
C .r .Bac~1.Jia,l).3e 

OB O,LJ;HOM CTIOCOBE TIEPE,ll,Aql1 
CTAH,ll,APTHMX Cl1rHAnOB 
ECL -l1HTErPAnbHMMl1 CXEMAMl1 
no ,ll,nl1HHhThf KABEnHM CBH3l1 

13 - 9345 



C .r .Bamrna~3e 

OB O~HOM CTTOCOBE TTEPE~AqH 
CTAH~APTHhlX CHrHA]OB 
ECL-HHTErPA]bHhlMH CXEMAMH 
no ~]HHHbIM KABE]HM CBH3H 

Hanpan.7t'HO B llT:J 

13 - 9345 



O,ri;Hoii H3 THIIH11HbIX 3a,ri;a11 B 3JieKTPOHHKe 4iH3H11eCKoro 

3KcnepHMeHTa HBmieTCH nepe,ri;a11a HaHOCeKyH,IJ;HbIX HMnyJib -

COB Ha paCCTOHHHe B ,ri;ecHTKH MeTpOB - OT 3KCnepHMeH

TaJihHOH - ycTaHOBKH ,IJ;O perHCTpHpy10meii annapaTypbI. Bo 

MHOrHX cny11axx 3TH HMnyJibCbl HMeIOT CTaH,ri;apTHbie napa

MeTpbI. HanpHMep, npH pa6oTe c nponopUHOHaJibHbIMH Ka

MepaMH CHrHaJibl YCHJIHBaIOTCH H 4JopMHPYIOTCH no aMnJIH

Ty,ri;e H ,IJ;JIHTeJibHOCTH Henocpe,ri;CTBeHHO Ha KaMepax/1 < 
I-fa- 3a 60JibIIIOro· 11HCJia KaHaJIOB annapaTypbI o6bI11HO- npa

MeHHIOT Ka6eJIH Manoro ,IJ;HaMeTpa, no3TOMY Ha 6oJiblIIOM 

pacCTOHHHH CTaHOBHTCH 3aMeTHbIM 3aTyxauHe HMnyJibCOB 

B JIHHHH CBH3H. EcJIH ,IJ;JIH nepe,ri;a1111 H npHeMa HCnOJib3YIOTCH 

HHTerpaJibHbie cxeMbI, T .e. HMeIOTCH 3a,IJ;aHHaH JIOrH11eCKHMH 

ypoBHHMH aMnJIHTy,ri;a CHrHaJia Ha BXO,IJ;e JIHHHH H onpe,ri;eJieH

HbIH nopor nepeKJII011eHHH npHeMHHKa Ha ee BbIXO,IJ;e, TO no 

Mepe yaeJIH11eHHH ,IJ;JIHHbl JIHHHH yMeHbIIIaeTCH noMexoycToii-

11HBOCTb 121, a,Ha11HHaH C HeKOTOpoii ,IJ;JIHHbl, nepe,ri;a11a aoo6-

I.Qe CTaHOBHTCH HeB03MO)KHOH, T .K. BblXO,IJ;HOH HMnyJibC 

3aTyxaeT HaCTOJibKO, 11TO CTaHOBHTCH MeHbWe, 11eM nopor 

cpa6aTbIBaHHJl BXO,IJ;HOH HHTerpaJibHOH cxeMbl. 

KaK H3BeCTHo/3 - 5/, o6hl11HblM cnoco6oM npeo,ri;oneHHH 

yKa3aHHbIX 3aTpy,ri;ueHHH HBJIHeTCH HCnOJib30BaHHe 11YBCTBH

TeJihHblX npHeMHHKOB C ,IJ;H4l4lepeHuHaJibHblM BX0,IJ;0M H cneuHa

JIH3HpOBaHHLIX ,ri;paiiaepoB C TOKOBblM napa4Ja3Hb1M BLIXO,!J;OM. 

Ilo,ri;o6Hoe peIIIeHHe npHB0,IJ;HT, 0,IJ;HaKO, K ycJIO)KHeHHIO an

napaTypbl. 

CymecTByeT 6onee npOCTOH BblXO,IJ; H3 noJIO)KeHHH, ecnH 

JIHHHH CBH3H no,IJ;KJII011eHa K HHTerpanbHLIM cxeMaM C 3MHT

TepHLIMH CBH3HMH / puc. 1/. B 3T0M cny11ae Bxo,ri;oM npHeM

HHKa HBnxeTcH 6a3a Tpau3HCTopa, HMe10mero \Iopor nepe-
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Puc. 1. 1Ipw11JunuaAb11aJl cxeMa ycmpoiicmea OAJl nepeOa'lu 
UMnYAbC06 ECL - u11me2paAb1lbtMU cxeMaMu no 1<oa1<cuaAb-
110My 1<a6eA10 c 6oAbUJUM 3amyxa11ueM. 

KJllO'IeHHH 0,470,5 B, a B IlHHHIO CHrHaJihl nepe,D.aIOTCH 

C IIOMOII.\hlO 3MHTTepHoro IIOBTOpHTenH BhIXO)].HOH HHTer

panhHOH cxeMhI, o6ecne'IHBaIOII.\ero nepena.n.hl Me)K.n.y ypoB

HHMH - 1,7 B n -0,7 B. 
O6hl'IHO )].IlH "cornaCOBKH" Ka6enH conpoTHBneHne R , 

Ja,D.aIOII.\ee pe)KHMHhIH TOK IlOBTOpHTenH, BhI6npaIOT paBHhIM 

ero BOilHOBOMY COIIpOTHBneHHIO p = 50 OM, TOr'6a Bennqn

Ha HaIIpH)KeHHH HCTO'IHHKa CMell.\eHHH E = -2 B 61 . 
IlpocThIM cnoco6oM yBenn'IeHHH aMIIIlHTY.lJ.hl HMIIynhca 

Ha Bh1xo.n.e Ka6enH /B npe.n.ene - B,D.Boe/ HBnHeTCH yBennqe

HHe conpOTHBneHHH CBhUIIe 50 OM. 3To, B IIpHHI.(Hne,noJBO

nHeT yBeilH'IHTh MaKCHManhHO B03MO)KHYIO )].IlHHY IlHHHH 

CBH3H, ecnn fihI TOilhKO y.n.anoch KaKHM-nH6o o6pa30M nora

CHTh HMIIYilhChl OTpa)KeHHH, HeHJ6e)KH0 B03HHKaIOII.\He B Ta

KOM cnyqae Ha npHeMHOM KOHl{e IlHHHH •. 

B TOM, 'ITO TaKaH B03MO)KHOCTh CYII.\eCTByeT., MO)KHO 

y6e,D.HThCH nyTeM cne.n.yIOII.\HX paccy)K,D.eHHH. Ilpe.n.nonO)KHM, 
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'ITO pe)KHMHhIH TOK 3MHTTepHoro IIOBTOpnTenH T 1 BhIXO)].HOH 

HHTerpanhHOH cxeMhl 6nH30K K Hymo. Tor.n.a OTpa)KeHHhIH 

HMIIYilhC B M0MeHT )].OCTH)KeHHH nepe.n.aroll.\ero KOHl{a nHHHH 

JaKpoeT IlOBTOpHTenh, Ka6enh OKa)KeTCH paJOMKHYThIM n 

HMilYilhC HCilhITaeT BTOpH'IHOe OTpa)KeHHe B TOH )Ke qiaJe. 

Ecnn )Ke pe)KHMHhlH TOK BhIXO)].HOro 3MHTTepHoro IIOBTO

pnTenH B3HTh )].OCTaTO'IHO 6onhWHM, TO aMIIIlHTY.D.hl OTpa

)KeHHOro HMIIynhca TOKa He XBaTHT .n.n.11 JaKphIBaHHH nOBTO

pnTenH, T .e. Ka6enh OCTaHeTCH "KopoTK03aMKHYThIM" BhI

XO)].HhIM conpOTHBileHHeM noBTOpHTenH, H BTOpH'IHOe OTpa

)KeHHe nMnynhca nponJoii.n.eT y)Ke B o6paTHoii qiaJe. Cy

II.\eCTByeT' cne.n.oBaTenhHO, BenH'IHHa pe)KHMHoro TOKa noB

TOpHTenH, COOTBeTCTBYIOII.\aH "nyneBoii" qiaJe BTOPH'IHOro 

OTpa)KeHHH, T.e. raweHHIO HMnynhca, OTpa)KeHHOro OT He

cornacoBaHHOro npneMHoro KOHl{a nHHHH •. 

,n;ocTaTO'IHO npoCTO nOHHTh MeXaHH3M TaKoro raweHHH. 

Ecnn B MOMeHT )].OCTH)KeHHH HMnynhCOM KOHl{a pa30MKHYTOH 

,nHHHH CBH3H BKJllO'IHTh Ha 3TOM KOHl{e reHepaTop TOKa, 

no BenH'IHHe H nonHpHOCTH paBHhIH TOKy CHrHana, TO 

3HeprnH HMnynhca nornoTHTCH reHepaTopoM. B HaweM 

cnyqae HMeeTCH reHepaTOP noCTOHHHOro TOKa /pe)KHMHhlH 

TOK T 1/ n ynpaBnHeMhlll KJllO'I, ponb KOTOporo HrpaeT 

3MHTTepHhlll noBTOpHTenb. "IlepeKmO'IeHHe KJllO'Ia"npOH3BO

)].HTCH caMHM .nMnynhCOM H no3TOMY CTporo COBna.n.aeT 

c HHM no BpeMemf. KaK BH.D.HM, no.n.o6Hoe cornacoBaHHe 

HBnHeTCH "TO'Ie'IHhIM", T.e. B03MO)KH0 IlHWh ,D.nH 0)].HOH 

onpe.n.eneHHOH aMnnHTY.D.hl CHrHana. 

Ilpn ncnonhJoBaHHH TaKoro cnoco6a cornacoBaHHH B 

nHHHHX c 6onhWHM JaTyxaHHeM )].Oll)KHa 6hITh nOCTOHHHOH 

H )].IlHTenbHOCTb HMnynhCOB, T.K. BeilH'IHHa JaTyXaHHH Ja

BHCHT OT Hee B )].OCTaTO'IHO CHilhHOH CTeneHH. 

HMnynhC, HCnhITaBWHH JaTyXaHHe, HMeeT. CHllhHO Ja

THHYThie. qipOHThl H cornacoBaHHe, CTporo roBOPH, nponc

XO)].HT IlHWh B6IlH3H ero BepWHHhl. Ha qipoHTax )Ke B o6naCTH 

MailhIX BenH'IHH TOKa CHrHana, BBH.D.Y OTCYTCTBHH paBeHCTBa 

ero pe)KHMHOMY TOKY HenHHeiiHoro 3neMeHTa, HMeIOTCH 

He6onhWHe OTpa)KeHHH. IlpaKTH'IeCKH OHH He HrpaIOT JaMeT

HOH ponn, noCKOilhKY )].IlHTenhHOCTh HX HeBennKa H 3TH 

OTpa)KeHHH nO'ITH nonHOCThlO JaTyXaIOT npH )].OCTH)KeHHH 

npneMHOro KOHl{a IlHHHH. 
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Puc. 2. CxeMa 0/IJl nepeoa'-IU UMny/lbCOB C 11e/lu11eiiHblM 
co2Aacoea11ueM 11a npueMHOM 1<01111e Au11uu. 

CornacylOll.\HH HenuHeHHbIH 3IleMeHT M0)KeT 6bITb BKnID
qeH H Ha BX0,ne IlHHHH, TaK, HanpHMep, KaK 3T0 Il0Ka3aH0 
Ha puc. 2. TaKoe BKnID'-leHHe BLiro,nHeii ,nn.11 no,naBneHHH 
"HecornaCOBKH" Ha qJpOHTax, Il0CK0ilbKY, ao-nepBbIX, HM
nynLc, KOTOpbIH Heo6xo,nHMO cornacoaaTL, npomen nHHHlO 
CBH3H T0ilbK0 B 0,I(HOM HanpaBneHHH H HMeeT ny'-lllIHe 
cppOHTbI, a ao-aT0pbIX, OTpa)KeHHH OT qJpOHTOB np0XO,I(HT 
nHHHlO CBH3H ,nayKpaTHO H Il03TOMY 3aTyXalOT CHilbHee. 
He,nocTaTKOM ero HBnHeTCH HeCKOilbKO 6onblllaH Tpe6yeMa.H 
aenH'-IHHa pe)KHMHoro TOKa HenHHeiiHoro 3neMeHTa. PonL 
HenHHeiiHoro cornacyroll.\ero 3neMeHTa MO)KeT BhITTOnHHTL 
ue TOilbKO 3MHTTepuo- 6a30BbIH nepexo.n TpaH3HCTopa, HO 
u ,nuo.n, nepexo,n HCToK-JaTaop noneaoro TpaH3HCTopa u T.n. 

IlpOBO,I(HilOCb 3KCnepHMeHTailbHOe onpe,neneuue Tpe6ye
MbIX aenH'-IHH uarpy30'-IHOro conp0THBneHHH R H uanp.H)Ke -
HHe CMell.\eHHH E / puc. la/ B 3aBHCHMOCTH OT ,nnHHbl 3-
MHilnHMeTpoaoro K0aKcuanLuoro 5O-oMHoro Ka6en.11 CBH3H, 
npH nepe,naqe ECL -uuTerpanLHLIMH cxeMaMH curuanoa 
pa3IlH'-IHOH ,nnuTeilbHOCTH. Pe3ynLTaTbl H3MepeHHH npu
ae,neHbl ua puc. 3. 
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Puc. 3. 3aBUCUMOCT!lb ee/lU'-IUHbl conpomue/leHUJl R /a/ 
u 11anpJ1J1CeHUJl UCT!lO'-IHUKa cMe111e11UJl E/6/ 01/l 0/IUHbl KOQl(
CUQ/lbHOU /IUHUU CBJl3U npu nepeOa'-le UMny/lbCOB pa3/IU'-IHOU 
0AumeAb11ocmu ECL - u11me2paAb11b1Mu cxeMaMu. 
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)];JUI rrpaKTHKH 6onee y,no6HO HCIIOilb30BaTh ,nn.11 CMell\eHH.11 
HaIIp.H)KeHHe IIHTaHH.11 HHTerpanhHbIX cxeM E 1 = - 5 B, 
a Tpe6yeMhie pe)KHMHblH TOK H corrpOTHBneHHe 3a,naBaTh 
c IIOMOU\hlO ,nenHTen.11 ( R 1 -:-R 2 ) / puc. 16/. BenH'-IHHbl 
pe3HCTOPOB Haxo,n.HTC.11 H3 qiopMyn: 

R = R· E /E 
I • l ' 

/la/ 

R
2
= R- E 1 /(E 1 -E) , /16/ 

BbITeKaIOU\HX H3 O'-leBH,IJ;HhIX COOTHOIIIeHHH, rrpHBe,neHHbIX 
Ha puc. 16. 

KaK BH,IJ;HO H3 ,naHHbIX H3MepeHHH, C IIOMOU\hlO rrpe,nna
raeMoro crroco6a MO)KHO rrepe,naBaTh HMrrynhChI 6e3 rroTepH 
B aMrrniny,ne, rrpH ,nnHTenbHOCTH HX 10; 20; 50 HC, cooT
BeTCTBelIHO Ha paCCTO.IIHH.11 ,no 60; 100; 150 M. B TO )Ke 

BpeM.11 rrpH 06bI'-IHOM cornacoBaHHH (R = p) 3TH paCCTO.IIHH.11 
He rrpeBblWaIOT 10; 20; 60 M, IIPH'-leM aMIInHTy,na HMIIynhCOB 
yMeHbWaeTC.11 Ha ""20o/o. Cne,noBaTenbHO, OIIHCbIBaeMbIM 
crroco6oM 06ecrre'-IHBaeTc.11 Tpex-wecTHKpaTHhIH BhrnrphIW 
B MaKCHManbHO B03MO)KHOH ,nnHHe nHHHH CB.113H. 

B6nH3H rrpe,nenbHbIX ,nnHH nHHHH CB.113H, Kor,na R>> p ' 
C ,nocTaTO'-IHOH ,nn.11 rrpaKTHKH TO'-IHOCTblO /aMIIIlHTY,IJ;hl HM
nynhCOB H CHrHanhI paccornacOBKH He BbIXO,IJ;.IIT 3a rrpe,nenbl 
100 MB/ MO)KHO 3a,naBaThc.11 HeKoii ycpe,nHeHHoii BenH'-IHHOH 
E. TaK, HarrpHMep, ,nn.11 rrepe,na'-IH CHrnanoB ,nnHTenbHOCTblO 
50 HC c 4OO-KananhHOH CHCTeMhl rrporropuHonanbHhIX Ka
Mep /7/ na paccTO.IIHHe OT 50 ,no 100 M HCIIOilb30Banacb 
KOM6HHaUHH R = 620 OM, E = - 5 B /nHTanHe HHTerpanhHhIX 
cxeM/ rrpH rrepe,naqe cHrnanoB qepe 3 2- MHnnHMeTp0Bhie 
50- OMHbie K0aKcHanbHbie Ka6enH. 

B 3aKnIO'-leHHe aBT0P C'-IHTaeT CB0HM ,nonroM Bbipa3HTb 
6naro,napnocTh B.H.KaKypHnoii 3a TeXHH'-leCKYIO rroM0U\h. 
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