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B CTaTbe n:anaraeTCSI MeTOA MOAenn:poBaHHSI nepn:tjlepn:'I~CKHX B3aHMO

geiiCTBHfi. 06br'IHbiil: MeTOA renepaun:n: cny'lail:HbiX aneag ( 'I'n:na nporpaMMbi 

;1 2 3/ - . 
ctJQPC ' ' ) AJIR 3TOI'O Ue I'OAHTCSI: OH paCC'IHTaH Ha BCCB03MO)Kllble 

YI'llbl BblnCTa BTOpHtiHbiX 'laCTifU, B nepn:tjlepn:fiHbiX )KC B3aHMOAel!:CTBHSIX npe

o6naAaiOT Manbre yrnbi ( Manhre nepeAa'ln: n:Mnynhca), pa6oTa 3BM no npor

paMMe ct>OPC cTanm3n:Tcst uea¢tjleKTHBHoii. CymecTBYIOT, np~BAa, n~nnHaTn:-
Bbi: aagaThCSI aKcnep8MenTanhHhiM pacnpegenenn:eM yrnon BbrneTa caMoii 

Tst)l{enoii iia BTopn:'IHbiX 'laCTHU ( B c.u.M.), a nanpanneun:st gpyrn:x paabri'pbi

naTh no nporpaMMe ct>OPC. Ho ganhHeiiume o6o6menn:st na .aToM· nyTn:· ne

B03MO)Kllbi. I1anaraeMbiH )KC MCTOA1 no:...BHAHMOMY t TaKn:e o6o6meun:st gonyc-

KaeT. 

§1_. UeHTpsnbHbie B3SHMOI1eiicTBHR O'leHb BbicoxoJt 

MHOlKeCTBeHHOCTH 

ITpe)Kge 'leM o6paTn:ThCst K MOAenn:ponann:ro nepn:tjlepH'IecKn:x naan:Mo

geiicTnn:ii, none3UO paCCMOTpeTb B03MO)Kll0CTb MOA9l1Hp0BBHHSI TaKHX UeH

Tpal1bllbiX B3aHMOAefiCTBHH 1 B KOTOpbiX B03HHKaeT O'ICHb MHOI:'O BTOpH'IHbiX 

'lacTn:u. ITporpaMMa ct>OPC, nanpn:Mep, AaeT cny'lail:Hble saeSAbi c MHO)I{eCT

eenuocThiO ne 6onee 20. KaK c ee noMOUlhiO paabrrpaTh 40-ny~eeyro cny'lal!:

nyro 3B93Ay? (B npHUUHne nporpaMMa ctJQPC no3BOJ1HCT · MOAenn:pOBBTh 3Be3-

Abl npn: JII06biX n 1 HO HBKOnnenn:e CHCTCMaTH'ICCKHX OWH60K MOI'JIO 6bi 

npH 6onbWHX n HCKa3HTb pe3ynbT8Tbi). 
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TiocTynnM cnenyroiUHM o6paaoM. Paao6beM ace D ..:mcTHil Ha nae 

rpynni.,I A H B • no H DB 'iaCTHil B K8)!{ll0H D . A 

A~ 1 + 2 + , , .+n A 

( 1 ) 
B ~ 1 +2 + ' • ' + DB ' 

flycTb KOMnoHeHTbl HMnyllbCa rpynnbl A B ColloMo paBHbl ( p , . '1/ = 
A A 

=co" OA , cpA),· a!fl!fleKTHBHhie MaCChi rpynn O,A H B paBHbi m 0 rnA 

H m B 1 CyMMbl MaCC nOKOSI 'iaCTHil H3 rpynn 0, A H B cyTb flo· IL A 

H IL B , a KHHeTH'ieCKaSI aaeprHSI 'iaCTHil H3 rpynn 0, A HliH B B HX 

CHCTeMaX noKOSI CYTb T () 

(lfla30BbiH o6'beM) scex n 

T A HliH T B • Torna HHTerpan coCTOSIHHfi 

'i8CTHU MO)!{HO npellCTaBHTb B BHlle f 4f 

S (m 0)=ffff dm!dm~d'1/Ad¢A.L.!..Ls (m )S (mB), 
n ~ ' 4 mo n A A nB 

\ 
I"lle 06llaCTb HHTerpnpOBI:l.HliSI I eCTb 

\ 
0:5_TA :5_T 0 

\ 
OjTB :s_T 0 -TA 

\ 
-1 <\ 71 .< 1 -,.,A-
0 <..I. <211. - '1\A 

\ 

(2) 

(3) 

cl;lopMyna (2) n03BOliSieT pa3b!I"pb!B8Tb Clly'iafiHhie 3Be3llbl C MHO)!{eCT-

BeHHOCTblO D , eCliH Mbl yMeE;M pa3b!I"pb!BaTb Clly'iaHHbie 3Be3llbl C MHo-

)!{eCTBeHHOCTblO D A H DB • PfiCC'iHTaeM liJa30Bbie 06'beMbl SnA lm A) H 
\ 

SnB (mB ) B l!y)!{HOM HHT~pBalle Mace 0 ~ TA , TB~ To 

eM 'i9TBepKy cnyqafiHhiX queen · r 1\, r 2 , r 
3 

, r 4 

• Paahirpa-

cen r 1 , r 2 

BepKy 'iHCell 

Bhi6epeM MeHblllee 

TA ,TB •'1/A• cpA 

B HHTepsane (0,1 ). Ha 'iH-

H 6ollblllee_ r • Bbi'iHCliHM ':leT-

no !flopMynaM 

4 

.t ' 

. / 
I 

''I " 

'i' 
'I 

l 
~ ' 

\] ' 

:j 

·~I 

'f ,, 
n 

! 

T =r 'T T =(r"-r')T 
A 0 B 0-

'1/ = 2r -1 
A 3 

..I. =211r • 
' 'I' A 4 

flpHCB0ll"::1 STOll 'ieTBepKe sec 

-I Ill = 811 m m p m 
0 

S · (m ) S (m ). 
A B A nA A nB B-

Paabirpas N TaKUX "JeTBepOK 1 HafineM Han60llblllee lfl = lfl , flpn: 

TOll 6paKOBKU: OCTaBUM liHIIIb Te N' "'eTBepOK 1 llliSI KOTOpb!X 1J 

cnyqafiaoe "'ncno ~ 5 npnseneT K 

r 5 1fl < Ill 

oTU N' ~IeTBepOK OKa)!{yTCSI pacnpenelleHHbiMll C nliOTHOCTblO. 

naSI na Hnx onpenenSieT co6oro nsa 4-nMnynbca ( 1 A , ru A) n 

06bi'iHbie nporpaMMbl Clly"'allHbiX 3Be3ll /1-3/ · n03BOliSIIOT pa3b!I"p 

pacnallbl "'aCTUU A n B C HMnyllbCaMH p A H pB COOTB 

Ha D A 11 DB "'aCTHU, 

B nporpaMMe cl;lOPC 111 llliSI aToro rrpnMeHSieTCSI ?Pa~OBKa, 

saeTi::SI cnyqafiHaSI aseana ( n A HMnynbcos, ynosneTsop.s~romn~ 

coxpaHeHHSI H HMeromnx nepeMeHHbiX sec K n A ) • 3apaaee nase 

CHM8llbHbiH sec K n A KaK lf!YHKUUSI m A • flpn OllHHX H Tex ·)!{~ 

poabii"pbiiii aseallbi H cnyqaii:aoro 'IHClla r noBTOpSieTCSI llO TeX 

ycnosne KnA>·r KnA He 6yneT BbliiOliHeHO, 3aTeM TO )1{9 nol 

llliSI_pacnana B • 3Ta npouenypa soaMo)!{Ha H npn HeennHH'IH: 

Tynax pacnana. 

Korga aMnliHTylla pacnana nOCTOSIHHa, yno6HO nOllb30BaTbCSI 

Moll: l.J:aannepa /2/, KoTopaSI cpaay JJaeT aseanbi seca ennanua. B 
llleM llliSI npocTOTbi Mbi 6yneM npennonaraTb, 'iTO cnyqafiHbie ase: 

pnpyroTCSI no MeTony l.J:aHJmepa. 
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1.1: Bee n tJ:aeTHU Ha llBe 

( 1 ) 

B e.U.Mo paBHbl (p A , . TJ A = 

H B paBHbi m 0 , m A 

O,A n: B eyTh p.0 , p. A 

pynn 0 , A n:nn: B B HX 

Toraa HaTerpan eoeTOHHHH 

eT8BHTb B BHlle /4/ 

(2) 

(3) 

all:Hbie 3Be31lbl e MHO:lKeeT-· 

eny'lafiHI>Ie 3Be31lbi e MHo- . 

Bb!e 06'beMbl SnA·lm A) ; .H 

.::;: T.A • TB.::;: To • Paabirpa

B HHTepBane (0,1 ). l13 'IH-

Iee r 

aM 

T =r 'T 
A 0 

T =(r"-r')T 
B Q. 

TJ = 2r -1 , ¢ = 2rrr , 
A 3 A 4 

(4) 

TipueBOH~ 9TOH 'IJeTBepKe Bee 

-1 
<I> = 8rrm m p m S (In )S (m ). 

A B A 0 n A A n B B. 
(5) 

Paai>IrpaB N T8KHX 'IJeTBepoK, H8HileM H8H60nblllee <IJ = <IJ , flpHMeHHM Me-

TOll- 6paKOBKH: OeTaBHM nHIIlb Te N' 'leTBepoK, llnH KOTOpb!X ll068BO'IHOe 

eny'lafiaoe 'IHeno ~ 5 npn:BelleT K 

(6) 

3TH N' tieTBepoK OKa:lKyTeH paenpeaeneHHbiMH e nnoTaoeTbiO. <I> • Ka:lK-

aaH n:a HHX onpeaenHeT eo6o10 llBa 4-n:Mnynbea ( 1 A , ru A) u (pB, ruB ) • 

06I>I'IHbie nporpaMMbi eny'lafiHbiX 3Beaa 11-3/. noaBonHIOT pa3birpaTb aanee 

paenallbl 'IJ8eTHU A H B e HMnynheaMH eOOTBeTeTBeHHO 

'IJaeTHU, 

B nporpaMMe ct>OPC 111 anH aToro npn:MeHHeTeH ?PaKOBKa. Pa3birphi

BaeTCH eny'IJafiHaH 3Be3Jl8 ( n A HMnynheOB, YllOBneTBOpHIOIIIHX 38KOH8M 

eoxpaHeHHSI H HMeiOillHX nepeMeHHbiX Bee K n A ) • 3apaHee H3BeeTeH. MaK-

en:ManbHbiH Bee K n A KaK ljlyHKUHH m A Tipu OllHIIX 11 Tex ·:lKe. ( m A ,p A) 

po3I>Irpbiill 3Be31lbi u eny'lafiaoro 'IRena r ilOBTOpHeTeH llO TeX nop, llOKa 

B anH paenaaa 

Tyaax paenaaa. 

He 6yaeT BhinOnHeHO. 3aTeM TO :lKe llOBTOpHeTeH 

. 3 Ta npoueaypa B03MO:lKHa u . npn: neeaHHII'IHbiX aMnnn:-

Koraa aMnnn:Tylla paenaaa noeTOHHHa, yao6ao nonb30BaTheH nporpaM

Mofi I.J:aaanepa /2/, KOTopaH epaay aaeT 3Be31lbi Beea ean:an:ua. B aani:.aeil;.. 

IlleM anH npoeTOTbi Mbi 6yaeM npeanonaraTh, 'ITO eny'lafiHbie 3Be3A bi reae-

pn:pyiOTeH no MeToay I.J:aaanepa. 
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Jlp!i 6onbWHX n Bee ell_ o6na}laeT B o6naCTii I OCTpbiM llll:KOM, 

Me TOll 6paKOBKii (6) HeacpcpeKTHBeH, 1IT06bl crnallll:Tb llli~, BOCllOnh3yeMCSI OT05-

pa~eHHeM TpeyronbHHKa 

0.~ TA ~ T0 , o.::;TB~T 0 -TA (7) 

Ha npSIMOyronbHHK 

0 ~ co30 ~ 1 0 $.cp $. TT/2 

C llOMOIUblO 3aMeHbl 

2 
T A = T 0 C03 (J ' 

2 2 
TB = T 0 3in 0 co3 ¢ , 

T
0 

=To-T A -TB=To 3in
2
0sin

2
cp 

/5/ 
( CM, ) , B HOBbiX nepeMeHHbiX d cos (J dcp d cos (J A d cpA 

paBeH (o6o3Ha'leHO Ft (ml )=m, sn, (m, )) 

'P=T: 4TTco303in
2

0. co3cpsin¢ • .!A.F '(m )F (m ), 
m

0 
A A B B ( 10) 

li yT c cymecTByeT B HepenHTHBHCTCKOM npe}lene Me*llY pA 

CTporaSI nponopUHOHanbHOCTb 1 B llPYI'HX cny'laSIX yT0 npellCTaBnSieT co6o10 

Haa5onee 6biCTpo MeHHlOIUYlOCH 'laCTh p A • TaK, ~ ynbTpapenHTHBHCTCKOM 

cnyqae 

TA >> IL A' TB»p. B' To»P.o 

y[m:-(mA+mB )2][m~ -( m A -mB)2] 

PA = --------~---=-----.------~~--~~----
2m0 

6 

. ~ -

L 
i[ 

0 'J 

l 

f 

: 

yTo2 - ( T A+ TB ) ~ V To2 -CT A-T B )2 = 

2T 0 

-
1
-y-:f0 yT 0 +T.A+TB y Tg -(T_A-Tsjl• 

2T0 

IT osToMy nepenaweM (1 0) B BHJle 

5/2 3 2 
1J1 = 4 TT T 0 cos 0 sin 0 cos ¢ 3in ¢ 

p -
A--F (m_tJFB (mB), 
-- A 

m yT 
0 c 

BBelleM HOBbie nepeMeHHbie ( x, y) C llOMOIUblO COOTHC 

¢ 2 
Y ( 0 , ¢ ) = f d ¢ • cos ¢ "in ¢ F ( m ) 

O B B 

y ( (J' ¢) Y(0,cp)/Y (0,TT/2) 

COB(} 

X ( co" 0 ) = f d co" (J cos 0 • "in 3 (J F ( m ) Y ((}, ~ ). 
0 A A 2 

x (co" 0 ) = X ( co3 0 ) / X ( 1) 

HoBbie nepeMeHHbie MeHSilOTCH He3aBHCHMO Jlpyr oT Jlpyra 

(0,1), 06paTHbie cpyHKUiili (J = (J(x) , cp=cp(x,y) 0JlH03H8'lHbl, 

Hb!X (X, y ) BeC ( 12) CI'na~HBaeTCH: 

I'Jle KOHCT8HT8 paBHa 

1J1 = con,.t • .!... 
4 

X(l) T 6/2 

0 

p 

m yT 
Q c 

16 TT. 
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o6naeTH I OeTpb!M UHKOM, 

aTb llH~, BOenonb3yeMeR OTOO-

A 

OS 0 Ad¢ A 

J 
'A 

H ..,j""f ' c 

(7) 

(8) 

(9) 

Bee 'P 

( 10) 

eymeeTByeT 

'aK, I) ynbTpapenSITHBHeTeKOM 

VTo
2 

- (T A+TB )~ VTo2 -(T A-TB )
2
=· 

2T 0 

f1 OSTOMy nepenHWeM (1 0) B BH!le 

5/2 3 'P = .417 T 0 cos 0 sin 0 cos¢ sin 2 ¢ 

BBe!leM HOBbie nepeMeHHI>Ie ( x, y ) e llOMOWb!O eOOTHOWeHHfi 

y ( 0.¢) Y(O,¢)/Y (O,rr/2) 

cosO 

X ( cos 0 ) = f d cos 0 cos 0 • sin 3 0 F ( m ) Y ( 0 , !:.... ) , 
0 A A 2 

X ( cos 0 ) = X (cos 0 ) I X ( 1) 

(12) 

(13) 

(14) 

(15) 

(16) 

H OBb!e nepeMeHHb!e MeHRIOTeSI He3aBHeHMO !lpyr OT !lpyra B KBa!lpaTe 

(0,1). 06paTHI>Ie tPYHKUHH 0 = 0 (x) , ¢= ¢(x ,y) OllH03HatJHbi, B nepeMeH-

HI>! X (X, y ) Bee (12) ernaJKHBaeTeR: 

r!le KOHeTaHTa paBHa 

'P = const • .!_ 
4 

X(l) T 6/2 

0 

p 

m ..,jT 
0 c 

16 TT • 
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[. 

Ecnu ·ycnonHSI. rrpoTeKaHHSI peaKUHH TaKOnhi 1 'ITO ¢asonhiH. o5'beM S 1 rrpeJl-

~a, 
CTannSieTCSI n nHJle const •T1 ( TaK 5binaeT n· HepenSITHnHCTCKOM H ynb-

TpapenSITHnHCTcKOM rrpeJlene) 1 To nee 'I' tPBKTOpH3yeTCSI1 rrepeMeHHbie 

X H y orrpeJlenSIIOTCSI HesanucnMo (eM, tllopMynbi (31 132) n /51), Te-

· rrepb n rrepeMeHHhiX ( x , y ) nee 'I' 

peTaeT 100%-HyiO 9tPtPeKTHnHOCTb, 

IIOCTOSIHeH1 p03b!I'pb!III 3ne3Jl IIpH05-

§2. MoaenH c aaaannoil HeHaoTponnocTbiO _ 

B HeueHTpanbHhiX nsaHMOJleiicTnHSIX aMrrnuTyJla MHO:lKecTneHHoro ·po:lK

JleHHSI IIepeCTaeT 5biTb KOHCTBHTOH 1 n HeM IIOSinnSIIOTCSI 5onee HnH MeHee CnO:lK

Hbie tllaKTOpbi 1 sanHCSIIIIHe OT yrna nhmeTa 'laCTHU. PaccMoTpHM rrpocTeiiiiiHH 

IIYTb nneJleHHSI HeH30TpOIIHOCTH, llyCTb H3neCTHO pacrrpe)leneHHe yrnon Me:lK-

JlY KOMIIBYHJl-'IBCTHUeii · A 

JlaeTcSI tPYHKuueii H1r A > d 7J A 

II Ha'lanbHOH 'IBCTHUeii a n c.u.M. nycTb OHO 

1 IIpH'leM STa tPYHKUHSI He· sanHCHT HH OT 

m A , HH OT m 5 

(mA,mB) 

H He MeHSieT 1 cneJlonaTenbH0 1 pacrrpeJleneHHSI no 

p 
S ( m 

0 
) = JJJJ dm2 dm 2 d 71 d cp f( 71 ) _A_ Sn ( m ) S ( m ) • 

n I A B A A A 4m A A n 5 · B 
0 

(19) 

P03b!I'pb!III TaKOH MOJlenH HH'leM IIO'ITH He OTnH'lae'TCSI OT p03b!I'pbiiiia 

UeHTpanbHblX naaHMOJleHCTnHH1 5onee TOI'0 1 MO:lKHO JlBTb rrpanHn0 1 IIO KOTO

poMy Ka:lKJlOii "ueHTpanbHofi" sneaJle MO:lKHO rrocianHTb n cooTneTCTBHe anes

Jly "HeueHTpanbHYIO". B caMOM llene1 llnSI "ueHTpanbHbiX" snesll tPYHKUHsi 

f( 7J )= .!_ 1 n OCTanbHOM :lKe JIX pacrrpe)leneHHSI IIO ycnonJIIO He OTnH'IBIOTCSI 
A 2 

OT pacrrpe)leneHHH sne3Jl n 'Haiiiefi HOBOH MO)lenHo llyCTb Mbl KBKHM-TO o5-

pa30M pashrrpanH O'lepeJlHYIO cny'laiiHyiO "ueHTpanhHyiO" snesJly (HarrpHMep 1 

no rrporpaMMe /2/) neca eguHuua. Bhi'IHCnHM a Heii: n c.u.M, aauMyTanhHhiii 

H IIOnSipHbiH yrnhi neKTOpon 

... ... ... 
p =p +·•·+P 

A 1 nA 

..... ...... .... 
p = p - p 

B 0 A 

a HMeltRO 

8 

.. 
I. 

? 

~'~ 
~\f. 

I 
! 

- il 
~ 
I 
;\ 
f: 
i 
!I 

~ ./ 

...... ..,.p> ...... 
z p A 

, co~¢ A-= 
X A 

si ·n cp = 
y p A 

7J = . A 
PA p y1-7]2 

A. 
p y1- 7]2 

A A A A 

3aTeM n COOTBeTCTBHH c pacrrpeJleneHneM £ ( 71 ) d 71 
A A 

pa3bii'1 

KOCHHyC IIOnSipHOI'O yrna 7].:.. 1 OCTannSISI aSHMyTanbHbifi yro1 

HarrpanHM rrpe:lKHHe no nenu'lnHe nMrrynbChi 
... ... 
p A 1 p B B HOnOM J 

_._,. , , 
zp A = pA TJ A ' 

...... , ...... _, '2 .A.. 
x p = xp v 1- TJ cos 'T' , 

A A A A 

YP' = Y p V 1- TJ ' 2 sin¢ , 
A A A A 

unu 

-+-+, -+-+ 1'J~ ....... , ........ -+-+, -+-+ 
Z p A = Z p A -- ' xp A = X p A • k ' y p A = y p A • k 

j , 2. 
~ 1-7]A 

,k= 1-7]~ 7JA . A 

I1MIIynbCbl ncex 'IBCTHU rpyiiiibl A nepenelleM n cncTeMy 1 1 

... ... 
p * = p -p A 

I I 

cu 1 +cut 

m , + cu 
A A 

cu* 
I 

...... 
CUI CU A- p· I p A 

m 
A 

a 38TeM H3 9TOH CHCTeMbl OTC'leTa n CHCTeMY1 I'Jle HMIIynl:iC 

paneH 
... , 
pi\ 

... , -+* 
p 1 = PI 

... 
+pA 

cu* +cu ' 
I I 

m A+ cu ' I'Jle 
A 

(U ', 

... * ... cut CU Af p I p A 

mA 

·TaK :lKe cneJlyeT IIOCTYIIHTb C 'IBCTHUBMH H3 rpyiiiihl B 

HeH30TPOIIHOH, He MeHSISI cnoero enHHH'IHOI'O neca. 

• 3ne 

K CO:lKaneHHI0 1 OIIbiT IIOK83binaeT1 'ITO, HSH30TpOIIHOCTb HeUI 

naaHMOJleHCTnHfi corrponO:lKJlaeTCSI H3MeHeHHeM CIIeKTpa Mace rpy 

llepefiJleM K TaKHM MOJlenSIMo 
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·o . ~aaoabifi • o6'beM S 1 npea-

: B·HepellRTHBHCTCKOM H ynb-

flaKTOpn:ayeTCSI1 nepeMeHHble 

)pMynhi (31,32) B /51), Te-

teH, poabii"pbiiii aaeaa npn:o6-

TpOUHOCTbiO 

RTylla MH0)K9CTB9HHOI"O pO)K

IIDTCSI 6onee HllH MeHee CllO)K

HU, PaccMoTpn:M npocTeiiiiin:ii 

o pacnpeaeneHn:e yi"noa Me*

:uefi a B C,U,M, nycTh OHO 

a t!JyHKUHSI He 38BHCliT HH OT 

nhHo, pacnpeaeneHn:SI no 

)S (m ). 
DB ' B ( 19) 

OTllH"'ae'TCSI OT p03bli"pbliiia . 

KHO llaTh npaBHl101 no KOTO

raBHTh B COOTBeTCTBHe 3B93-

'HTpallbHblX" 3B93Jl t!JyHKUHSI 

;r no ycnoan:ro He oTnn:"'aroTCSI 

rn:, nycTb Mbl KaKHM-TO 06-

18llbHyiO" 3B93llY ( HanpHMep, 

Heli B C,U,M, aan:MyTallbHbiH 

-·P 
A 

...... 
tvA 

...... 
z p A y PA TJ = . cos¢ = . si ·nrp ·= 

(20) A 
PA 

A· 
p Ayl- TJ ~· 

A. 
yl- TJ2 

PA A 

3aTeM B COOTB9TCTB~H c pacnpeaeneHn:eM f ( TJ ) d TJ 
A A 

pa3bli"paeM HOBblfi 

KOCHHyC nonSipHOI"O yi"na TJ/. , ocTaBnSISI aan:MyTanbHhifi yi"on npe*HHM. -

B HOBOM Hanpaanemm 

-+ _,. " " 
zpA =p 7J ' A A 

...... ... 
xp' =kp yl-7] ' 2 cos cpA, 

A A A 

-+-+, .......... 11~ -to-+, -+-+ ....... , -+-+ 
z p A = z p A -TJ- , xp A = x p A • k , y p A = y p A • k , k 

A 
(21) 

I1MnyllbCbl BCeX 'iaCTHU I"pynnbl A ... 
nepeB9ll9M B CHCTeMy 1 I'Jl9 p =0 

A 

... ... 
-;t* 
t'l =pl-pA 

m , + cu 
A A 

cu* 
I 

...... 
cuI cu A- p· I p A 

m (22) 
A 

a 3aTeM H3 STOH CHCT9Mbl OTC'ieTa B CHCTeMy, I'Jle H:Mnynl>C rpynni.I A 

paaeH 
... , 
P,._ 

... 
+pA -----. I"ll9 cu' 

I 
mA 

·TaK )1{9 cneayeT ilOCTynn:Th C "'aCTHUaMH H3 I"pynnhl B 

H9H30TPOilHOfi, He MeHSISI CB09I"O 9llHHH"'HOI"O Beca. 

(23) 

• 3aeaaa cTaHeT 

K co*aneHHIO, onhiT noKa3biBaeT, 'ITO, aen:aoTponHoCTb aeueHTpanhHhiX 

B3aHMOll9HCTBHfi conpOBO)KllSeTCSI H3MeHeHn:eM cneKTpa Mace I"pynn A II B 

nepefill9M K TaKHM MOll9llSIM, 
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I 

I 

t. 

§3. fi1oaenHpOB8HHe nepHpepHqecKHX·B38HMoaeHCTBHH 

B MOJlen.IIx c nepHciJepH'leCKUM B3aUMOJlell:cTBUeM B HHTerpan cocTO.IIHUll: 

o6bi'IHO BBOJlUTC.II pacnpeJleneHue no t - KBaJlpaTa~ 4-nepeJla'l uMnynbca 

OT b K B ( unu OT a K A ) TaK, 'IT06b! Manbie (no MOJlymo) 

3Ha'leHU.II t" BCTpeqanUCb MHOI'O 'laiUe 6onbiiiHX. B JlOIIOnHeHHe K ciJaKTOpaM 

S n ' S n A B 
B HHTerpan COCTO.IIHHll: IIOJlKniO'la!OT TaK)I(9 MHO)I(UTenu [A(m_l,fAmJ. 

B HTore ceqeaHe rrpouecca Bbipa)l(aeTC.II HHTerpanoM 

u =ffffdm~dm~d71Ad¢A X 

X 
1 PA S (m ) S ( m )[ ( m )[ (m ) - - [ (t). 

n A . A nB B A A B B 4 m
0 

Y Jl06HO 3aMeHHTb T/ Ha t • Ta~ KaK 

2 2 2 
t=(p -p l=m +m -2w w +2p p 71 

a A a A a lA a A A 

H TaK KaK npH ciJHKCHpOB8HHblX 

T0)1(9 ciJUKCHpOBaHbl 

TO 

TaK 'ITO 

(() = 
A 

2 2 2 
mo +m A-m B 

2m 0 

_1_ 2.!_ d71 A 
4 mo 

rnA ,m 
B 

BenH,HHbl 

2 2 ,2 
p = w - m· A A A 

dt 

8 m o P
8 

2 2 
U= ffffdmAdm dtd¢ SA[AS [Bf{t). 

Sm p B A B 
o a 

10 

(24) 

(25) 

W a IUA ,p a'p A B C.U.M. 

(26) 

(27) 

(28) 

BenH'IHHa t BCei'Jla oTpHuaTenbHa. Oaa ·MeH.IIeTC.II B npe 

0 <- t + :5 - t :5 - t 

rne 

±. 2 2 
=m +mA-2w WA+2p p·A. a_ a - a 

Ope)len 
+ -t O'leHb 6nH30K K ayn10, a cnaraeMbie no o6e cTopc 

Ka : B (30) 6biBa!OT npH Bb!COKHX 9Hepi'H.IIX 0'19Hb BenHKH. ,Ung ~ 

xoporna rrpH6nH)I(9HHa.II ~opMyna 

rne 

+ a{3m~ +(a-{3Ham;-{3m:) 
-t -

m 2-m2 
a = ----'A~_.....;;a'-

2m 0 

{3 

p2 
a 

m2 - m2 
B b 

2m
0 

3aMeTHM, KCTaTH, 'ITO B 9THX )1(9 ycnOBH.IIX OTKa3biBaeT H q 

eCnH C ee noMOIUb!O Bbl'IHCn.II!OT no t yron BbineTa A • n 
n.HTb CHHYC nonOBHHbl YI'na M9)1(JlV A H a 

Bun WHKUHH 

[( t) = ( t- m 
2 

) -
2 

TT 

[ ( t) 

"in -
1
-0 2 A 

j t+- t 

'= 2 p 
pa A 

B pa3HbiX Monen.Hx paanu'leH. B "MOll 

161, B "Monengx c ciJopM-ciJaKTopoM' Htl=¢(t)(l 

I'Jle ¢ ( t ) ·: B CBOJO oqepenb, 6biCTPO y6bmaeT c POCTOM It I 
UH.IIX THna 

TT + N -+TT+ ••• +TT+ N 

11 



il:CTBHeM B HHTei'paJI COCTOSI!!Hfi 

aaapaTa~ 4-nepeaa~ HMnynhca 

K, ~To6bi MaJibie (no Moaymo) 

nmx. B nononnenHe K tiJaKTopaM 

~IIOT TBK:lKe M!IO;>i{HT9JIH fA(m),f~mJ. 

aJIOM 

(24) 

, A TJ A (25) 

•9J1H~H!Ibl W a {l)A ,p a'p A B C,U,Mo 

(26) 

(27) 

(28) 

BenH~Hna t acei'aa oTpHuaTenbna. Ona ·MensreTcsr B npeaenax 

0 + -~-t .:$-t.:$-t • 
(29) 

(30) 

+ I1 peJleJI - t o~enb 6JIH30K K nymo, a cnai'aeMbie no o6e CTopoHbi oT sna-

Ka + B (30) 6hiB8!0T npH Bb!COKHX anepi'HSIX 0~9!1b B9JIHKH. ,Unsr 3TOI'O CJiy'Iali 

xopoma npH6JIHlKennasr ~opMyna 

(31) 

{3 

3aMeTHM, KCTBTH, ~TO B 3THX lK9 YCJIOBHSIX OTK83b!B89T H tiJopMyJia (25), 

ecnn: c ee nOMOIUb!O Bbi~HCJISIIOT no t YI'OJI Bb!J19Ta A • ny~me Bbi~HC-

JlSITb CH!IYC noJIOBH!Ibl YI'Jia M9:lKJlV A H a 

sin -
1
- (} 
2 A (33) 

BHa tiJynKUHH f (t) 

f(t)=<t-m 2 )-2 /6/ 
TT 

B pa3HbiX Moaensrx pasJIH'Ien. B "MoaeJIH 4y-noy" 

B "Moaensrx c tiJopM-tPaKTopoM' Ht) =t/>(t)(t-m 2 f 2 171 
TT 

I'ae c/1 ( t ) •: B CBOIO 0~9P9Jlb, 6b!CTPO Y6bJB89T C POCTOM I t I • B peaK-
UHSIX THUa 

(34) 

11 



,.. 
i 
:·,. 

,: 
I 

ill 
/I 

I 

. MOlliHO, KaK noKa3aHO B /8/, rpynny B o5pa30BaTb H3 OJlHOrO KOHe'IHOro 

HyKnOHa N , a B rpynny A BKniO'IHTb BCe 17 - M830Hbl 0 npHHSIB npH 3TOM 

kt 
Ht)=e 

· rJle k - KOHCTaHTa. TOrJla B (28) 'lneHbl 0 3aBHCSIIIlH8 OT mB 

B pa5oTe 
191 

noKaaaao, 'ITO B peaKUHH 

N+N ... 17 + ... +17 +N +N 

(35) 

, BbinaJlyT, 

(36) 

npH Bb!COKHX 3HeprHSIX cneJlyeT B rpynnbl A If B BKnJO'IaTb no OJlHOMy 

HyKnoHy, a 17, - Me30Hbi nepepacnpeJlenSITb no rpynnaM npouaaonbHbiM o5-

pa30M, npu 3TOM 

a. 

-2 
Htl=4dtHt-m~.l, 

f =m 2 , f 
.A A B 

2 
=m 

B 

(37) 

(38) 

KaK u B § 1, po3birpbilll aaeaJl, noJl'IHHSUOlllHXCSI aaKoHy (28), JlOnllieH 

npoHCXOJlHTb B JlBe CTaJlHH: 1 ) p03blrpb!lll '18TBepOK napaMeTpOB T A , T B ' . 

t •. cpA • pacnpe.qeneHHb!X no (28); 2) JlnSI KalliJlOH TaKOH '18TBepKH p03b!rpb!lll 

pacnaJla .1A II B • BTopaSI cTaJlHSI, KaK Mbi aaaeM, npoXOJlHT c BbiCOKoii 

( 100% H!iH 5nH3KOH K 3TOMY) aiflifleKTHBHOCTbiO, O.CTaeTCSI nHl!lb HaMeTHTb nyTb 

poabtrpbillla 'leTaepoK T A , 
1 

T 5 , t , cpA • OH 5nuaoK K TOMY nyTH, 

no KOTOpOMY Mbl lllnH B § 1. 

Ha'l:HeM c 17 N -B3aHMOJleiicTBHii Tuna (34), (35)~ B aToM cny'l_ae (: B=N) 

u - I d m ~ d t d cpA f( t) sn A (m A ) • 

Bhi'IacnuM nepaoo6paaHyiO oT f( t) 

0 
.\(t >= fHt ldt 

t 

12 

(39) 

(40) 

BaeJleM HOBYIO nepeMeHHYIO C nOMOlllbiO 

.\(t) = r A(t +) +0-r) A(t- ), 

3TO Jl88T 

£( t) d t = -d.\ ( tl = + [ .\ ( t- ) - .\ ( t .+ ) ] d r , 

T8K 'ITO' • 
'1Q 1 217 

u = I d T A I d r I d ¢ A [A ( t- ) - A ( t + ) ] S (m A ) • 
0 0 0 n A 

TioJlbiHTerpanbHaSI if!YHKUHSI y:iKe nuumnacb ocTporo naKa no t 

MOCTb ee OT m A MOllieT el!le 5b!Tb CHnbHOH. B 3TOM cny:'lae H. 

5ynupoBaT~ Ha ( 0, T0 ) cpyHKUHIO 

TA 

JLA (TA) = IdTA 2m Sn (m )[A(t- )-A(t+)), 
O A A A 

If BBeCTH Ha (0,1) HOBYIO nepeMeHHYIO 

s = A 
JlA(TA) 

JL A(To) 

TorJla 

I I 217 
u = JL ( T ) I ds I dr I d ·¢ 

A 0 O Ao n. A 

TI 0 cny'laHHb!M ''IHCnaM 

ypaBHeHHSI (45)) If t 

Pbllll c/J.A B HHTepa_ane 

"'IJ,CTHU A H B""N • 

sA If r MOlliHO onpeJlenHTb T A ( K 

(KaK KopeHb ypaBHeHHSI (41)), nocne 'le: 

( 0, 2rr > nonHOCTbiO onpeJlenSieT coboiO 

CxoJlHbiM o6paaoM MOlliHO MOJlenupoBaTb Tatme .·rr~.~1 H NN 
peHitSI, B KOTOpb!X MaCChi o6eHX KOMnayHJl-'laCTHU A If B 3 

13 



~,~,~~~~~-~~' ~------::--,---,---------------~~---~--~---------~-----

,a30B8Tb H3 OJ:tHOI'O KOHe'IHOI'O 

17 - M930Hbl 1 . npHHHB npH a·TOM 

(35) 

9.BHCHIIlH9 OT m
6 1 BbmaayT. 

(36) 

H B BKniO'I8Tb ITO OJ:tHOMy 

10 rpynnaM npoHasonbHbiM o6-

(37) 

(38) 

:IOIIlHXCsr aaKoHy (28) 1 AOn:lKeH 

lTBepoK napaMeTpOB T A , T B 

:aoil: T8KOil: '19TB9pKH p03b!I'pb!lll 

:bi 3HaeM, npOXOJ:tHT C Bb!COKOil: 

OCT89TCH nH!llb H8M9THTb nyTb 

lA • OH 6nH30K K TOMY nyTH, 

:4), ( 35 ) .. B aToM cny'I!le (: BsNl 

(39) 

(40) 

BseaeM HOBYIO nepeMeHHYIO C llOMOIIlbiO 

.\(tl= r.\(t+l+O-r).\(t-), 
(41) 

3To aaeT 

f ( tl d t = -d.\ ( t) = + [ .\ ( t- ) - .\ ( t .+ ) ] d r , 
(42) 

TaK 'ITO~ • 

(43) 

lloJ:tbiHTerpanbHasr l}lyHKUHsr y:lKe nH!llHnacb ocTporo nnKa no t 
1 HO 38BHCil-

MOCTb ee OT m A MO:lKeT eme 6biTb CHnbHOil:. B 3TOM cny:tJ:ae HaJ:tO npoTa~-

6ynHpOBaT~ Ha (0 • T0 ) I}JyHKUHIO 

TA 

ll ( T l = f d T A 2m S n ( m ) [.\ ( t- ) - .\ ( t +)] , 
A A O A A A (44) 

H BBeCTH Ha ( 0 1 1 ) HOBYIO nepeMeHHyiO 

(45) 

Tor a a 
I 217 

a = ll ( T ) f ds f dr f d ·¢A 
A o o Ao n. (46) 

llo cnytJ:afiHb!M ''IHCnaM 

ypaBH9HHSI ( 45)) H t 

sA H MO:lKHO onpeaenHTb T A ( K8K KOpeHb 

Pbllll ¢ •A B HHTeps.ane 

'tiJ.CTHU A R B ;;;;:/'i • 

( KaK KopeHb ypasHeHHSI (41)), nocne tJ:ero. pa3bii'

( 0, 217) nonHOCTbiO onpeAensreT COt>OIO HMITY1JbCbl 

CxoJ:tHbiM o6paaoM Mmtmo MoaenHposaTb Tmme .·17!:t.-; H N N - coyaa-

peH!tsr, B KOTOpb!X M8CCbl o6eHX KOMnayHA-'18CTHU A H B 3apauee He 

13 
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I 
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I 
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<!JIIKCI!pOBllHbl, Y CJimKHeHIUI 3AeCb HeBeJIIIKII, 3aniillieM (28) TaK: 

'1Q '1Q-TB t+ 2rr 

a= f dT F (m ) f dT FA(m ) f dt f{t) f d cp 
0 . B B · B 0 A ' A t- O A 

(47) 

BKJIIO'IliB B FA ( F B ) BCe <!JaKTOpbl, 38BliCSIIIliie TOJibKO OT m A ( mB) • llpo-
1 

/ 

seaeM II aaecb aaMeHy t Ha r c noMOIIlhiO (40), (41). llocne IIHTer

pRposanusr no r. u cpA ocTaHeTcsr AByMepHbiil: IIHTerpan no o6nacTn I 

TA >-._0, TB>-:_0, TA+TB~ T 0 (48) 

OT <!JYHKUII~ 

!I>(TA,TB )=FA(niA) FB(mB}[A(t-)-A(t+ )] (49) 

T O'IKli ( T A • T B ) C nJIOTHOCTbiO Ill pa3bii"pbiB8IOT 1III60 MeTOAOM 6pa-

KOBKII, JIII60 CI'JI8)1{IIB8SI nJIOTHOCTb nyTeM 38MeHbi nepeMeHHbiX ( T A , T B ) -+ (x, y) 

C ftOMOIIlbiO paBeHCTB 

•. 

TA • 

Y ( T B , T A ) = f d T A FA ( m A)[,\ ( t-) - A ( t + ) 
0 

·o::_T
11

::,T 0 , o::_T,...::;T0 -T~~, 

('J' T )-Y(T T l/Y(T T -T y B' ·A - B ' A B' Q. H 

0 ..- y ..- I ' 

'G• 
X ( 'l'n ) = f ,J Tn F B ( m B ) Y ( TB , T 0 - T B ) 

0 

0.5Tn~T0 

X ( T B ~ = X ( TB l I X ( T 0 l I 

o.::;x.,.l. 

14 

(50) 

(51) 

(52) 

(53) 

· B nepeMeHHbiX x , y , r , ¢A nHTerpan (47) o6pamaeTCSI B 

1 1 1 27T· 

a= X(To lrf dxfdy fdr fdcpA 
'o o o o 

Cny'Iail:noe 'IIICJIO x noasonsreT nony'InTh T B , a y-T A 

· onpeaensreT t n aaTeM 71 A , HBKOHeU, cp A onpeaensrE 

nMnyJibCbl P A, P B 'IBCTIIU A II B • .llanhHeil:miiil: po 

KBK B §1, 8<!J<!JeKTliBHOCTb TBKOI"O MeTOAB p03bii"pbllli8 - 100% 

O'IeHb ~biCOKIIe MHO)I{eCTBeHHOCTlio 

llpaKTn'IeCKasr nposepKa npeanaraeMoro MeToaa He np 

flHTepaTypa 

1. B.E. KoMOJIOBll, r.H. KonbiJIOB. flpeirpHHT' OHHH P-2027, 

. 2. J.P. Chandler, c.A.Tilger. Preprint, Indiana Ur 

3. 'G.R.Lynch. Preprint UCRL-~0335, ~9p2. 

4. r.H. KonblJIOB. )f(3TtP, Jlfl, 10, 1060( rjJopMyJia 23). 

5. r.H. KonbiJIOB. llpenpHHT OHRH P1-4?81, .ay6HB, 196 

6. G.F.Chew,. F.E;.Low, Phys. Rev., ~~3, ~640, '~9 

7. E,Ferrad, F.Selleri. 'Nuovo Cim, ~ 453, ~962. . . 
B. G.Biatkowski, R.Sosnowski. Phys. Lett., 25B, 51 

9. E.n~ tPeitH6epr, a.c. 'C./epHllBCKHH. YtPH, jg, 3, 1964. 

PyKonncb nocTynnna a nanaTeflbCKilil oTi 

31 HHBapR 1969 rona. 
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3amnlleM (28) TaK: 

277 

I d¢ • 
l A 

(47) 

lillie TOnbKO OT m A ( mB) • flpo- 1 

HllbiO (40), (41 ). flocne ~HTer
epHhi:li JIHTerpan no o6nacTn: I 

(48) 

) ] . 
(49) 

3hii'pbiB8IOT nJI60 MeTO.z:tOM 6pa-

9Hhl nepeMeHHblX (T A , TB)-> (x ,y) 

II (50) 

(51) 

r a > 

(52) 

(53) 

B nepeMeHHhiX x., y , r , ¢A n:aTerpan (47) o6pamaeTcn n 

. 1 1 217· ' 

a .. X(To )j dxfdy fdr fd¢A • 
'o o o o 

Cnyqa:liaoe qn:cno x noanonneT nonyqn:Tb ; qn:cno r 

onpeaenneT t II 38TeM Tf A 1 HBKOHeU, ¢ A onpe.z:~enneT nonaocTbiO 

n:MnynbChi 'IBCTIIU A B • .llanbaefimn:fi poabii'phiW JI.z:teT 

KBK B § 1. 8!j>!j>eKTIIBHOCTb TBKOI'O MeTO.z:ta p03bii'pbiW8 - 100%, .z:tOCTII>KJIMhl 

O'leHb pbiCOKIIe MHO>KeCTBeHHOCTHo 

flpaKTJI'!ecKan nponepxca npe.z:~naraeMoro MeTo.z:ta He npon:ano.z:tJinacb. 

lluTepaTypa 

1. B.E. KoMonoaa, r.H. KoiibinOB. llpei:rpHHT OHHH P-2027, .ayoHa, 1985 • 

. 2. J.P. Chandler, C.A/I'ilger. Preprint, Indiana Univ., ~966. 

8. 'G.R.Lynch. Preprint UCRL-~0335, ~9p2. 

4. r.H. KoiibinOB. )[(::JTcfJ, ..!1Jl, 10, 1060( cjJopMyna 28). 

5. r.H. K'oiibiOOB. flpeiipHHT OHRH P1-4?81, . .ayoHa, l868. 

6. G.F.Chew,. F.E;,Low, Phys. Rev., ~~3, ~640, '~959. 

7. E.Ferrad, F.!j3elleri. 'Nuovo C~~. 24, 453, ~962. 

B. G.Biatk:owski, R.Sosnowski. Phys. Lett., 25B, 5~9, ~967. 

8. E.n~ cfJeilH6epr, .a.c. lfepHascKuil. YcfJH, jg, 8, 1864. 

PyKOOHC& nocTynHna a HanaTen&CKHA oTnen 

31 siHaapll 1969 rona. 
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