aatiypnaaaaex ayMrr41a H nonameaasora Tpe60BaHHJlMH 
K rrO)l;rOTOBKe CTBOJIa CKBaiRHHhl. BTOpOH oc06eHHOCTbIO paapa60TaHHOH 
KOHCTpyKIJ;HH JlBJIJleTCJI OTCyTcTBHe 60JIbmHX ocenux yCHJIHH npa ycra
HOBKe naxepa. ECJIH )l;JIJI )l;e41opMaIJ;HH crannapraoro nanepyromero ane
MeHTa Tpe6yIOTcJI yCHJIHJI no 20 TC, TO B peayasrare HaMeHeHHJI nnomana 
nopmna repxeranaaa naxepoaxa C rH)l;paBJIHqeCKHM yrrJIOTHHTeJIbHhlM 
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:meMeHTOM roro me paaxepa 06eCnetIHBaeTCH npa ocenax YCHJIHHX.5- 8 TC 
HAame MeHlJme. II03ToMY CnpHMeHeHHeMnaKepoB raxoro THna no APyroMy 

. MomHO nOAXOAHTIJ K onpeAeJIeHHIO YCJIOBHH 
pa60ThI HCllhITa'l'eJIIJHOrO HHcTpyMeHTa. 

OTcyTcTBHe 60JIIJmHX ocenax aarpyaox 
npa yCTaHoBKe rHApaBJIHtIeCKOrO naxepa 
OTKphIBaeT peaJIIJHhIe BosMOmHOCTH HCnOJIIJ
SOBaHHH ero npa nOHHTepBaJIIJHOM acnura
HHH 06'beKTOB 6es onopa aa sa60H C BBeAe
HHeM B KoMnJIeKT HHcTpyMeHTa llIJIHnCOBOH 
onopsr. B 3TOM cay-rae onopa aa creaxy 
CKBamHHhI AOJImHa BocnpHHHMaTIJ TOJIIJKO 
aarpyaxy orseca KOMnOHOBKH C AByMH naxe
paxa H ycHJIHe AJIH cpesa mnHJIeK, yCTaHoB
JIeHHhIX B nacoce, Ocenoe yCHJIHe npa ne
4l0pMan;HH ynJIOTHHTeJIIJHhIX 3JIeMeHTOB B 
SHatIHTeJIIJHOH Mepe 6YAeT BOcnpHHHMaTIJCH 
caMHMH 3JIeMeHTaMH no Mepe yBeJIHtIeHHH 
IWHTaKTa co CTeHKOH CKBamHHhI. 

B aTOM HanpaBJIeHHH yme CAeJIaHhI nep
nsre npaKTH'IeCKHe mara. Ha pHC. 37, a, 6 
Hs06pameHa KOMnOHOBKa naxepnoro ySJIa 
AJIH nOHHTepBaJIIJHOrO HcnhITaHHH 06'beKTOB 
npa nOMODJ;H KI1JI. IIcnhITaHHH MoryT npo
BOAHTIJCH C onopoji na sa60H npa HCnOJIIJ
SOBaHHH crannapraux 4IHJIIJTpa H XBOCTO

. BHKa HJIH npa ycraaosxe HcnhITaTeJIH nna
CTOB na sepxnax HHTepBaJIaX C onopoa na 
crenxy CKBamHHhI. 

B OTJIHtIHe OT pacoxorpeaaoa nsnne KOM
nOHOBKH AaHHaH KOHcTpyKn;HH COCTOHT HS 
aacoca 1, nepxnero rHApaBJIH'IeCKOrO yllJIOT
HHTeJIIJHOrO 3JIeMeHTa 4, 4IHJIIJTpa 7, YAJIH
HHTeJIH (HJIH nepeaonaaxa AJIH yCTaHoBKH 

r-----1 

, 
r---I I I perHCTpHpyIODJ;HX npatiopoa) 8, HHmHero 
I
I 

I
I I

I 
I
, ynJIOTHHTeJIIJHOrO 3JIeMeHTa 9. B BepXHeM 

YllJIOTHHTeJIIJHOM 3JIeMeHTe npenycaorpeao 21 i 

a 6 TpH KaHaJIa: n;eHTpaJIIJHhIH ypaBHHTeJIIJHhIH 
KaHaJI 3, HMeIODJ;HH BhIXOA xepea OTBepCTHHPHC. 37. ROMlIOHOBKa C 

ABywf___ rH,D;paBJUllIeCKIIMll 2 B aarpyfiaoe npocrpaacrao, KaHaJI 5 AJIH 
naaepaaa, nOTOKa llJIaCTOBOH mHAKOCTH H KOJIIJn;eBOH 

a - npa CnyCR8 B CRII8lI\HHy; KaHaJI 6 AJIH mHAKOCTH, aaraeraexoa aaco6 - nocae aaII8.RepoBRH.
 
COM npa aanaxeponae.
 

B HHmHeM YllJIOTUHTeJIIJUOM 3JIeMeUTe OTcyTCTByeT KaHaJI AJIH noroxa
 
llJIaCTOBOH mHAKOCTH. IIOA HHmHHM YllJIOTUHTeJIIJUhIM 3JIeMeHTOM YCTa

HaBJIHBaIOT XBOCTOBHK HJIH maanconyro onopy. B yxaaanaoa KOMno

HOBKe npenycaorpeaa rarose BOSMOmUOCTIJ npaaeaeaaa onnoro ynJIOT

HHTeJIIJHOrO 3JIeMeUTa.
 

94 

IIpHMeHeuHe rHApaBJIHtIecKHX naxepoa AOJImHO UaRTH nrapoxoe npa
MeUeUHe npa HCIThlTaHHHX CKBamHH, 6YPHm;HXCH AOJIOTaMH 6oJIIJmorO paa
Mepa (270-320 MM), rAe npHMeueuHe 06wmhIx naxepoa CBHsaHO C 60JIL
mHMH TPYAHOCTHliH. )J;JIH TaKHX naxepoa Tpe6yIOTcH 60JILnme ocenae 
yCHJIHH npa naxepoane. BOJIlJmOH sec naKepYIODJ;HX 3JIeMeUTOB aaTpYAHH
er C60pKy HHcTpyMeuTa. )J;JIH HSrOTOBJIeUHH TaKHX 3JIeMeUTOB Tpe6YIOTCH 
npeccu 60JIIJmOH MODJ;UOCTH. HcnOJIIJSOBaUHe rHApaBJIHtIeCKHX yllJIOT
HHTeJIIJUhIX 3JIeMeUTOB nOSBOJIHT ycoBepmeucTBoBaTIJ H 06JIer'IHTIJ one
paI\HH no HCllhITaUHIO 06'beKTOB B nponecce 6ypeHHH TaKHX CKBamHH. 

Paapafioraaa TeXHHtIeCKaH AOKYMeuTaI\HH na KoMnOUOBKH rHApaBJIH
'IeCKHX naxepoa K KHH-146 AJIH nOHUTepBaJILUorO HCllhITaUHH Conopoa 
aa sa60H 06'beKTOB B 6ypHDJ;HXCH CKBamHUaXAHaMeTpaMH 190-214 MM. 

Haase npanenemr KpaTKHe TeXUHtIeCKHe AaUUhIe paapatioraaaax KOM
nOUOBOK. 

HapymmIii AHaMeTp, MM: 
Koprryca •••••••••••••• 146 
yrrJIOTHHTeJIbnOrO llJIeMeHTa • • • • ", 168 

XOA nopmaa aacoca, MM: 
rrpH OAHOM yrrJIOTHHTeJIbHOM llJIeMeHTe 1200 
rrpH ABYX yrrJIOTHHTeJIbHHX 9JIeMeHTaX 2400 

06'beM HarHeTaeMoii: »(HAKOCTH, JI: 
rrpH OAHOM yrrJIOTHHTeJIbHOM llJIeMeHTe 15 
npa AByX yrrJIOTHHTeJIbHbIX llJIeMeHTax •• 30 

Ha6HTO'lHOe AaBJIeHHe npa aanaxeponae, Krc/cM2 80 
Ocesoe yCHJIHe, Tpe6yeMoe npa aanaxeposae, TC 10 

B COOTBeTCTBHH C TeXHHtIeCKOH AOKyMeuTan;HeH, paapa60TauHoH BO 
BHHHBT, 6hIJI HSrOTOBJleH OllhITUhIH ofipaaen rHApaBJIHtIeCKOrO naaepa 
(c OAUHM ynJIOTBHTeJIIJUhIM 3JIeMeuToM). Ilpa Hcm~ITauHHero B KOMnOUOB
xe KHH-146 B oypHDJ;eHCH casaacaae rJIy6HHoH 1900 M 6hIJIH nOJIYtIeUhI 
rrepsue nOJIOmHTeJIIJUhIe pesyJIIJTaThI, nOATBepAHBnme pafioroorrocofi 
BOCTIJ cosnaaaoro yCTpOHCTBa B n;eJIOM. 

MeX8.IIH'IeCRD HCnbITaTeJIb llJIaCTOB ~HPMbI ]l;*OHCTOO 

B uaH60JIee oTpa60TauuoH KOUCTpyKI{KH naanoro HCllhITaTeJIH pac
maTHe peaanonoro naaepyiomero aJIeMeUTa oeym;ecTBJIHeTCH nOA AeHcT
BHeM seca KOJIOBHhI 6ypHJIIJUhIX HJIH uaCOCUO-KOMnpeccopUhIX Tpy6. 
Ha pHC. 38, a noxaaaa HCllhITaTeJIIJ C KOUH'IeCKHM YllJIOTBHTeJIIJHhIM 3JIe
MeUTOM. Ilpenycxorpeao npaaoaeaae TaKme I\HJIHUllpHtIeCKHX yllJIOTBH
TeJIIJUhIX 3JIeMeUTOB, nOSBOJIHlODJ;HX HCllhIThIBaTL nJIaCThI B aeaaxpennea
HhIX CKBamHuax, ne HMeIODJ;HX sYMn41a (pHC. 38, 6), HJIH B 06cameuHhIx 
cxaaaeraax C nOABeCUhIM naaepoa (pHC. 38, ~. 

,r:(JIH Bos6ymAeuHH npHTOKa HS nJIaCTa np:WteuHIOT yrrpomenayio KOM
nonosxy HcnhITaTeJIH, COCTOHDJ;YIO HS aanopnoro, rnasaoro, ypanaa
TeJIIJUOro KJIanaUOB, YllJIOTUHTeJIIJHOro 3JIeMeUTa H onopaoro HKOpH. 
KpoMe YKasaOUhIX ySJIOB, B KoMnJIeKT HcnhITaTeJIH BXOAHT aanopao
nOBopoTOhIH KJIanaU H KJIanaU AJIJI COSAaUHH aaxparoro nepaona acnsr
TaHHH. 

Banopuui; nsaruu«. Pasaepsr aanopaoro xnanaaa onpeAeJIHIOTCH naa
Me.TpOM npHMeUJleMLlX 6YPHJIIJUhIX HJIH uaCOCUO-KOMnpeccopUhIX Tpy6. 
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HapYIRHhlH ~lIaMeTp ero He )J;OJIIReH npeasnnars )J;lIaMeTp aaxaoaoro coe
)J;IIHeHlllI. RJIanaH YCTaHaBJIIIBaIOT HaJ( OCTaJIbHhlMlI ySJIaMII acnsrrarena. 
HMeIOTClI )J;Be KOHCTpyKn;1I11 roranaaa: )J;IICKOBhlH II nJIyHIRepHhlH. 

,D;IICKOBhIH KJIanaH BKJIIOlJaeT aepx
HIIH nepeBO)J;HIIK, y)J;apHIIK, BepXHIOIO 
BCTaBRy, HIIIRHIOIO BCTaBRy, )J;IICR, 
HIIIRHIIH nepeBO)J;HIIK, nrrynep. ,D;JIlI 
orxpnraa xnarraaa B 6ypllJIbHhle Tpy6hI 
aa6paChlBaIOT rpya, ROTOphlH, y~aplIH 
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PRC. 38. KOMIIOHOBKR MexaHlllfe Puc. 39. IIJIyHJKep PIIC. 40. fJIaBHhlB: RJIa
cnoro RCUhITaTeJUI UJIaCTOB cPRpMhl HHB: aaUOpHI>lH naa MexaHlllfeCKoro RC

• ,D;lKOHCTOH. KJIaUaH. UhITaTeml UJIaCTOB. 

no y)J;apHIIRy roianaaa , paspymaer )J;IICR. qepea ofipaaoaaameeca OTBep
CTlle IRII)J;ROCTb aa IIcnhlTaTeJIH nJIaCTOB II acnaruaaeuoro naacra no
erynaer B 6YPllJIbHhle Tpy6h1. 

I'atiaparu II Macca rcranaaa npIIBe)J;eHhI B Ta6JI. 12.
 
T a 6 JIll n a 12
 

.l(l'IaMeTp KOJIOHHbl 
AHaMcTp, MM I AJIHHa, MM Macca, Kr OOCanHbIX TPYO, MM I
 

121-168
60 610 31
 
121-178
 

89
 
n 603
 34
 

146-178
 
114
 

648
 46
 
762
 70
 178-244.5
 

141
 762
 112
 273-406
 

IIJIYHIRepHhlH RJIanaH (pac. 39) cpatiaruaaer TaRIRe nO)J; neiicraaex 
6oHRa, aafipacsraaeaoro C nOBepXHOCTII, II CbCTOIIT aa aepxaero rrepeson
HIIRa 1, nayaacepa 2, npYIRIIHhI 3, cronopnoro npacrrocofinenaa 4, rna
pIIROBoro aaxxa 5, mTORa 6, npYIRIIHbI 7, OCHOBHoro mapaxa 8, rnesna 9, 
xoprryca 10, HIIIRHero nepeBOAHHRa 11, 6yRCbI mrynepa 12, mrynepa 13. 

I'afiaprrru II Macca xnanaaa npIIBe)J;eHhI B Ta6JI. 13. 
T a 6 JI Il I.( a13 

AHa~JCTp IWJIOHHbI
AHaMeTp, MM AJIHHa, MM Macca, Kr OOcallHbIX TpyO, MMI ~ I
 

25,479
 121--168711
 
39,5736
108
 121-178
 

117
 864
 63
 146-178
 
146
 1091
 105
 178-244,5
 
178
 164,51219
 273-406
 

rJW61UilU nnanan. (pIIC. 40) YCTaHaBJIIIBaIOT nO)J; aanopmax II OH IIMeer 
npyxcaay 1, CepAe'lHIIR 2, HaRHAHyIO raMRy 3, xcpotiay ynJIOTHeHHlI 4, 
ROJIbD;O 5, ynJIOTHlITeJIbHYro Ha6HBRy 6, raHRy ynJIOTHeHHlI 7, rneano 
xnanaaa 8, rOJIOBRy xnanana 9, YCTPOHCTBO 10 nOJ( ruaponrax RJIa
lIaHOM (orpaaaaanaromee )J;BlIlReHHe mapa 11 n;HpRYJIlIn;lIOHHOro xnarraaa 
C rHea~OM 12, npyIRIIHoH 13) H BepXHHI1: nepeBO)J;HIIR 14. 

I'afiaparsr H Macca rcranaaa npaaeneasr D Ta6JI. 14.
 
T a 6 JI II I.( a 14
 

.l(HaMcTp KOJIOHHbI
AHaMeTp, MM AJIHHa, Macca, HrI MM TPYO, MM oocanauxI I
 

"\, 

79
 915
 25,4 121-168
 
114
 965
 45,7 121-178
 
117
 66,61118
 146-178
 
146
 116,51295
 178-244.5
 
178
 1347
 171,8 273-406
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PRC. 41. IIaKephI. 
a - THna .X; 6 - rnna G. 

997* 

T a 6 JI II I~ a 15 

!J:HaMeTp, MM I !J:JIHHa, MM I Macca, RI' I 
!J:UaMCTp ROJIOHHbI 
06Cal\HblX TPYO. MM 

79 1220 38,6 121-168 
95 1270 55,3 121-178 

108 1270 73,8 146-178 
140 1470 119,5 178-244,5 
171 1520 189,5 27:3-406 

MaRCHMaJIbHblfi 
PeRoMeHl\ye

!J:HBMeTp 
!J:HBMCTp 

Mblfi nnasrerp !J:JIHHa. Macca, HCITbITaTeJIfl 
HapYlRHhIti CH B aiHHHbI ~ MM RI' cepnesnaxa. ITJIaCTOB,

l\HBMCTP. MM MM MM MM 

95 124 1900 57.4 38 60-73 
121 149 1990 97 51 89 
168 216 2040 158 73 114 
219 270 2090 238 89 114 

TaRHe yrrJIOTHHTeJIbHbIe ,meMeHTbI BbIrrYCRaIOTClI ,lJ;HaMeTpOM 121 II 
168 MM; Macca HX COOTBeTCTBeHHO panaa 92,8 H 152,6 xr-, 

3anopHo-rrOBopoTHhlH IwarraH YCTaHaBJIHBaIOT B acrrurareae BMeCTO 
):(HCROBoro HJIH ruryaacepnoro. HJIarraH OTRpbIBaeTClI npn BpaIIl,eHHH RO

JIOHHbI TpyO (pHC. 42). 

Ta6JIIII\a 16 

YpaonUme.l/,blUilU «nanau YCTaHaBJIHBaIOT MefI(,lJ;y yrrJIOTHHTeJIbHbIM 
,lJIeMeHTOB HcrrbITaTeJIJI u ero rJIaBHbIM xnanaaox. OH COCTOHT aa sepx
nero rrepenonaaxa , IDTORa, raii:RH caJIbHHRa, yrrJIOTHlIIOIIl,eii: HaOHBRH, 
rcopnyca yrrJIOTHeHHlI H HHfImero nepeaonanna. 

Ilpn paCTlIHyTOM rrOJIOmeHHH RJIarraHa OTBepCTHlI B IDTORe BbIXO,lJ;lIT H3 
ynJIOTHeHHlI H nayrpeaaee OTBepCTHe IDTORa coeznmaerca C aa
TPYOHbIM rrpOCTpaHCTBoM CKBaiRHHbI. Ilpa ycraaoaxe acmrrarena nJIyH
jRep nepenernaerca BHHa H OOROBbIe OTBepCTHlI B IDTORe rrepeRpbIBaIOTCJI 
ynJIOTHeHHeM. 

raoapHTbI H Macca ypaBHHTeJIbHOrO xnanaaa npaaenema B TaOJI. 15. 

Ilasep muna X OObPIHO rrpHMeHHeTCJl B aeaaxpennenaon CTBOJIe CRBa
mHHbI. AJIHHa naxepyromero ,meMeHTa aaBHCHT OT napyacnoro ,lJ;HaMeTpa 
H OObI1IHO HaxO,lJ;HTClI B rrpeneaax 1,9-2,1 M (pHC. 41, a H TaOJI. 16). 
Paaacarne naxepyrornero anexeara OCYIIl,eCTBJIJleTClI non ,lJ;eii:cTBHeM neca 
ROJIOHHbI OypHJIbHbIX TPYO. Ilaxep paCC'IHTaH na MeTaJIJIH'IecRyIO orropy 
rrOCTOlIHHorO nnaaerpa. Ocodeaaocn,ro ,lJ;aHHorO naxepa lIBJIlIeTClI npn
MeHeHHe paa'beMHoii: BTYllRH, npa rrOMOIIl,H ROTOpOii: naxepyrouraii ,meMeHT 
xpenarcs R OCTOBy naxepa , 'ITO otiecne-ranaer ObICTPYIO aaaeny noapezs . 
,lJ;eHHorO nasepyromero aneneara. Hnorna peaana aarexaer B aaaop Mem
,lJ;y xopnycoa rraxepa H creaxon CRBamHHbI. AJIlI yCTpaHeHHlI aarexaaaa 
peanasr H yBeJIH'IeHHlI onopaoji rrOBepXHOCTH naxepyromero ,meMeHTU 
ObIJI paspatioraa HOBbIll: rraxep rnna G (pHC. 41, 6). 
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42. 3arropno-rroBopoTHhIe KJIarraHLI. 

ROHCTpYRl(HtI; I, 11 - ne
IIlTOR; 3, 7 - I'atiHa CaJIb

CaJIbHHHOBaJI HaOHBRa; 5 _ ROp
rroprrye CaJIbHHRa; 10 _ RJIanBH. 

RJIaIIaH l\JIJI 3aRphITOI'O nepnona HCIIhITaHHtI; 
- yIIOpHbItt nOl\IIlIfIIHHR; 

ROJIbl(O; 4 - I'atiRa CaJIbmrna; 
CaJIbHHROBaJI HaOIfBHa; 6,10 - ROpIIyC 

mTOR C IIpJIMOyI'OJIbHOIt pe3bootl; 
cOCTaBHott IIlTOR C JIeHTOqHolt 

maplIRoBhIti RJIanaH 

5 

7 

8 

:1 

10 

11 

Pnc, 
a - omta H3 nepBhIX 
penonuan; 2, 6 -
RIma; 4, 9 

nyc; 8 
6 
1,12 - IIepeBOl\HHR; 2 
3 - OIIOpHoe 
5, 11 
CaJIbHHRa; 7 
8 - troprryc; 9 

pe3bootl; 13 



IIocJIe yCTaHoBKH HCrrhITaTeJIH na Ba60e II OTKpLlTlIH rJIaBHOI'O xnana
'Ha OTKphIBaIOT aanopaua ananaa. IIpH npamenaa KOJIOHHhI Tpy6 BMecTe 
C HlIMH apamaerca aepxnaa mrox 2, KOTOp:LUi, npOBOpalJHBaHCh OTHOCH
TeJIbHO HerrO,I\BHiRHOI'O xopnyca 5, nepeaemaerca BMeCTe C HHiRHHM mro
KOM 6 BHH3, 'ITO rrpHBO,n;HT K OTKphITHIO 60KOBhIXOTBepCTHll HHiRHerO rrrro
xa, H rrJIaCTOBaH iRH,I\KOCTb xepea aTH OTBepCTHH H ~eHTpaJIbHOe OTBepCTHe 
mrorta nocrynaer B 6ypHJIbHhIe Tpy6hI. 

Qepe3 mapaxoasra ~HPKYJIH~HOHHhIllroranan npoacxomrr ~HPKYJIH-
lJ;HH rrpOMhIBO'IHOll iRH,n;KOCTH BO BpeMHcrrycxo-nozrseamax onepanaa HJIH 

npn HcrrhITaHHII nnacra. faT a 6 JIIl~a 17 . 
6apHThI II Macca xnanana npa
Be,I\eHhI B Ta6JI. 17. Barropao
nonopormrii xnanaa ,I\JIH 3aK
phITIIH rrpOTO'IHOrO KaHaJIa B 
ncrrsrrarane rrJIaCTOB H o6ecrre
lJeHHH 3arrHCH KpHBOB BOCCTa
HOBJIeHHH ,I\aBJIeHIIH BHYTPII 
IIcrrhITaTeJIH KOHCTpyKTHBHO 
BhlrrOJIHeH IIHa'Ie. 

AUaMeTp, 
MM 

AJIUHa, 
MM 

Mace a,
Hr 

AuaMeTp 
UCIIblTaTeJIlI, 

MM 

79 1524 52 60 
95 1524 60.5 73 

108 1600 87,5 89 
140 1650 147 114 
171 1830 231 141 Onna lIB nepnux KOHCTpyK

~lIll xnarrana H306paiReHa na 
pHC. 42, a. Oco6eHHOCTb nan

HOll KOHCTPYK~HH - MIIHHMaJIbHOe 'IIICJIO Bpam;aIOm;HXCH ,n;eTaJIell. 
n pa 3aKphITHH KJIarraHa, ocym;eCTBJIHIOm;eMCH npamenaex KOJIOHHhI 
~py6, npamaerca BepxHIIB rrepeBO,I\HHK H nepxaaii mrox, npa aTOM 
HlIiRHlIll mrox, HMeIOm;Hll umoaxy, rrepeuemaerca TOJIbKO no OCII 
naepx. AJIH YMeHbmeHIIH TpeHIIH MeiR,n;y HerrO,I\BlIiRHhIM onopasnr 
ROJIb~OM II Bpam;aIOm;HMCH BepXHHM nepeBO,I\HHKOM yCTaHOBJIeH ynopnsrji 
nonmarraax. 

RJIarraHhI BhIrrYCKaIOTCH ,I\HaMeTpoM 89 H 114MM H ,I\JIHHOH B pacTHHyTOM 
nOJIOmeHHII COOTBeTCTBeHHO 1724 H 1467 MM. Macca HX panna 94 II 151 KI'. 

rH,n;paBJIH<mcK:uii: aensrrarem, nJIaCTOB qmpMhI ]l;iROHC'I'OH 

fHApaBJIH'IeCKHB IICllhITaTeJIb rrJIaCTOB ,pHpMhI AiROHCTOH, mnpoxo 
pacnpocrpaaenasra BeIDA, rr03BOJIHeT ortiaparr, 06pa3~hI rrJIaCTOBOB 
iKIIAKOCTII, onpeneaarr, r~pOCTaTH'IeCKOe ,I\aBJIeHHe rrpOMhIBOlJHOB 
iKH,I\KOCTII B 3aTpy6HOM rrpOCTpaHCTBe. BhIHBJIHTh aKcrrJIyaTa~HOHHhIe B03
MOiRHOCTH acrrursraaeuoro nnaora - ero reaneparypy, ,n;aBJIeHHe H ,I\PY
rae napaaerpsr. McnhITaTeJIh onYCKaIOT B CKBaiRHHY aa 6ypHJIbHhIX HJIII 
nacocao-xoanpeccopmrx rpyfiax. 

Ha pHC. 43 noxaaaaa cxesra pa60ThI rH,n;paBJIlIlJeCKOrO HcrrhITaTeJIH 
IIJIaCTOB ,plIpMhI AiROHCTOH. IIoJIoiReHHe A cOOTBeTcTByeT cnycxy II nO,I\1>
eMy HHcTpyMeHTa; xnanaa HcrrhITaTeJIH 3aKpbJT, a ypaBHHTeJIbHhIB KJIa
nan OTKphIT. B rrOJIOiReHHH B ypaBHHTeJIhHhIB xnanan 3aKphIT, a .npaesr
HhIB KJIarraH IIcrrhITaTeJIH CJIerKa npHOTKphIT, 'ITO COOTBeTcTByeT HalJaJIh
HOMy nepHOAY nparoxa. IIpH rrOJIHOM OTKphITHH xnanaaa ofiecne-raaa
eTCH HOpMaJIhHhIB peiRHM nparoxa. IIoJIoiReHHe B - npHeMHhIB xnanaa 
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HcrrhITaTeJIH nOJIHOCThIO 3aKphIT, COOTBeTcTByeT aaxpuroxy rrepaony 
HcrrhITaHHH. IIoJIoiReHHe r - ypaBHHTeJIbHhIB xnanaa OTKphIT, II HH
crpyaenr rOTOB ,I\JIH norrsexa aa noaepxnocrs. 

-r-

Pnc. 43. Patio-rae nOJIO
meHnR: ranpaaaasecaoro 
IlCnhITaTeJIR: nJIaCTOB IPllp-

Mhl )l;moHCTOH. 
1 - TopM03Hall HaMepa; Ii! 
npueMHblH xnanaa HCIIblTa
TeJIII IIJIaCTOB; 3 - ypaBHI'I-

TeJIbHhll!: xnanaa. 

3 

A 5 fJ r 

He06xOAlIMO OTMeTHTb TpH OC06eHHOCTH B KOHCTPYK~IIH HCrrhITaTeJIH 
rrJIaCTOB ,pltpMhI AiROHCTOH, KOTOphIe OTJIHlJaIOT ee OT ,n;pyrHx rrO,n;06HhIX 
HHCTpyMeHTOB. 

IJ;eHTpaJIbHbIBKaHaJI B mroxe HCnhITaTeJIH rrJIaCTOB rr03BOJIHeT npoxa
"'IHBaTb iRH,I\KOCTb lJepe3 HHcTpyMeHT B nonnaaepnoe rrpOCTpaHCTBO CKBa
lliHHhI. 8TO naer B03MOiRHOCTb BOCCTaHaBJIHBaTb ~HPKYJIH~HIO 6YPOBOrO 
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PIIC. 45. Besonac-
HhIII 8aMOK. 

1 - MYlPTa; 2 - Bepx
aee yIIJIOTHeHHe; 3
HHrnHee yrrJIOTHeHHe; 
4 - HHrnHHfi HHIIlleJIb. 
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PilC. 46. I'anpaaarrsecxaa ace, 
a - B paCTRHyTOM IlOJIOrneHlIH; 6 - B crnaTOM IIOJIOrneIDlll. 

Pnc. 44. :QilPKYJIfl~1I0HHhIii KJIa
nan. 

pacraopa B CRBamHHe IIOCJIe HCIIbITaHHH 06'1>eRTa HJIH C03~aBaTb <<HerpTH
HyIO BaHHy» B CJIy'Iae IIpHXBaTa UHcTpyMeHTa. KpoMe TOrO, IIO I.J;eHTpaJIb
HOMy RaHaJIy MOmHO 3aRa'IUBaTb mU.n;ROCTb B IIpU3a60HHyIO 30Hy IIJIaCTa. 
'ITO O'IeHb BamHO IIpU IICIIbITaHHU HII3ROIIpOHUI.J;aeMbIX IIJIaCTOB, xorna 
Tpe6yeTcH RUCJIOTHaH 06pa60TRa HJIII rlI~paBJIII'IeCRHH pa3pbIB. 

OIIbIT IIORa3aJI, 'ITO IIpH OTRpbITHII IIpHeMHOrO RJIaIIaHa HCIIblTaTeJIH 
nJIaCTOB npOIICXO~HT paapyrrrenne ynJIOTHeHHH aa mTORe, II repxe'ras
HOCTb xnanaaa aapymaerca. 

Bropas oc06eHHOCTb paCCMaTplIBaeMOH ROHCTpyRI.J;UU - 6bICTpoe 
npoxoacneaae ynJIOTHeHIIHMU OTBepCTIIH npaennoro RJIaIIaHa. 8TO ~O
CTuraeTCH npaaeneaaea xoprryca TOpM03HOH xasrepsr nepexeaaoro ce
'IeHUH. Horna nopmens ee nepeuemaerca no cyxtearroay Ce'IeHUIO ROp
nyca , CROpOCTb ero MaJIa, a IIpU ~OCTlImeHUUpacmapeanoro Ce'IeHUH CRO
POCTb pe3RO B03paCTaeT, ynJIOTHeHIIH mTORa 6bICTpO IIPOXO~HT OTBepCTUH 
npueMHoro RJIanaHa U OCTaIOTCH B pa60Tocnoc06HOM COCTOHHUU. 

'I'persea oc06eHHOCTbIO ROHCTpyRI.J;IIU HBJIHeTCH pe3b60BOH 3aMOR 
~JIH 3aRpbITUH npaennoro xnanaaa. B ROHI.J;e ncmrraaaa, xoma He06
XO~IIMO aaxpsrrr, nplIeMHbIH RJIanaH, npamaror ROJIOHHy Tpy6. TaR RaR 
xopnyc acnurarena nJIaCTOB, meCTRO cBH3aHHbIH C OCTaJIbHbIM UHCTpy
MeHTOM, OCTaeTCH Heno.n;BumHbIM, TO BepXHUH mTOR UCnblTaTeJIH, UMeIO
m HH JIeHTO'IHyIO peastiy, nepesrentaerca nnepx , yBJIeRaH aa C060H II Hum
HUH mTOR. B pe3YJIbTaTe IIpHeMHbIH RJIanaH aaxpsmaerca (puc. 43, B). 
OTRpbITb ero MOii\110 TOJIbRO nOCJIe pa360pRII na nOBepXHOCTII. 8TO npe
noxpanaer oT06paHHyIO rrpofiy nJIaCTOBOH mU~RocTII 01' nepeaemaaaaaa 
C 6YPOBbIM paCTBOpOI\L 

HaII60JIbmee pacnpocrpaaenae B 3apy6emHoH npaRTIIRe nOJIy'IUJIH 
acnsrrareaa nJIaCTOB rpHPMbI )J;mOHCTOH ~uaMeTpOM 89 U 114 .M.M. 

B ROMnJIeRT acnsrrarena BXO~HT CJIe~YIOmlIe OCHOBHble Y3JIbI. 
I{uPliY.!LR/.fuo1U£bul nsaruuc IIcnOJIb3yeTcH npn UCIIbITaHUHX B He3a

RpenJIeHHOH cRBamlIHe II YCTaHaBJIIIBaeTCH B caMbH nepxnefi 'IaCTU IICnbI
TaTeJIH IIJIaCTOB (puc. 44). QT06bI BBeCTII B .n;eHcTBlIe I.J;lIpRyJIHI.J;UOHHbIH 
RJIanaH, B ROJIOHHy 6ypllJIbHbIX UJIH nacocao-aoxnpeccopmrx Tpy6 3a
6pacbIBaIOT 60eR 2, non B03~eHcTBlIeM xoroporo rlIJIb3a 6 npacrrocofine
HIIH oTrlI6aeTcH, oCB060m~aH BTyJIRy 3. TIoCJIe.n;HHH nepeMemaeTCH BHlI3 
H OTRpbIBaeT OTBepCTIIH 5 B 60ROBOH CTeHRe xoprryca 1, 06eCne'IHBaH 
C006meHIIe Mem~y 3aTpy6HbIM npOCTpaHCTBoM H BHyTpeHHeH nOJIOCTbIO 
6ypUJIbHbIX Tpy6. K ROJIOHHe 6yplIJIbHbIX rpyf RJIanaH IIpHcoe.n;HHHeTCH 
npn noMOmU HlImHero nepenonmrxa 4. IJ;UPRYJIHJJ;IIOHHbIH RJIanaH 
MOIRHO BRJIIO'IaTb B ,JII060e BpeMH II na JII060H rJIy6lIHe, He3aBHClIMO OT 
roro , yCTaHOBJIeH naxepyiomaa :meMeHT IIcnbITaTeJIH IIJIII Her. 

Beeonacuuii easunz (pHC. 45), BblIIOJIHeHHbIH B BH~e nepeaonanxa , co
CTOIIT H3 ~BYX OCHOBHbIX ~eTaJIeH, COe~IIHeHHbIX Mem~y c060i1: cnenaans
HOH pe3b6oH, 'ITO ~aeT n03MomHOCTb JIerRO OTBIIH'IIIBaTb IIX B CJIy'Iae 
npaxnara IIHcTpyMeHTa na 3a60e. 3aMOR n03BOJIHeT rrepenasars nOJIHbIH 
MOMeHT BpameHIIH H crrocofien npOTIIBOCTOHTb JII06bIM yCIIJIIIHM, B03HIIRa
IOmIIM B nponecce IICIIbITaHIIH. 

FUOpa6.tLU'leCliUU RCC (pIIC. 46). Oc06eHHOCTbIO ROHCTpyRJJ;IUI ru~paB
JIII'IeCROrO acca , npaaenaeaoro B ROMIIOHOBRe ncnurarena I1JIaCTOB 
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«f>lIpMhI ,D;iROHCTOH, HBJIHeTCH cneuaansnas xaxepa , aarrOJIHeHHaH BHaKO:ll 
iRlI~KOCTblO (06hI'IHO MIIHepaJIbHhIM MaCJIOM). RaMepa paaneaeaa aa nne 
lJaCTII nopmnex 4, KOTOpblH rrpyiRlIHOH 5 npnarar K yrropy mTOKa 3. 
BepxHHH lJaCTb K3.MephI 2 MeHbmero naaaerpa , lJeM HIIiRHHH lJaCTb 6. IlpII 

pacxaaraaanna lIHCTpyMeHTa, Kor~a KOp
nyc 1 acca nepeaemaerca nnepx, nopmeas 
HaXO~IITCH B sepxnea xacra KaMephI, II 
iRlI~KOCTb lIa HlIiRHe:ll lJaCTlI ee nporexaer 
nnepx no HeaHa1JlITeJIbHOMY aaaopy MeiR~y 

nOBepxHocTHMII nopmaa II xasrepsr. Hs-aa 
60JIbmlIX rlI~paBJIIIlJeCKIIX conpornane
HlIll, BoaHIIKalOm;IIX npa neperoxe iRlIk 
KOCTlI, nepeuemeaae xoprryca TopMoalITCH 
II rrpOIICXO~llT HaTHiRKa npnxnaneaaoro 
IIHcTpyMeHTa. RorAa nopnrens nonanaer 
B HlIiRH1010 pacmapeanyio lJaCTb KaMepbI, 
xopnyc nepexemaerca cB060AHO II npoac
XO~IIT ynap no nplIXBalJeHHOMY IIHCTpy
MeHTy. ,D;JIH naaeceaaa osepennoro ynapa 
aacrpyxenr orrycxaior, nopmeas, CiRlI
MaH npyrxany , OTXOAIIT OT yrropa mTOKa 
II cB060~HO nponycxaer iRlIAKOCTb B 
HlIiRH1010 xacrr, xaxepu. Ilocne ::lTOrO 
onepanan rrOBTopHIOTCH B TO:ll iRe rrOCJIe
~OBaTeJIbHOCTII. 

CIIJIa ynapa acca perynapyerca CKO
POCTblO nom.exa IIHcTpyMeHTa. Ha-npax
TlIKe ClIJIa yrrapa ~OCTlIraeT aHalJlITeJIbHhIX 
BeJIlIlJIIH (no 63,5 TC). Orpaaaxenae BeJIII
'IlIHhI npanaraexoa CIIJIbI BhIaBaHO He 
rrpOlJHOCTblO acca , a rrpOlJHOCTblO peas
60BblX coe~IIHeHIIH B KOJIOHHe rpyfi llJIII 
.n;pyrlIX yaJIOB IIcrrhITaTeJIbHOrO IIHCTpy
MeHTa. 

Banopno-noeopomnuii xsanan, Ha 
pnc, 47 asotipazaeasr TpII rrOJIOiReHlIH 
xnanaaa npn nponeneaaa IIcrrblTaHIIH B~ 
CKBaiRlIHe.~i B HalJaJIbHhI:ll nepaon IIcnbITaHIIH 
(pIIC. 47, a) OTBepCTIIH xnanaaa OTKphIThI,

il II iRlI~KOCTb aa unacra , rrpoH~H xepea IIC
i mrrarens no IJ;eHTpaJIbHoMy KaHaJIy B 

mTOKe, nonanaer B rpytiu, 
. .. B KOHn;e nepnona npnroxa ~JIH onpe-

PHe• 47• Tp exn03Hl\UOlIHhlIl u u 

3anopHo-noBopoTHbIII RJlarraH. ~eJIeHllH aa60lIHoro ~aBJIeHIIH aaKpblTOII 
CKBaiRlIHbl KOJIOHHy Tpy6 npOBOpalJlI

BalOT Ha rueCTb 060pOTOB HarrpaBO. IlPlI Bpam;eHlllI KOJIOHHhI BepXHII:ll 
Cep~elJHllK aanopHo-noBopoTHoro KJIarraHa Bpam;aeTcH BHYTPlI OCHOB
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aoro xopnyca , a HlIiRHlIll nopeaemaercs nnepx, rrepexpunaa nnycx
mre OTBepCTIIH (pac: 47, 6). ECJIlI He06xoAlIMa 06paTHaH IJ;lIpKYJIHn;lIH 
rrpOMbIBOlJHOll iRlIAKOCTlI AJIH lIaBJIelJeHlIH orofipannoii rrJIaCTOBOll 
npotiu, AeJIalOT erne narr, 060pOTOB aanpaao , lJT06bI 60KoBble ornepcraa 
nrroxa rrepeMeCTlIJIIICb naepx II paCrrOJIOiRlIJIlICb nporan npoasmoxaax 

oTBepCTlI:ll. 
qepea OTBepCTlIH nocrynaer rJIlIHlICTbIH pacrnop aa KOJIbn;eBOro npo

crpanorna B 6yplIJIbHbIe Tpy6bI (pac. 47, 8). Ileperox npenpamaerca , xor
na AaBJIeHlIH B KOJIOHHe 6yplIJIbHbIX Tpy6 II B KOJIbIJ;eBOM rrpOCTpaHCTBe 
cpaBHHIOTCH. Toma npenearep aa YCTbe CKBaiRlIHbI saxpsmaior II BKJIIO
lJalOT aacoc C OlJeHb He60JIbmOll nonasea rrpOMbIBOllHOll iRIIAKOCTII B MeiR

rpyfinoe rrpOCTpaHCTBO. TaKlIM rrpIIeMOM 06ecrrelJIIBalOT 06paTHylO npo
MbIBKYII BbIHOC npofisr na rrOBepXHOCTb. Hacoc OTKJIlOlJaIOT, xoma He«f>Tb, 
raa lIJIlI rrJIaCTOBaH BOAa noxaacyrca aa rrOBepXHOCTII. Ilocne rrOHBJIeHIIH 
lJlICToro 6ypoBoro pacrnopa npenearep OTKpbIBaIOT II rroAHIIMalOT KOJIOH
Hy 6ypIIJIbHbIX rpyf BMecTe C acnstrarenex aa rrOBepXHOCTb. 

BJIarOAapH rrplIMeHeHIIIO aarropHo-rrOBopOTHoro KJIarraHa ycrpaaa
eTCH onacaocrr. BoaHlIKHOBeHIIH nozsapa aa 6ypOBOHnpa IIaBJIelJeHIIII KO
JIOHHbI Tpy6, TaK KaK npa 06paTHO:ll npoaunxe iRUAKOCTb lJepea YCTbe
nyio rOJIOBKy BbICOKoro AaBJIeHIIH nocrynaer B cnenaansuyio eMKOCTb 
II nonumaerca TOlJHOCTb aaMepa 06'beMa OT6IIpaeMOH npa IIcrrblTaHIIII npo
6bI iRlIAKOCTII. B onysae aHOMaJIbHO BbICOKoro aa60HHoro AaBJIeHIIH ofiec
rrelJlIBaeTCH 6bICTpbI:ll nepexon aa YTHiReJIeHHblH 6ypOBOll paCTBOp. lIH
crpyaenr MOiRHO rrOAHlIMaTb KaK AHeM, TaK II HOlJblO 6JIarOAapH TOMy , 
lJTO na YCTbe CKBaiRlIHbI IIMeeTCH rOJfOBKa aacoxoro AaBJIeHIIH II Tpy6bI 
rrOAHIIMaIOT, OCB060iRAeHHbIe OT npofist rrJIaCTOBOH iRIIAKOCTII. 

RpOMe roro , 06ecrrelJIIBaeTCH rrOJIYlJeHlIe 60JIee lJIICTOrO ofipaana nna-

CTOBOH iRIIAKOCTII. 
"YCTaHaBJIIIBaeMbIH aa HlIiRHeM KOHn;e mTOKa aarropHo-rrOBopOTHoro 

xnanana rna PlIKOBhI:ll IJ;lIpKYJIHIJ;IIOHHhIH xnanaa rrOaBOJIHeT rrpOBOAIITb 
npmryro rrpOMhIBKY CKBaiRlIHbl HeaaBlICIIMO OT pacrrOJIOiReHIIH 60KOBhIX 
nrrycxaux OTBepCTIIH B mTOKe xnanana. AJIH aroro nonumaror AaBJIeHlIe 
BHyTpII xnarraaa , mapIIKOBhIH xnanaa OTKphIBaeTCH II nponycxaer iRlIA
KOCTb BHIIa B acmaraTeJIb rrJIaCTOB. 

B COBpeMeHHhIX KoMrrOHOBKax IIcrrbITaTeJIH rrJIaCTOB «f>lIpMbl AmOH
CTOH, xpoxe pacCMOTpeHHoro ssmre AByxrroaIIn;IIOHHoro KJIarraHa, npa
MeHHeTCH lJeTbIpeXrroalIn;IIOHHhI:ll aarropHo-rrOBopOTHblH xnanan , KOTOpbI:ll 
rrOaBOJIHeT BhIrrOJIHHTb ABa aaxpsrrrax II ABa OTKphITbIX nepnona acrrsrra
HIIH 06'beKTa. TaK 11m, KaK II orrlIcaHHbIH nsmre , ::lTOT xnanaa rrplIBOAIITCH 
B ~eHCTBlle nyrea npameana 6yp1IJIbHO:ll KOJIOHHhI C rrOBepXHOCTlI, C no
CJIe~YIOm;eH BbIp;epIKKOll, He06xo~IIMOii ~JIH peracrpauan nponecca ray
6lIHHhIMII MaHOMeTpar.m. IlplI IIcrrbITaHlI1I 06'beKTa xnanan aaHIIMaeT 
CJIe~YIOm;IIe lJeThIpe rrOJIomeHIIH: OTKpbIT (npn cnycxe B CKBaiRlIHY II Boa
6YiR~eHIIII rrpIITOKa na nnacra), aaxpsrr (HalJaJIbHhIll aaKphIThIH nopaon), 
OTKphIT (nepnon npnroxa) II aaxpur (KOHelJHhIH aaKphIThIH rrepIIO~). 

"YKaaaHHbIH KJIarraH yCTaHaBJIIIBalOT rro~ n;lIpKYJIHIJ;IIOHHhIM KJIana
HOM. IlocJIe Boa6YiR~eHIIH rrpIITOKa lIa rrJIaCTa, Kor~a nplIeMHbIll KJIarraH 
B lIcnhITaTeJIe rrJIaCTOB OTKphIBaeTCH, II He60JIbmOH nayabI (2-3 MIIH) 
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rrOBopOTOM ROJIOHH.bI nnpano na TpH 060poTa aarropHO-rrOBOpOTHhIH RJIa
nan aaRphIBaIOT, H perHcTpHpyIOrn;He MaHOMeTp.bI, YCTaHOBJIeHHhIe B 

<pHJI.bTpe H non RJIarraHOM, perHCTpHpyIOT 
HaqaJIbHYIO RPHBYIO BOCCTaHOBJIeHHJl naane-
HHJl. ~aJIbHeHillHM rrpOBOpOTOM ROJIOHHhI aa TpH 060pOTa 
roranaa OTRpbIBaIOT, H MaHOMeTpbI aarrHChIBaIOT RPHBYIO 
rrpHTORa. IIOBOpOTOM 6ypHJIbHbIX Tpy6 eIIJ;e na narr, 
060POTOB xnanaa aaRphIBaIOT, H MaHOMeTphI peracrpn, 
PYIOT ROHeqHYIO RPHBYIO BOCCTaHOBJIeHHSI p;aBJIeHHJl. 
KOHCTPYRTHBHO qeThIpeXrrOaH~HOHHbIH RJIanaH MaJIO 
OTJIHqaeTCJl OT p;ByxrroaH~HOHHOro. 

KOM6ultupoealtltbLU euhpaenuuecxuii ucnumameu. 
ruacmoe ¢UPMbl, J(~OltCmOlt (pHC. 48) JlBJISleTCSI ROM
6HHa~HeH 06hIqHOrO rHp;paBJIHqeCROro HcnbITaTeJIJl una
CTOB H rrOBopOTHoro RJIarraHa. 

J . IIocJIe yCTaHoBRH HcrrbITaTeJISI na aafioe CRBamHHbI 
H p;e<popMa~HH yrrJIOTHHTeJIbHOrO anexeara p;aJIbHeH
mee YBeJIHqeHHe ocenoii aarpyana npnaonur R oce
BOMy rrepeMeIIJ;eHHIO nrroxa IICrrhITaTeJISI 3. ~BHmeHHe 

ero BHlIa TopMOaHTCJl rrpH nOMorrJ;II rHp;paBJIlIqeCROrO 
pene BpeMeHH. IIPH p;BHmeHHII mroxa mHp;ROCTb na 
HHmHeH aOHbI 7 qepea RaHaJI MaJIOro CeqeHHJl 5 nepere
xaer B BepXHIOIO aOHY 4. B peaynr.rare aroro aaxpstna
IOTCJl OTBepCTHJl ypaBHHTeJIbHOrO RJIarraHa 10 H OTRphI
BaIOTCH oTBepcTHH xnanaaa HcrrbITaTeJIH 9. JRHP;ROCT.b, 
Haxop;Hrn;aHCH non naxepoa, sepea OTRPblBillHHCSI RJIa
nan yCTpeMJIHeTCH B 6ypHJIbHhIe Tpy6.bI. 

~JIH ooecneqeHHH aanpsrroro nepnona HcrrbITaHHSI 
7	 npoaeprsmaror ROJIOHHy Tpy6 anpaao aa qeThIpe 060

pora. BMecTe C ROJIOHHOH BpaIIJ;aeTCSI BepxHHH nepe
BOP;HHR 1, HMeIOIIJ;HH rrpSlMoyrOJIbHyIO peasdy , a nrrox 
IICnhITaTeJIH, coep;HHeHHhIH C xopnycoa 8 HcrrhITaTeJISI 
nmoaosmrx coep;HHeHHeM 2, nepexernaerca nsepx H 
aaxpsmaer OTBepCTHH xnanaaa HCn.bITaTeJISI. IIo HCTe
'IeHHH onpenenennoro cpoxa , BO BpeMH xoroporo BOC
CTaHaBJIHBaeTCH p;aBJIeHHe B soae HcnhITaTeJIH, aaRJIIO
'IeHHOHnon RJIarraHOM, ROJIOHHy Tpy6 HaTSlrHBaIOT, nrrox 
lIcnhITaTeJISI rrepeMeIIJ;aeTCH nnepx. B ropxoaaoji xaxepe 
OTRphIBaeTCJl p;OnOJIHlITeJI.bHhIH ROJIb~eBOH RaHaJI 6, 
qepea ROTOpbIH mlIp;ROCTb lIa nepxaeii aOHhI cB060P;HO 
neperexaer B HlImHIOIO, 6JIarOp;apH qeMy nrrox 6ea 
ropaozseaaa rrepeMeIIJ;aeTCSI nnepx 11 OTRphIBaIOTCH OT

BepCTlIH ypaBHlITeJIbHOro RJIarraHa. 3aTeM ncnsrraTeJIb 
IIaBJIeRaIOT na rrOBepXHOCTb. 

Puc. 48. flIJ:\paBJIWleCRUii HCIIhITaTeJIb IIJIaCTOB (Tuna C). 

K rrpeHMYIIJ;eCTBaM aroro IICrrhITaTeJISI rrJIaCTOB OTHOCHTCH rrocrenea
HOe CHlImeHlIe p;aBJIeHHSI non naxepoa , TaR RaR yCTpaHHeTCH saxynopxa 
QTBepCTIIH onopnoro HROpH. 

KOM6lIHlIpOBaHHhIH IIcnbITaTeJIb 6hIJI paapatioraa C ~eJIbIO ynpome
HHSI ROMnOHOBRII IIcrrbITaTeJIbHOrO IIHcTpyMeHTa II BMeCTe C naxepou , 
4JHJIbTpOM H rJIy6HHHhIMH perHCTpYIOIIJ;HMII MaHOMeTpaMH ofipaayer nOJI
HyIO ROMnoHoBRy HHcTpyMeHTa P;JIH nponeneaaa IIcnhITaHlIJl 061>eRTOB 
B 6YPSlIIJ;eHCSI CRBamHHe. 

Ilanep, 3a nocnenaee BpeMSI naxepu R HcnhITaTeJISlM nJIaCTOB ROH
CTpyRTHBHO CYIIJ;eCTBeHHO yaysrrreasr. IIPH yCTaHoBRenaxepa YBeJIlIqeHa 
nJIOIIJ;ap;b onopsr , 6JIarop;apSl qeMy ROJIb~eBOe npOCTpaHCTBO, nonneaca
mee ynJIOTHeHHIO, YMeHbillaeTCJl. Yp;aqHhIM pemeanex, nOaBOJISlIOIIJ;HM 
YMeHbmaTb aasop Memp;y MeTaJIJIlI'IeCRHMH p;eTaJIJlMH naxepa II CTeHROH 
CRBamIIHhI, cnenyer npaaaars npmreaenne MeTaJIJIlIqeCROH pacmapa
IOIIJ;eHCSI <<JIerreCTROBOHl} onopsr (pIIC. 49). BOJIbmOe WCJIO ROHHqeCRHX 
CTaJIbHhIX rrJIaCTHH, nasu B ROTOphIX CMeIIJ;eHhIOTHOCHTeJIbHO npyr npyra, 
06ec:rreqHBaeT lJaCTHlJHOe rrepeapsrrae ROJIb~eBOro saaopa B CRBamHHe. 
IIPH pacmapeaan naxepa rrJIaCTHHbI BbmpSlMJISlIOTCSI II cymIIBaIOT yxa
aaHHhIH aasop. 8TOT TaR naabIBaeMbIH B06-TeHJI-IIaRep HarOTOBJISleT 
<plIpMa ~monCTOH CJIep;YIOIIJ;IIX pasaepon (Ta6JI. 18). 

T a 6 JI II ~ a 18 

,I:(HaMeTp JIerreCTRoBoft onopsr, MM 
,I:(HaMeTp 

l~HaMeTp C1mamHHhI, MM yrrJlOTHHTeJIbHOrO 
8JIeMeHTa, MM B CBO(50)J;HOM 

nOJIOllleHHH rrOCJIe )J;eilJopMa~Hll 

146-159 121 143127 
159162-172 146 132 

175-184 146 138 172 
156191-194 168 187 

197-210 168 160 194 
213-219 184 170 210 
222-229 184 175 216 
2:~2-241 183203 229 
245-254 203 191 241 

KaR BHP;HO na Ta6JI. 18, npn p;e<popMa~HlI pacmaparomejrca onopsr 
ee p;HaMeTp YBeJIlIlJlIBaeTCH no TaRIIX paauopon, 'ITO aaaop Memp;y onopoa 
II CTeHROH CRBamHHbI COCTaBJISleT OT 1,5-2 no 5-8 MM. IIPH TaRHX aa
aopax naRepYIOIIJ;HH anexen'r cnocotiea B.bIp;epmaTb aHalJIITeJIbHhIe ne
perransr p;aBJIeHHH H patiorarr, 6ea aaTeRaHIIH peanmr. 

B 3TOll RonCTpYR~IUI 06paIIJ;aeTna ce6S1 BHHMaHHe yp;06Hoe xpenneaae 
nanepyromero 3JIeMeHTa. Bepxnaa ROHe~ ero qepea MeTaJIJIHqeCRYIO ap
MaTypy npHRperrJIeH R Ropnycy naRepa rrpH rrOMOIIJ;H p;ByX 60JITOB H 
paa1>eMHoft BTyJIRH. IIPII TaROM rrpaanane xpenneaaa He rperiyerca spa
meaae HHcTpyMeHTa II aaxena rraxepyromero 3JIeMeHTa JIerRO ocymecra
JIHeTCH aa MOCTRax 6YPOBOiL 

Ileptpopupoeannuii snop» CJIymHT P;JIH npoxona mlIp;ROCTH Ha nnacra 
B acnsrrarenr, II BocnpHHIIMaeT 60JIbillHe CmHMaIOIIJ;lIe yCIIJIIISI, rr03ToMY 
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OH H3rOTOBJIHeTCH H3 nsrconorrposnsrx Tpy6. B paccxarpaaaeaoa KOMrrO
HOBKe HCrrhITaTeJIbHOrO HHcTpyMeHTa HKOpb BhIrrOJIHHIOT C KpyrJIhIMH 

OTBepCTHHMH HJIH m;eJIHMH. AJIH 
npenorapameaaa 3aCOpeHHH :rHA
paBJIHqeCKHX KaHaJIOB ncmrra
TeJIH mJIaMOM OTBepCTHH H m;eJIH 
AeJIaIOTCH He60JIbmHX paaaepon. 

I1 

2 

J 
.J 

5 

If 

a 6 8 a d 
Puc. 49. Ilaxep ¢npMhI ,D;lROHCTOH C Me Puc. 50. IIepeBo)J;HHK )J;JIR yCTaHoBKH 

TaJIJInqeCKOH nJIaCTUHQaTOH onopoH. KOHTPOJIbHO-U3MepHTeJIbHbIX npafio
a - B TPaHCnopTHOM nOJIOlReHlrn; 6 - B ClRaTOM pOB. 
nOJIOlReHUU; B - MeTaJIJIUqeCHall onopa B pa6o a - perHCTPHpYIOlI\erO MaHOMeTPa B XBOCTO

qeM nOJIOlReHUU. BliIH UCIIhITaTCJIIl nJIaCTOB; 6 -MaHoMeTPa B
1 - aJIaCTUqHall qaCTh rtaxepa; 2 - MeTaJIJIUqe UCIIhITaTeJIb nJIaCTOB; 

cxaa rrnacraasaran onopa. 1 - BepxHHJl: nepeBO/Ullm; 2 - HHnneJI!>pe
racrparopa AaBJIeHUIl (THIIa T); 3 - HOp
Dyc; 4 - onopHbIit 6amMaI<; 5 - HHlRHUfi 

nepeaonnan. 

Ilepeeoincux i).1U1, ucmanoexu peeucmpuputoiueeo scauoscempa nsnrycxa
eTCH B ABYX KOHCTpyKTHBHhIX napnaarax (pHC. 50). OAHa KOHCTpyKqHH 
CJIyiRHT AJIH yCTaHoBKH peracrpapyiomero npafiopa non naxepoa HCIIhI
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Ta'TeJIH IIJIaCTOB (rro,ll; 4>HJIbTpOM). TaKoii nepesonnax ORaHtfIIBaeTCH HillR'
HHMonopasrx oalIIMaKOM 4. Ocodeaaocrs lJ;aHHoro rrepeaonsana 3aKJIIO
xaerca B TOM, 'ITO nenrpansaoe OTBepCTHe aannena 2 MOiReT OTKPhI-
BaTI>CH KaK BHyrpb xoprryca, TaK H B aarpyfiaoe rrpo- 1 

cTpaHCTBO, 'ITO rrOaBOJIHeT perHCTpHpOBaTI> AaBJIeHHe .•..---.•.~. 2 
JIHOO B Ramp;oii: aa 9THX 30H OTAeJII>HO, JIH60 OAHO-

BpeMeHHO B oOeHX. AJIH ~CTaHOB~ per-acrpapyto- '-1:::=, ~
j 

m;ero MaHoMeTpa B JII060H npyroa qaCTH HcrrhITa- 6 hJ!''''.>7 
TeJIH rrJIaCTOB npenycacrpea nepeaonaax, HMeIOm;Hii 
B nepxaea H HHiRHeii qaCTHX pe31>6oBhIe KOHqhI. 

Peeucmpuputoiuuii MaHOMemp cIlHpMhI AlROHCTOH 
(pHC. 51) BXOAHT B KOMrrJIeKT HcrrhITaTeJIH rrJIaCTOB 
H xapaxrepaayerca BhICOKOB CTerreHI>IO TOqHOCTH aa-' 
MepeHHB. 

B Ta6JI. 19 npaseneau HeKOTopLIe AaHHhIe 0 rery
OHHHhIX MaHOMeTpax aroro THrra. 

Ta6JIH~a 19 

,uJIUTCJIbHOCTb ,uonycTuMallxona xacoaoro ,uaBJIeHHe, TeMnepaTypa,MexaHU3Ma, 
q 

IIrc/cM" °C 

120
 
350
 

24210 
120
 

490
 
24 

150-170
 
700
 

24 
170-200
 

1000
 
48 

20048 

TOqHOCTI> H3MepeHHH B onacsmaexsrx KOHCTpyK

qIIHX MaHOMeTpa B 3HaqHTeJII>HOB creneaa AOCTH

raerca aa cxer YMeHbmeHHH TpeHHH B OTAeJIbHhIX
 

Puc. 51. PerHcTpupYIO~HH MaHoMeTp ¢UPMhI ,D;lROHCTOH
 
(Tuna T).
 

1 - npo6Ha; 2 - 3alRUM; 3 - xasrepa BhICOHoro /laBJIeHHJI; 4

nrryuep; 5 - YCTaHOBOqHbIit BUHT; 6 - naTPOH, BocnpUHUMBIOlI\ult
 
/laBJIeHUe; 7 - IlHOpb, npYlRUHhI; 8 - cxooa; 9 - npylRUHa; 10

Hopnyc; 11 - sanopHhIA naJIeu; 12 - nopurens; 13 - rrp oxnartxa
 
CaJIbHHHa; 14 - 0-o6pasHoe ynJIOTHUTeJIbHoe HOJIbUO; 15 - xopnvc
 
xaxepsr ynpaBJIeHUIl; 16 - AeplRareJIb nepa; 17 - aanopaaa mafi6a;
 
18 - HOJInaqHOBall raaxa; 19 - nepo; 20 - Hopnyc perHCTPUpyIO

mero npu6opa; 21 - aanaosmajouraa yaen; 22 - qaCOBOU srexanaex;
 

23 - rUJIbSa TepMoMeTPa; 24 - repMoMeTp.
 

qaCTHX MeXaHHaMa. PerHCTpaTOphI lJ;aBJIeHHH HMeIOT CTaJII>HYIO CIDIpaJII>
HyIO npyxraay, npaxperraeaayio K nnynaeepy , pa60TaIOm;eMy B can r,
HUKe C HCKJIIO'lHTeJII>HO HH3KHM TpeHHeM. 
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otipasox IIpO}J,yKT, IIOJIYlJeHHhIH B peaynsrare HCIIhITaHHH IIpO}J,yKTHB
HOrO ropHSOHTa, HaIIpaBHTh B CIIe~HaJIhHhIH c60pHHK. 

KOHCTPYK~HH paCClJHTaHa Ha IIOBOpOT ee IIpH 06BHsKe HaSeMHOrO 
o60pY}J,oBaHHH B JII060e TpeoyeMoe IIOJIOlReHHe }J,JIJI IIpHCOe}J,HHeHIIH OT
BO}J,HOro Tpy60npoBo}J,a K COOpHHKy, a rarose aa npameaae OYPHJIhHhIX 
Tpy6 B .llI060e BpeMH IIcnhITaHIIJI 6es HapyIIIeHHH ynJIOTHeHHH B rO.1l0BKe. 

IIpHMeHHeMaH OOhIlJHO B lIcnhITaTeJIHX qmpMhI )J;IROHCTOH YCTheBaH 
rOJIOBKa paCClJHTaHa na pafiorree }J,aBJIeHHe 210 Krc/cM2. Coanansr rarose 

110 

rOJIOBKH, paCClJHTaHHhIe aa 60JIee BhICOKoe }J,aBJIeHHe. IIMeIOTCH rOJIOBRR 
II C }J,ByMH pyxaaaaa (pHC. 52, B). 

Aeapuiinuii lfUpKy.aJl,lfUOltltbLU xnanau (pnc. 53) npezraaana-raerca }J,JIR' 

nepexpsrraa rH}J,paBJIHlJeCKOrO RaHaJIa B JII060M ySJIe ROMIIOHOBRH ncnsr
TaTeJIH nJIaCTOB H BOCCTaHOBJIeHHH ~HPRYJIH~HH iRH}J,ROCTH lJepes 3TOT 
yaen , eCJIH BOSHHKaeT He06xo}J,HMocTh B npOKalJHBaHHH iRH}J,ROCTH cnepxy 
BHHS. B paapatioraaasrx ROHCTPYR~HHX RJIaIIaHOB OTRphITHe IIpOHC
XO}J,HT IIpH ocenoa aarpyaxe (na npofixy cnepxy BHHS) 135 xrc, 

IICllhITaTeJIb nJIaCTOB smoronpa'nroro ;o;eiicTBHJI 
qmpMhI .ll:moHcToH 

<DHpMO:ii: )J;iROHCTOH paapatioraaa H IIIHpOKO npHMeHHeTCH B sapy
6eiRHo:ii: npaxraxe ROHCTPYK~HH HcnhITaTeJIH nJIaCTOB MHoroRpaTHoro 
}J,e:ii:cTBHH rana MFE, 06eCIIelJHBaIOmaH HeCROJIhRO OTKphIThIX H aaxpsr
ThIX nepHO}J,OB HcnhITaHHH 06'heRTa. 

B ROMIIOHOBKy HcnbITaTeJIH nJIaCTOB MFE BMeCTO rH}J,paBmIqeCROrO 
lICIIhITaTeJIH nJIaCTOB H aarropao-nonopornoro xnanana BXO}J,HT TpH ySJIa: 
HCIIhITaTeJIh IIJIaCTOB MHoroKpaTHoro }J,eHcTBHH, ypaBHHTeJIhHhIii rcnanan 
H paS}J,BHiRHOe ycrpoficrao. 

Hcnumamess nnacmoe (pHC. 54) B OTJIH'lHe OT paccaorpeaaoii nume 
ROHCTPYR~HHHMeeT CIIe~HaJIhHYIO RaMepy 5, qepes ROTOpyIO IIpOHCXO}J,IlT 
IIpHTOR IIJIaCTOBOii iRH}J,ROCTII B Tpy6hI, a IIpII saxpsrraa npaexnoro RJIa
IIaHa B ROH~e IICIIhITaHlUI B Heii nO}J,HHMaIOT rrpofiy IIJIaCTOBoii iRll}J,KOCTH, 
T. e. OHa BhInOJIHHeT <lJYHK~IIIO IIp0600TOopHIIRa. Ha BepXHeM IIITOKe J 
HMeeTCH <lJIIrypHhIii naa 2, no ROTOpOMy CROJIhSHT cyxaps 3, aaapennea
HhIii B BepXHeM IIepeBO}J,HIIRe 4 IIcnhITaTeJIH nJIaCTOB. 

YpaeltUme.abltbLU xsatuuc (pHC. 55) ROHCTpyRTIIBHO BeChMa CJIOiReH. 
OH COCTOIlT lIS CJIe}J,yIOmHX OCHOBHhIX neranea: nepxaero nepeBO}J,HIIKa 1 
C ~eHTpaJIhHOii BTyJIKO:ii: 2; sepxaero 3 II HIIiRHerO 4 mTOROB; TOpMosHoII 
xasrepsr 5, xopnyca 6 II HHiRHerO IIepeBO}J,HHRa 7. IIopIIIeHh B TOpMOSHOii 
KaMepe yCTaHOBJIeH TaKIlM otipaaox, lJT06hI 06eCIIelJHBaJIOCh TOpMOiReHhe 
IIITORa IIpII ero }J,BHiReHIlII nsepx. 

Paaf)BU:JICltOe ycmpoucmeo (puc. 56) rrpennaaaanaerca }J,JIH coxpaneaaa 
ClliHMaIOrn;eII ocenon aarpysxa na rraxep B MOMeHT npanomeaa HHCTpy
MeHTa, xoma saRphIBaIOT npHeMHhIii RJIanaH HcnhITaTeJIH nJIaCTOB. OHO 
COCTOHT HS CJIe}J,yIOrn;HX neranen: nepxaero xoprryca 1; nepenonaaxa 2, 
C cllcTeMoii neperosnsrx KaHaJIOB 3, KJIanaHOB 4; HHiRHerO xopnyca 5 II 
~eHTpaJIhHOrOIIITORa 6, SaRaHlJIlBaIOrn;erOCH pessfioasnr nepeBO}J,HIIROM 7. 

CIIcTeMa KJIanaHOB B IIepeBO}J,HIIRe yCTaHOBJIeHa na ropaozeeaae }J,BIl
iReHHH xopnyca npn ero rrepexemerraa nnepx. 

Pa60Ta yaaaaanoa ROMIIOHOBRH B CRBaiRHHe CBO}J,HTCH K CJIe}J,yIOrn;eMy. 
IIocJIe }J,oCTHlReHHH sa60H, IIpH nepenane ocesoro yCHJIHJI aa ncrru
TaTeJIhHhIii lIHcTpyMeHT IIITOR ypaBHHTeJIhHOrO RJIaIIaHa cB060}J,Ho nepe
Mern;aeTCH BHHS H nepexpsmaer 60RoBoe ornepcrae B HHiRHeM nepenonaa
xe 7 (CM. pHC. 55). Taroxe cB060}J,Ho nepeuemaerca BHHS H xoprryc pas
}J,BHiRHOrO yorpoacrna. IIoCJIe aroro npOHCXO}J,HT }J,e<IJopMa~HH naxepy
romero 3JIeMeHTa. IIITOR HcnhITaTeJIJI nJIaCTOB rrepenemaercn BHHS 
(HS 6 B e) II C}J,BHraeT ~eHTpaJIhHYIO BTyJIKy 2, ROTopaH nepexpunaer 

111 

7 

6 

Pnc. 52. BepTJIIOJRHhIe rOJIOBRlI .pnpMhI 
,IJ;JROHCTOH. 

a, 6 - BepTJIIOlHHbIe rOJIOBllH naaxoro l\aBJIeHI'IlI; 
8  rOJIOBRa nsrcoaoro l\aBJIemUI C I\ByMH pyxa-

BaMIl:. 
1 - aansaaraa; 2. 13 - peastiomse nepesonuaxa: 
3 - BepTJIIOr; 4, 6,15, 17,19  nannana; 5, 16
COel\ll:HIl:TeJIbHaH Myl\!T3; 7 - Myl\!Ta; 8 - ransaa 
IIlTYI1epa; 9, 21 - IIlTYI1epbI; 10, 22 - cerxa IIlTY
I1epa; 11 - npo6Ra; 12 - Hll:lHHIl:H nepeBOI\IIlIR; 
14 - RpaH; 18 - npofixa BhlCORoro l\aBJIeHHH; 

20 - 6yRca IIlTYI1epa. 

a 

o 

Ycmseeoe o6opyf)oealtue' (BepTJIIOIRHafl rOJIOBI,a C O}J,HHM HJIH }J,BYMfl 
pyxaaasm) TaKlRe BXO}J,HT B KOMIIJIeKT IICIIhITaTeml IIJIaCTOB. Ha 
pile. 52, a, 6 IIOKasaHa rOJIOBKa, KOTopaH KpeIIHTCH K nepxaesry KOH~y 
ROJIOHHhI 6ypHJIhHhIX rpyfi H 06eCIIelJHBaeT 6hIcTpoe aaxpsrrue OTBepCTHH, 

IIpe}J,HaSHaqeHHOrO }J,JIH aatipacsma
HHH CIIe~HaJIhHOrO 60HKa, nepenany 
npameaaa 6ypHJIhHhIM Tpy6aM B 
nponecce nCIIhITaHHH. Ha rOJIOBKe 
HMeeTCH BeHTHJIh, K KOTOpOMy MOlliHO 
IIpHcoe}J,I1HHTh Tpy60IIpoBo}J,. H ra T\HM 
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15oRoBhIe OTBepCTIIJI B BepXHeM mTORe 3 ypaBHIITeJIbHOrO xnanaaa. 
Ilpn nO,lJ;'beMe mTORa (1I3 6 B e) II nOCJIe,lJ;YIOm;eM cnycxe 1I3 nOJIOmeHIIJI e 
(CM. pac. 54) B nonoaeeaae a OTRphIBaeTCJI nplIeMHbIH RJIanaH IIcnhITaTeJIJI 
nJIaCTOB. ,1l;JIJI 3aRphITlIJI rrpaexnoro roranana 
II otiecneneaaa aaxpuroro nepaona aonsr
TaHIIJlIIHcTpyMeHT npIInO,lJ;HHMaIOT, mTORCBo
60IIHO nepeaemaerca B 'nOJIOmeHlIe 6, npa 
3TOM peaxo soapacraer aarpyaxa na IIHCTpy
MeHT, TaR RaR aarasceaae IIHCTpyMeHTa xepea 
cyxaps nepenaerca aa xopnyc IIcnhITaTeJIJI 
nJIaCTOB. aTO JlBJIJleTCJI ClIrHaJIOM aa no
BepXHOCTb R npexpamenmo nO,lJ;'beMa HHCT
pyaeara Hero onycxaior B nOJIOmeHlIe 6. 

nOCJIe npe6bIBaHlIJI HcnhITaTeJIJI nJIaCTOB 
B 3aRpbITOM nOJIOmeHIIII 6YPlIJIbHYIO RO
JIOHHy npHnO,lJ;HHMaIOT H nparryonaror , mTOR 
rrepeueutaerca B nOJIOmeHlIe a, CHOBa OTRphI
BaeTCJI nplIeMHhIH RJIanaH II B03HlIRaeT npa
TOR mlI,lJ;ROCTII 1I3nJIaCTaB 6yplIJIbHhIe Tpy6hI. 

,1l;JIJI 3aRphITHJI roranana HHcTpyMeHT 
CHOBa nO,lJ;HHMaIOT II mTOR nepexonar B no
JIOmeHlIe 6 xepea 6. 

I10cJIe sroro see onepanaa MomHO nOBTO
pHTb B TOH me nOCJIe,lJ;OBaTeJIbHOCTII ,lJ;JIJI BbI
nOJIHeHIIJI ~eCROJIbRHX OTRpbIThIX II 3aRphI
ThIX nepaonon IIcnhITaHIIJI. 

CJIe,lJ;yeT OTMeTIITb, QTO npa yxaaanmax 
nepenemenaax IIHcTpyMeHTa 6oRoBhIe ornep
CTHJI ypaBHHTeJIbHorO xnanaaa OCTaIOTCJI 
3aRphIThIMII, QTO ,lJ;OCTHraeTCJI npa noxomn 
TOpM03HOH RaMephI, H TOJIbRO npa ,lJ;JIHTeJIbHO 
nplIJIOmeHHOH paCTJlrHBaIOm,eH uarpyaxe B 
ROHu;e IIcnhITaHIIH OHH oTRphIBaIOTCJI II BhI
paBHIIBaeTCJI ,lJ;aBJIeHlIe B nonnaaepaoa H 
nannaxepaoa 30Hax CRBamIIHhI. 

BepTIIRaJIbHhIe rrepesremeaaa IIHCTpy
MeHTa He npIIBO,lJ;JlT R yMeHbmeHIIIO cmlIMa
IOm,eH HarpY3RlI aa naRepyIOm,lIii 3JIeMeHT, 
TaR RaR He3HaQHTeJIbHhIe nepeaemenaa ROp
nyca paazraaaororo ycrpoiicrna BhI3hIBaIOT 
neperox mlI,lJ;ROCTH 1I3 BepXHeH RaMephI B PRC. 56. P~3ABlDIqlOe yCT

pORCTBO.
HHmHIOIO (CM. pac. 56) H ,lJ;aBJIeHlIe aa HlIm-
HIIH nopmens, CBJl3aHHhIH C xopnycox na
xepa , OCTaeTCJI HeII3MeHHhIM ,lJ;O rex nop , noxa HMeeTCJI'mlI,lJ;ROCTb 
B nepxaeii RaMepe. RaR TOJIbRO BCJI mlI,lJ;ROCTb nepereser B HlImHIOIO 
xaxepy, ,lJ;aJIbHeiimee nepeaemeaae xoprryca paannaacaoro yCTpOllCTBa 
asepx npasener R YMeHbmeHIIIO cmlIMaIOm;eH HarpY3RlI aa naxep , QTO 
npOHCXO,lJ;IIT npa CHJlTIIII nanepa nOCJIe IIcnhITaHIIH. 
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PRC. 55. YpaBHRTeJIbHhIH KJIanaH. 

PRC. 54. HcnhITaTeJIb IIJIaCTOB MHO

roxpamoro AellCTBRlI cPRPMhI .D:iKOH
CTOH. 

5 

PRC. 53. Anapniimaii KJIanaH. 

1 - npotuca; 2 - rrpyamHa; 3 - Hopnyc. 
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PIlC. 59. .D:Byxno
3Il~UOHHhlll: KJIanaH 
TC q,npMhl XaJIJIH

6YPTOH. 

a 
;11 
r 
f 

8* 

PIlC. 58. U:IlPKYJIR~IlOH

Hhlll xnarran, 
J - rpya; 2 - I<opnyc; 3 
repMeTHaHpYIOII\aH np ofixa co 

illTOI<OM. 

)l{HHe oea onopsr HCTIbITaTeJIJI na aa60H. CmHMalOIIJ;ee yCHJIHe npn aanaxe

pOBRe BOCIIpHHllMaeTCJI ap;ecb cnenaansHOH IIIJIHrrCOBOH onopoa, aaxpe
IIJIeHHOH na CTeHRe oocap;HoH ROJIOHHbI. TaRHM oopaaoM, rrOCJIeJt:HJIJI 

RoMrrOHOBRa OTHOCIlTCJI yme R HcrrbITaTeJIJIM rrJIaCTOB 

oea OIIOpbI aa aaooH. 
Taxoe paaaoofipaaae ROMIIOHOBOR ncnurarenea 

<I>npMbI XaJIJIlloypTOH oOeCrrelJHBaeTCJI ROMIIJIeRTOM 

yaJIOB, paccMoTpeHHbIx Hlime. 

II,uPIf,Y/I,,fl/fUOHHblll xnanan. [pnc. 58) yCTaHaBJIH

BaeTC1I B ROJIOHHe TPYO Hap; acnurareaea rrJIaCTOB II 

rrOaBOJIJIeT IIpH rrOMO!W1 oopaTHOH IIPOMbIBRIl yp;aJI1ITh 

cop;epmHMoe OypHJIhHbIX rpyf rrOCJIe aaBepIlIeHH1I 

IIcnbITaHHJI. 8TO BamHO P;JIJI YMeHhIlIeHH1I OIIaCHOCTH 

BOCIIJIaMeHeHHJI CBOOOP;HOll He<I>TIl HJIll r-aaa B rpytiax 
IIpH ssrxone na CRBamHHbI. RJIarraH CJIymiiT rarose 
P;JIJI D;npRYJIRII;HH oypoBoro pacrsopa. 

AJI1I OTRpbITll1I D;HpRyJIJID;IlOHHOro xnanana B 

OypIlJIhHbIe TPYObI aaopaCbIBaIOT rpya , B peaynr.rare 
lJero cpeaaerca IIITOR repMeTIlaHpylOIll,eil: npoORH. 

CaJIhHHROBaJI lJaCTh rrp06RII BXOP;IlT IIpIl aTOM B oy

pHJIhHyIO TPYOY IIOP; p;eil:cTBneM nepenana p;aBJIeHIIJI 

B rpyfiax II aaTpyOHOM npOCTpaHCTBe. 
IIepeBop;HHR nsrnyoxa

eTCJI B COOTBeTCTBIIH CO 

BeeMH CTaHp;apTHbIMH paa
MepaMIl OypIlJIhHbIX rpyfi. 

J(ey;) n03U/fUOHHblll xna
nate TC XayRo BhIIIOJIHeH 

ROHCTpyRTIlBHO RaR D;HPRY

JlJID;HOHHbIll II aanopno-no
BOpOTHhIiI: (pIIC. 59). OH npn
BOP;IlTCJI B p;ellcTBHe BpaIIJ;e

HIIeM ROJIOHHbI rpyf B npa

ayro CTOpOHy II IIOaBOJIJIeT 

aaMep1ITh CTaTIllJeCROe p;aB

JIeHIle npa aaxpsrron CRBa

iJUme. ROHCTpyRD;HJI RJIa

naua npenycxarpanaer B03

MomHOCTh D;IlpRYJIJID;HH H 

op;HOBpeMeHHO CHJITlI1I xpa

BOil: BOCCTaHOBJIeHIIJI nanne

HH1I B aaRpbIToM nepHOJt:e 

lICTIbITaHlIJI. 

R.TIarraH 1II0meT patiorarr, B JIIOOOM MeCTe 6ypHJIhHOll ROJIOHHbI Hap; 

ncnsrrarenesr rrJIaCTOB. OObIlJHO ero paCIIOJIaralOT aa nsa-rpa aaMROBbIX 

coeJt:llHeUIIfl /lbIIIIe HCIIbITaTeJIJI. 

KmlIIH TC rrOaBOJI1IeT orcexarr, IIPOOY IIJIaCToBoil: mHp;ROCTIl, IIOJIy

[WBBy 10 II EOHD;e IlcrrbITaHIlll. 

Puc. 57. ROl>illOHOBKa rU,IJ;pOnpyJI\IlHHOrO 
IlCnhlTaTeJIR IIJIaCTOB qllIpMhl XaJIJIIl6YPTOH. 
a - C orropoii na aa60fi H O)J;HHM rral<epYIOII\HM 3J1e
MeHToM; 6 - C onopon na aaooH H )J;DyMH illHP0I<O 
paCCTaBJleHHhIMH naxepaaa; 6 - C nO)J;BeCHbIM naxe

pOM. 
1, 5 - 6ypHJlbHhIe TPYOhI; 2, 4, 6 - aaMI<ODOe 
coe)J;HHeHHe; 3 - aanopuo-nouoporasra xrtanart; 
7 - pa60'lHH nepeBo)J;HHI< H yaen urrynepa; 8 - rH)J;
ponpymHHHblH acuurarem.; 9,16, 21 - nepeaonnax 

'c rJlYOHHHhIM perHCTPHpYIOII\HM MaHOMeTpoM; 10
rHllPaBJlH'IeCI<HH HCC; 11 - CTDOJl CI<saaorau; 
12 - 6eaonaCHbIH aaMOI<; 13 - nal<ep; 14 - npo
)J;YI<THBHblH mIaCT; 15 - lj!H.lJbTP x aocronaxa: 17
XBOCTOBHH C onopHhIM 6aillMa1<OM; 18 - BepxHH:lt 
naHepYIOII\Hil 3J1eMeHT; 19 - lj!HJlbTP; 20 - Tpy61<a 
ypaBHHTeJlbHorO l<aHaJla; 22 - Y)J;JlHHHTeJlb; . 23 
HHlf<HHfi naHepYIOII\Hll: 3J1eMeHT; 24 - naHepYIOII\HH 
3JleMeHT IIO)J;BeCHoro naxepa; 25 - onopa na CTeHI<Y 
CHBalf<HHbI; 26 - lj!HJlbTP; 27 - rrepeBo)J;HHH )J;JlJI 
yCTaHoBHH HOHTpOJlbHO-HaMepHTeJlbHhIX npafop OB; 

28 - HHlf<HHH Mylj!Ta. 
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MCTIblTaTeJIb nJIaCTOB lflHPMbl XaJIJIH6ypTOH 

8TH HCTIbITaTeJIH TIJIaCTOB HCTIOJIhaYIOTCJI aa pyoemoM RaR B aesaxpen
JIeHHhIX, TaR H B oricaaeeanux CRBamHHax. RaR H B HCTIbITaTeJIJIX TIJIa

CTOB npyrnx THTIOB, TIpHHD;HTI p;eiiCTBHJI OTIHCbIBaeMoro HCTIbITaTeJIJI aa
RJIlOlJaeTCJI B CHJITHH p;aBJIeHHJI CTOJIOa 

mHp;ROCTH aa TIJIaCT H COOOIIJ;eHHH npa
aaOOHHOH aOHbI acnermaaexoro OO'heRTa 

C npOCTpaHCTBOM, B IWTOpOM naaneaae 
paBHO aTMoc<I>epHoMy. IIocJIeJt:oBaTeJIh

HOCTb onepamra npn patiore C yxaaan
HbIM HCTIbITaTeJIeM nJIaCTOB aHaJIOrHlJHa 

paCCMOTpeHHbIM BbIIIIe. PaaJIHlJHe aaR

JIlOlJaeTCJI B OCHOBHOM B ROHCTpyRTHB

HbIX ocooeHHOCTJlX OCHOBHbIX yaJIOB 

acnsrraTeJIJI. 

R HaIlOOJIee COBpeMeHHbIM ROHCT

PYRD;Il1IM HCTIbITaTeJIeH, CTIycRaeMbIX B 

CRBamHHy na rpyfiax , OTHOCHTC1I rnn
ponpyaeanmra ucnsrrarens nJIaCTOB, 

yrrpaanenne ROTOpblM OCYIIJ;eCTBJI1IeTC1I 

npn TIOMOIIJ;H BepTlIRaJIhHOrO nepexe
IIJ;eHH1I ROJIOHHbI OypIlJIhHbIX HJIH na
COCHO-ROMTIpeCCOpHbIX TpyO. ROHCT

PYRD;H1I ero paCClJHTaHa na HeCROJIhRO 

paamrx ROMrrOHOBOR (pnc. 57). AJIJI acnsrraaaa unacra TIOP; yrrJIOTHH

TeJIhHbIM :meMeHTOM, BbIrrOJIHeH acnsrrarenr, C OP;HHM naxepon [pac. 57,a). 
IIMeeTCJI acrnararenr, C p;ByM1I naxepaxa, p;e<I>opMaD;Il1I yrrJIOTHllTeJIhHbIX 

:meMeHTOB B ROTOpOM OCYIIJ;eCTBJI1IeTCJI TIOP; p;eHcTBHeM seoa OypllJIhHbIX 

IlJIII HaCOCHO-ROMTIpeCCOpHbIX rpyfi npn onope IlCIIbITaTeJIJI rrJIaCTOB a a 

aa60lI (pllC. 57, 6). II, HaROHeD;, npa TpeThelI ROMrrOOOBRe C rrop;BecHbIM 

naxepou (pnc. 57, e) noaxoxrao HCIIbITaHHe IIJIaCTa B 06cameHHoH CRBa
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PRC. 61. fHAPOIIPY" 
iRHHHblH HCIIblTaTeJIb 
IIJIaCTOB «pHpMbl XaJI

JI1I6YPTOH. 
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PHC. 60. Pa60Qllll 
IIepeBoAHHK eo 
mTy~epOM. 

1 - rHApaBJIH'IeCKHi! 
nonsuesoa Hamill; 2
CllleHHhlil:nrryuep; 3

iIlHnbTP· 

HbIM 'IaCTHM HHcTpyMeHTa OTHOCHTCH: npyacaaa, 
YAepmHBaIOII\aH ero B paCTHHyToM rrOJIOmeHHH 
na nosepxaocrn H rrOMoraIOII\aH aaxpsmarr.ca 
nnycxaoxy RJIarraHy npa CHHTHH cmHMaIOII\eH na
rpyaxa B ROHn;e HcnhITaHHH; ropaoaaaa RaMepa, 
aarrOJIHeHHaH mH;O;ROCTbIO, C ;o;BYXXO;o;OBhIM RJIa
nanoa, TOpMOaHII\HM ;O;BHmeHHe Cep;o;e'lHHRa HC
rrhITaTeJIH rrJIaCTOB BHHa, HO ;o;orrycRaIOII\HM OhICT
poe nepeMeII\eHHe ero nsepx: npHeMHhIH RJIanaH, 
oTRphIBaIOII\HH H aaRphIBaIOII\HH;o;ocTyrr mH;O;ROCTH 
B npocrpaacrno Memp;y aorrsrrarenex rrJIaCTOB H 
aanopHhIM RJIanaHOM; yrrJIOTHHTeJIbHaH rOJIOBRa 
II MeTaJIJIlI'IeCROe ce;O;JIO, CJIymaII\He ;o;JIH OTRphI

BaHHH H aaRphIBaHIIH OTBep
CTIIH ypaBHHTeJIbHorO xnana
na, RJIarraHhI ycrpoemr TaRHM 
oopaaoM, 'ITO OTBepCTHH ypan
HIITeJIbHOrO xnanaaa aaxpu
BaIOTCH npeacre, 'IeM OTRpoeTCH 
rrpHeMHhIH RJIanaH aonura
TeJIH. 

Bnaronapa TopMoaHOH xa
Meps 'IeTRO paarpaHII'IHBaIOTCH 
onepanna no yCTaHoBRe naxepa 
H MoMeHTOTRphITHR npaexaoro 
roranaaa , 'ITO tPHRcHpyeTcR pe
rIICTpHpYIOII\HM MaHOMeTpoM. 
RpOMe roro, TopMomeHHe npa 
;o;BHmeHHH Cep;o;e'lHHRa BHHa 
npenynpeamaer rrpexmenpe
sreaaoe OTRpbITHe RJIanaHOB 
HcnhITaTeJIH npa naeaarmrax 
rrocanxa x HHcTpyMeHTa B npo
n;ecce cnycxa B CRBamHHy. OA
HaRO Cep;o;e'lHHR nepexentaerca 
Me;O;JIeHHO TOJIbRO B aaxane 
yCTaHoBRH naxepa , noxa yn
JIOTHeHHH He ;o;OIIIJIH;o;O OTBep
CTHH rrpaexnoro xnanana. 
IIoCJIe <lTOrO OH rrepexemaerca 
OhICTpO BHHa, .HnpHeMHhIH RJIa
naa ncnuraTeJIH OTRphIBaeTCH. 
Pesnoe OTRphITHe xnanaaa CO
OTBeTcTByeT yBeJIII'IeHHIO aa
rpyaxa aa RpIORe, 'ITO tPHRCH
pyerca aa rrOBepXHocTII H nos
BOJIReT ROHTpOJIlIpOBaTb pa
OOTy IIcrrhITaTeJIH B CRBamIIHe. 

OCHOBHhIe COCTaBHhIe 'IaCTH RJIaIJaHa CJIe;O;YIOII\He: 
1) cronopaaa raaxa, rrpe;O;OTBpaII\aIOII\aHCH BpaII\eHHe IIITORa;o;O ycra

HOBRH naxepa H OTRphITHH xnanaaa HcnhITaTeJIH nJIaCTOB; 
2) npyacana H rH;o;paBJIH'IeCRHH HeypaBHoBeIIIsHHhIH IIITOR, ynepxca

BaIOII\UH cronopnyro raHRy B patiosea rrOJIOmeHHH; 
3) BTyJIRa C Tpanen;eH;o;aJIbHOH peasfioa, CJIymaII\aH ;o;JIH npeofipaao

BaHHH BpaII\aTeJIbHOrO ;O;BHmeHHH TpyO B nOCTynaTeJIbHOe nepexemeaae 
rHJIbaOBOro aaTBopa; 

4) rHJIbaOBhIH aarnop, pacnOJIOmeHHbIH B HHmHeH 'IaCTH TC, CJIy
maII\HH ;o;JIH OTRphITHH HJIH aaRpbITHH oTBepcTHH n;HpRyJIHn;HOHHoro H aa
nopHoro RJIarraHOB. 

IIpH cnycxe HHcTpyMeHTa IIITOR 2, coe;O;HHeHHhIH C peabooBhIM nepenon
HHROM 1, HaXO;O;HTCH B BepXHeM rrOJIOmeHHII II rrpymHHoH 4 npaacar R TOpn;y 
cronopnoa raHRH 3. HHmHHe oORoBhIe oTBepcTIIH 8 B IIITORe 6 npa aTOM 
OTRphIThI (CM. pHC. 59). IIoCJIe OTRphITHH RJIanaHa IIcrrhITaTeJIH mH;O;ROCTb 
CBOOO;o;HO rrpOXO;O;HT 'Iepea OOROBhIe OTBepCTHH H nearpansaoe OTBepCTHe 
IIITORa. ,I.!;JIH aaRphITHH OOROBbIX oTBepcTHH YBeJIH'IHBaIOT ocenyio narpya
xy , ROTopaH cmlIMaeT npyarany xnanana , H IIITOR 2, nepeuemaacs BHHa, 
OTXO;o;HT OT ynopaoro TOpn;a oronopaoii raHRH 3. IIpH BpaII\eHHII ROJIOHHhI 
TPYO BMeCTe CHeH BpaII\aIOTCH BepxHHH nepeBO;O;HHR H IIITOR 2, a HHmHIIH 
IIITOR 6, IIMeIOII\HH IIInOHO'lHOe coenaaeaae 5 C xoprrycox xnanana 7, 
oJIarO;o;apH peasfie nepexentaerca nnepx , otiecnexanaa aaxpsrrae OOROBhIX 
oTBepcTHH. ECJIH BoaHHRaeT HeooxO;O;HMOCTb B coananaa n;HpRyJIHn;UH 
rrpOMhIBO'lHOH mH;O;ROCTH, TO ;o;aJIbHeHIIIHM npOBopOTOM ROJIOHHhI ;o;OCTH
raerca nepeaemenae IIIToRa 6 erne BhIIIIe H COOOII\eHHe OOROBhIX OTBep
CTHH 8 C aarpytiasra rrpOCTpaHCTBOM xepea OTBepCTHH 9. 

Hnrepecao ycrpoeno rrpHCrrOCOOJIeHUe, peryJIUpYIOII\ee nepenan rra B
JIeHHH Mem;o;y BHyTpeHHeH rrOJIOCTbIO xnanaaa H aaTpyoHhIM rrpocrpan
CTBOM. IIpH yBeJIH'IeHUH aroro nepenana BbIIIIe ;o;orryCTHMoro nopmeas, 
HUffiHero RJIarraHa 12, cmHMaH npyacaay 10, nepexemaerca snepx H ofiec
rrenaaaer ctipoc iRH;o;ROCTH 'Iepea OTBepCTHe 11 B cxnaaanry. Baaronapa 
aToMy ;o;aBJIeHHe BHyTpH RJIanaHa CHHmaeTCH, H nopmeas CHOBa aaaaaa
er nepnonanaasnoe nonoatenne. 

,I.!;aHHaH ROHcTpyRn;HH xnanaaa rrpHMeHHeTCH C TpyoaMH HapymHhIM: 
;O;HaMeTpOM 76, 98 H 146 MM. 

Pa6(J11,u,ij, nepeeoduun co tumuueposc (puc. 60) yCTaHaBJIUBaeTCH B ncrnr
TaTeJIbHOH ROMrrOHOBRe Mem;o;y ;O;ByxnoaHn;HOHHhIM RJIanaHOM Xayxo 
H ranporrpyacanasra ncmrrarenea rrJIaCTOB. Illrynep npenaaaaaseu ;o;JIH 
peryJIHpOBaHHH CROpOCTH rroCTynJIeHHH mH;O;ROCTH aa nnacra H or-pana
'IeHHH Ha'laJIbHOH ;o;errpeCCHH na nJIaCT. Illrynep cnocofiea rrponycxarr, 
aHa'lHTeJIbHhIH rrOTOR mH;O;ROCTH'Iepea OTBO;o;HOH: RaHaJI, xoma BoaHHRaeT 
HeooxO;O;HMOC1'b B aTOM. PaOO'lHH nepenonaax rrpHMeHHeTCH npa norrsexe 
OT;o;eJIbHhIX yaJIOB HcrrhITaTeJIbHOrO OOopY;O;OBaHUH npa HX coopRe na no
BepXHOCTll. PaOO'lHe rrepeBO;O;HHRH BhIrrYCRaIOTCH ;o;JIH HCrrOJIbaOBaHHH 
C OypHJIbHhIMH TpyoaMll ;O;HaMeTpOM 73, 89, 114 MM. 

TuoponpY:JfCUHHWU uenumamenu (pHC. 61) rrpe;O;CTaBJIHeT COOOH co-re
raaae rrpueuaoro H ypaBHHTeJIbHOrO RJIarraHOB, rrpHBO;O;HMbIX B ;o;eHcTBHe 
OT BepTHRaJIbHOrO rrepesremeaaa ROJIOHHhI OypHJIbHhIX TPYO. R OCHOB
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OnIiIT noxaaan , 'ITO BCJIe~CTBHe 6IiICTporo nepeMem;eHlUI ynJIOTHeHHH no 
Cep~e'IHHRY OHH coxpaHHIOTCH B pa60Tocnoc06HOM COCTOHHHH aa He
CROJIblW peHCOB B CRBamHHy. 

IIPH YMeHbIlleHHH-OceBOH HarpyaRH aa HcnIiITaTeJIb B ROHu;e acrnrra
HHH Cep~e'IHlIR 6IiICTpO aoaapamaerca B HCXO~Hoe nOJIOmeHHe, aaxpsmaa 
nplIeMHbIH RJIanaH HcnIiITaTeJIH H OTRpbIBaH OTBepCTHH ypaBHUTeJIbHOrO 
xaanana , TaR'ITO ycHJIUe, y~epmHBaIOm;ee npueMHbIH RJIanaH HcnbITaTeJIH 
B OTRpbITOM nOJIOmeHHH, ~OJImHO 6IiITb npHJIQ;ReHO na seer, rrepnon acnsr
TaHHH. 

IIPH cnycxe HHcTpyMeHTa B CRBamHHy IllTOR 1 (pHC. 61) HcnbITaTeJIH 
nJIaCTOB HaXO~HTCH B Rpai'IHeM BepXHeM nOJIOmeHIIH H BHyTpeHHHH no
.JIOCTb IIHcTpyMeHTa nepea oTBepcTHH 9 ypaBHIITeJIbHOrO roranaaa coofi
maerca CaaTpy6HbIM npocrpaacrnoa. ,Il;JIJI OTRpbITUH npnexnoro xnanaaa 
coanaror ocenyro aarpyany, II IllTOR, cmHMaH npyanmy 2, nepeaemaerca 
BHHa. 8TOMy ~BumeHIIIO npenarcrnyer CIiJIa rlI~paBJIII'IeCROrO conpo
TIIBJIeHlIH, noaaaaaromern B ropxoanoa xaxepe. Ilpa rrepexemeann 
mroxa II nopmna BHlIa mlI~ROCTb aa HlImHeH RaMepbI 13'Iepea RaHaJIbI 12, 
ROJIbu;eBOe rrpocrparrcrno 11 II RaHaJI 15 nocrynaer B BepxHIOIO RaMepy 3. 

,Il;JIH perynaponaaas BeJIII'IIIHbI ranpaamraecxnr-o conpOTIIBJIeHHH B 
OTBepCTIIHX yCTaHOBJIeHIiI CneU;lIaJIbHIiIe crepxraa 16. YnJIOTHeHlIe nopmna 
B U;IIJIIIH~pe ~OCTIIraeTCH npli nononta peaarronoro ROJIbu;a 4. Ilepen 
OTRpIiITlieM nplIeMHoro RJIanaHa ynJIOTHIITeJIbHaH rOJIOBRa 7 nepeRpIiI
aaer nearpa.rsaoe ornepcrne 10 II paaotimaer BHyTpeHHIOIO nOJIOCTb acrrsr
TaTeJIH nJIaCTOB.OT aaTpy6Horo npocTpaHcTBa. IIocJIe aToro ynJIOTHH
TeJIbHOe ROJIbU;O 4 onycxaerca Hlime OTBepCTIiH 5, xepea xoropoe Ha'IlI
HaeTCH rreperox mlI~ROCTIi B ropaoanoa xaxepe, rH~paBJIlI'IeCROe conpo
TIIBJIeHlIe nanaer, II CROpOCTb nepeaeuteaaa IllTORa IIcnIiITaTeJIH peaxo 
noapacraer, 3a ROPOTRIIH nposrearyrox BpeMeHII oTBepcTIIH 6 B npaexaon 
RJIanaHe YCTaHaBJIIIBaIOTCH npOTIiB OTBepCTlIH 8 B raasae II 'Iepea HIIX 
Ha'lllHaeTCH nparox mU~ROCTIi B IIcnIiITaTeJIb nJIaCTOB. B ROHu;e IIcnIiITa
HIIH coanaror HaTHmRy IIHcTpyMeHTa, ynJIOTHIITeJIbHOe ROJIbU;O 4 BIiIXO
)J;IIT lIa cnoero rneana II cB060~HO CROJIbaliT no U;UJIIIH~PY, a mlI~ROCTb aa 
nepxnea RaMepbIxepea OTBepCTIIH 14 cB060~HO rreperexaer B HlImHIOIO Ra
Mepy II He rrpenarcrnyer nepeMem;eHIIIO IllTORa nnepx. IIpli ~BlImeHIIII ero 
nnepx aaRpIiIBaIOTCH OTBepCTIiH nplIeMHoro roranaaa, a aaTeM OTRpbIBa
eTCH nearpaasnoe ornepcrne 10, u CHOBa BHyTpeHHHH nOJIOCTb IIHCTpy
MeHTa C006m;aeTCH C aaTpy6HbIM npOCTpaHCTBoM, 'ITO npIIBO~IIT R BIiI
paBHHBaHIiIO ~anJIeHUH B nomraxepnoa u aannaxepaon aonax CRBa
mIIHIiI. 

B ROMnJIeRT yaJIOB rII~ponpymIIHHoro IIcnIiITaTeJIH nJIaCTOB BXO~IIT 
rlI~paBJIH'IeCRIIH perYJIHpyeMIiIII rrrrynep, ROTOpbIH YCTaHaBJIIIBaIOT B 
nepxaejr 'IaCTII ranponpvxraanoro IIcnbITaTeJIH. rlI~paBJIII'IeCRIIH urrynep 
npe~HaaHa'IeH ~JIH perynapoaaaan Ha'IaJIbHOro nOTORa iRlI~ROCTII, no
crynaroman lIa-no~ rraxepa , H CHlimeHIIH TaRIiM 06paaOM rlI~paBJIII'IeCRoii: 
narpyaxa aa narcep B rrepnsnr nepaon nOCJIe OTRpbITIIH npaeanoro RJIa
nana. 

8TO ~ocTliraeTcH nyTeM nepeaemenaa IllTORa aaepx II C006m;eHIIH 
pa~lIaJIbHIiIX oTBepcTIIH B HeM C OTBepCTIIHMII B xoprryco. 

Illrynep YCTaHaBJIIIBaIOT TaRIIM ofipaaou , 'IT06IiI rrOTOR /K1IiJ,KOCTII, 
rrpoxonametr xepea IIcnIiITaTeJIb, npoxonan II nepea nrrynep, Ror~a npa
elllHbIH RJIarraH ucnIiITaTeJIH OTRpbIBaeTCH, TO ~lIaMeTp npoxonnoro xaaa
JIa mrynepa YMeHbIllaeTCH no 3,175 MM~ IIo~ ~eHcTBlieM nJIaCTOBOro nan
JIeHUH Cep~e'IHHR B rlI~paBJIH'IeCROM peryaapyaaox nrrynepe ~BIIj-J{eTCJI 

nnepx , B peaynr.rare xero naasrerp rrpoxomroro RaHaJIanOCTerreHHO yne
JIII'IIIBaeTCH C 3,175 no 4,75, aarex ~0-9,5 MIll II, HaROHeu;, RaHaJI rrOJIHO
HOCTbIO orxpsrsaerca. 

8TO aBTOMaTII'IeCROe YCTpOHCTBO, XOTH II rrpe~HaaHa'IeHO ~JIH pery
JIlipOBaHIIH Ha'IaJIbHOrO rrOTORa mlI~ROCTII npn rrOJIHOCTbIO OTRpIiITOM 
rlI~paBJIII'IeCROM RaHaJIe, nOaBOJIHeT npOBO~IITb acnsrranne B CJIy'Iae 
<poHTaHlipoBaHlIH 6ea ~OnOJIHIITeJIbHbIX rlI~paBJIII'IeCRIIX conpOTIIBJIeHIIH, 
TaR RaR npn nOJIHOM OTRpbITlI1I cerrenne rlI~paBJIII'IeCROrO RaHaJIa COOT
BeTcTByeT Ce'IeHHHM OCTaJIbHIiIX rU~paBJIII'IeCRIIX RaHaJIOB IIcnIiITaTeJIH 
nJIaCTOB. BpeMH OTRpIiITIiH mrynepa perYJIIIpYIOT aa nOBepXHOCTIi nepen 
cnycnox IIcnbITaTeJIH B CRBamliHY nyTeM rrpezraapareasnoro cmaTIIH 
npyaransr. 8TO BpeMH aanncar OT ~aBJIeHIIH non naaepox B Ha'IaJIbHIiIii 
nepaon IIcnIiITaHIIH. I'nnponpyauramaii IIcnIiITaTeJIb nJIaCTOB nsnry
cRaeTCH HapymHIiIMII ~lIaMeTpaMIi 98,127 II 149 MM. 

Hccu YCTaHaBJIIIBaIOT B IIcrrIiITaTeJIe nJIaCTOB aerrocpeztcrneaao Ha~_ 

rraRepoM. 
B rII~paBJIH'IeCROM acce ucnIiITaTeJIH nJIaCTOB <plIpMIiI XaJIJIII6ypToH 

(pUC. 62, a) acnonsayerca rlI~pOCTaTII'IeCROe ~aBJIeHlIe mU~ROCTII, na
xO~Hm;ei'lcH B CRBamIiHe. Ilpn yCTaHoBRe naxepa IllTOR acca HaXO~IITCH 

S HumHeM nOJIOmeHIIII. B CJIy'Iae rrpnxnara IIHcTpyMeHTa ROJIOHHy Tpy6 
HaTHrIIBaIOT, IllTOR acca IIIe~JIeHHO rrepexemaerca snepx, a aareu BCJIe~
CTBue CHlimeHIIH rlI~paBJIII'IeCROrO conpOTIIBJIeHIIH nOJIy'IaeT noaxo:«
HOCTb nepesremarr.ca 6IiICTpO, 6JIarO~apH 'IeMy nponcxonnr ynap B Ha
rrpaBJIeHIIH cHHay naepx rro xoprrycy acca. CIiJIa ynapa aaBIiCHT OT paCTH
rIIBaIOm;erOCH YCIIJIIIH, rrplIJIOiReHHOrO R Tpy6aM. HCCbI BIiInYCRaIOTCH 
~IIaMeTpOM 98 H 127 MM. 

Ha pnc. 62, 6 aaofipaxren HCC HcrrIiITaTeJIH nJIaCTOB <pHpMIiI XaJIJIII
6ypTOH OTRpbITOrO rnrra , u;eHTpaJIbHbIH IllTOR B ROTOpOM BIiIrrOJIHeH 1I3 
~BYX 'IaCTeH, coe~IIHHIOm;IIXCJI aa peasfie. Peah60BaH My<pTa BepXHeH 
'IaCTII IllTORa ofipaayer ~Be rII~paBJIII'IeCRHe xaxepsr , C006m;aIOm;IIecH 
co CRBaiRIIHOH 'Iepea cnenaaar.aue oTBepCTIiH. IIPII ~BIIiReHIIII IllTORa 
nnepx iRII~ROCTb aa sepxaeii RaMepbI xepea aepxnee ornepcrae BIiITeCHH
eTCH B cRBamIIHy, a He60JIbIllaH ee 'IaCTb neperexaer nepea aaaop Mem~y 

HapyiRHOii rrosepxnocrsro peasfionoji My<pTbI II CTeHROH xopnyca acca, 
B CBHaII C TeIII, 'ITO YRaaaHHbIH aaaop rrO~6IIpaIOT He60JIbIllOro Ce'IeHIIH, 
BoaHHRaIOm;lIe rlI~paBJIH'IeCRHe conpOTIIBJIeHIIH ropaoaar ~BlImeHIIe 

IIITORa nnepx. RaR TOJIhRO peastionan My<pTa rrepexecrarca mrrne HH7HHero
OTBepCTIIH xopnyca , Ha'IIIHaeTCH CB060~HIiIH npIITOR mH~ROCTII IIa CRBa
iRIIHIiI B HIImHIOIO aorry , rll~paBJIH'IeCRIIe conpOTHBJIeHIIH yMeHbIllaIOTCH, 
CROpOCTb ~BIImeHIIH ero peaxo aoapacraer H BCJIe~CTBIIe rII~paBJIII'Ie

cxoro ynapa rrpIIX_Ba'IeHHIiIH IIHcTpyMeHT oCB060m~aeTCH. 
IIPII ~BIIiI,eHHH IllTORa BHIIa B Ha'IaJIbHIiIH nepnozr nepea sepxaee 

OTBepCTIIe iRlI~ROCTb nocrynaer IIa CRBaiRIIHbI B rlI~paBJIH'IeCRYIO 
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RaMepy, a xepea mmrnee CBOOO)J;HO BhlTeCHJleTCJI B CRBaiKlIHY,1ImTOKJIefKO 
nepeuemaerca BHlIa. II TOJIbKO B KOHIJ;e xona )J;JIJI CHlIiKeHlIJI ClIJIhl ynapa 
DITOKa rro HlIiKHeMy rrepeBO)J;HlIKY acca peastionaa MYcllTa rrepexpunaer 
aaacaee OTBepCTlIe B xoprryce , 1I )J;BlIiKeHlIe mTOKa aaropxazaaaaerca , 

3 

4 

a 5 8 
Pac. 62. Y3JIhI IICUhITaTeJIJI ITJIaCTOB. 

A - rlillpaBJIH'IeCHRlt IICC; 6 - IICC OTHphIToro TRim; 8 - 5esorracHhilt saMOIl. 

Besonacnuii 3a.M,OK npenyoaarpaaaerca lIcrrOJII>30BaTb npa acnuraana 
HaK B ooca)J;Holl KOJIOHHe, TaK II Baeaaxpenaeanoa CKBaiKHHe II yCTaHaB
JIlIBaeTCJI HerrOCpe)J;CTBeHHO Ha)J; nanepou. 3aMOK npenaaaaasea )J;JIJI 01'
COe)J;lIHeHJlJI OYP"JIbHbIX TpyO lIJIlI lICrrbITaTeJIJI 01' naxepa B cnyaae lIX 

npaxnara na aafioe CKBaiKlIH. IIITOK 1 (pno, 62,8) aasnca coemmea C ROp
rrycoM 3 npa rrOMOIIJ;lI BTyJIRlI 2, lIMelOlII,ell JIeBylO peasfiy, AJIJI npenor
npamenaa npeactenpeaeaaoro paa'Le)J;lIHeHlIJI B cnysae nposopora Tpy6 
B Koprryce lIMelOTCJI crreIJ;lIaJIbHhle rraahl, B KOTophle BXO)J;JlT BhlcTynu 
mroxa. Iloaroxy )J;JIJI OTcoe)J;lIHeHlIJI mTOKa 01' xopnyca HeOOXO)J;IDfO npa
mara TPYOhl nanpaao 1I O)J;HOBpeMeHHO nepexemarr, lIX BepTlIKaJIbHO 
nsepx 1I BHlIa. BTyJIKa 2 npa aTOM OTBlIHqllBaeTCJI. BBlI)J;y npameaaa TPy
6hl B npanyio CTOpOHy yCTpaHJleTCJI BoaMOiKHOCTb paaaausaaanaa lIH
orpyueara B KaKOM-JIlIOO )J;pyroM peabOOBOM coenaaenaa. Beaonacmra 
aaMOK lIMeeT scrpoeamra nepenycxaoii KJIarraH, xoropuii )J;ellCTBye1' 
B xanecrne BcrrOMOraTeJIbHOrO xnanana ranponpyacaaaoro lICnhlTaTeJIJI 
rrJIaCTOB. TIPll pacTJlHyTOM rrOJIOiKeHlIlI mTOK 1 HaXO)J;lITCJI nnepxy , II 
iKlI)J;KOCTb aa CKBaiKlIHhl xepea OTBepCTlIJI 4 CBOOO)J;HO neperexaer B acma
TaTeJIbHbIll lIHcTpyMeHT. TIocJIe )J;OCTlIiKeHlIJI aatioa mTOK aaxxa nepeue
lII,aeTCJI BHlIa 1I yrrJIOTHlITeJIbHOll rOJIOBKOll 5 rrepexpusaer BHyTpeHHlIH 
KaHaJI B xoprryce aaxxa. 3a cser lIaOhlToquoro )J;aBJIeHlIJI, )J;ellcTBywlII,ero 
co CTOpOHhl CTBOJIa CKBaiKlIHhl, mTOK MOiKeT HaXO)J;lITbCJI B HlIiKHeM rrOJIO
iKeHIIlI )J;O KOHIJ;a lICrrhlTaHIIJI, T. e. )J;O BbIpaBHlIBaHlIJI )J;aBJIeHIfJl B Jlcrrhl
TaTeJIe 1I B CKBaiKlIHe. 

Beaonacnue aaMKlI BhlrrYCRalOTCJI )J;lIaMeTpOM 76, 98 1I 127 MM. 
Ilusuuopunecxui; naxep cllllpMbI XaJIJIlIOYPTOH COCTOllT na MeTaJIJIlIqe

CROro OCTOBa, nsepxy 1I anaay aaxarraanaromeroca rrpacoenaaareasnoa 
peasfioa, 1I)J;BYX naxepyromax aJIeMeHTOB, lIarOTOBJIeHHhlX lIa poaanu paa
JIlIqHOH TBep)J;OCTlI. HlIiKHlIll onopasra aJIeMeHT lIarOTOBJIJleTCJI na oOJIee 
TBep)J;oll peaamr II OT)J;eJIeH 01' aepxaero MeTaJIJIlIqeCKlIM onopmra KOJIbIJ;OM. 

Ha pac. 63 rroxaaano BaallMo)J;ellcTBlIenanepyiomax aJIeMeHTOB. Horna 
naxep CiKlIMalOT C rroaepxnocrn.i onopaoe KOJIbIJ;O onycxaerca na CBOIO 
HIIlliHlO1O onopy 1I socnpanaaaer nenocpencraeano xacrr. aarpyaxn sepx
Hero naxepyromero aJIeMeHTa. TIPll )J;BIIiKeHlIlI onopnoro KOJIbIJ;a HIIiKHlIH 
TBep)J;hlll aJIeMeHT )J;ecllopMlIpyeTCJI, ssrcrynaer aa npenenu CBOllX HOMlI
HaJIbHbIX paaxepon )J;O conp"KOCHOBeHlJI co CTeHKOll CKBaiKlIHhl. B pe
aym.rare nepxaaa MJlrKlIll aJIeMeHT He MOiKeT aarexarr, B aaaop MeiK)J;y 
xopnycou acnurare.ra nJIaCTOB 1I creaxoa CKBaiKlIHbI, HlIiKHlIll naxe
PYIOIIJ;IIll aJIeMeHT nunepacnnaer TOJIbKO Ty narpyaxy , ROTOpaJl neiicrnyer 
na HeOOJIbmylO qaCTb naxepa, BbIcTynalOlII,YIO aa MeTaJIJIlIqeCROe onopnoe 
KOJIbIJ;O. Ilosroxy rrOCJIe CHJlTlIJI aTOll uarpyaxn OH JIerRO npnaaxaer 
CBOIO rrepBOHaqaJIbHYIO cllopMy, qTO ofineraaer CHJlTlIe' mrcrpyxeara B 
KOHIJ;e ncmaranaa. 

IJ;lIJIlIH)J;pllqeCRlIH naxep , paOOTalOlII,lI11 no )J;aHHoMy npannarry, lIa06
paacen na pac. 64, a. B KOMrrOHOBKe naanoro lICrrhlTaTeJIJI lICrrOJIbaYIOTCJI 
rarose rronaeonue naxepu (pno. 64, 6, 8). 

Hxopuue mpy6u c z.w8Konpoxo8nuMu coedunenussui (eaxnaxu) npa
MeHJlIOTCJI )J;JIJI YCTaHoBKlI HlIiKe naxepa npa acnsrraaaax B aeaaxpennea
HOll CKBaiKIIHe (pac. 65, a). OCHoBHoe naaaaaenae JlKOpHOll TPYOhl 
coananae onopsr, nocnpaaaxaromea MeXaHIIqeCKlIe 1I rll)J;pocTaTlIqeCRlIe 
aarpyaxa , npaxozaeamae R naxepy. 

Hxopaue TPYOhl C rJIa)J;RorrpOXO)J;HhlMlI coenaaenaaaa lIafOTOBJIJlIOT 
na TOJICTOCTeHHhlX TpyO asrcoxoner-apoaaaaoa CTaJIlL OHlI lIMelO1' 
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saMKOBhIH HlIIIrreJIb 1I saMKoByIO My«pTy. BnaronapH rJIa)l;KOrrpOXOp;HhIM 
.cOe)l;lIHeHlIHM naPYIKHhIH )l;lIaMeTp HKOpHOH Tpy6hI BCIO)l;y O)l;lIHaKOBbIH, 
B peaym.rare xero YMeHbmaeTCH onaonocrr, npnxnara. Hxopmre Tpy6hI 
BbIIIYCKaIOT HapYIKHbIM p;HaMeTpOM 95, 127 H 146 MM U P;JIlIHOH OT 0,3 

a 6 B 

PlIC. 63. Cxesra naxepa C orpa

HlIlJlIBaIOIJJ;lIM peSIIHOBhIM ane-


MeHTOM.
 

a - no nelfJopMal\lIll; 6 - nOcJIe ne
lfJopMal\llH 6C3 orpaHll<reHllil; 8 

nOCJIe nelfJopMal\lIll B CRBamHHe; 2 
npa neilcTBHll 60JIbmOrO rrepenana 

naBJIeHlIlI. 

a 

no 1,5 M (0,3; 0,6; 0,9; 1,2; 1,5 M), 'ITO rrOSBOJIHeT yCTaHaBJIHBaTb naxep 
Ha Heo6xop;HMOM paCCTOHHHH OT sa60H. 

iRlIP;KOCTb na nJIaCTa rrponaxaer B axopnsre Tpy6bI lJepes neprpopnpo
BaHHyIO lJaCTb (<<pHJIbTp). .IJ:HaMeTp OTBepCTHM COCTaBJIReT 3,175 HJIlI 
4,75 MM, 'ITO rrpenornpamaer noerynnenae rJIHHbI IIJIH npyrnx xpynnux 
lJaCTlIn;. 

Bauiuax snops; (puc. 65, 6), HaBIIH'IIIBaeMbIH na HIIIKHIIH KOHen; 
HKOpHOH Tpy6hI, yrrapaerca B sa60H CKBaIKHHhI, BocnplIHIIMaH BCIO 

narpyaxy B nponecce HcnbITaHlIH. HH/lmuiI ropen 6amMaKa HKOpH aa
KpbIT, lJTO 06eCnelJIIBaeT pacnpeneneaae HarpY3KH aa 60JIbIHyIO nJIOIIl,ap;h 
sa60H. 

Ta6JIlI~a 20 

.JJ:JUlTeJIbHOCTb
 
.JJ:aBJICHHe, xona xacosoro I 'I'esmepa-rypa,


Rre/eM' MexaHH3Ma, °C 
q 

125 12 80
 
250
 24 120
 
450
 24 150-170
 
600
 24-48 170
 
700
 24-48 170-200
 

1000
 48-72 200
 
1400 I 48-72 200-250
 

Peeucm.pupinoiuuu suino
scem.p Xayno BT npenaaaaa
lJeH)l;JIH peracrpauaa H3Me

HeHHHp;aBJIeHlIRB CKBamHHe
 
BO BpeMH lICrrbITaHlIM.
 

OH paCClJlITaH na pern

CTpan;HIO p;aBJIeHIIR B rrpe

nanax 175-1405 KrC/CM2

•
 

1}acoBoH MexaH1I3M cnerta

aJIbHOH KOHCTpyKn;HH,rrplI

MeHReMhIII )l;JIR ynpaanennn
 
npafiopox, cnocotiea nporn
BOCTOHTb yrrapy II reanopa

Type no 250 DC H paCClJHTaH
 
na HOMHHaJIbHYIO CKOpOCTb
 
aanaca rrpH rrpo)l;OJIIKHTeJIb

HOCTH BpaIIl,eHHH 12, 24, 48
 
H 72 'I. Koprryc, IICrrOJIb3ye a
 
MhIH )l;JIR cnycrca MaHoMeTpa
 
BT, MomeT CJIYIKHTb P;JIR
 

yCTaHoBKH ero JIH60 nan, JIlI

60 non naxepox rrpH ncnsr

TaHHHX KaK B He06calKeH

HOH CKBamIIHe, TaK II B 06

ca)l;HoH KOJIOHHe.
 

B Ta6JI. 20 npaaeneuu
 
nannue 0 perHcTpHpyIOIII,IIX
 
MaHOIlIeTpaX, BbIrrYCKaeMbIX
 
«pHpMOH XaJIJIH6YPTOH.
a PIlC. 65. OIlOP

IIe-peeotiuuxu. BbIIIyCxa HhIH XBOCTOBIIl,
Pnc, 64. Ilaxepu tPlIPMhI IOTCR rpex BH)l;OB: OP;IIH llCIIhITaTeJIJI 

XaJIJIIf6YPTOH. IIJIaCTOB.P;JIR yCTaHoBKH MaHoMeTpa
a - e pe3HHOBbiM onopHblM 3JIC a - lfJlI.'lbTP; 6 

MeHToM; 6, (J - nonnecaere. nan naxepoa II nna )l;JIH onopusra 6amMaR. 

12S 

ti 8 

6 
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yCTaHoBKH nO)J; naxepoa. IlepeBo)J;HHK HBJIHeTCH HeOT'beMJIeMOH qaCTbIO 

KOMnOHOBKII HCnbITaTeJIbHOrO HHcTpyMeHTa JI CJIymHT Ha)J;emHOH aama
TOH )J;JIH MaHOMeTpa BT, HMeIOlIl;erO na Kam)J;OM KOHIJ;e peaanomre aMOp

'THaaTOpbJ, yxpermeansre B cneIJ;HaJIbHbIX raeanax nepeBO)J;HIIKOB. 

a 5 6 2 

PRC. 66. PerlIcTplIpYJOlII,He npII60phI II nepeBO,ll;HIIKII ,Il;JUI HX YCTaHOBKII. 

a - nepcaonaax APBT J\JIJI rJIYOHHHoro MaHOMeTPa; 6 - JIKOpHblit oaillMaK H rrepe
BO,IJ;IDIK J\JIII YCTaHoBKH HIDflHero] rJIyoHHHoro MaHOMeTPa; 8 - neprpopapoaannan 
TPyoa CKphIillKO:!t ,IJ;JIJI yCTUHOBKH HIDflHero rJIyOHHHoro MaHOMeTPa; a - peracrnapy

lOmHll TepMOMeTp. 

Ha pHC. 66, a HaoopameHa:lwHcTPYKIJ;HH nepenonuaxa )J;JIH yCTaHoBKH 

MaHoMeTpa Ha)J; naxepoa. B nepeBO)J;HHKe HMeeTCH KaHaJI )J;JIH )J;BHmeHHH 

noroxa mH)J;KOCTH, oMblBaIOlIl;eH xoprryc sraaoaerpa. TaKHM otipaaoa 

MaHoMeTp perncrpapyer ranponaaaaasecxoe )J;aBJIeHHe BO npexa HcnbI

TaHHH. IlepeBo)J;HHK nsnrycxaerca HapymHbIM )J;HaMeTpoM 95 H 127 MM. 

IlpH yCTaHoBRe MaHoMeTpa nO)J; naKepoM HCnOJIb3yeTcH nepeBO)J;HHK 

c JIKOPHbIM OaIIIMaKOM (pHC. 66, 6). OH HBJIHeTCJI qaCTbIO HKOpHOH TPYObI 

H CJIymHT onopoa )J;JIH naxepa. Ropnyc nepeBO)J;HHKa rrepdiopaponaa )J;JIH 

npOHHKHOBeHHH nJIaCTOBOH mH)J;KOCTH npa IIcnbITaHHH. Manoaerp B aToM 

cnysae He OMbIBaeTCH nOTOKoM mII)J;KOCTU U peracrpapyer )J;aBJIeHUe B aa
TPYOHOM npOCTpaHCTBe, xoropoe nepenaerca xepea OTBepCTIIH BO BHyT

peanex xopnyce, ynepacanaromea MaHOMeTp. Ilpa yCTaHoBKe lIIaHOMeTp 

perncrpapyer nJIaCTOBOe )J;aBJIeHHe, )J;ame eCJIH OTBepCTUH aaxynopn
JIHCb, H xaaoaerp, YCTaHOBJIeHHbIH nsnne nanepa , He naer UOKa3aHuH. 

IlepeBo)J;HHK BbInycKaeTCJI aapyamux )J;IIaMeTpOM 127 II 146 MM )J;JIH ycra
HOBKH Ha 06bIqHOH HKOpHOH Tpy6e C rJIa)J;KoupoXO)J;HbIM coe)J;HHeHueM 

tPnpMbI XaJIJIHoypTOH. Bnnycxaerca raroxe nepesonaax TOH me KOH

CTPYKIJ;HH, HO 6e3 JIKOpHOro OaIIIMaKa II noarosry ero MomHO yCTaHaBJJU

BaTb B JIIOOOM MeCTe nO)J; naxepoa, 
I1epeBo)J;HHK rpersero BH)J;a (pIIC. 66, 6) no Ha3HaqeHUIO aHaJIOrUqeH 

nepeBO)J;HlIKY C HKOPHbIM 6amMaKoM: ero YCTaHaBJIHBaIOT nO)J; naxepox 
KaK qaCTb HKOpH H MaHOMeTp B HeM He OMbIBaeTCH nOTOKOM mH)J;KOCTII, 

KOTOpbIH 3)J;eCb npOXO)J;HT xepea BHyTpeHHIOIO nOJIOCTb xopnyca nepe
BO)J;HHK3.. Oco6eHHOCTbIO nora nepeBO)J;HHKa HBJIH~TCH aaaemeanaa 
aa neTJIHX xpunma , OTKPbIB. KOTOpyIO, MomHO y)J;aJIIITb MaHOMeTp U3 

nepenonnaxa nOCJJe nO)J;'beMa HHcTpyMeHTa na rrOBepXHOCTb. TaKHM 

ofipasox, )J;lIarpaMMY )J;aBJIeHHH MomHO HeMe)J;JIeHHO IICrrOJIb30BaTb, He . 

omH)J;aH pa3BHHqHBaHHH ucrrbITaTeJIbHOH KoMrrOHOBKH. 

Peeucmptipipotuuii zJty6wt1tb/,U mepuouemp HT-500 (puc. 66, a) 

CJIymHT )J;JIH perHCTpaIJ;HH rexneparypra B CKBamHHe. Ilepen crrycKoM 

IlcnbITaTeJIH na 3a6oH repuouerp nOMelIl;aIOT B xaxepy CrreIJ;IIaJIbHOrO ne

peBO)J;HHKa C OTBepCTHHMII B xopnyce )J;JIH npoxona mU)J;KOCTIL Ilepenon
HHK C TepMoMeTpoM, KaK rrpaBHJJO, YCTaHaBJJHBaIOT B HIImHeH qaCTII 

tPHJIbTpa HcnbITaTeJIH. ,Il;JIH II3BJIeqeHIIH npafiopa aa nOBepXHOCTb OTBHH

qHBaIOT BepXHIOIO peasfioayro MytPTy. 

Banacs resmeparypra B npnfiope HT-500 OCYlIl;eCTBJIHeTCH na cnenn
0

aJIbHbIX MeTaJIJIHqeCKHX )J;HarpaMMax C IJ;eHHOH )J;eJIeHIfH 5,6 C. Ram)J;bIH 

KOMnJIeKT npntiopa CHa6meH natiopoa YKa3aHHbIX )J;IIarpaMM C npenexaxa 

H3MepeHHH rexneparypu 21-77, 65-121 II 121-177
0 C. TaKIIM ofipa

30M, MaKCHMaJIbHaH TeMrrepaTypa, 3anUCbIBaeMaH npatiopou, COCTaBJIHeT 
0

OKOJIO 180 C. 
OnmWleCIiUU suixpoxemp IIcrrOJIb3yeTCJI )J;JIH pacnraepoaxa )J;uarpaMM 

rJIy6HHHbIx MaHOMeTpOB rro aasepmeaaa IIcrrbITaHHH. 

Ycmseeasi zOJt08Ka tPHPMbI XaJIJIH6ypToH npezraaaaaaaerca )J;JIH BbI

nOJIHeHHH rex me OnepaIJ;IIH, qTO H B npyrnx IIcnbITaTeJIHX nJIaCTOB, HO 

HMeeT aexoropue KOHcTpyKTHBHbIe OTJIIIqHH. 

B 3aBHCHMOCTH OT omU)J;aeMoro )J;aBJIeHHH II )J;eOIITa CKBaamHbI MoryT 

npllMeHHTbCJI rOJIOBKH C O)J;HHM IIJIII p;ByMH pyxanaxa (coornercreeaao 

P;JIH HH3KlIX H BbICOKlIX nJIaCTOBbIX p;aBJIeHIIH). Bo scex KOHCTpyKIJ;HJIX 

YCTbeBOH rOJIOBKlI npe)J;ycMoTpeHbI rJIaBHbIH KJIanaH )J;JIH nepexpsrraa no

TOKa nJIaCTOBOH mH)J;KOCTH HJIlI raaa H oopaTHbIH KJIanaH )J;JIHaaxaxaaa

HlIH B KOJIOHHy 6ypHJIbHbIX lIJIH aacocao-xounpeccopasrx Tpy6 npomr

BOqHOH mH)J;KOCTH npa Heo6xo)J;HMOCTlI rJIymeHHH CKBamIIHbI. 
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PIIC. 69. 

\ 
IlpIICIIOCo6JIeHIIe P;JIJI KIICJIOTHOll o6pa6oTKII n cxeM~\ 

pafiorsr C HIIM B CKBalIDIHe. • 
...........~ 

a - RHCJIOTHDlit O'IHCTHTeJIb; 6 - CrryCR B CRBIDRHHy; 8 - cxejaa I:\HpRy
JIHI:\lIH npH RHCJIOTHOit oopaOOTRe UJIaCTa; • - UOJIOlfieIDIe HCIThITaTeJIJI 

UJIaCTa B npouecce npHTORa lfiH]J;ROCTH. 

PIIC. 68. fOJIOBKa nucoxoro p;aBJIeHRJI C 
p;ByMll pyKaBaMII (TIIIIa LT 20). 

PRC. 67. Beprnioacuan rOJIOBKa 
HR3Koro p;aBJIeHIIll (rnna CB). 

AmI BoaMonmOCTH Bpam;eHHJI KOJIOHHbI 6ypHJIbHbIX rpyfi BO BpeMJL 

HcrrbITaHHJI ycrr.enue rOJIOBKH BbIrrOJIHeHbI BepTJIIOmHbIMH (pHC. 67). 
Ilpa BbICOKOM rrJIaCTOBOM )l;aBJIeHHH, xorna rrJIaCTOBaJI mH)l;KOCTb nonna
MaeTCJI nsnne YCTbJI, rOJIOBKy coe)l;HHJIIOT rpyfionpononox HJIH mxaarox 
co cnenaansasnr peaepnyapou. Coenaaeaae ocym;eCTBJIJIeTCJI npa rrOMOm;H 

MaHHcP0JIbp,OB p,JIJI BoaMomHOCTH OTKpbITHJI BeHTHJIeii: H mryuepon B npo

necce pa60TbI. 

B nparcrnne HcrrbITaHHii: maponoe 
pacrrpOCTpaHeHHe rrOJIyqHJIa YCTbeBaJI 

rOJIOBKa cPHpMbI XaJIJIH6ypToH LT-20 
(pHC. 68), paCCqHTaHHaJI aa )l;aBJIeHHe

cnume 700 Krc/cM 2 H rrpezraaana-rennaa 

)l;JIJI HCrrbITamIJI HecPTJIHbIX H rasourax CKBamHH. Cnenaansmre BCTaBKIi 

C O-o6paaHbIMH yrrJIOTHeHHJIMH CJIymaT )l;JIJI aam;HTbI peab60BbIX COe)l;HHe

HHii:. Bce xpanu npofixoaue. Roprryc yCTbeBoii: rOJIOBKH H nepeaonnax 
)l;JIJI Coe)l;HHeHHJI C 6ypHJIbHbIMH Tpy6aMH )l;OCTaTOqHO npomna, qTo6bI 

nocrrpaaaaars sec KOJIOHHbI OypHJIbHbIX HJIH nacocao-aoxnpeccop
HbIX rpyfi. 

YCTbeBYIO rOJIOBKy YCTaHaBJIHBaIOT ua y)l;06HbIii: )l;JIJI pa60ThI BhICOTe. 

R YCTbeBoII rOJIOBKe MomHO npacoenaanrr, xnanpar, qepea KOTOpbIii: npn 

Heo6xop,HMOCTH HarHeTaIOT mH)l;KoCTb B 6ypHJIbHhIe Tpy6bI )l;JIJI peryna
pOBaHHJI )l;aBJIeHHJI. 

Hpoxe paccxorpeanstx yaJIOB rH)l;pOrrpymHHHoro HcrrbITaTeJIJI unac

TOB, B KOMrrJIeKT o6opY)l;OBaHHJI BXO)l;JIT erne npacnooofinenna )l;JIJI KHC

JIOTHOii: o6pa6oTKH rrJIaCTa. 
Ilpucnocotinenue 8..tLR- nuc.nomuoii otipatiomsu nnacma (pHC. 69) CJIy

mHT )l;JIJI rrpOMhIBKH rrpHaa6oii:Hoii: aOHhI nnacra KHCJIOTOii: aenocpeztcr
BeHHO nepen cnycxoa HcrrhITaTeJIJI aa KOJIOHHe 6YPHJIbHhIX rpyfi. ;:ha 
onepanaa onpaansmaer ce6JI npa HcrrhITaHHH rrJIaCTOB C HHaKoii: npona
u;aeMOCTbIO H rrpH aaxynopxe npnaatioaaoa aOHhI nnacra. 
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IIplICnOco6JIemie COCTOIIT lIB aacoca P;JIH HarHeTaHIIH RIICJIOTIiI, ne
penYCRHOrO RJIanaHa H nep~OpHpOBaHHOrO nepeBOp;HHRa P;JIH HanpaB
aeaaa RHCJIOTIiI B BaTpy6Hoe npOCTpaHCTBO nOCJIe npOMIiIBRH ITJIaCTa. 
Hacoc IIOMem;aeTCH B ROJIOHHe Tpy6 Hap; rHp;ponpyiI<HHHIiIM HcnhITaTeJIeM 
IIJIa~TOB. IIpH cnycxe npHcnoco6JIeHHH B CRBaiI<HHY RHCJIOTa Haxop;HTCH 
B n;HJIHHp;pe nacoca MelKp;y nopmaea H BaRpliITIiIM RJIanaHOM HcnliITaTeJIH 
nJIaCTOB. Hacoc paeoraer non p;eiiCTBHeM neca 6ypHJIhHliIX rpyfi. IIpH 
OTRpliITHH RJIanaHa B acmrrarene nJIaCTOB non p;eiiCTBHeM seca Tpy6 nop
mem- p;BHiKeTCH BHHB H BhITeCHHeT RHCJIOTy qepeB ROJIOHHy Tpy6 H HcnliI
TaTeJIh B IIpOCTpaHCTBO non naxep, a BaTeM qepeB nepenycRHoii RJIanaH 
B BaTpy6Hoe npOCTpaHCTBO CRBalKHHIiI nop; naRepoM. Korp;a nopmem- na
coca p;OCTHraeT HHiKHeiiRpaiiHeii TOqRH csoero xona, nrranra aacoca OT
xpsraaer P;HCROBliIii RJIanaH, H 6yplIJIhHliIe Tpy61iI co06m;aIOTCH nenocpen
CTBeHHO C BOHOii HcnliITIiIBaeMoro 06'beRTa. 

Ileperox RHCJIOTIiI B nponecce 06pa60TRH nJIaCTa H p;BlIlKeHlIe naa-
CTOBOii IKHP;ROCTH BO BpeMH rrptrroxa B Tpy61iI na pHC. 69, 6, B, e IIB06pa

lKeHO CTpeJIRaMH. 

lIcnbITaTeJIb nJIaCTOB epHpMbI JIaiiHa 

3a nocnenaee BpeMH na aMepHRaHcRHx npOMIiICJIaX aamen npaxeae
HHe IIcnhITaTeJIb nJIaCTOB, paBpa60TaHHhlii ~IIPMOii JIaiiHB. KoMnoHoBRa 
aroro IIcnhITaTeJIhHorO HHcTpyMeHTa B OCHOBHOM Ta IKe, qTO H acrrsrra
TeJIeii IIJIaCTOB C onopoii aa Ba60ii ~IIPM AIKOHCTOH II XaJIJIH6ypToH, 
HO yRaBaHHhlii HCIIIiITaTeJIb IIMeeT HeROTopliIe oc06eHHocTH. TaR, B ROM
nOHoBRy BBep;eHo yCTpoiicTBO P;JIH oT60pa np061iI nJIaCTOBOii IKHp;ROCTII 
(pIIC. 70). KpoMe roro , ~IIPMOii JIaiiHB paBpa60TaH H IIpHMeHeH 
B acnsrrarene BanopHo-noBopoTHliIii RJIanaH, ROTOphlii nOBBOJIHeT P;OCTII
rarr- rpex BaRphITIiIX H rpex OTRpliITIiIX nepaonoe HcnliITaHHii. KOHCTpyR
THBHliIe OTJIHqHH HMeIOT H p;pyrue yBJIIiI HcnliITaTeJIH nJIaCTOB C onopoir 

na Ba60ii ~IIPMIiI JIaiiHB. 
l!Ju.1bmp (pHC. 71), RaR H B JII060M p;pyroM IICIIIiITaTeJIe nJIaCTOB 

I, C onopoii na Ba60ii, BliInOJIHeH B Bup;e TOJICTOCTeHHoii Tpy61iI, HBrOTOBJIeHI, 
Hoii HB BhICOROnpOq~oii JIerHpOBaHHoii CTaJIH. Otipamaer na ce6H BHH
MaHIle oTcyTcTBHe caapaux coep;uHeHHii.r .ay6uHHble peeucmpupylOUfue MaHOMempbl u mepMoMempbl,npHMeHHer'il MliIe B HCIIIiITaTeJIe :n.!IacToB ~IlPMIiI JIaiiHB, paCCqlITaHhI na IIpep;eJIhHliIe

II
',1 p;aBJIeHUH no 1406 Rrc/cM 2 H TeMnepaTypy no 260 "C. 

Ha pHC. 72, a rrpnnenena ROHcTpyRn;HH rJIy6lIHHoro perHCTpHpyIOm;ero 

MaHoMeTpa THnOB K-2 II K-3. 
AaBJIeBIle IKHp;ROCTH lIB nnemneti cpep;hI qepeB OTBepCTHH 11 ~HJIhTpa 

10 nepep;aeTcH BO BHyTpeHHIOIO nOJIOCTh CIIlIpaJIhHOii Tpy6RH BYPp;oHa 9, 
BanOJIHeHHOII cnen;HaJIhHhIM HIIReJIeBo-yrJIepOp;HCTIiIM paernopon. HHIK
HlIii ROHen; Tpy6RlI npIlRpeIIJIeH Henop;BIIIKHO R xopnvcy MaHoMeTpa, a R 
sepxaexy ee ROHn;y npHcoep;IIHeHa RacceTa 8, na BHyTpeHHeii nosepxao
HOCTH ROTOpoii yCTaHOBJIeH 6JIaHR 5 P;JIH BaIIIlCII p;aBJIeHIIH. 3a nOCJIep;
Hee BpeMH HaH60JIee mHpoRoe pacnpocTpaHeHHe IIOJIyqlIJIII JIaTyHHliIe 

6JIaHRIl C qepHIiIM nORpIiITIleM. B ROHTaRTe C 6JIamWM Haxop;HTcHocrpaa 
nraa 6, BaRpeIIJIeHHaH B nanpaanmomea BTyJIRe 7. 

IIpH YBeJIlIqeHHII p;aBJIeHHH BHyTpH Tpy6RH BYPp;oHa OHa IIOBOpaqn
BaeTCH na onpeneneaasra yrOJI H yBJIeRaeT aa c060ii xaccery C 6JIaHROM. 
Op;HOBpeMeHHO arna C aanpaaaaromea BTyJIROii nepesre
maerca nsepx no XOp;OBOMy BIIHTY 3, xoropsra spamaerca 
npa nOMOm;H qaCOBOro MexaHHBMa 1. HanpaBJIHIOm;aH BTyJIRa 
(II HrJIa) npa arox He nOBOpaqHBaeTCH, TaR RaR nocryna

II'TeJIhHO rrepexemaerca B uaae xoprryoa 4. Ilonopor aaccerra H 
BepTHRaJIhHOe nepeuemenae HrJIIiI 06eCneqHBaIOT aanacs HBMe
HeHHH p;aBJIeHHH BO BpeMeHH. IIpop;oJIIKHTeJIhHocTh aasona 
qaCOBOro MexaHHBMa MOlKeT 6liITh HBMeHeHa nepeRJIIOqeHHeM 
mecreperrsaroro penyxropa 2. 

qacoBoii MexaHHBM MaHOMeTpa (pHC. 72, 6) COCTOHT lIB 
6aJIaHCIlpa 1, xpanosoro MexaHHBMa 2, BRJIap;liImeii 3, ROHH
qeclwii mecrepensaroa nepenasa 4, rJIaBHIiIX npYIKIlH 5. Bce 
MexaHIlBMIiI yCTaHOBJIeHIiI B paB'beMHOM xopnyce 6. 

HHlKe npaaeaema RpaTRHe TeXHIlqeCRHe naamae yxaaaa
HhIX peracrpapyronrax npatiopoa. 

Paaaepsr, MM: 
HapYll\HhIU AuaMeTp • • • • • • • 
AJIUHa C «pHJIbTPOM •.••••. 
AJIHHa C TeMIIepaTypHhIM 3JIeMeHTOM 

ITpeAeJIhI H3MepeHllR: 
AaBJIeHHR, Rrc/cM2 
TeMnepaTyphl, °C 

TOqHOCTb H3MepeHllR: 
AaBJIeHHR, % • • . . . . 
TeMnepaTyphI, °C •. . . 

MaRCUMaJIbHbIii: XOA UrJIhI, MM 
Paasrep 6JIaHRa, MM •• 
qacoBoH MexaHH3M: 

npOAOmKllTeJIbHOCTb XOAa, q 
naanasoa perynaposanaa XOAa, q 

qaCTOTa BpaJIJ;eHHR , o6/q 

K-2 K-3 

25.4 31,7 
1012.8 1079,5 
1292,2 1353.5 

70,3-1406 
0-260 

0,25 
2 

76.1 101,6 
57,1X92 66,6X98.4 

6 24 60 
3; 6; 12 12; 24; 48 30; 60; 

120 
10 12 

Pep;YRTOpqaCOBOro MexaHHBMa MOlKeT nepenaaars spa
meuae OT Hero R XOp;OBOMy BIIHTY 6eB HBMeHeHHii (1 : 1), C 
YBeJIHqeHHeM B 2 pasa (1 : 2) HJIII C yMeHbmeHHeM B 2 paaa 
(2 : 1). IIepeRJIIOqeHlIe penyxropa JIerRO BliInOJIHHeTCH aeno
cpep;CTBeHHO nepen ycraaoaxoa xaaoaerpa B acnsrrarem, 
IIJIaCTOB. 

Pac, 70. KOMIIOHOBK8 llCnhITaTeml nJIaCTOB «pllPMLI JIaHH3. 
1 - npacnocodrrenae ltlIJI oTliopa npOO nJIaCTOBOA 1R1!ljJ;HOCTI!I; 2 - npl!IcnOCOOJIe ill 

HHe jJ;JIIi OTCeHaHHII oToCipaHHol!: naacroaoa liIl!ljJ;HOCTI!I. 

9 3aHaa 2110 129 
128 



Ilepeeoonun OJ£S£ ycmano8nU My6unnbU: peeucmpupy1014UX npu6opo8 
BhIrrOJIHeB B AByX BapUaBTaX. IIepeBoABuK AJIH npafiopon, poracrpapyio
m;UXHaMeBeBUII AaBJIeBUH U resnreparypu aa aafioe CKBaiKUBhI, rrpanenea 
ua pHC. 72, 8. IIpu60phI B HeM paaaemaiorca BHe noroxa mUAKoCTII, 
rrocrynaromea B UCIIhITaTeJIL rrJIaCTOB, U C006m;aIOTCH C saTpy6HhIM npo
CTpaHCTBoM aa aafioe cKBamUHhI. 

OAHoBpeMeHHo MOiKHO yCTaHoBuTL TpU MaHoMeTpa UJIU ABa l.IaHO
MeTpa II aa60D:HLlD: TepMOMeTp. IIepeBOAHUK BLlrrOJIHeH nposmra, TaK 
RaK rronaepraerca AeD:CTBIlIO 60JILmUX ocentax narpyaoa. 

IIepeBOAHUK AJIH yCTaHoBKU rrpu60pOB, perucTpupy
IOm;IIX' aaxeaeaae AaBJIeHUH sayrpa uCIIhITaTeJIH rrJ}:aCTOB 
(puc. 72, e), noaemaror HaA naxepoa HerrocpeACTBeHHO 
non IIcrrLlTaTeJIeM IIJIaCTOB. 

Ilasep (puc. 73) HeaHa'l1lTeJILHO OTJIHqaeTCH OT aaa
JIOruqHOD: KOHcTpyKn;Hu lflupMLI XaJIJIU6ypTOH. B HeM 
rarose UCrrOJILaOBp.HhI ABa peaUHOBhIX aneaenra, npasea 
HUiKHUD:, BhIrrOJIHeHHbID: aa 60JIee iKeCTKOH peaaan , CJIy
iKUT AJIH rrpeAOTBpam;eHUH aaTeKaHUH OCHOBHoro yrrJIOT
HUTeJILHorO :meMeHTa B aaaop MeiKAY KOpnyCOM naxepa II 
CTeHKOH CKBaiKHHLI. B yxasaaaoa rraxepe HeCKOJIbKO II3
MeHeHO xpenneaae peaaaosoro yrrJIOTHIITeJILHOrO ane
MeHTa K MeTaJIJIHqeCKOD: apuarype U HaME:'HeHa KOHCT
pYKn;IIH TeJIeCKOrrMeCKoro nopmaa, o6ecrreqIIBaIOm;ero 
nopeaemeaae nepxaero ropna aJIeMeHTa rrpH MaKCHMaJIL
HOD: ,n;elflopMan;HH aa 242 MM. 

rUOpa8./tU'leCnuU ucnbl,mame.ttb nsacmoe (puc. 74) pa6o
raer rro TOD: iKe cxeae , qTO H aHaJIorUqHLle uHcTpyMeHThI 
lflupM ,[(iKOHCTOH U XaJIJIH6ypTOH. Ilpa rrepeMem;eBIIH 
IIITOKa naas npoacxonar aaMeAJIeHHe ero ABHiKeHUJI non 
AeD:CTBHeM rHApaBJIHqeCKOD: TOpM03HOD: KaMepbI. IIOJIHhIH Pnc. 71. 
XOA IIITOKa AJIH OTKpLlTHH npaesmoro KJIarraHa cocran<I>HJIbTp. 
JIHeT 102 MM. ROHcTpyKn;UH pene BpeMeHH BhIrrOJIHeHa
 

TaKUM o6paaoM, qTO nepnsre 76 MM nrrox npoxonar oseas MeAJIeHHO
 
(rHApaBJIHqeCKHe corrpOTUBJIeHUH B TopMoaHoH KaMepe npa aToM MaK

CHMaJJLHhIe), a rrOCJIeAHUe 26 MM - OqeHL 6L1CTpO. IIpH TaKoH cxexe
 
rrpenorapamaerca paspymeaae pesaaonux yrrJIOTHHTeJILHLlX KOJIen; aa
 
IDTOKe, TaK KaK OHH rrpa OTKphITHH npaesmoro KJIarraHa 6L1CTpO rrpoxo

)J;HT ornepcraa, H mrox He yeneaaer HX BhIpBaTL HS raeana. RpOMe
 
Toro, 6hICTpoe OTKpLlTHe rrpaessnoro xnanaaa qeTKO lfluKcHpyeTcH aa no

nepxaocra H rrOaBOJIHeT KOHTpOJIUpOBaTL pa60TY HCIIhITaTeJIH rrJIaCTOB.
 

Banopno-noeopomnuii xsanat« (pHC. 75) rrOaBOJIHeT ocym;ecTBuTL TpH
 
OTKpLIThIX H TpH saxpursrx nspaona HcrrLlTaHHH. B HaqaJIbHhID: nepaon
 
orsepcrae 8 cootimaerca C KOJILn;eBhIM npocrpaacraoa 6, xepea xoropoe
 
mUAKOCTL nocrynaer aa UCIIhITaTeJIH rrJIaCTOB no BHyTpeHHuH KaHaJi 5
 
u:qepea Hero B 6ypUJILHLle Tpy6hI. ,[(JIH aaKpLlTHH KJIa.rraHa Heo6xoAHMLI
 
)J;eCIITL 060pOTOB 6ypUJIbHOH KOJIOHHLI, npa aToM nepXHUD: nepeaonaan 1
 
C BepXHuM mToKOM 2 npamarorca BMeCTe CHeD:, a HUiKHUHIIITOK 4, CoeAH

neHHLlH CBepxHuM npa rrOMOm;H JIeHTOqHOD: pe3LohI, nepexemaerca nsepx.
 

9*it136 

a 

s 

It 

J 

jll~'111 
I, 1"
 
I,I, ill
 I 

, 11,[ 

6 B 

lilll 
I: 

". 

Puc. 72. Peracrparopa AaBJIewHI. 
a - MaHOMeTPhI R-2, R-3; (6 - xacoaoa. 
MexaHH3M; 8 H 2 - nepeaonnaaa l\J1ff 

YCTaHOBRH MaHOMeTPOB 

6~ili~ 

I 



HHmHHH mrox OT nponopora y,n;epmHBaeT mnoaxa 3. IIepHo,n;HqecRHMH 
Bpam;eHHJlMH 6ypHJIbHhIX Tpy6 aa necarr, 060pOTOB nocraraerca TO aaxpu
THe roranana, TO COBMem;eHRe OTBepCTHJl 8 C oTBepcTHHMlI 7. 
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1

Ilaxep, Puc. ¥ I,CU}J;paBJIINe Puc. 75. Tpex Pac, 76. Ilnp
1 - YlIJIOTHHTIWbHhlH CRUll UCnLITaTeJIb nna- n03UIJ;UOHHhIll RYJIJlIJ;UOHIIhIH 
~lJIeMeHT; 2 - orpaHH CTOB. 3anopHO - nOBO RJIanaH. 
qIlIBaIOm;Hit peaHHOBbIit 

1 - OTBepCTHe lIpHeMHoro POTHhIll: RJIanaH.
llJIeMeHT; 3 - OlIopHoe 

RJIalIaHa; 2 - OTBepCTHeNeTaJIJIHqecRoe ROJIb
ypaBHHTeJIbHorO RJIalIaHa.1l0. 

,n;JIJl npenornpameaaa aasynopxa RaHaJIOB IIIJIaMOM IJ;eHTpaJIbHhIe 
OTBepCTHJl B xnanaae BhInOJIHeHhI ,n;HaMeTpoM 25,4 MM. 

:QUPKYJtR/fU01U-{,UU nsanatc (pHC. 76) BhInOJIHeH B BH,n;e nepenonaana, 
IIMeIOm;ero 60ROBoe OTBepCTHe, aaraymeaaoe npofinoa. ,n;JIJl coofime
HHJl BHyTpeHHeH nOJIOCTH Tpy6 C aaTpy6HhIM npOCTpaHCTBoM B Tpy6hI 
aa6paChIBaIOT crepaceas, ROTOphIH, yzrapaa no npofixe, cpeaaer ee; npa 
3TOM ofipaayerca RaHaJI. ,n;JIJl o6JIerqeHHJl cpeaanaa npofixa HMeeT 
aanpea, 

i32 

BepTn.lt1O:HCUaR eonoesa (pHC. 77) nplI nOMOm;H nepenonaana 5 npncoe
,n;HHJleTCR R 6ypHJIbHLrM Tpy6aM. B BepXHeH ee qaCTH yCTaHOBJIeH C06CT
BeHHO BepTJIIOr, B ROTOpOM RpeCTOBHHa 21InplIRpeWIHeMaJl R HeH BhIRlI,n;
naa JIHHHJl 1 OCTaIOTCJl Heno,n;BRmHhIMH, a cTepmeIIb 3 MomeT nponopa
qlIBaTbCJl BMeCTe C 6yplIJIbHhIMR rpytiaxa. B rOJIOB~aHOBJIeH orce
RaIOm;HH RJIanaH 4, paCCqHTaHHhIH na BhICORoe ,n;aBJIeH-He'" CJIymam;HH 

~N"m---5 

a 
Puc. 78. CneIJ;UaJIbHhIe 

HURU. 

a - )"IJIH OTCeRaHHH oT06paHHoH lIp06bI; 
6 - )"IJIH oroopa IIp 06 If(H)"IROCTH HJIH rasa 

,n;m! aaxpsrraa BHyTpeHHeH nOJIOCTlI 6ypHJIbHhIX rpyfi, BepTJIIOr HMeeT 
YCTPOHCTBO, nOaBOJIJlIOm;ee aafipacsrnarr, B 6ypHJIbHhIe Tpy6hI crepmeas 
,n;JIJl OTRphITHJl IJ;HPRYJIJlIJ;HOHHOro xnanaaa. 

RpOMe paCCMOTpeHBhIX nsrnre yaJIOB, B ROMnOHOBRy lICnbITaTeJIJl 
nJIaCTOB .pHpMhI JIaHHa BXO,n;JlT: MeXaHHqeCRUe H i'u,n;paBJIHqeCRHe 
HCCbI, 6eaOnaCHbIe aaMRH, rJIy6HHHhIe, perHCTpUpy:{Om;He TepMOMeTpbI 
.pHpMhI RaCTep, ROTOphIe HHqeM He OTJIHqaIOTCJl. OT aHaJIOrUqHbIX 
ROHCTpyRIJ;UH, npmrenaeuux .pUpMOH XaJIJIHl'lypTOH, U nOTOMy anecs 

PUC. 77. BepTJIIOiRHaH rOJIOBRa. 
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He paCCMaTpHBaIOTCJI. OAHaKO «})HpMOii Jlaaaa paapaooraao HeCKOJIbKO
 
ycrpoacrn ~JIH BLIIIOJIHeHHH BCIIOMOraTeJIbHLIX onepanaa, KOTopLIeMoryT
 
YCTaHaBJIHBaTbCH B HCIILITaTeJIbHOM HHcTpyMeHTe IIpH IIpOBe~eHHHyrJIy6

JIeHHLIX HCCJIe~OBaHHii nnacra. ROHCTPYK~HHyKaaaHHLIX yaJIOB OIlHcaHLI
 
HHme. 

IIepe600UU"K. 0.1,1£ omcexanux omotipanuoii npotiu. (pHC. 78, a) yCTaHaB
.JIHBaIOT B KOMllOHOBKe aa JIIOOOM paCCTOHHHH OT HCIILITaTeJIH llJIaCTOB. 
OH CJIymHT ~JIH paaotimeaaa nepxaea qaCTH KOJIOHHLI H HHTepBaJIa oy
PHJIbHLIX TpyO, aallOJIHeHHLIX nJIaCTOBOii mH~KOCTblO (Mem~y HCnLITaTe
JIeM llJIaCTOB H yKaaaHHLIM nepeBo~HHKOM). ,IJ;JIH aaKpLITHH OTBepCTHH B 
nepenonnaxe B Hero aatipacsmaror crepacem.. IIPH 1I0~'beMe OypHJIbHLIX 
TpyO aa 1I0BepXHOCTb nepeBO~HHK YCTaHaBJIUBalOT aa porope , K nesry 
IIpHcoe~HHHIOT ycrseaoe OOopY~OBaHue H HallpaBJIHIOT I1JIaCTOBylO mH~
KOCTb B Clle~UaJIbHLIe peaepnyapsr. 

Ycmpoiicmeo OAR om6opa npo6.~uoxocmu usu. easa (pHC. 78, 6) ycra
HaBJIHBaeTCH JIUOO B HenOCpe~CTBeHHOii OJIUaOCTH OT HCIILITaTeJIH IIJla
CTOB, JIHOO B JIIOOOM npyroa MeCTe OypHJIbHOii KOJIOHHLI. IIPH Heooxo~H
MOCTH MomeT OLITb yCTaHOBJIeHO HeCKOJIbKO yCTpoiicTB B paaJIHqHLIX Me
crax KOJIOHHLI. Ilpa ~BHmeHHH mH~KOCTH lIO nearpaasaoay rH~paBJIHqe-_ 

CKOMy KaHaJIy na axone B COlIJIO 3 BoaHHKaeT nepenan ~aBJIeHUH,~eiicTBY- ~ 
IO~Hii canay nnepx, non BJIUHHHeM xoroporo mTOK 4 nepexemaerca I 
nsepx (xorna aTOT nepenan ~OCTHraeT 1,4 KrcjcM 2), cmHMaH npyaenrry 1, 
n OTKpLIBaeT KOJIb~eBYIO KaMepy 5. qepea nee mH~KOCTb rreperexaer !j 
snepx B oypHJIbHLIe TPyOLI. ; 

RaK TOJIbKO ~HPKYJIH~HH rrpexpamaerca, ~aBJIeHHe BO ncex aoaax BLI
paYHHBaeTCH, H non noaneacraaea IIpymHHLI mTOK aoanpamaerca B HHm

nee 1I0JIOmeHHe, OTceKaH mH~KOCTb B KOJIb~eBOii xaxepe 5. ,IJ;JIH orfiopa 
npooLI mH~KOCTH aa yxaaaaaoa KaMepLI npenyeaorpenu KaHaJILI 2 H 6, 
B KOTOpLIX yCTaHOBJIeHLI ClIe~HaJIbHLIe aanopaue xpansr. PaOOqaH ex
KOCTb KaMepLI 1I0aBOJIHeT orotipars OKOJIO 3 JI mH~KOCTH. HeOOJIbmUe 
paaaepu zranrroro yana lIOaBOJlHIOT ortiaparr, lIPOObI U npOBO~UTb UX ana
aaa KaK nenocpencrneaao na OYPOBLIX, TaK U B JIaOOpaTopUHX, Ky~a aTO 
YCTpOHCTBO ~OCTaBJIHeTCH KaK OOLIqHLIii KOHTeHHep. 

ROMlIJIeKT IICIILITaTeJIbHOrO UHcTpyMeHTa C OIlOpOH na aaooii, paapa
oOTaHHLIii «})UpMOH JIaHHa, mapoxo npaxeaaerca B CllA U ~pyrux crpa
nax. 

PeaYJIbTaTbI IIpHMeHeHHH HCnbITaTeJIeH llJIaCTOB 
COIIOpoH na aa60H B 6YPH~HXCH CKBaHtDHax 

OTeqeCTBeHHLIii U aapyoemHLIii OIlLIT npaxenenaa HcrrLITaTeJIeH nna
CTOB noxaaan, 'ITO OHU HBJIHIOTCH aaUOOJIee a4l4leKTHBHLIM UHcTpyMeHToM 
rrpu HcrrLITaHUU OOWKTOB B nponecce oypeHuH paaBe~OqHLIX CKnamUH 
H 'ITO peayJIbTaTLI IIelILITaHHii B aHaqUTeJIbHOii CTelIeHII orrpe~eJIHIOTCH 

COCTOHHHeM CKBamHHLI. McrrLITaHHe BCKpLITLIX rrpO~YKTIIIiHLIX ropaaon
TOB lIpe~CTaBJIHeT COOOH BpeMeHHLIH BBO~ CKBamUHLI B axcnnyaranaro 
U npenpemaer xapaxrep U MeTO~ ee aaKaHqUBaHHH. B CBHauCaTUM IIClILI
TaHUIO ~OJImHa npemnecrnoaarr, caaaa T~aTeJIbHaH lIo~rOTOBKa cxaaaca
HbI, aaKJIlOqalO~aHCH npeaoie ncero B TOM, 'ITO CTBOJI B ucrrbITbIBaeMOM 

n4 

UHTepBaJIe T~aTeJIbHO rrpopaoaTbIBaeTCH U rrpOMbIBaeTCH B TeqeHlIe 4
6 'I BbICOKOKaqeCTBeHHllM OypOBLIM paCTBOpOM, BO~OOT~aqa xoroporo 
He npensnnaer 2-3 CM3aa 30 MHH. 

ECJIU CKBamUHa no aasana ucrrLITaHUH ~JIHTeJIbHO rrpOCTaHBaJIa, TO 
rrpopaoaTbIBaTb CTBOJI HeOOXO~UMO OT OaIllMaKa lIOCJIe~Heii cnymeanoa 
ItOJIOHHLI ~O aaOOH. CKOPOCTb npopatioraa aaBHCHT OT ~JIUTeJIbHOCTH 
npOCTOH, COCTOHHUH CTBOJIa CKBamHHLI, reOJIOrUqeCKllX YCJIOBHii II KOH
CTPYK~HII HCIILITaTeJIH. B aapyoeiEHOH lIpaKTHKe ary CKOpOCTb nonnep
mHBalOT OObIqHO B npenenax 15-30 u]«. 

,IJ;0 naxana HcnbITaHHH BCKpLIToro npO~YKTHBHoro ropaaoa-ra ~OJIm
HbI ObITb nposeneau KapOTamHbIe paooTLI H CH/lTa ltaBepHorpaMMa, TaK 
KaK peayasraru aTHX patior npe~Ollpe~eJIHIOTMeCTO yCTaHoBKU HClIbITa
TeJIH. CHHMaTb xaporaamyio naarpaxay H KaBepHorpaMMy, KaK IIpaBHJIO, 
pel\OMeH~YIOT TOJIbKO B IIHTepBaJIe HcnLITbIBaeMoro ropaaoara. 

Hcnuranne npo~YKTHBHbIX ropHaOHTOB B HeaaKpenJIeHHOM CTBOJIe 
cRBamHHLI, ocofieaao npH OOJIbmUX rJIyoIfHax H BLICOKHX aaooiiHLIx 
TeMlIepaTYpax, CBHaaHO C TPY~HOCTHMH H pHCKOM, TaK KaK BoaMomHLI 
OCJIOmHeHHH. O~HaKo H aa pyoemoM, H B OTeqeCTBeHHOH IIpOMLIm
JIeHHOCTH nplIoopeTeH ~OCTaTO'IHbIii OIlLIT IIpHMeHeHHH HCllbITaTeJIeii 
B rJIYOOKHX CKBamHHax. Ha MecTopom~eHHHx OO'be~HHeHHH CTaB
pOrrOJIbHe4lTeraa nponeneasr ~eCHTKII ycnemaaz IICIILITaHHii B Heooca
meHHbIX paaBe~O'IHbIX cxaaacaaax rJIyOHHoii 3200-3800 M IIpH aaooii 
HbIX TeMrrepaTypax no 1450 

C. B aTOM paaoae lIpOBe~eHLI nepnsre OIlLITLI 
110 HCllLITaHHIO OO'beKTOB na oOJIbmoii rJIyOHHe. TaK, B paanenoanoii CKB 7. 
OTKaaHeHCKOH: llJIO~a~H CTaBpOnOJIbHe4lTeraaa HCIILITaTeJIb llJIaCTOB co 
C~BoeHHLIM naxepou ~HaMeTpoM 130 liM ~Bam~bI cnycxana B neaaxpen
JIeHHLIii CTBOJI, lIpHqeM nepxnaa YIIJIOTHHTeJIbHbIii aJIeMeHT OLIJIycTaHoB
JIeH aa rJIyoHHe 4622,7 M, a HHmHuii - na rJIyoHHe 4624 M, aafioaaaa 
TeMrrepaTypa paBHHJIaCb 170-1800 C. Ilpa HcnLITaHHJlX OLIJIH HCIIOJIb
aonaHbI TepMocToiiKHe YllJIOTHHTeJIbHLIe aJIeMeHTLI. 

Cnye« HCIILITaTeJIH ocy~eCTBJIJlJIH aa KOMOuHHpoBaHHoH OypUJIbHOii 
ItOJIOHHe, COCTaBJIeHHOH aa TPYO ~HaMeTpaMH 89,114 H 141 MM. Ilpa YCTa
HOBRe IIcnLITaTeJIH naxep ObIJI cacar yCHJIHeM 13 TC. IIPH nepnox peiice 
repMeTHqHOCTb He OLIJIa ~OCTHrHYTa, a IIpH BTOpOM ncnLITaHHH npOIIIJIu 
ycnemao, If HCllLITaTeJIb1I0CJIe CTOHHHJI aa npUTOKe B TeqeHUe40 MHH OLIJI 
oea OCJIOmHeHHll nO~HHT aa noaepxnocrr.. MCIILITaHHH 1I0~TBep~HJIH 
BoaMomHOCTb IIpHMeHeHHH HCllbITaTeJIeii B rJIyooltHX CKBamHHax B IIPO
neece oypeHHH. 

Bropoa KOMlIJIeKC HCIILITaHHii B aTOH CRBamHHe ObIJI IIpOBe~eH IIOCJIe 
cnycxa ooca~HoiiKOJIOHHLI na eme oOJIbmeii rJIyoHHe: B uHTepBaJIe 4685
4700 M. BbIJIO C~eJIaHO naa peiica B cRBamHHy. Hcmrraaan rrpOBO~HJIHCb 
B cxaaacaae , oocameHHoii XBOCTOBHKOM ~uaMeTpoM 146 MM. ROMIIOHOBKa 
OLIJIa IIpHHHTa TaKaH me, KaK U npa nCIILITaHHHX B He06cameHHOM CTBOJIe. 
Harpyaxa aa naxep IIpH aanaxepoane paBHHJIaCb 15-16 TC. IIPH lIepBOM 
peiice HCIILITaTeJIb CTOHJI na IIpHTOKe B rexeaaa 3 'I, nepenan Mem~y nna
CTOBbIM ~aBJIeHlIeM H ~aBJIeHHeM BHyTpH HcnLITaTeJIJI COCTaBJIHJI 
190 Krjc){2. Flparoxa aa nnacra He 1I0JIyqHJIn. HeCMOTpH aa yBeJIH'IeHHe 
nepenana ~aBJIeHHH IIpH BTOpOM peiice no 274 Krc/CM2 H CTOJlHHH 
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HCnhITaTeJIJI B resenae 1'1, nparox He BoaOY)l;HJIH, na aroro OhIJI C)I;eJIaH 

BbIBO)l;, 'ITO HcnbITbIBaeMhIH 001>eKT«cyxOH». 

3a nOCJIe)l;HHe rO)l;bI 001>eM npHMeHeHHJI HcnhITaTeJIeH nJIaCTOB C ono

POH aa aaOOH B rJIYOOKHX CKBamHHax aHalJHTeJIhHO YBeJIHlJHJICH. B He.p

THHbIX paaoaax CTpaHbI eaeeronao npOBO)l;HT )1;0 500 HcnLITaHHH 001>eK

TOB, aaaeraromax aa fJIyoHHe 3000-4000 M H )1;0 50 HcnbITaHHH na r-ny

oHHe 4000-5000 M. IIcnbITaHHH 001>eRTOB B CKBamHHax rJIyoHHoH CBbI

me 4000 M npOBO)l;HTCH B BOJIfOrpO)l;CKOH OOJIaCTH, RpaCHO)l;apCKOM xpae, 

Bamxapcxoa ACCP, Beaopyccxoa CCP H np. MaKCHMaJIhHaH rJIyoHHa 

npHMeHeHlUI HCIThlTaTeJIeH nJIaCTOB B CCCP npenucana 5000 M. IIpaKTHRa 

HcnbITaHHH nJIaCTOB B HeaaRpenJIeHHOM CTBOJIe cKBamHH OfpaHHlJHBaeTCJI 

onpeneaeaaoa fJIyOHHOH, HHme KOTOpOH pafiorra no HcnbITaHHIO caasa ~. 

HbI C OOJIbmHM aeonpannaaasra pHCROM. TaKoH rJIyoHHoH aMepHRaHCRHe 

nnacenepu ClJHTaIOT 5500-6000 M. 

IIpHMepoM HCIIbITaHHH nponyxrannoro ropnaonra aa OOJIbmOH fJIY

OHHe MomeT CJIymHTb HCIILITaHHe CKBamHHbI B ceaepnox Texaco (pHC. 79)~ 

B 3TOH CRBamHHe ObIJI HCIILITaH ropaaoar, pacnOJIOmeHHbIH na fJIyoHHe 

5430-5490 M. Ilposeneaae pafior OCJIOmHJlJIOCb TeM, 'ITO CTBOJI OKaaaJI

CJI CHJIbHO HCKpHBJIeHHbIM. ~rJIYOHHbI 4145 M oxnaarana ObIJIa oficazae
aa TpyoaMH )l;HaMeTpoM 194 Haase oamMaKa 3TOH KOJIOHHbI oypeHHe 

BeJIOCb )l;OJIOTOM )l;HaMeTpOM MM )1;0 rJIyoHHbt 5490 M. IIcKJIIOlJHTeJIbHo 

TBep)l;bIe nOpO)l;bI H RpyToe eHHe nJIaCTOB OOYCJIOBHJIH HcKpHBJIeHHe 

CRBamHHbI)I;O 360 
(pHC. 79, 6). 

Ilepen HcnbITaHHeM CTBOJI Tm;aTeJIbHO nO)l;fOTOBHJIH: OypOBOH pac

TBOp ObIJI xopomo ofipafioraa H )l;OBe)l;eH)I;O yneasaoro neca 1,64 rc/cM3• 

BypOBOH paCTBOp npe)l;CTaBJIHJI COOOH oapHTOreJIeByIO cHcTeMy, ofipa

oOTaHHyIO RaycTHlJeCKOH CO)l;OH H xsefipaxo, conepacamyro 3% )l;HaeJIb

aoro TOnJIHBa. AJIH yCTaHOBRH naxepa B sepxaeii lJaCTH aonsrrrmaexoro 

HHTepBaJIa nOTpeOOBaJIOCb )l;OOaBHTb 60 M TOJICTOCTeHHhIX nep.popHpoBaH

HbIX rJIa)l;KHX JlROPHbIX TPYO )l;HaMeTpOM 114 MM. 

ROMnOHOBRa HcnbITaTeJIH nJIaCTOB He OTJIHlJaJIaCb OT npHMeHHeMOH 

aa HeOOJIbIIIHX rJIyoHHax (pHC. 79, a). 
OOm;aH )l;JIHHa HcnbITaTeJIH 13,25 M, a nOJIHOH KOMIIOHOBRH, 

BKJIIOlJaIOm;eH, RpOMe HcnbITaTeJIH, TOJICTOCTeHHbIe JlROpHbIe TPYObI, 
57,8 M. 

IIoCJIe nO)l;rOTOBRH CTBOJIa CKBamHHbI ObIJI cnyrnea acmarareas C nep

.popHpoBaHHbIM HRopeM. Ao fJIYOHHbI 3570 M ROJIOHHy rpyb, aa ROTOphIX 

cnycxana HcnbITaTeJIb nJIaCTOB, nepaonasecxa aanOJIHJlJIH BO)l;OH, OCTaJIb

HaH lJaCTb KOJIOHHbI ObIJIa crrymena rrycroa. Cacarne naxepyiomero 3JIe

MeHTa ocym;eCTBJIJlJIOCb BeCOM KOJIOHHbI OYPHJIbHbIX TPYO, COCTaBJIHB
mHM 11,300 TC. IIcnbITaTeJIb nJIaCTOB OCTaBaJICH OTRpbITbIM B reseane 

65 MHH. 

C n;eJIbIO aaKpbITHJI aanopnoro nonoporaoro xnanana ()I;JIJI CHHTHH 

KpHBOH BOCCTaHOBJIeHHH )l;aBJIeHHH npa aaxpsrroa nepaone B KOHn;e HC

nbITaHHH) ROJIOHHy 0ypHJIbHbIX TPYO npantaaa nnpaao aa 14 nOJIHbIX 

OOOpOTOB. AJIJI Ha)l;eiI\HOCTH HaMepeHHH aafiojiaoro )l;aBJIeHHJI HHCTpy
MeHT OCTaBaJICH B 3TOM nOJIOmeHHH B TelJeHHe 30 MHH. 3aooHHaH rexne

parypa B CRBamHHe COCTaBJIHJIa 1320 C. 
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PIIC.. 79. McuhITaHHH CRBamHHhI 
• B Texace. 

a - ROMnOHOBRa IIpllMeHRmnerOCJI 
HCI!hITaTeJlJI llJlaCTOB; 6 - npol/JIDIb 
CTBOJla CRBaHlHHDI; 8 - naarpaxxa 
AaBJIeHllJI. CHHTaJI B nponecce HC-

IIbITaHHII; 
1 - oypllJIbHDIe TPYObI; 2 - paoO'llilA 
nepeBOAHHR; 3 - aanopHo-nOBOpOT
HbIA RJIanaH; 4 - rHAponpYJIIHHHbIA 
acmrrarens nJlacTOB; 5 - rrepeaon
HIlR AJlII yCTaHOBRH rJly6HHHoro Ma
HOMeTPa; 6 - rH,lIpaBJIH'IecKIIil: IICC; 
? - oeaonacm.z1t aaMOR; 8 - yIIJlOT
HHTeJlbHbIA 3JleMeHT; 9 - onopHbIA 
IIROPb; 10 - crrycx HHCTPYMeHT3; 
11 - oTRphiTHexnarraaa HCI!hITaTeJlII; 
12 - aaRphiTHe xrrarrana; 13

nOA'beM IIHCTPYMeHTa. 
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lIayqeHue rrOJIyqeHHhIX naarpaxa noxaaano , qTO mnpocrarasecxoe 
,n;aBJIeHUe, uaMepeHHoe rJIy6uHHhIM perucTpupyIOJIJ;UM sraaoaerpoa, CO
CTaBJIHJIO 868 Krc/cM 2 (puc. 79, 6). Hanaasnoe naaneaae 6hIJIO 355, a 
KOHeqHOe 358 Krc/cM 2. 

B OKJIaXOMe npa rJIy6uHe CKBa)l{llHhI 6700 M HecMOTpH na OCJIOilme
HHH, 06'bHCHHeMhIe crren;UepHqeCKHMU yCJIOBUHMH n cxsaacaae, acnsrra
TeJIb rrJIaCTOB cpa60TaJI aopaansao. XOTH nparoaa aa nnacra He nony
qHJIH, TeM He xeaee 6hIJIa ,n;OKaaaHa BOaMOmHOCTb HcrrhITaHHH na 60JIb
mHX I'JIy6uHax. 

HaH60JIbmaH rJIy6HHa cKBamHHLl, B KOTOpOH npoaonanacr, aensrra
HHH, COCTaBHJIa B CiliA 7720 M. lIcrrhIThIBaeMhIH HHTepBaJI Haxo,n;IfJICH 
Mem,n;y 7690 If 7720 M. Hcnsrraaae npononanocs npa rroMOJIJ;H HcrrhITaTeJIH 
rrJIaCTOB epHpMhI XaJIJIH6ypTOH. ,l);JIH cnycxa H yCTaHoBKH naxepyrontero 
,meMeHTa norpetioaanocs nexaoro 60JIbme 13 q; CKOpOCTb cnycxa COCTa
BJIHJIa 55 M/MHH B KOJIOHHe ,n;HaMeTpoM 194 MM; B XBOCTOBHKe ,n;HaMeTpoM 
127 MM CKOpOCTb crrycxa 6hIJIa CHHmeHa ,n;o 18,3 M/MHH. ,l);JIH cmaTHH na
KepyIOJIJ;erO aneueara 6hIJIO rrpHJIOmeHO ycHJIHe 6,6 TC. 

B aapy6emHoH npaxraxe npHMeHeHHH acnsrrareaea rrJIaCTOB UBBecT
HhI CJIyqaH y,n;aWhIX HcrrhITaHHH CHJIbHO HCKpUBJIeHHhIX CKBamHH. B Ha
,;mepopHHH 6hIJIa acnsrrana CKBamHHa, KpHBHaHa KOTOpOB COCTaBJIHJIa 

70°. 
OIIhIT rrpHMeHeHHH acmrrarenea rrJIaCTOB aa OTeqeCTBeHHhIX HeepTH-

HLlX MecTopom,n;eHHHx noxaaan, qTO UCKpHBJIeHHe CTBOJIa CKBamHHhI aa 
yrOJI no 28°He BJIHHeT aa KaqeCTBO npoaeneana pa60T. "YCJIOBHH acmrra
HHB 06'beKTOB B HCKpHBJIeHHhIX cxaaacaaax OCJIOmHHIOTCH B rex CJIyqaHX, 
xorna HCKpHBJIeHHeM CTBOJIa BhIaBaHO 'KeJIo6oo6paaoBaHHe. ' 

IIpH acnaraaaax B cKBamHHax, 6YPH~HXCH B OCJIOmHeHHhIx yCJIO
BHHX, xorna BoaHHKaeT onacaoors 06BaJIOB H npaxaara HHcTpyMeHTa aa 
aafioe , KRK B OTeqeCTBeHHOB, TaK H B aapy6emHoH npaxraxe BcKphITHe 
nponyrrranmax ropaaonroa ocYJIJ;ecTBJIHeTCH ,n;OJIOTOM MaJIOrO naauerpa 
C oT6opOM nepna. lIHTepBaJI npennoaaraeaoro nponyxranaoro ropaaoa
ra , BhIHBJIeHHhIH rro ,n;aHHhIM orofipannorn xepna, HCCJIe,n;yIOT npa rroMOJIJ;H 
HcrrbITaTeJIH rrJIaCTOB, a aareu CTBOJI CKBamHHhI pacnraparor no aopxans
aoro p,naMeTpa, H nponecc rroBTopHIOT npa HcrrhITaHHH pacnonoaceanoro 
HlIme nnacra: 6ypeHHe H acnsrraaae senerca TaKHM ofipaaoa no npoexr
HOB rJIy6HHhI. O,n;HaKO npaaenenasra MeTo,n; CBHsaH C nOBhImeHHhIMH 
MaTepHaJIbHhIMH aarparaxn. 

Yme rrpn COCTaBJIeHHH npoexra aa npoaonxy CKBamHHhI ;aeo6xo,n;HMO 

npenycaorpers ,n;HaMeTp ee, ,n;OCTaTOqHhIH ,n;JIH Be,n;eHHH pa60T no acnsrta
HHIO ncxpsrroro nponyxraaaoro ropaaoara. 

RaK HaBeCTHO, repaerasaaa naxepoaxa HcnhIThIBaeMoro ropnaoara 
,n;OCTHraeTCH 06hIqHO B TBep,n;hIx noponax (neCqaHHK, HaBecTHHK, ,n;OJIO
MHT II np.) , nOCKOJIbKY OHU He pasMhIBaIOTCH BOCXO,n;HJIJ;HM nOTOKOM npo
MhIBOWOBmH,n;KoCTH, HeHa6yxaIOT npa nOrJIOJIJ;eHHH epHJIbTpaTa fiyponoro 
pacrnopa , B peaynsrare naaxerp CKBamHHhI eoxpaaaerca ,n;JIllTeJIbHOe 
BpeMH HeHaMeHHhIM. rJIlIHHCTbIe CJIaHn;hI, CMoqeHHhIe 6ypOBhIM pacTBo
pOM, paaMHrqaIOTCH H ,n;eJIaIOT nOBepxHocTb CTBOJIa CKBailmHhI HerrpH
ro,n;HOB ,n;JIH yCTaHoBKH rraKepa. IIpH nOCJIe,n;YIOJIJ;IIX HcnhITaHHHx npllMep
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HOaa TOH me rJIy6HHe ,n;JIH yCTaHoBKH naxepyiomero ,lJIeMeH-Ta ,n;oJImno 
6hITb BhI6paHo no BOaMOmHOCTH npyroe MeCTO. ECJIU IICCJIe,n;yeMblH IIH
TepBaJI npencraanea TpeJIJ;HHOBaThIMH rroponasra, TO ,n;JIH npenynpeacre
HHHneperoxa mH,n;KOCTH HSCKBamllHLl aan naxepox B nJIaCT yCTaHaBJIH
BaIOT nsa naKepyIOJIJ;HX 'lJIeMeHTa. 

Ilpa nponenenaa HcnhITaHHH C nOMOJIJ;bIO IIcnhITaTeJIeH nJIaCTOB, 
cnycxaeasrx aa 6ypHJIbHhIX HJIH HaCOCHO-KOMnpeccopHLlX Tpy6ax, pe
KOMeH,n;yeTCH npHMeHHTb Tpy6Ll BOSMOmHO 60JIbIIIllX ,n;lIaMeTpOB ,n;JIH ,n;aH
HOH CKBamIlHhI, TaK KaK B KOJIOHHy rrocryrraer MHoro mH,n;KOCTH. IIpH 
MaJIhIX npoxonaux CeqeHIIHX B rpyfiax coanaerca CJIHmKOM BhICOKoe rH,n;
paBJIHqeCKOe conpOTHBJIeHHe. . 

IIpaKTHKa HcnhITaHHH rrJIaCTOB B HeSaKpenJIeHHhIX CKBamHHax B CiliA
 
nOKaSaJIa, qTO 60JIee nOJIOBHHhI Bcex Hey,n;aqHhIX HJIIi Hey,n;oBJIeTBOpH

TeJIbHhIX HcnhITaHHH HBJIHeTCH CJIe,n;CTBHeM nJIOXOH no,n;rOTOBKH CTBOJIa
 
CKBamHHhI. TaK, aanpaaep , eCJIH CKBamHHa He npopafioraaa , nJIOXO
 
npopatioraaa HJIH He npousrra , TO acrrsrrarens nJIaCTOB, npoxona xepea
 
cyaceaasre MeCTa, cnnaraer rJIHHHCTyIO KOpKy H HeCn;eMeHTHpOBaHHhIe
 
KYCOqKII noponsr, xoropue nanaior na aa60H CKBamHHhIH aaxynopaaaror
 
OTBepCTIiH nepepoplipOBaHHOH qaCTH HKOpHhIX Tpy6.
 

Ilnoxo e KaqeCTBO npOMhIBOWOH mll,n;KOCTH npHBo,n;IIT K TOMy, qTO B
 
nepaon cnycxa HHcTpyMeHTa aa aa60H nsrnanaer xaoro IIIJIaMa, BCJIe,n;CT

BHe qero IICnhITaTeJIb nJIaCTOB HeJIbaH yCTaHOBHTb na aananaoa rJIy6HHe,
 
TaK qTO aenpoaaaonarenr.ao crrycxaerca HHcTpyMeHT. IIocJIe aroro neofi 

XO,n;HMhI ,n;onOJIHHTeJIbHhIe pa60ThI ,n;JIH ofiecnexeaaa HOpMaJIbHOrO crrycxa
 
HcnhITaTeJIH nJIacTOB (npopafiorxa CTBOJIa). Ilaoxoe KaqeCTBO npOMhIBOq

HOB }lm,n;KOCTH MomeT 6hITb rarose npHqHHOH npaxsara HHcTpyMeHTa.
 

Hcmrranae acxpsrroro nponyxrnaaoro nJIaCTa MomeT 6hITb TaKme ,
Hey,n;oBJIeTBOpHTeJIbHhIM, eCJIH aa60B CKBamHHhI, aa KOTOpLlH ,n;OJImeH 
ormparsca HKOpb HcnhITaTeJIH, npencraanea MHrKOB noponoa, BCJIe,n;CT
BHe 60JIbmHX aarpysox HKOpb 6y,n;eT B,n;aBJIHBaTbCH B nopony, naxepyro
JIJ;HH 3JIeMeHT TaKme 6y,n;eT nepeaemarsca BHHS, CKOJIbaH no CTeHKe CKBa
mHHhI, H. BepOHTHO, 6y,n;eT paapynren, 

XBQCTOBHK ,n;OJImeH CJIymHTb Ha,n;emHoii onopoa ,n;JIH peaaaonoro na

KepYIOJIJ;erO 3JIeMeHTa H He nonaeprarnca saMeTHOH ,n;eepopMan;IIH. IIpem

,n;e qeM naKepYIOJIJ;HH 3JIeMeHT ,n;OCTHrHeT aananaoa rJIy6HHhI, OH ,n;OJImeH
 
npOBTH HeCKOJIbKO ThICHq MeTpOB, noeroay npa HcnhITaHIIHX npezrsan

JIHIOTCH TaKlie BhICOKHe Tpe60BaHHH K COCTOHHIIIO CTBOJIa CKBamHHLl H xa

qeCTBy npOMhIBOWOH mH,n;KocTIi.
 

. qpeaBhIqaHHO 60JIbmOe aaaxenae HMeeTnpo,n;OJImHTeJIbHOCTb !JCnhITa-
BHH B HeSaKpenJIeHHOM 06ca,n;HhIMH Tpy6aMH CTBOJIe CKBaamHhI. IIpH 
orrpenenenaa npo,n;OJImHTeJIbHOCTH HcnhITaHHH BO BHHMaHlie ,n;OJImHhI 
npHBHMaTbCH naa epaKTopa. Bo-nepasrx, eCJIH acnsrraaae Be,n;eTCH TOJIb
xo ,n;JIH onpeneneaaa conepaeaaaa mH,n;KOCTIi 11 nnacre , TO OHO ,n;OJImHO 
6hITb 60JIee ,n;JIHTeJIbHhIM, qTo6u o6ecnequTb 6JIarOnpllHTHhIe yCJIOBHH 
,n;JIH nOCTynJIeHIIH nJIaCTOBOH mH,n;KOCTH B cxaaacaay. BO-BTOPLlX, no
CKOJIbKY B HcnhITaTeJIb CHaqaJIa nOCTynaeT epllJIbTpaT 6YPoBoro paCTBopa 
II TOJIbKO aaTeM llJIaCTOBaH mH,n;KOCTb, Heo6xo,n;IIMO, qTo6Ll Bo,n;OOT,n;aqa 
npOMhIBOqHOH mH,n;KOCTH 6hIJIa MIIHHMaJIbHoH. . 
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T a 6 JI H I:\ a 21 

B CRBaiRBHaX, paapea ROTOpIiIX rrpencrasaea noponaua, npenpac
rrOJIOiReHHIiIMB R Ha6yxaHBIO B 06BaJIaM, npO,u;OJIiRBTeJIbHOCTb BCrrIiITaHBH 
06IiIlfHO OrpaHB'tJBBaIOT. 8TlI Ol'paHlI'tJeHHH TeM 60JIbme, 'tJeM 60JIbme rny
61IHa lICITIiITIiIBaeMIiIX CRBamlIH. O'tJeBlI,IJ;HO, npa npoaeneaaa lICITIiITaHHH 
B ROJIOHHe 06ca,u;HIiIX Tpy6 ,u;iJIlITeJIbHOCTb ero He orpaaasena HB COCTOH
HlIeM noponsr, HII rJIy6lIHoH CRBamllHbI. 

B OTe'tJeCTBeHHOH npaxraae BpeMH CTOHHlIH lIcrrIiITaTeJIH na nparoxe 
ROJIe6JIeTCH B llIHpOROM,u;lIarraSOHe (OT 15-20 MBH no HeCROJIbRlIX 'tJacoB). 
B 60JIbllIHHCTBe CJIy'tJaeB, eCJIlI nOaBOJIHIOT YCJIOBlIH lICITbITaHlIH, 3TO 
BpeMH ,u;OJImHO 6IiITb He MeHee 1 'tJ. ITo ,u;aHHIiIMaMepHRaHcRon rrpaRTBRH, 
HarrpBMep B paaone romp-RocT, OHO COCTaBJIHeT 20-30 MHH, a na MeCTO-:
pOiR,u;eHlIHX MBp;-RoHTlIHeHTa yBeJIlI'tJlIBaeTCH no 1 'tJ. 

PeiRlIMIiI lICITIiITaHlIH 06'beRTOB npa noxoma BCITIiITaTeJIeH nJIaCTOB, 
npaxeaaeasre sa noenennee BpeMH B aapy6eiRHOH npaxraxe, npaaeneau 

B Ta6JI. 21. 
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ropHaOHTOB B paanenosaux CRBaiRlIHaX P;OJImHO 6IiITb HeOT'beMJIeMOH 
'tJaCTbIO TeXHOJIOflIlI npoxonxa.B 3RCrrJIyaTa:q1I0HHIiIX CRBaiRlIHaX acnsrra
HUH npononar B TOM caysae, xorna B03HlIRaIOT RaRBe-JI1I60 ccsraenaa 
B OTHomeHlIlI rrponynrannoro rop1I30HTa. 

He06xop;lIMO OTMeTlITb, 'tJTO 06JIaCTb npaxeaeaaa lIcnIiITaTeJIeH He 
orpanaxanaerca TOJIbRO aenocpencrnenao lICITIiITaHlIeM nJIaCTOB, OHlI 
MoryT lICrrOJIb30BaTbCH II npa OCJIOiRHeHlI.llX B 6ypeHlIH, anapuax P;JIH 
JIIIRBBp;a:qIIlI npaxaara, C ycnexoa nplIMeHHIOTCH npa BOCCTaHOBJIeHBlI 
,u;aBHO JIBRBHp;BpOBaHHIiIX lIJIB npB3HaHHIiIX CYXlIMlI CRBaiRBH, a rarose 
,u;JIH ROHTpOJIH RapOTamHIiIX ,u;lIarpaMM B npyrax :qeJIeH. 

B O,ll;HOH H3 CKBa»\lIH, JIHKBHJwpOBaHHOH H3-3a OTCYTCTBHll·BecPTH, 6hIJI HC
nhITaB HBTepBaJI 1457--1459 M. Qepe3 18 MBB nOCJIe OTKphITHH KJIanaHa Hcn~a
TeJIH nJIaCTOB aa noaepxaocra nOHBHJICH B He60JIbmOM KOJIlI'IeCTBe raa; xepea 45 MHH 
acnrrrarens nJIaCTOB H3BJIeKJIH aa nOBepXUOCTb, npa llTOM KOJIOHHa 6ypHJIbHhIX TPy6 
aa ,ll;JIHBe 51 M 6hIJIa 3anOJIBeBa 6ypOBhIM pacrsopoa, CHJIbBO BaChIII:\eBBhIM ra30M, 
HHcTpyMeBT 6hIJI H3BJIe'IeB H3 CKBali\HHhI 6e3 KaKHX-JIll60 OCJIOmneBHll. 

«OTpllI:\aTeJIbBOe» acnsrraaae Be acerna CBH/I;eTeJIbCTByeT 0 BenpHrO/I;BOCTH 
nJIaCTa K, npOMhIIIIJIeBBoMy HCnOJIb30BaBHIO. 8TO oc06eBBO OTBOCHTCH K TaKHM pan
OBaM, rae paapea npencraanea MeJIKHM neCKOM C 60JIbmHM KOJIlI'IeCTBOM rJIHBHCThIX 
IIpOCJIOeB, T. e. TaKHMH nOPO/l;aMB' aoropue nenparonaa /l;JIH yCTaBoBKH naxepy
IOII:\IIX llJIeMeBTOB. 

B ,ll;pyrOM caysae aa OCBOBe xaporassaax /l;HarpaMM 6hIJI otinapyzsea nJIaCT 
raaoro neC'IaBHKa H 6hIJIO pemeao ero HCnhITaTb. CJIOmnOCTb Hcn~aBHH 3aKJIIO
-raaacs B TOM, 'ITO nepBOBa'IaJIbBO 11 JIeT aaaan CRBamHBa 6hIJIa npofiypena aa ray
OMHy 2300 M, a npO,ll;yKTHBBhIH neC'IaBHR pacrroaaranca B lIHTepBaJIe 1454-1453 M. 
Cnyca 06ca/l;HOH KOJIOBHhI B /l;aHHOM cJIyqae 6hIJI 6hI BeI:\eJIeco06pa3eB. HaJIH'IHe 
He3aKpenJIeHBOrO CTBOJIa ,ll;JIHBO:ii: 850 M BHme npennoaaraeaoro rrponyxraaaoro 
neC'IaHHKa Be n03BOJIHJIO cnycrarr, HCnhITaTeJIb C 06LI'IBhIM naxepoa, TaK KaK B 

caysae BCKphITHll ra30BhIX HJIH BO/l;HBhIX rOpH30BTOB, paonoxosaeaaax BHme, 
TPY/l;HO 6hIJIO 6hI onpeneaars, H3 xaxoro nJIaCTa noaysen npBTOK mH/l;KocTH MJIH 
ra3a. 

Ha CKBali<HBe 6hIJIO BBOBb CMOBTHpOB8BO 6YPOBoe 060pY/l;OBaBHe. CKBali<HHY 
npOMhIJIR ,11;0 rJIy6HBhI 1550 M, nocae xero cnycTHJIH aa 6YPHJIbBhIX Tpy6ax acnsr
TaTeJIb nJIaCTOB C mHpOKO paCCTaBJIeBBhIMH naKepYIOII:\HMB llJIeMeBTaMH. Ha aanaaaoa 
rJIyoHBe HcnhITaTeJIb nJIaCTOB cpa60TaJI BOpMaJIbBo. IIocJIe OKOJI1I8BHH nepnoro 
HCIIhITaBHH HBcTpYMeBT 6hIJI oCB060~eB H H3BJIe'IeB B8 noaepxaocrs 6e3 aarpyn
aeaaa. TaK KaK nepnoe acmaraaaa 6hIJIO npoaeneao na 1,8 M BHme rpetiyeaoro 
MeCTa, TO 6hIJIO pemeao nponecra erne acnsrraane B HBTepBaJIe, 3aJIeraIOII:\eM na 
2 M asrme, 

Hcnsrrarezn, nJIaCTOB BaXO/l;HJICH B pa60'IeM nOJIOmeBBH B Te'IeBHe 1 'I. By
pMJIbBhIe Tpy6hI aa ,ll;JIHHe 9 M conepssaaa raaapoaaamaa 6ypOBO:ii: pacrsop. ,D:aB
JIeBMe B KOBI:\e nparoxa COCTaBJIHJIO 1,4 Krc/cM2, KOBe'IBoe=aBenae npa aaapsrroii 
CKBamHBe 30,5 Krc/cM2• ITo OKOJI1IaBHH HCnhITaBHH HBCTp BT OhIJI JIerKO OCBO
60~eB H H3BJIeqeB H3 CKBaIilllBhI. Ha nee pa60ThI, CBH3a sre C nOBTopBhIM HCIdhI
TaBHeM, BKJIIO'IaH MOBTam 6ypoBoro 060pY/l;OBaBHH, 6hIJIO 3aTpa'IeBO 5,5 CYT. 

B nOCJIe)l;HHe fOP;IiI BcnIiITaTeJIlI nJIaCTOB ycnenmo rrplIMeHHJIlICb P;JIH 
OCB060iRp;eHHH rrplIXBa'tJeHHIiIX 6ypBJIbHIiIX rpyti. RaR rrORa3aJIlI lICCJIe
)l;OBaHHH, THiReJIIiIe 3aTHiRRlI II nplIXBaTIiI ancrpyxeara B03HBRaIOT B pe
aynsrare aHa'tJBTeJIbHIiIX neperranon p;aBJIeHlIH, p;encTByIOm;BX MeiRp;y 
CRBaiRlIHOH II rrpoaartaeasnr rrJIaCTOM. ECJIlI fBp;pOCTaTB'tJeCRoe p;aBJIeHB9 
B CRBaiRBHe HBiRe rrJIaCTOBOfO p;aBJIeHlIH, TO MeiR)l;Y CTBOJIOM CRBaiRBHhI 
n noponaaa nJIaCTa B03HlIRaeT nepenan p;aBJIeHBH, p;eHcTByIOm;nH no na
rrpaBJIeHBIO OT CRBaiRlIHIiI R nJIaCTy. Ilon BJIlIHHBeM sroro nepenana 6y
PBJIbHIiIH nacrpyxem' npniRBMaeTCH R CTeHRe. 

3 'I 
4,5 'I 

BTOPH'IHbrlt 
llaKphIThIlt 

BTOPH'IHhIlt 
OTKPblThIfi 

,D:O IWHI:\a 
HCIIhITaHHll 

1 'I 
3 'I 

20 » 
20 » 

npOnOJIlRHTeJIbHOCTb lIepHOnOB HClIhITaHHII 

2 
2 

Ha'laJIbHbIlt 
OTRPhIThIlt 

'YCJIOBHII HClIbITaHHII 

IIpHToKa HeT • • 

CJIa6hIH IIpHTOK • 
CHJIbHhID: IIpHTOK 

R 'tJHCJIy nproran Heyp;a'tJHIiIx lIcrrIiITaHHH cnenyer OTHeCTH rarose II 
re, KOTopIiIe 06YCJIOBJIeHIiI TeXHOJIorBeH. q peaxepnaa aarpysxa na naxe
pYIOm;lIH 9JIeMeHT rrpHBOp;BT R TOMy, 'tJTO pe3BHOBIiIH yrrJIOTHlITeJIbHIiIH 
3JIeMeHT Ha'tJIIHaeT aarexars B 3a30p Memp;y CTeHROH CRBaiRBHIiI B xoprry
COM lICUbITaTeJIH nJIaCTOB. BOaHHRaeT OCTaTOlfHaH p;el}>opMa:qHH, 'tJTO B RO
HelfHOM csere MOiReT npanecra R aaRJIlIHBBaHlIIO lIHCTpyMeHTa. B 3TOM 
OTHomeHlIlI ranpaanrorecxae naxepyiomae 3JIeMeHTIiI BMeIOT 3Ha'tJHTeJIb
HIiIe npeaxymecraa nepen crrJIOmHIiIMH RaR npa cnycne, TaR H npa H3BJIe
'tJeHHII as CRBaiRBHIiI. BhICORaH CTerreHb paemapenaa ranpasnaxecxoro 
nanepyromero 3JIeMeHTa rr03BOJIHeT npn cnycxe BHcTpyMeHTa C06JIIOp;aTb 
60JIbmlIe aaaopsr , ROTopIiIe 06JIer'tJaIOT npoxonaxocrs BHcTpyMeHTa II 
CBO,u;HT R MBHllMyMy onacaocrs nospeactenaa CTeHOR CRBamBHIiI. RpOMe 
roro, rrOCJIe CHlliReHHH nayrpennero Ba6IiITO'tJHoro p;aBJIeHlIH B naxepyio
m;eM 3JIeMeHTe rrOCJIe,u;HlIH BOCCTaHaBJIlIBaeTCH no cnoero aoxonaoro p;Ba
MeTpa H, CJIep;OBaTeJIbHO, npa 1I3BJIe'tJeHllll BHcTpyMeHTa aa CRBaiRHHIiI 
rarose C06JIIO,u;aeTCH 60JIbmOH saaop. 

ITOCROJIbRY OCHOBHIiIe YClIJIlIH nanpanneast ceH'tJac na rrOlICRlI Hel}>TlI 
II rasa aa 60JIbmlIX fJIy61IHax, pa3pa6aTIiIBaIOTCH HOBIiIe, yJIy'tJmeHHIiIe 
MeTop;IiI acmaraaaa B orrp060BaHlIH 06'beRTOB aa RaiR,u;oM arane npononxa 
Hel}>THHIiIX II raaonsrx CRBaiRBH. Hcnsrranae BoaMOiRHIiIX rrpop;yRTHBHIiIX 
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IIpHMeHeHHe HCnhITaTeJIeH nJIaCTOB ,D;JIH OCBOOOiRAeHHH npaxnanea1'" 
, HOrO HHCTpyMeHTa OCHOBaHO na COa,D;aHHH peaxax ,D;enpeCCHHHa nJIaCT, 
npn ROTOphIX HaMeHHeTCH BeJIH'IlIHa, a npa HeOOXO,D;HMOCTH H aanpaaae
HHe ,D;eHCTBHH, lJTO cnocoticrayer OCBOOOiK,D;eHHIO npaxsaneanoro HHCTpy
MeHTa. 

KOMnOHOBRa HHcTpyMeHTa, OOhIlIHO acrroasayeaaa ,D;JIH JIHRBH,D;a~IIH 

npnxaara , COCTOHT aa CJIe,D;yIOID;Hx yaJIOB: oeaonaCHhIH aaMOR ,D;JIH OCBO
60iK,D;eHHH HHcTpyMeHTa na CJIYlJaH, eCJIH npHXBaT He y,D;aeTCH JIHRBH,D;H
posars: O,D;HH HJIH,D;Ba acca; YTHiKeJIeHHaHoypHJIbHaJI Tpyoa, ROTopaH CJIy
,iKHT ,D;JIH COa,D;aHHH HeooxoWDfoii aarpyaxa aa HCChI; neP«PopHpOBaHHaH 
HRopHaH Tpy6a, oOeCne'lllBaIOlIJ,aH CBHab aarpyfiaoro npocrpaacrna non 
naRepYIOID;HM <lJIeMeHTOM C BHyTpeHHeH nOJIOCTbIO OypHJIbHhIX HJIH aa
COCHO-RO:MnpeCCOpHhIX TPYO; naRepYIOID;He 9JIeMeHThI HcnhITaTeJIH; neno
cpe,D;CTBeHHo acmararens nJIaCTOB; ROMnJIeRT HCCOB, npHMeHHeMhIx ,D;JIH 
OCBOOOiK,D;eHHH npHXBalJeHHOrO naxepa (YCTaHaBJIHBaeTCH B Tex CJIylJaHX, 
xorna HMeeTCH onaCHOCTb npnxnara naxepa): YTHiKeJIeHHhIe oypHJIbHhIe 
Tpy6hI, non ,D;eHCTBHeM seca ROTOphIX CiKHMaeTCH naRepYIOID;HH <lJIeMeHT; 
6ypHJIbHhIe HJIH nacocao-xoarrpeccopasre Tpy6hI, aa ROTOphIX crrycxaro'r 
HHcTpyMeHT B cRBaiKHHy. 

CROMnJIeRTOBaHHhIH HHCTpyMeHT npHCOe,D;HHHIOT R npHXBalJeHHhIM 
TpyoaM, aarea paaiKHMaIOT naxepysomaa <lJIeMeHT, H RJIanaH acnsrra
TeJIH nJIaCTOB aBTOMaTHlJeCRH orxpuaaerca. BCJIe,D;CTBHe coananaa nepe
nana ,D;aBJIeHHH na npHXBalJeHHhIH HHcTpyMeHT ,D;eHcTByIOT aHalJHTeJIbHhIe 
yCHJIHH H npaxsar JIHRBH,D;HPYIOT B reseaae HeCROJIbRHX MHHyT. 

TaR, B O,D;HOH aa CRBaiKHH B mrare Cenepaaa ~aROTa npn rJIyoHHe 
aa60H 2413 M npoaaomea npHXBaT OypHJIbHhIX TPYO, Ror,D;a npHnO,D;HHJIH 
ROJIOHROBOe ,D;OJIOTO Ha,D; aaooeM ,D;JIH Hapam;HBaHHH HHcTpyMeHTa. IIHTe
peCHO, lJTO npHXBaT BoaHHR aa rJIyoHHe 2270 M, T. e. npOTHB npOHH
naeaoro HHTepBaJIa. IIpHMeHeHHe He«pTHHoH BaHHhI H ,D;Be norrurxa BOC
CTaHOBHTb n;HpRYJIHI\HIO He ,D;aJIH peaym.raroa. IIHcTpyMeHT OhIJI OTBep
HyT aa rJIyoHHe 2260 M H B CRBaiKHHe OCTaJIHCb 15 YTHiKeJIeHHhIX rpyfi, 
ROJIOHROBhIH CHapH,D; H aJIMaaHaH oyprOJIOBRa. Torna OhIJIa cnymeaa ROM

nOHOBRa HCnI.ITaTeJIH nJIaCTOB, npa rrOMOID;H ROTOpOH aa O,D;HH pefic HH
crpyxear OhIJI OCBoooiK,D;eH H nO,D;HHT na nonepxnocrs. 

2. HCIILITATEJIII IIJIACTOB	 sea OIIOPLI HA 3AliOB, 
CIIYCKAEMLIE B CKBAm:UHY HA TPYliAX 

llCnI.ITaTeJIH nJIaCTOB yxasaaaoro rnna , TaR iKe RaR H acnsrrarens
asre HHCTpyMeHThI C onopoii na aaooii, cnycRaIOT B cRBaiKHHY aa rrycrsrx 
HJIH lJaCTHlJHO aanOJIHeHHhIX rpytiax. OT,D;eJIbHhIe ROHCTPYRI\HH TaRHX 
HcnhITaTeJIeii TpeoYIOT nOJIHOrO aanOJIHeHHH TPYO. TeXHOJIorHlJeCRHe 
orrepan;HH npH ynpaBJIeHHH paooToii HX RJIanaHOB BO MRorOM CXOAHhI. 
Paapatiorarra ,D;Be npHHI\HnHaJIbHO paaJIH1JHhIe ROHcTpyRTHBHhIe cxeMhI 
HCIILITaTeJIeH: rrozmecaoro THna (c rH,D;paBJIHlJeCRHMH ynJIOTHHTeJIbHhIMH 
<lJIeMeHTaMll) H Conopoii aa crenxy CRBaiKHHhI. Ooe ROHcTpyRn;HH npasre
HHIOTCH B npOMhIIUJIeHHocTH. 
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IIcIlblTaTeJlb IIJIaCTOB 6ea onopsr 
aa aaooD: lin-8 ROHCTP~UH BHIIIIBT 

Hcnarareas nJIaCTOB llII-8 OTHOCHTCH R HCIIhITaTeJIHM nonnecaoro 
rnna H BhInOJIHeH C ,D;ByMH rH,D;paBJIHlJeCRHMH ynJIOTHHTeJIbH.bIMH 
,weMeHTaMH. OB npenaaaaaxaerca ,D;JIJI nOHHTepBaJIbBOrO HCIIhITaHHH 
061>eRTOB oea onopsr HHCTpyMeBTa aa aaooH. 

COa,D;aHHaH B CCCP CHCTeMa yCTaHoBRH rH,D;paBJIHlJeCRHX ynJIOTHH
TeJIbHhIX <lJIeMeHTOB C HcnOJIbaOBaHHeM rH,D;pOCTaTHlJeCROrO ,D;aBJIeHHH 
ffiH,D;ROCTH, aanOJIHHIOID;eH CRBaiKHHY, nOaBOJIHeT cnycxarr, acnararem, 
B CRBaiKHHY aa rryc'rsrx HJIH lJaCTHlIHO aanOJIHeHBhIX rpytiax H MaRCH
MaJII.HO npHOJIHaHTb TeXHOJIOrHlJecIDte npaexa no ynpaBJIeHHIO npOn;eCCOM 
acmrraaaa R TeXHOJIOrHH npHMeHeHHH CTaH,D;apTHhIX HCIILITaTeJIeH nnao
TOB C onopoa aa aaOOH, TaR RaR ,D;JIH BoaoyiK,D;eHHH nparoxa aa nJIaCTa 
He rpetiyerca CHHiKeHHH ypOBBH iKH,D;ROCTH B OypHJIbHhIX rpytiax H npa
MeHeHHH ,D;JIH sroro cnennaasaux MexaHHaMOB [80, 82]. 

OTcyTcTBHe oceBhIX aarpyaox npa yCTaHoBRe HcrrhITaTeJIH nJIaCTOB 
6JI8rOrrpHHTHo CRaahIBaeTCH aa npOBe,D;eHHH HcnhITaBHH B rJIyooRHx CRBa
iKlIHax, r,D;e HCnOJIbaOBaHHe crannapraoro HCIIhITaTeJIH C onopoa aa aa
60H aa-aa CJIOiKHOCTH peryJIHpOBaHHH ocenux narpyaon CBHaaHO co ana
TfUTeJIbHhIMH Tpy,D;BOCTHMH, a rarose npa HcnhITaHHH CHJIbHO HCRpHBJIeH
HI.IX cRBaiKHB, rne TPY,D;BO peryaapoaars oceayio aarpyaxy aa naxep. 

Bnepsue B CCCP aomararem, nJIaCTOB oea onopu aa aaooH, npenaaa
aasaronraaca ,D;JIH nOHHTepBaJIbBOrO HcnhITaBHH nJIaCTOB, paapafioran 
BO BHIIIIBT. OH COCTOHT aa CJIe,D;yIOID;Hx OCBOBHhIX yaJIOB: aanopaoro 
xnanaaa 1 (pHC. 80, a); OJIORa ynpaBJIeHHH, BRJIIOlJaIOID;ero ,D;H«p«pepen
~I1aJIbHhI:ti: nopmens 8, npYiKHBBhIH «pOHapb 2, npHeMHhIH RJIanaH 10, 
paCnOJIOiKeHHhIH B xopnyce 9, H ypaBHHTeJIbHhIH RJIanaH 11; nepxaero 
ymIOTHHTeJIbHOrO 9JIe~IeHTa 12; «pHJIbTpa 13; aaamero ynJIOTHHTeJIbHOrO 
;lJIeMeHTa 14. 

IIpH cnycxe HcrrhITaTeJIH B CRBaiKHHY nOCJIe ,D;OCTHiKeHHH rJIyoHHhI 
saneraaaa HCIIhIThIBaeMoro nJIaCTa (pHC. 80, a) CJIerRa npHttO,D;HHMaIOT 
ROJIOHHy TPYO (na 0,25-0,5 M), B peayasrare sero RYJIalJROB8H nOJIy
My«pTa 4 «poHapH aaXO,D;HT B aanenneaae CTaROHiKe nOJIyMy«pTOH peabooH 
BTyJIRH 3. IIpH nOcJIe,D;yIOID;eM nparneaaa TpyO snpano (aa ,D;eCHTb 000
pOTOB) peaI.60BaH BTyJIRa 5, CI\enJIeHBaH C HeUO,D;BHiKHhIM «poHapen , ne
peMeID;aeTCH snepx H orxpunaer OTBepCTHe 6, lJe'l\ea aoropoe iKH,D;ROCTb 
na CRBaiKlIHhI rrocrynaer B ROJIbn;eBOe npocTpaHcTB~ 7, r,D;e cOXpaHHJIOCb 
aTMOc«pepHoe ,D;aBJIeHHe. 

KaR TOJIbRO npoMI.IBOlJHaH iKH,D;ROCTb aa CRBaiKHHhI nonanaer B no
JIOCTb Ha,D; BepxHHM nopmaex (naaxoro ,D;aBJIeHHH), ooa nopIIIHH nepesre
m;aIOTCH BHHa H BhITeCHHIOT MaCJIO aa nonnopnmenoa aOHhI B ynJIOTHH
TeJIbHhIe a.rreMeHThI, BhIahIBaH HX ,D;e«p0pMaI\HIO. 001>eM rH,D;paB.rrlIlJeCRHX 
9.rreMeHTOB YBe.rrHlJHBaeTCH ,D;O conpoHROCHoBeHRH HX OOROBhIX nosepxao
cTeii co CTeHRaMH CRB8iKHHhI. BHyTpH ynaornareasaux aaexearon non
,D;epiKHBaeTCH aapaaee BhIopaHHoe HaohITolIHoe nanneaae, B cnysae nOBhI
meHHH xoroporo orxpsrsaerca cneI\Ha.rrbHhIH xnanaa, H HaohIToR Mac.rra 
ctipacuaaerca B sarpyfiaoe npOCTpaHCTBo. BeJIHlJHHa HaOhITOlJHOro 
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J);aBJIeHlIfl MomeT MeHflTbCfl B aaBIICIIMOCTII OT COOTHomeHlIfl rnromanea 
nepxnero II HlImHero rropnmeH. B rrepBOHalIaJIbHOH ROHCTPYRIJ;IIII aTO 
COOTHomeHlIe 6bIJIO npaaaro paBHbIM 0,25, a B rrOCJIeJ);YIOJIJ;IIX YBeJIlIlIeHO 
J);O 0,62-0,91. 

fJIy6IIHHbIH perllcTpHpYIOJIJ;lIH MaHOMeTp, rrOMeJIJ;eHHbIH B «I>IIJILTpO
BOH lIaCTII MemrraRepHoro rrpOCTpaHCTBa acnsrrarena rrJIaCTOB, «I>IIRCIiIPO
BaBmlIH nospacranae rlIJ);paBJIlIlIeCROro J);aBJIeHHfl npa cnycxe ncnsrra
rena, rrpOIJ;eCC aanaxepoaxa OTMelIaeT B BIIJ);e rrpaxoa JIHHHH, rrapaJIJIeJIL
HOil: OCH BpeMeHII, T. e. «I>lIRclIpyeT rrOCTOflHCTBO rHJ);pOCTaTHlIeCRoro J);aB
JIeHHfl. 

B ROHIJ;e xona J);II«I>«I>epeHIJ;HaJILHoro nopmaa non BoaJ);eHCTBlIe M aa
6bITOlIHoro J);aBJIeHlIfl BTyJIRa 17 (pHC. 80, a, 6) nepeaemaercs BHHa H OT
RpbIBaeT oTBepcTHe rrpHeMHoro RJIarraHa 18, II lIepea 06paaoBaBIIIlIHcfl 
RaHaJI naacroaaa mHJ);ROCTL nocrynaer B xaxepy 16. PerlIcTpHpYIOJIJ;lIH 
MaHoMeTp, pacnonoacenaua B «I>HJIbTpe, peracrpapyer peaxoe CHHmeHlIe 
J);aBJIeHHfl B MOMeHT OTRpbITHfl xnanana 11 aaTeM 3aIIlICbIBaeT noapacranae 
J);aBJIeHHfl rro srepe aanoaaeaaa noanymaofi RaMepbI rrJIaCTOBOH mHJ);

ROCTbIO, T. e. aanacsraaer HalIaJIbHYIO RPHBYIO BOCCTaHOBJIeHHfl J);aBJIeHHfl. 
ECJIH B noazrymaoa RaMepe 6YJ);eT rrOMeJIJ;eH sraaosrerp , TO OH rarose sana
mer HalIaJIbHYIO RPHBYIO BOCCTaHOBJIeHHfl J);aBJIeHlIfl. IIOJ); J);eiicTBHeM rre
penana J);aBJIeHlIfl, soaaaxmero MemJ);y aaTpy6HbIM npocrpaacraox H 
aOHoH CRBamHHbI, OTcelIeHHOH rraaepaxa, BoaHHRaIOT CmHMaIOJIJ;He yCH
JIHH, BbIabIBaIOJIJ;He J);oyrrJIOTHeHHe rraRepyIOJIJ;HX aJIeMeHTOB. 

CJIeJ);yeT OTMeTHTL, lITO ypaBHHTeJIbHbIH RaHaJI otiecrrexaaaer nsrpan
HHBaHHe J);aBJIeHHfl B aarpytiaox rrpOCTpaHCTBe CRamHHbI, pacrroaozsea
HOM HaJ); BepXHHM yrrJIOTHHTeJIbHbIM aJIeMeHTOM, H B rrpOCTpaHCTBe CRBa
mllHbI, HaXOJ);flJIJ;eMCfl non HHmHHM yrrJIOTHHTeJILHbIM ~JIeMeHTOM. B pe
ayJILTaTe aroro CmHMaIOJIJ;He YClIJIHfl OT nepenana J);aBJIeHHfl nepenarorca 
TOJILRO na «I>HJILTpOByIO lIaCTL HcrrLITaTeJIH rrJIaCTOB, aaRJIIOlIeHHyro Mem

J);y naxepasra, a OCTaJIbHafl lIaCTb HHcTpyMeHTa H 6YPHJIbHOH ROJIOHHbI 
HHRaRHX J);orrOJIHHTeJILHbIX paCTHrHBaroJIJ;HX YCHJIHH He nocnpanaaaer, 
lITO osem, BamHO J);JIfl nponenenaa acnsrranaa B CRBamHHax MaJIOrO J);Ha
xerpa, xorna npaueamor 6ypHJILHbIe Tpy6bI MaJIOrO paaxepa, oc06eHHO 
aa 60JILmlIX rJIy6HHax. 

IIocJIe onpezteneanoa BbIJ);epmRH acnsrrarena rrJIaCTOB B TaRoM rrOJIO
meHIIH aaxaaaror crryca ROJIOHHbI Tpy6 H OTRpbIBaroT oTBepcTHH 15 aa
rropaoro roranaaa (pHC. 80, 6). iKHJ);ROCTb na naacra npoxonnr lIepea 
acnurareas B 6ypHJILHhle Tpy6bI. Pe1'J!cTpHpyroJIJ;He MaHOMeTpbI sanacsr
aaror RPHBYro nparoxa. \ 

3aRJIrolIHTeJIbHbIM aranox acnsrranaa asnaerca BbIpaBHHBaHHe J);aB
JIeHHfl B aoaax HaJ); H non yrrJIOTHHTeJILHbIMH aJIeMeHTaMH II MemJ);y HHMH, 
He06xoJ);HMoe J);JIfl BOaBpaJIJ;eHlIfl yrrJIOTHHTeJILHbIX aJIeMeHTOB B rrepBo
HalIaJILHOe rrOJIOmeHHe H HOpMaJILHOrO (6ea aaraatex) norrsexa acnsrra
TeJIH na rroBepXHOCTL. BbIpaRB:HBaHHe J);aBJIeHHfl oCYJIJ;eCTBJIHeTCfl nyrex 
C006JIJ;eHHfl aarpyfinoro npocrpancrna xepea ypaBHHTeJILHbIH rcranaa C 
MemrraRepHOH aoaoa CJIeJ);yroJIJ;HM oripaaox. IIocJIe onpezteneaaoro ape
MeHIl CTOHHHH na nparoxe cosnarcr HaTHmRy HHCTpyMeHTa, aanopmra 
roranaa aaxpsmaerca. BpaJIJ;eHHeM6ypHJIbHhIX Tpy6 anpano J);oCTlIraeTCJI 
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nponopor ~JIHH,lI;pa 19 H mJIHIJ;eBOH BTyJIKH 20, 
HaXO,ll;Jlm;eHCJI B aanenneaaa C JIeHTO'IllOH peab60H 
BTyJIKH 21, KOTopaH, rrepeaemaacs snepx, 06ecne1JH
saer COBMem;eHHe scex ypaBHHTeJIbHhIX oTBepcTHH 22 
(pHC. 80, e). qepea ynaaaarrae oTBepcTHH cxnaxraaa 
cootimaerca C BHyTpeHHeH nOJIOCTbIO YITJIOTHHTeJIbHhIX 
3JIeMeHTOB H HHTepBaJIOM nJIaCTa, aaKJIIOqeHHOrO MeiK,lI;y 
naxepaaa HCIThITaTeJIH. Cnenyer OTMeTHTb, 'ITO MrHO
seaaoe CHHiKeHHe ,lI;aBJIeHHH B HCIThITaTeJIe ITJIaCTOB BhI
aOBeT 6bICTpoe aaxpurae arrycxaoro xaanaaa, H nJIacTO

BaH iKH,lI;KOCTb, paCnOJIOiKeHHaH aan 
KJIanaHOM, 6Y,ll;eT orceseaa OT cIlHJIbTpo
BOH qaCTH HCIThITaTeJIH nJIaCTOB H OT 
CTBOJIa CKBaiKHHhI. 

IIocJIe BhIpaBHHBaHHH ,lI;aBJIeHHH 
HCIThITaTeJIb nJIaCTOB BhI,lI;epiKHBaIOT He
xoropoe BpeMH non HaTHiKKOH, ofiec
nexaaaa BOSBpam;eHHe ynJIOTHHTeJIb
HhIX aJIeMeHTOB B rpaacnopraoe nOJIO
iKeHHe. ECJIH naxepsr npa TaKOH BhI
,lI;epiKKe CHHTb He ynaerca, TO npOBO,ll;HT 
pacxaaraaaaae HHcTpyMeHTa. ECJIH 
Tpe6yeTcH HSBJIeKaTb oT06paHHyIO B

I 6ypHJIbHhIe Tpy6hI ITJIaCToByIO iKH,lI;
KOCTb,ll;O nO,ll;1;eMa HHcTpyMeHT8, TO B 
KoMnoHOBKy HcnhITaTeJIH BBO,ll;HT nap
KyJIHn;HOHHhIH KJIanaH, KOTOphIH 06hIq
HOnpHMeHHeTcH,lI;JIH HcnhITaHHH 061;eK
TOB npa nOMOm;H HcnhITaTeJIeH nJIaCTOB 
C onopoa aa sa60H. 

IIOCKOJIbKY ocesoe nepeaemeaas 
6ypHJIbHOH KOJIOHHhI B npon;ecce He
nhITaHHH He BJIHHeT aa repMeTH'IHOCTb 
naKepOBKH, TaK KaK rH,lI;paBJIHqeCKHe 
YITJIOTHHTeJIbHhIe aJIeMeHThI ,lI;ecllopMH
pOBaHhIno,ll; BOa,ll;eHCTBHeM Ha6hITO'IHOrO 
,lI;aBJIeHHH iKH,lI;KOCTH, TO'npH acmrra
HHH MOiKHO 06eCneqHBaTb HeCKOJIbKO 
aanpsrrsrx H OTKphIThIX nepaonos C 
aanacsro xpansrx BOCCTaHOBJIeHHH nas
JIeHHH II npHTOKa. 3TO ,lI;OCTHraeTCH 
rryrea OTKphITHH H aaKphITHH aanop
Horo KJIanaHa HcnhITaTeJIH rrJIaCTOB. 

HHiKe onacama KOHCTpyKn;HH yaJIOB 
yxaaanaoro HHcTpyMeHTa. 

Banopusu: xnanatc (pHC. 81) npen-
Pac, !H. 3anop- nasnanen ,lI;JIH coananaa HeCKOJIbKHX 
HhI:ll KJIanaH. aaxpsrnax H OTKphIThIX nepaonoa acnsr
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Pac, 82. EJIOK 
AncM>epeHu;n

aJIbUOrO noprn
HH. 

TaHHH, a rarose ,lI;JIH OTCeqeHHH oTo6paHHOH np06hI nJIaCTOBOH iKH~

KOCTH B KOHn;e HCIThITaHHH. KJIanaH patioraer OT ocenoro rrepexentenaa 
6YPHJIbHOH KOJIOHHhI. Ilon ,lI;eHCTBHeM oceaoro yCHJIHH mTOK 1, npeo
,lI;OJIeBaH conpOTHBJIeHHe rrpyiKHHhI 2, nepeaemaerca BHHa H OTKphIBaeT 
oTBepcTHH 3, qepea noropue npoacxonar nparox iKH,lI;KOCTH B 6ypHJIb
HhIe Tpy6hI. OceBhIM nepeaemeaaex 6ypHJIbHhIX Tpy6 MOiKeT 6hITb ,lI;O
crarayro MHOrOKpaTHOe aaxpsrrae H OTKphITHe reranaaa. 

Bno« ourjJrjJepen/.fua.t£bnoeo nopuuts: c (JonapeM (pHC. 82) CJIyiKHT ,lI;JIH 
,lI;ecllopMan;HH ynJIOTHHTeJIbHhIX 3J1eMeHTOB npa YCTaHOBKe HcrrhITaTeJIH 
rrJIaCTOB B CKBaiKHHe. IIpH npamenaa KOJlOHHhI Tpy6 npyzsaau 1 cIloHa
pa, HaXO,ll;HIn;HeCH B KOHTaKTe CO CTeHKOH CKBaiKHHhI, npeITHTCTByWT spa
m;eHHIO cIloHapH H peab60BoH BTyJlKH 3, COe,!J;ll~HeMOH CHIDI npa HaTHiKKe 
HHcTpyMeHTa cnenaanr.maa BhICTynoM 2. Bpameaae BhIBhIBaeT oceaoe 
nepexemenae BTyJlKH H OTKphITHe oTBepcTHH 4 B n;HJIHH,lI;pe 6,l1;lIcIlcllepeH
IJ;llaJIbHOrO nopIDHH 5. I'anpocraraaecxoe nasneaae ,lI;eHcTByeT aa nepx
HllH nopmeas II nepexemaer ero BHHa. IIPII aTOM iKH,lI;KOCTb HarHeTaeTCH 
aa-non HHiKHero nopIDHH 7 B ynnornareasaue aJleMeHThI naxepa, 

Bsox ynpae.ttenust 1 (pHC. 83) npenaaaaauaeroa ,lI;JIH BhIpaBHHBaHllH 
,lI;aBJleHHH B KOHn;e acnsrraaaa BO scex aoaax CKBaiKllHhI II ynaoruarenr,
HhIX aJleMeHTOB. IIpH nosopore 6YPHJIbHOH KOJIOHHhI BepXHHH qaCTb 1 
xoprryca nponopasaaaeren OTHOCHTeJIbHO HlliKHeH qaCTll 2 H BhIahIBaeT 
nocrynarensaoe nepeuemeaae peBb60BoH BTyJIKll 5, aaxonameaca B 
aanenneaaa C aepxaea qaCTbIO xoprryca npa rrOMOm;H JleHTO'IHOH peasfisr. 
Peab60BaH BTyJlKa npa aToM He spamaerca aa-aa cnenaaasnoro IDThIpH 6, 
YCTaHOBJleHHoro B naae 7. IIPII ,n;OCTlliKeHlIH sepxaero nOJIOiKeHllH BTyJI
Kll OTBepCTllH 3 II 4 C006m;aIOTcH H 06eCneqHBaeTCH BhIpaBHHB8Hlle naane
HllH B aannaxepaoa, noanaxepaoh H MeiKrraKepHoH BOHax CKBaiKllHhI H 
nnyrpa rH,lJ;paBJIHqeCKllX yrrJlOTHHTeJlbHhIX aJIeMeHTOB. 

I'udpaesuxecxuii yrt.ltomnume.ttbnblu ssexeum. BhIrrOJlHeH B ,lI;ByX napa
anrax. Ha pHC. 84, a aaofipaacea aepxaaa yrrJloTHHTeJIbHhIH aJIeMeHT, 
B KOTOpOM npe,ll;ycMoTpeHO Tpll KaHaJIa. QeHTpaJlbHOe OTBepCTlle 1 BhI
nOJlHHeT cIlYHKn;IlIO ypasaareasaoro xaaana , coofimaromero aannaaep
Hoe H nonnaxepaoe npOCTpaHCTBO CKBaiKllHhI. KOJlbn;eBOH xanan 2 
CJIyiKHT ,lI;JIH neperoxa nJlaCTOBOH iKH,lI;KOCTll na nnacra B acnararexs II 
no KaHaJIy 3 iKH,lI;KOCTb HarHeTaeTCH B ynnoraarensaue aJleMeHTbI. 

Ha pHC. 84, 6 aaotipaacea HHiKHHH ynJloTHHTeJlbHhIH aneaear, OTJlH
-qaIOm;HHcH OT sepxaero HaJlllqlleM nearparopa 1 II OTCyTcTBlleM xaaana 
~JIH nepeToKa rrJlaCTOBOH iKll,ll;KOCTH. 

(/JUJI,bmp (pHC. ~OJlHeH aa npoxaux TOJlCTOCTeHHhIX Tpy6 C OT
nepcranxa, nenrpansnoa Tpy6Kll, cJlYiHam;eH ypaBHIITeJlbHbIM KaHaJlOM 
TOJICTOCTeHHhIX Tpy60K, qepea xoropue HarHeTaeTCH iKlI,lI;KOCTb B ynnor
HHTeJlbHhIe ranpannasecaae anexearsr. IIJIacToBaH iKlI,lI;KOCTb nocrynaer 
B acmrrareas nJlaCTOB xepea xoasneaoe npocrpaacrno. Cexnaa cIlH.1IbT
pa coe,ll;lIHHIOTCH npyr' C ,lI;pyroM npa nOMOm;lI peastioasrx nepenonaanon. 
KpoMe YKasaHHhIX CeKn;lIH, B KOMnOHOBKe rrpe,ll;ycMoTpeHhI cexnaa 

1 AlIT. CBB,lJ;. JIe 274045 OT 12fVIII 1968 r. - «Hso6peTeHllJl, npoasmraemnre 
ofipaansr B rcaapaae aaaxas, JIe 31, 1970. 
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.pHJIbTpa, B KOTOpbIX BMOHTHpOBaHbI nepacarena P;JIH rJIYOHHHbIX pe
rHCTpHpyIDIIJ;HX npHOOpOB. 

IIoMHMo paCCMOTpeHHbIX asnne yaJIOB, B KOMnoHoBKy HcnbITaTeJIH 

nJIaCTOB oea onopu na aaOOH xoryr ObITb BKJIIDlIeHbI IJ;HPKYJIHIJ;HOHHbIH 
KJIanaH, npenoxpaaare.n.aae aaMKH H HCC, npHMeHHIDnJ;HeCH B crannapr
HbIX nCnbITaTeJIHX C OnOpOH aa aaOOH. 
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PIlC. 83. EJIOK ynpanaerraa. PUC. 84. rH,l\paBJIJItleCKHe ynJIOTIDITeJIhHbIe ~jJIe-

MeHTbI. 

a - BepxHlril:; 6 - HIDRHHil:. 

PaapaOOTaHHaH KOHCTpyKIJ;HH HClIbITaTeJIH lIJIaCTOB HII-8 npenaaaaa

lIaeTCH P;JIH HCnbITaHHH 001>eKTOB B oypHm;HXCH CKBaiKlIHaX p;HaMeTpoM 
190 II 214 MM. HHiKe npaneneau KpaTKlIe TeXHHlIeCKlIe p;aHHbIe Hn-8. 

HapYlRHhIH IwaMeTp, MM 170
 
.IJ:HaMeTp CKBalRHHbI, MM • 190-2111
 
rHl\paBJIU'IeCKHH rraxepyromait
 

3JIeMeHT: 
'IHCJIO ••••••••• 2
 
HapYlRHhIH I\HaMeTp, MM •• 168
 
I\JIHHa(opHeHTHpOBO'IHO),MM 1200
 

PaCCTOlIHHe MelRi\Y naxepaan, M:
 
MUHHMaJIhHOe 2
 
MaKCHMaJIhHOe 25
 • .. 2 

001>eKTbI P;JIH HClIbITaHHH OlIpep;eJIHIDT 110 pe: 

ayJIbTaTaM rrpensmymax IICCJIep;OBaHHH, npone .. 
p;eHHbIX B OJIHaJIeiKaIIJ;HX CKBaiKHHaX, HJIH no nan

HbIM reo.pHalllleCKHX HcnhITaHHH. TeM He xeaee .. 
nepen ClIyCKOM HClIbITaTeJIH B CKBaiKHHY rpetiyerca 
nponenenae xaporaaea H CHHTHe KaBepHorpaMMbI, 

no KOTOpbIM YTOllHHIDT HHTepBaJI lIcnbITaHHH H 

MecTa yCTaHoBKH naxepoa, B COOTBeTCTBlI1I C 3THMH 

p;aHHbIMH COCTaBJIHIDT KOMlIOHOBKy HClIbITaTeJIH 

lIJIaCTOB, npHlIeM paCCTOHHHe MeiKp;y naxepaaa 

yCTaHaBJIIIBaIDT HeCKOJIbKO OOJIbmee HHTepBaJIa, 
nonnemamero IICIIbITaHHID. 8TO HeOOXOp;IIMO P;JIH 

roro , lITo6bI acrrsrrarr, sees lIJIaCT (HJIH ero OT

p;eJIbHbIH YllaCTOK), a rarose P;JIH yCTaHoBKH naxe

pOB B HenpOHHIJ;aeMOH aone nJIaCTa. 
ECJIH no p;aHHbIM KaBepHOMeTpHII CKBaiKlIHa He HMeeT CYiKeHHH, TO HC

nsrrarenr, lIJIaCTOB OObIlIHO crrycxaror oea lIpep;BapHTeJIbHOH lIpopaOOTKII 

CTBOJIa, a BCH nonrorosxa CKBaiKlIHbI OrpaHH1JHBaeTCH npOMbIBKOH. 

MuorOIJ;IIRJIOBhlH IICnbITaTeJIb IIJIaCTOB 

000 onopsr aa aaOOH 

Bo BHHHBT paapatioraaa KOHCTpyKIJ;HH IIClIbITaTeJIH lIJIaCTOB oea 

OlIOpbI na aaOOH, npn lIOMOm;H KOTOpOrO aa OP;HH peac B CKBaiKHHY MOiK

HO acnsrrarr, HeCKOJIbKO onnonpexeaao BCKPbITbIX 001>eKToB. 
Ha pllC. 86 ~p;eHa KOMlIOHOBKa yxaaanaoro IIClIbITaTeJIH nJIaCTOB, 

COCTOHIIJ;ero na IJ;HpKyJIHIJ;IIOHHOro xnanana 1, YCTpoHcTBa P;JIH aalIaKe
pOBKH (aacoca) 2, OJIOKa ynpaBJIeHIIH MHorOKpaTHoro p;eHcTBIIH 3, nepx
Hero II HHiKHero YlIJIOTHHTeJIbHbIX 3JIeMeHTOB COOTBeTcTBeHHO 4 II 7, 
.pIIJIbTpa 5, nepesonaaxa P;JIH perncTpHpyIDIIJ;HX npariopon 6 II .poHapH 8. 
Ilpa Heooxop;HMOCTH B KoMnOHOBKe HcnbITaTeJIH MoryT ObITb yCTaHOBJIeHbI 

HCC n oeaolIacHbIH aaMOK. 
HHcTpyMeHT crrycnaror B CKBaiKHHY na OYPHJIbHbIX IIJIII HaCOCHO

xosnrpeccopnux Tpyoax. AJIH peryJIHpOBaHIIH BeJIHlIHHbI HallaJIbHOH 
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1 - Ropnyc; 2. - ~eHT· 
paJIbXaJI Tpy6Ra. 
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IIocJIe onpenaneaaoro BpeMeHH Bpam;eHIIJI ROJIOHHLI Tpy6 coanaror 
RaTHiKRY IIHcTpyMeHTa II npOBepJlIOT rrpOWOCTb ROHTaKTa ynJIOTHIITeJIb
HblX aJIeMeHTOB co CTeHROB: CRBaiKHHbI. IIOCJIe~YIOm;HM He60JIbIDlIM onyc
KaRHeM 6ypllJIbHOrO aacrpyxeara OTKpblBaIOT rrpHeMHLIB: roranaa ncrrsr
TaTeJIJI rrJIaCTOB, 1I iKlI~KOCTb HS nnacra nocrynaer B 6ypHJIbHLIe 
Tpy6bI. . 

,D;aJIbReB:mllM nepeaemeaaeu KOJIOHHLI Tpy6 nnepx 1IBHlIS ~OCTlIraeTCJI 

coananae saKpLiTLIX II OTKpLiTLIX nepHO~OB HCIILITaHlIJI. B ROH:qe HCIILITa
RIIJI ROJIOHHy rpyf nepeaemaror BHlIS H rrpOBOpaqHBaIOT snpano aa 5-10 
060pOTOB. B 6JIOKe yrrpaBJIeHHJI rrpOHCXO~HT S!lXBaTcnenaansaoa TJlrOB: 
BTyJIKlI ypaBHHTeJIbHOrO xnanaaa. IIpH nepexemeaaa ROJIOHHLI Tpy6 
asepx OHa nepeuemaerca BMeCTe C Tpy6aMH H OTKp~BaeT OTBeP.CTHJI, 
qepes xoropsre C006m;aIOTCJI SOHLI CRBaiKHHLI, paCrrOJIOiKeHHLIe nan nepx
HHM yrrJIOTHHTeJIbHLIM aJIeMeHTOM, non HHiKHHM ynJIOTHlITeJIbHLIM aJIe
MeHTOM H MeiK~y HHMH, a TaRiKe BHyTpeHHJIJI nOJIOCTb yRasaHHLIX 
aJIeMeHTOB. IIocJIe HeSHaqIITeJIbHOB: BLI~epiKKH ancrpyaeara.non HaTJliK
IWB: ero paoxamaaaror. B nponecce qero ySJILI 6JIORa yrrpaBJIeHIIJI II 
ynJIOTHHTeJIbHLIe 3JIeMeHTLI BosBpam;aIOTCJI B nepnoaaaansaoe nOJIOiKe
HHe, II HcrrLITaTeJIb nJIaCTOB MOiKHO rrepecrasaarr, aa ~pyroB: HHTepBaJI. 
rrO~JIeiKam;lIH acnuraHHIO. 

Ha osepenaox oih,eRTe IIHcTpyMeHT YCTaHaBJIlIBaIOT B TOB: iKe no
CJIe~OBaTeJIbHOCTlI,~o H npn nepnoa yCTaHoBRe. CJIe~yeT OTMeTlITb, qTO 
HcrrLITaHlIJI nOCJIe~YIOm;HX 06'beRTOB rrpOBO~JlT C MeHbIDlIMHnenpeccaaaa 
na rrJIaCT, qeM npa lICrrLITaHlIlI rrepsoro 06'beRTa, TaR RaR qaCTb 6ypHJIb
HLIX Tpy6sanOJIHJleTCJI B reseaae sroro lICIILITaHHJI H noapacraer npora
BO~aBJIeHHe aa nJIaCT npa nOCJIe~YIOm;HX lICrrLITaHlIJlX. 061>eRTLI MOiKHO 
HcrrLITLIBaTb B JII060B: nOCJIe~OBaTeJIbHOCTH HeaaBHCHMO OT HX saaaaaoro 
paCrrOJIOiKeHHJI. TeM He MeHee B 60JIbIIIHHCTBe cnynaea aaaxane HcrrLITLI
BaIOT caMLIH HHiKHlID: aa HlIX, a SaTeM no Mepe nomexa aacrpyueara ocy
m;eCTBJIJlIOT acnsrranae paCnOJIOiKeHHLIX nsnne nJIaCTOB. HHiKe onacaau 
KOHCTpyK:qHH ~BYX ySJIOB yxaaanaoro HHcTpyMeHTB" rrpe~CTaBJIJlIOm;lIX 

Ha1l60JIbIDHH anrepec: npacnocotineaan ~JIJI aanaxeponxa (aacoc) II 6JIO
xa yrrpanneaaa. 

Ilpucnocotiaeuue 8.ttR, eananepoenu (pHC. 87) npa HarHeTaHHH. iKlI~
KOCTH BO BHyTpeHHHe nOJIOCTH yrrJIOTHlITeJIbHLIX aJIeMeHTOB patioraer 
CJIe~YIOm;lIM 06pasoM. IIpH yCTaHoBRe HcrrLITaTeJIJI rrJIaCTOB B CRBaiKllHe 
ocymecranaror npameane 6ypHJIbHOD: ROJIOHHLI, BLiSLIBaIOm;ee nposopor 
BTyJIRH1. ~HJIlIH~P 3 npa aToMOCTaeTCJI HerrO~BHiKHLIM, TaR KaR OH iKeCT
KO coenaaea C rraxepasra H KoprrYCOM clJoHapJl, HaXO~Jlm;erOCJI B KOHTaKTe 
rrOC~OM npyrsan co CTeHROB: CRBaiKHHLI. Bpameaae BTyJIKH 06ec
nesnaaer nepaonasecxoe C006m;eHHe Ha~rropIDHeBOB: aOHLI 2 nannanpa 3 
TO C 6YPllJIbHLIMH Tpy6aMlI (pHC. 87, a), me ~aBJIeHlIe aTMocclJepHoe, TO 
C saTpy6HLIM rrpOCTpaHCTBOM (pHC. 87, 6), SarrOJIHeHHLIM 6ypOBLIM pac
TBOpOM. 

l1aMeHeHHe ~aBJIeHHJI B Ha~rrOpDIHeBOB: SOHe BLiSLIBaeT ocesoe 
nepeaemenae ~HclJclJepeH:qHaJIbHOrO rrOpIIIHJI 4 H aaraeraaae iKH~ROCTH 
BO BHyTpeHHIOIO rrOJIOCTb 5 ranpaaaasecxax yrrJIOTHlITeJIbHLIX 3JIe
MeHTOB. 

Pnc. 86. l\oMIIoHoBKa 
MHOrO~nKJlOBOrO JIC

IIhlTaTeJlJI ITJlaCTOB. 

5 

8,--~ 
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~errpeCCHlI na rrJIaCT, RaR H npa acnaraaaa CTaH~apTHLIMlI HcrrLITaTeJIJUIH 
rrJIaCTOB, Tpy6LI MoryT 6LITb qaCTlIqnO SarrOJIHeHLI iKlI~ROCTbIO. IIpH no
CTHiKeH-lIlI Tpe6yeMOB: rJIy611HLI yCTaHoBRlI HCIILITaTeJIJI IIJIaCTOB ROJIOHHy 
6YPllJIbHbIX Tpy6 spamaror nnpano. YrrJIOTHlITeJIbHLIe 3JIeMeHTLI 4 II 7, 
xopnyo nacoca 211 clJoHapb 80CTaIOTcJI npa aTOM HerrO~BlIiKHLIMlI. mH~-

ROCTb, narneraexaa nacocox, nocrynaer BO BHyTpeHHIOIO rrOJIOCTb yIIJIOT
HlITeJIbHLIX 3JIeMeHTOB H BLISblBaeT lIX ~eclJopMa:qllIOno conpanocaoaeaan 
CO CTeHROB: CRBaiKlIHLI. Ilpa coananaa aanaaaoro Hs6LITOqnOrO ~aBJIeHlIJI 
B yrrJIOTHlITeJIbHLIX 3JIeMeHTax cnenaam.aua xaanaa cooemaer naraera
TeJIbHYIO SOHy nacoca co CRBaiKlIHOB: II npa ~aJIbHeHIDeH pafiore aacoca 
~aBJIeHIIe B rraRepax He YBeJIlIqllBaeTCJI. 
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Ha pnc. 87, 6 aaofipanteaa KOHCTpyKn;mI 1 
COCTOHm;erO na 

2 

" 

a a 
PIIC. 87. YSJIhI MHOrO~HKJIOBOrO I1CIIhITaTeJIH 

a, 6 - cxexa pa60ThI rrpacnocosneaas )\JlII aanaxepoaxa; 8 
IJ;HJI npacrrocoanemra )\JlJl aanaxeposxa; e 

nOBeprnOCTH, KOHTaKTHpyIOm;eii CO 

eTCH, H iRH.n;KOCTb aa 
BhIe orsepcraa 

1 ABT. CBII)];. M 287871 OT 14fVII 1969 r. 
ofipaarnr II TOBapHhIe SHaRU», M 36, 1970. 
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HeM 6, nopnrem, nepeMem;aeTcH BHHa, iRH.n;KOCTb Ila no.n;nopmHeBoii aOHhI 
no KaHaJlY 15 HarHeTaeTCH B ynJloTHHTeJlbHhIe 3JIeMeHThI naxepa, RJla
nan 8 npa 3TOM aaKphIT, a roranan 16 OTKphIT. 

ITPH .n;aJlbHeiimeMnponopore BTyJlKH ee BhICTYn BhIXO.n;IlT na KoHTaK
ra co mTOKoM npaesmoro KJlanaHa II non .n;eiicTBHeM cBoeii npYiRHHhI OB 
3aKphIBaeTcH. Ilocne aroro BhICTyn BXO.n;HT B KOHTaKT co nrronox 11 cfipa
ChIBaIOm;ero roranaaa II ornpunaer ero , aamropnraesaa aoaa nanannpa 
co06m;aeTcH C 6ypHJlbHhIMH Tpy6aMH, rne .n;eiicTByeT JlH60 aTMOccPepHoe, 
JlIl60 sreasmee, qeM rll.n;pocTaTllqeCKOe, .n;aBJIeHHe B CKBaiRHHe. llill.n;KOCTb 
aa nanaanpa xepea OTBepcTHe 13 H KOJlbn;eBOii xanan 14 xnanaaa cfipa
ChIBaeTCH B 6YPHJlbHhIe Tpy6hI. ,D;HcPcPepeHIJ;HaJlbHhIii nopmens nepeMe-· 
maerca aaepx II sacacsraaer iRH.n;KOCTb na CKBanmHhI qe:rea KJlanaH 8. 
RJlanaH 16 npa 3TOM saxpsrr. TaKIlM 06pa30M ocym;eCTBJlHeTCH aarnera
ane iRH.n;KOCTH B rH.n;paBJlHqeCKHe uaxepyiomae 3J1eMeHThI. 

,D;JIH npe.n;oTBpam;eHIlH paspymeaaa TOpn;eBhIx nonepxnocrea .n;HcP
cPepeHn;llaJlbHOrO nopmaa npH .n;eiicTBHH 60JlbmHX nepena.n;oB naanenaa 
npe.n;ycMoTpeH Cnen;HaJlbHhIii axoprnaaTOP 5. ITpH .n;BHiReHHH BHHa aMop· 
TH3HpYIOm;ee .n;eiiCTBue na nopmens oxaarasaer aoanyx, aaKJlIOqeHHhIii B 
Boa.n;ymHoii KaMepe 10. Ilponecc naraeraaaa iRH.n;KOCTH .n;JlHTCH .n;o Tex 
nop, noxa H36hITOqHOe .n;aBJIeHHe He .n;OCTHrHeT aa.n;aHHoll BeJlllqHHhI. 
Ilocne aroro aaraeraeaaa iRll.n;KOCTb c6paChIBaeTCH CHOBa B CKBaiRHHY 
qepea xnarran , YCTaHOBJleHHhIii B naxepe. 

C neasro coxpaHeHHH np06LJ rmacroaoii iRH.n;KOCTIl, orotipanaoa B 6y
pansnsre Tpy6hI, B qIICTOM nane .n;JlH cfipoca 6ypoBoro pacrnopa , HCnOJlb
3yeMoro npa aanaxepoase, MOiRHO npHMeHHTb Boa.n;ymHhIe xaaepu 
(6ypHJlbHhIe Tpy6hI, YCTaHaBJlHBaeMhIe nan ycrpoacrsoa .n;Jlll aarraxe

pOBKlI). 
,D;OCTOIlHCTBOM nannoa KOHcTpyKn;HH aanaerca aHaqHTeJlbHall npoas-

Bo.n;IlTeJlbHOCTb aa O.n;HH 060POT HHcTpyMeHTa. TaK, npOIl3Bo.n;HTeJlhHOCTb 
paapafio'ramroro ofipaana COCTaBJllleT 0,9 JI aa o.n;HH 060pOT, TaK qTO 
.n;JIH aanaaeponror nnyx ynJloTHHTeJlbHhIx 3JIeMeHTOB B KoMnOHOBKe HC
rrsrrareaa nJlaCTOB npa nOHHTepBaJIbHOM HcnhITaHHH 06'beKTOB aeofixo
.n;HMO c.n;eJlaTb 35-40 060pOTOB KOJlOHHhI Tpy6, npa KoMnOHOBKe C O.n;HHM 

naxepoa 15-20 060pOTOB. 
BAOl'> ipipaenenue (pac, 87, 2) B OTJlHqHe OT npyrax aHaJIOrHqHhIX 

ycrponcrn llBJlHeTCH HHcTpyMeHToM MHorOKpaTHoro .n;eiiCTBHH H 
npenaaaaasaerca He TOJlbKO . .n;JIll BhIpaBHIIBaHHll .n;aBJIeHIIH B KOHn;e 
I1CnhITaHIIH, HO II noaspameaaa scex no.n;BHiRHhIX .n;eTaJleii B nepnona
qaJIbHO~ nonomenae. aTO .n;OCTHraeTCH CJle.n;YIOm;I1M 06paaoM. 

B~paHcnopTHOM (paCTHHYTOM) nOJlOiReHIIH Kopnyc 1 H 3aXBaT 11 
naxonarcn nsepxy , mrsrps 4 non B03.n;eiicTBHeM npYiRHHhI 5 BXO.n;HT 
BHYTPb CTaKaHa 3. Hopnyc MOiReT cB060.n;HO npOBOpaqHBaTbCH OTHOCII
TeJlbHO BHyTpeHHHx .n;eTaJIeii 6J10Ka. ITPH aarraxeposne, xorna BHyTpIl 
ynJloTHHTeJIbHhIX 3J1eMeHTOB coanaerca Ha§hITOqHOe naanenae, xoropoe 
xepea n;eHTpaJlbHhIii xaaan H orsepcrae 10 nepenaercn BO BHyTpeHHIOIO 
nOJlOCTb CTaKaHa 3, mrups 4, CiRIIMaH npYiRHHY 5, BhIXO.n;HT napyary. 

,D;JlH BhIpaBHIIBaHIIH .n;aBJleHHH B aarpytiaoa npoCTpaHcTBe CKBaiRHHhI 
II B HcnhITaTeJlbHOM HHcTpyMeHTe KOJlOHHY Tpy6 onyCKaIOT BHHa, BMecTe 
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IIJIaCTOB. 

- ROHCTpyR
6JlOR ynpaBJleiIHJI. 

raxoro npacnocodaeaaa, 
spamaromeaca BTYJlKIl 1, npaexaoro 3 H c6pachIBaIOm;e

ro 12 KJlanaHOB, .n;llcPcPepeHn;llaJlbHOrO nopnma 6, nanannpa 7, neurpans
Hoii Tpy6KH 9. ITpH spamenan BTyJlKH 1, IlMeIOm;eii aucryn na TOpn;eBoii 

I 

2 

mTOKaMH KJlanaHOB, xorna 3TOT 
BhICTyn .n;OCTHraeT mTOKa 2 npaexaoro xaanaaa 3, nocaenaaa OTKphIBa

CKBaiRHHhI qepea cPHJlhTP 4, nenrpaasnoe H 60KO
nocrynaer B nanannp 7 nan .n;HcPcPepeHn;HaJlhHhIM nopm

«lfao6peTeHIIH, IIpOMhIillJIeHHhIe 
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88. lIcnmaTenb 
CpeAAaHlIHTaaa. 

a - aanaxepoaxa; 6  UOJI01ReHUe UpH rrpa
TOReWIacToBo.I1RHAROCTII. 

HCIIhlTareJlb llJlaCTOB 6ea 

onopsr ua aa60ii ~UPl\(bl ]l;amHcTOH 

Q 6 6 PIIC. 
vTOT HHcTpyMeHT IiIJI paapa 0

TaH aa 6aae CTaH~apTHIiIXMeXaHHqe

CRIIX 11 rH~paBJlH'leCKHX HCllIiITaTe

JIeH ~JlH nponeneaaa HCllliITaHlIH B 

OTKphITOH CKBamHHe BIiIIIIe aatioa, T. e. ~JlH Tex CJlyqaeB, xorna llPO~YK

TIIBHliIe ropHaOHTIiI BLIHBJIeHIiI npa nOMO~H anenrpoaaporaaca nocae 
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II KJlallaH 4. Ilpa )lOCTHmeHlIlI aeofixonaaoro JJ;aBJleHlIH aayrpa ~meMeHTOB, 
Ollpe~eJlHeMOrO B aaBlICHMOCTH OT coanaaaeaoa nenpeccaa, aaCOCLI OT

KJIIOqaIOT 11 llPOBO~HT lICIIblTaHHe 

IIJIaCTa aa rrparox. ,D;JlH aroro llOpIII

HeBaHHeH CHHmaIOT yponens mll~

KOCTII B Tpy6ax. ~H~KOCTb llOCTY

naer B Tpy6b1 na nnacra xepea xna
nama 6. llpHTOK mH~KOCTH H3-llO~ 

HHmHero ynxornareasaoro aJleMea

ra aeBoaMomea, TaK KaK xaanaa 7 
nporrycxaer mll~KOCTb TOJIbKO B O~

HOM aanpanaeaaa  aa acnsrrarena 
llJIaCTOB aapymy. 

Ilocae OKOHqaHHH HCllLITaHHH 

CHHmaIOT nasneaae nayrpa ranpan
JIlIqeCKHx ~meMeHTOH, OHH npaotipe
TaIOT nepnoaaxansaoe noaoaceaae. 
,D;aBJleHHe Mem~y llpHaa60iiHoii so
Hon H CTBOJlOM CKBamlIHbl BLIpaBHH

BaeTCH, ananaa 3 lIaBJleKaIOT na 
nOBepXHOCTb, nocae 'lero MOiI\HO 

IIpOMLIBaTb CKBamHHy 11 yCTaHaB

JIHBaTb HHcTpyMeHT ~JIH lICIILITa

HHH osepennoro 06WKTa. 

,D;JIH llpe~OTBpa~eHlI1l llpHXBaTOB 

IIHcTpyMeHTa B KOHCTpyK~HH npe
~ycMoTpeH npamareas 8, o6eclle

qlIBaIO~lIiicB060~Hoenpameaae KO

JIOHHLI rpyti, paCllOJlo»\eHHI,lx nazt 
HCllLITaTeJIeM llJIaCTOB. Ilpa CllyCKO

nO~'beMHLIX orrepannax MomHO npo
BO~HTb llpOMLIBKy CKBa»\HHLI, a npa 
He06xo~HMOCTII npopaeorars CTBOJI 

ee ~OJIOTOM 9 KaK 06LIqHLIM HHCTpy

MeHToM poropnoro 6ypeHHH. 

Paapatioraaa KOHCTPYK~IIH HC-

IIbITaTeJIH nJIaCTOB ~lIaMeTpOM 

190 MM [71]. 

c HeH onycxaerca xopnyc 6JIOKa ynpaanenaa Hero aaxnar 11. 3aTeM npa 

nponopore KOJIOHHbI snpaao na 0,5 -+- 1,0 060pOT aaxsar aaXO~HT B aa

nennenae co IIIThIpeM. Ilpa ~aJIbHeiiIIIeMrrpHrrO~HHTHH6ypHJIbHOH KOJIOH

HhI aaxaar nepeaemaerca nnepx H yBJIeKaeT aa C060H aOJIOTHHK 2. lJepea 

OTBepCTHH 8, 9 H oceasre oTBepcTHH 6 aOJIOTHHKaaaTpy6Hoe npocrpaa
CTBO CKBamHHhI coofimaerca C MemrraKepHhIM npocrpancmoa H BHyTpeH

HeH rrOJIOCTbIO rH~paBJIHqeCKHXYllJIOTHHTeJIbHhIX aJIeMeHTOB. Ilocae orrpe

~eJIeHHOii B~epmKH HHcTpyMeHTa non HaTHmKoH, He06xo~HMOH ~JIH 
BhIpaBHHBaHHH ~aBJIeHHH B YKaaaHHhIX aoaax , KOJIOHHy Tpy6 onycxaror , 
IIIThIpb 4 non Boa~eHcTBHeM rrpyacaasr 5 aaXO~HT B CTaKaH, a aOJIOTHHK 2 
npyacraoa 7 nepeaemaerca B HHmHee HCXO~Hoe rrOJIOmeHHe. Bee ~eTaJIH 

6JIOKa ynpaaneaaa BoaBpa~aIOTCH B rrepaonaxaasaoe llOJIOmeHHe. 

OCTaJIbHhIe yaJIhI B KOMllOHOBKe MHOrO~HKJIOHorO HCllhITaTeJIH nnac
Ton MoryT 6hITb HCllOJIb30BaHhI OT HCllLITaTeJIH llJIaCTOB C OllOpOH aa aa

60H (HCChI, 6eaOllaCHLIe aaMKH, aanopmaa KJIanaH) HOT llOHHTepBaJIbHOrO 

HCllhITaTeJIH llJIaCTOB <cPOHapb, rH~paBJIHqeCKHeYllJIOTHHTeJIbHLIe aJIeMeH

ThI, cPHJIbTP, llepeBO~HHKH ~JIH yCTaHoBKH perHCTpHpYIO~HX MaHOMeT

pOB). 

Paapafioraaa KOHCTPYK~HHMHOrO~HKJIOBOrOnoanrepaaasaoro HCllLI

rareaa llJIaCTOB, npenaaaaa-raiomaaoa ~JIH HCllLITaHHH 06'beKTOB B C,KBa

acaaax, 6YPH~HXCH ~OJlOTaMH 190 H 214 MM. RHme npanenema xparxae 
TeXHlIqeCKHe ~aHHLIe yxaaaaaoro HHcTpyMeHTa. 

HapylKHLIH AHaMeTp, MM •••• • • • • 168 
)l;»8MeTp CKBamIJlILI, MM ••• • 190 -+- 214 
YCTpOHCTBO AnH sanaKepoBKu: 

XOA uopnraa, MM •. . • • • • • • • 12.') 
npoaaaonureasaocrr, aa 1 060pOT, n . 0,9 
MaKCHManbHhIH MOMeHT apameaaa BTynKH, KfC' M 0.2 

qHcnO 060pOTOB 6ypnnbHhIx Tpy6 npn aanaxepoane: 
B CKBamHHe AHaMeTpoM 190 MM 

C OAHHM naKepoM • • • • • • • ••• • 15-20 
C ABYMH n8l\epaMH •••••• • • 35-40 

B CKBamHHe AHaMeTpOM 214 MM 
C 0AHIIM naxepoa •• '" 20-25 
C AByMH naKepaMU ••.. •• •• 45-50 

IIcIIblTaTeJlb IIJIaCTOB C ,ll;BOHHbIM rH~paBJIH'IeCKHMrraxepoa 
KOHCTP~HH Cpe,ll;AaHIUIraaa 

Pa60Ta ~aHHOH KOHCTPYK~HH, llOaBOJIHIO~eHaa O~HH cnycxo-nomex 
HcnLITaTb HeCKOJlbKO 06'beKTOB, OCHOBaHa na ~pyroM npaanane, qeM 

paCCMoTpeHHhIH HCIIblTaTeJIb llJIaCTOB BRHHET. Ilpa yCTaHoBKe naxepa 

mH~KocTb HarHeTaIOT B Tpy6b1 C noaepxaocra , T. e. Tpy6LI llOJIHOCTbIO 

aaIIOJIHHIOT mH~KocTbIO. HCllLITaTeJIb IIJIaCTOB C ~BYMH ranpaaaasecxa

MH YIIJIoTHHTeJIbHhIMH aJIeMeHTaMH 1 (pHC. 88) CIIYCKaIOT B CKBamlIHY 

aa rpytiax 2. Ilpa ~OCTHmeHlW:nnacra, nonaearamero HCllhITaHHIO, sayrps 

Tpy6 aafipacsraaior xnanan 3, KOTOpLIH npenarcrnyer neperoxy i1m~

KOCTH aa BHyTpeHHeH IIOJIOCTH HCIILITaTeJIH B cxsaaeaay. ,D;ecPopMa~nH 
YIIJIOTHHTeJlbHLIX aJleMeHTOB IIPOHCXO~HT non ~eiicTBHeM m~KOCTII, na

rHeTaeMoii B HHX O~HOBpeMeHHO 6ypOBLIMH nacocaxa qepea OTBepCTIIH 5 
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OKOHlIaHIIH 6ypeHIIH, a yCTaHoBKa IJ;e earaoro MOCTa IIJIII CIIyCK OIIOp
HOH Tpy61iI CBHaaHIiI C 60JIhmlIMlI aa aTaMII BpeMeHII IIJIII cpencrn. 
3a 0ll:IIH CIIyCK MOiKHO IIPOB0ll:IITh HeCKOJI KO IICIIhITaHIIH. ,ll;JIH lIaOJIHIJ;1I1I 

IICIIliITIiIBaeMOH aons OT JIeiKaIIJ;IIX mrnre II HlIllie 
roplIaOHTOB IIplIMeHHIO TaKlIe iKe IIaKepyIOIIJ;Ue 
aJIeMeHTIiI, KaK II 13 paCCMOIiIX ssmre KOHCT
PYKIJ;lIHX 'aTOH qmpMIiI. . ..". 

,ll;JIH aocnpaarna YClIJIlIH, Tpe6Y~.-.,r(JIH 
ll:elflopMaqIIlI ynJIOTHliTeJIhHIiIX aJIeMeHTOB, 13 lICIIhI
TaTeJIe npenycxorpeaa onopa , c:u;enJIHIOIIJ;aHCH co 
CTeHKOH CKBaiKIIHIiI. Onopa BIiIIIOJIHeHa 13 BlIll:e 
axopnoro Tpy6l1aToro aJIeMeHTa 3 (pIIC. 89,a), cnafi 
iK~IHoro ll:eBHThIO ynopaMII.4, xoropsre aa:u;eIIJIH
IOTCH aa crenxy CKBaiKlIHIiI no roro, KaK cpa6a)	 

TIiIBaIOT naKepYIOIIJ;lIe aJIeMeHThI 5. 
OCB060iKll:eHIie yIIOpOB npn CHH
TIIII lICIIIiITaTeJIH OCYIIJ;eCTBJIHeTCH 
HaTHiKeHlIeM aacrpyxeara. IlJIa
CTIIHlIaTliIe npYiKlIHIiI 1 Ii ycrauo
aosaoe nplICIIOC06JIeHlIe 2, CMOH
TlIpOBaHHliIe 13 HlIiKHeH lIaCTlI,z 06ecIIelllIBaIOT BIiIll:BlIiKeHlie yIIO
pOB 13 orropaox yCTpOHCTBe, KO
Topoe aecer aarpyaxy TOJIhKO OT 
aeca IIaKepOB Ii lICIIIiITaTeJIH. OHO 

3	 CJIyiKliT axopex TOJIhKO EO BpeMH 
pacmnpeHIIH IIaKepa, EOCIIPliHII
MaH sec lICIIIiITaTeJIH II YCIIJIlIe, 
Tpe6YIOIIJ;eeCH ll:JIH aaIIaKepOBKlI. 

YpaBHIITeJIhHIiIH KaHaJI 9, 
YCTaHOBJIeHHIiIH 13 IfllI.'lhTpOBOH 
aone lICIIIiITaTeJIH, IIOaBOJIHeT BIiI-

It	 POBHHTh AaBJIeHlIe Hall: BepXHlIM II 
non HlIiKHlIM YIIJIOTHlITeJIhHhIM~ 

aJIeMeHTaMII. Baaronapa aro"MY 
CiKlIMaIOIIJ;lIe YClIJIIIH BCJIell:CTBlIe 
nepenana ll:aBJIeHlIH, B03HlIKaIO

1 mero IIplI OTKpliITlIlI KJIaIIaHa 
lICIIIiITaTeJIH, BOCIIplIHlIMaIOTCH 
YIIJIOTHlITeJIhHIiIMII aJIeMeHTaMlI II 
IfllIJIhTPOBOH lIaCThIO 8 lICIIIiITa
TeJIH, aaKJIIOlIeHHOH MeiKll:Y IIaKe
paxa. Ilon IflIIJIhTPOBOH lIaCThIO 

a s	 YCTaHaBJIIIBaIOT IIepeB0ll:HliK 6 
ll:JIH rJIy6lIHHoro peracrpapyro

PHC. 89. I\OMIIOBOBKa BH)l(lIeii (onopaoii) mero MaHOMeTpa, KOTOpIiIH\ aasacra HCllhITaTeJUI llJxaCTOB 6e3 onopsr 
XOll:IITCH He 13 nOTOKe iKlIll:KOCTII, aa aa60ft <lJHPMIil )J;mOHCTOB. 

a - cxexa ROMIIOHOBRH; 6- orropa c naaurxaaa. HaIIpaBJIHIOIIJ;eHCH 13 IICIIhITaTeJIh, 

a co06IIJ;aeTCH C aOHOH nJIaCTa lIepea CIIe:U;lJaJIbHliIe 60KOBliIe OTBepCTlIH 
7. 9TOT MaHoMeTp ~IIKClIpyeT KaiKll:oe lIaMeHeHlIe ll:aBJIeHIIH HenOCpell:
CTBeHHO 13 aone acnartraaeaoro IIJIaCTa. 

RpoMe roro, paapafioraaa onopa C IIJIamKaMIi (plIC. 89, 6). Ilpa ycra
HOBKe 13 CK:aa/;RlIHe KOJIOHHy Tpy6 rrponopaaasaror BJIeBO aa 0,5 060poTa 
II cIIycKaIOT BHlIa; aaxnar, YCTaHOBJIeHHIiIH 13 sepxaea KOJIb:u;e 3 1fl0HapH 4, 
oCB060iKll:aeT lIeTliIpe nJIamKII: 2, xoropue , IIepeMeIIJ;aHCb IIO KOHII:lIeCKOH 
IIoBepxHocTII 1 xopnyca, aaKpeIIJIHIOT onopy na CTeHKe CKBaiKII:HIiI. 
tIT06b1 CHOBa aaXBaTII:Tb nJIamKII,. He06xoll:IIMO coanars HaTHiRKY IIH
crpyaenra, IIplI aTOM nJIamKII CHOBa npIl:KpenJIHIOTCH K 1fl0HapIO II Boa
BpaIIJ;aIOTCH 13 rpaacnop'rnoe IIOJIOiKeHII:e. 

B KOMIIOHOBKe IIHcTpyMeHTa (CM. 89, a) II BepxHIIH, II HIIiKHlIH ynJIOT
HlITeJIbHliIe aJIeMeHTIiI HBJIHIOTCH 0ll:lIHaKOBIiIMII. 3a IIOCJIell:Hee BpeMH 
ll:JIH 06JIerlleHlIH npOX0ll:lIMOCTII IICIIhITaTeJIH IIJIaCTOB IIpIl: cnycxe 13 CKBa
iKlIHy II: ofiecrreaeaaa repMeTlIlIHoH naxeponxa BMeCTO sepxaero yIIJIOT
HIITeJIbHOrO aJIeMeHTa IICnOJIb3yeTcH TaK HaaliIBaeMIiIH 606-TeiIJI-naKep, 
T. e. naxep C paall:BlIiKHOH MeTaJIJIII:lIeCKOH onopoa (CM. pac. 49). 

IICIIbITaTeJIb nJIaCTOB 6ea OIIOpbI aa aa60ii 
eplIPMbI XaJIJIII:6ypTOH 

BOJIbJlIOH IIpaKTlIlIecKlIH mrrepec IIpell:CTaBJIHeT lICIIIiITaTeJIb IIJIaCTOB, 
paapatioraaaua IfllIpMOH XaJIJIH6ypToH, nOCKOJIbKY OH nOaBOJIHeT IICCJIe
noaarr, nponyrcraemre ropaaonrra HeaaBIIClIMO OT MeCTOHaXOiKll:eHlIH 
nJIaCTa OTHOCIITeJIbHO aa60H. 9TOT acrrararens (p ac. 90) He liMeeT XBO
CTOBlIKa II He HyiKll:aeTCH 13 yCTaHoBKe cne:U;lIaJIbHOH paa06IIJ;aIOIIJ;eH npofi 
KlI lIJIlI neaearnoro MOCTa. Horrararem, lIMeeT nna naKepYIOIIJ;lIX ane
MeHTa 3 II 6, IIplI nOMOIIJ;lIKOTOpliIX OCYIIJ;eCTBJIHeTCH lIaOJIH:U;lIH acnarsraae
Moro ropaaoura. MeiKll:Y rraKepYIOnijIMII: aJIeMeHTaMII nOMeIIJ;eHa rreptpo
paposannaa Tpy6a 4lfllIJIbTpa; lIepea nee nJIaCTOBaH iKlIll:KOCTb nocryrraer 
13 lIcIIliITaTeJIb II naaee 13 6yplIJIbHliIe Tpy61iI 1. ,ll;JIH CiKaTIIH naKepYIOIIJ;IIX 
aJIeMeHTOB CJIyiKlIT cnenaansnaa KJIlIHOBaH onopa 8. Bo BpeMH cnycxa 
aacrpyaeara 13 CKBaiKlIHY IIJIamKlI OCTaIOTCH 13 aaKpliITOM IIOJIOiKeHlIlI 
(pnc. 90, a). 

Ha aananaoa rJIy6lIHe npa IIpOBopOTe KOJIOHHIiI 6yplIJIbHliIX lIJIII ad
COCHO-KOMIIpeccopHIiIX Tpy6 BIIpaBO 'i!i1anieJIII, xoropsre CKOJIb3HT 13 
r -otipaanoa npopeaa, BIiIX0ll:HT rra nee II onase IIHcTpyMeHTa BHlIa, 
KOHyC 7 paaacasraer rmamaa, 3aCTaB H BHell:PHTbCH 13 nopony, II 
coanaer Hall:eiKHYIO onopy ll:JIH C naKepYIOIIJ;lIX aJIeMeHTOB 
(pIIC. 90, 6). Onopa 6Yll:eT TeM aynme II: Hall:eiKHee, lIeM raepare nopona, 
na KOTOpOH OCTaHOBIIJIIICb nJIamKH. TaKoH acrrararens nenecoofipaaao 
IIpHMeHHTh 13 CKBaiKHHax, ll:lIaMeTp CTBOJIa KOTOpliIX IIocToHHeH, a nopo
ll:1iI IIMeIOT pasnoaepnyro rnepnocrs. 

,ll;JIH oCB060iKll:eHlIH IIJIamKOBOH noponsr )lOCTaTOllHO npanonaarr, aa
crpyaear, IIplI aTOM lIepea ypaBHIITeJIbHYIO Tpy6Ky 5 II OTBepCTlIe 2 IIpO
IICX0ll:lIT BliIpaBHIIBaHHe ll:aBJIeHHH 13 nepxaea II: HlIiKHeH IIOJIOCTHX CKBa
iKHHhI. MeiKll:Y naKepYIOIIJ;IIMII aJIeMeHTaMII yCTaHaBJIHBaeTCH rJIy6HHHliIH 
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MaHOMeTp, peracrpapyromajt necs 'nponecc 
IIcnbITaHHH, OT MOMeHTa aaxaaa cnycxa ~O 

O,lrbeMa HHCTpyMeHTa aa nOBepXHOCTb. 
IICnbITaHHH, rrposeneaasre C O.n;HHM na

xep m;IIM ;meMeHTOM npa onope na crenxy 
CKBaiK sr, penao 6bIJIH y.n;aqHbIMH. 8TOCTa
HOBIITCH HTHbIM, eCJIH rrpencrannrr., qTO 
BCH narpyaxa aepenaerca xepea onopnsra 
HKOpb na CTeHKH CimaaiHHbI, nopona paspy
maerca onopoa HKOpH ~H'HOQ!e~HHH CMe
maerca, a CJIe.n;OBaTeJIbHO, caemaerca II sees 
ysea HcnbITaTeJIH. 

ITpa nOHHTepBaJIbHOM HcnbITaHHH C.n;ByMH 
naxepaxa 6JIarO~apH ypaBHHTeJIbHOH Tpy6
xe ornanaer He06xo.n;HMOCTb B perucrpa
pYIOm;eM rJIy6HHHOM MaHOMeTpe non HlliK
HIIM naxepou, TaK KaK JII06aH yresxa BOK
pyr HHiKHero naxepa BO BpeMH HcnbITaHHH 
onpeneaaerca naneaaex ypOBHH iKH.n;KOCTII 
H B aarpytinoa npOCTpaHCTBe. 

)l;JIH pa60TLI C aTHM HHcTpyMeHToM He 
rpetiyeroa apamarr, Tpy6bI IlJIH IIPOBO~HTb 
KaKyIO-JIH60 npyryio onepanmo .n;JIH OTKpbI
TIIH ypaBHIITeJIbHOro KJ!anaHa (OH OCTaeTCH 
see BpeMH OTKpbITbIM). 8TO nOaBOJIReT BbI
TeCHHTb iKH~KOCTb aa-non HlliKHero naxepa 
no Mepe pacnrapenaa naxepon, 6JIarO~apH6 
qeMy He npoacxonnr CiKaTIIH iKlI.n;KOCTH B 
nonnaxepaoii aone CKBaiKIIHbI. 

-, 
-'. CHHTHe HHiKHero naxepa nOCJIe acnsrra

HlIH 06JIerqaeTCH 6JIaro.n;apH ypaBHHTeJIIO 
.n;anJIeHHH. 

IIcnblTaTeJIb niCTOB epUPMbI JIaiiH3 

Ha pIIC. 91 no aaaa aomrrarem, nJIaCTOB 
C mapoxo paCCTaBJIeHHbIMH 'naKepYIOm;HMII 
;meMeHTaMH, npennaaaaseaasra ~JIH pafiorra 
B HeaaKpenJIeHHOH CKBaiKlIHe H B 06ca.n;HoH 
KOJIOHHe. Hpoxe roro, ero npHMeHHIOT .n;JIH 

PRC. 90. Hosmoaoaaa HRiRHeil: 'laCTR RCllLITaTeJUI 
llJIaCTOB .pRpMLI XaJIJIR6YPTOH 6ea OllOpLI aa aa6ofr. 
a - B TpaHCIIopTHOM IIOJIOmeHHH; 6 - B pa60'leM nOJID

meHHH. 
1 - 6e30nacHhIi!: 3aMOR; 2 ~ BepXHHH IIepeBOAH1IR C ypaB
H1I'reJIbHhIM OTBepCTHeM; 3 - BepxHHll IIaRepYJOmHH 3JIe
MeHT; 4 - cj)HJIbTP; 5 - TpyGRa ypaBH1I'reJIbHOrO RaHaJIa; 
6 - HH)f{HHll naRepylOmHi!: 3xeMeHT; 7 - onopa aa C'reHRY 

CRBaJRHHbI; 8 - IIJIamRH; 9 - 4loHapb. 

• i 

HcnbITaHIIH HeCKOJIbKHX aOH paanenosnoa CKBaiKHHbI nepen CnyCKOM 
D6ca.n;HOH KOJIOHHbI, .n;JIH Onpe~eJIeHHH xanecraa aaKpbITIIH BO.n; npn 
6ypeHHlI C OqllCTKOii aa60H BOa.n;yxoM lIJIH raaosr, ~JIH CeJIeKTHBHOii 
o6pa60TI\II HeCKOJIbKIIX npO.n;YKTHBHbIX ropa aOHTOB HeaaKpenJIeHHOH 
CKBaiKlIHLt, a rarose .n;JIH KIICJIOTHOii 06pa60TKII HJIH 
rH.n;paBJIllqeCKOrO paapsraa npllaa60HHOH 30HbI, onpe
~eJIeHIIH MeCTa nparoxa BO.n;hI H3 nJIaCTa, lIcnbITaHHH 
aOH nOrJIOm;eHlIH lIJIH 30H C HII3KHM nJIaCTOBbIM nan
JIeHHeM. 

IIcnhITaTeJIb ITJIaCTOB 4lllPMbI JIaHH3 n03BOJIHeT npoaa
BO.n;lITb acnteraaae IlJIH nOHHTepBaJIbHyIO 06pa60TKy nna-
CTa, paCrrOJIOiKeHHOro non naKepYIOm;HMII 3JIeMeHTaMlI, 
MeiK~y HHMIIIIJIH nan naxepyrormraa 3JIeMeHTaMH. B acnsr
TaTeJIe npenycxorpena BOaMOiRHOCTb onaonpexeanoro CO
06m;eHlIH ncex 30H C 6ypHJIbHbIMU Tpy6aMH. 8TO .n;OCTH
raerca apameaaex C nOBepXHOCTU KOJIOHHbI 6ypHJIbHbIX 
HJIH nacocao-aorrpeccopasrx rpyfi. Pacmnpeaae naxepy
IOm;HX 3JIeMeHTOB B03MOiKHO npa nOMOm;H iKH~KOCTH, 

caearoro soanyxa HJIII raaa, 
B nponecce 6ypeHHH 06'beKTbI, paoncnozseaasre B 

BepXHHX lIHTepBaJIaX CTBOJIa CKBaiRllHbI, .n;JIllTeJJbHOe 
BpeMH paaMbIBaIOTCH npOMbIBOqHOii iKH.n;KOCTbIO. Bsnnene
iKam;lIe nJIaCTbI paaMhIBaIOTCH ropaano 60JIbme, qeM csezse
BCKpbIThIe 06'beKTbI, H .n;JIH HX HcnbITaHHH .n;OJIiKHbI npnxe
HHTbCH He 06hIqHhIe naaepsr MeXaHHqeCKOrO ~eHCTBUH, a 
Ha.n;YBHbIe (rnnpaannsecxae) ynJIOTHeHHH" nOaBOJIHIOm;He 
repMeTHallpOBaTb CTBOJI CKBaiKHHhI aHaqHTeJIbHO 60JIb
mHH, qeM naaxerp naxepa. 

ITPII ycTaHoBKe IIcnhITaTeJIH B CKBaiKHHe 6ypHJIbHbIe 
Tpy6bI aanOJIHHIOT qUCTOH iKU.n;KOCTbIO (06bIWO Bo.n;oii) II 
aaTeM c03.n;aIOT 1I36bIr~qHOe .n;aBJIeHHe npa nOMOm;H 6y
posoro aacoca , mH~KOCTb qepe3 sepxaae oTBepcTHH B 
mTOKe HcnbITaTeJIH HarHeTaeTCH BO BHyTpeHHIOIO nOJIOCTb 
rUJJ:paBJIllqeCKIiX 3JIeMeHTOB no oonpaxooaoaeaaa HX co 
cTeHKoH CKBaiKHHbI. ITocJIe aroro nyrex nposopora Ko
JIOHHbI Tpy6 aa nHTb 060pOTOll\." nnpaao II no.n;'beMa na 
230 MM BHyTpeHHIOIO 30Hy ynrJ' 3JIeMeHTOBTHIITeJIbHbIX 
HaOJIHpyIOT OT 6ypHJIbHbIX Tpy6. IT 3TOM nayrpeanee 
npOCTpaHCTBo Tpy6 coofinraerca 3aTpy6HbIM npOCT
paHCTBoM CKBaiKHHbI, pacnono HbIM nan BepXHHM 
naxepox. BJIarO~apH 3TOMy M 0 npoasmarr, CTBOJI 
CKBaiKlIHbI, paCnOJIOiKeHHhIH nan naxepoa. 

PRC. 91. HClIHTaTeJIl, DJIaCTOB 6ea onopu na aa60ii .pRpMH JIaiI:Ha. 
1. 2 - rB.w;paBJIJl'leCRKe YIIJIO'J'H1ITeJIbHble 9J1elleH'J'Li; 3 - mTOR KCIThlTa'reJIlI 

IIJIaCTOB. 
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B nrroxe HcnLITaTeJUI HMeeTCH TpH OTBepCTHH: O,n;HO pacnOJIOiReHO 
non HHiRHHM naRepYIOIIJ;HM :meMeHTOM, nropoe - y nepxnero ROHIJ;a 
HHiRHerO naxepyromero :meMeHTa H rperse - y nepxnero ROHIJ;a nepx
nero naxepyiomero anexeara. 

------------IlepeMem;eHHeM mTORa MOiRHO ,n;OCTHrHyTb CJIe,n;yIOm;HX nOJIOiReHHH 
HHCTp~HTa: a) TPYOLI COOOm;aIOTCH CO CTBOJIOM CRBaiRHHbI nan BepXHHM 
naxepox; 6}'l!H'CTpyMeHT COOOm;aeTCH C aOHOH nJIaCTa, pacnOJIOiReHHOH 
non HHiRHHM y~HHTeJIbHLIM3JIeMeHTOM; B) TPYOLI COOOm;aIOTCH CO nee
MIl yRaaaHHLIMH aOIDmUeRBaiRHHLI (paBHOBeCHoe nOJIOiReHIIe). 

lfHcTpyMeHT MOiRHO ~ rrepexecrarr, B CRBaiRHHe aa JIIOOYIO 
rayfiarry, qTO,n;OCTHraeTCH CJIe,n;y~oQpa30M. Illrox IIcnLITaTeJIH ycra
HaBJIHBaIOT B nOJIOiReHlIe paBHOBeCIIH II BltIpaBHHBaIOT ,n;aBJIeHHe B rpex 
aonax IIcnLITaHIIH. IIocJIe sroro mTOR nepexemaror B sepxaee nOJlOiReHHe 

I,J H OTRpLIBaIOT OTBepCTIIH, xepea ROTopLIe BHyTpeHHHH SOHa ynJIOTHHTeJIb
HLIX 3JIeMeHTOB C006m;aeTCH C TpyoaMH, II iRlI,n;ROCTb BLIXO,n;HT B TPYObI, 
3JIaCTHqHLIe 3JIeMeHTLI naxepon BoaBpam;aIOTCH B rpancnopraoe nOJIOiRe
nne, H IIHCTpyMeHT MOiRHO nepeMeCTHTh na ,n;pyroH OO'beRT HJIH nonaarr, 
aa nO:BepXHOCTb. Bepxaee OTBepCTlIe mTORa npa nepexemeaaa II nozrse
Me HcnLITaTeJIH OCTaeTCH OTRpbITbIM B CRBaiRHHY H qepea Hero iRH,n;ROCTh 
lIS TpyO nepeTeRaeT B saTpyOHoe npOCTpaHCTBO. 

OOm;aH ,n;JIHHa lIcnLITaTeJIH nJIaCTOB npa MHHIIMaJIhHOM paCCTOHHHII 
MeiR,n;y naxepasra 2,4 M COCTaBJIHeT 11,3 M. PacCToHHlIe MeiR,n;y naxe
paxa MOiRHO YBeJIlIqlITb no JIIOOOH TpeoyeMoH ,n;JIHHLI. 

lfcnLITaTeJIb MOiRHOCOOpaTb C O,n;HIIM ynJIOTHHTeJIhHLIM 3JIeMeHTOM 
Hero mTOR npn 3TOM 6y,n;eT IIMeTb TOJIbRO nna OTBepCTHH: O,n;HO no,n; naxe
pYIOm;IIM 3JIeMeHTOM H sropoe y nepxaero ROHIJ;a ero. OOm;aH ,n;JlHHa 
IIHcTpyMeHTa npa TaROH ROMnOHOBRe COCTaBJIHeT 7,6 M. 

,1l;JIH OOCaiReHHLIX CRBaiRIIH nplIMeHHIOT naxepsr ,n;JIHHOH 1,22 M C 
ynJIOTHHTeJIhHLIMII :meMeHTaMH ,n;JlHHOH 0,71 M, a ,n;JIH He06caiReHHLIX 
COOTBeTCTBeHHO 1,83 H 1,32 M. 

B OT,n;eJIbHLIX CJIyqaHX npa HcnLITaHHII H ofipafiorxe Tpem;HHOBaTLIX 
i! ROJIJIeRTOpOB, B ROTOpbIX IIMeIOTCH BepTIIRaJIbHLIe Tpem;HHLI, nplIMeHHIOT 
~. cnnoeaasre naxepsr C ,n;ByMH ynJIOTHHTeJIhHLIMH 3JIeMeHTaMlI OOm;eH ,n;JIH

HOH 2,64 M. 
,1l;JIH YBeJIHqeHIIH IeHHH MeiR,n;y HapyiRHOH nOBepXHOCTbIO naxepon 

H CTeHROH CRBaiRlIHLI 3JIaCTHqHOH qaCTH ynJIOTHIITeJIhHLIX 3JIeMeHTOB 
aaRpenJIHIOT MeTaJIJIlIqe xae qaCTHIJ;LI, ROTopLIe BpeaaIOTCH B nopo,n;y npa 
yCTaHoBRe IIcnLITaTeJIH II oOeCneqHBaIOT nposnoe CIJ;enJIeHlIe co CTeHROH 
cRBaiRHHLI. 

Hcmerarear, nJIaCTOB c1mpMLI JIaHHs marrycxaerca ,n;JIH OOCaiReHHbIX 
"'1 CRBaiRRH ,n;HaMeTpOM OT 52,n;0 508 MM (,n;mma narcepyiomero 3JIeMeHTa npn
':: 

3TOM panna 1,38 M) II ,n;JIH He06caiReHHLIX CRBaiRHH naaxerpoa 44 MM 
508 MM. RaR noxaaan onLIT, yxaaaaaaa ROHCTpyRIJ;IIH IIcnLITaTeJIH nJIaCTOB 
nOaBOJIHeT noaysarr, HaH60JIbmIlH 3c1lclleRT npa nOHHTepBaJIbHLIX ran
paBJIlIqeCRIIX paapsraax , RHCJIOTHLIX oopaOOTRax nJIaCTOB. II03TOMY 
aa nocnenaee BpeMH 3TOT IIHcTpyMeHT B OCHOBHOM nplIMeHHIOT npa 
06pa60TRe nJiaCTOB II pexoare CRBaiRIIH. Eaaronapa rIl,n;paBJIlIqeCRHM 
ynJIOTHIITeJIbHLIJ.I 3JIeMeHTaM, ,n;ecllopMaIJ;IIH ROTOpLIX npoacxonar aa cser 
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IISOLITOqHOro ,n;aBJIeHHH, coanaaaexoro B rpyfiax OYPOBbIMH nacocaxa, 
yCTaHoBRa HcnLITaTeJIH nJIaCTOB B CRBaiRlIHe He rpetiyer coananaa ana
qIITeJIbHLIX aarpyaox aa TPYOLI IIJIH HcnOJIbaOBaHIIHaaOOHHoro HCTOqHHRa 
,n;aBJIeHlIH, a rarose iRH,n;ROCTH B saTpyOHOM npOCTpaHCTBe BLIme naxepa. 
lfCXO,n;H ua aroro , naanaa ROMnOHOBRa npHMeHHeTCH npa ofipatiorae 
CRBaiRHH, qaCTHqHO aanOJIHeHHLlX iRlI,n;ROCThIO, npa IIcnLITaHHHX H RHC
JIOTHOH ofipafiorxe CTapLIX CRBaiRHH, rne rrpmrenenae ITIJIlInCOBLIX onop 
na crenxy 06ca,n;HOH ROJIOHHLI MOiReT nplIBeCTH R ee paapyrrrenaro , a 
raroxe npa patiorax aa HeOOJIbmlIX rJIyolIHax, xorna nplIMeHHIOT nerxne 
HaCOCHO-ROMnpeccopHLIe TPYOLI oes RaRIIX-JIIIOO YCTpOHCTB, y,n;epiRH
BaIOm;HX naxep OT nepeuemeaaa. 

.BOSMOiRHOCTb OTRpLITIIH OTBepcTIIH IIcnLITaTeJIH nJIaCTOB Ha,n; sepx
HHM ynJIOTHIITeJIbHLIM 3JIeMeHTOM npa Heooxo,n;HMOCTII nOaBOJIHeT OLICTpO 
BOCCTaHOBIITb IJ;HPRYJIHIJ;IIIO OYPOBoro pacrsopa B CRBaiRlIHe II npenorspa
THTh npaxnar IIHcTpyMeHTa npn pafiore B OCJIOiRHeHHLIX YCJIOBIIHX. IIPII 
Hey,n;aqHOH yCTaHOBRe naxepa B CRBaiRlIHe ero MOiRHO rrepecraaarr, aa 
,n;pyroH HHTepBaJI oea HaBJIeqeHIIH IIHcTpyMeHTa aa nOBepXHOCTh. 

Ha pHC. 92 npnaeneaa ROMnOHOBRa ,n;pyroro IICITLITaTeJIH UJIaCTOB 
aTOH cIllIpMhI, a na pRC. 93 aaotipaaeeaa nOCJIe,n;OBaTeJIbHOCTb OnepaIJ;IIH, 
npOBo,n;HMLIX B CRBaiRlIHe npa HcnLITaHIIH oOwRTa. 

IIocJIe cnycxa HcnLITaTeJIH nJIaCTOB na sa,n;aHHYIO rJIyolIBY KOJIOHHY 
OypHJIbBLIX TPYO YCTaHaBJIIIBQIOT aa RJIIIHbH II npOIISBo,n;HT cfiopxy nepr
JIIOmHOH rOJIOBRH CMaHHcIloJIb,n;oM. IIocJIe eroro nyrea spameana OypHJIh
HOH ROJIOHHLI nposonar aanaaeponxy (pHC. 93, a). YnJIOTHHTeJIhHLIe 
3JIeMeHTLI H cIlHJIbTpoBaH qaCTb IIcnLITaTeJIH nJIaCTOB npa aTOM ynepaca
naerca OT rrponopora cIloHapeM 5. IIPII Bpam;eHIIII ROJIOHHLI qaCTOTOH 
90 06/MHH H oOJIee ilm,n;ROCTb lIB CRBamlIHLI xepea cerrry cIllIJIbTpa 2 no
cTynaeT B Hacoc 1 II HarHeTaeTCH BO BHyTpeHHlIe nOJIOCTII BepxHero 3 
II HHiRHerO 4 ynJIOTHHTeJIbHLlX a.'1eMeHTOB. Hacoc IIMeeT xersrpe nopnraa. 
IIPOlIsBo,n;HTeJIbHOCTb aacoca npa MIIHHMaJIbHOH qaCTOTe Bpam;eHIIH 
60 OO/MHH COCTaBJIHeT 0,063 JI/ceR. ROJIlIqeCTBO mH,n;ROCTH, aarnerae
MOH B rraRep,LI II, CJIe,n;OBaTeJIbHO, BpeMH pafioru aacoca aaBHCHT OT .n;Ha
MeTpa CRBamHHLI, COCTOHHIIH ee CTBOJI8 B IIHTepBaJIe YCT8HOBRII naxepon, 
OT ncxonaoro ,n;HaMeTpa rrpHMeHHeMLIX ynJIOTHIITeJIbHLIX 3JIeMeHTOB H 
npoaaaonnrensaocra aacoca , Pacseraoe ROJIHqeCTBO iRlI,n;KOCTII YBeJIlIqH
BaIOT B 1,5 paaa ,n;JIH rapaHTHII ooeCneqeHIIH repMeTII1JHoii naKepOBRH B 
cay-rae qaCTHqHLIX YTeqeK mH,n;KOCTH B nacoce H HeT01JHOCTII B onpene
JIeHHH npoipann CTBOJIa CKBamHHbI. 

IIocJIe ,n;OCTlImeHHH HaOLITOqHOrO ,n;8BJIeHIIH B YUJIOTHIITeJIbHLIX ane
MeHTax 105 RIC/CM2 nacoc 8BTOMaTHqeCRlI OTRJIIOqaeTCH II ,n;aJIbHeHmee 
spameaae ROJIOHHLI He BLISLIBaeT nOBLImeHHe ,n;aBJIeHIIH BHYTPII IICITLITa
TeJIH nJIaCTOB. HaTHmKoii IIHcTpyMeHTa npOBepHIOT npOqHOCTb ROHTaKTa 
ynJIOTHIITeJIbHLIX aJIeMeHTOB CO CTeHKoii CKBaiRIIHLI, a aaTeM ROJIOHHy 
orrycxaior BHlIa H cosnaror ocenyro narpyaxy na IIcnLITaTeJIb ITJIaCTOB 
OROJIO 9,1 TC,nplIqeM KOJIOHHa CBOOO,n;HO onycxaerca npaaepao na 160 MM 
aa cser ceofionnoro xona BTYJIKII nacoca. IIplIeMHLIH KJIanaH IIcnLITaTeJIH 
nJIaCTOR OTRpLIBaeTCH qepea HeKoTopLIH npoaearyrox BpeMeHH nOCJIe co
a,n;aHHH narpyaxa, oJIaro,n;apH yCTaHOBJIeHHoMy B HeM rH,n;paBJIIIqeCROMy 

11 3allaa 2110 i61 



e 

3 

'f 

J 

s 
It 

a 0 8 Z 
PHC. 92. ROMlloHoBKa Pac, 93. Ilocaenoaareasaocrs onepanaa IIpU llCilbITaHIIH 
MHOroIJ;1lKJIOBOrO ac 06'beKTa C nOMOm;bIO MHOrOIJ;HKJIOBOrO HCIIbITaTeJIH IIJIa
IIbITaTeJIH IIJIaCTOB 6ea CTOB .pIIPMbI JIaHHa. 

~ 

OIIOPbI aa aa60ft .pllP- a - aanaxeposxa: 6 - rrpHToK TIJIaCTOBOA lflHAKOCTH; 8

MIJ Jlaaaa. ( aaKphlThll!: rrepHoA HCTIhlTaHHfI; a - BhlpaBHHBaUHe AaBJleHHfI. 

1 • 3 - COOTBeTCTBeUHO 
BepxHBA H HHlflHBA yrrJIOT
HHTCJIbHhle 3J1eMeHTbI; 2 
nepeBOAHHK AJlfI yCTaHoB
KH rJIyoHHHhlx MaUOMeT
_ pOB; 4 - llJoHapb. 

pene BpeMeHlL IIocJIe OTKpbITIUI KJIaIIaHa iKlIP;KOCTI. na IIJIaCTa xepea 

tPHJII.TP 6 II IICIIbITaTeJII. IIJIaCTOB IIocTyIIaeT B 6yplIJII.HbIe TPYObI 

(puc. 93, 6). fepMeTHl:JHOCTI. lIaKepoBKII IIpH 3TOM KOHTpOJIHpyeTcH 110 

1I0JIOiKeHHIO ypOBHH iKlIP;KOCTH B aarpytiaox IIpoCTpaHCTBe. Cnenyer 
OTMeTHTI., 'ITO nOT KOHTpOJII. oCyIIl,eCTBJIHeTCH He TOJII.KO sa BepXHIIM 

YIIJIOTHHTeJII.HbIM 3JIeMeHTOM, HO H aa HHiKHHM, TaK KaK ypaBHHTeJII.HbIH 

KaHaJI 7 coofimaer aOHbI Hap; BepXHHM naxepox CO CTBOJIOM CKBaiKIIHbI, 

paCIIOJIOiKeHHbIM IIOP; HHiKHHM ynJIOTHHTeJII.HbIM 3JIeMeHTOM. , 

IIPH He06xop;HMoCTH coananaa aaxpuroro nepaona HCllbITaHIIH npa

IIop;HHMaIOT KOJIOHHy Tpy6, npn 3TOM npHeMHbIH KJIanaH IICllbITaTeJIH aa

KpbIBaeTCH, H IIplITOK iKlIP;KOCTH B 6ypHJII.HbIe TpyObI npexpamaerca 

(puc. 93, 8). IIocJIe OIIpep;eJIeHHOrO BpeMeHH CTOHHHJI B aaKpbITOM nOJIO

meHHH, xorna perncrpapyiomae MaHOMeTpbI 8 H 9 aanncunaior RpHBbIe 

BoeCTaHOBJIeHIIH p;aBJIeHHH, coanator ocesyro narpyaxy aa HcnbITaTeJII. 

If OTKpbIBaIOT npHeMHbIH RJIanaH, CHOBa Boaoymp;aH npHTOR iKH)l;ROCTH 

na IIJIaCTa. TaR RaR rHp;paBJIHl:JeCKlIe YllJIOTHHTeJII.HbIe 3JIeMeHTbI )l;etPop

MHpoBaHbI aa Cl:JeT Ha6bITOl:JHOrO )l;aBJIeHIIH iKlI)l;ROCTH, naraeraeaoa na

COCOM, TO ocesoe nepexemenae ROJIOHHbI TPYO He BJIHJleT aa H9MeBeHlIe 

)J;aBJIeHHH B HHX H aa repMeTIIl:JHOCTI. naRepOBRH, l:JTO nOaBOJIJleT OCyIIl,e

CTBHTI. rpefiyeuoe l:JIICJIO OTRpbITbIX H aaxpsrrsrx IIepHO)l;OB HcnbITaHIIH 

6ea npHMeHeHHH )l;onOJIHHTeJII.HbIX YCTpOMCTB. 

,[J;JIH CHHTHH naxepa B ROHIJ;e HCIIbITaHHH coanaior HaTHiKRy HHCTpy

MeHTa H nOBOpal:JHBaIOT ero nnpano na 1/4 060poTa, IIplI 3TOM cpatiarsmaer 

aaiKHM B aacoce , ROTOpbIH npenarcrnyer B p;aJII.HeHmeM BpaIIl,eHHIO Ha

coca Hero pafiore. MOMeHT aaxsara tPHRcHpyeTcH aa 1I0BepXHOCTH H BbI

asmaar npoaopor poropa B IIpOTHBOIIOJIOiKHyIO CTOPOHY. 

,[J;JIH BOaBpaIIl,eHHH YIIJIOTHHTeJII.HbIX 3JIeMeHTOB B TpaHCIIopTHoe IIO

JIOiKeHHe coanaior HaTHiKRY HHcTpyMeHTa, npeBbImaIOIIJ;YIO aa 2,27 TC 

nee ROJIOHHbI, H BbIp;epiKHBaIOT ero B TaRoM 1I0JIOiKeHHlI )l;JIH BbIpaBHHBa

HIIH )l;aBJIeHHH BO scex aonax CKBaiKHHbI H BHyTpH ynJIOTHIITeJII.HbIX ane- .. 

MeHTOB. ECJIII YllJIOTHHTeJII.HbIe 3JIeMeHTbI CHJII.HO IIplIlKaTbI R CTeHRe CRBa

iKUHbI, TO HX CHHTHe MOiKeT COIIpOBOiKp;aTI.CJI pacxaaomaaaex HHCTpy

MeHTa, IIpH 3TOM neofixonaxo OrpaHHl:JHBaTb BpeMJI IIpeObIBaHHJI HHCTpy

MeHTa B CiKaTOM nOJIOiKeHHH, l:JT06bI He OTRPbIJICJI IIpHeMHbIH RJIanaH 

IICIIbITaTeJIH IIJIaCTOB. IIocJIe BoaBpaIIl,eHHH ynJIOTHIITeJIbHbIX 3JIeMeHTOB 

B TpaHCIIopTHoe nOJIOiKeHHe (pHC. 93, a) HcnbITaTeJII. IIJIaCTOB MOiKeT ObIT I. 

lIepeCTaBJIeH na HOBbIH HHTepRaJI IIJIH 1I0)l;HJlT aa nOBepxHOCTI.. HHiKe 

paCCMaTpHBaIOTCH ROHCTpyRI.J;HH yaJIOB, xapaxrepnsrx )l;JIH HCIIbITaTeJIH 

IIJIaCTOB tPHpMbI JIaHHa. 

(/Jonapb (pHC. 94), npenaaaaaaaiomaaca P;JIJI ynepacaaaa HHiKHeH 

qaCTII HcnbITaTeJIJI nJIaCTOB OT nponopora B MOMeHT lIaRepOBRH, HMeeT RO

ceMI. npYiKlIH 4, aRRJIap;bIBaeMbIX B naau 3 xoprryca 5. K xoprrycy npncoe

)l;IIHeHbI HHiKHHH 6 H BepxHHH 1 rrepeaonaaxa, a P;JIJI RpeIIJIeHHH ROHI.J;OB 

npyacan yCTaHOllJIeHbI CneI.J;HaJIbHbIe BTyJIRH ~. Taxoe xpenneaae npy

iKHH He CHlIiKaeT IIX IIP0l:JHOCTI. II oriecne-ranaer ObICTPYIO aaxeay. 

Fu8pa8.1£U'leC1'OUU nasep HcnbITaTeJIH IIJIaCTOB" BbInOJIHeH B )l;BYX Ba

paanrax. Ha pac. 95, a, 6 npnnenemr ROHCTpyRI.J;HH HlIiKHero naxepa , 

OTJIIIl:JaIOIIl,HeCH npyr OT ,IJ;pyra xpennenaex YllJIOTHIITeJII.HOrO 3JIeMeHTa, 
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PIIC. 95. I'artpaanaaecxne naxapu. 
a - HHlRHHit lIaRep OOJlbWOrO j(HaMeTPa; 6 - HlIlKHHit naxep MaJJoro j(HllMeTPa; 8 

BepXHHA naxep liOJIbWOrO){HaMCTIJa; a - BepxHHit naxep MaJIorO j(RaMeTP8. 

3 

II B nepeBO,IJ;HHKe (pIlC. 96,8), KOTOpLIH IIpHCOe,IJ;HH HeTCJI non IIepBLIM nepe

BO,IJ;HIIKOM. OTJIH'IHe ero aaKJIIO'IaeTCJI B TOM, 'ITO n;eHTpaJIbHLIH KaHaJI 5, 
no KOTOpOMy npOHCXO,IJ;HT IIepeTOK IIJIaCTOBOH mll,IJ;KOCTH, OTKpLIT TOJIbKO 

csepxy , n OTBepCTHJI 6 ypaBHHTeJIbHOrO KaHaJIa BHHay OTKpLIBaIOTCJI 

B n;eHTpaJIbHhIH KaHaJI 7. 
WU/£bmp uacoca, 'Iepea KOTOpLIH UPOXO,IJ;HT 6YPOBOH paCTBOp B HaCOCbI 

IIpH IIaKepOBKe, COCTOHT aa Tpy6LI, aa KOTOpyIO aaoaacea neprpopapoaan

HbIO aoacyx , a na BepXHHH H HHmHHH KOHIJ;hI Tpy6bI HaBltH'IeHLI peasfio
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npH'Ie~Ha pHC. 95, a H306pameH naxep 60JIbIIIOrO pasxepa - p;HaMeTpoM 

178-188~, a aa pHC. 95, 6  naxep ,IJ;HaMeTpOM 127-143 MM. TaK-me 

OTJIH'Il\IOTCH RpelIJIeHHeM ynJIOTHHTeJIbHLIX 3JIeMeHTOB K KOplIyCHLIM ,IJ;eTa

• JIHM H KOHCTPYKI\HH sepxaero rraxepa. Ha 

--~_~5, 8, a 1t306pameHLI BepXHHe IIaR.epLI. 

B HHmHeM naxepe IIpe,IJ;ycMoTpeHO p;Ba rH,IJ;

paBJIH'IeCKHX KaHaJIa. ITo KOJIbI\eBOMY KaHaJIy 

1 (CM. pHC. 95, a, 6) HarHeTaIOT mlt,IJ;KOCTb naco

COM BO BHyTpeHHIOIO IIOJIOCTb YIIJIOTHHTeJIbHOrO 

3JIeMeHTa 3, a nearpansaoe OTBepCTHe Tpy6KH 2 
CJIymHT ypaBHHTeJIbHLIM KaHaJIOM. HHTepeCHO, 

'ITO HHIRHHH KOHen; YIIJIOTHHTeJIbHOrO 3JIeMeHTa 

He aaxpennen II HMeeT BoaMomHOCTb nepexe

IIJ;aTbCH B ooenou HalIpaBJIeHHH. 

B sepxaex naxepe HMeIOTCH TpH KaHaJIa (CM. 

pHC. 95,8, a). IJ;eHTpaJIbHOe orsepcrae 4 CJIyiImT 

ypaBHHTeJIbHLIM KaHaJIOM, 'Iepea KOJIbn;eBOe cese

HHe 3 IIpOHCXO,IJ;HT IIpHTOK mH,IJ;KOCTH aa nJIaCTa 

4 H 'Iepea KaHaJI 2 HarHeTaIOT mH,IJ;KOCTb OT aacoca 

B YIIJIOTHHTeJIbHLIH 3JIeMeHT. HHmHHH H BepxHHH 

5 KOHn;LI YIIJIOTHHTeJIbHOrO 3JIeMeHTa npHCOe,IJ;HHeHLI 

K KOprryCHLlM ,IJ;eTaJIHM 1 H 5 naxepa, Hlrox 6 xepea 

raHKy 7 IIpH IIOMOIIJ;H IIIJIHn;eBOro coep;HHeHHJI 

HMeeT BoaMomHOCTb IIepeMeIIJ;aTbCJI B oceBoM aa

IIpaBJIeHHH IIpH YMeHbIIIeHHH HJIH yBeJIH'IeHHH 

,IJ;JIHHLI YIIJIOTHltTeJIbHOrO 3JIeMeHTa. Illrox BLIIIOJI

HeH IIOBLImeHHoH IIPOlffiOCTII 1'1 IIOaBOJIHeT nepena

sarr, KPYTJlIIJ;HH MoMeHT IIpH CHJlTHH IIaKepOB H 

ropuoaaoa MQMeHT, BoaHHKaIOIIJ;HH IIpH pafiore 

aa60HHoro aacoca. 

B KOMIIJIeKT HCIIbITaTeJIJI IIJIaCTOB BXO,IJ;HTnaxep 

,IJ;HaMeTpOM 127,143, 152,178,197,200 MM. 

YO/l,UltUme/l,b (pHC. 96, a) YCTaHaBJIHBaIOT 

Mem,IJ;y IIaKepaMH ,IJ;JIH peryJIHpOBaHHH paCCTOJlHHH 

~ Mem,IJ;y HHMH B aaBHCHMOCTH OT MOIIJ;HOCTH HCIIbITLI

~ aaexoro 06'LeKTa. RaK BH,IJ;HO aa pHC. 96, a, OH 

IIpe,IJ;CTaBJIHeT C060H Tpy6y 2 C HHmHHM 5 H nepx

HHM 1 peab60BLIMH IIepeBo,IJ;HHKaMH It C ,IJ;ByMH 

p 9'4" II> Tpy6KaMH 3 1'1 4, 06paaYIOIIJ;HMH rH,IJ;paBJIH'IeCKHe 
HC. . OHapb. KaHaJILI. 

Ilepeeodnusu. (pHC. 96, 6, 8), BLIIIOJIHJlIOT POJIb lfJHJIbTpa, xepea Ko

TOpLIH IIOCTYlIaeT IIJIaCTOBaJl mH,IJ;KOCTb B HCIILITaTeJIbHhIH HHCTpyMeHT. 

IIepeBo,IJ;HHK (pHC. 96, 6) YCTaHaBJIIIBaIOT IIO,IJ; nepxaax YIIJIOTHHTeJIbHLIM 

3JIeMeHTOM, II mIl,IJ;KOCTh I1a IIJIaCTa xepea ceMb OTBepCTHH 3 ,IJ;uaMeTpOM 

12,7 HM IIOCTYlIaeT B n;eHTpaJIbHLIH KaHaJI 2 H aaTeM B aorrararem, IIJIa

CTOB. qeTLIpe oTBepcTIDI l,IJ;HaMeTpoM 6,35 MM CJIymaT ypaBHIITeJIbHLIMH 

KaHaJIaMH, a xepea aocexs OTBepcTHH 4 ,IJ;HaMeTpOM 8 MM HarHeTaIOT mH,IJ;

KOCTb B IIaKepLI IIpH IIaKepOBKe. Aaaaoraxaue KaHaJILI BhIlIOJIHeHhI 



nsre nepeBoAHHKH. Illapana naaos B lPHJIbTpe COCTaBJIfleT 1 MM. BHyTpH 
aopnyca lPHJIbTpa KOHD;eHTpHlJIIO paCnOJIOiKeHhI ABe Tpy6KH, 06paaYIOID;He 
rHApaBJIHlIeCKHe KaHaJIhI AJIJI nJIaCTOBOH iKlIAKOCTH II 6YPOBoro pacrnopa , 
ncacsmaeaoro B aa60HHhIH aacoc. 

H acoc o/tS/, naeuemanue :HCuo~ocmu B ranpaananecaae ynJIOTHIITeJIb
nsre ::meMeHTbl IWHCTpyKTIIBHO necsaa CJIOmeH H COCTOIIT na CJIeAYIOID;IIX 
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PIIC. 96. Y3JIhI MHOrO~IIKJIOBOrO IICIIhITaTeJIH
 

IIJIaCTOB.
 

a - YAJlBHI!lTeJIb; 6 - nepeBOJ(HBR BepxHBJ!; • - rrep eBOA

HBII HHlRHHII:. 

COCTaBHhIX lIaCTeH: xoprryca, B KOTOpOM pacnoxozsema nrecrr, nopmaea 
H KJIanaHOB K HIIM; TeJIeCKOnlllleCKOrO YCTpOHCTBa, otiecneaaaaiomero 
OCeBOe nepeaemenae mTOKa aacoca aa 160 MM, II npn nosopore 6ypllJIb
HhIX Tpy6 aa 1/4 060pOTa OTKphIBaIOID;ero ornepcraa ypaBHIITeJIbHOro 
KJIanaHa; CKOmeHHOH BTyJIKII, BXOAJlID;eH B KOHTaKT C TOJIKaTeJIeM; mJIH
nesoro COeAIIHeHlIJI II KYJIallKOBhIX MylPT. ,ll;JIJI YMeHbmeHHJI rpenaa CKO
meaaaa BTyJIKa onapaerca aa POJIIIKOBhIH OceBOH nOAnmnHHK. 

OCTaJIbHhIe yama KOMnOHOBKII - BepTJIIOiKHafl rOJIOBKa, nepenonaaa 
AJIJI orfiopa np06hI nJIaCTOBoH iKIIAKOCTII, D;HPKYJIflD;HOHHhIH KJIanaH, 

a 

rHApaBJIHlIeCKHH acmrrarens nJIaCTOB, nepeBOAIl.lIKII AJIJI yCTaHoBKH 
perHcTpHpyIOID;HX MaHOMeTpOB, JlCChI, 6eaOnaCHhIH aaMOK, lPHJIbTP 11 aa
aeMHOe 060pYAOBaHHe AJIJI 06BJlaKII ycrr,a CKBaiKlIHbI - aallMCTBOBaHbJ 
aa HcnhITaTeJIJI nJIaCTOB C OnOpOH aa aa60H lPllPMhI JIaHHa, KOHCTp.yKD;II11 
xoroporo paCCMOTpeHa B npeAhIAYID;eM pasneae. 

<DHpMOH JIaHHa paapatioraa nOIlHTepBaJIbHhIH acnurarem, mIaCTOB 
AllaMeTpoM 127 MM, npeAHaaHallaIOID;IIHCJI AJIJI HcnhITaHIIJI 061>eKTOB B 
6YPJlID;IIXCJI caaaacaaax AHaMeTpOM 152-260 MM. B KOMllJIeKT ero BXO
AJIT rHApaBJIlIlIeCKHe ynJIOTHIITeJIbHble aJIeMeHThI AllaMeTpOM 127, 143, 
152, 178, 187 II 200 MM. ,ll;JIfl npaaeaenaa yxaaaaaux ynJIOTHHTeJIbHhIX 
aJIeMeHTOB paapatioraaa COOTBeTCTBYIOID;lIe lnTOKII, xoropue 6ea AOnOJI
HIITeJIbHblX yaJIOB MoryT 6blTb yCTaHOBJIeHbI B KOMnOHOBKy HCnhITaTeJIJI 
nJIaCTOB. 

OC06eHHOCTbIO KOHCTpyKD;HII aTOrO IICIThITaTeJIJI JlBJIJlIOTCJI mapoxo
npoxoaasre rHApaBJIlIlIeCKlle KaHaJIbI AJIJI neperoxa nJIaCTOBOH iKlIAKOCTH 
(AHaMeTpOM He MeHee 12,7 MM), MeHee nonaepmeaasre aacopemno maa
MOM, KOTOphIH MOiKeT HaxOAHTbCJI B iKHJJ;KOCTII. 

PeaYJIbTaTM npHMeHeHHR DCIIbITaTeJIeH nJIaCTOB 
oea onopsr aa aa60ii B OYPJlnJ;nxCJI CKBamHHax 

IIPH nOMOID;H IIcnhITaTeJIeH llJIaCTOB 6ea onopu aa aa60H MII-8 H3. Me
cropoaoieaaax TaTapCKOH ACCP B 0YPJlID;IIXCJI CKBamllHax rJIyoHHoH 
AO 1600 M OblJIO HcnhITaHO OKOJIO 25 001>eKTOB MOID;HOCTbIO OT 2 AO 15 M. 

McnhITaTeJIH nJIaCTOB oea onopu aa aaooH mapoxo npHMeHJlIOTCJI H 
aa pyoeiKoM. IIPH nOMOID;1I nOIlHTepBaJIbHOrO HcnhITaTeJIJI nJIaCTOB C 
rHApaBJIHlIeCKIIMH ynJIOTHHTeJIbHhIMII ::meMeHTaMII lPHpMhI JIaHHa aa 
nOCJIeAHee BpeMJI npoaeneau IIcnhITaHIIJI aaasareasaoro 1IlICJIa 061>eKTOB 
aa rnytiaaax AO 4250 M npa MaKCIIMaJIbHO AOnyCTIIMblX nepenanax aa 
naaepe f);0 350 Krc/cM2 D aaooHHhIx resmeparypax AO 149°C. OnhIT noaa
san, liTO rHApaBJIHlIeCKHH ynJIOTHHTeJIbHbIH ,lJIeMeHT B yxaaaanox IIC
nsrrarene nJIaCTOB nonycxaer B cpeAHeM 2-3 crrycxa B CKBaiKHHY, 
a CpOK CJIyiK6hI MeTaJIJIHlIeCKHX AeTaJIeH II yaJIOB HcnhITaTeJIbHOrO 
HHcTpyMeHTa COCTaBJIlleT 3-5 JIeT. HaHOOJIee mlIpOKO aTOT HHcTpyMeHT 
acnoasayerca B Haaane. 

B 3aIIa~HoH RaHa~e B O~HOH 113 CKBaiKlIH rJIy6l1HoH 1890 M 1I ~lIaMeTpoM 
200 MM 6hIJIO aaaeseao IIO xaporaacaoii ~HarpaMMe IIHTb 06'beKTOB, IIO~JIeiKa~X 
HCIIhITaHlIlO. CKBaiKllHa 6hIJIa 3anOJIHeHa 1I3BeCTKOBhIM paCTBOpOM y~eJIbHOrO seca 
1,11 f/CM3 1I C BO~OOT~aqeH 5 CMs. 3a O~H1I CIIyCR IIHCTpYMeHTa 6hIJIlI lICIIhITaHhI 

nce IIHTb 06'beKTOB, II CKBaiKlIHa 6hIJIa cnaaa B 9KCIIJIyaTa~1O C O~HlIM 1I3 lICIIhITaHHhIX 

llHTepBaJIOB. C'beM naxepos II yCTaHoBKa IIHCTpYMeHTa aa npyrax lIHTepBaJIaX 
IIPOBO~IIJIRCb 6e3 KaKIIX-JIII6o OCJIOiKHeHlIH. 

B CIIJIbHO IICKpIlBJIeHHoil: CKBaiKllHe rJIy6I1Hoil: 1865 M 6hIJ1 RCIIhITaH lIHTepBaJI 

1750-1765 M, IIpllqeM 1I3-3a lICRpllBJIeHIIH CTBOJIa CKBaiKHHhI CRJIa rpenaa IIplI 
cnycxe IIHcTpyMeHTa 6hIJIa B npenenax 18-27 TC. CRBaiKlIHa 6hIJIa 3aIIOJIHeHa 

6ypOBhIM pacraopox y~eJIbHOrO seca 1,14 rc/cMS II BO~OOT~a'leH 12,6 CM3. B MeCTe 

YCTaHOBKII naxepon CTBOJI CRBaiKIIHhI HMeJI ~IIaMeTp 200 MM. MCIIblTaTeJIb IIJIaCTOB 
6hIJI IIpllMeHeH C YIIJIOTHHTeJIbHhIMII :meMeHTaMH ~lIaMeTpoM 168 MM. MCIIhITaHIIH 

IIPOillJIII y~aqHO. ,D;e4lopMan.IIH YIIJIOTHHTeJIbHhIX :meMeHTOB ocymecraaaaacs IIpII 
IIOMO~ iKlI~KOCTII, HarHeTaeMOH B naxepu, 1I 3aBRcaHIIe IIHcTpyMeHTa He IIMeJIO 
auxaxoro BJIIIHHIIH aa repMeTlI'IHOCTb IIaRepOBRII. 
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B npaxrase UpllMeHeHIIJI yxaaaaaoro .IIHcTpyMeHTa 6hIJIll CJIy'la.ll, xorna He 
ynaaaaocs cpaay npa nepaoa yCTaHoBKe llCUbITaTeJIJI UJIaCTOB UOJIyqHTb HYiKHhIe 
peayaararu. TaK, B CKBaiKHHe rJIy6HHoH 1905 M HHcTpyMeHT yCTaHaBJIHBaJIll B 
rpex HHTepBaJIaX, HO UOJIy'lIlTb repsreraaayio nasepoaxy cyMeJIH TOJIbKO B caMOM 
nepxnea HHTepBaJIe - 625-645 M. B CKBaiKlIHe Haxo,o;HJICJI 6ypOBOH pacrnop y,o;eJIb
aoro neca 1,14 rc/cM3 C Bo,o;ooT,o;a'leH 7,4 CM3. IIpHMeHeH.IIe HCUbITaTeJIH UJIaCTOB 
C OUOPOH aa aa60H B ,o;aHHOM cnysae uOTpe60B8JIO 6hI aHa'lHTeJIbHblX aarpar BpeMeHH 
H MaTepHaJIbHhIX cpencrs. 

MHTepecHble peayJIbTaTbI 6b1JIH UOJIyqeHbI UpH HcublTaHHll HHTepB8JIa 1365
1385 M B CKBaiKHHe rJIy6HHoH 1960 M. B aanane acnuranaa 6b1JI UOJIy'leH XOPOIDllH 
UpHTOK iKH)l;KOCTll H onpsneaea ,o;e6m HeclrrH B paaxepe 117 M3/CYT. O,ll;HaKO ,o;aJIb
HeHIIIHMII HCUbITaHHJIMH UpH UOMOIIVI HCUbITaTeJIJI UJIaCTOB 6b1JIO yCTaHOBJIeHO, 'ITO 
aa 4 'I ,o;e6m CKBaiKHHbl CHHaHJICH ,0;0 aaMepbl UJIaCTOBOro ,o;aBJIeHIIJI64 M3/CYT, a 
UOKaaaJIH YMeHbmeHHe C 95 ,0;0 85 H aarex ,0;0 59 Krc/cM2. 06HapYiKeHHblH BblCOKO
,o;e6HTHhIH aa rrepsux nopax HHTepBaJI OKaaaJICH 6ecuepcueKTHBHhIM. 

3. OIIPOBOBATEJIII IIJIAC'i'OB, 
3ABPACbIBAEMbIE B BYPlIJIbHbIE TPYBbI 

,D;JIH HCIlbITaHHH rrJIaCTOB npa rroxoma OIIHcaHHhIX nsrme yCTpoHeTB, 
cnycaaeatax aa rpyfiax, rpetiyerca npexpameaae oypeHHH, HaBJIeqeHHe 
oypHJIbHOrO HHcTpyMeHTa. MHOr,ll,a B nponecce oypeHHH paaaeaosasrx 
CKBaiKHH HeOOXO,ll,HMO noaysarr, npenaaparem.aae xapaarepacraxa nna
CTa HerrOCpe,ll,CTBeHHO rrocae ero BCKphITHH, HaHOOJIee rrpHOJIHiKeHHhIe K 
eCTeCTBeHHhIM xapaKTepHCTHKaM oOWKTa. TaKHe onepanaa MOiKHO BhI
rrOJIHHTb npa rrOMOm;H orrpOOOBaTeJIeH rrJIaCTOB,OOeCrreqHBaIOm;HX onpo
OOBaHHe CKBaiKHHhI B rrpon;ecce oypeHHH oea nomeaa oypHJIhHOrO HH
crpyaeara aa rrOBepXHOCTb. 

OrrpoOOBaTeJIh rrJIaCTOB OIIB KOHCTpyKIJ;HH BHIUIBT 

Onpofioaareas 1 OIlE npenaaaaasea ,ll,JIH onpofioaaaaa rrJIaCTOB B 
nponecce oypeHHH CKBaiKHH ,ll,OJIOTaMH .N2 8 (0 190 MM) H .N2 9 (0 214MM) 
oea rrO,ll,'beMa oypHJIbHOrO HHcTpyMeHTa na rrOBepXHOCTb H rrOaBOJIHeT 
[81,83,861: 

a) OypHTb CKBaiKHHY pOTOpHhIM cnocofiox H BCKphIBaTb rrJIaCT npa 
HaJIHqHH B COCTaBe OypHJIbHOH KOJIOHHhI rH,ll,paBJIHqeCKOrO naxepa; 

0) HaOJIHpOBaTb BCKphITbIH HHTepBaJI nnaora OT aumeaezsamero ysa
CTKa CTBOJIa CKBaiKHHhI H npoaonars ero onpotionaaae: 

B) Heo,ll,HOKpaTHO orrpOOOBaTb rrJIaCT oea yrJIYOJIeHHH aaOOH; 
r) npononarr, ,ll,aJIbHeHrnee yrJIyOJIeHHe CTBOJIa CKBaiKHHhI, BCKphIBaTb 

HHiKeJIeiKam;HH ropaaoar H nponona'rs ero onpofioaaaae fiea rrO,ll,'beMa 
oypHJIhHOrO HHcTpyMeHTa Ira rrOBepXHOCTb. 

Ilpa rrOMOm;H aIlE onpenenrnor rpaaany nponyxraeaoro HHTepBaJIa 
nnacra Hero OT,ll,eJIbHhIX yqaCTKOB (BO,ll,O-He4>THHoH HJIH raao-He4>TJIHoii: 
KOHTaKThI); xapaxrep HaChIm;eHHH nnacra (rro aaannay rrpe,ll,CTaBHTeJIbHOH 
npofisr rrJIaCTOBOH iKH,ll,KOCTH); BeJIHqHHY rrJIaCTOBOro ,ll,aBJIeHHH (rro ,ll,Har

1 AlIT. CBH,Il;• .N2 227249 OT 29/IV 1965 r. - «Ma06peTeHHJI, npoxamneaaae 
ofipaana H TOB8pHble aaaaa», oN.! 30, 1968; aBT. CBH,o;. N! 3P783 OT 4/XI 1968 r. 
«Ma06peTeHHH, UpOMblmJIeHHble 06paaIJ;bI H rosapaae aHa'KH», N! 31, 1971

rpa~1MaM rJIyoHHHhIx MaHOMeTpoB), a TaKiKe IIOJIyqaIOTnpeneapareasaae 
cseaenaa 0 4>HaHqeCKHX napaaerpax naacra (rro KpHBhIM aapacraaaa 
,ll,aBJIelllIH, aarrHChIBaeMhIM rJIyoHHHhIMH MaHOMeTpaMH). 

/6 .. 

17 

18 

a fJ 8 
PHC. 97. IIOCJIe,o;oBaTeJIbHOCTb oUepaIJ;IIH npn OUp060B8HHB
 

UJIaCTOB UpH UOMOIIVI OIIB.
 
a - oypeHHe; 6 - oroop npOOhI; 8 - nO)J;'beM nponooreopaaxa.
 

aIlE COCTOHT na ,ll,BYX OCHOBHhIX yaJIOB (pHC. 97): rHApaBJIHqeCKOrO 
naaepa iH rrp0600ToopHHKa 2. 

Ilepen BCKphITHeM nnacra B 6ypHJIbHyIO KOJIOHHy nan ,ll,OJIOTOM ycra
HaBJIHBaIOT rH,ll,paBJIHqeCKHH naxep , OCHam;eHHhIH naxepyromaa ane
MeHTOM cermaonaoro HJIH pyxasaoro rana , H cnyoxaror HHcTpyMeHT aa 
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aaooH RaR npn OOhIlJHOM oypeHHH. Bypenae B npop;yRTHBHOM nnacre 
npOBOp;JlT pOTOpHhIM cnOCOOOM npa HaJIHlJHH B cocrase OypHJIbHOH IW
JIOHHhI rHp;paBJIHlJeCROrO naxepa 97, a. IIPH onpofioaaaaa acxpsrroro 
aarepaaaa nnacra (pHC. 97, 6) BHYTPb 6ypHJIbHhIX TPYO COpaChIBaIOT 
rrpofioorfiopnnx 2, ROTOpblH npa p;OCTHiKeHHH rHp;paBJIHlJeCROrO narcepa 
onycxaerca na aOJIOTHHR 7, nop;iKaThIH npylKHHoH 8. BYPHJIbHhIH HHCTpy
MeHT cnyCRaIOT na aa60H H paarpyacaror aa 3-5 p;eJIeHHH no HHp;HRaTO
py neca. IIocJIe aroro coanaior H36hITolIHoe p;aBJIeHHe BHyTpH 6ypHJIb
HhIX rpyfi, non p;eHCTBHeM ROTOpOro aOJIOTHHR 12 nepexemaerca BHHa, 
CIKHMaJl npYiKHHY 13. BypOBOH paCTBOp iIepea rHp;paBJIHlJeCRHe xanaaa 
11 npOHHRaeT BO BHyTpeHHIOIO nOJIOCTb 9 rHp;paBJIHlJeCROrO ynJIOTHH
TeJIbHOrO aJIeMeHTa, BhIablBaJl ero p;e!}JopMaIJ;HIO. TaRHM otipaaoa , npo
HCXOP;HT HBOJIJlIJ;HJl onpofiyeaoro aarepnaaa nnacra OT asnrreneacamero 
CTBOJIa CRBaiKHHhI. 

IIPH p;aJIbHeHmeM nOBhImeHHH Ha6hITolJHoro p;aBJIeHHJI BHyTpH rpyfi 
nopmem, 5, rrepexemaacs BHHa H CiKHMaJl npyacaay 6, otieone-ranaer OT
RphITHe BnycRHoro RJIanaHa 4 npo6ooToopHHRa. ~HP;ROCTb H3 nJiaCTa 
xepea OTBepCTHJl p;OJIOTa 15, !}JHJIbTP 14, rne yCTaHaBJIHBaeTCJl rJIy6HH
HbIH MaHoMeTp 10, oTBepCTHJl snycxaoro xnanana 4, p;pOCCeJIb 3 nOCTy
naer B patio-rae eMROCTH npotiocrfiopaaxa 2. IIo HCTelJeHHH onpezrenea
noro npoaeacyraa BpeMeHH, Heo6xop;HMoro P;JIJl aanOJIHeHHJl npotioor
60pHHRa nJiaCTOBOH iKII)l;ROCTbIO H aarracn RpHBOH napaCTaHHJl p;aBJIeHHH, 
HaOblTOlJHOe p;aBJIeHHe B rpyfiax CHHiKaIOT no HyJIJl. 

Ilon p;eHcTBHeM npYiKHHhI 8 nopmens 5 aaxpsmaer OTBepCTHJl BnyCR
uoro roranaaa, OTCeRaJl oTo6paHHyIO npo6y nJiaCTOBOH iKHP;ROCTH B npo
oooT6opHHRe, a aarea OTRphIBaeT OTBepCTHJl 17 (pHC. 97, e)xepea xoropsre 
BHyTpeHHJlJl nOJIOCTb 6ypHJIbHhIX Tpy6 H rHp;paBJIHlJeCROrO 8JIeMeHTa co
o6ru;aIOTCJl C nonnaxepaaa H aannaxepaua npOCTpaHCTBaMH, lJTO npHBO
P;HT R BhIpaBHHBaHHIO p;aBJIeHHJI B YRaaaHHhIX aonax. YnJIOTHHTeJIbHblH 
aJIeMeHT 18 noanpamaerca B acxonaoe nOJIOiKeHHe. 

3aTeM CHHMaIOT naxep npa nOp;'beMe HHcTpyMeHTa Hap; aafioex H ycra .>-
HaBJIHBaIOT ero na 8JIeBaTOp. B OypHJIbHbIe Tpy6hI cnycxaror na rpoce 
mnane 16 H HaBJIeRaIOT npofioorfiopnax na nonepxaocrr, P;JIJI oT6opa npo
ObI nJIaCTOROH iKHP;ROCTH H HaBJIelJeHHJI p;HarpaMM rJIy6HHHhIx MaHOMeT
pOB. IIocJIe aroro MOiKHO npononars nosropaoe onpotionanae 6ea yrJIy6
JIeHHJI aa60JI HJIH nOCJIe p;oJI6JIeHHJI, a rarose 6ypHTb P;O nOJIHOrO cpa6a
rsrsaaaa p;OJIOTa H T. n." 

fHp;paBJIHlJeCRHH naxep HarOTOBJIJIIOT B nnyx sapaarrrax: c peaano
TRaHeBhIM H C CeRIJ;HOHHhIM ynJIOTHHTeJIbHhIMH 8JIeMeHTaMH. 

YaeJi rHp;paBJIHlJeCROrO naxepa C peaHHO-TRaHeBhIM ynJIOTHHTeJIbHhIM 
aJIeMeHTOM (pHC. 98, a) COCTOHT aa HHlliHero 6 H nepxaero 1 nepenonanxon 
II mnHHp;eJIJl 4. 8TH p;eTaJIH COCTaBJIJIIOT OCTOB rHp;paBJIHlJeCROrO naxepa. 
B HHlliHeH lJaCTH mnIIHp;eJIJl paCnOJIOiKeH nop;npyiKHHeHHhIH RJIanaH 5, 
ROTOpblH CJIyiKHT P;JIJl nepexpuraa ornepcraa, nponycxaiomax 6YPoBoH 
paCTBOp BO BHyTpeHHIOIO nOJIOCTb ynJIOTHHTeJIbHOrO 8JIeMeHTa 3. 

B BepXHeM rrepenonnaxe naxepa BMOHTHpOBaH nop;npYiKHHHhIH RJIa
nan 2 P;JIJI nocanxa npofioorfiopaaxa H coofimenaa ero lJepea CneIJ;HaJIb
nsre OTBepeTHJI C aaTpy6HhIM npOCTpaHCTBOM CRBaiKHHbI. 
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fHp;paBJIRlJeCRHH naxep C CeRIJ;HoHHhIM ynJIOTHHTeJIbHhIM 8JIeMeHTOM 
(pHC. 98, 6) npn TOll: iKe B OCHOBHOM ROMnoHOBRe HMeeT B HHiKHeH lJaCTH 
rHp;paBJIHlJecRyIO nJlTY 2, cnyacamyro P;JIJI nop;iKaTHJI naxera CeRIJ;HH. 
B sepxaea lJaCTH ynJIOTHHTeJIbHOrO 9JIeMeHTa pacnoaoacea o6paTHhIH 

2 

~ 

J 

r r:Hb'z 

J(l 

PRC. 98. fHJI.paBJIlAeCKHll naxep OIlE. 
a - C peeaaorsaaeaua }'DJlOTHIITeJlbHhIlII 3J1eMeHTOM; 6 - c cellWlOHHhIM }'DJlOTHHTeJlb-

HhIM 3J1eMeHTOM. 

RJIanaH 1, POJIb xoroporo BbIllOJIHJIeT ynJIOTHHTeJIbHOe 0-o6paaHoe 
ROJIbIJ;O. lJepea 9TOT RJIanaH BHyTpeHHJlJl nOJIOCTb 9JIeMeHTa aarronaaerca 
paCTBopOM npa cnycxe B cxaaacmy. 

PeBIIHO-TRaHeBhIll: ynJIOTHHTeJIbHLID: 9JIeMeHT (pac. 99, a) OTHOCHTCJI 
R rHp;paBJIHlJeCRHM ynJIOTHIITeJIJIM, TaR RaR npll nepeRpLITHH CTBOJIa 
CRBaiKlIHhI OH p;e!}JopMlIpyeTCJl nop; p;eHCTBlIeM lIa6hITolIHoro p;aBJIeHIIJI. 
PaOOlJaJI lJaCTb 9JIeMeHTa COCTOIlT H3 nayrpeaaero 7 H napyacaoro 6 
CJIOeB, BhInOJIHeHHhIX na He!}JTecToHRoH peaaasr C OTHOCIITeJIbHhIM yP;JIII
HeHlIeM 300-500%. MeiKp;y p;ByMJI pealIHOBhIMII CJIOJIMII paCnOJIOiKeH 
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CHJIOBOii xapxac 8, cocroamaii aa HeCKOJIbKHX CJIOeB TKaHH, HaBHTbIX nOA 

yrJIOM 25-30°. TKaHb o6JIaAaeT BbICOKOii np0l:JHOCTbIO aa paapsm, no
CTaT01ffibIM yll;JIHHeHHeM, BbICOKHM conpOTHBJIeHHeM YCTaJIOCTHbIM AecPoP

Ma~HHM H ssmeparaaaer resmeparypy AO 150°C. OCHOBHbIMH AeTaJIIlMH 

? 

-I 

\ . 

'it 

PRC. 99. fImpaBJIll'leClme yn
JIOTBBTeJIhH~e 3JIeMeHT~. 

a - peauHoTHaHellblll:; 6 - ceHllHoH
HhII1; • - ceHUHoB:H&dt C MeTaJIJIH'Ie

cHoli apMaT}'poll:. 

AA AA AA 

Lr\.~~ 
w~~ 

a a 6 
KOJIb~eBOii apxarypu HBJIHIOTCH MYcPTbI 3, HHnneJIH 1 H KOJIb~O 4, ofiec
rrel:JHBaIOIIJ;He HaAeiRHOe H nposnoe coenanenae CHJIOBOrO xapxaca C KOp

nyCHbIMH AeTaJl1JMH nanepa , a rarose KOJIb~O 5, OrpaHHl:JHBaIOIIJ;ee AecPoP

Ma~HIO yrrJIOTHHTeJIbHOrO anexeara H BocrrpHHHMaIOIIJ;ee MaKCHMaJIbHbIe 

aarpyaxa. fepMeTHl:JHOCTb 3JIeMeHTa o6eCnel:JHBaeTCH BHyTpeHHHMH KOJIb

~aMH B. 

Haase npaseneau KpaTKHe TeXHHl:JeCKHe AaHHhIe 0 peaaao-rnaaensrx 
yrrJIOTHHTeJIbHbIX 3JIeMeHTax, npaaenaeasrx 

,llJIRHa, MM • • • • • • • • • • • • . • 
,llnaMeTp, MM: 

~o ~e!flopMaIllin • • •• • . . • • • 
nOCJIe Ae!flopMaIlHH (MaRCHMaJIhHhIH) 
BHYTpeHHHH • • • • • • • • . . . . . • 

,llaBJIeHHe BHyTpH YlIJIOTHHTeJIhHOrO ~lJleMeHTa, 
nonycraaoe . . . . . . . . . . . .
 
npll aanaKepoBKe • • • . • • • • . 

,llonycTHMhIii: nepenan nanneaaa, Krc/cM2 
,llonycTHMaJJ pafiosaa rearreparypa, °C 

B OIlE. 

1200 

• • • 
Krc/cM2: 

168 
250 
102 

250 
70 

250-300 
100 

CeKIJ.HOHHbIii yrrJIOTHHTeJIbHbIii 3JIeMeHT (pHC. 99, 6) OTHOCHTCH K fHA

pO-MeXaHHl:JecKHM yrrJIOTHHTeJIHM, TaK KaK OH AecPopMHpyeTcH npa naxe
pOBKe CTBOJIa CKBaiRHHbI KaK 

aa Cl:JeT CiRHMaIOIIJ;eii ocenoii HH 

narpyaxa OT rHApaBJIHl:JeCKOii 

ITH1'bI, TaK H Hs6bITOqHOrO AaB-

JIeHHH BHyTpH yrrJIOTHHTeJIb

aoro 3JIeMeHTa. 

CeK:qHoHHbIH 3JIeMeHT (pHC. 

99, 6) COCTOHT HS peaano
BbIX ceK~Hii 3, B KOTOpbIX 

cHMMeTp~Hopacnonomenu 18 
OTBepCTHH. B KaiRAOM ••• ~~ .. ornep 
CTHH yCTaHOBJIeHa Tpy6Ka 4, 
BbIIIOJIHeHHaH HS HecPTecToii-

Koii peaansr. Tpy6KH aaspen-
JIHIOT KOHycaMH 6 H 2 B HHiR

Heii 7 JI nepxaea 1 orropax. 

B HHiRHeii orrope 7 HMeeTCH 

zo 
. 

10 

z 
I~ ! ---

IIn 3 I I6 Kec/CH Z 

PHC. 100. 3aBHCHMoCTh ~e!flopMaIllIll cex
IVIOHHoro ynJIOTHHTeJIhHOrO 3JIeMeHTa OT 

AaBJIeHHJJ. 
J - Ha6b1TO'lHOrO rUApallJIH'lecHoro; 2 - oceBoro 

. ClJIHMalOll\ero. 

maii6a 8, qepea OTBepCTHH KOTOpOH nponymeau THrH 5. THrH aaxperr
JIeHbI ranKaMH 9. Co6paHHbIii naxercexnaa otipasyer yrrJIOTHHTeJIbHbIB: 

::lJIeMeHT, KOTOpbIii HaAeBaIOT aa IDrrHHAeJIb. HHiRHHe HaH60JIee Harpy

meHHbIe peaaaonsre ceK~HH HarOTOBJIHIOT Ha 60JIee meCTKoii peaansr. 
Bo BHlIlIBT COBMeCTHO C BHlIlIKTlIPII paapatioran ceK~HoHHbIii 

ymIOTHHTeJIbHbIH ::lJIeMeHT (CM. pHC. 99,6), B KOTOpOM cexuaa coe;J;llHHIOTCH 

n 061Il,Hii rraxer npa noaonra MeTaJIJIHl:JeCKOH apaarypsr (MYcPTbf ] H UHII

neJIH 2). Taxoa ::lJJeMeHT, ooxpanaa Jl,OCTOHHCTBa npenunymero (JIerKyIO 

BaaHMoaaMemJeMOCTb cexnna, BoaMOiKHOCTb nafiopa B naxer ceK~HH C 

paaaasuoa TBepAocTbIO), aHal:JHTeJIbHO npome B HarOTOBJIeHHH H npa 
axcnayarauaa. YKaaaHHaH KOHCTpyK:qHH He rpetiyer ocenax YCHJIHit 

AJIH coananaa nJJOTHbIX KOHTaKTOB MeiRJl,y ceK:qHHMH, xoropue coenaaa
IOTCH npa nOMOlIl,1l peasfionoro coeAHHeHHH, rrO::lTOMY naxep C TaKHM ane
MeHTOM He IIMeeT rHApaBJIHl:JeCKOii narsr. MeTaJIJIHl:JeCKaH apxarypa MO

ifieT nCnOJIbaOnaTbCIl npn HarOTOBJIeHHH CeKIJ;Hii MHOrOKpaTHO. 

I1pIIHIJ;Hn pa60ThI ynJIOTHHTeJIbHOrO ::lJJeMeHTa (pHC. 99, 6) OCHOBaH 

aa AecPopMaIJ;HlI ceKIJ;nii nOA BOaAeiicTBHeM Hs6bIT01ffiOrO AaBJIeHHH 
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200 
40 

250 
80 

168 
102 
210 
200 

1200 

,IJ;JIH HCIIhITaHHH onarnsrx ofipaanoa rH~paBJIHqeCKHXyrrJIOTHHTeJIb
HhIX <lJIeMBHTOB B nafioparopmrx yCJJOBHHX OhIJI paapafioraa II CMOHTHpO
BaH crreD;IIaJIbHhIH CTBH)l; (pHC. 101, a). fll)l;paBJIHqeCKHH BJIeMeHT 2 co 
illTOKOM 4 noaemaior BHyTpH TpyOhI 3 crenna. TIocJIe aroro BHyTpH ane
MeHTa COS)l;aIOT HSOhITOqHOe )l;aBJIeHHe, non BOS)l;eHCTBHeM xoroporo OH 
)l;e4JopMHpyeTCH)l;O corrpHKOCHOBeHHH co cTeHKOH Tpy6hI H paaofimaer 
TpyOY na nne SOHhI (A H B). B <lTH 30HLI nacooon 7 HarHeTaIOT mH)l;KOCTb 
H rrOBhImaIOT B HHX )l;aBJIeHHe no TpeoyeMoH BBJIHqHHhI. BhI)l;epmaB ane
MeHT B TaKoM rrOJIOmeHHH onpeneaeanoe BpeMH, pe3KO cfipacranaror naane
HHe B SOHe A. TIPH <lTOM COS)l;aeTCH nepenan )l;aBJIeHHH na naxepe , KaK 
<ITO rrpoHCXO)l;HT B peaasnsrx yCJIOBHHX npn OTKphITHH npaenaoro rorana
aa HCIIhITaTeJIH rrJIaCTOB B HaqaJIh!=lhIH nepaon nparoxa. llsMeHeHHH nan
JIeHHH no ncex 30Hax creana 4JHKCHpyIOTCH MaHoMeTpaMH 1, 5 II 6. 
ECJIH naxeponxa repxera-ma , TO YTeqKH mH)l;KOCTH H3 30HhI B HeT H TaM 
coxpaaaerca nepaoaasaxsaoe HSOhITOqHOe )l;aBJIeHHe, B cnysae yrenex 
)l;aBJIeHHe peSKO nanaer H OTMeqaeTCJI npaoopaan. 

Ha )l;aHHOM crenne BbllIOJIHeH 3HaqHTeJIbHhIH 001>eM HCCJIe)l;OBaHHH. 
OCHOBHhIMH HarrpaBJIeHHHMII HX 6hIJIO onpeneaeaae COOTHomeHHH H30hI
TOqHOrO )l;aBJIeHHH BHyTpH yrrJIOTHHTeJIbHOrO <lJIeMeHTa H nonycraaoro 
nepenana )l;aBJIeHHH, npa KOTOphIX OOeCrreqHBaeTCJI repxernsaaa naxe
pOBKa; onpeneaenae reOMeTpHqeCKHX paasrepoa YIIJIOTHHTeJIbHhIX ane
MeHTOB; nposepxa OT)l;eJIbHhIX Y3JIOB 3THX <lJIeMeHTOB H T. n, CTeH)l; rr03BO
JIHeT nponoaarr, acnuraaaa B rpyfie )l;HaMeTpoM 190 H 214 MM, T. e. HMH
THpOBaJIHCb CTBOJIIlI CKBamHH, npofiypeaaae )l;OJIOTaMH .M 8 H 9. MaKCH
MaJIbHhIe nepenansr )l;aBJIeHHH, KOTOpbIe nonycxanacr, B cremte, COCTaBJIJI
JIH 220-230 xrc /CM2. Hcnuraaaa npoaomoracr, npa HOpMaJIbHOii (KOM
HaTHoH) reurreparype. 

RaK H3BeCTHO, 60JIbmOe aaaseaae )l;JIH rrOBhImeHHH Ha)l;emHOCTH B pa
oOTe yrrJIOTHHTeJIbHhIX <lJIeMeHTOB HMeeT ofieenesenae repMeTHqHOH naxe
pOBKH npa BhICOKHX sa60HHhIx rexneparypax , T. e. aa 3HaqHTeJIbHbIX rny
oHHax. ,IJ;JIH oTpa60TKH KOHCTpyKIJ;HH rH)l;paBJIHqeCKHX yrrJIOTHHTeJIb
HhIX <lJIeMeHTOB, npeztnaaaasenasrx )l;JIH BhICOKHX nepenanon )l;aBJIeHHH H 
OOJIbIIIJIIX aafioaasrx TeMrrepaTyp, BO BHllllBT CMOHTHpoBaH CTeH)l; BhICO
xoro )l;aBJIeHHH, paccnaranasrii aa npoaeneaae HcrrhITaHHH yrrJIOTHH
l'eJIbHhIX <lJTeMeHTOll II OTJH'JTbHbTX Y3JIOB HCIIbTTaTeJIbHOrO HHCTpyMeHTa 
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Rp:a.Tlme TeXHHqBCKHB narraue ceKD;HoHHoro yrrJIOTHHTeJIbHOrO ane
MeHTa npaaeneau HHmB. 

Pa3MepLI, MM: 
HapymHLIll gBaMeTp ••••..•.••.• 
BHyTpeHHHll p;BaMeTp • • • • • • • • • • . • 
p;:uaMeTp IIOCJle geiPopMalJ,HII (MaKCIIM3J1bHblH) 
p;JlBHa OP;HOH CeKIJ,HH • • • • • • • • • • • • 
p;JlIIHa YIIJlOTHlITeJlbHoro· 3J1eMeHTa B cfiope • 

,il;3BJleHHe BHyTplI YIIJlOTHHTeJlbHoro 3J1eMeHTa, Krc/cM2: 
p;OIIycTllMoe •••••••••• 
IIpH saIIaKepORKe • • • • • • • • 
MaKCHMaJlbHLIll IIepeIIap; p;aBJleHHll • 

,il;oIIycTHMaH sa60llHaH Te}\IIepaTypa, °C • 

tI.l1. 

-1 

~ 
l 

15 

/l) 

1/ 12 13o 

o 

a 

mH)l;KOCTH, HarHeTaeMOH B OTBepCTHH <lTOrO <lJJeMeHTa, H CmHMaIOm;erO yCH
JIHH, COS)l;aBaeMOrO MHorocTyrreHqaTOH rH)l;paBJJHqeCKOH rrHTOH. TaKHM 
ofipaaoa, yrrJIOTHHTeJIbHhIH <lJIeMeHT qaCTHqHOrH)l;paBJIHecKOro, qaCTHqHO 

1.. 6000/1/1 . ...1 

Pac, 101. CTeHp;LI p;JUI IICIILITaHIUI Y3J10B IICIILITaTeJlell B onpofioaareneii nJiaCTOB. 
a - AJII1 HCIIhITaHHll IIpH HopMaJIhHoll rexneparype; 6 - )tJIII HCIIhITaIIHll IIpH BhICOHOll rexnepa

Type; 6 - cxexa OOBlI3HH creana. 

MeXaHHqeCKOrO )l;BHCTBHH. TIpoBB)l;eHHhIe HCCJIe)l;OBaHHH rronaaaaa, qTO 
OCeBOe yCHJIHe B <lTOM <lJIeMBHTe MaJIO BJIHHeT na ero )l;e4JopMaD;I1IO 
(pHC. 100), H npenaaanasaerca )l;JIH otiecnesenaa rrJIOTHOrO KOHTaKTaMem
)l;y ceKD;HHMH. ,IJ;e4JopMaD;HH B OCHOBHOM rrpOHCXO)l;HT non BOS)l;BiicTJmeM 
Hs6hITO'IHOrO )l;aBJIBHIIH lliIl)l;KOC-TIL 
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B CTBOJIe AHaMeTpoM 190 MM npa neperranax AaBJIeHHH AO 500 Rrc/cM 2 

H TeMnepaTypax AO 180aC. 

YRaaaHHhIH cTeHA COCTOHT aa TOJICTOCTeHHOH Tpy6hI 1 (pHC. 101, 6), 
nopmaeaoro 5 H nnymaepaoro 4 HaCOCOB H nyasra ynpaBJIeHH)I 3. )J;JIH 
6eaonacHocTH 06CJIymlIBaIOmero nepconana yCTaHOBJIeHa npIIHYAIITeJIb
HaH BeHTHJIH:QHH H necs CTeHA 3aRphIT MeTaJIJIlIqeCRHMH mHTaMH 2. 

B nponecce HcnhITaHHH mTOR 10(pHc. 101, 0) CHcnhITbTBaeMhIM ynJIOT
HHTeJIbHhIM :meMeHTOM 9 nOMemaIOT B xaaepy 8, Tpy6hI 1, nORphITYIO 
HeCROJIbRIfMH CJIOHMH TenJIOllaOJIHD;HH 7, H aanOJIHHIOT ee .mHAROCTbIO, 
HarHeTaeMOH rropnmeasra HaCOCOM 5: TIocJIe 3TOtO BRJIIOqaIOT anexrpo
nonorpeaareaa 6 H CJIeAHT sa nOBhImeHHe:M.TeMnepaTyphI. )J;JIH COa/laHHH 
BhICORoro AaBJIeHHH yCTaHOBJIeH /lomHMHOH nJIyHmepHhIH nacoc 4 MaJIOH 
npOHaBO/lHTeJIbHOCTH. TIPH HcnhITaHIIH rH/lpaBJIHqeCRlIX ynJIOTHHTeJIbHhIX 
3JIeMeHTOB npenycaorperra BoaMomHOCTb coananaa /lanJIeHHH B AByX ao
aax Tpy6hI H BHyTpH mTORa (RaR II B rrpeztsrnymea crenne). )J;JIH orpana
'IeHHH ,n;aBJIeHHH yCTaHOBJIeH aBapHHHhIH RJIanaH 17. TIepeRJIIO'leHHe aa
COCOB H CHHmeHHe ,n;aBJIeHHH B O/lHOH aa aOH npOBO/lHT npa nOMOmH nea
THJIeH, YCTaHOBJIeHHhIX na nyar.re ynpaBJIeHHH 3. 

Ha nynsre pacnonoaceau MaHoMeTphI 11, 12, 13, aaaepmomas AaBJIe
Hue BHyTpH mTORa H Tpy6bI, ROHTPOJIbHO-HaMepHTeJIbHhIe rrpatiopst 14 
II 15/lJIH sanaca TeMnepaTyphI, AaBJIeHIIH, BpeMeHH HcnhITaHHH H yCHJIIIH, 
AeHcTByIOmHx na naxep npa C08/laHHH nepenana AaBJIeHHH, a TaRme CMOH
THpOBaHbI RHonRH ynpaBJIeHHH 16 pa60ToH aarpeaareaea H HaCOCOB. 

TIP0600T60pHHR onp060BaTeJIH OTIB (pIIC. 102, a) COCTOIIT Hal}>HJJbTpa 
13, nepeaonaaxa 12 /lJJH yCTaHoBRII rJJy6lIHHoro MaHoMeTpa 11, BnyCR
noro xaanaaa 6 CypaBHlITeJIbHhIM RJIanaHOM 7. Bnycxaoa RJIanaH OTRphI
BaeTCH 01'lIS6hIT01JHOrO ,n;aBJIeHlIH BHyTpH Tpy6 If CBH3aH CypaBHHTeJIbHhIM 
RJIanaHOM TaRIIM ofipaaou , 'ITO, eaxpsraaacs nOCJIe snycxa nJIaCTOBOH 
np06hI B ROHD;e xo,n;a, OH CABlIraeT BTyJIRy 9 If orxpsrnaer ypaBHHTe"JIbHbIe 
OTBepCTIIH 8. 

Pa60qaH eMROCTb np0600T60pHlIRa c0611paeTCH aa- OT/leJIbHhIX cex
:D;HH. B nepnoa CeRD,lIl1 3 YCTaHaBJIlIBaIOT rJIy611HHhIH MaHoMeTp 4. CeRD;lIl1 
pasneneau MemAY C060H 06paTHhIMlI mapaxossraa RJIanaHaMJI 5, ROTO
psro npenHTCTByIOT nepeMeIDlIBaHlIIO np06hI nJIaCTOBOH mllAROCTlI npll 
HSBJIe'leHlIlI np0600T60pHlIRa na nosepxaocrs. fOJIOBRa 1 C asapaaasra 
RJIanaHOM 2 npenaaaaaxeaa ,n;JIH aaxnara II nO/l'beMa onp060BaTeJIH nna
CTOB mJIHnCOM, ,n;JIH aaxepa II c6poca ,n;aBJIeHlIH npa paatiopxe npofioor
60pHlIRa na nOBepXHOCTlI. 

)J;JIH orpanaseaaa HaqaJIbHOH nenpeccna na nnacr II YMeHbmeHHH "r1 

/lllHaMlIqeCROH aarpyaxa na naxep npenaaaaanea aBTOMaTlI'IeCRIIH APOC
ceas 10. Pa60Ta ,n;pOCCeJIH OCHOBaHa na aaxeaenaa rrpoxonaoro cexenaa 
BnyCRHOro roranaaa np0600T60pHlIRa, xepea ROTOphIH nomranepaoe 
npocrpancrao CRBamllHhI cootimaerca C ceR:D;lIHMH np0600T60pHlIRa. 
TIPH onpeneneaaox nepenane AaBJIeHlIH npoxonasre OTBepCTlIH B /lPOC
ceae aaRphIBaIOTCH II nparox aa nJIaCTa npexpamaerea /l0 BOCCTaHOBJIe
HlIH aanaaaoro nepenana, npa ROTOpOM OTRpbIBaIOTCH OTBepCTlIH. 

)J;poCCeJIb (pac. 102, 6) COCTOHT aa nepl}>opllpoBaHHoro :D;lIJIlIH,n;pa 
19, HHmHero mTORa 18, coeAlIHlITeJIbHOrO xoprryca 17, nepxaero mTORa 

15. Ha coe,n;lIHHTeJIbHOM xopnyce lIMeeTCH peryJIlIpOBO'IHhIH BlIHT 16. 
B RaqeCTBe ::meMeHTa, pearapyromero na 1I3MeHeHlIe rUApaBJIlI'IeCROH 
HarpyaRII, acnoasayerca TapupoBaHHaH npyaoraa 20. TIPII nononra 
nepeBoAHlIROB 14 II 21 ApocceJIb npacoenanaror R np0600ToopHlIRy. 
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PIIC. 102. Ilpo6ooT6opHIIK 
OIlE. 

a - HOMIJOHOBHa; 6 - HOHCTpyH
naa APOCceJIlI. 

a 
TeXHlIqeCRaH XapaRTepUCTlIRa Onp060BaTeJIH nJIaCTOB OflB npase

neaa Hume. 

HapYlRHhlH nnaaerp ranpaaaasecsoro naxepa , MM 170 
)1.HaMeTp CKBalRUHhI, MM •••••••••••. 190 II 214 

'12 3anaa

)];JIHHa rHApaBJIHqeCKOrO nanepa c nearparoposr, MM 2970 
Macca rllApaBJIHqeCKOrO naxepa C nenrparopon. xr 700 

177
2110 

a
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fepMeTlIqHOCTb aanaaeponxa ROHTpOJIlIpyIOT no .n;UHaMIIqeCI<OMY 
ypOBHIO B aaTpy6HoM npOCTpaHCTBe. ECJIH yponens iKH.n;ROCTU aa YCTbe 

'CRBaiKIIHbI He rrOHHaHJICH - naRepOBI<a repMeTHqHa. BpeMH CTOHHHH 
na npHTOI<e COCTaBJIHeT 5-10 MHH. Hacoc OTRJIIOqaIOT H CHUiKaIOT 

.naanenae B rpytiax no HyJIH. Cosnaro'r HaTHiKI<Y HHcTpyMeHTa (3-5 TC). 
'YnJIOTHHTeJIbHbIH aJIeMeHTBoaBpaIll,aeTCH B TpaHcrropTHoe rrOJIOrKeHHe. 

B OT.n;eJIbHbIX CJIyqaHX npn orrp06oBaHHH 06'LeRTa C HuaRoH rrponn
~aeMOCTbIO BpeMH CTOHHHH aa nparoxe YBeJIUqUBaIOT .n;o 15-20 MHH. 
Ilocae CHHTHH naxepa npa noxoma mnanca U xaaara rrpo60oT60pHHI< 
lTo.n;HUMaIOT na nonepxuoc'n-. B cnyaae npnxaara yrrJIOTHHTeJIbHOrO 

_____ l"R'j~1---

Puc. 103. !\oMrroHoBKa aa
.60HHoro IIHcTpYMeHTa H 06
BHaRa HaaeMHOro 060pYiJ;0· 
BaHUH npa pafiore C OnB. 

1 - )(OJIOTO; Z - TH)(paBJIH'IeC
RHii rtaxep ; 3 - nearparop; 4 
BepxHHJI: rrepenonaax: 5 - oy
pHJIbHhIe TPYOhI; 6 - maMa; J-~lljt:== 

7 - aa)(BlfIHRa. 

!BbI~PiKRH B reseaae 5 MIIH nOBhJ:maIOT .n;aBJIeHHe no 80 Rrc/cM 
2 

(npa 
pealIHo-TRaHeBoM ynJIOTHHTeJIbHOM aJIeMeHTe) HJIH no 50 Rrc/cM

2 
(npa 

.ceRIJ;llOHHOM ynJIOTHIITeJIbHOM aJIeMeHTe). Cnycx npo600T6opHHI<a .n;Ha
MeTpoM 63,5 MM B rpyfiax .n;HaMeTpOM 114 MM nponoaacaerca 2-3 MHH, 
a npo6oOT6opHHI<a .n;HaMeTpoM 73 MM B rex iKe rpyfiax 1,5-2 MIIH aa 

1000 ,M. 

-~ 

168 
102 
1200 

250-300 
100 

168 
102 
1257 
250 
80 

63.5 73 
10 10 

3000 3000 
25 30 
50 120 

850 810 
880 830 

rHApaBJIHqeCKHii peaaao-rnaaemra aJIeMeRT: 
lIapYlKHhIH II:HaMeTp, MM • 
BHyTpeHHuH II:HaMeTp, MM ••••• 

1I:.1JHHa, MM ••••••...••• 
AorrycTBMhIR nepenan AaBJIeHmI, KrC/CM2 
nonycrmran aa60HHaH rexneparypa , °C 

CeKIIHoHHbIR yrrJIOTHHTeJIbHhIll: aJIeMeHT: 
napYlKHhIR AnaMeTp, MM • • • • • • . . 
BHYTpeHHlIll: AHaMeTp, MM ••••••• 

A.1JHHa, MM .••••••••••••.. 
AOrrYCTllMhIR nepenan AaBJIeHHH, RrC/CM2 
nonycrnaaa aaoolIHaH TeMrrepaTypa, °C 

np0600TOOpHHK: 
HapylKHhIR naasrerp , MM 
qHCJIO ceKIIlIR, illT.• .. 
AJIUHa OAHOR CeRllHII, MM 
Macca OiJ;HOR ceRIIIIlI, Rr . . . • . 
noneaaaa eMROCTb (npn 10 ceatmax) 
nonycrmroe naanenne, xrc/ CM2 

HapylKHoe • 
BHyTpeHHee •..•. 

BbI60p rrJIaCTOB .n;JIH orrp060BaHHH rrpn rrOMOIll,H Ol'IB nnanapyerca 
no yRaaaHHIO reOJIOrHqeCROH CJIyiK6 a OCHOBe npenaapareasasrx 
reOJIOrUqeCRHX .n;aHHbIX, ceHCMHqeCR U paaaenxa HJIH rrOJIyqeHHbIX no 
6JIHaJIeiKaIll,lfM CRBaiKHHaM. IlJIaH on 60BaHHH YTOqHHeTCH B nponecce 
6ypeHIfH CRBaifiHHbI rro RepHY. 3TII pe60TbI .n;OJIiKHbI 6bITb rrpe.n;YCMO
TpeHbI reOJIOrO-TeXHIIqeCRHM HapH.n;OM na nponomry CRBaiKIIHbI. Ha orrpo-
60BaHIfe Ram.n;oro HHTepBaJIa COCTaBJIHeTCH nnan pa60T. 

Orrp060BaTeJIb Ol'IB rrpIlMeHHeTCH C 6ypHJIbHbIMH Tpy6aMH .n;HaMeT
pOM He xenee 89 MM (npH np0600'I;60pHHRe 0 63,5 MM) HJIH He MeHee· 
114 MM C npIlBapHbIMII aaMRaMH (rrpa np060oT6opHHRe 0 73 MM). 

IlocJIe OROHqaHHH .n;OJI6JIeHHH CRBaiKHHY rrpOMbIBaIOT H B 6ypHJIb
nsre Tpy6bI cfipacsraaror ma6JIOH.n;JIH nponepna npoxoztaaocrn rrp0600T-
60pHHRa no BHyTpeHHeMy RaHaJIy Tpy6. ECJIH B ROJIOHHe yCTaHOBJIeHa_ 
«pIIJIbTpoBaH Tpy6a, TO ma6JIOH c6paCbIBaIOT nOCJIe nozrsexa CBeqH, 
B ROTOpOH yCTaHOBJIeH «pHJIbTp. PerYJIHpOBaHHe .n;aBJIeHHH BHyTpH 
Tpy6 npoaanonar npH noxonra aa.n;BHiKRH, yCTaHOBJIeHHOH na BbIRH.n;HOH; 
JIIIHHH 6YPOBbIX HaCOCOB. Ilpa rrHeBMaTlIqeCROH aa.n;BHIRRe 7 na BbIRH.n;e· 
nacoca YCTaHaBJIHBaIOT Cne~aJIbHYIO maii6y 6 (pHC. 103). 

06'LeRT, no.n;JIeiKaIll,HH onp060BaHIIIO, Bc'RpbIBaIOT pOTOpHbIM cno
C060M. PeiKHM 6ypeHHH BbI6HpaIOT 06bIqHbIH .n;JIH naaaoro paaoaa. Ilo. 
onsrry pa60TbI cOIlE narpyaxa na .n;OJIOTO .n;HaMeTpOM 190 MM MOiKeT' 
6bITb noaenena no 18 TC npa qaCTOTe spamenaa poropa 80 - 90 06/MHH. 

Ilo OROHqaHHH 6ypeHlIH HHcTpyMeHT YCTaHaBJIHBaIOT na aJIeBaTOp 
II, OTcoe.n;HHHB xnanpar, npoaonar C60pRy np0600T60pHIIRa. C06paHHbIH 
rrp0600T60pHHR orrycxaerca na aa60H non .n;eHCTBHeM c06CTBeHHoro seca 
II nepertpsrnaar ~eHTpaJIbHOe npoxonaoe OTBepCTHe ranpannaaecxoro
naxepa. Bo BpeMH cnycxa np0600T60pHlIRa HaBepTbIBaIOT xsanpar , orry
CRaIOT I1HcTpyMeHT na aa60H H paarpyacaror ero na 3-5 .n;eJIeHlIii no 
I1H.n;HRaTopy seca. 3aTeM BRJIIOqaIOT 6ypOBOH nacoc , aaRpbIBaIOT aa.n;-· 
BlURRy H cosnaror B rpyfiax lfa6bITOqHOe .n;aBJIeHHe no 30 Rrc7cM 2. Ilocae
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;meMeHTa C'heM naxepa COnpOBOm.n;aIOT paCXamHBaHUeM HHcTpyMeHTa 
C YBeJIHqeHHeM HaTHiRKH no 10 TC. , 

B xasecrae no.n;'heMHHKOB UCnOJIbaYIOTCH JIe6e.n;Ka .n;JIB nomeaa 
C'heMHhIX rpyHToHOCOK JIIlr-3000, xaporaaorae no.n;'heMHUKH :UJIU .n;py
rae nozrseaaue ycrpoacraa, xoropue YCTaHaBJIHBalOTCH npOTHB MOCTKOB 
(puc. 104) aa paCCTOHHHH 30-50 M OT YCTbH CKBaiRUHhI 1. Ra,HaT 4 
no.n;'heMHOH JIe6e.n;KH nporrycxaior xepea OTTHiRHOH pOJIHK 2, pOJIUK 3 
H na ero KOHIJ;e aaxpenamor mJIHnC 5. 

3 

It 

5 

2 

Puc. 104. Cxexa paCUOJIOmeHHll nO~'beMHHKa. 

Ilocne HaBJIeqeHHH npotioortiopnaaa aaMepHIOT .n;aBJIeHHe BHyTpK 
pa60qHX ceKIJ;Hii H oT6HpalOT npo6y nJIaCTOBOH mu.n;KocTH, a aaTeH 
paatiaparor npotioorfiopaax. 

ECJIU no nOJIyqeHHhIM .n;aHHhIM MomHO onpeneerarr, xapasrepacraxy 
06'heKTa, TO onpotiosaaae cnararor aaKOHqeHHbIM U nposonar .n;aJIb
HeHrnee yrJIy6JIeHHe aa60H CnOCJIe.n;yroIIl,UMH onpo60BaHHHMU HJIHno.n;'h
eMOM naxepa. Ilpa Hey.n;aqHOM onpo60BaHHU MOiReT 6hITb BhIIIOJIHea 
eIIJ;e peac npo600T6opHHKOM 6ea yrJIy6JIeHHH aa60H. 

Onpo60BaTeJIb IIJIaCTOB, 
IIpHMeHJleMbIU B nponeece 6ypeHlIJI CKBroKHH 

ROJIOHKOBbIMH TYP60.n;OJIOTaMH «<JIeTarom;uu HCnbITaTeJIb») 

TaK iRe, KaK H B npe.n;hI.n;yIII,eH KOHCTpyKIJ;UU OIlB, .n;aHHhIH onpotio
BaTeJIb (pnc, 105) COCTOIIT na rH.n;paBJIHqeCKOrO naxepa 1, yCTaHaBJIH
naeuoro Ha.n; Typ6o.n;oJIOTOM 2, II npo600T6opHHI<8 3, aaripacsraaexoro 
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nayrps 6ypUJIbHhIX Tpy6 [21). OnycKaHcb ua nopmens 4 ranpaanane

Clwro naxepa , npo6ooT6opHHK cMelIl,aeT ero BHHa 1I orxpsrsaer sxonmae
 
OTBepcTlIH 5 B nOJIOCTb 6 rH.n;paBJIHqeCKOH nHThI. Ilocne coanaaaa 6ypo

BLIMlI HacocaMH Ha6hIToquoro .n;aBJIeHHH ynJIOTHlI

TeJIbHhIH ;meMeHT coKpalIl,aeTCH no .n;JIHHe 1I yne

~HqHBaeTCnB .n;HaMeTpe, nepeKphIBan KOJIbIJ;eBOe
 
rrpocTpaHQ-TBo Mem.n;y MeTaJIJIH1JeCKKM xoprrycox
 
naxepa H cTeHKoH CKBamUHhI.
 

Bnycaaoa KJIanaH 7 npo6ooT6opHHKa npn
 
aToM aaxpsrr, nayaa MeiR.n;y aanaxepoaaoii H OT

KphITHeM KJIanaHa coa.n;aeTCH npa noMOIIl,H ru.n;

paBJIHqeCKOrO peJIe BpeMeHH 8, BHyTpeHHHH
 

UOJIOCTb aoroporo, r.n;e nepeMelIl,aeTCH nopmem, 9, 8·
 
aanOJIHeHa rycThIM MaCJIOM. YCTpOHCTBO peae
 
oqeHb u HeaHaqHTeJIbHO OTJIHqaeTCJI OT no.n;o6HbIX 9 ~
 
yCTpOHCTB, npaaeanesnax B rH.n;paBJIHqeCKHX HC

ublTaTeJIHX nJIaCTOB.
 

Cnenyer OTMeTHTb, 'ITO BMeCTO ranpaanase

cxoro ynJIOHUTelJbHOrO 3JIeMeHTa B .n;aHHoH KOH":
 
CTpyKIJ;HH MomeT 6bITb UcnOJIbaOBaH cnnouraoa 7
 
peaHHoBhIH naKepyrom;lIH 3JIeMeHT (KaK uao6

paiseao aa puc. 105), KOTOphIH .n;ellJopMupye-rCH
 
IIO.n; .n;eiicTBueM cmHMalOlII,eH HarpyaKu( Ha6hITOq

noro .n;aBJIeHHJI, coa.n;aBaeMoro HacocaMlI), nepena

saexoa aa ero OCTOB xepea ru.n;paBJIH1JeCKYIO nHTY·
 

R He.n;OCTaTKaM paCcMaTpHBaeMOH KOHCTpyKr 

U.UH OTHOCHTCH pacnOJIOmeHHe ynJIO'THUTeJIbHOrO
 
3JIeMeHTa nan Typ6o.n;OJIOTOM, T. e. aa aaaaarens

HOM paCCTOHHHlI OT sa60H. BCJIe.n;CTBHe aroro ,
 
UpH aanaaeposae CJIHIIIKOM 60JIbmOH 06'heM npo

MhIB01JHoii mu.n;KOCTH orcexaerca B aoae non na

KepOM H npH HcnhITaHHH B npo600T60pHHK, UMelO

IIJ;UH OrpaHUqeHHylO eMKoCTb, nOCTYnaeT 60JIbmOe
 
KOJIHqeCTBO 6ypOBoro paCTBopa UJIH .n;pyroii npo

MbIB01JHOH mH.n;KOCTH, KOTopaH SanOJIHHJIa CKBa-

IlmHy .n;o HcnbITaHHH. '
 

Onpo60BaTeJIb CR ~HPMbI XamIH6ypToH
 
(,IJ;JIJI HenpepblBHoro oroopa npo6
 

B nponecce 6ypeHlIJI)
 
Puc. 105. «JIeTalOUJ.lIll:» 

HOBaH KOHCTpyKIJ;HH onpo60BaTeJIH qlHpMhI UClIhlTaTeJIb IIJIaCTOB. 

XaJIJIH6ypToH noaBOJIHeT oIJ;eHHBaTb :apO.n;yKTHB-
HhIH nJIaCTHenocpe.n;cTBeHHo B IIr'On;ecce 6ypeHlIH, npn arox .n;OCTH
raerca aHaqllTeJIbHaH aKOHoMHH cpencrs H BpeMeHH. IlJIacT MOiRHO 
lICCJIe.n;OBaTb cpaay nOCJIe ero BCKpMTHH HJIII B JIlO6oe BpeMH, aeaasa
CHMO OT roro , aanOJIHeHhI HJIU HeT CKBamllHa H 6ypUJIbHhIe Tpy6hI npo-

MbIBOqHbIM pacrsopoa. 
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Ilaxep COCTOIIT IIa nnyx OCHOBHhIX yaJIOB: 1) aanynnoro nartepyromern 
3JIeMeHTa, HBJIHIOID;erOCH qaCTbIO ROJIOHHhI II yCTaHOBJIeHHOro aenocpen
CTBeHHO nan ,n;OJIOTOM; 2) ananaaa C rIIJIb30BbIM aarnopoa II aaxpsrna
IOID;ell rrpymIIHoll. 

B nponecce 6ypeHIIH rraRepYIOID;IIll 3JIeMeHT OCTaeTCH B HOpMaJIbHOM 
rrOJIOmeHIIII, TaR RaR xnanaa C rIIJIb80BhIM aarsopox, CJIymaID;IIll ,n;JIH 
aarrOJIHeHIIH naxepa, aaxpsrr. BBII,n;y Toro, qTO rraRepYIOID;IIll 3JIeMeHT 
pacnonoacea Herrocpe,n;CTBeHHO Ha,n; ,n;OJIOTOM na 0,914 M npn orfiope 
xepna II na 1,2 M npa 06hIqHOM 6ypeHIIII, OH ynepacaaaerca na HeROTO
pOM paCCTOHHIIII OT CTeHOR CRBamIIHbI. L(IIPRYJIIIpYIOID;aH noxpyr na
Repa rrpOMhIBOqHaH mII,n;ROCTb II mJIaM ORaahlBaIOT OqeHb HeaHaqIITeJIbHOe 
ROppO,n;IIpyIOID;ee ,n;ellCTBIIe. 

ITaRepYIOID;IIll 3JIeMeHT COCTOIIT IIa peaIIHOBOll :QIIJIIIH,n;pIIqeCROll xa
MephI, yCIIJIeHHOll MeTaJIJIIIqeCROll ceTRon. 

ITP0600T60pHIIR npencraanaer C060ll C'beMHOe npacnocotineaae , 
BRJIIOqaIOID;ee :QIIJIIIH,n;pIIqeCRIIll peaepnyap ,n;JIH rrp06hI, B nepxaeji qaCTII 
xoroporo YCTaHOBJIeHbI xnanan ,n;JIH CHllmeHIIH ,n;aBJIeHIIH, a TaRme 
xnanaa ,n;JIH orfiopa npotisr , rrpIIBo,n;IIMhIll B ,n;ellCTBIIe rII,n;panJIIIqeCRIIM 
crroc060M, H yCTpOllCTBO ,n;JIH rJIy6IIHHOll perIICTpa:QRII ,n;aBJIeHHH. 

ITP0600T60pHHR aa6paChIBaIOT B ROJIOHHy 6ypIIJIbHhIX rpyti, B RO
TOPOll OH nanaer CB060,n;HO no rHea,n;a co CROpOCTbIO 2,5 M/ceR. MaRCII
MaJIbHOe qIICJIO :QIIJIIIH,n;pHqeCRHX RaMep ,n;JIH rrp06 orrpe,n;eJIHeTCH rrpoq
HOCTbIO xanara, BHyTpII HX coxpaaaerca aTMoccflepHoe ,n;aBJIeHIIe. 
B Hanane 06hIqHO cnycxaror mecrsannan, :QIIJIIIH,n;pIIqeCRIIX RaMep 
06ID;IIM 06'beMOM OROJIO 53 JI. ,I:{JIIIHa Ram,n;oll RaMephI COCTaBJIHeT 2,1 M, 
06'beM 3,4 JI. • 

ITo ,n;OCTIImeHHII rrp0600T60pHIIROM rneana na ,n;OJIOTO rrepenaior He
60JIbmyIO ocesyro HarpyaRy (2,3-4,5 TC), qT06hI. YMeHbmIITb BoaMOlli
HOCTb CMeI:QeHIIH rraRepYIOID;ero 3JIeMeHTa rrOCJIe roro, RaR roranaa 
rrp0600T60pHIIRa OTRpoeTCH II cosnacrca rreperra,n; ,n;aBJIeHIIH aa na
xope. Harpyaxa rra ,n;OJIOTO He 06HaaTeJIbHa ,n;JIH yCTaHoBRII naxepa , TaR 
RaR ,n;aBJIeHIIe coanaeroa 6YPOBhIM HaCOCOM. ,I:{aBJIeHIIe B ROJIOHHe 
6ypIIJIbHhIX IIJIII HaCOCHO-ROMrrpeccopHbIX Tpy6 coxpaaaerca npa no
MOID;II crre:QIIaJIbHOro yrrJIOTHeHIIH BO BTyJIRe xnanaaa. Ilon BJIIIHHIIeM 
BHyTpeHHero ,n;aBJIeHIIH rraRepYIOID;IIll 3JIeMeHT pacmapaerca II rrpaaca
MaeTCH R CTeHRaM CRBamIIHhI. B nponecce 6ypeHIIH xnanaa aaxpsrr 
(non ,n;ellCTBIIeM npyaeaasr). 

B HOpMaJIbHhIX yCJIOBIIHX ,n;JIH repMeTIIworo nepexpsrrna ROJIb:Qe
aoro aaaopa Mem,n;y xoprrycoa naxepa II CTeHROll CRBamIIHbI BnOJIHe 
,n;OCTaTOqHO ,n;aBJIeHIIH BHyTpII rraxepa 21 Rrc/cM 2 • 

ITo OROHqaHIIU yCTaHoBRII naxepyrornero :meMeHTa ,n;aBJIeHIIe n 
ROJIOHHe 6ypIIJIbHhIX IIJIII HacocHo-RoMrrpeccopHhIX Tpy6 npononarazor 
YBeJIIIqIIBaTb. Ilon BJIIIHHIIeM nora ,n;aBJIeHIIH ,n;IIcflcflepeH:QIIaJIbHhIll 
nopnreas xnanana rrp0600T60pHIIRa nepenaer ,n;aBJIeHIIe na rrpyxcaay , 
ROTopaH y,n;epmIIBaJIa ero B aaRphITOM nOJIOmeHIIII, R roranaa OTRPhI
BaeTCH. ITJIaCTOBaH mII,n;ROCTb MomeT rrocrynars xepea ,n;OJIOTO II roranaa 
oT60pa mII,n;ROCTII B :QIIJIIIH,n;p rrp0600T60pHIIRa. RJIarraH np060OT60p
HIIRa ,n;OJImeH OTRphIBaTbCH npa ,n;aBJIeHIIII 42 Rrc/cM~, onnaxo ,n;JIH nOJI
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HOll ynepeaaocra ,n;aBJIeHIIe ,n;OBO,n;HT no 70 Rrc/cM 2 • 06hIqHO xnanaa 
OCTaeTCH OTRphIThIM B resenae 10-20 MIIH. 3a 3TO BpeMH :QIIJIIIH,n;phI 
np0600T60pHIIRa aarrOJIHHIOTCH rrJIaCTOBOll mII,n;ROCTbIO II ,n;aBJIeHIIe yne
JIIIqIIBaeTCH no nnacronoro. 

ITocJIe CHIImeHRH ,n;aBJIeHIIH B 6ypIIJIbHhIX IIJIII nacocao-soarrpeccop
HbIX rpyfiax caaxana aaxpsrnaerca xnanaa rrp060OT60pHIIRa, a aarex 
naRepYIOID;IIll 3JIeMeHT cmRMaeTCH no CBOIIX nepnoaanansaux paaxepon. 
Otipaama rrJIaCTOBOll mII,n;ROCTII ynepacmarorca BHyTpII :QIIJIIIH,n;pIIqeC
RIIX RaMep rrpn rrJIaCTOBOM ,n;aBJIeHIIII. YrrpaBJIHIOT IIHcTpyMeHTOM nyrea 
HaMeHeHIIH ,rraBJIeHIIH na 6ypOBOM aacoce. IIp060OT60pHIIR cflIIpMhI 
XaJIJIII6ypToH IIMeeT OrpaHIIqeHHOe qIICJIO no,n;BIImHhIX xacrea, R ROTO
phIM OTHOCHTCH xnanaa ortiopa otipaanon II RJIanaH C rIIJIbaOBhIM aa
TBOpOM. 

ITocJIe orfiopa nJIaCTOBOll mII,n;ROCTII Up060OT60pHUR IIaBJIeRaIOT 
npII nOMOID;II nnrarrca II TapTaJIbHOrO xaaara. ,I:{aBJIeHIIe BHyTpII np0600T
60pHIIRa CHIImaIOT nyTeM OTRphITIIH cnycaaoro xnanana, yCTaHOBJIeH
aoro HIIme meaxa, npenycuorpeaaoa ,n;JIH aaxsara mmIIICOM. TOJIbRO 
rrOCJIe aroro MomHO IIaBJIeRaTb nJIaCTOByIO mII,n;ROCTb ,n;JIH aaannaa. 

TaR RaR qaCTO ,n;JIH aaannaa rpefiyerca IIaBJIeqeHUe xepna, TO BMeCTO 
np0600T60pHlIRa MomHO rrpIIMeHHTb C'beMHyIO rpyaroaocay. 

B aacroamee BpeMH rrpIIMeHHIOT naxepsr ,n;BYX paaxepon: 172 II 190 MM 
,n;JIH CRBamIIH COOTBeTCTBeHHO ,n;IIaMeTpOM 200 II 222.MM. CROHCTPYUPO
BaH rarose naxepasra yaen ,n;IIaMeTpOM 140 MM ,n;JIH CRBamIIH ,n;IIaMeTpoM 
160 II 172 MM. IIpII 6ypeHIIR cnJIOIIIHhIM aa60eM,n;JIUHa naxepnoro ysna 
B cfiopxe COCTaDJIHeT 3,35 M, a npa 6ypeHIIII C oT60pOM RepHa 4,87 M. 
ITpIIMeHHeMhIll B HaCTOHID;ee BpeMH rrp0600T60pHIIR B ctiopxe IIMeeT 
MaRCIIMaJIbHhIll ,n;IIaMeTp 68 MM, ,n;IIaMeTp pesaaonux yrrJIOTHIITeJIbHbIX 
3JIeMeHTOB 70 MM, rr03TOMY ero HeJIbaH rrpIIMeHHTb B 6ypUJIbHhIX TPy
6ax RJIII YBT, BHyTpeHHIIll naaxerp ROTOphIX MeHbme 72 MM. ECJIII 
npIIMeHHeTCH rraRepHhIll yaeJI ,n;IIaMeTpOM 140 MM, TO rrp0600T60pHIIR 
HMeeT ,n;IIaMeTp 51 MM U MomeT npoxonars xepea 6ypIIJIbHhIe Tpy6bI, 
HMeIOm;IIe sayrpeaaee npoxonaoe OTBepCTIIe 56 MM. 

IIp0600T60pHIIR CHa6meH ,n;ByMH rJIy6IIHHhIMII perIIcTpIIpYIOI:QIIMII 
MaHOMeTpaMII C qaCOBhIM MexaHIIaMOM rpexsacoaoro aasona II perncrpa
PYIOID;RM TepMOMeTpOM. 

06hIqHO yaen naxepa YCTaHaBJIIIBaIOT BO BpeMHCMeHhI ,n;OJIOTa, xorna 
no ,n;aHHhIM reOJIOrIIqeCROll cJIym6h1 aa60ll rrpII6JIIImaeTCH R npennona
raeMOMy rrpo,n;yRTIIBHOMy ropIIaoHTy. 

Hasano acnsrraaaa YCTaHaBJIIIBaIOT no IDJIaMy, BbIHOCIIMOMY na 
nOBepXHOCTb rrOTOROM rrpOMhIBOqHOll mII,n;ROCTII. 

PeaIIHoBhIe ynJIOTHHIOm.IIe 3JIeMeHThI, naaaerp ROTOphIX panen 
70 111M, YCTaHOBJIeHHhIe na :QRJIIIH,n;pIIqeCRIIX xaxepax np0600T60pHIIRa, 
npenaaaaaneasr ,n;JIH coxpaaenna ,n;aBJIeHIIH BHyTpII ROJIOHHbl 6ypIIJIb
HblX UJIII nacocao-aoarrpeccopaux Tpy6. 

RaR rrpauano, IIaBJIeqeHHaH IIa ('.RBamIIHbI npofia COCTOIIT Ha CMeCII 
paaJIIIWhIX mII,n;ROCTell II raaon, ::hy CMeCb paaf\eJIHIOT B cenaparope 
II onpenearnor 06'beM Ram,n:oll cflaabI. OnbIT noxaaan , qTO BMeCTe C UJIa
CTonOl1 mR,n:RocTblO 06bIqHO II3BJIeRaeTCH 10-20 JI rrpOMhIBOqHOll 
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IHH)J;KOCTH H cPHJIbTpaTa 6ypoBoro pacrnopa. TaK KaK qHJIHH)J;pHqeCKHe 
npaeaasre KaMepbI HMeIOT mapnxoasre 06paTHbIe KJIanaHbI, TO HHiKHHe 
xaxeper aanOJIHHIOTCH TOJIbKO nJiaCTOBOH iKH)J;KOCTbIO, a nanee qeM 
nsrme, TeM MeHbme B cMeCH nJiaCTOBOH iKH)J;KOCTH. IIpOBe)J;eHHbIe ncnsr
TaHHH nOKaaaJIH, qTO B 80 CJIyqaHX HS 100 KaMepbI HaBJIeKaJIHCb aanoa
HeHHbIe nJiaCTOBOH iKH)J;KOCTbIO, a naarpaxaa rJIy6HHHoro MaHoMeTpa 
xopomo COOTBeTCTBOBaJia nnacronoay )J;aBJIeHHIO. ECJIH KpHBaH BOCCTa
HOBJIeHHH )J;aBJIeHHH OKaabIBaJIaCb HerrOJIHOH, TO HYiKHbIe )J;aHHbIe nOJIy
~aJIH aKCTpanOJIHqHeH. 

B Tex CJIyqaHX, Kor)J;a qHJIHH)J;pHqeCKHe KaMepbI )J;JIH oT60pa np06 
ae 6bIJiH aanOJIHeHbI HH ITJIaCTOBOH iKH)J;KOCTbIO, HH raSOM, nonropaue 
HcnbITaHHH nOKaSbIBaJIH, qTO )J;aHHbIe nJIaCTbI 6bIJiH «CYXHMH». 

Onacaocrs BOBHHKHOBeHHH BbI6poCOB H noacapa 06YCJIOBJIHBaeT 
npouenenae HcnbITaHHH nJiaCTOB, KaK npaBHJIO, B )J;HeBHoe BpeMH. IIpH
Be)J;eHHbIM cnocoriox MOiKHO oroHpaTb 06pasqbI nJiaCTOBOH iKH)J;KOCTH 
B CKBaiKHHe, sanOJIHeHHOH npoMbIBOWOH iKH)J;KOCTbIO, B JII060e BpeMH 
.cyTOK, qTO ocotieaao BaiKHO npn patiore B cenepaux paaoaax , me 
np0)J;OJIiKHTeJIbHOCTb )J;HH HeBeJIHKa. Pa60Ta onp060BaTeJIH CR xapax
TepHsyeTcH MHHHMyMOM XOJIOCTbIX crrycao-rron-sexasrx onepanaa, 

IIpH HcnbITaHHHX acmarareas nJiaCTOB anorna He )J;OXO)J;HT )J;O sanaa
aoro ropasoara BCJIe)J;CTBHe yMeHbmeHHH )J;HaMeTpa CTBOJIa CKBaiKHHbI 
JIJIH HeY)J;aqHOH YCTaHOBKH naxepa. 1I0po)J;a, npeapacrroaosseaaaa K 
nOrJIOm;eHHIO npOMbIBOWOH iKH)J;KOCTH, B MOMeHT OTKpbITHH xnanaaa 
MOiKeT OT)J;aBaTb iKH)J;KOCTb HJIH COS)J;aBaTb npenHTCTBHH )J;JIH )J;BHiKeHHH 
nnacronoa iKH)J;KOCTH K KaMepaM. B peayasrare MOiKeT COSAaTbCH npen
<lTaBJIeHHe 0 HenpO)J;yRTHBliOCTII acrrursmaexoro ropaaonra. IIpH HC
nOJIbSOBaHIIII onp060BaTeJIH CR onepanaa ocym;eCTBJIHeTCH cpaay nOCJIe 
6ypeHHH, xorna KOJIIIqeCTBO cPHJIbTpaTa, nocrynannrero B nnacr, HeSHa
"IIITeJIbHO, II 06pymeHHH noponsr eme He npoaaomno. 

1I0 oT06paHHbIM HeCKOJIbKHM npotiax MOiKHO onpeneaars BO)J;G-HecP
THHOH H raaO-iKlI)J;KOCTHbIH KOHTaKT H BbIHBHTb HaMeHeHHH npoanuae
MOCTH, a )J;HarpaMMa, sanacanaaa rJIy6HHHbIM xanoxerpoa, nOSBOJIHeT 
lIayqHTb rH)J;paBJIHqeCKHe nOKaSaTeJIH acrrsrrsraaexoro ropaaoara. 

ROJIe6aHHH nJiaCTOBOro )J;aBJIeHHH B npe)J;eJIax O)J;Horo nJiaCTa CBH
,lleTeJIbCTBYIOT 0 HaJIHqHH npOnJIaCTKoB. O)J;HaKO aTO MOiKHO yCTaHoBHTb 
TOJIbKO rorna, xorna rtanneaae B KaiK)J;oM npOnJIaCTKe paannmro. Onp060
BaHHe )J;aeT BOSMOiKHOCTb HaH60JIee TOqHO onpe)J;eJIHTb nepcneKTHBHbIe 
ropaaoaru )J;JIH nOCJIe)J;YIOm;ero )J;eTaJIbHOrO HX HcnbITaHHH HCITbITaTeJIH
MH, crrycxaeauaa B cKBaiKIIHY aa 6YPHJIbHbIX HJIH aacocao-xoanpeccop
HbIX Tpy6ax, H Hs6eiKaTb HcnbITaHHH B Henpo)J;yKTHBHbIX aoaax. 

Onp060BaTeJIb CR nnepmre 6bIJi mHpOKO HCnOJIbSOBaH B Hanane 
npn excnayarauaoanoa 6ypeHim. RaK noxaaan orrar, aarpyaxa aa 
,llOJIOTO )J;O 32 TC He BbISbIBaJia KaKHX-JIH60 napymenair naaepyromero 
aJIeMeHTa H TOJIbKO npa HaJIHqHH B CKBaiKHHe cyiKeHHbIx MeCT Ha6JIIO
,n;aJIHCb ero nOBpeiK)J;eHHH. 

OCB060iK)J;eHHe naxepyromero aJIeMeHTa ncerna CBHaaHO C npHJIOiKe
HHeM yCHJIHH, npeasnnaiomero nee KOJIOHHbI 6ypHJIbHbIX Tpy6. B pac
CMaTpHBaeMOH cxexe onpo60BaHHH nJiaCTOB BoaMOiKHOCTb npaxsara 

lIJiH 06pasoBaHHH caJIbHHKa na )J;OJIOTe SHaqlITeJIbHO MeHbme, qeM npa 
IlcnbITaHHH 06'LeKTOB C HcnbITaTeJIHMII, cnycxaeasraa B cKBaiKHHY aa 
6ypHJIbHbIX HJIII nacocao-aoanpeccopaax Tpy6ax, BCJIe)J;cTBHe coxpa
~eHHH BpeMeHH OTCyTCTBHH qHpKyJIHqHH. 

Onp060BaTeJII> DJIaCTOB KO.'10HKOBbIH 

IIpe)J;CTaBJIHeT SHaqHTeJIbHbIH aarepec paapatioraaasni BO BHMMBT 
(aBT. CBH)J;. .N2 212195 OT 10fIX 1963 1'.) onp060BaTeJIb nJiaCTOB 1, 
npe)J;HaSHaqaIOm;HHCH )J;JIH onp060BaHHH 06WKTOB nOCJIe HX BCKpbITHH 
C OT60pOM xepaa [86 J, oc06eHHocTbIO xoroporo HBJIHeTCH Bos6YiK)J;eHHe 
nparoxa iKH)J;KOCTH lIS nnacra He qepes crenxy CTBOJIa CKBaiKHHbI, a 
xepea sa60H. TaKaH cxesra pa60TbI nOSBOJIHeT npOBO)J;HTb onpofioaa
HHe fiea nO)J;'LeMa 6ypHJIbHOrO IIHcTpyMeHTa na nOBepXHOCTb ae TOJIbKO 
npa pOTOpHOM cnocotie 6ypeHHJI, HO II npH Typ6lIHHOM 6ypeHHH C OT60
pOM KepHa npa nOMOm;H Typ60)J;OJIOT. 8TO HMeeT ocofioe anasenae )J;JIJI 
oresecrneaaoa npaKTHKII, TaK KaK OKOJIO 80% 06'LeMa 6ypeHHH B aamea 
crpane npoBo)J;HTCJI Typ6HHHbIM cnooofiox. Hpoae roro, xepenonaaae 
oroopa xepna H onepessaiomero onp06oBaHlIJI HHTepBaJIa, nonneseamero 
BCKpbITIIIO, crrocofcrnyer 60JIee rJIy6oKoMy HCCJIe)J;OBaHHIO nnacra, 

Ha pac. 106 npaaeneaa cxeaa pa60TbI KOJIOHKOBOro onpo60BaTeJIH 
B CKBaiKIIHe. IIpH onpo60BaHHH ncxpuroro 06'LeKTa nOCJIe y)J;aJIeHHJI 
c aa60H c'LeMHoii rpyaroaocna nayrps 6ypHJIbHbIX Tpy6 ctipacsmaror 
KOJIOHKOBbIH onpo60BaTeJIb,. COCTOJlm;HH HS MeTaJIJInqeCKOH rHJIbSbI 4 
C sanpeccoBaHHbIM ynJIOTHHTeJIbHbIM aJIeMeHTOM 3, nrrycnnoro xnanana 
8 II pa60qHX eMKocTeH onp060BaTeJIJI 1. 

IIpH )J;OCTHiKeHIIH TYp60)J;0.rroTa ransaa KOHHqeCKHM aucrynoa 5 
onapaerca aa cooTBeTcTByIOm;HH sstcryn B )J;OJIOTe 6. 1I0cJIe BOCCTaHOB
JIeHHJI qHpKyJIJlqHH BOSHIIy.aeT nepena)J; )J;aBJIeHHJI BHYTPII 6YPHJIbHOrO 
HHcTpyMeHTa aa )J;JIHHe onp060BaTeJIJI. 1I0)J; )J;eHcTBHeM rlI)J;paBJIHqeCKOH 
HarpysKH ynJIOTHIITeJIbHbIH 3JIeMeHT BbITaJIKHBaeTCJI lIS rlIJIbBbI H nepe
xpsmaer sa60H, aaxpunaa OCTaTOK xepaa 7. ROJIOHKOBOe )J;OJIOTO npa 
aToM )J;OJIiKHO 6bITb npanonnaro Ha)J; sa60eM. C YBeJIHqeHHeM npoaaao
)J;HTeJIbHOCTH 6YPoBoro Hacoca BospacTaeT H rH)J;paBJIHqeCKOe yCHJIHe, 
)J;eHCTByIOm;ee aa onp060BaTeJIb. 1I0)J; )J;eHcTBHeM arnro yCHJIIIJI xopnyc 
onp060BaTeJIH nepeaemaerca BHHa, rrpymana 10 CiKHMaeTCJI H oTKpbIBa
eTCJI OTBepCTHe srrycxaoro xnanaaa 8. YqaCTOK nnacra , HSOJIHpOBaHHbIH 
ynJIOTHHTeJIbHbIM 3JIeMeHTOM, c006m;aeTcJI C pa60qHMH eMKocTHMH 
onp060BaTeJIJI, B KOTOpbIX )J;aBJIeHHe aTMOccPepHoe. 1I0)J; )J;eHcTBHeM 
nepenana )J;aBJIeHHH MeiK)J;y nJiaCTOM H BHyTpeHHeH SOHOH onp060BaTeJIJI 
iKH)J;'KOCTb HS nnacra npoxonar xepea BHyTpeHHIOIO SOHy ynJIOTHHTeJIb
noro aJIeMeHTa 12, oTBepCTHJI 11 B mroxe nrrycxnoro xnanaaa 2 Hero 
oTBepcTHH 8 B pa60qHe eMKOCTH. 

B nponecce ncero onp060BaHHJI rJIy6HHHbIH MaHoMeTp, yCTaHOBJIeH
HbIH B aacrpyueare , aanacsmaer KPHBYIO HapaCTaHIIJI )J;aBJIeHHJI. 1I0cJIe 

1 AUT. CUH~• .N'2 212195 OT to/IX 1963 r. - «EIOJIJIeTeHb H306peTeHHD:», ;M 9, 
1968. 
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orrpeneneanoro npexeaa CTOHHlUI na nparoxe ~HPKYJlH~HIO rrposnrnoa
HOll mH~KOCTH npenpautaror , nnycxnoa xaanaa Orrp060BaTeJlH aaxpsr
BaeTCH H OTCeKaeT oTo6paHHyIO rrpo6y ITJIaCTOBOH mH~KOCTH BHyTpH 

8 

9 

to 

n 

u 

a o 5 

PIlC. 106. J{OJIOHKOBhIH onpofioaarens nJIaCTOB. 
a -- cnycR onpoooaarerra; 6 - nepeRphlTHe aaooa; 6 - OTOOp npo"h1 ITJla

CTOBOlt mHAROCTH. 

pa60qHX eMKOCTeH. O~HOBpeMeHHO qepea OTBepCTHH 9 BhIpaBHHBaeTCH 
nanneaae Mem~y BHyTpeHHeH aOHOR ynnoraarensaoro anexeara H CKBa
mHHOH, qTO otinerxaer C1>eM naxepa C aa60H. B 6ypHJlbHbIe Tpy6hI cnyc
KaIOT IITJIHrrc, npa noxoma xoroporo onpofioaarens rrO~HHMaIOT aa rro
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BepXHOCTb ~JlH ananaaa oTo6paHHOH npofiu H pacmarppoaxu naarpaxan 
~aBJleHHH. 

B HaCTOHm;ee BpeMH paapatiorana KOHCTPYK~HH-KOJlOHKOBOro onpo
60BaTeJlH rrJlaCTOB, npeaaaaaaseaaorc ~JlH HCrrOJlbaOBaHHH B CKBamH
nax, 6ypHm;HXCH Typ6o~oJlOTaMH KT,Il;4-65/

S'" 
Hazse npaaeneau KpaTKHe TeXHH


qeCKHe namrae paapa60TaHHOH KOH

CTPYK~HH onpotioaarena rrJlaCTOB.
 

ITaKPp:
 
HapymHhIH naaaerp xopnyca ,
 

MM 70
 ,
)J;JIIfHa, MM 430
 
Macca, xr 6,14
 

Y nJIOTHIlTeJIbHhIH SJIeMeHT naxe pa:
 
TBn xapxac


HhIR
 
HapymHhIH AuaMeTp, MM 80
 
BHyTpeHHHii )J;HaMeTp, MM 58
 z 
)J;JIIfHa, MM 295
 
Macca, xrc 1.14
 

ITP060OT6oPHHK:
 
HapymHhIii AlIaMeTp xopny

ca, MM .•••••.•• 73 
)J;JIIlHa (npu 12 CeKI\HlIx). M 38 
sec (npil 12 CeKI\IflIx), xr 470 
eMKOCTb (npu 12 ceKI\HIIX), JI 91 1'

)J;uaMeTp AOJIOTa, MM 190 

KaK H B JlI06hIX HCIIhITaTeJlbHhIX ..
PIIC. 107. YnJIOTHIfTeJIbHhIIl SJIeMeHT. 

aacrpyaearax, aaa6onee OTBeTCTBeH-
IihIM y3J10M, OT pafiorocnocojsroc'ra 
xoroporo aaBlIClIT KaqeCTBO 'pa60TbI ancrpyxenra B ~eJlOM, B YKa
aaaaox onpotionarene HBJlHeTCH yrrJloTHHTeJlbH.bIH aJIeMeHT. OH COCTOHT 
na MeTaJlJlHqeCKoro xapxaca 1 H aJlaCTHqHOrO (pesaaoaoro) xoprryca 2 
(pHC. 107); B sepxaea qaCTH 3aKaHqlIBaeTCH MeTaJlJllIqeCKOH peastioaoa 
BTyJlKOH, npa noxoma KOTOpOH npacoenanaerca K mroxy onporioaareaa. 

Ilepnsre omarmre otipaanu yxaaanaoro ynaoranrensaoro aJIeMeHTa 
6hIJlH OTJlHThI B Crre~HaJlbHO crrpoeKTHpoBaHHoH H HarOTOBJleHHOR ~JlH 

aTOH ~eJlH npeccrpopue H npenaaaaaaanaos ~JlH nepexpuraa aa60H 
B cxaaaraae, 6ypHm;eHcH ~OJlOTOM ~HaMeTpOM 190 MM. IICIIhITaHHH OII.bIT
H.bIX ofipaanon B aatioparopaux YCJlOBHHX rrpOBO~HJlHCb aa CTeH~e 

(pHC. 108), COCTOHm;eM aa TOJlCTOCTeHHOH Tpy6hI 4, B KOTOpOH noxemanca 
YIIJloTHlITeJlbHldH 3J1eMeHT 6, onapanmaaca aa aa60H 2. B nenrpe 3a6oH 
YCTaHaBJlHBaJlH MeTaJlJlHqeCKHH crepxceas 3, KOTOphIH HMHTlIpOBaJl 
OcTaTOK xepna. B crepasae 6hIJlH IIpOCBepJleHhI OTBepCTHH. Ilpensapa
TeJlbHhIH KOHTaKT ynnornarensnoro aJleMeBTa C IIOBepXHOCTbIO aa60H 
~OCTHraJlCH YClIJllIeM npyaransr 5. 

• 

Ilocne yCTaHoBKH 3J1eMeBTa BTpy6e COa~aBaJlH Ha6hIToqBOe naanenae 
II nocne aroro aoay 1 non 3a6oeM C006m;aJlH C BapymHoH IIOBepXBOCTbIO, 
B pesyasrare xero BOaBlIKaJl nepenan ~aBJleBHH Mem~y BByTpeBBeH 
IIOJlOCTbIO rpytisr H BByTpeBBeH aOHOH ymroraareasaoro aneaeara. 

., 
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IIPII repxeranaoa naxeposxe YTeqRII iRIIlJ;ROCTII nepea aaOOH He npoac
XOlJ;IIT II naanenae B Tpyoe OCTaeTCH HellaMeHHhIM. B cay-rae npopsma 
il\1IlJ;ROCTII nepea YUJIOTHIITeJIbHhIH 8JIeMeHT naanenae B rpytie nanaer, 

qTO OhICTpO .pIlRcllpyeTcH yCTaHoB

'<> 

<, 

.,.../ 

"" 

"'"' 
<--.l,-Kf~ 

JIeHHhIMII MaHoMeTpaMII. 

Jlafioparopnsre 8RcrrepIIMeHThI 

npOBOlJ;IIJIIICb npn yCTaHoBRe yrrJIOT

HIITeJIbHhIX aJIeMeHTOB na rJIalJ;RYIO 

MeTaJIJIllqeCRYIO nOBepXHOCTb II rpa
HIIThIH aaOOH, cnertaaasao ofipafio
TaHHhIH lJ;OJIOTOM (pac. 109). CepIIH 

onhITOB nOSBOJIIIJIa yCTaHoBIITb, qTO 
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00 
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c, Puc. 109. HCRyccTBeHHhlB: 3a60B:. 

repaeranaaa naaeponxa MeTaJIJIHi' 
qeCROrO aafioa YRaaaHHhIMII yrrJIOT

HIITeJIbHhIMH aJIeMeHTaMII nocrara
eTCH npa nepenanax lJ;aBJIeHIIH lJ;0 

40-50 Rrc/cM2 , CIIJIa npenaaparens
noro npancaraa R aafioro npa 8TOM 

COCTaBJIHJIa 200-300 xrc, 
ITOMIIMO aroro , OhIJIII nponenema 

onursr no onpeneneaaro oceaoro 

YCIIJIIIH, HeooxolJ;IIMoro lJ;JIH BhITaJI

RIIBaHIIH ynJIOTHIITeJIbHOrO 8JIeMeHTa 

aa MeTaJIJIllqeCROH ransasr, II OlJ;HO

BpeMeHHO npOBOlJ;IIJIII aaxopu lJ;aBJIe

HIIH, rroTpeoHoro lJ;JIH aanpeccoBRII 

ero B ransay. OnhIThI nORaaaJIII, 
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QTO oJIarOlJ;apH crren;lIaJIbHOMY ROHllqeCROMY rrpHCnOCOOJIeHllIO YCIIJIIIH 

npa aanpeocoaxe OhIJIII SHaqllTeJIbHO MeHbme, qeM npa BhITaJIRIIBaHHH. 

TaR, npa BHyTpeHHeM naaxerpe rHJIbShI 46 MM yCUJIHH npn aanpecconse 
eOCTaBJIHJIH 0,05 TC, a npa 
BhITaJIRHBaHIIH - -1 TC. ITpH 

BHyTpeHHeM lJ;HaMeTpe rHJIbShI 

.'50 MM YCHJIIIH COOTBeTCTBeHHO 1lIr!~1:I!ll' ~I:l ffi JiI- I 
COCTaBJIHJIH 0,03 II 0,3 TC. 

ITo peaynsrarax aacnepa
MeHTOB OhIJIa paapafioraaa ROH

CTpyRn;HH H OhIJI COSlJ;aH 00

paaen ROJIOHROBOro onpofioaa
TeJIH rrJIaCTOB, npennaaaaaa

IOIIJ;erOCH lJ;JIH CRBaiRHH, OypH-


IIJ;IIXCH TYPOOlJ;OJIOTaMII naa- 11111 I 1It1~ ~I:I IJa-2
 
MeTpOM 190 MM.
 

Onpotioaarea» rrJI8CTOB AJIH
 

ropIl30DTOB, rrpoXOAIIMbIX
 3 
C OTOOpoM sepna 

'I
B CillA paapafioraaa ROH 5 

cTpyRn;IIH onpofioaarena, npen
6HaSHaqeHHOrO lJ;JIH onpofiona

HIIH rrJIaCTOB B nponecce oy
7peHHH CRBaiRIIH C OTOOpOM 

xepaa oea rrOlJ;'beMa 0ypllJIb

HhIX TpyO aa rrOBepXHOCTb. 

YRasaHHhIH onpofiosareas 
COCTOIIT as eMROCT~ 2 lJ;JlH 

18npofisr rrJIaCTOBOH iRIIRlJ;ROCTII Ni 
(pac. 110), rropmna 9, aaxan
qIlBaIOIIJ;erOCH aaocrpeansnr 
mTOROM 11, na ROHn;e ROT<r 

poro yCTaHOBJIeH yrrJIOTHIITeJIb

HhIH 8JIeMeHT 14, H ranpaana
qeCROH RaMephI 10., 

-:,""
ITPH onporionanna nJIaCTa 

B 0ypllJIbHhIe TpyOhI aafipacu a 5 
BaIOT npotioortiopnax, ROT<r 

Puc. 110. Onpotioaaram, IIJlaCTOB B rrpo
phIH cnycaaerca lJ;0 ROJIOHRO necce 6ypeHuH C oT60pOM xepaa. 
noro lJ;OJIOTa 12, npn aToM OCT a - B TPaHCIIOpTHOM IIO.IIOmeHHH; 6 - IIpB npn

TOile mBAIlOCTH B3 IlJIaCTa.pile IIITORa nocraraer aafion 

CRBaiRIIHhI. )l;JIH orfiopa npofisr 
rrJIaCTOBOH iRIIlJ;ROCTII rrOlJ;CoelJ;IIHHIOT xsanpar II HarHeTaIOT rrpOMbIBOqHYIO 

iRIIlJ;ROCTb B 0ypllJIbHhIe TPYOhI, ROTopaH, rrpOHIIRaH nepea orsepcrae 3 B 

RaMepy 4, COSlJ;aeT nasneaae aa nopmeas 9. ITolJ; lJ;eHCTBlleM AaBJIeHIIH 

rropmens rrepexemaerca BHIIS II CiRHMaeT npyaomy 7.illTOR 11 BHelJ;pHeTCH 
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B 3a60H II ynJIOTHllTeJIbHhIH ;meMeHT 14 nepexpsmaer ornepcrae B 
ROJIOHROBOM ~OJIOTe. Ropnyc 15 onp060BaTeJIH npn 3TOM CllJIbHO rrpn
mHMaeTCH R ROHllqeCROH nOBepXHOCTH 16 ROJIOHROBOro ~OJIOTa H nperpa
m~aeT nyrr, nJl'lMbIBOqHOH mH~ROCTH R HeMy. IIocJIe BHe~peHHH mTORa 
B nopony OTRphIBaeTcH ornepcrae 8 xnarraaa , H mll~ROCTb Jl3 nJIaCTa no 
nearpaar.aosry OTBepCTllIO mTORa II nopmna nocrynaer B ranpaenaseo
RyIO RaMepy 10. IIo~ ~eHCTBBeM nepenana ~aBJIeHHH Mem~y nJIaCTOM 
H eMROCTbIO 2, rne zraaneaae arxoctpepaoe , iKH~ROCTb no RaHaJIy 5 
nocrynaer B onp060BaTeJIb, 3aIIOJIHHH ero BepXHIOIO eMROCTb. 

Ilopnrem, MOiKeT nepexema'rsca BHll3 TOJIbRO aa OIIpe~eJIeHHYIO ne
JIllqHHY. ECJIH 3a60H CRBamHHhI CJIOmeH PhIXJIhIMH IIeCqaHllRaMH II 
mTOR yrJIy6I1TcH Ha 60JIbrnyIO rJIy611HY, qeM ~orryCRaeT ROHCTpyR:u;nH 
onp060BaTeJIH, TO rH~paBJIHqeCRaH Harpy3Ra Ha nopmeHb CTa6HJIH3ll
pyerca II CTaHeT paBHOH conpOTHBJIeHHIO cmaTOH npyaraasr. 8TO ~OCTH
raerca TeM, qTO nopnrear., nepeaemaacs BHll3, orxpsmaer ornepcrne 
ypaBHHTeJIbHOrO xnanaaa 6, qepea xoropoe npOMhIBOqHaH mH~ROCTb 

113 BepXHeH RaMephI 4 neperexaer B HHmHIOIO nOJIOCTb 13. II03ToMY 
rH~paBJIllqeCRHe aarpyaxa, ~eHcTBYIOIIJ;He aa nopnreas csepxy H CHH3Y, 
CTaHOBHTCH paBHhIMH. 

IIocJIe onpeneaeaaoro BpeMeHH CTOHHHH na npHTORe, He06xo~HMoro 

~JIH 3anOJIHeHHH eMROCTH onp060BaTeJIH nJIaCTOBOH mB~ROCTbIO, npex
paIIJ;aeTCH npoxaxaa npOMhIBOqHOH iKll~ROCTH. Ilopnreas non ~eHCTBHeM 

npyacaasr 7 nepexemaerca nnepx , mTOR HaBJIeRaeTCH H3 nJIaCTa, ornepc
THe 8 xnanaaa 3aRphIBaeTCH. 

,IJ;JIH 113BJIeqeHHH onp060BaTeJIH B Tpy6hI cnyCRaIOT aa xanare llIJIHnC, 
ROTOphIH aaxsarsraaer rOJIOBRy 1 onpo60BaTeJIH. 

R ~OCTOHHCTBaM paccaorpeaaoro yCTpOHCTBa OTHOCHTCH npezsne 
ncero npOCTOTa ROHCTpyR:U;HH. IIoCROJIbRY npa acnsrranaa aecs HHCTpy
MeHT HaXO~HTCH BHYTPll ROJIOHROBOro ~OJIOTa. nOBhImaeTCH 6eaonac
HOCTb pa60ThI C HHM. B cnysae npaxaara onp060BaTeJIH B ~OJIOTe HJIll 
mTORe aa aafioe CRBamHHbI seer, HHcTpyMeHT MomHO nO~HHTb C 6ypHJIb
HhIMll rpyfiaxa. 

OCHOBHOH He~OCTaTOR ~aHHoH ROHCTPYI{]:~llH - B03MOiKHOCTb npu
MeHeHHH onpo60BaJeJIH TOJIbRO npH I1cnhITaHHll B ChInyqHX nopo~ax, 

B xoropuo MomeT aaenpnrsca mTOR. 

4. OIIPOBOBATEJUI IIJIACTOB,
 
CIIYCKAEMhIE B CKBAiKlIHY HA KABEJIE-TPOCE
 

C :u;eJIbIO nOJIyqeHHH npennaparensmax naansrx 0 nJIaCTe H BhIHBJIe
aaa nepcnercranaux ropH30HTOB B 6ypHm;eHcH CRBaiKHHe npHMeHHIOT 
onp060BaTeJIlI nJIaCTOB, cnyoxaexsre B cxaaxomy na xafiene-rpoce. 
HCnOJIb30BaHHe rH6Roro 3JIeMeHTa (Ra6eJIH-Tpoca) n03BOJIHeT aaaxa
TeJIbHO CORpaTHTb npO~OJImHTeJIbHOCTb onepanaii no cnycRy-nOi'l,'beMy 
onp060BaTeJIH nJIaCTOB H cpaBHHTeJIbHO 6hICTpO nOJIyqHTb ~aHHhIe 06 
aonsrrsraaeuoa 06'beRTe. 

B HaCTOHIIJ;ee BpeMH paapafioraao HeCROJIbRO ROHCTpyR:U;HH onpofio
BaTeJIeH nJIaCTOB, cnycRaeMhIX aa Ra6eJIe-Tpoce. 
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Onpo60BaTeJIH nJIaCTOB OIIR-4-5, OIIR-7-to
 
JI OIIT-7-to ROHCTpyR:U;HH BY(1)HHHre<xpH3HRH
 

Haporaanrsrti onp060BaTeJIb nJIaCTOB, cnycxaexua B 
cnnaacnay na TpeXmHJIbHOM Ra6eJIe, otiecnexaaaer rep
MeTHaa:U;HIO yxacrxa CTeHRH CRBamHHbI H c03~aHHe B 
nJIaCTe npenaacaoro RaHaJIa, qepe3 ROTOphIH nponc
XO~HT oT60p mn~RocTH H3 nJIaCTa B 6aJIJIOH. Onpo
60BaTeJIb cnycnaior B cRBamllHY H nOMem;aIOT aa rJIy
6l1Be acmarsmaexoro 06'beRTa. Ilpa nOMOm;I1 3JIeRTpll
qeCROrO HMnYJIbCa, nepenaaaexoro C nonepxaocra. BOC
nJIaMeHHeTCH nopoxonoii aapan 4 (pHC. 111), repxern
3HpYIOIIJ;aH npofixa BhITaJIRHBaeTCH, H qepea ofipaaona
nmeeca OTBepCTHe naaneaae mIl~ROCTH aa CRBamllHbI 
nepenaerca aa ~HcPcPepeH:U;HaJIbHhIHnopmem, 3 CHJIOBOro 
yana. Illrox nopmaa HaXO~lITCH B aone, rne ~aBJIeHHe 
aTMOCcPepHoe, n03TOMY non ~aBJIeHHeM mH~ROCTH nop
menr, rrepexemaerca BBepX II BhITeCHHeT pafiotryro mH~
ROCTb na :U;HJIHHApa ~HcPcPepeH:U;HaJIbHOrO nopmaa B 
:U;HJIHH~PhI 6 npHiKHMHOH cHCTeMhI. 

Ilopmna 5 npHiI<lIMHOH CHCTeMhI BhI~BHraIOTCH II 
npllmllMaIOT onopayio nany 8 R CTeHRe CRBamHHhI. 
IlpoTHBonoJIomHaH CTopOHa xoprryca onpofionarexa 
nJIaCTOB BMeCTe C pe3HHOBhIM repaeraaapyiomaa 6am
MaROM 13 npllmHMaeTCH R ~pyroH CTopOHe CRBamHHhI. 

B peaym.rare napuna RyMyJIHTIIBHOro aapana 7 
ofipaayerca RaHaJI B CTeHRe CRBamHHhI H OTRphIBaeTCH 
nocryn nJIaCTOBOH mllAROCTH B 6aJIJIOH 11, r~e non
nepssasaerca aTMOccPepHoe ~aBJIeHHe. IIocJIe onpene
JIeHHOn BhI~epmRH, He06xo~HMon ~JIH aanOJIHeHHH 
6aJIJIOHa, B3phIBaIOT nopoxonoa aapH~ B RaHaJIe 1, 
rH~pOCTaTlIqeCROe ~aBJIeHHe B CRBail<HHe nepenaerca na 
B03BpaTHhIH nopnreas 2, nnomanr, CeqeHHH xoroporo 
60JIbme nJIOIIJ;aAH ceneana mTORa ~HcPcPepeH:U;HaJIbHOrO 
rropmaa. EJIarO~apH 3TOMy ~HcPcPepeH:U;HaJIbHhIn nop
meas TaRiI<e nepesreruaema BHHa, H ~aBJIeHHe mH~

ROCTll B rH~paBJIlIqeCROH npHmHMHoH CHCTeMe CHH
maeTCH. IIopmHH, HeCYIIJ;lIe onopnyro aany 8, BXO~HT 
sayrps onpo60BaTeJIH nJIaCTOB. Ilpeame qeM Hapy
mHTCH repMeTlI3a:U;HH yxacrxa CTeHRH CRBaJRlIHhI, H30
JIHpOBaHHoro .peaHHOBhIM 6amMaRoM, nopmeas RJIa
naaa 9, nepeaemaacr, nnepx, npa nOMOIIJ;H ynJIOTHH
TeJIbHOro 3JIeMeHTa 10, sxonamero B ce~JIO 12 xnanana , 
orcexaer npofiy JRlI~ROCTlI, HaxO~HIIJ;YIOCH B 6aJIJIOHe. 
O~HoBpeMeHHo C 3THM RJIanaH BhIpaBHHBaeT ~aBJIeHHe 

Pac. 111. RapoTalKHhIH onpofiona-ranr, IIJIaCTOB OIIR-7-10. 
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non peanaonsnr 6aITIMaKOM H B' cxaaamae , 06JIerqaH CHHTHe npafiopa 
H HSBJIeqeHHe ero aa nOBepXHOCTb. 

B HaCTOHIIJ;ee BpeMH HarOTOBJIeHbI H rrpHMeHHIOTCfl onp060BaTeJIH 
rrJIaCTOB OIIR-4-5 ~JIH cxsaxraa ~HaMeTpOM 118-145 MM, H onpofiona
TeJIH OIIR-7-10, rrpHMeHHeMble B CKBail<HHaX ~HaMeTpOM 190-270 MM. 

RpaTKHe TeXHHqeCKHe naamre OIIHcaHBblX orrp060BaTeJIeH npaneneasr 
HHiRe. 

oIlIH-5 OIIR-7-10 

HapYlRHhlH AHaMeTp, MM • • • • • • • • . 70 100 
Han60JIbIDHH nonepesaua paapes no 6am

MaKy •• • ••••• • 90 120 
.IJ;JUIHa, M • • • . • 3 :1 
Macca, Kr ••.• 50 90 
06'beM 6aJIJIOHa, JI • • • • • • • • 3.8 6.3 
.nHaMeTp CKBalRHHhl (no AOJIOTy), MM 118-145 190-270 
MaKCHMaJIbHOe ranpocraTH'IeCIWe p:aBJIeHHe, 

Ji KTC/CM2 •••••••••••••••• 350 500 
MaKCHMaJIbHalI reaneparypa, DC ••••• ·100 toO 
MHHHMaJIbHOe AaBJIeHHe B CKBalRHHe AJIII 

pafiorsa onp060BaTe~lI, KrC/CM2 ••••• 40 50 

Haxonaea SHaqHTeJIbHblH omrr rrpHMeHeBHH xaporaxraux onpofio
BaTeJIeH rrJIaCTOB RaK B 06CaiReHHblX, TaK H B aeaaxpenneaastx CKBa
iRHHax. "YCTaHOBJIeHO, qTO aa lICIIblTaHHe 06WKTa B rJIy60KHX CKBaiRlI
aax rpetiyerca ncero 1-2 q, BKJIIOqaH onepanaa no orrycay-rrojrsesry. 
BpeMH CTOHHHH aa nparoxe npaxrasecxa rrpHHHMaIOT paBHblM 5-8 MHH, 
peaee 15-20 MlIH. 

Hpoxe xaporaamsrx orrp060BaTeJIeH 06b1qaoro HCrrOJIHeHHH (OIIR) , 
coanaa TepMocToHKHH onpofioaarens IIJIaCTOB OIIT-7-10, npenaaaaasa
IOIIJ;HHCH ~JIH ortiopa npof iRlI~KOCTH H rasa HS rrJIaCTOB 6ypHIIJ;HXCH 
CKBaiRlIH aa rnyfianax no 7000 M. OTJIHqHTeJIbHOH oc06eHHOCTbIO ero 
HBJIHeTCH oT60p npof 6es napsraa KyMyJIHTHBHOro aapana. ,[J;JIH ynpan
JIeHlIH pa60ToH rlI~paBJIHqeCKOH ClICTeMbI s~eCb HCnOJIbayeTcH SOJIOT
HlIKOBblH nepexmoaarem., rrplIBo~HMblH B ~eHcTBHe aJIeKTpOMarHHTOM. 
Onp060BaTeJIb OIIT-7-10 paccnaraa aa patiory C O~HOiRHJIbHblM Ka6e
JIeM [16J II COCTOIlT HS rOJIOBKH 1, 6aJIJIOHa 3, KJIarraHHOH Kop06KH 4, 
CHCTeMbI ynpaBJIeHHH H KOMrreHcaTopa ~aBJIeHHH 11 (pHC. 112, a). 

rOJIOBKa CJIyiRHT ~JIH rrpHKpeIIJIeHHH rrpnfiopa K Ka6eJIIO C rrOMOIIJ;bIO 
06b1qaoro HaKOHeqHIIKa. OHa coe~lIHeHa C BepXHHM MOCTOM 6aJIJIOHa 
3. Ha aepxneu MOCTy yCTaHOBJIeH xpaa 2 H HMeeTCH rneano non npacno
C06JIeHlIe ~JIH HSBJIeqeHHH HS 6aJIJIOHa rasa, B 06b1qaOM rrOJIOiReHlIH 
aaapsrroe aarerymxoa. Ha nonepxaocra 6aJIJIJIOHa ecrr, BlIHTOBaH Ka
HaBKa ~JIH paaMeIIJ;eHHH nponona , H~yIIJ;erO OT iRHJIbI Ka6eJIH K 06MoTKe 
8JIeKTpOMarHIITa. 

B KJIarraHHOH Kop06Ke paaaemarorca rrplIiRHMHOe YCTpOHCTBO, rep
MeTHslIpYIOID;lIH 6aITIMaK, yaen KJIarraHa, coenaaarensaue KaHaJIbI ran
paBJIlI'IeCKOH CHCTeMbllI mm.aa-pacnpeneaarear, ClICTeMbI yrrpaaneaaa.. 

IIPHiRHMHOe YCTpOHCTBO COCTOlIT lIS pblqaiRHOH nann 13 II n;HJIlIH~pa 
~BoiiHoro ~eHcTBlIH C nopnmea 12. Hoporxoe nneno psrsara nama BXO~lIT 
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B naa nopnma. IIpH nepexemenaa IlOCJIe~HerO KOHen; ~JIlIBHOrO nnesa
 
psrsara JIaIlbI OTKJIOHHeTCH OT HHcTpyMeHTa, IlpHiRHMaH 6amMaR K CTeH

xe CKBaiRlIHbI. PeSHHOBblH repMeTHsHpyIOIIJ;HH 6aITIMaK 5 aaxpennen
 
na MeTaJIJIlIqeCKOM xapxace 6. BaITIMaKcHa6iReB __...J......~._._.
 

oceaoli BTyJIKOH. IIpH IlOMOm;H BTyJIKH H rre

pexonaon ~eTaJIH xapxac 6aITIMaKa 6aHoHeT

HblMH SaTBopOM coe~HHHeTCH C KJIarraHHoH KO

p06KOH. "Yaen rcranana COCTOHT HS n;lIJIHH~pa
 
~BoiiHoro ~eHcTBHH C IlopIlIHeM-KJIaIlaHOM 15,
 
IlepeKpblBaIOID;HM KaHaJI, IlO KOTOpOMy npofia
 
nocrynaer B 6aJIJIOH. ~:
 

B HCXO~HOM IlOJIOiReHHH KJIaIlaH IlO~ ~eH- t
 
CTBHeM IlPYiRHHbI 14 "pHiRHMaeTCH C CHJIOH
 
70-80 xrc TOpn;OBOH KPOMKOH K Me~HoH H
 
cPTopOIlJIaCTOBOii KOJIbn;eBblM "pOKJIa~KaM, IlO- 3
 
JIOiReHHblM aa Ce~JIOBHHY BTyJIKH 6amMaKa 5 I
 

II aaxpsmaer KaBaJI, Be~ymHii OT nee B 6aJI

JIOH; IlpH 8TOM ocenoa KaHaJI roranana coena

HHeT BTyJIKy 6aITIMaKa co CKBaiRHHoH. IIpH
 
~pyrOM KpaHHeM IlOJIOiReHHH KJIaIlaH ~pyrlIM
 

CBOMH KOHn;OM "pHiRHMaeTCH K repaernan

PYIOIIJ;lIM IlpOKJIa~KaM B ~HHm;e n;HJIHH~pa H 4
 

HSOJIHpyeT BTyJIRy 6amMaKa OT CKBaiRHBbI,
 
coe~HHHH ee C 6aJIJIOBOM. B TaKOM IlOJIOiRe- s
 
HHH orrp060BaTeJIH IlPOlICXO~lIT OT60p Ilp06bI.
 

CHCTeMa ynpaanerma COCTOHT lIS aOJIOTHH
xonoro IlepeKJIIOqaTeJIH, 8JIeKTpOMarHHTa 16 6 
H IlopmHH-MYJIbTHrrJIHKaTOpa 17. 30JIOTHlIKO
BbIH nepercno-rarenr, CJIyiRHT ~JIH coe~HHeHHH 

paanasmrx KaHaJIOB rH~paBJIHqeCKOH CHCTeMbI s 
oIlp060BaTeJIH. OH COCTOHT na ram.ssr-pacnpe- 9 

~eJIHTeJIH 8 H pacrrOJIOiReHHOrO B Hell: SOJIOT- 10 

BIIRa 7. rHJIbSa-paCIlpe~eJIHTeJIb KperrHTCH K 
RJIarraHBOH Kop06Ke BMeCTe C 8JIeKTpOMar
HHTOM. 

30JIOTHHK HMeeT nna repMeTHSHpyIOIIJ;HX II 
rrOHCKa, npareprux IlO ~HaMeTpy KaBaJIa 
rHJII>SbI-paCrrpe~eJIHTeJIH C BbICOKOH CTeIleHbIO 
TOqHOCTH, qTO rrOSBOJIHeT ofiecnenarr, naneac
HyIO repaeraaanaro npn nepenane ~aBJIeHHH 

Ha SOJIOTHHKe 260 Krc/cM 2. 30JIOTHHK CBHsaH 
mTOKOM C Cep~eqHHKOM 10 8JIeKTpOMarHHTa 16 
II B 06b1qHOM rrOJIOiReHHH BMeCTe C cepneana
ROM OTiRHMaeTCH BH1I3 rrpyilmHoH 9. 

IIopmeHb-MyJIbTHrrJIHKaTOp 17 COCTOHT H3 n;HJIHH~pa ~BoHHoro ~eH
CTBHH Jl nopmna co mTOKOM, nepesremaiomeaca B n;HJIHH~pe, SarrOJIHeH
HOM B03~YXOM non aTMOCcPePHblM ~aBJIeHHeM. IIpH ~aBJIeHHHX B CKBa
il{HHe OT 40 no 300 Rrc/cM2 HCnOJIbsyeTcH rropmeHb-MyJIbTHIIJIHKaTOp, 

13 3aJ<a3 2110 
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PCKB - rH)J;pocTaTH1JeCROe )J;aBJIeHHe B CTBOJIe CRBaiRllHbI; 81 

nnomanr, TapeJIRH rropmHH-MyJIbTHrrJIHRaTOpa; 82 - nnomans mTORa. 
BCJIe)J;cTBHe roro, 1JTO non nopmaea 12 rrpHiRHMHOrO yCTpOHCTBD 

H B n;HJIHH)J;pe IIOpIIIHH-RJIarraHa 15 nonsnnenaoe )J;aBJIeHHe, rrpHIKHMHoe 
YCTpOHCTBO co CTOpOHbI npyacama 6Y)J;eT HaXO)J;HTbCH B CJIOiReHHOM rrOJIO
iReHHH, a ROJIbn;eBaH RpOMRa TOpn;a roranana ynapaerca BO BTyJIRy 
6amMaRa 5, repaeraaapyn 6aJIJIOH 3. 

IIocJIe yCTaHoBRIl onpofioaarecrrr rrpOTHB lIHTepBaJIa orrp060BaHHH 
06MOTKy 3JIeRTpOMarHlITa no Ra6eJIIO rrO)J;aIOT TOR. B pe3YJIbTaTe 

npOIICXO)J;HT rrepeaemeaae cepneanaxa anererposrarnara , ROTOpbIH nepe
BO)J;HT 30JIOTHlIR B nepxnee nOJIOIKeHHe. IIpH TaROM paCnOJIOIKeHHII 
BOJIOTHlIRa nonsnneaaoe )J;aBJIeHlIe nepenaerca as-non nopIIIHH-MYJIbTIl
nnaxaropa B n;lIJIHH)J;p IIpllIKHMHOH CHCTeMbI, II uopmens 12, nepexe
manes BHHB, BbI)J;BlIraeT nany 13 )J;O conpaxocaoseaaa co cTeHRoH 
CRBaiRHHbI. Bees lIHcTpyMeHT caemaerca R rrpoTlIBOnOJIOiRHOH CTeHKe 
CKBaiRlIHbI II rrpoacxonnr repaernaanaa He60JIbmOrO ee Y1JaCTRa. IIocJIe 
qTOrO non )J;eHcTBlIeM ::lTOrO IKe Hs6bIT01JHOrO )J;aBJIeHHH rropmeas-xnanan 

CIKlIMaH rrpyiRHHy, rrepexemaerca B pa)J;lIaJIbHOM HarrpaBJIeHIIlI 
II orxpuaaer RaHaJI c006m;eHlIH C 6aJIJIOHOM 3, RY)J;a H nocrynaer il\H)J;
KOCTb (raa) HS rrJIaCTa. 

B Te1JeHlIe ncero npexena orfiopa npofiu 1Jepes 06MOTRy ::lJIeRTpOMar
HHTa nporrycxaror TOR, ClIJIa xoroporo MOiReT 6bITb CHlIiReHa rro cpan
HeHHIO C rrycaossra npaaepao B 3 paaa. 

IIoCJIe aaaepmeana orfiopa npotia TOR BbIRJIIOqaIOT, II cepnesnaa 
::lJIeRTpOMarHlITa C aOJIOTHlIROM non )J;eHCTBHeM npyzsanu BoaBpam;aIOTCH 
B rrepBOHa1JaJIbBOe rrOJIOiReHlIe. 

Bo BpeMH noirseaa HHcTpyMeHTa aa rrOBepXHOC'I'b npn CBlIiReHHlI 
)J;aBJIeHlIH CTOJIna pacrnopa II COOTBeTCTBeHHO )J;aBJIeHHH B rH)J;paBJIH1Je
CROH CHCTeMe orrp060BaTeJIH repMeTlIquOCTb UaJIJIOHa 06eCrre1JlIBaeTCH 
)J;eHCTBHeM npyaraasr, rrpHiRHMaIOm;eH ropen roranaaa R BTyJIRe 6am
MaRa. 

B caysae aeoacanaaaoro OTRJII01JeHHH aanpaateaaa lIJIlI 06pbIBa 
uena B nponecce orfiopa rrp06bI aOJIOTHHR aBTOMaTlI1JeeRH aoanpamaerca 
B lfCXO)J;Hoe rrOJIOiRCHHe, a nana y611paeTcH. 3THM 06eCrre1JHBaeTCH 6eB
anaPllHHOCTb pa60T. 

3a RaiR)J;bIH n;IlRJI onepanaa aenoropoe ROJIHlJeCTBO pa601JeH il\1I)J;
ROCTH neperexaer 1I3-rrO)J; rropnma-xyaurarrnaxaropa B RaMepy ROMneH
caropa (nepenaaaceaae rropIUHH-MyJIbTHrrJIHRaTopa BH1I3 OCBOOOiRp;aeT 
Ha)J; ero TapeJIROH 06'I>eM 60JIbme 06'I>eMa iRH)J;ROCTlI, YXO)J;Hm;eH IIs-no)J; 
TapeJIRlI), H xosmencarop nepenemaercn nnepx, B CBHBH C ::lTHM nepaona
1JeCRH (nepea HeCROJIbRO n;lIRJIOB) CJIe)J;yeT rrO)J;Ra1JHBaTb pa60qyIO iRH)J;
ROCTb rrO)J; rapearry nopmHH-MyJIbTHIIJIHRaTopa. 

Ilpaxeaeane B TepMocToHROM onpofionarene rrJIaCTOB OIIT-7-10 
30JIOTHlIROBoro nepeRJII01JaTeJIH rrpenornpamaer rH)J;paBJIH1JeCRHe y)J;apbI 
n CHCTeMe ynpaaneaaa npafiopa H CHHiRaeT ynapaue aarpysxa na ero 
)J;eTaJIlI rro cpaBHeHlIIO C Ha6JIIO)J;aeMbIMlI B orrpo60BaTeJIHX rrJIaCTOB '1'11
na OIIK. B onpofioaarene OIIT-7-10 MeHbme onacaocrs BaRJIHHHBaHHH 
rrO)J;BlIiRHbIX 1JaCTeH lIB-3a TeMrrepaTypHbIx )J;ewopMan;lIH, 1JeM B onpotio
BaTeJIe OllK. 3'1'0 06CTOHTeJIbCTBO, a rarose nOHHiReHHbIe pa601JHe nepe
rrajtsr )J;aBJIeHlIH B rll)J;paBJIlI1JeCROH CHCTeMe 06eCrreqHBaIOT patiory 
rrpafiopa OIIT-7-10 na 60JIbmHX rJIy611Hax npa 3Ha1JHTeJIbHbIX naane
HJIHX cToJI6a 6YPoBoro pacrnopa H BbICORHX TeMnepaTypax. IIpH pa
nOTe C HUM HCRJII01JaIOTCH TpY)J;oeMRHe nponeccsr rrpOMbIBRlI II 3apH)J;RH 
RaMep H rrpOMbIBRH CHJIOBOrO ySJIa, He Tpe6yeTcH Crren;HaJIbHbIH 
nepcoaan ,T{JIH Be)J;eHHH npocrpenoaaux H B3pbIBHbIX pa60T. Ha
)J;eiRHOCTb aacrpyaeara OIIT-7-10 nunre , 1JeM orrp060BaTeJIH rrJIaCTOB 
OIIK. 

B orrp060BaTeJIHX rana OIIK Ha)J; RJIanaHoM 6aJIJIOHOB (B rrO)J;BO)J;H
ntnx RaHaJIaX H rrOJIOCTlI rreprpoparopa) lIMeeTCH SHa1JlITeJIbHbIH cB060)J;
HbIH 06'beM (B OIIK-7-10, nanpaxep, 660 CMS). Bo BpeMH SarrOJIHeHHH 
6aJIJIOHa rrp060H nocrynaiomaa HB naacra raa 1JaCTH1JHO BbITeCHHeTCH 
il\H)J;ROCTbIO B ::lTOT 06'beM, a npa saRpbITHH xnanaaa 6aJIJIOHa OTce~aeTCH 
II BbI6pacbIBaeTcH B CRBaiRIlHy. KaR noxaauaaer orrbIT pa60TbI C onpofio
BaTeJIHMH nnaCTOB TlIrra OIIK, npa rrOJIHOM SarrOJIHeHlIlI 6aJIJIOHa iRlI)J;
KOCTbIO 3'1'0 MOiReT rrpHBeCTH R norepe rr01JTlI acero oT06paHHorOHB 
IIJIaCTa rasa. IIpll patiore C lIHCTpyMeHTOM OIIT-7 -10, B ROTOpOM 6aJI
JIOH pacnonoacea B nepxaea 1JaCTlI, BOSMOiRHOCTb TaRHX noreps HCRJIIO
1JaeTCH. Haxonamaaca B 6aJIJIOHe iRlI)J;ROCTb arpaer POJIb rH)J;paBJIlI1IeCROrO 
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IIMeIOIl\HH 60JIbmyIO naomans Ce1JeHHH mTORa, npa )J;aBJIeHHH 0'1' 300 )J;O 
1000 Rrc/cM 2 - C MaJIbIM Ce1JeHHeM IllTORa. 3'1'0 rr03BOJIHeT rrOMepil\H-j 
BaTb B IIIHpOROM naanaaoae rH)J;pOCTaTH1JeCROrO )J;aBJIeHHH patiosae rre-i 
penanu B rH)J;paBJIH1JeCROH cHCTeMe He OOJIee 220 Rrc/cM2 • 

Onpodoaareas OIIT-7-10 CHa6iReH xoaneacaropoa 11, ROTOpbIH 
ypaBHoBeIIIHBaeT )J;aBJIeHHe B rH)J;paBJIH1JeCROH cHCTeMe C )J;aBJIeHHeM 
CTOJIOa 6ypoBoro paCTBopa. 

Bee yrrJIOTHHTeJIbHbIe :meMeHTbI H 6aIIIMaR npatiopa H3roTOBJIHIOTCH 
TepMocToHROH poaaau na OCHOBe WTOpOCHJIHROHOBbIX Ray1JyROB. 

Ha mTORe rropIUHH-MyJIbTHrrJIHRaTopa, rne )J;eHcTByeT HaH60JIbIIIHH ne
penan )J;aBJIeHHH, H npyrax OTBeTCTBeHHbIX Y3JIaX CTaBHT ROM6HHHpoBaH
asre yrrJIOTHeHHH aa WTOpOrrJIaCTOBbIx H pe3HHoBbIX ROJIen;. 

IIpH cnycxe B CRBaiRHHY cep)J;e1JHHR 10 :meRTpOMarHHTa rrpYil\HHOH 
9 y)J;epiRHBaeTCH B HHiRHeM rrOJIOiReHHH. 30JIOTHHR 7 HaXO)J;HTCH rarose 
BHIl3Y H 06eCne1JHDaeT C006m;eHHe MeiRp;y C060H n;HJIHH)J;pOB nopnma
MyJIbTHrrJIHRaTOpa 17, nopmaa-rerarraaa 15, nopmna 12 rrpHiRHMHOrO 
yCTpOHCTBa H BHyTpeHHeH rrOJIOcTH ::lJIeRTpOMarHHTa 16. BCJIe)J;cTBHe 
)J;eHcTBIlH xoarreacaropa 11 BO ncex 3THX SOHax yCTaHaBJIHBaeTCH rnnpo
CTaTH1JeCROe )J;aBJIeHHe 6YPOBoro pacTBopa. 

TaR RaR mTOR rropIIIHH-MyJIbTHrrJIHRaTOpa nepesremaerca B n;HJIHH)J;pe, 
SanOJIHeHHOM B03)J;yXOM, TO nanaeaae non ero TapeJIROH 6Y)J;eT nsrme 
rH)J;pOCTaTH1JeCRoro. 

Pa3HOCTb )J;aBJIeHHH /).P Ha)J; H non TapeJIROH rropmHH-MyJIbTHrrJIHRa
Topa 3aBHCHT 0'1' COOTHomeHHH nnomaneii ero mTORa H TapeJIRH: 

H3 

rne 

B 
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aarnopa H npenarcrnyer YTeqRe rasa qepea 
rrOp;'I>eMa orrpotionareaa aa rrOBepXHOCTb. 

Haaee rrpanenensr RpaTRHe· TeXHHqeCRHe 
OIIT-7-10. 

rorarraa B npouecce 

p;aHHLIe orrp060BaTeJIH 

HapyamhIii: AIHlMeTp, MM •.....••••••• 102 
MaKCIlMaJIbHLIH nonepexaaa paasrep no 6allIMaKy, MM 135 
AJIIlHa, M • • • • 2.8 
Macca, Kr ..•••••...••• 90 
06'DeM 6aJIJIOHa, JI •......• 8 
)J;naMeTp CKBamHHLI (no AOJIOTy), MM 190-290 
MaKCHMaJIbHOe pafiosee AaBJIeHHe, urc] CM2 1000 
MaKCHMaJIbHaH TeMuepaTypa, °C '.' •••..•.•.• 200 
MHHUMaJIbHOe .AaBJIeHHe B CKBamHHe AJIH pa60ThI onpofio-

BaTeJIH, KrC/CM2 •••..•.•.•••. 40 
CMJIa TOKa AJIH nlITaHIIH imeKTpoMarHHTa, A 

nycxosoro 1,2 
pafiosero . 0.4 

Jlymne BC~rO nponomm, pa60TLI Orrp060BaTeJIeM rrJIaCTOB rrOCJIe 
nposrearyrosnoro xaporaaca , ROTOpLIH p;eJI lOT qepea 100-300 M rrpo
XOp;RH. HemeJIaTeJIbHO OTRJIap;LIBaTb orrp 
p;eHHH aaRJIlOqHTeJIbHLIX reolllHaHqeCRHX 

Ilpn pafiore C HHcTpyMeHToM rnna 0 
RaR C rroaomsro BapLIBa RyMyJIHTHBHOra a 
MeHeHHe I,yMyJIHTHBHOro aapana yJIyq 
nnacra H otiner-raer nparox na Hero mH,n;R 

BaHHe 06'1>eRTOB no npone-

OT.
 
R MomHO ortiaparr, npotisr
 

" 
ana, TaR H 6ea Hero. IIPll 

aer ycnonaa ,n;peHHpOBaHHH 
CTH H raaa B 6aJIJIOH. O,n;HaRO 

npn aToM yCJIOmHHeTCH pafiora, otipaayioniaeca B aHaqHTeJIbHOM ROJIH-' 
qeCTBe (OROJIO 6 JI) npa BapLIBe RyMyJIHTHBHOro aapana raasr (ORHCJIbI 
aaora , yrJIeRllCJILIH raa, ORHCb yrneponn , nonopon, MeTaH) nonanaror 
B 6aJIJIOH, qTO aarpynaaer aHaJIHa rrOJIyqeHHLIX ,n;aHHbIX. OrrLIT rrpmre
HeHHH orrp060BaTeJIeH rrJIaCTOB rana OIII{ noxaaan , qTO B 60JIbmllH
erne cny-raes a!fl!fleKTlIBHOCTb orrp060BaHlIH 6ea npocrpeaa He HHme, 
qeM C lICrrOJIbaOBaIlHeM RyMyJIHTHBHOro aapana, TaR qTO liM cnenyer 
rron saoaarr.ca npa rrOHHmeHHOH rrpOHHn;aeMOCTH naacra HJIH CHHmeHHH 
rrpOHlI~aeMOCTH rrpHCRBamHHHOH aOHLI ero B peayasrare rJIHHHaa~HH. 

ECJIH B CRBamHHe naxenaerca H onpofionanae rrJIaCTOB, H OT60p rpyn
TOB 60ROBLIM rpyHToHOCOM, TO saanane cnenyer rrpOBeCTH onpofiona
HHe, TaR RaR npa orfiope rpyaroa otipaayrorca He60JIbmHe RaBepHLI; 
eCJIH onpotioaaTeJIb rrJIaCTOB nonaner aa raxyro xanepny, repMeTHaan;HH 
ysacrxa orfiopa He 6y,n;eT ofiecrrexena , H 6aJIJIOH aarrOJIHHTCH 6YPOBLIM 
paornopon. OCTaBJIeHHLIH 60eR MomeT 6LITb rrpHqHHOH rrOJIOMRH HHCTpy
MeHTa. 

OqeHb BamHO 06eCrreqHTb ToqHYlO yCTaHoBRy orrp060BaTeJIH rrJIaCTOB 
na aanannyro rJIy6HHy. Oc06eHHO 60JIbmOe aaaseaae aTO HMeeT npn 
HcrrLITaHHH nnacra MaJIOH MOm;HOCTH, orrpe,n;eJIeHHH rpanan nnacra IIJIn 
yCTaHOBJIeHHH aono-aeiprnaoro HJIH raao-acanxocraoro ROHTaRTa. 

ECJIH rJIy6HHLI orrp060BaHHH yxaaamr Ha RapOTamHLIX RpHBLIX, 
TO orrp060BaTeJIb JIyqme Bcero yCTaHaBJIHBaTb CJIe,n;ylOm;HM crroc060M: 

a) CHHTb ROHTpOJIbHylO nnarpaxsry KaROrO-JIH60 xaporaaca (IIe, 
RpHBylO corrpOTHBJIeHHH, raMMa-RapoTamHylO RpHBylO), xopomo pacsae
nnromyro paapea; aanacs BeCTH B MacmTa6e 1 : 200; 

6) corrOCTaBJIHH rrOJIyqeHHLIe paaee RapoTamHLIe RpHBLIe C ROHT
POJIbHOH ,n;HarpaMMoH, nepenecra aa nee TOqRH orrp060BaHHH; 

B) npoaona nonropnyro aarracs ROHTpOJIbHOH ,n;HarpaMMLI, nOCTa
BHTb na Ra6eJIe MeTRH npa npoxoaoieaaa HaMeqeHHLIX TOqeR onpotiona
HHH; no aTHM MeTRaM H yCTaHoBHTb rrpafiop B TOqRaX onp060BaHHH. 

IIPH aanaca ROHTpOJIbHOH naarpaaxsr sec cnycaaexoro rrpafiopa 
,n;OJImeH 6LITb 6JIHaRHM R necy orrp060BaTeJIH; MeTRH nano CTaBHTb npa 
nomexe Ka6eJIH. IIPH aeynasnsrx pesyasrarax ,n;JIH noaaoaeaocra no
nropaoro orrp060BaHHH MeTRH He06xo,n;HMO OCTaBJIHTb no saaepmeaaa 
pa60T Ha 6ypoBoH. 

Hpennonaraesnre He!flTeHocHbIe nJIaCTLI cnenyer onpotionars rrOCJIe 
BO,n;OHOCHLIX H rasoaocasrx, qT06LI He HCRaaHTb peayasrarsr npa aarpaa
HeRHH 6aJIJIOHa He!flTblO. B cay-rae orpanaseaaoro BpeMeHH pa60T HJIH 
B OCJIOmHeHHLIX CRBamHHax HHTepBaJILI, npe,n;cTaBJIHlOm;He Ha1I60JIb
maa anrepec , n;eJIeC006paSHo onpoooaars B rrepsyro osepens. B 06m;eM 
caysae OT60p npof cnenyer npononarr, ennay nnepx. 

Ilepen HaqaJIOM pa60T CJIe,n;yT orofiparr, ROHTpOJIbHylO npofiy 6ypo
noro pacrnopa na CTBOJIa CRBamHHLI B HHTepBaJIe onp060BaHHH; eCJIH 
HHTepBaJIOB onp060BaHHH HeCROJIbRO H OHH aHaqHTeJIbHO y,n;aJIeHLI ,n;pyr 
OT npyra , He06xo,n;HMO BaHTb HeCROJIbRO npoti. ,1];JIH orfiopa npof 6ypo
Bora pacrnopa cnycxaror onp060BaTeJIb 6ea repMeTHaHpylOm;ero 6am
MaRa. IIp06y HaBJIeRaIOT aa 6aJIJIOHa 06bIqHLIM cnocoooa. 

AmI BoaMomHOCTH cpaBHeHHH npOHH~aeMOCTH rrJIaCTOB nponoaaca
TeJIbHOCTb orfiopa npof B paaJIlIqHLIX TOqRaX ,n;OJImHa 6LITb onaaaxoaoa. 
Ha rJIy6HHe no 2000 M oT60p np06LI peRoMeH,n;yeTcH npononarr, B rene
ane 5 MHH. ECJIH ROJIHqeCTBO oT06paHHoH aa nJIaCTa mH,n;ROCTII ORameTCH 
He,n;OCTaTO~LIM, npa nOCJIe,n;ylOm;HX HJIII rrOBTopHLIX onp060BaHUHX 
MomHO YBeJIHqHTb npo,n;OJImHTeJIbHO~Cb T60pa, HO He 60JIee (no spaa-
HeH xepe aa rJIy6HHe CBLIme 800 M) q 0 20 MHH. ECJIII aa aTO BpeMH 

6aJIJIOH He veneer aanOJIHHTbCH, SHa rrp06yeMLIH nJIaCT HMeeT HU3
xyro nponanaeaocrr.. 

IIpu rrOJIHOM aarrOJIHeHHII 6aJIJIo ,n;ROCTblO orrpofioaarezn, rrJIaCTOB 
THrra OIII{ He otiecnesaaaer coxpan H scero raaa B 6aJIJIOHe. B ra-
RUX CJIyqaHX ,n;JIH nOJIyqeHHH npe TaBHTeJIbHOH rrp06LI raaa CJle,n;yeT 
npn rrOBTopHOM orrp060BaHHH co aTIITb rrpo,n;OJImHTeJIbHOCTb orfiopa. 

B OCJIOmHeHHbIX CRBamHHax BO lIa6emaHIIe npaxaara HHcTpyMeHTu 
rrpo,n;OJImHTeJIbHOCTb orfiopa He ,n;OJImHa rrpeBLImaTb 8 MHH. B nponecce 
ortiopa cnenyer pacxaaorsarr, Ra6eJIb. ,1];JIH aroro YCTaHaBJIHBalOT na 
Ra6eJIe y 6apa6aHa JIe6e,n;RH ROHTpOJIbHylO MeTRy H rrepHo,n;HqeCRHcrry
CRalOT, a aarea rro,n;HHMalOT no MeTRH HeCROJIbRO MeTpOB Ra6eJIH. 

B rrJIaCTaX C xopomeH rrpOHHn;aeMOCTblO C nensro YBeJIHlJeHHH pana
yca HCCJIe,n;OBaHHH peROMeH,n;yeTcH npOBo,n;HTb rrOBTopHoe orrp060BaHHe 
C YBeJIHqeHHeM 06'1>eMa oT6npaeMOH rrp06LI. OTO MomeT 6LITb ,n;OCTHrHyTo 
C rrOMOm;blO Crre~HaJIbHOrO (06'1>eMOM ,n;o 20 JI) HJIH COCTaBHoro (Ha ,n;BYX
Tpex 06blqHbIX) 6aJIJIOHoB. 
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ECJIH HHcTpyMeHT He cpa60TaJI, He BhIHeC IIp06y Ha 

nJIaCTa-KOJIJIeKTopa HJIH B IIp06e CO,ll;epiKHTCH MHoro ·.i 

(60JIee 20%) 6ypoBoro pacrnopa, He06xo,ll;HMO IIOBTO

pnrr, oIIp060BaHHe. TaR KaK orcyroraae IIpHTORa 

MOiKeT 6hITb CBHaaHO C IIOIIa,ll;aHHeM 6aIIIMaKa aa He

npoaanaeaaa IIpOCJIOH, IIpH IIOBTOpHOM crrycxe CJI&

,ll;yeT CMeCTHTb TOqKY oIIp060BaHHH aa 0,2-0,5 M; 

IIpH aToM, eCJIH He 6hIJIO IIpHTOKa, iKeJIaTeJIbHO llCIIOJIb

aona'rs KyMYJIHTHBHbIH aapan H yBeJIHqHTh, HaCKOJIbRO 

::ITO BoaMOiKHO, IIP0,ll;OJIiKHTeJIbHOCTb orfiopa npofisr. 
ECJIH B6JIHaH HHTepBaJIa oIIp060BaHllH HaXO,ll;HTCH xa
nepna, TO npa IIOBTOpHOM HCCJIe,ll;OBaHHH anc'rpyaenr 
HyiKHO OTO,ll;BHHyTb OT nee aa paccroaaae no 1 M. 

OnpoOOBaTeJIb nJIaCTOB, cnycKaeMblH ua KaOeJIe, 

KOHCTpyKIJ;HH rpoaHIHI 

B fpoaHMM paapafioraa onp060BaTeJIh IIJIaCTOB 

(pHC. 113), COCTOHIIl;HH aa qeThIpeX OCHOBHhIX yaJIOB: 

C60pHHKa npofisr IIJIaCTOBOH iKHp;KOCTH 16, mapaapno
pasnaaaraoro xexanaaxa 13, IIpH IIOMOlIl;ll xoroporo 
oCYlIl;eCTBJIHeTCH yCTaHoBKa oIIp060BaTeJIH IIJIaCTOB B 

CKBaiKHHe, rH,ll;paBJIHqeCKOH CHCTeMhI 4 H IIepeKJIIO

xarcmero ycrpoacrsa 2. CIIYCK B CKBaiKHHY OCYIIl;e

CTBJIHeTCH HJIH aa OP;HOiKHJIhHOM (rorna rpetiyerca 
yCTaHoBKa B onp060BaTeJIe IIJIaCTOB nepeKJIIOqaIOlIl;erO 

yCTpOHCTBa) HJIll na TpeXiKHJIhHOM Ka6eJIe 1. B xopnyce 
onp060BaTeJIH IIJIaCTOB CMOHTHpOBaHbI aaMKH H rrep
cflopaTOpbI, BHyTpH KOTOphIX nOMelIl;aIOT nopox. 

IIPH p;OCTHiKeHHH oIIp060BaTeJIeM nJIaCTa, nonaeaca
mero HCIIhITaHHIO, C nonepxaocra BKJIIOqaIOT aJIeKTpH

qeCKHH TOK H IIpOHCXOP;HT napsm nopoxa B aaMKe. 

qepea 06paaOBaBl;rreeCH OTBepCTHe 3 iKHP;KOCTh HS 

CKBaiKHHhI npOHHK~Taayrps rH,ll;paBJIHqeCKOH CHCTeMbI 

H p;aBHT aa rropmens 5, KOTOpbIH coeaanea IIITOKOM 7 
C BepXHHM mapaapox 8 paannaacnoro yCTpOHCTBa. 

Baaronapa IIepeMelIl;eHHIO paanaaaororo yCTpoHcTBa 

peaaaonaa nonymxa 9 C 60JIhmOH CHJIOH IIpHiKHMaeTcH 

K CTeHKe CKBaiKHHbI, lIS0JIHpyH He60JIhmOH yqaCTOK OT 

OCTaJIbHorO CTBOJIa. 
BTOPhIM BK.JI.l0qeHHeM aJIeKTpHqeCKOrO TOKa BapbIBaIOT 

IIOpOX B OCHOBHbIX rrepqroparopax 11, B paayasrare qero 

06paayIOTcH KaHaJIbI, no KOTOpbIM iKH,ll;KOCTb HJIH raa, 

Haxop;HIIl;HeCH B IIJIaCTe, IIOCTynaIOT BHYTPb IIp0600T

60pHHKa. qacTh aapana HCIIOJIbsyeTcH ,ll;JIH co061Il;eHHH 

Puc. 113. Onpo60BaTeJIb IIJIaCTOB KOHCTPYRqIlB rpo3HIUL 

IIJIaCTa (xepes KaHaJI 12) C BHyTpeRHeH IIOJIOCThIO IIp0600T6opHHK8, B 

ROTOpOM BO BpeMH crrycxa coxpaaaerca aTMoccflepHoe p;aBJIeHHe. B paapa
60TaHBoH KOHCTPYR~1I1I eMKOCTb IIpo600T60pHlIRa panna 15 JI. 

IIocJIe OIIpep;eJIeHHOrO BpeMeHII CTOHHIIH na IIpHTOKe, B reaeaae 
xoroporo IIpo600T6opHlIK SaIIOJIHHeTCH IIJIaCTOBOH iKlIP;ROCTbIO HJIII ra
SOM, BspbIBaIOT IIOpOX B HlIiKHeM CTpeJIHIOlIl;eM aaaxe 14. Ilon ,ll;aBJIeHHeM 

nopOXOBhIX raaOB H IIOP; p;eHcTBlIeM rHp;pOCTaTHqeCKOrO p;aBJIeHIIH CIIe

~HaJIbHaH IIp06Ka 15, onycxaacs BHHa, nepexpsrnaer KaHaJIJiI coofime
HHH BHyTpeHHeH IIOJIOCTII IIp06oor6opHlIKa C IIJIaCToM. O,ll;HOBpeMeHHo 

BbIpaBHHBaeTCH nanneaae IIO,ll; peaaaonoa IIO,ll;ymRoH oIIp060BaTeJIH 

IIJIaCTOB H B CKBaiKHHe. 

AJIH CHHTHH onpo60BaTeJIH IIJIaCTOB HaTHrHBaIOT Ka6eJIb, cpennna 
mTOK 6 npa atoM nepexemaerca nsepx H OTKpbIBaeT nocryn iKH,ll;ROCTII 

na CKBaiKHHbI IIOP; nopmens rH,ll;paBJIHqeCKOH CIICTeMbI. IIpH YBeJIlIqeHlUI 

HaTHiKeHHH Ka6eJIH BepXHHH nrapnap paansaamoro MexaHlIaMa, THrH 

II ynop BOSBpalIl;aIOTCH B acxonnoe TpaHCIIOpTHOe IIOJIOiKeHlIe II HCIIbITa

TeJIh IIJIaCTOB C oT06paHHOH np060H IIO,ll;HIIMaIOT aa IIOBepXHOCTh. 

ECJIH peaHHOBaH nonymxa oIIp060BaTeJIH nJIacTOB CIIJIhHO npaxca
MaeTCH K crenae CKBaiKlIHhI H BoaHHRaeT onaCHOCTh 06pbIBa xaporazs
aoro Ka6e.lIH, TO ,ll;JIH oCB060iK,ll;eHHH IIHcTpyMeHTa IICIIOJIhayeTcH ana pHH

HbIH IIOpOXOBOH aapan B rrepipoparopax 10, IIplI IIOMOIIl;H KOTOpbIX paspy
maIOT nonymxy II oCBo60iKp;aIOT oIIp060BaTeJIh IIJIaCTOB. 

B fpoaHMM paapatioraasr OIIhITHbIe KOHCTPYK~HII oIIp060BaTeJIeH 

IIJIaCTOB, CIIycKaeMbIX aa Ka6eJIe, rrpenaaaaaxaiomaxca ,ll;JIH acrtsrranna 
ropHaOHTOB B CKBaiKHHax, IIp06ypeHHbIx ,ll;OJIOTaMH oM! 9 H 60JIbme. B 

xanecrse aaaexaoro 060PY,ll;QBaHHH IIplI HCIIhITaBIIHX IICIIOJIhaYIOTCH 

xaporaaeasre yCTaHOBKII. 

Ilepnsre OIUiITbI aa rJIy6HHe no 2600 M IIO,ll;TBepp;IIJIH pa60TocIIOC06

HOCTh OT,ll;eJIbHbIX Y3JIOB oIIp060BaTeJIH [19]. IIPH CHHTHH ero B CRBaiKHHe 

aaTHiKKH 6hIJIH He3HaqHTeJIhHhIMH (HaTHiKeHHe Ka6eJIH He npeaumaao 
0,8 TC). 

Onpotiosareas rrJIaCTOB 'OII-150 na KaOeJIe-Tpoce
 

KOHCTpyKIJ;IIH BHMMKAHe«flTeraa - BHIIMreo4>HsHlUI
 

Paccaarpaaaeaaa KOHCTpyRIl;HH oIIp060BaTeJIH IIJIaCTOB BhInOJIHeHa 

aa fiaae CBepJIHIIl;HX 60KOBbIX rpyHToHOCOB, IIpHMeHHIOIIJ;HXCH P;JIH orfiopa 

xepaa HS CTeHKH He06caiKeHHoH CKBaiKIIHhI, H naer BoaMOiKHOCTb O,ll;HO

BpeMeHHO IIOJIyqHTh ofipaaen IIOpO,ll;hI H rrpencraaareasayro IIp06y 

iKH,ll;J'\OCTH HJIH raaa , HaXO,ll;HIIl;HXCH B nJIaCTe. BTO BbIrO,ll;HO OTJIlIqaeT 

,ll;aHHyIO KOHCTPYKIl;HIO OT ,ll;pyrHx oIIp060BaTeJIeiI nJIaCTOB, crryonaexux 

B CKBaiKlIHbI aa xafiane. ApyraH ee ocofeaaocrr, - otipaaosaaae RaHaJIa 

B nJIaCTe IIyTeM BhICBepJIHBaHHH, qTO IIOaBOJIHeT IIOJIyqHTh npofiy iKH,ll; 

KOCTH IIJIII raaa , He aarpaaaenayio IIOIJOXOBhIMH raaaxa. 

Qnp060BaTeJIh OII-150 CIIYCKaIOT B CKBaiKlIHY na Ka6eJIe-TpOCe C 

nOMOlIl;hIO JIe6e,ll;KH CaMOXO,ll;HOH CTaHIl;HH CBepJIHIIl;HX rpYHTOHOCOB 

CCf-1A. ABa BbI,ll;BHraIOIIl;HXCH pacnopa nplIiKHMaIOT HHcTpyMeHT K 

CTeHKe CKBaiRHHhI (pHC. 114). IIPH BKJIIOqeHHH 6ypa BbICBepJIIIBaeTCH 06

paaeu noponu. IIocJIe aroro OTKphIBaeTCH BnyCKHOH KJIaUaH, sepea 
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T. e. na nonepxaocra B03MomHa nOJIHaR: perHCTpaIJ;HR: npouecca orfiopa 
npofisr: npOCTpeJI ,n;JIH ofipaaoaanaa KaHaJIOn, OTOOP_ npofisr, BoeCTaHOnJIe
HHe ,n;aBJ'leHIIH; «flHKCIIPYIOTCH BpeMH, neofixonmroe ,n;JIR: nOCCTaHOnJIeHHR: 

PRC. 115. Onpo60BaTeJIR nJIaCTOB 
«pIlPMbI IIIJIIOM6epme. 

a - pa6o'lee nOJIOlReHHe (npH IIpHTOHe
 
lfIHAH OCTlI aa IIJIaCTa); 6 - cxexa yCT

pOHCTBa; 6 - HSMeHeHHaJI HOHCTPYH~lIJI.
 
1 - HJIanaH THApaBJIH'IeCH oil: CHCTCMId;
 
2 - BOsAynIHaJI HaMepa; 3 - HaMepa, sa

nOJIHeHHaJI pa6o'lell: lfIHAl\OCTblO; 4,5 

THApaBJIH'IeCHHH HaHaJI; 6 - MaHoMeTP
 
AJIJI HSMepeHHJI AaBJIeHHJI pa6o'leA lfIHA

HOCTH; 7 - HyMyJIJITHBHbIl! sapJIA; 8  a
 
aBapHllHhIA aapan; 9 - MaHOMeTP AJIJI
 
HSMepeHHJI nJIaCTOBOTO AaBJIeHllJI; 10 

aanopasra HJIaIIaH; 11-HaHaJI AJIJIIIJIaCTO

BoA lfIHAHOCTH; 12 - cnycxnoa HJIalIaH;
 
13 - BepXHJIJI SOHa HOHTCitHepa (AJIJI
 
n.nacronoit lfIHAHOCTH); 14 - HOHTCAHep,
 
SaIIOJIHeHHhIIl: sosnyxoa; 15 - pasnemr

TeJIbHhIA rropmeas; 16 ~ YIIJIOTHHTCJIb-


TeJIl>, KaK H onacanaue sume OTelJeCTBeHHhIe KOH
CTPYKIJ;HH, naer B03MomHOCTb OhICTpO accaenouars 
nJIaCT. 

6 

12 
15 
Jlf 

16 
RaJI nonvnnea; 17 - OnOpHaJI nJITa. 

o6 

,n;a.BJIeHIIR:; nJIaCTOBOe nanaeaae npa 3aKphITOM nepaone II, HaKOHeIJ;, 
TH,n;pOCTaTHlJeCKOe naanenae CTOJIOa npoauaoxaoa mH,n;KOCTH. 

IIocJIe norrseaa onpOOOnaTeJIH na nOBepXHOCTb peaepsyap C OTOO
panaoa nJIaCTOBOH mHJJ;KOCTbIO OTcoe,n;HHR:IOT, onpenensror nanneaae 
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KOTOphIH mH,n;KOCTb H3 BhICBepJIeHHOro OTBepCTHH nocrynaer n BepXHHH 
OaJJJIJIOH, 3anOJIHeHHbIH B03,n;yXOM HJIH HHepTHhIM ra30M. I\aK TOJIbKO 
BepXHIIH OaJIJIOH 3anOJIHHeTCH CMeebIO npOMhIBOlJHOH H nJIaCTOBOH mH,n;

KOCTeH, KJIanaH OTKphIBaeT nocryn mH,n;KOCTH H3 
nJIaCTa B HHmHHH OaJIJIOH, Ky,n;a nonanaer HaHOOJIee 
lJHCTaH, a CJIe,n;OBaTeJIbHO, HaHOOJIee ,n;OCTOBepHaH 
npofia H3 nJIaCTa. 

IIocJIe 3anOJIHeHHH OOOHX OaJIJIOHOB KJIanaH 
3aKpbIBaeTCH H orcexaer npofiy mH,n;KOCTH, nycro
TeJIhIH oyp C OToopaHHhIM OOpa3IJ;OM noponsr BXO
,n;HT nayrps onpOOOBaTeJIH, paonopsi npHHHMaIOT 
nepnonanansaoe, TpaHcnopTHoe nOJIOmeHHe, II onpo
60BaTeJIb nJIaCTOB rOTOB ,n;JIH no,n;'beMa aa nosepx
HOCTb. 

BhIJIa H3rOTOBJIeHa H acnuraaa onsrraas KOH
CTPYKIJ;HH onpOOOBaTeJIH nJIaCTOB OII-150 HapymHbIM 
,n;HaMeTpOM 150 MM [66]. 

9nPOOoBaTeJIb nJIaCTOB «pUpMbI IDmoM6epme 

OnpoOOBaTeJIb nJIaCTOB «IlHPMhI IIIJIIOMOepme 
(pHC. 115) crrycxaror B CKBaiImHY na KaOeJIe-KaHaTe. 
lIM MomHO OTOHpaTb nJIaCToByIO mH,n;KOCTb aa JIIO
OOH 3a,n;aHHOH rJIyouHe KaK B ooca,n;HOll KOJIOHHe, 
TaK H B aeoticaaceaaoa CKBamHHe. ,I:(aHHhIll orrpofio.aa

IIplI HcnhITaHHH B oocameHHOll CKBamIlHe 
BMeCTe C HHCTpyMflHTOM crrycxaior MY«flTOBhIH JIO
KaTOp. IIocJIe yCTaHoBKH onpoOOBaTeJIH aa aanan
HOll rJIyoHHe ynJIOTHHTeJIbHaH nonymxa non ,n;eH
CTBlIeM H30hITOlJ.HOrO ,n;aBJIeHHH nJIOTHO rrpnacaxaerca 
K CTeHKe CTnOJIa CKnamHHbI lIJIH oficanmrx rpyti, 

H30JIHpyH YlJ.aCTOK onpo6yeMoro 06'b"8KTa HJIH oficanaoa KOJIOHHhI. 
3aTeM n3pbIBaIOT KyMyJIHTIIBHhIll sapan -repea ornepcrae n ynJIOTHH
TeJIbHOH rronymxe. Ofipaayerca KaHaJI, no KOTOpOMy nJIaCTOBaH mH,n;
KOCTb noorynaer B cneIJ;HaJIbHhIe pesepnyapra HHcTpyMeHTa. 

Coapeueaasra onpooonarens nJIaCTOn, npe,n;Ha3HalJ.eHHhIll ,n;JIH pa60ThI 
n KOJIOHHe oficannsrx Tpy6 HJIH rsepzrax noponax , HMeeT npHmHMHyIO 
repMeTlt3HPYIOIIJ;YIO nonymny, o6eCnelJ.HBaIOIIJ;YIO C03,n;aHHe ,n;nyx xaaa
JJOB rJIy6HHoii 60JIee 200 MM. BOJIbmHM npeasrymecreox aroro IIHCTpy
MeHTa, nOJIylJ.HBmerO naaaaaae (<lIHTepBaJIbHOrO IICIIbITaTeJIH», HnJIHeTCH 
yaenaseaae npHTOKa mH,n;KOCTH B nJIaCTaX C HII3KOll npOHHIJ;aeMOCTbIO. 

B nacroamee BpeMH npHMeHHIOTCH onpo60BaTeJIII C 06'beMOM pesep
nyapa 3,8, 8,5 H 20,8 JI. 

IIoCKOJIbKY onp060BaTeJIb crrycxaerca na Ka6eJIe-KaHaTe, TO Mem,n;y 
HIIM H nOBepXHOCTbIO nOCTOHHHO coxpaaaerca anenrpaaecxan caaas, 

PMC. 114. Onpo6o
BaTeJIb nJIaCTOB 

OII-150. 



B HeM II npononar ananaa npofia cneIJ;naJIbHhIMH npatiopasra, paapatio
TaHHhIMH II IIOCTaBJIJleMhIMll <IlnpMoiL 

Ha OCHOBaHllll HeCKOJIbKllX ThICH'I ycnemao IIpOBep;eHHhIX acnsrra
HHll 6blJI1l Cp;eJIaHhI CJIep;yI01IJ;lle BhIBOp;hI. 

B PhIXJIbIX HeCIJ;eMeHTllpOBaHHhIX necxax H· B CIJ;eMeHTllpOBaHHbIX 
IIeCKax C p;OCTaTO'lHOH npOHllIJ;aeMOCTbIO IIOJIHOe aanonnenae peaep
nyapa IIJIaCTOBOH iRHP;KOCTbIO nocraraerca aa KOPOTKllH IIpOMeiRyToK 
apeueaa. Iloaysaeaoe npa srox KOJIll'leCTBO raaa n He<llTn BIIOJIHe P;OC
TaTO'lHO P;JIH lICCJIep;OBaHnH. 

B CIJ;eMeHTlIpOBaHHhIX noponax C HlISKOH npOHlIIJ;aeMOCTbIO, T. e. 
B Tex noponax , B KOTOphIX rpetiyerca rlIp;paBJIn'leCKllH paapsrn IIJIaCTa, 
una KllCJIOTHaJi 06pa60TKa, IIHTepBaJIbHhIH acnsrrarens, KaK IIpaBIIJIO, 
lIaBJIeKaeTCH C HenOJIHhIM peaepnyaposr. 

OIIp060BaTeJIlI. JII060H lIa paccaorpenasrx KOHCTpyKIJ;IIH p;aIOT CJIe
p;YI01IJ;lIe npeaaymecrna, xoropue He MoryT 6hITb p;ocTlIrHyThI IIplI llCIIhI
TaHlIHX p;pyrllMII CIIoc06aMII: 

1) IIop;rOTOBKa IIHcTpyMeHTa K crrycxy rpefiyer acero HeCKOJIbKO 
MIIHyT; nOJIHOe rlIp;pOCTaTII'IeCKOe naaneaae IIJIaCTa coxpanaerca BO 
nee BpeMH OIIepaIJ;lIlI; 

2) IIHcTpyMeHT YCTaHaBJIIIBaeTCH TO'IHO aa aananaoa rJIy611He, 
OIIpep;eJIHeMOH Ha OCHOBaHlIlI KapOTaiRHOH KpIIBOH; 

3) IIHCTpyMeHT MOiRHO crrycaars HeMep;JIeHHO BCJIep; aa xaporaac
HhIlIUI pa60TaMlI llJIII BO BpeMJI 6ypeHIIH; P;JIH IIogrOTOBKll II cnycxa 
He Tpe6yeTCH HlIKaKlIX CIIeIJ;lIaJIbHhIX YCJIOBIIH; 

4) no p;aHHhIM aapytieaororo onura 061IJ;ee BpeMJIna cnycxo-nonsex
nsre OIIepaIJ;lIlI II oT60p IIp06hI aa rJIy61IHe 1525 M COCTaBJIJleT 06hI'IHO 
OKOJIO 1 'I; 

5) p;eHCTBIITeJIbHaJi BeJIH'lIIHa IIJIaCTOBOro p;aBJIeHIIH peracrpapyerca 
aBTOMaTII'IeCKlI Ha nOBepXHOCTII; 

6) MBoroKpaTHoe aensrraaae nOaBOJIHeT C 60JIbmOH TO'lHOCTbIO ycra
HOBIITb rpaanrtsr nono-aedrranoro II raao-aranxocrnoro KOHTaKTa. 

Ha pnc. 115, 6 aaotipazseaa lIaMeHeHHaJi KOHCTpyKIJ;HJI orrp060BaTeJIJI 
IIJIaCTOB <IlllpMbI IIIJIIOM6epiRe B TpaHCIIopTHOM IIOJIOiReHIIH. 

OIIpo60BaTeJIb nJIaCTOB cfmpMbI JIeHH 

Ha JIHOCTpaHHhIX <IllIpM, pa60TaIOIIJ;lIX B 06JIaCTll coanaaaa onpofiona
reneii IIJIaCTOB, cnycxaeasrx B CKBaiRlIHY na Ka6eJIe-KaHaTe, cnenyer 
OTMeTIITb <IlllpMy JIeiiu. 3Ta <IlllpMa nponanonar oIIpo60BaTeJIlI nnyx 
KOHCTpyKIJ;lIH, xoropue OTJIll'laIOTCJI OT onp060BaTeJIeH <IlllPMhI IIIJIIOM
6epme UeaHa'lllTeJIbHhIMII llaMeHeHlIHMll YIIJIOTHllTeJIbHOH nonynnca IIJIll 
paCIIOJIOmeHIIeM YIIJIOTHllTeJIbHhIX aJIeMeHTOB II OIIOpHhIX MexaHlIaMOB. 

I{OHCTPYKIJ;lIJi onp060BaTeJIH C ynJIOTHllTeJIbHOH: IIop;ymKoH (puc. 
116, a) npenaaanasaerca B OCHOBHOM P;JIJI pa60ThI B HeaaKpeIIJIeHHhIX 
CTBOJIaX B IIpOIJ;eCCe 6ypeHlIH CKBaiRlIH, a KOUCTpyKIJ;IIJi C p;ByMJI ynJIOT
HIITeJIbHhIMlI aaeaearaxa (pIIC. 116, 6) - P;JIJI pa60ThI B 06caiReHHbIX 
cxaaa.aaax lIJIlI P;JIH onp060BaHlIH IIJIaCTOB, CJIOiReUHhIX YCTOHtIlIBhIMlI 
noponaua. IIpll IIOMOIIJ;1I ynaaaansrx aJIeMeHTOB IIepeKphIBaIOT IIyJIeBhIe 

OTBepCTlIJi B 06cap;HOH KOJIOHHe, xepea xoropue npoacxonar IIpHTOK iRHp;-· 

KOCTII lIa IIJIaCTa B rrp0600T60pHllK. B YKaaaHHhIX KOHCTpyKIJ;HJlX npeny
cMOTpeHO npnaeaeaae BMeCTO nyJIeBhIX aapanos aJIIOMIIHHeBbIX Tpy60K, 
KOTophIe non p;eHCTBlIeM lIs6hITO'IHOrO p;aBJIeHIIJi aap;aBJIIIBaIOTCH B CTeH
Ky CKBaiRIIHhI, II '1epea IIX OTBepCTIIJi iRlIgKOCTb aa IIJIaCTa MOiReT 

., 

s 

a 
Pac, 116. Onpofioaareaa nJIaCTOB, cnycxaexsre B
 

Ra6eJIe, liJilPMbI JIeRH.
 

rreperexarn sayrps oIIp060BaTeJIH (pllC. 116,6). O'leBllp;HO, aJIIOMIIHlIeBble 
Tpy6KlI MoryT aaMeUIITb nyJIeByIO nep<llopaIJ;IIIO TOJIbKO· npH oIIp060Ba
HlIlI rrJIaCTOB, CJIOiReHHhIX PhIXJIhIMII IIecKaMII. 

]J;ByXICaMepuhIii onpoOOBaTeJIb nJIaCTOB 

PaaBIITlIe B IIOCJIep;HlIe rop;hI MeTop;OB oT60pa 06paaIJ;oB IIJIaCTOBOll 
iRHP;KOCTII IIplIBeJIO K paapafiorxe nnyxxaaepaoro oIIp060BaTeJIJI, cnyc
xaexoro aa Ka6eJIe (pIle. 117). Henocrarxoa 06bI'lHhIX onp060BaTeJIeH 

8 
CRBa lKliHy aa 
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JIBJIJIeTCJI cxenrenae oT6HpaeMOH rrJIaCTOBOH iRH)J;KOCTH C 4>HJIbTpaTOM 
6YPOBOrO pacrnopa , ,Il;ByxRaMepHbIH Orrp060BaTeJIb rrJIaCTOB yconep
nreHCTBOBaUHOH ROHCTpyRIJ;HH noaaonaer noaynarr, nna ofipaana iRHp;

ROCTH: B rrepnon RaMepe 4>HlIbTpaT t anorna 4>HJIbTpaT, 
CMemaHHbI"H C rrllaCTOBOH mHp;ROCTbIO, BO BTOpOH - neaa
rpJIaHeHHaJI rrJIaCTOBaJI mHp;ROCTb. 

B HHmHeH qaCTH rrpnfiopa pacrronoatena RaMepa, B ROTO

POH aaMepJIeTCJI COrrpOTHBJIeHHe nocrynaiomea mHp;ROCTH, B 
TO me BpeMJI aa rrOBepXHOCTb nocrynaer cHrHaJI 0 xapaxrepe 
mHp;ROCTH. 

2 Ilponecc orfiopa rrpo6b1 cpaBHHTeJIbHO"npOCT. CrrYCRaIOT 
HHcTpyMeHT aa aananayro rJIy6HHy, onpeneneanyro aa OC
HOBaHHH RpHBOH raxxa-xaporazsa. ,Il;lIH rrpHmaTHJI yrrJIOT
HHTeJIbHOH rronynnca HcrrOJIbayeTCJI rHp;pOCTaTHqeCROe rraa
JIeHHe.· RJIarraH HHCTpyMeHTa OTRpblBaeTCJI, nocrynaromaa 
B Hero mHp;ROCTb soaneacrayer aa cHcTeMy rropmaen, ROTO-

pan otieorreaaaaer npaaearae nonynrxa R CTeHRe CRBamHHbI. 
3 3aTeM OTRpblBaeTCJI rrpHeMHblH xnanaa orrpo60BaTeJIJI, H nna

CTOBaJI mHp;ROCTb rrocrynaer B HHcTpyMeHT. B TeqeHHe scero 
BpeMeHH rrparoxa aaMepHeTCJI p;aBJIeHHe H op;HOBpeMeHHO 
peracrpnpyerca H BHyTpH 6aJIlIOHa, H aa rrOBepXHOCTH. 
TaRHM otipaaox, p;aBJIeHHe rrOTORa, RaR H CTaTHqeCROe 

i; p;aBJIeHHe B nnacre npa aaRphITOM rrepnone orrp060BaHIIJI, 
MoryT 6b1Tb aasrepeasr HerrOCpep;CTBeHHO B rrpHaa6oHHOH 

If	 aoae nnacra. 
3aMepHeMoe B CrreIJ;HaJIbHOH xasrepe 8JIeRTpHqeCROe co

rrpOTHBlIeHHe op;HOBpeMeHHO perncrpapyerca aa nonepx
HOCTH. lIo HaMeHeHHIO corrpOTHBJIeHHJI YCTaHaBlIHBaeTCJI 

5"	 nocrynaeaas B RaMepy paamraasrx mHp;ROCTeH," qTO- OqeHb 
BamHO )l;JIJI HHTeprrpeTaIJ;HH peaym.raron acnsrranaa. 

Orrpotioaarenr, COCTOHT aa meCTH OCHOBHblX yaJIOB: ROH

TeHHepa 1 P;JIHHOH 1,47 M c .8JIeRTpHqeeRHMH npatiopaaa, 
rrOaBOllHIOm;HMH ROHTpOJIHpOBaTb pafiory HHcTpyMeHTa B 
CRBamHHe; 6eaorracHoro coenaaeuaa 2 P;JIHHOH 0,53 M, npa 

S	 rrOMOIIJ;H xoroporo p;OCTHraeTCH orcoenanenae Ra6emI OT 

PRC. 117. Cxesra nayxxaxepaoro npo600T6opHHRa. 
1 - cHCTeMa aanonaor-o 3JIeHTpHQeClWrO HOHTIlOJIR; 2 - lie30naCHDe YCTIlOH
CTBO; 3 - rH~paBJIHQeCHaJI CeHI1HJI; 4 - ynJIOTHHTeJIbHaJI rro~ynrna; 5 - HaMepa 

corrpOTHBJIeHHJI; 6 - ~BYXHaMepHbIll: liaJIJIOH. 

aa60HHoro HHcTpyMeHTa npa ero npaxnare B CRBaiRHHe; ceRIJ;HH 
3 P;lIHHOH 1,98 M C rH.TJ;paBJIHqeCRHM nopmaex, CJIymam;HM P;JIH cosna
HHJI p;aBlIeHHJI B rHp;paBJIHqeCROII rrpHmHMHoH CHCTeMe npn yCTaHoBRe 
onpotioaarena B CRBaiRHHe, repxeraaapyromero 6arrUlaRa 4 P;lIHHOH 
0,63 M, crreIJ;HaJIbHOH RaMepbl 5 P;JIHHOH 0,5 M, B ROTOpOH YCTaHOBlIeH 
811eRTpHqeCRHH p;aTqHR, aaMepJIIOm;IIH corrpOTHBJIeHHe mHp;ROCTH, nocry
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naromea B orrporioaarens H, p;ByxKaMepHoro 6aJIJIOHa 6 P;JIH ortiopa 
rrpotisr rrJIaCTOBOH mHp;ROCTH, p;JIHHa xoroporo COCTaBJIHeT 3,5 M. 

CyMMapHaH eMROCTb 6aJIJIOHa 11,2 JI, rrpHqeM HaH60JIbnraH xaaepa , 
aarrOJIHHeMaH npa onpofionanna B OCHOBHOM CMeCbIO rrpOMblBOqHOH 
mHp;ROCTH, 4>HJIbTpaTa 6ypoBoro pacrsopa H rrJIaCTOBOH mHp;KOCTH, 
IIMeeT eMROCTb 7,5 JI, a MeHbmaH xaxepa, CJIymam;aH P;JIH orfiopa qHCTOH 
npofisr rrJIaCTOBOH iRHP;ROCTH H aarrOJIHHeMaH B KOHIJ;e orrpo60BaHHJJ,
3,7 JI. 

06m;aH p;JIHHa onpotionarena B cotipaaaoa BHp;e cocrasaaer 8,6 M. 

~o6eUUOCTU IIpHMeueuHH orrpo60BaTeJIeU nJIaCTOB, 
errycsaeasrx B easaaeaay ua Ka6eJIe-Tpoce 

Onpotionanae rrJIaCTOB npafiopasra, crrYCRaeMbIMlI aa RapOTaiRHOM 
Ra6eJIe, HMeeT CJIep;YIOm;lIe xapaxrepaue ocotieaaocra [16]. 

1. Toxaaa npaaaaxa peayar.raroa onpotionanaa R xaporaannaa 
naarpaxa aa. 

2. Oneparanaocrs II 6bIcTpoTa nponenenaa patior. Ha onay onepa
IJ;HIO p;ame B rJIy60RHx CRBamHHax aarpa-raaaerca 1-2 q. CneIJ;HallbHOH 
rrop;rOTOBRH CRBamHUbI He rpetiyerca, p;OCTaTO~O TOH, ROTopaH npo
BOP;lITCH P;lIH 06ecneqeHlIH reo4>1I311qeCRHX HCCJIep;OBaUlIH. Hefioaemae 
aarparsr npexerra na onpotiosaaae rrOaBOJIHIOT YBeJIHqHTb qllCJIO HCCJIe
p;yeMblx 06'I>eRTOB H 60JIee nOJIUO lIayWTb paapea, 

3. BblcoRaH Ha611paTeJIbUOCTb - lICCJIep;yeTcH oaens Ue601lbnrOH HU
TepBaJI paapeaa (TOqRa). 3TO rrOaBOJIHeT HCnOJIb30BaTb onpo60BaTellb 
P;JIJI rroaarepnamnoro HCClIep;OBaHHH rrJIaCTOB, yCTaHOBJIeHUH nonoate
HHJI Bop;o-ue4>THuoro U raao-sranxocrnoro ROHTaRTOB, OT611BRH rpaUHIJ; 
rrJIaCTOB H rrp, 

PeaYJIbTaTbI onpotioaaaaa ancrpyxearoa, crrycaaexsra ua xafiene, 
60JIee TO~O xapaarepnayror OTp;eJIbUbIe aetioxsmae aarepsansr, qeM 
npofinaa axcnnyararma, npa ROTOpOH 06bI~O OXBaTblBaIOT OTHOCHTellb
uo 601lhmOH yqaCTOK paapeaa. Ilpa aTOM ua nanmae npo6uoH 8KCrrJIya
TaIJ;HH qaCTO ClIJIbUO BJIHHIOT xasecrao IJ;eMeuTHpoBaHHH o6cap;HoH ROJIOU
UhI H aarpyfiaaa IJ;lIpRYJIHIJ;lIH mllp;ROCTlI. 

Bucoxas lIa611paTeJIbUOCTb onpotionanaa rrJIaCTOB HUCTpyMeHTOM 
ua Ra6eJIe B CBOIO onepens rperiyer Tm;aTeJIbHOrO BLI60pa 06'I>eRTOB H 
TO~OH yCTauoBRH HUCTpyMeHTa ua aananaoa rJIy611ue; npn aarepnpe
TaIJ;lIH rronynaearax peayasraron ueo6xop;HMO yqllTblBaTb noaxoamoe 
BlIHHUHe Heop;uopoP;HOCTH nJIaCTOB. 

4. BbICORaJI qyBCTBlITellbUOCTb orrpofioaareaa K yraenonoponax (He4>
TH H raay), CBHaaHHaH C rJIy6oRoH p;errpeccHeH, coananaeaoa B naacre 
npn orfiope npofisr. Cymecrneaaoe aaaaeaae HMeeT BoaMomUOCTb nony
qeUlIH rrpo6 rrJIaCTOBblX raaon, COCTaB ROTOpbIX HBJIHeTCH OP;UHM H3 
BamueHmHX xpnrepaen 1(JIH OTHeceUHH rrJIaCTOB K ue4>TeuocHblM, raao
UOCUblM lIJIH BOP;OUOCUblM. 

5. OTCYTcTBlIe orraCUOCTH orxpuroro 4>oHTaHlIpOBaHHH, TaR RaR 
BO BpeMH orrporioaanas BblCOTa cToJI6a H rrJIOTUOCTb 6ypOBoro pacrsopa 
B CRBaiRHUe OCTaIOTCH uellaMeuublMH. 3TO oco6euuo BamHO npn 
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HCCJIe,n;OBaHIIH raSOHOCHhIX llJIaCTOB. IIPH pafiore C HCllhITaTeJIHMH na 
Tpy6ax napymeaae TeXHOJIOrHH pa60T MOil\eT BhISBaTb OTKphIToe cl>oHTa
HlIpOBaHHe CKBalliHHhI H IIpHBeCTII K THiI\eJIOH asapaa. 

Ollp060BaTeJIH llJIaCTOB OIIR II OIIT IIpe,n;HaSHRQeHhI B OCHOBHOM 
,n;JIH c~eMeHTHpOBaHHhIX rpaHyJIHpHhIX KOJIJIeKTopOB. B Tpem;HHOBaThIX 
KOJIJIeKTopax HJIH B nnacre C TOHKOllepeCJIaHBaIOm;HMHCH 1I0po,n;aMH 
OqeHb BeJIHKa BepOHTHOCTb yCTaHoBKH HHcTpyMeHTa IIpOTHB HellpOHH· 
~aeMoro HHTepBaJIa, H ,n;JIH 1I0JIyqeHHH xapaKTeplICTHKH nnacra rpe
6yeTcH IIpOBO,n;HTb 0llp060BaHHe B 60JIbrnOM qHCJIe TOqeK. B llJIaCTaX, 
IIpe,n;CTaBJIeHHhIX KaBepHOSHhIMH 1I0po,n;aMH IIJIH HMeIOm;HX pasBHTyIO 
-CHcTeMy rpemaa , BOSMOil\HOCTH IIpHMeHeHHH xaporaauroro 01lp060BaTe
JIH orpaaaxeau , TaK KaK He scerna ynaerca 06eClleqHTb repaerrrsaocrs 
yxacrxa orfiopa. 

Ollp060BaTeJIH llJIaCTOB, CIIYcKaeMhIe B CKBail\HHY na Ka6eJIe, HMeIOT, 
KaK YKashIBaJIOCb nsmre , cpaBHHTeJIbHO He60JIbmOH panayc ,n;eHCTBHH. 
8TO qaCTO aarpynaaer o~eHKY xapasrepa HachIIIJ;eHHocTH llJIaCTOB IIpH 
60JIbmOM IIpOHHKHoBeHHH cl>HJIbTpaTa 6ypoBoro pacrnopa B llJIaCT. 
OCHOBHoe aaaaasenne xaporaamsrx 0llp060BaTeJIeH llJIaCTOB - onepa
THBHaH onenxa IIpe,n;CTaBJIHIOm;HX anrepec 06'beKTOB B paaaenosaux 
cxaaaomax (npa 6JIarOllpHHTHhIX reOJIOrO-TeXHHqeCKIIX YCJIOBIIHX). 
IIPH aTOM CTaBHTCH nOHCKOBhIe aanasa, B qaCTHOCTH BhIHCHeHHe rteae
co06paSHOCTH IIpHMeHeHHH ,n;pyrHx, 60JIee Tpy,n;oeMKHX MeTo,n;OB. 

RapOTail\HhIH 0llp060BaTeJIb llJIaCTOB MOil\eT 6hITb HCIIOJIbSOBaH ,n;JIH 
IIpOBepKH H YTOqaeHHH peaynsraroa xaporaaca oc06eHHO B HOBhIX 
paaonax, rne KpHTepHH H IIplleMhI aarepnperanaa peaynr.raros acmr
TaHHH CKBail\HH eme He BhIpa60TaHhI. C IIplIMeHeHHeM xaporaaurax 
oIIp060BaTeJIeH, OCHam;eHHhIX ,n;HCTaH~HOHHhIMH IIpH60paMH, 6y,n;eT 06ec
nesena BOSMOil\HOCTb onpeneaeaaa rH,n;po,n;HHaMHqeCKHX napaxerpon 
llJIaCTOB. 

BhICOKaH "'!YBCTBHTeJIbHOCTb xaporaacaoro 01lp060Ba'reJIH K yrJIeBO
,n;opo,n;aM IIpaKTlflIeCKH HCKJIIOqaeT BOSMOiI\HOCTb IIpOIIYCKa Hecl>TerasoHOC
HhIX llJIaCTOB. 8TO naer OCHOBaHHe CqHTaTb peayasrarsr oIIp060BaHHH 
BeCbMa Ha.IJ;eiI\HhIMH, IIOCKOJIbKY IIpH 1I0HCKax Hecl>TH H rasa pHCK 
<<JIOil\HOH rpenorm SHaquTeJIbHO MeHbme, qeM pHCK <mpOIIYCKa ~eJIlI». 
IIOJIyqeHHe OTpH~aTeJIbHOH xapaKTepHCTHKH IIO ,n;auHhIM 0llp060BaTeJIH 
Ha xa6eJIe (npH yCJIOBHH rpaMOTHoro ero HcttOJIbSOBaHHH) 1I0SBOJIHeT 
yaepeano OTKasaTbCH OT ,n;aJIbHeHmHX orrepanaa 110 HCIIhITaHHIO nJIaCTa. 

fJIABA "lJETBEPTAH 

OIIPE;L(EJIEHHE IIAPAMETPOB IIJIACTA
 
no PE3YJIhTATAM HCIThITAHHii
 

II OIIPOBOBAHIIii OB"bEKTOB
 
B IIPOIJ;ECCE BYFEHHlI CKBAmHH
 

B nepaorrasaasasra nepaon IIpHMeHeHHH HcnhITaTeJIeH H 01lp060Ba:
TeJIeH IIJIaCTOB B 6ypHm;HxcH CKBail\HHaX IIpOBO,n;HJIII TOJIbKO xaqe
cTBeHHyIO o~eHKY acxpsrroro 06'beKTa, T. e. orrpeneaana HaJIHqHeIIpOHII
naeaoro HHTepBaJIa IIJIaCTa H xapaxrep ero HaChIm;eHHH. no Mepe co
nepmeHCTOB8HHH TeXHHKH H TeXHOJIOrHH HCllhlTaHHH CTaJIO BOSMOil\HO 
onpeneaars II KOJIHqeCTBeHHhIe xapaKTepHCTHKH IIJIaCTOB. HaH60JIee 
rrOJIHhIe CBe,n;eHHH 0 IIJIaCTe 1I0JIyqaIOT B peaynsrare HCllhITaHHH IIpH 
rrOMOm;H HCllhITaTeJIeH IIJIaCTOB, CllYCKaeMhIX B CKB8i1\HHY na Tpy6ax. 
I'JIy6HHHhle MaHoMeTphI IIpH aTOM peracrpapyror ,n;aBJIeHHe; no naarpax
MaM ,n;aBJIeHHH onpeneamor cl>HSHqeCKHe napaaerpu IIJIaCTa. KpOMe 
Toro, aHaJIHS IIp06 IIJIaCTOBOH il\H,n;KOCTH (rasa) naer BOSMOil\HOCTb cy
,n;HTb 0 xapaxrepe HaChIIIJ;eHHH IIpHsa60HHOH SOHhi. IIPH 1I0MOm;H ncnsr
TaTeJIeH llJIaCTOB, cnycxaexax B CKBail\HHY aa Tpy6ax, onpeneamor 
nnaoroaoe ,n;aBJIeHHe, cpe,n;HIOIO acl>cI>eKTHBHyIO nponanaeaocrs SOHhI 
npeaaaca, rH,n;pOIlPOBO,n;HOCTb, IIbesoIIpoBO,n;HOCTb, Roacl>cI>H~HeHT IIplI
3a60HHoH aanynopxn, Koacl>cI>H~HeHT IIpO,n;yKTHBHOCTH mracra , xapaxrep 
nacsnneaaa IIJIaCTa. 

Ilpa 0llp060BaHHH 06'beKTOB IIpOBO,n;HT KaqeCTBeHHYIO o~eHKY IIJIaCTa 
I1JIH He60JIbmOrO ero yxaorxa. 3a 1I0CJIe,n;Hee BpeMH B CBHSH C IIpHMe
HeHHeM Cne~HaJIbHhIX ,n;aTqHKOB ,n;aBJIeHHH H TeMllepaTyphI HIIOCJIe paapa
OOTKH MeTo,n;HK aarepnperanaa peayar.raroa, 1I0JIyqaeMbIx IIpH 1I0MOm;H 
orrp060BaTeJIeH llJIaCTOB, aafipacsraaeasrx B 6ypHJIbHhIe Tpy6hI H cnycxa
eMhlX B cKBail\HHY na Ka6eJIe, ,n;eJIaeTCH norrarxa onpenenarr, H cl>HslflIe
cRHe napaaerpsr orrpofiyesnrx llJIaCTOB. 

1.	 OnpeAeJIeBBe nap8MeTpoB 06'I>eKTa BpH nOMO~ HCnhlTaTeJIeii IIJlaCTOjl 
cuycsaeMJ>1X B cummmy Ha Tpy6ax 

Ha pHC. 118, a aaotipaaceaa naarpaxxa ,n;aBJIeHHH, aanacanaaa ray
OHHHhIM MaHoMeTpoM, YCTaHOBJIeHHhIM B XBOCTOBHKe HCllhITaTeJIH nnac
TOB IIpH HCIIOJIbSOBaHHH 1I0JIHOH KOMIIOHOBKH. JIHHHH 1 coorsercrayer 
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cnycny HHcTpyMeHTa H lfJHKCHpyeT YBeJIHqeHHe rHAPOCTaTHlJeCKOrO AaB
JIeHHH B CTBOJIe CKBamHHIiI. fOpHaOHTaJIbHaH nJIOm;aAKa 2 cOOTBeTcTByeT 
npe6bIBaHHIO HHcTpyMeHTa aa aafioe B aaKpbIToM nOJIOmeHHH npa sana
xeponxe. BepTHKaJIbHaH JIHHHH 3 orpaacaer CHHmeHHe AaBJIeHHH na aa
60e CKBamHHbI npa OTKpbITHH rrpaesmoro xnanaaa HcnbITaTeJIH nnac
TOB. Hasansnaa xpanaa BOCCTaHOBJIeHHH AaBJIeHHH 4 nonaasmaer POCT 
AaBJIeHHH B aoanymaoa KaMepe npa aaKpbITOM aanoprrox rorarraae 
(HaqaJIbHbIH aaKpbITbIH nepaon HcnbITaHHH). BepTHKaJIbHaH JIHHHH 5 
COOTBeTcTByeT CHHmeHHIO AaBJIeHHH na aatioe npa OTKpbITHH aanopnoro 
rcranana. RpHBaH npHTOKa 6 aanacana npa nocTynJIeHHH mHAKOCTH 

z 9 

i
~ 

t;;j; p 

or I_i.i 't 

aa nJIaCTa B 6ypHJIbHbIe Tpy6bI (OTKpbITbIH nepHOA HCllbITaHHH). ROHeq
HaH KpHBaH BOCCTaHOBJIeHHH AaBJIeHHH 7 COOTBeTcTByeT pOCTy AaBJIeHHH 
na aafioe nOCJIe aaKpbITHH aanopnoro roranaaa (KOHelJHbIH aaKpbITbIM: -.
nepaon HcnbITaHHH). BepTHKaJIbHaH JIHHHH 8 orotipazsaer POCT AaBJIeHHH 
aa aafioe npa BbIpaBHHBaHHH AaBJIeHHH B aannaxepnoa H nonnaxepaoa 
aoaax CKBamHHbI. Ilaomanxa 9 cOOTBeTCTByeT BbIAepmKe HHcTpyMeHTa 
aa aatioe npa CHHTHH naxepa , a JIHHHH 10 orofipaxraer CHHmeHHe rHAPO
CTaTHqeCKOrO AaBJIeHHH no Mepe nOA'beMa HHCTpyMeHTa na nOBepXHOCTb. 

Ilpa ynpomeaaoa TeXHOJIOrHH npenycxarpaaaror OAHH OTKPbITbIII 
H OAHH aaKpbITbIH nepaonsr HCllbITaHHH. B aTOM cay-rae soanymaaa KaMe
pa He rpeuyerca, H MaHOMeTpbI YCTaHaBJIHBalOTCH TOJIbKO B XBOCTOBHKe 
HcnbITaTeJIH nJIaCTOB. B nponecce HcrrbITaHHH aanHCbIBaeTCH xpa
BaH npHTOKa a6 (pac. 118, 6) II KpHBaH BOCCTaHOBJIeHHH AaBJIeHHH 60. 

3a nocnenaee BpeMH B KoMnOHOBKax HcnbITaTeJIbHbIX HHCTpyMeHToB 
npHMeHHIOT qeTbIpexnoaHqHoHHbIe aarropao-noaoporasre KJIanaHbI, KOTO
psre rrOaBOJIHIOT BbInOJIHHTb AO qeTbIpeX OTKpbITbIX II- aaxpursrx nepao
,n;OB HcrrbITaHHH C aanacsro xersrpex KplIBbIX npHTOKa H BOCCTaHOBJIeHHH 
AaBJIeHHH. 
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PIIC. 118. )J.I1arpaMMLl p;aBJIeHIDI. 
a - npH nOJIHoJ! ROMuoHoBRe; 6 - npa yupOlI\eHHoJ! ROMUOHOBRe. 

OTeqeCTBeHHbIMH H aapy6emHbIMH HCCJIeAOBaTeJIHMH paapatiorano 
HeCKOJIbKO MeTOAHK pacmaopoarcr AHarpaMM AaBJIeHHH, nOJIyqeHHbIX 
C nOMOm;hlO rJIy6HHHbIx MaHoMeTpoB. . 
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PIIC. 119. Pacmaeposxa 
p;HarpaNlUl p;aBJIeHHH. a 

a - rpaiIJHR paaOHBRB RpHBOK 
BOCCTaHOBJIeHHII nasneaaa; 
6 - aaBHCBMOCTb AaBJIeHRII P = 175f(nn 
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Ilpa paapatiorxe YKaaaHHbIX MeTOAHK 6bIJIlI BBeAeHbI CJIe,n;ylOm;He 
nonymeaaa: 

1) HcnbITbIBaeMbIH ropaaoar npencraanen 6eCKOHeqHbIM ropaaoa
TaJIbHbIM nJIaCTOM, BbIAepmaHHbIM no MOm;HOCTH, II rrpoaanaexocrt, ero 
B JII060M aanpaanenaa rrOCTOHHHa; 

2) Ha nJIaCTa IIOJl-yqalOT oAHolfJaaHylO mHAKOCTb; 
3) rexneparypa B nJIaCTe II B CKBaiKIIHe nOCTOHHHa; 
4) BaaHMHOe BJIHHHHe CKBamHH OTCYTCTByeT; 
5) rHApaBJIHqeCKlIe conpOTIIBJIeHHH B KaHaJIaX HcnbITaTeJIH IIJIH 

onpofioaaTeJIH nJIaCTOB B pacxerax He yqHTbIBaIOTCH. 
MameMamUtLeC1>UU Memof) [56] pacmHlfJpoBKH AHarpaMM rJIy6HH

HbIX xaaoaerpoa, npHMeHHIOm;IIHCH B aapy6emHOH npaxraxe, BKJIlOqaeT 
paa6HBKy KpHBOH BOCCTaHOBJIeHHH ,n;aBJIeHIIH Ha HeCKOJIbKO yqaCTKOB 
(pHC. 119, a). PeaYJIbTaTbI aaxepon aaHOCHT B Ta6JIuD;y (Ta6JI: 22), 
rne OTMeqalOT orpeaxa BpeMeHH I1t, BeJIHqHHy,oTHomeHHH (T + I1t)/l1t 
H coorsercrnyiomee eMy AaBJIeHHe Pn
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Ta6JIIII\a 22 

T+tJ.t
tJ.t, MHH I	 Pn 

~ I 
5 13 

10 7 
15 5 
20 4 
25 3,4 
30 3 

Pl=139 
P2=164 
P3= 172 
P.i = 173 
Ps= 173,5 
Pe=174 

Ilocae nora CTpOHT rpalfllflIecKyIO 3RBHCHMOCTb ~aBJIeHHH Pn OT Be

JlHqHHLI (T + !it)!!it B noayaorapadnaorecnax KooPAHHaTax (pHC. 119,6). 

lIpO~OJIiKaH npHMOJIHHeHHLIll yqaCTOK rpalflHKa no nepecesenaa 
,~C OCbIO OPAHHaT, nOJIyqaIOT 3HaqeHIIe CTaTHqeCKOrO ~aBJIeHlIH Pnn, 

6JIII3KOrO K nJIaCToBoMy AaBJIeHHIO, a 3aTeM onpe~eJIHIOT BeJIHqHHY 

yKJIOHa i = Pnn - Pn. RaK BHAHO H3 pHC. 119, 6, ropH30HTaJIbHaH 

JIHHHH rrposeneaa xepea TpeTbIO TOqKY, KOTOpOH COOTBeTCTByeT aaase
(Krc!cM2)/JIOr.HHe P3 = 170 Krc/cM 2 , Tor~a'i = 175-170 = 5	 ~HKJI. 

lIo nOJIyqeHHLIM ~aHHLIM MOiKHO HaHTH BeJIHqHHY rH~ponpOBO~HOCTH. 

cKHH-alfllfleKT H paCqeTHLIH KoalfllflH~HeHT aanynopna. I'anponpoaonnocrr, 
onpeAeJIHIOT no 1fl0pMyJIe Xopnepa: 

kh 162,6Q
/1=--i-	 (17) 

rne k - KoalfllflHIl.IIeHT npOHHIl.aeMOCTH; h - MOIIl.HOCTb npoaanaeaoa 
qaCTH HcnLITLIBaeMoro nJIaCTa; r-t - BH3KOCTb nJIaCTOBOH iKH~KOCTH; 

Q - Ae6HT aa BpeMH HcnLITaHHH; i - yKJIOH KOHe1lH0rO yxacraa KpH

BOH BOCCTaHOBJIeHHH AaBJIeHHH KOCH a6CIl.HCC. 

3HaH MOIIl.HOCTb (h) acmrrsrnaexoro nJIaCTa, xapaxrepacraay OTD

6paHHoH np06LI (r-t), paasrepra npaxenaameroca HHcTpyMeHTa, MOiKHO 

onpenemrn, OTHOCHTeJIbHYIO npOHHIl.aeMOCTb (k) 30HLI npeaaaea. 
lIo 1fl0pMyJIe BaH-8Bep~HHreHa onpe~eJIHIOT BeJIHqHHY HSMeHeHHff 

CBOllCTB nopon npH3a60HHoH 30HLI nJIaCTa (cKHH-alfl«PeKT): 

S = 1,151 (pnn~pm -lg-,k I -lgT +2,85), (18) 
~ /1crc 

a no clleAYIOlIl.eH 1fl0pMyJIe paCqeTHLIH KoalfllflH~HeHT aaxynopaa (E DR), 
paBHLIll OTHomeHHIO TeOpeTHqeCROrO KoalfllflH~HeHTa npoAyKTHBHoCTH 

'1h K lflaKTH'fecKoMy 1)1\1, nony-reanoxy npa HcnLITaHUU: 

EDR=~= Pnn-Pm , (19) 
1')1\1 i (lg -/k I +lg T-2,85)

/1crc 

me Pn'l - nJIaCTOBQe ~aBJIeHUe; Pm - xonesaoe ~aBJIeHHe npHTOKa; 

t - KoalfllflHIl.HeHT nopHCTOCTH nopO~LI nJIaCTa; C - CiKUMaeMOCTh iKH~

KOCTU; rc - panayc CKB~iKHHLI; T - BpeMH OTKpLIToro nepaona HCllLI
TaHHH. 
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PaCCMOTpeHHLIH MeTO~ pacuraopoaxa AHarpaMM AaBJIeHHH HaH60JIee 

TOqeH, O~HaKO nepen HcnLITaHHHMH HJIH B nponecce HX npOBeAeHHH 

TPYAHO onpeztenars xapaKTepHCTHKH nopon, BXOAHIIl.He B BLIpaiKeHHe 

19k!tr-tcr~. Iloeroxy 6LIJIH BBe~eHbf HeKOTopLIe nonymeaaa, n03BOJIH

aurae ynpocrars YKa3aHHbIe BLIme 1fl0pMyJILI,: BLI6paHLI Auana30HLI H3Me

HeHHH 3HaqeHHH k, t, r-t, C, 

yCTaHOBJIeHLI HaH60JIee pa

t/=15 

p = l'lltKec/c",Z 
cnpOCTpaHeHHLIe ~HaMeTpbI ~ 

II> 
CKBaiKUH H nOCJIe aroro onpe

~ 
~eJIeHLI MHHHMaJIbHLIe H MaK t:l 

l:::tCHMaJIbHLIe 3HaqeHHH BLIpa

iKeHHH 19 (k!tr-tcr~). TaK, AJIH 
CKBaiKHH ~HaMeTpOM' 98

111 MM no BLIpaiKeHHe H3Me a 
HHeTCH OT 3,54 no 7,42, HJIH 

Pn.= /15 H8C!cM fl ...B cpeAHeM paBH05,5. It
 
lIO~CTaBJIHH aTO anaxeaae ~1"5
 

C> 
B 1fl0pMYJILI (18) U (19), nOJIy ~ 
qaIOT 60JIee npOC,TLIe 3aBHCH Cl> 

MOCTH: ~ 150 cu
 
S= 1,151 ( Pnn-Pra. t:;
 

OQ 
tj 

'I:::t 125
 
-lgT-2,63); (20)
 

Il
v P=17'tH8C/CM 2 

../ 
20 108., 65" 3 2 

T+t 
t1 X

EDR = 19 T+2.63 6 
PIIC. 120. Pacmaoponxa AllarpaMMI>I AaBJIe

X ( Pnn-; pm.) . (21)	 HIIJl, aanacaaaoa npa ABYx aaKpl>ITI>IX ne
paonax IICnI>ITaHIIJl. 

a - AHarpaMMa; 6 -	 3aBHCHMOCTb llaBJIeHHII OT BblMemoo onyx mouex [56 ]	 T+t paaeenan -t
npHMeHHeTCH aa py6eiKoM npa 
paonraeponae naarpaxx ray
6HHHLIX MaHOMeTpOB, 3anlIcaHHLIX B nponecce ucnLITaHHH C ~BYMH 
saKpLITLIMH neplIo~aMII (npn HaJIII1IlIH HaqaJIbHOH H KOHellHOH 

KplIBLIX BOCCTaHOBJIeHHH AaBJIeHHH). B aTOM cayaae C ~HarpaMMLI na
BJIeHlIlI (pHC. 120, a) 6epyT ~Be BeJIlIlIlIHLI - ~aBJIeHHe HaqaJIbHOrO 

aaxpsrroro nepaona Pnn II ~aBJIeHHe KOHeqHOrO aaxpuroro nepaona P 
II no HUM CTpOHT rpalfllIK (pHC. 120, 6), 1I3 xoroporo onpeAeJIHIOT BeJIII 

qHHy yKJIOHa: 

i= Pnn-P (22) .T+t1g-
t 

I'anponpoaonaocrr, MOiKHO onpeaenars no lflopMyJIe 

. T+t 
kh 162.6Qb 19 -t
-=	 (23)

/1 Pnn-P 
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II K03~~H:U;HeHT aaKyIIOpKH rro ~opMYJIe 

T+t
1 (Pnn-P) 19-t-

EDR= - .----- (24)
Pnn-P 

rne b - 06'LeMHhIH Koa~~H:U;HeHT ~JIH He~TH (rasa) B rrJIaCTOBhIX yCJIO
BHHX; T - BpeMH orxpsrroro nepaona HcrrhITaHHH, MHH; t - BpeMH 
xoaeaaoro aaxpuroro nepaona HcrrhITaHHH, MHH. 

8TOT MeTO~ rrpHMeHHM B TOM cay-rae, eCJIH ~aBJIeHHe B HalIaJIbHOM 
aaKphITOM rrepHo~e ~OCTHraeT MaKCHMaJIbHOH BeJIHlJRHhI, H HalIaJIbHaH 
KpHBaH BOCCTaHOBJIeHHH ~aBJI.eHHH HMeeT rrpHMOJIHHeHHhIH OTpeaOK, 
rrapaJIJIeJIbHhIH OCH a6c:U;HCC. RpOMe roro , KOHelIHaH KpHBaH BOCCTaHOB
JIeHHH ~aBJIeHH~ raiose ~OJIiRHa HMeTb npHMOJIHHeHHbIH orpeaox. ,[(JIH 
rrOJIylIeHHH 60JIee nocroaepasrx nanasrx npa HHTepnpeTa:U;HH KpHBhIX 
Heo6xo~HMO, 'ITo6hI ~aBJIeHHe B KOHelIHOM aanprarox nepaone COCTa
BJIHJIO He MeHee 3/4 OT BeJIHlIHHbI ~aBJIeHHH B nepBOHalIaJIbHOM aaxpsr
TOM nepaone , a BpeMH xoaenaoro aaxpsrroro uepaorta HcrrhITaHHH 
~OJIiRHO COCTaBJIHTb He MeHee 1/2 OT BpeMeHH npHTOKa. 

,[(JIH 06JIerlIeHHH paClIeTOB B npaKTHlIecKHX nocofiaax no HcnhITaHHHM 
nJIaCTOB B npo:u;ecce 6ypeHHH npHBO~HTCH cneuaansmae HOMorpaMMhI, 
paapatioraaaae aMepHKaHCKHMH cne:U;HaJIHCTaMH H rrOaBOJIHroIIJ;He B 
npOMhIIDJIeHHhIX yCJIOBHHX 6hICTpO paeIDH~pOBhIBaTb ~HarpaMMhI ray
6HHHbIX MaHOMeTpOB. Onpe~eJIeHHhIH anrepec npe~CTaBJIHroT aoxorpaa
MhI P;JIH onpeneaeaaa K03~~H:U;HeHTa npHaa6oHHOH aanyrropxa, paapa
60TaHHbIe aMepHKaHCKOH ~HPMOH XUJIJIH6ypTOH aa OCHOBe ~OPMYJIhI 

):(OJIJIaHa 8iiHapceHa H XHJIJla: 

Il; =~ 0,183 pnn- Pm 1 T +t (25) 
pnn- P g t ' 

rp;e 0,183 - 6eapaaMepHhIH K03~~H:U;HeHT; 'Pnn - p;aBJIeHHe, . onpep;e
JIeHHOe B KOH:u;e nepnoro aaapsrroro nepaona HcnhITaHHH (6JIHaKOe 
K nJIaCToBoMy ~aBJIeHHro); Pm - p;aBJIeHHe, onpeneaeanoe B KOH:u;e HcnhI
TaHHH na npHTOK; P - ~aBJIeHHe, onpeneaenaoe B KOH:u;e nroporo aaxpsr
roro nepnona HcrrhITaHHH; T - npO~OJIiRHTeJIbHOCTb orxpsrroro nepnona 
HcrrhITaHHH, MHH, t - BpeMH KOHe'IHOrO aaxpuroro nepaona HcnhITaHHH, 
MHH. 

IIpH nOMOIIJ;H 3THX HOMorpaMM If ~HarpaMMbI rJIy6HHHoro MaHoMe
Tpa MOiRHO JIerKOonpenenarr, K03~~H:U;HeHT Il., ,[(JIH sroro Heo6xolJ,HMO 
na cpenaea IDKaJIe HOMorpaMMhI 1 (pHC. 121) OTJIOiRHTb BpeMH KO
aexaoro aaxpsrroro nepaona HcnhITaHHH t, a aa nenyro IDKaJIy HaHeCTH 
o6IIJ;ee BpeMH aaapsrroro H orapsrroro HcnhITaHHH (T + t) H xepea nne 
TOlIKH npOBeCTII npaxyio no nepeceseaaa C npaaoit IDKaJIOH. PeaYJIbTaT, 
nOJIylIeHHhIH aa npanoa IDKaJIe, HyiRHO nepeaecrn na cpezrmoro HaKJIOH
HYro IDKaJIy HOMorpaMMhI II, a aa JIeBOH IDKaJIe nOH HOMorpaMMhI 
OTJIOiRHTb paaaoors MeiR~y ~aBJIeHHeM Pnn' aa~HKcHpoBaHHhIM B KOH
ne nepnoro aaapsrroro nepaona , H ~aBJIeHIIeM P, onpeneaeaasra B KOH:u;e 
KOHe'IHOrO aaxpuroro nepaona. IIocJIe aroro npOBeCTH npasryro no 
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nepecexenna C npanoa IDKaJIOH H nOJIYlIeHHhIH aa npasoa IDKaJIe pesyas
TaT nepenecrn na cpenmoio IDKaJIy HOMOrpaMMhI III, a aa JIeBOH IDKaJIe 
3TOH HOMorpaMMbI OTJIOiRHTb paaaocrs MemAY KOHe'IHhIM p;aBJIeHHeM 
nepaoro aaxpsrroro nepaona Pnn H HalIaJIbHhIM ~aBJIeHHeM nroporo 
aaxpuroro nepaona HcnhITaHHH Pm- IIpoBeAH npaxyro xepea 8TH nne 
TOlIKH ~6 nepeceseaaa C npasoa IDKaJIOH, nOJIylIHM aaaxeaae KOa~~H
:U;HeHTa Il3 • 

[ n III flJ.
Pnn -p 

19 T+t fP"n- Pm),t<cC/c",,2 ~ 0.21 
19 r+tffl,n-p),t<cc/ci.f2 t

(T+t),MUH 2/0 1'10 tUTO1'10 1'1 ±r-e 0)190
30001300 t 10
130
2500 250 t,MUH
 1,5 0.'1 
200U 200 1000T lOa 

170
 
20+ 2
 120
 12
 0.52
 150
 

1500 150 5001 50
 - 30 0.5110
 50
2.5liOO '10 0.71JO 
100 II) '10+ 'I
 OJ}?"t 120
 0.91000+ 100 301
 
90 i-!:-- :;0· 50
 1
"030
 !~5200· 20 '1.5 100
 . 50+ 6
158 15 ",../' 5
 00 8
 »:

90
 
70 

/:0 1,5100 10/' 6
 ,rJ' 70
 10",
500 50
 .J' 7
 00,rQ 2
'150 'I' - o »:",

75
50 §. oot 8
'IUD ..AU"'" 50+ 5 9
 »:70
 2,5350 J5 liO 10
 
55
:;0300 30 JO
 5
 J 

["
 
50
 

3,5Z51J 25 20 15
 100+ 10
110
 55
 '1.0

ZOO 20 I(J 20
 I/O IIj50
30
 

1,5'I:;151l IJ (J 120+12 5
25
 20
 
7
!IOJO IJO 8
10
 

/utJ~ 10
 9
35
 0.51'10.J...ll1 10
0 0 

Puc. 121. HOMorpaMMhI q>UPMhI Xamm6YPToH, 

B OTe'leCTBeHHOH npaxrnae HcrrhITaHHH nJIaCTOB C nOMOIIJ;bro HCnhITa
reJIeH, crrycnaeasrx B CKBaiRHHY na rpytiax, npmtenaror HeCKOJIbKO Me
TOAHK paCIDH~pOBKH nnarpaaa rJIy6HHHhIX peracrpapyromax MaHO
MeTpOB. 

Hapany C ~OPMYJIOH Xopnepa, npHMeHHeMOH AJIH aarepnperarraa 
KpIIBhIX BOCCTaHOBJIeHHH naaneaaa: 

/.I. T+t
P = Pnn - 0, 183Qbkh 19-t-, (26) 

paapatiorama 60JIee TO'IHhIe ~OPMYJIhI AJIH aarepnperanaa 3THX KpH
BhIX H KpHBhIX npHTOKa. HHiRe paccaarpanaiorca MeTOAHKH paCIDH~pOB
KII p;uarpaMM I'JIy6HHHhIX MaHOMeTpOB. 

Memoiiuxa BHHHHerjJmb OCHOBaHa aa HHTepnpeTa:U;HH KpHBOii BOC
CTaHOBJIeHHH nanneaaa C YlIeTOM HaMeHeHHH ~e6HTa B nponecce acnsrra
HIIH [13, 69]. 
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Hccn:e)];OBaHHH noxaaaaa, 'ITO HCXO)];HhIe nanasre H rpaaasnsre yCJIO
BHH, nOJIOmeHHhIe B OCHOBy TeOpHH BOCCTaHOBJIeHHH )];aBJIeHHH B aaxpu
ThIX CKBamHHaX, COXpaH,HIOTCH H npa acmaranaa IlJIaCTa HCIIh1TaTeJIeM; 
CJIeJJ;OBaTeJIhHO, yxaaaaayio TeOpHIO MOmHO IlpHMeHHTh )];JIH aarepnpera
~HH KpHBOn BOCCTaHOBJIeHHH AaBJIeHHH. 

He06xo)];HMO OTMeTHTh, qTO K 06pa60TKe KpHBhlX BOCCTaHOBJIeHHH 
AaBJIeHHfI, IlpeACTaBJIeHHhlX B xoopnanarax tip, lg t, AaHHaH reopaa He 
IlpHMeHHMa, TaK KaK npa BhIBO)];e paCqeTHhIX <l>OpMyJI aroro MeTo)];a 
pacnpeneaeane )];aBJIeHHH B IlJIaCTe ,n;o OCTaHOBKH CKBamHHhl rrpennona
rana YCTaHOBHBIllHMCfI. Ilpa HCllhlTaHHH me IlJIaCTa IlpHTOK B CKBamHHy 
Ha6JIlOAaeTCH B TeqeHHe HellpO)];OJImHTeJIhHOrO BpeMeHH T, Ha]',lepH
eMoro 06blqHO HeCKOJIhKHMH AeCHTKaMH MIIHyT, H OqeBH)];HO, qTO ycrano
BHBlllerOCH pacnpeneaenaa )];aBJIeHHH B nnacre He 6YAeT. 

q
~ 

~ 

Oc..! -,.
0' J 

t 0' t t 
a a 8 

PRe. 122. rpatl>mm p;e6llTa. 
a -. H3MeueBHe ne6l'ITa BO BpeMeBH B npouecce acmaraaaa nnacra; 6
nByxCTYneH'laTafl arrpoxcaxanaa HpHBolt ne6HTa OpH acmaraaaa nnacra; 
6 - TPeXCTYneH'laTafl aOpOHCHMal\Hfl HpHBOlt ne6HTa OpH HCOI>l:TauBH 

nnacra. 

Pa60Ta CKBamHHhl)];O ee OCTaHOBKH yqHThlBaeTCH ,n;pyrHM MeTO,n;OM 
Q6pa60TRlI KpHBhIX BOCCTaHOBJIeHHfI ~aBJIeHlIfI.aTOT MeTO)]; OCHOBaH Ha 
tPopMYJIe (26), onpeneaaromea pa60TY CKBamHHhl B TeqeHHe BpeMeHH T 
nOCJIe ee nycxa c nOCTOfIHHhIM ,n;e6HTOM Q II uocaenyiomee BOCCTaHOBJIe
BHe ,[I.aBJIeHHfI B rexeaae BpeMeHH t nOCJIe ee aaKphlTHH. 

,U.enCTBIITeJIhHO, npn nocryroreaaa mH,n;KOCTH aa nJIaCTa B rrycrsre 
6ypHJIhBhle ipy6hl npOTHBo,n;aBJIeHHe na rrJIaCT 6y,n;eT YBeJIHqHBaThCH, 
noxa rH,n;pOCTaTHqeCKOe ,n;aBJIeHHe He ypaBHoBeCHT nJIaCTOBoe. Iloarony 
npHTOK 6y,n;eT aenpepunao yMeHhlllaThCH. 

Xapaxrepnaa KpHBafI 1 raxoro npHTOKa noxaaaaa na pHC. 122, a. 
OseBII,n;H0 , qeM pease nanaer ,n;e6HT BO BpeMeHH, TeM K 60JIhillHM 

QlllH6KaM npasener anpoxcaxanaa KpHBon 2, napaJIJIeJIhHOn OCH 
afcnacc. RaK OTMeqaJIOCh asmre , no,n;06HafI anpoxcaxanaa npHMeHHeTCH 
aa py6emOM. Pacxeraoa npn aTOM fIBJIHeTCH <l>opMyJIa (26), a <l>aKTH
"IeCRaH KpHBaH BOCCTaHOBJIeHHH ,n;aBJIeHHH CTpOIlTCH B soopnaaarax 

T+t up, In -t-; no HaKJIOHy npHMOJIHHeHHOro yqaCTKa ee orrpenenaerca 

. kh u

rH,n;ponpoBo,n;HOCTI> - qaCTH nJIaCTa,oKpymaIOm;ell CKBamHHy. aKcTpa
.... 

noaanaea aroro yxacrna )];0 a6Crr;HCChI onpenearnor rrJIaCTOBOe ,[I.aBJIeHne. 

2H 

lIHbIMH CJIOBaMH, npa 06pa60TKe RpHBOii BOCCTaHOBJIeHHfI no 8ToMy 
MeTO,n;y ,n;e6HT B nepaon npHTOKa q npaaaxaerca cpe,n;HHM sa aTO spexa, 
T. e. OH orrpeneaaerca RaR '1aCTHOe OT ,n;eJIeHHH ncero orotipaanoro 
ROJIHqeCTBa mH,n;ROCTH Q na BpeMH npHTORa T: 

q= !l..T . 

BOJIee T01J:HO onpenemm, -rH,n;ponpoBo,n;HOCTL 1'1 nJIaCTOBOe ,n;aBJIeHHe,. 
06pa60TaB re me naanue, MomHO CJIe,n;ylOrrr;HM MeTo,n;oM. B xoane nepa
ona npHTORa npH6JIHmeHHO MOmHO C1JBTaTL, 'ITO n6BLImeHlle ,n;aBJIeHIIH,. 
peracrpapyeuoro fJIy6HHHbIM MaHOMeTpoM non uaxepox, BbIBBaHO yse
JIHqeHlIeM cToJI6a il\1I,n;ROCTH B 6ypHJII>Hb1X rpytiax, T. e. aa aTOM yxacr
ne npenetiperaea HllMeHeHHeM rn,n;paBJIlI'IeCRHX rroreps B yaaax acmrra
TeJIH nJIaCTOB. 

Torna, aaaa y,n;eJILHLIn sec oroHpaeMoii mll,n;ROCTH, nayrpeaee ce
qeHHe 6ypHJILHhlX Tpy6, no rpa<l>HRy ,n;aBJIeHHH (CM. pHC. 118, 6) Mom
HO onpeneaars ,n;e6HT mH,n;KOCTJJ B xoane nepaona npHTORa: 

q= 10/dp ~ _1_0'_ ...:.,P.:.:..n-~Pn:.:....-~l (27) 
'V dt 'V tn- tn-l • 

rne Pn-l H Pn - ,n;aBJIeHHH B npeanocneaaea H nocaenaen ro-ncax , CO
oraercrnyromax BpeMeHH tn_ H tn B nepaon npHTOKa T.1 

Teneps, aaaa 06m;HH OT60p iKH/lKOCTH Q H /le6HT B KOHIJ;e nepaona 
T, KPHBYIO /le6HT3 MomHO anpORCHMHpOBaTl> cxeaaaa, yiKe 60JIee 
rrpH6JIHmeHHhlMH R ,n;eHCTBHTeJILHoMy rpa<l>HRy nparona (pHC. 122, 6, 0). 

PaC'IeTHOH <l>opMyrroii BHJ:J;OHaMeHeRHoro MeTOJ:J;a 6YJ:J;eT CJIe)];YIOrrr;afI; 

q.... [ T +t ( Q ) T + t ]
PK - P = 4nkh In -t- +2 qT - 1 In T/2+ t • (28). 

a npn rpexcryrreasarok anpoxcaaanaa 

ql-l [ T+t 3 ( Q ) T+t ] (29)PK-P= 4nkh In -t-+TqT-1 In T/3+t . 

IRpHBhle BOCCTaHOBJIeHHH )];aBJIeHlIfI )];OJIiI<Hhl CTpOHThCH B KooPAH
HaTax 

. T-H (Q ) T+I 
p, In-t - +2 7- 1 In T/2+t 

UJIH 
. T+t 3 (Q ) T+t

P, In r:-+2 QT -1 In T/3+t 

<PopMyJIa (28) BOlllJI3 B npaxraxy , RaK <l>opMyJIa Bopaeona H Myxap
cxoro, a <l>opMYJIa (29) - RaR <l>opMyJIa IIJ.ep6aRoBa. 

Ha npaxraxe npHMeHHIOT HeCROJIhRO BH,n;OHaMeHeHHylO <l>OpMyJIy 
Bopacona H Myxapcxoro: 

I-l [ T +1 + (Qc p ) T + t ]P=Pnn- 0,183qMHH b kh Ig-- 2 ---1 Ig T . (30)
t 

qMHH _+ t 
2 
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HHme IIpHBe,o;eH npmrep pacmaoposxa KpHBOH BOCCTaHOBJIeHlUI 
.,n;aBJIeHlIH npa IIOMOID;H clJOpMyJIhI Xopaepa (26), a rarcae clJOpMyJIbl Bo
pHCOBa 1I Myxapcnoro (30). 

TIpBMep 1. IIpH IlOMOJ:JVI KOMIlJIeKTa HCIlhlTaTeJIbBOrO HBCTpYMeBTa KIU1-146 
()bIJI acnaraa nnacr B aarepsane rJIy6l1B 1445-1477 M. ,1l;HaMeTp cKBalKHHb1190 MM. 

Ilponecc HCnhITaH.HD: npOBOAHJIH C OAJDIM OTKphlThIM II OAHHM aaKphITbIM rrepaonosr. 
Bpe~UI nparoxa T = 47 MHH, a BpeWl BOCCTaBOBJIeH.HH AaBJIeHIDI t = 30 MBH. 

B Ta6JI. 23 aaneceasr peaYJIbTaThI pacllIHcPPOBKH KPllBOD: BOCCTaBOBJIeH.HH AaB
JIeHIIH no cPopMyJIe Xopaepa, a B Ta6JI. 24 - no cPopMyJIe Bopacona II Myxapcxoro. 

Ta6JInIl,a 23 

n Pn. 
Rrc/cMz t, cex T+t 

-t 19 T+t 
t 

T+t 
X=O. 183Qcp 19-t

1 2 3 4 5 6 

1 
2 
3 
4 
S 
6 

140.64 
145.94 
148.50 
150.42 
151.78 
152.70 

300 
600 
900 

1200 
1500 
1800 

9.4 
5.2 
3.8 
3.1 
2.68 
2,4 

0.973 
0.716 
0.580 
0.491 
0.428 
0.380 

219 
161,2 
130.6 
110.5 
96.5 
85.5 

Ta6JIHIl,a 24 

n 

-

Pn• 
Rrc/cMz r, cex 1 T+t

g-t
1 
g 

T+t 
T12+t 

2( Qcp 
-1) X(5) 

QMHH 
x= O.183QMHHX 
X[(4)+(6)] 

1 2 3 4 5 6 7 

1 140,64 300 0.973 0.257 0.417 172.8 
2 145.94 600 0.716 0.224 0.363 134,0 
3 148.50 900 0.580 0.200 0.324 112,4 
4 150.42 1200 0.491 0.180 0.292 97.4 
.'i 151,78 1500 0.428 0.164 0,266 86.3 
6 152.70 1800 0.380 0.150 0.243 77.5 

IIo peaynsraraa aaxepos nocrpoea rpacPllK (pac, 123) B xoopnaaarax pn, 
Z, aa ROTOpOM JIllHllH I paccaarana no cPopMyJIe Xopaepa, a JIllHIDI I I - no cP0p
MyJIe Bopacona H Myxapcxoro. IIpOAOJIlKaH 8TH JIllHllll AO nepeceaenaa C OCblO 
0PAllHaT, nOJIy'laeM aaaxoaae nJIaCTOBOro AaBJIeHllH Pnn I = 160,5 KfC!CM2 , 

160.5+ 161.4 
p an II = 161,4 Krc/cM2 H pnll. cp = 2 = 160,95 Krc/cM 2• 

IIOJIbayHCb nOJIyqeHHhIM rpacPllKoM, MOlKBO onpezremrrs rnnponpoaonaocre no 
CJIeAYIOJ:JVIM cPopMYJIaM: 

kh ) It-I6 110.5-85.5 
10.92 (A' cM)!CITa,( I-"l I = P6- Pt = 152.7-150.42 

86.3-77,5 
152.7-151,78 9,57 (A' cM)!CITa.(.!:!!-) = x5- I6 

/! II P6-P5 

OTKYAa 
kh) _ 10,92+9,57 _ 10 26 ( )/- 2 -, A'CM CITa.( /! cp 

KaK BH,o;HO -M3 npaxepa, pe3YJIbTaThI pacseroa no ,o;ByM xerona
KaM HMeroT He3HaqI,lTeJIbHl>Ie OTKJIOHeHHH, II03TOMy o6e MeTo,o;HKlI MoryT' 
HCnOJIh30BaTbCH ,o;JIH npaKTlIqeCKlIX ~eJIeH. 

Hroxe npanenea npmrep o6pa6oTKlI peayasraron ncnaraaaa 06'b
exra npu nOMOID;n clJOpMyJII>I IIJ;ep6aKOBa. 

PPn,KCC!Cf1 l 
170 

/61 ," " , 
158f57 

f53 156' 

f'tJ 16/f 

f'tf 
• , , , , , ' 1152' 

1,1( 1.2 1.0 0.8 0.0 0,'1 fJ,2 0
fltl 

r-» :J~fl r-«1 tg-...- - - 1,~ t!l
t 2 r;T 'L+t 

fO 50 90 130 170 ZIO x J 
PIIC. 123. 3aBllcIIMoCTb AaBJIeHllH OT aena PIlC. 124. Ilpeotipasonaaaaa 

'lIlHhI x, rpaqlllK KpIlBOii: BOCCTaHOBJIeHllR 
AaBJIeBllH. 

TIpHMep 2. Hcxonaue AaBHhIe, nonyseaaste npa acnsrraaaa nJIaCTa: aa nepaon, 
npnroaa T = 30 MUB 6hIJIO orotipaao Q = 2,312 M3 HecPTIl BHaROCTblO /! = 2,3 cna; 
h = 300 CM. ,1l;aHHhIe BOCCTaBOBJIeHIlH AaBJIeHHH II peayJIbTaThI 06pa60TKII no pac
'leTHOll cPopMYJIe (29) npllBoAHTCH B Ta6JI. 25, CM. rpacPY 8, rne 

u= -.! (....!L -1 ').
2 qT 

,1l;aBBhIe 0 BOCCTaBOBJIeBIlU AaBJIeHHH npeACTaBJIeHhI aa pac, 124, aa xoroporo
BRAHO, 'lTO ace pacsernsre TO'lRIl paCnOJIOlKeHhI aa npmroii. 110 HaKJIOHy aTOll .npa
MOll onpeAeJI1IIOT rH,l(pOnpOBOAHOCTb nJIaCTa (npa llaBeCTHhIX MOm;HOCTll h II BH3-· 
KOCTII /! MOlliHO onpe,l(eJIIlTb npOH.HIl,aeMOCTb): 

i= 2.3Q/! • kh _ 2.3Q (A' cM)/CITa.
4nkh ' 1'1- 4ni 

oKCTpanOJIHIl,IlH npHMOll AO oca oPAIIHaT (a6CIl,IlCCa panna HYJIIO) noxaasmaer 
nJIaCTOBOe AaBJIeHHe pnn = 170 Krc!cM2 , 'lTO conOCTaBIIMO C H3MepeHHhIM. TaKIIM 
06paaOM, npa 60JIbIIIeii: TO'lHOCTII MeTOA, OCBOBaH.HhID: aa paC'leTHOD: cPopMYJIe (29)" 
TaR lKe npOCT, KaK II npyrne, OCHOBaHHhIe aa pacsernux cPopMYJIaX (26) n (28). 

M emoiiuxa pacuuufipoexii ouaepascs: rJIy611HHI>Ix peracrpapyronrax Ma
HOMeTpoB, OCHOBaHHaJI na anrepnperanaa KpllBOH nparoxa, HaH60JIee· 
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Ta6JIR~a 25 

::: 
~ 
.: 

-

::: 
:s: 
l! -+ ... 

-
tl~ 
-

tI
~ 

~ 

+ 
.... 1'" 
-

-1++", 
.... --.... 

-1++'" .... --.... 
eo 

~I++", 
.... --.... 

..:." 
l:l 

§ 
+ ... 

~ 
<>
'" ;,:; 

iO.. 
~ 

1 2 3 
-~ 

I, 5 6 7 8 9 to 

.J 35 7 0.8451 15 2,33 0,3674 0,4978 1,3429 163.85 
10 40 4 0,6021 20 2,00 0,3010 0,4079 1,0100 165,35 
15 45 3 0,4771 25 1,80 0,255.1 0,3459 0,8230 166,19 
20 50 2,5 0,3979 30 1,66 0,2201 0,2983 0,6962 166,75 
25 55 2,2 0,3424 35 1,57 0,1959 0,2655 0,6079 167,16 
30 60 2 0,3010 40 1,50 0,1761 0,2387 0,5397 167,48 

nOJIHO paapafiorana Y«I>HIUI [(II. C. Jlanmaasra H B. A. ROJIOROJIbu;e
BbIM). OCHOBHOH paCqeTHOH «I>OPMYJIOH yRaaaHHOH MeTo.n,HRH HBJIfJeTCfJ 
-GJIe.n,YIO.ru;aH [36, 37, 38]: 

m-l . n-l ) 
. qn ~ qiQm-l -qm ~ q,an-l 

Pmqn- Pnqm f.1 '=1 i=1
=Prlll--- ( (31)

qn-qm 4nkh qn-qm I ' 

r.n,e Pm -ROHeqHOe .n,aBJIeHHe npUTORa, RrC/CM 2 ; Pn - reayuiee .n,aBJIeHHe 
no RpHBOH npHTORa, Rrc/cM~; qn > qi - reaymae .n,e6HTbI no RpHBOH 
npHTOIW, CM 3/ceR; qm - ROHeqHbIH .n,e6UT no RpHBOH npHTORa, cM3/ceR; 

a _ = In ( n - i +1 _). a - =In ( m-i+1 )n 1 m 1n-i f m-i 

Roa«l>«I>HIl,ueHThI; m, n, i - HOMepa TOqeR pacmmpponaa RpHBOH 
npnrona. 

TeRy.ru;IIH .n,e6UT Onpep,eJIHIOT no «I>opMYJIe 

= (p;' - P;'-I) F 1000 (3.2) 
qn 1'8t ' 

rne P~, P~-l - rexynrae .n,aBJIeHUH B nepnon npUTORa, Rrc/cM 2 ; F
rrzrouranr, npoxonaoro CeqeHHH 6YPHJIbHbIX Tpy6, CM2 ; tit - BbI6paHHbIH 
anrepnan pacIIIH«I>poBRII KpHBOH npHTORa, cex; y - Cpe)l;mJH y)l;eJIhHbIH 
nec nJIaCTOBOH mH)l;ROCTII, rc /CM3 • 

RpUByIO npHTORa paa6HBaIOT aa HeCROJIbRO yqaCTROB H peaynsraru 
.aaxepoa .n,aBJIeHlIH aaHOCHT B Ta6JIuu;y. IIocJIe aroro npononar neofixo
.n,UMhIe pacxe'rsr n nOJIHOCTbIO aanOJIHfJIOT rpa«l>bI Ta6JIuI],hI, a aareu 
CTpOHT rpa«l>uR aaBIlcuMOCTIl: 

~1 _1' 

qn ~ qiam-l-qm ~ qiqn-l ) 
1P* = Pmqn- Pnqm 1=1 1=1 

OT X= 4n ( , ,
qn-qm </n-'lm 

a UltleHHO 

P* = qnn- kh
f.1 

Xn· (33) 

IIo pesynsrarax nOcTpOeHHH onpezteamor BeJIHqHHY ranponpoaon
HOCTH: 

kh Xl-x3~ 
-=.,. *,f.1 Pa -PI 

a no orpeaxy, OTCeRaeMoMy aa OCU opnanar , onpe.n,eJIHIOT nJIaCTOBOe 
naaaeaae. 

Haace npnaenea npmrep pacIDu«I>poBRH .n,HarpaMMbI rJIy6uHHorO 
MaHOMeTpa npa nOMO.ru;H «I>OpMyJI YlflHIUI. 

p,KU/CH2 ..---
170 r~...... I I I I I 

___ I
16S1 I I ""'" I I 

1601 - I ! 
! ""o so )( 

PRC. 125. 3aBRcRMoCTh AaBJIeHHJI OT BemltllIlIhl x. 

Ilpaxep 3. B Ta6JI. 26 IIpllBeAeHhI peayJIbTaThI aaxcpon AaBJIeHIIH IIO RpllBhIM 
IIpHTORa, aalIRCaHHhIM MaHoMeTpoM 1, YCTaHOBJIeHHhIM B 4lHJIbTpe lIClIhITaTeJIJI. 
IIJIaCTOB, II MaHoMeTpoM 2, YCT8HOBJIeHHl.IM B 6YPHJIhHhIX Tpy6ax. 

Ta6JIII~a 2~ 

Pnn, RrC/CM' 

tn' cexn; i I 
MaHOMeTp 1 MaHOMeTp 2I I 

0 ° 105.00 80,00 
1 300 105.69 83,00 
2 600 118.59 90.41 
3 900 127.62 99.08 
4 1200 134.50 102,90 
5 1500 139.89 105.02 
6 1800 144,09 108,62 

PaC'IeThI Ha'lHHaIOT C onpeneaeaaa BeJIH'lHHhI IwaMR~HeHTOB an- i, Qm- t ; 
no ROTOphIM COCTaBJIRIOT Ta6JI. 27. 

Ilocne aroro paCC'IIIThIBaIOT BeJIU'IIIHhI, BXOnJlIIJ;I1e B .popMyJIY (33), n peaym,-
TaThI aaHOCRT B Ta6JI. 28. . 

3aTeM CTpORT rpa41IIK (pRC. 125) II onpeneaaror ranponpoaonnocrs: 

kh xl-x3 :12,7 -:~54.- = 24,5 (A' CM)!CII3.T= P;-P~ 

21\} 
218 



t
iN 

<tl 
l:f 
=: 
~ 

~ 

ec 
£-< 

00 

~ .... 
M c.... .... 
c5 

c

~ 
C
L'":) 
M 

'" 0 
c5 

OJ:) 

.... 
0 
M 
~ 
ll':l.... 
c5 

0
O> 

L'":) 

0> 
C'J 
00.... 
c5 

~ 

.... 
OJ:).... 
M 
M 
C'J 
c5 

M 

0 

"" OJ:) 
0> 
OO 
C'J 
c5 

C'J 

0 
ll':l
ll':l 
ll':l 
0 

""c5 

.... 
00 
OJ:)
C'J 
00 
0> 

'"c5 

-- -
I I 

l::: ~ 

'i " 

'" " '" '" 

OJ:).... 

L'":).... 

-<!' .... 

M.... 

C'J .... 

.... .... 

0 
-e

0> 

'-
I 

.-
I 

l::: ::: 

C> 
OJ:) 
ll':l 
0 
OJ:) 

0 
c5 

-<!'.'"C'J 

"" OJ:) 

q 
0 

0 
OJ:) 
00 
00 
OJ:) 
0 
c5 

t 
ll':l.... 
-<!' 
t 
0 
c5 

~ .... 
0> 
0> 
r-. 
q 
0 

<':> 
ll':l 
0 
t 
00 
Q 
0 

-<!' 
C'J 
M 
Ll"':> 
0> 
Q 
0 

t 
~ 
-<!'
ll':l 
0.... 
0 

'- .~I I 

'" " '" '" 

00 
iN 

<tl 
::r 
=: 
~ 

\0 
<tl 

to-< 

('i)Xll'i U 
t--<!'OMM 

----= X '" C'ie6-iOO.nO(<;n - "'0::""'4 t-U":l C1':)C'1 
C'1~~~~ 

000000 
00000 
00000 on-con "" <o-<!'t-OO>- .... 0><00>00 
U":lt-m".;:t!~ 

M .... 

000000
00000 
OCOOO 

(8)X wb - ~·:-:o~~- O':ll.!':C'f:IMO 
t-C"':"""l~~ 

~~~~ 

000000 
000000 
000000 

(6)X ub 0 "'OOOiN ....- .... O>NNiNO 
l.l.> L,",O\.O M ~ 

MC\lC'1~~~ 

l=! U"';l U"';) l.l.> U"';) L'"';I L'"';I 

l-Wv 1b 
~ 

cr!;r.i>cccr!;0 
ao MC'l':C'l'::MMCl':l 

ooooocooooool-W ~~"':"""~~~ 

l=t 00-<!'00Lr:> 
l-Uv1b 

~ 
0t-=~";oo0 

00 C'\lll,icoooro<,:>c-ooooool-U ~-.:-4"':"""l~~ 

r-l.Q~::.ot-

';d c ~~-..i~u-5o 
co~~e.oco 
~-.:-I~~~ 

000000 
ll':l00000 

wbud ss» -<!' .... ll':lt-C>Lr:> 
M~c.oOMc.o 
COt- c- 00 0000 

000000 
000000 

UbWd 
O<O"' .... OOLr:> 

'" cocv:.oot--~~ 
t- 0 L'":) C'J0 00 
C'1C\l~~~ 

wb_ub 
Lr:>O:::iNOO ... ~~:=OOC'1 
MOO L": C\l "':"""l ..... 

lb_Ub 
Lr:>OCC'JOO 

cc ~~OOOC'\JO 
O':l~~OOt-CO ............. 

o>O>NOO>O> 
<0 Lr:>0J:)ll':l 000 

,W:>/:>.IlI IUd "" U"5cx5r:-=~ci~ 
O .... N""'C"C-<!' 
-.:-I~~"':"""~~ 

~ 1 
~C'1C"':-"::-L"':~ 

ITo orpeax y, orcexaexosry aa oca opnaaar, OIIpe,o;eJIHRlT BeJllrqIIHY IIJIaCTOBOrO 
p;aBJIeIlHH PUJI = 170,6 Krc/cM'I.. 

HBTepeCHO OTMeTIITb, qTO pacmlI«pPOBKa )l;aHHOn )l;IIarpaMM.hI (IIHTepIIpeTau,IIH 
KpIIBon BOCCTaHOBJIelllIJl: )l;aBJJe.HlIH) npa IIOMOIIJ;II «POPMYJIhI Xopaepa (26) 1I0aBO
JJIIJIa 1I0JIyrnITb6JIII3KIIe peayJJbTaThI (IIYHKTIIpHaH JJIIHIIJI aa rpa«plIKe): kh/p. = 
=30,1 ()l;'CM)!CII3 II PUJI = 169,3 Krc/cM2• 

RpOMe rlI,D;pOIIpOBO)l;HOCTII II IIJIaCTOBOro )l;aBJIeHIIH, no paccuarpaaasaof 
MeTo,o;HKe MOlilllO OIIpe)l;eJIIITb K03«p«PIII\lIeHThI IIbeaOIIpOBO)l;HOCTII II npO)l;yKTII
OHOCTII IICIIIlTLIBaeMOro 06'beKTa. 

,[J;JIH onpeneaeaaa K03«p«pII~eHTa IIbe30npOBO)l;HOCTII nOJIhayRlTCH «PoPMyJIoii 

/2-1]
2,25%At 4rtkh 1 
19 r~. np = [-p.- (PnJl- Pn) - ~ qi an - 1 2,303q/2 J (34) 

r,o;e % - K03«P«PRIJ;lIeHT rrseaorrpoaonaocra nnacra, cM2/ceK; r., np - nplIBe,o;eHHhIiI 
paztayc CKDalKIIHIi, xapaKTeplI3YRlIIJ;IIH ee aecoaepmeacrao , CM. 

,[J;JIH O,o;HOH IIB TOqeX aa rpa«plIKe (aanpaxep ,o;JIH n = 3) 6Y)l;eM RMeTh caeny
romee aapazeeaao: 

2,25%300 1
19 2 = [4·3,14·25.4 (170.6-127.62)-17531-rs. nn 

=4,7206. 
OTxy,o;a 

%
-2-= 77,8 1!ceK. 
r c• np 

IIOACTaBJIHH B lITO nsrpaacenae IIplIBeAeHIIhIii: panayc CKBaiRlIHhI, MomHO onpe
AeJIHTb K08«p«PIIIJ;lIeHT III>eBOllPOBOAHOCTII. 

R03«p«pHI\lIeHT IIP0)l;yKTlIBHOCTII CKBallmHhI 'l'Jnp 11 KOB«p«pIIIJ;lI:eBT IIpoAyKTHB
HOCTH '1m B KOHIJ;e orxpuroro nepnona HCIIhlTaHIIH orrpenenaror no cJIe,o;YIDm;lIM 
.popMYJIaM: 

0,864Q 
TJnp = _( Pm+ Po ) (35) 

PrIJi 2 

8M (p:n - P:n-1) F 0,0864qm
'l'Jm= (t m ~ tm 1) (PrIJI - Pm) Y PnJl-Pm 

(36) 

rne Q - Cpe)l;HIIH ,o;e611T 110 KpRDOH nparoxa , CMs/ceK; Po - aa-ransrroe AaBJIeHlIe 
110 KpUBOH IIpHTOKa, KrC!CM2 ; p:n; P;J-1 - reuymse naaneaae B IIOCJIe)l;HeH II npen
1I0cJIe)l;HeiI TOqKaX xplIBoiJ: IIpIlTOKa, aanacaaaoa MaHoMeTpoM 2, Krc/cM2; tm ; lm_l 
BpeMH, cooraercrnyromee nocJIe)l;HeiI II IIpe)l;1I0CJIe,o;Hell: TOq!,aM TIO KpIIBOll npn
TOKa, cex. 

Cpep;HIIH )l;e6UT OllpeAeJIHRlT no «popMyJIe 

Q . (p:n- p~) F 1000 
yT ' 

rAe P:n, p~ - COOTBeTCTBeHHO KOHeqHOe II aasaasaoe p;aBJIeHHH no npnnoii nparoxa , 
aamrcaaaoii MaHoMeTpoM 2, KJ'C!CM2• 

Roa«p«pn~lIeHThI npO,LIyHTilDHoCTII 6Y,LIYT lIMeTb CJIe,LIYRlIl\lIe aHa1JeHlIH: 

0.0864' 1100 
'l'JrIP= =2,1 MS/(cy ToKrc/cM2);170-( 144,0~+105 ) 

0,0864·600 
2,0 MS/(CyT' Krc/cM'J). 

TJm = 170 -144,09 
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Memoiiuxa onpeiJe/lellWt fjJuaUll-eCKUX napauetnpoe 
60TaHBaH 3. B. qeKamoKoM, OCHOBaHa na 
HUH aa60IDIOrO p;aBJIeHUfl. U IIpUTOKa, KOTOpLIe 

HbIMU MaHOMeTpaMU B nponecce UCIILITaHUH 061>eKTOB 

llCIILITaTeJIeH IIJIaCTOB [73, 74]. 
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Puc. 126. OnhITHhIB KpUBhIe nCCJIB,D;oBaHHJI 
nJIaCTOB. 

Haace npanenena paC'JeTHaH q,opMyJIa, UCIIOJIbayeMaH 

xeronaxe (pUC. 126): 

n (t)!:.p (t) _f.L_ (In .z; + In t)
Q (t) 4nkh rh ' 

. F 
rne n (t) = 0,07 + 0,93 r - Koaq,q,Un;ueHT; Ft:., 

o 
q,uKe, orpaHu'JeHH8H KpUBOH lip (1") U opp;uHaTaMu 

IIJIOIIl,ap;h IIpHMoyrOJIhHUKa na rpaq,lIKe, 

t U Ap (t); lip (t) - aaaseaae p;elIpeccuu 

BpeMeHII; ~ - BHaKOCTb IIJIaCTOBon iKUP;KOCTU; k 
n.racra; h - MOIII;HOCTb IIJIaCTa; 'X - IIbeaolIpoBOll.HOCTb IIJIaCTa; 

IIpuBep;eHHLIH panuyc CKBamUHLI. 
B CBHaU C TeM 'ITO UCIILITaHUH 061>eKTOB B OTKpLITOM 

HII'JeHLI BO BpeMeHU, aa60llHoe p;aBJIeHUe He 

P;O BeJIlI'JIIHbl IIJIaCTOBOro p;aBJIeHBH. IIo<lTOMY B nponecce TaKlIX IIClIblTa

HIIH He06xop;IIMO onpenenars He TOJIbKO napaxerp 
U IIJIaCTOBOe p;aBJIeHIIe y = PnJl'
 

Hcxons IIa aroro , nsmeneaa q,opMyJIa P;JIH pacmuq,pOBKII JJ;uarpaMM
 

rJIy6uHHbIX MaHoMeTpOB: 

y-!:.P(tn) = x (1 ~+ In t),
Q (In) n 'np 

rne lip (tn) = n (t) lip (t) - ycpep;HeHHoe
 

- v (t)
Q (tn) = -t- - cpep;HuH p;e6uT; V (t) - 061>eM 
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CKBalRBBhI npa nOMOm;Il IlCnhITaTeJIR: 
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(41) 

(40) 

(39) 

- InQ(In) Q (tm) In t;;; 

B m. n = Q (tm)-Q (tn) 

Y= Am. n-Bm. nX ; 

A -- 'Xp (In) Q(tm)-!:.P(tm) Q(tn) 
m,n- . 

Q (t m) - Q (t n ) 

T a 6 JI II 11 a 29 

UHTepBaJI I ;A I II , t:.,P., I AP, I Q. I Am,n I Bm,nBpeMeHH o I 
I(I'C / CI\I I(I'C/ CM' CM" / cex 

t 1 = 1500 cex 0.669 0.691 44.7 30.9 3000 I A 12 = 65,0 I B 12=5220 
t 2 =2500 » 0.698 0.718 53,8 38.9 2320 A 23 = 66,2 B 23 = 2910 
t3 = 3500 » 0.739 0.756 59.0 44.5 1830 A31 = 65,5 B 3 1 = 3980 

IIo peayasraraa aaaepon II pacsera CTpOHT rpa4lHKa (pIIC. 128), na xoroporo 
OIIpeAeJIHIOT IwalJllJlllI{IJeHThI x cp = 0,52 II Ycp = 67,8. Ilocae eroro IIO lJloplllYJIaM 

kh 1 
PnJl = Ycp; - = -4-- . (42)It nxcp 

HUII{e npanenen IIpIIMep paCIIIIIq,pOBKH KpHBblX uaMeHeHlIH aa60H

noro p;aBJIeBUH U IIpuTOKa IIO yKaaaBBOH nunre MeTop:uKe. 

Ilpaxep 4. ITPH IIcnLITaHIHI nJIaCTa npn nOMOm;II IICnbITaTeJIH YlJlHIHI 6LIJIII 
nOJIY'!eHLI naarpauau aa6oIDIOro AaBJIeHIIH II npHTOKa, KOTOphIB I1ao6pameHLI aa 
pac, 126. BLIJIIl BhI6paHLI rpa IIHTepBaJIa speueaa t1 = 1500 cex , t 2 = 2500 cex 
II t3 = 3500 cex II DpII nOMOm;II DJIaHHMeTpa onpenenemr nJIOm;aAII Ft:., II F0 AJlJl 

yKaaaHHLIX IlHTepBaJIOB BpeMeHII, a aareu pacserasra nYTeM Haftp;eHLInee napasrerpsr 
('I'a6JI. 29). 

BOH HB IIJIaCTa aa BpeMH IIClIbITaHIIH tn; n - IIOpHP;KOBbIH UHJJ;eKc pac-

.rne 

"lIeTHLIX UHTepBaJIOB npexeaa tn' .. 
)].JIH JII06LIX P;BYX UHTepBaJIOB BpeMeHU n II m MOiKHO IIOJIy'JIITb 

npa IIOMOIII;U IIB q,OpMyJIbl (38) ypannenae IIpHMOH JIUBIIII: 

3Ba'JeHUH y U X MoryT 6LITb OlIpep;eJIeBLI IIa CUCTeMbI nnyx ypanae
.HUH TUlIa (39), P;JIH COCTaBJIeBHH KOTOpblX rpetiyerca IIO MeBbmeH xepe 
TpU UBTepBaJIa BpeMeBU t1 , tz, t3 • OP;B8.KO p;aBBLIe "IIO TpeM HHTepBaJIaM 

;IJ;aIOT TpU ypaBBeBIIH IIpHMLIX C IIOCTOHBBblMU Koaq,q,IIn;ueBTaMlI A 12 , 

BIZ, J!Z3' B23A 3I , B 3I• TeopeTlI'JeCKH see TpH npaaae I,II H I I I P;OJIiKHbI 

nepecexarsca B OP;BOH TO'JIW, KOop)l;HHaTbI KOTOpOH OlIpep;eJIHIOT Ha'JaJIb

Hoe IIJIaCTOBOe p;aBJIeHUe II rlIp;pOlIpOBOP;HOCTb IIJIaCTa (puc. 127). Ha 

IIpaKTIIKe ua-aa norpemaocrea IIpH aaxepax , Heop;HopOP;HOCTII IIJIaCTa 

H T. p;. IIpHMLIe MofyT He nepecexarscs B OP;HOH TO'JKe. Torna, eCJIU 

paafipoc TO'JeK nepecesenaa IIpHMblX He BeJIlIK, TO C OlIpep;eJIeHHOH CTe

nentao T01ffiOCTII MOiKHO onpeneaars IIJIaCTOBOe nanneaae U ranponpo
BOP;HOCTb na OCHOBe xoopnaaar Xcp U Ycp nearpa xpyra, BlllICaHBOrO 

B TpeyrOJIbHHK, o6paayeMLIH IIpHMhrMU JIlIBlIHMlI. 

Torna 

(38) 

pit) I 

74 15 18 17 la 19 20 21 22 232425 2627 

'0I'!J!!.!! .-
urt) .. 

500 1000 1SPO 2000 3000 3500 
t, ceK I 

, 
-

5' 

aHa'JeHue p;elIpeccuII; 

iKUP;KOCTU, oTo6paH-

B p;aHHOH 

(37} 

nnomans na rpa-

tulip (t); F o -
orpaaaneaaaa KOopp;IIHaTaMu 

B paccMaTpuBaeMLIH MOMeHT 

- npoaanaeaocrr
r np 

CTBOJIe orpa-

ycnenaer BOCCTaHOBUTbCH 

x = ~/lmkh, RO 

_ •• 77 ;8' 7920212223242526 

nsacma, paapa
o6pa6oTKe KpUBLIX uaMeHe

aaIDICLIBaIOTCH rJIy6uH



(42) JIerKO oIIpe,D;eJIBTL aUalJeUIUI IIJlaCTOBOro ,D;aBJIeUIUI (pnJl = 67,8 Krc/cM2) 

II raztponpcaomrocrr, IIJIitlTa ( k: =133 A' CM/cna) • 

Memoiiuna Ce8Ka8HlflllfnerjJmb (H. <1>. PHaaHIJ;eBa) pacmaippoaaa 
KpHBOB npHTOKa .n;HarpaMMLI rJIy6lIHHoro MaHoMeTpa OCHOBaHa aa CJIe
.n;YIOrn;eB .popMyJIe: 

t 
_ qof-t -""T

PnJl - Pa - 4nkh <poe , (43) 

rne PnJl - nJIaCTOBOe .n;aBJIeHHe; Pa - aafioaaoe .n;aBJIeHHe B nepHO.n; 
npHTOKa, HaMeHHIOrn;eeCH BO BpeMeHH; qo - npHBe.n;eHHhIH .n;e6HT; 
<Po - K08.p.pHIJ;HeHT; T - BpeMH paccaarpasaesroro orxpuroro nepnozra 
HcnLITaHHH; OCTaJILHLIe 060aHalJeHHH re me, lJTO H B npenunymax .pop
MyJIax. 

y 

!I 
12 

13 
23 

I
 
I
 
\Yep 

I 

o .. x 
cp 

PIIC. 127. I'padimrecxoe onpeneae Pac, 128. fpa<pIIlJeCKOe onpenenenae <pII3H
nae <pII3I1lJeCKIIX napasrerpon IIJIaCTa lJeCKIIX napaxerpon naacra. 
no ,IJ;aUUbIM lICCJIeAOBaUUH IIpU no-

MOIUII ncnurareaa IIJIaCTOB. 

IIpHBep:eHHLIB .n;e6HT pasea 

qo = 1,583 i ' (44) 

r.n;e Vo - KOJIHlJeCTBO mH.n;KOCTH, orotipaaaoa aa paccaarpaaaexsra 
OTKphIThIB nepHO.n; HcnhITaHHH. 

R08.p.pHIJ;HeHT <Po onpeneaaerca no .popMYJIe 

4xT 2 (<Po = In -2- -0.577 , 45)r c 

rne x - rrseaorrpononaoors IIJlaCTa,' HaMeHHIOrn;aHCH B npeneaax OT 
CM2/ceK;103 no 104 'c - panayc CKBamHHhI. 

PaClJeThI no yKaaaHHOB MeTo.n;HKe npononar B paCCMOTpeHHOB HHine 
nOCJIe.n;oBaTeJILHOcTH. 
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I I I 
• • ",-:1 '2' TO-3 X 

70 

X=O,52 

RpHByIO npHTOKa naarpaaxu rJIy6HHHoro MaHOMeTpa paa6HBaIOT 
na HeCKOJIbKO y'l8CTKOB, cOOTBeTCTBYIOrn;llX aHa'leHHHM BpeMeHH t I , 

t2 , t3 '" tn H aaMepHIOT aa60iiHhIe .n;-8BJIeHHH B .n;aHHhIX TOlJKaX KpHBOH 
Pal; Pa2; Pa3 ... Pan' IIocJIe aTOrO CTpOHT rpa.pHlJecKyIO aaBHCHMOCTb 

t 
B KOOp.n;-HHaTaX PSI e-'T H aa rpa.pHKa onpeneaaior BeJI~HhI IIJIaCTO
BOrO .n;-aBJIeHHSI Pnn llyKJIOHa i. 3HaH panayc CKBaiKHHhI H npHHHMaH , 
npH6JIHaHTeJILHO aaaseaae rrseaonpoaonaocra, no .popMyJIe (45) onpe
.n;eJIHIOT Koa.p.pHIJ;HeBT <Po' IIocJIe sroro no aaaepaa yaHaIOT KOJIHlJeCTBO 
iKHAKOCTH val orofipaaaoa aa BpeMHnpHTOKa T, H onpeneamor no .pOpMy
JIe (44) npHBe.n;eBHhIB .n;e6HT. 3aTeM paClJeTOM onpeneamor Heo0xo.n;llMhIe 
napaaerpsr HCIIhIThIBaeMoro nJIaCTa. Hanpaaep , ranponpononnocrr, 
Haxo.n;-SlT no .popMyJIe 

kh qoCFo (46)-,:;:-= 4ni • 

Ha aTOB .pOpMyJIhI MOiKHO onpeneaan, npOBHIJ;aeMOCTb (k) naacra. 
HHiKe npaaenea KpaTKHB npaaep pacsera npOHHIJ;aeMocTH. 

Ilpaaep 5. Ilpa HcnbITaBBB nJIaCTa MOIUHOCTLIO 10 M B CKBalKHue, 6ypHlUencH 
1t0JIOTaMB 190 MM: (rc = 9,5), 6WIB aanacaaa KpBBaH nplITOKa U aa BpeMH OTKpLI
Toro nepaona UClIL1TaHHH T = 9,7 MBH (581 cex) 6&1JIO orofipaao Vo = 7,656 M3 
(76,56 X 10& CM3) naacroaoa B.O,D;&I. 

t 

ITo p;aUHbIM KpBBon nparoxa CTpOHT rpa<pHK B xoopnaaarax pa, e-x U onpe
AeJIHIOT BenIlllIIHLI DJIaCTOBOro ,D;aBJIeUHH pnJl = 302 Krc/cM2 II yKnoHa i = 
=28.75 Krc/cM2 aa 1 l\HKJI (rpa<pHKu ae npBB01tHTCH). 

ITo <PoPMyne (44) onpeAeJIHIOT npnaeAeuHbIH 1te6uT: 

1,583.76,56. 10&=20900 cM3/ceK • 
qo= 581 

103 cM2/ceK):ITo <PoPMyJIe (45) Onpe1teJIHIOT KoacM>Ul\UeHT CFo (npa a = 

4·581 . 
.103-0,5772=10,73.cpo=ln 90,25 

TorAa no <popMyJIe (46) 

kh. 20900· 10.73f:t = L - ., A I _ <10 '71:: = 621 (A' CM)/cna 

lIJIH ,D;JIH nJIBCTa MOIUHOCTLIO h = 10 M npOUIIl\aeMOcTL pasaa 

k - 621· 1,0 - 621 
- 1000 - MA· 

ECJIB B Te'leBHe HCnbITBUD 6WIO ueCKonLKO aaKpbITLIX H OTKpbIT&lX nepaonon 
II aanacaao UeCKOJILKO KpBB&lX BOCCTaUOBneHHH p;aBneHHH H nparoxa, TO pacser 
nposonar rio BceM KpBBbIM npHTOKa, onpeneaaa aaaseaaa pnJl, t, lila' qo, a aarex 
onpeAeJlRIOT cpenaee saaseaae rH,D;pOnpOBOAuOCTH: . 

kh ) qolllocp 
( T cp= 4nicp • 
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PaClIeThI napaxerpon IIJI8CTa 
IIO pe3YJlhTaTaM IIOHHrepBaJIbHOrO HCIIhlT8HIDI 001>eRTOB" 

B nportecce HCIILITaHHH BCerO BCKpLITOrO HHTepBaJIa npa nOMOID,1I 

IICnLITaTeJIH nJIaCTOB C OnOpOH na aaOOH rrpnrox a{ll)J;KOCTB B cxaaacaay 
MOmeT 6LITI> npe)J;CTaBJIeH IIJIOCKOpa)J;lIaJII>HLIM nOTOKOM (pIIC. 129, a); 

~ paccaorpemnre BLIme MeTO,ll;nKlil pac
mHeppOBKII naarpaax rJIy611HHLIx Ma

HOMeTpoB npHMeHIIMLI K TaKoMy BH)J;y 
npHTOKa. 

IIpH IIOHHTepBaJII>HOM HCIILITaHHJlI 

fiea OIIOpLI na aa60H B cay-rae, xorna 
HCIILITLIBaIOT BeCI> BCKpLITLIH IIpO)J;yK

THBHLIH ropaaonr, pacnnnppoaxy 
)J;HarpaMM MomHo IIpOBO)J;HTI> TaK me, 
KaK H npn 06LIqnLIX HCIILITaHHHX. 

ECJIH me He06xo)J;HMo OIIpe)J;eJIIITI> «p1I

sasecxae napaaerpsr He60JII>moro 

y'lacTKa IIJI8CTa, xorna B03HHKaeT 

o6~MHaH epUJII>Tpan;IIH IIJIaCTOBOH 

mU)J;KOCTH (pIIC. 129, 6), TO B aHaJIH

THqeCKHe aaBHCUMOCTII CJIe)J;yeT BHeCTU 
IIaMeHeHIIH. 

Hance aanaraerca BLIBO)J; HeKOTO

pLIX aaBucIIMocTeH,xapaKTepllaYIOID,lIx 

rrpUTOK mll)J;KOCTU B cKBamllHY IIpU BLI

60POqnOM HcrrLITaHHII OT)J;eJII>HLIX UH

TepBaJIOB IIpO)J;yKTuBHoro KOJIJIeKTOpa 

IIO )J;aHHLIM 06 uaMeHeHUU BO BpeMeHU 

o )J;aBJIeHIIH U )J;e6I1Ta, KOTopLIe MoryTa 
6LITI> IIOJIyqeHLI C IIOMOIIJ;I>IO UCIILITa

Pac. 129. CxeMhI nparoxa UJIa
TeJIeH IIJIaCTOB (B qaCTHOCTH, IICIILITa

CTOBOH iRHJ:\KOCTll K CKBalKHHe. 
TeJIH IIJIaCTOB KOHcTpyKn;uH BHHHBT).a - IIpH IIJIOCROpal\HaJIbHOM IIOToRe; 

6 - IIpH 06'beMHOll: iPHJIbTPal\HH. YCTaHOBJIeHHLIe aaBHCHMOCTH II03BO

JIHIOT UCIIOJII>30BaTI> pe3YJII>TaTLI IICIILI
TaHUH IIJIaCTa )J;JIH OIIpe)J;eJIeHHH TaKHX BamneHmnx ero napanerpon, KaK 

nJIaeTOBOe naanenae, IIpOHHn;aeMOCTI> U Koaepeplln;HeHT III>e30IIPOBO,ll;HOCTII~ 

,[(JIH pemeaaa rrOCTaBJIeHHOH aa)J;aqu H IIOJIyqeHHH pacxermrx epop

MyJI B y)J;06HOM )J;JIH IIpaKTHqeCKOrO rrpUMeHeHHH BII)J;e IIpHHHT pH,ll; YC

JIOBHH, )J;orryID,enHH U yIIpOID,eHHH, CYID,HOCTI> KOTOpLIX COCTOIIT B CJIe)J;yIO
ID,eM. 

1. B xaxecrne pa60qeH rHIIOTeaLI IICIIOJIl>aYIOT IIpHeM, aaKJIIOqaIO

ID,IIHCH B aaaeae IIpHTOKa IIJIaCTOBOH mH)J;KOCTH K peansaoay n;HJIlIH)J;pU

xecxoay CTBOJIy CKBamHHLI B HHTepBaJIe HCIILITaHHH aKBHBaJIeHTHLIM 

rrpUTOKoM K epIIKTHBHOH cepepHqeCKOH IIOJIOCTH (aa paCCTOHHHHX OT CKBa

lliUHLI rropaznca 2-3 BLICOT HHTepBaJIa HCIILITaHHH), Y'IllTLIBaH TaKIIM 
rryTeM 06~MHLIH xapaxrep epHJII>Tpan;HH. 

2. IIpUHHMaIOT, qTO BLICOTa narepaana UCIILITaHHH MaJIa IIO cpan
HeHIIIO C MOID,HOCTI>IO scapsrroro IIJIaCTa. 

3. IIpeArrOJIaraeTCH, qTO pacnpeneaeaae )J;aBJIeHHH B IIJIaCTe y)J;OB

JIeTBOpHeT U3BeCTHOMY [751 OCHOBHOMy ypanaeaaro necranaoaapaoro 
npUTOKa B 6eCKOHeqnOM IIJIaCTe, 3aIIHcaHHOMy B CJIe)J;yrow;eM BII)J;e (npa 
C06JIIO)J;eHuJI ncex YCJIOBUH, y)J;OBJIeTBOpHIOID,JlX 3TOMy ypaBHeUIIIO): 

ap _ %_1 ~ (r2 ap ) =0	 (47) 
ar	 r2 ar ar ' 

rne p - )J;aBJIeHUe; r - panayc-sexrop cepepLI; % - K03q,epUn;ueHT use
aonpoBO).{HOCTH. 

4. ,[(0 aaxana orfiopa mU)J;KOCTU U3 IIJIaCTa, T. e. npa BpeMeHII OT

60pa mU)J;KOCTH t, panaca HyJIIO, )J;aBJIeHHe B IIJIaCTe CqUTaIOT rrOCTORH

HLIM," na OCHOBaHHH xero OHO MomeT 6LITI> IIpHHHTO sa HaqaJIO OTCqeTa 

)J;aBJIeHHi IIpH IIOCJIe)J;yIOID,eM H3MepeHHH: P = 0 npa t = O. 
ITp:Jii:r.umHB K ypaBHeHHIO (47) npeotipaaoaaaae JIaIIJIaca II IIOJIa

raHI. 

co 

p(a, r) =	 SP (r, t)e-at dt, (48) 
o 

ypaaaenae (47) MomHO 'npe)J;CTaBIITI> B CJIe)J;yIOID,eM BU)J;e: 

ap-~ s. (r2 dP) =0	 (49)r2 dr' dr . 

liiIp:HHHB rpaaaamze yCJIOBHH p -+ 0 npa r -+ 0 H P = PI (t) npa 

r = R, nonysaea CJIe)J;yIOID,He penreaaa ypaBHeHHH (49): 

P == :	 exp ( - V: r); (50) 

~= PI (a)	 ~ exp [ - V: (r- R)], (51) 
r)J;e 

co 

Pi (a) =	 Spdt) e-· t dt, 
o 

Hpeotipaaoaaaae Jlannaca Q (a) )J;JIH )J;e6HTa MomeT 6LITI> IIpe)J;CTaB

JIeH0 B CJIe)J;yIOID,e:u: BIIAe: 

k dp 4nkR2 I.Q(0) =	 -4nRlI - -d I = -.- PI (o) (1-R +Va)-. (52)
,.,. r T-R 11	 x 

Paa)J;eJIIIB nupazseaae (52) aa Pi (a) H 060aHaqHB ('I' (a) = ;1(~) , 
MomHO	 aanacars: 

4nkR2 ( 1 +VCJ )
1jJ ()a =-,.,.- If x l '	 (53) 

1 IIpD6JIDiReHHOe pemerrae aarerpana (48) ocym;ecTBJIJIeTCJI B COOTBeTCTBllD 

C [7} .II [8J. 
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RaK yKasLIBaJIOCL BLIme, RCTHHHaH l}lopMa nOJIOCTH, B xoropyro npo
HCXO~HT npHTOK mH~KOCTH B rrportecce HCnLITaHHH, npe~CTaBJIHeT He 
cl}lepy, a IJ;HJI.HH~p pa~HYCOM a H BLICOTOH h. II09ToMy ~JIH HCnOJILaOBa
HHH l}lopMyJILI (53)He06xo~HMo onpe~eJIHTL panayc cl}lepJl1IeCKOH nOJIOCTH, 
9KBHBa~eHTHoH ~aHHOMy IJ;HJIHH~PY. IIpH 9TOM no~ 9KBHBaJIeHT
HOCTLro nOHHMaeTCH To~eCTBeHHOCTL pacnpeneneaaa ~aBJIeHHH aa 
~OCTaTO'IHO 60JILmOM paCCToHHD OT 9TOH cl}lepLI C pacnpeneaeaaoa 
,n;aBJIeHHH noxpyr IJ;HJIHH,n;pa (npa o,n;HHaKOBOM HSMeHeHHH~aBJIeHHH 

BHyTpH cl}lepLI H IJ;HJIHH,lJ;pa). Ha OCHOBaHHH l7J MomHO YTBep~aTL, 
'ITO ,n;JIH aroro ~OCTaTO'IHO HahH cl}lepy, 3KBHBaJIeHTHyro IJ;HJIHH~PY 

B caysae oranaoaapaoro npHTOKa, T. e. P(lmHTL cOOTBeTCTByrom;yro 
sa,n;allY no OTLICKaHHro pacnpeneaeaaa ,n;aBJIeHHH B HeOrpaHH"'1eHHOii 
nopHCTOH cpene noxpyr 6ecKoHe'IHoro IJ;HJIHH,n;pa npa .sa~aHHLIX rpa
HH"'IHLIX yCJIOBHHX aa ero CTeHKe: P = PI (t) npa z< b H op/op· = 0 
npa z >h (z - TeKym;ee aaaseaae BLICOTLI h, P - pa~Hyc-BeKTOp 
IJ;HJIHH,n;pa). B TO me BpeMH pacnpeneaeaae ,n;aBJIeHHH ,n;OJImHO y~OBJIeT
BOPHTL ypasaeaaro Jlannaca. 

o ( dp )-0iJ
2p 

1 (54);iJz2 +p iJp P dp - ~ 

TO'IHoe pemeaae nOCTaBJIeHHOH sa,n;allH oseas CJIOmHO npa oxemaa
HLIX rpaHH'lHLIX yCJIOBHHX. II09TOMY OrpaHIDDIMCHnpH6JIHmeHHLIM 
penreaaex, npUMeHHB npHHIJ;HllLI, HCnOJILSOBaHlILIe II. A. qapHLIM (72] 
~JIH pemeaaa aa,n;all 0 nparoxe K HeCOBepmeHHOH CKBamHHe. IIpe~noJIO
mUM, 'ITO aanaao He ,n;aBJIeHHe na CTeHKH CKBa~HHLI, a paBHOMepHO 
pacnpe,n;eJIeHHLIH no MOIIJ;HOCTH ,n;e6HT. TaKaH sa~alla JIerKO MomeT 6LITL 
pemeaa H Haii,D;eHo COOTBeTCTByrom;ee pacnpeneaeaae ~aBJIeHHH aa CTeH
KH CKBamHHLI no MOm;HOCTH. ,1l;aJIee HaH~eM pacnpeneaeaae cpenaero 
~aBJIeHHH no MOm;HOOTH DCIlLITLIBaeMOH lIaCTH nJIaCTa. CBHSL cpemrero 
~aBJIeHHH C ~e6HTOM ~OJImHa MaJIO OTJIHlIaTLCH OT CBHSD ~aBJIeHHH C ne
6HTOM npa TO'IHOM pemeaaa aanasa H 9Ty CBHSL MomHO HCnOJILSOBaTL 
~JIH onpe~eJIeHHH pa~Dyca 9KBHBaJIeHTHOH cl}lepLI. 

,1l;JIH penreaan onacaaaoa ynpom;eHHoi sa~allH HcnOJILsyeM KOCH
Hyc-npe06paSOBaHDe (J)ypw no z, T. e. nOJIOmHM 

00 

p(u, p)= Sp(r, z)cosuzdz. (55) 
o 

Torna ypanaeaae (54) nepeii,D;eT B CJIe~yrom;ee: 

2p - +p1 d ( dP) 0-u dp PdP = . . (56) 

06m;ee pemeaaa aroro ypaBHeHHH HMeeT BD~ 

-- p=Alo(uP)+BKo(up), (57)
H 

rne 10 H K o - l}lYHKIJ;HD BeCCeJIH OT MHDMoro apryaenra. 
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Pemeaae ypaBHeHHH (57), 06pam;arom;eecH B HyJIb npa p __ 00, sa
nHCLIBaeTCH B BH~e 

p= BKo(up). (58) 

PemeHDH ypaBHeHDH (57), cOOTBeTCTByrom;He rpaHD'lHLIM yCJIOBHHM, 
npa... p = a· CJIe~yrom;He: 

iJpap =0 (z>h); 

iJp 
iJp 

_ 
- -

qIJ. 
4nkha (z<h), (59) 

OTKy~a ~JIH P noaysaea 

~I --~ dp p=a  4nkha 
sin (uh) 

u 
(60) 

lis aaaacaaocrea (58) D (60) onpeneaaea 

B=~ sin(uh) 
4nkha u2K 1 (ua) • (61) 

Torna 

_ qIJ. 
P- 4nkha 

K o(ua) 
K 1 (ua) 

sin (uh) 
u2 • 

(62) 

IIpeo6pasoB8.HDe (J)ypw OT ~aBJIeHHH aa CTeHKe nOJIOCTH HMeeT BII~ 

- = ----!!L K o(ua) sin (uh) (63)
P 4nkh K 1 (ua) . u2 • 

liCnOJILsyH l}lOpMyJIy o6pam;eHDH npeotipaaoaaaaa (J)ypbe, nOJIyllHM 

00 

p(a z)=~..!.. r Ko(ua) sin (uh) cosuzdz= 
, 4nkha n J K 1 (ua) u2 

o 
OD 

~ S K o(U4) sin (uh) (64)2n2kha Kdua) u2 cosuzdz. 
o 

Ocpe~HH no z OT O,n;o b, T. e. noaaraa 

" 
(p) =+Sp(a, z)dz, (65) 

o 

nOJIyrIHM. MeHHH nopanox HHTerpDpoBaHHH D BLIlIHCJIHH BHTerpaJI: 

qIJ. ( h ) <p) = ...."g1rJ.2 q> a ' (66) 
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rne 
co . ('J..h)2 

'P (l!-) = S8m -a K o (I..) 
, a '\. Q U .1'\ '\ d'A. 

o 

B TO iRe BpeMH P;JIH c«IJepHqeCKOH nOJIOCTH COrJIaCHO (331 HMeeM 
CBHSb: 

qJl<P >= 421kR • (67) 

CpaBHHBaH BhIpaiReHHH (66),H (67), HaXop;HM HCKOMyIO saBHCHr.t:OCTb 
panayca c«IJephI ROT pannyca a ~HJIHHp;pa Hero BhICOTLI h, npencraaaea
HyIO CJIep;yIOm;eH «IJOpMyJIOH: 

21hZ 

R= (h)' (68) 
acp a 

<!>opr.t:YJIa (52) nOSBOJIHeT onpeneaars napaxerpu naacra no MeTOp;y 
[8], SaKJIIOqaIOm;eMYCH B TOM, qTO na OCHOBaHHH nonyseamax npa 
HcrrhITaHHH nnacra p;aHHhIX 06 HSMeHeHHH BO BpeMeHH p;aBJIeHHH H ne
6HTa, T. e. rro KpHBhIM PI (t) H q (t), CTpOHTCH rpa«IJHKH H aHaJIH8HpYIOTCH 
npeofipaaoaaaaa 3THX aaBHcHMOCTeH rro Jlanaacy Q (of) H PI ('t)t rne 
't = JIG. 

fpa«IJHK paCqeTHOH aaBHCHMOC'1'H ~ ('t) «;)TPOHT B xoopnaaarax 

Y' - Vf· B COOTBeTCTBHH C «IJOpMyJIOH (53) ara aaBHCHMOCTL npencras-

JIHflT npHMyIO JIHHHIO nana ~ = A + B V~ , npllqeM Koa~4>II~HeHTLI 
.A. H B COOTBeTCTBeHHO paBHLI: 

A = 4nkR. B = 4nkRe • (69) 
!A. t ",J~ 

13LIpasHB panaye R c«IJepLl .xepea panayc a CKBMKHHLI H BHCOTy h 
HHTepBaJIa HcrrhITaHHH nnacra rro «IJopMyJIe (68), a TaKme 8HaH BHaKOCTb 
p, rrJIaCTOBOH iRHP;KOCTH (no peayasrarax aaanaaa rrJIaCTOBOH rrp06L1) 
H onpeneaan rro rpa«IJHKy saBHCHMOCTH 'Il (r), Koacfl«IJH~HeHTH A H B, 
Haxop;HM K03«IJ«IJH~HeHTLI rrpOHH~aeMOCTH k H nseaorrpoaonaocra x, 
UcrrOJIbSyH «IJOpMyJIhI (69). 

lIHTeprrpeT~1IH p;HarpaMM rnyoHHHhIX MaHOMeTpoB 

AHaJIHTMeCKaH H rpa«IJBqeCKaH aarepnperanaa p;aHHLlX, rroaysea
HLIX B peaynsrare BCllLITaHBH nponyxranaoro ropB80HTa, rrOaBOJIHeT 
YCTaHOBUTb: 

1) xapaxrep HaCLIm;eHHH nnacra, a TaKffie nonoateaae Bop;o-He«IJTH
noro H raSO-iRHp;KOCTHoro KOHTaKTOB; 

2) COOTHomeHHe p;aBJIeHHe - 06'beM - TeMnepaTypa, TaK KaK npa 
HcrrbITaHHH BCKpLIToro nponyxranaoro ropH30HTa npotia ortiapaerca 

2!lO 

npH rrOCTOHHHOr.t: nJIaCTOBOM p;aBJIeHHH B rrOCTOHHHOH aa60HHOH reane
parype: 

3) rB;o;pOCTaTHqeCKOe p;aBJIeHHe, onpep;eJIeHHe KOToporo BMeeT oco
6eHHO 60JIbmOe aaaxeaae npa BcnLlTaHBB paaBe;O;OWLlX CKBaiRBH, 
11'aK KaK, yCTaHoBBBMaKCHMaJIbHOe WIaCTOBOe ;o;aBJIeHHe H aaaa ranpocra
'THqeCKOe p;aBJIeHHe, MOiRHO JIerKO onpeneaan, peiRHM pa60TLI, npeny
:npeiRp;aIOIIl,HB: BLl6poCbI; 

4) CKOpOCTb nocrynaeaaa ffiBP;KOCTU B reseaae ncero nepaona na
.xomp;eHBH BcnLlTaTeJIH nJIaCTOB B OTKpLlTOM COCTOHHBB (onpeneaaerca 
no 06'beMy iRH;o;KOCTH H BpeMeHB BCllLITaHHH; eCJIB CKBaiRHHa «IJoHTaHH
pyeT, TO CKOpOCTb nocrynneaaa MOffiHO orrpeneaars na rrosepxaocra); 

D r 
If( 

~
 
~
 

.:§ 

~ 
J 

IJpCMR 

PRC. 130. ,IJ;BarpaMMa BcnhlTaHBJI IlJIaCTa (BpeMJI orxparoro 
nepaona 30 MBH; BpeMJI saxpuroro nepaona 15 MBH). 

5) p;WlaMHqeCKHe CBoHcTBa nJIaCTa, a TaKiRe rHp;pop;HHaMHqeCKOe H 
CTaTHqeCKOe ;o;aBJIeHHe; 

6) nopoma, npenpacnonozseaasre K nOrJIOm;eHBIO; lIaCTO acnuranae 
npOBop;HTCH rrOCJIe BOCCTaHOBJI,eBHH p;aBJIeHBH, B pesyasrare xero BO 
BpeMH orfiopa rrp06L1 B HcllLITaTeJIb nocrynaer 60JIbmOH 06'beM npo
MLlBOqHOH iRH;o;KOCTH; 

7) HaJIHqHe na CTeHKax CKBaiRHHLI rJIHHHCTOH KOpKH HJIH 06BaJIH
BaIOm;eHcH noponu. 

Onpeneaeaae aa60HHoro p;aBJIeHHH HMeeT HaCTOJIb·KO 60JIbmOe aaa
.xeaae P;JIH HaXOiRp;eHIIJI HeKOTOpli[X xapanrepacran naacra , qTO aepen
KO OCHOBHaH aap;aqa HcrrLlTaBBH COCTOHT B yCTaHOBJIeHHH TOqHOH ero 
BeJIHqHHLI, qTO ocotieaao BaiRBO npa He60JIbmOM rrparoxe iRHP;KOCTJI. 

)l;lIarpaMMhI, aamrcanmae rJIy6HBHLlMH MaHoMeTpaMU, B sallHCIIMOC
TH OT napaaerpoa ncnareraaexoro naacra JIMeIOT paSJIHqHyIO «IJOpMy. 

B xasecrae npaaepa paccaorpasr p;uarpaMMY HCIIhITaHlIH nnacra , 
CJIOiReHHorO PLlXJILlM neCKOM (puc. 130). Orpeaox KpUBOH OT OCII a6c
~HCC no TOqKH r COOTBeTCTByeT cnycxy JIHCTpyMeHTa B cuaaaanry. 
HaK BHP;HO, TOJIm;UHa KpHBOH B aTOM HHTepBaJIe HeCKOJIbRO 60JIbme, 
qeM B OCTaJIbHOH ee qaCTH. aTO yTOJIm;eHUe 06'bHCHHeTcH KOJIe6aHIIHMH 
peracrpapyiomero BHcTpyMeHTa BO BpeMH qaCTHWOro nomexa 6ypDJIb
HLIX IIJID naoocao-xoanpeccopasrx Tpy6. npa yCTaHoBKe IIX na 
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anenarop: aa naarpaxae orpaacaerca KaJK)l;LIii TOJI'IOK npa cnycxe IIJID pes :i::'~ ~1~8~;:"
;:o=E-o III ... 1Il:<:KOM 1I3MeHeJ!:IIH CKOpOCTH p;BlImeHHH IIHcTpyMeHTa B CKBamIIHe. B HRTep .,,~;l!I <>"',=<>0:1

:lil. PoO: '" •"''''1:1BaJIe AB yCToii'lHBOCTb JIHHHII CHJIbHO aapymena, 'ITO yxaasmaer aa I:llCllC,) >-~ =I:l. !=' ~<>'lSi~~= <.> I<.>!!lf,MTpYP;HeHHH npa npoxosoreaaa HCllLITaTeJIeM aroro HHTepBaJIa CKBa ~= ;::~.., sS&iHHHLI. TOlIKa B yxaauaaer aa TO, 'ITO nJIaCTOBOe p;aBJIeHHe coxpaaaerca =~><l • =Q)." I:!CDI={ 1:1 tz: ,= :E;:j~<>~~nOlJTH nOCTOHHHLIM, XOTH KJIanaH HCllLITaTeJIH OTKpLIT. B TO'lKe r Q)==... lllll:l Ol::~~al .... 0 naanenae CTaHOBBTCH BLICOKHM BCJIep;CTBHe CmHMaIOm;erO p;eiiCTBHH Be - M!!l ~ :<: 5 '" Po i 
o ° ell 0: a: l!Il Po ..... :;;~ >- ;:<:0: .. 0 ~ ca KOJIOHHLI Tpy6 aa nanepyiomae 9JIeMeHTLI P;O KOHTaKTa CO CTeHKaMH 1::0:0">-81::

'~><l <'>o=f!~:<: 
""~:a I~l'!:ll~~ 

CKBamHHLI. 
Ilocae yCTaHoBKH naxepa II OTKpLITBH rJIaBHorO xaanaaa HcnLITaTeJIH J':§ll:l ~.e~~~=e 

nopona non naKepYIOm;HM aJIeMeHTOM Haxop;HTCH nop; aTMoccflepHLIM 
p;aBJIeHHeM. TaK KaK B paccaarpasaeaox npanepe He npHMeHHJIaCb 
Bop;RHaH HJIH B03p;ymHaH noaymna, TO p;aBJIeHHe peSKO ynano (TO'lKa JI.). 
3TO naaneane nOJIy'lHJIO HaSBaHlIe p;HHaMII'IeCKoro. 

B reseaae 30 MllHKJIanaH HcnLITaTeJIH OCTaBaJICH OTKpLITLIM (P -E). 
npa aToM p;aBJIeHHEt He HSMeHHJIOCb. 3TO oeaasaer, 'ITO B reseaae ncero 
nepaona, KorJ\a KJIanaH IIcnLITaTeJIH llJIaCTOB OCTaBaJICH OTKpLITLIM, 
mlIp;KOCTb He nocrynana, llOCKOJIbKy IICllLITLIBaeMLIii ropHSOHT aaxo
P;llJICH nop; Bosp;eBCTBHeM TOJIbKO aTMoccflepHoro p;aBJIeHHH, He06xop;llMO 
cneaars BLIBOP; 06 oseas HIISKOii npOHll~aeMOCTB nJIaCTa. 3TO nonrsep
mp;aeTCH II TeM, 'ITO, HecMOTpR na saKpLITBe rJIaBHorO iorarraaa HCIILITa
TeJIH, B reseaae 15 MHH HIIKaKIIX IISMeHeHllii p;aBJIeHHH He Ha6JIIOp;a '" Ol:> 

.~ 
II rron naKepYJOm;HM ::meMeHToM BLIpaBHHJIOCb (rosaa }f(), IIcnLIT~TeJIb 

JIOCb. 3aTeM (TO'lKa E) IIcnLITaTeJIb nJIaCTOB 6LIJI CHHT, p;aBJIeHUe Hap; 
..... E ~ ....

nJIaCTOB 6LIJI aaanexea aa CKBamBHLI (roaxa 3), onaaxo rex TPYP;HocTeH, 
KOTopLIe 6LIJIB npa crrycxe IIHcTpyMeHTa, npll nOp;'LeMe OTMelleHO He 
6LIJIO. 

Ha pnc, 131, a noxaaaaa naarpaxaa P;JIH nparrnrsecxa He npOHII~a
eMLIX nJIaCTOB; aa HeH He orpaaceao YBeJIlIlIeHHe J\aBJIeHBH sa BpeMH 
ornpsrroro rrepaona. Op;HaRO B reseaae aaxpsrroro nepaona, nponoa
maBmerOCH 15 MIIH, 6LIJIO sacflHRcHpoBaHo nexoropoe nOBLImeHlIe naane
HIIH (CM. OTpeSOK AB). TaRaH naarpasraa xapaxrepaa P;JIH CJIY1JaeB, II:: 

~ ., <\xorna HCllLITaHlIe npOBop;HTCH B BSBeCTHHKax llJIB OlleHb nJIOTHLIX nee
xax, H npa OTKpLITOM xnanaae HcnLITaTeJIH HS nJIaCTa nOCTYnaeT He ~ 
nJIaCTOBaH mlIp;ROCTh, a TOJIbRO npOMLIB01JHaH C oseas He60JIbIIllDl CO

'<::If 
AepmaHHeM HecflTH H rasa. 3TO 06'1tHCHHeTcH lIaCTH1JHO paomapeaaex ~ II~ 
rasa H sosnyxa B 6YPOBOM pacrsope npa Sa60HnOB rexrreparype, a 

~ lIaCTHlIHO pacmapeaaex aenocpencrnemro nJIaCTOBOH mH)l;RocTH. 
'l::AHarpaMMa, noaaaaaaaa na pHC. 131, 6, OTHOCBTCH R HCIILITaHHIO 

nnacra C OlleHb HllSROB npoaanaeaocrt,ro. 
~ '" C::lIlocae OTKpLITllH rJIaBHOrO xaanaaa IICllLITaTeJIHHa YCTbe CRBa
~ mBHLI 6LIJIO OTMe'leHO cJIa60e nOBLImeHlIe p;aBJJeHBH, xoropoe OlJeHb :mH:lugD!I 

CROpO npeKpaTBJIOCb. Torna A cooraercmyer YBeJIHlIeHHIO p;aBJIeHBH 
na nJIaCT, nOCJIe xero HcnLITaTeJIb nJIaCTOB 6b1JI CHOBa OTKpLIT, H nan
JIeHBe CHBSHJIOCb p;o rlIp;pocTaTHlIecRoro, 06YCJIOBJIeHHOrO OrpaHH1JeH
HLIM KOJIH'IeCTBOM mHp;ROCTII, panee nOCTYnBBmeB B acnaraseas. Ha 

3' 

3TOH naarpaaxe OC06LIH anrepec npep;CTaBJIHeT RpHBaH BOCCTaHOBJIe
HBH p;aBJIeHBH B nOCJIep;HBe 15 MIIH BCllLITaHBH. B ROH:o;e aroro nepaona ~nH(JvgDIl 
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,n:aBJIeHHe He 6hIJIO BIiIpaBHeHO (BC), 'ITO HBJIHeTCH ,n:ORa3aTeJIbCTBOM O'IeHb 

HH3ROH IIpOHHIJ;aeMOCTH IIJIaCTa. 

Ha ,n:HarpaMMIiI (pHC. 131, 6) BH,n:HO, 'lTO BO BpeMH HCIIIiITaHHH npo

H30mJIa aaxynopna IIepcllOpHpOBaHHIiIX OTBepCTHH. B caMoM Ha'IaJIe 

• .,a . M,d I, a ~66.d =1\A= Z" ',-- I
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PIIC. 132. TnllnqHhIe AnarpaMItlhI. rJIy6I1HH 

crrycxa HHcTpyMeHTa B CRBamHHy B03HllRJIll 3aTpy,n:HeHHH, 06YCJIOBJIea

.HIiIe Hll3RIlM Ra'leCTBOM 6YPoBoro pacrnopa: 'IaCTllIJ;IiI IIOpO,n:h£, rJIIIHHC

TOH ROpRII II BH3Roro pacrsopa CROIIIIJIIICb aa CTeHRax CRBamHHbI II 

B oT,n:eJIbHIiIX HHTepBaJIax. ITo Mepe IIOBIiImeHIlH naBJIeHIlH BH3RIlll xare

pHaJI npopsrnaerca xepea oreepcraa cIJIlJIbTpa, a IIpH CJIe,n:yIOm,eH sa
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xynopxe ,n:aBJIeHIIe CHOBa nonaaaaerca. 8TO nonropaerca no TO'lRII 

A. OT TO'IRII A no ,n:O'IRH B HHcTpyMeHT 6bIJI aaxynopea. 

Ha pac. 131, 8 IIORa3aHa naarpaaxa, COOTBeTCTByIOm,aH pemIlMy 

c1JoHTaHllpOBaHHH. Crrymeansra B CRBamIlHY IlCIIbITaTeJIb IIJIaCTOD aaxo

=,,a\F ~7'
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MaHOMeTpOB nCllhITaTeJIeii: llJIaCTOB. 

,n:HJICH B OTRpIiITOM IIOJIOmeHlfH B Te'IeHIIe 90 MIlH. RpIlBaH OT A no E 
COOTBeTCTByeT BOCCTaHOBJIeHIIIO ,n:aBJJeHIlH npa ,n:BllmeHIIII mH,n:ROCTH II 

cTa6I1JIIl3aIJ;I1H ,n:aBJIeHIIH B IIOCJIe,n:HIIH nepaon HCIIIiITaHIIH. Buconoe 
Ha'IaJIbHOe p;aBJIeHIIe cBII,n:eTeJIbCTByeT 0 xopomeH rropIlCTOCTII, a 6IiIcTpoe 

B03pacTaHHe ,n:aBJIeHHH YRa3IiIBaeT aa xopomyro IIpOHH1weMOCTb. 
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Ha OCHOBaHHH aaanaaa nonyseaasrx naarpaxa )J;aBJIeHHH MOiRHO 

IIpaBHJII>HO oqeHHTI> peayJII>TaThI HCIIhITaHHH HClIbITaTeJIeM IIJIaCTOB, 

clIyIIJ,eHHbIM na OypHJII>HbIX HJIH HaCOCHO-ROMlIpeCCOpHbIX rpytiax. 

TaR, aecaorpa aa CHJII>HbIH nparox. lIJIaCT MomeT ORaaaTI>CH aenpo

AYRTHBHbIM H, aaotiopor, )J;ame eCJIH He OMJIO noayseao npHTORa, H 

nJIaCT RaaaJICH «cyXHM», TO na OcHOBaHHH J];HarpaMMbI MOiRHO yCTaHoBHTI> 

npO)J;yRTHBHOCTI> nJIaCTa. I10BTOMy TOJII>RO npaBHJII>HaH HHTepIIpeTa~HH 
rronyxeaaoa )J;HarpaMMM )J;aBJIeHHH MOiReT )J;aTI> HeHCRameHHMe )J;aHHI>Ie 

HcnMTaHHH. 

CJIe)J;yeT Y'lHThIBaTI>, 'ITO )J;JIH oneaaa lIOJIy'leHHhIx .peayJII>TaTOB, 

nOUIIMO lIpO'IHX CBe)J;eHHH, HeOOXO)J;HMO xopomo aHaTI> IIplnleHHeMMH 

HClIl>lTaTeJII>, a TaRiRe TeXHOJIOrHIO nponecca HCIlbITaHHH. I10HHTHO, 

'ITO lIOJIy'leHHaH B npoqecce HCIIhITaHHH )J;HarpaMMa He HBJIHeTCH yHH

nepCaJII>HMM cpe)J;CTBoM )J;JIH OlIpe)J;eJIeHHH xapaRTepHCTHRH HcnMTM

naesroro lIJIaCTa. He cyIIJ,eCTByeT rarose RaROrO-JIHOO aOCOJIIOTHOrO aHa-" 

'1eHHH rH)J;p0)J;HHaMH'IeCROrO )J;aBJIeHHH, ROTopoe nOaBOJIHJIO ObI cpaay 

olIpe)J;eJIHTI> npOMMmJIeHHOe aaaxeane IICIIhITMBaeMoro OO'I>eRTa. OTlHaRO 

BTO )J;aBJIeHlIe CJIyiRlIT BamHMM RpHTeplleM B oueaxe HCCJIe)J;yeMoro 

aarepnaaa , lIOBTOMy pexoaeanyerca HMeTI> aanaca no MeHl>meH Mepe 

JJ:JIH )J;BYX-rpex OTRpMTMX H aaRpMTMX nepaonos HCIIhITaHIIH. 

Hacro lIO xapaxrepy naarpaaa , aanacanasrx rJIyoHHHMMH perncr

JlHPYIOIIJ,HMII MaHoMeTpaMII, MOiRHO onpe)J;eJIHTI>, RaR lIpOTeRaJI npouecc 
HClIbITaHHH, BMHBHTI> HelIOJIa)J;RII B patiore aaooiiHoro IIHcTpyMeHTa H T.)J; •. 

Ha puc. 132 npaseneau uaafionee THlIlI'lHMe naarpasorsr rJIyoHH

HMX MaHOMeTpOB, aanacaaasre B paaJIH'IHMX yCJIOBHHX. 

Ha )J;HarpaMMe (pHC. 132, a) OTpeaOR RpllBOii a - a1 COOTBeTCTByeT 

ClIyCRy IIClIMTaTeJIH B CRBaiRIIHy. RJIanaH HClIMTaTeJIH aaxpur, H oypo

Boii paCTBOp npOXO)J;IIT xepea nepcl>opllpoBaHHMH HROpl>, naaep H. ypas

HHTeJII>HMH RJIanaH. I10cJIe yCTaHoBRII naxepa (TO'lRa a1) ypaBHHTeJIb

HMH RJIalIaH aaRpMBaeTCH, RJIaIIaH IICIIMTaTeJIH OTRpMBaeTCH II yCTaHaB

JIHBaeTCH cootimenae MeiR)J;y lIpOCTpaHCTBOM non naxepox II 0ypIlJII>HMMH 

-rpytiaxa. I10CTOHHCTBO ypOBHH oYPoBoro pacrnopa B aaTpy6HoM npo

CTpaHCTBe CBH)J;eTeJII>CTByeT 0 repMeTH'lHOCTII naxepa. Banopauii RJIa

naa , ROTOpMH BO BpeMH crrycxa HClIMTaTeJIH OMJI OTRpMT, aaRpMBaeTCH 

(TO'IRa b), II lIOCJIe xparxonpesreanoro HaMepeHIIH Ha1JaJII>HOrO )J;aBJIeHHH 

OTRpMToro nepaona (orpeaox b - ~1) aaxepaerca naxansaoe )J;aBJIeHHe 
aaxpsrroro rrepaona (orpeaox bI - c). 

C OTRpMTHeM aanopnoro RJIalIaHa (TO'lRa c) Ha1JHHaeTCH coficrneano 

nepaon rrparoxa (orpeaox d - d1) . I10Me BTOpll'IHOrO aaRpMTHH 

(TO'lRa d1) Ha'lIlHaeTCH BOCCTaHOBJIeHHe ROHe'IHOrO )J;aBJIeHIIH aaxpsr
T01'O nepaona (orpeaox d1 -- e). I10cJIe BOCCTaHOBJIeHIIH )J;aBJIeHIIH OHO 

BMpaBHHBaeTCH H3)J; naxepoa H lIO)J;naaepox C IIOMOIqI>IO ypaBHHTeJII>HOrO 

reranaaa (OTpeaOR e - f), H IIClIMTaTeJII> lIaBJIeRaeTCH aa lIOBepXHOCTI> 

(OTpeaOR 1-11)' 
ECJIII BMeCTO )J;ByxlIoallqlloHHoro aalIopHoro RJIalIaHa B RoMnOHOB

xe HCIIhITaTeJII>HOrO HHcTpyMeHTa IIClIOJIl>aYIOT )J;IICROBMii RJIanaH IIJIII 

npocroa aalIopHMH RJIanaH H Boa)J;yIIIHylO RaMepy, TO npa HopMaJIbHOM 

HCIIhITaHHII noaysaerca RpIlBaH, aa . xoropoa OTcyTCTByeT orpeaox 
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b - b1 [pac. 132, 6). Maaoaerp, yCTaHOBJIeHHMii B Boa)J;:vrrHoii RaMepe, 

sanamer RpHBylO, noxaaarrayro aa pac, 132, 6. Ha pHC. 132, a orpesox 
a - a l HeCROJII>RO CMeIIJ,eH B iIalIpaBJIeHHH )J;eiicTBHH )J;aBJIeHHH na Be

JIH'IIIHy, COOTBeTcTByIOIqylO )J;aBJIeHIIIO BO)J;HHOH nO)J;ymRII. , 

I1pH lIpOXOiR)J;eHIIH lIJIaCTOBOH 1l\1I)J;ROCTH 'Iepea HClIMTaTe.1J1> paana

'1alOT «J{pIlTII'IeCRlIii» II «HeRpHTII'IeCRHii» lIOTORII. RpllTlI'IeCRIIM naasr

BalOT lIOTO", npa ROTOpOM )J;aBJIeHlIe nepen aaooHHMM nrrynepou B HC

lIMTaTeJIe lIJIaCTOB lIO MeHl>meii Mepe B)J;Boe oOJIl>me, '1eM lIpOTHBO)J;aBJIe

Hue, OOyCJIOBJIeHHOe BepXHHM nrrynepoa II CTOJIOOM npOMMBO'IHOH 

iRU)J;ROCTn. Ha pHC. 132, a JIIIHIIH d - d1 lIORaaMBaeT, 'ITO )J;aBJIeHlIe 

nOCJIe HelIpo)J;OJIiRHTeJII>HOrO BpeMeHII npnroxa OCTaeTCH lIOCTOHHHhIM, 

TaRHM ofipaaoa, na )J;aBJIeHlIe nepen aaooHHMM IIITYqepoM He BJIIIHeT 

CTO.1JO lIpOMMBO'IHoii iRlI)J;ROCTII. I1pepMBHCTaH iRe JIIIHIIH d - d1 COOT

BeTcTByeT «HeRpIlTH'IecRoMy» lIOTORy. 
OT aasana )J;O ROHqa nepaona lIpIfTORa )J;aBJIeHlIe BCJIeJ{CTBlIe yBeJIH

'1eHHH CTOJIOa iRlI)J;ROCTII noapacraer. RpHBaH na pac. 132, e noxassr
naer, 'ITO lIOTOR OY)J;eT «RpHTH'IeCRIIM» )J;O Tex nop, lIORa lIpOTHBO)J;aBJIe

RHe BCJIe)J;cTBHe BoapaCTaHIIH CTOJIOa iRIf)J;ROCTII B rpytiax OY)J;eT.COCTaB

JIHTI> oOJIl>me 50% )J;aBJIeHIIH nepen mrynepox, nocae '1ero lIOTOR CTa

HOBHTCH «HeRpHTH'IeCRHM». I1pH HClIMTaHIIH Hecl>oHTaHlIpYIOIqerO Hecl>Te

HOCHoro IIJIH raaOHOCHoro lIJIaCTOB H HaJIH'lHII BO)J;HHOii nO)J;ymRH )J;aB

JIeHUe iRH,!I;ROCTII aoapacraer, a aarex no Mepe ee BMTeCHeHIIH OHO na

naer )J;O nOCTOHHHoro aaaseaaa. Ha pac, 132,3IC noxaaaaa xpaaaa ra

xoro HcnMTaHIIH npa HaJIII'IHH BO)J;HHOii lIO)J;ymRH. 

Ha pnc. 132, U naaa RpHBaH, xapaxrepaaa )J;JIH HCIThlTaHIIH aa npn

TOR lIpll IICnOJIl>aOBaHIIH nrrynepos paanasaoro )J;lIaMeTpa, a aa p ac. 

132, K - RpHBaH neynaaaoro HClIMTaHIIH BCJIe)J;CTBlIe HerepMeTII'IHOCTII 

rraxepa, 'ITO M01l\HO cpaay OlIpe)J;eJIIITI> no nOHHiReHIIIO rll)J;pOCTaTII'IeC

xoro AaBJIeHHH B aarpyfiaoa npOCTpaHCTBe. ECJIII RJIanaH HcnMTaTeJIH 

nOCJIe ero yCTaHoBRH He oTRpMBaeTCH, BTO anaxar, 'ITO npOCT

paHCTBO lIO)J; naaepox aalIOJIHeHO lIpOMhIBO'IHoii iRH)J;ROCTI>IO, II Tor)J;a 

)J;HarpaMMa orpaaeaer TOJII>RO )J;aBJIeHlIe CTOJIOa 3TOii iRH)J;ROCTII 

(pHC. 132, /1,). 
,IJ,narpaMMa na pHC. 132, M COOTBeTCTByeT IICnMTaHIIIO, npa ROTOpOM 

BO BpeMH npHTORa 1l\H)J;ROCTII aa nJIaCTa B:blmeJI 113 CTpOH '1acoBoii xexa

HHaM peracrpapyiomero MaHOMeTpa. B )J;aHHOM cnysae )J;JIH oneaxa nnaora 

CJIe)J;yeT HClIOJIl>aOBaTI> )J;lIarpaMMy, aanacannyro BTOP:blM MaHoMeTpoM, 

yCTaJIoBJIeHHMM B HcnMTaTeJIe. 

CaMMM yaRHM OTBepCTlIeM B HClIMTaTeJIe OOM'IHO HBJIHeTCH oTBepCTHe 

mrynepa IIJIII caxoro IVIalIaHa IIClIMTaTeJIH. lIMeHHo BTH oTBepCTHH 

aaxynopanaiorca '1aCTlIqaMII rJIHHIICTOii ROpRII, BaryCTeBIIIIIM OYPOBMM 

paCTBopOM IIJIH '1aCTlInaMH lIOP0)J;M. TaRoii cJIy'laii lIpe)J;cTaBJIeH aa 

pac. 132, It. I1PIl aaxynopxe OTBepCTlIii HROpH xpanaa aa naarpasore 

OTRJIOHHeTCH (pac. 132, n). 
ECJIII IIClIMTaHlIe npOBO)J;HT npa HaJIII'I1I1I Boa)J;yIIIHoH RaMepbI, TO 

ee OO'LeM )J;OJImeH OMTI> HBMepeu. Ha pac. 132, P naaa RpHBaH aaxeae
UHH )J;aBJIeHIIH, COOTBeTcTBylOIqaH CJIIIIIIROM MaJIeHI>ROii IIJIH CJIIIIIIROM 

OOJII>IIIoii noanymaoa RaMepe. 
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Ha pIIC. 132, C IIORa3aHa ~IIarpaMMa, CBII~eTeJIbCTBYIOm;aH 0 xopo

meM npoamtaeuocra IIJIaCTa. I1CIIbITaHIIe IIPOBO~IIJIOCb IIpII HaJIIIqIIII 

3a6oMHoro mrynepa. Ha pIIC. 132, m nana RpIIBaH, IIOJIyqeHHaH npa 

TaROM llie IIcIIl>ITaHIIII, HO fiea aafioaaoro nrrynepa , Orpeaox d - di 
COOTBeTcTByeT «HeRpIITIIqeCRoMy» IIOTORy. 

RpIIBaH, IIORa3aHHaH na pIIC. 132, y, THIIIIqHa ~JIH IIJIaCTa C HII3ROM 

IIpOHIIn;aeMOCTbIO. Hpnaaa IIpIITORa IIpH Me~JIeHHO HapaCTaIOID;eM II 

HeIIOJIHOCTbIO BOCCTaHOBHBmeMCH ~aBJIeHIIH aaxpiaroro nepaona CBII

lJ,eTeJIbCTByeT 0 He3HaqHTeJIbHOM IIpIIToRe. Ha pHC. 132, rjJ IIORa3aHa 

~IIarpaMMa, IIOJIyqeHHaH IIpII IICIIbITaHlIH «cyxoro» IIJIaCTa. Me~JIeHHOe 

II HeIIOJIHOe BOCCTaHOBJIeHIIe 

~aBJIeHIIH 3aRpbIToro IIepHo~a 

(pIIC. 132, z), a TaRllie nexpn

TIIqeCRIIM» xapaxrep IIOTORa 

MoryT ObITb oOYCJIOBJIeHbI CHIIJ!!J 0\. llieHueM IIpOHHn;aeMOCTII IIpII
Bfl8MH 

3aooMHoM 30HLr. 
Pnc. 133. )J;lIarpaMMa lICIIIiITaHlIlI IIpH aa ECTeCTBeHHbIe xapaxrepa

JIHqlIH 60JIhillHX ,n;elfJeKToB. CTIIRII HCIIbITbIBaeMoro IIJIaCTR 

MOlliHO OIIpe~eJIHTb TOJIbRO IIpII 
yCJIOBIIII, qTO OTpHn;aTeJIbHOe BJIIIHHIIe IIPOMbIBOqHOM lliII~ROCTII na 

IIpII3aooMHyIO 30Hy CBe~eHO R MIIHIIMyMy II qTO MeTO~ BCRpbI

TIIH nonotipaa C yqeTOM xapaRTepHcTIIR IIOPO~ IIpII3aooEHoM 

30HbI. Ha pac. 133 IIORa3aHa naarpaxaa, IIOJIyqeHHaH IIpII OOJIbmOM 

qnCJIe aapynreaaa IIJIII CHHllieHIIII nponanaeaocra IIpII3aooMHoM 30HM . 

CRBaiKIIHbI. RaR BII~HO, ornasa IIJIaCTa B TeqeHIIe orxpsrroro nepaona 

ObIJIa He3HaqIITeJIbHoM. Horna ROHeqHOe CTaTIIqecRoe ~aBJIeHIIe ObIJIO 

CHHTO IIpII IIepeRpbIToM CRBalliIIHe, TO ~aBJIeHHe ObICTpO B03paCTaJIO II 

~OCTIIraJIO ypOBHH nepaoaa-raxsaoro. ::lTO IIpII3HaR roro, qTO IIpII3a

OOllHaH 30Ha IIJIaCTa CIIJIbHO aarpaaaeaa II TOJIbRO HeOOJIbmOe ROJIIIqeCTBO 
IIJIaCTOBOll ilUI~ROCTII ~OCTIIraJIO CTBOJIa CRBalliIIHbI. 

OIIpe~eJIeHIIe cB06o~Horo ~e6IITa 

IIPII pacrrrarpponne ~IIarpaMM rJIyOIIHHbIX MaHoMeTpoB neofixonnxo 

OIIpe~eJIHTb cpenaeo anaseane ~eOJITa aa BpeMH IICIIbITaHIIH. Iloaroxy 
B IIpOn;ecce IICIIbITaHIIH IIJIaCTOB IIPOBO~HT aaaepsr ROJIIIqeCTBa IIJIaCTO

BOll lliII~ROCTII, OToopaHHOI1: aa BpeMH IIpIIToRa. IIPII orfiope HeOOJIbmIIX 

ROJIIIqeCTB IIJIaCTOBOH lliII~ROCTII ee OO'beM 3aMepHIOT IIpH IIOMOID;II Mep

HOM eMRoCTII, a IIpII 3HaqIITeJIbHOM 3aIIOJIHeHIIII OypIIJIbHbIX TpyO IIJIac

TOBOM iKII~ROCTbIO OIIpe~eJIHIOT rJIyOIIHy paCIIOJIOllieHIIH ypOBHH B 

rpyfiax II, 3HaH IIX OO'beM, IIO~CqIITbIBaIOT ROJIIIqecTBO iRII~ROCTn, OTOO

pllHHOI1: B nponecce IIcIIbITaHHH. BbIIIOJIHeHIIe aTOM oIIepan;IIII CBH3aHO 

C OIIpe~eJIeHHbIMII TPY~HOCTHMII, TaR RaR lliH~ROCTb H3 IIJIaCTa IIOCTy

IIaeT B IICIIbITaTeJIbHbIM IIHcTpyMeHT BMeCTe C cPlIJIbTpaTOM H OypOBbIM 

paCTBopOM, HaXO~HID;IIMIICH B IIO~IIaRepHOM IIpOCTpaHCTBe CRBalliIIHbI. 

RpOMe roro, BO MHorIIX CJIyqaHX ~JIH OrpaHHqeHIIH HaqaJIbHOII 

~eIIpeCCIIII na IIJIaCT nepen IICIIbITaHIIeM qaCTIIqHO 3aIIOJIHHIOT OypIIJIb

238 

rnre TpyObI lliII~ROCTbIO (C03~aIOT lliII~ROCTHYIO nonymxy). Conepacanne 
rasa B lliII~ROCTII rarose OTpHn;aTeJIbHO BJlIIHeT na pe3YJIbTaTbI sauepon, 

nOCROJIbRY TPY~HO TOqHO onpeneaarr, BbICOTY CTOJIOa lliII~ROCTII B ROJIOH

He 0YPIIJIbHbIX H HaCOCHO-RoMnpeccopHbIX TPYO npn HaJIIIqHH B HeM 

raaa. OIIpe~eJIHH ROJIIIqeCTBO OToopaHHOM lliII~ROCTII, HeOOXO~HMO yqH

TbIBaTb BJIIIHHIIe CHHllieHIIH ~aBJIeHIIH B nO~IIaRepHOH 30He Ha OO'beM 

aanoaamomero ee OYPOBoro pacrnopa. 

IIpaRTllqeCRII OO'beM OToopaHHOH IIJIaCTOBOM lliII~ROCTH aa BpeMH 

HcnbITaHHH onpe~eJIHIOT CJIe~YIOID;IIM oOpa30M. 

IIPOBO~HT aaaep ypOBHH lliII~ROCTII B rpyfiax no OTRpbITIIH npaeu

noro xnanaaa HcnbITaTeJIH nJIaCTOB II aaxonar BbICOTY CTOJIOa lliH~ROCTII, 

rrpenaaanaaaiomeaca ~JIH C03~aHHH npoTIIBO~aBJIeHIIHaa nJIaCT. IIocJIe 

aroro OIIpe~eJIHIOT OO'beM nonnanepaoro IIpoCTpaHCTBa, 3aIIOJIHeHHOro 

6ypOBbIM pacraopoa. BTOPIIqHO 3aMepHIOT ypoaens lliII~ROCTII B ROJIOHHe 

TPYO B ROHn;e IIcnbITaHHH (IIJIII npa nO~'beMe HHcTpyMeHTa na nonepx

HOCTb). IIo pa3HoCTII ~BYX aasrepon yponnea (B aaxane H B ROHn;e ncnsr

TaHIIH) onpe~eJIHIOT IIpIIpOCT CTOJIOa lliII~ROCTH B Tpyoax aa BpeMH acma

TaHIIM II ee OO'beM. 

O~HaRO BMeCTe C nJIaCTOBOH llill~ROCTbIO II3 nonnaxepaoro npocrpan

CTBa CRBalliIIHM B 0ypIIJIbHbIe TpyObI nocrynaer H OypOBOH pacrsop, 

npHqeM npa OOJIbIDIIX ~eIIpecCIIHx na nJIaCT (200-300 Rrc/cM2) II3-3a 

peaxoro CHIIllieHIIH lJ,aBJIeHIIH B IIo~IIaRepHoH 30He B aaxane HCIIbITa

HIIH OO'beM pacrnopa YBeJIIIqIIBaeTCH na 5-10% OT ero OO'beMa npa 

rll~pOCTaTIIqeCROM ~aBJIeHIIII. 

TaRHM oopa30M, eCJIH II3 OO'beMa lliII~ROCTII, 3anOJIHHIOm;eH ROJIOH

Hy 6ypHJIbHbIX IIJIII HaCOCHO-RoMnpeccopHbIX TpyO, BbIqeCTb OOm;IIM 

OO'beM oYPoBoro psernopa, HaXO~HBIDerOCH B nO~IIaRepHOM npOCTpaHCT

Be CRBallillHbI II B rpyfiax (~O OTRpbITIIH npaexaoro xnanaua), TO MOlli

HO OIIpe~eJIIITb IICTIIHHbIH OO'beM lliII~ROCTH, H3BJIeqeHHOH H3 acnsrra
naexoro nJIaCTa. 

Cpe~HHM ~eOHT aa BpeMH HCIIbITaHHH onpe~eJIHIOT raroxe npn pac

IDHcPpOBRe RpHBOM IIpHTORa ~HarpaMMM ~aBJIeHHH, 3anHcaHHOM Ma

HOMeTpoM, YCTaHOBJIeHHbIM B 0YPHJIbHbIX rpyfiax nan 3anopHO-IIOBOpOT

HbIM RJIaIIaHOM HCIIbITaTeJIH nJIaCTOB. B aTOM cnysae onpe~eJIHIOT nan

JIeHHe B Tpyoax B HaqaJIe OTRpbIToro nepHo~a HCIIbITaHHH (B HaqaJIe 

IIpIIToRa) II B ROHn;e ero. Paanocrr, 3THX ~aBJIeHHM paBHJteTCH ~aBJIe

HHIO CTOJIOa lliH~ROCTH, OToopaHHOM aa BpeMH IIpHTORa. 

3HaH OO'beM Tpyo, IIJIOTHOCTb OToopaHHOM llill~ROCTH H IIPO~OJIlliH

TeJIbHOCTb IIpHTORa, MOlliHO onpeneaarr, cpe~HHM ~eOI!T npn nCIIbITaHIII!. 

AHaJIII3 OTo6paHHbIX IIpo6 

B ROnJIeRC BOIIpOCOB, pemaexux B nponecce IIcnbITaHIIH OO'beRTa, 

BXO~IIT OIIpe~eJIeHHe xapaxrepa HaCbIm;eHHH nJIaCTa, T. e. onpenenenae 

CBOMCTB nJIaCTOBOM lliH~ROCTII (rasa). C aTOH n;eJIbIO IIpH IIcnbITaHIIH 

OTOIIpaIOT npe~CTaBIITeJIbHbIe npofisr lliH~ROCTII, nocrynasmea B ncma

TaTeJIb nJIaCTOB II B 0ypHJIbHbIe TPYOM, II rronnepraror IIX aceoroponnexy 

aHaJIII3Y B JIaOOpaTopHbIX yCJIOBHHX. 
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)l;J1H pacmadipoaxa )J;HarpaMM rJIy6HHHhIX MaHOMeTpOB R onpenene
HRH TaKRX «IJH311'IeCKHX napaaerpon nnacra, KaK KOa«IJ«IJlIIWeHThI rrpo
HR~aeMOCTR, rrbeaOrrpOBO)J;HOCTH H np., He06xo)J;RMO aaaepars B oT06
paHHhIX npofiax npO~eHTHOe COOTHomeHRe 6YPOBoro pacrnopa, ero 
«IJRJIbTpaTa, nJIaCTOBOH BO)J;hI H He«IJTH. 

I1Hor)J;a B KOHCTPYK~RR acnararenea, KaK 6hIJIO paCCMOTpeHO BhI
me, npenycaorpeau crrenaansaue KaMe'phI HJIH .6aJIJIOHhI )J;JIH orfiopa 
Oq~eHHOHOT «IJHJIbTpaTa H 6YPOBoro pacrsopa npe)J;CTaBHTeJIbHOH npo
6hI nJIaCTOBOH mH)J;KOCTR. IToCJIe nomeaa HCrrhITaTeJIH rrJIaCTOB aa no
BepXHOCTb conepacanae TaKHX KaMep B Crre~RaJIbHhIX xoareaaepax 
HarrpaBJIHIOT B JIa60paTOpHIO )J;JIH raytioaoro aHRJIRaa (XRMHqeCKOrO, 
cnexrpaasaoro H np.). 

Pe3YJIbTaThI aHaJIHaOB rrOaBOJIHIOT YTOqHHTb pacnradipoany )J;HarpaMM 
)J;aBJIeHHH rJIy6RHHhIX MaHoMeTpOB H BHOCRTb KOppeKTJiBhI B napaaerpu 
nJIaCTOB, onpe)J;eJIeHHhIe paCqeTHhIM nyTeM. 

2. HBTEPDPETAD;BH PE3YJlbTATOB OnpOBOBAHHH DJIACTOB
 
DPB n()MO~H ODPO;BOBATEJIEB,
 

CllYCHAEMbIX B CHBA1KIIHY HA HABEJIE-HARATE
 

RaK OTMeqaJIOCb sume, npa onp060BaHRH nJIaCTOB C nOMOrn;bIO 
onp06OBaTeJIeH, crrycnaeasrx na Ka6eJIe-KaHaTe, npofisr nJIaCTOBOH 

. mH)J;KocTH oT6HpaIOT B pafioxae eMKOCTR OrpaHHqeHHOrO 06wMa. B 
nponecce nparoxa mH)J;KocTR 

'" 1120 MaHoMeTp, yCTaHOBJIeHHhIH 
~ 560 - J" 5 6 BHyTpH onp060BaTeJIH, sana

):;: 2"0 r ChIBaeT )J;HarpaMMy soapacra
. u ~1 2
 
~ 0 ' HHH )J;aBJIeIlHH.
 
~" U I I v e	 Ha pHC. 134 npencran1
 
~ r 6 '\0 e JIeHa naar-paaxa , aanacaaaaa 
~ 15 2 rJIy6HHHhIM MaHoMeTpoM npa 

(J	 . 0.5 , • Z ,5 onp060BaHHH nJIaCTa B paane
8ptltlR. MI/N )J;OqHOH cKBamHHe IOmHoH 

PRC. 134. )J;RarpaMMa rJIy6IIHHOrO MaHO- JIYH3RaHhI aa rJIy6HHe 3300 MM 
MeTpa onpofioaarenea UJIaCTOB. npn nOMOm;U onp060BaTeJIH, 

crrycxaeaoro B CKBamHHy na 
Ka6eJIe-KaHaTe. Hpoxe roro, )J;JIH KOHTpOJIH OT)J;eJIbHhIX onepanati npa
MeHHJICH :meKTpHqeCKHH HH)J;RKaTOp. )l;aHHyIO )J;HarpaMMY )J;aBJIeHHH 
MomHO CqRTaTb TRnRqHOH )J;JIH ynaxao npoaeneaaoro onp060BaHHH. 

ITPR cnycxe H yCTaHoBKe onp060BaTeJIH B CKBamRHe )J;aBJIeHRe BHyT
pR ero OCTaeTCH HeR3MeHHhIM, JIR60 HeaHaqHTeJIbHO aoapacraer BCJIe)J;
CTBHe yBeJIRiIeHHH TeMnepaTyphI oKpymaIOm;eii cpensr (yqaCTOK )J;RarpaM
MhI 1). ITocJIe npaacaraa ynJIOTHRTeJIbHOrO fiarnaaxa K CTeHKe 
CKBam.RHhI, qTOCOOTBeTCTByeT TOqKaM a R6Ha KpRBOH, aanacanaoii RH)J;R
KaTOpOM, B3phIBaIOT KYMYJIHTHBH~H 3apH)J; (TOqKa 8), H qepea 06paaOBaB
meeca .OTBepCTRe (HJIH )J;Ba OTBepCTRH, eCJIR C)J;eJIaHO )J;Ba BhICTpeJIa) 
mR)J;KOCTb H3 nJIaCTa nOCTYnaeT B onp060BaTeJIb. 

Ha )J;RarpaMMe )J;aBJIeHRH «IJRKcRpyeTcH pesxoe YBeJIRqeHHe )J;aBJIe
HRH (npaaaa 2). YqaCTOK 3 naarpaxau )J;aBJIeHHH COOTBeTcTByeT nepa
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O)J;y orfiopa mR)J;KOCTH aa nJIaCTa)J;o nOJIHorO aanOJIHeHHH orrp060BaTeJIH; 
B paccaarpasaeaox npaaepe 3TO )J;aBJIeHHe ()J;HHa:MHqeCKoe) paBHO 
320 KrcjcM 2. ITocJIe aanOJIHeHHH onp060BaTeJIH H orcenenaa rrpofisr MaHO
MeTp «IJRKcRpyeT CTaTRqeCKOe nJIaCTOBOe )l;aBJIeHHe npa HaOJIRpOBaHHoM 
IIJIaCTe (rrpaxaa 4, COOTBeTcTByIOrn;aH 350 Krc/cM2). Onepanaaa, CBH
aaHHhIM C aaKphITReM xnanaaa R BoaBpaTOM npHmRMHOH CHCTeMhI B TpaHC
nopraoe nOJIOmeHHe, COOTBeTcTByIOT TOqKH e ts it. 

)l;JIH oCB060m)l;eHHH ynJIOTHHTeJIbHoro fiamaaaa BapbIBaIOT KyMyJIH
TRBHhIii sapan (TOqKa e), R onp060BaTeJIb B03Bpam;aeTCH B rpaaorrop'r
Hoe nOJIOmeHHe. ITepeBO)J;HRK, B KOTOpOM paaaernaerca MaHOMeTp, 
C006rn;aeTCH co CKBamHHOH, H na naarpaaae «IJHKcHpyeTcH POCT )l;aBJIe
HRH (ysacrox 5) )J;O BeJIHqHHhI rR)J;pOCTaTHqeCKOrO )J;aBJIeHHH cToJI6a 
m~)J;KOCTH, aarrOJIHHIOm;eH CKBamHHy (yqaCTOK 6, cooTBeTcTBYIOm;HH 
505 Krc/cM 2). 

B peayasrare yxaeaaasrx onepanaa B pa60qeH eMKOCTH onpofioaa
TeJIH 6hIJIO nO)J;HHTO na nOBepXHOCTb 1,5 JI He«IJTH, 110 JI raaa , 2 JI «IJH~T
para 6ypoBoro pacrnopa H 0,05 JI necaa. fa30BhIH «IJaKTop pasea 73 idSIM s. 

ITo )J;aHHhIM npe)J;BapHTeJIbHOrO orrp060BaHHH 6hIJIH C)J;eJIaHhI BhIBO)J;hI 
o neaecoofipasaocra 60JIee rayfioxoro HcnhITaHHH nJIaCTa. Harepecao 
OTMeTRTb, qTO npa nansaeamea npOMhIIIIJIeHHOM onp060BaHHH na nJIaCTa 
MOIIJ;HOCTbIO 1,8 M 6hIJIO HaBJIeqeHO 38,8 MS qHCTOH He«IJTH nJIOTHOCTbIO 
0,885 r ICMs. 

OnhIT npHMeHeHHH onp060BaTeJIeH, cnycnaesnax B CKBamRHy na 
Ka6eJIe-KaHaT~, rr03BOJIHJI CIfCTeMaTHaHpoBaTb naarpaxau )J;aBJIeHHH, 
3anRChIBaeMhIe perRcTpRpyIOm;HMH MaHOMeTpaMR, H BbIHBHTb HaH60JIee 
THnHqHhIe na HHX, COOTBeTcTByIOrn;He orrpeneneamaa yCJIOBHHM onpo
60BaHHH (pRC. 135). 

)l;RarpaMMa, aaofipazeeaaaa aa pRC. 135, a, COOTBeTCTByeT onpotio
BaHRIO nJIaCTa C xopomeii npOHR~aeMOCTbIO. qeTKo BhIHBJIeHhI ace 
yqaCTKH )J;RarpaMMhI. )l;RarpaMMa pRC. 135, 6 COOTBeTCTByeT onpofio
BaHHIO IIJIaCTa C He60JIbmOH npoaartaeaocrsro. )l;aBJIeHHe, aaper-acrpa
ponaaaoe xaaoaerpoa B nepaon orfiopa, aHaqHTeJIbHO MeHbme, qeM 
B npe)J;hI)J;ym;HH 60JIee )J;JIHTeJIbHhIH nepaon orfiopa, 

)l;HarpaMMa pHC. 135, 8 COOTBeTCTByeT onp060BaHHIO nJIaCTa C OqeHb 
HHaKOH npOHR~aeMOCTbIO. <DaKTHqeCKH POCT )J;aBJIeHHH 6hIJI aa«IJRKcH
pOBaH TOJIbKO nOCJIe aaKpi.ITRH xaanaaa. ITo )J;aHHOH )J;RarpaMMe MomHO 
onpe)J;eJIHTb TOJIbKO BeJIRqHHY nJIaCTOBOro )J;aBJIeHHH. 

)l;HarpaMMa (pRC. 135, e) COOTBeTCTByeT onp060BaHHIO npaKTRqeCKH 
aenpoaanaeaoro nJIaCTa. B MOMeHT BhICTpeJIa R C006m;eHHH c . rrJIaCTOM 
B aaxaae onp060BaHHH, a rarose nOCJIe aaKphITRH xaanaaa B KOH~e 
onp060BaHHH HHKaKRX HaMeHeHHH )J;aBJIeHHH He 3a«IJRKcHpoBaHO, qTO 
CBR)J;ereJIbCTByeT 0 nOJIHOM OTCyTCTBHH npRTOKa. Peasoe YBeJIHqeHHe 
)J;aBJIeHRH aanacaao JIHmb nOCJIe oCB060m)J;eHHH ynJIOTHRTeJIbHOrO 6am
MaKa, xorna MaHoMeTp peraerpapyer BeJIRqHHY rR)J;pOCTaTHqeCKOrO 
)J;aBJIeHRH B CKBamHHe. 

PaCCMOTpeHHhIe )J;HlirpaMMhI )J;aBJIeHRH 6hIJIH aanaeaasr MaHOMeTpa
MH npa y)J;OBJIeTBOpHTeJIbHOH pafiore onp060BaTeJIH. I1x OTJIHqHe ofiyc
JIOBJIeHO paaJIHqHhIMH xa paKTepRCTHKaMR HcrrhIThIBaeMhIX 06'LeKTOB. 
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O)J;HaRO B nponecce npHMeHeHlIH onp060BaTeJIeH He ncerna BOSMOIKHO 
nOJIy'IHTb 'IeTRyIO naarpasory ;a;aBJIeHHH BCJIe;a;CTBHe Hey;a;OBJIeTBOpH
TeJIbHOH pa60TbI OT;a;eJIbHbIX ySJIOB onp060BaTeJIH (pHC. 136). 

,IJ;HarpaMMa pHC. 136, a COOTBeTcTByeT onp060BaHHIO, npH ROTOpOM 
He 6bIJIa ooecneseaa ;a;OCTaTO'IHaH repxeraaanaa acnerrunaesroro y'IaCT
xa nJIaCTa, B peaynjsrare xero rrocne npocrpena oTBepcTHH B onpo
60BaTeJIb npOHHRJIa npOMbIBO'IHaH IKH;a;ROCTb, H MaHoMeTp SanHCaJI 
peSRHH nO;a;~eM ;a;aBJIeHHH ;a;o rH;a;pOCTaTH'IeCRoro. 
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PIlC. 135. THIIllqHhIe AHarpaMMbl rJIY PIlC. 136. THIIII'IHhIe AHarpaMMbl rJIy6HH
61lHHblX MaHoMeTpoB onpofioaareaea max MaHOMeTpOB IIpH HeYAaqHblX OIIpO-

IIJIaCTOB. 60BaHHHx IIJIaCTOB. 
1 - Ha'IaJIO OIIpotioBaHHH; 2 - orriop lHHi\ 1 - Ha'IaJIO onpotiosasna: 2 - orfiop lHHi\ROCTH 
ROCTH aa IIJIaCTa; 3 - IIJIaCTOBOe i\aBJIeHHe; aa nJIaCTa; 3 - nJIaCTOBOe i\aBJIeHHe; 4 - nan
4 - i\aBJIeHHe CTOJItia lHHI\ROCTH, aanOJIHH- JIeHHC CTOJItia lliHi\ROCTH, aanOJIHHIOlI.\efi CRBa

. IOlI.\elt CRBBlliHHY. lliHHY· 

,D;llarpaMMa pHC. 136, 6 nonaasraaer, 'ITO B nepaon npHTORa nJIaCTO
BOH IKU;a;ROCTU npoaaomen npopsrn npOMbIBO'IHOH )KU;a;ROCTU, ROTOpbIH 
Mor 6bITb BbISBaH He;a;OCTaTO'IHbIM npaacaraea ynJIOTHUTeJIbHOrO 6am
MaRa HJIH HaJIH'IHeM SHa'IUTeJIbHbIX TpeID;HH B CTeHRe CRBaIKHHbI. 

,IJ;HarpaMMa puc. 136 ,6 COOTBeTcTByeT onp060BaHHIO B npouecce 
npUTORa, npa ROTOpOM npOHSOmJIO CHa'IaJIa 'IaCTH'IHOe aacopeane npo
BO;a;JlID;eH Tpy6RH (y'IaCTOR RpHBOH 1), a saTeM nOJIHOe ee saxpsirae 
(RpHBaH 2), nOCJIe xero MaHoMeTp 6bIJI HSOJIUpOBaH OT nJIaCTa II CRBa
IKHHbI. 

/:
,IJ;HarpaMM3. pHC. 136, a COOTBeTcTByeT onp060BaHHIO nJIaCTa, HaCbI

meaaoro BHSROH He4JTbIO, noarosry OHa xapaxrepaayerca npO;a;OJIIKH
TeJIbHbIM nepaonox npHTORa H cpaBHHTeJIbHO HIISRHM ;a;aBJIeHHeM B npo
necce npHTORa. 
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Y Hac B crpane HaROnJIeH SHa'IHTeJIbHbIH on bIT npHMeHeHUH xapo
TalKHbIX onp060BaTeJIeH nJIaCTOB, nOSBOJIHBmHH paapatiorars MeTO;a;H
'IeCRUe yxaaanaa no paommpponae peaym.raron onp060BaHHH 06~eR
TOB [14, 15, 16], xoropsre pacCMltTpUBaIOTcH HHlKe. 

Xaparerepacraxa nparoxa mll~OCTII [raaa) B onpofoaarem, 

Beer, nponecc onp()60BaHHH 1I1OIKHO paanennrs na TpH nOCJIe;a;OBa
TeJIbHbIe CTa;a;HH: 

1) BOSHIIRHOBeHlle H paonpocrpaaenae rH;a;pO;a;HHaMH'IeCROrO BOSMy
ID;eHIIH B nJIaCTe; 

2) ;a;BlIlKeHHe IKII;a;ROCTH H rasa HS nJIaCTa B 6aJIJIOH; 
3) BOCCTaHOBJIeHHe nJIaCTOBOro ;a;aBJIeHHH B SOHe onpo60BaHIIH nOCJIe 

npexpameaaa orfiopa. 
ITocJIe Toro, RaR 6aJIJIOH 6y;a;eT coe;a;UHeH C y'IaCTROM oT60pa, OT 

Hero no nJIaCTy BO lice CTOpOHbI pacnpocrpaaaerca rH;a;pO;a;IIHaMII'IeCROe 
B03MYID;eHlIe - BOJIHa CHUlKeHIIH ;a;aBJIeHUH. Peanaa jrenpeccaa cpu
aaer rJIHHIICTYIO ROpRy CO CTeHRII CRBalKlIHbI npOTUB y'IaCTRa ortiopa 
II BbI3bIBaeT ;a;BlIlKeHue mll;a;ROCTH II rasa, HaXO;a;HID;HXCH B nopax nJIaCTa, 
B 6aJIJIOII. ITPH aTOM IKII;a;ROCTb, nepeMeID;aIOID;aHCH C 60JIbmOH CRO
POCTbIO B nopax nopomr , BbIHOCIIT lIS npaaeraiomea R y'IaCTRy orfiopa 
30HbI nJIaCTa rJIUHHCTbIe 'IaCTHn;bI H O'IHID;aeT ee [6 J. 

Haatioasmaa CROpOCTb npHTORa IKH;a;ROCTH H rasa B 6aJIJIOH Ha6JIIO
;a;aeTCH B Ha'IaJIbHbIH MoMeHT. ITo IICTe'IeHHU nexoroporo BpeMeHU 
CROpOCTb CHlIlKaeTCH II cTa6HJIUSHpyeTcH; cTa6HJIHSHPYIOTCH TaRlKe pas
MepbI BOSMYID;eHHOH SOHbI B nJIaCTe. Ilponece CTaHOBHTCH RBaSllCTan;IIO
napHbIM. Bpexa, neotixonaaoe ;a;JIH YCTaHOBJIeHIIH RBaSHCTan;HOHap
noro npouecca , O'IeHb MaJIO: ;a;a;Re B noponax C xpaaae HHSROii: rH;a;pO
npOBO;a;HOCTbIO He npenumaer 1 cex. 

CROpOCTb SanOJIHeHllH 6aJIJIOHa IKH;a;ROCTbIO H rasoa (nparox 
B enanany BpeMeHII) npn RBasHCTan;HoHapHoM pelKHMe nponopnaonansaa 
pasnocra nJIaCTOBoro ;a;aBJIeHIIH H ;a;aBJIeHHH B 6aJIJIOHe (;a;eItpeCCIIH) 
II nponanaexoora nopon na y'IaCTRe onp060BaHHH. ITo Mepe SarrOJIHe
HHH 6aJIJIOHa ;a;aBJIeHlIe B neu nOBbImaeTCH, 'ITO CHlIlKaeT nenpeccmo 
H CROpOCTb npHTORa. 

ITPIITOR 6y;a;eT npO;a;OJImaTbCH no Tex nop, noaa ;a;aBJIeHHe B 6aJI
JIOHe He CTaHeT paBHbIM nJIaCToBoMy IIJIIl noxa 6aJIJIOH He 6y;a;eT 3aRpbIT. 
BpeMH, B resenae xoroporo naaneaae B 6aJIJIOHe nOBbICHTCH no nJIaCTO
noro , saBHCIIT OT npOHHn;aeMOCTH noponsr H TeM 60JIbme, 'IeM 60JIbme 
06~eM 6aJIJIOHa. \IToCJIe SanOJIHeHIIH 6aJIJIOHa HJIH ero saRpbITIIH ;a;aBJIeHHe na y'IaCTRe 
oT60pa BOCCTaHaBJIHBaeTCH ;a;O,nJIaCTOBoro. 

ITo OTHomeHHIO R nJIaCTaM C SOHOH npOHIIRHOBeHIIH HaH60JIbmHH 
HHTepec npe;a;CTaBJIHeT Bonpoc 0 ~pa;a;Hyce HCCJIe;a;OBaHHH» onp060Ba
TeJIH - panayee 1 SOHbI npeaaponaaaa , aa ROTOpOH oT6HpaeTCH np ofia. 

1 IIPA pa~YCOM 30HhI ApeHHpOBaHlUl (paAHYC HCCJIeAOBaHUH) IIOApa3YMeBaeTCH 
paCCTOHHHe OT yxacraa ortiopa IIpo6hI AO Hau60JIee YAaJIeHHon: OT Hero TOqKII Ape
BlIpOBaHIIH. 

16* . 243 



Panayc SOHLI 

nJJaCTa iKH,n;KOCTH H 

SOHLI ,n;peHHpOBaHHII 

PIlC. 

a - npH MOII\BOCTH nnacra 
MeBbme pap;Hyca 

nponax paBHLIX 

HHH. ITOpO,n;LI, 

B O,n;HOpO,n;HOM 

HanpaBJIeHHIIM 

TOWOCTblO MOiKeT 

POH panayca rAP C 
HS CRBaiKHHLI 

(71) 

B nJIaCTe MaJIOH MODJ;HOCTH, SaKJIlOqeHHOM MeiK,n;y ,n;ByMII HenpOHH

qaeMLIMu nJIaCTaMH (pHC. 137, 6), aoaa ,n;peHHpOBaWl1I orpaaaxeaa rra

JIHH,n;pOM panayca rAP' BLICOTOH h H CTeHKaMH CKBaiKHHbI. Panay« 
qUJIHH,n;pa rAP' KOTopLIH6y,n;eT B ,n;aHHoM cay-rae paJJ;HycoJrl SOHLI npenapo

BaHHII, CBHaaH C 06WMOM 6aJIJIOHa cJIe,n;YIODJ;HM BLIpaiKeHHeM: 

V6 2 h VK 
n 

=nrAP - CKB' 

Pllc.13S. 3aBIlCIlMOCTb 
panayca ApeHHpOBa
HIlH (rAp) OT 06'WMa Q 
6aJIJIOHa onpofioaa-

TeJIH. 

a - AJIIl: nJIaCTa 6oJIbmoA 
MOII\BOCTH; 6 - AJIIl: DJIa
CTa MaJIoA MOII\HOCTH; K rr 

B %. 

r,n;e h - MOID,HOCTb nJIaCTa. 

Ha pHC. 138, 6 BH,n;HO, qTO npa TOM iKe 06'heMe 6aJIJIOHa pannyc 

,n;peHHpOBaHHII B nJIaCTe MaJIOH MODJ;HOCTH npaxepao BJJ;Boe 60JIbme, 
qeM B nnacre 60JIbmOH MODJ;HOCTII, 

B peansasrx YCJIOBHIIX BBH,n;y HaJIllqHJI aenpoaanaeasrx npOCJIOeB, 

a rarose aa-aa 60JIbmeH rrpoaanaexocra nopon B ropHSOHTaJIbHOM aa

npaBJIeHIIH «l>opMa 30HLI ,n;peHupOBaHHII 60JIbmeH qaCTblO coornercrayer 

nnacry MaJIOH MOID,HOCTH. 

ITpaKTHqeCKH panayc HCCJIe,n;OBaHHII H MODJ;HOCTb IICCJIe,n;yeMoro onpo-· 

60BaTeJIeM yqaCTKa nJIaCTa He npeBLImalOT HeCKOJIbKHX ,n;eCIITKOB caH

THMeTpOB. 

Pasaep BOSHIIKalODJ;eii npa orfiope npofisr SOHLI r:u:,n;po,n;IIHaMIPIeCROrO 

BOaMyID,eHIIII H xapaxrep pacnpenenenaa ,n;aBJIeHIIII B HeH MOryT 6LITb 

yCTaHOBJIeHLI nyrex pacxeron, AJIH aroro MoryT 6LITb HCnOJIbSOBaHhI 

24f) 

rap,
eM 

KOpKH He nocrynaer (pHC. 137, a). B ,n;aHHOM caysae panayc SOHbI npe

HHpoBaHHH H 06WM 6aJIJIOHa CBIISaHLI cJIe,n;ylOID,eJi aaBHCHMOCTblO: 

V6 4 8 V 0K 
n 
=3 nrAP- . CKe, (7 ) 

rne V6 -06'heM 6aJIJIOHa; Kn - Koa«IJ«IJHqHeHT nopacrocra; VCK B 

06WM CTBOJIa CKBaiKHHLI R npeneaax SOHLI ,n;peHHpOBaHHII. 

Ha pHC. 138, a nOKasaHLI paccaaranaue no npaneneaaoa «IJopMyJIe 

KpHBLIe 3aBHCHMOCTH pannyca SOHLI ,n;peHHpOBaHHH OT o6wMa 6aJIJIOHa. 

Ilpa npHMeHeHHH 6aJIJIOHOB 06'heMOM 60JIee 10 JI panayc SOHLI npeaapo
BaHHII YBeJIHqHBaeTCII MaJIO. ITPH npaKTUqeCKH npHMeHlIeMLIX 6aJIJIo

nax pa,n;Hyc SOHLI ,n;peHHpOBaHUIl B O,n;HOpO,n;HOM MOID,HOM nJIaCTe He 

npesamaer 50 CM. 

o 

137. CxeMLI 30HLI npeaapoaaaaa, 
60JIbme AOYX paAUYcoo ApeBHpooaBWI; 6 - npH MOII\HOCTH nJIaCTa 

ApeBHpOBaBWI: r" r., r. - PaAHychI 30Bhl ApeBHpOBaHUll npa pa3JIH'iHblX 
06'beM3X 6aJIJIOBa; h - MOII\HOCTb nJIaCTa. 

~-

,n;peHHpOBaHHII saBHCHT OT KOJIIPIeCTBa oT6HpaeMLIX H3 

rasa. PaCCTOIlHHe OT yqaCTKB. orfiopa ,0;0 rpaHHIJ;LI 

B TOM HJJH HHOM HanpaBJIeHHH orrpeAeJIlIeTC~npH 

YCJJOBHIIX npoaanaeaoc'rsro noponsr B aTOM nanpanae

KaK npaBHJIO, HeO,n;HOpo,n;HLI no npoaanaexocra, noaroay 

«IJopMa SOHLI ,n;peHHpOBaHHII MOiKeT 6LITb CJIOiKHOH. 

nJIaCTe 60JIbmOH MOID,HOCTH C o,n;HHaKOBOH no BceM 

npOHHu;aeMOCTblO SOHa ,n;peHHpOBaHHII C ,n;OCTaTOWOH 

6LITb npencraaaeaa 06WMOM, OrpaHHqeHHLIM c«IJe

nearpox B yqaCTKe orfiopa H CTeHKaMH cKBamHHLI; 
iKH,n;KOCTb BCJJe,n;cTBHe HaJJHqHII 6amMaRa H rJIHHHCTOH 
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IIpu3HaIm, onpeaenmomae xapaarep aacsnneann IIJIaCTa 

B saBlICHMOCTH OT yCJIOBHH oIIpo6oBaHIIH, xapaxrepa HaCbIm;eHHOCTlI 

IIJIaCTa H ooorieaaocrea SOHbI IIpOHHKHoBeHHH B 6aJIJIOH MoryT nocrynarr, 
IIJIaCTOBaH nona, «I>IIJIbTpaT 6ypoBoro pacrsopa , He«I>Tb, raa H B He60JIb

max KOJIHqeCTBaX 6YPOBOH pacrnop HS CRBamHHbI. 

,I:(JIlI onenxn xapaxrepa HaCbIm;eHHOCTII IIJIaCTa no oT6HpaeMoH IIp06e 

ncnOJIbSYIOTClI CJIe~YIOm;lIe naamre: conepaeanae B IIp06e He«I>TH; conep
il\aHlIe yrJIeBO~op0lJ;HbIXraSOB; COCTaB yrJIeBO~OpO~HbIX raSOB. 

ECJIH rJIy6lIHa IIpOHIIRHoBeHHH «I>lIJIbTpaTa B IIJIaCT HeBeJIHKa, aanpa
Mep He 60JIee 15 CM, TO aHaJIIIS peaym-raron oIIp060BaHHH He IIpe~CTaB

JIHeT saTpY~HeHIIH. B saBHCIIMoCTII OT Toro, qTO npeotinanaer B IIp06e 

IIJIaCTOBaH nona, He«I>Tb lIJIII raa, MOmBO O~HOSHaqHO onpenenars xapax
rep HaCbIIIJ;eH~OCTlI IIJIaCTa. 

ECJIH «I>lIJIbTpaT npOMLIBOqHOH mlI~ROCTH IIpOHIII\aeT B IIJIaCT rny
f)OKO, a nJIaCTOBaH mH~KOCTb OTTeCHHeTCH B rJIy6b nJIaCTa, TO ofipaayerca 

SOHa IIpOHlIKHOBeHHH aaaxareasaoro paaxepa. B 8THX CJIyqaHX conep

maHHe B npofie ~ame He60JIbmHX ROJIHqeCTB He«I>TH HJIH HaJIHqHe ITJIeH

RlI ee MomeT paCCMaTplIBaTbCH RaK O~HH HS IIplIsHaROB He«I>TeHocHOCTH 

IIJIaCTa. 

Oneaxa HaCLIm;eHHoCTlI IIJIaCTOB no cOCTaBy orofipaaaoro lIS HHX 

rasa OCHOBaHa aa paSJIHqlIH COCTaBa IIJIaCTOBLIX raSOB BO~OHOCHbIX, 

raSOHOCHLIX H He«I>TeHocHLIx IIJIaCTOB. B HCCJIe~yeMoM paaoae He

06XO~HMO HSyqHTb IIJiaCTOBLIe raSLI H RLIHCHHTb' saKOHOMepHOCTH 

He«I>TeHocHLIX nJIaCTOB ~ame C 60JIbmOH SOHOH npOHIIKHOBeHlIH aapnrry 

C «I>HJIbTpaTOM oT6HpaIOT HeOOJIbmOe ROJIHqeCTBO He«I>TH (eCJIH TOJIbKO na 
nJIaCT He Bos~eHCTBOBaJIH SHaqHTeJIbHLIe. ~HHaMHqeCRlIe~enpeCCHII npa 
6ypeHlIlI CRBamIIHLI). fJIy60RaH nenpeccaa npanonar R TOMy, qTO 

B qaCTH nJIaCTa, nplIJIeraIOIIJ;eH R' yqaCTRy orfiopa np06LI, npoacxonar 
norrra rrOJIHaH ~erasaIJ;HH mlI~RoCTH, naxonameaca B nopax nopoma t 

a BLI~eJIHBmlIHCH ras nocrynaer B 6aJIJIOH onp060BaTeJIH. ECJIH nanne
nae HacLIm;eHHH 6JIHSRO R nJIaCTOBoMy flaBJIeHIIIO, SOHa neraaanaa 6y~eT 

ITO paanepaa 6JIlISKa R BOHe BOSMym;eHIIH. ROJIlIqeCTBO rasa, nonanmero 
B 6aJIJIOH B pesyasrare neraaanan OCTaTOqHOH He«I>TII He«I>TeHocHoro 

IIJIaCTa, MomeT ~OCTHrlJTb HeCROJIbRIIX ~eCHTROB JIIITpOB. 8TO MomeT 
CJIymlITb xpnropaea ~JIH paS~eJIeHHH IIJIaCTOB na BO~OHOCHLIe n He«I>Te

HOCHbIe. COCTaB rasa B IIp06e, oT06paHHOH lIS SOHLI npOHlIRHOBeHIIH He«I>

TeHOCHoro nJIaCTa, 6y~eT 6JIlISOR K COCTaBy rronyraoro He«I>THHoro rasa. 

TaRIIM 06paSOM, 6JIarO~apH 60JIbmlIM flenpeCCHHM IIplI ortiope 
ITp06LI no peaym.rarax onp060BaHlIH MomHO yCTaHoBIITb He«I>TeHocIIOCTb 

H raSOHOCHOCTb ITJIaCTOB ~ame IIpH HaJIiIqlIH rJIy60RoH SOHLI npOHHRHO

BeHRH «I>IIJIbTpaTa 6ypoBoro pacrnopa. 
IbyqeHlIe RapTlIHbI paCIIpe,!\eJIeHlIH ~aBJIeHHH B SOHe BOSMym;eHIIH 

nORaSLIBaeT, qTO sa IIpe~eJIaMII repaernaapyromero 6amMaRa nepenanu 
llaBJIeHIIH He ~OCTHraIOT 60JIbmOH BeJIlIqHHLI. TaRIIM 06paSOM, npn OT

60pe IIp06bI He CJIe~yeT onacarsca noncoca 6ypoBoro pacrnopa lIS 

CTBOJIa CRBamHHbI xepea IIOPO~y sa RpaHMII 6amMaRa. 

'--"", 

o 

3 

! 

2 

4

s 

7 

6 

o 
PIIC. 139. Pacnpeneneaaa AaBJIellHH 'B 

rrplI oT6ope rrpo6H. 
a  uo oeD CHBIDHDHhJ; 6 - UepUeH)l;lIl<yJUlpHO OCR 

CHBIDHDHhJ. 
1 - oIIp060BareJIh UJIaCTOB; 2 - repMeTD3DpylOIIVlii 
OaWMaI<; 3 - I<JIaUaH; 4 - CI<BIDHDH3; 5 - OaJI
JIOH; 6 - yqaCTol< ortiopa UPOOhI; '1  rJIHBJlCT3JI 
ncpxa; 0,5"," 0,95 - AaBJIeBJIJI B AOJIHX OT IIJIaCTO

aor o, 

npH6JIHmeHHbIe perneaax, noayseaasre HCXO~H HS aHaJIOrHlI ~BHmeHHH 
mH~KOCTH C ~BlImeHHeM 8JIeKTpHqeCKOrO TOKa, H 60JIee crporne penrenaa 
~-. OCHOBHbIX ypaBHeHHH nonsea

HOH rH~paBJIHKH~JIH KOHKpeT

HbIX rpamrmux yCJIOBHH [53], 
06a xerona n;aIOT CXO~HYIO 
KapTHHy pacnpeneaeaaa nan
JIeHHH B aoaxymeaaoa SOHe 

nnacra (pHC. 139). 
. BeJIHqHHa SOHbI BOSMym;e

_~;E:f~6~v IV' 10,95 HHH MomeT rrpemamarr, BeJIH

xaay SOHbI ~peHHpOBaHHH. 

BHyTpH SOHLI BOSMym;eHHH 

MomHO BLI~eJIIITb 06JIaCTb, me 
~aBJIeHHe SHaqHTeJIbHO HRme 

nepBOHaqaJIbHOrO nJIaCTOBOro, 

H aa mH~KOCTb, HaXO~Hm;YIOCH 

B nopax rroponsr, Bos~eHCT

BYIOT 60JIbmHe nenpeccna. 
ITpoHHKaIOIIJ;HH B nJIaCT 

«I>HJIbTpaT 6YPOBoro pacrnopa 
MomeT OTTeCHuTb nacsnnaromae 
nJIaCT mH~KOCTb U raa aa SHa

qlITeJIbHYIO rJIy6HHy, npeau
maromyro palJ;HYC SOHLI npena
pOBaHHH. O~HaKO B npOMbITOH 

«I>HJIbTpaTOM SOHe B He«I>TeHoc

.1u.: va \VV 1'1,.7 IUrY" r HOM nJIaCTe OCTaeTCH HeKOTOpOe 
, J I Iii: (He MeHee 15%) KOJIHqeCTBO 

He«I>TH, a B raSOHOCHOM - rasa 

[12, 19, 24, 39J. 
ITPH yCJIOBUH 60JILmHX ne

penanon ~aBJIeHHH B npou;ecce 

orfiopa np06LI SHaqHTeJIbHaH 

xacrt, rasa, HaXO~Hm;erOCH B 

30He npOHHKHOBeHHH «I>HJIb

TpaTa, nOCTynHT B 6aJIJIOH on

p060RaTeJIH, n08ToMy B npofie 
IIJIaCTe JlS raSOHOCHoro nJIaCTa ~ame 

npn HaJIUqHH SOHLI npOHHKHo

ReHUH 6y~eT conepacaraca 

60JIbmee KOJIlIqeCTBO rasa, qeM 

B npofiax lIB He«I>TeHocHoro II 

BO~OHOCHoro nJIaCTOB npa rex 

me YCJIOBIIHX. 

HaXO~Hm;aHCH B SOHe npOHHKHOBeHHH He«I>TeHocHoro nJIaCTa OCTa

TOqHaH He«I>Tb no~ ~eHCTBHeM 60JIbmOH ~enpeCCIIII CTaHOBIITCH nO~BlIm
HOH, II qaCTb eo nona~aeT B 6aJIJIOH. BBH~y 8Toro nplI onp060BaHlIlI 



HaMeHeHHH ROMnOHeHTHOro COCTaBa.OTO rrOSBOJIHeT yCTaHOBHTb npa
aaaxa, no ROTOpLIM, HCrrOJIbsyH peayasrar aHaJIHSa OTOOpaHHOrO onpo
60BaTeJIeM rasa, MO>RHO paS)l;eJIHTb UJIaCThI aa BOP;OHOCHhIe, He$Te
HOCHhIe II raaOHOCHhIe. 

PaCCMOTpHM COCTaBhI rrJIaCTOBhIX raSOB aa npaaepe He$TeHOCHhIX ; 
u raaOHOCHhIX MeCTopomp;eHuii BamRUpCROB: ACCP. AHaJIOrH'IHhIe aa- ..' 
ROHOMepHOCTH HaOJIIOp;aIOTCH H BO xaorax npyrax He$TerasoHOCHhIX 
IIpOBHHIJ;HHX. 

r a a, p a c T BOp e H H hl B: B II JI aCT 0 B 0 ii BOP; e, CO
CTOUT B OCHOBHOM aa aSOTa (50% H 60JIee) H MeTaHa. THmeJIhIe yrJIeBO
noponasre raasr, 06JIap;aIOIIJ;He lleOOJIbmOB: pacTBopHMOCTbIO B none, npax
TH'IeCRH OTCyTCTByIOT, B aaMe1HhIX ROJIH'IeCTBaX 
nopon, yrJIeRHCJIhIB: raa, peace HHepTHhIe raasr. 
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I;!I'·I o CzH6 ' CitHIO' C6Hlif a 'Cz1f6' C,lfto ' C61ft" 
CHit CJ/fa CJH,z CH'f CJHa Cslftz 

Q 5 

8CTpe'laIOTCH cepono

Puc. 140. YrJIeBO~Opo~

Hhdi: COCTaB raaos MeCTO

pOJK~eHHii BaIIIRHpCKoii:
 

ACCP.
 
a - lIa BetjlTeBOCI!l>lX rtrta

CTOB; f5 - aa BOnOHOCI!l>lX
 
nJJaCTOB; 1 - no peayJJbTaTaM
 
onpOliOBaHHH; 2- no peayns

raTaM 31lCnJJyaTaI1HII. 

COCTaB raaoa, OToHpaeMhIX orrpOOOBaTeJIeM HS BOP;OHOCHhIX IIJIaCTOB, 
rrpaxrmrecxa connanaer C COCTaBOM raaa, rrOJIy'laeMoro HS 3THXIIJIaCTOB 
npa npOOHOB: 3RCnJIYaTaI\HH (psc. 140). 

II 0 n y T H hI H r a a He~THHhIx MeeTopomp;eHHH rrpencraanea 
B OCHOBHOM yrJIeBOp;Opop;aMH napa$HHoBoro pHp;a - OT MeTaHa no renca
aa BRJIIO'IHTeJIbHO. JIa HeyrJIeBOp;OpOll:HhIX ROMnOHeHTOB xante scero 
BCTpe'laeTCH aaor, conepacaaae ROToporo naoma p;OCTHraeT 50%; no-r
TH ncerna B HeOOJIbmOM ROJIlfieCTBe Haxop;HTCH HHepTRhIe raahI
apron, reJIHH [25J. 

Oc06eHHocTbIO COCTaBa yrJIeBOp;OpOp;HLIX nonyrasrx raaon HB-
JIHeTCH cpaBHHTeJIbHO BhICORoe ccnepmaaae B HHX BLICOROMOJIeRyJIHpRLIX 
yrJIeBOp;0p0ll:OB. Ha scex HaBeCTlILIX He$THHLIx MecTopomp;eHHHx BOJIro
YpaJIbCROrO He$TeHocHoro pasoaa P;OJIH MeTaHa B yraenonoponax 
nonymoro raaa COCTaBJIHeT 40-50 % H penxo npenumaer 60 % 
(TaOJI. 30). 

B npoeax, ncnyseaasrx aa naacra, no cpaBHeHHIO C nonYTHLIM ra
aOM HeCROJIbRO MeHbme 3TaHa H OOJIbme THmeJILIX ROMnOHeHTOB, Ha~rH
HaH C oYTaHa (CM. pHC. 140). OT() OO'bHCHHeTcH TeM, 'ITO JIerRHe ROMno

, HeHTLI, JIy'lme pacrnopnass B Bop;e, yHOCHTCH nOTOROJd $HJIbTpaTa,If 
:r, 6YPoBoro pacrsopa [53]."
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II p H pOP; H LI H r a a COCTOHT B OCH08HOM aa MeTaHa. OH MomeT 
conepacars raxace aaor (B cpenaex 10 %), yrJIeRHCJIhIB: raa H aaorna 
reJIuB:. ,nOJIH MeTaHa B yrJIeBOp;OpOll:RLIX RoMnOHeHTax npaponaoro raaa 
COCTaBJIHeT OROJIO 90%, nenraaa He oOJIee 1,5 %. 

TaRUM ofipaaoa , raasr - paCTBOpeHHLIB: B none, nonyTHLIH H npn
pOP;HLIH - HMeIOT paaJIH'lHhIB: COCTaB. 

Ilpucyrcraae B npotie scex yrJIeBOp;OpOP;HLIX raaon, B TOM '1HCJIe H 
napootipaamax (neRTHHa, rexcana H ll:ame renrana), ROTopLIe B rrJIaCTO
BLIX yCJIOBHHX HaXOll:HTCH B mHp;ROM BHll:e, HBJIHeTCH npaaaaxox He$Te
HOCHoro rrJIaCT8. BLIcORoe coaepacaaae MeTaHa (ooJIee 85%) H naasoe 
conepasanae THmeJILIX yrJIeBO)l;opOP;OB ll:aIOT ocHOBaHHe C'IHTaTb, 'ITO 
II.1IaCT He He$TeHOCHLIH. 

Cnenyer, onaaso, OTMe
THTb, 'ITO rrpOOLI rasa aa 80
1l0HOCHhIX rrJIaCTOB C HeOOJII>
mOH He$TeHacLIm;eHHocTblO 
(npn npofiaoa 3RCUJIyaTaIJ;HH 
p;aIOT BOP;y C HeaHa'lHTeJIbHLIM 
JWJIH'IeCTBOM HJIH nJIeHROH 
He$TlI) TaRme xapaxrepasy
IOTCH rrOBLImeHHLIM conepaca
HHeM THmeJILIX yrneaonopon
HLIX raaon H no cocrany npn
OJIHmaIOTCH R raaaa He$TeHOC

Ta6JIJu~a 30 

l{oMIIOBeBTbl 

C 0 ]:I e p IR a Bile, % 

epenaeerrpenensr 

Moran 20-70 43 
STan . 5-25 15 
Ilponaa 10-35 23 
ByTaH 5-20 12 
llenTaa 1-10 5 
feKcan 0-5 2 

HLIX nJIaCTOB. B TaRHX cnysanx npaponasra raa H raa BOP;OHOCHLIX 
rrJIaCTOB MomHO paaJIH'IHTb no nOBLImeHHoMy coneprsamno B nocnen

HeM aaora (npa yCJIOBHR rrOJIHOrO coxpaaenna B OaJIJIORe ncero 
raaa). 

Basacryro ll:JIH OOJIer'leHHH yCJIOBHH oypeHHH H rrpeJJ;OTBpam;eHIIH 
asapna B OYPOBOii: paCTROp JJ;ooaBJIHlOT He$Tb. OTa He$Tb BMeCTe C 
$HJIbTpaTOM OYPOBoro pacrnopa MomeT npoanxarr, B rrJIaCT II OTTYll:a 
nocrynarr, B npofiy; RpOMe roro , '1aCTb He$TU nonanaer B OaJIJIOH BMeCTe 
c OYPOBhIM paCTBopOM (nanpaxep , H3 rrOJIOCTU rrepdioparopa B onpotio
BaTeJIe OIIR npa pafiore oea B3pLIBa RYldYJIHTIIBHhIX 3apHp;OB - «KOH
TPOJIbHhIH OO'beM)) oypoBoro pacraopa). 

Ilonanmaa TeM RJIH RHhIM nyrex B npofiy He$Tb MomeT uaMeHRTb 
COCTaB ra30B H HCRaaHTh pe3YJIhTaTLI onpotioaaaaa. IIpH p;ooaBRe He$
TH B OYPOBOH paCTBOp anrepnperamno rrOJIyqaeMLIX p;aHHhIX caenyer 
npoaonnrr, C OCOOOH OCTopomHOCTblO. Heotixonaao npoaecrn ananaa 
rasa, 1I3BJIeRaeMOro H3 pacrnopa , B ROTOphIH p;OOaBJIeHa He$Tb, H' na 
OCHOBaHIIH aroro onpeneaars soaaoacaoe ee BJIIIRHUe aa COCTaB rasa 
npOOhI. YqeT BJIHHHHH p;ooaBOR He$TH OOJIerlJaeTCH TeM, 'ITO r-as ua P;O

6aBJIeHHOH B paCTBOp He$TII OOLI'lHO IIMeeT xaparerepasra COCTaB Hero 
TPyp;HO cnyrarr, C p;pyrHM raaoa, B HeM conepacarca 30-50% xerana, 
O'leHb MaJIO nponaaa II ocooeaao 3TaHa ('1aCTO MeHee 1%), MHoro oyTaRa 
H nearaaa, RaR BHP;HO lIa TaOJI. 31, rp;e npanenea COCTaB yrJIeBOp;opOJJ;
HUX raaon, HaBJIe'leHHLIX lIa oypoBoro pacrnopa (a) aero $HJIhTpaTa (0), 
orotipaaaoro ua rrJIaCTa. . 
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T a 6 JI n ~ a 31 

ses .:~ Con e p m a H If e. % 
m ;0"

.0 :;1,,§~~ ...:.:;IS: :;1 .. " e: JdeTaH 3TaH rrponaa I (jYTaH nearaa Irexcaa0"'0'"..,:;1olE .... 

1 12103 (a) I 0,4 I 45,8 I 0.3 I 1.3 I 7.8 I 22.3 22.5 
2098 (6) 0.43 33.3 2,3 3.5 15.6 25.2 20.1 

2 12106 (a) I 0.5 I 19 I 1.1 I 5.1 I 20.4 I 54.4 
2107 (6) 0.3 35 3.2 9.9 19.1 32.8 

3 11338 (a) I 0.57 I 38.1 I 0.7 I 5.2 I 13.6 I. 42.4 
1349 (6) I 0.49 48.5 2.0 6.1 12,1 31,3 

AmI onenxa xapaxrepa HaCLIIIJ;eHHOCTll nJIaCTa 60m.illoe aaaxeaae 
IIMeIOT p;aHHLIe 0 cyMMapHoM conepisaaaa rOpIO'IllX KOMnOHeHTOB B npo
6e. 06LI'IHO KOJIll'IeCTBO yrJIeBOp;OpoP;HLIX raSOB B HelflTeHocHLIx II BO

P;OHOCHLIX nJIaCTaX onpenenaerca 
soI

f- HeqJmeZGJOHOCHblU -
nnacm~ . \ 1-
~., . 'r 80iJOHOCHblU nnacm 

I 

TeM, CKOJIbKO ax MomeT paCTBO
PIITbCH B none II He!llTll B nJIaCTOe, BLIX YCJIOBIIHX. PacTBOpllMOCTb

E:~
 
~~
 raSOB saBllCIIT OT p;aBJIeHIIH :II TeM
t:l.., J 

neparypsr: C YBeJIll'IeHlleM nannea.~ 
-':::J _"" HIIH nonsnnaerca, a C pOCTOM TeM
~~ nepaTypLI - HeCKOJIbKO nap;aeT,"""<::> 
~~ rrpasex npa paanosr p;aBJIeHll:II
.~ no-paaaosry.(},3 

o B He!llTll ras MomeT paCTBOlOOO 'fOOO 
PIITbCH SHa'IIITeJIbHO t)OJIbille, 'IeM 
B none npa TaKoM me ot'h.eMe. TaK, 

PIlC. 141. IlaJIeTKa AJIH onpeneaeaaa B 1 M3 DJIaCTOBOH BOP;LI cpep;HeH Mll
xapaxrepa U8CLlm;eHIlH nJI8CTa. uepanaaanaa npa nanaeaaa 60JIee 

80 Krc/cM 2 II reaneparype 25-50 °C 
conepacarca 1-1,5 MS rasa, a B 1 MS He!llTll npn rex me YCJIOBIfHX _ 
B 10-50 pas 60JIbille [16J, CJIep;OBaTeJIbHO, :IIS He!llTeHocHoro nJIaCTa 
oT6IfpaeTcH SHa'IllTeJIbHO 60JIbille rasa, 'IeM IfS BOP;OHOCHoro. 

B Ka'IeCTBe OCHOBHoro xparepan npa onpenenenaa xapaxrepa na
CbIIIJ;eHHOCTIf nJIaCTa sa py6emoM IfCnOJIbSYIOT oraomenae 06'l>eMa rasa 
K 06'l>eMy mIfp;KOCTll B npofie - raSOBbIH !IIaKTop npofisr (pac. 141). 
CJIep;yeT OTMeTIfTb, 'ITO P;JIH ue!llTeHocHbIX nJIaCTOB c HllSKIIM raSOBbIM 
!IIaKTopoM, a TaKme B CJIy'IaHX, xorna He 06eCne'IIIBaeTCH coxpaneaae 
ncero orotipanaoro rasa, npaxenenne naJIeTKH, nOKasaHHOH na 
pIIC. 141, lluorp;a npaaonar K Oillll60lJIIMM peaynsrarax, 

B 6YPOBOM pacmope conepacarca B He60JIbillOM KOJIH'IeCTBe yrJIeBO
noponmre raasr (Ta6JI. 32), nOCTynaIOIIJ;lle B Hero npa paatiypaaaana 
He!llTerasoHOCHMX nJIaCTOB B peayasrare nOCJIep;yIOIIJ;eH P;If!ll!llYSIfIf. 
TIPIf ortiope npotisr BMeCTe C 6YPOBbIM paCTBopOM, nonanaromaa B 6aJI
nOH, nocrynaer II aexoropoe KOJIll'IeCTBO rasa. 8TOT raa MomeT COCTaB

rny5uHo,H 

T a 6 JI If ~ a 32 

'",iii; 
alE 

",' 

II: 
IS: 

10 ... 
'::;1 

~~ 
"' 0' •lllil'"
:ll ",iil
"'0",
0 .... 

MeTaH 

1 1456 1.5 73.7 
2 1878 0.66 77.7 
3 1996 0.38 80.4 
4 1960 2.55 84.6 

Con e p m a H If e. % 

I rexcaa-]
3TaH (jYTaHI nponaa I rrearaa +BI>ICmHeI I 
7.9 
4.5 
2.6 
0.3 

10.5 
4.9 
6.5 
0.6 

4.7 
8.3 
5.3 
3.5 

3.2 
4.6 
2,6 
6,5 

-

-
2.6 
4.5 

JIRTb saMeTHyIO P;OJIIO B rOpIO'IIfX raaax np06M, 'ITO He06xop;IfMO HMeTb 
B BHP;y, oc06eHHO npa He60JIbillOM coneparanaa rasa B HeH. . 

TaKuM.06pasoM, npn o~eHKe xapaxrepa HaCbIIIJ;eHHOCTll nJIaCTOB no 
cysorapnoay 06'l>eMy yrJIeBOp;OpO)l;HMX raSOB B npofie He06xop;HMO y'IIITM
narr, CJIep;YIOIIJ;ee. 

1. )J;aHHhIMll 06 06IQeM conepacanaa rOpIO'IIIX raSOB B npofie, no 
KpaHHeH Mepe B CJIy'Iae, xorna llX MaJIO, MomHo nOJIbSOBaTbCH TOJIbKO 
npa ycnonan coxpaaaocra scero nocrynanmero B 6aJIJIOH rasa. KaK 
6bIJIO ynasaao marne, 3TO 06ecne'IIIBaeTCH rrpa llCnOJII.30BaHl'IH onpofio
BaTeJIH nJIaCTOB OTIT-7-10. 

2. )J;JIH He!llTeHocHbIx H raSOHOCHbIX nJIaCTOB 06bI'IHO xapaarepno 
nonsnueuaoe conepacanae yrJIeBOp;OpOP;HbIX raSOB B npofie. ECJIll KOJIH
'IeCTBO rasa B npofie npa rJIy6HHe orfiopa ee 1200-3500 M COCTaB
JIHeT 2,5 H 60JIee 06'l>eMa 6aJIJIOHa, TO MomHO C'IIITaTb, 'ITO nJIaCT He!llTe
HaCbIIQeHHMH HJIH raSOHaCbIIIJ;eHHbIH. 

3. B npofiax , ortiapaexax HS raSOHOCHbIX nJIaCTOB, Moa,eT 6bITb 
O'IeHb 60JIbillOH 06'l>eM rasa - no HeCKOJIbKHX COTeH JIHTpOB (CY)l;H no 
peayasraraa pa60T B caaaacaaax Hpacaonapcsorc xpaa, CapaTOBCKOH 
If BOJIrOrpap;CKOH 06JIaCTeH, Manrsmrnaxa H TypKMeHIfH). 

4. HHSKHH raSOBMH !IIaKTop np06LI He RBJIHeTCH )l;OCTOBepHLIM npa
SHaKOM BO)l;OHOCHOCTH nJIaCTa. B CJIy'Iae HHTeHCHBHOH npOMMBKH npa
CKBameHHOH SOHLI He!llTeHocHoro nJIaCTa,'ITO 'IaCTO )l;eJIaIOT nepen onpofio
BaHHeM, HS SOHLI npOHIIKHOBeHIIH y)l;aJIHeTCH nO'ITH aecs raa, If raaona
CLIIQeHHOCTb He!llTH CTaHOBHTCH O'IeHb HHSKOH [24]. ITp06a HS rasoro 
He!llTeHocHoro nJIaCTa no KOJIIf'IeCTBy ororipaaaoro rasa MomeT He OT
JIIf'IaTbCH OT np06LI HS nonoaocnoro nJIaCTa. COCTaB rasa - 60JIee 
Hap;emHLIH KpHTepIfH P;JIH paaneneaaa nJIaCTOB na He!llTeHocHbIe H BO)l;O
HOCHLIe. PesYJIbTaTM onp060BaHHH mapoxo lICnOJIbsYIOTCH P;JIH onenxa 
xapaxrepa HaCLIIQeHHOCTIf nJIaCTOB-KOJIJIeKTOpOB - paS)l;eJJeHHH HX na 
He!llTeHocHMe, raSOHOCHLIe H BO)l;OHOcHLIe. 

B M.n; e JI e H II e H e !II T e HOC H M X n JI aCT 0 B. KaK yxa-
SLIBaJIOCb nsmre, B npofiax , oT06paHHLIx lIS He!llTeHocHLIx nJIaCTOB, 
cop;epmHTcH He!llTb: OHa npacyrcrnyer B BIf)l;e CJIe)l;OB llJIH nOJIHOCTbIO 
aanOJIHHeT 6aJIJIOH. B paaoaax Bamxapaa Bnpo6ax lIS He!llTeHocHLIx una
CTOB He!llTH HeT nams B TOM CJIy'Iae, eczrn npHCKBameHHaH SOHa nJIaCTa 
CHJIbHO nposnrra !IIllJIbTpaTOM 6YPOBoro pacrnopa. 8TO Ha6JIIO)l;aeTCH, 
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nanpaaep, npn Onp060BaHHll 60Jlee qeM xepea 10 ~HeH nocne BCRpLITHJI 
nnacra B cay-rae llCnOJlb30BaHHJI npH 6ypeHHH pacrsopa C BO~OOT~alJeH 

60Jlee 10 CM3 • 

Heaanacaao OT conepatauaa HecIJTH B n;p06e, HecPteHocHble DJIaCTbI 
06HapymHBaIOTCJI IIO xa parcrepaosry cOCTaBy raaa. 

Ha pHC. 142 npHBe~eHLI peayJlLTaTLl orrpoeoaaaaa ~BYX IIpOIIJlaCT
ROB, xapaxrep HaCLI~eHHJI ROTOpLIX no ~aHHLIM xaporaaca O~HOaHalJRO 

YCTaHOBHTb He npe~CTaBJlJleTCJI B03MOJRHLIM. IIpD onp060BaHHH Ha Ram
~oro nponJlaCTRa 6LIJlO nOJlyqeHO OROJlO 1 JI HecIJTD; raa no cocTaBy 
COOTBeTcTByeT nonyTHOMY. Ilpornracrxa caenyer npaaaarr, HecIJTeHoc
HLIMH. 
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PDC. 142. Ilpaaep BLT,lIeJIeHIDI uecfrreJlocJloro UJIaCTa: 
J - JlIlKBaII nc; z - llIecTa OTliopa npool>I; a - llpBB8lI ConpO'l'HBJIeHllJl; 4 - 1l0JlJl

1leeTllO Bec\lTH B npoCle; Ii -llOJIH1leCTBO IjlBnbTPaora B npoCle; 6 - COCTaB yrJleBoAo
pOAHNX raaoa B npoClax; 7 - ltH'repBaJI nellcjlopaI\HH Ol;eliJlr 13 T/cyr BecjlTII). 

ECJlII no ~aHHLIM onpotioaaaaa nnacr oneaen RaR HecIJTeHocHLIH, 
aTO eme He aHalJBT, 'ITO aa Hero npa sxcnnyaranaa 6y~eT noaysena 
HecIJTL. 3TO MomeT 6LITL nnacr C OCTaTOlJROH HecIJTeHacbI~eHHOCThIO, 
npOMbITLlH B peayasrare eCTeCTBeHHOH MHrpan;HH nJlaCTOBOH BO~OH, 

11 6y~eT nanarr, B OCHOBHOM BO~Y. IIoaToMY naacra, xoropue C nOMOID;bIO 
onpotioaareaa, cnycaaexoro aa Ra6eJle, oneneau RaR HecIJTeHocHbIe, . 
nonaeacar nocJle~YIO~eii npoaepxe HcnbITaTeJIeM HJlH npo6Hoii sxcmry
aTan.Heii. 

lfJlJlIOCTpan;HeH acIJclJeRTHBHOCTB. BLI~eJIeHHJI HecIJTeHocHbIX llJIaCTOB 
RapOTamHLIM onpoooaareaex nJIaCTOB MomeT cJlymBTL TOT c1JaRT, 'ITO 
BO scex BCCJle~OBaHHbIX B 1963-1965 rr. CRBaJKHHaX Bamaapcxoa 
ACCP nJIaCTbI, oxaparerepaaonanasre no peayasraraa onpo60BaHHJI 
npH60paMH aa Ra6eJie RaR HecIJTeHocHbIe, ~aJIB npa npo6HoH excnayara
n.Hll npBTORlI HecIJTll. . 

qaCTO ~aHHbIe xaporaasa He nOaBOJlJlIOT On;eHHBaTb xapasrep aacu
rn;eHHOCTH DJlaCTa, B e~HHCTBeHHblM MaTepBaJIOM ~JIJI aroro CJIymaT 
peaynsrarsr onpo60BaHBJI npatiopaxa aa _Ra6eJIe [16]. Ilpasepoa MorYT 
cJlymllTL RamHpO-nO~OJlLCRHeBaBeCTHJlRB cenepo-aananaoa qaCTH Bam
RBPCROi ACCP H MaJlOMO~HbIe IIJJaCThl necsanasoa Rap60Ha If nesoaa 
'I'arapcxoa ACCP B BalllRHpCROH ACCP. 

B LI ~ e JI e H H e B 0 ~ 0 HOC H LI X n JI aCT 0 B. Xapaxrep-
HbIM npaanaxoa BOAoHoCHoro nJJaCTa JlBJJJleTCJI BbICOROO conepacaaae 
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MeTaHa (06Ll1JBO 60Jlee 85%) H COOTBeTCTBeHHO aaasoe co~epmaHBe TJliKe
JILIX yrJIeBO~Opo~OB B rOpIOqBX raaax B MaJIoe ROJlHlJeCTBO HX B npo6e. 
B qHCTO BOAOHOcHLIX IIJIaCTaX nearaa o6LflIHO OTCYTCTByeT. 

Ha pBC. 143 noxaaaa COCTaB rasa npo6bI, oTo6paHHOH aa BO~OHOC
. aoro rrecsanaxa JlCHonOJlJlHC1WrO ropaaonra OJl;HOro na paiOHOB Barn

xnpaa, THnHqHLli AJlJI BOAOHOCHbIX IIJlaCTOB. lfcIILlTaTeJIeM, enycxa
eMbIM na Tpy6ax, aa aroro neCqaHBRa noayxea nparox BO~bl nJIOT-

HOCTLlO 1,15 r/cM 3
• 

ECJlH B npofie 60JIee 30% IIJIaCTOBOi BOAM, TO, RaR nORaaaJla IIpaR-
TIIRa pa60T B Bamnapan, nnac'r He co~epmHT nO~BHmHOH HecIJTII. 
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PDC. 143. PeaYJIbTaThl onpouoBaHlul sonoaocaoro nnacra. 
1 _ llpll8&11 TIC; Z - lIIeCTa OToopa DPOO; a - xpasaa CODpOTHBJ1emIll; 4 - YfJIe
BOAoPOAHhlit cOCTaB raaa B npoOax; Ij - IlHTepBaJI RCllblTaHHlI JlCIIblTaTeJIeM aa 

Tpyoax. 

OnpeAerreHBe nOJlomeHBJI Bo~o-HecIJTJlHOrO 
II r a so - m II A ROC THO r ORO H TaR T 0 B. IIoHHTepBaJIhHoe onpo
60BaHBe IIpH60pOM, cnycRaeMbIM B cRBamHHy na Ra6eJle, naer Boa
MOiKHOCTL ~OCTaTOlJRO Ha~emHO orrpenenars noaoareaae Bo~o-HecIJTJlHOrO 
H ra30-mlI~RoCTHoro RoHTaRTOB, B TOM qHCRe H B llJIaCTaX MaJIOH MO~
HqCTB, ~JlJI ROTOpLIX ary aa~a.1JY TPY~HO pemars H npa nOMO~lI BCDbl
TaTeJIeH, cnycRaeMLIX aa 6yplIJlI,nbIX Tpy6ax, II npa npo6HOH axcnay
aTan;lIH nOCJIe CIIycRa ROJIOHBLI' AaBHLle onpOOOBaHHH IIOaBOrrJlIOT 
npOCJleAIITb nocreneaaoe BaMeHeHHe co~epmaHIIH HecIJTH II BOAbI Bnepe-

XO~HOH aoae,
IIpHMepbI AliarpaMM raxoro pona IICCJIeJl;OBaHHH IIORaaaHLl aa 

pHC. 144. B neCqaHIIRe, ROTOpbIH, CYJl;JI no ~aHHbIM aJleRTpBlJeCRoro' 
xa porarsa B JlIOMBHBcn;eHTHo-6IITYMHHOJlOrllqeCROrO ananaaa , HecIJTe
nocen, a B HIIJlWei qaCTB - BOAOHoceH, 6LIJI.0 OT06paHo 8 IIp06 qepea 
Ram~bIe 50 CM. Co~epmaHBe MeTaHa B npotiax YBeJlHlJBBaeTCJI C 27 no 
99% OT BepXBIIX TOqeR RHIIJlWIIM, a ROJlB1JeCTBO TJlmeJILIX yraeno
AOPO~OB COOTBeTcTBeHHO yMeHhmaeTCJI. 3TO n03BOJIJleT, HecMOTpJl aa 
MaJIyIO MO~HOCtL nJIaCTa, He TOJIhRO YCTaHOBIITb nanasae Bo~o-HecIJ
THHoro ROHTaKTa, HO H OTMeTliTh nepexoAHyIO 30Hy B HeM. 
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Pile. 144. Ilpaaep llCCJIe,n;oBaHIfH RapOTalKHhIM oIIpo6oBaTeJIeM IIJIaCTa C Bo,n;o-HecIJ

TlIHbIM ROHTaRTOM. 

a - XapaRTepHCTHRa ROJIJIeRTOpa; 6- COCTaB yrJIeBO)l;opO)l;HI>lx raaoa B npooax, OTOOpaHHI>lX B
 
paaJIll'lHhIx rosaax,
 

1 - RpHBaJl TIC; 2 - MecTa ortiopa np06; a - RpHBaJl COnpoTHBJIeHHJI; 4 _ Y)l;eJIbHoe BJIeRTpll 

'1eCROe COlIpOTHBJleHHe OTOlipaeMoit npO(jM If{H)l;ROCTll; 5 - RpHBaJl raMMa-RapoTama; 6 _ CRO

POCTh noroxa If{H)l;ROCTll, IIOCTYnaIOlI\eit B OaJIJIOH; 1 _ peaYJIbTaTM JIIOMHHecQeHTHoro aua.raaa
 

xepaa. 
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PIlC. 145. Ilpasrep HCCJIe,n;OBaHHlI oIIpo6oBaTeJIeM raaoaoro IIJI8CTa. 

1 - RpllBaJl TIC; 2 - MeCTa ortiopa IIP0(j; 3 - RpHBaJl corrpOTHBJIeHHJI; 4-YAeJIbHOe 
BJIeRTpH'IecRoe COlIpOTIfBJIeHHe If{H)l;ROCTH npoobl; 5 - o(j~eM OTO(jpaHHoit npO(jM 

rasa, npHBe)l;eHHbIit R HOPMaJIbHbIM yCJIOBHHM; 6 - o(j~eM If{H)l;ROCTH. 

B IiI p; e JI e H Her a SOH 0 C H IiI X n JI aCT 0 B. OnliIT npaxe
HeHHH onpo60BaTeJIen B raSOHOCHIiIX nJIaCTaX cpaBHHTeJIbHO HeBeJIHR; 

TeM He MeHee BO MHorHX cxnassanax Kpacaoaapcxoro xpas , Bonrorpan
CRon H CapaTOBCRon 06JIaCTen H TypRMeHHH 6liIJIH nOJIy'IeHIiI anrepecnsre 

peSYJIbTaTbI. 
AJIH raSOHOCHIiIX nJIaCTOB xapaxrepno BbICORoe conepacanne rasa 

B npo6ax - B cpenaex 300-400 JI (pHC. 145). 

Bsmeaenae nJIaC'}'OB-I\OJIJIeRTOpoB 

OAHa HS OCHOBHIiIX aanas onpofioaaaaa nJIaCTOB npafiopaxa, cny

CRaeMIiIMH B CRBamHHy aa Ra6eJIe,- nponepxa npaBHJIbHOCTH saneae
HHH ROJIJIeRTOpOB no p;aHHbIM xaporaaca H pemenae nonpoca, HBJIHeTCJI 

JIH nJIaCT ROJIJIeRTOpOM B rex CJIy'IaHX, xorna MaTepHaJIIiI reoqlHSH'Ie

CRHX HCCJIep;OBaHHn CRBamHH He p;aIOT na 3TO op;HOSHa1IHOrO OTBeTa. 

RaR nORaSIiIBaeT onsrr pa60TbI C 3THM HHcTpyMeHToM, HaJIH'IHe npHTORa 

CJIymHT p;OCTaTO'IHO Hap;emHIiIM nORaSaTeJIeM roro, 'ITO nJIaCT HBJIHeTCH 

ROJIJIeRTopOM. ECJIH npH onpo60BaHHH (npH yCJIOBHH, 'ITO OHO 6liIJIO 

nponeneno B HeCI\OJIbRHX TO'IRax) He 6liIJIO nOJIy'IeHO npHTORa, TO Mom
HO cneaarr, BbIBOP;, 'ITO nJIaCT nenpoarmaex llJIH npOHHn;aeMOCTb ero 

OlleHb HHSRa. Taxoa me BIiIBOP; MomeT 6liITb Cp;eJIaH H B CJIyllae nOJIy'Ie

HHH HS nJIaCTa He60JIbmHX ROJIHlleCTB mHp;RocTH npH 60JIbmOH nponoa

lliHTeJIbHOCTH orfiopa rrpofisr (xeaee 1 JI sa 15-20 MHH). 3TH BIiIBO)J;1iI 

ueonaoxparao nO)J;TBepm)J;aJIHCb B paaonax Earrmapcxoa ACCP npa 

nOCJIep;yIOID;eM HcnliITaHHH C nOMoID;bIO HcnliITaTeJIH nJIaCTOB, cnycxa

eMIiIX na Tpy6ax. 

ECJIH B OTp;eJIbHIiIX TOllRax nponnuaexoro nJIaCTa npHTORa HeT, 

SHallHT B HeM HMeIOTCH MaJIOMOID;HliIe aerrpoaanaexue npOCJIOH. IIo )J;aH

HIiIM xaporaara TaI{He npOCJIOH xaoro He BIiI)J;eJIHIOTCH. 

B BOJIro-"YpaJIbCRHX He«pTeraSOHOCHbIX paiioaax HCCJIe)J;OBaHHH npo

BOP;IIJIHCb B neCllaHO-aJIeBpOJIHTOBIiIX H B Rap60HaTHbIX nJIaCTaX (Ta6JI .::13). 
OiheM npo6, oT6HpaeMliIx HS Rap60HaTHliIx OTJIOmeHHn, SHallHTeJIbHO 

MeHbme BCJIep;CTBHe Toro, lITO B Rap60HaTHliIX OTJIOmeHHHX cpena 

nJIaCTOB, BIiIp;eJIHeMIiIX )J;JIH onpofionaana, no )J;aHHIiIM xaporaaca 60JIb

moe llHCJIO HenpOHHn;aeMIiIX. BbIJIO yCTaHOBJIeHO, lITO npa 60JIee TID;aTeJIb

HOM BliI60pe 06'},eRTOB H TOllHon npHBHSRe JIHTepBaJIOB onpo60BaHHH R 

~"	 RapOTamHIiIM )J;HarpaMMaM -qHCJIO Rap60HaTHliIX nJIaCTOB, )J;aIOID;HX npn

TOR, YBeJIHllHBaeTCH. 
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BOJII,maH US6UpaTeJIbHOCTb Orrp060BaHUH rrJIaCTOB Orrp060BaTeJIHMU 

na Ra6eJIe (uCCJIe~yeTCJI He60JIbmOD: UHTepBaJI rJIy6uH) U BOSMOmHOCTb 

~eTaJIbHO paCqJIeHHTb paapea rro rrpOHUn;aeMOCTU rrOSBOJIHIOT UCrrOJIb

SOBaTb <lTOT cnocofi ~JIH YTOqHeHUH al{ll{leRTUBHOD: MOm;HOCTU ROJIJIeRTopa. 

Orr;CHKa CBOicTB IIJIaCTOB no MOIIQIOCTH 

BLICORaH us6UpaTeJIbHOCTb RapOTaJRHOrO orrp060BaHUH rrOSBOJIHeT 

HCrrOJIbSOBaTb <lTOT crroc06 ~JIH usyqeHuH USMeHeHUH CBOD:CTB rrJIaCTa 
no MOm;HOCTU. 

o 25 SOOIt/·j,! GOO 1200/lMn/NI/H 
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PIIC. 146. Pe3YJIbTaThI onpofioaaaaa nJIaCTa ~eBOHCKIIX neCqaHIIKOB C 30HOii
 
npOHIIKHOBeIIIIH.
 

1 - RpHBaR rrc; 2- MeCTa ortiopa npoli; 3 - RpHBaR ,COrrpOTHBJIeHHR; 4 _ Y,lleJIbHOe co

rrpOTlfBJIeHHe l«H,llROCTlf; I) - RpHBaRraMMa-lIapOTama; 6 - Cpe,llHRR CROpOCTb rrpHTORa
 

l«H,llROCTH B liaJIJIOH.
 

PeSYJIbTaTLI USMepeHUH y~eJIbHOro <lJIeRTpUqeCROro COrrpOTUBJIeHUH 

BO~LI us npoti, oTo6paHHLIX us O~HOro U roro me nnacra C paSJIUqHLIX 

rJIy6uH, cBH~eTeJIbCTBYIOT 0 peaxoa uSMeHeHuu cooraomeaaa Mem~y 
epUJIbTpaTOM 6YPOBoro pacrnopa U rrJIaCTOBOD: BO~OD:. RaR BU~HO na 
puc. 146, conepacaaae rrJIaCTOBOD: BO~LI B rrpotiax, CY~H rro y~eJIbHoMy 
corrpOTUBJIeHUIO UX, ROJIe6JIeTCH OT 1 no 50%. 

RaR rrORaSaJI omrr pa60TLI, CROpOCTb npnroxa mU~ROCTU B 6aJIJIOH
 

orrp060BaTeJIH CUJIbHO USMeHHeTCH OT TOqRU R TOqRe. OTO yRaSLIBaeT na
 
HeO~Hopo~HOCTb rrJIaCTOB rro rrpOHUn;aeMOCTU, 'ITO xopomo yBHsLIBaeTCH
 

C ~aHHLIMU UCCJIe~OBaHUH ~e6UTOMepOM B pa60TaIOm;eD: CRBamUHe H ana

JIUSOM RepHOB. 

HepaBHOMepHoe pacrrpeAeJIeHHe mU~ROCTU (rasa) B SOHe rrpOHURHO

BeHUH U HeO~HopO~HOCTb rrJIaCTOB no rrpOHUn;aeMOCTU em;e pas CBU~eTeJIb
cTByeT 0 TOM, 'ITO ~JIH Ha~eJKHOD: On;eHRU rrJIaCTa He06xO~UMO 6paTb 
rrp06LI B HeCROJIbRUX TOqRax. 

XO~ rrpon;ecca orfiopa rrp06LI ROHTpOJIUpyeTcH rro ranponaaaaa
qeCRUM rrapaMeTpaM nnacra; noaroay aayseaaa nponecca ortiopa B 

npammns naer BOSMomHOCTb orrpe~eJIUTb <lTU napaaerpsr. 
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HaH60JIee BepORTHaR
3arrOJIHeHHe liaJIJIOHa * XapaRTeplIICTHRa ROJIJIeRTOpanpoaanaeaocrs nopon, 1m 

Meaee 10 IIpaKTlI'IeCKII aenpoaanae
Mbrii 

0,5-5 JI 

Meaee 0,5 JI 

C BD3KO:ii: npoaanaeaocrsio 
IIoJIHoe 

10-toOO 
C BhICOKOH npoH~aeMocTblOEOJIee 100 

* rJIy6HHa onpoliOBaHHII 1200-2000 M, eMKOCTb liaJIJIOHa5 JI, BpeMII oT6opa npo6Ll 5 MHH. 

. Ilponecc nocryrnreaaa mU~ROCTU B 6aJIJIOH, npoacxonamaa npa 
nepeaeaaoa COOTHomeHUU ras : mU~ROCTb U non rrpe~eJIbHLIMU nenpec
CUHMU, BOsMomHO, C aaxparaxe

CRUMU CROpOCTHMU B HeJIUHeD:HLIX
 

I 

1,.,.0'" }of 111 ,.

I Jll 

!It3GoI' 
pemUMax, necsaa CJIOmeH U ~aJIeRO
 

erne He aaysen. OTO He rrOSBOJIHe·T
 .,.UCrrOJIbSOBaTb ~aHHLIe 0 CROpOCTU
 
~
 rrOTORa ~JIH ROJIUqeCTBeHHoro orrpe
, 2'fOI

~eJIeHUH ru~pO~HHaMl{qeCRUXnapa (0 

MeTpOB, .aanpaxep , rrpOHUn;aeMOCTU ~ 
.nnacra; O;rl;HaRO no CROpOCTU rrOTO ~ 
xa, UJIU ROJIUqeCTBY mU~ROCTU, ~ 
nocrynanmea B 6aJIJIOH sa onpe .§t:I 1201
 
neneanoe BpeMH, MomHO npatiaa

meHHO oneaanars npoaanaeaocrr, "'"
 nnacra. )J;JIH aroro MomHo, aa

rrpUMep, BOcrrOJIb30BaTbCH ~aHHLIMu
 

(Ta6JI. 34), rrOJIyqeHHLIMU aa OCHO 20 'f0 60 80
 
TeMnepamgpa,OC

BaHUH 0606m;eHHH UMeIOm;erOCH
 

OIThITa npaueaeaaa orrp060BaTeJIeD:
 PIIC. 147. H3MeHeHHe 1\aBJIeHIIH B 
6aJIJIOHe onpo60BaTeJIH npll CHHlRe

rrJIaCTOB. 
HilI[ resmeparypu.

IIpaRTuRa rrpUMeHeHUH orrp060

BaTeJIeD: rrJIaCTOB noxaaaaaer, 'ITO ; :rc/c~~~~~~MeH~~;~b~~'IaJIb~~~~~ 
B nponecce ortiopa rrp06Ll ~aBJIeHUe neparypa B·C.
 

B 06'beMe 6aJIJIOHa SaqaCTYIO He'
 

ycneaaer rrOBLICUTbCH ~O nnacroaoro, Ilpa nomeae npnfiopa aa rro


BepXHOCTb B peayzrvrare CHUmeHUH TeMrrepaTypLI ~aBJIeHUe B 6aJIJIOHe 

yxeasnraerca, rrpUqeM ocofeaao SHaqHTeJIbHO npa MaJIOM ROJIUqeCTBe 

rasa B 6aJIJIOHe (usMeHeHue ~aBJIeHUH orrpeneaaaocs B 6aJIJIOHe eMROCTbIO 

6 JI, puc. 147). IIo <lTOD: npanaae UsMepeHHoe na rrOBepXHOCTR ~aBJIeHHe 

B 6aJIJIOHe SHa'IHTeJIbHO HRme nnacrosoro. 
rR~po~RHaMRqeCRUe napaaerpsr nnacra MomHO onpenenars rro 

RpRBLIJrI BOCCTaHOBJIeHRH ~aBJIeHHH rrOCJIe aasepnreaaa orfiopa mR~ROCTH 

JlS nnacra. )J;JIH <lTOrO onpofionarena rrJIaCTOB ~OJIJKHLI 6LlTb CHa6meHLI 

~3.T'lRRaMR ~aBJIeHRH C rronsnneaaoa T01lHOCTbIO rrORaSaHRD:. 
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