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Bee0e1-1ue 

3 ' 
l1ccne~oBaHHIO ceqeHHii peaKUHH ( He,p) Ha yrnepo~e-

12 'llpH HH3KHX 3HeprmiX-~ llOCBHIUeHO HeCKOn.bKO pa6oT, 
o~HaKo TPY~HOCTH TeopeniqecKoro aHanHJa: /I/ o6ycno'aHnH
Heo6xo~HMociL 6onee .. no~po6Horo HJMepemiH ceqeHHii H 
llC>HCKa KaqecTBeHHO HOBOH HH«lJOpMaUHH. 0 npoTeKaHHH peaK-. . . . . 
UHH, HanpHMep, nonHpHJaiJ;HH;~ 

B' coo6IUeHiiHx /2,3/* npHBe~eHLI ~eTanLHLie 3KcnepH
MeHTanLHLie . ~aHHLie 0 .. qiyHKUHHX B036y)K~eHHH H yrnOBbiX 
pacnpe~eneHHHX , npoTOHOB Tpex KaHanoa 'peaKUHH 
l2C ( 3 He , p) 14N B ~HanaJoHe JHeprHH 'YCKopeHHhiX HOHOB 

oT 2,20 ~o 3,61 M3B: <l>yHKUHH B036y)K~eHHH npoToiiHLIX . 
'~ KaHanoB HMeiOT pe30HaHCHYIO CTPYKTypy, a xapaKTep yrno

Bhli pacnpe~eneHHH npOTOHOB 3aMeTHO-H3MeHHeTCH C po
CTOM 3HeprHH 6oM6ap~HPYIDIUHX qacTHU fpHC. 1 HnniOCTpH
pyeT qacTb pe3ynLTaTOB 3THX H3MepeHHH:/ . 

Heo6xo~HMOCTh npHaneqeHHH ~ononHHTenLHhiX ,cae~eHHH 
0 XO~e peaKIJ;HH CTHMynHpOBana COJ~aHHe HOBOH llOnHpH3a
UHOHHOH MeTo~i:IKH / 4 • '5/ H nonyqeHHe ~aHHhiX 0 ll<tHpHJa
UHH npoTOHOB B peaKUHH ( 3 He~p) Ha yrnepo~e 16 ' 7 .• 

BH~ ~YHKUHH B036y)K~eHHH H KPHBhlx rionHhlX ceqeHHH 
/ 3/a TaK)Ke 3HepreTnqe~KaH JaBHCHMOCTb nonHpH3,aiJ;HH 
np~TOHOB B peaK.u;im .. , 12 C ( He, p) 14N CBH~eTenLCTBYIOT 
o- npeo6na~aiOmeM · BKna~e MexaHHJMa· cocTanHoro H~pa 
a peaKn;HIO H o aoJMo:acHocni oro)K~ecTaneHHH Ha6niO~aeMLix 
peJoHaHcoa c ypoBHHMH cocT~BHoro H~pa 15 0. YqHT~BaH 
3TH o6cToHTenLCTBa, B ~aHiioii pa6oTe Ha ocHoae peJoHaHc
Hoii TeOpHH H~epHbiX peaKIJ;HH npOH3Be~eHO OllHCaHHe. ceqe
HHii peaKttHH:" I2:C (3 He, p) 14N .~ _ BhiHaiieHHe HimLix H~yToq
HeHHe HMeiOIUHXCH CBe~eHHH - 0 pe30HaHCHOH CTPYKType. 
ceqeHHH B3aHMO~eHCTBHH. 

* Pa6oTa /3/ co,D;ep:acHT no~po6HyiO 6H6nHorpa~HIO, pa
Hee BhlllOnHeHHhiX HCCJie~oBaHHH peaKUHH )2C( 3He,p) l4N.: 
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PH c. 1. cl>yHKUHH B036Y:lKAeHH.H p0 -KaHana peaKUHH 12C ( 3He,p)14N 
D,JI.H pa3HLIX yrnoB /JHeprH.H E 31Je .., B M3B, ceqeHHe a 

-: B OTHOCHTeJILHbiX eAHHH:UaX, yro.iJ: 0 - B na6opaTOpHOH 
CHCTeMe/. 
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. 1. 3aMe<taHUJl 06 OCH06HbZX .nOAOJICeHUJlX me.opemU!IeCK020 
• • • • ? • •· aHa/zu3a ··' ' · •· .. · :. ·· : '· 

AH:anHJ ··~~cnepHMeHTaJIL~~IX AaHHLIX /3/.,o > pea.KUHH 
( 3 He'·~) Ha yrnepoAe- !2 ·• npoBOAHJIC.H, . no pe.JOllaHCHOH 

. TeopHif. ··,lJ;JI.H 3~epruii 6oM6apAHPYIOIUHX. HOHOB reJIH.H :-3 .· AO 
4 M3B 3Hepr:Hi B036Y:>KAeHH.H npoMe:>KyToq~~ro HApa .15Q 
ITOllY~IaeTC.H HH:>Ke 15;3 ·JJ3B. lljm TaKHX 3·HeprH,.HX B036y:>K-, . ••; . .- . .. . 

AeHH.H paC~TO.HHHe Me:lKAY YPOBH.HMH C OAHHaKQBLIMH CllHHaMH 
·~ .. ,qeTHOCTHMH 6onLiiJe, q~M cpe.I(HHe '3HaqeHH.H •ITOmfbiX 
liiHPHH ypoimeii/8/,B ·JTOM cnyqae, KaK noi<aJaHO"B' pa6o~·,.· 
Te .. /9/, MO»CH~ ITpHM.eHHTb . -OAHOYQoimeBoe 'npHpJIH~eHHe . 
pe3oHaHCHOH TeopHH .HAepHLIX peaKUHii. .. 

· HHiKe .daHLI :;.KpHe'mLie $opMynLI: Hcnon"LJOBaHHI.ie '.nn.~~: 
BblqHcm!IIHR nonJiLiX H AHclJ$epeHUHaJILHLIX ·ceqeHH~: Ilpor.!_e ~ 
:>KYTO'IHLie npou,eJiypLI, CB.H3aHHLie c ynpm:ue.HHeM H.3BeCTHhiX., 
BLipa:lKeHHH peJoHaHcHoii TeopHH. npH np~MeHeHiiH :Hx K:alla- .: .. _ 
n_HJY ceqeHHiL-HJyqaeMoif Pt:aKUHH, He IipHao',n.HTcH~ OnHca- .. 
HHe BeJIH'IHH', BXO'.nHIUHX B qiopMyJiii~ AaeTC.H JIHWb B cnyqa.HX,. 

· eCJIH'.HMtf'eTCH OTnH;_,.He .OT.)>6IUeiipHHHTLI.£:. 0603Haq~HHH / 9 1, 
)].HclJclJepeH~H~JIL-~oe' ~·e~:.eiiHe o6pa.3oBaHH~ qa.CTHU B HAep-. 

HbiX .peaKUHHX OllHCbiBaeTCH Bbipa:lKeHHeM 

do:.··· .. ' 

df! 

I,. L=oo 

1T··· ~ 
L = 0 

B LPL( CO~·.O) : /1/ 

.l:fHTerpHpyH /1/ no UOJIHOMY. TeJieCHOMY yr'!y• nonyquM , 
ceqeHHe .t ... 

,,•• 

":··· ~:" ·. 
. 4rr" 
a = -- B k 2 0 ~ /2/,_ 

·. JJ;n.~~: BLI'Iuc~eHH.H, K<ncllclJHtiHeHTa B 0 Hcn.onh"Jyeic.~~: .. ~ ~ :
aecTHa.H clJopMyna lipeiiTa- BHrHepa, KoTopaH nocne cyMM~- _ 

"poBaHHH <no COOTBeTCTBYIOIUHM llOAKaHaJiaM P.aCCMaTpHBae-. 
Moil peaKUHH BLtrnH.ruh cneAYIOIUHM o6pa30M:. 

' . .,. :: ~ . . ~ . • t. ..... 

N G ,\ . . 
B (E) - ~ ·2 ... --rT . 0 ..... - ( E - E) · +-· -· · · A=l A . · '4· ' 

/3/ 
.... 'l~ . ·~ "' 

3AeCL.N - qHcJio peJoHaHcoa, yqHTLIBaeM.LIX B :HccneAyeMoii 
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·' 1 ' 
:mepreTH'IeCKOH o6nacTH, a ·-Gx= S (2JA +1) rf.A·(~,;{_~'-X~'1 

· · 1 . z· ,3 

/'A - .HH.AeKc pe3oHaHca, WTpB:x OTHOCHTCH K BLIXO.AHOMY 
K~many/; Pe30HaHCHbie . napaMeTphi. E A H rA H BeJIH'IHHY 
GA MO:>KHO Haiini, aHaJIH3HPY11 noJIHLie. ce'leHHJI. · CnHHbi H 

'leTHOCTH. pe30HaHCHblX COCTOJIHHH onpe,I:(eJIJIIOTCJI H.3 aHaJIH3a 
.AH!IJ!IJepeH~HaJibHbiX Ce'leHHH. . . . . 

Bbi'IHCJieHHe Ko34J4Ja~HeHTOB BL B Bbipa)KeHHH/1/ npo
BO.AHTCJI iio !IJopMyne EnaTTa-]iH.AeHxapHa, KOTopax ·nocne 
npeo6pa30BaHHH, BbinOJIHeHHbiX C y'leTOM npH6)IH)KeHH11 H30·
JIHpoaaHHOro pe30HaHca /9/H CllHHOB H.I:(ep BO BXO.I:(HOM KaHane 
HCCJie,I:(yeMOH peaK~HH, npHHHMaeT BH.I:( -

B .
= . .!._ '\:' (- '); s-s:. f2-li+fr-l 2 Z('; J n J . L) 

.· L ·a ... 1 1 · . • r.I 1 (.2 2 • s 

. Z~£} JI f2J 2;s'L)· . 

co~OlcA +9c'.A+fl.A1 -!lcA2n~~2tJ.A·2)p. 'tt;"',p:. (E) 
· l I '>,_'~' c'A · 

2 2 --. ---2.r-.-l -~2 c . . . . 2 . 

-'<E -m +l.r v<E ;:_E) +-rx' /4/ 
v AI 4 AI A2 4 2 

· c - COKpallleHHe ,I:(JIJI KBaHTOBblX 'IHCeJI (f., s, a), HH,I:(eKCbl 
AI H. A 2 o6o3Ha'<J:aiOT ,I:(Ba pa3JIH'IHbi'x HHTepqiepHpfiOIIlHX pe:.:' 
30HaHCHbiX COCTOJIHHJI, KOTOpbie ,I:(aiOT BKJia,I:(i.I B .AH4>4JepeH
~HaJibHOe ce'leHHe B3aHMO.AeiicTBHH. B nocne.I:(Heii !IJop
Myne -napaMeTp .f'c;~ (E)·,;,± yrcA ~J' c'A." 3HaK ripOH3Be-

_,I:(eHHH nap~HaJibHbiX' WHPHH HeH3BeCTE:lH. 3TOT !IJaKT 
o6ycnoaneH· ''-«eonpe~eneHHoc1-iro- ·JI.I:(ep~oH: -4Ja3LI,: KoTopaH_ 
npH . coxpaHeHHH qeTHOCTH. npHHHi-t:aeT' o6a- 3JiaqeHHHi ... 
0 HJIH rr /9/, . . . . . 

·: :_ ~ 

2. AHaAU3 ce'leHuii peaKt~uu .
12C ( ~He, p) 

14
N 

no peaoHaHcHoii meopuu 

,lJ;JIH TeopeTH'IeCKOrO aHaJIH3a HCXO,I:(HbiMH ,I:(aHHbiMH JIB.~ . 
JIHJIHCL He .AH!IJ!IJepe:HnaaJibHbie ce'leHHH o6pa3oBaHHH npoTo- . 
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vz _q. 

·I 
I 

14 

1' 

I 

,1 
'.I 
I 
I 
t 

HOB B peaK~HH ( 3 He, p) Ha yrnepo.Ae -12, a Ko34J!IJH~HeHTLI 
pa3JIO)KeHHH yrJIOBbiX pacnpe,I:(eJieHHHllO llOJIHHOMaM Jle)KaH,I:(

pa, KOTOpble B HaweH: p~6oTe / 3 I npe.I:(cTaBneH:bi KaK !IJYHK~HH 
3HeprHH 6oM6ap.AHPYIOIIlHX HOHOB B .ziuana30He OT 2.20 
.Ao 3,61 MaB. IInoTHocTL 3KcrrepaMe.HTanbHLix 3Ha'leHaii 
6Lma ,I:(OCTaTO'IHO BbiCOKOH, TaK qTo 3TH ,I:(aHHbie npe,I:(CTaB
JIHJIH xopowy10 oclloay .AJIH TeopeTH'IecKdro paccMoTpeHHH • 
,lJ;JIH npoBe,I:(eHHH: aHaJIH3a .AU!IJ!IJepeHilnaJibHbiX · Ce'leHHH He-
06XO,I:(HMO HMeTb • npe,I:(BapHTeJibHbie CBe,I:(~HHH 06 3HeprHHX 
H llOJIHbiX WHpHHaX pe3QH,HCHbiX COCTOHHHH H imTepBaJiaX 
ax aapaa~HH. B pa6oTe /l yKa3biBaeTcH Ha pHJ.\ npoTHBope

'IHHB 3THX 3Ha'leHHJIX. Onpe.I:(eJieHHe napa:MeTpoB pe3oHaHcoB 
npOH3BO.I:(HJIOCb C HCllOJibJOBaHHeM . MeTO,I:(a ·HaHMeHbWHJC 
KBa.I:(paToB. IIpa:noArOHKe jHep~eTH'IeCKHx 3aBHCHMOCTeii 
KOJ!IJ!IJH~HeHTOB pa3JIO)KeHHH C. llOMOI.QbiO 3BM. BblllOJIHHJICH 
llOHCK MHHRMaJibHOrO 3Ha'leHHH KpnTepHH , 

·, 

•Lm~ 
l l: 

X 2 = n(Lmax+l). L=O 

n • a L(E.) -F· B'L· (E.) 
l: ( 1 ~ 1 

i=l /!a L, (E'.) 
. 1 

f .. /5/ 

IIpoucxo)K.I:(eHHe nopMapoBo'IHoro !IJaKTopa F o6bHCHHeTcH 

TeM, 'ITO aeJIH'IHHbi KoJ!IJ!IJH~HeHTOB a L' Haii.AeHHLie H3 
3KCnepHMeHTaJibHbiX ,I:(aHHhiX /3/, npHBe,I:(eHbl B OTHOCHTeJib
HbiX e,I:(HHH~ax, a 3Ha'leHHH,. BbliJHCJIHeMbie n9 qiopMyJiaM 
/3/ H /4/, noJiy'laiOTCH B a6COJIIOTHbiX e,I:(HHHUax •. CyMMH
poBaHHe B Bbipa>KeHHH /5/ npOH3BO.I:(HTCH ~no Bc'eM i = 1, ... , ~-
3Ha'leHHHM JHeprHH 6oM6ap.I:(HpyiOIIlHX 'laCTH~, ·npH KOTOpblX 
HaH,I:(eHbl KoJ!IJ!IJu~ifeHT.bl a L • ' . • . . _. 

AHa JI H 3 n 0 JI H bl X ceq e H H H. c neJibiD nony'leHHH 
npe,I:(BapHTeJibHbiX· ,I:(aHHbiX 06 3HeprHHX H llOJIHbiX WHpHHaX 
pe30HaHCOB H HHTepBaJiaX HX Bapaap.~H npOBO.I:(HJICH aHaJIH3 
llOJIHbiX Ce'leHHH, ,I:(Jl11 KOTOpOro npHIU~eKaJIOCb, llHTb pe3o
HaHCOB H3 paCCMaTpuBaeMOH·; 3HepreraqecKOH o6JiaCTH. 
HH!IJopMa~liH o pe3oHaHcHLix coi::'roHHHni, o6pa3yrolllaxcH 
a H.AepnoH: peaKu~u 12 C( 3He, p) 14N, KOTopaH 6_Lma paHee 
H3BeCTHa H3 aHaJIH3a Ce'leHHH /1/, npHBe,I:(eHa B Ta6JI. 1, 
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Puc. 2. Onpe,<.(eneHHe cnHHa pe3oHaHca npu :mepruu 2,45M3B 
8 peJynLTaTe aHanuJa p 1 -KaHana. CnnowHaJI KPH8aJI 
.) ~ 3!2. , WTpHX08aJI KPH8aJI - J ·" lt2 ,· )J.nJI a0 H a i K03$

cPHUHeHT08 _· o6e KPH8Lie co8na~iuoT. To'-IKaMH· noKa3aHLI 
3KCnepH·M-eHranLHhle ~~aHHLie pa6oTLI f:l/. IIo ocu a6cuucc 
oTnmKeua 3HeprHJI HOHOB renuH-3 8 M3B, no ocu op~uHaT 
3Ha'-leHHJI K03«1J<PHUH~HT08 aL. . 

9 



-1 

·I ,. 

; 

••• ".r: 

, ... , 

.· ... 

;:;--1 

· ... · 
~ ' i 

Cl~ 
... .,-. 
•~,- Q6 D,O? · , 0,02 . . . . . I . ~ 

---L-1- 0 .~ •.•• -·-· ·a·-. . 1 • ··t· 

0,02 

.. , ~ ta,oa 
- -- .. I , 

- - -.... ~" 
1-e 

1_', 

o,u. 

1 I 1 • • 

2,S J,D l,~ 2,5 3
1
0 315" 

.-· ' .. "-.. _;_E_,H ~ ~·:. . , . & 
Puc. 3. llccne,D;oBaHne ,D;aHHhiX ,D;nH p 1 -KaHana 'peaK~uu· 
12C ( 3 He, p) 14N, CnnoumaH KpnBaH - no,D;rOHKa ,D;nH rnecrn 
'pe36HaHCOB; II)'HKTHpHaH 'KpHBaH ,D;nH IIHTH /6e3 pe30HaHCa 
· 7 /2-npn 2,87 M3B/ pe3oHaHCOB ~ H3 ra6n. -2. ToqKaMH 
. IIOKa3aHhl 3KCIIepHMeHTanbHLie pe3ynbTaThl H3 pa60Thl /3/. 
~ /ITo OCH a6c~HCC OTno:lieHa 3HeprHH HOHOB rennH-3 B M3B, 

110,9_CH Op,D;HHaT- 3Ha~eHHH.KOJ!}Jl}JH~HeHTOB ~L /, 
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Bonpoc o _ cymecrBoBaHHH B . nccne,D;yeMoM HHTepBane -"' 
ell(e.c O,D;HOrO_J)e30HaHca c 3HeprHeH MeHee. 3 .M3B o6Cy)f(,D;a- . 

•. eTCH -. HH)f(e·; ilpH HCIIOnhf30BaHHH ~ Bhlpa)l{eHH~H /3/ H ·/5/ 
IIPOI_I3BO,D;Hnacb ~- no,D;rOHKa ·-~.K03l}J~H~HeHTa a 0 • Ha_!lnyqmU:e ': .. ~: 
TeopeTH'-IeCKHe KpHBhie nonyHaJlHC.h C pe30HaHCHhiMH napa- :;tt• 
MeipaMH, Bhi6paHHhiMli ol-,D;enhHO ,D;nH Ka)f(,D;Oro nporoHH<lro . 
KaHana. 3ror l}JaKT MO)f(HO o6nHCHHTh I<aK HarmtlneM ornn6oK 
B 3J<cnepnM-~HranLHhiX ,D;aHHLix, ra:Kn l}JnJnifecKnMii .siBnemiH-
Mn;• o6ycnolineHHhiMH crpyKTYPHhiMH nnnnoporoBhiMH 3l}Jl}JeK-
TaMH, KOTOpbie He . Y'-IHThiBaiOTCH B pe30HaHCHOH TeOpHH. 

··• Or:Me:riiM, 'ITO iwny'-leHHhie: H3 no,D;roHoK nonHhiX. ceqeiJnH: 
napaMeTphi nepBhiX· Tpex pe30HaHCOB H3.·Ta6n. 1 ·ycTOH'-IH.B(( 
COXpaHHnH CBOH 3Ha'-leHHH,;ecnn·• HH)I(HHH rpaHH~a paccMaT· 
pnBaeMoro ;inanaJoHa n:t;.~eH.siiiach or· 2,35 ,11;0 2,20 M3·B,. 

-a BepxHHH- or· 3,15 ,11;0 3,61 M3B. .. ; · . · • -~·-:·-
_,,.,, KpHBhie, nony'-leHHhie c pa3HhiMH Ha6opaMnnapaMeTpo·B: ' 

.,_ . .. -
C'-IHTaiOTCH paBHOUpaBHhiMH,"eCJiH OHH HBnHIOTC.!I ,D;OCTaTO'-IHO 
XOI_)OliiHMH npn6JiH)I(eHii:HMH ~ 3KCnepn~eHTanhHhiM pe3y:llh-

. TaTaM. Jmi'-leHH.!I napaMeTpOB H3 .3THX Ha6opoB l}JopMnpyiOT 
'nHTepBaJihl HX Bapna~HH, KOTOphi~. HCllOJih.3YIOTC.!I B' ,D;aJ!'b- ;:~ 
HeiirneM B Ka'-leCTBe · HCXO,D;HhiX o"";u.aHHhiX . IfpH IIO,D;rOHKaX 
3Hepr~TH'-IeCKHX 3aB~CHMOCTeH K03l}Jl}JH~HeHTOB paJJIO)I(eHH.!I 
yrrioBhiX pacnpe,D;eJieHnu no l}JopMynaM /4/ n /5/. 

Ha ocHoBaHii~ ,D;aHHhiX -ta6Ji. 1 MO)I(HO cl}JopMynnpoBaTI>. 
• CJie,D;yiOil(He Ja,D;a'-IH, pernenne KOTOpbiX npe,D;CTaBJI.!IeTC.!I B03-

MOmHbiM, HCXO,D;.!I lJJ aHanH3a ,D;Hl}Jl}JepeH~HaJihHhiX Ce'-leHHH: '·
~onpe,D;eJIHTh /nnn llO,D;TBep,D;HTb/ CllHHbl 8''-leTiiOCTH, BCeX 

', pe30HaHCOB, 
: yio'-IHHTh 3Ha'-leHH.!I JHejn:nu n noJIHhiX rnnpnH peJonanc-

, . t ' 

HhiX COCTO.!IHHH . '·': 

· KpoMe Jtoro, neo6xo,D;HMO Bhi.!ICHHTh 8onpoc o cymecT
BoBaHnH ·pe JoHaHca npil · 3·Hep'ruil 2,87 -M 3B; ti;I!~cnre.rihHo 
KOToporo HMeiOTC.!I. npoTHBOpe'-IHBhle 3aK.JIIO'-IeHHH (2. 6, 10 I; 

-, II c c JI e ·,11; o Ban n e _ ceq e H n u p1 - K a.n an a. CHa'-lana 
.IIPOBO,D;HJIC.!I. r.HaJIH 3 3KCnepnMeHTaJihHbiX. ,D;aHHhiX B 3Hepre
TH'-IeCKOH o6JiaCTH OT~ 2~20 ,11;0 3,15 M3B.')J,JIH cnnna nepBoro 
pe3oHaH~a .B pa6ore'll/ npnBo.Uu:rc.~~ ,D;Ba Il03MO)I(Hhix Jnaqe-· 
HHH .. An.11 O,D;HOJHa~Horo Bhi6opa· ~e>K,D;Y nnMn· ,D;OCTaro''-IHO 
6hiJIO · llO)J.rOHKH llpOH3BO,D;HTb C yqeTOM nepBbiX: Tpex pe3o-:.;._ 
HaHcoB nJ ra6n. 1. Ha .puc. 2 npe,D;c~aBnenhi 3KcnepHMeH- ~-
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Pnc. 4. AHanH3AaHHhiXAnH p0-KaHanapeaKI.(HH . C( He,p) N. 
CnnoumaH KPHBaH - .. noArOHKa c rnecTLIO pe3oHaHcaMH 
Ta6n. 2. To'-IKaMH noKa3aHLI: 3KcnepHMeHTanbHLie 3Ha'-leHHH 
H3 C006ll(eHHH. /3/, /llo OCH a6Cl(HCC OTnO)KeHa 3HeprHH 
6oM6apAHPYIOll(HX HOHOB TenHH- 3 B. M3B, no OCH OPAHHaT -
BenH'-IHHhi Ko3¢¢Hl(HeHTOB aL /. 
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TanbHbie AaHHbie H TeopeTH'-leCKHe. KpHBbie AnH J = 3,12 /iJ.e
. npepbiBHaH JllfHHH/ H J = l/2/lliTpHXOBaH nHHHH/ pe30HaHCa 

npH: 3HeprHH 2,45 ·M3B. Pe3ynLTaT no:O:roHKH a 2;.Ko3¢¢n-
'!.- • ' • 

gneHTa.no3BonHeT phl6paTL AnH cnHHa 3Toro pe3oHaHca 
3Ha'-leHHe 3/2~ · 

PacqeTbl, npoBeAeHHbie BO BCeM HCCneAOBaHHOM HHTep
Bane c yqeToM --pe3oHaHca npn 3HeprHH 2,87- M3B, He 
npHBenif K yny'-lllieHHIO llOArOHOKK03¢¢Hl(HeHTOB/CM. pHC.3/; 
OTCIOAa MO)KHO 3aKniO'-IHT6,· '-ITO B p

1
-KaHane 3TOT_pe30HaHC 

He npOHBnHeTCH. 
B HHTepBarie 3Heprnii: OT 3 AO 4 M3B AO cnxnop He 

HMeiiOCb llOllbiTOK- aHanH3a Ce'-leHHH BBHAY HX OTHOCHTenh -
HOH ManocTH. B o6nacTH pe3oHaHca npn 3iieprHH 3,28 M3B, 

' " . ' . 
Cyll(eCTBOBaHHe KOTOpOrO llOATBep)l(AaeTCH aHaJIH30M Ce'-le-
HHH Apyrnx KaHarioB, He COAepmHTCH npH3HaKOB; yKa3biBaro
itiHX Ha ero 3aMeTHOe_ npOHBrieHHe B PI ~KaHane. Ha OCHO-
BaHHH 3HepreTH'-leCKOH 3aBHCHMOCTH K03¢¢nJiiieHTOB HC-; 

, ' :· ,. - J,. 

cneAOBaHHhiX . npoTOHHhlX KaHanoB He YAaeTcH· CAenaTh 
KaKnx-·nn6o npe.nnono~eiiHH o cnnHe 3·Toro pe3oHaHca •. 
IIo3TOMY 6LIJIH BhinonHeHLI .pacqeTLI co BCeMH 3Ha'-leHiiHMH 

. + I + J 770T . 1/2 - AO 7 2 - ,IlnH pe30HaHCOB C 3HeprHHMH 3;28" 
H 3,50. M3B .. YAoBneTBOPHTenLHLie· noArOHKH71 Ko3¢~Hl(H_eH
TOB 6biJIH nony'-leHhl npH KOM6HHal(HH J 3,28 = 3/2 H 
J ~.so= -5/2 + ~ C yqen:iM npnBeAeHHoro BLillle 3aMe'-laHn'.i 
o cna6oM npoHBneHHH B p 1 -KaHane pe3oHaHc~ npn 3HeprnH~ 

· 3,28 -M3B Bbi:BOA 0 ero CllHHe H '-leTHOCTH HBJIHeTCH npe.n
llOJIO)KiiTenbHhiM. ,tio6aBHM, '-ITo B pa6oTe /I I npn aHarin3e 

. AH¢¢epeHI.(HanbHbiX Ce'-leHHH PI ·-KaHana COCTOHHHe npH 3Hep
. rHH 3,28 M3B He Y'-IHTbiBanoch~ . 

AHa.nH 3 p 0 n p 
2

-. K~Han o B. -BoTnH'-IHe OT pe3_?'JI~TaTOB 
uccn~AOBaHHH ce'-leHHH p1 -~aHana AJIH ycne_mHO}I- H~Tep

npeTal(HH 3KcnepHMeHTaJILHhlX AaHHhiX p 0 -H p 2- KaHanoB 
B o6nacTH 2,5 - _3 M3B. pe3oHaHc npH 3HeprHH 2,87 M3B 
Kpaii:He :Heo6xoAHM. TonLKo c BBeAeHneM 3Toro pe3oHaHca 
YAanocb nony'-IHTh xopornne no.nroHKH AnH 6onhlliHHCTBa 
Ko3¢¢nl(HeHTOB. Oco6eHHo qyBcTBHTenLHo pearnpoBannHe
'-leTHLie K03qxpHI.(HeHTbl, B KOTOpbie AalOT _ BKJiaA TOJlbKO 
HHTep¢epeH_l(HOHHbie _;IJieHhi, Cyll(eCTBeHHO 3aBHCHll(He ~T 
pe30HaHCHbiX napaM:e:rpoB. Ha pnc. 4 H 5 noKa3aHbi pe3yni.-

• 
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PHc. 5. Hccne.n.oBaHHe .n.aHHhiX p2 ~KaHana peaKUHH . '1: ( · llr-.p). N. 
CnnonmaR KpHBaR - no.n.roHKa . c me.CTLIO peJoiiaHcaMH 
Ta6n. 2; To'IKaMH noKaJaHhL3.KcnepHMeHTanh.Hhie 'peJynh-: 
TaTbl H3 pa60Thl. :'3/jllo OCH . a6CUHCC OTnO)I(eHa: 3HeprHJi 
HOHOB renHR-3 B M3B, no OCH Op)J.HHaT - 3Ha'IeHHR K03!jJ-

; l}!HUHeHTOB a L /. 
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. Ta.Thl HCCiie)J.OBaHHH K0.3tPtPHUHt!HTOB B 3HepreTH'IeCKOM HH
, TepBane OT 2,20 )1.0 3,61 M3B. . ' . . . ' ~. . , 

0TMeTHM, 'ITO ime.n.eHHe pe30HaHca npH 3HeprHH 2,87M3B 
He cornacyeTi::H c ~aHHhiMH Mappa H ~p. -/10/* ,KoTopbie 
cMornH y.n.oBneTBOPHTenhHO onHcaTh.npoTOHHyrononRpHJa-

.,: UHIO .n.nH p () - Ka:Hana : B o6J:IaCTH oT :f .n.o 3 M 3B.·ila. ociioBe · · ,. · 
· p·eJoHaHCOB npH 3HeprHHX 2,45; 2,75 H 2,97 M3B. , 

C .n.pyroii cTopoHhi~ cyuteCTBOBaHHe pe3oHaHCHoro: co- ·. 
CTOHHHH · npH 3HeprHH 2,87 M3B y6e)J.HTeni.Ho )J.OKa'JaHO 
B. pa60Te /6/ ,B Kor'opoii. aHanH3HpOBanHCb · QOilee TOqHble 
u no.n.po6Hbie /no cpaBiie.HHIO c .n.aHHhiMH /IO/jcBe.n.eHHH 
0 nonHpH3aUHH npOTOHOB B peaKUHH 12C(_3He,p) 14Njoc
HOBHOe COCTOHHHe/. 3TH 3KCnepHMeHTaJibHbie pe3ynhTaTbl, 
6biJIH ycneWHO 06'bHCHeHbl TOnhKO C BBe)J.eHHeM 7/2-peJo
HaHCa npH 3HeprHH .2,87 M3B, .TaKHM.o6pa30M, peJynhTaThi 
Hamero aHanH3a .IJ.Hl}Jl}JepeHUHanhHhiX cel.JeHHH no.n.TBep)l(.ziaroT 
BhiBO)J., c.n.enaHHhiH.B /6/~ . . · . . . · . 

C uenhiO ~aJibHeiimero npH6nH)I(eHHH pacc'IHTaHHhiX a
4
-a

6 
. 

·: K03_tPtPHUHeHTOB K 3KCnepHMeHTanbHhlM 3!1a,'leHHHM~ B P'o -
' KaHane /pHC.0 4/ H3MeHHnOCb. npHCBOeHHe. CnHHa H l.Je_THOCTH 

peJoHaiica · npH· 3HeprHH 2,87 M3B. 3.Ta npoue.n.ypa npHBo-. 
)J.Hna K yxy.n.meHHIO. no)J.rOHOK .zini· BCeX .·K03tPtPHUHeHTOB. 
llpHcBoeHHe pH~a ·~Hal.Je:HH:ii. J 17 .zinil .n.pyrHx · peJo:HaH:co':O 
6bmo BhmonHeHo npH HCCJie.n.oBaHHH .p1 -K~Hana. 

B Ta6n. ~ npHBe.n.eHhi pe.3oHaHCHhie 3HeprHH .E~H-non.Hhie 
illHPHHhl. rx,a TaK)I(e cnHHh~ H ~eTHOCTH COCTOHIIHH, nony~eH
Hbie .B . peJynhTaTe. aHanH3~ K034>tPHUHeHTOB pa3~0)1(eHHH 
yrnoBhiX pacnpe.n.eneHHH npoTOHOB Ka)l(.n.oro KaHana.· . ,, 

• •• '> .• • , .or • .._ • • • ' 

... ~· 

....... 

•· - *Pa6o-ra-/Io I HJBeCTHa HaM .TonhKO no.· aHHOTaUHH, 
B KOTOpOH He CO)J.ep:>KIITCH yKa3aJIHH 0 MeTO)J.e aHanH3a nonR:
pH3aUHOHHhiX .n.aHIIhiX: '. . '. ;'. ~;.{ .. 
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3. Cpaem?nue miwpemu'leCKUX u 3KcnepuMeHmammblx 

· ·.· 'yzAo~bJX pacnpeOeAeiluii · .· · .. -'<. · _.' 

. ~'. 

B IiacTOHll\eii pa6oTe BhiBO.D;LI o'··xapaKT.epacrHI<ax pe.3o:-· 
aaacHLix ~oc-:roxaaii .o;enanacL H3 cpanm!Iiilx n~opeTH'IeCKHx .. 
H 3KCITepHMeinanhHhiX JaaqeHHH Ko3cl>cl>HUHeHTOB pa3nO:>KeHH.H 
yrnoBhiX··pacnpe.o;eneH:ui no nQnHHOMaM Jle:>Kaa.o;pa. Ec'-iecT:-

. BeHHhiM 6Lmo Ha oca'oae pacc'qaTaHHhiX __ KoJcl>cl>HUH,~HTOB BL . 
nony'IHTh . TeopeTH'Ieci<ae yrnoBhie pacripe.o;eneHHH /1/ H · 
cpanHHTh ax·· c-;3:KcnepH:MeantnLHhiMH~~/3/. B':pbynLTaTe 
TaKoiinpou;e,o;yphi MO:>KHO 3aMeTHTh, Kale OTKllOHeHHH 3Ha'le
HHH ,OT.o;enhHhiX KOJci>ci>HUHeHTOB BllHHIOT Ha BH.D; TeopeTH'Iec-

. ' "f -'; 

_Koro, yrnonor·o pacnpe.o;eneHHH, a -TaK:>Ke npoaaanH3BponaTL 
CBH3aHHhie 'C 3THM npH'IHHhl paCXO:>K,D;eHHH C 3KCnepa:M.ea
TanhHhiMH yrnoBLIMH. pacnpe.o;eri~HHHMH. Puc. 6 anmocTpa
pyeT THITH'IHhiH iipHMep · npa6nH:>KeHHH TeopeTaqecKHX 
yrnOBhiX pacnpe,o;eneHHH K 3KCTiepH.MeHTanhHhiM ,o;aHHhiM. 
B n~·noM ·Mo>KH<t JaKJIID'IHTL, 'ITO .o;a$(bepeanaanLHLie ceqeaas 
uccm!.o;onaHHhlx· Kaaanon peaKUHH 12C { 3 He~ p )14N B o6nacTH.·, 
HH3KHX 3HeprHH MOJKHO npHeMne:Mo OllHC.aTh B paMKaX· ·· 
pe30HaHCHOH TeOpHH. 

~i'/~..,., 

4. 06cyxoeuue pe3yAbmamoe · 
'-:·• 

Pacxo:>K,D;e.HHH :Me>K.o;y TeopeTH'IeCKHMH a JKcnepHMen
TanLHLIMH .o;aHHhiMH, KOTopLie MO:>KHO ynli.o;erL H:a puc. 2:-5,. ·· 
B 60JihlliHHCTBe cnyqaen He3Ha'IH~eJihHLI •. 0HH (>Tpa:>KaiOT · ··
BbiCOKYIO 'IYBCTBHTenLHOCTh K03lPlPHUHeHTOD /oco6~HHO He- '-: 

.; • 'leTHhiX/ K. "'ne6onLUIOH pa3HHD;e ·Me)K,o;y .. Bhi6painihiMH npH 
' . \ 

pac'leTe H peaJIH3YIDll\HMHCH ··a xo.o;e, peaKD;HH 3Ha'leHHHMH 
. pe30HaHCHhiX napaMeTpOB. C JJ;pyroii CTOp~Hhl):)TH paCXO:>K:: 

,-:-·.· .. 

... .o;enHH MOryT . HBJIHTLCH ._, cne,o;CTBHeM npHMeceii np.HMhlX. :··..: .. 
~nH ..o;pyrax · npo_neccon, KOTOPhie ne onHCLIBaiOTCH peJo- · '' 
naacaoH:·~Teopaeii. B lPYHKUHHX B036y:>K.D;eHHH xananon H yr
IioBLIX pacnpeJienenaHx npoTonon oTcY~cTnye ~ TOHKaH cT pyK
Typa, HCITOJIL3Y.H KOTOpyro. MO:>KHO ,,6hiJIO 61>1 . ITpOH3BeCTH 
'paJ.o;enenae Bim.a.o;on pa3HLIX,. MexaHH3MOB H ycTaHOBH.TL 
COOTHOUieiiHe Me:>K,o;y .• HHMH •. llocne . onpe;neneHHH. CTIHHOB, 
'XiinnocTeii,- ·:mepraii H nonHLIX UIHPHH peJonaHCHJ>ix. cocTos-

:·.~ 

,, 
•"' 

. ,.. ~. ~ . . . . 

... ~ ' ' ., 
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Puc .. 6. CpaaHeltne TeopeTHlfe.cKHX /cnii<)wHa.R . nHHHH/ H 
JKcnejinMeHni.nLHhiX /3/yrnt:iBLI:ic pacnpe,neneHHii /noi<aJaHLi 
TOlfKaMH/ ,nnH Ji ·~-" 1; .;·KaHanoa:'jqucna :B· cKo6Kax- ~JHep-: 
TH.II 6oM6ap,nnpyVo~nX ]t:OHOB renHH:3 B K3B, no OCH Op,D;HHaT •· 
CelfeHH.II .B OTHOCHTenbHbiX, e,IJ;HifHUaX, llO ·OCH a6CUHCC. ~ yron· 
(ja na6()paT.opHoii cncTeMe,.arpa,nycax/. • ,;. , ... 

-.. ''· :-~ 
HHii Heo6xo,nHMO aepHyTLCH :KnpoaepKe ycnoanii npHMeHnMo· · 
CTH O,IJ;HOypOBHCBOrO npH6nH:>KeHii.R pe30HaHCHOH TeOpHH ,D;nH 
aHanH3a .CelfeHHH ·paCCMaTpHBaeMOH peaKUHH. IlpHrO,IJ;HOCTb· 
JTOrO .· npH6nH:>KeHH.II. 3aBHCHT> OT' TOrO, · nepeKpLIBalOTC.II :nH 
peaoHaHCLI, c :·o.nnHaKOBbiMH cnnHaMH H lfeTllOCTHMH: B nc" 
cne,nyeMOH '. peaKUHH. HMeiOTC.II HeKOTOpbie: •3aMelfallH.II ::OT ;.,• 
HOCHTenLHO pe30HaHCOB '•5/2+ npH :meprHHX 2~96 H 3,50 M3B, 

·18 ,. 

TaK KaK :mepreTH'IeCKOe paCCTO.IIHHe Me:>K,ny HHMH cpaBHHMO' 
c wnpnHoii nocne,nHero pe3oHaHca. TaKoe JaMe'laHne He 
HMeCT .OCHOBaHH.R ,nnH pe30HaHCOB -3/21IPH :meprHHX 2,50 
H 3,28 M3B. 

Tpy,nJiocTH, aoJHHKWHe npn BhiHCHeHHH npnpo,nLI peJo· 
HaHCa C :lHeprHeH . 3,28 M3B, H OTCYTCTBHe BKna,na pe3o· 
HaHca 7'(2- npn 2,87 M3B B _ceqeHne p1 -KaHana He y,tianocb 
npeo,noneTL B pe3yJibTaTe npo~e,neHHLIX pacqeToB. BLrxo.n 
Ha,no HCKaTL B HCCJIC,IJ;OBaHHH HOBbiX Kailanoa··peaKUHH Hmi 
,npyrnx peaKUHii, a lcoTopLIX o6pa3yeTcH cocTaBHoe .11,npo 
15 0. TaK, ,nnH BLIHCHeHHH Bonpocoa, CB.RJaHHLIX c pe3o-

JiaHcoM.7 /2- npH JHeprnn 2,87' M3B,'HHTepeclio B:ccne,no:BaTb 
p

3 
-K~Han, a KOTopoM OTHOCHTenLHO cnnHa pe3oHaHcHoro 

COCTO.IIHH.II' H KOHC'IHOrO .II,D;pa HMeeT MCCTO TaKOC )KC COOT· 

HOWellHe, KaK H B p l ·KaHane. . .. 
B 3aKnlOlfCHHe OTMeTHM, 'ITO aHanH3 KOJ~~HUHeHTOB 

paJno:>KeHHH yrnciBLIX pacnpe,neneHHii no· rionHHOMaM Jle-
)KaH,tipa B OCH()BHOM OKaJanc.R: 3~~KTHBHhi~. . . . , . 

3TO o6'b.RCH.ft:eTCH, BO·neilBLIX,' 'TeM,. 'ITO . B . HaWeM 
cny<Iae H3 26 yrnoBLIX pacnpe,neneHHii npoToHoB-~opMHpy
eTc.R 6 JHepreTHlfCCKHX 3aBHCHMOCTCH KOJ~~HUHCHTOB pa3 • 
no:>Ke«HH - . JToii · npoue,nypoii o6ecneqnaaeTc.R BLicoKa.R 
HH~opMaUHOHHa.R nnoTHOCTL ncxo,nHLIX ,nnH aHannJa',naHHLIX., 

Bo-BTop:brx, ,nob'foHHCTBOM TaKoro · MeTo,na nccne,noBa·' 
HH.II HBn.ReTC,H BbiCOKa.R 'IYBCTBHTCnbHOCTb OT,nenbHbiX KOJ~•. 
~HUHellTOB K BapHaUHH napaMetpOB H' KBaHTOBLIM xapaK· 
TepHCTHKaM pe 30HaHCHbiX COCTO.IIHHH. Ilo 3TOH npnq}me 
yMeHbWaeTC.II 'IBCnO. CHTyaUHB, • _,n~lH 'Ha,ne.)KHOrO a:HanH3a 
KOTOpbl~ . HC06XO,IJ;HMbl. CBe,IJ;eH~H 0 non.RpB3aUBH, 3TO 06:-~ 
CTO.RTenLCTBO ripe,ncTaBmie:rc.R OC06eHHO :-aa:>KHLIM; TaK KaK 
BblllOnHeHHC non.RpH3aUHOHJ!biX H3MepeHHB B peaKUH.IIX .ztayx· 
HyKnOHHOH nepe,na'IH TBna ( 3 He' p) Ha nerKHX H,IJ;pax. 
CB.R3aHO C 60JrbWHMH 3KCnepBMeHTanbHbiMH Tpy,nHOCT.HMH /4 ~> 
KpoMe JToro, '.nn~~epeHunanLHLie ceqemiH MO)KHO B3MepiiT:b 
C ropa3,IJ;O JIYlfWeii TO'IHOCTblO H 60JibllieB nnOTHOC'fbiD, qeM 
3TO B03MO:>KHO npH H3MepeHHH nOJI.RpH3aUHH.'. 

1.,. • • • ' • <. ' • • • • •• ~ 
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B HacToJHI.(eii paoon!~ · 3asepmaioll.(eii Iianiu uccneAosa
HHH 'ceqeHHH_ peaKuuii . 1_2 c:( 3 H~-. p) 14 N, Ha oclio:B'~~pe30~-
HaHCHOii Teopuu. npoaHann3uposaHLI. 3KcnepuMeHTanLHLie 
,I\aHHbie /aj H nonyqeHJ:.(.cne,I\yiOII.(H.e OCHOBHbie pe3yllbTaTLI: . 

-1 •. Onpe,I\eneHLI cnHHLI. H· qeTHOCTH Tpex .pe3oHaHcos,. 
oTiiocuTenLHo, KOTopwx B ny6nuKaUHHX HMenncb npoTHBO~
peqnBLie C~e,I\eHHH, nu6o OHH OTCYTCTBOBanH COBCeM. 

· 2.- · YToqHeHLI ·3Ha'leHnH:-J:3:H~p~uii u nonHLIX ,mupuu pe.:- ·• 
30HaHCHbiX COCTOH_Hnf . :. .., . . .. _ . ~ .. ·., >· 

. · 3. 113 auann3a AnlbdJepe~uuanLHLIX ceqeuuii ri:pn_3Hepruu·. 
~;87 M3B ycTaHOBneuo pe30HaHCHOe COCTOHHHe 7i2 -H TeM 
CaMLIM DO,I\TBepJK,I\eH · pe3y~bTaT, nony'leHHbiH nrTeM ·u.c.
CJJe,I\OBaHHH nonHpH3al.(HH npoTOHOB B peaKI.(HH (. He, p)"'Ha 
yrne poAe- 12 B /6/; . . 

· ABTopbi BhlpaJKaloT 6naro,I\apHoCTh ILB.Cu3oBy 3a sun-· 
Maune K AaHHoii pa6oTe u · B.l1.<l>ypMaHy -3a o6cyJKAeiiue 
nporpaMMhi pac'leTOB:.Ha 3BM. '-::. 

Jiu_mepamypa 

1. Hsin-Min Kuan, ,r. W.Bonner. J.(?.Risser. Nuci:Phys., 51, 481 0964}~ 

2.:M.I.Krivopustov, I. V.Sizov, 'G.Schirmer, H.Oehler. Proc .. of the Second 
.Conf .. ·on Nucl. 'React. with Light Nuclei arid Nucl. Structure, October 

· ... 1967, Rossendorf,. p. 140-142. . 
3 .. T.HlupMep" M.H.Kpueonycmoe,. F.3Aep, H.B.Cu3oe~ 

· Coo6UieHUJi OH.RH; P 15- 4801, ,4y6ua, 1969. · 
4. ·M.H.Kpueonycmoe, H.B.Cu3oe, r.HJupMep, T.3Aep; 
· · c/Ipenpuum.OH.RH, PJ5-3504, ,4y6ua,·J967. ·. ·., 
5: .H. Oehler, M.Krivopustov, G,Schirmer, I. V.Sizov, F.Asfour. Nucl . . · 

/nstr. and Meth., 77, 293 097qJ. ' .. , ; . 

6; F.3Aep, M~H:Kpu~onycmoe, r.-H.Bu6uKe, ri>.Ac(Jyp, 
H. B. Cu3oe, F.HlupMep. Coo6UieHUJl OH.RH, P 15-5156, 
,[!y6ua,d970. . 

7. H. Oehler: M.I.Krivo,"ust~~; 'H. -I. Vibike. F.Asfour; ·I. V.Sizov, G.Schit:.:. 
mer. Proc. ·of the Third International Symposium on Polarization 
Phenimena in Nuclear Reactions. USA; Madison, · 1970, p .. 619-621. 

8. R.S.Biake, D.J.Jacobs, J.b.Newton, J.P.Schapira. Nue/.Phys.~ 77, 254 
{1966j; .. 

20 
, ... -·' 

M.A.)J(ycynoe, B.B.KapanemJlH, P.A.3paMJICJlH. H3e. 
AH CCCP, cep. (Ju3., 32, 332/1968/. . . . . 

9:: .Roejm&ze peaK~JUU. Iloo. peo. ILM.3uoma u M.,4eMepa, · 
. TTl. 1, ZAQ8bl 5,6. rocal/IOMU30al/l, MocKea, 1962 . 

I 0. G.Marr, K.A.Kuenhold, T.R.Don.ogh.ue. Bull~ Amer. Phys. Soc., 12, 4, 
501 0967). . 

PyKonuc& nocmynuAa e U30ameAbCKuii omoeA 
29 oe~ea6pJl 1973 zooa. 

21 

""' 


