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f: section Of the'~ ine!'astiC-'·proton scattering 
' near the reson'ance. ener'gi~s o:f-2.41 and· 

·: ... 

4 .Q.2 _MeV in -the 24 Mg(p, p'·yl 24 Mg, react~on·._The 
an.'g_1,llar distribution of the inelastic· pre>.:.. 

,. ;, . to'n·::scattering in·'the re{sonance region of_· 
2. 41 MeV .. is 'iso.trop'ic in the c .in~s. ,. :which 
proves · the main contr-ibution of: · s- '""wave~. in 
the, entrance channel. The ·spin-:-:flip' proba
bility is ·also isotrop.f·c, .. Of'' non-resonance 
charact~r 'and· ~quals ·\to (1:4£3>% ~, ±h~- .spin~ 
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1. BeeoeHue -
·., 

H3MepeHHe Bepo.HTHOCTH cnHH·cllnuna /nepeBopa'IHBaHii.H 
cnHHa/ npu HeynpyroM pacce.HHHH npoTOHa npe,ncTaBn.HeT 
co6oif 'laCTHbiH cnyqai{ H3MepeHHJI yrnOBOH (p 'y) KOppe-. 
n.HUHH B reoMeTpliu, Kor.na y : - .neTeKTop pacnono:>KeH no ocu 
Z, nepneH,nHKyn.HpHoii K nnocKoCTH peaKUH;H; co,nep:>Karueii 
na,naiOIUYIO H pacce.HHHYIO 'laCTHUbl • 

HJ TeopeMbi. O~liopa / 2/'cne,nyeT, 'ITO ,nn.H n106oii ,nByx.- .· 
qacTH'IHoii peaKuu:H; B KoTopoii qe'~HocT~ :H yrnoBoii MoMeHT 

. . .:• 
COXpaHJIIOTCJI, BLillOllHJieTCJI paBeHCTBO 

i11S i · . i77 Sf 
P. e =Pre · , /1/ 

r,ne pi ;'Pf - ,BHyTpeHHHe 'leTHOCTH Ha'lanLHOH H KOHe'IHOH 
CHCTeM, S i , Sr ;; .,cyMMa. npoeKUHH CllHHOB Ha OCb Z 
'laCTHU Ha'lallbHOH H KOHe'IHOH CHCTeM. H3 paBeHCTBa /1/ 
nonyqaeM, '-ITo pa3HocTL- Sr -S 1- ... , 'leTHa.H . 

. -: .. IJpH HeynpyrOM pacceJIHHH · llpOTOHa Ha 'leTHO·lfeTHOM 
.H,npe, Iiaxo,n.HIUeMCJI B OCHOBHOM COCTOJIHHH 0~ ecnH npo
HCXO~HT y -nepexo,n 2+-> 0+, HMeeM: 

S f - S . = m · , - m + M 2+ 
I - S S 

/2/ 'leTHOe , 

r,ne m 
8

, , in 8 ,M 2+ - npoeKUHH Ha OCb Z CllHHOB·pacceJIHHO
ro H na,naiOIUero npOTOHa H B036y:>K,neHitoro 2+- COCTOJIHHH 
.H,np~-~urneHH ·/ocTaTO'IHoro . .H,npa/. H3 /2/ cne.ny~T, 'ITO 
m's'=~s npuM 2+ =0,~2 um 8 ;~7m8 _npu M2+=±l 
PaBeHCTBO ·m s' = -m s 03Ha'lae'i' nepeBopa'IHBaHHe cnulia 
np:OTOHa ~CHHH·cilnun. • . . . 
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H3 paccMoTpeHHH nonHpHwx ~HarpaMM HHTeHCHBHOCTH 
y -H.3ITy'leHHH . · 'IHCTOH •L;M · MYITLTHnOITLHOCTH/3/ cne-

. ,n;yeT, 'ITO TOITLKO y -K.BaHTbl MYITLTHnOJILHOCTH 2; ±1 HMe
lOT pe3KO Bbipa)KeHHYJO HanpaBneHHOCTb HHTeHCHBHOCTH H3-
ny'leHHH no ocH Z, nepneH.n;HKYITHpHoii nnocKOCTH peaKUHH. 
Cne,n;oaaTenLHo, ,n;eTeKTop y -nyqeif, pacriono)KeHHbiH no ocH 
Z, H ,n;eTeKTop Heynpyro pacceHHHbiX npoToHoB, pacnono
)KeHHMii B nJIOCKOCTH peaKUHH, BKJIIO'IeHHbie Ha coima,n;eHHH, 
perHCTpHpyiOT B OCHOBHOM C06biTHH, COOTBeTCTBYJOli.1He CnHH-
clJnHny npOTOHOB. • 

· K HaCTOH~eMy apeMeHH HMeeTcH ,n;ocTaTO'IHO 6onLwoe 
KOITH'IeCTBO pa60T ITO 3KCnepHMeHTaiTbHOMY onpe,n;eneHHIO 

. BepOHTHOCTH CITHH-ciJmina npH HeynpyrOM paCCeHHHH npOTO
HOB.-. 0HH BblnOnHeHbl · B . ,IJ;Hana30He: 3HeprHH HaneTaiOJUHX. 
npOTOHOB 9-·4.0 M3B/4-B/ H HanpaBneHbl B. OCHOBHOM Ha 
BbiH.CHe.HHe p"onH CnHH- op6HTaiTbHOH HITH CnHH- CnHHOBOH qac
TH OnTH'IeCKOrO nOTeHUHana B npouecce racceHHHH. 

MO)KHO Bbi,n;enHTb rpynny pa6oT19- ~/' r,n;e o6pa6oTKa 
3KcnepHMeHTanbHbiX ",n;aHHMX aenacb c uenLIO nony'leHHH 
napuHanbHbiX WHpHH Heynpyro pacceHHHbiX npOTOHOB, T.e. 
onpe,n;eneHHH CTpyKTypbi BOITHOBOH ciJyHKUHH B036y)K,IJ;eHHOro 
COCTOHHHH. H3o6ap-aHanoroBaH npHpo,n;a B036y)K,IJ;eHHOrO 
COCTOHHHH HMeeT 3,IJ;eCb cy~eCTBeHHOe 3Ha'leHHe. 

B .n;aHH.oii pa6oTe npoao,n;HnocL CHCTeMaTH'IecKoe H3yqe
HHe ITOBe,IJ;eHHH Be.pOHJ'HOCTH CITHH-ciJnHna B 3aBHCHMOCTH. 
OT 3HeprHH H yrna pacceHHHH B peaKUHH 24 Mg(p,p 'y)2_4 Mg B. 
o6naCTH pe30HaHCOB 25Al .npH 3HeprHHX na,n;aiO~HX npOTOHOB. 

EP =2,41. M3B H EP = 4,02 M31Jts yffHbi H 'leTHOCTH 
. pe30HaHCOB O,IJ;HHaKOBbl H paBHbl 5/.2+ '. 

. 2. MemoouKa 3KcnepuMeuma 

Pa6oTa BblnonHeHa Ha 3neKTpocTaTH'IecKoM reHepaTope 
3r-:-5. 06"be,IJ;HHeHHOrO HHCTHTyTa H,D;epHbiX HC.CITe,IJ;OBaHHH •. 

HOHbl Bo,n;opo.n;a, yc:KopeHHbie Ha 3r' npoaHaiTH3HpoBaHHbie 
no· HMnynLcaM ManiHTHbiM aHanH3aTopoM, OTKITOHHIOTCH 
pa3,n;aTO'IHbiM MarHHTOM Ha yron 4S0 H, npOH,IJ;H yqacTOK 
HOHOnpoBo,n;a, B KOTOpbiH UOMeJileH KOITITHMaTop· j,n;nHHa KOIT:
ITHMaTopa 100 MM, ,n;HaMeTp 1,5 MM/, nona,n;aroT Ha· iaep:.. 
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PHc. 1. CxeMa KaMepbi. 1 - Kopnyc, 2 - KonnHMaTop, 3.
UHITHH,D;p q,apa,n;e:JI,. 4 - oxpaHHOe KOITbUO, 5,6 - ,n;eTeKTOpbl • 

,n;yro TOHKYIO MHWeHb 24 Mg. MHWeHb ycTaHaBITHBaeTCH B 
ueHTpe KaMepbl pacceHHHH. CxeMa KaMepbi npe,n;cTaaneHa 
Ha pHc. 1. KaK ~H,n;Ho H3 pHCYHKa, B ,n;oHH9H. qac_TH KaMepbi 
pacnono)KeHLI · TPH no,nBH)KHbiX H3onH:poaaHHbiX aao,n;a. · Ha 
O,D;HOM H3 HHX; UeHTpanbHOM, ycTaHaBITHBaeTCH MHWeHb, 
Ha ,IJ;BYX ,n;pyrHX - KpOHWTeHHbl C ;IJ.eTeKTOpaMH 3apH)KeHHbiX 
qacTHU. Bpa~eHHeM aao,n;oa o6ecne'IHBaeTcH' He3aBHCHMoe 
nepeMe~eHHe Ka)K,n;oro H3 ,n;eTeKTopoB B HHTepaane yrnoa 
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\ I . . . 
0 - _16o,o B na6opaTopHoii c'ucTe:Me xoop,i(uHaT. B KpblliiKe. 
KaMephl HMeeTCH UHJtHH~puqecKoe yrny6neHHe, B KOTOpOM 
pa3Me(UaeTCH 'CUHHTHJtJtHUHOHHLiH raMMa • ~eTeKTOp, noMe· 
IUeHHbiH B CBHHUOBLIH 3KpaH.· raMMa·.n,eTeKTOp, COCTOHIUHH 
u3. ~oTo3nexTpoHHoro YMHO)Kl{Tena AVP-56 u xpucTanna 
NaJ (Tl) pa3MepoM 1 3/4 "x2 ", pacnonaranca no OCH 
Z,nepneH~~xynapHoii nnocxocTH peaxuuu. C~HHUOBa~ 3a

IUHTa 3aKphlBana ~eTeKTOp OT y ·H3JtyqeHHH, H~YIUero 

He OT MHWeHH. IlonOBHHllhlH yron H3 MHWeHH Ua ~eTeKTOp 
. 0 

COCTaBJtHeT 16 , npHHCnOJtb30BaUHHKOJtJtHMHpyroiUero CBHH· 
noBoro. KOHyca 3TOT yron paBeH 10 ° , 3UepreTuqecxoe 
pa3peweHHe y -~eTeKTopa .... 90/o. · . 

MuweHL .H3roTaBJtHBanacL· MeTo~oM ucnapeHHH ecTecT
BeHnoro 24 Mg ua TOHKyro I ... 15 MKz/cM2 / caMonow 

. ~ep)i{uBaiOIUYIOCH nneHKY yrnepo~a. qHCJtO a TO MOB MHW~HH 
onpe~eJtHJtOCL no H3MepeHHIO ynpyroro pacceHHHH 3He Ha 

'3T.oii MHWeHH. Ynpyroe pacceaHHe npHHHManocL pe3ep~op
~OBCKHM. CnpaBe~nHBOCTL nocne~Hero n6ATBep)I(,IleHa KOHT
ponLHLIMH H3Me~eHHHMH, r~e 6LinO noKa3aHo, qTo B HHTep
Bane 3Hepru:H He 2,'4 - 3 M3B, 3aBHCHMOCTL NE 2=f(E) , 
r~e N -: .Bwxo~, E - 3Heprua 3 He, a npe~enax ±0,5oJo rio
CTOHHHaH ·u He 3aBHCHT OT 3HeprH~. B pa6oTe HCnOJtL30Ba· 
JtHCL MHWeHH C qucnoM aTOMOB 10 7 

- 1018 'laCmUli/CM 2 , 
qTo cocTaBnano ;:J;na nMaiOIUero nyqxa npoTOHOB noTepro He 
6onee 5 K3B. Pa36poc no :meprHHM nyqxa B neHTpe MHWeHH 
He npeBLiuia.iJ· 2 K3B. 

qucno qacTHU, na~aiOIUHX ua MHWeHL, onpe.n.enanocL 
no H3Mepeunio ToKa nyqxa; npowc~wero 3Ty MHWeHL, c ·no· 
MOIULIO UHJtHH~pa Cl>apa~eH, ycTaHOBJtCHHOrO 3a HCH Ha pac· • 
CTOJIHHH 70 CM. H3MepeHHe npoBO~JtOCL HHTerpaTopoM TOKa,. 
nnHeiiHOCTL KoToporo B ~uana3oHe TOKOB 0,1 - 0,5 MKA 

6wna He xy>Ke 1 0/o. B xaqecTBe ~eTeKTopoB pacceaHHhlX · 
npoTOHOB HCnOJtL30BaJtHCL KpeMHHeBLIC llOBepXHOCTH0·6apL· 
epHhle ~eTeKTOphl j.R --·5000 0M·CM/. O~HH H3 HHX • MO· 
HHTOp, ycTaHaBnHBaJtCJI no_nj yrnoM· 135° H np:ll H3MepeHHH 
yrnoBhlX pacripe~eneHHH npHMCHJIJtCJI ~JtJI'KOHTpOJtJI CTa6HnL~. 
HOCTH MHWeHH; ,lJ;pyroH )J;CTCKTOp o6e'cneqHBan H3MCPCHHJI 
yrJtOBOH H 3HepreTHqecKOH 3aBHCHMOCTH ynpyro H Heynpyro 
pacceaHHLIX npoToHoB. 3HepreTuqecxoe pa3peweHHe ~eTeK· 
TOpOB COCTaBJtJIJtO ..,. 25. K3B ~Jl.ll a -qacTBU C :meprueii 
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5,5 M3B. Ilepe~ ~eTeKTopaMH ycTaHaBnHBanucL xonnuMaTo~ 
Phl~ o6pa3yroruue c UCHTPOM .MHWCHH KOHYC c nonoBHHHhlM 
yrnoM 2°. · · . . . · . 

· · 3iiexTpoulliu: · 6nox- c.xew:a 6wcTpo :-Me~mmHLIX. coBna~e-
HHH, C noMOIULIO KOTOpoii npoBO~JtHCL HJMepeHHJI BCpOST· 

.HOCTH cnuu-clJ,nuna·, ·a TaK>Ke ,lUI~epeHUHaJtLHLIX ceqeHHH 
·~fnpy,ro:r:ct :a. !I~Ynt:iYroro pacceaHHH, ~pe~cTaBneHa _Ha puc ·:2. 
. B OCHOBHOM OHa aHa.rioruqHa CHCTeMaM, npHMCHJIB•. 
:wliMc.ll· B: ·pa6oTaxU.•_·6 • 1sf, • CxeM.anocTpoena;.~ ~T~H
;~apTHwx 6noxax, pa3pa6oTaHHLIX ·B Jla6opaTopu~ a~epHLix 
npo6ne:M H Jla6opaTOpHH HCHTPOHHOH ~H3HKH QHJIH/19/.Kax 

MO>KHO npocne;:J;HTL no. CXCMe, CHrHan C aHo~a Cl>3Y m)~aeTCJI 
:Ha ··Bxo~ "CTAPT" ape:MB-aMnmiTy~Horo KOHBepTopa.qepe3 
'6wcTpLiii clJopMupoBaTenL. ClirHan c ~HHo~a tiepe3 ycunu
TenL; . 'n. r; AHclJcllepeHnH~JtLHbiH ' ~HCKPHMHHa TOp, BLipe 3a10IUHH 

·Puc. 2. linox-c.xeMa 6wcTpo·Me~neHHLIX coBn~~eHuii. 
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l}loTonHK y -K.BaHTOB c 3Heprueii 1,37 M3B /nepaoe .Bo.3-
6yJK,IJ;eHHoe cocTO.H:HHe. 2+ .H:.n;pa 24 Mg/, no.n;aeTC.H: · aa. axo.n;· _· 
cxeMhi :Me.n;neHHbiX coami..n;eauii. · 

· Curaan c .n;eTeKT<lpa nocTyiiaeT aa 3ap.H:.n;oaoqyacTBH
TenhHhiH npeiycumiTenL, : aa axo.n;e Koioporo CTO.HT TPH 
napannenhHO . BKJiro'leHHhiX IioneBhiX TpaH3HCTOpa, 2N 4393 C 
KPYTH3Iioii :: 14 MA/B Ka:>K.n;hiii. IIpe.n;ycunuTenh HMeeT M:a
nhlii ypoaeHh inyM:oa /- 2 K3B/ npil. ayneaoii axo.n;aoii eM.; 
KOCTH, _MaJibiH K03dJtiJHUHeHT HapaCTaHH.H: WYMOB B 3aBHCH
MOCTH OT B?tO.D;HOH_.eMKOCTH /:: 0,035 K3B/nrfi/ H l}lpOHT 
HapaCT~l.HHH BhiXO,Il;HOrO CHrHaJia < 10 HCeK. rpaHH'IHa.H 
BXO,D;Ha.H: eMKOCTb ·npe.n;yCHJIHTeJI.H '2: 400 n(l. . 

C apeMeHHoro Bhlx·o.zia iipe.n;y'cuJIHTen.H: c:Hraan qepe3 
6biCTphiH YCHJIHTeJib H <}JopMHpOBaTeJih no.n;aeTC.H Ha BXO,Il; 
"CTOW' ape:M.H:.:.aMnnuTy.n;H:oro KoaaepTopa. KoaBepTop cny
:>KHT 3JieMeHTOM OT6opa 6biCTphiX COBna.n;eHHH. 3Kcnepi.:. . 
MeHTaJILHoe apeMeaaoe pa3peweaile 6LICTporo KaHana /wu
puaa aa nonyah~CoTe/ 2 11r = 2 + 4 uceK B 3aBHCHMOCTH OT 
3Hepruu pe3oaaaca • 

. C:::HrHaJibl C .BbiXO,D;a· BpeM·.H-aMllJIHTY,D;HOrO KOHBepTopa 
qepe3 noporoBLiii ycunuTenL-I}lopMHpoaaTenh no.n;aiOTC.H Ha 
BTopoii axo.n; "Me.n;neaaoii" cxeMLI coana.n;eauii c pa3pewaiO
IUHM apeMeHeM 2Lh :::100 uceK. Curaan c Bhixoia cxeMbi 
coana.n;eauii OTKPLIBaeT nu~e:Hay10 cxeMy nponycKaHH.H:, ·aa 
BXO,Il; KOTOpOH no.n;aeTC.H: llpOTOHHbiH cneKTp C aMllJIHTY,D;HOrO 
BLixo.n;a npe.n;ycunuTenJi. ·3roT :>Ke cneKTp, ao 6e3 oT6opa 
CXeMOH nponycKaHH.H: /np.H:MOH cneKTp/ 3allOMHHaeTC.H .n;py
rH}J: aMnnHTYAHbiM aaanu3aTopoM HMnynLcoa. TaKHM o6pa-
30M, O,Il;HOBpeMel:lHO perHCTpHpyiOTC.H: .n;~a cneKTpa npOTOHOB: 
cneKTP coana.n;eauii H np.HMOii cneKTp. 

B npouecce H3Mepeauii pa6oTa· 3JieKTpoHHKH KOHTponu
pyeTC.H B qeThlpex TO'IKax 6noK- cxeMLI qeThipbM.H: nepec'leT
HhiMH ycTpOHCTBaMH: nc- II+ rrc:....Iv . ·.· Qco6eHHO BruKHhl 
no3HUHH IIC-11 u -IIC-III, T .K. oHH oc:vmecran.HIOT KOHTponb 
3a pa6oToii 6~IcTpo-Me.n;ne.HHhiX 3ne~eHTOB c~~mi..n;eauii, 3a. 
CTa6HJibHOCT.biO K03<}JdJHUHeHT<L ycuneHH.H: y ~):~e·TeKTOpa·H no- · · 
no:>Keaue·M "oKHa" .n;u<}JI}lepeauuanLHoro .n;ucKpHMBHaTopa. IIpu 
npoBe,D;eHHH 3KCnepHMeHTa TOK Ha MHWeHb paBH.H:JIC.H: 0, 1+ 
0,2 M KA. · IIpoc'leTLI H3- 3a MepTaoro apeMeau aMrrimTy.n;aoro 
aHaJIH3aT<?Pa. COCTaBJI.H.iiH. 2.;:_100/o ja 3aBHCHMOCTH OT yrna 
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j, 
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· pacce.H:HHJI/. IIpo.n;on:>KHTeJibaocTb H3Mepeau.fi o.n;aoii · TO'IKH 
CO CT<LTHCTH'IeCKOH norpeWHOCTbiD 5% COCTaBJIHJia.2+ 8 qa
COB. Oaa '3aBHCHT OT BeJIH'IHI:lhl aepo.H:THOCTH cn'ua-<}Jnuna 

; H llOJIO:>KeHH.H: OTHOCHTeJibHO pe30HaHCHOH 3HeprHH. ci>OH cny
qa:iiHbiX coana.n;ea:Hii acer.n;a 6hln ::; 5o,to. 

· 3. Pe3yAbmambJ U3Mepeuuii. 06cyJICoeuue ·· 
· pe3yAbmamoe 

B npe.n;ene, npu HaJIH'IHH 6ecKoHe'IHO Manoro Tenecaoro 
yrna · Y-.n;.eTeKTopa~aepo.H:THOCTb cnua-<}Jnuna W(Op) ecTh' 

.W(O , )= L 
p 5 

HCT 
NCOB 

N ,•£ 
p 

/3/ 

r.n;e N~g: - .KonuqecTBO HCTHHHLIX coana.n;eauii a nuKe 
aeynpyrOI'o. pacce.H:HH.H: cneKTpa coana~eauii; NP, - nnoma.n;b 
nuKa aeynpyroro pacce.H:HH.H: B np.HMOM cneKTpe; 

, N., 
NucT = N P - r.fo· :..:..e...' 

COB COB COBN /4/ 
. ' Po 

r.n;e N:oB :.. J;Inoma.n;b nuKa aeynpyroro pac.ce.H:HH.H: B cneK"I;-
pe. coana.n;eauii; N Po - nnoma.n;b nuKa ynpyroro pacce.H:HH.H: 

COB~ N . . 
B cneKTpe coana.n;eauu; Po - J;Inoma.n;b nHKa ynWn.roro pac-
ce.H:HH.H: B np.H:MOM cneKTpe. BenH'IHHa NPo _P_ ecTb 

COB N 
Po 

3<}J<}JeKTHBHOCTb KOJIH'IeCTBO CJiy'laHHhiX COBlla,D;eHHH: f 

perHCTpaUHH y -K_BaHTOB, 

n 
f=flf2~· /5/ 

r.n;e fl -n,.oJIHa.H: 3.tPcPeKTHBHOCTb perHCTpaUHH, i 2 -·3<}J<}JeKTHB
HOCTb' perHCTpaUHH B '<}JoTOllHKe, 0 -3<}J<}JeKTHBHLIH TeJieCHLIH - ·- . , . . . n . 
yro,n H3 _ MHWeHH- Ha y.- .n;_eTeKTOp.ITpOH3Be.n;eHHe f l £ 

2
:4

71 
. = f 

MO:>KHO onpe.n;eJIHTb. H3 -OllLITa, 3aMeHHB MHWeHb pa,D;HOaKTHB ~ 
HLIM HCTO'IHHKOM H3BeCTHOHaKTHBHOCTHC 3Heprueii: y-H3Jiy
'leHH.H:,6JIH3KOH K 3HeprHH perHCTpHpyeMoro B 3KCllepHMeHTe 
y -n.epexo.n;a /1,37 M3B/. ,D;n.H: 3Toii ueiiu ucnonL3oaanc.H 

.9 



I 

·.:• 

w~ 

20 

10 
t 

a 

J,O 

20 

5 
{D I tpo 1 1 • 1(0 1 ' ... 8{u,/'f . 

Puc. 3. Yrnoahle. pacnpe.neneHHJI aepoJITHOCTH cnuu-qmuna 
n_pu pe3ouaucax "2,41 M3B /a/ H 4,02 M3B /6/. 

o6pa3UOBLiii pa.nuoaKTHBHLiii H~TO'IHH~2 
Na c Ey =1,28 M3B. 

B nonyqeuuyw. aenH'IHHY aao,nunacL noripaaKa ua pa3HHUY. 
:mepruii . y -u3nyqeuuJI . 22Na H 3KcnepuMeuTanLHhiM 
3Ha'ieHHeM. IlorpeUmOCTb u3MepeHHJI l - 10t1o. EcnHI 0 ile 
Mano H BKmi,naMH OT DO.D;COCTOJIHHH c M' =0, ± 2: .npeue6peq~. 
Henb3JI,_:;_TO B 3KCnepHMeHTanbHO riony'ieHHbie 3Ha'ieHHJI Be-

. po.JITHOCTH cnuH-<tmuna Heo6xo,nuMo·BHeCTH nonpaBKY·HaKo
He'IHLie pa3MepLI y - ,neTeKTopa. O:Ha onpe.nenJinacL TaK >Ke; · 
KaK a pa6oTax11•4/. Ha puc. 3a noKa3aHo :iKcnepuMeHTanL-

10. 

J 
./ 

I. 
I 

l 
t 

·• I 

uoe yrnoaoe. pacnpe.neneHHe aepoJITHOCTH cnuH-I}lnuna npu 
pe3oHaHcHoii · 3Hepruu E P =2,4.1 M3B . . 0Ho a npe.nefla:i 
owu6oK H30TponHo TaK >Ke, KaK H yrnoaoe pacnpe.neneHHe 

· Heynpyro pacceJIHHLIX npoTOHOB B c~n. /eM. puc.S/. Ilocne.n
H~e .naeT ocHoaaHue npe.nnonaraTL .noMHHHPYIOIUHii BKna,n 
S -BORHbl B BbiXO.ii.HOM KaHane. Y'IHTbiBaJI, 'ITO CDHH H ~ef

·HOCT.b . pe3oaaHca J 17 = 5/2+ • npe~nonaraeM ao axo.nuoM: 

KaHane BOnHY dS/2. · . . . . 
Ha puc. 4 noKa3aHLI 3HepreTii'IeCKHe 3aBHCHMOCTH 

W(Op') a o6nac:ru pe3oHaHca npu yrnax pacceBHHJI npoTo
HOB 90° n.c. u 150° n.c. Bu,nHo, 'ITO :SepoBTHOCTL cnuH
I}lnuna He HMeeT pe30HaHCHOH 3aBHCHMOCTH OT 3HeprHH. 
B OGIUeM au.ne W (Op' ) MO>KHO 3anucaTL KaK 

das.r. 

W(O , ) = <nf 
· · P · .::::d:.::.aP-,=-'-' /6/. 

d s.f. dO 
r.ne ....!!._ - ,nu.t..t.epeunuanLHoe 31}ll}leKTiiBHoe ceqeHue cnHH-. · dO , '~''~' . .. . 

l}lnuna, . ~-~ P - .nul}ll}lepeHnuanhHOe 31}ll}leKTHBHoe ceqeuue 

Heynpyroro pacceJIHHJI. 
B. CHCTeMe , KOOp.D;HHa T ·C OCLIO Z; nepneH.D;HKyn.HpHOH 

DDOCKOCTH peaKUHH,•aMDJIHTy,ny Heynpyroro .pacce.HHHH Ha 
'ieTHO-'IeTHOM .H.D;pe,. HaXO.D;JI(UeMCH. B OCHOBHOM COCTOHHHH 
0+ .D;O B3aHMO.D;eHCTBHH .H B B036y>K,neHHOM COCTOHHHH 2+ , 
DOCJie B3aHMO.D;eHCTBHH, MO>KHO' 3aDHCaTb B BH.D;e 

·f. , 
m m ,M. 

s s 
((i ,)= 

2
k
17
i !.( 

2
1 

f m_· m 0·i)ml)(.l.e'-m ,m.,,!jrn.)x 
p . sr. J 2 sr.] p . 

x(j'2mi,M'Ijmi_>s~:i, Y'fme·c; ;O)Ye,"'£' 
. ' . . .ej . 

<;., e p' -)~. 

/7/ 
r.ne .f.f' "' op6uTanLHLiii MOMeHT npoToHa .no u nocne.B3aH:
Mo.neiicTBHH; me, me·, ,m

8
,m

8
·- npoeKUHH Ha OCL.Z opGu

TaJILHoro MOMeHTa H CDHHa DpOTOHa .D;O H. nocne B3aHMO;. 
.... ' • • -; c • ~ ,. ,.. • - • .., ~ ' • • • • • 

,neHCTBHH; J, J , ml , m., - . DORHLIH MOMeHT .npoTOHa H ero 
npoeKUHH ua oc~ .Z · Ao ;. · nocne a3auMo,neiicTB~H; 2, M .·· .:· 
cnHH ao36y>K,neHuoro ocTaTotiiioro .H.IJ;pa u ero npoeKUHH( ··. 

II 
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S £1' - S -~aTpH'IHLm .:meMeHTj Y, (O,cp) 
£. t.m 

J 
_cl!lepH~ 

'leCKHe rapMOHHKH.-

JICHO, 'ITO+;i:mi 'leTHO-q_eTHOrO _.H,llpa MHWeHH C OCHOBHLIM 
cocToJiHHeM 0 cnHH H ·lfeTHOCTL B036}')K,lleHHoro cocTOJIHHJI • 

• 11 '11 . 

cocTaBHoro .H,llpa J . = j, . Cl!lepH'IeCKaJI rapMOHHKa 

y~ (11 0) 
f,m£ Z' ITOJIBn.HeTCJI B pe3ynL.TaTe .ITOBOpOTa B npo-

W; 

201--~---~-.l 

fi 1Il
1

I 1l 

10~ f 

a 

z.~· 2."" 

·w%.~ 

•' 

E .... 
I I> 

~uz 

20/· . '\ 
. I j 1 1 I I I I 1. ! ~· I H-1 . _· . . . . l lf~4I\f,4!. IJ: 

10 ZD tiO 

6 
E,..,. ·fH~I - -2,W. Z.itlo 2,~16 .. z.~u. li,ta . ti,Q' . . . . ~ 

PHC. 4. a/ .:. tpyHK~HJI B036y,K,lleHHJI BepOJITHOCTH cmm-l!lnH
na: llpH. 0 , =90° B na6opaTOpHOH CHCTeMe KOOp,llHHaT B 
pa_iioHe pegoHaHca 2,41 M3B. rpa(IJHK 1 - pac'leTHLie 3Ha'le-
HHJI. rpa4JHK,2 ~ ).laHHLie :nccnepHMeHTa. . 
61 - .4JY0HK~HJI B036y)I()J;eHHJI BepOJITHOCTH ·CITHH-4JnHna npH 
Op' =150 B na6opaTOpHOH CHCTeMe KOOp,llHHaT. rpa4JHK 1 -
pac'leTHLie 3Ha'leHHJI. rpai!IHK 2 - AaHHLie 3KcnepHMeHTa. 
rpa4JHK 3 - J.lH4J4JepeH~anLHLie Ce'leHHJI Heynpyroro pacce.H-
HHJI B M6apjcp. .. . . . . . _ 
Bl - .4JYHK~HJI B036y)I()J;eHHJI Bepo.HTHOCTH CITHH-I!InHna npH 
0 , =90° c.~.M. B paiioHe pe3oHaHca 4,02 M3BIKPHBa.H11, 
KGHBaJI 2 - J.lHtl>tl>epeH~aJILHoe ceqeliHe Heynpyroro pacceg-
HHJi B M6apjcp. ·· -

12 

CTpaHCTBe yrnoB 3iinepa ,ll.Ji.H nepeXO,lla B CHCTeMy KOOp,llH-
• HaT . C OCLIO Z, HanpaBneHHOH nepneH,llHKymipHO llJJOCKOCTH 

peaK~HH. ·ABTOMaTH'IeCKH rionyqaJOTCJI · npaBHna OT6opa 

f+me+ qeTHaJI H f~+m£ ... 'leTHaJI~ T.ic. B ,llpyroM cnyqae 

. Y* 
en;e < ; ,o) Hnil :ve, .:<;, O) QY.zlYT paBHLI Hy.JiiO.' ,I(H4J4Je-. me, 

peH~HanLHoe 3tl>tl>eKTHBHoe · ce'leHHe cnHH-I!Inima MO)J(HO Bbl.:. 

pa3HTL KaK 

d?·~ J' 
·C £ 

dO · 
· I . J f · 

2 
m m. ,M ' . .J. 

m ,m ,.M s s 
·s s _.He'leT . 

1 =- 181 
2 

EcnH B 181 npocyMMHpoBaTL no BCeM M ', TO nony'IHM .IlHI!I-
. . daP' (0 ,) 

l!lepeH~HanLHoe ceqeaHe aeynpyroro pacce.HHHJI . ___ ___:_..xt.. 
· dO 

HcnonL3YJI 4JopMynLI 161' 17 I,· 181 H nocne,I{Hee 3aMe'laHHe, 
npe,llnonarai, 'ITO npH 3HeprHH 2,41 M3B HMeeM. H3onHpo
BaHHLIH 6paiiT-BHrHepoBCKHH ·pe3oHaH(!, KOTOPLIH o6pa3yeT
CJI d 5; 2 -a.onHOH BO BXO,llHOM KaHane H pacna,llaeTCJI s 112 -
BOllHOH B BLIXO,llHOM KaHane, OCTaBn.H.H .H,llpO B B036y::>K,lleHHOM 
COCTO.HHHH 2+, MO)J(HO paCC'IHTaTL BepO.HTHOCTh CllHH·iiJnHna 
W (0 , ) · • Olla nonyqaeTc.H paBHoii 2011/~. 3KcnepHMeH-

P Teop . ( . - m · · 
TanLHOe 3Ha'leHHe W 0 P ~ ) 9 Kcnep = / 14±3ho. 

· ,lJ;anee MO>KHO npe,lliTOnO>KHTL, 'ITO 3TOT pe30HaHC He 
'IHCTLIH d s--2, a npHMeCL d3; 2- aonHLI BO BXO.i:\HoM Ka
Hane H 'ITO Hallie :mepreTH'IecKoe pa3peweHH_e I- 8 · K3BI 
He ll03BOn.HeT pa3peWHTL 3TH pe 30HaHC·LI. flpH npe,llnono::>Ke
HHH. 'OTCyTCTBH.H HHTep4JepeH~H Me::>K,lly 3THMH BOllHaMH. 
6Lma. paCC'IHTaHa BepOJITHOCTL CllHH~iiJnHna'W(Op' )· B 3TOM 
cnyqae. OHa·nonyqaeTc.H B BH,lle 
. s2 . 

W(O , ) =~ 
p 5 

1,~ 

1+ ~ 
s2 

d 
512 

_ 0,2'(1 +a) 
2 -. 

s .·. 
3+2..:.!!.aL..2. 

s2 
d5/2. 

1 2 . 
+-a 

3 

/91-
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·r~e a· - .OTHOWeHHe KBa~paT<)B S -~aTpHqHbiX ·:meMeHT<)B. • 
Bbixo,nHa.H :BoJiua 6panacL s 112 • H3/9/ B~Ho, qTo .no6aane
HHe. d a/2 . ·B.OnHbl TOJibKO yBeJIHquaaeT _BepOJITHOCTb CRHH· 
ciJnuna, xo'ia H oqe.Hb cna6o. lf3 /9/ MOlKHO TaiOKe nonyquT&, 
qTo_.nmi cocT~auua c 1" =3/2-+' W(Oj,' >Teop ·= 30~. Mo:>~c
uo· npuaecTH npHMep/17/, Kor.na 3KcnepHMellT ua pe3ouauce 
J~ =3/2+ ~aeT ..W(Op') =300/o._.B.noKria,ne/18/TaiOKe npu

BO,IJ;JITCX pe3yJI&TaTbl, nonyqeuHble npu H3MepeHHH yrnoaoro 
pacnpe.neneuHa aepoJITHOCTH cnuu-clJnuna npu HeynpyroM 
pacceJIHHH npoToHOB Ha 12c ·. l!a pe3ouail:ce npu . EP = 
=5,35 MaB. IlonyqeHo, qTo W(Op' ) =30o/o. llpoae~euuaa 
aBTOpaMH o6pa60TKa pe3yJibTaTOB C HCROJib30BaHBeM OllTH~ 
qecKoro rroTeHuuana B DWBA · . rrpH6niDKeuua He ~aeT co-
rnacyl{)~eiica c 3KcnepBMeHTOM BenHqBHbl . W( 8 P ~ ). . Ecnu 
>Ke ·. o6paTBTb BHHMaHue · Ha TO{ qTo pe3ouauc npu EP = 
=5,35 MaB B COCTaBHOM a,npe 3N HMeeT } 77 ::3/2+ H yr
noBoe pacnpe.neneHBe ueynpyro pacceaHHbiX npoTOHOB H3o
TponHo, TO npoCTOH KBHeMaTuqecKHH pacqeT, npBBe~eBHbiH 
BbiWe~ .naeT BenuquHy BepoaTHOCTB cnuH·ciJ.riima, · paBHYJO 
3KcrrepHMeaTaJI&Hoa.'.Ha puc: 5 noKa3au&I 3KcnepiiMeHTan&-

!it 
/0) 

1,/]8· 

1JXJ 

. ,50 

II 
IJflll .. l I I 

100 

Puc. 5. YrnoBoe pacnpe~eneHBe •. ueynpyroro pacceaHHJI 
npoToHoB npu EI!.i~- =2,41 MaB /KpHB&JI 1/ H E...ea =4,02 MaB 
/KpBBaJI 2/. HlL OCR op~BH&T - OTHOCHTeJibHble e~BHBllbl. 
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H&Ie yrnoB&Ie pacnpe.neneHBJI .Heynpyro pacceJIHHbiX npoTo.
HOB~ Ha pac. 36 .npuBe,neHbi yrnoB&Ie pacnpe;ieneHHX Be
poHTHO.CTH crrHH·cl>.nuna ua pe3oHaHce ·npu E~ =4,02 M~B. 
KpHB&Ie npoae.ne_Hbi no ToqKaM. BH~Ho, qTo. 3TH yrnoB&Ie 
pacnpe,neneHHJI .RBHO He H30TpORHbl H CHMMeTpHqHbi OTHO
CHTenbHO 90. 0 

• 3aBBCHMOCTL BepoJITH.OCTH CllHH·ciJnuna H. 
·ceqeHHJI Heynpyroro pacceJIHHXOT 3Hepruu B o6nacTH 9To-
ro. pe3oHaHca npe,ncTaBneHa Ha puc. 4a. Yron pacceaHHJI 
(}eM (p J ='90° • BepoJITHOCTL CRHH"'cPnHna 3,D;eCb TaiOKe He 
HMeeT, pe30HaHCHOH 3HepreTuqeCKOB 3aBHCHMOCTH H B ~Ha· 
na3oHe .3Hepruii 3,98 + 4,02 MaB paaHa W /90° c.II,./= 
=35±40/o. 

3aKAto'leHue 

lf3 pe3ynbTaTOB, rronyqeHHbiX B HaCTOJIIII,eB pa6oTe, 
BH,D;Ho, qTo BepoaTHOCTb cnau-cllnana W,( 0 P, ) Ha H3onapo
aaHHOM 6paiiT-BHrHepOBCKOM pe30HaHce, He HMeJOIII,eM 3a
MeTHOrO clloHa nepeKpbiBaiDuiHx.cJI ypoBHeB cocTaBHoro a,npa, 
He 3aBHC!JT OT 3HeprHH B o6JiaCTH pe30HaHca. B 3TOM cny
iJae, ecnu ceqeHHe Heynpyroro pacceJIHHJI B BbiXO,nHOM Ka
Hane Orrpe,nenJieTCJI B OCHOBHOM S - BOnHOB, T .e. H30TpOrrHO 
/pe30H&HC rrpH Ep =2,41 MaB/, BepoJITHOCTb CRHH·ciJnHrra · 
TaK>Ke H30TponHa. BenaquHa 3Toii BepoaTHOCTH Ha 6paiiT;
BHrHepoBcKoM S ·BOJIHOBOM pe30H&HCe orrpe,nenJieTCJI KHHe·
M&THKOH pacceJIHHJI, H H3MepeHBe a6COJIIOTHOH BeJIHqHHbl 
'fl((}p, ) . MO>KeT cny:liCBTb MeTO,IJ;OM onpe,neneHHJI CrrHHa pe-
30HaHCa COCTaBHOrO JI,npa. 

EcnH B BLixo,D;HOM KaHane rrpucyTCTByeT :He TOJibK·o 
S ·B_OnHa /KaK 3TO HMeeT MeCTO. ,nnJI pe.30HaHca rrpH .Ep = 
=4;02 MaB/, BepoJITHOCTb ·cnuH-cllmina 3aBHCHT oT yrnapac
ceaHHJI rrpOTOHa, a TaK>Ke H OT ~HH~MHqecKHX xapaKTepHCTHK 
peaKII,HH, B qaCTHOCTH OT rrapii,HaJibHbiX WHPHH Heynpyroro ... 
pacceJIHHJI. B 3TO~ cnyqae BepOJITHOCTb CIIHH~ciJnuna BM.eCTe 
c ceqeHHeM Heyrrpyroro pacceJIHHJI.. .na10T B03MOlKHOCTb 
onpe.nen&Tb 3TH napuuan&Hbie WHPHHbi, a cne,noaaTen&Ho, 
H CTPYKTypy BOnHOBOH ciJyHKII,HH B036~~eHHoro COCTOJIHHJI, 

. HarrpHMep, KaK B /11/ HJIH a/12/. IlonyqeHHe 3THX pe3yn&Ta
TOB · Tpe6yeT .nononHHTen&Horo TeopeTuqeci<oro pa·cc::MoTpe.: 
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HHH H BbiXO,li;HT 3a paMKH HaCTOHil\eH CTaTbH. ,lJ;OCTlLTOqHO 
6onbiiiOH nonOBIIHHbiH yron H3 MHIIIeHII Ha Y - ,n;eTeKTOp 

0 .. . 

I (}Y =16,3 I H He6onLIIIax BeJJHqHHa BepoxTHOCTII cnHH-

4JnHna Ha pe3oHaHce npii E ~ =2,41 MaB Tpe6yroT BBe,n;eHHH 
6onbiiiHX no a6comoTHOH ·BenHqHHe nonpaBoK Ha KOHeqHbie 
pa3Mepbl y - A.eTeKTOpa. Ilocne,n;Hee He .n;aeT B03MO)KHOCTH 
KOHCTaTHpoBaTb KoniiqecTBeHJIOe cornacHe HnHpacxo~eHIIe 
3KCnepHMeHTanbHOH BeniiqHHb~ BepOHTHOCTH CllHH-IiJnHna Ha 
3TOM pe3oHaHce c nonyqeHHbiM TeopeTHqecKH 3HaqeHHeM, 
paBHbiM 20o/o. HaqaTLie B HaCTOHil\ee BpeM.!I 'KoHTponhHbie 
3KCnepHMeHTbi ll03BOflHT ynyqrnHTb TOqHOCTb 3KCnepHMeH
TanhHOrO 3HaqeHHH BepOHTHOCTH ClliiH-IiJnHna Ha pe30HaHCe 

npH E P =2,41 MaB. . 
B 3aKmoqeHHe aBTOpbi' 6naro.n;ap.aT 3a HHTepec K pa6oTe 

H none3Hhie o6c}'JK,n;eHHH H.M .<l>paHKa, H . .H.liapHTa, H. C. To
nHnhcKyw; B.H. THIIIHHa H A.liop3enx 3a noMOil\b B Hana.n;Ke 
3neKTpOHHbiX 6noKoB, JI.II.lienKHHY H M.B.CaaeHKOBY 3a 
llOMOil\b B o6pa60TKe 3KCnepHMeHTaflbHbiX .n;aHHbiX, KOnneKTHB 
3KcnnyaTaiJ;HH 3neKTpocTaTHq~cKoro reHepaTopa 3a o6ecne
qeHHe xopoiiieii pa6oTbi ycKopHT~nx. 

Jiumepamypa 

1. F;H.Schr(lidt, R.E.Brown, J.B.Gerhart, W.A.Kolasinski. Nuci.Phys., 
52, 353 (1964). 

2. A.Bohr. Nuci.Phys., 10, 486 (1959). 
3. ,l(x.EAamm, B.BaiicKonrjj. Teopemu<iecKaJl JlOep1WJl rjju-

3UKa. HJI, MocKea, 1954. 
4. W.A.Kolasinski, J.Eenmaa, F.H.Schmidt, H.Sherif and J.R.Fesmer. 

Phys.Rev., 180, 1006 (1969). 
5. M.A.D.Wilson, LSchecter. Phys.Rev., C4, 1103 (1971). · 
6. W.E.Sweeney, J. L.EIIis. Nuci.Phys., A 177, 161 (1971). 
7. A.B.Kurepin, P.A.Christensen, N. Trauther. Nuci.Phys., A 115, 471 

(1968). 
8. J.J.Kolata, A.Galonsky. Phys.Rev., 182, 1073 (1969). ·· 
9. £.Abramson, J.Piesser, Z.Vager, J.P.Wurm. Phys.Lett., 298, 304 

(1969). 
10. £.Abramson, R.A.Eisenstein,J.Pieser,Z. Vager: and J.P. Wurm.Nucl. 

Phys., A 144, 321 (1970). 

11. E.M.Bernstein, J.J.Ramirez, R.E.Shamu, Pui-Wah Cheng and M.sOga. 
Phys.Rev.Lett., 28, 923 (1972). · 

16 

12. A.E.Kypenuu, B.H.Jiuxowepcmoe, H. C. Tonu.ilbcKaJl. 
KpamKue coo6UieHUJl no rjjuauKe. tPuaut.tecKuii uucmumym 
AH CCCP. UM. n.H.Jle6eoeea, . NR1 0,. OK171Jl6pb. . 

.13. B.E. CmopuxKo, A.H.lloiwe. . YKpauncKuii rjjuaut.tecKuii 
· xypuaA,· m. IX , 1285/1964/. . 

14. J.R.Duray, H.J.Hausman, N.L.Gerharl, J. W.D.Sinclair and W.S.stairier. 
Phys.Rev., C6, 792 (1972). ·· · · ·• · · . 

15. E.A.EeHeijKuii, B.H.Jiuxowepcmoe, H.B.Hlmpauux. llpe
npuum tPHAH CCCP UM. ll.H;Jle6eoeea · :H-o93, 1967. 

16. lsospin in Nuclear Physics, ~itor D~H. Wilkinson, Norlh Holland 
Pwlishing Company - Amsterdam, 1969. 

1Z J. G. Cramer and P.Richard. Buii.Am.Phys. Soc., 12. 527 (1967). 
18. H.SalcaiJuchi, N.Matsuolca, K.Koyilma 'and .s Takeuchi. Proc. of the 

International Conference on Nuclear Physics; M111ich, 1973, p. 506. 
19.B.tP.EopeiiKo, IO.T . .EyoJlJUOB, IO.M.BaAyee,. B.M.Tpe

. 6enroK, B.T.3uuoe, E.C.Kpacuo6opoooe. OH.RH, 1972. 
· 13- 6396, ,l(y6ua, · · · ' 

PyKOllHCb llOCTynHna B H3,ll;a TeJihCKHH OT,ll;eJI 
. 21 HHBapH 1974 ro.n;a. .. 

·. 

17 


