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llpOeKTOM C03,Z:J;IlHHR B J1a6opaTOpHH BhiCOKHX 3Heprm1 0J1flJ1 CBepx

npOBO,D;Hmero ycKopHTenH penHTHBHCTcKHx H.u;ep - HYKJJOTpoHa
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•
2 1npe.u;

nonaraeTcH pa3MemeHHe OCHOBHblX CHCTeM KOMnJJeKca B cymecTByJOmHX 

3,D;aHHRX C MaKCHMa.JlbHOH 3arpY3KOH Ka6eJibHbiX TyHHeJJeH. llpH ,!J;JlHHe op6H

Thl HYKJlOTpOHa - 250 M Ka6eJ1hHbie H npOBO,D;Hhie JlHHHH CBH3H CHCTeM 

KOHTpOJJH H ynpaBJleHHR xapaKTepmyJOTCH 60JlblllOH npOTH)f(eHHOCTblO 

(COTHH MeTpOB), CJlO)f(HOCTblO MOHTa)f(HbiX pa60T, napaJJJleJihHOH opraHH3a

QHeH KaHaJJOB nepe,u;aqH, ,!J;OCTaToqHo MaJJhiMH CKOpOCTHMH llOTOKOB HHcl>op

MaQHH a KaHane (.u;ecHTKH !(6HT/c), 3HaqHTeJlbHhiMH o6'heMoM H Maccou. Ta

KHe KaHaJJbl KOMMYHHKaUHH llOTpe6yJOT TmaTeJlbHOH 3KpaHHpOBKH JlHHHH 

CBH3H OT 3JleKTpOMarHHTHbiX HaBO,!J;OK H pa3BH3KH 3a3eMJleHHbiX :meMeHTOB 

OT 6JJy)f(,!J;aromHX TOKOB. J1cnOJlb30BaHHe 3JleKTpOHHO·JJyqeaoro 13 1H Jla3ep

HOro14 I HCTOqHHKOB C BhiCOKOH CTeneHblO HOHH3aQHH H MaJJOH ,lJ;JlHTeJlb

HOCTblO HMnYJlhCa YBeJI~T CJlO)f(HOCTb 6opb6hi C llOMeXaMH H3-3a IIIHpo

KOrO cneKTpa pa6oqHX CHrHaJJOB HYKJJOTpOHa H, COOTBeTCTBeHHO, CHrHa

JlOB napa3HTHhiX HaBO,!J;OK. 

Kap.n;HHaJJ&Hoe ynyqmeHHe 3JJeKTpoMarHHTHon coaMecTHMocm pa.u;Ho-

3JJCKTpOHHhiX Cpe,D;CTB YCKOpHTeJJH C O,!J;HOBpeMeHHblM ynpo~eHHeM MUHTI:UK• 

HbiX pa6oT MO)f(eT 6hiTb ,!J;OCTHrHYTO 3a cqeT BHe.n;peHHH MOHTa)f(HbiX H BHYTPH

ofi'beKTOBhiX BOJlOKOHHQ-OllTHqecKHx JlHHHH CBH3H (B0J1C) Ha HaHOOJlee OT

B~CTBeHHbiX yqacrKax Ka6en&HhiX KOMMyHHKaQHu 
15 

'.11cnoJlb30BaHHe BOJ1C 

yJJyqlllHT MaCCOB0-06'beMHhie ll0Ka3aTeJIH ycTpOHCTB aBTOMaTHKH, cymeCT

BeHHO yBeJl~HT nponyCKHYJO CllOC06HOCTb KaHaJJOB CBH3H, o6ecne~1 HX 

BhiCOKYJO noMexo3amHmeHHOCTh H ra.JlbBaH~ecKyro pa3BH3KY. MyJlbTHnJJeK

cHpOBaHHe napaJJJleJlhHbiX HH3KOCKOpOCTHhiX llOTOKOB HHcl>opMaQHH B O,!J;HH 

HJlH HecKOJlbKO om~ecKHX KaHaJJOB ll03BOJ1HT B ,n;eCHTKH pa3 CHH3HTb o6-

mee KOJl~ecTBO Ka6eJlbHhiX JlHHHH C O,D;HOBpeMeHHhiM nOBhlllleHHeM noMe

X03amHmeHHOCTH. 

O.u;HH H3 cnoco6oa nepe,u;aqH .n;aHH&IX no BOJ1C OCHOBaH Ha apeMeHHOM 

yrmoTHeHHH UHcl>poBbiX CHrHaJJOB C npHMeHeHHeM cneUHaJlbHhiX CaMOCHHXpO

HH3HpyromHXCH KO,D;OB, co,u;ep)f(amHX HHcl>OpMaQHOHHYlO llOCJle,D;OBaTeJlbHOCTb 

H CHHXpoCHrHa.Jlbi. lliHpoKO pacnpOCTpaHeH ,!J;JlH 3THX UeJJeH M81{qecTepCKHH 

Ko.u; (Ko,u; M). Heo6xo.n;HMOCTb a npHMeHeHHH 3Toro Ko.u;a16 1 B03HHKaeT 

m-3a 6on&moro qHcJJa Hyneu HJJH e,D;HHHU no.u;pH,u; a nepe.u;aaaeMon HHcl>opMa

QHH, 3TO MO)f(eT npHBecTH K Heonpaa,u;aHHoMy pacxo.u;y pecypca on~ecKoro 

nepe.u;a~HKa. BpeMeHHoe yrmoTHeHHe nepe.u;aaaeMhlX .n;aHHhiX H Ko,u;oa&Ie 

; 
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npeo6p830BaH~ BbiDOJIHReT BOJIOKOHHO-QnTWJeCKHH MYJlbTHnJieKCOp17 I. 

3neKTPWJecKHe CHrHaJibi, npe.IUI83HatJeHHbie AJIR nepe,natJH, npeo6p83yroTcH 

B xo,n M c noMOIULIO napanneJlbHo-nocne,noBaTeJlbHoro perHcTpa H wH<PpaTo

pa. B oiiTHtJecKOM nepe,naTtJHKe 3TH CHrHaJibi <PopMHpyroT cBeTOBbie HMnyJlb

Cbi, BBOAHMhle B BOJIOKOHHO-OllTHtJeCKHH xa6eJlb (BOK) AJIR nepetiOCa HH

<!>opMa.uHH Ha npHeMHyro tJaCTb cxeMhl. B onTWJecxoM npHeMHHKe cBeTOBbie 

HMfiYJlbCbl npeo6p83yiOTCH B llOCJieAOBaTeJibHOCTb 3JieKTpWJecKHX CHI'Ha

JIOB B xo,ne M. ,llewH<PpaTop BbiAeJIReT TaKTOBbie CHrHaJibi H 6HTLI HH<I>opMa

UHH AJIH 3anHCH HX B CABHI'OBbiH perHCTp. nonytJeHHbiH Ka.np 3allHCbiBaeTCH 

B BbiXO,nHOH 6y<!>ep B MOMeHT npHXO,na CHHXpOHMllYJibCa, KOTOpbiH Bbipa6a

TbiBaeTCH ,newH<!>paTOpoM B KOHD;e HH<I>opMaUHOHHOH llOCJie,noBaTeJibHOCTH. 

TaKHM o6p830M, MO)I(HO BbiAeJIHTb ,nBe OCHOBHbie OC06eHHOCTH npOTR:

)I(eHHbiX BOJJC. nepBaR: 3aKJIIOtJaeTCH B Heo6xo,nHMOCTH HCnOJlb30BaHHR Bo

noxoHHo-onTWJecxoro MYJlbTHnJiexcopa AJIR npeo6p830BaHHR napanneJlbHO

ro BXO,nHOrO KO,na B nocne,noBaTeJlbHbiH, a TaK)I(e )l(ecTKOH npHBH3KH <I>POH· 

TOB CHHXpOHMfiYJlbCOB H HH<!>OpMaUHOHHbiX KaApOB Ha BXO,ne ,neMyJibTH

nneKCOpa; BTOpaR: oco6eHHOCTb OTHOCHTCR: K CXeMaM 3JieKTpOHHOrO o6paM

JieHHR H COCTOHT B TOM, 'liTO B OTCyTCTBHe HH<I>OpMaUHOHHbiX CJIOB Ha MO,ny

JIRTOp onTWJecxoro nepe,naTtJHKa no,naeTcH HMnyJlbcHaR: nocne,noBaTeJlbHOCTb 

C tJaCTOTOH TaKTOBOrO reHepaTopa. 3TO ll03BOJIReT ,nep)l(aTb nepe,naiOin;HH 

H npHeMHbiH MOAYJIH BOJJC B pa6otJeM cocTOHHHH H He nponycTHTb HH<I>op

MaUHOHHbiH 6HT. 

B onHChlBaeMOH CHCTPMP c nenMo nnRMIIIPHRQ nnM~~>Y(l~~~~~!!!:!0~'!'!~ 

BOJJC peanH30BaH MeTOA noBTOpHon nepe,natJH HH<I>opMaUHH, KOTOpbiH KOM

neHCHpyer KaK B03MO)I(Hbie c60H B pa6oTe 3JieKTpOHHhlX 6JIOKOB ycTpOHCT

Ba, Tax H noMexH, HaBOAHMbie B BOK B pa,nHan;HOHHbiX 30Hax. Bee npon;eccbi 

CHHXpoHH3aD;HH AJU1 npHeMa HH<I>opMan;HH BblDOJIHHJOTCH Ha ypOBHe p83pR:· 

AOB, a TaK)I(e Ha ypoBHe Ka,npOB. npH 3TOM COXpaHR:eTCH OCHOBHOH npHHUHll 

acHHXpoHHOrO MeTo,na YnJIOTHeHHR:: B OTCYTCTBHe HH<I>OPMaUHOHHbiX CJIOB 

Ha KBaHTOB0-3JieKTpOHHbiH MOAYJlb (K3M) nepe,naTtJHKa llOCTynaeT nocne,no

BaTeJibHOCTb HMfiYJlbCOB TaKTOBOrO reHepaTOpa (HH<!>OpMaD;HOHHbiH "0"), 

a K~Oe CJIOBO HatJHHaeTCH C CHHXpOnay3bl (Cn). 

BO/I.Ol<OHHO-OnTU'leCkuii .MYII.bTUMel<cOp (BQM) COCTOHT H3 ABYX OC· 

HOBHbiX MO,nynen: nepe,naromero OnTHllecKoro MOAYJIH (nOM) , npHeMHOro 

onmtJecKOrO MOAYJIR (llPQM) , H CBR3yiOin;ero HX BOJIOKOHHO·OnTWJecKoro 

xa6eJIR. 

Crpyl<rypHllR cxe.Ma IIOM (pHc.l) BKJIIOtJaeT B ce6H MyJlbTHnJieKcop 

H KBaHTOB0-3JieKTpoHHhlH MOAYJlb nepe,naTtJHKa. 

My/l.bTUMel<COp COCTOHT H3 TaKTOBOrO reHepaTopa HMnyJibCOB 1, <!>op

MHpOBaTeJIR 3HaKOnepeMeHHOH CHHXpOnapbl 2, <PopMHpOBaTeJIR CHI'HaJIOB 

ynpaBJieHHR 3, napanJieJlbHo-nocne,noBaTeJlbHOro perHcrpa onepaTHBHOH na

MHTH (On) 4, <PopMHpoBaTeJIR noJIHoro cHrHana 5. BpeMeHHbie ,nHarpaMMbi 

pa6oTbi BOM npHBeAeHbi Ha pHc.2. 
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Puc. I. CrpyKrypHaJI cxeMa nepec>a101J4ezo onru'lecKozo MoOy/IJI. 
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Puc.2. BpeMeHHbleOuazpaMMbl paOOTbl 60/lOKOHHO-onru'leCKOZO 

My/lbTUMeKCOpa. 

TaKTOBaR: tJaCTOTa re.HepaTopa nocTynaer Ha BXOAbi cxeM 2 H 3 H TaKTH

pyromHn BXOA <PopMHpOBaTeJIR 5. Ha BXOA napanneJlbHo-nocne,noBaTeJlbHOro 

perHCTpa On C 3JleKTpHtJecKoro p83'beMa, pacnOJIO)I(eHHOrO Ha JIHn;eBOH naHe

JlH 6noxa, B napanneJlbHOM xo,ne nocrynaroT 19-p83pHAHbie cnoBa. MoMeHThl 

llOCTYnJieHHR KOAOBbiX CJIOB Ha BXOA perHCTpa On CJlytJaHHbl. 3Ta HH<I>opMa· 

n;HJI 3aHOCHTCH B perHCTp 4 no llOJIO)I(HTeJibHOMY <!>pOHTY HMfiYJlbCOB 3anH

CH. nocJie,nHHe <!>opMHpyiOTCH B 6JIOKe ynpaBJieHHR 3 nyTeM AeJieHHR tJaCTO

Tbl TaKTOBOrO reHepaTOpa Ha 40. nocne,noBaTeJlbHbiH BbiXOA 20-p83pR:,nHOrO 

perHCTpa On COeAHHeH C nepBbiM napaJIJieJibHbiM BXOAOM 3TOrO )l(e perHCT· 

pa tJepe3 HHBeprop. nocne 3anHCH HH$OpMan;HOHHOrO naKeTa 6HT B perHCTp 
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Oil B nOCJie)l;HeM no,n; ,n;eHCTBHeM TaKTOBOH 'laCTOTbl npOHCXO.D;HT C.D;BHI' H HH

BepTHpOBaHHe ypOBHeH uu<flapM!lUHOHHbiX pa3pH.D;OB. <l>OpMHpOBaTeJib 2 Bbl
pa6aTbiBaeT CHrHaJibi, CHHXpOHH3HpOBaHHbie C nepe,D;HHM (HJIH 3a,D;HHM) 
<flpOHTOM KO.D;OBOrO CJIOBa H :>KecTKO npHBH3aHHbie no <flase K HMnyJibCaM 
TaKTOBaro reuepaTopa. KpoMe Taro, B curuanax :nora <flopMupoaaTeJIH co
,n;ep:>KHTCH uu<flopMaQHH o 3HaKe cuuxponay3I>I. <l>opMupoaauue 3HaKonepe
MeHHbiX Cil, pas,n;eJIHJOllUfX uu<flopMaunouni>Ie nocne,n;oaaTeJibHOCTH, npoH3-
BO.D;HTCH B <flapMupoaaTene 3. 3Tu curuanbi noczynaroT ua axo.n perucTpa Oil, 
r.n;e npaH3BO.D;HTCH npeo6pasoaauue axo,n;uoro napanneJibuoro KO,n;a B nocne
.n;oaaTeJibHbiH "Be3 B03Bp~eHHH K uynro" (BBH) , KOTOphiH, B CBOJO O'le
pe,n;b, B <flapMHpoBaTeJie 5 npeo6pasyeTCH B KO.D; BH,D;a "Mau'leCTep" (M-Ka,n;) . 
IlpHMae npeo6pasoaauue Ko,n;a BBH B KO,n; M cocTOHT B BhiDOJIHeuuu onepa
~u "11cKnroqarow;ee 11JI11" ua,n; curuanaMu B ucxo.n;uoM Ka.n;e BBH u ua,n; 
CHMMeTpH'IHOH TaKTOBOH nocne,n;aBaTeJibHOCTblO fT. )lJIH HCKJIJO'IeHHH B03-
MO:>KHOCTH H3MeHeHHH BXO.D;HOrO CHI'HaJia B npOMe:>KyTKaX Me:>K,IJ;y H3MeHe
HHHMH CHI'HaJia KO.D;HpyeMhiH CHI'HaJI npe,n;BapHTeJibHO 3anHChiBaeTCH B )l
Tpurrep. Ba3HHKaJOU(He B pmyJibTaTe "rouoK" KapOTKne napasHTHhie HM
nyJibchi ycTpauHroTcH c naMOUJ;bJO RC-Qena'IKH. TaKTOBaH noCJie,n;oaaTeJib
uocTb, nocTynarow;aH aT cTa6unH3upoaauuoro KaapQeM reuepaTopa (fT = 
= 10 MrQ) ,HMeeT CHMMeTpH'IHyJO <flapMy HMnyJibCOB H CJIY:>KHT .D;JIH CHHXpO
HH3!1UHH Y3JIOB MYJibTHDJieKcopa. 

K3M nepeoartwKa (puc.3) npe,n;uasuaqeu ,n;JIH npeo6pasoaauHH BbiXO,n;
uoro curuana MVJibTHDJieKcopa B cooTBeTCTBVJOW:He eMy no d:>opMe omH'Iec
Kne HMnyJibChl H BBe,D;eHHH 3THX HMnyJibCOB B BOJIOKOHHO-QmU'IecKHH 
Ka6enb (BOK) . <l>ynKQHOHaJibHaH cxeMa K3M BKJIJO'IaeT B ce6H cornacyro
w;ee ycTpOHCTBO (CY), aMnJIHTY.D;HhiH orpaHH'IHTeJib (AO), 3MHTTepHhiH 
nOBTOpHTeJib (3Il), reuepaTOp TOKa HaKa'IKH (rTH), 3JieKTpOHHO-KBaHTO
BhiH npeo6pa30BaTeJib (3Kil). 

CY ueo6xo.n;HMo .D;JIH cornacoaauHH nepe,n;aT'IHKa c MYJibTHDJieKcopoM. 
CY BhiDOJIHeuo ua 6ase MHKpocxeMhi K531JIP1. AO BhiDOJIHHeT <flynKQHJO 
orpauH'IHTeJIH aMnJIHTYAbi, au co6pau ua ,n;uo,n;ax K)l 522. 3Il BhiDOJIHeu 
ua TpaH3HCTope KT 368, ou ueo6xo,n;uM KaK 6y<flepnhiH KacKa,n; cornacoaa-
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HHH. rTH npe,D;Ha3Ha'leH .D;JIH Bhipa-
6aThiBaHHH TOKa HH:>KeKQHH 3Kil, 
on nocrpoeu ua Tpau3HCTapax 
KT 363 u KT 919. 3Kil npeo6pa-
3YeT 3JieKTpH'IecKHH TOK HH:>KeK-

Puc.3. CrpyKrypHaJI cxeMa KeaHroeo-

3/leKTfJOHHozo MoiJyii.R nepeaaT'IuKa 
U npUeMHUKa. 

.... 

""' 

QHH B CBeTOBOH naTOK. B Ka'lecTBe 3Kil ucnOJib30BaH cynepnroMHHecQeHT
HbiH .D;HO.D; (CJI)l) uu<flpaKpacuoro .D;Hana30Ha TUna HJIIJH-301 C ,n;uaMeTpOM 
BbiXO,D;Haro cornacyrow;ero 31ieMeuTa 60 MKM. Ha BbiXo.n;e nocne,n;uero nony
qaeM CBeTOBOH naTOK, npOMO.D;yJIHpOBaHHbiH HMnyJibCHOH DOCJie,n;o:mlTeJib
HOCTblO. 3TOT CBeTOBOH nOTOK qepe3 lOCTupyeMbiH OmH'IeCKHH COe)l;HHHTeJib 

(OC) BBO.D;HTCH B BOK. 
MaKcHMamHyro qacTOTY cne,n;oaauHH uu<flopMaQHOHHbiX CJIOB ,n;JIH .n;au

uoii crpyKzypbl MYJibTHDJieKcopa ( c naBTapuoii nepe,n;aqeif uu<flopMaQHH) 

MO:>KHO onpe,D;eJIHTb KaK18 I 

F max = f/ ( 2 K( M + 1) + m) , 

r.n;e M - o6w;ee KaJIH'Iecmo paspH,n;aB CJioaa; fT - TaKTOBaH qacTaTa reuepa
Tapa; m- ,n;JIHTeJibHOCTb Cil (paBHaH 'IHCJIY nepuo,n;oa TaKTOBOH t~acTOThi) ~ 
K- 1,1 ••. 1,4- K03<fl<PHQHeHT 3anaca. 

Ilpu paspa6oTKe JOCTHpyeMoro coe,n;HHHTeJIH Tpe6oaauue nonyt~euHH Bhi
coKOH TO'IHOCTH CODpH:>KeHHH (e,D;HHHQhl MKM) KOHTaKTHbiX nap (MOHOBO
JIOKOHHOrO CBeTOBO,D;a H OnTH'IecKHX 3JieMeHTOB B IllHpOKOM TeMnepazypHOM 
.D;HaDa30He) npHBeJIO K H006XO.D;HMOCTH HCnOJib30BaHHH B Ka'leCTBe HeKOppo-
3HOHHOrO KaucrpyKQHouuoro MaTepuana ueH3HJib6epa. Y'IHThiBanaci> TaK:lKe 
B03MO:lKHOCTb HCDOJib30BaHHH COe)l;HHHTeJIH C pa3JIH'IHbiMH nmaMH H3JIY'IaTe
JieH H <flaTO.D;HO.D;OB, OTJIH'IaJOUJ;HXCH KOHCTpyKTHBHO H no ra6apHTHbiM pa3-
~'!ep~~'!. l!Tf\f-\!-T T<"OJ.Jf'Tp~TTM'WRHhTP. w.:tMeHeHHH COeiTHHHTeJIH 6biDH MHHHMaJib
Hhl, era npu6opuaH 'laCTh BbiDOJIHeHa B BH,D;e .D;BYX OCHOBHbiX y3JIOB (puc.4). 
O,n;uu H3 nux ( <flnauQeBhiH Y3eJI) o6ecnet~HBaeT conp.H:>KeiiHe c Ka6eJibHOH 
'laCTblO, B ,n;pyroM (p03eTOlJHhiH y3eJI) pa3Mew;aJOTC.H H3JIY'IaTeJib HJIH <flaTO· 
,n;eTeKTOp. BHJIO'IHaH qacTb c OmH'IeCKHM Ka6eneM ucnOJib3yeTC.H .D;JIH non
KJIJO'IeHHH K nepe)l;aJOUJ;eMy HJIH npueMHOMY MO.D;yJIJO H o6ecne'IHBaeT npaK
TH'IecKH 6mnro<flToaoe coe.n;uueuue. 3a,n;enKa BOK B BHJIO'IHYJO qacrb npoH3-
ao,n;HJiacb no CTaH,n;apTHOH MeTOnHKe19 I. )lJI.H HCKJIJO'IeHHH MexaHH'IeCKHX 
noape:>K.D;euuH TOpQa omH'IecKoe aonoKHo nMeeT yrny6neuue B uecKOJibKO 
MHKpOH OTHOCHTeJibHO TOpQa HaKOHe'IHHKa COe,D;HHHTeJIH. COBMew;euue CBe

TOBO,D;a H QeHTpa H3JIY'IeHHH omu-
'lecKoro 3JieMeuTa, ycTauoaneuuo
ro B p03eTO'IHOM y3Jie, .D;OCTHraeT
C.H B pmyJibTaTe nepeMew;eHH.H 
<flnauQeBOH qacru coe.n;HHHTeJIH OT
uocHTeJibHO omH'IecKoro 3JieMeH-

Puc.4. Conp.RJtceHue KOHTaKTHblX nap on

TU'If!CKozo coeauHUTerl.R. 

flpuliopHIIA 4C1CTb 0C 

ni\OCKOC"Tb 6 

Kaolii~Hag «<lt'Tb oc 

Ha~<owe<~wuK 
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15 
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Q v I ,., L:l ~ MKM 
50 100 ' 

Puc.5. Fparfiw< pocTa noTepb 6 3a6UCUMO

CTU OT paOua.r!bHOZO paCCOBMeU(,eHWl MOH0-

60/lOKOHHOZO C6eT0600a U UCTO'IHUKa U3-

lly'leHUJl. 

Ta c nocne~yromeu Q:>HKca,uHen nono
:>KeHHR C nOMOllU>IO HaK~OH raHKH. 

Ha 3Q:>Q:>eKTHBHOCTh BBo~a mnyt~e

HHR 60JiblliOe BJIIUIHHe OKa3biBaeT 

TOtiHOCTb TaKOrO MeXaHHtlecKOrO 

cosMemeHHR. Ha pHc.5 noKa3aH 

rpaQ:>HK pOCTa nOTepb p r npH BBO~e 

H3JIYtleHIUI B 3aBHCHMOCTH OT pa

~HaJibHOrO paCCOBMezneHIUI flr MO

HOBOJIOKOHHOrO CBeTOBO~a (NA = 
= 0,15) co cryneHt~aTLIM npoQ:>HJieM 

H QeHTpa H3Jiyt~eHHH cornacyromero ycTpoucma Ha 6a3e Q:>oKoHa 

CO CBeTOB~yzneu :>KHJIOH ~HaMeTpOM 60 MKM cynepniOMHHecQeHTHOro CBe

TO~HO~a (CJIJl). 113 rpaQ:>HKa CJie~yeT, 'ITO ~ nOJIYtleHIUI nOTepb Ha CTbiKe 

=e;;; 1 All 3TO paccosMemeHHe ~OJI:>KHO 6LITh MeHLrne ± 20 MKM. PaccosMeme

HHe QeHTpa CBeTOBO~a OTHOCHTeJibHO QeHTpa H3JiytleHIUI CJI.ll Ha ± 50 MKM 
T'l''t"\T .. "nnnT.r'r T.i- YI'T"IIn"r"r"ii"'',..., .... YrT-" ...,..,.......,,.._., -·- ----- -- 0 _yo. --r-·--1'-"\"'"''"' ...... J"'-'i_ ....... -............ .u.v ... nJ.a.'-'pu .l.&p.r.& .o.ov.u.c -'"'v u AU. 

CrpyKrypHaJJ cxeMa IIPOM (puc.6) BKJIIOtlaeT a ce6H K3M npHeMHHKa 

H ~eMyJibTHnneKcop. K3M npueMHHKa npe~a3Hat~eH ~JIH npeo6pa30BaHHR 

nocne~osaTeJibHoro QHQ:lposoro Q:>opMaTa ~aHHhiX, nocTynaromux H3 BOK 

B BH~e omHtlecKHX CHrHaJIOB, B COOTBeTCTBYIOIUHe HM no Q:>opMe 3JieKTpH

tleCKHe HMnyJibCbl H no~atiH nOCJie~HHX B ~eMYJihTHDJieKCOp. 
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Puc.6. CTpyKrypHaJI cxeMa npueMHozo onTU'IecKozo MoOyM. 
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(/JyH"Kl/.UOHa.tlbHaJl CXeMa K3M - npUeMHU"KQ (eM. puc.3) COCTOHT H3 

KBaHTOBO-::meKTpOHHOrO npeo6pa30BaTeJIH (K3ll) , TpaHCHMne~aHCHOrO ycH

JIHTeJIH (THY) , ycHJIHTeJIH - KOppeKTOpa (YK) , noporoaoro ycrpoucTsa 

(llY). llpOMO~YJIHpOBaHHhiH CBeTOBOH nOTOK non~aeT Ha CBeTOtiYBCTBH

TeJibHYIO nnom~ey K3ll H npeo6pa3yeTcH B 3JieKTpHtlecKHH TOK. B Kat~ecTae 

K3ll HcnoJib30BaH cepHHHLIH p-i-n Q:>oTO~Ho~ c nonocou nponycKaHHR 

30 MrQH TeMHOBhiM ToKoM 10 HA. 

THY Heo6xo~HM ~JIH npeo6pa30BaHHR curHaJILHoro TOKa K3ll B HHTer

pHpOBaHHoe HaDpH)KeHHe. 0H nocTpoeH C HCnOJib30BaHHeM TpaH3HCTOpOB TH

na Kll312 H KT368. YK HBJIHeTCH ~HQ:>Q:>epeHQHPYIOIUHM ycHJIHTeJieM. 

OH np~Ha3HatleH ~JIH ycHJieHHR H BOCCTaHOBJieHHR Q:>opMbi CHrHana. YK H3-

roToaneH C HCnOJib30BaHHeM MHKpOCXeMhl K1 71YB2 11 0 1 .llY CJIY:>KHT ~JIH 
Q:>opMHpOBaHHR QHQ:>poaoro curHana a ypoBHHX TT J1 Ha BhiXO~e ycTponcTBa, 

a TaK:>Ke ~JIH yMeHbUleHIUI H3MeHeHHR CKBa:>KHOCTH BbiXO~OrO CHrHaJia B ~H

HaMHtlecKOM ~Hana30He npHeMHoro K3M. ,llJIH H3rOTOBJieHIUI llY HCnOJib30· 

sana MHKpocxeMa KP521CA4, BKJIIOtleHHaH no cxeMe TpHrrepa IDM~Ta 

C KOMMYTHpyeMbiM noporOM. 

J!eMyll.bTUMeKcOp (pHC.6) COCTOHT H3 ycTpOHCTBa o6paTHoro npeo6-

pa30BaHIUI Ko~a M a KO~ BBH 1, r~e npoHcxo~HT Bbl~eneHHe TaKTOaou t~a

CTOThi H nocne~oaaTeJILHoro Ko~a. cxeMbi Bh~eneHHR cHHxponay3hi 2, nocne

~oaaTeJihHO-napannenLHoro perHcTpa naMHTH 3A, perHCTpa CtiHTbiBaHIUI 3B, 

CXeMbl ynpaBJieHIUI 4 perHCTpOM CtiHTbiBaHIUI. 

Ut>paTHoe npeobpa30BaHHe Ko~a M a KO~ BBH ocymecTBJIHeTcH no

cpe~cmoM 3aDHCH a· Jl-TpHrrep BXO~OrO CHrHaJia B MOMeHTbl BpeMeHH, 

OTCTOHIUHe Ha > 0,5 nepHO~a TaKTOBOH nocJie~OBaTeJihHOCTH OT HatlaJia Ka:>K

~oro nepHO~a TaKTOBOH tlaCTOTbl. qT06bi OTJIH'IHTh HatlaJIO nepHO~a TaKTO

BOH nOCJI~OBaTeJibHOCTH OT cep~HHbl, HCnOJib3yeTCH TO OOCTOHTeJibCTBO, 

'ITO B HatlaJie nepHO~a ypoBE!Hb CHrHaJia B KO~e M H3MeHHeTCH BCer~a, a B ce

pe~HHe nepHo~a - ue acer~a. 3neMeHTbi "HcKJIIOtlaiOIUHe 111111" Bhi~eJIHIOT 
MOMeHTbl H3MeHeHIUI BXO~HOrO CHrHaJia. C nOMOUU>IO O~HOBH6paTOpa, Ha

CTpoeHHOrO Ha MHTeJibHOCTb HMnyJibca > 0,5 nepHO~a, Bb~eJIHeTCH TaKTO

BaH tlaCTOTa, CJiy:>KaiUaH ~JIH CHHXpOHH3a.QHH pa60Tbl ~eMyJibTHDJieKCOpa. 

3THMH :>Ke HMnyJibCaMH B Jl-TpHrrep 3aDHCbiBaeTCH BXO~OH CHrHaJI, B pe-

3YJibTaTe qero Ha BbiXO~e ~eKO~epa Bb~eJIHIOTCH HHQ:>OpMa.QHOHHbie CHrHa

Jibl a KO~e BBH. OHH no~aroTCH Ha nocne~oaaTeJILHbiH axo~ perHcTpa na

MHTH 3A H C nOMOUU>IO TaKTOBbiX HMnyJihCOB npOHCXO~HT ero 3anOJIHeHHe. 

K~IH ~B~QaThiH TaKTOBbiH HMnyJibc, 3aQ:lHKCHpOBaHHbiH CtleT'IHKOM 

CXeMbl ynpaBJieHIUI, CJIY:>KHT CHrHaJIOM 3aHeceHHR naKeTa HHQ:lOpMa.QHOHHbiX 

6HT H3 perHCTpa DaMHTH 3A B perHCTp CtiHTbiBaHIUI 3B. 06HyJieHHe 3TOrO 

CtleT'IHKa npOH3BO~HTCH HMnyJibCOM OT ceJieKTOpa Cll2 B KOHQe HHQ:>opMa

QHOHHOH necn~oBaTeJibHOCTH. Bhlxo~ou KO~ 3aTeM conoc.TasJIHeTCH B y3-

ne cpasHeHHR c Ko~oM nocne~yromero K~pa, 3anHcaHHoro a perHCTp naMH-
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TH 3A. EcJIH KO,IJ;bl H,IJ;eHTH'IHbl, TO nOCJie OKOHqaHHfl HH$OpM8UHOHHOH naq

KH Ha BbiXO,IJ;e Y3Jia CpaBHeHHR nOHBJIReTCH CHrHaJI "nor .0", pa3peWaiOIUHH 

BbiXO,IJ; HH$opMauHH H3 perHCTpa cqJiffbWaHHR 3B. C nOHBJieHHeM Ha BXO,n;e 

ycTpoiicma oqepe,n;Horo Ka,n;pa OnHCaHHbiH Bblwe npo~ecc noaTopaerca TOJib

KO B TOM CJiyqae, eCJIH HH$OpM~OHHbiH KO,IJ; B HeM TaKOH )l(e, KaK H B npe

,IJ;bi,IJ;yiUeM. EcJIH )l(e 3TO He -TaK, CHrHaJI "nor.O" Ha BbiXO,n;e y3na cpaBHeHHR 

nOCJie OKOHqaHHfl Ka,n;pa He nOHBJIHeTCH. llpH 3TOM HH$opMilUHR H3 perHCTpa 

naMHTH 3A nepenHCbmaerca B perHCTp cqHTbiBaHHR 3B, HO pa3peWeHHR 

Ha BbiXOA perHcTpa cqHTbmaHHR OT cxeMbl ynpaaneHHR oHa He nonyqaeT. Ta

KHM o6pa30M, nOMeX03a{UHIUeHHOCTb CHCTeMbl o6ecneqHBaeTCH TeM, qTo npH

HHTbiH HH$opM~OHHbiH naKeT ,IJ;aHHbiX noczynaer Ha BbiXO,IJ; TOJibKO B TOM 

CJI)"Iae, ecJIH COOTBeTCTBYJOIUall eMy KO,IJ;HpOBaHHaH nOCbmKa 6y,n;er npHHH

Ta npHeMHHKOM ,n;aa pa3a no,n;pa,n;. 

0CH06HbJe TeXHUileCJ<Ue xapaKTepUCTUKU MyllbTUMeKCOpa: 

1. qHCJIO napaJIJieJibHbiX BXO,IJ;OB-BbiXO,IJ;OB 

2. YpOBHH BXO,II;HbiX/BbiXO,n;HbiX CHrHaJIOB 

3. THn nocne,n;oaaTeJibHoro KO,n;a 

4. CKopocTb nepe,n;aqH HH$opMauHH, M6mjc 

5. ,UJIHHa BOJIHbl H3JiyqaTeJIH, MKM 

6. MoiUHOCTb H3JIYqeHHR nepe,n;a~HKa, BT 

7. 'llyRPTRwrP.JThHOCTb «!>oTonpHeMHHKa, BT 

8. BepOHTHOCTb OWH6KH B JIHHeHHOM TpaKTe, He 6onee 

9. CTpOHTeJibHaH ,IJ;JIHHa BOK, M 

10. Ko3$$H~eHT 3azyxauHR BOK, ,n;B, He 6onee 

11. ,llonyCTHMbiH pa,n;ayc H3rH6a BOK npH MOHTa)l(e 

19 

TTJl 

"MaaqecTep" 

2,5 

0,81+0,89 
10-4 

10-'~ 

10-9 

630 

12 

JIHHeHHOro TpaKTa, MM, He 6onee 50 

12. Coe.n;HHeaHe Mo.n;yneii c BOK - pa3'beMHoe 

13. CTau.n;apT Kaccerbi ,li)IH MOHTa)l(a BOM •••••••••• KAMAK 2M 

14. HanpH)I(eHHe HCToqHHKOB nHTaHHR Mo,n;yneii, B ± 5; ± 10 

,llJIH nmauHR Mo,n;yneii Bone HcnoJib3oaaubi WHHbi ± 6 B H ± 24 B Ma

rHcTpanH KpeiiTa. qT06bi nonyqHTb nHTaHHe ± 10 B ,n;JIH Mo,n;yna llPOM HC

nOJib30BaH KOHaepTep HanpH)I(eHHR. Ha JIH~eaoii cTopoHe 6noKoB KAMAK 

pa3MeiUeHbi JOCTHpyeMbie ommecKHe coe.n;HHHTeJIH ,IJ;JIH no,n;KJIJOqeHHR BOK, 

3JieKTpaqecKHe pa3'beMbi THna Pll15-23 ,IJ;JIH BXO.n;HbiX/BbiXO,IJ;HbiX CHrHaJIOB, 

CBeTO,IJ;HO,IJ;bl ,IJ;JIH BH3YaJibHOrO KOHTpOJIH $yHK~OHHpOBaHHR K3M (pHc.7). 

0praHH38UHR CBeTOBO,II;HOH CBH3H npe,n;nonaraer HCnOJib30BaHHe .n;ByX 

pe)I(HMOB pa6oTbi: aBTOHOMHoro H Ha JIHHHH c 3BM. B aBTOHOMHOM pe)I(HMe 

pa6oTbl MYJil>THnJieKcopa .n;aHHbie nepe,n;aiOTCH no seeM 19-TH KaHaJiaM yCT

poiicma. B pe)I(HMe paOOTbl Ha JIHHHH C 3BM BXO,IJ;Hble KaHaJil>I MO)I(HO HC

nOJib30BaTb CJie,IJ;YJOIUHM o6pa30M: KaHaJibl 1+16 - ,IJ;JIH nepe,n;aqa HH$opMa-
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Puc. 7. BHeumuu auo BOIIOKOHHo-onTu'lecKozo MYIIbTunneKcopa. 

~HH, KaHaJibl 17 H 18 - ,IJ;JIH nepe,n;aqH CHrHaJIOB ynpaBJIHJOIUHX KOMaH,IJ;, Ka

HaJI 19- pe3epBHbiH. TaK KaK ,n;JIHTeJibHOCTb ~HKJia, yKa3aHHaH B cTau,n;apTe 

KAMAK ( 1 MKC) , MeHbwe MHHHMaJibHO ,n;onycTHMOH ,IJ;JIHTeJibHOCTH CHrHaJia 

Ha BXO,IJ;HbiX KaHaJiax JIHHHH (10 MKC), CHrHaJibl 3THX KOMaH,IJ; MOFYT $OpMH
pOBaTbCH 0,IJ;HOBH6paTOpaMH. 

llpH HCnbiTaHHRX Ha CTeH,n;e BOJIOKOHHO-OnTaqecKHH MYJibTHnJieKCOp 

ycnewHo pa6oTan co cqeTqHKaMH HMnymcoa H AQll B cTau,n;apTe KAMAK, 

o6ecneqHBaH nepe,n;aqy HX BbiXO,IJ;HOFO KO,n;a Ha paCCTOHHHe 630 M, qTO no,n;

TBep,IJ;HJIO npaBHJibHOCTb Bbi6paHHbiX peweHHH. 

B 3aKJIJOqeHHe CJie,n;yer OTMeTHTb, qTo peaJIH38UHR B CHCTeMe MeTO,IJ;a 

nOBTOpHOH nepe,n;aqH 3aMeTHO yMeHbWHJia qaCTOTy CJie,IJ;OBaHHR HH$OpMa

~OHHbiX CJIOB, O,IJ;HaKO OHa BnOJIHe ,IJ;OCTaTOqHa ,IJ;JIH 06MeHa ,IJ;aHHbiMH Me)I(,IJ;y 

TepMHHaJiaMH 3BM B peanbHOM MaCWTa6e apeMeHH. 

EcnH KBaJIH$H~poBaTb onHCaHHYJO JIHHHJO BOJ1C no pa,n;y npH3HaKoa 

(3aTyxauHe, npoTH)I(eHHOCTb, ycJIOBHR npoKJia,IJ;KH BOK H T.,n;,), TO ee cne
,n;yer OTHecTH K pa3pa,n;y BHyTpH06'beKTOBbiX 11 1 I. 

ABTop 6naro,n;apm M.A.Boeao.n;HHa H Jl.ll.3HHOBbeaa 3a CTHMyJIHpoaa

HHe ,IJ;aHHOH pa60Tbi, n.K.MaHbHKOBa 3a nOJie3Hbie o6cy)I(,IJ;eHHR, IO.B.ryca

KOBa H B.B.CeJie3HeBa 3a pa3pa6QTKy KOHCTpyK~H OT,IJ;eJibHbiX 3JieMeHTOB 
BOJlC, ll.H.ByHJioaa H B.H.Ky3He~oaa 3a MOHTa)l( 6noKoa. 
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TEMATHqECKHE KATErOPHH llYBnHKAUHR 

OB~E~HEHHOrO HHCTHTYTA ~EPHYX 
HCCJIE}:\OBAHHR 

HHAeKc TeMaTHKa 

1. 3t<cnepHMeHTaJ1bHaR ~H3Ht<a BWCOI<HX 3HeprHH 

2. TeopeTH4ect<aR ~H3Ht<a awcot<HX 3HeprHi1 

3. 3t<cnepHMeHTaJ1bHaR HeHTpOHHaR ~H3Ht<a 

4. TeopeTH4ect<aR ~H3Ht<a HH3t<HX 3HeprHi1 

5. HaTeMaTHt<a 

6. ~AepHaR cnet<TpOCt<OnHR H paAHOXHMHR 

1. ~H3Ht<a TR*ellWX HOHOB 

8. KpHoreHHt<a 

9. Yct<OPHTellH 

10 . AaToMaTH3a~HR o6pa6oTt<H 3t<cnepHMeHTa11bHWX 
AaHHWX 

11. Bw4HC11HTellbHaR MaTeMaTHt<a H TeXHHt<a 

12. XHMHR 

13. TexHHt<a ~H3H4ect<oro 3t<cnepHMeHTa 

14. MCCJleAOBaHHR TBePAWX Tell H *HAI<OCTeH 
RAePHWMH MeToAaMH 

15. 3t<cnepHMeHTallbHaR ~H3Ht<a RAePHwx peat<~Hi1 
npH HH31<HX 3HeprHRX 

16. no3HMeTpHR H $H3Ht<a 3a~HTW 

17. TeopHR I<OHAeHCHPOBaHHOrO COCTOIIHHR 

18. Mcnonb30BaHHe pe3yllbTaTOB H MeTOAOB 
~YHAaMeHTaJlbHWX ~H3H4eCI<HX HCCJleAOBaHHH 
B CMe*HWX o6JlaCTRX HayKH H TeXHHKH 

19. EiH~H3Ht<a 

POMSHOB IO.H. 

19-KSH8JI:t.H8JI CBeTOBO,llH8JI CHCTeMa nepe,naqu ,llaHHLIX 
C BpeMeHHhiM ynnOTHeHHeM KaH8JIOB 

13-88-636 

OnucaHa noMeX038IIUftneHH8JI sonoxoHHo-omH'IecK&JI JIHHIDI 
CB.R3H (BOJIC) C HCOOJih30B8HHeM MyJI:t.THnJieKcopa. CxopocT:t. ne
pe,naqu HH$opMaiUfH - 2,5 M6HT/C, IIHCJIO He3aBHCHMbiX BXO,llOB/BLI
XO,llOB - 19, ypoBH1f BXO.nHLIX/BLIXO.ztHLix curHanos - TTJI, Tun 
nocne.nosaTem.Horo xo.na - "MSH'IecTep". MaxcHMaJI:t.H8JI cTpomem.
H8JI .nnHHa JIHHeboro TpaKTa BOJIC - 630 M. 

Pa6oTa BhiDOJIHeHa a Jia6opaTopHH BLICOKHX 3HeprHH: OH.RH. 

~ 06wwrnBBOrO IIIIC'I1ITJT& RAepiiWZ nccne.lloiiUIIA.J:lyf;aa 1988 

Depeso.n JI.H.Bapa6aw 

Romanov Yu.I. 

19-Channel Light Optical Link for Data Transfer 
with a Channel Using Multiplexer 

13-88-636 

An optical line using a multiplexer is described. The rate of data 
transfer . is 2.5 mBIT /s, the number of independent inputs/outputs 
is 19, the levels of input/output signals are TTL, and the type of a se
rial code is ''MANCHESTER". The maximum length of the optical line 
is 630 m. 

The investigation has been performed at the Laboratory of High 
Energies, JINR. 
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