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noK838HO, 'ITO npo.aon>Ke.HHe 8 HeHa6mo.aaeMyiO 06n8CTb C fiOMOWbiO paano>Ke

.IIHSI no nonHKOM8M ne>K8.11.llp8 8 .llHCnepcHOHHbiX COOTHOWeHBSIX .anSI <f>oT OpO>K.ll8HHSI He 

nplf80.llHT K p8CXO>K.lleHHIO C 3KCnepaMeHT8nbHbiMH .ll8HHbiMH no <f>oTOpO>K.lleHHIO Helt

Tp8nb.llb1X fiHOH08 H .aaeT peaynbT8Tbl 0 6nlf3KHe 8 o6naCTB M8nbiX 3 .11eprHA K peaynbT8-

/l/ 
T8T8M, nony'leHHbiM llH<f>cPepeHUH8nbHbiM MeTO.llOM • 

B CT8TH'I&CKOM npH6nH>KeHlfH 8bi 'IHCneH 8Kna.a HeHa6mo.aaeMoA o6nacTH. noKaaa-

.110 1 'ITO npH 8bi'IHCneHHH n8pUH8nbH~IX 8MfiiiHTy.ll C fiOMOWbiO HKTerpHp088HHSI nO yrnaM 

<!TOT 8xna.a 8eCbMa cywec-r8eHeK np~t aKepr~tSIX 8bJWe peaoHaKcnoA. 

Abstract 

It is shown that the continuation of the dispersion relations for the photoproduction to the non- observable 

:egion by expanding in Legendre polynomials does not lead to the discrepancy with the experimental data 

on the photoprod..Jction of the neutral pions and yields the results close in the low energy region to those 

obtained by the differential method/11. 

The contribution from the non-obsrvable region is calculated in the static approximation. It is also 

sho:mt thct in the calculation of the partial amplitudes by integrating over angles this contribution is 

essential at energies higher than the resonance one. 
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.08HH8SI p800T8 nOCBSIWeHa 8biSICHeHHIO pOilH HeH80il10Jl8eMol\ 06118CTH 8 JlKCnep

CHOHHbiX COOTHOWeHHSIX JlllSI cPOTOpO>KJleHHSI llHOHOB H8 HYKilOH8Xo 

XopOWO H38eCTHO, 'ITO 8 LlHCllepcHOHHblX COOTHOWeHKSIX nplf cPKKCHp088HHOM KBtJ.O, · · 

paTe nepeaaHHOro KMnynbCa KMeeTCSI HeHa6niOaaeMaSI ot5nacTb. 8 nepeMeHHbJX CKCTe

Mbl ueHTpa Mace aT a o6nacTb HBnHeTcst ot5nacTbiO HeHa6niOaaeMbrx yrnos I cos(} I> 1 . 

HeHa6niOaaeMaSI o6nacTb HC'IeaaeT lllfW b npK eaKHCTBeHHOM aHa'leH»H KsaapaTa nepe-

Ll8HHOrO HMnynbC80 H eCJlH Mbl XOTHM HCI101lb3088Tb JllfCilepCHOHHbie COOTHOWeHHSI npK 

p831lH'IHbiX 3HB'IeHHSIX ::lTOit BellH'IHHbl 0 TO Mbl JlOil>KHbl HMeTb Dblp8>KeHHe JlllSI MHHMOtl 

'18CTH 8MillllfTy Llbl S HeH86JliOJl8eMotl 06118CTH. 06bi'IHO JlllSI STOlt uenH HCil01lb3YIOT 

paano>KeHne aMnnKTYJlbi 8 pHa no napuHallbHbiM som1aM (no nonKHOMBM fle>KaHapa 

oT cos 0 ) , KOTopoe npoaon>KaJOT s o6nacTb I cos(} I> 1, npu'leM orpaHK'IHBBIOTCSI He

CKOilbKHMH nepBbiMH 'llleHBMH aToro psaa ( HanpHMep, S H P sonHBMR ) . XOTSI pSIJl 

8 uellOM CXOJlRTCSI no Kp8AHel\ Mepe S 60JlbWOM ::lllllHnce fl eMaHa, 0JlH8KO, Mbl He 3 H8-

9M0 HBCKOilbKO 6brCTpo oH cxoaHTCSI npu I cos 0 I > 1 • Ecnu pHa cxoaHTCSI MeaneHHo, 

TO orp8HH'IeHHe KOHe'IHbiM 'IHCJlOM ero "'JleH08 MO>KeT npl! l •'CTif K OWH6K8M npH 8bl-

'llfCileHKH JlHCne pCHOHHbiX HHTerp81l08. 

VIMeHHO aTo o6CTOHTenbCT80 anSI cny'IBH cj)oTopo>KaeHHR 11 BbJRCHSieTcSI s JlBHHoa 

pa6oTe. PaayMeeTcH, caenBTb aTo 6ea KBKHx-nH6o npeanono>KeHJ!.A O'leHb TpyaHo. Mbt 

Ill 
aenaeM cneay10wee. 8 npeabraywea pa6oTe 6brna uony'feHa l.!Mnn»Tyaa cj)oTopo-

>KaeHHR C nOMOWbiO JlHCnepCHOHHbJX COOTHOWet!Hl\ npH cPHKCHpOB8HHOM KB8Llp8Te nep<. 

JlBHHOrO HMnyllbC8 0 KOr.Qa OTCyTCTsyeT HeH801l10Jl8eM8R 06Jl8CTb. C TO"'KH 3peHHR Blllf' • 

HHSI HeHBOiliOLIBeMOl\ 00118CTH JlHCnepCHOHHbie HHTerp811bi 8bi'IHCJ1RilHCb TO'IHO • • 0aHBKO 

LlllR onpeaeneHHR KX BKil8JlOB B ll8pUH8JlbHble 8MilllHTYJlbl npHWJlOCb CJlell8Tb npeano - · 

no>KeHHe o TOM, 'ITO 8 ueHa6niOaaeMoA o6nacTH OTCyTCT8YIOT D , F H cTapwue nap

UHBilbHbJe 8011Hbl (.QJlSI p8CCM8TpH88eMOA 00Jl8CTH aHeprKA axcnepuMeHT llOJlTSep)KJlBeT 

I ll 
aTo npeanono>KeHHe) . np» aToM s 6brno nony'leHo cornac»e c 3KcnepKMeHToM . 

8 Jl8HHOA pa6oTe M bl 8bi'IHCilSieM BMilllHTy JlY cPOTOpO>KJleHHR
0 

HCII01lb3YR JlHCnep 

CHOHHbi9 COOTHOWeHHR C HeH86Jl10Jl8eMol\ 00118CTbiO H npOJl01l>K8R 

nJlHTY Jlbl 8 3Ty 06Jl8CTb C llOMOWbiO KOH9'fHOro 'IHCJ18 ll011HHOM08 fle>KSH.Upa. Vf3- 38 

811H.RHHSI H9H861110Jl89MOA 00118CTH JlHCnepcHOHHbl9 HHTerpBilbl npR 3TOM MOryT CODe p-

• >K8Tb OWH6Ky • .Ons onpeaeneHHH Hx s x naaos 8 napuuanbHbie aMnllHTYJlbr MbJ npa aTo A 

HCilOJlb3yeM TO'fHb19 npoeKUHOHHbie cPOPMYilbl ( HHTerpHp088HHble no yrllBM) • 
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Bee .apyrHe npe.anono)KeHHH .aaHHOA pa60TbJ coana.aaJOT c npe.anono)K9HHHMH 

111 
p ...i60Tbl , 

I l l 
PeaynbT8Tbl .aaHHoro pac 'leTa Mano OTliH'ISJOTCH o T peayn bT8TOB pa6oTbJ 

H C0f'li8CYIOTCSI C 3KCnepHM9HT8llbH blMH .USHHbiMH no !PoTOp0)K,U9HHIO H9 ATp8llbHblX 

OHOHOB B o6naCTH HH3KHX 3 H9pf'RA. 

/1/ 
MeTo.a pa6oTbJ (.aHcJ>cpepeHuHanbHbJA MeTo.a) R MeTO.ll .aaHHOA pa60T bl ( K H Te-

rpanbHbiA M9TO.ll) .ll810T 6nH3Kli9 peaynbT8Tbl, 9CliH CTpor o orpaHH'IKTbCSI OC5118CTbiO 

M8llb1X 3HepraA. 

8 n . 4 p8CCM8TpHB810TCSI CT8TH 'I9CJtH9 .llHCnepCHOHHbl9 COOTHOW9HHSI H C no

MOWbiO npoeKUHOHHblX cPOpMyn onpe.aen HeTCH BK118.U H9Ka6niO.ll89MOA o6naCTK B napUH8nb

Hbl9 8MnnHTy.llbl, 3TOT BKna.a OK83biB89TCSI cyweCTB9HHbiM n p H a He p r HHX 8 biW9 p e30-

H8HCHOA H pacTeT C poCTOM 3 HeprHH o 

T axHM o6paaoM • HeHa6nJO.aaeMaH o6n aCTb .aaeT c y wecTe e HHbiA exna.a npH aHep-

o 
rHHx BbJwe pe3oHaHcHoA .anH yrnoa, 6nH3 KHX " 180 • A nnpox c eMaUHH )1(9 a roro exna.a a 

C nOMOWbiO p83110)!(9HHSI no KOH9 '1 HOMY 'IHCny non H HOM OB n e)KSH,Upa He npHBO.UHT K 

38M9THbiM 0WH6K8M .llliH napUH8llbHblX 8MnliHTy,ll , 

2. HeHa6nJO.aaeMaH o6nacTb 

PaCC.MOTpKM .llHC09pcHOHH bl9 COOTHOW9HHSI .llliSI li>o T OpO)K,ll9HKSI nHOHOB H8 H)'Xli 0-

/ 1/ 
:.ax. a cucTe~v~e ueHTpa M ace . B o6o3H8'19HHHx pa6oT bi 1 HMeeM 

R 
(a) (a) B .- F(a) eF. (W, x ) = F. (W, x )+u. (W, x ), 

I l J 
(1) 

r.ae 
00 

B ~(a)(IV,x) = P f dW ' T K~j) (W, W', x ) lm '(a)(W~ -x') 
M+l 

(2) 

- .UHCnepcHOHHbJil HHTerpOll npH cpHKCHpOB8HHOM KB8.Up8T 9 nepe,ll8HHOf'O HMnyn bCa 

k (w -qJC)a lc '(w ,-q'x '). 
q q 

(3) 

3.ll9Cb X H JC' - 3H8'19HHR XOCHH)'C8 yrn a BbJlleTa nHOHa , PacCMOTPKM o6nacTb 

lf3M9HGHHR JC' B ,ClK CnepCHOHHOM H HTerp ane ( ~ ) , 0<S03H8 '18SI 

v • k(w - ·q x ), 
l q 

Mbl HM99M 

(4) 
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x'= ( k' w ,-v
1

) / lc 'q: 
q 

x ' 113MeHS!eTCS'I Clle,lly!OWIIM o6p830M ; 

x'->1-0, 

r~· 
ecn11 ~ < k nop.' 

, 0, v = knop, k 2 M I 1 
X -> ecn11 nop - --- "' 0,9 I • • 2(M 1 1) 

-oo, eCIII! v ·, k nop. 
I 

3 8 BIICitMOCTb X OT W' npu p a 3JJH'fHbiX lf3 06pa>K eHa Ha puc. l. 

(5) 

(6) 

(7) 

r 1 pH cl)lf Ken p o aaHHOM ~ Ha6n10.naeM aH T o .. Ka x I~ a ( 4) n p o 6era eT 'f llCT b 

C OOTBeTCTBY IOWeA KpHBOA H8 pHC. I, KOTOpllSI 3 8 KIIIO'fe Ha MC>K.lly llpS!M biMH X ~ - 1 

To'fK O x ', IV' a (5) npH aTOM npo6eraeT Ty >Ke Kpuay!O ueJhtl<OM , Ecnu TO'f rta x, I~ 
, 

118 pHC. Bb!We KpH B OA 2 ( v <k ) . 
1 

TO npu .llOCT£lTO'I. HO Mtlll foiX I;·, X > l ; n PJ.t 

lV'-o Af + l X 
, 

->+oo Ecnu x w K pi!BOH 2 (v >k ) . . • ne>KuT HH>Ke T O npa 
I 

M811b!X W' x ' < - 1 j npa IY'-+ M+ l x' .. - ·oo 

Ta KHM o6paaoM , n pw .nocTaTO'fHO MBIIhlX 

VlC KIIIO'feHHeM SIBIISI0TCSI Clly'l8H 0 KOr.0.£1 TQ'( K £1 X IV ne>KftT Ha KpwaoA 2 

(v, = k ). npu 9TOM TO'fKil x ' I IV, npo6eraeT Ty m e KpHOYIO H 0 :s x ' <l 

Ill 
VlMe HHO :3TOT Clly'fllA paCCMOTpeH B pa60Te , 

B .O.tlHHOli pa6oTe Mbl 6y.neM paccMilTpi!BilTb upoHaao nbHble yr' llbJ u orpartu'f<'H Hole 

3he prul1 

w < w 
max I wmax -AI = 2,5 -::-3. (8) 

KaK B lf .n u o ua p K C. I, KpHBbie x, W , llpOXO.llSIWHe 'fepe 3 0 6118CTb {8) , ObiXO.llHT 

3 /l rpaHHUbl X c ! l 

If HTerplliiOM B ( 2) 

IIHWb npHW<Wma x. 3 To 3 Hil'(HT , 'fTO npu ycnoauu (8) n o .n 

I x ' I > 1 lllf W b npu W' < IV max , I g) 

T , e . B 06JJOCTH p8CCM8Tpi!B8eMbi X :3HepruA , 
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lm P.a)(W', x ' ) 
I 

a aTy oCS -
nnSI npo.aon>KeHHSI OOLlblHT erpan bHblX cpyHKUH A 

nD.CTb BOCDOnb3yeMCSI HX pa3nO>KeHHSIMH B pS!Llbl DO nonHHOMSM n e>KaH.apa OT x. ' 0 

B XOTOpblX orpaHH'IHMCSI HH3WHMH BOnHSMH . 3TH pa3nO>KeHHSI CHMBOnH'ieCKH MO>KHO 

38011C8Tb B BHLle 

lm F (IV', x.') = [ lm Ap (W') fl! ( x ') , 

r.::te Pe - nonH HOM lle>KaH.apa. 

3aMeTHM
0 

'iTO np11 W, -+ Af + 1 ( q'-+ 0 ) nonHHOM Pf ( x ') 

, f 
KSK 1/ q • 

npH v -! k 
J 

( 10) 

ao3pacTaeT 

O.aHax o . pHLl ( t O) npu aToM , HaaepHH x a , cxo.aHTCH, TaK x ax acne.acTBHe ycno-

BHSI yHiiTSpHOCTH 

lm A f - s in S f , 
(11) 

r.ae of - cpa3a :r N - pacceHHHH , n pH 'I eM n p H q' ... 0 

s in o , 2£+1 - q /(2f+U!!(2r -1J !! 
(1 2) 

H noaTOMY pS!Ll ( 10) 6biCTp0 CXOLlHTCSI npH M<lnbiX q' • (3TO 03HS'i8eT, 'ITO OH 6biCTp0 

CX OLlHTCSI npH V , 6nH3KHX X 
I 

k 

nopora, xor.aa I x' I :> 1 ( HO x.' 

1\M OnHTY Llbl He y6biB810T C pOCTOM 

) . nenO MO>KeT ycno>KHHTbCSI nHWb a.aanH OT 

x oHe'ieH) np11 6onbwHx aHepntstx , r.ae napuHanbHbJe 

, TaK 6biCTpo , K8K a ( 12 ) . Mbi n o K a>KeM , 'ITO 

3TO He npOHCXOLlHT B o6naCTH HH3 KHX SHeprHA (8 ). 

3. Bbl'iltCneHHe 8MfinHTY Llbl cpOTOpO>KLleHHH HeATpan bHhiX OHOHOB C OOMOWbiO Il l 

HHTerpanbHOrO MeTOLlS H cpaaH e HHe C LlHcPcpepeHUHSnbHblM MeTOLlOM 

PaccMaTpHaaH cpoTopo>K.aeHHe HeATpanbHbiX n11oHOB a o6n aCTii (8) Mbi , xax H 

Ill D , orpaHI.PlliMCH S H p - BOnH.:lMH . B 8MOnliTYLlbl STHX BOn H LlSIOT BKn OLl K S K 

6opHOBCKHe •meHbi a ( 1 ) , TaK H .aHcnepcHOHHbJe HHTerpanbi (2 ) . B x na.ahi OT 6o pHo s-
/ 1/ X) 

CKHX •-tneHOB Mbl B03bMeM Te >Ke, 'ITO 11 B po60Te - cPOpMyn hi ( 1.8) • nnSI Bbl-

'iHCneHHSI 8Kna.aos .aHcnepcHOHHhlX HHTerpanoa 8 aMnnHTYLlhl napuHanbHhlX eonH eoc
/3/ 

nOnb3yeMCSI TO'!HhiMH npOe KUHOHHhiMH cpOpMynaMH , nony 'ieHHhiMH 8 • nnSI B Jtn8LlOB 

.O HCnepcHOHHhiX HHTerpanOB ( 2) B SMOnUTY Ll b l 

x ) ct> o pMyna ( 8) pa6oTbi I l l . 

S H P aonH HMeeM: 

) 
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J 

BE (W)=lh fdxloF(W,x) -xo F (IY,x)+lf2(1-x 2 )o F (W,x)l, 
O+ -I I 2 4 

J 

oEJ+(W)==~ fdxlxo~(IV,x)+lh(J-3x 2)8F; (ll',x) + 
-J 

+(J-x2)fy, oF (lV,x) +x8F (W,x)l I, 
~ 4 

I 

8 I! + ( W) = IA f d x I x 8 F (IV, x) + lh ( 1 - 3 x 2
) 8 F ( W, x) -

I •J I 2 

HI (W) .. lh fdxl-x8F (W, x) +o F (W, x) +~(l-x2) 8F (W, x)l. (13) 
J- I 2 .t 

-J 

Jlml Bbi'IBCilaHHSI LlHCnepCHOHHbiX HHTerp81IOB 0 F. (W, X) MJ.I BOCnOilb3yaMCSI ¢op-
J 

Mynoit (2 ) , r.ae lm Fj (W', x ' ) p831IO>KHM no napUH81lb:ibiM BOIIH8M H B 3TOM 

p83JlO>KaHIOI Of'p8HH'IHMCSI JlUWb 3llBHCSIIU9it OT M8f'HHTHOf'O MOM 9HT8 8MnJlHTy.aoA 

M8f'HHTHO- LlHfl01lbHOf'O nepexo.aa B pe30H8HCHOe ( 33) COCTOSIIIHC1 T . e. BOCOOilb3yeMCSI 

( / 1/ 
¢0pMyll8MH 1. 7 ) . B OTIIH'IHe OT pa60Tbl Mbl Ten epb HCnOJlb3yeM 3TH cj}OpMyllbl 

H a o6nacTH ueua6mo.aaeMbiX x ' • .llnH aMnn»TYLl bJ M ·J!"HHTuo-.aJ.wonhnoro nepf xo-

.08 B ( 33) COCTOSIHH 9 BOCOOilb3yaMCSI TOA >Ke ¢opMyllOH1 'iTO ll B 
/ 1/ 

(14) 

• 
w = W- M ; w, "'2,17 ; 

2 
f = 0,0877 . 

npH 3TOM LlllSI Bbi'UfCilaHHSI B KII8Ll08 HHTerp81IOB (2) 8 uepe30118HCHbJ9 tiMnllliTYLlbl 

I l l 
Mbl, K8K H 8 1 npH61IH>K9HHO llOIIO:»OIM 

!l / 2 
lmM ( W')o:e/ 

1+1J. 
4, 69 rr 
3M 

k'q'o(W'-wr ). (15) 

H a A.a e HHbJe T8KHM o6pa30M aMnllHTY Llbl S H P - aoJiH onpe.aenSIIOT ce'leune 

¢oTOpO.»<LtaHHSI H9ATp81IbHbJX llHOHOB 
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d q I dO .. A + B cos 8 + C cos2 
() ( 16) 

llv cpopMy:JaM ( 1. 15) (r.oe !ttl+ 03H a 'iaeT peanbHYIO '!aCTb aToA aMnnHTY.Obd . P e3ynb· 

TaTbi pac'!eTos co6pa Hbi n T.J6nHu e , r .oe Ey - na6opaTopHaSI aMeprHSI cpoTO HOB (see 

senH'IIIHbt s CHCTe Me O.OHHHU , r.oe h .. c = 11 = 1 ) • KpHBbte .ons ce'!eHKA npH aTOM 

/ I / 
npaK TH'IeCKK C OBnS,OSIOT C KpHS blMH 1 nony'leHHbiMH B .aacpcpepeHUHanbHbiM MOTO-

.OOM. 

lJTOObl 38MeTHTb pa3nH'!He HHTerpanbHOI"O MeT0.08 ,OSHHOA p a60Tbl H ,OltcpcpepeH-

/1/ 
UH8nbHOrO MeT0,08 pa60Tbl , H8.00 CpSSHlfTb BKnS.Obl .OHCnepCHOHHblX HHTe rpanos B 

He pe30H8HCHbte 8MnnHTy ,Obi 1 Bhi'IHCneHHbiO OOOKMH MeT0,08MHo 3TH BKn8.0bl H306pame

Hbl HS PHC. 2 CnnOW HbiMK KpHBbiMK ( Vf - HHTerpanbHbiA MeTO.O ,08HHOA p a60Tbl , 

/ 1/ .n - .aa¢cpepeHuHanbHbtA M e T O.O p a6oTbi ) . Pa3nH'IHe Mem.ay KpHBbiMH V1 H .ll o6-

ycnosneHo: I ) npeHe6pemeHHeM cTap w HMii · napuHanbHbiMii son HSMH npH Bbi'!HcneHHH 

K pHBblX .ll; 3TO 06CTOSI TenbCTB0 1 BOOOWe I"OBOpS1 0 MOm e T CK83biB8TbCSI npH BCOX 3 He p

rHBX i 2) npo.aonmeHHeM s HeHa6nJO.aaeMyJO o6nacTb c noMOWbJO K OHe '!Horo '!H en a no

nHHOMOB flem8H.apa npH Bbt'iHcneHHH KPKBhiX Vf ; aTo o6CTOSITenbCTBO s CHny npH6nH

meHHSI ( 15) MomeT C K83biB8TbCSI nHWb npH aHeprHSIX B biWe pe3oHaHca w > 2, 17 • Mbi 

BH ..:lV.M , 'ITO .anSI 3HeprHA BbtWe p e30H8HC8 pa3nH'IHe M em,ay KpHBbiMH Vf K .ll C poc

T0'-1 aHeprHH CTSHOBHTCSI aaMe-rMee, HO .a a me npH w ""2, 77 ( Ey .. 465 M a s) cocTas-

(+J [+> y, 
nSieT 2,5% .anSI BE • 2 1% - ,anSI SJ H 25% - .anSI l> M • npu p e 30H8HC HOA 

()+. 1· 1+ 
9HeprHH pa3nH'IHSI (o6ycnosneHHbte nHWb He yqeTOM CTl!.pWHX napUH SnbHblX SOnH ) COCTa&-

nSIIOT co6cTSeHHO I %, 13% H 8%. n oaTOMY MO)I{HO 38KniO'IHTb, 'fT(j) npo.oonmeHHe B 

HeHa6nJO.a8eMyiO o6naCTb C nOMOWb!O KOHe'IHOrO 'iHCna nOnHHOMOB flemaH.apa B pac..

CM8TpH88eMOA o6naCTH aHeprnA npHBO,OHT K OWHOKSM He 6onee ( 1 -2 ) % ,anSI S Kna

,008 ,OHCnepCHOHHhiX HHTerpanos B SMnnHTY.Obl S - BOnH H ( 10 - 20)% .anSI SKna.OOB 

.,OHCnepCHOHHbiX HHTerpanOB 8 SMnnHTY..Obl p - BOnH • .llnSI napuHanbHbiX 8MfinHTy..O 

B uenOM 8T8 OWKOKS M e HbWe HnH 6onbWe B 388HCHMOCTH OT TOro
1 

O.OHHOKOBbl 

HnH pa3nH'IHbl 3 H8KH y COOTBeTCTBYIOWHX HM 6ppHOBCXHX 'ineHOB H .OHCnepCHOHHblX 

sKna.aos. 



( 18) 

~TOM 

Me To-

::>B B 

a>Ke-

l o6-

a Hep-

a no-

• Mbi 

poe-

oA 

COCTa$-

B 

pac.-

lOB 

1 

bi X 

9 

4. OaeHJt8 s~:na.aa HeHa6mo.aaeMo A o 6nacTH a CTSTI'I'l ec Ko M npH6nH>KeHKif 

Bbiwe Mbl noxa3anH, 'ITO n p o.aon >Ke HHe s He Ha6mo.aaeMyJO o6n aCTb c noMOll.lbiO 

KOH9'1HOI'O 'IHCI18 nOIIHHOMOB n e>KaH.apa He n pHaO.QifT J( 60ilbWifM OWH6Ka M. PaccMo,

PKM Tene p b t KSKSSI B03 HifKHeT OW H6 K8 e eCIIH a .QIICnepCHOKKblX lfHTerpanax B006LUe 

Bb16pocHTb e x na.a HeHa6n JO.aaeMoit o6n aC TH. 

B 6peAToec x.oa CHcTe M e x.oop.aH H8T s x na.a He Ka6nJO.aae MoA o6nacTH Bbipa>KaeTCSJ 

11 2 .. , % 
HHTe rpanoMoT E a - p +'h .ao E =(li _ l _ )J p J npH ¢HKCHpOB8HHOM 

.. , (p' +M2) 4 (! 2 
p • H e Tpy .QHO ye5e.aHTbCSie 'ITO B CHCT9M9 U9 HTp8 M 8CC 3TO COOTBeTCTBy eT HH-

Terpany no W' o T &I + l 

I ' • l ( Y < k 

.ao 3 Ha 'leHHRe o npe.aenHeMoro paseHCTBOM ( 5 ) n pH 

If 
1 

I 'c- l ( Y > k 
1 

B n pu 6nH>K eHHH ( 15 ) 9TO 03H8'18eT • 'ITO aKna.a Ke Ha6n JO.aaeMoA o6nacTH paseH 

HYIIIO n pu W 'S_ Wt , a npu W > W 3TOT 8 1(118.0 .Q8eT 
t 

r .ae 

I >.I 
+ If I ( I - , 

Xf- c{k cu - k cu !: k q ) / k q • 
- q qr r r 

( 17) 

T aKHM o 6pa30M s Ha weM npH6nH >K9 HHH sKna.a He Ha6mo .aae MoA o6nacTH a He pe3oHa Kc -

Hble napuHallbHbi e aMnllHTY.Obl ( 13) p aseH 0 np11 W 'S., Wt o ~T06bl Bb16pOCHT b 

9TOT sKna.a npK W > Wr , Ka.ao a ( 13) 11HTerpn poaaTb He oT -1 .ao +1, a oT I _ .ao 

I + • Tal( 1(8 Jt M bl c e A'18C HHTe p ecyeMCSI lllfWb K8'19CTBe!IHblMH BbiHO.Q8MH e TO BfiOIIKe 

.QOCT8TO'IHO paCC:MOTpeTb .QHCnepCHOKHbl9 COOTHOW9 HHSI B CT8TH 'leCKOM 11pH611H>Ke-

HHH M .. 00 • 

Il l 
B aTOM npu6nH >KeHHH pe3ynbT8Tbl HHTerpanbHo r o H .aH¢ ¢epeHUH81lbHOr o Me-

To.aoa coe na.aaJOT H BKna.a .aucnepcno HHor o HHTer pan a s S - eon Hy p aseH 

l (+ ) 4 
_l) E ( w) -=a _ cu, a • 
ef 0+ 3 

4,69 
3M 

(19) 

EcnH >Ke Bb16pocHTb HeHa6nJO.aaeMyJO o6naCTb If onpe.Qell9Tb napUH6 11bHbiC 8MfillHT)'-

.Obi c n oMOWbiO n poeKUH OHHbiX ¢opMy n ( 13) ) , TO Mbl n ony'lliM Bbipa>KeHHe 8 EO+ , 

KOTo poe npH w < w coana.aaeT c ( 19) , a n pH cu > cu 
- r r 

l> E(+) ( cu > cu ) .. 0. 
0+ t 



r 

po 

ble 

) 

7 

1 

5 E (IV)=Y2 f dx!8F (W1 x)-x8F(IY1 x)+%(1-x 2 )8F (W1 x )I 1 

o+ 1 2 4 
-1 

+(1-x2)['{l8F(W,x}+xoF (IV,x)l l, 
J 4 

1 
o M+(W) =.Y..fdxlx8 F (ll',x)+Y2(J-3x

2
)8F (W,x)-

1 -1 1 2 

- '{l ( 1 - x
2

) o F ( W, x) l 1 

' 
1 

o JI (W)·~ f dx{-xoF (W,x)+oF (W,x)+~(l-xl)o F (W,x)l. (13) 
1- 1 2 ' 

-1 

lliHI Bbi'IHCJ1eHHSI LlHCnepCHOHHbiX HHT9C"p8110B 0 F. (W, X) 

' 
M hl aocnOI1b3Y9MCSI cpop-

p83110>KKM no napUH8JlL:l biM B011H8M H B 9TOM 

pll3110>K9HHH orpSHH'IHMCSI JlHWb 38BHCSIW9J.\ OT M8C"HHTHOC"O MOMaHTll 8MfiJ1HTyLlOA 

MSC"HHTHO- LlHflOJlbHOC"O nepaXOLlS 8 pe30H8HCH09 (33) COCTOSIIIHe, T .e. BOCfi011b3yeMCSI 

cpopMyllllMH (1.7). B OTJlli'Hie OT pa60Tb/
11 

Mbl Tenepb HCIIOI1b3yeM 9TH cpOpMyllbl 

11 D 06118CTH H9HS61110Ll89MblX x ' • llnst SMni111TYLll>l M tiC"HHTHO-LlHfiOJlbHOC"O nep<:>xo-

/ 1/ 
Llll B ( 33) COCTOSIHH9 BOCfl011b3Y9MCSI TOJ.\ )!(9 cpopMynof.l, 'ITO 11 B 

• 

k 
q 

w= W-M; w,-=2, 17 ; 
2 

I"' 0,0877 . 

(14) 

npH 3TOM LlJlSI Bbl'IHCJ1eHIHI BKJ18Ll0B HHT9C"p8110B (2) B Hepe30HSHCHbie 8MI1J1HTYLlbl 

/ 1/ 
M bl

1 
K S K 11 B 1 npH611H>KeHHO flOJlO>KHM 

3 / 2 
lmM (W') = el 

1+/l 

4,69 rr 

3M 
k'q'8(W'-w, ). (15) 

HaALieHUble T8KHM o6paaoM aMnm1ry Libl S H P - aoliu onpeLle11SIIOT ce'leHIW 

cpOTOpOlKL19HHSI Hal1Tp811bHbiX llHOHOD 
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d a I dO "' A + B cos e + c cos2 e ( 16) 

ltv cpopMy.1aM ( 1. 15) (rae !til+ 03H8'iaeT peanbHYIO 'i8CTb aToA aMnnuTyahd, Peaynb· 

T8Tbi pac'leTos co6paHbi a Ta6nuu e , rae Ey - na6opaTopuaH aHeprHH cpoTo Hos (see 

BGJIII'liiHbl B CHCTC Me oaHHIIU, rae h "' C"" jJ. al ) , Kp11Bble anSI Ce'leHMII npR STOM 

Ill 
11p8KTH'ieCKH COBnaaaiOT C Kp11BbiMH 0 fiOJiy'ieHHbiMH B aucpcpepeHUH 8JlbHbiM MeTo-

a oM, 

4T06bl 38MeTHTb p83Jlll'llle HHTerp8llbHOrO MeTOall aO«HOA pa60Tbl II aHcpcpepeu-

/11 
UH8JlbHOrO MeToaa pa60Tbl , uaao Cp8BJIIITb BKJI8abi aucnepCHOHHbiX HHT91"'p8110B B 

llepe30H8HCHble 8MOJIHTY a hi , Bbl'iHCJieHHbJe OOOIIMH MeTOa8MH, 3TH BKJI8abl R306p8)Ke

Hbl ua puc. 2 cnnowKhiMR KpHBbiMK ( VI - HKTerpanbHbiA MeToa aa«uoA pa6oThi, 

Il l n - aH¢crepeHUH8JlbHbiA MeToa pa60Tbl ). Pa3JIR'lli9 Me)Kay KPHBbiMK VI If Jl o6-

ycnoaneHO! 1 ) npeKeope)K9HHeM CT8pWRMH napUH8JlbHbJMR BOJIH8MH npH Bbi'IHCJieHHH 

KpHBbiX Jl; 3TO 06CTOSIT9JlbCTB0 0 BOOOUle rOBOpS! , MO)KeT CK83biB8TbCSI npR BC9X 3Kep

I"'KS!X j 2) npoaOJI)KeHHeM B Keli80JIIOaaeMyiO o6naCTb C fiOMOlllbiO KOHe'lKOJ"O 'lH CJlll no

JIHHOMOB Jle)Ka«apa np11 BbJ'lHCneKHH KPHBhiX VI ; aTo o6cTOS!TeJibCTBO B cuny npH6nn

)KeHHSI ( 15) MO)KeT CK83b!B8TbCH JIHWb np11 aHeprnsrx BhJWe pe30H8HCa cu >2,17 • Mw 

BH.U»M, 'iTO anSI auepr11A BbiWe pe3oHaMca pa3JIH'lHe Me)K.ny KpHBhiMH VI H Jl c poe

TO"-~ 91ieprllli CT8HOBHTCSI 38MeTHee, HO .ll8)Ke npH cu a2,77 ( E), •465 Mas) COCTaa-

~ ~ ~ 
JIS!eT 2,5% ansr [j E , 2 1% - .llliS! [j M II 25% - .llliSI [j M • n pK pe30H8HCHOA 

0+ 1- 1+ 
9Hep!"IIH p83Jlii'IRSI ( OOyCJI08Jl9HHbie JIIIW b H9y'ieTOM CT8pWRX napU118JlbHblX BOJIH) COCTe$-

JISIIOT C06CTB9HHO 1%, 13% K 8%, noaTOMy MO)KHO 38KJIIO"lKTb, 'IT~ npO.llOJI)KeHHe B 

H9H80JIIO.ll8eMyiO 06118CTb C OOMOlllbiO ltOH9'iKOrO 'iiiCJI8 OOJIIIHOMOB /le)K 8 Hapa B pacr

CM8Tp1188eMOA o6nacTR a«epruA npHaoaHT 1t owH6KaM Ke 6onee ( l - 2 ) % .nnsr a Kna

.nos aHCnepCHOHHblX KHTerp8110B B 8Mfili11Ty a hi S - BOJIH H ( 10- 20)% anSI BKllllaOB 

aHCnepCIIOHHhlX HHTerpanoa B 8MflJIHTy.llbl p - BOJIH, JlnH napU118JlbHbiX 8MfiJIHTya 

il uenoM eTa ow~t6Ka MeKbwe IIJIR 6onbwe a aaBIICHMOCTH OT TOI"'Ot O.lllllillKOBbl 

111111 pa3JIH'lH bl 3H8KH y COOTBeTCTByiOlllHX liM 69pHOBCitHX 'ili9HOB II aiiCnepCIIOIIHbiX 

BKJIIlaOB, 



( 16) 

Pe3ynb· 

. (ace 

3TOM 

lOB 8 

'bl , 

J o6-

:IHH 

3Hep-

Ia no-

• Mbl 

poe-

oA 

COCT8$-

8 

pac.-

Kna-

lOB 

>IX 

9 

Bblwe Mbl llOX838nH, 'ITO npo.aon>KeHHe 8 H9 Ha6mo.aaeMyiO oonaCTb c llOMOWbiO 

KOH9 '1Horo 'IHCna nonHHOMOB ne>KaH.apa He npHBO.aHT J( 6onbWHM OWHOK8M. PaCCMo,

PHM Tenepb, KaJCaH B03HHKHeT omu6x:a, ecnu 8 .ancnepcHOHHbiX HHTe rpana x 8oo6we 

Bb1C5pocHTb axna.a HeHaoniO.aaeMoA oonacTK. 

8 6peATOBCJ:OA CKCT9Me KOOp,alUJaT BKna.a He HaoniO.aSeMolt OonaCTK Bbip8>K8eTCSI 
M' .. , % 

HHTerpanoM oT E = -p +';S .ao E • (1-+ _ 1_ ) I "P I 
.. , (p'+M'), 4f!2 

npK ¢KKCKp088HHOM 

p • HeTpy.aHO y()e.aHTbCSI 0 'ITO 8 CHCT9Me U9 HTpa M8CC 3TO COOT89TCTByeT HH-

Terpany no W' OT M + 1 .ao 3Hl:l'leHHH, onpe.aenReMoro paBeHcTBOM (5) npu 

x'•l ( v<k 
1 

) H r'c-l (v> k 
1 

B npH6nK>KeHHH ( 15 ) 3TO 03Hl:l 'l l:leT, 'ITO axna.a Ke Ha6n iO.aaeMoA oon acTH p aBeH 

r.ae 

w < w 
- t 

, a npH W > W 9TOT axna.a .aaa T r 

x > x 
+ H x < x - , 

Xf. -=(kcu -lc cu ± k q ) I kq • 
- q qr t r 

(17) 

TaKKM o6pa30M B H8WeM npH6nH>K9HHH BKna.a H9H80niO.aaeMoA: oonaCTH 8 Hepe30H8HC-

Hbte napuHanbHbJe aMnnHTy,abt ( 13) paae H 0 np11 w < w - r • ~TOObl BblopOCHTb 

3TOT BXna,a npH W > Wt , HS,ao B ( 13) HHTerpHpOB8Tb He OT -1 .ao +I, l:l OT % ,ao 

x+, Tax x a x Mbi ceA'Iac HHTepecyeMcH mtw b x a'leCTBOI! HbiMH BbWO.a8Mu, TO 8nonHe 

JlOCT8TO'IHO p8CC:MOTp9Tb ,aHcne p CHOHHbl9 COOTHOLU 9HHSI 0 CT8TH 'IeCKOM npH6nH>Ke-

HHH M .. 00 • 

Il l B aTOM npH6nH >KeHHH pe3ynbT8Tbl HHTe rpanbMoro H .au¢¢epeHuHanbHoro Me-

TO.IlOB coana.aaiOT H axna.a .aHcnepcHOHHoro HHTerpana a S - aonHy paaeH 

1 (+) 4 
--B E (cu) o:a _ cu, a• 
ef 0+ 3 

4,69 
3M 

(19) 

EcnH >Ke Bb16pocKTb ueua6niO.aaeMyiO oon ac Tb H onpe.aensTb napuHanbHhW BMnJtKTy-

.abl c noMOlUbiO npoeKuHouuwx ¢opMyn ( 13) ) , To Mbt nony'lnM Bbipa>KeHHe -'> E
0

+ , 

KOTOpoe npH cu < cu coana.aaeT c ( 19) , a npH cu > cu 
- r r 

8 i+J ( cu > cu ) - 0. 
0+ r 
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w > w r 
.aaeT ne na6mo.aaeM 8 SI 

TaKnM o6paooM , necb nKtHl.ll a Bbtpa)l{e HJ-te ( 19) np» 

o6nacTb. CooTaeTcTeyiOw»e ¢opMynbt .anSI ynpyrax nepe3onanCHbiX aMnn»TY.ll H.MeiOT 

Bll.ll 

_1_o a/+-) (cu) ~a!_~ 
e f 1- 9 cur + w 

1 
e-f 

l; i[CI) (w>w ) .,.a x +-x- \-2w(x t x) + 
1- r 6 + -

+ wq r 1- xi -x+x-- x:. ---- + 

1 ~ 4 er 8 M1 t (w) = a 9 

w - w 
r 

.!:!..!!_ 
wr -1 w 

9 -.it - x+.x--_!_~ 1 l ;• 
3(cu ± w 

(21) 

(22) 

(23) 

~-oM"" (w >w )=a_x+ -x -\w(Xt± x_) ±wq 9-5(XL~-~±_:~x~)_ I (24) 
ef t + r 6 3(w+cu) r 

HMeiOT CK8'1KH 0 pllBHble 

Bent1'iHHbl 
1 6E(•) 

ef 0+ 
11 

_ _!._iil+) 8 TO'iKe 

ef 1-
w=w 

r 

C00TBeTCT11CIIHO -a4!3 w 
r 

H. 
w' + q, -a 2/3 r r • 3TH CK8'1KH 803 HHK810T 6naro,ll8pSI 

qr 

cKa'IKllM a:vUinHTYLJ. c HOOTOn»'leCKHM cnKHOM T = 3/ 2 . AMnnHTY.O.bl c T "' % CKil 'IKOB 

ne nMeiOT ( pHc . 3) . CTaT»<~eCKHe 3 H8'1eHHSI aKna.aoa LJ.»cnepcHOHHhlX »HTerpanoa 

B »epe3oHaHCHbte aMIInKTY.llbt » 3o6plnKeHbt na pHc. 2, 3 nyHKTHpOM . Cnnow n bte nK-

IHIH H't p11C . 3 COOTBeTCTByiOT 
sT» M )l{e aenH'HIH8M 6e3 y'leTa neuo6niO.lllleMoA 

061l ""lCTU o 

CKa'IKU a:MHnnTy .a c T = 312, Bbi'i»CnenHblX 6e3 nena6n10.aaeMoA o6nacTH , o6SI3a-

Hblo 

npH 

TO !It 

nac 

o6 

n1 
BK 

HC 

nr 
e· 

c 

a 

a 
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OT 

JSI 

'<08 

Sl38" 
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Hbl t paayMeeTCJit npH61lH>KeHHIO ( 15 ) • 3aMeHa 8 - cpyKKUHH ( 15 ) rll8.D.KOA KpHBOA 

npKB8118 6bJ Jt Crll8>KKB8KHIO 9THX CK8'lKOBe 0.D.H8KO 3TO Ke H3MeKHil0 6bl BbiBO.D.8 0 

TOMt 'ITO npH Ct) < Ct) 
- r BKil8.D. KeH861li0.08eMOll: 061l8CTH BeCbM8 M81l 1 npH 

§ 5. B bi 8 o .a bi 

Ct) > Ct) 
r 

1. Bllaro.aapH cymecTaoaaKHIO y3Koro ( 33) pe30H8Kca BKila.a KeKa61l!O.aaeMoll: 

06118CTH B napuH81lbHble 8MflllHTY.Obl npH 3KeprHHX KH>Ke pe30H8HCHOA HH'ITO>KKO M81l0 

npn 3KeprHSIX BbiWe pe30H8KCKOA 3TOT BKil8.0 8eCbM8 BellKK - OK Cp8 BHHM C flOilKioiM 

BJtll&.OOM .aucnepcHOKHoro HHTerpalla, 

2, npo.aOil>KeHne B HeK861l!0.08eMy!O 061l8CTb C flOMOlllb!O KOHe"HOrO 'lHCil8 nOilK

KOMOB n e>K8K .Op8 np8KTK'leCKH Ke npHBO.D.HT K OWH6K8M B napUH81lbHblX 8 MflllHTY .118X 

npu 3 K eprHSIX KH>Ke pe30K8KCKOA. npu 3KeprHHX BbJWe pe30K8 KCHOA OWH6Ka .803KKK8-

eT H p acTeT c pocToM a a eprHH, o.aaaK o .aa>Ke npH 460 Mas o Ha Ke npeBbJwaeT 

( 1-2) % .OilS! BKil8.00B .OHCnepCHOHHblX HHTerp81l08 B 8 Mfl1ll'l'Y .Illol S BOilKbl H 

( 10-20 )% ,QilSI BKil8.00B .aucnepCUOHHbiX HHTerp8110B B 8MllllHTY .Obi p -aonH. 

3, npe,anOilO>KeKHe 0 TOM 1 'ITO B Ha6n!O.aaeMoA o6nuC TH a. r.wllHTY.Obi D, F H: 

CT8pWHX BOilK TO>K.OeCTBeHHO paBHbl nymo npHB O.OHT K M 8 110A OWI1 6 Ke - nOpS!.OK8 J% 

.OilS! 8Kil8.QOB .OKCnepC HOKH biX HHTerpanOB B 8MllllKTY Ll b l S -aollH H n opslL.lKA 10% - .OilS1 

BKI18.00B .OHC nepCHOHHbiX HHTerpa llOB 8 8 MllllHTY.Obl p BOilH, 

n H T e p 8 T y p 8 

1. n . ,ll.Conoabea. '-laHb '-lyH-MO. npenpHKT OVIHV! .ll-728. 

2. 3 . ¢>epMH. neKUKH 0 1T -Me30H8X H HYK llOHax. J..1 Hn ( 1958 ). 

3. n • .LJ.. Conoabea, Nucl. Phys. 5, 256 (1958). 

" · A . A .noryHoa . A . H. TaaxenH.a3e, n.,ll.CollOBbeB. 

Nuci.Phys. 4, 427 (1957). 

PyKonHCb nocTynHil a a H3.D.&TellbCKHA oT.aell 

25 HHBapH 1962 ro.aa , 
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