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B.«I>.BopeHKO, B.M.rpe6eHIOK, B.r.3uuoB 

BJ10Kl1 COBnA~EHl1M 

HA l1HTErPAJibHhlX CXEMAX 

HanpanJieHo B l1T3 

Hay11uo-Texuu11ecKaH 
6u6JIHOTeKa 

OHBH 
'f)i J.OVIIfSVT 

H :vro -



Hcnonh30BaHHe HHTerpanLHhlX cxeM Il03BOnHeT pa3pa-

6aTLIBaTh ::rneKTPOHHLie 6nOKH, o6naJJ,alOllJ,He BhiCOKOH HaJJ,e)K

HOCThlO, UIHpOKHMH ciiYHKIJ,HOHanhHhlMH B03MO)KHOCTHMH H 

HJJ,eHTH'-IHhlMH xapaKTepHCTHKaMH. OJJ,HaKO cneJJ,yeT 3aMe -

THTh, '-ITO uapHJJ.Y C 

rnHpoKononocHocTL 

3Cll-cepnH 138/1/ 

3THMH HeCOMHeHHhIMH JJ.OCTOHHCTBaMH 

JJ,a)Ke HaH6onee 6LICTPOJJ.eHCTBY101Ueii 

HeBhlCOKa H COCTaBnHeT - 100 MI'11, 
B TO BpeMH KaK nonoca TyHHenLHhlX JJ.HOJ].0B COCTaBnHeT 

-1 rr11. 3To HaJJ,o Y'-IHTLIBaTh npH nocTpoeHHH noporOBhlX · 

3neMeHTOB, B '-laCTHOCTH, TaKHX' KaK 3neMeHT OT6opa cxeM. 

COBilaJJ,CHHH. y JJ.OBneTB0pHTCnhHhlMH noporOBhIMH CBOHCT

BaMH 3neMeHT OT6opa COBilaJJ,eHHH, Bh!IlOnHCHHhlH Il0JIH0CThlO • 

Ha HHTerpanLHhlX cxeMax, o6naJJ,aeT JJ,nH curHanoB JJ.JIHTenL-
21 . 

HOCThlO 6one.e 5 710 uc · ·. C y'-leToM cKa3aHHoro u.cneco-

o6pa3Ho HCilOJlh30BaTh J].JIH 3neMCHTa OT6opa KOM6HHaIJ,HlO 

H3 TYHHeJihHOro JJ.HOJJ,a H HHTerpaJILHhlX cxeM. 8 '.HOM cny

qae coxpaHHIOTCH noporoBhle CBOHCTBa TYHHeJibH0ro JJ.H0JJ,a 

u JJ,o6aBJIHIOTCH npeHMyllJ,eCTBa HHTerpaJihHhlX cxeM. TaKoii 

3JieMeHT OilHChlBaeTCH B pa6oTe . :l .• OJJ,HaKO, Ha Halli B3rJIHJJ., 

OH COJJ,ep)KHT 3Ha'-IHTeJibHOe KOJIH'-leCTB0 HaBeCHhlX JneMeH-

TOB u Tpe6yeT IlOJJ.CTPOHKH pe)KHMOB. . 

IlpeJJ.naraeMhlii 3JieMeHT oT6opa, Ha ocHoBe Koroporo 

Bh!IlOJIHCHhl cxeMhl COBilaJJ,eHHH, npeJJ,CTaBneH Ha puc. 1. 

BX. BMX. 

Puc. 1. IIpu1111unua/lb11aJ1 cxeMa :JAeMeuma 01116opa coena
oeuuii. 
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IlpeuMyI.QeCTBaMH 3TOH cxeMbl HBJ1HIOTCH yMeHbWeHue Be -

Jlll'lJ:HHbl neTnH rHCTepe3HCa T ,lJ; H nOBbIWeHue ero Harpy3oq
HOH cnoco6HocTu. 

CxeMa pa6oTaeT cne.n;yroI.QHM o6pa3oM. 3anycK T ,D; ocy

I.QecTBnHeTcH qepe3 pe3HCTOp Rl BbIXO,D;HbIM 3MHTTepHbIM 

noBTopuTeneM _MHKpo3neMeHTa I. B ucxo.n;HoM cocTOHHHH 

T,D; CMeI.QeH B npHMOM HanpaBneHHH TOKOM, reKyI.QHM qepe3 

pe3HCTOp R2, H HaXO,D;HTCH Ha BOCXO,D;HI.Qe:ii TYHHenbHOH BeTBH 
xapa1nepucTHKH. C npuxo.n;oM BXOAHOro curHana TOK qepe3 

pe3IiCTOp Rl BO3pacTaeT ,H npu ,D;OCTH)l(eHHH CYMMapHbIM 

TOKOM qepe3 ·pe3HCTOphl Rl u R2 3Ha'lJ:eHHH I max, pa6oqa,i: 

TO'lJ:Ka T ,lJ; nepeI<nIO"IaeTCH Ha ,D;HqJqJy3HOHHYIO BeTBb xapaK

TepHCTHKH. qepe3 onpe,n;eneHHhlH npOMe)l(yTOK BpeMeHH, 

paBHhlH 3a,n;ep)l(Ke pacnpocTpaHeHHH curHana, coc_TOHHHe 
Bhlxo,n;a 3neMeHTa I H3MeirneTca. To1<, Te1<y1.Qu:ii "Iepe3 

pe3HCTop R2 ,MeHHeT HanpaBneHae, pa6oqa,i: TO"II<a TYHHen1,

Horo_ ,D;HO,D;a cnyc1<aeTCH BHH3 no ,D;HqJ<PY3HOHHOH BeTBH H y,n;ep

)l(HBaeTCH Ha He:ii BXOAHLIM To1<0M,Te1<yUUIM qepe3 Rl.C O1<OH

"IaHueM BXO,D;HOro CHrHana T )J; B03Bpau.iaeTCH B HCXO,D;HOe 

COCTOHHHe. TaKHM 06pa30M, ,D;J1HTen1>HOCTb BbIXO,D;HOrO CHr· 

Hana, nonyqaeMoro c 3neMeHTa oT6opa, paBHa ,n;nuTen1>ijOCTH 

Bxo.n;Horo Ha ypOBHe nopora. B TOM cnyqae, Kor:,n;a ,n;nuTen1,

HOCT1> Bxo_,n;Horo curHana ~eH1>we 3a,n;ep)l(kH 3neMeHTa 2, 
,ll;J1HTenbHOCTb .BblXO,D;HOro. CHrHana paBHa BenH"I~He 

3a,n;ep)KKH 3neMeHTa 2, T.K. nocne OKOH'lJ:aHHH BXO,D;Horo 

CHrHana T )J; y,n;ep)KHBaeTCH Ha ,D;HqJ<PY3HOHHOH BeTBH TOKOM, 
TeKyI.QHM qepe3 R2. _ 

Ha puc. 2 npe.n;cTaBnena cxeMa qiopMupoBaTen,i: .n;nH-

·t6' 

Puc~ 2. IIpu1.1unuaAbHQJI, cxeMa fPOPMUpoaameA.R 0/lUllleAb-.. 
HOClllU 6blXOOHblX CU2HQA06. 
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TenbHOCTH BbIXO,D;HhlX CHrHanoB. IloCKOJ1bKY OKOH"IaHHe qiop

MHpyeMoro curHana H npuxo,n; cne,n;y101.Qero, BXo,n;noro cHr· 

Hana, He HMeIOT Me)l(,D;y co6o:ii BpeMeHHOH CBH3H, TO na BXO,D;e 

3J1eMeHTa 2 BO3MO)l(HO BO3HHKHOBeHHe "pe3aHbIX" CHrHanoB. 

,LJ;n,i: 6onee "IeTKoro oT6opa curHanoB. ucnon1>3OBaH TYH· 

HenbHbIH ,D;HO,D;. T ,lJ; 3anyc1<aeTCH TOKOM BbIXO,D;HOro 3MHTTep

Horo noBTOPHTenH, TeKyI.QHM qepe3 pe3HCTOp Rl. 3anycK 

qiopMHPOBaTenH ocyI.QeCTBnHeTCH KOPOTKHMH CHrHaJiaMH. Ha 

3neMeHTe 3 co6paH TpHrrep llIMHTTa. B HCXO,D;HOM COCTOH -

HHH BbIXO,D;HOH TpaH3HCTOp 3J1eMeHTa 3 3aKpbIT no 6a3e H 

TOK, 3a,n;aBaeMbIH pe3HCTOPOM R2 , Te'lJ:eT qepe3 T ,D;, CMeI.QaH 

ero B npHMOM nanpaBneHHH no TYHHenbHOH BeTBH. C npu

XO,D;OM Bxo,n;Horo curHana T ,D; nepe1<J110'lJ:aeTCH B "Bblco1<0-

Bon1>THoe " COCTOHHHe, O,D;HaKO BblXO,D;HOH TpaH3HCTOp 3ne

MeHTa 3 eI.Qe 3aKpbIT. Tpurrep llIMHTTa cpa6aTbIBaeT J1HWb 

Tor,n;a, KOr,n;a OTpa)KeHHaH BOnHa OT pa3OMKHyToro KOHUa 

qJOpMHPYIOI.Qero 1<a6enH BO3BpaTHT"c,i:; H cyMMap111,1:ii CHrHan 

Ha BXO,D;e 3 npeBbICHT BenH"IHHY nopora. Ilpu 3TOM COCTOHHHe. 

BbIXO,D;a 3 H3MeHHTCH, OTKpoeTCH BbIXO,D;HOH 3MHTTep

HbIH noBTOPHTen1,, H TOK, 3a,n;aBaeM1>1ii R2, noTe"IeT qepe3 

BblXO,D;HOH TpaH3HCTOp, a pa6oqa,i: TO'lJ:Ka TYHHenbHOro ,D;HO,D;a 

nepe:ii,n;eT B uaqano Bon1>T·aMnep110:ii xapa1<TepucTHKH. 

Tpurrep llIMHTTa ~ pa6oTaeT napannen1>Ho c 3neMeHTOM 3. 
IlpH"IeM CHrHan C ero BbIXO,D;a ,D;IlHTCH C MOMeHTa npuxo,n;a 

OTpa)l(eHHOH BOJ1Hbl Ha BXO,D; 4 ,D;O MOMeHTa OKOH'lJ:aHHH cur

nana B J1HHHH. CurHan1,1 C HHBepcHoro BblXO,D;a 2 ·u BbIXO,D;a 4 
CKna,n;bIBaIOTCH na BhlXO,D; 5. TaKHM o6pa30M, C BbIXO,D;a 5 
CHHMaeTCH : curnan, paBHblH yqeTBepeHHOH ,D;IlHHe Ka6en,i:. 
BonnoBoe 9onpoTHBneHue 1<a6en,i: cornacyeTcH conpoTHBne

nHeM r B;3MHTTepe npHMOro BblXO,D;a 2. IlpH OTKJ1IO'lJ:eH

HOM Ka6ene ,D;JlHTenbHOCTb CHrHana Ha T ,D; paBHa cyMMe 

3a,n;ep)Ke1< pacnpocTpaHeHHH curHanoB B 3neMeHTax 2 H 3. 
Cne,n;yeT 3aMeTHTb, 'ITO BO :apeMH npucyTCTBHH CHrHana Ha 

. BbIXO,D;e 3J1eMeHTa 4 TYHHenbHblH ,D;HO,D; 6noKHpOBaH H He 

pearupyeT _ Ha BXO,D;Hbie CHrHan1,1. 

Ha OCHOBe 3THX 3J1eMeHTOB nocTpoe111,1 cxeMbl COBna,n;e

HHH. IlpHHUHnHanbH8.H CXeMa 6no1<a CTpo6upyeMbIX COBna

,n;eHHH npe,n;cTaBnena na puc. 3. 
JinOK COCTOHT H3 'lJ:eTblpex H,D;eHTH'lJ:HbIX KaHanoB H KaHana 

"CTpo6". BXO,D;Hbie 3MHTTepnble noBTOPHTenu cornacyIOT 
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ypoBHH BXOAOB H 3CJl-MHKpocxeM. CoBnaAeHH.H CHrHaJia 
"CTpo6" C CHrHaJiaMH Ka)KAOro H3 KaHaJIOB BLIAeJI.HIOTC.H 
:rneMeHTOM 1. T ,n H 3JieMeHT 2 - 3JieMeHT OT6opa COBilaAe -
HHH. 3neMeHT 3 3aAaeT IlOCTO.HHHLIH ypoBeHL 1,6 B. 3ne -
MeHTLI 4,5 H TOKOBLie KnIO'IH Ha TpaH3HCTOpax - qJOpMHpOBa
TeJIH YPOBHeii BLIXOAHLIX CHrHaJioB. 3neMeHT 6 - cyMMaTop. 
Ha 3JieMeHTaX 7 ,8, AHOAe, TpaH3HCTope H naMilO'IKe HaKaJIH • 
BaHH.H co6paHa BB3yaJILHa.H HHAHKaUH.H pa6oTLI 6noKa. 11H
AHKaUH.H cpa6aTLIBaeT npH IlO.HBJieHHH CHrHaJia Ha JII060M 
H3 BLIXOAOB cxeMLI. IlepeKnIO'laTem. II ocyiuecTBmleT BLI· 
KJIID'leHne KaHana "CTpo6". 

Ha puc. 4 npeAcTairneHa npHHUHnHaJILHa.H cxeMa 6noKa 
COBilaAeHHH. OH COCTOHT H3 ABYX HAeHTH'IHLIX KaHaJIOB, 
peanu3y10iunx noru11ecKHe qiyHKUHH 1·2·3·4 u6· 7· 8·5. KpoMe 
Toro, HaJIH'IHe. CB.ll3H Me)KAY np.HMLIMH BhIXOAaMH 3JieMCH • 
TOB 11 H 12 /npOBOAHOe "11"/ 003BOJI.HeT peaJIH30BaTL 
noru11ecKy10 qiyHKUHID l• 2· 3 ·6 ·7 • 8 •4 ·5. H~3Ha11euue 3JieMeu -
TOB npHHUHilHaJILHOH cxeMLI CJieAYIDIUee: BXOAHLie 3MHTTep
HLie 0OBTOPHTeJIH cornacyIOT ypoBHH BXOAOB u 3CJI - MU -
KpocxeM; 3JieMeHTLI 279 - cxeMLI ynpaaneHH.H KauanaMH, 
npH'leM uaJIH'IHe HHBepcuoro BLIXOAa B 3JleMeHTax 5 H 6 
npeBpaiuaioT COOTBeTCTBYIOIUHe KauaJILI B KaHaJILI aHTHC0_B
naAeHHH. 3ne Me HT hi 11 u 12 BLIAeJI.HIOT C0B0aAeHH.ll; T)], 1, 
T )],2, T )],3 H 16, f7, 18 - 3JieMeHTLI oT6opa coanaAcuuu. 
$opMHpoBaTeJIH AJIHTeJILHOCTH /$)],/ BhIX0AHOrO curuana 
OAHHaKOBLI AJIH ecex Kauanoa /11a npuuuunuanLHOH cxeMe 
H306pa)KeH OAHU Kanan/. 3neMeHT 10 yKopaquaaeT BhlXOA· 
HOH CHrHaJI. Hanuqne 3JieMeHTa 24 B nepeKmo11aTeJI.H II9 no-
3B0JI.HeT H3Mem1TL pe)KBM pa6oTLI $,D;.B nonm~eHBB "$opM" 

pa6oTa $)], :a11anoru11ua onucauuoii BLuue; B ApyroM nono
)KeHHH nepeKJIIO'laTeJI.H BLIXOAHOH curuan paaeu BpeMeHH 
nepe'KphlTH.H: BXOAHLIX curHaJIOB, HO He Meuee 5 llC. Ka)KALIH 
KaHaJI cxe·¥LI HMeeT BH3yaJILHYIO .JIHAHKaUHIO pa60TLI. 3ne
MeHThl 1 H fO JaAalOT ypoBeHL 1,2 B; 13 H 15 - 1,6 B, 
14 H 21 - 0,8 B. IlepeKnio11aTenu III:-118 ocymecTBJI.HIDT 
BKJIIO'leHHe COOTBeTCTBYIOIUHX KauaJIOB. . 
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He,wmopbie xapaKmepucmww 6AOK06 

Pa3pewaro~ee apeM.H 6noKoB coana;:i;eHHH onpe.zien.HeTc.H 
;:i;nHTem.HOCThIO axo;:i;ii1>1x cHrmi.no:O. MaKCHManbHOe 6bICTpo
;:i;eiicTBHe 6noKoB no Bhixo;:i;y · - He MeHe_e 90 MI'11. IlpH 
pa6oTe 6noKa COBna;:i;eHHH B pe:>KHMe 4>opMHpyeMoro no 
AilHTenhHOC:TH BhlXO,D;Horo cHr.Hana 6b1crpo;:i;eiicTBHe He Me -
Hee 50 MI'11. 3a;:i;ep)KKa Bbl:XO,D; - BXO,D; ,D;n.H cxeMbl CTpo6H
pyeMblX COBna,D;eHHH - He 6onee 15 HC, ,D;JI.H CXeMbl COBna;:i;e-' 
HHH - _He 6onee 25 HC. EnoKH BbIIlOnHeHbl Ha MHKpocxeMax 
~epHH 138, a CTaH;:i;apTe "BHWH.H". IlHTaHHe - 6 B,, TOKH, 
noTpe6mieMb1e 6noKaMH, He 6onee 500 MA H 1,2 A ;:i;n.H 
CTpo6upyeMbIX COBna;:i;eHHH H COBna,D;eHHH, COOTBeTCTBeHHO. 

3neKTpHqecKH H Me:XaHHqecKH onHcaHHhie 6nOKH non
,HOCTblO CTbIKYIOTC.H C CHCTeMOH HaHoCeKyH,D;HblX no'rHqecKHX 
6nOKOB/4/. 

B 3aKmoqeHHe aBTOpbl nonb3YffiTC.H cnyqaeM, .qTo6bI 
Bhipa3HTh. 6naro;:i;apHOCTh IO.r .Ey;:i;.Hwoay 3a none3Hhie 06-
cy)KJ];eHH.H H H.A. EnHHOBY 3a MOHTa)K 6noKOB. 
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