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Pa3BHTHe TeXHHKH BOJtOKOHHo-omn'IecK011 CBH3H ua 3JteKTpocpH3ITT~c

. KHX' YCTaH0BKax. (3cI>Y) C03)].aer 0CH0BY )J,Jl.fl pa3pa60TKH H npmv1eHeHH.fI 
OTT1'H'IeCKHX cpe)J.CTB nepe.zia'IH mtcpopMa.UHH, ,KOMMYH,HKaUHOHHOH cpe,JJ,OH 

KoT0phrx cny,KaT BOJtOKOHHo-omtttiec~ue r<a6e;H (cM. Ta6mmy).. . . , 
rnaBHhie npeHMyruecTBa, xapaKTepHbie nm1 B0Jl0I<0HHO·0ITTH'leCI<HX 

cncreM nepena'IH mtcpopMaUHH (BOCTTH), 3ar<nmtiaIOTCfLB. cneny10meM: 
1) noMeXo3aiuHiueHHOCTh OT BHeillHl-iX :meKTpoMarHHTHbIX HMnyJthCOB 

H OT B3aHMOHaB0AOK, 'ITO oco6eHHO :Ba,KH0 npH BbICOKOH IDIOTHOCTH I<0M· 

MYHHKaUHHj 
2) LtmpoKHH ~acTOTHbIH nuana3oH: 500+600 Mru nm1 MHoroMonoBhIX 

. B0J!0KOH, 2000+2500 Mru )J,JtH 0)J.H0MO)J.O~hIXj . . , 
3) Man9e 3aTyXaHHe: 3+5 nE/KM nrm B0JlOKOHHO·OITTH'leCKOro Ka6eJtH,· 

npoTHB 30 nE/KM ~JUI KOaKCHaJthHOro Ka6e1rn; . 
4) MaJthie pa3Mepbl H Macca: nHaMeTp CBeTonpOBO)J.HLUeH iKHJtbI 

30+50 MI<Mj nnoniocrb MaTepnana ,KHJihI B tieThrpe pa3a MeHhwe rmornocrn. 
· Mei:ui; npU:MeHeHHe BOJtOKOHHo-onn1'!ec1<ux JtmtHH CBH3H nae-r 3I<OHOMHIO B, 
Macce npoBonoB npnMepHo B 100 pa3;, · · · · 

5) ycTOH'IHBOCTb KBo3ne11crnHIO. 01<py,Kawrue11 cpenhr. (BJ1ara, conii:uo11 
. Ty;',IaH) j . . , ' ' . . .. . 

6) nuaria30H pa6ol!HX TeMnepaTyp: or -60 )J,0 ,1-200° C; 
· 7) Ha.iIH'!He raJthBaHH'leCI<OH pa3BH3KH Me)K)J.y. BX0)J,OM H BbIXO)J,OM, no~.· 

· 3BOJtHIO.rueii CBH3hIBa.Th 6nor<H annaparyphI; pa3HOCTb noTeHUHaJtOB Me)K)J.y 
K0TOpbIMH )J.0CTHraeT MHorHx COTeH KH-"lOBOJtbTj .. 

's) neweBH3Ha H Heneq>HUH~OCTb MaTepHaJt0B, H3 K0TOpblX H3I"OTaBJtHBa-. 
. IOTCH ornH_'IeCKHe BOJlOKHa H r<a6en11 (CTeKJio, I<Bapu, ruiaCTMaCCbl). I • 

HecMoTp·H Ha CJtO,KHBWyrocH npaKTHKY np1106pereH'HH' 'y 3apy6eiKHhIX . 

q>HpM CTattnapTHbIX · coe,JJ,mtHTene11, B TOM 'IHCJte H ·Borto1<0HHo-ornH'Iec1<mc, . 

cyruecrnyer Heo6xo,JJ,HNIQCTh npH · npoBeneHHH HaytIHo-ncCJienoBaTenbcI<HX 

pa6oT I<OHCTpynpc>BaHH.fI H H3rOTOBJteHIDI nec:'rpattnapTHblX 
0

BOJtOK0HHO-onTH· 
qeCI<HX coenmtHTenei:i, B I<OTOpbIX npo6JteMa · CTblK0BI<H pelllaercH c noMo
IllbIO Mexattrnecr<ux ycrpoi:icrn, He Tpe6yromHx nnH cBoero .u3roTOimemrn 

npeuu3HOHHoro 11nu cneurui.m.ttoro o6opynoBaHWI: · _ .. 
OrnrneCI<He coenmtHTenu (OC) 'mi:mIOTCH HeoneMJtHMOH l!aCTbIO JtI06oii 

BO:IOI<OHHO-OUTH'IeCKOi% CHCTeMbl_ nepe;1,aqu H!IcpOpMaUHH / 1 
-

5 1 .• Ha3Hatiem1e · . 

· omHtiecr<ux coenmtnTenei:i ---:- o6ecne'IHTb coenHHeHHe Bono1<0HH0-omu'Iecxux 
Ka6eneH (BOK), npyr c npyroM u c omo:rneI<TpOHHhlMH HOnTH'IeCKHMH ycT-

2 
© O61,e.o;HHellHblH HHCTHTyT H,ll;epHblX HCCJie,ll;0BaHHH .I{y6Ha, 1991 



9 a 
e-• ~--. 
g: f 
♦---:,? 

:: Ci.> 

._J ~~ f~.:. I 
J ~f - r . ~ gg_, 

ti:!) 

i~· 

WUP01((111 
:no.ncca n;m~

i(QHUA 

8C3M0XK0Cfflb 
WUPCICO&O 
M\jlli.mUM2M-
cu baHUII 

m~l 1napeaci'lu 6on 
wux 06"1M0b 
UHIOPMCI.U.UU 
C l:tlCOKCl!i 
CK0P0Cffl~!9_ 

omc~mcm&ua 
UCIC tl!Ua U 
K0pom1ewc aa-
MIIIKClMUQ 

1 
gr~cmbua 

Q L4i•&ll 
H~WIHUR 
U Ill.LUU 

o~~~cm~ua 
Ht 0 UMotmu 
10.HMIIIHUII 

MliCCnpuuM-
4u 0cm11 K ipc-
go blM pcupR-

aM 

3ntKmpo6uo-
nQCHOCmb 

Onmu41CKUI 
1ea5tnu 

Ml"l~bcm~u -
men HOCfflb I( 
!,HiWHUM MC11!,-
HumHblM n0/11lM 

I 

omc'::lmcmbue 
H!05xoauMOClnU 
3K~aHupobaH~ 
U QC!Kp!<lU!ill 
HUA 

MQJlQII 

MQCCQ 

:f~mcmbue 
m~tHHOU) 

1.1~yueHuA 
M!KmpOMQ?.-
HUmHbJX no:--
M!X 

MQ/lblU 
auQMlmp_ 

r~~m• P..Q50fflbl Ht• 
il'tlaionp~m- - --r -

blX KIIUMOmu-1 I 6UllbH01!1. 'i\naT-1 
eCKUX tno~- Cl)OPMbl 
XU 311 Kmpo 

MQ'l,HUfflHblX 
non11x 

MUlKue ncme
~ 3HeP?.uu 

I l<JlllOl<U I MCH - I 
ma:11ea u 3KC· 

Ta6mn-1a 

Q0nbWUI lanO, • 
Col U HUSKQA 
cmouMocm11 
C~CbA 

I CHU:lKIMl:l 
cmouMccmu 

-----'\_ 



I. 
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POHCTBaMH, BXOAHIIUiMH B COCTaB CHCTeMbl nepe.n;a1m mnpopM8.UHH, C MHHH

MaJibHbIMH noTepHMH OTITIBle~Koro CHrHana. 

BbI,D;eJIHIOTCH CJie.n;yroI.UHe KJiacch1 OC: 

- pa3'beMHble H Hepa3'beMHbiej 

- O,lJ;HOBOJIOKOHHbie H MHOrOBOJIOKOHHbiej 

....; "Ka6eJib-Ka6eJib" H "Ka6enb-npn6op". 

Pa3'beMHhie coe.n;mrnTeJIH AOJI)KHbI 06ecneq1maTL MHoroKpaTHoe coe.n;nHeHHe H 

pa3'be,D;HHeHHe 6e3 cymeCTBeHHoro yxy.n;meHHH xapaKTepHCTHK. Coe.n;HHHTeJIH 

3Toro KJiacca qaCTO Ha3bIBaJOT omnqecKHMH pa3'beMaMH. O.n;HOB~JIOKOHHbie 

COe,D;HHHTeJIH npe,D;Ha3HaqeHbl ,D;JIH coe,D;HHHeHHH C 3a,D;aHHbIMH xapaKTepHCTH

KaMH O,!J;HHOqHblX onTIBleCKHX BOJIOKOH .n;pyr C .n;pyroM IIJIH C .n;pyrHMH 3Jie

MeHTaMH CHCTeMbl nepe,n;aqn, coe,D;HHHTeJIH "Ka6eJIL-npn6op" - ,D;JIH coe.n;H

HeHHH BOJIOKOHHO-OTITIBleCKoro Ka6eJIH c HCTOqffHKOM IIJIH ,D;eTeKTOpoM on

THqecKoro CHrHana. B Ka)K,JJ;OM H3 .KJiaCCOB MoryT cymecmoBaTb no.n;KJiaCCbI, 

onpe.n;eJIHeMbie oco6eHHOCTHMH coe,D;HHHeMblX 3JieMeHTOB. HanpHMep, B 

KJiacce Hepa3'beMHbIX oc MO)KHO BbI,D;eJIHTb coe.n;HHHTeJIH, H3rOTOBJieHHble C 

HCnOJib30BaHHeM apMaTypHbIX ,D;eTaneir 3JieKTpHqeCKHX cy6MHHIIaTIOpHbIX 

KOaKCHaJibHblX l)a3'beMOB THna LEM O. TaKHe coe,D;HHHTenH HMelOT npOCTYIO H 

'Ha,!J;e)KHyJO KOHCTpYKUHIO, 09ecneqHBaH C noMomiro BCTpoeHHbIX B pa3'beM 

KOMnoHeHTOB noCTOHtHHbIH ornnqeCKH11. KoHTaKT co CBeTOBO,D;HOH JIHHHeir H 

pa3'beMHoe coe,D;HHeHne 3JieKTpIBleCKHX BbIBO,!J;OB OTITIBleCKHX KOMnOHeHTOB 

c sneKTpoHHbIM o6paMJieHHeM BOCIIH. B KJiacce MHoroBonoKOHHbIX OTITH

qecKHX coe,D;HHHTeJieir MO:>KHO Bbl,lJ;eJIHTb ABYXBOJIOKOHHbie, qeTblpeXBOJIO

KOHHbie H CeMHBOJI0KOHHbie oc. 
Hcxo.n;HbIMH ,D;aHHbIMH .n;n,i: pa3pa6oTKH KO~CTPYKUIIH omnqecKoro 

COe,D;HHHTEllIH HBJIHIOTCH OTITIBleCKHe H KOHCTpyKTHBHbie xapaKTepHCTHKH 

Ka6enn: 

- ,n;HaMeTp cep.n;ueBHHbl n o6onoqeK OTITIBlecKoro BOJIOKHa (OB); 

- yrnoBan anepzypa BOJioKHa; 

-HH,n;HKaTpnca (.n;narpaMMa) H3JiyqeHHH OB; 

- .n;onycTHMoe OTKJioHeHHe cpopMbI cep.n;uHBHHbI H 060J1oqeK OB OT oK-

PY)KHOCTH; 

- KOJIIBleCTBO, MaTepHaJI H pa3Mepbl 3amHTHbIX o6onoqeK OTITHqecKoro 

Ka6enn. 

KpoMe Toro, Heo6xo.n;HMO 3HaTb xapaKTepHCTHKH HCTOqffHKa H .n;eTeKTopa 

H3nyqeHHH: 

- q>opMy, pa3Mep H3nyqaromei,i noBepXHOCTH H CBeTOqYBCTBHTeJibHOH 

TIJioma.n;Kn; 

- .n;HarpaMMbl n3nyqeHHH H npHeMa. 

OCHOBHbIM 3JieMeHTOM, onpe.n;enHJOmHM KaqeCTBO CBeTOBO,!J;HOH JIHHHH 

CBH3H, HBJIHeTCH onTIBleCKOe BOJIOKHO. Ilepe,n;aqa H3JiyqeHHH no ornnqecKoMy 

I '•, ~ ., 
~·.:: 
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Ka6enro OT nepe.n;aHHKa K npHeMHHKY conpOBO)K,JJ;aeTC~ noTepHMH. HCToq

HHKH noTepb B coe.n;HHeHHbIX BCTblK OB MOrYT 6bITb pa3,D;eJieHbl Ha ,D;Be rpyn- . 

IlbI: noTepH H3-3a CBOHCTB BOJIOKOH ( co6cmeHHbie noTepn) H noTepH H3-3a 

.n;ecpeKTOB BO BHeIIIHeM coe.n;HHHromeM MexaHH3Me (Heco6CTBeHHble noTepH) • ' 

Co6CTBeHHbie noTepH 3aBHCHT OT ceqeHHH Ka6eJIH, MaTepnana BOJIOKHa H no

Ka3aTeJIH ero npenoMJieHHH, H3MeHeHHH ,n;IIaMeTpa no .n;nHHe Ka6eJIH. ,Uonyc

THMbie H3MeHeHHH 3THX noTepb onpe.n;eJIHIOTCH Ha CTa.n;HH H3rOTOBJleHHH OB. 

Heco6CTBeHHbie noTepH B OCHOBHOM 3aBHCHT OT HeTOqHoro COBMemeHHH on

THqeCKHX oceir, OT paCCTOHHHH H yrna Me)K,JJ;y CTbIKYeMbIMH TopuaMH OB H 

q>peHeJieBCKHX noTepb Ha OTpa)KeHHe OT TOPUOB CBeTOBO,!J;OB. <l>peHeJieBCKHe 

noTepn, KOTOpbie 3aBHCHT OT qHCTOTbl o6pa6oTKH TOPU0B CBeTOBO,lJ;OB, 

cpaBHHTeJibHO MaJibl H KOJie6JIIOTCH OT 0,1 .n;o 0,4 .n;B. 

He3HaqHTeJibHoe CMemeHHe TOPUOB ABYX OTITHqecKHX BOJIOKOH Bbl-

3bIBaeT pe3Koe yBeJIHqeHHe OTITHqecKHX noTepb (pnc.1). ,Unn ,t:i;OCTH)Ke

HHH K03q>q>HuHeHTa CBH3H, paBHoro 90%,' yron Me)K,JJ;y ABYMH OCHMH OB 

,!J;OJI)KeH 6bITb MeHbIIle 2°' a. pacCTOHHHe Me)K,JJ;y TopuaMH OB He AOJI)KI-10 

npeBbIIIlaTb 4 MKM 16 1
• OceBoe CMemeHHe,, paBHoe nOJIOBHHe ,!J,HaMeTpa 

a,.a 6 ,--------
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Puc. 1. IlepexoAH&Ie noTepu npu CO~HHe
HHH OB, o6ycnosneHH~le pa31,10CTHpOBKoii. 
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OB, Bbl3bIBaeT noTepH 6onee 4 .n;B. 

TaKoir )Ke 38.3op Me)K,JJ;y .. TopuaMH 

OB ,u,aeT ocna6neHHe 6 .n;B: B TO )Ke 

BpeMH qpe3BbJqaHHO Ba)KHO, qT06bI 

no.n;roTOBJieHHble TOPUbl OTITIBleCKHX 

BOJIOKOH He KaCaJIHCb ' ,u,pyr .n;pyra, 

TaK KaK B npoTHBHOM cnyqae HX 

MIJOrOKPaTHoe conpHKOCHOBeHHe B 

pe3yJILTaTe BH6pauHH H y.n;apoB MO

)KeT npHBecTH K paCKaJibIBaHHIO H 

B03HHKHOBeHHIO uapaTIHH Ha· noBepx

HOCTH TOPUOB OB H nOHH3HTb 3q>q>eK

THBHOCTb ornnqeCKOH CBH3H 0C 1,71 • 

KaK oTMeqanoCTb Bbime, omii

qecKnii coe,u,HHHTeJib npe,u,cTaBJIHeT 

co6oii yCTpoiicTBo, o6ecne~aromee 

MHOrOKpaTHOe coe.n;HHeHHe - pa3'b

e,D;HHeHHe ABYX OTpe3KOB OTITIBlecKo

ro Ka6eJIH Me)K,!J,y co6oii, OTITIBlecKo

ro Ka6enH C · HCTOqHHKOM n npHeM

HHKOM 0TITIBlecKHX CHI'HaJIOB, 0H 
,!J,OJl)KeH He T0JibK0 CJIY)KHTb ,!J,JIH 

MexaHIBleCKoro . COe,D;HHeHHH, HO H 

HBJIHTbCH KaK .·6bI. npO,!J,0JI)KeHHeM 

OTITIBleCKoro Ka6enn; _HMeTb MaJlbie 



noTepH, BblCOicylO noMeX03aw;Hw;eHHOCTb, Manyro Macey H o6'beM. 3cpcpeK
THBHOe coe,nHHHeHHe OB - TPYAHaJI 3ap;atJa. Heo6xo;o;HMa He TOnhKO omntJec

KaJI COBMeCTHMOCTh, HO ~ cornaCOBaHHOCTh Me,ic,ny aceMn ;o;eTaJIHMH aono
KOHHo-omHtJeCKOH CHCTeMbl. llcTO'IHHK CBeTOBOro H3nytJeHHH H ;o;eTeI<Top 

;D;OJPKHbl He npOCTO MeXaHH'IeCKH cornaCOBblBaThCH C TopuaMH OB, HO H co
OTBeTCTBOBaTh 'IHCilOBOH anepType Ka6enH, ;o;nHHe CBeTOBOH BOnHbI, llIHpHHe 

nonOCbl H K03q:>cpHI~HeHzy OTPa.)KeHHH 18 '· 
Ba:>KHoii xapa1<TepHCTH1<oii OB HBnHeTcH yrnoaoe pacnpe;o;eneHHe BbIXO

;o;Hw;ero H3 Hero · caeToaoro · noToI<a - anepzypa, KOTOpaJI onpe;o;enHeT ero 
caeTocoo6iuarow;yro H caeTonponyc1<arow;yro cnoco6HocTL -, caeTocn:ny. 

Oco6oe 3HatJeHmi 3Ta xapaI<TepHCTHI<a HMeeT npH CTbIKOBI<e OB c npHeMHH

KaMH H HCTO'IHHI<aMH H3nytJeHHH • .l1:HaMeTp Coe,nmrneMbIX. CBeTOBO;D;OB onpe

p;enHeT 1<a1< pa3Mepb1, TaK H KOHCTPYKQHIO OC. Cnoco6 aao;o;a H BbIBo;o;a H3-
nytJeHHH TaK)l(e onpe;o;enHeT MHOrHe KOHCTPYKTHBHO-TeXHonornqec1<He napa
MeTpbI oc. Oco6eHHO cnmKHbIM HBilHeTCH BBO;D; MaKCHMaJihHOro Konuqec

TBa caeToaoii 3HeprHH a onTH'Iec1<yro nHHHIO. He1<orepeHrnocTL H3nytJeHHH H 
nmpoI<mi: yron nytJI<a CBeTa coapeMeHHblX CBeTO;D;HO;D;OB ~03BO;D;HIOT BBO;D;HTh 
B OB Bcero 1-2% o6w;eii MOill;HOCTH. KpoMe Toro, ;D;HaMeTp nnomMH H3ny-, L. 

tJeHHH CBeTO;D;HO;D;OB HaMHoro 6onhllle ;D;HaMeTpa,cetJeHHH OB, 'ITO ;o;cmonHH• 
TenhHO yBenH'IHBaeT noTepH B 30He CTblKOBKH. Coe;o;HHeHHe OB - ;o;eTeKTOP 
H3nytJeHHH, HanpOTHB, O-Ka3bIBaeTCH npOCTbIM, 'TaK KaK pa3Mepb1 'IYBCTBH
TenhHOH nnow;a;o;KH q:>OTO;D;HO;D;OB nH6o paBHbI, nH6o 3Ha'IHTe.ITbHO npeBbllllaIOT 

;D;HaMeTp cep;o;QHBHHbl aonoI<Ha, a ;o;n:arpaMMa npneMa q:>OTO;D;HO;D;OB lllHpe, 
tJeM ;o;HarpaMMa'H3nytJeHHH OB. IlpH coe;o;HHeHHH nro6bIM MeTO;D;OM 6onblllOe 

3Ha'IeHne nMeeT 1<atJeCTBO TOPQOBbIX noBepXHocTeii OB. Ilo;o;roToBI<a HX I< 
MOHTa)ey COCTaBnHeT ew;e O;D;HY cepbe3HYIO npo6neMy. 

OcHOBHOH IlOI<a3aTenh oc - 3TO BHOCHMbie noTepH. Ha ;o;onro oc B 
BOCIIll npHXo;D;HTCH ocHOBHbie noTepn npH ee conpH)l(eHHH. YMeHhllleHHoe 

3azyxaHHe cHrHana B OC no3aonHeT yBenH'IHBaTL CTpoHTenLHyro ;o;nHHy BOK • 

.D:nH o6ecnetJeHHH HH3Koro. ypoBHH noTepL a OB norpelllHOCTb H3roToaneHHH 
3neMeHTOB TO'IHOH IOCTHpOBKH aono1<0H He ;o;on:>KHa npeBbilllaTh 5 MKM, 'ITO 

KOHCTpyKTHBHO H TeXHonorHtJecKH cno:>KHo. KpoMe Toro, OC ;o;nH BOCIIll 
;o;on:>KHbl o6na;o;aTb CTOHKOCThlO I< MeXaHH'IeCKHM B03;D;eHCTBHHM, BbI;D;ep)l(H
aaTL MHO:>KeCTBO QHI<nOB COtJneHeHHH - pactJneHeHHH 6e3 3Ha'IHTenhHblX ycH
IlHH co CTOPOHJ,I onepaTopa H 6e3 3aMernoro yxy;o;rneHHH CBOHCTB, HMeTb ;o;e-

~ ' 

llleByro H Ha;D;e:>KHyro KOHCTPYKUHIO, He npeaocxo;o;HTL no pa3MepaM H Macce ' , 

COOTBeTCTByrow;He 3ne1<TpH'IeCI<He,pa3'beMbl. 
OnTH'IeCI<He coe;o;HHHTenH COCTOHT H3 cne;o;yrow;HX OCHOBHblX y3nOB: 
- 1<a6enhHOH ' 'IaCTH, co;o;ep)l(aw;eii npeQH3HOHHblH HaI<oHetJHHK, B KOTO

poM pa3Mew;eHbI coe;o;HHHeMbie OB; 
- coe;o;HHHTenhHOH Myq:>Tbl, co;o;ep:>Kaw;eii npeQH3HOHHble 3neMeHTbl opH

eHTHpOBaHHH H q:>HI<CaQHH coe,n:mrneMbIX BOilOKOH H cornacyrow;HX 3neMeH-

6 
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E17ZE::::J 
PHc. 2. <l>opMa Hanpairnmomero KaHana An.fl 

HaKOHe<IHHKa </> 2,5 MM (IOCTHpyeMbIH QC). 

TOB OilT03IleI<TpOHHbIX npn6opc>B; 
- npn6opHOH tJaCTH, co;o;ep:>Kaw;eu 

npeQH3HOHHblH HaKOHetJHHK, B KOTO-, 
poM pa3Mem;eHbI cornacyrow;ne 3ne-

MeHTbl. 

Ka6enbH_aJI n npn6opHaJI llaCTH, 
COe,D;HHHTenhHaJI Myq:>Ta oc HMe

lOT KOMnneKT apMaTypHbIX ;D;eTaJieii, 
o6ecnetJnaarow;HX 3aI<penneHne 060-

notJeK BOK, a TaK)l(e 1<opnycoB omo3neKTPOHHhix npn6opoB n 3aw;nzy npe
UH3HOHHbIX y3noa OT B03;D;eHCTBHH BHelllHHX cpaKTOPOB npn 3KcnnyaTaQHH. B 
coe;o;HHHTeJIHX THna "1<a6enh-npH6op" coe;o;HHHTenLHYIO Myq:>Ty 'IaCTO o6'b
e,tiHHHIOT B O;D;HOM I<Opnyce c HX npn6opHOH tiacThlO. 

. IlpeQH3HOHHbie HaKOHetJHHKH H 3neMeHTbl HX opeHTiipOBaHHH H q>HI<Ca

QHH HBnHIOTCH Han6onee cnQ)KHbIMH y3naMH OC, o6ecne'IHBaIOw;HMH ;o;ocTn
. :>KeHHe 3a.zi.aHHblX BhlXOAHblX napaMeTpOB coe;o;HHeHHH: noTepb OilTH'IecI<oro 

cnrHana, nepexoAHoro 3azyxaHHH. 
Ha1<0He'IHHKH OC B Hamme pa3pa60T1<ax ncnonL3oaanncL 1<pyrnhle: </> 2,5 

H </> 3,6 MM. <l>opMa HanpaanHrow;ero KaHana npnae;o;eHa Ha pHc.2. ll3rn6i,1 B 
Ka.Hane npn o6pa60TI<e CI<pyrnHIOTCH, ;o;enaIOTCH nnaBHblMH, B HHX He, ;o;omK

HO 6bITb BbICTynoB BO H36e:>KaHHe' noape:>K;o;eHHH OB npn MOHTa:>Ke. HaI<o-
. He'IHHKH _BbinOnHHilHCh H3 H3HOCOCTOHKHX 1<oppo3oycTOH'IHBblX MaTepnanoB 

(B OCHOBHOM H3 HeH3Hnb6epa, a TaK:>Ke H3 xpoMoco;o;ep:>KaW:HX Hep:>KaBero
w;HX CTaneii). 

TexHonorntJec1<ne npoQeccbl, npHMeHHeMbie npn pe3Ke 1<a6enH H y;o;ane

HHH o6ono'IeK, B OCHOBHOM COBila;D;aIOT C aHanorH'IHblMH npoQeccaMH ;D;IlH 

3ne1<TpH'IeCKHX 1<a6eneii, OAHaKO xpynKOCTh OB Tpe6yeT C03;D;aHHH cneQHanh
HblX npHcnoco6neHmi n Heo6xo;o;HMoro o6opy;o;oaaHHH. HaH6onhlllHe cno:>K

HOCTH B03HHI<aIOT npH y;o;aneHHH 3aw;HTHOH o6ono'IKH C OB B npeQH3HOHHbIX 

COe,D;HHHTenHX. 
CaMo:ii Tpy;o;o~MKOH _HBnHeTCH c6opI<a 1<a6enLHOH 'IaCTH HaI<oHetJHHI<a. 

OB 3a1<pe11nHeTCH B H~mpaBnHrow;eM KaHaJie HaKOHe'IHHI<a C IlOMOill;hlO KneH 

B OCHOBHOM Ha 3IlOKCHAffOH OCHOBe. 'BpeMH nonnMepH3aQHH TaI<oro KneH, 
Heo6xo;o;HMoe ;o;nH ;o;ocTH:>KeHHH Tpe6yeMbIX cpH3H1<0-MeXaHHtJec1<nx CBoucm, 
npHMepHO cyTKH. 3aTeM npOH3BO;D;HTCH cneQo6pa6oTI<a (lllnHq:>OaI<a, nonH
pOBI<a, MblTbe B 6eH3HHe H MbinhHOH Bo;o;e) TOPQOBOH noaepXHOCTH HaI<o
He'IHHI<a. IlpeQH3HOHHble ;o;eTanH Han"6onee Tpy;o;oeMKH B H3rOTOBileHHH, 
Il03TOMY KOHCTPYKQHH H TeXHonornqecKHH npoQecc H3rOTOBneHHH oc 
;D;On:>KHbl pa3pa6aTblBaThCH TaKHM o6pa30M, 'IT06bl KOilH'IecTBO npeQH3HOH
HblX ;D;eTaJieii 6bmO HaHMeHhllIHM. Tpe6oaaHHH 1< TO'IHOCTH COe,D;HHeHHH 
onpe;o;enHIOTCH, B OCHOBHOM, BenH'IHHOH ;o;onyCTHMblX noTepb CHrHana H 
;D;HaMeTpOM cep;o;QeBHH COe,D;HHHeMbIX OB. B HaCTOHw;ee apeMH Han6onee 
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Hcnonb3yeMhI OB c ,n;HaMeTpoM cep,n;u;eaHHbI 50 MKM (KK125/50). B 6onh
WHHCTae CHCTeM nepenatJH HHq>opMaI.l;HH ,n;onycTHMbie IlOTepH B oc He 
,ll;OJDKHbl· npeabIWaTb 1,5-2 ,n;B/KM, 'ITO COOTBeTCTByeT ,n;onyCTHMOMY 3KC
u;eHTpHCHTeTY cep,n;u;eBHH coe.n;HH.ReMblX OB He 6onee 5-10 MKM. 

Cyrn;ecTBeHHOe CHH)KeHHe Tpe6oBaHHB K TO'IHOCTH H3rOTOBITE!HH.R ,D;eTaneB 
H ynporn;eHmo KOHCTPYKUHH oc B03MO)KH0 npH HCilOilb30BaHHH OB C nonH

MepHOB o6onotJKOB, HMerorn;HX cepnueaHHY H3 KBapua ,ll;HaMeTpOM 200 H 
400 MKM. OnHaKo npHMeHeHHe omHtJeCKHX Ka6eneu KII200 H KII400 ,n;m1 

nocTpoeHH.R nmpoKononocHbIX BOCIIH aecbMa orpaHHtJeHo. 

,D;pyrou nyTb - ycno)KHeHHe KOHCTPYKUHH oc H HanHtJHe KOHTpon.R 

OnTHtJeCKHrO CHrHana B npou;ecce perynHpOBKH. CoocHOCTb coe,n;HH.ReMhIX 

B_onOKOH 3necb noCTHraeTC.R He 3a CtJeT TO'IHOCTH H3rOTOBneHH.R ,ll;eTaneu oc, 
a 3a CtJeT BBe,n;eHH.R B _Hero nononHHTenbHhlX noCTaTOtJHO TOtJHhIX ,D;eTaneu, 

o6pa3yIOrn;HX MeXaHH3M ,ll;Il.R perynHpOBKH B3aHMH0rO IlOITO)KeHH.R oceu 

BOITOKOH (IOCTHpyeMhlB OC). Hcnonb30BaHiie u;eHTpHpyrorn;HX Hanpaan.RIO

lll;HX BTyITOK ,n;m1 oc C KpyrnhIMH HaKoHetJHHKaMH Il03B0Il.ReT CHH3HTb Tpe-

6oBaHH.R K TO'IHOCTH nonytJeHH.R Hapy)KHOro ,ll;HaMeTpa HaKoHetJHHK0B H BHy

TpeHHero ,n;HaMeTpa azynoK. IlpHMeHeHHeM ,n;ononHHTenbHhIX ,n;eTaneu nn.R 

3aKpenneHH.R aonOKHa B HaK0HetJHHKe y,n;an0CTb yaenHtJHTb ,ll;HaMeTp Hanpaa
n.RIOlll;HX KaHanoa ,n;o aenHtJHHhI, He Tpe6yrorn;eu H3r0TOBneHH.R cneu;HHCTpy

MeHTa. Hcnonb30BaHHe CTeKil.RHHhlX MHKpoKanHrin.RpOB (pHc.3a) ynytJWaeT 

ycnoBH.R lllnHq>OBKH H nonHpOBKH TOPU0B HaKoHetJHHKOB nocne c6opKH H 
ynporn;aeT npou;ecc c6opKH Ka6enbHOB tJacTH OC .. TaKHM o6pa30M, npeu;H3H

oHHhie CTeKn.RHHhie MHKPOKanHnn.RphI .RBIT.RIOTC.R Ba)KHhIM MHKp0OilTHtJec
KHM KOMnoHeHTOM :meMeHT0B BOCIIH. Mo)KHo HMHTHpoaaTh npeu;H3HOHHoe 

OTBepcTHe Heo€5xonHMoro nHaMeTpa nn.R OB, COCThIKOBaB ponHKH onpe,n;e
neHH0r,o pa3Mepa 19 I, IlpH 3T0M C00TH0IIIeHHe nHaMeTpOB ponHK0B H 0ilTH

tJecKoro aonoKHa (pHc.36,a): 

--::-nn.R Tpex ponHKOB D pon. = 6,47 a Bon ; 
- nn.R tJeThipex ponHKOB Dpon. = 2,4 a Bon. 
O6a ·. :sapHaHTa HCil0Ilb30BaHhl B HaKoHetJHHKaX UHnHHnpHtJeCKOB cpopMhl 

<p 3,6 MM, npHtieM ra6apHThI coenHHHTen.R C tJeThlpbM.R ponHKaM~ 6ynyT 3Ha

tJHTenbHO MeHbIIIe, TaK KaK: 

.g. 
Q ~ g. 

PHc. 3. 3neMeHTbI opHeHTHp0BaHWI OB B HaK0H_eqffHKe 
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D 03 = 2 (D pon. + 0,5 a Bon) = 2 (6,47 a Bon + 0,5 a Bon) = 13,94 a Bon 

D04 = 2 D pon. + a Bon = 2• 2,4 a Bon+ a Bon = 5,8 a Bon 
OAHaKo npH Bh16ope KOHCTPYKUHH OC Heo6xo,n;HMO ytJHThmaTb · peanb~ 

H0CTb H3r0TOBneHH.R ponHKOB Hy)KHoro ,n;HaMeTpa. 

2. n. 

z 

PHc. 4. AKTHBHbIH pa31>eMHbIH ~oe;:i;l~lmTenb C HCil0]1b30BaHHeM :meKTpH'!eCK0I'0 

pa31>eMa Tuna LEMO: ( 1 - Kopnyc; 2 - cpoTo;:1;0:0;:i;; 3-4 - ToqKH pacnaHKH 311eK• 

TpWlecKHX BbIB0;J;0B; 5 - KanH11m1p; 6-12 - _HaKOHE!'IHHKH; 7 - Kopnyc npH6op

HOH qacru; 8 - 0TBepCTIUI B XB0CT0BHKe AmI HaH8CeHWI KneJI; 9 - BOK; 10 -
3aIUHTHbIH KeM6p0:K; 11- CB8TO;J;HOA). 

nepeOHRR · naHeflb 

Pa3'be.M 
Pn-15-15 
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Puc. 5. MHoroKOHTaKTHb!H aKTHBHb!H pa31>8MHbIH coe;:i;HHHTen& Ha 6a3e 3]18KTpn
qecK0I'0 pa31>eMa PII-15-15: (1 - Kopnyc ; 2 - nnacr~aTllll npy:lKHHa; 3 -

KH0DKa; 4 - KpbIWKa K0pnyca; 5 - q>HKCaTop BOK; 6 - BTY11Ka; 7 - BTY11Ka 
i:tml onrnqecKOI'O K0Mil0H8HTa; 8 - CB8TOi:tH0i:t; 9-13 - 3118MeHTbI Kpennemm; 
14 :_ OB; 15 - KanH1111Hp; 16 - cpoTOi:tHOi:t). 
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3TH H ,n;pyrHe npHeMhl n03BOJUIIOT cyr.ueCTBeHHO CHH3HTb Tpe6oBa.HWI K 

TOtnlOCTH H3rOTOBJiemm npeUH3HOHHhIX ,D;eTaJieH, O,ll;HaKO caMa KOHCTPYKQH.fl 

oc npH 3TOM YCJIOiKH.fleTC.fl •. HIDKe npHBe.n;eHhl OC_HOBHhie KOHCTpyKTHBHO

TexHOJIOrWieCKHe peweHHH HeCTaH.n;apTHbIX oc, pa3pa6oTaHHhIX aBTopaMH, 

B KOTOphIX OB cornacyroTC.fl MexaHWieCKH. Ha pHc.4 noKa3a.H coe.n;HHHTeJib C 

nOCTO.flHHhIM omWiecKHM KOHTaKToM 11 1 , BhIIlOJIHeHHhlH Ha 6a3e cy6MHHHa

TIOpHoro 3JieKTpWieCKoro KOaKCHaJibHoro pa31>eMa THna LEM O. CTbIKyeMbie 

C OB onnmecKHe. KOMnOHeHThl IOCTHPYIOTC.fl B npouecce MOHTa)Ka CHCTeMbl 

nepe.n;atru: HH<pOpMaUHH no MHHHMyMy noTepb B JIHHHH CB.fl3H H <pHKCHpyroTC.fl. 

IlpH 3TOM noTepH, BHOCHMhie ommecKHM KOHTaKTOM, He npeBhllllaIOT 2 .n;B, 

pa31>eMHoe coe.n;HHeHHe c 3JieKTpoHHbIM o6paMJieHHeM BOCilll 06ecnet1HBaeT

c11 3JieKTpWieCKHMH BbIBO.n;aMH pa31,eMa. AHaJIOrHllHO BhIIlOJIHeH MHOrOKOH

TaKTHhIH COe,ll;HHHTeJib C noCTO.flHHhIM OnTHtieCKH KOHTaKTOM 12 1, li3rOTOB

JieHHhIH Ha 6a3e 3JieKTpmecKoro pa31>eMa Pil-15-15 (pHc.5), c MeXa.HHtiec

KHM <pHKCaTopoM aKTHBHOeH llaCTH coe.n;HHHTeJIH. 

YHHBepCaJibHhIH lOCTHpyeMbIH omopa31>eMHblH coe.n;HHHTeJib "Ka6enb

npH6op''. '~ 1 npHBe~eH Ha pHc.6. CTbIKylOI.UHeCH llaCTH coe.n;HHHTeJI.fl IOCTH

PYIOTC.fl a. npouecce MOHTa>Ka BOCilll no MHHHMYMY noTepb B JIHHHH CBH3H. 

Ilp:Ii 3TOM MeTo.n;e CThIKOBKH noTepH, BHOCHMhte coe.n;HHHTeneM, MoryT 6hITb 

yMeHbllleHhl .n;o ypOBH.fl MeHee 1 .n;B; Ilo.n;o6Hoe TeXHHlleCKOe pellleHHe HC~ 

nOJib30Ba.HO H B IOCTHpyeMoM OnTHtieCKOM coe.n;HHHTeJie (pHc. 7) "Ka6enb

Ka6eJib" 13 1• 3KCUeHTpHCHTeT 3KCUeHTPHKOB COCTaBHJI ~ 0,1 MM, llTO o6ecne

tru:JIO TOllHOCTb HX ycTa.HOBKH He Xy)Ke 1 MKM/rpa.n;. IloTepH a TaKOM coe.n;H

HHTeJie He :Shillle 1,8 .n;B Ha CThIK. Ha pHc.8 B KalleCTBe npHMepa nOKa3a.HO HC

nOJib30Ba.HHe _ lOCTHpyeMhIX oc B BhICOKOCKOpOCTHOH CBeTOBO.n;HOH JIHHHH 

CB.fl3H; pa3pa60TaHHOH aBTopaMH, C HCnOJib30Ba.HHeM. nonynpOBO,ll;HHKOBOro 

. na3epa HililH-102 H naBHHHoro <poTo.n;Ho.n;a Il<l>,[(-2. Ha pHc.9 noKa3a.H MHO

roKOHTaKTHhIH omopa31>eMHhIH coe.n;HHHT.eJib "Ka6enb-npH6op" Ha MaTpH

uax13 ' 4 
'· MaTpHQLI C OlleHb TOtnlO BhinOJIHeHHhIMH OTBepCTHHMH ,ll;JI.fl OB H 

OnTHtieCKHX KOMnoHeHTOB HMeIOT TOllHO. BbI,n;ep,KaHHbIH war TaKHX oniep

CTHH, KOTOph1e coaMetuaIOTCH c noMoun,ro lllTH<pTOB H. cneUHaJibHhIX noaiue

rieii. BHocHMhte noTepH c TaKHx coe~HHHTem1x He npeah1wa10T 0,8-1,8 .n;B 

Ha KOHTaKT. 

llcnOJib3Y.fl npelUf3HOHHhie HaKoHetmHKH H 3JieMeHTbl opHeHTHpOBa.HH.fl H 

<pHKCaUHH OB MOiKHO cyr.ueCTBeHHO ynpoCTHTb coe.n;HHHTeJIH "Ka6enb-Ka-

6eJih ", 061,e.n;HHH.fl HX B O.n;HOM Kopnyce C noMOI.UblO coe.n;HHHTeJibHOH My<pTbl 

(pHc.10). IloTepH, BHOCHMbie OnTHlleCKHM KOHTaKTOM C TaKOM COe,D;HHeHHH, 

06hlt1HO He 6onee 3+5 .n;B. B HeK0'rOpbIX CJIYlla.flX noaopOTOM HaKOHetmHKOB 

.n;pyr OTHOCHTeJibHO .n;pyra y.n;aeTC.fl yMeHblllHTb noTepH B JIHHHH CB.fl3H .n;o 

2+2,5 .n;B. TaKHM o6pa30M, nepetIHCJieHHhie coe.n;HHHTeJIH MoryT 6bITb pac

CllHTaHhl Ha JII06bre THilbl BOK: KpyrJihie H nJIOCKHe, O,ll;HO- H MHOrOKaHaJib-

10 

PHc. 6. YmraepcaJJbHbIH IOCTHpyeMbIH pa31>eMHbIH coe,t1HHHTeJ1b: (1 - HaKH,tlHIUl 

raiiKa; 2 - XB0CT0BHK; 3 - KanHJJJJRp; 4-5 - 3fi0KCH.t1HblH K0MnayaA; 6 -
o60JJO'IKa BOK; . 7 - Kopnyc npH60pHbIHj 8 - !pHKCaTop; 9 - 0CH0BaHHe npH-

6opaoii '18CTH OC; 10 - 3JleMeHT KpenneaHR; 11 - cynepJJIOMHHHCQeHTHhIH CBe
T0,tlH0A H:ITJIH-301). 

I 

l 

PHC. 7. I0CTHpyeMbIH onTH'lecKHH coe,t1HHHTeJ1b "Ka6enL-Ka6enb": ( 1-XBOCTO
BHK; 2 - BTYJJKa 3KCQeHTpHK0BM; 3 - BTYJJKa q>HKCHpyromaR; 4 - H8KH,tlH8R 
raiiKa; 5 - Kopnyc l'HJlb3bI; 6 - naHenb npH6opa (npH Heo6XO,t1HMOCTH); 7 -
raiiKa; 8 - Ka11HJ1n11p; 9 - 06ono11Ka BOK; 10 - OB). 
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PHc • .8. 11cnom,30BaHll'.e IOCTHpyeMbIX QC B BbICOKOCKOpOCTH0H mmHH CBH3H: 

(1 - mlHenb KAMAK 2M; 2-4- Kopnyc OC; 3 -na3ep; 5 -JI<I>ll-2; 6 _:IOCTH

pyeMaH BcynKa; 7 - KpbIWKa-q>HKCaTop OC; 8 - :meMeHTbI KpenneHHHj 9 -
HaKHW{aH raiiKa; 10 - XB0c.TPBHKj 11 - BOK) • 

Hbie H D03B0JI.fllOT C MHHHMaJibHblMH noTepHMH CTblK0BaTh Ka6enH C OB pa3-

uoro ,nHaMeTpa. 
H<l"nonb30BaHHe BOK ,D;JIH nepe,na1m HH<popMaUHH CTaJI0 yiKe npoqno 

ycToHBllIHMCH nanpaBneuHeM. Pa3BHTHe BOCillf c,nepiKHBaJI0CL H3-H3 o-rcyT
CTBHH cran,napT0B . ua onTHqecKHe Ka6enH H oc ,D;JIH HHX. no Mepe OBmi.ne

HHH TexnonorHeH np0H3B0,D;CTBa BOK CT0HM0CTb HX 6y,neT CHHiKaTbCH. 
OcuoBHhie noTpe6HTenH OC - ·3TO pa3pa6oTql{KH BOCilH, rnaBHhIM 

o6pa30M, Ha 6nHiKHHe paCCT0HHHH (ynpaBJieHHe BblC0K0B0JibTHblM~ 3JieKT

poq>H3ITTeCKHMH yCTaHOBK!lMH, CBH3b BHYTPH H Me)K.ny 3BM) • B 6nmKaH
llleM 6y,nymeM npOH30H,D;eT 3uaqHTeJibHblH- poCT noTPe6HOCTH B oc CaMoro 

' pa3Jil{qff0ro Ha3uaqenHH. 3To o6'bHCH.ReTCH YBeJIHqenHeM o6'beMa np0H3B0,D;

CTBa H pa3pa6oTKOH H0BhIX npHMeuenHH BOCilH B TeXHHKe. 
ABTophI BhipIDKaIOT 6naro.napuocTL M.A. BoeBOAHHY .3a no,n,nepiKicy H 

mtTepec K pa6oTe, Il.K. ManLHKOBY H B.A. BenHKOBY - 3a none3Hbie 06-

cy)K.neHHH. 
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PHc. 9. MHoroKOHTaKTHbIH oc Ha MaTpHl~X: a) pa31,eM; 6) Pa31>eM B pa3pe3e 
(1 - Kopnyc (npH6opHaH 'lacTL)); 2 - nepl?'AHHH naHenL MonynH KAMAK; 
3,4 - onTH'leCKHe 3neMeHTblj 5 - H30nHpy10maH BTynKa; 6 - HanpaBnHIOWHe 
WTHqlTblj 7 - Y3en KpenneHHHj 8 - IOCTHp0B0'IHaH nnaCTHHaj 9 - rpe6eHKa;· 
10 - HaK0He'IHHK; 11 - Kopnyc (Ka6enLHaH 'laCTL OC); 12 - q>HKCaTop BOK; 
13 - KpblWKaj 14 - BHHT-q>HKcaTOpj 15 - :meMeHT KpenneHHHj 16 - KanHn· 
nHp; 17 -QC). 

.11.,, 

PHc. 10. Co!?'AHHeHHe BOK c npeQH3H0HHblMH HaK0He'IHHKaMH c noM0WbIO coe

.1:(HHHTenbHOH Myq>Tbl (12 - :meMeHT KpenneHHHj 13 - npH6opHaH naHenb (npH 
Heo6xonHMOCTH) ) • 
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80JlOKOHHO-OOT1,1'1eCKHe HeCTaHAapTHble COeAHHHTeJ11-1 
AllA CBeTOBOAHblX JlHHHH CBA3"1 BblCOK0BOJlbTHblX 
3JleKTpOcpl-13"1'!eCKHX. YCTaHOBOK 

P13-91-148 

On1-1caHbl npHHL1Hnb1 KOHCTpy1-1posaH1-1A BOJlOKOHHo-onrn'leCKHX HecTaH
AapTHblX COeAHHHTeJleH AJlA CBeTOBOAHblX :JlHHHH CBA3"1 BblCOKOB0JlbTHblX 
3JleKTpocpl-13H'leCKHX ycTaHOBOK (3<l>Y) ' B KOTOpblX np1-1MeHAeTCA Ka6e11b 

, C MHOrOMOAOBblM, CBeTOBOAOM. npo6JleMa CTblKOBKl-1 .B HHX pewaeTCA C 
noMOI.UblO MexaHH'leCKHX ·, ycTpOHCTB, He Tpe6ylOLUl-1X AJlA csoero "13f0· 

TOBfleHHA npel.lH3"10HH0ro 1-1111-1 cne1.11-1aJ1bH0ro o6opyAOBaHHA (pa3pa60TKl-1 
1982-1990 r r.) 

... ,, , Pa6oTa BblO~Jl-~eHa B na6oparnp1-11-1 BblCOKHX 3Heprni1 01/1 A Ill. 
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Coo6me1me O61,e.rumeHHoro HHCTHTyTa R.!lepa&1x uccne,noeaanii. ,Uy6Ha 1991 
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