
OB'bEllYIHEHHbli::t 
YIHCTYITYT 
.HllEPHblX 

VICCJIEllOBAHYI~ 

lly6Ha 

! 

I 
I 

'tt r I'l l(- r.rr-

•v. 

2217 

t . 

B.M. Jla'lHHOB 

YCOBEPlllEHCTBOBAHHE t!ACTOTOMEP A t!3-4 

tt6S 



, np.3436/3 
tU1HOB' B.M. 
OB8plll8HCTBO
CTOTOM8pa 113-4. 

1965. 

f~uw] -V;13 
~ 1q~ 

2217 

B.M. na'IHROEI 

YCOBEPlllEHCTBOBAHI1E 4ACTOTOMEPA 43-4 

Hanpasneuo s TIT3 



C llOMOIIU>Xl SblnYCJt89MOro npOMblWneH.IIOCTbiO aneJtTpOIL!I~CqeTHOrO qaCTOTOMepa 

43-4 CO SCT8SHblM «5nOJtOM npeot5pa30S8HHSI MOlK.IIO H3M9pSITb qacTOTy CHH}'COBA8nbHblX 

aneJtTpHqeCJtHX Jtonet5asall s AB81l830.IIe 10 rn-100 Mrn. npSIMOe 8BTOMaTHqe cJtoe H3Mepe

.IIH9 qaCTOTbl s03MOJKRO TOn&Jto AO 10 Mrn, qTo onpeAenSieTc sr MaJtCBMSn&Roll c~topocTbiO 

cqeTa sxoARoll naMnosol! nepecqeTaoll AeJtaAbl • .llnSI qacToT CBblWe 10 Mrn aaMepeanSI 

npOR3BOARTCSI DOny8BTOM8TBqeCJtH C HCDOnb30B8HBeM npeot5pa30B8RBSI. nponecc H3MepeRHSI 

qacTOTbl B aToM AHanaaoae AocTaToqao cnoJKeH. B saqane npoB3BOAHTCSI sacTpol!Jta sa 

B3MepS1eMyiO qacTOTy, AnSI qerO H}'lKRO Bblt5paTb OAHH H3 3-x DOAAB80830ROB pe30.II8HC-

ROrO ycHnHTenSI B DO BH3Y8n&ROMY BRARit8TOpy DOACTpORTb yCHnRTenb t5onee Toqao. 

3aTeM ApyrBM nepeJtniO'IaTeneM Bblt5paTb OAHY aa 9 onopablX qacTOT ( 10, 20, ••• , 90 Mrn) 

H DpOB3BeCTB perynHpOBKY ycaneHHSI BXOAHOro CHraana. nocne 3R8'1RTen&ROrO H3MeHeHHSI 

H3MepS1eMOll '18CT0Tbl Tpet5yeTCSI HOB8SI H8CTpOJ!Jt8 B Bblt50p ODOpROll '18CT0Tbl. i1RAHK8UBSI 

'18CTOTbl ReyAOt5Ha, T81t KSK ee senB'IIIR8 onpeAenSieTC SI KSK CyMM8 llOK838RHll aneltTpOH

HOrO C'leT'IHJt8 H D01t838RHSI nepeltniO'ISTenSI ODOpHOl! '18CTOTblo 

B HaCTO!IWee speMSI Aaanaaos qacToT oT 10 AO 100 Mrn H Bblme wapoKo acnon&-

ayeTCSI a paanaqHblX aneKTpOH.HblX ycTpollcTsax. Bonpoc SBTOMaT~~,;~anHH B3Mepesal! aTHX 

'18CTOT CTBHOBHTCSI BCe t5onee SKTYSnbHblMo TaJt
1

B pat5oTe/
1

/ yJKe pewanCSI BODpOC ycosep

weHCTBOB8HHSI qaCTOTOMepa 43-4. BseAeaHeM wapoKononocaoro ycanaTenSI t5bina ycTpaae 

aa aacTpoliJta aa H3MepS1eMyiO qacTOTy. Pacwapea AHanaaoH senocpeACTBeaaoro cqeTa 

AO 20 Mrn, a peayn&TaTe qero qacno AHanaaoaos c acnon&aosaaaeM npeot5paaosaHHSI 

yMeHbwanocb AO 6. Bee JKe TaJtoe nepeot5opyAOB8HHe rpoM03AitO H aecosepweHHO - npHH

UHn npeo6p830B8HHSI qaCTOT OCTSeTCSI. 

Haat5onee paAHKan&HblM peweaaeM sonpoca !IBHnac& t5bl aaMeHa ·6noKa npeo6paaosa

HHSI 6blCTpOAeliCTBYIOUlell nepecqeTHOll AeltSAOl!.. noAOt5H8SI 38M9H8 DOnHOCTbiO 8BTOM8TH3H

pyeT pa6oTy '18CTOTOMepa BO BCQM pa60'IeM AH80830H9 '18CTOT H o6ecne'IHB8eT YAOt5H}'IO 

saayan&eyiO ns<jlposyiO HHAHJtSilHIO H3MepSieMoll qacTOTbl. Paapa6oTJta nonynpoBQAHHKosol!. 

nepec'leTHol!. A9K8Abl AO qacTOT 100-200 Mrr/
21

, Manora6apHTHOl!. H 9KOHOMH'IHOII no 

DHTSHHIO, B npHKilHne 003BOnSieT peWHTb 9TY 38Aa'ly. B ASHHOl!. pa60Te p8CCM8TpHB8eTCSI 

ycosepweHCTBOB8HH8SI nepecqeTH8SI A9lt8A8 H8 nonyrrpOBOAHH1t8X, ltOTOp8S1 DpHMeHeHa AnSI 

8BTOM8TH381lHH pa«50Tbl '18CTOTOMepa 43-4. 
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Depec~eTHaR nexana 

/2 / 
0nHCBHHBR paaee nexana COCTOHT H3 nBH~HOII nepec~eTHOII CX9Mbl HH TyHH9DbHhiX 

n11onax (Til) 11 nHTHpH~Holl xonhnesol! nepec~eTHoll cxeMbt aa TpBH3HCTopax. Ha axone ne

xanht, Me JKny nBOH~HOll H nHTHpH~HOII nepeC~9THbi MH CX9MHMH, B H8 BbiXOne HM9!0TC!I COOT

BeTCTBYIOWHe cjlopMHpy!OWHe ycTpol\CTBB. J.ia-aa eMXOCTHbiX CB!I3ell B nexane HHlKH!I!I ~BCT<>

T8 orpaaa~eaa senH~HHoll nop11nxa 2-3 Mrn. il11anaaoa sxonahtx aMnnaTyn aeJlOCTBTO~Ro 

wapox, Tax xax naJKe npa yKaaaHRJ>tX MaXCHMBDhHI>tX aMnnBTYJlBX sxonaoro curaana f.-0,5 s) 

nnHTenJ>HaR pa6oTa npusonuT " nerpanauuu Til so sxonaoM Tpurrepe. CTynea~aTaR cjlopMa 

Bbi XO.O.HOro CHrHan a ,lleK8ll.bl B HeKOTOpbiX C1fY1:18SIX MO>KeT Bb13biB8Tb He11p8BHnbHbiA 3811YCK • 

noc neny!OW9li nepec~eTHOII CXeMbl, H y lKHO TIIKJKe OTMeTHTb, ~TO TW8T9DbHI>t ll OT6op 3D9-

MeHTOB B nHTHpRqaol\ nepec~eTHOll CXeMe RBD!IeTCH C9pb93Hb!M npe!T!ITCTBH9M ITpH C03Jl8HHH 

nexanht, Y x aaaaRbte aenocTaTKH aaTpynHIIIOT aenocpencTseuaoe ucnonhaosaaHe nexanJ>t 

B ~acToToMepe 43-4. B pac cMoTpeaaoii HH JKe c xeMe n epecqeTaoll nexanJ>t . (pRe. I) 3TH 

HenOCT8TKH B OC ROBROM ycTp 8H9Hbl 0 ~TO cnanano nexany 6onee YHHBepC8nbHOH H 3KOHO

MII~HOII . CywecTseaayiO noMOWh oxaaano npuMeaeaae Bhtcoxo~acToTHhtX TpaaaacTopos 

n-p-n Tuna c f, --400-500 M r u, HMeiOIUHX e MKOCTH KODDeXTOp-6838 ~2- 3 ncjl B no-

BhtmeHHOe o6paTuoe uanp!IJKeune 6aaa-3 MHTTep. 

Bxonuol! cjlopMuposaTenh HrpaeT saJKRYIO ponh B pa60Te ne xanht, onpenenHH ee sxon

Hbte na paMeTpbt. OR BKDIO~aeT B ce6 H orpaHH~HTenb sxonRblX CHrHaDOB ( R 1 • ni. il2). 

3MHTTepubtl! nosTopHTeDb T I' ycHDHTenb T 
2

, Tparrep HB Till• KOTOp!>tl! aanycxaeTCH Tpaa-

3HCTopoM T 
3

, u onaosH 6paTop Til
2

• CywecTseaao yny~wuno pa6oTy <j,opMHposaTenR ssene

RHe aanycxa 10wero TpaaaHcTopa T 
3 

n-p-n THna 11 npHMeHeRHe ranbsaaa~ecxax CBRael! B 

3TOM yane. KonneKTopHbtl! TOK T 
3

, npoxonR ~epea T.lli' ocywecTsnReT aanycK Tparrepa. 

B OTCyTCTBH9 CHrHana B9DH~HH8 SToro TOX8 paBHH - 2,5 MB, B H3M9H9HH9 ero Hll :t_2 MH 

Bbl3b!B89T BKDIO~eHH9 II Bb!KD10~9HH9 Tpurrepa. HaDH~He HHnyKTHBHOCTH B TpHrrepe o6ecne

~HB89T cj>OpMHp0BHHH9 CTyneaqaTOrO Cl!rHaDB CO Cp8BHIIT9DbHO nOCTOHHHOli 8MnDHTynol! 

II cjlpOHTOM HB38BI!CI!MO OT cjlopMI>l BXOnHoro Cl!raana B nuan830H9 OT 0 no ~8CTOT CBb!W9 

200 Mru. 

MaxcHMBnhHhlll xonnexTopabiii TOK T 
3 

orpaau~usaeTcR c noMODlbiO naona ilg u co

npoTusneauR R2 no aaa~eHHR -(5 - 6) Ma. YcTaHOBKa cpenaero Toxa npouasonuTCR 

noTeanaoMeTpoM R 3 : Orpaaa~eaue aanycxa10wux Tpurrep Toxos ycTpaaano nerpanauu10 

Til, soaauxaswy10 npu noshimeRHhlX sxonuhiX curaanax aa-aa 6o1lhwHx cpenaux nucjlcjlyaa

oaahlX Toxos B Til. OTMeTuM, ~To npuMeaeaae T 3, o6nana10wax MBnbiMR eMKOCTRMH, 

noasonuno yCTHR8BDHB8Tb B Tpurrepe Til co cpaBHRT9DbRO 6o1lbWOI! eMXOCTbiO - 7 ncjl. 

YcanuTenb T
2 

oTnaqaeTCR TaM, ~To s aeM npaMeaeao orpaaa~eaae no Toxy. Ueno~-

xa naonos Jl
5

, il
6 

H conpOTHBDeHH9 R 4 Bh!llonHSIIOT ponb orpaHR~T9DR TOKB H 3D9MeH-

4 

Til 06paTHOI! CBR3H ycanHTenH. 0611 

B acxonaoM cocToRHHH nonosuaa T• 

sTopaa nonosaaa - ~epea naon il6 
THBn9HH9, nei!CT!3YIODl99 B SMHTT9pl 

KpHBIIR, XIlX nOX838HO H8 pHC, 2, n 
Mano - 15 OM u ycaneaae :xacKana 

TOKY B3-38 H9nBH91!HOCTH nuonos p 

na no nOCTOHHHOMY TOXY COOTB9TC~ 

conpoTHBneaae c I5 OM, Korna sxo 

~uaa nacjlcjlepeanaanbaoro conpoTHBn• 

npaxTaqecxu nanaeT no aynR. KpoM 

3MHTTep T 
2

, Tax xax sena~uaa non 

OcywecTsneaae csaaa no noc1 

.n11o.nos il7 , il 1 ~. ili 3 • ili 4• OHH "'' 

nHT810Dl9rO HanpHlK9RBH, J.iRnyKTHBHI 

naonos il
5 

H ilg HCnOnh3YIOTCSI nnR 

nonycxaeT nona~ caraanos c aMnn 

HOCTb ycTpOI!CTB8 1 nepen RHM CTOH' 

neM sxonaoro curuana (il
1

, il
2

, 

nnHTYllbl HX H9 6onee ~eM HB 10%. 

KOppeXTHpyeTCSI BKDI0~9HH9M He6onb 

CBblW9 2 B nocne orpBHH~HT9DSI H9 I 

saa non 75-oMHblli xa6en~>. 

Bonae npocToll sapaaaT sxona 

cne~usaeT aaneJKHhlll aanycx Tparre 

3TO 6anaHCHbll! yCHDHT9DbHblll K8CXt 

n-p-n, B lCOTopoM aaanorH'tfHhiM cno 

TpKrrep aa Til. TpaH3HCTOpbl non) 

Tparrep Tox cTporo orpaaa~ea s en£ 

B BbiXonaol! ~acTa cjlopMHposa1 

CX9Mbl <:TORT onaoau6paTop Ha T n2' 

OTpHil8T9DbHOI! noDgpHOCTH, 3anycx 

WHMHC!I nocne .nacjlcjlepeanaposaHHH 

no 38BHCHT OT '18CTOTbl H BenH'IHHbl 

ycneWHO BOCnOnh30B8TbCR nn!l KOM!I; 

aana10weM pelKHM onaosu6paTopa, n• 

p8BD9HRe TOKOM neDHT9DR MOJK9T n~ 

CTOpOM, KOTOpblll CTIIBHTC!I BMeCTO 



pBC'IBTHOlt CXBMbl Ha T)'HHBIIbHbiX 

,, aa Tp aaaacTopax. H a ex o11e 11e -

:8 MH , H H 8 BbiXO.cte KM910TCSI C OOT-

>IX CBSI3eA B .Q9X:8Jl9 HH)t(HSISI 't8CTC>-

XOnHh!X aMniiHTYII HenOCTaTO'IHO 

nHTy11ax exon aoro c araana (...0,5 e) 

>M Tparrep e. C TyneH'laTaSI <jlopMa 

Bbl3bJeaTb HenpaBHIIbHbllt a anyCK 

Tb, 'ITO TUlBTBIIbHb!lt OT6op 3 118-

!3Hbi M npe nSITCTBH9M npH C03,!l8HHH 

E!H Hoe HCllOilb30B8HH9 Jl9X8,ctbi 

~c'leTaoll neKanbl (puc. I) a TH 

6on ee YHHeepCanbHOlt H 3KOHO-

·c o KO'la CTOTHb!X Tpa H3HCTOpOe 

KOIIIIBKTOp- 6aaa ~ 2 - 3 D<jl H no-

iOT e .aexa.ct bt , onpenensur ee BXOJl-

lHbiX CHrHanoe ( R l , n
1

, n
2

), 

Tn
1

• KOTOpb!lt aanycKaeTCSI Tpaa

Rno pa6oTy ~OpMHpoeaTBIISI eee 11e-

n e BHe r a .llhB8HHtt9 CKHX CBSI3 9 A B 

oc ywecTenHeT aanycK Tparrepa. 

' M 8, 8 H3M9H9HH9 e ro H8 :t_2 M8 

HHnYKTH eHOCTH e TpKrrepe o 6ecne 

TBIIbHO DOCTOSIHHOfl BMDIIHTynolt 

aanaaoue oT 0 AO ttaCTOT CBhtme 

!TC>I C DOMOIIlb !O nHOIIa n
8 

H CO

ta CpenHero T OKa n pOH3eOIIHTCSI 

ep T OKOe y CTpaHHIIO nerpallaUHIO 

3-3a 60IIbWHX CpBIIHHX nH<jl<jlyaH-

18 .Q8 lOIUHX M811hlMH 9MKOCTRMH, 

lbHO 60nbll!Oli BMKOCTb!O -7 n<jl. 

e ao orpaHH'leHKe no TOKy. U eno'l-

~lib OrpaHH'IHTBIISI TOKa H 311BMeH-

Ta o(}paTHOli CBH3H yCHIIHTBIISI. 0611lHli TOK, DpOTBIL!UOIIlHii 'lepea IIHOIIbl, paBBH - 16 Ma. 

B acxo11aoM cocToHHHH nonoeaHa ToKa HIIBT 'lepea IIHOII n
5 

e a MaTTep T 
2 

( I 3 cp), a 

eTopag DOIIOeHBa - 'lepea IIHOII n
6 

Ha 3&MniO. ECllll paCCMOTpBTb IIK<i>cl>epeHDHAIIbBOB CODpo

THeii&HH&, ll&liCTBYJOIIlee e 3MHTTepe T 
2

, e aaeHCHMOCTH OT Tolta 3MKTTepa, TO nony'liiTCll 

Kpaeag, !CAlC noKa3aHO Ha pKC. 2. npa M8nb!X CHraanaX IIK<i>cl>epeanHallbHOB CODpOTKBnBHIIB 

MallO ~ 15 OM H YCHIIBHKB ltACKalla MAKCHMAnbHO, 0n.ll8XO ConpOTHeneHHB no nOCTO>IHHOM)' 

TOKY H3-3a HBIIHHeliHOCTH naonoe pa3a e 3 6onbme H1 CnenoeaTBnbHO, CTa6HnbHOCTb KACKa

lla DO DOCTO>IHHOMY TOKY COOTBBTCTeeHHO e b!We, 'IBM e CIIH 6bl e 3MHTT~pe CTO>InO OMK'IBCIC09 

CODpOTHeneHHe ~ 15 OM. Kor11a eXOnBOii ClU'HBn npeeb!WABT HBKOTOpOe 3 Ha'lBHBe , TO eeliii

'IHBa .tlH~BpBHDHanbHOrO CODpOTHBnBHH>I nenaeT pe3KKii CKa'IOIC BBBpX II YCHII9 HHe Kacxana 

npaKTH'IeCKH na11aeT no ayn11. KpoMe Toro, naon n
5 

npenOTep811laeT npo6 o lt nepexona 6aaa-

3 MHTTep T 
2

, TaK KaK eenH'IHHa nonycTRMoro o(}paTHoro a anp>tlKBHH>I n epexona p aeaa - 0 , 3 e. 

0CylllBCTene HHe Ce>I3H no n oCT OSIHHOM)' TOKY e CXBMB o6eCDB'IHBae TC>I nenO'IKOii: 

IIKOnOe Il
7

, Ill!!' IllS' Il
14

• 0HH lKe nena!OT pelKHM BToro yCTpOiiCTea Mall03aBHCSIIIlHM OT 

naTaJOIIle ro aanpSilKeHH>I. HanyKTHeHOCTb e KonneltTOpe T 
2

, a TaKJKe c o 6 cTeeHHhre e MKOCTH 

naonoe n5 H Ila HCnOnb3YIOTC>I 111111 e b!COitO'IaCTOTHOlt I<Op p eKnHII. Bxon y cHIIHTBIISI T 2 

nony cxaeT llOna'fY CHr Hanoe C AMniiKTYIIOii Ceblwe 2 e. 0nHaKO, 'IT"6hl n oeb!CHTb HaneJK

HOCTb y cTpOliCTea, nepen HHM CTOHT 3 MHTTepHbl li: llOeTOpHTBJlb T l C IIHOIIHb!M o r paHB'IHTB

IIBM e x on Hor o CHr Hana (Il
1

, Il
2

, R 1) • n pa MBIIbiX CHrHanax orpaHH'IHTBIIb CHHlKaeT aM

DIIHTYIIbl HX He 6onee 'IBM Ha 10%. lliyHTHpy!OIIlBB BIIHSIHHB nHOIIOe DpH eb!COKHX 'laCTOTa X 

KOppeKTHpy eTCSI eKIIIO'lBHHeM He60IIbll!Oll BMI<OCTH n apannenbHO R l • BxonHb!B CHrHallbl 

cehtllle 2 e noc ne orpaHH'IHTenSI He npeeblll!AIOT 0,6 - 0, 7 e. Bxon <jlopMHpo eaTenH cornaco

eaa non 7 5 - oMHbtli Ka6ellb. 

Eonee npocToli eapaa&T exoii&Oii 'laCTH <jlopMKpoeaTenSI noKaaaa aa pac . 3. Oa o6e-

cneqaeaeT aane JKHbtl! aanyc~< Tparrepa sa Til no MaKCHMAnbaolt 'laCTOTbl - 110 M r n . 

3To 6ana&CHbt ll: yCHIIHTenbHblli: r<acxan aa eb!COKO'laCTOTHblX TpaH3HCTopax T 
1

, T 
2 

THna 

n-p-n, e IOTopoM aaanor a'lHbiM cnoco6oM KOIIIIeKTop&biM TOKOM TpHOIIa T 
2 

aany ciae TC SI 

Tparr ep aa Til. TpaaaHCTOpbi 11onycxa10T sa axone caraanbl no - 2e, a a anycKa !OIIlHli 

Tparrep TOK CTporo orpaHH'lBH eeiiH'IHHOii - 6 wa. 

B ebtXOIIHOlt qacTK <jlopMHpoeaTeiiSI nn11 aanycxa nocnenyJOw ell: neOH'IHOlt n e pecqeTaolt 

cxeMbl -<:TOHT onaoea6paTop aa Til
2

• Oa Bbipa6aTbteaeT KopoTIKe ( - 2 ace~<) HMnynhCbl 

OTpanaTellbHOli llOIISipHOCTH. 3anycK OnHOeH6paTopa npOH3eO.tlHTCSI HMilYIIbCaMH0 DOny'laiO

lllHMHCSI nocne IIH<jl<jlepeanapoeaHHSI caraana c Tparrepa. AMnnaTyna aTax KMn y llbcoe Ma

no aaeHCHT OT 'laCTOTbl H eeiiH'IHHbl eXO.[!HOrO CHrHana. npa HB06XOIIHMOCTH 3THM MOlKHO 

ycnell!HO eocnOnb30eaTbCSI nns KOMM)'TanHH exonHoro CHrHana. CHHlKBHHB TOKa e n e nHTelle, 

aana!OIIlBM pelKHM onaoea6paTopa, no eenH'IHHbt Meaee I wa aanKpaeT OIIHOea6paTop. Y n -

paeneHHB TOKOM nBIIHTBIISI MOlKBT 11pOH3eOnHTbCSI0 KaK H llpH aanycxe TpHrrepa, TpaH3H-

CTOpOM0 KOTOpbtlt CTaeKTCSI eMeCTO conpOTHelleHKSI R 5 

5 



AaQl{'ll!A!! nepec,eTHA!! cxeMa c ASYM!! nocneAoaaTeAbHbiMH TyHHenbHbiMH AHOAAMH 

121 
TA

3 
H TA

4 
ocTaaneHa «Sea H3MeHeHH!I • rlpoaepKa ee paoOTbi noKa3ana, 'ITO OHa xopo-

wo paoOTaeT KAK npH o'!eHb HH3ItHX 'IACToTax, Tax H npH abiCOKBx, Bblwe 210 Mru. Hanpst

~eHHe UHTBHH!I ABOH'IHOA nepeC'IeTHOA CXeMbl 38AAeTC!I H CTBOH11H3HpyeTC!I AHOAOM n
10

, 

BI<11IO'IeRHblM B upOBOA!IIlleM H8llp8B11eHHR, H BblOHpaeTC!I B npeAenax 1,08-1,15 B, BBpbRpy!l 

TOK '1epe3 ABOA. 

flpoMe?KYTO'IHOe dJopMHQOBBHBe B paCCMBTpBaaeMOI! AeKAAe 3HA'IBTeAbHO ynpomeHO. 

BnarOAAp!l UpHMeHeHBIO TpHOAOB n-p-n THUS, HMeiOlllHX OTHOCHTe11bRQ M811ble Me~aneKTpOA

Hble eMXOCTH , YA8110Cb ocymeCTBHTb raAbBBRB'IeCKyiO CB!I3b Me~AY ABOH'IHOA R U!ITHpR'IHOA 

nepec'leTHbiMH cxeMaMB . rlocpeACTsoM aMHTTepaoro nosTopxTenH T 
4 

H ycBnHTellbaoro Kac: 

KBAB HA T 
5

, aMHTTep KOTOpOro CMemea C llOMOlllblO AHOAOB Ag H n
11

, CBrH811bl npstMoyronb

HOA ljJOpMbl C ABOH'IHOll !l'lei!KB n•cTyllBIOT Ra BXOA ll!ITHpH'IHOro K011bll8. 3AeCb A MUnHTyAB 

HMnynbC()B OipHll8Te11bHOi! ll011!1pROCTB AOCTllraeT aenB'IHHbl ~ 0,9 B . YCT8HOB!t8 HCXOAH9-

ro llOTeHllH8118 HB BXOA9 llHTHpH'IHOi! CX9Mbl U BX MBKC., paBHOrO - + 1,65 B, npOH3BOAHT-

CH llOT9HllHOM9TpOM R 6 • 

fl!ITHpH'IHB!I nepeC'IeTHB!I CXeMA UOCTp09H8 HA Tp8H3HCTOpaX THUS n - p - n. flo CSOHM 

napaMeTpaM STH TpHOAbl H8B0011ee rrepcneKTHBRbl A11!1 HCUQ1lb30BBHH!I B IIOAOOHOrO pOAa 

K011bUeBbiX, K11IO'Ie BbJX nepec'!e THbiX cxeMax. rlpHHuHn pa6oTbi KonbUa Ob111 paccMOTpeH 

/ 2,3/ 
p aHee • 3AeCb IIpHBeAeH CT8TII'I9CKHA p8C'I9T CX9Mbl H paCCMOTpeH BOUpOC AORyCTHMbiX 

OTKnOH9HHJ.i ITO aenHqHH8 aneMeHTOB H IIHTBJOillHX H8Upst>KeHHii, OTHOCSIIIlHXCSl K KDnbiXy. 

Ha pRe. 4a noKa3aHa OllHB H3 5 ueneA c IpBH3HCTOpHbiMH K11IO'IAMH (BbllleneHa y Ton

meHHbtMH JIHHH!IMH) KOJlbneaoA nepec'leTHoA cxeMbT. 06mHI! TOK I I , rrpoXOil!IIIIHA 'lepea 

KOJl119KTOpHOe ConpOTHB119HHe R k , llAJiee MO~eT npOT9K8Tb KAK '1epe3 ueub llHOil A- C9-

npOTIIB11911He R 
6

, TaK H qepea TpaH3HCTOpbl T 
2

, T 
3

• B KB)I{IlOM K11IO'Ie ( T 
1

- T 
2

, T 
3

- T 
4 

H T.A.) TOKH B K011JleKTOp8X Oupe)le11!110TC!I aMHTTepHblM TOKOM, T.e, COUpOTHB119HH9M R 

B 38BHCHMOCTH oT Toro, nposoA!IT TpHOilbJ T 
2 

H T 
3 

H11H ReT, II H8llpH)I{eHHeM UU 

H8llpH)I{9HHe HB 083e U 6 TpaH3HCTOpa T 
1 

npHHHMaeT TpH paaJIH'IHbiX 3Ha'leHHst U(;, 

U" 6 H U"'6 (pHC. 4,6). 

Cnyqal\ 1. TpHOilbJ T
2 

H T
3 

aanepTbJ. ToK I KO ( < 1 MKa ) H TOK 6a3bi TPHI>-

aoa ( fj CT > 30) He y'IHTbtBaeM BC11e)lCTBHe HX OTHOCBTeJlbHO M8110A B911H'IHHbl . Toraa 

nonyqaeM: 
un - u 1!. 

a 

l'o= I I 
R K +R 6 (1) 

rae U u + - HanpH)I{eHBe UHTBHHSI K011Jl9KTOpOB, U A - ll8)l9HII9 H8llp!1)1{9HHSI Ha CT80H11H-

TpoHe. AHHBMH'IeCKHM corrpoTHBJieHHeM cTa6HnHTpoHa (ll11H A808 MeHbwe 7 oM) rrpeHe6pe-

raeM. 

6 

B HTore HMeeM: 

U(; = If; 

Cny'IAA 2. 0AHH H3 Tp B OAOB OTt 

I - I K - a 

rAe Un-- aanpst~eHHe nHTBHHH a 

U a cp= 

rAe U oa - Hanpst~eHHe 6aaa-s 

1'6 I I- t. l = 
u 

H COOTB9TCTB9HHO 

ug· 1'6 • R 6 

rAe 

.:\U6 
( U n 

Ra { 

CwqaA 3. Ooa TplloAa oTKpblTbt. E 

I,, 
6 1I -261 

a 

U6' = 1'(5 

Pewag cosMeCTHO ypaaBeBHH (: 

RK = 
( un+ 

( U n-
H 

R 6 = 

( un. 



hHhl MH TyHHe!!hHhlMH AHOA8MH 

a 6 0Thi n oxaaana, 'ITO oaa xop~ 

abrcoxax, Bh! we 210 Mrn. HanpH

H CT86H!!H3Hpye T C II AHOAOM n10' 

npeAena x 1,08-1,15 B, saphapyH 

teKaAe a aa'IHTenhBO y npomeao. 

THOCH T e!!hHO M 8 !!b!e M e lK9!!eXTpOA

Ih MelKAY ABOH'IHOII B !lHTBpB'IHOII 

>pBTenll T 
4 

a ycanHT e !!ha oro xac

>B Llg H n
11

, CHrH8!!hl npRMOy ro!!h

l'IHOrO KO!!h ll8. 3AeCh 8MllnHTyA8 

bl ~ 0,9 B. Y CT aHOBK8 HCXOAH~ 

p8BHOrO - + 1 ,65 B 0 npOH3BOAHT-

IIICTOpaX Tl!!la n - p - n . flo CBOH M 

O!!h30BaHHH B llOA06Horo pOA8 

OTbl KO!!hUa 6hin paCCMOTpeH 

R paCCMOTpeH BO!lpOC AO!lyCT IIMblX 

HHH, OTHOCIIIUIIXCII K KO!!hUy. 

opHb!MH K!!10'18 MH (Bb!AeneHa YT 0!!

:11 TOK I I , npoXOAIIIUHII 'lep ea 

:8Th KaK 'lepea U9llh AIIOA n- C~ 

xaJKAOM x n to'le (T
1
- T 2, T 3- T 4 

roKOM, T .e. COnp OTHBne HHeM R 
9 

AHT TpB OAhi T 2 H T 3 a n11 seT, 

p11 p83!!11'1Hb1X 3 Ha'le HH II U'6 • 

( < 1 MKa ) H T OK 6 a 3bl TpH~ 

enhHO M anoA sen H'IHHht . T or .o.a 

(1) 

taA9HHe H8llp!ilK9HHII Ha CT861!!!11-

Ill ll808 MeHb lll9 7 OM ) npeae6pe-

B HTore HMeeM: 

(Un.._ -U A) R 
. 6. 

Rx .._ R 15 
(2) 

Cnrrall 2. OAIIH H3 TpHOAOB OTKpbiT. Y'IHThlB8 11, 'ITO 

(3) 

rAe un ... - aanpll lKeaae naTaHHH 9MHTTepoa, U 3 cp- cpeAHee uanpHJKeHae 9MHTTepoa, a 

rAe 

U 9 cp= 
U6 + U BX Maxc_ U)

9 
~ 

U 6 9 - Ha!lplllK9HHe 15aaa-9M HTTep TpHOAOB, nony'laeM: 

Un+ - U A ( U n- + Us cp ) • R x 

H COOT B9TC"J;'Be HHO 

U" 6 

r Ae 

( U n- + U 9 cJ R x 

R 3 ( RK + Rl5) 

Cnv'lall 3. 0 6 a TpHOAa OTKpbiThi. B 9TOM cny'!ae 

a 

H 

I,, 
6 I I - 2~I 2( Un-+ Ua cp ) R~ 

R 9 ( R X + R5) 

Pewag COBM9CTHO yp8BH9HHH (2) II (7), H8XOABM 

( un+ - u A ) R 9 ~ u 6 

( U n- + U 9 cp ) U' 6 

( Un+ - U a ) Rs ~ U 15 

( un- + U 9 cp) ( U n+ - u A - U 6 

7 

(4) 

(5) 

(6 ) 

(7) 

(8) 

(9) 

(1 0) 

( 11) 



nocKOllbKY M8KCIIM8llbHO .O.OUyCTIIM8H MOIUHOCTb, p8CC9HB88M811 Korut8KTOpOM, 

pk -50 MBT, 8 H8UplllK8HH8 Ra KOilil8KTOpe Onpe.o.enHeTCH CT8!5Hil11TpOHOM, U.O. :: 7,7 e, TO 

OTCI0.0.8 c aeJtoTopbiM 3anacoM onpe.o.enHeM eenH'IHHY 3MHTTepsoro Toxa, 1
3 

::5 Ma. HylK-

ao 38M8THTb, 'ITO B paCCM8TpHB88MOA CX8M8 lK8Il8T8IlbHO HCnOilb30B8Tb CT86HnHTp0Hbl C 

U .0. • ( 4- 5) B, 'ITO .0.88T B03MOlKHOCTb Bhi6paTb !50llbWHA 3MHTT8pHbiA TOK H yeenH'IHTb 

6biCTpo.o.eAcTBHe K01lbll.8. BenH'IHHy uanpHlKaHHA nHT8HHH onpe.o.enHeM 1!3 ycnoeuA aopManb-

BOA H 3KOHOMH'IHOA pa60Tbl KOilbll.8, U n+ • 18 B, un-- -5 B. CHH3HTb B8IlH'IHHY U H n-
COBM8CTHTb 81'0 C nHT8HH8M <!>opMHpOB8T8IlH Y.0.8Il0Cb nocne COOTB8TCTBYIOIU81'0 8H8IlH38 

H npoaepKH, KOTOpb18 IlOK838IlH, 'ITO p860T8 KOllbll.8 B 3TOM CilY'I88 np8KTH'I8CKH He yXy.O.-

W8e TcH. 

38n8eM ypoaHB H8JlPHlKeHBH H8 683e u 6: 

U'6 -2,1 B, U'f>•1,2B, U'6'=0,8a, 6U 
6 

•0,9a. 

npHHHM811 U 6 3 D Q,4e, H3 (4) HM88M, 'ITO U
3

Cp=1,5B, 8 1!3 (3) nony'l8eM 

R 
3

:: 1,3xoM. 

no.o.CT8BilHH COOTB8TCTBYIOIUHe 3H8'1eHHII H B Bblp8lK8HHH (10) H (11) R8A.O.eM 

R K;: 910 OM H R 6 = 220 OM. 

T enepb p8CCMOTpHM nonycTHMhie oTxnoueHBH no aenH'IBBe sneMeHTOB, BXO.O.>IlllHX B 

KOilbUO. 5nH3KOe K OnTHM8IlbHOMy COOTHOWeHHe .O.Illl .0.8HHOA CX8Mbl B B 8 IlH'IHH8X BXQ.O.HOT'O 

HanpmKeHHH H H8IlpJilKeHHH U 
6 

II HX OTHOCHTeilbHOe IlOilOlKeHJle no !lOCTOHHHOMY TOKY 

noxa38HO H8 pnc. 46. K8K noK83biBaeT aHann3 yxa3aHHbiX 3 cny'laeB, HaH6onee 'tyBCTBH

TenbHbJM K pa36pocy n8p8M8TpOB CX8Mbl HB11118TCH Cny'lall 2. 

CMeiUe!lHe U "
6 

OTHOCHT8llbHO BXO.O.HOT'O CHT'H8Il8 H 8 Bbi30B8T HapyWaHHH pa60Tbl 

Konhua, ecnu U'6 He npH6IlHlK88TCB K KpaAHHM 3H8'18HBHM UBx 6nHlKe, 'laM sa 

0,1 -0,15 B. rlocnenH!!!! B8IlH'IHH8 O!lpenenHeTC!! H€06XOnliMOCTblO '18TKOT'O BKill0'18HHB lillH 

abiKI110'18HHH TpHouoa a K8lKnOM XIll0'18 (T1-T2' T3-T4, H T • .o..). TaKHM o6p830M, nnB 

U'5 nonycTHMO H3MeHeHHe a npenenax ±.(0,3-0,35) a . Pac'leTbl c noMOIUbiO <!>opMYn (5) H 

(6 ), y'IHTbJaas oTxnoueHHB p8CC'IHT8HHhiX 3H8'18HHA sneMeHTOa cxeMbl ( R 
3

, R K' R 6• 

U U ) 118 :!:_ 5 % , IlpH H8H60nee He6naronpHHTHb!M COOTHOW8HHH HX, nOK83bla8IOT, 'ITO CM8-

IU8HH8 U"6 He npeabiWaeT .:t_0,3a. HanpslKeHHH nHTBHHB npa 3TOM C'IHTBIOTCH noCTOHHHbi

MH. nocKOilbKY nHOnhi Ll808 HMeJOT p836poc a 3H8'18HHHX HanpHlK8HHII CT86HllB38D.HH OT 

7 no 8,5 a, TO ux cnenyeT oT6HpaTb no rpynnaM a npenenax .:t_5% . 0T6opa TpHo.o.oa a xollb-

ue npaxTH'Iecxu He Tpe6yeTcH ( lKenaTe nbHO nHwh, 'IT06hr y uux 6hino f3 CT -:> 30). 

B npaKTn'tleCKH BhJnonH e HHbiX cxeMax nHTHpuqaoro KOJlhlla HCIT01lh30B8Hbi a neMeHTbi 

c TO'<HOCTbiO a n penen8X .:t_2 % , 6n8ron8PH 'leMy nonycxaiOTCH 3Ha'IHTellbHbie ( - .:t_15% ) 

R3MeHeHHH H811pHlKeHI!H nHT8HHH npB COXp8118HHB HOpM8IlbHOA pa60Tbl KOI1bll;8. npoeepK8 

6biCTponeiicTann xonhua noxa3ana ero pa6oTocnoco6uocTb no 'laCTOT cabiwe 140 Mrn. 

8 

-J 
J 

J. 

Bhlxo.o.aoll d!opMHpoeaTeru., Kpo~ 

6y<jlepB01'0 K8CK8.0.8, p83BH3biB8IOIU8f 

ycTpollcTe. KaK ea.o.uo H3 pac. 4,6 

XO.O.HOT'O, HM88T CTyU8H'l8TyiO ¢opMy, 

lK8T UpHB8CTH K 0WH6JtaM B 38UYCK8 

4>opMHpOB8T8Ilb npe.O.CT8Bllii8T < 

Il-p-Il THn8 H 1'8IlbB8HH'18CKH CBH38 

+1,6 B H 38n88TCH .0.8IlKT9Il9M R8 

B8IlB'IHBbi, TO 'l8p83 KOI1I181tTOpBOO C 

Ou nepexni0'18aTCH B Tpuo.o. T 
1 6

,' 1 

H8 BhiXo.o.e <!>opMHpOB8TenH nony'I8I01 

- 2,5 B. no.O.Kill0'18HHe H81'py3XH He 

E hrno BhinonHeHo aecKon&KO nE 

TOpb!e OK838Jl11Cb nOCT8TO'IHO H.O.eHTJ 

npe.O.CT8BI18H8 BXO.O.H8H 8MIIIlHTy.O.Ho-· 

M8IlbHbiX 8MnilHTyn BXOnHh!X CHT'H8Il 

2-2,5 B. Orp8HH'IeHHe 'IYBCTBHTenh 

nepexOnHbiX 8MitOCTell H8 BXO.O.B .0.81 

M8I1bH811 '18CTOT8 .O.eKB.O.bl TO'IHO He 

MaXCHMallhaoe 6biCTpo.o.eAcTBBe nHT: 

nOBb!W8HHH CKOpOCTH p860Tbl .O.BOB'I 

T8IlbHOll H8CTpOliKB ee lt8lK8TCH B03 

TOT CBhiwe 250 Mru. 

npa aarpeBaHHH neK8.0.8 coxpE 

55<t: • npa 3TOM Ill!llib nOBbl W8l!C!! 

H8 acex '18CTOT8X, 

noTpe6neHH8 aCel'O ycTpOliCT! 

M8H8HH8 HanpBlK8HHA nHT8HHB +18 

6oTe .o.exanhi. 

npHM8118HH 

M8nhre p83Mepbl neK8nbr 11 111 

p83M8CTI!Tb K8K C8M08 .0.8K8ny, T 

T8X CMeHHOT'O 6nOX8 npeo6pa30a8H 

nllH nHT8HBH nepeC'I8THOA neKanbi 



B89M8!l KOlUI9KTOpOM, 

6HJIHTpOHOM, UA :: 7,7 B, TO 

oaoro ToKa, 1
3 

:. 5 Ma. HylK

"OJib30BaTb CT86HnHTpOHbl C 

,.fHTT9pHblil TOX H yBeJIH'lHTb 

·A9JI!l9M H3 yCJIOBHil HOpM8Jib-

CHH3HTb BeJIH'lHHY 

:oOTBeTCTBY!OW9rO auaJIH3a 

cnyqae rrpaKTH'leCKH u e yxyu-

6 •0,9 B. 

.5 B, a H3 ( 3) nony'lae M 

I H (10) e (11) uallneM 

IHH9 9 Jie MeHTOB, BXO.ll,RIUHX B 

C X 9 Mbl B B9 n.HqKH8 X BXQltHOrO 

euae no n OCTOllHHOMy TOKY 

I c nyqaea, HaH 6onee qyac TBH-

2. 

' Bb!3 0BeT HapyWeHHH p a60Tbl 

!M UBx 6nHlKe, 'leM Ha 

C Tb lO q e TKOrO BKnJO'li9HHH Hnn 

T.u.). TaKHM o6pa3oM, ung 

'le Tbl C nOMOII!b!O <jJOpMyn (5) H 

!TOB cxe Mbi ( R 
3

, R K' R 6• 

2 HHH HX, IIO!r8.3blB810T, 'liTO CMe-

lpH STOM C'lHTa!OTC!l nOCTO!IHHb!

lanpHlKe HHH CTa6HJIK3aUBH OT 

ax ~5% . 0T6opa TpBOAOB B KOJib

y HHX 6binO {3 CT ";) 30). 

JJlhi18 HCfiOJlh3088Hbi a neM9HTbl 

rcn 3Ha'lHTe1lbltb!e ( - ~15% ) 

10ll pa6oTbi KOnb!la. ITpoBepKa 

no 'laCTOT CBhiwe 140 Mru. 

I 
l 
.l 

8b!XOQHOll dJopMHpOaaT9JJb, KpOM9 Caoero OCHOBHOro Ha3HS'le RJI!g, BbinOJIH!leT ponb 

6y<jlepHoro KSCKaAa, pa3B!l3b!B810Dl9rO USITBpH'lBY10 nep9C'leTHYIO CX9My OT nOCJ19AY10WHX 

ycTpOllCTB. KaK BBAHO H3 pHC. 4,6 CHrHaJI U 
6

, KOTOpb!l! HCnOJ!b3Y9TC!I B K8'l9CTBe Bbl

XOAHOro, HM99T CTYn9H'I8TY10 <jlopMy, 'ITO B cny'lae AH<jl<jlep9HUBpOB8HR!I STOro CHrHana M9-

lK9T npKBeCTB K OmH6K8M B 38nyCK9 nOCJ19AY10Dl9l! nepec'leTHOl! CXeMhl. 

$opMHpoaaTenb npeACTaanHeT co6oA noporoaoe ycTpollcTBO aa Tpeouax T
16

, T
17 

n-p-n THna H ranbaaHH'leCKH CB!l3aa c KOJ!bnOM. ITopor cpa6aTblaaHHH KacKana p a Be H 

+ 1,6 a H 3anaeTC!l nenHTeneM aa 6a3y T 
17

• Ecne noTeauean 6a3bl T 
16 

HHlKe aToll 

BenB'lBHhi , TO 'lepea KonneKTOpHoe conpOTHaneHae TpaH3BCTopa T 
17 

T e 'leT TOK - 4 Ma. 

Oa nepeKnJO'laeTCH a TpHOA T
16

,' Korua noTeH11Han 6a3bi nocneuuero upeBhi maeT +1,6 a . 

Ha BhiXOAe <jlopMHpoaaTenH nony'lalOTC!l HMnynbCbl npHMoyronbHoA <jlopMhi c aMnnHTynoll 

2,5 a. ITouKniO'leHHe uarpy3KH ue CK83blaaeTCH aa pa60Te Konbna. 

E hrno BwnonHeHo uecKonbKO nepec'leTHhiX neKaA no pacCMOTpeHHoll BhiWe cxeMe, Ko-

TOpble OK83anHCb AOCTaTO'lHO HAeHTH'lHbl no aceN ocuoaHhiM napaMeTpaM. Ha pee . 5 

npeACTaaneH8 BXOAHaH 8M11JIHTYAHo-'l8CTOTH8H X8p8KT9pHCTHKa AeKaAbl, I13Mepe HHe M8KCK

M8JibHb!X BMnJIHTYA BXOAHhiX CHrHBJIOB H9 npOH3BOAHJIOCb, HO OHH no Kpallue l! Mep e 6 onbWe 

2 - 2,5 B. OrpaHH'leHH9 qyBCTBHTenbHOOTH B o6nacTH HH3KHX 'laCTOT 3BBHCBT OT Bhi6paHHhiX 

n e peXOAHh!X eMKOCTel! HB BXOA9 AeKBAhi. 113-38 OTCyTCTBH!I He 06XOAHMbi X npH60p OB MaKCH

MBJibHaH 'lBCTOTa neKBAhi TO'lHO ue onpeneneua, xoTH oaa npe abiwaeT 210 Mru. Y'lHTbi BaH 

MBKCHM8nbH09 6hiCTpOAellCTBH9 nHTHpH'lHOro XOnbUS ( 6onee 140 Mru) II B03MOlKHOCTb 

noBhiweHHH cKopocTH pa6oTbi uaoe'luoll nepec'leTHoA cxeMbi nyTeM oT6 opa Tn R 6 onee T ma

TenbHOli HBCTpOllKH ee K8lK9TC!I B03MOlKHb! M AOCTHreyTb B nOA06HOll CXeM9 npeA9JibHb!X 'laC

TOT CBhiwe 250 Mru. 

ITpR aarpeaaaHH ueKaua coxpaHnna pa60Tocnoco6uoCTb no TeMnepaTyphi CBhim e 

559: • ITpR STOM JIHWb nOBb!WBIICsl HHlKHHll nopor cpa6aTb!BBHHH, HO He 6one e 'leM B 2 p 838 

Ha acex qacToTax. 

IToTpe6neuHe Bcero ycTpollcTaa cocTaanHe T 100 Ma npe + 18a R 120 Ma npH - Sa. 113-

MeHeHRe uanpHlKeHRll ni!TaHHH +18 HB ~12%, - 5 Ha ~17% He Bbl3biBaeT HapymeHH ii 

6 oTe AeKaAhl , 

ITpHMeHeHRe ueKauw a qacToToMepe qs-4 

a pa-

Manhie paaMepbi ueKaAhi H HH3Ka!l nOTpe 6n!leMa!l e10 MODlHOCTb cuenanR ao3MOlKHhiM 

pa3M9CTHTb K8K CBMOe A9KBAY , TaK R H906XOAHMbiA AJI!l H99 RCTO'lHRK nHT8HH!I B ra6apH

T8X cMeaHoro 6noKa npeo6pa3oaaHR!l (pRe. 7). CxeMa cTa6HJIH3RpoaaHHoro BhmpnMHTeng 

unH nRTSHHH nepec'leTHOl! ueKaAhi noKa3aua Ha pRe. 1. Yuanocb o6ollTRCb OAHHM cTa6unH-

9 



38TOpOM C BblXOltHblM H8llpBlK9 HH9M - 23 B H 9MHTT9pHblM llOBTOpHTeneM B K8'I9CTBe 

a e naTe nB aanpBlKeHa 5l, 'lTOObr nonyqaTb as8 HCTO'<HHxa naT8HH5l - +18 a B -5 a. CxeM8 

c TaoanH3 8Topa npoc~a a xoMn8KTH8 a ooecne'<HB89T CT80HfibHOCTb s~xoaaoro aanpBJKeaag 

ny q we 0,2% npH nyllbC8UHH MeHe e 1 MB, nnB fiHT8HHB BblllpllMHT9lll'l HCfiOnh3Y9 TCB H8fipB

lK9BHe 6,3 a, x oTopoe noaseae Ho K p83'beM)' CMeaaoro onoxa, OaHaKo npeaycMOTpeH8 

B03MOlKHOCTb llHT8 HHl'l OT C9TH 220 B B cnyqae npHM9H9HHll lt9K8ltbl B K8'I9 CTB9 C8MQ-

CTO HT91lbHOrO n e nHTe nSI 'l8C TOThi . 

K oaTponb nHT8~WHX H8npBlK9HHA H TOKOB npoH3BOltHTCB no npHoopy u c noMo-

Wb~ nepexn~'I8TeneA n 1 ( nonolKeHHe 1' 2) H n2' B~BeaeHH~X H8 nepeaa~~ n8aenb, B no-

fiOlK9HHR 3 nepeKn~'I8T9 fi l'l n
1 

no npHOOpy U MOJKHo cneaaTb 38 aenaqaaoA sxoaaoro 

c araana, '<To s ecbM8 none3ao a nponecce H3MepeaaB qacTOTbi, B K8'<eCTBe a e TeKTOp8 

BXOltHOrO CHrH8fi8 n p HMeHeH fiHKOBblll aeTeKTOp B8 JlHOJl8X n
3

, n
4

, KOTOpbl li BM9CTe C co

npOTHBll9HH9M R 7 a npu oopo M U { MHKp08MnepMeTp H8 100 MKa) ooe cne qas aeT H3Me

peHa e axonaoro curaan8 no I a . Ha p ac. 6 noK838H8 rp8nyapoBO'<H8B xpas8B a eTe xTopa 

H8 'I8CT OT e 2 0 M ru. 3 a C'I9T n oa 8'<H aa JlHOJlbl n3 H n4 CMemeHHB B nposoaBWeM H8npas-

neHHH - 0, 15 s c Tano B03MOJKHbiM a H3Mep e aae M8n~x caraanos. To'lHOCTb H3MepeHH5l 

BXOJlHbi X c HrH8nos s o seeM aa an8aoae qacToT nyqwe ±..10%. Bonae TO'lHOe H3Me peaae 

s x onHoro c ura an8 no senH'<HHbr - 0,3 B ( oea npensapaTenbHOro n eneHHB) MOJKHO n ony

'lHTb npH 3 8 MeHe B, Jl9T9 KTOpe OObl 'IHblX JlHOJlOB Ha oopame HHbl9 H3 apceHHJl8 rannHB, HC-

fi0llb3YR HX TyHH911bHY~ B9TBb, 

BblXOJl Jl9 K8Jlbl fi 0JlKll~'l89TCB K TOMy lKe KOHT8KTY pa3'b9M8 0 K KOTOpOMy fiOJlXOJlHll 

a Bbrxon n peoop830B8TenB. AMnnaTyU8 BbrxonHoro caraana {- 2,5a) UOCT8TO'laa nns 

'<e Txoro 3 8nycxa nocneny~wero ycTpollcTB8, TaKHM o opaaoM, npH aaMe He CMeaaoro 

6noxa npeoop83 0B8Tens H8 onox n exanaoro nenHTens ae TpeoyeTCB HHK8Koro H3MeaeaaB 

B ocHosaoll cxe Me 'i8CToToMepa. KpoMe yxa3aHH~X Bhrwe nocTOHHCTB T8h oro ycosep-

We HCTBOB8HH5l 'I8CTOTOMepa, nposepK8 fiOK838ll8 0 'ITO H3M9pHeM8l'l HM 'l8CTOT8 fi0Bb!CH

ll8Cb no - 110 Mru npa y nyqweaaoli qyBCTBHTenbHOCTH, 

B 38Kn~qeaae HYlKHO OTMeTHTb, 'ITO B CT8Tbe paccMoTpeao nawb onao npaMeaeaae 

OhiCTpoaencTsy~weii nepec'leTaoA aeK8abr, Bnaroa8pll csoaM nocTaTO'lHO yaasepcanhHbiM 

nap8MeTp8M Jl9K8lt8 MOlK9T Ob!Tb HCfiOnh30B8H8 BO MHOrHX apyrHX sneKTpOHHblX npHOO

pax, BKn ~'l8l'l H yCTpOliCTB8 0 rue HeOOXOltHM8 HR!IHK8UHB ee COCTOBHHli/
2
/, 

ABTOP C'IHT89T HeOOXOltHMblM Bblp83HTb onaroa8pHOCTb IO.H. neaacosy 38 BHHM8HH9 

H nonaeplKKY B p800T9 H TI.TI.f8BpHwy 38 fiOMOWb B H3rOTOBll9HHH p8CCMOTpeHH)>IX 

ycTp011CTB, 
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Bb!M nOBTOpHTeneM B KB'I9CTB9 

naTaBHll - +18 a 11 -5 a. CxeMa 

BblnpliMHTeng HCnOnbsyeTCll Hanpll-

0 6noxa. 0AHaxo npeAyCMOTpeaa 

DAHTCll no npx6opy u c noMa-

•AeHBbiX aa nepeAHIOIO naaenb. B no-

cneAHTb sa BBnH'IBHOA BXOAHOro 

•acTOTbi. B xaqecTae AeTexTopa 

ABX .n3, .n
4

, KOTOpb!H BM9CT9 C Co

BB 100 MKa) o6ecneqaaaeT HsMe-

rpaAyHpOBO'IBBll KpHBBll A9T9KTOpa 

l4 CM91U9HHSI B npOBOASIIU9M HanpaB

X caraanoa. TO'IHOCTb HsMepeHHSI 

.10%. 6onee TO'IHOe HsMepeaae 

IHT9nbHOrO A9n9HHll) MOlKHO nony-

ameHHbie H3 apceHHll8 rannHsr
1 

uc-

y pas'beMa, K KOTOpOMy nOAXOAHn 

ana (- 2,5a) AOCTaTO'IHa An!! 

5pasoM, npa saMeae CMeaaoro 

~ Tpe6yeTCSI HHKBKOro HSM9H9HHSI 

IW9 AOCTOHHCTB Tahoro ycoaep-

3M9p!19MBSI HM 'IBCTOTa nOBb!CH-

:CMOTp9HO nHWb OAHO npHM9H9HH9 

BOHM AOCTBTO'IHO YHHB9pCanbHblM 

>rax Apyrax sneKTpOHHbiX npa6o

I ee COCTOSIHHA/2 /. 

OCTb JO.H • .[leHHCOBy s a BHHMBHH9 

'OTOBnBHHH paCCMOTp9HH}>IX 

"' I 

n a T e p a T y p a 

u c n.T.lllarunSIHHHKOB. npenpBBT OHHH . 1555, .[ly6aa, 1964. ) 1. IO.H • .[leaacoa, IO.n. oycoa, 

2. IO.H • .[leaacoa, B.M.naq:aaoa, B.H.npanamto. npenpaaT OH.HH 1705, lly6aa, 19V~ 
S. R.Engelmann. Electronics, 36, No. 46, 19(1963). 

Pyxonacb nocTynana a asAaTenbcxnA OTAen 
12 BlOBS! 1965 r. 

r,1.;. Tzo- nt6R, T/}1.-T/4+- JHJOir, lk'4¥-,418, 

4t~+lllriJ808, IJ~·IJ8IO 

Pac. I. npaananuanbBBSI cxeMa nepeC'I9THOA ABKBAbl H CTa6nnasupOBBHHOro 
HCTOqHHK& OHT8HHB. 
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OM 

400 
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200 

hcp, 

LMa 
0 5 10 IS 20 

PHc. 2. 3asHCHMOCTb aH<j><jlepeHuHanhHoro conpoTHsneHHS! B 9MHTTepe 
ycHnHTenhHOro K8CK8J:l8 OT TOKa 9MHTTepa. 

62 

Tt 

6Maj 
680 

~------~~----~~-58. 

Puc. 3. Y npomeHI!bill sap!iaHT yana sxoaHoro <j>op MHposaTen sr. 
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1JUUU 
U. 13x. 

PHc. 4. CxeMa oaHoll Ha ue 



IS 20 

IOTHaneHHH B SMHTTepe 

•MHTTepa. 

62 

680 

_....._-58. 

>I'O <J>opMHposaTen<I. 

5 

1JUU1I1J 
U. !Jx. 

.-------, + 2, f C. - LL i 

t.i5. 

+ 1,2C -115 

+ 0,38 -u. g 

Puc. 4 . CxeMa OAHOll H3 uenell n<ITHpH'<Horo nepec'leTHOro Kollbua u 3mopbl 

9!'0 BXOAHOI'O H B biXOAHOI'O Hanp<IlKBHHH. 
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PHc. 5. Bxo.<uiaH aMnnHTyJIHO-'ISCTOTHS H xapaKTepHCTHKa 

nepecqeTHOli JteKSAbi . 
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Puc. 6 . rpanyuposoqua!l KpusaSI neTeKTopa a MnnuTynbJ s x onuoro curuana. 
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