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Pa6oTa netiaTaeTcSI B nopSinKe o6cymneHnSI, 



A H H o T a u H H 

BBo.anTcH HOBoe noHSITHe I D -cnnHI, aHanorntiHoe H30TonnqecKOMY cnnHy 

H J"'IHTb!BaiOUlee TO:ti(.QeCTBO CBOHCTB qacTHU H aHTH'IaCTHU. 06naCTb npHMeHHMOCTH 

~ 

9TOI'O ITOHHTHH, no-BH.QHMOMy, onpe.aenHeTCH OqeHb Bb!COKHMH 9HeprHHMH CTanKu-

BaiOUlHXCH tiaCTIIUo nony'IeHb! HeKOTOpb!e COOTHOUleHJIH Me)K,ay CetieHJIHMJI npouec

COB C y'IaCTlfeM aneMeHTapHb!X 'IaCTIIU, a TaK)Ke 3anpeTbl ,anH peaKUHH o6pa30Ba-

HHH cTpaHHhlX 'IaCTHU npH BhlCOKHX 9Hepr1IHX, KOTOphle cornaCyiOTCH C CyUleCTByiO

UlHM~ 9KCnepJIMeHTanbHhlMII .aaHHhlMH. 

Abstract 

A new notion ( D-spin ) is introduced, analogous to the isotopic spin and taking into 

account the identity of the particle and antiparticle properties. The range of the applicability 

of this notion is likely to be determined by very high energies of the colliding particles. 

Some relations between the cross sections of the processes involving elementary particles 

have been· obtained as well as the rules forbidding the reactions of strange particle pro

duction at high energies which are in agreement with experimental data. 
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1. BBe.neHae D -cnnHa .nnH HyKnoHa, aHTHHyKnoHa H TT -Me30H8 

B HaCToHmee BpeMH_ npH Hccne.noBaHHH wHpoKoro Kpyra npoueccoB,· nponcxo

.llHIUHX C aneMeHTapHbiMH 'laCTHUaMH, cpyH.llaMeHTanbHYIO p011b HrpaeT ilOHHTHe li30-

TOilH'19CKOI'O cnnHa.· <PH3H'IecKHM ocHoBaHHeM .nnH cpopManbHoro BBe.neHHH aToro 

ilOHHTHH HBH110Cb TO:IK,ll9CTBO MHOI'HX CBOJ:iCTB npOTOHa H HefiTpOHa. B '18CTHOCTU, 

UM9110Cb B BH.llY paBeHCTBO HX CilliHOB H ·Mace. no aHaliOI'lili CO CilliHOM I'OBOpHT 

0 .llBYX COC~?HHHHX HYKliOHa: COCTOHHUH npOTOHa H. COCTOHHHH HeJ:iTpOHao lleJ:icTBH

T911bHO, ecnH. npeHe6peqb 9119KTpOMarHHTHb!M li {3 -B3aH!I.iO.ll9HCTBUHMH,' TO 9TH 

.usa cocToSIHHSI cpH3H'IeCKH HH'IeM He 6y .nyT OTliH'IaTI:,CSI .npyr oT .npyra, HM~SI TOnb·

Ko pa3HYIO MapKHpoBKY /pa3Hhlfi aneKTpH'IecKHH 3apst.nl. AHanorH'IHO o6cTOHT .neno 

H C TT -Me30HaMHe 

Hapst.ny c H30TOilH'IeCKHM cnHHOM Mo>KHO npe.nno>KHTh .npyryiO B03MO:IKHOCTh 

OITHCaHHH 9119M9HTapHb!X '18CTHU C ilOMOlllbiO CilliHOBOI'O cpopMa11H3Ma, Y'IHTbiBaiOIUYIO 

TO:IK.ll~C!BO MHOI'HX CBOJ:iCTB HyKnOHO,B H aHTHHYKliOHOB. B Ka'l"eCTBe npHMepa MOX<Hel 

CHOB8 yKa3aTb paBeHCTBO CITUHOB H Mace 9THX 'laCTHU. npH BB9.ll9HHH 9TOI'O HOBO

ro cpOpMa11H3M8 Mbl 6y .ll9M npe.nnonaraTb, 'ITO /no 8H8110I'HU C ilpOTOHOM H HeJ:iTpo

HOM/ HYKliOHbl If aHTUHYK110Hbl o6na.llaiOT COBepweHHO H,lleHTU'IHb!MH CBOHCTBaMH, 

OTliH'IaSICb. TOllbKO 3HaKOM 6apHOHHOI'O 3 apH,na li '19THOCTb!Oe n pH 9TOM OCTaiOmeecSI 

. . 
p83lllf'IH9 HrpaeT, Ty :IKe ponh, 'ITO If CilHH ,llliH aTOMHOI'O aneKTpOHa: yBe11H'II1BaeT 

B.llBOe •mcno B03MO:IKHhlX COCTOSIHHH. no aHanornH co CilHHOM Mbl 6y,neM I'OBOpUTb 

_o HYK.TIOHe I N I H aHTHHyKnoHe / / t KaK 0 .llBYX COCTOHHHHX H9KOTOpofi 

'18CTHUhl - ~HYKliOH,na~ I Yi I, o6na.naiOmero (D) -cnHHOM 

N 
If N Mbl 6y,neM xapaKTepH30B8Tb pa311H'IHb!MH 3Ha'I9HHHMH z 

ilOH9HTbl 9TOI'O CilHHa: D = ~ z 
I{ cooTBeTCTBeHHo. TaK :IKe KaK n H3o-

TOilH'IeCKI1H CilHH; D -cnHH BBO.llHTCSI B H9KOTOpOM BCITOMoraTe.TibHOM BenpephlB-

HOM TpexMepiiOM npOCTpaHCTBe, KOTopoe Mbl 6y,neM Ha3b!B8Tb npOCTpaHCTBOM 

D -cnHHa. npH aTOM Mbl 6y.neM npe.nnonaraTb HHBapHaHTHOCTb 'cnnbHb!X B3aHM0-

11 
.nettcTBHH oTHOCHTenbHO apameHHH a npocTpaHcTae D -cnHHa lrHnoTe3a D 

1 I 
3To, oqean.nHo, aHanorn'IHO npe.nnono:IKeHHIO H30TponHH D -npocTpaHCTB;I. 
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-HHBapuaHTHOCTHI. Qqeau.uHo, 'ITO cne.ucTaHeM sToii: runoTe3&I .uon:lKHO o&ITb cox-

paHeHHe nOJlHOI'O D -cnuHa u ero npoeKUHH D 2/ 
z 

npHBene~ Tenepb H9KOTOphl& COOopa:lKeHHH B nOJlb3Y cnpaBenJlHBOCTH f'Hno-
1 

T93hl D -uHaapuaHTHOCTH .unH HjKDOHOB H aHTHHYKJlOHOB npu otieHb BhlCOKHX \ 

aaepruHx Ha npHMepe qacTHu,"nonHpH30BaHHhlX no H30TonuqecKoMy cnHHy. PaccMoT~I 

pHM .llJlH STOI'O npoueCCbi, B03MO:lKHbie, HanpHMep, npH pacceHHHH 8HTHHYKJ10HOB H 

HYKJlOHOB c T =% z 

1/ p + p ... p + p /ynpyroe pacceHHHe npoTOHOB npoToHaMu/1 

2/ i1 + P ... n + p /ynpyroe pacceHHHe aHTHHeii:TpOHOB npOTOH8MH/1 

3/ n + p ... p+ n /ooMeHHoe pacaeHHHe aHTHHeii:TpOHOB npOTOHaMH/, 

B cooTaeTcTBHH c runoTe3oii: D -HHB8pH8HTHOCTH C9'19HHH 9THX npouecCOB, 

cne.uyiOIUHM o5pa3oM Bbipa :lKa IOTCH qepe3 aMnJlHTy .ll bl pacceHHHH B COCTOHHHHX C 

D = 1 (f) H D = 0 (g) 
2 2 < 2 

" 1 = I I I , "
2 

= ';4 I I + g I u u
3 

= 1~ I 1 - g I. 
/1 2/ " 

Yl3 pe3ynbTaToB paooT ' cne.uyeT paaeHcTao nHr]-HpepeHuHa.TibHbiX ceqeHHH pac~ 

ceHHHH aHTHnpOTOHOB H 8HTHHeii:TpOHOB Ha npOTOHaX npH BhlCOKHX aHeprHHX, C 

.upyrofi CTOpOHhl, H3BeCTHO, 'ITO npH BhlCOKHX SHepf'HHX pacceHHHe 8HTHnpOTOHOB 

.< < /2/ 
npoToHaMH npoucxo.uHT TOJlbKO Ha otieHb Man&re yrn&r /eM., HanpHMep, I. OT-

ciOn a nonyqaeM, 'ITO ·II pacceHHiie aHTIIHeii:TpoHoB npoToHaMH TaK:lKe .uon:lKHO o&ITh 

CBH3aHO TOJlbKO C M8Jlb!MH yrJlaMH, T,e. " 3 
,; 0 

3/ • 

21 
Cne.uyeT ocooo oTMeTHTb, 'ITO D · -cnuH II H3oTonuqecKuii: cnHH HBJlHIOTCH, 

COBepweHHO H938BHCHMbiMH nOHHTHHMH, llpyrHMH CJ10B8MHt OTHOW9HHe D -cnHHa 
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K H30TOnH'I9CKOMy TaKoe :lKe,. K8K 1 HanpHMep, OTHOW9HH9 H30TOnHtieCKOI'O cnHHa K 

MeXaHH'IeCKOMY• nonOOHO TOMy, .KaK H30TOnH'I9CKHe COOTHOWeHHH Me_:lK.llY C9'19HHH

M H peaKUHH cnpaBenJlHBbl H .llJlH nonHpH30B8HHbiX, II .llJlH HenomlpH30B8HHblX no Me

X8HH'I9CKOMY cnHHY '18CTHU, TaK H COOTHOW9HHe Me:lKnY C9'19HHHMH peaKUHft, BbiTe-

K8IOIUH9 H3 runoTe3&I D - HHBapHaHTHOCTH, 5y.uyT cnpaae.unua&r .unH qacTHu, no;_ 

11Hp1I30B8HHhlX H HenonHpH30B8HHhlX no H30TOnHtieCKOMy CnHHy. npu 9TOM, OtieBH.ll

HO, 'ITO, eCJlH B nepBOM cnyqae 9KCnepHMeHT8JlbHbie .ll8HHbie B OCHOBHOM KaCaJlHCb, 

ocoO"eHHO npu BbiCOKI!:X aHeprHHx, npoueccoa c HenonHpH3oBaHHbiMH /no MexaHII

qecKoMy cnHHy"/ '18CTHU8MH, TO BO BTOpOM CJlyqae Mbl npaKTH'I9CKH BCer.ua oy.ueM 

HMeTb neno C II30TOnHtieCKH nOJ1HpH30B8HHhlMH '18CTHUaMH, 

3/ u 
3 

ecTb cetieHHe caoeo5pa3Horo Heynpyroro irpouecca "nepe3apHnK«", 

aHaJ10f'H'IHOI'0 1 HanpHMep, npoueccy OOM9HHOI'O pacceHHHH H9HTpOHOB npOTOH8MH, 

OoparueHHe a Hynb u 
3 

npHBO.llHT K paaeHcTBY f "' g , KOTopoe aHanorH'IHO 

paBeHCTBY aMnJlHTyn H30TOnH'I9CKHX COCTORHHH .llJlH npouecCOB pacceHHHH HYKJlOHOB 

npH BhlCOKHX aHeprHHX /31. 
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fO 5biTb cox-

BOCTH I'HIIO-

b ·Bb!COKHX 

!fay. PaccMoT;.. 

IHYK1IOHOB H 

8MHI1 

ff8MHI, 

x rrpoueccos 

TOHHHHX C 

I'HHX, C 

IIIpOTOHOB 

1211. 0T-

1I)KHO 5biTb 

HH HB1!HIOTCH -

D -cnHHa 

'1'0 CIIHHa K 

O.Y Ce'IeHHH

!HbiX no Me

KUHii, BbiTe-

[ 'I8CTHu, no;_ 

>M, O'IeBH.O.-

M KacanHcb, 

MeXaHH-

1' .a. a 5y .a. eM 

18PH.llKH ", 

JTOH8MH, 

i110I'H'IHO 

IH HYK110HOB 

5 

n o-BH.llHMOMy, C yBe1!H'IeHIIeM 3Hepr.HH nocne.a.Hee ,paBeHCTBO 5y .ll eT T01IbKO 5o nee 

CTpOI'HM, 3T0 1 B CBOIO O'Iepe.nb, IIpiiBO.llHT K paBeHCTBy .llllcpr)lepeHUH81IbHbiX ceqe

HHR pacceHHHH aHTHHefiTpOHOB H IIpOTOHOB Ha IIpOTOHaX: 

111 a
1 

(pp),. a
2 

(iip) 

I 1 21 
unu, 'ITO TO ·)Ke caMoe ' , 

~ (pp) "'a (pp) • ·11 'I 

npiiMeHHH COOTHOWeHIIe /1' I .0.11H .O.HcpcpepeHUII81IbHbiX ce'IeHIII pacceHHHH Ha 

0 
YI'Oll 0 , II01!y'IIIM paBeHCTBO COOTBeTCTBYIOWHX II011HbiX ceqefillfi, C .llPYI'OH CTO-

pOHbi, H3 3KCIIepHMeHT81!bHbiX .ll8HHbiX cne.nyeT, 'IT0 1 ec1111 IIpH 3Hepr.HH 8HT11IIpo-

TOHOB OK0110 100 Maa, OTHOWeHIIe at. ('pp) K at (pp) paBHO Ilp1151!H3HTenb-

8/4/ 11 B 1,2151, HO t. TO IlpH 3Hepl'1111 · 3B STO OTHOweHIIe coc·raB1!HeT TOllbKO T ,e. 

MO)KHO O)KII.ll8Tb 1 'ITO IIpll HeKOTOpbiX .ll0CT8TO'IHO BbiCOKIIX 3Hepi'IISIX OHO 5y.neT 

O'leHb 51!113KO K 1., K IIOC1!e.a.HeMy BbiBO.lly MO)KHO IIpll.llTII II Ha OCHOB8HIIII .lliiCIIep-

CIIOHHb!X COOTHOWeHHH, IIpe.nrronar.aH IIOCTOHHCTBO ~ (pp) 
4//6/ ~ 

II ~ (pp) IIpll BhlCO-

KIIX SHepi'HHX • 0TCIO.ll8 Mbl MO)KeM 38K1IIO'IIITb 1 'ITO D -uHBapllaHTHOCTb, 

IIO-BH.llHMOMy, He II MeeT MeeT a IIpll Mallb!X 3Hepr.IIHX. CT81IKHB8IOIUHXCH '18CTIIU, B 

TO :l:Ke BpeMH, II01IY'leHHbie peay1!bT8Tbi 1 O'leBH.llH0 1 He IIpOTIIBOpeqaT CII8Be.ll1IHBOC

.T II •3TOR I'IIIIOTe3 bl IIpll 501Ibill HX SHepi'HHX, 

TaKHM o5paaoM, Mbi 5y.neM rrpe.nrronar.aTb, 'ITO I'IIIIOTeaa D -uasapllaHT-

.aocTII crrpase.nnusa rrpu otieHb BbiCOKIIX sHepr.HHX cTa1IKIIBaiOIUIIXCSI qacTHU. YtiiiTbi

aas .nanee, 'ITO IIpH .llOCTYIIHbiX B HaCTOHIUee BpeMSI Bb!COKHX SHepr.!!HX 

at (pp) 51!H3KII .llPYI' K .npyr.y, cne.nyeT O):l{ll.ll8Tb IIpOHBneHIIH cne.n-

CTBIIR, DbiTeK8IOIUHX 113 I'IIIIOTe3bl D -HHB8pHaHTHOCTII 1 yme IIpll TaKHX sHepr.ll-

HX,, 

n O'leMy Bblii01!HeHHe D -HHBapHaHTHOCTII OKa3biBaeTcH eoaMomHbiM Tonb-

KO IIpll O'leHb Bb!COKIIX SHep!'1151X CT81!KHB8IOIUIIXCH '18CTIIU? C K8KIIMII 113MeHeHHHMII 

B rrpoueccax eaaiiMo.neficTBHH HYK1IOHOB u aHTHHyKno~oa cestaaH aToT cpaKT? OcTa

HOBIIMCH IIO.llp05Hee H8 3TOM BOIIpoce. 

' 4/ 
3TOT Bb!BO.ll He H3MeHHeTCH H B TOM Clly'lae, eC1IH Ce'leHIIH B38HMO.O.elcT-

CTBHli rra.naiOT c yaenutieHHeM aHepr.IIH He 5biCTpe~, 'leM 1/ln E /7 I. 
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n pn O'l8Hb Bb!COKHX 9HeprHSIX M bl 11M eeM paBeHCTBO at ( f{ N) .. at ( N N) 

HecMoTpSI Ha To, 'ITO no xapaKTepy B3anMo.o;ell:cTBHSI cncTeMbi NN n N N KopeHHbiM 

06pa30M OTJIH'la!OTCSI .o;pyr OT .o;pyra. ,Ueil:cTBHT8JlbHOt IIpH CTOJIKHOB8HHH 8HTHHyK

JIOHOB c HYKJIOHaMu, B OTJIH'lne oT N N -coy.o;apeHHil, B03MO*Hbi aHHHrHJlfiiJ.HoH-

Hbie rrpoueccbi, KOTOpbie rrpn MaJlbiX aneprHSIX n.o;yT c oco6enno 6onbwoll: Bepos:IT

HOCTbJO. nocne.o;nee IIpHBOLJ;HT K TOMy, 'ITO rrpu MaJlb!X aneprHSIX a (NN)>>a (NN). t . t 
noaTOMy paBeHCTBO 9THX C8'18HHH IlpH BbiCOKHX 9HeprHSIX, 

6 " ( Bl!l! ) eT Ha 0 paW:8Hlf8 B HYJlb C8'18HHH 8HH!ff'HJISIUHH - at 

rro-Bn.o;HMoMy, yKa3biBa

• TaKHM o6pa3oM, Mbi 

IlOJiyqaeM, 'ITO yB8JIIi 'l8HHe 9H8pf'!iil CT8JIK!fB8!0!llHXCSI 'l8CT!fU IlpHBOLJ;HT K pe3KOMY 

8HH 
YM8Hbill8HH!O at • npn 9TOM B03MO)KHO, 'ITO BblllOJIHeHHe f'Ifll0T83bl D -rrH-

BapHaHTHOCTH npH BhlCOKHX 9H8pf'HSIX KSK pa3 If CBSI38HO C o6pa!ll8HH8M B HyJib ce-

'l8HHH aHHHf'ilJISIUHOHHhlX IlpOU8CCOBo 

BepHeMcSI cHOBa K H30TonuqecKoMy crrnHy. BBe.o;eHne 9Toro ITOHSITHSI II03BOJIHJIO 

HaM rlpOTOH H HefiTpOH, SHTHilpOTOH 11 8HTHH8HTpOH, rr+- 77°- H 77 -Me30Hbi pac -

CMaTpHB8Tb, KaK COCTOSIHUSI Tpex 'l8CTHU: HYKJIOHa, 8HTHHYKJIOHa H. rr -Me3oHa. 

BBe.o;eHrre D -cnnua rro3BOJifieT rrpoBecTH TaKoe o6o6meHne .o;anbme. Terrepb Mbl 

-· 
6y.o;eM HM8Tb TOJibKO O.OHY 'l8CTHUY HYKJIOHHOM MaCChl "HyKJIOHLJ;" C D -crrnHoM y. 

H 7T -M830H 0 KOTOpbiH, rro-BHLJ;HMOMy, CJie.o;yeT C'llfT8Tb CHHrJieTOM B npOCTpaHcT-

Be D -err rrHa, rrpnrrnc hi BaSI eMy D = 0 • ll e8cT BnTeJibHO, BbiOOp D % .o; JI SI 

"HyKJIOH.o;a" orrpe.o;eJISIJICSI H8JIH'lH8M .o;ByX KOMilOH8HT; HYKJIOHa If 8HT!fHYKJIOH8 2 OT-

JlH'l810lllHXCSI 6apHOHHb!MH 31:ipSI.o;aMH. ,UpyrHMH CJIOBSMH, B K8'18CTBe MapKllpOBKH 

BhlCTynan 6a~HOHHhlll 38pSI.o;, KOTOphlQ LJ;Jlfl rr. -Me3oHa paBeH HYJIJO. Bbi6op Hyne-

Boro D - crrnHa .o;nSI 7T -Me30H8 IlOLJ;TB8p)l{LJ;88TCSI H H3 paCCMOTp8HHSI paBeHcT-

Ba D -conpSI)KeHHbiX peaKUHH, KOT0pb!8 T8K)K8 MoryT 6b!Tb IlOJIY'l8Hbl nyTeM IlOCJie-

.OOBaTeJibHOf'O rrpnMeHeHHSI ll30TOilH'lecKoro H 3apSI.o;oBoro corrpSI)l{eunll:. TaK, Harrprr

Mep, LJ;JISI Ilp0U8CCOB C Y'l8CTH8M H30TOilH'l8CKH IlOJISipH30B8HHb!X 'l8CTH1\ 6y.o;eM l!M8Tb~ 

a (np-+iinrr+)=a( lip -+pprr+) 

a (n n -+ 'npTr) = a(pp -+ nprr-) 

a ( p p -+ p p rr0
) = a ( 11 n -+ ll n 7T0 ) 1 

I'! T • .O. 

OTKYJ:. 

nepeJ 

D 

yqac'I 

HOCTI 

- rrnca· 

HOB l 

0Rn 

0TCI 

Jill 

pe3y 

IIOC11 

pO* 

Qqe: 

Iler 

Ree, 

COB 

ceSI 

Me: 



>peHHbiM 

~3biBa-

M~ Mbl 

3KOMy 

fllb ce-

t'3BOni:!J10 

pac -

OHa. 

tb Mbl 

:HOM '7S 

TpaHcT-

:a, oT-

)BKII 

Hyne-

.,1 nocne-

Harrpu-

7 

OTKY na en en yeT, 'ITO rrpH D -corrpsnKeHnH H TT -Me30Hbl .1lOJ1)KHbl 

rrepeXO.llHTh C8MH B ce6H, 'ITO, O'leBIIllHO, CBH.lleTeJlbCTByeT B I10Jlb3Y HyneBOI"O 

D -crrHHa 'fT -Me30HOB. 

PaccMOTpHM Terrepb OCHOBHbl9 COOTHOWeHHSI M9)KllY C9'19HRSIMII I1p0U9CCOB C 

Y'l8CTII9M "HyKllOII.llOB" II TT -Me30HOB , Bb!TeK810IUII9 II3 I"IIIIOTe3bl D -IIHBapiiaHT~ 

. HOCTII. Yf CI10Jlh3YH cpopM8111I3M D -crriiHa, MO)KHO, HarrpiiMep, B o6rueM BIIne Ha-

rrncaTh rronHbie ceqeHIIH po)KneHIIH n Me30HOB B rrpoueccax CTOJ1KHOB9HRSI HyKJlO~ 

HOB II aHTIIHyKnoHoB qepea aMrrnHTY .1:!-bl cocToHHRii c D = 1 ( F n ) D 0 (Gn). 
OHII 6y nyT liM eTb · imn: 

a2 <fiN-+ NN(! ... rr,)=Y.d Jh +Gn 1
2 

n 

a ( N N-+ N N,rr ·;:_!!,) = Y<t I lh - Gn 1
2 

3 n 

0TcJOiJ.a, B 'l8CTHOCTII, cnenyeT, 'ITO a +a > >t, alpaBeHCTBO 6yneT B03MO)KHO, ec-
2 3 ." 1 . 

nR Gn = 0 I. C npyroti cTopoHbi, ecnii Fn .. Gn , To rronytiiiM a
1 

"'a
2 

• 8Tu 

pe3ynbTaT!:>I, oqesnnHo, He aaBHCHT oT qacna pO)K.lleHHbiX MeaoHoB, T.K. D - crrnH 
r 

rrocne~HHX paBeH HynJO. 

noHCHHM rronytieHHbie BbiBO.llbi rronpo6Hee Ha rrpocTetiwux rrpuMepax rrpoueccos 

TT 0 -Me30H8 I1pH CTOJlKHOBeHUU aHTUHeHTpOHOB ll I1pOTOHOB C I1pOTOH8Mit. 

QqeBU.llHO, 'ITO B 9TOM. cnyqae B03MO)KHbl Cn9.1lYIOIUHe peaKUHU~ 

2 
4) P+ P-+ p+p+rro a4 "'I Fz.l 

2 
5) n+ p -+ n + p + TT

0 a = Y<t I F+ Gl 5 1 1 

6) n+ p-+ P+ ii + rr0 
= Y<t I 2 

a6 F -G I • 
1 1 . 

npu 9TOM M;-! 6yneM UMeTb 

/lerKO Bll.1l9Tb, 'ITO, H8I1pHMep, B cnyqae rronyqaeM 

Hee, B cBoio oqepenb, rrpusonuT K paBeHCTBy nuq)cpepeHunanhHbiX cetieHRH rrpouec-

. ~ coB 4 I H 5 I. P accMoTpeHHbiH cnyqati aHanoruqeH o6parueHuJO B Hynb cetieHuii pac

ceSIHHH c rrepeaapHnKoii rrpu BbiCOKRX sHeprRHX. OH oTBetiaeT, B qacTHOcTu, TaKOMY 

MeXaHU3MY B38UM0.1leHCTBHR, KOI".1l8 rrocne CTOnKHOBeHHSI 8HTHHefiTpOHhl H I1pOTOHhl 
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B CHCTBMB ueHTpa MaCe / C,U.M,/ COXpBHHIDT HanpaBJleHrrH, 6nH3KHe K nepBOHa-

5/ - . 
qaJlbHhlM, nprr TaKOM MeXaHH3Me B3BHMOUellCTBHH paBeHCTBO (14 rr u5 aomK-

HO UpHBOUHTb K BHH30TpOUHH yrDOBOI"'O pacnpeaeneHMH npOTOHOB B C,U,Mo ~JlH"pe-
/ 

aKUHH p+ p -* p+ p+ r,O. 

2. BBeaemre D -cnrrHa anH cTpaHHbiX qacTrru 

K aK· M3BBCTHO, BBeaeHHOe CHaqana UJ1H HyK.TIOHOB UOHHTMe H30TOUHqecKO!"'O 

CllllHa 6hlJ10 3aTeM C ycnexoM nepeHeceHO Ha CTpBHHhle ~aCTHUhlo no aHanorrrH C 

9THM MO>.KHO ayMaTb, qTO eCJlH D -rrHBapHBHTHOCTb cnpaBeUJlHBB UDH HYKDOHOB 

H aHTMHyK.TIOHOB, TO OHB UOJl)KHa HMeTb 'MeCTO H UDSI rrrnepoHOB, npn 9TOM, Oqe

BHUHO, BCB Bb!BOUbl UJ1H peaKUHii C yqaCTHeM CTpaHHb!X qaCTHU, CBR3aHHble C BBe

,[.(eHrreM STO!"'O nOHHTHSl, TaK )Ke KaK H B npeUbiUYIUeM cnyqae, no-BHUHMOMy, 6y

UYT CTpOrHMH TOJlbKO nprr UOCTaTOqHO 60J1bWHX 9HeprHHX 0 npH UOCTynHb!X B Hac

TOHIUee BpeMSl Bb!COKHX SHeprHHX OHH 6yayT HOCHTb CKOpee KaqecTBeHHblfi XapaKTep. 

YfTaK, no aHaJIO!"'HH C "HyKDOHUHb!M" ay6neTOM 1 Mbl 6yaeM HMeTb TpH "rrrne

pOHUHb!X" uy6neTa I A, I.' E I. npn 9TOM B COOTBeTCTBHH c Bb!60pOM 3HaqeHHM 

D UJ1H HYKDOHOB H aHTHHYKJlOHOB Mbl 6y a eM npnnHCb!BaTb rHnepoHaM /6apno-
Z ~ 

HaM/ ·3HaqeHnst npoeKUHH D
2

"' V:z , a aHTHrnneponaM D2 = -V:z • .[lanee BeTa-

eT Bonpoc 0 TOM, KaKHe 3HaqeHHH D n D Mbi aon)KHbi Bbi6paTb anst K-Mez 
30.HOB. K a3anocb 6bi, qTo no aHanorHu c 11 -MB30HaMH 1 liM TBK>.KB cneayeT np!i-

nrrcaTb D = 0 , T,K., HanpnMep, ux 6tp>HOHHbiH 3apsta paBeH Hynro. OaHaKo, B 

cnyqae rrrnepoHOB H aHTHI"'HnepOHOB Mhl HMeeM ewe OUHY XapaKTepHCTMKy, KOTOpaH 

OKa3hlBaeTCH TeCHO CBH3aHHOfi C 6apHOHHhlM 3apRUOM - STO "cTpBHHOCT~" • .[left-

CTBUTeJlbHO, KaK nerKO BHUeTb, UJ1H BCeX rrrnepOHOB nOJIO)KHTe.TibHb!M 3HaqeHHSIM 

npoeKUMII BCeraa COOTBeTCTByeT OTpHUaTeJlbHaSl CTpaHHOCTb H Hao60p0To Ta-D 
z 

KIIM o6pa30M, B 9TOM cnyqae B KaqecTB·e Mapr.HpOBKH MO)KeT CJly)KUTb, HanpHMep, 

He 3HllK 6apHOHHO!"'O 3apHaa, a 3HaK "cTpaHHOCTH". YqHTb!BaR 9TO 3aMeqaHrre, 

BnonHe ecTeCTBeHHO cqnTaTb K-Me30Hbi uy6rieTOM /no "cTpaHHOcTrr" I B 

npocTpaHCTBe D 

a K -Me3oHy 

n B cnyqae 11 

peaKunfi. 

-cUHHa 1 nprrnHCb!BaSl K-Me3oHy 3Haqell'ne· npoeKunH D =- V:z, 
- \ z 

D = V:z • TaKofi 13b!60p D H n: UJ1H K -'\1 e30HOB CHOBa, KaK 
z z 

-Me3oHoB, noaTBep>.KaaeTcH paccMoTpeHneM D -conpst>.KeHHbiX 

5/ KaqecTBeHnoe yKa3aHrre Ha Hannqne TaKoro a~~eKTa 6hlno nonyqeHo nprr 

H3yqeHiiH npoueCCOB pO)KUeHHH OUHO!"'O Me30Ha npH CTOJlKHOBeHHH BHTUUpOTOHOB C 

nMnynbcoM 1,61 BaBic c npoToHaMrr/81. 

~ 

qacTnu 

F 

cnyqa~ 

coxpaH 

E 

cneayK 

D = l ( 

c 
HOM CC 

E 
f H 

npouec 

coxpaF 

HeHliH 

cTBy a 

cnyqae 

TaK)Ke 

c 
MH pa< 

aHeprn 
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I1TaK, OKOH'IaTenbHO Mbi 5y.a.eM HMeTb cne.a.y1oruee paa5Heime sneMeHTapHbiX 

'18CTHU no MY1IbTHnneTaM B D -npocTpaHCTBe: 

T a 5 n H u a 1. 

4acTHUbi D Dz 

N,N Y:. 'il, - 'i2 
TT 0 0 

Ao,A_o 'i2 'il, - 'i2 
I, I 'i2 'il,- ~ 
E, ... c. 'i2 ~.- ~ -K, K 'i2 'il,- ~ 

PaccMoTpHM Tenepb peaKIIHH pacceSIHIHt K -"Meaou.a.a" na "ayKnou.a.e" .anst 

cnyqast T_ ( ]() = -'il H T ( tl ) = 'il. QqeBH.D.HO, 'ITO npH STOM B paMKax aaKOHOB 
z 

coxpaHeHHst D H D z 
6y.a.yT B03MO:lKHbi CJie.D,yiOIUlle peaKUHH: 

1) 

3) 

lynpyroe paccestnHe K -Me
aonoB na npoTonaxl 

lynpyroe paccestHHe K 0 
-Me

aonoa aa npoTonaxl 

l"paccestnue c nepaaapSI.D.Kofi"l. 

B coOTBeTCTBHH c runoTeaofi D -HHB8pli8HTHOCTp C9'19HHSI STHX UpOUOCCOB 

cne.a.yiOLUHM o6paaoM Bbtpa:»<:aroTcst qepea aMnnHTY .D. hi pacceSIHUSI B 
. 2 2 

D = I (f) D = 0 (g): a = I f I, a ='/.II f +g I n a ='/.II f -
1 2 3 

COCTOSIHHSIX C 
2 

g I • 

O.a.naKo,_ KaK nerKo BH.D.eTb, nocne.a.nHst peaKUHst aanpemena, nanpHMep, aaE:o-

HOM COXpaHeHHSI 5apHOHHOro 38pSI.a.a. 0TCIO.D.8 nonyqaeM, 'ITO (1 = 0 H f = g 6l 
3 

61 PaccMoTpeanaH Bbtwe B03MO:>KHOCTb nonyqemm cae.a.eHHfi o5 aMnnnTy.a.ax 
f H g Ka:»<:eTcst necKOJibKO neo5bi'IHOfi. O.a.naKo, MO:lKHO yKaaaTb anano_rH'IHbie 

npouecchi H B cny<rae naoTonuqecKoro cnHHa. TaK, aanpHMep, B paMKax 38KOHOB 
coxpaHeHHSI T li Ti peaKUHSI 3/ CHOB8 paapeweaa. npn STOM yqeT 38KOHOB coxpa.:.. 
HeHHSI 6apHOHHOrO 38pSI.D.8 fi "cTp8HHOCTII" OUSITb UpHBO.D.HT K 8H8JIOrH'IHOMY ~aBeH
CTBy aMUJIHTY.D. paccestHHSI B COCTOSIHHSIX c T =0 li T=l I ao = a I. npaa.a.a, B STOM 

cnyqae CBSI38HH8SI c 31 peaKUHSI K++ .p ... K
0
+ n(a =I a112) 

1 
6y.ae-r 

TaK:»<:e aanpewena. 0Tcro.a.a cne.a.yeT TpHBHanbHhifi BbiBo.a.: a - a = 0. 
. 0 t 

C .D.pyrofi CTOpOHbi, pacCM8TpliB89MbiH npHMep MO:lKHO Cp8BHHB8Tb C peaKUHSI-
MH pacceSIHHst c nepeaapst.a.Kofi. AeficTBHTenbno, aanpeT sTHX peaKunl npu BHC?KRX 
SHeprHstX MO:>KHO T8K:>K9 06'bSICHHTb npostBJI9Hli9M K8KHX-TO 38KOHOB C0Xp8H9Hllst. 
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3To, B CBO!O O'lepe.Ilb, l1pHBO.IlHT K paBeHCTBY llH<iJ<!JepeHUH8JibHbiX ceqe_HHi!: paccesr-

0 -
HHSl K - H K -Me30HOB Ha npoTOHax. npHMeHSISl 9TO paBeHCT.BO JlJISl llH<P<!JepeH-

UH8JibHb!X Ce'leHH!l: 
' 0 

pacceSIHHSl Ha YI'OJI 0 ,. l10JIY'IHM paBeHCTBO COOTBeTCTBY!OillUX 

'l10J!Hb!X Ce'IeHHi!: at(K-p) == U,t (Kop • nocne.IlHHi!: pesyJibTaT, oqe-

Bll.IlHO, cornacyeTcsr c ammorH'lHbiM BbiBO.IloM, nonyqeHHbiM Y1 • .H. noMepaH'lYKOM c 

131 
l10MOUlb!O Jlll:Cl1epcHOHHb!X COOTHOllleHHii , eCJIH Mbl Y'lTeM TaK>Ke o5pameHn:e B 

0 

HYJib ce'leHHSI peaKun:n: nepesapSI.IlKll K + p. -> K++ n npn BbiCOKHX aHeprn:srx H 

0 + 
BbiTeKaiOmee OTCIO.Ila paBeHCTBO at ( K p) == a ( 1( p) • KpoMe Toro, aToT 

. t . 
Bb!BO.Il, oqeBH.IlHO, He npOT!l:BOpe'In:T H cymecTBY!OUlllM 9KCnepHMeHT8JibHb!M Jl8HHb!M 

/2/ 
npn: BhlCOK!l:X 9Heprll:SIX 

+ 
no.Il06Hb!M o6pa30M MOI'YT 5b!Tb paCCMOTpeHbl n: npouecCbl pacceSIHHSl K -

H K
0 

-Me30HOB, • Ao n: A.o , !. H I , !.0 n: io -rn:nepOHOB n: T • .Il., a TaKme 

Heynpyrn:e npoueccbi c pomAeHn:eM 

wn:x peaKun:i!: B3aHMO.Ilei!:cTBHSI K 

rr -Me3oHOB. TaK, Hanpn:Mep, .IlJISI npocTei!:-

. 0 
- n: K -M esoHOB c npoToHaMn: c o5pa3oBaHn:eM 

O.IlHOI'O 7T -Me30Ha Mbl 5y.Ilelyl ll:MeTb CJ!e.IlyiOUlHe paBeHCTBa Me)i{JlY Ce'leH!l:SlMU: 

a ( K- p -> K- prr 0 
) ==a ( K0 p ~ [(0 prr0 ) 

a (K-p .... K~rr+)= cdK 0 p.,.K 0 nrr+) 

-o 
a ( K- p... K p rr-) =a ( K 0 p-> K+p rr) 

ll T.ll. 

OcTaHoBUMcsr .Ilanee Ha ocHOBHhlX npoueccax o5~a3oBa~n:sr cTpaHHhlX qacTn:u. 

PaccMOTpn:M B riepByiO oqepe.Ilb Han:6onee n:sy'leHHhle peaKuun: pom.IleHHSI cTpaHHhlX 

'l8CT!l:U rrpH B38ll:MO.Ilei1cTBllll rr -Me30HOB c HyKnoHaMn:. 3Tu peaKun:n: cyTh cne.Ily-

IOmn:e: 

4) rr + N ... K + Y +rr+... + rr ~ Dl ~ 

5) rr + N ... K + K + N+tr+ +rr I ~ D I = 0 

6) rr + N ... K + K + E + rr + +rr I~ D I 1 • 

3.IleCb Cl 

neBoi!: n 

CTBY!OUlll:l 

TaK 

UeCCb! 4 

Bb!COKUX 

· Hanpn:MeJ= 

Jle sanpe· 

npn: 9TO! 

oqepe.Il b 

ll8B.TieHn:e 

KapT!l:Ha 

HOB 7-8 ] 

OKano lC 

7T-

"BeJII1'lllHY 

en~ 

n: B cny'i 

pacrra.IloE 

Jlll'lHb!M ; 

pacrra.IloE 

.IlOJI>KeH 

BOM CJIY' 

HeHn:e T 

Pac 

ll8HHblX 

HUe ce•IE 

ITpH UMrr; 

7/ 
7T -ME 

B3all:MO,lll 

'lHHb!• 
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1 l 

3.necb CllpaBa YK838Hhl 3HaqeHHH MO.llYDH p83HOC~H BBJIHqHH nODHhlX D -cnHHOB 
OIUHX 

JIBBOfi H npaBotJ:· qacTHU peaKUHH 0 KOTOpb!e B J.J.8HHOM cnyqae COBnauaiOT C COOTBeT-

'IYKOM C 

CTBYIOIUHMH Be.rmqHHaMH li't.D-1 • 
z 

He B TaKnM o6pa30M, B cnyqae CTpororo BhrnonneHHH · D -HHB8pHaHTHOCTH npo-

itX H UBCCbl 41 !1 61 J.J.OD:>KHbl 6b!Tb 3ai-rpemeHbi. npH J.J.OCTynHh!X B H8CTOHIU9B BpeMH 

, aTOT Bb!COKUX anep!"'HHX D -unBapHaHTHOCTb, no-BiiJ.J.HMOMy, He HMeeT MecTa, T.K. 
0 

.ll8HHb!M 

ne 3arrpeTa IBennqune 11'1 D I I uon:>Kno cKa3biBaTbCH yMe npH TaKHX aneprHHX. 

npH aTOM, BCTBCTB9HH0 0 0)KHJ.J.8Tb, qTo ITO Mepe yBenuqeHJHl anep!"'HH B nepByiO 

a TaK:>Ke 

IOCTefi-

oqepeJ.J.b 6yuyT rrpOHBDHTbCH 3anpeTb! C 60DbWHMH li't.DI , T.e., nanpHMep, no-

aaBnenue peaKUHH 61 no cpaBHeHHIO c peaKUHHMU 41 u 51. KaK _H3BecTno, TaKaH 

KapTHHa ueficTBHTBDbHO Ha6niOuaeTcH. na onhrTe. TaK,· npH HMny.rr&ce " -Me3o-
WB8HH9M 

HOB 7-8 BaBIC ceqenue pO)KJ.J.9HHH K8CK8.llHOJ"'O J"'Hnepona COCT8BJIHBT Bcero JIHWb 

10 MK6H I91. B 
OKOJIO TO BpBMH K8K 0 nanpHMep, ceqenue peaKUUH 

77- + p -> K + Y 0 +TT+ +TT npu Tofi :>Ke anepnm 7T -Me30HOB HMeeT 

1 6 1101 
. BBJIHquny OKOJIO M H • 

•" 

C.rreuyeT o.TMeTHT&, qTo ananoruqnhre npHMepbr Mbl, no-BHJ.J.HMoMy, HMeeM 

H B cnyqae H30TonuqecKoro cnuna. TaK, na6niO.naeMoe pa3nuqHe B BepoHTHOCTHX 

+ - -2 
pacna.noB e- H eo MB30HOB I w+ I Wo "' O,b.lO I MO:>KIJO CBH3b!B8Tb c pa8-

JIHqHhlM XapaKTepOM H3M9H9HHH llOJIHOJ"'O U30TOnHqecKOJ"'O CnHHB B pe3y.TJ&TaTe aTHX 

acTHU. pacnaJ.J.OB. n pH 9TOM M bl J.J.9HCTBHT9JibHO nony•mM, qTo pacnaJ.J. e + -Me30Ha 

'p8HHb!X J.J.OJI:>KeH llpOHCXOJ.J.HTb C M 9Hbill9H BepoHTHOCTbi0
0 

'19M eo -pacnau, T.K. B nep-

, cne.ny-
BOM cnyqae 11'1 T I= 3/2 • B TO BpeMH,. KaK rrpH pacrraue eo B03MO:>KHO II3Me-

Henne T na 112. 

PaccMoTpHM Tenep& ueTanbnee npoueccbr 41 u 51. I-13 aKcrrepHMeHTaJI&HbiX 

uanHbiX cneuyeT, nanpHMep, qTo npn nMrrynbce 7T -Me30HOB 2,8 .BaBIC OTHOWE-· 

HHe ce•reurrtl: COCT8BJIHeT 0,5-o;( 11171. B To :>Ke BpeMH, 

rrpH HMny.TI&Ce 6,.8 E.aBic BH8JIOJ"'Hqnoe OTHOWBHHe 

11 YKa3auuoe 3HaqenHe 6wno nonyqeuo npu H3yqenrrH peamHfi B3aHMoueficTBHH 

77 --Me30HOB c HupaMn KCeHoua. OunaKo, MO:>KHo uyMaT&, qTo u B cnyqae TTN -
B38HMOJ.J.BHCTBHH 9TO OTHOW9HHe 6yueT He CH.T!bHO ~T~HqaTbCH OT YK838HHOH BeJiu-

- qHf!bi. 
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MMeeT aenM'IMHY 114 , ., HecMoTpst Ha To, 'ITO nopor pomneHMst napbi K-MeaoHoB 

3Ha'IMT91lbHO BbiWe nopora peaKUMM 41. npM aTOM TJ"'=a(KK)/a~Kyo) 
' 191 

npMHMMaeT aHa'!eHMe, 6nMaKoe K 2 • nony'!eHHbie B nocnenHee apeMst naHHbie 

tl11Sl C9'19HMfi UpOU9CCOB pO.>Ktl9HMSl CTpaHHbiX 'laCTMU npH CT011KHOB9HMSIX Tr -Me-

1121 aoaoa c RMnynbCOM 16 BaBic c npoTOHaMR. yKa3biBaiOT Ha aenM'IRHy 71" = 5 • 

TaKofi poeT OTHO WeHRSl TJ MO.>KeT 6biTb CBst3aH C TeM 1 'ITO npH aTHX aHept'HSlX 

Ha'IJIHaeT CKa3biBaTbCSl aanpeT ~~ D l =~ • JleficTBHT91lbH0 1 9C11H B 

'!RcnnTene aToro oTHoweHHst cpRrypRpyeT ceqeHMe npouecca, KOTOpbifi pa3pewea 3a-

KOHOM coxpaaeHRst D R D , To B 3HaMeHaTene - ce'!eHHe TaKoro npouecca Ko-
z 

TOpbifi aanpeweH aTHM 3aKOHOM. K poMe Toro, xapaKTepHrut oco6eHaocTbiO peaKuHfi 

po>KneHRst nap K-Me30HOB, o6nanarom:ax OtlRHaKOBbiMH npoeKuHstMH R30TonH'!ecKo

ro cnaaa non*HO 6biTb coananeaRe ax yrnoBbiX ·R li:MnynbCHbiX pacnpeneneHRfi. 

.[{nst peaKUHfi pO.>Ktl9HMSl CTpaHHbiX 'laCTRU npR CT011KHOB9HRR HyK110HOB C 

HYK1lOHaMH M bl CHOBa 6y tl9M RM9Tb 1 'ITO paapeW9HHbiMH,. 6y tlYT peaKUHH o6pa3oBa

HRSl nap K -Me3oHoa, a HaR6onee canbHO .'1 l ~ D l = 1 I 6y nyT 3anpem:eHbi peaK-

UHH o6paaoBaHRSl E -rRnepoaoa. 

npencTaBnsteT HHTepec TaK.>K9 paCCMOTp9HR9 UOB9tl9HHS1 C9'19HRfi paaKURfi TH--na Kt- N a K+ N c aaapraefi. OcHOBHOa OT11R"'Ra aTHX peaKuRfi CBst3aHo c TaM, "'TO 

a nocnenaaM cny"'aa aoaMo.>KHbi peaKURH po.mnaHRSl rRnapoaoa, KOTOpbia aanpem:eHbi 

aaKOHOM coxpaaaHRst ~cTpaHHOCTli' B napaoM cny"'ae, OnaaKo 1 KaK nerKo aaneTb, 

tllHt paaKultfi THUa K t N ... rr+ ... +rr+ Y. aana"'RHa I 6. D l .,..~~z • EcnH no Mapa 

yaanlt'19HHS1 aaaprltH HIHHaT CKa3biBaTbCSl aTOT aanpaT, TO 9TO Bbi30BaT yMaHbWaHI-19 

napu~tam,Horo ce'!aHHst pomnaHHSl cTpaHHbiX "'aCTitu. nocnanaee, a caoro ottepenh, 

nomRao npHaecTu K ToMy, "'TO caqeaHe K N -aaaHMoneficTBHst, KOTopoe npH 

Man!>IX aHeprHstX aaa 'IHT91lbHO 6onbwe cetteHHst K N -a3aHMoneficTBHfi 6y neT 

npH6111PKaThCSl K ~ (KN )no Mepa yaern"'eHHst aaeprHH. TaKofi acpcpeKT neficTaHTenb-

no nat5nJOAaeTcSl -na aKcnepHMenTe 1 uanpHMap, Anst nonah!X cetteHRil: + K p. 

H K+ p _ -a~aHMOAeltCTBHtt/2/, 

s. D -HuaapHaHTHOCTb H npoueccbl aHHHrHnSIUHH 

3A9Cb Mhl paCCMOTpHM llpOuaCCbl aHHHT'H11SlUHH. aHTHOapHOHOB H 6apHOH013 C 

L 
-~---------------
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TO'iKII .apeHIIH aaKOHOB coxpaHeHIIH D 11 Dz • Ha'iHeM c npoueccoB 'IT -Me30H""' 

HOft aHHIIrllnHUIIH: B + B -+ rr + rr+ ••• +rr,. 

B aToll: peaKUIIH cneBa cHcTeMa B B MO)KeT npRHHMaTb 3Ha'ieHHH 

II D = 0 t B ·TO BpeMH KaK cnpaBa B03MO)KHbl TOnbKO 
z 

D ..,. D ... 0 
z 

D= 1,0 

• 0TCIOLla 

Mbl nonyqaeM, 'iTO B3aiiMOLleHCTBIIe aHTII6ap110Ha II 6ap110Ha B COCTOHHIIII C D. = ... 

npHBOLlHmee K aHHIIrHnHUIIH, aanpeweHo. EcnH . Llanee, no aHtmorHI{ c npoueccaMH 

pacceHHIIH, npeLlnOnaraTb, 'iTO IlpH O'i.9Hb BhiCOKHX 9HepriiHX CHCTeMa B R c OLlH'"" 

D ..,. 1 ' TO HSKOBOlt BepOHTHOCTblO B38HMOLlefiCTByeT B COCTOHHIIHX C D ..,. 0 H 

Mbl nony'iiiM t 'iTO TT -Me30HHaH aHHIIT'IInHUIIH LlOn)KHS 6b!Tb B006me aanpemeHa, 

. B Ka'ieCTBe Llpyroro xapa~TepHoro npiiMepa paccMOTpiiM !Jpoueccbi aHHIIrll

nHUIIH 8HTHrHIIepOHOB Ha HyKnc>Hax: 

-
Y + N-+ K+rr+ ••• +rr, .. 

B aTOM cny-qae Mhi 6yLleM HM9Tb HapyweHIIe KaK nonHero D -cnHHa, TaK u ero 

npOeKUIIH D , T.e. aTa peaKUIIH 6yLleT aHanorll'iHa no cHne aanpeTa peaKUHII z 
rr· + N -+ K + Y + rr + ... + rr. 

Oco6bill: IIHTepec npeLlcTaBnHIOT npouecChi 8HHHrllnHUIIli Ha LlBa K-Mea·oHa, 

T,e, npoueccbi Tllna: 

B +B-. K+K+rr+ ... +rr, 

KOTOpbie, Boo6rue roBopH, MoryT IILlTII c coxpaHeHHeM nonHero D -cnuHa 11 ero 

npoeKunll • .[leiicTBHTenbH0 1 KaK cneBa, TaK li cnpaBa B03MO*Hhi 3Ha'ieHIIH D=·O,J 

II Dz"' 0 • OcTaHOBIIMCH, OLlHaKo, noLlp06Hee Ha peaKUHII aHHiirlinHUIIII Ha LlDa 

K -Me3oHa c OfliiHaKOBhiMii aHa'!eHHHMII T • B Ka'iecTBe npnMepa MO)KHO yKasaTb 
z 

cneLlyiOIUIIe peaKUIIH: 

2) P+ n -+ K 
0 + K : 

KpoMe Toro, B aToM cny'iae B paMKaX aaKOHOB coxpaHeHuH D 

eTCH .B03MO)KHOJ!: peaKUIIH: 

3) n+n .. K-+1(-. 

H D OKaa:&ma~ z 

Op11 aTOM ce'ieHI!H BhinllcaHHhiX npoueccoB cneLlYIOIUI!M o6paao.M Bhipa*aJOTCH -qe-

pea' aMnniiTYLlbl COCTOHHHH C D=1(f) II D";'O(g): 

# 
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O.aHaKo, nocne~HSISI peaKUHSI aanpemeHa, HanpHMep, aaKOHOM coxpaHeHHSI 6apHoH-

Horo aapSI.aa. 0TciO.aa nonyqaeM t ;= 0 , 3TO npHBO,!lHT K TQMy, 'ITO B pac 

cMaTpHaaeMotl: peaKUHH, TaK *e KaK H a peaKUHH " -M:eaoHHOtl: aHHHrnnSiunn, cnc--

TeMa B B MO)KeT. B38HMO,!letl:CTBOB8Tb TOnbKO B COCTOSIHHH C D = 0 • KpoMe 

Toro, Mbi nonyqaeM paBeHCTBo .an¢¢epeHuaanbHbiX ceqeHr~tl: a1 = a2 • Ecnn .aa-

nee CHOB8 npe.anonaraTb,'ITO npll BhlCOKHX 9HeprHSIX BepOSITHOCTH 8HHHrHnSIUHH.CHC~ 

TeMb! BB · B COCTOSIHHSIX 0 D = 1 H D = 0 O,[lllH8KOBbis TO M bi nony'IHM 38-:" 

npeT H sToro npouecca • 

. C TO'IKH 3peHHWllOCne,!lHHX BhlBO,!lOB pacCMOTpHM 9KCnepHMeHT8nbHhle peaynb-

P + P -+ K-+ K +. .!lnSI 8HTHnpOTOHOB C HMnynbCOM TaTbi no peaKUHH 

/13/ 1,6 Bsa/c , 3TH .aaHHbte yKa3biBaiOT Ha peaKyiO B:CHMMeTpHIO paaneTa K-Meao-

HOB B c,u,M, n!=Je.anonO)KHM .aanee, 'ITO npoueCCb! .!lBYXMe30HHOtl: 8HHHrHnSIUHH c·na-

00 38BHCSIT OT H30TOllH'IeCKHX COCTOSIHHU, 3ToMy, O'leBH.!lHO, He npOTHBOpe'IHT, Ha-

npHMep, 6nH30CTb nonHbiX ce'leHHtl: at (pn) H at(pp) , 0TCIO.!l8 M bi nony'IHM, 

'ITO H .anSI peaKUHH p + n -+ K-+ Ko .!lOn)KeH ocymecTBnSITbCSI 'f8KOJ.l: )Ke 

MeXaHH3M B38HMO,!letl:CTBHSI 1 npHBO.!lSIIUHJ.l: K pa3nH'IHb!M yrnOBbiM pacnpe.aeneHHSIM 

.iinSI K
0 

u K- ..:.Meaoaoa, O.aaaKo, c TO'IKH apeaHSI D -HHBapuaaTHOCTH ·TaKotl: 

MexaHH3M .aon:>KeH ObiTb aanpemea, Cne.aoaaTenbHo, npoSianeaHe aanpeToa, caSiaaa-

HbiX C D -HHBapHaHTHOCTbiO, npH STHX saeprHSIX .aon*HO npHBO.!lHTh K yMeHhwe-

HHIO ceqeaHtl: paccMaTpHaaeMbiX peaKUHtl:, 

A aanoroM pace MoT peaaotl: BbiW e peaK UHH p + n -+ K-+ Ko C TO'IKH 

apeHHSI D -cnHHa SIBnSieTcSI, aanpHMep, .peaKunSI p + p .. A0 + A 0 , 

.!lnSI KOTOpOJ.l: Mbi T8K)i(e oy ,!leM HMeTh f = 0, nocne.aHee oy JJ,eT CHOB8 npHBO-
·~ -

,, 

·Ao Ao .!lHTb K O.!lHH8KOBbiM yrnoBbiM pacnpe.aeneHHSIM .ami H -runepOHOB, 

Cne.ayeT TaK:>Ke yKaaaTh Ha .apyry10 B03MO:>KHOCTb TpaKTOBKH npoueccoa a~aH

ri1nSIUHH, KOTOpasi OCHOBb!BaeTCSI H8 YK838HHOJ.l: Bb!We aepOSITHOfi CBSI3H. Me*LlY oopa-
~, ' 

meaueM B aym; ceqeaHtl: aHHHrHnSIUHOHHb!X npciueccoB H E}btnOnHeHHeM D -HHBapH-

aHTHOCTH npH oqeab BbiCOKHX saeprHSix, Bnonae B03MO*Ho, 'ITO "aHHHrHnSIUHOHHoe 

B38HMO.!leii:CTBHe" HrpaeT Ty :>Ke pon h a cnyqae D 
I 

- cnHHa, KaKyiO nrpaeT sneK ... 

TpOMarHHTHOe B cnyqae H30TOllH'IeCKOJ.l: HHB8pH8HTHOCTH, VfMeHH0 0 BKniO'IeHHe npo-

UeCCOB 8HHHrHnSIUHH npHBO.!lRT K HapyweHHIO D -naaapHaHTHOCTJI, B caeTe nocne.a--
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Hero 38M e•taHHg CT8'HOBHTCg IIOH51THbiM, IIO'!eMy, Il '111CTHOCTII, liOH51THe -nm-

Ha He IIpHMeHHMO .llJ151 CTOJlKHOBeHHA '18CTHQ M8JlhlX 9HeprHA, 

ABTOp oco6eHHO !IpH3HaTe.TieH N\.Vl. no.oropeuKoMy n.O..A,. XpycTaneny ::~a 

MHOI'O'IHCJieHHbie o6cy,K.OeHng, B8iKHbie coeeTbl H KpliTii'teCK~~~ ·abtCKa3biB81Hig, Kno

Me Tore, aBTOp 6naro.oapeH E.1V\, Eap6awoey, C.M. EuneHbKOMy, B'.r, rpnWliHY, 

r.B.E¢1i:\10By, IO.n. MepeKOBy, P.M. PbiH.Ul-IHY 38 KpHTH'!eCKI!e 3aMe'laH!f51, 
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