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I. B ~cnepcuoaawx H ~uarpQMMHHX reopuax a~epaaa peax~a 

OllHCWB8.8TC8 KaK llOCH~OBB.TeRt.HOCTt. HeKOTOPWX npouesyTOQHYX 1 BHptyant.
HYX llJIOQe CCOB 1 Cpe,ItH KO TOpWX BB.liHJD pont. HrpaDT llpO!leCCY pacna~ 
a~pa Ha ~a ~parueata H npo!leCCW CHHT838. 3THX ~parMeHTOB B KOHeqase 
npOAYKTY pea&JlHH. Taxue npo!leccw onzcwaaDrc• a~epHYNH aepmHHHSMH 
~Op~aXTOpB.NH (~), XOTOpYe COB!lll.~B.DT 88. NB.CCOBOI llOBepXHOCTH C 
a~epHYKH Bepa&HHYMH XOHCTB.HTB.MH (HBK). ITpH OllHCB.HHH npausx ~epHHX 
pea&JlHI npH HH3XHX 3HeprHIX B paMKB.X AHCll8pCHOHHYX H ~HB.rpaMMHWX 
no~xo~oa, aanpHMep n~pH~epHIHol uo~enu (ITM) /I/ unu AHarpaMMHoro 
K-uarpzqaoro no~xo~a (AKMU) 12{ oOwqao oxaawaaerca ~ocratOQHYN 
HCDOn.30BB.Tt. B xaqecTBe aM!lHHTyAW 3-nyqeBWX BepmHH COOTBeTCTBJD.He 
HBR, T.e. He JQHTWBB.Tt. IBHJD 38.BHCHMOCTt. H~ OT HMnynt.Ca OTHOCH
rent.HOrO UHlleHU ~parueHTOB, HCllOHUJI ero 3Haqesue Ha NB.CCOBOI 
noaepxsocru. 3ro oOycnoaneso noaepxsoctHYM xapaxrepou npauwx peax
llHI H norno•eHHeM BBJTpH a~pa, &or~ OCHOBHOI BXA~ B B.MllHHTYAY 
npO!leCCB. ~DT Oon.mue npHJleAt.HYe napauetpY BAH ll8.pJlHB.At.HR8 BOABY 
C Oo~mHKH 3aaqeBHIKH op0HTB.Ht.HOro KOK8HT8. B38.HNO~eiCTBJD.HX a~ep. 
Asanorzqaoe npHOHHlleHHe ucno~aymt B pacqerax no ueroAf ucxalleHBRX 
BOAR (MHB), &or~ 38.M8BIDT O~O.aCTHQBJD BOAHOBYD ~YBXJlHD CB838.BBOrO 
cocroaaHa ayxnosa unu xnactepa B ~pe sa ~BK!lBD raaxena, aanam.,Dca 
pe•eaueu ypaaaeaua lllpe~usrepa BHe oOJiactH ~elc:raua noteHJlHB.Jia " 
OllHCYBB.D~D 8.CHKllTOTJiq8CKJD.QB.CTt. npOCTpaHCTBeBBOI BOnHOBOI ~YBKQHH. 
ITpB atou senpaBant.soe noae~esze raxol ~YBX!lBH BBYTPH .. pa uacxz
pyetca noaepxaocrHWK xapaxtepou pea&QHH H Oont.adu norno•eaueu B ~pe. 
O~BaKO B HeKOTOpKX llpO!leCCB.X, TB.KHX,XB.K llpaNYe peaXQBH llpH Oont.mHX 
3HB.qeauax aaeprHH HJIH ynpyroe pacceBHHe c Oont.mHKH nepe~HHYK~ 
HMnJAt.CB.KH, MOlleT OK8.38.Tt.CI Cy.eCTBBBBSK llOBe~eHHe BOJIHOBOI ~YHKJlKH 
B llOBepXHOCTBOI 0048.CTH HIB ~B.lle BBJTpH l~pa. Y&a38.BHOe llpH0AHli8HH8 
npH atou CTB.HOBHtca aecnpaae~JIHBBK,B ~na Oonee axxypataoro onucaa•a 
BOnHOBol ~YHKilHH Ha rpaaHQe .. pa cne~eT IICllOnt.30BB.Tt. Oo.11ee CAOliBYil 
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BOJIHOBYII cllYH&]lHJI. Ha 13Wite ,JJ;Harpruom Ol TeOpHH 3TO OTBeqaeT yqery 
IBHOI 3aBHCHMOCTH ~ OT HWDYJI~Ca OTHOCHTeJI~HOrO ~BHZeHHI cllparMeHTOB. 
XapaK:rep :raKol 3aBHCHMOCTH onpe.u;enae:rca noBe.u;eaweu wcno~ayeuol 
B pacqe:rax BOJIHOBOI cllYHK]lHH ~pa B TIOBepXHOCTHOI 00n8CTH H B 00JiaCTH 
r<. R) R - P8JtHYC a.u;pa, H Mozer Own ,II;OBOJI~HO CJIOZH'Yli. IIpH BJlqHcJie

HHH aMTIJIHTy,II;'Y peaK]lHH B ,JJ;HarpaY»Hol TeopHH npaKTH'IeCKH y.u;o0HO HMeT~ 
~, 36TIHCaHHWI B BH,JJ;e npOCTOI aHaJIHTH'IeCKOI ~YHKUHH IMTIYJI~Ca. 

B paOore npe.J(JIOzeaw ue:ro,Jtw npaKTH'lecKoro aaxoz.u;enHa flM?, onucw-
BaJI~HX BHpTyaJI~H'YI pacna.J( ~ Ha ~ ~eHTa, B ~e 
npoc:rol aaaJIHTH'I ecxol cllYH!tllHH OT 92 (i/ -HunyJI~C OTHOCHTeJI~Horo 
.J(BHZ8HHI ~parMeHTOB).~M? B CJiy'lae !tOpOTXO,JteiCTBy.,.ero I,D;epaoro 
HJIH ltfJIOHOBCKOrO B3aHUO,JJ;elcTBHI cllparueHTOB nOJIJ'laJITCI e~HH000pa3HO 
B BH,J;e cyWU~ noJIIICOB no 92. , 'ITO npe,~;cTaBJIReT aecouaeaaoe 
y.J(00CTBO npH HX HCnOJI:&30BaBHH ~JII BW'IHCJieBHI UaTpH'IHWX 3JieueaTOB 
peaK]lHH. Ta&, 6MTIJIHTYA6 clleiBMAHOBCXOI ,JJ;KarpaMWW C J'l8TOM IBHOI 3a
BHCHMOCTH ~M? OT q CBO,II;KTCI npH 3TOM It cyuue aMnJIHTf,ll; ,J(Harpauu 
TOro ze BH,JJ;a, HO C TIOCTOIBHWUH BepmHHauH. B CJiy'lae 'IHCTO a.u;epHoro 
L3aHUO,JJ;eiCTBHI, a TaK:Ke cynepn03H]lHH a.u;epaoro H KYJIOHOBCKOrO B36HMO
,JJ;eiCTBHI M8TO,Jt QCHOBaH Ha pa3JIOZeHHH O,II;HO'lfiCTH'IHOI BOJIHOBOI ci!YHKUHH 
CBI3fiHBOrO COCTOIHHI, paCC'IHTaHHOI B JtaKOI-JIH00 M0~8JIH, no ci!YHXUHIM 
raaJteJia. nna HaXOZ,JJ;8HHI ltfJIOHOBCXOI 'lfiCTH ~ (~) HCTI0~3yeTCI 
UeTO,II;ITane-annpoKCHMfiHTOB, KO~H]lHeHTW XOTOpWX BwpazaJITCI qepe3 
KO~HUHea:rw paaJiuzeaHa B pa.u; Telnopa H3Bec:raoro cnexrpan•aoro 
npeACTaBJieaHa npHBe.u;eaaoro KM?. 

PaOo:ra noc:rpoeaa CJieAYJI~Hu oOpaaou. B pa3,J;eJie 2 npHBe.J(eaw 
00-He ci!OpMyJiw, CBI3NBaJI~He flM? C BOJIHOBOI ci!YH1tnHel CBR3aHBOrO COCTOI
HHI. nJia pa3JIOZeHHI BOJIHOBOI cllYHKJlHH CBI3fiHHOrO COCTOIHHI no ~YHK
IlHAM raaKeJIR BWnHCfiHO BWpazeHHe ~~ ~ B BH,JJ;e CfMMW TIOJIJICOB no 92.' 
TIOJIOZeiiHII H BW'leTW KOTOPWX BWpa:KaiiTCI qepe3 napaue:rpw pa3JIOZeHHI. 
B pa3,J(eJie 3 OTIHCaH UeTO,J; BaXOQeHHI flM? ,II;JII CJiyqaa CBR3aHBOro 
COCTOIHHI CHJI:&HOB3aHMO,JJ;eiCTBJIIDIHX cllparueBTOB. Haxoz.u;eBHII J\M? B 
cnyqae CB113.aaaoro coc:roRHHI aapazeaawx fllparuea:roB nocB-.ea pa3,~;en 4. 
B oOoux pa3.u;enax npHBe.u;eaw KOHKpe:rawe npHuepw 'IHCJieBBHX pacqeTOB flM? 
.J;JII a.u;ep 6Ll, 9Be, I3c, I3;v • Bwqacneuuwe B pa3.u;eJiax 3 H 4 flM? H 
KM? npHMeRRDTca B pa3,J;eJie 5 ,~;na pacqera .u;w~epeaUHan•aoro ceqeaHa 
pea:a:nu 13c(p, n. )13/'/ B pauxax npoc:rol :rpexqac:rHuol uo.u;eJIH. ,... 

2 • B ,ll;aJI~Belmeu HCTIOJlb3fJITCI CJI8,11;fii!11He 0003Ha'leHHI: tn;J fi 1 

Ei, ;}; , Mi, I} - wacca, HwnyJI~c, KHHe:raqecxa.a aaepru, cnHH, npoeK
IlH;I cnwsa H pa,~;eyc-Bex:rop nearpa uacc a.~;pa iw:,· i' a/71;tr1J/(Ml+/t1.i) 1 

' • Zj ~ (. ~ , C. 7 'J ) o " ~/( = MJ+/11,.-~· =( aed~"J I 9i' ' 9~· =. "!ijJ1- "''ri) frl;+!)j - HMny:~c 
OTHOCHTe.JU.BOrO ,II;BHZ8HHI 'laCTHil 1- H J , -sv.:9~l9v·, ~··~·-jl./Jfrl·· 
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Mw 
HCIIOJil>SyeM CHCTeMY ~' B KOTOpoi! :lv =- C :: { 

Paccwo:rpHw pacna.u; (peaJI:&HWI HJIH BHpTyan~uwl) a.u;pa a. ua 
cllpar:wea:rw 8 H C , H,JI;fii!HI 3a C'leT CH~BWX B3fiHMO,JJ;eiCTBHA: 

a(ol.a.Ja.Mo.)-+ B(o<dJtft!c)+ c (cJ.e Jcfr1c) , (I) 

r.u;e ol...; - JtOnOJIHHTeJI:&BWe KBaHTOBWe 'IHCJia, HeOOXO,JtHMWe ~~ TIOJIHOrO 
3a,J;fiBHR COCTOIBHII .IU(pa i • liCXO,II;I H3 npHB]lHTIOB BepeJIIJTHBHCTCXOI 
HBBapHaHIHOCTH oO~ee BWpazeaHe ~~ fiMTIRHTJ,JtW pacna,~ta (I) MOXBO 
aanHcan B BH.J;t 3/ 

Jl/N.~ = f4i.Z Ga1Jt!f~6,ffJ{tMe ~"'t/Ja#a}(~Pf,:Jc 11c}3m~JY;M. {vtc), (2) ~ c !Jrt( !/r15 '( 

r.u;e (dil>1fd~ 171z li.J'Y13) - xoa~Hnlfea:r Kneoma.-rop.u;aaa, yt
111

t (v) -aopu.H-
po»aaaaa cfllepaqecxa..a !flyaxnHs, Gale. {!!J ~GGG'e) - .11.u;epawe Bepmuaaye 
cllopM!fla,KTopw (.fiN/), 3fiBHCHMOCTJ. KOIOpWX OT XBaH TOBWX Ql'!CeJI J/ 

1 
Jt' 

He YKB.3aHa IJBBO. ECJIH COCTaBHOe R,ltpO ().,- Ha MaCCOBOii TIOBepXHOCTH
1 

TO ~ 3aBHCHT TOJI:&KO OT O,II;BOI raJIHJieeBCXH-HHBap:HaHTHO~ BeRH'IHHW, 
B ltfi'leCTBe KOTOpol .II.OJ:HO BWOpau HllnyJL:&C OTIIOCZTeJIJ>BOrO ,JtBH:KeBH.IJ 
!flpan.;eHTOB e H e . 3aaqeBHI .f!J3cf? npH 6'£i = 6'8 = % = 0 
(Bee TPH qac~Hnw aa uaccoBol noBepxuocrH) HaawBall:rca a,~;epaWMH Bep
mHBBWMH KOHCTaBTfiMH (flBK) H no CBOe.u.y !flH3H'leCKOYJ CKWCJlY 3XBHBa~ea:r-
HW nepeaopMHpOBaHH'YM XOBCTaHTaM CB.II3H "nnJIPII" (I , ~ ~~ ~ X • 
HM? riaec. ({!; 9k) MOZBO npe,I;CTfiBHTI> B !flopue / 4/ 

GaGe (t!; CJc,J = {qc~/l~~) t Galt (t!)9atk {t!; ~~:J J ( 3) 

r.u;e lfla,xtop ( 9.tc./t~/c)e Y'IHTWBae:r noporoBoe noBe;;eaHe flM? npH 9t~-+O, 
{jaGc.ftJ; 9/.J -a. TfiX.Ba3. TipHBe,JJ;eHBWI flM?, paBBWI no Onpe,D;eJie

HHJI I npH fltc. -=t'~ (sa xaccoBol noBepxHOCTH ) • 

~ .J;JII pacna,Jta CTfi0HJI:&Horo ~pa a Ba CTfi0HRI>BWe !flparMeBTW 
8 H e MOZHO BWpaun qepe3 BO.IIBOBWe !flYBitllHH B.J;ep a ' B H e . 

B ~.I>Belmew Hac OyAeT HBTepeCOBaT:& CJtY'lal, XOr.J(a O,J;HB H3 fllparweBTOB, 
c HJIH e I - BYKJIOB. .HM? npu 3TOW BWpazae:rcR qepe3 BOPJUIPOBaHHyJI 

pa,II;HaJIJ>BYII BOJIHOBfJI !flYHJtnHm CBI3aHBOrO HJ!t.IIOBa ~ COOTHOme-
HHeJiXX.)/3/: 

x;-!Io.u;p~Oa;-~;~ftCTBa .HM? H flBK H3JIOZ8BW B o03opeJ3/. 

xx) ~ -+ - _ a a 
BCJI,JJ;y B ~JI:&Belllew q =9&:. J r = ru~) )'='fie J e.== Clq (1; =~t'c.., 

g"'9ak 1 G=G-a~c., AI=A/c.- JIB OZHTeJI:&, Y'IHTWBaJI~HI TO:K,~teCTBesaocn 
BYKJIOHOB I,J;ep (5 H (; 
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G-!~;?)=-{JTA!)~-~rrz+~VJ~'e{1d ~ {;;rJrldr ) (4) 
0 

r,~~;e l=t+ * -noJIHWI ll0146UT HYKJIO~a B ll,ll;pe, rJefrr) - <f>YHKIHIJI 

Eeccena. 

B piC'I6TaX no Mlffi H no OnTH'Ie CltOI MO.J;911H ~OM) QaCTO annpOltCH

llHPYIIT ~(r) ijlyHKQHel rauKeJia 1-ro po,~~;a A;' (t'P) , KOTopa.a npa

BHJl»Ho OUHCHBaeT aCHllilTOTH'I9CltYJI qaCTh paAHaJibHOI BOJlHOBOI <f>YHKUHH 

~ ~·i r) = ~ e(~J~J'1(t·~f'):::. C(~)e -¥-!' /r, r~ oo, (5) 

uo HlieeT uenpa.BHJihHoe noBe.lteuHe i/~fp) "'r-(tfl) npu r~o. 
Ha <f>opuyJIH 

;:·er9rJi/)(th) rldl' =~ -tfr/JC)e(rlfJ~J-1 (6) 
0 

H COOTHOW6HHB(4 ) B 3TOM npH0JlHZ9HHH Cpa3y nonyqae¥ 

Gf!j;9) =-t'e(7Jlv)~-t C(~){?/l~)t. 
(7) 

H3 cpaBHeHHB (7) H (3) BH.J;HO, QTO HCOOJlh30BaHH9 npH0JlHK6HHB (5) 
.-aeT JlHmh,_npaa.,x,uhHO~- nop,oroB~,e ~oBe~HHe ~ npH q ~ 0 H oTBeqaer 

aaweue ~(n;~ )~~(l:~;cr=-~-_;; 1 .J;JIB npHBe,~~;euuoro n.tjlp •. .JTo npHoJIH-

zeuHe qacto ucnoJlh3yetca B .JtHarpaMMHWX H ~cnepcHOHH~X no~xo.~tax. 

H3 OOCJI6,J;Hel ~OPMY4Y H6M6,1;46HHO CJie~eT H3B6CTHOe B~pa•eHHe AJIR 

HBK qepea aCHllilTOTHqecxym HOPMHPOBO'IHYJI xouctaHTY t ft:J) : 
Gff) = tc''!f- Gfto·jrJ =-/fr)l) ,~z M_, t(ej) . (/ y~~~ J 0 

nns 001168 ~eTaJIDHOro y'leTa UOB9~HHR BOJIHOBOI ~HKUHH B.J;pa B 

nosepXHOCTHOI H BHyTp6HH61 00JiaCTJIX H1 CJl6,1;0BaT9JihH0 1 3aBHCHMOCTH 

(8) 

flDP OT H»nyJl»Ca q Oy.J;eM HCnOJlh30BaTh pa3JIOK6HH6 MO,I;9J!bBOI pa,JtH

an»HOI BOJIHOBOit ijlyHKQHH 'lfe (i; r) , piCCQHTaHHOI 1 BanpHMep, C OOTeH

ItHaJIOM By,~tca-Caxcoua' no ijlyH.ltJ:UIIIM raBKeJIB l:t) { ifrJ c pa311HQHWH 

asaqeuHaMH napall.e'l:pa f . Taxoe paaJioKeHHe HcnouaoBaJlOCh B 

paOote / 5/ H npe,~tcTaBJIJietcs oqea» YA00HY» .ltJIR npaltTH~~ecxoro pacqeta 

HDP, nocxon»xy npHBOAHT .It npoctowy auaJIHTH'Iecxow~ BHpaKeHHm. Rtax, 

3anHmew BOJIBOBym <f>YH.ltllHII HY.ltJlOHa B B.J;pe B BHA6 X 

x)HB.J;8KC ,j , pa3JlHQaiiii!HI .ltOMnOH9BTY BOJ!H OBOI <f>YHKQHH C e+ 1/z. 
H e- f/z '1JpH yqeTe CllHH-opOHTaJI»HOrO B3aHliO,leiiCTBHR, OnycltaeM. 

4 

M {I} 

1/t(r)~~ e~<ge tlj¥:r), O<J, <Ji! < ... <J;vt · 
ITo,~~;cTaBJtaa (9) B (4),c nowo~hll (6) no~qaew .ltJll ~ BHpa•euHe 
THna (3), B ltOTOpow 

(9) 

G(e)=-/(w-N/1ze,l.f~) gtei91=(9~~)~ g; {f;Je+f9~f})- 1 . (10) 

ilpH 3anHCH (10) yqTeu 0, QTO }t =Je H t1 <f>HitCHpOBaHW 3a.,J;aHH6M 

aCHlinTOTHKH BOJlHOBOI <f>YHKQHH. 0'16BH,ltHO, QTO npH q :{~ "!Jt 
g(ei{=-~v = /, ltalt H .J;OJIXHO Own. 

3. ilyCU ~ (r) - piCCQlfTaHBaB (aHaJlHTHQ6CitH HJlH QHC116HHO) 

B KaltOI-JIHOO MOA611H pa~aJlhHaR ~BKUHB CBJI3a.HBOro COCTOBHHJI 

HeiTposa c opOHTan»HWlt .woweu TO» t B a.~;pe. Reno Jib ayew pa3JIOJEeHHe 

(9) , B xotopolt napiwetpw p1 =X H C <f>HXCHposauw acHMnTOTH-

qecxHlol nOB6,Jt6HH6M BOJIHOBOI ifiYHltllHH BeiTpoHa B .B,J;pe: 

1Je {r) /: ~ e -'P' / f ~ 
C11e~s /

5
/, npe,ltCTaBHM l_/f} (1ft) B BH,Jte pa3JIOZ6BHJI 

~ [1) 
• _ Ot Oz f-1 

e f 'Jr) -{f~r)e+r + (Jrl-t+ ... + Oe+t fJrJ + R1 ljr:J, 

1'-+ 00 . 
(II) 

(12) 

-'"u.,wn•v•t:nutl .li.O :roporo UJC XOpomo H3BeCTJIW, a myHKUHJI Ref;d"' f e 
npH r .... 0 H ee MOKBo aanHcan B BH.Jte pa.~ta 

e ""' f-tlt< (t+IL)I far)"-n-f 
/fe {Jr) = [o ltll+fltr {t-n}!n!2" Y' · 

R3 (12) BH,ltBO, 'ITO pa3JlOX6HH8 (9) Oy.~teT HM6Th npaBHJihHOe IIOB6A9HH9 

lE. el( A/1 
{ip,. r) "' r e npH r..., o T oJiuo B TOM c.nyqae, eCIIH BWIOJI-

HeHH rt+i)yCJioBd 
M 

Z f.c Bl<v = 0) 
~=t r v = -(e+l), -te-1), ... , {e-3), /t-1). 

(IJ) 

/} ft} - J 
llpH atow B paaJIOKeHHH (9) li.OKHO aaueHHTh fze (ifJKr; ua Re(f~r.J. 
EcAH Hcxo~ »o.~tenuaa BOJIHOBaa ~YmtuHa H3Beciaa B Nr Toqxax 

r, ' rz ' ••. ' rltlr ' TO M a onpe,ll;eneBHa napaweTpOB Pa3J!OK6HHR (9) 
MW .J;OJIKBW peliHU CHCTelty Afr ypaBH6HHI: 

:f. e"{{JK~) = ~ (rrJ), J·=t 2)'") M-, (14) 
/("'{ 

OTHOCHTenso 2·{ M-1) B6H3B6CTHIIX B8JlHQHH e~: H f3t. ( e, H ,, =~ 
cqHTaew H3B9CTHWMK) npll HaJIHQHH {e+f} CBUel (IJ1. 
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~na YM6HloW6HH8 'IHCRa B6H3B6CTHYX napauetpOB RHH6IHW6 nO e~ 

ypasseHHB csuel (IJ) pa3pemanHc» aBHO .t~~a {e+f) napauetpoB C;: , 
xotopwe no~ctaananHCJo B cHcteuy ypaBHeHHI (I4), OxoH'Iaten~oHaa nepe
onpe,~;eneHHaa CHCTewa Afr H6RHH6IHYX anre<lpaH'I6CXHX ypaBH6HHI ~~ 
OtYC.ttaHHI (M-1} HeH3B6CtHYX naprutetpOB J3K H fVI-(!.fl}-f H6H3-
BeCtHYX napauetpOB C~ pemanaClo 'IBCneHHO ueTOAOM aBTOperyn&pH30-
BaHHWX HtepaUBOHHYX raycc-Hlo~TOHOBCXHX nponecCOB / 6/ , PacqetY BY
llOJIHeHY Ha 3BM cnc-6500 npH nouootH nporpawHoro xounnexca COMPIL • 
nna 3a,J;aHHI Ha'laJIJ.HYX 3Ha'leUHI HeH3BeCTHYX (:1<. H PI(. HCnOJilo30Ba
nac• nponeAJpa, onHcaHHa& B / 5/ • 

f; 
~ 

cr: 
~ 

03 

1,0~1). 

0,5~02 

0 1 2 q(~M-1) 

1,0~q) 

Of>~ 
0, 2q~-4) 

0~~1 ' 01 

r .... -~ r .... ~. L 

0 2 I. 6 8 R(<!>M) 0 , 3 5 7 9R(q>M) 

PHC,I, O,J;HO'IfiCTH'IHYe pa.J;U6JiloHY6 BOJIHOBY6 lfJYnXUHH CBI3aHHWX COCTOI
HBI 8Be+ n... (a) u I 2c. n.. ( 0). KpHBYe I - ~c'letY c nu·reuu11a
~ou By.~;ca-CaxcoHa c napaMetpauH H3 Ta6n.2.Kpza~e 2 nonyqeHH 
c nouo~~ pa3noseHHI no ~YHXUH&M raHxena (9) c napauetpaMH H3 

TaM.lo B BepXHHX npaBWX yrnax pHCYHXOB B30<lpall611Y npHBe,J;eH
HW6 HB<P ~(ei ql.) , nonyqeHHwe no ~opuyne (IO). 

Pe3yJI~otatw pacqetos .t~~• BOJIHOBwx ~yHXuHI 9Be +YI- Ip.v2 {e.=f,i=3/z) 
B I2c -~on.. Ip 11z_ (e=4, j • 9z) H noJiy'leHHwe 3HaqenHR napauetpoB 
npe,J;CtaBJieHY Ha pHC,I H B Ta6n.I. HCXO,J;HW6 BOnHOBW6 ~YHXUBB O,J;HO
'IaCTH~HWX COCTOIBHI HeiTpOHa B 9Be B 13C paCC'IHTWBaJIBClo C nOT6HUHa
JIOU By.~;ca-caxcosa, napauetpw xotoporo npHBe.J;eHw B Ta6n.2. qHcno 
ypaBHeHHI (I4) B o6o:a:x cnyqaax coctaBJIIJIO Nr= 60 • Xopo•ee OllBca
HHe BOJIHOBWX ~YHXUBI ~OCTHffi6TCI yse npH M. 6. 

I 6 

) 

Ta<lJIHUfi I. BW'IHCJ16HHW6 3Ha'leHHI napaMetpOB c" H ;K 
I -----

J< I 2 3 4 5 

f>K. ~,266 
---11-..9~ 0 .!.I7~ 

'"' 0,467!9 
CJ( 0,8350I 

Be+n. 

I2c. n. 

1,12061 1,78846,2,41088~4,57775 
___;_+--4_9_o_o_.!.~8 44,38~2 -2~,6630 1,70730 

1,38050 I,748II 2,27673 4,I8773 
-I45,724 I6I,5IO -69,49IO 4,64837 

----~---~-----· 

Ta<lJIHna 2. Ilapauetpw noteHUHana By.~;ca-CaKcona 

0TM6THM, 'ITO Ani npH<lJIHS6HHOfO pemeHHI nepeonpe,~;eneHHOI 
CHCTeMY ypaBHeHHI (I4) no nporpauue COMPIL HYXHO 3a,J;aTJo 3Ha'leHHI 
nornemHOCTel /J 'lY, ( f';) , C KOTOPWH ~YHltUIUI 'If, {r) H3BeCTHa B 
TO'I.ttaX r': rd , j = I ,2, ••• ' Nr • Eepa pa3JIH'IHWe 3Ha'I6HHR 

Ll 'lfe (r) B pa3nH'IHYX OC!JRl.CTIX H3M6H6HIU r', :MOSHO C03HaTeJiloHO 
M6H1Tlo Ka'leCTBO Hai,J;eHHOfO pemeHH8 B HHtepecymotel HaC 06naCTB, 
Tax

1 
,J;nl Jly'lmel annpOKCHUaUHH HCXO,J;HWX BOnHOBYX ¢UHXUHI RAep 9Be 

B I C B nOB6pXHOCTHOI 06./liCTHIAI noJiaranH /l·"fe (r) /lfe {r)= 0,05 B 
o6mcnt 2,4 \W ~ rs 8 ~ H Ll1/t(r}/1fe{r) = O,IO npH O< r< 2,41114 
B 8 (t1M < (' <. I9 \W , 

ECnH MW pacCuaTpHBaeu CBJ3aHHOe COCTO&HHe npOTOHa B ~,~;pe, TO 
BOJIH0888 cfiYHXUHa, paCC'IHtai!Hrut B KyJIOHOBCKC>JmepHOM UOTeHll,HBJle, 
He HUeet aCHMnTOTHXB (Il).B 3TOM C~qae, O,J;HaltO, ,J;JII paanOS6HHR 

1fe(r) no cfiYHXUHRM raaxena (9) onHCaHHYI MeTOA ocTaetca cnpaae.J;JIH
swu, HO napauetpW ~1 H- el CJie,l(yeT C'IHTaTlo HeH3Be CTHYUH, 

4. B CJIY'Iae cn!6oCBI3aHHOf0 COCTORHH8 3apaseHBYX qaCTHU 8 H 
c , XYJIOHOBCKHI napaueTp ltOTOporo 2 =}At~ 'ie e'lti~ ,J;OCTaTO'IHO 

B6AHX 1 KYJIOHOBCKOe B3aBMO,J;eiCTBH6 CHRloHO M6H86T nose,J;eHHe lffi<P. 
CornacHo 171 xynoHOBC&~ qacTJo pa.J;HanJ.Horo HHterpana nepe&pWTH& 
S.J;ep (l. 1 c H e MOSHO npe,J;CtaBHTlo B BH,J;e 

Iactc (e!; r} = ea~c {e!)r-f Wt,e+f/1. (2~rJ, 

7 

(I5) 



r.~te Ca&c.(e~ - BellleCTBeaaaa &oactaata, V.,e+~ {2'£r)-~ 
YHtTeKepa I , a xynoaosc&HI qnea npHBe,~tealoro HB~ (npHse.n;eaawl KB9) 
3anHmetca B B:H,IJ;e ..., 

gc(e; qz) = exp(-l7Tz/2){9z+£;1{~19llie (9r)Vt, e~-'k (2~r)rdr. CI6
) 

CneKTpanaaoe npe.n;ctasneaHe 
1 

gje; q') H.MeeT BHA 17 I 

t{ei?~:t(e, t)=exp(-ive/2)1~~ i fr~t(f+(lif'I1trrd)~-2d'f, t=t+?Y:xz CI7
) 

0 

nna BYqHcneHHII npHBe,~teHHOfO K~ BOCTIOnL3yewca ~e-annpOKCH.MaR
TOL\ ~ [N,II} [ t) 191 , KoatP~~r.ntHeHTY Kotoporo swpa:mllTca qepe3 
KOatPPHilHSHTY aiL pa3nOK8HHII f/{ei f) B piiJt Telnopa B TOQite f = ( 

r'o.:(e,-t)- i a,. (t-1)(1 ~ s{#,flf]{f) ' 
(J /!=0 (I8) 

.J.._ cin (i-1 e1 ~JI f:Jl' (-, ;,) /''t+2ffl an= h.' dl."' g rtifJJ.t=t = n! ex; _,11!/2; f' t+lff) x 

2B{2h ~2, e+~ +f) P(p-e, 2n+2; f+t+2n+-.3~· -1)) n=&, 1;2. ... , CI9 ) 

B(x}l)=f(x)F(;J/r(x1f), Pgp;/; t-) - rr.meiJreoweTpHqec&aa <flyaxnRa. 
Ilonyqeaawl TaKHM o6pa30M IIB,I\e-annpoxcHMaHT S r~o~,~J {i) (ww Hcnom,-
30BanH .n;RaronanaHYI BHA N=M ) ToK.n;ectseuuo noeo6pa3YeTcB B 
ItOHCTaHTY + cyMMy nonllCOB AI 

S{N,N) If)'=- f. {+) /() (f}:: 'F_ + L ~ , (20) 
l ;II / I N / 0 J:.=( t-t/(. 

r.n;e t" - ltOpHH nonHHOMa Q~o~tf:) 1 QNfi) ... z:_~=o q,. f~ /l;{f)=Z:..:Jpn-t: 
'fo = ft·l9tv; rK = ~ {fK)/ ft;N' JZ.,K (f. -t,.)]. t!To6w npeJtcTa»HTb 

npYBe.n;eHHYI K~ B BRAe CYMMY llO~IlCOB,KaweHHLI npH6nHKeUHO KOHCTaHTY 
( 0 ua "JtaneitHI" nonllc fa~ -t0 'fo/{i-t0) , r,Jte to - 6onuoe QHC

JIO. Tor.-a, o603HaQall ro :--t,ro H YQHTYBall (20), nepenHmeu (I8) 
B OKOHqaTen»HOM BH,Jte: 

N N 

8ele;-t-J=tZ _!:.L =(ql.t~~z ~~ z, -tr.=1+q:/:~l. c2I) 
K=O i-ii( t.-=-0 9 -91(. 

Ha pHc.2 nyHKTHpow H3o6paKeHY paccqHTUHHwe no <flop~naM ~I8) -
(2I) npHBe.n;eaHYe K~· Jtna BHpzyaJIItHYX nponeccos 13N ~ 1 C+p a) 
H 6U ~ J+ d (6). 3aaqeHHB xynoaosc&oro napawetpa Mil csa3annoro 
COCTOIIHHII I 2C+p ~ = 0 1648, ,ltllll CBS3aHHOro COCTOIIHHS cJ.+ rJ. 

e = 0,303. nna pacqeta o60HX KB~ HCllOJIIt30BanHCit AHarouanb
HYe ~e-annpo&cHwaHTW c N = 3. IIa 3TH X Ke pHcyn&ax cnnomuwwH 

8 

~ 

i 
'~ 
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0,7 

l6l 

0,9 
I 

0 

1 

~ 

----

2 3 

2 3 q (4>M-I) 

PHc.2. llpHBeAeHHYe K~ ,~tna 
BHpzyani>HYX nponecCOB 
I3N ~ I2c+ (a)H 6Li~d..+d 
(6). KpHBYe f - pe~nl>taT 
QHCneHHOfO HHTerpHpOBfiHHII (I7) 1 

KpHBYe 2 - pacqeT C nOMO~bll 
IIB,I\e-annpOKCHMaUHH. 

KpHBYMH nOita3aHY npHBeAeHHYe 
K~, HaiAeHI!Ye aenocpeACTBeHHO 
no ~opwyne (I7) c nowo~l>ll 
qHcneaaoro HHTerpHposaaHa, 
Maxcl!MaJIJ>Hoe OTKJioHeHHe npH6nH
Keaawx K~ OT roquwx B HHTepBane 
HMnynltCOB 0 < q < 3 ~-I 
COCTiiBUeT 20·~ AJIB BepmHHY 
13 N ~ I2c. p H 2, 7'/1 Ana sepmH
aw 6Li ~ ol... + d • flpH KenaHHH 
TOqHOCTb BYqHcneHHJI KB¢ NO~HO 

ysenHQHTit,HCnOH&3YII OB,I\e-annpO!tCHWaHTY 6onee BYCOKOfO nopa,ltlta. 
TaKHK o6pa30M 1 BNeCTO qHcneHHOfO HHTerpHpOBaHHS no <flopuyne (I7) MOKHO 
... -...... _ ..... _ ............ ------a. -............. --·- ................. - ... --· -....... ·- ..,_ ............. rrn1 -- ................ _ ..... . 
W ""vv•-•v ~&"-V 4V,t'V-Wft •v ....... ...,.., ... __ &.0- ... ·~V .. &M·- .... ,t' • .._ V,.Jo\ .... ULI-- "-" ..... % ""V 't'"'¥-~ ol&.._._ 

(I8)-(2I) H HCUOH&30BfiTb nonyqeaHyll npOCTYil 8HfinHTKQeCKYil <flopuy 
(2I) B pacqetaX B paMKaX ,JtHarpaw»HYX H ,ltHCnepcHOHHYX llO,ItXO,ItOB. 

5. Mw Hcnona3osanH nonyqeuawe B pa3Aenax 3 H 4 npoctwe aaanHTH
qecxHe ann~OKCHMallHH H~ .n;na sepmHHY BHpr,yanaaoro pacna,~ta 

IJc ~ I C+ ~ H K~ ,~tna sepmHHw B~Tyanaaoro CHHTe3a I2c.p ~ I3A/ 
B pacqetax ~epeanRanaaoro ceqeuHa peaXUHH nepe3apaAXH I3c(p,n)IiV 
npH 3HeprHH npOTOHOB Ep = 30 MaB B paMKaX npOCTOI TpeX'laCTHQUOI 
UO,JtenH 1 npe,JtnOK6HHOI B IIOI • B 3TOI MOAeJIH npeAOonaraeTCII, QTO 
wexaaH3w peaxnHH otseqaer tpeyronaaol AHarpaw»e (pac.3).BsaHMO~e!cT
BHe aanetall•ero npotoaa c aeltpoHOM a.n;pa-wHmeHH onHCYBaetca cena-
pa6eni>HOI ~ -sonaosol aasHca•el or cnHHa IVAI -awnnHTYAOI BHe 

De 12c 13N .. pv· 
9 

PHc.3. 
Tpeyron1>aaa ,JtHarpa.Mwa 
~eiHMaHa Ana peaxnHH 
13c(P, n.. )13N 



3HepreTHQeCKOB llOBepXHOCTH. ~eKTW "HC&aZeHHI" BOXHOBWX ~YHKUHI 

OTHOCHTeJII>HOrO ,ltBHZeHlUI tlaCTH~ BO BXOAHOW. If BWXO,IJ;HOW. K8.H8JIB.X 

peaK~H Y'~IIITI:lBallrcs npuC5m~:~reHHo,KaK B MO,II;wpHIVIPOBaHHOI liM /II/ , B 

Koropol BKXB.,Jt HH3mHX napuHani>HWX B.YnnHTYA c e,. < "'' e,f < Lf (j.i 1-1 L+
napaw.erpw o6peaaHBH).ore5pacwBaercs nonHOCTI>Il, a ne~H~epHIHwe nap

~anJ>HWe aw.nnHTy,J;W Yli.HOlmllTCS Ha lfl8,Xrop K·{Se, sltyz ' r,~;e St .. ( Slt)-
nap~Ml>HWI S -»aTpH'lHwl Uell.eHT ynpyroro JnCCeSHHS BO BXO,J;HOM 

(BYXOAHO») KaHane, BWQHCJieHHWI B OM • .Paxrop K Y'~HTYBB.er a~eKT 
KYJIOHOBCKHX HC&alr8HHI 1 He BKJIIlQeHHWI B KyJIOHOBC&He ~3W pacceSHHS 

6'e. ( G'tt) , BXOARJIIHe B $e. { Se1). 
'.1..11 aunJIHTY.JUI 3-ny'leBoH'BepmHHW 13c -f' I 2c+ n.. HcnoJII>30BaJIH 

~ B BH,Jte (IO) C naraMetpaJ.tH npHBe,D;eHHYMV. B TaC5.1!.l. AMnl!Hty,D;a 

BHpryaJII>HOrO CV.HTe3a 2C+P-+ I:~N annpOKCHMHpOBB.JIB.Cl> KMi B BH,D;e (2I), 

KaK onHCaHo B pa3,1leJJe 4, a 3aBHCHMOCTI>Il s:,llepHoH qacrH HB.P or 

HMnyni>ca B 3ToH BepmHHe npeHeC5peranH. ITocne,~~;Hee onpaB,D;aHo pe3yJII>ta

raMH QHCI!eHHYX pacqetOB1 KOTOpwe ll0Ka3B.J!H 1 'ITO npH OnTH!.IB.JlloHYX 

napaMerpax oelpe3aHHH MH ~ccuorfeHHoB peaxuHH L;::: 4, L-1 = 3 yqer 

3B.BHCH!.IOCTH RM> BepmHHY I C+p-+ 3/lf OT OTHOCHTel!l>HOrO HMllYJILCa 

p H I 2C npHBO,JtHT K H3W.eHeHHil aC5COXIlTHOB BeJIH'lHHY Ce'lSHHB HU 

HSCKOJ!l>KO %1 He MeHBB ~OpMH yrJJOBOrO JnCnpe.u;eneHHR. BY'lHCneHHYe 

AH~epeHuHanLHWe ce'leHHR H30C5paxeHw Ha pHc.4. KpHBaa I nocrpoeaa Cle3 

10 I 

5 

~ 
~ 
IOJOO 
...!. 
~ 
~0.5 
'C 

10_, 
-:;I~ooo'---'~'-----''- --· 

30° 50° 70° 

.l:'HC, Ll. TeopeTH'leCKHe ,II;H<tJIPepeH

IlHB.Xl>RHe Ce'leHHB H 3KCnepHMeHTB.JIL

HYS TO'lKl1 MB peaKUifli 

IJC(p, tv )IJN npH Ep=30 !.laB. 

yqera liMllYXl>CHOIII 3B.BHCHW.OCTl1 l\J3<P 
B aepnnme I 2c+p ~ 13N (npHBe

,ll;eHHYI KB<P 9e(ejqz) =I). U3 

YCXOBHS RB.HJiyqmero OllHCB.Hlfft 3KCne

pHw.eHTB.JlloHOrO Ce'leHHB /I2/ B 

arow npRClJIH~reHHH nonyqeaa oueaxa 

AJJB npOH3Be.u;eHHB RBi\ Y=/Gt3C~ 
'2. 2 tzC+n)· G('zc+p-+'JN)/ =0,51 ~ -

KpHBB.R 2 - pe3yXI>TB.T JnC'leTOB C yqerow 3aBHCHli.OCTlf !{% OT HW.nyJII>CB. 

OTHOCHT8Jll>ROrO ,JtBHZ8HHH p If I 2C. HopMHpOBita teopetH'leC&OrO yrJIOBoro 

pacnpe.u;eneHHH It 3KCllSpHM8HTB.J!LHYll. TO'lKaM B 3TOM CJiyqae ,llaeT O~eHKY 

10 

l 

{j =1,90 ltlM 2 • BH,ltH0 1 'l'fO yqer Kfl<P B BeplliHHe I
2

C+P ~ lJN npH

BO,Jl;HT K CYuteCTBeRROMY yMeHJ>IlleHHil aC5COXIlTHOH BeXH'lHHY C8Q8HHS Jll, 

CX8,D;OBB. teXI>H0
1 
K yBenR'l8HHil H3BXe&aeMOrO H3 cpaBHeH Hll C 3KCnepHM6H TOM 

3HB. tleH HH WK. Haxoae,i ucnoni> 3ya H3Bectaoe 3Ha'leHHe RBI\ I G- (13c_. 
I 2c+tt)/ 2 .. 0,4 111M 31, H3 no~qeaaux 3Ha'leHHI !:1 Haxo~HN 
OlleHrtK .Ill II BenH'lHHY RBI{ BepmuHu I C+P ~ DN : I Gci2

c+p ~ 13N) J 
2 

= I,3 ~ Cla3 yqera I\.13<1> H /GCI2c+p ~ IJN)j 2 =1+,7 ~ c y1:1eTOil I\B<I>. 
l" co:mneawll,aBropaM HeH3BecTHH .Jtpync oneaxw 51!31\ G-CI

2
C+P-+ 

13 AI ) 
c yqerow rtynoHoBcKoro B3awuo.u;eRctBHft p H I

2
c B Bepmime, 

ABTopu HCrtpeHHee Onaro,~~;apawi3.H.;:J.onHHCKol.!.yj3a C5onuyD noMOllll> 

lf llOCIOSIHHwlll H!ltepec K paelore. j,jy TB.KZ8 npH3HateJTL!IY JI.,U.EJIO".lfllll8BY 

K C.A.rouqapoBy 3a none3Hwe oOcp;,~teHHa. 

Jiurepa typa 

I. Eopelel H., ,UoJIHHcKHB 3.H., TypoBueB B.B. H<I?, I968, B, c. 492; 

,llOJIHHCitHI 3.l!. Hu. All CCCP, cep.q1H3., I970, 34 1 c.I65. 

2. EJIOXHH!l9B JI.,ll. H3B, AH CCCP, c ep.~H3,, I973, 37, c.I953; 
Baryshnikov A.G. et al. Nucl.Phys., 1974, !224, p.61. 

3. EXOXHH~eB Jl.,ll., EopOeB 11., ,ll.omtHCKHI 3.ll. 3qA.H, I977 1 o, )t6,c.II89. 
4. Dolinsky E.I., Dzhamalov P.O., Mukhamedzha.nov A.M. Nucl.Phys., 

197J, A202, p.97 • 
Jo Ll.U ~ol\.oA.o' DU.~~~c ~ .: o~o :.:-:~-:.:!.!: 7 ~~'?~, _A _ _??~., !'~ ?A1. 

6. AJiertcaa,D;pOB JI. ::.:BU H i.I<I>, I97I, l~ 1 , c.J6; IIpenpHHT Ollli.li, 
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HET JU1 nPOBEJIOB B BAWEfl BHBJIHOTEKE? 
MOJKeTe no.ny'IHTb no no11Te nepei!Hc.neHHble HHJKe KHHr'H, 

ec.nH OHM He 6bl.nH 38K838Hbl paHee . 
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ToYAW VII Bcec~sHoro coae~aHHA no ycKOPHTellAH sapA
•eHHWX 4aCTH~, ,lly6Ha, 1980 /2 TOMa/ 

ToYAW pa604ero COBe~aHHA no CHCTeMaM 11 MeTOAaM 
aHanHTH4eCKHX BW4HCneHHH Ha 38H H HX npHMeHeHHm 
B TeopeTH4eCKOH ~311Ke, ,lly6Ha, 1979 

ToYAW Me*AYHaPOAHOH KOH¢epeH~HH no npo6neMaM 
HecKOilbKHx Ten a AAePHOH ~H3HKe . AY6Ha, 1979. 

ToYAW Me*AYHaPOAHOH WKOilW no CTPYKType AApa, 
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ToYAW VI Me*AYHaPOAHoro. coae~aHHA no npo6neMaM KBaH
TOBOH TeOpHH nonA . AJ1ywTa, 1981 

ToYAW Me*AYHaPOAHoro coae~aHHA no npo6neMaM MaTeMaTH-
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3aKa3bl Ha YITOMHHYTble KHH£'H MO£'YT 6b1Tb HarrpasneHbl ITO anpecy: 
101QOO MocKBa, fnasrro'ITaMT, rr/H 79 

H3naTenbCKHA OTnen 06benHHeHH0£'0 HHCTHTYT3 HnePHbiX HCCnenoBaHHA 

6apWWHMKOB A.r., KpeKOTeHb c.n., HaBpoAMeB c.~. 
0 npaKTM~CKOM BW~McneHMM ~AePHWX BepwHHHWX $0p~aKTOpoB 
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npeAnO•eHW MeTOAW· npaKTH~eCK0£'0 HaXO~eHHA AAePHWX aepwMHHWX $0pM
~KTOpoB /148./ B BHAe Cy- nO.ntOCOB no q2, if - MMnynbC OTHOCMTenbH0£'0 
ABM•eHHA •parMeHroa. 8 cny~ae ~Hcro AAepHoro aaaMMOAe~cTBHA ~arMeHToa, 
a TaK*e cynepn03MqMH ~AePH0£'0 M KynoHOBCK0£'0 B3aMMOAe~CTBH~ MeTOA OCHOBaH 
Ha paano.eHMM MOAenbH~ OAHO~aCTM~HO~ BOnHOBO~ .YHKqHM CB~3aHH0£'0 COCTOAHMA 
no .YHKqH~M raHKen~. An~ HaXo~eHM~ KYnoHOBCK~ ~aCTH 148t MCnonb3yeTCA 
naAe-annpoKCMMaqH~ M3BeCTHOrO CneKTpanbHOrO npeACTa&neHM~ KynoHOBCK0£'0 
Bei)IIMHHOro $0PMt8KTopa /K8./. Ha~AeHHWe 148. M K8. AnA ~AeP 18C M ~~ npM
MeH~DTCA An~ pac~eTa AHI!ItepeHqManbHOro Ce~HM~ lSC(p,D) 18N B npoCT~ 
Tpex~aCTM~H~ MOAenH. 

Pa5oTa awnonHeHa a na5opaTopMM TeopeTM~ecKoA $M3HKH OM14M. 

C~HMe ~HeHHOro HHCTMTYTa AAei)HWX MCcnBAOeaHiril. AYC5Ma 1982 

8aryshnlkov A.G., Krekoten S.P., Havrodlev S.S. 
On Calculation of Nuclear Vertex Fonm Factors 
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Methods are proposed for calculation of nuclear vertex form factors 
(NVF) as a sum of poles In q2. q being the momentum of relative motion 
of fragments. In the case of pure nuclear Interaction of the fragments and 
of a superposition of nuclear and Coulomb Interactions the method Is based 
on the expansion of a model one-particle wave function of the bound state 
over the Hankel functions. The Coulomb part of NVF Is calculated by using 
the Pade approximation of the known spectral representation of the Coulomb 
vertex fonm factor (CVF). The calculated NVF and CVF for nuclei tac and 
18 N are used to compute the differential cross section of 11C(p,JI)taN 
In a simple three-particle model. 

The Investigation has been performed at the Laboratory of 
Theoretical Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1982 
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