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PaCCMaTp!iB89TCR 0/l.liH H3 BapHaHTOB KOB8p!i8HTHOrO KB831illOTGHUHanh• 

HOrO. UO/l.XO/l.a. 06CyMil.89TCR B03MOMHOCTb OllHC8HiiR pe8KUHll C yqaCT!i9M 

ll.ByxqaCTI!qHb!X CBSl38HHblX COCTORHI!lf BbiCOKOlf 9HeprliH Up!i UOMOIIlH Hepens

TiiB!iCTCKOlf BOnHOBOll !jlyHKU!ili. PaCCMOTpeH Up!iMep RBHO pemaeMOll MOAanK 

H Ha ero OCHOBe KCCnell.OBaH 9!jl!jleKT !jlepM!i9BCKOrO /l.BiiM9HHR COCTaBnRIDIIlHX. 

Coo6meHMe 06be.llMHeHHOrO MHCTMTyTa Jl.llepHbiX HCCJie,QOBaHM~ 

,ll,y6Ha 1975 '~· 

Kotzinian Ar .M. P2 - 8682 ,. -

Covariant Quasipotential Formalism for 
. Two-Particle Bound State Reactions j 

Covariant quasipotential approach for two-particle I 
bound state with one constituent on mass shell is consi
dered. Possibility of describing reactions involving two-

1 particle bound states in terms of nonrelativistic wave 1 
function is discussed. Example of soluable model is given: 
and on its basis the Fermi-motion effect is considered. ! ' 

Communication of the Joint Institute for Nuclear Research 
Dubna 1975 

BBB!!EHHE 

B IIOCJie.IJ.Hee BpeMR E CBR3H C pa3BHTHeiV :VCROpHTe.JibHOJ1 TeXHJflGl 

Bee 60JiblliHf:i HHTepec: rrpuo6peraer peJII!TIIBHCTCRa.fi R,UepHaF. ipHSRKa/I/. 

Yxe wreercH rrpe,ncTaBJIRKl!lml (')QJibrnofi HHTepec aKcnepm,·eHTaJibHH~ 

MaTepHaJJ ITO peaK1.1HRJd, HH.Jl.YD;HpOBaHHlU' BbiCOROSHepreTH'lHW. H IIy'lRal H 

,nefiTOHOB H 60Jiee TR'lKSJINX R,Ue!2 ' 3/. B TeopeTH'leCKOI.· OIIHCaHHH 

TaKIDC peaKD;HH ,RpOMe Tpy.I(HOCTefi, CBJi3aHHHX C OTIHCaHHer.· .nBYX'lac

TH'lHNX CTOJIKHOBeHHfi, B03HHRa~T CIIeD;H~'leCRHe Bonpochl, CBP.3aHHhle 

C COCTaBHOH ITpllpO,I(OH BhiCOK03Heprll'lHOrO CHapR~a. 8 padOTe/2/ 

Y'lST COCTaBHOH npupo.I(bl CHapR.D:a ocymecTBJIRJ!CR C IIOMOmb~ HCpeJIR

THBHCTCROt!: BOJIHOBOH qJYHKUHH IIOCJ!e nepeXO.D:a B CHcre!i;y IIOROR 

.nefiTOHa. B pa6ore/
4/ IIpe,lJ,JiaraeTC!l. OIIHCbiBaTb peJIRTHBHCTCR:!fr ,netl-

TOH, .IJ:BH'lE.ylliHHCR B,I(OJ!b OCH ~ C HIVnyJI:bCGr.' ~ , HepeJIRTHBHCTC-

ROH BOJIHOBOJ1 !flyHrto;v.ea c Ha~·eHeHHhllV rperbiDI aprylleHrorv 

l- 2~ l~l)j 
o/CP~P~P3)-- 1j5 P.t.,Pz_, I~/ (p3- 2 . 

(B. I) 

0.I(HaRO CID~ BOITpoC rrpH!VeHH!VOCTH HepeJIRTHBHCTCKOJ1 BOJIHOBOJ1 ~YHR-

UHH MJ'I peJIRTHBHCTCKHX .nel1TOHOB .HBJIReTc!l. OTRP!iTWJ. IToaror.y 6bi

JI06u ~eJJaTeJJhRO m.{eTb KOBapMaHTHl:!ll ~Popv.aJIIf3M onucaH:ul peaKu:r>i c 

y'laCT~eM peJIRTHBHCTCRHX CBJ'I3aHH!iX COCTO!l.HHH, II03BOJIR~ 060C

HOEaTb B03MOXHOCTb np:urveHeHHB. HepeJIRrHBHcTcRo~ BOJIHOBOH WYHKUHH. 

HaH60Jiee a!f9eKTHBHbiM H HarJIR.I(H!Dr' l'leTO,I(OW OimCaHHJ'I COCTaBHhiX 

CHCTe~ J'IBJ!ReTC!l. RBa3HIIOTeHD;HaJibHHJ1 MCTO,I( B RBaHTOBOJ1 TeOpHH 

noJIR/
5/. XapaRrepHOH oco6eHHOCTb~ aroro rvero.na RBJIReTcR Boawox

Hocn :ucRJimeHM JIHIIIHe~ nepeMemrof. Ha EO.llBOBOH ¢YHKnHH EeTe-CoJI

IIHTepa. Ha:u6onee Y.D:o6Hblr.: .ll.1LH Ra.llUlOJ1 npo6JieM!i cnoco6o~J6/. B Hac roE

meA pa60Te paCCMOTpeH O.I(HH H3 Bap:uaHTOB KOBapHaHTHOrO RB83HIIOTeH

UHaHDHOrO IIO,I(XO~a, B KOTOpoM O.I(Ha H3 COCT~ .D:BYX'laCTH'lHOE 
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cHcTeMbl HaxO.ll.RTCR Ha t!accoBoif noBepXHOCTH/? I. OrweTm:, 'ITO 

BnepBble TpeXt."8pHb18 KOBapHaHTHble ypa.BH8HHB. ,IJ,IIH CB.H3aHHblX COC'l'OB.

!llli1 l'ib!YJI paccr..:o•rpeHbl B pa6oTax/8/. PaccMaTpHBaeNbliil Hffi{H BapHaHT 

oco6eHHO .y JJ;OdeH ITpH paCCf/OTpeHHU ITpOU8CCOB B IDillYJlbCHot: IIpH6JIH

E8HHI1, KOr,rr,a O,TI,Ha !113 COC'l'aBJihlOil1lD( He B38.l!MO;D;8HCTByeT C miDieHb!O, 

,lJ.illi llpOC'l'O'l'bl H3Jl0lK8HIDI Mbl orpa.HH'IH~iC.H TeOpHeif HeifTpaJibHbiX CKa

J'0ipHbiX 'laCTHU C JiarpaHJKHaHOM B3aliNO;D;8WC'l'Illi.fl 

Li"'t (:x) = [7lSJ.2(x) + 1\2~-'(.x~.'fh:) , 
(B.2) 

r;n;e 'fi., 2 (!X) - rrOJIH 'lacTHU c MaccaMH mJ., 2 , o6pasyK~UHJ~.M 

CBHSaHHOe COC'l'O.HHRe, a f(x.) - !IOJle OO!i8HHOH lJaCTHUbl C r,•accoil 

my. 

D § 1 O!IIiCb!Baercll Bb!BO.lt CTPYKTYPb! MaTpHtiHoro 3JieMeHTa B liM

TIYJibCHOM Tip11dJI\1ll:eHMll. B § 2 paccMorpeu rpexuepHb!li peJIIITIIBIICTCitH KO-_ 

sapnaHTHb!M rfJOpM8.JIH3M,B §J l1CCJ18,JtY8TCII HepHJIHTHBiiiCTCKHA rrpe,JteJI 

AJ!.fl CJiaOOCBH38.HHbiX C:I'IC'l'8l.'. B § 4 B H:I'I3lii8Jil npHOJIHllteHH:I'I pa.CCMOT-

peHO pelllemre r~o;n;emr (B.2) rrpH nvJ. = ~, m,:f = o , H ua ero oc

HOBe B Hlf.IlYJlbCHON rrpH6JllillteHHH HCCJl8;D;OBaHO HHKJ1103:1'IBHOe pacrrpe

,n:eJieH>Ie tiac'l'Vill.!i I B rrpouecce cpHBa tiacT.IIUbl 2. 

§ I, M:i TpR'JHbiM MeMeH'l' B HMllYJl:bCHOM !IpR6JIWlteH.IIH 

PaccMoTp.IIl\~ B mtrryJlbCHOM npaOJimKeHHH ( IMC. I) npoHSBOJibHYJO 

pea.KUHJO, HHHil,IDipOBaHeyiO BHCOK09HepreTH'ffiO~ ;n;ByX'l8.CTH'lHOtt CB.fl3aH

HOii CHCTe~.'OH, 

£K~)~P 

d_ {~}53 
Plic. I. 

)1.n.H Oll.IICaHM aroro !IpH6JI.IIJiteHIDI Ha;n;O Bbl'lHCJIHTb Jl.'aTp.II'JHbiH MeMeHT 
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BH.rr.a 

< p, i ( p) j oui ~~ ( ~ ) ., .,t ) i~ > . 
(I. I) 

3;n;ecb '0 (~) - ;n;ByXtlaCTR'lHOe cB.flaaHHoe cocromme c 'leTupex

HWrryJibcow ~ !4-=(1~-t~~; ~ ), ot(J3) - ITpOH3BOJlbHOe HalJaJihHOe 

(KOH8lJHOe) COCTOHHRe, a j(p)- O;D;HOlJaCTR'JHOe COCTOHHHe lJaCTHUU 

I c p ~'= (/ p\mf , p) • B ,rr,a.JibHeibneM sHaK , ~ • Ha;n; ;n.rrzyJibcor:. 

6y;n;eT 03Ha'iaTb, 'JTO COOTB8TCTBYJXII8.Sl 'i8.CTUUa HaXO~TCB. Ha M8.CCO

BOH IIOB8pxHOCTH, 

Tipe;n;CTaBRM (I.I) B BH;n;e: 

< p) 1 (p); oufj'l!( ~)/ ""j i_n,> = ~.c.; J3,P + m:or~) rJ.--'Pi(p)+J: (1. 2 ) 

llpHMeH.Il.H CTaH,rr,apTHyD pe.II;YimHOHHYIO T8XHHicy/
9/ H rrpouen;ypy 

MaH;n;eJihcTawa/IO/ ,IJ,IIH BbNHCJieHR.H waTpR'JHbiX aner.:eHTOB orrepaTopoB 

Mell!,ey OOKJla;n;KaMH, CO;D;eplKalllHMH CB.fl3aHHble COCTOHHHB., B H!l.nyJihC

HOIIi ITpH0JIHJI[8lniH IIOJiy'JII:l.: 

mzC93)+.c:__.,Jrp~)-tfl = J~CP) . 7n2C~-f')+L.~p. 
~ l• (I.3) 

3;n;ecb 7n
2
cn,-f>)+.L_,. p - ar;;!Imiry,rr,a BIIPTYaJILHoro rrpouecca 

2(Y'Ja-p) + oL- J> , a ~(p) sa;n;aeTCH KaK 

.XnC?)=<Pf~(o)jZJ(~)>. 
IlpH a TOt/. TpeXMepHa.H BOJJ:H:OBa.H \l!YHKU.IIB. 7 ~ (f) CBB.SaHa 

BO~ ~yHKUHe~ EeTe-CoJl!IHTepa ~~(p) COOTHOllieHHelf. 

JY?. CP) = ~·n?; ~ i (m: -ll) P :ft, Cp) 
..e p ~m.J.. • 
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( I.4) 

C BOJIHO-

(I. 5) 



JierKo ycTaHOBH1'L TpaHapOpUHUHOHHble CBOHCTBB. )~ (p)/71: 

J@ (p) = _l ( L-~ i) 
J~ ~ , 

( 1.6) 

rne LJ;S - ~cToe ~opeHu-rrpeo6pasoBaHHe, nepeBo~mee ~eT&pex-
BeKTop ( M~' o) B !Ji~'- ' a 

JCF) = .JCN2,o) C p) · 
(I.7) 

§ 2. Tpexr,:epHhlll peJJ.HTHBRCTCKH KOBapl'!B.HTHhl}i cfJoJ)Ma.1IH3lV 

,!!,ll!! .lJllYX~aCi'~HHX CBRSaHHHX CHCTer.~ C O,lJl!O~ 

COCTaBJJ.HIDffien Ha MaCCOBon TIOBepxHOCTH 

BBener: <flYHKUHro I'p.HHa c BHeru!rnrrn '!acTHual\~ Tnna I Ha Mac

coBoli IIOBepxHOCT~ 

( ) 4 (<f) , ') ~I {j)' 
2ll s (p+fj,--p-1 'j(f)p_, ;r>= 

f 
i'lx- i'j'x/ 

1 
I ( 2, I) 

= r:lxdx/e '\p T~Cx) ~(.x') f'>. 

3.necb 
~ / I 

:J=r+~=p+rr 

C.Jie.nyn HneSI~· KBasHrroTeHUl'IaJibHoro no.zoro.na JioryHo:ea-'IlaBxeJil'In-

se/5/, B padoTe/
7/ JIOJIYliHJIH :VpaBHe!me, KOTOpOMy IIO~RHiieTCH 

8HaJIOI'~Hrui tilYHKUHR I'p.HHa ,!J,Jiji CIIHHOpHHX '!aCT.HU. B My'!ae CKa

JJ.HpHHX 'llacnm BTO YpaBHeHl'Ie HMeeT Bl'I.II;! 

6 

-i 
[i.6'

2
F'(J)-p-)] g(f;'pj Cf>)= (.2rc/2ro ((;J-?') + 

+ / V (p, '£; P) e 9 C l, pj :P), 
(2.2) 

I 
r.~te fi

2
F' - TO'IHM GYHKnWI pacrrpocTpaHeHRH ~acTROLI 2, a sHa-

'q()R " l " OSHa'laeT KOBapHSHTHOe .HHTerp.HpOBBH.He ITO Bepx:Heil IIOJie 

rHnep60JIOK.ll,a e~=~??-~: ( d.
3t , 

J(2:ifWo 
KBasHIIoTeHilHaJI B qJopr.~Jie (2,2) orrpeneJieH KaK 

1rr~~/!D\ L[-L --/~) -1.(?; -/.f>)l v tP)P jJ; c:: i fJ (p,p; ::r;- /Jo IJ P; /j (2.3} 
-.i 

r.ne o6parnlrli orrepaTop fl (P;l; !?) .IJ;JIH npoHSBOJil>Horo oneparopa 

fT~pj~BBe.IJ;eH 'lepes puleHCTBO 

3 (3} 

!I (i;fJ ff>)=(2!k)2P:, d(fl"-1), (2.4) 
-J. ,.._ 0) ./1 (f, {j r; i 

jo(ApjJ) orrpe.n;eJieHa KaK HecBRSHM .,.acn C)(~j5j rP) 

c;oc?.)?5 9)== ~, 11:pu?--F)c2if2?o cr~r-r?. 
(2.5) 

Ypal!HeHHe THJJa (2,2) 6WIO pacCMOTpeHO paHee B pa60Te/II/, O.IJ;Ha

KO ORO 6WIO IIOJIY'I:JeHO .IJ;OBOJil>HO HCKYCCTBeHHiiM l'I rpoMOS.IUGDI· CITQ-

co6or.~. 

KaR BHJO{O H3 orrpe.n;eJieHRH (2,3), KB8SHIIOTeHD;HaJI MOJlHO 

BIAl'ICJUITb, l'ICTIOJibSYR TeopHJl BOSJlYIIIeHd, lipH 9TOI'I. TIOJIY'IaeTCH 

IIpOCTOe rrpaBMO ,!J,Jiji BH'DICJieHBJl / V ( ~ frj _9) B IIpOl'ISBOJJ:bHO~ 
ITOJlfl,JtRe Teopl'Il'I BOSl'.'YUleHHI: 

no o6Y'I:JHIDI rrpaBHJIElN ~eiHll.aHa BH'JlliCJUIIJTCH BHpalleHRH ,WISl 
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Be ex CBR3HbiX ru:nyTHpOBaHHbiX ,ll;HarJllMM ~aHHOI'O IIOpR,IU\a, IIpH'IeN: 

B Tex r.ecTax, r~e MOlKHO pacce'Jb ,IJ;HarpaiJMY, nepeceKaH Jimiib 

Jll'!HHR, COOTBSTCTBYI<IJ1H8 'faCTRIJ;B.M THIIa I R 2, BM8CTO nporraraTOpa 

adv 
'JaCTHUhl ILl (k)= .L cJie,eyeT rro~cTaBHTb !J. Ck.) = i • 

FfL k:Z.ml·+~C. k.2-rn2
- i.E. leo 

1 

EcJIR 'facTRllhl I H 2 woryT o6pasoBaTb CB.fl3aHHoe cocTO.fiHHe 

lx:J(Yi)>, TO j(f>f'j g:>) HMeeT IIOJiioC IIpR fP~ /'1~ R BelJIH3H 

STOro IIOJIIOCa 

y(f;,p j !P) ~ i 

31'<" 

fi~Cfi)h(?J 
j:JZ_ 1'1: + it; 

(2.6) 

TaKHr, o6pasoM, BOJIHO.Bai • ..,yHKUR.fi }'~ (p) 6y~eT y~oBJieTBOP.fiTJS 

COOTBe~'CTBYIOlllef,'Y ( 2. 2) O~OpO~HOMy YJllBHSHRIO 

[ 62,P(~-?~)rYiJC?) = Wr) l;~) e J~ (l). (2.7) 

CTaH,mlpTHhiM CilOCOClOM ( c:.o. 1 Hanpw..ep, o6sop/12/) li.OJIIHO IIOJiy'J:HTb 

CJIS,lzyiOOIHS 3KBHEa.ll6HTHhle YCJIOBR.fi HOpMRpOBKH BOJIHOBhiX ~HKUH~ 

J;p, (p) : 
.21 

~ 
~ 

.t d .1 -J. ·~ I. ~ ~ · ..._, d~ r Cp) •{-a?. Cs. (f>pJfP)-t- V(p,p)j))~ ~~~CP)=o?l (2.8) 
)'~ p 'j\ y.f;~2. ~ Jl 

'Yr;)(p"') .. r.~~(;s(r?>?JfPJ- V(p,f)P»J ~ z *P'· k/r?= i, c2 9) J'J3. p [a ,:r rP = 11::, • 
r~e B (2.8) )\.. =- Jt/}l.z • 

0'l'N:STHM, 'ITO, 3HaH BOJIHOBYIO tlJYHKUH!O J51 (p) , MOJKHO B!i

'J:HCJIRTb ~;a TPII'l"Hhle MSMSHThl He TOJI:&KO B Ht,':IIYJibCHOl•' IIpiiCl.Jll'lllteHHH. 

Paccw~Tp:HN: M8TpH~H~ SJISY:SHT 

<ofT :f. (x,)··· Cf; (xi)/ 56(~)> . {, 'J (2.10) 

BBe~eM ~YHKUED rp:zHa B~ 

R.(:i:< .... xt"/f>;~= clxe <o/T!f}(Xt)···~·(.xj)~(~)ji(P}>. j -itf.X. 

, d (2.11) 

06hi'JHID.' OelJll30N: MOlitHO IIOKa3aTb, 'ITO R_( Xt", .... -7'" j pj jJ) 
C).:l .2 

HMSST IIOJIIlC IIpH r = M:o :H B6JIR3H 8TOro IIOJJilca 

* 
R.(a:<;··::lj·ip)JJ} = i <D /T f..(.x,) .... ~-(x.,i)/2>(~)> f'Jta(PJ 

.P~-- M: +if. (2.12) 

Tenep:&, CJie,ey.A:/6 • 10/,BBe~eM ~HKURIO 

R_( x,, .. ,xi j pj !:P) =R,..(x~····,~/ pjP) P CJ(p; pj J'"j. · 
(2.13) 

Ka.K ~o :zs onpe~eJieHM ( 2. 13), R _,.., ( CL' ·· ~ · j pj fP) 
B IIpRHURIIe MOllHO Bhi'JHCJI.f!T:& B paMKaX TeOpHH B031\'YllleHH~. CpmHH

Brul Tenep:& (2.6), (2.12) H (2.13), HaxO~ IIJllBRJIO Bhi'JHCJISHH.fi 

tJaTPH'IHhiX aneMeHTOB THIIa ( 2. IO): 

<o/TyJJx.).·· ~·(~;)/t)(~)> = RM(x,,.-·~·ip; :K); ~(p-~2-.14) 

oTO npaBMO JierKO o6061119-eTC.fi Ha CJIY'Iait H8.1ll!'JWI ClOJiblliOrO tmCJia 

CB.fi3aHHhiX COCTO.flHHi B oelKJia.llK!iXo 

§ 3. HepeMTHBRCTCKd npe,lleJI .MJl CJia6ocMsaHHiiX c:ecTeM 

PaCCMOTpHM B CHCTeMe IIOKO~qj,= 0) .DllYX'JaCTH'l!IYIJ CB.fi3aHHYIO 

CliiCTeMY C MSJIOil: BHep!'llel CBHSH: 
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£~~. (3.I) 

r.ne aHeprn.H CB.HSH E = "'-, +1'>1-z- M :a ' a npHBe.rteHHa.H Macca 

!U _ nr.,m.t_ • KaK HSBeCTHO HS HepeJIHTHBHCTCKOil KBaHTOBO:lli 
I .m1 +""'2. 
!.exaHHKH, ,IVI.H BCex pea.JibHI:lX .JJ.Byx'la.CT~HHX CHCTeM (aTOM BO.I(O:!)Q-

.rta, l1031!Tp0Hl1kl, )leilTOH II T.A.) BOJIHOBa.H cpyHKll;H.fl 1jl(jf) 

cymecTBeHHO OTJJH'!Ha OT HYJI.H JJmll}, llpH Ma.JINX CITHOCHTeJlbHNX HMUyJib-

cax: 

!PI <<r 
(3.2) 

Tipe.I(UOJIO~, ~TO TaKa.H lite CHTYauH.H COxpaH.HeTC.H H ,IVI.H TpeX

I.'epHO~ pe.JI.HTHBl'!C TCKOil: BOJIHOBOt!: cpyHru:nm ): (f)') , OIIpe.I(eJieHHOt!: 

B (I. 7), l'l Hail:.I(eM IlpHc5JJHxeHHOe YpaBHeHHe, pemeHHe KOTOporo 

IlpaBHJibHO OllHCHBaeT J (P) B Oc5JiaCT.I!: (3.2). BoJIHOByJO ~yHKr(Hil, 
no~HH.HIOOzyiOC.H aTor.cy npHc5JJHllteHHOMY ypaBHeHHJO, oc5osHa~HM 'lepes 

f'{t) . ilpH BHllOJIHeHHH yCJIOB~ (3.I) H (3.2) HMeeM 

( ~)2 2 
~ - p :=: I?'V:J. • 

(3.3) 

~3 rrpe~craaneHHft ~enneHa - TiewaHa 191 cne~yer , 

~To L~/P,.,(k.)L~L:lP. 2 (K.), no3rO!lY, B cMny (3.3)
1 )4 ~-.~n.e J 

B JieBOil: 'iaCTH (2. 7) MOXHO BS.HTb CBOc50.I(HHil: nponaraTop. ECJIH 

KB83HllOTeH!lHa.JI V (p, p)j>) He 3aBIIICRT OT fP , TO OH .HBJI.HeTC.H 

clJyHKr(Heit JIHlllb ('fJ-p')z, m-1 ? """.f.. H IlpH BHllOJIHeHH!II YCJIOBWI 

(3.2) c5y.I(eT SaBRCeTb JIIIIIIIb OT (p -p~) .2- , f?'Vi H 1"71--..l. • Y'IIIITH-

Ba.H STR SaMelJaHHR, RS (2. 7) llOJiy'laeM YpaBHeHRe ,IVI.H .J"' (p) 

10 

I 

_( 

' 

-p z , r cL3t 
2f YrPJ+ J (2<xt 

1 V(c~-l>:h},~)xrl)= -EJ '(p-j_ 
4-n;m<. 

(3.4) 

YprulHeHIDI (3.4) B TO'IHOCTH COBna.rtaeT C HepeJIHTHB.I!:CTCKHI. ypaBHe

HHeM llipe.I(HHrepa C JIO~bHHW llOTeRUHa.JIOW. 

IIPH paccMaTp:HBaeMNX npe.nnOJiollteHH.HX ycJIOBHe Hopr'i'HpOBKH 

(2.9) nepeXO.I(HT B 

r r/'p 1 1 ;'r ;s J I 2- 1 . J (!2Ji)3 2("1 +i'nz) (3.5) 

TaKHM oc5pasoM, ~YHKlUUl 

-~ 
lfT(f) = [ (2~) 3 2 (n-.i+ fn2_ )] J '(?) 

(3.6) 

y.n;oBJieTBOp.HeT HepeJIHTHBHCTCKOMY YpaBHeHHJO llipe.I(HHrepa c o6u~HHM 

yCJIOBHeM HOpMHpoBKH 

j ot? /lf c?J/: 1 . 
(3. 7) 

HcnOJILSY.H TpaHccpoiJ>~auHoHRoe cBOil:cTBo ~ Cp) (I. 7), MOJKHO 

rro.rry'IHTb l1Jru3H.1.IO (B. I). O.ItHaKo, KaK 6HJIO BM.I(HO rrp:H BHBo.n;e (3.6), 

'f(p) npaBHJibHO OllHCHBaeT peMTHB.I!:CTCKyJO ~YHKI:(Hil 7 ( p) 
nnwb )IRR J~. y.n;oBJieTBO~ (3.2). CooTBeTcTBeHHo 1npaBRJio (B.I) 

MOXHO npHMeH.HTb B CJiy~ae BHCOKOSHeprE'IHOEO .n;eitTOHa IlpH 

( Q_ - _11 ~ i (3.8) 
I ~I 2 • 

iloCJie.I(Hee YTBepz.rteHHe 6y.I(eT npo.n;eMOHCTpHpoBaHO Ha KOHKpeTHOM llPR-

Mepe B cJie.ny~eu rrapar~. 

II 



§ 4o lll?IDlep RBHO pemaeMo~ ti08e.lfH 

B KB.tJecrBe rrpm:epa pacc,.oTpm.c ypa.BHeHHe ( 2o ?) B JiecTH:w:J

Hor: rrpH6.11HlteHHH JJJIR c.nyqasr paa.lfHlJHIVHX tJaCTHil I H 2 c pa.BHHt>'H 

~v:accru.~ (tnt= 1?'1/~ = r.v) H o6weHHoA -qacmueA c HYJieBOA r,'accoA 

( nv!l = 0) o lleTI:.IpentepHHll aHaJIOr STOll Y.088.lfH C JiaHrpaH:I:HaHO}.{ 

(Bo2) H3B8CT8H KaR M08eJI:D Ilil::Ka-KyTKOCKOrO ( C1'1~o ,HanpHt:e/,
12

/) o 

KBa3HIIOTeHUHaJI B paCCll8Tpmlaeli.Oll. IIpH6.lfHr.teHHH paB8H 

\~ ~~ jJ'\ _ ..1\,Az 
v (P')f i J -c- ~')2 ., p-p + t ~ (4oi) 

B IIpe88JrbHOfl CJIY'Iae (3o2) , (4ol) nepeX08HT B HepeJIRTHBHCT

CKHH IIOT9HUHaJI !{yJIOHa 

~ A.t·Az .... .... / .t .:::z v (r P __, J _ r.r-~')2~-i& (4.2) 

YpaBHeHHe (2. ?) B JieCTHHtJHOM IIpH6JIKllteHIDi B CHCTeMe U8HTJla MaCC 

BHrJI.fl8HT Ka.K 

7) 'Y: ) = ( ,1/t A_,)l.z ~{~-2/p~,.,}·f.f(P =)(2;iz/i~..,:~.· . (p-l)2.+'·c. 
(4.3) 

3'1'0 ypaBHeHHe B TO'!HOCTH COBna.zr.aeT C YpaBH8HHel'l' Ka.IuimeBCKOro 

,1JJIR :KyJIOHOBCKOH sa.zr.a'IK ( CN o o6soii'13~, eCJIH IIpOH3Becrn COOTB8T

CTBYIDm88 nepeOIIp888JI8HH8 KOHCTaHTI:.I CB.fl3H. BociiOJI1>3QBaBWHC:D 

IIp!t!BE8eHHI:.Il." JI3 / pemeHHeM sa.zr.a•m Ha C06CTB8HHI:.Ie 3HalJ8HH.fl, H~
.neti CIIeKTJl w.acc CB.Il3aHHOrO COCTO.fiHH.fl B paCCM8TpHBa81V'Oit MO,neJIH ; 

u' = 2~ [i +ji- ( i\,A~ j~ll . 
l"''i:J ,11; J.b ;rn,:z. ~ J ( 4.4) 

l 
I 
~ 

., 

B CJiytJae CJiaOOH CB.Il3H c~.::~ z < i) 
HMeeN 

.ll,Jiii 8Hepnm CBH3H 

tlr.7tz. )~ 
£"" ~ l'n ( 32 'F "":z I'V ' (4o5) 

'iTO IIOJIHOCT:D~ COBIIaAaeT C ypOBHHWH 3HeprHH B080P080IT0800HI:.IX 

CHCT8M B KBaHTOBOll li'8XBHHK8o 

B Ka'l.!eCTBe rrpm..:epa BOJIHOBOH <fJYHKUHH paccMOTpHN 

c .l!R (p) = . -, . 0 

~ rc~- (4.6) 

3Ta <flYHKUH.fl cB.flsaHa C BO~OBOA <flYHKUHeii OCHOBHOrO COCTOHHH.H HOp-

WaJibHOrO pemeHH.fl BHKa-l{yTKOCKOrO 8J1R CJia00CB.H3aHHI:.IX CHCT81'1' IIOC

p88CTBOIV (I. 5). llyTeiV Henocpe8CTBeHHoti II08CTaHOBKH r.:oJKHo y6e-

8HTbC.H, tJTo (4.6) Y80BJieTBOP.fleT ypaBHeHHID (4.3) B cJiytJae cJiadoif 
f.)€ .:G 

CB.fl3H, npH'IeN. .:~.a = M~,i • Ta.KHN. odpasoiV, (4o6) .HBJI.Herc.H BOJI-

HOBOH <fJyHKUHeH OCHOBHOrO COCTO.fiHH.fl B 8aHHOll l.O.I(8JIH. 

ilOCTO.fiHHYID HOpWHpOBKH JierKO OIIp888JIHTb H3 YCJIOBH.fl (2.8) HJIH 

( 2o 9): 
% 

2 a '" ( £1) /C{ = 2 Jrnv nz, o 

(4.?) 

OTw.eTHw, 'ITO ns (406) 8Jil1 J (p) no.rrytJaeN Bl:.lpruKeH!t!e 

'c ... ) "" c 
}: f> - 4 ( -p:e-+m Et.f' ' (4.8) 

COBIIa.I(aDmee, Ka.K H CJI880BaJIO OMMnBT:&, C HepeJI.fiTHBHCTCKOa BOJIHO

BOA tPyHKUHeil .'OCHOBHOrO COCTO.fiHH.fl B080po80II0806HI:.IX CHC'l'el.. B 

TO lle Bp9li.R 1 KaY. BH8HO H3 .fmHOro B.l4)l.B. TOt! HOlt liJYHKUIDl: 

c .1 / 
J(p)= [t-t2 -2M:a,rl?:~.+h'l-~ 

a)i. 

12 13 

I- I 



IIp!i HapymeHJlli yCJIO!liDl (3.2) BOJlHOBH€ <)JyHKIU!ll J(p) H J (p) 
CHJibHO pasJIH'iaiOTcn. Hanp>w.ep, npH f p (__,. 0o Yr .... ),._ _!._ 

, 1 ~ J~P 1 ~z 
a }'(;J)')/ /PI~ . r 

§ 5. YlieT ffieptrH€!lCKOrO ,UBIDK€HWl !l peal$l.U!/4 CW!la 

PRCCYOTpllll• npouecc Cp!ma lJ8CTHUH 2 (pHC. 2) 

~(~) + JI{YJ)-- 1 (j>)-t- ••• ( 5.1) 

B HIVll:Y.JlbCHOlV IIp.ldcJJIID!t€H>IH 

~~)~CP) 

ll~) I IY 

PHc. 2. 

,lLIDJ HCCJI€D:O!laHH.fl ~1€K'l'8 !lJepNH€BCKOro D:BHJKeHH.fl BBe,neN 

o6bi'IHHN CIIOCo60!1/14/ HHK.Jli03HBHO€ pacnpe,ne.neHH€ '18CTHUH I. 

J(~,.B j p)=- [2.1/ 2A, ;r = 

1 L.. I~ fz fl c~."'k. 
~ 4V{§j, ·ill)•- J<' 9. ." .tor 1,., • l• N' [! ('Q)' 2;---£.2-+,.,_-z~' 

A 2> II • 0 ( 5.2) 

3,necb BBe.neHa cta~~,~tapTHHM oOpasoK T -rraTpHUa: 

·( )~M ,...,..../ m.c_..p- ~. 2Jr cr r .t.-)3) .t-J3 • 

14 

t 

BoCIIOJib30BaB!IlliCb <jJOp1-YJIOH ( 1.3) liJTH ( 2.14) .II.JJSI 1/1~'1JVJ!bCHOro llf'H6-

JIHJK€HH.fl, IIOk:V'UlM 

f (~,~ >f5)= lkcfif 
2 . 

[ (~-~-~] -[Yi-n~Jl . r;/'CSi-p)+ A~) 
(y;~)2_(j)2_P.-2 t:Dt • 

A ~ A (5.3) 

B 3TOH 'T!OPI":Vlle 6'.ZUJj,-p)+ Jl(f1t) npe.ncTaBJJ..fleT co6on nOJiaoe ce'leHv.e 
tot 

BHpTyaJihHoro npouecca 

2(~-?) -1- A (~)--'> · · · 
(5.4) 

KopeH:n B ( 5.3) B03HHKae'l' M:..:-sa pasirnlffi.fl t.'CJI.TicpoBcKMX ljiaK1'0poB 

npoueccoB (5.1) H (5.4). 

PaccwoTpHN pacrrpe.neJieHHe ( 5.3) B JiaCSopaTopHoM cHcTerre 

- 1\ _,. 
( ~ = 0; • rrpv, I~ 1- = . npe,JtcTaBJilleT 11HTepec OOJiaCTb 

¢parM€HTaUH11 CHapll,lta npH MaJIHX IIOrrepe'IHHX HMIIYJihCaX: 

.<! .z 
P-i, ~nv 

Pn 
x,..= 1~1 > o 

:5.5) 

)J.Jr.H HCCJI€.UOB8HIDl a<)J)leKTa !flep1VH8BCKOI'O .nBIDK€HIDl BOCilOJih3:V€~iCH 

BOJIHOBHNU !jlyHKUH.flNH rrpe.nH.n:vmero rraparparfia. ITpH orpaHH'leHll.flX 

(5.5) BOJIHOBH€ <!JYHKUHH _f.Ji(p) H _}~(p~) (IIOCJie,UH.HII 

-2 cTpoHTCJi no peuenT;y (B. I)), BblpaJKeHHHe 'lepes e._ H XF' 

~Ul€10T BH.U 

2 
C XJ: 

X~ (p) =- m" f (;x,-i)z+ !~ + !:} 2 

J~ (p) ~ 
~ 

c 
417'1/" {C2xf; -J./"+ P] + Et1

2 

mol. ;,;j 
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KaK 11 c;re,noBano orumaTo 1 pesyJioTaTbl Bbl'l:llCJieHl'iH pacnpE.UeJieHHR 

( 5.3) rrpH ITO I O!:Ul ( 5.C) H ( 5. 7) COB!Ia.uainT Jlillllb !IpV! Xf;" ~ i 
EcJI>J: npe.urro;ro"mTo 1 'ITO rroJJHoe ce'leHHe npouecca \5.4) 

IIOCTOJ'!HHO npH orpaHH'l8H"ll:BX (5.5) 1 TO l'i3 (5.6) "ll:JIH (5.7) BH.U

HO 
1 

'ITO l'iHKJIImHBHoe pacrrpe.ueJieHHe ( 5. 3) nr:eeT pas6poc Ll (X~:) 
no Xf;' OKOJIO HaHrlOJieC Bepo.fiTHOrO 3H8'l8H"ll:.fi Xp "" L;z 1 o6yCJIOBJieH

IlllblTI r,,epi.:l'leBcKHr. .nmrJKeH>Ie~r 

fl(Xp) ~-IF . 
,II.rr.fl C8I1V.X m;nyJibCOB p11 HI. eeTCii pa36poc 

LJ ( p,) "' I ~I -If 1 

CymecTBeHHO, 'l'IO pas6poc no m. nyJioca~ p 
Ja, IIyJ!bCY COC1aBHO:il CI!CT8Mb!. 

( 5.8) 

(5.9) 

nporropUROHaJieH 

Pe3yJioT81' ( 5. S•) RBJIReTCR o6W.lUI .!l,liR JII06o:il c;ra6ocBRsaHHO:il 

Cl1CT8l<bl H ervy I OJKHO Tlpll.D:8Tb !IpOCTYRJ qJH3:ll'JeCKYIO HHTeprrpeTauHI0 1 a

m.CHT!O: 3TO yllllllp8H:lle pa36poca ITO I>WIIyJibCal . .!l,li.H peMTI1BHCTCKOrO 

CBH38HP.OrO COCTORHV.R RBJI.fleTCR CJie.UCTBHe!V COOTHOU!8HHR Heunye-

.UeJieHHOCTli H JIOpeHUOBCKOrO COKpameHHR pa3WepOB CBR3aHHOl CHC-

TeWbl. ,lleiiCTBHT8JlbH0 1 B CHCTeMe TIOKOR .1JJpt)· Z.~ rv i , a B .D:BH-

f1(Pn)= }.:/ f1lt"Pt), 
JKyiUeilcR CHCTer:.e 

lildO 
M o 

- - rz;Q) 

t"- 1~/ 
l13-3a JIOpeHUOBCKOI'O Clltl:iTliR. 
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3aKJI[(JtJ8HHe 

!1Tai{ 1 B H8CTOR!liefi padOTe paCCI!OTpeH IIOC./Ie,llOB8T8JibHblf.1 KO

Bapl1aH'I'Hblll KBa3lil!OT8HUI>l8JlbHbl:il rpop!iaJIH3ll/ ,llJIR OI!Y!C8HM peamll1h 

C y'l8CTli8t' .llBYX'l8CTl1'lHhlX CBn3aHHUX COCTO.f!H¥!M. 060CHOBaHO 

UCIIOJib30BaH>J:e HepeAATHBl1CTCKOH BOJIHOBOi1 ¢·YHEUIU! ( B 

cr:.uc;re (B. I)) rrpu orrlicaHl1H HHTerpaJioHblX xapmnepucnm pacer ar

p:uBaeMh!X peaKUHH ( aarrpHMep 1 IIOJIHoro ce'leHHR cpuBa) 1 r.ue Bl:l.Ji[HI:l. 

OdJiaCTb HNIIyJlbCOB, !1pH KO'l'Opb!X BOJIHOBaR :iJYHKUHR 3at 8THO OTJIU'll!a 

OT HYJIR. BHe STOH o6;racTli ( eM. ( 3.8)) 1 Ka.K rroKa3aHo Ha npurvepe 

RBHO pemaelVOH l\'O,D.e.JIH, HCITOJib30BaH.He HepeMTHBHCTCKOi1 gJVHI{lll1n 

IIpll OIIl1CaHHH .unqxj:epeHUHaJI:OHb!X xapaKTepHCTHK (Harrpm.ep 1 y'JeT !flep

),J'leBCKOrO .D:BIDKeHHH) npHBO.UHT K pesyJioTaTw 1 cHJioHO OTJiv!'laRJllllll~tCH 

OT pesyJibTaTOB, IIOJiy'IeHHblX B IWBapHaHTHOt: KB83HITOTCHURaJibHO~' 

rro.nxo.ne. 

B 3aRJIIO'JeHHe aBTOp Bh!paJKae'l' r;ry60KyiO 6JJaro.uapHOCTo B.A. 

MaTBeeBy, P.M. Mypa.n:RHY 1 A.H. TaBXeJIH.D:se H P.R. <llayc1'0BY 3a HH

Tepec K pa6oTe H psr.n ueHHhlX amve'JaHH~ 1 a 1'aKJKe C .E. repacHlV"OBY I 

n.c. ,ll.yJ!bllHy, A.H. KBHHHXI1,D;3e, P.J~. Mlip-I\acMMOBY M Il.li. UKaqKOBY 

sa rronesHue o6cy~eHMH • 
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