
P-1987 

= • i M.H.,llpa)Kea 

I 
I METO.llbl TIPEOBPA30BAH.11H BPEMEHH 

B AMTiflHTY.llY B HAHOCEKYH.llHOM .lll1ATIA30HE 
I:: 

(06aop) 

.... ' 

1965 



P-1997 

M,H,JlpaJKeB 

METOJlbl IlPEOBP A30BAHIHI · BPEMEHH · 
B AMnnHTYJIY B HAHOCEKYHJIHOM JIHAnA30HE 

(063op) 

Hay11uo-TexuuqecKail 
6H611HOTEH<.a 

OHRH 



ConeplKaHHe 

1, BBeneHHe 

2. 06mae CB01l0HBH 

•••••• 3 

•••••••• 5 

3, TTpeo6pa30BaT8JibHbl0 ycTpOi!CTBa, OCHOBaHHble Ha npHHnHne 'cTapT-CTon" g 

4, TTpeo6pa30BaTellbHble ycTpOi!CTBa, OCHOBa:rabie Ha npHHnHne 'nepeKpb!THll 

HMnynbCOB # • • • • • • • • • • 

5, TTpeo6paaosaTenbHbl0 CHCT8Mbl C npHM0H8HH0M nyqesoro OTKllOHeHBH 

n npeo6paaoBaTenu na<j,<i,epeunaanbBOro TBna • , • • • • • • • • • 

6, nonOllHHT0JlbHbI0 ycTpOi!CTBa K npeo6pa30BaT8JlbHblM CBCTeMaM • 

7.~ a Kn 10 q e BB e 

a. n nTepaTypa .. 

12 

17 

10 

20 

23 

I 

:1 

. ' f 

.;:,.~ 

BaeneHBe 

B pHJle o6nacTett COBp8M8HHOi! HJ10pHOil !pH3HKB M8TO/lBKa 9KCll8pBM8HTa CBH3aHa 

C B3MepeHB0M B cne1tTpOM8TpBpoBaHHeM KOpOTJtBX BpeM8HHblX BHTepaanoB, TaK, HallpBMep, 

B3MepeHB8 BpeMeHH lKB3BB B036ylK/l0BHblX COCTOHBBil HJ18P, B3Mep8HBe Bp8M8HB lKB3HII n031I

TpOBOB, B3M8peBII8 Bp8M8H nponeTa 6blCTpbIX Hei!TpOHOB II OCJtOllKOB )18ll8HIIH Hll8P K T,Jl. 

npennonaraeT BanB'ilI8 ycTppilCTB, n03BOllHIOmlIX H3MepHTb II cne1tTpOM8Tp1IpOBaTb BpeMeH

Bble BHT8pBanw B o6naC:II OT H8CKOllbKIIX no COT8H HaHOC8KYHll, 

TTepBbie II3MepBT8JlbHb!8 ycTaHOBKB, KOTOpb18 npBM8HllllBCb nmr STOA nen1I, 6binB o6bI'i

BbIMB cxeMaMB aaneplKaHHblX COBna)18HBii, 0HB HBllllilBCb npocTei!mBMB Bp8M8HHbIMH aHannaa

TOpaMB B npencTaBnsurn co6oi!, no cyTB nena, 0/lHOKSHaJlbHble YCTpoilCTBa. TTpu B3MepeHBB Ha 

HHX BCnOJlb30B8llaCb llBlllb ManaH AOllll acei! BH<jlopManlIH, KOTopaH MOlK8T 6bITb nonyqeHa 

B3 SKCnepBMeHTa, 'iTO CB>I38HO C 6onbmBMB, qacTO H0/lOITyCTBMblMB 3aTpaT8MB BpeM8HB 

B lK0CTKBM.B Tpe6oBaHBHMB K CTa6BnbHOCTB acex CBCTeM. 

naJlbHefiwee pa3BBTB0 B3MepBT0llbHblX yCTpOi!CTB no ITyTH K MHOI'OKaHaJlbBOCTH nowno 

no JlBYM OCHOBHbIM HanpaBJI0HBHM - np1IM0H0HBe npHMblX M0TOllOB aHanuaa B npBMeHeHBe 

npeo6pa30BaTellbHblX CBCTeM, npn ncnoJlb30BaHBB KOTOpb!X B3Mep!!8Mbli! KOPOTKBi! BpeMeH

HOil nHTepaan npenBapnTenbHO npeo6paayeTCH nonXOll$Illl.BM o6paaoM n TonhKo Torna nonaeT

CH Ha MHOI'OKSHaJlbHbli! aHallH3aTop, 

TTepepacTaHHe OAHOKaHanhHblX CHCT0M B MHOI'OKaHallbHb!8 Ha'iBHaeTCll C npocTOfO 

YMBOlKeHBll OCHOBHOi! ll'iei!KB, T.e. noHBllll0TCH cxeMHall, KOM611HallHll OT "n" aaneplKaHHbIX 

/105-107/ 
COBnaneHHil - Tait Ha3b!B80Mblil xpoHoTpOH 

Ha-aa pHJla HenocTaTKOB (orpaHII'i0HH09 'iHCJIO KaHanoa, HepBBHOMepHOCTh HX WHplI

Hbl, H0B03MOlKHOCTb yno6noro II3MeHeHHH pa6oqero AIIana30Ha II T,ll,) 9TH CHCT0Mbl ylKe 

. /108/ 
Mano npHM8HlllOTCH, • PenKo HaXOllHT npHM0H8HHe R npyroil 

1
IlpllMOi!' MeTOll aHannaa 

ocnunnorpa<jlnqecKnii MeTon
1231 

Kalt B3B0CTHO, npnMeHeHRe BpeMeHHblX aHann3aTOpOB KnaCCR'i0CKOI'O TIIna All!! H3M8-

p8BHH O'i0Hh KOpOTltHX BpeM8HHblX HHTepaanOB CBH3aHo C PHAOM T0XHH'i8Cltll'.X TPYllHOCTeii. 

no cux nop o6bI'iHO wup11Ha KaHana sTHX aHan11aaTopoB ocTaaanacb, KaK npaB11no, 6onbwe 

CTa uaHoce1tyHA B, TaKHM o6pa30M, He3aBHCIIMO OT HX 6oJlbWHX noTean11allbHb!X B03MOlKHO-
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CT8ll (nony'!eHBe BH¢opMaIIHB npBMO B nn¢poBOM BHna, 6om,moe 'IBCllO Kananos, CTa6nm,

HOCTb B pa6oTe B T.n.), OHB He npBMeHBJIBCb nnn BPBMeHnoro anannaa B HaHOCeKyHUHOM 

nne.naaoae. 

B CBB3B C IIOBblWeHHblMB Tpe6osaHBBMB K TO'IHOCTB SKCnepBMeHTa ( HanpBMBp, HaHO

CeKynnnag TO'IHOCTb B MBKpoceKyHUHOM nHanaaone) B C nOBb!WeHBeM TBXHB'leCKBX B03MOJK

HOCTell HaHoceKyHnnoll TeXHIIKB (noqanenne HOBblX cxeMHblX sneMeHTOB) B nocnenHBe 

ronbl npoBOllBllHCb 6onbmne pa60Tbl no yaenlr'!eHBJO 6hlCTponellcTBHH BpeMel!HbIX a11anaaaTo

poa KllaCCH'lecxoro THna. B HaCTOHmee BpeMH ll!BpBl!a xa11anoa nono6Hb!X CBCTeM MOJKeT 

nocTBr11yTh 10 i.cex
11 

•
81

, H naJKe 1 11.cex. TT pa STOM '!Beno xa11anoa MOJKeT 6b!Tb O'!eHb 

6onbWBM - nopgnKa neCHTKOB Tb!Cgq - B apeMel!HaH 11ecTa6BllbllOCTb caena11a no 0,5 Hal!0-
/9/ 

CeKyBJlbl • KoHB'IHO, see STO CBH3a110 C OCBOBHHeM 6b!CTpbIX CXeM napaC'!eTa - no 

1000 Mrn, - npHMeHeHBBM 6om,mnx TaKTOBbIX 'laCTOT a T.n. 

Han6onhmee pacnpocTpamnHa nony'!BllB ace-TaKB He cncTeMbl 'npaMoro" aaanaaa, 

a CBCT8Mbl npeo6pa30BaHBH. TTpB BCnOllb30B_aHBB nono6Hb!X CHCT8M H3MepH8Mblll Bp8M8HHOA 

BHTepaan npeo6paayeTCH llBHel!HO nH6o a HMnynhc, aMnnBTyna KOToporo <!BllHeTCH nponop-

IIBOHallbHOll STOMY BHTepaany (npeo6paaoaaTenH 

BHTepaan C 6onbmell nnnTellbHOCTbJO. 

• Bp8MH-aMnnnTyna.). nB6o BO Bp8M8BHOA 

HcKnJO'IBTem,Ho mnpoxoe pacnpocTpaHeHBe, KOTopoe Hamna npeo6paaoaaTenn 'apeM,... 

aMIIllBTyna' (no CBX nop HM noCBHIU8HO OKOllO 80 ny6nBKaIIBA B nepaonB'l8CKOA ne'!aTn), 

MOJKHO nerKo o6'bHCHBTb, BMen B BHJly, ~o npB BX llpBMeHeHBH ·aHMB3 aenaTCn C nOMOf-

IllblO 06h!'!Hb!X CTaBJlapTHblX aMIInBTYJlHblX aHanaaaTopoB, HBllHJOll(BXCH nocTO<!HH8M KaJKnoA 

na6opaTOpBH gnepHoll ¢B3BKH. Ba)KHblM ¢8KTOpOM B STOM OTHOW8HHH HBllH8TCg H TO, '!TO 

ORB IIpOCTbl, yno6Hbl B SKCnnyaTaIIHH - BX pa60'IHA nuanaaoH MO)KHO nerKO B3MeHHTb, D 

OH 06b!'IHO IIpOCTBpaaTCH OT H8CKOJll,KBX BBHOC8KYBJl no COTeH HaHOC8KYBJl, T.e. mBpBHa KBB8-

na MOJKeT nony'laTb 3H8'18HB8 OT neCHTKOB nUKOC8KYHn no HaHOC8KYBJlhlo 

MeTOllhl npeo6paaoaaHBH 'apeMn-apeMg' no cux nop naxonnnn cpaaHBTenbHO orpanu-

'laHHoe nplIM8118HBe. 3neCb MOJKHO nep8'1HCllHTb apeM8HHhle SKCnaHnepbl 8MKOCTHoro TH-

/112/ /10 11 12 18/ 
na ' ¢a30Bbl8 M8TOnhI IIpeo6paaoaaHBH MaCmTa6a apeMenu - 'HOHHyCbI' • , • • 

rne naa 6nnaxnx no '!aCTOTe Bl{ reHepaTopa aanycxaroTcn qepea nccnenyeMblH nHTepaan 

H H3M8pHeTCH Bp8MH, no HCT8'18HBH KOTOporo BX xone6aHHH 6ynyT B ¢aae. 3To BPBMH 

MOlK8T 6L1Tb Ha onnH-naa nopHnKa 6onbme HCcnenyeMoro HHTepsana t· 

MeTon 'noHnyca' MOlKeT 6b!Tb npuMeHeH u 6ea npoMe)KyTo'!Horo npeo6paaoaaHBH ape
/10/ 

M8HB B aMnnuryny • H, TaKBM o6pa30M, HH¢opMannn MOlKQT BIIOCHTbCH B MHOrOKBHanb-

/100/ Hoe perHCTpHpyromee ycTpoiicTBO llpHMO B nu¢p0BOM aune • 

JlanbH8llllIHM pa3BHTH8M ¢aaoaoro np1rnnnna 'HOHHyca' MOll'HO C'IBT8Tb TaK Ha3b!Bae

Mblll sepHbep-xpoHOTpOH, B KOTOpOM coananenHe M8lKllY C06b!THHMH, OTBe'!aromnMH H3Me-
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L, 
pneMoMy apeMeHHOMy nnTepaany, nonyqaeTcn TOnhKO nocne apeMeHB t=-'--- , 6narona

L1-L2 
pn npnMeHaHHJO nayx aaMKHYThIX KOHTypoa c neonunaxoaoll aneKTpH'lecKoll nnnHoll L 1 u L 2• 

8TOT MeTOll TOJKe naxonHT orpaHH'leHH08 npnMeH8Hll8 
115

•
16

•
17

-
221 . 

HecMOTpH Ha cpaBHUTellbHO mHpOKOe pacnpocTpaneHUe npeo6paaoBaTenbHblX CHCTeM 

(oco6eHHO Tnna 'apeM .... aMnnnryna'),caeneHBH O HHX MOJKHO nony'IHTb TOllbKO H3 oTnem,

HblX paapoaHeHHbIX CTaTell B nepnonH'leCKOA ne'!aTH, rne BBTOpbl o6blKHOBeHHO onHChIBaJOT 

npoaeneHHbl8 ¢B3B'leCKH8 SKCnepHM8HTbl BllB peannaoaaHHbie HMH 113M_ep11TenbHbie ycTaHOBKB. 

TTepablll o6aop a aToli o6nacTn npencTaanneT pa6oTa nuneaa (1961) 
/2/ 

STOMY BO-

npocy TaKlK8 OTBe)leHo 6onb!IIOe M8CTO B o6aopnoll CTaTbe Eon11ua O Bp8M8HHblX HBHOC8KYHJl

/4/ 
llb!X a11anB3aTopax 

B 11aCTOH1IIeM o6aope cnena11a nonbITKa OTpa3BTb COBpeMe1111oe COCTOHHH8 MeTonHKH 

npeo6paaoaaHBH
0

BpeMeHH B aMnllBTYJlY, KOTopag 11axon11T np11Me11e11Be B ycTpollCTBBX )lllH 

Bp8M811HOrO a11an11aa B HBHOC8KYBJlllOM n11a1I830118o BnepBb!e nenaeTCH OIIblT CIICTeMBTB38-

llllB OCIIOBllblX rrapaMeTpOB KOl!BepTOpllblX CHCTeM. 

B o6aop BKlllO'leHbl MaTepHanbl, orry6nBKOB8Hllbie B nepHO)lB'l8CKOH ne'IBTB npHMepHO 

no cepenuHbl 1964 rona. 

06mue C_B e_n_e II B" 

HaMepe11Be speMeHB, rrpomenmero MeJKny nayMH co6blTBHMB, B Sl)lepHOM SKCII8pBMeHTe 

CBOJlBTCH K B3Mepe11HJO apeMeHB MelKny sneKTpB'leCKBMH BMnyllbcaMB, CBH3811Hb!MB C STBMH 

COOblTllHMB. 3TB BMIIyllbCbl nocTyIIBIOT H3 )leTeKTOPOB Sl)lepHblX nany'leHJIH, BllH OllBH H3 

HHX UpHXOllHT nepUOJlH'leCKH B cny'!ae HCIIOJU,30B8HBH rrynbCBpyromero HCTO'IIIHKa. 

TTepBblll HMIIyllhc ( no apeMeHH), UOCTynaromnil Ha npeo6paaoaaTenb ( HMIIyllbC • CTapT'), 

npHBO)llIT ero B neilCTBBe, a rrpB UOCTyrrne11nn BTOporo BMrrym,ca '!epea II3MepHeMoe apeMH 

"t" (HMIIyllbc 'cTorr') pa6o'!Bll IIHKn HaKOIIll8HIIH BH¢opMaUHII 3aKaH'IHBa8TCH. 8To Bbl3bIBa

eT Ha Bb!XO)le rrpeot5paaoaaTeng (KOHBepTopa) noHBlleHBe HMIIyllbca Uk • aMIIllBTyna KOTOpo-

ro HBnHeTCH nnaellHOH ¢YHKUHell apeMeHB 

Uk= y 

t T.e. 

BpeMH II3MepHeTCH C orpaHB'l8HIIOll TO'IHOCTbJO JI3~3a BpeMeHHOH neonpenene11-

HOCTH, KOTopyro BBOJlHT OTJl8llbllbl8 "-BeHbH SKCnepnMenTanbHOH ycTaHOBKH: rrynbCIIpyromun 

BCTO'IIIIIK, neTeKTOp (nnu neTeKTOpb1), npeo6paaoaaTenb, CHCTeMa BMnnnTynnoro -a11anuaa. 

TaK KBK STU neonpenenelll!OCTII OOblKIIOBelll!O He KOppenBpoaanbl MeJKny co6on, TO O 6maH 

apeMeHIIBH nncnepCHH orrpenenHeTCH KBK Ti2 = :S ,\ t, 
2 

• TTpn noMOWH coapeMeHHblX 
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'6ucTpb1x' <1>3Y (aanpHMep, Tima XP 1020) MOJKHO no0HThClI apeMeaaoii nHcnepCHH noplI/1Ka 
/114/ 

COTeH II nall<e neClITKOB ITHKOCeKyHn • a BKITan aeonpeneneHHOCTH CHCTeMb[ aMITITHTynaoro 

aaannaaTopa MOlKeT 0b!Tb cnenaH noaoITbHO MaITblM. [Jpn Heo6xonHMOCTll nony,1eHHlI Bb!COKOro 

o6mero paopemeHHlI H3MepHTeITbHOii ycTaaoaKH CHCTeMa npeo6paaoaaHHH nonJKHa BHOCHTb 

MIIHIIManbHblii apeMeHHOll paaopoc - HHorna H8 0OITbWe neclITKOa llHKOCeKynn. 

Heaaa11c11Mo OT 6oITbmoro paauoo6paa1rn cymecTayromHx npeo6paaoaaTem.Hbrx ycTpollcTa 

HX 06my10 3Ka11aaneuTHYIO 6noK-CXeMy MOll(l{O ll300pa3HTb, KaK 3TO ITOKa3aHO aa puc, I. 

ITo axonHLrM uenlIM A u B nocTynaroT HMITYIThCbI • CTapT' H • CTon'. q,opMHPYIOTClI 

no aMnmITyne II nnlITenbHOCTII B q,opMHPYIOll!HX ycTpoi!CTBax (I) H (2) H 3BJ1ei!CTay10T KITIO

'Ieaoe ycTpoiicTao (3). Bo apeMSI H3MepS!eMOI'O lll!Tepaana "t" OHO aKITIO'IaeT HaKOITHTenb

Hyro II ynnHHIITenbHYIO CIICTeMy (4), H3 KOTOpoi! Ha yc1InHTenb (5) ITOCTynaeT 'MenneHHb!i!' 

HMITyITbC C nonxon>Ill!eii nnH aMllnlITY/lHOro aaan113a llITHTeITbHOCTbIO. K ablxony ycHnHTenSI 

ITOAKITIO'IeH aMnnllTYllllbill aHaITH38TOp (MAA). 

6 aaaHCIIMOCTII OT ycTpoiiCTBa q,opMHpoaaHIISI II nepeKITIO'IeHIISI ace KOHaepTOpbl MOI'YT 

0b!Tb paanene11b1 Ha nae KaTeropHH: 

I. KonaepTOpHble CIICT8Mbl, pa60Ta10m1Ie Ha llpllHUHUe 'CTBPT-C,:Ton'. II 

2. KoHaepTOpHble CHCT8Mbl'., pa60Ta10m1Ie Ha llpHHUII118 'nepeKpb!Tlrn' HMnynhcoa. 

llanbHellmyro KnaccH<j,HKaunm MOl!CHO cnenaTb a aaallCIIMOCTII OT THna HaKOllHTenbHOll 

CIICTeMhI: 

I. KmmepTopu c npeo6paaoaaH1IeM eMKOCTHoro Tnna. 

2. KoHaepTOpbl C npeo6paaoaaa11eM HHJ:IYKTHaHO-eMKOCTHOrO Tnna. 

ITp113HaKOM Knaccm~m.auu11 MOryT 0b!Tb H llpHM8HS18Mble CX8MHbl8 aneMeHTbl: 

3neKTpOHHhl0 naMllhI, TpOH3llCTOpbI, TyHHeJlbHhle llllOJlhl. 

OcHOaHbIMH xapaKT8pHCTHKaMn npeo6paaoaaT8ITbHblX CIICTeM (aeaaal!CIIMO OT HX Tlllla) 

MOllCHO C'IIIT8Tb cnenyromm:i: 

I. Paooqnii nnanaaoH t .[ I0-9 ceK I 
-12 I 2. BpeMeHHOe paapeweHHe r [ 10 _:feK 

[ 10 a J 3. KonaepcIIOHHag KOHCTaHTa y -9 
10 CeK 

4. nnaeIIHOCTb pl% I. 
5. 'lyBCTBHT8IThHOCTb no axonaM 

6. •nonroapeMeHHBSI.,. CTa6HnbHOCTb 

-3 
UA_

12 
Ur, [ 10 B 

IO ceK I s [ 

I • 

'IaC 

7. J\'1.aKcuMa1Ib11oe qHcno KaHanoa N 
max 

Nmax 
10-'1 

6 

~ 

8. 3arpy30'IHble xapaKTepl!CTHKII FA max 'FD max 'FK max 
[~1-

ceK 

PaccMaTpnaag OTn8ITbHbl8 xapaKTepHCTHKH, HeO0XOllHMO yTO'IHHTb cnenyromee. 

I. Pa60'IHJ! nnanaaoH KOHBe~a "t" 

OH oxaaTbl'.BaeT Ty 'IaCTb apeMeHHoro nnanaaoHa, rne OCHOaHbl8 xapaKT8pHCTIIKII npe

o6paaonaTeng H3M8HBIOTCSI B nonyCTHMblX npenenax. O0bl'IHO nuana30H COCTaBITlI8T OT 5-10 

no 90-95 % acero n11anaa0Ha. 

2, BpeMeHHoe paapemeaue "r" 

AMllITIITyna Bbl'.XOnHbl'.X IIMllyITbCOB UK peaITbHoro KOHBepTopa acerna nonaepJKeHa 

<j,nIOKTYB!lllBM, ITocKOITbKY UK=·YI 1 TO 3TH aMIIJlBTynHbl'.e <j,nIOKTyaun:11 MOlKHO nepeaeCTH 

BO Bp8M8HHBI8, T.e. HM COOTB8TCTByeT onpeneneHHaB BpeMeHHaSI nucnepCHSI, KOTOpa>I, Kalt 

II B cxeMax connaneHH!I, o5bl'.KHOBeHHO IIM88T HOpMaITbHOe pacnpe!l8IT0HHe. OHa onpeL18ITS18TCll 

Kalt 2i't. t = r •· T;e. ITOITHBB m11p11Ha n111ta (nonyqeHHaSI Ha 8MllITHTy!IHOM aHaITH3aTope) Ha 
· -12 

nonyabl'.COT8 II ee Y!I05J!o BblpalKaTb B ITHKOC8KYHJ:IBX (10 ce1t). ITpn 3TOM pa3ITH'IaIOT: 

2.1. 'CxeMHoe" apeMeaaoe paapemeHHe '• , nonyqeHHOe npn H3MepeHHH c nonXoL1n

m11MH IICKyCCTB8J!Hbl'.MH IIMITYITbCaMH, T.e. OT HMITyITbCHOro reaepaTopa). 

2.2. ~Pealibaoe" apeMeHHoe paapemeuue rd C y'IeTOM aMnITHTY!IHOI'O pa36poca axon-

Hbl'.X IIMITyITbCOB (nonyqeHHoe IIpll 113M8p8HIIII C IIMnynbCaM11 OT O!IHOI'O !18T8KTOpa C nocne

!IYIOIIlllM pa3B8TBIT8HH8M II 3a!l8PlKKOJ! onHOI'O 113 HHX) • 

2.3. '<1>11a11qec1toe• apeMeHHOe paapemeaue 

q,uanqec1toro axcnep11MeHTa). 

T 
p 

(nonyqeHaoe B peanbHbIX ycnoa11nx 

2.4. 'OTHOCHTelibHOe' paapemeHlle 

118 B8ITll'IIIHbl a6COJIIOTHOI'O paapemeHIISI r 

T 
r • Haor!la llBITS18TCSI llOIT83HblM npllM8HeHHe 

, a B8ITH'IHHbl OTHOCHT8ITbHOI'O paapemeHHH 

r 
r 

_r _ 100 [%]. 
t 

3. KoHB8E£HOHHBH KOHCTSHTa "y" 

Tax xax aMITITIITyna Ha Bb!X0!18 KOHB8pTOpHOI'O ycTpoi!CTBa UK= Y t , TO KOHBepCIIOHHas 
u 

KOHCT8HT8 Y =-~ , rne I - 113M8pS18M08 BpeMn. Ha npaKTIIKe Y yno6ao ablpall<aTb 
~ t y 

B -8 J1Horna HBXOnllT llp11M8H8Hlle II KOHB8pCHOHH8!1 KOHCTaHTa C =·y- 1 rne K 
10 Celt 

llBITSleTCSI KOS<j,q,IIHH8HTOM ycuneHHn yc11n11TenS1 B KOHBepTope. 

4. n11HellHOCTb "p" 

KouaepCHOHHBll KOHCTauTa He coxpBHlI8T onHoA II Toll ;>K8 B8ITD'IllHbl B pa3Hbl'.X TO'IKBX 
t..Px1 , 1 

pa6oqero J:lll8ll830Ha, T.e. x-;r- =·y f"o/ =eon st, II BMITIIIITYna Bb!XOJ:IHOI'O IIMITyllbCa KOHBep-

lT , I YI - u 
Topa ,c1=·Y1 •t 1 IIITH OTHOCDTellbHOe OTKITOH8Hlle OT ITIIH8i!HOCTII p'-~,rne lJ =•y'~ , 

y t
1 

· Kt I 
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Oobl'IHO HHTerpanbHYIO eenHHellHOCTb p BblpalKaIOT a % a OTHOCflT KO BCeii: pa6oqen 

'IBCTH apeMeHHoro naana3oHa , T.e. p y t1 -(:OX.) 100 [ %1' 
yt 

5. l{yBCTBl!TeHbHOCTb 

0Ha onpenengeTCH MHHHMBHbHOii: aMnHHTynofi UA,ll BXO)lHblX llMRyHbCOB, npn KOTO-

poii: OCHOBHble napaMeTpbl KOHBepTopa H3MeH!IIOTCfl TOHbKO B nonyCTHMblX npenenax (HaIIpH

Mep, 0,5%). 

6. JlonrospeMeHHBH CTaoHHbHOCTb "s" 

~aKTH'leCKBH TO'IHOCTb cneKTpoMeTpHpOBBHHH onpenengeTCH He TOHbKO BpeMeHHhlM pa3-

pemeHHeM H3MepuTellbHOf'O TpaKTa, nony'leHHblM 38 cpaBHHTellbHO KOpOTKOe BpeMg H3Mepe

Hllfl, B Te'leHHe 8KCnepHMeHTB, KOTOpblH 'laCTO )lHHTCfl MHOf'O 'IBCOB, H3-38 BHHflHHfl psma 

q>HKTOPOB (HanpuMep, ll3MeHeHllfl TeMnepaTypbl, MenneHllblX H3MeHeHHH HanpHlKeHBfl nnTBHllH 

11 T,n.) npoHCXO)l!IT nononHHTeHbHbl9 speMeHHble CMemeHHH H, ecnH He npHHHTb cneuaanb-

/90/ 
Hble Mepbl KOMneHCBUHH HHH cpaBHeHHH , <pBKTH'l9CKOe paapemeHHe 3aMeTHO CHHJKaeTCH. 

npH JlOCTBTO'IHO CTaollHbHblX CHCTeMaX M9JlH9HHble H3MeHeHllfl MOf'yT OblTb TBKOf'O lK9 nO

PllllKB, KBK ll speMeeeoe pa3pemeeHe, ll3MepeHHOe 38 KOpOTKOe apeMH paoOTblo BpeMeHHOe 

cMemeHue s OObl'IHO BblpalKaeTCH B nceKl'laC npli coxpaHeHHH peaHbHblX paoO'IIIX ycno-

BIIH. CymeCTBeHHblH BKHaJl s o6mee CMemeHHe BHOC!IT: 

6.1. TeMnepaTypHag 38BHCHMOCTb s, npeo6pa30B8TellbHOil CHCTeMbI, T.e. 

/J.t to-12
ceK 

s, ~ , "'° [ C l , rne /J. t - speMeHnoe CMemeHRe, Bbl3aanHoe H3MeneHHeM TeMne-
",- rpan 

PBTYPbl /J. T. 

6.2. 3aBHCHMOCTb OT nanpfllKeHHfl nnTaHHH 

-12 
s = /J.t/~ 100[~11 rne/J.t • u % 

BpeMeHHOe CM0IU0HHe, BbI3B8HHO8 OTHOCHTen&HhIM H3M0H8HH8M H8IIpHJK0HHH IIHT8HHH. 

Nmax 

7. MaKCHMBHbHOe 'IHCHO KBHBHOB - "N = " 
Jlng scero pa6oqero nuana3oHa N max t MO lKHO onpeneHH'fb H3 cooTHomeHHfl tis 

N 1 
B o6meM yno6Hee onpenen!ITb 38 e)ll!HllUY BpeMeHn, T.e. --1D..a.X_~ -- • H BblpalKBTb 

s 
KBK 'lllCHO KaHaHOB Ha HaHOCeKyHJlY [~ 

10 
I• 

s. 3arpy30'IHbJe xapaKTepHCTllKll 

napaMeTpbl npeo6pa30BBTeHbHOll CllCTeMbl ll3MeHmoTCSI npu H3MeHeHHll qaCTOTbl cne

JlOBaHHSI HMnynbcoa KBK no sxonaM / FA , F8 / , TBK B no BblXOJlY / F K / • KaK npaaano, 

'IBCTOTHaSI 3arpy3Ka no BXO)laM MOlKeT Ob!Tb Ha HeCKOHbKO nopsmKOB Bblllle Bb!XOJlHOii: 

'18CTOTHOH 3arpy3KH. MaKCIIMaHbllble 'IBCTOTbl cnenosaHIISI F , F , F onpenenmoTCSI 
Amax Bmax K max 

8 

l 

-~~:·-~'. ..... 

IICXOJlSI 113 coxpaHeHllH OCHOBHblX napaM8TPOB B _nonyCTllMblX npenenax. Hx MOlKHO onpene-

nHTb, 3Hag cooTaeTCTay10mne MepTBble apeMeHa 0 A , 08 OK 

!J_p~00~830BaT~H_l,_Hble yCTpOllCTBB, OCHOB&HHb18 Ha HE_BHllHHe_ '_<;!~PT-CTon• 

MeTOJl 'cTapT-CTon· SIBHfleTCH nepBblM B3 MeTOAOB npeo6pa30B8HBH,KOT0pb1H Hamen 

lllllpOKOe pacnpoCTpaueune. B 8TOM M8TO)l8 KBK HaKOilllT8HbH0-YJlHllHllTellbHOe ycTpollCTBO 

OObl'IHO npHMeHH8TCSI eMKOCTb_- ll B OCHQBe nelKllT npllHlllln ee nnHeii:uoro 3apsma (nnH 

pa3psma). YnpomeHaag aKanaaneHTHag cxeMa nono6Horo KOHaepTopa npencTaaneHa Ha 

pac. 2. npn nocTynneHllH HMnynbCa • CTapT" BblKHIO'laTeHb K 1 38MblK88TCH ll HB'lllH&eTCfl 

pa3psm 3apBlK0HHOil no noTeunnana llCTO'IHRKa B 8MKOCTB C , noCKOHbKY RI << Ra • 

no HCTe'leHllll B3MepSieMoro npOMelKyTKB apeMeHR t / t<< RIC / IlOCTYH&eT HMnynbc • CTon·, 

'ITO MOlKHO pacCMBTpllBBTb 'KBK pa3MblKBHBe KnIO'la K 2 • Ha 8TOM pa3pf1Jl 3aKBH'IHBaeTCSI • 

H eMKOCTb CHOBa H&'IHHaeT 3apHlK8TbCSI qepe3 Ra (pnc. 3). TaK KBK RIC >>t,MOlKHO 

C'IHTBTb, '!TO TOK paapsma BO BpeMeHR M8HS!eTCfl He3H8'1HT8HbHO, T.e. ~ = coast HHII 
I /J. t 

t = C Uc • QqeBHAHO, '!TO JlHH coxpaHeHllfl HHHellHOCTH OTHomeHRe .....:JlUlL.. JlOHlKHO Ob!Tb 
R. C 

JlOCTBTO'IHO Mano (aanpBMep, 0,1 JlHSI MBKCHMaJibHOf'O OTKHOlleHRfl OT nn\ieii:HOCTll nopsmKa 

0,2%) IIHll TOK pa3psma nonJKeH nonneplKllBBTbCfl nOCTOSIHHblM APYf'HMll cxeMHblMll M8TO)la

MH, KBK 8TO Ob!BaeT B cny,,ae n·cnonb30B8HIISI JlH<pq,epeHnnanbHOf'O conpoTHBHeHHSI aneKTpOH

HOll naMnbI nnn TpaH311CTopa. 

AMnnnTyna HMRyHbCOB, B03HHK8I0111BX Ha 8MKOCTB C 1 KSK npaauno, He6on&masr, 

H HX HeOOXOJlllMO YCHHllTb nnaeii:Hb!M ManomyMS!IIIBM ycnnaTeneM, npeJKAe '10M OHH nOCTYH!IT 

Ha MHOf'OKBHBHbHblll aMnnHTYAHblll aHanH3aTop. 

XapaKTepaoii: ocooeHHOCTblO MeTona • CTap-r--cTon· flBH>IeTCSI TO, '!TO Ha Bb!XO)le KOH

BepTopa nonyqaeTCH HMnyHbC JlBlKe II npn HBHH'IHII TOHbKO OAHOf'O llMilYHbCa 'cTapT". 

B cnyqae pa6oTbl npeo6pa3osaTeng c nyHbcnpy10mnM HCTO'IHBKOM 'cTapT -cnruan• nonyqaeT

CB OT BTOporo (no apeMeHn) HMnynbCB, KOTOpb!ll- 6epeTCSI (OT neTeKTopa) B KOHUe 113Mepge

MOf'O HHTepaana, a 'cTon-cnrHan• nonaeTCSI nepno~n'leCKll CllHXpOHHO C nylibCBllllBMII HCTO'I-

HHKa. npn 8TOM _BMHHIITYAB BblXOAHOf'O llMHYHbCa KOHBepTopa 6yneT U~-=-y(T-t), rne 

T SIBHS18TCSI nepllOJlOM nOBTOpeHBSI HMnyHbCOB nyHbcnpy10mero HCTO'IHHKB. 

Korna KOHB8pTOp paoOT&eT Ha ABYX Jl8TeKTOpax {aanpnMep, npll ll3MepeHHll apeMeHH 

nponeTa nyTeM perncTpannn conpOBOlKJlHIOlllllX 'IBCTllll),nn,i HOpMaHbHOf'O <pYHKUHOHHpOBBHllH 

CllCTeMbl HeOoXO)lllMO HMeTb nonoHHllT8HbH00 KHIO'leaoe YCTPOllCTBO, KOTOpoe '181118 acero 

ynpaanBeTC>I ob!CTpoll cxeMoll coananeunil. TaKn~ o6pa3oM, npeo6pa3oaaTenb 3anycKaeTC>1 

TOHbKO npH HBHll'lllll nayx BXO,!IHblX HMnyHbCOB. l1Hor.na Ha BblXO,!le KOHBepTopa CTOHT cxeMa 

rrponyCKBHllSI, KOTopaR OTKphIB88TCR TmnhKO B BbIIII0YK838HHOM cnyqae. 
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KaK Ha oco6oe npellMymeCTBO KOHBepTopoB ,OCHOBaHl!blX Ha npn11unne 'cTap-r-cTon•, 

cneuyeT yKa3aTb Ha TO, 'ITO unnTenbl!OCTb 3anycKaIO!IlHX HMllynhCOB Be CBB3aHa npBMO C 

H3MepBeMblM HHTepaanoM Bpt!MeHH. B rrepHOUH'leCKOil nHTepaType OllHCaHo 6onee llBa.!lUaTH 

/24,251 26,113 H 29-49/ 
IIOUOOl!blX KOIIBepTopoB I B OOnhlllHHCTB0 CB00M nocTpOeHHblX Ha 

3neKTp01!llblX naMHax. 

QqeHb qaCTO B naMHOBblX KOHBepTopax 3Toro Tnrra HaXOllnT npHM0HeHH0 cneunanbHaB 

nyqeaaB naMrra 6BN,6 ( OT0'l0CTBeHBbli! 8KBBBBneHT 6A3n). 3Ta naMna HM80T XOPOIIIYIO sneKTpOH-

HYIO OHTHKY, KOTOpaB 1103BOnB0T ccjloKycnpoBaTb a~O)lHblil TOK B BH)l8 Y3Koro nyqa, ee 

a11ou110-ceTO'll!an xapaKTepllCTIIKa llOCTHraeT nonuoro HBCbIIIl&HHB npH Cp8BHHT0nhHO ue6om.

lllHX nanpHlK8HIISIX H HMeeT KpyToil H3nOM. 011a ll03BOnH&T )lOCTHrH)'Tb cxeMHOro speMeIIHoro 

/45/ 
pa3pemeHHB T g IIOPMKa )l8C!ITKOB llHKOCeKyHJl npn '<YBCTBHTenbl!OCTII OKOno llBYX 

BOnbT, KOHBepCHOHHaH KOHCTaHTB C ( 6ea ycnnnTeng) OObl'IHO OblBaeT OKono ouuoro MHnnn

BOnbTa 11a HaHOC0KYBllY, a OTKnOBeBHe OT nn11eliHOCTB "p" - M0BbW0 OUHOro rrpoueHTa. 

KaK Ha rrpnMep IIO)lOOHOro Tpa)lHUHOHHO-Knacc11qecKoro pemeBHB MOlKHO yxa3aTb Ha 

/30/ 
KOHBepTop ]llKOIICOHa H KpaH6epra (pHC. 4). B H0M rrpH IIOCTyrrneHHH CTBpTOBOro HM-

rrynbCa naMrra n
2 

OTKpb1B88TCSI H BaqffH88TCH pa3pH)l 8MKOCTH C qepe3 ee BHyTpeHHee 

conpOTHBneHHe. flpH IIOCTyrrneHHH CHrHana 'cTorr· OTKpbIBa0TCB naMrra nl H 11a n2 rrouaeTCSI 

OTpHUaTenbHblil '3aTs!HyTbill' HMilynhC, KOTOpbill 3aKpb1BaeT ee, pa3pHn eMKOCTH C rrpe-

KpamaeTCH H CIIOBa Ha'IHHaeTCH M8)ln8HHbili 3apHn qepe3 aHO)lHOe corrpOTHBn8HH8 Ra 

BpeMeHHaH unarpaMMa HMnym,coa B p83llb!X TO'!KaX npeo6pa30BaTeng )laHa na pHC. 5. 

B nocneu11ne roUbl (Ha'IHHaH, npHM8p110 C 1961 rona) B CBH3H C C03llaHH8M 'obICTpbIX' 

TpaH3HCTOpOB C xopOIIIHMH napaMeTpaMII Ha6nronaeTCB T8HU8HUHB K nonHoll "Tpa113HCTOpH3a

Ulrn' KOHBepTopHbIX ycTpOilCTB. no BCeM OCHOBHblM napaMeTpaM KOHB0pTcipbl Ha TpaH3HCTO

pax yJKe He ycTynaIOT naMHOBbIM n HM8IOT PHU npeHMymeCTB nepe)l HHMH (6onb111aa '<YB

CTBIITenbHOCTb, nonrose'IHOCTb, KOMITaKTl!OCTb H T.)l.). 11x rrpHM8H8HH0 BBnHeTCH ocooeHHO 

YUOOHbIM B KOMOIIHBUHH C TyHH8nhHblMH )lHOUBMH. 

B Ka'!eCTBe rrpHMepa coapeMeHHblX Tp8H3HCTOpHbIX KOHB0pTopoa, B OCHOBe KOTOpbIX 

/J0lKHT npllHUHII 'cTapT-CTon·, MOlKHO paCCMOTpeTb KOHBepTOp BaH-3ypKa
1481 

H KOHBepTop 

BHoep/
471

• 

BnoK-cxeMa rrepaoro rrpeo6pa3oBaTeng H30opalKeHa na pHc. 6. 3necb BXOAHbie HMITynb•• 

Cb! qepe3 nHHHH 3aueplKeK nocne ABYXKpaTHOro <j,opMHpOBaHHH (3,4 11 4,6) ITOCTynaIOT 

Ha Knroqeaoe ycTpoliCTBO (7), KOTopoe yrrpaanHeT CHCTeMoil BaKonneHIIH H yAnHH0HHH (8). 

0TCIO)la, qepe3 BblXOAH00 ycTpoilCT80 (9) • CHrHan noc-rynaeT Ha MHOroKaHanbHblil aMnnH

TYAHblil aHanH3aTop. PaooTa npeo6pa3oBaTeng ynpaBnSieTCSI ObICTpoil cxeMoll COBlla)leHHil 

( 10) qopea KnIO'leBbIO ycTpOliCTBa (11) H (12). 

10 

l r 

B KOHBepTope npnMeHeHbl COBpeMeHHble cxeMHbie 3neMeHTbI: B yCTpoliCTBax <j,opMnpoaa

llHH (3, 4, 5 n 6) - TyHH0nhHb10 )lHO)lbl, nepeKn10qa10mae ycTpOi!CTBO (7) ocymecTBneHo 

TOlK0 npH llOMOIIlll 'cyHH0llhHOro )lHOUa, a B BCHOMOraT0nhHOll cxeMe coana)l0BHH (10) pa6o

TaIOT TyHH0llhHblil UHOU H naBHHBblll TPaB3HCTOp. BpeMeHHaH )lHarpaMMa cnrHanoB B pa3HblX 

TO'IKaX KOHB0pTopa )laHa ua pHC. 7. 

OcHOBHble xapaKTepncTHKn npeo6pa3oBaTenB cneny10m11e: 

1. Paooq11i! nnarra3oH t =l 60·10-
9 

ceK. 

,· -12 
2. <l>113H'l0CK00 Bp0M0HHOe p83pemem1e rp =600•10 CeK (nnH 

60 
c 2-MH <1>3Y AVP 56 BB Co ) •. 

y-,y coanana1111ll 

3. MaKCHManbH811 .uenHB0i!BOCTb p ~ 2%. 

4. TeMnepaTypHBH CTaoHnbBOCTb s, 
-12 

=3,5•10 ceK/rpa.n.C'. 

5. 11yaCTBHT0nbHOCTb = 500 •10-
3 

Bo 

6. MaKCHManbHBB 'IBCTOTl!aB 3arpy3Ka no axonaM 
5 ' 

- 3•10 HMn/ceK. 

BnoK-CXeMa KOHaepTopa Bn6epa npeucTaaneua Ha puc. 8. 11 B sToM npeo6pa3oBaTene 

H000XOAHMO OTM0THTb xopomee npenaapHT0llhH00 <j,opMllpOBaHne HMITYllhCOB - B TpaKTaX 

'cTapT' H 'cTon .. , CHrHBnbl qepe3 BXOUHbie ycTpollCTBa (1 )H (2) ITOABIOTCSI Ha OblCTpble 

JlHCKpllMHHaTOpbl Ha TyHH01IhHbIX AHO)laX (3 H 4), ITOTOM qepe3 9MHTTepHb10 llOBTOpHTenH 

(5 H 6) ITOCTYIIBIOT Ha yHIIBHOpaTOpbl (7 n 8) II TOnbKO nocne 3Toro IIO)laIOTCH qepe3 9MHT

TepHbl0 IIOBTOpHTenH (9 II 10) K Knroqesoil CHCT0Me. 3AeCb B IICXOAHOM COCTOHllllH JlHOUb{ 

n2 H ll3 OTKpb!TbI, a AHOA nl 3aKpbIT. np11 IIOCTyrrnel!HII CTapTOBoro OTPHU aTenhHOro IIM-

rrynhCa A
2 

3aKpbIBaeTCSI H 11aqn11aeTCS1 3apM eMKOCTH C 'Iepe3 R , L H A
3 

OT cTa-

611n113aTopa IIOCTOHIIHOro TOKa 11. 

npn IIOCTynneHHH nonOlKHTenbHOro BMnynbca 'cTorr• unou Al OTKpbIBaeTCH, n3 3aKpbl

aaeTCH H npouecc 3apMa eMKOCTH rrpeKpamaeTCH - nocKOnbKy TOK 11aq1111aeT Te'lb qepe3 Al 

(p11c0 9) • npH Ilp0Kpamel!HH HMIIYnhCOB CTapTa n
2 

Ha'llllla8T IlpOBOUHTb B eMKOCTb 

Ob!CTpo pa3pBJKaeTCH qepe3 Hero H qepe3 llll3K08 BbIXOllHOe corrpOTIIBne11ne 3MHTTepHoro 

IIOBTOpnTena(lO).TaKHM o6pa30M, IIB eMKOCTH C nony'IBIOTCB IIMnynhCbl OTpHuaTenbHOll 

rronapHOCTH, KOTOpb!8 B ABnbHellmeM, qepe3 3MHTTepHblli ITOBTOpHTenb ( 12) li ycnnHTenb 

( 14)' IIOCTyllBIOT 11a MHOrOKBl!BnhHblll BMllnHTYUllblli BHBnH38Top. Heo6XOUHMO OTM8THTb 11ann

qne Jl0110nHHT8nhllblX KnJO'l8BblX ycTpOliCTB ynpaanel!HB rrpeo6pa30BBTeng (13, 15 H 16). Oc

llOBHble xapaKTepHCTHKH 9TOro KOHBepTopa cneny,omne: 

1. Pa6oq11i! llHBITB30H I =50• 10-9 
cex. 

-12 
2. CxeMl!00 Bp0M0IIHOe pa3pemeHHe r g =6•10 ceK (npp H3MepeHHH B T0'l0Hli0 

OAHOro qaca). 

3. KoHBepCHOHIIBH KOIICT8HT8 Y =-68•J0-
3

a /10-9
ceK. 
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4. n1rnel1HOCTb p - 1 % • 

5. "lyBCTBIITenbHOCTb - 300 • 10-
3 

a. 

6. TeMnepaTypHaH CTa611nbHOCTb 

7. MaKC11ManbH08 '<l!Cno KaHanoB 

s, =2•10-
12 

ceK/rpan. c 0
• 

-9 
N max 1 • 100 Kau/10 ceK nnu Nma:r, "'5000 KBHanoa. 

HHorna B Cl!CT8Me ll8KOilne1111H npl!M8HH8TCH BO eMKOCTb, 8 IIH.tlYKTIIBHOCTb - KBK 8TO 

cnenaHo a KonaepTope Kynnrena n n11nMana
1351

• 

CxeMa, aKa11aaneHTHBH cxeMe aToro npeo6paaoaaTenH, nana Ha pnc. 10. 3necb npn 

HOCTynneHIIH IIMrrynbca • CTapT' Kn!O'q K2 3aMb!Ka8TCR ll TOK B IIHJlYKTIIBBOCTII L Ha-

pacTaeT np116mDKeHHO no n1111ellHOMY aaKoHy, 
di UL 

T.e. -- = ---• ITocTynne1me HMnynbca 
dt L 

·cTon"' ttepe3 H3MepsteM0e BP9MSI MOlKHO paCCMaTp11B8Tb KaK pa3MhIKaHHe Kn!O'qa 
u 

t __ L_ • Ecn11 acH 8Hepr11n, 

L 2 2 

K, Kl, 

II TOK B IIHllyKTl!BHOCTII B MOMeHT pa3Mb!K8HIIR 6yneT J, = 

aanaceHHBH B UHJlyKTIIBHOCTII, nepeuaeTCH 8MKOCTII, TO E = ½ L J, =•½CU 
0 

U U 2 2 
J, = t T , TO ½ L ( t T ) = ½ C U , 11n11 HanpHJKeHne Ha eMKOCTII 

, H HOCKO/lbKy 

u 
u. = y:-TT· 

Ynpome1rnaH npllHHIIHl!anbHaH cxeMa 3TOT'O KOHB8pTopa npencTaaneHa Ha pnc. 11. B IICXO.tl

HOM HOITOlK8HIII! TpaH311CTOp T 2 nonHOCTb!<J 38Kpl,IT II 'lepea IIH.tlYKTIIBHOCTb TOK He npoTe-

K88T. f1p11 8TOM n
2 

OTKph!T ll 81'0 TOK T8'<8T '<8pe3 COilpOTl!BIT8HIIR R2 ll R 
3 

• IT pH 

HOCTynne1m11 IIMllYITbCa 'cTapT" Jl2 nepeCTaeT npOBO)lllTb, TpaH311CTOp T 2 OTKphIBaeTCH II 

qepea L 11a'111HaeT Te'<b n11Hel1Ho HapacTa10m11ll co apeMeHeM -i:ox. ITpu nocTynneH1111 11M-

nynbca • CTon· TpaH3llCTOP T 1 38KpbmaeTCH, noTeHllllan 8MIITTepa T 2 IlO.tlHIIMaeTCH n OH 

TO)Ke 38KpbmaeTCR. Tenepb HB'IHHaeTCH npouecc nepe.t1a'111 8Heprm1 OT IIH.tlYKTIIBHOCTII 

K 8MKOCTII qepea 11110n Jl3, n K0H)l8HCaTop C paapSil\<aeTCH 3KCnOH8HllllanhHhIM o6pa30M 

qepea conpOTIIBIT8Hll8 R4 

3TOT KOHBepTop xapaKTep11ayeTCH cne)lyIOUIIIMII )l8HHblMII: 

-9 
1. p a60'IIIH )lll8Ila30H t = 15• l O cex. 

2. CxeMHOe apeMeHHoe paapemeH11e 
-12 

r • = 10•10 ceK. 

3. JlonI'OBp8M8HH811 CTa611nbHOCTb 4 = 100•10-!
2 

cex aa 24 

4. "lyBCTBIITenbHOCTb = 2 s. 

qaca. 

MOJ!(){O OTMBTIITb, '<TO npeo6paaoaaTenn nono6Horo Tuna (c IIH.tlyKTIIBII0-8MKOCTHOll 

Haxon11TeITbHOll CIICT8MOll) .tlO CIIX nop HaXO)lllnll 0'10Hb orpaHH'l8HHOe np11M8H81Il18,, 

ITpeo6paaosaTenbllhl8 ycTpoilCTBa, OCHOBaHHble Ha np11HnHHe 

'nepeKpblTHH IIMnynbcos· 

JlellCTBlle 06bI'IHOll CX8Mbl )lByKpaTHI,IX cosrranemtli MO>K8T 6h!Tb npe)lCTasneHO TaKoll 

l!te 3XBH!laneHTl!Oll cxeMoll, KOTopag 6binll np11se.t18I'll B llORCH8HIIII K pa6oTe npeoupaaoaa

TenbHLIX CUCT8M TUIIB *cTapT-CTon• (pHc. 2). 

12 
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3necb cosnaneHne MOlKBO llp8.t1CT8.BIITb KaK O.tlllOBP8M8HH08 3aMblKBHll8 KnIOqeJI Kl II 

K2' '<TO npnBO/lHT K IIORBITeHIIIO BhlXO.tlHOT'O cnrHana Ux ( B cny'!ae nepexpb!THH HMIIyllb-

COB BO Bp8Melm). 

Korna RC >> t , TO HaHpRlK8Hll8 Ha Bb!X;Jl8 CX8Ml,I UK = C t , T'Jl8 C - K03<P¢11.tlll8HT 

llpOIIOP.tlllOHa!IbHOCTII, 

CT8HTa. 

t - BPBMH nepeKpbITIIH IIMnyllbCOB, a RC BblXO.t1HaH Bp8MH-K0H-

ITpn aToM, ecJm OJlllH 11a 11Mnyllbc0B •A• nocTynaeT B MOM8HT t!o I H83aBIICHMO 

OT Toro, IIOCTynaeT ITH Jlpyroll IIMHYITbC ·a· B MOM8HT t, =·to+:~ t IIITII B MOM8HT 

t2 =·to -~t, apeMH nepeKpblTHH 

T - JlnHTB/lbHOCTb HMnyllbcoa A 

TaKHM o6paaoM, ecn11 K BhlXOJlY 

OCTa8TCR OJlHHM II TOM lKB, T.e. t =T 
0
- ~ t , r.ae 

II B (puc. 12), a BhlXO.tlHOe HanpIDKeH11e Ux=c(T-~t). 

nono6Holl CIICT8Ml,I nOJlKnlO'IIITb He IIHTerpallbHl,Ill JlllCKpll-

MIIHaTop, KBX 3TO 6b!B88T B cny'lae 06bI'IHhIX CX8M COBH8Jl8HHll, a MHOrOK8HaITbHblll aMnn11-

TyJlll'.hlll auan11aaTop, ee MOlKIIO IlpllM8HHTb KaK npeo6pa30B8T8llb 'speMH-aMnnHTyJla·. 

B CBH311 C Bl,Illl8YJCa38RHOJI BJ'l8M8HHOll H80JlH03Ha'IHOCTbIO K8lKJl0MY 8MHnllTYJlHOMy 

KaHany aHMll3aTopa l3 u i 6y.[lyT OTB8'18Tb JlBa Bp8M8HHl,IX IIHTepaana l3 t I II l3 t'i 

(p11c. 13), pa3H8C8HHbte Ha Bp8MH 2~t ( r)le ~ t - H3M8PH8M08 apeMs). 

HeCMOTpH Ha H0KOTOpb18 Hey)lo6CTBa, CBH3aHHbl8 C HCllOITb30B811118M 8Toro npBHHBna 

(aaBHCIIMOCTb BUXOJlHOro H8HpHlK8HllH UK He TOITbKO OT H3M8pH8MOI'O IIHTepsana At 

HOH OT JlnHTenbHOCTII HMHyllbCOB T, CBOllCTB8HHaH 8My Bp8M811HaH H80)lH03H8'<HOCTb, 

)lllH ycTpaHeHIIH KOTopoll Heo6XO)l11Mbl )lOnonHIIT8/lbHhte ycTpollCTaa), npeo6paaoaaTenu Ha 

HpHHnHne nepeKphITIIR H8XO)lHT oqem. nmpoxoe llp11M8H0Hlle , H B nocneJlH118 T'O.tlbl IIM no-

/50-97 / 
CBHilleHO oxono 50 ny6n11xan11ll • 3TO MOlKHO 061>HCHIITb IIX npOCTOTOll, YJl06CTBOM 

H ru6xoCTbIO a axcnnyaTan1111. 

Kax Ila oco6oe npe11MylI(8CTBO 8THX KOHBepTOpOB cne)lyeT yx°aaaTb Ha TO, '<TO y HHX 

nonyqaeTCH IIMnyllbC Ha BbIXO)le TOnbKO npll Hanll'<HII JlBYX BXOJlHblX IIMllY/lbCOB. ITpeo6paao

BaTen11 8TOI'O Trina HYlKJl8IOTCH B xopoweM ¢opM11poBaH1111 BXOJlllblX IIMnyllbCOB no 8Mlln11Ty)le 

II no Bp8M8HII. OHH MoryT 6UTb peanll30B8Hbl KaK Ha naMnax, Tax II Ha )lllO)laX II TPaH3H

CTopax. B naMnoa1,1x xoHBepTopax, pa60Ta10m11x Ha np11Hnune nepexpuTBH, '<ame scero Ha-

XOAIIT npHM8H8Hll8 IIY'<8B8H naMna 6 BN 6 /6A3Ill, ucnonb3yH KOTOpyro MOlKHO nony'<HTb 

Tax11e lKe napaMeTpu npeo6paaosaHHH, xax II np11 ee np11MeHeHH11 B xoHBepTopax 'cTapT-CTon•. 

ITp11 aToM o0hl'IHO 6 BN 6 /6A3IT/ pa6oTaeT c noHHlK8HHhlM aHO.tlllhlM II axpaHHhIM Hanps-

lKBHHeM. T11n11qHaH ynpomeHHaH llpllHIIIIIlHa/lbH8H CX0Ma )l8Ha 118 puc. 14. 3necb n IICXO)l

HOM COCTOHIIl!H ITBMHU n
1 

II n
3 

OTKpb!TU, Hpll llOCTyltn8HHII OTpnnaTOITbHblX IIMilYITbCOB 

no BXOJlaM A II B Ha KOMBHJlHble ceTKH G 1 11 G8 6BN6 nocTynaJOT nonolKHT8llh-

HUe IIMilYITbCbl, cq,opMllpOBaRHhle no aMnn11Ty)l8 II no JlITHT8llbllOCTII 6naro.[laps HMll'IHIO 

aaxopoqe1111ux xa6enell ·K
1 

11 ~• .llm1TellhHOCTb aTHX IIMnyllbCOB T = 2f , r.[le ( - Bp8MH 
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38.!18p)l{Kll xaoen.11. B HCX0.!lH0M C0CT0rumu naMna n
2 

38Kpb1T8 (KOM8H)lHbl8 C8TKH qepe3 

conpoTHBJI8Hll>I R, H 1il 2 nonyqa10T CM8Ill8HHe = -· 2 a). ll OHS 0TKp"1B88TC>I T01U,K0 

T0r.!la, Kor.Ila rron0)l{HTenbHble HMrryru.cbl lI0CTynatoT cpaay no 008HM C8TKBM, T,e. T0nhK0 

BO Bp8M>I rrepeKpblTHH K0MSHJlHblX HMlIYnhC0B, JlnHT81U,HOCTb 3THX HMJiynhC0B T 0IIp8.!18-

nSieT pa0O'lllli .!1H8lI830H K0HB8pTopa, 

B HCX0.!lll0M C0CT0HHHH H8K0lIHT8nbHO-Y.!lnHHHT8nhH8H 8MK0CTb C 38pH)K8H8 .!10 

lI0TeHUHana HCT0qHHKS + B • Kor)la n2 OTKpblB88TCH, HaquHaeTCH paapir,n 8MK0CTH 

6nar0.!18pH 0OnhWOMY BHYTP8HH8MY JlH<pqlepeHuuanbHOMY C0IIp0THBneHHIO n2 , ~ ~c 

C H l 

H3M8HH8T-

c11 Mano, T,e, TOK ps3pH.!la oCTaeTc11 nocT0!IHHhIM, qTo noaaonHeT nonyquTb xopowyto nuueli-

H0CTb rrpeo0p830B8HllH, Ilo HCTeqeHHH 

HSKonuTeru.HO-y.!lnHHHTenbHSH eMK0CTb 

apeM8Hll rrepeKpblTH!I t
1 

6 BN 6 38Kpb1B88TCH ll 

C aapruKaeTc11 Me)lneHHO qepea aHO.!lHOe conpoTua-

neHHe Ra / Ra >> R= / • r)le R=.- BHyTpe:rnee conpOTHBneHHe no noCTOHHHOMy TOKy, 

Tax KSK SMlinHTy.!18 HMrrynbca, rrony'IeHHoro TSKHM o6pa3oM, H8B8/IHK8 (KOHBepCHOHH~~ 

..l!L..}! 
KOHCTBHTB C H3-38 ITOHH)l{8HHOro 8H0.!1HOro Harrp>!)l{SHHH HM88T BenH'IIIHY = -9 ) • 

10 CSK 
TpeoyeTcH ero .!lBnbHeliwee ycuneHue, 

TTpu npuMeHeHHH naMnhl 6BN6 H800XO)l!IMO yquTblBSTb H8KOTOpble ee cneumpuqe-

c~ue oco6eHHOCTH - rrspS3HTHyto 8MK0CTHYIO CB!l3b Me)l{Ay TpeTbell C8TKOH ll SHO!IOM, He 

COBCSM 3KBHBaneHTHbl8 ycnoBH>I AnH KOMSHAHOro CHrHana B cnyqae nocTynneHHH ero HS rrep-

BYIO H Tp8Tbl0 C8TKH (HeO)lllH8KOB8H KpyTH3H8 II pa3lill'IH0e BpeMH ~pOXO)K/:18HH>1), qpe3Bbl-

'IBliHO 0OlibWYIO 'IYBCTBIIT8libH0CTb K MBrHIITHblM non!IM, Jlng yMeHbW8llllH MHHHH>I 8MK0CT-

HOll CB!l311, KOTOp8!1 IICK8)1{88T BblX0)lHOli HMnylihc, IIH0r)la npHM8H!l8TCH )lBOliHoe IIHTerpnpoaa~ 

/63/ 
Hlle HS BblXO)le lllIII HClI0nh3YIOTCH rreHTarpHAHbl8 · naMlibl, y KOT0PblX 3TB CBH3b CB8ll8H8 

K MIIHHMyMY, 

Eblllll npe.!lnpllH!ITbl lIOliblTKH/
581 

CHMM8Tp1138UIIH BXO.!lHblX uerreli )l008BlI8Hll8M BTOpoil 

TSK0H >Ke naMnbl II COS.!lllHSHHeM HX KOMSH/:lHblX CeT0K HBKpecT, KSK 3T0 uao6pa>KeHO HS 

puc, 15, 

HaXO)l!IT npuMeHeHue H KOHBepT0pbl, y KOT0pblX nepexnroqeHue ocymeCTBITHeTCH T0lib

K0 no 0.!lH0ll CeTKe, HanpHMep/
68

•
941 

unu K0HB8pT0pb! C KST0)lH0li CBH3bl0
1531 

(puc. 16), 

IlpuMepoM lIO.!lO0HOrO peweHHH !IBnHeTCH rrpeo5p830B8T8nh, onucaHHbill B pa6oTe ropO)l8UKO~ 

/88/ 
ro , B H8M ,pOpMHpOB8Hll8 0CyWeCTBlIH8TCH lI8MlI8Mll n

1 
ll n2 (puc, 17), HMSIOI!lllMH 

B xaqeCTB8 o6well H8rpy3Kll 38KOpO'l8HHblH K808lib, nocne rrpe)lB8pllT8libH0ro ,j,opMHpOBSHHH 

CTyn8ff'18TblH HMnynhC nO)l88TCH HS lIBMny n
3

, KOT0pBH 38Kpb1TS TSKIIM o6pS30M, 'ITO 0TKpbl

B88TCH TOlihKO BO apeM!I rrepeKpb!Tll>I llMlIYlibC0B, OT 8H0.!1H0li uenu 3TOll naMnbI Yll<e DTO

pll'IH0 c,j,opMHpODSHHblli no apeMeuu ll no aMnmITy)le HMnylibc nOA88TCH HS KlII0'18BYIO 

lIBMny n4, KCTopau B HCXO)lH0M nono>KeHllll 0TKpblTB, HaKonneHll0-Ylllil!H8HH8 ocywecTBn<leT

cn eMl!'OCTblO C , ll nocne )lononH11T8libHOro HHTerpup0BSHHH BblX0JlHbie !{MnY.lihCbl nocTy

naroT 'lepea ycunuTenb B MHoroKaHalibHbili aMnnuTyAHblli auannaaTop, BpeMeHnoe paapewe1me 

3TOro K0HB8pTopa r g ~ 100 nceK, a 'IYBCTBIIT8lihHOCTb 

14 

oKono 3 a. 

l 

l 
~ I 

I 
j 

! 

i' 

>KST 

TTpnMepoM coapeMeHHoro naMUoaoro rrpeoopaaoaaTenu c xopowuMH rrapaMeTpaMu MO

cny,KHTh onucaHHbill: B•· paooTe !Onra KOffBepTop
1941

, ynp0I!l8HH8H npnunanuanhHBH 

cxeMa KOTOporo ll8H8 HS pac, 18, 3AeCb 'Iepea YCTPOHCTBS ,j,opMHpOBSHll>I (1 ll 2) C0Bn8)l8JO

Illll8 BX0)lHblS HMnylibCbl lI0CTynaJOT Ha llllCKpHMHHSTOP (3) ,xoT0pblli OTKPblB88TC>! T0libKO 

BO BpeMH nepeKpblTH>I, CurHan, nOCTylISJOIIUlll: OT JlllCKpHMHHSTOpa, 38Kpb1B88T Knroqeay10 

naMny ( Tllna E F 80 ) ' 8H0!1Hblli TOK KOTopoli noll.!18P)KIIB88TC>I ll0CT0HHHblM cneltllSITbHblM 

CTa6nnll38TOpOM (4) ll COOTB8TCTBy10meli rny6oxoli 0TpunaTelibH0ll: o6pSTHOli CB>l3bl0, 

TaK KSK npu 6onbWHX aarpyaxax Ha BblX~.!18 npeo6pa30BSTeng MO)l{8T npoacX0)lllTb 

HSlIO)l{eHHe HMnylibCOB, B K0HBepTope npe.!lyCMOTp8HO cnenusnbHoe ycTpOliCTBO (5) o6paT

H0I'0 B03Bp8Ill8Hll>I noTeunuana H8KOnHT8nhHO-y.!1nHHHTem,uoll: 8MK0CTH, K0Topoe aanycxaeTCH 

qepe3 38Jl8p>KKY (9). STa 38ll8P)l{KS o6ycnoanaaaeT AnHTelibH0CTb BblXO.!lHOro HMnylibCS 

KOHBepTopa. 

':lepe3 KSTO)lHblli n0BT0PHT8lib (8) H CHMM8TpH3Hpyromee ycTp0l!CTBO ( 7)' K0T0poe 

o6ecne'IHBaeT coxpaHeHue paooqell: TO'IKH acex xaCK0.!l0B ycunuTeng, carHan nocrynaeT Ha 

MHOrOKSHSlibHblli 8MllnHTy.!1Hblli 8H81IH38T0p qepe3 ycTp0ilCTBO y)lnHH8Hll>I llMllYlibC0B ll 

BblXO)lH0fi ycamrTelib, TTspaMeTpbl 3T0r0 KOHB8pTops cne.!lYIOillH8: 

1. Pa6o'!Hli .!1H8n830H t •20,50 H 100 • 10-12 
cex. 

-12 
2, CxeMHoe apeMeHuoe pa3peweH11e r • •4,8 • 10 cex, 

-3 ..g 
3. KoHB8pCHOHH8>1 KOHCT8HT8 y •50•10 a/10 cex, 

4. nnHeilHOCTb p =0,15%, 

5, MaKc, aarpyaxa no BX0!ISM 

6, Maxc, aarpy3xa no BblXOAY 

ti 
F A F 8=10 aMn/cex, max , max 

6 
F max x •10 HMU/cex. 

Cne.!lyeT 0TMeTHTh, 'ITO T0libK0 xoHaepTop (6e3 nuTaHH>1l Co.!lep)l{HTb 6onee 45 naMn 

ll BMeCTe C nHT8Hll8M 38HHM88T 0.!lHY .!1BYXM8Tp0BYIO CTOll:Ky, 

':lncno CX8MHUX peweuall: K0HBepTOpOB, ucnOlib3YJOIIUIX rronynp0BO)lHHK0BUe CX8MHb18 

3lI8M8HTU II pa60T8l0IllllX HS 0CH0Be npHHllHna nepeKpblTHH HMnylibC0B~Jl0BOlibH0 aenHK0, 

KaK HS Tllnll'!Hblli npuMep llll0.!lH0r0 K0HBepTopa 3Toro Tana M0)l{HO yK838Tb HS K0H

/95/ 
aepTop, npe.!lno>KeHHbll! B paooTe rpuHa u Jl>K03e,pa , Ero npuananuanhHBH cxeMa uao-

6pa>Keua HS pnc, 19, 

3)leCh a HCX0.!lH0M C0CT0HHHH Jlll0.!lbl Jll u A2 0TKpblTbl (TOK OT HCT0'IHHKS B 'Iepea 

conpoTHBlI8HHe R I p83B8TBn>1eTCH ll T8'I8T qepe3 K8)1{)lblli H3 HUX), JlHO)l A3 npH 3T0M 

aaKpb1T, TBK KSK on rronyqaeT ue6oru,woli o6paTHblli nono>KHT8IThHb1l! noTenuuan /~+1 al 

qepea conpOTIIBlISHHe R , TTpu nocTynneHHII T0libK0 O)lH0rO HMUynLCB no BXO/l8M A unn 

B 38Kpb1B88TC>I COOTBeTCTBYIOillllil Jlll0.!1 (Jl 1 HlIII A2). HO UOCKOnhKY BTOpoll )lll0A, 

npOBO/lHT, llll0.!1 A3 0CT88TC!I 38KpblTblM, TTpu 0)lH0BpeM8HHOM llOCTynneHllll HMrrylibC0B 
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no axonaM A H B Jll H n
2 

38KpbIB810TC!l H BO apeM!I nepeKpblTH!I HMIIYllbCOB, J13 

OTKpbIB80TCSI, nocne qero HaKOilHTenhHO-y.o,nHHHTenbHSSI 0MKOCTb C H8qHH8eT llHHeHHO 

aap!llK8TbC!I qepe3 conpOTl!BlleHHe R, H llHOll n
3

, TaK KaK RC >> t • 3TOT KOHBepTop 

HylKltaeT«::!I a npenaapnTellbHOM aMIIllHTYllHOM (jlopMHpOB8HHH BXO/lHblX HMIIynbCOB. Ero oc

HOBHble napaMeTpbl cnenyromne: 

1. Pa6oqnii onanaaon t = 5,20,100 •10-
9 

CeK. 

2. CxeMHOe apeMeIIHoe paapemeHne '• =40•10-12 ceK. 

3. nnHeHHOCTb "p" nyqme 1 %. 

4. JloMOBpeMeHH8SI CTa6HllbHOCTb 10 •10-l
2

ceK / ceK/qac cTa6HllH3HpOB8HHblM IIHTa-

HHeM, HO 6e3 TeMII. KOMIIeIIC8UIIH) • 
-12 0 0) 

5. TeMnepaTYpHa!I CTa5HllbIIOCTb - OKOllO 1,5 • 10 rpan C ( no 40 C • 

6. '-lyBCTBHT0llbHOCTb - 2 B. 

B KaqeCTBe npHMepa TpaH3HCTOpHoro npeo5pa3oBaTeng, B OCHOBe KOTOporo nelKHT 
/84/ 

npHHUHII nepeKpb!TH!I, MOlKHO II83B8Tb KOHBepTOpbl, KOT0pb10 OIIHC8Hbl B pa5oTe CHMCa 

/90/ 
n Pona n fpn(jl(jlnHa • Y11pome11HaH cxeMa nepaoro KOHaepTopa npencTaanena na pnc,20, 

B HCXO/lHOM COCTO!IHHH TpaH3HCTOpbl T 1 H T 2 upoao1nrr, npn IIOCTynneHHH TOllbKO 

0/lHOro BXO/lHOrO HMIIYllbCa 3aKpbmaeTC!I COOTBeTCTBYIOIIIHH Tp8H3HCTOp (T 1 HllH T 2 ) •:- HO 

Tp8H3HCTOp T 3 ocTaeTC!I 38Kpb!TblM, H IIOT0HUHan HaKOIIHTenbHO-YllllHHHTenbHOH eMKOCTH 

C -paBHhIM noTeHUHany n11TaHIIH +:B • TonbKO npn nepeKpbITIIH HMIIyllbcoa T 3 OTKpbmaeT

CH~H qepe3 Hero HaqnHaeTCH pa3pM eMKOCTII C 

<l>H3HqecK~ apeMeHHOe paapemeHHe T O SToro KOHBepTopa, nonyqeHHOe H3 Y•Y COB-

Il8/leHHH na Co c llBYMH <1>3Y AVP 56cocTaan11eT 470.10-l
2

ceK / ero qyacTBII

TellhHOCTh - 1 B., a napa3llTHhiii cnrnan Ha DbIXO.O.e, Kor.o.a HMnynhC nocTynaeT TOnbKO Ha 

O!UIH H3 BXOJlOD, - Me nee 0, 1 % HOpMa1IbHOro CHrHana. 

YnpomeHHaH np11HUHIIH8llbH8H cxeMa KOHBepTopa, om1caHH8!1 B pa5oTe Pooa II fpll¢qm

Ha, H305palKeHa Ha pile, 21. 

B 3TOM KOHBepTope a HCXO/lHOM coCTO!IHIIH TpaH3HCTop T
1 

aa1<pb1T, a IIpH nepeKpbITHH oayx 

BXO/lHblX HMnyllbCOB A II B OH OTKpb!B80TC!I H HaqHHaeTC!I ~ap!lll H8KOilllTellbH0-:.yomrnHTenb-

HOH 0MKOCTH C TpaH3HCTop T 
2 

HrpaeT ponb KOMnencnpyromero aneMeHTa, Jln11 yaemiqe

HH!I SKBHBaneHTHOH Harpy3KH R TpaH3l!CTopoB T
1 

oHa npHcoeonHHeTC!I K :aMHTTepHOMY 

noaTopHTenro, ocymecTaneHHOMY Ha TpaH3HCTope T3• TpaH3HCTop T 4 pa5oTaeT KaK BhlXO/l

Hoil SMHTTepHblH IIOBTOPHTellh. 

3TOT KOHBepTOp Hy>KnaeTCSI a npenaapnTenbHblX aMnnHTY.llHbIX orpaHHqnTenHX, ero 

-9 pa5oqHil /lH8IIa30H - 12·10 ceK, n, HeC~tOTpH Ha 6ollblllyl0 TeMnepaTypHyIO HeCTa5HllbllOCTb 

-12 0 s, = 50•10 ceK ,rpao C ),_nyTeM npHMeHeHHH cneuuanbHOrO ycTpOiiCTBa nepHO/lHqe-

16 

.l 
71 

j 

,F_-

CKoro cpaBHeHB!I C BCIIOMoraTe.llbHl,lM pe(jlepeHTHl,lM HcToqmn:oM ABTOpaM ynanocb llpOB8CTH 

H3M8p8HH!I apeMeHH lKH3HB 110:!lHTpOHOB co CTl;ITHCTH'18CKOlt omH6KOlt ;t.3·10-
12

ceK. 

npeo5~830BaTellbHbl8 CHCT8Ml,l C llpHMeH8HH8M .Iy'l8aoro OTKllOH8HH!I 

n npeo6paaoaaTellH nnppepeHIIHam.noro THIIA 

Ema H8CKOllbKO 118T TOMY Ha3eo nng apeMeHHoro aHl;lllH38 B H8HOC8KYHllHDM AHaIIaaoue 

, 11101 
HSXOAHll 11p11MeH8HH8 TaK Ha3l,ll'88Ml,llt OCUHnnorpa¢H'l8CKHlt M8TOA • OcHOBHl,lM H8AOCTST-

KOM STOro M8TOAa HBnsmecb neyno5Hag CHCT8Ma per11cTpau1111 - HH(j)OpMaUHSI 11ony'lanacb 

TO.llbKO nocne (jlOTOM8TpHPOBSHHH, K TOMY lK8 TO'IHOCTb ero H8/lOCT8TO'IPD Bl,lCOKA. 

CoapeMenueg paanoBHAHOCTb ocunnnorpa¢11qecKoro MeTOAa - M8TOA nyqeaoro OTKno-

/24 25 26/ 
H8HBlJ, OCHOBIIEHl,li!. BA llpHM8H8BHH CII8D;HAllbHOi!. nyqeaol! llaMIIbl (ESOT) ' ' , sneK-

TpOHHl,lM TOKOM KOTOpoi!. MOlKHO YIIPaBll!ITb He TOllbKO no KOMSHAHOH C8TKe, HO B qepe3 

napy OTKllOHHlOIIUIX lll18CTHB. 

TTp11H11Hn palSOTl,l IIOAOlSHOlt CBCT8Ml,l npeo5paaoaaHHlJ HllllJOCTpHpyeTCSI pac. ~2. 3necb 

CHrlUUI 'CTapT' aa11ycxaeT renepaTop HMIIYllbCOB l1HH81!HO napacTaromelt aMnllHTYlll,l 

KOTOp1,1e IIO/laIOTClJ Ha KOMaHAHYIO C8TKY naMIIhl ESOT • BpeMlJ napaCT8HHlJ 3THX HMnyllbCOB 

IIpHMepno paaHo Bp8M8HHOMY pe60'l8MY AB8II830HY • TaK KaK na OTKnOHH10IllH8 nnaCTHHl,l 

B, HCXO/lHOM nonOJK8HHH IIpB110lK8B HeK0Top1,11! HaqallbHhli!. noCTO!IBHblH llOT8HllH811,· 3l18KTpOH

HbII! ny-q: He no11enaeT Ha anon, KOTOpb!I! HMe8T BHn Y3KOi!. nonocKn. 

TTpB nocTynneHHB cnrHana 'cTOII' He OTKllOHmomyro nnaCTHHY nonaeTcg KOPOTKHH 

HMnyllbc ynpaaneHH11,n Sl18KTpOHBl,llt lly'I :B 3TO apeMg 11onanaeT Ha aHOA. ToK aHOA8 Torna 

npno5peTaeT aellH'IHHY, KOTopag onpenenseTC11 11Huel!n1,1M HapacTaromnM uanpB)l<eHneM ua 

KOMaHAHOlt C8TK8. Ilony'l8Hlll,ll! TSKHM o5pa30M HMIIyllbC HHTerpHpyeTCH, yc11nnaaeTCB H 

IIOA88TCg Ha MHOrOKaHa.llbHl,ll! aMIIllHTyABLII! aHanH38TOp. 

0CBOBHblM H8AOCT8TKOM 3TOH CHCT8Mbl cnenyeT C'IHTaTb ee cpaBHBTellbBO Manyro 

'!yBCTBBT0llbHOCTb, Bl,lCOKH8 Tpe5oaaHBg, KOTOpbl8 npen~HBnmoTcg K llBH8HHOCTH reHepaTopa 

IIHllD05pa3HblX HMIIYllbCOB, a TaKlK8 K /lllHTenbBOCTH KOpOTKHX KOMaH/lblX HMnyllbCOB. TeM 

/25/ 
He MeHee XpHCTnauceey ynanocb no611T&CH TaKHM o5paaoM (Ha naMIIe ESOT) cxeMHoro 

-12 
Bp8M0HHOro paapemeBHH 7•10 CeK, IIpH llHH8liHOCTH nop!lllKa 5% H apeMeHBOI! HeCTa5nnh-

HOCTH s s Teqeune qaca IIOP!lllKa 100 • 10-
12 

ceK. 

Ilonb!TKOI! ynyqmnTb 11apaMeTpbl COBp8M8HHblX npeo6pa3oBaT0llbHb!X CHCT0M - lIOBbl

CHTb HX CTa5nnhHOCTb, yM8HblllHTb HellHB8l!HOCTb upn H3MepeHBH KOpOTKHX BpeM8HHblX HHT8p-

B8110B B T.A •. HBngeTcg C03AaHH8 TaK H83b!BaeMhlX KOHB8pTOpOB nn¢¢epemmanbHOro THIIa. 

Pa5oTa nono6Hh1X upeo6pa30BaTellbHblX CBCTeM HallOMBH88T pa5oTy_ nH¢¢epeHUH8llbHblX cxeM 

coaneoeHHII. 
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KaK Ha npHMep COBpeMeHHoro KOHBepTopa nn(jiq,epeHunam,Horo THTia MOJKHO YK83aTb 

/46/ 
Ha npeo6pa3oBaTem,, onHcaHHbili B paooTe Meli,mHra n np, • 

YTip0Dl0HH8>1 OIIOK-CXeMa ero naHa Ha pnc, 23, 3necb, BXonHbIB HMnym,Cbl (npenBapn

TBIIbHO cqiopMnpOB8H!ibl0 BO BpeMeHHOM I! aMTIIIl!TynHoM OTHODlBHllll) IIOCTYTIBIOT Ha nBe 

l!nel!Tll'lHblB Tipeo5pa30B8T0IIbHble Cl!CTeMbl ( 1 ll 2). Ilpeo5pa30BaTeIIH. OXBa'leHbl rnyooKoli 

oTpHIIBTBIIbHOfi 00p8THOM CB>!3bl0 TIO TIOCTO>!HHOMY TOKy ll X8paKTepH3YIOTCg OOIIbWOli CTB-

OHIIbl!OCTbIO ll 'IYBCTBHTeIIbl!OCTbIO, TaK KBK IIHHH>I fl31 BHOCHT noTIOIIHHTBIIbffYIO 3anepJKKy 

n11>1 CHrl!aIIOB, IIOCTyTiaIODlllX 110 BXony B B II~pBblM KOHBBpTOp, a IIHHH>I fl3
2 

- nn,i CllrHa-

IIOB, IIOCTYIIBIODlllX TIO BXony A BO BTOpoli, TO B cny'la>IX ona3nbIB8HH>I cnrHaIIOB, TIOCTy-

11a10mnx TIO BXOUY B , 8MIIIIHTyna BbIXOnHoro IIMTiym,ca TIBpBoro KOHBepTopa YBBIIll'lllB80TC>I, 

a BTOporo - yMBHblll80TC!l, 11MnyIIbCbl OT nBYX KOHBepTopOB TIOCTYIIBIOT Ha nnqiqiepeHUll8IIb

·HblH ycnnnTenh (4); Ha ero Bbrxone TI011yqaeTc>1 pa3HOCTHblli cnrHan, KOTopb!li Tiocne uoTion

HHTenbHOro ycnneHll>I B ycnnHTene ( 5) ll nocne o5pe38Hll>I OTPllUBTeIIbHOfi BBTBll Bb!Ilp>!Mll-

TeneM (6) TIOCTyTiaeT H8 KIIIO'leeoe YCTPOliCTBO (7). Knro'leBOe ycTpofiCTBO y11paBn>1eTC>1 

CXBMOli COBTIBneHllM (3), Bp0MBHHOli nnaII830H 2~t, orpaHll'lllBBIODlllfi pBOO'lllli Ull8TI830H 

KOHBepTopa, BpeMeHHO-aMTIIIllTynHb[B nuarpaMMbl B p83IIll'lllb!X TO'IKBX Tipeo5pa30B8TeII!l 

TIOK83aHbl Ha pnc, 24. 

Enaronap!I TipllMeHeHllIO nByX KOHBepTopoB, CB!l38HHblX nnqiqiepeHUH8IlbHblM CTIOCOOOM, 

BII&!IH!l0 H3M0H0Hllli naMTIOBbIX xapaKTepllCTllK, ll3M0H0HllH B 8MTIIIl!Tyne ll qiopMe BXonHb!X 

CHrHanoa, a T8K}Ke li3M8HeHHH H8IlpSJ.}K0HlHI IlllT8HllSI MO)KHQ yMeHhIIIllTb B 3HaqHTenbHOH 

CTeTieHn H TIOIIY'lHTb TBKllM o5pa30M xopolllyIO nonroBpBMeHHYIO CTBOHIIbHOCTb Tipeo6p830B8Hll!l, 

XapaKTepl!CTHKH 9Toro KOHBepTopa cnenyromne: 

-9 1. Paoo'lllii nnaTI830ll t = 15•10 CeK, 

-12 
2, CxeMHOe speMelll!Oe pa3pellleHne '• =50•10 ceK, 

3, JlonroBpeMellllB!l CTBOHilbl!OCTb s =15•10-
12 

ceK/24 q, (5e3 CT80llIIll38Ullll 

l!BTiplDKBHll!I H8Kana n 003 TBMTiepaTypHoii CT80llilll38Ullll), 

-12 0 
4, TeMTiepaTypHa>1 CTaollnhHOCTb s, =2,5 • 10 ceK/rpan C , 

5. t{yBCTBHTBilbl!OCTb =· 10 t 370, 10-
3

B (Tipll 9TOM 8MIIIlllTYn8 BblXOUHb!X llMTiym,coB 

4 ) UK 870 4 H3MeHSI0TC51 B pa3a , T.e. --- = • 
UK 10 

HeCMOTpR Ha !IX Tip0!!MYlllBCTB8 npeo5pa30B8T0IIbHb!e ycTpoiiCTBS J:Utqiqiepel!Ull8IlbHOrO 

Tims !13-38 CBOeli CIIOlKHOCTl! HBXOnHT orpaHll'IBHHOe 11pnMeHeHne - no Cl!X TIOp llM TIOCBllll!BHO 

TOilbKO Tpll TIYOIIIIKBUIIH/
461

, 

l8 

" 

f 

l 
I 
l 
} 

r 

I 
\..~ 

,I, 

.Uo11onH11Tem,Hbl8 ycTpOfiCTBS K Tipeo5pa3oBaTeIIbHblM CHCT0M8M 

IlpnMeTieHlle COBp0M0HHbIX Tipeo5p830B8TeIIbHblX CIICTBM CB!l38HO C PMOM BCTIOMora

TBIIbHblX ll KOHTpOlll,}lblX yCTpOfiCTB. C10na BxonHT pa3IIH'lllble ycTpoiiCTB8 8MTIIIIITYnHor~ 

OT6opa, MenneHHbl0 II OblCTpble CXeMbl COBTianeHnii, .KoHneHcaTOpbl SMTIBHTynHoii 38Bl!CllMOCTH, 

ycTpolieTB8 epaBHeHH>I, KannopoBO'IHble OIIOKll 3Snep,KKII II T.n. 

Qqeab qaeTo BbIXOnHofi e11rHan OT KOHBepTOpHoro ycTpoiieTBa nonJKeH TIOCTYIIBTb Ha 

MHOrOKBH8lll,HbJA 8H8IIB38TOp TOIIbKO B enyqa,ix, Korna BXOnHbl0 HMIIYIIbebI HMeIOT OTipene

neaayJO SMTIIIBTyny, T,e, Korna OHH OTBe'lsIOT onpeneneaHoMy aaepreTn'leCKOMy nnsTia30HY, 

3TOT 8Mm111TynHblfi oT6op yno6Hee Beero ocymeCTBIIHTb He e IlOMODlbIO IIoporOBb!X yeTpoiieTB 

KOHBepTops, 8 B eoBepweHHO oTneIIhHb!X 'aMTIIIHTynHblX •, 'MenneHHbIX' KSHBIISX, Jlng 9TOfi 

uenB CBrHSII OT neTeKTopa 6epeTeg 'ISeTo Be e aaona <1>3Y, s e npenTiocnenHero nHons. 

Ilpn 9TOM 8MTIIIHTynHblfi OT6op OObl'lHO ocyweeTBIIHeTeH nyTeM BKIIIO'leHnli OOblKHOBBHHblX 

nnqiqiepeannam,Hb!X n11eKpllMIIHSTOpOB B MenneHHblX K8HSII8X - el!rHaIIb[ OT HX BbIXOnOB 

nocTynaroT Ha "MenneHHyro' ,exeMy eosnaneHHH, KOTopa11 ynpaBII!leT CHCTeMoli nponyeKaHHH 

MHOrOK8llSIIhHOro SMIIIIHTynHoro 8H8IIH3aTopa, 

COBMBeTHO e KOHBepTopoM IlO'lTll BCerna pa6oTaeT B ObieTPa>I exeMS eoBnaneHl!fi, 

BpeMeHHOfi nnana30H TSKOli cxeMbl 2~ t 

npeo5pa30Baren11. 

oobl'IHO BblonpaeTe11 pSBHbIM paooqeMY nnans3oHy 

B KOHBepTopax TllllS 'cTapT-eTon' ObleTpS!I exeMa e0Bnane11nii o5eeTI0'lHB88T 3anyeK 

cneTeMbl perl!eTp8llllll (HIil! peJKe - eaMoro KOHBepTopa) TOlll,KO npn HBIIH'lllll nByx BXonHbIX 

IIMnynbeoB, a B KOHBepTopax TBil8 nepeKpbITll!I OHS yeTPBll!IBT eneuHqlll'lBCKYIO BpeMeHHYIO 

/52,63,69 79 98-100/ 
HeonH03H8'lHOeTb, KOTOpa!! npBeyms TIOCIIenHHM ' ' , Ilpome Beere OHS ye-

t /89/ 
TpaH11eTe>1 nyTeM BBeneHH>! nonOIIHHTBIIbBOli 3SnepJKKll f =-- nn,i HMnyilbCOB, 

2 
noeTyTISIODlllX no Bxony A (T,e, Tipnxon>!DlllX pSHblll8, 'IBM HMilYIIhebI, noeTyilBIODlllB TIO 

BXOny B ), 

B peam,Hb!X npeo5pa30BST8IIJiHblX ycTpoiieTsax BblXOn11oii enr11an >!BII>leTe>1 qiyHKUneli 

He TOlll,KO speMeHH, -, K eoJKaIIeHHIO, OH TIOnBeplKeH 113BBeTHOMY Bil!l>!HHIO 8MIIIIl!TyJlbl 

BXOnHblX nMnym,eos. TsK, B KOHBepTopsx' Tllll8 'eTapT-CTon•, HanpnMep, H3-3S KOHB'lHOro 

Bp8M8Hll HSpaCT8Hll>I Bxonab!X l!Mnym,eoB KaJKnoe ysenn'leHl!e SMIIIIHTynbI TiepBoro ( no Bpe

Menn) eBrllaIIS ('eTSpT") ll eOOTBeTCTBeHHO K8JK)l08 yMeHbllleHBe BToporo enrHana ('eTon') 

Bbl3b!B80T yBeIIH'l8HH8 8MilIIIITynbI BblXOnHoro HMnynbea, 3TO Billl!IHlle MOll<HO YMBHbWllTb no 

H3BeeTHOll eTeneHn 5naronapg npnMeHeHHIO MeTona 'TiepeeelleHH!I HYII!l' BO BXOnHblX yeTpofi

eTBBX KOHBepTopa ll llHorna - nyTBM BBenean11 3qlqlBKTHBHblX yeTpolieTB 8MilIIl!TynHoro OT-

5opa. nanbHefimee yMeHblll8HH8 3TOrO B11H>lllll>I MOlKHO oeymeCTBHTb Ilpll IlOMOmll TSK 

H83bIB80MblX KOMIIeHCBTOPOB 8MTIIIHTYJlHOH 38BlleHMoeTa
190

• 
102

• 
1031 

nyTeM eMemHBSHHR 

sxonHbIX C,<I"HBIIOB C Bb!XonHblMll ·eo6monag TIPII 9TOM 11eooxonHMbl0 TIOil>!pHOeTB B SMIIIIHTyn

U'bl8 COOTHOJU8HHR. 
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liHOl'Jla SIBIIH8TCH IIOII83HblM 1IpHM8H8HH8 BCIIOMOl'aT81lbHhIX HCTO'IHHKOB, II03B01ISI!Ollll!X 

IIOIIY'laTb OT /l8T8KTOPOB KaIIH6poBO'IHbl8 OIIOpHb18 HMIIylibChl cpaBH8HHH H TaKHM o6pa30M 

3Ha'IHT81IbHO yM8HblllaTb BIIHHHH8 aIIIIapaTYPHOl'O )lpell¢a. 

3aKIIIO'l8HH8 

JlmI CII8KTpOM8TpHpOBaHHH B HaHOC8KYH/lHOM AHaIIa30H8 B HaCTOIDll88 Bp8MH HaXOAHT 

IIpHM8H8HH8 KaK M8TOAhl 'npHMOl'o' aHaIIH3a, T8K H M8TOAhl npeo6pa30BaHHH. 

H3 CHCT8Mbl 'rrpHMOl'O' aHaIIH3a , COBpeMeHHblM Tpe6oBaHHHM OTB8'1al0T T01lbKO He-

AaBHO IIOSIBHBWH8CH !SblCTpbie BpeM8HHbl8 aHSIIH3aTOPbI { C WHpHHOll KaHana AO 1 HC8K). a 

Te ycTpollCTBa 'npHMOl'O' aHaIIH3a, KOTOpble paHbW8 BCTpe'laIIHCb {H81IpHM8p, xpoHOTpoH, 

OCilHIIIIOl'pa¢aqeCKHll M8TOA H T.A.) • 6olibW8 He HaXOAHT IIpHMeH8HHH. 

HcnoIIb30BaHH8 6bICTphIX BpeM8HHbIX aHaIIH3aTOPQB H8CMOTpH Ha PHA IIp8HMYW8CTB-

IIOIIy'18HH8 HH¢opManaa npHMo B n1<1pposoM BHAe, nyqwell IIHH8llHOCTH H T.Jl."'OCTaeTCSI 

orpaHH'l8HHbIM H3-3a CXeMHO-T8XHH'l8CKIIX 3aTpynHeH11ll, KOTOpbie B03HRKaIOT B cnyqae 

He06XOJlllMOCTll JlOCTHl'HyTb JlOCTaTO'IHO MaIIoll WllplIHbI xanana {ona IIOKa OCTaeTCSI 118 

M8H88 '18M 1 HCeK). 3To orpaHH'IRBaeT 0611aCTb IIPIIMeHeHBH STIIX anaIIH3aTOpOB B Jlllana-

30H8 cpaBHHT81IbHO JllIHHHbIX BpeMeH {Bb1W8 100 HCeK). 

ITpll H3M8p8HHH Ha1160II88 'laCTO BCTp8'18IOWIIXCH Bp8M8HHhIX llHT8pB8IIOB (OT 5 AO 

50 HCeK) (>bICTpbl8 aHaIIR3aTOpbl MOl'yT 6bITb IICIIOIIb30BaHbI B KOM!SRHailRII C HOHIIYCOM llM

IIyIIbCHOl'O TIIIIa. 

CaMoe urnpOK08 pacnpocTpaHeHIIEI, 0/lHaKo, B HaCTomnee Bp8MH IIM8IOT He M8T0Jlbl 

'npHMOl'O' aHaIIR3a, a M8T0Jlhl npeo6pa3oBaHIIH Bp8M8HH B aMIIIIIITYJlY, OCHOBaHHbie Ha IIpHH

IlHII8 'cTapT-CTon' II Ha IIPIIHilHIIe 'nepeKpbITIIH HMIIyllbCOB'. 3Tll M8T0Abl MOl'YT 6e3 oco-

-11 
6eHHbIX 3aTpyJlH8Hllll o6ecrre'IHTb )l0CT8TO'IHO MaIIylO WHPIIHY K8H8II8 - /lO 10 ceK II 

/ N 100 K / 
/lOBOIIbHO 60IIbWOe 'IIICIIO K8H81IOB - /lO H8CKOIIbKHX TbICH'I maxi _

9 
.ITpeoopa30B8-

10 C8K 
T8IIII OCT81IbHbIX TIIIIOB (Ha11p11Mep, OCHOB8HHbl8 11a,np11nn11ne IIy'leBOl'O OTKIIOH81IIIH IIIIH 

n11¢¢epeHitH81IbHhle CIICT8Mbl ) BCTp8'18IOTCll cpaBHHT81IbHO pe)lKO. 

AH8IIH3 Bcex BblW8/lWIIX B IIOCII8/lHIIe 1'0/lbl ny6IIIIK8IlHli, IIOCBSIIll8HHbIX BOIIpocaM 

CII8KTpOMeTpHII B H8HOCeKyHJlHOM AII8II830He, IIOKa3b1B88T CII8/lYIOW88. 

I. ITy611nKan1IA o 6hICTpbIX BpeMeHHhIX aHaIIH3aTopax 

2. ITy611nKanull o ¢a3oso-sepHbepHOM MeTone · ••• 

3. ITy6IIHKaIIHli 06 HMnylibcHo-BepHbepHoM MeTone 

4 

5 

.IO 
4. ITy611HKaitHit o npeo6pa3oBaTeIIrot Ha npHHitHne nyqesoro OTKIIOHeHHH /E80T/ • 4 

5. ITy611uKaitHll O npeo6pa3oBaTeIIrot Ha npHHillIIIe 'cTapT-CTOII' • • • • • • • • • .24 

20 

-.-:. 

6, ITyoIIIIKaitHll O npeo6pa30BaTeIIHlt HB npHHilHII8 nepeKpbITHSI HMIIYIIbCOB • • • 

7. CTyoIIHKanull o pa3Hh1x •- M<'TO/lax 
................ 

52 

OKOIIO 10 

BbIOOp caMOl'O IIOJlXOJllIW81'0 MeTOJla Bp8M;HHOl'0 aHaIIH3a 06yc11aBIIHBaeTC>! He TOIIbKO 

cnenH¢1IKOll )laHHOl'O aKcnepHM8HT8 ( H81IpHM8P, paooqHil nuana30H, H800XOJlllM08 pa3pewenue, 

norryCTHM8H.H81IHH8ilHOCTb II T.n.), HO STO OOhl'IHO CBH38HO 
II C pHllOM T8XHII'18CKHX If 

<plIH8HCOBhIX BOIIpOCOB , KOTOpbie HeOOXOJlHMO Y'IIITbIB8Tb B Ka)KJlOM OTJl81IbllOM CIIY,188. 

JlIIH opHeHTIIpOBKII B Ta611m1e, IIOMemeHHOil Hif)K8, IIpHB8Jl8Hbl napaMeTpbI C8Mh!X IIy'IWIIX 

peaIIH30B8HllblX' ycTpollCTB pa3IIII'IHOl'O TIIna. 

TaK K8K Jl81IbH8llWee pa3BIITII8 neTeKTOPHhlX CHCT8M CBH3aHO C IIOBbllll8HII8M IIX pa3-

pewaromell cnoco6HOCTH (HaIIplIMep, speMeHH8lI nacnepCIIH aKCnep1IM0HT81IbHOl'O <!>3Y Boa-

/114/ -11 6IIH)Kallwee apeMH wapHHB 
Tepca cseneaa no 10 ceK), MOl!(HO O)KHJlBTb, 'ITO B 

KaHaIIa aHaIIH3aTopHblX CHCT8M /lOII)KHa JlOCTH'lb B81III'IIIHbl npHMepHO JlO 10-
11 

ceK, Kone'IHO, 

3TO IIpHBeneT K IIOBbJW8HHIO 
TpeooBaHHll K CTa6HIIbHOCTH, IIIIHellHOCTH II cxeMHOMY paape-

W8HIIIO npeo6pa30B8T81IbHb!X CIICTeM. 

B CBH31I C pa3peweHH0M o6nacTH rrpHM0H8HHH IIOIIYIIPOBOJlHIIKOBhlX neTeKTOpOB HaMe-

qaeTCH H npyraH TeHJl8HUHH pa3BHTHH - yny'IW0HII8 'IYBCTBHT81IbHOCTII, KOTOPBH )l01I)KH8 
-3 

B03p8CTH npH6IIII31IT01IbHO Ha naa nopv,nKa II JlOCTH'lb B8IIII'IliHbl np1IM0pHO 
10 B. 

CaMO co6oll pa3yMeeTCH, 'ITO nenaTb nporH03bl O Jl81IbH0HllllIX nyTHlt p83BHTIIH M8TO

JllIKII BpeMeHHOI'O H8HOCeKyHJlHOI'O 8H81IH38 noBOIIbHO Tpynao - 3TO CBH38HO npe)K)l0 scero 

C TeMH neTeKTOpaMII, KOTOpbie 6ynyT npHM0HHTbCH B 6ynymeM, II MO)K0T noiiTII no COBC8M 

HeO}l{H!J,aHHbIM ,UJHI aaCTOHlll,ero apeM8HH Ha11paaneHHHM. 
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Ta6nuna 

Ba]l<Helimue napaMeTpbl npHM8HH8MblX CHCT8M 

/11eTOJl 
auanH3a 

Cnenuij,a'l. 
BpeMeHHOli 
JlHanaaou 

t [ i, s J , 

Bb1cTph1li 6onLwe 
BHBnH3aTOp 100 

KouaepT. 
'cTapT- 5-50 
cTon' 

KoHaepT. 
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KouaepT. 
E 80 T 

KouaepT. 
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CxeMuoe 
apeMeu. 
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6 
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-
7 

50 
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ns 
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0,1% 10000 
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'1% 6000 100 
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6% 
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1% 
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10 

10 
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PHc. 1. 

3 4 

0- 2 

O6rua>1 6noK-CXeMa rrpeo6pa30B8T8IlbHOr0 ycTp0liCTBB apeM>1-aMrrm1TyJ:la. 
A H B - BXOJ:lbl 'cTapT" H 'cTorr·, 1 H 2 - ycTpoiiCTBB ¢opMHp0B8HHH, 
3 - Kill0'18BOe ycTpoliCTBO, 4 - HBKOIIHT8nhHO-YJ:lilHHHT8nhH8>1 CHCTeMa, 
5 - nuHe11Hhlli yc,nnHTenh, MAA- MHoroKaHanbHbili aMnnHTyJ:lHbili aHanHaaTop. 

Ra K, Ka 

sfF:]n, 
Puc. 2. YnporueHHBH sxauaaneHTHBH cxeMa npeo6pasoaaTen>1, 

pa60Ta101uero no npHHUHITY *cTap-r-cTon ... 
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Pttc. 3. BpeMeHHBH nnarpaMMa K pttc. 2. 
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Puc, 4, Ynpomenna>1 npummnuan&Ha>1 cxeMa npeo6pa3oBaTensi 

Tuna 'cTapT-CTon'-1 Bblll0IlH8HHOro Ha naMnax 6BN6 (6ASn). 

BXOAA/CTAPT/. 

8XQ.4,B /t:TOn/ ...,..➔,--i'-r-----
AIIOA A1 

AJIOA.TOK A2, 

{/,:• UK 
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Puc. 5. BpeMeHH8SI 11uarpaMMa curnanoB B pa3HhlX TO'lKaX 
npeo6pa30BaTen>1, u3o6palKennoro na puc, 4. 
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Puc, 6, EnoK-cxeMa npeo6pa3oBaTeng Ban-3ypKa, 3,5 u 4,6 - ycTpoiicTBa 
q,opMHpoBaHUlI, 7 - KHIO'l8B08 ycTpollcTBO, 8 - CHCTeMa naKonneHHlI 
n YllllHHeHHlI, 9 - BbIXO/lHbe ycTpoiiCTBO, 10 - 6bICTpaSI cxeMa COB
nanennii, 11 n 12 - Kl1IO'l8Bbl8 ycTpOIICTBa K 6bICTpoll cxeMe 

coananeaHA. 
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8"IA. ex. Cl)8n. 

BXOA A /CTAPT/ 

IJXOA 8/CTOfl/ 

¥·80 /POPM.3 

¥-80 /POPH. 4 
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Puc. 7. BpeMeHHaSI 11uarpaMMS cnrHanoB npeo6pa3osaTenlI, 

IlOK838HHOro Ha puc. 6. 
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Pac. a. Enox-cxeMa npeoopaaoBaTeng Bnoepa, 1 B 2 - BXOAHhl8 YCTPOJ!CTBa, 
3 B 4 - ABCKPBMHHSTOPbl Ha TYHHen!,HhlX AHOAax, 5 B 6 - 3MHTT8p
Hb!e llOBTOpHTenH, 7 - H 8 - YHHBHf>paTOphl, 9 B 10 - 3MHTTepHhle 
llOBTOpBTenu, 11 - CTaf>unnaaTop TOKa, 12 - 9MBTT8pllhll! llOBTOpBTem,, 
13, 15, 16 - Kn10'l8Bhle CBCT8Mhl ynpaanenu11 npeoopaaoaaTen11, 
14 - nuHel!nhll! ycnnnTenb, 

BX.A/CTAPT/ 

BX 8/CTOH/ 

IWX. 3N./106T. 9 

/J61Jl.Nt.noar.10 

l.f /ax . .i/t./WT,,Z' 

Pnc. 9, BpeMeHHa11 1:tnarpaMMa B pa3HhIX TO'!Kax npeoopaaoaaTen11, 
H30opa)KeHHOro Ha pHC, 8, 
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Puc, IO, 3KaneaneHTHa11 cxeMa npeoopaaoeaTen11 
C HHAYKTHBHOCTblO B HaKOITHTenbHOJ! CHCTeMe, 
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11, 

Pnc, 11, Ynpo11leHna11 npnHnnnnanbna11 cxeMa npeoopaaoeaTen11 
Kynnrena n nnnMaHa, 
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Puc. 12. BpeM0HHSSI 11uarpaMMa, ITOSICHSIIOma,i pa6oTy KOHBepTOpoa, OCHOBSHHb!X 

Ha npumume "nepeKpbITU0 UMITYJibCOB", 
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Puc. 13. BpeMS!-BMITJIUTYIIHBSI 38BJICUMOCTb KOHBepTOpoa, 
OCHOBBHHbIX HB npuHnune "nepeKpbITUS! UMITYJibCOB' 
( K ITOSICHeHUIO H0O/lHO3HB'IHOCTU B UX Bp0M0HHbIX 
xapaKTepUCTUKax). 
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YnpomeHHBSI npuHuunuaJibHBSI cxeMa npeo6paaoaaTenR, 
pa6oTBIOill0I'O no npUHI(Uny 'nepeKpb!TUe UMnynbCOB' 

Ha naMne 6BN6 /6A30/. 
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Puc. 15, CuMMeTpuqHa>1 cxeMa npeo6paaoaaTen>1 Ha MHoro

ceTOqHbIX naMnax • 
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Puc. 16. YnpomeHHaSI np11HUIIITU8IlbHaSI cxeMB 

C K8TOilHOfi CB2'.3bIO. 
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Pnc, 17. YnpomeHHBH npHHnHnnaJlbHBH cxeMa npeoopaaoaaTeng 
ropOA0UKOrO, 
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Pnc. 18, EnoK-cxeMa npeoopaaoaaTeng !Onra, 1 H 2 - ycTpoJ!cTaa 
¢opMHp0B8HHH, 3 - /lHCKpHMHH8TOp, 4 - CT8oHnH38TOp TOKa, 
5, 9 H 10 - yCTpOHCTBO 00p8THoro B03BpameHHH, 7 - CHM
M0TpH3y!Omee ycTpoi\CTBO, 8 - nHH0HHblJ! ycHnHTem,, 
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Puc, Hl, OpnHnHnnanbHBH cxeMa npeoopaaoaaTeng 
Al!OAHoro THna, pa60Ta10mero no npnnuuny 
·rrcpeKpblTIIe llMITy1lbCOB •• 
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Puc, 20, YnpomenHaH npHHUHnnanbHBH cxeMa TpaH3l!CTOpHoro 
npeoopaaoaaTenH, pa60Ta1~mero no npHHUHny 'nepe

KpbITHe HMnyJlbCOB •, 
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Puc. 21. YnpomeHH8H npHHUHnuanbH8H CX0M8 npeo6pa30B8TenH 
Po11a II rpn¢nHa, paooTaromero no np1rnuuny 'nepe

KphITHe HMnynhCOB ... 
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Puc, 22. YnpomeHHBH npuHnHnuanbHBH cxeMa npeoopaaoaaTenH, 
paooTaromero na nyqeaoJ! naMne Tuna E 80 T. 
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PHc, 23, Bnox-cxeMa npeo6paaoaaTeng 11mji<j,epeHJ1Ha/IbHoro THna, 

.1 H - 2 - npeo6paaoaaT81IblU,,!e CHCT8Mhl, 3 - CX8M8 
coana11ennl!, 4 - llH¢qiepeHJJH8/IbHhll! YCHllHTem,, 5 - nH
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YCTpol!CTBO, 
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