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BBe.oeane 

Ill 
B pa6oTe coo6manoch o aa6nro.oeann ae6onbwofi Bapnaunn cpeaaefi 

. 236 
KHHeTnqecKofi ::meprnn E k ocKonKoB B aefiTpOHHhiX peaoaaacax U • Me-

-
IIOnb30Banc~ MSTO.O OIIpe.oeneHHn BapnaUHH E k IIO H3M9H9HHID OTHOCHTenb-

HbiX Bh!XOaOB OCKOnKOB \\' H3 . .OBYX ypaHOBhiX MHWeHefi p83HOH TOnWHHbli2/: 

Dpn oueHKe H3Meaeann E k .onn yiipomeann IIp~aiionaranocb, qTo Bee oc-

KonKn HMeroT o.ona n TOT )!(e IIpo6er R , paBHhifi cpe.oaeMy IIpo6ery R .ABTOPhi/ 1/ 

aawnn, qTo H3MeHeHne cpe.oaefi cyMMapaofi KHHeTnqecKofi aaeprnn IIapHhiX 

ocKonKoB 2 ~ E = 0, 74 + · 0,32 M aB. 
k -

B aacTonmefi pa6oTe IIpnBoanTcn pe3ynbTaThi pacq~ToB aaepreTnqeCKHX 

CIISKTpOB OCKOnKOB 
235 U .onn MHWeHefi pa3HOH TOnlliHijhl p • 0IIpeaeneHbl 

acpcpeKTbl H3M9H9HHn IInoma.oefi pacqeTHbiX CIISKTpOB ( ll8.0 aHepreTnqecKHM 

IIoporoM E II ) IIpH · H3Meaeann 2~ Ek B IIpe.oenax 0,4 - 1,4 MaB po cpaB

HeHHro co ciieKTpaMn, .onst KoTopbiX 2 ~ E k = 0. BbJqncneHHhie a¢?eKThi cpaB- ·

HHBaroTcn C SKCIIepHMSHTanbHhiMH H3 pa60Tbl/ 1/ • 

llanee IIpHBO.OnTCn pe3ynbT8Tbl pacq~TOB cpeaHero qnciia HefiTpOHOB 

Ha aKT .oeneHHn .iJ' ( IIO CIISKTpy 3aperHCTpllpOB8HHb!X- OCKOnKOB) ann MH-

weaefi c pa3HhiMH p n ann pa3HhiX BennqnH E II • 3a~qeanst ~ (p, E ) cpaa·au-

BaroTcn c ".ncTHHHhiM" pa.cqeTHhiM aaaqea:neM ( v ) paccq. ann p<<R 

Bwi:ncneann IIpoBo.o:nn:ncb Ha 3BM E3CM-6 Ol1.Hl1. 
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Pa.cqeThi ::JHepreTn'IeCKIIX crreKTpoB ocKOJIKOB 

~(. 

nn~ IIOJiy'IeHHSI 3HepreTH'I9CKHX crreKTpOB OCKOJIKOB . N (E) rrpn pa3HbiX. 

3H8'I9HHSIX p HCIIOJib30B8JI8Cb M9TOJlHK8 .. p8C'IeT8 1 8'!8JIOrH'IH8SI M9TOJlHKe 0 

onncaHHo:ii: a pa6oTe/31. Ha"'aJihHbi:ii: cne:KTp ocKOJIKOB N(E') ;.aK )Ke, KaK 

H a/3/ 1 annpOKCHMHpOB8JICSI Bblp8)KeHHeM 

, 2 

N(E')=0072[0685 -a(E -67) -O(E'-98)2 
' ' e +e • ], (1) 

; 

r)le 45::; E' ~ 115 Maa, a = 0,00693 n o = 0,0177. Koa¢¢nuneHThl 

~ n {3 a Bbrpa)KeHnn R=f3 E a /4/ B HaiiieM cny"'ae 6biJIH paBHbi .0,5 n 1 

COOTB9TCTB9HHO. l.JHCJIO OCKOJIKOB C OCT8TO'IHOil: 3Heprneil: E noJlC"'HTbiBB-

JIOCb no ¢opMyne (2)/3/: 

Ema.x 
JN(E')dE', 
E 

N( E , n ) =_1_ • f3 • cos e 
8rr VE" 

rJle 

Em ax 

p 
=(---

{3 cos e +v E > 
2 

p -; TOJIIIIIIH8 MIIIII9HII. 

( 2) 

Pac"!eThi npoBOJliiJIIICb no rrporpaMMe LASERF • Benn'IHHa E ... MeHSI-

nacb c IIIaroM B 2 MaB. llnSI Toro 'IT06br pac'!eTHbie cneKTpcr MO)KHO 6biJIO 

Cp8BH~B8Tb C. 3KCnepHM9HT8JibHbiMH cneKTpa~II Il3 pa60Tbl/5/ H8MII Bbi6H-. 

paJIHCb T8KII9 )Ke 3H8"!9HIISI p 0 KBK H B/5/. ·H~ piiC. 1 3HepreTH"'9C~He 
crreKTpbi o~KOJIKOB N(E) JlJISI p =· 0,714; 1,36; 3,93 n ·.7,54 MKM npencTBll

neHbi BM9CT9 C 3KCIIepHM9HT8JibHbiMH . .CneKTp8MII flJlSI T9X )1{9 3H8'I9HHif p Il3 

pa6oThi/5/. 
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OCKOnKOB 

DnKoB N (E) npii pa3HhiX 

, aJ_Ianorii'IHaSI. MeTO.rliiKe, 

nKoaN(E,) TaK :lKe 1 K8K 

], (1) 

'.Q,O 177~ KoacpcpiiUIIeHThl 

qae 6hmii paBHhi .0,5 II 1 

~priiefi E ITO.[lC'IIIThiB8-

( 2) 

Benii'IIIHa E MeHSI-

•Ie cneKTpb! MO>KHO 6binO 

pa60Thl/5/ H8MII Bh!61I-. 

piic. 1 anepreTII'leCKIIe 

13 II '7,54 MKM npe,ncTaB-

1 Tex >Ke sHa'leHIIfi p II3 

·. 

·'• 

I 
·J 

i 

j 

i 

.-.-----~--.---------.-----.----,----,_--_,w 
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l 

/6,7/ 
B psme · pa6oT BbiCKa3biBamiCb npe}lnono)!{eHnSI o B03MO)!{HOM Man oM 

.naMeHeHnH Benn'IHHhi E k B aaBHCHMOCTH OT 3Ha'leHHSI CIIHHa j H IIpHpOJlbi 
•t., 

COOTBeTCTBYIOIUef'O KaHana }leneHHSI, 

Ehm paccMoTpeH npocTelium:ii cny'laii, JlnSI KOToporo rrpenrronaranocb, 
236,, • 

'ITO IIpH nro6b!X THl!aX }leneHJ!SI COCT8BHOI"O SI}lpa U .cyMMapHBSI KHHeTH-. 

'lecKaSI aiieprHSI; napHbiX ocKonKoB E 1 + E '2 MeHSieTcSI Ha OJlHY H Ty :lKe' 

BenH'IHHY. UE k :·, .• 0Ha, B CBOIO O'lepeJlb, pacrrpeJlenSieTCSI Me:lKJlY OCKOn

K8MH rrponopunoHanbHO nx aHeprnstM E i H E 2 • • 3HaqeHne ~E k , KoTopoe 

Jl06aBnstnocb K E' 

ljlnuneHThi ·a H 

E; = 67 MaB n 

b 
E, 

, HaXOJlHnOCb :11:3 COOTHOIIIeHHSI ~E k=a+bE' • Koaljl

.. ( . JlnSI JlaHHoro aHa'leHHSI 2 ~ E k ) ~rrpeJlenstnncb np:H 

98 MaB, KOTOpbie COOTBeTCTBOBann 9Hepf'HSIM HaH6o-
2 

nee B8pOSITHblX TSI:lKenbiX ·n nef'KHX OCKOnKOB, 

B pac'I~Tax Mbi He y'IHThiBanH He6onbiiioro ( "' 30%18/ ) H3MeHeHHSI 

BbiXOJl8 OCKOnKOB,_ CHMMeTpH'IHOf'O }leneHHSI 0 KOTOpoe Ha6nronaeTCSI B HeliTpOH

HhiX peaoHaHcax ;l35U • 

.U'anee npn onpeJl~neHHhi?' p :11: E n cpaBHHBaim nno_ruallb ,(Hall; nopo

roM E n· . ) crreKTpa N (E) , JlnSI KoToporo 2 KE k = 0 , c rrnomaJlbiO crreKTpa 

N * (E) , JlnH Koioporo 2 ~ E k> 0. Ha pnc. 2a n · B OTHOCHTenhHhre naMeHe

HHSI ( .miomane:ii Cfl:_eKTpOB JlnSI En = eo· H 80 M 8B rrpHBOJlSITCSI BMeCTe 

c · aKcnep_~IMeHTanbHhiMH aljJ!jleKTaMH npH E ~ = 55 n 80 M aB,. KOTOpbre ·6binH 

rronyqeHhi: B pa6oTe/ 1/:: l13 PHC, 2 BHJlHO, 'ITO o6e 8KCII8PHMeHT8nbHbie TO'IKH 

ne:lKaT ~npeJlenax 2~E·k., 0,5-0,8 Ma~, Rnn, B cpeJlHeMl2~EJpac~'l."' 
0,65 MaB. 3Ta Benn'IHHa xppoiiio cornacyeTCSI co aHa'leH:HeM .. 2 ~-E k • 

0, 74.:!:.. o;32 MaB H3 pa60Thrfl/. 

C6~~acHo pa6oTaM/6, 7 I, H~MeHeHne E k Mo)l{eT, B rrpHHUnrre, cny:lKHTb. 
'_, . ' 

Mepoli BE)mi'IHHhi aHepreTn'lecKor'? JIHTepBana Me:lKJlY JlBYMSI KaHanaMn. Jlene-

HHSI C J ,.:,1 ·t..l/2 
236 

.Qng COCTBBHOI"O SIJlpa U nHHH/9/ Jl8eT JlB.e cy-

mecTBeHHo oTnnqaromne~~ oueHKH Benn'IHHhl aHepreTn'lecKoro JIHTepBana Me)!{ny 

KaHanaMn c J 17 = 3- ( K = 0) H J 17 = 4- ( K = o: "'0,3 H z0,8MaB. 

PeaynbT8Tbl H81IIHX paC'I~TOB B COBOKYIIHOCTH C 9KCIIepnMeHT8nbHbiMH Jl8HHhiMH 

pa6oThr/ 11 HecKonhKo ny'IIIIe cornacyroTcSI c Benn'IHHoli "'0,8 MaB, rrpm'lo-

llHMO:ii nnHHOM, 

6 

\ 
_/ 

'.) 

i 

:Y 

~ 
0 .., 8 0 -~ 
~ 
~- 6 
~ 

II 

f.'t 

_ __:_..:...._____:. ____ ~ 1.2 

lU ------------.,-----1,0 
4 

J---------------------------M 
~------~--------~--~------as 

2. 
~------------------~------~4 

'·" ,, 
I /' f.l 

f,O' 

as 
0,6 

qt, 

-
J 

Pnc. 2;. CpaBHeHne pacJieTHhiX 3Ha'leHnii c sKcrrepnMeHTaJTbHh 
s<jl¢eKTat.m n3 pa5oThr/ll. a - rropor E = 60 Mas, B - Err 
= 80 MsB, 3Ha'leH!ISI2Mk B. MsB HaHeC~Hbl OKOJTO co~TB8TC' 
JOII(!IX Kp!IBbiX £= f(p,E ): 

7 



'\ 

IIH! 0 B03MOIKHOM ManoM 

nHr . emma J n npnpO.Qbi 

·oporo npe.nnonaranocb, 

\J : _C_YM~apHBS! KllH9Tll-

9TCS! Ha O.QHY ll Ty IKe 

.ensreTcsr MeJKny ocKon-

aaqeane ~E k KOTopoe 

~E k;.a+bE' Koacp-

k ) onpe.n_ensrnncb npn 

sos~nn aaeprnsrM aan6o-

"' .30%18/) .H3M9H9HHS! 
'. 

ra6monaeTcsr s aeiiTpoa-

1n . nno.!Ila.!l_h ,( aa.n .· iiopo

' c nnoma.nbiO cneKTpa 

OTHDCllTenbHbl9 ll3M9He

ias npllSO!lS!TCS! BMeCTe 

80 Mas,. KOTOpbie '5bmn 

cnepllM9HT8nbHbl9 TO'!Kll 

cpenaeMl211E J paccq,"' 

3~8'!9Hll9M 2 ~~ : = . ', •. . k 

r, s. npnaunne, cnyJKHTb. 

nsyMsr E:aaanaMn . .nene-

nnaa/9/ ,naeT .n~e cy

~CK9rO naTepsana MaJK.ny 

.l): "'0,3 n. "'0,8 Mas, 
' ~ f' . 

JllM9HT8nbHb1Mll .[l8HHb1Mll 

~oii "'0,8 Mas, npnao-

1 
·.!§ 
•! 

. i 

" I' 

1. 

.. 

1 
I 
I 

~ 
o. 6 0 ....... 
~ z 1.4 :::c?::~ 6 
~ 1,2 

II 
tu f,O 

4 
0.8 

0.6 

l O.lf 

., 

4 '·" 
.1: 1.2 

f,O. 

ll8 
2. 0,6 

j 

q, 
·; i, 

J 
;,· \ 

Puc. 2~ Cpaaaeane pacJieTHbiX 3Ha<Ieanll c sKcnepnMeHTanbHbiMI! 
srjJ¢eKT8MI! ll3 pa60Tb/ ll, a - nopor E = 60 M sn, B - Ell= 

· = 80 Msa, 3aa'!eHI!SI2~k B Msa aaaec~Hbi oKono .cooTBeTCTBY-
IOlilllX KpllBbiX f = f (p. E )~ . ' · .. 



•. 

. 0 3H8'!9HIISIX V B p930H8HCaX· ~enSIIIIIIXCH SI~ep. 

•,, 

l13M9H9HII9 BSnii'IIIHbi v B HeiiTpOHHbiX pe30H8HC8X ~enSIIIIIIXCSI SI~ep 

noyqanoch B pa5oTax/ 10,11/. B pa5oTe/10/. coo.5maeTCSI o • paa~eneann pe3o-- ,.. ' 

HaHCOB H8 ~Be CIIIIHOBbiS rpyiiiibi IIO Benii'IIIHS V B. pe30H8HC8X,· IIpii'ISM 

- 235 u ... 239p ' 
a!fJ!fleKT :II3MSH8HIISI V COCT8BIIn "" },5% U "" 4-5% ~nSI II · U COOT-

BSTCTBSHHO. 

J13 8 · pe~OH8HCOB 239 
Pu 1 KOT0pbt9. IICCJIS~OB81IIICb . B pa5oTaX/10,11/, llJISI 

6 pe3oHaHCOB B pa5oTe/11/ rro.riy'leHbi o5paTHbte a!fJ¢eKTht. B rrp~TIIBOIIOJio>K-
. , .. . . . . . . .. . - .. . - ·• rr· . +. • - . 
HOCTh pa5oTe/10/ ~enaeTCSI BbiBOA 0 TOM 0 'ITO v(J ·. = 0') > v(J 17 =l +) 

aa "" 2,6%~ 

TaKaSI IIpOTIIBOpS'IIIBaSI CIITYBUIISI _.Tpe5yeT0 IIO Hallie My MH8HIII01 T!IIa-. 

TSJibHOrO aH8JIII38 yCJIOBIIll 8KCII9p1IM8HTOB ITO OIIp91l9JieHIIIO V B H9HTpOHHbiX" 
'.'; 

pe30H8HC8X ll9JISIIIIIIXCH Slll9p. 

Bo3MO>KHbte arrrrapaTypHbre a!fllfleKTbi 

PaccMoTpHM 5onee rro~po5ao aeKoTopbre MeToAII'ISCKIIe oco5eHHOCTII 

8KCII8p1IMSHT.OB IIO :II3M8p8HIIIO BSJIII'IIIHbl V- B pe30HaHC8Xo 

8 pa6oTe/1-1-f··oCKOJIKII -~SJISHIISI ~eTeKTIIpyiOTCSI IIpii IIOMOIIIII MHOI'OCJIOll

HOll HOHH3aUHOHHOll KaMepbi ~8JI9HIISI 0 KOTopaSI p~c~oJiaraeTCSI B U9HTpe >KII~

KOCTHOrO CUIIHTIIJIJISIUIIOHHoro ~eTeKTopa · iieiiTpoHoB •. ·Ehmo rrpe~rrono>KeHo, 'ITO 

B pe3oaaacax, ~nSI KOTOpbiX E ~(J 1) > E kCJ 2 ) . · 3H8'ISHIIS v ( p, Err) J 
1 

no 

crreKTPY 3aperiiCTp1IpOB8HHbiX OCKOnKOB MO>KST HSCKOJibKO B03p8CTII II3-38 

o5ora!IISHIISI CII8K'I'p8 6onee. BbiCO_K08H~preTH'l8CJ{HMH OCKOnKaMii ( CMo ~IIC-
. . . 

KyccHIO rro •pa6oTe/11/). TaKIIEi ocKOJIKH, rro-BH~HMoMy, o6pa3yiOTCSI rrpii 5o-

.•. 236 
nee 8CHMM9T!Jll'!HbiX. THII8X ~9JI9HIISI COCT8BHOrO SI~pa. U 1 KOTOpb18 1 B CBOIO 

oqepe~b1 xapaKT8pH3YIOTCSI 6onee Bb!COKHM. 3Ha'!9HII9M V aCHMMe~p. IIO cpail

HSHIIIO c ·: v ·aaii6. Bep. ~nSI_ aaii5onee BepoSIT.aoro crroco5a ~e11eimsl. Mo>Kao, 

IIO-BH~HMOMYo rrpe~IIOJIO>KIITb II HSKOTOpOe ae60Jibiii08 ~OIIOJIHHT8JibH09 ycnne~ 

H:IIS 8TOrO alfllfleKT8 B KaMepaX C MaJibiM:II M8>K~Y8JI8KTpO~HbiMII paCCTOSIH:IISIMH 

d (rrpn d < 0,2 Rr , 

· BeJIII'IHHa dE j d R r 

KOB/12/) • 

r~e R ..;. cpe~HIIii rrpo6er ocKOJIKOB B ra3e KaMepbr, 
r 

~JISI TSI>KSJiblX OCKOJIKOB 60Jibiii8 1 'ISM ~JISI nerKIIX OCKOJI-

8 

I 

ti 
~ 

( 
J, 
i. 

11 
i\_ 

;(4 
.PaccMoTpHM. B03 MO>KHoe oTnnqn:e. BenH'IHH .. A-=---

-· 
"" n A ·v<4-)- v (3-> 

0 KoTopoe_o5ycJIOBJI9HO 
v(4 -> 

Bbriiie. a¢q,~KTOM. HeTpy~Ho rroKa~~;h,. 'ITO 
. ( ' ' . -~,<-,-; . i 

· .. -•: 

"' 

A ~ l _· -0-A ) (l + ( "K ) \ ' ... .. i! 

'·' 1+£ .. , 

Mao>KII~SJib K =<v> /V' ( 'p ."E n> • r~e <v> - cpe~aee 'III( 

aKT ~eiteanSJ: ~~SI •Tex ocK:onKoa;' KoTopbte :rroSJ:iinSiroTcSI iia~ rro 

unn Err . 3a cq~T B03pacTaHnSI aaqanbaoii~ aaepi:"nn E ' Ha 

: B I crrertTpax' c' E (J )> E t J .j • a ~(p ,Errf -. cpe~aee 1 

_ . • . . . • . k 1,. . ,,k 2 , . .. 
aa': aKT ~eneimS:! no , c'ireKTpy' 'N (E) . . . ' ( 5e3 T8KHX OCKOnKt 
. . . , ' ' ' . . , . ;. .·. •• .· - p,E II . ,, . 
MeTnTh, 'ITO rrpn c> 0 · Bcer~a A< A • Tipn HeKoTopoM 3H 

; 1 

~eanSI' '~ K Benn'IIIHa A MSHSIST 3HaK. 

nocKOJibKY ¢opMy~a ( 3) II MeeT rrpe!IMYIII9CTB9HHO IIJIJII< 

paKTep: TO ~JISI 6o~ee TO'IHOll OU~HKll rrpe~rionaraeMo~o arrl 

lfl~~Ta H8MII 6biJI~ paCC'IIITa~~~· BSJIII'IHHbi. v (p,·E~) ~JISI CJiy'IB 

II 2KEk > 0 , 

Pacir~Tbi Benn<iHH ~'(p,En) 

llnSI· iiaxo~eHIISI· Benii'IHH V' (p, E II) : aeo6xo~nMo; 3HaJ 

v = f( E ~ ). TipH rrocTpoeHIIH !flyHKUIIH . v (E') .HcrroJih3oBannch at 

... ~aHilble Arramma ~ -~p/13/ .. o BeJIH'IHHe. v = f {M/l\1 2 :) ~JI51 
236 . 

pa U .• B HaiiieM·: cnyqae ¢YHKUHH _v (E ') . anrrpoKCHMIIP 

rrapa6onaMH· · 

', ~ v(E');..;a\ +h;tE'-6.7) 3
;

2
. . rrpn: ' 45 ~' E ' ::; · - 8: 

··· . ., · ··"' .·. · .. ·.·•. '' · • : ·· · a/2 
~_(E)_, ~ 1 .+ b 1~_E_:.-_9~) .. IIpii, 82 < E' < 111 

; 

Koa¢¢nuneHThi a 
1 

:II b . . 1 
onpenenSinnch H3 ycnosnH .v 

= 2, 2 HSHTp~/ 8KT ~en.f 13/ :II v(E ') = 3, 7 HeiiTp./ 8KT ~en. 

E , >. 115 M 8B :II .E , = . 82 M 8B. 

9. 



oHaHcax genHmnxcH ggep 

~eTcH o pas~~neHHH peso

B pesoHaHcax, · npnqeM 
235 u ... 239p 

tb gng H · U COOT-

mcb·. B pa6oTaxllO, 11 I, JlnH 

prpeKTb!, B npOTHBonono)K

;;(J"~ o·)·> 7tU" =·I+> 

·o HaiiieMy . MH9HHI01 Tma-. 

[9119HHIO II , B HefiTpOHHbiX 

rognqecKne oco6eHHOCTH 

lSoHaHcax, 

H. npn ITOMOIIIH MHOI'OCI'!Ofi

ona~aeTCH B ueHTpe *ng

.. BbinO npeJliT0110)1<9H0 1 'ITO 

s~aqeime v (p, En)J no 
. . , I 

eCKOI'IbKO BOSpaCTH HS-S8 

MH ocKonKaMn (eM, gnc~ 
.oMy,. o6pasyroTCH npn 6o;.. 

236' 
i U , , KOTOpbie,' B CBOIO 

eM II acHMMeTp •. no 9PaB

:noco6a g(meimsi, Mo*Ho, 

)9 JlOITOI'IHHTenb.HOe ycnne-

9KTpogHb!MH paCCTOHHHHMH 

OCKOI'IKOB B rase KaMepb! 1 

e, '19M Jli'IH nerKHX OCKOI'I-

. . :~ 

J' 
' .. l .. 

. ~ . 
•· ~· ., PaccMoTpHM. Bos MO*Hoe OTI'IH'IHe BennqnJI . 

;._•' 

A =-;<4 >- V"(3- > 

i7 (4 ~) 
v ( 4- ) - ;; (3- ) 

, KoTopoe o6ycnoBneao npeJlnono)KeHHbiM 

' ... . ·'· 

:,:i.' 

A~i_: "{l-A)O+iK)' 

'1+£ 
(3) 

r t. '. 

MHO*HTenb K =.<11>/"v (;,'E it> , rg((<.ll> - cpeJlHee qncno HefiTilOHOB Ha 

aKT geiremiH gng Tex' oc:KonKoB; KOTOpb!e 'noHBI'IHIOTCH HBJl noporoM p~I'HCTpa
UHH En sa cqeT BospacTaHHH HatianbHofi~ ~meprnn E ' aa Benn<irmy ·. t;,. E k 

'B; cneKTpax c' E k (J >> E ( J j ' a 't ( p' ,En)' -' cpegaee 'IHCI'IO HefiTpOHOB 
l k 2 

. .Ha' ak.;;; neneiiirsi no ·~·rreK;py !N(E) .····· ' (6e3 Ta'Knx ocic~nr(c)B),' Mo'mlio OT-
' ·· . . . ·. · .. ,. ·.·. •· .·. ,, -· p,En 
MeTHTb, 'ITO npn £> 0 Bcerga .\<A , Dpn aeKoTopoM ~HatieHHH nponsBe-

1 ! < '. \ ·.: '. • 

geHHH £K . BenH'IHHa :' ., 
A M9HH9T SHaK, 

DoCKOI'IbKY rpopMy~a ( 3) HM~eT rrpe~MYIII9CTBeHHO Hnn~CT~8TH.BHbifi xa

paKTep: To gnH 6onee Tb'laofi ori~HKn· npegnonaraeMbro an!lapaTypH:oro· S¢
¢~~Ta HaMH 6bi~~ paCC'IHTa~~~ BenH'IllHbi v (p ,·E~) gng cny'qaeB, . KorJi~ '2t\E~O 

H 2K~k > 0 

.. '· 

Pac' .~·"Tbl Ben'";"H "'"11" ( p E. ··) •"' ..... ·• n 
'.• .;: . 

.LlnH· iiaxo)KgeHn5i · Bennqna V' (p, En) · aeo6xognMo · saaane · saBncnMocTn 

. 11 = f( E ~.). Dpn nocTpoeHHH rpyHKUHH 11 (E ') ncnonbsoBanncb sKcnepnMeHTanbHbie 

: .. naHHbie .. Anannaa ~ .np/ 13/. o Bennqnae. 11 = f( Mj!M 
2

, ) nnH ,cocTaBHoro Hll-

236 · . (E ') pa U .• B HaiiieM. cnyqae tPYHKUHH'Y ·. annpoKCHMnpoBanacb gByMH 

napa6onaMH · 

npn' 45 ~: E' ·~ "'82 MaaB. 
,l 1 ' • • '1· •• ' ~. ' : (, •• .t . 

npu 82_:;: E,' ~ 115, Msa (cM,pnc,3), 
• . ' ".""'! · .• l 

. Koa¢¢nuneHTbi a 
1 

n b 
1

. onpegenHnHcb n:a. Y.cnoBHSI ~ (67): =,II .~98 J •. = 

= 2,2 HefiTp./aKT gen./13/ H 11(E') = 3,7 HefiTp./aKT gen, npn·E'~.45·MaB, 

E , >' 115 M SB H E , ':' 82 M 9B, 

9. 



- llmi p~C'IeTOB Ben:H:'IUH 

liJar naMeHeHIISI Benn'IUHhi E 

v(p.En> ncnonb30Banacb nporpaMMa NU. 
i -

cocTaBnSI{I 5 MaB (pacqeToi- Benu'IUHhi dp,En) 

c -mar oM B 2 n' 5 · M aB · Jlanu npaKTu'recKn OJlUHaKOBhie peaynbTaTbi). 

· IlepBoHa'lanbHO npoBepSinn npnroJlHOCTb Bhi6paHHoii: HaMif annpoKCUMa-

unn JlnSI ¢yHKnnn v(E ')- • Pac'leThi JlTISI p ·= 0,01 MKM n En= SO MaB 
I 

Jlann v (0101; 30) = (;7) pace'!. = 2,57 Heii:Tp.laKT Jlen._ ."McTRHHoe"' pac:-

'leTHoe 3Ha'leHUe (-;:;) paCC'Io OTnU'IaeTCSI OT { V ) aKcn. ~ 2,45 ±_ 0,03. Heii:Tp./ 

aKT nen./14/ He 6onee qeM Ha 5%. .. 
nanee Bbl'IRCnsmnch .. 3Ha'leHR5I v(p,ExJlln51 2~Ek=0 n 2~Ek:= 016; 

1,0 u 114 MaB •. Pac'leThi npoBonunucb nnSI JlBYX cnyqaeB:·.l)d >Rr (d=5cM) 

u 2)d < R r d = 1,4; 1 U 0,6 CM). 

CneJlyeT oTMeTRTb1 'ITO ucnonbaoBaHHaSI H8Ml,i MeTOJlRKa Bhi'IncneHn£1: 

He OTpmKaeT C~O)!{HOii: 3aBRCRMOCTR BenU'IRHhl dE/dR .lln5I OCKOnKO~ OT 

E ' 1 E , M u Z ocKonKoB. IloaToMy pacc'I~TaHHhie -!laMU .. KaMepHoxe'!' 

aHepreTn'leCKUe cneKTpbi ocKonKoB N ( E n.Kl u. 3H8'1eHR5I ~ (p, En 1 d) 

no cneKTpaM ocKonKOB B KaM~pe npu d < R r 5IBn5IIOTC5I npn6nu:awHIIbiMR. 

TeM. He MeHee He06XOJlUMO 6oinO ycTaHOBUTb 1 no Kpaii:Heii: Mepe Ka'!9CTB9HH0 1 

cymecTByeT nu a!lJ!lJeKT naMeHeHnSI ;:';_ (p, En, d) npu 2~ E.!? 0, KaKoB oH 

no aHaKy n coxpaH5IeTC5I nn c yMeHbiiieHneM d 

Ha puc. 4 noKasaHhi aHepreTu'leCKUe cneKTphi ocKonKoB B KaMepeN(En.J. 

nnSI JlBYX aHa'!eHuii: P ( 1,36 u 2,53 MKM) II npii pasmi'IHhiX Me*nyaneKTPQ.Il-: 

HbiX paCCTOSIHIISIX d (5CMj 1,4 CMj 1 CM II 0,6 CM) 1 a TaK)!{e KpUBbl9 38BII-

CRMOCTR V OT E U.K. • BUJlH01 'ITO C yMeHbiiieHUeM d B RHTepBane 

E u.K': 50 MaB nponcxoJlRT He6onbmoe crna*nBaHue KpuBoii: v ( E n ). Ha 

pnc. ·5 npencTaBneHhi KpRBhie v B aaBncnMocTn: oT· E Jln5I .Tex *e .p 

n npn 3H8'19HU5IX d = 5 n 0,6 eM. Bo Bcex cny'la5IX 3Ha'leHU5I {;' . hpn 

2~-E k= 114 Mail 6onbme ·v npu 2~E =0 Ha 
.k 

0,5 - 0,9%. 

11.:3 TOrO )1{9 puc. 5 BUJlH0 1 . 'ITO BenU'IUHbl 
~ 
v OTnU'18IOTC5I OT{V,Pa'CC'Io 

npuMepHo Ha. 2-3%, npn'leM· aTa paaHnua BoapacTaeT c. yBenn'leHneM E~ • 

Ilpu npeummoHHhiX uaMepeHU5IX v 
Mep JleneHn5I ir MRIIIeHeii: c p ;;;: R 

OT V 1 KOTOpOe 38BR,CRT OT p,E 

C UCnOnb30B8HR9M UOHU38UUOHHhiX Ka

Heo6XOJlUMO y'IUTbiBa.;b OTnU'IH~ -~ 

n d 
n 

10 

IV; 
I 

20 t- " ' fl 

\ 
i\ 

/ 

\ I I 

I 

' I I 

I 

I I 1 
I 

\ I I n, I I I 
\ . .I I 

I 

.1 I. I ..: 
I I 1 \£1 I 

I 
I 

I .1 I 
I 

1 . . I I 
I 

I . I I 

-.I . \ . ----.\ 
10 

0 

Pnc. 3. 3HepreTII'I8CKIIH cneKTp\ OCKOnKOB H3 TOHKOH MIIIlleHII. c 

( crrnolllHaH mmnH) 11 cpyHKUIIH. v=·-f ( E ') '(nyHKTIIpHaH niiHrtH) •. • 3H 
• ' i ~.---

ll8Hbl · B M SBo 

.J 

.: , . . . 
. ; 

• 

u-



\ 

oaanacb ·nporPa~Ma N U. 

pac"'~Tbi Benn"'HIIbi dp •. En) 

IBbie peaynbT8Tbl), 

>aJIJiofi JiaMn annpoKcnMa-. . 

1,01 MKM n En= 30 MaB 

KT JJ.en., ."licTnJIJioe" .. pac

cn. =: 2,4~ :!:. 0,03 Jieti:Tp./ 

2~Ek= 0 H 2~E k~ 0,6; 

qaeB: l)d > R r (d = 5cM) 

MH MeTOJJ.HKa Bbi"'HCneJIHti: 

E/dR nm1 ocKonKo~. o'l'' 

~TaHJibie II8MH"KaMepJibie'!' 

~. aJiaqeJinSI ~ (p, En 1 d ) 

3nSIIOTCSI npn6nn)KeJillbiMH. 
:" . ' . 

pafiJiefi Mepe K8"19CTB9IIIIO, 

npH 2~E .. i? 0, KaKOB OH 

ocKonKoB B KaMepe N(En.J •. 

pasnn"'JibiX Me)!{nyaneKTpqn

.t) t a T8K)!{9 Kpi1Bbl9 38BH

blu9IIH9M d B HHT9pBane 

~e ~pHBofi v ( E n ). Ha 

·n o-r· E nnSI .Tex me p 

ny>i:aSix aJia"'eiiHSI v ' npH 

"' 0,5 - 0,9%. 

OTnH"'810TC~ OT(v)pa'ccq, 

raeT c yBenH'IeJIHeM En • 
~ ' ' . 

aJIHeM HOIIH38UHOH!Ib!X Ka-

"' .to · y'IHTbiBaTb oTJIH'IHe v 

N; 'V 

'"'\ '" I 
, 

' II I 

20 \ I I I 
3,5 I I I 

I I 
I I I I I I I 
I I I I 
I .I I ., I 
I. I. I I 
I I I I 

3.0 I I I I 
I I I I 
I I I I 
I I I 
I I I 
I I 
I I 

10 2,5 

2.0 l 

0 

P11c, 3. 3HepreTI!'IeCKIIll 'c~eKTp\ ocKonK.oB us TOHKoll Ml!WeHI!, c P. = 0,01 MKM. 
( crrnowHaH ni!HIIH) .~ <jlyHKUIIH. v=':f ( E ') ' ( rryHKTIIpHaH nHHitH).; 3Ha'IeHnH E ' 
JI8Hbl .. B M SB. i ..... _ ..... · .• \ 

' , 

11 
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PHc. 4. Pacq9THbie saepreTH'l!eCKHe cneKTpbl ocKonKOB neneHHSI B HoHHaauHDHHoii KaMepe. a - p 
= ) 136 MKM1 B- p. = 2,53 MKM. d t -7d 4 - Cfi9KTpbi, KOTOpbie COOTBeTCTByiOT M91K.Ily3neKTpOllHO

My paCCTOSIHIUO d = 5; 1,4; ) II 0,6 CM. 3aaqeHHSI V B 38BHCHMOCTH ·aT 3HeprHH
1 

OCKOflKOB1 TepSI

eMOR B Me)KJlyaneKTpOAHOM llpOCTpaHCTB9 K8M9pbi •. TonC.T8SI H TOHK8H nHHBH COOTBeTCTBflOT d = 5 
H 0,6 CMi nyHKTllp - d = ) CM1 TO'IKH - d = 1,4 CM •. 
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0 pesynbTaTax pacq~TOB v 

- - \., 
Bbi'ln:cnemur v (p, E ) !lmi cny'la.II d> R rroKaSbiBaiOT1 'ITO c H3Me-

-- rr r 
HeHn:eM 2llEk MeH.II.IOTC.II n: sHa'lelin:.II i'i • B Tex cny'la.llx, · KOr!la d< _Rr , 

saaqe}Ili.II v(p' Err> cne!lyeT paccMaTpn:BaTb KaK oueao~libie. Ha pn:c. ~ 5 Kpn:-

"" - 235 
Bbie v (p,Err)_pacc'ln:TaHbi !ln.II 2llEk =0 n: 1,4 MsB. I1ocKonbKY !ln.II• U 

Benn:qn:aa 2ll E k "" 0, 7 M sB1 To n: siPIPeKT n:sMeHeHn:.II ~ ( cnyqail: d > R r ) 

6y!leT rrpn:MepHo B 2 pasa MeHbiiie, qeM rrpn 2 ll E k 1,4 MsB n: coc'raBn:T 

Benn:qn:ay ""015%. : 

C !lpyrofi· CTOp0Hbi1 paSHOCTb IIpOTHBOfiOnmKHbiX a~PcfleKTOB B V 1 KOTO-
. . 235 . 

pbie 6binli HSMepe!Ibl B pa6oTax/10/ n:/11/ 1 !lOCTn:raeT !lmi u· "" 3% (no 

pesoHaHcy 8 178 sB) n: 1 B cpe!laeM1 :'" 7-8% !lnsr 239 Pu. Ka:lKeTcsr ManoBepo

SITHbiM1 'ITO yMeHbiiieHn:e d !lO saaqeJin:il: d << R. r cMo:lKeT rrpn:BecTn: 

K 6-8-KpaTHoMy yBenn:qeHn:IO o6cy:lKnaeMoro arrrrapaTypHoro a¢¢eKTa 1 KOTopbiM 

MO:lKHO o6'hSICHHTb IIpOTHBOpeqn:e 1l8liHbiX IIO V 
Bnn:srJin:e n:sMeHeJin:sr BbiXO!la cn:MMeTpH'IlibiX ocKonKoB B pesoHaJicax 

239 Pu oueHn:Banocb !lnH Mn:IIIeHn: c p = o;o1 MKM n: rrpn: E II = 30 MsB. 

flpe!liiOnaraJIOCb1 ·'ITO OTHOCHT9nbli8.11 BepoSITHOCTb CHMMeTpli'lliOI'O ]leneHH.II 

COCTBBnSieT "" 0 101 1 li 'ITO HM99TC.II IIpn:MepliO TpeXKpaTHOe yBenn:qe}In:e BbiX0-

1l8 OCKOnKOB CliMMeTpli'IHOI'O ]leneHHSI B peSOli8HCaX C J 17 =0 + IIO cpaBH9HliiO 

c pesoaaacaMn:, !ln.II KoTopbiX J 17 = l + I 15/. Pacti~Thi rrpn:BO!l.IIT K To My, 
"" + - + . 

'ITO v (J 17 = 0 ) > v 0 17 = l ) Ha "" 11 5%. TaKaH oueHKa 6nn:sKa. 

K pesynbT8T8M pa60Tbi/ 11/ • 

0TB9Ta liB BOIIpOC 0 TOM1 KaKOBbi IIpli'lliHbi HSM9H9HHSI V B peSOHaH-
23.5 239 . .· 

U n: Pu 1 rro-'BH1lHMoMy 1 cne]lyeT n:cKaTb B HOBbiX sKcrrepn:MeHTax. cax 

B saKniOqean:e aBTOpbi rrpn:HocsrT CBOIO n:cKpeHHIOIO 6naro]lapHOCTb rrpoiP. 

<l>.n. lliarrn:po sa rrocTO.IIHHhiil: n:HTepec K pa6oTe li ueHlibie saMe'laHn:.II. Mbi 

IIpn:sJiaTenbllbi n •. Bna]lHMlipOBy sa IIOMOIUb B COCTBBnean:n: IIporpaMM li rrpo4l. 

H. KaiiiyKeeBy, n.B. Iln:Kenbaepy, IO.I1. ITorroBy n: lO.B. P.II6oBy sa· rroneSHbie 

o6cy:lK!lelin:sr. 

14 . 

flHTepaTypa 

1. C. EoqBapoB, E. JlepMeHaxmeB, H. KaLUyKeeB. Tpyabr ./1 

pH3HKe .U ·XHMHH aenenl!R (Bena, 1969 r.) JloKnaa SM 

OH.HH, P3-4110, 1968. 
. . 

2. E. Melkonian,. G.J5.Mehta.. "Physics .and Chemisl 

(IAEA, Vienna, \1.965), vol.II, p. 355. 

. 8. R.F'. Redmond ·et al. J. of Appl. Phys.;, 33 (1.~ 

4. J.M.Alexander, M.F'. Gazdik. Phys. Rev., 1.20 

5. s. lCahn et al. Nucl. sd. Engineering, 23 ( 1. 9; 

6. B. H. AnapeeB. uTeaHCbi aoKnaaoB coBeiiiBHHR. .no aeneHH 

rpaa, 1961, Hsa. AH CCCP •. 

7. J.A.Blyumkina et al. Nucl. Phys., 52 (1.964) 6 

B.· G.A. Cowan et al. Phys. Rev. "122 (1.961.) 1.2c 

9. J.E. Lynn. "Nuclear Data for Reactors" (JAEA, 

. val. II, p. 89. 

~D. IO.B. PR6oB H ap. Coo6LU. Me)f(aynapoasoro CHMIIoaHyMa n 

. Jly6Ha, 1968, CTp. 88. 

11. S. Weinstein et al. Phys. Rev. Lett., 22· (1.96! 

II Symp. Phys. and Chemistry. of Fission" (JAEA, 

12~ 1-!· nacceH. Tpyabi I Me)}{(aynapotisoii KoHrfiepeHIIHH IIO 

aoBaHHJD. aToMnoii aneprirH ( )/(eneBa, 1955) r. · 2, cip. 2• 

· 13. B.cP. ArranHH • .U pp. )K3TcP, 46 ( 1964) 1197. 

14. 11)/(. lOa, Tpyabr II Me)KIIynapoasoii Kon(pepeHUHH no MHp, 

HHIO 8TOMHOii 9Hep~HH. ()/(eHeBa1 1958) ·T. :2, CTp. 3[; 

15. G. Cowan et al. Phys. Rev~; 1.44 (1.966) 979. 

PyKonHCb nocTynuna B usnaTenbCKBH oTnen 

27 anpenn 1970 rona.· 
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lOKa3biB8IOT1 "'TO C H8Me-

cny"laSIX1 KOI'Jla d< RI' , 

:teHo~Hhre. Ha pnc. · 5 Kpn-

. . rr 2a5u 
18B. . OCKOnbKY JlnSI. , 

... -
feHHSI v. ( cny"!all: d > R r) 

' k 1,4 ~8B H COCT8BHT 

IX. a<fl<fleKTOB B V 1 KOTO-

·• . 235 
~aeT Jlmi _ U' "' 3% (rro 

19 Pu. · KaJKeTcSI ManoBepo

: R r cMoJKeT IIpllBeCTll 

rypHOI'O a<fl<fleKTa1 KOTOphlM 

OCKOnKOB B p930H8HC8X 

MKM n npnErr' = 30 MaB. 

, . CHMM.eTpH"'HOI'O. )leneHHSI 

KpaTHOe yBenii"l9HII9 Bb!XO

ICC J TT =0+ IIO cpaBH9HHIO 

tC"li3Tbi IIpliBOJlSIT K TOMY; 

i%. T aKaSI oueHKa 6nnsKa 

3M9H9HIISI V B pe30HaH

b .B HOBbiX 8KCII9p!IM9HT8X: 

IH~IO 6nai'OJl8pHOCTb IIpo<fl. : 

1 ueHHbre saMe"!aHnSI~ Mbr 

BneHIIl1 nporpaMM H npo<fl. 

IO.B. PSI6oBy sa nonesHbie 

llHTepaTypa 

1. c. Bo.,wapoB, E. JlepMeHm«HeB, H. Kamy«eeB. Tpyabi .// CrrMno3HyMa no 

rpH3HKe Ii XHMHH aeneHHH (Bena, 1969 r.) JloKnat:l SM - 122173; llpenpHHT. 
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