
J 

1 

, 

l 

I 

-06bE1U1HEfjHblt1 VIHCTHTYT SlllEPHbiX HCCJlEJlOBAHvtJ/t 
JIAEOPATOPI1.H s:!J.lEPHblX PEAKU111-1 

.. . . 
CXEMbi "nPEOBPA30BAHvHl" 

HAHOCEKYHDHbiX YIHTEPBAnOB 
BPEMEHYI 

(063op) 

.Lly6aa 1961 ro.o , 

803 

I • 



CXEMbl .. nPEOBPA30BAHYIW 
HAHOCEKYH.llHb!X YIHTEPBAnOB 

BPEMEHYI 

(06sop) 

.· . 

.. Hlllllf'lllttWII IIHCT.T" I 
.. ~,...... •cc.aut•HI 
&H6 !1 ..,~"HEKA 



A H H o T a u H g 

B HacToHweM o53ope .oenaeTCH nonbiTKa o5o5weHHH MaTepHanoa no MeTo.oaM 

npeo5pa30B8HHH apeMeHH ll pHM eHHeM b!M .llJlH noCTpOeHHH apeM9HHbiX 8H8JlH38TOpOB 

H8HOC9KYH.llHOrO .llH8n830H8o 0630p llO.llrOTOBJleH no M8T9pH8Jl8M OTeqeCTBeHHOA H 

38py5e>KHOil: nepHO.llHqeCKOil: neqaTH, npocpHJib KOTOpOA 5JIH30K K SKCnepHMeHT8JlbHOH 

g.oepHOA clJH3HKe. 



BaeaeHHe 

.[l.oeTH)I{eHHSI 91IeKTpOHHKH 38 IIOe1Ie£1HHe rOllbl Il03B01IH1IH paelllHpHTb £1H8Il830H 

H3MepeHHSI BpeMeHH B o6naeTb O'!eHb KOpOTKHX HHTepB8110Bo CoapeMeHHbJe 118MIIOBbJe 

exeMbl Il03B01ISIJOT H3Y'I8Tb H8HOeeKyH£1HbJe HHTepB81Ibl apeMeHH e BbJeOKO.ll. eTeiieHbJO 

TO"'HOeTH. Bee 6onbwee rrpHMeHeHHe £11ISI aTHX uene.ll. HBXOllSIT rronyrrpoaoaHHKOBbie 

rrpH60pbi 1 B03MO)I{HOeTH KOTOpb!X B HBeTOSilllee BpeMSI ewe £181IeKO He Heqepii8Hbl0 

Bee eoapeMeHHbie MeTOllbi BHB1IH3B · HaHoeeKyHllHbiX HHTepaanoa apeMeHH MoryT 

6b!Tb K118eeHcpHIJHpOB8Hbl H8 llBe 601IbWHe rpyiiiibi: 

1) IIpSIMbJe MeT0£1bl 1 

2) MeTOllbl -rrpeo6p830B8HHSI- apeMeHHo 

f1pS1MbJe MeTOllbl 8H81IH38 (xpOHOTpOH 1 exeMbl 38£lep)I{8HHbiX eOBil8£1eHH.ll. 0 

OeiJH111IOrpacpH'!eeKHlt MeT0£1) t KBK I1p8BH110 0 IIpHMeHSIJOTeSI £11ISI IIOeTpOeHHSI 0£1HOK8H81Ib" 

Hb!X eHeTeM. CyweeTBeHHbiM HeaoeTBTKOM TBKHX 8H81IH38TOpOB SIB11SieTeSI 601IblllOe 

apeMSI 38Tp8'1HB8eMOe H8 rrpoaeaeHHe H3MepeHHlt, 'ITO HeH36e)I{H0 IlpHBOllHT K yae1IH'!e· 

HHJO eTBTHeTH'!eeKHX rrorpeWHOeTelt. 

PaeeMOTpeHHJO IIpSIMbiX MeT0£108 8H81IH38 KOpOTKHX HHTepB8110B BpeMeHH IIOeBSIWe· 

/1-9/ 
HO 601IbWOe K01IH'!eeTBO pa60T ' t Il09TOMY B HBeTOSIWe M 0630pe OHH paeeMaTpH-

BBTbCSI He 6yayT. 

MHOrOK8H81IbHbie eHeTeMbl 8H81IH38 apeMeHHbiX HHTepB81IOB eB060JJllbl OT yK838H

HbiX .He£10eT8TKOBo .[l.ng IIOeTpOeHHSI TBKHX eHeTeM 06bJ'IHO Heii01Ib3yJOTeSI p831IH'!HbJe 

-rrpeo6pa30B8Te1IH- BpeMeHH 0 KOTOpb!e MOryT 6b!Tb T8K)I{e K1IaeeHcpHIJHpOB8Hbl H8 llBe 

rpyrrrrhi: 

1) BpeMSI - 8MII1IHTY£1HbJe rrpeo6p830B8Te1IH ( KOHBepTepbJ} t 

2) cp830Bble MeTO£lbl rrpeo6p830B8HHSI M8eWT86a BpeMeHH. 

B exeMBX BpeMSI-8MI11IHTY llHbiX KOHBepTepOB HeeneayeMbJ:l1 BpeMeHHOlt HHTepB811 

1IHHeAHo rrpeo6pa3yeTeSI B BMII1IHTy ay HMrrynbCa e rroeneayiOWHM aHa1IH30M eepHAHhiM 

MHOrOK8H81IbHb!M 8MI11IHTY llHbiM 8H81IH38TOpOMo 3TOT Me TOll ll01Iy'IH11 B HBeTOSIWee 

apeMSI qpe3Bbl'!8ltHO WHpOKOe rrpHMeHeHHe B eHny eaoelt IIpOeTOTbl H B03M0)1{HOeTH 

Heii01Ib30B8HHSI rOTOBOrO 8H811~38TOpa. 

B oeHoay cpa30BbiX MeToaoa rrpeo6pa30B8HHSI rrono)l{eHo H3MepeHHe MeTOllOM 

. . 
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HyneBbiX 6HeHHA ¢asosoro sanas.abiBSHHH aaqana o.aaoro Konel5aTenbaoro npouecca 

OTHOCHT91lbHO .apyroro, npH YC1l0BHH 1 'ITO K011968HHSI HM910T B9CbM8 61IH3KH9 nepHO.abl 

B 9TOM MeTo.ae accne.ayeMbiA apeMeaaoA HHTepaan npeo6pasyeTCH aenocpe.acTaeaao 

B UH¢poaoA KO.a, 'ITO OCOI59HHO y.ao6HO npH HCll01lb30B8HHH 38llOMHH8101UHX yCTpoACTB 

C UH¢pOBbiM BBO.aOM HH¢OpM8UHH. 

CxeMbi npeo6pasoaaHHH apeMeaa, npHMeHHeMbie .anH H3MepeHHH H aaanHsa 

H8HOC9KyH.aHbiX HHT9pB81IOB apeMeHH1 o6na,a810T pH.aOM OC069HHOCTeA, OCB09HH9 KOTO

pbiX H906xo.aHMO SKCnepHM9HT8TOpy, 38HSITOMY HCCne.aOB8HHSIMH B 06118CTH ¢H3HKH 

Sl,apa, 3119KTpH'19CKOro pa3pS!.a8 B r838X, OnTH'19CKHMH H MHOrHMH .apyrHMH HCCne.ao

aaHHSIMHo K co>KaneHHIO, npaKTH'I9CKHe cae.aeHHSI no sTOMY HHTepecaoMy pa3.aeny 

HSHOCeKyH,IlHOA HMnynbCHOA T9XHHKH pa3p03H9Hbl H HX MO>KHO noqepnayT.b, B OCHOB

HOM1 H3 nepHO.aH'I9CKOA 1lHT9paTypbi. 

HacTOHlUHA o63op SIB1lSI9TCSI llOllblTKOA BOCll01lHHTb STOT npo6en. 06sop no.a-

rOTOB1l9H no M8T9pH8118M COBpeMeHHOA OT9'19CTB9HHOA H sapy6e>KHOA nepHO.aH'I9CKOA 

1lHTepaTypbi1 npo¢H1lb KOTOpOA 61IH30K K 3KCnepHM9HT81lbHOA H.aepHOA ¢H3HKe. 

§ 1, BpeMR-aMnnHTy.aHb!A npeo6pa3oaaTenb ( KoaaepTep) 

3TOT M9TO.a npeo(5pa30B8HHSI aawen WH:pOKOe npH:M9H9HH9 C llOSIB1leHH:9M MHOro-

K8H81lbHbiX 8Mll11HTY .aHblX 8H81lH38TOp0Bo 

VfccneJJ,19MbiA HHTepaan BpeMeHH 1\ t npeo6pasyeTCSI B HMnynbC C llOCTOSIHHOlt 

8Mn1IHTy .a oft H .ai1HT91lbHOCTbiO r • 1\ t 

ycTpoAcTao. 

• 3TOT HMllY1lbC no.aaeTCSI Ha HHTerpHpy!OIUee 

B cnyqae eMKOCTHoro HHTerpaTopa HMeeM: 

c _k_ -
dt 

npH Bbi60pe ,aOCTSTO'IHO 601lblUOA llOCTOSIHHOlt apeM9HH HHTerpHpOB8HH:SI MO>KHO 

C'IHT&Tb i • Const , TOr,lla: 

~- Const., 
1\t 

T.e. accne.ayeMb!A HHTepsan apeMeHH 1\t nponopUH:OH81l9H p83HOCTH llOT9HUH81IOB 

1. U H8 HHTerpHpy!OlUeM KOH,aeHCSTOpe. 



5 

npeo6p830B8HHOe B 8MilliHTy Jlbl HMnynbCa BpeMeHHOe pacnpeJlene HH e 1 perHCTpH-

pyeTC51 CT8HJl8pTHblM MHOf'OK8H8libHblM 8MnnHTy .llHblM 8H8liH38TOpOM, 

0JlH8 H3 nepBblX CXeM BpeM51-8MnnHTYJlHOf'O npeo6p830B8Ten51 6bin8 CKOHCTpyH-

M /S/ B 6 pOB8H8 y JlH , H8CT051ll.{ee BpeMSI B liHTepaType OnHC8HO OlibWOe KOliH'leCTBO 

/9-17 29/ 
cxeM 1 pa60T8101JlHX no 3TOMY npHIIUHny 

1 

CneJiyeT 38MeTHTb, 'ITO 6onbwHHCTBO aMnnHTYJlHbiX aHanH38Topoa a H8CTOHmee 

BpeM51 pa60T8eT no npHHUHny npeo6pa30B8HHSI 8MnliHTY Jlbl HMnynbC a B JlliHTelibHOCTb 

( MeTOJl BHnKHHCOHa). n pHMeHeHHe apeMSJ-aMnliHTy JlHOro npeo6pa30B8HHH c nocneJlyJO

WHM 8MnliHTyJlHblM 8H8liH30M CBS!38HO C He3KOHOMH'lHblM HCnOlib30B8HHeM HH<lJOpMa

UHH ( JlBOl!:Hoe npeo 6pa30B8HHe). HecMoTpS! Ha 3TOT npHHUHnHanbHbril: HeJlOCT8TOK 

MeTOJl KOHBepTepa H8Wen 'l.pe3Bbl'l.8l!:HO WHpOKOe npHMeHeHHe B 3KCnepHMeHTanbHOll 

S!JlepHOH <lJH3HKe B CHny CBOeH npOCTOTbl H ' H8Jle)KH0CTH, 

L!ame acero B cxeMax apeMSJ-aMnliHTY JlHOf'O npeo6pa3oaaTenH a Ka'l.eCTBe cMecw 

TenH HCnOnb3yeTC51 ny'l.eB851 118Mna 6A3n (aHanor 68N6), 3Ta naMna HMeeT 8HOJlHblll 

TOK, c¢opMHpoa~HHbill B SHJle y3KOH neHTbi. Pacnono)KeHHe 3neKTpOJlOB TaKoao, 'l.TO 

OH8 npeJlCT8Bl151eT C060li K8K 6bl JlB8 nocneJlOB8TelibHO BKliJO'l.eHHb!X Tp110Jl8 1 HMeJO

LUHX 06LUHll 31IeKTpOHHblll nOTOK, K8)KJl851 H3 JlBYX ynp8Bli51lOLUHX CeTOK HMeeT He3a

BHCHMble <lJyHKUHH , AHOJlHO- CeTO'l.H851 X8p8KTepHCTHK8' 118Mnbl no 11106011 CeTKe HMeeT 

CTyneH'l.8TyJO <lJopMy C KpyThlM <lJpOHTOM , 6n8f'OJl8p51 <lJoKyCHpOBKe 31IeKTpOHHOf'O 

nOTOK8 B 3H8'l.HTelibHOH CTeneHH yMeHbWeHa JleBH8UH51 BpeMeHH nponeTa 31IeKTpOHOB 

BHyTpH naMnbr. CxeMa coanaJleHHH, noC'rpoeHHaH Ha naMne THna 68 N 6, HMeeT pa3-

-IO 
pewaJOLUYJO cnoco6HOCTb nopHJlKa 3•I 0 ceK, 

CymecTayeT JlB8 cnoco6a BKnJO'l.eHHS! CMeCHTenell naMnhr ( pHC, I). 

B nepaoM cnyqae naMna 3anepTa KaK no nepaoll , TaK H no BTopoll ynpaanHJOLUeli 

CeTKe OTpHU8Te1IbHblM CMeLUeHHeM, CH8'18118 naMna OTKpb!B8eTC51 TOlibKO no nepaoli 

ceTKe (A), a 38TeM no BTopoll ( 6 ). Ecn11 BXOJlHbie HMnynbCbi HMenH JlliHTenbHOCTb 

T =T =Const I 2 t TO H8 BblXOJle li8Mnbi n051BHTC51 TOK TOlibKO H8 BpeM51 nepeKpb!TH51 

HMnynbCOB T 2' npS!MoyronbHblH HMnynbC npOJlOli)KHTelibHOCTbiO T 2 HHTerpaTopoM 

npeo6pa3yeTCS! B 8MnliHTYJlYo flHHeliHOCTb npeo6p830B8HH51 npH Jl0CT8TO'IHO 60nbWOH 

nOCT051HHOll BpeMeHH HHTerp8TOp8 MO)KeT JlOCTHf'8Tb JlOnel!; npoueHT8, 

KaK BHJlHO H3 pHC, I, H8 BbiXOJle HHTerpaTopa npH T8KOM BKliJO'leHHH CMeCHTenH 
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nonyqaeTCSI 8MHni•ITY Jl8 1 nponopUHOHan bH8SI He H3MepSieMOMy HHTepsany B p~MeHH t l 1 

a JlOHOnHHTenbHOMY T 2 = T 1 - t 1 • npH 9TOM H ll aaanH38TOpe HOSIBHTCSI 38HiiC b "aera

THBHOro" BpeMeHHOI'O pacnpe)leneHHSI HMnynbCOB, 'ITO He BC8I'Jl8 npeJlCT8BnSieTCSI 

YJl06HhiM • 

.LlpyraH cxeMa BKniO'leHHH 9Toll: )K e n a Mnbi npe JlnonaraeT HHTerpHposaHHe ocaos

aoro HHTepaana speMeHH t 1 • B 9TOM C!Iy'lae naMna 3 8KpbiT8 TOilbKO no nepsoll: ceT

Ke H OTKpbiT8 no BTOpoit ( Ucz = () ). nepB bil\ HMnynhC (A) OTKpb lB88T naMny, a B'l'O

pol\ (E) 38KpbiBaeT ee . Ha B b iXOJle naMnbi o6pa3yeTCH oTpHuaTen b H biH HMnynhc npo-

Jl0n )KHT8/l bHOCTbiO t 
1 

npaBHnbHaH p a6oTa cxeMbi Tpe6yeT xopowo ccpopMnposaHH biX HMnynhcos. B cny-

qae HHTerpHpOB8HHSI JlOllOnHHTenbHOrO Bp8M8HH t z JlnHT8/lbHOCTb HMIIYilbCOB Jl0/l:>K

H8 6biTb CTilHJlllpTHoll:. KpyTH3Ha cppoHTOB onpe)lenHeT nHHeHHOCTb Hll'lllllbHoro yqacT

Ka X8p8KT8p11CTHKH npeo6p830B8HHSI, 8 CT86HnbHOCTb JlllHT8,1bHOCTH BXOJlHhlX HMnynh

COB T 
1 

11 T 
2 

- noBTOp518MOCTb pe3ynhT8 TOB H3MepeHHll: . KaK npaa11no1 nocne )leTeK

Topa H3ny'leHHSI llpHMeHSI8TCSI OI'p8HH'lHTenb 8MI1nHTYJlbl 11MnynbC8 H cpOpMHpyiOWHlf 

KOpOTK038MKHYTbll\ Wnell:cp. 

n p8KTH'leCKH8 CX8Mbl, llOCTpOeHHble 110 9TOMY M8TOJlY t MOI'yT HM8Tb B peMeHHOe 

-10 
pa3peweHHe nopHJlKa ( 2-3 ) ·•10 ceK. HenHHell:aocTb xapaKTe pHCTHKH, 38 HCKniO'le-

HHeM H8'18nbHOI'O Y'l8CTK8 1 He npeBblW88T ( 1-2 )%. 

HaqanbHhlll: yqacToK xapaKTepHCTHKH HMeeT HCKil)KeHHe 38 C'leT HeJlOCTilTO'lHOit 

KpyTH3Hbi cppoHTOB HMnynbCoB T 1 H T 2 , a TllK)Ke H3-38 npoXO)KJleHHH KpyToro cppoa

Ta HMnynbC8 ( 6) qepe3 nap83HTHYIO 8MKOCTb Me)KJly BTOpOll: ynp.9BnHIO WeM C8TKOH 

H 8HOJlOM. flpOTSl)K8HHOCTb He/lHHell:HOI'O Y'l8CTK8 X8p8KTepHCTHKH COCT8BnSieT 

( 10- 15)% OT BCell: X8p8KT8plfCTHKH npeo6p830B8TenSI0 .LlnH nony'leHHSI llHHell:HOCTH 

aa'lanbHOro y'lBCTKB Tpe6yeTCH ysenH'leHHe KpyTH3Hhi cppoHTa HMnynbca. BMeCTe c TeM, 

ysenH'l8HHe KpyTH3Hbl cppOHTil ysenH'lHB88T npOXOJlSIWHH 'lepe3 nap8 3HTHyiO 8MKOCTb 

CHrHilno 3TH JlB8 npOTHBOp8'111BblX Tpe60B8HHSI orp8HH'lHB810T B03MO)KH0CTb npHMeHeHHSI 

118MIIbl C 0/lOCKHM lly'leM B K8'18CTB8 CMeCHTenH B o6n8CTH O'l8Hb KOpOTKHX HHTepna-

-10 
/lOB BpeMeHH (Kopo'le 3•1 0 CeK). 

Ha pHc. 2 H306pa)!{eHa 38BHCHMOCTh BhiXOJlHOro (nocne HHTerpHpOBBHHSI) 

HMllYilhCil OT senH'li1Hbl 38Jlep)!{KH HMnynbCa 6 OTilOCHTenbHO A. 
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KaK BH.OHO H3 pHCYHK8 1 X8p8KT8pHCTM:K8 CHMM8TpHqHa OTHOCM:T8flbHO MOM8HT8 

nonHoro coBna.aeHHH HMnynhCOB A H E, ecnH naMna 38KpbiT8 no .OBYM ceTK8M. 06-

nacTh wOTpHU8T8nbHOT'O Bp8M8HH" (A (a) X8p8KT8pHCTHKH MO>KeT 6b!Tb HCKmoqeH8 

6 N N 1191 v 

nyTeM BB8.08HHSI 0 T8K H83 b!B88MOT'O, fl0K8 r:po3paqHQCTH 1 KOTOpb!H nponyCK88T 

B 8MnnHTY .QH b!Ji 8 H8flH38TOp TOflbKO HMnyn bCbl 1 COOTB8TCTB)' i0llll18 o6naCTH "llOflO)!{H

· T e nbHOT'O Bp8M8HH" (6). 

XapaKT9pHCTHK8 KOHB9pTepa BTOporo THna (naMna 38Kpb!T8 TOflbKO ITO nepBOJi 

ynpaBnHJOllleli ceTKe) He HMeeT o6nacTH "oTpHuaTen bHoro BpeMeHH ", ecnH npaBHnbHO 

no.ao6paTh cooTHOllleHHe T 
1 

H T 
2 

H c noMOlllbJO 6noKHpOBKH ycTaHOBHTh oqepe.aHoCTb 

noSJBneHHH HMnynbCOB A H E. DnH npaBHnbHOJi pa6oTbi upeo6pa3oBaTenH Heo6xo.aHMO 

1) HMnynbC E nOCTynan K KOHB9pTepy TOflbKO nocne TOT'O, K8K flOSIBHTCSI 

HMnyn bC A, 

2) T2 > T1 + t 1 (eM. pwc. 1), 

1"'.09 t 1 - H3M8pS18Mb!Ji HHT8pB8fl Bp8M8HH, 

H a pHc. 3 H3o6pa)!{eHa 6noK-cxeMa cneKTpoMeTpa 6hiCTpbiX HeliTpOHOB ( 16), 

B KOTOpoJt HCnOnb3yeTCSI Bp8MSI-8MllnHTy .OHblH KOHBepTep H8 naMne C nnOCKHM nyqoM 

THfl8 68 N 6. naMna 38Kpb!T8 O.OHOBpeMeHHO no .OByM ynpaBnHIOlllHM C8TK8M CM8lll8HH-

9M - 2,5 B. CxeMa 1103BOnSJeT H3MepHTb BpeMSJ 3ana3.0biB8HHH HeliTpOHHOT'O HMnynbca 

OTHOCHT8flbHO Y - HMnynbCOB H8 rrponeTHOM pacCTOSIHHH B 50 CM, 

B cnyq ae coarra.aeHHSJ HMrrynbCOB oT y- H n - cqeTqHKOB cpa6aTbiB8eT 

-6 
M8.Qfl8HH8SI (10 CeK) CX9M8 COBIT8.08HHJi, nHH9JiH8SI CX8M8 rrporryCK8HHSI OTKphlB88TCSI 

H nporryCTHT HMITynbC OT KOHB9pTepa B 8H8flH38TOp. 

npaBHflbH8SI p860T8 CX9Mbl rrpeo6p830B8HHSI 8MnnHTy.Ohl B .0flHT8flbHOCTb o6ecrre

qHB 88TCSI CX9M8MH OT'p8HHqeHHSI IIMllYflbCOB~ ITOCTyiT810lllHX OT cpoTOyMHO>KHTeneJi 

(pH C. 4) • naMIT8 CO BTOpHqHOJi SMHCCHeJi Tlll18 E2133 38Kpb!B88TCSI OTpHU8T9flbHblM 

HMrrynbCoM, rrpHXO.OSJlllHM OT cpoTOYMHO)!{HTenSJ, KopoTK038MKHYThiJi OTpe-3uK Ka6enSI 

( wnelicp) B aHo.ae naMrrhi cny)!{HT .anSI cpopMH pOB8HIISJ HMrrynhca. Ha BOnHOBOM conpo-

THBneHHH K86enSJ p = 330 OM nonyqaeTCSI HMrrynbC .OflHTenbHOCTbiO 5•1 Q -B C8K H 

8MllflHTY .OOJi 0,4 B, 3TOT HMn y nbC qepe3 KQTO.OHb!Ji ITOBTOpHT8flb H8 fl8Mfl8 417 A 

ITO.Q88TCSI K KOHB9pTepy, 06a OT'p8HHqHT8nH (eM, 6noK-CX8MY) HM810T O.QHH8KOB08 
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y cTp oH:cTao . KoHaepTep ( pHc. 5) nocTpoea H a naMn e THna 68 ~ 6 , 3 8KpbrToti no nayM 

ceTKBM. ViHTerpaTop co6paH Ha n ei-ITOLie THn a 6AH6. KoHLi e Hc a T op nepeMeH H Oii eM 

KOCTH C =5/30 n cp C liY>KHT LlliSI 110LI60p8 llOCTOSIHHOH B p eMeHH liHTerpHpOB8HHSI 0 BE!liH

'lHH8 KOTOpOH Ll0li.>KH8 npeBb!W8Tb M8KCHM8llbHbiH H3Mep SieMblH HHT e pB 8 ll 6onee '!eM 

B .nec SITb p a3. 4 e p e3 KBTOLIHbil!: llOBTOpHTenb (aTopaSI naMn a 6A H6) , y cHnHTenb H 

liHHeHHbie BOpOT8 HMilyllbC llOCTyn aeT LlliSI perHCTpU U HH B M .!OrOK8H8llbH biH 8MilliHTy .Q

HbiH 8H8liH38TOp0 

KanH6poBO'lH8SI KPHBBSI cneKTpOMeTpa npencTaaneHa H a pHc. 6 . BenH'lHHa 

3BLiep.>KKH HMnynbca onpenenHnac b no.n6opoM onpe.nen e HHol!: .nnHHbi Ka6enSI. 

Pa3pewaiCwee apeMSI 
-9 

CXeMbl ( 1;5. 10 CeK) npoae pSili OC b H 8 C8MOCOBI18LleHHSIX 

22 22 
OT npe napaTa Na • Cn e KT·p Na noaTopSiliCSI H30 npH p8.ZlH8UHH Y - nyqea 

LlHSI B LieHb C TO'lHOCTbi-0 He Xy.>Ke 1%. 3 cpcpe KT BliHSIHHSI 38rpy3KH (cMeweHHe liHHHH) 

. 06 
H8'1HH8ll C K83b!B8TbCSI npH BeliH'lHH e 38rpy3KH 6onee qeM 1 HMH./MHH. 

KaK 6bmo yKB38Ho B brwe, B03 MO >KHOCTb pacwapeHH SI .nHana30Ha a o6nacTb 

6onee KOpOTKHX HHTepB8liOB BpeMeHH Orp8 HH'leH8 H8liH'lHeM 118p8 3HTHOH eMKOCTH 

8HOLI-BT0p8SI ynp8BliSII-Oil.l8SI CeTK8. ny'lWHe X8p8KTepHCTHKH MOryT 6b!Tb IIOliY'le!lbl 

B cxeMe c .llHOLlHbiM CMeCHTeneM. CxeMa npeo6pe3oaa:renSI, Hcnonb3yi-OwaSI CMeCHTenb 

H8 "6bJCTpb!X nepeK/II-0'18!-0il.lHX" LIHO.ll8X THI18 1 N 23A I 
181

, H306pa.>Ke H8 H8 pRe. 7. 

-11 
BpeMeHHoe pa3peweHHe sneKTpOHHol!: cxeMbi paaao 5•10 ceK B .ZlH BIJB30He 

OT 1 .llO 10 HCeK. 

npe.>K.ne qeM nonaCTb I( CMeCHTeni-O, BXO.llH b!e HMIIyllbC bl A If B cpopMHpyi-OTCSI 

o6wHM .llliSI 060HX BXO.llOB KOpOTK038MKHYTb!M wnel!:cpoM. JlnHHB KOpOTK038MKHYTOH 

liHHHH T 8KOB81 'ITO Ccp0pMHpOB8HHbie HMilyllbCbl HMei-OT .ZlliHT e llbHOCTb 10 HCeK. JlnH

T e llbHOCTH CcpOpMHpOB8HH bJ X HMilYllbCOB B TO'lHOCTH p8BHb! 1 T8K K8K OHH cpopMHpyi-OT CSI 

O.llHOti H TOil: .>K e liHHHel!:o Kor.na O.llHH HMnynbC 38II83Llb iB8e T OTHOCHTe llbHO .npyro ro 

He 6onee qeM H8 10 HCeK, llpOHCXO.llHT H8liO.>KeHHe HMllYllbC OB (pH Co 8) • Hano>KHBW 8SI~ 

CSI 'l8CTb HMllYllbCOB nponopUHOH8llbH8 38II83Jlb!B8HHI-O HMllYllbCOB H HMeeT LlB OH HYI-0 

aMrrliHTY .ny. EcnH nopor BTOporo .nHo.na ycTanOB HTb Bbrwe ypoaHSI O.llHHO'lHoro HM

nynbca, TO H8 HHTerpaTOp 6y .neT nponyweH8 TOllbKO H8/IO.>KHBW8SICSI 'l8CTb CyMMap

HOrO CHrHS/18 ( 38ll1TpHXOB8HO) 0 nocne HHTerp8TOp8 HMllYllbC qepe3 K8TOL1H b!H llOBTO

PHTellb nocTynaeT K aMnnHTY.ll~OMY aHanH3BTopy. AMnnHTyn a HMnynhca rrporropuuo-

H8llbH8 H3MepSieMOMY HHTepaany BpeMeHH 1 ecnH ll0CTOHHH8H BpeMe HH HHTe rpaTo pa 

B bi6p8H8 .llOCT8TO'lHO 60/lbWOHo 
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ABTOp~ HCCne,aoBanH BnHBHHe a~¢eKT8 38TI83.UWB8HHB HeOCHOBHWX HOCKTeneA 

8 fl0,1ynpOBO.UHHKOBOM ,UHO.Ue, 06bi'l.HO .UnB 6onbWHX 3H8'l.eHHlt CllrHa 18 8TO t1peM>! 

10 HCeK. 0.UH8KO npH no,aaqe MBnblX CHrHanOB 1 U B X < 0,5 b) 38TI83,UblB8HHe Heoc-

HOBHbiX HOCHTenelt OTCyTCTByeT, EcnH Bbi6paTb pa6oqy~ TO'l.KY BTOporo ,UHO.U8 T8K 1 

'l.T06bl 8MTinHTy.Ua nepeKpb!THH 6bin8 MeHbWe 0,5 B 1 MO)I{HO nony'l.HTb XOpowy~ nH

HeltHOCTb npeo6paaoBaHHH BnnoTb .uo aonea HCeK. 

8 HCXO.UHOM COCTOHHHH .UHO.Ubl OTKpb!Tbl H 'l.epea HHX npoTeKaeT TOK 1 M81 

BenH'l.HH8 KOTOporo orpaHH'l.eHa COflpOTHBneHHeM 250 KOM, BTOpolt .UHO.U CMell(eH 

HanpS!)I{eHHeM 0,75 B. Bxo.aHolt CHrHan (0,47 s) npoxo,aHT nonHOCTb~ qepea nepBbilt 

.UHO,U H OTCeKaeTCSI BTOpb!M H8 ypOBHe 0,75 B 1 'l.epea BTOpOlt .UHO.U npOXO,UHT1 T8KHM 

06p830M 1 TOnbKO H8nO)I{HBW8SICB 'l.8CTb HMnynbCa (0,96 B), 

KaqecTBO pa60Tbl ,UHO.UHOrO CMeCHTenH B CHnbHOlt CTeneHH 38BHCHT OT xapaK

TepHCTHK .uao.uoB. 8 .uaHHOlt cxeMe acnonb3oBanacb KpeMHHeBbie .uao.abi THna 1 N 23 A • 

Y:acToTa cpeaa anSI aTHX .uao.uos t = 9000 Mru, o6paTHbilt TOK 20 MKa, npHMOlt cp 
0 

TOK 15 M8 npH H8flpB)I{eHHH B 1 B, YfaMeHeHHe 0Kpy)l{8~ll(elt TeMnepaTypbi H8 1 
-12 

npHBO.UHnO K CMell(eHH~ nHHHH H8 5•10 CeK, 

Paapewa~mee BpeMH npH peracTpauuH y - KB8HTOB OT npenapaTa Co 
60 

-10 
(caMocosna.ueHHSI) oKaaanocb paBHhiM 8·10 ceK. 

Bb!COKOe paapeweHHe H CT86HnbHOCTb CXeMbl TI03BOnHnH H3MepHTb BpeMH )I{H3HH 

TI03HTpOHOB B MeTannax, 

8 . TeXHHKe 8KCnepHMeHT8 H8XO.UHT BCe 6onee WHpOKOe npHMeHeHHe nonynpOBO,a

HHKOBbie ,UHO.Ubl H TpHO.Ubl, 803M0)KHOCTH npHMeHeHHH Tp8H3HCTOpOB B H8HOCeKyH,a-

HOlt HMnynbCHOit TeXHHKe .UO TIOC;Je,UHero BpeMeHH 6binll orpaHH'l.eHbl HX Hey,aosneTBOplf

TenhHblMH X8p8KTepHCTHK8MH, 8 H8CT0Hll(ee BpeMH HMe~TCH CBe,UeHHH 0 paapa60TKe 

N /20/ 
Tp8H3HCTOpOB 1 npHrO.UHb!X .UnH KOHCTpyHpOB8HHH 6b!CTpb!X" nepeKn~'l.8~ll(HX CXeM 

TpaHaHcTopw THna Philco 2N 501-505 2N601- 605 o6na.ua~T CKopocTb~ nepe~ 

Kn~'l.eHHH nopH.UK8 0 1 1 HCeK. 

/20/ 
8 pa6oTe OTIHC8H8 CXeMa BpeMH-aMnnHTy.UHOrO KOHBepTepa C npHMeHeHHeM 

Tp8H3HCTOpOB TH08 2 N 501 B K8'l.eCTBe nepeKn~'l.8~ll(HX &neMeHTOB, 8 OTnH'l.He OT 

OTIHC8HHbiX paHee THTIOB npeo6p830B8Tenelt, B KOTOpbiX npeo6p830B8HHe OCyllleCTBnH

nOCb nyTeM 38pB.U8 KOH,UeHC8TOpa OOCTOHHHb!M TOKOM 1 B STOlt pa60Te npeo6p830Ba

HHe ocy.meCTBnHeTCH C TIOMOll(b~ HH.UYKTHBHOCTH ( pHC, 9) • 
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n pH 38Mbllt8HHH KnJO'I8 S 1 TOK a HH.OyKTHaHOCTH HapaCT8eT nHHeltHO 

di I dt "' u1 I L 1 .oo Tex nop, noKa He paaoM KHeTcR Kmoq S 2 • npH aToM 

KOHe'IHhllt TOK a HH.OYKTHaHOCTH I k = ';.tiL 1 , r.oe - H3MepS!eMbiA HHTep-

san apeMeHH. nocne paaMbiKaHHR Kmoqa s2 OOTeHUHan Ha HH.OyKTHBHOCTH Haqu-

HaeT yMeHbWaTbCSI .00 TeX nop 0 OOKa He OTKpOeTCSI ,ClHO,Cl 01 0 3HeprHR 1 3anaceHH8SI 

a HH.c.tyKTHaHOCTH1 nepeA.oeT a aHeprHIO KOH.c.teHcaTopa. KoH.oe HcaTop 6y.oeT aapsnKeH 

.oo noTeHuuana, nponopuuoHanbHoro H3MepReMoMy HHTepaany apeMeHu 

~c.u~ =~I~L1 = ~~ L1 (u11L1 t /, 

OTCI0.08 

Um "' 11z h/L1C1 t . 

3aTeM KOH.c.teHC8TOp 6y.c.teT pa3pSI.)I(aTbCSI flO 3KCllOHeHTe C OOCTOSIHHOlt apeMeHU r=- R1 C 1~ 
TalC KaK aMIInHTy.c.ta aaTyxaJOWHX KOne68HHlt a HH.OYKTHaHOCTH y6biaaeT CO apeMeHeM, 

a .OHO.O nepecTaeT rrpoaO,ClHTb1 TO C
1 

6y .c.teT aapSI.)I(eH TOnbKO .00 TJ m• Ha HH.OyKTHa

HOCTH a03HHK810T CB060.c.tHbie KOne6aHHS1 0 '18CTOT8 KOTOpb!X onpeilenSieTCSI aenH'IHHOA 

L1 H rrapaaHTHOA eMKOCTbJO MOHTa.)l(a, 

noTeHUHan KOnneKTOpa TpHO,Cla fi 
1 

(puc, 10) paBeH - 0 0 1 a, 

K8K OTKpblTbiA Kn!O'I S2 0 nepeXO,Cl 3MMHTep - 6aaa TpHO,Cl8 fl 2 

OH pa6oTaeT 

HMeeT o6paTHOe 

CMeWeHHe - 3TOT TpHO,Cl 3aKpbiT H TOK qepea L 1 He rrpoTeKaeT, Kor.oa oTpuua-

TenbHbiA HMIIynbC ( U > 2b) IIOCTyrraeT K n 2 ( CTapT). qepea conpOTHaneHHe R 5 

6y.oeT npoTeKaTb TOK -13 Ma 0 npu'!eM 10 Ma 6y.oeT npoT.eKaTb qepea 6aaoabiA rrepexo.o 

fl 
2

, a 3 M8 - qepea ,ClHO,Cl D3 ( 3MHTTep-6aaoaoe H81IpR.)I(eHHe0 COOTaeTCTayiOWee TOKY 

10 M8 1 6onee 1 a 0 Cne.ooaaTenbH0 1 KOr.c.ta n
2 

IIpOIIyCK8eT 10 M8 6830BOrO TOK8 0 ,ClHO,Cl 

D 3 OTKpoeTCSI H rrporrycTHT 3 Ma). 

B rrepaaHa'lanbHbiA MOMeHT Mbi MO.)I(eM paccMaTpuaan, L 
1 

• KaK O'leHb 6onb

woe COIIpOTHaneHHe 0 II03TOMy 0 KOr.c.ta B 6aae fl 2 6y.c.teT IIpOTeK8Tb TOK 10 M8 TpaH-

3HCTOp OTKpbiBaeTcR H Ha HH.OYKTHBHOCTH L 1 6y .oeT rrpuno.)l(eHo HarrpSI.)I(eHue 6 a, 

ToK HHAYKTHaHOCTH L 1 6y .oeT HapacTaTb nHHeltHo .oo Tex rrop. rroKa Ha 

BXO.O TpHOb.a fl l He llOCTyiiHT nonO.)I(HTenbHbiA HMnynbC ( > 2a) • KonneKTOpHbllt 

IIOTeHUH8n fl 
1 

6y.c.teT II8,Cl8Tb .00 TeX nop, llOK8 He CT8HeT paaHbiM 2a <.n 
1

), Eaaa 

TpHo.oa n 2 y.oep.)I(HaaeTCH .OHO.OOM <n3) no.o HanpSI.)I(eHHeM - 1 a, KonneKTOpHbiA 

TOK na.oaeT .00 HynSI - TOK qepea HH.OyKTHBHOCTb npeKpawaeTCSI, 
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/20/ . 
PeanbHaSJ cxeMa, onHcaHHaSJ a pa6oTe 

1 
6onee cno:>KHa, TaK KaK oHa co.aep-

:>KHT 6nOKHpyJOWH9 npacnoco6neHH51 Ha TOT cnyqaJt, ecnH npa.aeT TOnbKO O.OHH CTap

TOBbilt HMnynbC (npeo6pa30BaHHe 6y.aeT npOH3BO.OHTbCSJ no .OnHTenbHOCTH CTapTOBOI'O 

HMnynbca). B CT8Tbe npaao.aaTCR nonHasr cxeMa npa6opa. 

KoHaepTep onHcaHHoro B hiWe THna HMeeT :aneKTpaqecKoe pa3peweHHe, nony

-11 
'19HH09 OT reHepaTopa C pTyTHbiM pene H 0Tp93KOM Ka6enSJ, nopR.OKa 10 CeK. 

-10 
npeJt<j:) B T9'19HH9 24 '18COB pa60Thl He npeBbJWaeT 10 C9K0 

XapaKT9pHCTHKH 0 nony'leHHbJe CO CUHHTHnnRUHOHHbiM C'I9T'IHKOM 0 B CHnbHOlt CTe

fi9HII 3aBHCRT OT tPOTOHHOlt CT8THCTHKH H .OHCnepCHH :aneKTpOHOB B tPOTOyMHO:lKHTene. 

nng yny'IW9HHR :3THX xapaKTepHCTHK npHM9HRnCR M9TO.O H8XO:lK.09HHR •ueHTpa TR:>Ke

/21/ 
CTH .. HMnynbCa 

¢pOHT HMnynbCa Ha BbiXO.Oe T8KOlt CX9Mbl nopR.aKa 2 HCeK, npo.aon:>KHTenbHOCTb 

-6 
30 HCeK, aMnnaTy.aa nocTORHHaR H pasHa 5s. MepTsoe apeMSJ cxeMbi ( 10 ) onpe.ae-

nSJeTCSJ npO.OOn:lKHTenbHOCTbJO napa3HTHbiX KOne6aHHlt Ha HH.OyKTHBHOCTH L 1 • XapaK-

T9PHCTHKa npeo6pa30B8HHR nHHeltHa OT 0 .00 15 HC9K C TO'IHOCTbJO .00 1%. BpeMeH-

HOA .OH8fi830H MO:>KeT 6HTb yaenH'I9H .00 100 HC9K nyTeM yaenH'I9HHR 

3aKaH'IHB&R o63op apeMsr-aMnnaTy .OHbiX npeo6pa3osaTeneA, cne.ayeT 3aMeTHTb, 

'ITO H8H60nee npOCTbi9 B Hana.aKe H :3KCnnyaT8UHH CX9Mbl - :3TO CX9Mbl C npHM9H9HH-

9M nyqeaoa naMnhi. Pa6oTa TaKHX npeo6pa3oaaTenelt .aocTaTO'IHO xopowo H3y'leHa 

H npoaepeHa npaKTHKoA. O.aHaKo, a o6nacTH apeMeHHbiX .aHana30HOB Kopoqe 10 HceK 

npHMeHeHH9 HX orpaHH'I9HO 113-3a 3Ha'IHT9nbHOlt HenHHeltHOCTH Ha'lanbHOI'O yqaCTKa 

xapaKTepHCTHKH. B :aTOM .aaana3oHe • no-aa.aHMOMy, nepcneKTHBHhiMH sransrJOTCR cxeMbi 

C nepeKnJO'IaJOWHMH .OHO.OaMH H TpHO.OaMH• 

§ 2. ¢a30Bhl9 M9TO.Obl npeo6pa30BaHHR apeMeHH 

8 nHTepaType BCTpeqaeTCR OfiHCaHHe CXeM, KOT0pbi9 y pa3nH'IHbiX aaTOpOB nony· 

'IHnH pa3nH'IHbl9 Ha3BaHHR: •nyna apeMeHa•, .. aepHbep-xpOHOTpOH .. t •apeMeHHOft 

HOHHYC .. H T • .a •. 8 OCHOBY pa60Tbl acex :3THX CX9M nono:>KeHbl <j:)a30Bbl9 M9TO.Ohl H3Me

peHHR, fi0:3TOMy uenecoo6pa3HO 06'b9.0HHHTb HX B O.OHy rpynny - <j:)a30BbJe M9TO.Obl 

npeo6pa3oBaHHSJ apeMeHH. 
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B OCHOBy ¢aaoawx Me Tonoa npeo6paaoBaHHH n onomeHo H3MepeHHe 

MeTonoM Hyneawx 6HeHHI ¢aaoaoro aan aanwaaHHH Haqana onHoro Kone6aTerrbHoro 

npouecca OTHOCHTBITbHO npyroro npH ycrrOBHH 1 'iTO KOrre6aHHH HMB!OT BBCbMa 6nHa

KHe nepHonhz T 
1 

H 'T 
2

• 

EcnH BpeMH aanaanwBBHHH HB'iana Kone6aTerrbHoro npouecca tu MBHbWB 

nepHona T 1 ( HnH T 2 ), TO ero MOmHo BhzpaaHTb B n~~Hx sToro nep110na, T.e. aenH-

' 1 -~.. _ tu 2rr 'iHHOI ¢aabl aanaanhiBaHHSI cp t npH'iBM t U = cp -- ; 'I' - ___::;:.f.,_::..:: / 1/ . 
217 1 

B o6weM cnyqae npH cnomeHHH nayx Kone6aTerrbHhiX npoueccoa c 6nH3KHMH nepuo-

naMu 

u I= Urn r Cos w, t H u2 = Um 2 Cos (w
2 

t - cp ) 

B03HHK8!0T 6HBHHSI w1 - w 2 "" . . :'iw-+ 0 

Urn 1 = Tim 2 = Urn 

U = 2 Tlm Cos ( .\ w t 
~ 

_.:P_ ) ' 
'?. 

8 Ha'i8ITbHbll MOMBHT HMBITO MBCTO aanaanhiB8HHB ¢ aabi cp onHoro KOne6aTenb-

HOrO npouecca OTHOCHTBITbHOro npyroro. f1o HCTB'iBHHH HBKOTOporo BpBMBHH t 
np 

npoHaolneT coananeHHe ¢aa B CHny Toro, 'iTo n epHon hz He paBH hi Memny co6oi! 

T1 .;, T2 • npH 3TOM H8DpRmBHHB 6HBHHi! 6yneT HMBTb MaKCHMBITbHY!O BBITH'iHHy 

Cos ( ~w tnp- + = 1 . 

0TciOna 
'\ w tnp - cp = 0 

nocne HBCrrOmHblX npeo6p830B8HHA 0 y'iHThiB8H ( 1) 
0 

H8XOnHM 

t n p = tu = T 2 I ,.._ T 
(2) 

rne tu HaMepHeMhii apeMeHHOI HHTepaan, npeo6paaoBaHHhii B 6onee nnuTenb-

Hhii tnp • Koa¢¢uuueHT npeo6paaoaaHHH T2/ f1T MOmeT noCTHraTb 3H8'iHTerrb-

HOI aenH'iHHhi, ecnH paaHOCTb nepuonoa T2 - T1 =f. T Mana. CTa6HrrbHOCTb pa6oTbi 

npeo6p830BaTenH B CHrrhHOI CTeneHH 38BHCHT OT CT86HrrbHOCTH nepHonoB KOrre6aTenb-

HhiX npoueccoa. 
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3a BpeMSI K011e6aTellbH8fl CIICTeMa c nep11o.aoM T 
2 

(111111 T 
1

) coaepwi!T 

n K011e68HIIH 1 npli'leM: 

T.e. 

tu = n ... T (3) 

Vl3MepReMbJlt apeMeHHOH IIHTepaa11 t u npeo6pa3yeTcR Henocpe.acTBeHHO s 

u11cppoaoi1 Ko.a npK yc110BIIH, 'ITO ae11K'II!Ha AT a npouecce npeo6pa30BBHIISI ocTaeTCR 

KaK y)K e 6bi110 CKa3aHo paHee, apeMR-aMn11HTy .UHbJe npeo6pa30BaTe11H ( KOHaepTe

pbi) liMe JOT llpiiHUIIllll811bHb!i1 He,UOCT8TOK - .UBOHHOe npeo6p830B8HKe1 llpll KOTOpOM 

HeH36e)KH0 B03HIIK810T .UOll011HI!Te11bHb!e OWII6KI!, ¢830B ble MeTO.Ubl npeo6p830B8HHSI 

ll03B011SIIOT OCyWeCTBIITb npeo6 p830B 8HII e KOpOTKOrO IIHTepB8118 BpeMeHH B 6o11ee ,U11H

TellbHhlH 111111 Herrocpe.UCTBeHHO B UllcppOBOH KO.U 1 'ITO OK83hlBBeTCSI 6o11ee y.ao6HhlM B 

Clly'!ae rrpHMeH eHIISI 38llOMIIH810ll..liiX ycTpOHCTB, C TO'IKH 3 peHI!SI 110rH'IeCKOrO llOCTpoe

HHSI CXeM 3TOT MeTO.U SIBllSieTCSI 6o11ee COBepweHHb!M, BMeCTe C TeM npaKTII'IeCKIIe 

CXeMhl IT011y'IBIOTCSI 'lpe3B~'IBi1HO rpOM03,UKIIMII)H B C II11Y T eXHII'IeCKIIX 38Tpy,aHeHHi1 

3TH rrpe11Myll..l eC TB8 B 6011bll..liiHCTBe C11Y'IBeB He pea11R3 y!OTCSI. npiiMeHeHHe cp830BbiX 

MeTO,UOB rrpeo6pa30B8HIISI ~11Sl 113MepeHIISI O'leHb KOpOTKIIX IIHTepB8110B BpeMeHH Orpa

HI!'IeHO H e CTa61111bHOCThiO rrepuo.aoa noaTopeHIIR K011e6aHHi1 T
1 

11 T
2 

. 

.[l11SI Y11J'!WeHI!SI p83peW810ll..lell: CITOC06HOCTII llpi!MeHSIIOTCfl C110)KHbJe ITO CBOeMy 

ycTpOHCTBY CTB611111138TOpb! p83HOC TII 'IBCTOT, 8 K B 'IeCTB e K011e6aTe11bH bi X CIICTeM IIC-

0011b3JIOTCSI reHepBTOpbl C HHyCOII,U811bHbiX K011e6BHHH 111111 HMITJ11bCHbie reHepaTOpbl 

C 38IT83.UblB810ll..lell: o6p8THOI\ CBfl3biOo 

§ 3. CxeMa rrpeo6pa30BBHHH c y.aapH biMII KOHTypaMII 

O.aHa H3 rr e pBbiX pa6oT c rrpHMeHeHIIeM cpa30BbiX MeTo.aos npeo6pa30BBHI!fl 

/ 22/ 
6b111a orry61111KOBBHa B 1956 ro.ay E.Gatti 11 C. Cottini • B STOll: pa6oTe 

OITIIC B H H8HOCeKyH.UHhli1 8H8111138TOp C rrpeo6pB30B8HHeM HB .UBJX y,aapHhlX KOHTypax 

(pile. 11, 12). 

VlMny11bCbl OT cpOTOyMH0)KI! Te11ell: B036y)K.U810T KOHTypbl 1 HBCTpoeHHbJe HB 'IBCTOTbl 

F1 =20 Mru 11 F
2 

= 20,2 Mru. tloc11e .UIIO.aHoro CMeCI!Te11H rro11y'!BIOTCSl 6HeHIISl 
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C '{8CTOTOH F' 2 - F'l =0,2 Mru. B K8'{8 CTBe c M eC HTen H npHMeHe H cpa30B hiH n e T e K-

TOp, C68JJ8HC11pOB8HHbiH T8K, '{TO np11 C OBfl8Lle HHI1 cpL13bl K 0 11e 6 8 HHH 1 B03HHKLLIHX [l 

KOHTyp a x, Bb!XO.L<r!Oe HanpSDK8HI18 CT8HOBHTCH p8BH bl M Hymo , H 8 '{ 8 JlbHOe CMeUle HH e 

cj:Ja3bl nponOpUHOH8JJbHO 113MepS18MOMy HHTe paany Bpe M e HH, floC KOJJbKy nepHOLl b l c o 6-

CTBeHHbiX KOJJe6aHHll: KOHTypOB He paBHbl 1 TO CO BpeMeHeM C.LlBHr cp83 6y neT yMeHb

UlaTbCH. BpeMeHHOll: IIHTepaan OT Ha'{aJJa KOJJe 6 aHHH .LlO M OM C HTa paaeHCTB a cp a 3 

nponopuHoHaneH .H3MepS1eMoMy HHTe paany. 

B aToll cxeMe BMecTo 3anoMHHaiOwe ro y c Tpo licTaa upwM e HHe TcH o 6 bJ '{H bJH 

MHOr OKaH 8 JJbHhlH 8HaJJH3aTOp, npeo6p830BaHH hl R B p e M e HH OH HHTe p aan 11HTerp11pyeTCH 

(nHHeHHO npeo6pa3yeTCH B aMflJJI1TY .Lly) 11 llOCTy naeT K 8 H a JJH 38TOpy 8 M fJnHTy Ll HMllyn b• 

cos . YiHTerpaTop 3anycKaeTCH 11MnynbCOM cj:Jo:royMHO)KI1Te nSI B, nponywe HHbiM '{epe3 

KJJanaH. 06bi'{H0 KJJ8ll8H 3 aKpb!T 11 OTKpb!BaeTCSI 11MllyllbCOM 1 CcpOpMHpOB 8 HHblM CXeMOH 

. -8 
coana.neHHil c . pa3pewa10wHM apeMeHeM 2•10 c e K, EcnH HMnynbCbi A H B p a 3HeceHbi 

-8 
Ha BpeMSI 60JJbillee, '{eM 2·10 CeK (npHMepHO flOJJOBHHa n e p110Lla KOJJ e 6aHHH K OHTypa)

1 

KJJanaH He nponycKaeT HMflYJJbC 8 K HHTerpaTopy, a CJJe.LlOBaTe JJbHO 8 TOT HMflYJJbC 

He 6y.neT 3aperHcTpHposaH, C.naur cj:Ja3bi He MO)K e T rrpe a b iwaTb nepuo.n a Kon e 6aHI1fi, 

l108TOMy, eCJJII H3MepS1eMbiH HHTe paan 60JJbllle rr e pH OLl a K On e6aHHli K OHTypa , .B 03H11Ka 

eT HeonpeneneHHOCTb B H3MepeHHS!X, CxeMa ycTpoe Ha TaK, '{TO e cnH HMrrynbC A 
-8 

3al183.Llb!BaeT OTHOCHTeJJbHO HMflY1lbCa 8 Ha BpeMSI 60JJbllle 1 '!.eM 2•10 C e K ( M e Hblll e 

rrepHo.na), cosrraneHHe aTHX HMnynbCOB He npoH3 olt.neT, 11 r e He paTop H e 6y.neT 3 any-

weH, 

JlHCKpHMHH8TOp 1 BKJJIO'I8HHbllt llOCJJe CMeC I1Te JJH, cpa6aTbi B 8eT TOr.na, KOrLl a 

HanpSI)KeHHe 6HeHHfi nepBblll: p83 CT8HOBI1TCSI paBHbiM HYJJ IO , 8 8 TOT MO M e HT HHTerpK

poBaHHe npeKpawaeTCSI 1 a HMllYJJbC H8 BbiXO.Lle 11HTe rpaTopa 6yn e T HM e Tb 8 M ilm!TyLl y , 

nponopUHOH8JlbHYIO KCCne.nyeMOMy HHTepsany B p e MeHH, 

H a pH c. 13 H3o6pa)KeHa cxeMa BKJJIO'I.eHKSI y napH biX KOHTypos 11 orpaHH'IHTe nb. 

YiMrrynbC OT C'l.eT'I.HKa B036y)K.Ll89T KOHTyp, BKiliO 'I.eHH biH B a HOLle naMIIbl J1
2

, Ecn11 

8TOT HMllyJJbC HMeeT 11pO.Ll0Jl)KHTeJJbHOCTb MeHbllle nepHOLla C06CTBeHHbi.X KOJJe68HHlt 

KOHTypa, TO B aHO.Lle J1
2 

B03HHKHYT 38Tyxa!OlllH9 KOJJ e 6aHHSI, J1aMrra J1
3 

- ycHJJHT9JJ b. 

JlnSI TOro, 'I.T06b! KOJJe6aHHSI HMeJJH OLlHHaKOByiO aMf!JJIITY.LlY}' llpHMe HeH orpaHH'I.HTeJJb 

Ha naMne c nnoCKHM ny'loM THrra 6 11~ 6 • BbiXO.LlHoe HanpSI)KeHKe c: nocTOHHHOfi 

aMnnKTy.nolt nopli.LlKa Is CHHMaeTcH c aonHoaoro conpoTKBneHHSI ( p = 120 OM) 
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B 8HOile Jl8Mflbl n
5 

If flOCTynaeT H8 CMeCHTeJib. l.fepe3 yCHJlHTeJlbH blH K8CK8il n
2 

HMnynbc nonaeTcn Ha cxeMy coarraneHHA. 

naMIT bl n
6 

H n
7 

( pHC. 14) yCHJllfB8IOT OI"p8HH'ieHHbie ITO 8Mf!JlHTyne KOJie68HHR. 

Y e p e 3 TpaHccp o pMaTophl, co6paHH hl e Ha cpeppHTOBhlX cepne'iHHKax, ycHneHHhle cHrHant 

rr o n aiO TCR H8 ilH8I"OH8Jllf MOCT8 cp830BOro neTeKTOpa en 1- .[l4) • MocT c6anaHCHpo

B8H c TO'iHOCTbiO no 1a, rrapa3HTHhle eMKOCTH MOCTa HeATpanH3YIOTCR. Yepe3 ycHnH

Tenb n
8 

38ITyCK8eTCR illfCKpHMHH8TOp fl9, rropor cpa68Tb!B8HHH KOTOporo COCT8BJIHeT 

aenH'iliHY rropnnKa 1,5 MB. 

B CT8Tbe npHBOilHTCH M8TeM8TH'ieCKif~ 8H8JlH3 B ilOK838TeJibCTBO TOrO, 'iTO 

KOJie68HHH, B03HHK8IOWHe B ynapHOM KOHType, 6epyT CBOe H8'i8Jl0 B "ueHTpe TH.>KeCTH 

B036y.>Kil810Wero HMnynbCa. Vl3 9TOI"O CnenyeT, 'iTO HMITyJibC OT cpOTOyMHO.>KHTeJIH 

ilOJI .>K eH HM e Tb ilJlHTeJibHOCTb 3H8'iHTeJlbHO KOpoqe HCCJienyeMOI"O HHTepB8Jl8 BpeMeHH. 

BMeCTe C TeM BpeMeHH8R ilHCrrepCHH UeHTp8 TH.>KeCTH HMITYJlbCOB M8Jl8 B CHJly TOro, 

'iTO OH8 38BHCHT He OT cpopMbl HMnyJibCB, 8 OT KOJlH'ieCTB8 cpOT09Jl.eKTpOHOB, C06paH · 

Hb!X B pe3yJibT8Te YMHO.>KeHHRo rlpH 60JlblllOM KOJlH'ieCTBe cpOT09JleKTpOHOB CT8THCTH

'!eCK8H onpeneneHHOCTb ueHTpa TR.>KeCTH HMnyJibC8 ilOCTOBepH8 C Bb!COKOit CTeneHbiO 

TO'iHOCTH. Pa3pewa10wan crroco6HOCTb cxeMbi a naHHOM cnyqae He orrpenenneTCH 

KpyTH3HOit cpp0HT8 HMITYJibC8. 

BxonHoA HMrrynbC HMen aMrrnHTyny rropnnKa 0,1 a, rrpH nnHTenbHOCTH a HecKonb-

KO HCeK. 6 b!Jl8 CHRT8 38BHCHMOCTb BeJIH'iHHbl BbiXOilHOit 8MJlHTYilbl OT 38ilep)KKH 

-11 
HMrrynbca a Ka6ene. Ha onHH KaHan BH8JIH38Topa rrpHxonHnocb 5•10 • Yi3MeHeHHe 

8MITJlHTy ilbl BXOilHOI"O HMITyJlbC8 B 10 p83 H3MeHHeT ITOJlO.>KeHHe K8JIH6pOBO'iHOit TO'iKH 

He 6onee 'ieM H8 ilBB K8H8Jl8, 'iTO YK83biB8eT H8 MBJIYIO neBHBUHIO ueHTpa TH.>KeCTH 

BXOilHblX HMITyJlbCOB. 

YiMeiOTCH YK838HHH H8 HeCT86HJlbHOCTb WHpHHbl K8H8Jl8 BO BpeMeHH /23/ • .[lpeitcp 

WHpHHbl K8H8Jl8 ( H3MeHeHHe p83HOCTH C06CTBeHHbiX '18CTOT KOHTypOB), CBH38H, rro-aH

ilHMOMy 1 C rrpoueCCOM CT8peHHH neTaneit KOHTypa, 8 T8K.>Ke C 38BHCHMOCTbiO HX 

napaMeTpOB OT TeMrrepBTYPI>Io B HeKOTOpblX CJIY'i8HX B03HHK8eT He06XOilHMOCTb TepMO· 

/24/ 
cTa6HJIH38UHH KOHTypoa. B pa6oTe rrpo6neMbi Terrnoaoro (MenneHHoro) H3MeHe-

HHH p83HOCTH 'i8CTOT peweHbl BBeneHHeM CT86HJIH38UHH p83HOCTH 'i8CTOT0 rloncTpoA

K8 KOHTypOB OcywecTBJIHeTCH H3MeHeHHeM rrpOXO il HOit eMKOCTH KpeMHHeBOI"O 

ilHOil8 rryTeM H3MeHeHHH B e JIH'IHHbl o5paTH.OI"O HarrpH.>KeHHSI H8 HeM. 
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§ 4, BpeMeHHOH "HOHHyc" ( "sepHbep - xpOHOTpOH") 

CxeMa apeM eHH o ro HOHHyca 
/30/ 

npeo6paayeT HccnenyeMhll!: apeMeHHol!: HHTep-

san HenocpeUCTB€HHO B UH¢pOBOl!: KOU - CepHIO H3 'iHCna HMnynbCOB, 8 OTnH'iHe OT 

npeUbiUyWel!: CXeMbl npeo6paaoBaHIHI 3U€Cb BM€CTO y napHbiX ~ OHTypOB aanycKaiOTCSI 

/25/ 
HMnynbCHbl€ reHep a TOpbl C a an83Ub!Ba10Wel!: ol5paTHOl!: CB513bl0 - 11 KOnbU€Bbl8 

reMepaTOpb!" • nepHOUbl 3THX reHepaTOpOB 0 TB.K )!{€ K8K B CXeMe C ynapHbiMH KOHTy

p8MH0 6nH3KH npyr K npyry, 8 CHny TOr01 'iTO B KOnbUeB biX reHepaTopax UHpKynH

pyiOT cpaBHHTenbHO Y3KH8 HMnynbCbi 0 MOMeHT ¢a3Hp0BKH 3THX HMnynbCOB MO)I{eT 

6biTb aaperHCTpFipOBaH C 6onbWel!: CTeneHbiO TO'iHOCTH, B ycnosH g x UHKnoTpOHHol!: 

na6opaTopHH B KaqecTBe onHoro H3 r eHepaTopos MoryT 6hiTb Hcnonbaos aHbi HMnynb

Chi, c¢opMHpOB8.HHbl8 113 B biCOKO'i 8CTOTHOrO yCKOpS110ll.l€rO HanpSI;KeHHSI0 npHnO)I{€HHOrO 

K nyaHTB.M, 3ToT reHepaTop MO)I{HO HaasaTb ynpasnSIIOll.lHM ( Yr). BTopol!: reHepaTop , 

¢aaHpyeMb!l!: ( <:f:lr) npenHa3H8'i€H UnSI lf3MepeHHSI ¢a3bl aana3UbiB8HHSI MeTOUOM 

• 6HeHHl!: ( coananeHHH ) • B npouecce pa6oTbi 3TH X r eHepaTopoB H3Mep51eT C51 speMSI 

aana3UbiB8HH51 HB.'iana pa60Tbl <:f:lr OTHOCHTenbH O COOTB€TCTBYIOll.l€rO HMnynbca Yr, 

nonpo6HO npHM€ HeHH€ BpeM8HHOrO HOHHyca B ycn o BHSIX UHKnOTpOHHOl!: na6op8TOpHH 

130 1 
paCCMOTpeHO B pa6oTe 

PHc. 15 HnniOcTpHpyeT npHHUHn nel!:cTBHSI speMeHHoro HOHHyca, 

YIMnynbChi, speMeHHOl!: HHTe psan tl M€)1{Uy KOTO pbiMH UOn)l{eH 6biTb H3Me-

peH, llOCTynaiOT H8 BXOU KOnbU€BbiX reHepaTOpOB ( CTapT A H 8), 3T:f HMnynbCbl a a-

nycKB.IOT reHepaTophi, KOTOpbie reHe pHpyiOT ceplf!O lfMnynbCoB no Tex nop, noKa He 

npOH30l!:neT ¢a3HpOBK8 HMnynbCOB (cosnaneHH € BO BpeMeHH HMnynbCOB OT 060HX 

reHepaTOpOB), YfMnynbCOM COBnaneHHSI OTKniO'iB.eTCSI o6p8TH8SI CBSI3b KOnbU€BbiX 

reHepaTopoB ( "cTon") • B peaynbTaTe q ero cepHS! HMnynbCos npeKpamaeTCSI, nepH on 

KOnbuesoro reHepaTopa onpenenSieTcSI aenH'iHHOl!: aanep)I{KH neTnH nono)I{HTenbHol!: 

o6paTHol!: CBSI3H, B KaqecTse aanep)I{KH o6bi'iHO HcnonbayeTCSI Ka6enb onpeneneHHol!: 

nnHHhi HnH cooTBeTCTByiOmag nHHHSI c cocpenoToqeHHhiMH nocTOSIHHhiMH, PaaHOCTb 

nepHOUOB reHepaTOpOB T
1

- T
2 

.. 11 T HesemrKa, Bemt:'iHHa 11 T onpenenSieT WHPKHY 

BpeMeHHOrO KaHana aHanHaaTopa~ T,e. ero speMeHHoe p aapeweMHe, 

Yfa pHC, }9 BHUH01 'iTO H3Mep518Mb!l!: BpeMeHHOl!: KHTepBan 

t 1 "' t2+ 11T"' t 3+ 211T"' .. . = tn + (n-1) h T 
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C IC8)K,lJ.biM rrepi!O.UOM pa60Tbl KOJlbUeBbiX reHepaTOpOB HHTepB8Jl BpeMeHH 

\ T • Pa3HOCTb rrep11o.aoa 

B 3TOM CJlJ'!8e Bb!CTynaeT B pOJIH "wara" BpeMeHHOf'O HOHHJC8. 8 MOMeHT COB!l8.Ue-

HilS! HMIIJJibCOB Tor.ua 

t 1 = (n - l ) \ T ( 4) 

~ 

rne n - 'lll.cno rrepwonoa reHepaTopa oT Ha'!ana pa6oTbi no MoMeHTa coarra.neHHSI. 

nony'!eHH8SI cepHSI HMeeT '!HCJlO HMIIYJl bCOB, K8K 3TO cne.nyeT 113 ( 4), IIpOIIOpUHOH8Jlb-

HOe 113MepSieMOMJ ldHTepaany BpeMeHH t 1 • 3Ta cepHSl IIOCTJII8eT B a.npeCHOe 

ycTpOHCTBO 38IIOMHH810WeH CIICTeMbl ..lJ.JlSl perHCTp8UIIll. 

CT861!JlbHOCTb BpeMeHHOf'O HOHiiyCa orrpe.nenSleTCSl a6COJliOTHOH CT86 HJl bHOC TbiO 

nepHO..lJ.8 KOJlbUeBOf'O reHepaTopa, HMfiJJlbCbl KOTOporo HCIIOJlb3JIOTCSl B K 8'!eCTBe ce-

l._ 
~ pHil II CT8611JlbHOCTbiO BeJlH'!HHbl \T ( OTHOCHTeJI bH8Sl CT8611'Jl bHOCTb rrepHO..UOB o6o-

11x reHepaTopoa). 

8 ..U8HHOM CJIJ'!Be lf3MepSieMbiH HHTepB8ll BpeMeHH t 1 orrpe.nenSieTCSl a .non11x 

rrep11o.na Yr. AonycK Ha yxo.n '!8CTOThl 3Toro reHepaTopa 38BHCHT oT aenHqHHhl 

paccMaTpl!aaeMoro HHTepaana. 4Hcno HMrrynbCoB cepHII., orrpe.nenHJOweli H3MepSleMoe 

BpeMSl, ..lJ.OJln<HO HMeTb OTKJlOHeHHe , He npeBbiW810We !_ 1 lfMllJJlbC. npH 3TOM .no-

rrycK Ha '!8CTOTY reHepaTopa MO)KeT 6biTb rrpe.ncTaaneH a Bll.ne: 

rne 

nocne llO..lJ.CT8HOBKif IIOJIJ'!HM 

\ f 

T." 2 

±l/T", 

1'()/ n-2. 

(5) 

Vl3 Bblp8)KeHHSl (5) CJie.nyeT, 'ITO ..UOIIJCK H8 '!8CTOTJ renepaTopa ..UOCT8TOqHQ 

60JlbWOA. nocTpOeHHe reHepaTopa C T8KOH CT86HJlbHOCTbiO He n p e.ncT8BJISleT 38Tpyn-

HeHIIHo 

PaccMoTpaM BJIHSlHHe Ha cTa6HJibHOCTb apeMeHHoro HOHHyca a eJIH'lHHbi !'1. T 

nycTb '!8CTOT8 yrrp8BJ1Sl10Wero reHepaTopa OCT8eTCSl HeH3MeHHOit BO BpeMeHH. MaK

CHM8JlbHOe '!IICJIO HMllJJlbCOB B cepHH 6y.neT p8BHO: 

06loeAIIttettuloU: MriCHITyT I 
QepHWX lh:CJieAOK"attJII 

6H&JU10TEKA 
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nmax-
T1 
~2 

B cn yqae Henpe phlBHO~ pa6oThl reHepaTopos B03HKKa~T 6KeHHH c nepHOAOM 

T =(n -l)T 1 . 
max 

(6) 

E cnH aonyCTHTb H3MeHeHHe 'IHCna HMllynbCOB M8KCHM8nbHOit cepHH H8 :t_J, TO MO )K HO 

ycTSHOBH~b a onycK Ha H3MeHeHHe qacTOThl reHepaTopa c nepHoaoM T 2 

\f =+ '4(1 / T' -1 /T") 
) 

(7) 

r ae T' = nmax T 1 T" = ( nmax- 2 ) T 1 

noacTaBn HII 3Hal.J.e HH II T' I{ T" B (7) I H8XOAH M 

\£ rl rl 1/Tl . =+ 
n,nax ( nmax- 2 ) 

H a n p HMe p, e cnH w ar HOHHyca paseH 
6 

r e H e p a T o pa £1 = 2 10 , TO 

-9 
\ T = 10 , a qacToTa ynpasnsuower o 

- 4 
aonycK Ha qacToTy ct>r paseH 8 ru t- 4•10 %) 

npH He H3Me HHOA qacToTe -Yr. Ocy L . e CTBHTb TaKyiD cTa6HnbHOCTb reHe paTopoB npe a

c T a snHe TCH 38Tpy~HHTen bH hlM . B p11ae cnyqae s B 03HHKaeT H eo6xoaHMOCTb )KeC TKO 

c T a6 HnH 3 HposaTb senK'IHHY pa3HOCTH l.J.aCTOT ,\ T c noMOWbiD cneuHanhHbiX cxeM. 

8 npoue cce cosnaaeHHH aMnnHTyabi HMnynbcos ct>r " Yr m!HeAHo cKn a abiB8IDT

cH. ¢opM8 HMllynbC a COBnaa e HIIH 38BHCIIT OT Wi!pHHbl IIMTiynbCOB r e HepaTOpOB 

H w ara spe MeHHOrO HOHHyca .~ T • AKT COB118AeHIIII MO)KeT COCTOI!Tb H3 HeCKOnbKHX 

UHKnOB pa60Tbl reHepaTOpOB• BpeMH, B Te'!eHHe KOTOporo npOll:CXOAHT COBnaaeHHe, 

o npe a e ngeTCII KpHBO~ COB118AeHH~. 

/26 / 
B pa6oTe aaeTCH MaTeMaTH'IeCKHA aHam!3 npouecca cosnaaeHHA BpeM eHuo-

r o HOHllyC a , npeanonaraeTCH, 'ITO cpopMa KMnynbCa COBnaae HHA 6nH3K8 K CI!HyCoH-

a a n bHOA. noK838H0
0 

'ITO OTHOCl!TenbHOe nnaTO nopora cpa68TbiB8HHII B 38BHCHMOCTll 

OT OTHOWeHHH ~ T / p !!MeeT BHA: 
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Cos 
IT\T 

Cos 
IT .\ T 

\ ·\n 4p 2p (8) 
- -----· 

An Cos " .~ T + Cos IT~ T 
4p 2p 

rne An - nopor cpa6aTbiBaHHH aMnJIHTynHoro nHcKpHMHHaTopa, BKJIIO'I9HHoro nocne 

cxeMhl cosnaneHHA, p - WHpHHa HMllYJibCOB <t>r H Yr y OCHOBaHHSle ~T- war 

BpeMeHHOI'O HOHHyca, 

H a pHc, 16 H3o6pa)l{eHa ycnosHaH cxeMa, pa6oTa10waS1 no npHHUHny speMeHHOro 

/27/ 
HOHHyca BepHbep-xpOHOTpOH, 

K o nhueBbie reaepaTopbi co6paab!' Ha naMnax co BTOpH'IHOA 3MIICCHeA <n
2
n

3
); 

JiaMna n1 ocywecTBJISieT 3anycK KOJlbUeBoro reHepaTopa. B Ka'leCTBe 3JleMeHTl:l 3l:l

na3nbiBl:liOWeA llOJIO)KHTeJibHOA CBS13H HCI10Jib3yeTCSl Ka6eJib, seJIH'IHHa 3anep)I{KH 

300 aceK, llnH o6ecne'leHHSl Tpe6yeMoro pe)I{HMa pa6oTbi npHMeHeHa CHCTeMa Knana

HOB. QqepenHOCTb BKJIIO'IeHHSl KJiana!JOB 1103BOJISleT H36e)I{8Tb perH.CT~l:lUHH B o6naCTH 

NOTpHUaTeJibHOI'O BpeMeHHN, a Tl:lK)I{e HCKJIIO'Il:leT B03M0)1{H0CTb Cpa68Tb!Bl:lHIISl TOJlbKO 

onHOI'O KOJlbUeBOI'O reHepaTOpa, 8 HCXOnHOM COCTOSIHHH llOTeHUHaJibl 3KpaHHb!X CeTOK 

llaMn J1 
3 

H J1 
4 

6JIH3KH K HyJIIO, KOJlbUeBble reHepaTOpb! He pa60T810T, Ha'laJibHbiA 

HMllYJI bC (axon 1) npOXOnHT '!e pe3 yCHJIHTeJib ( J1 
1 
JI

2
), llOCTynaeT B JIHHHIO Ganep)I{KH 

H onHospeMeHHO c 9THM qepe3 KnanaH A OTKpbisaeT naMny n
4

• Konhueaoa reHepaTop 

B TeM caMbiM oKa3bisaeTCSl nonroTosneHHbiM K pa6oTe, EcnH Ha axone reHepaTopa B 

(axon 2) nostBHTCSl HMnynbC paHbwe, '!eM HMnynbC A npo6e)I{HT KaGenb Ganep)I{KII 

(300 " Hce.K), TO qepe3 KnanaH B 6yneT OTKpblT8 JiaMna n3. VIMnyJibC A 6yneT UHpKy

IIHpOBaTb B CHCTeMe C 3alla3nbiBa10WeA o6pa THOA CBSI3hiO: JI2, 3anep)I{Ka 300 HCeK, 

!13, n2 ... VIMnynbC B TaK)I{e 6yneT UHpKyJIHposaTb B aHaJIOI'H'IHOM ycHJIHTene c 

3811a3n biB810WeA o6paTHOA CBSI3hl0: JI 4 ' Ganep)I{Ka 300 HCeK ,n 4' n5'" UHpKyJISlUHSl 

HMriYJihCOB 6yneT nponoJI)K8TbCSl no Tex nop, noKa He npoH3oAneT cosnaneHHe 

HMriYJlhCOB, B 3TOT MOMeHT c noMOWbiO KJianaHOB A H B 3aKpb!B810TCSl JiaMribl n3 H 

JI
4

, KOJibUeBbie reHepaTopbi npeKpawaiOT pa6oTy, VIMnynbCbl cepHII, Bbipa6oTaHHbie 

CXeMoA, perHCTpHpyiOTCSl cpeppHTOBb!M 256 KaHaJibHblM GanOMHHaiOlUHM ycTpOftCTBOM, 
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BpeMSI cpa6aTbiB8HHSI K118II8HOB IIOpS!.LlKB 30 HCeK. npH rrepHo.ae UIIPKY11SIUH!l 

B 300 HCeK H3MepS!eMbiA HHTepB81l MO)I{eT HMeTb Be1lH'iHHy OT 30 HCeK .00 270 HCeK. 

Haqano H KOHeU .OHaii830H8 HMe!OT IICK8)1{eH!lSI B CH1ly KOHe'iHOrO BpeMeHH cpa68Tb!Ba

HHSI K118II8HOB. UJHpHHa BpeMeHHOrO KaHana onpe.aenHeTCSI pa3HOCTb!O nepWO.LlOB K01lbUe· 

Bb!X reHepaTOpOB, ll11HTe1lbHOCTb nepHO.LlOB perynHpyeTCSI .OnHHOA Ka6enSI o6paTHOA 

CBH3H. ToHKaH perym«pOBKa nepHo.aa ocywecTBnHeTCH H3MeHeHHeM aenH'iHHbi aHo.a-

HOrO HanpH)I{eHHSI 1 IIpH STOM H3MeHS!eTCSI BpeMSI nponeTa sneKTpOHOB BHYTPH naMIIbi. 

Ha pHc. 17 H3o6pa)l{eHa .awcpcpepeHuHanbHaH xapaKTepHCTHKa nHHeAHOCTH (xapax

TepHCTHKa paBHOMepHOCTK wHpHHhi KaHana). HaqanbHaH HenHHeAHoCTb orrpe.aenHeTcH 

3ana3.LlbiBaHKeM MOM8HTa cpa6aTbiBaHHSI KnanaHOBo MoHOTOHHbll!: cna.a B KOHUe xapax

TepHCTHKH - scpcpeKT "ycTanOCTH" ll J.IHO.OOB naM II CO BTOpH'iHOA :3M HCCHeA. 

CTa6HnbHOCTb WHpHHhi KaHana aHanH3aTopa orrpe.aenHeTCH cTa6HnbHOCTb!O xonb

ueBbiX reHepaTopoa. nocTOHHCTBO nepHo.aa reHepaTopoB 3aBHCHT OT cne.ayiOWHX aenH

'iHH: CTa6HnbHOCTH BenH'iHHbl 38.0ep)I{KH Ka6e11SI 1 BpeMeHH nponeTa sneKTpOHOB BHyTpK 

naMnbt , H3MeHeHHSI reoMeTpHH naMnhi c HarpeaoM H cKopocTH c'ieTa (3arpy3KH). Ha-

-9 % 
rpeB Ka6enH H3MeHHeT 3a.ae p)I{KY Ha 6·10 -- • VI3MeHeHHe HanpH)I{eHHSI aHo.aa 

rpa.a. -12 
ycHnHTenbHOA naMIIbl Ha 1% IIpHBO.LlJ.IT K H3MeHe HH!O WHpHHbl KaHana H8 2•10 CeK. 

llpH H3MeHeHHH CKOpOCTH C'ieTa OT 0 .00 3600 HMft/MHH WHpHHa KaHana H3MeHS18TCSI 

-11 -9 
Ha 1,5 •10 ceK. Pa6oqasr wHpHHa xaHtma HMeeT aenH'iHHY 10 cex. CTa6HnbHOCTb 

STOA BenH'iHHbl KOHTpOnHpyeTCSI BO BpeMeHH CIIeUH81lbHbiM ycTpOii:CTBOM. 

Pa3pewa10wasr crroco6HOCTb cxeMbi rrpH perHcTpaUHH y - nyqeA rrpenapaTa 

60 -10 
Co HMeeT aenH'iHHY 8,5·10 cex H uenHKOM orrpe.aensreTCH xapaxTepHCTHKaMH 

.OeTeKTOpa H3ny'ieHHSI • 

.O.nsr Toro, 'iT06bi H36e)I{8Tb uHpKynstUHH 6onee 'ieM o.aHoro HMnynbCa, 3anycxa10-

WHe lfMllY1lbCbl He .OOn)I{Hbl HM8Tb C8Te1111HTOB. 

§ 5. BpeMeHHOA .. SKcnaH.aep' 

3aKaH'iHBaSI paCCMOTpeHHe cpa30Bb!X M9TO.LlOB npeo()pa30BaHHSI BpeMeHII 1 OCTaH0-

/28/ 
BHMCSI Ha pa6oTe "speMeHHoro axcrraH.aepa.. , 6nox-cxeMa KOToporo xao6palK&Ha 

Ha pwc. 18. 
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HopManbHO KnanaHbi A 11 B 3BKpbiTbi. I1MnynbCbi oT reHepaTopos c nepiiOAOM 

T 1 II T 2 He npOXOASIT Ha nepecqeTHOe ycTpoi!:CTBO ( n y). c MOMeHTOM np11XOA8 

H8'18JlbHOrO IIMnynbCa OTKpb!BSeTCSI KnanaH A II IIMflYJlbCbl OT reHepaTopa C nepH0-

-7 
AOM T 

1 
=2•10 CeK 6yAyT perHCTpHpOB8TbCSI ny AO Tex nop, noxa HMnynbC OT 

AeTeKTopa He 3axpoeT xnanaH A. KnanaH B c 8THM IIMnynbCOM OTKpbiBaeTCSI H 

6yAeT OTKpb!TblM AO TeX nop, flOK8 He 38flOJlHHTCSI ny • K08cflcfJHUHeHT nepeC'IeTa 

( x= 100) AOn>KeH 6biTb paBeH 'IHCJly KSH8JlOB perHCTpHpy!OWero yCTpOl!:CTBa. J.--13 

CTB IIMflYJlbCOB 1 38perHCTpHpOB8HHblX n Y 0 

II ~ - OT BTOpOrO. 

100 = N + n 

n nocTyn11no OT nepsoro reHepaTopa 

n "" 100- n 

Pa3pewa10LU851 cnoco6HOCTb speMeHHoro axcnaHAepa orpaHH'IeHa 6hiCTpoAeltcTBHe"-f 

nepec'leTHoro ycTpol!:cTsa. B HSCTOS!Wee speMSI TPYAHO nony'IHTb speMeHHoe pa3pe

weHIIe nyqwe 100 scex. BMecTe c TeM cxeMa npeAeJibHO npocTa 11 ee MO)I{HO pe

KOMeHAOBaTb AJlSI 113MepeHKSI CpSBHIITeJlbHO HQ60JlbWKX IIHTQpBanOB BpeMeHK 

( nopSIAKa 0, 1 HCeK) • 

8 HSCTOS!Wee Bp9M51 AJlSI flOCTpOeHIISI MHOrOK8H8JlbHblX BpeMeHHblX 8H8Jlii38TOpOE 

HSHOCeKyHAHOrO AH8fl830H8 H8H6onee flOJlHO H BCeCTOpOHHe p83p860T8H M9TOA 

BpeMSI-SMflJliiTYAHOrO KOHBepTepa. 3TO '18CTII'IHO MO)I{eT 6b!Tb OTHeCeHO 38 C'leT TOrO 

'ITO BO MHOriiX <PII 3 11'19CKHX na6opaTOpiiSIX HMeeTCSI cepHJ!:Hb!l!: 8MflJlHTYAHb!l!: 8H8JlH38-

TOp. B 3TOM cnyqae BpeMSI-SMOJlHTYAH bil!: KOHBepTep SIBJISieTCSI "npHOT8BKOi!:* X roTo

BOMy np116opy, a BhmonHSieMaSI cxeMa nonyqaeTCSI cpaBHHTeJibHO HeCJIO)KHOl!:, Taxol!: 

M9TOA ( AOCTII)I{9HH9 H8M9'19HHOJ!: U9JlH C MHHHM8JlbHb!MH 38Tp8T8MII BpeMeHH H CHJl) 

SIBJISieTCSI o6hi'IHhiM B ycnOBIISIX cflii3K'Iecxoro axcnepiiMeHTa, Pa3pa6oTxe MeToAa spe

MSI-aMnJIHTYAHOro KOHBepTepa 6b!Jl0 nOCBSIU19HO 60JlblUOe KOJlH'IeCTBO pa60T1 fl09TOMY 

B HSCTOSIW.ee BpeMSI JlY'IlUIIMII xapaKTepHCTIIXBMII 06Jl8A810T, K8K BIIAHO 113 T86JlHUbl 1 

H80pHMep1 BpeM9HHbl9 8H8JlK38TOpbl , OOCTpOeHHbie no MeTOAy BpeMSI-SMfiJliiTYAHOrO 

KOHBepTepa. 



MeToa. 

8H8JIK38 

CxeMa aa-

a.ep)f{8HHbiX 

coanaa.e-

HKit 

XpOHOTpOH 

BpeMSI-aM

OJIHTy IJ.Hbllt 

KOHB9pTep 

2. cpaaoable 

M9TOIJ.bl 

BpeMeHHOit 

SKC08HJJ.9p 

BpeMeHHOe 

paapeweHKe 

HCeK 

0,5 

0,05 

0,8 

100 

22 

Ta6nKua 

JIKHelt

HOCTb % 

( 1-2) 

.. 
2-3 

2 

MaKCKM. 

'IHCJIO 

K8H8JIOB 

1 

10-15 

onpea.enH-

9TCSI 'IHC-

JIOM KSH-B 

MAA 

onpea.enH-

eTCH 'IHCJIOM 

K&H-B 3Y 

PerKcTpH

pyJOWBSI 

CHCTeM8 

C'le T'IKK 

OCUHJIJIO-

rpa¢ 

C'le T'IKK 

MAA 

3Y 

3Y 

nHTepa

Typa 

J31 

/6/ 

/18/ 

/27/ 

/28/ 

1 - npSIMble MeTOJJ.bl 8H8n1138, 2 - M9TOIJ.bl npeo6p830B8HHSI, 3Y - 3800MHH810ll(ee 

ycTpoAcTao, MAA - MHoroKaaanbHhi A aMnJIHTyJJ.H hiA aHaJIK38Top. 

BMecTe c TeM, HCnOJib30B8HKe apeMH-aMnJIHTyJJ.HhiX npacTaBOK K aMnJIHTYJJ.Ho

My 8H8ni138TOpy CBSI38HO C HeSKOHOMH'IHbiM HCOOJib30B8HHeM HM910ll(eltCSI HHcpOpMa-

UHH 1 T8K K8K npeo6p830B8HHhllt B 8MOJIHTyJJ.y BpeMeHHOlt HHTepBaJI B 8MOJIHTyll.HOM 

aHanaaaTope npeo6paayeTCSI eme paa. B CBS13K c T8KHM a.aoAHhiM npeo6paaoaaHKeM 

HeHa(Se)f{HO B03HHK89T IJ.OllOJIHHTeJibH8SI norpe WHOCTb H3-3 8 HeJIHHeltHOCT!i p860Tbl 

npeo6paaoaaTeneA. 

Hau6onee coaepweHHhiMII, c TO'IKH apeHIISI norH'IeCKoro nocTpoeHHSI cxeM, SIBJIH

JOTCSI CX9Mb1 1 OOCTp09HHbl9 no cp a 30BOMY M9TOJJ.y npeo6p830B8HHSI 1 B KOTOpblX HCCJie

a.yeMblA apeMeHHOA HHTepaan npeo6paayeTCSI Henocpea.cTaeHHO a uacppoaoA Koa. (ce

PHIO) • npH STOM MO)f{eT 6biTb IJ.OCTHrHyTa 'lp93Bbi'18AHO BhiCOK8SI JIHHeltHOCTb npeo6-

p830B8HHSI0 . VIMeH il BH.ay, 'ITO noa.aanHJOWee 6onbwKJlCTBO coapeMeHHhiX aanoMHHaJO-
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UUIX ycTpOli:CTB HM99T HM9HHO UHcfJpOB Oll: BBOA HHcfJOpM8UHH 1 CTBHOBSITCSI oqeBHAHbiMH 

npeHMywecTaa aToro MeTo,aa npeo6paaoaaHHSI. 

CxeMa aHanHaaTopoa, nocTpoeHHaSI no cpaaoaoMy MeTo,ay rrpeo6paaoaaHHSI ape

MeHH, oqeHb Cl!O)KHa, CKoHcTpyapoaaTb TaKyiO cxeMy a ycnoBHSIX ¢HaHqecKoll: na6o-

.anSI 3KCrrepaMeHTaTopa. Xa-

paKT9pHCTHKH CX9M 8H8liH38TOpOB C cp830BbiMH npeo6p830B8T9liSIMH Xy)Ke, qeM xa

p8KT9pHCTHKH aHanHaaTopoa c apeMSI-aMnnHTYAHbiMH KOHBepTepaMH. O,aHaKo pa3BHTHe 

COBp9M9HHOll: p8AH03li9KTpOHHKH H T9XHHKH cfJH3HqeCKOrO 3KCnepHM9HT8 1 n03BOliHT B 

6nH)Kall:wee apeMSI c.aenaTh cywecTaeHHbie wan'! no ynyqwe~miO pa6oTbi 3THX cxeM. 

peanH3YR npeHMywecTaa Henocpe.acTB9HHoro npeo6paaoaaHHSI apeMeHHoro HHTepsan~ 

B UHcfJpOBOll: KOA, TaK 1 HanpHMep, BB9,[l9HH9 CT86Hl!H38UHH p83HOCTH qaCTOT BpeMeH

HOrO HOHHyc a , n03BOl!HliO CyWeCTB9HHO ynyqwHTb CT86HllhHOCTb lllHpHHbl K8H8li0B 

8H8liH38TOpa BO Bp9M9HH, 

npS1Mb19 M9TO,[lhl H3MepeHHSI, XpOHOTpOH H CX9M8 38A9p)K8HHbiX COBna,aeHHil: 1 

npHM9HSIIOTCSI ,[ll!SI nOCTp09HHII l!H60 OAHOK8H8llbHb!X ( AHcpcpepeHUH8llhHblX) 8H8liH38-

TOpOB, l!H60 8H8liH38TOpOB C orpaHHqeHHbiM qHCliOM K8H8liOB.CyweCTB9HHhiM H9AOCTaT

KOM HX S!Bl!SI9TCII 60llblll8SI TpaTa BpeMeHH Ha npoae,aeHHe H3MepeHHli:.KOHCTpyKTHBHO 

CX9M8 8H8liH38TOpa nonyqaeTCII Cp8BHHT9llbHO npOCTOll: H He Tpe6yeT T8KOrO Cl!O)KHO

ro o6opyAOB8HHSI K8K MH OrOK8H8llbHb!ll: 8MllliHTYAHb!ll: 8H8liH38TOp HliH 38l10MHH810W99 

ycTpOii:CTBO, 

AHaliH38TOpbi c rrpSIMbiMH M9TOJ18MH H3MepeHHSI HMeJoT acpcpeKTliBHOCTb cywe

CTBeHHO 6onee HH3Kyl0, qeM 8H8liH38TOphl)llOCTp09HHhle no M9TOAY rrpeo6p830B8HHSI 

apeMeHH. 
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PKc, 8, BpeMH -aMnJIKTY LlHbie KapTbi KOHBepTepa c nepeKJIJOqaJOIUKMK LlKOLlaMK: 

a, 6) BXOLlHble KMnyJibCbi, c<i:JopMHpOB8HHbie JlKHKell:; 

a) HB.JIO}K8HKH HMnyJibCOB (ace, qTo Bhiille nopora nocTynaeT Ha KHTerpaTop), 

r) KMnynbC nocne KHTerpaTopa. 

: r u,,6 G /,! 4-?_,. 11 

...____ -~'? _ __.______J 

P11c. 9. CxeMa npeo6paaoaaTenH c npHMeHeHHeM KHLlyKTKBHOCTK, 
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Pac. 10. BpeMs-aMnmiTy .llHhll JCOHBePTep c npaMeHeHaeM 6blcTpbzx 
nepexn~~a~LUIIX Tp4H31fCTOpOB ll HH.llYJCTKBHOCTif, 
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PH c . II. KapTa Hanps<:»<eHHil:, unn iOCTpHpyiOwall pa6oTy npeo6paaoaaTenl! c .UBYMll 
y .uapH b! MK KOHTypaMH : 

a , tS) BXO,UHble KMfiYilbCbl, BpeMei!HOfl: HHTe paan Me)I{.Uy KOTOpb!M .UOJl>KeM 
6b!Tb H3Me p e H, 

a ,r) Hanpll)!<e Hwe , B03HKKarowee Ha KOHTypax npK ux aoa6y>K.UeHHH 
( MacwTa6 He co6n10.ueH) , 

.u,e) cj:lopMa nanpli>KeHwll: nocne orpaHH'-Il!Tene ll:, 

>K) Hanpli >KeHHe nocne CMeCuTenll , 

3) HMnynbC KOHUa HHTerpHpOBaHHll1 

H) HMfiyJlbC naqana HHTerpHpOBaHHll , 

Kl BbiXO.UHOil: iiMnynbC n ocHe HHTerpaTopa. AMnnHTy.u a a Toro HMnynbCa 
nponopuHOHanbHa H3MeplleMoMy HHTeps.1ny speMeHH. 
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