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10 - 9085 

B.M.rpe6eHIOK, A.r .TieTpoe, A.H.CHHaee 

KOMMYTATOP M YTIPABAHEMAH 3AllEP~KA 
HAHOCEKYH~HMX norttqECKMX MMTIYAbCOB 
8 CTAH~APTE KAMAK 



lfumyn J1<~epHb1x ucc11edoaauuu ,4y6ua 

OnHCbIBaeMble B HaCTOJIIUeii CTaTbe KOMMyTaTop H ynpaa
nJleMaJI 3~ep>KKa HaHOCeKyHAHbIX norH'leCKBX BMnynhCOB /1/ 
pa3pa6oTaHbl AilJI HCil0Ilb30BaHHJI B aBTOMaTH'leCKHX CHCTe
MaX KanB6poBKH H KOHTpOilJI pa6oTbl 3IleKTpOHHOB annapaTy
pbl, HCilOilb3YeMoii B 4>B3B'leCKHX 3KCnepHMeHTax 121. 

B o6oHx 6noKax npeAyCMOTpeuo ynpaaneuue OT 3BM, 
OT BHeWHHX CBrHanoa a PY'IHOe. CocTOJIHBe 6noKa HHAHUH
pyeTCJI naMil0'IKaMB. 

IlpeAyCMOTpeH pe)KHM KaCKaAHpOBaHBJI He CKOilbKHX 6no -
KOB. 

KoMMy'lfla111op AOZU"eCKUX UMnyAbC06 KJI 001 

linoK npeAHa:rna'leH WIJI IlOAKilIO'leHH.11 K BblXOAHOMY Ka
Hany 0AHOro B3. 16 BXOAHblX KaHanoa. linoK-cxeMa H nepeA

H.11.11 naHenb KOMMyTaTopa npuaeAeHIJ Ha puc. 1. IIOAKilIO'le
HHe K BblXOAH0MY KaHany ocymecTBilJleTCJI C Il0MOlllblO pe
recTpa e Aewe4>paTopa IlOAKnIO'laeMoro KaHana. Jbo6oe co-

_ CT0JIHHe perHCTpa MO>KeT 6b1Tb ycTaHoaneHo KOMaHAOH OT 
3BM. Ilocne,uoaaTenbHOe CKaHBpoaaHBe IlOAKnIO'laeMblX Ka

Hanoa npoB3BOABTCJI npe no_uaqe HMilYilbCOB Ha BX0A "+l "• 
npB Ha>KaTBB KnaBBWH "+l" BnH c IlOM0ll\blO 4>YHKUHH F(25). 

IlpeuueneanLHaJI cxeMa nepeKnro'laTenJ1 KaHanoa npeae
,lleHa Ha puc. 2. Ee pa3pa60TKa aenacb c y'leToM Tpe6oaa
HHJI MHHBMailbHOB 3aAep>KKH npoxo>K,ueHHJI CHrHana npe co
xpaHeHHH ero AilHTenbH0CTB. B 3aBHCHMOCTH OT COCT0JIHHJI 
Aeuie<lipaTopa 6y,ueT 0TKPblT 0AHH H3 16 KnIO'leii, K0TOpble 
BblilOnHeHbl Ha HHTerpanbHblX cxeMax cepHH 138. qepe3 
OTKpblTblii KnIO'l cerHan C COOTBeTCTByromero BXOAH0ro 
KaHa.f!a npOX0AHT Ha BblXO,U. 
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IlpB IlOCJie.[lOBa TeJILHOM CKaHBPOBaHBB HaB60JILllIBH HOMep 

no.[lKJilO'laeMoro xaHana n onpe.[lem1eTCJ1 ycTaHOBKoii B co

CTOJIHBe n + 1 perucTpa HJIB nepeKJilO'la TeJIJI KOHe'IHoro xaHa

na /cM. puc. 1/. CocTOJIHBe perucTpa KOHe'IHoro xaHana 

ycTaHaBJIBBaeTCJI KOMaH.[loii oT 3BM, a nepeKJilO'laTeJIJI -

BPY'IH}'lO. 

B nepBOM CJiy'lae KJiaBHllla "Py'IH" • .[lOJDKHa 6LITL BLI

KJilO'leHa, BO BTOPOM - BKJilO'leHa. EcJIB Heo6XO.[lBMO CKaHB

POBaTL Bee 16 KaHaJIOB, TO perBCTP BJIB nepeKJUO'laTeJIL 

KOHe'IHOro KaHana ycTaHaBJIBBaeTCJI B "0". IlpB COBila.[leHBH 

HOMepoB IlO.[lKJilO'laeMoro B KOHe'IHoro KaHaJIOB TpHrrep TL 
nocne OKOH'laHHJI CHrHaJia "+l" nepeXO.[lHT B COCTOJIHHe "l", 
npH 3TOM o6pa3yeTCJI CHrHaJI L , KOTOPLIH 3aKpLIBaeT BLIXO.[l 

KOMMyTaTopa. Bo H36e)KaHHe JIO)KHOrO IlOJIBJieHHJI CHrHana 

L npB ycTaHOBKe OT 3BM O.[lHOro H3 perHCTpOB npe.[lyCMOT

peHa 6JIOKHpOBKa nepexo.[la TpHrrepa TL B COCTOJIHHe "1" 
npH o6pameHHH x 6JIOKY c MarHCTpaJIH u OTCYTCTBHH cl>YHKIUIH 

F( 25) . 
IlocJie.[lOBaTeJILHOe CKaHHPOBaHHe MO)KeT npoBO.[lHTLCJI 

KaK B pa3OBOM, TaK H B IUIKJIB'leCKOM /MHoroxpaTHOM/ pe

)KHMax. BLime 6LIJI onucaH pa30BLiii pe)KHM. ,l:{m1 nepexo.[la 

x nHKJIB'leCKOMY pe)KHMY Heo6XO.[lHMO coe.[lHHHTL BLIXO.[l u 

BXO.ll "Kacx". /xacKa.[lHpoBaHHe/. Tor.[la nocne nepexo.[la 

TpHrrepa TL B COCTOJIHHe "1" Ha BXO.[le "Kacx." IlOJIBHTCJI 

IlOJIO)KHTeJILHLIH noTeHnHaJI, cl>POHTOM KOTOporo cl>opMBpyeTCJI 

HMnynLc c6poca perucTpa no.[lKJUO'laeMoro KaHana H Tpur

repa TL , nocne qero IUIKJI CKaHHPOBaHH.11 IlOBTOp.lleTC.11. 

CKaHHpOBaHHe MO)KeT npOBO.[lHTLC.11 IlOCJie.[lOBaTeJILHO B 

HeCKOJILKHX 6noxax KaK B pa3OBOM, TaK H B nHKJIB'leCKOM 

pe)KHMax. ,l:{JI.11 ocymecTBJieHH.11 pe)KHMa pa3OBOI:O CKaHHPOBa-

HH.11 cne.[lyeT coe.[lHHHTL BLIXOJlLT "+l" H "Kacx" npe.[lLI.llYmero 

6JIOKa c COOTBeTCTB}'lOIIUIMH BXO.[laMH nocJie.[lyromero u BKJilO

'IHTL KJiaBHWH "Kacx" BO Bcex 6noxax. CoOTBeTCTBYJOma.11 

cxeMa npHBe,[leHa Ha puc. 3. B Ha'laJILHOM COCTOJIHHH BLIXO.[lLI 

Bcex KOMMyTaTOPOB, KpOMe nepBoro, HaXO.[l.llTC.11 B 3aKpLITOM 

COCTO.IIHHH, 6naro.[lap.11 HaJIH'IHIO 3anupalOIIUIX noTeHnHaJIOB 

Ha BXO.[le "KacK". IlpH IlO.IIBJieHHH BO BpeM.11 pa6oTLJ CHrHaJia 

L B nepBOM KOMMyTaTope ero BLIXO,n 3aKpblBaeTC.II, a BO 

BTOpOM - OTKPLIBaeTC.11 H T .,n. Ilpu OTKPLIBaHHH BLIXO,na B 

COOTBeTCTBYIOll{CM KOMMyTaTope DPOH3BO,nHTC.II c6poc peru-
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Puc. 3. E110K- cxeMa KacKaoupoeauu.R KOMMymamopoe. 

cTpa no.nxmoqaeMoro KaHana H TpHrrepa TL" BLixo,nLI Bcex 

KOMMyTaTopoB no.ncoe.[lHH.IIIO,TC.11 K C?MeCHTemo. 

)J,n.11 ocymecTBJieHH.11 pe)KHMa nuKJIH'lecKoro cxaHHpoBaHH.11 

; cne.nyeT .[lODOJIHHTeJILHO' coe.[lHHHTL BLIXO.[l "Kacx" nocJie,[l

Hero 6noxa c BXOJlOM, "Kacx" nepBoro. Ha pu,c. 3 .[lOnon

HHTenLHoe coe,nuHeHHe H3o6pa)KeHo nyHKTHpoM. A.[lpec Haqa

na CKaHHpoBaHHH 3a,naeTC.II nyTeM BLIKJUO'leHH.11 KJia,BHllIB 

"Kacx" B nepBOM 6noKe. CurHaJILI +l no.naroTc.11 _Ha 3TOT 

6nox. 
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B 6noKe HMeeTCJI HH)],HKaD;HJI HOMepa no)],KIDO"'leHHOro Ka

Hana, HanH"'IHJI CHrHana L H HaXO)K)],eHHJI BblXO)],a B OTKpblTOM 

COCTOJIHHH. 

KoMMyTa TOP HMeeT cne)].yroll.Ule OCHOBHble xapaKTepHc-

THKH: 

BXO)],Hble H BblXO)],Hble ypOBHH CBrHanoB COOTBeTCTBYIOT 

CTaH)],apTy HUM. 
BXO)],HOe conpOTBBneHHe - 50 OM. 
,[(nHTCilhHOCTb CHrHanoB BO BXO)],HblX KaHanax ~ 5 HC. 

,[(nHTCilbHOCTb CHrHana B BblXO)],HOM KaHane paBHa )],nH-

TenbHOCTH BXO)],HOro CHrHana. 

3a)].ep:>KKa npoXO)K)],CHHJI CHrHana - 8 HC. 

MaKCHMailbHaJI qacTOTa nOBTopeHHJI BXO)].HblX CHrHanoB -

90 MI'i1. 
,[(nHTCilbHOCTh CHrHanoB Ha BXO)],e "+l" 2:. 10 HC. 

,[(nHTenhHOCTb CHrHanoB Ha BblXO)],e "+l" - 50 HC. 

CHrHailbl L , I , N , "+l" H "Bx.KacK" 3aKpb1BaIOT BblXO)]. 

6noKa. 

CHrHanbl Z H C c6pacblBaJOT perHcTpbl u Tpurrep TL; 
)].eiicTBHe CHrHana C MO:>KeT 6b1Th OTKillO"'ICHO. 

3anHCb B perHCTp no)].KIDO"'laeMoro KaHana npoH3B0)],HTCJI 

no wuHaM W 1 7 W4, a B perHcTp KOHe"'IHoro KaHana - no 

WHHaM W5 ~- \\8. 
qTeHHe CO)].ep:>KHMOrO perHCTPOB npoH3B0)].HTCJI COOTBeT

CTBeHHO no WHHaM R J 7 R4 H R5 7 RS, 

EnoK MO:>KeT BblnOnHJITh cne)].yJOll.UIC KOMaH)],bl 

rHCTpanH: 

NA(0) F( 1) - "'ITeHue CO)].ep)l(HMOrO perHCTPOB 

NA(J) F(8) - npoaepKa HanH"'IHJI cHrHana L 
NA(0) F(10). c6poc TpHrrepa TL 
NA(0) F(ll)- c6poc perHCTPOB H Tpurrepa TL 
NA( 0) F(17)- 3anHcb B perHcTpbl 

NA( 0) F( 25) - +l B perHCTP no)],KilIO"'laeMoro KaHana 

NA( l) F( 25) - ycTaHOBKa TL B COCTOJIHHe "1" 

C Ma-

Q = l 
Q = L 
Q"" 0 
Q~ 0 
Q "' 1 
Q :c 0 
Q = 0 

IlpH BblnontteHHH nepe"'IHcneHHblX KOMaH)], H HanH"'IHH 

Hanp.11)l(eHH.ll nHTaHHJI - 6 B no)],aeTCJI CHrHan X = 1. 
IloTpe6n.11eML1ii TOK cocTaan.11eT 0,48 A no :u;enH +6 B 

H 0,56 A no :u;enH -6_ B. 
illHpHHa 6noKa paaHa 34,4 MM. 
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YnpaBAJleMaJI aaoepJICKa AOZU'leCKUX UMnyAbCOB KJI 002" 

EnoK npe)],Ha3Ha"'leH )],Il.11 3a)].ep:>KKH HaHOCeKyH)].HblX norH

qecKHX CHrHanoB B )],Hana30He Q763 HC C waroM 0,5 HC. 

3a)].ep:>KKa ocyID;eCTBn.11eTc.11 nyTeM nepeKmo"'leHH.11 )].nHHbl 

Ka6en.11 THna PK5O- l_, HaXO)]..llID;eroc.11 B :u;enH npoxo)l()],eHu.11 

cHrHana. EnoK-c_xeMa H nepe)].H.11.11 naHenL ynpaan.11eMoii 3a

)].ep)l(KH npHBe)].eHbl Ha puc. 4. IlepeKmo"'leHHe )],IlHHbl Ka6en.11 

ocyID;eCTBn.lleTCJI C nOMOID;blO 7-pa3p.11)].HOro perHCTpa, )],e

WHd>paTopa H Knroqeii Ha HHTerpanhHblX cxeMax cepHH 138. 

Jlro6oe COCT0JIHHe. perHCTpa MO:>KeT 6b1Tb YCTaHOBileHO 

KOMaH)],OH OT 3HM. Ilocne)].OBaTenhHOe yaenH"'leHHe BenH"'IHHbl 

3a)],ep:>KKH npOH3B0)].HTC.ll npH no)],aqe HMnynbCOB Ha BXO)], 

"+_l"' npH Ha)l(aTHH KnaBHWH +l HnH C noMOID;h10d>YHKD;HH F(25). 
IlpHH:UHnHanLHa.11 cxeMa nepeKmo"'laTen.11 3a)].ep:>KKH noKa-

3aHa Ha puc. 5. Bb16paHa napannenLHa.11 cxeMa coe)].HHeHH.11 

Knroqeii, KoTopa.11 no cpaBHeHHIO c nocne)].oBaTenhHoii o6na

)],aeT MeHLweii aenH"'IHHOii HaqanLHoii 3a)].ep)l(KH/3 , 4 /, IlpH

MeHeHHe noTeH:u;uanhHOrO MeTO)],a ynpaaneHH.11 KIDO"'laMH o6ec

ne"'IHBaeT nyqwyro TeMnepaTypHyIO CTa6HnbHOCTb H H)].CHTH"'I

HOCTb xapaKTepHCTHK nyTeii nioxo)l()],eHHJI CHrHanOB no cpaa

HCHHIO C TOKOBblM MCTO)].OM / 4 • 

B CXeMe HCnOilb3YCTC.ll . BOCCMb OTPC3KOB Ka6en.11 C 

3a)].ep)l(K0H 1 HC H BOCCMb 0Tpe3KOB C 3a)].ep:>KKOH 8 HC. C Bbl

XO)],a Ka)l()].oro Ka6e"n.11 nepaoii rpynnbl cHrHanbl no)],aIOTC.11 Ha 

KffiO"'IH, ynpaBn.lleMble BblXO)],aMH )],ewu4>paTopa, CB.ll3aHHblMH 

c 2f4 pa3p.11)].aMH perHcTpa. C BblXO)].a Ka)l()].oro Ka6en.11 

BTOpoii rpynnbl CHrHanbl no)],a10TCJI Ha KffiO"'IH, ynpaBn.llCMble 

BblXO)].aMH )],CWHd>paTopa, CB.ll3aHHOrO C 5❖7 pa3p.ll)],aMH pe

rHCTpa. MHHHManbHblH war 3a)].ep)l(KH 0,5 HC06ecne"'IHBaeTCJI 

nyTeM CMeID;eHHJI ypOBHeii 3a)],ep:>KaHHOrO CHrHana B 3aBHCH

MOCTH OT COCT0JIHH.11 BblXO)],0B · )],CWHd>paTopa, CBJl3aHHblX 

C nepBblM pa3p.ll)],0M perHcTpa. 

IlpH nocne)].OBaTenbH0M yaenH"'ICHHH BCilH"'IHHbl 3a)].ep)KKH 

6noK MO)l(eT pa6oTaTb B pa30B0M HnH :u;HKilH"'ICCKOM pe)KHMax. 

B nepaoM pe)KHMe nocne nepexo)].a acex pa3p.11)].0B B cocTo.11-

HHe "1"' "'ITO COOTBCTCTByeT MaKCHManbHOii aenH"'IHHe 3a

)].Cp)l(KH, pa6oTa 6noxa npexpaID;aeTc.11 6naro)].apJ1 :iaxpblTHIO 

BX0)].a perxcTpa, H cne.Qyroll.Ulii HMnym.c +l nepeBe.QeT 

Tpurrep TL B cocTo.11uue "l" /ecnu xnaouwa "Kacx" 01,1-

9 
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Puc. 5. llpuH1,1unuaAbHa.11 cxeMa 6blc111poii "lac111uynpae.11.11eMoii 
aaoepxKu. 

ICJD011eua/. B03HBKarouplii npB 3TOM CBrHan . L 6nOKBpyeT 
BXO,n perBCTpa B BLIXO,n 6noKa /CM. puc. 4/. . . 

)J;m1 nepexo.na K IUIKnB'leCKOMY pe:>KBMy Hy)KHO coe~BHBTL 
BLixo.n "+l" B "C6poc". Tor,na nepBLiii BMnynLc ua Bxo,ne 
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"+1 ", npuxo.zvnuuii nocne nepexo,IJ.a Bcex pa3p.llJJ.OB perucTpa 
B COCTO.llHHe "l ", npoii,IJ.eT Ha BblXOJJ. "+1" H c6pOCHT B "0" 
perBCTP B Tpurrep TL , nocne qero ycTaHOBBTC.11 MBHBManL
Ha.11 3a.D,ep)l{JCa, B UBKn IlOBTOp.lleTC.11. 

Ilocne,IJ.oBaTenLHoe yBenuqeHBe BenuquHbl 3a,IJ.ep:>KKB 
MO)l{HO ocymecTBn.llTL B uecxonLKBx 6noxax xax B pa3OBOM, 
TaK B B UHKnHqeCKOM pe)l{BMax. ,l(n.11 3a,IJ,aHH.ll pa3OBOro 
pe)l{BMa cne,IJ.yeT coe,IJ,HHHTL BLIXOJ).bl 3a,IJ,ep)l{aHHOro CBrHana 
u "+1" npe,IJ.bIJJ.Ymero 6noxa c COOTBeTCTBYIOII\HMB BXO,IJ.aMB 
nocne,IJ.y10mero u BJCnioquTL xnaauwy "Kacx" BO Bcex 6no
xax, xpoMe nocne,IJ,Hero. CooTBeTCTBy10ma.11 cxeMa npuBe,IJ,eHa 
Ha puc. 6. Tor,IJ,a CBrHan L MO)l{e'f IlO.llBn.llTLC.11 TOnLKO 

VI BXOA 

1JI BX.+1 

BblX + 1 
I o-----+--J 

2 

C6POC 

9 ? 

r--- - - - ---+--0 
I 

I 

1 
I 

r--------

? 

V 

HA nEPEK/\I04EHl1E 

U BHEWHl1X UEnEIA 

--, 
I 
I 
I 
I 
I 
I 
I 

L---.---- _J_ _____ -- ______ _l __ j 

Puc. 6. E110K- cxeMa KaCKac)upoeaHUJI HeCK0/11,KUX 6AOK06 
ynpae11.11eMoiJ aac)epxKu. 

B nocne,IJ,HeM 6noxe. ,l(n.11 nepexo,IJ,a x uuxnuqecxoMy pe:>KHMY 
HY)l(JIO J).OilOnHHTenLHO coe,IJ,HHHTL BblXO.IJ. "+1" nocne,IJ,Hero 
6noJCa c Bxo,naMu "Copoc" scex 6noxos /qepe3 pa3BeTBH
TenL/. TaJCoe coe,IJ.HHeuae Ha puc. 6 noJCa3aHo nyHJCTHpow. 

B 6noxe HMeeTCJI HH,IJ,HKaUHJI ycTaHOBneHHOB BenHqHHbl 
3a.D,ep:>KJCH, uanuqHJI carHana L H oopameHHJI JC 6noxy oT 
MarucTpana. 
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Enox HMeeT cne,nyio~e OCHOBHble xapaKTepHCTHKH: 

Bxo.nu:we H BbIXO,llH:We YPOBHH CHrHanoB COOTBeTCTB)'JOT 
CTau,napTy HHM' 
Bxo.naoe conpoi-HBneH11·e · 
~TenLHOCTL BXO.IJ.Horo. Caruana. 

.l(nuTen:hHOCTL B:WxoJUio'ro ' CHrHana .paBHa .ztJIHTenLHOCTH 
•. Bxo.nuoro 

S0·OM 
·> 5 ilc 

,l(uana3ou H3MeHeHB.ll 3a,nep:>KKH 
Illar H:iMeHeHHJI 3a.ztep)KJCB · 
CoocTBeuua.11 3a.D,ep)KJCa 6noxa 
TeMnepaTypu:wi K03cW>HUHeHT 3a,nep)KJCH 

MaKCHManLHa.11 'laCTOTa c.iie,noBaHHJI .. 
BXOAH:W.)f: CHrHanOB 

.l(nuTenLHOCTL CHrHanoB Ha Bxo.nax 
"+1" H "Copoc" 

.l(nuTenLHOcTL curuanoB Ha B:wxo,ne "+l" 
Curuan:w L , I , N u "+ 1" 3axp:wBa10T 
B:wxo,n 6noxa 

: L ·.;. 

· 0-o63 HC 

0,5 11c 
14 HC 

20 nc/°C 

80 MI'11 

> 10 HC 
50 HC 

Curuan:w Z , C u "C6poc" c6pac:wBa10T perucTp H Tpurrep TL• 
.neiCTBHe CBrHana C MO)l(eT 6:WTL OTKnlO'leHo. 

3anBCL B perHcTp npOH3BOAHTCJI no IDHHaM Wl+ W7' ,a 
'ITeaue c aero - no WBHaM Rl + R7. 

Enox MO)l(eT B:WnOnHJITL cneJJ.YJOmue KOMaHJJ.W C MarHCT-
panu: 

NA(O) F( 1) - • 11Tenue COJJ.ep)l(HMoro perucTpa Q = 1 
N.A(O) F(S) - npoBepxa Hanu11uJI curaana L Q = L 
N.A (0) F( 10)- c6poc Tpurrepa TL Q = 0 
N.A(O) F(11)- c6poc perHcTpa H TpHrrepa TL Q = 0 
N.A(O) F(17)- 3anucL B perHCTp Q = 1 
NA(O) F(25) -'JJ.OOaBneHHe +I B perHCTp Q = 0 
IlpH B:WnonHeHHH nepe11ucneua:wx KOMaHJJ. H HanH'IHH Ha -

np.11,1ceau.11 nuTaau.11 -6 B noJJ.aeTc.11 curaan X = 1. 

II0Tpe6nJieM1a1i TOK cocTaBn.lleT 0,33 A no uenu +6 B 
H 0,40 A no uenu -6 B. 

illHpHHa 6noKa paBHa 17 ,2 MM. 

B 3aKnro11eHHe aBTOpLI 6naroJJ.ap.11T B.r .3HHOBa 3a UeHHLie COBeTLI. 

J3 
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