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BsenenHe 

Onna. lla aaMe'laTenhHbix· oco6eaaocTeif HnepHbiX pea,Ku~rif, · nHHUHHpy

eMbiX TSl)I(CnbiMH HOHaMH, CBH3aHa ·C, B03MO)I(HOCTbJO o6paaoBaHHS1 BbiCOKO

B036y)I(JlCHHbiX COCTaBHblX HllCp C O'ICHb 6onbiiiHM 3Ha'ICHHCM yrnoBOI'O 

MOMCHT~ /J, 21
1 'IT; .OKa3bll3aeT Cyiii~CTBCHHOC BnH~HJIC Ha IIOBCJlCliHC B03-

6y)I(JlCHHOI'O Sl)lpa H llpHBOJlHT K IIOHBnCHHJO HOBbiX tf!H3H'ICCKHX 3~CKTOBo 

B qacTHOCTH; 6mironapH aToMy ysenH'IHBaeTcH aMiiCCHH y -KB.anToa13•41 , 

B03HHKaeT ClfnbH8Sl 8llli30Tp0111fS1 B yrnOBOM pacnpenenCHiflf qaCTHU; HCny

IUCHHbiX HJlpOM /5,6/ 0 a HX 3~eprCTH'ICCKHC ·cneKTpbl CTaHOBSlTCSl 3aMCTHO 

"MSli''IC"' CIICKTpOB '18CTifU 0 HCIIapSlCMbiX lf3 Hllpa C ManbiM' yrnOBbiM MO-. 
/57/ ... 

MCHTOM ' • BecbMa 'IYBCTBHTCnbHbiMH xapaKTCpHCTHKaMH HBnHJOTCH 

tflyHKUifH B036y)I(JlCHHS1: C ysenH'ICHHCM yrnoBoro MOMCHTa tflyHKUHH B03-

' . 6y)I(JlCHHH YIIIHpHCTCH; a ee MBKCHMYM CllBHI'aCTCH B CTOpOHY 6onbiiiHX 3HCp-

rHif B036Y*!IC~HH /Bf • 

DnH onHcaHHH npouecca CHHTH~ Boa6y*llCHHH cocTaBHoro.Hnpa,·o6pa~ 

aoaaanoro npH cnHHHlHI TR)I(enoro HoHa c SinpoM-MHIIICHbJO, o6bi'IHO Hcnonb

ayeTcH· CT8THCTH'ICCKaH T~OpHH HJlCpHbiX peaKUHil /9, JQ/ • .B Haiiieil pa60TC/ 11/ . 

. ·6bJn p83BIIT MElTOJl, 1103BOnRJOIUHii' JlOCT8TO'IHO KOppeKTHO Y'ICCTb BnHRHHe 

6onbworo ·:rrnoaoro MOMeHTa aa KaX<noii cTann1i npouecca nocnenoBaTenbHo:-

ro ncrrycKaJHIP 'lacTnu soa6y*llCHHbiM HnpoM: KaK rroKaaano cpaaneHHe c 

3 



. axcnepHMeliTOM, .Taxon nonxon ~aeT cornacyromHeCH ·c onbiTOM ana'leliHH 

CpOJ:tliOfi Mli01KOCTBOHHOCTH '18CTHU 1 npaBHnhliO OllHCbiB80T HX. yrnoBbiO. 

H aaepreTH'Iecxue pacnpeneneHHH~ Onaaxo anSI ~ynxuHii Boa6y1KJ:tOHHH corna-
. . Jtt/ 

CHO TeOpHH H 9XCnepHMOHT8 6binO He CTOnb XOPt?IIIHM • 3TOT ~8XT H 

no6ynun nac 6onee neTanhHo npoananHaHpoBaTb napaMeTphl MonenH na 

npHMepe HMOHHO ~yliXUHii B036y1KJ:tOliHH. 

M eTo]l pac'leTa 

B OCHOBY MOTOJ:(8 non01KOHO XB83HXnacCH'!OCXOO npH6nH1KOHHO 3pHXCO"':' 

aa-CTpyTHHCXOro /12/, cornaCHO XOTOpOMY BOpOHTliOCTb HCDYCX8HHH. '18C-
. ~· .... . ' 

THUbi v c aae_prHeii B V H op6HTanbllbiJ>:i MOMOHTOM e B nanpaBn_eliHH 

-+ 
n (cos. (}, cp) H3 COCT8Bllpro HJ:IIJ8 C yrnOBbiM MQMOHTOM. 

-+ 
I H aH~pruen. 

B036y)KJ:(OHHH , U .HMOOT BHJ:t 
r . . .. ,. • !. 

... . ... dE dO . ........ .... .... v v 2 v .... 
·P; (I,E ,n)dE. dO = . f ('1< l3(nf)T (E )p(U1 ,1-f)dL (1) 

·V V . ·V .V· 2rr21i2p(U•) · _ ·' f V ' · •· 

\ 

v 
3necb 'P -nnOTliOCTb ypoBHOfi HJ:tpa, r £ ( ~ v· ) -xoa~HuHen-r: npox~)KJ:te-

JIHH, U = U . - B - B -aaeprli:H Boa6y1KJ:tOliHH ocTaTo•moro Slnpa ( B v 
I · · v v . · 

-aaeprnn oTpbiBa 11 -oii.'laCTH u:bx) • 
• , . •• ·>. 

OonllaH .BepOHT~OCTb pacnana COCT8BHOrO .HJ:tpa C yrnOBbiM MOMOliTOM 

l aanHWOTCSI B BHAO / 

t r (I}= fP rf,E , ~)'dE d0 11 • 
V · V ·V V { 2) 

Bbxpa~eliHH · ( 1) H ( 2) onucbmaroT onaoxpaTHoe ucnycxaaue 'laCTHUbi 
.. ';. 

H AnSI cpaBHOliHH npeJ:tCX838HHii TOOpHH C 9XCnepHMOHTOM H006XOAHMO XpOMO 

HHTerpHpOBaliHSI npOBOCTH erne H ycpeAHOliHO no BCOM B03M01KllhlM 3H8'10HHSIM 
.... 

yrnoBoro MoMeHTa I aa'lanhaoro COCT8BHoro Htlpa H no CTyneHHM Hcna-

pHTenhaoro xacxana. Perneaue aToii aana'lii c noMOIUhlO o6bi'IllbiX ananHTH

'IOCKHX MeToaoB HaTanKHBaeTcH Ha pnn MaTeMaTH'IOCKHX TpynaocTeii, o6oiiTH 
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KOTOpbiO YJ:tBO'_rCH' nHllib 

B '18CTHbiX qny'lanx • 

B naanon pa6oTe 

Kapno, MaTe,MaTH'IecKal 

xapaxTepy npouecca He 

o6bi'IHo ucnonhayeMbix 

I. nnoTHOCTb ypo 
... 

'P ( U, I) = · Codsf e; 

6e.3 nocnenyromero paa1 
. 2 2 . 

U >> 11 I 1.2/ . • 3ne< 

HaepuHH ·napa, · A. -'lm 

2. Y'IHTbmaeTCH K 

d • t. He 
3 

1 a .') ' 

3. Y'IHTbiB80TCH H 

. B036y)KJ:(OHHSI (xaCK8J:tlll, .. 
4. Opennonar.ae'rc~ 

TOnbli8SI 9HeprHH YHOCH' 

Hoxa B J:t8liHOii pa 

KOS~HUHeHTOB npOX01Kl 

Tv ( £· )~{· e· v 

3necb R -panuyc naa1 
B3 

Hcnymea.Hon 'laCTHUbi, 

UHne, B paMKax npennm 
v 

Bb!p81KOHHO nnH T e ( 1:. 

0nHC8llllbifi MOTDA 

caHaon .aa H3bJKe 4iOP1 



S1 C OllbiTOM 3H8'<JeHJHJ 

biaaeT HX yrnoabie 

xunli aoa6ymJ:teHHst corna
/11/ 

({M • 8TOT <jlaKT H 

paMeTpbl MOJ:(elJH H8 

'HOCTb HCTIYCK8HHSI . '<J8C-. ..... '' 

ITOM _a uanpaan_eunn .. 
TOM. I ~ . :au~prneli_ 

" ._. ..... 
·;(Ev)p(p1 ,.7-f~ dL (1) 

-;-i<o:a<jl<jl:imneu~ npox~>K.Oe

:TaTo'IHoro- ~mpa ( B v 

t8 C yrnOabiM MOMeHTOM 

' / 

( 2) 
.. · •. 

)e 'ncnycxaune qacTHUhi 

eHTOM Heo6XOAHMO KpOMe .. . :' 

:eM a03MO>KHbiM 3H8'<JeHHSIM . ,. ~ .• . 

inpa n no cTyneHstM ncna-
·.· : •• I' 

tillbJO o6bi'IHhiX auanHTH-

ecxnx TpynuocTeli, o6oliTH 

I 

;· 
' 

~I 
; 

I 
I,_ 

l 
' 

l 
I 

xoTopbxe ynaeTcst nnwb ueuoa rpy6hxx npn6nHmermti, cnpaaennnabiX TOllbKO 

a 'lJ8CTHbiX ~lly'<Jastx. 

B nauuoli pa6oTe :aTa aanaqa peweua c noMOWbJO MeTona MouTe..: 

Kapno, MaTeM8TH'<JeCK8SI npnpona KOTOporo anexaaT!Ia CTOX8CTH'<JeCKOMY 

xapaKTepy npouecca ncnapeunst qacTnu-na stnpa, 'ITO noaaonsteT na6emaTb 

o6bi'lJHO HCllOllb3yeMbiX a paC'<JeTax rpy6biX IlpH61JH>KeHIIti: 

1. TinoTHOCTb ypoaueli 6epeTcst a anne: .. 
p(U,l) =Canst exp [2v'aA(U -1i. 2 1 2 /2])] (3) 

6ea nocnenyromero paanomeunst xopHst a pstn, cnpaaennnaoro nnst cny'Iast 

U » · 11 
2 

1
2

/2 J -. · 3necb a -napaMeTp nnoTHOCTH ypoauea, I -MoMeHT 

nuepunn stnpa, A -'Incno uyxnouoa a HeM. 

2. Y'IHTbmaeTCSI KOHKypenunst ncnycxannsi 3apst>K9HHbiX '<J8CTHU ( 'p 

d , He 
3 

, a . ) c ncnycxauneM neliTpouoa • 

3. Y'IHTbiaaeTCSI H3MeHeHHe xapaKTepHCTHK stnpa a npouecce CHSITHSI 

. aoa6ymneHHSI ( K8CKanHhiti xapaKTep HCnapeHHSI '<J8CTHU) • 

4. Tipennona~ae1'cst, 'ITo ocTaawastcst nocne ncnapeunst '<JaCTHU apama-

TellbHast 9Heprmr YHOCHTCSI K8CKanoM •Y -Kaa.HTOao 

noxa a nauaoli pa6oTe, cnenaao npn6nn.meune peaxoro o6peaaunst nnst 

xoa<Jl<!JnuneaToa npoxomneu~sr 

Tv ( £· )={ 1 e v . 
0 

R 
e .< e · = v' 21L (E ":" v ; • _aa 

m v V V .fi 

3necb R -pannyc aaanMonelicTang, IL v· -npnaeneuuag Macca stnpa _H 
aa 

V ofi · 
ncnymeunoH: 'ISCTIIUhi, v_-xynonoacx~H: 6apbep v - 'ISCTHUhi. B npnn-

unne, a paMxax npennomeanoro MeToJ:ta' MO>KHO yqecTb n 6onee TO'IHoe 
v ' 

abxpa>KeHHe Allst T e ( E v). 

OnncaHHbiH: MeTon pacqeTa peannayeTcst c noMOillbJO nporpaMMhi, nann

cauuoli Ha st3biKe <POPTPAH Allst 8BM E8CM-6 ·a anne , YA06HoM Allst pe-
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iiieHMH. WMpOKOI'O Kpyra· .PnautiecKMX. aaaatJ. Dnsr BbltJHCneHMR' IPYHKUHii B03-

6y~eHMH npM Ka~aoA.saeprMM TSI~enoro HOH8 MoaSnHpOBanMCb 400~700 

ucnapuTenbHhiX KacKaaoB. Ha puc. 1,2 noKaaaHhi Tu.mitJHhte cTaTMCTMtJec-

t<ite OWH6KM' pactJeTHbiX BenMtJMH. 

PeaynbTaT.hi pactJeTa u nx o6cy~neuMe · 

Dnsr auanuaa ljlyaKuMti Boa6y~aeuusr, Bbt6paHhi ,cneaytomf!e peaKmm: 

144Nd( 12 C, xn) 156-" l>y 

136·<. 20 .· .. 156-l< 
.. Ba( Ne~xn) Dy 

116·Cd ( 40Ar, xn) 156-"Dy l X = 5,6, 7 

130 12 . 142-" 
Te( C,xn) .. Ce, X 4 -.; 10 

130' ~ 12 . 135 
Te( C,p6n) La 

130 12 138-l< . 
Te( C,axn) Ba, X=J-9. 

·flpe~e BCero cneayeT OTMeTMTb, 'ITO 9TH. peaKUMM 9KCIIGpHMeHTanb

HO' II3ytJeHbi aau6onee nonao~ a conocTaBneaMe uaMepeaMti, BhmonaeHHhiX 

pa3Hb!MM 8BT0p8MM 1 II03BOnSieT oueHHTb aeonpeaeneHHDCTb lfMeiOJJIMXCSI 

aaHHhiX. KpoMe Toro, COBMeCTHbJil: aaanua nepBbJX Tpex M3 yKaaaHHhiX BhJWe 

peaKUM·fi, KOTOpb!e HayT qepe3 o6pa30B8HMe COCT8BHDI'.O 
156 . 

Hapa · Dy , aaeT 

B03MO~HOCTb npocnellMTb BniiSIHMe yrnDBOI'O MOMeHT8 H8 ljlyHKUMM B036y~-

.neHIIH. Eonbwoe tJllcrio M3MepeUHblX OCT8TOtJHbiX sraep SIBnSieTCSI npMBneKa-
12 oo I 

TenbHOti qepToti peaKUMM C + Te x • 

x/ 
Mbl IIOK8 MCKniOtJMnM M3 paCCMOTpeHHH TSI~enbie COCT8BHbJe Hnpa, 

rae aeo6xoaMMD YtJMTbJBaTb KOHKYP.eHunro aeneHHSI Haep. 

6 

\ 

•' . 

B pactJeTe .PnrypMpytoT 

--.1. r01 -rrapaMe~ 
.• ' . . . 1 

napa a = rrr 2 (A 
CH 01 · . H 

rae A. M ·A .. -aTOMHl 
' II . M 

' 
II Hapa-MHWeHH, .' V >. 

+ srapoj : . E· '-sueprHSI 

2. · r0 . -rrapaMeTp 
._ ~~·· 

rnaBHbiM o6paaoM,· ua 

BTOplltJHblX tJSCTHUt 
". 
•3.:, ./ · -MOMeHT' I 

4. a -napaMeTp J 

OaaaKo aanntJne · ~ 

6onbWOI'O IIpOM3BDna.B 

MeTpOB aonJi<ea OIIHC8TI 

HO M. T8KHe X8p8KTepHC~ 

peaeneHMSI n MHo~ecTBE 

H81IDMHHTb1 'ITO nonynH; 

npeauaaaatJeauaH an~ o 

Boa6y~eHMH B peaKUHSI 

.llBa napaMeTpa. 

3aatJeHMSI napaMeT 

· r 01 = ( 1,1 -·1;5) • 10 -IJ 

·a = (0,05-o,]·jMaB-f 

r.ne 1 T~.T. 2 
0,4mNro 

. sra.pa ( m N ~Macca uyK; 

ITapaMeTp r 01 o: 

eT aa nono~eane MaKcM 



.· Bbl'JHcneHHR ·· cflyHKUlli!: Bos

~oJ:tE!nnponannc.h lt00-700 

,J .TlUIH'IJHble .CT8THCTH'IJeC-

.c: • 

thi,cnenyiOnu.le peaKunn: 

.. ·, 

r, pe8KUHH SKCni3pHMeHT8nb-

fli3MepeHHi!:, BbinOnHeHHbiX 

lelneHHOCTb llMeiOutHXCH 

biX .Tpex ns yKasaHHhiX BhiWe 

156 ' 
ranaoro · Hnpa · Dy ,· naeT 

~eHT8 H8 cflyHKUHH Bos6ym-

: .HAep HBnHeTcH npnaneKa-

rHmenbie COCT8BHbie .H.npa, 

1 
I 

i 
-:j 
l 
! ,. 

I. 

'l 

B pac'IJeTe cflnrypnpyiOT 'IJeTbipe napaMeTpa: 

.1. T Ol -napaMe~p, CBH38HHbiil: C Ce'IJeHHeM o6p830B8HHH COCT8BHOro 

Hnpa a "r 2 (A Ih + A Ih ) 2 
( 1 - V /E), 

CH 01 H M ... 

rAe , A. H. 'A · -aTOMHbie BeCa COOTBeTCTBeHHO .nnH HaneTaiOutero ·HOH8 ..... 
· H M 

H Hllp8-MHWeHH0 V · -X:ynoHoBcKnli 6apbep nnH nsanMonelicTBH~ HOH + . 

+ Hnpo, : . E -aHeprnH mipBH'IHoro noHa a c.u.M • 

2. · r0 -napaMeTp, xapaKTepnsyromni!: paAnyc Hnpa n BnHHIOll!Hi!:l 

rnaBHbiM o6pa30M 1 H8 Bb!COTY KynoHOBCKoro 6apbepa AnSI ncnyCK8eMbiX 

BTOpH'IJHbiX 'IJ8CTHU; 

3.'· . ./ -MOMeHT HHepUHH Hnpa; 

4. a -napaMeTp nnoTHOCTH yponaen. 

OnHaKo Hann'IJHe 'IJeTbipex napaMeTpon He osaaqaeT cymecTnoBaHHH 

6onhworo nponsnona B HX Bbi6ope. nettCTBHTenbH01 A8HHhlfi Ha6op napa

MeTpOB AOnJKeH onncaTb He TOnhKO p83H006pa3Hbl9 !flyHKUHH nos6ymA~H~H1 
HO H. T8KHe xap8KTepHCTHKH 1 !<8K SHepreTH'IJ9CKHe cneKTpbi1 yrnOBbie pacn

P.etteneHHSI n MiwmecTnenaoCTh B.TopH'IHbiX 'IJSCTHU (eM. 1 111 ) •. ~MeCTHO. . 

H8fiOMHHTh1 'ITO nonynstpH8SJ cpeAH SKCnepHM9HT8TOpOB MOAenb nmeKCOH~/ 131, 

npeAH83HS'IJeHH8~ nnH OnH~SHHSJ nHWb OTHOCHTenhHoro noneneHHSI cflyHKUHfi 

Bos6ymneHHSI B peaKUHSIX C HcnyCK8HH9M TOnhKO H9fiTpOHOB 0 ncnonbsyeT 

Ana napaMeTpa. 

3Ha'IJeHHH napaMeTpon napbnponannch a npenenax: 

-u J -u 
. 7

01 = (1,1-J;5~·JO CM, 'o = (1,1-1,5.•10 CMt 

·a =(0,05-0,l)Maa-f I (0,7-2)1 ' 
' 

2 
:i/ J . . . TBoTo 

0,4m N r 0 A - TnepAoTenhHoe· snaqeaue MoMeHTa nnepuun rne 
I , 

TB.To. 

SIApa ( m N .;.Macca HyKnoaa). 

ITapaMeTp r 01 onpeAenHeT ce'IJeane peaKunn u, KpoMe Toro, nnnst"7 

eT aa nonomeane MaKCHMyMa IJiyHKunn nos6ymnennH •tepes MaKCHManhHhifi 

. ' ~ ' 



yrnoBoli MOMeHT, BHOCUMbiit B SIJlpOo Hauoonee onU3KO aKCIIepuMeHTy COOT

BeTCT~yiOT tPYHKUUU B03oymJleHUSI 0 paCC"'UTBHHbie C T Of . = 1,5' 10;..1S CM, 

3To aHa"<IeHne cornacyeTcst c peaynhTaToM aHanuaa ceqeJi:nfi stJlepHbiX peaK

unit I 14,15/. 

BnnstHrre. rrapaMeTpoB r 0 n ll .rum o6cy)!(JlaeMbiX peaKunfi rroKaaaHo 

liB puc, 1,2, KaK BIIJlHO, IIOB~JleHIIe tPYHKUli!i B030y)!(Jle}IUSI Herrnoxo BOCIIpo

II3BOJlUTCSI .Bbl OOpOM rrapaMeTpOB B rrpenenax r
0 

= ( 1,1~1,2) 10-13cM, a = 

=(0,05-0,10) MaB-1 11 I = I • 3aMeTHI>re pacxomJleHust HaonroJlaJOTcst 
TB,T, 

niillih Jlnst peaKunfi c ncrrycKaHIIeM a -"<IacTuu (eM, puc, 2). Oi:lllaKo 3JleCh 

UMeeTCSI BKna)l OT IIpSIMbiX peaKUIIIi, 0 "'eM CBIIJleTenhCTByeT II tPOpMa ·tPYHK-
. . /20/ 0 

UIIIi Boaoy)!(JleHnst . • 6pamaeT Ha ce6st BHIIMaHue pacxomJleHIIe B II3Me-

peHIISIX pa3HbiX 8BTOpOB~ 3To p8CXO)!(JleHne OTMe"<IaeTCH K8K B rronomeHHli 

MBKCHMyMat TaK ll B, aoCOniOTHOii BenU"'UHe tPYHKUHII B03oymJleHUH ( CM, 

. puc. 1,8,9). ITpu"<IeM paanuque CK83biBaeTCH. cnnhHee. JlnH U30TOIIOB, oopaao-

BaHHblX IIOCne aMHCCllll 38pstmeHHblX "'BCTIIU, 

ITo. peaynhTaTaM Bbi"<Incneault, rrpnBeJleHHbiM Ha pnc. 1,2, MomHo rrpocne-

JliiTh·, "'TO yMeJihllieHUe TO IIpiiBOJlUT K IIOJlBBneHIIIO KaHanoB pe8KUIIII C 

liCIIyCKBHUeM 38pHmeHitbiX "'8CTIIU 0 COOTBeTCTBeHHO yBenii"'IIBBH Ce"<IeHHe 

peaKUIIII U" n , C Jlpyrolt CTOpOHbi 0 1!3MeHHIOlli8HCH IIpii aTOM BpaiiiaTenh-
. . 2 2 . 

HBH aHepriiSI lj rot =1i /, f2I OoycnoBniiBaeT CJlBIII" MBKCIIMyMa tPYliKUHII 

B030y)!(JleHIISio 06paTHOe BniiSIHHe Ha Ce"<IeHHSI OK83biB8eT li3MeHeit1Ie IIapaMeT

pa a : C yMeHhllieHHeM a B03pacTaeT aMIICCliSI 3apstmeJI}IbiX "'BCTHU (II, 

cneJlOBaTenhJIO, IIOIIMmaeTcst a xn ~ ITpn aToM 3a c•IeT B03pacTaJIHSI cpeJlHefi 

aHeprlili1 .YHOCIIMOti BTOpii"'HOti "'llCTIIUefi, MaKCIIMYM tPYHKUIIfi B03oymJleHIISI 

CJlBnraeTCH B cTopouy 6bnhlli1IX a!Iepriiii, ITo-BJIJliiMoMy, Heorrpe.neneauocTh 

B BbiOOpe rrapaMeTpa rrnoTHOCTH ypOBHeti: a HBliOOnee CHnhHO BnMHeT Ha 

cpyHKUHll B03oymneHHSI, 

To"<IJIOCTh, c KOTopofi onpeJlensteTcst rronomeHne MaKcnMyMa tPYHKUHM 

B03oymneH1ISI1 38BIICIIT OT TOI"01 HBCKOnhKO. XOpOlliO II3BeCTHbl aHepr1IH. CBSI3H 

8 

.. · 

"<IacTnu B·v ; Bo · Bcex 1 

Ka.~~poHa /2 1( llnH ~et 
156 .• ~ . 

. Dy , 6I>mn· BbiiTOnH_e~ 

3Ha "<IeHnfi · B · · ·, a TaM, . v . 

B cnyqae Hnep Dr · aT 

B030y)!(JleH!fR1. HII ee a6c1 

.KcnMaunn nnst B v . ( El · T 

onnHaK oBo ycnemHbiM: n. 

'oTnenbHbiX cny"<Iastx MomE 

Ha nonomeHne ·MaKe 

TO"'HOCTb onpeneneHnst· a1 

KacKan nnM, npyrnMII cnc 

BeTCTBHll c'ypaBHeHHeM 

V .B03MO)I!:HO IIpii·. ycnoB 

Bo36ymaeanHx, .T.e. Bonii: 

ypOBHefi,. ll BniiSIHJie. SIJlep 
. ' 

MoMeJITa IIHepuii~ stnpa o· 

3TO IlpHBO)liiT·K·II3MeHeH 

MyMa' tPYliKUliii B030y)!(Jlef. . . . . 

unn I = k 1 . •.·· ( rne 
TB,T, 

oy.)!(JleHIISI .• 'U H yrnoBOI"I 
.. 

cornaciiH pa·c"<IeTa. c orrbr~ 

M omuo · 6onee TO"'HO 
·;..: 

_IIpliHSITb ~0 .BHIIMBHHe BO< 

.II •Y -KBaHTOB IIpii oonee 

rrpnHunn JleTanhHoro ·oana 

.KBBHTOB0 :IiMeeM 

_..,, 
~ .... 

r 



3KO aKCIIepUMeHTy COOT

. r OI = 1,5 • 10;_;13 CM. 

1 ceqeautt stnepHhtx peaK-

biX peaKUUfi IIOKa3aHO 

K.Uenust.Hennoxo eocnpo-

1,1.-1,2) l0-13cM1 a = 

XO:>K.lleHUSI HaomonaiOTCSI 

1. puc. 2). OnmiKo snecb 

!nbC~ByeT U !j:lopMa · ¢yHK-

[e pacxo:>KneHue B usMe

!TCst KaK B nono:>KeHUU 

[ ·, B030Y:>K.lleHUS! ( CM. 

nnst usoTonoe, o6paso-

•. puc •. 1,2, MO:>KHO npocne

o:KaHanoe peaKuuu c 

Y:Benuqrmast ceqenue 

:st npu ·aToM epamaTenh

• MaKCUMY:Ma ¢yHKUUU 

saeT. H3Meaetme rrapaMeT

~~pstmeJIHhiX 'laCTUU ( H1 

eTBospacTaHust cpermefi 

. ¢yHKUHfi Bosoy:>KneH~st 

oMy, HeorrpeneneHuocTb 

nee CUnbHO BnusteT Ha 

[e MaKCifMyMa !j:lyHKUUU 

lf3BeCTHhi SHeprUU CBS13U 

,. 

l 
I . 

J· 

1 

. ,. 

qacTuu B·v Bo: Bcex Bapua·HTax pac"<JeTa. Bv Bhi'lUCnstnucb rio ¢opMynaM · . 

Ka_M!'!POHa '
211

• nnst peaKuutt, 8' KOTOpbiX ~6pasyeTCSI COCT~BHOe stnpo 
u6 · · · · . ·. .· :·: · · · ··. · 

Dy , ohmH Bbiiionae~hi pac"<JeThi c ucrronhsoBl:lHHeM sKcnepuMe~TanhHhiX ; 

3Ha'leHHfi · 8 V · · 1 a TaM., rne OHH OTCyTC·TBOBanH, - 3HatteHHfi US ·::paoOTbrf22/ •·· 

B cnyttae stnep Dy aTo He HsMeHuno. HH· rronoR<eHHst MaKcU~YI\1.a ¢YHKUUif 

eos6y:>KneH~si,· HH ee a6conroTHofi eenuttUHhi. Ho ucrionhsoBaHHe niooofi arrrrpo

.KCHMaUHH .llnst 8 v ( B TOM ~mcne U !j:lopMyn 'kaM.epoHa /21/, He S!BnsteTCSI. ·:. 

onHHaKoBri ycrreiiiHhiM: nnst Be ex o6nacTeti rrepuonHttecKolt Taonuuht H B 

oTnenhHhiX cnyttastx MO:>KeT rrpHBO.llUTb K cneury MaKcuMyMa Ha 5-10 Mae. 

Ha rrono:>KeHHe ·MaKCHMyMa ¢yHKuHu eos6y:>KneHusr BnHsreT TaK:>Ke He.~· . 

TO'lHOCTb OllpeneneHHSI SHepi'Uif, llplf KOTOpolt OOpbiB8eTCSI .lfCII8pUTenbHhlfi 

K8CK8.ll Unlf1 npyrUMif CnOB8MU1 - aHepruu, YHOCUMOli •Y -KB8HT8Mife. B COOT-. 

BeTCTBHU C . ypaBHeHHeM ( 8) HCIIyCKSHHe B03oy:>K.lleHHhiM S!.llpOM ·ttaCTHUhl Tlfll8 ... ... 
V . B03MO:>KHO II pH· ycnoBUif U -Bv- V -U >O;flpH HeoonhiiiHX "TerrnoBhtX" . v 701 

B03oy:>KneHUSIX1 T.e. BonU31f U rot 1 srnpo ooitanaeT eme .llUCKpeTHofi CXeMofi .. 

ypoBHefi, If enustHife. smepHofi CTPYKTYPhi MO:>KeT nposrensrTbC.II B oTnU'lUH 

MoMeHTa uHepuuu srnpa oT ero TBepnoTenbHoro sHa'leHitst, I ,;, 1 !231 
TB.T. 

3TO llpUBO.llUT K lf3MeHeHUIO U rot 11 1 B KOHe'lHOM HTOI'e1 K C.llBHI'y M~KCit-

MyMa• !j:lyHKUUII Bos6y:>KneHUS!e cPopManbHhlfi ytteT 3TOI'O !j:laKT~ llyTeM. 'eapua-

UifU I = k 1 (rne k - KDHCTa~Ta, He saeHcruuasr OT sueprmi eos-· 
TB.T. 

6y.:>KneHHsr .U H yrnoeoro MoMeHTa I· stnp.;t)cymecTBeJIHo He ynyttlllaeT .. 
cornacHsr pacqeTa c OllhiTOM. · 

Mo:>KHD · 6onee TottHo oucilHIITb sHeprHIO, yHocHMYIO •Y -KBaHTaMu, ecnH 

llpiiHS!Tb BO BHIIM8HUe B03MO:>KHOCTb KOHKypeHUiflf Me)IC.llY SMIICCHefi .ttaCTIIU 

li •Y -KBaHTOB llpl! oonee BbiCOKHX 3Hepi'liSIX. nefiCTBUTenbH0 1 . liCIIOnh3Yli 

npHHUHII neTanbHDI'O oanaHC8 nnsr rrapunanbHOH Illllpl!Hhi liCIIyCKaHJISI •Y -

KB8HTDB~ .HMeeM 

.9 



r Y rv .. J J 
1 

2rr 2 

u 
3 

(1i cl r 
U rot' 

a( E ) 
·Y 

p(U-E ,1) 
. · y E 2 dE 

. p(U,l) Y Y (4) 

npn BbiBOll6 ypaBHeHHSI ( 4) CllenaHO npennono>KeHne, 'ITO OCHOBHOJl 

BKnan _naiOT nnnon&Hbie nepexonbx, npnqe~ p(U1,I}: p(~,l-:-1) = p( U 1 , L,+ 1); 

Toi'na ceqeane noi'nomeanst y -KBaHTa c aaepl'JH~Il E , a (E )Mo>Kao 
•Y ·Y 

OTO>Kll6CTBHTh C 9KCnepHM6HTanhliO H3Mf!!pSI6MbiM ceqeimeM . tPOTOUOI'nOIUe-

Hl!SI B o5nacTn I'HI'aHTCKOI'o peaonanca. nocnennee ynoono annpoKCHMnpo-:

BaTh $yn~unell anna: 

~ ( E.y) (1 

0 

r 2 E 2 
. y 

( E 2 _ E 2) 2 + ·f 
y R 

2E:Z 
·Y 

( 5) 

I'lle r -nmpuna I'l!I'8HTCKOI'O peaonauca, ' E R = 82. A -1!3 MaB - nono

>Kenne 61'0 M8KCHMyMa /24/; napaMeTp a MO>KHO onpenenHTh H3 .npaBHna 
0 

/24/ 
CYMM 

(a(E )dE ' y y 0,06 

TaKHM oopaaoM, nonyqaeM 

(A- Z)Z 

A 

(1 

0 
0,06 

(A-Z)Z 

A 

2 

rrof · • 

CooTHolllenne ( 4) ne y'iHTbiBaeT TOHKoti cTpyKTYPbi I'HI'aHTCKOI'O p·e-

aonanca n axnana .y -nepexonoB 5onee Bbxcoxoti Myn&Tnnon&nocTn, onnaxo 

naeT aoaMc>>KHOCTh ouennT& ocnoany10 non10 ' r (U; I) , a npn 5on&lllefi 
·Y 

neTannaaunn p ( U • 1) na>Ke nennoxo onncbiBaeT pannaunoHHbie lliHpHHbi 

/25/ H6HTpOHHbiX pe30H8HCOB · • 

Ha puc·~ 3 noxaaima 38BHCHMOCTh r n I ('f,y + r n) OT , Tennoaoil" 

anepl'HH B030Y>Kll6HHSI nnn stnpa I 
53 Dy. B'bi'iHcneHHSI r n BbmonHeHbi no 

10 

I 

. ' /21 
ti>opMynaM paooTbi 

Ten&aoe yBennqenne 

CBSI3H HeltTpoaa. C yE 

nponanneTcst cnn&Hee. 

B paMxax pace~ 

•Y -KBaHTOB npHBOJlll'l 

HHSI. B CTOpOHY oonpllll 

axcnepnMenTanhHOI'O ·' 

npoaecTn 5onee neTa~ 

Ha conocTaBnem 

TO'IK8MH H6TpyllHO 381 

TaHHbiX lf!yaxuntt aoa5~ 

aaMeTaee, 'ieM TSI>Ken 

, , OCOOblft liHTepec B CBSI:3 

B030Y>Kll6HdSI BenH'iliHJ 

KOTOpOI'O COCT8BH06Sl 

pnc. '1 BllllH01 'ITO CKI 

B6ChM8. 'lyBCTBHTe~hHl 

>KeHHbiX qacTuu. · K · To 

H aepaBHOMCHb?OI 

un10 nony'leHHbiX peay1 

nHlllb aec&Ma npnonH>K 

nnst .TOI'01 'iTOOb 

MoMeH~a annsteT Ha ¢ 

C paanH'iHbiMH 3H8'16HI 

na puc. 5-12. Bunno, 



(4) 

>nomenne1 'iTO OCHOBHOA 

l:·p(ut,I~I):p(f,/1 , I..+ I); 

,rnefi E 1 u (E ) .Momno 
•Y ·Y 

CeqeimeM .tPOTOllOI'nOtlle-

ee yao6no annpoKCHMnpo-

(5) 

82·A-113 MaB -: nono-

10 onpeaennTh na .~paanna 

2 

pyKTypbi rnranTcKoro pe-
'· 

MynhTHllOnbliOCTII1 OUHaKO 

(~~~) 1 a npn 6onhrnelt 

paanaunonnbxe rnnpHHbi 

9HHH r n BbinOnHeHbl no 

1 

/26/ 
ljlopMynaM pa60Tbl C yqeTOM yrnoBOI'O MOMeHTao KaK BHUH01 3Ha'iH-

TenhH09 yaennqenne aMnccnn ·Y -KBaHTOB nponcxoanT a6nnan aneprnn 

CBH3H HefiTpOHao C yBenH'i9Hli9M napaMeTpa nnOTliOCTII ypoBHeA STOT a!jJ!jleKT 

npOHBnHeTCH CllnhHee. 

B paMKax paccMaTpnaaeMofi Moaenn yqeT KOUKypenunn ncnycKaUHH 

•Y -KB8liTOB npHBOUHT K CUBHI'y nonomeHHSl MaKCHMyMa tPYHKUHfi B036ymae

Hl1Sl B cTopony 6onbrnnx aneprna (eM. pnc. 4). OanaKo neonpeaenennocTh 

aKcnepnMeHTanhHoro onpeaeneHHst nonomennst MaKCHMyMa ne noaaonsteT 

npoaecTH 6onee aeTanbllhlfi aHanna. 

:Ha conocTaBnemm TeopeTn'ieCKHX KpHBbiX c aKcnepnMeHTanhHbiMH 

TO'l:KaMH UeTpyaHo 3aMeTHTb1 'iTO BbiCOKOaHepreTH'ieCKHe 'XBOCTbi"' paCC'iH-

TaHHbiX ljlynKunfi Boa6ymaeunst 6onee nonorne1 npn'ieM pacxo~eune TeM 

aaMeTHee, 'l:eM THmenee uaneTa!OtllHfi HoH. 3To pacxomaeHHe npeacTaBnsteT 

,OC06btfi HHTepec B CBH3H C Haae~aMH H3Bneqb H3 HaKnOHa 'XBOCTa' tPYHKUHH 

aoa6y~eHifst aenH'iHHy "KpHTH'ieCKoro"' yrnosoro MoMenTa I ' 1 Bbtrne 
. Kp. 

KOToporo cocTaBJtoe smpo ue MomeT 6btTb o6pa3oaano I 18/. OanaKo. H3 

pHCo '1 BHUH01 'iTO CKOpOCTb cnaaa tPYHKUHH B036y~eHHH C pOCTOM aH~pi'HH 

BeCbM8 'iYBCTBHTe~bHa K napaMeTpy a H1 cneaoBaTenhH0 1 K SMHCCHH aapst

meHHbiX qacTnu. K TOMY me B aTy qacTb tPYHKUHH aoa6y~eHHH aa10T BKnaa 

H nepaanoaecJtbie npoueccbt 1291 , 'iTo eme 6onee aaTpyaJtHeT HHTepnpeTa

UHIO_nonyqeJtHbiX peaynbTaToB. TaKHM o6pa30M1 ll8HHbtil: MeTOil MomeT aaTb 
~· 

nnrnh aecbMa npn6nnmeHHbte 3Ha'l:eHHst I Kp 

nnH TOI'0 1 'iT06bi BbiSlCHHTb, KaK . BBeaeHHe 'KpHTH'ieCKOI'O"' yrnOBOI'O 

MOMeHT8 BnHsteT Ha tPYH.KUHH Boa6ymJl~HHSl1 6binH npoBeaeHbi Bbl'JHCneJtHH 

C pa3nH'iHbiMH 3Jta'l:eHHSlMH I • PeaynbTaTbi pacqeToB npeacTaBneubi 
Kp 

na pnc. 5-12. BnaJto1 'iTO cornacne c onbiTOM HecKonhKO ynyqrnaeTcst. Cne-

11 



nyeT OTMeTHTb, qTo nenuquna I , onpeneneHHaH ua ycnonug naunyqruero 
Kp 

cornacug c onbiTOM1 pacTeT c nepexonoM K HoHaM 6onbrueit MaCChi, 3ToT 

peaynhTaT cornacyeTCH c npencKaaaHHHMH Monenu KanuHKHHa u ITeTKona1271 . . . 
HO npoTunopequT CHCT9MaTHKe HaTonuqa 1281, 

Eonee onpeneneHHbiit nhmon o nenuqune I K. MO)!{Ho cnenaTb ua ana-. p 

nuaa noneneHHH cyMMapHbiX ceqenuit I. u u I. ( u + . u ) 
· " xn x xn a xn 

llnH peaKuuu, npencTaBneHHoit Ha puc. 13, nenuquny "KpHTHqecKoro" yrno

noro MO.M9HTa MO)!{HO OU91IHTb KaK f Kp :: 301f 1 qTo CornacyeTCH CO 3Ha

qeHH9M1 npencKaaaHHbiM n pa6oTe /27 I. 

3aKnroqenue 

Ha npuaeneHHhiX naHHhiX nunno, qTo MeTon pacqeTa noneneHHH _nhxcoKo

aoa6y~eHHoro Hnpa c 6onblliHM yrnoBbiM MoMeHToM, npenno*eHHhiit n pa-

6oTe I 11 I, nocTaToqno xoporuo nocnpouanonuT xon 4JynKunit aoa6y~eHHH> · 

ITpu ncnonbaonanuu anaqenutt napaMeTpon r 
01 

= 1,5• w- 13 cM, · a = 

·= (0,05 -·0,10) Man -1, 'o = (1,1- 1,2)' w-18 CM HI= jTn,T: 

CO'lOHHH nhiXona H30Tonon MoryT Ob!Tb OU9H9Hbl C TOqHOCTb!O no MHO)!{HTe

nSt k : ( 2 .. 3) 1 a non0)!{9HH9 MaKCHMyMa 4JyHKUHH B030Y)!{lt9HHH - C Toq-

HOCTbro·no ·6U:: (5 .. ·to) Man. llnH Toro, qTo6bx nonyqnTb 6onee neTanb-

HYID un4JopMauuro o npouecce CHHTHH noa6y)K!(eHHH, Tpe6yroTCSI 6onee Toqnhxe 

H3M9p9HHH 4JyliKUHfi B030Y~9HHH, 

CquTaeM npHHTHbiM nonroM nhxpa3HTb naruy npH3H!lTenbHOCTb 

aKaneMHKY r.H. cl>nepony 3a CTHMynupyromufi IIHTepec K paooTe, B.c. Eapa..; 

rneHKony, B.A. Kapnayxony, B. Hofi6epTy, IO,U, Oral!eCHliY -. 3a noneal!bie 

COB9Tbl H U011Hbl9 OOCY>Kn911HH, 

I 
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. .II na ycnoBH.II aannyqruero 

1 6onbrueil: MaCChi. 3ToT ·· 

KannHKHHa n ITeTKoBa/27/ 

MOmHO CAenaTb H3 aHa-

(a + a ) 
xn a xn 

IY "KpnTnqecKoro" yrno

To cor~acyeTC.II co aaa-

• 

BC'IeTa ITOB9A9HH.II Bb!COKO

>M; npeAnomeHHhitt B pa-

. 4JyHKUHil: B036ymA(llm.ll.; · 

1,5 • 10-J~ CM1 • a = 
IS c~ ~ I = j • 

TBoTo 
TO'IHOCTbiD AO MHOmHTe

oa6yWteim.ll - c Toq-

crony'IHTb 6onee AeTanb-

Tpe6yroTC.II · 6onee TO'IHhie 

rpH3H!lTOnbHOCTb .· 

1ec K .pa6oTe, B.c. Bapa...; 

raaec.11Hy -, sa noneOIIhiO 

. · ./ 

l 
i . I 

I 
i 
I 
I. 

'l 

flnTepaTypa 

1. G •. N .F1erov, V .A.Karnaukhov. Compt.Rend.Congr. Intern~ 
Phys.Nuc1., Paris, ! 1 373 (1964). 

2.T.Sikke1and, F.L.Haines, V.E.Vio1a. Phys.Rev., 125, 
1350 (1962) • 

3. 10. u. OraHOC.IIH, IO.B. flo6aHOB, B.H. MapKoB,' r.H. ¢nepoB.· )J(3Tct>,. 
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{1964) • 

17. J.B.Natowitz, J.M.A1exander. Phys.Rev., 188, 1734 
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,18. r. KyMn4J, B.A. KapHayxoB. )!(3T¢, ~ 1'546 ( 1964). 
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PyKoniicb nocTyniina B M3JlaTenbCKMA OTJlen 
· 14 Mron.H 1972 rolla. 
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PIIc,· 1. cl>yHKUIIM Boa6~ 

3KcnepMMeHTanbHbte T£ 
pacc'IHTaiJbi JlnH cneJly 
r = 1 2• ·w-13 CM' (, 0 • 
= 1,2• JQ-:-13-cM (nyHK' 
pbiBIICT8H Kp!fB8H C .. TO" 
pb1BIICT8H KpiiB8H C JiB: 
nMO}KeiJO 'oi·:.·1,5•] 



lJaMCYTilHHoB, HryeH 
a, ·1971. · ··-

' .1021 (1957). 

t UCRL-11980 (1965) • 

1967) •. 

! peaKUHH", To II 

ru •. B KH. i'Nuc1ear Data 
A~~Vienna, ~~70. 

57, 814 (1967) • 

Po1onica, 25, 265 

1970) • 

fi.RH, P7 -6338, ny6ua, 

B H3/l8TenbCKHft OT/len 

1972 rolla. .., '• 

~·· 
lJ 
) 

. . I 16 d 40A . 156-~D . . 
Puc.· 1. cl>yHKUHH Boa6y>KJl9HHSI JlnSI peaKUHH. c ( r' :xn) r :X=5 ,6' 7 . 
3KcnepHMeHTanbHbie TO'IKH B3SITbi ua pa6oTbi I 16/. TeopeTH'IecKHe KfHBbie . 
pacc'IHTBHbi JlnSI cnellyiOIUHX · aHa'leHHii napaMeTpoB: 1. a =0, 1 M aB- , 
'o = 1,2· ·IQ-18 CM (cnnOIIIHBSI KpHBaSI); 2. a,= 0,05 MaB-1,. 'o = .. 
= 1,2. IQ-13 ·eM (nyHKTHp); 3. a. 0,1 MaB-11 r 0 = 1,1. 1o-1S __ CM (npe
pb!BHCTBSI KpHBBSI c TO'IK«;>ft); 4 • .-(1 = 0,05 MaB-, r0 = 1,1•10-18 cM(npe.:. 
pbiBHCTaSI KpHBaSI c .llBYMSI TO'IKaMH). Bo. Bcex npuBelleHHbiX peaynbTaTax 
fiM0)!{9HO r Ol = 1,5 • IQ-13 CM .H J = J TB.T. 
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