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BawaK~A3e ill.~ .• HaTsees B. A. P2 - 12470 
~ccneAOBaH~e 3aAa4~ o 3axsaTe Macc~BHO~ 4aCT~~~ 
KBaHTOBbrM noneM. III. OnpeAeneH~e 3$$eKT~BHO~ 
MaCCbl C~CTeMbl 

~3y4aeTCR 3aAa4a o 3axsaTe Macc~BHO~ 4acT~4~ cKanRpH~M 
KBaHTOBbiM noneM Ha OCHOBe KOJlJleKT~BHbiX KOOPA~HaT 

H . H.6oron~6osa. PaccMaTp~sa~TCR MeTOA~ onpeAeneH~R 3$$eK
T~BHO~ Mace~ C~CTeM~. noKa3aHO, 4TO MeTOA OnpeAeneH~R 3$
(j)eKT~BHO~ Mace~, OCHOBaHH~~ Ha T04HOM y4eTe 3aB~C~MOCT~ 
3Hepr~~ OT nonHero ~Mnynbca c~cTeMbr, 3KB~BaneHTeH TPaA~
~~OHHOMY MeTOAY, CBR3aHHOMy C B~AeneH~eM 3Ha4eH~R CKOpOCT~ 
C~CTeM~. 3$$eKT~BHaR Macca C~CTeM~ COCTO~T ~3 CYMM~ ABYX 
4aCTe~: ~HepTHO~ MaCCbl 4aCT~~bl ~ 11 np~COeA~HeHH0~ 11 MaCCbl, 
CBR3aHHO~ C o6naCTb~ nonRp~3a~~~ BOKpyr 4aCT~4bl. nony4eH
H~e pe3yJlbTaT~ npo~nn~CTP~POBaH~ Ha np~Mepe MOAeJlbHOrO 
raM~JlbTOH~aHa. 

Pa6oTa B~nOnHeHa B na6opaTop~~ TeopeT~4eCKO~ 
$~3~K~ O~R~. 

Coo6weHHe 06bellHHeHHOro IIHCTHTyTa RllepHbiX HCcnellOB8HHJt • .lly6aa 1979 

Vashakidze Sh . l., Hatveev V.A. P2 - 124,0 
Investigation of the Problem of Heavy Particle 
Interaction with Quantum Scalar Field. 
I I I. Determination of the Effective Mass 
of the System 

The problem of heavy particle capture by scalar quan
tum field is studied with the help of the Bogolubov col
lective coordinate method. The method of determination of 
the effective mass of the system are considered. It is 
shown that the method of determination of the mass, based 
on the explicit consideration of the dependence of the 
system energy on the total momentum, is equivalent to the 
traditional method which maintains the determination of 
the velocity of the system. It has been performed, that 
the effective mass consists of two parts - the inert mass 
of the particle and the "adjoint" mass, associated with 
the polarization near the particle. Results are illust
rated with the help of the model Hamiltonian. 

The i nvestigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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HacrosnuaH aaMerKa HBnHercH rrpoaon >KeHHeM pa6or 11 ,2 / no 

HCCnellOBaHHm 3aaaqH 0 3aXBaTe M aCCHBHOA qaCTHUhl CKanHpHhl M 

KBaHTOBhiM rroneM Ha OCHOBe M eTOila KOnneKTHBHhiX KOOpllHH8 T 

H . H . Eoronm6osa 131 . 
K aK 6hmo rroKa3aHo B pa6or ax Il l , B rrpH6nH>KeHHH CHnhHOA 

CBH3H 141 rrpH cymeCTBOBaHHH orrpeaeneHHOI'O COOTHOIIleHHH Me>KilY 

CHnOA B3aHMOileAC T BHH H MaCCOA IIOKOH qaC T HUhl (ycnOBHH 3aXBa

T a qaCTHU hl KB8HTOBhlM IIOn eM ) Ha6nmaae T CH 8~~eKT KOMIIeHCa

UHH 6onbmOA MaCChi qaC T HUhl rroneM B3aHMOileACTBHH, xapaKrepH hlii 

lln H llHHaMHqeCKHX KBapKOBhiX MOileneA allpOHOB 15/. 

ITpH BhlrronHeHHH ycnoBHH aaxBar a qac T HU hl KBaHrOBhlM rroneM 

CHnhHoe B3aHMOileAcrBHe Me>KilY qac r HueA H rroneM rroqrH rron

HOCTbm "Cbellaer" 6onhlllY!O Macey IIOKOH qaCTHUhi, 06pa3yH • rny-

6oKym rror eHuHanbHyJO HMY BOKpyr Hee / 1,4/. 1/lccneaosaHHe ManoiX 

B036y>KileHH A B6nH3 H OCHOBHOI'O COC T OHHH H CHCTeMhl IIOKa3hJBaeT 

HanHqHe llBYX BeTBeA CIIeKrpa B036y ):< lleHHA , COOTBe T C TBYIOIIlHX KaK 

CB06011Hh1M CTOHqHM BOnHaM, raK H nOKanH30BaHHhlM COCTOSIHHHM, 

o r BeqaJOWHM aaxsar y KBaHTOB rronSI o6nac r bJO rronSipHaauHH . IT pH 

a r oM pacmerrn eHHe B crreKrpe &HeprHA HMeer KOHeqHwA rrpe aen 

IIpH 6onblllHX KOHCTaHTaX CBSI3H Ill. 

B HacroSiweA pa6ore o6cy>Kaaer cSI npo6n eMa onpeaeneHHSI a~

~eKT HBHoA MaCChi KBa3Hqac r HqHOI'O o6pa30BaHHSI B r n aBHOM npH-

6nH>KeHHH r eOpHH B03MymeHHA no o6parHOA KOHCTaHT e CBSI3H , 

f arviHnhTOIIHaH, onHC hiBa!OWHA llBH)!<eHHe MaCCHBHOA qaCTHUhl 

B CKan SipHOM KBaH T OBOM none , B repMHHaX KOnneK T HBHhlX KOOpllH

HaT H . H .Eoron J060Ba , SIBHO yqHThiBamm HX rpaHCnHUHOHHyiO HHBa

pHaH T HOCTb CHC T eMhi , HMeer cnellyiOIIlHA BHil / 1/: 

-+-+ 
fA 

-------- i - ---
H = y' g 4m2- g 2 V 2 + g 2 ~ A e g [ u + ]._ Q ] + 

A r r g r (1) 

1 2 1 1 1 l + -- ~ w lg (u + - - Q )(u + -- Q ) + --- P P , 
2 f f g f - f g - f g 2 { - f 
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rt:~e 

-+-+ 
ifq -+ -+ -+ -+ 

Pf =e {gP;+iv;hr(Pq+igvA+i~f'Q 1 ,P;,)l, 

... . a 
P q =- 1 aq... , 

-+ ... 
P' =P 
r' r 

-v* ~ (ff')u , P , 
r r r r pf i --~--- ' 

- aQr 

a h r Y!IOBneTBopgeT ypaBHeHHJO 

1 h = f --- z h • 
fa a g af3 f f3 

rt:~e 

z af3 = 7 fa f f3 v r Q f • 
... 

(2) 

(3) 

OepeMeHHag A OI1HChrBaeT !IBH)KeHHe 'laCTH.Uhl B 110TeHUHanbHOH 

gMe, 110nO)KeHHe KOTOpOH XapaKTepH3yercg KOOp!IHH8TOH q, a Q f 
COOTBeTCTByeT KB8HTOBhlM ~n!OKTyaUHgM 110ng BOnH3H ero Knac
CH'IeCKOro 3Ha'leHHg, o11pet:~engeMoro BenH'IHHaMH u f !.3/ 

KoHCT8HThl Vf BBe!{eHhl !{ng HanO)KeHHg CBg3H Ha K00p!IHH8Thl 

11ong t:~ng coxpaHeHHg 11epBoHaqanbHoro 'IHCna nepeMeHH hrx ... 
~fv*Q =0 

f f (4} 

H Y!IOBneraopgJOT ycnOBH!O OpTOrOHanbHOCTH H BeUleCTB eHHOCTH 

~ fa f f3 v; u r = 8 af3 , v c* = v -f (5) 

B t:~anbHeHweM yt:~o6Ho coBepwHTb KaHOHH'IecKoe 11peo6pa3oaa

HHe BOnHOBOH ~YHKUHH 

igJq + i~srQr + im(~X> 
IJI=e f (6) 

.... 
011pet:~enKB 'IHCna J ,S-r H C H3 ycnOBHH /1/ 

... 
~ fS u = 0, 
r r r 

... ... ... u; ...... 
S r + iv; (f[J- me])= i ----(fc). 

wr 
(7) 

KpoMe TOro, BBO!{grcg HOBbi e K8HOHH'IeCKH C011pg)KeHHhie KOOp

!IHH8Thl H HMI1ynbChl 110ng 

- ....... 
Q f = Q r + iuf (fA), 

4 

a a ...... a ....... 
- i --..,--- = - i ------ + i v * ~ ( f f ') u ' ------ - v * ( f v \ ) . ( 8 ) 

aQ r aQ r r r, r aQ r, r " 

C 110MOUlb!O KOTOpb!X MO)KHO 011pet:~enHTb K8HOHH'IeCKHe nepeMeHHble 

'18CTHUhl, BOCHOnb30B8BWHCb ycnOBHgMH (4} H (5}: 
~ -
A=i~fvrQr. 

f 

.... ... a 
- i V = i ~ fu (-i ------). 

A r r aQr 

(9) 

HaH!Ig H3 rpe6oBaHHg peryngpHOCTH peweHHg ypaBHeHHH Ha co6-

CTBeHHbre 3Ha'leHHg HIJI = EIJI KnacCH'IeCKHe 3Ha'leHHg 11ong u r • 

ur=-Acfwr, 

H 110Tpe60B8B BblllOnHeHHg ycnOBHg 38XB8T8 '18CTHUbl KB8HTOBbiM 

11oneM, 

1 1 2 
m = -- ~ --- I A r I , 

2 f w f 
11ony'IaeM, 'ITO pa3nO)KeHHe raMHnbTOHHaHa (1) B pg!l 110 crel1eHgM 

o6paTHOH KOHCT8HTbl CBg3H H8'1HH8eTCg C qneHa HyneBOrO 110pg!{K8 

110 KOHCTaHTe g: 

H = H + -1- H + _.!_ H 
0 g 1 g2 2 

+ .... ( 10 ) 

llng t:~anhHeHWHX paccy)K!{eHHH !IOCTaTO'IHO 11pHBeCTH 3!{eCb 'lneHbl 

pa3nO)KeHHg raMHnbTOHH8H8 BflnOTb !10 BTOpOH CTel1eHH 110 1/g, 
KOTOphre HMe!OT BH!I 

2 
m;2 1 -+2 

H =---+--C 
0 2 6 

lur I --2 1 ... a 2 
~ ----- f + --(~ fu f---.=-) + 
f w f 2m aQr 

( 11 ) 

(12) 
_ - a --~-l. 

+ _l ~ Wr I Qf Q_f- a"Q; a<Lr 2 

( 1) ... ... ... 
(13) 

H 1 = v + (rr + c )P 1 , 

(2) I ... ... 1 2 2 ... ... ... 
H

2 
= v + (- z)af3 ("+ c)f3 + 3-[Twr lvr I f ][(rrA)-g-(ac)]a lP Qu + 

1 2 2 2 
+ -- [~ w r I vr l f ] P . 

6 f q 

B 3THX Bbipa)KeHHgx HCI10nb30BaHhi cnet:~yJOmHe o603Ha'leHHg: 

....... ... ...... ... ... i 21 a i 2 2 
v< 1>=[(rrA)-g-(ac)](rr+C)---~ v*f\-i.,--..:--)+--[~wrlvrl f ]~rr 

6 f f f aQ 6 f a aa 
-f 
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(2) --+ -+ - -+ .... 1 2 2 --+ .... - 2 
v = (-z)af3 [(ITX) - g - (a c)]a [IT + c) f3 + 6-[T we I v e I f ][(ITA) -g-(a c)] + 

+iz r:J.J-~wrv(f fr:J.(-i-:.1::--)+L[~we l vr12 f 2 ] ~ (-z) r:J.IT r:J. 
at-J 2 a fJ aQ 6 af3 at-J at-J 

-f 

I"lle 

- a g = ~ f Q (-i --:;;--), 
a e a f aQ e 

(14) 

IT = i~ w v * f (-i--~---) a eea · - ' e aQ -r 
1 - --+ 

aaf3 =;~;faf{jQeu;, (ac)a = aapcp' 

. a --~ f f u (-1--::.---), (ITX) = IT A 
a {3 e a Q e a af3 {3 

(15) 

(16) 

IT a{3 
( 17) 

0TMeTHM, 'ITO XOTSI BhlllHCaHHhie 3JleCb 'lneHhi pasno)l{eHHSI 

He o6nalla~T SIBHOR 8pMHTOBOCTb~, OJlHaKO y'leT SIK06HaHa npeo6-

pa30BaHHSI OT nepBOHa'lanbHhiX K KonneKTHBHhiM nepeMeHHhiM 

ycTpaHSieT 8TO BHllHMOe npOTHBOpe'IHe H npHBOllHT K BellieCTBeH

HOCTH cneKTpa 8HeprHH CHCTeMhi ( CM, no 8TOMY nOBOllY pa6o-

Ty !61), 

T aK KaK raMHnbTOHifaH ( 1) SIBHO He 38BHCIIT OT KOnneKTHBHhiX 

KOOpllHHaT CHCTeMhi Q, 38BHCHMOCTb BOnHOBOR ~yHKUHH OT 3TOR 

nepeMeHHOR MO)I{HO BWJlenHTb B BHJle 3 KCnOHeHTW 1 onpeJleneHHOR 

Bhipa)l{eHHeM (5), I"Jle J!>=gJ HMeeT ~H3H'ieCKHR CMhiCn nonHOrO 

HMnynbCa CHCTeMhi, 

Xopowo H3BeCTHhiR MeTOJl onp e JleneHHSI s<lxjJeKTHBHOR MaCChi 

CHCTeMhi, npeJlnO)I{eHHhiR B pa6oTe /J / , OCHOBaH Ha onpeJleneHHH 

CBSI3H M e )I(JlY HMnynbCOM H CKOpOCTb~ CHCTeMbJ, llnSI 3 TOrO pac--+ ,. 
CMOTpHM ypaBHeHHe ( 7), onpeJlenSIIOlliee CBSI3b M e)I{JlY J H C • 

H BOCnOnbsyeMCSI ypaBHeHHeM (5), nony'laeM 

2 
.... 1 2 lue I .... 
J = [m + -- ~ f ------]c. · (18) 

3 e we 
C noMOllib~ 3 TOI"O Bhipa)l{eHHSI nerKO onpeJlenHTb 3Ha'leHHe 

CKOpOCTH CHCTeM hi, BOCnOnb30B8BlliHCb SIBHhiM BHllOM H
0

: 

.... aE 0 c; 
v = < q> = ----- = ---

ag! g 
( 19) 

TaKHM o6pasoM, c c TO'IHOCTb~ 110 ¢ aKropa t/ g onpe JlenSieT 

CKOpOCTb CHCTe Mhl , Tenepb y)l{e He npellCTaBn SieT Tpylla HaRTH 

s~~eKTHBHY~ M acey , 'l aCTHUhi, onpe11enH B e e c noMOllib~ 

KHHeTH'IeCKOR (3aBHCSillieR OT C ) 'laCTH 3HeprHif CHCTeMhi B rnae

HOM npH6nH)I{eHHH E cnelly~mHM o6pasoM : 

6 

' 

1 -+2 
~Eo = -i IL:JtlJlP v (20) 

TaKHM o6pasoM, 

IL :3~ = g2(m + 81L :JlPlP ), (21) 

rlle 

1 r2 2 
81L tPtP =- ~ - -- lue I 

:3 3 e we 
(22) 

HH)I{e Mhi paccMoTpHM JlpyroR MeTOll onpe11eneHHSI a¢qleKTHBHOR 

MaCChi CHCTeMhi, KOTOphiR 3aKniO'IaeTCSI B BhiJleneHHH 3aBHCHMOCTH 

8Hepi"HH CHCTeMhi OT nonHOrO HMnynbca B CTaHJlapTHOR ~OpMe 

1 2 E = ·-~-P + ••. (23) 
2M 

llaHHhiR MeTOll npHMeHHM npH HanH'IHH cna6hiX BHelliHHX noneR, 

KOrlla nonHhiR HMnynbC CHCTeMhi He SIBnSieTCSI HHTerpanOM llBH)I{e-

HHSI, 

Bocnonb30BaBlliHCb pasno)l{eHHeM raMHnbTOHHaHa ( 10), Mhi BH

llHM, 'ITO B BellymeM nopSIJlKe pasno)l{eHHSI Harnero raMHnbTOHHaHa 

'lneH BHJla (23) BXOllHT B H
2

, a TaK)I{e MO)I{eT 6hiTb nony'leH B no

npaBKe BToporo nopSIJlKa K SHeprHH no H
1

, KoTopag 11aeT 

. 2 1 
-i~E =(.!- ) --P PRfdt < T(IT (t),ITr:J.(0)) >0 . (24) 

g 2 a tJ · a tJ 

Bocnonb30B8BlliHCb SIBHhiM BHllOM ~YHKUHH rpnHa, HBRJleHHhiM 

B pa6oTe 12/, 

* We 
1 

-+-+ UeU ,w W, 

Four. tr. < T(P e (t) P r , (0))> = i[ - ------ + - ------ (ff ') ____ ..:.e ___ !__~------], 
0 w2 -w 2 m+z(w) (w 2-wr2 )(w 2-w2.) e f 

I"Jle p f - nepeMeHHhie H M nynbca, KaHOHif'leCKH conpSI)I{eHHhie K Q f, 

H 2 
1 2 w ef 

z(w) = -- ~ lu r I ---------- • 
3 w 2 -w1 

nerKo HaRTH 3Ha'leHHe 8He prHH , onpeJleneHHoe B (24): 

1 2 1 2 2 1 I (25) ~E = ---- - P 1- -- ~ w r I v e I r + ----------- · 
2g 2 3 e m + 81L :JlPlP .... 

CKnaJlh iBaSI sTo Bhipa >K eHHe c n~cnellHH M qneHoM B ( 13), r11e P q 

saM eHeH sHa'leHHeM H M n y nbca P, M hi nony'la eM Bhipa)l{eHHe JlnSI 

3HeprHH ClfCTe M hi, npe JlCTaBneHHOe B ~OpMe (23), r11e 

M = IL :JtlJtP = g 2 (m + 8fL :JlPlP ). 
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TaKHM o6pa30M, KaK u cneaoBano O)KHJlaTb, 3TOT Meroa 
OIIpeaeneHH51 3QJQJeKTHBHOM MaCChi CHCTeMhl B BellylUHX IIOp5lllK8X 
TeOpHH B03MylUeHHH rronHOCTbiD 3KBHBaneHTeH TpallHUHOHHOMY 
Me TOllY /.3/ ( C M, TaK)Ke /l I ) • 

CymecTBO rrony'-!eHHoro Bhillle pe3ynbTaTa MO)KHO rrpounm:::>crpH
poBaTb Ha IIpHMepe MOilenbHOI'O I'aMHnbTOHHaHa, Bhi6Hp8S! H3 ( 10) 
TOnbKO KHHeTH'-!eCKHe '-!neHhl H rrpellCTaBn.H.H HMIIynbChl liOnS! B cne
llYIDllleM BHile: 

. a -. u; ->-+ 
-1--::;-- = 1 ----(f77). 

aQf Wf 
(26) 

B repMHHax 3THX rrepeMeHHhiX KHHeTH'-!ecKaSI '-!aCTb raMunhTOHHaHa 
IIpHHHMaeT BHil 

2 2 
1 ... I urI ...... 2 2 1 lu r I 2 ... 2 

~H=--(Lf-----(f")) +--[L------f ]" + 
2m wr 6 r w r 

(27) 

1 ...... 11 22 2 
+ -- (1T P) + ---- [ -- L w I v I f ] p 

g 2g2 3 f f f 

flei'KO IIpOBepHTb, 'ITO raMHnbTOHH8H (27) MO)KHO llH8I'uHanH30B8Tb 
K8HOHH'-IeCKHM rrpeo6pa30BaHHeM 

... ... 1 ... 
" ... " - ·--aP 

g 
(28) 

H IIpHBeCTH K BHilY C OIIpeaeneHHOM B (21) sqxpeKTHBHOM MaCCOM 
CHCTeMhl, eCnH rrpearronO)KHTb, 'ITO KOHCTaHThl Vf CBSI38Hhl C Knac
CH'-IeCKHMH 3H8'-IeHHSIMH ITOn.H Uf COOTHOllleHHSIMH 

1 ur 
v = f 

-------
OIL:J<P<P 

(29) 
wr 

KOTOphle H8X01l5ITC51 B COOTBeTCTBHH C ypaBHeHHeM OpTOHOpMHpO
BaHHOCTH (5). 

Yl3 sroro ycnoBH.H rrony'-!aeM, 'ITO orreparop ; CBSI3aH c orre-
paropoM HMIIynbCa llBH)KeHHSI '-!aCTHUbl OTHOCHTenbHO ueHTpa CHC
TeMhl COOTHOllleHHeM -

... ... 
i V >.. =oiL 3 <P<P "• 

H, orrpe a en SIS! 

m 
a = -------------- ' 

oiL3<PqJm+oiL3<P~ 
HaXOilHM 51BHOe BhipaHeHHe anSI Halllero raMHnbTOHHaHa (27): 

8 

~H= -~ 
2 

1 --P 2 -~~<£1> [oiL :J<P<P + m ]; 2 + -2(aiL :;~;m) 
m 

0rMeTHM, 'ITO 9QJQJeKT KOMIIeHCaUHH 6onblll0M MaCChi KBapKOB 
B CKan.HpHoM none 6hin o6pa3Ho Ha3BaH A.CanaMoM IS/" apxuMeno

BhiM 9QJQJeKTOM" ( T,e, 9QJQJeKTOM yMeHbllleHHR BeCa Tena, rrorpy)Ke!JHOI'O 
B ll<HilKOCTb), Donb3YS!Cb 9TOM aHanorueli, MO)KHO 6hlnO 6hi cpaB
HHTb pe3ynbTHpyromyro HHepTHyro Macey '-!aCTHUhl 1 3aXBa'-leHHOM 
KBaHTOBhlM rroneM, C "rrpHCOellHHeHHOil:" HHepTHOM MaCCOM Tena, 
llBH)KylUei'OCSI B )KHJlKOCTH, 

B 3aKnro'-leHue aBTOphl C'-IHTaroT CBOHM rrpu.HTHhiM aonroM rro-
6naroaapHTb H.H.Eoronro6oBa u A.H.TaBxenua3e 3a HHTepec K pa-
6ore u ueHHhJe 3aMe'-!aHHSI, ABTOphi 6naroaapHhi O.A.XpycraneBy, 
H.E.TropuHy, A.B.illypraSI, M.A.CMOHilhipeBy u C.YI.3nareBy 3a 
IInOilOTBOpHhle llHCKyCCHH, 
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