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WHpOKO HCnonL3YIOTC.H WI.H 3neKTpO

C y)l.aneHaoii annapaTypoii 11
-

4 
'· 0)l.HaKo .u;n.H pa

•n~::HH.H 3nekrpo¢H3H'IeCKHMH ycTaHOBKaMH (3<l>Y) 
O)l,HbiX H Ka6enLH~IX nHHHH CB.H3H .HBHO He)l,OCTa-

He y)l.OBneTBOp.HIOT BbiCOKHM Tpe60BaHH.HM no WH
I:lKHOCTH, a TaK:>Ke He o6ecn~'IHBaiOT rani.BaHH'IecKoii 

annapaTypbl H KOHTpOn.H npH aBTOMaTH3aQHH 
3<l>Y. B HaCTO.Hw;ee BpeM.H rrepcneKTHBHbiM H, 

Han~aaneHHeM B C03)l,aHHH CKOJ?OCTHbiX H BbiCOKO
E.BneHH.H 3<l>Y .HBn.HeTC.H HCnOnb30BaHHe BOnOKOHHO-

I 

o~onTH'Iec

nepe)l.a'IH (oHa 
ax), To co-

3neKTpHt~ec

HHTep¢eH:ca · 

HCTO'IHHKOB · 

POBH.HX CHCTeM . 
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. Ta6nm:~a 1. HcTO'IHHKH UH¢poaoii HH¢opM'iiURH 

111CT04Hii1K111 U.ll'lcPPOBblX .D.A\-1\-IbiX : I 
OCHObHble 

3BM, MliiH';1-3BM,n3BM MHKPOOPOU.et- CHCTeMtol oo~J.~.ue .I COPHble CI1CT. 3AeKTPOHI'IKI1 tpeooBaHHSI' 

napaMe.Tpbl EC1040 CM-3 EC10IO ~~~nPA!IeU,- ~580 IS04[Kl810 
iKAf'w< C:IMMA, K KClHCl/1)1 ' 

EC 1055 CM-4 1\:i'&K·I ' -16 BEKTOP cB~a"' · 
Po.apRor~ocrb 
(HQ~C11.JJ,YI~%e.- 8 16 16 16 8 8 4·n. 16 24 16 16 MQR ~bi&O HO-
ro l<ooa(ct.o&a\ 
• 6YIT 

t.IQCTOTC. 
bbooa/ &bl~ooc. 

1,5 0,'2.5 0,?.5 0,?.5 1,6 6,0 5,0 1,0 1,0 0,25 ... 6,0 1<000. (CM&c.), 2,0 
Mru, 

CTPYKT:.tpC. 
~H)'Tp. SHeu.L. 6H'iTp. 6HBWH. SH'iTp. 11H,O.. HH,O.. 11HA Simp. BH-:!Tp, ~H.0.116YIA. 

MClrYICTPc.t.l1 PA3PASOTKA 

ynpaanemm H c6opa )l.aHHbiX. AHanH3 3THX HCTO'IHHKOB noKa3hiBaeT, 'ITO 
:;meKTpOHHbie 6nOKH nepe)l,a'IH )l,aHHhiX )l,On:>KHbl HMeTb pa3p.H)l,HOCTb nepe)l,a
BaeMOrO cnoaa 16 6HT. CKOpOCTb nepe.u;a'IH nn.H .Ka:>K)l,oro KOHKpeTHOro cny
'la.H Mo:>KeT Bbi6HpaTLc.H HH)l.HBH.u;yanLHo a npe)l.enax 0,25+6,0 M6HT/c •. 

,[l;n.H C03)l,aHH.H BHyTpH06neKTOBbiX H Me:>K06neKTOBbiX CKOpOCTHhiX CH-.. · 
cTeM BOJIC MO:>KHO Hcnonh30J3aTb. aonoKOHHo-onTH'IeCKHH MynhTHrui:.eKcop 
(BOM) c UHKnHt~ecKHM onpocoM 1 ~ 1• BOM BbmonH.HeT <PYHKUHIO conp.H:>Ke

HH.H napannenbHbiX UH¢poBhiX KaHanoa co caeioao,tiHoii cncTeMoii nepe)l,a'IH 
.n;aHHhiX C BpeMeHHhiM ynnOTHeHHeM KaHanOB. Ha)l.O OTMeTHTh, 'ITO Bhi6paH
HOe cxeMoTeXHH'IecKoe peweHHe BOM .rionycKaeT H3MeHeHne cKopocTH nepe
)l.atJH a npe)l.enax 1...10 M6nT/c. ,[J;n.H 3Toro a n~pe)l.aiow;eM omHt~ecKOM Mo
.u;yne (llQM) )l,OCTl:lTO'IHO H3MeHHTb 'laCTOTY CHHxporeHepa'l'opa, a B npHeM
HOM OnTH'IeCKOM MO)l.yne (llPQM) - )l,m~TenbHOCTb 3a)l.ep:>KKH B CXeMe ¢op
MHpOBaHH.H TaKTOBbiX HMnynLcoa. CTpOHTenhHa.H .u;nnHa· caeTOBO)l.HOH nHHHH 
CB.H3H BOM cocTaanfleT 630 M H ee anonHe )l.OCTaTO'IHO')l,n.H pewemi.H WHpo
Koro Kpyra 3a)l.a'l :npH aBTOMaTH3aQHH 3<l>Y: ,[l;n.H 6onbWHHCTBa HH3KO· 
H cpe.u;HeCKOpOCTHhiX CHCTeM, C03)l,aBaeMhiX )l.n.H y~paaneHH,.H H KOHTpOn.H 
3<l>Y, BeCLMa nepcneKTHBHO HCnOnb30BaHHe aCHHXpOHHOH nepe)l,a'IH )l,aHHbiX, 
npH KOTOpOH HH¢opMaUH.H B KaHan CB.H3H nepe.u;aeTC.H no O)l,HOMY CHMBOny, 
co.u;ep)J(aw;eMy CTapTOBbiH 6HT, )l,aHHbie, KOHTpOnbHbiH pa3p.H)l. ("'eTHOCTb) 
H cTonoBbie 6HThi (pnc.1). llpn ~cnmiL30BaHHH 3Toro cnoco6a nepe.u;a'IH 
)l,aHHhiX MaKcHManLHa.H .u;nnHa. nepe.u;~aeMoro cnoaa no KaHany BOJIC co
CTaan.HeT 19-20 6nT; K .u;ocTOHHCTBaM acHHxpoHHoii nepe.u;a'IH cne.u;yeT OTI:Ie
CTH OTCYTCTBHe nHHHH o6w;eif CHHXpOHH3aQHH Me:>K)l.y KpeifTaMH C annapaTy-
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PHc.l. CTpyKTypa 20·pa3pH.IJ;Horo cnosa.· 

poif, 'ITO CYI.Q_eCTBeHHO yMeHbWaeT KOnH'IecTBO HCnOnb3yeMbiX nHHHH CB.fi3H. 
llpH acHHXpOHHOH nepe.n;aqe BMeCTO o6I.QeH CHHXpOHH3art;HH HCnOnbayeTC.fl 
CHHXpOHH3aD;H.fl OT .ll:BYX He3aBHCHMbiX reHepaTOpOB CHHXpOHMnynbCOB, CTa-
6HnH3HpOBaHHbiX KBapn;eM. B:bi6HpaR qacToTy :n'Hx reHepaTopoa aHa'IHTenb- · 
HO BbiWe, 'leM CKOpOCTb nepe.n;a'IH )l;aHHhiX, MO:>KHO nerKO CHHXpOHH30BaTbC.fl 

no Hat~any KIDK,D;oro CHMBona. llepe.n;aqa CHMBona Hat~HHaeTc.R cHrHanoM 
"eTapT" H 3aKaH'IHBaeTCH CHrHaiiOM "eTon". 

Koo nepeoa'lu (HnH Ko.n; CHCTeMhiCBR3H) xapaKTepHayeT TaKHe cneumpH
qecKHe OTMeTKH B nepe.n;aaaeMOH )l;BOH'IHOH HHO!l>pMaD;HH, KOTOphie B npHeM-

. . ' ' 

HOM OnTH'IeCKOM MO.n;yne n03BOn.fllOT YCTaHOBHTb HX O)l;H03Ha'IHOe COOTBeTCT-
BHe UH!l>pOBOMy CHrHany, B036yJK,IJ;a.Ibi.QeMy nepe.n;aJOI.QHH OmHt~eCKHH MO
.n;ynh. B nocne.n;HHe ro.n;h1 a CHCT.eMax Bone, pa6oTaroi.QHx Ha 3«l>Y, nonyt~Hn 
pacnpocTpirneHHe Ko.n; "Bea aoaapaTa K Hynro" (BBH HnH NRZ a aarn. HanH
caHmi) · H .n;ayx!l>aali:blii Ko.n; THna L ( HnH "MaHt~eCTep-2 ") 15 1 • B 6onhWHHCTBe 

_ cnyqaea npocTeifmJ:iii K~.n; BBH· y.n;oaneTaop.ReT seeM Tpe6oaaHHRM cHcTeM 
nepe.n;atiH .ll:aHHhiX (pHc.2) • 3TOT KO)l; He Tpe6yeT onepart;HH KO.D:HpOBaHHe/.n;e-
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PHc.2. ·CTpyKTypa Ko.n;a BBH (NRZ) H "MaH'IeCTep"·Ko,n;a. 
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KO.n;HpOBaHHe H 3!l>!l>eKTHBHO HCnOnbayeT nonocy . qacTOT ·KaHana· CB.fi3H. Xa
paKTepHCTHKH Ko.n;a BBH aa.n;aroT HeKoTopbiH cTaa.n;apT, OTHOCHTenhHO KoTo
poro on;eHHBaJOTC.fl noKaaaTenH .n;pyrHx !Co.n;oa. Ko.n; EBH oTo6pruKaeT noTOK 
)l;aHHhiX ypOBH.fiMH HanpiDKeHHH, nOCTO.fiHHblX Ha HHTepaane KIDK,D;Oro nepe
.n;aaaeMOrO paap.fl)l;a. Ko.n: "Maat~ecTep-2", HanpOTHB, oTo6piDKaeT KIDK.D;hiH 
.n;BOH'IHhiH paapR.D: nepexo.n;oM ypoaHeii, npHt~eM HanpaaneHHe nepexo.n;a onpe
.n;enHeT 3Ha'leHHe )l;BOH'IHOH nepeMeHHOH ("1"- nepexo.n; "BHH3", "0"- ne- . 
pexo.n: "aaepx"). B Ko.n;e BBH ·.n:nHHHaH nocne.n;oBaTeJibHOCTh e.n:HHHU (HnH 
Hyneii) o6paayeT nocTOHHHhiH ypoaeHb. llo3TOMY cnel?'p cHrHana BBH aa
HHMaeT nonocy OT nOCTOHHHOH COCTaBJIHJOI.QeH ]:(0 nOJIOBHHbl TaKTOBOH 'la
CTOTbl. Ko.n: "Maat~ecTep-2" 3aHHMaeT nonocy OT nonoBHHhi .n;o nonHoro aHa~ 
tleHHH TaKTOBOH 'laCTOTbl (pHc.2) • B peaynhTaTe npHeMHhiH. onTH'IeCKHH MO~ 
.D:YJib MO:JKeT 6biTb Y3KOnOJIOCHhiM H )l;OJI:lKeH HMeTb BXO)l; no nepeMeHHOH 
COCTaBJIRIOI.QeH )l;JIH orpaHH'IeHHH noMeX no nOCTOHFiHoMy TOey. )lpyrHe ]:(0-
CTOHHCTBa npHMeHeHHH KO.n;a "MaHtleCTep-2": CBOHCTBO CaMOCHHXpOHH3aD;HH 
(nepe.n;aqa TaKTOBOrO CHrHana O)l;HOBpeMeHHO C C006I.QeHHeM), npOCTOTa 06-
Hapy:JKeHHH OWH60K, c6anaHCHpOBaHHOCTb no nOCTOHHHOH COCTaBJIHIOI.QeH. 
3TH .n:ocTOHHCTBa c HaH6onhWHM 3!l>!l>eKToM npoHBJIHJOTC.fl a MYJibTHnneKCH
poBaHHH HeCKOJihKHX HH!l>OpMart;HOHHbiX KaHanOB H . nepe.n;aqe HX no O)l;HOH 
CBeTOBO)l;HOH JIHHHH15 1• llpH HanH'IHH TOJlbKO O)l;HOrO HH!l>OpMaD;HOHHOrO Ka- . 
Hana ornHMMbHO HcnonbaoaaaHe Ko.n;a BBH. 

B nnaae peweHHH aa.n;at~H no paapa6oTKe cHcTeMhi Bone .n;nH opraHH3a
UHJ:i CBH3H "y.n;aneHHhiH KpeHT - 3BM", a TaK:JKe "3BM - 3BM" 6bmH H3ro
TOBJieHbl 3JieKTpOHHbie 6JIOKH .D:BYXBOJIOKOHHOH CBeTOBO)l;HOH JIHHHH CBH3H, 
OCyi.QeCTBJIHIOI.QeH npHeM H nelle.n;aqy UH!l>pOBhiX .n;aHHhiX MeJK,IJ;y .D:BYMH npHe
MOnepe.n;aJOI.QHMH ycTpoiiCTBaMH BOne, cMOHTHpOBaHHhiMH . a KacceTax 
KAMAK. llonyKoMnneKT TaKoii annapaTyphi, pa6oTaroi.Qeii a nony.n;ynneKc
HOM II .n;ynn~KCHOM peiKHMax, BKJIIO'IaeT B ce6H: nepe.n;aJOI.QHH OmH'IeCKHH 
MO.D:YJib (llOM), npHeMHbiH onTH'IeCKHH MO.D:YJib (llPOM), "Maat~ecTep"-Ko-

PHc.3. KoHCTpYK~H npHeMonepenlll<lmero Mo.n;ynH • 
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.z:r;eK, KOMMYHI:IK~HOHHYIO Cpe.z:r;y, B KaiJeCTBe KOTOpOH CJiy)KaT BOJIOKOHHO
omHIJeCKHe1Ka6eJIH (:BOK), onTHIJeCKHe_coe.z:r;HHHTeJIH (OC) .z:r;JIH no.z:r;KJiro'le

i _ unH BOK K nOM n llPOM, a TaK)Ke cooTBeTCTByro~ee 3JieKTpouuoe o6paM
' neune (nocne.z:r;oaaTeJibHo-napanJieJibHbtii: perncTp, .z:r;ellln<lJpaTop <lJyuKD;Hii 
i , KAMAK,-cxeMbi ynpaaneuHH n' HH.z:r;HKa~n n .z:r;p.) • -

KBaHT0~0-3JieKTPOHHbie MHKpOMO)J;YJIH noM H nPOM npe.z:r;CTaBJIHIOT 
co6oii KoucTpyKTHano 3aKouqeuubie T33bi c 3JieKTpn'leCKHM H omH'IeCKHM 
coe.z:r;HHHTeJIHMH H 3KpaHHpOBaHHbiM ne'laTHbiM MOHTa)KOM (pHc.3). 

IIepeoaroU[.uii onru'lec~<uii !Mooynb cny)KHT .z:r;nH npeo6pasoaauHH 3JieKTpn
qecKHX HMnYJibCOB KO.z:r;a "M~'IeCTep" B COOTBeTCTBYIO~He eMy no <lJopMe 
OnTHIJeCKHe HMnyJibCbl H BBe~eHHH 3THX HMuyJibCOB B BOJIOKOHHO-OmHIJeC
KHH Ka6eJfb. B 3JieKTPH'IeCKOH cxeMe- noM (pnc.4) HCnOJib30B~lHO B036y)K)J;e
HHe CBeTOH3Jiyqaro~ero .z:r;no.z:r;a (CH,!:{) C nOCTOHHHbiM noTpe6JieHHeM MO.z:r;y
miTOpOM 3JieKTpH'IeCKOrO TOKa15 

'
6 1

• npnae.z:r;eHHaH KOH<lJnrypai.I;HH CXeMbl 
<lJopMnpoaaTeJIH HMnyJibCOB TOKa CH.l( no3BOJIHJia HCKJIIOIJHTb noHaneune 
noMeX B l.l;enHX 3JieKTpH'IeCKOrO nHTaHHH. 

Ecnn Bbi6paTb. Ko.z:r;oM cncTeMbi CBH3H Ko.z:r; BBH, TO a KaiJecTae H3Jiy'la
- TeJIH MO)KUO ncnoJib30BaTb CH,l( Tnna An107. nocne.z:r;unii npn ToKe naKa'IKH 

100 MA H3Jiy'laeT onTHIJecKyro MO~OCTb -10 MBT. npn ncnoJib30BaHHH 
_ BOK Tnna "Kaapi.I;-KBap~.~;" .z:r;naMeTpoM 125/50 MKM n CH,l( THna An107B 
noTepH npH HX CTbiKOBKe paBHbl -30 .z:r;B 18 1

• C y'leTOM 3THX noTepb BBe.z:r;eu-
- HaH a BOK onTH'IeCKaH Mo~ocTb cocTaBJIHeT -10 MKBT H ee anonue .z:r;ocTa

TO'IHO, IJT06bl npH IJYBCTBHTeJibHOCTH nPOM 10- 7 BT H COOTHOllleHHH CHr
HaJI/lllYM 6/1 o6ecneiJHTb nepe.z:r;aqy CHrHaJIOB ua· paCCTOHHHe .z:r;o 500 M C 3a
TyxauHeM BOK .no 20 .z:r;B/KM. KpoMe Toro, CH,l( An107 (A, B) HBJIHeTCH 
ue.z:r;oporHM KOMnJieKTYID~M H3.z:r;enneM- n,.6naro.z:r;apH caoeii KOHCTPYKI.I;HH, 

- y.z:r;o6eu .z:r;JIH ycTauoBKH a onTHIJecKHii coe.z:r;mruTeJib 16 
'· B 3aBHCHMOCTH 

oT . cTpOHTeJibHOH .z:r;JIHHbi BOK H cKopocTH nepe.z:r;aqn a MnoroKananbHbiH
BOnC Mo)KeT 6biTb ncnonb3oaau 
"MauiJecTep"-Ko.z:r;eK (.z:r;anee no Te~
-cl'y "Mau"-Ko.z:r;eK). Ko.z:r;ep n .z:r;eKo-· 
.z:r;ep (Ko.z:r;eK) cJiy)KHT .z:r;nH npeo6pa-
3oaanHH .z:r;aoniJHoro ·Ko.z:r;a a Mau'le
cTepcKHii KO.z:r; H uao6opoT. JKena
TeJibHOCTb HCnOJib30BaHHH Ko.z:r;a 
"MauqecTep" onpe.z:r;eJIHeTCH ueo6-
xo.z:r;HMOCTbiD o6ecne'leimH omn
Manbuoro, c TOliKH 3penHH 3Hepre-· 
THKH, 6biCTpo.z:r;eiicTBHH n noMexo3a
~H~euuocni pe)KHMa pa6oTbi H3Jiy
'lilTeJIH. O.z:r;uaKo, ecnn Bbi6paTb Ko
.z:r;oM CHCTeMbl CBH3H KO.z:r; "Man-

6 
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PHc.4. 3neKTpH11eCKIUI cxeMa IIOM. 

.)o 

... 

IJeCTep", TO )J;JIH HOpMrutbHOrO <lJYHKI.I;HOHHpOBaHHH KO.z:r;epa He06XO)J;HMa y.z:r;
BOeHHaH TaKTOBaH qac1'oTa. no3TOMY a Ka'lecTae H3Jiy~aTenH .nnii HOM npe.z:r;
noiJTHTeJibuo ncnOJib30Baune Cl1,!( nOBbillleuuoro 6biCTpo.z:r;eiicTBHH- (An118, 
An129 n .z:r;p.) HJIH cynepnwMnnec~.~;eurnoro .z:r;no.na 1"nna HnllH-301 15 

'
6 

'.· 

· IIpueMH.bZii onru'lecKuii Mooynb cJiy)KHT .z:r;JIH npeo6pa30BaHHH nocne.z:r;o
BaTeJibHoro ~.~;n<Ppoaoro <PopMaTa .z:r;auubiX, nocrynaro~nx H3 BOK a an.z:r;e on~ 
THIJeCKHX CHrHaJIOB7 B COOTBeTCTBYIO~He HM- no <lJopMe 3JieKTpH'IeCKHe HM
nyJibCbl. 3JieKTpH'IeCKaH CXeMa llPOM (pnc.5) BKJIIDIJaeT B ce6H: KBaHTOB0-
3neKTpOHHbiH npeo6pasoaaTeJib (K3ll) - ,!(1, TpaucnMne.z:r;aucubtii: ycHJinTerib 
(THY) - THT4, ycHJIHTeJib-KoppeKTop (YK) - M1, noporoaoe ycTpoiicTBO 
(llY) ..:___ M2. ' ' -

llpoMo.z:r;ynnpoaauubiH caeToaoii noTOK H3 BOK qepe3 OC nona.z:r;aeT 
. ' - -ua caeTOIJYBCTBHTeJibHyro nno~a.z:r;ey K3ll n npeo6pa3yeTCH a 3JieKTpnqeci<:nii 

TOK. B KaiJeCTBe K3ll ncnoJib3yeTcH p-i-n <PoTo.z:r;no.n THna ll>.l(272, nMeiD~nii 
nonocy nponycKauHH ;;;;. 30 Mr~.~; H TeMuoaoii TOK -10 uA. THY ueo6xo.z:r;nM 
.z:r;JIH npeo6pa30BaHHH- cnruanbuoro TOKa K3ll B HHTerpnpoaauuoe uanpH)Ke
une. THY, KaK npe.z:r;aapmeJibHbiH ycnnnTeJib umpoKcmonocuoii omniJecKoii 
CHCTeMbl, BHOCHT HaH60JiblllHH BKJia)J; B nOJIHYIO MO~OCTb lllyMa. il03TOMy 
npn npoeKTHpoaaunn 3Toro ycnnnTeJIH oco6oe BHHMaune y.z:r;eriHJiocb no.il;~ 
6opy TpaH3HcTopoa n pa6oiJHX pe)KHMOB, o6ecne'lnaarol.l(nx MHHHMaJibHO 
B03MO)KHOe .z:r;o6aaneune lllyMa n MaKCHMaJibuoe ycHJieune . .l(JIH nonyqeunH 
BbiCOKoro OTHOllleHHH cnruan/lllYM THY riocTpoeu ua noneaoM n 6nnonHp
HbiX TpaH3HCTOpax. B onncbiBaeMoM llPOM B nepaoM KacKa.z:r;e THY ncnoJib-
30Bau BbiCOKO'IaCTOTHbiH KpeMHHeBbiH noneaoii Tpau3HCTOp THna Kll312A. 
Bbi6op 3Toro none:Boro TpaH3HCTopa o6ycnoaneu cpaaunTeJibHO BbiCOKOii 

era .z:r;o6poTHOCTbiO Q = S3/C3·H' r.z:r;e 83 - KPYTH3Ha CTOK0-3aTaopuoii xa
paKTepHCTHKH TpaH3HCTOpa; c3·H - eMKOCTb 3aTBOp-HCTOK . .l(JIH Kll312A 
Q ~ 2·109

, IJTo·6oJibllle 'leMa .z:r;aa pasa npeaocxo.z:r;HT .z:r;o6poTuocT:b noneaoro 
TPaH3HCTopa Kll303E. Bnaro.z:r;apH Manora6apHTHOMY Kopnycy c nonocKOBbi-

, - ' 

1 I I 

_§!_l I---- I I 
~,............- :::=:--.... 

p•o -'-- I 1·, -10(-5) 
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MH BbiBO)J;aMH. yMeHLWaeTCR napa3HTHaR HH)J;YKTHBHOCTb BbiBO)J;a HCTOKa 
TpaH3HCTopa. OcHOBHOe ycHJieli:ue THY peanH3YeTCR cTyneHLIO, nocipoeHHOH 
no KaCKO.n;Hoii cxeMe 0:3-0B Ha ManowyMRII.UiX TpaH3HCTopax THna KT368 
C Henocpe)J;CTBeHHbiMH CBR3RMH Me)K)J;y KaCKa)J;aMH H napanneJibHOH OTpH
uaTeRLHOH o6paTHoii CBR3LIO no HanpR)KeHHIO (puc.5) • TaKaR cxeMa nocTpoe-
HHR npe.n;ycHJIHTeJIR o6ecne<rnBaeT Manyro BXO.n;HyiO )J;HHaMHqecKyiO eMKOCTb, 
xopowyro qacTOTHYIO xapaKTepHCTHKY. Pe)KHM pa6oTbi THY c nOMOIULIO pe-
3HCTopa R8 no.n;6upaeTCR TaKHM o6pa30M, qT06bi HanpR)KeHHe Ha KonneKTo- I 
pe T3 cocTaaHJio -2 B npu TOKe 4-5 MA. 3To no3aonneT yMeHLWHTh wyM 

. J 
npe.n;ycHJIHTeJIR H o6ecneqHTh Heo6xo.n;uMyro qacromyro xapaKTepHCTHKY 1 

TpaKTa. THY \!:MeeT cne.n;yromue napaMeTpbi: nonoca nponycKaHHR no ypoa-
HIO 0,707 COCTaBRReT 30 MrU, K03cp(llHUHeHT ycuneHHR -10, )J;HHaMaqecKHH 
.n;Hana30H -30 .n;B. YcHJIHTeJIL-KoppeKTop co6paH Ha MHKpocxeMe 
K171YB2 19 1• O.n;HH H3 era KaHanOB o6ecneqHBaeT no.n;'beM Al!X ycHJIHTenR 
B o6naCTH BbiCOKHX qaCTOT (-6-8) .n;B, .n;pyroH HCnORb30BaH KaK MaCWTa6-
HbiH ycHJIHTenL HanpR)KeHHR. J1cnORL3YR BMeCTO nepeMbiqeK noCTORHHble pe-
3HCTOpbi, MO)KHO nnaBHO (B npe.n;enax 4-200 pa3) H3MeHRTb ycHJieHHe KaCKa· 
.n;a (puc.5). Ka)K)J;oe 3HaqeHHe pe3HCTopa R 1 5 coorneTcrnyeT onpe.n;eneHHOMY 
.n;Hana3oHy .n;nHHhi BOK H noTepb B ca·eToao.n;e. .[VIR orpaHHqeHHR noMex 
no nocTORHHOMY TOKY THY u YK liMeiOT axo.n;LI no nepeMeHHoii cocTaanRIO-
meii. B KaqecTBe noporoaoro ycTpOHCTBa HCnORL3yeTCR KOMnapaTop, Bbl
nonHeHHbiH Ha HHTerpanLHOH MHKpOCXeMe KP521CA4 19 

'
1 0 

I. llY cny)KHT )J;RR 

cpopMHpOBaHHR ypOBHeH UHcppOBOrO CHrHana, a TaK)Ke )J;RR yMeHLWeHHR 
H3MeHeHHR CKBa)KHOCTH BhiXO)J;HOrO CHrHana B )J;HHaMHqecKOM )J;Hana30He 
IIPOM. 113aecTHLie cxeMLI no.n;o6HLIX ycTpoiicTB, BLmonHeHHLie c ucnonL30-
BaHHeM HHTerpanLHhiX KOMnapaTopoa KP597CA2 19 

'
1 0 1

, o6na.n;aroT. HH3KHM 
K03cpcpuuHeHTOM ycHJieHHR H cKnOHHLI K caMoBo36y)K)J;eHHIO. Xopowue Toq
HOCTHLie xapaKTepHCTHKH npH npOCTOM CXeMHOM peWeHHH 6binH nonyqeHbl 
npH HCnORb30BaHHH KOMnapaTOpOB K521CA4. 3Ta MHKpOCXeMa HMeeT cne
)J;YIOII.Uie npeuMymecrna no cpaaHeHHIO c KP597CA2: 

a) MeHbWYIO noTpe6nReMyro' MOIUHOCTL H CTOHMOCTL; 
6) 6onLwyro ycToiiqnaocTL (nopor ycToiiquaocTH K52!CA4 c .n;aHHLIM 

wupoKononocHLIM ycHJIHTeJieM 10 MB, KP597CA2- 30 MB); 
. B) MeHLWHe ra6apHTbl (K521CA4 B KOpnyce 301.12) 11 0 1

• 

BbiCTpo.n;eiicTBHe K521CA~ anonHe .n;ocraTo~o .n;nR pa6oTbi c .n;aHHbiM llPOM . 
(pa36poc 3a.n;ep)KKH Ha cpa6aTLIBaHHe K521CA4 -26 He). YcTpOHCTBO cpop
MupyeT Ha BLixo.n;e npnMoii H HHBepcHLIH curHanLI c ypoBHRMH TTn. 

"Mall "-KOOeK peanH30BaH Ha 4 MHKpOcXeMaX H BbinOnHeH B Bli.n;e CaMO- ~ 
CTORTeJILHoro cpyHKUHOHanLHoro y3na (puc.6). OH o6ecne<rnaaeT npnMoe j\ 
H o6paTHoe npeo6pa30BaHHe Ko.n;oa BBH u "MaHqecTep" 15 1 

• .Unn cpyHKUHO- 1/ 
HHpOBaHHR "MaH"·KO)J;eKa TaKTOBaR qaCTOTa Bbi6paHa paBHOH 2,5 Mru. ! 
flpHMeHeHHe MHKpOCXeM cepHH 155 H03BORReT ycTpOHCTBY pa6oTaTL Ha qa-
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Pnc.6. · Baeunnm B~ MHKpoMonynR 

''Mm•iecrep''-KoneKa. 

CTOTax )J;O 15-16. Mru. 0TCYTCTBH~ 
B CXeMe cpHRhTpOB H miHHH 3a.n;ep)K- . 
KH .n;enaroT "MaH"-Ko.n;eK 6onee Tex
HonorH~hiM H npOCTbiM B Hana.n;Ke. 

B Ta6n.2 npHBe.n;eHhl OCHOBHLie 
TeXHuqecKHe xapaKTepHCTHKH BOne, 
peanH30BaHHbie C nOMOIULIO OnHCaH~ 

HhiX npHeMHOrO H nepe.n;aroiUero KBaHTOB0-3ReKTpOHHhlX MHKpOMO)J;y
neii (puc.3) H )J;OCTynHOH 3ReMeHTHOH 6a3bl • 

Ta6nuua 2. TeXHuqecKHe xapaKTepHCTHKH 
npueMonepe.n;aromux Mo.n;yne:H 

U3/\Y4aTe/\b 
.lJ.AUHQ bO/\Hbl U31\Y48HUR, MKM 
MOUJ,HOCrnb U!/\. &~00. ~ ~OK, Br 

cflomoouoo 

4Ybcm~um. ¢omonpueMHuKa , BT 
CKopocmb ooMeHa, MouT/t,He OoAee 
CmpoumeAbHQR 01\UHa BOK,M,He 601\ee 
Kolr:pcpuu.ueHm sam':t'x. BOK,A6,He 50/lee 
HanpR~ .. ucmoi.IHUKOO num. MOO')'/\eU , B 
CoeouHeHue MOOYAeu c BOK 
PaaMew.eHue ~ Koccemax KAMAK 
KoHcmp':t'KU,UR 
nompeO/\ReMO.R MOll.\HOCmb,' BT 
JluanaaoH paoayux meMnepamyp, °C 
r O.OapumHbte p0.3Mepbt, MM 
Maceo, Kr 

[AAmiAT A"Aia76T~nH:3ojl 
I I 1 o,ss 1 o,ss 1 a,ss 

: 6·1o·61 1o·s J m-4 

c;>Al56:c;>Azn: c;ILJ.?.n 
10·6 1 10"1 I 5·10-1 

?. l 2. l1a (20) 

2so 1 sao l1oao 
2.0 1 20 1 10 
'!:5 l±s·+sl tlo·+s 

I ~. I ' 
pc3'8MHOe 

. I 2M I 
I I 

&cmpo.uoaaMaR 
I . 0,6 I 
I I 

-10 ... +50 

2.
1caoxss

1
x2.2) 

I 0,3 I L __ .l __ j ___ ..J 

TexHwtecKa.a pea.n.u3aiJWl CIIAKC. CaeToao.n;HLIH nocne.n;oaaTeJihHhiH 
aCHHXpOHHbiH KaHan CBR3H, KaK OTMeqanoCL BhiWe, He06XO)J;HM )J;RR 06MeHa 
16-pa3pR.n;HLIMH cnoBaMH, npeo6pa3yeMLIMH H3 napanneJILHoro Ko.n;a B no
cne.n;oaaTeJILHbiH, H Hao6opOT (B 3aBHCHMOCTH OT HanpaaneHHR 06MeHa). 
K3M u 3neicrpoHHOe o6paMneHHe CllAKC pa3MemeHo B KacceTax 2M CTaH-
.n;apTa KAMAK. . 
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· Mo,nynh errAKe-01 BhmonHHeT napannenbHbie 3arpy3KY u Bhi,D;aqy cnoaa 
,D;aHHbiX npH BHeWHeM ynpaaneHHH, qepe3 ::meKTpH'leCKHe COe,D;HHHTenH Ha ne
pe,nHeH naHenH. 

Mo,nynh errAKe-02 npoH3BO,D;HT·Te :>Ke onepan;HH npH ynpaaneHHH oT Ma
rHcTpan:H KAMAK. Ilocne,noaaTenbHbie nepe,naqa H npHeM · cnoaa a o6oHX 
6noKax ocy~ecTBnHIOTCH qepro onniqecKHe IOCTHpyeMbie coe,nHHHTenH, pac
nono:>KeHHhie Ha nepe,nHeH naHenH 6nOKOB. <l>opMaT CITOBa npHBe,neH Ha pHC.l. 
06a 6noKa MOryT nO,D;KniO'laThCH K O,D;HHM H TeM :>Ke ITHHHHM CBH3H. B Ka'le
CTBe KOMMYHHKatJ;HOHHOH·epe,D;bl HCnOJJb3YIOTCH BOITOKOHHO-OnTH'leCKHe Ka-
6enH (BOK) • IlpH 3KcnnyaTan;HH eiTAKe :B ycnoaHHx HMnynhCHhiX pa,nHa
UHC>HHhiX noneif Hcnonh3yeTcH pa,nHaUHOHHO-cTOHKHH BQK 17 1 c aonoKHaMH 
H3 KBapueaoro cTeKna c nonHMepHoif oTpa:>KaiO~eif o6ono'IKOH THna "KBapu
nonHMep". )lnH BHyTpH06'beKTOBbiX CHCTeM CBH3H Ha 3<t>Y CO CTpOHTenbHbi
MH ,D;nHHaMH ·,no 1000 M npHMeHHIOTCH "caepxnp03pa'IHbie" BOITOYJia THna 

"Kaapu-Kaapu". 
06MeH cnoaaMH B cHcTeMax eiTAKe ocy~eCTBnHeTcH co cKopoCTbiO 

1,25 M6HT/c, pa6oTa 6noKOB CHHXpOHH3HpyeTCH KBapueabiMH pe3oHaTopaMH 
fKB =· 10 Mru. OcHoBHhiMH y3naMH Mo,nyneif eiTAKe HBnHIOTcn:: 20-pa3pM
HhiH napannenhHo-nocne,noaaTenbHhiH c,nBHrOBhiH perHcTp (ITITP) , cxeMbi 
ynpaaneHHH H HH,D;HKatJ;HH, "MaH" ·KO,D;eK, KBaHTOB0-3ITeKTpOHHbie MHKpOMO
,nynH 110M H ITPOM. 

Mooy.n.b CIIAKC-01 (puc. 7). ITITP ocy~ecianHeT npHeM H nepe,naqy KaK 
napannenbHoro, TaK H nocne,noaaTenhHoro Ko.ii<m. OH ynpaann:ercH cHrHana
MH, <PopMHpyeMhiMH CXeMOH ynpaaneHHH: "e,naHr", "TaKT" H "YcTaHOBKa. 
pe:>KHMa". 8TH cHrHanhi cny:>KaT ,nnH 3arpy3K~ B perHcTp ,D;aHHhiX npH no
cTynneHHH napannenhHoro Ko,na. IlapannenbHhiif Ko,n 'cnoaa 3aHOCHTcn:·a ITITP 
no ~xo,nHoMy CTpo6-HMnynhcy. ITo 3TOMY cHriiany TpHrrep cxeMbi ynpaane
HHH ycTaHaanHaaeTcH B "1 ", nocne qero Ha'lHHaeT pa6oTaTh reHepaTop c,nBH
rOBhiX HMnynhcoa. exeMa ynp~neHHH <PopMHpyeT cny:>Ke6Hbie CHrHaJihi, 
pa3pewaiO~He Bhixo,n HH<PopMan;noHHhiX cHrHanoa OT ITITP. 3anpeT nocne
,noaaTenbHOH Bhi,D;a'lH cHHMaeTcH H Ha Bhixo.n ITITP nocTynaeT nocne,noaaTenh
HhiH KOA cnoaa, npeo6pa30BaHHhiH.H3 napannenhHoro. IlpH nepe,naqe nocne-~ 
,noaaTenhHoro Ko,na cnoaa 
Ha "MaH"-Ko,neK H ,nanee Ha 110M 
CHa'lana nOChinaeTCH 6H.T "eTapT", 
3aTeM 16 6HTOB ,D;aHHbiX, Ha'lHHaH 
c Mna,nwero, .nanee 6HT "qeTHOCTb" 
(HnH · Hy.rieBOH 6HT) H ,D;Ba 6HTa 

Puc. 7. CTpyKTypHaH 

CIIAKC-01. 
CXeMa MOAYJI.fl 

~.npueM" 
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"eTon". eTapTOBhiM. 6HTOM TpHrrep cxeMbi ynpaaneHHH ycTaHaBnHaaeTcH 
B "1", H Ha'lHHaeT pa6oTaTb 'reHepaTOp C,D;BHrOBbiX HMllyllbCOB. 0,D;HOBpeMeH
HO <PopMHpyeTcH cHrHan; 6noKHPYJO~Hif BhiXo,n ITITP ao apeMn: npHeMa no
cne,noaaTenhHoif HH<PopMan;HH. 

IlpHHHTaH ITPOM HH<POPMauHH nocTynaeT Ha axo.n "MaH"-Ko,neKa H, ,na
nee, nocne,noaaTenbHhiH Ko,n cnoaa (16 6HT ·,D;aHHbiX) 3aHOCHTCH.B c,nBHro-· 
BhiH pe~HcTp H npeo6pa3yeTCH B napannenhHhrn. Ha BhiXO,D;HI>Ie 3neKTpi.Jqec
KHe COe,D;HHHTenH . 6noKa nO,D;aiOTCH napannenbHbiH KO,D; CITOBa H BbiXO.ziHOH 
CTpo6-HMnynhc (KoHeu J;Iepe,na'IH). 

Mooy.n.b' CIIAKC-02 (puc.B). BnoK BhiDOnHHeT cne,nyiOIUHe KOMaH,D;hi 
c MarHcTpanH KAMAK: 
NA(O)F(O) 
NA(O)F(2) 

NA(O)F(S) 
. NA(O)F(10) 

NA(O)F(l6) 

NA(O),F(18) 

NA(O)F(24) 
NA(O)F(26) 

RIS 
Rl 

Fl6 
Fl 
A4 
AI 
N 
51 
52 a 
X 

- 'lTeHHe ,naHHhix, npHHHThiX no nHHHH Bone; Q = 1. 
- 'lTeHHe ,D;aHHhiX, npHHHTbiX no BOne, nepe,naqa "Hyne-

Boro" orn.eTHoro cnoaa, c6poc TpHrrepa L; Q == 1. 
~ npoaepKa cHrHana L,; Q = 0. 
- c6poc cHrHana L, Q = 0. 
- 3anHCb ,D;aHHbiX B perHCTp H nepe,naqa HX no ITHHHH 

BO.IIe, c6poc L; Q = 1. 
- 3aiiHCb ,D;aHHbiX, 3aHeCeHHe. npH3HaKa KOHUa MaCCHBa, 

c6poc cHrHana L, nepe,naqa cnoaa a nHHHIO · Bone; 
Q=l. 

~ 6noKHpOBKa CHrHana L; Q = 0. 
- pa36noKHpOBKa CHrHana L; Q = 0. 

PHc.8. CTPYKTYPHaH cxeMa MOAYJIH CIIAKC-02. 
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ilpH BbinOJIHeHHH nepel!HcJieHHbiX KOMaRA Bbi.naeTcH CHrHan X. 20-6H
TOBbiH ililP BbinOJIHHeT napanneJibHbie 3arpy3KY H CllliTbiBaHHe, nocJieAOBa
TeJibHbiH BBOA H BbiBOA AaHHbiX. 0H ynpaBJIHeTCH TpeMH CHrHaJiaMH: "eABHr", 
"YcTaHOBKa pe:lKHMa", "etJHTbiBaHHe". ilpH npHeMe AaHHbiX no JIHHHH Bone 
HH$OpM11UHH OT "MaH"·KOAeKa 3aHOCHTCH B perHCTp H reHepHpyeTCH CHrHaJI 
L. qTeHHe AaHHbiX H3 perHcrpa npoHCXOAHT no KOMaHAe c MarHcrpanH. B HC
xoAHOM cocTOHHHH TpHrrepbi UHKJia, ynpaaneHHH H LAM c6poweHbi. Ha axo
Ae CXeMbl ,YnpaaJieHHH nocJieAOBaTeJibHOH 3anHCH ycTaHaBJIHBaeTCH BbiCOKHH 
ypoaeHb. B illlP pa3pewaeTCH npHeM HHlPOPMilUHH c nocJieAOBaTeJibHOH JIH-

...J 
HHH nepeAa•m AaHHbiX. 

ilpH noHBJieHHH KOMaRA F(2), F(16) HJIH F(18) Ha BbiXOAe.cxeMbi ynpaa
neHHH reHepHpyroTcH CHrHaJibi, pa3pewaroiUHe 3arpy3KY B illlP HH$op.MauHH 
c MarHcrpanH KAMAK. ilpH noaaJieHHH KOMaH,D;bi F(2) 3arpymaeMaH HH$op
M11UHH HyJieBaH, TaK KaK KOHTpOJIJiep BblllOJIHHeT onepaUHIO . C'IHTbiBaHHH 
H Ha lilHHax W AaHHbiX HeT. ilpH noHBJieHHH KOMaH,D;bi F(18) B perHcTp 3anH-. 
CbiBaeTCH Jior. "0" B pa3pH,D; npH3HaKa KOHUa nepe,D;atJH 6JIOKa ,ll;aHHbiX. 

Opza1lu3aq.UR ce.R3U MeJICoy yoane1l1lbZMU "Kpei1mMu KAMAK. Ha pHc.9 
noKa3aHa cTpyKTYPHaH cxeMa 50-MeTpoaoii BOne p;nH nepe,D;atJH aHanoroaoii 
HHlPOPM!iUHH Ha nyJibT ynpaaJieHHH nY-20 C BbiCOKOBOJibTHOrO TepMHHaJia 
HHmeKTopa ycKopHTeJIH. 11HHUHaJIH3aUHH pa6oTbi "naccHBHoro" MOAYJIH 

. eilAKe ocyrn;ecTBJIHeTCH OT ycTpoiicTBa 3a,D;epmKH, 3anycK KOToporo cHH
xpoHH30BaH C 3anycKOM HOHHOrO HCTO'IHHKa. ilpH 3TOM HH$OpMaUHH Cllli· 
TbiBaeTCH KaK O,ll;HOKpaTHO, TaK H MHOrOKpaTHO B nay3aX Me)l(,ll;y HIVInYJibCa-

A. C. 

Pnc.9. CTpyK-rypHan cxeMa nepenat~n aHanorosoii HHlPOPMaQliH 

C BbiCOKOBOn&TliOI'O TepMHHaJia. 
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Pnc.10. CTpy:KzypHan cxeMa oprannaaQllll 

06MeHa liHlPOPMaQlleH MIDKJJ;y nBYMJI IlK 

c ·ncnon&aosanneM Monyneii CIIAKC-02. 

MH 3anycKa HH:IKeKTopa (f
3
an. ;> 

;> 0,1 ru). Ha pHc.10 nOKa3aHa"CTPYK" 
TYPHaH cxeMa o6t-·teHa HH$OpMauHeii 
Me:~KAy ABYMH ilK "ilpaaeu-16". 11c
nbiTaHHH CHCTeMbl CBH3H C HCnOJib30· 
BaHHeM eilAKe rrpOBO,ll;HJIHCb c. no
MOII.I;blO cneQHaJibHbiX. TeCTOBbiX npo
rpaMM. MaccHBbi AaHHbiX nepeAaaa-
JIHCb H3 O,D;Horo ilK B ,D;pyroii no 600-

MeTpOBbiM Bone, 3aTeM ,D;aHHbie B03Bparn;anHcb a nepe,D;aroiUHii ilK, r,D;e npo-· 

BO,D;HJIOCb CpaBHeHHe npmiHTOH HHlPOPMilUHH C nepeAaHHOH nepBOHatJarrbHO. 
ilpH o6HapymeHHH owH6KH nepeAatJa AaHHbiX npHOCTaHaBJIHBanacb. Ha ,D;Hc
rmee ilK $HKCHpoaanca aHaJIH3 owH6otJHoii cmyauHH, nocne qero nepe,D;atJa 
aBTOMaTHtJeCKH B0306HOBJIHJiacb. B cpe,D;HeM perHcTpHpoaanacb O,D;Ha anna

paTHO HcnpaBJIHeMaH OlilH6Ka Ha -3·101 0 6HT HHlPOPMilUHH, npH o6Hapyme
HHH KOTOpOH ilK 3anpalilHBaJI nOBTOpHyiO nepe,D;aqy CJIOBa. Hapa60TKa Ha OT· 
Ka3 nOKa3aJia, 'ITO AOCTOBepHOCTb nepe,D;atJH AaHHbiX C HCnOJib30BaHHeM CH· 
CTeM eilAKe He xy)l(e 1 o- 9 • 

TaKHM o6pa3oM, Ha ocHoae cHcTeM eilAKe B03MO:IKHa opraHH311UHH 
CBH3H "YAaJieHHbiH Kpeii:T - 3BM" C QeHTpaJIH30BaHHbiM ynpaBJieHHeM H o6-
pa60TKOH AaHHbiX, a TaK:IKe · o6MeH ,D;aHHbiMH "3BM- 3BM" Me:~KAy nro6biMH 
3BM, K KOTOpbiM nOAKJIIOtJeHbi Kpeii:Tbi KAMAK. 

AaTop Bbipa:IKaeT·6naro,D;apHOCTb M.A.BoeBOAHHY 3a no,D;AepmKy H HHTe
pec K pa6oTe, il.K.MaHbHKOBY - 3a KOHCYJibTilUHH, IO.B.rycaKOBY - 3a pa3-
pa60TKY KOHCTPYKUHH OnTH'IeCKoro coeAHHHTeJIH H K3M, il.H.Byiinoay -
3a MOHTa:IK 6JIOKOB. . 
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PoMaHOB 10.11. 
CaeTOBOAHbiH nocrrep;oaaTenbHbiH acHHxpoHHI: 
KaHaJI CBH3H (CIIAKC) 

PaccMaTpHBaeTCH aonpoc o npoeKTHpoaru
crrep;oaaTeJibHoro ac~mxpoaaoro :KaHana CBH~ 
p;eHbl. TeXHHtleCKHe xapaKTepHCTHKH BOJIOKOH: 
CBH3H C npHMeHeHHeM }l;OCTYllHOH_H OTHOCH 
MeHTHOH 6a3hi. OnHcaHhi TMllOBbie :KBaHTOBO
MOAYJIM nepep;aTqM:Ka M llRMeMHMKa. , 3 
CIIAKC-01 M CIIAKC-02, M3rOTOBJieHHb~e aa 
BaHbl AJIH C03AaHHH CHCTeM TeJieMeTpHM, a Ta 
MHAaHHbiX. 

Pa6oTa Bbmorraeaa B Jia6opaTopHM BbiC< 

Coo6I!leHHe 06"he,!lH}ieHHoro HHCTH'fYT& .fi,Il;epH:hiX HC' 

. ~ 

Ilepeaop; JI.H:Eapa6aw 

Romanov Yu.I. 
·Light Guide Successive Asynchronous Channe 
(LGSAC) ' . 

The question on the construction of a ligh 
chronous channel (LGSAC) is considered. T 
of the fiber-optical lines using a commercial e 
ted. 1)7pe quantUm-electronic 'micromodules 
receiver are described.-The electronic units LG 
made on the b~is of these micromodules arE 
:r:netry systems and to exc~?-ange data files. 

r:fhe investigation has been perform-ed at 

Energies, JINR. 

. ' 
, Communication of the Joint Institute for Nuderu 


