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Opouenypa "onesaHHR" B reopHH nong no Merony B03MyllleHHH 
H paCXOAHMOCTH 

PaccMaTpHsaercg npouenypa "onesaHHR" no reopHH so3MymeaHl!, npen
nolKeaaag JI • .U.<l>anneeshiM. 0oKa3aao, 'iTO nony'ieHHhil! s pe3ynbrare srol! 
npouenypbl 1"'8MHnbTOHH8H B38HMOAeHCTBHR 13 cnyqae TeOpHH Af(iy

5 
rpcp HMeeT 

nononHHTenbHhie pacxonHMOCTH, ae coneplKamHecg s S -MaTpHue H He ycrpa
HRIOlliHecg o6hJ'iHOH nepeHOpMHpOBKOH, 06cylKnaercg B03MOlKHOCTb ycrpaHeHHR 
STHX pacxonHMocrel! nocpencrsoM aeKoropol! MOAH<jlHKaUHH npouenyphl <l>anneesa. 

Coo6meHMe 061.e.ztMHeHHoro MHCTHTyTa Jl.llCPHbiX MCCJie.llOBaHMit 

,ll;y6Ha, 1974 

Visinescu M., Shirokov M. P2 - 8148 

Perturbation Approach to the "Dressing" of the Field 
Theory and Divergences' 

The perturbation approach to the"dressing"of the field· 
theory proposed by L.D.Faddeev is considered.It is shown 
that in the case of Yukawa interactio~ >..iPr

5 
</;¢ the"dressing"1 

procedure leads to an interaction Hamiltonian with addi
tional divergences which are not present in the S -matrix 
and cannot be removed by the usual renormalization rules. 
The possibility of removing these divergences by means of 
some modification of the Faddeev procedure is discussed. 

Communieation8 of the Joint ln8titute for Nuc:lear Research. 
Dubna, 1974 
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,.. On epa TOphi po:>K,IJ.eHHH- yHH"'TO:>KeHH}l "o,IJ.eTbiX" qacT~U 
ap, ap xapaKTepH3YJOTC.II CJIC,II.YJOlli,HMH rJiaBHbiMH CBOH-

CTBaMH /l/ : 
1/ HX 6ec"'aCTH"'HbiH BCKTOp /T .e. TaKOH BCKTOp P. , 'ITO 

ap n = 0 ,IJ.Jijl acex pI coana,IJ.aeT c 4JH3H"'CCKHM BaKyyMOM, 

onpe,D.CJI}ICMbiM KaK co6CTBCHHbiH BCKTOp nOJIHOrO raMHJibTO

HHaHa H c HaHMCHbUieii 3HeprHeii; 

2/ O,II.HO"'aCTH"'HbiC COCTO}IHH}l a+ f! TaK)I(C HBJI.IIIOTC}l 

co6cTaeHHbiMH seKTopaMH H . 
p 

JI.CI>a,IJ.,IJ.ees npe,D.JIO:>KHJI yHHBepcan~>HYIO npoue,11.ypy Ha

XO:>K,II.CHB}l TaKHX onepaTOpOB, 4JopMaJibHO npHMCHHMYIO K mo-
6oii narpaH:>KCBOH TeOpHH nong /2/. Ero MCTO,II. OCHOBaH Ha 

TeopBH ao3MymeHBii. B pa3,11.ene I Mbl ero KpaTKO onHCbiBaeM 

B B pa3,IJ.CJIC 2 npHMCH}ICM, B Ka"'CCTBC npHMepa, K TCOpHH 

CO B3aBMO,II.CHCTBBCM IJj y/1 t/J d /1 rp . liy,IJ.y"'H TpHBHaJibHbiM 

/nocne "o,IJ.eBaHH}l" TeopHg npeapamaeTC.II B cao6o,IJ.HYIO/, 

3TOT npHMep HHTepeceH TCM, 'ITO BMCCTO 06bi"'HbiX <lJyHKli,HH 

rpHHa MO:>KHO onpe,D.eJIHTb OTJIH"'aiOutHCC}l OT HHX <lJyHKli,HH 

rpHHa "O,IJ.CTbiX" "'aCTHll,. 

llpHMeHeHHe npoue,IJ.ypbl K a3aHMO,IJ.eiicTBHJO IOKaaw J y5 t/1 ¢ 
/npOCTpaHCTBO- BpCM}l 06bi"'HLIC: 3 + 1/ o6Hapy:>KHBaeT, O,IJ.Ha

Ko, 'ITO nocne "o,IJ.eBaHH}l" no Cl>a,IJ.,IJ.eeay noJIHhlii raMHJibTo

HHaH npBo6peTaeT paCXO,II.HMOCTB, He ycTpaH}IIOlltBCC}l o6bi"'

HLIMB nepeHOpMHpOBKaMH MaCChi H 3apg,D.a. XOT}l npH Bbi"'HC

JICHBB S -MaTpHll,hl 3TH noCJIC,II.HHC ,IJ.OJI)I(Hhl HC"'C3aTb /CM. 

pa3,IJ.CJI 2/, HX HaJIH"'HC B raMHJibTOHHaHe 03Ha"'aCT, 'ITO 

nocne rpoM03,IJ.Koii npoue,IJ.yphl "o,IJ.eaaHH.II•• eme ycno:>KHHCTCH 

H Bhi"'HCJICHHe S -MaTpHI.J.bl I no cpaaHeHHJO c "ronwM" 4Jop

MaJIB3MOM/. 
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B pa3,nene 4 Mbl aHaJIH3HpyeM Hawe .noxa3aTenLCTBO 
cy~eCTBOBaHHS ,nOUOJIHHTenbHbiX paCXO,nHMOCTeH H HCCne
,nyeM B03MO:lKHOCTb TaXOH MO.nHcilHXa~HH nepBOHaqanbHOH 
npo~e,nypw «<>a.n.neesa, 'IT06bl 3TH pacxo,a:HMOCTH He nossns
nHcb. 

1. H3nO:lKHM npo~e.nypy «<>a.n.neesa B cllopMe, y,no6Hoi .nns 
,nanbHeiwero H3HO:lKeHHS. IlyCTb UOJIHbiH raMHllbTOHHaH 
HMeeT BH,n H = H0 +HI . Mw sxmoqaeM a H I,xpoMe Hcxo.n
Horo B3aHMo,neicTBHS V, XOHTp'lneH nepeHopMHPOBXH Maccw: 

HI =V + M. /1/ 

HanpHMep, B TeOpHH C lfaCT~aMH CUHHa 0 H 1/2 HMeeM 

M=(ll~-112)¢2 +(mo-m);fljJ-, M = I An M n , 
n,.2 

/2/ 

r.ne 11~ _112 H 
XOHCTaHTe CBS3H: 

m
0 

-m H3BeCTHble pa3HO:lKeHHS UO 

2 2 oo n 2 
110 -11 =I A (o 11 ) 

n=2 n 

00 

; m
0 

-m = I An (om) 
n=-2 n 

/3/ 

06bi'IHble pa3nO:lKeHHS cp H lf UO UHOCXHM BOnHaM BBO,a:ST 
OnepaTOpbl pO:lK,neHHS-yHH'ITO:lKeHHS "rOHbiX" Me30HOB H cilep
MHOHOB. CosoxynHoCTb 3THX onepaTopos o6o3Ha1faeM qepe3 
a+ , ap . Kax H3BeCTHO, OHH He o6na,naiOT CBOHCTBaMH 1/ H 
2l, CM. pa3,nen I. Bse,neM BMecTo a~, apHOBble onepaTopw 
a+, a , CBS3aHHble C a+, a cilopManbHO YHHTapHbiM npeo6-p p p p 
pa3oBaHHeM 

+ 
ap = W ap W 

+ + + 
ap = W a W • p ' 

w+w = 1 /4/ 

/yHBTapHOCTb HY:lKHa ,nns TOrO, 'IT06bl a UO,n'IBHSJIHCb XaHo
HH'IeCXBM XOMMyTa~BOHHbiM COOTHOWeHBSM, xapaxTepHbiM 
.nns onepaTopos po:lK,neHus- YHB'ITO:lKeHHs/. IlyCTb H (a+, a ) 
0603HaqaeT UOHHbiH raMHHbTOHHaH, Bblpa:lKeHHbiH qepe3 
"ronwe" onepaTopw. EcnB B H(a ~a) BBeCTH c noMOII(LI0/4/ 
onepaTOpbl a+, a BMeCTO a+, a , TO nony'IHM UOJIHbiH ra
MBHbTOHHaH xax cilYHX~BIO a~ a : 

H(a~a) = H(Wa +w+, Wa w+)= WH(a ~a)W+ =K(a ~a). /5/ 

4 

fipe,nCTaBHM W B BH,ne 
3 2 

A R3 A R2 A R I 
W= ... e e e /6/ 

r,ne A - XOHCTaHTa CBS3H. C UOMOIIU>IO H3BeCTHOH cilopMynbl 

A -A 1 1 ]] e Be =B+[A,B]+T[A,[A,BTI+ 
3

! [A,[A,[A,B] +... /7/ 

MO:lKHO /5/ npe,nCTaBHTb B BH,ne ps,na UO CTeneHSM A : 

( + + + 2 + K a ,a)=K0(a,a)+AK 1 (a,a)+A K 2 (a ,a)+ ... /8/ 

K 0 (a"!"a)=H
0
(a+,a); K 1 =[R1 ,H 0 ]+'V; /9/ 

K 2 = M2 +[R 2 ,H0 ] + [ R1 ,'V ]+ t[ R1 , [ Rl' H oll /10/ 

B K 1 BXO.O:HT B3aHMo,a:eicTBHe ·v. B cnyqae s3aHMo.neicTBHs 
IOXaBbl OHO COCTOHT H3 qneHOB, CO,nep:lKaUUIX npOH3Be,neHHS 
O,a:HHX TOHbJ(O /Tpex/ onepaTOpOB po:lK,neHHS fqneHOB THUa 
/3.0//, 'IHeHOB C ,a:ByMS onepaTopaMH po:lK,neHHS H O,a:HHM 
onepaTopoM yHH'ITO:lKeHHs /Tun /2.1/ I H 3pMHToso- conps
:lKeHHbiX 'IHeHOB THUa /3.0/ H /1.2/. 113-3a HanH'IHS qneHOB 
THUa /3.0/ H /2.1/ 6eC1faCTH'IHbiH BeXTOp Q onepaTOpOB a 
H O,a:HO'IaCTB'IHble COCTOSHBS a;f! He SBHSIOTCS C06-
CTBeHHbiMB sexTopaMB nonHoro raMBnLTOHBaHa. Taxue qne
Hbl B soo6me qneHw THna /n.O/ B /n.l/ c n k2 Mbl 6y,neM 
ua3YBATL "nnoxBMH". IIo.n6opoM R 1 MO:lKHO .no6BTLCS Toro, 
'1To6w B K 1 "nnoxue" qneHbl He sxo,a:BnB. ,l{ns 3Toro R 1 Ha,no 
B3STb B BB,ne /aHTB3pMBTOBOH/ cynepU03~BH qneHOB/3.0/ + 
+/2.1/ - 3.C. C TaXHMB X03c)ciiH~BeHTHblMH cilYHX~BSMH, 'IT0-
6bl [R 1 ,H0] pasHsnocL - V I .nns 3Toro Ha.no, '1To6w 
COOTHOWeHBe Me:lK,ny nepeHOpMHpOBaHHbiMH MaccaMH 6blno 
TaxoBo, '1To6w pacna.n o,a:Hoi qacTH~bl Ha .a:se 6wn HeB03Mo
:lKeH/. Ilocne 3Toro nonyqaeTcs, 'ITO K 1 -= 0. 

«<>Bxcuposas TaXBM o6pa3oM R 1 , MO:lKHO Bbi'IHCJIHTb 
qneHw [R 1,'V] u[R 1,[R1 ,H0lJ=-[R 1 ;V] a /10/. Ilpe,ncTa
BBB HX B HOpManLHo-ynops,nolfeHHOM su.ne /no onepaTopaM 
a"';a /, nony'IHM "nnoxHe" qneHbl TBna /2.0/, /4.0/, 
/3.1/. M 2 ,non:lKHO y6HpaTL H3 K2 qneHbl /2.0/ /a Tal()Ke 
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11.11 I, a ocTam.uhle "nnoxue" 'IJieHhl YHH'ITO>KaiOTCJI c no
MOUlhiO R2 , ~JIJI 11ero R2 6epeTcJI B B~e cynepno.3BIUIB 
14.01 13.11- 3.C. cno~XO~JIU{HMHK034MtiHIJ;BeHTaMB.A11&JIO
rH'IHO MO>KHO y6paTh "nJIOXBe"- 'IJieHhl H3 Kn C JII06WM n/2/ • 

BhlnHWeM eme Bhlpa>KeHHJI MJI K3 H K 4 , ucnom.3y.ll [R1.HoJ--V: 

K3 =[R3 ,H~+[R 1 ,~ 2 ]- ~ [R 1,[R 1 ,'VTI; /11/ 

K 
4 

= M4, + {R
4 

, ~ -j + ~ tlti , flt1 ; [ R 1 ,Vflt + + {-Ri ,{R 1 > M 2 ] h 

+ [R2 ,M~+ ~ [R 2 , [R 2 ,H0 11+ ~ [R 2 ,[R 1 ,'VTI. 
1121 

2.llpHMepoM TeOpBH, K KOTOpOi H3JIO>KeHHYIO npo:u;e~ypy 
MO>KHO c ycnexoM npuweHHTh, JIBJI-!_eTcJI TeopHJI c narpaa
>KHaaow B3aBMO~eiiCTBHJI •L l =-g/2(t/ly~ ,t/J ]all¢ '/3aMeTHM, 
'ITO raMBJihTOHHaH B3aHMO~eiCTBHJI V B 3TOM CJiy'lae He 
pasea •L1 , CM. 4lopwyny 137 I B 13/ I. Y>Ke nocne npeo6-
pa3oB&HHJI W = exp gR 1 HHKaKBX "nnoxux" 'IJieHOB B K 
ue ocTae'I:CJI: nocne o6paiD;eHHJI K 1 B aym. HMeew Kn-0 
~JIJI n ·~2, TaK 'ITO K(a+,a)=Ko (a+,a) H TeopH.II 3KBH
saneHTHa csopoAHoi l3aMeTHM,'ITO B,KOHTp'lneunepeaop:uu
poBKB MaCChi paseH HYJIIOI. IloJiy'leHHOe. TaKHM aBTOMaTH
'IeCKHM o6pa30M npeo6pa3osauue exp g R 1 oKa3.1.1Bl!eTCJI 
cosna.u,aiOU{HM c np~o6pa3osauuew exp Lig/2 f d3

x (tfr*t/1-tfrt/1*)¢., 
yKa3aHJihiM 0Ky6o / 3/. 

IlocKOJihKY nony'leHHhle onepaTQphl a;. ap ocyiiJ;eCTllJIJI-

IOT HOBYIO KopnycK'yJIJIPHYIO HHTepnpeTau;HIO TeopHH, io 
cyiiJ;ecTsye1' B03MO>KHOC1'h no- .u,pyro:My onpe~e~Th· 4lyiUc:u;IDI 
rpuua. Bse~eM 41opM&JihHO -rei3eH6eproBCKHi: onepaTop 

• "o~eToro" 41epMHOHBoro nonJI: 

tfrd (x)=tfrd (i,t) = 

- -+-+ -+-+ 
-3/2 3 m 2 -+ -+ ipx + -+ -+ -ipx 

=(277) Jdpy-E Ila/p,t)wr(p)e +,Br(p,t)vr(p)e } 
p r=l 

/13/ 

6 

noCTpOeHHWH 06hi'IBhiM o6pa30M, HO H3 reii3eH6eprOBCKHX 
"o~e.ThiX" ~HftpaTOpOB yHH'ITO>KeHBJI 4lepMHOHOB a (p, t) • 
.,. e 1 H t a e aa e -iEp t B po~eHHJI aHTB4!epMBOHOB ,tf'{p,t) . 

C ero nb:uom~>IOJ' onpe~eJIBM 41YHKIJ;BIO pacnpocTpaueHHJI 
"o~eToi" qacTBIJ;W 

Gix,y)=i<O,Ttfrd(x)t/Jd(y)O>; Hn ... 0. 1141 
. - /3/ 

B OT JIB'IHe OT o6hi'IHOi 41YHKIJ;BH rpuua .1 < n ' T t/1 (x) t/1 ( y) 0> ' 
G d . COBn&AaeT C 4!YHKIJ;Beii pacnpocTpaHeHHJI CB060AJIOH 
'laCTHIJ;hl G d =1iS F, 'ITO COOTBeTCTByeT OTCYTCTBHIO B3aHMO
~eicTBHJI Me~ "o~eThiMH" 'laCTHIJ;aMH. 

3. Cornacuo H3JIO>KeHHoi npou;e~ype, MJI Bhi'IHCJieHHJI 
pacceJIHHJI CHa'laJia npOH3BOAJITCJI "o~eBaHBe" B 3aTeM 
BW'IHCJIJieTCJI s -:uaTpHD;a no B3aHMO~eiCTBHIO !:...2 ,\ n K n • 

B pa6oTe 121 n.e~»~~eeB nHWeT: " ... BW'IBCJieHHJI pa36B
BaiOTCJI ua ~sa 3Tana: ua nepso:u cne~yeT JIBHO pa3.u,eJIBTh 
BKJia~hl B raMHJihTOHHaH, OTBeTCTBeHHhle 3a 3414leKThl ca:uo
~eiCTBHJI B pacceJIHBJI, aHa BTOpOM - C'IBTaTh onepaTOp 
pacceJIHBJI no o6hi'IHOH cxewe ••• B Teopa.llx c JIOK&JihHhiMB 
B3aHMO~eHCTBHJIMB Ha nepBOM 3Tane nOJIBJIJIIOTCJI p&CXO
AJIMOCTB, ycTpaHJIIOU{HeCJI nepeHOPMHPOBKOH MaCChi, a Ha 
BTopoM - nepeaopMaposKoi 3ap.11~a". 

llonpo6yeM nposepBTh TaKoe yTsep>K,AeHae: see pac
XOAHMOCTB, nOJIBJIJIIOU{HeCJI B nOJIHOM raMBJihTOHBaHe nocne 
3Tana "o~eBaHHJI", ycTpaHJIIOTCJI KOHTp'IJieHOM nepeHOpMB

pOBKH MaCChi. 
llp.IIMa.ll nposepKa 3Toro yTsep>K,AeHBJI "a no6" npe~cTas

JIJieT Tpy~HYIO 3a~aqy, 41aKTH'IeCKH Tpe6YIQIIJ;YI0 pa3pa60TKH 
cneu;uan&Horo annapaTa M.ll Bhi'IHCJieHHi: *. ,neno B TOM, 
'ITO K

2 
soo6me co~ep>KHT TOJihKO co6cTseaao-3aepreTu

qecKHe pacxo~BMOCTB, ycTpaHJIIOU{HeCJI c noMOIIJ;hiO M 2 : 
OT qneaos [R 1 ,M2 ] a [R 1 , [R1 ,V]] B K 3 B03HHKaiOT 
nocne aopM&JII.Horo ynopJI.D,O'IHBaHBJI Tpexonepa Topahle 'IJie
HW, CO~ep>Kaii{He HHTerpanhl IB03MO>KHO paCXO~JIU{HeCJI/, 

"'laMeTHM, 'ITO pe3yJibT&T H&CTOJIIIJ;ei pa60TW MO>KHO 
paccMaTpHBaTh KaK yKa3aHBe aa TO, 'ITO npo6ne:ua npe>K,Ae 
scero cocTOBT ue B pa3pa6oTKe TaKoro annapaTa, a B B3Me
ueHBH npou;e~ypw "o~esaHHa", npe~no•eHHoi B /2/ • 
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HO OHH BCe "nnOXHe" H ,!J;OJDKHbl 6b1Tb y,D;aneHbl H3 K3 
c noMOIUbiO R3 • H TOnLKO B K4 BnepBwe noJIBn.HIOTC.II qneHw 

/'leThlpexonepaTOpHble/, co.nep)f(aJUHe pa.nH~HOHHble no

npaBKH K pacceJIHHJO, paCXO,D;HMOCTb KOTOpblX H Ha,D;O HCCne

.noBaTb. Ho .nn.11 Bhi'IHcneHH.II K4 Ha.no JHaTb R1 , R2 , eM. 

/12/, H npOH3BeCTH Bbl'IHCneHHe nOBTOpHblX KOMMyTallHH 

BnnOTb ,D;O TpOHHOH. 

HaM y.nanocb nony'IHTb CBe.neHH.II o pacxo,D;HMOCT.IIX 

B "xopowHx" 'leThlpexonepaTopHwx qneHax, o6oii.n.11 3TH 

TPY.IlHOCTH. H.ne.11 "o6xo.n~" COC'J:"OHT B cne.nyiOmeM. 

Hccne.nyeM pacxo,D;HMOCTH MeJoH-cllepMHOHHoro pacceJI

HH.II B 4-M nop.II,D;Ke Ha KOHCTaHTe CB.II3H ,\ .D;BYM.II cnoco6aMH: 

c noMOJUbJO o6hi'IHoro /"ronoro"/ cllopManHJMa, HcnonbJYIO

mero BJaHMo.neiicTBHe /1/ H "o.neToro", HcnonbJYIOmero 

A2 K 2 + A4 K 4 /Kn c n > 4 B 'leTBepThlii nop.II.D;OKBKna.na 

He .naiOT/. MaTpH'IHhle 3neMeHThl S-MaTPHllbl pa7,pe
5
.11fH.11, 

nony'leHHhle ,D;BYM.II cnoco6aMH, ,!J;OJDKHhl COBna,D;aTb ' • 

3TO cne.nyeT, B 'laCTHOCTH, H3 TOrO cllaKTa, 'ITO "ronhle" 

H "o.neThle" reiiJeH6eproBCKHe onepaTophl non.11 cTpeMJITC.II 

K O.IJ.HHM H TeM )f(e in,out - onepaTopaM, CM. Hanp.,/ 4 1 . 
PeJynbTaT o6hi'IHoro cllopManHJMa HJBecTeH. Mw C'IHTaeM, 

'ITO BKnJO'IeHHhiH B /1/ KOHTp'lneH nepeHOpMHpOBKH MaCChi 

KOMneHCHpyeT BCe C~6CTBeHHQ-3HepreTH'IeCKHe paCXO,D;H· 

MOCTH B 3neMeHTe < pk I s4 I q e ·> ' TaK 'ITO B HeM OCTaiOT

C.II TOnbKO BepWHHHhle norapHcllMH'IeCKHe paCXO,!J;HMOCTH * . 
HMnynbChl cllepMHOHOB MDI o6oJHa'laeM qepeJ p , q /cnH

HOB~x HH,D;eKCOB He nHWeM/, HMnynbChl MeJOHOB - 'lepe3 

k, E • B "o,D;eTOM" cllopManHJMe COOTBeTCTBYIOJUHH 3neMeHT 

MO)f(HO paCC'IHTaTb no HeKOBapHaHTHOH TeOpHH B03Myme

HHH 16 I . Bhlpa)f(eHHe 

* KaK o6hi'IHO, npe.nnonaraeM, 'ITO B Teopmo BBe,D;eHo 
KaKHM-nH6o o6paJoM o6peJaHHe 6onLWHX HMnynbCOB, nocne 
qero npoHJBO.D;.IITC.II Bhi'IHcneHH.II .D;BYM.II cnoco6aMH. TepMHH 
"norapHcllMH'IeCKa.ll paCXO,!J;HMOCTb" OJHa'laeT, 'ITO COOTBeT
CTByiOmaJI BenH'IHHa Be.neT ce6.11 KaK norapHcllM napaMeTpa 
o6pe3aHH.II llpH CTpeMneHHH 3TOrO napaMeTpa K fieCKOHe'IHO· 
CTH. 
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<pk I K2lm><m IK2IqE>+ <pk I K
4

1 q£ > • I . 
m E -E +t .( 

i m 
/15/ 

noMHO)f(eHHoe Ha -2rrio(Ep+wk -E q -we) , .naeT 'leTBep

TblH nop.II,D;OK no,\ S - MaTpH'IHOrO 3neMeHTa Me30H·cllepMHOH

HOrO pacceJIHH.II /eM. /2.32/ B I 6 I/. 
BBH.D;Y BbiWeynoMJIHyToro paBeHCTBa S -MaTpHll pac

xo,D;HMOCTb /15/ .noiDKHa 6h1Tb norapHcllMH'IecKoii. Eme pa3 

HanOMHHM, 'ITO ,cornaCHO YTBep)f(,!J;eHHIO, KOTOpoe Mbl npo

Bep.lleM, KOHTp'lneHhl nepeHopMHpOBKH Macchi M4 H M 2 
YHH'ITO)f(aJOT BCe pacXO,D;HMOCTH B K4, , CM. /12/ /B TOM 

'IHCne, KOHe'IHO, H C06CTBeHH0-3HepreTH'IeCKHe/. ,1J;n.11 Bhl· 

'IHcneHH.II nepBoro qneHa B /15/ .nocTaTO'IHO JHaTb K 2 , 

CM. /10/, ,D;n.ll 'lero B CBOIO O'lepe,D;b HY)f(HO TOnbKO HaRTH 

R1 H Bhi'IHCnHTb [ R 1 ,V ] I CM. IlpHnO)f(eHHe/. EcnH nepBhlii 

'lneH B I 15/ He pacxo,D;HTC.II, HnH pacxo,D;HTC.II, HO He nora

PHcllMH'IeCKH, TO B < pk I K 41 q e '> eCTb pacxO,D;HMOCTH, 

He KOMneHCHPYIOIUHecJI qneHaMH M4 H M2 , H npoBepJieMoe 

YTBep)f(,!J;eHHe HacqeT pacxo.nHMOCTeii 3Tana o.neBaHH.II 6y.neT 

HeBepHblM. 

HJnO)f(HM peJynLTaThl Bhi'IHcneHHii. IIocKonbKY K2 co

.nep)f(HT TOnbKO qneHhl THna /2.2/, TO npoMe)f(yTO'IHhle 

COCTO.IIHH.II m B /15/ CBO,!J;.IITC.II K COCTO.IIHH.IIM "O,D;HHcllepMHOH 

/c HMnynbCOM s I nniOc O,D;HH MeJOH /c HMnynbCOM n/". 

PeJynbTaT .D;n.ll <sn I K21 q e ·> HMeeT BH,D;: 

.... .... .... .... ,\2m 
<sniK2 lq£·>=o( s+n-q-E) x 

4(2rr)3 y'E wE w 
s n q q 

"' " "' ""' " ""' - ( .... ) [ s- e -m q + e - m 9 -n- m 
xw s 2 2+ 2 2 + 2 2 + 

(E -w0 ) -E o (E +Wo) -E o (E -w ) -E 
s t:. s-t:. q t:. q+t:. q n q-n 

,, "' ~) 
s+n -m ]w(q ; 

+ 2 2 
(E 8+w n) - Es+n 

/!6/ 

2 2. 2 2. Eq = y q + m , We = y' f + f.l , 
.. .... .... 

q+E =(Eq+we)y0 -(q+f)"y. 
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Hcnon:t.3Y.II ypaBHeHH.II su.na (q-m)w(q)=O, 3TOT 3ne:w:eHT 
:w:o>KHo 6wno 3anucan. B 6onee npocToM BH,ne, uo 3aTo 
/16/ nocne yMHO>KeHHJI Ha (-27d)o (E

8
+cun -Eq-cuf) cpa3y nepe

xo.nuT B swpa)l(eHHe 

o4 (s+ n-q- f )[ -iA 
2
/2 (2rr )2 V E cu E cu=o ] x 

s n q L 

/17/ 
A 

-+(-+)[ q+ f +m q-~+ m 
X W S ~ ~ +~ _ 

5 ( q+ f_)2-m2 5 5 (q-n)2 -m 
r

5 
] w(q), 

BW'IHcneHHoe no .nuarpa:w::w:a:w: tl»eiiHMaHa,puc. 1 /3aMeTHM, 
'ITO y: = -1 /: 

n 

s 

1 
t J e 

Puc. 1. 

3TO ,neMOHCTpHpyeT paBeHCTBO S ·MaTpHU, BW'IHCHeHHWX 
,nsy1.u cnoco6aMH, B nop.ll,llKe A 2 • C no:w:o~:t.IO I 16/ He
Tpy,nHO paCC'IHTaTh 

JJd3sd3n<pkiK 2 1sn><sn IK2 1q f >/(Eq+wf-Es-~)= 

3(-+-+-+ -+ A4 d3 =D p+k-q- f ) m J s __ 1 __ _ 

32(2rr) 6 "ljE cuE cu Escu E +cu-E -cu pk q f n q f 8 n 

10 

• I 

~ 

X 

A A 

x w(p)[ -n + ti + -k + 
' '.,2 2 2 2 2 2 

( E -cu 1 -E (E +cu. ) -E (E - cuk) -E 
p n .. p-n · s n s+n 8 !!r-k 

+ k 
· (E +<"l\)2-E2 1x(;+m) x 

p p+k /18/ 

A A 

x[ - e + e + 
' 2 2 ' 2 ' 2 

(E -cuo) -E o (E +cun) -E (J 
S L, 8-L q L q+L 

A 

+ n 
(Es +~n )-2-_-E2- ] w(q). 

. s+n 

-+ -+ 

A 

-n 
2 2 + 

(E -cu) -E 
q n q--n 

B npasoii 'laCTH li= p+k -s =<i + e - s . HHT.erpan no s pac
XO,nHTCJI nHHeiiHO, 'ITO O'leBH,nHO cne,nyeT, HanpHMep, H3 

-+-+~It 
paCCMOTpeHHJI 'laCTHOrO cnyqaJI p =q = k = t = 0 . 3TO 3Ha-
'IHT, 'ITO B K 4 ,nOH)I(Ha 6wT:t. Ko:w:neucupyiOmaJI nuHeiiuaJI 
pacxo,nHMOCTh,. '1To6w /15/ pacxo.nunac:t. ue 6onee, 'leM 
norapH!l>MH'IeCKH. TaKHM o6pa30M, pacxo,nHMOCTH, noJIB
nJIIOmReCJI B raMHR:bTOHHaHe Ha 3Tane o,neBaHHJI, He ycTpa· 
HJIIOTCJI nepeHOpMHpOBKOii MaCChi * . lionee TOrO, HanH'IHe 
nHHeiiHoii pacxo.nu:w:ocTH B K4 03Ha'laeT, 'ITO Mw He MO)I(eM 
.na*e yTsep)I(.D;aT:t.; 'ITO pacxo.nu:w:ocTH B K4 :w:oryT 6wT:t. 
yCT.paHeHW 06W'IHWMH nepeHOpMHPOBKaMH /MaCChi H 3apJI· 
.na/. B K 4 ecT:t. .nononHHTen:t.uwe pacxo,nHMOCTH, KOTopwx 
BeT B S4 

,* TaKoe *e 3aKniO'IeHHe cne,nyeT HJ pacc:w:oTpeHHJI Me3ou
:w:e3oHuoro pacceJIHHJI B nop.ll,llKe A • 3a:w:eTHM, 'ITO uam 
rpy6wii cnoco6 oneHKH pacxo.nu:w:ocTeii u~no3BOnJieT c.ne
naT:t. KaKoe··nH60 3aKniO'IeHHe H3 paCCMOTpeHHJI !l>epMHOH• 
!l>epMHOHHOrO pacceJIHHJI B nop.II.JU<e A4 , nOCKOn:t.Ky OKa3W· 
saeTC.II,. 'JTO BKna.n oT K 2 B 3TOM cnyqae pacxo.nuTc.ll 
norapu!l>MH'IeCKH. 

II 



4. Mo)I(HO nonaraTL, 'ITO npH'IHHOii no.aBneHHJI .u.ononHH

TenLHLIX paCXO,IJ.HMOCTeH .HBllJieTCJI HeKOBapHaHTHOCTL npo

ue.u.ypLI fba,IJ.,IJ.eeBa. IH3BeCTHO, HanpHMep, 'ITO B HeKOBa

pHaHTHOH TeOpHH B03Myll{eHHii ,IJ.llJI "ronoro" ~OpManH3Ma 
CHTyaUHJI C paCXO,IJ.HMOCTJIMB 6onee 3anyTaHHaJI, 'leM B KO

BapHaHTHOHI. 0,IJ.HaKO MLI MO)I(eM fiOKa3aTL, 'ITO HeKOTOpaJI 

Hepa,D.HKallLHa.H MO,IJ.H~HKaUB.H npoue.u.ypLI .u.enaeTHe,IJ.eHCTBH

TellLHLIM HaW CfiOC06 ,IJ.eMOHCTpai{HH Cyll{eCTBOBaHH.H ,IJ.O

fiOllHHTellLHLIX paCXO,IJ.HMOCTeH B "o,IJ.eTOM" raMHllLTOHHaHe. 

3aMeTHM, 'ITO npoue,IJ.ypa O,IJ.eBaHH.H HeO,IJ.H03Ha'IHa H Ba

pHaHT Cl>a.IJ.,IJ.eeBa .HBll.HeTC.H "MHHHManLHLIM", CM. KOHeU / 2/ • 

HanpHMep, onepaTop R 2 BLinonH.HeT TOllLKO O.IJ.HY ponb: 

yHH'ITO)I(eHHe "nnoxux" qneHOB, B03HHKaiOIUHX nocne Hop

ManLHoro ynop.H,IJ.O'IeHH.H KOMMyTaTOpa [R I ,V) . 0,IJ.HaKO 

·~ MO)I(eT MeH.HTL H HeKOTOpble "XOpOWHe" 'llleHLI, a HMeHHO 

Te, KOTOpLie HC'Ie3aiOT Ha "MaCCOBOB fiOBepXHOCTH". ~eii

CTBHTenLHO, paCCMOTpHM 'llleHLI K2 , OTBeTCTBeHHLie 3a 

Me30H-~epMHOHHOe pacce.HHHe. 0HH HMeiOT BH,IJ. 

a+a y+y
0

F(s,n;q,f ). 
s q n L 

1191 

3.u.ecL a - ~epMHOHHLie, y - Me3oHHLie onepaTopLI, no.u.pa-

3yMeBaeTC.H HHTerpan no s ,n ,q, f. C noMOIULIO [ R2 ,H ol 
CM. 1101, MO)I(HO, HanpHMep, YHH'ITO)I(HTL q.JieHLI 1191, ,IJ.llJI 

'lero Ha.u.o, 'IT06LI R2 co.u.ep)l(anO Bwpa)l(eHHe /2/ 

-a+ a y + y 0 F ( s 'n ; q e ) I ( E s + (Jj - E -w 0) • 
sqnt. n qt. 1201 

O.u.HaKo 3HaMeHaTenL B 1201 o6paiUaeTc.H B HynL Ha .. Maceo

BOB noBepxHoCTH" Es +w
8 

= Eq+we , H .u.enHTL Ha Hero 

MO)I(HO B TOM cnyqae, ecnH H F o6paiUaeTc.H TaM B HynL. 

IIo.u.qepKHeM, 'ITO B npoTHBHOM cnyqae .u.eneHHe Ha E + w -s n 
- E -w 0 B npoue.u.ype "o.u.eBaHH.a" He HMeeT HHKaKoro q {. . 
ecTeCTBeHHoro CMLicna laHanorH'IHO, HanpHMep, peuenTy 

npu6aBneHH.H ± i £ .u.n• nonyqeHH.H in, oot - peweHHiil. 

IloKa)l(eM, 'ITO K2 MO)I(HO H3MeHHTL TaK, 'IT06LI 1161 
nepexo.u.uno B 117 I H 'IT06LI npaBa.H qacTL 1181 pacxo.u.unacL 

TonLKO norapH~MH'Ie CKH. BBe,IJ.eM o6o3Ha'leHHe < s n 1 K 
2

1 q f>= 
= 1 +2 +3 +4, r.u.e 1 COOTBeTCTByeT nepBOMY 'llleHy B KBa,IJ.

paTHOB CK06Ke B 1161, 2 - BTOpOMY H T • .IJ.. ITaKOH )l(e nop.H-

12 

,. 

., 

,IJ.OK COXpaHeH BO BTOpOH KBa,D,paTHOH CK06Ke B 11811. 
3aMeTHM, 'ITO 'llleHLI 1 H 3 ,D,aiOT O,IJ.HHaKOBLIH BKlla,D, B 

<sn I s2 I qf >=-2rrio (Es+wn -E q-u.r )<sniK2Iq e >. 1211 

3TO )l(e OTHOCHTC.H H K 'llleHaM 2 H 4. Il03TOMy, ecnH 
K <sn I K21 q r > npu6aBHTL BLipa)l(eHHe 11-3/.+14-21, 
TO 1211 ocTaHeTCJI HeH3MeHHLIM. TaKoe npH6aBneHHe 03Ha

qaeT, 'ITO H3 BTOpOB KBa,D.paTHOB CK06KH B 1181 MLI BLI'Iep

KHBaeM qneHLI 2 H 3 I Y.D.BaHBaJI OCTaiOJ.l(HecJII. A Tor.u.a 

1181 paCXO,IJ.HTCJI TOllLKO norapH~MHlfeCKH,KaK OKa3LIBa

eTCJI. B TaKoM cnyqae < pk I K4 I qe > Mo)KeT 6biTL KOHeq

HbiM. 

CooTBeTCTBYIOIUee H3MeHeHHe onepaTopa K2 MO)I(eT 

6biTL ocyiUeCTBneHo .u.o6aBneHHeM B R2 qneHa BH,D,a 1201, 
r.u.e F = 11-31 +14-21, nocKonLKY TaKoe F o6paiUaeTcJI 

B HynL npu E8 + w8 = E q +we . 
0.D.HH H3 aBTopoB IM.lllupoKoBI nonL3yeTcJI cnyqaeM 

no6naro.u.apHTL ll.~.CI>a.u..u.eeBa H H.R.Ape~LeBy 3a o6cy)l(

.u.eHHJI. ~pyroii IM.BHWHHeCKYI Bblpa)l(aeT 6naro,D,apHOCTL 

MAr AT3 Ha ~HHaHcoByiO no.u..u.ep)I(Ky. 

IIPHJIO)J(EHHE 

Mbi nonL3yeMCJI o6o3Ha'leHHJIMH, npHHJITbiMH B KHHre 

ll1Be6epa ;7 I 0TMeTHM cooTHoweHHJI 

y 5 = - y 0 y ly 2 y 3 ' ( y 5) 2= -1 

I r
2
= 

1 
wr (p) w r ( p) = ( E y 

0 
- p y + m ) /2m , E = y' p 2 + m 2 

P P III.11 

2 r - r - --
I r=l v (p)v (p) = (EP y 0 -py -m)/2m. 

BLinHweM on epa Top R 1 , onpe.u.enJieMhlii H3 cooTHoweHHJI 

[ R 1,H 0 ]+ V =0 
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R I =~Iff d 3p d 3q d 3k 0 ( -P +q + k )/ y2EpEq (t)k X 

(277) 

2 - r 5 r' -> r - 5 r' 
x ~ I w (p)y w (q) a+(p)a ,(q)+ w (p)y v (-<ll<(p)flr~(~+ 
r,r=I E -E -w r r E +E -wk 

p q k p q 

v r ( _ p)y5w r' (q) -+ --> 
+ --------- fl (-p)a, (q)-

-E -E -w r r 
p q k /ll.2/ 

-> 5 r' ->) + --> v r (-p)y V (-q {3, (-q){3 (-p)Jy(k)- 3.C. 
r r 

-E + E - wk p q 

3,D.eCh a ( p) , {1 ( p) , y ( k) · onepaTOpbi YHH'ITO)I(eHHJI., 

COOTBeTCTBeHHO, $epMHOHa, aHTH¢epMHOHa H Me30Ha. 

Bhi'IHcneune KOMMyTaUBH ( R 1 , V] , BXO.D.JIIUeii B K 2 , 

,D.osonhno rpoM03.D.KO. Ono o6nerqaeTCJI sse,D.eHHeM coKpa

meunhlx o6o3uaqeuuit 

( 

ar (p) ) + 
A (p)= ; A (p)=(a+ (p),fl (-p)) 

r 13 +( ) r r r 
r-p 

/ll.3/ 

R = f If d 3pd 3q d 3k l , A \p) Z k , ( p, q) A , ( q) y ( k)- J C. = 
I r ,r r r r r 

/ll.4/ 
3 + k = f d k A Z Ay (k)- 3.C. 

B TepMHHaX KOTOpbiX HMeeM ,D.TIJI KOMMYTall;HH BH,D.a: 

[A +z kA, A+ UA ]=A +(z~-UZk)A = A+[z k' U ]A. /ll.5/ 
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