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8 9KCnepHM€HT8X no 8CCOUH8THBHOMY p0)!{,Ll€HHIO CTp8HHblX 'IBCTHU npH Bb!COKHX 
I 1,21 

anepruSix 13, 7-8 Baa/ HM€10TCSI yKa3aHuSI na namt'IIIe npo.nonbHOfi nonSipH3BUim 

A -runepOHOB 1 'ITO M0)!{€T HM€Tb M€CTO TOnbKO B cnyqae H€COXp8H€HHSI 'I€THOCTH B CHnb

HblX B38IIMO.U€HCTBH SIX. 

Bo3MOmH 'ocTb necoxpaHeHHSI 'I€THOCTH a cnnbHbiX B3BlfMo.neficTBHSIX c yqacTHeM 
13 41 151 

cTpaHHbiX qacTuu o6cym.nan'acb a pa6oTax B.r. Conoabeaa 1 u .np. aaTopoa • He-

.naano TaKoe npe.nrrono)Kenue 6&mo Hcrronb3.0JBaHo a pa6oTax .U.YI: 6noxunueaa, Ban 
16 11 

)!< yHa H Xy ill n-Ka ' .nnSI pacqeTa peaKuuu 

71'-+p ->A+ K +nrr Ill 

B MO.nenu rrepucpepnqecKUX B38HMO.Ll€HCTBHH. 

Hume o6cym.naeTCSI pSI.n aorrpocoa, CBSI3BHHhiX c B03MO)!{HOCTbiO necoxpanenug 

'I€THOCTH B CHnbHblX B38HMO.Ll€HCTBilSIXo 

I. 3KcnepnMeHThi no coaMeCTHOMY pomp;enu10 cTpann&IX 

'18CTHU 

PaccMoTpHM on&IT&I, CBSI3BHH&Ie c noucKaMu npo.nonbHOi! nongpu3auuu A -qac· 
141 ' 

THU a peaKuuu I 1 I. KaK noKa3ano a pa6oTe 1 nanuqne acuMMeTpuu a npo.nyKTax 

pacna.na A -qacTuu, nonyqenH&Ix a peaKuuu I 1 I , yKa3&IBaeT na necoxpanenue 

qeTnOCTH a rrpouecce pom.neniiSI A 

AciiMMeTpiiH rrpo.nyKTOB pacrra.na OIIIICbiaaeTcSI cne.ny10wefi' cj:JopMynofi 

W(O),.., l +a Pcos8, 121 

r.ne 0 -yron Mem.ny narrpaanenneM uMrr_xnbca A B na6. CUCT€M€ II HMIIynbCOM . 
nyKnona pacrra.na a cucTeMe noKOSI A, 'I' -cpe.nnSIH rronSipH3auuSI a narrpaanenuu 

HMrrynbca A II a -rrapaMeTp acuMMeTpuu pacrra.na paan&Iil 0,8§8: 

Coxpanenue 'leTHOCTH Tpe6yeT P' = 0. lloucKII acuMM€Tpuu arrepe.n-na3a.n 

rrpoae.nen&I .nnSI peaKuuu I 1 I a wupoKofi · o6nacTu aneprui! naneTa10wero rr -Me3o-
/g/ 

na • .UnSI IIMrrynbcoa 11 -Me3onoa OT 1,12 .no 11 5 6aalc , Kor.na rrpouecc II.UeT a 

ocnoanoM 6e3 po:>~~..neniiSI .no6aaoqnoro 

38HO C TO'IHOCTbiO .LlO 10-15%. 

1T -Me3ona, OTCYTCTBH€ 8CIIMM€TpHH IIOKa-
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JlaHHLie no KOCMH'IeCKIIM ny'laM H no peaKUIIH 111 Ha s.apax npH piT =- 1,9 Basic 

/10/ 
nOK83hiB8!0T HllllH'IH9 8CHMMeTpHH : 

a 'I' = - 0,56 !, 0,22 • 

B nocne.aHee apeMs npoae.aeHhi aKcnepHMeHThi npH 6onee BhiCOKHX aHeprHsx 

1T -Me30HOB 1 B KOTOph!X II01ly'i9Hbl Cll9.0YIOIUH9 pe3yni:>T8Tbl: IIpH 9H9p rHH 7-8 6aQ 

Ill 
HB npOIIBHOBOA K8Mepe IIOily'ieHO 3H8'1eH He _ 

a P • - 0,24 :!: 0,12 J 

2 
KaMepe_ 

a P = - 0,32 +_ 0,15, 
npH aHeprHH 2,85 Baa Ha KCeHoHoaoA 

TaKHM o6pa3oM, MO:>KHO 38KiliO'iHTb1 'ITO coxpaHeHHe 'i9THOCTH no.aTaep:>K.aaeT-

cs .anH npouecca "- + P .. A + K 0 
6e3 po:>K.aeHHS .aonoiiHHTeni:>Horo 

1T -Me30H81 H' HMeiOTCSI YK838HHSI H8 HecoxpaHeHHe '19THOCTH B peaKUHH C po:>K-

,aeHHeM .ao6aBO'IHblX 1T -Me30HOB, 

/6 7/ 
B pa6oTax • npoae.aeH pacqeT .llHarpaMMbi 1 H3o6pa:>KeHHoA Ha pHc. 1, H noJ<a-

38HO, 'iTO cornacHe c yrnoBbiM H H:MIIynbCHbiM pacnpe.aeneHHeM nony'iaeTcs, ecnH 

npe.anono:>KHTI:> HanH'IHe MHO:>KHTens I l. ~ y 1 
I a narpaH:>KHaHe AN K -B38HMO-

.aeli<:TBHS 1 KOTOpbiA He coxp·aHseT 'ieTHOCTbe npH STOM B03HHK8eT IIpO.OOilbHSS IIOils-. A 
p!38UHH A . , pasHas a na6opaTopHoA cHcTeMe V I c • EcnH npe.anono:>KHTI:> 

6onee o6wHA BH.a He coxpaHsiOIUero qeTHOCTI:> aaaHMo.aeAcTBHH ANK 

Lint =g: A (1 +hy1 )NK: + h.c., .. 131 

TO IIp0.001lbH8SI II011SpH38UHSI A -rHnepoHa a na6opaTopHoA CHCTeMe HMeeT BH.a: 

A 
Ill 2 b p 

'u = (1 + b2 )EA + mA (1- b2 ) 

141 

rlpH 9TOM 9HepreTH'ieCK8S 38BHCHMOCTb ~~ CyiUeCTBeHHO p831lH'iH8 IIpH 

lhl< 1 H lhl >1 (eM, pHc.2), 

Y . Ill 
aenH'IeHHe cpe.a~ero 3Ha'leHHs npo.aoni:>HOA nonspHaauHH B npH o6peaaHHH 

HMnyn~:>cHoro cneKTpa A -rHnepoHa Ha 1,2 Basic MO:>KeT cny:>KHTI:> yKaaaHHeM Ha 

To, 'ITO I h I > 1. HanpHMep, npH 

A 
.aHTCH Ha p = 1 BeV/c. 

b = 2,6 M8KCHMYM ll011SpH38UHH IIpHXO-
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PaccMoTpiiM rrpouecc 

151 
r.oe ue o6Hapy)!(euo rrpo.oonbnoii rronSipii38UIIII -

STOI'O cny'IaSI OT 

I 1 I saKmoqaeTcSI B TOM, 'ITO s.o~cb neT K-MesoHHoro rromoca B cnyqae qeTaepuo

ro 17 K -asaiiMo.oeiicTBIIH II 6nii)!(afiwaSI oco6eHHOCTb no nepe.oaqe P.Mrrynbca orr-

pe.oenSieTCSI .OII8I'p8MMOH1 IIOK838HHOH_ H8 PIIC. 3. 

B CBSl31I C STIIM MO)!(HO rrpe.orronO)!(IITb,- 'ITO B OTnii'IIIe OT 06MeHa O.OHIIM 

K -MesonoM, o6MeH K II 
Sqxp eKTIIBHO COXp8HSieT 'IeTHOCTb. 

Opiiae:neM HeKoTOpbre coo6pa)!(eHIISI B nonbsy SToro rrpe.orrono)!(eHIISI. 

0pe.OCT8BIIM CXeMBTII'IeCKII 8MIIniiTy.Oy pacceSIHIISI B BII.Oe: 

·rv 
( s, t ~ ) d t' 
t' t ----.) 

A ( s, t)"' A ( s, t) + __L ( __ A3 
17 

r.oe -\ 3 (s,t) 
-MHIIM8Sl 'I8CTb A ( s, t) 

KOTOpag B .0BYX'I8CTII'IHOM npii 6nii)!(eHIIII Bb!p8)!(8eTCSI qepes 8MIIniiTY .Oy 
17K . -pac-

cestHHH II qepes A ( s,t j 
( CM. piic. 3). Mo)!(HO C'IHT8Tb 'lllKcrrepHMeHTanbHo xopowo 

.OOK838HHblM COXpauenHe 'IeTHOCTH II pH SHepi'HSIX.J COOTBeTCTBYIOWIIX o6naCTH M8KCII-

J\ vo Ill! ( 4 ) MyMa B Ce'IeHIIH pO)!(.QeHIISl '\. CM. PIIC. • 

IV 
EcnH Terrepb npe.orronO)!(HTb, 'ITO A ( s,t ) II3BeCTHO II 1 B OCHOBHOM

1 
Orrpe 

.oenSieTcSI o6nacTbiO MBKCHMyMa, TO rrony'IHM Heo.ouopo.oHoe nHHeiinoe HHTerpanbuoe 

A (s,t) • J.1s KHHeMaTII'IeCKIIX coo6pa)!(eHIIH aepwHna 
ypaBHeHHe .OnH 

( 1111 K K ) 
COXp8HSieT 'IeTHOCTb1 1109TOMy IIOSIBnSieTCSl B03MO)!(HOCTb rryTeM 

auaniiTII'IecKoro rrpo.oon)!(eHIISI rrony'IHTb peweHHe, coxpanSIIOWee 'IeTHOCTb, TaK)!(e 

H B o6naCTII IIOCTOSIHCTB8 Ce'IeHIISlo 

TaKHM o6pasoM, rrpe.orrono)!(eHIIe o HecoxpaneHIIH 'IeTHOCTH B BepwHne J\ N K 
- /1 2/ 

II03BOnSieT 06'bSICHHTb pesynbT8Tbl 011b!TOB 
1 

II He IIpOTIIBOpetliiT 9KCIIepHM
1
eHTanbHb!M 

.oaHHbiM no accouiiaTHBHOMY po)!(.oeni!IO npii t5onee HH3KHX sHeprHSIX ( E
17 

<. 1,5 Esa )~ 

KaK noKasauo a pa6oTe <PyoHifit 12 
H BaneKa , HecoxpauenHe 'IeTHOCTH B acco-

UH8THBHOM pO)!(.OeHHII .oaeT MBnbiH BKna.o B HH3K09HepreTH'IeCKOe 
11 N -pacceSinHe, 

r.oe coxpaueniie 'IeTHOCTH ycTaaoaneuo c 6onbwoii TO'IHOCTbro. nocne.oHIIe sKcnepH-

. . ll 21 11.21 " 
MeHT8nbHbie .08HHbie 

1 
II03BOnSIIOT ycHnHTb OUeHKII B pa6oTe 

1 
IIOCKOnbKy yKa-

38HHSI H8 HecoxpaHeHIIe 'IeTHOCTII HMeiOTCli nHWb 11pii SHepriiH 

we 1,9 Esa. 
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2, Bon poe o5 oTHOCH:TenhHOH 'ieTHOCTH A K 

PaccMoTpHM, He rrpoTHBope'irrT nu rrpe~rrono%eHHe o HecoxpaHeHH:H 'i9THOCTH: B 

ANK -aepWH:He 8KCII9pHM9HT8nhHbiM ~8HHbiM o5 OTHOCH:TenbHOH 'i9THOCTH AK 

/13/ 
B pa5oTe Ha ocHoae aHannaa peaKunn 

TC + He4 
-+ A f.Ie 4 + TT 

5binO C~enaHO 38KniO'i9Hll9 1 'ITO 'i9THOCTb AK oTpnuaTenhHa 

p =-·1 /6/ 
KA • 4 

npn aTOM llCIIOnb30Banocb B9CbM8 rrpaB~OII0~05Hoe rrpe~rrono%eHne, 'iTO CIIllH A lie 
I 

paaeH Hymo, He~ocTaTOK aKcrrepnMeHTanhHbiX ~aHHbiX He ~aeT B03MO%HOCTll c~enaTh 

aaKmo'ieHne o5 OTHOCnTenhHOH 'ieTHOCTU AK na aHannaa cJ::oTopo%~eHn H K+ Ha 

/14/ . 
rrpoTOH8X ll H3 ~llCIIepCllOHHbiX COOTHOW9HllH ~ng pacceSIHllH K-Me30HOB H8 

/15/ 
HyKnouax 

HeKOTOpbie Bb!BO~bl 0 3H8K9 pl(A MO%HO C~enaTb Ha OCHOB8Hllll ~aHHbiX IIO COB-

M9CTHOMY po%~eunio A n K , rronh3JHCh Mo~enhro rrepncPepnqecKnx aaanMo~eit-
/16/ 

CTBHH, TaKOH auanna 5hin IIpOBe~eH B pa5oTe 1 r~e llCCne~OB m CH 1 B 'i8CTHOCTll 1 

rrpouecc 

" + N ... A 1 K + " 

rrpn uMrrynhce " -MeaoHa 2,85 6aa/c, 

Bn~ yrnOBhlX pacrrpe~eneunit A ll K B aToit peaKunn yKa3biBaeT ua no-

. ( 0 
nrocHbiH xapaKTep aaanMo~e.iicTBllH ue5onhwoit rrnK arrepe~ B p~crrpe~eneunn K 

M930HOB MO%HO IIOHS!Tb 1 .J'illTb!B8SI H8nll'ill9 ClfnhHOrO TT-K -aaaHMO~e.iiCTBHSI), 

Bbi'ilfcneunH rronrocuoit ~narpaMMbi ( CM, pH c. 1), 
/16/ 

IIpOB9~9HHb!9 B 1 IIOK-IDbl -

aaroT, 'ITO cornacHe c aKcrrepHMeHTanhHbiM HMrrynhCHhiM pacrrpe~eneHHeM B na5opa

Topuoit CllCT9M9 MO%HO IIOny'ilfTb1 rrpe~rronaraH 1 'ITO OTHOCifT9nhH8SI t.ieTHOCTb 

0 ·KA=+1. 171 

Ecnn HerronrocHbie ~HarpaMMbi He ~aroT cnnhHoro BKna~a, TO rrpoTnBope'iHe 

M9%~Y /6/ n /7 I MO%HO IIOHHTh, rrpe~rrono%HB HecoxpaHeHHe qeTHOCTH B A NK 

-aepwnHe. JleiicTBHTenhHO, Bbi5npaH, HarrpHMep, aaaHMO~eitCTBne ANT( 'B BH~e 

/3/, rrony'IH·M, 'ITO nMrrynhcHoe. pacrrpe~eneHH~ 
/16/ - . 

ro Bbipa%eHHH .B Ha cPBKTOp 1 + b2 E 
EA 

A OTnll'i89TCSI OT COOTB9TCTBJIOW9-

m.i\. 
+rnA 
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6
-::meprHSI 

na • 
A a na6, CHCT9Me) 1 KOTOpb!H 6nH30K K 1 a cyiUeCTaeHHOH o6-

naCTH 8H9pi'HH .QnSI He cnHlUKOM 6onbWHX b B TO *e apeMSI peaKUHSI 
- 4 4 

K + He -+ A He + IT 6y,oeT H.OTH 3a cqeT HanHqHSI rrcea.QOCKanSipHOH qacTH a 

aepWHH9 

/6/ 
ANK , npH 6onee ab!COKHX aHeprHSIX (7-8 Baa) 1 KaK ITOKa3aHO a pa-

6oTe 1 a paMKax rroniOCHOI'O rrpH6nH)K9HHSI .OnSI CornaCHSI C 8KCrrepHM9HTanbHbiM HM-

rrynbCHh!M pacrrpe.oeneHH9M y)Ke Henb3SI orpaHHqHTbCSI TOnbKO CKanSipHOH HnH TOnbKO 

rrcea.QOCKanSipHOH CaSI3bl0 1 a Hy)KHO 6paTb HX CM9Cb, 

4. 3 a K n 10 q e H H e 

3cpcpeKTb! 1 CaSI3aHHhl9 C H9COXpaHeHH9M qeTHOCTH a CHnbHb!X a3aHM0.09HCTaHSIX 

CTpaHHbiX qacTHU, MOI'yT. rrpOSiaHTbCSI H a .OpyrHX rrpoueccax, 8 qacTHOCTH 1 rrpe.orrona-· 

raeMoe HecoxpaHeHne qeTHOCTH a ANK -aepWHHe .!l0n)KH0 rrpoSianSITbCSI a aH.Oe 

rrpoJlonbHofi rronSipH3aUHH ., A /4/ B rrpoueccax, rJle nMeeTcSI 6onhwofi BKna.o 

OT K -Me3oHHoro rromo::a. B rrepByiO oqepe.ob aTO .!illl'HOCHTCSI K rrpoueccy cpoTopo)K)le·

HHSI K+ Ha rrpOTOHaX 1 KOTOpb!H SIBnSieTCSI HaH6onee Y.006Hh!M .anSI. HCCne.ooBaHHSI Bep-

WifHbl A~K , 3.oecb, B 0 TnHqHe OT COaMCCTHOI'O p0)!{.09HHSI 1T -Me30HaMH 1 

K-Me30HHhifi rron10c rrpncyTCTByeT H B rrpouecce,. 6e3 . .aooaBoqHoro PO*.OCHHSI 11 

-Me30HOa (puc •. 5), 

Vl3 orrbiToa, rrpoBe.oeHHhix .oo HaCTOSIIUero BpeMeHH rrpH aHeprHSIX .1 7 1,1 Baa, 

BH.OH0 1 . qTQ rroniOCHb!H qneH B 8TOH o6naCTH He .Q89T CylUeCTB9HHOI'O BKna,oa, 3TO 

MO)KHO ITOHSITb1 eCnH yqeCTb1 qTO 8TOT HHT9pBan 8H9pi'HH ITpHXO.OHTCSI Ha o6naCTb 

MaKCHMyMa a rrpoueccax 

Mo)KHO rrpe.orrono)KHTb, qTo rrpn rrOBhiWeHHH aHeprHH .no 

'illGH oy .OeT )laaaTb 6onee CHnbHb!H BKna)l, 

1,5 Ba~ rroniOCHhiH 

npo.oonbHaSI rronSipH3aUHSI A MO)KeT Ha6niOJlaTbCSI H B rrpoueccax cpoTopo)K.OCHHSI 

C o6pa30BaHH9M Jl06afloqHb!X IT -Me30HOB a peBKUHSIX 

MH c o6pa3oBaHH9M rnrrepoHoB ( HarrpHMep, · B peaKUHH K + p -+ A + 11 + IT ) , • 

B o6nacTH, r.oe rrpouecc H.OeT qepe3 rrepncpepnqecKHe B3aHMo.oefic'NlHSI (eM. pnc. 6), 

a TaK)K9 B paCCCSIHHH I'HIT9pOHOa Ha HyKnOHax, I' )19 CHTyaUHSI 1 O.QHaK0 1 6onee cnO)KHaH, 
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· YcTaHoaneHHe cpaKTa HecoxpaaeHHH qeTHOCTH .a CHnbHhiX B38HMO.oei!:cTBHHX HMeno 

6bi 66nbWOe 3HS'ieHHe .!lnH llOHHMSHHH CTpyKTypbl B38HMO,llei!:CTBHi!: aneMeHT8pHblX qac-

THUo 

· B H6CTOHruee apeMH cruecTayeT HecKOnbKO cxeM CHnbHhiX B38liMO,llei!:CTBHi!:1 

/18 19 20/ 
o6'bHCHHIOlllHX coxpaHeHHe qeTHOCTH ' ' • B qacTHOCTH, 

/19/ 
npHBO.!lHT o6'be.!lHHeHHe acex 6apHOHOB a O.!lHH oKTeT • B 

K coxpaHeHHIO qeTHOCTH 

/20/ 
cxeMe CaKypaH cox-

paHeHHe 'ieTHOCTH B CHnbHblX B38HMO,lleii:CTBHHX cne.oyeT H3 o6o6IUeHHOil: rpa.oHeHTHOil:. 

HHB8pH8HTHOCTH 1 CBH38HHOi!: C COXpaHeHHeM 6apHOHHOrO 38pH.!l81 rnnep3apH.!l8 H H30TO

llH'ieCKOrO cnnHa. B TO *e apeMH .a· OTcyTCTBHe rpa.oHeHTHOil: rpynnhi Tpe6oaaHne cox· 

paHeHHH cpepMHdHOB npHBO.!lHT K (V - A) -aapHSHTY cna6biX B38HMO.!leii:CTBHi!:, 

/19/ 
l13 rpynnoahiX coo6pa*eHni!: MO)KHO npe.onono*HTb cyruecTaoaaHne 9-aeK-

TOpHbiX Me30HOB 1 5 H3 KOTOpb!X 06Cy)K,llanHCb CaKypaH, a ocTanhHbie 4 MO*HO 

o6'be.!lHHHTb .a .oaa .oy6neTa c npoTHaonono*HOil: CTpaHHOCTbiO, EcnH cnHH He.oaaHo 

OTKpb!TOil: K • . . 1 . . /21/ 
'iSCTHUbl OK8)KeTCH paBHb!M 1 . Ha 'iTO HMeiOTCH HeKOTOpbie YK838HHH 

TO MO)KHO 6hinO 6bi oTO)K.!leCTBHTb ee c .oy6neTHOil: aeKTOpHoil: qacTnuei!:. Tor .oa ec

TeCTBeHHo npe.onono)KHTb, 'iTO K' qacTnua npHHHMaeT yqacTne a cnnbHhiX B3SHMO.!lei!:~ 

CTBHHX HSpH.!lY C .!lpyrHMH BeKTOpHbiMH Me30HSMHo ToK 1 C KOTOpbiM B STOM cnyqae 

B38HMO.!leii:CTBOBana 6hl K' 1 He COXpSHHeTCH, llOSTOMy OH He CBH38H C rpa.!lHeHTHbiM 

npeo6pa3oBaHHeM H, cne.ooaaTenbHo, Mor 6hiTb OTBeTCTBeHHbiM 3a HecoxpaHeHne qeT

HOCTH, CooTBeTCTByiOIUSH KOHCT8HT8 CBH3H 1 no-BH.!lHMOMy 1 He O'ieHb BenHKS 

- g 2/4rr < 1) 'iTO cne.oyeT H3 OUeHOK B38HMO,lleii:CTBHH 

T,e, MeHbWe .!lpyrnx KOHCTSHT B CXeMe CaKypaH, 

ANK' /211 
.J 

B 38KniO'ieHHe aBTOpbl Bb!p8)!{810T 6naro.oapHOCTb A.A. noryHoay, M.Yf. Conoabe

BY H A.H. TaaxenH.o3e 3a none3Hbie o6cy*.!leHHH H KpHTH'ieCKHe 3aMe'iaHHH, 

I 
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p 1\ 

p 11 c. 1. 

'i 

~,LL---------------------=====~~~ 

0 3 

p H C, 2 

' .. 

P .§y_ 
1\ c 

VIMnynbcHaSI saBHCHMOCTb npoLionbHOit nonSipHsauHH LlnH pasnH'lHhiX sHa'leHHA b. 
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----------,~·-·--:--·-
/ . 

I , ' I • 

1T l J ~ 
\ . 
\ J 
\ . 

-------------\~CJC~============ 
p 1\ 

p H C, 3. 

o,t 1,0 1,1 1,2. 1,3 

p H C, 4, 

Vt !!.. 6E& 
.-7r -c-

CxeMaTH'IeCKast aaBHCHMOCTb nonHoro ceqeHHSI peaKUHH ( 5 ) OT HM~ynbca HaneTaro-
mero rr - MeaoHa. 

/.J-1 111 ,OJi !Ho ,:_;q_,} ·iT.'> ';; .1 ?.Ll:..~ J·f.~H8:l 
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pH C, 6. 
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