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1.8BeJJ.·9H.He 

. /1-5/ 
HacTOHillaSI pa5oTa HBnHeTCSI npoJJ.omKeHueM UHKna ·pa5oT , nocBSI-

IlleiiHhiX TlllaTenhHOMY aaanuay o5menpHHHToll MOJJ.enu Heynpyrux B38HMOJJ.ell

CTBHll '!aCTHU c SIJJ.paMH B o6nacTu ycKopuTenhHhiX aaeprull. M~t paccMOTpHM 

BHyTpliSIJJ.epHble K8CK8}J.bl 1 'HHIIUHIIpyeMhie UpOTOH8MH. 

B oTnH'!He or niipH-HJJ.epHbiX B38HMOJJ.ellcTBHll, I"JJ.e JJ.OCTaTO'IIIO noJJ.po5-

.Hhie aKcnepuMeHTanbHhie JJ.aHHhie nony'lellbi numb JJ.nH lj>ciTOaMynbCHH, Baan

MOJJ.ellCTBitSI npOTOHOB C SIJJ.p8MH H3Y'I9Hbl Ha OllbiTe 6onee 05CTOHTenhHO; 

KpOMe SMynbCHOHHbiX }J.8HHbiX 1 B aTOM cny'!ae HM910TCH T8KlK9 CB9JJ.9HHH, OT

HOCHillH9CSI K OTJJ.enbHbiM HJJ.paM, OC05eHHO Upii aHepi"HHX T . , MeHblllliX HnH 
. x) 

nopHJJ.Ka HeCKOnhKHX coTeH MaB • 

npu p8C'I9Te npOTOH-SIJJ.9pHbiX B38HMO}J.9HCTBHil 5hinli HCUOnh30B8Hbl Te . 

lKe npeJJ.nonolKeHHH II aHa'leHHH· napaMeTpoB, 'ITO u JJ.nH nuoH-HJJ.ePIIhiX Baan-

m; · . -n~; 
MOJJ.eilCTBHil • .UeTanu Bhi'IHCneaull noJJ.po5ao onucaHbi B pa5oTax • 

· .Uanee Mbl qaCTO 5yJJ.eM paCCM8TpiiB8Tb ljlOTOSMyn~CHOHHbie JJ.8HHhle 1i 

COOTBaTCTB9HHO C STHM p83JJ.enHTb '18CTHUbl no CTeneHH npoii3BOJJ.HMOil HMH 

IIOHII38UHII Ha "nHBH9Bhie" S -'18CTHUbl 1i "MeJJ.neHHbie" h -'18CTHUhli cpe-

Ali nocne}J.HHX Mhl1 B CBOIO O'!ep~JJ.h, 5yJJ.eM pa3nH'!8Tb. 6 K8CK8/J.Hbi9" g -'18C

Tiillbl1 xapaKTepuayiOmuecH cepbiMH cneJJ.aMu, u "ucnapuTenhHhie" b -'lac-

Tiillbl 1 OCTaBnHIOillll9 '!epHbl9 Tp9KH. 

~) . . /1-5/ 
KaK u B npeJJ.hiJJ.YlllHX pa5oTax , y Hac BeaJJ.e. 

aHepi".HH. '!8CTitUbl B na5opaTOpHOH. CHCTeMe KOOpJJ.HHaT. 

T -KHH9Tii'19CK8H 
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2. MHo:lKeCTBeHHOCTb po:lKnaromnxcH · qacTnu 

- H h -cne-
Ha pnc. 1 npnBeneHhl aaaqeHHH cpennero qncna s- , g 

I 

noB, o6paaoBaHHbJX npoToHaMH B _.PoToaMynbcnn. PacnpeneneHHH 3Be3!1 no 

MHO:lKeCTBeHHOCTH pO:lK!I810IIlHXCH qaCTHU llOK838Hbl B Ta6JIHU8X I-III. 

Mbl BH!IHM, qT0
1 

llO!I06HO- TOMy, K8K STO HMeeT MeCTO B cnyqae nnoH-
/5/ - -

H!lepHbiX B381!MO!IeiiCTBHll , TeopeTnqeCKHe 3HaqeHHH ng H nh MOHD-

x) TOHHO BoapacTaJOT npn yBennqeanll aneprnn T n He nepenaroT na6nro-

naeMoro Ha onhJTe 'nachJIIleHii.5J' npn T ~ 5 faB. ·a o6nacTI! MeHblliHX anep

rnll na6nronaeTCH xopolllee KOJII!qecTBeHHOe cornacne c aKcnepi!MeHTOM. 

Cpennee pacqeTnoe qHcno JIIIBHeBblX cnenoB n 
6n11aKo K aKcne-

pnMeHTY BO BCeii paccMaTpnBaeMoii o6nacTn aneprnii. OnHaKo xopolllee Ko

nnqeCTBeHHOe cornacne naqnnaeT necKOJibKO napymaTbCH nnH T> 20-faB. 

TeopnH npencKa3hJBaeT aneob 6onee 6bJCTpblii poeT ii s (T) 
, qeM STO Ha6-

JIIO!ISeTCH H8 OllbJTe. Ta6nnua 

Pacnpenenenne q11cna po:lKnaromnxcH 6hJCTpblX npoTOHOB n p 

B ¢oT09MYJ1bCHOHHblX 3Be3!18X1 o6pa30B8HHbiX 
npoTOHSMH 

%% ) c aneprneii 385 MaB ( B 

-------r--------------~--------- ---------------------
TP> 30 MsB 

T > 
. p 

100 MsB 

----------------
n I 

,. 
p /10/ /10/ 

TeopnH OllbiT TeopnH 

-------- ------
-------~--------------
0 

\ 
3I t 5(I5) 35!: 3 60±4(38) 57± 4 

I 56± 6(49) 54t 4 34± 3(52) 40~ 4 ,-

2 \ 10±1(3!) 
9±2 6 ±.I (IO) 25 t. I 

,) 

3 ' 2,5 ±1,0(4,5) I,7±0,7 0 -
4 0,5 ± 0,3 (0,5) 0 

-------1-------------------------- ------
x) nepern6 B TeopeTIIqeCKOll H 3KCllepnMeHT8J1bHOH 38BHCHMOCTHX nh(T) 
npn T ;:1 0,4t-0,7 faB oTpa:lKa_eT ·cooTiieTCTBYJOIIlllii npoBan B ·ceqeann N-N
B3anMo!leiicTBnH; Bcne!ICTBI!e BJIIIHHIIH npnnunna nay~n sTa o6naCTb aecKOJib

KO C!IBI!HyTa B CTOpOHY 60JibllliiX 3HaqeHI!ll T. 

4 

n 
12 

10 

8 

6 

4 

2 

I 

l 

·A 

!! 

-~.....-· 

0.1 ll2 a5 1 2 

Pnc.1. 3aBHCHMOCT;, cpennero qncna s- , I 
_CHOHHblX 3Be3!18X OT aaeprnn pepBHqf 
KpHBble - pe3yJlbT8T pacqeTa ):IJIH CpE 
KpnBaH A - TeopeTnqecKaH aaBHCHI 

nh >.1 • f\YHKTI!pOM HaHeCeHbl KpHBble 
!IOCTOBepHble aKCllepnMeHT8JlbHbiB !181l 
HaHeCeHbl COOTBeTCTBe~HO SKCllepnMe 
n · ii 

8 
· , nonyqeHHble npn npocMOTpe 

na~, aaaqKn e · , & , • oTH 
HblM npn llpOCMOTpe SMYJlbCHH llO llJll 

5 



TBeHHOCTb pOlKLiaJOWHXCSI '18CTHU 

aaa'!eHHH cpenaero 'IHCna s- 1 g - n h -cne-

a ¢oToaMyrrbcnn. PacrrpeneneanH aaean no 

'!8CTHU ITOK838Hbl B Ta6rrnuax I -III • 

.TOMy, K8K 9TO HMeeT MeCTO B crryqae ITHOH-

, TeopeTH'IeCKHe 3H8'IeHHSI Og 1i nh MOHo-

T n He rrepenaiOT aa6nJ0-

5 raa, 's ·o6nacTu MeHbmnx aaep-

cornacne c aKcrrepnMeHTOM, 

rrHBHeBhiX cnenoa n 6rrH3KO K 9KCITe-

eMofi o6nacTn aaeprnft, OnaaKo xopowee Ko

naaeT HeCKOITbKO HapywaTbCH LIITH T > 20· raa, 

6hiCTpblll poeT n 
5 

(T) , '!eM aTo aa6-

Ta6nnua 

pOlKLI810WiiXCSI 6hiCTpbiX rrpoTOHOB D 
p 

3Be3!18X 1 o6pa30B8HHhiX· ITpOTOH8Mii 

%% ) 

T P> 30 Maa TP> 100 Maa 

TeOpHH 
/10/ /10/ 

OITbiT OITbiT 

35!: 3 60±4(38) 57± 4 

54±: 4 34± 3(52) 40~ 4 ,-

9±2 6±.! (IO) 25 t. I 
) 

!,7±0,? 0 

0 

9KcrrepnMeHTarrbHOfi aaBHCHMOCTHX ii'h ( T) 
v<uKaeT ·COOTBeTCTByJOmnfi rrpoaan B ceqeann N-N

nay:m 9T8 o6rraCTb HeCKOITb-

3H8'IeHHll 

4 

n 
f2 

10 

8 

6 

4 

2 

!I 
J! 

·A 

0 

ll2 a5 J 2 5 10 20 .T 

Pnc.1. 3aBHCHMOCTb cpenaero qucna s- 1 h- u g -cnet:~oB B ¢oToat.lynb

.cHOHHhiX .aaeanax aT airepruu JiepBH'!Horo rrpoToHa T , CrrnowHhie ., . ro 
KpHBble - pe3ynhT8T paC'!eTa LIITH Cpenaero S!Ltpa ljlOT09MyrrbCHH Ga , 
KpHB8SI A - TeopeTH'!eCK8SI 38BHCHMOCTb n h(T) LIITSI 3Be3LI c. ' 

Dh >.1 , f\YHKTHpOM HaHeCeHbl KpHBhie 1 8ITITpOKCHMHpyiOWHe H8H60rree 

LIOCTOBepHble 9KCITepHMBHT8ITbHb!El A8HHhie. 3H8'IK8Mii . 0 1 1'1 1 tJ 
H8HeCeHbl COOTBeTCTBe~HO 9KCITepHMeHT8ITbHhle 3H8'!eHHSI Oh 1 ilg 

H 'n .. 1 ITOITy'IeHHhie ITpH ITpOCMOTpe 9MYITbCHII MeTOLIOM 'B):IOITb cne- • 
):18~ 1 

5 

3H8'1Kii .• · 1 A , • OTHOCSITCSI K 3HS'IBHHSIM 1 rrorry'!eH-

HhiM rrpu .rrpocMoTpe aMynhcuu no rrnomanu /6-29/, 
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Ta6n•ua III, 

Pacnpe.rleneaue 'IHcna nusaeshlx 'laCTHU n
11 

s 4JoToaMYnbcHOHKbiX 
aaeallax, o6paaosaHHbiX npoToHaMH c aaepruea T ( s % % ) 

(!) .§ = 
ll: 0 .,. 
CD "i 
'0 0 
"'l ll: 
~ ~ tll 

::I 
CD 
'0 
I 

0 

= 

0 
ll: 
I 

i:l 
CD 
'0 
ll: 

~ 

.<: 

"" 0 

ll: 
ll> 

0 

~ 
I 

·--· ------------------ ------. --------- -----~------ ------------ -----·-----
T • 6,2 raa T • 9 raa T • 22,5 raa T • 25 raa 

n, -------- ------- ------- ------- ---- ------- ----- -----
/20/ /29/. 

TeOpHR OflhiT Te.C?pHSI OlibiT TeOpHSI OliblT TeOpHSI 
· l'iot, 

OliblT TeOpHSI OrtbiT 
i3oi 

,__ ------- ----- ------ ----- ---- -----
0 6,3i I,B 4,2'!: 0,5 2,I ~I,4 2,8± I,I 0,4 t0,4 0,8~0,4 0 0,7± 0,3 0,4± 0,4 4,9 ±2,0 
I I8,8 ± 3,I IB,4± I,O I4,4l:: 3,7 !3,3:!: 2,3 I0,7±2,2 I3,2 ± I,6 8,3!:2,2 S,!H.I,O 9,4ti,B 4,9 t2,0 
2 24,2 ± 3,5 23,6ti,2. I9,6t 4,3 I8,6t2,7 5,7±I,5 I0,3 ± I,5 3,5:!:I,4 8,6 ± I,O 2,8±0,9 !3,9±);4 
3 26,7 ±3,7 23,8l: I;2 I4,4l: 3,7 I9,0t 2,8 I5,I±2,4 I3,4 ±:I, 7 6,5± I,9 3,8±:I,2 4,3±I,I 9,8 i: 2,8 
4 I7,8 ± 3,0 I5,8±: 0,9 20,6±. 4,6 20,2:!: 2,9 I7,I±2,6 I3,4±.I,7 II;,8:!: 2,2 I,O:!:I,I 8,3±!,7 I3,9 ± 3,4' 
5 4,7± I,5 8,3!: 0,6 I2,4! 3,5 I2,9:!: 2,2 I8,6± 2,7 I2,0 ± I,6 7,8f'2,I 0,6± I,I 9,7±I,9 IO,?±. 3,0 
6 0,5 !' 0,5 3,8 r o,s I2,4±: 3,5 7,3±:!,7 II,5±2,I II,4l I,5 9,5±.2,4 8,6:l;:I,O I4,0±2,2 II,S± 3,I 
7 0,5 ±: 0,5 I,4t 0,3 2,I±I,4 2,8±' I;I 7,2t2,2 6,6± I,2 IO,I±2,4 8,I±I,O II,2± I,9 '6,6 ±2,3 

"" 8 ·o,s .r o,s 0,5!: 0,2 I,O± I,O 2,0±: 0,9 6,7 ±I,6 7,2± I,2 II,3± 2,5· s,2 ± o,8 6,9 :!:I,5 . 4,9!: 2,0 
9 0 0,2tD~I I,O ± I,O 0,8t0,6 3,6 :!:1,2 4,3!: I,O 7,8±2,0 4,5:!:0',7 9,4 ±:I,8 4,9 ± 2,0 

IO - 0 0,4 ±0,4 0,8 :t 0,4 I,5± 0,6 5,9 :!;I,8 2,6 ±'0,6 6,3 !:!,5 3,3±I,6 
II - 0,8 :!:'0,4 3,I:!;0,8 2,4:t·I,2 2,7! 0,5 7,3±I,5 5,8;!:2,2 
I2 - 0,4 .t0,4 0,8± 0,4 2,3 ± I,I I,I±0,4 4,5 ±I,I 2,5±I,4 
I3 - 0,4 :!:0,4 0,4± 0,3 I,8±I,O I,I±0,4 2,4±: 0,9 I,6±.I,I 
I4 0 0,8:!:0,4 I,I±·0,6 0,6 t0,2 I,4± 0,7 o,8± o,a· 
IS 0 0,4! 0,3 0,6 ± 0,6 o, 7 ±_0,3 I,0±:0,6 
I6 0 o_ 0,7 !:0,5 
I? - 0 0,2 ±. 0,2 0 
-- -------------- -------- ---- -----
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Ta6nu:ua III. 

Pacnpe.cleneHHe qucna nueHeBhiX ttaCTHU n
5 

B ¢>oT09MYllbCHOHHbiX 

aeea.nax, o6paaoeaHHhiX npoToHaMH c 9HeprueR T (e % % ) -- ------------------ -----~-------- -----~------- ------------- -----·-----
T • a;:i rss T • 9 fas T = 14 f•s T = 22,5 fss T • 25 fss 

n, ------ ----- ------- ------ ------- -- ------ ------- ----- -----
/20/ /29/ 125/ ·rio;. i3oi 

TeOpHSI QilbiT TeppHSl OfibiT TeOpiHI OObJT TeOpHSI OilblT TeOpHSI OIIbiT 

0 6,3!: I,8 
I I8,8 ± 3,I 
2 24,2 ± 3,5 
3 26,7.!: 3,7 
4 I7,8±3,0 
5 4,7± I,5 
6 0,5±0,5 
7 0,5!::0,5 

.... 8 o,s .ro,5 
9 0 

IO -
II -
I2 -
I3 -
I4 -
IS -
I6 -
I7 

4,2'!: 0,5 
I8,4 ± I,O 
23,6ti,2. 
23,8i I;2 
I5,8~ 0,9. 
8,3!:: 0,6 
3,8 r o,s 
1,4:!: 0,3 
0,5 i: 0,2 
0,2 tO~I 

2,I !.I,4 
I4,4l: 3, 7 
19,6± 4,3 
I4,4!:: 3,7. 
20,6± 4,6 
12,4!; 3,5 
12,4!:3,5 
2,1±I,4 
1,0:!: I,O 
1,0 .t 1,0 
0 

218± 1,! 
13,3! 2,3 
18,6±2,7 
19,0± 2,8 
20,2:!: 2,9 
I2,fi ±: 2,2 
7,3!: 1,7 
2,8±- I;I 
2,0±:0,9 
0,8 ±0,6 
0,4 t0,4 

0,4 i.0,4 
!0,7±2,2 
5,7±I,5 

IS,I t 2,4 
I7,I±2,6 
I8,6:!:2,7 
II,5:!:2,I 

7,2 :t 2,2 
6,7±I,6 
3,6:!:1,2· 
0,8±:0,4 
0,8 :t 0,4 
0,4!-0,4 
0,4 :!:0,4 
0 
0 
0 
0 

0,8-!.0,4 0 0,7±0,3 
13,2 ± !,6 8,3±:2,2 S,!H:.I,O 
I0,3±I,5 3,5i1,4 8,6!:1,0 
I3,4±:I,7 6,5±!,9 3,8±:1,2 
I3,4±.I,7 II;,8:!:2,1 1,0ti,1 
I2,0±I,6 7,8,!2,1 0,6ti,I 
II,4~ I,5 9,5±.2,4 8,6!:1,0 
6,6±1,2 !0,1±2,4 8,1:!:1,0 
7,2±1,2 II,3±2,5· 5,2±0,8 
4;3!::: I,O 7,8±2,0 4,5:!:0',7 
I,5±0,6 5,9±1,8 2,6±0,6 
3,1t0,8 2,4:!:.I,2 2,7-!0,5 
0,8±0,4 2,3!1,1 1,I±0,4 
0,4±0,3 I,8±I,O 1,1±0,4 
0,8:!: 0,4 I,I±-0,6 0,6 :!;0,2 
0,4± 0,3 0,6 ± 0,6 o, 7 ±0,3 

0 
0,2±.0,2 

0,4± 0,4 4,9 :!:2,0 
9,4 t 1,8 4,9 t2,0 
2,8 ± 0,9 13,9 ±_3;4 
4,3±1,I 9,8!:2,8 
8,3 ±I, 7 13,9! 3,4 · 
9,7!:1,9 I0,7l.3,0 

14,0±2,2 II,5±3,I 
II,2±1,9 6,6±2,3 
6,9!I,5. 4,9:!:2,0 
9,4±:I,8 4,9±2,0 
6,3 ±I,5 3,3± I,6 
7,3 ±I,5 5,8±2,2 
4,5 ±1,1 2,5:!:1,4 
2,4± 0,9 !,6±.1,1 
I,4±0,7 0,8±0,8 
I,0:!:0,6 -
0,7 ±:0,5 -
0 



Te no cnx nop nccnenoaanncb numb Me3oHLI c aneprnell, ne npe

Bhimaromell 20 faa, 

0TMe'IeHHbie OC06eHHOCTH llOBeJleHHSI MHOJKeCTBeHHOCTH nHBHeBhlX 'I8C-

THU MOJKHO npocnenHTb n B nx nntf>tf>epenunanbHhiX pacnpeneneHHSIX, npencTaB

neHHhiX B Ta6nnue lli • 3TH pacnpeneneHHSI xopomo cormicy!OTCSI c onLI

TOM, 0JlH8KO npH T > 20 faa TeOpeTH'IeCKHe BenH'IHHhl OK83biB810TCSI CHC-

TeM8TH'IeCKH 38BbJllleHHbiMH no cpaBHeHHIO C SKCnepHMeHTanbHbiMH. 

Paann'InSI -~ TeopeTH'IeCKHX n aKcnepnMeHTanbHhiX xapaKTepncTHKax 

KacKaJlHhiX n ncnapnTenbHhiX qacTnu, p02KJlaiomnxcSI npn T ~ 5 raa, npoSIB

nSIIOTCSI OC06eHH0. SlpK0 1 ecnH paCCMOTpeTb KOppenSIUHH 3THX '18CTIIU (eM, ' 

puc. 2 n eme 6onee narnSIJlHO na pnc. 3). 

KaK annno, nMeeTCH anonne ynoaneTBOpnTenbHOe cornacne nnSI n-;, ( 11, ) 

HHJKC T"' 5 fa B. npn 6onblliHX 3Hepi'HSIX BHJl paC'ICTHbiX tPYHKUHil 38MCTHO 

OTnnqaeTCSI OT H3MepeHHOI'O Ha OllbiTe. B 'I8CTHOCTH, npn T = 22,5 raa, 

.Ha OllbiTe He 6binO 06HapylKCHO 3BC3Jl C 'IUCnOM nh> 40 1 TOI'Jl8 K8K B pac

'ICT8X HX 'IHCnO COCTaBnSieT "' 7%. B o6naCTH T > 20 faa paCXOJKJlCHKe MelK

JlY Teopneft H SKCnepHMCHTOM H8 piiC. 2 HeCKOnbKO M8CKIIpyeTCSI TCM 06-

CTOSITCnbCTBOM, 'ITO paC'ICTHOC 3H8'ICIIIIC ii npeBbllli8CT SKCnepHMCHT8nb-

HOe, H yMeHblliCHHC ;;- (n ) 
s h 

H8'IHH8CTCSI npH 6onblliHX 3H8'ICHIISIX nh 

nanpnMep, nnSI T = 14 faa. 

, '19M t 

PacXOJKJlCHHe nnSI 38BHCHMOCTH n (n ) BCCbMa pa3HTenbHOej yJKe npn 
g • 

aneprnn 6,2 faa Tpynno roaopnTb naJKe o KaqecTBeHHOM cornacnn c onbiToM. 

npS!MbiC H3MepeHHSI n ( 0 ) npH MCHblliHX SHepi'HSIX OTCyTCTBYIOT1 0JlH8KO 
g B 

MOJKHO OlKHJl8Tb
1 

,'ITO xapaKTep KOppenSIUHil npn T = 3,2 faa 6yneT npnMep-

HO TaKOil JKe, K8K H npH T = 1,87 B cnyqae nnon-SinepHbiX peaKunil, rne 

/45/ 
COOTBeTCTBYIOIUiiC BenH'IHHbl H3MepeHhl Cpaanenne noKa3hiBaeT, 'ITO npn 

aTnx aneprnSix, neiiCTBHTenLno, cpennee tJncno g -cnenoa nanaeT c pocToM 

n . 
CnenyeT OTMCTI!Tb, 'ITO npn ananl!3e xapaKTepncTI!Kll n (n )paCXQJK-

' h • 

nenne npoSianSieTCSI B eme 6onbmeii cTeneHH, xo~SI ero xapaKTep ocTaeTCSI 

npeJKIIHM. OnnaKo cpaa!lenae Teopi!H c onLITOM uenecoo6paa11ee· npoBOJlHTb 

)lnSI tPyHKUHll -;; g (n
5

) 1 llOCKOnbKY ST8 XapaK_TepHCTHK8 IIC 38BiiCHT OT He-

TO'IHOCTCll paC'IeTa ncnapi!TenbHOil CT8Jlllll B38HMO)leiiCTBHSI,, 

8 

.. 

i 

Pnc.2. 

fis 

iO 

g 

8 
7 

6 

5 

it 

~ 

3 

J 

0 !2 4 6 8 10 

3aBHCHMOCTb Cpenneft MHOJKCCTBCHHOCT 

oT qncna h -cnenoa B 3Beane, o6pa: 

ell T • fllcTorpaMMLI ,;. pacqeT nnSI 

• , !),. n j. naneceHLI 3KCn)PI1 
CTBCHHO nnSI SHeprllil T = 22,5 /21 1 

BcnencTBHe uennocTn SKcnepnMeHTanh 

BMCCTO n8 YK838Hbl TeopeTH'IeCKHC I 

HHSI ( n + n ) , 3Ha'IeHHSI n8 B a~ 
• g 

meii tPyHKUI!eil n h 1i IIX 3H8'1CHHSI 60Ji 

BCJlCHHbiX Ha pi!C;HKe 3H8'ICHIIll (ii'""'"'+: 
B 
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mtwb MeaoHbi c aneprueii, ne npe-

HHOCTU noaeAeHUSI MHQ)KCCTaeHHOCTU nuaHeabiX '18C-

II a UX nutjltjlepeHUU8nbHbiX pacnpeneneHUHX, npeACTaa-

3TU pacnpeneneHuH xopowo cornacyJOTCH c onhi-

faa TeOpeTU'!eCKUe aemi'IUHbl OK83biaaiOTCSI CUC-

MU UO cpaaHCHUIO C aKcnepuMCHTanbHbiMU, 

TI!'ICCKUX U aKCUCpUMCHTanbHbiX X8p8KTCpUCTUK8X 

HhiX qacTuu, poJKAaiowuxcs npu T ~ 5 faa, nposa

paccMoTpeTb KOppenSIUI!U aTUX '18CTUU (eM, ' 

na puc. 3), 

cornacne nns n-:, ( nh ) 

tjlyHKUUfi 38MCTHO 

onbiTe. B 'IBCTHOCTU, npu T = 22,5 faa, 

aaean c 'lucnoM n h > 40 , Torna KaK a pac-

7%. B o6nacTu T > 20 faa pacxmKnenue MeJK

ua puc. 2 HCCKOnbKO M8CKUpyeTC51 TCM 06-

ana'leJme ii npeabiWaeT aKCUepUMCHT8nb-

H8'1UH8CTC51 UpU 6onbWUX 3H8'1CHU5IX D h 1 '!eM, 

R (n ) aCCbM8 pa3UTCnbHOe; YJKC UpU 
g 8 

I'OaOpUTb ABJKe 0 K8'1CCTaCHHOM COI'nacuu C OUb!TOM, 

npu MCHbWUX aHepi'U5IX OTCyTCTayiOT, OAHBKO 

T = 3,2 faa 6yneT npuMep

T = 1,87 a cnyqae UUOH-HACpHbiX peaKUUii, I'AC 
/45/ 

U3MepeHbi , Cpaanenue noKa3biBaeT, 'ITO npu 

cpenuee qucno g -cnenoa nanaeT c pocTOM 

, 'ITo np~ ananuae xapaKTepucTuKu nh(ns )pacxqJK-

6onbweii CTenenu, XOTH ero xapaK'l'ep ocTaeTCH 

'l'eopun c onbiTOM uenecoo6paanee npoBOAH'l'b 

HOCKOnbKy a'l'a XapaKTCpHCTHK8 HC 38aHCHT OT HC

HTCnbHOfi CT8AHH B38UMOAefiC'l'aUSI, 

8 

. 

·! 

fi.s 

iO 

g 

8 

7 

6 

5 

4. 

3 + 
2 

J 

0 ~ ~ 6 8 JO 12 lit n~a 
I 

Puc.2. 3aaucuMOC'l'b cpenneii MHOJKCC'l'aennocTu nusneBbiX 'laCTUU n s 

OT 'II!Cna h -cnenos B aseane, o6paaosannoii npoTOHOM c anepru-. . . ro 
eii T • fucTorpaMMLI - pac'!eT nng snpa Ga • 3ua'IKOMu ~ . 

• 1 /). U A H8HCCCHbl aKCUCpi!MCHTanbHblC ABHHbiC COOTaeT-
CTBCHHO Anst anepruii T= 22,5 12 11, 14 /26/, 6,2 n11 n 0,95/14/ras, 

BcneACTBue 6ennocTn aKcnepuMenTanbHbiX naHHhiX nns T=0,95 rail 

BMeCTO n8 YK838Hbl TCOpCTU'ICCKUC U aKCUCpUMCHT8nbHbiC .3H8'1C-

HUSI (n + n ) , 3naqeimst n8 B aToM cnyqae HBnHIOTCH y6hiBaJO-s g 

weft ¢lyHKUUCfi n h 1 U UX 3H8'1CHUSI 6onee 'ICM B ABA pA38 f!HlKC npu-
BeACf!HbiX H8 pucyHKC 3H8'1CHI!fi (~). 

s " 
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n, 
iS 

14 

12 
I I I I ' ' 

10~\ I I'""'\· \ · 

H '\. I \~ ~ ~ ~ f , I 
4~\ /tl'\,~+ 

2f- 0 f. A\ll3; \6.2 \ g \14 \22.5 
I I 1 I I I I I I I I I 

0 2 1t 6 8 10 . 12 lit . n, 

Pnc.3. 3ani!CHMOCTb cpenHeH MHOlKeCTneHHOCTH g -cnenon OT 'IHCna nHB-
HeBblX 'laCTHll n 3Be3ne, oopaaonaHHOH npOTOHOM n cjloTOSMynbCHHo 
Kp!!Bhle - pac'leT nnst Mpa 

70 
Ga , nncjlpa oKono KpHson·.yKa3bi

naeT srreprHIO nepBH'IRoro npoTorra (a r~a). KpylKKaMn n Tpeyronb

HI!KaMH HaHeCeHbl SKCnepi!MeHTanbHbie AaHHble COOTBeTCTBeHHO AnSI 
T = 6,2 H 22,5 raa 1211. 

10 

:~ 

3. Yrnonbie H saepreTH'IeCKHe xapaK1 

nTOpH'IHl>IX 'laCTHll 

J1aneCTHaS! HaM cefiqac HHcj!OpMallHS!'. 00 SHep 

'laCTHll n HeyrrpyrHX rrpOTOH-S!AepHhlX CTOnKHoneH~ ,. 
pbiBO'IHOH. 

Ha pH c. 4. rrpHneneHbl anepreTn'leCKHe crreK1 

'leTHbie 3Ha'leHHS! OKa3binaiOTCS! O'leHb oni!3KHMII l 

nnlllb llpH T = 22,5 ran 3aMeTHO HeKOTopoe pa; 

CUeKTp CTaHOBHTC>I !leCKOnbKO Mstr'le. SKCUepHMeH' 

ana'lenHe cpennero I!Mnynbca cocTannsteT .· 450 + 10 
. /21/ -

TanbHOe - 476+ 11 Maa/c ). 3To ocooerrrro 

panbHbiX cneKTpOn Ha pHC. 5. 

OopamaeT !Ia ceoS! nHHMa!IHe, 'ITO ~ymecTne 

oonee, 'leM B nna paaa pa3nH'IHe SKCnepHMe! 

ana'lerrnfi n g - conpoBolKnaeTcst nHillb aearra'IHTe. 

= 22,5 ran - pa3nH'IHeM n CpeAHIIX HMnynbCaX 

nH'IUIOTCS! paC'IeTHble H SKCUepHMeHTanb!lble 3Ha'IE 

THK g -'laCTHH. CornacHe C OllbiTOM 3AeCb HMe• 

30He yCKOpHTenbHblX SHeprHH ( CM. pnc. 6}. 

3Hep.l'HS! nHnHeBblX '18CTHll 1!3Mepeaa BCero 

arreprHH nepBII'IHoro npoTorra. PeaynbTSTbi sTHX 

'leCKI!MII KpnnbiMH npencTanneHhi aa lmc'. 7. 

CneKTp rr -Meaoaoa, H3MepeHHbiH. npH T = 

est aa pac'leTHyiO KpHnyiD. PeaynbTaTbi, nony'leHii 

lKHnaiDT oonee neTanbaoro oocyJKneanst. 
. /33/ ·. . 

AnTOpbl paoOTbl . , arrani!3HpySI IIHTerpan: 

UpOTOHOB, OopaaonaHHbiX n cj!OTOSMynbC~H npOTOHI 

MeTHnn nanH'IHe rKonerra' n cneKTpe N( > T ) "I 
p 

IUIIH cneKTp BTOpH'IHbiX 1T -Me30HOB UpH ST0!'1 HE 

HOCTeH. CpanueRHe paC'I!JTOn C naRHbiMII STOH pa· 

eT, 'ITO UpH y'leTe peanbHbiX SKCnepHMeHTanbHblX 

c n > 7 ) H:acKanaast TeopHS! .!IOCTaTO'IHO xopolll< 
h . 

11 



~~ft' 
tt 

12.5 

It 6 8 10 . 12 lit n, 

. Cpenaeli: MHOlKeCTaeHHOCTH g -cneAOB OT 'II!Cna nHa-

a 3aeane, o6pa30B8HHOH npOTOHOM B ~OTOaMynhCIIH, 
P8C'IeT AnSI SIApa 

70 
Ga , UH~pa OKOnO Kpnaoli: YK83bl-

nepai!'IHOI'O npoToHa (a faa), KpylKKBMH H Tpeyronb
ceHbi aKcnepHMeHTanbHbie ASHHbie COOTBeTCTBeHHO nnH 

22,5 faa /21/, 

10 

j 
1 

I 

3, Yrnoabie H aaep~eTH'IeCKHe xapaKTepHCTHKH 

aTOpH'IHblX '18CTH';l, 

HaaeCTHaH HaM cefiqac HH~opMaUHi o6 aaepreTH'IeCKHX pac~peneneHHHX 

'18CTHU a Heynpyi'HX npOTOH-HnepHblX CTOnKHOaeHHHX HanSieTCH aeCbM8 OT-,, 
pb!BO'IHOH, 

Ha pHc. 4. npHaeneHhi aaepreTn'leCKHe cneKTpbi KacKanHhiX 'laCTHU. Pac

'leTHLie 3H8'1eHHH OK83biaaiOTCH O'leHb 6nn3KHMH K H3MepeHHb!M H8 OllbiTe, 

flHWb npH T = 22,5 faa aaMeTHO HeKoTopoe paanH'IHe: TeopeTH'IeCKHli: 

ClleKTp CT8HOaHTCH HeCKOnbKO MHI''Ie_aKCnepHMeHTanbHOI'O (abi'IHCneHHOe 

aaa'leHHe cpenaero HMnynLca cocTaanSieT 450+ 10 Maa/c, a aKcnepHMeH-
' . /21/ -

TanbHOe - 476:!: 11 Maa/c ). 3To o~o6eaao xopowo _aaMeTHO nnH HHTer-

panbHbiX ClleKTpOa Ha pHC, 5, 

06pawaeT H8 ce6H aHHM8HHe, 'ITO cyweCTaeHHOe npH T = 22,5 faa 

6onee, 'leM a ABa paaa pa3n1!'1He aKcnepnMeHT8nbHbiX II TeOpeTH'IeCKIIX 

3H8'1eHHli: it - conpOBOlKnaeTCH ni!Wb He3H8'111TenbHblM - 'oKono 5% npH T = 
g 

= 22,5 faa - paanH'IHeM B cpenanx HMnynbcax g -'laCTI!U, Ewe ~eaee paa-

nn'laiOTCH paC'IeTHLie H aKCnepi!MeHT8nbHb!e 3H8'1eHIIH yrnoabiX XapaKTepHC-

THK g -'laCTHH, Cornac~e c onbiTOM anecb HMeeT. MeCTO ao aceM nnana-

30He ycKOpHTenbHb!X aaepi'Hfi ( CM, pHC. 6). 

3aepi'HH nHaHeabiX '18CTHU H3MepeHa acero nHWb llpH nayx 3H8'1eHHHX 

aaeprHH nepaH'IHoro npoToHa, PeaynbTBTLI aTHX pa6oT aMecTe c TeopeTH

'IeCKHMH KpHabiMH npeACTaaneHbl H8 fJHC·, 7, 

CneKTp " -Meaoaoa, H3MepeHHbiH npH 
/46/ 

T = 9 faa , xopowo nolKHT-

CH aa pac'leTHYIO KpHByiO. P.eaynLTaTbi, nony'leHHbie npn T = 25 faa, aacny

lKHaaiOT 6onee neTanbaoro o6cylKneHHH, 
. /33/ 

ABTOpbl pa60Tbl . 1 8HanH311PYH. IIHTerpanbHbifi ClleKTp BTOpH'IHb!X 

llpOTOHOa, o6paaoaaHHblX a ~OTOaMynhCHH npOTOH8MII C aaeprneli: 25 faa, OT

MeTHnH aannqne .. Koneaa' B cneKTpe N( > T ) npn T "' 2 faa. CooTaeTcTayiO-
P p 

wHfi cneKTp aTOpii'IHb!X 17 -Me30HOa npH aTOll:f He I!MeeT HHK8KHX OCo6eH-

HOCTeli:, Cpaaaemm pac'leToa c naHHbiMil aroli: pa6oTbi aa puc •. 7 noKa3hiBa-. . 

er, 'ITO npu y'leTe peanhHbiX aKcnepnMeHTanbHbiX ycnoanli: <.oT6op co6biTilli: 

c nh > 7 ) KaCKanaaH TeopiHI .!IOCTaTO'IHo xopowo aocnpouaaonnT aaepreTH-

11 



dN 
~ 

15 

10 

5 

0 

.dH 
dp, 
iO 

5 

T ·0.15 T·0.95· 

nos UIO 0.15 1105 ms D.75 035 T, 

T·6.2 Ta22.5 

0 I I I I I "', ~~~-, I I I I I I , .. ifl-1 I I 

us ns 0.7 o9 n~ o.s n1 09 P~ 

Puc.4. 3HepreTH'IeCKHe u HMnynbCHble cneKTphf tmll g -cnenoB B 3Beanax, 
o6pa30BSHHhiX npoTOHSMH c :aHeprueil T B tjJoTo:aMynbCHH ( B npoua-

BOnhHhlX ellH!!Huax, 3HS'IeHHl1 T B f:aB). rucTorpaMMbl :- pa7J.E1tT21 32/ 
llnll 11Apa 70 Ga • 3KCllepHMeHT8nbHhle TO'IKH B311Thl H3 pa60T 

1 
' • 

--
12 

!00 T=22.5 ' 
~0 

20 

10 

4 

2 

11 I I I I I II j I 

0.2 0.3 us iO U2 I 

Puc.S. HHTerpanbHhle cneKTphi g -'laCTHU 

COOTBeTCTByiOmHe AHtjJtjlepeHUH8nbHblM 

pa)KeHHhiM Ha· ·puc. At j<PHB~Ie - pac'l 
B311Tbl H3 pa60Tbl • 

13 



p, 

H IIMnynbCHbie cneKTpbi nnH g -cnenoB B aBeanax, 
~TOHaMa c aaeprHefi T B ~oToaMynbCHH (B npoua-

3Ha'IeHHH T B raB), rucrorpaMMbl - pa7'l'ZIT21 32/ 
3KcnepHMElHTSnbHbie TO'IKII B3S!Tbl H3 pa60T ' ' • 

', 

12 

.l 

Pi!c.5. 
Pmax 

11HTerpanbHbie cneK-Tpbi g -'IaCTHU N(>p) ~ f W(p)d p • 
COOTBeTCTByiOmHe nHcf><tlepeH~HanbHbiM pacnpenJ'neHHSIM W(p)- 0 H3o6-
palKeHHbiM _ aa' pHc. At )<PHBhie - pac'IeT, aKcnepi!MeHTanbHbie, TO'IK.II 
B3S!Tbl H3 pa60Tbl • 
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TOaMynbCIIII npoTOHBMII c aaeprnell T (a npo1!3BOnbHhJX eAIIHI!Uax, · 
3Ha'leHI!H T - B raa). rllcTorpaMMbl - pac'leT. IWH HAPS 70 Ga • 3K
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PHc.7. HHTerpanbHhle aHepreTH'leCII.He cne~~;Tpbi ,N( > T) BTOpH'lHhiX qacTHU, 

oopa30BSHHbiX npH. Oony'leHHH RAepHOii aMynbCHH -UpOTOHSMH C .aHep- -. 

rHeii T -(B UpOH3BOnbHbiX eAHHHUSX1 aHepi'HR BTOpH'lHbiX 'lSCTHU - . 

B. r'im). CnnoiiiHhle - KpHBble - · paC'leT AnR RAp a 70 Ga . • n YHKTHpHbie 

KpHBbie - paC'leT AnR COObiTHii. C ·nh>7 o 3KcnepHMeHTanbHble TO'l-

KH (Kpy)I{KH_- AnR 1T -Me30HOB, TpeyronbHHKH - Ami npOTOHOB) 

B3S!Tbl 113 paoOT /30,33,46/. 
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'leCKHA CUeKTp x) B . -
1T -Me30HOB o TO lKe apeMH HHTerpanhHbiH cneKTp 

llpOTOHOB cornacyeTCH C OllbiTOM nHlllb npH T. > 2· raa, T.e. B o6naCTH 

ISS/ 
SHeprHl!., 6onhWHX TOll., npH KOTOpOl!. B pa6oTe 6binO 06HapylKeHO 'Ko-

neHO" • C yMeHbWeHHeM SHeprHH BTOpH'IHblX npOTOHOB paCXOlK):IeHHec yaenH'IH

BaeTCH. 

CneayeT OTMeTHTh 1 qTO STO paCXOlK):IeHHe He HBnHeTCH 'leM-nH60 He-

OlKHJ:IBHHbiM.nel!.cTiiHTenbHO, npOTOHbl C T P. <,_ 500 MsB COCTaBnHJOT OCHOBHYIO 

'18CTb g -'IBCTHU, pacqeTHbll!. cneKTp KOTOpbiX, KaK Mbl BHJ:IenH Bb!me, npH 

BblCOKHX 9Hepri!HX MSII''Ie SKCnepHMeHTanhHOro. 3aBbiWeHHOe 'IHCno nHBHeBbiX 

npOTOHOB B HHTepaane 0,5 < T < 2 raa, UQ-BHJ:IHMOMy, SIBnHeTCSI OTpalKe-
~ p ~ : 

HHeM TOro iflaKTa, 'ITO TeopeTH'I6CKHe 3H8'1eHHSI ii 
8 

npH T > 20 raa npe-

BblWBIOT ·axcnepHMeHTanhHhie; OJ:IHaKo aToi· aonpoc Tpe6yeT-eme aanhael!.mero 

H3y'leHHSI._ 

BMecTe c TeM cneayeT noaqepKHyTh, 'ITO paanH'IHe sKcnepHMeHTanhHbiX 

H paC'I6THbiX J:IBHHbiX KalKeTCSI 3HB'IHTenhHbiM nHlllb npH cpaBHeHHH HHTer

panbHblX cneKTpOB, J:IHq,ifJepe~UHBnhHhle pacnpeaeneHHSI pa3nH'IBIOTCSI ylKe He 

TBK 3aMeTHO (cp. pile. 4 ,H 5.). 

Ha pHc. 8 npHaeaeHbl yrnoBble pacnpeaeneHHSI s ·-cneaoa. Bo acex 

cnyqagx (a TOM 'IHCne H npH T; 20 raa) }tacxaaHaSI TeopHSI anonae xopo-

mo cornacyeTCH c onbiTOM. 

4. 3aBHCHMOCTb XapaKTepHCTHK HyKnOH-SIJ:IepHoro 

B38HMO):Ieli:CTBHSI OT THna SIJ:IpB-MHWeHH 

Llo CHX nop Mbl orpaHH'IHBanUCb paCCMOTpeHHeM B3BHMO):IeHCTBHA 
. . ' 

C ifloTOSMynhCHel!.; STO 6b1nO CBSI38HO C TeM, 'ITO nHWb J:lnH ifloTOSMynhCHH 

HMeeTCSI J:IOCTBTO'IHO 6onbWOe KOnU'IeCTBO SKCnepHMeHTanhHbiX ):18HHbiX1 H03-

BOnSIJOIUee npocneJ:IHTh H3MeHeHHe pa3nH'IHbiX xapaKTepHCTHK HyKnOH-SIJ:IepHoro 

B38HMO):Ieli:CTBHSI B 38BHCHMOCTH OT BenH'IHHbl SHeprHH nepBH'IHOro npOTOHa. 

PaccMoTpHM Teneph, KaK aaaucSIT •CBol!.cTaa HeynpyrHX ayxnoH-SIJ:~ep

Hb!X B38HMO):IeHCTBHA OT THlla SIJ:~pa-MHWeHH. 

x) Heaaa'IHTenhaoe pacxoJKaeaHe npu 6onhmHx 3Ha'leHHHX T; o6ycnoaneHo 

TeM1 'ITO B paC'IeTe npHCYTCTBYIOT 11 ~Me30Hb1 C SHeprHeli BhiWe 4 raa, 

KOTOpbie He 6h1nH- aaperHCTpHpoaaahi Ha 'onbiTe. 
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• B TO )l(e BpeMSI HHTerpanbHbiH cneKTp 

npH T" ~ 2" ras, T.e. B o6naCTH 

1331 
pa6oTe 6bino o6Hapy*eHo 'Ko-

BTOpH'IHbiX npOTOHOB pBCXO)I():IeHHe ysenH'IH-

STO paCXO)I():IeHHe He SIBnSieTCSI 'leM-nH60 He

T P. <, 500 MaB COCTaBnSIIOT OCHOBHYIO 

KOTOpb!X1 KSK Mbl BHt:tenH Bb1We 1 npH 

MeHTanbHOI'O, 3aBbiWeHHOe 'IHCno nHBHeBbiX 

raB, no-BH.i:IHMOMY 1 SIBnSieTCSI OTpa)l(e-

3H8'1~HHSI ii npH T > 20 raB npe-

aTor· Bonpoc Tpe6yeT ewe t:tanhHeiiwero 

'ITO paanH'IHe SKCnepHMeHTBnhHbiX 

3HB'IHTenbHbiM nHWb npH cpaBHeHHH HHTer- ~ 

pacnpeaeneHHSI paanu'laiOTCSI Y*e He 

pacnpeaeneHHSI s -cnet:toB. Bo Bcex 

T> 20 raB) ~aCKBJ:IHSSI TeopHSI BnonHe xopo-

xapaKTepHCTHK HyKnoH-Sit:tepaoro 

.THna Slt:IPB-MHWeHH 

paCCMOTpeHHeM B38HMO):IeHCTBHH 

C TeM, 'ITO nHWb t:tnSI ¢oTOSMynbCHH 

pa3nH'IHbiX XapaKTepHCTHK HyKnOH-SIJ:IepHOI'O 

OT BenH'IHHbl SHepi'HH nepBH'IHOI'O npOTOHB, 

Heynpyrax HyKnoH-SIJ:Iep-

aaa'leHHSIX T" o6ycnoBneHo 

" -:-Me30Hbl c SHeprneli Bb!We 4 ras, 
~osaRJ .. i Ha . onbiTe, 
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B o6naCTII SHepi'Kii HKlKe IIOpOI'a MC30H006pa30B8HIISI HBWH pe3ynbT8Tbl 

OK83biB310TCSI BeCbMa 6nu3KKMH K COOTBeTCTBYIOUlHM paC'IeTHhiM riaHHbiM 

EepTHHH
1 

:KoTophiii ylKe BhmonHun nocTaTO'IHO neTanbnoe cpaanenne pacqe-

/34/ ' /35 36/ 
TOB c orrhiTOM u ycTanoaun xopomee cornacue (eM, TaKlKe pa6oThi 

1 
) 1 

rro.sTOMY Mhl ceiiqac ne 6yneM KacaTbCSI sToii o6nacTH snepruii, 

npu 6~llbWHX sneprH!IX nau6onee rronHo neyrrpyrne HyKnoH-MepHhie 

B38HMOAeiiCTBIISI H3y'leHhi npu T = 660 Msa. Ha· p11c. 9 c orrhiTOM cpaa-

HllaaeTCSI aaaHCHMOCTb oT Maccoaoro 'IIICna Mpa-MHWeHII A nayx xapaKTe

pHCTHK: rronHOI'O Ce'leHHSI Jleyrrpyi'IIX B38HMOAeiiCTBIIH aln II 'IIICna pOlKABIO

UliiXCSI "ucrrapHTenbHh!X" HeiiTpOHOB n • 
npiiHIIMBSI BO BHIIM8HIIe pa36pOC 3KCrrepuMeHT8nbHhlX 3Ha'leHIIii a 

In 

cnenyeT rrpH3HaTb
1 

'ITO KacKaAHaSI Teopii!I naeT AOCTaTO'IHO TO'IHbie ce'leHIISI 

a In 

CpaBHKBaSI c orrhiTOM '!Keno neiiTponoa n 1 cnenyeT IIOMHIITb 1 'ITO 

'18CTb SKCrrepiiMeHTanbHhlX A8HHhlX 1 IIpKBelleHHhlX H8 pKC. 9 1 rrony'leHa B KOC
/4} I 

Mll'leCKIIX ny'laX C IICIIOnb30B8HHeM TOnCTbiX MHWeHeii 1 'ITO IIpHBOAIIT 

K 38BhiWeHHhlM 3H8'1eHIISIM n j OCTanbHbie SKCrrepKMeHTanbHbie TO'IKII 118 

/40/ ' 
puc. 9 B3SITbl 113 pa60Tbl 1 I'Ae IIOA " IICII8pHTenbHhiMII" HeiiTpOHBMII IIO-

HHManH ace neiiTpOHhi, neTSiutHe a yron1 /6onbwHii 30°. B neiiCTBKTenbHOCTII 

IIOA. TaKIIMII yrnaMH neTIIT T8KlK.e II 3118'1HTenbH8SI '18CTb KaCKBAHhiX '18CTIIUj 

y'leT STOI'O 06C.TOSITenbCTBa cyweCTBeHHO ynyqwaeT cornac11e TeOpllll C OIIhl-

TOM,, 

YrnOBhie· pacrrpeneneHIISI 6biCTphiX nyKnonoa ( TN> 60 Msa) 1 Bhi611-

ThiX rrpoTOH8MII 113 SIAep yrnepona, aniOMIIHIISI II ypaHa, 11306palKeHhl Ha 

piiC. 10. 

np11 o6meM xopoweM cornac1111 Teop1111 11 sKcrrepiiMeHTa o6pamaeT Ha 

ce6SI BHIIM8HIIe IIOA'beM B o6naCTII 60llbWIIX yrnOB1 KOTOpbiii rrpoSIBnSieTCSI A8-

lKe nnsr· TSilKenbiX SIAep.3TOT-IIOA'heM o6ycnoaneH, B QCHOBHOM; HyKnOH8MII 

0Til8'111, o6pa30B8HHhiMII B HeyrrpyriiX BHyTpiiSIAepHhiX N-N CTOnKHOBeHIISIX 

(CM. IIyHKTIIPIIYIO I'IICTOI'p~~MY nnsr yrnepona): 

CnenyeT rron'lepKHyTb, 'ITO cornac11e· Ha6niDnaeTCSI He TOnbKO a «!>opMe 

yrnoahiX pacrrpeneneHIIii 1 HO 11 B a6coniOTHbiX aHa'leHIISIX: nnsr yrnepona, aniO

MIIHIISI u ypana B pac'leTe na on11H rrepBII'IHhlii rrpoToH Teopusr naeT coor: 

IS 

6ln 
2.0 

1.5 

ill 

0.5 

4 

0 

B~ 

. ~'fillfUA 
1/pt!lpp#l,!~ 

_ • Jlf/JPf/1!1~~~ · . 

•'"'7Jl~~ ~,,,~, c ' · u Sn 

J() go ~~ 
P11c.9. 3aBKCKMOCTb ce'leHIISI neynpyroro aaa11r. 

II CpeAHei'O 'IIICna pOlKA810UliiXCSI H113K031 

OlliiH aKT B3811MO)leiiCTBIISI OT M8CCOBOI'C 

BH'IHOI'O rrpoTOHa T = 660 _Msn. Cnnow 

nyHKTIIp - arrrrpOKCHMBUH!I SKCIIepiiMeHT~ 
HB!I C IIOMOUlbiO. OIITK'IeCKOH MOnenH, l 

WIIM o6paaoM cornacyiOTCSI co aceii coa 

crrepHMeHTanbHbiX l:taHHbiX /37 I • . ~awTp 
aaiOT neorrpeneneHHOCTII pac'leTa n 

< 30 Msn 1 B - nnsr Toii qacTII acex He 

non yrnaMII > 30°, 3Ha'IKaMII a 11 0 
Hble 3H8'1CHKSI a ln COOTBeTCTBeHHO rrpll 

3H8'1K8MII • II 0 HaHeCeHbl SKCrrepi 

COOTBeTCTBeHHO 113 pa6oT /40141/, 

19. 



sRepruii: HHlKe nopora MeaoRooopaaoaaRusr Rawu peaynhTaThi 

aeCbMa onuaKHMII K COOTB0TCTB;YIOWIIM paC'IeTHhlM l{aRRbiM 

yJKe BhlllOnHHn liOCTaTO'IHO lleTanbROe cpaBReHHe pacqe-

/34/ . 135 361 
11 ycTaHoaun xopowee cornacue (eM. TaKJKe paooThi ' ), 

ceii:qac 11e oylleM KaCaTbCSI 3TOii oonaCTII SHeprHii. 

wux sueprusrx Hauoonee nonuo ueynpyrue HyKnon-SIAepuhle 

sr 113y'IeHhi np11 T = 660 Maa. Ha·.p11c. 9 c onhiTOM cpaa-

IIMOCTb OT MaCCOBOI'O 'IIICna SIApa-MIIWeHII'A liBYX xapaKTe-

u 1n 11 'IIICna pOlKllaiO-

Heii:TpOHOB n • 

BHIIMaHIIe paaopoc SKCnepiiMeHTanhHhiX aaa'IeHIIii (1 

In 

'ITO KaCKaAHasr TeOpiiSI MaeT AOCfaTO'IHO TO'IHhle Ce'IeHIISI 

C OUhiTOM 'IIICnO Heii:TpOHOB n 1 cnenyeT UOMHIITb 1 'ITO 

llaHHhiX, npuaeneHHhiX ua puc. 9, nonyqeua B Koc

/41/ 
·ucnonb30BaHHeM TOnCTblX MIIWeHeii 1 'ITO npHBOAIIT 

3Ha'IeHIISIM n j OCTanbHhle 3KCnepiiMeHTanbHhie TO'IKII Ha 
/40/ . u 

paooTht , rlle non • ucnapuTenhHhiMH' aenTpoHaMH no-

5onbwuii: 30°. B lleiicTBHTenbHOCTII 

TaKJK.e II 3Ha'IHTenbHaSI 'IaCTb KaCKaltHhiX qaCTIIUj 

cywecTBeHHO ynyqwaeT cornacue Teop1111 c onhi-

OhiCTphtx uyKnouoa ( TN> 60 Maa), BhiOII

SIAep yrnepona, aniOMIIHIISI 11 ypaua, 113o5palKeHhi Ha 

cornac1111 Teop1111 11 SKCnepnMeHTa o5pawaeT Ha 

llOA'beM B OonaCTII OOnbWIIX yrnoa, KOTOpblii nposmmieTCSI Aa

SIAe~.3TOT-UOA'heM OoycnoaneH, B OCHOBHOM; HyKnOHaMH 

MH B Heynpyr11x BHYTPHSIAepHhlX N-N CTOnKHOBeHIIHX 

'ITO COI'nac11e HaoniO)laeTCSI He TOnbKO B !jlopMe 

II B aoconiOTHhlX 3Ha'IeHIISIX: AnSI yrnepolla, aniO

pacqeTe Ha OltiiH nepBII'IHhlii npoToH Teop11sr llaeT coor: 

IB 

6ln 
2.0 

1.5 
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JO go 150 210 . A 
3aBIICIIMOCTb Ce'IeHIISI Heynpyi'OI'O B3aiiMOlleiiCTBIISI U ( B oapHaX) 

II CpeAHero 'IIICna pOlK)laiOWHXCSI HH3K03HepreTH'IeCKIIX
1
Heii:TpOHOB Ha 

OAHH aKT B3aHMOlteiiCTBHSI OT MaCCOBOI'O 'IIICna A , 3Heprnsr nep.:. 

BH'IHoro npoToHa . T = 660 _Mss. Cnnowuasr Kpuaasr - pacqeT · •. -~1n(A).· 
llyHKTHp - annpOKCIIMaUIISI SKCUepHMeHTanbHhiX Ce'IeHuii, BhiUOnHeH

Hasr C llOMOWbiO. OUTH'IeCKOH MOAenH, napaMeTpbl KOTOpOii: Hi:u{nyq-.. 

WHM o5pa30M cornacyiOTCSI CO BCeii COBOKYUHOCTbiO HMeiOwHXCSI 9K.:.· 

cnepuMeHTanbHhiX i:taHHhiX 137! • . 3awTpuxoaaHHhie oonacTii yKa3hi- · 

BaiOT HeonpeneneHHOCTH p~C'IeTa n : A - nnsr HeiiTpOHO~ c T < 
< 30 Msa, 8 - nnsr TOii qaCTII BCeX HeitTpOHOB, KOTOpble Bhine;aiOT 

non yrnaMu > 30°. 3Ha'IKaMH .e u 0 HaaeceHhi sKcnepuMeHTanb

Hhie auaqeuusr u 1n COOTBeTCTBeHHO npu T = 650 u 860 Msa /3~,39/ 
3Ha'IKaMH • II 0 HaHeCeHbl SKCUepHMeHTanbHhle TO'IKH nnsr n 
COOTBeTCTBeHHO H3 paoOT /40,41/ 
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BeTCTBeHHO 2,14~0,07; _2,16~0.-07 H. 1,90~0,06 P.yl 

> 60 Msa, 'ITO B npeAenax CTSTHCTH'IeCKHX OWH60H 

C SKCnepHMeHTSnbHblMH 3HS'IeHHSIMH 2,4+0,3; .2,5 
/43/ - -

B pa6oTe AnSI aecKonbKHX SIAep 6hinH H~ 

cneKTpbl npOTOHOB llOA pa'!nH'IHblMH yrnaMH 0 . K 

BH'IHhiX npoToHOB. Ha pHc. 11 STH peaynbTSTbi AnSI 

0 0 0 • 
H ypaHa npH 0 = 18 0 24 H 30 CpaBHHBSIOTCSI C 

HSMH. KaK BHAHO, H B STOM Cny'lae COI'naCHe anon 

EnH3KHMH ·oKa3hiBSIOTCSI H a6coniOTHhie 3Ha'leHHSI. 1 
238 . 

HOB C SHepi'He~ TP > 60 Msa H3 SIAep U llOA 

MH TeOpHSI ABeT COOTBeTCTBeHHO 1,00~0,12; 0,95: 

paA., 'ITO O'leHb 6nH3KO K SKCnepHMeHTSnhHbiM 3Ha 

0,716 ~ 0,036 H 0,592 ~ 0,030 6apa/cTepaA. 
/43/ 

'ISCTHU, Bh]neTSIO!IlHX llOA MeHbWHMH yrnaMH, He06l 

AHij;JpSKUHOHHOe paCCeSIHHe npoTOHOB, KOTOpOe pei'H( 

H BnHSIHHe KOTOporo, KSK OTMe'ISIOT SBTOpb! STOif J 

BeHHO npH 0 < 18°. 

5. 3aKniO'IeHHe , 

Ha conocTaaneHHSI A SHHhiX, npHBeAeHHhiX B n 

MO)KeM 3SKniO'IHTb, 'ITO KSCKSAHO-HCllSpHTenbHSSI I> 

BCe OCHOBHbie KS'IeCTBeHHble H KOnH,'IeCTBeHHhie 'le 

SIAepHhiX aaaHMOAeiicTBHii. OTKnoaeHHSI oT o6menpH 

npOSIBnSITbCSI B XSpSKTepHCTHKSX HH3KOSHepreTH'IeC 

lllHXCSI 'ISCTHU npH SHepi'HSIX ·T ~ 5 rsa. XapaKTei 

06WeM
1 

TOT )Ke, 'ITO H B cnyqae Me30H-SIAepHblX C~ 

B o6naCTH T > 20 rsa HaMe'laeTCSI paCXO)KIJ 

HOCTH nHBHeBblX 'ISCTHU. 

Ka'leCTBeHHO o6aapy)KeHHhie pacxo*AeHHSI MO 

· HHeM nnOTHOCTH Bhi6HBSeMbiX BHyTpHSIAepHbiX HyKn 

KSCKSAS. npH STOM HSXOAHT CBOe 06'bSICHeHHe H ~ 

HbiX H SKCnepHMeHTSnbHblX yrnOBblX pacnpeAeneHHI 
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BeTCTBeHHO 2,14+0,07; 2,16+0,07 H 1,90+0,06 P.yKnOHOB C aHepruefi ·T :>. 
- - . - . .. N 

> 60 Mae, 'ITO B npellenax CTBTHCTII'IeCKHX owu5oK npeKpacao cornacyeTCSI 
. . /42/ 

C _3KCnepiiMeHT8nbHhiMH 3H8'IeHIISIMH 2,4+0,3; .2,5+0,3 H 1,75+0,3 • 
/43/ - - -

B pa5oTe .[lnSI aecKonbKHX Mep 6hinH H3MepeHhi aaepreTH'IeCKHe 

CfieKTpbl npOTOHOB fiO.[l pa~nii'IHhlMH yrnaMH 0 K aanpaeneauro ny'IKa nep-

BII'IHhiX npoToHoB. Ha puc. 11 aTH peaynhTBThi .[lnSI cny'IaSI Rllep yrnepolla 
0 0 0 • 

H ypaHa npH 0 = 18 , 24 II 30 Cp8BHIIB8IDTCSI C TeOpeTH'IeCKHMH BenH'IH-

H8MII, KaK BHllHO, 11 B aTOM cny'Iae cornacue enonae ylloeneTBOpiiTellbHoe. 

Emi3KHMH oKaahmaroTCSI u a6conroTHhie aaaqeauSI. TaK,· llliSI BhiXOlla npoTo-
238 . 

HOB c aaepr11efi T > 60 Mae ua Sillep U noll yKa3aHHhiMII BhiWe yrna-
• p 

MH TeOpiiSI llBeT COOTBeTCTBeHHO 1,00:!:0,12; 0,95:!:0,10 H 0,64;!:0,075apH/CTe-

pall., 'ITO O'IeHb 011H3KO K 3KCllepHMeHT8nhHhiM 3H8'IeHHSIM 0,900 + 0,045; 
. /43/ -

0,716:!: 0,036 H 0,592:!: 0,030 6apH/CTepa.[l. • .Qng cpaBHeHHSI ClleKTpOB 

'IBCTHII, BhineTSIDWHX llOll MeHbWHMH YI'll8MII, HeOOXOllHMO· Y'IHThiB8Tb y)Ke 
. /43/ 

llH!!JpaKIIIIOHHOe pacceSIHHe np.OTOHOB, KOTOpOe pei'HCTpHpOB8110Cb B pa60Te , 

H BliHSIHHe KOTOporo, KBK OTMe'IaiDT 8BT0ph1 aTOll paOOThi, BeCbMS cywecT-

BeHHO npH 0 < 18°. 

5. 3aKnroqeaue 

Ha conocTaeneHHSI ll BHHhiX, npuee.[leHHhiX B npe.[lhlllYWHX .PB3llenax, Mhi 

MO)KeM 38KniD'IHTb, 'ITO K8CK8llHO-HCnapuTellbH8SI MO.[lellb XOpOWO nepeAaeT 

BCe OCHOBHhie KS'IeCTBeHHhie H KOliH,'IeCTBeHHhie 'IepThl Heynpyrux HYKliOH

MepHhlX B38HMOAefiCTBHHo 0TKliOHeHHSI. OT OOIIIenpHHSITOfi MO.[leliH H8'IHH8IDT 

npOS!BliS!TbCSI B XapaKTepHCTHK~X HH3K03HepreTII'IeCKOH• KOMllOHeHThl p0)K.[l8ro

IIIHXCSI 'IaCTHII npu aaepruSix ·T;;; 5 rae. XapaKTep aTHX .oTKnoaeaufi, B 
"I 

o6weM1 TOT )Ke, 'ITO H B Clly'Iae Me30H-SIAepHhlX CTOliKHOBeHHfi. 

B o5naCTH T > 20 rae HBMe'IaeTCSI paCXO)K.[leHHe H AnSI MHO)KeCTBeH-

HOCTH liHBHeBhiX 'IBCTHII. 

Ka'IeCTBeHHO o5aapy*eHHhie pacxo*AeHHSI MO)KliO o6'hSICHHTb yMeHbWe-. . 
. HHeM ll~O~HOCTH BhiOIIBSeMhiX BHyTpHMepHhiX HyKnOHOB no Mepe pa3BHTHSI 

KBCKBAB. npu 3TOM HBXOAHT CBOe 06'bSICHeHIIe H Xopowee COI'll8CHe paC'IeT-

HhiX H aKcnepuMeHTanbHhlX yrnoehJX pacnpeneneaufi g -'IaCTHII; llOCKOnhKy 
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P11c.11. 3HepreTnqeCKHe cneKTpbi 'Bl'OpHqHhiX rrpoToHoB, BhineTearnnx H3 
Mep yrnepoJla n ypaHa noll yrnoM 0( B rrpoH3BOnhHhlX eAHHHUax, 
sHeprnSIX TP - B fsB), 3_HeprnSI nepaHqHhiX rrpoTOHOB T = 660 Maa. 
fHCTOT'paMMbl - pacqeT· no KaCKaJlHOll: TeOpHH, llyHKTHpHhie KpHBhle 
rrpoaeAeHhi qepea sKcrrepnMeHTallhHhie 3HaqeHI!SI as pa6oThi /'13/. 
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KOnhKHX COTeH M9B ( HMeHHO T8KOBa 
. . 

KH H30TpOilHbl 0 .TO yaenH"IeHHe Hn}l yMe 

He CKa3hiBaeTCSI Ha yrnax BhineTa g 

Bee 9TH aorrpocbi Tpe6yiOT eme, 1 
. . 

H 3KCilepHMeHT81lbHOf'O HCCneJlOB8HHS!, 

B 3TOM HarrpaBneHHH OTKphlBaeT nayqE 

g -cneJlOB OT qncna nHBHeBhlX qacTn 

BHJlHMOMy, Haa6onee qyBCTBHTenbHa K 

Ma B38HMOJlell:CTBHS!1 a ee pacqeT He C 
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·-

YI'liOBhie 
0 
pacnpeneneHHSI pacCeSIHHhiX HYK1IOHOB llpH- 9Hepi'HSIX0 M9HbWHX _ HHC-

K01IbKHX COTeH Mas ( HM9HHO T8KOB8 9H9pi'HSI g -'18CTHU), npaKTH'ISC-

KH H30Tp01lHhi 0 TO yseJIH'IeHHe HliH YM9HbWeHHe 'IHCJia N-N CTOliKHOSeHHH 

He cKa3hiBaeTcsr Ha yrnax shineTa g -'18CTHU. 

Bee 9TH BOilpOChl Tpe6yroT ewe, KOH9'1H0 0 Tlli8Te1IbHOI'O TeopeTH'I9CKOI'O 

H aKcnepHMBHT81IbHoro HCcnenosaHHSI. B 'laCTHOCTH, HHTepeceyro so3MO)!{HOCTb 

S 9TOM H8Ilp8B1IeHHH OTKphiBaeT ll:3y'IBHHe 38SHCHMOCTII CpeAH9I'O 'IHC1Ia 

g -C1I9AOS OT 'IHC1I8 liHBHeShiX '18CTHU S 3Se3Ae; 9T8 xapaKTepHCTHK8
0 

llO

BHAHMOMy, HaHfionee 'IYSCTSHTe1IbH8 K OTM9'19HHOMy ShiWS H3M9H9HHIO MeX8HH3-

M8 S38HMOA9HCTSHSI, a ee pac'leT He CSSI38H C npennOJIO)KeHHeM 0 TOM, Ka

KHM 06pa30M OCT8TO'IHOe SIApO CHHMSeT CBOe S036y)!{A9HHe. 

nHTepaTypa 

1. B.C. EapaweHKOS, K.K. fyAHMa, B • .a. ToHeea. npenpHHT OHHH P2-4302, 

.Qy6Ha, 1969. 

2. B.C. EapaweHKos, K.K.fyAIIMa, B • .O. ToHeea. Acta Phys. Polonica 

\a ne'laTH); npenpHHT Ul1HH P2-4065, 1968. 

3. B.C. EapaweHKos, K.K. fyAHMa, B • .O. _ToHeea. Acta Phys. Polonica 

\ S ·, Ue'ISTH), 

4. B.C. EapaweHKos, K.K. fyAHMa, B • .O. ToHeea. HpenpHHT OHHH 

P2-4066, 1968. 

5.B.C. EapaweHKOs, K.K. fyAHMa, B~.O. ToHeea. npenpHHT OHHH P~-4313,1969. 0 

6. P.E,Hodgson. Phil • Mag., ~ 190 (1954). 

7. B.H. OcTpoyMos • .)1{8T<P, 32, 3 \1957). 

8. A.M.Perry. Phys. Rev., g 307 (1951). 

9. J.Frie~man 

185 (1958)). 

\UHTHpyeTCSI no N.Metropolis et aL Phys. Rev., 110, 

10. G,Bernardini, E.T.Booth, S .J.Lindenbaurn.' Phys. ReY., 85, 826 

(1952). 

11. A.D.Sprague. Phys. ~ev., ,~ 994 (1954). 

12. E.n. fpHI'OpbeB, n.n. Conoabeaa. >K8T<P, ..!ll. 932 \1956). 

13. W,O.Lock, P.V.March. Proc. Roy, Soc,, ~. 222 (1955). 

23 



14. W.O~Lock, P,V6,March, R.McKeague. Proc. Ray. Soc., A230, 368 

(1955). 

15. M.Widgoff, C.P.Leavitt, A.M.Shapiro, L.W.Smith, C,E.Swartz. Phys. 

Rev., 9.b_ 851 (1953). 

16. W.R.Johnson. Phys. Rev., 99, 1049 (1955). 

17. P.L.Jain, H.C.Glahe, J.D.Rinaldo~ P.D.Bharadwaj. Nucl. Phys,, 27a 
641. (1965). 

18. ~.E. Cavanaugh, D.M.Maskin, M.Schein. Phys. Rev., 100, 1263 

(1955). 

19.B.Y.Rajopadhye, Phil. Mag., ~ 537 (1960), 

::!O.H.Winzeler, B.Klaiber, W.Koch, : M,Nicolit, M,Schneeberger. 

Nuovo Cim., g 8 (1960). 

21.H.Winze1er. Nucl. Phys., .£2, 661 (1965). 

· 22._P.L.~ain, H.C.Glane. Phys. Rev., 116, 458 (1959). 

23. H.n. Eora'IeB, C.A. EyHSITOB, T. BHwKH, IO.n. MepeKoB, B.M. ·cHnopoB, 

B.A. Hpoa. )!(3Ttl> 38, 432 0960}. 

34. V.S.Barashenkov, V.A.Beliakov, V.V.G1agolev, N.Dalkhazhav, Yao. 

Tsyng Se, L.F.Kirillova, R.M.Lebedev, V,M.Maltsev, P.K.Markov, 

M.G.Shafranova, K.D.Tolstov, E.N.Tsuganov, Wang. Shou Feng. 

Nucl, Phys., 2!• 522 (1959/60). 

25.E.Balea, E.M.Friedlander, C.Potoceanu, M.Sahini. Nuovo Cim., 

~ 214 (1~62). 

26. C,Brieman, M.Csejthey-Barth, J.P.Lagnaux, J.Sacton. Nuovo Cim., 

~ 1017 (1961). 

27, H.Meyer, M.\:V.Teucher, E.Lohrmann. Nuovo Cim., ~. 1399 

(1963). 

28. W.Enge. z. Physik 185, 456 (1965). 

::!9. A.Barbaro- Galtieri, A.Manfredini, B.Quassiati, C.Castagnoli, 

A.GainoUi, I,Ortalli.. Nuovo Cim., ~ 469 (1961). 

30. H.n. Eoraqea, BaH 1lly-ljleHb,_ H.M. rpaMeHHUKHii, n.tP. KHpHnnoaa, 

P.M. neoenea, B.E. n!OoHMOB, n.K. MapKOB, IO.n. MepeKOB, M.H. non

ropeUKHii, B.M. CHnopoa, K.n. ToncToa, M.r. IllaljlpaHoaa. A3,·...i. 

281 (1958}. 

24 

31. Y.K.Lim. Nuovo Cim.,. 26, 

32. G~C.Morrison, H.Muirhead, 

33. G.K.j:<ao, P.D.K.Rao, A.A. 

34. H.W.-Bertini •. Report ORNL-

131, 1801 (1963); Phys. R 

35. B.C. EapaweHKoB, B.M. Mam 

323 ( 1966}. 

36. B.ll. ToHeeB. OH.SIH E1-2245 

;j7. B.C. EapaweHKOB, K.K. rynH~ 

P2-4183, 1968. 

38. B.H. MocKaneB, E.B. rwp Hno 

39. F.F.Chen, C.P.Lewitt, A.M 

40. P.r. BacHnhKOB, E.E. roBOPK• 

o.c. nynaHAHH, E.C. MaTyce 

c.r. UbmHH. Htl>, :J., 88 tl961 

41. M.Bercovitch, H.Carmicha 

119, 412 (1960). 

42. B.A. KoHhWHH,· E.C. MaTyceE 

43. n.C. AlKrHpeii, H.K. BaopoB, 

raHoa, P.M. PhiHAHH, A.tl>. ·II 

44. I.Z.Artykov, V.S.Barashenk 

45. · B.E.Ronne , O.Danielson. , 

46. lO.T. nyKUH, )K.C. TaKiioaeB, 

PyK 



Proc. Ray. Soc., A230, 368 

A.M.Shapiro, L.W.Smith, C.E.Swartz. Phys. 

1049 (1955). 

J.D.Rinaldo, P.D.Bharadwaj. Nucl. Phys., !ITJ 

M.Schein. Phys. Rev., 100, 1263 

Phil. Mag., ~ 537. (1960). 

M.Nicolic!, M.Schneeberger. 

661 (1965). 

Phys. Rev., 116, 458 (1959). 

ByHSITOB, T. BHliiKH, IO.n. MepeKoB, B.M. CHnopoB, 

N.Dalkhazhav, Xao . 

R.M.Lebedev, V.M.Maltsev, P.K.Markov, 

E.N.'I's.uganov, Wang. Shou Feng. 

C.Potoceanu, M.Sahini. Nuovo Cim., 

Csejthey-Barth, J.P.Lagnaux, J. Sacton. Nuovo Cim., 

E.Lohrmann. Nuovo Cim., _E§, 1399 

185, 456 (1965). 

A.Manfredini, B.Quassiati, C.Castagnoli, 

Nuovo Cim., ~ 469 (1961). 

Baa 1IIy•ljleHb, H.M. rpaMeHHUKHll, n.cp. KHpHnnoBa, 

n.K. MapKOB, IO.n. MepeKOB, M.H. non

. CHnopoB, K.ll. Tonc:roB, M.r. lllaljlpaaoBa. A3, ...i. 

24 

31. Y.K.Lim. Nuovo Cim., 26, 1221 (1962). 

32. G.C.Morrison, H.Muirhead, W~G.V.Rosser. Phi. Mag., ~1236(1953) •. 

33. G.K.)'<ao, P.D.K.Rao, A.A.Kamai. Canad. J.Phys., ~ 3211 (1967). 

34. H.W.Bertini •. Report ORNL-3383, Oak Ridge 1963; Phys. Rev .• , 

131,. 1801 (1963); Phys. Rev., 171, 1261 (1968). 

35. B.C. BapaliieHKOB, B.M. Ma/lbUeB, B.ll. ToaeeB. HaB. AH CCCP, 30, 

323 (1966}. 

36. B • .ll. ToaeeB. OH.HH B1-2245 \1965}; B1-2740 ll966); B1-2812 l1966). 

ii7. B.C. Bap81118HKOB, K.K. rynHMa, B • .ll. ToaeeB •. llpenpHHT OH.HH 

P2-4183, 1968. 

38. B.H. MocKaneB, B.B. raepunoBCKHll • .llAH CCCP 110., 972 ll956}. 

39. F.F.Chen, C.P.Lewitt, A.M .Shapiro. Phys. Rev., ~ 857 {955). 

40. P.r. BacHnbKOB, B.B. roBOpKOB, B.H. ronbnaHCKH.ii, B.A. KoHbliiHH, 

o.c. flynaHnHH, E.C. Ma:ryceBH'i, B.A. nHMeHOB, c.c. npoxopoB, 

c.r. UbmHa • .H«P, 1. 88 li967). 

41. M.Bercovitch, H.Carmichael, G.Hanna, E.Hincks. Phys. Rev., 

119, 412 (1960). 

42. B.A. KoHbliiHH, E.C. Ma:ryceBH'i, B.H. PeryliieBCKHll • .H«P, 1, 337 (1966}. 

43. n.c. AlKI"Hpell, H.K. BaopoB, B.n. 3penoB, M.r. MemepSIKOB, B.C. He-

I"SHOB, P.M. PhiHnHH, A.«P. ·IIJa6ynHH. )K3T«P, ruL 1631 (\959). 

44. I.Z.Artykov, V.S.Barashenkov, S.M.Eliseev. Nucl. Phys.~, 11(1968). 

45; B.E.Ronne , O.Danielson. Arkiv for Fysik ~ 175 (1962). · 

46. IO.T. flyKHH, )K.C. TaKH6aeB, E.B. lllanarHHa. )1(3T«P, 38, 1074 ll960). 

PyKOllHCb noc:rynHna B Hana:renbCKHli o:rnen 

4 anpenH 1969 rona. 

25 


