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1 • BBEAEH~E 

CTaT~CT~4ecKoe on~caH~e HAePH~X peaK4~~ s HacToR~ee speMH 
cTano TPaA~4~0HH~M. B 3TOM noAXOAe c ycnexoM B~4~cnH~TCH yrno
s~e ~ 3HepreT~4eCK~e pacnpeAeneH~H nPOAYKTOB peaK4~~. ce4eH~H, 

$YHK4~~ B036YmAeH~H, ~30MepH~e OTHOWeH~H, Cn~HOB~e pacnpeAene
H~H pa3n~4HbiX KaHanos peaK4~~ ~ AP· OcHoso~ cTaT~CT~4ecKoro 

pac4eTa HBnHeTCH B~4~cneH~e ~n~ napaMeTp~3a4~H nnoTHOCT~ ypos
He~ HAep B 3aB~C~MOCT~ OT 3Hepr~~ B036ymAeH~H, yrnosoro MOMeHTa 
~ Maceo sora 4~cna p (E*, I, A) ~n~ TeMnepaTypbl HAPa T (E*. I, A), Ko
TopaH CBR3aHa onpeAeneHH~M o6pa30M C $yHK4~e~ p. HeCMOTpH Ha w~
pOKOe np~MeHeH~e, OAH03Ha4HOCT~ B onpeAeneH~~ $yHK4~~ p(E*,l,A) 
~ T(E *, I, A) He AOCT~rHyTo. no cyT~ Aena napaMeTpbl T B 6onb
W~HCTBe pa6oT HBnH~TCH sapb~pyeM~M~ napaMeTpaM~ nOArOHK~ AnH 
Ha~ny4wero on~caH~H 3Kcnep~MeHTanbH~x pe3ynbTaTos. MomHo OTMe
T~Tb 3Ha4~TenbHbl~ pa36poc napaMeTpos T /eM., Hanp~Mep, 111 I, 
KOTOp~~ 1 04eB~AHO,CBH3aH C ocofieHHOCTHM~ ~3y4aeM~X peaK4~~ ~ C 
88CAeH~eM ynpo~a~~~x npeAnonomeH~~ np~ aHan~3e AaHH~x. 

AAeK8aTHoe on~caH~e 3HepreT~4eCK~x cneKTpo8 nPOAYKT08 HAep
HbiX peaK4~~ Tpe6yeT KoppeKTHoro y4eTa: a/ KacKaAHOro cocTa8a 
rlUJIHur u HdLiJif'JJ....\deMul u L..tleK 1 ~d, C/ oJ-.Y.nn ..... n ni.-.i;..:;.iu7j..;:...;c.::~c;-c ~~c85-

pa3o8aH~H cneKTpa 3a C4eT A8~meH~H ~3ny4a~~ero o6beKTa 8 n.c., 
8/ sn~HH~H KynoHoscKoro ~ 4eHTpo6emHoro 6apbepa noTeH4~ana 
83a~MOAe~CT8~H Ha K~HeT~4eCKy~ 3Hepr~~ 4aCT~4, r/ 8KnaAa 4aCT~4 
npHMO~ ~ npeApa8H08eCHO~ 3M~CC~~ B nonHbl~ cneKTp. nepe4~CneH
H~e 3aAa4~ 8 6onbw~HCT8e cny4ae8 pewa~TCH ynpo~eHH~M cnoco6oM 
~3-3a HeAOCTaTKa ~H$OpMa4~~ /no nyHKTy r// ~n~ ~3-3a cnomHOCTe~ 
8~4~cneH~~ /no APYr~M nyHKTaM/. no3TOMY MOmHO CKa3aTb 1 4TO 
TeMnepaTypa pa8HOBCCHOrO COCTaBHOrO HAPa He onpeAeneHa AOCTa
T04HO HaAemHO Ha OCHOBe aHan~3a 3HepreT~4eCK~X cneKTp08 npo
AYKTOB HAePH~x peaK4~~. 6onee npRM~M cnoco6oM onpeAeneH~R pas
HOsecHo~ TeMnepaTyp~ HBnHeTCH ~3MepeH~e BpeMeH~ m~3H~ COCTaBH~X 

HAep C noM~b~ 3$$eKTa TeHe~ !2!, a TaKme MeTOAOM peHTreHOBCKOrO 
~3ny4eH~H BaKaHC~~ COCTaBHOrO aTOMa 131 8 A~ana30He T OT 10-lS 
AO 10-15 c. BamH~M HBnHeTcH TaKme npoAonmeH~e aHan~3a 3HepreT~-
4ecK~x cneKTpos 4acT~4 AnH B~HsneH~H conocTaB~M~x c onpeAenei
H~M~ no BpeMeH~ m~3H~ 3Ha4eH~~ TeMnepaTyp~ paBHOBeCHOrO COCT s
Hore HApa. 

B AaHHO~ pa6oTe np~BeAeH~ ~OpMyn~ ~ B~nonHeH aHan~3 HeKOTCP~X 
coAepma~~xcH s n~TepaType pe3ynbTaTos ~3MepeH~H yrnoe~x H 3H€p
reTH4ecKHX pacnpeAeneHH~ He~TpOHOB 1 ~3ny4aeM~X B peaK4~HX C HOHa
MH OT 

4
He AO 86Kr. Ha OCHOBe n~TepaTypHbiX AaHHbiX ~ aHanH3a HaCTo.A-
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U\e~ pafioT~ nOCTpOeHa C~CTeMaT~Ka An~ 3aB~C~MOCT~ K~HeT~4eCKO~ 
3Hepr~~ He~TpoHa OT 3Hepr~~ B036Y~AeH~~ ~3ny4a~~ero ~Apa. 

II. OCHOBH~E OOPMYn~ 

An~ aHan~3a AaHH~x s o6nacT~ AOCTaT04Ho BbiCOKO~ 3Hepr~~ so3-
6y~AeH~~ ~APa E * ~ 15 M3B Heo6xoA~Mo T04Hoe Bbl4~cneH~e cyMMap
Horo cneKTpa scex noKoneH~~ He~TPOHHoro KacKaAa n(~ E*) 

k 
= :l n x (E, E * ). 0AHaKo B 6onbw~HCTBe cny4aes np~ aHan~3e He~~ 

x= 1 

TpOHH~X cneKTpOB ~ ~YHK~~~ B036Y~AeH~~ peaK~~~ ~cnycKaH~~ X 

He~TpOHOB orpaH~4~Ba~TC~ np~6n~~eH~eM, B KOTOpOM cneKTp He~Tpo
HOB He 3aB~C~T oT HOMepa ~cnycKaeMoro He~TpoHa ~ xapaKTep~3yeT

c~ cpeAHe~ no KacKaAY TeMnepaTypo~. 
3aAa4a B~4~CneH~~ CyMMapH~X cneKTpOB He~TPOHOB ~ y-KBaHTOB 

peweHa B ~BHOM B~Ae An~ cny4a~, KOrAa OTKp~T~ Tp~ OCHOBH~X Ka
Hana pacnaAa B036Y~AeHHoro ~Apa: ~cnycKaH~e He~TPOHOB, y
KBaHTOB ~ AeneH~e. nocKOnbKY He~TpOH~ MoryT ~cnycKaTbC~ nocne 
~3ny4eH~~ y-KBaHTOB, TO He06XOA~MO CHa4ana B~4~Cn~Tb pacnpeAe
neH~e ~AeP no 3Hepr~~ B036Y~AeH~~ nocne ~cnycKaH~~ OAHoro ~n~ 
HecKonbK~x y-KsaHTOB. 3aAa4a pac4eTa cneKTpos scex noKoneH~~ 
CTaT~CT~4eCK~X y-KBaHTOB np~ nocneAOBaTenbHOM ~X ~cnycKaH~~ 
peweHa B pa6oTe/4~ nony4eH~ peKyppeHTH~e ~OpMyn~ An~ cneKTpa 
(i + 1) -ro noKoneH~~ y-KsaHTOB 11 i + 1 (E) ~ pacnpeAeneH~~ 
ocTaT04HbiX ~.oeo W, , , (U,, • ) no 3Heor~~ so36Y~.OeH~~ nocne ~c
nycKaH~~ (i + 1) -ro. -y -Ksafna ~APOM c Maceo~ A ~ ~CXOAHO~ 
3Hepr~e~ B036Y~AeH~~ E*: 

11 (c) = C (E *) N y (£, E * ) ; 

wi(U 1 ) =C(E*)Ny(E*-U 1 ,E*) 

E* 
[ 

maxG,£ 

minBn,Br 

r wicu 1)ctu1 ; 
0 

p (i+l)y= 

2 

minBn,Br 

( Wj+1(Ui+l)dUi+1 
0 

/1/ 

/2/ 

/3/ 

/6/ 

E* 
Cy ( NY(£, E*) d£; 

0 

E*- Bn n 
[ N (£, E*)d£; 
0 

171 

/8/ 

/9/ 

NY(£, E*) = p~ 1 
(E*-L1A)£

3 
S(E)pA(E*-£-L1A) np~ 0<c<E*-L1A; 

/10/ • 
= p-1 (E*-L1 )£3S(£)p (A) 

A A KOJI. 
np~ E *- L1 A:!: c < E * ; 

/11/ 
0<£<E*-B-i\ 

1
; 

n A-

3AeCb napaMeTp Cy Mo~eT 6~Tb onpeAeneH ~3 c~cTeMaT~K~ raMMa
w~p~H He~TPOHH~x pe3oHaHcos, sepo~THOCTb AeneH~~ ~APa Pr(E*) 
~3MepeHa An~ MHor~x ~Aep, k 0 cs~3aH c ce4eH~eM o6paTHoro npo
~ecca norno~eH~~ He~TpoHa, S(E) -c~nosa~ il>YHKI.l~~ 3neKTpoMarH~T

Horo pacnaAa ~ nopeHI.leBcKo~ q,opMe, onpeAen~eMa~ ~3 B~Aa r~raHT

cK~x A~nonbH~x pe3oHaHcos ~oTonorno~eH~~. i\- 3Hepr~~ cnap~sa
H~~, B3~Ta~ no C~CTeMaT~Ke, p KOJI. - cpeAH~~ nnOTHOCT~ KonneKT~B

H~X yposHe~ ~Aep B o6nacT~ E*<i\. ¢yHK~~~ nnoTHOCT~ yposHe~ 

p(E*, A) AOn~H~ 6~Tb B~4~cneH~ ~n~ napaMeTp~3oBaH~ B q,eHoMeHo
nor~4eCKOM noAXOAe. OopMyna /6/ AaeT sepo~THOCTb !ll~Kca~~~ 
3neKTpoMarH~THoro pacnaAa ~APa nocne ~cnycKaH~~ (i + 1) -ro y
KBaHTa. TaK~M o6pa30M onpeAen~eTc~ sepo~THOCTb s~6~BaH~~ ~AeP 
B 3nCKTpOMarH~THbl~ KaHan p y (E *) ~ CYMMapHoe pacnpeAeneH~e 
pacnaAa~~~xc~ ~ACP no 3Hepr~~ B036Y~AeH~~ U nocne ~cnycKaH~~ 
OAHOrO ~n~ HeCK011bK~X y -KBaHTOB W y (Uy): y 

Py (E*) ~ L P1y(E*); 
I= 1 

/12/ 

/13/ 

Tenepb MO~Ho nony4~Tb ~opMyn~ An~ cneKTpa He~TpOHOB ~+ 1) -
ro noKoneH~~ n x + 1 (£) ~ pacnpeAeneH~~ ~ACP no 3Hepr~~ B03-
6y~AeH~~ nocne ~cnycKaH~~ (x + 1) -ro He~TpoHa c y4eToM noH~~eH~~ 
3Hepr~~ 3a C4CT ~cnycKaH~~ y-KBaHTOB Ha Ka~AO~ CTyneH~ KaCKaAa: 

E* y n 
n 1(£) = C1(E*)N~(E, E*) + [ C1 (Uy)W (Uy)N 1!E, Uy)dUY; 

Bn1+£ 
/14/ 
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C 1 (E *) N; (E * - B n 1 - U 1 , E *) + 
/15/ 

E*-Ix 
pxn(E*) r wx (U X) p y (Ux. A- X) dUX. /19/ 

0 

8 epOF!THOCTb $1-'fKCa~l-11-1 npOAYKTa peaK~I-11-1 HCnycKaHHfl X He~TpOHOB.BO 
MHOrHX cny4af!X BepOF!THOCTbiO y-pacnaAa MO~HO npaKTH4eCKH npe
He6pe4b no cpaBHeHHIO C eepOflTHOCTbiO AeneHHfl 1-1 HcnyCKaHHfl He~Tpo
Ha, TOrAa a $opMynax /14-17/ I-1CKnl04aeTcfl HHTerpan no dUy 1-1 pe
weHHe ynpOlJ.IaeTCfl. np~-1 nony4eHHH $OpMyn HCnOnb30BaHa TeopeMa 
B3aHMHOCTH,npeAnono~eHHe o nocTOflHCTee ce4eHHfl o6paTHoro npo~ec
ca nornolJ.IeHI-'tfl He~TPOHa a inv (E) = const, a TaK~e np1-16n1-1~eHHe oT
cyTCTBHfl cnHHOB y pacnaAaiOlJ.IHXCfl f!Aep H HCnycKaeM~X 4aCTH~. 

$opMyn~ /1-19/ MoryT 6~Tb o6o6111eH~ Ha cny4a~, KOrAa cpeAHH~ 
yrnoeo~ MOMeHT H3ny4aiOlJ.Iero flAPa MHoro 6onbwe cn1-1Ha, yHOCHMoro 
He~TpOHOM 1-1n1-1 y-KeaHTOM. B 3TOM cny4ae, peanH3YIOlJ.IeMcfl Anfl 
peaK~I-1~ C Tfl~en~MH HOHaMI-1, B~4HCnfleM~e eenl-141-'tH~ Heo6XOAHMO yc
peAHHTb no CnHHOBOMY pacnpeAeneHI-110 H3ny4aiOlJ.IeFO flAPa cneAYIOll.lf1M 
o6pa3oM: 

nx+ 1 (E, E*) 
I max 

I 
I= 0 

_
1 

Imax 

(2I + 1) T I ] [ I 
I = 0 

n I (£ E *- t
2

I(I + 1) )(2I+1) TI], 
x+1 ' 2J 

/20/ 

rAe (2I + 1) T I - pacnpeAeneHMe H3ny4aiOlJ.IHX F~Aep no yr noeoMy Ho-

MeHTy, h 
2 ~~~ + 1) - !-1pacT-3Heprl-1fl Rjlpa. npf!Mafl 3aBHCHMOCTb OT 

4 

I I sem1LH1Hbl n x + 1 CBfl3aHa, B 4aCTHOCH1, c 3aBI-1CI-1MOCTbiO oT I 
sepOF!THOCTI-1 AeneHI-'tfl f!Aep pr (E*, n. $opMyna /20/ 3an1-1caHa B Ka-
4eCTBe np1-1Mepa Anfl seni-141-'!Hbl n x+ 1 (E, E * ), noA06HbiM o6pa30M MoryT 
6~Tb B~41-1CneH~ 1-1 see APYrl-'te seni-141-'!H~. 0AHaKo AaHHoe np1-16n1-1~eH1-1e 
He flBnfleTCfl I-1C4epnbiBaiOlJ.II-1M, T, K. no cyTI-1 npeHe6peraeTcfl I-13MeHe
HHeM cnHHa flAPa npH H3ny4eHI-11-1 4aCTI-1~. To4HOe peweHI-'te Tpe6yeT 
KOppeKTHOrO CyMMHpOBaHI-'ffl Beni-141-'!H no BCeM B03MO~H~M 3Ha4eHI-1flM Cni-1-
HOB 1-1 1-'!X npoeK~H~ npl-1 y4eTe 3aBHCHMOCTH nnoTHOCTH ypOBHe~ OT 
yrnoeoro MOMeHTa. 

B cny4ae He~TpoHoe, HCnycKaeM~X ocKonKaMH AeneHHfl 1-1n1-1 npoAyK
TaMH peaK~I-1~ C Tfl~enbiMI-1 HOHaMH, onpeAenfliOll.lee BnHRHHe Ha BHA 
cneKTpa oKa3~BaeT KHHeMaTI-14eCKoe npeo6pa3oeaH1-1e cneKTpa 1-13 
CI-'ICTeMbl, CBfl3aHHO~ C ABI-1~YlJ.IHMCfl H3ny4aiOlJ.II-1M 06beKTOM, B na6opa
TOpHyiO CHCTeMy. no3TOMY npHBeAeM 3AeCb H3BeCTHYIO $OpMyny Hepe
nRTHBHCTCKO~ KHHeMaTI-'IKI-1 Anfl npeo6pa3oeaHHR cneKTpanbHo-yrnoeoro 
pacnpeAeneHHfl 4aCTH~ C MaCCO~ m 1-13 ABH~YlJ.IC~CR CHCTeM~ B nOKOfl

lJ.IYIOCfl: 

de dO 
c c 

-=:.-:::-.:::_--=:.~-==-~-==-:.:::-; 
y 1 + {3 2 - 2{3 cos OL 

2 
'c ~ f L (1 + (3 - 2{3 cosO L); 

cos 0 c 
cos OL -{3 

---
v' 1 + (3 .:: - 2(3 cos 0 L 

v v m 

/21/ 

/22/ 

/2?,/ 

/24/ 

rAe cy6cKpl-1nT L OTHOCI-'ITCfl K n,c., C - K CHCTeMe, AB~~ylJ.Ie~CR 

CO CKOPOCTbiO V B n.c. $opMyny /21/ HeTPYAHO nony4HTb, HCnOnb-
3yR H3BeCTH~e MaTCMaTI-14eCKI-1e npaBI-'!Jla. npH 3aMeHe nepeMeHH~X 
x; y Hat= t(x,y); U= U(X, y) Ailfl $yHK~HH f(x,y) cnpaBeAJlHBO 
paBeHCTBO 

-~ = ~-f-(~ au 
dxdy dtdu ax ay 

au 
ax 

2£_). 
ay /25/ 

QopMyny /21/ MO~HO npHMeHRTb HenocpeACTBeHHO AilR Cny4afl HCnyc
KaHI-'IR He~TpOHOB COCTaBH~M RAPOM, o6pa30BaHH~M B peaK~I-11-1 C TR
~CJl~MH 1-'fOHaMI-1. Ecn1-1 cocTaBHoe RAPO a 6onbwe~ 4aCTI-1 cny4aee 
AeJlMTCR, TO 3aAa4a ycno~HReTCR, T.K. He~TpOHbl HCnyCKaiOTCR oc
KOJlKaMI-1 AeneHI-'IR, 1-'!MeiOlJ.IMMI-1 cno~Hoe yrnoeoe H 3HepreTH4eCKOe 
pacnpeACJlCHHC R Il.C. npi-'IHRB npeAnOJlO~CHI-'te, 4TO B CHCTeMe, CBR-

5 



3aHHO~ C OCKOnKOM, He~TpOH~ ~3py4a~TCH ~30TpOnHO, a ~X cneKTp 
on~CbiBaeTCH e~pa>KeH~eM _E_ e ~/ '1' , nony4~M pacnpeAeneH~e He~TPOHoe 

T2 
B n.c. B B~Ae 

rr 2rr 

const f f 
0 0 

E L y 1 + {3
2 

-2{3 cosO 
·-------e 

cosO r = cosO cosO L - sinO sinOLcos¢. 

X /26/ 

1271 

/28/ 

06o3Ha4eH~H e ~opMynax /26-28/ noHcHeHbl Ha p~c.Sa, TaM >Ke, rAe 
noKa3aH~ cooTBeTcTey~~~e 3Kcnep~MeHTanbH~e pe3ynbTaT~. B n.c. 
B~AeneHa ocb Z, coenaAa~~aH c HanpaeneH~eM ny4Ka, ~ ocb X, coe
naAa~ll.laH C HanpaeneH~eM CKOpOCT~ He~TPOHa. lh ~ Q L- yr nbl BeK
TOpa CKOpOCT~ He~TpOHa B ~~n~HAP~4eCKO~ C~CTeMe KOOPA~HaT C OCb~ 
Z; 0, ¢, 0 - yrn~ BeKTOpa CKOpOCT~ OCKOnKa B C~CTeMe C OCb~ 

d~ (Or) X. v(Or) ~ w• - cpeAHHH cKopocTb ~ sepoHTHOCTb ~cnycKaH~H 

OCKOnKa AeneH~H B HanpaeneH~~, COCTaBnH~~eM yron Or C ny4KOM 
D M r n~~~ ~~!~C'~'? '!'0~~~~-~~! /?_~/ tAr~('_n~:a0R-?~n rPt1MPT!)lAUPrk"r\P 

npae~no o TOM, 4To noeopoT oc~ ~~n~HAP~4ecKo~ c~cTeM~ e npocT
paHcTee He np~BOA~T K npeo6pa3oeaH~~ 3neMeHTa TenecHoro yrna, 
HeCMOTPH Ha ~3MeHeH~e yrnoe 0 ~ ¢. 

III. PE3YflbTATW B~4HCflEHH~ 

Ha p~c. 1 T04KaM~ noKa3aHbl B3HTble ~3 pa6oT~ 151 3Kcnep~MeH
TanbH~e AaHH~e no ~3MepeH~~ cneKTpa CKOPOCTe~ He~TpOHOB, ~c-

" 86 166E ny~eHH~x e peaK~~~ Heynpyroro B3a~MOAe~cTB~H HAeP Kr + r np~ 
3Hepr~~ 6oM6apA~PY~~~X 4aCT~~ 1,02 r3B B n.c. 4aCTb a/ p~CyHKa 
cooTeeTcTeyeT KBa3~ynpyr~M B3a~MOAe~cTe~HM IE* ~ 112 M3B/, 
6/ - rny6oKoHeynpyr~M CTonKHOBeH~HM /342::;, E* S..472 M3B/• He~Tpo
H~ ~~Kc~py~TCH e cosnaAeH~Hx c napo~ ~parMeHToe. B cny4ae 
a/ yrnbl BblneTa nerKoro ~ TH>Kenoro ~parMeHTa cocTaenH~T +20 ~ 
-]1° OTHOC~TenbHO ny4Ka, B cny4ae 6/ +14 ~ -29° COOTBeTCTBeHHQ, 
Yrn~,noA KOTOP~M~ pacnono>KeH~ AeTeKTOP~ He~TPOHOB, yKa3aH~ 

Ha p~CYHKe. Bee AeTeKTop~ HaxoAHTCR e OAHO~ nnocKoCT~. Per~cT

pa~~H COBnaAeH~~ n03BOnHeT n04T~ B 4~CTOM B~Ae B~Aen~Tb cneKTpbl 
He~TpOHOB, ~cnycKaeM~X nerK~M ~ THmen~M ~parMeHTOM B OTAenb
HOCT~. 3Kcnep~MeHTanbH~e pe3ynbTaTbl 15 npeAcTaenH~T ~HTepec 
B CBH3~ C TeM, 4TO ~3y4eH pacnaA HAep, B036Y>KAeHHbiX AO 3Hepr~~ 

6 

Ill 
0 
E-< 
(I) 
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u 
E-< 

400 

0 
200 

0 
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400 

200 
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0 

Puc. I, CpaBHeHHe H3MepeHHbiX 151 cneKTpOB CKOpOCTe{l 

HeATpOHOB /T04KH/ C pacqeTOM /nHHHH/ AnR B3311MOAeAcT

BHR 
86 Kr I I '02 r3B/ + 166Er B 3aBHCHMOCTH OT HanpaBne

HHR HCIJYCK3HHR HeATpOHOB: a/ KBa3HynpyrHe peaKQHH 

/ E * < 112 M3B/, 6/ rny6oKoHeynpyrHe cTonKHOBeHHR 

I 34 2 ~ E * ~ 4 72 lbB I. 

200-300 M3B KOTOp~e 3aTPYAHMTenbHO nony4MTb B peaK~MHX C 6onee 
' /5/ nerKMMM MOHaMM, no3TOMy 3AeCb B~nonHeH aHan~3 pe3ynbTaTOB C 

~enb~ M3Bne4eH~A TeMnepaTyp~ AAeP e 3TOM cny4ae. Pe3ynbTaT~ 
pac4eToe c npMMeHeHMeM ~opMyn~ /21/ noKa3aH~ Ha pMc.1 cnnowH~

MM nMH~AMM. Y4TeH~ KOHe4H~e pa3Mep~ AeTeKT~py~~Mx ycTpo~cTe, 

npeAnOnaranOCb MCnyCKaH~e He~TpOHOB nonHOCTb~ YCKOpeHH~M~ ~par
MeHTaMM, npM 3TOM nony4eHO Hennoxoe COOTBeTCTB~e pac4eTa M 3KC
nep~MeHTa. 0AHaKO OHO AOCTMrHyTO 3a C4eT HeKOTOpOrO ~3MeHeH~H 
BMAa cneKTpa He~TpOHOB B CMCTeMe M3ny4a~ll.lero HApa no cpaBHeHM~ 
C TeM, KOTOP~~ B~6paH aBTOpaMM 151• nony4eHH~e 3A~Cb cneKTp~ 
He~TpOHOB nerKoro M TH>Kenoro ~parMeHTa noKa3aH~ B BMAe KPMB~X 
1 M 2 Ha p~c.Za AnA Kea3Mynpyroro cny4aA M 2~ AnH rny6oKo
HeynpyrMx e3a~MOAe~cTe~~. CpeAHMe 3Hepr~M He~TPOHOB, onpeAe-

7 



t140 
Q) 

:I: 
E-< 
0 
,: 20 
~ 
z 

IO 

8 

15 

4 

2 

a I 

\ 

2 

0 2 4 15 8 IO 0 2 4 5 8 IO I2 I4 0 2 4 15 8 10 12 

E , M3B 

PHc,2. 3HepreTHqecKHe crreKTPhl HeATpoHoB: a/ AnH KBa3H
yn!1yrux !'p;::nnr_uf'l n!'u- 'Q ~ ::l«Mn,np·t':ff''T'QTAU 86 ~" ~ 166 ~!' :!? C'!~C: '!"~~~':.::' 

H3nyqaiO~ero nerKoro /1/ H THJ!(eJioro /2/ ¢parMeHTa, 
6/ TO ze, qTO H B CJiyqae a/, AJIH rny60KOHeyrrpyrHX 
CTOnKHOBeHHH, B/ AnH B3aHMOAeHCTBHH 20Ne /180 M3B/ +lSlTa 
B CHC TeMe H3JJyqaiO~ero HAP a I I I H B HanpaBneHHH 0 ° B JI. c. 
/2/. 

neHHhle no 3THM cneKTpaM, Hcnonb30BaHw s AanbHe~weM npH nocTpoe
HHH CHCTeMaTHKH TeMnepaTypw HCiiiTpOHOB, 

BwBOA pa6oTw 151 o Ha6n~AeHHH npeApasHosecHoA 3MHCCHH HeATpo
HOB B HanpasneHHH +8° AnR KBa3Hynpyroro cny4aR "' s HanpasneHHH 
-28,5° AnR rny60KOHeynpyroro B3aHMOAeiiiCTBHR nOATBepmAeH, CM, 
PHC.1. EcnH H36~TOK BhlXOAa HeiiiTpOHOB BnepeA B KBa3HynpyroM 
cny4ae MOmHO 06bRCHHTb npRMhlM Bhl6HBaHHeM HeiiiTpOHOB HnH HCnycKa
HHeM Hx H3 HenonHoCTb~ ycKopeHHoro nerKoro $parMeHTa, To npeA
pasHosecHaR 3MHCCHR c coxpaHeHHeM HanpasneH~R TRmenoro $parMeHTa 
s cny4ae 6/ TPYAHO o6bRCHHMa B npocTwx MOAenRx. TaK HnH HHa4e, 
HO Ha OCHOBC,TOrO $aKTa, 4TO nOAaBnR~~ee 60nbWHHCTBO Hei:iTpOHOB 
HcnycKaeTCR nonHOCTb~ ycKopeHHhlMH $parMeHTaMH, MomHo CAenaTb 
04eHKY speMeHH HcnycKaHHR Hei:iTpoHoB. BpeMR ycKopeHHR $parMeHTOB 
AO CKOPOCTH, COCTaBnR~~~~ 95% OT MaKCHManbHOill B C.4.H., 04CHH
saeTCR paBHhlM •0,8·10- c AnR rny6oKoHeynpyroro cny4aR. Cne-
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AOBaTenbHO, 3KcnepHMCHTanbHwe pe3ynbTaTw /pHc.1/ rosopRT o6 
HCnycKaHHH 60nbWHHCTBa HeiiiTpOHOB 4epe3 r ~ 10-20 c nocne CTOnKHQ
BeHHR RAep. 3Ta 04CHKa HMeeT $H3H4eCKOe 3Ha4eHHe, T.K. 3MnHpH-
4CCKHe CBCAeHHR 0 BpeMeHH mH3HH HACP, B036ymAeHHhlX AO 3HeprHH 
200-300 M38, OTCYTCTBY~T B nHTepaType, 

CneKTphl HeATpoHoB B npRMOM 3KCnepHMeHTe 161 H3MepeHw TaKme 
20N 181T AnR peaK4HH e + a npH 3HeprHH HOHOB 180 M38 /Ha BXOAe 

B TOnCTY~ MHWeHb/, 06HapymeHO, 4TO B HanpasneHHH 0° OTHOCHTenbHO 
ny4Ka BhlXOA Hei:irpOHOB Ha HHTepsane 3HeprHH OT 5 AO 12 M3B cna-

-f/T 
AaeT 3KcnoHeH4HanbHO -e c napaMeTpoM T(0°) 1,8 M3B. 0TC~Aa 
nyTeM pac4eTa MOmHO H3Bne4b CpeAH~~ 3HeprH~ Hei:iTpOHa B CHCTCMC 
~13ny4a~~ero RApa. CornacHo H3MepeHHRM sepoRTHOCTH AeneHHR 

/7/ ~ RACP BKnaA HCHTpOHOB AeneHHR COCTaBnReT He MeHee 85% OT non-
Hero BbiXOAa HeiiiTpOHOB npH o6ny4CHHH TOnCTO!Ii MHWeHH 18l Ta HOHaMH 
20 Ne C 3HeprHeill 180 M3B, OCTanbHhle 15% - 3TO HeiiiTpOHhl pacnaAa 
cocTasHoro RApa. T.K. 3HeproswAeneHHe npo4ecca AeneHHR AnR H3-
y4aeMoill peaK4HH 6nH3KO K nonHOill KHHCTH4CCKOill 3HeprHH OCKOnKOB 
AeneHHR, TO MOmHO C4HTaTb, 4TO TeMnepaTypa OCKOnKOB pasHa TeM
nepaType COCTaBHOrO RApa. PaC4eT BblnOnHRnCR C HCnOnb30BaHHCM 
$OpMyn /21, 26/, Y4HThlB8nCR BKnaA H Heii!TpOHOB AeneHHR,H HeiiiTpo
HOB pacnaAa COCTaBHOrO RApa. Pe3ynbTaThl npHBCAeHhl Ha pHC.2B. 
0Ka3anocb, 4TO 3KcnepHMCHTanbHO o6HapymeHHwill cnaA cneKTpa soc
npoH3BOAHTCR /KpHB3R 2/ B TOM cny4ae, ecnH CpeAHRR TeMnepaTypa 
H3ny4a~~Hx RACP npHHHMaeTcR pasHoill 1,2 M3B npH o6w4HOM cneKT-

( -~l'f' 

pe BHAa T2" /KpHBaR 1 I. 
npRMbiC H3MepeHHR HeiiiTpOHHbiX CneKTpOB nPOAenaHbl TaKme AnR 

peaK4Hill 160 + 58 Ni 181 H 165 Ho ( 4 He, pxn) 111.B nocneAHeM cny4ae 
npH 3HeprHH HOHOB 4 He 110 M3B 06HapymeHa BeCbMa HHTeHCHBHaR 
KOMnOHeHTa npeApaBHOBeCHO!Ii 3MHCCHH HeiiiTpOHOB. 0AHaKO npH 3TOM 
YAaeTCR AOCTaT04HO 4HCTO pa3AenHTb ABa npo4ecca H onpeAenHTb 
TeMnepaTypy pasHosecHoi:i KOMnoHeHTw: T =1 ,4 M3B. 

TpaAH4HOHijQ HH$OpMa4V!R 0 KHHCTH4CCKO!Ii 3HCprHH Heii!TpOHOB H3-
BneKaeTCR H3 ¢YHK4H~ B036ym,qeHHR peaK4HA THna (HI, xn). ,llnR nony-
4eHHR T04HhlX 3Ha4eHHA paBHOBeCHOill TeMnepaTypw Heo6XOAHMO ocy
~eCTBnRTb OT6op H3MepeHHhlX ¢YHK4Hill axn(E) no npH3HaKaM HaH6onee 
T04HOrO H3MepeHHR 3HeprHH HOHOB B 3KCnepHMCHTe, a TaKme OTCyT
CTBHR 3Ha4HTenbHOill pOnH npeApaBHOBeCHOi:i 3MHCCHH B HCCneAyeMO!Ii 
peaK4HH H OTCYTCTBV!R nOAaBnR~~eill KOHKypeH4HV! CO CTOpOHhl npo-
4eCCa AeneHHR. KpoMe Taro, Heo6XOAHMO aAeKsaTHoe onHcaHHe $YHK-
4Hill B036ymAeHHR (HI, xn) peaK4Hill npH y4eTe pacnpeAeneHHR RAeP 
no yrnOBOMY MOMeHTy, BnHRHV!R KOHKypeH4HH CO CTOpOHhl y-KaHana 
Ha BHA $yHK4Hill B036ymAeHHR H BKnaAa 4CHTpo6emHoill 3HeprHH B 
KHHeT/~'jecKy~ 3HeprH~ Heii!TpOHOB. noA06Hblill aHanH3 BhlnOnHeH B pa-
6oTe AnR pacnaAa COCTaBHhlX RACP 3p6HR B peaK4HRX, YAOBneT-
BOpR~~V!X 6onl>WV!HCTBY OTMe4eHHbiX npH3H3KOB, V! nolly4CHbi ~-"ia4eHJ.1R 

CpeAHeill 3HeprHH HeiiiTpOHOB, 
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n n n ? n ll n "' -.- <E"*'> -,-
r, M3B/uyKn. 

PHc.3. CHcTeMaTHKa cpeAHeA 3HeprHH ue~Tpoua /HnH TeMnepa
TypbJ/ f n /2 = T B 3aBHCliMOCTli OT OTHOilleHHH cpeAHe~ Ten
noeo~ 3HeprHH B036YJKP,eHHH H3ny'llaJO!iV1X HAep < E *> K Macco
BOMY 1.!Hcny A.T01.!KH: o - aHanH3 ¢YHK~H~ B036YJKP,eHHH 
(HI, XO) peaK~li~ AnH COCTaBHbiX HAep 3p6HH, BbinOnHeHHbiii 
B 191, • - onpeAeneuo B /10/ no cnnolliHbiM cneKTpaM y -ny'lle~, 
l - aHanH3/4/ epeMeHH npoTeKaHHH peaK~H~ AeneHHH 
235• 238 U (0, f), f'l, • - aHaJlli3 pe3ynbTaTOB li3MepeHH~ /I) ,6/ 

BblnonueHHblli B HacToHme~ pa6oTe , 0 - pe3ynbTaTbi H3MepeHHh 1 1,8; 
x - pe3ynbTaTbi H3MepeHH~ 1 17! AnH cHCTeMbi 56 Fe 14 76 M3B/ + 165 Ho. 

Pe3yJlbTaTbl 191
111 aHan1113a AaHHbiX 15·61 BblnonHeHHoro e HacToFtme~ 

pa6oTe,coeMecTHo c 3Kcnepii!MeHTallbHbiM~ onpeAelleHIIIftM111 11•81 noKa-
3aHbl T04KaMIII Ha P':!,C. 3 B BII!Ae 3aBIIICIIIMOCTIII nOJlOBIIIHbl CpeAHe~ 

- fn <E*> 3Heprllllll HeiiiTpoHa T = T oT --A-. Beniii4111Ha < E *> npeACTaBnFteT co-

6oH Tennoey~ 3Heprlll~ eo36Y~AeHIIIFt FtAPa nocne lllcnycKaHIIIFt He~TPOHa, 

ycpeAHeHHY~ no He~TpOHHOMy KaCKaAy Ill no pacnpeAeJleHIII~ 3Heprllllll 
B036Y~AeHIIIft Ha4aJlbHOro FtApa. Ha TOM ~e piiiCYHKe npiiiBeAeHbl 3Ha-

}0 

4eHIIIfl TeMnepaTypbl, nony4eHHble np111 onii!CaHIIIIII/4/ epeMeHIII npoTeKa
HIIIfl peaK Lilli~ AeneHIIIfl RAep 235•238 U(n, f) , a TaK~e TeMnepaTypbl, 
1113BJle4eHHOH 1113 CnJlOWHbiX cneKTPOB Y-ny4e~ B (Hl,x~ -peaKI..IIIIfiX/10~ 
no T04KaM MO~HO nocTpOIIITb CIIICTeMaTIII4eCKy~ 3aBIIICIIIMOCTb BIIIAa 

E* 113 
T = 2,22 (A) , noKa3aHHY~ Ha plllc.3 JliiiHV!eH. 0TKJ10H€HIIIe To-

4eK OT CIIICTeMaTIIIKIII He CTOJlb BeJliiiKO, KaK MO~HO 6b1Jl0 O~IIIAaTb, 

Y4111Tb1Bafl pa3Hoo6pa3111e npOI..IeCCOB, BKJ1~4eHHbiX B paCCMOTpeHIIIe. npiii
BeAeHHOH ¢yHK1..1111111 T(E*,A) COOTBeTCTByeT nJlOTHOCTb ypOBHe~ fiAep 

(E*)2/3All3 
B BIIIAe p (E *' A) - exp 1,48 . noA06Horo BI-1Aa ¢YHK1..11111-1 T ( E *) 

1-1 p(E*) BBOAIIIJliiiCb paHee 141 AJlfl o6naCTJ.1 He60JlbWJ.1X 3Hepri-1H B03-
6y~AeHIIIfl /E * :S 15 M3B/. 

npoeepKOH cnpaBeAJlHBOCTIII CIIICTeMaTIIIKI-1 T(E *'A) AOJl~HO 6b1Tb 
on111caH111e Ao6aeo4HbiX 3KcnepHMeHTaJlbHbiX pe3YllbTaToB. B pa6o-
Tax /11,12/ H3MepeHbl yrnoeble pacnpeAeneHHfl He~TpoHoB /IIIHTerpaJlbHO 
no CneKTpy/, o6pa3Y~U\I-1XCfl nplll 06Jly4eHJ.1J.1 TOJlCTbiX MIIIWeHeH 1-13 
cpeAHHX 111 TR~eJlbiX 3JleMeHTOB HOHaMH oT 12 c AO 40 Ar. OnpeAeneHIIIe 
TeMnepaTypbl J.13Jly4a~JUI-1X RAep no CIIICTeMaTHKe PI-1C.3 AaeT B03MO~
HOCTb 6onee OAH03Ha4HO npOaHaJlJ.131-1pOBaTb pe3yJlbTaTbl /11, 12/, 4eM 
3TO 6b1Jlo CAellaHo paHee. ,[lnR o6nacTH cna6oAe11RJUHXCR RAeP Bb16paHa 
xapaKTepHaR rpynna peaKI..II-1~ HI+ :Ag ,Allfl KOTopoH c npHMeHeHIIIeM 
¢opMyJlbl /21/ Bbi4HcneHbl yrnoeble pacnpeAeneHHfl He~TpoHoB pacnaAa 
cocTaeHoro RAPa B n.c. CneKTpanbHo-yrnoeoe pacnpeAeneHHe He~T
poHOB B C.l..l.l-1. npeAnonaraJlOCb B BHAe 

/29/ 

rAe napaMeTp yrnoeoH aHIII30TponiiiH B Bb14HcneH np1-1 lllcnonb3oeaHHIII 
CJleAY~U\ero Ha6opa napaMeTpoe: r O = 1,2 ¢M, MOMeHT HHePI..IIIII-1 fiApa 
J =0,9 JTB.T,• JTB.T.- MOMeHT HHepUI-1111 TBepAOrO wapa, pacnpeAe

Jl€HIIIe fiAep no yrJlOBOMY MOMeHTY 1 orpaHIII4eHo pe3KO 3Ha4eHIIIeM 
IKp.·Be11H4HHa IKp.= 37,45,60,83ilnplll B3aHMOAeHCTBHH c RApaMH ce
pe6pa IIIOHOB 12 C, 16 0, 22 Ne, 40 Ar COOTBeTCTBeHHO, l..\HQJPbl Allfl 
IKp. nony4eHbl nyTe~ aHa111113a 3Kcnepii!MeHTaJlbHbiX pe3yJlbTaToe 1131 

c npiiiMeHeHHeM npocTo~ QJopMynbl 1141 Allfl Bb14HcneHIIIfl KPHTH4ecKoro 
3Ha4eHIIIfl BXOAHOrO yrnoeoro MOMeHTa. 

no AaHHbiM p!-1C,4 BHAHO, 4TO B CJ1y4ae IIIOHOB 12C Ill 
16 0 paCC4111-

TaHHble yrnoeble pacnpeAeneHIIIfl e n.c. xopowo coenaAa~T c 3Kc
nepHMeHTaJlbHbiMIII, T. e. nOATBeP~AaeTCft npaBHJlbHOCTb Bbl6opa TeM
nepaTypbl no CIIICTeMaTIIIKe pi-1c.3 1-1 paC4eT a~III30TpOnl-11-1 HeHTPOHOB 
B C.U.I-1. 0AHaKO B CJ1y4ae HOHOB 22 Ne Ha6Jl~AaeTCfl onpeAeJleHHbl~ 
1113fib1TOK BbiXOAa He~TpOHOB BnepeA, KOTOpbl~ MO~HO OfibfiCHIIITb npeA
paBHOB€CHO~ 3MIIICCIIIeH C J.1HTeHCJ.1BHOCTb~ 2-3% OT nOJlHOrO BbiXOAa 
He~TpoHoe. B peaKUIIII-1 40 Ar +Ag, HanpoTIIIB, yrnoeoe pacnpeAeneHIIIe 
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P11c. 4. YrnoBbie pacnpe,n;cneHHH HeiiTpoHoH, HcnycKaeMbiX np11 
B3aliMO)J,eriCTBiili IIY'IKOB THJKCJJbiX HOHOB C TOJJCTOJi MHWellbiD H3 
natAg:a- HoHbi 12C /81 }'bB/; 6- 16 0/135 M::JB/; s-
22Ne /175 M3B/; I'- 4°Ar /295 ~bB/. TotiKH- 3KcnepHMeHT 1111 

CTIJlOWHWe JlHHiiH- pactieT )J,JlH JJ,C,, nyHKTHp- C.U.H. 

oKaawsaeTcR He CTOJ1b peaKo HanpasneHHWM snepeA, KaK cneAyeT 
no pac4eTy, 3TO 03Ha4aeT, 4TO 3aMeTHY~ AOJ1~ B n011HW~ BWXOA 
BHOCRT He~TpOHW, McnycKaeMwe npOAYKTaMM rny60KOHeynpyrMX B3a
MMOAe~CTBM~ RAeP 40 Ar M Ag. HacneAYR cKopocTb M311y4a~IJ1MX ¢par
MeHTOB, HeGTpOHW nony4aDT 6onee M30TponHoe pacnpeAeneHMe 
B J1,C,, 4eM npM MCnyCKaHMM MX HanpasneHHWM BnepeA COCTaBHWM 
RAPOM. TaKMM o6paaoM, c npMMeHeHMeM cMcTeMaTMKM, noKaaaHHO~ 

Ha pMc.3, YAaeTCR nony4MTb A06aB04HYD MH¢opMaf..IMD o6 oco6eHHoc
TRX M311Y4eHMR He~TPOHOB s peaKf..IMRx 22Ne, 40 Ar + Ag. 
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B cny4ae Ae11RIJ1MXCR RAeP pac4eT CAenaH A11R saaMMOAe~cTBMR 

MOHOB 160 M 22 Ne c 209Bi. 1-icnonbaosaHa (jlopMyna /26/, npeAnona
ranocb, 4TO B CMCTeMe ABMmyiJ1erOCR OCKOJ1Ka He~TPOHW M3J1y4a~TCR 

M30TponHo. Yrnosoe pacnpeAeneHMe He~TPOHOB B n.c. RBnReTCR 
KMHeMaTM4eCKMM OTpameHMeM yrnosoro pacnpeAeneHMR OCKOJ1KOB, 
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Pac.5. a/ - cxeMa cnoJKeHHH BeK
Topos CKOPOCTH HeHTPOHa H oc
KOJlKa )J,eJleHHH; 6/ - cpaBHeHHe 
C pactieTOM /JJHHHH/ H3MepeHHO-
I'O I 12/ yrnosoro pacrrpe)J,eneHHH 
B Jl,C, /TO'IKH/ HeHTpOHOB, 
o6pa3yiD~HXCH IIPH o6ny'leHHH TOnc
)~H MHWeHH H3 BHCMyTa HOHaMH 

0/135 MaB/; s/- TO li<e, <ITO 
H B CJlytiae 6/, )J,JlH HOHOB 
22Ne /175 MaB/. 

CpasHeHMe peaynbTaToB pac4eTa 
c 3KcnepMMeHTOM /12/ AaHo Ha 
pMc.56,s. BMAHO, 4To pac4eT 
HenJ10XO BOCnpOM3BOAMT aCMMMeT
pM~ snepeA-Ha3aA s pacnpeAene
HMM He~TpOHOB B J1,C,, CJ1eAOBa-

vL • •.-· TeJ1bHO, nOATBepmAaeTCR npa-
BM11bHOCTb sw6opa TeMnepaTypw 
no CV.CTeMaTMKe PMC.3, 0AHaKO 

BMAHO TaKme, 4TO B o6nacTM yrnoB 6L =70-90° 3KCnepMMeHTaJ1bHWe 
T04KM CMCTeMaTM4eCKM OTKJ10HR~TCR BHM3 OT pac4eTHO~ KpMBO~. 3TO 
rOBOpMT 0 HaJ1M4MM C06CTBeHHO~ aHM30TpOnMM He~TpOHOB, CBR3aHHO~ 
CO CnMHOM OCKOJ1KOB AeJ1eHMR, 0TC~Aa MOmHO Ha~TM, 4TO yrnoBO~ 
MOMeHT COCTaBHOrO RAPa npaKTM4eCKM nOJ1HOCTb~ nepeXOAMT B co6cy
BeHHbl~ yrnOBO~ MOMeHT OCKOJ1KOB, TaKO~ BbiBOA He COOTSeTCTByeT 
Of..leHKaM KJ1aCCM4eCKO~ MeXaHMKM B CJ1Y4ae pa3AeneHMR Bpa1J1a~IJ1e~CH 

CMCTeMw ABYX Ten, 
EU1e OAMH BMA 3KcnepMMeHTanbHWX AaHHWX npeACTaBnReTcR MHTepec

HWM npoaHa11M3MpOBaTb C npMMeHeHMeM CMCTeMaTMKM T(E*,A),B pa6o
Te/15/ M3MepeHW cneKTpanbHWe pacnpeAeJ1eHMR npOTOHOB B peaKf..IMRX 
2°9Bi (4He, pxn) A11H x = 0,1, ... PeaynbTaTbl noasonR~T nyTeM He
cnomHo~ o6pa60TKM HaATM 3aBMCMMOCTb OT 3HeprMM B036ymAeHMR se
POHTHOCTM MCnyCKaHMH onpeAeneHHbiX 4MCen He~TpOHOB Pon (E *) , 
p1n (E *) ... npv. onMCaHMl-1 (jlyHKf..IM~ B036ymAeHMR (HI, xn) -peaKI.II-1i1 
o6bi4HO onpeAenR~T P xn (E*) A11R x ~ 2, 3, peaynbTaTbl nma nony-
4eHHbiX B 11 5/ Aa~T nOAXOA K X = 0, 1 , 2. Ha PI-1C, 6 B BHAe rHCTOrpaM
MW noKaaaHbl peaynbTaTbl I-13MepeHH~ 115~ npeo6paaosaHHble B senM41-1-
HLI p xn (E *) A11R yKa32;HHO~ BbiWe peaKLIHH npM 3HeprMM HOHOB 4 He 
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45 M3B, B 3TOM cny4ae sKnaA npeApasHosecHo~ 3M~cc~~ He~TPOHOB 
o4eB~AHO Hesen~K. Oco5eHHOCTb s~nonHeHHoro aHan~3a AaHH~x 

COCTOHT B TOM, 4TO Anfl paC4eTa <!JyHKU~i1 pxn (E *) ~cnonb30BaHa 
<!JOpMyna /19/, KOTOpafl B flBHOM B~Ae Y4~T~BaeT 3aB~C~MOCTb cneKT
pa oT HOMepa He~TpoHa, TeMnepaTypa flAeP B3flTa cornacHo p~c.3, 

~ ~CnOnb30BaHa COOTBeTCTBYIOU1afl 3aB~C~MOCTb p(E*, •A). BepOflTHOCTb 
AeneH~fl flAeP C4~Tanacb npeHe5pe~~Mo Mana~. BepoflTHOCTb <!J~Kca-

'" 
PHc,6. BepoHTHOCTb HcrrycKaHHH x 

HeHTpOHOB B 3aBHCHMOCTH OT 3Hep

rHH B036Yt:'.P,eHHH Hgpa: rHCTOrpaM

Ma - 3KcrrepHMeHTanbHOe orrpege
neHHe /15/ rrpH HccnegoaaHHH peaK
l\HH 209 Bi( 4 He, pxn) ; limpHaH nH-

HHH - pacqeT gnH Tex lKe peaK

l\Hi1. CTpenKaMH YKa3aHbl noporH 
KaHanoa ln, 2n, 3n. 

~..~~~ 3neKTpoMarHHTHoro pacnaAa Py(E*) onpeAeneHa nyTeM on~caH~fl 

~3MepeHHO~ <!JYHKU~~ P0n(E*) c np~MeHeH~eM <!JopMyn /6,12/. Pe3ynb
TaTbl pac4eTa cpaBH~BaiOTCfl C 3KCnep~MeHTOM Ha p~c.6, BI-1AHO Henno
~oe COOTBeTCTBI-1e. 0AHaKO nony4eHI-1e 5onee AeTanbHO~ ~H<!JOpMaU~~ 

cTano 5~ so3Mo~H~M np1-1 yny4WeH~~ 3HepreT~4ecKoro pa3peweH~fl 
3KCnep~MeHTa. 

Pe3ynbTaT~ paHH~x ~3MepeH~~ He~TpoHH~x cneKTpos 1 16/ He o4eHb 
C~nbHO OTn~4aiOTCfl OT npeACKa3aH~~ C~CTeMaT~K~, npi-1BeAeHHO~ Ha 
p1-1c,3. 0AHaKo Anfl B3a~MOAe~cTB~fl ~OHOB 40Ar co cpeAH~MI-1 flApaM~, 
no-B~A~MOMy, Henb3fl npeHe5pe4b BKnaAOM He~TpOHOB, ~3ny4aeM~X 

nPOAYKTaM~ rny5oKoHeynpyr~x peaKU~~. 3TO 3aTPYAHfleT aHan~3 ~ He 
no3aonfleT ~cnonb3oaaTb pe3ynbTaTbl 1161 np~ nocTpoeH~~ c~cTeMaT~KI-1 
f n (E *). 

TaK~M o5pa3oM, np~MeHeHHe aAeKsaTHO~ MaTeMaT~4eCKO~ MOAen~ 

Anfl on~caH~fl pa3Hoo5pa3H~x 3Kcnep~MeHTanbH~x pe3ynbTaTOB no 
He~TpOHH~M cneKTpaM n03BOnfleT Ha~T~ 3Ha4eHI-1fl TeMnepaTyp~ B036y~
AeHH~X flAep, KOTop~e np~ Han~4~~ yMepeHHoro pa36poca cornacytOT
Cfl c c~cTeMaT~4ecKo~ 3aa~c~MocTbiO B~Aa T(E*, A) - ( E*/ A) 113 , 
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KapaMHH C.A. P7-83-409 
HeiiTpOHHbie cneKTPbi H TeMnepaTypa Bo36YJK,IJ;eHHbiX Hp;ep 

IlpHBep;eHbl <lJOPMYJibl H BblllOJIHeH aHaJIH3 COp;eplKall\HXCH B JlHTepa
Type pe3yJibTaTOB H3MepeHHH yrJIOBbiX H 3HepreTHqeCKHX pacnpep;e
JieHHH HeHTpOHOB, H3JiyqaeMbiX B peaKIJ;HHX C HOHaMH OT 4 He p;O 
86Kr. <I>opMyJibl yqHTbiBaiOT KaCKap;HbiH COCTaB OOJIHbiX Ha6JIIO,ll;aeMbiX 
crreKTpoB H KHHeMaTHqecKoe rrpeo6pa3oBaHHe cneKTpa 3a cqeT p;BHJKe 
HHH H3JiyqaiOII\ero o6beKTa B Jl,C, Ha OCHOBe OOHCaHHH pe3YJibTaTOB 
onpep;eneHbi rrapaMeTpbi TeMrrepaTypbi Bo36YJK,IJ;eHHbiX Hp;ep, KOTOpbie 
rrpH HaJIHqHH yMepeHHOrO pa36poca YKJiap;biBaiOTCH Ha CHCTeMaTHqe-

(-E*)l/3. cKyiO 3aBHCHMOCTb T(E*, A)- A 

P a6oTa BblllOJIHeHa B Jla6opaTOPHH Hp;epHbiX peaKIJ;HH 0llill1, 

1983 

Karamian S.A. P7-83-409 
Neutron Spectra and the Temperature of Excited Nuclei 

Formulae are given and experimental data available &re 
analysed on the angular and energy distributions of neutrons 
emitted in reactions with ions from ~e up to 86Kr. The formulae 
take into account the cascade composition of the total measu
red spectrum, and the kinematical transformation of the spect-. 
rum from the rest system in the lab.system. As a consequence 
of the result description, the temperature parameters for 
excited nuclei are determined, their values with moaerate 

scattering are arranged on the systematic dependence T(E*,A) 

(1)_~) 1/3 
A 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 
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