


1. 8 3KcnepMMeHTaX, nOCBR~eHH~X MCCJleAOBaHM~ MHTep$epeH

LjMOHHbiX KOppeJlRI.jM~ TO>KAeCTBeHHbiX 4aCTMI.j, HaMeTMJlaCb TeHAeHLjMR 
K nOCTeneHHOMy nepeXOAY OT ~BYX4aCTH4H~X KOppeJlRI.jH~ K MHOro-
4aCTM4HbiM /eM., HanpMMep, /l- 1 I. B 3TO~ csR3H Mbl xoTHM npo
aHanM3Hposarb KOppeJlRI.jHM B 4eTWpexnHOHH~X CHCTeMax2rr+2rr-

H 2rr 0 rr +rr -, llOCKOilbKy 3TH KOppenRI.jHM o6na11a~T Oco6eHHOCTRMH, 

OTJ1M4a~~MMH MX OT KOppeJlRI.jH~ KaK B CMCTeMe ABYX, TaK H B CH
CTeMe 4eTwpex TO>KAeCTBeHH~X nHOHOB. 8 COOTBeTCTBMM C YCTaHo
BHBWe~CR TPaAHUMe~ MW 6yAeM ~CXOAHTb H3 npOCTe~We~ MOAeJlH 
He3aBHCHMWX T04e4HWX MCT04HHKOB, MMeR, HanpMMep, B BHAY re
Hepal.jMM·nMOHOB B RApO-RAepHWX CTOJlKHOBeHMRX. 

nycTb OTpMI.jaTeJlbHWe llMOH~ C 4-MMnynbcaMM p 1 Mp2 reHepMpy~T
CR e npocTpaHCTBeHHo-speMeHHbiX T04Kax A M B, a nonomMrenbHWe 
nMOHbl c 4-MMnynbcaMM p3 M p 4 - s T0'4Kax C M D. PaccMaTpMeaeMo
MY KOHe4HOMY COCTORHM~ COOTBeTCTBY~T 4eTWpe AMarpaMMW, M306-
pa>KeHHble cxeMaTM4eCKM Ha pMc. 1 • CneAosaTeJlbHO, aMnJlMTYAa 
npouecca 

i(PtA+p 2 B + PgC+p4D) i(p2 A+p 1B+p3 C+p4D) 
lllB +B + 

i(PtA+P.2B+p4C+PgD) l(p2 A+p1B + P4C+p3D) 
+ e + e 
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a BepORTHOCTb 
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/
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a =(pl-Pe)(A-8), ~= (P3-P4)(C-D). 

'-1 J 

nocneAHee swpa>KeHMe HaAo eu1e ycpeAHMTb no cny4a~HbiM nono>KeHI1RM 
MCT04HMKOB, BBeAR KaKo~-nM60 3aKOH pacnpeAeJleHMR MX npOCTpaH

CTBeHHbiX H speMeHHbiX KOMnOHeHT; A!lfl OllPeAefleHHOCTM Mbl 6yAet4 
C4MTaTb, 4Tj) npOCTpaHCTBeHHble M speMeHHble I<OOPAMHaTbl BCeX 
MCT04HMKOB f M t 3aAaHbl He3aBHCMMbiMM rayCCOBCKMMH pacnpeAene
HMflMM! 

... 3 ~ 1 --; 2/eR2 3-> 
u(r)d r = ----e · d r, 

(2rrR)312 
v(t)dt = 1 -t 2/2r2 

(2rrr)1/2 e dt. /3/ 

nocne ycpeAHeHMR ~opMyna /2/ nepexOAMT a 
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r~e PJ H tj - HMnynbC H 3Hep-

rHR 4aCTHf.lbl. 

HHTep$epeHf.lHOHH~e KoppenR

f.lMH CBOARTCR K HeSaBHCHM~M 

ABYX4aCTH4H~M KOppenRI.lMRM B 
napax rr+rr+ H rr-rr -; OTMeTHM Tal<

me, 4TO 3TOT ecTeCTBeHH~A pe

synbTaT HHI<al< He CBR3aH C 

I<OHI<PeTH~M B~6opOM pacnpe,qe

neHHA /3/. npM $MKCHPOBaHH~X 
-> -> 

_, ... MMnynbcax Pa H P4 I<Oppemtl.lHH 
Mem,qy HMnynbcaMM P1 H P2nPHBO~RT K o6~4HOMY MHTep$epeHf.lHOH
HOMy MaKCHMyMy, B~BOe npea~WaiD~eMy 3Ha4eHHe aepORTHOCTH B o6-
naCTM nnaTO, H TO me caMOe OTHOCHTCR K' KOppenRI.lHRM Mem,qy HM
nyhbCaMH p 3 H p4 np~ $MKCHpoaaHHbiX p1 M Pe· BMecTe c TeM a6comoT
Hb~ ~aKCHMYM W ,,qocTHraeMbiA npM coaMeC'T!-!biX paseHCTBa~ p1 = p2 
H p 3 =p4 , UB4eTsepo npeBbiWaeT ~eilH4HHY aepoRTH~CTM _,s 

2
To

2
M KHHeMa

TM4eCKO~ <;!6IlaCTI-1, B KOTOpOH OAHOBpeMeHHO (Ii 1 -p 2) R » 1 H 
(1)3- p,j) R2 » 1. 

B~~e npe,qnonaranocp, 4TO see HCT04HHKH He3aBHCHMW M pacnpe
~eil~H~ B npocTpaHcTse-apeMeHM OAMHaKoso. EcilM npocTpaHCTBeH
Ho-apeMeHHble XapaKTep!-1CTMKH R_ M T _ OTPMf.laTenbHbiX MCT04HHKOB 
OTilH4aiDTCl'i OT COOTBeTCTBYID~HX xapaKTepHCTHK R+Hr+ nOilOmMTeJlb
HbiX HCT04HHKOB, HO He3aB!-1CMMOCTb Mem,qy napaMM (A, B) 1-1 (C,D) 
OCTaeTCH B CMne, TO /4/ SaMeHHeTCR aHaJ10rM4HWM COOTHOWeHHeM: 

->->22 22 -> ->22 22 
-(p l-P2) R.:-(EC€2) T- -(p 3 -p4) R+-- (E3-E 4) T + 

w (/) ! 1 + e l . ! 1 + 8 I, /4 • 1 
TO ecTb KoppenRI.lMH Me>KAY HMnynbcaMH p 1 M p2 no-npe>KHeMy He 
CBH3aHbl c KoppemHV1Rt4H Mem~y p 3 M p 4 • B 4aCTHOCTH, npH A=B;ro 
eCTb npH COBMeCTHOA M O~HOBpeMeHHOA reHepaf.lMH OTpHf.laTeilbHWX 
nHOHOB, OCTaiDTCR HafiJliO,qaeMbiMH TO!lbKO I<Oppe!lRf.lHM Me>KAY nono
lKMTeJlbHbiMM nMOHato~M, a npM A= B M C=D Ha6niO,qaeMble KoppeilRf.lHH 
nOJlHOCTbiD MC4e3a!OT. 

HHa4e o6cTOHT ,qeno, ecnM paccTOHHMR Mem,qy T04KaMM A H C 
scer,qa 04eHb Manbl no cpaaHeH!-110 c o6UJ,HMH pa3MepaMI1 H3Jly4aeMoA 
CHCTeMbl, M TO me ·caMOe OTHOCHTCR K paCCTOJ'IHMRM Mem,qy T04KaMH 
B 1-1 D. B 3TOM cny4ae MOll<HO npi-!6nHlKeHHO nonomHTb A=C 1-1 B=D, 

TO eCTb MOmHO C41-!TaTb, 4TO HMeiDTCR TOilbKO ,qaa T04e4HWX HCT04-
HI-1Ka, B Kall<AOM 1-13 KOTOpbiX reHepi-!pyeTCR napa rr+rr-.¢>OpMyna /2/ 
npHHHMaeT TOr~a BI-!A 

i(pt-p2)(A-B) -i(p 1-p2)(A-B) 
W(/J4+2!e +8 I+ 

i(p 3-p4)(A-B) -i(p 3-p4 )(A-B) 
+2le +8 I+ 

/5/ 
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i(p1-p2+P3 -p4)(A-B) -i(pl -p2+p3-p4)(A-B) 
+18 +8 l+ 

I 
i(p1-p2-Pa+P4),(A-B) -i(pl-p2-p3+p4)(A-B) 

1 + e + 8 

Ycpe,qHeHI-!e /5/ c noMo~biO pacnpe,qeneHI-1~ /~/ Ha,qo Tenepb npoH3-· 
BOAHT b TOJlb KO no ABYM T041<aM A H B. 3To ,qaeT 

->->22 22 ->->22 22 
m 4 

4 
-(p1-P2) R -(£c£2) r 

4 
-(Pa -p4) R -(E3-t4 ) r 

nlfl + e +e + 
-+ _,-> ->22 22 

-(p1-P2 +p3-p4) R -(E1-E2+£a-E4) T 
+ ~ + 

... -> ... -> 2 2 2 2 
-(pl -p2-p3+P4) R -(£C£2-£3 +E4) T 

+ 2e 

!6/ 

npoaHa!lH3HpyeM nony4eHH~A pe3ynbTaT, orpaHH4HBaRCb AilR npoc
TOTW cny4aeM MrHoaeHHOA reHepaf.lHH /r =0/. Tor,qa 

w V>4 
->->22 ->->22 ->->->->22 

4 
-(PePs) R 4-(p3-p4) R 2-(pl-p2+p3-p4) R -(p -p -p +p )2R2 

+ e + e + e + 2e 1 2 3 4 • 

!6'! 
0cHOBHaR HOBaR 0C06eHHOCTb ¢lopMynw /6'/ COCTOHT B nORBneHHH 
CBR3H Mem~y KOppeilRf.lHRMH nap rr+rr+ H 7T-rr-.nyCTb, HanpHMep, 
(p 1-P2 )

2
R » 1 H <P3-p4 )

2
R

2 » l,1-13-3a 4ero nepable ,qae 3KcnoHeH-
T~ B /6'/ HC4e3a~T. 4TO KacaeTCR ABYX OCTanbHWX 3KCnOHeHT, 
TO OHH, B006~e rOBOpR, OTJ1H4HW OT HynR, npH4BM OAHa 1-13 HHX 
o6pall\aeTcR a e,qHHHf.lY npH <P1 -p2)=(p3 -p4),ApyraH - npH cP t-P2) 
= (p4-p3) .B o60J.1X C!ly4aAX B03HHKaeT MaKCHMYM eepORTHOCTH, BbiCO
Ta KOTOporo OTHOCHTCR K BbiCOTe nnaTO He KaK 2: 1 , a KaK 3:2. To 
me CaMOe MOmHO CKa3aTb H HHa4e: MaKCHMYM B03HHKaeT, KOrAa 

cP1 +P4) =cP2+P.s) n1-16o CP1+P3) =cP2 +P4)*. CneflOBaTeilbHo, 
nORBJll'ieTCR TaKme KOppeJlHf.lHR Mem,qy CYMMapHbiMH HMnynbCaMH KamAOH 
H3 nap rr+ rr- • 

H3 CKa3aHHOrO BWTeKaeT 3KCnepHMeHTa!lbHO Ha6niD,qaeMOe pa3nH-
411e Mem,qy npof.leCcaMH reHepaf.lMM CHCTeMbl 2rr+ 2rr- B ·~eTblpex Heaa
BHCHMbiX T04KaX H reHepaf.lHH ABYX nap rr+rr- B ABYX T04KaX. <fiH3H-
4eCKH ACHO, 4TO B nocne,qHeM cny4ae ace npOMCXOAHT TaK me, 
KaK H npH reHepaUHH B T04KaX A H B ABYX KOpOTKOll<MBYll\HX HeAT
paJlbHbiX pe30HaHCOB, pacna,qa!O~HXCR Ha w+rr~ eCJlH HX pacna,qHble 

* Pe4b, I<OHe4HO, HAeT He 0 ABYX pa3HbiX MaKCHMyMax, a TOnbKO 
06 OAHOM, nOCKOnbKy nopR,qOK HYMepaUHM TOll<AeCTBCHHbiX 4aCTHU 
npOH3eoneH. 
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npo6erH Man~ no epaaHeHH~ e R.KoppenHUHDHH~A aHanMs He a eo
eTDHHHH pa3nH4HTb 3TH ABe eMTyaijMM *., 

2. 4To tcaeaeTeH o,qMHaKOBbiX, ,qoeTaT04HO yaKMx 6eeenMHOBbiX 
pe3DHaHeDB, TO H~ reHepaijHH npMBOAHT K KOppenHijHHM, OTnH4a~

~MMeH OT KOppenHUMA npH Henocpe,qeTBeHHOM o6pa30BaHHH ABYX nap 
(rr+rr-). AeAeT8HTenbHD, a 3TOM eny4ae eHeTeMy (2rr+2rr-)nD4TH 8eer
Aa MD>KHO pa36HTb Ha ABe anonHe onpeAeneHHble napbl (rr +rr-),Ka>KAaH 
113 KOtOp~X OTHOCHTCH TOnbK6 K DAHDMY H3 pe30HaHeDB. no3TOMy 
KOppenHUHH HMe~T TaKy~ >Ke eTpyKTypy, KaK npH reHepaijHH ABYX 
HeATpanbH~X 4aeTHU, HaXDAH~HXCH B DAHHaKOB~X enHHOBWX eoeTOH
HMHX, TO eCTb BepOHTHOCTb 

(
->, '"'n2 2 ' n 2 2 

W Vl 1 + e- P -p ) R - (€ -€ ) r ' 171 
-+ _. ~--+-+-+ 

r,qe p' H p "- HMnynbebl pe30HaHeOB /HanpHMep, p'=p l + p 3 , p" = 
= P2+P4 I. KaK H npH HenoepeAeTaeHHOA reHepaUHH ,qayx nap rr+rr-, 

trt -> ) --> -> ) MaKeHMYM aepOHTHOCTM ,qQeTMraeTCH npH w 1-p2 =(p4 -p 3 ** HO eOOT-
HOWeHHe e YPDBHeM $OHa Tenepb HHOe /2:1 8MeCTO 3:2/ · $opMyna 
/7 I He OTHDeHTeH K o6naeTM 11 KHHeMaTH4eeKoro nepeKpbiBaHHH 11

, 8 
KOTOpoA AOeTaT04HO 6JlH3KH APYr K APYrY HMnynbebl ABYX nHOHOB, 
o6paso8aBWHXeH npH paena,qe paaHwx peaoHaHeoa. O,qHaKo npH Ma
na~ WHpHHe paeeMaTpH8aeMWX pe30HaHe08 OHa 3aHHMaeT TOnbKO 
He3Ha4HTenbHY~ 4aeTb $asoaoro o6ceMa. 

*EenH paeeTOHHHe Me>K,qy T04KaMH A H C Mana no epa8HeHM~ 
e o6paiHDA WHPHHDA 0AH04aeTH4HW~ HMnynbeHWX paenpe,qeneHHA, TO 
OTHDeHTenbHbiA yrn08DA MDMeHT eOOTBeTeT8YIO~eA napbl rr+rr-paaeH 
HyniO, TO >Ke CaMOe enpa8e,qnHBO no OTHOWeHHIO KO BTOpOA nape 
rr+rr-,o6paso8aHHDA 8 6nH3KMX t04Kax B H D /eM., HanpHMep,141 /. 
no3TDMy e o6eym,qaeMDM conoeTaeneHHH e ·reHepauHeA pesoHaHe08 
pe4b H,qeT o 6eeenHHD8WX peaoHaHeax nH6o o pesoMaHeax, reHe
pMpoaaHH~X 8 DAHHaK08WX enMH08WX eoeTOHHHHX. 

** EenH peaoHaHCbl o6na,qaiOT HeHyneBbiMM enH.HaMH, TO B03HHKa~T 
OCnO>KHeHHH, CBH3aHHWe e TeM, 4TO pa3HWM CnMHOBWM eoeTOHHHHM 
OT8e4aiOT pa3HWe aMnnHTYAW reHepaijHH H pa3HWe yrn08We 3a8HeM
MOeTH aMnJlHTYA paena,qa. npH eyMMMpOBaHMH no seeM yrnaM pae
na,qa MHTep$epeHUHOHHWe KOppeJlHUHM He4e3a~T, eenH enHH08We eo
eTOHHHH pe3DHaHeOB OpTOrOHanbH~. C ,qpyroA eTOpOHW, npH reHe
paijHH pe3DHaHCOB B DAHHaKOBWX enHHOBWX eDCTOHHHHX HHTep$epeH-
4HOHH~e KOppenHUHH no-npe>KHeMy onHCW8a~TeH $OpMynoA /7/. Een11 
npouecc reHepaijHH npol1eXO,qMT 8 COOT8eTCT8HV. CO CTaTHCTM4eCKOA 
Teop11eA ~1 11MeeTCR 8 BMAY CYMMHPDBaHHe no BCeM yrnaM pacna,qa, 
TO /7/ cne,qyeT 3aMeHI1Tb $DpMynoA 17 ,1 1 _., ->n 2 2 ' " 2 2 

WV> 1 + ---e-<P -p ) R -(€1-€2) r 
2J> + 1 . 

r,qe S - cnMH pe3DHaHCOB. 
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A B A B 

-Nal\+ A~o~+ 
P,P,~ P. ~ ~ P, P. 

A B A B 

-A~&~+ A:z~. 
P,~~~~~P,PJ 

npi1Be,qeHHWe C006pa>KeHHH He 
cne,qyeT, KOHe4HO, paccMaTpHBaTb 
KaK yKaSaHMe MeTo,qa aw,qeneHHH 
ysKI1x pesoHaHcoa, nocKonbKY 
HMeHHO 8 3TOM eny4ae BnDJlHe 
ADCTaT04eH CTa~,qapTHWR aHaJlH3 
pacnpe,qeneHHH no 3$$eKTM8HWM 

P 2 MaC CaM ffi + - * · nono>KeHMe MO-HC, 11 11 
------ >KeT M3MeHHTbCH ,qnH MHOr04aCTM4-

H~X peaKUMA, ecnH WMpHHW peao
HaHCOB He CJlH,WKOM Manbl 11 HMeeTCH 60JlbWOA $DH, CBH3aHHbiR C He-
06XOAHMOCTbiO nepe6opa M'Hor1-1x nap rr+rr -. KoppenHUHOHHble coo6pame
HHH MOryT OKa3aT bCH TDr,qa none3Hb1MI1, .oco6eHH0 8 C04eTaHMI1 C 
Bbl,qeneHI1eM TaKHX nap 11+11-, AJlH KOTOpbiX 3$$eKTHBHble MaCCbl ffi

7171 
6nH3KH K Macca~ pesoHaHcoa, 11 c nocne,qyiO~HM conocTaeneHHeM 
Ha6niO,qaeMbiX KOppeJlHUMR C KOppeJlR411HMH AllH OCTaJlbHbiX nap. 

3 • 06~11A aHaJ1113 06JlaCTM 11 KMHeMaTH4eeKOro nepeKpbiBaHI1H 11 

npoae,qeH a pa6oTax 
15

"
81

. no3TOMY s,qecb Mbl orpaHH4HMeH TbflbKO 
HeKoTop~MM saMe4aHHHMH. Ha4HeM c ,qayx OAMHaKoa~x 6ecenMHoewx 
pe3DHaHCOB, Ka>K,qbiR H3 KOTOpbiX pacna,qaeTCH Ha napy (rr + rr-). 11MeeM 
4eTblpe nyTM, npM80AH~Me K DAHDMY 11 TDMY >Ke KDHe4HOMy COCTOR
HMIO /pHco2/. AMnllHTy,qa npouecca 

i(p 1+p 3)A l(p2+p 4) B i(P2 +p 3)A l(p
1 

+p
4

) B 
e . e e . e 

f Vl --· --------------- + -·--------------+ 
(m~3 -M 2 

+iMr)(mi4 -M
2 + iMl) (mi3 -M

2 +iMl)(m~4 -M 2 +i~~J 
i(p1 +p4)A l(p2+p W B i(p2+p 4)A i(p

1 
+p 3) B 

e . e e . e , 
+ ------- + ' ' 

(m:f4 -M
2 +iMl)(m~3 -M 2 + iMl) (m~4-M 2 +iMl)(ml_ 3-M

2 +iMl) 

3,qecb M - Macca pe30HaHca; r- era WHPMHa. 
PaccMOTpHM npe>K,qe acero KoppellH41111 MMnynbcoa p

3 
11 p

4 
nonomM

TeJlbHWX 4aCTHU. Ycpe,qHeHMe Ksa,qpaTa Mo,qynR aMrinMTYA~ /8/ no 
3{jl$eKTV.BHbiM t-laCCaM np11 $MKCMpOBaHHOR aeni1411He q =p 3 -p4 ,qaeT 
,qnH eepDHTHDCTH npouecca s~pa>KeHMe · /9/ 

cos(¢) e iCkr -kn~ . 
W Vl <1 + Re ,. cos(qMcos(k

1 
-kii)~+RB------->, 

(y1 +i)(yn- i) (Y1 +i)(Yu-""i) 
rAe !'-. =A- B, Yr,n = (k I, n q)/Mr. B $DpMyne /9/ npe,qno-
naraeTcH TaK>Ke nocne,qy10~ee ycpe,qHeHMe no 4-v.MnyllbCaM kr,n = 

* Cne,qyeT, snpo4eM, MMeTb 8 BM,qy, 4TO TaKoA aHaJlM3 0CTa8-
nHeT OTKP~TWM BOnpOC 0 npOCTpaHCT8eHHO-epeMeHH~X napaMeTpax 
06naCTM reHepaUMH CaMMX pe30HaHCOB. 
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P3 +P4 = P1,2 + --2--, KOTOPble np14MepHO COBna,L:IaiOT C 4-14MnynbcaMI4 pe-

30H6HCOB. Ecnl4 xapaKTepHaH W14P14Ha o 14MnynbcHoro pacnpe.~:~eneHI4H 

pe30HaHCOB H6MHOrO npeBbiWaeT 06paTHble npOCTp6H'CTBeHHO-speMeH
H~e pa3Mep~ o6nacTI4 reHepa~l414 pe3oHaHcos, TO .~:~sa nocne,L:IH14X 
4neHa s /9/ Manbl 14 nocne e~e O,L:IHOro ycpe,L:IHeHI4H no nonomeHI4RM 
14CT04HI4KOB A 14 B nony4aeM * 

-~2R2 _ q2r2 
e o 

W VJ < 1 + Re -------- >. /10/ 
(YI +i)(yn -i) 

Ecnl4, Hao6opoT, seni4414Ha ~ o4eHb Mana, TO ecTb pe4b 14,L:IeT 
o T04e4HOM 14<:<T04HI4Ke, TO seni4414Hbl cos(q~). cos(ki-kn)~ 14 

e i(k I -kn )~ 6ni43KI4 K e,L:IIIIHI4~e 1-1 l)>opMyna /9/ nepexo,L:I~-tT s 

1 
W VJ < 1 + Re >. 

(y I + i)(y II - i) 
/11/ 

no.~:~po6HwA aHanl-13 swpameHI4R /11/ 6~n npii!Be,L:IeH s PRAe npe.~:~wecT

syi0~14X pa60T I 5,BI. npl-1 npOI43BOI1bHOM COOTHOWeHI414 Mem,L:Iy Bei114414Ha
MI4 0 14 ~ B qJOpMyne /9/ MOryT 6b1Tb cy~eCTBeHH~ B,Ce 4I1eH~, ,npl-1 
3TOM 0 B OTI1111414e OT paCCMOTpeHH~X B~We ,L:IBYX npe,L:IeilbHMX CI1y4aeB, 
OTHOWeHI4R B~COT~ MaKCIIIMyMa K BWCOTe nnaTO 6y,L:IeT 60I1bWe, 4eM 
2:1. 

0T6epeM Tenepb TOnbKO Te C06~TI4H, 
.~:~a l)>opMyna /8/ npHH14MaeT B14A 

s KOTOpbiX p
1

=p
2

=p. Tor-

i(p 3A + p4 B) i(p 3B + p4A) 
f VJ _! _____ +_~--------

(m~g-M2 + iMr)(m~ 4 -M 2 +iMr) 
CooTseTCTBYIO~aR sepORTHOCTb 

1 + cos q(A -B) 
---- -----, q =P -p 4. 
l(m 2 -M 2)+M21 2 1l(m 2 -M2)2+M212l 

3 
13 14 

w .VJ 

nocne ycpe,L:IH~HI4R no nonomeHI4HM 14CT04HI4KosA "'B nony414M 
-+2 2 2 2 

1 + e-q R - qor 

l(.m2 M2)2 +M2f'2ll(m2 M2)2+M2f'2l. 
WVJ 

/12/ 

/13/ 

/13'/ 

13- ... 14 
npl4 $14KCI4pOBaHH~~q 14 ~ sepORTHOCTb /13'/ MOmHO e~e ycpe,L:IHI4Tb 
no B03MOmHbiM 3Ha4eHI4RM m Is 111 mi\TorAa I 13 'I nepeXOAI1T s 

*B paCCM6Tpi4BaeMOM cny4ae 14MeeT MeeTO HHTepl)>epeH~I4R,TOI1bKO 
BHYTPI-1 nap aMnn14TYA /a/ 14 /a/ 14 0 COOTBeTeTBeHH0 0 nap /6/ 14 
/r/, HO OTeyTCTByeT HHTep¢epeH~HH Mem,L:Iy yKa3aHHbiMI4 napaMH 
/eM. P14C~2/. 

4JaKTH4eeKH pe4b HAeT 06 H3ny4eHHH n!IIOHOB ABYMR He3aBHeHM~
MH napaMI-1 HCT04HHKOB. MomHO noKa36Tb, 4TO B TaKO~ CHTyaUI-1111 l)>op
Myna /10/ enpaseAnHaa 6e3 KaKHx-nH6o orpaHH4eHI4~ Ha enHHOBble 
eoeTORHHR pe30H6HCOB lSI. 
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~~\ \ I 
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'\•· 

.l'i: 

•I •I• 

' 

,J 

r -- - -- -- ~ ~ ---- -~ -

->2 2 w VJ 1 + e -q R - q2r 2 
----- 0 

1 _;-y-2 --- Y = (kq)/Mf'. /14/ 

3Aeeb 4-J.1Mnynbc 
~ Ps+P4 

k = p + -r-nPIIIMepHo cosna.~:~aeT e 4-HMnynbea-

Ml-1 KamAOro 143 pe30HaHCOB. no3TOMy B n1060~ KOHKpeTHO~ CHeTeMe 
OTC4eTa HHBapJ.16HTHYIO sen144HHY Y MOmHO TaKme 3an14CaTb B B14Ae 

y = <il - q·
0 

e, /15/ 

rAe l 1-1 e - cpeAHI-1~ npo6er 14 epeAHee speMR mJ.13HIII pe3oHaHeos. 
HanJ.14He s $OpMyne /14/ 3HaMeHaTenR l+y 2 csR3aHO e TeM 4J.1CTO 
KJ.1HeMaTI44eeKHM o6eTOHTenbeTBOM, 4TO npH COBnaAeHHH HMnynbCOB 
p 1 H p 2 HMnynbCbl OeTanbHbiX ABYX 4aeTJ.1~ MOryT OTnJ.14aTbCH APYr 
OT APYra TOnbKO B npeAenax, onpe,L:IenHeMbiX WJ.1PHHO~ peSOHaHeOB *. 

np1-1 B~AeneHI-111 eo6~TJ.1~ e eosna.~:~a10~11MJ.1 HMnynbeaMI-1 nonomi1Tenb
HbiX 4aCTH~ (§3 = p4 ) l)>opMyna /14/ onHcwsaeT KoppenR~J.1H MemAY 
4-HMnynbcaMI-1 OTPJ.1~aTenbHbiX 4aeTI4~ 1)1 "' p2 • JlerKo y6eAHTbCR, 
4TO TO me eaMOe OTHOCHTeH J.1 K KOppenR~HRM MemAY 4-J.1MnynbeaM14 
Pt 11 p3 s co6~TJ.1RX c eosna,L:IaiO~J.1MJ.1 p2 11 p 4 11 Hao6opoT. CneAoaa
TenbHO, He3aBJ.1C14MO OT 3H6KOB 36PRAOB ABYX 4aeTH~ e coanaAaiO
~J.1MH HMnynbcaMH, KOppenR~l-111 OeTaBWHXCR ABYX 4aCTJ.1~ onpeAenHIOT
CR He TOnbKO paenaAH~M npo6erOM J.1 apeMeHeM mJ.13HM pe30HaHCOB 0 

HO H napaMeTpaMH R H T TO~ o6naCTJ.1, B KOTOpO~ 3TH pe30HaHebl 
reHepHpyiOTeH. 

4, npeAnOnOmHM Tenepb, 4TO reHepl1pyeMble pe30HaHCW HMeiOT 
pa3HWe 3HaKIII, HO, KaK 11 npem,L:Ie, 0AJ.1H6KOB~e Maeew J.1 WHPHH~. 
Pe4 b MomeT 11ATJ.1, HanpHMep·, o6 o6pa3oaaHHH p + 11 p 0 e nocneAyiO
~J.1M pacnaAOM B eHeTeMy (rr+IT+ rr -rr 0 ) 11n1-1 0 p+ J.1 p- C pacnaAOM 
B (rr+77-rr 0 it0.). 11MeeTCR ABa KaHana /eM. pHe,3/, KOTOPbiM npl-1 
COBnaAeHJ.1J.1 cni1HOB~X COCTORHI1~ pe30HaHeOB COOTBeTeTsyeT cyM
MapHaR aMnnJ.1TY,L:Ia 

* EcnH 11eT04HJ.1KH A H B O,L:IJ.1HaKOBbl Hnl-1 aMnmHYA~ reHepa~HH 
pe30H6HCOB He 3aBJ.1eRT OT J.1X enHHOBWX COeTORHH~, TO qJOpMyna 
/14/ cnpaseAn14sa 11 AnR pe30HaHeos e HeHynesWMI-1 eni4HaMH. Ae~
eTBJ.1Tei1bHO, 11MnynbeW Pt H p2 COBn6A610T no yenOBJ.1RM OT6opa 1 HM
nynbe~ OCT6IlbH~X ABYX nHOHOB 8 paeeMaTpHaaeMO~ KHHeMaTH4eCKO~ 
o6naeTH TaKme 6nJ.13K14 APYr I< APYrY, nOeKOnbKY J.1H64e OTeyTeTsy
IOT o6cyMCAaeM~e HHTep$epeH~I40HHWe KOppei1R41414. no3TOMY npH pae
na,L:Ie 06014X pe30H6HeOB o6pa3yiOTeR nHOHW 1 neTR~J.1e B 6nH3KJ.1X Ha
npasneHHRX,BCI1e,L:ICTBJ.1e 4ero yrnosaR 36BHCHMOeTb 6Mnn14TYA pae
naAa npHBO,L:IJ.1T TOnbKO K noRsneHJ-110 B /8/ 06~ero MHOmHTenR, HHK61< 
He OTpamaiO~eroeR Ha eTpyKType qJOpMyn~ /14/. 
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i(p1+p2)A i(pa+P4)B i(p1+p4)A i(pa+P2)B 
e e · e . e 

f = -----------------+ -----------------
(m;2-M2+iM[')(m~4- M

2 
+ iMf') (m~4 -M 2 +iM[')(m~ 3-M 2 + iM[') 116/ 

A B ·A B 

+A· -h l~ A 
~~F1Fi ~ Ftf5~ 

PHc,3 

i(k 1- k u>ll 
W U) < 1 + Re -~-----> 

(yi +i)(yn -i) 

0TMeTHM, 4TO B.3TOM cny4ae 
B03HHKaeT KOppenR~HR MelliAY HM
nyllbCaMH p1 H p3 HeTOlliAeCTBeH
H~x nHOHOB npM Mall~X 3Ha4eHHRX 
MOAYllR 4-HMnyJlbCa q = P\ -p3 , 

·aHallOrH4HaR o6~4HOH KOppellR~HM 
M8lliAY HMnyllbCaMH TOlliA8CTB8HH~X 

nHOHOB. B o6~eM clly4ae AllR 
BepORTHOCTH np04ecca 803HHKa
eT BblpameHHe 

1171 

P 1 + Pa 8 KOTOpOM B8llH4HHbl k !,II =P
2

,
4 

+ _
2 
__ _ 

4-HMnyllbcaMH pe30HaHC08 I H II, a Yt,II 
$OpMylla 1171 nepeXOAHT 8 

npMMepHo co8naAa~T c 

= (k 1,n q)IMr. np" M « 1 

W U) < 1 + Re ---
1
-----· > 

, (Y 1+i)(Yu -i) 117'1 

H OnHCbl8aeT KOppellR~HH npH 06pa30BaHHM pe30HaHC08 B 0AHOH o6-
~ei1 T04Ke 15•81 • 

npH OT6ope C06WTHH, B KOTOp~X nMOH~ pa3H~X 3HaKOB MMe~T 
OAHHaKOBble MMnyllbCbl (p l =p 3 =p) ,$OpMylla 1161 nepeXOAVIT 8 

i(p2A +p 4B) l(p 2B +p 4A) 
f U) __ ..!::.._ _____ _±_~----- . 

Cmf2 -M 2 +iM[') .(mi4-M 2 +iM[') 
116'1 

C T04HOCTb~ AO 0603Ha4eHMH 116'1 COBnaAaeT C 1121, cneAOBaTellb
HO, KOppellR~MM MelliAY 4-Mf.lnyJlbCaf-:\M p 2 M p 4 T0lliAeCT8eHHbiX nMo-
HOB onHCbl8a~TCR $OpMynaMM, aHanorH4HbiMM 113 'I H 1141: AO yc
peAHeHMR no nepeMeHHbiM m2 M m2 nolly4aeM 

12 14 

-(... ... 2 2 

1 
p2-p4) R -(f , )2 2 +e 2-<4 r 1181 

w U) --------------·--.--

l(m2 -M2-J2 +M2r2rl(m2 -M2)2+M2r 21 ·' 12 . 14 

8 

(. 

lj 

l 
I 

* noclle ycpeAHeHMR -
....... 22 .22 

1 + e -(p2~P4) R -(f2-f4J' k(P2-P4) "' P2+P4 
w (/) ---- , y = , k = p + --./ 19 I 

l+y2 Mf' 2. 
HHa4e o6cTOMT Aello, ecllM oT6HpaTb co6wTMR c co8naAa~~MM~ MM
nym,caMM TOlKAeCTBeHHbiX nMOH08 (p2=P4=p). npM TaKOM OT6ope 3Kc
nOH8HTbl 8 o6oMx cllaraeMbiX 1161 C08naAa~T, aMnllMTYAa 3anHcbl-
8aeTCR B 8MAe 

1 
fUl ------·· 

(mi2-M 2 +iM[')(m~3 - M
2 

+ iMf') 
/-201 

CooT8eTcTsy~~aR 8epoRTHOCTb 

w (/) _______ . ___ 1 __ 

1Cmr2 -M2 )2 +M 2 r 2 1-ICm~ 3 -M 2)2+rJ!r2! 
noclle ycpeAHeHMR no m i2 M "2~ $opMylla 121 I nepexOAMT a 

1 w (/) ' 
1 + y2 

121/ 

121 'I 

rAe BellM4HHa y OnpeAeJ1ReTCR no aHallOrMH C 1191, HOC 3aMeHO~ 
HMnyllbCOB p 2 H p4 Hap1 H p 3 .3yo 06CTORTellbCT80 MOlliHO HCnOllb30BaTb 
AllR nocypoe~MR $OH08oro pacnpeAelleHHR**.EcllH cpeAHHH npo6er 
pe30HaHC08 I£ I Mall no cpasHeHMIO c R M cpeAHee 8P8MR )XH3HH e 
MallO no cpa8H8HH~ C r,TO 3HaMeHaTellb1+y 2 8 $OpMylle 1191 MOlliHO 
3aMeHMTb KOHCTaHTOH, TO eGTb 119/ nepeXOAMT 8 $OPMYllY 

... ..,. 2 2 2 2 
-(p2 -p 4) R -(£2-f 4) T w (/) 1 + e , I 19 'I 

OnMC~8a~~y~ KOppellR4H~ HMnyJ1bC08 Pt H p4 TOlliA8CT88HH~X nHOHOB 
npM HenOCP8ACT88HHOH reHepa~MH CHCTeM~ rr+rr-rr 0 rr 0 6e3 npOMe
myT04H~X pe3oHaHcos. CneAyeT, 8npo4eM, OTMeTHTb, 4TO a 3TOM 

*H3 coo6pameHHi1, aHanorH4H~x H3llOmeHH~M 8 npMMe4aHHH no no
BOAY ¢opMyllbl /14/, ClleAyeT, 4TO $OpMylla /191 OTHOCMTCR M K 
pe30HaHcaM C HeHylleB~M CnMHOM, npH4eM 8 AaHHOM CJ1y4ae OTnaAaeT 
TaKme Tpe608aHMe He3aBHCHMOCTH aMnllMTYA reHepa~HH pe30HaHCOB 
OT HX cnMHOB~X H 3apRAOB~X COCTORHHH. 

** ConocTa8J1eHHe 118/ M 1211 noKa3~saeT, 4TO ¢OHOBOe pacnpe
AelleHMe MOlliHO nocTpd~Tb MAO ycpeAHeHHR no IDI2 Hmf48 1181 M no 
mf2 H m~3 8 /21/. AllR 3Toro KalliAOH KOH$Hrypa~MH, B KOTopoi1 

~ ~ :; 
P 1=P3 =P, HaAO COnOCTaBMTb APYrY~ KOH$Mrypa~H~, B KOTopoi1 

p2 =P4 =P, npM4eM HMnyllbCbl p2 M ~ B nepBOM CJ1y4ae 3aMeHR~TCR Ha 
HMnYllbCbl p 1 H p3 80 BTOPOM. 0THOWeHMe sepoRTHOCTei1 3TH X ABYX 

v -CP2-P4>2R2-(f -( )2r2 
KOH$Hrypa~HM pa8HO 1 + 8 2 4 , TO eCTb 
COBnaAaeT C 06bi4HOH $OPMYJ10H A11R KOppellR4HH TOlKAeCTBeHHbiX 
4aCTH4. 
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cny4ae paccMaTp~saeM~e KoppenH~~~ H~KaK He 3as~cHT OT cTeneA~ 
6n~aocT~ ~MnyJibCOB ,qs:yx ocTanbHblx n~OHOB; cooTseTcrseHHO ¢op
Myna I 19 'I MO>KeT 6b!Tb nony4eHa Henocpe,qcTseHHO ~3 I 161 np~ 
npo~3BOnbHbiX 3Ha4eH~HX p 1 ~ p 3 • 

B~pamaeM 6naro,qapHocTb B.n.n~6ow~~Y 3a y4acT~e s o6cym,qe-
H~Hx ~ sa>KHble 3aMe4aH~H. ' ' 
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1. 3KcnepHMeHTanbHa~ ~3HKa BWCOKMX 3HeprHH 

2. TeopeTH4eCKa~ ~3HKa BWCOKMX 3HeprHH 

3. 3KcnepHMeHTanbHa~ HeHTpQHHa~ ~3HKa 

4. TeopeTH4eCKa~ ~3HKa HH3KHX 3HeprHH 

5. HaTeMaTHKa 

6. ~AepH8ft cneKTPOCKOnM~ H P8AHOXHMHR 

7. ~3HK8 T~*enwx HOHOB 

8. KPHoreHHKa 

9. YcKOPHTenH 

10. AaTOMaTH3a~H~ o6pa6oTKH 3KcnepHMeHTanbHWX 

A8HHWX 

11. Bw4HcnHTenbHaR MaTeMaTHKa H TexHHKa 

12. XHMHft 

13. TexHHKa ~3M4ecKoro 3KcnepMMeHTa 

1~. MccneAOBaHMR TBePAWX Ten M *HAKOCTeH 
ftAepHWMM MeTOA8MM 

15. 3KcnepMMeHTanbH8A ~SHKa ftAePHWX pea~HH 
npH HH3KHX 3HeprHRX 

16. no3HMeTPHft M ~3HKa 3a~TW 
17. TeopHft KOHAeHCHp088HHOrO COCTOAHHft 

18. McnonbsoeaHHe pe3ynbTaToe H MeTOAOB 
$YHA8MeHTanbHWX $H3H4eCKHX MCcneAOI8HHH 
B CMe*HWX o6nacT~X H8YKM H TeXHHKH 

19. 6HQ$H3HKa i3 

fleAHH4KH P., noArope4KHH M.H. 
B CHCTeMe 4eTYpex OHOHOB 

HHTe~epeH4HOHHYC KOppenR4HH P2-82-181 

PaCCMOTpeHY OC06eHHOCTH HHTe~epeH4HOHHYX KOppenR4HH npH He3dBHCHMOM HC
nycKaHHH 4eTYpeX "HOHOB. noKa3aHO, 4TO KOppenR4HH B CHCTeMaX 2#+2a-H 2.P#+#
o6naAa0T OC06eHHOCTAMH, OTnH4a~HMH HX OT KOppenR4HH KaK B CHCTeMe ABYX, 
TaK H B CHCTeHe 4eTYpex TO*AeCTBeHHYX OHOHOB. npo&eAeHO COOOCTaBneHHe C KOp
penA4HAMH npH reHepa4HH ABYX pe30HdHCOB, Ka*AYH H3 KOTOpYX pacnaAaeTCR Hd 
ABa OHOHa. 06CY*AaOTCA ycnOBHA, npHBOAA~He K OORBneHHO HHTe~epeH4HOHHYX 
KOppenA4HH nap HeTO*AeCTBeHHYX OHOHOB. 

Pa6oTa BYnOnHeHa B na6opaTOPHH BYCOKHX 3HeprHH OHRH. 

C~eHHe 06~eAHHeHHOro HHCTHTyTa AAePHYX HccneAoBaHHH. AY6Ha 1982 

Lednicky R., Podgoretsky M.l. Interference Correlations 
in 4-Pion System 

P2-82-181 

The interference correlations specific for an independent emission of 
four pions are discussed. It is shown that the correlations in the systems 
2"+2"- and 2a 0 "+"- differ from those in the system of two, as well as four 
identical pion~. A comparison with the correlations in the production of 
two resonances, each of them decaying into two pions, is done. The condi
tions leading to the correlations in pairs of unlike pions are discussed. 

The investigation has been performed at the Laboratory of the High 
Energies, JINR. 
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