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B anepaoa anexTpOHHKe OAHOft H3 HaHoonee pacrrpocTpaHeHHbiX aaAa'l 

siBnsieTCSI <jlopMHpOB8HHe CT8HA8pTHblX nOI'H'IeCitHX ( BpeMeHHbiX) CHI'Hanos. 

Paaee aaHoonee WHpOKO <jJOpMHpOBBTenH HMITynbCOB ITpHMeHSinHCb B 

CXeMaX COBIT81l9HHft. CXeMa COBIT8AeHHft BbiiTOnHSinacb B BHAe OTAenbHOI'O 

ITpHoopa, paoOT8IOIUero HerrocpellCTBeHHO CO CT8THCTH'IeCKHMH HMITynbC8MH. 

CTpeMneHHe K AOCTH>KeHHIO BbiCOKHX aneKTpH'IeCKHX XapaKTepHCTHK rropo

llHno. ycno>KHeHHe ¢opMHposaTenea, xoTopoe rrpHseno x BbiAeneHHIO HX a caMo

CTOSITenbHbie onOKHo 3TOMY CITOCOOCTBOBano T8K>Ke Bbi3B8HHOe ysenH'Ie-

HHeM CnO>KHOCTH H KOnH'IeCTB8 ycTaHOBOK CTpeMneHHe p830HTb HX Ha onOKH1 

BbiiTOnHSIIOIUHe CT8Hil8pTHble ¢yHKUHH. 8biAeneHHe CHCT9Mbl H3 OTHOCHTenbHO 

HeOOnbWOI'O 'IHCna onOKOB IT03BOnSieT YAOBneTBOpHTb rrpaKTH'IeCKH BCeM 

Tpe6oaaHHSIM x anexTpOHHxe ¢H3H'Iecxoro axcrrepHMeHTa. Tax, aarrpHMep, 

<jlopMHpOBaTenb MO>KeT Ob!Tb HCITOnb30B8H AnSI BXOAHblX H BblXOilHblX K8H8-

nOB CXeM COBITBAeHHft, AnSI rrony'leHHSI CT8pT-CTOITHblX CHI'Hanos B KOHBep

TOpax, AnSI CTp06HpOB8HHSI HllH onOKHpOBKH BOpOT H T.A. 8biSICHHM1 K8KHM 

Tpe60B8HHSIM AOn>KeH YAOBneTBOpSITb <jlopMHpOBaTenb. 
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Tpe6oaaan.11. npeLl'b.I!Bn.l!eMhie K dJOpMnpoaarenS!M 

apeMeHHhiX HHTepaanoa 

4>opMnpoaarenn apeMeHHhiX HHTepaanoa npeaHa3Ha"'eHhi JlnS! pa6oTbi 

B OCHOBHOM OT HMnynbCOB
1
CT8THCTH'49CKH pacnpeLieneHHbJX no aMnnHTyJle H 

apeMeHH. Oo BXOllY HX MO)I{HO B OCHOBHOM XapaKTepH30B8Tb! ,, 
.. :~:., 

ll U ax' r~\Jr 
l' 

2) JlH8n830HOM )lnHTenbHOCTeti <}JpOHTOB BXOllHbiX CHI'HanOB npH nOCTO.I!H- ·:·'-.'. l 
1) JlH8n830HOM aonyCTUMbiX BMnnUTYll BXOJlHbiX CUI'HanoB 

aoii qyacranrenbaocru <}lopMupoaarenH a ( t ¢) 1 ~~~a l 
BX ··, 1 

3) auana3oHoM aonycTHMOti anurenbHOCTH BXOllHhiX cnraanoa Ll t 1 · '. r 

BX , 

4) Bp9M9HHOH CT86HnbHOCTbJO cpa6aTbiB8HH.I! <}JopMHpOBaTen.l! OT pa3- ,.·,,·.,, : 
1l~ i 

.riH'!HhiX no aMnnuryLie crynea"'aThiX BXOllHbiX curaanoa (auana3o- ~~ , 

K 

5) 

6) 

HOM annrenbHOCTetl 3aaep*eK Ll t ~ J 
3 ' 

"'HCny BbiXOJlHhiX XapaKTepHCTHK <}JopMHpOB8Teneti OTHOCS!TC.I!: 

JlU8na30H 38Jl8B89MbiX Bp9M9HHhiX UHTepBanoa Jl l I 
Bblll 

aenn"'HHa Mepraoro apeMeHn . 
M 

,lln.11 npaKTH'49CKOrO HCnOnb30B8HU.11 fi8)1{Hbl T8K)I{9 T8KH9 nOK838TenH, 

K8K norpe6nSI9M8.11 <}JopMHpOB8TeneM MOlllHOCTb p , KOnU'49CTBO npS!-
noTp 

MhiX n uaaepcHhiX BhiXOLlOB N , ero pa3Mepbi ( nnomallb nepeLIHeti na-
BhiX 

..... aenu S ) , aanu"'ue uenetl ynpaaneau.11, "'ucno TpaH3ucropoa 
n N • 

Tp8H3 

8hi.I!CHUM, U3 K8KUX aneMeHTOB L10n)I{H8 COCTO.I!Tb 6noK-CX9M8 <}JopMU

pOBaTenSI (puc. 1). Ha axoae ¢opMnpoaarenb aon:>KeH uMeTb 6biCTpoaetlcr

ayJOli1Hii orpaHH"'HTenb uMnynbcoa an.11 o6ecne"'eHH.I! 6onbllloro LlHHBMU"'eCKoro 

nuana3oHa no aMrmuryae. BKnJO"'eHne 3a orpaHU"'HTeneM 6biCTpoaetlcrayJOlllero 

Tpurrepa illMHTT8 o6ecne"'HB89T IlOCTO.I!HCTBO "'YBCTBUTenbHOCTU <}JopMHpOaa-

x/ 
TenSI BO Bp9M9HU , CTa6unbHOCTb BpeMeHU 38Jl9p)I{KH Cpa6aThiB8HHS! H CTaH-

Jl8pTH38UHJO ¢poHTOB orpaau"'aHHoro curaana. nocne Tpurrepa illMUTTa 

He06XOllUMO BKnJ0'49HH9 Jlu<}J¢epeHUUPYJOllleti uenO"'KU )ln.l! npeLlOTBp8li19HU.I! 

IlOBTOpHb!X cpa6aTbiB8HMH ¢opMHpOB8TSnS! IlpU )lnUHHbiX BXOJlHbiX CUI'Hanax, 

xl 
Ba)I{HOe 3H8'19HH9 UM99T BOnpoC 0 nopore OTnyCK8HUSI TpHrrepa 

ill MUTT8o fHCTepe3UC ero BXOllHOH XapaKTepUCTUKU JlOn)l{eH 6biTb MUHHManb

HblM, 

4 

.lluana3oH apeMeHHhiX HHTepaanoa, o6ecnequaaeMhiti apeMSI 

TOM, 38BHCUT npe)l{)le BC9I'O OT THna Bp9MSI38rl8IOllleH U9Ill 

I aneMeHThJ 1 BblllOnHeHHbl9 C npHM9HeHU9M nUHHH 38Ll9p)I{9K 

liiOti JlUana30H )lnHTenbHOCTeH BhiXOLlHbiX CUrHanoa, 'ITO CE 

THBHhiMH orpaHu'!eHUSIMH Ha ra6apuTbi nuauii 3aLiep*eK. B 
I 

MO)I{l!O llOCTU"'b, HCI10nb3Y.I! LlHOllbl C H8KOI1neHUeM 38p.11Ll8 

/1,3/ 
IOlllUe UHJlyKTHBHOCTU ; H8U6onee liiUpOKUM JlHana30H0" 

/4,5/ 
M9HTbl Ha OCHOBe Bp9M.I138Jl810li1UX 9MKOCT9H • 0TM9TU 

30B8HU9 llUOllOB C H8KOnneHU9M 38pSIJl8 H Bp9MSI38)l810liJHX 

eT IlYTb K aneKTpOHHOH perynupOBKe Jl,TIUTenbHOCTH BbiXOll~ 

KpoMe au~Pq,epeauupyiOmeii u apeM.I13aJlaJOmeii ueno"'eK, a u 

)lOn)I{HO 6hiTb npyrux peaKTHBHbiX aneMeHTOB, T,K, 8TO npJ 

pa6oqux TO'!eK npu·6onbliiUX 3arpyaKax. 

.lln.11 KOpOTKUX BXOLlHbiX CUrHanoa (puc, 2a) MepTBOe 

B8 Ten.11 CKna)lbiB89TC.I! U3 UHTepaana BhiJl9p)I{KU U 
Bhlll 

HOBn9HH.I! t apeMSI3allaJOmero aneMeHTa.~ .lln.11 axe 
BOCCT 

C KOPOTKUM nepeJlHUM tPPOHTOM U C JlnHTenbHOCTbJO, 60nblUE 

+ t ) ) , pauuoaanbHO npuMeaeaue au!P!JlepeauupyJOliJer< 
BOCCT X/ 

1 

ae ¢opMHpoaaren.l! (puc. 1) an.11 nuKauaauuu ao6aao"'Hor 

Meau, Bhl3BaHHoro aanu"'neM anuaaoro axoaaoro curaana. 

MeHeM BOCCT8HOBneHH.11 o6na)l810T CX9Mbl C HHJlyKTHBHOCTb 

phi Ha TYHHenbHhiX LlHOJl8X, B KOTOpbiX t .eHOt 
BOCCT Bblll 

Mbl C nHH:U9H 38Jl9p)I{KH, K8K npaBHnO, UM910T 
BOCCT 

"19HUe COCT8Bn.I!JOT CX9Mbl CO CTapT-CTOnHbiM TpurrepOM, E 

TOpOrO BKnJO"'9H8 nHHH.I! 38Jl9p)I{KH, U CX9Mbl C TpeXypOBH9B 
xx/ 17/ 

cHrHana • TaKHe cxeMbi uMeJOT << l • 
BOCCT Bblll 

sue peanu3oaaao u a cxeMax 

:/2/ 
C H8KOnneHH9M 38p.I!Ll8 • 

C BpeMSI38Jl810li19H 9MKOCTbJO' 

x/ 
B aToM cny"'ae Tpe6yeTCSI 38lllUTa BXOLla !l>opMupoaaren 

TenbHhiX, TaK u or nono*UTenbHhiX curaanoa. 
xx/ 

KoTopoe, ecTecTaeaao, TPYLIHee peanuaoaaTb B aa~ 
30He, 'ISM LlBOU"{HYIO nornKy • 
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I 
I 

ilHBII830H Bp8M8HHbiX HHTepeanoe, o5eCII8"1HB88Mblil: Bp8MSI38j:l8101UHM aneMeH

TOM, 38BHCHT rrpeMAe BC8I'O OT THIIa Bp8MSI3aJ18IOIUe~i U8IIH, BpeMSI38A810IUH8 

Ill 
aneMeHTbi 1 BbiiiOnH8HHbl8 C IIpHM8H8HH8M nHHHil: aaaepMeK 1 HM810T He5onb-

woil: AH8II830H anHT8nbHOi::Teil: BbiXOAHbiX CHI'Hanoe, "'TO CBSI38HO C KOHCTpyK

THBHbiMH orpaHH"'eHHSIMH Ha ra5apHTbi nHHHil: aaaepMeK. Eonbwero aHarraaoHa 

121 
MOMHO ll0CTH"'b 1 HCIIOnb3YSI t:IHOt:lbl C H8KOIIneHH8M 38pS!ll8 H Bp8MSI38ll8-

11 31 
IOIUH8 HHllYKTHBHOCTH 

1 
; HBH5onee IUHpOKHM AH8II830HOM o5nall810T ane-

14,51 
M8HTbl Ha OCHOBe Bp8MSI38t:l810IUHX 8MKOCTeil: • 0TM8THM, "'TO HCIIOnb-

30B8HHe AHOllOB C H8KOIIn8HH8M 38pS!t:l8 H Bp8MSI38ll810IUHX 8MKOCTeil: OTKpblB8-

8T IIYTb K aneKTpOHHOil: perynHpOBKe anHTenbHOCTH BbiXOAOOro CHrHana. 

KpoMe AHljl<jJepeHUHpy!OIUeil: H Bp8MSI38t:l8Ig,lll8il: U8IIO"'8K 1 B U8IIIf HCI'Hana He 

aonMHO 5biTb llpyrHX peaKTHBHbiX aneMeHTOB 1 T,K, 3TO IIpHB8t:l8T K CABHI'BM 

pa50"'HX TO"'eK npH 5onbiUHX aarpyaKax. 

ilnSI KOpOTKHX BXOt:!HbiX CHI'HBnOB (pHC, 2a) M8pTB08 Bp8MSI ljlopMHpO-

BB TenSI CKnat:~biB88TCSI H3 HHT8pBana BblllepMKH t Bblt:l H Bp8M8HH BOCCTa-

HOBn8HHSI t BpeMSI38t:l810IU8I'O aneMeHTa.~ ilnSI BXOAHbiX CHI'HanOB 
BOCCT 

C KOpOTKHM rrepellHHM ljlpOHTOM H C AnHT8nbHOCTbl0 1 5onbi.Ueil:, "18M ( t + 
Bblt:l 

+ t ) ) , paUHOHanbHO IIpHM8H8HH8 llHqxpep8HUHpy!OIU8I'O aneMeHTa HB BXO-
BOCCT XI 

ll8 ljlOpMHpOB8T8nSI (pHCo 1) llnSI nHKBHABUHH ao5aBO"'HOI'O M8pTBOI'O Bpe-

M8HH, Bbi3B8HHOI'O H8nH"'H8M anHHHOI'O BXOllHOI'O CHI'Hana. HaH5onbWHM Bpe-

MeHeM BOCCTBHOBneHHSI o5naaa!OT CX8Mbl C HHAYKTHBHOCTb!O 

pbi H8 TYHHenbHbiX t:llf0t:l8X1 B KOTOpbiX t =2t-l0t 
BOCCT Bblll 

Mbl C nHHHeiJ: aaaepMKH1 KBK rrpaBifnO, HM810T 
BOCCT 

"18HH8 COCT8BnSIIOT CX8Mbl CO CT8pT-CTOIIHbiM TpHI'I'8pOM
1 

B 

(OAHOBH5paT0-

11,3,61) c 
• xe-

111 
t • VlcKn!O-

Bbill 

uerrb c5poca KO-

TOpOI'O BKni0"18H8 nHHHSI aaaepMKH 1 H CX8Mbl C TpexypOBH8BbiM KB8HTOEBHH8M 
xxl 17 I 

CHI'Hana • TaKHe cxeMbi HM810T t << t , rroao5Hoe Me ycno-

BHe peanH30B8HO H B CX8M8X 

'121 

eoccT BhiA 
14 51 

C Bp8MSI38t:l810IU8H 8MKOCTb!O 
1 

HnH AHOAOM 

c HBKorrneHHeM aapSilla ~ 

xl 
B 3TOM cnyqae Tpe5yeTCSI 38IUHTa BXOll8 ljlopMHpOBaTenSI KBK OT OTpHUa-

TenbHbiX, TBK H OT IIOnOMHTenbHbiX CHI'H8nOB, 
xxl 

KoTopoe, ecTeCTBeHHO, TpyaHee peanHaoeaTb B HaHoceKyHAHOM llHarra

aoHe, "18M llBOH"'HYIO nOI'HKY o 
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I. 
I 

......_ 

no nocnenHel"O BpeMeHH ycHnHSI pa3pa60T'IHKOB 6hinH HanpaBneHhl B 

OCHOBHOM Ha MHHHMH3aUH~ BpeMeHH BOCCTaHOBneHHSI ~OpMHpOBaTeneR nnst 

nnKBHnaunn npoc'I~TOB no OKOH'IaHHH speMeHH BhineplKKH (pH c. 26). OnHaKo 

nanbHeRumii nporpecc CBH3aH ylKe c o6ecne'leHHeM Tpe6yeMOI"O pona pa6oTbi 

~OpMHpOBaTeneR, KOI"na BTOpH'IHbiR CTaTHCTH'IeCKHit HMIIynbC IIpHXOnHT He 

nocne, a Bo BpeMH BhineplKKH (pnc. 2,a). B aToM cny'lae Tpe6oBaHHSI K 

~opMHpoBaTenstM MoryT 6hiTb paanH'IHhiMH, TaK, HanpHMep, nnst 6noKHpoBKH 

aHanH3aTOpa ~OpMHpOBaTenb ($,o,) He nonlKeH aanycKaTbCSI OT BTOpH'IHOI"O 

BXOnHOI"O CHI"Hana BO BpeMSI BhineplKKH (pHC, 2, 6), T,e, nnst Hel"O l = 
M 

Y ~OpMHpOBaTeneR, pa6oTa~IUHX B KaHanax aHTHCOBnaneHHR ( <J>AC) 1 
Bhin, · 

BTOpH"'HbiH HMIIynbC 1 npHlllenlliHH B MOMeHT BpeMeHH t 2 ( H t 3 ) 1 nonlKeH 

Bbi3BaTb nponneHHe BbiXOnHOI"O HMIIynbCa no MOMeHTa BpeMeHH (t 2 +( t 3 ) + 

+ l (pHC. 2, B), B KaHanax lKe COBIIa.OeHHti npHMeHeHHe <J>o, a TeM 
Bbin 

6onee <J>AC Bbi30BeT IIOSIBneHHe IlpOC'I~TOB, llnst HCKn~'leHHSI npOC"'~TOB BbiXOn-

HOti CHI"Han OT nepBOI"O HMnynbCa nonlKeH npepBaTbCSI B MOMeHT BpeMeHH 

l2 ( H l 
3 

) 1 IIOCne "'e!"O nonlKeH 6hiTb C~OpMHpOBaH BpeMeHHOti HHTepBan, 

paBHhiii . t (pnc. 2, r), 
Bhin 

H an6onee yHHBepcanbHhiM HBnsteTCH ~opMnpoBaTenb TpeTbero THna -. 
( COBIIaJleHHti <J>C) 1 IlOCKOnbKY H3 Hero C IlOMOIUb~ npOCTeiilliHX nOI"H"'eCKHX 

CXeM MOlKHO COCTaBHTb nepBbie .OBa. Y CTpORCTBO <J>AC nonyqaeTCSI CJlBH-

!"OM" BbiXOJlHOI"O CHI"Hana Ha BpeMSI IIpepbiBaHHSI (pHC. 2 1 Jl) H nOI"H"'eCKHM 

CyMMHpOBaHHeM e!"O C HCXOnHhiM BbiXOJlHbiM CH!"HanoM (pHC, 2 1 e), l1MIIynhC 

6nOKHpOBKH MOlKHO nony"'HTb 1 CoqneHHB ycTpOtiCTBO <J>AC, HaCTpOeHHOe Ha 

IIOnOBHHY BpeMeHH 6nOKHpOBKH (pHC, 2, ltd 1 C BTOpbiM ~OpMHpOBaTeneM 1 y 

KOToporo BpeMSI BhiJleplKKH paBHO speMeHH 6nOKHpOBKH, KpoMe aToro, <I>E 

MOlKeT 6hiTb nony'le.H H3 $C BBeJleHHeM BHyTpe.HHeti o6paTHOti CBSI3H (pnc,l) 1 

npeiiSITCTBY~IUeti OTIIyCKaHH~ TpHI"I"9pa illMHTTa, 

BalKHhiM csotiCTBOM <J>C HBnsteTCH TaKlKe cnoco6HOCTb paapaBHHBaTb 

CTaTHCTH'IeCKHe HMIIynbCbl 1 'ITO MOlKeT cymeCTBeHHO CHH 3HTb Tpe6oBaHHSI 

K 6hiCTpOJletiCTBH~ nocneJly~IUHX nepeC'I~THbiX ycTpOtiCTB, llnst :3TOI"O $C non-

6 

''>~t 
~s,,t 

l 

t 

'!, 

~~ 
·'~ 

i ., 

',I ,l:!t 

:llll!!!:oo.... 

lK9H HM9Tb HHBepCHbiti BbiXOJl ( pHC, 2 1 I" - pHC, 2, H), K 

Kn~'laeTCSI BTOpoti $C, Ha BbiXOJl9 BTOpOI"O $C CJlBOe.HHbl 

OTCTOSITb Jlpyr OT Jlpyl"a Ha CT8HJl8pTHblti BpeMeHHOti HHl 

, EcnH IlOJlKnlO'IHTb K HHBepCHOMy BbiXOJly BTOpor 
Bb!Jl 

Tp9THti 1 TO 6yJleT o6eCII9'19HO pa3p8BHHB8HHe TpeX CHI"H8~ 

pHC, 2, n) H T,Jl, 

BBHJlY soapocrueti ponH 3BM B C'I~T'IHKOBoti aneKTpc 

9KCII9pHM9HT8 B8lKHbiM CBOtiCTBOM ~OpMHpOBaTenst HMnynJ:: 

B03MOlKHOCTb aneKTpO.HHOI"O ynpasne.HHSI JlnHTenbHOCTb~ BI 

/8/ 
na , 3To II03BOnsteT npOH3BOJlHTb C IlOMOIUb~ 38M IlOJl 

Ka.Hanax, noJt6npaTb oiiTHManb.Hoe paaperua~mee speMH ex 

ne6o JlHaii830H Bp9MSI-8MIInHTYJlHOI"O KOHBepTOpa H T,Il, 

HelKe OIIHCbiBaeTCSI ~PMHpoBaTenb, npH paapa6oTKe 

naCb 38Jl8'18 peanH30B8Tb nol"HKY $C, HCIIOnb3YSI 9MKOCTJ 

MH38Jla~mero aneMe.HTa Jtnst o6ecne'leHHH runpoKoro JlHBIIIl 

JlOCTHlKe.HHSI aneKTpOH.HOI"O ynpasne.HHSI JlnHTenbHOCTb~ B'bl 

0IIHCaHHe IlQHHUHIIH8nbHOti CX9Mbl dlOQMHQOBaTens 

X8Q8Kr9QHCTHKH r 

DpHHUHIIHanb.HaH cxeMa ~OpMHpoBaTenst IIoKa3aHa Ha 

Tenb BXOJl.HbiX CHI".HanOB COCTOHT H3 JlBYXCTOpOHH91"0 IlOC~ 

JlHOJlHOI"O Ol"p8HH'IHTenSI ( n
1 

H n
2

) H JlH~~peHUH8nbHOti 

Topax T 1 H T 
2

• B KonneKTop T 
2 

BKn~'le.Ha KoppeKTHPY~ 

L K Jtnst npeJloTspameHHSI 38TSII"HB8HHSI 38JlHero ~pORTa 

TopoM T 2• l1MIIynhc TOKa c orpaHH"'HTenst aanycKaeT TpH 

nonHeHHbiti Ha TyHHenbHOM JlHOJl9 n
4 

C HenHHeiiHOti H8I"py 

TenbH8SI OC06eHHOCTb OIIHCbiB89MOti CXeMbl COCTOHT B TOM 

.Hoe conpoTHBne.HHe .Harpy3KH napbi TpaH3HCTOpoB T 
3 

(B .o 

H T 4 BenHKO KaK B6nH3H nopora cpa6aThiBaHHH, TaK H Be 
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)l(eH HMeTb HHBepCHhiA BbiXba (pHC. 2, I" - pHC. 2, H), K KOTOpOMY noa

KniO"'aeTCSI BTOpoA <f>C, Ha BhiXoae BTOpOI"O <f>C casoeHHhle HMnynbChl 6yayT 

OTCTOSITb apyr OT apyra Ha CTaHaapTHhiA speMeHHOA HHTepsan, paBHhiA 

• EcnH noaKmO'IHTb K HHBepCHOMy BblXOay BTOpOI"O <f>C ( pHC, 2, K) 
Bhia 

TpeTHA, TO 6yaeT o6ecne'leHO paapaBHHBSHHe TpeX CHI"HanOB (pHC. 2, a -

pHCo 2, n) H T.a. 

8sHay soapocweA ponH 38~ s C'I~T'IHKosoA sneKTpOHHKe ~H3H'IeCKoro 

SKCnepHMeHTa BS)I(HbiM CBOACTBOM ~OpMHpOBSTenSI HMnynbCOB MO)I(eT CT8Tb 

B03M0)1(HOCTb sneKTpOHHOI"O ynpasneHHSI anHTenbHOCTblO BblXOaHOI"O CHI"Ha-

/8/ 
na • 3To noasonSieT npoHasoaHTb c noMOIUbiO 38~ noa6op aaaep)l(eK s 

KaHanax, noa6HpaTb onTHManbHOe paapemlllOmee apeMSI cxeM cosnaaeHHA, 

nHGO aHanaaoH BpeMSI-aMnnHTyaHOI"O KOHBepTopa H T.n. 

HH)I(e OITHChiBaeTCSI ~pMHpOBaTenb, npH paapa60TKe KOTOpOI"O CTSBH

naCb aaaa'la peanH30B8Tb nOI"HKY <f>C, HCITOnb3YSI eMKOCTb B KB'IeCTBe ape

MSI3aaaiOmero aneMeHTa anSI oGecne'leHHSI mHpOKoro aHanaaoHa speMeH H 

aoCTH)I(eHHSI sneKTpOHHOI"O ynpasneHHSI anHTenbHOCTblO BbiXOaHhlX CHI"HanOs,, 

0nHC8HHe ITQHfillHITHanbHOA CXeMbl dJOQMHQOBaTeng. KQ8TKHe 

XapaKTepHCTHKH 

DpHHUHnHanbHaSI cxeMa ~opMHpoaaTenSI noKaaaHa Ha pHc. 3. OrpaHH'IH-

Tenb BXOaHhlX CHI"Hanos COCTOHT H3 aayXCTOpOHHei"O nocneaosaTenbHOI"O 

tlHOaHOI"O OI"p8HH'IHTenSI ( n1 H n2 ) H aH~~peHUHSnbHOil: napbl H8 TpaH3HC

TOpax T 1 H T 2• 8 KonneKTop T 2 BKniO'IeHa KOppeKTHpyiOmaSI HHayKTHBHOCTb 

LK anSI npeaoTspameHHSI aaTHI"HBBHHSI aaaHero ~poHTa HMnynhca TpaH3Hc

TopoM T 2• 11Mnynhc TOKa c orpaHH'IHTenSI aanycKaeT TpHrrep illMHTTa, Bhi-

/1/ 
nonHeHHbiA Ha TYHHenbHOM aHoae n

4 
C HenHHeHHOH Harpy3KOH • 0TnH'IH-

TenbH8SI OC06eHHOCTb OITHCbiBaeMOH CXeMhl COCTOHT B TOM 1 'ITO aH!fxtlepeHUHBnb

HOe conpoTHsneHue Harpy3KH nap hi TpaH3HCTopos T 
3 

( B auoaHoM BKniO'IeHHH} 

H T4 senHKO KaK s6nH3H nopora cpa6aThiB8HHSI, TaK H s6nH3H nopora oT-

7 
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nyCK8HHSI, npH 9TOM aanyCKSIOIIIHll: H c6paCbiB810IIIHll: TOKH TeKyT nepe.ll ne

peKJIIO'l9HHeM TOJibKO B TyHHeJibHbill: JlHO)l, 'ITO yMeHbWSeT Tpe60B8HHSI K JlO

nyCTHMOMy pa36pocy napaMeTpOB H ynyqwaeT IIOpOl"'OBbie CBOJl:CTB8 TpHl"'l"'e-

pa, 

nHKOBbiJl: TOK TYHH9JlbHOl"'O JlHOJl8 nepeKJIIO'l89TCSI npH 91"'0 cpa6aTbiB8HHH 

s TpaH3HCTop T 
4 

H noaaeTCH aa aenuaell:Hbill: au¢¢epeHUHPYIOIIIHll: aneMeHT, 

co6paHHbill: Ha nape TyHHenbHbiX JlHO.'lOB n
5 

H ~ H JlHtfJ¢epeHUHpy10IIIell: HH-

JlYKTHBHOCTH L Jl TyHaenbHbie JlHO.Ilbi cpa6aTbiBaiOT KaK oaaosu6paTopbi 

OT nepeaHel"'O H 38JlH9l"'O tPPOHT8 HMIIYJibC8 TOK8 C TpHl"'l"'epa llJMHTTa, JIIM

nynbC C JlHtfJ¢epeHUHPYIOlll9l"'O 0JlHOBH6paTopa,. Jl810lll9l"'O OTpHUaTeJibHbiA Bbi

XOJlHOll: curaan, noaa eTCH a a 9MHTTepHbill: nos:opuTenb ( T 
5

), K BbiXoay Ko

Toporo noaKniO'leH aapHJlHbill: TpaaancTop T 
6

• Bo speMH au¢¢epeauHposaaaoro 

HMnynbca T 
6 

aapH>KaeT speMH3a.llaiOIIIYIO eMKOCTb C B , nocne 'lero oa 

aaKpbiBaeTCH aa HHTepsan ee paapHaa qepea 9MHTTepaoe conpoTHsneane. 

ci>OpMHpOBSTeneM BblXOJlHOrO CHl"'H8JI8 SIBJISI9TCSI TpHl"'l"'ep H8 TYHH9JlbHOM 

JlHOJle n7' cpa6aTbiB810IIIHll: npH BbiKJIIO'lefiHH T 6' EcnH B HHTepsane Bbl)lep>KKH 

npHwen BTOpH'IHbiR BXOJlHOR CHl"'HSJI, TO 38pSIJlHbiR Tp8H3HCTOp IIOJl38pSIJlHT 

C B CHOB8 JlO IIHKOBOl"'O 3H8'19HHSI, 80 BpCMSI IIOJl38pSIJl8 BbiXOJlHOR TpHl"'-

1"'. (n
7

) c6pOCHTCSI B "Q" H BKJIIO'IHTCSI CHOB8 H8 HHTepsan pa3pHJlKH C B 

OT IIHKOBOl"'O 3H8'19HHSI, TaKHM o6pa30M, 1IpOH3BOJlHTCSI o6pblB8HHe nepBOl"'O 

HMIIYJibCl! H ¢opMHpOB8HHe BTOpOl"'O CO CT8HJl8pTHOJl: JlJIHTeJibHOCTbiO, 

<l>opMHposaTenb BbiXO.IlHbiX yposHell: Toxa co6paa aa TpaH3HCTopax T 
7 

H T 8 H o6ecne'IHB8eT BbiXOJlHble ¢poHTbl ... 3 HCeK. nnH yMeHbWeHHSI BbiXOJl

HblX ¢poHTOB ao 1,8 • aceK MO>KHO rroaKniO'IHTb K KonneKTopaM T 
7 

H T 
8 

ao-

6aBO'IHYIO napy TpaH3HCTopos T 
9 

H T 
10 

TaK, xax noKaaaao aa puc, 3, H3Me

HHB conpoTHsneaue 430 oM s 9MHTTepax T
7 

H T
8 

aa 820 OM, 

AMrrnHTYJlHOe aaaqeaue aanpH>KeUHH, ao xoToporo aapH>KaeTcH C 8 

perynupyeTCSI H3M9H9HH9M pe>KHMHOl"'O IIOTeHUHana 9MHTTep-6aaa IIOBTOpH-

T9JISI T 
5

, npoH3BOJlHMOe nuoo c rrepeaaell: naaenH nepeMeHHbiM conpoTHBneaueM 

8 
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2K, JIH60 ynpaBJISIIOlllHM 110T9HUHaJIOM Ha KJieMMe "Ynp, 

IIHTaHHSI, PerynHpOBK8 llOpOl"'a cpa6aTbiB8HHSI tPOPMHpOBaTeJISI 

50-t350 MB 11pOH3BOJlHTCSI nepeMeHHblM COIIpOTHBJieHHeM 2 K 

JIH60 yrrpaBJISIIOIIIHM IIOTeHUHSJIOM Ha KJieMMe "Yrrp, U II" C 

ci>OpMHpOBaTeJib HM99T BHyTpeHHHJl: BXOJl OJIOKHpOBKH (llH 

rrpeiiiaiOIIIHA OTllyCKaHHe TpHl"'l"'epa llJMHTTa, 11pH IIOJlKJIIO'leHHH 

Harpy>KeHHOMY BbiXOJlY CX9Mbl peanuayeTCSI JIOl"'HKa paOOTbl <I> 

BHTeJibHOCTb K BTOpH'IHbiM HMIIYJibCaM), 

CneayeT OTMeTHTb npHHUHnuanhHbie oco6eHHOCTH ¢opMH 

KaiOIIIHe H3 liOl"'HKH ero paOOTbl, nocKOJibKY aapHJl BpeMH3a.llf 

llpOH3BOJlHTCSI JlHtP¢epeHUHpOOOHHbiM CHl"'HSJIOM ( TaK )Ke KaK H 

/4,5/ 
) 1 B CX9M9 HMeeTCSI orpaHH'l9HH9 Ha npeaenbHYIO B9JIH'I 

JlJIHT9JibHOCTH BblXOJlHOl"'O CHrnana K MHHHM81IbiiOR JlJIHT9JlbHOC 

BenH'IHHa rrpeaena aToro oTaoweHHH pasHa 5-t15 u aasucuT 

BpeMeH, B KOTOpOM pa6oTaeT ¢opMHpOBaTe1Ib, KpOMe T01"'0 1 r 

XOJlHOR CHl"'Han B ci>C IIOSIBJISI9TCSI T01IbKO rrocne JlHtfJ¢epeHUHPC 

Ca, ¢opMHpOB8T9Jlb HMeeT llpHHUHIIHaJibHO 60JibWYIO 38Jl9p>KKY 

curHana, 

B HaHoceKHYJlHOM auanaaoHe senn'IHHa au¢¢epeauHpy10III 

TH La =0,2 MKrH ( 12 BHTKOB aa conpoTusneHHH MnT-0,5 J 

eMKOCTb C B =82 n¢, llpH 9TOM JlHana30H pa60'IHX BbiXOJlHbJ: 

COCTaBnHeT 5-t20 HCeK, B Ta6JIHUe 1IpHB9Jl9Hbl OCHOBHbie Xapi 

pa3JIH'IHblX 11paKTH'l9CKH HCIIOJlb3Y9MblX/ 1 •3 -6 ,9/ H OIIHCblB89M' 

sa TeneR. 

Ha puc. 4 noKa3aHbi aasncHMOCTH speMeHH Bbi.Ilep.lKKH c 

(H MHHHMaJibHOl"'O 110pora Cpa6aTbiBaHHH) OT '18CTOTbi rrepHOJl 

CHl"'HaJIOB, nyHKTHpHbiMH JIHHHSIMH JlJISI CpaBHeHHSI aaHbl XapaK 

Hb!X CXeM. <1>6, ci>AC H <I>C JlJISI JlJIHTenbHOCTH BbiXOJlHOl"'O CHI' 

Ha puc. 5 rrpuseaeHbi aasHCHMOCTH anurenbHOCTH BbiXOJlHbiX c 
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2K, nn6o yrrpaan.snoiUHM noTeHunanoM Ha KneMMe "Yrrp. t " c paa'beMa 
Bblll 

rrnTaang. PerynnpoaKa nopora cpa6aTbiaaang ~opMHpoaaTeng a npenenax 

50-t350 MB nponaaonnTcg rrepeMeHHhiM corrpoTnaneaneM 2 K a 6aae T 
2

, 

nn6o yrrpaangJOIUHM IIOTeHUHanOM Ha KneMMe "Ynp. U II" C pa3'beMa IIHTaHHH, 

<I>OpMHpOaaTenb HM99T BHyTpeHHHit BXOJl 6nOKHpOBKH (.llHOJl .0
13

), aa

npeiUaiOIUHit OTIIYCKaHHe TpHrrepa llJMHTTa, IIpH IIOJlKnJO'IeHHH STOI'O BXOJla K 

Harpy)I{9HHOMY BbiXOilY CX9Mbl peannayeTCg nOI'HKa pa60Tbi <1>6 ( He'lyBCT

BHTenbHOCTb K BTOpH'IHbiM HMIIYnbCaM), 

CneayeT OTMeTHTb rrpHHUHIIHan&Hhie oco6eHHOCTH ~opMHpoaaTeng, BhiTe

KaJOIUHe H3 liOI'HKH ero pa6oTbi. OocKon&Ky aapgn apeMgaanaiollleA eMKOCTH 

IIpOH3BOJlHTCg JlH~~epeHUHpOOOHHb!M CHI'HanOM ( TaK )Ke KaK H B CXeMaX <I>AC 
/4,5/ ~ 

), B CX9Me HM99TCH orpaHH'I9HH9 Ha rrpeJlenbHYIO BenH'IHHY OTHOIUeHHH 

nnHTenbHOCTH BbiXOJlHOI'O CHrnana K MHHHManbiiOit JlnHTenbHOCTH BXOJlHOI'Oo 

BenH'IHHa npeJlena STOI'O OTHOlli9HHg pasHa 5-tl5 H 3aBHCHT OT JlHaiia3oHa 

BpeMeH, B KOTOpOM pa60TaeT ~OpMHpOBaTenb, KpOMe TOI'O, IIOCKOnbKY Bbi

XOJlHOit CHI'Han B <I>C IIOgBnHeTCH TOnbKO IIOCne llH~epeHUHpOBaHHOI'O HMIIynb

ca, ~OpMHpOBaTenb HMeeT IIpHHUHIIHan&HO 6on&myJO 3aJlep)I{KY BbiXOJlHOI'O 

cnraana. 

B aaaoceKHYilHOM nnanaaoae aenH'IHHa llH~~epeaunpyJOrueA HHilYKTHBHoc-

TH Lll =0,2 MKrH ( 12 BHTKoa aa conpoTnaneann MnT-0,5 J, a apeMHaanaJOIUaH 

9MKOCTb C B =82 II~1 rrpH STOM JlHarra30H pa60'IHX BblXOJlHbiX HHTepaanoa 

COCTaBnHeT 5-t20 HCeK, 8 Ta6nnue IIpHB9Jl9Hbl OCHOBHbie XapaKTepHCTHKH 

paanH'IHbiX npaKTH'I9CKH HCIIOn&ayeMbiX/1 •3 -6,9/ H OIIHCbiBaeMOI'O ~OpMHpo-

BaTeneA. 

Ha plic. 4 noKaaaa&I 38BHCHMOCTH apeMeHH BbiJleplKKH ~opMHpoaaTen.s~ 

( H MHHHManbHOI'O IIOpora Cpa6aTbiBaHHg) OT 'laCTOTbi II9pHOJlH'I9CKHX BXOJlHbiX 

CHrHanoa. OyaKTHpHbiMH nHHHHMH nnH cpaaaeHHH naahi xapaKTepncTHKH HJlean&

HbiX CXeM. <1>6, <I>AC H <I>C JlnH JlnHTenbHOCTH BblXOJlHOI'O CHI'Hana 20 HCeK, 

Ha pnc. 5 npnaeJleHbi aaaHCHMOCTH annTen&HOCTH BbiXOilHbiX cnraanoa oT 

9 
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aMnnHTYJlhi ua Bxone 4JopMHpOBaTenH, npoHBllHJOIUHecg·'npH 6onhrnoli qacTo-

e (6onee 10 Mru) BXOJlHhiX CHruanoB. OyHKTHpuolf nHHHeli naua 38BHCH

ocTh BbiXOJlHOH 3anep>KKH OT B911H'IHHbl BXOJlHOr'O CHr'H8118, illTpHx-nyHKTHp-

aSI npHM8SI 0Tp8>K89T npaKTH'I9CKYIO H938BHCHMOCTh M8KCHM8llhHOH paoo'leH 

OT BXOJlHOr'O CHr'Hana, Ha pHC, 6 Hllll!OCTpHpyeTCSI 38BHCHMOCTh 

Bb!Jl9p>KKH H nopora Cp808Tb!B8HHSI OT B9llH'IHHbl ynpaSJTAJOUUflt TIOTeH

H8110Bo KaK BHJlHO H3 pHC, 6, 4JopMHpOBaTenh MO>K9T Ob!Th HCTIOllh30B8H 

IK8K HHTerpallhHbiH JlHCKpHMHH8TOp C aneKTpOHHOH perynHpOBKOH nopora, 

Ha pHC. 7 npHBeneHhi pe3ynhT8Tbi H3MepeHHH BpeMeHHOH CTaoHnhuocTH 

nopora cpaoaThiBaHHH nByx 4JopMHpOBaTeneli, TeMnepaTypHbiH npeli.P nopora 

k =-0,7 MBirpan. C, a nnHTenhHOCTH Bhixonuoro HMnynhca k 
u t 

=+0,06 uceK/rpan. C. 

0pH HCTIOllh30B8HHH CX9Mbl B npyroM JlH8TI830He BpeMeH HeOOXOJlHMO 

H3M9HHTh B9llH'IHHbl JlH4J4JepeHUHpy!OIUeH HHJlYKTHBHOCTH H 13p9MSI38Jl8IOIU9H 

eMKOCTH, TaK, ecnH L Jl -=30 MKrH H C 8 '=0,03 MK4J, Torna 
BbiJl 

'=0,5-45,0 MKCeK, a JlllHT9llhHOCTh BXOJlHbiX CHr'H8110B Jl0l1>KH8 Ob!Th He MeHee 

0,1 MKCeK. llnH ycTp8H9HHSI Or'p8HH'I9HHSI Ha MHHHM811hHYIO JlllHT911hHOCTh 

BXOJlHOr'O CHr'H8118 HeOOXOJlHMO npHM9HSITh npoMe>KyTO'IHbiH 4JopMHpOB8T911h 

'·• 6noKHpoBO'IHOro THna nnH HMnynhca, 3anycKaromero BpeMH3anaJOIUHH ane-

MeHT, 

CxeMa Bhmonueua ua 

Tp8H3HCT0p8X THTI8 lT3llE 

pnp-Tp8H3HCTOp8X THTI8 1T3138 H npn-

• llnH TipHM9H9HHSI TOllhKO B MHKpOC9KYHJlHOM 

HnH MHnnHceKyHnHoM nHana3oue HX MO>KHO C:ODTBeTCT&eHHo 3aMeHHTh Ha IT3081J 

H K T30l 0 TyHHenbHhie JlHOJlhi: n4 -3 H306n, n5-tn7 - 311301 A; JlHOJlbl 

nl .. n3 - ObiCTpb!e repM8HH9Bbie JlHOJlhi c nerHpOB8HHeM 30110TOM (nHOO 

n
1

• n
2

- Kn5o3E, n
3

- n311), n 9 .. n 11 - Kn5o3E, n 12 - n311, n
13

-

ll18. OnopHbiH JlHOJl n8 THna ll814A. 

ABTOP C'IHTaeT CBOHM nonroM Bbipa3HTh 6naronapuocTh H,ct>. KonnaKOBY 

38 TIOMOIUh B paooTe, n.K. MaHhSIKOBY 38 UeHHble JlHCKYCCHH H A.A. PJO~HHY 

38 MOHT8>K CXeM, 
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Pnc, 1, BnoK-cxeMa ¢opMnposaren.H HMnym 

t3 
a)-- -
0) 

6) 

2) 

L~ .. ·• -· --' a, 

e) 

Ji{) 

U) 

K) 

Jl) 

Pnc. 2. BpeMeHHhie .QHarpaMMhi pa5oTbi pa3nH'iHhiX THITOB 
a) BXO.QHbJe CHI'H8JJhi, 6) BbiXO.QHbJe CHI'H8nhi 4>E, B) BblX' 
I') BhiXO.QHbie CHf'H8nbi 4>C, .Q) BbiXO.QHOif CHI' Han 4>C CO C 
MapHbiH CHf'Han, SKBHBaneHTHb!H ct>AC, )K) sarryCK810liiHH C 
ct>C B ycTpOifCTBe 6nOKHpOBKH, H) HHBepCHbiH Bb!XO.QHOH C 
sepCHhiH Bb!XO.QHOH CHf'Han BTOpOI'O <PC, n) Bh!XO.QHOH CHI' 
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PHc. 1. EnoK-cXeMa ¢opMHpoaaTenSI HMnynhCOB. 

il t, t3 t 
.--. r 

a) 

0) 

6) 

2) 

~- I 
--- 1111. --- --·-------]{--·----~-

a) 

e) 

JK) 

U) 

K) 

Jl) 

P11c. 2. BpeMeHHhie JlHarpaMMhi pa6oThi paanHqHhJX THTIOB ¢opMHpoaaTeneii: 

a) BXOAHhJe CIII'H811hl, 6) Bh!XOAHhie CIII'H8J1hl <t>E, B) BbiXOAHhle CHI'H8J1hl <PAC, 
r) BhlXOJlHbJe CIII'H8J1hl <tJC, Jl) Bh!XOAHOH CIII'H8J1 <PC CO CABIII'OM, e) cyM

MapHbiH CIII'H8J1
1 

9KBHB8J1eHTHhiH <tJAC, lK) aanycKa!OIIIIIH CIII'H8J1 BTOpOI'O 

<tJC B ycTpOifCTBe 6J10KIIpOBKII
1 

H) IIHBepCHhiH Bh!XOJlHOH Cl1I'H8J1 <tJC, K)~H- 1 

BepCHhlii BhlXOJlHOH CIII'H8J1 BTOpOI'O <PC, n) BhlXOAHOH CIII'H8J1 TpeThei'O <PC. 
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