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OCHOBbl n03epHOH TeXHOnorHH

Ha TOp)!(eCTBeHHOM 3aCe.n:aHfIH B KpeMJle, rrOCBHI.QeH-
HOM 60-Jlenno BeJlHKoll OKTH6pbCKOll COIJ.HaJlHCTHqeCKOll
peBOJIIOIJ.HH, OTMeqaJlOCb, qTO HHKOr.n:a elIJ.e Hallia CTpaHa
He pacrroJlaraJla TaKHM orpOMHbIM 3KOHOMHqeCKHM H Hayq-
HO-TeXHHqeCKHM rrOTeHIJ.HaJ10M. Bce oOJlee .n:ei'lCTBeHHbIM

 aKTopOMpa3BHTHH Hapo.n:Horo X03HllCTBa CTaHOBHTCH Ha-

yqHO-TeXHHqeCKHll rrporpecc. Orrepe)!(31OlIJ.HMH TeMrraMil

pa3BHBalOTCH HOBellIIIHe OTpaCJlH rrpOH3Bo.n:CTBa H HayqHO-
ro 3HaHHH.

DpHMepOM rrpOqHOrO COlO3a HaYKH H rrpOH3Bo.n:CTBa,
rrJlo.n:OTBopHoro COTpy.n:HHqeCTBa pa3J1HqHbIX .n:HCIJ.HrrJlHH

(3JIeKTpOHHKH, orrTHKH, XHMHH,  H3HKHH MHOfHX .n:PYfHX)
MO)!(HO Ha3BaTb KBaHTOBYIO 3J1eKTpOHHKY. DJlaro.n:apH ee

ycrrexaM MbI HMeeM cero.n:HH TaKOll YHHKaJlbHbIll B TeXHO-

JIOrHqeCKOM rrJlaHe HHCTpYMeHT, KaK OrrTHQeCKHI1 KBaHTOBbIll

reHepaTOp (OKf) - JIa3ep.
.D.ocTH)!(eHHH KBaHTOBOll 3J1eKTpOHHKH rr03BOJlHIOT B Ha-

CTOHlIJ.ee BpeMH rOBopHTb 0 IIIHpOKOll rrpaKTH'leCKOll peaJlIl-
3aIJ.HH KOJlOCCaJlbHbIX B03MO)!(HOCTell Jla3 pOB, 0 JI?3epHOii
TeXHHKe II TeXH0J10rIIH, 0 HX pOJlH B rrOBbIIIIeHHII rrpOIl3-
Bo.n:HTeJlbHOCTH Tpy.n:a II 3  eKTHBHOCTHrrpOH3Bo.n:CTBa.

Ha cero.n:HHIIIHHll .n:eHb pa3pa6oTaHO H BHe.n:peHO B pa3-
JlHQHble OTpaCJlH npOMbIIIIJleHHOCTII YHHBepcaJlbHoe II cne-

IJ.IIaJlH3HpOBaHHoe Jla3epHOe TeXHOJlOrHQeCKOe o6opy.n:oBa-
HHe 60Jlee 20 THrrOB. Oco6eHHO rrOKa3aTeJleH OnbIT HCrrOJlb-

30BaHHH Jla3epHOll TeXHOJlOrIIH B 3J1eKTpOHHOll rrpOMbIIIIJleH-
HOCTH: JIa3epHbIMII YCTaHOBKaMII OCHalIJ.eHbI rrpoH3Bo.n:CT-
BeHHbIe YQaCTKH rro c60pKe KaTO.!I.HbIX Y3J10B 3J1eKTpOBaKY-

YMHbIX rrpH6opoB, rrO.lI.rOHKe pe3HCTopoB rH6pH.lI.HbIX HHTe-

rpaJlbHbIX cxeM, repMeTH3aIJ.HH KoprrycoB HeKOTopbIX TIInOB

HHTerpaJlbHbIX cxeM, cBapKe .n:eTaJlell KOHTaKTHbIX Y3JIOB
MHKpOpeJle II .lI.p. 4acoBaH rr-pOMbIIIIJleHHOCTb rrOJlHOCTblO

rrepeIIIJla Ha o6pa6oTKY py6HHOBbIX KaMHell .lI.JlH qaCOB
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64 c. (HoBoe B )KU3HH, HaYKe, TeXHHKe. CepuH «Tex-

HIIKa», 2. 113.naeTcH e)KeMeCHQHO C 1961 r.)

PacKpoi\ OJ(e>K)\bl H npll60pbl J(JlSI CTblKOBI{H KOCMM'IeCKHX KO'

paISJlei\. 3anOMIiHalOlll,lIe YCTpOi\cTB3 8BM II K3H3J1bl CBH311, p3S.

MepB3H 06p3.50TK3 II CB3,PK3
- 6 KOHe'lHO pa3Hoo6p3311e oISJlac-

Tei\ npliMeUeoBliH OnT1l'leCKIiX KB3HTOBblX reHep3TopOB B H3pOAHOM

X03Hi\cTBe. 0 HIIX II paCCK33bIB3eTCH B ISpoUJlOpe. P3CC'IIIT3HHOi\
Ha UJllpOKIli\ KPYI' 'IIiTaTeJlei\.
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TOJIbKO .1Ja3epHbIM JIyqOM. BbICOKa 9c}Jc}JeKTHBHOCTb HCnOJIb-

30BaHHH OKr B aBHall.HOHHOM npH6opOCTpOeHHH, B CY.lI.O
-

CTpOHTeJIbHOH npOMbIIlIJIeHHOCTH, B CTpOHTeJIbCTBe - npn

pa3MeTKe H npOKJIa.lI.Ke .lI.opOr, llIaXT, TOHHeJIeH H T. .lI.. IllH-

pOKoe BHe.lI.peHHe y)!(e pa3pa60TaHHbIX 'YCTaHOBOK H Tex 
HOJIOrHqeCKHX npOll.eCCOB, aKTHBHbIe HCCJIe.lI.OBaHHH B 3TOH

06JIaCTH 6Y.lI.YT cnoc06CTBOBaTb ycnelliHOMY BbITIOJIHeHHIO

nJIaHOB .lI.eCHTOH nHTHJIeTKH, .lI.aJIbHeHllIeMY YCKopeHHlO Ha-

yqHO-TeXHHqeCKoro nporpecca B HallieH CTpaHe.

JI83epbI «C)!(HMaIOT» CBeTOBbIe nOTOKH BO BpeMeHH, npo-

CTpaHCTBe H no cneKTpy, a CJIe.lI.OBaTeJIbHO, KOHlI.eHTPHPY-

lOT 3HepmlO. HH O.lI.HH .lI.PyroH H3BCCTHbIH B npHpO.lI.e HCTOq-

HHK CBeTa He 06JIa.lI.aeT nO.lI.06HbIMH CBoHcTBaMH.

BbIcoKaH MOHoxpOMaTHqHOCTb, KorepeHTHocTb JIa3ep-
HOro H3JIyqeHHH n03BOJIHIOT c}JOKYCHpOBaTb JIyq B nHTHO

.lI.HaMeTpoM .lI.0 HeCKOJIbKHX MHKpoMeTpoB. B 30He .lI.eHCTBHH

JIyqa cOCpe.lI.OTOqHBaeTCH nOTOK KOJIOccaJIbHOH nJIOTHOCTH-

.lI.0 1012_1020 BT/CM2
. 4T06bI nOJIyqHTb TaKYIO )!(e nJIOT-

HOCTb nOTOKa 3a CqeT COJIHeqHOH 3HeprHH, nOTpe6oBaJIOCb
6bI CKOHlI.eHTpHpOBaTb ee Ha nJIOllIa.lI.H B HeCKOJIbKO TbICHq

KBa.lI.paTHbIX MeTpOB.

JIyq JIa3epa BeCbMa Y.lI.06eH KaK 06pa6aTbIBalOllIHH liH-

CTpYMeHT. Y}!{e npH nJIOTHOCTH nOTOKa 106_108 BT/CM2
B

MaTepHaJIe B03HHKaeT TepMHqeCKHH 3c}Jc}JeKT. I1cnapHeTCfl
H nJIaBHTCH npaKTHqeCKH JII060H Ii3BeCTHbIH TyronJIaBKHH
H CBepXTBep.lI.bIH Henp03paqHbIH MaTepHaJI.

06pa60TKY JIyqOM JIa3epa MO)!(HO BeCTH B JII060H npo-

3paqHOH cpe.lI.e
- TBep.lI.OH, )!(H.lI.KOH, ra3006pa3HOH, B Ba-

KYYMe, a TaK)!(e B TPY.lI.HO.lI.OcTynHbIx MeCTax. MO}!{HO B03-

.lI.eHCTBOBaTb H3 3JIeMeHTbI 3JIeKTpHqeCKHX lI.eneH JI.a)!(e no.lI.

HanpH)!(eHHeM.

.D.OCToHHCTBa .1Ja3epHOH 06pa60TKH MHoro06pa3HbI. Bo-

nepBbIX, Ha H3.lI.eJIHe He B03.lI.eHCTBYIOT MeXaHHqeCKH, CJIe-

.lI.OBaTeJIbHO, OHO He JI.ec}JopMHpyeTCH. BO-BTOpbIX, npOll.e c
BbICOKOTOqeH H npH nOM ero OTJIHqaeT 6bICTpOTa H3CTpOH-

KH. B-TpeTbHX, 30Ha TepMHqeCKOrO BJIHHHHH KOHlI.eHTpHpo-

BaHa H CTPYKTYPHbIC H3MCHeHHH 06pa6aTbIBaeMoro MaTe-

pHaJIa He3HaqHTeJIbHbI H T. JI..
u

JIa3epHbIH JIyq Y.lI.06eH JI.JIH c}JHrYPHOH pe3KH MaTepHa-

JIOB. OH cnoc06CH npOIlIHBaTb MHKpOOTBepCTHH no.lI. ;'l106bIM
yrJIOM K nOBepXHOCTH .lI.eTaJIH C OTHOllIeHHeM rJIYOHHbl K

JI.HaMeTpy, .lI.OCTHraIOIlIHM JI.CCHTKOB Ii JI.a)!(e COTeH, qTO He-

JI.OCTynHo MexaHHqeCKHM cnoc06aM. DpHqCM B TeqeHHe KO-
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pOTKoro BpeMeHH MO)!(HO npOIlIHBaTb COTHH HlI.CHTHqHbIX OT-

BepCTHH.
JIa3epHbIe TeXHOJIOrHqCCKHC YCTaHOBKH OTJIHqalOT BbI-

COKaH npOH3BO.lI.HTeJIbHOCTb H npOCTOTa ynpaBJIeHHH. Cne-

lI.Hc}JHqeCKHe oc06eHHOCTH JIa3epHOH 06pa60TKH OTKpbIBalOT
B03MO)!(HOCTH nOJIHOH aBTOMaTH3all.HH npoll.ccca H KOHTpO-
JIH C nOMOllIblO 3BM. 3TO n03BOJIHeT pe3KO CHH3HTb npo-

lI.eHT 6paKa, nOBbICHTb TOqHOCTb 06pa60TKH H T. .lI..

CerO.lI.HH JIa3CpHaH TeXHOJIOrHH ycnelliHo KOfIKypHpyeT
C TaKHMH H3BeCTHbIMH npOMbIlliJICHHbIMII MeTO.lI.aMH, KaK

MeXaHHqeCKaH, 3JIeKTpOHHaH, 3JIeKTp03p03HOHHaH 1I YJIbT-

pa3BYKOBaH 06pa60TKa. B pH.lI.e )!(e CJIyqaeB JIa3epHbIH .1Jyq
HC TOJIbKO (H He CTOJIbKO) 3aMCHHeT MeXaHHqeCKHH lIJIH

TepMHqeCKHH HHCTpYMeHT, HO H Bo0611IC eJI.HHCTBCHHOC

Cpe.lI.CTBO pellIeHHH TeXHOJIOmqCCKOH 3a.lI.aqH.

PaCIlIHpeHHC cc}JepbI npHJIO}!{eHHH JIa3epHOH TCXHOJIO-

mH 3aBHCHT, B nepBYIO oqepe.lI.b, OT COCTOHHHH JIa3epHOH
TexHHKH. D03TOMY npe)!(.lI.e Bcero npe.lI.CTaBHM ce6c, qTO

TaKoe OnTHqeCKHH KBaHTOBbIH reHepaTOp
-

JIa3ep, OTKY.lI.a

6epYTCH YHHKaJIbHbIe CBOHCTBa 3THX npH60pOB.
JIa3ep npeJI.CTaBJIHeT C060H MOIlIHbIH HCTOqHliK Kore-

peHTHoro HanpaBJIeHHOrO CBCTa. DpHHlI.WI .lI.cilcTBHH ero -

BbICB060)!(.lI.eHHe 3HeprHH CIICTeMbI B036Y)!(.lI.eHHbIX aTOMOB

1I3-3a HH.lI.Yll.HpOBaHHoro H3JIyqCHHH no.lI. B03.lI.eHCTBHeM
BHelliHero 3JICKTpOMarHHTHoro nOJIH. JII060H npH60p, no

CYTH,
- aKTHBHaH cpe.lI.a, nOMellIeHHaH B pe30HaTOp, H re-

HepaTOp HaKaqKH, B036Y)!(.lI.aIOIlIHH aTOMbI B cpe.lI.e. OnTH-

qeCKHH pe30HaTOp, KOTOpbIH peaJIH3yeT nOJIO)!(HTCJJbHYW

06paTHYIO CBH3b, - 06bIqHO CHCTeMa .lI.BYX nJIOCKliX CTpO-
ro napaJIJIeJIbHbIX .lI.pyr .lI.pyry 3CpKaJI (HHTep<pcpOMCTp
<Pa6plI-Depo). O.lI.HaKO 3epKaJIO, qepC3 KOTOpOC «BbIBO-

JI.HTCH» H3JIyqeHHC, .lI.eJIaCTCH nOJIynp03paqHbIM.
DpH HaKaqKe B aKTHBHOH Cpe.lI.C Me)!(.lI.Y 3CpKaJIaMH B03-

HHKaeT COCTOHHHe HHBepCHOH HaCCJIeHHOCTH: KOJIHqCCTBO

aTOMOB Ha BepXHeM 3HCpreTHqeCKOM ypOBHe npeBbJlllaCT
KOJIHqCCTBO HX Ha HH)!(HCM. JIaBHHHbIH npOll.eCC HH.lI.Yll.HPO-
BaHHoro H3JIyqeHHH HaqlIHaeTCH B TOT MOMeHT, KOr.lI.a XOTII

6bI O.lI.HH B036Y}!{.lI.eHHbIH aTOM cnOHTaHHO H3JIyqaeT c}JOTOH
B HanpaBJIeHHH, napaJIJIeJIbHOM OnTHqeCKOH OCH. <POTOH

«BbIHY}!{.lI.aeT» .lI.pyroH B036Y)!(.lI.CHHbIH aTOM IIcnYCTHTb BTO-

pOH CPOTOH H T. JI..

MHoroKpaTHo OTpa)!(aHCb OT 3epKaJI pC30HaTopa, cpO-
TOHbI pacnpOCTpaHHIOTCH qCpe3 aKTHBHYIO cpC.lI.Y H HHTeH-

ClIcpHlI.HPYIOT pa3BHTHe npoll.ecca. rCOMeTpWleCKHe pa3Me-
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pbI pe30HaTOpa TaKOBbJ 'lTO CBeTOBaSI BOJlHa, .lI.Ba)K]lbI OT-

pa3FIBIIIHCb OT 3epKaJI, 'C.lI.BHraeTCH no !}:Ja3e Ha BeJIFI'lHH ,
KpaTHYIO lI.eJIOMY nepFIO.ll.Y. TaKFIM 06pa30M, 06ecne'lFIBae

-

CSI nOJIO)lmTeJIbHaH 06paTHaSI CBSI3b.

ECJIH HaceneHHOCTb BepXHero YPOBHSI aKTHBHOll cpe.ll.bI

npeBbIII1aeT HeKOTOpyIO noporOBYIO BeJIFIIJFIHY (OHa 38BFICFIT

OT K03!}:J!}:Jm.weHTa OTpa)KeHFIH nOJIynp03paIJHorO 3epKa.'la),
TO npou.ecc FIHTeHCHBHO HapaCTaeT. 3aTeM BCJIe.ll.CTBHe HH-

.lI.ylI.FIpOBaHHbIX nepexo.nOB HaCeJIeHHOCTb BepXHero YPOBHH

nOHH3FITCSI .nO noporOBOll BeJIFIIJFIHbI CTau.FIOHapHoro pe)KHMa

reHepalI.llFI. CBeTOBbIe BOJIHbI, napaJIJIeJIbHbIe OCFI pe30Ha-

Topa, YCHJIFIBaIOTCSI H BbIBO.ll.SITCSI 'lepe3 nOJIynp03paIJHOe

3epKaJIO B BFI.ne Y3Koro nY'lKa KorepeHTHoro CBera. BbICO-

KaSI HanpaBJIeHHOCTb FI3JIY'leHHH 06YCJIOBJIeHa TeM, GTO B

nY'lKe OCTaIOTCSI JIFIII1b !}:JOTOHbI, He OTKJIOHFIBIlIFIeCH cyIlI.e-

CTBeHHO OT OCFI pe30HaTopa npFI MHorOKpaTHOM OTpa)Ke-

HFIFI.
u

(4T06bl HanpaBJIeHHOCTb FI3JIY'leHFISI 6bIJIa BbICOKOH T. e.

paCXO.ll.HMOCTb CBeTOBoro nY'lKa MaJIOll), He06xo.ll.FIMa IJpe3-

BbI'lallHO BbICOKaSI napaJIJIeJIbHOCTb 3epKaJI pe30HaTopa.

MOHoxpOMaTFIIJHOCTb FI3JIY'leHHSI onpe.neJISIeTCSI pe30HaHC-

HbIMFI CBOllCTBaMFI OT.neJIbHbIX aTOMOB FI MOJIeKyJI, KOTopbIe

FI36FIpaTeJIbHO nOrJIOIlI.aIOT FIJIFI FI3JIY'laIOT CBeT onpe.neJIeH-

HOll BOJIHbI. Ee !}:Ja3a, IJaCTOTa, nOJISIpFI3au.FISI FI HanpaBJIe-

HFIe pacnpOCTpaHeHFIH COBna.naIOT C xapaKTepFICTFIKaMH

BOJIHbJ BHelliHero .3JIeKTpOMarHFITHoro nOJISI HaKa'lKFI, no-

'leMY FI3JIY'leHFIe FI KorepeHTHO.

Tenepb paCCMOTpFIM YCTPOllCTBO FI cneu.FI!}:JFI'leCKHe OCO-

6eHHOCTFI pa3JIFI'lHbIX JIa3epOB. B HaCTOSIIuee BpeMSI HMe-

eTCSI B03MO)!(HOCTb FIH.lI.yu.FIpOBaTb FI3JIYIJeHHe nOIJTH 130 Bcex

BemeCTBax, B JII060M arperaTHOM COCTOSIHFIFI. B nepBYIO

O'lepe.nb npOMbIIlIJIeHHOCTb 3aFIHTepeCOBaHa 13 TBep.ll.OTeJIb-

HbIX, ra30BbIX H nOJIynpOBo.nHFIKOBbIX JIa3epax.

TBepAOTeJIbHble JIa3epbl. TIepBbIM 6bIJI C03.naH JIa3ep Ha

py6FIHe. RpHCTaJIJI BblpaIlI.FIBaIOT FICK)'CCTBeHHO, OKpaCKa
ero 6JIe.ll.HO-p030BaSI. HaKa'lKa CBeTOBaSI, C nOMOIlI.bIO FIM-

nYJIbCHbIX JIaMn-BCnbIllieK.

B Ka'leCTBe aKTFIBHoro BemeCTBa B TBep.nOTeJIbHbJX JIa-

3epax MO)KeT TaK)Ke HCnOJIb30BaTbCSI CTeKJIO, aKTFIBHpO-

BaHHoe pa3JIFIIJHbIMFI pe.n:K03eMeJIbHbIMFI .3JIeMeHTaMH, Ha-

npHMep Heo.nHMOM. 113 CTeKJIa npome H3roTaBJIFIBaTb on-

TH'IeCKH O,lI:HOpO.ll.Hble CTep)KHFI JII06bJX pa3MepoB H !}:JOPMbI.

Bblxo.nHaSI 3HeprIISI B HMnYJIbce FI RO.r:r. y JIa3epOB Ha CTeK"

.ne BbIIlIe, 'leM Ha py6HHe.
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l1H.n:YIUlpOBaHHoe 1I3JIY IeHIle nOJIY IeHo TaK)l{e B aJIIO 

MOFITTpFIeBoM rpaHaTe H BOJIb!}:JpaMaTe KaJIbUHSI, aKTFIBHpO 
BaHHblX HOHaMFI HeO.ll.HMa. l1x OTJIFI'laIOT He3Ha'lFITeJIbHaSI

.3HeprHSI HaKa'lKFI FI npHrO.ll.HOCTb K pa60Te B HenpepbIB-
HOM pe>imMe npH KOMHaTHoll TeMnepaType.

OCHoBHble .3JIeMeHTbI TBep.noTeJIbHOrO JIa3epa
- onTH 

IJeCKaH rOJIOBKa, HCTOIJHFIK nFITaHHH, 6JIOK no.n)lmra H CHH 

XpOHH3FIpYIOIlI.ee YCTPOllCTBO. B OnTH'lecKYIO rOJIOBKY BXO 

.n:HT aKTFIBHbIll .3JIeMeHT (era nOMeIlI.aIOT Me)!(.lI.Y 3epKaJIa'"

MFI pe30HaTopa) FI HCTO'lHHK HaKa'lKH.

TBep.noTeJIbHble JIa3epbI Ha Py6HHe H Heo.n:HMOBOM CTeK'"

JIe pa60TaIOT, KaK npaBHJIO, 13 TaK Ha3bIBaeMOM pe)KHMe
cB060.nHOll reHepalI.HH o.n:HOKpaTHbIx HJIH pe.n:Ko nOBTopHIO.
IlI.HXCH HMnYJIbCoB.

Ll.JIH pa60TbI B HMnYJIbCHOM pe)!(HMe C 60JIbIlIOll 'laCTO 

TOn: nOBTopeHHH, a TaK)!(e 13 HenpepbIBHOM pe)KHMe HaH6o-

JIee npHro.n:eH JIa3ep Ha aJIIOMOHTTpHeBOM rpaHaTe (Al1T)
C npHMeCbIO HeO.ll.HMa. Ero KpHCTaJIJIbI OTJIH'laIOTCH BbJCO-

KOll TenJIOnpOBO.ll.HOCTbIO, 60JIbIlIOH TepMHIJeCKOll CTOllKO 

CTbIO H HH3KHM noporOM B036Y)l{.lI.eHHH. 4aCTOTa nOBTope'"
HUH HMnYJIb'COB .nOXO.nHT .no 50 KflI., a BbIXOLl.HaH Mom-

HOCTb 13 HenpepbIBHOM pe)lmMe
- 300 BT npH cpaBHHTeJIb 

HO BbICOKOM ROLl. (.no 2,5% ). l1MeIOTcH TaK)l{e CBe.n:eHFIH

o C03.naHFIH JIa3epa Ha KpFICTaJIJIe KaJIblI.FIll!}:JTopanaTHTa,

aKTHBHpOBaHHOM Heo.nHMOM. 3TOT aKTFIBHbIll .3JIeM€HT no

OCHOBHbIM pa60IJHM napaMeipaM 3Ha'lFITeJIbHO npeBocxo.n:HT

JIYIJIlIFIe 06pa3lI.bI rpaHaTa.
B pe)KHMe CBo60.nHOll reHepalI.m.1 MOIlI.HOCTb Py6HHOBO-

ro JIa3epa COCTaBJIHeT .rr.eCHTKII KIIJIOBaTT. OOBbICHTb .3TOT

nOKa3aTeJIb HHTeHCHBHOH CBeTOBOll HaKaIJKOH HeB03MO)KHO,

TaK KaK aKTHBHblll 3JIeMeHT MO)l{eT pa3pyII1HTbCH. DbIJIO

Hall.neHO BeCbMa HHTepeCHoe peII1eHlIe. l13BecTHo,  ITOeCJI"

Ha BepxHHll ypOBeHb aKTIIBHoro BemeCTBa nepeBeCTH He

nOJIOBlmy, a ropa3.n:o 60JIbIlIYIO IJaCTb aTOMOB, TO HH.n:YU.II-

pOBaHHoe H3JIYIJeHHe MO)!(eT «pa3BHTbCH» B Te'leHFIe He-

CKOJIbKHX HaHoceKYH.n. BCH .3HeprnH BcnbIlliKH 6y.neT cocpe-
.nOTO'leHa B .3TOM KpaT'lallIlIeM BpeMeHHOM OTpe3Ke. Mom-

HOCTb H3JIY'leHIIH .nOCTlirHeT .neCHTKOB H COTeH MeraBaTT.

4T{)6bI reHepalI.HH He B03HlIKaJIa cpa3Y nOCJIe npeBbIllieRHst:
noporOBOH IIHBepCHOll HaCeJIeHHOCTlI, 06paTHaH CBH3b npe-

pbIBaeTCH, nOCJIe IJero noporOBaH HaCeJIeHHOCTb nOBbIlliaeT-

CH Bce aTOMbI xpOMa nepeKa'lHBaIOTCH Ha pa60IJlIll ypo'"

BeRb, r.n:e MorYT HaXOLl.HTbCH 13 Te'leHlIe 2 MC. 3Toro Bpe 

MeHIT .n:OCTaTOIJHO, 'lT06bI BHOBb BKJIIO'lIiB o6paTHYIO CBH3b
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pe30HaTopa, nOJlYl1UTb MOllI.HbI11 uMnYJlbC U3JIYQeHH5!. T3:
KOH MeTOJl: reHepauuu Ha3BaH «pe)l{HMOM MOJl:YJIUPOBtlHHOli
Jl:06pOTHOCTU», a U3JIYl1aeMbIe uMnYJIbCbl - ruraHTCKIIMII.

,l.LJI5! ynpaBJIeHI15! Jl:06pOTHOCTblO pe30HaTopa npHMeH5!IOT
M'exaHUl1eCKUe, 3JIeKTpOOnTUl1eCKI1e H naCCHBHble 3aTBopbl.

fa30Bble JIa3epbl, n05!BHBllIl1eC5! nOl1TI1 OJ1.HOBpeMeHHo
C Py6HHOBblMU, HMelOT MHoro pa3HOBUJl:HOcTeM. OHU cno-

C06Hbl pa60TaTb B HMnY,,1bcHOM U HenpepbIBHOM pe)lUlMaX
B llIUpOKOM Jl:Hana30He BOJIH - OT YJIbTpac}mOJIeTOBOro Jl:0

umppaKpaCHoro H3JIyqeHHH. B ra30BblX JIa3
u

epax Hau60JIee

oTqeTJlUBO npOHBJlHIOTCH xapaKTepHbIe CBOHCTBa Jla3epHO-
1'0 H3JIYl1eHHH

- BblCOKaH HanpaBJIeHHOCTb, M0!loxpOMa-
TUqHOCTb H KorepeHTHOCTb. B KaqeCTBe aKTHB OIl cpeJl:bI

HcnOJlb3YlOTCH ra3bI H HX CMeCH, a TaK)!(e napbI MeTaJlJlOB.

Hau60Jlee pacnpOCTpaHeHa CMeCb reJlHH C HeOHOM. Ha-

KaqKa B JIa3epaX, HcnOJlb3YlOlUHX ::ny CMeCub, OCYlUeCTB-
JIHeTCH TJIelOlUHM pa3pHJl:OM B ra30pa3pHJl:HOH Tpy6Ke, KO-

TOpbIM B03HHKaeT B YCJlOBUHX BbICOKOqaCTOTHoro lIJIU no-

CTOHHHoro HanpH)l{eHHH. 4aCTb aTOMOB re.TJ:HH HOHH3UPy-

eTCH, 06pa3YH nJIa3MY, KOTopaH B036Y)!(Jl:aeT OCTaJIbHble

ero aTOMbl, nepeBOJl:H HX Ha MeTaCTa6HJIbHble ypOBHU. 3TU

ypOBHH 6JIH3KH K ypOBHIO HeOHa, nO.3TOMY npI1CTOJIKHOBe-
HHHX B036y)!(.neHHbIX aTOMOB reJIHH C HeB036y:iK.n:eHHbIMH
aTOMaMH HeOHa nOCJIe.n:HHe npH06peTalOT .3HeprHIO H B03-

6Y)!(Jl:aIOTcH. ATOMbl reJlHH B03BpalUalOTcH Ha OCHOBHOH

ypOBeHb.
BbICOKaH MOHoxpOMaTHqHOCTb 11 HanpaBJleHHOCTb H3-

JlyqeHHH, npOCTOTa B 06palUeHHH H HaJl:e)l{HOCTb
u

KOHCTPYK-

UHH 06YCJlOBHJIH llIHpOKoe npUMeHeHHe re,JIHHHeOHOBoro

Jla3epa npH IOCTHpOBOl1HblX pa6OTax, B roJIorpaqnm, .n:JlH

OnTHqeCKOH CBH3H 11 JlOKaUHH, B CTpOHTeJIbCTBe H .n:pyrHx

06J1aCTHX TeXHHKH (B Tex CJIyqaHX, Kor.na He Tpe6YlOTCH
60JlbllIHe MOlUHOCTH).

OCHOBHOH HeJl:OCTaTOK Bcex ra30BblX JIa3epOB
- HH3-

KUH Knrr..
nOJIynpOBO)l.HHKOBble JIa3epbT. I1HBepCHYIO HaCeJIeH-

HOCTb B nOJlynpOBo.n:HHKax MO)!(HO nOJI l1UTbnpHM IM.3J1eK-
TpUqeCKHM B036YLKJl:eHUeM, OnTHqeCKO HaKal1KOU,u .3JIeK-

TpOHHbIM B036Y)l{.n:eHHeM 11 HH)!(eKUHeU HOCUTeJIeU qepe3

.3JIeKTpOHHO-Jl:bIPOqHbIH nepexo.n:. HaH60Jlee npaKTUl1eCKH

UHTepeCHbI HH)!(eKUHOHHbIe Jla3epbI, OTJlHqalOlUHeCH BbICO-

KHM Knrr. (Jl:0 50% ). B HenpepblBHoM peLKHMe OHH reHe-

PUPYIOT MOlUHOCTb 1-2 BT, B HMnYJIbCHOM (OKf Ha ap-

ceHH.n:e raJIJIHH npH OXJIa)!(Jl:eHHH )!(HJl:KHM a30ToM) - Jl:0
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100 BT npH .n:JlHTeJIbHOCTI1 I1MnYJIbCa nopH.nKa MI1KpOCe-
KYHJI:.

HanpaBJleHHOCTb H3JIyqeHHH nOJIynpOBOJl:HHKOBbIX JIa-

3epoB xy)!(e, qeM Y JIa3epOB .n:pyrux THnOB, TaK KaK MaJlbI

pa3MepbI H3J1yqalOLUeH nJlOlUaJl:KH. ,l.LHana30H reHepl1pye-
MbIX BOJIH - OT YJIbTpa!}:JHOJIeTOBOH .n:o HH!}:JpaKpacHoM 06-
JIaCTell: cneKTpa. ITpHMeHHIOTcH nOJIynpOBo.n:HHKoBbIe OKr
B OCHOBHOM B CHCTeMax CBH3H H u3MepUTeJlbHOll: TeXHUKe.

B CTaJl:HH .3KCnepHMeHTaJlbHbIX uCCJle.n:oBaHHll: HaXOJl:HT-
CH LKH)l.KOCTHble JIa3epbI Ha HeOpraHH1JeCKHX LKH)l.KOCTHX II

OpraHH1JeCKHX KpaCHTeJIHx. ITo .3HepreTH'ieCKUM xapaKTe-
pucTuKaM OHU 6JIH3KU K TBep.n:OTeJlbHbIM. 3TU JIa3epbI 06ec-
neqUBalOT Y3KUll: cneKTp u3J1yqeHUH U JIerKO nepeCTpaUBa-
IOTCH no qaCTOTe. BCJle.n:CTBHe BbICOKOll: OnTUqeCKOH O.n:HO-

pOJl:HOCTH )l{H.n:KOll: aKTHBHOll: cpe.n:bI yrJloBaH pacxo.n:UMOCTh
1I3JIyqeHHH Y HHX MeHbllIe, l1eM y TBep.n:OTeJIbHbIX, KI1,l.L
LKUJl:KOCTHbIX JIa3epOB OT 20 Jl:0 70 %.

I1TaK, MbI 03HaKOMUJIUCb c cOBpeMeHHbIMu OnTUqeCKU-
MU KBaHTOBbIMU reHepaTopaMu OCHOBHbIX TunOB. ,l.LJlH Tex-

HOJIOrUqeCKHX UeJleH, KaK Y)l{e rOBOpUJIOCb, B OCHOBHOM

ucnoJlb3YlOTCH TBep.n:oTeJlbHbIe U ra30BbIe Jla3epbI. OHU OT-

JlUqalOTCH Jl:OCTaTOqHOll: HaJl:e)!(HOCTblO, npOCTOTOH KOHCT-

PYKUUU, OTHOCUTeJlbHO HU3KOH CTOUMOCTblO U BMeCTe c TeM

n03BOJlHIOT pellIaTb llIUpOKUll: Kpyr TeXHOJIoruqeCKUX 3a.n:aq.

06J1aCTb npHMeHeHUH Jla3epOB onpe.n:eJIHeTCH .3HepreTUl1e-
CKUMU, npOCTpaHCTBeHHO-BpeMeHHbIMU U cneKTpaJIbHbTMU
xapaKTepUCTUKaMU CBeTOBoro H3J1yqeHUH.

3HepreTM1JeCKHe xapaKTepMCTHKM. 3HeprHH U3JIyqeHHfl
OKf - OCHOBHaH «06pa6aTblBaIOLUaH» xapaKTepUCTHKa
Jla3epHOro JIyqa. B HenpepblBHOM pe)l{HMe pa60TbI OKf
3HepreTUqeCKaH xapaKTepUCTHKa - MOLUHOCTb H3J1YQeHHH.
B cOBpeMeHHbIX JIa3epaX Ha CO2 HJlH Al1r BeJlHQUHa MOlU-
HOCTU Jl:OXOJl:UT .n:o Jl:eCHTKOB TbICHq BaTT.

TBep.n:OTeJlbHbIe OKf, pa60TalOlUHe B pe)!(UMe OJl:HHOl1-
HbIX UMnYJlbCOB, H3JIyqalOT 3HeprulO OT eJl:UHUu Jl:0 TbICH4

.n:)!(oYJIell: (Jl:JIH 06pa60TKU JII06bIX MaTepUaJlOB Jl:OCTaTOq-
HO .3Heprm1 OT .n:eCHTbIX Jl:OJIell: .n)lWYJlH).

B pe)l{HMe nOBTopHlOlUUXCH UMnYJIbCOB H3J1YQeHHe OKP

xapaKTepu3yeTcH CpeJl:Hell: .3HeprHell:, 3aBHCHlUeH OT qaCTO-

TbJ nOBTopeHHH UMnYJlbCOB. C nOMOLUblO COBpeMeHHbTX Jla-

3epOB npu QaCTOTe nOBTopeHUH B HeCKOJlbKO KUJlOrepu 11

He60JlbllIUX 3HaqeHHHX cpe.nHell: .3HeprUH MO)l{HO 06pa6a-
TbIBaTb JlI06bIe CBepXTBepJl:ble MaTepUaJIbI.

BpeMeHHble xapaKTepMCTHKM - Jl:JlUTeJIbHOCTb H3J1YQe-
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HIHI FI !}:JOpMa HMnYJIbCa reHepal.(FlH, KOTOpaH onpeJJ:e.TIHeT
XapaKTep pacnpeJJ:eJIeHHH BO BpeMeHH CBeTOBOll 3Hepnm.

B pe)!(HMe CB060JJ:HOll reHepal.(HH, XapaKTepHOM JJ:JIH

60JIbIIIHHCTBa npOMbIIIIJIeHHbIX TBepJJ:OTeJIbHbIX JIa3epOB
TeXHOJIOrHqeCKOrO Ha3HaqeHHH, H3JIyqaeMbIll HMnYJIbC

CTPYKTypHO npeJJ:CTaBJIHeT C060ll nOCJIeJJ:OBaTeJIbHOCTb or-

'.D:eJIbHbIX nHKOB (ml'lKOB). .D.JIHTeJIbHOCTb nHKa - OT OJJ:-

'HOll JJ:O HeCKOJIbKHX MHKpoceKYHJJ: npH HHTepBaJIe MeLKJJ:Y
HHMH OT 3 JJ:O 10 MKC. 06maH JJ:JIHTeJIbHOCTb HMnYJIbCa
COCTaBJIHeT Bcero HeCKOJIbKO MHJIJIHCeKYHJJ:.

<PopMa HMnYJIbCa B ueJIOM HMeeT BHJJ: HepaBH060qHOll
Tpanel.(HH: KpYTOll nepeJJ:HHll !}:JPOHT, nJIOCKaH BepIIIHHa H

3aTHHYTbIll 3a.n:HHll !}:JpOHT (cna.n:). TaKaH !}:JopMa yxy.n:Illa
-

eT KaqeCTBO 06pa60TKH H3-3a HepaBHoMepHocTH HarpeBa
B 30He B3aHMo.n:ellcTBHH CBeTOBoro JIyqa C MaTepHDJIOM.

n03TOMY npHMeHHIOT .n:onOJIHHTeJIbHbIe MepbI !}:JOpMHpoBa-
HHH npHMoyrOJIbHbIX HMnYJIbCOB C KOpOTKHM 3a.n:HHM !}:JPOH-
TOM.

npOCTpaHCTBeHHbIe xapaKTepHCTHKH. BJIaro.n:apH BbICO"

KOll CTeneHH KorepeHTHOCTH JIa3epHOe H3JIyqeHHe HMeeT

BeCbMa BbICOKYIO HanpaBJIeHHOCTb. TeopeTHqeCKaH pacxo-
.n:HMOCTb JIyqa, HanpHMep, Py6HHoBoro JIa3epa npH .n:Ha-

MeTpe nOTOKa H3JIyqeHHH 30 MM He npeBbIlliaeT 40".

I( npOCTpaHCTBeHHbIM CBOllCTBa¥ H3JIyqeHHH OTHOCHTCH

TaKLKe xapaKTep pacnpe.n:eJIeHHH 3HeprHH B nOnepeqHOM
CeqeHHH CBeTOBoro nyqKa. B KaLK.n:bIll MOMeHT BpeMeHH re-

HepaUHH OH onnCbIBaeTCSI HOpMaJIbHbIM 3aKOHOM (KpHBaH
faycca), T. e. MaKcHMYM HHTeHCHBHOCTH H3.nyqeHHH Haxo-

.n:HTCH B l.(eHTpe nYQKa. 3HaqHT, HaH60JIee aKTHBHaH 06pa-
60TKa npoHcxolUIT, eCJIH H3JIyqeHHe !}:JOKYCHpyeTcH Heno-

cpe.n:CTBeHHO Ha nOBepxHocTH H3neJIHH.

CneKTpaJlbHble xapaKTepHCTHKH. .D.JIH 06pa60TKH Ma-

TepFlaJIOB C pa3imQHbIMH TenJIo!}:JH3HQeCKHMH H onTHlIeCKH-

MH CBollcTBaMH He06xo.n:HMO BbI6paTb TaKoll THn na3epa,
.n:JIHHa BOJIHbI reHepaUHH B KOTOpOM 06eCneQHBaeT MaKCH 

MYM nor.'lOmeHHH CBeTa B 30He ero nellCTBHSI. TaK, B CBH-

3H C TeM, QTO MaI{CHMaJIbHOe nOrJIOmeHHe y MeTaJIJIOB JIe-

:>KHT B .D:Hana30He .n:JIlIH BOJIH OT 0,3 JJ:O 1,3 MKM, l.(eJIeCO-

o6pa3Ho .n:JIH 06pa60TKH npHMeHHTb BHnHMbIll CBeT. B TO

:>Ke BpeMH KepaMHKa, CTeKJIO JIYQIlle nOrJIOIUalOT HH!}:Jpa 

KpaCHoe H3JIYQeHHe C .n:JIHHOH BOJIHbI 10-11 MKM, T. e. HY-

:>KeH Ol(f HHoro Tlma.

n.JIOTHOCTb MOll.{HOCTH H3J1YlJeHHH !}:JYHKUHH 3HeprHH

H3JIYQeHHSI, .n:JIHTeJIbHOCTFI CBeTOBoro HMnYJIbCa FI nJIOma4
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.D:H !}:JoKycHoro nHTHa Ha nOBepxHocTH o6pa6aTbIBaeMOH 3a 

rOTOBKH. 3TOT napaMeTp OTpa)Kaer B3aHMOCBH3b Me:>K.n:y
3HepmQeCKHMH, BpeMeHHbIMH H npocTpaHcTBeHHbIMH xa-

paKTepHcTHKaMH. 4T06bl nOJIYQHTb OnTHMaJIbHbIe YCJIOBHH

.D:JIH pa3JIHQHbIX JIa3epHbIx TeXHOJIOmqeCKHX npOl.(eCCOB,
na.n.o BbIJJ:epLKaTb onpe.!l.eJIeHHbIe COOTHOIIIeHHH MeLKny 3TH-

MH xapaKTepHcTHKaMH, T.' e. YCTaHOBHTb He06xo.n:HMYIO Be 

JIHQHHY n.'lOTHOCTH MOIUHOCTH H3JIYQeHHH Ol(f. HanpHMep,
JJ:JIH npoIIIHBKH oTBepcTHll Tpe6YlOTcH KopoTKHe HMnYJIbCbI
JJ:O 10-3 C npH 3HeprnH 20-50 .D.LK, a .n:JIH CBapI(H - Ha-

060POT, HMnYJIbCbI .n:JIHTeJIbHOCTblO 60JIee 10 MC, HO C MeHb-

IIIell 3Hepmell H3JIYQeHHH
- OT 5 .n:o 10 .D.LK.

Ha TeXHOJIOrnQeCKHe npOl.(eCCbI B 3HaQHTeJIbHOll Mepe
BJIHHIOT TaK)l{e 4>oKycHoe paCCTOHHHe ynpaBJIHlOlI.{eif J1HH-

3bI H paCnOJlOLKeHHe ee OTHOCHTeJlbHO 06pa6aTbIBaeMoif no-

oepXHOCTH. l(aK npaBHJIO, nOTOK 3HeprHH !}:JOKYCHPYIOT Ha

o6pa6aTbIBaeMYlO nOBepXHOCTb, HO B HeKoTopbIX CJIYQaHX
(HanpHMep, Kor.n:a Ha.n:o .u.OCTH% 60JIbIIIell rJIy6HHbI oTBep"
CTHS! npH HeKOTopOM yxy.n:IIIeHHH ero KaQeCTBa) !}:JOKYCHPy 
lOT JIYQ B rJIy6b MaTepHaJIa. .D.JIH 06pa60TKH 06bJlllIO BbI 

6HpalOT JIHH3bI C !}:JOKYCHbIM paCCTOHHHeM B npe.u.eJIax 10-
40 MM. 1(0pOTKO!}:JOKYCHbIe JIHH3bI n03BOJIHIOT nOJIYQHTb BbI 

COKYIO nJIOTHOCTb MOIUHOCTH 3a CQeT MaJIOll nJIOIUa.n:H 410-
KYCHoro nHTHa, HO 6bICTpO pa3pYllialOTCH npo.n:YKTaMH 3pO 
3HH, BbI6paCbIBaeMbIMH H3 30HbI B3aHM0J1,eHCTBHH JIYQa C

MaTepHaJIOM. .D.JIHHHO!}:JOKYCHbIe no 3TOll npH'lHHe pa3py"
lIIalOTCH MeHbIIIe, HO .n:06HTbCH He06xoJJ:HMOfl nJIOTHOCTH

MomHOCTH MOLKHO TOJIbKO npH 60JIbIIIHX 3HepreTHQeCKHX
3aTpaTax.

B COBeTCKOM COlO3e nepBbIe cepHHHb!e JIa3epHble Tex-

HOJIOmQeCKHe YCTaHOBKH 6bIJIH BbIIIymeHbI B 1964 r. 3TO
6bIJIH YCTpollcTBa CY-1 H 1(-3, B KOTOpbIX HCTIOJIb30BaJICH

py6HHoBbIll JIa3ep. 4T06bI BbIHBHTb HX TeXHHQeCKHe B03-

MO)!{HOCTH H nepcneKTHBHoCTb, npOBeJIH IIIHpOKHll npoH3-
BOJJ:cTBeHHbIH 3KcnepHMeHT: 60JIee 200 TaKHX YCTPOllCTB o.u.-

HOBpeMeHHo 3a.n:eHcTBOBaJIH Ha npeJJ:npHHTHHX pa3JIHQHbIX
OTpaCJIell npOMbIIIIJIeHHocTH.

OnbIT, HaKOnJIeHHbIH B npol.(ecce pa3pa6oTKH YCTaHo-
BOK CY-1 H 1(-3, H 3KcnepHMeHTaJIbHaH 3KCnJIyaTal.(HH
n03BOJIHJIH C03.n:aTb eIUe HeCKOJIbKO THnOB TeXHOJIOrHqe 

CKHX YCTaHoBoK C JIa3epOM Ha py6Hue: 1(-3M, «I(BaHT-3»,
YJI-2M, YJI-20M. 3a cpaBHHTeJIbHO He60JIbIIIOll npoMe-
:>KYTOK BpeMeHH 6bIJIO BbInymeno 60JIee 800 TaKilX YCTa-

HOBOK,
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1 2 5

lJ

TllnOBaH CXeMa Jla3epHoi'1 TeXHOJlOf!I'IeCKOH YCTaHoBKH: 1 - 3apHAHoe

YCTpoiicTBO; 2 - eMKocTHbU1 HaKOnllTeJlb; 3 - CIlCTeMa ynpaBJleHllH;

4 - 6.1JOK no.n>Imra; 5 - Jla3epHaH rOJlOBKa; 6 - CIlCTeMa oxna)K.ne-

HllH; 7 - CIlCTeMa cTa611JlIl3aU;1l1l 3Heprllil H3J1Y'leHllH; 8 - .naT'IHK

3HeprHil 113J1Y'IeHHH; 9 - OnTH'IeCKaH CIlCTeMa; 10 - c4>OKycllpoBaH-
HbIH JlY'I Jla3epa; 11 - o6pa6aTbIBaeMaH .neTaJlb; 12 - KOOp.nHHaTHblii

CTon; 13 - CIlCTeMa nporpaMMHoro ynpaBJleHllH

CO'BeTCKHe Jla3epHbIe TeXHO'JlO'mqeCKHe YCTaHO'BKH CY-l,
YJI-2M H YJI-20M nO'JIyqHJlH MHPO'BO'e npH3HaHHe. OHH C

ycneXO'M 3KCnO'HHPO'BaJlHCb Ha BbICTaBKax B JIellnIJ.Hre,
MO'HpeaJle, BY1l.aneliITe, ByxapecTe, PHMe H JIO'H1I.O'He.

JIa3epHbIe TeXHO'JlO'mqeCKHe YCTaHO'BKH He3aBHCHMO' O'T

Ha3HaqeHHH CTPO'HTCH B O'CHO'BHO'M nO' THnO'BOll cxeMe, npe1l."
CTaBJleHHO'H Ha pHcYHKe. UpHHIJ.Hn pa6O'TbI HX npO'CT: Jla-

3epHO'e H3J1yqeHHe !}:JO'KYCHPYIOT Ha O'6pa6aTbIBaeMYlO nO'.

BepXHO'CTb; JIyqO'M, erO' napaMeTpaMH H 1I.eTaJlblO ynpaBJIH.
lOT CIIHXPO'HHO', nO' 3a1l.aHHO'll npO'rpaMMe.

UpO'IJ.ecc B3aHMO'1I.ellCTBHH Jla3epHO'rO' Jlyqa c MaTepHa-
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JlaMH MO:>IUIO npe1l.CTaBIITb B BH1I.e qeTbIpeX nO'CJle1l.O'BaTeJlb 
HbIX CTa1l.Hll; nO'rJlO'I.IJ.eHHe CBeTO'BO'rO' H3J1yqeHHH H rrepe1l.a-
qa TenJIO'BO'H 3HeprHH BeI.IJ.eCTBY; HarpeB erO' 11.0' TeMnepa-

TYPbI HcnapeHHH; HcnapeHHe MaTepHaJla, erO' pa3pYllIeHHe;
O'CTbIBaHHe BemeCTBa. ,l.LJlHTeJlbHO'CTb Ka)l(1I.O'll CTa1l.HH 3aBH-

CHT
u

O'T nJIO'THO'CTH CBeTO'BO'rO' nO'TO'Ka If TenJIO'!}:JH3HqeCKHX
CBO'HCTB MaTepaaJIO'B.

CO'BpeMeHHble JIa3epbI CIIO'CO'6HbI reHepHPO'BaTb CBeTO'-

Bble nO'TO'KH B llIHPO'KO'M 1I.Hana3O'He nJIO'THO'CTH MO'I.IJ.HO'C.TH-

11.0' 1015_1017 BT/CM2
H 1I.a:>I{e BbIllIe. B 3aBHCHMO'CTH O'T Hee

JIa3ep'HO'e H3JIyqeHHe pa311.eJlHeTCH Ha nO'TO'KH MaJIO'll (Me-
Hee 105 BT/CM2), y.MepeHHO'H (O'T 105 11.0' 109 BT/OM2 ) H BbI-

CO'KO'H nJIO'THO'CTH (O'T 109 BT/CM2). BbI6O'P 3aBHCHT O'T KO'H-

KpeTHbIX YCJIO'BHll npHMeHeHHH JIa3epO'B. ,l.LJlH TeXHO'JIO'mqe-
CKHX IJ.eJIell B O'CHO'BHO'M HCIIO'JIb3YlOTCH CBeTO'Bble nO'TO'KIl

YMepeHHO'H nJlO'THO'CTH.

He3aBHCHMO' O'T nJIO'THO'CTH nO'TO'Ka H3JIyqeHHH B HaqaJIb"

HbIll nepHO'1I. 1I.ellCTBHH JIa3epHO'rO' Jlyqa qaCTb CBeTO'BO'rO'

nO'TO'Ka O'Tpa)l(aeTCH O'T O'6pa6aTbIBaeMO'll nO'BepXHOCTH, O'C-

TaJlIJ'HaH nO'rJIO'maeTCH nO'BepXHO'CTHbIM CJlO'eM BemeCTBa H

nepeXO'1I.HT B TenJlO'. MexaHH3M .3TO'T 1I.JIH MeTaJIJIO'B, 1I.H"

3J1eKTpHKO'B H nO'JIynpO'BO'1I.HHKO'B pa3J1HqeH.

CJle1l.yeT O'TMeTHTb, qTO' BbICO'KHe CKO'PO'CTil HarpeBa Jla-

3epHbIM H3J1yqeHHeM H 6O'JIbllIHe rpa1l.HeHTbI TeMnepaTypbI
MO'rYT CTaTb npHqHHO'll nO'6O'qHbIX HBJIeHHll, HanpHMep, nO'-

BbIllIeHHH TeMnepaTypbI !}:Ja3O'BbIX nepeXO'1I.O'B B MaTepHaJle
(nJIaBJleHHH HJIH HcnapeHHH) H3-3a HHepIJ.HO'HHO'CTH nepe-

CTPO'llKH KpHCTaJIJIHqeCKO'll pellIeTKH.

CTa1l.HH HarpeBa
- O'CHO'BHaH 1I.JlH TeX'HO'JlO'rHqeCKHX

npO'IJ.eCCO'B, CBH3aHHbIX TO'JIbKO C nJlaBJleHHeM MaTepHaJIa-
CBapKH, TepMHQeCKO'll O'6pa6O'TKH, nO'3TO'MY 311.eCb 1I.O'CTaTO'Q-
HO HMeTb nO'TO'KH MaJIO'll nJIO'THO'CTH - 104-105 BT/CM2

.

UpH YBeJlHqeHHH nJIO'THO'CTH nO'TO'Ka 11.0' 10'3-5.106

BT/CM2
MeTaJlJlbI HcnapHIOTcH, B KO'HeqHO'M HTO're B O'6pa-

6aTbIBaeMO'll 1I.eTaJlH O'6pa3YlOTcH O'TBepcTHH.
HaH6O'Jlee uCJIO':>I{Hble !}:JH3HQeCKHe npeBpaI.IJ.eHHH npO'HC-

XO'1I.HT Ha .3TO'H CTa1l.HH, TaK KaK MeTaJlJl npHCYTcTByeT B

3O'He  6pa6O'TKHO'1I.HO'BpeMe'HHO' H B )l(H1I.KO'll, H B napoO'6-
pa3HO'H !}:Ja3ax. KpO'Me TO'rO', H1I.eT npO'IJ.ecc HHTeHCHBHO'rO'

yrJIy6JIeHHH O'TBepCTHH, B pe3YJlbTaTe QerO' )l(H1I.KHll MeTaJIJI

TeqeT nO' TBep1l.bIM CTeHKaM O'TBepCTHH If pa3MbIBaeT Ifx;

na1l.alOmHll CBeTO'BO'll nO'TO'K QaCTHqHO' .3KpaHHpyeTcH npO'-

1I.YKTaMH B3aHMO'1I.ellCTBHH (.3PO'3HH), BbI6paCbIBaeMbIMH
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eMY HaBcTpe yB nH era3006pa3HOrO  aKena(Hll3KOTeM 
rrepaTYPHOH rrna3MbI) H LKH3KHX Karrenb MeTanJIa; na3ep 
HbIH JIY B 30He 06pa60TKH paC OKYCHpyeTcH;MeLK.n:y rra 

paMH MeTanJIa H CTeHKaMIf OTBepCTHH H.n:eT I1HTeHCIIBHbIll

Terrno06MeH.

<I>I13If eCKaHCymHOCTb pa3pYllIeHHH B 3TOT rrepHO.lI. B3a 

HMO.lI.eHCTBHH CBeTOBOrO JIy aC MaTepIfaJIaMH BKpaT eTa 

KOBa.

ITpH rrJIOTHOCTH rra.lI.alOmerO rrOTOKa 60nee 106 BT/CM2

HcrrapeHIfe HrpaeT pellIalOmylO ponb B pa3BHTHH rrpou.ec 
ca. ECJIH B Ha aJIbHbIii rrepHO.lI. H.n:eT HHTeHCHBHoe Hcrrape'"
HHe C rrOBepXHOCTH .lI.eTanH, TO 3aTeM B .lI.BlDI<ymeMcH CJIoe

LKH.lI.KOrO MeTaJIna B pe3YJIbTaTe ero rreperpeBa 06pa3yeT-
CH rrap. 3TOMY TaKLKe crroc06cTByeT cymecTBOBaHHe  eHT-

pOB rrapo06pa30BaHHH (rrpHMeCH, paCTBopeHHbIe ra3bI, He 

MeTaJInH eCKHeBKJIIO eHHHH T. rr.). ITY3bIPbKH rrapa .lI.BH-

LKYTCH K rpaHH eHcrrapeHHH, pa3MepbI HX paCTYT. B pe-

3ynbTaTe B3pbIBa rrap BbI6paCbIBaeTCH 'Hapy)Ky. OH BbIHO-

CHT C C060H TaK)Ke H KarrnH )KH.lI.KOrO MeTanJIa. O.lI.HOBpe-
MeHHO  aCTbLKH.lI.KOrO MeTanJIa BbITeKaeT H3 30HbI 06pa 
60TKH rro CTeHKaM OTBepCTI1H, pa3MbIBaH I1X.

ITo Mepe YMeHbllIeHI1H nJIOTHOCTH rrOTOKa B 30He 06pa-
60TKH rrpou.ecc 3aTyxaeT 11 B KOHe HOMI1TOre rronHOCTblO

npeKpamaeTCH.
YBeJII1 eHI1e nnOTHOCTH rrOTOKa .n:o 3Ha eHHH109-1010

BT/CM2 ( TOxapaKTepHo .lI.nH na3epoB, pa60TalOmHX B pe-
)KHMe MO.lI.YJIHpOBaHHOH .lI.06pOTHOCTH) rrpI1Bo.n:HT K TOMY,
 TOrrpH B3aHMO.lI.eHCTBHH CBeTOBoro JIy aC MeTanJIaMH B03-

HI1KaeT HH3KoTeMrrepaTypHaH rrJIa3Ma, aKTI1BHO peaI'HpylO-
maH C H3nY'leHHeM. 3TO HapYllIaeT rrpo eccBBo.n:a 3HepnHl
H CHH)KaeT 3  eKTHBHOCTbC'beMa MeTaJIna. OCHOBHaH

'laCTb H3nY'leHIIH II.n:eT Ha HarpeBaHHe nna3MbI, 3KpaHIIpy.
IOmeH 06pa6aTbIBaeMYlO nOBepXHOCTb. B TaKHX YCJIOBIIHX
MOLKHO nOJIY'lIITb JIHllIb JIyHKH, a He Ka'leCTBeHHbIe OTBep-
CTIIH.

C .lI.anbHeHllIHM YBenII eHHeM nnOTHOCTH rrOTOKa MOm"

HOCTII .lI.0 10
11-10

12 BT/CM2
nna3MeHHoe 06JIaKO nonHO"

CTblO 3KpaHIIpyeT rra.lI.alOmee II3JIy eHHeB Ha'lanbHbIM MO"

MeHT B3aHMo.n:ei1cTBHH, H JIYHKa He 06pa3yeTCH.
Bce 3TO rOBopHT 0 TOM, qTO pe)KIIM 06pa60TKH C nnOT-

HOCTblO MomHOCTH, npeBbIllIalOmeM 109-:10 10 BT/CM2
, Henb 

351 C IIITaTb  eJ1ecoo6pa3HbIM H3-3a qpe3BbIqalIHO HH3KOH

3  eKTIIBHOCTHHCnOJIb30BaHIIH 3HeprnH rra.lI.alOmero "3 
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JIY'leHHH. KpoMe Toro, H3-3a B03HIIKalOmero np" 3TOM Mom 
Horo MeXaHHqeCKOrO HMrrYJIbCa, .neHCTBYlOmero H30rporrHO,
HeB03MOJKHO rronY1JHTb OTBepCTIIH CKOJIb-HII6y.n:b 3Ha1JH.

Te.IJbHbIX pa3MepoB.

fl03epHOSl p03MepHOSl o6po6oTKO

Ceiiqac, rroJKaJIyfi, Henb3H YCTaHoBHTb, KTO H Kor.n:a

rrpIIMeHIIJI na3ep IIMeHHO B TeXHOJIOrHqeCKIIX u.emlx. O.n:Ha-
KO H3BecTHO, qTO C rrOMomblO rrepBbIx py6nHoBbIX OKf
cme npH II3yqeHHII HX CBOHCTB 6bInII rronyqeHbI oTBepcTIIH

B MeTannII1JeCKIIX nnaCTIIHax. B Te1JeHIIe pH.n:a neT U3-3a

OTCYTCTBHH Cne IIaJIbHbIXH3MepIITeJIbHbIX cpe.n:CTB 3HEpre-

TIIqeCKHe xapaKTepIICTHKH II3J1YQeHIIH OKf o eHIIBaJIHCb,
HarrpnMep, rro qUCJIY o.n:HOBpeMeHHO npOllIHBaCMbIX ne3BHH

.n:nH 6pIITbH. KOHeqHO, rrOJIyqaeMbIe JIYHKH, KpaTepbI HJIlI

.n:b1p,KII .lI.a eme CO CJIe.n:aMH 3aCTbIBllIero paCnJIaBa, TPY.n:-
HO 6bIJJO Ha3BaTb OTBepCTIIHMII B rrOHIIMaHHII TeXHOJIOrOB,

HaCTOJIbKO OHH UMeJIH HerrpaBHJ!bHYIO  OPMY. 11 TeM He

MeHee y)Ke Tor.n:a CTaJIH OqeBH.n:HbIMH 60raTbIe B03MO)KHO"

CTII TeXHOnOrHqeCKOrO IICrr0J1b30BaHHH JIa3epOB.
HeCKOJIbKO rr03.n:Hee nOHBHnIICb co06meHIIH 06 HCnOJIb 

30BaHHII JIa3epOB .n:J1H npollIIIBKH oTBepcTIIii B anMa3ax, py-
6HHOBbIX qaCOBbIX KaMHHX, B MeTaJInax. IToTpe60Banocb
eme MHoro H MHoro 3KcrrepIIMeHTaJIbHbIX HCCJIe.iJ:OBaHHll,

rrpe)K.n:e qeM rrOHBHJIaCb TeXHOJIOrHH na3epHoH pa3MepHoii
o6pa60TKII B cOBpeMeHHoM ee BH.lI.e. ITpIIllInocb rrpeoD:o-
JIeTb TPY.lI.HOCTH, CBH3aHHbIe C HeCTa6HJ1bHOCTblO rrapaMeT-

pOB Ol(f, C He06xo.n:HMOCTblO onTHMH3HpoBaTb pe)KHMbI 06-

pa60TKH H YCTpaHHTb MHorne He)KeJIaTeJIbHbIe HBJIeHHH,

HMelOmIIe MeCTO npH B3aHMo.n:eiicTBHH CBeTOBoro JIyqa C

KOH.n:eHcHpoBaHHbIMH BemeCTBaMH.

CerO.lI.HH MomHO rOBopHTb 0 na3epHoH pa3MepHoH 06 

pa60TKe KaK 0 TeXHOnOrHqeCKOM npo ecce, rronY'lHBllICM

rrpaBo Ha )KH3Hb, BHe.lI.peHHOM B rrpOMbIllIJIeHHOCTb H yc...
rrellIHO KOHKypHpYlOmeM C .n:pyrHMH MeTO.lI.aMH o6pa6oTKH.

no.n: rrOHHTHe «pa3MepHaH o6pa6oTKa» rro.n:xo.n:HT TaKHe

npo eccbI,KaK CBepJIeHIIe (npollIHBaHHe) oTBepcTHH,  pe"
aepoBaHHe rra30B, pe3Ka Tpy.n:Ho06pauaTbIBaeMbIx MaTepHa 
JIOB II T. .n:.

npOWHBKa (cBepJleHHe) oTBepcTHH. ITpo eccc}JopMo06 
pa30BaHIIH BHYTpeHHIIx rroBepxHocTeH npII npollIHBKe OT"

nepcTIIH npoHcxo.n:IIT Ha CTa.n:HII pa3pyrneHIIH MaTcpUaJIa.

Pa3pyrneHHe YCJIOBHO .neJIIITCH Ha .nBe clJa3bI - TaK H33b1"
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BaeMYIO KBa3HCTaTHqeCKYIO H .lJ;IiHaMHqeCI{YIO. Ha Ima3:!-

CTaTHqeCKOll  a3eMeTann HHTeHCHBHO HCrrapHeTCH 6e3 3a-

MeTHoro yrny6neHHH OTBepCTHH. 3aKaHqHBaeTCH OHa 06-

pa30BaHHeM JKH KOrOMeTanna B MeTacTa6HnbHoM COCTOH-

HHH. .II.nHTenbHocTb  a3bI01' e.lI.HHHu. .lI.0 HeCKonbKHX .lI.C-

CHTKOB MHKpoceKYH.lI.
- B 3aBHCHMOCTH 01' rrapaMeTpOI3

H3nyqeHHH OKr H xapaKTepHcTHK MaTepHana.
LlHHaMHqeCKaH  a3a

- peJKHM BBO.lI.a .:meprHH B 30HY

06pa60TKH C rrocToHHHOll CKOpOCTblO. EMY rrpHcyuw rH.lI.-

p0.lI.HHaMHqeCKHe HBneHHH, B3pbIBHble rrpOu.eccbI, 06'beMHOe

rrapo06pa30BaHHe. B 31'01' rrepHO.lI. rrpOHCXO.lI.HTTaK Ha3U-

BaeMoe KBa3HcTau.HOHapHoe pa3pYllIeHHe, KOr.lI.a B rrpou.ec
-

ce «pa3BHTHH» OTBepCTHH  opMaero OCTaeTCH rrOCTOHH-

HOll - U.HnH'H.lI.pIf11eCKOll.
C pOCTOM .:mepreTHqeCKHX rrOTepb H rra.lI.eHHeM MOI.QHO-

CTH CBeTOBoro 1I3nyqeHHH rrnOTHOCTb .:meprHH B 30He 06-

pa60TKH (Ha .lI.He oTBepcTHH) pe3Ko YMeHbllIaeTcH. Pac-

rrpe.lI.eneHHe TeMrrepaTypHoro rronH rro .lI.HY TaKOBO, qTO TeM-

rrepaTypa rro era KpaHM CTaHOBHTCH HHJKe TeMrrepaTypbI
rrnaBneHHH MaTepHana H yrny6.neHHe 06pa3yeTcH B u.eHT-

panbHoll qaCTH. B'HYTpeHHHll .lI.HaMeTp oTBepcTHH YMeHb-

lI1aeTCH, 06pa3yeTcH KOIIHqeCKaH rroBepxHocTb. B BepXHeH:
qaCTH TaKJKe 06pa3yeTcH He60.nbllIoll KOHYC H3-3a pa3MbI-
Ba oTBepcTHH BbITeKalOI.QHM JKH.lI.KHM MaTepHa.noM.

Ha 3aBepllIalOI.QeH: CTa.lI.HH rrpOHCXO.lI.HT B OCHOBHOM HC 

Ka)l{eHHe  OpMbIoTBepcTHH, 06pa3yeTcH 06JIOll, rrp06KH H

T. rr. nO.3TOMY orrTHMa.nbHbIM npe.lI.CTaB.nHeTcH 06pa6aTbJ-
BaIOIIlHH: HMrrYJIbC C KPYTbIM 3a.lI.HHM  pOHTOM.

PaccMoTpeHHble 3aKoHoMepHocTH npou.ecca  opMoo6-

pa30BaHHH oTBepCTHll xapaKTepHbI .lI.JIH HcnOJIb30BaHHH B

TeXHOJIOrHqeCKHX u.eJIHX HMnynbcoB .lI.nHTenbHOCTblO OT

COTeH MHKpoceKYH.lI. .lI.0 HeCKOJIbKHX MHnnHceKYH.lI.. OnTH-

ManbHaH .lI.nIneJIbHOCTb 06pa6aTbIBalOI.QHX HMnYJIbCOB .lI.JIH

60nblI1HHCTBa MeTaJInOB JIeJKHT B .lI.Harra30He 0,5-1 MC.

npH MeHbllIHX 3HaqeHHHX H MaJIbIX .3HeprHHX Y.lI.aeTCH rro-

JIyqHTb JIHllIb He60JIblI1He KOHHqecKHe yrJIY6JIeHHH, TaK

KaK rrpou.ecc He ycrreBaeT rrepellTH B peJKHM KBa3HCTau.HO'-

HapHoro pa3pYllIeHHH. ECJIH JKe rrOBbICHTb rrpH 3TOM YPOB4
HH .3HeprHH, TO rrJIOTHOCTb rrOTOKa rrpeBUCHT KpHTHqeCKHe
3HaqeHHH 109-1010 BT/CM2

II 06pa3YeTCH HH3KOTeMnepa 
TypHaH rrna3Ma, nornoIIlalOIu.aH CBeTOBoe H3JIyqeHHe. B

CBOIO oqepe.lI.b, rrpH 60nbllIOll .lI.nHTeJIbHOCTH HMrrYJIbCa

(cBbIlI1e 1,5-2 MC) Ha npou.ecc nJIaBJIeHHH CTeHOK BJIHHeT

TeUJIOnpOBO.lI.HOCTb MeTaJIJIa. 3aMeTHaH .lI.OJIH TerrJIa, YllIe.lI."
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llIerO' B CTeHKH oTBepcTHH, paCXO.lI.yeTcH He Ha rrJIaBJIeHlIe,

a OTBO.lI.HTCH H3-3a TennonpOBO.lI.HOCTH MeTanJIa B rJIy6b
ero. 06'beM HcrrapeHHoro MaTepHaJIa B 3TO'M CJIYlJae YMeHb 
llIaeTCH.

npou.ecc  opMo06pa30BaHHHOTBepCTHll 3aBHCHT 01' yc..

JIOBHll  OKYCHPOBKHIl3JIyqeHHH. TIlnHqHaH IlX  opManpH
 OKYCHpOBKeJIyqa Ha 06pa6aTbIBaeMYIO rrOBepXHOCTb

-

U.HJIIlH.lI.p C He60JIblI1IlM BepXHIlM H HIlJKHHM KO'HycaMH.
ECJIH JIyq  OKYCHPYIOTHa HeKOTopOM paCCTOHHIlH 0'1' rrO' 

BepxHocTIl (2-3 MM), TO rrOJIyqalOT Herny60KHll KOHYC.
06'bHCHHeTCH .31'0 TeM, qTO C03.lI.aTb B 30He B3aHMO'.lI.eHCTBIiH

rrpIl paC OKYCIIpOBKe He06xo.lI.HMYIO rrJIO'THOCTb nOTOKa

MOJKHO TOJIbKO .3Heprrrell Il3JIyqeHIlH BbICOKO'rO' ypOBHH. Ho

rrpH TaKOll .3HeprHIl rrJIOTHO'CTb rrOTOKa B  oKyceCTOJIb Be4

JIIlKa, qTO 06pa3yeTcH nJIa3Ma.

npH  OKYCIlpO'BKeJIyqa B rJIy6b 3arOTOBKH B  oKyce
06pa3yeTcH MOI.QHbIH: TerrJIOBOH IlCTOqHIlK. OH C03.lI.aeT H30-

JIIlpOBaHHoe H.lI.PO' paCrrJIaBJIeHHOrO' MeTaJIJIa, KOTopoe rrpII-
.naeT B IITore OTBepCTHIO 60M6006pa3HYlO  OPMY.

<POKYCHO'e paCCTOHHIle  OKYCIlpYIOIIlell JlHH3U TaKJKe

BnIlHeT Ha npou.ecc  opMo06pa30BaHIlH BHYTpeHHHX rro 

BepXHOCTell. npIIqeM rJIy6HHa OTBepCTHH YMeHblI1aeTCH rrpIl

YBeJIHqeHHH  OKYCHoropaCCTOHHIlH, a .lI.IlaMeTpaJIbHble pa3-

Mepu COOTBeTCTBeHHO paCTYT. npH BbI60pe JIIIH3 yqIITbI 
BalOT TerrJIO II3HqeCKlle cBoiicTBa MaTCpIIaJIOB II xapaKTe-

pHCTHKIl JIa3epHOro H3JIyqeHHH. B npOMbIllIJIeHHbIX YCTa
4

HOBKax 06UqHbI CTaH.lI.apTHble JIH'H3bI C  OKYCHbIMpaCCTOH-
HlieM 01' 25 .lI.0 100 MM.

Kor.lI.a peqb Il.lI.eT 0' TeXHOJIOrHqeCKIiX rrpou.eccax, TO B

rrepBYIO oqepe.lI.b BCTaeT Borrpoc 06eCrreqeHIlH BbICO'KO'll TOq-

HOCTH, cTa6IIJIbHOCTH H rrpOIl3BO.lI.HTeJIbHOCTIl. JII06O'll Me-

TO.lI. 06pa60TKH MaTepHaJIOB no pa3JIIlqHbIM rrpIlqlIHaM He

06eCrreqHBaeT a6COJIIOTHYIO TOqHOCTb pa3MepO'B. npH CBe-

TOJIyqeBOH: 06pa60TKe MaTepHaJIOB TO'qHOCTH H BocrrpOH3-
BO.lI.IlMOCTH .lI.06HBaIOTCH cTa6HJIH3au.Ilell xapaKTepHCTIiK

JIa3epHOro JIyqa H CTpOrHM COOTBeTCTBHeM OCHO'BHbIX Tex-

HOJIOrIIqeCKIiX  aKTopOB3a.lI.aHHbIM napaMeTpaM.

«PacceHBaHIle» pa3MepOB OTBepCTIlll npH 06pa60TKe Jla-

3epHbIM JIyqOM 3aBliCliT 01' COCTOHHIIH rrapaMeTpOB OKr

(KO'JIe6aHIiH .3HeprIIH Il3JIyqeHIlH, yrJla paCXO.lI.IIMOCTH JIa-

3epHoro JIyqa, .lI.JIHTeJIbHOCTIl H  OpMbIHMrrYJIbCa, HeCTa-

U.IIOHapHOCTIi peJKHMa reHepau.HIl Jla3epa, HeTOqHOCTH H3-

CTpOllKH .3JIeMeHTOB OrrTHqeCKOll CIiCTeMbI Ha pa3Mep, He-

TOqHOCTH YCTaHOBKH II BUBepKH 06pa6aTUBaeMOll .neTanH,
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a TalOKe xapaKTepHCTHK 06pa6aTbIBaeMbIX M8TepHaJIOB),
OT CTPYKTypbI H OTpa)KalOI.UHX cBoikTB rrOBepXHOCT€ii H

T. )I..

DpH rrporIHIBKe OTBepeTlHI e.n:IiHU1JHbIM HMrrYJIbeOM MO)K 

HO nOJIY1JHTb rrpeHMYI.UeCTBeHHO 3-ii KJIaeC T01JHOCTH; rrpn

3TOM norpelllHOCTb )l.HaMeTpaJIbHbIX pa3MepOB COOTBeTCT 

ByeT 3-4-MY, a rrorpelllHoeTb rJIy6HHbI - 3-7-MY KJIac.

caM. B HaCTOSII.Uee BpeM51 C03.n:aHbJ MeTo.n:bI rrOBbIllleHH51 TOq-

HoeTII n Ka1JeeTBa o.zr:HOHMrrYJIbeHOii JIa3epHOii 06pa60TKH.
OnTHMH3all.HH pe}l{HMa 06pa60Tlm. MbI paCCMOTpeJUI

MexaHH3M clJH3H1JeCKlIX HBJIeHHH npH JIa3epHOM CBepJleHHH

OTBepCTHH. HaJlll1JHe 60JIblllOH LKH.zr:KOii c}Ja3bI B rrpo.n:YK 
Tax B3aHMo.zr:eiicTBH51 rrpHBo.zr:HT H3-3a HeyrrpaBJl51eMOrO rre 

pepacrrpe.zr:eJIeHHH ee rrpH .zr:BHLKeHHH rro eTeHKaM H .llHY OT-

BepCTUH K 06pa30BaHHIO rrp060K H HarrJlblBOB B KaHaJle

OTBepCTHH, K HCKaLKeHHIO ero reOMeTpH1JeCKOii <fJOPMbI.
TOJlI.UUHa .zr:BH)KYI.UerOCH eJlOH LKH.zr:KOH clJa3bI 3aBHellT OT

COOTHOllleHHH 3HeprHH H )l.JIHTeJlbHOCTH Jla3epHOro HMrrYJlb 
ca. Dpn CJlHlllKOM 60JlblllOH .llJIHTeJIbHOeTll 06pa3)'IOTCH
1Jpe3MepHbIe KOJIH1JeCTBa LKH)l.KOrO MeTaJlJla B gOHe 06pa-
GOTKH; rrpH MaJlOH - CHHLKaeTeH Bepo51THoCTb pa3pynre-
HH51 MaTepHaJla, TaK KaK rr01JTH HeT YCJIOBHii )l.JlH B03HHK-

HOBClIHH rrJla3MbI. TeXHOJIOfH1JeCKllH .zr:Harra30H rrJIOTHOeTeii

rrOTOKOB H3JlY1JeHH51, xapaKTepH3YIOI.UHii OrrTHMaJlbHOe co...

OTHOlllemIe Me)K.ny 3HeprHeii H )l.JIHTeJIbHOeTblO, COCTaBJlH-

eT )l.Jl51 60JlblllHHeTBa MaTepHaJIOB rrpHMepHO 107-2.108

BT/eM2
.

. JIa3ep y.zr:06eH, Kor.zr:a Ha.zr:o rrOJlY1JHTb eHCTeMY HAeHTH'!-

HbIX OTBepCTHii. B .3THX ue.'ISIX B rrepBYIO 01Jepe.zr:b Heo6xo-

.l1.HMO YMeHblllHTb HeCTa6HJIbHOCTb rrapaMeTpOB Jla3epHOro

J1Y1Ja. .lI.06HTbCH xopOlllero pe3YJlbTaTa MOLKHO rrpH paGo-

Te OKf C HaKa1JKOii, 3Ha1JHTeJIbHO rrpeBbIlllalOI.UeH rropor
reHepau.HH. KpOMe TOro, rrOJle3HbI TaK)Ke MepbI rro HeHTpa-
JlH3au.HH rrpo.zr:YKTOB pa3pyllleHH51 c}JOKyeHpYIOI.UHX eHeTeM:

OTeoc TaKHX rrpo.zr:YKTOB, e.n:YB c}JaKeJla eTPyeH C)KaTOfO B03-

.llyxa, HerrOJlb30BaHHe 3aI.UHTHbIX eTeKOJl.

BOJIblllOe 3Ha1JeHHe HMeeT TenJlOBOH pe)fUIM OKr. 113-

3a HeeTa6HJlbHOeTH TeMrrepaTypbI B aKTHBHOM 3JIeMeHTe

rrapaMeTpbI Jla3epHOro JlY1Ja OTKJlOH51IOTC51 OT 3a.zr:aHHblX.

H36e)KaTb .3TOrO CTapalOTC51 C rrOMOI.UblO OCBeTHTeJlbHbIX

eHeTeM erreu.HaJlbHbIX KOHCTpYKU.Hii, c}JHJIbTpYIOlll.HX .3JIeMeH-

TOB, orrTHMH3au.HH reOMeTpH1JeCKHX pa3MepOB aKTlIBHbIX

.3J1eMeHTOB, 3c}Jc}JeKTHBHbIX eHeTeM OXJla)K.zr:eHHH.

HCnOJlb30BaHHe J1a3epHbIX HMnYJlbCOB C onTHMaJlbHblMH

BpeMeHHbIMH napaMeTpaMH. .lI.JlHTeJlbHOCTb, c}JopMa H Bpe 
MeHH351 CTpYKTypa eBeTOBoro HMrrYJIbea eY[Lf.eeTBeHHO BJln-

51IOT Ha rrpou.eee 06pa30BaHH51 oTBepcTHii.
06 OrrTHMaJlbHOii .lI.JIHTeJlbHOeTH MbI Y)Ke rOBOpHJlH:

3Ha1JeHHe ee .zr:Jl51 60JIblllHHeTBa MaTepHaJlOB JIe)KHT B rrpe 
)l.eJIax 0,5-1 MC. DpH 3TOM rrpe.zr:eJlbHa51 rJly6HHa oTBep"
CTH51 rrpH 06pa6oTKe e.zr:HHH1JHbIM HMrrYJIbeOM

- 6-7 MM.

B 3Ha1JHTeJlbHOii Mepe Ka1JeeTBO H T01JHOeTb 06pa60TKH
3aBHe51T OT c}JOpMbI HMrrYJlbea. I1.zr:eaJlbHa51 c}JopMa - paB-
H0601JHa51 TparreUH51, He eJIHlllKOM KPYTOH rrepe.zr:HaH clJPOHT,
rrJlOeKa51 BeplllHHa H KPYTOH 3a.zr:HHH c}JPOHT.

.lI.JlHTeJlbHOeTb rrepe.n:Hero c}JpOHTa orrpe.zr:eJl51eT BpeM51

HarpeBa MaTepHaJla .zr:o TeMrrepaTypbI IlcrrapeHH51. 50JIblllaH

.zr:JlHTeJIbHOeTb 03Ha1JaeT YBeJlH1JeHHe 30HbI TepMH1JeCKOrO
BJIH51HH51 H3JIY1JeHH51: OTBepeTHe 6y.n:eT HMeTb 3HaqHTeJIb 

HbIH .zr:HaMeTp Bxo.n:Horo KOHyea. CJlHlllKOM KPYTOH rrepeJ{""
HUH clJPOHT rrpHBo.n:uT K 1Jpe3MepHo BbIeoKoH cKopoeTH BBO'"

.zr:a eBeToBoH .3HepfHH B 30HY 06pa60TKH. HapYlllaeTCH
HOpMaJlbHbIH pe)KHM HarpeBa MaTepUaJla. .lI.JlHTeJlbHOCTb
rrepe.n:Hero clJpoHTa .zr:OJILKHa eOCTaBJl51Tb OKOJlO 10% 06rn.eil
.n:JIHTeJlbHOCTH HMrrYJlbea.

3a.n:HHH c}JpOHT HMrrYJlbca .n:OJILKeH 6bITb rrpe.zr:eJlbHO KPY-
TbIM, 1JT06bI npouecc HerrapeHH51 MaTepHaJla 6b(Jl MrHOBeH-

HO rrpeKparn.eH rro .n:ocTU)KeHHH 3a.n:aHHoH rJIy6HHbI. B cy-
rn.ecTBYIOlll.HX TeXHOJlOfH1JeeKHX YCTaHOBKaX c}JOpMHpOBa'"
HHeM ero «3aH51TbI» crreu.HaJlbHbIe c}JOPMHpYIO[Lf.He u.errH. Ho

HaH60Jlee .3c}J4>eKTHBeH .n:Jl51 3THX u.eJIeii MeXaHH1JeCKHll MO 

.n:YJl51TOp.
BpeMeHH3.H rrHKOBaSJ CTpYKTypa HMrrYJlbCa OKf B u.e-

JlOM rrpHeMJIeMa .n:JI51 06pa60TKH MaTepHaJlOB. Ho 1JTo6bI

,A06HTbCH HYLKHOH T01JHOeTH H BoerrpOH3Bo.n:HMOCTH 06pa 
60TKH. He06xo.n:HMO HMeTb o.n:HHaKOBbJe rrapaMeTpbI Ka)K 

.n:oro rrHKa, T. e. yrropH.n:01JHTb pe)KHM reHepaurIH. .lI..'ISI 1Je-

ro II rrpHMeHHIOT cclJepH1JeCKHe pe30HaTopbI C JlHH3aMH "

OlJ;HOMO.n:OBbIH pe)KHM reHepau.nH. DOJlY1JeHHbIe u.HJllIHlJ;pn..
1JeCKne OTBepCTH51 B 3TOM CJlY1Jae 3-ro KJlaCCa T01JHOCTH C

OTHOllleHHeM rJly6HHbI K .n:HaMeTpy lJ;0 6-7.

AHa parMHpoBaHHeJla3epHOro nY1JKa. Pacrrpe.n:eJIeHHe

SHepr"H B rrOrrepe1JHOM Ce1JeHHH rrY1JK3 nOlJ;1JHH51eTC51 3aKO 

HY fayeca - HHTeHeHBHOCTb OT MaKeHMYMa B l.(eHTpe cna-

1(aeT rro KOJIOKOJloo6pa3Holl KpliBOH 1(0 MHHHMYMa rro Kpa-

51M ee1JeHH51 rrY1JKa; rrOrrepe1JHOe ee1JeHHe ero HMeeT !}:JOPMY
HerrpaBHJlbHOrO Kpyra. B pe3YJIbTaTe Ha BXOHe OTBepcTHH

06pa3yeTe51 60JIblllOH KOHYC co 3HalfHTeJIbHbIM 06noeM H3
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38CTbIBlllero MeTaJIJIa. DpOel..{HpOBaHHe JIY1Ja JIa3epa 'lepe3

AHaI)Jp8rMY H8 06pa68TbIB8eMYIO nOBepXHOCTb n03BOJIHeT

YMeHblllHTb BXOAHOll: KOHYC H 30HY 06JIOH.

OnTHlJeCKaH CHCTeMa C I..{HJIHHAPHlJeCKOH CBeTOBOH TPy6-
KOH. DpH 1)J0KYCHpOBKe JIa3epHOrO nY1JK8 06bI1JHbIMH JIHH-

3aMH Ha nOBepXHOCTb AeTaJIH B03Aell:CTByeT CBeTOBOH KO-

HYC. Eho npHBOAHT K TOMY, 1JTO no Mepe yrJIy6JIeHHH OT 

BepCTHH CBeTOBble JIY1JH non8llalOT HenocpellCTBeHHO H8

CTeHKH ero. CTeHKH llOnOJIHHTeJIbHO OnJIaBJIHIOTCH H COOT 

BeTCTBeHHO B03HHKalOT norpelllHOCTH 06pa60TKH.

DpH onpeAeJIeHHOM pacnOJIO)KeHHH 1)J0KYCHpYIOllLeH CH-

CTeMbI H JIa3epa, KorAa pa3MepbI nHTHa B 1)J0KaJIbHOH nJIO-

CKOCTH H B nJIOCKOCTH H306pa)KeHHH H3JIY'laTeJIH paBHbI,

Me)KAY 3THMH nJIOCKOCTHMH 06pa3yeTcH I..{HJIHHllpH1JeCKaH
CBeTOBaH TPy6Ka. .LLJIHHa H AHaMeTp ee 3aBI1CHT OT COOT-

HOllleHHH Me)KAY yrJIOM paCXO)KAeHHH nY'lKa, 1)J0KYCHbIM
paCCTOHHHeM JIHH3bI H AHaMeTpOM AHal)JparMbI.

DpHMeHeHHe nY1JKa C I..{HJIHHApH'leCKHM XOAOM JIY1Jell

n03BOJIHeT nOBbICHTb T01JHOCTb 06pa60TKH AO 2-ro KJIaCCa

H nOJIY1JHTb OTBepCTHH C BbICOKOll CTeneHblO I..{HJIHHllpH1JHO-

CTH npH OTHOllleHHH rJIy6HHbI K AHaMeTpy AO IS. DOll06-
HbIll: MeTOA nOBbIllleHHH Ka1JeCTBa H T01JHOCTH o6pa6oTKH
6bIJI ycnelllHo peaJIH30BaH B OTe1JeCTBeHHOll: npOMbIlllJIeH-
HOll: YCTaHOBKe 1(-6 H YCTaHoBKe K-H.LLI I)JHpMbI «Kopa,lI.»
(ClllA) .

)].onOJIHHTeJlLHbIe BcnOMOraTeJIbHbIe npOl..{eCCbI H onepa-

I..{HH. OAHH H3 TaKHX npOl..{eCCOB, pa3pa60TaHHbIH BnepBble
B HallleH cTpaHe nOA PYKOBOllCTBOM npol)Jeccopa B. CYMU-
HOBa, - nHeBMaTHlJeCKOe KaJIH6pOBaHHe oTBepcTHH cTPyeii
C>KaTOro B03Ayxa (noA ,lI.aBJIeHHeM B HeCKOJIbKO aTMocl)Jep
H3 30HbI 06pa60TKH Bb16pacbIBaeTcH 3Ha1JHTeJIbHaH 1JaCTb

)KH,lI.KOrO MaTepHaJIa). EllLe 60JIee 3clJI)JeKTHBHa ra30CTpYll:-
HaH JIa3epHaH 06pa60TKa: npaKTH1JeCKH BeCb )KH,lI.KHll: Ma-

TepHaJI BbI6pacbIBaeTcH cTpyell ra3a, COOCHOll: cBeToBoMY

nY1JKY. T01JHOCTb o6pa60TKH 3THM MeTOAoM cooTBeTcTByeT
2-3-MY KJIaCCaM npH nOJIHOM OTCYTCTBHH norpelllHocTH

nonep.e1JHOll: 1)J0pMbI.
KaJIH6pOBaTb OTBepCTHH MO)KHO TalOKe o6paTHbiM Aeii-

CTBHeM CBeTOBOrO JIYlJa: BbIllleAlllHll H3 CKB03Horo oTBep-
CTHH ,lI.eTaJIH, a 3aTeM OTpa)KeHHbIll: OT 3epKaJIbHOll: rrOBepx-
HOCTH BcnoMOraTeJIbHOll: nJIaCTHHbI, OH 06JIa,lI.aeT TaKOll:
OCTaT01JHOll 9Heprnell, 1JTO MO)KeT BHOBb B03.n.eiicTBOBaTb
Ha MaTepHaJI KpaeB OTBepCTHH.
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06pa30BaHHIO 06JIOH Ha nOBepXHoCTH AeTaJIH H BXOA 

Horo KOHyca OTBepCTHH npenHTCTBYIOT HaKJIaAHble 3allI.HT 
Hble 3KpaHbI H MaCKH.

HOBbIll: MeTO.n. JIa3epHOll: 06pa60TKH, C03AaHHbIll: B Ha-

lllell: CTpaHe,
- 3JIeKTpOJIa3epHaH o6pa6oTKa. CYTb ee B

OAHOBpeMeHHOM B03Aell:CTBHH CBeTOBoro JIY1Ja H 3JIeKTpn-
qeCKOrO pa3pHAa. 3TO n03BOJIHJIO nOBbICHTb T01JHOCTb CBep-
JIeHHH OTBepCTHll: H npH6JIH3HTb ee K npeAeJIbHO B03MO)K-

HOll: npH OAHOHMnYJIbCHOll: JIa3epHOll: 06pa60TKe.
OAHaKO 113 OCHOBHbIX xapaKTepHCTHK, onpeAeJIHIOllI.HX

3KCnJIyaTal..{HOHHble AOCTOHHCTBa AeTaJIell: npH60pOB, - Ka-

qeCTBO 06pa60TaHHbIX nOBepXHOCTell:. DpH HCnOJIb30BaHHH

JIa3epa Ha TaKHX nOBepXHOCTHX HMelOTCH MaKpOHepOBHOCTII

(BOJIHHCTOCTb, HanJIbIBbI, BnaAHHbI H T. n.), M HKpOHepOB-
HOCTH (lllepOXOBaTOCTb), a TaK)Ke np06KH B KaHaJie OT-

BepCTHH. Ka1JeCTBO nOBepXHOCTell: onpeAeJIHeTCH B OCHOB-

HOM napaMeTpaMH HMnYJIbCa H3JIyqeHHH OKr, cBoikTBaMH

MaTepHaJIa H nOJIO)KeHHeM 1)J0Kyca ynpaBJIHIOllLell: .IJHH3b1

OTHOCHTeJIbHO HapY)KHOll: nOBepXHOCTH 3arOTOBKH. HCKa-

)KeHHH reOMeTpHH HaH60JIee 3Ha1JHTeJIbHbI npH 06pa6oTKe
rJIyxoro OTBepCTHH, oc06eHHO B HH)KHell: era 1JaCTH. Y

CKB03HbIX OTBepCTHll: Ael)JeKToB BHYTpeHHHX nOBepxHoCTeM
3Ha1JHTeJIbHO MeHbllle, TaK KaK npOAYKTbI 3p03HH BbI6pa-
CbIBaIOTCH B ABYX HanpaBJIeHHHX. KpOMe Toro, npH npo-
lllHBKe CKB03HbTX OTBepCTHll: HCnOJIb3YIOTCH H AOnOJIHHTeJIb 

Hble MeTOAbI HX KaJIH6pOBaHHH.
DpH OnTHMaJIbHbIX napaMeTpax 06pa6aTbIBaIOllLero HM-

nYJIbCa AJIH pHlla MeTaJIJIOB YAaeTCH nOJIY1JHTb Ha OTAeJIb 

'HbIX yqaCTKaX OTBepCTHH lllepOXOBaTOCTb 8-1O-ro KJIaCca.

l\1HorOHMnYJIbCHaH JIa3epHaH o6pa6oTKa. OAHO H3 Kap-
AHHaJIbHbIX pellleHnll: np06JIeMbI nOBbTllleHHH TOqHOCTH H

KaqeCTBa JIa3epHOll: 06pa60TKH - np06HBKa OTBepCTHH ce 

pHei'I OAHHaKOBbIX HMnYJIbCOB. OTBepCTHe yrJIy6JIHeTCS!
6JIarOAapH nOCTeneHHOMY nOCJIOll:HOMY HcnapeHHIG MaTe-

pHaJIa Ka)KAbIM nOCJIeAYIOllLHM HMnYJIbCOM. rJIy6HHa 3a-

BHCHT OT CYMMapHOll: 3HeprnH cepHH HMnYJIbCOB, AHaMeTp
OTBepCTHH - OT AHaMeTpa clJoKaJIbHOrO nHTHa H ycpeA-
HeHHbIX napaMeTpOB OTAeJIbHbIX HMnYJIbCOB B cepHH. 06b1q 

HO MaKCHMYM rJIy6HHbI AOCTHraeTCH 3a 6-7 HMnYJIbCoB.
DocJIe Ka)KAOro HMnYJIbCa MO)KHO cMellLaTb clJOKYC JIHH3bI

Ha rJIy6HHY CHHToro CJIOS! MeTaJIJIa. DpH 3TOM YAaeTcH no-

JIY1JHTb oTBepcTHS! C 60JIblllHM OTHOllleHHeM rJIy6HHbI I{

AHaMeTpy (nopHAKa 25).
ECJIH B 06pa60TKe yqaCTByeT I..{HJIlmApn1JeCKaH CBeTO-
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BaH Tpy6Ka, TO npe.n;eJIbHbIe pa3MepbI OTBepCTIIH COOTBeT 

CTBYIOT ee pa3MepaM.
I1MnYJIbCbI npII MHorOIIMnYJIbCHOii npeU:II3IIOHHOii 06pa..

60TKe 3HaIJIITeJIbHO KopOIJe, IJeM npII 06pa60TKe e.n;HHIIIJ"

HbIMII IIMIlYJIbCaMII. Eho .n;eJIaeTCH !l.JIH TOro, IJT06bI CBeCTH

K MIIHIIMYMY OTBOll TenJIa B CTeHKII OTBepCTIIH II C()OTBeT"

CTBeHHO YMeHblllIITb OnJIaBJIeHIIe nOCJIe.n;HIIX. HanpIIMep,
eCJIII Ha.n;o nOJIYIJIITb OTBepCTIIe .n;IIaMeTpOM 50 Ml{M B

CTaJIbHOii nJIaCTIIHe TOJIll1.HHOii 0,5 MM, IICnOJIb3YIOT 10 IIM 

UYJIbCOB .n;JIIITeJIbHOCTblO 250 MKC H ::meprIIeH no 0,05 .1J.)K.

DpH 3TOM 06eCne'lIIBaeTCH TOIJHOCTb 2-ro KJIaCca. YMeHb"

llleHlle .n;JIHTeJIbHOCTII eIlI,e 60JIee nOBbIlllaeT TOIJnOCTb.

DpHHU:IIn peaJIH30BaH B YCTaHOBKe «K.BaHT», c03.n;aHHoii

uo.n; PYKOBO.n;CTBOM .n;OKTopa TeXHH'leCKHX HaYK M. CTeJIb"

Maxa.

l11\1elOTcH CBe.n;eHHfI, IJTO C nOMOll1.blO JIa3epa Ha BOJIb'"

4>paMaTe KaJIbU:HH C Heo.n;HMOM npII 3HeprHII HMny.rlbca

J .1J.}K H 'laCTOTe CJIellOBaHHH OT 5 .n;o 10 ru: nOJIyIJeHbl

OTBepCTlIH .n;HaMeTpoM 750 MKM B CTaJIbHOH nJIaCTHHe TOJI-

lUHHOii 15 MM, T. e. C OTHOllleHHeM rJIy6HHbI K .n;HaMeTpy 20.

C nOMOll1.blO Py6IIHoBoro OK.P B pe>KHMe MOllYJIIIpOB2HHOii
.n;06POTHOCTH H MHoroHMnYJIbCHOrO MeTo.n;a 06pa60TKH y.n:a .

JlOCb npolllHTb oTBepcTHfI B pa3JIH'lHbIX MeTaJIJIaX, KepaMII-

Ke, py6HHe .n;HaMeTpoM OT 4 .n;o 100 MKM C OTHOllleHHeM

rJIy6HHbI K .n;HaMeTpy OT 20 .n;o 50. YKa3aHHbIe npH,;'VlepbI
CBHlleTeJlbCTBYIOT 0 B03MO}KHOCTHX MHoroHMgYJIbCHOH JIa.

3epHoii,06pa60TKII. EIlI,e 60JIblllerO 3clJclJeKTa MO}KHO .n;o-

6HTbCH, eCJIII IICnOJIb30BaTb B TeXHOJIOrIIIJeCKHX YCT2HOB-

Kax cOBpeMeHHbie OK.r Ha aJIIOMOIITTpIIeBOM rpaHaTe, .n;BY-

OKHCII yrJIepo.n;a, a30Te H }lp., Y KOTOpbIX BbICOKaH IJaCTO-

Ta nOBTopeHHH HMnYJIbCOB (AO HeCKOJIbKHX .n;eCHTKOB KH-

Jlorepu:) .

npOMblWJIeHHOe npHMeHeHHe JIa3epHOro CBepJIeHHH. 3a

KOpOTKHii nepHO}l BpeMeHII
0

B Hallleii cTp He H KOnJIeH
3Ha'lIITeJIbHbIH npaKTIIIJeCKHH onbIT JIa3epHOII 06paOOTKH B

pa3JlH'lHbIX OTpaCJIHX npOMbIlllJIeHHOCTII. C03.n;aH II BHe.n:-

peH u:eJIbIii pHll OTeIJeCTBeHHbIX YCTaHOBOK: DAJ1Y-l, «Pa3"

.n;aH», K.-3, K-3M, «K.BaHT-9», «K.BaHT-9M:I>, TI1J1Y-l, «I(pII-
cTaJIJI-6:1>, «K.pHcTaJIJI-16», «K.pIICTaJIJI-18:1>, «K.opYH.n:-2» II

.n;p. HeCMOTpH Ha OTHOCIITeJIbHO BbICOKYIO CTOHMOCTb YCTa-

HOBOK, 3KOHOMHIJeCKIIii 3clJclJeKT OT HK BHe.n;peHHSI BeJIHK H

B nepBYIO OIJepe.n;b 6JIaro.n;apH pe3KoMY nOBbIllleHII 3clJ-
4>eKTHBHOCTH TeXHOJIOrIIIJeCKHX npou:eccoB H onepaU:I1H. Ha-

1160JIblllHii 3KOHOMH'leCKHll 3lPclJeKT IlOJIY4eH npH 1J3.0rOB 

JIeHHH aJIMa3HblX clJUJIbep H py6HHOBbIX IJaCOBbIX KaMHeii-

2,9 MJIH. py6. B ro.n;.

A JI M a 3 H bI e clJ H JI b e p bI B 60JIblllOM KOJIIIIJeCTBe npH-
MeHHIOTCH npH npOTHrHBaHHII Me.n;Hoii npOBOJIOKH, npOBO-
JIOKII II3 Hep)KaBelOIlI,eii CTaJIH .n;JIH npY)KIIH, peocTaTHoii
HHKeJIeBOii H BOJIbclJpaMOBoii npOBo.10KII, IICKYCCTBeHHoro
BOJIOKHa. OTBepCTHH aJIMa3HbIX clJHJIbep HMelOT CJIO}KHYIO

clJOPMY. PaHbllle IIX H3rOTaBJIHBaJIH 3JIeKTpoclJH3HlJeCKH-
MIl MeTo.n;aMII HJIII MeXaHHIJeCKHM CBepJIeHIIeM aJIMa3HbIM

a6pa3HBOM. .

CneU:HaJIbHO .n;JIH npOH3BO.lI.CTBa aJIMa3HbIX clJUJIbep OTe-

IJeCTBeHHoii npOMbIlllJIeHHOCTblO BbIIIYll1.eHa YCTaHOBKa
«KBaHT-9». OCHOBHbIe TeXHOJIOrHIJeCKIIe xapaKTepHCTHKH
ee CJIe.n;YIOIlI,He:

.n;HaMeTp nOJIYIJaeMbIX OTBepCTHii npII 06pa60TKe O.lI.HIIM

IIMnYJIbCOM
- 0,005-0,4 MM, npH MHoroHMnYJIbCHOii 06pa...

60TKe - .n;o 1 MM;

fJIy6HHa oTBepcmii npH 06pa60TKe O.n;HIIM HMnYJIb"'
COM - 1 MM, npH MHoroHMnYJIbCHOM MeTo.n;e - 3 MM;

OTHOllleHHe fJIy6IIHbI OTBepCTHS! K ero AIIaMeTpy
- .n;o

10-15 B 3aBIICIIMOCTH OT pe)KIIMa 06pa60TKII II cBoiicTO

o6pa6aTbIBaeMoro MaTepHaJIa;
MaKCHMaJIbHaH 3HeprIIH H3JIYIJeHIIH

- 8-10 .1J.}K;

.n;JIIITeJIbHOCTb HMnYJIbCa
- 0,35-0,5 MC;

IJaCTOTa CJIe.n;OBaHIIH IIMIIYJIbCOB B aBTOMaTHIJeCKOM pe..

>KHMe 6-60 HMn!MIIH, B MO.lI.epHH3IIpOBaHHoM BapIIaHTe
-

.n;o 180 IIMn!MHH.
B YCTaHoBKe HCnOJIb30BaH JIa3ep Ha CTeKJIe C Heo.n;H"

MOM.

OnTHQeeKaH CHCTeMa BII3yaJIbHOrO Ha6JIIO.n;eHHSI - .n;Ba

MHKpOCKona JI.JISI Ha6JIIo.lI.eHHSI 3a o6pa6aTbIBaeMoii JJ;e..

TaJiblO B llBYX npOeKll.HHX (CBepxy H C60KY), II306p.a>Ke..
HIlS! B KOTOpbIX COBMeIlI,eHbI B O.n;HOM OKYJIHpe. TaKaH CR-

CTeMa n03BOJIHeT nOBblCHTb TOIJHOCTb CBepJIeHHSI qepHOBblK

OTBepCTHii B aJIMa3HblX clJHJIbepaX H YMeHblllHTb npIInYCK
Ha IJHCTOBYIO JI.Opa60TKY.

OTBepCTHe, KaK Y>Ke rOBOpHJIOCb, "MeeT CJIO>KHYIO tt>op..

MY. O.n;HaKO c nOMOIlI,blO YCTaHOBKH y.naeTCSI ocyrn.eCTBHTb
nOIJTII Beeb npOll.eCC 06pa60TKH. J1Hlllb IJHCTOBYIO .nOBO.lI.KY

KaHaJIa OTBepCTIlH H nOJmpOBKY OCYIlI,ecTBJIHeT YJIbTpa...

3BYK.
I1cnoJIb30BaHHe «K.BaHT-9» nOBbICHJIO npOH3BO.lI.HTeJIb"

HOCTb TPy.n.a Ha 3TOM: onepaU:HII no cpaBHeHlHO C npHMeHflB"
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IllHMHCH paHee 3JIeKTpOcpH3H1JeCKHMH MeTOAaMH B 12-15

pa3 H B 200 pa3 no cpaBHeHHID c MeXaHH1JeCKOll 06pa60T 
KOll. BbICB060)KAeHbI 60JIblllHe npoH3BOACTBeHHbIe nJIOll1.a 

}lH H 3Ha1JHTeJIbHO YJIY1JllleHbI YCJIOBH5I TpYAa. rOAOBOll 3KO 

HOMH1JeCKHll 3cpcpeKT OT npHMeHeHH5I «K.BaHTa-9» TOJIbKO

Ha ABYX 3aBOAax aJIMa3HbIX HHcTpYMeHToB (POCJIaB,,1bCKO:'l1:
H DOJITaBcKoM) COCTaBHJI 1,9 MJIH. Py6. YCTaHOBKH 3aKyn 

JIeHbI cpHpMaMH <1>paHI,J:HH H <1>pr.

He MeHee 3cpcpeKTHBHo npHMeHeHHe JIa3epHOro TeXHO-

JIOrH1JeCKOrO 06oPYAoBaHH5I B 1JaCOBOll npoMbIlllaeHHocTH

npH n p 0 H 3 BOA C l' B e p Y 6 H HOB bI X K a M Hell, KOTO-

pbIX B Halllell CTpaHe BbmYCKaeTC5I CBbIllle 500 MJIH. B rOAr

OHH npeACTaBJI5IIDT C060ll AHCKH AHaMeTpOM 1-1,5 MM H

TOJIll1.HHOll OKOJIO 0,5 MM. .II.HaMeTp OTBepCTH5I 30-90 MKM,

npH1JeM OTBepCTHe B Ce1JeHHH HMeeT CJIO)KHYID CPOPMY C 3a-

KpyrJIeHH5IMH Ha BXOAe H BbIX011e. CBepJIeHHe TaKHX 01'-

BepCTHll MeXaHH1JeCKHMH cnoc06aMH (c nOMOll1.bID aJIMa3-

Horo a6pa3HBa) BeCbMa 3aTpYAHHTeJIbHO, H nOBbICHTb npo-

H3BOAHTeJIbHOCTb TpYAa Ha 3TOll onepall.HH Ka3aJIOCb npaK-
TH1JeCKH HeB03MO)KHO. OAHaKO 6bIJIH pa3pa60TaHbI TeXHO-

JIOrH1JeCKHe JIa3epHbIe YCTaHOBKH, cpeAH KOTOpbIX HaH60-

JIee H3BeCTeH aBTOMaT «K.OPYHA».
YCTaHOBKa «K.OPYHA» npeACTaBJI5IeT C060ll HCT01JHHI{

nHTaHH5I MI1JI-35 H CTaHOK, B COCTaB KOToporo BXOA5IT

H3JIY1JaTeJIb, onTH1JeCKa5I CHCTeMa, CHCTeMa OXJIa)K,n:eHH5I H

aBTOMaTH1JeCKHll nOAaBaTeJIb KaMHell BH6p06YHKepHoro TH-

na. DpHHII.HnHaJIbHa5I OnTH1JeCKa5I cxeMa YCTaHOBKH n01106-

Ha cxeMe «K.BaHTa-9» H OTJIH1JaeTC5I JIHlllb ra6apHTaMH.
YCTaHOBKa npeAHa3Ha1JeHa AJI5I CBepJIeHH5I OTBepCTHll

MHorOHMnYJIbCHbIM MeTOAOM. Ha OAHO OTBepCTHe AHaMeT-

pOM 0,05-0,08 MM B Py6HHOBOll 3arOTOBKe 1JaCOBOro KaM-

HSJ TOJIll1.HHOll 0,4'5 MM Tpe6yeTC5I 4-5 HMn. C 3Hepmell
0,2-0,3 .II.)K npH 1JaCTOTe CJIe.JI.OBaHHH 5 rll. H 7-8 HM-

nYJIbCOB C 3Hepmell OKOJIO 0,1 .II.)K npH 1JaCTOTe CJIeAOBa-

HH5I 10 rll.. CMeHa 3arOTOBKH Ha pa601Jell n03H1I.HH OCY-

ll1.eCTBJI5IeTC5I aBTOMaTH1JeCKHM nOAaBaTeJIeM 3a BpeM5I OKO-

JIO 0,2 c, B Te1JeHHe KOToporo H3JIY1JeHHe aBTOMaTIi1JeCKH

nepeKpbIBaeTC5I 3aTBOpOM C 9JIeKTpOMarHHTHbIM npHBo11oM.

DpOH3BOAHTeJIbHOCTb YCTaHoBKH
- 1 KaMeHb B ceKYH11Y.

DpH MHoroHMnYJIbCHOM MeT011e 3arOTOBKH B npoll.ecce 06-

pa60TKH 60JIbllle He paCKaJIbIBaIDTC5I, 06eCne1JeHa BbICOKaH

T01JHOCTb H BocnpOH3BOAHMOCTb pa3MepOB OTBepCTHll. rJIY-
6HHa CTPYKTypHO H3MeHeHHOll 30HbI B6JIH3H CTeHOK OTBep-
CTH5I He npeBbIlllaeT 1-2 MKM, 1JTO n03BOJIHeT OCTaDJI5ITb
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MHHHMaJIbHbIll npHnycK Ha 1JHCTOBYIO o6pa60TKY - 1-
2 MKM.

ABToMaT «K.oPYHA» ycnelllHo npHMeH5IeTC5I Ha K.YCHH 
CKOM 3aBOAe T01JHbIX TeXHH1JeCKHX KaMHell, YrJIH1JCKOM 1Ja-

COBOM 3aBOAe HAp. TOJIbKO Ha K.YCHHCKOM 3aBOAe 3aMeHa

cyll1.eCTBOBaBlllero 060PY.lI.OBaHH5I Ha JIa3epHOe BbICB06011H-
JIa OKOJIO 450 pa601JHX H 2000 M

2
npoH3BoAcTBeHHbIx nJIO-

ll\aAell. 3KOHOMH1JeCKHll 9cpcpeKT COCTaBHJI 390 TbIC. Py6.
Ha 6a3e YCTaHOBKH «K.BaHT-9» C03AaHO H 3KcnepHMeH-

TaJIbHOe YCTPOllCTBO C pa3AeJIeHHeM JIa3epHOro JIY1Ja Ha

}lBe n03Hll.HH, 1JTO ell1.e nOBbICHJIO npoH3BOAHTeJIbHOCTb npo-
ll.ecca. MHOrOJIY1JeBaH o6pa6oTK8. TaK )Ke, KaK H MHoro-

HMnYJIbCHa5I, - nepcneKTHBHoe HanpaBJIeHHe nOBbIllleHH5I

3cpcpeKTHBHoCTH TeXHOJIOm1JeCKoro npHMeHeHH5I OK.r.
B 3 JI e K l' P 0 H H 0 II n p 0 M bI III JI e H HOC l' H, npH npo 

H3B011cTBe 3JIeKTpOBaKYYMHbIX npH6opOB HaH60JIee nOJIHO

HCnOJIb3YIDTC5I TaKHe oc06eHHOCTH JIa3epHOll TeXHOJIOmH,
KaK OTCYTCTBHe KOHTaKTa Me)KAY AeTaJIbID H HHCTpYMeH-
TOM, JIOKaJIbHOCTb TepMH1JeCKOrO B03AellCTBH5I, B03MO)K-
HOCTb 06pa60TKH H CBapKH B 3all1.HTHbIX cpeAax H 1Jepe3
np03pa1JHbIe 060JI01JKH. JIa3epbI n03BOJIHJIH Ha MHomx one-

pa1l.H5IX B 3-4 pa3a H 60JIee YBeJIH1JHTb npoH3BOAHTeJIb-
HOCTb TpY11a. A rJIaBHbIll pe3YJIbTaT

- nOBbIllleHHe Ka1Je-

CTBa, YBeJIH1JeHHe HaAe)KHOCTH npOAYKII.HH. 3KOHOMH1JeCKHii

9cpcpeKT 3AeCb COCTaBJI5IeT MHJIJIHOHbI Py6JIell B rOAr

UlHpOKOe npHMeHeHHe nOJIY1JHJIO 060pYAOBaHHe AJIH

o6pa6oTKH H3AeJIHll 3JIeKTpOHHOll TeXHHKH, C0311aHHoe Ha

6a3e YCTaHOBKH «K.pHCTaJIJI-6». B OCHOBY CHHTe3a «K.pH-
CTaJIJIa-6» nOJIO)KeHbI npHHIJ.'llllbI YHHCPHKall.HH H arperaTH 
pOBaHH5I. CTeneHb YHHcpHKall.HH JIID60ro, B TOM 1JHCJIe H

JIa3epHOrO, TeXHOJIOrH1JeCKOrO 060PYAOB8HH5I BO MHOrOM

OnpeAeJI5IeT ero CTOHMOCTb, HaAe)KHOCTb H CpOKH OCBoeHHH

npOMbIlllJIeHHOCTbID. ArperaTHpOBaHHe TaK>Ke nOBbIlllaer

3KOHOMH1JHOCTb pa3pa60TKH H CHH)KaeT 3aTpaTbI BpeMeHIT
Ha npoeKTHpOBaHHe H OCBoeHHe cepHllHoro npOH3BOAcTBa
YCTaHOBOK. CerOAH5I c03AaHbI HOpMaJIH30BaHHbIe KOHcr-

PYKLI.HH OCHOBHbIX CPYHKll.HOHaJIbHbIX 6JIOKOB, KOTopble CO-

XpaH5IIDTC5I npH CMeHe 06"beKTOB npOH3B011CTBa H Moryr
6bITb HCnOJIb30BaHbI npH KOMnOHOBKe APyroro CTaHKa HJIIT

YCTaHOBKH.

«K.pHCTaJIJI-6» npHMeH5IeTC5I AJIH npOlllHBKH OTBepCTHil
B ConJIax Te1JeHCKaTeJIell, KepaMH1JeCKHX AeT8JI5IX 3JIeKTpO-

BaKYYMHbIX npH60pOB (3BD) H AHacpparMax 3JIeKTpOH"
HbIX MHKpOCKonOB, a TaK)Ke .ZI.JI5I 06pe3KH MOJIH6AeHOBbIX
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ClmpaJIeH B CTeKJIHHHOM 6aJIJIOHe CB4-npn6opoB. YCTa.

HOBKa cHa6>KeHa YHIIBepCaJIbHbIM npe.n.MeTHbIM CTOJIOM H

.n.onYCKaeT npHMeHeHlIe CneU:HaJIbHbIX YCTPOHCTB H npncno-
C06.rleHIIl1 aBTOMaTII3aU:IIH npOu:eCCOB o6pa6oTKH H3.D.eJIHH
B pe>KHMe O.anHOIJHbIX llJIll MHOrOKpaTHbIX llMnYJIbCOB.

,[(PyraH YCTaHOBKa, «KpllCTaJIJJ-7», Ha 6a3e MllKpOCKO-
na Yl1M-21 npe.n.Ha3HaIJeHa .n.JJH HaHeCeHllH C BbICOKOH
TOIJHOCTbIO (+0,003 MM) Koop.n.llHaTHoH ceTKll npe.aBapn-
TeJIbHbIX oTBepcTllH B TepMoo6pa6oTaHHblx II CBepXTBep-
.D:bIX 3arOTOBKax lIITaMnOB. Dpe.n.BapHTeJIbHOe oTBepcTlle

.n.llaMeTpoM 0,3-0,4 MM B llHcTpYMeHTaJIbHOH CTaJJH TOJI-

llLllHOH .ao 5 MM o6pa6aTbIBaeTcH 3a 1 MllH. He HY>KHbI

CBepJIa MaJIOrO .n.llaMeTpa (MeHee 0,5 MM), npoll3Bo.all -

TeJIbHOCTb Tpy.aa nOBbIlliaeTCH B 8-12 pa3.

EllLe O.D.Ha Mo.n.llclJllKaU:llH
- «KpHcTaJJJI-16», OH o6pa-

uaTbIBaeT .aeTaJIll II Y3JJbI 3BD. Cneu:naJIbHbIH npe.aMeTHbIH
CTOJI, OCBeTllTeJIbHaH II Ha6JIIO.D.aTeJIbHaH CllCTeMbI B onTH-

lleCKOM Y3JIe n03BOJIHIOT «cBepJJllTb» oTBepcTHH B YCJIO-
BHHX nOBbIllIeHHblX Tpe60BaHllH ({ llX COOCHOCTll.

11 ellI:e o.n.Ha YCTaHoBKa cepHll «KpllCTaJIJI» npolIIHBaeT

OTBepCTllH B clJeppllToBbIX nJIaCTllHax, Heo6xo.allMbIX .n.JIH

II3rOTOBJJeHllH 6JJOKOB naMHTll 3BM. Ha ee OCHOBe pa3pa-

60TaH TeXHOJIOrnlleCKllH npou:ecc o6pa6oTKll B aBTOMaTH-

lleCKOM pe:>KIIMe. 4T06bI nOJIYQIITb oTBepcTllH B clJeppllTo-
BbIX nJIaCTIIHax TOJIllLHHOii .n.o 1 MM, npIIMeHHIOT MHorOIIM-

UYJIbCHbIH MeTO.a. 4eTblpbMH nepBbIMII HMnYJIbCaMH J1.JIH-
TeJIbHOCTbIO 0,5 MC npo6HBaIOT CKB03Hoe oTBepCTlle, IJeTbI-

pe UOCJIe.n.YIOlllIIX ero J1.0pa6aTbIBaIOT II Ka.'Ill6pYIOT. COKpa-
l.I..(eHIIe .n.JIllTeJIbHOCTII llMnYJIbCOB npII YBeJIHIJeHHll llX IJHCJIa

06YCJIOBJIeHO nOBbIlIIeHHoii no cpaBHeHlfIO C .n.PyrnMH He-

np03paIJHbIMll .n.ll.3JIeKTpHKaMll xpynKocTbIO clJeppllTa. 113-
3a .3TOrO nJIaCTIIHa pacTpecKllBaeTcH, paCKaJIbIBaeTCH, eCJIlt

HMnYJIbC H3JIYIJeHllH llMeeT .n.JIIlTeJIbHOCTb 60JIee 0,5 MC

(KaK npH OJl.HOllMnynbcHoH 06pa60TKe).
cI>eppHToBYIO

.

nnaCTHHY pacnonaralOT Ha nOJl.BHiKHOM

CTOJIe. OH nepeMel.I..(aeTcH noli. JIYIJOM na3epa no 3a.n.aHHoH
nporpaMMe, '11'0 n03BOJISleT o6pa6aTbiBaTb HeCKOJIbKO co-

TeH oTBepcTHii .n.HaMeTpaMH 0,1-0,25 MM C .n.onycKoM Ha

Me:>Ku:eHTpoBble paccToHHHH + 15 MKM.

Dpll ll3rOTOBJIeHHII npec-c-clJopM .n.nH MHHIIaTlopHbIX
lllTenCeJIbHbIX pa3'beMOB B03HIIKalOT TPYJl.HOCTIi co CBepJIe-
HHeM B 3aKaJIeHHbIX .n.eTaJIHX CKB03HblX TeXHOJIOrllIJeCKHX

oTBepcTHH .n.llaMeTpoM 0,3-0,5 MM <: TOJIllLHHOH CTeHKH
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3-4 MM. 4epe3 HllX nponYCKalOT 9neKTpo.n. (npOBo.TJOKyJI
B npou:ecce 06pa60TKll npoclJIIJIHpOBaHHbIX oTBepcTHlr Ha

9JIeKTpOllCKpOBbIX YCTaHOBKax. KaK npaBIfJIO, CKB03Hble

TeXHOJIOrllIJeCKlle OTBepCTll51 .n.HaMeTpoM 0,3-0,5 MM npo..

.n.eJJbIBaIOTCH B He3aKaJIeHHbIX .n.eTaJIHX Ha Koop.n.llHaTHo"

pacTollHbIX CTaHKax. 3aTeM .n.eTaJIll 3aKaJIHBalOT II T. .n..

DpH 3aKaJIKe OHH .n.eclJopMHpYIOTCH, IJTO npHBo.n.llT K 6pa..
KY. KpoMe TOro, IJaCTO JIOMalOTCH CBepJIa MaJIOrO .n.HaMeT"

pa (7-15 OTBepCTHH Ha O.n.HO CBepJIo).
LLJJH 06pa60TKll CKB03HbIX TeXHOJIOrHlleCKIIX oTBepcTllii

B 3aKaJIeHHbIX .n.eTaJIHX npecc-clJopM 1I3 MaTeplIaJIOB pa3"
JIllIJHOii TBep.n.ocTII llCnOJIb3yeTcH MO.n.epHll3IIpOBaHHaH JIa..

3epHaH YCTaHoBKa «KoPYH.n.-2» Ha 6aae YHHBepca.'IbHOrO

H3MepllTeJIbHOrO M'IIKpOCKOna Yl1M-21 c. ropH30HTaJIbHbIM

paCnOJJOiKeHlleM aKTllBHoro 9JIeMeHTa.

Pa3pa6oTaH H BHe.n.peH TaK>Ke TllnoBoH TeXHOJIOrnIJe"

CKHH npou:ecc JJa3epHOH o6pa6oTKll CKB03HbIX oTBepcTHH B

.n.eTaJIHX HHcTpYMeHTaJIbHOH OCHaCTKll. C03.n.aHbI npncno..
C06JIeHllH .D.JIH clJnKcau:nn .n.eTaJIeii: 80 BpeMH o6pa6oTKII.

YIJeHbIMH, llH:>KeHepaMll H pa6011IIMII MocKoBcKoro aBIIa..

U:llOHHO-TeXHOJIOrHIJeCKOrO IIHCTIITYTa IIM. K. 3. l1.IIOJIKOB"

CKOro, MOCKOBCKoro HHcTllTy-ra 9JJeKTpOMexaHIIKII H aBTO"

MaTllKII II MOCKOBCKoro MallillHOCTpOIITe.'IbHOrO 3aBo.n.a

«KpaCHbIH OKTH6pb» pelIIeHbI TaKHe CJIO>KHble TeXHOJIOrH-

IJeCKHe np06JIeMbI, KaK nOJIYIJeHlle OTBepCTHii B .n.eTaJJHX H3

:>KapOnpOIJHbIX H Hep>KaBelOllI.llX MaTepHaJIOB H CnJJaBOB,

ypaBHoBelIIHBaHHe (.n.HHaMHIJeCKaH 6aJIaHCnpOBKa) Bpal.I..(3"
IOl.I..(HXCH Macc, rn.n.pOJIa3epHaH lllTaMnOBKa H .n.p. C03.n.aHO

cneU:llaJJn3llpOBaHHoe JIa3epHOe 06opy.n.OBaHlle C MaKCH"

MaJIbHOH CTeneHbIO aBTOMaTH3aU:llH TeXHO.'IOrnH. B HeM

npe.n.YCMOTpeHbI Ha.n.e>KHaH 3allLHTa onTllKII OT npO.D.YKTOB

.3p03HH, YCTpaHeHlle HanJIbIBOB MeTaJIJIa B OTBepCTHHX H

Ha nOBepXHOCTH 3arOTOBOI<, paClllHpeH pa3MepHbIH .D.llana"

30H nOJJYIJaeMbIX OTBepCTllii, 06eCneIJeHa cTa6llJJbHOCTb llX

napaMeTpOB.
Pa3pa6oTaHbI HOBble MeTo.n.bI npOlIIllBKH OTBepCTHH, lIC-

nOJIb3YIOl.I..(lle ra30CTpYHHOJIa3epHOe H .3JIeKTpOJIa3epHOe

y.n.aJJeHHe MaTepnaJIa.
B HaCTOHllI.ee BpeMH ycnelllHo .3KCnJIyaTHpyeTcH B YCJIO-

BHHX cepllHHoro npOll3Bo.n.CTBa JIa3epHbIH nOJJyaBTOMaT
JID-2. C ero nOMOl.I..(blO 3a 24 MHH B O.n.HOH .n.eTaJIH npo"

lIIHBaeTCH 60 oTBepcTllw .D.llaMeTpoM 0,3 H rJIy6llHoH 1 MM.

DpH .3TOM 06eCneIJHBalOTCH 2-3-ii KJIaCC TOIJHOCTH H me..

pOXOBaTOCTb 8-9-ro KJJaCca. 3HeprHH HMuYJIbca
- 10 )].>K.

27



lJ.IIKJI paOOTJ>I J10-2 - aBTOMaTIIqeCKIIH (KpOMe YCTaHOB"
KH II C'beMa 3arOTOBKII).

B ::weKTpOJla3epHOM nOJlyaBToMaTe 3J10-1 o1'BepcTIIH
npolllIIBaIOTcH JIyqOM Jla3epa, OCTaTKII MaTepHaJla CHIIMa 

I01'CH H OTBepCTHH KaJlIIoPYIOTCH 9J1eKTpIIqeCKIIM pa3pH.nOM.
TaKoH KOM6IIHIIpoBaHHwH Me1'O.n n03BOJlIIJI npII HMnYJlbCe

9HeprHH B JIa3epe 100.LLiK II 3J1eKTpHqeCKOM pa3pH.ne
40 .n:iK npolllIIBaTb oTBepcTIIH .nIIaMeTpoM 2 II rJlyoHHoH
5 MM.

I1Hor.na obIBaeT Heooxo.nIIMO npOCBepJlII1'b oTBepcTIIe,
OCb K01'oporo He nepneH.nHKYJlHpHa oopaoaTbIBaeMOH no-

BepXHOCTH. Te, KOMY C 9TIIM .nOBO.nIIJlOCb CTaJlKHBaTbCH,

3HaIOT, KaK 9TO CJlOiKHO: npIIxo.nIITCH .neJlaTb pa3J1HqHbIe
npHCnOCOOJleHHH, HO nOJlyqIITb BbICOKYIO TOqHOCTb y.naeTCH
He Bcer.na. OpOOJleMa ObIJla peilleHa TaKiKe C nOMOllLblO

Jla3epa. Pa3paOOTaHbI II ycnelllHo npIIMeHHIOTCH Ha npOH3-
Bo.nCTBe arperaTIIpOBaHHbIe Jla3epHbIe aBTOMaTW AJIA-l Ii

AJIA-2 C IIHTepeCHWMII no 3aMbICJlY II KOHCTPYKTHBHOMY
IICnOJlHeHHIO pellleHIIHMH. C nOMOllLbIO YCTaHOBOK MOiKHO

nOJlyqaTb OTBepCTIIH, OCH KOTOpbIX paCnOJlOiKeHbI no.a; OOJlb-
IIIIIM (.no 60°) yrJlOM K 06pa6aTbIBaeMoH nOBepXHOCTH.
Pa60qIIH I.\.IIKJI nOJlHOCTbIO aBToMa1'II3HpoBaH. Ha YCTaHOB-
Ke AJIA-2 o.nHoBpeMeHHO npOlllIIBaIOTcH .nBa oTBepcTHH

.nIIaMeTpoM 0,5 H rJlyoIIHoH 3 MM. OpH 3TOM 06eCneqIIBa-
eTCH 8-9-H KJIaCC lllepOXOBaTOCTH II 2-3-H KJlaCC TOqHO-

CTII. I1CnOJlb30BaHIIe aBTOMaTa B cepIIHHOM npOII3Bo.nCTBe
nOBbICIIJlO npOH3Bo.nIITeJlbHOCTb Tpy.na B 5 pa3.

Cpe.nII .npyrIIx npIIMeHeHIIH Jla3epa .nJlH CBepJleHIIH OT-

BepcTIIH cJle.nye1' OTMeTHTb H3rOTOBJleHIIe  IIJlbep B T e K-

C T II JI b H 0 H n p 0 M bI III JI e H HOC T II. OOWqHO HX II3ro-

TaBJlIIBaIOT II3 BbICOKOJlempOBaHHbIX CTaJleI1 II nJlaTIIHbI H

oopa6aTbIBalOT MCXaHIIqeCKIIM nY1'eM. I1CnOJlb30BaHIIe Jla-

3epa .nJlH CBepJleHIIH qepHOBWx OTBepCTIIH n03BOJIHeT Me-

TaJlJl 3aMeHIITb KepaMIIKOH.
OpIIMeHHlO1' Jla3epbI II B K a 0 e JI b H 0 H n P 0 M bI ll[-

JI e H HOC l' II .nJlH npOlllHBKII OTBepCTIII1 B TBep.nbIJ\. iKapo-
npOqHbIX KepaMIIqeCKHX .nIICKOBbIX npOKJla.nKax (TOJlllLHHOH
B HeCKOJlbKO MHJlJlIIMeTpOB) npeI.\.H3HOHHWX Ka6eJleH. CBep-
Jla C aJlMa3HbIMH HaKOHeqHHKaMII n03BOJlHI01' CBepJlHTb OT-

BepCTIIH npH OTHOIIIeHIIII rJly6IIHbI K .nHaMeTpy He oOJlee
2, B TO BpeMS! KaK npH MHorOIIMnYJlbCHOH Jla3epHOH oopa-
60TKe na BCJlIIqIIHa COCTaBJlHeT B cpe.nHeM 20.

I1MeIOTcH CBe.neHHSI 06 HCnOJlb30BaHlIH Jla3epOB .nJlH
npolllIIBKH oTBepcTIIH B no.nJlOiKKax MHKpocxeM, B .lI.eTaJlHX
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 OPCYHOqHbIXconeJl H .nBHraTeJleH H3 TBep.nbIx CnJIaBOB, B
ceTKax KJlHCTpOHOB, B KaMHHX .nJlH IOBeJlHpHOH npOMbllll-
JleHHOCTII.

B nOCJle.nHee BpeMH Jla3epHbIH Jlyq «OCBOIIJI» C nOMO-

llLblO CneI.\.IIaJlbHOH OnTHqeCKOH CHCTeMW H3 aKCIIKOHHOH II

 OKycIIpYlOllLeHJlIIH3bI oTBepcTHH 60JIblllHX .nHaMeTpoB. Ha
oopa6aTwBaeMYIO .neTaJIb npOeI.\.IIpyeTcH II306paiKeHHe
KOJlbI.\.a, pa3MepbI KOToporo onpe.nemlIOTcH BeJlHqHHOH yrJla
npII BeplllHHe KOHyca aKcHKoHHOH JlHH3bI II paccDHHHeM
ee .no JlIIH3bI  OKycIIpYlOllLeH.TOJlllLHHa KOJlbI.\.a 3aBHCHT OT

4>oKycHoro p aCCTOHHIIH  OKycIIpYlOllLeI1JlIIH3bI.
PC3Ka. C nOHBJleHIIeM MOllLHbIX ra30BbIX OKf, pa60Ta-

IOllLIIX KaK IIMnYJlbCHO, TaK II B peiKIIMe HenpepbIBHoH re-

HepaI.\.HII, npHOOpeJIa npaBa rpaiK.naHcTBa Jla3epHaH pC3Ka.
OHa OCHOBaHa Ha pa3.neJleHIIII MaTepIIaJla no.n .neHcTBHeM
TenJIOBOrO HCTOqHIIKa. 3TO MOiKeT ObITb nOJlHOe IIcnapeHIIe
MaTepIIaJla B.nOJlb HaMeqeHHOH JlIIHHH IIJlII rJIyooKoe ero

npOnJlaBJleHIIe C y.naJleHIIeM paCnJlaBa H3 30HbI pe3a. Pa3-
HOBH.nHOCTH pe3KH - cKpaHoIIpoBaHIIe, npope3aHHe Henpe-
pbIBHOH KaHaBKH Ha nOBepxHocTII, a TaKiKe CBepJIeHIIe CII-

CTeMbI OJIII3KO paCnOJlOiKeHHbIx .npyr K .npyry OTBCpCTHH
MaJIOrO .nHaMeTpa C nocJle.nYIOllLHM pa3J10MOM MaTepl1aJla.
OOCJle.nHee npIIMeHHeTcH 06bIqHO .nJIH pa3.neJIeHHH xpynKHx
MaTepHaJlOB - KepaMIIKII, nOJlynpOBo.nHIIKOB, CTeKJIa Ii .np.

B HaCTOHllLee BpeMH XOpOlllO OCBoeHa HenpepbIBHaH
pe3Ka C no.n.nYBOM ra3a B 30RY pe3a. fa3 y.naJIHCT npo-
.nYKTbI pa3pYllleHHH H IIHIIll.IIIIpyeT npII pa3.neJleHIIH MeTaJl-

JIOB XIIMIIqecKYIO peaKI.\.IIIO. MeTo.n nOJIyqIIJI Ha3BaHIIe ra..

30JIa3epHOH pe3KH.
opII pe3Ke MeT a JI JI 0 B no.n.nYBaIOT KHCJlOpO.n (CTPY-

eH). OH cnOC06CTByeT npe.nBapHTeJlbHOMY OKHCJIeHIIIO Me-

TaJIJla, qTO CHHiKaeT OTpaiKaTeJlbHbIe CBOHCTBa nOBepXHO-
CTH. KpoMe TOro, npII HaJlIIqIIH KHCJlOpo.na MeTaJIJI BOCnJla-

MeHHeTCH, II ropeHHe ero YCIIJlIIBaeT TepMHqeCKOe .neHCTBIIe
JlI!-3epHoro Jlyqa. HaKOHell., C1'PYH CiKaToro KHCJlOpO.na c.ny-
B.aeT II YHOCHT paCnJlaB H3 30HbI pe3a. B pe3YJlbTaTe no-

JlyqaeTCH KaqeCTBeHHbIH pe3 Ha 3HaqHTeJIbHO OOJlblllYlO, He 
}!{.eJlII npII OTCYTCTBIIH no.n.nYBa, rJlYOIIHY.

. C nOMOllLblO MOllLHbIX CO2-Jla3epOB peiKYT MHrKIIe CTa.

JlH TOJlllLIIHOH .nO 10 MM, JlempOBaHHbIe H HepiKaBeIOll1.He-
.no 6 MM, HHKeJIeBbIe CnJlaBbI - .no 5 MM, TaHTaJl H HHO.

OIIH - OT 1,5 .no 3 MM. CKOpOCTb pe3KH 4-7 CM/C .nJlH
MeTaJIJlOB TOJIllLlIHOH 0,8 MM 11 4-12 MM/C npH TOJlll1.HHe
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HX 10 MM. llIHpHHa pa3pe3a 06bIIJHO 0,5-0,6 MM. ECJIIf

HY}KHO, IJT06bI pe3 6bIJI TOHblIIe (HanpHMep, npH pe3Ke
TOHKHX JIHCTOB 6e3 nO.n;.aYBa ra30M), IICnOJIb3YIOT JIa3epbI,

JIYIJ KOTOpbIX 1)J0KYCHpyeTcSI B nSITHO pa3MepaMII MeHbllle

pe3a.

fa30JIa3epHaSI pe3Ka u:eJIeC006pa3Ha .aJISI 06pa60TKH .a0-

pOfHX MeTaJIJIOB H CnJIaBOB, nOCKOJIbKY OHa «.aaeT» caMbIii

Y3KHii: pa3pe3 H3 CYllLeCTBYIOllLHX npOMbIlIIJIeHHbIX MeTo.n;OB,
a CJIe.n;OBaTeJIbHO, H MIIHHMaJIbHbIe OTXO.n;bI .aoporOCTOSIllLIIX
MaTepHaJIOB.

YcnelllHO npHMeHSIeTCSI ra30JIa3epHaSI pe3Ka H B C T e-

K 0 JI b H 0 ii: n p 0 M bY 1II JI e H HOC T H, .aJISI pa60TbI co CTeK-

JISIHHbIMH TPy6aMH, CTeKJIOnpol)JHJIHTOM COCy.aOB. Hanplf-
Mep, BHeJIpeHa B npOH3Bo.n;CTBO OTeIJeCTBeHHaSI TCXHOJIOrH-

IJeCKaSI YCTaHOBKa JIJISI pe3KH CTeKJIOnpol)JHJIHTa Ha .n;BYX
CO2-JIa3epaX JIf-17. DpH MOllLHOCTH H3JIYIJeHHSI 25 BT

CKOpOCTb pe3KH 3,5 M/MHH. 3KCnJIyaTaU:HSI YCTaHOBKR n03-

BOJIHJIa CHH3HTb 6paK B CpeJIHeM Ha 10%.

JIa3epHaSI pe3Ka HalllJIa ce6e MeCTO If B JI e r K 0 ii: n p o-

M bI III JI e H HOC T H .n;JISI paCKpoSI TKaHeii:, pe3KH 6YManl,
KapTOHa. B COBeTCKOM CoI03e pa3pa60TaH ra30JIa3epHbIH

paCKpOeIJHbIii: CTaHOK, KOTOpbIii: CYllLeCTBeHHO ynpOCTHJI one-

paU:HIO paCKpoSI, YJIYIJlIIHJI ero KaIJeCTBO, 3HaIJRTeJIbHO

YMeHLlIIHJI OTXO.n;bI. HapSIJIY C 3THM nOBbICHJIaCb rHfHeH3

npOH3Bo.n;CTBa, oc06eHHO npH paCI{poe CIIHTeTHIJecKiIX Ma-

TepHaJIOB H CTeKJIOTKaIHf, KpOMKa cpe3a nOJIYflaeTCSI 60JIee

pOBHOii: H K TOMY }Ke nOBbIllleHHOH npOIJHOCTH (H3-3a on-

JIaBJIeHHSI M8TepHaJIa).
ABTOMaTUIJeCKHe JIa3epHbIe «3aKpOHllLHKH>I', cHa6}KeH-

HUe KOMnaKTHoii: 3BM, BblKpOSIT no 3a.n;aHHoii: nporpaMMe
caMble CJIO}KHbIe l)JacoHbI C npoH3Bo.n;HTeJIbHOCTblO 20 KO-

CTIOMOB B flac H 60JIee npH OnTUMaJIbHOM HCnOJIb30BaHlIII

TKaHH. Dpe.anOJIaraeTCSI, liTO TaKO" cnoc06 pacKpoSI CHH-

3RT ce6eCTOHMOCTb H3rOTOBJIeHIISI o.n;e}K.n;bI He MeHee IJeM

Ha 25%.
OnbITHaSI JIa3CpHaSI YCTaHoBKa C nporpaMMHbIM ynpaB-

JIeHHeM BHeJIpeHa Ha neHHHrpaJICKOM IIIBeii:HOM 06ne.n;HHe-
HHH HM. BOJIo.aapcKoro. OHa paCKpaHBaeT TeKCTHJIb co

CKpOCTbIO 20 M/MHH npH TOliHOCTH 06pa60TKH +2 MM.

O}KH.aaeMbIH ro.aOBOH 3KOHOMH9CCKHH 31)JI)JeKT MO>KeT co-

CTaBIfTb 670 TbiC. Py6. B nepCneKTIfBe npe.n;nOJIaraeTCSI
C03.n;aTb ellHHbIH u:eHTp pacKpoSI MaTepHaJIOB, KOTOpbIii: 6y-
.neT 06CJIY}KHBaTb rpynny IllBeiiHbIX npeJInpHSITHH.
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Oc060 CJIeJIyeT OCTaHOBHTbCSI Ha npHMeHeHHH BbICOKO.
TO'lHOH JIa3epHoii: pe3KH, cKpaH6HpoBaHHSI, B 9 JI e K T po H"

H 0 ii: n p 0 M bI III JI e H HOC T H npH npOH3BOJICTBe nOJIynpo..
BOJIHHKOBbIX npH60pOB H HHTerpaJIbHbIX cxeM.

113roToBJIeHHe nOJIynpOBo.n;HHKOBbIX npH60pOB H noJI,"

JIO}KeK HHTerpaJIbHbIX cxeM Ha'lHHaeTCSI C CHHTe3a nony..

npOBo.n;HHKOBbIX nJIaCTHH. 3aTeM nJIaCTHHbI pa3pe3alOT

(cKpaii6HpOBaHHeM) Ha 3arOTOBKH Tpe6yeMoii KOHI)JHrypa..
U:HH H pa3MepOB. .LL0 HeJI,aBHerO BpeMeHH 9Ta onepaU:HSI BbI"

nOJIHSIJIaCb B OCHOBHOM C nOMOllLblO aJIMa3HbIX pe3U:OB-

cKpaii:6epOB. HeCMOTpSI Ha «XHTpbIii» MeXaHliIJeCKHii: npH"
BOJI" Bce-TaKH TPYJIHO nOJIYIJHTb cpa3Y rJIy60KHe Ha.n;pe3bI.

KpoMe TOro, KpaSI pHCOK HeJI,OCTaTOIJHO pOBHbI, B M8TepHa-

ne 06pa3YlOTCSI MHKpOTpellLHHbI, a .n;aBJIeHHe pe3u:a na .ne-

TaJIb HHOrJIa npHBo.n;HT K nOJIOMKe ee.

Y JIa3epHOro cKpaii6epa MHO}KeCTBO npeHMYll\eCTB no

cpaBHeHHIO C aJIMa3HbIM. BJIarOJI,apSI 6eCKOHTaKTHOCTH B

nJIaCTHHe He B03HHKaIOT MeXaHHIJeCKHe HanpSI}KeHHSJ, 3Ha-

'lHT neT npH'lHn .n;nSI 06pa30BaHHSJ TpellLHH H CKOJIOB. Kpo-
Me Toro, JIYfl JIa3epa cnoc06eH .n;eJIaTb He TOJIbKO rJIy60-
KHe Ha.n;pe3bI (50 MKM H 60JIee), HO H pe3aTb nJIaCTHHbI na

BCIO TOJIllLHHY. 3TO B 3Ha'lHTeJIbHoii: CTeneHH oOJIerIJaer

(HJIH Bo06llLe ynpa3.n;HSIeT) onepaU:HIO pa3JIOMa nJIaCTHHbI

na OTlleJIbHbIe 3JIeMeHTbI, KOTopaSJ 06bIIJHO CHH}KaeT npo-
u:eHT BbIxo.n;a ro.n;HbIX JI,eTaJIeii. JIa3epHblii pa3pe3 (HJIH

pa3JIOM) Bcer.n;a BbICOKoro KaIJeCTBa He3aBHCHMO OT COOT-

nOIlleHHSI pa3MepOB e.n;HHHIJHbIX KpHCTaJIJIOB H TOJIlllHHbI

nJIaCTHHbI. JIa3epHOMY cKpaii:6HpoBaHHIO nOJI,JI,aIOTCSJ nJIa"

CTHHbI H3 JII060ro nonynpOBOJI,HHKOBoro MaTepHaJIa (KpeM-
HHSI, repMaHHSJ, apceHH.n;a raJIJIHSI), a IllHpHHa pe3a (Ka-
HaBKH) npHMepHO B 10 pa3 MeHbIlle. Pa3Mep .n;el)JeKTHoii
30HbI He npeBbIIllaeT 50 MKM, n09ToMY cxeMbI Ha no.n;JIO}K-

Ke MO}KHO pacnOJIaraTb 60JIee TeCHO, 'ITO 3KOHOMHT JI,OpO-
rocToSJlllHH nOJIynpOBOJI,HHKOBbIH MaTepHaJI.

DpH IllHpOKHX MacIllTa6ax npOH3BOJI,CTBa nOJIynpoBo.n-
HHKOBbIX npH60poB H HHTerpaJIbHbIX MHKpocxeM OIJenb u:en..

HO H TO, 'ITO JIa3epHbIii: npH60p, nOMHMO npoflHx npeHMY"

llLecTB, ropa3.n;0 npOH3BOJI,HTeJIbHee (B 4-8 pa31 H .n;eIlleB-

JIe CBoero aJIMa3HOro c06paTa.
113 Bcex pa3pa6oTaHHblx B HaCTOSIllLee BpeMSJ JIa3epOB

llJISI cKpaii6HpoBaHHSI HaH60JIee u:eJIeC006pa3Ho HCnOJIb30-

BaTb OKr c aKTHBHblM 3JIeMeHTOM H3 aJIIOMOHTTpHeBoro

rpaHaTa, pa60TaIOlllHH B pe}KHMe MO.n;YJIHpOBaHHoii .n06.
POTHOCT". IhJIY'IeHHe TaKIiX OKr .n;OCT8TOIJHO XOpOIllO no..
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'rJIOIl.taeTCH rrpaKTH'IeCKH BCeMH rrOJIy:rrpOBOLI.HHKOBbIMH Ma 

TepHaJIaMH, a BbICOKaH 'IaCTOTa CJIeLI.OBaHHH HMrrYJIbCOB 06 

YCJIOBJIHBaeT BbICOKHe CKOpOCTH HaHeceHHH prrCOK.
B CiliA pa3pa60TaHo JIa3epHOe YCTpoikTBO lIJIH an-

TOMaTH'IeCKOrO cKpaH6HpoBaHHH rrOJIyrrpOBoLJ:HHKOBbIX LI.II 
CKOB LJ:HaMeTpOM .lJ.0 75 MM. BJIarOLI.apH TOMY 'ITO HCrrOJIb-

3yeTcH JIa3ep, pa6OTaIOIl.{HH B pe)KHMe MO.lJ.YJIHpOBaHHOH
.lJ.06pOTHOCTH C 'IaCTOTOH CJIeLI.OBaHlIH HMrrYJIbCOB OT 15 LI.O
35 KrU, YCTaHOBKa rr03BOJIHeT BeCTH rrpouecc C BbICOKOll
(LI.O 20 cM/c) CKOpOCTbIO. iliHpHHa KaHa BKH He rrpeBbIIllaeT
25 MKM, rJIy6HHa - 400 MKM.

 JIHCKB03HOH pe3KH rrOJIyrrpOBOLI.HHKOBMX rrO.lJ.JIO)KeK
rOTOBbIX HHTerpaJIbHbIX cxeM B CCCP C03LI.aHa YCTaHoBKa
«K.BaHT-11». OHa rrpHMe'IaTeJIbHa TeM, 'ITO B rrOJIyrrpOBOLI.-
HHKOBbIX rrOLI.JIO)KKax rrOCJIe HX pa3LI.eJIeHHH coxpaHHeTCH
oplIeHTauHH KpHCTaJIJIOB. 3TO crroc06cTByeT aBTOMaTH3a-

UHII Bcero rrpOH3BOLI.CTBeHHoro rrpouecca H rJIaBHbIM 06pa-
30M C60PO'IHbIX orrepaUHll.

B «K.BaHTe-11» JIa3ep Ha aJIIOMOHTTpHeBOM rpaHaTe pa-
60TaeT B pe)KHMe CB060LI.HOll reHcpaUHH co CpCLI.HCH MOIl.{-
HOCTbIO H3JIY'ICHHH 20 BT H 'IaCTOTaMH rroBTopeHHH HM-

rrYJIbCOB 12,5; 25; 50, 100 fu. I1pH Bblpc3aHIIH CKOH B
CIITaJIJIOBbIX rrOLI.JIO)KKaX MHoroKpHCTaJIJIbHbIX 60JIbIlIHX HH-

TCrpaJIbHbIX CXCM 3Ta YCTaHoBKa rrOBbIIllaCT rrpmI3BonlI-
TeJIbHOCTb rrpouccca B 2-3 pa3a rro cpaBHCHHIO C YJIbTpa-
3BYKOBbIM MCTOnOM.

3HepreTH'ICCKHe rrapaMcTpbI YCTaHoBKH «K.BaHT-l1» rr03-
BOJIHIOT rrpHMeHHTb ce LI.JIH pC3KII CHTaJIJIa TOJIlUHHOH no
0,5 MM, MCTaJIJIH'ICCKOll  OJIbrH, Hapc3KH pC3HCTOpOB C

XpOMOBbIM rrOKpbITHCM, CBepJICHHH oTBepcTHH B rroJIynpo-
BOLI.HHKax II  (JJIbre. cI>YHKuHOHaJIbHble Y3JIbI YCTaHOBI<H
MorYT 6bITb IICrrOJIb30BaHbI LI.JIH KOMrrJICKTOBaHHH YCTaHO-
BOK pa3JIH'IHOrO UeJICBOrO Ha3Ha'ICHlIH.

TepMOpaCKaJIbIBaHHe CTeKJIHHHblX TPy6oK. B OTC'ICCT-
BeHHoH H 3apy6c)KHOH rrpaKTHKe IllHpOKO IICrrOJIb3ycTCH
pC3Ka CTeKJIa C031I.aHHCM B HeM TepMOHarrpH)KeIIHll. 3aro-
TOBKY HarpCBaIOT Ta K, 'ITO TeMrrepaTYPHbIH neperraLI. no
BCCH LI.JIHHC paCKaJIbIBaHHH rrpeBblIlIaeT rropor TepMocToH-
KOCTH. I1paKTH'IeCKII IICrrOJIb3ycTCH KOM6HHalUIH «HarpeB--
OXJIa)KLI.CHHe» C rrOCJIeLI.YIOIl.{HM MCXaHH'IeCKIiM pa3pYIlleHH-
eM CTCKJIa.

OLI.HaKO npH HaJIlI'IHH 06bI'IHbIX HCTO'IHHKOB TCrrJIa B03-
HIIKaIOT onpeLI.eJICHHble TPYLI.HOCTi1. Oml 06"bHCHHIOTCSI HHep-
UHOHHOCTbIO HarpeBaTeJIbHOro YCTPOllCTBa, CJlOlKIIOCTbIO
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JIOKaJIH3auHH MeCTa HarpcBa. l(a'IeCTBO pe3a TO)Ke OCTaB 
JIHCT )KCJIaTb JIY'IIllero: KpaH H306I:1JIYIOT MHKpOTpclUHHa-
MH, HeBblCOKH TO'IHOCTb pa3pc3aHHH, Ha.lJ.e)KHOCTb H nOBTO-

pHeMocTb rrpouccca.

Ka}!{eTCH 3aMaH'IHBbIM IICrrOJIb30BaTb LI.JlH pe3KH CTCK-

JIa JIa3CpHOe H3JIY'ICHHC. BC.lJ.b 3HcprHH cro HapacTaer

MrHoBcHHO, II JIY'I JIerKO MO)KHO CKOHUCHTpHpOB3Tb B O'ICHb

Y3KYIO rrOJIOCKY HJIH rrHTHO 'IpC3BbI'IallHO MaJIOrO LI.I1aMeT-

pa. Ho BMCCTe C rCM LI.O HCLI.aBllcro BpCMeHH rrpHMeHHTb
OKf LI.JIH 3TOll ueJIH 6bIJI0 HeB03MO)KHO.  CJIO B TOM,

'ITO LI.JIH H3JIY'ICHHH CYlll,eCTBOBaBIllHX TOrLI.a OKr CTCKJIO
6bIJIO a6COJIIOTHO rrp03pa'IHbIM, JIY'I CB060LI.HO rrpOXO.lJ.lIJI 'Ie-

pe3 CTCKJIO, He HarpeBaH cro. 11 TOJIbKO C rrOHBJICHfleM JIa 

3epOB Ha yrJICKIICJIOM ra3C Me'ITa TCXHOJIOrOB CTaJIa pe 
aJIbHOCTbIO.

 JIHHaBOJIHM JIa3epa Ha CO2
- 10,6 MKM.  JIHTaKO-

ro H3JIY'ICHHH rJIaBHble rpyrrrrbI rrpOMbIIlIJICHHbIX CTeKOJI HC 

rrp03pa'IHbI. I1pH HX 06JIY'IeHHH rrpaKTH'IeCKH BCH 3HcprHH
(3a HCKJIIO'ICHHeM HH'ITOX{HOll LI.OJIH, OTpa)KaCMOll HapY)K 
HOll rroBepxHocTbIO) rrorJIOIl.{aeTCH H BbI.aCJIHeTCH B O'ICHb

TOHKOM, rrOpHLI.Ka LI.JIHHbJ BOJIHbI, rrpHrroBcpxHOCTHOM CJIoe.
B03HHKaIOT JIOKaJIbHMe TCpMH'ICCKHC HarrpH)KCHHH, 'ITO

crroc06cTBYCT pa3BHTHIO TpelUHH B 3a.aaHHOM HarrpaBJICHlIH.
CTCKJIO pa3LI.CJIHCTCH rro TpacKTopHH LI.BH)KeHHH JIY'Ia.

I1pH pe3Kc CTCKJIHHHbIX Tpy60K HX 3a)KHMaIOT BO Bpa 
lUaIOIlUIHcH rraTpOH. 3aTeM Ha rroBepxHocTb  OKYCIIPYIOTC
rrOMOIl.{bIO JIHH3 1I3 rcpMaHHH HJIII CCpHHcToro uHHKa JIyq
JIa3cpa. I(aX{LI.aH TO'IKa rroBcpxHOCTH B.aOJIb JIHHHH 06pa-
50TKH HarpeBaeTcH LI.O TCMrrepaTypbl, onpeLI.eJIHCMOH rrJIOT 
HOCTbIO 3HeprIIlI, CI<OpOCTbIO rrCpeMeIl.{eHHH JIY'Ia H CBOHCT 
BaMH CTeKJIa. 113-3a OTHOCHTeJIbHO MaJIOH TerrJIOrrpOBOLI.HO 
CTII rrpH YXOLI.c JIY'Ia CTeKJIO HC ycrreBaeT rrOJIHOCTbIO OXJIa 

LI.HTbCH LI.O ero rroBTopHoro B03.aCHCTBHH rrpH rrOCJIe.aYIOlUlf '(

060poTax. HarpcB CKa'IK006pa3Ho rroBTopHeTcH LI.O Tex rrop.
rrOKa rreperraLI. TeMrrepaTypM BLI.OJIb BceH JIHHHII 06pa60TKII
ffe .aOCTHfHeT rrpCLI.eJIa TepMocTollKOCTH. TYT-TO H rrpOllc-
XOLI.IIT TcpMOpaCKaJIbIBaHlle rro HaMe'IeHHoMY JIa3epHbIM JIY 
'lOM KOJIbueBOMY KOHTYPY.

3KcrreplIMeHTaJIbHO YCTaHOBJIeHO, 'ITO lI.JIH Ka'IeCTBeH-
HOH pe3KH 6e3 BbIKpOllIlIBaHIIH II 3aMeTHbIX HCpOBHOCTcii
KpaeB cpe3a LI.IIaMeTp JIyqa Ha nOBcpXHOCTII CTeKJIHHHOH
Tpy6KII LI.OJI)KeH rrplIMepHO paBHHTbCH TOJIlUHHe ee CTeHKH.

HaHJJY'IIIIlIe PC3YJIbTaTbI nOJIyqaIOT, Kor.aa JIyq IIMCeT  op 
MY KOJIbu,a, HeCKOJIbKO BMTHHYToro B HanpaBJJeHIIH pe3KH.
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CeopKO

OnnIMaJIbHa5I clJopMa HMnYJIbCa npH CBapKe - Tpa-
neU:HeH.n;aJIbHaH HJIH TpeyrOJIbHa5I, C OTHOCHTeJIbHO KPYTbIM

nepe.n;HHM H nOJIOrHM 3a.n;HHM clJPOHTOM. B HaqaJIbHbIH ne-

pHO.n; .n;eHCTBH5I HMnYJIbCa npOnJIaBJI5IeTC5I OCHOBHa5I qaCTb

MaTepHaJIa, KaK npaBHJIO, B pe}!{HMe rJIy60Koro npOnJIaB 
JIeHH5I. Bo BpeMH Me.n;JIeHHorO cna.n;a HHTeHCHBHOCT<I H3JIY-
qeHlI5I }!{H.n;KaH clJa3a B 30He B3aHMO.n;eiicTBH5I YBeJIHqHBa 
eTC5I. )KH.n;KHH MeTaJIJI He BbI6paCbIBaeTC5I cTpyeH napa,
KaK npH npOlllHBKe OTBepCTHH, a nOCTeneHHO 3anOJIH5IeT

CBapOqHYIO BaHHY. K MOMeHTY 3aTBep.n;eBaHH5I MaTepHaJId
yrJIy6JIeHHe, 06pa30BaBllleeC5I B HaqaJIbHbIH nepHO.n; Bpe-
MeHH, nOJIHOCTblO JIHKBH.n;HpyeTCH.

XapaKTepHa5I oc06eHHOCTb JIa3epHOH CBapKH - HeMe-

XaHHqeCKa5I nepe.n;aqa .3HeprHH B 30HY CBapKH. I1HbIMH CJIO-

BaMH, HeT MeXaHHqeCKHX KOHTaKTOB co CBapHBaeMbIMH
.n;eTaJI5IMH, a CTaJIO 6bITb, HeT II HX .n;eclJopMaU:HH. I1CKJIIO-
qaeTCH JI106a5I B03MO}!{HOCTb nOfIa.n;aHH5I nOCTopOHHHX Be-

IlI,eCTB Ha .n;eTaJIH, qTO 6bIBaeT npH .3JIeKTpOKOHTaKTHOH, ap-
rOHHo.n;yroBoH, nJIa3MeHHOH CBapKe H T. .n;. DO.3TOMY JIa3ep-
Ha5I TOqeqHa5I CBapKa oc060 u:eHHTCH npB H3rOTOBneHHH

!:weKTpOBaKYYMHbIX npH60pOB.
BeCbMa Ba}!{Ha npHCYIlI,a5I JIHlllb JIa3epHOH CBepKe cno-

C06HOCTb no.n;Bo.n;HTb .3HeprHIO B Tpy.n;Ho.n;ocTynHbIe MeCTa

qepe3 JII06ylO 3aIlI,HTHYIO cpe.n;y, nponYCKalOIlI,YIO CBeT, Do-
5IBJIHeTC5I B03MO}!{HOCTb cBapHBaTb .n;eTaJIH B }!{H.n;KIIX H ra-

30BbIX cpe.n;ax, KOHTaKTHpYIOIlI,HX C nOBepxHocTblO CBapOq-
HOH BaHHbI B TeqeHHe Bcero npou:ecca. 3TO n03BOJIHeT yn 

paBJIHTb HM B HY}!{HOM HanpaBJIeHHH. MO}!{HO npoBo.n;H rb

cBapKY B 3aMKHYTbIX 06"beMaX C np03paqHbIMH 060JWqKa-
MH. HanpHMep, npHcoe.n;HHHTb B JIaMne oTopBaBUmik5I 01'

.3JIeKTpo.n;a npoBo.n;HHK. DpHqeM JIa3epHa5I cBapKa .n;aeT
coe.n;HHeHHH BbICOKOH Ha.n;e}!{HOCTH, npOqHOCTH H .n;OJIrOBeq.;

HOCTH.

.LLJIH TOqeqHOH cBapKH pa3JIHqHbIK MeTaJIJIOB B .3JIeKTpo 
BaKyYMHbIX npH60pax C03.n;aHa H umpoKo npHMeHHeTcH
YCTaHoBKa «KBaHT-IO». 31'0 CBapOqHbIH annapaT, B KOTO-

pOM CMOHTHpOBaHbI H3JIyqaTeJIb, OnTHqeCKa5I CHCTeMa, CH 

CTeMa OXJIa}!{.n;eHH5I, B03.n;YXOHafHeTaTeJIbHOe YCTPOHCTBO.
nHTaHHe. KpoMe TOro, HMeeTC5I CHCTeMa ynpaBJIeHHH H

OJIOK H3MepeHHH 3HeprHH. B H3JIyqaTeJIe HCnOJIb3yeTC5I

CTep}!{eHb H3 CTeKJIa C Heo.n;HMoM; .3HeprH5I H3JIyqeHHH
-

AO 30 .LL}!{.
B npou:ecce cBapKH HeJIb3H H3MeH5ITb 3HaqeHHe KaKoro 

JIHOO napaMeTpa. DO.3TOMY OqeHb OTBeTCTBeHHbI BbIOOp pe-
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B HaCT05IIlI,ee BpeM5I OTpaOOTaHbI H peKOMeH.n;OBaHbI K

nCnOJIb30BaHHIO B npOMbIlllJIeHHOM MaclllTa6e npou:eccbI:

pe3Ka TepMOpaCKaJIbIBaHHeM CTeKJI5IHHbIX 3arOTOBOK .n;JI5I

TepMOMeTpOB H3 CTeKJIa 360 C HapY}!{HbIM .n;HaMeTpoM TPY-
OOK 20 MM H TOJIW,HHOH CTeHKH I MM; 06pe3Ka BbIJIYBHbIX

CTeKJIOH3.n;eJIHH H3 CTeKJIa C-90 .n;HaMeTpoM JIO 80 MM (TOJI 
IlI,HHa CTeHOK - 1,5-2 MM); pe3Ka Tpy6 H3 CTeKJIa DHpeKc
JIHaMeTpoM .n;o 30 MM, Tpy6 H3 TepMocToHKoro CTeKJIa .n;Ha..

MeTpoM 60 MM (TOJIIlI,HHa CTeHKH .n;o 5 MM) H JIp.
.LLJI5I pe3KH CTeKJI5IHHbIX Tpy60K OTeqeCTBeHHoH npo.;

MbIlllJIeHHOCTblO cepHHHo BbmYCKaeTC5I YCTaHOBKa «KpH-
cTaJIJI-IA». B HeH HCnOJIb3yeTC5I OnTHqeCKHH: KBaHTOBbIH re-

HepaTop Ha yrJIeKHCJIOM ra3e C MOIlI,HOCTblO H3JIYQeHHH
25-40 BT. Ha YCTaHoBKe MO}!{HO pe3aTb TPy6KH .lI.HaMeT-

pOM 5-60 MM npH TOJIIlI,HHe CTeHOK 0,5-2 MM. TOQHOCTb

pe3KH 0,1 MM C nepneH.n;HKYJI5IpHOCTblO pe3a He xy}!{e

0,1 MM. Tpy6Ka H3 CTeKJIa C-87-1 pa3pe3aercH 3a 2-4 c,
H3 CTeKJIa C-49-2 - 3a 5-20 c.

JIa3epH3H cBapKa cero.n;H5I - TaKOH }!{e oTpaooTaHHbIH
TeXHOJIOrnQeCKHH npou:ecc, KaK II pa3MepHaH 06pa60TK8.

npe}!{.lI.e JIa3epbI HCnOJIb30BaJIHCb B OCHOBHOM JIJI5I TO-

QeQHOH MHKpOCBapKH. C n05IBJIeHHeM MOIlI,HbIX ra30BbIX JIa-

3epOB Ha CO2 HenpepblBHoro H3JIYQeHH5I H TBep.n;OTeJIbHbIX
OKr Ha rpaHaTe, pa60Ta10IlI,HX B HMnYJIbCHOM pe}!{HMe C

60JIblllOH QaCTOTOH CJIellOBaHH5I HMnYJIbCOB, ycnelllHo 3a-

peKOMeHllOBaJI8 ceOH H 1ll0BHa5I CBapKa.
.LLJI5I CBapKH npHrO.ll.HbI nJIOTHOCTH nOTOKOB H3JIYQeHHH

105-106 BT/CM2 (npH .lI.JIHTeJIbHOCTH HMnYJIbCOB B HeCI{pJIb-

KO MHJIJIHCeKYH.lI.). TenJIo nepe.ll.aeTC5I B rJIy6HHY cBapHBae-
MbIX MaTepHaJIOB 3a CQeT TenJIOnpoBo.n;HOCTH. Kor.n;a Tpe-
oyeTC5I rJIy60Koe npOnJIaBJIeHHe, nOTOKH .lI.OJI}!{HbI 6bITb He-

CKOJIbKO OOJIbllleH nJIOTHOCTH MOW,HOCTH. Dpou:ecc conpO-
BO}!{.lI.aeTC5I HcnapeHHeM II BpeMeHHbIM 06pa30BaHHeM OT-

BepCTH5I B CBapOQHOH BaHHe. Do OKOHQaHHH .lI.eHcTBHH HM 

nYJIbCa OHO 3aJIHBaeTC5I paCnJIaBOM H3 nepHclJepHHHoH 30-

HbI CBeTOBoro nHTHa, r.ne HcnapeHH5I He ObIJIO.

113BecTHbI pa3JIHQHbIe cnoco6bI na3epHOH: cBapKH. IlIH-

pOKHH .3HepreTHQeCKHH .lI.Hana30H OKr n03BOJI5IeT BbI6paTb
TaKOH cnoeoo, KOTOpbIH HaH60JIee COOTBeTcTByeT CBOHCT-
BaM cBapHBaeMbIx MarepHaJIOB H xapaKTepy eoe.ll.HHeHH5I 
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>IUlMa CBapKH, HCCJIe.lI.OBaHHSI ero nOBTopSleMOCTH H  OpMH 

pOBaHHSI CBapHoro coe.lI.HHeHHSI. BocnpOH3BO!\HMOCTb pe>KH 

MOB B nepBYID OlJepe.n.b 3aBHCHT OT HaCTpOHKH ycraHoBKH,

lJeTKOii H nOBTQPSleMOH IDCTHpOBKH pe30HaTopa H OnTHlJe 

CKOH CHCTeMbI, cTa6HJIbHOCTH pa60TbI 6JIOK0,!3 3JIeKTponH-

TaHHSI. «KBaHT-I0» rapaHTHpyeT CTa6H.ilbHbIH pe>KHM pa-
60TW: pa36poc 3HeprHH JIa3epHOro H3JIYlJeHHSI He npeBW-

IIIaeT 8-10%. C nOMOIII.bID 06pe3alOIII.HX .lI.Ha parM Me>K-

.lI.Y aKTHBHbIM 3JIeMeHTOM H TeJIeCKonHlJeCKOH c cTeMoH
MO>KHO H3MeHSlTb MaKCHMaJIbHYIO BeJIHlJHHY 3HepmH H no.

JIYlJaTb pa3JIHlJHble 3HepreTHlJeCKHe xapaKTepHcTHKH. DpH
He06xo.lI.HMOCTH BapHTb O.lI.HOBpeMeHHo B .lI.BYX TOlJKaX, pac-
nOJIO>KeHHbIX Ha He60JIbIIIOM paccToSlHHH .lI.pyr OT .lI.pyra, B

OnTHlJeCKHH KaHaJI JIa3epHOro JIYlJa MQ>KHO BBeCTH npH3MY.
OHa paCIII.enJISleT nYlJ Ha .lI.Ba, H.lI.YIII.HX no.lI. He60JIbIIIHM

yrJIOM .lI.Pyr K .lI.pyry. DocJIe 06'beKTHBa 06a JIYlJa  OKYCH-

PYIOTCSI B  OKaJIbHOH nJIOCKOCTH B BH.lI.e .lI.BYX CBeTOBbIX

nSlTeH.

C nOMOIII.bID «KBaHTa-lO» OCYIII.eCTBJISlIOT C60pKY-CBap-

KY KaTO.lI.HbIX Y3JIOB 3JIeKTpOBaKYYMHbIX npH60pOB, MeT8JI-

JIOKepaMHlJeCKHX Y3JIOB H .lI.p. CBapKOH BCTbIK HJIH BHa-

XJIeCT COe.lI.HHSlIDTCSI B pa3JIHlJHbIX KOM6HHal.{HSlX BOJIb paM,

KOBap, HHKeJIb, MOJIH6.lI.eH, l.{HpKOHHH, Hep>KaBelOIII.aSl CTaJIb.

1ll0BHaSl CBapKa 3THM MeTO.lI.OM npHHl.{HnHaJIbHO B03-

MO>KHa, HO npHMeHeHHe JIa3epOB .lI.0 He.lI.aBHerO BpeMeHH
Bce >Ke 6bIJIO 3KOHOMHlJeCKH onpaB.lI.aHO B OCHOBHOM Ha

Onepal.{HSlX TOlJelJHOH CBapKH. OTHOCHTeJIbHO HeBbICOKaSl lJa-

CTOTa HMnYJIbCOB JIa3epOB Ha CTeKJIe C HeO.lI.HMOM H Ha PY-
6HHe He n03BOJISlJIa 3  eKTHBHOHCnOJIb30BaTb cnoco6 .lI.JISI

nOJIYlJeHHSI npOTSI>KeHHbIX IIIBOB. DOSlBHJIHCb JIa3epbI Ha

aJIIDMOHTTpHeBOM rpaHaTe, npHMepHo Ha nOpSl.lI.OK B03pOC-
JIa lJaCTOTa CJIe.n.OBaHHSI HMnYJIbCOB H Cpe.lI.HSISI MOIII.HOCTb

H3JIYlJeHHSI. TOr.lI.a-TO H 6bIJIH c03.lI.aHbI YCTaHOBKH .lI.JISI IIIOB-

HOH JIa3epHOH cBapKH, npHMeHHMble B npOMbIIIIJIeHHocTH.
CnJIOIIIHOH IIIOB npH HMnYJIbCHOH JIa3epHOH cBapKe  op-

MHpyeTcSI HaJIO>KeHHeM cBapHblx TOlJeK .lI.Pyr Ha .lI.Pyra C

HeKOTopbIM cMeIII.eHHeM.
B HaCTOSlIII.ee BpeMSI OCBoeH cepHHHWH BbmYCK YCTa-

HOBOK «KBaHT-12». OHH .lI.alOT npOlJHble H nJIOTHble CBap-
Hble COe.lI.HHeHHSI C IIIHpHHOH IIIBa 0,25-1 MM npH rJIy6HHe
npOnJIaBJIeHHSI .lI.0 0,3 MM co CKOpOCTbID He MeHee 150

MM/MHH. MO>KHO COe.lI.HHSlTb .lI.eTami H3 HHKeJISI, KOBapa,

Hep>KaBelOIII.eH CTaJIH, MeJIbXHOpa, THTaHa Ii .lI.p.
B Ii3JIYlJaTeJIe JIa3epa HCnOJIb30BaH aKTHBHwH 3JIeMeHT
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H3 AI1f. OH  opMHpyeTHMnYJIbCbI C 3HepmeH H3JIYlJeHHH
.lI.0 5 .l!>K. MaKCHMaJIbHaSl lJaCTOTa nOBTopeHHSI

- 20 fl.{.

cpe.lI.HSISI MOIII.HOCTb H3JIYlJeHHSI
- 30 BT, .lI.JIHTeJIbHOCTb

HMnYJIbCa H3MeHSleTCSI cTyneHlJaTO OT 1,5 .lI.0 4 MC. Pacxo-

.lI.HMOCTb H3JIYlJeHHSI npH Cpe.lI.HHx 3HalJeHHSlX 3HeprHH
-

20 Mpa.lI.. HeCTa6HJIbHOCTb 3HepmH JIa3epHOro H3JIYlJeHHSI
He npeBblIIIaeT 5%. Dpli nOMOIII.Ii TeJIeCKOnIilJeCKOH CHCTe-

MbI H 06'beKTHBa H3JIYlJeHHe JIa3epa MO>KeT 6bITb C OKY-
cHpoBaHo B nSlTHO .lI.HaMeTpOM OT 0,25 .lI.0 1,0 MM.

«KBaHT-12» cHa6>KeH HH.lI.HKaTOpOM 3HeprHH H3JIYlJe-
HHSI. C ero nOMOIII.blO H3MepeHHSI MorYT 6bITb npOH3Be.lI.e-
HbI B JI1060H: MQMeHT pa60TbI JIa3epa. B KOHCTPYKl.{Hii YCTa-
HOBKH npe.lI.YCMOTpeHW 60KC C 06eCnWJIeHHOH pa60lJeH 30-

HOH, YCTPOHCTBO .lI.JISI CTpYHHOH 3aIII.HTbi CBapHoro IIIBa

HHepTHbIM ra30M OT OKHCJIeHHSI H npHcnoc06.rleHHe .lI.JISI ne-

peMeIII.eHHSI CBapHBaeMbIX .lI.eTaJIeH: co CKopaCTbID .lI.0 300

MM/MHH.
HaH60JIee 3  eKTHBeH«KBaHT-12» npH repMenf3al.{HH

MeTaJIJIHlJeCKHX KopnycoB HHTerpaJIbHbIX cxeM. 3JIeKTpO.lI.Y-
rOBaSl, MHKpOnJIa3MeHHaSl H KOH.lI.eHCal.{HOHHaSl CBapKa 3a 

lJacTyID nOBpe>K.lI.aIDT 3JIeMeHTbI cxeMbI H CTeKJISlHHbIe H30-

JISlTOpbI BBO.lI.OB H3-3a neperpeBa. OTHOCHTeJIbHO HeBbICO-

KaSl nJIOTHOCTb MOIl{HOCTH Ha nOBepXHOCTH COe.lI.HHSleMbIX

.lI.eTaJIeH He n03BOJISleT nOBWCHTb JIOKaJIbHOCTb HarpeBa H

3aTpY.lI.HSleT TenJIOOTBO.lI.. XOJIO.lI.HaSl CBapKa xopOIIIa .lI.JI5I

repMeTH3al.{HH KpyrJIbIX KopnYCOB, HO OHa MaJIOnpIirO.lI.Ha

npH H3rOTOBJIeHHH HHTerpaJIbHbIX cxeM B npSlMoyrOJIbHbIX

Kopnycax H3-3a HepaBHOMepHOCTH nJIaCTHlJeCKHX .lI.e OpMa-
l.{HH no nepHMeTpy Kopnyca.

.lIpyroH xapaKTepHbIH BH.lI. 6paKa npn repMeTH3al.{HH
YKa3aHHbIMH cnoc06aMH CBapKH

- HapYIIIeH!-:!e BaKYYMHOH:
nJIOTHOCTH IIIBa BCJIe.lI.CTBHe HenpOBapa. BOJIee BbICOKoe Ka-

lJeCTBO no cpaBHeHHID C .lI.pyrHMH .lI.aeT 3JIeKTpOHIIO-JIYlJe-
BaSI CBapKa. O.lI.HaKO OHa nOKa MaJIOnpOH3BO.lI.HTeJIbHa H3-

3a .lI.JIHTeJIbHOH OTKalJKH BaKYYMHbIX KaMep.

BbICOKaSl JIOKaJIbHOCTb HarpeBa npH HMnYJIbCHOH: JIa-

3epHOH: CBapKe n03BOJISleT nOHH3HTb TeMnepaTYPy Han6o-
JIee lJYBcTBHTeJIbHbIX K HarpeBY 3JIeMeHTOB HHTerpaJIbHOH:
cxeMbI npH .lI.OcTaTOlJHOH npOH3BO.lI.HTeJIbHOCTH npol.{ecca
repMeTH3al.{HH. BbIXO.lI. rO.lI.HOrO Ha Onepal.{Hlf repMeTH3a-
l.{HH KopnycoB HHTerpaJIbHbIX cxeM MeTO.lI.OM JIa3epHOH
cBapKH COCTaBJISleT 98%.

O.lI.HH H3 nYTeH nOBbIIIIeHHSI npOH3BO.lI.!iTeJIbHOCT!! IIIOB-

HOH HMUYJIbCHOH: JIa3epHOii cBapKH - C03.lI.aHHC cnel.{uaJIu-
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3HpOB8HHoro 060pYAOB8HHH, 38Tp8IIHBalOIlI,erO MeHbllle Bpe..
MeHH H8 BOnOMOraTeJIbHble onepaU:HH (YCTaHOBKY II CMeHY
AeT8JIeii). Ehoro A06IIJIHCb, OnpelleJIeHHbIM 06pa30M CKOM.

nOHOBaB AeTaJIH CBapOIIHOii MalllHHbI H npHMeHHB K cceT"
Hble, KapyceJIbHble HJIH APyme 3arpY30IIHble YCTpOHCTBa.

DOBbICHTb npOlI3BOAHTeJIbHOCTb npou:ecca repMeTH38"
l{HH KopnYCOB HHTerpaJIbHbIX cxeM MOMHO, IICnOJIb3YH OA.

HOBpeMeHHO HeCKOJIbKO JIYIIeii, lITO H peaJIII30BaHO B cne..

l{HaJIH3HpOBaHHoii ABYXJIYIIeBOii YCTaHOBKe «K.BBHT-17».
B H3JIYIIaTeJIb JIa3ep8 nOMelll.eHbI ABa aKTHBHbIX :,me..

MeHTa H3 rpaHaTa. K.aMllOMY OTBeAeHa OTAeJIbHaH OCBeTH'"
TeJIbHaH KaMepa. OHH YCTaHOBJIeHbI COOCHO B pe30HaTope,
06pa30BaHHOM ABYMH C epHIIeCKIIMH3epKaJIaMH C OAHHa..

KOBbIM K03  HU:HeHTOMnponYCKaHHH. JIa3epHblii H3JIYIIa-
TeJIb C ABYCTOPOHHHM BbIBOAOM H3JIYIIeHHH rapaHTHpyeT
HAeHTHIIHOCTb ero napaMeTpOB B 060HX CJIYIIaHx. Do BbI-

XOAe H3 pe30HaTopa H3JIYQeHHe HanpaBJIHeTCH npH3MaMH
nOJIHOrO BHYTpeHHero OTpa>KeHHH B 061>eKTHBbI. TaM OHO

cJJOKYClIpyeTcH Ha npOTHBOnOJIO>KHble CTOpOHbI repMeTH3H-
PyeMoro Kopnyca HHTerpaJIbHOii cxeMbI.

Y JIa3epa YCTaHOBKH «KBaHT-17» CJIeAYIOlll.lie TeXHliIIe-
cKHe AaHHble: 3HepmH li3JIYIIeHHH B Ka>KAOM JIYIIe - 4 ,[(>K,
AJIHTeJIbHOCTb HMnYJIbCa

- 5 MC, lIaCTOTa CJIeAOBaHliH HM-

nYJIbCOB
- 10 fu:, cYMMapHaH cpeAHHH MOIl.{HOCTb H3JIY 

lJeHHH B ABYX JIYIIax
- 80 BT. OnTHIIeCKaH CHCTeMa n03-

BOJIHeT  OKycHpoBaTb1I3JIYQeHHe JIa3epa B nHTHO C MH-

HIIMaJIbHbIM llHaMeTpoM 0,7 MoM. DpH AHa'MeTpe nHTHa

0,85 MM H K03lplplIU:HeHTe nepeKpbITliH 0,5 cYMMapHaH CKO-

pOCTb CBapKli npH rJIy61IHe mBa 0,1 MM - 500 MM/MliH. DpH
rJIy6HHe lllBa 0,3 MM CKOpOCTb cBapKH AO 350 MM/MHH.

B YCTaHoBKe npeAycMoTpeHo 3arpY30IIHOe YCTpoiicTBO
KacceTHoro THna AmI nepeMelll.eHHH CBapHBaeMbIX Kopny 
COB B ABYX npOTHBOnOJIO>KHbIX HanpaBJIeHHHX co CKOpOCTblO
100-300 MM/MHH H HX aBTOMaTHlJeCKOrO nOBopoTa Ha

90° B KOHu:e npHMoro XOAa KacceTbI. B 3aBHCHMOCTH OT
pa3MepoB B KacceTe MO>KeT 6bITb nOMelll.eHO OT 4 AO 6
KopnYCOB. U,HKJI, cBapKH 2 MHH, lITO npH pa3Mepax HX

CTOpOH 28,5 X 38,5 MM cooTBeTcTByeT npoH3BOAHTeJIbHOCTH
120 KopnycOB B lIac. 3TO B 4-6 pa3 npeBbIlllaeT npOH3-
BOAHTeJIbHOCTb npOMbIlllJIeHHbIX 3JIeKTpOHHO-JIYIIeBbIX YCTa-
HOBOK.

JIa3epH8H HMnYJIbCHaH 1ll0BHaH cBapKa Y>Ke cej.jIIac

91}>t}JeKTHBHoe cpe.zr.CTBO nOBbIllleHHH Ka'leCTBa npO)J.YK!J.HIl

38

H np01I3BOAHTeJIbHOCTli TpYAa npH np01I3BOACTBe H311eJIHH
3JIeKTpOHHOii TexHHKH.

COBpeMeHHble JIa3epbI HenpepbIBHoro AeiicTBliH Ha CO2
H AI1f HCnOJIb3YIOTCH H AJIH CBapKH KpynHora6apHTHbIX
.zr.eTaJIeii, HanpliMep CTaJIbHbIX JIHCTOB TOJIlll.HHOii B He-

CKOJIbKO MlIJIJIIIMeTpOB. TaK, cneU:HaJIHCTaMH aBTOM06HJIb-
Hoii npOMbIlllJIeHHOCTH CIlIA BBeAeHa B OnbITHYIO 9KCnJIya-
Tal{HIO JIHHlIH, Ha KOTOpoii C nOMOlll.blO JIa3epa coeAHHHIOT-
CH OCHOBaHHH KY30BOB. I13JIYIIeHHe CO2-JIa3epa MOlll.HOCTblO
6 KBT, pa3Melll.eHHOrO HaA pa60'lHM CTOJIOM, HanpaBJISleT-
CH CHCTeMoii 3epKaJI Ha o6pa6aTbIBaeMYIO nOBepxHocTb.
3epK8JIa ynpaBJIHIOTCH 3BM B COOTBeTCTBHH C KaH Hry-
paU:Heii cBapliBaeMoro H3AeJIHH. CKOpOCTb rionepeIIHOrO ne-

peMeIl.{eHHH JIYIIa - 3 CM/C, npOAOJIbHOro - 19 CM/C. CH-
CTeMa ynpaBJIeHHH JIYIIOM JIa3epa o6ecneIIIIBaeT nepneHllU"
KYJIHpHOCTb ero no OTHOllleHHIO K 06pa6aTbIBaeMoii nOBepx-
HOCTH. K.OHTPOJIb KalJeCTBa CBapKH aBTOMaTlIlJeCKHH.

TepMoo6pa6oTKO

JIa3epHoe H3JIYlJeHHe 3aBoeBbIBaeT MeCTO H nOA «COJIH-
u:eM» TepMHlJeCKOii o6pa6oTKH MeTaJIJIOB II C JIaBOB._.B 'la...

CTHOCTH, B HHCTpYMeHraJIbHOM npOH3BOJl.CTBe AJIH nOBepx...
HOCTHoro ynpO'lHeHHH AeTaJIeii HMnYJIbCHOii 3aKaJIKoii.

DpH BbICOKOii CKOpOCTH OXJIa>KAeHHH npHnOBepXHOCTHO'"
ro CJIOH, HarpeToro JIa3epHbIM HMnYJIbCOM, MorYT 6bITb ner-
KO Jl.OCTHrHYTbI BeCbMa BbICOKHe 3Ha'leHHH MHKpOTBepAOC'f:f
(AO 1000 Kr/MM2 H 60JIee). 3TO C03AaeT npeAnOCbIJIKH llJIR
CYlll.eCTBeHHoro YBeJIH'leHHH H3HOCOCTOiiKOCTH HHCTpYMeHTa.

TO'lHOCTb  OKYCHPOBKHJIa3epHOro H3JIY'leHHH n03BOJIH-
eT OrpaHH'lHTb ynpO'lHeHHe CTporo KOHKpeTHbIMH YQaCTKa.
MH nOBepXHOCTH B MeCTax, nOABep>KeHHbIX H3HOCY. DPlf-
lIeM HCXOAHaH CTpYKTypa OCHOBROii MaCCbI AeTaJIH CTporo
coxpaHHeTCH. BJIarOAapH 9TOMY BbICOKYIO AHHal\m'leCKYIO
npO'lHOCTb TepMoo6pa60TaHHbIX AeTaJIeii MO>KHO CO'leTaTb
C HX H3HOCOCTOiiKOCTblO. KpoMe TOro, JIOKaJIbHaH 3aK2JIKa
n03BOJIHeT CYll.leCTBeHHO YMeHblllHTb D;e opMaU:HIOAeTaJIeii:
nOCJIe TepMo06pa6oTKH, 3Ha'lHTeJIbHO COKpaTHTb (HJIH nOJI-
HOCTblO HCKJIIO'lHTb) HX  HHHlllHYIO lllJIH OBKY. BecKoR-
TaKTHOCTb HarpeBa D;eJIaeT .zr.OBOJIbHO npOCTOH aBrOMaTlf'"
3aU:HIO TepMoo6pa60TKH no KOHTYPY, yrrpOIl.{aeT TepMoo6...
pa60TKY lleTaJIeH CJIO>KHoii  OpMbIH pacnOJIO>KeHHbIX B
TPYAHO,n:ocTynHblx MeCTax.



fl03ep H 3neMeHTbi

HHTerpOnbHblX CXeM

Ta napaMeTpbl ero Heo6xo.nllMO KaK MO}J{HO TOliHee «no 

.norHaTb» K HOMIiHaJIbHbIM.

TIo.nrOHKa C BbICOKOii TOliHOCTblO HOMIiHaJIOB pe311CTO-

pOB
_ OTBeTCTBeHHeiiIllllii nan nOJIYlIeHllH MllKpocxeM. OT

no.nrOHKll KalleCTBa II npOIl3Bo.nllTeJIbHOCTIi BO MHorOM 3a-

BllCIiT 34>4>eKTllBHOCTb npOIl3Bo.nCTBa Bcero MllKp03JIeKTpOH-

HOro YCTpoiiCTBa.
.D.o CIiX nop Hall60JIee COBepIlleHHbIMlI cnoc06aMlI nolI.-

rOHKlI HOMIiHaJIa nJIeHOllHbIX pe3l1CTOpOB 6bIJIlI a6pa3l1B-

HbIii II ,weKTpOHHO-JIYlIeBOM:. A6pa3l1BHbIii - COIllJIlI4>OBbI-

BaHlie lIaCTlI pe3l1CTlIBHOro CJIOH - .neIlleB II npllMeHHeTCH

.nJIH aBTOMaTlIlieCKoii 06pa60TKlI Ii3.neJIHii KpynHbIx nap-

THii. Ho B npou,ecce pa60TbI lIaCTllu,bI a6pa3l1Ba BbIKpOIllH-

BalOTCH H, oce.naH, 3arpH3HHlOT 113.neJIlle, YXy.nIllaIOT ero

napaMeTpbI. TI03TOMY nOCJIe no.nroHKll npHXOlI.llTCH Tlu,a-

TeJIbHO y.naJIHTb 3TH lIaCTlIu, . 3JIeKTpOHHO-JIYlleBoii cno-

c06 - perYJIHpyeMoe HcnapeHlIe MaTepHaJIa pe3HCTopa
-

XOpOIll CO Bcex TOlieK 3peHHH. 3a HCKJIlOlIeHlleM o.nHoii: .no-

Bo.nKa .nOJI}J{Ha npOHcxo.nHTb B YCJIOBHHX B COKoroBaKYY-

Ma. 3TO y.nopO}J{aeT npH60p, C03.naeT Hey.n06cTBa B pa-

60Te.

JIa3epHbIe MeTo.nbI 06ecnellHBalOT lIpe3BbIlIaM:HO BbICO-

KYIO (.nO 0,01 %) TOliHOCTb no.nrOHKH H OHII CB060.nHbI OT

Ha3BaHHbIX He.nOCTaTKOB, y.n06HbI .nJIH MaCCOBoro npOll3-

Bo.nCTBa II, liTO oc06eHHO Ba}J{HO, JIa3ep MO}J{eT pa60TaTb

y}J{e nOCJIe TOro, KaK .neTaJIb nOMeIll.eHa B repMeTHlieCKlIil
np03pallHbIii Kopnyc. TIoCJIe.nHee 06CTOHTeJIbCTBO - 3aJIOr

TOro, liTO .neTaJIlI B npou,ecce no.nrOHKH He 6y.nYT nOBpe}J{-

.neHbI II coxpaHHT HOMIiHaJIbI npH nOCJIe.nYIOIll.eii repMeTlI-

3au,HH.

.D.JIH no.nrOHKH TOJICTOnJIeHOllHbIX pe3HCTopOB TOJIIll.HHOil

60JIee 1 MKM, nOJIYlleHHbIx Tpa4>apeTHoii neliaTblO H B}J{H-

raHHeM B KepaMHlIecKYIO no.nJIO}J{KY, npHMeHHIOT llMnYJIbC-

HbIe JIa3epbI Ha C02 H TBep.nOTeJIbHbIe JIa3epbI, pa60TalO-'

IlI.lle B pe}J{HMe CBo60.nHOii reHepau,IlH CO cpe.nHeM: MOIll.-

HOCTblO B HeCKOJIbKO BaTT npll .nJIHTeJIbHOCTlI HMnYJIbCa

10-4 C. CKOpOCTb y.naJIeHHH nJIeHKlI - 10-50 MM/C. Pa3-

pa60TaHbI pa3JIHlIHbIe cxeMbI no.nrOHKH. OHH YlilITblBalOT

cBoiicTBa MaTepHaJIa nJIeHKII H KOH4>Hrypau,HIO pe311cTopa.
TOliHOCTH no.nrOHKH .n06HBaIOTcH BapbHpoBaHHeM Ha 

npaBJIeHllll pe3a: nonepellHbIM, npo.nOJIbHbIM, U-06pa3HbIM
If pe30M no .nllarOHaJIH. TIonepellHbIii pe3 cKopoTelleH, HO

He .naeT BbICOKOii TOliHOCTH. TIpO.nOJIbHbIM MO}J{HO nOBbI-

ClITb TOliHOCTb no.nrOHKH. O.nHaKO cnoc06 npHMeHIfM npH

41

Cneu,HaJIbHO .nJIH TepMo06pa60TKH pa3pa60TaHa H 'Bbl-

nYCKaeTCH cepHiiHO YCTaHOBKa «KBaHT-16»; JIa3ep -Ha

CTeKJIe C Heo.nHMOM CO CJIe.nYIOIlI.HMll xapaKTepHCTHKaMll:

J{JIlIHa BOJIHbI H3JIYlIeHlIH
- 1,06 MKM, ,mepmH lI3JIYlIeHHH

B HMnYJIbCe
- .nO 3 .D.}J{, .nJIHTeJIbHOCTb ero - 6-7 MC,

qaCTOTa CJIe.nOBaHIiH
- .no 30 B 1 MHH. OnTliliecKaH Cll-

CTeMa YCTaHoBKlI n03BOJIHeT 4>oKycHpoBaTb lI3JIYlIeHlIe B

CBeTOBoe nHTHO .nllaMeTpOl\1 OT 0,2 .no 0,5 CM. .D.ocTaToll-

HaH nJIOTHOCTb nOTOKa If3JIYlIeHlIH nopH.nKa 104 BT/CM2
.

06pa60TKa npOBo.nllTCH Ha B03.nyxe lIJIIi B aTMoc4>epe

UHepTHoro ra3a, HanpllMep aprOHa. TIpll 06pa60TKe Ha

B03.nyxe nOCJIe nepBoro lIMnYJIbCa 06pa3yeTcH OKM-CHaH

nJIeHKa, KOTopaH YBeJIlIlilIBaeT K034>4>Hu,lIeHT nOrJIOlll.eHlIH

CBeTOBoro 113JIYlIeHlIH. TI03TOMY KpllTlIlieCKaH 3H€prllH

3.neCb HlI}J{e, lIeM npll TepMo06pa60TKe B aprOHe.
B aprOHe npou,ecc OTJIHlIaeT He3HallHTeJIbHOe YMeHbIlle-

HlIe rJIy6l1HbI 3aKaJIeHHOrO CJIOH, BbICOKoe KalleCTBO nOBepx-

HOCTH tI03BOJIHeT nOJIHOCTblO HCKJIlOlilITb 4>HHHIllHYIO IllJIH-

4>OBKY. HCnOJIb3yeTcH 3TOT MeTO.n .nJIH TepMo06pa60TKll Ha-

H60JIee TOliHoro llHCTpYMeHTa. Ho lI3-3a 60JIbIllOro pacxo-

J{a aprOHa H nOBbIIlleHHOll 3Heprllll H3JIYlIeHHH OKf OH 60-

JIee .nopor, lIeM 06pa60TKa Ha B03.nyxe.
B u,eJIOM npaKTlIKa nOKa3aJIa, liTO lICnOJIb30BaHHe JIa-

3epHOll llMnYJIbCHOM: 3aKaJIKll .nJIH ynpolleHllH TeXHOJIOrlllle-

CKoro HHCTpYMeHTa nOBbIIllaeT no cpaBHeHlIlO C TepMo06-
pa60TKOM: .nPyrllMIi cnoc06aMlI .nOJIrOBeliHOCTb ero B 2--5

pa3. CroiiKOCTb, HanpllMep, MlIKpoIllTaMnoB II npecc-tlJ0pM
B03paCTaeT B 2--4 pa3a II .naeT 3HalillTeJIbHbIH 3KOHOMII-

lI€CKlIii 34>4>eKT.

JIorllKa pa3BllTlIH JIa3epHOii TeXHlIKH n03BOmIJIa nO-HO-

 OMYn,?.noiiTH K peIlleHlIlO 3a.nall lI3MeHeHMH reoMeTplilI
H3.nemm MllKp03JIeKTpoHlIKlI. B n pBYIO ollepe.nb no OT-

HOCHTCH K no.nrOHKe nJIeHOllHbIX pe3l1CTOpOB rH6pll.nHbIX HH-

TerpaJIbHbIX cxeM.

CYllI.eCTBYlOllI.lIe B HaCTOHIll.ee BpeMH MeTo.nbI lI3rOTOB-

JI€HlIH pe3HcTopOB rH6pH.nHbIX lIHTerpaJIbHbIX cxeM He ra-

paHTHpYIOT nOJIYlIeHHH lIX HOMHHaJIa C Tpe6yeMoii TOll-

HOCTblO. TI03TOMY nocm;: HaHeceHlIH pe3l1CTHBHOro ,meMeH-
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06pa60TKe TOJIbKO TeX pe3HCTOpOB, COnpOTHBJIeHHe KOTO 

pbIX He3HaIIHTeJIbHO OTJIHIIaeTCSI OT HOMHHaJIa. Pe3bI no

.nHarOHaJIH H U-06pa3HbIe 60JIee YHHBepCaJIbHbI. nO.nrOHK3

.nOCTaTOIIHO TOqHa (I %), B TOM qHCJIe H !J;JISI pe3HCTopOB,
conpOTHBJIeHHe KOTOpbIX 3HaIIHTeJIbHO OTJIHIIaeTCSI OT HO"

MHHaJIa.

06bIqHO B HaIIaJIe npou,ec.ca npOBO!J;SlT rpy6yIO nO!J;rOH"

KY .nBH}KeHHeM JIyqa nonepeK pe3HCTopa; 3aTeM nOBbIIllaIOT

TOqHOCTb, nepeMern:aSl JIYII B!J;OJIb !J;eTaJIH.
OTeIIeCTBeHHaSl npOMbIIIIJIeHHOCTb !J;JISI no.nrOHKH TOJI"'

CTOnJIeHOqHbIX pe3HCTopOB BbmYCKaeT YCTaHOBKH ynp-I If

«KpHCTaJIJI-9». B «KpHCTaJIJIe-9» HCllOJIb3yeTcSI OKf Ha OC-
HOBe aJIIOMOHTTpHeBoro rpaHaTa. 3HeprHSI HMnYJIbCa-
0,02-0,03 .D.}I{, qaCTOTa CJIeAOBaHHSI - 10-100 fl.(, AJIH"'
TeJIbHOCTb - 250-300 MKC. OnTHIIecKaSl CHCTeMa n03BO"
JISleT perYJIHpOBaTb IIIHPHHY pe3a B npeAeJIaX OT 45 AO
100 MKM. TOJIrn:HHa 06pa6aTbIBaeMoro pe3HcTHBHoro CJIOSl-
20-30 MKM. OH nOJIHOCTbIO YAaJISleTCSI B 30He 06paooTKH
oe3 nOBpe}l{AeHHSI nOAJIO}l{KH.

.D.JISI npeu'M3HoHHOH MHKpooopa60TKJI TOHKOnJIeHOIIHbIX
pe3HcTopOB m6pH!J;HbIX HHTerpaJIbHbIX cxeM npllMeHHIOT
YCTa ROBIm ynp-5 H «KpHcTa.nJI-IO». B nOCJIe.nHIOIO BXO"
AHT KBaHTOBbIH reHepaTOp JIfH-21 Ha MOJIeKYJISlpHOM a30-
Te, YCTpoikTBO ABYXKoop.nHHaTHoro cKaHHpoBaHHH JIYIIa,
OnTMqeCKaSl CHCTeMa H KoopAHHaTHbIH CTOJI «30HA-A-l».

.D.BYXKooPAHHaTHaH CHCTeMa cKaHHpoBaHHSI JIyqa n03-
nOJIHeT nOArOHSlTb pe3HcTop B npe.neJIax OAHoro MOAYJIH
nJIaTbI C HaAe}l{HbIM HX KOHTaKTHpoBaHHeM, TaK KaK ne-
peMern:aeTcH TOJIbKO JIYII, a nJIaTa OCTaeTCSI Heno.nmuKHoii:.

JIa3epbI Ha a30Te, .nJIHTeJIbHOCTb HMnYJIbCOB KOTOpbIX10-8 C, npOAeJIbIBaIOT H3 nJIeHKaX pe3b1 IIIHpHHOii 3-
20 MKM npH HepoBHocTH KpaH MeHee 1 MKM H no.nHOH co-
xpaHHocTH nOA.nO}l{KH. TOIIHOCTb nOIJ.rOHKH MOJKeT AOCTH-
raTb 0,01-0,05%.

Ha 6a3e «KpHCTaJIJIa-lO» pa3pa60TaHbI YCTaHOBKII
«KpHcTaJIJI-13» H «KpHcTa.nJI-20». BTopaSl B OTJIHIIlfe OT
«KpIiCTaJIJIa-10» OCHarn:eHa cneu,HaJIbHbIM H3MepHTeJIbHbIl\Iu

YCTPOHCTBOM, KOTopoe rapaHTHpyeT TOIIHOCTb nOIJ.rOHKH He
xY}I{e 0,5%. Ha TaKHK YCTaHOBKax MO}l{HO 06pa6aTbIBaTb
TOHKOnJIeHOIIHbIe nOKpbITHH pa3JIHqHbIK MaTepHaJIOB TOJI-
lli.HHOU .n.o 1 MKM. PerYJIHPyeMaH IIIHpHHa JIHHHH pe3a OT
10 .n.o 80 MKM.

.D.a.nbHeHIllee cOBepIlleHcTBoBaHMe oOoPY!J;oBaHHH !J;JIH
no.n.fOHKM nJIeHOqHbIX nOKpblTHH CBH3bIBaIOT C JIa3epaMH Ha
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8JIIOMOHTTpneBOM rpaHaTe C Henp pbI13HOHHaKaIIKOH HMO'

YJISIlI.HeH .n06pOTHOCTH aKYCTO-OnTHqeCKliM 3aTBopOM. Y

 HXMaJIaSl AJIHTeJIbHOCTb HMnYJIbCa H3JIYIIeHIHI (10-7 C),
cpe.nHSISI MOrn:HOCTb - OT e.nHHHu, (B OAHOMOAOBOM pe}l{lJ.

Me reHepau,HH) AO HeCKOJIbKHX AeCSlTKOB BaTT (B MHoro..

MO.nOBOM pe}l{HMe), qaCTOTa HMnYJIbCOB
- 1-40 Kfll. Hc..

nOJIb3YH TaKHe npll60pbI, MO}l{HO COBMeCTHTb BbICOKYIO opo-
H3Bo.nHTeJIbHOCTb (cBbIIlle 10 TbIC. Onepau,HH B IIac npH yn..
paBJIeHIIH OT 3BM) npou,ecca C uJIOKaJIbHOCTbIO 06pa60TKH
He3aBHCliMO OT BHAa pe3HcTHBHOH nJIeHKH.

nO.nroHKa IIaCTOTbI BaKYYMHpOBaHHbIx KBapu,eBbIx pe-
30HaTopoB

- CJIO}l{HbIH H TPYAoeMKHH npou,ecc. H,o M

OI 
cyrn:ecTBeHHo ynporn:aeTcSI 6JIaroIJ.a pH HCnOJIb30BaH,IIO JIa.

3epOB. nOArOHKa CBOIJ.MTCSI K KOHTpOJIHpyeMOMY YAaJIeHH 
TOHKOIJ.!IeHOqHbIX 3JIeKTpo.nOB, HaHeceHHbIX Ha K apu'eBblH
3JIeMeHT, nOMern:eHHbIH B OTnaSlHHbIM CTeKJISlHHblH 6aJIJIOH.
OHH YIJ.aJISlIOTCSI nOJIHbIM HJIM qaCTHqHbIM HcnapeHMeM Ma:
TepnaJIa 3JIeKTpo.na B ToqKax) pacnpe.neJIeHHbIX no BceH

ero nOBepXHOCTI1.
.D.JIH nOIJ.rOHKH qaCTOTbI KBapu,eBbIX pe30HaTopOB Bbmy'"

CKaeTCSI YCTaHOBKa «CHrHaJI-3» C JIa3epOM Ha a30Te, xa-

paKTepHCTHKI1 KOToporo HaHJIyqIIIHM 06pa30M no.nxo.nSlr

.n.JISI ,nOM BeCbMa TOHKOH onepau,MH. MaJIa51 .n.JIIITeJIbHOCTb

HMnYJIbCa H3JIY'IeHHSI (10-8 c) H JIerKO KOHTpOJIIipyeMaSl
no.naqa CBeTOBO" 9HeprHH B 30HY o6pa60TKH n03BOJIHIOT

y.naJIHTb MaTepl18JI 9JIeKTpOA3 npH MHHHMaJIbHOM nOBpe}l{-
.n.eHHH KBapu'eBoro 9JIeMeHTa. TOqHOCTb no.n.rOHKH qaCTOTbI

pe30HaTopa + 1 fu, npH CKOpOCTH ee U3MeHeHHH 500 fu./e.

npeu,u3HoHHble MeTa.nJ10nJIeHOqHbIe pe3I1cropbI .n.HCKpeT-
HOro THna Hape3aIOT H no.n.rOHHIOT Ha YCTaHo KeJIHP:1

HMnYJIbCHbIM JIa3epOM Ha CO2. B COqeTaHHH C ObICTpc.nen-
CTBYIOrn:HM aBTOMaTHqeCKHM 060py.n.OBaHHeM .nJIH H3Mepe-
HHSI conpOTHBJIeHHSI JIa3epHbIM MeTO.n Hape3KH Ii no.n.rOHKII

6JIaro.napSl MaJIoil HHepu,110HHOCTH CHCTeMbI npH ee BbIKJIIO-

qeHHH nOKa3bIBaeT npOH3BOr;;HTeJIbHOCTb AO 800 pe3HCTOp0I3
B 1 q.

TeXHOJIOrH5I nOJIYIIeHHSI PHCYHKOB MeTaJIJIlI3HpOBaHHbIx
4>oToIlla6JIOHOB C nOMorn:bIO JIa3epa HcnOJIb3yeT npoeKu,H-
OHHbIe OnTHqeCKHe CHCTeMbI. MeTo.n. n03BOJISleT 3a OAUH HM-

nYJIbC HcnapHTb nJIeHKY CJIOLKHOrO pHcYHKa, no ropSlH 0

YMeHbIlleRHOM MaClllTa6e PHCYROK npOeu,lIpyeMoH MaCKH.

TaKoH npHHu,Hn 3aJ1OLKeH B annapaTe «KH3I1J1». npc:eKU,H-
OHRaSl OnTHqeCKaH CHCTeMa annapaTa C pa3peIllaIOrn:el:I cnc-

C06HOCTblO AO 300 JIUHfMM 4>opMIIPyeT Ha 06pa6aTblBae-
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nOIly eHHe TOHKHX nIleHOK

MO}J{HO nOJIY'laTb PllCYHKII, OKlICJISISI MeTaJIJI nJIeHKH

npll ee HarpeBe JIa3epHbIM H3JIY'leHHeM (no 3a.naHHOMY PH-

CYHKY B OKHCJIHTeJIbHOH aTMoc4>epe). )].eJIaeTCSI 9TO CJIe-

,nylOlllHM 06pa30M. HanpHMep, 06JIY'laeTCSI nJIeHKa xpOMa

B 1 MKM, HaHeceHHaSl Ha CTeKJISlHHYIO no.nJImKKY. B MeCTax

HarpeBa XpOM OKHCJISleTCSI Ha rJIy6HHY 0,05 MKM. 3aTeM

nJIeHKY npOTpaBJISlIOT. OKHCeJI pearHpyeT 3Ha'lHTeJIbHO cno-

KOHHeH, 'leM HeOKHCJIeHHbIH XPOM, n09TOMY Ha no.rrJI02KK 
06pa3yeTcSI TOHKOnJIeHO'lHbIH PlICYHOK, JIOKaJIlI30BaHHbIH

no KOHTYPY JIa3epHOro 06JIY'leHHSI.
B TeXHOJIOrHlI nOJIY'leHHSI nJIeHOK lIHTerpaJIbHbIX MHK-

pocxeM oc060e MeCTO 3aHHMaeT BaKYYMHoe HanbIJIeHHe.

06"bSlCHSleTCSI 9TO TeXHOJIOrll'leCKOH rH6KOCTblO H YHHBep-
CaJIbHOCTblO MeTo.na. HOBbIe B03MO}KHOCTH BaKYYMHOH Tex-

HOJIOrllll OTKpbIJIHCb C Tex nop, Kor.na nOnbITaJIlICb Hcna-

pSlTb MaTepHaJI H3JIY'leHlIeM HMnYJIbCHbIX JIa3epOB. I1M-

nYJIbCHble MeTo.nbI no HeKOTopbIM xapaKTepHCTHKaM Bblro.n-

HO OTJIH'laIOTCSI OT HCnOJIb3YIOW:HX HenpepblBHoe H3JIY'leHlIe.

OHH, HanpHMep, «C03.naIOT» 60JIee BbICOKlIH «94>4>eKTlIB-
HbIH» BaKYYM

- CJIe.nCTBlIe BbICOKOH CKOpOCTIi pOCTa nJIe:
HOK. TIoBbIIlleHHaSl CKOpOCTb B03HHKHOBeHlISI 3apO,l.(bIIlleH
CHH2KaeT MHHHMYM B03M02KHOM TOJIW:HHbI CnJIOIIIHbIX nJIe-

HOK, a 9HeprerH'leCKOe B036Y2K.neHHe aTOMOB KOH.n:eHca-

ra - TeMneparyPY opHeHrHpOBaHHoro pOCTar KpoMe TOro,

coxpaHSleTCSI COCTaB lICXO!J;Horo MarepHaJIa npli HanbIJIe-

HHH nJIeHOK MHorOKOMnOHeHTHbIX Bew:eCTB.

TIpH JIa3epHOM HanbIJIeHHlI MHIlleHb M02KeT 6bITb npo-
H3BOJIbHOrO pa3Mepa II JIlO60M 4>OPMbI. TaKHM MerO!J;OM

cpaBHlIreJIbHO HeCJI02KHO nOJIY'laTb MHOrOCJIOMHbIe CTpYK-

TypbI: !J;OCTaTO'lHO nOMeCTlITb MHIlleHH Ha Bpaw:alOw:eMCSI
CTOJIHKe H B03.neHCTBOBarb Ha HlIX H3JIY'leHlIeM B 3a.naH-

HOM nOCJIe.nOBaTeJIbHOCTH.

TIpellMyw:eCTBa JIa3epHOro HarpeBa 06"bSlCHSlIOTCSI BbICO-

KOH nJIOTHOCTblO CBeTOBoro nOTOKa c4>OKYClIpOBaHHoro H3-

JIY'leHHSI. 3TO n03BOJISleT HcnapSlTb TyrOnJIaBKHe MaTepHa-

JIbI, raKHe, KaK BOJIb4>paM, MOJIH6.neH. DJIarO!J;apSl 3Ha'lll-

TeJIbHbIM CKOpOCTSlM HarpeBa II HcnapeHHSI M02KHO nOJIY-
'laTb nJIeHKlI CJI02KHOrO XlIMH'leCKOrO COCTaBa (HanpHMep,
TyrOnJIaBKHX OKlICJIOB H nOJIynpOBO!J;HHKOB) 6e3 H3MeHeHlISI

lIX cTexlIoMeTpllH. To, 'lTO JI.JISI HarpeBa
u HCnOJIb3Y T K?-

pOTKHe HMnYJIbCbI C JIerKO perYJIlIpyeMoH 9HeprHell, n03-

BOJISler C 60JIbIIIOH TO'lHOCTblO ynpaBJISlrb npou,eccoM 06-

pa30BaHlIH nJIeHKH. TI09TOMY y.naeTcSI nOJIY'l:Tb HX oc06o

TOHKHMlI (TOJIllUIHOH 0,1-1 MKM) C xop0ll!ell BocnpoH3Bo-
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MOll nOBepXHOCTH lI306pa2KeHHe npH MHHHMaJIbHOM pa3Me 

pe 9JIeMeHTOB pHcYHKa 2-3 MKM.

PeTYIllb 4>oToIlla6JIOHOB ocyw:ecTBJISleTCSI Ha YCTaHOBKe
3M-55!. )].e4>eKTbI H306pa2KeHlISI B BH.ne HanJIbIBOB, ne-

peMbI'leK, HepoBHocTell KpaSl YJI.aJIHIOTCSI HcnapeHHeM. TIpo-
eKu,HOHHaSl Onrll'leCKaSl CHCTeMa 4>oKycHpyeT B 30He 06pa-
60rKH CBerOBOH nY'lOK KBaJI.parHOro Ce'leHlIH co cTopoHa-
MH OT 5 .no 20 MKM. TIpH 06pa60TKe TOHKHX nJIeHOK ny'l-
KOM raKoH 4>OpMbI KpaM H306pa}KeHHH nOJIY'laCTCH 60JIee

pOBHbIM, 'leM npH 4>oTOJIHTOrpa4>H'leCKOM npou,ecce. Pe-

TYIllb npOMe2KYTO'lHbIX. 9raJIOHHbIX H pa60'lHX 4>oToIlla6JIo-
HOB C nOMOW:blO JIa3epa 3Ha'lHreJIbHO y.neIlleBJIHeT fiX fl3-

roTOBJIeHHe H YBeJIH'lHBaeT BbIXOJI. rOJI.HbIX llHTerpaJIbHbIX
cxeM.

B COBerCKOM COlO3e H 3a Py6e}KOM lIHTCHCHBHO HC-

CJIeJI.YIOTCH B03M02KHOCTH HCnOJIb30BaTb TepMOXHMH'leCKHe

peaKu,HH, npOllcxo.nHW:lIe npll JIOKaJIbHOM JIa3epHOM, Harpe-
Be, 'lT06bI nOJIY'laTb nJIeHKH lIHTerpaJIbHbIX cxeM. }Ke ce-

ro.nHH JIa3epHbIM HanbIJICHHeM MomHO CllHTe3llpOBaTb ca-

MbIe pa3JIII'lHbIe no CTpYKType, TOJIW:HHe H PHCYHKY MeTaJ1-

JIH'leCKHe, nOJIynpOBOJI.HHKOBbIe H D,ll3JIeKTpll'leCKlIe nJIeH-

KH. A 9TO, B CBOIO O'lepeJI.b, oTKpbIBaeT JI.opory C03JI.aHlllO

YHHKaJIbHbIX 9JIeKTpOHHbIX npH60poB Ha MHOrOCJIOHHbIX
TOHKOnJIeHO'lHbIX CTpYKTypax.

l1.neSl lICnOJIb30BaTb JIa3ep npH BaKYYMHoM HanbIJIeHlIll

MaTepHaJIOB B03HHKJIa OJI.HOBpeMeHHo c nOHBJIeHHeM nep-
BbIX MOW:HbIX JIa3epoB. TIo MHeHHIO cneu,lIaJIlICTOB, JIa3ep-
Hoe HanbIJIeHlIe B CO'leTaHHH C pa3JIH'lHbIMH cnoc06aMH

pa3MepHO-JIY'leBOii 06pa60TKH MomeT CTaTb OCHOBOH JI.JIH
C03.naHHSI nOJIHOCTblO BaKYYMHoro u,HKJIa H3rOTOBJIeHHH HH-

TerpaJIbHbIX cxeM.

TeXHOJIOrHH BbIca!J;KH TOHKHK nJIeHOK npeJI.CTaBJIReT co-

60H npou,ecc TepMH'leCKOrO pa3JImKeHHH Haxo.nHW:HXCH B

ra3006pa3HOM COCTOHHHH OpraHH'leCKHX COeJI.HHeHHII, no-

Mew:eHHbIX B BaKYYMHYIO KaMepy. TIOJI.JI02KKa, Ha I<OTOpOH
He06xo.nHMO nOJIY'lHTb PliCYHOK, HarpeBaeTCSI H3JIYQeHHeM

JIa3epa no 3aJI.aHHOMY PHCYHKY. TenJIo nepe.naeTCH apHno-

BepXHOCTHOMY 06'beMY ra3a; npOHCXOJI.HT nHpOJIH3 ra3a,

BbI!J;eJIHeTCSI Tpe6yeMbIH MaTepHaJI (MeTaJIJI, JI.H3JIeKTpUK
HJIH nOJ1ynpoBOAHHK).
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fl03epHbie
-

YCTPOHCTBO KOHTpOJUI

Dpll ll3MepeHllflX MeTO OMTpHaHfynH HHTOHKllH nyq

ManOMOW:HOrO J1a3epa HanpaBnSlIOT Ha nOBepXHOCTb lla e-

JIHSI. PaCCeSlHHbIH CBeT no  BYMnYTSlM, 06pa3YIOW:Hr.! CTO-

pOHbI TpeyronbHHKa, OTBO IiTCSI B nplleMlioe YCTPOllCTBO.

PaCCTOSlHHe  OnOBepXHOCTIi, C nOMOW:blO KOToporo KOHT..;

ponllpyeTcSI TonW:HHa H3.n:enllSl, MO}J{eT 6bITb H3MepeHO C

norpelliHOCTblO MeHbllle 2,5 MKM npll llcnonb30BaHHH ny'l-

Ka )l,HaMeTpoM 1 MM. npll'leM paCCTOSlHHe OT OIITH'leCKO-

rO npe06pa30BaTeJlSl  OnOBepXHOCTH H3 enHSIM01KeT npe-

BbIllIaTb 1 M, a 06'beKTbI H3MepeHHSI - HMeTb BbICOKYIO

TeMnepaTYPY, llIepOXoBaTYIO nOBepxHocTb H 60nblllYlO npo-
TH}J{eHHOCTb.

npH ll3MepeHHH MeTO OM HKca HHKpaH TeHH  eTanb

OCBew:aeTCH cKaHllpYIOW:HM nyqOM na3epa. npHeMHHK 4>llK..;

cHpyeT MOMeHT, Kor anyq nepeKpblBaeTcSI  eTanblO. Do..;

JIO}J{eHlIe nY'la cornaCOBaHO C TaKTOBbIM reHepaTopoM, H

nO BpeMeHH OTCYTCTBllH na3epHoro ll3nyqeHHSI Ha npneM-

HHKe onpe enSlIOT pa3MepbI !{eTanH. EcnH pacnono}J{HTb

 Bana3epa no npHMbIM yrnoM  pyrK  pyry,MO}J{HO 83-

MepllTb napaMeTpbI, xapaKTepH3YIOW:He 4>OPMY  eTanH B

nnOCKOCTH XY.

DpH H3MepeHllll MeTO OMCllHXpOHH?rO CKaHHrOBaH8H
JIY'lH  BYXna3epOB OCBew:aIOT nepe HHI1H 3a Hllll KpaSl

 BH}J{yw:erOCHHa KOHBeHepe H3 enllH, nHHYllnl1 llIHpl1HY

KOToporo Tpe6yeTcSI npOKOHTponHpOBaTb. JIa3epbI YCTaHaB-

mIBalOT Ha paCCTOHHHH, 06ycnoBneHHOM pa3MepOll-l .II.eTanH.

TO'lHOCTb H3MepeHHSI He 3aBHCHT OT CKOpOCTH KOHBerrepa.
LLnH na3epH XMeTpOnOrH'leCKllX YCTPOHCTB O HHaKOBO

Ba}J{HbI TaKRe xapaKTepHCTHKH OKr, KaK BbICOKaSl HHT€H-

CHBHOCTb H3nyqeHHH, ero ManaH yrnoBaSl paCXO HMOCTb,

MOHoxpOMaTH'lHOCTb, nonHpH3aUHH H B03MO}J{HOCTb 4>OK:Y-
CHpOBKH nyqa B nSlTHO O'leHb Man xpa3MepOB.

Cne yeT 3aMeTHTb, qTO pa3pa6aTbIBaeMble na3epHbIe

KOHTponbHO-ll3MepHTenbHbIe YCTporrCTBa B nO aB,,'1S1IOw:eM

60nblllHHCTBe cneUHanH3HpOBaHbI H npe.II.Ha3Ha'leHbI  JISI

BbIlIonHeHHH nlllllb onpe eneHHbIxKOHTponbHbIX 4>YHKUHll
C MaKCllMa.nbHOH CTeneHblO aBTOMaTH3aUHH npoueCCOB.

TaK, HanpHMep, B MOCKOBCKOM aBHaUllOHHO-TeXIiOnOrI1-

qeCKOMHHCTHTYTe HM. K. 3. LlHonKoBcKOro C03 aJIllYCTa-

HOBKH  nSl KOHTpomI 'lHCTOTbI }J{H KocTerr H ra30B, npo-

BepKll reOMeTpH'leCKHX pa3MepoB  eTaneHH Ka'leCTBa HX

HOBepxHocTIi KaK B npouecce 06pa60TKH, TaK H B ycno-
BHHX 9KcnnyaTaUllH ; TeneBH3HoHHo-na3ep:HbIH MHKpocKon II

nneBll3lloHHo-na3epHoe YCTpoikTBO  JlH HacTpoHKH pe3-
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.l{HMOCTblO. 3TO cyw:eCTBeHHaH npel!llOCbInKa C03.l{aHHH HO"

B XBH.l{OB nonynpoBo HHKOB XnpH60pOB II 9neMeHTOB

onT09neKTpOHHbIX YCTPOHCTB.
LLmI HanbweHHSI TOHKHX nneHOK MorYT npHMeHSlTbCH

HMnynbcHble na3epbI pa3nllQHbIX THHOB. Ho nHllIb Te, KO"

TopbIe B CO'leTaHHH C onTHKOH cnoc06HbI C03 aTbHa Hcna..

pHeMOH nOBepxHOCTH HHTeHCHBHOCTb H3nY'leHHH 109 BT/CM2
.

HaH60nee nepcneKTHBHbl na3epbI Ha CTeKJle C HeO.l{HMOM,

Ha CO2, C nOnepe'lHbIM B036Y}J{D,eHHeM, pa60TalOw:ne npn

aTMoc4>epHoM .l{aBneHHR pa60'leH CMeCH, a TaK}J{e HeKO'"

Topble THnbI na3epOB Ha anlOMOHTTpHeBOM rpaHaTe.
JIa3epHoe Han neHHenneHOK TyronnaBKHX MeTannOB

MO}J{eT 6bITb Hcnonb30BaHO .l{nH nonY'leHHH BbICOKOKa'leCT'"

BeHHbIX npH60pOB C 6apbepOM llloTKH. nneHKH Tex }J{e

MeTannOB, HaHeceHHble Ha CTeKnSlHHble H KBapueBb1e no!{..;

JIO}J{KH, rrpHfO!{HbI  nHH3rOTOBneHHH H3HoeoeTorrKHX 4>0'"
TOllia 6nOHOB.

JIa3epFlbie MeTO!{bI HaHeceHHSI TOHKHX nneHOK IiMelOT

HeoenopHMbIe npeHMyw:eeTBa npH HanbweHHH CnnaBGB C

60nblllOH pa3HOCTblO ynpyrocTH napOB KOMnOHeHTOB. Ha'"

npHMep, npH npOH3BO!{CTBe nnaHapHbIX TOHHenbHbIX .H.1'I0..;

.l{OB Ha oeHOBe repM8HHH 3Ia3epHbIM H3JIyqeHHeM I.(eJleco..;

06pa3HO HaHOCHTb nneHKll cnnaBa.

B03MO}J{HOCTb HCn03Ib30BaTb nyq na3epa B KaqeCTBe

HOCHTenSl HH4>OPMaUHll n06Y.l{Hna C03.H.aTb pH.II. YCTPOHCTB
!{.1ISI KOHTponSl Ka'leCTBa H3!{enHH B npouecce HX npOH3-
BO.l{CTBa, oueHKH reOMeTpH'leCKHX napaMeTpOB .H.eTaJIeH
cnO}J{HOH KOH4>HrypaI.(HH. DI'>H'leM CKOpOCTb H TOqHOCTb JIa-

3epHbIX MeTO.l{OB KOHTponH B  eCHTKI'I Ii COTHIi pa3 BbIllIe,
1J:eM y 06bI1J:HbIX. KpoMe TOfO, na3epHoe KOHTpOnbHO-1'I3..;

MepllTenbHoe 060pY!{OBaHHe OTnIiqaeTCH npoeTOTOH KOH..;

CTPYKI.(HH H Ha.l{e}KHOCTblO 9KcnnyaTauHH. Ew:e 0.l{H9 .l{0"
CTOHHCTBO na3epHbIX npH6opOB -  IiCTaHuIiOHHOCTb M3-

MepeHIiH. 11 HaKOHeu, OHIi OTnH1J:aIOTCSI 6bICTpo eikTBHeM
Ii cnoc06HbI «pa3nMqaTb» .l{OcTaT01J:HO MenKIie 9neMeHTbI M3..;

 enHH.
Pa3pa60TaHO H€CKOnbKO MeTO.l{OB Ii3MepeHI'IH  a3MepOB

c nOMOW:blO na3epOB, HanpIiMep, TpHaHrymlI.(MH, 4>HKcaumt
KpaH TeHH, CIiHxpmfHoro CK8H1ipOBaHllH. I
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1I0BbIX OJIOKOB CT3HKOB C npOrp3MMHbIM ynp3BJIeHHeM H

T. J\.

TeJIeBH3HOHHO-JI33epHbIii MHKpOCKOn TJIM-I npeJ(H33-
H3'1eH J\JIH H3MepeHHH J(H3MeTpOB OTBepCTHii, onpeJ(eJIeHHH
T01JHOCTH B33HMHOrO paCIIOJIO:meHH5I n.eT3JIeii, H3MepeHHST

npollJHJIeii q,3COHHbIX nOBepXHOCTeii, KOHTpOJIH HX K3'1eCT-

B3 H T. n. Y HerO BbICOK3H p33pe1II3101II.3H cnOCOOHOCTb,

OH H3MepHeT JIHHeiiHbIe p33MepbI C TO'lHOCTblO :1:1,5 MKM,

3 yrJIOBbIe BeJIH'IHHbI C OlliHOKOii He oOJIee 2'. 1(0HTPOJIb
MO>KHO npoBoJ\HTb K3K B npoxoJ(HlII.eM, T3K H B OTp3>KeH-

HOM CBeTe. OCBeTHTeJIb - reJIHii-HeOHOBbIii JI33ep JIr-56.

YBeJIH'IeHHOe B 30-3000 KP3T H300p3>KeHHe J(eT3JIII BOC-

npoH3BoJ\HTCH H3 3Kp3He BHJ\eoKoHTpOJIbHoro YCTpoiicTB3
H Cp3BHHB3eTcH C M3ClIIT30HbIMH ceTK3MH H 1II30JIOH3MH.

npeJ(MeTHbIii CTOJI npHoop3 CH30>KeH OTC'IeTHbIMH YCTpoii-
CTB3MH.

TeJIeBH3HOHHO-JI33epHbIii MHKpOCKon TJIM-2 H3MepHeT
JIHHeiiHbIe (c TO'lHOCTblO :!: I MKII!) H yrJIOBbIe (c TO'IHO-

CTblO :!:0,5') p33MepbI B nOJIY3BTOM3TH'IeCKOM pe>KHMe.

Cnel\H3JIbH3H npHcT3BK3 n03BOJIHeT nepeiiTH H3 pe>KHM
3BTOM3TH'IeCKoro KOHTpOJIH. Pe3YJIbT3TbI H3MepeHHii q,HK-

CHPYIOTCH H3 CBeTOBOM T30JIO. YBeJIH'IeHHe 30-3000 Kp3T.
YCT3HOBKH «AJIM33-!» H «AJIM33-2» npoBoJ(HT J(HH3MH-

1JeCKHH BRaJIH3 1JHCTOTbI rrpH60pHbIX >KHlI,KOCTeii. TOllJIHB3.

M3C€JI, fHlI,pOCMeceii. a T3K}Ke CT3THCTHQeCKHH 8H8JIH3

p33MepoB Henp03p3'1HbIX 'I3CTHI\ H3 np03p3'1HbIX nOl\J!O}K-

K3X. B HHX HcnOJIb30BaH reJIHii-HeOHOBbIii JI33ep JIr-56.

3TH YCT3HOBKH n03BOJIHIOT q,HKCHpOB3Tb HHOpoJ\HbIe TeJI3

p33Mep3MH OT 5 J(O 100 MKM C TO'lHOCTblO +10%.

JI33epH3H YCT3HOBK3 J(JIH KOHTpOJIH reoMeTpH'IeCKHX II

J(HH3MH'IeCKHX n3p3MeTpOB J\eT3JIeii mpoMoTopOB n03BO-

JIHeT H3MepHTb ypoBeHb BHOp3l1Hii H J(eq,opM3I\Hii 3JIeMell-

TOB mpOMOTOpOB B npOl\eCce Bp3I1I.eHHH. npHHI\Hn ee J(eii-

CTBHH
- OLleHKa TeKYI.1.lero 3H81JeHH5I HHTeHCHBHOCTH H3-

JIY'leHHH r330Boro JIr-56 JI33ep3, OTp3>KeHHOfO OT nOBepx-

HOCTH KOHTpOJIHpyeMoro 9JIeMeHT3. YCT3HOBK8 n03BoJIHJI3

KOHTpOJIHpOB3Tb n3p3MeTpbI cq,epH'IeCKHX pOTOpOB mpo-
CKonOB npH 1000-2000 OO/MHH C TO'lHOCTblO :!:O,15 MKM.

YHHBepC3JIbHbIii JI33epHbIii npoq,HJIOMeTp-npoq,HJIOrp3q,
npeJ(H33H3'1eH J\JIH onpeJ(eJIeHHH KJI3CC3 'IHCTOTbI nOBepx-
HOCTH. Cq,0I<YCHPOB3HHbIii JIY'l JI33ep3 H3np3BJIHeTCH Ha

KOHTpOJIHpyeMyIO nOBepxHocTb. OTp3>KeHHbIii CHm3JI YJI3B-

JIHB3eTCH q,OTonpHeMHHKoM H H3MepHeTcH ero J(Hq,q,Y3HaH
COCT3BJIHIOIII.aH C HHq,opM31\Heii 0 'IHCTOTe nOBepXHOCTH,
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YCT3HOBI<a !X.JI5I KOHTpOJIH IIOlI,IllHIIHHKOB, onpClI,e.fl€HlHl

J(eq,eKTOB (pHCOK, BMHTHH, paKoBHH, npH}KoroB, CJIeJ\OE

KOpp03HH) H3 nOBepxHoCTH pOJIHKOB, 1II3pHKOB, KOJIeU,

1\3nq, H KepHoB p300T3eT H3 npHHI\Hne H3MepeHHH J\Hq,-

q,Y3HOii COCT3EJIHIOIII.eii O'rp3>KeHHoro CBeT3. C ee nOMOllI.blO

I<OHTpO,1HPYIOTCH J\eT3JIH J\H3MeTpoM OT 0,2 J\O 10 MM npll

p33pe1II31OIII.eii cnoCOOHOCTH npHoop3 1,5-5 MKM.

YCTpoikTBO l\J!H oeCKOHT3KTHOro 113MepeHHH KpHBII3HbI

cq,epll'lecKoii nOEepxHocTII II KOHTpOJIH ee Ka'leCTB3 H3Me-

pHeT lIHTeHCHBHOCTb OTpa>K€HHOrO aT 06'beKTa KorepeHr-

Horo CBeTOBoro IIOTOKa np" H3MeHeHHH yrJI3 MC>K.ll.Y na-

J(3101II.HM nY'lOM H HOpM3JIbIO K nOBepXHOCTH 06'beKTa. npH-

eMHHK H3JIY1JeHHH pacno.rraraeTCH B6JIH3H lICTOLIHHKa CBeTc. 

YCTpoiiCTBO p33paOOT3HO J\JIH KOHTpOJIH Cq,cpH'IeCKon

nOBepXHOCTH K3TOJ\3 3JIeKTpOHHOii nYlliKH CO CXOJ\HIII.HMCH

nY'lKOM (H3BeCTHO, 'ITO TO'lHOCTb KpHBH3HbI cq,epbI K3TOJ\ 

CYllI.eCTBeHHO BJIHHeT H3 nap3MeTpbI 3JIeKTpOHHo-nY'lCBon

nYlliKH II B l\eJIOM Bcero npHoop3). BbICOK3H TO'lIlOCTb It

.nOCTOBepHOCTb KOHTpO TJ:fI 06eCne1JHBaIOTC5I cpaBHe!-:meM
C

.9TaJIOHOM. BeJIlI1JHHa nocTynaTeJIbHOrO nepe1tellleHHH
06'b..;

eKT3 - B npeJ\eJI3X
10 MM. npHBOJ\ BpallI.eHHH npeJ\MeTHO-

ro CTOJIHKa n03BOJIHeT 1I0BOpa1JHBaTb
06'beKT Ha yrOJI, D,O"

CTaT01:lHbIH .nJI5I «OCMOTpa» JIa3epHbIM JIyqOM BceR nOBepx"

HOCTH K3TOJ\3 33 OJ\HH OOOpOT. OCTpOT3 KpOMOK 0I\eH!1B3-

eTCfI 110 KpYTH3He clIa.na H H3MeHeHHIO BeJIW-IEHbI HHTeH4

CHBHOCTH CBeTa, OTpa>KeHHOrO OT KpaeB KaTOlI,a. HeCHM"

MeTpH'IHOCTb K3TOJ\3 X3p3KTepll3yeTcH CMellI.eHlleM M3KCU-

MYMa HHTeHClIBHOCTH OTpa>KeHHOrO CBeTa, TaK KaK MaKCI1-

MYM HIITeHCHBIlOCTH COOTBeTcTByeT l\eHTpy K3TOJ\3. HaJIII-

'Ille nOBepXHOCTHbIX J\eq,eKTOB (CKOJIOB, H3nJIbIBOB, paKO-

BHH) TaK>Ke onpelI,eJIfleTC5I no H3MeHeHHIO HHTeHCUBHOCTU

OTpa>KeHHOrO CBeTOBoro nOTOKa B MOMeHT. KorlI,a lI,e eKTbI

1I0na.!l,alOT lIon CBeTOBoe nHTHO. npelI,eJIbHa5I T01.IHOCTb Me-

TOJ\3 113MepeHIIH P3J\IIYCOB KpUBH3HbI cq,epH'IeCKUX  OBCpX-

HOCTeii - 1%.
OmIcaHHoe YCTpoikTBO MO>KeT 6bITb HCnOJIb30B8HO TaK-

JKe lI,JIH KOHTpOJIH KpHBOJIHHeHHbIX nOBepxHocTei1 CJIO>KHOi'i

KOHq,nrYP3UHH C p33HbIMil P3J\HYC3MH KpIlBH3I1bI.

l1HTepq,epOMeTpbI p33JIII'IHbIX TllnOB J\3BHO npHMeHH-

IOTCH B COBpeMeHllbIX H3MepHTeJIbilbIX npHoop3X. l1cno.%-

30B3HHe JI33epOB B IIHTepq,epOMeTpHH CTaJIO COObITHeM II

ee p33BHTHH. XOpOlliO pa3p300T3HHble IIHTepq,epOMeTpH'Ie-
CKHe MeTOlI,bI BbICOKOT01.IHOrO H3MepeHHH lI,JIHHbI (a CJIe.ll.o"

BaTCJIbllO, onpeJ\eJIeHHH CKOpOCTH, YCKopeHHH, J(eq,opM3UUH
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'Ie.n, aMnJIHTY.D:bI BHOpall,Hii n .D:p.), OCHOBaHHble Ha BOJIHO-

BOH npHpO.D:e CBeTa, He MOrJIH 6bITb mHpOKO peaJIfI30BaHbI
B TeXHHI{e 113-3a OTCYTCTBHH He06xo.D:HMbIX HCTO'lHHKOB KO-

JIe6a HHH.

C nOHBJIeHHeM JIa3epa HHTep4>epoMeTp - .D:OCTaTO'lHO

CJIO)KHbIH H .D:OcTynHbIH paHee He60JIbmOMY Kpyry cnell,Ha-

JIHCTOB npH60p - Ha'lHHaeT Bce mHpe H mHpe BHe.D:pHTbCH
B TeXHOJIOrHlO. 51pKOCTb JIa3epHOro H3JIY'leHHH n03BOJIHJIa

npOBO.D:HTb H3MepeHHH B He3aTeMHeHHOM nOMe eHHHII Ha

OTKpbITOM B03.D:yxe. He.D:ocTH)KHMaH paHee BpeMeHH<1H KO-

repeHTHOCTb H HHTeHCHBHOCTb H3JIY'leHHH C.D:eJIaJIH B03MO)K-
HbIM nO.D:C'leT 'lHCJIa nOJIOC HHTep4>epeHlI,HH .D:JIH OnTH'leCKHX

nYTeH 3Ha'lHTeJIbHO 60JIbmeH .D:JIHHbI.

BbICOKaH TO'lHOCTb H cTa6HJIbHOCTb .D:JIHHbI BOJIHbI MO-

HoxpOMaTH'leCKOrO H3JIY'leHHH JIa3epOB CTaJIH npH'lHHOii
Toro, 'lTO Ha XI feHepaJIbHOH KOH4>epeHlI,HH no MepaM H

BecaM B 1960 r. OCHOBHaH e.D:HHHlI,a H3MepeHHH .D:JIHHbI -

MeTp
- 6bIJIa onpe.D:eJIeHa B 'lHCJIaX .D:JIHH BOJIH JIHHHH

H30Tona KpHnTOHa Kq86 (606,0 H!vI).
Y)Ke CeH'laC C nO!vlO blO JIa3epHblx HHTeP4>epoMeTpoB

MO)KHO npOBo.D:HTb npell,H3HOHHble H3MepeHHH B MeTpOJIO-
rHII, cTaHKocTpoeHHH, OnTH'leCKOM npH60poCTpOCHHH, npH
uecKoHTaKTHblx H3MepeHHHx BH6pall,HH Typ6HH, MeTaJIJIO-

pe y eroHHcTpYMeHTa H TepMH'leCKHX .D:e4>opMall,HH .D:eTa 

JIeH MamHH.

B npOll,ecce npOH3BO.D:CTBa CBI.I-TexHHKH mHpoKo npH-
MeHHIOT .D:eTaJIH C .D:OnYCKaMH no I-MY H 2-MY Iwaccy TO'l-
HOCTH. TaK, .D:onYCK Ha mar CnHpaJIeH HeKOTopbIX 3aMeJI 

JIlllO HXCHCTeM - 0,003 MM, Ha pH.D: 3JIeMeHTOB .D:eTaJIeH

nOJIY'leHHbIX 3JIeKTpOHCKpOBOH 06pa60TKOH, - 0,01 MM. .lI. 
HaCTOHl ero BpeMeHHu

HaH60JIee TO'lHOe  pe.D:CTBO KOHTpO-
JIH - ) HHBepCaJIbHbIH HHCTpYMeHTaJIbHbIH MHKpOCKon; era

TO'lHOCTb - :!:O,003 MM. Ho caM npOll,eCC H3MepeHHH O'leHb

TpY.D:oeMOK. OnepaTOp 3a CMeHY cnoc06eH npoKOHTpOJIH 
pOBaTb mar TOJIbKO .D:Byx-'leTblpex CnHpaJIeH. .lI.PyrHe BbI-

COKOTO'lHble Cpe.D:cTBa H3MepeHHH
- KOHTaKfHble. Ho, Ha-

npHMep, MHHHaTlOpHble .D:eTaJIH pc06eHHO H3 MHrKoro Ma 

TepHaJIa npH KOHTaKTHOM H3Mep!!HHH 3a'lacTYIO nOBpe)K.D:a..
IOTCH.

.lI.JIH H3MepeHHH mara CnHpaJIeH 3aMe.D:JIHIO HX CTPYK-

TYP C03.D:aHa JIa3 pHaHYCTaHoBKa Ha 25 aBTOMaTH'leCKHX

JI3MepeHHH maraB B I C npH TO'lHOCTH :!: 0,5 MKM. B Hei1

npHMeHeH HHTeP4>epoMeTp Ha 6a3e cepHiiHOI'O JIa3epa

60

JIf-56. BpeMH MeR{.D:Y H3MepeHHH!vIH .D:eTaJIeiI pa3JI!i'mbIX

THOOB CBe.D:eHO K MHHHMYMY 6JIarOll.apH npocTbIM no KOH-

CTPYKlI,HH 6blcTpocMeHHeMbiM 3apaHee HaCTpocHiIbIM Y3-

JIaM. TeKY HenOKa3aHHH BO BpeMH H3MepeHHH KOHTPOJIH-

PylOTCH no cBeToBoMY Ta6JIo, pe3Y,lIbTaTbI ne'laTalOTCH B

BH.D:e rpa4>HKoB (npH He06xo.D:HMOCTH OHH MorYT 6blTb 3a-

4>HK-cHpoBaHbI Ha nep4>oJIeHTe).
C03.D:aHa TaK)Ke COell,HaJIH3HpOBaHHaH YCTaHoBKa aBTO-

MaTH'leCKOrO tf3MepeHHH yrJIa nOBopOTa KpyroBblx nepHo-

.D:H'leCKHX CHCTeM Ha 6a3e JIa3epa J1f-56. TO'lHOCTb H3Me-

peHHH - 10". BpeMH KOHTpOJIH BceH CHCTeMbI - 25 c.

BHe.n.peHHe 3THX YCTaHoBoK n03BOJIHJIO nOBbICHTb TO'l-

HOCTb H3MepeHHH B 3-5 pa3, npOH3BOll.HTeJIbHOCTb TPY"

.D:a - B 30 pa3. OpH'lHHbI, BJIHHIO HeHa TO'lHOCTb H3ro-

TOBJIeHHH .D:eTaJIeH, 6bICTpO H JIerKO BbIHBJIHIOTCH H YCTpa-

HHIOTCH. CTaJIO 6bITb, MORmo KaG:eCTBeHHee oTpa60TaTb
cooTBeTcTBylO HeTeXHOJIOrH'leCKHe npOll,eCCbI. Do.lIee 06k

eKTHBHaH oT6paKoBKa .D:eTaJIeH nOBWCHJIa npOll,eHT BWXO-

.D:a rO.D:HbIX H3.D:eJIHH. 06 HHrO.D:OBOH 3KOHOMII'leCKHH 34>-

4> KTOT BHe.D:peHHH TOJIbKO .D:BYX TaKHX HHTep4>epOMeTpOB
COCTaBHJI 60JIee 100 TbIC. Py6.

OTe'leCTBeHHOH npOMblmJIeHHOCTblO BbmYCKaeTC5I JIa3ep-

HbIH H3MepHTeJIb nepeMe eHI1HC lI,H4>POBbIM HH.D:HKaTOpOM
M0J1-1 .D:JIH H3MepeHHH paCCTOHHHH .D:O I M C TO'lHOCTblO

10-4 MM. KOHCTpYKTHBHO npH60p BWnOJIHeH B BH.D:e Tpex

6JIOKOB: HHTeP4>epoMeTpa C JIa3epOM H 4>oT03JIeKTpOHHbIM
YCTPOHCTBOM, nO.D:BH)KHOrO 3JIeMeHTa (npH3!v1bI) H 3JIeK-

CTpOHHoro 6JIOKa.

B 5-7 pa3 cOKparuaeT BpeMH BbICOKOTO'lHbIX H3Mepe-

HHH M0J1-7 (B npell,H3HOHHOM MaIllHHocTpoeHHH, 3JIeI{TpOH-

HOH TeXHHKe, MeTpOJIorHH, HaY'lHbIX HCCJIell.OBaHHHx). 00-

rpelliHocTb H3MepeHHH He npeBbIlliaeT 0,5 MKM. Oc06eHHo

Y.D:06eH npH60p .D:JIH JIHHeHHOH KaJIH6pOBKH npell,H3HOHHWX

MeTaJIJIOpe)KY Hx CTaHKOB, .D:JIH KOHTpOJIH Ka'leCTBa Ha.

pe3KH mTpHxoBbIX Mep.

O.D:Ha H3 aMepHKaHcKHx 4>HpM BbmycKaeT JIa3epHbIH: HH-

Tep4>epeHlI,HOHHbIH KaJIH6paTOp .D:JIH H3MepeHliH .D:eTaJIeH:

pa3MepaMH .D:O 5 M C TO'lIWCTblO 0,75 MKM. MaKCHMaJIbHaH

norpemHocTb H3MepeHHH +0,5.10-
6
OT H3MepHeMOH BeJIH-

'lHHbI. 0pH60p CHa 6)KeH aBTOMaTH'leCKHMH KOppeI{TOpaMII

OIIIH60K, B03HHKalO HXB YCJIOBHHX MeHHIO HXCH TeMne-

paTYP, BJIa)KHOCTH, .D:aBJIeHIIH. C nOMO blOJIa3epHOro HH-

Tep4>epoMeTpa 6bIJIO npoBe.D:eHO BblpaBHHBaHHe CeKlI,HH:
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). CKOpl-lTemI C yrJIOBOH norpelllHocTblO 0,5.10-6
Ha pac-

CTO HHH.D:O 60 M.

JIa3epHbIe OnTIl'leCKHe YCTpoikTBa npHMeH IoTcH jIJI 

H3MepeHH CKOpOCTH nepeMemeHHH. B HHX HCnOJIb30BaH

.3<p<peKT LLonJIepa. ITorpelllHocTb H3MepeHHH pa.D:Ha.lbHoH
CKOpOCTH 06'beKTa - IlOpH.D:Ka 10-7 . Pa3pa60TaHHa B

AHr.IIHH JIa3epHaH .D:OnJIepOBCKaH CHCTeMa H3McpHeT CKO-

pOCTb nepeMemeHH 3epKaJIbHoH nOBepxHocTH C TO'lHO-

CTblO 10-5. 3TO Ha .D:Ba nop llKaBbIllle, 'leM Y.D:aeTc no-

JIY'lHTb C nOMomblO annapaTypbI, npHMeHHBllleHCfl paHee
Ha MeTaJIJIyprH'leCKHX npe.D:npH TH X.

HHTepeCHbI B03MOLKHOCTH HCnOJIb30B8HI1H JIa3epHbIX HH-

Tep<pepOMeTpOB .D:JIfl H3MepeHHH MaJIbIX TeMnepaTypHbIX KO-

.3<pqmUHeHTOB YAJIHHeHHfl, OTHOCHTeJIbHOro CMemeHHH Ma-

TepHaJIOB H T. .D:.

HaHBHO .D:YMaTb, 'lTO JIa3epHbIH HHTep<pepOMeTp CTaJI

KapMaHHbIM HHCTpYMeHTOM TOKapH HJIH CJIeCapH-HHCTPY-
MeHTaJIbmHKa, TaKHM, KaK lllTaHreHUHpKYJIb HJIH MHKpO-
MeTp. HHTep<pepOMeTp - .D:OCTaTO'lHO CJIOLKHOe YCTPOHCT-
BO, nOJIb30BaTbC KOTOpbIM MorYT JIHlllb XOpOlllO 06Y'leH-
Hbre CneUHaJIHCTbI. OAHaKO JIa3ep n03BOJIHJI «nepeMeCTHTb»
.3TOT npH60p H3 CTeH HaY'lHbIX Y'lpeLK.D:eHHH B MeTpOJIOrH-
'leCKHe JIa60paTopHH H C60pO'lHble ueXH 3aBO.D:OB.

ITpHHUHn .D:eHCTBIIH, nO.D:06HbIH TOMY, KOTOpbIH HCnOJIb-

3yeTc B HHTep<pepOMeTpax, H3MepHIOmHX MaJIbIe lle<pOp-
MaUHH, 3aJIOLKeH B npH60pax .D:JI onpe.D:eJIeHHH BeJIII'lHHbI

.D:peH<pa KOHTHHeHTOB H JIe.D:HHKOB. CymecTByeT rHnOTe3a,
'lTO MaTepHKH O'l bMe.D:JIeHHO IlepeMemaIOTC ;.3TO HBJIe-

HHe Ha3BaHO .D:peH<pOM KOHTHHeHTOB. ITo COBpCMeHHbIM
npe.D:CTaBJIeHH M CKOpOCTb nepeMemeHH MaTepHKOB CO-

CTaBJIfleT B Cpe.D:HeM npHMepHo 2-5 CM B ro.D:. 3KcnepH-
MeHTaJIbHaH npoBepKa rHnOTe3bI H H3Y'leHHe CTOJIb Me.D:-
JIeHHOrO npouecca B03MOLKHbI C nOMomblO ra30BbIX JIa3e-

pOB HenpepbIBHoro H3JIY'leHH .
BbInJIaBKa MeTaJIJIa, C03.D:aHHe HOBbIX MaTepH3JIOB, <pH-

3H'leCKHe HCC.le.D:OBaHHfl, reOJIOrH'leCKaH pa3Be.D:Ka, aCTpo-
HOMHH H MHoroe .D:Pyroe - BOT nOJIe .D:e TeJIbHOCTHcneKT-

pOCKonHII. H 3.D:eCb BeCbMa nepcneKTHBHbIM npe.D:CTaBJIfleT-
C HCnOJIb30BaHHe JIa3epHbIX YCTPOHCTB: OCTpa <POKYCH-
pOBKa JIY'la Ha nOBepXHOCTH BeIlI.eCTBa n03BOJI eT HCCJIe-

.D:OBaTb MeJIb'laHlllHe BKpanJIeHH nopo.D: B reOJIOrH IeCKHX

06pa3uax, aHaJIH3HpOBaTb np06bI MaCCOH .D:O 1 Mr, 06Ha-

PYLKHBaTb npHMeCH, Macca KOTOpbIX He npeBbIlllaeT 10-11
r.

BbmYCKaeMafl B COBeTCKOM COlO3e YCTaHOBKa «Ko-

pa.TIJI-l» BbIllO,IIHeHa B BIIlle npHCTaBKH K CTaHllapTHOMY

oLneKTporpa<PY. OHa npellHa3Ha'leHa llJI cneKTpaJIbHOrO

a lIaJIH3a BeIlI.eCTB. ITP06bI HCCJIe.D:yeMblx BeIlI.eCTB oT6Hpa.

lOT C nOMomblO OKf, a 3aTeM CLKHralOT B .3JIeKTpH'leCKHX

pa3p .D:aX CTaH.D:apTHbIX HCKpOBbIX H .D:yroBbIX reHepaTO-

pOB.
JIa3epbI nOMorYT YCTaHOBHTb onepaTHBHbIH caHHTapHbIH

KOHTpOJIb 3a B03.D:YlllHOH cpe.D:OH npOMbIlllJIeHHbIX ueHTpOB.
ITYHKT JIa3epHoro 30H.D:HpOBaHHH aTMoc<pepbI Y)Ke C03.D:aH

B UeHTpaJIbHOH a.3pOJIOrH'leCKOH 06cepBaTopHH. JIy'l,
YCTpeMJIeHHbIH B TOJIIlI.Y a TlvlOc<pepbI, BCTpe'laeT Ha CBoeM

nYTH He BH.D:HMble HeBoopYLKeHHbIM ra30M MOJIeKYJIbI B03-

.D:yxa H HHOpO.D:HbIe BKJIIO'leHHH. B 3aBHCHMOCTH OT <pH3H-

'leCKHX CBOHCTB BCTpeTHBIllHXC 'laCTHU
- 6Y.D:b-TO KaKOH-

JIII60 ra3, yrOJIbHa nbI.lIb, napbI BO.D:bI - JIY'l no-pa3HOMY

C HlIMH B3aHMO.D:eHcTByeT H pacceHBaeTCH. 3TO MOMeH-

TaJIbHO <pHKcHpyeT npHeMHoe YCTPOHCTBO, H 'lepe3 MHHYTY-

.D:pyrylO 3JIeKTpOHHO-BbI'lHCJIHTeJIbHa MaIllHHa OTBeTHT Ha

Bonpoc, 'lTO HaIlI.ynaJI JIa3epHbIH JIY'l, 'leM 3arp 3HeHbI
3a06JIa'lHble .D:aJIH, 'lTO MbI B.D:bIXaeM BMeCTe C B03.D:YXOM
H T. .D:.

Co BpeMeHeM Ha OnTH'leCKHH JIY'l nepeJIOLKaT MHorHe

<PYHKUHH- pa.D:H030H.D:OB. MeTeOpOJIOrH'leCKaH «co06pa3H-
TeJIbHoCTb» JIa3epa OKaLKeT 60JIbIllYlO YCJIyry pa3JIH'lHbIM
cJIYLK6aM HapO.D:Horo X03HHCTBa. OH paCCKaLKeT He TOJIb-

KO 0 xapaKTepe H CTeneHH 3arpH3HeHHOCTH B03.D:yxa HaA

ropOllaMH, HO H npHHeceT HH<popMaUHIO 0 npH3eMHbIX CJIO X

aTMoc<pepbI, B KOTOpbIX 3apmK.D:aIOTC rp03bI H IllTOpMbI. A

.3TO O'leHb BaLKHO .D:JIH npaKTH'lecKoH MeTeOpOJIOrHH, .D:JIH

reOJIOrOB, JIeT'lHKOB, 3eMJIe.D:eJIbueB, MOpHKOB...

B ClllA C03.D:aHa JIa3epHaH CHCTeMa .D:JIH onpe.D:eJIeHIUI

COCTaBa H XHMH'leCKOH CTa6HJIbHOCTH aTMoc<pepbI, a TaK-

LKe CTeneHH ee 3arp 3HeHHocTHnpOMbIIllJIeHHbIMH ra3aMH.

3TO .D:HCTaHUHOHHO ynpaBJIHeMbIH JIa3ep, onToaKycTH'leCKOe

YCTPOHCTBO H 3BM; CHCTeMa CMOHTHpOBaHa Ha a3pocTaTe.
LLaHHble nepe.D:alOTCH Ha 3eMJIIO B peaJIbHOM MacIllTa6e

BpeMeHH no pa.D:HOTeJIeMeTpH'leCKOH JIHHHH nepeAa'l. ITo-

JIY'laeMble pe3YJIbTaTbI n03BOJIHIOT 60JIee TO'lHO MO.D:eJIHpO-

BaTb XHMH'leCKHe peaKUHH B cTpaToc<pepe, onpe.D:eJISlTb
BJIHHHHe COJIHe'lHorO CBeTa Ha COCTaB aTMoc<pepbI H T. A.

B AHrJIHH pa3pa60TaHo JIa3epHOe o6opY.D:OBaHHe .D:JI 

6bICTpOro 06HapYLKeHHH MeTaHa H .D:pymx ra30B, norJIoma-

IOI..U.HX HH<ppaKpacHoe H3JIY'leHHe. Pe3YJIbTaT aHaJIH3a cpe-
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.n.bI BbIJJ.aeTCH MeHee 1JeM 1Jepe3 1 c. PaOOTaTb MmKHO JJ.a-

LKe npH OOJIbIllHX CKOpOCTSIX ra30BOrO nOTOKa. Y npHOOpa

UmpOKHM JJ.Hana30H 1JYBCTBHTeJIbHOCTH, OH cnocooeH 06-

HapYLKHTb ra3bI HeBbIcoKOM KOHueHTpaUHH. TaKoM npHoop
HaMJJ.eT npHMeHeHHe B ooeCne'leHHH Oe30rIaCHOCTH npII

C'beMKaX ra30BbIX H HecpTSIHbIX MecTopoLKJJ.eHHH, npH BbI-

HBJleHHH YTe1JeK ra3a H T. JJ..

Eme OOJIee 1JYBcTBIITe.'lbHYIO YCTaHoBKY JJ..IISI oOHapYLKe-
HHSI 3arpH3HHIOmHx BemeCTB B B03JJ.yxe pa3paooTami cne-

I..\H aJI HCTbI MacCa'lyceTcKoro TeXHOJIOrH1JeCKOrO HHCTHTYTa

(ClllA). DpHHUHn ee JJ.eHcTBHH - OblcTpoe «pacIlllIpeHHe»
3arpH3HHIOmero ra3a npH nOLlIomeHHH HM .:JHeprHH rIpe-

pbIBHcTOro ra30Boro nY1JKa. B pe3YJIbTaTe B03HHKalOT 3KY-
CTH1JeCKHe KOJIeOaHHH, YJIaBJIHBaeMble MHKpOcpOHOM. .IT.JIH-

Ha BOJIHbI JIa3epHOro H3JIY1JeHHSI nOJJ.oHpaeTcSI B COOTBeT-

CTBHH C JIlIHHeH nOrJIOmeHHH ra3a, CJIeJJ.bI KOToporo nbITa-

IOTCSI oOHapYLKHTb. OnbITHbIH 06pa3eu pearl1pyeT Ha ra3bI,

OTHOCHTeJIbHaH KOHueHTpaUHSI KOTOpbIX 200. 10-9. HHLKHHH

npeJJ.eJI H3MepeHHH, KaK C1JHTaIOT Y'leHble, MOLKHO 3HalfH-

TeJIbH CHH3HTb JJ.O 1.10-9
npH HeOOJIbIllOH MOJJ.epHH3aUHH

YCTpoHcTBa.
 haYCTaHoBKa, no MHeHHIO CneUHaJIHCTOB ClllA, MO-

LKeT ObITb HCnO,lIb30BaHa JJ.JIH oOHapYLKeHHH B3pbIB'l3TbIX
BemeCTB H HapKOTHKOB B oaraLKe naccaLKHpOB H n01JTOBbIX

OTnpaBJIeHHHX. HHTepecHo 3aMeTHTb, 'lTO celi1Jac JJ.JISI ne-

peBo KHCXOJJ.Horo no ueJIHM 060PynoBaHHH TpeoyeTcH rpy-
30BOH aBTOMOOHJIb. HOBoe LKe YCTPOHCTBO C nepeCTpaHBae-
MbIM nOJIynpOBOlI.HHKOBbIM JIa3epOM MOLKHO oYJJ.eT pa3Me-
CTnTb B 'leMOJJ.aHe.

B AHrJIHH BbmYCKalOTCH JIa3epHble aHeMOMeTpbI H cneK-

TpocpOTOMeTpbI; HeKOTopble H3 HHX JJ.eMOHCTpHpOBa./IHCb Ha

BbI TaBKe«M:TPOJIOrHSI-77» B MOCKBe. 3TO KOppeJISIU'HOH-
HbIH JIa3epHbII1 aHeMOMeTp «MaJIBepH 6200» JJ.JIH JJ.HHaMH-

IJecKOro 06CJIeJJ.oBaHHSI JIaKOB H LKHJJ.KocTeM. OH npHMeHSIJI-
CSl B oqnaJIbMOJIOrHlI, npH H3Y1JeHHH CKOpOCTH BocnpHSI-
nISI nHTaHHSI paCTeHHHMH H B JJ.PYrHX caMbIX pa3JIH1JHbIX
cnY'laHX. 3

<1>OTOHHbIH KoppeJIHUHOHHbIlI cneKTpocpOTOMeTp «M3JI-

BepH 4300» onpeJJ.eJIHeT Maccy, cpOPMY H pa3MepbI MOJIe-

KYJI, K03cpcpHUHeHT HX JJ.HCPCPY3HH. HCnOJIb3yeTcSI JJ..IISI on-

pe.n.eJIeHHSI CTeneHlI 3arpH3HeHHH B03JJ.yxa BHPYC3MI1 H 63K-

TepHSIM'I1, JJ.JISI H3Y'leHHSI nOJIHMepoB) npoTeHHoB, HecpTSIHbIX
npo,lI.YKTOB H T. JJ..
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Ew.e KOe- TO 0 npHMeHeH VI

n03epOB

B cOBpeMeHHoH TeXHI1Ke JJ.eHcTByeT MHOLKeCTBO BbICO-

Ko060pOTHbIX MexaHH3MOB, MaIllHH 11 npH6opoB, OTJIlI'lH-

TeJIbHaSI 'lepTa KOTOpbIX
-- BbICOKHe Tpe60BaHlIH K ypaB-

HOBellIHBaHHIO BpamalOmHXCH TeJI. DpH CKOpOCTHX Bpame-

HHSI B HeCKOJIbKO JJ.ecHTKOB TbICH1J 060pOTOB B MHHYTY JJ.a-

:me npH He60JIbIllHX Maccax pOTOpOB- C03JJ.aeTCSI BeCbMa

3Ha'lHTeJIbHbIH KHHeTH1JeCKHH MOMeHT, OT'lerO JJ.BllraTeJIII

MorYT pa3pYIllaTbCH BeCbMa ObICTpO.
YCTpaHHIOT JJ.Hc6aJIaHC 06bI'lHO MeXaHH1JeCKHM HJIH

.9JIeKTpocpH3H1JeCKHM cnoc06aMH. B nepBOM CJIY'lae onpe-

JJ.eJIHIOT BeJIlI1JlIHY H MeCTO JJ.Hc6aJIaHCa, npe06pa3YIOT .9TY

oHHil>opMaUHIO B nporpaMMY, nepeJJ.3lOT ee Ha lIcno.rrHHTeJIb-

Hoe YCTPOHCTBO. DpH MeXaHH1JeCKOM cnoc06e YCTpaHeHHe

,lI.Hc6aJIaHCa ocymeCTBJIHeTCH, KaK npaBHJIO, BPY'lHYIO

(cBepJIeHHe) .

BOJIee ycneIllHbI 3JIeKTpocpH3H1JeCKHe cnoc06bI ypaBHo-

BellIHBaHHH, KOTopble n03BOJIHIOT aBToMaTH3HpoBaTb opo-

uecc OaJIaHClIpoBKH. CpeJJ.lI HHX Ha1l60JIbIllerO BHlIMaHHH

3aCJIYLKHBaeT JIa3epHblii MeTOJJ.. VIM MOLKHO ypaBHoBeUIIf-

BaTb pOTOpbI H3 JIIOObIX MaTepHa.rrOB. Cnoc06HOCTb JIa3ep-

HOro JIY1Ja cpOKYCHpOBaTbCH B nHTHO JJ.lIaMeTpOM B HeCKOJIb-

KO MlIKpOMeTpOB H BbICOKOTO'lHaSI CHHxpOHH3aUHSl npouec-

ca n03BOJIHIOT 6aJIaHCHpOBaTb pOTOpbI rlIpOCKonOB C TO'1-

HOCTblO JJ.O 0,5-0,02 MKM, 'lTO HeJJ.oCTynHo JJ.PYrIIM MeTO"

JJ.aM.

OJJ.Ha lI3 nepBblx JIa3epHblx 6aJIaHClIpOB01JHbIX MaIllHIf

AJIBM-I -- aBTOMaTH1JeCKaH JIa3epHaH 6aJIaHCHpOB01JHaH
MaIllHHa -- pa3pa60TaHa B MATH. OHa npeJJ.Ha3Hat.1eH3

,lI.JIH ypaBHoBeIllHBaHHH oceBbIX pOTOpOB mpOMOTOpOB 31!

,lI.Ba nYCKa. Pa60TaeT OHa CJIeJJ.ylOmHM 06pa30M.
CBeTOBoH JIY1J TBepJJ.OTeJIbHOrO na3epa B03JJ.eHcTByeT H 

BpamalOmHikSI pOTOp. OH pa3rOHSIeTCSI JJ.O 3aJJ.aHHbIX OO 

pOTOB (JJ.JISI KOHTpOJISJ HMeeTCH 3JIeKTpOHHbIH TaXOMeTp).
BKJII01JaeTCSI aBTOMaTH1JeCKaSI ClICTeMa ynpaBJIeHHH. Ycn-

JIeHHbIH CHrHaJI C ee JJ.aT1JHKa nocTynaeT Ha ClIHXpOHlI3a..

TOp H TaXOMeTp OJJ.HOBpeMeHHO. C BbIxona CHHXpOHH3aTO-

pa ClIrHaJI nepeJJ.aeTCH 6JIOKY nOJJ.Rmra OKr B MOMeHT.

KorJJ.a «THLKe.IIOe» MeCTO pOTopa opoxonlIT 'lepe3 OrITlIQe..

CKYIO OCb JIa3epa. CBeTOBOH JIY'l B03JJ.eiIcTByeT Ha Hero.

HcnapHH JIHlIlHlO1O Maccy. B ClICTeMe npeJJ.YCMOTPCHO a8.
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TOMaTH'leCKOe ynpaBJIeHHe .3HepmeH H3.1Y'lCHHH JJa3epa,

npOnOpUHOHaJIbHOe OCTaTO'lHOH HeypaBHoBellleHHOCTH pO-

TOpa. LLJIH ypaBHoBelllHBaHHSI .D:OCTaTO'lHO HeCKOJIbKHX H"' -

nYJIbCOB H3JIY'leHHH.

B HaCTOHIlLee BpeMSI C03.D:aHbI HOBbIe THnbI AJIBM Ha

OKf B peLKHMe MO.D:YJIHpOBaHHOH .D:06pOTHOCTlI. 3TH 6a-

JIaHCHpOBO'lHbIe MalllHHbI, TaK LKe, KaK H AJIBM-l, BHeLl:-

peHbI B aBHaUHOHHOM npH60poCTpoeHHH C OOJIblllJlM 3KO-

HOMH'leCKHM 3<p<peKTOM.
HeJIb3H He OCTHOBHTbCSI Ha HCnOJIb30BaHHH JIa3epOB B

reO.D:e3HH H CTpOHTeJIbCTBe. COrJIaCHO oueHKe CneUHaJIHCTOB

JIa3epHbIe nplIVOpbI .D:JISI reO.D:e3H'leCKHX H MeTpOJIOrH'le-
CKHX ueJIeH, a TaKLKe YCTpOHCTBa .D:JISI UeHTpHpOBaHHH H

«npHBH3KH» 06'beKToB oKynalOTcH B Te'leHHe 10 MeCSIueB.

Bee npHMeHHBlllHecH .D:JISI 3THX ueJIeH MeTO.D:bI HMelOT He.D:O-

CTaTKH; rJIaBHbIe - HeBbICOKaH TO'lHOCTb, HH3KaH npoH3-

BO.D:HTe bHocTb H OrpaHH'leHHbIH .D:Hana30H pa60'lHX pac-
CTOSIHHH.

LLJIH KOHTpOJIH 'll coxpaHeHHSI npHMOJIHHeHHOcTH H Ha-

npaB eHHSI Bce lllHpe HCnOJIb3YlOT YCTpoHcTBa Ha OCHOBe

reJIHH-HeOHOBbIX JIa3epoB. Do TO'lHOCTH 3TH npH60pbI MOLK-

HO 06'be.D:HHHTb B TPH OCHOBHbIe rpynnbI: oco60 TO'lHbIe.
n03BOJISIIOIlLHe onpe.D:eJIHTb OTKJIOHeHHe B 0,1-0,3 MKM Ha

1 M Ha paccToHHHHX .D:O 10 M (Hcno,lIb3YIOTCSI B OnTH'le-

CK MnpH60poCTpoeHHH, cTaHKocTpoeHHH, 3JIeKTpoBaKYYM-
HOH npOMbIlllJIeHHocTH); BbICOKOH H cpe.D:HeH TO'lHOCTH, <plIK-
CHpYIOIlLHe OTKJIOHeHHe 3JIeMeHTOB KOHCTPYKUHH B 1 MKM

Ha 1 M Ha paCCTOSIHHHX .D:O 100 M (caMO,lIeTO- H Kopa6JIe-
CTpoeHHe, MOHTaLK KpynHora6apHTHoro 060pY.D:OBaHHH, .D:JISI

npeUH3HoHHbIX reo<pH3H'leCKHX pa60T); HeBbICOKOH TOqHO-

CTH, onpe.D:eJIHIOIlLHe nOJIOLKeHHe BbI6paHHoH TOqKH KOBCT-

PYKUH'H B 100 MKM Ha 1 M Ha paccToHHHH .D:O 500 M

(cTpOHTeJIbCTBO .D:opor, a3pO.D:pOMOB, rn.D:poMeJIHOpaTHBHbIe
pa60TbI, npOKJIa.D:Ka lllTpeKoB, TOHHeJIeH, lllaxT).

B npH60pax Bcex Tpex rpynn OCHOBHbIe <PYHKuHoHa.lIb-
HbIe 'laCTH - JIa3ep-H3JIY'laTeJIb, JIY'l KOToporo C03.D:aeT
reOMeTpH'lecKYIO 6a3Y (JIHHHIO H.1H nJIOCKocTb), H n03H-

UHOHHO-qYBcTBHTeJIbHbIH 3JIeMeHT .D:JISI 06HapYLKeHHH H KO-

JIH'leCTBeHHolr oueHKH OTKJIOHeHHSI OT 3TOH 6a3bI. DpH BH-

3yaJIbHOM Ha6JIIO.D:eHHH OTKJIOHeHHH TO'lKH 06'beKTa OT

ueHTpa nSITHa H3JIY'leHHSI, T. e. B npocTeHllleM CJIyqae no-

3H':HOHHO-qYBcTBHTeJIbHbIM 3JIeMeHTOM CJIYLKHT cneU aJIb-
HblH 3KpaH C KOOp.D:HHaTHOH ceTKOH. OTKJIOHeHHSI <pIIKCH-
PYIOTCSI Ha HeM C TO'lHOCTblO .D:O 1 MM.
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B 60Jlee CJIOLKHbIX CIICTeMax B .3THX uemIX I-ICTI0JIb3Y-

lOT <pOTonpHeMHHKH. B 3aBHCHMOCTH OT Ha3HaqCHIHI qJOTO-

npHeMHbIe YCTpoikTBa HMelOT .D:Be, 'leTbIpe H 60JIee CBeTO-

qYBCTBHTeJIbHbIe nJIOIlLa.D:KH, BKJIlOqeHHbIe no MOCTOBOH

cxeMe. DpH CMeIlLeHHH 06'beKTa OT 3a.D:aHHOrO HanpaBJIe-

HHH CBeTOBaH 3HeprHH, na.D:alOIlLaH Ha Ka}l{.D:YIO H3 nJIOIlLa-

.D:OK, HeO.D:HHaKOBa. B pe3YJIbTaTe B03HHKaeT pa3HOCTHbIH
TOK, BeJIH'lHHa KOToporo nponOpUl10HaJIbHa CMeIlLeHHIO

06'beKT3, a nOJIHpHOCTb YKa3bIBaeT HanpaBJIeHHe OTK.IIOHe-

HI1H. CHrHaJI paCCOrJIaCOBaHHSI HCnOJIb3yeTcH B perHCTpH-

PYIOIlLHX npH60pax HJIH CJIyLKHT BXO.D:HbIM CHrHaJIOM HC'"

nOJIHHTe.1bHbIX MexaHH3MOB aBTOMaTH'leCKHX CHCTeM yn..

paBJIeHHSI.
OTKJIOHeHHH OT BepTHKaJrH npl1 CTpOHTe,lIbCTBC BbICOT-

HbIX 06'beKTOB H coopYLKeHHH B HaCTOHIlLee BpeMH H3MepH-

IOTCH C nOMoIlLblO JIa3epHbIX 3eHHTueHTpHpOB (JI3U). Dep'"
BbIH H3 HHX - JI3U-l - .D:eH'CTBOBaJI eIlLe npH coopyLKe-

HI1H OCTaHKHHCKOH TeJIeBH3HOHHOii 6alllHH B MOCIme. Ero

MO.D:H<pHKaUHH
- npH60p JI3U-2 .D:JIH KOHTpOJIH BepTH'"

KaJIbHOCTH nOJIOLKeHHH BbICOTHbIX coopyLKeHHH npH CTPOH-

reJIbCTBe H 3KCnJIyaTaUHH. OpHeHTHpOBO'lHaH nOTpe6HOCTb
B 3THX npH60pax Ha 1976-1980 rr. - HeCKOJIbKO TbICH'l

lllTYK.
ECJIH MbI yLK 3aroBopHJIH 0 JIa3epHbIx ueHTpHpYIOIlLIIX

YCTpOHCTBax, TO, nOMHMO CTpOHTeJIbCTBa, OHH npHMeHHIOT'"

CH Ha c60pKe KpynHbIx CTaHKOB, caMOJIeTOB, Kopa6JIeH,

npH B3aHMOTO'lHOH YCTaHOBKe pa3lIH'lHbIX .D:eTaJIeH. OHH

OKa3aJIHCb O'leHb 3<p<peKTHBHbIMH npH IOCTHpOBKe 3JIeMeH-

TOB C,IIOLKHbIX onTH'leCKHX CHCTeM, c60pKe H MOHTaLKe Kpyn-

Hora6apHTHbIX OnTH'leCKHX H pa.D:HOJIOKaUHOHHbIX aHTeHH.

LLJIH reo.D:e3H'leCKOH C'beMKH nO.D:KpaHOBbIX nYTeii, KOHT-

pOJIH YCTaHOBKH JIeHTO'lHbIX KOHBeHepOB, pa36HBKH oceH

.3CTaKa.D:, nOJIOTHa LKeJIe3HbIX H lllocceHHbIX .D:opor H B3JIeT-

HO-nOCa.D:O'lHbIX nOJIOC a3pO.D:pOMOB B COBeTCKOM COlO3e

BbmYCKalOTCH npOMbIlllJIeHHOCTblO JIa3epHbIe BH3HpbI JIB-I,

JIB-2, JIB-4, JIB-5. OHH npe.D:CTaBJISIIOT c060H COqeTaHHe

JIa3epHOro 1I3JIyqaTeJIH H npHeMHoro YCTpOHcTBa.
HaH60JIee cOBpeMeHHbIH BH3HP

- npH60p JIB-5 Ha 6a-

3e reJIHH-HeOHoBoro JIa3epa OKf-13. Ero KpenHT Ha 06bI'l-

HOM reO.D:e3H'leCKOM lllTaTHBe TaK, 'lTO OH nOBOpa'lHBaeTCH
B ropH30HTaJIbHOH nJIOCKOCTH Ha 360°. TO'lHOCTb HaBell.e-

HHSI B ropH30HTaJIbHOH nJIOCKOCTH + IS". LLaJIbHOCTb .n:eH-

CTBHH - 2 KM He3aBHCHMO OT BpeMeHH ro.D:a H CYTOK.

Macca npH60pa
- 5,2 Kr.
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C rrOMOIl.{blO JIB-5 6bI.TIH BbIIIOJIHeHb1 CJIQ}KHb1e re01{e'

3UqeCKHe pa60Tb1 rrpH pa36HBKe 3CTaKaAbJ B paHOHe PmK-
CKOro BOK3aJIa B MocKBe. 3CTaKa1{Y HYlKHO 6b1JIO rrpOJIO-
:tKUTb Ha1{ yqaCTKOM C 60JIbIIIHM KOJIHqeCTBoM 1{eikTBYIO-
Il.{HX }KeJIe3H01{0pOlKHbIX rrYTeH:. OCb TpaCCb1 6b1JIa pa36H-
Ta 3a 7 q 1{BYMH orrepaTopaMH 6e3 HapyweHHH 1{BHlKeHHH.
ECJIH 6b1 rrpHWJIOCb BOCrrOJIb30BaTbCH 06b1qHlJlMH reOAe3H-
qeCKHMH HHCTpYMeHTaMH, TO lKeJIe3H01{OpOlKHOe 1{BmKeHHe
Ha1{O 6b1JIO rrpHOCTaHOBHTb He MeHee qeM Ha 14 q.

'

JIa3epHbIe BH3HpbI rrpHMeHHJIHCb 1{JIH re01{e3HqeCKOH:
C'beMKH n01{KpaHOBbIx rrYTeH Ka6eJIbHOrO uexa rp3C H

I.J.eXOB MeTaJIJIyprH ecKoro 3aB01{a, rrpo<pHJIH rroBepXHOCTI1
B3JIeTHO-rrOCa1{OqHOll rrOJIOCbI a3p01{pOMa B COqH KOHTpO-
JIH npHMOJIHHeH:HOCTH pa'CrrOJIOlKeHHH TpaHcrropT PYIOIl.{HX
Me aHH3MoBB MHxaH:JIoBcKOM pa3pe3e KYPcKoH MarHHT-

HOH aHoMamIH, BbIBepKH oceH BpaIl.{alOlllHxcH rreqeH pHX-
TOBKH }KeJIe3H01{0pOlKHOro rrOJIOTHa H T. rr.

'

3a Py6elKoM rrOHBJIHeTCH rroBbIIlleHHbIH HHTepec K JIa-

3epy KaK rroTeHUHa,TIbHoMY Cpe1{CTBY rrepe1{a'lu 3HeprHH Ha

60JIbWHe paccToHHHH. ITpe1{BapHTeJIbHbIe oueHKH CBH1{e 

TeJIbCTBYIOT 0 TOM, qTO rrepeAaqa 3HeprHH C !IOMOlllblO JIa-

3epa MOlKeT KOHKypHpOBaTb C 06bIqHb1MH MeT01{aMH 3Hep-
reTHqeCKoro 06eCneqeHHH. ITpOB01{HTCH pa60TbI, ueJIb KO 

TOpbIX
- oueHHTb peaJIbHbIe B03MOlKHOCTH JIa3epa B rre 

pe1{aqe 3HeprHH Ha 60JIbIIIHe paCCTOHHHH, rrpe06pa30Ba-
HHH 3HeprHH B peaKTHBHYIO THry, YCHJIHe Ha BaJIY H T. n.

PaCCMaTpHBaeTCH peaJIbHOCTb rrepe1{aqH 3Hepnm B KOCMOC

C031{aHHH TepMOHAepHb1X KOCMHqeCKHX CTaHuHH C ,TIa3ep 
HbIM HHHUHHpOBaHl1eM, 06eCrreqeHIHI MaHeBpa KOCMH'le-
CKHX Kopa6JIeH H 1{p.

COTpY1{HHKI1 CT3H<pop1{CKOrO YHllBepCHTeTa HCCJIe1{OBa 
JIH upa60TY rropIIIHeBoro 1{BHraTeJIH C rrHTaUHeM 01' JIa3ep-
HOll yc.!aHOBKH. 3KcrrepHMeHT BbIIIOJIHHJICH Ha 1{BHraTeJIe

npOCTOH KOHCTPYKUI1H, He60,TIbIIIHX pa3MepOB H MaCCbI. B
rrpHHulIIIe B03MOlKHOCTb pa60Tb1 TaKoro YCTpOHCTBa .QO 
Ka3aHa.

KIT
OlKH.QaeTcSI, QTO n01{06Hb1e YCTaHOBKH MorYT HMeTb

LL CBb1we 40%. O.QHaKo cero.QHH HeT n01{X01{HIl.{IiX Ma..

TepHaJIOB 1{JIH OKOH, MaTepHaJIOB, nporrycKalOIl.{Hx H3JIY'le..
HHe JIa3epa Ha CO2. KpoMe aJIMa3a, HO OH 1{opor H H3
Hero MOlKHO H3rOTOBHTb nJIaCTHHbI OQeHb He60JIbIIIHX pa3"
MepOB.

ITpeBpaIl.{eHHe JIa3epHOH 3HeprHH B aKKYMYJIHpyeMYro
XHMHQeCKYro nepcneKTHBHO. HaH60JIbIllee BHHMaHHe rrpH"
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BJIeKaeT rrpouecc <pOT01{HCCOUH3UHlJ B01{b1, rrOCKOJIbKY BO 

JlOpOA O'leHb 3<p<peKTHBHoe paKeTHoe TOrrJIHBO. OH MOlKeT

xpaHIITbCH B pa3Ho06pa3HbIX <POpMax
- ra3006paaHOH,

Jlu!1{KOH, B Bl11{e COe1{HHeHHH. CorrYTCTBYIOIl.{He rrp06JIeMb1,

KOTopbIe Tpe6yeTcH peIIIHTb,
- pa3pa60TKa 3<p<peKTHBHbIX

KOpOTKOBOJIHOBbIX JIaaepOB (c 1{JIHHOH BOJIHbl OKOJIO

165 HM), a TaKlKe pa3.lI.eJIeHHe H xpaHeHHe KHCJIOp01{a H

BOAopo1{a.
Ha KOCMHQeCKHX Kopa6JIHX pa60TalOT  OJIHeQHbiC 6a-

TapeH. 01{HaKO OHU HMelOT 60JIbWYIO Maccy H 1{oponI. Hc-

rrOJIb30BaHHe JIaaepHOro HaJIY'leHHH BMeCTO COJIHeLlHOro

rrpelK1{e Bcero YMeHbIIIUJIO pa3Mepb1 6aTapeH. Ho B TaKHX

rrpH60pax rrpe06pa3yeTcH B 3JIeKTpHQeCKYIO He 60JIee 40%

3HeprI1H CBeTa, OCTa,TIbHb1e 60% rrpeBpalllalOTcH B lerrJIO.

JIa3epbl MorYT HCrrOJIb30BaTbCH II B c,TIYlK6e 6e30rrac-

HOCTH 1{BHlKeHHH. CYIl.{eCTByeT .1aaepHblH H3MepHTeJIb ;:J,aJIb-

HOCTH BH.QHMOCTH. C ero rrOMOlllblO orrpeD.eJIHeTCH np03pa'l-
HOCTb aTMoc<pepbl BD.OJIb lKeJIe3HOD.opOlKHOro rrOJiOTHa.

ITpH60p HMeeT rrHTb rrOD.D.HanaaOHOB, cooTBeTcTBYIOIl.{HX

pa3JIHQHb1M 3HaQeHHHM D.a,TIbHOCTH BHD.HMOCTH: CBblIlle 300,
01' 300 D.O 150, 01' 150 D.O 90, 01' 90 D.O 30, MeHee 30 M.

ITpH60p KOHCTpYKTHBHO
- rrepeD.aTQHK Ha JIa3epHOM D.HO-

Jle, <pOpMHpyroIl.{aH orrTHKa C IOCTHPOBOQHbIMH rrpHcrroc06-
JIeHHHMH, 6JIOK rrHTaHUH H rrOD.OrpeBaTeJIb D.JIH O'lHCTKH

OKOH rrpH TYMaHe H CHerOrraD.e. LLHOD. reHepHpyeT rrYQOK C

paCXOD.HMOCTblO 1° B HH<ppaKpacHoM D.Harra30He. Ero 113-

JIYQeHHe 6e30rraCHO D.JIH rJIa3.

Bb1XOD.HOH CHrRaJI rrpHeMHOH: QaCTU H3MepHTeJIH BbIBO'

,nHTCH Ha HHD.I1KaTOp. CneUHaJIbHaH CHrHaJIH3aUUH rrpeD.Y-

npelK.QaeT MaIIIHHHCTa 0 TYMaHe, nblJIeBOii HJIH rreCQaHOH

6ype, D.blMe H .QPYrHX <paKTopax, yrpolKalOIl.{UX 6e30nac-

HOCTH lKeJIe3HOD.opOlKHoro D.BUlKeHHH. ITpe.lI.YCMOTpeH aB-

TOMaTHQeCKHH D.HCTaHUHOHHbIll KOHTpOJIb BH.QHMOCTU B

KalKD.OM rrOD.D.Harra30He C BbIBOD.OM HH<popMaUHH Ha JIeHTY

HJIH lllHTOBOH rrpH60p.
OrrHcaHHoe YCTPOHCTBO HMeeT HeKOTopb1e rrpeHMYllleCT-

Ba rro cpaBHeHHIO C H3MepHTeJIHMH, KOTopb1e HCrrOJIb3ylOT

pacceHHHe CBeTa; yrrpoCTHJIaCb KoppeKTHpOBKa HYJIeBOrO

ypOBHH rrpH H3MeHeHHH YCJIOBHH OCBeIl.{eHHH.

B ClllA pa3pa60TaHo H H3rOTOBJIeHO JIa3epHOe 060py.

.QOBaHHe «JIa3ep<PoTo» D.JIH rrepeD.a'lH <POTOHH<popMaUHH H3-

D.aTeJIbCTBaM H TeJIecTYD.HHM. OHO crroc06Ho Bb1cOKoKaQe-

CTBeHHO BocrrpOH3BOD.HTb <pOTOHH<p0pMauulO, rrepe,naHHYIO
no TeJIe<poHHbIM JIHHHHM,
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.1J.JIH nepe.n:a'lH 4>OTOHHcpOpMalunO 3aKJIalI.bIBaIOT B ne-

pe.n:alOmHii 6JIOK. OHa cKaHHpyeTcH JIa3epHbIM nY'lKOM lI.Ha-

MeTpoM 0,1 MM. 1l306paLKeHHe «npeo6pa3yeTCH» B 3JIeK-

Tp'H'leCKHe CHrHaJIbI, KOTopble OTnpaBJIHIOTCH B JIHHHIO CBH-

3H. OlI.HOBpeMeHHO C nepe.n:a'leii 4>OTOHH4>opMal.{HH JIa3ep,

CHHXpOHH3HpOBaHHblii C nepe.n:alOmHM YCTpoiicTBOM, 3Kcno-

HHpyeT cnel.{HaJIbHO o6pa6oTaHHYlO CYXYIO 4>oTo6YMary.

ITpOl.{eCC 3KcnOHHpOBaHHH o.n:Horo CHHMKa - OKOJIO 8 MHH.

3aTeM 4>oToHOCHTeJIb npoxo.n:HT 'lepe3 6JIOK TepMoo6pa6oT-
KH, npOHBJIHeTCH 4>OTocHHMOK 20X25 CM - no cymecTBY,
penpo.n:YKl.{HH opHrHHaJIa, oTpe3aeTcH OT py,IIOHa, nOCJIe

'lero YCTpoiicTBO Ha'lHHaeT nepe.n:aBaTb cJIe.n:YlOmf:lii 4>OTO-
CHHMOK.

CpO'lHaH CTpYKTypa H306paLKeHHH YHH'lTOLKaeTcH cne-

l.{HaJIbHbIM cKaHHpoBaHHeM: o.n:HoBpeMeHHo C nepeMemeHII-
eM no ropH30HTaJIH (CTpO'lHaH pa3BepTKa) JIa3epH Hny-
'lOK KOJIe6JIeTCH no BepTHKaJIH, npH'leM B 1000 pa3 6bICT-

pee, 'leM no ropH30HTaJIH. B pe3YJIbTaTe CBeT paBHOMepHO
pacnpe.n:eJIHeTCH no TOJImHHe KaLK.n:OH crpOKH pa3BepTIm.
I(OJIe6aHHH nY'lKa no BepTHKaJIH H o.n:HOBpeMeHHO H3Me-

HeHMH ero HHTeHCHBHOCTH B COOTBeTCTBHH C TOHOBbIMM Ba-

pHal.{HHMH nepe1{aBaeMOro H306paLKeHHH ocymeCTB.JUlIOTCH
C nOMomblO aKYCTOOnTH'leCKoro M01{YJIHTopa.

LLJIHTeJIbHOCTb nepe1{a'lH 4>OTocHHMKa MOLKeT 6bITb CO-

KpameHa 1{O 3 MHH, eCJIH ceTH nepe1{a'lH 4>oTOHHcpopMal.{IUr
c4>opMHpoBaTb Ha npHHl.{HnaX I1.HcppoBoro K01{HpOBaHHH.

HCTHK TeXHOJIOm'leCKHX npOl.{eCcoB. YBeJIH'laTCH II Mom-

 OCTHJIa3epOB, cTa6HJIH3HPYlOTCH HX napaMeTpbI, Ha'lHYT

uCnOJIb30BaTbCH BCTpoeHHble C'HCTeMbI ynpaBJIeHHH H KOHT-

pOJIH, B TOM 'lHCJIe MHKpO-3BM.  hope3KO nOBbICHT npo-

H3B01{HTeJIbHOCTb JIa3epHOro TeXHOJIorH'leCKorO o6opy.n:OBa -

HHH.

B par,max He6oJIbIIIOii 6pOllilOpbI HeB03MOLKHO paCCMOT-

peTb Bce H3BeCTHbIe npHMeHeHHH JIa3:pOB, TaKHe, HanpH-

Mep KaK ynpaBJIHeMbIH TepMOH1{epHbIH CHHTe3, ynpaBJIHe-

MbI XHMH'leCKHe peaKl.{HH, pa31{eJIeHHe 'H30TOnOB, nOJIY'le-

HHe CBepX'lHCTbIX BemeCTB, JIa3epHaH CBH3b H CHCTeMa ne-

pe1{a'lH HH4>opMal.{HH, H3MepeHHe CKOpOCTH, rOJIorpa4>H'le-
CKHe npH6opbI, YCTpoiicTBa 3anHCH H xpaHeHHH HHcpopMa-

I1.HH, pacn03HaBaHHH 06pa30B. Ho eCJIH 'lHTaTeJIb YHC HT,
KaKOM cymecTBeHHbIH BKJIa1{ BHOCHT JIa3epHble YCTPOHCT-

Ba B COBpeMeHHYIO npOMbIIIIJIeHHYIO TeXHuOJIOrHIO, TO aBTOp

6Y1{eT C'lHTaTb CBOIO 3a1{a'lY BbIllOJIHeHHOH.

* *

*

LLeBHTaH nHTHJIeTKa - BpeMH HHTeHCHBHoro BHe1{peHHH
JIa3epHOH TeXHOJIOrHH B pa3JI'H'lHble OTpaCJIH npOMbIIIIJIeH-

HOCTH. Ha npaKTHKe 1{OKa3aHa ee BbICOKaH 34>4>eKTHBHOCTb
1{JIH npOIIIHBKH, pe3KH, CBapKH, TepMoo6pa6oTKH H .n:pymx
l.{eJIeH: npaKTH'leCKH KaLK1{bIH BJIOLKeHHbIH py6JIb npuHocHT
4-5 py6. 1{OXOlI.a,

B COOTBeTCTBHH C peIlleHHHMH XXV C'be31{a I(ITCC Tervr-

TIbI OCHameHHH OTpaCJIeH Hap01{HOrO X03HHCTBa JIa3epHbIM
TeXHOJIOrH'leCKHM o6opy.n:oBaHHeM B 1{eCHTOii nHTHJIeTKe

pe3KO B03pacTYT. BY1{YT HHTeHcHcpHl.{HpOBaHbI IICCJIe1{OBa-

HHH H pa3pa6oTKH HOBbIX TeXHOJIOrH'leCKMX npOl.{eCCOB.

YBe,1J:ll'lHTCH Bl:mYCK BblcoKonpoH3BOlIHTeJIbHbIX MHorono-

CTOBbIX YCTaHOBOK. YJIyqIllaTCH Ka'leCTBeHHble nOKa3aTeJIH

JIa3epHOii TeXHOJIOrHH Ha OCHOBe 60JIee cOBepIlleHHoro yn-
paBJIeHHH napaMeTpaMH M3JIY'leHHH H KOHTpOJIeM xapaKTe-
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A H II C II MOB C. M. II ,lJ;p. .LJ:eiicTBIIe II3.'IyqeHlIH 60JlblllOii MOli{-

HOCH! Ha MeTaJlJlbI. M., «HaYKa», 1970.
Be JI 0 C T 01.( K II ii B. P. II ,lJ;p. OCHOBbI Jla3epHoii TeXHHICII. M.,

«CoBeTcKoe pa,lJ;lfo», 1972.
B e ii K 0 B. n., JJ If 6 e H C 0 H M. H. JJa3epHaH o6pa6oTKa JJ

1973.
. .,

B O,lJ; 0 BaT 0 B <1>. <1>. II ,lJ;p. JJa3epbl B TeXHOJlOrHlI. nO,lJ; pe;J:.
M. <1>. CTeJlbMaxa. M., «3I1eprHH», 1975.

P H 6 0 B C. r. II ,lJ;p. npH60pbl KBaHToBoH ,meKTpOHIIKII. nO,lJ; peJ\.M. <1>. CTeJlbMaxa. M., «CoBeTCKoe pa,lJ;IIo», 1976.
P bl K a JI II H H. H. II ,lJ;p. JJa3epHaH o6pa6oTKa MaTepnaJlOB M

,«MalllIlHocTpoeHlle», 1975.
. .,

C Y M II HOB B. M., C K BOp q e B C K II ii A. K. YpaBHOBelillfBaHlie
Bpail.(alOil.(IIXCH TeJl JlyqOM Jla3epa. M., «MaIllIlHocTpoeHlle», 1974.

C y M I! HOB B. M., ABC II e B II q E. A. MeTo,lJ; nOBblUleHlIH K8-
qeCTBa Jla3epHOro CBepJlemlH. - «npll6opbl II CHCTeMbl ynpaBJleHIIH»
1974, NQ 9.

'

C e M e HOB A. H. I(BaHToBaH 3J1eKTpOHIiKa II npaKTIIKa. M., «3H3-
Hlle», 1972.

YBO>KOeMble  HTOTeInd

EBreHH" AJleKcaH,lJ;poBH'! ARcHeBH'!

IIA3EPbI B npOMbIlliJJEHHOH
TEXHOJJOfl111

rJI. OTpaCJleBOii pe,lJ;aKTOp B. n. .LJ: e M b H HOB

Pe,lJ;aKTOp r. M. <1> JI II 0 P e H T
MJI. peAaKTOp H. A. JJ b BOB a
06JIo>I<Ka xy.nmKliliKa A. C. r p II r 0 p b e B ::I
Xy.nO>K. pe.naKTop T. M. .LJ: 06 P 0 B 0 JI b Ii 0 B a

TexH. pe.naKTOp A. M. K pac a B H H a

KoppeKTop c. n. T K a q e H K 0

HB N2 1074

B 1978 r. B cepHH «PaAH0311eKTpoHHKa 101 CBSl3b» HaMe'laIOTCSI

K H3AaHHIO cl1eAYIOUJ,He 6POWlOpbl.
B 6powIOpe AOKTopa TeXHH'IeCKHX HaYK r. r. I> y 6 HOB a "AM-

TeHHo-C!JHAepHble YCTPOHCTB8u paccKa3aHo 0 TeXH0I10rH-H aHTeHHO-

CTpoeHHSI KaK oTpacl1H, HMelOUJ,eH oc06ylO Ba>KHOCTb He TOl1bKO no

TeXHH'IecKHM C006pa>KeHHSlM, HO 101 B cpaBHeHHH ee OTHOCI-ITel1bHOH

M a6C0111OTHOH CTOIiMOCTH (np0I13BOACTBa, H3rOTOBl1eHHSI, 3Kcnl1yaTa-

4101101). PaccKa3aHo 0 HOBblX aHTeHHblX CHCTeMax: nepHOAH'IeCKHX aH-

TeHHblX cHcTeMax, 3epKal1bHblx, I1HH30BbIX, pynopHblx aHTeHHax M HX

KOM6HHaLlHSlx. OnHcaHbl l}Ja3MpoBaHHbie peweTKH C npliMeHeHl-leM B

Ka'leCTBe H311Y'IaTel1eH pa3Ho06pa3Hbix 311eMeHTapHblx aHTeHH, a TaK-

>Ke HOBbie nepcneKTHBHble cxeMbl, OTI1H'IalOUJ,HecSi 6011bWHMH B03MO>K-

HOCTSlMH B 'IaCTH ynpaBl1eHHSI HX 311eKTpOAIiHaMH'IeCi(HMH xapaKTepl1-

CTHKdMH.

B MocKBe 21-25 HIOHSI 1977 r. npoxoAHI1 BceMHpHblH 311eKTpo-

TeXHHLleCKHH KOHrpecc. nepBblH 311eKTpOTeXHH'leCKHH KOHrpecc npoxo-

AHI1 B napH>Ke B 1881 r., HblHewHHH KOHrpecc B MocKBe - OAHH-

HaALlarblH. ,lI,eBH3 KOHrpecca - «HacToSlUJ,ee 101 6YAYUJ,ee 311eKTpoTex-
HHKI1» - onpeAel1Hn 101 OCHOBHble HaY'IHble TeMbl, no.ql1e>KaUJ,He 06-

cY)f(AeHI1IO.

B 6powIOpe "HTorH OAHHH8AI.!,8TOrO 3neKTpOTeXHH'IeCKOrO KOHrpec-
call, COCTaBl1eHHOH KOnneKTI1BOM aBTopOB, KOpOTKO H3nO>KeHbl HeKO-

ropble 06cY)f(AaBWl1ecSI Ha KOHrpecce npo6J!eMbl, npeACTaBI1J;IO e
HHTepec AI1S1 nOAnHC'IHKOB CepHIi "PaAH0311eKTpoHHKa 11 CBSl3b". I>y-

AYT paCCMOTpeHbl np06neMbi C03AaHHSI Mr,ll,-reHepaTopa, nepeAa'lH

311eKTp03HeprHH Ha paCCTOSlHHSI, C03AaHHSI H Hcn011b30BaHHSI '<Tenl1bIX»

cBepxnpOBOAHIiKOB, np0611eMbl Bbl'lHCI1HTel1bHOH 101 MI"IKp0311eKrpoHHoH
rexHHKH, 3anOMHHalOUJ,HX YCTPOHCTB 101 ,lip.

YBl1eKaTel1bHblH MHp KOMnblOTepoB C npeAel1bHo B03MO)f(HbIMH Ha

cerOAHSI xapaKTepHcTHKaMH, cynepnpOBOAI1MOCTb 101 cynepKpHoTpOHbl-

HAea11bHaSi TeXHHKa AI1S1 pea11H3aLlHH 36M. 0 K0110cca11bHbiX TpYAHO-

CTSIX BHeApeHHSI B Bbl'lHcnHTel1bHYIO rexHHKY A)f(03el}JcoHoBCKHX cBepx-

T-04221. IfHJ(eKc 33K333 84402. CJ(3 O B H360p 26/XII-77 r. nOJ(IIHC3110 K ne.<tilTH 6/1-78 r. ct>OpM3T 6YM3m 84X 108/.,. 6YM3r3 THflorpa<j)oK3R N '
-

6 I
neq. n. 2. YCJI. ne". n. 3,36. Y".-H3J(. n. 3,35. THP3>K 62930 3K3. 'ri3'!(3i b   
c,3HBHHe,.. 101835, MOCKB3, UeHTp. npoe3J( CepoB3. ,tJ.. 4. 33Ka3 2280 THno-
I'pa4>HR BCe<:olO3Horo 06W;e<:TB3 «3H3ulle,.. MOCKB3 UeHTp H'b. 8/4.

. . OB3 II nn..

LieK3 II Kon.
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npOBOASlUJ,HX MHKp0311eMeHTOB 101 C03AilHHSI Ha HX OCHOB\!! cynep-3BM
C 'Ipe3Bbl'la HO BblCOKHMH nOKa3aTemlMH no 6blcTpo.qe cTBHIO, eMKO-

CTH ndMSlTH, npoH3BOAHTe11bHocTH 101 APyrHM napaMeTpaM paccKa3a-

HO B 6powIOpe A. n. KO'lypa ..Cynep-3BM». BCTyn'Hel1bHYIO CTaTblO

K no pa60Te HanHcal1 aKaAeMHK B. M. rI1YWKOB.

npl1H4Hn pa60Tbi l1a3epHoro 101 nOl1ynpoBoAHHKcBoro KIo1HeCKonOB.

Opl1eHTl1pOBO'lHble CpOKI1 OCBOeHI1S1 HX npoH3BoACTBOM 11 nOArOTOBKI1

K cepH HoMYBbmycKY. KaK 113MeHSlTCSI OCHOBHble napaMeTpbl Tel1e-

BI13110HHOro npHeMHHKa (3KOHOMH'IHOCTb, 'IeTKOCTb, KOHTpacTHocTb,

4BeTonepeAa'la 11 AP.) C npHMeHeHl1eM nl1x KI1He::KonOB. B03MO>K-

HOCTI1 cOBepweHcTBoBaHHSI npoeK4HOHHbiX npHeMHHKoB. VI3110>KeliHe

OCHOBHblX I}JH3H'IeCKHX npl1H411nOB nOCTpOeHI1S1 101 CXeMaTH'IeCKHe oco-

6eHHocTH CTepeoTe11eBH3HoHHbiX CI1CTeM.

Co BceMH 3THMI1 BonpOCaMI1 nOAnHC'IHK CepHI1 MO>KeT n03HaKO-

MI1TbCSI B 6powIOpe «HoBbie pa3pa6oTKH TeneBH3HOHHOH TeXHHKH»,

KYAa BOHAYT Tpl1 CTaTbl1: «CTepeOTeneBHAeHHe», «TeneBH30p C na-

3epHbiM KHHeCKOnOM», (,nnOCKHH TeneBH3HOHHblH 3KpaH».

Ha B,lI,HX 6-14 ceHTSl6pSl npOXOAI111a Me>KAYHapoAHaSi BbICTaBK<I

KHl1rH. OAHH 1013 3KcnOHaTOB nOH BblCTaBKH - KHHra ApnaA 6apHa
101 ,lI,3H 1-1. nopna «BBeAeHHe B MHKpO-3BM H MHKpOnpOl.!,eCCopblll.

AKTyal1bHocTb MaTepl1al1a, XOPOWI1H CTHl1b H3110>KeHI1S1, YAa'lHoe 1}J0pM-
l1eHl1e HeH3MeHHO npHBl1eKal111 BHHMaHHe noceTHTel1eH BblCTaBKIo1 K

3TOH KHHre.

1-13110>KeHHe TeMbl YAa'lHo CO'leTaeTCSI C MHOrO'lHCl1eHHbIM 06pa3-
HblMH npl1MepaMl1, n03B0I1S1IOUJ,HM nonYI1S1pHo pa3bSlcHHTb Hal16011ee

TpYAHble MOMeHTbl paccKil3a 0 cOBpeMeHHoH Bbl'lHCI1HTel1bHO Tex-

HHKe.

nepeBoA C aHrl1l1HcKoro BbmOI1HHI1 KaHAHAaT TeXHl1'1eCKI1X HaYK

B. A. CBl1pI1AeHKo.
6powIOpa «3neKTpocBlI3b H HaY'IHO-TeXHH'IeCKHH nporpecc» pac-

C'IHTaHa Ha 'IHTaTel1e , HHTepecylOUJ, xCSI TeXHI1KOH CBSl311. B HeM B

nonYI1S1pHOH 1}J0pMe paCCKa3aHo 0 BI1HSlHI1I1 AOCTH>KeHHH HaY'lHO-Tex-
HH'IeCKOrO nporpecca Ha pa3BI1TI1e cpeACTB CBSl3H. OnI1CaH!>1 eCHOB-

Hble CHCTeMbl CBSl3H H CO.BpeMeHHble MeToAbl nepeAa'lH I1Hl}JcpMa-
410111. MHOrO'lHCl1eHHble CpaBHI1Te11bHbie xapaKTepHCTHKl1, I1HrepeCHble
101 o6pa3Hbie npHMepbl Ael1alOT AOCTynHblM 113110>Keo-fHe AOCTaTO'lHO

CI10>KHbIX np04eCCOB 06pa60TKI1, XpaHeHI1S1, nepeAa'lH 101 npHeMa CHr-

HaI1OB.


