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BBe.neu He 

Hccne.noBBHHIO peaKuH !l: 
12 C ( 

3 
He, py) 

14 
N nocBsnneu pHA 3Kcne pHMeuTanbHbiX 

11,2/ 
pa6oT • HapH.ny c ueu!loll: Hu,PopMauHell: , nony"!euuo il B 3THX p a6oTax, H3-3a 

H9AOCTBTO'IHO B b lCOKOH paa p e w a iOmefl CDOC06 HOCTH CUHHTHnnHUHORHblX Jl9T9KTOpoB , 

npHMeaHeMbiX npH 3THX uccne.noBaHHHX, pH.n y poBuell: Mor 6btTb u e o 6 uapyiKeH H ero 

KBBHTOBbl9 xapaKTepHCTHKH OOpe.neneHbl C H9AOCTBTO"'HO!l: TO"'HOCTbiO, B KB'I9CTBe 

npHMepa MOiKHO yKaaaTb ua ypoBeHb 4,91 M 3 B H.npa 
14 N 

t r.ne Ha -aa u e .noc TaToq -

uo B btcoKoro paa pew euHSJ H npucyTcTBHH 6nuaKo p a cnono iKeauoro ypoBHSJ 5,1 M 3 B 

COHH HApB onpe.neneH H9AOCTBTO'IHO HBJl9)f{HO, B 3TO i'l CBH 3 H HCflOnb3 0BBHH9 nony-

npOBOAHHKOBblX repMBHH9BblX A9T9KTOpOB C XOpOUlHM 3 Hepr e TH'I 9 CKHM p a3peUl9HH9M 

MOiK9T JlBTb 6onee TO'IHYIO H flOnHyiO HuljlOpMBUHIO 0 B03 MO >KHbl X ypOBHHX S!Apa, He-

flOnb3ySI repMBHH9Bbl9 nonynpOBOAHHKOBbl9 A9T9KTOpbl, M b l HCCn enOBBnH y -Hany

"19HH9 H3 peaxuuu 
12

C ( ~ife, p y) 
14 

N. Bbtcoxoe paap eweuue c neKTpoMeTpa noa-

oonHno uaM, ucnonb3y H .nonnnepoBcxoe ywa p eaHe DHKOB cne KTpa, onpe.nenHTb Bepx-

HIOIO rpBHHUY BpeMeH iKli3HH Ul9CTll ypOBHell: HApB 
14 N 

H HB OCHOBBHHH R3M9peH-

HblX yrnOBblX pacnpe.neneHRH y -KBBHTOB CAenaTb OU9HKY COHHOB .nnH H9KOTOpblX 

B036y>KAeHHblX COCTOSIHRH H.nep IS 0 R l4 N. 

TexuRKB 3KcnepHMeHTB 

Hccne.noBaHRH npooonKnHCb ua 3neKTpocTa TH'IeCKOM reaepaTope 06be.nHueuao

s 
ro HHCTHTyTa HAepHblX HCcne.noBBHH!l:, HOHbl He, yCKOp9HH bl9 HB 3neKTpOCTBTH'I9-

3 



CKOM 1"'8H8p8TOpe , npol!nH MBI"'.HHTHbll! 8H811H38TOp, cpoKycHpyiOlUYIO KBBilPYIIOIIbHYIO 

IIHH3Y H KOIIIIHMBTOp nHa MeTp.PM 5 MM, IIOIIanaiOT H8 MHI118Hb, YCTBHOBIISHHYIO B 

llSHTpe BBKyyMHOil KBM8pbl . B KaqecTBe MHlliSHH HCI10IIb30BBIIBCb TOHKBR yrnepon-

2 
HBR nneHKB ( 20-50 MKr / CM ) , IIOIIy'ISHHBSI M9TOnOM HCIIapeHHSI rpacpHT.B B BB -

Ky y M e aa TBHTBIIOBYIO rronno)I{Ky, Mameab oxnaJKAE.nacb rrpoTO'IHOi! nHcTHnnapoBaH

ao !\ s o n of\. K p o HmTelia c MHmeabtO H30ilHposancR OT Koprryca KaMepbt H cny)I{HII 

IIOI',Y WKOil TOKB, B e m i'lliHB TOKB HOMepRIIB Cb HHTerpB TOpOM C rrorpelliHOCTbiO :1%. 

B IlaMepeHHRX yrnoBbtX pacrrpeneneHHli npHMeBRnHcb naa rronyrrpoaonHHKOBbLX rep-

M 8HH8 B b!X y - neTeKTopa . Onua ua HHX - HerronBH)I{Hbll! ycTBHBBnHBBnCR rron yr-

IIOM 90° H CIIY)I{Hll MOHHTOpOM , BTopoi! n e T CKTOp MOl"' yCTBHBBIIHBBTbCR non paa -

0 0 
naqHbi MH yi"'IIBMH B rrpenenax 0- 105 • Yrnoaoe paa pemeaue neTeKTopa :_ 0,5 • 

npH H3M 8 p8HHH yriiOBb! X pacnpeneneBHil HMIIYIIbCbl OT ll8T8KTOp8 H MOHHTOpa 

llii il HCKIIIO'ISHH il npOC'ISTOB perHCTpHpOBBIIHCb 0/lHHM H TS M )1{8 2048-KBHBIIbBbiM 

8MfliiHTYilH b! M £1 HB IIH38TOpOM , llnR STOI"'O HMIIyiibCbl OT MOHHTOpa Bb!p8BHHB8IIR Cb 

IIO BMIIIIHTyllC C IIOMC illbiO CTBHnapTHOI"'O HMIIYIIbCHOrO r eaepaTopa C BHSlliHHM 38-

n yCKOM H IIOllBBBIIBC b HB BXOil rrpenaapRTSIIbi!Oro yCRIII!TSIIH Bp8lU810lU8I"'OCH y 

neTetCTopa. AMIIIIH T yna HMrrynbcoa !"'eaepaTopa rron6u panacb T a K, 'IT06bt aMnynhC bl 

OT MOHHTOpB perHCTpHpoBBIIHCb E CB060nHhl X KBHBIIBX BHBIIH3BTOpB, npa H3Mepe-

HHH rr p aMe HHna ch cacTeMa cTa6HilH3BllHH aMrrnaTynaol"'o T paK T a . Kana 6poaKa saepre

THqecKor1 UJKBIIbt rrpoaa aonanacb rro y -KBBHTBM, aanyqaeMbiM HnpaMH 
131 

Cs, 8 °Co, 

a TBK)I{e y -KBB HTaM nepexonoa 2,31-+ 0; 5,016 .. 0; 6,44 .. 0 M s B "•pa 

14 
N , snepi"'HH nepexona KOTOpbiX xopomo aoaecTHbt. Paape waiOmaH crroco6 -

HOCTb YCTBHOBKH OllpeneiiHIIBCb IIO H3MepeHH IO lliHf1HHbl y -nHHHJ! 
137 

Cs H 
8° Co 

Ha nonosaue B btCOTht ITHKa. 3axmo qeaae o paopemenHH cneKTp oMeTpa nnH 6oiibm HX 

SHCpi"'HH }' - KB8 HTOB nenanOCb ITyTeM 9KCTpBrtOIH!llH H A B HH blX, ITOIIyqef!Hb!X C 

137 
Cs n 

8° Co K ::>THM o naqe aHHM saeprHH, B emt'IHHa paope;n eHH5! cocT aBnHna AIIll 

BO 
y - IW! \111'00 (' > .tP.prHe il 1,3 Msa ( Co).( 16,4:_ 1 ) K 9 B , AOCTHI"'Bll IIpH SHeprHH 

5 M ss ~ ( 20+ I l K so, B u engx rrposepKH a oaMo xGt c.c T e i'I annapaTypbt HBMH HaMe-

12 3 14 
pen 3 He pi"'eTl! 'IP.< KI I ii cne KTp y -K BBI!T OB p eaK!lHtl C ( He, p y) N noa 

yrnoM 00° npu :::>Hepi"'HH noaoa 1, 8 :2 ,n, 2 ,5, 2,8 , 3 , I M sa. PeoynhTBTbt rroKaaanl! 

3 
B03 M O>K HOCT b Hn 6n ro;10 HI!H rrpH snepr ;t ll X HOHOB He , MSHblliHX 2,5 Msa, n e pexonhl , 

14 • 
COO T BeTCTBYIOI.UHe B03 6yl!<A 8 HHHM ypOBHeil Hnpa N C s aeprHHMH 2,31; 3,95; 4,91, 

5 ,1 M s a. B n 1: T c p aan e snepi"'Hlt OT 2,5 no 3,1 Msa K Ha6niOnaeMhtM rrepexon aM 

n o 6 asnmtcb xo pOui O p aonnqHMbte ypOBHH 5,89; 5,83; 6,21 M sa, a rrpH saeprHH 

4 

E 3 = 3, I 1\<\ :::m - nonon1111T£ 
He 

M STI!Tb, 'ITO rt p H E 3 = 2 
H• 

B.:l HU e K OTOpO r O O!i C pB b l C YKC 

O p e n c T .:Jnn eHll bt e !I ll fHI· 

MJ.I B 0 3Gy ;·J\J1C HH fi H.::1 1 I l..l : l hHOrO 

'IC H 6yKBOll ( rf; ) , fl l!K C 

no ii ( n ) • 

§ 1. On pe.:~en e HH 

OnpeJlene H!I C: Hcpx Heii r 

OCIIOBBHI!l-1 113 ~1 CpenHii y w upC ! 

nnepa . y - nep2 xo :-t.u1, nc. 

cTanne Hbi B n opno~1 c T on Gu • 

o6pao y e TC!1 CO CT.:JBHOC 11A p 0 

HH S M rr pO TOHB OCTBTO'IHOC H£ 

I!Mil)'ilbCB I! TOpM03 11TCil B ~ ! 

KDBHThf, BhlllCT BIOIUHe 11 3 ABII 

rtHKI! B CriSKTpe y - KBBIITO 

H8H B8IIH'II!H8 STOI"'O y umpeHP. 

\ 
m a• 

I"'Ae E - snepi"'H5! y 

V - CKOpOCTb 5!A 

C - CKOpOCTb C 

llOIIIlllepOBCKO e ywHpe!H!C 6 } , 

Hllpa B KpHCTOIIIIH'I9CKOR p eu 

HApa. 

B Ta6nuue 1 rrpe.::tcTaar. 

1\ , B K OTOpbte BB8A8H 
SKC 

BBHHOe KOH9'!Hb!M paapeiUeHH 



Hh, YCTBHOBneHHyJO B 

•anacb TOHKal! yrnepo.n

·eHull rpa(jluTa B aa-

lTO'IHO~ AHCTHnnHpOBBH-

ca KaMepbt H cny>KHn 

C norpeWHOCTbJO :1%, 

DnynpoBOUHHKOBbU rep-

CTBHBBnHBBnCll non yr-

.HaanuaaTbCll non pa3-
o 

~ neTeKTopa :0,5 . 

.neTeKTOpa H MOHHTOpa 

t >Ke 2048-KauanhHbtM 

IITOpa BbtpBBHHBanHCb 

paTopa C BHeWH.HM 38-

il apamaJOmerocll y 

T8K 1 'IT06 br HMnynbCbl 

H3 aTopa. Opu H3Mepe-

tKTa . Kanu6poBKa 3Repre

eM biM HnpaMn 
137

Cs, 8°Co, 

6,44 .. 0 M3s Jl.lpa 

'a3pewaJOmaH cnoco6 -

-nHH.Hl! 
137 Cs u 

8° Co 

;T pOMeTpa UJ!ll 6onbill HX 

lHbiX, nony'!eHHbiX C 

~ eHHH COC TBBnllnB UJlH 

, a ocTHr a g npu saepruu 

napaTypb! H8MH H3Me-

l He, p y ) 
14 

N non 

Pe3ynhTBTbt l10Ka3ann 

n ux 2, 5 M 3B, ne pexOJl ht, 

JrHHMH 2,31; 3,95; 4,9); 

D.naeMbiM nepexonaM 

3B, a npu 3HeprHH 

E 3 3,1 M 3B - nononmtTGJl hH ' re n cpe xo:''' 11:1 ) ponf!H G,-1·1 ,\\ '"· I I ffT<' pCrl!(• oT-H e 

M GTI!Th , 'ITO npu E 3 : 2,8 n 3, I 1\ h l!J H.lG.1t0ctancH m:~· 4 , 66 .\ l 3n , tw C\'J'JCC1IIO-
H o 1 31 

Ba HH e KOTOporo DffCfJBbte y KD3nHo n pa6oTe B npGypTo Ha · 

'IGH U)'K BOII 
) 1 H UK C Oh!;JCT0!\1 .~ n y x DIIIIJI1 .. HJJ\>ll\1101t'lh!.\ )' - Kth'li!TOll - G,vK-

13011 n ) • 

§ 1. Or•pc:Jenetmc Bcpx Heii rpa HHUH BpCMPH >J.II.Jrnt ypostreit 'li!Jl.:! ' ' ~ 

O npenen e Hrtc Bcpxnci'r rpa!!l!U bl Bp c MeH >KJ J3 HH y poBttcir ,,_.,, •. , ,,:,o n:>non!t.rOC h 11 <1 

OCHOBBHIIH 113 ~!CpeH Hii YWllfJCI!IIH lHll<OB CllGKT fJOD 

nn e p a . 

cTaane Hbt B n epnoM c TonGae Ta6n. 1. Op11 B3M t ~ ! Oi t e ii c TBHII renH n-3 c yrn9pono~.·t 

oGpa3ye TCll COCTilBHOe llUfJO 15 0 . n 
OCn e Jl llCII:JJl.a COCTi!Bl!Ol'O HL1pa C 11 Cil,YCK<1 -

HHGM npOTOH8 OCTBTO'IHOe HUpO l< N 
:lBlOKGTC~l B H8 11pO BJJQI!Ifl! ll OJl)' 'ICl liiO!'O 

I!Mnynhca l! TOp!I.!03 HTCH B ~ra Tepnane ~!I! IllG HI! 11 noa n o.'<J<Il , E c mr ll ,1C>Jik) t ilTh y 

r;oanTbl, BorneTaJOutHe H3 LlBH~<yureroc~ Hupa noa yrn oM 90° K nyYKY uonon 3 He , 

ITHKH B ClleKTpe y -KBBHTOB H3 -3a 3(j!QJeKTa Llonnnepa 6ya y T yrmrpen br. MaKcl! ~li1 llb-

Ha~ aennqnna 3Toro ywnpenm1 6yueT onpeuGnHThCH ¢opMynoii 

v 

c (I) 

rae E 3 HGfJI'HH y -I<88H T8, 11Cii ,Y CK 80\f0 f'O IICllO t nHJi\HblM fl.llpOM; 

v CKOpOCTb S!Jlpa U O TO ;>" O>:<G HH II ; 

c - cKopocTh cneTa. 

LlonnneponcJ<oe ywupeHHe 6y!leT Ha6nJO,lOTbcn np11 ycnomru, 'ITO npe~tSJ Top~ro ,Ke HHH 

HUpa B KpHCT8J!JlH'!eC!<Oi1 pe tUGTKC nOUJIO );{KH H MHWGHH 60l! bWC !3j)GM €'H!l )l(l!3Hll y pOBHH 

smpa. 

B Ta6mrue 1 npeac Taane Hbt naHHbre o WHpHHe :>KcnGpHMeuTan hH brx nHKOB 

1\ 3xc' a KOTOpbre aaenena nonpaBKa na aononHnTenhnoe ywupenue ntiKa, B bt3 -

aannoe xone'!Hb!M pa3pemenueM annape Typbt. B Ta6nHue npeucTa BneH hr T ·"'""G 3Ha-

5 



qeHHH M8KCHM8IIbHOrO ywHpeHHR 6. mcnt BblqHcneHHbie no !jlopMyne. KaK BHJlHO 

113 cpanHeHHR 6. 
3
Kc u · 6. mn , 3TH nenuqHHbi nnR ncex paccMaTpHaaeMbiX ne-

pexonon 6rrH3KH npyr K npyry. TaKHM o6pa3oM, MLI nonn<HLI cnenaTb BbiBon, qTo 

BCe COCTORHHR, OTDeTCTBeHHbie 38 nepeqHCIIeHHbie y -nepeXOJlbl 1 HMeiOT BpeM!I 

·~ . JKH3 HH MeHbWe, qeM npeMH TOPMOlKeHHH HJlpa N npHHHMaH, qTo BpeMH Top-
-13 /3,4/ 

MQlKeHHR RJlpa B peWe TKe KpHCTanna COC T8BIIReT 5.10 CeK 1 Mbl rronyqaeM 

orpaHHqeHHR Ha npeueHa lKH3HH uccnenyeMhiX HaMH yponuel! Hnpa 1 ~ N : 

r < -13 
5. 10 ceK. 

0 6cylKneaue naHHhiX o6 yrnoBhiX pacnpeneneHHHX 

Keqe cTBeHHbte naHHLie o crrHuax Hnep, yqacTayiOmux B peaKUHH, 6btnH no

nyqeHbi H8 OCHOB8HHH H3MepeHHR yrnOBblX pacnpeneneHHil y -KB8HTOB. l-i3Mepe-

HHR npononunucb nnR yrnon 0, 15, 30, 45, 60, 75, 90, 104° npu E 3 =3, 1 M3a. 
151 He 

B o6meM c n y qae TeopHH yrnoBbiX pacnpeneneHHii nnR peaKnHlf THrra ( a , by) 

naeT BbtpalKeHHH nnR nu!jl!jlepeunuanbHOro ceqeHHH Bhtxona y -KB8HTOB B BHJle 

pRJl8 ITOIIHHOMOB flelK8HJlpa, KoS(j>!j>HUHeHTbl pa3IIOlKeHHH npH IIOIIHHOM8.X flelK8HJlp8 

conep)f<8T M8TpHqHLie 3rreMeHTbl MaTpHUbl pacceHHHH S , aneMeHTbi raMMa-rrepe-

XOJl8 H Ha6op p83IIHqflbiX KB8HTOBOMeX8HHqeCKHX BenHqHH, norrbiTK8 p83IIOlKeHHR 

H3MepHeMLI X yrnOBbiX pacrrpeneneHHil ITO ITOIIHHOM8M flelKaHnpa C napaMeTp8MH 1 

yK838HHblMH DbiWe, H8T8IIKHBaeTCH Ha Tp yJlHOCTH, IIOCKOIIbKy 3IIeMeHTbl MaTpHUbl 

coneplKaT 3HaquTenbHO 6onbwe HeH3BeCTHbiX napaMeTpon, '!eM qHcno ypanHeaul!, 

KOTopbte MOlKHO nonyqHTb H3 naHHbtX H3MepeHHii y r noBbiX pacnpeneneHH t\ , Teu He 

u euee , HMeeTCll B03MOlKHOCTb nonyqHTb neKOTOpbte cnenenHR o rrapaMeTpax B03-

6ylKJleHHbiX COCTORHHH IlpOMelKyTOqHOrO HJlpa, a T8KlKe 0 3 HaqeHHliX CIIHHOB ypOB

Hel! KoneqHoro SJnpa . B o.!BH HO M c nyqa e HBMH cnenaHa nponepKa cnHHa ypoBHR 

4,91 M3a HJlpa 
1 ~ N , 3HaqeHH e KoToporo onpeneneHo uenocTaToqHo TOqHo. CneneHIDI 

b crrHHe ypoBHH 4,91 M3a nonyqeHLI H3 c neny10mux paccMoTpenntl : cornacuo Teo

P"" yrnoBhiX pacnpeneneHHll, ecna cnnH Hnpa HMeeT 3Ha'!eHHe Hynb, TO yrnonoe 

pacnpeneneHHe, cooTaeTcTBy:IOmee y -rrepexony c aToro ypoBHR, H30TponHoe, 
/ 2 / 

3To yTneplKJleHHe B cnyqae yponnH 4,91 M3a nponepHnocb Bap6ypTOHOM " np . , 

6 

KOTOpbte nonTaepnHnH H3 0Tpot 

BLICOKoii pa3pewa10wet1 cnoc o( 

D paape we HHH IIHKOB y -ne i 

conep)f<BT uoKoTopyiO neonpeno 

uepeHHH 3TOro nepexona c nc 

Ha puc. 4 npencTanneHLI 

n 4,91-... 0 M 3a. Pacnpencn e u. 

HBMH K8K KOHTpOIIbHOe , IIOCK~ 

/ 6/ 
neH HyniO • K aK nnnno 113 p 

eT, qTo yponeHb 4,91 M 3a Mo 

38KIIIQqeHifii OTHOCJ1TerrbHO 3TO 

naTb Henb3SJ. 

OnpeneneHue na pa ~eTpoE 

B8HHH 8H8IIH38 yriiOBbiX pacnp· 

C HCIIOIIb30B8HHeM TeOpHH yrno 

Cornacuo 3TOii TeopHH, npu JlE 

pa J op6HTanbuoro yrnonor 

JlH!jl!jlepeHUH8IIbHbie Ce'!eHIHI OIIJ 

rne: 

! (-l)A y(2 s' + 1 )( 2s' · 
6. I 2 

xW(s'js'j;j r\ 
[ 2 b 

C - Ko3<jl!j>HutteHT Kne6 

Z, W - K03(jl!!muuenTbi Pm 

>.- --
1
-A+P'+s' 
2 I 

- CIIHH ypoBHH, HCII) 

j~ - CIIHH KOHeqfloro y 

L - MJ:IIbTHIIOIIbHOCTb 

Llnll HccnenyeMoii HaMH peaKUHI 

S ' 1 , S '2 - CIIIIHbl BbiXOJlHOI'C 

f ' - Op6HT8IIbHbllf MO~ 

S - CIIHH BXOJlHOrO K£ 

f - Op6iiT8IIbH bll1 MOlY 

jb- CIIH H IlpOTOH8 pa 



no <j>opMyne, KaK BHOHO 

ex paccMaTpHaaeMhJX ne-

<H b! cnenaTb Bb!BOJl, 'ITO 

-nepexo~bt, HMeJOT apeMII 

BHBMaSI, 'ITO BpeMSI TOp-

1 / 3 4/ 
ceK ' , Mbt nonyqaeM 

IHeil Sinpa 14 N : 

tCnpeneneHHSIX 

X B peaKUHH, 6btnH flO-

y -KB8HTOB, J.13Mepe-

t4° npH E s H;3,1 M:aa. 

peaKUHfr TBna ( 8 , by) 

y -KBaHTOB B BHJle 

·pH nonHHOMaX ne)!(aHnpa 

, :aneMeHTht raMMa-nepe-

nonbtTKa pa3nO)!(eBHSI 

aHnpa c napaMeTpaMH, 

bKY :aneMeHTbl MaTpHUbl 

qeM '!Hcno ypaaaeaui\, 

pacnpeneneHH!! . T eM ae 

3HHH o napaMeTpax B03-

3 Ha'leHBHX CflBHOB ypOB-

OBepKa CflHHa ypOBHSI 

)CTaTO'lHO TO'IHO. CaeneBRSI 

dOTpeHHil: cornacao Teo

I e BHe a:ynh, TO yrnoaoe 

> ypoBHH , H3oTponaoe. 
/2/ 

b Bap6ypTOHOM 11 np. 

KOTOpbte nooTaep.rmnn ll30Tponl!ocTb, Oo11aKo 3TH H3MepeHJHI H3-3a HeaocTa TO'lHO 

BbtCOKOft pa3 peLUaiQIUet1 CflOC06HOCTH CUl!HTHnnHUHOHHb!X neTCKTOpOB II TJ•YJlHOCTe!! 

B pa3pClUCHHil flHKOB y -nepexonoa 4,91 M :aa 11 6nH3ne>Kamero yponHR 5,10 M aa 

conep)!<aT ucK oTopy!O ueonpenenenHoCTb . 3To Bbt3Bano Heo6xonHMOCTb rronoro n3-

MepeHHH 3Toro nepexona c noMOlllbiO repMaHHeaoro neTeKTopa. 

Ha p11c. 4 npencTaaneHL>r yrnoBbt e pacnpeaeneHBH y -nepexonoa 2,31-.. 0 

u 4,91-... 0 M:aa. Pacnpe nen eHne , cooTneTCT Dy!Omee nepexony 2,31 _ _. 0, npHHHTo 

HaMH KaK KoHTponhHo e , noCKOllbKy cmru y poauH 2,31 M :aa xopowo H3 BecTeH H pa

/ 6/ 
aeu uyn10 • K aK BHnuo 113 pHcyuKa, o6a pacnpeneneHHSI H3 0TponHLt, 3To 03 Haqa-

eT, 'ITO ypone Hb 4,91 M sa MO ,KOT HMeTb cnuH, p aBHbtll Hyn!O. Eonee onpeneneHHLtX 

38KniO'leHI!i-i OTHOCHTenbHO 3TOT'O YfJOfiH>l 113 HAU!HX li3MepeHHi\, K CO>I<A lleHHIO, CJ1e-

15 
Onpel;leneHl!e n a pa MeTpOB COCTaBHOI'O SI Ltpa 0 OC y lUCCTBnHnOCb HA OCHO-

BaHHli aHanH3 8 YT'liOBb!X pacnpeneneHI!il y - I<BaHTOB COO TBeTCTBYIOIUHX nepe XOJlOD 

C HCflOllb3 0BaHHeM TCOpHH yrnOBblX pacnpeacneHHH pCaKUHH TI!Jia ( a , by ) /
5
/, 

CornacHo :aToll TeopHH, np11 naHHbtx 3Jia'leHHSIX nonHoro MoMeHTa cocTaBHoro S!Jl-

pa 1 op6uTanhHoro yrnoaoro MoMeHTa H CflHHa BXOJlHOrO Kallana s • 

JlH<j><j>epeHUHSnbHb!e Ce'leHHH onpenenHIOT<;H Bbtp8>KCHHCM BHJla: 

I < -1 /' v' < 2 s • + 1 H 2 s • + n c < L • L, 1-1 ; .c\ o ) z u J P 1; s" 'w o s • 1 s , ; r '~'" x 
,\ I 2 I ~ 2) 

rne: c Ko3<!><!>uuu eHT Kne6tua -)f(o pna Ha; 

Z, W - Ko3<j>¢uuueUTbt PaKa; 

A 1 A P' ' ' j · - - -2- + + s I - s 2 + s + b - J f ; 

- Cfli!H ypoBHH, HCny cKaiOIUero raMMa-KnauT; 

i I - cnua KOHe'!uoro ypoBHH; 

L - MY_nbTt-monbHOCTb y - H3ily'leHHH. 

nnH HCcnenyeMOil HaMil peaKUBH: 

S, l , S '
2 

- CllliH bl BbiXO.OHOl'O KaHana p + 

p' - op6HTanhllb!H MOMeBT BbtXOJlllOT'O Kauana; 

3 12 
S- CflH!I BXOJlHOrO KaHana H~ +·' C paBHblli 1/2; 

- op6HT8nbH btfr MOMeHT BXOJlHOrO KaHana; 

j b CflHH npOTOH8 paBBbtt1 J/2, 

7 



HaMH uaMepeHbl yrnosbre pacnpeneneaug nrur illiTH nepexonos ( 2,31 - .. 0; 

4,91--.0; 5,10-.. 0; 6,21--2,31; 6,44--o Mas). riep-exon 6,44- 0 Mlm. 
111 

H3y'leH B pa6oTe • rlepeXOJlbl 2,31-0; 4,91--<0; 5,10-~ H3-38 H30-

TpOITHOCTH HX yrnODbiX pacnpeneneaull OITHC8Tb TPYilHO, ITOCKOITbKY OHH MoryT 6blTb 

onucaHbi 6oll.bWHM 'IHCnoM napaMeTpos, B CBSI3H c aTHM ua H3MepeHHblX senH'IHH 

ccTaeTcSI B03MOJKHOCTb onpeneneaHSI cnuaa cocTasaoro SIJlpa JliTSI nepexona 

6, 21 -2,31 Mas. Ona axo llBJKe JliTSI yxaaaaaoro nepexona aTo onpeneneaue aaTpyn-

ueao, Tax xax, cornacao Teopuu, onaoa aaqaoe onpeneneaue napaMeTpos cocTasaoro 

SIJlpa soa MOlKliO nuwh lliTSI uaonuposaaaoro yposH!I aToro SIJlpa. B aaweM JKe cny'!ae 

3KCITepHMeHT8ITbHblX llBHHbiX 0 CyiOeCTBOSBliHH TBKOrO H30ITHpOB8HHOro ypOBHSI, C 

xoToporo soaMoJKea nepexon aa yposeab 6,21 Mas xoaeqaoro SIJlpa,- aeT. TaxBM 

o6paaoM, npu onpeJleneanu napaMeTpos .cocTasaoro HJlpa Mbi see JKe npeJlnonara

eM, 'ITO T8KOil H30ITHpOB8HHblll ypoBeHb cymecTsyeT H, ITOITb3YHCb Teopuell, HBXOJlHM 

T8KHe ero napaMeTpbi, KOTOp ble 6bl He npOTHBOpe'!HnH axcnepHMeHTBITbHblM ll8HHblM. 

Pac'!eT npoua BOJlHITCSI no cneny10mell cxeMe. rioCKOITbKY cnHRbl yposaell 6,21 

H 2,31 
+ + 

Mas npHHHMBIOT COOTBeTCTBeRHO 3 H8'1eHHR 1 H 0 , MeJKJlY HHMH HMeeT 

MeCTO 
161 

ne peXOil THIT8 M 1 • rlpHHHMBH BO BHHM8Hlle CBOI\CTBO Ko a<jl<jluuHeHTOB 

Kne6wa-)f(opJl8Ha , MO JKHO aaMeTHTb 1 'ITO TOIThKO xoa<P<jluuueHTbi npn Tpex nepBbiX no

nuaoMax fleJKSHJlpa - P0 , P 1 u P 2 He paBHbl ayn10. Kax 113DecTHO ua csoi!cTs xoa<jl<jlu

uueHTOS Z <jlopMyiTbl ( 2 ) , OHH He paSHbl HYITIO. TOITbKO lliTH '!eTRblX fl , Torna 

yrnoaoe pacnpeneneaue y -nepeXOJl8 6,21 -- 2,31 M an MOJKe T 6 b!Tb OITHCBHO 

SbipaJKe aueM SHJlB P 
0 

+ A P
2
• Kax SHJlHO H3 axcnepuMeHTanbHbiX n a HHbiX, nonyqea-

aoe yrnosoe pacnpene n e aue ae ua oTponao, TBK 'ITO xo~~uuueHT A 3RB'IHTenb-

HO OTITIJ'!BeTCSI OT 0, 113 aToro c neJly eT, 'ITO f ~ 1 H J :::_3(2, ITOCKOITbKY TOITbKO 

Torna xoa<P$uuueaT Z , BXOJlSIIOH fr B A , He paseH HYITIO ( CM, ypasl!eRHe ( 2)), 

B Ta6rurue II npeJlcTa sneHbi SbipaJKeHHR nm1 yrnoaorx pacnpenenemttl, nonyqea-

Hbie ITO <jlopMyne ( 2), llJISI BCeX KOM6HH8UHH s 
I 

H S 
2 

, '!eTbipex H8HMeHbillHX 

3HB'IeHHt\ H J H B03MOlKHbiX 3 HB'IeHHii f' npH ll8HHbiX e H J. CnHHbl 

s' 
I 

H S npHHHMBJOT 3Ha 'leRHSI 1/2 H 3/2. 3xcnepuMeaTanbHbiM naHH biM YilOB-

neTSOpHIOT TOnbKO llB8 B8pH8HT8 aa6opa napaMeTpOS: 

HITH 2 J 3/2 

z 3 HITH 4 J a 7/2 

8 

P.' = 2 

p• .. 4 

s ~s 

s . - s 

3/2 

3/2 

l 
I 

i 

nng 6onee onp~ene£ 

HHTenbHbie ll8Hil.bl9 0 KOTOpf 

ypOBHR MOJKHO CllenBTb BIT! 

~ ' qeTHbie, qeTHOCTb yp 
14 

6,21 Mas anpa N, T.e. 

H3 S8pli8HTOS B03MOlKllbl T 

IS 0 B COCTOSIHHll C ITOJIO 

TOITbKO ITpH '19THbU f , 

2 

4 

Cpasaeaue axcnepuM 

ne]teXOil '(Mas) 

-·-·· 
2,11 - 0 

~-at - 0 

3,N -2,31 

5,10 -o 
6,69-2,31 

5,69 -o 
5,83 -o 
6,21 -o 
6,21 - 2,31 

6,44 - ..... o 
6,44 -3,95 



>eXOJlOB ( 2,31 - .. 0; 

6,44- 0 M~. 

) ; 5, 10 -.....0 113--38 1130-

KOnbKy OBI! MoryT 6b!Tb 

113MepeHHbiX BenH'IIIH 

3 MSI nepexona 

TO onpeneneHHe aaTpyn-

napaMeTpOB COCT8BHOrO 

pa. B aaweM JKe cny-qae 

!pOB8BHOrO ypoBHSI , C 

:)ro Hnpa,- aeT. TaKHM 

hi ace JKe npennonar a -

lySICb TeopHeii, H8XOJli!M 

:epHMeHT8nbHbiM Jl8HHbiM. 

ty Clli!Hbl ypOBHell 6,21 

MelKJly HilMI! HMeeT 

TBO KO~~IIUI!eHTOB 

HThi np11 Tpex nepBhiX no

B e CTHO 113 CBOiiCTB KO~~~~

ii qeTHblX l'l. Torna 

-IOJKeT 6b!Tb OUIIC8HO 

bll hiX naHHhiX, nony qea-

uHeHT A 3HB'IHTen&-

( 2,noCKOnbKy TOnbKO 

u (eM . ypaaaea11e ( 2)). 

pacnpeneneaHA, nony'IeH-

'!eTb!pex H81!MeHbWIIX 

HHbiX f 11 J. CnHHhi 

~n&HbiM naHH biM ynoa-

S e S = 3 / 2 

s = s, .. 3 / 2 
2 

I 
J 

r 

' 

15 
LlnSI 6onee onp~eneRHb!X BhiBOJlOB o cmue ypoBHSI 0 aeo6xoJll!Mbi Jlonon-

HHTenbHbie Jl8BH.ble, KOTOpb!e Jl H8CTOSI1Uee BpeMSI OTCYTCTByiOT. 0 '!eTHOCTII aTOrO 

y pOBHH MOJKHO CJlellB.Tb BUOnHe onpeneneHHblli Bb!BO)l. TaK K8K B 060HX B8p118HT8X 

~' -qeTHble, -qeTHOCTb ypOBHSI ISQ JlOnlKH8 6b!Tb 0Jli!H8KOB8 C 'leTHOCTbiO ypOBBll 

14 
6, 21 MsB Sillpa N, T,e, 6biTb nonoJKRTen&aol!. 0TCIOJl8 en en yeT, 'ITO B KaJKJlOM 

113 Bapii8HTOB B03MOlKHbl TOnbKO '!eTHble 3H8'leHIISI p t UOCKOnbKY nonY'IeHIIe S!Jlp8 

l5 0 B .COCTOHJiHll C nonOJKI!TenbJIOH -qeTHOCTbiO B peaKIUII! 
12

C -f. SHe B03MOJKHO 

TOnbKO npH '!eTHb!X f . 

2 

4 

J - 3/4 

J - 7/2 

Ta6JIHua 

s '
1 

a s'
2

• 3/2 

s' •s'•3/2 
I 2 

CpaBaeaue aKcnepHMeHTan&HhiX 11 Bbi'IHCneaahiX aaa<teaHll JlonnnepoBCKHX 

IUI!piiB 

ne)teXOJl .• (Maa) /! (KaB) 
SKC 

fj. ( K3B) 
ma:r 

-·----· · 
2,11 -o ¢ 21 + 3 33 

2ta1 -o ( II 22 + 4 33 

3,H -2,31 ¢ 19 + 6 19 

6,10 -o II 40 + 5 47 

5,69 -2,31 ( II 22 + 8 27 

5,69 -o ( n 26 + 10 45 

5,83 -o II 35 + 12 44 

6,21 -o n sa + 7 40 

6,21 -2,31 ( n 24 + 3 28 

6,44 - .... 0 ( II 35 + 4 37 

6,44 -3,96 n 17 + 5 22 
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Ta6nHua 2 

B bi pa l!<e BHH a1111 yrnoBbiX pacnpeaeneHHii, nony '!e HHbie no cjlopM yn e ( 2) n ' 

P' s' Yrnoaoe pa~ npc 1ane- 1, Hsin-'VIin Kuan, T . W,I 
J s 2 1 HI;e 2, E.K.Warburton, J ,W,Ol• 

1.2 3 / 2 0 3/2 3 / 2 p -0 SOOP Jr., Phys .Rev. 134 , I 
0 • 2 

1,2 3/ 2 I I / 2 I /2 1 p 3 , E.K.Warburton, J.W.Ol• 
0 

1,2 3 / 2 I I /2 3 / 2 p 
2 

(1965). 

I, 2 3 / 2 I 3 / 2 3/2 p 0 -0, 100 p 2 4 . A;E,Lith"etland, M.J.L.Y 

1,2 3 / 2 2 1/ 2 1/ 2 Po 222 (1963). 

1,2 3 / 2 2 1/ 2 3 / 2 p 5 , A,Krauss Jr. J,P,Schi 
2 1,2 3 /2 2 3/2 3/2 p 

0
-0,300 P

2 
Phys.Rev , 104, 1667 

~~· 1,2 3 12 3 3 / 2 3/2 p 0 -0,100 p 2 6, F Ajzenberg - Selove a 

2,3 5 / 2 I 3/ 2 3 / 2 p -0,5875 p 0 2 
2,3 5/2 2 1/ 2 I / 2 Po 
2,3 5/ 2 2 I / 2 3 / 2 p 

2 
2,3 5/ 2 2 3 / 2 3/2 p 0 - 0, 1714 p 2 

2,3 5 / 2 3 1/2 1/2 p 
0 

2,3 5/ 2 3 I/2 3 / 2 p 
2 

2,3 5/ 2 3 3/ 2 3/2 p + 0, 1714 p 
2,3 • 2 5/2 4 3 / 2 3/2 p + 0, 0426 p 
3,4 0 2 

7/ 2 2 3 / 2 3/ 2 p -0,357 p 
0 2 

3,4 7/ 2 3 I /2 1/2 p 
0 

3,4 7/ 2 3 1/ 2 3 / 2 p 
2 3,4 712 3 3/ 2 3 12 p 0+0,119 p2 

3,4 7/ 2 4 l / 2 I / 2 Po 
3,4 7/ 2 4 l / 2 3 / 2 p 

2 
3,4 7/ 2 4 3 / 2 3 / 2 p 0 + 0,3095 p2 
3,4 7/ 2 5 3 / 2 3/ 2 p 0 - 0, 1667 p 

r 
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bie no tfJopMyne ( 2) 

Yrnoaoe pa~n nc 1e~ e 
HJ:C 

P - O,SOOP 
0 2 

p 
0 

p 
2 

P0 -0, 100 P 
2 

Po 
p 

2 
p 0-0,300 p2 

Po -0, 100 P 2 

p -0,5875 p 
0 2 

Po 

p 
2 

p 0 - 0, 1714 p 2 

p 
0 

p 
2 

p. + 0, 1714 p 2 

p 0 + 0, 0426 p 
2 

p -0,357 p 
0 2 

p 
0 

p 
2 

p 0+0,119 p2 

p 0 

p 
2 

P
0 

+0,3095 P
2 

p 0-0, 1667 p 

1. Hsin-'Vlin Ruan, T.W.Bonnev and J.R.Risser, Nucl.Phys. 2L 481 (1964). 

2. E.K.Wa t·burton, J.W.Olness, D.E.Alburger, D.J.Bredin and L.F'.Chase. 

Jr., Phys.Rev. 134 , B 338 (1964). 

3. E.K.Warburton, J.W.01ness and D.E.Alburger, Phys.Rev. 140, B 1202 

(1965). 

4 . A;E,Lith'etland, M.J.L.Yates, B.M.Hinds, D.Eceleshale, Nucl.Phys. _!i, 

222 (1963). 

5 . A.Krauss Jr. J.P.Schiffer, F.W.Prosser, Jr, and L.C.Biedenha rn, 

Phys.Rev. 104, 1667 (1956). 

6, F.Ajzenberg-Selove and T.Lauritsen, Nuci.Data Sheets, Sets 5 , 6 (196 1). 

PyKonHcb nocTyrrHna B H3aaTen bCKHA oTaen 

28 I'IIOnSI 1967 Pona. 
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