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A H H o T a u a g 

8 pa6oTe naeTcg OUHC8HHe cPYHKUHit, Bb!UOnHgeMblX apllcjJMeTH'!eCKIIM ycTpOACTBOM MHoro

K8H8nbHOf'O aHana3aTopa B TepMaHax anre6pbi - norHKII a npaeongTcg nee cxeMbl apacjJMeTa

qecKoro ycTpoAcTea 6e3 Tparrepoe co cqeTHbiM exonoM. npaeeneHHbie cxeMbi oTnii48JOTcg no

BbillleHHoA Hane)I{HOCTbiO. 



Xn,t llBOH'IHbllt CHMBOn n -ro pa3p51ll8 'IHCna, C'llfTbJBaeMOrO C M03Y' B UHKn t 

Xn,t - llBOif'IHb!lt CHMBOn, paBHbllt enHHHUe npH HanH'IHH CllTHana H3 n -ro pa3p51ll8 M03Y' 

B UHKn 

s n,t llBOif'IHb!lt CHMBOn n -ro pa3p11na 'IHCna, 3ailHCbJBaeMoro B M03Y' B UHKn t 

nepeHoca c (n -1) -ro pa3p11na Ha n -brA pa3p11n apH<}lMeTH-

qecKoro ycTpoltcTBa ( Ap.Y.) B UHKn t 

Y n,t - llBOH'IHbiA CHMBOn, paBHbiA enHHHUe ilp!i HanH'IHH CHrHana nepeHOCa lf3 (n - 1) -ro 

B n -hrlt pa3p11n Ap.Y. B UHKn t 

pa3p11ne B UHKn 

A pH<}lMeTH'IecKoe ycTpoltcTBO ( Ap.Y'.) 11Bn51eTC51 onHHM H3 · OCHOBHbiX y3nos scex aHanH3aTo

poB c MarHHTHbiMH onepaTHBHhiMH 3anoMHHaiOll.lHMH ycTpoltcTBaMH ( M03Y). B aHanH3a'Dopax c 

M03Y apH<}lMeTH'IecKoe ycTpoAcTBO BbmOnH51eT cnenyJOmne <}lyHKUHH: 

}, n o5asneHHe enHHHUbl K 'IHCny, 3ailHCaHHOMY B naM51TH, 

2. C5poc HH<}lopMaUHH, 3anHcaHHoA B naM51TH, 

3, nepenaqa 'IHCna Ha Bb!BOllHbJe ycTpOACTBa: OCUHnnorpa<}l, neqaTaJOll.lee yCTpOACTB0 1 

HeOHOBhle HHllHKaTOphl, 

nocne npHxona B aHanH3aTop neTeKTOpHoro HMnynbca BbmonH51eTc51 cTaH.aapTHa51 nporpaM-

Ma ero perHCTpaUHH, COCT051ll.la51 B cnenyJOllleM: 

1. 0'1HCTKa Ap.Y. OT npenbillyll.leA HH<}lOpMaUHH, 

2. C'IHTbJBaHHe 'IHCna H3 COOTBeTCTBYJOll.leco KaHana M03Y H nepe.aaqa 9Toro 'IHcna 

B napannenbHOM KOlle B Ap,Y', 1 rne OHO llOn)!{HO 3aiTOMHHTbC51 Ha HeKOTOpOe BpeM51, 

3. llo5asneHHe K 'IHcny, cnHcaHHOMY H3 M03Y, enHHHUhi, 

4, 3anHCb BHOBb nonyqeHHOrO 'IHCna B M03Y', nn11 qero Bb!pa5aTbJBaJOTC51 HMnynbCh! .,3an

peTa .. B Te pa3p51llhl 1 B KOTOpb!X npH C'IHTbiBaHHif B cne.ayJOlllHA UHKn, CHrHana He llOn)!{HO 5b!Tb, 

lln11 c5poca HH<}lOpMtlUHH naM51TH Ap,Y, ITOCbJnaJOTC51 HMnynbCbl 3anpeTa BO BCe pa3p51llhl 

M03Y. 

npli nepenaqe 'IHCna Ha Bb!BOllHSJe ycTpOACTBa BblilOnH51eTC51 Ta )!{e nporpaMMa, HO TOnbKO 

5e3 no5asneHH51 enHHHUbi, ( 3a HCKnJO'IeHHeM BbiBo.aa Ha neqaTb, Kor.aa .aBOH'IHhiA Kon npeo5pa-

3yeTc51 B nec51TH'IHbrlt MeTonoM nocqeTa). 

cPyHKUH51 no5asneHH51 enHHHUbl K 'IHCny 1 xpaH51ll{eMyC51 B naM51TH ITO Bbi5p8HHOMY a.apecy 1 
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SIBnSJeTCSI OCHOBHOlt JliTSI A p,Y, • 0Ha OITUCb!B8e TCSI CITe.llyiOW !lMH ITOrH'IeCKHMH yp8BHeHHSIMH; 

s 
n, t = X n,t Yn,t + X n,t Y n,t (1) 

y = X n-z, t Y n -1, t 
(2) 

n,t 

X n, t+ 1 = 8 n, t ( 3) 

YpasueHue ( 1 ) 03H8'18eT, 'ITO B n -oM pa3pSI.Ile M03Y B llHKn t 38ITHC b!B8eTCSI '1' 

TOITbKO TOr.lla, KOr.lla ITH60 B n -oM pa3pS!.Ile B llHKIT t- 1 6wna 3arrucaHa "1"(x 
n,t 1 ) 

H B llHKIT He 6hliTO rrepeHoca c (n- 1) -ro Ha n -brlt pa3pS!.Il Ap.Y. (y =0; y =1) 
n, t n ,t ' 

ITH60 B HeM B llHKIT t - 1 6b!IT 3aiTHCaH "0" ( X = 0 
n,t 

H B llHKIT 6bm nepeHoc c (n -1) -ro 

Ha pa3 pH.Il Ap.Y. ( y 
n ,I 

= 1) Bo scex ocTanbHbiX cny'laSJx 3aiTHCbiBaeTCSJ "0" .. 

YpasHeHHe (2) 03Ha'!aeT, 'ITO nepeHoc c (n-1) -ro Ha n -hilt pa3pSI.Il Ap.Y. HMeeTCSI 

T OnbKO TOr.lla, KOr,lla B UHKIT (t- 1) B (n -1) -oM pa3pSI.Ile M03Y 6hrna 3anucaHa "1" ( x = 
n -1, t 

S = 1) H HMeeTCSI nepeHOC C 
n -1, t .. 1 

(n- 2) -ro Ha (n- 1) -hilt pa3pSI.Il Ap.Y. (y = 1 ) . 
n - 1 

YpasHeHHe (3) 03Ha'!aeT, 'ITO B llHKn (t+ 1) c n -ro pa3pSI.Il8 M03Y C'IHTbiBaeTcSI To, 

'ITO 6wno 3aiTHCaHO B HeM B UHKIT 

UHKIT 

B npSIMOM KO.Ile HanH'!He curHana H3 orrpe.lleneHHoro pa3pSI.Il8 M03Y npH C'IHTbiBSHHH B 

H,lleHTllcj:H!UHpyeTCSI C .llBOH'IHOlt e,llHHH!lelt COOTBeTCTBYJOWero p83p.Si.ll8 C'IHTblB8eMOrO 

'!Hcna, a HanH'IHe CiirHana nepeHoca H3 (n -1)-ro B n -brlt pa3pSI.Il Ap.Y. c nepeHocoM, T.e. 

X = X · n,t n,t Yn,t = Yn,t (4) 

TaK KaK H3 Ap.Y. nocbrnaJOTC.SJ B llHKn HMITYITbCbl '3anpeTa" B Te pa3p.Si.llbl, B KOTOpb!X 

npH C'IHTb!BaHHH B UH Kn ( t + 1 ) CHrHaiTOB He .llOn)KHO 6b!Tb, TO cnpaBe.llnHBO ypaBHeHHe: 

:-

Z 1 =Xn,t+1 n • 
(5) 

f..-13 ypasHeHHSI (4) II (2) CITe.llyeT, 'ITO B npSIM::JM KO,Ile: 

y "• t X n- 1 • t Y n- 1 • 1 (2ai 

a H3 ypaBHeHHlt (5), (4), (1), (3) 

:-

Z n, 1 X n, t+ l xn, t + s n, t 

X Y + X Y = [X Y l[X Y ] n,t n,t n,t n,t n,t n,t n,t n,t (5a) 

[X n , t + Yn , t] [X n , I + ~ t ] Xn,l Yn,t+ Xn,t Yn,t 

Ln,l =X n,t Yn,t + Xn,t Yn,l 

/1/ 
OnucaHHbie B nuTepaType Ap.Y. ucnonb3YIOT ueno'!KY, pa6oTaJOWHX .llpyr Ha .llpyra 

Tpurrepos (KaK npasuno, 16 COOTBeTCTByiOWHX 'IHCilY pa3p.Si.ll0B Ap.Y. ) ( piiC. 1), 

Ha BXO.Il c no.llaeTcSI uMnynbc c6poca, c6pacbiB8JOWHlt see Tpurrepbr B "0". 

Ha sxo.nhr "A"- "A " 1 16 ITO,IlaiOTCSI CHrHanbi H3 COOTBeTCTBYIOWHX pa3p.Si.llOB M03Y, 

KOTOpbie nepeBO.IlSIT TpHrrepa B COCTO.SJHHe "(". 
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Ha axoa u I u noaaeTCII HMnynbC ao6aaneHIHI eaHHHUhi , KOTOphiA nepeHOCHTCH qepe3 C'!eT

Hbie BXOllhl TpHrre p oB llO n e paoro TpHrrepa, B KOTOpOM 38llHC8H *Ou H n e p eBOllHT e r o B COCTOH-

HHe "1 ". 

TpHrre phl ynpaanH~T cxeMaMH cosrraaeHHll 

eTcn HMITYJibC "3arrpeTa .,Z ". 

"],1" - " :J-1" Ha BTOpbie BXOL{ b l KOTOpbiX ITOL{a-
1 £6 ' 

C pa3 pS!L{ OB, B KOTOpbiX 38ITHC8H "0", ITOll8~TCSI p83pewa~wHe ITOTeHUH8Jlbl H8 CXeMy COB

IT8L{eHHA. 06pa3y~WHeCSI T8KHM o6p830M HMITyJibC b l u 38rtpeTa" rrporryCK8~TC51 H IT OL{8~TC51 "H8 COOT-

K HellOCT8TK8M 9TOJ1 CXeM bl OTHOCSITCSI: 

}, HH3K8SI HHcPO pM8UH OHH 8 51 H8L{e)KH0CTb pa60Tbl TpHrr e poB C HeCKOJlbKHMH BXOll8MH 1 cpe-

llH KOTOpblX eCTb C'!eTHbie, 

2, Heo6xoaHMOCTb 6oJibWHX HHTepsanos Me)Kay HMrrynbcaMH llJIH ycTaHOBKH scex TpHrre

pos ( 16 pa3pS!llOB ll8~T 38llep)KKY OKOJIO 5 MKCeK), 

llnH yrrpOW eHH SI CXeMHO A p e aJIH38UHH HHOrll8 u e necoo6p83HO pa60T8Tb B o6p8THOM KOlle, 

Toraa crrpaseanHBhl ypasHe HHH : 

X = n, t z = n, t 

noaCT8BJISISI (6) B ypasHeHHSI (!) H (2) ITOJiy'IHM: 

y 
n ,t 

X + y 
n-J,t n-l,t 

z = X n, t n, t 
y 

n, t + X n, t Y n, t 

(6) 

(26) 

(56) 

llJIS! pe8JIH38UHH yp8BHeHHJ1 ( 26) H (56) MO)KHO rrpHMeHHTb CXeMy, H306pa)KeHHY~ H8 pH C. 2, 

B T86JIHUe 1 npHBea eH a 38BHCHMOCTb BbiXOL{HhiX CHrH8JIOB OT BXOL{Hb!X, 

0 

0 

Ta6nHua 

Yn Z n 

0 0 

0 

0 

0 

B aaHHOlt Ta6nHue eaHHHua 03Ha'!aeT HaJIH'!He CHrHana. ( B aaHHOM sapH8HTe cxeMbi -

OTpHU8TeJibHOrO ITOTeHUH8Jl8 H8 COOTBeTCTBY~WeM BXOL{e X n H Y n H BhiXOlle nepeHOC8 Y n + l 

H rrono)KHTenbHoro neperraaa Harrpn)KeHHH Ha Bhixoae z ) . 

Pa6o'!Hlt sapHaHT cxeMbi Ha 4 pa3pHaa rrpHseaeH Ha pnc. 3. CxeMa pa6oTaeT cneay~I..UHM 

o6pa3oM. 

BxoaHhie CHrHaJibi c M8TpHUhi rrocTyna~T Ha ycHJIHTenH co cTpo6HposaHHeM. YcHneHHbie 

CHrH8Jibl '!epe3 Tp8HCcPOpM8TOpbl Tp. 2 yrrpaBnSI~T Tp8H3HCTOpHbiMH KJI~'I8MH T 
2

, KOTOpbie B 
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cao10 oqepenb ynp8BJISIJOT 3 8 p SI .llOM eMK OCTH C • P83 pSin e M K OCTH ocywec TBJISi eTcSI ycTpoH.CTBOM 

ynp8BJieHI1SI nocne OKOH'l8HI1SI onep8UHH no68ane HHH enHHI1Uhl 11 perucrp8U1111, C11rH8Jihl X H8 

nonycyMM8TOp T
4 5 

CHI1M8JOTCSI c eMKOCTeH. 

' 
qepe3 3MI1TTepHbie rroBTOp11Tenl1 T 

3
• C11rH8Jihi z 

CH11M810TCSI c o6w11x KonneKTOpHbiX conpoTI1BneHI1H T 
4 5 

• C11rH8Jihi nepeHOC8 6epyTCSI c Jli10n-

' 
HhiX cxeM "vtnvt" qepe3 3MI1TTepHbie noarop11Ten11 T 

6
• 

BpeMeHH8SI Jl118rp8MM8 p860Thi Ap.Y. 11306p8)1(eH8 H8 p11C, 4, 

B cxeMe np11MeHeHhl Tp8H311CTopw T11II8 npn c uenb!O o6nerqeHI1SI pe )I(11M8 p860Tbi 

Tp8H311CTOp8 T 
3

. DnH 11CKJIJO'leHI1H JIO)I(HOro Cl1rHaJI8 113-35 Hep8BeHCTB8 BXOJlHhiX c11rHanoa X 

11 Y 683hi Tp8H311CTopoa T 
4 5 

noncoeni1HeHbi K He6onbWOMY MI1Hycy, onpenenHeMoMy neni1TeneM 

' 
R

3 
1-1 R

4
• 

3a BpeMSI 3KCnJiy8T8U1111 BblSIBI1JI11Cb HeKOTOpble CJI86bie MeCT8, 

1. TSI)I(eJibiH pe)I(I1M pa6oThi Tp8H311CTOp8 T 
2

, BcnencTBI1e qero H86JIJOJl8JII1Cb BhiXOJlhi 113 

CTpoSI Tp8H311CTopoB T 
2 

11 T 
3

. 3TOT HenocT8TOK MO)I(eT 6hiTb ycTp8H eH np11MeHeHI1eM Tp8H311CTo

poB Tl1118 n 4 (6, 

T 5; 4, 

2. Orp8HI1'leHI1e CKopoCTI1 pa6oThl Ap.Y. 113-35 rrnox11x '18CTOTHhlX caoH.cTB Tp8H311CTopoa 

B uenHx ynpoweHI1SI cxeMbi 11 yBe JII1'leHI1SI H8Lle)I(HOCTI1 cxeMbi 6biJII1 11CnOJib30B8Hbi TYHHenb-

Hbi e Jli10Llhi, CxeM8 SI'leltK11 Ap.Y. C 11CnOJib30B8HI1eM TYHHeJibHb!X Lli10Ll0B np11BeneH8 H8 

p11C, 5, 

P8CCMOTp11M p860TY cxeMbi, 

BxonHolt Cl1rHaJI c M8Tp11Ubl nocTyn8eT H8 YC11JIHTeJib co CTp0611pOB8HI1eM. npocTp0611po

B8HHblit 11 yc11neHHhilt 11MIIYJibC nepe6p8ChiB8eT TYHHeJibHhilt Lli10Ll. TyHHeJibHbilt Lli10Ll ynpaBnSieT 

Tp8H311CTopoM T 
2

• C KonneKTOp8 Tp8H311CTopa T 
2 

CHI1M8eTcH 3H8'leHI1e cnar8eMoro X" • BTopoe 

cn8r8eMoe Y" non8eTCH co cxeMbi rrepeHoca corn8cHo yp8BHeHI110 (26), En11H11ua B Jl8HHOM 

Ap.Y . 03H8'18eT H8JII1'111e OTp11U8TeJibHOro C11rH8JI8 H8 BXo.nax X n 11 y n 11 Bb!XOLle nepeHOC8 

Yn+ I 
11 nOJI0)1(11TeJibHOrO Cl1rH8JI8 H8 BbiXOLle Z 

BpeMeHH8SI Lll18rpaMM8 p860Thi Ap.Y. H3o6pa)l(eH8 H8 pH c. 6. 

nonH8SI cxeM8 Ap.Y. H8 16 p83pHJlOB 11306p8)1(eH8 H8 p11C, 7, 

8 CXeMe npHMOrO nepeHOC8 CTOSIT BbiCOKO'l8CTOTHbie TO'le'IHhle LlHOLlbl THn8 n 12, 06JI8Ll8-

10w11e M8JihiM npstMhiM conpon!BneHHeM. Benl1'lliH8 npHMoro conpoTHBJieHHSI cywecTBeHH8, T8K KBK 

CHrH8JI ll<?peHoca npoxon11T qepe3 Lli10Llhi nocnenoB8TenbHO H n8neHHe HanpSI)I(eHI1SI Ha n11onax 

MO)I(eT noCJIY)I(I1Tb JIO)I(HblM Cl1rH8JIOM nepeHOC8, BTOpb!M MeTOLlOM 11CKJIIO'leHI1SI B03H11KHOBeHI1SI 

JIO)I(HOrO nepeHOC8 SIBJIS!eTCSI OrpaHI1'leH11e KOJII1'1BCTB8 Lli10Ll0B B uen11 n e peHOC8, BKJI IO'leHHhlX 

nocne..'loBaTenbHO, 

B H8W e M aapH8HTe KOJII1'l e CTBO T8KI1X LlHOLlOB cBeneHo K 4 , 'ITO HBnSieTCSI BnonHe ynoBneT

BOpHTenbHhiM, KpoMe TOrO LlJISI yMeHbWeHI1SI TOK8 B uen11 nepeHOC8 Me)l(ny p83pS!Ll8MI1 noCTaB

JieHbl 3MHTTepHbie noBTOpHTeJII1 H8 Tp8H311CTopax Tl1na npn ( n 11). TyHHeJibHbll! Lli10Ll D,OJI)I(eH 

6biTb yCT8HOBJi e H B p860'lyl0 TO'IKY, COOTB e TCTBYIOWYIO C e peLli1He 'ri1CTepe311CHOl! IIeTJII1, 
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K aK n oKa3ana anHTenbHaSI 9KcnnyaTaUHSI, o nHc aHHOe A p.Y. o6naaaeT BbiCOKOA Haae)!{-

HOCThiO. Eonee BbiC OKaSI Haae)!{HOCTh, n o cpaB~JeHH IO c paHee onHcaHHbiMH A p. Y. , o6'bSIC HSieT-

CSI HCKniOqe HHeM B UHKne pa6oTbl OAHO i!: Tpllrrep HOi!: cpyHKUIIII, (8 Ap.Y. H8 Tpllrrepax HMeiOT

CSI ABe TpHrrepHwe cpyHKUHII: I. YcTaHoBneHH e qHcna H3 rraMSITH, 2. YcTaHOBneHHe HOBoro 

q11cna, oTnHqa iOwerocSI Ha eaHHHUY. B o nHcaH HOM 

HOBneHHSI qHCna H3 IT8MSITI!), 

A p.Y. COXp8HSieTCSI TOnbKO cpyHKUHSI ycTa-

0rrHC8HH8SI CXeMa MO)!{eT Hal\TH rrpi!MeHeHHe H B ApyrHX ycTpOl\CTB8X C rrapannenbHOl\ 

pa60TOA, B qaCTHOCTI! B 3. Y. H8 M8r'HHTHblX 6apa6aH8X. 

ABTOpbi Bbipa)!{aiOT 6naroaapHOCTb E.E. )KypaBne By 3a pSIA ueHHbiX naeit. 

fl II T e p a T y p 8 

I. R. Schuman . Rev. Scientlnstruments, 'll, 686 (1956). 

PyKorrHCb nocTyrrHna B H3AaTenbCKHA oTaen 
6 aeKa6pSI 1962 roaa. 
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