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AMenHH H.C., JlbiKBC05 r.l1. P2 • 11314 

0 MeXBHH3Me Heynpyroro p-d pacCeSIHHSI H838.cl 

Hccne.ctyercSI Heynpyroe P-d pacceSIHHe Ha3an Ha npeMepe peaKUHH 

pd .. ppn npH sHepreH HaneTaJOIUHX nporoHoB T 0 : 1 fsB, 

AHanH3HpyercSI BKna.ct o.ctHOKparHhrx " llBYKPBTHhiX ynpyrex 

CTOnKH05eHHll 5 HH58PHBHTHOe Ce'l:eHHe ABHHOH peBKUHH. noKB3BHO, 'ITO 

OCH05HOH 5Kna.ct 5 HH58pH8HTHOe Ce'l:eHrfe npOTOHOB, paCCeSIHHbiX 5 38JlHIOIO 

UOJ1YC<!Jepy C 60nblllHM HMnynbCOM ( P ~ 0,2 fs8/c), LlBIOT 'rpeyrOnbHhie' 

AHBrpaMMbl C O.llHOUHOHHbiM 06MeHOM. 

Pa6ora BhmanneHa n Jia6oparapHH BLI'I:H9nHrenbHoll reXHKKK 

K aaroMaTH38UIIH OHSJH. 

flpenpHHT 06'bellKHeHHOrO KHCTKTyTa SI.QepHbiX KCCne.QOBSHHll, lly6Ha 1978 

Amelin N.S., Lykasov G.I. P2 • 11314 

On the Mechanism of Inelastic p-d Bqckwa.rd Scattering 

The inelastic p-d backvvard scattering at high energy is inves
tigated. The contributions of the single and double nucleon-nucleon 
elastic scattering are analysed. It is discussed as well as for the 
elastic P-d scattering/ 2- 51the possibility of the one-pion-exchange. 
For example the backward reaction pd .. ppn at the proton energy 
To • 1 GeV is considered. It is shown that the approximation of 
the single and double N-N scattering does not describe the experimen
tal data on the invariant cross section at large momentum of the 
scattered protons P 2: 0.2 GeV/c. The "triangle" graphs with the 
one-pion-exchange (Fig. 2) at p >_ 0.2 GeV/c give the main contri
bution to this cross section. It is shown that this contribution is 
proportional to the energy spectra of pions da/dT~ . One has 
the resonance character at T ~ = 0.1 GeV. The inclusion of the 
"triangle" graphs with the one-pion-exchange allows one to describe 
the invariant cross section of the inelastic backward p-d scat
tering (see Figs. 3,4). 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 

@ 1978 06betlRHeHHbiJl HHCTRTyT H/lepHbiX HCCne!lOB8HRil J1y6H8 

B flOCJie~HHe rO~bi B03pOC HHTepec K HCCJie~oBaHHIO 

B3aHMO~eiCTBHH a~pOHOB H H~ep C H~paMH npH BbiCOKHX 

3HeprHHX. Oco6oe BHHMaHHe 6LIJIO uanpaaneuo ua H3y'leuue 

HMflYJibCHbiX pacnpe~eJieHHi a~pOHOB B a~pou· H~epHbiX H 

H~epuo·H~epHbiX COy~apeHHHX, pacceHHHbiX B 3a~HIOIOflOJiy· 

c<lJepy B JI.C., C 3Hepruei, npeBbiWaiOJ:Qei KHHeMaTH'IeCKHi 

npe~en s cso6o~HLIX a~poH- a~poHHLIX CTOJIKHOBeHHHX. O~ua 
H3 npH'IHH npHCTaJibHOrO BHHMaHHH K ~aHHOMY Bonpocy -

nposepKa runoTe3LI TaK uaJLIBaeMoro KYMYJIHTHsuoro 3<P

<1JeKTa ·1 

B CBH3H C 3THM B03HHKaeT BOllpOC, MO)f{HO JIH, He BBO~H 

HOBbiX MO~eJibHbiX npe~CTaBJieHHH 06 a~poH- H~epHOM 
B3aHMO~eHCTBHH, 06'bHCHHTb pH~ 3KCnepHMeHTaJibHbiX <lJaK

TOB o6 a~pou- H~epHoM pacceHHHH ua 6onLwue yrnLr. 

B HaCTOHJ:QeH pa6oTe HCCJie~yeTCH MexaHH3M Heynpy

rOf"O p- d pacceHHHH s 3a~HIOIO nonyc<lJepy ua npuMepe 

peaKUHH p d , p pn npu 3HeprHH uaneTaiOIQHX npoToHOB To == 
= 1 T3B. AHaJIH3HpyeTCH BKna~ o~HoKpaTHoro H ~ByKpaT

uoro N-N CTOJIKHOBeHHH B HMflYJibCHOe pacnpe~eJieHHe npo

TOHOB, BbiJieTeBlliHX Ha3a~, a TaK)f{e B03MO)f{HOCTb O~HO· 

flHOHHOrO o6MeHa B ~aHHOi peaKL{HH. lJoKa3biBaeTCH ,'ITO, 
/0 5 . 

KaK H ~nH ynpyroro p -d pacceHHHH uaJa~ .._- ·. MexaHH3M 

O~HOflHOHHOrO 06MeHa ~aeT OCHOBHOi BKJia~ B HHBapHaHT· 

uoe ceqeuue npoToHoB, pacceHHHbiX B 3a~HIOIO nonyc<lJepy 

c HMnynLcoM P ':. 0,2 F.:JB/c. 
AMnJIHTY~Y peaKUHH pd • ppn c y'leTOM o~HoKpaTHblX 

N--N pacceHHHi I puc. 11 H "TpeyronLHoi" ~uarpaMMbi 

I puc. 21 c o~uonHOHHLIM o6MeHoM JanuweM B BH~e 

F • F(l) F(2 ) 
d d + d 

+F (3) 
d 

Ill 

3 



(1) 
r.ne Fd = <I> 0 (p3)F (Q)- BKna.n o.nuoKpaTuoro p--n pacceJI-
HHB /puc. 1aj16/; PI\;-J2),.,<f:J0(p 2)Fpp(Q) - BKna,n O,nHOKpaT
HOrO p- p pacceBHHB /puc. 16/ 161; <f:l 0 - ciJypLe-o6pa3 
aonuoaoii ciJyHKU.HH .neiiTpoua; F P , F pn - aMnnHTYAbl cao-
6o,nuoro p- P H p- n pacceBHHH }a n.c.j COOTBeTCTBeHHO; 
Q 0

" PO - P 1 - nepe,naHHbiH TpeXHMDYllbC; p O , p 1 - Tpex
HMnynLCbl uaneTaromero H pacceBHHoro npoTouoa; p

3 
, 

p2 - TpexuMnynLcbl npoToua H ueiiTpoua paJaanuawerocJI 
,neiiTpOHa COOTBeTCTBeHHO; F d 3) - BKna,n "TpeyrOllbHOH" 
.nuarpaMMbl /puc. 2/. 

161 
AMnnHTy,ny Fd uopMHpyeM, KaK u B pa6oTe • cne-

AYJOID.HM o6pa3oM: 

3 
~ d~y(2rr) MdFd 

.nucllciJepeuu.uanLuoe ceqeuue paccMa TpuaaeMoii peaKU.HH 

da ~-!-1~ l 2
8(p -p -p -p )x 

4M p d o 1 2 3 
d 0 

ct3p ct3P.ct3p 
1 2 3 

X 
~ ( M d + E (Po)- E (p1)- E ( p2 )-E. (p 3 )) 

5 
(2rr) 2E (p 

1 
)2E(p2 ) 2E (p 

3 
) 

r.ne M d "" 2m - Macca .neiiTpoua, m - Macca uyKnoua. 
)l.nB F J3) MO)KHO JanucaTL cne.nyromee Bblpa)Keuue/.61 

: 

F(3) .. - _1_ I <I> (k) f 
d (2rr) 3 0 rr 

3 
1T d k 

(p -q ) G (k) F ( q) g 4 E (k) E ( q) 

0 /2/ 

3.necL -1 
G(k)'"' [ M d + E (p 

0 
)-E (-k)-E (q)-E(p 1 )-E (p 2)+id -

CB060,nHaB ciJYHKIJ.HJI rpuHa B HeKOBapHaHTHOM c1JopMallH3Me 

BaTcoua; f - aMnnHTy.na peaKU.HH pN ... rr NN ua Maceo
BOB noaepxuocTu; F'" (q) - ciJopMciJaKTop, Y'IHTbiBaiOID.Hii 

4 

0 

~ 

D 

P. 

kT ~ 0 

kr~;, ~t:> 
L 

«:.... ~ 

( a l ~p CSl ~~ I 

Puc. 1. ,l{uazpaMMbl oOHoKpamHozo N-N pacceJIHWI 
6 peaKflUU pd -• ppn. 

~D 

~ 

~ P. 
12. ~p 

I P. ( 0) (a) 

D p~ 

Pz 

fi> • ..... 

~ 
Puc. 2. "TpeyzoAbHble" ouazpaMMbl c OOHonUOHHbiM 

06MeHOM. 

BHeMaCCOBOCTb 1T -Me30Ha; g - KOHCTaHTa CHllbHOH CBJI3H 
I g 2 /4rr = 14,7/; k - TpexuMnynbc uyKnoua BHYTPH .neiiT
poua; q,.,p

3
-k - TpexuMnynLc npoMe)KyTotfHoro rr-MeJo

Ha. G (k) MO)KHO npe,ncTaBHTb B nuueapH30BaHHOM no k 
BH,ne 16/: 

... ... l-1 
G(k) -[.\+ v 3k +i£ • 

r.ne 
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-+ 

Pa 
-+ --v --

3 E"(p3) 
, A "'-m + E N(p3)-E" (p3 ), 

2 2 . 2 2 
EN (p 3 ) "'V p 3 + m , E "( Pa) = V p 3 + 11 , 

11 - Macca 11 -Me3oHa. 

Tor,11.a Bbipa*eHue /2/ JanurneTcs B BH,ll.e 

(3) _g_ f 
F d z- (277) 3 

--) ~--+ JT--+--+ 3 
<1> 0 (k)f77 (p

0
-p3 +k)F ~-k)d k 

------------:;--~ -:----
4E(k)E77(p3-k)[A+ v3 k +1 < l 

/3/ 

Y'IHTbiBaH, 'ITO <1>0 (k) - pe3Ko cna,11.a10mas c pocToM k 

!lJYHKUHH • aMnnHTY.ll.Y f 77 (I\) -p~ tk)MO)I(HO BbiHeCTH H3- 00,11. 
3HaKa HHTerpana npH k = 0. <l>opM!lJaKTOp TO)I(e BbiHOCHM 
H3-00,ll. 3HaKa HHTerpana npH cpe,ll.HeM 3Ha'leHHH BHyTpH
,ll.eUTpOHHOrO HMnynhca k = k 0 . Pac'leTbi noKa3anu, 'ITO 
OKOH'IaTenbHbiH pe3yflbTaT, T .e. HHBapHaHTHOe Ce'leHHe HC
Cne,ll.yeMOH peaKUHH, Mano 'IYBCTBHTeneH K BapbHpOBaHHIO 
k 0 B npe,11.enax k 0 = /100-:-150/ M.JB/c. 

Tor,11.a nocne npocTbiX npeo6pa3oBaHHH nony'IHM 

• --+ --+ TT 
F(3) 1gf"(p0 -p3 )F (k0 ) 

d "'-----------I 
(277 )312 4p m 

1 
' 

3 

/4/ 

r,11.e 

00 

iax 
I 
1 

"' J e <I> ( x) dx , 
0 0 

E" (p3) 
a =(-m+E (p ) -E (p ))----. 

N 3 11 3 IP I 
3 ' 

HusapuaHTHoe ce'leHue npoTOHOB c HMnynhCOM p3 B 
paCCMaTpHBaeMOH peaKUHH pd ~ pp 11 B n.c. MO)I(HO 3a-
llHCaTb B BH,ll.e 

1 da _ _ENCP22__. +, 
- pd d p 3 a 

tot 
/5/ p a pd d T

3 
d {} 

3 tot 

r,11.e 

6 

da "' r 
ds Ps . 

c- 2 
I J cti P2 ctn2 

(277) 5 4MdpO 8EN(p1) EN(p 3) 
/6/ 

AMnnHTY.ll.hi ynpyroro N -N pacceHHHH HopMHposaHbi, KaK 
H s pa6oTe ·6 ·: 

a el _ 1 IF 2 
tot,NN- 4mp- f NN I 

d 3p d 3p 0 (p -p -p )8 (E +m-E 
1 
~E2 ) __ c.-:.z::..::..o 1 2 ..JJ..:.._ . 

0 
2 (2 11) 2E 

1 
2E 2 

/7/ 

el' 
u tor., NN nonHoe ce'leHue ynpyroro N - N pacceHHHH. 

l1Mnynhcuoe pacnpe,11.eneHue _ _1\1-- . cor nacHo Bblille
d'ps 

CKa3aHHOMY, MO)I(HO pa36HTh Ha cne,ll.yiOII.\He 'laCTH: 

da da(1 ) da(2 ) da(S) da(inter) 
---"' ---- t ----- + ---+--- ' 
d 3 p d3 p d 3 p d3 p d3 p 

3 3 3 3 3 

r,11.e 
du( 1) 

--------· - ce'leHHe -o6ycnosneHHoe O,ll.HOKpaTHhiM p-n 
d3 ' Pa d (J (2) 

paccesuueM, ---;-~------ - ce'leHHe, o6ycnosneHHoeo,ll.HOKpar-

d . p ;~ d a (3) 

HhlM p- p paCCeHHHeM, -·-3·-
d p

3 

- ceqeHue, o6ycnosneH-

HOe BKna,ll.OM "TpeyronbHbiX" ,ll.HarpaMM C O,ll.HOllHOHHbiM 

J 
(inter) 

(T 
--;----- - see HHTep<lJepeHUHOHHbie 
d3p 

o6MeHOM /puc. 2/, 
qneHbi. 3 

(1) 
Ilo,ll.cTaBnHH Bblpa)l(eHHe ,11.n.JI F d 

3YH /7/, nonyqaeM ,11.ns da(1) / d ·
3 

p 
3 

( 1) 2 el 
~- = _m __ • <1>0 (p 3). a tot,pn 

d 
3 

P 3 EN(p3) 

B /6/ H ucnonb-

/8/ 

1 



113 BLipa)KeHHJI /8/ BH)J.HO, 'ITO HMHYJibCHOe pacnpe,II.e
neuue, o6ycnosneuuoe TOnbKO OJJ.HOKpaTHLIM p-n coy,II.a
peuueM, c poe ToM p 3 pe3KO cna,II.aeT nponopu.uouanbHO 
ifJ~ (p3 ) 

da(2 ) 
)l;n.11 -:_:r- auanorH'IHLIM o6pa30M nonyqaeM 

d p
3 

da (2) 

ctTP 
3 

1 
"" (2 11 ) 2 16 p E (p ) 

0 N 3 

.r <1>2 CP ) IF (Q)I2 _!~cos e 2 
0 2 pp E--. 

(p1) 

/9/ 

TaK KaK npoToHLI c HMnynbCOM p3 BLineTaiOT B 3a.D.-
HJOIO nonycl}lepy, TO ynpyroe p--p pacceJIHHe npu BLI'IHcne-

da {2 ) 
HHH ----- /eM. puc. 16/ ueo6xo.D.HMO paccMaTpusaTb 

ct3p 
3 

KaK ynpyr~e pacceJIHHe uaneTaJOmero npoToHa ua JJ.BH-
)KymeMcJI BHYTPH JJ.eiiTpoua npoToHe. AMnnHTYJJ.Y F P /Q) B 
/9/ YJJ.06uee paccMaTpHBaTb B c.u..M. KaK H3BecTHO H3 
3KCHepHMeHTaJibHLIX ,II.aHHLIX I 7 I, ,II.HI}ll}lepeHI.I,HanbHOe Ce'leHHe 
ynpyroro N-N pacceJIHHJI Ha3a)J. B C.l.I,.M. npu To >_ 1 r3B 
XOpOWO annpOKCHMHpyeTCJI 3KCHOHeHI.I,HaJibHOB Q 2 - 3aBH
CHMOCTbiO. il03TOMY B HaweM cnyqae aMnnHTYJJ.Y ynpyroro 
p-p CTOJIKHOBeHHJI B C.l.I,.M. f ;p(Q) B03bMeM B BH,II.e 171 

f 0 Q2 
PP(Q )s fpcp(O)e- cbl2 

..... k ..... ..... ..... ,... .... 
..... ~ pl-p3 ..... P2-K -> p2 ko 
Qc= -----zp + -P+-----

2 2 3 2 32 2' 

T.e. nepe,II.aHHLIB TpexuMnynbc Qc 6epeM npu cpe,II.HeM 
BHYTPHJJ.eiiTpOHHOM HMnynhce k 0 

c . 
f (O)s ~ P a 

pp 4 17 c tot,pp,. 
f L (0)"' ~ f 0 

(0) , 
pp p pp 

c 

8 

(0) 
r)J.e fPP - aMnnuTy)J.a ynpyroro p-p pacceJIHHJI B n.c., 
Q 2 =0 ; p ,p,0 - HMnynbCbi uaneTaromero npoToHa B 

c c c 
C.l.I,.M. B n.c. COOTBeTCTBeHHO; a- Ref (0)/Jmf (0); 
a tot, P p - nonuoe ceqeuue ynpyroro p- p pacceJIHHJI. 

AMHJIHTYJJ.a F (Q ), BXO,II.JIIl(aJI B /9/, CBJI3aHa C f L 
pp JlP 

cne,II.yJOU(HM o6pa3oM: 

--- L 
F (Q),.8trym p

0
E(p

2 
)/p

1 
f (Q). 

PP PP 

KaK noKa3anu Bbi'IHCneHHJI, 3Ha'leHHJI /9/ npu scex 

P 3 MeHbWe /8/, T.e. 

d (2) 
a < 

'dSP-
3 

0.1 ~a(l) 
d3 p 

3 

113 BLIWeCKa3aHHOrO cne,II.yeT, 'ITO BKJia)J. O)J.HOKpaTHOrO 
N--N coy)J.apeHHJI B d a (S)/d3p pe3KO cna,II.aeT c pocTOM 
HMnynbca p 3 . )l;anee 3aMeTHM~ 'ITO ynpyroe N-N nepepac
ceHHHe B ,II.aHHOB peaKI.I,HH )J.aCT npeHe6pe)KHMO ManLIB BKJla,II. 
B HCKOMOe Ce'leHHe npH pacceJIHHH npOTOHOB Ha 60JibWHe 
yrnLI I 0 = 90'?.180°/ B n.c., TaK KaK u3-3a Manoil sue
MaccosocTH HYKJIOHOB BHyTpH ,II.eBTpOHa OHO He3Ha'IHTenb
HO OTJIH'IaeTCJI OT ynpyroro CB060)J.HOrO N-N pacceJIHHJI, 
B KOTOpOM pacceJIHHe HYKJIOHOB Ha3a,n. BJI.C. KHHeMaTH'IeCKH 

Janpemeuo. 
Ecnu aMnnHTYJJ.Y f 17 uopMuposaTb cne)J.yJOU(HM o6pa-

30M B n.c.: 

da 
11 

4 
""' (217) 0 (p 0- q- p 1 - ~ ) o(+E(Po )+m-E(q)-E(pl)-E(p2)) X 

I r" l2 
3 3 3 

d Pt d p~d p 3 
X 

4mp
0

E(q)E(p1 )E(p
2

) 

TO, HO)J.CTaBJIJIJI /4/ B /6/, ,n.nJI 

(211) 3 

da(3 )/d3 p 
3 

. /10/ 

nony'laeM: 

9 



2 TT 2 (3) 
~ g mE rr (p3 )[ F (p3 - k0 )] 

2-------
1 I 1 I 

d 3 p 
3 

X 
darr 

dTrrdcos() 

8p2 E (p ) 
3 N 3. 

2 TT ]2 
g m[~3-ko)_ 

8p:EN(p3)(c2 -c1) 

/11/ 

III 2 ~ 1 dT 
TT 

3.D,ecb ( c1 , c 2 ) - HHTepaan HHTerpupoaaHHJI ce'leHHJI 
no dcos(), ou Bhl6upancJI, KaK a B pa6oTe 110•; (c

1 
,c

2
) = 

da
17 

= /·1 0 ·0 67/· /·0 67 -0 33/• ---- - 3HepreTH'IeCKOe 
' ' ' ' ' ' ' ' dT 

17 

pacnpe.D,eneuue " ·Me30HOB /ua Maccoaoil noaepxuocTH/ 

a peaKUHH PN. "NN; 

T '"'E ( q ) - 11 "" E ( p ) - E (k ) - 11 - E (p ) - m- 11 -TT 17 r N 3 - N 3 

- KHHeTH'IeCKaJI 3HeprHJI 11 ·Me30Ha Ha MaCCOBOH noaepx
HOCTH. 3aMeTHM, 'ITO MHHHManbHOe 3Ha'leHHe E ~in (p3 )paa
HO 

E min (p )= m +l1, 
N 3 

'ITO crre.rweT H3 3aKoua coxpaneHHJI E (k)+E (q )=E (p ) npu 
q "' 0. 17 3 

TT 

IlpoauanH3HpyeM 6onee .D,eTanLHo "TpeyronLHble" .D.Har
paMMLI c O.D,HonuoHHLIM o6MeHoM I puc. 2/. 

B aepwuue l'1 /puc. 2a/ MoryT 6b1Tb aMnnHTY.D.hl 
cne.D,yiOJUHX npoueccoa: 
a/ pp •rr+pn; 6/ pn '" 0 pn. 

A a aepwuue 1'2 I puc. 26/ MoryT 6LITL aMnnHTY.D.hl 
TaKux npoueccoa, KaK: 
B/ pp -• TT 0 pp; r/ pn •TT-pp 

113 B03MO)I{HbiX npoueccoa a/-r/ uau6onLWHH BKna.D. 
.D.aiOT a ce•Ieuue peaKUHH p d ' p pn npoueccbl a/, 6/. 
06'bJICHJleTcJI 3To cne.D.YIOIUHM. B Bbipa)l{eHHe d a (3 > .' d 3 p

8 

10 

I 
I 

aoii.D,eT 3HepreTH'IeCKHH cneKTp rr ·Me3ouoa, ecnupaccMaT
puaaTL .D,HarpaMMY /2a/, KaK B /11/, HnH 3HepreTH'IeCKHH 
cneKTP npoTOHOB da

7
, /d Tp_ , ecnu y'IHTbiBaTL .D,HarpaMMY 

/26/ npouecca pN _, rr NN . Ho TaK KaK npu paccMaT-

da da 181 
- 1 F3B --:JL » _ _!!_ TO BKna.D,oM 
- dT T ' 

puaaeMoil 3Hepruu T 
0 

TT d p 

.D,HarpaMMbl /26/ B HHBapHaHTHOe Ce'leHHe HCKOMOH peaK· 
UHH npeue6peraeM. BKna.D,oM "TpeyronLHoil" .D.HarpaMMbl 
/2a/ a ceqeuue I 6/ TO)I{e MO)I{HO npeue6pe'lb, T. K. nonuble 
Ce'leHHJI peaKUHH rrcd -• pp , rr 0 d ~ pn, KOTOpble MoryT 
6biTL a aepwuue 1'3 , Manbl no cpaaueuuro c ce'leHHJIMH 

+ npouecCOB pp -• rr. p n , pn _, TTo pn COOTBeTCTBeHHO 
I I 13r 

uanpHMep, a rr ~d _, -3% OT app-+rr+pn ' -
Y'IHTbiBaJI Bblwlc~a3auuoe, BMecTo 111/ MO)I{HO uanu

caTL 

da (3) 

d 3p 3 

2 17 21 2 g m [ F ( p3 - k0) ] I I 
3 ------ X 

Sp3EN(p3) 

x [ d a P P .... rr + P n + ~~ n -->77 o ...£....? __ ] . 
dTrr dTrr 

/12/ 

3uepreTH'IeCKHH cneKTp dupp•TTI-pn /dTTT npuT0 :::: 
18 -:.1 F3B 6pancJI H3 pa6oTbl .Ou HMeeT pe3oHaHCHbiH xa-

paKTep c MaKCHMYMOM npu 'I~ :: 100 :-110 M3B/c. 113 Bbl" 

d (J (3) 
pa)l{eHHJI /12/ BH.D,HO, 'ITO nOBe.D,eHHe -:r--- nonHOCTblO 

d p 8 

onpe.D,enJleTcJI pe3oKaHcHLIM noae.D,euueM .D.H<WJepeuuuanL
uoro Ce'leHHJI d a p N , 

17 
N N / d T 

17 
• IlOCKOnbKY HeT 3KCne-

puMeHTanLHLIX .D,aHHblx o da o /dT pn->rr pn' rr 
npu T

0
, 

1 F3B, TO 3TOT cneKTP 6pancJI a BH.D.e d a 0 I d T pn-->rr pn rr 

= 0,21 d a 1 dT ucxo.D,Jl H3 cooTuoweHHJI Me)K.IJ.Y non-
P p->rr +p n rr' 

HLIMH ce'leHHJIMH npoueccoa 
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PP->11+pn, p n -+ 77 o p n ( a tot 
P p-+77 +p n 

tot 
=0,21apn-+77o p n ). 

B Ka'leCTBe ~opM!lJaKTopa F
77 ~~ancJI 4JopM4JaKTop <l>ep-

papu- Cennepu 9, , KaK H B pa6oTe : 

F 77 ~(1-
q2 2 

77-J,J-

6011 2 

) -1. 

r,IJ,e q - qeTLipexnMnynLc BHeMaccoaoro 77 -Me3oHa 

(q 2 = E 2 (q)- q 2 ), 
77 

F 77 ( k o) = [ 1 + ~~!!_g>..a.l_-:!?.2_~~..£ 2 /2---1-: 
30 ll 2 

~nJI HHTepllJepeHUHOHHOrO qneHa B npH6nu~eHHH O,!J,HO

KpaTHOrO pacceJIHHJI nonyqaeM 

(inter .1,2) 
~a ~ 2m<ll~3) f <fl (p )F * F dO 
d3 p 

3 
E N( p 

3
) 0 2 pn pp 2 

llpH Bbi'IHCneHHH OCTanbHLIX qneHOB HHTepllJepeHUHH 

aMnnHTy,na peaKUHH pN--> uNN C'IHTanacb 'IHCTO MHHMOB, 

TaK KaK HeH3BeCTHO oTHomeHHe Ref I .Trnf . BLipa~eHHJI 
77 77 

(inter.3,4) 3 
H da d p 

3 
npHBe,IJ,eHLI d 

(inter.1,2;3,4) /d3 
,IJ,nJI a P 3 
B JipU.IIOJICeHUU. 

Tor,IJ,a Becb HHTep!}lepeHUHOHHLIB qneH, BXO,IJ,JII.UHB B non-

HOe BLipa:>KeHHe ,IJ,llJI d a I d 3 p 
3 

_ MO~Ho 3anuca TL B BH.D.e 

+ 

'12 

da (inter.3,4) 

d3p 
3 

(inter.1,2) (fnter.1,2;3,4) 
da da 

3 + ~r---------· 
d p

3 
d p

3 

+ 

/10/ 
B pa6oTe npuae,IJ,eHLI 3KcnepuMeHTanLHLie ,IJ,aHHLie 

06- HHBapHaHTHOM Ce'leHHH --k---• da/dT dcosO 

P a tot 

npu To-

-:.1 r3B, npOHHTerpHpOBaHHOM no dcos 0 B pa3HLIX HHTep

Banax (c 1 ,C 2 ) ,B 3aBHCHMOCTH OT HHBapHaHTHOH nepeMeH

HOB x = TIT max, r ,IJ,e T - KHHeTH'IecKaJI 3HepruJI perucT-

pupyeMLIX npoTOHOB B peaKUHH p d --> p pn, a T max 
KHHeTH'IeCKaJI 3HeprHJI pacCeJIHHLIX no,IJ, TeM ~e yrnOM 

npOTOHOB B ynpyrOM p-d CTOllKHOBeHHH. 

~llJI cpaBHeHHJI C 3KCnepHMeHTOM paCC'IHTLIBanacb Be-

nH'IHHa 

1 
p a pd 

3 tot 

da _EJ:p3) I Jk_d¢ 

d T 3 d cos e a fo~ d 
3

p
3 

npOHHTerpHpOBaHHaJI no d COS 0 B HHTepBanax (c 1 ,c 
2 

) : 

l-1,-0,671, CM. pUC. 3, l-0,67,-0,331, CM. puc. 4, KaK 
H B pa6oTe ilO/. 

Ha puc. 3,4 npoae,D;euo cpaaueuue TeopeTH'IecKHX H 

3KCnepHMeHTanbHLIX/ 101 3Ha'leHHB HHBapHaHTHOrO Ce'leHHJI 

B 3aBBCHMOCTB OT X ,lJ,llJI .D.BYX yKa3aHHLIX BHTepsanoB no 
COS 0. llyHKTBpHaJI KpBBaJI Ha puc. 3,4 - Ce'leHBe B npa-

6nB~eHBB TonLKO O.IJ.HOKpaTHoro N- NpacceJIHBJI; cnnom

HaJI KpasaJI - ceqeHBe c yqeToM KaK O.IJ.HOKpaTHLIX N-N 
CTOllKHOBeHBH, TaK B "TpeyrOllbHOii:" ,IJ,BarpaMMbl C O,!J,HO

DBOHHLIM o6MeHoM 1 puc. 2al. 
B Ka'leCTBe BOllHOBOB !}lyHKUBH ,lJ,eii:TpOHa BCDOllb30Ba

nacb !}lyHKUHJI MaK ru c y'leTOM ~-sonHbl 1111 . 

Cnauosoii 3aBHCBMOCTLIO aMnnHTY.IJ. N-N H pN -+rr N N 
pacceJiuuii:, KaK JICHO H3 BblmeuJno~euuoro, npeue6peranocb. 

lf3 pUC. 3,4 BH,lJ,HO, 'ITO npu6nu~eHHe O,!J,HOKpaTHOrO 

N-N pacceJIHHJI COBepmeHHO He ODHCbiBaeT 3KCnepuMeH

TanLHOe DOBe,IJ,eHHe Ce'leHHJI DpH X> 0,2, 'ITO COOTBeTCTBy

eT Pa >_ 0,2 r3B/c. Y'leT "TpeyronLHLIX" ,IJ,HarpaMM c 
O.IJ.HonuouuwM o6MeHoM ,IJ,aeT snonu'e y,IJ,osneTsopuTenLuoe 

cornacue Teopuu c 3KcnepuMeHTOM so sceii: o6nacTH HJ

MeHeHBJI X. KpoMe TOro, puc. 3,4 DOKa3wBaiOT, 'ITO npu 

x > 0,2· I p 3 ~ 0,2 r3B/cl ocuosuoii u onpe,IJ,enJIJOI.UHR 
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.0 
E 

0 

\' 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
,\ 

as X= I 
imu 

1D 

$opMy KpHBOH Ce4eHHH BKna~ B 

Puc. 3. 3a6UCUMOCI!Ib 
UH6UpUQHI/IH020 ce~eHUR 
om x, npouHmezpupo6aH
Hozo no d cos 0 
6 uHmep6aAe j-1,-0,67/. 

__ 1 __ da.'dT dcos () 
pd ' :l 

p3 a tot 

.L{aeT "TpeyronbHaH" ~uarpaMMa I puc. 2a/. 
3aMeTHM, 4TO HCDOllb3yeMble BbJWe DpH6llH)I(eHHH OT

HOCHTellbHO DOBe~eHHH aMDllHTY~ fNN H frr CDpaoe~nHBbl 

llHWb npu pacce HHHH npOTOHOB B peaKUHH p d • p p n B 
3a~HJOJO nonyc$epy. flo3TOMY .L{llJJ auanu3a ucKoMoro uu
oapuauTuoro ceqeuua B HHTepoane no cos0(-0,33 c_ 0) uc
nonbJyeMble npu6JIH)I(eHHJI Kpa8ue HeKoppeKTHbl. flpe~cTao
nHeTCJI uuTepecHbiM uccne.L{oBaTb, .L{aeT nu Bblweonucau-

14 

HbiH "TpeyronbHbiH" MexaHH3M TaKoe )l(e y.L{OBlleTBOpHTenb
HOe cornacue Teopuu c 3KcnepuMeHTOM B o6nacTu cos() = 
= -0,33 -:-o. 

TaKHM o6pa3oM, o~uu H3 B03MO)I(Hblx MexaHH3MOB, 
06'bJICHJIIOUlHH llOBe,L{eHHe HHBapuaHTHOrO Ce4eHHJI npOTOHOB 
B peaKUHH pd -• ppn npu T

0 
= 1 F:JB, pacceJIHHbiX o 3a.L{

HJOJO nonyc4>epy c 6onbWHM HMnynbCOM P3 ~ 0,2 F:JB/c, -
3TO "TpeyrOllbHbie" ~HarpaMMbl C O.L{HODHOHHbiM 06MeHOM. 
3ToT *e Mexauu3M ueTpy~uo o6o6muTb u ua ueynpyrue 
HHKlli03HBHble peaKUHH pd _, pX . 

KaK yKa3bJBanOCb BbiWe, BHeMaCCOBOCTb rr -Me30Ha 
Y4HTbiBanacb c noMOutbJO 4JopM<i>aKTopa cl>eppapu- Cennepu, 

Puc. 4. 3a6UCUMOCI!Ib 
UH6apuaHmHozo ce~eHUR 
om x, npouHmezpupo-

.0 

.§. 
CD 

~~ 
j 

6QHHozo no d coso -
6 UHI!Iep6aAe j- 0,67,-:--0,33/. 0 

f t 

as x-I - r.,., 
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KaK H B pa6oTe / 5/, r.n.e 6biJIO noJiy1.feHO BnOJIHe Y.IJ.OBJieTBO
pHTeJibHOe COrJiaCHe TeopHH C 3KCnepHMeHTOM. ll03TOMY 
.IJ.JIJI e.n.uuoro onucaHHB KaK ueynpyroro, TaK H ynpyroro 
p-d pacceBHHJI 6biJI Bb16paH BbiiDeyKa3aHHbiH l}>opMI}>aKTOp. 

MexauH3M o.n.uonuouuoro o6Meua B peaKUHH pd • "X 
TaK>Ke ucnoJib30BancB B pa6oTe /14/ .n.nB o6'bBCHeHHB .. KY
MYJIBTHBHoro" Me3ouoo6pa3oBaHHB. 

3aMeTHM, '-ITO B03MO)I(eH elQe O,!J.HH MeXaHH3M p-d pac
CeJIHHJI B 3a,!J.HIDID llOJiycl}>epy: nepepacceBHHe HYKJIOHOB C 
o6pa lOBaHHeM H306apbl B npOMe)l(yT01.fHOM COCTOJIHHH. Ta
KOH MexaHH3M paccMa TPHBancB .IJ.JIB ynpyrux "- d H p -- d 
pacceJIHHH ua3a.IJ. B pa6oTax / 12 ·13 /. 

ABTOpbi Bblpa)l(aroT rny6oKyro 6naro.n.apuocTb li.C.Ana
.n.awsunu, B.B.rnaronesy, B.1i.KoneJIHOBH1.fy, B.B.KoMa
posy, JI.H.Jlanu.n.ycy 3a none3Hbie o6cy)l(.n.enHB H 3aMe1.fa
HHB. 

ABTopbi TaK)I(e npH3HaTeJibHbl B.C.IiapaweHKOBY 3a 
CTHMYJIHPYIDIUee o6cy)I(,!J.eHHe. 

llPHJIO)l(EHHE 

llpHBe,!J.eM Bblpa)l(eHHe ,!J.JIJI HHTepl}>epeHUHOHHOrO 1.fJieHa 

d ( !nter.1,2;3,4) ld3 (1) (2) 
a P3 · llo.n.cTaBJIBB Fd , Fd " /4/ B 

/6/, npe.n.nonaraB, '-ITO aMnJIHTy.n.a pN _. rr N N -pacceB
HHB 1.fHCTO MHHMaB, Y1.fHTbiBaB CBB3b /11/ f" c da

11 
I dT

11 
, 

nonyqaeM: 

16 

X 

da (inter.t,2;3,4) 

d p
3 

A.g[Relt-aJmlt } 
- 1/2 
16rry2(P0 E 1) P

3
EN(p3) 

17 1/2 
F (k0 )(mE ( P.3 )) f [ ct> ( p ) + ct> ( p ) J x 

17 0 2 0 3 

3 1/2 x ! (da I d d!l ' + p p-+17+pn P3 2J 

2 

X 

+ (da I d
3

p d!l )
112 1 e 

pn->17°pn 3 2 
-bQc'

2 
--dcos() d¢ · v p2 2 2 

1/2 
A =2 ( m p0E (P2 )/p 1) Po a tot,NN 

llpH Bbl1.fHCJieHHH HHTerpaJia Bblpa)l(eHHe B I}>HrypHbiX 
CK06KaX BbiHOCHJIOCb H3- no.n. 3HaKa HHTerpana, T. e. HC
noJib30Banocb cne.n.yromee npH6JIH)I(euue: 

da + pp->17 pn 1 da + pp-+17 pn 
. ::-

d3p3d!l2 
----
ct3 P3 417 

1 dapp-+17+pn 

g172p3EN(p3 )(c2 -ct) dT 
17 

r.n.e ( C 1,c 2 ) = /-1, -0,67/; /-0,67, -0,33/ - HHTepBaJibl 
HHTerpHpOBaHHJI no d COS(). 

AuanorH1.fHoe Bblpa)l(eHHe 6panocb .IJ.JIB 

3 
d a a I d p3 d!l 

2 
. pn -+17 pn 

da pn-+Tropn 
llOCKOJibKy, KaK yKa3biBaJIOCb B TeKCTe,----- =0,21 X 

dapp ->17~, 
X- dT 

17 

Jiy1.fHTb: 

da(inter.3,4) 

d3p 
. 3 

JIHTEPATYPA 

TO ,!J.JIJI da (inter.3,4)ld3p 
3 

d T
17 

MO)I(HO no-

g2 m (F17 (ko ))211 12 

8 3 E ( ) 

da + 
1,22 p p-+17 pn 

p3 N p3 dT 
17 
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