
- 6 __ 
K - l ; 

06bE,llHHEHHbiVt HHCTHTYT sr.nEPHbiX HCGnE.nOBAHHVt 
nA60PAT0PVf.H .HLlEPHb!X nPOBnEM 

lO.M. Ka3apHHOB, B.C. KHceneB, B.·Vf. CaTapoB 

3HEPrETVI4ECKAH 3ABVICVIMOCTb 
ct>A30BblX CD.BV!rOB 

p -1376 

nPVI PACCEHHV!Vf HYKnOHOB HYKnOHAMVI 
B OBnACTVI 3HEPrVIM 23-126 M9B 

;?nA~T'f:! ~g6tl ?*'Y~ 13 cg£1J-.9M- .. ·ufl(.,v I 'I~ ' I I -

.. 

D.y6Ha 1963 



P-1376 
KaaapHHos IO.M., KHcenes B.C., CaTapos B.H. 

3 HepreTH'IeCKBSI 38SHCHMOCTb c}:l830SblX C.llSR!"'OS npR 
pacceHHHR HyKnOHOs HyKnOHBMH s o6naaTH aHeprHA 23-126 Mas 

C uenb!O H3y'leHHH 3HepreTH'IeCKOH 38SHCHMOCTH c}:l830Sb!X 

C.llSHros SbmonHeH c}:laaosblA aHanHa npH aHeprHHX 52 H 126 Mas 

H npocne>KeH aH~preTH'IeCKHli XO.ll c}:l830Sb!X C.llBH!"'OS Ha6opa 1 npH 

aHeprHHX 23,1 H 66 Mas • 

. '· 

OpenpHHT 06J.eAKHeHHOro KHCTKTyTa BAepHbiX KCCJie,QOBaHK~ . 
.lly6Ha,l963. 

p -1376 
Kasarinov Yu.M., Kiselev V.S., Satarov V.I. 

Energy Dependence of Phase Shifts in Nucleon- Nucleon Scattering in tne 
Energy Region 23-126 MeV 

To obtain the phase shift energy dependence the phase shift analysis has been 

made at 52 and 126 MeV and the energy dependence of set 1 was investigated at 23,1 

and 66 MeV also. 

Preprint,Joint Institute for Nuclear Research. 
Duma. 1963. 



p'f. ,If&, {3. 

)63/2 IIP• 

:iOB,ID•M•14 
Tl4'~ecKafl 

4_la30BblX 
pacceB.H141i • • 

6/U• 
- vo~S03 

!O.M. KaaapHHOB, B.C. KHcenes, B.V1. CaTapoB 

p -1376 

3HEPrETW·IECKMl 3ABV1CV1MOCTb 
ct:>A30BblX CDBV1rOB 

nPV1 PACCE.HHV1V1 HYKnOHOB HYKnOHAMV1 
B OEJ1ACTV1 3HEPrV1H 23-126 M3B 

HanpasneHo B )1<3T¢ 

Dy6Ha 1963 



B uacTo Hwee speM H MO>KHO C4HT 8Tb, 4T O aM nnHTyaa u y Knou-u y Kn o uuoro pacces:t:HHs:t soc-

f':TBHOBJieHB 110 H3B eCTH biM 3KCIIepKMeHT8flbHbiM D.8 HHhiM D.OCT IJTO "'HO OD.H03H8lJHO nplt 3 H eprHH X 

147 H 2 10 Mas
1 1

•
2

•
31

. ¢aaoahiH auanua .a.nsr auepruu 310 Mas .aae T .ana pew emu1, npu-

1 /2 I 
Mepuo paauoaeponTHblX no X - KpHTepHK> • npK MeubwHx aueprHHX nonomeaKe aaMeTuo 

Meuee 5 naronpusrTuo. 3KCTpano nsruKouuas npoue.aypa , npuMeueuuasr Spa AToM H. a p. 
141 

a nst 

o npe.aen e HHR 9HepreTH4eCKOH 38 BHCHMOCTH . c:PaaOBhiX CLJ.BHIOB B HHT epeane }0-3 10 JV\3B, KBK 

noK83 bJBaeT cpaaueuue c .aaHHbJMH cpaaoso ro auanR3a
15

•61 , a TaKme nps:tMoe cpaaueu He c 

3JtC llepH MeHT OM/7/' a aeT He COBC e M Yll O!>neTB~pHTenbHble pe3ynbTBTbl , 3TO,B H3BeCTHOA CTe-

fi9HH1 H. He y.QHBHT9JlbHO. npH KCIIOJlb30B8H HH M9TO.Q8 H8HM9HbWHX KB8Llp 8TOB B C JIY'189 6e.a

lfOH 9K cn epHM9HT8JlbHO.A HHcPopM8UHH MHHHMH3HpyeMbiA c:PYHKilliOH8JI B npo cTp8HCTBe HCKOM blX 

118p8M9TpOB HM99T BH.Q 89CbMB CJIO}KHOA IIOB9pXHOCTH 7H BepOSITHOCTb IIOI18C Tb B JIO>KHhiA 

M HHHMYM 110 O.D,HOMY HJIH HeCKOJlbKHM napaMeTpaM OTHOCKTeJibHO Be 1tHK8. B aTOM CJIY 1189 uene

C006pa3HO, no-aK .a HMOMy, npoae.aeuue uopManbuoro <Paaoaoro auanuaa c noHCK OM p ewenuA co 

cnyqaAHbiX H8"1811bHbiX 3Haqenan, C .D. 8llbH9AWHM OT50pOM HBH6onee BepOSITHbiX peweuHR H 3 

yCnO BHSI MOHOTOHHOii 38BHCKMOCTH ciJaaOBbiX CaBHrOB OT 9HeprHI1. 

Hume npHeoastTCH p e aynbT8Tb1 cpaaoaoro aaanKaa .a.aHHhiX no paccestHHJO uytcnouos n y K-

nOH8MH B yCJIOBHSIX, JtOr.D,8 3KCnenHMeHTBnbHbiX aBHHbiX RBHO H9llOCT8TO'iHO Llflfl OOllylfeHHfl 

o.nuoanaqnoro peweuKfl. HopMaJTb HBH nporpaMMa <Paaosoro ananHaa c nou c x oM peweuHA co 

cny'iaAuwx na'ianbHhiX anaqenuH Bblnonueua npH aayx aueprHflx : 52 H 126 Mas. B pa 6oT e 

npocnemeH TBK>Ke XO.U auepreTK'i9CXOA 38BHCHMOCTK ¢aaOBblX C.llBHrOB npK SHeprHfiX 23,1 K 

66 Mas. Ll.nR SToro npo.aenano yTO"'HeHHe HHTepnonuposaHHblX aua49H H A cpaaoabiX c.nsHroa 

IIO cyweCTByK>WHM SKCnepHM9HTBnbHbiM .Q8HHbiM. 

nporp8MM8 cpa3oBoro 8H811H38 BH8JIOf'HI.{H8 HCflOJib30B8HHOA panee 8 pa5 0 T8X / I •
2 1 

H 

fl03TOMy noap05HO H9 OflHCbiB89TCR ,.06pa60T8HHbl9 SKCnepHM9HT8JlbHble ll8HHbl6 1IpHB9.Q9Hbi B 

Ta6nHue 1. PeaynbTBTbJ noKcJta peweuHA aanbi a Ta6nHue 2. 

P e aynbTBTbi 

PeaynbTBTbi auan~t:aa noxa3biB810T, 'iTO npH aHeprHH 23,1 Mas nyKnon-nyKnonuoe saaH-

MoaeAcTBHe 1IpOHCXOLlHT B OCHOBHOM B S -cOCTOA'HHH . 3TO 1 B "18CTHOCTH, SKC1I9pHM9HT8JlbHO 

noaTsep>KaaeTcst TSK>«e peaynbTBTBMK H3MepeHHst c:: npu aneprHH 20 Mas
1241 

npH aneprHH 52 Mas acero 5blll0 HaAaeno C9Mb peweHHR c x 2 < 1,5 X l • Via HHX 

Cp83y >Ke 5binH OT6pOW9Hbl TpH peweHHA C OTpHU8T9JlbHblMR 3H8"19HHSIMH c:PaaOBOrO C.O.BHra 

0 1 H O.QHO C MBnblM 3H8'-19HH9M KORCTB.HTbl CBSI3K. Vf3 OCT8BWKXCSI Tp e x peweHHft 

/Ta6

5

n°H ua 3 / na6op 2 5brn OT6pow en noa.anee, teaK TonbKO cTanH HaeecTHbi peaynbTBTbl x a-

•• 
MepeHKH cnn H a yrne 90° /c.u.M./. 0CTBBUJKecst .asa Ha6opa I 1 H 3 / xopowo y.aosJteTBo-

PRIOT H3MepeHH OA aenK~HHe c::(90°) = - 0,035!0.095 / pKC , 4//25 1. 
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T a6 nn ua 

31Wl8KTKBBa.l KsuepeHHM tiJIClO 3Heprxa,np~ xo-
uepru, TOpOil BeJIHCb H3-

laB B8.1HIUIHa TO'Il81t uepeus 

qpp II 25,63 xcnp. 

23,I 
p pp I Z7,4 
qnp 2:3 221 5-2'71 5 KHT8p 
p 6 23,I np 

q 
pp I8 5I,5-5I,8 

p 
PP 3 52,5 

c .. 
•• I 52,0 

52 v •• I 50,0 
qnp 2:3 52,5 
Pnp 6 52,0 

q 
pp II 66 

66 
p II 66 •• 
q np 2:3 621 5-70 XBTep 
Pnp 6 66 . 

126 q 

•• I6 IZ? 
p•• I7 IZ? 
q np I8 I26 
Pnp I6 I I28 ' Dnp 5 I26 

- -

OISo3Hil'leHHll: 

HHTep.- IICD011b3088Hhl HBT9pD0 1lRpOB8HRhl9 3R8'19RHR cet.teHJtA; 

acnp. - Rcnpaaneuo no OTHoweRKJO ce'leHHA ua yrne 90° aa o cH o eauna 

llllHHbiX npR T ~ 25,68 H 21,9 Mae. 

4 

Jlnep. 
IICTO'IHKit 

8 
9 

IO 
II 

!2 
I3 
I4 
I5 
IS 
r7 

I8 
I8 
I1 
I7 

I8 
I8 
I9 I 
!9,20 I 

2I 
I 
I 

Ta6nHua 2 

3lfxP81tTHB- qHCJIO Ho.wep 
aaa saep- e X ' 

noHCKOB peme- x' IIpHueqaaHe 
rHR 1 M3B mox CO CJiy'l. 

TO'I81t HHJl 

-
2J,I 2 29 - I 24,2 PemeHxe HaRAeHo c 

HHTepnOJIH~OBaHHYX 
3Ha'leHHit a30BYX . C,I;BKrOB 

52,0 2 40 54 I 44 , 0 
2 43,0 
3 44,0 rpemeHHe C ~HKCH~OBaH-
4 84,7 HY.N 3Ha'I8HH811 ,t =()1 ()€ 

K O.JtHOII830HHY :2)~ j~ . lJ).J~30BYI.!H C.J;BHr8.11H.' 
1'-" 

66,0 2 39 - I 24,8 PemeHze aaR,~;eHo c 
HHTepnonH~OBaHHYX 
3Ha'I8HIIIt a30BYX C.JtB 
ros 

126,0 3 55 45 I 72,6 
2 75,7 
3 79,4 
4 60,4 

~ -~ 

n p R M e q a H H e 1/ Ha"'RHaR c NOM9KTOB f > tm•~ aMnnnTyaa pacceRHJUI 

6pall8Cb 8 O.llHOM930HHOM DpK61lH>K9HHH. 

2/ noBCit peweHHA CO cny'laAHbiX Ka'lallbRbiX 3H8'19HIIA Dpoao

.UilllCR 110 T9X DOp, DOJ:a peweHHR H9 H8'1RH81lR DOBTOpSITbCR . 
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npH 3T OM H860p 3 38M9THO OTflB't89TCH OT H860p8 1 TOflbKO Cpen.HHM 3H8~eHH9M ( I H 

l) H nocne COOTBeTCTByJOWHX npeo6p830B8HH AX/ nepeXOD,HT B H860p C OTpHUBTe nbHbiM 
'o1 

3H8'1 9 HH eM s '•1 ' a c nen,OB8T 9 flbHO, MO >t<.9T 6 b1Tb OT6poweH, ecnK C'IHT8Tb , "'T(J 9HepreTK-

~9C it 8SI 3 8 BHCHM OCTb 0 ( T) MOHOT OHHa. KpoM e Tor o , aTOT Ha6op .naeT yrnosble a aBKCHM OC TK 

nonstpH38 UHH , napaMeTpOB TpORH OrO p 8C C9 SI HHQ H K03QlcJ:lHUK9HT8 KOppen stUHll n on stpH3 8UHR C ~~, 

KOTOpbie nnoxo cornacyJOTCSI c aasHCHMOCTSIMH .nnH coce.nnax sHepraA 40 H 95 Mss
1231 

Vf HT e pecao OTMeTHTb , qTo npn a HeprHH 52 Mae o.nH:oMeaoaaoe npu 6nu >Ke Hae .nnSI 
1 

D 1 

' a D '·' Q:>aaoeblX cn sHroB nnoxo ynoaneTaopa eT a~tcnepaM eHTY / pew e HHe 4, Ta6nHua 2 1. 

Ha6op ¢aaoshlx CllBHroB npH sHeprHH 50 Mas, nonyqeHHhlll EpaAToM H 1lp.
141

, nocne yTo<r 

89HHII DO cywecTBYJOWHM 9K.CD9pBM9HT8flbHblM D.8HRbiM nepeXOllHT B H860p, B npe.aenax OWH-

6ox. coanan a JOwHA c oTI5poweaH bfM Ha6opoM 2 . 

Cne .nyeT aaMeTHTb, 'ITO ax.cnepHMeHTanbHblX .aaHHbiX npa SHeprHH 52 M a e .aanexo ue.noc-

TaToqHo LJ. flSI TO'IHOf"O onpe.oeneHRSI napaMeTpa CM9 WH B8HHSI ( H ¢a30Bb!X CllBHrOB J D 
1 

1261 
-aonHbl . nnaHHpOB8HHe sxcnepHM9HT8, SblOOnHeHHOe MeTOllOM CoKonoaa ' nOK83blB89T, 'ITO 

llflSI YTO'IH9HHR STHX nap8MeTpoB 89CbM8 none3HO H3M9p 9HH9 

83 9Kcne p HM 9 HTOB DO TpOAHOMY np - pacceRHH JO. 

C np 
nn H nposeneHae n 106oro 

PeaynbT8Tbl, non ytteH8ble .nn s 9HeprHH 86 M a s , xop owo no.a.Taep>K.naJOT np e.a. nono>Kesze 

0 MOH'OTOHHOA 38BHCHMOCTH cPa30BbiX C.OBHrOB OT SH9p f"BB . J a.B HCHMOCTH 3!tCD9pHM9HT8nb HO 

aa6nJO.naeMbiX sennttHH OT yrna pacceRHHst , p acc'IHT a HHble no aaA.aeHHblM cPaaoBbiM c.neuraM, 

BDOnHe Y.llOBneTBOpHTenbHO COr nacyJOTCR C COOTB9TCTB)'"IOWHMH 38BBCHMOCTRMH H8 6nR3kHX 

aaeprnllx 40,52 H 95 Ms/
231 

l pnc . 9-12 1. 

VIa o6wero 'IHCna peweHHA 17 peweHHA I c x• < 1,5 ~ H8A.0.98HblX OpH 9H9pr'HH 

126 Mas a peaynbTaTe noucKa co cnyqa.AabiX aaqanb HbiX ycnosaA , Ha6op 1 1Ta6naua 4/ Haa

nyqweM o6paaoM cooTseTcTayeT p ewe auH M , nony qeHHbiM Ha 6n&3KHX 3HeprB HX. Ha6opbl 3 a 

4 /Ta6nHU8 4 / OT6p8CbiB8JOTCH npH Cp8BH9HHH C 8860pOM, nony'I 9HHblM ll11H 9 8eprHH 

147 Ms a15•61 • Ha6op 2 cooTBeTcTeyeT peweHHJO BTOporo THna, nony'leHHOMy paRae npH q,a-

aosoM aHanaae pp -.oa8Hb1X .nn H T = 3 10 Mss. OTaocuTenbHO BblCOx.oe aH8'f9HH e OTHo-
x • 

W9RHH --=:-j = } ,S .Q11SI H860p8 } , B03MO>KH0, YK83bi889T H8 TO, 1:{T0 npH STOR SHeprHH, T81t -

X 161 
>Ke ~tax H npa sa eprnH 147 Mae , o.a. HOMe3 0HHblM npH6na>KeHHeM c ne.ayeT socnonb~osaTbCR 

.nnst MOM e HTOB f = 5 H Bblwe I f m•.~r = 4 1. B Ta6naue 5 npssea.euo peweaae, HaA.a.eHaoe 

npa yTO'fH 9 8HH c:PaaosbiX c.nsaros , nonyqeHHbiX a pa6oTe E paATa a np.
141

, no s~tcnepaMeHTanb-
HbiM .llSHH biM , ucnonb30B8HHbiM a .nasH o A pa6oTe. HaA.aesaoe npu aToM peweHae noxo>Ke 88 

Ha 6op 3 1Ta6nzua 41. 

nony tteHK8H 9HepreTH'19CK8H 38BH CHMOCTb cpa30BblX c.asaros DOK.83 8H8 K8 pH C. 17 . B 

npenenax. owHI5ox 088 y.nosneTBOpHTenbHO cornacyeTcs c peaynbTaTaMB, nony'leHHbiMH paHee 

B - paC5 0 Te/2 / a ¢a30Bb19 C.D.BRrH 80118 C H30TOOH1:{9CKHM CDHHOM r = 1 OpH SHeprBH 52 Mas 

xopowo cornacyiOTcR co c.naaraMH , nony'leH8 biM H npa cpaaoaoM a8anaae 

aHeprHR 52
127 1 

H 51,6
1281 

M9B. 

pp -.naHHbiX .0.11SI 

AaTopbl 6naro.aapsbl Vf.H. Cunuay H n.vt. nanu.a.ycy 38 MHOrO'IBCfl9HHbl9 o6cy>K.aeHHSI; 

A. Kaponny aa coo6mesae naBHbiX no np -pacceasHJO np11 asepras 126 M s s H none3Hbl9 

aliweqasng; B. Poae aa coo6wesae peaynbTB.TOB cpaaoeoro aKanHaa pp -.aaHHblX., sblnonaeH

Boro 1-1.K. OeppRHrOM , 

x l 
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T a5n Hu a 4 

~aaoaHe c~a•r• ao~R a rpa.ycax ( napa»etpH3anBa Cranna) 

3s~;u, I26,0 

Hadop I Hadop 2 Hadop 3 Ha6op 4 

2 0,062.±,0, 02 0,097.±,0, 0I2 o, 080.±,0, OI9 o, 064.±,0 , 015 [ 

1 
So 22,96 .±,8,73 -20,19 ..t,7 ,86 I9,23 .±,4,32 -3,18 .±,7, 26 

3s 1 27,64 .±,I, 77 20,00 .±,5,29 20,32 .±,I, 44 49,38 .±,3,80 

' P -5,92 .±,5,82 -35,56 .±,6,40 36,60 .±,3, 77 I6,84 ,t4,9I 
0 

' p 1 - D, 36 .±,IO, 26 I0,04 .±,4,04 I9,08 .±,3,04 -I8,62 .±,7,83 
3 

-I9,40 .±,3,93 6,IO .±,3,70 6,27 .±,I,83 I7 ,53.±,2, 23 p -, 
3 

p2 7, III ,tO, 78 6,52 .±I,8I 0,06 .±,I, I7 II, I7 .±0, 94 

c 1 2,79 .±,3,20 27' 70 .±,2, 25 I6,34 .±,2,20 74,97.±7,21 
3 

D 1 -II,30 .±,0,81 4,5I .±,2,88 33, 89.± I, 7I 77, 18.±,4, 45 

1D2 - 1,06 .±,2,I8 2,36 .±,2,78 -I, I2.±, O, 79 3,47.±,1,50 
3 

I7, I8 .±,I, 63 -5,31.±, 0,97 2,I6.±,7,05 v, 28,58 .±,2,52 
3 
DJ 4,52 .±,2,(]7 -0,02 .±,6,94 I,03.± 0,71 5,60.±,1,24 

c 2 1,94 .±,0,76 -I,44 .±,1,35 5,35.±, I,74 -I,60.±,0,63 
3 F' o,9 r .±,0,84 I,89 .±,7 ,83 -3,64.±, o, 74 2, I6.±,0,52 

1F 
3 

4, 29 .±,2, I5 2,02 .±,I,II -7 ,63.±, 0,82 -7,68.±,I,32 
3F 0,28 .±,0,67 - 2,36 .±,0,98 3,a7:t, 0,68 3, 03.±,0,69 3 

'F o, 35 .±,0,31 
• 

0,66 .±,O,I2 0,56.±, o, I9 ' 0,68.±,0,25 

:.- 2 72,6 75,.7 79,44 60, 41 
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T a6 nH u a 5 

~830Bwe c~BXrK B rp~cax, no.yqesawe yroqseHKeM 

pesyx.raroa Epalra • ~.14/(napaMerpas~a Cranna • ~.12~ 

3Hepru, 
MaB !26 52 
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