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BaaaMHNA o6MeH KaapKaMB B npoueccax c 6on&woA nepeaaqeA 

BMRyn&ca MelKllY Me30HOM B t5apJJOHOM ' 

PaccMaTpBBSJOTCSI cneacTBHSI aaaBMHoro o6MeJia KaapKaMB MelKAY 

B38HMOlleACT~YIOIIIBMB 8llpOH8MHo npBBOASITCSI OTHOIIleHBSI ceqeaBA
0 

paansq

HNX peaKUHA AnSI ynpyroro Me30H-6apBOHHOro pacceSIHBSI Ha 180 B ·anSI 
aeynpyrax peaKilHA c 6onbwoA nepeaaqeA HMnyn&ca MelKAY Me30HOM a 6apa~ 
HOMo nony"'eHHbJe OTHOWeHHSI onpeaenSIIOTCSI KonuqeCTBOM KB8pKOB B 8llpOHI;IX 

B ll810T B03MOlKHOCTb eme OAHOro UOAX0ll8 K 3KCnepBMeHT8n&HOA npoaepKe 

KB8pKOBOll: MOAenB. 
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Lyubimov A.L. 
Quark Interchange in Processes with 
Large Momentum Transfer betweep 
Mesons and Baryons 
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The consequences of quark interchange between inter
acting hadrons are considered. The ratios of the cross 
sections for different reactions are given 

a) ·for elastic meson-baryon scattering at 180°, 
b) for inelastic processes with large momentum 

transfer be1;ween meson and baryon. The ratios 
obtained are determined by the number ·of quarks.in had
rons and make possible one more approach to experimental 
testing the quark model. 
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Ecnu KsapKoBaJI CTPYKTypa a,D;pouos JIBJIJieTCJI peanLuoii, 

TO MO>KHO O>KH,IJ;aTL, 'ITO llpB onpe,IJ;eJieHHLIX yCJIOBBJIX 6y,IJ;eT 

npOBCXO,IJ;HTL B3aBMHLIH 06MeH KBapKaMH Me>K,IJ;y B3aHMo

,IJ;eHCTBYIOlUBMB a,D;pouaMB. 

CymecTsosauue :e·3aBMHoro o6Meua KBapKaMu /s.o.K./ 

,IJ;OJI>KHO npBBO,IJ;BTL K pJI,D;y npe,D;CKa3yeMLIX CJie,IJ;CTBBH, ,IJ;aro

lUBX B03MO>KHOCTL eme O,IJ;HOrO llO,IJ;XO,IJ;a K 3KCnepBMeHTaJIL

HOB nposepKe KBapKOBOH MO,IJ;eJIH. 

HeKoTopLie B3 cne,IJ;CTBBH chmecTsosaHHJI s.o.K. 6LinB 

yKa3aHLI uaMH pauee B pa6oTe . I/. B uacToJimeii pa6oTe, 

JIBJIJIIOmeHCJI ee pa3BHTHeM, B paMKaX HaHBHOH KBapKOBOH 

MO,IJ;eJIH Ha OCHOBe npe,D;CTaBJieHBJI 0 B.O.K. paccMaTpB&a

eTCJI cnepsa ynpyroe Me3oH-6apuoHHoe pacceJIHHeHal80°, 

a 3aTeM MeTO,IJ; H pe3yJILTaTLI 3TOrO paCCMOTpeHHJI npHMe

HJIIOTCJI K HeynpyrHM peaKU.BJIM C 60JILIIIOH nepe,IJ;aqeu HM

nynLca oT Me 30Ha K 6apuoHy unu oT 6apuoHa K Me 30Hy. 

llpuse,IJ;eHo paccMoTpeHue ,IJ;JIJI Mo,IJ;eJIH Tpex KBapKoB /2/*. 

)J.JIJI Tpex TpHllJieTOB KBapKOB, U.BeTHLIX/3/ HJIH C U.eJIO'IHC

JieHHLIMH 3apJI,D;aMH / 4, 5/, MO>KeT 6LITL npose,IJ;eHo aHano

rH'IHoe paCCMOTpeHHe H ,IJ;OJI>KHLI BLinOJIHJITLCJI Te >Ke COOT

HOilleHHJI Me>K,IJ;Y Ce'leHHJIMH pa3JIH4HLIX npou.ecCOB. 

Ynpyzoe Me3ow 6apuoHHoe pacceJIHUe Ha 180 o 

PaccMoTpHM ynpyroe Me3oH-6apuoHHOe pacceJIHBe 

Ha3a,IJ; npB 3HeprHJIX,,IJ;OCTaT04HO BLICOKHX,4T06bl MO>KHO 6LIJIO 

npeHe6pe4L o6pa3oBaHHeM pe3oHaHCOB B npJIMOM KaHane 

I puc. 1/. Ecnu npu TaKoM pacceJIHHH He npoucxo,IJ;HT B3a

HMHoro o6MeHa KBapKaMH, TO HMllYJILCLI BCeX qeTLipex 

KBapKOB H aHTHKBapKa ,IJ;OJI>KHLI MeHJITLCJI Ha o6paTHLie. 

Ha puc. 2 npe,D;cTasneHa ,IJ;HarpaMMa 3Toro npou.ecca. 

EcnH >Ke npu pacce guuu Ha 180 o npoucxo,IJ;HT B3aHMHLIH 

o6MeH K&apKaMH Me>K,IJ;Y Me 30HOM u 6apuoHOM I puc. 3/, TO 

HMUYJILCLI Ha o6paTHLie MeHJIIOT TOJibKO "He06MeHHBaeMLie" 

,IJ;Ba KBapKa H aHTHKBapK, TOr,IJ;a KaK "o6MeHHBaeMLie" 

*)J.JIJI KBapKOB 6y,IJ;yT HCllOJib30BaHbl 0603Ha4eHHJI p n 
,\' ,IJ;JIJI npoTOHa H ueuTpoHa - COOTBeTCTBeHHO p H N ,' ,IJ;JI~ 

HYKJIOHa - 1( . 
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8 M 
Puc. 1. ,4uazpaMMa ynpyzozo Me3oH- 6apuoHHozo pacce.RHU.R 
Ha 180°. 

M B 

B M 
Puc. 2. KeapK060Jf ouazpaMMa ynpyzozo Me30H- 6apuOHH020 
pacce.RHU.R Ha3ao 6e3 o6MeHa KeapKaMu. CnAOWHbJMU AUHU.RMU 
o6o3Ha"'eHbr KeapKu, wmpuxoeaHHoil - aHmuKeapK. 

M B ----, 
\ 

8 M 
Puc. 3. KeapK06a.R ouazpaMMa ynpyzozo Me30H- 6apuOHH020 
pacce.RHU.R Ha 180° C 06MeHOM K60pKaMU MeJICOY Me30HOM 
U 6apUOHOM. 
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KBapKH, urpaiOIJUie B 3TOM npouecce pacceJIHHJI pom. "Ha-

6mo.naTeneii:"' /cneKTaTopos/, npo,noJDKaiOT ,nBIDKeHHe B Tex 

~e HanpaBJieHH.IIX, B KOTOp~X OHH ,nBHraJIHCb ,no B3aHMO

,neii:CTBH.II. B KOHe'IHOM COCTO.IIHHH pacce.llmnHeC.II Ha 180° 
,nsa KBapKa H aHTHKBapK, HMeiOIJUie He60JibWHe HMnyJibC~ 

OTHOCHTeJibHO "o6MeHeHH~X" KBapKoB-cneKTaTOpOB, o6pa-

3yiOT C HHMH COOTBeTCTBeHHO 6apHOH H Me30H, ,nBIDKYIUHeC.II 

B HanpaBJieHH.IIX, npOTHBOnOJIO~~X Ha'laJibH~M ifanpaBJie

HH.IIM ,nBH~eHHJI 6apHOHa H Me30Ha. 

BepoJITHOCTb CTOJIKHOBeHHJI, npHso.nJIIUero K H3MeHeHHIO 

HMnyJibCOB KBapKOB Ha o6paTHble /ynpyroe pacceJIHHe Ha3a,n 

,nJIJI CTaJIKHBaiOJUHXCJI KBapKOB/, ,nOJDKHa 6b1Tb Mana no 

cpaBHeHHIO C BepOJITHOCTbiO B3aHMO,neHCTBHJI, He MeHJIIOIUero 

HX HMnyJibCOB /ynpyroe pacceJIHHe KBapKOB Bnepe,n/, no

CKOJibKY B nepBOM CJiyqae Tpe6yeTCJI O'leHb MaJibiH /H npH

TOM na,naiOIUHH C pOCTOM HMnyJibCa/ npHUeJibHbiH napaMeTp. 

ll03TOMY ecTeCTBeHHO C'IHTaTb, 'ITO Ce'leHHe npouecCOB, 

npoHcxo.nJIIUHX cornacHo ,nHarpaMMe, noKa3aHHoii Ha puc. 3, 
cymeCTBeHHO 60JibWe Ce'leHHH pacceJIHHJI, COOTBeTCTBYIOIUe

ro ,nHarpaMMe Ha puc. 2, npH'IeM 3TO pa3JIH'IHe ,noJDKHO 

yBeJIIi'IHBaTbCJI C pOCTOM 3HeprHH *. llo3TOMY ,nJIJI npouec

COB, npoHCXO.li.JIIUHX B COOTBeTCTBHH C ,li,HarpaMMOH puc. 3, 
MO~HO, B nepBOM npHfiJIH~eHHH, npeHefipe'lb BKJia,li,OM aMnJIH-

TY.ll., COOTBeTCTBYIOIUHX yKa3aHHbiM Ha puc. 2. ,lJ.JIJI npouecCOB 

pacceJIHHJI, npH KOTOpbiX B03Mo~eH o6MeH KBapKaMH I puc. 3/, 
Ha6JIIO,ll,aeTCJI DHK C MaKCHMYMOM OpH 180 ° . )J.JIJI npoUeCCOB, 

r,ll,e 06MeH KBapKaMH HeB03MO~eH, TaKOrO DHKa HeT. 

PaccMoTpHM cnepBaynpyroeKaoH-npoTOHHoepacceJIHHe 

Ha3a.D.. llocKOJibKY KBapKOBbiii cocTaB. K+- Me 30Ha, Ko- Me-

30Ha H OpOTOHa, COOTBeTCTBeHHO, ( Jl A) , ( nA) H ( ppn) , TO 

B K+p-pacceJIHHH Ha3a.D. Mo~eT npoHcxo,nHTb, cornacHo 

cxeMe puc. 4, B3aHMHbiH o6MeH p - KBapKaMH, a B K 
0 

p-

pacceJIHHH Ha3a,ll, - 06MeH n -KBapKaMH. llpH 3TOM BO 

B3aHMHOM o6MeHe n -KBapKoM c K 0 -Me30HOM Mo~eT yqacT-

* TaKOMy npe,li,CTaBJieHHIO COOTBeTCTByeT, B 'laCTHOCTH, 
no,ll,aBJieHHe ynpyroro pacce JIHHJI Ha3a.D. K-- Me 30HOB Ha 
HYKJIOHaX, ,nJIJI KOTOporo B3aHMHbiH o6MeH KBapi<aMH HeB03-
Mo~eH /puc. 2/, no cpaBHeHHIO c ynpyrHM pacceJIHHeM 
Ha3a.D. K H rr -Me30HOB, r.D.e 3TOT o6MeH B03MO~eH/ puc.3/. 
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Puc. 4. KeapK08ble ouazpaMMbl ynpy2020 pacce.RHU.R Ha 
JBCY ~-Me3oHoe Ha npomoHax fa/ u HeumpoHax /6/. 

BOBaTL e,IJ;HHCTBeHHbiH n·KBapK npOTOHa, Tor,n;a KaK B o6-

MeHe p ·J<aapJ<oM c K+ -MeJoHoM MO)I(eT yqacTBoBaTL mo6oii 

H3 ,n;ayx p -KaapKoB npoToHa. llo3TOMY aMmiHTy,n;a ynpyroro 

K+ p -pacce.HHH.H Ha 180 ° .n;oiDKHa 6biTL B ,n;aa paJa 6onL

we aMnnHTY.IJ;hl ynpyroro K o p -pacce.HHHJI Ha 180° : 

A(K+P .... PK+) /A(K 0 P .... PK 0 ) =2. 
180° 180° 

111 

B paMKax paccMaTpuaaeMbiX npe,n;cTaaneHHH 3TO cnpaae,n;

nuao c ToqHocTLIO ,n;o yqeTa npoueccoa, noKaJaHHhiX Ha 

puc. 2, H B npe,n;nono)l(eHHH paaeHCTBa aMnnHTy,n; pacceJIHHJI 

HaJa,n; A Ha napax KaapKoB - pp H pn *. 
TaKHM o6pa30M, B cnyqae B3aHMHoro o6MeHa KaapKaMH 

ecTeCTBeHHO O)I(H,IJ;aTL, qTo ceqeHH.ll ynpyroro KaOH·HyKnOH· 

HOrO pacce.HHHJI Ha 180 ° ,IJ;OIDKHLI Y.IJ;OBneTBOpJITb COOTHO

WeHHIO 

da ( ~ P .... PK +) 180 o Ida ( K 0 P .... PK 0 ) 180a~ [=da(lt N .... NK+ >t
8
cf'J=4./21 

* Bcne):li:TBHe HJOTonuqecKoii HHBapHaHTHOCTH BJaHMO
,n;eiicTBHe A laJoToncnHH = 01 c p - H n -KaapKaMH 

luJoToncnHH = 1 I, ,n;OIDKHO 6biTL O.IJ;HHaKoao. llo3TOMY, ecnu 

6bl BJaHMo,n;eiicTBH.H A c Ka)I(,IJ;biM H3 HecTpaHHbiX KBapKoB 
napbl 6blnH HeJaBHCHMhl, TO nocne,n;Hee ycnoaue BhlnonH.HnocL 
6bl aBTOMaTaqeCKH. 
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fiOCKOnLKY Me)I(,IJ;y aMITnHTy,n;aMH ynpyroro J<aoH- HyKnOHHOrO 

pacCe.HHH.II H nepe3ap.H,II;KH cy~eCTByeT H30TOITHl.JeCJ<Oe CO· 

OTHOWeHHe 

A(K+ P .... K+P) =A(K+N .... K +N) +A(K + N .... K 0 P) , 131 

TO ,IJ;On)I(HO, Hap.H,n;y C COOTHOWeHHeM 12(, BbiiTOnH.HTLCJI TaK

)I(e COOTHOWeHHe 

da(K+P .... PK+)
1800

/da (K+ N .... PK 0 )
1800

= 4* 141 

Ha,n;O JaMeTHTL, l.JTO COOTHOWeHHJI 121 H 141 He cne-
,n;yiOT H3 TeOpHH KOMITneKCHLIX yrnOBbiX MOMeHTOB, 6onee 

TOrO, - OHH OTnHqHbl OT aCHMITTOTHqecKHX COOTHOWeHHH, 

nonyqaeMbiX H3 paCCMOTpeHHJI np.HMOnHHeHHbiX H HeBblpO)I(

,n;eHHbiX 6apHOHHbiX TpaeJ<TOpHH CO CTpaHHOCTbiO S =- 1/6 /. 

B DHOH·HyKnOHHOM pacceJIHHH Ha3a,IJ;, a TaJ<)I(e B npo-

ueccax THna KYI ~ Yrr /r.n;e Y o6oJHaYaeT}.;- HnH 

1\- rHnepoHI cne,n;yeT, aoo6me roaopB, Y'IHTbJBa Tb TaJ<)I(e 

B03MO)I(HOCTb aHHHrHnJIUHH aHTHKBapKa OT Hal.JanbHOrO Me-

30Ha c cooTBeTcTBYIOIUHM KBapKoM 6apHoHa I puc. 51. 
fio:HOMY ,n;nJI yKa3aHHbiX npoueCCOB COOTHOWeHHJI, aHanorH'I

Hble /2/ H I 41 , MoryT 6biTb nony'IeHhl TonLKO npH ,n;onon

HHTenLHOM npe,n;nonO)I(eHHH 0 ManOCTH aMnnHTY.IJ;bl 3TOH 

aHHHrHnJIUHH no cpaaHeHHIO c aMnnHTy.n;oii ynpyroro pacceg

HHJI aHTHKBapKa HaJa.n; * *. Tor,n;a ,n;nB nHoH·HyKnOHHoro 

pacceJIHHJI Ha 180 ° OpH BbiCOKHX 3HeprHJIX ,IJ;OIDKHO 6LITL 

d <T ( TT + p -> P TT +) , / tJ (J ( TT - p -> p TT - ) r = 4 , 
180' 180~ 

lSI 

!' Bcne,n;CTBHe COOTHOWeHHJI 121 TpeyronLHHK, COCTaBnJie· 
Mblii aMnnHTy.n;aMH ynpyroro pacceBHHJI H nepe JapB.n;KH 

J<aOHOB Ha Hyi<nOHaX cor naCHO COOTHOWeHHIO 131, ,IJ;nJI pac
CeJIHHJI Ha 180' B MO,IJ;enH B.O.J<. CTJirHBaeTCJI B npBMyiO. 

** 3,n;ecb npe,n;nonaraeTcJI TaJ<)I(e, 'ITO aMnnHTy,n;hl pacce.H
HHJI n IHnH p I Ha napax KBapKOB PP IHnH nn I H pn 

O,IJ;HHaKOBLJ. 
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IlpH 3TOM BCne,IJ;CTBHe H30TOITH'IeCKOro COOTHOWeHHB Me)I(,IJ;y 

aMITnHTy,IJ;aMH ITHOH- HyKnOHHOrO pacce BHHB 

A(rr+P .. qr+P) =A(rr- P .... TT-P)+y2·A(TT-P->TT 0 N) /6/ 

,IJ;On)I(HO 6b1Tb TaK)I(e 

da( rr- P .... P rr-) / da ( TT- P-> N rr 0 ) 0 = 2 * · /7/ 
180° 180 

M 
-----, 

8 

' \ 
B 

M 

Puc. 5. KeapK06QJI ouazpaMMa ynpyzozo Me3oH- 6apuoHH020 
pacceJIHUJI HQ3QO C QHHU2UAJI!JUeU UH1flUK6UpKa Me30HQ C oc)
HUM U3 K6UpK06 6apUOHa. 

* Ecna aMnnaTy,IJ;a aHHHrHnBn;aa aHTHKBapKa MeJoHa 
C KBapKOM HyKnOHa 6Lina 6bl MHOrO 6onbWe aMITnHTY,IJ;bl 
ynpyroro pacCeBHHB aHTHKBapKa Ha3a,IJ;, TO ITOCKOnbKY p -
KBapK TT--Me30Ha MO)I(eT aHHHrHnHpOBaTb C Jll06biM H3 
,IJ;BYX p -KaapKOB npoTOHa, a n -KaapK TT+-MeJOHa - c e,IJ;HH
CTBeHHbiM n -KaapKOM npOTOHa, BMeCTO /5/ 6LinO 6LI 

da(TT+p...,pTT+)
1800

/da(TT-P-.PTT)
1800

= l. /5'/ 

B 3TOM cnyqae nepe JapB,IJ;Ka HaJa,IJ; ( "- P .... N TT 0) ,IJ;Oll)I(Ha 6LITb 
Mana no cpaBHeHHJO c ynpyrHM pacceBHHeM. 
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CooTHoweaaJI /5/ H /7/ /a TaK)I(e /5 'f TO)I(e cy-

J.UeCTBeHHO OTnH'IaiOTCB OT aCHMITTOTH'IeCKHX COOTHOWeHHH, 

nonyqaeMbiX B MO,IJ;enH ITOJllOCOB Pe,II;)I(e ,IJ;nB npBMOJIHHeBHbiX 

H HeBblpO)I(,IJ;eHHbiX 6apHOHHbiX TpaeKTOpHH / 6/ • 

B TOM )l(e npe,IJ;nono)l(eHHH o ManocTH aMnnaTy,IJ;bl aHHH

rHnBUHH H C y'leTOM KBapKOBbiX BOnHOBbiX cllYHKUHH B3aHMO

,IJ;eHCTBYIOIIJ;HX 'laCTHIJ; MO)I(HO TaK)I(e nony'IHTb COOTHOWeHHB 

,IJ;nB ,IJ;BYX'IaCTH'IHbiX peaKIJ;HH 

da(K-P-.!.+rr-) 0 /da(K-P .... !, 0 rr 0) o=4, /8/ 
180 180 

. 0 -
da (K- N .... !. TT )

1
8oo da ( K -N .... A 

0 
77 l180 o 

. 0 0 -
da (K-P .... !. 77 )180° 

----.,....,...- - ') -- oo - .... 
da (K P-. A 17 )180° 

IlOCKOnbKy COOTHOWeHHB /2/ H /4/ OCHOBaHbl Ha MeHbWeM 

qacne npe,IJ;nono)l(eHaii, 'leM /5/ H /7 I, a TaK)I(e /8/ a /9/, 
TO Haa6onee npBMLIM MeTO,IJ;OM 3KcnepaMeHTanbHOH npoaep

KH paCCMaTpHBaeMOH MO,IJ;enH BBnBeTCB CpaBHeHHe Ce'leHHH 

KaOH-HyKnOHHOrO pacceBHHB Ha 180° npH BbiCOKHX 3Hep

rHBX *. 
0,IJ;HaKO COOTHOWeHHe /5/ ,D;nB ITHOH- HyKnOHHOrO pacceB

HHB Ha 180° B npe,D;enax 3KCITepHMeHTanbHOH TO'IHOCTH 

/15«1o/ BbiiTOnHBeTCB npH 3HeprHH ITHOHOB OT 8 

,IJ;O 14 r3B - HaH60nbWeB 3HeprHH, ,IJ;JIB KOTOpOH B HaCTOBIIJ;ee 

BpeMB HMeJOTCB 3KCITepHMeHTanbHble ,IJ;aHHble/7 /**. C TO'IKH 

* IlOCKOnbKy B KaoH-HyKnOHHOH CHCTeMe o6pa30BaHHe 
pe30HaHCOB HrpaeT ManyJO ponb /B OTnH'IHe OT ITHOH-HYKJIOH
HOH CHCTeMLI/ H KaOH-HYKJIOHHOe pacceBHHe Ha3a,IJ; onpe
,IJ;enBeTCB B OCHOBHOM Hepe 30HaHCHOH aMITJIHTY,IJ;OH, TO MO)I(HO 
O)I(H,IJ;aTb, 'ITO ,IJ;nB npoaepKH COOTHOWeHHH /2/ H /4/ ,IJ;OCTa
TO'IHbl 3HeprHH K-Me30HOB B HeCKOnbKO r3B j-:;,_5/. 

** HJ- Ja HanH'IHB npoaana B ,IJ;H!W>epeHuaanLHOM ce'leHHH 
ynpyroro "+p-pacceBHHB a o6nacTa u"'- 0,2 /r3B/c/2 
OTHOWeHHe Ce'leHHH TT+ p H TT- p - pacce BHHB Ha3a,IJ; CHnbHO 
3aBHCHT OT yrna paCCBHHB. Il03TOMY COOTHOWeHHe /5/ Bbl
nonHJieTCJI TOnbKO B Y3KOM HHTepaane OKOnO 180 °. 
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3peH8JI paCCMaTp8BaeMbiX npe,D,CTaBneH8H 3TO 03Ha'laeT 

B03MO)K}IOCTb npeHe6pe>KeH8JI aMDD8TY.IJ.OH aHHHrHDJIU,HH 

B ,IJ,aHHOM HHTepoane 3HeprHH. 

Bo BCJIKOM cnyqae, ecn8 3KcnepHMeHT no,IJ,Toep,D,HT 

COOTHOUieHHe 121, a TaK>Ke COOTHOUieHHe 151 ,IJ,nJI fiODbUIHX 

3H~prHH DHOHOB, TO COBDa,IJ,eHHe OTHOUieHHH Ce'leHHH ,IJ,DJI 

KaOH-HYKDOHHOrO 8 D80H-HYKDOHHOrO pacceJIHHJI Ha 180° 
YC8DHT 3Ha'IHMOCTb pe3yDbTaTa * • 

Heynpyzue peaKflUU c 6oAbUWU nepeoa'leri 
UMnyAbCa 

Ha ocHooe npe,D,cTaoneH8JI o o.o.K., aHanor8'1HO npou.ec

caM ynpyroro Me3oH-6ap8oHHoro pacceJIH8JI Ha 180° , Mhl 

MO>KeM paCCMOTpeTb Heynpyr8e peaKU,88, B ,D,8arpaMMaX 

KOTOpbiX Me 30HHble D8H88 nepeXO,IJ,JIT B 6ap80HHble HDH 

fi,apHOHHble DHHHH - B Me30HHble. flpHMepOM TaKOrO npou,ec

ca JIBnJieTCJI Heynpyroe Me3ou- 6apHOHHoe pacceBHHe Ha 

180°, T.e. peaKU.HH M+B~X8,+\1{80 oH M+B-·B(,o+ XM', 

rne pacceBBUIHeCJI Ha 180° Me3oH I puc. 6al HnH 6apHOH 

p 
L ** I puc. 661 HMeiOT 6onLUIHe HMnynLCbi x = --- • ,nnB Toro 

P max 

'ITOfihi H8>KHBJI BepUIHHa ,IJ,HarpaMMbi puc. 6a C TO'IKH 3pe

H8B MO,IJ,enH B.O.K. fihlna aHanorH'IHa COOTBeTCTBYIOllJ,eH Bep

UI8He ynpyroro Me3oH-6apHOHHoro pacceJIHHB Ha 180° , 

* Coo'rHoUieH8B ,IJ,nJI ynpyroro Me3oH-6apHOHHoro pacceJI
H8B Ha3a.D., aHanor8'1Hble npHBe.D.eHHhiM, MoryT 6hiTb nonyqe
Hbl TaK>Ke ~a OpHOBe r8DOTe3bi t!JaKTOp83yeMOCT8 KBapKOBbiX 
aMnnHTY.D. /8,9/. O,IJ,HaKo r8noTe3a t!JaKTOpH3yeMOCTH, oxoa
TbiBaB 6onee UI8POK8H Kpyr npou.eccoo, 'leM MO>KHO 
paCCMOTpeTb, 8CXO,IJ,JI 83 npe,D,CTaBneH8B 0 B.O.K., 
ocHoBaHa Ha 6onLUieM '18Cne npennono>KeHHii /BKniO'IaJI see 

npennono>KeH8B, Heo6xo.IJ.HMble ,IJ,nJI rHnoTe 3hl o. o .K. I. 

** _nju npoCT-OTbi 6y_neM onycKaTb 3HaK 8MllYDbCa, llO,IJ,pa-
3yMeBaB llO,IJ, C8MBODOM x a6CODIOTHOe 3Ha'leH8e 3TOH oe

D8'1HHbi. 
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a) 

Puc. 6. Heynpyzoe Me3oH- 6apuOHHOe pacceJIHUe Ha3ao 
a/peaKf.IUJI M+ B~X +M' ;6/peaKflUJI M +B->B' +X , 

B' 180° 0° M 

HY>KHO, 'IT06bl O,IJ,HH 83 KBapKOB Ha'laDbHOrO 6apHOHa, He 

8CllbiTaB pacCeBH8JI IT.e. OCTaBUI8Cb CDeKTaTOpOM/, BOUien 

B COCTaB Me30Ha, BbiDeTaiOllJ,ero Ha3a,IJ,, BMeCTe C aHT8KBap

KOM Ha'laDbHOrO Me30Ha, pacceBBUIHMCB Ha .IJ.BYX OCTaDbHbiX 

KBapKaX 3TOrO 6apHOHa. fiOCKODbKY ,IJ,nJI Ka>K,IJ,Oro 83 KBapKOB 

Ha'laDbHOrO 6ap80Ha B cpe,IJ,HeM ,IJ,On>KHO fihiTb x:O: ~ *, TO 

pacceBH8e aHT8KBapKa Ha .D.BYX KBapKaX 6ap80Ha 6y,IJ,eT 

Bbi,IJ,eneHo, ecn8 nocne pacceBH8B Ha3a.D. 8MnynLc aHT8KBap

Ka x > ~ . B 3TOM cnyqae y BblneTeBUiero Ha3a.D. Me3oHa, 

COCTOJillJ,ero 83 3TOrO aHT8KBapKa 8 KBapKa- CDeKTaTopa H3 

Ha'laDbHOrO 6ap80Ha C X = ~ , ,IJ,On>KHO fihiTb X> ~ • 

Torna OTHOUieH8B ce'leH8H pa3n8'1HhiX Heynpyr8x Me3oH-

6ap80HHhiX peaKU.8H c BhlneTOM Ha3a.D. Me 30Ha c x > 2 I 3 
8 o6pa30BaH8eM O,IJ,8HaKOBbiX I8DH H30TODH'IeCKH CODpB>KeH

HbiXI COCTOJIHHH X B ,IJ,On>KHbi fihiTb Te >Ke, 'ITO ,IJ,DJI COOTBeT

CTBYIOllJ,HX npou,eccoo ynpyroro pacceBHHJI Hn8 nepe3apJI.IJ.KH: 

da ( K+ P ~ Xp + K+ ( x> 2/3) 180 o) 

da (K+ N->XN+ K+(x>2/3)
180

J 

da (K+ p_, PK+hso 0 

da (K+ N->NK+)
180

o 
'1101 

*EcnH CyM~a.fJibiH HMDYnhC BCeX KBapKOB MeHbUie 8M
nynbca a,D,pOHa/ 1 / , TO cpe,IJ,HBJI ,IJ,ODJI HMDynbca, npHXO,IJ,JI

llJ,aJICJI Ha O,IJ,8H KBapK, ,IJ,OD>KHa 6b1Tb COOTBeTCTBeHHO 
yMeHLUieHa. 
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+ + \ da (K p__. Xp + K ( x> 2/3)180o' 

da(K+ N-->Xp+ K0(x>2/3\8oo) 

da( 11+p--> Xp+ 17+(x>2/3)180c) 

da ( 17 -p .... xp + 17 -( x> 2/3)180 J 

da(77-P-> Xp+ 17-(x>2/:J)180J 
da ( 11 P .... X N+ 170 ( x>2/3)18u:f 

-

+ +) da (K P .... PK 180° 

da (K+ N .... PK0 )180° 

da( 17+ P--> P 17+)180 ° 

da ( 17-p .... p 17 -)188o 

da ( 11- P --> P 11-) 0 180 
da(17 P ->N170) 0 180 

/11/ 

' /12/ 

' /13/ 

da(Kp .... x!+ + 11- (x> 2/3)180o) da(K P .... !+ 17-\80~/14/ 
da(K- p .... X!o + 11 ° (x > 2/3) ) 

180° 
da (I\ p .... ! o17 o\8oo 

da(K-N--X!o+17-(x>2/3)180o) 

da(K p .... X~+17°(x>2/3) 180o) 

da ( K- N .... ! o (A 0 ) + 11- \ 80o 

= da ( K-P--:-:~::0 (A 0 ) +170). 
180° 

da(K-N .... XAo-t17- (x>2/3\tJ 

= da (K-P _. XAo +17° (x>2/3) 0 
1\ 180 

/15/ 

fipB 3TOM cnpaBeAflBBOCTL COOTHOilleHBH /12/-/15/ He Ja
BBCBT OT npeADOflO>KeHBB 0 MaflOCTB BKnaAa aMDflHTYALI 
C aHHHrHflBUHeH napbl KBapK-aHTBKBapK, DOCKOflLKY onpeAe
flBIOIUHe )tBarpaMMLI B o6eHX 'laCT BX 3THX ypaBHeHHH AOn>KHLI 
6LITL OAHHaKOBLIMB. 

0>KHAaeMLie 'IHCneHHLie BenH'IHHLI OTHOlleHHH, BXOAJI
IUBX B /10/-/15/, 6blflH npHBeAeHbl Bbllle B /2/, /4/, /5/ 
/eM. TaK>Ke /5/, /7/-/9/. 

llpa conocTaBneuaa /10/-/15/ c JKcnepaMeHTOM cne
AYeT y'IHTblBaTL, 'ITO 3TH paBeHCTBa cnpaBeAnBBbl TOflLKO 
TOrAa, KOrAa BblneTaiOIUBe HaJaA Me30Hbl He BBflBIOTCJI 
npOAYKTaMB pacnaAa pe30HaHCOB /3TO OTHOCBTCB TaK>Ke 
B K COOTHOlleHBBM, paCCMaTpHBaeMblM HIDKe/. 
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fiOCKOflLKY COOTHOilleHBB /10/-/15/ cnpaBeAnBBbl AflB 
niD6blX OAHHaKOBblX /BnB B30~0llH'ICCKB COllpB>KeHHbiX/ 
COCTOBHHH XB B cpaBHBBaeMblX npoueccax, TO OHB AOn>KHbl 
npa6nB3BTenLHO BblllOflHBTLCB B AflJI BHKn103BBHblX peaKUBH. 
0TKnoueuae OT Juaqeuai, AaBaeMblX /10/-/15/, o6ycnoB
neuo B JTOM cnyqae BKnaAoM npoueccoB, B KOTOpblx BblfleTaro
IUBH DOA yrnOM OKOflO 180° 6blCTpb1H MC30H o6pa30BancB 
B pe3ynLTaTe pacnaAa pe3ouauca. Mo>KBo O>KBAaTL, 'ITO 
BKflaA 3TBX npouecCOB B BHKni03HBHble Ce'leHBB paccMaTpB
BaeMblX peaKUBH HeBenBK. 3KCnepHMeHTanLHO 3TO MO>KeT 
6blTL npoBepeuo no yrnoBoMy pacnpeAeneHBIO BwneTaiDIUBX 
uaJaA Me3ouoB /B npoueccax ueynpyroro Me3ou-6apaouuoro 
pacceBHHB Ha3aA, BAYIUBX C 06MeHOM KBapKaMB, cneAyeT 
O>KHAaTL CyiUeCTBOBaHBB DBKOB npH 180 °, auanorH'IHbiX 
DBKaM B ynpyrOM pacceBHHB/. 

PeaKuaa Tana M+B -->B 0o +~/puc 66/MoryT 6blTL pac
cMoTpeuw CXOAHblM o6pa30M. 0AHaKO B 3TOM cnyqae BHTep
Ban BenH'IBH X , KOTOpble KBHeMaTB'IeCKB BblAeflBIOT o6naCTL, 
rAe BepxHBB Bepmaua ABarpaMMbl puc. 66 auanoruqua cooT
BeTCTBYIOIUei Bepmaue AnB ynpyroro Me3ou-6apaouuoro 
pacceBHHB ua 180° , y>Ke, 'leM B npeAbiAYIUeM cnyqae, 
u orpauaqeu 3Ha'leHBBMH x , 6nB3KBMH :K 1 * . B JTOH o6nacTH 
HMnynLCOB x AflB npoueccoB M + B--> B0o +Xp,( AOn>KHbl Bblnon
HBTLCB COOTHOlleHHB /10'/-/15' /, COOTBeTCTBYIOIUBe COOT
HOlleHBBM /10/-/15/ AflB npoueccoB M+B -->XB, +M} 80o 

da(K+P .... P(x:::l) o +X +) 
0 K 

+ + ) 
da(K P .... PK 180° /10'/ 

+ 
da(K+N --> NK )180° 

+ 
da(K N .... N(x ... l) +X +) 

Oo K 

~-pa6oTe7lt7, B lCOTOpOH Ha OCHOBe npeACTaBneHBB 
0 napHOM B3aBMOAeHCTBBB KBapKOB paCCMOTpeHbl BHKni03BB
Hble peaKUBH C 6onLillOH MHO>KeCTBeHHOCTLIO, AflB npoueCCOB 
tllparMeuTauaa MeJoua B 6apaou /peaKUBJI M .... B I yKaJau 
HHTepBan HMDynLCOB o6pa30BaBlliBXCB 6apBOHOB, nony'leHHblH 
npa onpeAeneuublx npeAnono>KeuaBx: 1/2..;: x::;7 /8 . Mo>KBo 
ycnoBHO npBHBTL, 'ITO B paCCMaTpBBaeMOM HaMB cnyqae 
X> 7/8. 
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+ d a ( K P __. P (x :::: 1) 0 + XK +) 
0 -

d a ( K+ N --> P ( x = 1) +X ) Ko 

d a ( 11 + P --> P ( x ..::- 1) 0o + X 
17 
+) 

da (rr-P--> P(x::::l) 
0 

+X_) 
0 1T 

d a ( rr- P -• P ( x "'1) 0o + X 
11

- ) 

da(rr-P •N(x::::1) +X ) 
oo 110 

+ +\ 
d a ( K P __. P K '180° 

da(K+N--> PK0
) 180o 

+ + 
d a ( rr P --> P 11 )180° 

d a ( rr'" P __. P 17 )180° 

d a ( 11- P --> P rr-h 80° 

d a ( 1T- p --> N rro ) 180o 

- + - + 
~~~ ~_J_x zl)0o +'<rr-) = da (K P--> ~ 11- )180o 

d a ( K- P -> ~0 
( x:::: 1) +X J d a (K -p --> ~ 0 

1T 
0

) 1 0o 
0° 1T 8 

Ill' I 

112 'I 

113'1 

114'1 

d a ( K N --> ~ 0 
( x :::. 1 )

00 
+ X

11
-) 

du (K- P-> ~ 0 (X.=- 1 )
00 

+X
11
o) 

da (K N -·Acr(x :::.1)
00 

+X
17
-) 

d a ( K P -. A o (x .,_1) +X J 
oo 1T 

da(K-N-> ~o (A 0 ) +11- hsoo 

da ( K --p -> ~ 0 
( AO)-:;:-;D~-; 115 'I 

PaoeHCTBa I 10 'I- 112 'l .n.oiDKHbl TaK)I(e npu6niDKeHHO obmon
HJITbCJI .IJ.nJI HHKni03HBHblX peaKUHif. IlOCKOnbKY npaBble 
'laCTH COOTHOUieHHH 1101-1151 H 110 'I- 115 'j COOTBeTCTBeH
HO paBHbl, TO paBHbl H HX neBble 'laCTH, T.e . .IJ.OIDKHbl 6b1Tb 
paBHbl OTHOUieHHJI Ce'leHHH COOTBeTCTBYIOIUHX HeynpyrHX 
Me3oH-6apHOHHblX peaKUHH C BblneTOM onepe.n. 6apHOHa H C 

BblneTOM Ha3a.D. Me 30Ha. 
Ha o.cHoBe npe.n.cTaoneHHJI o o.o.K. MoryT 6b1Tb pac-

CMOTpeHbl H peaKUHH B + B ->M 0o + x88 ' /puc. 7 I HnH 

H "B-· \ ,+M 800 , r.n.e KBapK-cneKTaTop H3 6apHoHa nepe
BB 1 
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XO.IJ.HM B o6pa3yeMLIH Me30H.B 3THX peaKUHJIX npoueccaM, 
COOTBeTCTBYIOIUHM paCCMOTpeHHOMY BLIUie npoueccy pacceJI
HHJI Ha 180° aHTHKBapKa Ha .IJ.BYX KBapKaX,fiY.IJ.YT COOTBeTcT
BOBaTb C06LITHJI,KOr.D.a aHTHKBapKy ,BLineTaiOII\eMy Bnepe.n. 

IHnH, COOTBeTCTBeHHO, Ha3a.D.I, nepe.n.aH HMnym.c 60nbWBH, 
'leM HMnynLC O.IJ.HOrO KBapKa 6apHOHa. 

B M 

8 I e:cl XBB' 

Puc. 7. PeaKijUJI B+B--> Moo + x(BB)' 

KuHeMaTH'IeCKH 3TH co6blTHJI Bbl.IJ.enJIIOTCJI Tor.n.a, l<:or.n.a 
HMnynLc BblneTaiO~ero onepe.n. /Ha3a.n.l Me3oHa x > j- *. 

B 3TOH o6nacTH HMnynLCOB Me 3oHa, e cnH npoucxo.n.HT 
B3aHMHblH 06MeH KBapKaMH, .IJ.OIDKHbl BblllOnHJITLCJI COOTHO
UieHHJI,, CXO.D.Hble C COOTHOUieHHJIMH .U.nJI Me30H- 6apHOHHOrO 
pacceJIHHJI Ha3a.D., HanpuMep: 

da(PP -->11+ (x>2/3) 0o 

d a ( P P --> rr- ( x > 2/3 ) 
oo 

+XpN~4 
+X ~ 
p~ 

1161 

*C-TO'IKH 3peHHJI KBapKOBOH MO.D.enH 3.IJ.eCL .U.OIDKeH HMeTL 
MeCTO "KyMynJITHBHblH 3clxlleKT", aHanorH'IHblH KyMynJITHB
HOMY 3clxlleKTY npH B3aHMO.D.eHCTBHH JI.IJ.ep, Kor.n.a o6pa3YJO
meHCJI 'laCTHUe IHanpHMep, llHOHYI nepe.n.aeTCJI HMnynLC, 
6onLUIHH HMnynLca oT.n.enLHLIX HyKnoHoB HaneTaromero 
JI.n.pa/12/. 
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+ 
da(PP .... K (x >2/3 )0o 

da (PP--> K 0 (x > 2/3)
00 

+X(j(y)+) =;4. 
) 

+X 'h >* (JlY 

/17/ 

)J.n.11 aHanorH'IHbiX npoueccoa B NP-a3aHMOAeiicTBHJIX OTHo

weHHJI /16/ H /17 I AOJDKHbi 6biTh cnpaBeAnHBbi TOrAa, KOrAa 

6biCTpbiH Me30H BbineTaeT B HanpaaneHHH ABH:>KeHHJI DpOTOHa; 

e cnH :>Ke 6biCTpbiH Me 30H BbineTaeT B HanpaBneHHH ABH>KeHHJI 

HeHTpOHa, TO BenH'IHHbi OTHOWeHHH AOJDKHbi MeHJIThCJI Ha 

o6paTHbie /1/4 BMeCTO 4/. 06paTHbiMH AOJDKHbi 6biTL B 3THX 
ABYX cnyqaJIX H OTHOWeHHJI AnJI Ce'leHHH COOTBeTCTBYIOIUHX 

HHKni03HBHhiX peaKUHH. 

llpHHowy HCKpeHHIOIO 6naroJJ.apHOCTh B.B.AHHCOBH'IY, 

IO.B.ranaKTHOHoay, A.C.Ko6ywKHHY, E.M.JieauHy, B.JI.JII0-

6owuuy, M.H.lloAropeuKoMy, B.ll.lllenecTy H B.M.lllexTepy 
3a none3Hble o6cy>KAeHHH. 
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PyKonucb nocmynuAa e U30ameAbcKuu omOeA 
6 (JeepaAJI 1975 zooa. 

Y CJIOBIUI 06MeHa 

IlpenpHHThi H coo6ll.leHH.!I OH.HH paccbiJiaiOTC.!I 6ecnrraTHO, Ha ocHoBe 

B3aHMHOrO 06MeHa, yHHBepCHTeTeM, HHCTHTyTaM, rra6opaTOpH.!!M, 

6H6JIHOTeKaM, Hay-'lHhiM rpyrrnaM H OT,lleJihHhiM y'leHhiM 6orree 50 CTpaH. 

Mhi O)I(H,llaeM, 'ITO norry'laTerrH H3,llaHHR OH.HH 6Y.llYT caMH npo.!!B

JI.!!Th HHHIIHa THBY B 6ecnrra THOR IIOChiJIKe ny6JIHKaiiHR B )J;y6Hy. B IIOp.!i,llKe 

06MeHa IlpHHHMaiOTC.!I Hay'!Hhle KHHrH, )l(ypHaJihl, npenpHHThl H HHOrO 

BHlla ny6rrHKaiiHH no TeMa THKe OH.HH. 
E,llHHCTBeHHhiR BH.ll ny6JIHKaiiHR,KOTOphiR HaM IlpHChiJiaTh He CJie,lly

eT,- :no penpHHThl /OTTHCKH CTa TeR, y)l(e ony6JIHKOBaHHhiX B Hay'!Hh!X 

)l(ypHarrax/. 

B p.!i,lle crryqaeB Mhi caMH o6pall.laeMc.!l K norryqa TeJI.!IM HaiiiHX H3.lla

HHR C npOCh60R 6ecnrraTHO npHCJiaTh HaM KaKHe-JIH60 KHHrH HJIH 

BhlnHCaTh ,llJI.!I Haiiieii: 6H6JIHOTeKH Hay'!Hh!e )l(ypHaJihl, H3,llaiOI.l.IHeC.!I B HX 

CTpaHaX. 

0TA8JibHbie 3anpocbl 

l13,llaTeJibCKHH OT,lleJI e)l(erO,llHO BhiiiOJIH.!IeT OKOJIO 3 000 OT,lleJibHhiX 

3anpocoB Ha BhiChiJIKY npenpHHTOB H coo6ll.leHHR OH.HH. B TaKHX 3a

npocax crre,llyeT o6.!!3aTeJihHO yKa3h!BaTh HH,lleKc 3anpaiiiHBaeMoro 

H3,llaHH.!I. 
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Chi Ha oT,lleJihHhie H3llaHH.!I crre,llyeT HarrpaBJI.!!Th no a,llpecy: 

101000 Moe~cea, 
T;zaeH&lii no<~maMm, n/JI 79. 
H36ameA&cKuii om6eA 
06oeOuHeHH02o UHcmumyma 
JIOepHblX uccAeOoeaHuii. 

A,llpec ,llJI.!I rroChiJIKH Bcex ny6rrHKaiiHR B nop.!!,llKe o6MeHa, a TaK)I(e 

,llJI.!I 6ecrrrra THOR no,llnHCKH Ha Hay'!Hhle )l(ypHaJihl: 

101000 MocKea, 
TAaeH&lii no<~maMm, n/JI 79. 
Jlay'IHO·mexHU'IeCKQJI 6U6/lUOIIleKa 
06oeOUHeHH020 UHCIIlUIIlYIIlQ 
JIOepHblX UCC/leOOBQHUU. 


