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A H H 0 T a U H H 

C fiOMOW b!O peHOpManH38UHOHHOJ!: rpynnbl nonyqeH BH.O OC06eHHOCTH 8MfinHTy .Obi aneKTpoH­

npOTOHHOrO pacceRHHH s6nH3H Hynesoro aHa'leHHH Ksa.apaTa nepe.aaHHoro HMnynbCa, 3Ta oco-

6eHHOCTb HBnHeTCH noniOCOM, yMHO:lKeHHbiM HS cp830Bbil!: MHO:lKHTenb, npe.OCTSBnHIOWHJ!: C060J!: 

penHTHBHCTCKoe o6o6weHHe KynoHoscKoro cpaaosoro MHO:>KHTenH, Hal!:.aeHo TSK:>Ke penHTHBHcT­

CKoe o6o6weHHe TpaeKTOpHH Pe.a:>Ke .anH aToMa so.aopo.aa. 

Abstract 

The form of singularity of electron-proton scattering amplitude near the zero value of squared momentum 

transfer is found with the aid of renormaiization group. This singularity is a pole, multiplied by a phase factor 

which is a relativistic generalization of the Coulomb phase factor. A relativistic generalization of a Regge 

trajectory for Hydrogen atom is also obtained. 



Ill B pa6oTe 6hlnH paccMOTpeHw aHanHTuqecKHe caoAcTaa nepwHHHoA ~YHKUHH H MBTpHq-

HbiX aneMSHTOB ~OTOH-aneKTpOHHOrO H aneKTpoH-n03HTpOHHOrO pac ceHHHH B KB8HTOBOA 3neK Tpo­

.OHH8MHK8, 3.aeCb Mbl npO.OOn)!{HM 9TO paCCMOTp8HH8 H8 cnyqa,A ynpyror o paCCSHHHH .OBYX 38pH­

)!{8HHblX qaCTHU p83HOA M8CCbl { 9n8KTpOH8 H npOTOH8), 

Mbi 6y.aeM paccMaTpHBBTb nHWb aneKTpoMarHHTHoe B38HMo.aeAcTBHe aneKTpoHa H npoTo Ha. 

YqeT CHnbi-IbiX B38HMo.aeAcTBH.A, no-BH.OHMOMy. He MO)!{eT H3M8HHTb n o nyqeHHbiX HH)!{e pe3ynbTa­

TOB 06 HH~paKp8CHblX OC068HHOCTHX, 

npe)!{.QS BCero, M8TpH qH bl.A aneMSHT aneKTpOH-npOTOHHOrO pacceSIHHH CO.Oep)!{HT HH~pa­

Kp8CHble paCXO.OHMOCTH, 0603HaqaSI M8TpHqHbiA aneMeHT, BblqHcneHHbiA C BBe.a e HH e M M8CCbl y), 

B ~oTOHHYJO ~YHKUHIO pacnpocTpaHeHHSI, qepe3 M A' Mbi yqTeM HH~paKpacHbie pacxo.aHMOCTH 

C nOMOWbJO ~OpMynbl 
121 

( 1 ) 

r.ae FA - H3BSCTH8H ~YHKUHH (paBHBH a B , a- nocTOHHHBH TOHKOA cTpyKTypbi, B .aaeTCH 

rtJopMynoA (4,9) pa6oTb/
21 

). 06o3HaqaH qepe3 s u H nepeMeHHbie MaH.aenbCTBMa .anH 

npHMoro, nepeKpecTHoro H TpeTbero Ka~anoa peaKUHH 11 qepe3 

H npoToHa, Mbl MO)!{SM npe.acTaBHTb FA B BH.ae 

FA =- 2FA ( s,m,M)- 2FA (u,m,M) +FA (t,m,m ) + FA (t, M, M) , 

2 FA ( s,m,M ) "' f3 ( s,m,M ) en ( mM/ A i- £ ( s,m,M ) , 

m 

f3 ( s, m,M ) ="wIT)[ s - ( m-M) 2 ] r __;___( s_'_-_m_~_M_2 ):_cl_s_' ______ _ 

(m+M/y k (s') [s'-( m-M )
2

] (s'-s-h) 

lc(s) =- [ s- (m-M )2
] [s-(m+M) 2

] 

£( s,m,M) =(a/!T)[s-(m-M /] .{ [ s' -m 2-IA
2fn _pM s' ,._ ~ ] 

M Maccw aneKTpoHa 

(2) 

{3) 

(4) 

(5) 

cJ s' (6) 

(m+M/-JfTi'T lc(s') 2s' [s'-(m-M )2
] (s'-s-1£) 

B HH3WHX nopSI.OK8X TeOpHH B03MyWeHH.A • 

0K83b!B88TCH 1 qTO y)!{e B qeTBepTOM nopH.aKe 
.J 

T8K)!{8 nonJOCHbl8 OC068HHOCTH t He CB O.OHWHeCSI 

• J , en , HMeeT OC068HHOCTH BH.08 a 

K .QOnOnHHT8nbHblM M8rHHTHblM MOMeH-

TBM aneKTpoHa H npoToHa, O.aHaKo ace 9TH oco6eHHOCTH HMeJOT TBKyio )1{8 cnHHOpHyro CTPYKTy-

/3/ 
py, KBK H 6opHOBCKHA qneH, YpaBHeHHe peHopManH38UHOHHoA rpynnbi nD3BDnHeT npocyMMHpo-

BBTb rnaBHbie (no a ) oco6eHHOCTH TBKoro BH.aa, B pe3ynbTaTe qero Mbl nonyqaeM .anH M7 
cne.ayrowee npe.acTaBneHHe 

{7) 

3 



3aecb M 
8 

- 6 opHOBCKI1A qneH, a KOTopoM yqTe Hhi aononHI1TenbHhre MarHRTHhie MOMeHThi aneKTpo· 

Ha 11 npoToHa, F 
1 

- soo6we r osopSI, pSia no a , nepshril qneH KOToporo pas e H 

'J = [~( s, m, M)- ,6( u,m,M)] en ( -tlmM)+ d s, m, M) -((u, m, M) 
1 

(8) 

MA B 'leTsepTOM nopSiaKe SIBnSieTCSI aHani1TI1'leCKOA ¢YHKU11eA s 

H11SI B Ka'leCTBe OC06eHHOCTeA. 

u 11 C TO'lKaMI1 BeTsne-

06beai1HSISI ¢opMynhr ( 1) 11 ( 7), Mhi MO)!{eM npeacTaBI1Tb MaTp11'lHhiA aneMeHT M A a s11ae 

M A~ exp l[~(s,m,M) - (3 ( u,m,M)]en ( -t!A) +FA ( t,m,m) +FA ( t,M,M) I M, ( 9 ) 

rae senl1'li1Ha M He 3aBI1CI1T OT A 11 npH t->0 B ¢11311'leCKO A o6naCTI1 nepeMeHHhlX S 11 

u He 11MeeT 6onee CI1ITbHhiX OC06eHHOCTeA , '18M nOIT!OC B M s• 

PacCMOTp11M H8KOT0pbl8 cneaCTBI1SI COOTHOW8HI1A ( 7) 11 ( 9). 

1) MHHMaH qacTb noKa3aTeiTSI 9KCnOH8HThl B (g) B ¢11311'l8CKOA o6naCTI1 paBHa i/m~en(.f/A)) 

'iTO anSI M A aaeT ¢a30BbiA MHO)!{I1Tenb 

-~ 
exp I ia( s-m 2-M 2 )[k(s)] en ( -t!A) I, 

( 10) 

K OTOp brll B H e penSITI1BI1CTCKOM npeaene ( p << M 1 rae p - 11MilVITbC B C.U.M.) paBeH 

exp l2iav·1 en [(2p sin (0/2)) f,/A] I ( 11 ) 

V - CKOpOCTb 9IT8KTpOHa, 0 - yron paCC 8SIHI1SI) . ¢a3a 9TOrO Bh!pa)!{8HI1SI B TO'lHOCTI1 COBnaaaeT 

C pacxoaSilil8HCH ¢a30A aMiliTI1Tyahi B KYITOHOBCKOM none, KOTOpaSI B03HI1KaeT npH CyMMHpOBaHHH 

/4/ 
pSiaa TeOpHH B03MYlil8HHA B HepenSITHBHCTCKOI\ T80pHH 

2) np11 

CTBOM 

.2 
s < ( m-M ) 

BcneacTBHe SToro· npH t-+0 

11 

IT!O. 3TO 3Ha'lHT 1 'iTO npH t-+0 

MHO)!{ HT8IT!O ( 10) • 

.2 
s>( m+M) ¢yHKUI1SI ~ B ( 4) o6naaaeT cneayJOlilHM csoA-

Re [ ,6( s,m,M) -~(2m 2+ 2M 2
- s, m, M) ] = 0. ( 12) 

peaiTbHaSI qaCT b ilOKa3aTeiTSI 9KCilOHeHThl B (9) CTpeMHTCSI K Hy-

HH¢paKp8CHhl8 CHHrynSipHOCTH B MA csoaSITCSI K ¢a30BOMY 

3) 3TOT pe3yiTbTaT 03HaqaeT, 'iTO anSI 9IT8KTpoH-npOTOHHOrO paCC8SIHHSI H8 MaiThle yrnhl 

npH IT!06biX 9 HeprHHX yqeT 6eCKOH8'lHOrO 'lHCITa MSirKI1X KBaHTOB He np11BOai1T K OTITH'lH!O aMnnH­

Tyahi oT 6opHOBCKoro qneHa. TaKHM o6pa3oM , nposeaeHHhiA 3aecb aHaiTH3 HH¢paKpacHhiX oco­

/5/ 
6eHHOCT8A He CHHMaeT BOnpoca 06 9IT8M8HTapHOCTH ¢oTOHa, nOCTaBneHHOrO B pa6oTe • 3TOT 

/6/ 
BbiBOa OTITH'l88TCH OT 3aKIT!O'leHHSI, caenaHHOrO HeaaBHO B pa60Te 113 aHaiTH3a Heynpyroro 

paCC8SIHHSI H8 ilOT8HUHane. 

4) B 3aKITJO'leHrieM 3aMeTHM , 'ITO npHcyTCTBHe B n e pBOM qneHe B ( 7) MHO)!{HTenSI 

rae 
a ( s) = - l + (3 ( s, m, M), 

a(s) 
t 

( 13) 

H8BOaHT H8 MbiCITb 0 CBSI38HHblX COCTOSIHHSIX 9IT8KTp OH8 I! npOTOH8 C ypOBHSIMI!, onpeaenSI8MhiMI! 

/ 17/ /1/ 
ypaBH8HI!eM Pea)j{ e a( s)= e • Bhrpa)!{eHI!e ( 13) o6o6waeT nonyqeHHOe B Bblp8)!{8Hli8 anSI 

n031!TpOHI!8BOA TpaeKTOp!!!! Peam: e . no3!!Tp0HH8B8SI TpaeKTOp!!SI C TO'lHOCTb!O ao HOpMHpOBKI! 

4 
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151 
6hina rronyqena TaK>Ke B .[leitcTBHTenbHO, rrpH 

2 
s <(m + M) aenH'IHHa a(s) 

na H pasHa 

([s- (m- M ) 2
] / 4m M"' x): 

-~ 
a(s) = -7 + (a!"){ 1 + (2x- 7 J[x (x-7)] 'ln (v'~x + v' 7-x J I ~ 14) 

2 
nm1 s <(m-M) H 

·'h 'h 
a(s)=-1+(a/!T)I1+(2x-1J[x(l-x}l arctg[x/(7-x)] I ( 15) 

2 2 
nnR ( m - M) < s <(m +M) 

.t 
S > ( m+M) B8nH'IHHa a(s) KOMIIneKCHa, Ee MHHMaSI • np1-1 

'laCTb naeTCSI cpOpMynoJ% (4), a pe anbHaSI IIOnyqaeTCSI H3 (4) 3aM8HOit X Ha J-x 

2 2 
YpaBH8HHe a(s) = e HMeeT pewe HHSI rrpH (m- M) <s<(m +M) H B HepenSITHBHCT-

CKOM rrpenene naeT aonopoLlHhie ypoaHH nnR panHanhnoro KBaHT08oro •mcna, pa5noro 0. 

3aMeTHM, 'ITO aonoponnag TpaeKTOpHR o6pawaeTCSI a -1 2 
rrpH s=(m-M) . npH OHa s=O 

rrpoxonHT HH>Ke -1. 3To sna'IHT, 'ITO qnen Pen>Ke nnSI annHrHnRUHH nayx qacTHU a n5e qacTH-

Ubi npyrol% MaCChi y6biBaeT II pH S =0 6hiCTpee, '18M 8 cnyqae 'laCTHU C pa8Hb!MH MaCCaMH, 

A8TOp rrpH3HaTeneH A .A.J1orynosy H r • .[lOMOKOW Y sa o6cy>KL18HH8 saTpoHyThiX 3Ll8Cb 

50rrpoco8, 

J1 H T e p a T y p a 

1. J1,.[l, ConOBb8B. 0 LlHCII8pCHOHHbiX COOTHOW8HHSIX B K8aHT080i% 9n8KTpOLlHHaMHK8. nocnaHO 
8 )K3Tct:> B HIOne 1962 I', 

2. D.R.Yennie, S.C.Frautschi, H.Suura. Ann. of Phys. 13, 379 (1961). 

( 3Ta pa6oTa CO.ll8~>KHT CCbinKH Ha 6onee paHHH8 HCCn8L10BaHHSI HHcppaKpaCHbiX paCXOLlHMOCTe ll) • 

3. H.H. 6oroni06oa, .[l.B. illHpKoa. BaenenHe a Teop HIO KBaHT08aHHhix rronell, r ocTexHsnaT, 
1957 r. rn. Ylll. 
B.3.6naHK • .[lHccepTaUHR OvHH1, 1957 r. 

4. R.H.Dalitz, Proc. Roy.Soc. A206, 509 (1951). C.Kacser, Nuovo Cim. 13, 303 (1959). 

5 . R.Blankenbecler, L.F.Cook, M.L.Goldberger. Phys. Rev. Lett. 8, 463 (1962). 

6, M.Levy. Phys .Rev. Lett. 9; 235 (1962). 

7. S.A. Ap6yso8, A . A . Jlorynoa , A.H. Ta5xenHnse, P.H.ct:>aycT08 , Phys. Lett· 2, 150 (1962). 
nperrpHHT OVI5H1, E-ID30. 

S. A. Ap6ysoB, A.A. JloryHOB , A .H. TaaxenHnse, P.H. ct:>ayCTOB, A .T. ¢HnHIIll08, npenpHHT 
OVI.HVI, E-1061. 

S.A. Ap6yso8, S.M. 6ap6awo8, A.A.Jlorynoa, Hryen Ban X bey, A.H. Ta5xenHnse, 
P.H. ct:>aycT08, A .T. <PHnHnnoa (a neqaTH). 

PyKOIIHCb noc TynHna B H3LlaTenbCKHit oTnen 
27 oKTR6pR 1962 rona. 


