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3a nocnenmie neCSITb neT rnaBHhlM CflOC060M lfCcnenoBSHlfSI B cplf31fKe ClfnbHhIX aaa

lfMOnel!CTBlfll CT8nlf nHcnepcHOHHbJe COOTIIOll.JeHlfSI, 8 coapeMeHHYIO TeOplf!O non!! nlfcnepcH

OHHble cooTHOUJemrn 6htnlf aaenenhl 1onbn6eprepoM If np.'
11 • nepaoe TO'lHOe noKa3aTenb

CTBO nHcnepClfOHHhlX COOTHOUJeIIHl! 6uno nano H .H. 6 oronI060BblM/
2/; lfM ·)Ke obma paa

pa6oTaHa Teop1111 nlfcnepclfOHHhlX COOTHOUJeHlfl! ,ne ~BSl38HH8SI C nplfMeHeHlfeM narpaH)KeBa 

MeTona If Teop,m aoaMyUJeHlfll, 

npencTaaneHlfe MannenbCT8Ma
131, KOTOpoe OCHOBblBSeTCSI _Ha onHoapeMeHHOM npo

non)KeHlflf nayx He38BlfClfMblX nepeMeHHblX B KoMnneKcHylO nnOCKOCTb, nano B03MO)KHOCTb 

nonyqe111111 lfHTerpanbHhlx ypaane1mll nn11 napuHanbHhlX aMnnHTyn, y'llfTh1Ba11 npH 3TOM ne

peKpecTHyIO ClfMMeTplf!O BO acex Tpex KSHanax naHHOll peSKUlflf, B 'lSCTHOCTlf, T8KlfM o6pa-

30M ynanocb nony'llfTb caenemrn o aaaHMonel!cTBlflf TT -Meaonoa c TT -MeaoHSMlf, 

PemtTlfBlfCTCKoe 0606UJeH11e 11ccnenoaaHHl! Pen)Ke, lfX npHMeHeHlfe a TeopHlf non11 c 

nepeKpeCTHOll ClfMMeTpHell, npHBeno K npencTaBneHlflO aMnnHTyn KSK cj:,yHKUlflf OT MOMeHTa 

KOillf'leCTBa nBlf)KCHlfSI, nplf 3TOM CHa'lana npennonaranocb, 'ITO B KOMnneKCHOll IlilOCKOCTR 

MOMeHTa KOillf'leCTBa nBlf)KCHlfSI aMnnHTyny MO)KHO 0IllfC8Tb onHlfM IlOillOCOM Pen)Ke, On

HSKO lf3 3KCnepHMeHTBilbHblX If lf3 TeopeTlf'leCKlfX lfCCnenoaaHlfl! CTano SICHO, 'ITO K8pTlfH8 

/5/ 
6onee cno)KHaH, T,e, nano y'llfTb1BaTb If npyrlfe oco6enHocTH aMnnHTynhl, no npH aToM 

nony'llfillfCb lfHTepecHbJe peaynbTSTbl nm1 OillfCSHlfSI CBSl38HHhlX COCTOS!Hlll!, 

8 HSCTOHUJel! nlfccepTSUlflf paccMaTpHBaeTCSI BhIBon Oohl'{Hb!X nlfci1epcHOHHblX cooT

HOUJeH11il nm, 11eynpyr11x npoueccoa c g -MeaonaMH 1 a TSK)Ke lfHTerparibHhlX ypaanenlfl! 

nm, !{N -pacce11n1111 na ocnoae npencTaaneHHH MannenbCTBMa. B TpeTbell · rnaae He-
- 0 0 , . 

cnenyeTc11 pea KU If SI TT + p -· A + !( c yqeTi:>M 1{ * -qacTHUhl, B 'leTaepToll rnaae 06cy)K-

na10TCS1 HCKOTOpbte peayilbTSTbl OTHOClfTenbHO TpaeKTOplflf Pen)Ke p -Me30Ha. 

n11cnepClfOlfHbte COOTHOllleHUSI nn11 HeynpyrlfX npoueccoa CO CTp8HHhlMlf 'l8CTlfU8Mlf 

oco6eHHO CJiO)KHbl Ha-aa OOilbUJOro 'llfCila B03MO)KHbIX npoMe)KyTO'lHhlX COCTOS!Hlfl! B TSK 

naabrnaeMoll nena6nIOnaeMol! o6nacTlf, T,e, Hlf)KE> nopora ynpyroro npouecca. nocne To-
. 161 

ro, KSK B pa60T8X 0Ky6o If nonlfB8HOB8 ohlJllf lf3y'leHbl IlpoueCCbl y + N ➔ Y + [{ If 

TT+f/ ➔ l'+,{ (anecb Y o6q:siHa'laeT A lfillf I ), a pa6oTe
171 

nHUJy·c11 nHcnepcHoH

Hb1e cooTHOUJeHHSI nn11 peaKUlllf !{ - + p ➔ I O+ TT O• KlfHeMSTH'lec1rne oco6enno,'Tlf HeHa6nIO-

naeMoil o6nacTlf cnenyIOT 11a nepaaeHCTBa U +.mK> .l!Y+mTT , rne ClfMBOilb1 'l3HS'l8IOT 

COOTBeTCTBeHHO M8CCbl HyKnOHOB, r, -Me30HOB, rHnepoHoB· II TT -Meaoaoa. EcnH Baec-

/2/ 
Tlf 

3 



j = i 
oS + 

K 
~-S 
o<t,* 

K 

j1T = i E_ s + 

II )ln<I aMnn11TyJlbl peaKUIIII UOCTpOIITb 

<p'I S + S+IP > = i[ 1'"' (k) 

o<f, 
1T 

ad• 
1 ( k)] 1(k ), 

r )le k = '!, ( q' + q ) , q' H q HMnynbCbl 11 -MeaoHa H l{ -MeaoHa COOTBeTCTBeHHo, 

a - 1•·· II 7•d• Bb!p8)1(8IOTC!l qepe3 M8TpllqHbie 3neMeHTbl onepaTopon 

~ 
0 ¢1T 

oi rr 

0,j,*K 

TO HBliJleM JlBe neTBH, Jl810lll11e BKnaJl B 1(k) 1 a HMeHHO! npoMemyToqHbI0 COCTOSIHHSI 

Iv> = p,p + "o 

H BTOp8!1 BeTBb 

1µ> = A,:So+110,•a:a: 

ncneJlCTBHe coxpaHeHH!l qffcna 6ap110HOB II coxpaHeHH!l CTp8HHOCTH. Jl11cnepCHOHHWe cooT

HoweHHll n11myTC!l B CHCTeMe KOOPJlHH8T, B KOTopoli Po = p: ( p , p' -HMnynhChl rnne-

poHa H HyKnoHa) H q
0 

= q'
0 

, B 0TnHq11e oT cnyqag ynpyroro· paccesrnnll 3JleCb cneJlyeT 

IlHC8Tb: 
p = a• p • 

rJle a -onpeJlem1eTCS1 H3 ycnonHSI PO = P: ; non~;:~M 2 

a=+yJ-_Y __ 
- r,• 

l,13 ycnoBIHI, qTo B cneKTpe 9HeprHH HMe0TCSI menb, Mbl aaHneM, qTQ nonycKaeTCSI TOnb-

KO nonO)l(l!TenbHbili 3HBK,H 3TO orpaH11qeHne Bb!p8)1(8eT oco6eHHOCTb 3THX peaKuHli, yqH

TbIBBSI ee, Bh!UHCb!B8IOTCSI JlHCnepCHOHHbie COOTHOWeHH!l )lnSI ,UBHHOJ\ peaKUHII B cnyqae 

CKanSipHblX H nceBJlOCKanSipHbIX r: -Me30HOB, KOTOpb!e CBSl3b!B8IOT nHHel\Hbie KOM6HH8UHH 

3pMHTOBblX H 8HTH3pMHTOBhlX qacTeli Jl8HHOJ\ pe8KUHH H "CHMMeTpllqHoli peaKuHH' 

0 0 + 
11 + p ➔ ~ + l( , T,e., Ha !13bIKe npeJlCTanneHH!l MaH)lenbCTaMa 1 • BTOpOl\ nepeKpecTHOli 

pe8KUHH'. 

8 OTnHqHe OT 3Toro npH nonyqeHHH HHTerpanbHhlX ypanHeHHli JlnSI napuHanbHh!X aMn-

nHTy.n !{'N -pacce11HHS1 B8)1(Hy10 ponh HrpaeT yqeT acex Tpex nepeKpecTHhIX peaKuHll, B 

COOTBeTCTBHH C o6meli H)leel\ MaH)lenbCT8M8 paCCMOTpllM cneJly!OlllHe peaKuHH
181: 

!( + N ➔ K'+ N' . 
II R'+ N ➔ !? + ,.,, 

III [:' + !( ... N + N' 

JlnyxqacTHqHoe ycnosHe yHHT8pHOCTH CBSl3bIB8eT 8MilnHTYJlY pe8KUHII II 

npouecca 

'4 

C aMnn11Ty JlOli 

i 
l\' 

J 

l 
-i 
1 
t ,\ 

\ 
I 
I 

l{+!J ➔ Y+rr, 

a aMnmlTyJly peaKullll l!I (n-p11 yqeTe TOnbY.O H811HH3Wero no Macce· COCTO<IHlHI) - C aMn-

n11TyJlaM11 npoueccos 
K + :( 11 + TT , 

" + :r ➔ !I + fl • 

8BOJlll o6h}qHbie HHBap11aHTHh1e aMnnHTYJlbl 

1 
II 

A .+ \', y ( q 1 

(+) 

+ q 
2 ,-, 

)B 

(3JleCb r 
K 

• r 

A 
-H30TOnHqeCKHil 

A + T K 

CilHH [{ 

TN A 
-MeaoHa H HyKnoHa cooTneTcTBeHHo),nonyqaeM 

N 

CBH3b 3THX aMnnHTYil c aMnnHTynaMH onpenenettaoro H3oTonttqecKoro cnttHa .nnH acex Tpex 

8MUnHTYJl, 8 T8K)l(e BHJl JlByxqaCTllqHoro ycnOBHSI yHIIT8pHOCTH JlnSI 3THX, npoueccos, np11-

qeM Jln!l TpeTbero, npouecca HCUOnI,3YIOTC!l cnnpanbHble COCTOSIHH<I. Jlnll nonyqeHHll JlllCnep

CHOHHblX COOTHOllleHHA HCilOflb30BanHCb oco6eHHOCTb KHH0M8THKH npoueccoa C I{ -Me3oHa-

MH, B03HHKa10wasi Ha-aa Toro, qTo Mncca T< -Meaoua 6·onbille MBCChI 11 -Meaoaa, H onpe-

)leneHHe napuHanbHb!X BOnH C UOMOillblO qJHKCHpOB8HHbIX yrnon pacceSIHHSI Jl8HHOro npo

uecca, EcnH nnecTH IIHB8pH8HTHbJe nepeMeHHbie nepBOli pe8KUIIH 

---------
· s = M 2 + m 2 + 2 k 2 

4 2 y ( k 2 +M 2
)( k 2 + m 2

) , 

~ = .11 2 + m 2 - 2k2z -2y(t2+t.1 2 )(k
2

+ m 2
), 

2k 2 
( 1 - z ) , 

(rJle lf m - MBCCbl HyKnoHa H I( -Me3oHa COOTB0TCTBeHHO, 
k2 -KnaJlpaT nepeJlaH-

Haro HMnynbCa (n c,u,M,), a z -KOCHHyc yrna pacceSIHHSI), Tor)la H3 npeJlCTanneHHSI 

M 
, ~-

8HJlenbCT8M8 BHJlHO, qTQ KB8Jlp8THhili KOpeHb )laeT KHHeMaT11qecKHl\ pa3pe3, 8 pa6oTe 

6binO IIOK83aHo, qTo 3TOT pa3pe3 MO)l(HO ycTpaHHTb nyTeM CIIMMeTpH38UHH OTHOCHTenbHO 

3TOro KOpHS!, 8 Jl8HHOM cnyqae HeTpyJlHO BHJleTh, qTo 

k 
2 

--nnOCKOCTH uaqHH8eTC<! TOnhKO npH 
-m 2 ~ - 13µ 2 

K 

Kl!HeM8THqeCKHJ\ pa3pe3 B 

µ -Macca rr -Me3oHa), a BKn8Jl OT TpeTbero npouecca HaqHHaeTCSI y>Ke npH - 4µ 
2

, 

TaKHM o6pa3oM, ecnH Ha OTPHU8TenbHOM pa3pe3e yqecTb nHWb 6n11)1(8l\WHe oco6eHHOC-rH, 

Tor.na MO)l(HQ H8UHC8Tb JlHCnepcHOHHbie COOTHOilleHHSI 6e3 T8Koil CHMMeTpH38UHH, JlnSI 
/10/ , 

onpeJleneH11S1 napu11anbHb1x nonH y)l(e a pa6oTe 4y H Jlp, npHMeHHnu pa3no>KeH11e B oK-

pecTHOCTH ToqKH 
z = + 1 

4T06b! BKn!OqHTb H BKna.n TpeTbero npouecca, KOTOpblll MaKCKManeH npH z = - 1 • cne)lyeT 

np11MeHHTb pa3no)l(eHH!l n 06e11x ToqKax z = 2 J • 3ToT cnoco6 onpeJleneHHSI napuHanbHbIX 

BOllH COOTBeTCTBY0T yqeTy TOllbKO ueCKOnbKHX HH3lllHX napuHanbHblX aMnnttTYll npH He60nh~ 

/11/ 
lllHX 3Hepr11gx • , TaKHM o6pa3oM 6hmH nonyqeHhI HHTerpanblib1e ypasHeHHSI JlnSJ l{N 

pacceSIHHSI nyTeM BK.n10qeHHSI B onpeneneHHe nnpuHBflbHhIX aonH aMnnHTY.llhl BllnOTb .no 

d -aonHbI. ilnsi OU0HKH d 3/ 
2 

-aonHbl nonyqeHO Bblpa:>KeHHe, 38BHCS1lllee TOflbKO OT aMn

nHTYJl s- H p -nonH, 

5 



np11 np11MeHeHHII )lHCnepCHOHHblX COOTHOWeHHA K npo11eccaM co CTpaHHb!MH 'IBCTHU8MH 

03HHKaeT TPYJlHOCTb, CBSl3a1111aS1 C TeM, '!TO )la>Ke np11 y'leTe IlHWb JlBYX'laCTH'IHOlt yHHTap

OCTH B 3THX peaKUHSIX, KaK 3TO 15blno IlO)l'lepKHYTO y>Ke B CBll3H C peaKuHelt K-+p .. -:£,0 +,r•, 

rpaeT ponh 15onhwoe q11cno cocT0111111A. nocne npeanono>Ke111111 o B03MO>KHOCTH pe3011a11ca e 

IICTeMe JlByx " -Me30HOB )lHCnepCIIOHHbJe COOTHOWeHHll 15b!Illl IICilOilb30BaHbl JlilSI 11ccne

oaa111111 TaKHX pe30HaHCHbIX COCTOllHIIA B Teop1111 non11. 8 cnyqae peaKilllll 

"- + P .. Ao+ Ko 

f 
n11 on11ca111111 npouecca 15h1na 11cnonb3oaa11a K* -qacT11ua {pe3011a11c11oe cocT0111111e a c11cTe-

e K- n " -Me3ona, c~/ 121
); TaKoe onnca1111e xopowo o151,11c1111e·T 3Kcnep1rMe11TanbHhllt 

aKT, '!TO A -qacTHUbl B c,u.M. neTSIT Ha3a)l. l{Tol5bi 9n11caTb ewe JlpyrHe ocol5eHHOCTH: 

TOA peBKUHH ,paccMaTpHaanacb MOJlenb; B KOTopoA, KpOMe ol5MeHa .r<. * -qacT11ueli ,Y'IRTbIBa-
1 . /12/ . 
eTc11 ewe pe30111U1c11a11 napuHanbHa11 aon11a • Mb! Bbl'!Hcn11eM n11cj:,cj:,epe11u11anhHoe ceqe1111e 
I . 

3TOli peaKUIIII C y'leTOM IlllWb ol5MeHa K* -qacT11uel!, HO,Y'111Tb1B8ll p8Jlll8UIIOHHble nonpaBKII 

'x cj:,yHKUllllM rp11Ha II aepWIIHHblM qacTllM. (nOCKOilbKy lJ .>m + m ), no-BIIJlllMOMY, Heol5-
' K /4'! 1T · · 
·xoa11Mo y'IHTbIBBTb 3TH nonpaBKII n K oc11oaH0My npoueccy • B aepw1111e F(pA, l(*) 

3TH nonpBBKII Y'IIITbIBaroTCll cj:,opMcj:,BKTOpOM B np116n11>KeHIIII acj:,cj:,eKrllBHoro pan11yca, rae 

<r> .. __ l __ { m -Macca K -Me3011a). Bepw111111yro 'IBCTh f'(K*,K,r) MO>KHO BbI'IHC-
(m +µ) 

IlllTb 113 IIHTerpanbHOro ypaa11e111111 Jlilll r , np11'1eM 8MllilllTYJl8 K 1T -paccellHllll OllHCbJBa· 

0TCll pe30ll8HCOM. 8 

rne o -cj:,a3a s 

np116n11>Ke111111 y3KOro pe30Ha11ca nonyqaeM 

f'(t) = r• e'o (t - ,If 2 J 
_ (t-A/2l2+ ,2 '· 

-11n11 p -BOilHbl K 1T -paccellHllll, B 38BHCHMOCTII OT CKBilllpHoro IIIlll 

BeKTOpnoro xapaKTepa K* -qaCTIIUbI; At- Macca K* -qacTHUhl; r =(At·~) , TO ecTb 

llp0113Be)leHHe MBCCbl H 3KCnepnMeHT8IlbHOl! nonyWRpHHbl K* -pe30H8HCa, <:JTOT TO'!Hblli 

Bll)l f'{t) HaM llOH8JlOl511TCll )lilll Bbl'IIICileHHll col5cTBeHHO-aHepreTH'leCKOli cj:,yHKUIIII Il(t) 

B nonHol! cj:,yHKUIIII rpnHa . 
A 

l 

0 
µv 

(t -At 2J +n(tJ 

rne 0,,., =1 , ecn11 cn11H K* paeeH 11ynro, 11 O = g · - ~q., , ecn11 cnnH paaeH en111111ue, 
_. .- . µv µv f.12 
0K83b1B8eTC11, '!TO nonpaBKH K cj:,yHKUIIII rp11Ha He3Ha'111TeilbHbl. 8 o15naCTH OTpllUBTeilbHblX 

aepWHHHyro cj:,yHKUIIIO f'(t) MO>KHO n11caTb B BH)le: 

f'(t) .. _1_ 
t - !J2 

Ecn11 BbI'IHCilHTb ri11cj:,cj:,epeHunanhHoe ce'!eH11e c y'leTOM nonpaaoK ·F(t) 11 f'(t) K ·aepw11H-

Hb_lM '!aCTllM, TO BIIJlHO, '!TO 3TH nonpBBKII cywecTBeHHO BillllllOT Ha KOHe'!Hbll! pe3yilbTaT. 

Ha caMoM nene KpHBble nn11 ce'le111111 a cnyqae cKan11p11oro 11n11 aeKTOpHoro pe3oHaHca Mano 

OTilll'IBIOTCll. Jlpyr OT 

y'leTOM F( t) R f'( t) 

apyra a 38BIICRMOCTII OT t 15e3 3TIIX nonpaaoK, OJlHBKO C 

KpRBbll! JlilSI CKBilllpHoro K* HMelOT MaKCHMYM npn t = 0 a JlilSI 

eeKTOpHoro [(" np11 -t=_IO no -t= 15 • Cpae1111aaS1 nony'!eHHble pacnpenene1111S1 c ·3Kcnep11-

Me_HTBilbHbIMR )lBHHbIMR BeKcnepa n Jlp/
131

, Mbl npHXOJlHM K BblBOJly, '!TO K* , no-eH

JlHMOMy, BeKTOp IIIlR nceB)lOBeKTOp, 

6 

KaK l5b!Il0 y>Ke CK838HO, OilHCBHHe BMililllTYJl B TeopHH nonH OJlHIIM IlOillOCOM Pea>Ke 11e

nocTaToqHo, TeM He MeHee npencTaBn8eT HHTepec BbPIHCneHHe HnH 3KCil8pHM8HTanbHOe on

peneneHHe TpaeKTOpRH Pea>Ke B TOM cnyqae, Korna BCHMilTOTHKa BMIIIlRTYJlbl paccellHHSI 

Ollpe)leilHeTCll OJlHHM IlOillOCOM, 

Bo3MO>KHOCTb onpenenHTb TpaeKTOpRIO p -Me30H8 1{3 3KCilepHMeHTailbHblX )laHHbIX 
/14/ 

0 cj:,opMcj:,aKTOpax 15brna HCilOilb30B8Ha B pal5oTax • C Jlpyroli CTOpOHbl, ecnH TpaeKTOpHIO 
• / 15/ 

p -Me30Ha C'IHTaTb H3BeCTHol!,TO MO>KHO oueHHTb TpaeKTOpRIO cj:,oTOHa, CM. 

3aecb HccneayeTCll IlOBe)leHHe TpaeKTOpHR p -Me3oHa B 3aBHCHMOCTH OT_ 3Ha'!eHHll 

npn t = 0 • rne HMelOTCll 3KCll epHMeHTBilbHble )laHHbre, If B OKpeCTHOCTR nopora. ·Hcnonbt· 
/16/ 

3yeTCll Bb!pa>KeHne )lilll p -TpaeKTOpHR, nony'leHHOe 113 JlHCnepCHOHHOro COOTHOWeHHSl ; 

11a6monaeMa11 nonywHpn11a p - pe3oHaHca -nonyqaeTCSI, ecnn 311aqe11ne TpaeKTOp11n npn 

t = 0 15onbWe OJlHOli BTOpoli. 
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