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PaaBHTHe HAepaofi ¢uauxu, paauonoxauHH, Bhl'IHCnHTenbHoA. T9XHHKH aa no

cneAHHe T'O.llbl noTpe6oBano npHM9H9HHH ycTpOHCTB, cnOCOOHblX C'IHT8Tb aneKTpH

'19CKHe HMnynbChl, · p83AeneHHbl9 HHT9pBanoM Bp9M9HH B 1 MKC9K H M9HbWe. TaKHe 

n.epeC'I9THbl9 CX9M~I ObinH C03A8Hbl BHa'lane Ha OCHOB9 .HCnOTlb30B8HHH aneKTpOHHbiX 

naMn, a BnocneACTBHH H nonynpoBo.z:iHHKOBb!X npH6opoB.' 

Paapewaromasr cnoco6aocTb coapeMeHHbiX nepec'leTHhiX cxeM AOCTHraeT aenu

'IHH nopsraxa aecxonbKHX aaaocexyaa. B aacTosrmeM o6aope noxasaHbi nyTH, no xo

TopbiM wno ycoaepweHCTBOBaaue nepec'leTHhiX cxeM B aanpaaneaHH .noBbiWeHHH 

ohlCTPOAeiicTBHH HX pa6oThi. 

:•," < 

1. 

B ocaoay 6onbWHHCTBa 6biCTpoAeiicTByiOmHx nepecqeTHbiX cxeM nono>Keaa 

ABOH'IHaH H'leAxa-ycTpOitCTBO, HCnOnbayiOU{ee AB9 naMnhlt KOTOpoe MO>KeT H8XOAHTl • 

CH B OAHOM H3 AByX. B03MO>KHbiX YCTOA'IHBbiX· BO BpeMeHH COCTOHHHHX paBHOBeCHH 

I ApyrHe aasaaausr: TpHrrep, nonynepHO.llHbiA MynbTHBH6paTop, 6Haapaasr srqeiixa ·I. 
Ill 

T axasr H'leiixa 6hma npe.L:tno>Keaa eme B 1919 roay /puc. 1 I. C Tex nop Obiilo 

ony6nuxoaaao MHo>KecTBo paooT,. nocasrmeHHbiX noBhiweauro 6biCTPOAe1icTBHH H 

H8AC>KHOCTH paoOTbl ABOH'IH01i srqeAKH. npHM9HSIH cepH1iHO BbmycKa9Mbl9 npHE'MHO

ycHnHTenbHble paAHOnaMnbi MO>KHO AOCT!i'lb yBepeHHOti pa60Thl nepec'leTHOii H'!eA-

KH H8 ·'laCTOTaX nopHAKa HeCKOnbKHX Merarepu, He BBOAH B cxe.My HHKaKHX HODblX 

aneM9HTOB no cpaBH9HJIIO C pHC. 1. 

Ha CKOpOCTb nepeXO.lla H'leitKH H3 OAHOT'O CT80HP.bHOT'O COCTOHHHH B npOTHBO

IIOnO>KH09 /ape.MH onpOKHAb!B8HHH gqeAKH/ BnHHeT MHOT'O ¢aKTOpOB 0 TPYAHO noA

A810ll{HXCH TO'IHOMy yqeTy. 0AH8KO, ne:r'KO MO>KHO OU9HHTb DepxH•IOIO q;aHHUY 

6h!cTpoaeiicTBHH .llBOH'IHoli srqefiKH. Tox, npoxoAsrmHA '!epes oTKpbiBarowyrot:sr naMny 

C'IHT8Tbt 'ITO HMIIynbC 8HOAHOT'O TOKa J 

....... ' . 

srqeAxH, HcnonbsyeTcH AnH aapsr.L:ta eMKOCTeA cxeMbi B npouecce nepexoaa~ · EyAeM 
\." .. 

HOCTblO YXOAHT Ha nepeaapH.llKY BXOAHOii 9MKOCTH .3aKpblB810ll{9itCH naMUbl. OT Hynsr 

ao aanpsr>KeHHH· aanupaHHH. Momao BHAeTb, 'ITo 

../.. 121 
nepeXOA8 (..., paBHO 

t= C8x V 
J 

MHHHManbHOe apeMW npouecca 

Ill 
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I".llB c~X- BXO.llHaSI BMKOCTh JlaMIIbl II IIapa3IITHaSI BMKOCTh MOHTa:>Ka, 

)K BHIIB 3aiiiipaHIISI JlaMII hi. 

v - Harrpg-

npiiHIIMaSI Ccx=2o rrcp, v =10 B; J =20 Ma, qTO SIB11SIBTCSI 06hlqHhlM 

~ -8 
~-=10 ceK. B peanhHhlX .ll11SI COBpBMBHHhlX naMII II CXBM 1 rronyqaeM BpBMSI 

CXBMaX BpBMSI IIBpBXO.lla IIOJlyqa_BTCSI 601lhlliiiM 1 B. IIBpByiO oqepB.llh IIOTOMY 1 qTo CpB.ll 

HIIH TOK rrepe3apSI.lla BMKO;TII .. c tJ< MBHhlliB MaKCIIMaJlhHOI"Oo 

J..13 paccMoTpeHIISI cpopMynhi I 1 I BII.llHO, KaKIIe B03MO)KHbi rryTII IIOBhilliBHIISI 

6biCTpoaeiicTBIISI .llBOIIqHoii ~c'leii_KII. Bo-rrepBbiX, aTo nceMepHoe yMBHhlliBHIIe rrapa-

'3IITHhiX BMKOCTBH CXBMhio Bo-BTOpbiX t OI"paHnqeHIIB rrepeiia.llOB HaiipSI)KBHIIH B CXeMe 

.llO MIIHIIMa1lbHO HB06XO.llliMbiX BBJliiqJIHo B-TpBThiiX1 YBB1lnqeHIIB TOKa, rrepe3apSimaiO

lllBI"O BMKOCTII BO BpBMSI OIIpOKII.llbiBBHIISI gqefiKIIo KpOMB 9TOI"O, 6bi11H CKOHCTpyupo

BaHbi 91lBKTpOHHbiB naMIIbi 1 CIIBUHa1lbHO IIpB.llHa3Ha'IBHHbiB .ll11SI pa60Tbl B CXBMB 

.llBOJiqHOH gqefiKIIo 

I 2. 

OaHnM H3 crroco6on yMeHhlliBHHSI BnnSIHIISI rrapa3HTHhiX eMKocTeii Ha awpoCTh 

cpa6aTbiBBHHSI .llBOHqHOfi gqefiKH SIB11SIBTCSI IlpHMBHBHIIB KaTO.llHbiX IIOBTopHTB11Bi11 

BBB.llBHHbiX B UBIIH IIOJlO)KUTB1lhHbiX o6paTHbiX CBSJ.3BH II p83.llB1lSIIOIUHX aHO.llllbiB II 

CBTOqHbiB BMKOCTH naMll• npH STOM MaJlaSI BXO.llHaSI BMKOCTh KaTO.llHOI"O IIOBTOpliTe-

1lSI cna6o Harpy )KaeT BHO.llHYIO UBIIha CpaBHIITB1lhHO 601lhlllaSI BXO.llHaSI BMKOCTh ce

TOqHoii UBIIII .llBOHqHoii gqeJiKH 3apSI:>KaeTCSI qepe3 Manoe BbiXO.llHOB COIIpOTIIBJlBHHB 

131 
KaTO.llHOI"O IIOBTOpiiTB11Slo TaKaS! CXBMa 6bl11a BIIBpBbiB IIpB.llJlO)KBHa B pa6oTe 

1 pHc.2/ • 3aech Tpnrrep co6paH Ha anyx Tpnoaax II
3 

M II
4

• B nx aHO.llhi BKniOqeHbi 

KoppeKTHpyiOmne IIH.llYKTHBHOCTH i,1 H L}l .ll11SI ynennqeHHSI KpyTH3Hhi HapacTaHHSI 

HMrrynhcon. J..13MBHBHHe rroTeHuHana aHoaa naMIIhi II
3 

III
4

1 rrepeaaeTcSI qepe3 Ka

TO.llHhiii IIOBTOpliTB1lh JI
1 

IJI
2

/ Hll CBTKy IIpOTIIBOIIOJlO)KHQH 1lBMIIbl .llBOIIqHoil gqefiKn. 

Pa3pellleHne, rronyqeHHOe anTopoM anSI anyx BXO.llHhiX nMrrynhCOB 1 cocTaBnSino 

OK0110 40 HCBKo 

Bli.llOII3MBHBHHaSI CXeMa BKJliOqeHIHI KaTO.llHbiX IIOBTOpliTB11Bfi 6b!11a OIIIICaHa 

B paooTe
141 

lpnc. 31. LlBOJiqHaSI gqefiKa coopaHa II01lHOCTbiO HB IlBHTO.llaX C DbiCO

KOH KpyTnsHoil Tnrra E 180 F' • K a TO.llH hie rroBTopnTenn B aToii ex eM e rrepe3apSimaroT 
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KaK BXO.LlHbiB eMKOCTH 1 TaK H eMKOCTH .LlBJIHTenefi C t• A BTOpbi npHBO.LlSIT BBJIH'IHHY 

pa3peweHHSI 30 HceK. 

0pHrHHaJibHOe BKJIID'IBHHe KaTO.LlHhlX llOBTOpH~enefi - UOCJIB.LlOBaT3~bHO C naM-
151 

naMH, o6pa3yiOlllHMH .LlBOH'IHyiD SI'IeiiKY,- 6brno npeano*eHo B pa6oTe lpHc.4 I. 

B aToii cxeMe KaK eMKOCTH aenHTeneii:, TaK H BXO.LlHbie eMKOCTH naMn nepe3apSI)Ka

IDTCSI B npouecce OllpOKH.LlbiBaHHSI SI'IBfiKH TO)Ke qepe3 KaTO.LlHbie llOBTOpHTBJIH C Ma- · 

nhlM BbiXO.LlHbiM HMneaaHCOM dl. K • 

M anaSI aenH'IHHa :!t K. llOBbiW8BT 6biCTpO.Ll9ii:CTBHe CXBMbi 3a C'IBT ycKope-

HHSI. nepe3apSI.Lla eMKOcTeii:~ YcKopeHHID nepexo.LlHhlX npoueccoa TaK*e noMoraroT 

HH.llYKTHBHOCTH, BXOllSIWH9 B ;,[K • r,:p 

H a OCHOBe TaKOJi SI'IBiiKH 6brn llOCTpOeH nepect:reT Ha\ 8, HM BBWHii: pa3p~waro

lllBB BpBMSI 25 HCBKe 

3. 

VfHTepeCHbifi nyTb, ll03BOJISIIOlllHH HCllOJib30BaTb napa3HTHbiB BMKOCTH CXBMbi, 

161 
6bin llpB.LlJIO)KeH B pa6oTe lpHc. 51. naMUbl n 1 H n

2 
o6pa3yiDT SI'IBliKy C :oay-

MSI CTa6HJibHbiMH COCTOSIHHSIMH 0 noKa JiaMna n npOBO.LlHT, llOTBHUHaJI ee aHO.LlOB 
3 

HH)Ke, 'IBM HanpSI)KBHHB CMBlllBHHSI .LlHO.LlOB n
1 

H n
2

• KaTO.Llbi JiaMn n
1 

H n
2 

CBSI-

aaHbi apyr c apyroM qepe3 Manoe npSIMoe conpoTHBJieHHe .LlHO.LlOB, H Sit:reii:Ka Ha

XO.LlHTCSI B O.LlHOM H3 .LlBYX. yCTOiit:rHBbiX COCTOSIHHH. B MOMeHT npHXO.Lla OTpHUaTeTJ&

HOrO nycKOBOrO HMllyJI&Ca Ha CBTKY n llOTBHUHaJI ee aHO.Ll8 Hat:rHHaeT B03pacTaTb 
3 

H .LlHO.Llbi aanHpaiOTCSio CBSI3b MB)K.Lly KaTO.LlaMH CTaHOBHTCSI BMKOCTHOH, H Sit:rBii:Ka 

·npeBpamaeTCSI B KOJie6aTBJibHyiD CHCTeMy • K OHTyp B aHO.LlHOfi UBllH n l H JI
2

, co-. 

CTOSII!lHJi H3 HH.LlYKTHBHOCTH H napa3HTHbiX BMKOCTeii:, HaCTpOeH H8 t:raCTOTy 50 M~U. 

Kone6aHHSI npO.LlOJI)K8IDTCSI ao T~x nop, noKa He OTKpOIDTCSI .LlHO.Llbi 0 0Tcroaa B..bJT~ 

KaeT )KBCTKOB Tpe60B8HHB K .LlJIHTBJibHOCTH nyCKOBbiX HMnyJibCOB: OH'H .LlOJI>K,!ibl 6biTb · 

HB .LlJIHHBB nonynepHOL(a KOJie5aHHSI KOHTypa, 'IT05bi He Bbi3BaTb JIHWHBrO cpa5a

TbiBaHHSI Sit:reJiKH, C .Llpyroii: CTOpOHbi 0 OHH He MOryT 5biTb CJIHWKOM KOpOTKHMH, 

TaK K8K He ycneiOT BhlBBCTH SI'IBHKY H3 COCTOSIHHSI paBHOBBCHSI. B OllHChlBaeMoii 

CXBMB .LlJIHTBJibHOCTb nycKOBhlX HMUYJibCOB orpaHHt:fHBaeTCSI 6 HCBK C O.LlHOH CTOpO

H.bi H 10 HeeK-e apyroii:. CoeM BbiXO.LlHoro cHrHana c SI'IBHKH ocym_ecTBJISieTcSI 

C llOMOlllbiO KaTyWKH 0 HH.LlYKTHBHO CBSI3aHHOii C KO.IJt"'JPOM. TaKaS! CBSI3b He Hapywa-
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eT CHMMeTplili CX8Mbi 0 "'TO B8)KHO npli pa6oTe H8 BbiCOKUX CKOpOCTSIX. CXeMa pa6o

T8li8 ycToif"'MBO oT BXO.llHbiX nMnylibCOB c "'acToToif .uo 100 M ru. 

4. 

,OpyrliM cnOC0.60M YBSliH"'eHHSI pa3peweHHSI .llBOli,"{HOH SI"'eHKli SIBliSieTCSI O!'p8Hli"'eHHe 

. . . 11 81 . 
nepena.uoB HanpSI)KeHHSI B cxeMe .uo MliHMMalibHO Heo6xo.uHMbiX BeliM"'IIH ' • B cxeMe, 

' . . /9/ 
npuBe,ll8HHOH B pa6oTe lpnc. 61 0 T8KliMli O!'p8Hli"'HT8liSIMii CliY)K8T repM8HH8Bbie 

.llliO.llbi ,0 1 li ,02, BKlii0"18HHbi8 B 8HO.llHbie uemr .llBOH"'HOH SI"'8HKH:1 H ,0 
3 

H ,0
4

-:- B ce ... 

TO"'HbiX uensrx KaTO.llHbiX noBTopHTeneA• B npouecce onpoKH.llbiBaHHSI gqeti:KH HanpSI':"'" 

~eHHe H8 8HO.ll8 paHee OTKpbiTOH naMnbi lnyCTb 9TO 6y.ueT nl I no 9KCITOHeHTe 

CTpeMHTCSI K H8llpSI)K8HHIO liCTO"'HliK8 nliT8HHSI. 3TOT pOCT npO.llOli)K88TCSI .llO TeX 

nop, nOK8 8HO.llHOe HanpSI)K8HHe n 1 He npeBbiCHT q>HKCHpOB8HHO!'O 3H8"18HiiSI ui. 1 

nocne qero ero HapacTaHHe npeKpawaeTcsr. Cne.uoBaTenbHo, .llliSI nepexo.ua gqeifKn: 

B .llpyroe COCTOSIHlie liCnOlib3yeTCSI liHWb HeOOlibWOH KOpOTKliH 0 110 C8MbiH KpyToti 

Y"'8CTOK 9KCn6HeHThla 

BKliiO"'eHne .llHO.lloB-orpaHM"'HTeneti noBhiwaeT ObiCTpo.ueticTBHe nepecqeTHbiX 

gqeeK n .uoBolibHO wHpoKo npHM:eHsteTcsr B cxeMax. B onHCbiBaeMoti cxeMe ObiJIO no

nyqeHo pa3peweHHe 60 HceK. B cxeMax, npHBeaeHHhrx paHee Ha pnc. 3 H 4, TO)Ke 

6bmn ncnolib3oBaH hi orpaHM"'MBarowHe .uno.uhr. HanpHMep, B cxeMe Ha pHc. 4 .llHo-

.llbi .n 1 

CHMYMY 1 8 

li .[l
2 

Cliy)KaT .llliSI O!'p8HH"'eHHSI nepena,llOB Hanpsr)KeHHSI H8 .;?:K no MaK-

'Z)3 li ]\y- no MliHHMyMy. !D 

,0HO.llbi 0 npHM8HSI8Mbi8 B uenSIX O!'p8HH"'8HHSI 1 .llOli)KHbi HM8Tb npSIMOe conpoTHB" 

li8HH.e 1 M8li08 no cpaBH8HHIO C WYHTlipyeMOH HMii H8!'py3KOHo J.1 CTO"'HHK CMeweHiiSI 

anst aTHX .uno.uoB To)Ke .uon)KeH 6biTb c ManhrM· BHyTpeHHHM conpoTuBneHHeM KaK 

no noc;oSIHHOMY TOKy, T8K li B OOli8CTli. BbiCOKliX "18CTOT 0 

5. 

06paTH:MCSI BHOBb K cPOpMylie 11 I 0 onpeaenSIIOWeif MHHliM8libHOe BpeMSI orrpo

KH.llbiB8HHSI .llBOH"'Hoii gqeiiKH-TpHrrepa. · K aK 6bmo BH.llHO M3 npHBeaeHHbiX Bhrwe 

cxeM, npaKTH"'eCKH Bee cnoco6br yMeHbWeHHSI eMKOCTeii, nepe3apSimarown:xcSI B 

npouecce onpoKH.llbiB8HHSI 0 HC"'epnaHbi. 0epeii8,llbi HanpSI)KeHliH v ,HeOOXO.llHMbJS 

.llliSI Ha.ue)KHOH pa6oTbi TpHrrepa, no-Bli.llHMOMy, He M:oryT ObiTb c.uenaHbi MeHee 
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5-10 aonhT. OnaaKo ocTaeTcH eme onn:H nyTh noBbii.UeH:u:H 6biCTp'onei1cTB:U:H nao:u:qaofl 

gqeliK:u: ~ aTo yaen:u:qea:u:e TOKa 

0 npOK:U:ll b!B8H:U:He 

, nepesapg:m:aromero eMKOCT:u: cxeMhi ao apeMH 

naMllbl 06bi'IHbiX ,llBO:U:'IHbiX SI'I99K BblllOJlHHIOT .llB9 cflYHKU:U::U:: o6ecne'I:U:B810T TOK, 

aeo6xonn:Mhiil, ao-nepBbiX, nnH 6biCTporo nepeKnroqea:u:H, ao-aTopbiX, nnH nonnep

:m:aa:u:SI yCT8HOB:U:BI.U9I"OCSI COCTOHH:U:SI. 06'b9ll:U:H9H:U:9 9T:U:X cflYHKU:U:ll B O,llHOll :U: TOll :>Ke 

naMne H9Bbii"O.llHO. BhiCTpoe nepeKniO'IeH:u:e Tpe6yeT oT naMnhi MaKcn:ManhHO aos

MO:>KHoro Kp8TKOBp9M9HHOI"O TOKa, B TO BpeMSI K8K ilJIH cfl:U:KC:U:pOB8H:U:H COCTOHH:U:H · 

MO:>KHO orpaH:U:'I:U:TbCH 3H8'I:U:T9JlhHO M9HhW:U:M 8HO,llHbiM TOKOM • 

' /2/ "" 
npenno:m:eao pac'Inean:Th cxeMy naon:'IHO~ gqei1K:u: H8 .llB8 K8CK8.ll8 1 

BblllOJlHHIOI.U:U:e pa3,ll9JlhHO o6e 

/nepeKJIIO'I8IOI.U:U:Hf K8CK8.llhl. 

cflYHKU:U::U:: B9,ll0Mblll /aanOM:U:H8IOI.U:U:ll/ :U: B9llYI.UH~ 
'• 

nepeKJIIO'I8IOI.U:U:H K8CK8ll COCTO:U:T :U:3 llBYX JlaMn, pa60T810l.U:U:X TOJlhKO B .MOMeH

Tbl np:u:xona sanycKarom:u:x n:Mnynhcoa. OnHa :u:s naMn nepeaonHT sanoM:u:aarom:u:ii: 

K8CK8,ll B nepaoe CTa6:U:JlhHOe COCTOHH:U:9 1 ap~raH - B npOT:U:BOITOJlO:>KHOe. 

B Ka'IecTae aenoMoro KacKana Mo:m:eT 6biTh :u:cnonhsoaaaa nro6aH cxeMa Tp:u:r

repa. JlJISI 60J1b.W9I"O 6biCTpO,lleHCTB:U:SI Bbii"O.llHO np:U:MeHSITh Te CX9Mbl 1 B KOTOpb!X 

nepenanhi HanpH:>KeH:u:fi B aHO.llHhiX uenSix naMn nonaocThiO nepenaroTCSI a ceTO'IHhie. 

B Ka'IeCTBe cpenHero saeaa B Me:m:nynaMnoBbiX nen:u:TenHx TaKoro Tpn:rrepa Mo:m:

HO np:U:M9HSITh 6aTapen: l!Jl:U: CTa6:U:Jl:U:TpOHbl• JlnSI OllpOK:U:,llbiB8H:U:Sl Tp:U:I"I"epa K 8HO,ll8M 

/:u:n:u: ceTKaM/ naMn .Hy>KHo nonaTh paBHbie no. aMn:n:u:Tyne pasaononsrpHbie . n:Mnynh

Chi. CoqeTaH:u:e aenoMoro :u: nepeKnroqaromero KacKana HBnsreTcH nonaoi1 naon:qaoii: 

SI'I9tiKOii:o nepeKJIIO'I8IOI.U:U:ii: K8CK8ll ,llOJI:>KeH pa60T8Th OT 3anyCK8IOI.U:U:X :U:MITYJlhCOB 

O,llHOii: ITOJISipHOCT:U: :U: Bbl.ll8B8Th O,llHOBpeMeHHO ,llB8 'IepenyiOI.U:U:XCSI p83HOITOJIHpHbiX 

:u:Mnynhca /p:u:c. 7 I. llnsr nocTn:m:~a:u:S! 6biCTponeii:cTB:U:SI n:MnynhChi ToKa, nocTynaro

m:u:e aa aenoMbiii: KacKan, non:>KHbi 6biTh aosMo:m:ao 6onhwn:M:u:. B ycTaaoa:u:aweM-

CH COCTOSIH:U::U: qepe3 nep9KJ110'I810l.U:U:9CH J18Mllbl He ,ll0Jl:>K9H npOXO.ll:U:Th TOK 1 T8K K8K 

aTo np:u:aon:u:T nn:wh K 6ecuenhHOMy pacceHa:u:ro MOI.UHOCT:u: aa aneKTponax. Bhiwe

nepeq:u:cneHHbie Tpe6oaaa:u:SI onpenenHroT Bbi6op pe:m::u:Ma nepeKJIIO'Iarom:u:x naMn. 

naMITbl ,llOJllliHbl nonepeMeHHO H8XO.ll:U:ThCSI B llBYX ITOJ10:>K9HHHX (; pa3Hb!M:U: ypOBH~M:U:, 
. . 

CMei.UeH:U:SI .. MHH:U:M8JlhH09 HanpSI:>KeH:U:e CM9I.U9H:U:SI Bhl6HpaeTcSI a6n:u:i:u: TO'IK:U: OTC9'IK:U: 

T T • MaKC:U:MaJihHOe aanpg:m:ea:u:e cMemean:SI Vore ~~~·b!6:U:p89TCSI T8K:U:M 1 'ITo6bi 
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IIYCKOBOii RMIIY1IbC C aMII1IRTy .llOH v 2 IIOCTyiiaiOlllRH Ha ceTKR o6eRX nepeKniO-. . . 
'ISIOlllRX 118MII, Bbi3biBa1I IIOSIB1IeHRe aHO,llHOI'O TOKa T01IbKO B O.llHOH naMne, a RMeH-

HO B TOH, KOTOpag RMeeT MRHRMa1IbHOe CM9llleHRe. noaToMy Be.nR'IHHa 

MaK.CRMani:>Horo cMemeHRH ao~mHa 6biTh H~ MeHee, '19M / ~rc. / -t V 
HaiipH:>KeHHH 

• 

nocne Ka)K,llOI'O OIIpOKR,llbiBaHHH B9,ll0MOH H'I9HKH O.llHS IIepeK1IIO'IaiOUlaSI 

1IaMIIa R3 p9)KRMa MaKCHMa1IbHOI'O CMelll9HRH IIepeXO,llRT B pe)KHM MHHHMa1IbHOI'O, 

a apyrast Ha060pOTo 3TO 06eciie'IHBaeTCH CBH3bl0 IIO IIOCTOHHHOMy TOKY Me)K.z:ty 

K acKa,lll!.MH •. 

Bb!nR nocTpoeHbi R RCIIbiTaHbi TaKHe paaaeneHHbie cxeMbi c HCII01Ih30BaHHeM 

II9HTO,llOB B Ka'leCTBe nepeK1IIOt{aiOlllHX naMII H gqeiiKH Ha naMIIe 6H 15n CO CTa6HnH· 

TpoaaMR R1IR ·6aTape.HMH B uenHx aenaTeneii • Ho aaa5onee 5biCTpoe nepeKniO'IeHHe 

6b1nO II01Iy'leHO IIpH 38M9H9 II9HTO.llOB ga 1IaMIIbi CO BTOpH'IHOH 9MHCCHefi THIIa 

B FP-eo /pRe. 8/. npH ,ll1IRT91IbHOCTH aanycKSIOlllHX HMIIY1IbCOB OT 2 .llO 5 HC9K 

6bi1IR II01IY'I9Hbi paapelllaiOWH9 BpeMeHa IIOpH,llKa ro H"CeK. CxeMa He HCIIbiTbiBanacb 

OT nepRO.llR'I9CKRX RMIIY1IbCOB, O,llHaKO aBTOpbi He COMH9BaiOTCSI B ee paOOTOCIIOC06-

HOCTR Ha BbiCOKRX 'laCTOTaX, 9C1IH IIpH .. 9TOM H9 6yayT IIp9Bbill19Hbi .llOIIyCTHMbi9 

.MOlllHOCTR pacceHHHH ,ll1IH IIepeK1IIO'IaiOWHX 1IaMII, 

6. 

5JqefiKH, Bbiii01IH9Habi9 IIO CHMMeTpH'IHQfi CX9Me, xpaH.HT COC'IHTaHH09 'IHC1IO 

B B~D~ TOI'O R1IH HHOI'O COCTOHHHH H'I9HKH. CTa6H1IbHOCTb o60HX ycTOH'IHBbiX co

CTOSIHRH o6eCII9'1HBaeTCH Ha1IH'IH9M B CX9M9 I'81IbBaHH~eCKOfi o5paTHOH CB.H3H H 

COOTB9TCTBYIOlllHM Bbi60pOM napaMeTpoB. 3Toii )1{9 CBSI3bl0 06'bSICH.HeTCH H pereHe

paTHBHbifi IIpOU9CC II9p9XO,lla SI'I9HKH R3 O,llHOI'O COCTOHHHH B apyroe IIO.ll ,ll9HCTBH -

GM BH9ll1Hero aanycKaiOlll9I'O HMTIY1IbCa. 

OaHaKo, anH 6biCTporo R 'leTKoro npouecca onpoKH.llbiBaHHH B cxeMe aon)KeH 

CYlll9CTBOB8Tb HeKOTOpbiH aneMeHT 1 KOTOpbiH B MOM9HT1 KOI',lla CX9Ma BbiB9,ll9H8 

R3 YCTOfi'IHBOI'O COCTOHHHSI 1 yKa3biBaeT, B KaKOM HaiipaB119HHH .ll01I)KeH 3aBeplllHTb

CSI nepexoa /onpoKR.llb!BaHne/. 3ToT sneMeHT aon)KeH o6naaaTb HHepuneii, H1IH 

.,IISMSITbiO., t T.e. HanpaB119HHe ero aeiiCTBHSI .ll01I)KH0 3aBRCeTb OT COCTOHHHH, H3 

KOTOpOI'O BbiBe,lleHa gqefiKa. TaKOH aneMeHT CX9Mbi RHOI',lla Ha3biBaiOT "'nepeKniO-
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1101 A 
'laTenbHOR naMSITbiO" • BpeMH '-1 t B T9'19HI{9 KOTOpOI"O "naMSITb .. .llOII)KHtl 

XpaHHTb HHcPOpMaUHIO 0 IIP9.llbl.llYIU9M COCTOSIHHH SI'IeiiKH, BbiOHpaeTc~ He M9HblUHM, 

'ISM speMSI onpoKH.llhiBtlHHSI · 'l: . EcnH )Ke C.ll91I8Tb 6 >?1; . , To 
nepexo.ll• . nepexo.ll 

. pa3peweHHe TpHrrepa 38MeTHO yMeHbWHTCSI 3a C'leT y.lliiHHeHHSI speMeHH nepexo.ll-

HbiX npoueccos B cxeMe. 

06bi'IHO aneMeHTaMH, OCYIU9CTBJ1SIIOIUHMH .. IIepeK1IIO'ItlT91IbHYI0 IItlMSITb", SIBIISIIOT.., 

CSI KOR..:l9HC8TOpbi C. WYHTHpyiOIUHe COllpOTHB1I9HHSI /( tlHO.llHOC9TO'IHOfi CBSI3H TpHr

repa lpHc. 11. B ycTaHOBHBWeMCSI pe:>KHMe HanpSI*SHHe Ha· o6oHx KOH.lleHcaTopax 

pa31IH'IHO H 3aBHCHT OT Toro, KaKaSI H3 naMII npoBO.llHT. B npouecce onpoKH.llhlBaHHSI 

38PSI.ll Ha KOH.ll9C8TOpaX He YCII9B89T 3Htl'IHT91IbHO H3M9HHTbCSI. npH STOM KOH.ll9H-
>P 

caTop, paHee COO.llHHOHHblfi C tlHO.llOM. 38II9pTofi lltlMIIbl H 3apSI)K9lJHbifi .llO OOIIbWe-

1"0 HaiipSI:>K9HHSI 1 '19M IIpOTHBOII01IO)KHbifi 1 pa3pSI:>KaeTCSI, C03.lltlBtlSI Ha C9TK9 38IIHpae

MOfi 1I8Mllbl OTpHU8T91IbH09 CMOIUOHHOe BpeMSI nepe3apSI,Ila KOH.!l9HCaTopa .llO HOB0!"0 1 

MeH~:>wero HaiipH*eHHSI lspeMSI "'naMSITH" Ll 11 .llOII:>KHO obiTb 6on~:>we <J: . 
. nepexo.ll 

B Ob!CTpO.lleficTByiOIUHX Sl'lefiKaX B91IH'IHHa RC oepeTCSI IIO B03MO)KROCTH Manon, 

HO He M8HbLI,I9 1 '19M STO TpeoyeTCSI .ll1ISI IIOCTp09HHSI '18CTOTHO-H938BHCJ;iMOI"O ,ll91IHT91ISI 

n uen~ MO:>K.IlynaMnoaon CBSI3H IT.e. Rf! = R, q I. TaK KaK C IJ( .z:tnH .z:taHHofi exa-

M bi OCTb BOIIH'IHHa IIOCTO'HHH8SI 1 TO IIpHXO.llHTCSI YM9HbW8Tb R.f • O.z:tHtlKO STO IIpHB?• 

.llHT K ae.menaTenbHbi¥ pe3ynbTaTaM, TaK KaK c yMeHI:>IUSHHeM R1 na.z:xaeT xoact>ctm

uueHT nepe.lla'IH .z:xemr'tenH, 'ITO CHH:>KaeT ObicTpo.lleiicTBHe srqefiKH. O.z:xaospeMeHHoe . 

YM9HbWOHH9 R. H R.( TO:>Ke HOBbii"O,IlH0 1 TaK KaK .ll_81IHT91Ib BK1IIO'Itl9TCSI napan-

1I91lbHO tlHO,IlHOfi Harpy3K9e 

KaK ObinO OIIHC8HO BbiWe, Bb!XO,Il Obi1I Haii.z:teH BO BK1II0'19HHH B UOllb oopaTHOti .' 

CBSI3H KtlTO,IlHOI'O IIOBTOpHT91ISI. Ero HH~KOO BbiXO.llHOe COilpOTIHlll9HH9 ll03BOIH!OT 6~3 

ywepoa .llnSI obrcTpo.lleiicTBHst yMeH~:>waTb co~poTHBneHHst .z:xenHTenst, KOTopbre axmo

qaroTcSI KaK Htlrpy3K8 IIOBTOpHT91ISia 
I 

.LlanbHeftwHe warH a cTopoHy noBbiWOHHSI ObiCTpo.lleficTBHst pa6oTbl H'l_etiKH 

5 biiiH C.ll0118Hbl IIpH 38M9HO KOH,IlOHCaTopOB .z:xpyrHMH an eM OHTaMH "naMHTH " 1 HMOIO

IUHMH nyqwyro nepeXO.llHYIO xapaKTepHCTHKY• 

Ha pHCe 9 IIOK838Hbl TpH CilOCOOa BBO,IlOHIH! B CXOMy .llBOH'lHOfi H'IOftKH ane-. 

M9HTOB "naMHTH"' 
111 I. nepeXO,IlHast xapaKTOpHCTHKa UOllH A HMeeT .z:tmmHhlft' 

axcnoHeHuHanbHhlft cna.ll. XapaKTepHCTHKa uenH B HMeeT 6onee xpyToA cna.z:x, no 
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aa aeM aoaMo>Kea aaxon B cnyqae wyaTupoaaaust uanyKTUBHOCTU L conpoTuaneHu

eM 60JibW9 KpUTU'i9CKOI"O. nepexonHaSl xapaKTepUCTUKa uenu B c 38KOpO'i9HHbiM 

H~ KOHU9 0Tp93KOM BhlCOKO'iaCTOTHOI"O Ka6enst HMeeT *pOHT H CIJa~ onHHaK6BoA 

KpyTU3Hhi. 

· Qqeaunao, 'iTO nnst 6biCTponeA:CTBYI<?IUUX Sl'i69K Hau6onee y no6f3H IIOCJienHHA 

BHn "naMstTH"'. OnaaKo coapeMeHHbie BbiCOKoqacTOT.Hbie nHHHH aanep>KKH uMeiOT 

HU3K09 xapaKT9pUCTU'i9CK09 COIIpOTHBJ19HHe: OKOJIO COTHH OMo noaToMy CHI"H8JI 1 

BbinenstiOIUHACSl Ha TC.KOA: aaonHoA aarpyaKe, 6yneT H9B9JIHK 0 naMIJbi 0 IIpUM9HS19Mbi9 

6. nono6HhlX st'ieA:Kax, non>KHbi o6nanaTb 6onbWUM aaonHhiM TOKOM u Man hiM Hanpst-

. 111 I 
>KSHU9M OTC9'iKU. .flqeftKa C 8HOnHOA: Harpy3KOA: IIO CX9M9 B 6b1Jl8 IIOCTpOeHa 

/puc. 101. MaKcuManbaoe paapeweaue ee 11 HqeK. 

7. 

112 I · VI HTepecHa cxeMa st'iefiK:~ c IIC!IOJib3?BaHueM ·nuauu aanep>KKU , 6noK-cxeMa 

KOTOpOA: npHBeneaa Ha puc. 11 • .flqeA:Ka COCTOUT U3 Tpurrepa C K8TOnHOfi CBSl3biO 

U CX9M bl yiip8BJ19HUSlo .Llnst nepexona Sl'i9A:KU U3 OnHOI"O COCTOSIHHSl B np_yroe Ha 

C9TKy Jl9BOA: naMnbi non}J{Hbi nonaaaTbCSl UMIIYJibCbl qepenyiOIUeficst nonstpHOCTH. 

TaKue HMny.iibChi *opMupyiOTCst cxeMoA: y.npaaneHHst, u nonstpHOCTb ux· aaaucuT oT 

COCTOSlHH~ nBOU'iHOA: Sl'i9fiKU 1 KOTOpast CBS138H8 CO C~MOfi ynpaBJI9HHSl no nocTOSIH

HOMy TOKy qepea JIUHHH aanep>KKH n.a. BKJIIO'i9HH9 JIHHUU aanep>KKI! He noaaonsteT 
,..;-... . 

cxeMe ynpaBJI9HHSI nocnaTb cnenyiOIUHA: nycKOBO~ HMnyJibC B Sl'i9AKy no TeX nop, 

noKa sttieA:Ka He 38KOH'iUT npouecca onpOKHnbiB8HHSl non neA:CTBH9M npenhinyruero. 

3TO 3H8'iHT91lbHO nOBbiW89T Hane>KHOCTb pa60Tbi nepecqeTHOH Sl'i9A:KH 0 npHHUHnH-

81lbH8Sl cxeMa st'ieA:KH npuaeneaa Ha puc. 12. 

CxeMa ynpaaneHHSl Bb!IIOJIHeHa Ha naoAHOM TpHone n3 u n4~ B aHonbi KOToporo 

BK1liO'i9Hbi nOJIOBHHbi nepBH'iHOR 06MOTKU WUpOKOIJOJIOCHOI"O TpaHc¢opM8TOpa, H8MO

T8HHbi9 B npoTHBOllOJIO>KHbiX aanpaBJI9HUSIX. B HOpMaJibHOM COCTOSIHHH n5 aanepTa 

no ynpaBJISIIOIUeA C9TKe., H TOK qepea TpHonhi H9 T9'i9To nonO>KHT9JlbHhiit nycKOBOfi 

' HMnyJibC OTKpbiB89T -n
5 

H Bbl3biBaeT nORBJ19HH9 8HOnHOI"O TOKa B onHOM H3 TpHo-

noa n
3 

HJIH n B 38BHCHMOCTH OT TOI"0 0 B KBKOM nono>K9HHH H8XOnHTCS1 Tpur-4' . 
I"9PH8Sl Sl'i9A:Ka. HTOpH'iH8S1 o6MOT~a TpaHC*OpMaTopa, Ha KOTOpofi nostBJlSliOTCSI 
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HMnynhCbi qepeayiOmeli:cSI nonSipHOCTH, BKniO'Ieaa B uenh ynpaBnSIIOll.leli: ceTKH JT2 • 

n epena.llbi Hanp5I:IK9HHH B 8HO.ll8X TpHrrepa Manbi H3-38 Hli3KOPO xapaKT9piiCTH'Ie"7 

cKoro conpoTHBneHHSI nHHHH 3a.aep:tKKH. noaToMy B .aenHTene uenH o6paTHoli: CBSI3H 

npHMeaeH cTa6HnHTpoa, no3BOnSIIOlUHli: nepe.aaTh nepena.a aao.aaoro aanpsr:tKeHHH B 

uenh ceTKH npoTHBonono:tKHoli: naMnbr 6e3 noTeph. 

CxeMa ycTOli:'IHBO pa6oTana aa qacToTax .ao 20 M ru. JlHHHH HMena 

BpeMH 38.ll9p:IKKH 25 HC9Ko ABTOpbi yKa3biB8IOT, 'ITO 6biCTpo.aeli:C~BHe nepecqeTa 

orpaHH'IHBanOCb H9.llOCT8TO'IHOH lliHpOKOITOnOCTHOCTb!O TpaHCcPOpMaTopa • 

. nosrBneHHe naMn CO BTOpH'IHOH 8MHCCHeli: paCIIIHpHno B03MO:IKHOCTb C03.ll8HHH 

6biCTpo.aeli:cTBYIOlllliX nepec'IeTHbiX gqeeK~ noMHMO BbiCOKOli: KPYTIT3Hbi H .ao6poT-

HOCTH, 8TH naMITbi o6na.aaiOT Cll9UHcPH'I9CKHMH OC069HHOCTHMH, .aena!OlUHMH HX IIpH

PO.llHhlMH JlnH HCITOnh30B8HHH B K8'I~CTB9 OCHOBHOPO aneM~HTa SI'Ieli:KHo 

nepB8H OC06eHHOCTb COCTOHT B TOM, , 'ITO TOK JlliHO.ll8 naMITbi HMeeT 06paT-

aoe aanpaBnearre no cpaBHeHHIO c TOKOM aao.aa, T.e. BO BHeiiiHeli: uenrr TOK Te'IeT 

oT .anao.aa. Bcne.acTBHe 8Toro aanpsr:tKeHHH aa .llHH6.ae H ynpaBnHIOll.leli: ceTKe oKa-

3biB8IOTCH B ¢a3e, 'ITO ll03BOnHeT nony'IHTb nonO:tKHTenbHYIO o6paTHy!O CBH3b nyTeM 

. . 
no.aa'IH aanpSI:tKeHHSI c .aHao.aa Ha ynpaBnSIIDlUYID ceTKy. 

8TOpa5I OC069HHOCTb COCTOHT B TOM, 'ITO TOK 8HO.ll8 naMllbi CO BTOpH.'IHOli: 

8MHCCHeli: B H9CKOnbKO pa3 MO:IK9T .. npeBbilli8Tb TOK K8T0Jl8. • noaTOMy B03MO:tKeH 

BTOpOli: Tlill nonO:tKHTenbHOH o6paT1tOli:- CBH3H - C 8HO.ll8 B K.8TO.ll 9TOH :tKe naMITbio 

Ha pHc. 13 noKa3aHbi o6a BH.aa o6paTaoli: CB5I3H. C.aenaB o6paTHYIO CBSI3h 

ranbB8HH'I9CKOH li llO.ll06paB COllpOT~BneHH5I .aenHTenSI, MO:IKHO .ll06HTbC5I .llBYX 

YCTOH'IHBbiX COCT05IHHH naMITbi: OTKpbiTOPO /aanp5I:tK9HH9 Ha ynpaBnH!OlU9ll ceTKe 

OKOno HynSI/ H 38KpbiTOPOo Cne.aoBaTenbHO, H8 O.llHOH naMne MO:IKHO llOCTpOHTh 

.llBOH'IHYIO nepeC'I9THyiO H'I9HKy. 

Bbiiiienepe'IHcneHHbie oco6eaaocTH naMn co BTOpH'IH0:1i aMHccrre:1i' no3BonHnH 

llOCTpOHTb nepeC'IeTHhle 5!'19HKH KaK H8 .llBYX naMhax, T8K H Ha O.llHOH. 

- /13/ 
PaccMoTpHM cxeMy SI'IeHKH aa JlByx naMnax THna E' FP- 60 /pHc.l4/. 

JlaMITbi CB5I3aHbi .apyr C .apyroM IIO IIOCTOHHHOMy TOKY 06lUHM 6onbiiiHM K8TO.llHbiM 
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conpoTHBneaHeM. Ka)K.nast naMna gqeii:KH HMeeT ranbBaaHqecKyro o6paTHyro CBSI3b 

c .llHHO.lla Ha ynpaanstromyro ceTKy qepea cTa6HnHTpoH, rnyHTnpoBaHHhiH eMKOCTbiO, 

06e 9TH CBSI3H il03B011SIIOT T01lbKO O.llHOH 113 118Mil HSXO.llRTbCSI B OTKpbiTOM COCTOSI

HHHe KOH.ll9HCSTOphi1 CBSI3biBSIOUlR9 SHOll KS)K.llOH 118Milbl C ceTKOH rrpOTHBOil01lO:>K

HOI1 aeo6xo.nHMbi .nnst nponecca ... onpoKH.llbiBaHHst. CTa6nnnTpOHhi BbmonHHIOT eme 

O.llHY cpyHKUHIO, -oaH CTa6H1lH3HpyiOT pe:>KHM .llHHO.llOB. 

3arryCK gqeii:KH OCyUleCTB1lSI9TCSI C ilOMOUlbiO CX9Mbl R3 4 nonyrrpOBO.llHHKOBbiX . 

.ll.HO.llOB H COITpOTHB119HH51 R. • JlnH OrrpOKH.llbiBSHHH Tpe6y IOTCH .llBa O.llHHSKOBbiX 

p83HOil011SlpHbiX HMITY1lbC8 1 KOTOpb!e nonyqaiOTCH CO CIT9UR81lbHOH HHBepTOpHOH naM-

llblo HanpH:m:eHHe · aa R.. oTnHpaeT .naa .nHo.na H aanHpaeT .naa .npyrHx, TeM caMbi!f:l 

OCYlU9CTB1lSISI no.naqy il01lO:>KHT91lbHOrO· nyCKOBoro HMITY1lbC8 T01lbKO Ha C9TKY 38Kpbi

TOH nalll~rrbi, a OTpnuaTe1lbHOro-Ha ceTKY OTKpbiToii:, Paaperneane, nonyqeaaoe npH 

pa6oTe c sToii: gqeii:Koii:,cocTaangeT 10 aceK. 

e. 

Sbl11 c.nenaa eme O.llHH aa:m:HbiH mar no nyTH yaenHqeanH 6bicTpo.neiicTBHH 

.llBORqHbiX gqeeK -CKOHCTpyHpOBSHa Cil9UH81lbH851 118Mll8 C nonepeqHbiM OTK1lOHeHU9M 

/14/ 
9119KTpOHHOrO nyqa • 3Ta 118Mlla MO:>KeT 6b!Tb HCIT01lb30B8Ha KaK B B9.llOMOM KSC-

KS.ll9 paHee OilHCSHHOH CX9Mbl 1 TaK H CSMOCTOSIT91lbHOo 

YcTpoii:cTao aoao:!t naMrrbi cne.nyromee: nyqoK sneKTpoaoa, Bbl1leTaromHx. c 

KaTona, cpopMHpyeTcH. a yaKHii: nnocKHii: nyq ~gnoMoraTeJibHbiMH aneKTpo.naMH. 3ToT 
. " 

nyq c rrOMOUlbiO .llBYX OTK1lOHHIOUlHX nnacTHH nl H n2 ~o:m:eT 6b!Tb HanpaaneH 

aa O.llHH H3 .nayx aao.noa /pRe • .15al. B aHO.llHbie uenn BKnroqaroTcH paBHbie conpo

THaneaHSI /2. • AHO.llbl coe.nnHHIOTCSI aenocpe.ncTBeHHO c npoTnaonono:H<HbiMH oTKno-

HSIIOUlHMH il118CTHHSMHo 

3aBHCHMOCTb TOKa 8HO.ll0B OT OTK1lOHSIIOUlero H8llp51:>K9HH51 llOK838H8 HS pHC 0 16. 

TaK KaK H3M9H9HHSI aanpH:m:eHHH aa aao.nax nonaocThiO nepe.naroTcH Ha nnac:rHHbi, 

TO MO)KHO HSITHC8Tb ypaBH9HHe .ll1151 OTK1lOHHIOUlero H8llp51:>K9HHH: 

E = ( E -E ) = (e.~u -£A():::.-(~ -:; )·£ 121 
orKA nt nz. ".l Af 
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rpacpHK 38BHCHMOCTH I J.f/2- J.llf I OT OTKJtOHSIIOLUero HanpH)!{eHiiSI Obin nocTpoeH 

no· aHO.llHbiM xapaKTepHCTHKaM. Harpyso'IHaH Kpn:aaH npn: O.llHHaKOBbiX aHO.llHbiX Ha-
, 

rpysxax R. 6y.lleT nepeceKaTb xapaKTepn:cTHKY naMnbr a Tpex TO'IKax npn: ycnoan:n: 

rile 

s 
MO)!{HO llOK838Tb, 'ITO 

-nono)!{eHn:e ITO'IKa 01 

-.S> I --R. 

ol_ ( :1~2 - %., ) 
ci (Ent - Enz) 

121 

H 2 oy.llyT TO'IK8MH YCTOii'IHBOI'O paBHOBecn:H, a cpe.llHee 

HBJtHeTCH HeyCTOii'IHBbiMo 
""' . 

VfCllOJlb3YSI TaKyiO JtaMny, MO)!{HO C03.ll8Tb .llBOH'IHYIO nepecqeTHyiO gqeii:Ky. 

CxeMa ee .llaHa Ha pn:c. 15a. 3anycxaromn:e n:MnyJtbCbi no.llaiOTCSI Ha oTKJtOHHIOLUHe 

nnacTHHbi qepes .llHO.llbi. ~onpoTn:ane'-IH.H /(Qf n: ;€az stBJtHIOTCH HarpyaxaMn:. C'beM 

CHrHana npon:3BO.llHTCH qepes R. C -uenb H .llHO.ll c O.llHOro H3 aHO.llOB. Mn:Hn:-

Ma JlbHOe H8llpH)!{eHHe, HeOOXO.llHMOe .llJlSI nepeopoca nyqa C O.llHOI'O BHO.llB HB .llpyroii 

COCT8BJtSieT BCero 0,7 BOJlbT8o BbiJt CKOHCTpyn:poBaH eme O.llHH BBpHaHT llO.llOOHOii 

JtaMllbi C HCll0Jtb30B8HHeM BTOpH'IHOil: 3MHCCHH lpn:c. 1561. npn: BKJliO'IeHHH aTOil: naM-

llbi B CXeMy C OTKJlOHHIOLUHMH llJ18CTHH8MH, B OTJlH'IHe OT npe.llbi.llyLUero BapHaHTa, 

COe.llHHSIJtHCb O.llHOHMeHHbie IlHHO.llbi, llOTOMy 'ITO npn: ll0ll8.ll8HHH Jty'Ia HB IlHHO.ll ero 

noTeHUHan cTaHoBn:ncH Bbnue, qeM no'!'eHun:an .llpyroro .llHHO.lla. TaxaH naMna n:Mena 

6onbwyro xpyTn:sHy n: IlJtH ycTofiqn:aoii paooTbi ee MO)!{HO obmo axnroqaTb MeHbwn:e 

IlHHO.llH bie H8 rpy3KH• 

BTopoii aapn:aHT naMnbr c nonepe'IHbiM OTKJtOHeHHeM nyqa TO)!{e MO)!{eT ObiTb 

HCllOJlb30B8H .llJlSI C03.ll8HHH nepecqeTHOll H'Ieii:KHo 0.llH8KO oonee HHTepeCHbiM Ka>Ke'f

CSI npHM9H9HHe HX B K8'19CTBe Be.llbMOI'O'K8CK8.ll8 B H'I9ii:K8X C p83.lleJteHHhlMH cpyHK

UHHMH lpn:c. 17 I. Manbre M9)!{.llyaneKTpO.llHbie eMKOCTH n: HeoonbwHe nepena.llbi Ha

npSI)!{eHHfi M9)!{.llY YCT8HOBHBL...HMHCH COCTOHHHHMH ll03BuJlHJlH. llOJly'IHTb T8K09 BbiCOKO~ 

121 
paspeweHn:e KaK 2 HceK • 

10 • 

.[lanbHeiiwee noBbiWeHn:e obiCTPO.lleiicTBHH .llBOH'IHbiX st'IeeK orpaHn:qn:aaeTcH 

·\ 
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BpeMeHeM nponeTa BDSKTpOHOB B naMne. 8 COBpeMeHHhlX KOHCTpyKUHHX·J18MTI OHO 

COCT8BDH9T Ben:n:q:n:Hy TIOpH~Ka 1 HCeK. 8peMH nponeTa HPpaeT ponb CBoeo6pa3HOii 

"naMHTH", KoTopaH He MewaeT pa6oTe ~BoHqHoii gqefiKH np:n: paspeweHHHX nopH~Ka 

e~HHHU H8HOCeKyHn, HO JlDH npeO~ODSHHH Tpy~HOCTefi, BHOCHMbiX ero H8 6onee 

KOpOTKHX BpeMeHaX, npH~eTCH paspa6aTblB8Tb npHHUHTIH8DbHO HOBbie KOHCTpyKitHH 

BD9KTpOB8KYYMHhlX npH6opoB. 

BosMO)KHO, qTo nonynpoBO~HMKOBaH aneKTpOHHKa, qacTOTHbie npe~enhr KOTopoil 

eme He ~OCTHPHYThlt CMO)K9T 3Haq:n:TeDbHO YBen:n:qHTb 6biCTpo~efiCTBH9 nepecqeT.Hbl~ 
. . . /15,16/ 

'gqeeK. B HacToHmee BpeMH y)Ke ony6nHKOB8Hbi pa6oTbi c onucaHHHMH nepe-

cqeTHbiX gqeeK Ha 20 H 50 Mrn, nocTpoeHHhiX ua nonynpoBo~HMKOBbiX np:n:6opax. 

11. 

8 Bhlllle~pHBe~eHHhlX OTIHC8HMHX 6hlCTpo~eiiCTByiDUlHX CBOHqHhlX CXeM He 

OCB9IU8DHCb BODpOChl 3anyCK8 H C~eMa CHPHana C gqefiKH 1 a TaKme HH~MK8UHM ee 

COCTOHHHHo 

np:n: pa6oTe C pa3p9lll8lOIUHMH BpeMSH8MH BTIDOTb ~0 25 HC9K 06biqHQ npHMe-

HHSTCH no~aqa nyCKOBbiX HMTIYDbCOB qepe3 ~HO~bl B 8HO~HYIO H peme B CSTOqHyro 

uenb •• .[lnH TIOBbiWeHHH 6biCTpO~eiiCTBHH BamH0 1 qTo6b! HMllyDbC C BXO~HOPO YCTpoii· 

CTBa, Bbi3BaB npouecc onpoKH~biBaH:n:H, He npenHTCTBoBan ero ~anbHeiiweMy TeqeH:n:a:,. 

noaToMy Heo6xo~HMO. YM9HblllHTb ~DHT9DbtiOCTb nyCKOBb!X HMTIYDbCOB. 

.[lHO ~hi, qepe3 KOTOpbl9 TI0~8lOTCH TIYCK0Bb!9 MMTIYDbCb! 1 H8Tip8BDHlOT HX TODbKO 

Ha TY naMny gqeiiK:n:, KOTOpaH DO~ ~eliCTBHSM HMTiyDbC8 ~8HHOR TI011HpHOCTM MOmeT 

H3M9HHTb CBOS COCTOHHMe /HanpHMep, B CJiyqae OTpMU8T9JlbHhlX nycKOBhlX HMTIYJibCOB 

OHM TI0~8lOTCH TOJlbKO Ha CSTKy OTKpb!TOH J18MTibi/ • .[lMO.Ubl 1 KpOMe TOP0 1 TIOMOP8IOT 

H36S)K8Tb o6paTHOPO B03.U9HCTBMH gqefiKM H8 nycKOBOe ycTpORCTBO • 

.[lJIH 38TIYCK8 HHOP.U8 npMMSHH!OT .UB8 O~HOBpeMSHHb!X pa~HOIIODHpHb!X HMTIYJib" 

ca, TIO.U8B89MblX H8 DpOTMBOTIOJ10)KHbl9 naMnhl gqeftK:n: qepes cneu:n:anbHyro .nno.n-

/13/ 
Hyro cxeMy /p:n:c. 14 / • .[lJI H 38TIYCK8 6onee 6b!CTp biX gqeeK B CXeMy BBO.UMTCH 

. /6 111 
OT.U9JlhH8H nycKOB8H J18MTI8 1 BKJIIOqaeMaH TIOCJ19.UOB8T9J1bHO C J18MTI8MH TpRrrepa' 

1p:n:c. 5 :n: 10/. 



•. 
1:5 

Vf HIUfK8UlUO COCTOSIHIHI SJ'leHKH MO>KHO OCyllleCTBHTb 06bi'lHb!MH CITOC06aMH: 

BK1liO'leHHeM B 8HO.llHYIO uenb CTpe1IOlJHOI'O npH6opa H1IH H90HOBOH 1l8Mllbl napannen~ -

HO aHO.llH01i HarpyaKe~ OnHaKo a 6biCTpo.ueil:cTBYIOlllHX cxeMax nepenanbi Hanpr*e

HHA B 8HO.llHbiX uenstX M81lbl H He BC9I'.ll8 MOI'yT o6ecnelJHTb pa6oTy H90HOBOI'O 
' ' ' 

HH.llHK8TOpa. npHM9H9HHe >Ke .llOll01lHHTe1JbHbiX YCH1lHT9JlbHbiX 1l8MIT, KaK 9TO cnena· 

' 111 ,' 
HO ·B pa6oTe , MO>KeT 6biTh onpaenaHo nHwh B HCKJIIO'lHTenbHbiX cny'lastx. Eonee 

6 111,131 
yHHBepCaJibHbiM SIB1JSI9TCSI BKJIIO'l9HHe CTpeJIO'lHOI'O npH opa • 

npH H3M9p9HHH 'lHCJia HMnyJibCOB, C1IY'l8HHO pacnpe.ll~1l9HHbiX BO BpeM9HH, 

K8K aTO 'l8CTO HM99T MeCTO,npH 9KCnepHM9HT8X B Sl.ll9pHOH ¢H3HK91 OTCyTCTBH9 

HH.llHK8UHH B nepBbiX 6biCTpO.ll9HCTBy!OlllHX SJ'leHKax nepeC'l~THOH CX~Mbl, He SIB1JSI9T

CSI H9.llOCT8TKOM. noTepH HeCK01lhKHX I - 101 HMnynhCOB npH BbiCOKHX CKopb

CTSIX C'l9Ta, H8 KOTOpbiX npHM9HSIIOTCSI llO.ll06Hbi9 nepecqeTbl 1 O'l9Hh M81JO 0Tpa3HTCSI 

Ha OK0HlJ8T91lhHOM peay~hTaTe. 

M anbie aenH'lHHbi nepenanoa Hanpst>KeHHSJ a 6biCTponeficTBYIOlllHX st'leiiKax 

aaTpynHst!OT HenocpencTBeHHbifi aanycK cnenyiOlllero KacKana. Ebmo npe.uno>KeHo 

HeCK01lbKO cnoco6oa coenHH9HHst sttJeeK .upyr c .upyroM. Bo acex cny'lastx uenh 

C'b9M8 CHI'H8JI8 H aanycKa C1l9.llYIOlll9ll H'leiiKH He ,ll01l>KH8 CH1lhHO Harpy>KaTb npe,llbl

.llYlllYIO gqeiiKy H HapywaTb CHMM9TpH!O CX9Mbl• 06bi'lH8Sl .llH¢¢epeHUHpy!Olll8Sl 

R.C -ueno'lKa n1JOXO y ,ll0B1leTBOpsteT aTHM Tpe6oBaHHSIM H B 6biCTpO,lleHCTBYIOlllHX 

CX9M8X He npHM9HSI9TCSie 

1181 
B pa6oTe 6biliH npe.uno>KeHbi HMnynhCHbi~ noBbiiLaiOmne aBTOTpaHc¢op-

MaTopbi, BK1liO'laeMbie B KaTon naMnbi .llBOH'lHOii HtJeiiKrr. CHrHan c aeToTpaHc¢op

MaTopa nonaeTCSI Ha CeTKy yCH1lHT91lbHOii JISMllbi THna 6AK 5, C aHO.llHOii Harpy3KH 

KOTOpOii. qepe3 .llHO,llbi CHHM89TCH aanycKC.IOlllHH HMITY1lhC H8 C1l9D.YIOlllHii K8CK8.ll'• • 

Y ,llOB1l9TBOpHT91lhHbi9 pe3y1lhT8Tbl ,ll89T BK1l!O'l9HH9 BbiCOKO'l8CTOTHOrO TpaHc¢op

MaTopa H8 ¢eppHTOBOM C9p,ll9'IHHK9 B 8HO.llHbl9 U9ITH 1laMn. nepBHlJH8SI o6MOTK8 

ero paa6HBaeTcst Ha .uae nonoBHHhl, KOTOphle BK1liO'laiOTCst nocnenoeaTenbHO c aHon· 

HbiMH HarpyaKaMH naMn. Bbi6opoM HH.llYKTHBHOCTH o6MoTKH MO>KHO nony'lHTh xopo

wo npO,llHcpcpepeHuHpOBaHHblil: HMITY1lhC. TaKoe BK1JIO'l9HH9 TpaHCcpOpMaTopa HCIT01lb-

3yeT TOKH o6eHX 1l8MIT gqefiKH H He HapywaeT ee CHMM9TpHH. 0.llHOBp9M9HHO HH

.llYKTHBHOCTH nepBH'lHOii 06MOTKH C1ly>KaT KOppeKTHPY!OlllHMH aneMeHT8MH B 8HO.ll-

lll I 
HbiX uengx 

' ( 
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nnSI C'beMa CHI'Hana '!aCTO HCn01lb3yiOTCSI KaTOLlHbie 

MaSI HMH ManaSI eMKOCTb He HapywaeT pa6oThi cxeMhi. B 

141 
nOBTOpHTenH - BHOCH-

151 
pa6oTe npHMeHeHa 

OpHI'HHallbHaSI JlHcPcPepeHUH.allbHaSI ex eM a lpHc. 4 It Hanpg)KeHHe C KOTOpoil: no.uaeT

CSI B ceTO'IHYIO liHHHIO YCH1IHT91ISI C pacnpe.ueneHHbiMH napaMeTpaMH, Clly)Kawero 

LlliSI CBSI3H Me)KLJ.y gqeii:KaMHo BKliiO'IeHHe no.uo6Hoil: CX9Mbi He HapywaeT CHMMeTpHH 

SJ'Ieil:KHt TaK KaK HanpSI)KeHHe Ha ee BXOLlbi CHHMaeTCSI C o6eHX nonOBHH Sl'l:eii:KH 0 

M e)K.uyKac:Ka.uHhie ycHnHTenH noaBonSIIOT aanycKaTb nocne.uyrowHe KacKa.Uhi 

.HMnynbCOM c .uocTaTo'IHO 6onbwofi aMnliHTy.uoi!:, 'ITO noBhrwaeT Ha.ue)KHOCTb cpa6a

T biBaHHSI nepectJ:eTHOH ex eM hi. 

nnSI Ha,Ue)KHOH H 6biCTpOH . pa60Tbi o6e nOliOBHHbi nepectJ:eTHOH LlBOH'IHOil: 

gqeil:KH .[lOli)KHbi 6biT.b CHMMeTpH'IHblMH. )KenaTellbHO, 'IT06bi .ueTaliH HM91IH LlOnycKH 

He 6onee 5%, a llaMnhi, BXOLl~lilHe B OLlHY· gqeiiKy, OTliH'IaliHCb LlPYI' OT .Upyra no 

KpyTH3He H aHOLlHOMy ToKy He 6onee, tJ:eM Ha 10%. EhiCTpo.ueiicTByiOmHe gqe'iiKH 

06bitlHO CHa6)KaiOTCS1 CHMMeTpHpyromHMH noTeHUHOMeTpaMII, 'lame B uenSIX ynpaBliSI!0-

131 1191 
mHX ceTOK , pe)Ke-B 9KpaHHhlX C9TKaX , n03B01ISIIOmHMH KOMneHCHpOBaTb 

pa3HHUY B napaMeTpax naMn. IJO.UCTpOitKa npOH3BOLlHTCSI no M8KCHM81IbHOil: 'IaCTO

Te cpa6aTbiB8HHSJ gqefiKHo 

12. 

• B ps:r.ue cnyqaeB )KenaTenbHO HMeTb tJ:Hcno, aaciJHKCHpoBaHHoe nepectJ:eTHhiM 

npH60pOM, B 6onee npHBhi'IHOH LlliSI 9KCnepH~eHTaTopa .UeCSJTH'IHOil: CHCTeMe C'IHCne-

6' 
HHSI. B nHTepaType onHcaHo HecKollbKO cnocd6oB nocTpoeHHst nepecqeTHhiX cxeM c 

120 21 I 
KOScPcPHUHeHTOM nepectJ:eTa, paBHbiM 10 ' o npaKTH'IeCKH H3 HHX LlliSI KOHCTpyH-

pOBaHHSI 6biCTpO.UeiiCTByiOmHX CXeM 6binH HCn01Ib30BaHbl LlBa: 

11 BBe,UeHHe o6paTHbiX CBSJ3eil: B nepecqeTHyiO CXeMy, nOCTpoeHHyiO Ha O.BOH'I-

HhiX gqeil:Kax; 

21 coe.uHHeHHe gqeeK B KOnbueBb!e cxeMhi. 

EhiCTpo.ueiicTByromHe nepectJ:eTHhie .ueKa.O.hi, nocTpoeHHhre no nepBoMy npHH:-

122 23 24 251 
uHny, 'lame Bcero BhmOliHSIIOTCSI cne.uyromHM o6paaoM ' ' ' • CxeMa lpHc.lB/ 

COCTOHT H3 4 LlBOH'IHbiX SJ'IeeK H nepeKliiO'IaiOmero ycTpoii:CTBa, YCliOBHO 0603Ha'IeH

HOI'O B BH,Ue KliiO'Ia Ha .UBa nOliO)KeHHSI. nonO)K9HHe KliiO'Ia 3aBHCHT OT COCTOSJHHSI 
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H~eiKK "2
3

" - rrpn rrpe5hlB8HRH 9TOI H~eiKH B ITOJIO:>KeHHH "0" KJIIO~ 38M biKaeT 

KOHTBKT A. npn 9TOM CX9M8 C~KTaeT 06b!~Hh!M o5pa30M 7 BXOLlHh!X HMIIYJibCOB, 

8-il: HMIIYJibC rrepeBOLli!:T H'IeiKy "23
" B IIOJIO:>KeHire "1 "~ OCT8JibHb!9 H~e:ii:KR B IIOJIO

:>KeHRe "0" 1!: rrepe5p8Cb!B8eT KJIIO~ Ha KOHTBKT E. 9-il: RMIIYJibC MeHHeT COCTOHHHe 

TOJibKO rrepao:ii:' H~eiKH ''2° "1 } 0-:ii: HMITYJibC IIOI18Ll8eT C Bh!X0Ll8 "2°" HB H~eil:Ky 
"23" ' . aoaaparuaH ee. B COCTOHHKe "0" 1 a KJIIO~ rrepe5paCh!B8eTCH HB KOHTBKT A. 

B paao6paHHOM !IpKHUHITe ITOCTpOeHHH LleKBLlhl RMeeTCH HCTO~HHK HeCTa6Hnb-

3 . 
HOCTH pa5oThl. Bo apeMH rrepexoua H~e:ii:KR "2 " rrou uelcTaneM 10-ro nMrry~bca 

B rrepBOH8~8JibHOe COCTOHHHe MO:>KeT HBCTYIIHTb MOMeHT 1 KOrLla KJIIO~, CBH38HHbii 

3 ~ 
C H~eiKOH "2 ~ y:>Ke rrepe5pOCHTCH Ha KOHTBKT A, a HMIIyJibC C BXOLlHOI H~eiKH 

"2° ", He ycrrea aaKoH~HTbCH, rrpo:ii:ueT Ha "21 ". l.!To6hr aToro na6e:m:aTb, a uerrb 

rrepe6poca KJIIO~a /o503Ha~eHa HB CXeM~ IIyHKTKpoM/ IIOJie3HO BBeCTH BpeMeHHYIO 

/26/ 
aauep:m:Ky /B3/ • B peayni:.TaTe MoMeHT rrepe5poca KJIID~a aarra3LlbiBaeT rro oT-

HollleHHIO Ko apeMeHH orrpoKRLlhiBBHHH H~e:ii:KR "2
3

". BpeMH aauep:>KKH cpa5aTbiBaHRH 

KJIIO~a Bbi5HpaeTCH HeCKOJibKO 50JiblllRM LlJIHTeJibHOCTH HMITYJibCB C H~eiKH "?0 
"• 

6 
/24/ 

B Ka~eCTBe rrepeKJIIO~BIOIUero 9JieMeHT8 B OLlHOI H3 pa OT HCIIOJib30Ba-

JI8Cb cxeMa coarraueHnl Ha rronyrrpoBOLlHHKOBhlX unouax. H~eiKR 5hln• rrocTpoeHhl 

HB rrei:J:TOLlBX C Bh!COKOI KpyTR3HOH H CBH38Hhl upyr C LlpyrOM ~epea OTLleJibHh!B 

YCRJIRTeJibHh!e KacKBLlhi. 3Ta ex eM a rrepeC~HTh!Bana HMITYJibChl c ~aCTO TOI LlO 10M rill. 

,UaJibHelllJee IIOBbllll eHHe CKOpOCTH pa50Tb! Ll9K8Ll IIOHLl eT1 BepOHTH0 1 IIO IIYTR 

OTKaaa OT o5paTHhiX CBH3eil: R 38M9Hhl HX JIOrR~eCKHMII rr~peK.TIIO~aiOlU!t~'i y::::Tpoii:-

/27 I - ... "' 6 · CTBBMK THITB CXeM COBITBLleHHH H 8HTRCOBIT8Ll9Hlin 0 vTO 0 bHCHHeTCH TeM, ~TO 

LlJIH ITOHBJieHHH CHrHaJia o5paTHO:ii: CBH3H Heo5XOLlHMO rrpOXO:>KLl9HHe HMITYJibCB ~epea' 

uerro~KY Tpnrrepoa, ~To CBH3aHo c apeMeHHOI aauep:m:Ko:ii:. Cnraanhi :m:e aa nepe-' 

KJIID~arorune cxeMhi rrouaiDTCH ITOCJie rrpOXO:>KLleHRH HMITYJibC8 TOJibKO ~epe3 OLlHH 

rpnrrep. KpoMe Taro, rrepeKnro~arorune cxeMhi MoryT o5nauaTb 5oJiblllHM 5bicTpo

ueil:cTBneM, ~eM TpHrrep. 

13 • 

.UnH rrocTpoeHHH cxeM c KoscpcpnuneHTOM nepec~eTa, He paBHhiM 2, KaK yKaabr-

B8JIOCb 1 MO:>KHO HLlTH H ITO upyroMy rryTH - HCITOJib30B8HIIIO pa3JIH~Hh!X KOJlbUeBb!X 

/28/ 
t:X~H • 
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B Ka'leCTBe npHMepa MO:>KHO npHBecTH cxeMy nepectJeTa Ha 3, nocTpoeHHYIO 
. /29/ 

Ha naMnax T.lma 6B N 6 c .n:ByMst ynpaBnstiOIUHMH ceTKaMH /pHc. 19/. Paoo-

TaeT sTa cxeMa cnenyiOIUHM o6pa3oM. 

npennonO:>KHM 1 'ITO n2 HaXOJlHTCSJ B OTKpb!TOM COCTOSJHHH, TO'rna n
1 

3anep

Ta no TpeTbeii: ceTKe, a n 
3 

· - no nepBofi • EcnH nono:>KHTenbHhifi nycKOBofi HMnynbc 

oyneT nonaH Ha nepBbie CeTKH BCeX naMn, TO OH OTKpoeT TOnbKO n o nepenan 
3 

Hanpst:>KeHHSJ Ha aHOJlHOM conpOTHBneHHH n
3 

3aKpOeT n2 no TpeTbefi ceTK:s a 

n 
1 

- no nepBOHo nonooHbiH :m:e npouecc npOH30HJleT npH nona<re C.rienyiOIUero nycKc

BOI'O HMnynbC8o 

EcnH nonaBaTb HMnynbChi He Ha nepBbie, a Ha TpeTbH ceTKH naMn 6B N 6, TO 

KOnbueBaSJ CXeMa 6yneT C'IHT8Tb HMnynbCbl B oopaTHOM HanpaBneHHH: 

n2 ~ nl ~ n3 ~ n2 • CxeMa cnoco6Ha nepeC'IHTbiBaTb HMnynbCbl c '1£C

TOT01!: 10 M ru. 

KoscpqmuHeHT nepec~wTa nonooHhiX cxeM paBeH '!Hcny ynpaBnstiOIUHX ceToK B 

naMne nn10c enHHHua. nosToMy nocTpoeHHe cxeM c nepec'!eToM 6onee '!eM Ha 3 

aaTpynHHTenbHo. 

14. 

Bonee Hane:m:Hhie H He TpeoyiOIUHe cneuHanbHhiX naMn KOnbueBbie cxe-

M hi MOI'YT OhiTb nOCTp09Hbi H8 OCHOBe JlBOH'IHhiX gqeeK 0 

~ /30/ 
B paooTe npHBeneHa cxeMa KOnbue~oro nepectJeTa, paooTaiOmero Ha 

tJacToTax no 1 Mru /pHc. 201. Ka:m:nhi1i KacKan Konbua cocToHT H3 TpHrrepa, 

co6paHHoro Ha nepBhiX .n:Byx ceTKax neHTOJlOB E91 H, KaK Ha TpHonax. AHon onHoti 

H3 naMn Hcnonb3yeTcst nnst co3na~HSJ nepeopachiBaromero HMnynbca Ha cnenyiOIUHfi 

KacKan. AHon npyroti naMnhi cBoooneH. 

PaooTaeT cxeMa cnenyiOIUHM o6pa3oM. nycTb B neBoM KacKa.qe BepxHstst 

naMna n1 npoBOJlH'r, a B OCTanbH.biX K8CKanax npOBOJlSIT HH:>KHHe naMnhi. TaKoe 

nono:m:eHHe nocTHraeTcst · cooTBeTcTBYIOIUHM nocTpoeHHeM uenefi c6poca. OTpHua;enh

·Hhlfi nyCKOBOH HMilynhC IlOCTynaeT OJlHOBpeMeHHO Ha 8HTHJlHHaTpOHHhle ceTKH BCeX 

BepxHHX naMn •. TaK KaK Bee BepxiiHe naMnhi , KpoMe n 
1
; aanepThi y:m:e no nepBofi 

ceTKe, TO HMnynhC B03JlefiCTByeT TOnbKO Ha neBbiH K8CKan. nonO:>KHTenbHhiH nepe-
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II8.ll Harrpg:lKeHIHl C 8HO.ll8 Jl 1 "'epe3 eMKOCTb C
2 

rrepe.llaeTCH Ha 3arrepTyiO 1I8MIIY JI
3 

H Bbi3biBaeT B KaCKa.lle Jl
3

-JI
4 

B IlpOBO.llSilllee COCTOSJHHe 1 a JI 
4 

pereHepaTHBHhll rrpouecc, IIOCne "'ero JI 'rrepeXO.llHT 
3 

3aKpbiBaeTcH. 0TpHuaTe1IbHbii rreperra.ll C SKpaHHOU 

CeTKH Jl
3 

"'epe3 eMKOCTb Cl H .llHO.ll H3MeH5IeT-IIOTeHUHan yrrpaBnSIIOUleM CeTKH JI1• 

B SJ"'eiiKe n 1 - n2 rrpOHCXO.llHT orrpOKH.ll biBaHHe, H l! 1 38IIHpaeTCH. npH rrpHXO.lle BTO .. 

poro sarrycKaiOmero RMrrynbca rrpouecc IIOBTOpSieTcSJ, II B COCTOHHIIII C BepxHefi 

rrpOBO.llSIUleii naMrrOii OKa3biBaeTC5I H"'efiKa JI5 -JI
6

• 

Kos¢qmuueHT nepec"'eTa IT.e. "'Rcno KacKa.llOB B KOnbuel TeopeTu"'ecKII He 

orpaHH"'eH, a rrpaKTII"'eCKH 1IHMHTIIpyeTCSI MOlllHOCTbiO IICTO"'HHKa IIYCKOBbiX IIMrrynb

COB H nerKO MO:>KeT 6b!Tb JlOBe.lleH .ll<1~ 100, KaK yTBep:>K.llaeT aBTOp. CxeMa MO:>KeT 

6b!Tb HCII01Ib30Bi:ma TaK:>Ke B Ka"'eCTBe C.llBHP8IOUlero perHCTpa. 

BLrcTpo.lleiicTBYIOllliie rrepec"'eTHbre_ Konbueabre cxeMbi 6bmH rrocTpoeHhr TaK:rKe Hc'J 

naMrrax- co BTopH"'HOii SMIIccue:ii: 
14

•
131

• PaccMoTpHM pa6oTy TaKo:ii: cxeMbi /puc.21 1. 

Ko1IbUO COCTOHT Il3 5 KaCKa.llOB Ha naMrrax THIIa 

oxBa"'eH rreTne:ii: ranbBaHR"'eCKo:ii: rrono:>KuTen~Ho:ii: o6paTHO:ii: CBSJ3II c .lliiHO.lla Ha yrrpaa~ 

1ISIIOW:YIO CeTKy. JlaMrra B TaKOM KaCKa.lle MO:>KeT HaXO.llHTbCH nu6o B 3aKpbiTOM, 

1IH60 B IlpOBO.llSillleM COCTOHHHHo Bee 1IaMIIbi K01IbUa CB5I38Hbl ITO IIOCTOHHHOMyTOKy 

"'epe3 o6mee 601IbWOe KaTO.UHOe COIIpOTHB1IeHRe 110 KOMI • n OSTOMY T01IbKO O.llHa 

H3 acex naMrr lrryCTb STO 6y.lleT n 1 I MO:>KeT HaXO.lliiTbCH B IIpOBO.llSIUleM COCTOSJ-

HHIIa 0TpHUaTe1IbHbi:ii: rryCKOBOii IIMIIY1IbC IIO.ll89TCH O.llHOBpeMeHHO Ha BCe naMIIbi 

K01IbUa "'epe3 .llHO.llhi. npu 3aiiRp£:HHH 1IaMIIhi JI 1 Ha ee 8HO.lle IIOSIB1IHeTC5I II01IO:>KH

Te1IbHbifi rreperra.ll HaiipSI:>KeHHSI, KOTOpbifi "'epe3 eMKOCTb C IIO.llaeTCH Ha yrrpaB1ISIIO

lllYIO ceTKy C1Ie.llyiOUleii 1I8MIIbi JI
2

• JlaMrra JI2 rrepeXO.llHT B rrpoBO.llHlllee COCTOSIHRe, 

• n
1 

3arrupaeTcH. TaKoli :>Ke rrpouecc rroaTopHeTcH rrocne nocTyrrneanH aa BXO.ll 

B'Toporo HMIIY1IbCa - Terrepb B rrpOB<?.llHIUee COCTOHHRe rrepeli.lleT naMrra Jl
3

• 

PaspewaiOmee apeMSI, nony"'eHHoe a STo:ii: cxeMe, cocTaBnHeT 30 HCeK. JlaMrrhr, 

CTOSilllHe B O.llHOM II TOM )Ke K01IbU9 1 IIO.ll6Hpa1IHCb ITO KPYTH3He .llHHO.llHOll XapaKTe

pHCTIIKH B npenenax 10%. 

15. 

8 pa3.lle1IaX 2-14 OIIHChl~81IHCb rrepec"'eThl, OCHOBaHHhle Ha HCII01Ib30BaHHH 

TOPO H"1IH HHOPO BH.ll8 TpHrrepa. Vf3BeCT9H .llpyroii rryTb IIOCTpoeHHH CXeM . .ll1ISI 

c"'eTa uMnynbcoa - npnMeHeHne HaKorrnTenBHhix c"'eT"'HKOB. B 6onbWIIHCTBe cny"'aea 
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H8KOnHTenhHhle cqeT'IHKH ynoTpe6nHIDTCH npH C'leTe nepHOAH'IBCKHX HMnynbCOB1 npH 

HeOOXOAHMOCTH nonyqeHHH OOJlhWHX Koa¢¢HUHeHTOB nepecqeTa. 

HaKonnTenbHbiM aneMeHTOM no:no6acrx cqeT'IHKOB cny)f{IIT Koa:neacaTop c
1 

/pnc. 22a/ 0 KoH;neHC8TOp C
2 

. HMeeT MeHhWYID BBJlH'IHHy, 'IBM C 1 H HBJlHBTCH 

A03.HpyiDIUHMo nonHpHOCTh sBKJliD'leHHH AliOAOB 38BHCHT OT nonHpHOCTH BXOAHbiX 

HMnynhcoa. CxeMe cqeT'IHKa npe;nwecTayeT ¢opMHpyroruee ycTpoilcTao, Bcrpaaan

aarorue.e aMnnHTYAbi BXOAHbiX CHI'H8JlOB. no Mepe nOCTynneHH51 Ha BXOA rz__ HMnynh

COB aanpg)f{BHHe Ha KOH;neacaTope cl CTyneHbK8MH AOCTHraeT HBKOTOporo ¢nKcH

poBaHHOI'O 3Ha'leHHH ~~· nocne qero cpa6aThlBaeT pa3pH:n~oe ycTpoilcTao. Oao 

pa3p51)f{8BT BMKOCTh C
1 

H OAHOBpBMBHHO C03A8BT nyCKOBOll HMnynhC AJl51 cne;nyro

IUBI'O KacKa:na. K oa¢¢nuneHT nepec'leTa HaKonnTenhHOH gqefiKH ~o)f{eT 6ciTh c:ne

naa :nocTaTo'IHO 6onhWHM. Oa orpaHH'IHBaeTcH no cne;nyroruHM npH'IHHaM. Bo-nep-

BhiX' npn cnnwKoM 6onbwHx Koa¢qmuneHTax nepecqeTa noacrwaroTcH Tpe6oBaHHSI 

K cTa6HnhHOCTH aMI111JlTy;nbi npnxo;nHIUHx HMnynhcoa. Bo-aTOpcrx. Hanpsr)f{eHne aa 

KOH;neHC8TOpB C
1 

B03p8CTaeT no CTyneH'l8TOH KpHBOH, OI'HOaiDruefi KOTOpofi HBnHeT· 

CH BKCnoaeHTa. noaToMy CTyneHbKH HanpH)f{BHHH, nony'IBHHbiB OT HMnynbCOB C OOJlh ... 

UIHM HOMepoM, M8Jl0 OTJlH'l8IOTCH ;npyr OT ;npyra. 8To MO)f{eT npHBeCTH K He'!eTKo

MY cpa6aTciBaHHIO cnycKoBoil pa3pH;naoil cxeMcr. DnH nnaeapn3aUHH orn6arorueii a 

cxeMy BBO;nHTCH KaTOAHcril noaTopnTenh /pnc. 22fi/. O:naaKo BKmoqeane KaTo;naoro 

nOBTOpHTensr He CHHMaeT nepBOI'O He;nOCT8TKa, H Koa¢¢HUHBHT nepecqeTa H8KOnH

TeJlbHciX gqeeK o6ci'IHO He npeacrwaeT 10. 

Vf3-38 ecTeCTBeHHOI'O pa3pHA8 KOH;neHgaTopa H ooycnoa·neHHOH BTHM HH)!{Hefi 
~ 

rpaHHUel 'l8CT0Thl noqTynneHHH HMnynhCOB Ha H8KOnHTenbHYIO gqefi~y OHa ITO'ITH He 

npHMeHHeTCH npH C'leTe cnyqafiHO pacnpe;neneHHhlX BO BpeMeHH ~MnynhCOB. 

/311 
B pa6oTe 6.bina c:nenaHa nonciTKa H36aBHThCH oT &Toro He;nocTaTKa. B 

~XeMy OOhl'IHOI'O H8KOnHTenhHOI'O C'leT'IHK8 C K08¢¢HUHeHTOM rrepeC'leTa 5 BBBABHO 

¢HKCHpymruee ycTpOHCTBO Ha naMnax n4- n1 /pnc. 23 I. Pa6oTaeT OHO cne:nyroruHM 

o6p830M. B Ha'lane p83HOCTh noTBHUH8JlOB H8 KOHABHCaTOpe C} y;nep)f{HBaeTCH Ha 

)TpOBHe 60 BOJlhT C nOMOIUhlO AHOA8 ~3 H conpOTHBJlBHHH /( • npH &TOM qeTbtpe 

AHOA8 JT
6 

H n1 OTnepTbi, a 'IBTbipe TpHO;na fl
4 

H fl5 3arrepTbl0 npn nocTynneHHH 

nepBOI'O BXOAHOI'O HMnynhC8 HanpH)f{BHHe H8 C 
1 

na;naeT AO. 48 BOJlhT, 'ITO Bbi3biB8BT 

3annpaHHe AHO;na n6 • CoOTBBTCTBYIOIUHH eMy TpHOA n4 O.TnHpaeTCHo TaK KaK . a a 



21 

o6ruaSI aHO.llHaSI HarpyaKa Bcex Tpiio.uoB /conpoTIIBJl§!HIIe £ =2,2 M I O'!eHb Benii-

Ka , TO Ha aHO.ll8 naMTibl fl4 /cne.uoBaTeJlbHO, II Ha 3apSI.llHOM KOH,lleHCaTope/ a . 
YCTaHaBJliiBaeTCSI liOTeHUIIan BCero Ha 1-2 BOJlbTa Bbllll e liOT8HUIIana C8TKII, KOTOph!H 

¢IIKCIIpOBaH Ha ypOBHe +48 BOJlbT. npii liOCTynneHIIH BTOpOrO BXO,llHOPO IIMITYJlbCa 

liOT8HUHan Ha KOH,lleHcaTope na.uaeT .llO 36 BOJlbT II T.n. 

clJIIKClipyiOruaSI CXeMa BCTynaeT B neil:cTBIIe TOJlbKO np:n: MaJlbiX CKOpOCTSIX 

C'!eTa. npii 60J1bWIIX 3arpy3KaX OHa He ycneBaeT cpa6aTh!BaTh, HO B a;roM CJlY'Iae 

OHa II He o'!eHb Hy:>KHa. Pa3peweHIIe, npiiBoniiMoe aBTopoM, onpe.uenSinocb He 

nepecqeTOM, a BXOnHbiMII ycTpOil:CTBaMII. 0Ho COCT8BJ1SIJ10 0,25 MKCeK. 

·/32/ 
B pa6oTe npaBeneHa cxeM{!; HaKoniiTenhHOil: SI'IeHKII .lln£1 6onhwiix cKopo-

cTeil: C~eTa. 4T06hl npH OCTaHOBKe C'IeTa He liOTepSITb HaKOliJ18HHhlX Ha eMKOCTH 

IIMliYJlbCOB, aBTOp npennaraeT nOBOJlbHO CJlO:>KHy!O CXeMy CTyrreH'!8TOil: pa3pSIJiKII 

eMKO~TII no Ha'IaJlbHOPO liOT8HUIIana. 4~CJ10 CTyneHeK C'IIIT89TCSI 06hl'!HhlM Men-

neHHhlM nepec'IeToM. 

16. ' 

B aKcnepiiMeHTanhHOil: SinepHofi ¢II3HKe qacTo cTpe'IaiOTCSI cny'Iaii, Korna npii 

C paBHIITeJlbHO H960J1bWOH cpe.n.Hefi CKOpOCTH. liOCTyrrneHII5I IIMITYJlbCOB Ha BXOn OHII 

MoryT 6biTb crpyrrrriipoBaHbi na'IKa:\1u. TaKue na'IKU uMnynhcoB BbinaiOTC5t neTeKTo-

paMu 'IaCTIIU H3 COBpeMeHHhlX ycKopuTenefi HJlH HMDYJlbCHhlX peaKTOpOB • 

.[lnSI TOPO, 'IT06b! COC'IHT8Tb BCe HMliYJlbCbl B li8'!Ke 6e3 liOTepb 1 lipHXOnHTCSI KOHCTpy

IIpOB8Tb cno:>KHbie rrepec'IeTHbie rrpu6opbi c BbiCOKHM pa3peweHueM, KOTOpbie B rrpouecce 

pa60Tbl HCDOJ1b3YIOTC5I O'IeHb H99KOHOMHO. 

Bo3Mo:>KeH npyroii crroco6 c'qeTa HMITyJlbCOB B li8'!Ke- Hano C liOMOlllbiO 

HeKOTOpOrO ycTpOllCTBa Ha He60J1bWOe BpeMSI 3aDOMHIITb 'IHCJ10 llpHwenWHX HMrrynb

COB, a 3aTeM /HanpHMep, B npoMe)KyTKe Me>Kny na'IKaMH 1 COC'IUTaTb HX 06b!'I.Hb!M 

cpaBHHTenbHO MenneHHhlM nepecqeToM. 

6 . /33,34,35,36,37 .'· 
TaKHe ycTpoiicTBa b!J1II npenno:>Kenhi u ocyruecTBneHbi • 

BxonHaSI 'IaCTb Bcex ycTpOHCTB He OTJ1H'I88Tc5I B rrpHHUHDe OT H8KODHT8JlbHOH 

H'IeiiKH: rrpHXOnSilllH8 HMDYJlbCbl CTyrreHbK8MH liOBb!W810T Harrp5I:>K8HIIe Ha KOHneH;:;a

TOpe • M e}!{ny co6oii cxeMhr oTnwxaroTcH nHWb crroco6oM C'IHThTRAHH5t •mcna 
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133 34 351 
HMrrynbcoa, HaKonneHHbiX Ha eMKO~TH. B pa6oTax • . • aanoMHHaiDrr..taH eMKOCTh 

pa3pSI:>K8eTCSI CTyrreHbK8MH C I'IOMOLUblO HMI'IY1lbCOB1 C03.IJ:8B8eMbiX OT.IJ:ellbHbiM reHe

paTOpOM I n5 Ha pHc. 241. Be1IH<JHH8 .aapSI.ua, CHHMaeMOI'O c eMKOCTH npH C<JHTbiBa

HHH, I'IO.IJ:6HpaeTCSI paBHOil: 38pH.UYt rtp!!HOCHMOMy BXO.IJ:HbiM HMI'IYllbCOM. reHepaTop 

pa6oTae·T .uo T~x nop, noKa aapSI.IJ: Ha eMKOCTH He Hc<Je3HeT. HanpSI:>KeHHSI a paa

llH<JHbiX TO'IK8X CXeMbi I'IOK838Hbi H8 pHC. 25. npH 9THX YC1IOBHSIX I'I8<JK8 C1IY'I8HHO 

pacnpe.u·eneHHbiX BO, BpeMeHH BXO.IJ:HhiX HMI'IYllbCOB rrpeo6paayeTCSI .B I'IOClle.IJ:OBa

TellbHOCTb HMI'IYllbCOB C HHTepB8118MH 1 38BHCSILUHMH OT <J8CTOTbi reHepaTopa. B Ka

<JeCTBe reHepaTopa MO:>KeT 6biTb HCI'I01lb30B8H8 T8K:>Ke rrepBaSI .IJ:BOH<JH8H SI<Jeil:Ka rrepe

C<JeTa, BKlliD<JeHHoro nocne.uoaaTenbHO c HaKorrHTenbHoil: H<JeilKoli. B HopManbHOM 

coCTOSIHHH SI<JeliKa 6noKHpyeTcSI Ha<JallbHhiMH HarrpH:>KeHHeM aanoMHHaromeli eMKOCTH 

IHenocpe.ucTBeHHO HllH qepea ycHnHTenbl~ Bxo.n:Hhle HMrrynhChl Ha~eHSI~T 9TO HarrpSI

:>KeHHe H rrepeaoi:J.HT gqeil:Ky B pe:>KHM aBTOK01le6aHHH. npH K8:>KAOM K01le6aHHH C eM

KOCTH CHHM~eTCH 38pH.IJ: 1 COOTBeTCTBYIOLUHH O.IJ:HOMy BXO.IJ:HOMy HMI'IYJibCy. Kone6aHHSI 

H<Jeil:KH l'IpO.IJ:01l:>K810TCH .IJ:O MOMeHT8 BOCCT8HOB1leHHH H8'!81lbHOI'O I'IOTeHUH8118 H8 aa

I'IOMHH810LUeil: eMKOCTHo 

B npHHUHrre aoaMo:>KeH .upyroli cnoco6 paapH.ua aanoMHHaiDrueli eMKOCTH. Ec-
1IH K8KHM.,...1IH6o o6pa30M 38CT8BHTb eMKOCTb pa3pH:>K8TbCSI llHHeHHO, TO BpeMH paa

pSI.IJ:8 6y.ueT rrpHMO rrpOrrOpUHOH81lbHO H8'181lbHOMY H8I'Ipst:>KeHH10 1 T.e. <JHC1ly I'IOCTYI'IHB-

W HX HMrryllbCOBe 

C . u u 6 I 37 I I 26 I xeMa 1 HCI'I01lb3YIOLU8H 1IHHeJ!:Hb!H p83pSI.IJ:, l'IpHB'eaeHa B pa OTe pHC. • 

npnxo.uRLUHEl OTpHaaTellbHbie HMI'IYllbCbi aapSI:>K~~T KOH.IJ:eHcaTop c2 qepea .IJ:Ho.ri. ' 

n pH paapH.ue c2 qepea conpo~HBlleHHe R HarrpH:>KeHH'e Ha KOH.IJ:eHcaTope CTpeMHT-

CSI K +150 B01lbT8M, L{HO.IJ: n3 n03B01ISJeT KOH.IJ:eHC8TOpy pa3pH:>K8TbCH TOllbKO QO 

Hynst. TaKHM o6paaoM,_ H3 9KcrroHeHrrnanhHOil: KpHBoil: paapH.ua Hcrrom,ayeTcst nHWh 

ManeHbKHil: H8'!81lbHbiil: Y<J8CTOK 1 KOTOpbiH MO:>KHO -C<JHT8Tb llHHeHHbiM. H anpst:>KeHHH 

B p831IH<JHbiX TO<JK8X cxeMbi I'IOK838Hbi H8 pHc. 27 • L{nHTe1lbHOCTb HMI'IY1lbC8 B 8HO.IJ:e 

118MI'Ihi orpaHH'tfHTenSI n
1 

rrporrOpUHOH~1lbH8 <JHC1IY rrpRW.e.IJ:WliX Ha BXO.IJ: CHI'H81IOB. 

STo~ HMrrynbc aanycKaeT aanepThlil no TpeTbeil: ceTKe 6noKHHr-reHepaTop c ¢nK-

CHpOBaHHOH <J8CTOTOH I 1 Mrrrl Ha naMne n2. f1o.u6opoM I{ MO:>KHO .uo6HTbCH 

COOTBeTCTBRSI Me:>K.IJ:y 'IHC118MH BXO.IJ:HbiX H BbiXO.IJ:HbiX HMI'IY1lbCOB0 CXeMa, IIpHBeL{eHH8H 

H8 pHCo 261 pa6oTaeT ycrreWHO IIpH <JHCne 38I'IOMHHaeMbiX HMIIYllbCOB He oonee 5. 
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llanbHeiiUJee y-BeJ1HqeHHe 9MKOCTH "naM.f!TH" MO:li{eT ObiTh nonyqeao c .noMoiUh!O 

K8TO,llHOI'O llOBTOpHTensr, BKniOqaeMOI'O .llJl.fl J1HHeapH38UI:IH OI'I:I08!0IUeii KpHBOii Hanpg

.)K eHH>I Ha KOH.ll 9HCaTope C
2

• 

CxeMbi, onHcaHHbie B aToM pa3.uene1 MoryT ObiTb Hcnonb30BaHbi He TonbKO B 

paOOTe C nyJibCHpyiOIUHMH HCTOqHHKaMI:I I:IMllYJibCOB, HO H npi:I cqeTe cnyqaifHO 

pacnpe.ueneHHhlX so BpeMeHI:I coohlTHil. B aToM cnyqae OHI:I no3BOnHIOT rrprrMeH>rTh 

rrprr H3MepeHH>rX 6onee Me,CJ:neHHbie rrepecqeTHbie cxeMbi, 6e3 ysenrrqeHI:IH qrrcna rro

Tep& DpH cqeTe0 npHOJIH)i{eHHbi9- cPOPMYJibi rrpocqeTOB rrpH I:I3MepeHHHX C ITOMOIUh!O 

. 6 /33,36/ 
38ITOMHH8!0IUHX gqeeK npHB9U9Hbi B pa OTaX • 

npH paooTaX C 38ITOMI:IH810IUHMH 5I'!eHK8MH H8.ll0 TBepno npe.llCT8BJl5ITh ceoe, 
141' 

qTO OHH JII:Illlh yMeHhlli8!0T ITOTepH cqeTa, HO He MOI'YT ITOBbiCHTh cpe,llHIOIO CKO-

pOCTh cqeTa Bbillle Toil, Ha KOTopyiO paccqHTaH cne.uyroruHit 3a gqeifxou rrepecqeT.., 

Hbiu rrpHoop. 

BbiCTpo.ue.il:cTBJJe 3aaOMHH8!0IUHX gqeex MomeT oi:.ITh sec&Ma 6on&WIIM. 0Ho 

1 

OI'p8HHq"HBaeTC5I JlHlllh CKOpOCTb!O cPOpMHpyiOIUei'O BXO.llHOI'O ycTpOl!CTBa R CBOH-

CTB8MH ITpi:IMeHeHHhlX B CXeMe ,llHOLlOB. 

17. 

DnH yMeH&lli9HI:ISI ITOTepb ITpH cqeTe I:IMITyJihCOB 0 Bbi3B8HHbiX H9,llOCTaToqHO 

/38/ 
BbiCOKHM pa3pellleHHeM rrepecqeTHoro rrprr6opa , B pa6oTe ObiJIO rrpe.uno)KeHo 

perHcTpHposaT& HecocqnTaHHbre HMrryn&Cbi .upyrHM rrepecqeTHbiM nprr6opoM. Bnox

cxeMa ycTaHOBKH rrpHBe.ueHa Ha pHc. 38. Bxo.UHbie I:IMrryn&Cbi rro.uaiOTCSI Ha o6a 

BXO.ll8 CXeM bi COBD8,lleHHH CC, rrprrqeM Ha O.llHH H3 BXO,llOB - C 38.ll9pmKOH qepe3 · 

¢opMHpyroruee aBeHo • .DnrrTen&HOCTh c¢opMrrposaHHbiX HMrryn&coB T pasHa HnH 

Hecxon&KO 6on&l1Ie pa3pelllaiOruero sp'eMeHI:I rrepecqeTHoro rrprr6opa. B en~qJIHa 

aa.uepmKH T8KOB8, qTo HeT CaMOCOBIIB,lleHJIH, T.e. · COBrra.ueHH.il: CcPOPMHpOBaHHb!X 

HMITYJibCOB C BXO,llHbiMH HMITyJihCBMHo l1Ba BXO,llHbiX HMITyn&ca, paa.aeneH:tihiX 1'\pe

M eHeM~ 6onblliHM qeM T, He Bbi30BYT cpa6a·rhiBaHHSI cxeMhi cosrraneHIJSI rr o6a 

3aperrrcTpHpyiOTC>r rrepecqeTHbiM rrpH6opoM N2 1. I-1Mrryn&Cbi me , rrpHllle.lllliHe 

B TeqeHHe BpeMeHH T, ;Bbi30BYT cpa6aThiBaHHe CC. CHrHan co cxeMbi cosrra.ueHHH 
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aaKpoeT cxeMy aHTHCoBna.neHHii: CA n Ha nepec'-IeTHbJti npuoop N2 1 ycrreeT npoii:TH 

TO!IhKO nepBb!il: H3 l.lBYX HMnynhCOB~ BTopoii: HMrrynhc, KOTOpbrii He Obin 6:cr coc"'RTaH 

nepecqeToM N2 1, rrocTynaeT 'l'OJibKo Ha axo.n nepec•reTa N;• 2 R perRcTpHpyeTcR HM. 

TaKaS! ycTaHOBKa cymecTBeHHO yMeHblllaeT rroTepR cqe·ra. 

B aaK!IIO"'eHRe llBTop:cl xoTflT '{Ka3a'rh, "'To. B o63ope rrpem~:ymecTBeHHo ocl:le

meHbJ paOOTbl, B KOTOp~P(' IIpe,nnaraiOTC~ HOBbie pellleHIHI 38.lla'IH riOBb!WeHR9. Ob!CTpo· 

.nertcTFIHst nepectreTHbiX cxe11.1 H yMeHbllleHnst noTeph npn C"'eTe HMIIy!IhCOB. Atnopbr H~ 

, OCT8.H8B1IHBa!IHCb Ha paoOT8X 1 ITOCBHUleHHblX p83JIIf'IHbiM M81IOCY!UBCTBBHHb!M MOlJHqJH

K8.!l.HSIM 8TIIX HOBb!X CXBM 1 H ri08TOMV B 0030p BKJIIO'i2HJ,!, B OCHOBHOM, !IHWh OpMrH-

H81IhHbie pa60Tb!• 

PyKonMCb no~Tynuna B na.naTBJihCKMii: oT.nen 

8 anpenst 1960 rona. 

fl!' 



-Ec 

I 
I 

_J~8x 
--,--

1 
I 
I 

25 

c 

I 
C8x I 

-..!. --
~ -T--

1 
I 
I 

+Ea 

Raz 

-Ec 



./ 



27 

'0 
'0 C) 

C) ~ C\J ...... ..... ..... 
Cf) . 
0 
:s: a. 



+3oo6 

r r 1 J 
llt, 

+2!06~ 
,a . 

I -

~+2108 

12 
R24K 

r-C 
3anyc~ 

~ . ... , .. 
~ ·.· '.~~· 

I I 
91 I II "" c; vI I 

\I ~CUll ~r ~' I I BotxoB 
1\:) 
(XJ 

AJI r r~zK2 zl\, 
+2osg 1 e J c; I'll\ / \. 2MK +2058 

JIJ 

Bee JlaMnot muna 
PHc. 4. 6B 9. 7/1 



--------------------

29 

+2606 

3anyC'K 

llaMnol muna £88CC 

Pac. 5, 



'1l = () 

08 



31 

- ---1--....J 

--- _.,.___, 

l C'r) 

':::::, . ':::> 
rt::> -::) <t:> .0 tJ '!'" """""-1. 

3' Cj t \c: ~ 

t3 c§ u ~ {J Cj <U tU <tl ~ 

~ 
t'Q ~ 

I ~ (\J 
Cj 



/ 
90lZ 



33 

. 
0 = a. 



~ 
~ 
Ct -
3 ;;p c:: r> :::J - s::l p 

t..., 

~ 
"" 0) 

~ 
~ 

+ 
.. _...... ... 



35 

. ... ... . 
0 
:s: 

0. 



"C :s: 
() -"' 

9S 



37 

. 
0 

0: 



'}00£+ 

.)!Sf 

H001 

HOOJ 

CJOO£'+ 

09£' 

9SL+ 

09E' 

06f 

:>IOf 

asr 

88 



R 

5 + 

39 

~~-t--~~J__jl B:oa 
v-v-v 
t 2 3 

+E 

PHc.15. 



-

zu 3-JIJ 3 = 'V)IUJO 3 
+ 

ZU 3-IU 3 = 'l.iJIWO '3 

+ 

f gOHtJ 

ov 

I + 

+ 
DJ 

-----~ ~-.-~----,--~-.,o..,..---"'""'--=---------------.. 

15'0WtSdu 
15DHhOrfideOH 

C {JOI-II:J 



+1506 

EFP60 

41 

3006 

ro:--:~ 

-2508 

PRe. 17. 

_/\_ 3anycK 

+1508 

EFP-60 

-Ec 



J' 0 . -00 

r


• '
-
-

- -

' 
;;;

p 

--
--

-·
--

.....
 

(\
) 

1
-
-

w
 

. 
' ~
 -

x C
l Cl
J 

f\
) Q

 

I 

--- :)
 

) 

en
 

=t
l 

r 1
\)

 -

,.
 

_(
\:

) 
.. 

. 
1

\)
 

' 



43 

~
 
~
 ~ 

a) 

-
::) 

0 
E

 
=: 

a.. 

:0 

~ tJ 
~
 



-
/ 

b3
 

~ ~ 
~
 

~ 
~
 

CI
Q 

o-
~
 

-
?
( 

"C
 

~ 
=

 
§ 

0 

~
 

. II
.)

 
£:

) 
p 

~
 

~
 

·
~
 

._
 

l::
 

. <
::5

 
.:I

'( 

'+
 

U
l 

"" 
~
 

c::
J 

I 

~ 
::::

J 
... 

c::
J 

~
 

~
 

~
 
~
 

c::
:; 

~
 

N
r"

:)
 

~
 

&
 

" 
~
 

:I
t ~
 " ~
 "' 

vv
 



20K 20K {6, 

JOK i5K. f5K 
3anycJC 

,. ' .. 

Bee .naMnbl muna · EFP -50 

PHC. 21. 

·+Joog 

+2008 
680 

r-
20Jr 

iSK 

,J::. 
OJ 



l 

~ 
,_.;

; 

~
·
-
-

9v
 



~
 

"
'0

 
'0

 
'C

) 

~
 

<::> 
c:o 

\Q
 

~
 

....:r-
t'r) 

t'<
) 

+
 

i-
i-

.,. 

47 <10 
\\() 

~
 

l\1 
~
 

-4-
+

 
~
 

~
 ...... l 

u :s: 
0.. 



BxofJ Cz J• ' ~ 
R Sn 

171 f72 6X2n 2wm. · 

Botxoa 
B 

~~--------------~r--------~~--~--+808 
22K 

10H 

f80K 

330K 

_ -tOOB -1008 
J/3 6>Ktn 

Pac. 24. 

33K 

-fOOIJ 

17¥ 6 >Kt n 

151( fSK 

f80K 

-2f G 

175 6H15fi 

~ 
CJ) 



49 

· ·Hanpfl )l(eHue 
uR Ha 6xooe 

Hanp>l )/(e1-1ue Ha HaKonu
. menbHOU eMKOCmU . 

~~--------------~--~--------------t 

H anp9)1(~Hu~ Ha 
6bJxooe. 

1 2 
~--~----~--~-----r------------~t· 

I 



(.
 r ,, l '\ 

:5 14
-C

::S
--j

 
I
~
 

-
-

~l
 

a 
l)

 ... ~'":
) ,, ~
 

"" 
::::,

 

09
 



51 

6 ----
:'Ypo8eHb 

~ 

I 
I 

I oc>paHul.leHUfl I 
I I 
I I I 
I I I 
I I ~I 

I I I 
I I I 

I I I. I I I I I I 
I I. I 

I ~ I ~ B 

PHC, 27, 



,, I. !j
 •· 

C
J 

'"
:)

 
f
-
-

; ~"
 

~
 

~
 

' 

~
~
 

1
\.

)r
, ~
 

~
 rt

-

::: 

~-
'-

-
-

c:::
 

&
 g ~
 8 

CJ
..>

 

-e
 

C"
J 

:t
l r :::::

:, 
~
 

~
~
 

...
.. 

f':
) tii ::J 

c::.
 

::J
 

~
 

C
) g 

rt
-

C
) 

C
lJ

 

~
 a 



53-

fl H T e p a T V p a 

l. Eccles W.H., Jordan F.W., Radio Rev.,1 No.3, 143 ( 1919 ). 
2. z. Bay, N. T. Gr isamore, High Speed Flip-Flops for the Millimicrosecond Region. IRE Trans. §.£::§. 

121 (1956 ). 
3. V. Fitch, A High Resolution Scale-of-Four. Rev."Sci. Instr. ~ 942 ( 1949 ). 
4. U. Pellegrini, B. Rispoli, Deux appareils demultiplicateuis d'impulsions a pouvoir resolutif eleve. 

'Coll9que International 'Electronique Nucleaire' Paris. 
Sept. 1958. p. 217. . 

5. ·M. Nakamura, Forty-Meg::xcycle Scaler. Rev. Sci Instr. 28, 1015 ( 1957 ). 
6. F.A.Muller, A. Fast Scaling Stage. Nucl. Instr. 4, 115 ( 1959 ). 
7. Sessler W.M., Masket A.V., High Speed ~lectroclc Scaler. Rev. Sci. Instr.n, 494 ( 1950 ). 
8. 1esepHpoaaHHe sneKTPH'IeCKHX Kone6aHHft cnexman&Hoa cPOPMbi /nep.c aarnHft

CKoro/. Ha.n. "Coae-x;czwe Pa.nHo", M.1951, T.ll, CTp.228. 
IZ' 

9. H.K. Schoenwetter, Improved Fast Scaler. Rev. Sci. Instr. ~' 515 ( 1953 ). 
10. E. Gatti, Review of Some Recent Contributions to Pulse Techniques in the Field of Classical 

Nuclear Electronics. Colloque International 'Electronique 
Nucleaire'. Paris, Sept. 1958. p. 273. 

11. G.W. Hutchinson, W.H. Well~, D.H. White. fast Scaling Circuits. Nucl. Instr . .:h 228 ( 1959 ). 
12. B. Collinge, G.B. Huxtable .. 20 Mc/s Scaling Circuit. Nucl. Instr.j, 116 ( 1958 ). 
13. J. Fisher, J. Marshall, A Ten Millimicrosecond: Scaler. Proc. Natl. Electr. Con£. 9, 491 (1953). 
14. W.E. Hostetler, H.J. Wolkstein, Low-Power Binary Counter. Tele-Tech and Electrooic Ind. 15, 

' No . 7, 48 ( 1956 ). -
15. E. Baldinger, P. Santschi, P. Wehrli., High Speed Transistorized Scale-of-Two. Nucl. Instr. 4, 

117 ( 1959 ). -
16. M. Gettner, W. Selowe. 50-Mc Discriminator-Scaler. Rev. Sci. Instr. ~ 942 ( 1959 ). 

17. n.A.OcTpeuoa, r . .Ll.flaTbiUleB, B • .Ll.fleoHOB, H.M.illHpUlOB. BbiCTpo.neii~TBYIOIUaH 
nepec<JeTHaH cxeMa, nT3, N~ 2, 72' . ( 1956). . 

18. N.F. Moody, W.D. Howell, W.J. Battell, R.H. Tqplin. A Comprehensive. Counting Systemfor 
Nuclear Physics Research. Rev. Sci. Instr. 22, 439 ( 1951 ). 

19. R.G. Nordquist, Testing High Speed Digital Computer Circuits. Electronics }i No 29, SO ( 1959 1, 

20. A.M.Bosq-BpyeBH'I. npHMeHeHHe sneKTPOHHbiX naMn B skcnepHMeHTanbHOft 
.cpH3HKe; 1HTT fl, M, 1955 CTp. 510. 

21 •. H.H.MaTIDX~H, A.B.3anKHH.ll, n.B.HaaHOB • .LlecHTH'IHbie C'leT'IHKH 'sa KPHCTamm-: 
'leCKHX TpHo.nax. C6."nonynpoao.nmtKOBhie npu6opbi u ux npuMeHeHue" no.z:t pea. 
H.A.¢eaoToBa, ~bm, 1, Ha.z:t. "CoaeTcKoe Paauo", M. 1956, CTp. 577. 

·22. Kemp. E.L., Gated Decade Counter Requires no Feedback. Electronics 26, No. 2, 145 ( 1953 ). 
23. Wahl R., Journal de Physique et le Radium. 13, 670 ( 1952 ). -
24. D.E. Cottrell, ·Binary- Decimal Counter Operates at 10 Me. Electronics 3Q, Nq. 11, 186 ( 1957 ). 

25. ctJ.H.ranKHH, M.H.Haaaoa • .LlecHTH'IHbie nepec<JeTHbie cxeMbi I aeKa.z:tbi/. HaaecTHH 
BY3"oa "npu6opocTpoeaue", a, Ng 4 91 /1959/. 

26. B.r.3uaoa. YnyqweHHe .z:teKa.z:tHOI'O nepec<JeTa Ha .z:tBOH'IHbiX H'leftKax. nT3, Ng 3, 
135 /1959/. 



54 

27. Nelson E.C., Binary Coded Flip-Flop Counter. 
AMep. naTeHT. PIK 3neKTpOT9XHHKa N2 24 /1959/. pe¢. 50249 n. 

28. H. Beckwith, Flip-Flop Counter has Expanded Range. Electronics 28, No. 1, 149 ( 1955 ). 
29. A.F. Fishmann, Difference Counters. Electronic Eng. 29, 546 ( 1957). 
30. W. Gruhle., Schneller Ringzahler al~ :ele~tronischer Schalter. Nucl. Instr.l! 204 ( 1958 ). 

31. VI.nbroac, <t>.Ysnc. MHnnHMHKpoceKyH.z:IHaS! HMnynbcHaSI TexHHKa /nep. c aRrnHft-
cKoro/ ·VIn MocKsa 1956, cTp. 286. · 

32. R.L Favre, D~multiplicateurs electroniques d'impulsions. Nucl. Instr . .1 201 ( 1957 ). 
33. R.E. Bell, The Resolver, a Circuit for Reducing the Counting Losses of a Scaler. Canad. J. Phys. 

M, 563 ( 1956 ). 

34.A.E.BopOHKOB, n.H.Kopa6nes, H • .ll.MypHH, H.B.WTpaHHX. BbiCTpo.nellCTBYJOlllHR 
MHOroKaHallbHbill aMnllHTY .UHbiit 8H811H38TOp, · 
VIs.n.cpHnHana BVIHTVI Te~a 41, -MocKaa 1957, CTp. 39, 

35. G.W. Hutchinson,·A Soft Valve Scaler for Intermittent Fast Counting. J. Sci. Instr. 34, 109 ( 1957) 
36. R.L. Favre, Demultiplicateurs electroniques d'impulsions. Nucl. Instr. 1, 133 ( 1957 ). 

R.L. Favre, Dispositif de r~duction du temps d~esolution des demultpli
cateurs electroniques d'impulsion. Helv. Phys. Acta 27, 683 ( 1954 ). 

37.B.r ,3HHOB, C.B.Me.nae.nb. CxeMa .nm1 yMeHbiiieHHSl '!Hcna nepec'!eT.oB a nepecqeT

HbiX ycTpoAcTaax /a ne'laTHI. 

38. IO.K.AKHMOB, PerHCTpaUHSl npOC'l9TOB B nepeC'l9THbiX cxeMax. nT3, N2 2, 113 ( 1959) 

c 
l 


