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AlKrHpeA n.c. H np. PI - 11455 
11MnyllbCHbie ClleKrpb! sropH'IHbiX nporOHOB Or pp -, pd- H 
pC-coynapeHKil npa 4,3; 6,3 H 8,9 fsB/c 

C noMOIIlbJO onHonneqesoro MarHereoro cneKTpOMerpa non yrnoM 
103 Mpan H3MepeHbi HMnynbCH&Ie cneKrpbi nporoHos, ecnymeHHbiX s pp -, 
pd - H pC -coynapeHHliX npe H8'18llhHbiX HMllYllbCSX nporOHOB 4,3; 6,3 H 
8,9 fsB/c. 

3KcnepeMeeranbHbie naHHbie ynosnersopHrenhHO onHCbiBaJOrcg s paM
KaX Monemt MHoroKpareoro ne<jlpaKUHOHHoro pacceRHHR. l1ccnenyercg qyscr· 
serellbHOCTb peaynhraros pacqeros pd -cneKrpos K Bbi6opy sonHOBbiX 
tiJyHKUHil H8'18llbHOI"O H KOne'IHOI"O COCTOSIHKA pd -CKCTeMblo 

11a aeanHaa HH3KOKMnynbCHbiX qacreil H3MepeHHbiX cneKrpoe nporoeoe 
or pp -coynapeauil npu 6,3 H 8,9 fsB/c nonyqeHbi nu<jl<jlepeeunanhHbie 
ce'leHHR o6paaoeaHHR ayKnOHHbiX peaouaecoe N*(1236), N '{1410), N*(1520) 
H N*(1690) 0 

Pa6ora Bbmonaeea B na6oparopHK Bbi'IKCnHrenhHOll reXHHKH H aero
M8TH38UHH Ol1fl11. 

fipenp&HT 06'&8LIHH8HHOI"O HHCTHTyT8 51Jl8pHblX HCCnellOBSHHil. ny6Ha 1978 

Azhgirey L.S. et al. PI - 11455 
Momentum Spectra of Secondary Protons from pp -, 
pd- and pC -Collisions at 4.3, 6.3 and 8.9 GeV/c 

Momentum spectra of protons emitted in the pp -, pd - and 
pC -collisions at initial momenta of 4.3, 6.3 and 8.9 GeV/c have 
been measured at an angle of 103 mrad using a single-arm magne
tic spectrometer. 

The experimental data are satisfactorily reproduced within the 
framework of the multiple scattering model. The sensitivity of the 
pd -spectra calculation results to the choice of the wave functions 
of the initial and final states of the pd -system is investigated. 

From the analysis of the low-momentum parts of the pp -spect
ra at 6.3 and 8, 9 GeV/c the differential production cross sections 
for the nucleon resonances N*(1236), N*(1410) , N*(1520) and N*(1690) 
have been obtained. 

The investigation has been performed at the Laboratory of 
Computing Techniques and Automation, JINR. 
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[ 
1. BBE):!EHHE 

Hccne~oBaHHe HMnynLcHwx cneKTpoa BTopuqHwx npo

TOHOB B npOTOH-B~epHWX B3aHMO~eHCTBHBX npH BWCOKHX 

:meprHBX BBnBeTCB Ba:>KHWM HCTOqHHKOM HHclJOpMaUHH 0 

npoueccax MHoroKpaTHoro~uclJpaKUHOHHoroHyKnou-uyKnou

Horo pacceBHHB/1-3/ H llPBMOrO BWfiHBaHHB clJparMeHTOB H3 

B~ep /4/ ; nyTeM aHanH3a cneKTpoa no MeTo~y ue~ocTaJO
~x Mace MO:>KHO TaK:>Ke nonyqaTL cae~eHHB o npoueccax 

o6pa3oBaHHB HyKnOHHWX pe 30HaHcoa B NN- coy~apeHHBx/ 5. 6;: 
,ll;o He~aauero apeMeHH 6wnu H3BeCTHLI nHDIL pe3ynL

TaTw H3MepeHHH HMllYllhCHWX ClleKTpOB BTOpHqHWX npo

TOHOB, HCllyiUeHHWX B npOTOH-B~epHbiX coy~apeHHBX TOllhKO 

npu HaqanLHwx HMnynLcax •• 1,7 /7,8/ H --20 T3Bjc/H3.9/. 
3TH pe3yllbTaTW HaUinH Y~OBneTBOpHTellbHOe OllHCaHHe B 

paMKaX MO~enH MHOrOKpaTHOro ~H$paKUHOHHOrO pacceB

uuB/lo-13/. B npoMe:>KyToquou o6nacTH 3Hepruu /nopB~Ka 
HeCKOllhKHX T3B/ ~aHHLie 06 HMllYllhCHhiX cneKTpax BTOpHq

HWX qacTHU OTCYTCTBYJOT. qTOfiW BOCllOJlHHTb 3TOT npofien, 

fiWJlH npe~npHHBThl OllHCWBaeMLie HH:>Ke H3MepeHHB HHKnJ0-

3HBHWX ClleKTpOB npOTOHOB B npoueccax: 

p+p-->p+X, 

p + d -->P + X . 

p+C-->p+X 

/1/ 

/2/ 

/3/ 

npu HaqanLHWX HMnynLcax 4,3; 6,3 H 8,9 F:JB/c H yrne 

ua6n10~eHHB 103 Mpao. B 3TH X ycnoauBx B BLICOKOHMnynLc-
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H~X qacTBX cneKTpOB ~O~H~ npOBBHTbCB 3~eKT~, CBB· 

JaHH~e c MHoroKpaTH~MH NN-a3aHMo~eilcTBHBMH. Oxaa

T~BaeM~B: cneKTpOMeTpOM HHTepBaJI HMnYJibCOB perHCTpH

pyeM~X npOTOHOB npH «ilHKCHpOBaHHOM none B 3a3ope aHa· 

JIH3HpyJOIQero MarHHTa 6~!1 TaKOB, qTO O~HOBpeMeHHO C 

B~COKOHMnyJibCH~MH H3MepBJIHCb yqacTKH CneKTpOB, B KO

TOp~e ~aiOT BKJia~ npOTOH~, CBB3aHH~e C npoueccaMH 

po)K~eHHB HYKJIOHH~x peJoHaHcoa. 

2. 3KCIIEPHMEHT 

H3MepeHHB HMnynbCH~x cneKTpoa BTopuqH~x npoTOHOB 

B npoueccax /1/+/3/ 6biJIH B~nOJIHeH~ Ha O~HOnJieqeBOM 
MarHHTHOM cneKTpOMeTpe, paHee HCnOJib30BaHHOM ~JIB 

H3MepeHHH HMnYJibCHhlX cneKTpOB BTOpHqH~X npOTOHOB 

H ~eB:TpoHoB a ~eihpoH·s~epH~X coy~apeHHsx/14/. B~ae
~eHH~B: H3 CHHxpo«baJoTpoHa OHJIH nyqoK npoTOHOB na~an 
Ha MHWeHH H3 CH

2
, CD

2 
H C, nooqepe~Ho ycTaHaanuaae

M~e B HOHOnpoao~e Me~JieHHOro B~BO~a. HMnyJibCH~e 

cneKTp~ npoTOHOB, ucnyiQeHH~x a pp- H pd - coy~apeHHBX, 

HaXO~HJIHCb nocpe~CTBOM B~qHTaHHBCneKTpOB,nOJiyqeHH~X 

OT 3KBHBaJieHTH~X no TOpM03H~M CnOC06HOCT BM MHWeHeH 

H3CH2,CD2H c. 
A6comoTHas HOpMupoaKa HMnynLCH~X cneKTpoa npo

TOHOB npOH3BO~HJiaCb nyTeM npHpaBHHBaHHB nJIOIQa~eH nHKOB 

OT ynpyroro pp - pacCeBHHB COOTBeTCTBYIOIQHM 3HaqeHHBM 

~u<WlepeHUHaJibHoro ceqeHHB da/dQ 3Toro npouecca, nony

qeHH~M H3 H3BeCTH~X 3KCnepHMeHTaJibH~X ~aHH~X/ 15,16/. 

,lJ;JIB onpe~eJieHHB HOpMHpOBOqH~X 3HaqeHHH ceqeHHB da/dQ 
yrJIOB~e 3aBHCHMOCTH ~H<WlepeHUHaJibH~X ceqeHHH ynpyroro 

pp ·pacceBHHB, H3MepeHH~e B pa3H~X 3KCnepHMeHTaX 

npH 3HaqeHHBX HaqaJibHOrO HMnyJibCa p O OT 4,0 ~0 
8,8 F3B/c, annpoKCHMHpOBaJIHCb B HCCJie~yeM~X HHTepaa

JiaX nepe~aHH~X HMnyJibCOB t 3aBHCHMOCTBMH BH~a: 

da/dt[ P = const, t= f(El)l = exp(a + b Jtj + c 1tJ 2 ). 
0 

/4/ 

C noMOIQbiO a~pa)KeHHH I 4/ 6~n nonyqeH Ha6op aenuquH 

da/dt npH JHaqeHHBX t' , oTaeqaiOIQHX pa3JIHqH~M P0 npu 

«ilHKCHpOBaHHOM yrne pacceBHHB B Jia6.CHCTeMe 

4 

I 

[ 

EJ=103 MpaO. 0Ka3aJIOCb, qTO Hail~eHHbiH Ha6op BeJIHqHH 
da/dt(t'), npuae~eHH~il Ha puc. 1, xopowo annpoKCHMHpy

eTcB Bblpa)KeHHeM: 

da/dt[ e = 103 MpaO, t=f(PoH·=exp [ ( 4,66±0,03)-(7 ,83±0,07) JtiJ. 
/5/ 

H3 3Toro Bblpa)KeHHB 6hiJIH Hail~eH~ 3HaqeHHB da/dt npH 

HaqaJILHbiX HMnynLcax npoTOHOB 4,3; 6,3 H 8,9 F3B/c, 
a JaTeM H COOTBeTCTBYIOIQHe HM HOpMHpOBOqHble 3HaqeHHB 

~H<WlepeHUHaJibHbiX ceqeHHH da/dfl B Jia6opaTOpHOH CHCTeMe 

KOOP~HHaT. 

llpu 8,9 F3B/c HOPMHpoaKa HMnynLcH~x cneKTpoa 

npOH3BO~HJiaCb TaK)Ke nocpe~CTBOM H3MepeHHB HaBe~eHHOH 
B peaKUHH 27Al(p. X) 24Na aKTHBHOCTH B~ep 24 Na B TOHKHX 

aJIIOMHHHeBbiX «bOJibrax, 06JiyqeHH~X B MeCTe pacnOJIO.>KeHHB 

MHWeHH. B pe3y!IbTaT~ H3MepeHHH BHOCHJIHCb nonpaBKH, 

yqHT~BaiOIUHe Hanuque cqeTa perHCTPHPYIOIUeil annapaTyp~ 
cneKTpoMeTpa B OTCYTCTBHe MHWeHH, CJiyqaHH~e COBna~e
HHB, s~epHoe nornoiQeHHe H MHoroKpaTHOe paccesHHe npo

TOHOB npH npOXO.>K~eHHH qepe3 cneKTpOMeTp, a TaK.>Ke He-

3414leKTHBHOCTb cneKTpOMeTpa B6JIH3H rpaHHU HHTepaaJIOB 

H3MepBeMbiX HMnyJibCOB. 3HaqeHHe ~H~epeHUHa.JibHOrO ce

qeHHB ynpyroro pp-pacceBHHB, onpe~eneHHoe Ha ocHoae 

3THX HJMepeHHH H noKaJaHHoe Ha puc. 1 qepH~M KPY:>KKOM, 

B npe,l\eJiaX OWH60K COBna)\aeT C COOTBeTCTBYIOI.QHM 3Haqe

HHeM, nonyqeHH~M H3 B~pa)KeHHB /5/. 
Coana~eHue npH 8,9 F3B/c onpe,l\eJieHH~x pa3H~MH 

cnoco6aMH HopMupoaoqH~X JHaqeHHH ~u414lepeHuHaJibHoro 
ceqeHHB ynpyroro pp -pacceBHHB cau~eTeJibCTByeT o Kop

peKTHOCTH npoue~ypbl HOpMHpOBKH H npH ~pyrHX HaqaJibH~X 

HMnyJibCaX npOTOHOB. Bo3M0)KHaB CHCTeMaTuqecKaB OWH6Ka 

nonyqeHHbiX a6COJIIOTHbiX 3HaqeHHH ~H4lclJepeHUHaJibH~X ce

qeHHH d2 a/dfl dp He npeBbiWaeT 15~. 

3. CIIEKTPM BTOPHflHMX IIPOTOHOB 

HJMepeHHble uMnynLCHble cneKTpbl BTOpHqH~x npoTOHOB 

a npoueccax /1/7/3/ noKaJaHhl Ha puc. 2. B cneKTpax npo

TOHOB, HCnyi.QeHH~X B pp ·coy~apeHHBX, B~~eJIBIOTCB Y3KHe 
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Puc. 1. 3Ha'4eHUJI oud){PepeHf4UaAbHbiX C€'4€HUU da/ dt 
ynpyzozo pp - pacceJIHUJI, omae'4a10111Ue yzAy Ha6AJOOeHUJI 
103 MpaO npu pa3HbiX Ha'laAbHbiX UMnyAbCaX np01/IOHOB. 
,l(aHHble OAJI 5,0 u 7,0 F3B/c B3JI1/Ibl U3 pa601/lbl he/, opyzue 
oaHHble - U3 pa6omr.r I 15/. qepHoil 1/IO'lKOil npu 8,9 F3B/c 
noKa3aHo 3Ha'4eHue, 3KcnepuMeHmaAr.Ho onpeoeAeHHoe a 
HaC1/IOJIII#€U pa6o111e. 3Be300'4KaMU 01/IM€'4€Hbl 3Ha'4eHUJI, uc
nOAb30BaHHble OAJI HOpMupoaKu. 

6 

ITHKH, 06113aHHble npOTOHaM, HCITbiTaBIIIHM ynpyroe pacceR

HHe. IlonHbie IIIHpHHhl 3THX ITHKOB Ha nonOBHHe BhiCOTbl CO

CTaBnJIIOT 31, 40 H 50 M3B/c .D.nR npoTOHOB c Ha'lanbHhiMH 

HMnynhCaMH 4,3; 6,3 H 8,9 F3B/c COOTBeTCTBeHHO H xa

paKTepHJYIOT 3KCITepHMeHTanhHOe pa3peiiieHHe cneKTpO

MeTpa. CneBa OT nHKOB ynpyroro pp-pacceJIHHR Ha6niO

.IJ.aiOTCR HenpepbiBHhle pacnpe)l.eneHHJI ITpOTOHOB OT Heynpy

rHX npo:ueccoB. 

B BhiCOKOHMnynhCHhiX qacT 11x cneKTPOB oT pd - coy.D.a

peHHH llpH 3Ha'leHHJIX HMnynbCOB, OTBe'laiOIUHX ynpyroMy 

pp -pacceJIHHIO, Ha6niO)l.aiOTCJI ITHKH, 06113aHHble npOTOHaM, 

HCIThiTaBIIIHM KBa3Hynpyroe pacceJIHHe Ha npoTOHe HnH 

Heii:TpOHe )l.eii:TpOHa. IIIHpHHbl 3THX ITHKOB onpe)l.enRIOTCJI 

B OCHOBHOM BHyTpeHHHM .D.BH)I(eHHeM HyKnOHOB B )l.eii:TpOHe. 

B cneKTpe npu Ha'lanbHOM HMnynhce 8,9 F3B/c 3aMeTeH 

TaK)I(e BTOpOii: ITHK, KHHeMaTH'IeCKH COOTBeTCTBYIOIUHH ynpy

roMy pd -pacceRHHIO. IloMHMO ynpyroro pacceRHHR, B 

o6nacTb 3Toro ITHKa MO)I(eT .D.aBaTb BKna.D. TaK)I(e npo:uecc 

.IJ.BYKpaTHoro KBa3uynpyroro pN -pacceRHHJI B .D.eiiTpoHe, 

conpoBO)I(.IJ.aiOIUHHCR pa3BanoM nocne.D.Hero. Bo3MO)I(HaR npu

Mecb npOTOHOB OT MaKpOCKOITH'IeCKOrO .IJ;ByKpaTHOrO pN -
pacCeJIHHJI Ha HyKnOHaX pa3HhiX R.D;ep MHIIIeHH B ycnOBHJIX Ha

CTOJIIUHX 3KCITepHMeHTOB, cornaCHO O:UeHKaM, 6blna He3Ha

'IHTenbHa. 

Pa3.D;eneHHe BKna.IJ;OB OT O.IJ;HOKpaTHOrO H .IJ;ByKpaTHOrO 

NN -pacceRHHR B pd -coy.D;apeHHRX 3KcnepuMeHTanbHO Ha-

6niO.IJ;anocb paHee B6nH3H 20 F3B/c /l-3/. 

B cneKTpe npoTOHOB oT pC -coy.D;apeHHii npu 4,3 F3B/c 
06Hapy)I(HBaeTC11 IIIHpOKHH ITHK, llpOCTHpaiOIUHHCJI OT 4 .D.O 

4,25 F3B/c, c MaKCHMYMOM npu 4,18 F3B/c, H npHnHB npu 

4,29 F3B/c, OTBe'laiOIUHH npOTOHaM, HCITbiTaBIIIHM .D.HtlJpaK

:UHOHHOe pacceRHHe Ha R.D;pe yrnepo.D;a. C yBenH'IeHHeM Ha

qanhHoro HMITynhca BbiXO)l. ITO.D. tlJHKCHpOBaHHbiM yrnOM .IJ;H

tlJpaK:UHOHHO- pacCeJIHHbiX npOTOHOB ITa)l.aeT, IT03TOMY B 

CITeKTpax ITpH 6,3 H 8,9 F3B/c Ha6niO.IJ;aiOTCJI TOnbKO ITHKH, 

o6ycnoBneHHhle NN -pacceRHHRMH pa3Hoii KpaTHOCTH B R.D.pe 

yrnepo.D;a. 
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4. AHAJIH3 PE3YJihTATOB 

4.1. pp - cne~empbt. B BMnynhCHhiX cnei<Tpax npoToHoB 

B o6nacTH HB)I(e DBI<a ynpyroro pp - pacceJIHBJI B pacnpe

~eneHBJIX DpOTOHOB Ha6niD~aiDTCJI cna6o BMpa)l(eHHhle He

MOHOTOHHOCTH. 0TI<noHeHHJI B3MepeHHhiX TO'Iei< OT nnaBHOB 

3aBHCHMOCTH npB uaqanLHOM BMnynLce 6,3 F:JB/c 3aMeTHo 

npeBhiWaiOT cTaTHCTH'IeCI<He owB6I<H H3Mepeuuii. HeMouo

TOHHOCTH Tai<)I(e DpOJIBnJIIOTCJI H DpH Ha'lanhHOM HMnynhCe 

8,9 F:JB/c. Tai<aJI CTPYI<Typa HH3I<OBMnynLcHMX qacTeii 

H3MepeHHhiX cnei<Tpoa o6ycnoaneua o6pa3oaauueM Hyi<nou

HhiX pe30HaHCOB B peai<I.J;HB /1/. HeCMOTpJI Ha OTHOCHTenhHO 

HeBhiCOI<YIO TO'IHOCTh H3MepeHHB B paCCMaTpHBaeMOM BH

Tepaane HMDynhCOB, H3 HMeiDII.J;BXCH ~aHHhiX MO)I(HO H3Bneqh 

Onpe~eneHHYIO HH$OpMai.J;HIO 0 ponB pe30HaHCOB B pp -

B3aHMO~eBCTBHHX B ycnOBHJIX HaCTOHII.J;HX 3I<CDepHMeHTOB. 

C 3TOB :u;enhiD 3Ha'leHHJI d2a/df!dp ~nJI 6,3 u 8,9 F:JB/c 
npeo6pa30BhiBanHch B ~u<i><i>epeu:u;uanLHhie ceqeuuJI ct2a/dt dM 
H CTpOHnHCh 3aBHCHMOCTH 3THX Ce'leHBB OT He~OCTaiOII.J;eii 
Macchi M. Cnei<Tp ue~ocTaiOII.J;Hx Mace ~nH 6,3 F:JB/c 
DpOTOHOB DOI<a3aH Ha puc. 3. ,l).eBCTBHTenhHO, B CDei<Tpe 

Ha6niO~aeTCH Hei<OTOpoe B03pacTaHHe BhiXO~OB DpOTOHOB 

a6nH3H 3Ha'leuuii Mace pe3oHaHcoa N *(1236) , N* (1410) , 
N"(1520) u N.!(1600) . .flony'leHHhle ~aHHhie annpoi<CHMHpoaanHch 

auanHTH'IeCI<HM Bhipa)l(eHHeM B BH~e CYMMhl pe30HaHCHhiX 

'lneHOB H DOnHHOMa, ODBChiBaiDII.J;ero HenpepMBHhiB $oH: 

a. r. 
I _1_! 1 l, 
i 2r (M-M )2 + ( Lr· f 

i 2 i 

d2a 
dtdM I C Mk k k + /6/ 

r~e M i - Macca, r i - WHPHHa, a i - ~H<i><i>epeu:u;uanhHOe ce
qeuue o6pa3oBaHHJI i - ro pe3ouauca. 

IlpH annpOI<CHMai.J;HH 3I<CDepHMeHTanhHhiX ~aHHhiX 
Bhipa)l(eHHeM /6/ MaCChi H WHpHHhl OTMe'leHHhiX pe3oHaHCOB 

Bhi6HpanHCh H3 H3BeCTHhiX ~aHHhiX/5,6/ H nonaranHCh 

$HI<CHpoBaHHhiMH. Ko3<i><l>H:u;HeHThl nonHHOMa ck H ~H<i><i>epeu
:u;uanLHhie ceqeuuH o6pa3oBaHHH pe3ouaucoa a i BhiCTynanu 

KaK cao6o~Hhle napaMeTphl B onpe~enHnBch H3 ycnoBHH 

nonyqeHHH MHHHManLuoro 3Ha'leHHH x2 • CnnowuaH KPHBaH 

ua puc. 3 npe~cTaBnJieT pe3ynLTaT o6pa6oTI<H 3Kcnepu-
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Puc. 3. Cne~emp HeoocmatoUIUX Mace OAR npo1.1ecca p + p-.p+X 
npu P 0 = 6,3 F:JB/c. CnAOJUHaJi KpueaR - pe3yAb1!lam ebt
~ucAeHuil no f.PopMyAe /6/. 

MeHTanhHhiX ~aHHMX npH 3Ha'leHHJIX Mace H WHpBH pe30-

HaHCOB, DpBBe~eHHhiX B ma6A. 1, r~e Tai<)I(e yKa3aHhl 

nonyqeuuhle 3Ha'leHBH ~u<i><i>epeu:u;uanhHhiX ceqeuBii o6pa3o

BaHBH pe30HaHCOB. 

4.2. pd - cne~empbt. 3I<cnepuMeHTanhHhle ~auuhle o 

cnei<Tpax npOTOHOB OT npOTOH-~eBTpOHHhiX CTOni<HOBeHBB 

auanB3BpoaanBch B paMI<ax Mo~enB MHoroi<paTHoro ~H$pai<

I.J;BOHHoro pacceJiuuJIIlo.u{HMnynLCHhlii cnei<Tp pacceJIHHhiX 

npOTOHOB B na6opaTOpHOB CHCTeMe npe~CTaBnJinCJI B BH~e: 

d 2a 
I I F fi ( ~) 12 0 (E f - E i ) . /7/ df!dp 
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Ta6Aul.la 1 
3HaqeHHJI Mace H IIIHpHH HYKllOHHbiX pe 30HaHCOB, a TaK>Ke 

AH!WJepeHn;HanLHbiX ceqeHHH HX o6pa30BaHHJI .IJ.llJI yrna 

103 Mpao 

Macca M., 
M3B/c2 

1 
llillpHHa I'. , 
M3B/c2 

1 
p

0 
,f3B/c da/dt ,M6/(f3B/c)2 

1231,5 113 6,3 0,30.:t_O, 17 
8,9 0,018.:t_0,029 

1410 125 6,3 0,38.:t_0,21 
8,9 0,019.:t_0,035 

1520 120 6,3 0,65.:t_0,22 
8,9 0,005.:t_0,035 

1683 110 6,3 0,72.:t_0,27 
8,9 0,095±_0,042 

r.IJ.e q =P0 -P ·- nepe.IJ.aHHbiH HMnynLc, P0 Hi· - HMnynLcLI 

na.IJ.aromero H pacceJIHHoro npoToHoB, F f'i ( q) - aMnnHTy.IJ.a 

pacCeJIHHJI npOTOHa Ha JI.IJ.pe C nepeXO.IJ.OM JI.IJ.pa H3 OCHOB· 

Horo cocTOJIHHJI '11 i B KOHeqHoe IJ! r , E i H E r - nonHbie 

3HeprHH HaqanLHOrO H KOHeqHoro COCTOJIHHH CHCTeMLI 

llpOTOH - JI.IJ.PO. 

B npeHe6pe)l(eHHH cnHHOBOH 3aBHCHMOCTL10 B3aHMo

.IJ.eB:cTBHJI na.IJ.aromero npoToHa c HyKnoHaMH JI.IJ.pa-MHIIIeHH 

Bbipa)l(eHHe .Il.llJI aMllllHTY.IJ.bi pd ·pacCeJIHHJI 3allHCLIBaeTCJI 

B BH.IJ.e: 

... 
Ffi (q) 

iPo ........ .... 1 .... 
- f exp(iqb) <IJ! If' (b- -s) + 
2rr f pn 2 

.... 1 .... .... 1 .... .... 1 .... 2 
+ 1 (b +- s) -I' (b- -- s) l. (b +- s) IIJ! >d b, 

PP 2 pn 2 pp 2 i 
/8/ 

r.IJ.e 

.... 1 ........ .... 2 
r (b)=--- fexp(-iqb) f (q)d q, 

pn(pp) 2rri P pn(pp) 
0 

12 

f (q) -
pn(pp) 

pacceJIHHJI, 
_, 
s 

aMllllHTY.IJ.a ynpyroro HYKllOH"HYKllOHHOro 

npoeKUHJI OTHOCHTenLHOH KOOP.IJ.HHaTbi 

f ~ r n - r p Ha llllOCKOCTL llpHUellLHOrO napaMeTpa b . 
)l.BH)I(eHHe npOTOH- HeHTpOHHOH napLI .IJ.eHTpOHa B KO

HeqHOM COCTOJIHHH MO)I(HO pa3.IJ.ellHTL Ha .IJ.BH)I(eHHe u;eHTpa 

Mace C HMllYllLCOM q H OTHOCHTenLHOe .IJ.BH)I(eHHe HyKno-_, 
HOB C HMllYllLCOM k . Tor.IJ.a B HepenJITHBHCTCKOM npe.IJ.ene 

d2 (J .... 2 q2 k2 
-- = ~ !F. (q) I 8(\E --- -), /9/ dO dp r fl 4m 2m 

r.IJ.e '\.E - pa3HOCTL 3HeprHB: na.IJ.aromero H pacceJIHHoro 

npoTOHOB, n•- Macca HyKnoHa. 

8 paMKaX HCllOllL3yeMOH MO.IJ.enH cneKTp HMnynLCHbiX 

noTepL npoTOHOB, ucnbiTaBIIIHX O.IJ.HOKpaTHoe NN -pacceJIHHe, 

onpe.IJ.enJieTCJI HMll,llLCHLIM pacnpe.IJ.eneHHeM HyKnOHOB 

BHYTPH .IJ.eB:TpoHa / 17 • B qacTHOCTH, IIIHPHHa KBa3Hynpyroro 

llHKa .IJ.Oll)I(Ha 3aBHCeTL OT BH.IJ.a BOllHOBOH ~YHKUHH OCHOB· 

HOrO COCTOHHHJI .IJ.eHTpOHa. 

)l.nJI HCCne.IJ.OBaHHJI TOrO, HaCKOllLKO npe.IJ.CKa3aHHJI MO" 

,nenH qyBCTBHTenLHLI K npe.IJ.llOllO)I(eHHJIM 0 BOllHOBLIX ~YHK· 
UHJIX HaqanLHOrO H KOHeqHOrO COCTOJIHHH .IJ.eHTpOHa, 6billH 

BbillOnHeHbi .IJ.Be cepHH qucneHHbiX pacqeTOB HMllynLCHbiX 

cneKTpoB BTOpHqHLIX npoTOHOB Ha ocHoBe ~opMyn /8/ H /9 I. 
8 KaqeCTBe BOllHOBbiX ~YHKUHH OCHOBHOro COCTOJIHHJI .IJ.eH· 

TpOHa Bbi6HpanHCL ~YHKUHJI raycca 

8 2 3/4 a2 r 2 2 
l.jJ = (-) exp(- ---) 8 = 0 1922 

i rr 2 ' ' 

H ~YHKUHJI XronLTeHa 

-yr -{:3r 

fm - 2 

e - e 
IJ! = N , y = 0,232 fm - 1 , {3 = Ull2 fm - 1 . 

r 
BbiqHcneHHJI c ~YHKUHeB: raycca npoBO.IJ.HllHCL Ha OCHOBe 

~opManH3Ma, pa3BHToro B pa6oTe I 12/. ,[J.n11 onHcaHHJI KO

HeqHoro COCTOJIHHJI .IJ.eHTpOHa B 3TOM cnyqae HCllOllL30BallCJI 

llOllHbiH Ha6op BOllHOBbiX ~YHKUHH rapMOHHqecKoro OCUHn· 

llJITOpa, napaMeTpbi KOTOpOrO Bbi6HpanHCL H3 YCllOBHJI COB· 
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na~eHHH ~OpM~aKTOpOB OCHOBHhlX COCTOHHHB ~eBTpOHa H 
OCUHnnHTOpa. B pa6oTe /12/ ~enaeTCH ~onyiUeHHe, 'ITO 
paCCTOHHHe i\ W Me)I()J;y nocne~OBa TenbHhlMH ypOBHHMH OC • 
uunnsTopa Mano no cpaaueHHIO c annapaTypHhlM 3HepreTH
qecKHM paJperneHHeM. IlpHMeHeHHe paJBHTOrO ~OpManHJMa 
K OllHCaHHIO ~aHHbiX, nony'leHHhlX B 3KCnepHMeHTaX C 3Hep
reTH'IeCKHM paJperneuueM, cpaBHHMhlM c AW=2ff/m _ 30 M3B, 
MO)KeT npHBO~HTb K nOHBneHHIO ~OnOnHHTenbHOB CTpyKTyphl 
B paCC'IHThlBaeMhlX cneKTpax. 

B npe~nono)KeHHH uepenHTHBHCTCKOB CBHJH Me)K~Y 3Hep
rueu H HMnynbCOM H paBeHCTBa aMnnHTy~ ynpyroro pp - H 
pn -pacceHHHH HMnynbcuoe pacnpe~eneuue pacceHHHhlX 
npOTOHOB B na6.CHCTeMe MO)KeT 6hlTb JanHCaHO B BH~e: 

da(l) _. 21 q2 N q 2 
--- =4lf(q) I --(--) exp(- --), 
dOdA N! 80 2 88 2 /10/ 

da (2) 

dOdA 

ctd1. 2 ) 

dDdA 

4f8 2 2 1 N 
(----) ( ) 

1 + 4~8 2 1 + 4,;-o 2 

1 2 1_. 4 
= <--) lfC-q) I 

2P 
0 

,;- 2 
/II/ 

1 ' .... * 1 .... 2 . 4$ 2 q 2 ~ 
l--t(q)[f· (--q)l +C.C.l---exp(- )x 

iP o ~ 2 1 +4$2 4+16$2 

X 1 q2 
~(-

1 Y2N 
--) exp(-~ 

88
2 

1 
), 

2 (-N) 1 88
2 

2 . 
2+8$ 2 

2 + 8~8 /12/ 

r~e A~IP0 l-IP 'I, N npo6eraeT ace 'leTHhle JHa'leHHH, 

1;·- (- _d__ ln lf(q ')1 2 ) , , 
d( q , 2) q = y, q 

Bbipa)KeHHH /10/, /11/ H /12/ OnHChlBalOT BKna~hl npOTOHOB 
OT O~HOKpaTHOrO H ~ByKpaTHOro pacceHHHB H HX HHTep
~epeHUHH, COOTBeTCTBeHHO. 
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{ 

] 

IlpH HCllOnbJOBaHHH ~ng OnHCaHHH OCHOBHOrO COCTOHHHH 
~eBTpoua ~YHKUHH XJOnbTeHa BOnHOBYIO ~YHKUHIO KOHe'IHOro 
COCTOHHHH ~eBTpOHa MO>KHO Bhl6paTb B BH~e perneHHH 
ypaBHeHHH lllpe~uurepa c noTeuuuanoM XronbTeHa ~ns ue
CBH3aHHOrO COCTOHHHH np- CHCTeMhl /18/: 

w - 1 . ->-> 
f - I k r 

(2rr) 3/2 [ e 

ikr 1.: 

+ f(k) ::_ - e -pr 
r ], /13/ 

r~e 

f(k) 1 
---,a= 
a- ik 

({32+It )2 . f32+k2 
_:__ __ + ---- - {3 • 
2{3 (y + {1) 2{3 

0KOH'IaTenbHhle Bhlpa)KeHHH ~ns aMnnHTY~hl F fi (q) npo
Tou-~eBTpouuoro pacceHHHH ~ng 3TOH BOnHOBOB ~YHKUHH 
npHBe~eHhl B npHnO)KeHHH. 

AMnnHTy~a ynpyroro uyKnou-uyKnouuoro pacceHHHH 
napaMeTpHJOBanacb B BH~e: 

f(q) ~ (i+aHd(J/dO(q)/(1+a2)] y, 

r~e a - ycpe~ueuuoe ~ns pp - H pn -pacceHHHB JHa'leHHB 
OTHOilieHHH peanbHOH H MHHMOH 'laCTeB aMnnHTY~hl ynpyroro 
pacceHHHH Bnepe~. B Ka'leCTBe da/dQ(q) HCnonbJOBanHCb 
HJBeCTHhle ~aHHhle o ~H~epeuuuanbHhlX ceqeuusx ynpyroro 
pp ·pacceHHHH/15/ KOTOphle npe~CTaBnHnHCb B BH~e: 

' 

da(q) 

dO 

p 
• 0 2 

= - exp (a + bt + ct ) , t = t ( q) . 
77 

McnonbJOBaHHhle B pacqeTax Juaqeuus napaMeTpoB 
npuae~eHhl B ma6A. 2. 

Ha puc. 4 npuae~eHhl peJynbTaTbi pac'leToB, a B 
ma6A. 3 - 3KCnepHMeHTanbHhle H paCC'IHTaHHhle 3Ha'leHHH 
~H~epeuuuanbHbiX ceqeuuu, OTBe'laiOIUHe nnoiUa~HM no~ 
nHKaMH B HMnynbCHhlX cneKTpax, a TaK)Ke IliHpHHhl nHKOB 
KBaJHynpyroro pN ·pacceHHHH. YKaJaHHhle OiliH6KH COOT· 
BeTCTBYIOT TOnbKO CTaTHCTH'IeCKHM norpeiliHOCTHM H3 • 
MepeHHB. ConocTaaneuue peJynbTaTOB 'IHcneHHhlX pac'leTOB 
C 3KCnepHMeHTanbHbiMH ~aHHhlMH n03BOn11eT C~enaTb BbiBO~ 
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Ta6Auija 2 
3HaqeHHJI napaMeTpoa aMnJIHTY.IJ.bi ynpyroro NN- pacceJIHHJI 

P 0 ,f9B/c a b,(f9B/cf2 c,(f98/c)-4 -a 

4,3 4,60 7,40 0 0,42 

6,3 4,58 8,10 0 0,38 

8,9 4,46 9,62 2,34 0,33 

0 TOM, qTo npH HCUOJib30BaHHH llJyHKIJ,HH XIOJibTeHa .IJ.OCTH
raeTCJI nyqwee cornacue, qeM .IJ.JIJI llJyHKIJ,HH raycca. 3To 
o6yCJIOBJieHO, UO-BH.IJ.HMOMy, 6oJiee "peaJIHCTHqH~M" B~-
6opoM KaK BOJIHOBOH llJyHKIJ,HH OCHOBHOrO COCTOJIHHJI .IJ.eHT
poHa, TaK H BOJIHOBOH llJyHKIJ,HH KOHeqHoro COCTOJIHHJI 
np - CHCTeM~. 

B~nonHeHHbie pacqeT~ noKa3~BaiOT, qTo B cneKTpe 
npoTOHOB oT pd -coy.IJ.apeHHH npu 8,9 T3B/c BKJia.IJ. .IJ.By
KpaTHoro NN-pacceJIHHJI B o6nacTb nuKa, KHHeMaTuqecKH 
COOTBeTCTBYIOIIJ,ero ynpyroMy pd - pacceJIHHIO, HaXO.IJ.HTCJI 
a npe.IJ.eJiax 65-7 50/o .IJ.JIJI pa3H~x aapuaHTOB pacqeTOB. 

Ta6Auija 3 
,LJ;ucW>epeHIJ,HaJibH~e ceqeHHJI pd -pacceJIHHJI cia/dO .IJ.JIJI 
yrJia 103 Mpa(), B M6/cp, H llOJIH~e WHpHH~ llHKOB KBa3H
ynpyroro pN-pacceJIHHJI e Ha llOJIOBHHe B~COTbi, B M3B/c 

~,f98/c da/dQ (da/dQ) * (da/df1)"* e p * e ** H G H G 

4,3 236,0::!:_2,8 247,8 222,0 65::!:_3 57,5 70 

6,3 65,5::!:_1 ,3 78,2 71,5 73::!:_5 72,5 100 

8,9 8,9::!:_0,3 9,1 7,6 116::!:_4 100 144 

*JHaqeHHJI .IJ.Hcl>4>epeHIJ,HaJibH~X ceqeHHH pd -pacceJIHHJI 
H WHpHH UHKOB KBa3Hynpyroro pN- pacceJIHHJI, BblqHCJieHHble 
c lilYHKIJ,HeB: XIOJibTeHa. 

**To :>Ke .IJ.JIJI llJyHKIJ,HH raycca. 
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4.3. pC - cneKmpbl. AHaJIB3 BMDYJILCHbiX cnei<TpoB 
npOTOHOB OT pC -coy~apeHBH npOBO~BJICB Ha OCHOBe ~op-

; ' 
MaJIHJMa pa6oTbi 1 19/, cor nacHo KOTopou HMnynLcHoe pac-
npe~eJieHHe npOTOHOB, pacceBHHbiX Ha B~pe C aTOMHbiM 
HOMepoM A , MO)I(eT 6biTL 3aDBCaHO B Jia6opaTOpHOH CBCTeMe 
B BH~e: 

ia A 
I N (A; a) f exp (-iaq) <I> (a) da , 

n= 1 n n /14/ 
dfldp 

r~e Nn- l~eKTHBHoe 'IBCJIO HYKJIOHOB, yqacTBYJOII\BX B He
KorepeHTHOM pacceBHBB: 

1 -aT(b) n 2 
N (A; a) = -- f e Ia T(b) I d b , 

n n! a 
/15/ 

T(b) - npoeKUHB pacnpe~eneHHB nnoTHOCTH BemecTBa B B~pe 
Ha nnocKOCTL npuuenLHoro napaMeTpa b, a - H n - non
Hoe ce'leHHe H KpaTHOCTL NN -pacceBHHB, q- nepe~aHHbiH 
4-HMDYJILC. 

XapaKTepHCTH'IecKaB ~YHKUHB <I>n(~ JanHCbiBaeTCB B 
BH~e: 

1 n-1 1 n 
<I> (a) = C*(-) (----) 

n aP 1 + iaC*a* 0 

. C* n n 
xfexp[-

1
a I q~]o(q- I qi) x 

1+iaC*a* i= 1 
1 

i= 1 

X s ( q ' ••• ' q ) d 2 q .•• d 2 q I 16/ 
1 n 1 n ' 

r~e a*= E(2M- E), E · - cpe~HBB JHeprBB CBB3H Ha HYKJIOH 
B B~pe MHWeHB, C *= (1 + M 2 /2P ~) /(2(M- E)) . 

B cnyqae, Kor~a nocne~oBaTeJILHble NN -cTOJIKHOBeHHB 
DpOHCXO~BT 6e3 pO)I(~eHHB HOBbiX 'laCTBU, S(q 1, ••• ,qn) BMeeT 
BH~: 

da da da n s (q1, ••• ,q) =--(q1)-(q2) ••• -(q )o(q-I q.) -/17/ 
n n 2 2 2 n i=1 1 

dq dq dq 

18 

B CJiyqae, KOr ~a B n - Kpa THOM 
Ha6mo~aeTCB pO)I(~eHHe a~pOHOB 

NN-pacceBHHB r 

d2 a 8 eCq1, .... ,q )= (q1,:vJ ) .... 
n, n dq2 dM2 1 

d2 a - ( 
dq2dM-; qe .Me) 

pa3 

/18/ 
da da n 

x-2(qn ) .... -(q )o(q- I q,), 
dq t+ 1 dq 2 n i = 1 1 

r~e do/dq 2 - ~H~epeHuuanLHoe cetieHue ynpyroro NN
pacceBHHB, d2 a/dq 2 dM 2 - ~H~epeHUHaJILHOe Ce'leHHe po)l(
~eHHB a~poHa c Maccou H B NN- CTOJIKHOBeHHBX. 

llpu 'IBCJieHHbiX pactieTax aMnJIHTy~a ynpyroro NN
pacceBHHB napaMeTpH30BaJiaCL TaK )l(e, KaK H DpH HHTep
npeTaUHB pd - CDeKTpOB. p acnpe~eJieHHe DJIOTHOCTH Be
IUeCTBa B B~pe yrnepo~a ODHCbiBaJIOCL ~OpMyJIOH By~ca
CaKCOHa c napaMeTpaMH, npHBe~eHHLIMH B/2o/. Cpe~HBB 
3HeprHB CBB3H Ha HYKJIOH B B~pe yrnepo~a DOJiaraJiaCL 
paBHOH 10 M:JB. llonpaBKH, CBBJaHHLie c y'leToM npHHUHna 

llayJIH H HaJIH'lHeM ~BYX'IaCTH'lHLIX KOppeJIBUHH, He BBO~H
JIHCL. Y'lHTbiBanucL NN -pacceBHHB c KpaTHOCTLIO ~o qe
Tblpex BKJIIO'lHTeJILHO, npOHCXO~BlUHe 6e3 pO)I(~eHHB HOBLIX 
qacTHU. BKna~ KpaTHbiX NN- pacceBHHH, npoucxo~Bll\HX 
C pO)I(~eHHeM a~pOHOB, OUeHHBaJICB nyTeM 3KCTpaDOJIBUHH 
H3MepeHHbiX HenpepbiBHLIX pacnpe~eJieHHH npOTOHOB OT 
Heynpyrux npoueccoB B o6nacTL Ha6niO~aeMbiX nHKOB .D.O 
KHHeMaTH'leCI<OH rpaHHULI npouecca p + C --. p + C + 77 , 

PaJBHTaB B pa6oTe/19/ MO,IJ,eJIL npHMeHHMa BHe o6-
nacTH ~H~pai<UHOHHoro I<oHyca ynpyroro npoToH-H~epHoro 
pacceBHHB, H D03TOMY B pacqeTaX BI<Jia~ OT I<OrepeHTHOrO 
pC -pacceBHHB He y'lHTbiBaJICB. 

Ha puc. 5 npuBe,IJ,eHLI peJyJILTaTbi pactieToB. ConocTaB
JieHHe HX C 3I<CnepHMeHTaJILHbJMH ,IJ,aHHbiMH DOI<a3biBaeT, 
'ITO pacctiHTaHHLJe pacnpe,IJ,eJieHHH Y.D.OBJieTBOPHTeJILHO Boc
npoH3BO,IJ,BT JI<cnepuMeHTaJILHLJe cnei<TPLJ. BH~Ho TaJ<)I(e, 
'ITO C yBeJIH'leHHeM Ha'laJILHOrO HMDYJibCa B03pacTaeT 
OTHOCHTeJILHbiH BI<Jia,IJ, B cnei<Tp npOTOHOB, HCllbiTaBlUHX 
NN -pacceBHHH BLICOI<OH I<paTHOCTH. 

B ma6A. 4 npuBe,IJ,eHLI pacc'lHTaHHLJe H JI<cnepuMeHTaJJL
HLie 3Ha'leHHH ,D,H«P4JepeHUHaJJbHbiX CeYeHHH, OTBe'laiOII\He 
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llJIO~a)J..RM IIC)J. IIHKaMH B ClleKTpax )J.JI.R HHTepaaJia HMIIYJIL
cos perHcTpupyeMLIX npoTOHOB P> Prp· Cpaaueuue paccqu
TaHHLIX 3HaqeHHH C 3KCnepHMeHTaJILHLIMH llOKa3LIBaeT HX 
o6~ee cornacue a npe.IJ.enax 10-15o/o. 

Ta6Aut~a 4 
,lJ;u!WJepeuu.uaJILHLie ceqeuu.R npou.ecca p + C -• p +- X JJ.JI.R 

yrna 103 Mpao 

P0,f38/c P 1 p ,f::lB/c 
da/dD, '\16/cp 

3KcneprrMeHT Pac"!eT 

4,3 4,06 457 ,2±..9, 1 429,4 

6,3 5,9 211 ,6±..5,6 176,6 

8,9 8,24 45,0±..1 ,6 40,6 

3AKJIIO l.JEHHE 

B uacTo.R~Hx 3KcnepHMeHTax H3MepeHLI no.IJ. yrnoM 
103 MpaO HMTIYJibCHble ClleKTpbl llpOTOHOB, HClly~eHHLIX 
a pp -, pd- H pC -coy.IJ.apeuu.Rx npu 4,3; 6,3H 8,9 F3B/c. 
B BLICOKOHMnynLcuoil qacTH pd -cnexTpa npu 8,9 F3B/c 
o6uapy:>KeHbl )J.Ba IIHKa, IIOJIO:>KeHH.R KOTOpLIX KHHeMaTuqeCKH 
COOTBeTCTBYIOT ynpyrHM pp - H pd -pacce.RHH.RM. 

J-13 aHaJIH3a CTieKTpOB llpOTOHOB OT pp -coy)J.apeHHH 
onpeJJ.eJieHLI ceqeuH.R o6pa3oaauu.R HYKJIOHHLix pe3ouaucoa. 

BLICOKOHMllYJILCHLie qacTH pd - H pC- cnexTpoa YJJ.anocL 
YJJ.OBJieTBOpHTeJibHO BOCTipOH3BeCTH B paMKaX MO)J.eJIH MHO
roxpa THoro JJ.HiiJpaxu.uouuoro pacce.RHH.R. Jlyqmee cornacue 
paCC'IHTaHHbiX pacnpe)J.eJieHHH BTOpH'IHbiX npOTOHOB OT pd -
COy)J.apeHHH C 3KCnepHMeHTaJibHLIMH )J.aHHbiMH )J.OCTHraeTC.R 
llpH OIIHCaHHH uaqaJILHOrO H KOHequoro COCTO.RHHH )J,eHTpOHa 
BOJIHOBbiMH IPYHKU.H.RMH, .RBJI.RIO~HMHC.R peweuH.RMH ypaaue
HH.R llipe)J.HHrepa C TIOTeHU,HaJIOM XIOJibTeHa )J.JI.R CB.R3aHHOrO 
H ueca.113auuoro cocTO.RHHH np -cucTeMbl. Cornacuo pac
'leTaM, BKJiaJJ. JJ.ByxpaTuoro pN -pacce.RHH.R a o6nacTL 
nuxa, KHHeMaTuqecxu OTBe'laiOill,ero ynpyroMy pd -pac-
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ce.HHHIO npH 8,9 F3B/c, cocTaBn.HeT 65- 750/o. PacqeTLI 
pC -cneKTpOB ITOKa3anH, 'ITO B pC -coy~apeHH.HX 3aMeT

HbiH BKna~ ~aiOT NN -pacce.HHH.H 6onee BLICOKOH KpaTHOCTH, 
'leM B pd-coy~apeHH.HX. 

r~e 

IIPHJIO)J(EHHE 

BblpaJKeHuJI OAJI aMnAumyObl F fi (CD 
npomoH- c)eumpoHHozo pacceJIHUJI npu onucaHuu 
OCH06H020 COCmOJIHUU c)eilmpOHQ fPYHKijUeU 
X10AbmeHa 

JanHWeM <iJYHKUHIO XIOnLTeHa B BH~e: 

N0 2 
'V = -- ! 

i y4;i=1 

-t. r 
C e l 

i --r- , 

c
1 

= 1, c
2 

=-1, f 1 = y, < 
2 

= f3. 

/ll.l/ 

llo~cTaBn.H.H /ll.l/ H /13/ B /8/, nonyqaeM aMnnHTY~Y 
F fi (q) npoToH- ~eH:TpOHHoro pacce.HHH.H, KOTopa.H MO:>KeT 
6b1Tb 3aiTHCaHa B BH~e: 

.... .... .... 
F fi ( q) = F 1 ( q) + F 2 ( q) ' 

.... .... 
r~e F 

1 
(q)- aMnnHTy~a o~HOKpaTHoro, F 2 (q) - aMnnHTy~a 

~ByKpa THOrO pacCe.HHH.H, Bblpa:>KeHH.H ~n.H KOTOpbiX HMeiOT 

BH~: .... .... .... .... -> -> 

F 
1 

(q) = f(q) ( <l>d (k- q/2) + <l>d '{k+ q/2) +A F 1 (< i ;k) + iBF f< 1;k)], 

.... 
r~e <I> d (q) - <lJypbe- o6pa3 BOnHOBOH <iJyHKUHH 
COCTO.HHH.H ~eHTpOHa. 
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.... 
.... q 

<I> (k- -) 
d 2 

·) 

.... q 
<ll ctCk + -) 

2 

No 2 1 
--T- ! C.-----' 
(277)3; 2 i=1 l (k-ci/2)2 +<2 

l 

2 1 --, No :!, C · ---- 2 2 
---372 i= 1 l (k +W2) Hi (277) 

OCHOBHOrO 

AF (<. ; k) 
1 l 

BF(<.;k) 
1 1 

A 
1 

(c i ; k) 

No 2 2 a 
-- :S C. [ --A

1 
( < . ; k) + 

--. 1 l l v 477 l = a 2 +k 2 (277)3/2 

+ k 
a2+k2-B1(<i;k)], 

No 2 2 a -- --== _::s c
1 

[ s 
1
(ci ;k)-

( 277) 3/2 V 477 1 = 1 a 2 + k 2 

- k ---A a2 +k2 1 (ci ;k)]' 

477 k+q/2 k -q/2 
- [ arctg---- arctg---
q f. (. 

1 1 

q 
- 2arctg ] , 

2(£ . + f3) 
1 

B 
1 

(c i ;k) = ~[ _!_ln (k-q/2)2+£1]; 

q 2 (k+ q/2)2 +f ~ 
1 

.... .... .... 
F2(q) ""F21 (q) + F 22 (q)' r~e 

.... 2rri 1 .... 2 No 1 2 k 1 2 2 
F (cj) = -[ f(-q)] ---I C. [ arctg-- -ln(k +< )], 

21 P 0 2 (2rr)3/2 y4rr i=l 1 f i 2 i 

.... 2rri 1 .... 2 
F (q)=-[f(-q)] [AF (c_;k)+iB (c_;k)], 

22 p 2 2 1 F 2 1 
0 

No 1 2 a 
AF (£. ;k) = --~- -- I C. [ A (c. ;k) + 

2 1 3 2 - i"'l 1 2 2 2 1 
(211) y4rr a +k 
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+ k 

a
2 

2 B2((. ·k)] 
+k 1. ' 

No 
B (£ . ; k) = --3/2 

F2 
1 

(2rr) 

1 2 a 
-I C.[---B (f. ;k) -
-i=l 1 2 2 2 1 

y4rr a +k 

- k 
a2+k2 A2(~ ;k)], 

(. 2 2 k 
A (£.;k) = - 1

- ln(£.+k )-(£.+/J)ln(£.+/3)-karctg-, 
2 1 2 1 1 1 (. 

1 

B k ; k) = ( . arctg _k_ + !._ ln ( ( .2 + k 2 ) 
2 1 1 (i 2 1 
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