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BeeneaHe 

PaaBHTHe MeTOJlHKH ."nponopuHoHanbHhiX KaMep" HB'IHHaeTc51 c 1968 r., 

Korna )!(, lllapnaKOM I 111 11. <I>HwepoM /2/ H B.r. 3HHOBhiM /3/ 6bmo noKa

aaao1 'ITO aa6op nposonoK, pacnono)KeHHhiX aa 6nH3KOM paccTo51HHH npyr .oT 

Jlpyra
1 

MO)K9T pa60T8Tb K8K rOJlOCKOn H3 p51Jl8 H938BHCHMbiX nponopUHOHBnb

HbiX C'i9T'IHKOB. 

OnaospeMeHHo cTano o'leBHJlHhiM 1 'ITO HcnonbaosaaHe scex noaMo>Kaoc

Tefi nponopUHOHBnbHblX K8M9p H HX WHpOKOe npHM9H9HHe. )!{9CTKO CB5138Hbl 

C pa3BHTH9M H CTOHMOCTbiO aneKTpOHHKH, OC06eHHO 6b!CTpblX HHTerpanbHbiX 

cxeM. 

B H8CT051tUHfi MOM9HT H81l p83BHTH9M nponopUHOH8nbHbiX KaMep H COOT

B9TCTBy!OtU9fi aneKTpOHHKH pa60T810T BO MHOrHX na6opaTopH51X MHpa, Tipo

nopUHOHBnbH851 KaMepa SlBn51eTC51 O'i9Hb nepcneKTHBHblM )l9T9KTOpOM /4,5/, 

o6naJl810tUHM OTnH'IHbiM BpeMeHHbiM H npoCTp8HCTB9HHbiM paapeweaHeM npH 

cpaBHHTenbHO npOCTOfi KOHCTpyKUHH H npHeMneMOfi CTOHMOCTHo 
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KpoMe MeTOllii"IeCKHX nccneaoBaHnfi, B Te"'eHne nocnellHHX neT 6bmo 

npoBeaeHo HeCKOhbKO sKcnepnMeHTOB c npnMeHeHneM nponopunoaanhHbiX Ka-

Mep, 6bmH nony"'eHbi nepBbie <jlnsn"'eCKHe pesynbTaTbi I 6, 7 I, 

1, 06pasoBaane nMnynbca B nponopunoaanhHOfi KaMepe • 

DpnHunn aeficTBHSI nponopunoaaiibHofi KaMepbi, pasBnTne sneKTpn"!ecKoro 

HMnynbca 1 BnHs!HHe pa3Hb!X ra30Bb!X CMecefi II KOHCTpyKUHH Ha napaMeTpb! 

o"'eHb xop·olllo onncaHbi B o6sope · WapnaKa 181, 

DponopunoHanhHYID KaMepy Mo~Ho cxeMaTH"'eCKH nso6pa3HTb KaK pHil 

napanennbHhlX npOBOnOK Ha paBHOM•paCCTOHHHH MellillY llBYMH nnOCKHMH sneKT

pOJl8MH, 

Ha He6onhWOM paccTOHHHH oT npoBonoKH sneKTpH"'ecKoe none MeHHeTc~ 

KaK l I r , aesaBnc.nMo oT HarrpaBneHHH, B sToM pafioae, nopHJlKa anaMeTpa 

npOBOnOKH 1 B03111IK8eT rasoBoe yciineUIIe ( p1IC, 1), 

3neKTpii"'eCKIIfi CIIruan, B03HIIK8Wlli1Ifi Ha npOBOnoKe, CBH3811 C IIHJlyK

UIIeii 38pHll8 Q ( f} nOll JleliCTBIIeM nono~HTenbHblX HOHOB 1 JlBII~YilliiXCH BO 

BHelllHeM aneKTpii"'eCKOM none B6nnsH rrpoBonoKH, HMnynhc TDKa i ( t) , 

KoTophifi renepHpyeT sapHll N e , rrepeanm'aiDII!Ili\cH oT npoBonoKn, MOlKHO 

no)lC"'IIT8Tb no npii6nii~eHHOfi <jlopMyne 181 

; ( t) ~ 
dt 

q N e 

Yo 

'o 
t + t 0 

cnpaBeilni!BOfi ilnH BpeMeH 110pllllK8 MIIKpoceKyHllb1 1 rllG 

Yo 
q 

2 ["LIs - fn (" d I s J 1 

4 

' / (1) 

·s 2 

'o 2q1T 2 W 

Yo - aanpHmeHIIe rrnTaHII.H 

HIIe Me~ay npoBonoKaMn, d 

OT BHelliHIIX aneKTpOJlOB, 

<l>opMa IIMITynbca aanJ: 

II pa3pHJlHOrO conpoTnBneHF 

q N e 
u ( t) 

00 

+ I 
·n = J 

e 
Y0 C 

-;:;-;;y-
t 0 J (R"C 

Ha piiC, 2 nso6pa~em 

neHH8H no <jlopMynaM ( 1) H 

Ha caMoM aene npouec 

IIb!M H npl! npOTH~eHHOM TJ: 

.BonoK 191, 

Hs pnc, 2 BHllHD, 'ITO 

.. 10) X fo 1 "'-r:D JlnH THn: 

L = 8 MM, Yo .;, 3 KB~ 

1,8 aceK: 181) aaeT (: 

AMnnnTyaa IIMnynbca r 

BIIHe sapHlla N e , KOTOpo 

BH"'HbiX nap II rasoBoro yc 

B aproae panaa oKono 1 K: 

OllHOfi napbl HOHOB B03HHK€ 

Kos<P<PIIuneHT rasoBorc 

Mepbl JlOCTIIraeT 105 r 106, 

npOCTp8HCTBeHHOrO 38pHll8 I 

KH ( <jlpeOH). 1 MO~HO )l06H 

pa60Tbl e!lle He)lOCT8TO"'HO I 



Te'!eHne nocneannx neT 6bmo 

fieHneM nponopuno-aanhHhiX Ka

nhTaTbi I B1 7 I. 

DHBnbHD~ KaMepe • 

3pbi 1 pa3BHTHe aneKTpH'I8CKOf'O 

II KOHCTpyKUIIII Ha napaMeTpbi 
I 

iTH'IeCKII Hao6paaiiTh KaK PHJl 

Memny JlByMH nnOCKHMH aneKT-

9~8KTpH'I8CK08 none M8HH8TC~ 

·orv! pafioHe 1 nopHnKa anaMeTpa 

1). 

npoaonoKe 1 CBH3BH c IIHJlyK

TihHhiX ,IIOHOB 1 JlBH)KYJUIIXCH BO 

TIOKH, I1MnynhC TOKa i( t), 

iiOIUI!llCH DT npOBOnDKH 1 MO)KHD 

/ (1) 

Jlhi 1 rne 

$ 2 
fn cosh 

1TQ 

2 q 1T 2 w '$ 

Yo - HanpH)K8HHe nHTBHHH K8Mepbi 1 W -nDJlBli)KHOCTb HOHOB1 'S -paCCTOSI

HHe Me)Kny npoaonoKaMII 1 r/ -anaMeTp npoBonoKII 1 L -paccTOHHHe npoaonoK 

DT BHeWHHX aneKTpOJlOB, 

~DpMa IIMnynhca Hanpg)KeHIIH Ha npoBonoKe 3aBHCIIT OT ee eMKOCTII 

II pa3pHJlHOf'O 

u ( t) 

00 

conpoTIIBn~HIIH. OmiChiBaeT ee ¢opMyna lgl: 

q N e :- ( t+to J I R c 
Yo C e I log ( l + _t_ ) + 

to 

t t . 
+ I 

n n! 
(-0-)"[(l+-< )" 

RC to 
- l l I . 

n = J 

l ~) 

Ha piic. 2 II3o5pa)Keaa ¢opMa HMnynhca TOKa II aanpH)Ke~HH1 onpeae

nenHaH no ¢opMynaM ( 1) II ( 2) • 

Ha caMoM aene npouecc o5paaoBaHHH IIMnynhca HBnHeTcH 6onee cno)K

HhiM II npn npoTHmeaHoM TpeKe paBea cyMMe cnraanoB oT oTnenhHhiX npo-· 

BOnOK 181, 

I1a puc, 2 BIIJlHD 1 'ITO nepeaaiifi ¢poHT nMnynhca KpyTo~ n paBeH (5 ~ 

.. 10) X tO 1 'ITO JlnH TIIITH'IHD~ KaMe ph! ( S = 2 MM 1 rJ = 0 1 02 MM 1 

L = 8 MM 1 Yo = 3 KB 1 w (apron) = 113 eM ceK -1. B,cM-1 1 to 

11 8 aceK: 181 > aaeT ( 10 ~ 20) aceK, 

AMnnnTyJla nMnynhca nponopuHoHanbHa KOnH'IecTBy o6paaoaa-aHoro B na

BHHe aapHJla N e 1 KOTOpOe 1 B CBOJO O'IepeJlb1 3aBHCIIT OT KOnii'IeCTBa nep-

BII'IHhlX n~p II raaoaoro yciineanH A 
B aproae paBHa OKOno 1 K9BICM 1 

• Benii'IIIHa IIOHIIaauiiOHHhiX noTepb 

npii aaTpaTe 25 9B aa o6paaoBaHIIe 

OJlHO~ napbl IIDHOB B03HHKaeT 40 nap/eM, 

Koa¢¢IIuneHT raaoaoro ycnneHHH npH ycTD~'IIIBOM pe)KIIMe pa6oTbi K~

Mephi JlDCTHraeT 105 ~ wB •. Orpa~H'IeHne B03HHKaeT II3-3a nonO)KHTenbHOf'O 

npocTpaHCTBeaaoro aapHna BoKpyr npoBonoKn. ITpnMeHSIH cneunanhHhie no5aa-
. 181 

KII (ljJpeoH) 1 MO)KHO JlD6HTbCH yciineHHH ITOpHJlK8 108 1 HO T8KOfi pe)KHM 

pa60Tbl eiUe HeJlOCTaTO'IHD IIccn~JlOB8H H He O'IeHb CTa6nnea, 
'{: 
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4>aKT
1 

,'ITO CHrHan B03HHKaeT BcneJlCTBHe npOJlBH:lKeHHSI nonO:lKHTenbHbiX. 

HOHOB
1 

npHBOJlHT K TOMy1 'ITO H8 OKpy:lK8!0lUHX npOBOnOK8X H aneKTpOJl8X o6pa-

ay!OTCSI nono:lKHTenbHhie cn:rnanhi. 

0JlH8KO B HeKOTOpbiX cny'I8SIX npn: He6onblll0~ napa3HTHOfi eMKOCTll npo-

· .. BonoKn: n: 6onblllOM ocHOBHOM cn:rnane na .· coceJlHei1 npoBonoKe na6nJOJlae~cg 

HMnynbC C KOpOTKUM OTpHU8TenbHbiM Bbi6pOCOMj S!BnSIJOIJlHfiCSI cyMMOfi OTpH

,uaTenbHOrO eMKOCTHoro"nponaaa" u Boa6y:lKJlaeMoro nono:lKnTenbHoro aapgna. 

Ha6aBHTbCSI oT nero MO:lKHO yBenn:'IHBaSI eMKOCTH npoBonoK /10/, 

Tn:nn:'IHhie n:MnynbCbi noKaaaHhi na pn:c. 3. 

2. Tpe6oBaHHSI K pern:cTpnpyromefi aneKTpoHn:Ke 

Ha · aMnnn:TyJlnoro cneKTpa nng penS!TllBHCTCKnx 'laCTnu /l/ Bn:nno, 'ITO 

JlnSI nony'leHHSI a¢¢eKTHBHOCTH pern:cTpaun:n, 6nnaKofi K 100%, HY:lKHO nMeTb 

aneKTpOHHKY C noporoM, COOTBeTCTByiOIUHM HOHll38UHOHHbiM noTepS!M OKOnO 

100 9B, 'ITO 9KBHBaneHTHO HeCKOnbKHM napaM HOHOB. 

AMnnnTYilY n:Mnynbca, o6paaoBannoro oT OJlHOro aneKTpona", MO:lKHO 

rpy6o· oueHHTb, HCXOJlSI U3 4JopMynhi ( 2) 1 KOTOp8S! JlnSI TUllH'IHbiX BenH'IHH 

R C = ( 10 + 30) to 

u 
MaKe, 

)laeT: 

q N e 
V0 C 

A e 

2[ ( rrL / ·s - fn (rrdls)] C 

B cny'lae Tnnn'IHOfi KaMepbi ( A MaKe. = 10
6

, L = 8 MM, ·s = 2 MM, 

d = 0,02 MM
1 

C = lQ-11 ¢) nony'laeTCsi JlnSI OJlHOrO nepBH'IHOrO aneKTpOH8 

u 
M8KC, 

1 MB, 

8HJlH0
1 

'ITO JlnSI nony'leHHSI nnaTO B HeCKOnbKO COT BOnbT, 'ITO COOTBeT

CTByeT n:aMeneHHSIM raaoBoro ycn:neHHSI npn:Mepno B 10 paa, cxeMa perncTpa

unn: nominiS n:MeTb nopor oKono 0, 1 MB. 

3Ha'leHHSI Hea¢¢eKTHBHOCTH KaMepbl B 38BHCllMOCTll OT nopora pern:CT-

. 6 /8/ 
paun:u yKaaaHhi B Ta nnue • 

Doper perHCTpaUHH 
JlnSI ttHcna . 1 8 10 15 18 28 

nap HOJIOB 
He9¢¢eKTHBHOCTb perncTpa-
u1m JlnSI 2 MM aproaa x 10-3 3 3 8 36 17 63 

6 

. ;(, 

• 

Ha-aa 6onbllloro aMn 

o6 n:x nponeaann:n: na cocenni 

6biTb ~ 100. 
CxeMa ·pern:cTpauim 

curnanOB 1 . B03HHK8!01JlHX B 

non:lKllhi 6hiTb oT6porueHhi 
. " 

nocne a<!J<jleKTHBHOCTl 

KaMepbi S!BnS!eTcSI ee paape 

noB C npOBOnOKH OTHOCUTel 

M8TH'l€CKH H8 puc, 4 /8/, 

H3 pncynKa BHJlH8 :: 

MeCT8 npOHCXO:lK}leHHSI ne 

B03HiiKHOB€HUeM aneKTp~HC 

BOnOKii H He BHOCHT BKn81l 

poruefi a¢¢eKTHBIIDCTH ·.Hy} 

(pH Co 4) 1 UMnynhCb!1 coo'TE 

weHHSI JlBOf!HbiX cpa6aTbiB8 

nycKaHHS! none3uofi n:n¢op~ 

BpeMennoe paapeweJ 

raaonofi cMecn, aanonHSIJOU 

cToS!HHSI npoBonoK. M O>KH~ 
}lnSI a<!J<!JeKT!iBHOCTH perHCT] 

24 nceK nng s .= 2 MM n: 

B neKoTopbiX cnyqas; 

o6paaOB8HHbie H8 BbiCOKOI 

ngeTCSI T8KHM :lKe, K8K Jln 

nofi nenn:'lnHe. Bo BpeMeHJ 

n:a-aa a¢¢eKTa cyMMnpoBa 

XoTSI nponopunonan 

)leTeKTOphl KOOpJlHH8~H 

Tpe6yeTCSI liX pa60T8 B I 

npeJlCT8BnS!eT HHTepeC UM 

Me)lneHHhlX '18CTHU paBHO 

K perucTpnpyJOIIlefi aneKT 



.nponBII:>KeHIISI nono:lKIITenbHbiX 

poaonoKax n aneKTponax o6pa
/ 

llOH nap8311THOH eMKOCTII npo

'JlHefi npoaonoKe aa6monaeTCSI 

.1 1 SIBnSIIO!lliiHCSI CyMMOfi OTpii

MOrO. nono:lKIITenbaoro 3apSina •. 

Til npoaonoK !101, 

A:.aneKTpOHHKe 

~CKIIX qaCTIIU ./1/ BIIJlH01 qTo 

riii3KOfi K 100%, Hy:lKHO HMeTb 

)HJI38UIIOHHbiM I10TepSIM OKOnO 

IIOHOB, 

'T. · OJlHOrO aneKTpoaa·, MO:lKHO 

·opaSI nnSI THnnqHhiX aennqua 

e 

- fn (TT_J/s)]C 

6 L = 8 MM, ·s = 2 MM, 

naoro nepa11qaoro aneKTpoaa 

rJbKO COT BOnbT 1 qTO COOTBeT

HO B· lO pa3, cxeMa periiCTpa·-

BllyiiMOCTII OT nopora periiCT-

15 18 28 

36 17 63 

l13-3a 6onbmoro aMnniiTynnoro pa36poca cnrnanoa B03HHK8eT aonpoc 

o5 11x npone38HIIII aa cocena11e Kaaanbi: nonaanea11e no cocenHeMy Kaaany nonmao. 

6b!Tb ~ 100. 
CxeMa ·periiCTpaUIIII JlOn:lKH8 cpa68TbiB8Tb TOnbKO OT OTpllU8TenbHblX 

cnraanoa,. B03HHKBIOillHX a KaMepe, nono:lKHTenhHbie uMnynhCbi no (0,5 - 1) 'B 

non:>Kl:lbi 6hiTb oT6pomeHhi, 

Docne aciJciJeKTHBHOCTII BTOpb!M Bll:lKHbiM napaMeTpOM nponopUHOHBnbHOil 

KaMe phi SIBnSieTCSI ee pa3peruaromee apeM SI, BpeMeaaoe pacnpeneneHne cnraa

noa C llPOBOnOKII OTHOCHTenbHO MOMeHT8 llPOXO:lKJleHHSI '18CTHUbl ll0K838HO CXe

M8TH'!eCKH Ha pHC, 4 /8/, 

J13 pHCYHK8 BllJlH8 38BHCHMOCTb BpeMeHH o6pa30B81UiSI HMnynbC8 OT 

MeCTa npOHCXO:lKJleHHSI nepBHqHbiX an~KTpOHOB, nniiHllbiH XBOCT CBS13llll C 

B03HIIKHOBeHI!eM aneKTpOHOB BHe 'IYBCTBHTenbHOI'O pafioHa IICCnenyeMOfi npo

BOnOKH If He BUOCIIT BKnana B Hea¢¢eKTIIBHOCTb K8Mepb!, nm1 nonyqeHIISI XO

pomefi a¢¢eKTHBHOCTII HY)I<HO perHcTpllpoaaTb ciiraanbi a o6naCTII A II B 

( pnc. 4), nMnynhCbi, cooTBeTCTByroruue 30He C , aano ncKniO'IBTb nm1 yMeHb

rueHHSI JlBOllHbiX Cp868TbiB8HIIH - B !!TOre H8XOJllfTCSI lilHpHH8 BOpOT nnSI npo

nycK8HIISI noneGHOH HH¢opM8UIIII, 

BpeMeaaoe pa3perueane KaMepbi cna6o 3aaucuT oT aanpSI:lKeHHSI II Tuna 

ra30BOH CMeCH 1 38llOnHSIIO!lleii K8Mepy, II B OCHOBHOM siBnSieTCSI ¢yHKUIIei! pac

CTOSIHIISI npoBonoK, M O:lKHO YK838Tb MHHIIManbHYIO onTHManhHYIO lilllpiiHy BOpOT 

JlnSI a¢¢eKTIIBHOCTII periiCTp8UIIII 1 6nii3KOH K 100% /8/: 18 HCeK nnSI S = 1, 2MM 1 

24 HCeK .l:tnSI S · = 2 MM H ::Jtj HCeK JlnSI S 3 MM. 

B aeKoTopblX cnyqagx uaTepec npencTaBnHIOT nonomnTenbHbie curllanhi, 

o6p.IJ.30B8HHble 118 BbiCOKOBOnbTHOM aneKTpone, J1x 8MI1nHTYJlHblll cneKTp SIB

nSieTCSI TBKI!M :>Ke, KaK nnH curaanoa c npoaonoK, ao MeHblllHM no a6conroT

aoil: aenuquae. Bo apeMeHHOM cneKTpe aTHX curaanoa ne aa6nronaeTcSI xaocTa 

II3-38 a¢¢eKT8 cyMMIIpOB8HIISI IIMI1ynbyOB OT BCeX npOBOnOK, 

XoTSI nponopunouanbHbie KaMepbi a ocaoaaoM namnn npnMeneune .KaK 

neTeKTOpbl KOOpJl11118T II KOnllqecTB8 I1pOXOJlSIIlliiX qaCTIIU II B I1plll!UIII1e He 

Tpe6yeTcSI' ux pa6oTa a nponopunoaa·nhHOM pe:lKIIMe, TeM ae Meaee naorna 

npencTaanSieT IIHTepec nMeaao aToT pe:>KnM. AMminTynaoe pa3peweune JlnH 

Mei:lneHHbiX qacTIIU paBHO OKono 10%, qTo He Bbl3biB8eT OC06biX Tpe6oB8HIIH 

K periiCTpllpyiO!lleH aneKTpOHHKe, 



3, Cnoco6hi C'IHTbiBSHIISI IIH<l!opMaUIIII c nponopulloHanhHbiX KaMep :. 

CaMbiM oqeBIIllHhiM cnoco6oM per11cTpau1111 naHHhiX c nponopuuoaanbHolt 

KaMepbi SIBmeTCSI npiiMeHeHIIe nnSI Ka)K}loit npooonoKII oTnenbHOA c~eMhi1 Ko

TopaSI BhinenSieT noneslthiii c11rnan 11 sanoMIIItaeT ero. TaKoe .pemen11e IIMe.eT 
" . 

pSill npeiiMyllteCTB II npiiMeltSieTCSI 'lame Bcero B · 9KCnep11MeltTaJlbltblX ycTaltOB-

KaX 16,7,11,12,13,25,26,39,411, Cn6co6 aToT npocTofl: H naeT B03MO>KitOCTb . . ' .,, 

nOJlltOCTbiD HCnOJlb30BaTb Bee CBOfl:CTBa nponopUHOHaJlbltOfi KaMephl, O)lltaKO 

ero OTpiiUaTeJibltOfi CTOpOHOH SIBJISieTCSI cpaBHHTeJlbHO BhlCOKaSI CTOHMOCTb 1 

'ITO· oco6enno cymecTBenno nnSI cllcTeM, conep>~<aiUIIX Mnorp npooonoK, · TeM 

He Menee periiCTptipyiDIUaSI aneKTpOHtiKa pa3BtiBaeTCH rnaBHbiM o6pa30M B 

aToM. nanpa_Bnenuu. 

Hs npyrux MeTonoB nano rrepetiHcnnTb cnenyrowue: 

a) npoBOJlOKII KOMepbl 06'be)lllltSIIOTCS1 B CIICTeMy aneKTpoMarltiiTHOfi Jlii

HIIII aanep>KKn. I 141 (p11c. 5a)·, np11'IeM Me>Kny oTnenhHhJMII npooonoKaMII MO>K

HO nony'IIITh sanep>KKY ~ HeCKOJlbKO HCeK .• l13MepSISI Bp~MS1 npuxona CllrHaJIOB 

fA li , 8 Ha o60IIX KOHUax ·KaMepb11 ,M?>KHO onpeneniiTh npoBOJlOKy, KOTO-

paSI cpa6oTana. 
6) npiiMeHSieTCSI liCKYCCTBeHHaSI JliiHIISI sanep>KKli 1 Jle>KalltaSI Ha npOBO-

JlOKOX 16/ (puc, 56): .. CllrHaJlhl npOXOJlS1T Ha JliiHIIIO. sa C'IeT. eMKOCTHblX CBSI

sefi, KoopnHHaTbl onpenenSIIDTCSI usMeHeHneM sanep>KKH tA u t 8 Me>Kny 

MO~eHTOM cpa6aTbiBaHHS1 KaMepbl ( IICITOJlh3yeTCSI CHrHan C Bb!COKOBOJlbTHOrO 

aJ]:eKTpona) n npuxonoM curaana aa Koaeu nuHliH. 

o) HcnonhsyeTcH pasnenea11e cnrHana aTTenroaTopoM, o?pasoBaHHhlM 

nyT(lM H8MOTKH K8Mepbl OllHOH npOBOJlOKOfi C conpoTHBJleHIIeM nopS1JlK8 KIIJlO

OM 131 ( pnc. 5o) nnn coen11aenneM npooono~ ae6onhlllHMn conpoTHBnennH

MII I 141 ( pnc •. 5r). li!sMepmi cooTHOllleHne aMnnnTyn uMnynhcOB . . A . n B 
na o6onx Konuax nenuTenSI, MO>KHO onpenenuTb MecTo o6pasoBaHHH curnana 

He38BliCilMO OT ero aMnJIHTYllbl, 

r) Kon11pyeTcSI nonome~tne nanaoil: npoBonoKH c HcnonhsoBaHIIeM MaTpii

Uhl -ipaac<jlopMaTopoB I 14l HJIH yciWHTenefl: c ne6onhlllllM oxonHhiM conpoTHB- , 

nenHeM 1 151 nnSI npoaonoK onaoro unu 6onbllle ;neKTponos~ npaKTntiecKoe 

npnMeHeHHe H8111Jlll MeTOJlbl 6) /19, 201 H B) I 17, 181
1 pa3BHBaeMble B OCHOB

HOM C8MtiMli 8BTOp8MH, rnaBH~IM He)lOCT8TKOM 9TliX CITOC060B SIBJISieTCSI 

8 

orpaHH'IeHHe CKOpOCTH cpa61 

THUbl \C} 1 orpaHH'IeHHe npo< 

llBYX qacTIIU (B) • TPY )lit OCT~ 

4, 3neKTpOHHbie 

3anaqefl: aneKTpOHIIKII, 

curnana no aenii'IIIHhi nopor 

nyJibCOM BOpOT 1 sanHC:h HH<l!O 

Bblll8'Ia HeKOTOpblX norH'IeCKI 

Ha pHc. 6 npHseneaa 4 
I ' > • 

· CTBYIOIItHe. BpeMeHHble )lH~rpi 

Ha; pHc. 7,8,9 u 10 s. 
nnaT, paspa60T8HHbiX B . Cl 

nep>KHT aneKTpOHHKY JlJlSI '14 

He 6onhllle 8 MM Mo:)l{ao Hx 

1 HJlH 2 MM. 3TH cxeMhi, .· .1 

26,261 1 nocTpoeHhl H8 HHT 

6biCTpO)leilCTBHe KOTOpblX Jl 

BpeMeHHblX CBOfiCTB KSMepl 

BxonHhie ycHnHTenH· 

MC 1035 (pHC. 7) HJlH Mt 
naHhi Ha pHCo 11 127/, ,llE 

6 -t 7 H nonocy nponycxaHJ 

BXOJlHblX uemiX no'ITH BC9X 

Bxon~oe conpoTnBneH 

KoMnpoMHCCa Me)K}ly BeJIH'II 

H nnHTenhHOCThiO ero cnan 

( 1-t2)KoM. ,llnH samHThl yCI 

M91II8IDT )lHOllHYIO uenoqKy, 

cl>opMHpOB8HHe CHrHtU 

non6HpaeTCSI TaKHM o6pa3C 

(01 2. -t 1 ) MB, 



lpUHOH8JibHbiX KaMep ; 

l8HHhiX C nponopUHOH8JibHOll 

JJOKH OTll9JibHOll CX9Mb11 KO

ero. TaKoe peweane nMeeT · 

lKCnepHM9HT8JibHbiX yCT8HOB

'0CTOii: H Jl89T B03MOlKHOCTb 

lHOH8JibHOll: KaMepbl 1 OllHaKO 

enbHO BhlCOKaH CTOHMOCTb 1 

aumx MHoro npoaono~. TeM 

1aeTCH rnaBHbiM o6pa30M B 

cneayiOmHe: 

r~My 9JJ9KTpOMarHHTHOll JJH

~:Jib~biMH IIpOBOJJOKaMH MOlK

ISISI speMs:r npnxoaa cnraanos 

IpeaenHTb npOBOJIOKY1 KOTO-

. eplKKH, nelKaiiiaH Ha ·npoao-

10 aa CtieT eMKOCTHbiX CBS!-
.' '· 

aaeplKKH tA H t B M9lKJly 

CHrHan C BbJCOKOBOJJbTHOrO 

:eHJOaTopoM, o6pa30BaHHbiM 

[p0THBJJ9HH9M ITOpHllKa KHJJO

H960JJbiiiHMil COITpOTHBJJ9HHSI-, 
ilJJHTYLl HMnynhCOB .A H 8 
~aCTO o6pa3oBaHHH CHrHana 

H C HCITOJJb30B8HH9M MaTpH

ioJJbiiiHM BXDLlHhiM COIIpOTHB

ri9KTp0JlOB~ llpaKTH'leCKOe 

,18/ 1 pa3BHB,89Mbl9 ~ DC HOB

~· STHX CilOC060B HBJIH9TCH 

orpaHH'l9HHe CKOpOCTH cpa6aTbiBaHHH (B) 1 perHCTpaUHH. TOJibKO. OJlHOfi 'l8C

THUbl t C J 1 .orpaHH'l9HH9 npOCTpaHCTB9HH03 paapeiiia!OIII9il CilOCOOHOCTH LlJIH 

nsyx qacTHU (a), TPYJlHOCTH s ynpaaneHHH perHCTpaunell: (a). 

4. 3neKTpOHHbl9 CX9Mbl llJIH OTll9JibHOll: ilpOBOJIOKH 

3aaaqell: 9JI9KTpOHHKH1 ilOllKJIIO'l9HHOfi K ilpOBOJIOK91 HBJJH9TCH yCHJJ9HHe . 

cHrHana ao aenH'IHHhl nopora perHcTpaUHH, o6ecnetieHne coananeHHll c HM--
IIYJJbCOM BOpOT 1 3aiiH~b HHif!opM8UHH B 38ilOMHHa!OIII91t gqeil:Ke H ee C'IHTbJBaHH91 

BbiJl8tia H9KOT0pb!X JJOrH'l9CKHX CHrHanoa· JlJJH LlpyrHX CX9Mo 

Ha pHCo·6 npHB~JleHa $yHKUHOHaJJbHaSI CX9Ma OllHOrO KaHana H COOTBeT~ 
CTBY!OuiH9 BpeMeHHbie JlHarpaMMbi. 

Ha' pHc. 7,8,9 H 10 B Ka'!ec'me I!pHMepa noKa3aHbi cxeMbi R o6pa3Ubi 

nnaT, paapa6oTaHHhiX B CERH /22'1 H · ·sLAC 1241. KalKJlaH nnaTa co-

Jl9plKHT 9JJ9KTpOHHKY JlJJH 'l9Tb!pex npOBOJJOK1 TaK ·'ITO ilpH BbiCOTe MOHTalKa 

He 60JJbiii9 8 MM MOlKHO HX YJl06HO MOHTHpOBaTb ITpHMO H8 Ka~epe C waroM' 

1 HJIH 2 MM. 3TH CX9Mbl1 KaK H 60JJbiiiHHCTBO apyrHX KOHCTpyKUHll: /21,23, 

25,26/ , nocTpoeHbi H·a HHTerpanhHbiX MoaynHx THna MECL II ' (Motorola}, 

6biCTpOll9fiCTBHe KOTOpblX JlOCTaTO'IHO Bb!COKO H He orpaHH'lHBaeT XOpOIIIHX . 

BpeMeHHbiX CBOfiCTB KaMepblo 

BxollHbie ycHnHTenH-JlHCKPHMHHaTopbl nocTpoeUbi ua MonynHx THna 

MC 1035 (pHc. 7) HnH MC 1020 (pHc. 9), npHHUHnHanhHbie cxeMbl KOTOpbiX 

JlaHbl Ha pHC. 11 /27/. ll~qxpepeH~HallbHaSI napa HMeeT YCHJI9HI!(l ilOpHLlKa 

6 + 7 H nonocy ilPO!lYCKaHHH ( 40 t- 70) .M ru. 3TH MOJlYllH npHM9HSIIOTCSI BO 

BXOJlHhlX U9ilSIX ilO'lTH. BC9X JlpyrHX paapa60TOKo 

BxoJlHOe conpOTHBl19HHe (Harpy3Ka npoBOJJOKH) Bhl6HpaeTCSI HCXOJlH H3 

KOMnpoMHCCa MelKJly Benil'iHHOit ·cHrHana Ha BXOJle (BJJHHeT Ha IIIHpHHy IInaTo) 

i1 nnHTenbHOCTbiO ero cnaaa ( BnHHeT .na MepTBoe apeMSI), · o6bi'lHO oHo paaao 

( lof2)KOM. llnH 3aiiiHTbl yCHJIHT9JISI B cny'lae .HCKpbl B KaMepe Ha BXOJle no-
/ 

MeiiiaiOT JlHOJlHYIO ueiTO'lKYo 

$opMHpoBaHHe CHrHana npOHCXOJlHT Ha oaHOBH6paTope, nopor KOToporo I 

ITOJl6HpaeTCSI TaKHM 06pa30M, 'IT06bl 'lyBCTBHTenbHOCTb ITO BXOJly COCTaBJJHJia· 

(0,2 of 1 ) MBor 
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Cxe!'fa y~ifmiTenSI-4opMHpo~aTenH ilon>Kiia b6nallaTb To>Ke cao:iicTBoM 

nollaBneHHSl nono>KHTenhHbiX _ cHrHaiioa. llnSI aToro nli6o licnonhayeTcH cBHSb 

no riocToSlHHOMY ToKy (puc. 9) •. nu6o npu aanycKe OllHOBH6paTopa qepea 

llH<!JtPepeHUHpyiOII!YIO ueno'IKY orpaHH'IHBaeTCSl nonolKHTenbHb!il: HMnynbc :( pnc. 7); 
. ,, .. · . ' l ' '. 

J.iHDI'Ila llnSl TOI'0
1 

'ITOObl C9KOHOMHTb MeCT0 1 Ha KaMepe. noMell!aiOT· TOnb-

KO ycHnHTenb
1 

·a' llHCKpHMHHaTop BbiHOCHTCH B OTilenbHOM onoKe Ha ae6onbiii09 

paCCTOSlHH~'H;CO~IlHHS19TCSl ~~6eneM 110,301.' 
Oi:utoil: 'H3 'ocHoBHbiX npo6neM 9neKTpOHHKH llnfl nponopuHoHanbHbiX KaMep 

HBnHeTCSl aeo6xollHMOCTb aalleplKKH cHrilana c KaMepbi llnSl nony:qeHHSl coana

lleHH:ii· C . HMnyn':bcoM BOpOT ( HallO KOMneHCHpoBaTb 3allep>KKY cf>3Y 1 Haaoce

KYHilHOfi aneKTpoHHKH H BpeMSl nponeTa qacTHUhl). B~nH'IHHa aTo:ii .aallep>KKH 

paaita B 'oonbiiiHHCTBe · cnyqaeB 200 t- 500 aceK. Ecim cHcTeMa collep>KHT HeM-
. ' . 

HOI'O, rtpOBOnOK
1 

KliK: aanep>KKY' .MO>KHO HCUOnb30B8Tb Bb!COKO'IaCTOTHbie Ka-:-

6enH · I 12,23,381, HQ no Mepe yaenHtteHHH : ttHcna KaHanoB KonH'IeCTBO . Ka6enH 

II ero CTOHMOC:x'b CTaHciBSlTCSl H~npHeMneMb!MH. 

3aattHTenbHb!il: Bb!HI'pb!III ·)laeT npHMeHeHHe nnOCKOI'O MHOI'O>KHnbHOI'O Ka

oensl (HeCKOnhKO JleCHTKOB >KHn) He6onbiiiOil: CTOHMOCTH l 2B/ • llBe CH!"HanbHbie 

~mnl>I .. HaxollHTCSl · MelKJ:ly aeMnHHbiMH,· _'ITo coallaeT nHHHIO· c llDBDnhHO xopomH

MH napaMeTpaMH. npona3bl Ha OllHY CHI'HanbHYlo npoBonoKy1 Jla>Ke npH 

acex 'ocTani:.HbiX cpa6oTaBmHx, He npeBbiiiiaiOT. 5%. 

OpHrHaan:bHbiM' pemeHHeM SlBnHeTCH npmJeaeHHe KaK. aallep>KKH perHcTpa 

c.nanra1 B KoTopoM HH$opMaUHSI nepeMemaeTcSl Ha OllHY noaHUHid co cKopocTbiO 

l/ f ( rile I" -tiacToTa reHepaTopa) I 37 I. . 

0JlHaKO B 6onbiiiHHCTBe HOBbiX. pa3pa6oTOK KaK aneMeHT ·3allep:JKKH npH

MeJIH,ElTCSl · OllHOBH6paTop ( pHc. 7;9). Tpe6oBaHHSl K TaKoil: cxeMe otieHb ·.Bbico

KHe:· 'ollHHaKoBaSl aallep:JKKa llnH ricex KaHanoB c TOttHoCTbiO HecKonbKHX. npo

ueHTOB, Bb!COKaH CTaoHnbHOCTb 1·' B03MO>KHOCTb perynHpOBKH llnHTenbHOCTH B 

· npenenax ±. 50 aceK.· B HcnonhayeMbiX cxeMax aa.ttep>KKy npHXOilHTCH . noll-

6HpaTb B npouecce HaCTpoil:KH 0 perynHpOBaTb ee MO>KHO ·HanpSI>KeHHeM C· TO'l- .· 

HOCTblO ( l1· t- 2)% · 1~21 0 ee TeMnepaTypHaSl CT86HnbHOCTb paBH8 OKOnO 

. o,IS%oC 121,24/ •. 
B llanbHefimeM Tpe6oBaHHH HBJ1HIOTCH cpaBHHTenbHO npoCTbiMH. 3a.uep.-

:JKaHHbi:ii .cHrHan npoxollHT qepea BopoTa . H aanoMHHaeTcH TpHrrepoM. CttHTbi -

BaHHe npOHCXOilHT ttepe3 Bb!XOilHbie BOpOTa. 

10 

.":> ··-·· ", 

B cnyttae Hcnonbaoaail: 

ycTaHOBKH C nnaTbl Bb!BO.llSl 

3allep>KKH /24,26/. llnH. HeH 

6e3. aaJleplKKH B KalKilOM .Kal 

aopoTa, KOTOpbie nocne, aTor 

OOTKH. peiiieHHSl 13 11 • 01lHal 

OT OllHOfi cpaOOTSBIIIefi npoB 

B o6bittHOM aapHaHTe •. , 

CToHMOCTb cxeM JlnSl 

10 -20 ·llonnapaM 18,26,2f 

5. CneuHanbHbie n: 

.Bonpo'c coallaHHH cne 

aneKTpoHIJbie cxeMhi .unH c 

eBpone:iiCKHX H·aMepHKaHCKF 

II TOnbKO HeooXOilHMOCTb 6 

MHKpocxeMbi aaJleplKHBana .. 
B · HaCTOSlll!ee apeMSl i 

na6opaTOpHH) HMeroTCSl ll~J 

HX BbJnYCK B 1972 r. B 6o.r: 

pa6oTKH I'HOpHilHOil: CX9Mbl 

J'IapoB) 1 a O>KHilaeMaSl ueHI 

)lonnapoB nnH napTHH 50 T~ 

tteHHe MOHOnHTHOii cxeMb11 

TenbHo 6onbme. ·. 

no CBOeil: iJorHKe HH1 

aneKTpOHHKH 1 nocTpoeHHOj 

cnyttaSlX nOili'OTOBKa K H3 

acero· TpaKTa aa oTJlenhHli 

nallaiOT c napaMeTpaMH I'll 

BonblllHllCT.BO pemeE 

. (ace cxeMhl. JlnH KaHana l 

KanbHaH' (oT.uenbHO ycun 



oonanaTb Tome CBOftCTBOM 

) .. nH6o B:cnonbayeTCSI CBSISb 

'CKe onHoenoiiaTopa ~epea 
HTenbHhiii HMnynbC ( pHC, 7) o 

na KaMepe noMeruaiOT- Tonb

enbHOM onOKe Ha He6onblliOe 

L '~ •; 

IHI nponopllHOHanbHhiX KaMep 

l.iephr nnst rrony:qeHHSI coena

'b aanepmKy ct>SY, Hanoce

• BenH'IHHa aToM: aanepmKH 

:nH CHCTeMa CO.AepmHT .HeM

iaTb Bb!COKO'laCTOTHhie Ka':"' 

K8HanoB KOnH'leCTBO Ka6enst 

IOCKOI'O MHOI'OmHnbHOI'O Ka

..i,OCTH / 26/, nee CHI'HanbHh!e 

nHHHID C .AOBDnbHO XOpOlliH

bHyiD npo:BonoKy, name npn 

b. ' 

ane'KaK-aanep>KKH perncTpa 

).AHY IT03HUHKi CO CKOpOCTbiD 

:aK aneMeHT ·aanep>KKH npn

t TaKOii: CXeMe O'leHb:.Bh!CO

roqHQCTbiD HeCKOnbKHX.rrpp

lrynHpOBKH .AnHTenbHOCTH B 

anep>KKy npHXO.AH'J'CH ... ITO.A

MO>KHO Hanpst>KeHHeM C · TO 'I-: 

raoHnbHOCTb paBHa OKOnO 

IHTenbHO npOCTbiMH, 3a.Aep.

H8eTCSI TplirrepoM. C'IHThi -

B cnyqae ncnonbaoeaHHSI nponopunoHanbHoft KaMepbr nnst aanycKa eceA 

ycTaHOBKH c nnaTbi BbiBO.AHTCH TaKme obiCTpbie nornqeeKne . enrHanbi 6ea 

aa.Aep>KKH /24,26/. llnH HeKoTOpbiX ueneti HHTepec npe.AcTaBnsteT cxeMa. 

6ea aanep>KKH B Ka>K.AOM KaHane_. 3.Aeeb enrHanbi npoxo.AHT qepea oTKpbiTbie 

BOpOTa, KOTOpbie noene. 9TOI'O SaKpb!BaiDTeSI Ha BpeMSI1 Tpe6yeMoe .AnH Bhlpa':"' 

OOTKH · peweHHH /31/ • 0.AHaKO He.AOeTaTKOM 9TOii: exeMbl SIBnHeTCH TO~ 'ITO 

OT O.AHOH epaooTaBmeli · npOBOnOKH 6noKHpyiDTCH Bee KaHanbi, a He O.AHH, KaK 

B o6hr'IHOM BapnaHTe. 

CTOHMOeTb CXeM .AnH O.AHOH npOBOnOKH nponopUHOHanbHOll: KaMephl paBHa 

10 -20 ·aonnapaM /8,26, 28,291• 

5. CneurmnbHhre HHTerpanbHhre cxeMhi ll~SI nponopunoaanbHhiX . 

KaMep 

.Bonpoe eoanaHHH cneunanbHbiX HHTerpanbHbiX exeM, conepmamnx eee

aneKTpOH!fhJe exeMbJ .Anst onHoii HnH HecKonbKHX npoBonoK; o6eym.Aanest B 

eeponeficKHX H aMepnKaHeKnx·naoopaTOpHHX B Teqeane nocne.AHHX 2-3 neT, 

n TonbKo Heo6xo.AHMoeTb 6onbmoro nepBoHa'lanbHoro BKnana Ha paapaooTKY 

MHKpocxeMhi aanepmHBana pemeHne aTofi npo6neMbi /8,30/. 

B aacToHmee epeMH B Eepone ( CERN ) H ClllA ( 'SLAC H npyrne 

na6opaTOpHH) HMeJOTeH nepBbie o6pa3Ubl I'HOpH.AHb!X MO.AyneR H OmH.AaeTCH 

HX BhinYCK B 1972 r, B 6onblliOM KOnH'leCTBe /32,33,34,35/, CTOHMOCTb pa3-

pa60TKH rn6pnnHoft exeMhi oKaaanacb ae o'leHb 6onbutoii: ( 4 t- 5 TbiCSI'l non

napoB), a o>KnnaeMast ueHa onHoro KaHana .AonmHa ObiTb B npe.Aenax 3 t- 8 

nonnapoB .Ami naf:JTHH• 50 TbiCH'l UITYK /33;35/, .UanbHefimHll: 9Tan.- 9TO nony

qeHHe MOHOnHTHOfi CXeMbi, HO ¢HHaHCOBbie SaTpaTbl npH 9TOM oy.AyT 3Ha'IH

TenbHO 6onbme. 

rJo eBOefi no'rHKe HHTerpanbHaSI exeMa SIBnsteTCSI ITOlJTH TO'IHOfi KOITHeft 

~neKTpOHHKH, nocTpoeHHOii: Ha . OT.AenbHbiX MO.Aynstx (pH C. 12) • Bo MHOI'HX 

enyqagx nO.AI'OTOBKa K_ H3I'OTOBneHHIO exeMbl Be.AeTCSI npH MO.AenHpOBaHHH 

ecero TpaKTa Ha oTnenbHhiX Mo.Aynstx, npH'leM ·napaMeTpbi MaKeTa 

naaaJOT e napaMeTpaMH I'HOpH.AHOfi exeMbl I 32/, 

COB-

'BonbUIHliCTBO peuteHHll: H.AeT:. no nyTH "'ropH30UTanbHOfi" HHTerpaUHH 

.. (Bee cxeMbl .AnH KaHana B 'onHott yna~OBKe) 1 XOTSI .AonyeKaeTeSI H ·"BepTH

KanbHaH" (oT.AenbHO ycnnnTenn, OT.AenbHO nornKa). 
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Tpe6oBaHHSI K ·cxeMaM 1 KOTOpbie MO)KHO UpHHSITb KaK•o6ume 1 UOKa38Hbl 

a _Ta6nHue H · Ha pHc. 13 /351. B ·iurx 6binH BHeceHbi HeKoTopbie ~sMeHeHHSI 
H .llOUOnJieHHSI.

1
. UOBbiWeHbl 'lyBCTBHTenhHOCTb no 1 MB ('ITO ~OOTBeTCTByeT 

pa6oTe KaMepbi 1 HanonHeHHOti Ar + Co2 ) , a TaKme Het{yBcTBHTenhHOCTh -

K nonomHTenhHbiM cHrHanaM H oTpHuaTenbHbiM no cocenHeMy KaHany no 500MB. 

B ocHoBHOM paspa6oTKH senyT nne !IJHpMbi: Fairchild H 'Texas lnstr. 1 

3aHHTepeconaHo H . HecKonbKO npyrHx /3 5/. CxeMbi 6asHpyroT Ha norHKe :rrL 1 

K:oTopaSI oKaSbiBaeTcSI··a 2 -t 3. pasa newesne t:t,;L • ¢>HpMa Fairchild 

noMemaeT aneKTpOHHKY nnSI 'leThlpex KaHanos B nsyx Mo.nynSix pasMepoM 

0
1
9 x 1

1
44 nrottMa, Texas lnstr. - B o.nHoM ( 1 x 2 .nroii:Ma). 

norH~eCKHe c'xeMbl Monyneti, npennaraeMbi9 9THMH !IJHpMaMH 1 UOK838Hbl 

H8 pHCo 14, 15, 16, UpHqeM OHH He SIBnSIIOTCSI OKOH'I8TenbHbiMH 1 UOCKOnhKY 

o6pa3Ubl UpOXOilSIT HCllbiT8HHSI H C y'leTOM peaynhT8TOB HCUbiT8HHM H3I'OTOB-

. nSIIOTCSl HOBbie BapHaHTblo 

ITpennaraeTcsl HccnenosaTb cnenyromHe xapaKTepHCTHKH o6paauon /35/: 

a) nopor OT. ll!HpHHbl BXOnHOI'O HMUynbca; 

6) aanep>i<Ky 6biCTporo BblXOna OT. aMUnHTY.llbl BXOnHOI'O HMUynbca; 

. B) H3MeHeHHSI aanepmKH OTHOCHTenbHO llHT8HHH1 .TeMnepaTypbl H "18CTOTbli 

r )-;:K'imsyro cosnaneHHSI nnSI MHHHManhHOti umpHHbi sopoT; 

~ n) nponaabi .nn~ HMnynbcoB B 100 paa 6onbwe nopora; 

m) pa6oTy B Mai'HHTHOM none .110 20 KI'Ci 

a) pa6oTy c Ka,Mepoli ( paapemaromee speMH nnH cMecH Ar + CO2 ) • 

0Ka3hlB8STCH
1 

"'TO· OCHOBHYIO TpyllHOCTb npellCTaBnSieT ycHnHTenb~¢opMH-

poBaTenb c noporoM 1 MB. ITocnenHHil: sapHaHT sxonHoil: cxeMbli ~aroTonneH

HOfi !IJHpMOH Fairchild Ha OCHOBe MHKpOCXeMbl /l 760, pa6oTaeT CTa..,. 

·-~ 6HnhHO OT 0
1

1 MB C nonasneHHSM nonomHTenbHbiX CHrHanOB .llO 3B 
1351 

• 

BxonHaSI qacTh o6paaua 'Texas lnstr. noKaabmaeT peaynhTaTbi HeMHoro 

· xyme. ., 

0nHoBH6paTopbi, npHMeHSieMbie KaK aanepmKa, o6nanaroT ynosneTBopH
/33/ 

TenhHb!MH xapaKTepHCTHKaMH • 

Ha pHc. 17 npe.l;lCTanneHa cxeMa 

• B CERN Ha OCHOBe nOI'HKH MECL 

rH6pHnHOI'O MOnynSI1 H3I'OTOBneHHOI'O 

/3~/. ITopor qyscTBHTenhHOCTH paBeH· 

12 

2,8 MB 1 '6b!CTpOJlSfiCTBHe 0"1 

Topa H c nponopuHoHanhHO: 

ITpH nnoTHoil: ynaKOBKE 

MOfl MOIUHOCTH H llHT8HHH. [ 

sonoK, H nnSI Toro, "'T06hl t 

o6nysa, Tpe6yeTcSI HaMeHeH 

Hano HarioMHHTh TaK~ 

panhHbiX cxeM Ha necSITKH 

TexHonorHH MOS /36/. B 

Hble CX9Mb11 KOT0pbi9 MO)KHI 

CxeMbi SIBnSIIOTCSI He oqeHb 

0 ,31nonnapa Ha KaHan~ 

6. ITepenl 

nnn H9KOTOphlX npOCT~ 

MaUHSI C nponopUHOHanbHbiX 

nepecqeTHbiX cxeM I 11/; ll 

HaUpSimeHHe) 11 21 • OnHaKo 

3BM. 

B He6onhwHx cHcTeMI 

perHCTpHpyiOlll8SI aneKTpOHlll 

pauHH He6onbworo KonH"lec~ 

HbiX Ha . 3BM SIBnneTCH Up! 

H o6'beMa naMSITH. Ha Mawl 

BOnOK, CK8HHPYSI HX B rpym 

B o6meM peweHHSI r 

HanpasneHHH nony"leHHSI Mal 

KOBKH ll8HHbiXo 

B 6onbWHRCTBe ycTaHJ 

C KOTOpOI'O Bblll8IOTCH. cia~ 
sepKa conepmaHHSI npHXOJ 

3BM /22,23,26,39~. TaKoe 

aanOMHH8HHH HaXOilHTCH B 



'" nimHSITb. KaK oomHe, noKaaaHbi 

HeceHbi HeKOTOpbie ~3MeHeHHSI 
ilO 1 MB ('ITO C:OOTBeTCTByeT 

TaK)Ke He~yBCTBHTenbHOCTb -

10 coceaaeMy Kaaany ao 500MB. 

Mbi: Fairchild H 'Texas· lnstr. 1 

!Mbi 6aaHpyroT Ha norHKe :rrL , 
te t:t.'L.· • IPHpMa ·Fairchild 

B B llBYX Moayngx pa3MepoM 

HOM ( 1 X 2 lliOiiMa) • 

ble STHMH !jmpM8.MH 1 OOK838Hbl 

I OKOH'IaTenbHbiMH, OOCKOnbKY 

ynbTBTOB HCObiTaHHfi H3!'0TOB-

:apaKTepHCTHKH 00p83UOB /35/: 

rnHTYllbi BXOllHOI'O HMnynbca; 

'8HIISI1 'J:'eMnepaTypbl H 'IBCTOTbi; 

~Ofi lliHpHHhl BOpOT~ 

a 6onbme nopora; 

Krc; 

)eMSI anSI cMecH Ar + · CO2 ) • 

)ellCTaBnSieT.yCHnHTenb~~OpMH

'. BXOllHOfi CXeMbl 1 ~3!'0TOBneH

CXeMbi p. 760, . paooTaeT eTa.,. 

enb~biX clfraanoa ,llO 3a 1361 • 

!l3biBaeT peaynbT8Tbl HeMHOI'O 

))KKa, o6naaaroT yaoaneTaopH-

EIOI'O MOllynSI1 H3I'OTOBneHHOI'O 

Topor qyacTBHTenbHOCTH paaeH 

1 

2,8 MB, ObiCTpoaefiCTBHe O'IeHb Bb!COKOe, CxeMa Obina HCObiTaaa OT 'reHepa

Topa H c nponopuHoHanbHofi KaMepofi H noKaabiBaeT xopoume peaynhTBTbi. 

DpH nnoTHofi ynaKDBKe ObiCTpbiX cxeM aosHHKaeT aonpoc o pacceHaae

MDil MOIUHOCTII II OHTaHHH, DonyqaeMbie BenH'IIIHbl llDCTH!'BIOT 400BT/ 1000 ,npo

BOnoK, H JJ.nSI Toro, 'ITOObi annapaTypa Morna paooTaTb 6es aononHHTenhHoro 

o6nyaa, Tpe6yeTcSI H3MeaeaHe a cxeMax c uenbro yMeHbllieHHSI ·noTeph /35/, 

Hano aanoMHHTb TaKme o aoaMomHocTH npHMeHeHHSI 6onbmHx HHTer

panbHbiX cxeM Ha JJ.eCSITKH HnH COTHH KBHanoa, H3I'OTDBneHHbiX Ha OCHOBe 

TexHonorHH MOS. /36/. B aacTOSIIUHfi MoMeHT cymecTayroT y)Ke npoMbrmneH

Hhie CXeMbl1 KOTOpbie MO)KHO 8Jl80THpOB8Tb llnSI lleTeKTOpOB SIJJ.epHblX 'IBCTHU, 

CxeMbl SIBnSIIOTCSI He O'IeHb Ob!CTpbiMH 1 HO 0)KHJJ.8eMaSI HX CTOHMOCTb BCei'O 

0 ,31aonnapa Ha KaHan. 

6, Depenaqa JlBHHbiX Ha 3BM 

llnSI HeKDTOpblX HpOCTbiX 38Jl8'I ( THnti H3MepeHHfi npO~HnSI ny'!Ka) HH~Op

MBUHSI C nponopUIIOHBnbHbiX KaMep MomeT Ob!Tb sapei"IICTpHpOB8H8 C OOMOlUhiO 

nepecqeTHbiX cxeM /11/, nHoo aaanHaaTopa (KoopJJ.HHaTa npeo6paayeTcSI a 

aanpSI)KeHHe) 1121 .' OnHaKo B 6onblliHHCTae cnyqaea naHHbie nepeaaroTCSI aa 

3BM. 

B aeoonbmHx cHcTeMax, c KOnii'IeCTBOM npoaonoK nopSinKa eTa, Korna 

perHCTpHpyiOiliBSI aneKTpOHHKa HBXOJJ.HTCSI B OJJ.HOM MeCTe, H B cnyqae pe!'HCT

paUHH aeoonblliOI"O KOnH'IeCTBa COObiTHll B CeKyHJJ.y, npooneMa nepeJJ.B'IH Jl8H

HhiX aa . 38M siBnSieTCSI npocTofi, nocKonbKY ae Tpe6yeT 6onbll!OI'o apeMeHH 

H oo~eMa naMSITH, Ha MBlliHHy MO)KllO nepeJJ.aBaTb HH~DpMaUHIO CO BCeX npo

BOnOK, CKBHHpySI HX B rpynnax, COOTBeTCTBYIOlllHX JJ.niiHe M8lliHHHD!'D cnoaa'38/e 

B o6meM pemeHHSI no C03Jl8HHIO aneKTpOHHKH CBSI3H C 38M HJlyT B 

HanpaaneHHII nony'IeHHSI MaKCHManbHOll CKOpOCTH nepellB'IH II nnDTHOCTH yna

KOBKH Jl8HIIb1Xo 

B 6onbmHacTae ycTa~oaoK HMeeTcSI OJJ.IIH ueHTpanhHbiii: 6noK ynpaaneHHSI, 

C KOTOporo Bblll8IOTCSI 'ci~kHpYIOiliHe CHI"IIanbl H B KOTOpOM npOHCXOJJ.HT npo

aepKa conepmaHHSI npHXOllSIUIHX ll8HHhiX1 HX KOl!HpOBKB H nepeaaqa HB 

3BM I 22, 23, 26, 38~ .· TaKoe peweuue SIBnSieTCSI ecTecTBeHHhiM, ~cnH cxeMbi 

3800MHII8HHSI HBXOJJ.SITCSI B OJJ.HDM MecTe /23 , 26/ 1 HO eCnH OHH pacnono)KeHbl 
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npSIMO na KaMepax1 6onee 6biCTpbiM SIBnSieTCSI cnoco6 c nepenaqeii: B. ueiiT

panhnyro nornKy yme oTo6pa11noii1 TonbKO none3110ii: nn~opMaunn, 3ToT napn-

81IT Tpe6yeT cneunanbllbiX cxeM nnSI K8mnoii: :KaMepbi1 on11aKo ero H,BJlO nMeTb 

B BliJlY
1 

oco6eHIIO npn C03Jl811HH ycT8HOBOK C ·6onblliHM KOnnqeCTBOM K8Mep1 

pacnonomellllblX 118 6onbllillX p8CCTOS!HHSIX1 ytiHTblB8SI ~8KT 1 'ITO HHTerp8nbH8SI 

aneKTpOIIHKa 6yneT naxonnTbCSI npSIMo 118 KaMepax. Tnnn'IHYID opr811H3aunm 

cncTeMbi nponopunollanbllbiX KaMep 118 nn11nn c 38M neMoiiCTpnpyeT_ pnc.181 

a COOTBeTCTByiDlliYID 6noK-CXeMy aneKTpOIIHKH C'lllTbiB811HSI - pnc, 19 /39/, 

CBSI3b c 38M ocymeCTBnseTCSI no Kanany n!:lSIMOI'O nocTyna B naMS!Tb ( nMA). 

PerncTpaunSI naiiHbiX npoxonnT "cn11xpo11110 c ycKopnTeneM1 em Momno .ynpan-

n~Tb npyq~ym nnn. qepe3 nporpaMMy. 
nponopuno11anbllbiX K8Mep C'lliTbiB8IDTCSI C:Tpo6npyromnM cur-naliHbie c 

11anoM ( PLANE ADDRESS ) n 38HOCSITCSI B perncTp ( 32 BIT REG. ) • Pa3-

no oq~penn .118 conepJK811He ( SEARCH 

enniiHUbi Jl8HIIbie KonnpyroTcSI . ( WORLD 
pSIJlbi aToro perncTpa nponepSIIDTCSI 

LOGIC ) 1. n B cnyq8e o6118pymeiiHSI 

FORMAT REGISTER ) li nepenaroTCSI ~~~ 38M - cnoBO conepmnT N' rpynnbi 

( PLANE ADDRESS ) n N9 npononoKn B rpynne. nocne nepenaqn ncex naHHDix 
" . . 

n3. perncTpa ( TeopeTnqecKH B03MOmHbi 32 pa3pSina) n · aer'o aalloCSITCSI cne-

nyromne rpynnbi npononoK n necb npouecc nonTopSieTcSI. 

Korna BCSI HII~OpM8UliSI 118XOJlliTCSI B 38M 1 38nOMHII8IDlliHe Tpnrrepbl 

H8 KaMe pax "o6aynSIIDTCSI" ( RESET ) - n cncTeMa roToBa npniiSITb cnenyrorune 

C06biTHS!e 
nnSI yMellbllieHHSI noTepb none3llblX C06biTHfi ll3-38 MepTBOI'O BpeMeHli 

CliCTeMbl perncTp8Ullli liiiOI'Jl8 CTpOS!TCSI 6y¢epa1 B KOTOpbl9 38nliCbiB8IDTCSI 

6biCTpO oqepeJlllbie co6biTliSI li C KOTOpblX npOli3BOllliTCSI nepeJl8'l8 Jl8llllblX 118 

38M
1
- TaKoe perueane naeT Bbllii'pbilli oco6e1111cr B cnyqae liiiTeiiCliBIIoro n 

KopOTKOI'O c6poca ycKopnTenSI ( 'SLAC " ) 
123 ~26/, 

8 118CTOS!Ulllii: MOMeiiT cymecTByeT lleCKOnbKO ycTaiiOBOK1 B KOTOpblX 

perncTp8UllSI ll nepeJl8'l8 Jl8llllbiX 118 38M npoliCXOJlliT B CT811Jl8pTe 

CAMAC /23/. BnnuMo 1 'ITO B 6ynyrueM TaKoe perue11ne 6yneT npnMeiiSITbCSI 

TOnbKO .JlnSI ne6onblliliX CliCTeM1 0Jl118KO C'lliTbiB811He ll8HHbiX C aneKTpOIIHKlii 

II8XOllSIUleiicSI H8 KaMepax1 nonJKHO ocymecTBnSITbCSI c noMOlllbiD cneunanblloro 

6noK8 CAMAC. 
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7. PeruaK>ru. 

B ycTaHOBKax c npon 

K8Tb HeCKOnbKO pa3 B MKC 

TeMbl1 S!BnSieTCSI BpeMSI llCf 

H860p8 CT8THCTHKH B8ll<llbll 

THfi JlJIH 3anl!CH B naMSITH 3 

pOIIIIKOi'I He SIBnSieTCSI O'l9lll 

pa60Tbl yCT81IOBKll 1 ll JKem 

nponopUll0118nbHbie Kl 

aoro 3anycK8 nnH npyrnx1 

BbiX KaMep, 3TO n03BO:ISIC'l 

unonanblloii: KaMephl n npc 

aTOM cnyqae npeMSI BbiP 

CaMbiM npocTbiM yc 

nopunonanbnoii KaMepw. 2 

pbxe nnn Mennellllbie norn• 

24132135/. 

0THOCHTenbiiO npoCTI 

qacTHU1 nporuenruux qepe3 

nuqecTBe npononoK MOJK~ 

noriiKii; npu 6onbmnx cnC' 

nonyqaeTCSI CyMM8 TOKOB 

npol!3BOllHTCSI C nOMOUlbiD 

6yeMoM KonnqecTne qacT 
/ } 

BSITCSI He oqeHb BbiCOKHMll, 

n.oM nponopunonanbnoi1 KaM 

cnrnanbi na nnyx nponon 

cocennne Kaaanhi na an, 

3aaepli<KoH I 12;29,411; nJ 

IlblX COObiTIII1. 

Eonee cnoJKl!Oii 3ane 

cemmn nn6o OTKnoneniiH 



cnoco5 c nepenaqefi B.ueaT-

3Hofi nn¢opMaunn. 3ToT napn

Mephi, onnaKo ,ero aano nMeTb 

50ilblllHM. KOIIH"'eCTBOM KaMep, 

'biBllH ¢aKT1 "'TO HHTerpanbH8H 

epax. Tnnnqnyro oprannaaunro 

3BM neMOUCTpnpyeT_ pnc.18, 

C"'HTbiBllHHH - pnc. 18 /391 • 

oro nocTyna B naMHTh (LiMA). 

:KopnTeneM, ero MO)KHO ynpaB-

'biBlllOTCH CTpo5npylOIUHM CHr

erHCTp (32 1311 REG. ). Pa3-

lll aa coneplr<anne ( SEARCH 

naHHbie KonnpyroTCH ( WORLD 

,.;. cnono conep)KHT N' rpynnhi 

nocne nepell8"'ll Bcex ll8HHblX 

pHna) B nero aaaocHTcsr cne

ropHeTcsr. 

~M, aanoMnaaromne Tpnrrepbi 

4a roToBa npiiURTb cnenyromiie 

ITIIH II3~38 MepTBOrO BpeMeHII 

pa, B KOTOpbie 38llllCblB8lOTCH 

3.BolliiTCH nepena'la naHUbiX aa 
' 

HHO"B cnyqae IIHTeHCIIBHOrO II 

3,261. 

~OilbKO ycTaHOBOK 1 B KOTOphiX 

nponcxonnT:: B cTannapTe 
' 

e pellleHIIe 5yneT npiiMeHHTbCH 

IB8HIIe ll8HHbiX C aneKTpOUIIKII 1 

TbCH C nOMOIUblO cneUII81lbHOrO 

1 

7. PelllaiO!IlaH aneKTpOHHKa 

B ycTaHoBKax c nponopunonanbHbiMII KaMepaMn, KOTOpbie MOlKHO aanyc

K8Tb HeCKOilbKO pa3 B MKCeK, ~l8KTOpOM 1 onpenensnoiUIIM MepTnoe BpeMH CHC-:-
' ' 

TeMbi, SIBnsieTCH BpeMH nepCAll"'Il AllllllbiX 118 3BM • LlnH yBennqe!IHSI CKOpOCTH 

Ha5opa CT8TIICTIIKII B8)KJibiM CT8HOBHTCSI a41¢eKTHBHhlfi OTOOp none3HbiX 'COObi

TIIH llllH 3anncn B naMSITH 3BJV\. BpeMSI Bbtpa6oTKH pellleHnH Bvi6opoqnofi aneKT

poHIIKoil He HBnHeTCH O"'el!b CyiiieCTBeHHbiM 1 HO OliO CK83biBaeTCSI. Ha CKOpOCTH 

paoOTbl ycTaHOBKl! 1 H )KenaTenbHO CBeCTII ero K MIIHHMyMy • 

nponopUHOH81lb!Ibie K8Mepbl llpHMeHSIIOTCH "'8CTO llllH C031l8HIIH BbiOOpO:'I

HOrO aanycKa llllH npyrnx, 5onee Mellnei!Hb!X yCTpOHCTB 1 B "'8CTHOCTII HCKpO

Bb!X KaMep. 3TO ll03BO:tSieT CO'JeTaTb XOpOillHe BpeMCHHbie CBOUCTB8 nponop

UIIOH8llbHOA KaMephl II npOCTp83CTBeHHOe paapellleHHe HCKpOBOH KaMephl~ B 

8TOM cnyqae BpeMSI Bbipa5oTKli peiiiCHliSI ll0ll)KH0 5biTb nopSIQKa MKCeK. 

CaMbiM npoCTbiM ycnonneM SIBnSieTCSI Tpe5onanne cpa5aTb!BaHnn npo

rropunonanbHoft KaMepw. 3To npenycMoTpeHo B 5onblll~IICTBe cxeM, n 5wcT

pbte HllH MenneU!Ibie norH"'eCKHC CHrll8llbl BbiBOilHTCSI qepea CXCMbl l1fll1 /22, 

24,32,351. 

0THDCHTCilhHO llpOCThlM SIBllSieTCH Tpe50B8l!He onpeneneii!IDrO KOIIH"'eCTBll 

"'8CTHU 1 npollleJlllll!X qepea nponopUl!OIIllllbHYIO KaMepy. npn !leOOilblllOM KO

lll!"'eCTBe llpOBOllOK MO)Kl!O ero ocyiUeCTBI!Tb C llOMOillblO COOTBeTCTBYIOIIIeii 

nornKii; npn 5onbllliiX cl!cTeMax IIcnonh3yeTCH ananoroBaH cxeMa, .B KOTopoft 

nonyqaeTCH CyMM8 TOKOB CO BCex cpaoOT8BlllliX npOBOllOK H OTOOp COObiTIIH 

nponaBOilliTCSI c noMOIIIblO lliiCKp1IMliii8TOpa I 12,26, 29,411. npn OObi"'HO Tpe-

5yeMOM KOnii"'eCTBe "'llfTIIU 1 -t 5 Tpe5onaniiSI K ananoronoii.cxeMe cTano-· 

BHTCH He O"'ellb Bb!COKIIMH. 3(jl¢eKTHBIIOCTb. OT5opa orpaHl!"'IIB8eTCH TCM CBOIICT-

BOM nponopunonanbnofi KaMepbi 1 "'TO n necKonbKIIX npouenTax cnyqaen no3IInKaiOT 

cnrnanhi na nnyx npononoKax. OT aToro MO)K!IO naoaBIITbCSJ, 3anong 

COCCJl!IIIC K8H81lbl H8 8HTIICOBll8JleHHH ll CTpOOIIpyg pelllenne C HCKOTOpOH 

3llllCplKKOii I 12• 29• 4 J/;. npu 8TOM 1 Ollll8K0 1 MO)KeT TepSITbCH II 'WCTb none3-

llbiX COObJTI!II. 

Eonee cno)K!IOft aanaqeft HBnHeTcSI Tpe5onanue onpenenenForo yrna.pac

ceSIJIIISJ llHOO OTKIIOHCIUIH "'8CTl!Ubi. CncTeMa COJlep)!mT nponopUIIOHllllbHble 
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KaMepoi nmr onpeneneumr Bxonuoli 11. Botxonno!i TpaeKTopn11 "'acTI1Ubi B onnofi 

11n11 o6o11x nnocKoCTHX (p11c. 20). 3ana"'a cBOAI1TCH K peweu11ro ypaBneni1H 

I (X 4- XJ ) . - (X 2 -X I ) I ~ (}I 

KoTopoe np11 o6'Den11nen1111 4JyHKU11li KaMe pox X 2 11 X3 npnHI1MaeT 6onee npoc

Toii Bl1n: 

1 x, -·2X i + x4 1 2 e . 
Pelli9HI19 M0)1{9T 6o!Th Bbtpa6oTaHO C llOMOllihiD MaTpllUbl CX9M COBlla

neHI1fi /29/ 1 ananoroBoii c;11cTeMbi /29130141/ 11nn u11¢poBoro npouecco -

pa /42143/ 

OepBblll CllOC06 HBnHe.TCH 6biCTpbiM1 HO Tpe6yeT 6onhlliOI'O KOni1"'9CTBa 

cxeM coBrraneH?fi1 oco6enno ecn11 yrnoi pacce5IHI1H cpaBHI1Mbi c yrnoBofi n11c

rrepc11e!i rry"'Ka. XnonoTnnBofi cTaHOBI1TCH TaK)I{e rrepecTpbfiKa cncTeMoi na 

npyr11e yrnoi oT6opa1 'ITO npl1xonnTcH: KoMrrencnpoBaTh norronHI1TenhHoiMI1 

cxeMaMn. 

B ·ananoroBoii cncTeMe na 6oiCTpbiX cxeMax (p11c. 23) /41/ peweu11e 

Bbtpa6aTb!B89TC.II 38 Bp91'.1H 300 HC9K - ·~ OCHOBHOM 8TO Bp9MH ycTaHOBn9HllH 

119J?9XOAHblX rrpoueccoB. nmr KOni1"'9CTBa rrpoBonoK X 1 = 161 Xi = 161 

X 4 = 40 TO"'HOCTh pewemrH cocTaBnHna ±.. 1 rrpoBonoKa rrp11 ycnoBI1111 'ITO 

onna 11 TonhKO onna."'acTnua B KaMepax (pnc. 216). 
' . ( 

8 8TOM M9TOA9 TO"'HOCTh 6oJCTpbiX aHanoi'OBbiX CX9M' OI'paHH"'I1B89T B03-

MO)I{U09 paspewenne. cncTeMoi no ±.. ( 0 15 -t 1)% oT o6wero Konn"'eCTBa Kana-

noB, 

BbtCTpbtfi u11¢poBofi rrpoueccop ne 11MeeT 8TI1X nenocTaTKOB1 no ero 

nerKo nocTponTh TOnhKO nnH ypaBH9H11H c rrpocThiMI1 Koacp¢11uneHTaMI1, Ha 

pnc. 22 rrpencTaBnena 6noK-cxeMa ycTpoiicTBa1 rrocTpoeunoro ua nornKe 

. /43/ 
TTL 1 KoTopoe· pewano ypaBnen11e 

I 2X 1 - 3 X 2 + 2 X 4 + K I 2 (} . 
Apn<lJMeTI1"'9CKHe onepaunn BblllonHHnnch napannenhHo-acnnxpoHHbiM cnoco-

6oM - Bp9MH pemeHIIH COCTaBnHnO 018 MKC9K, B cny"'ae llp11M9H9HHH 6onee 

KOMllneKCHbiX cxeMI 'TTL 11nn MECL .. 1 apeMH peweHI1H M0)1{9T 6otTh sua-

"'llT9llhHO KOpO"'9o 
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