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DpoaeaeHhI 11ccnei:1oaaHHSl cliYHKUHll: aoa6yJKt:1eH11st 11 yrnoBhlX pacnpei:1ene-

a11ll. aecKonbKllX rpynn npoTOHOB 11a peaKUllll 19 
F(

3
He, P)21 Ne a 11HTepaane 

aaepr11ll. 60M6api:111py10m11x qacTllU 2,3 .;-4,2 MaB. 
CpaaHeHHe c Teop11ell. Xayaepa-~ew6axa noKaaano, 'ITO np11 aHepl"llHX 

E 3He ao 3,0 MaB peaKUHst npe11MymecTaeHHO 11aeT qepea 06paaoaaa11e co-

c TaBHOI"O smpa. 

Coo6meHMe 061.e.IOIH0HHOro MHCTMTyTa JlA0PHNX MCCAeAOBaHMI 

.zb'6Ha, 1974 

Dzhanobilov K., Zalubovsky I.I., Saad Hk.R., Pl5 - 7971 
Sarana V.D., Sizov I.V. 

Study of the Reaction 19 F( 3 He. p)2
1 

Ne 

The excitation functions and the angular distributions 
were studied for several groups of protons from the reac
tion 19 F( 3 He, p) 21 Ne in the range of energies of bombarding 
particles being 2.3-4.2 MeV. 

Comparison with the Hauser-Feshbah theory has shown that 
at energies E3He up to 3.0 MeV the reaction occurs through 
the production of a compound nucleus. 
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<i:)J974 06'f>ec}uHeHH•lil UHC•U•Y• Jfc)epH•IX ucc.11ec)oeaHUU ,4y6Ha 

22 
ff3y11eese npouecca 06pa3o:eaHBJ1 cocTaseoro JI.u;pa Na 

B o6nacTB 3Heprsl so36y)l(,IJ;eHBJ1 OT 15 .u;o 25 M3Bnpe.u;
cTasm1eT BHTepec B CBJl3B c CYilleCTBOBaHBeM 11eTKO BWpa
)ICeHHLIX CTPYKTyp B cl>YHKUBJIX so36y)l(,IJ;eHBJI pa3ns11ewx peax
llBI B O'leHL 6om.moii KorepeHTHOi DIBPBHOi -490 K3ii 1 ~ 

19 3 21 /2 3/ 
AHaJie3y peaxuee F( He,p) Ne nocB•llleHw pa6oTw ', 

tfe sccne.u;osanrci. cneKTP npoToeos B yrnosaJI xoppen•ue• 
F ( 3 He , p y )2 Ne c ueni.io nony11eeeJI cneKTpocxone11e -

CKOI BHcl>opMallBB. ff3y11eHBIO cl>YHICrfB ,036y~eHBJl B yrno
BWX pacnpe.u;eneelil s peaxuss F( He,p) Ne He 6wno 
IlOCBJlllleHo HR O,D;HOI pa60T:bl. 

B HaCTOJllllei pa6oTe npeso.u;JlTCJl pe3yni.TaTw 3Kcneps
MeHTani.Horo BCcne.u;oBaHBJI cl>YHKllBB B036l~eHBJI B rrno· 
swx pacnpe.u;eneHBI npoTOHOB B3 peaKllBB 9 F(3 He,p) 1 Ne. 
IloKa3aH xapaKTep npoTeKaHBJI .u;aHHOI peaKUBB B o6naCTB 
3Heprsi E 3 =2,3 + 4,2 M3B. 

He 

TEXHHKA 3KCIIEPHMEHTA 

19. 3 21 
Hccne.u;osaHBe peaxuee F( He,p) Ne swnoneeHo Ha 

3neKTpocTaTB'leCKOM reHepaTope Jla6opaTOPBB HelTpOHHOii 
cl>B3BKB OH.JIU. B 3KcnepBMeHTax scnoni.3osansci. MBWeHB 
B3 CaF2 , HaHeceHHble Ha TOHKYIO yrnepo,D;Hyio I ""10 MKz/cM 2 / 

BJIB ToncTylO HBKenesyio /-35 MKM/IlO,IJ;nO)ICI<y, nyTeM ecna
peHBJl s saI<yyue. TonUlBHa ueweHeii B 3I<cnepeueHTax 

6wna oT 40 .u;o 80 MKZ/CM 
2 B onpe.u;enJinaci. /.u;nJI MBWeeei 

Ha TOHKBX yrnepo.u;Hwx no.u;no)l(Kax/ no ynpyrouy pacceJIHBIO 
3 He Ha yron 80° npB 3HeprBJIX HaneTaIOUlBX 11acTBll HIDKe 
4 M3B. PerecTpaueJI npoTOHOB OCYilleCTBnJinacL o,D;Hospe· 

3 



MeHHO c DOMOlltblO DJITB nonynpoBOAHBICOBWX Si (1Li ) 
AeTeICTOPOB, ycTaHOBJieHHhlX Ha BpautaiouteiicJI TypeJIH B Ka
Mepe pacceJIHBJI B mecToro - MOHBTOpHoro, pacnoJIO)l(eHHoro 
DOA yrJIOM 90° OTHOCBTeJibHO DaAaIOutero DY'IICa. 3HepreTB· 
qecICoe pa3pemeHBe AeTeICTopos AJIJI npoTOHOB Bl peaICUBB 
COCTaBJIJIJIO 120 + 150 K3B. TOJiutHHa 'IYBCTBBTeJibHOB 06-
JiaCTB AeTeICTOPOB DOlBOJIJIJia perBCTPBPOBaTb npoTOHhl 
c :JHeprBeii 18-20 M3B. 

IlpB BlMepeHBB yrJIOBblX pacnpeAeJieHBii 'IBCJIO OTC'le· 
TOB B Ka)l(AOB Bl npoTOHHhlX rpynn HOPMBPOBaJIOCb Ha 'IBCJIO 
OTC'leTOB B Po +pl DBICax MOHBTOpHoro AeTeICTOpa. Ilocne 
3TOro DpOBOABJiaCb HOPMBPOBICa Ha~yHICUBIO B036y)l(AeHBJI, 
B3MepeHHYIO DOA yrJIOM 100°. 

~YHICUBJI B036Y*AeHBJI BlMepJIJiaCb ABa pa3a. 0ABH pal 
c MBWeHbIO TOJiutHHOi HO+ 120 K3B npB E3He= 2,8 M3B 
Ha HBICeJieBoii DOAJIO)l(l(e, Apyroii - c 6onee TOHKOH MB· 
meHblO Ha yrnepOAHOI DOAJIO)l(ICe TOJiutHHOii 60 + 70 K3B 
npB Toii *e 3HeprBB He. XapaKTep 3aBBCBMOCTB ~YHKUBi 
BOl6y)l(AeHBJI OT 3HeprBB DPB :JTOM He BlMeHJIJICJI. tl>yHICUBP 
B036y)l(AeHBJI, BlMepeHHhle Ha TOHICOB MHWeHBI HOpMBposa
JIBCb no DBKY ynpyroro pacceJIHBJI 3 He Ha 9 F c uenbIO 
DOJiy'leHBJI a6COJllOTHblX 3Ha'leHBB Ce'leHBB. IlpeADOJiaraJIOCb, 

3 19 
'ITO ynpyroe pacceJIHBe He Ha F JIBJIJieTcJI 'IBCTO pe3ep· 

~OPAOBCICBM I 41. 
CpeAHeICBaApaTB'IHaJI OWB6Ka BlMepeHBJI OTHOCBTeJib• 

HblX AB~epeHuBaJILHblX ce'leHBi He npeswmaeT ± 80/o, oHa 
cnaraeTCJI Bl OWH60IC B3MepeHBJI BblXOAa peaKUBB /70/o/, 
}'°'leTa ~oHa /2"/o/ B oWH6KB BblAeJieHBJI DBICa / ± 3'fo/. 0mB6· 
Ka HOPMBPOBICB yrJIOBblX pacnpeAeJieHBB Ha ~YHICUBIO BOl· 
6Y*AeHBJI COCTaBJIJieT ± 6"/o. 0mB6Ka, CBJilaHHaJI c HOPMB· 

posICoi Ha ynpyroe pacceJIHBe, cocTaBJIJieT 15 ±180/o. TaICBM 
o6palOM, cpeAHeKBaApaTB'IHaJI omB6ICa BlMepeHBJI a6COJllOT• 
H.blX AB~epeHUBaJibHblX Ce'leHBB paBHa ± 20"/o. 

PB3YJlhTAThl H3MBPBHH1l 

Ha puc. 1 npBBeAeH THDH'IH.blB cneICTp npOTOHOB H3 
peaICUHH 19 F ( 3 

He, p) 
21 

Ne • Ha HeM 'le TKO BRAH.bl palpemeH-
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19 3 21 
Puc. 1. CneKlllP npo1110Hoe U3 peaK1.1uu F( He,p) Ne 

H.ble rpynnw DpOTOHOB Po ; Pi ; p 2 B OTAeJibH.ble DBICB, COOT· 
seTCTBYJOutBe HepalpemeHHblM no 3HeprBB rpynnaM p3 ; 
p

4 
; Ps . 3TB rpynnw cooTBeTCTBYIOT nepexoAaM B cocTOJIHBJI 

OCTaTO'IHOrO JI,npa 21 Ne - 0,00 -/3/2 + /; 0,35 -/5/2+ /; 
1,75 -/7/2 + /; 2,791 -/3/2+ /; 2,797 - /1/2 + /; 
2,869 • /9/2+ / M3B. B cneKTpe Ha6JIJOAaeTCJI larpJI3HeHBe 
OT peaICUBB 13C(3He,p )15N, CBJilaHHOe c yrnepo,nHOii DOAJIO)I(• 
ICoii, a TaIClKe c HaroiaHBeM yrnepo,nHoii nneHICB Ha nosepx
HOCTB MBWeHB B MecTe nonaAaHBJI DY'IICa. 

Ha puc. 2 B 3noICalaHbl ~YHKUBB B036y)l(AeHBJI, BlMepeH
Hwe B BHTepsane :JHepreii E3He OT 2,3 AO 4,2 M3B AJIJI 
rpynn npoTOHOB p0 ,p1 ,p2 B Hepa3pemeHH.blX no 3Hepr~B 

P3 ,4 ,5 • KpecTBICaMB o6o3Ha'leH.bl pelyJILTaT.bl B3MepeeBii 
AJIJI yrJIOB 20 B 50° ' BblDOJIHeHHble Ha 6onee TOHICOB MH· 
weHH. .nnJI yrJIOB 100 H 160° B3MepeHHJI Ha TOJICTOB B 

TOHICOB MHWeHJIX AaH.bl BMeCTe. 
MO)l(HO OTMeTHTb, 'ITO xapaICTep ~YHKUHi B036y)l(AeHHJI, 

HlMepeHH.blX Ha MHWeHJIX palHOii TOJllltHH.bl, He MeHJieTCJI. 
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Bee 3TH 4iYHKJ.lHH ao36y:>K'AeHHJI ao3pacTaIOT c yaeJIH'leHHeM 
3HeprHH na.z:i;aiomax 'laCTHU, 'ITO, no·BH.llHMOMY, CBJI3aHO 
c BJIHJIHHeM KYJIOHOBCKoro 6api.epa. Haa6onee 3Ha'IHTeJILHblii 
pocT xapaKTepeH .z:i;ng rpynn p 0 H p1 I .llJIJI yrnoa 40 H 100° /. 
Pe3KHx 4JnyKTyauaii B 4iYHKUHJIX B036y:>K'AeHHJI a MaJioM 
3HepreTH'leCKOM HHTepaane na.z:i;aio~x qacTHU He Ha6JIIO· 
.z:i;aeTcJI. 

Ha puc. 4- 7 npxae.z:i;eHbl yrnoable pacnpe.z:i;eneHHJI rpynn 
npoTOHOB, COOTBeTCTBYIOmHx nepexo.z:i;aM B COCTOJIHHJI KO· 
He'IHoro g.z:i;pa 21 Ne - 0,00; 0,35 H 1,75 M3B. 

To'IKH Ha rpa4JaKax - 3KcnepaMeHTaJILHwe 3Ha'leHHJI, 
nepeC'IHTaHHhle B c.u.M. YKa3aHHble Ha pHCYHKax OWH6KH 
COOTBeTCTBYIOT CTaTHCTH'leCKHM OWH6KaM H3MepeHHJI BblXO· 
.z:i;a peaKUHH, OWH6Ke Bbl,D;eJieHHJI nHKa Ha cneKTpe H OWH6KaM 
HOPMHPOBKH K 4iYHKUHJIM B036y:>K'AeHHJI. ,nng rpynnw P2 B 
HHTepaane yrnoB 80 -140° npoBO.llHJIOCL Bhl'IHTaHHe BKJia.z:i;a 
OT 4JoHoaoii peaKUHH 13 C(3 He ,p)15 N c yqeToM pe3yJILTa· 
TOB pa60Tbl /5/. 

OJ;CY)J(,4EHHE PE3YJlbTATOB 

06maii xapaKTep noae.z:i;eHHJI 4iYHKUHii B036y:>K'AeHHJI H 
yrnoawx pacnpe.z:i;eneHHi B .z:i;xana3oHe 3Hepraii E3He OT 
2,3 .z:i;o 3,5 M3B yKa3wBaeT Ha To, 'ITO, no·BHAHMOMy, 
B 3Toii o6nacTH 3Heprai npeo6na.z:i;aeT MexaHH3M o6pa3osa
HHJI COCTaBHOro g.z:i;pa. Ha puc. 8 npe.z:i;cTaBJieHhl yrJIOBble 
pacnpe.z:i;eneHHJI npoTOHOB, ycpe.z:i;HeHHwe no BHTepsany 3Hep
ralt' E3 B 400 K3B co cpe.z:i;Heii 3Hepraeii 2,8 M3B. 

He 

YcpeAUeHHble yrnoawe pacnpe.z:i;eneHHJI 6JIH3KH no diopMe 
K pacnpe.z:i;eneHHJIM, H3MepeHHWM npa 3HeprHH E 3 , paa
Hoii 2,8 M3B. ~opMa yrnoawx pacnpe.z:i;eneHHii ,D;JIJ

1
rpynnbl 

Po He CBJILHO B3MeHJieTCJI npa yaeJIB'leHBB BHTepaana yc
pe.z:i;HeHHJI OT 2,6 .llO 3,5 M3B, ,llJIJI rpynnw p 

1 
cna.z:i; yaeJIH'IB· 

aaeTcJI no,ll nepe,llHHMB yrnaMB. Ha.llo OTMeTBTL, 'ITO ycpe,ll· 
HeHHWe yrJIOBble pacnpe,lleJieHBJI ,llOBOJILHO CBMMeTpB'IHhl 
OTHOCBTeJILHO 90 °. B •a6.11. 1 npBBe,lleHw OTHOWeHBJI npo
BHTerpapoBaHHWX. ycpe.z:i;HeHHWX nonepe'IHWX ce'leHaii no 
yrnaM OT 20 AO 90 ° IC npOBHTerpapoBaHHLIM nonepe'IHblM 
ceqeHBJIM OT 90 .llO 160 ° ,D;JIJI E3 = 2,8 a E3 = 3,04 M3B. 

He He 
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19 3 21 
Puc. 4. Yz.11oe1»1e pacnpeoe.11eHuJ1 peaK14uu F( He,pn) Ne. 

Ta6.11u14a 1 

~ 
u(20°.:;.900)} a ( 90° 7 160°) 

2,8 M3B 3,04 M3B M3B 
e 

0,00 0,95 0,97 
0,35 0,87 0,85 
1,75 1,25 
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Puc. 5. YzAoe1>1e pacnpedeAeHu.11 peaK11uu 19F ( 3He,p ) 21Ne *. .... 
3Ta CBMMeTpBJI ,llaeT yKa3aHBJI Ha B03MO>KHOCTJ. auans3a 

ycpe,llueuu:wx yrnos:wx pacnpe,lleneusi no cTaTBCTBqecxoi 
Teopaa cocTasuoro Jl.llpa Xay3epa-~ew6axa/6/. KpoMe 
Toro, ups 3Heprss uaneTa101Qei qacTs1u11 2,8 M3B 3ueprBJ1 
so36y)l(.lleHBJI cocTasuoro •Apa pasua 21 M3B. IlpBTaKoi 
3Heprss so36y)l(.lleHBJ1 cpe,lluee paccTOJIHBe Me)l(.lly ypoBHJIMB 
KOMnayu,ll- Jl,llpa co cnBHOM 0. DO.llcqsTaHHOe no d>opMyne 
Hi.10Toua 17 I, pasuo 1, 7 K3B. Ilo3TOMY ycpe,llueuse no 
BHTepsany 3Heprsi B 400 K3BMO:>KeT COOTBeTCTBOBaTi. CTa
TBCTBqecKOMY DO.llXO.llY B onscaHBB peaKusi. 
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aa, - .HHAeKC KaHaJia peaKU:HH, c - HHAeKC COCTOJIHHJI co-

CTaBHOro J1Apa, I T J,, Bblpa:>KaeTcJI cneAYIOUUIM 06-
"J c pa30M: c 

2 
[ 2 1T r ( 2 J + 1) I D 0 ] exp [ - J (J + 1 ) I 2 a ' 

rAe r I Do - .OTHOWeHHe cpeAHeii IlOJIHOii WHPHHbl ypoBHJI 
K cpeAHeMy paccTO.llHHJO Me:>KAY ypoBH.llMH co cnHHOM 0. 

12. 

a2 - napaMeTp CilHHOBOro o6pe3aHH.ll AJI.11 COCTaBHoro 
.llApa. BeJIH'IHHbl npoHHu;aeMOCTei pacc11HTblBaJIHCL no 

onTB11ecKoii MOAeJIB c noTeHu;BaJioM By Ac- CaKCOHOBCKoro 
THila. IlapaMeTphl IlOTeHu;BaJIOB 6WJIB Bl.llTW Bl pa6oTW /2/ 
AJI.11 BXOAHOro KaHaJia, Bl pa60Twl9/ - AJI.11 BWXOAHOro. 
Pac11eT npoHBu;aeMocTeii npoBOABJic.11 c BcnoJILlOBaHBeM 
nporpaMMW SCAT II 21 Ha 3BM CDC-1604A. 

Ha puc. 8 cnnomHWMB JIBHB.llMB npeAcTaBJieHw pelyni.
TaTw pac11eTa, HOpMBPOBaHHWe K 3KCnepBMeHTaJILHWM AaH
HWM npB yrne 90 °. Ha6JIJOAaeTc.11 Ka11ecTBeHHoe cornacBe 
B 4iopMe 3KCnepBMeHTaJILHWX B paCC'IBTaHHWX yrJIOBWX 
pacnpeAeJieHHii. 
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HaBny11waJ1 no.u;roHKa no cl>opMe yrnoBLIX pacnpe.u;eneHB:I 
K 3KcnepBMeHTani.HhlM yrnoBhlM pacnpe.u;eneHBJIM nony11eHa 
.u;nJI o2 , pasHoro 4,5. Tpy.u;Ho TO'IHO cl>BKCBposaTi. ero lHa-
11eHBe Bl - la HenonHoro cosna.u;eHBJI cl>opMhl pac11:eTuoro 
e BlMepeHHoro yrnoBLIX pacnpe.u;eneHB:I. ,D;aHHaJI senB'l:BHa 
o

2 
6nBlKa K o~ = 5,5, COOTBeTCTB}'IOIQe:I MOMeHTY BHepllBB 

TBep.u;oro Tena. He6oni.waJI senB'l:BHa u2 MO)ICeT 6wTi. CBJI
laHa c ManwM Ha6opoM lHa'leHB:I J ,An.fl YPOBHe:I COCTaBHO
ro Jl,D;pa, y'l:aCTBYIOIUllX B peaKUBB Bl- la orpaHB'leHB:I no f , 
HanaraeMLIX KynoHOBCKBM B ueHTpo6e)ICffbJM 6api.epaMB. 

3Ha'l:eHBJI r/Do , nony11:eHHL1e B pelyni.TaTe cpaBHeHBJI 
3KcnepBMeHTani.ewx senB'IBH ce11eHBJ1 B pac11eTa no TeopBB 
Xaylepa-fl>ew6axa, npe.u;cTasneew B •a6A. 2. Ha OCHOBaHBB 
lHa11:eee:I Do , pacc11BTaHHLIX no d>opMynaM Hi.JOToea /7 I B 
KaMepoea /I 0,11/ , onpe.u;enJinBci. lHa'l:eHBJI cpe.u;eeii wB
peew ypOBHeii COCTaBHOrO JI,D;pa r . 

Ta6Au11a 2 

E21 r a/ r B/ 
Ne I" r/Do K3B K3B 

M3B 

0,00 3/2+ 13,5 23,0 19 
0,35 5/2+ 23,5 40,0 33 
1,75 112+ 18 30,6 25,2 

a - pac11eT no KaMepoHy, 6 - no Hi.JOToey. 
H~.u;eHHLie cpe.u;eBe wBpBHLI J1Bn.110TCJ1 oueuxol HB)l(He:I 
rpaHBULI BX lHa'leHBB. 3To CBJllaHo c BOlMO)ICHLIM BKna.u;oM 
B nonepe11:uoe ce11eHBe .u;pyrex MexaHBlMOB npoTeKaHB.R 
peaKllHI, OTnB'IHLIX OT paCC'IBThlBaeMoro, B MeTO.D;OM onpe-
.u;eneHBJI r . . 3 

Ilpe 6onee BLICOKBX 3HeprB.ax HaneTaJOIUllX 11acTBU He 
B paloHe xynoeoscxoro 6api.epa .D;nJI rpynn p 

0 
, p 

1 
e p

2 
, 

no-BB.ABMOMy, BrpaeT 6onee cymecTBeHHYIO poni. np.aMol: 
MeXaHBlM B BHTepcl>epeHUBOHHLle .RBneHBJI. Ha 3TO MO)ICeT 
yxalLIBaTi. .u;osoni.eo 6oni.waJI acBMMeTpeJI B yrnoBLIX pac
npe.u;eneHHJIX. 

Pelyni.TaTw BlMepeuBii e npose.u;eHHLI:I aHanBl noKa
lLIBaJOT, 'l:TO B o6nacTB 3Hepreii ycxopeeeLix 11acTBU 3 He .u;o 
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3,0 M3B peaKueJI 19 F( 3He,p)21 Ne npoTeKaeT npeBMy
mecTseeeo la c11eT MexaHBlMa o6paloBaHBJI cocTasuoro 
.a.u;pa. IlpB 3HepruJix > 3,5 M3B xapaKTep BlaBMo.u;eicTBBJI 
CTaHOBHTC.R 6onee cnO)ICHLJM H Tpe6yeT .u;ononHBTeni.uoro 
.u;eTani.Horo Hly11eHBJ1. 

B laKn1011eHBe asTopw swpa)ICaJOT 6naro.u;apuocTi. 
H.A.1lenyp11eHKO H rpynne 3KcnnyaTaUBB ycKopaTenJI, 
H.H.nBHi.Kosy B B.r.3aeuy la noMomi. B npose.u;eHBR Hl
MepeHB:I. 
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