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Summary 

I . 2 . 2 
Using the criteria tj,...J/< 0.4 (GeV/c) , It( Pr+<-0.4 (GeV/c) 

and 0.66-< M.li+Ji-.0::::. 0.86, 1.12 .£. "l>t+ <.1.34, the groups of events 

enriched with those :from the channels of quasi-three-body reactions 

(Ji-P-Pj) 0 j}-) and (.#-P~Ll++p-./i'-), in whichjl -zero meson 

and delta isobar are produced, have been selected :from the reaction 

:;r-p ._ P Jf+ /1- ;r- at 5 GeV/c. For these two groups of events, the 

M + _ and M_p1!+ distributions, the polar angle distributions of 
J!7j 

negative pion and proton in the t-channel coordinate system 

in the c.m.s. of the corresponding pairs of particles as well 

as the Trieman-Yang angle distributions are compared to the pre -

dictions of the OPER model with the :following :form:factor 

~ r: ex pf[ R~~ +t£~ 61( t 'f''- a;/)] {i :)Az)} · 

All the distributions were calculated at fixed parameters whose 

values were determined :from the analysis of double-pion production 

for the reaction PP~PPJ[+Ji-. The OPER model gives a correct 

value of the cross section of the channels considered and describes 

well the angular distributions. 

C) 1974 06-.eOUHeHHNU UHCau•y• A0epHWX UCCAe006QHUai )ly6Ha 

1. BBE,[(EHHE 

B pa6oTe /I/ c noMo~Lro Mo~enu o~uonuouuoro peJVKe
Jooauuoro o6Meua I OPER I 6LIJIO npooe~euo no~po6uoe 
onucauue o6~ux xapaKTepucTBK peaKu,uu 

rr-p-> p17+rr-rr- 11/ 

npu ~oyx Juaqeuugx HMnynLca nyqi<a 17--MeJouoo: 5 F3B/c 
u 16 F3B/c. Hl pacnpe~eneuuii, npuoe~euuLix ua puc. 4,5 
pafiOTLI /I/, BH~HO, 'ITO MO~eJIL KOJIH'IeCTBeHHO Y~OBJieTBOpH
TeJILHO onucLioaeT ceqeuug Kauanoo peaKu,uu I 11, cooTBeTcT-

++ 36 oyro~ux po>K~euuro p 0-MeJoua u !\ (12 ) -uJo6apLI: 

77 -P .... Po 17 P 121 
- ++ - -rrp .. i\ 7T 7T. 

131 

UenL uacTo11~eA pa6oTLI - 6onee ~eTaJILHaR npooepKa 
MO~eJIB npBMeHBTeJILHO K peaKIJ,B11M 12,31. 

B paJ~ene 2 :noii pa6oTLI onucLIBaiOTC11 KPHTepuu, 
no3BOJI11IO~Be 6onee BJIB Meuee y~ooneToopBTeJILHO BLI~eJIHTL 
B nonuoM 4JiJoBoM o6'LeMe peaKIJ,BB 111 npu 5 F3B/c rpynnLI 
C06LITBH, o6orameHHLle C06LITBRMB 83 peaKIJ,BB 12 H 31. 

B pal~ene 3 ~aeTcR KpaTKoe onucauue 3KcnepuMeHTa.JIL
HLIX ~aHHLIX B BLI~eJieHHLIX 06JiaCT11X. 

Oco6oe BHBMauue y~en11eTc11 onucauBIO yrnooLix xapaK-
++ 

TepBCTBK pacna~a p0 •Ne30Ha B f1 •BJ06aphl, JIBJIRIOllJ,HXCR 
rnaBHLIYB HOCBTeJIRMB BH!I>OpYaiJ,BH 0 KBaHTOBWX 'IHCJiaX 
06MeHBBaeMOH 'laCTBIJ,Ll. 
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Upa reoperaqecxax pacqerax 6wna acnon&3osaua wp-
,D.enh (OPER) B sa,D.e, c<!Jopwynaposauaow B pa6orell/ , 
a c rewa *e 3aaqeaa•wa cso6o,D.Bwx napawerpos. 

2. BJJ,l{EJIEHHE KAHAJIOB 2 H 3 

B pa6ore 121 npa a3yqeuaa _pacnpe.D.eneaal d aId t ' l¥f.B 
5 F3B/c ,D.nJI cacrew rr + rr -. P rr 6wno noxa3auo I fuc. 6 I, 
qro B o6nacr•x 3~exrasuwx wacc cacrew rr ·ll- a P rr+ , ++ 
cooTBeTCTBYIODUIX o6pa3oBaHBIO Po -Me3oHa a A -a3o6apw. 
aaxnoaw B d a I j t/ 3&MeTHO 6onJ.we, qeu sae 3,Tax o6nac
rei. H3 puc. 2 2 .BR.IlHO TaK)I(e, qro aaxnoaw no t B o6nacTB 
3Haqeuai t '< .3 /F3B/c/ 2 xopowo onaCWBaiOTc• O,D.HOI 
3KCDOHeHTOi. 3TO o6cro•renJ.CTBO •sn•eTc• CTpOrBM yxa-
3auaeM Ha TO, qTO ~&KJUIB 12,31, COOTBeTCTBYJODUie o6pa-
30BaHaiO Po - .a !1 , aMeiOT nepa<!Jepaqecxai xapaxrep. 

Uo 3TOI npaqaae B aacro•mei pa6ore B xaqecrse xpare
pall .D.nJI BW.D.eneHRJI a3 o6mero aacaM6mr co6wrai peaKJU~B 
/1/ C06WTai, OTHOC•utaXCJI B KaaanaM 2 B 3, 6wn npBYeHeH 
KP.aTepai o6pe3aHRJI no xsa,D.pary nepe,D.auuoro cacrewau 

,.. - p + 
rr rr a rr 4-awnynJ.ca. 

Ha puc. 1 npase.neuw d aId t IHB)I(BBI pacyaox/ 
a d a I d M /sepxaal pacyaoxl cacTeMw rr+rr-,D.n.a pa3HWX 
o6pe3anai no I tj:}b pacyuxa Ba,D.ao: 11 ocaosaaJI,D.on.anepa
fepaqecxa po)I(.IJ.aiODUIXCJI P 0 -we30HOB ne)I(RT B o6nacTB 
I t I < .4 /Ha)I(Hal pacyuox/; 2/ npa I t I< .4 ,D.on.a <!Joua B o6-
nacTB Po -naxa uaqauaer 3aMeTHO pacTa lsepxad pacyaoxl. 
Harepecuo OTMeTBTJ., qro B o6nacra It I < .6 coxpaa.aerc.a 
eme 3&Meruwi nax B o6nacra Mace Po-Me3oHa, ero .D.eTanJ.

aoe a3yqeaae swxo.D.BT 3a paMKB aacro•mei pa6orw a npe.D.
crasn.aeT caMOCTOJITenJ.awi BHTepec. Taxau o6pa3oY, sw
,D.eneuae co6wrai B rpynny, coorsercTBYJOutYIO peaxnaa /21, 
no xparepHAM It! rr+rr-< .4 a .66<·M 77+77-< .86 npa 5 F3B/c. 
MO)I(HO cqBT&Th BDOnBe onpaB,D.&HHWM. 

Ha rex *e caMwx ocuosaua.ax I cw. puc. 2-41, .D.n• sw.ne
neua• co6WTBH B rpynny, COOTBeTCTBYJOIQ.YJO pea)(JUIB 131, 
6hl:nH sw6pauw xparepaa I tl p 77+ < .4 B 1.12 <M Prr+< 1.35. 
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+ -Puc. 1. PacnpeCJeAeHUJI 3HeKJIUBHbiX Mace nap rr rr e pa3-
AU'4HbiX UHIIepeaAax It! -MOCJYA.R Keaopa•a '4€JiblpexuMnYAbca, 
nepeCJaHHozo cucJieMe rr + rr -. 36ecb JICe npueeOeHbl: da I d It I ' 
CJAJI pa3AU'4HbiX o6Aac11eil M

77
+77 - /BHU3y/; pacnpeCJeAeHUJI 

no M 77 +77 - CJAJI I t I > . 6 I 3a Ulllpuxoea HO /. 
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Puc. 2. Pacnpeoe/leHue do I d It I 
M Prr+. 

6 

anR ft1p7f+> 1.7 (~I 

finR M p71~ ;> f.J5 f"J8 

iJn11 Mp11+< 1.35 r.s 

I 

1.2 '·" l6 1.8 
ttl l f•B/cJ' 

0/1-' pa3AU'lHbiX o6Aac•eu 

~ 
{ 
<I 

_'PJl_H_ 

...__ 

t II I~ I I II I I J I .It .6 .8 ttl 
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<.3 <.'1 £.5 <.6 <.7 <.8 
It/ [r,s/c}1 

f'uc. 3. PacnpeOe/leHUJJ no M p 77+0/IJJ pa3/IU'lHbiX uHmep6a/I06 
It I - ..woOy/IJJ K6aOpama tlelllblpexu..wnyAbca, nepeOaHHozo cue
me ..we P rr +. B 6epxHeM yz/ly noKa3aHo pacnpeoeAeHue pa3Hoc
•eu ..waKcu..wy..wo6 6 pa3HbiX zucmozpa..w..wax npu pa3HbiX 
uHmep6a/lax. CmpeAKOU noKa3aHo 6bJ6pauHoe o6ve.JaHue no 
!tj, KOZOQ 6K/IQO C y6e/IU'leHUeM !tl CIIIQH06UIIICJI pa6HbiM 
¢oHy. 
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3. OIIHCAHHE 3KCIIEPHMEHTAJibHhiX 
,4AHHbiX 

IloApo6Hoe onacaH&e OPER- MOAeJIB AaHo B pa6o-

Te /I/. 3AeCL MLI JIBWL HallOMHBM, 11TO peaKIJ;BJI /1/ OllBCLIBa· 

BaJiaCL C llOMOIIJ;LIO KBaApaTOB aMnJIBTYA, COOTBeTCTBYIOUUIX 

ABarpaMMaM,llOKa3aBHLIM Ha puc. 5a,6/,6e3 y'leTaBX BHTep

tilepeHIJ;BB • 

'a.) 

JT-
t 

p 

o) 

.7i-

~ 

Puc. 5 
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MaTpH'IHble 3lleMeHTbl, COOTBeTCTB}'IOllUie OT,IJ,ellLHOMY 
rpa4JnKy, nonaranncL nponopunonanLHLIMH aMnnBTy.n.aM rr rr 
H rrP·pacceJIHHJI BHe MaCCOBOB noaepXHOCTH. cl>opM4JaKTOp, 
OnHCbiBaiOlUHH CXO,IJ, 3THX aMnnHTY.IJ. C MaCCOBOB noaepXHOCTH, 
naxo.n.nncJI Hl ycnoBHJI pe.n.>KeJaunn o6MeHnaaeMoro rr ·Me
Jona. On JaBHCHT oT 'leTLipex cao6o,IJ,Hb1X napaMeTpoB, Tpn 

· Hl KOTOpLix 6hlnH naA.n.enbl npn onncannn peaKUHH pp_.p Prr+rr

B M~.l}enn OPER , 'leTBepTwii - npn onncannn peaKUHH 
/1/ 1 • B .n.annoil pa6oTe napaMeTpbl 6LinH !llnKcnpoBaHLI 
npe>KHHMH. 

Ha puc. 6 npnae.n.eno pacnpe.n.enenne no Mac caM rr +rr- • 
Po ·Me30HHLIB MllKC~MJM COOTBeTCTByeT BKlla,IJ,y ,IJ,HarpaMMbl 

56 /KoM6nnaunJI "t rr /. B .n.anLneuweM 3Ty KOM6nnaunro 
6y,IJ,eM Ha3LIBaTL OCHOBHOH, a OCTanLHLie - 4JoHOBbiMH. 

JlHHHJI, H306pa>KeHHaJI TO'IKaMH Ha pUC. 6, COOTBeTCTByeT 
BKlla,IJ,y 4JoHOBbiX KOM6HHaUHH OT ,IJ,HarpaMMLI 5a, a nyHKTHpHaJI 
COOTBeTCTByeT 4Jony, B KOTOpOM Y'ITena, KpOMe TOrO, 

- + KOM6HHaUHJI TT 2 rr H3 rpa4JHKa 56. J13 pHC. 6 BH,IJ,HO, 'ITO 
B o6naCTH PO ·Me 30Ha TeopeTH'IeCKaJI KPHBaJI XOpOWO onHCbl" 
BaeT 3KCnepHMeHT, B TO BpeMJI KaK B o6naCTH Mace < 0,6 T3B 
TeopHJI ,IJ,aeT 3aMeTHOe OTKllOHeHHe. 

0TMeTHM, 'ITO 3TO caMOe 6onLWOe HeCOOTBeTCTBHe, 
C KOTOpLIM MLI BCTpeTHllHCL npH onHCaHHH peaKUHH /1/ 
B OPER-Mo.n.enn. Mbl na.n.eeMCJI, 'ITO ono yMeHLWHTCJI npn 
yqeTe HHTep4JepeHUHH BKlla,IJ,OB pa3HLIX ,IJ,HarpaMM. 

Pacnpe.n.enenne no Macce P 77+, nJo6pa>Kennoe na puc. 7, 
BCIO.IJ.Y Y.IJ.OBneTBOpHTellLHO onBCLIBaeTCJI TeopeTH'IeCKOH KpH
aoii. Pelonancnwil MaKCHMYM, cooTBeTCTBYIOIUHH HJo6ape 
~ (1236) , o6ycnoanen BKna.n.oM .n.narpaMMLI 5a. llyHKTHpnoil 
Kpnaoii noKaJaH BKna.n. !Ilona Hl .nnarpaMMLI 56. HnTepecno 
OTMeTHTL, 'ITO 4JoH OT ,IJ,HarpaMMLI 56 HMeeT ,IJ,OBOllLHO O'le
BH,IJ,HLIB MaKCHMYM B paiione ~++H306apLI. 

Xopowo HJBecTno, 'ITO npn nepn4JepH'IeCKOM po)I(.IJ.eHHH 
napbl qacTHU yrnoawe pacnpe.n.eneHHJI B cncTeMe ee uenTpa 
necyT HH4JOpMaUHIO 0 KBaHTOBbiX 'IHCnax 06MeHHBaeMoro 
cocTOJIHHJI. B .n.anLneiiweM 6y.n.yT anannJnpoBaTLCJI yrnoable 
pacnpe.n.eneHHJI B cncTeMax uenTpa nnepunn nap rr+77~ P rr '. 

B Ka'leCTBe CHCTeMLI OTC'IeTa Y.IJ.06HO BlJITb t ·KaHanL· 
Hble CHCTeMbl KOOp,IJ,HHaT. 
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.28 .ItS .68 .88 

7f P-P71+J1-;r 

5 f38/c 

/ t/ <.I( {f38/c} 2 

1.08 1.28 f./18 
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Puc. 6. PacnpeoeAeHue no Mac caM M 77 +77 - npu ycAoeuu, 'liiiO 
It! 

77
+ 

77
--: .4 /r3B/cf2 . CnAowHou AUHueu noKa3aHbl pe-

3YAblllalllbl Bbl'lUCAeHuu no OPER - MOOeAu. CmpeAKaMu no-
Ka3aHbl zpaHUflbl o6pe3aHuu no M rr +77 -, e Komopbrx c~~rpouAUCb 
yzAoebre pacnpeoeAeHuJI OAJI cucmeMbl rr +rr-. flyHKIIIUpHaJI 
KpueaJI - 6KAUO ~OH06biX KOM6UHUijUU U3 069UX zpa~UK06 
puc. 5. JlUHUJI, U306paJICeHHUJI IIIO'lKUMU - 6KAUO ~OH06biX 
KOM6UHU!4UU IIIOAbKO u3 zpa~uKa Sa. 

B nepBOM cnyqae 3TO 6y.n.eT cncTeMa uenTpa nnepunn 
napbl 7i+77- C OCLIO Z, HanpaBneHHOH B,IJ,OllL HMnynLca HCXO,IJ,HOB 
qacTHllLI. Bo BTopoM - cncTeMa napbl Prr+c ocLIO Z , 
nanpaanennoil a.n.onL HMnynLca npoTona-Mnwenn. llonJipHble 
yrnLI BLilleTa TT-·MeJOHa H npOTOHa, COOTBeCTBeHHO, B 3THX 
CHCTeMaX 0603Ha'IHM 0 + - H 0 p + · ; aJHMyTanbHble 

TT TT TT 
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Jrp-P.11+.1f_"_ 

sr••lc 
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2.28 

Mp ,+ r•• 

Puc. 7. PacnpeoeAeHue no MaccaM ~tp17+ npu ycA06UU, t~mo 
It I p 

17 
+ < .4 /F3B/c/. CnAOIUHaJI AUHUJI - pe3yAbJJQlllbl 

pact~emo6 no OPER- MOOeAu. CmpeAKaMu o6o3Hat~eHbl zpa
HUIIbl o6pe3aHUJI no Mp 17 +, 6 KOfiOPbiX c•pouAUCb yzA06ble 
pacnpeOeAeHUJI HQ puc. 9. IlyHKl/IUpHaJI AUHUJI - 6KAQO tPOHQ 
u3 zpatjuKa 56. 

yrnbl a Tex :>Ke cucTeMax /aaanorB'IHLie yrnaM TpeiiMaaa
Jiara/ onpe,D.enBM cne.D.YJOUUIM o6pa3oM: 

(q1 X q17_)(Pl X ql) 

cp + _ = arc cos -------------
77 TT I ( q 1 X q 17 _)II (PI X q 1) I 

12 

( p I x P2 ) ( q I x pI ) 
¢ + 

p 17 
= arccos 

3,D.eCh q I_! pI
MBUleHH, q 

17
- B 

npOTOHa. 

- -
I<PI X p2)11(qi X PI) I 

B_¥nynloCbl BCXO,D.HLIX 77 ·Me30Ha B npOTOHa 
p 

2 
- HMnynloCbl rr-·Me30Ha B KOHe'IHOrO 

IlpB onpe,D.eneHBB ¢ + -( ¢ p +) BMnynbcLI acex qac-
1717 17 +- -h 

THU 6epyTC.R B CBCTeMe u;eHTpa BHepu;BB napbl 77 77 (P 77 J. 

Ha puc. 8 noKa3aHbl pacnpe,D.eneHB.R no yrnaM e + - ' 
17 17 

cp 
17 

+ 
17 

- , 0 p 
17 

+ , cp p 
17 

+ npB COOTBeTCTBYJOUUIX orpa-
HH'IeHB.RX. OcTaHOBHMC.R no,D.po6aee aa 3THX pacnpe,D.ene
HB.RX. 

a/ e TT + 17 - • Bxna,D. «<loHOBOi KOM6BHaUBB ( 172- 17 + ) rpa-
«<iBKa 56 COCpe,D.OTO'IeH, B OCHOBHOM, B 3a,D.HeM KOHyce, B TO 
apeM.R xax axna.D. rpa4luxa Sa - B nepe,D.HeM xoayce. Pe3ynh
THPYIOIIlee pacnpe,D.eneaue u:weeT npa:KTB'IeCKB Taxyro :>Ke 
aCHMMeTpBIO Bnepe,D.·Ha3a,D., Ka:K B OCHOBHaJI :KOM6BHaiJ;B.R. 

6/ ¢77+rr- • Ocaoaaa.R KOM6BHaUB.R npaKTB'IeC:KB B3o-
Tponaa - o6MeH pe.D.:>Ke3oBaHHLIN rr -ue30HON ae,D.eT ce6.11 
TaK :>Ke, :KaK B o6uea 3neueHTapawu :we30HOM. O,D.Ha B3 
«<iOHOBLIX :KOM6BHaUBB BMeeT Ma:KCBMYM B paiioHe 0° , 'ITO 
B npBBO,D.BT :K aCBMMeTpBB KOHe'IHOrO pacnpe,D.eneHB.R. 

B/ 0 p rr +. ~OHOB&JI KOM6BH&UBJI /B:Kna,D. rpa«<iB:Ka 56/ B 
,D.aHHOM cnyqae ,D.OMIIHBpyeT B onpe,D.enJieT 6om.my10 OCTpOTY 
pacnpe,D.eneHB.R. 

r I ¢ p 17 + . Ocaoaaa• :Kou6BHaua•, T&JC liCe xa:K B a 
cnyqae ¢ 17 + 17 - , B30Tponaa. 
~OHOBa.R :KOM6BHaUBJI BMeeT xapaKTepHLIB M&KCIIMYM B paiio
He 60 o • 

Ha puc. 9 npaae,D.eaw pacnpe,D.enea••· aaanorB'IHLie 
no:Ka3&HHLIM Ha puc. 8, HO C ,D.OnOJIBBTenltBWM OT60pOM no 
Macce cucTeMLI 17+17- a o6nacTB r 0·:we30II& /puc. 9 a,6/ 
B no Mac ce P 77 + a o6nacTB ~ ++ - B3o6apw I 1236/ I puc. 96, z/. 
B:Kna.D. 4loaoawx :KoM6BHau;Bii l.D.eCJo ywea~omaeTc• npu6JIB3B
TenloHO ,D.O 15~ B o6naCTB Po·Me30B& B np•wepHO ,D.O 60~ 
a o6nacTB B3o6apw. 
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Puc. 8. YzAoebfe pacnpeoeAeHU.R e cuciiJeMe Ta1111fU/Jpuoa
,l{JKeKcoHa OA.R rr+ rr- u P 11 + : a/ pacnpeoeAeHue no KocuHycy 
noA.RpHozo yzAa rr-- Me3oHa; 6/ pacnpeoeAeHue no a3uMy-
1flaAbHOMY yzAY. o6pa3yeMOMY nAOCKOCIUMU pacnaoa u 
poJKoeHu.R 11+11-- napbl; e/ pacnpeoeAeHue no KocuHycy 110A.Rp
Hozo yzAa npo111oHa; z/ pacnpeoeAeHue no a3uMymaAbHOMY 
yzAy, o6pa306QHHOMY nAOCKOCIIUMU poJKOeHUJi U pacnaoa p 11 t_ 

napbl. JiyHK111UpHble AUHUU - 6KAQO t/JOH06biX KOM6UHQf.IUU. Jlu
HU.R, U306paJKeHHQJi 1/IO'IKQMU, noKQ3bf6Qelll 6KAQO f/JOHQ U3 zpa
t/JUKa, zoe He COOepJKU111CJi OCH06HOU KOM6UHQf.IUU. 
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06utaii xapaKTep pacnpeJJ.eneHaii a To ll<e speMJI H3Me

HHDCJI Mano. Kpasble, aHanorH'IHble 9a a 6 /6e3 pa3JJ.en;:l'~/;' 
BKDaJJ.a OT pa3HbiX )J.HarpaMM/. 6blnH nonylfeHbl a pa6oTax 

npa aHana3e peaKllHB /1/ npa HMnym.ce 4,5 H 3,9 F3B/c 
B MO)J.eDH, 6DH3KOB npB HB3KHX 3HeprBJIX K Haweii. 

B 3aKDIO'IeHHe OTMeTHM, 'ITO BCe yrnOBble pacnpe)J.eneHHJI 

y ,I.J,OBDeTBOpHTeDLHO OllHCbiBaiOTCJI MO)J.eDLIO pe,I.J,li<C 30BaHHOrO 

OJJ.HonaoHHoro o6MeHa. OocKODLKY JJ.DJI onacaHBJI peaKllHB. 

/2/ B /3/ He B03HHKaeT Heo6XO)J.HMOCTH B ,I.J,06asneHBB K a~m
DBTy,I.J,e npolleCCa HOBbiX 'IDeHOB, COOTBeTCTBYJOlltBX 06MeHy 

B t ·KaHane COCTOJIHBJIMH C KBaHTOBbiMB 'IHCDaMB, OTDBlf• 

HbiMB OT TT -Me 30HHbiX, TO MO)I(HO yTsep)I(JJ.a TL, 'ITO B 

o6naCTH nepe,I.J,aHHbiX CBCTeMaM TT + TT- H p TT 4-BMDYDLCOB 

< .4 /F3B/c/ JJ.OMHHHpyeT o6MeH peJJ.ll<e3osaHHbiM rr -.we-

30HOM. 

AsTopaM 

r .H.KODbiDOBa, 

BBHY B B.PyJJ.L 

npH.IITHO no6naroJJ.apHTL A.B.Kaii.IJ.anosa, 

C.O.Kpy'IBHHHa, A.B.HBKBTBBa, H.Kapll<a-

3a none3Hble ,I.J,HCKYCCBH H COBeTbl. 
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+1 

Puc. 9. To JIC€, '11110 u puc. 8, HOc oonOAHUIII€AbHbiM OJI60pOM 
rr+rr-u Prr+ -nap c 3(H/JeKIIIU6pWMU MaccaMu, AeJKaJI#UMU 6 o6-
Aac•u Mace P0 -Me3oHa u ~ - u3o6apbJ. 
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