
C. 3YV, 1H 
c -6'St 

COOBUlEHMH 
OB'bE,lJ,MHEHHOrO 

MHCTMTYTA 
. H,lJ,EPHbiX 

MCCJIE,LJ;OBAHMM 

~· 

· .lly6aa 

. jt9i-/.t- 'fl 
p 13 - 5896 

• j • • • • ... ... 
I • •• 
~· 

J1 .M . C opoKO 

HH~OPMAUHOHHYE CBORCTBA 
TEJIECKOfiA 
H3 MYJibTHfiJIEKCHYX 
CQHHTHJIJIHUHOHHYX· C'IET'MKOB . 
11ACTHU 

1971 



p 13 - 5896 

J1 .M . C opoKO 

HH~OPMAUHOHHNE CBORCTBA 
TEJIECKODA 
H3 MYJibTHDJIEKCHNX 
CUHHTHJIJIHUHOHHNX C1JET11HKOB 
'IACTHU 



SUMMARY 

The particle telescope consisting of two multiplex Hadamard

transform scintillation counters is described. Each scintillator is 

set up of many element-scintillators which are surrounded by the 

light-guides and four photomult1pl1ers.Four coincidence ,circuits are 

registering the four groups of events •. The coincidence countings define 

the intensity of the angular correlation events from the tv;o-particle 

ones. And the angular discrimination of the events to be measured is 

equal to the angle which subtends the only one element-scintillator 

of the multiplex scintillation counter. 

Fig. 3 shows the particle· telescope with multiplex Hadamard

transform scintillation counters. Fig. 4 shows the coincidence circuits. 

The algorithm of the processing of the coincidence countings is given 

by relations (12) and (13). 

Such a particle telescope allows to solve some unusual problems, 

for example, it can be used in the experiments with intersecting beams 

to restrict the volume from which the particles of the binary channels 

are moving and this can be done without the additional defining 

counters (Fig. 5). 



§1 

B pa6oTax 11,2/ J:taHbi onHcaHHSI ycTpoiicTaa H npHHUHna pa60Tbi MYnb

THnneKcHoro CUHHTHnnSIUHOHHoro C~eT~HKa H MynbTHnneKCHOii MHW9HH, B pa-

6oTe /
3 / npHB9Jl9Hbl OCHOBHb19 CBOftCTBa nceBJlOCny~aftHbiX nocneJ:{OBaTenb-

~-

HOCTeft, HCUOnheyeMbiX B MYnbTHnneKCHbiX CHCT9M8X perHCTpaUHH ~aCTHU, 

H M9T0Jl UOCTpOeHHSI nceBJlOCny~aiiHbiX nocneJlOBaTenbHOCTeii C nOMOWbiO MaT

PHU At:~aMapa. B JlBHHOM coo6meHHH onHCbiBaeTC.SI TenecKon, cocTO.SIIUHft HS 

JlBYX MynbTHnneKCHbiX CUHHTHnn.SIUHOHHbiX C~eT~HKOB, 

TpaJlHUHOHHbifi TenecKon, npet:~Ha3Ha~eHHbiii J:tnst perucTpauuu npoHHKaiO

IUHX ~aCTHU 141, COCTOHT H3 JlBYX HnH 6onee CUHHTHnnSIUHOHHbiX c~eT~HKOB, 
sneKTpH~eCKHe HMnynbCbl C KOTOpb!X nOJlBIOTC.SI Ha CXeMy COBnaJ:teHHft Hml 

aHTHCOBnat:~eHHii, norHKa BKniO~eHHSI CHrHanoB B CXeMY COBnaJ:teHHft TeneCKO

na 06bi~HO TaKOBa 1 ~TO HMnynhC Ha BbiXOJle CX9Mbl COBnat:~eHHii nO.SIBnSieTC.SI 

Tort:~a, Kort:~a caeTOBbie BCUbiWKH B o6oux CUHHTHnnSITopax B03HHKaiOT cmHo

_BpeMeHHo, T.e. B npet:~enax paspewaiOIUero apeMeHH cxeMbi coanat:~eHHfi. Cy

mecTayeT orpOMHO~ MHOroo6pa3He CXeM BKni0~9HHSI c~eT~HKOB, HanpHMep, 

co~eTaHHe norHKH coanat:~eHHft c norHKOfi aHTHcoanat:~eHHii, a TaKme cxeMbi 

sat:~epmaHHbiX coanat:~eHHfi, 

PaCCMOTpHM TeneCKOn H3 JlBYX CUHHTHnnSIUHOHHbiX C~eT~HKOB0 BbiXOJlbl 

C KOTOpb!X BKni0~9Hbl B CXeMy COBnat:~eHHfi (pHC, 1), TaKoft TeneCKOn perHCT

J:lHpyeT npoueccbi, Bbi3biBaeMbie B MHIUeHH M -~aCTHUBMH ny~Ka IT, KOrJla 

OJlHa us BTOpH~HbiX ~aCTHU ucnymeHa not:~ yrnoM (} , a J:tpyra.SI - not:~ yr

noM ( 180° -, ~ ) K OCH ny~Ka, .Qng TOro, ~T06bi saperHCTplipOBa Th JlByX

~aCTH~Hbie npoueCCbl B IUHpOKOM HHTepaane yrnoB (} , OT 9
1 

JlO (}
2 

, no ... 

CTynaiOT cneJ:tyiOIUHM o6pa30M, Bbi6HpaiOT JlOCTBTO~HO ManyiO MHW9Hh H JlO

CTaTO~HO Manbifi yrnOBOii saxBaT TenecKona, 'IT06bi IUHpHHa UHKB .KpHBOii 
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® 
Cz 

Pnc, l, Cx eMa TpaAIIUIIDHHoro TenecKona 113 ABYX cuiiHTIInnSIUIIDHHI,tX C'IilT'III

KDB, D - ny'IDK 1 "M - MllllleHb 1 C l II C2 .- CUIIl!TIInnSITOpbl C'I~T'Il!KOB, CCI, 2 -
cxeMa coarranennn. Ha pncyHKe nan cny'!an, Korna yron Koppengunn Memny 

ABYMSI Ha6monaeMblMH '18CTHU8MH paBeH 180°, 

yrnoBbiX xoppensiUHH HMena Tpe5yeMyiO nonyumpHHY 11 8 (pile. 2). B 

peanbHbiX ycnoBHSIX IIllK pacnono:m:eH Ha IIbeAeCTane 1 o5ycnosneHHOM <jloHOBbi

Mll C05biTllSIMllo flOBTOpSISI ll3MepeHllSI IIOA H9CKOnbKHMll yrnaMll (}i 1 IlpO

XOJlSIT B9Cb HHTepBan yrnoB OT 8 1 JlO 8 2 1 a peaynbTaTbl cyMMllpy!OTo 

Ecnll ysenllqllTb pa3Mep Ka:m:AOI"O CUllHTllnnHTOpa B TpaAllllllOHHOM Tene

CKOII9 nn5o npH5nH3HTb cqeTqnKH K MHrnenn, To yron aaxsaTa TenecKona 118 

B03pacTeT. 8TO 5yJ:teT COIIpOBO)KJl8TbCSI YXY/llli9Hll9M <jlopMbl IIHKa yrnOBbiX 

xoppenSiuHH:. On cTaHeT 5onee rnnpoKRM, a BbiCoTa IIbeJ:tecTana oT <jlona npn 

9TOM B03p8CT9T. llncKpllMllH8UllH IIO yrny KoppenSIUllll Me:m:ny JlBYMSI qaCTll

naMH yxynrnHTCSI. 

4 



0 

Pnc, 2, KpnBali paaneTa, aaperncTpnpoaaaaag c noMD!I(biO TpannunoHHoro Te
necKona npn aenaMeHHDM nonomeHIIII nepaoro C'l~T'IHKa, Kpnaag paaneTa co-
CTDIIT 113 KOppenliUIIOHHOI"O ll11K8 0 mllpiiHa KOTOpOI"O p8BH8 fl. () , II cjloHa, 
o6pa3y10mero paBHoMepHbiit nioenecTan. 

§2 

Memay TeM HMeeTcSI BosMomaocTh aaxaaTHTh oaaoapeMeaao ace Kop-

· pennpoBaHHbie co6biTHSI B HHTepaane yrnoa oT llO c coxpa-

aeaneM HCXOaHOfi JlHCKpHMIIH8UHH no yrny KOppei!SIUHH lli!SI 'l8CTHU 6naapHbiX 

peaKunt!:, paaaot!: 6. () 1 H s<lJ<lJeKTHBHO HCKI!!O'IHTh MHOI'O'l8CTH'lHbl9 C06b!-

THSI, ITpaaaa, npeanonaraeTcSI, 'ITO cxeMa, KoTopaSI paccMaTpnaaeTcH anme, 

s<lJ<jleKTHBHO pa6oTaeT, ecnH !}loa OT MHOI'O'l8CTH'IHh!X K8H81IOB He HMeeT 

oco6eaaocTet!:, 8To npeanonomeane o6bi'lHO BbmonaHeTcSI, ecnu ananaaoa 

YI'IIOB OT He O'leHh aennK. B npoTHBHOM cnyqae ero aeo6-

XOllliMO pa36JITh H8 H9CKOI!hKO HHTepB81IOB1 noKa STO yCIIOBJie He 6yaeT Bbl-

nonaeno. 
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TenecKorr, o6na.naiOIIIHii: TaKnMn cBoii:CTBaMn, ycTpoeH cne.ny10IIIHM o6pa

soM. 0.nHOpOllHbie CUHHTHllll.IITOpb! B o60HX C'<J~T'<JHK8X 38M9H9Hbl Ha reTeporeH

Hbie MYllbTHIIll9KCHb!9 CUHHTHllll.IITOpb! /!I KamJlb!il: TaKOil: CUHHTHllll.IITOp COCTOHT 

H3 HeCKOllbKHX Sll9M9HT8pHbiX CUHHTHllll.IITOpOB ( pnc, 3) • fTOCll9llHHe OKpymeHbl 

c, 
Cz 

ctJ3!:1t,-

Puc, 3, Ooumfi BIIJl TeneCKOIIa 113 JlBYX MYllbTIIIIll9KCHblX CUIIHTIIlllll!UIIOHHbiX 

C'lliT'IliKOB, M -Mlllll9Hb1 C 
1 

ll C 
2 

- CUliHTllllllll TOpbl C'11iT'IIIKOB1 CB -

qeTbipe cBeToBoJla, , I n 2 - TpaeKTopnn qacTnu, BbineTaJOIIlliX na Mnlllean, 

KapTllHhl '!epeJlOBSHllll HarrpaBneHIIfi BhlXOJl8 CBeTa B JlBYX CUllHTlllllll!TOpax 

S!BllSIIOTCSI 3epK8llbHb!MH OTp8lK9Hlll!Mll Jlpyr OT Jlpyra, 

C TOpUOB llBYMH CB9TOBO.ll8MH H llBYMH $OTOyMHQ)KHT9llHMH, CBeT OT CUHHTHll

llHUHH1 Bbi3B8HHbiX 38pHm9HHOH 'l'acTIIUeit, B K8)1(Jl0M Sll9M9HT8pliOM CUHIITHllllH

TOpe MQ}KST Bb!HTH TOllbKO B OllHH H3 llBYX CBeTOBDilOB H 119 MomeT rrepeii:TH 

B coceallne sneMeliTapHbie cunliTnnn.IITOpbi, HarrpaBne1m.11 BbiXOila cneTa ns sne

MeHTapHbiX CUHHTHllllSITOpOB 'lepe.ny!OTCSI OT OllliOrO K .npyroMy IIO 38KOHY 

IIC9BilOCllY'tJ8HHOrO KOilllpOB8liHH, llnH cnytJaH CeMH sneMeHTapHb!X CUHHTHllllHT0-

/1 3/ 
pOB (M = 7) tJepellOB8HHe BbiXOil8 CBeTa OIIHCb!B89TCSI IIpaBHllOM 

1 
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II "sepKa.llbHbiM" npaBH.IIOM 

.j. .j. t .j. t t 1 ll.IIH BTOpOI'O C'I~T'IHKa • 

11MnynhCbi c ljloToyMHO>KHTenelt noaaroTCH Ha 'leTbipe cxeMbi coBnaaeHHil: 

( piiC, 4), C noMOIUbiO KOTOpbiX OTMe'laiOTCH 'leTbipe rpynnbi C05biTIIH! N ++ 

N__ N+- 11 N -+ • 3TH Ha5nroaaeMbie Be.IIH'IHHbi, KaK 5yaeT noKasaHo 

HH>Ke, no.IIHOCTbiO onpe,lle.IIHIOT 'IIIC.IIO IICKOMbiX KOppe.IIHpOB8HHbiX C05biTHlt, TipH 

9TOM ,lliiCKpiiMIIH8UIIH no yrny OT5opa 180-rpa,llyCHbiX YI'.IIOBbiX KOppe.IIHUHil: OC

TaeTCH paBHOfi yrny, KOTOpb!H CTHI'HBaeTCH O.llHIIM aneMeHT8pHbiM CUIIHTII.Il.IIH

TOpOM ( npll O'leHb M8.1IbiX pa3MepaX MHllleHH) • 11CKOMOe 'IIIC.IIO 180-rpa.llyCHbiX 

KoppenHUHfi paBHO 

M2+1 
N Koppen.= (N++ + N __ ) - M2- 1 ( N+- + N_+ ) • 

cc 

N __ 
Pnc, 4, CxeMa BK.Il10'19Hilll HMnynbCOB C <jloTOyMHOlKHTenel! T9.119CKOna, COCTOli

IIISro H3 ABYX MY.IlbTHfl.ll9KCHblX CUHHTH.Il.lll!UHOHHblX C'leT"'IIKOB1 Ha COBfl8A9HHl!, 

Bcero HM99TCll '19Tb!pe CX9Mbl conna.:~eanl!: cc I+. cc+- • cc __ n c_+ 

(I) 

narowne 'leTbipe oTc'leTa: N + + N+- , N _ _ n N+- , cooTBeTcTneaao. 
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§3 

.llnn Toro 'IT06bi .noKasaTb aTo cooTaolllean:e, aai!.neM pacnpe.nenean:e cn:r

aana nonesabiX co6biTHi! ( yron Koppennun:n: .paaea lll)o + 110 ) , a saTeM lfloao-

BbiX co6biTHii: ( yron Koppennun:n: 6onbllle 180° +110 H M9Hbllle 1llJ0 -/1 0 

no aceM qeTbipeM KaaanaM coana.nean:A: N ++ , N _ 1 N+- n: N_+ 

06osaa'I~M qepes f (i) yrnoaoe pacnpe.nenean:e qacTn:u, o6pasyrolliHX · 180-rpa

.nycHbie yrnoBbie xoppenHun:n:. tie pes g (i) o6osaa'IHM saKoH ncea.nocnyqa!iaoro 

KO,nHpOBaHHH 1 onpe.nenRIOIUHA CTpyKTypy MynbTHnneKCHOrO C'I~T'IHKa. Dpn: 

3TOM KapTHHa qepe,noBaHHH B nepBOM C'I~T'IHKe RBnHeTCR 39pKanbHhlM OT06pa

;~KeHHeM KapTHHbl qepe,noBaHHR BO BTOpOM, PacCMOTpH¥ fi0ij93Hbl9 K_oppenstUHH 

( 180°). 8TH co6biTHR Bbi3biBaiOT TOnbKo N ++ n: N __ coana.nean:n ~ ae 

MoryT Bbi3BaTb N+- n: N_+ coana.nean:i!. 06mee qn:cno nonesHbiX Koppenn

un:i! paBHO 

M M 
(N++ + N __ ) noneaa": f f(i) g(i) g(i) = ~ f(i) • ( 2) 

3.necb y'!TeHo To, 'ITO g(i) npHHHMaeT 3lla'IeHHSI + 1 H ( -1) 1 a noaToMy 

[g(i)] 2 = 1 

.llanee n:s cBoi!cTB ~YHKUHH ncea.nocnyqai!aoro Ko.nn:poaaan:n g(i) n: 

ycnoBHSI sepKanbHOCTH KapTHII KO.!lHpOB8liHR B .!lBYX C'I~T'IliKaX HaXO.!lHM1 'ITO 

(N +- ) nonesti': (N_+ ) = 0 • 
nonesa. (3) 

Tiepeii.neM Tenepb K ¢oaoBbiM KoppemiUHSIM, Kor.na yron KoppenSIUHI! oTnH'!eH 

oT 180°. 06osna'IHM qepes h (k, m) aepoHTHOCTb Toro, 'ITO o.naa ns .onyx 

'I8CTHU nonaneT B k -bifi aneMeHTapHb!H CUHIITHnnHTOp nepBoro C'I~T'IHKa, 

a BTOpaR 'IaCTHUa - B m -bill aneMeHTapHbiH CUHHTHnnHTOp. lf>yJIKUIIH h(k 1 m) 

OfiHCbiBaeT .!lBYXMepllb!il: M8CCIIB1 o6pa30B8Hllblll ~OHOBb!Mll C06b!TliSIMH, 

Ecnn: ~oa SIBnSieTcSI paanoMepHbiM, To ~YHKUIISI 

h (k,m) = nr/> (4) 

He 3aBIICHT OT liH.!leKCOB k n: m 
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cl>OHOBbl9 COfibJTHSI /.l810T BKnaa B C'I~T COBIT8/.l9HHll: BC9X '19Tb!pex BHJ.lOB! 

~ N++ , N__ N+- H N_+ • TaKHM o6paaoM, coBrraaeHHSI N +- H N_+ 

o6pa30B8Hbl TOnbKO lf>oHOBbiMH COBIT8/.l9HHSIMH1 H anSI HaXO:lK/.l9HHSI anropHTM8 

'o6pa60TKH /.l8HHblX HeOfiXOJ.lHMO TOnbKO YK838Tb 1 CKOnbKO lf>oHOBblX C06bJTHll: 

coaep:lKHTCSI B c'I~Te coBnaaeHHll: N++ H N __ • 

8neMeHT8pHbl9 paCCy)KJ.leHHSI ITOK83b!B810T 1 'ITO 

( 5) 

3aecb M - 'IHCno aneMeHTapHbiX CUHHTHnnSITOpOB B K8:lK/.lOM C'I~T'IHKe. AHa-

, norH'IHO ll0K83b!B89TCSI1 'ITO 

1 
= 4 (M -1) (M + 1) n cp 

(N __ ) ¢oH 
1 = T (M-1) (M-3) n cp • 

( 6) 

Torna nonyqaeM: 

N++ = (N++ ) +(N ) =I. f(i) + 
4

1 
(M-1) (M+1) n,~.. , 

rronesH. + + ¢oa (+) 'f' 

N (N ) +(N ) =I. f(i) + 
4

1 (M-1) (M-'3) n,~.. , 
-- rronesH. -- ¢oH. (-) 'f' 

1 4" (M-1) (M+1) n¢ 
( 7) 

N = (N + J.1.. = _!:._(M-1) (M+1) n,~... -+ - 'f'OII 4 'f' 

IIO/.l CHt.monaMH cyMMHpOB8HHH yKa3biD8JOT 1 'ITO 

cyMMHpOBaHHe B9/.l9TCSI TOnbKO IIO TeM 3H8'19HIIHM 1 ].lnH KOTOpbiX lf>yHK-

rrpHHHMaeT IIOnO:lKHTenbHbie H 1 COOTBeTCTBeHH0 1 OTpiiU8TenbHbJe 

. anaqennH. 

CooTl!OllleHne ( 7) sarrnllleM HHa'le: 

M 
.N +N = I. f(i) + ..1_ (M -1fZ 

++ -- i 2 
1 

N+..:. + N_+ = 2" (M-1) ( M+1) n¢ • 
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T aKHM oopaaoM, cyMMa noneaHhiX coobiTHii pasaa 

M M-1 
I f(i) -=N++ +N - --(N +N 

M+1 +- -+ ) ' 
(9) 

a nnoTHOCTb ljloHOBhiX -

(N+""" +N_+ 

nrp"' 2 (M-1) (M+ 1) 
(10) 

KaK npaBnno, ljloHOBbie coobiTHSI nenaJOT BKnan H np11 yrne KoppenSIUIIII, paB

HOM 180°. Torna oKoaqaTenhao nn.11 cyMMhi noneaahiX coohiTHii aaxonnM 

M M2+ 1 
I £0 (i) = (N ++ +N __ ) - (N+- +N_+ ) • 

M2 -1 
( 11) 

2 
TioCKOnbKY M >> 1 1 TO nocnenaee COOTHOliiOHIIe MO>KHO npeJlCT8BHTb np116n.n-

>KOHHhiMII Bhipa>KeHII.IIMII: 

M 2 
I f (i) "" (N + N ) - (1 + - ) (N + N ) .. 

o ++ -- M2 +- -+ ( 12) 

... (N++ +N __ ) -(N+_+N_+) • 

§4 

,Uo CIIX nop none3HbiMH COObiTIIS!MII H83b!B8n11Cb T8KIIe1 JlnS! KOTOpb!X yron 

KoppenS!UIIII paBeH 180°, nerKO BIIJleTb 1 'ITO BCe Bbllli9CK838HHOe cnpaBeJlniiBO 

11 nnH n106oro npyroro yrna KoppenHUIIH, Tiepexon K o5llleMy cny'la!O ocymecT

BnSieTcSI nepeMemealleM nneq TenecKona B TpeoyeMoe nonmKeHIIe TO'IHO TaK 

>Ke, KaK sTo nena10T np11 pa5oTe c TpaniiUIIOlUihiM TenecKonoM. OnaaKo 113Me

aealle yrna KOppenSIUIIII B TeneCKOne, COCTOS!!UeM 113 MynbTIInneKCHhiX ClJ:{!T'IIiKOB1 

nocTIIraeTcSI ae TonhKO nosopoToM nne'! TenecKona BOKpyr ueaTpa, coBnana

JOIUero C MIIIUeHbl01 HO T8K>Ke nyTeM CJlBIIra KapTIIHhl KOJl8 B OJlHOM 113 llBYX 

CUIIHTIInnHUIIOHHhlX C'I~T'IIIKOB H8 TpeoyeMoe 'IIICnO lllaroB ( piiC, 5) • 

TenecKon 113 MynbTIInneKCHhiX CUIIHTIInnHUIIOHHhiX C'I~T'IIIKOB, on11caHRhiit 

BbiiUe1 Il03BOnSieT pewaTb BeCbMa HeOOhi'IHbie 38Jl8'111, 
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2 

n 

Puc, 5, HaMepeune yr-na KoppenliUI!I! B TenecKone, co::ToliE.IeM II3 nayx MynbTI!

nneKCHbiX cq~TqiiKoB, KoH¢nr-ypaUI!ll 1 nonyqeHHall nyTeM noBopoTa nneq Tene
CKona BOKpyi' U9HTp8 1 COBri8ll810l'l9I'O C Ml!liieHbiO, 

B 'laCTHOCTM, TenecKon M3 MynbTMnneKCHhiX C'IEiT'IMKOB B neKoTopbiX 

onbiTax Mo>KeT BbmonHHTb <jlyHKUIIIO onpenenmonmx CtJEiT'II!KoB. HaM6onee HpKo 

3TO MO>KliO nponeMOliCTpMpOB8Tb 118 npMMepe 3KCllepMMe!ITOB CO BCTpe'lllbiMII 

nyqKaMII. Ha_piic. 6 noKasana cxeMa TaKoro aKcnepiiMeHTa. Hs o6nacTn 

BcTpe'III ny'IKOB A II B, orpa,HII'Ienuofi UIImmnpMqecKofi non~pxHoCTb!O S 

BhmeTaiOT qacTIIUhi oT pa31IhiX npoueccon. BepoHTliOCTb B03HIIKaoneanH npouec

'ca panaoMepao pacnpeneneaa nnonb ocn nytJKoB. TenecKorr, cocToHmnii ns nnyx 

MynbTHllJI_eKCllblX CUIIIITIInn.I1TOpOB0 C l II C 2 t H8CTpOell 118 perJICTp8UlllO 
. ' 

6uaapnoii peaKUIIM, nponcxonHmeii n yqacTKe o6nacTn ncTpeqn nytJKoB, KOTopbiii 

o6osnaqen nnneKcoM K = 0 • YqacTKII, nexmmne cnena, nMeiOT K < 0 

a yqacTKH, ne>Kamne cnpana, nMeiOT K > 0 • HuneKe YK83hiBaeT IIOMep 

· aneMenTapnoro cui!l!TIInnHTopa n o6onx C'IEiT'IHKax. 
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i Cz 

X 
I 

I 
I 

I 
I 

I 

'K·o K -I I I I I --A I !\ 5 

t c, 
Pnc. 6. CxeMa aKcnepnMeHTa aa BcTpe'IHbiX ny'iKax A n B: C 

1 
n C 

2 
Myn~>TnnneKCHbie C'i~T'iliKii TenecKona. Co6biTne I - I - 6naapHaH peaKunH, 
nponaorne.nrnaSI B aneMeHTe o6nacTn BCTpe'IHbiX ny'IKOB c na,neKCOM K a 0 • 
Co6biTne 2 - 2 - TaKoll )l(e npouecc a aneMeHTe o6nacTn K ,._ 2 • Co6biTHe 
3 - 3 - 3 - BbineT Tpex 'iBCTHU H3 aneMeHTa OOOBCTH B3filiMO.QefiCTBiiH 'IBC

TiiU C HH.QeKCOM K = 0 • 

11oCKOnbKY B ODbiTax Ha BCTpe"'HbiX nyqKaX na6opaTopHaSI CHCTeMa KOOp

llHHaT COBllanaeT C CHCT9MOf:l U9HTpa MaCe CTanKHB8IOWHXCSI 'iaCTHU, TO 'iaCTHUbl 

6naapaoro KaHana o6paayroT noKaaaaayro Ha pnc. 6 npstMyro nnanro. TenecKon 

HacTpoea aa perncTpaunro Bcex 6naapHhiX peaKuntl, nponcxonstmnx B IieaT-

panhHOM yqacTKe K = 0 1 c yrnoM BbineTa oT 01 no () 2 
B rpynny <floaoBbiX npoueccoB BxonstT cnenyromne npoueccbio l1pe)l(ne 

Bcero - 9TO 6naapHbie peaKunn, B03HnKwne B yqacTKax o6nacTn BCTpeqn nyq-

KOB c naneKcoM K f. 0 • MynhTnnneKCHhiMn C"'~T"'nKaMn 9TH npoueccbi 6ynyT 

aocnpnHnMaThCSI KaK npoueccbi 1 naromne yrnoBbie Koppenstunn, oTmi"'Hhie oT 
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K -

C; 

x Au E: c 1 n c2 
- l - 6HHapHaH peaKUHH0 

IKOB C HHAeKCOM K ,. 0 • 
6nacTH K =- 2 • Co6biTHe 
8CTH B38HMDAefiCTBHH qac-

.6opaTOpHast CHCTeMa KOop.:.. 

OlllHXest 'laCTHU 0 TO 'laCTHUbl 

: nJ?stMyro nnnnro. TenecKon 

~. nponcxonsrmnx a ueHT-

Jlo. e 2 · 

rrom:ne npoueccbr. llpe»<ne 

'Kax o6naeTn BCTpeqn nyq

KaMn STH npoueCehl 6ynyT 

KOppel!stUHH1 OTIIH'1Hbl9 OT 

·180°. Bhriiie 6bmo noKaaaHo, 'ITO anropnTMhi ( 11) n ( 12) o6pa6oTKH na6mo

naeMhrx B91!H'IHH N++ , N__ , fir- n N_ + npnBoJlstT K Bhi'IHTaH:niO TaKo-

ro tl>ona. 

0JlHaKO npH Bb!COKHX SH9pi'HSIX B onbiTaX Ha BCTp9'1Hb!X ny'IKaX peai!H-

3YIOTest MHOI'O'laeTH'IHbl9 KaHal!b! 0 KOI'Jla Bee 'laeTHUhl SIBIISIIOTest npoHHKaiOIUH

MH H Bee nonanaiOT B C'IST'IHK. TionHOeTb!O OTCYTCTByeT a!jJ!jleKT cnyBaHHSI 'laC

THU npn nepexone oT cneTeMhi ueHTpa Mace K na6opaTopnofi ~ncTeMe, B03HH

Karomnll: B ycnoBnstx, Korna aneprnsr qacTHUhi B cncTeMe uenTpa Mace nocTa

TO'IHO Mana. TioaToMy neo6xon:nMo npoBepnTb 1 o6ecneq:nBaiOT n:n anropnTMhi 

( 11 ) H ( 12) Bhl'IHT8HH9 !jloHa B cny'lae MHOI'O'l8CTH'IHhiX peaKUH~. 

llnst STOI'O paCCMOTpHM npouecc 1 npoHCXOJlSII!lllll: B y'laCTKe C HHJl9KCOM 

K = 0 , KOI'Jl8 B C'leT'IHKH C
1 

:n C 2 nonaJlaiOT Tp:n 'lllCTHUbi. BoaMo»<Hbre 

KOH!j>:nrypau:n:n nosiBII9HHSI HMITYIIbCOB B '19Tb!pex !j>OTOYMHO»<HT91ISIX npHB9Jl9Hhi 

H8 p:nc. 7. Tip:n STOM B Cl!y'lae cpa6aTbiB8HHSI OllliOHM9HHbiX SI!9M9HTapllbiX 

CUHHTHIIIISITOpOB B OllliOM H3 C'leT'IHKOB B03liHKaeT OllHll OTC'IeT B COOTB9TCT

BYIOI!l9~ CXeMe COBITaJleHHH. Ecnn »<9 OIIH pa3HOHM9HHhi9 1 TO perncTp:npyiOTCSI 

o6a COBnaneHHSI. Bcero B03HHKaeT '19Tbipe rpynnhi KoM6:nnau:nfi. BepoRTHOCTH 

HX noSIB1!9liH51 1 OTH9C9llllbl9 K OllliOMY COObiTIII01 paBHbi: 

M+1 1 M+1 M+1 1 + 1 ) 2 
N++ =2 -( 2 + --) -(M 

3 2 6 

M-1 1 M-1 M-1 1 
(M- 1/ N --- (-+--) -- 2 3 2 2 6 ( 13) 

M+1 1 M-1 M-1 1 (M2 ) 
N+- =2 - (--+ --) =- -1 

3 2 2 6 

M-1 1 M+1 M+l 1 2 
N_+ =--(--+-) =- (M -1) 

2 3 2 2 6 

2 
M +1 (14) 

N++ + N 
3 

M2 -1 
N + N 

+- -+ 3 
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rn r r ~~ too 

lrl 

N++ N __ 

N __ 

Cz Ct~ lCz Ctl lCt 
N++ 

[I] 

N--

[§] 

Cz 

N-
N-+ 

Pnc, 7, 3KcnepnMeHT Ha BCTpe'JIIbiX ny•'!Kax, BosMOlKIIbie Koacl>nrypaunn nMrrynh

coB B '19Tb!p9X cpoToyMIIOlKHTenSI X OT Tp9X'I8CTll'IIIOfi peaKUllll, Ecnn ABe '18C

TllUbi0 nonaawne B OAHH ns C'li!T'IHKOB TenecKona, noAJKnraiOT sneMeaTapabie 

CUllliTHnnSITOpbl OAIIOHMSIIHOrO 3H8Ka0' TO CX9Mbl COBIT8A9!Illfi ASIOT OAHH OTC'Ii!T, 

Ecnn lK9 AB9 'ISCTllUhl B OAHOM ll TOM lK9 C'lilT'I::!Ke ITOAlKHraiOT sneMSIIT8pHbl9 

CUHHTnnnSITOpbl pa3HOllM9HHOrO 3H8K80 TO COC'IllTbiBSIOTCSI ABS llMITynhCa, 

HanpnMep, AnSI nepaofi Koacl>nrypaunn: N n N+ 
++ -

0CT89TC.II rrpOB9pHTb 0 .ll89T lllt rrpHM9H9HH9 anropHTMa ( 11) K 3THM C06biTH.IIM 
M 

HYI19BOii BK118.1l B ~ f ( i ) , ,UeiiCTBHT911bH0 0 3TO TaK: 

' 
M2+ 1 

(N+++N __ )-
2 

(N+_+N_+) = 
M -1 

M2+1 ----
3 

M 2+ 1 

M2-1 
M2-1 = 0, 

3 

( 15) . 

nerKO y6e,llHTbC.II B TOM, ~TO rrpHH.IITOe BhlWe orpaHH'I9HHe Y'I8CTK8 HH.Il9KCOM 

K = 0 HHKaK H9 CK83biBaeTC.II Ha npoBe,lleHHbiX BbiKI18JlK8X, noaTOMY B K8KOM · 

6bi Y'I8CTKe BCTp9'1H rry'IKOB He rrpOH30W911 rrpOU9CC C Bbli19TOM TpeX '18CTHU 0 

o~ acer.na .naeT BKna.n B ~ I (i) , paBHbiii Hymo, 
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Pnc. 8, CxeMa ncnonb30BSHHH TenecKona H3 MynbTHnneKCHbiX C'I~T'IHKDB 

JlnH oT6opa OJlHHD'IHbiX 'ISCTHU, npowe)lwnx 'lepe3 wenb III, n HMerownx 3a

JlaHnyro KpHBH3HY TpaeKTOpHH0 B WHpOKOM HHTepaane yrnoB0 KOTOpb!e 'ISCTH- . 

Ubi o6pS3YIOT C Ue!ITpanbHOII: nnOCKOCTb!O n, 
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Haxoaeu, cneayeT aaMeTHTb, 'ITO Be~ aTo nepao TaKme B cnyqae nro6oro 

MHoroqacTH'IHoro npouecca. EanacTneaaoe, 'ITO aeo6xoanMo, - aTo To, 'IT06bi 

OTCYTCTBOB8JIH K8KH8-JIH6o B38HMHbie yrJIOBbiS KOppemiUHH Memay '18CTHU8MH, 

Ecnn ~To ycnonne H8pyw8eTcst, TO naTepB8JI 38XB8TbiB8eMbiX yrnoB 

(} i- (} npHASTCSI p836HTb H8 HSCKOJlbKO C8MOCTOSIT8JlbHbiX HHT8pB8JIOB, 
1 2 

ll5 

B 38Knroqenne nepeqncnnM eme aecxonhKo Tnnn'IHbiX 38.118'1, KOTOpbre 

MOmHO peWHTb C noMOIUbiD TeneCKOfi8, COCTOSIUiero H3 ABYX MyJibTHnneKCHbiX 

CUHHTHJIJISIUHOHHhlX C'I~T'IHKOB: 

I. Bbrneneane co6brTn:A, xor.118 qepea C'I~T'IHKH npoxonsT O.llHHO'IHbie 

'18CTHUb~t orpaHH'ISHHbie OAHO:lt IU8JlbiD1 TpaeKTOpHSI KOTOpbiX HCKpHBJI8H8 M8r

HHTHbiM noneM B o6JI8CTH Memay C'I~T'IHK8MH, TenecKon perHCTj:mpyeT T.OJlbKO 

'18CTHUbi C 38A8HHOn KpHBH3HOn TpaeKTOpHH B YCJIOBHSIX !poHa 'ISCTHU C Apyron KpH-· 

BH3HOft (pnc, 8) • 

2. Bbrpea8HHe p86oqero o6'beM8 B onbrTax c raaoBo:A MHIUeH&IO 6ea 

noMOIUH KOJIJIHMHpyrotnHX BX OAHbiX IU8Jl8BbiX OKOH HJIH onpeASJISIIDIUHX C.'I~T'IHKOB, 

8, Bbraeneane co6brTnft B Mnwean M , KOTop8H noMerueH8 B MarHHTHoe 

none, xor.ll8 aTH co6biTHH X8p8KTepnayroTcSI onpeaeneHHbiM co'leT8HHeM xpn ... 

BH3Hbi Tp88KTOpHH '18CTHU H yrnoBo:A KoppenSIUHH Memay HHMH. H8npnMep, 38A8H8 

KpHBH3H8 t H yron Memay '18CTHU8MH a , 
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