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BBe.aeHHe 

KaK 6bmo noKa3aHO B PSlll0 9KenepUM0HTSnbHblX pa6oT 11 - 31, 3Ha"IUTenb

H8Sl "laeTb B38HMOJlefieTBHft TIDKenbIX HOHOB e SIJlpaMH H)leT e o6pa30BaHH0M 

eoeTSBHOI'O SIJlpa. 0TnH"lllT0llbHOH "lepToft 3THX peaKUHH SIBnSleTCSI B03MO:lK

HOeTb nony"leHIISI BbleOKOB036y:lKJl0HHblX Slll0P e 6onbWHM yrnOBblM MOMeHTOM. 

TaKoe SlllPO eHHMaeT esoe B036y:lKJl0Hlle nyTeM uenyeKaHHSI HeeKOnbKHX "lae

TIIU 11 noeneJly10meii. :aM11ee11eft y - KBaHTOB x). CneJlyeT OTMeTHTb, "ITO 11e-

::'· nyeKSHlle qaeTUU KOHKyp11pyeT e 11enyeKaH1IeM y - KBSHTOB, Ii 3Ta · KOHKyp~HUIISI 

oeo6eHHO BSlKHS Ha KOH0"1HOH eTSJlllll eHSlTIISl B036Y:lKJl0HllSl. 

OnneaH11e IlOBeJleHHSl BbleOKOB036y:lKJJ:0HHOI'O SIJJ:pa B03MO:lKHO Ha oeHOBe 

eTaTHeTH"leeKOH Teop1111 14- 61 • EonbWHe yrnoBble MOM0HTbl Slllep noasonSIIOT 

ynpoeTHTb 9TO onneaane, nenonbaosas KnaeeuqeeKHfi noJJ:XOJJ:, paasHTblfi a pa

: 6~TaX 16 ' 7 /. 0JlH8KO TeopeTH"leeKHe pae"leTbl OTHOCSITesr, B oeHOBHOM, K OJJ:

--.. g·oKpaTHOMY nenyeKaH1110 qaeTHU 
17- 111; noeneJJ:oBaTenbHoe "uenapeHne" Hee

:·_ KOnbKUX qaeTUU nnn, HHS"le I'OBOpSI, KaeKaJJ:Hblft xapaKTep nenapeHHSl Y"IHTbl

:•Baneg, KaK npas11no, n11wb np116n11:lKeHHO 112- 151• Bee :aTo aaTpyJJ:HS1no Henoe

peJJ:eTBeHHOe epaBHeHHe e OilblTOM. 

noeneJlOBST0llbHblH y"leT ll3M0H0HIISI xapaKTepHeTHK B036YlKJJ:0HHOI'O SIil-

' PS B xoJJ:e npoueeea 11enapeHHS1 Bb1nonaea B pa6oTax 116- 191 JJ:nSI eny"laSI, Kor

Ila MO:lKHO npeHe6pe"lb BnHSlHll0M yrnosoro MOM0HTa. B pa6oTe 1161 JJ:nSI 3TO

ro pewanaeb eneTeMa eooTBeTeTBYIOlllllX. aauennSIIOlllHXe SI ypaBHeHHH; SB TOP bl 

_pa6oT Jl 7-l 9 / nonyq11n11 pe3ynbTaTbl e noMOlllbIO MeToJJ:a MoHTe-Kapno. He-

: x) MbI He paccMarp1rnaeM HJiepHbie peaK11H11 Ha TH>KenbIX HJipax, r,ae cymecr
neHHYIO ponb HrpaeT npouecc ~eneHHH u,aep. 
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1onb30BBHIIe MeTona MoHTe-Kapno, ecTeCTBeHHO, OTpa>KaeT CTOXaCTJiqecKHH 

rnpaKTep aanaqH. 

B HaCT05IllleH pa6oTe nccnenyeTC:SI, _B381IM()nef1CTBHe T:st>Ke'ni.1x HOHOB C -
~:.:.... 

mpaMH, Hnymee qepea o6pa3oaaHHe cocTaBHoro Sinpa, Korna cy111ecTBeHHy10 

)Onb HrpalOT COCTOSIHIISI C 6onblllllMII 3HaqeHl!SIMll yrnoaoro MOMeHTa II SHep

lII! B036y>KneHHSI. KoHKpeTH,blll pacqeT Bb!IIOnHeH MeTonoM MoHTe-Kapno nnSI 

,eaKuHii 
59

Ni + 160 ( E O = 160 Msa), 
64Cu + 40 Ar ( - E O = 200. Msa) u 11 td+ 40Ar 

E =- 180-260 Msa) x). 
n 

Hcnonb3yeMaH Moaenb H o6mllA nopHaoK pacqera 

ITpu OIIHCaHHH HCIIYCK8HHSI qacTHllbl V C Kl!HeT11qecKOll 8Hepr1Ief1 EV 
➔ ~ 

a op6HTanbHblM MO Me HT OM £ B Harr'paaneHllll n ( Cos 0 , <p ) ll3 COCT8BHO-
➔ 

t'O Sinpa C yrnoBblM MOMeHTOM I • B036y>KneHHOt'O no sHeprnu u • Mbl 

ncxonnnH H3 KnaccHqecKoro rrpn6mr>KeHl!SI 3pHKCOHa-CTpyTHHCKoro /i3, 7 / 

CornaCHO STOMY 11pH6nH>KeHHIO, Mbl rrpeHe6peraeM CllllH8Mll 11crry111eHHblX qac

Tllll 110 cpaBHeHHIO C IIX yrnOBblMll MOMeHTaMH, XOTSI yqHTblBaeM CIIIIHbI B 

COOTBeTCTBYIOIIIIIX CT8TIICTUqecK11X qiaKTOpax. ITpeHe6peraeM TaK>Ke CIIIIHOM 

ocTaToqHoro Siapa-MHllleHH. B nanbHeii111eM 6yaeM orrepupoBaTb Ben11qnHaMn 

t ➔ 

n I KaK o6blqHblMH KnaccHqecKHMII BeKTOpaMH. 

CneaySI /6, 7 /, nnSI BepoSITHOCTII pacrrana B enHHHIIY BpeMeHH P v ( I , 
➔ 

Ev , n ) , HMeeM B CHCTeMe ueHTpa Mace 

➔ 

P v (I, Ev, n) d Ev d O v = 

2mvgvdE..,d n v 

3 ➔ 

-ti, p(U,I) 

2 :t ➔ V "t ;t ➔ 
f?.. B(nf)Te(Ev)p(Uf,1-1'.)df (1) 

3necb mi:, n g.., - Macca ll CT8TllCTHqecKHil: q>aKTOp ncrrymeHHOH qacTH-

Ubl, p - nnoTHOCTb ypoBHeii COOTBeTCTBy10111ero S!Apa, Tf( Et,,) - KOScp-

x) 
3,aecb H ,aanee E O - KHHeTH'leCKBH 3HeprHH HBlleTBIOII(ero HOHa B na6o-

pa TopHoiI CHCTeMe KOOpJ:IHHaT. 

4 

J 

11 

l 
l 
!j 
ii 
i 
! 
, I 
I 

I 

I 

j 
i 

I 

j 
-,'1 

'i 
"i 

q>IIUHeHT npoXO>KAeHHSI, u f = u - V V - B V - EV - SHeprHSI B036y>KneHIISI OCTa-

TQqHoro Sinpa, rne Vv II Bv - KYJlOHOBCKHH 6apbep ll sneprHSI CBSI3ll 

~ x) rr 
V -Oil qacTllllbl B COCTaBHOM Mpe • onHaSI BepOSITHOCTb pacrrana coc-

TOSIHIISI C yrnoBblM MOMeHTOM , l '3811llllleTCSI B Bline: 

r (I)= 
V 

1 

ti 

➔ ➔ 

f Pv (I, Ev,n)dEvdOv. 

➔ 

(2) 

ilnSI rronHoro aanaHnSI Pv(I, Ev, ; ) Heo6xonHMO 3HaTb Te' ( EV ) 

If rrnOTHOCTll ypOBHeii p , p am1 rrpOCTOTbl B03bMeM KOS!pq>HUHeHTbl rrpoXO>K-

aeHHSI B rrpH6nn>KeHHH peaKoro o6peaaHHSI, T.e. 

RB3 

V 

1 , ecnH £ < f = ,/ 2 M ( E - B ) 
m V V -h 

T f (Ev)= 
(3) 

0, eCnH f > f 
- m 

3necb R B3 - P,anHyC B38HMOneiicTBHSI, M - rrpuBeaeHHaSI Macca Siapa n 

Hcrry111eHHOH qaCTHUbl. Bb1pa>KeH1Ie nnSI rinoTHOCTll COCTOSIHIIH B030Y>KnenHoro 

Sinpa- C yqeTOM yrnoBoro MOMeHTa nonyqHM, paCCMaTpHB8SI STO MPO KaK 

poTaTop, nnSI KOTOporo T0nbK0 qacTb nonHOH SHeprHH Boa6y>KaeHHSI AOCTyn

Ha nnSI BHyTpeHHIIX, "TeIInOBblX" B030y>Knemrii. TaKHM o6pa30M, 

➔ h I 2 

p (U, I)= p ( U - --- , 0) . 
2J 

ITpu 6onblllllX B030Y)KAeHHSIX MOMeHT HHepUllll 

HOMY 3HaqeHHIO 
1211 

J 
TB.T. 

2 =---5 

2 
mAR 

J 

(4) 

CTpeMHTCSI K TBepnoTenb-

x) 3Ha'1eHHH B.,. Bbl'iHCIIHIIHCb no ,PopMynaM KaMepoHa / 2 0/, 6e3 y'<eTa 

o6onoqetfHbJX nonpaaox. 
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Pae m Macca HyKnoHa, A - HX 'IHCno B smpe, 

~KOnbKY TO'lHOe 311B'leHIIe J H ero 38BHCHMOCTb OT 

BemPrnHy MO)KHQ paCCMaTpHBBTb KaK rrapaMeTp Teop1m. 

R 

u 
paanyc Sii:tpa. Tio

HensaecTHh1, STY 

3aBIICIIMOCTb rrnoTHOCTH YPOBHeii: OT aHeprHII B036y)KJleHHSI B3SIT8 B BII-

ne 

P (U) Const exp 21/a AU , (5) 

rae a - rrapaMeTp rrnO'!'HOCTII ypOBHeii. x). 

CymecTBeHHhIM MOMeHTOM mo6oPO pacqeTa, HCIIOnhsy10111ero MeTOJl MoH

Te-Kapno, SIBn51eTC51 posh1rphllll, xapaKTepncTHK nccneayeMoPo rrpouecca, B 
➔ ➔ 

aaHHOM cnyqae senH'lHH n II ' E II ' e .H THIIa ncrrycKaeMOii. 'lBCTHUhl. 

TaKOH p03b!I'pbllll MO)KHO ocymecTBHTb, 3HBSI ycnOBHble rrnoTHOCTH sepOSITHOC

Teii: AnSI 9THX xapaKTepHCTHK, 'ITO rronyqaeTCSI COOTBeTCTBYlOIUHM HHTerpnpo

BBHHeM Bb!pa>KeHIIH ( 1 ) II (2). 

CneayeT. OTMeTHTb, "ITO rrpeJlCTasneHne yrnOBblX ll aHepreTH'leCKHX pac

rrpeneneHHii ncrrymeHHOii 'l8CTHUhl B aHanHTH'leCKOM BH.lle TaK:>Ke CBSI38HO C 

BhIIIOnHeHHeM P51Jl8 HHTerpnpoBaHHH ypaBHeHHll (1 )-(2). TaK73pHKCOH H CTpy

THHCKHll 16 ,7 / c IIOMOlllb!O pSIJla OPpy6nSI!OlllHX rrpearrono>KeH!Ill nonyqHnH yrno

soe pacrrpeaeneHne 'laCTHU c ~HKCHposaHHoii SHeprneii n senH'lHHOii op6nTanh-

Horo MOMeHTa f ' KaMMypn rrpOHHTerpnpoaan HX pesynhT8Tbl no E II /8/' 

HO cno)KHOCTb nony'leHHhlX Bblpa>KeHHll npaKTH'leCKH HCKnro'laeT B03M0)KHQCTb 

p03h!I'pblllla no HHM xapaKTepnCTHK npouecca. OaHaKO MeTO.ll MoHTe-Kapno 

.oaeT OJlHOBpeMeHHO HH~OpMaUHlO O scex xapaKTepHCTHKaX, H noaToMy nssne

qem1e c1:1e.oeHnii, CKa)KeM, 06 yrnOBOM pacnpe.oeneHHU 'l8CTUU He CBSI38HO, 
0

B OTnH'lHe OT pa6oT 16- 8 1, c orrpe.oeneHHhlM IIOpSIJlKOM UHTerpnpoBaHHSI. Y.oaq

Hhlli BbI6op nopMK8 UHTerpnpoaaHUSI u CHCTeMbl KOOP.llHHaT, B KOTOpoii OHO 

BhmonHSieTcSI, nossonnn HaM, He rrpn6era51 K o6bI'lHO ncnonha yeMOMY "paano

)KeHnro ypasHeHU51 (4), nony'lUTb B npOCTOM BU.Ile nnOTHOCTU sepOSITHOCXeii 

.onSI senH'lHH £/f U ef, • 

x) llaHHble pacqeTbl BblllOIIHeHbl P.IIH P.Byx 3Ha'leHui1 a= 0,10 u 0,05Mas-1. 

6 

!. ,. 

j 
i 
Ii 
\• 

! 
i 

I 

l 
I 

I 

➔ 

Tio.ocTaanSISI (3)-(5) s (2) n HHTerpnpySI no yrnaM f/e .• UMeeMX) 

r (I) = Const J exp l 2 / a A [ U f -_!._cl 2 + f \+-1-I f Cos 0 n 
II, · ~ 2J J L 

(6) 

✓ 1 2 -2 aA(U---·I )lfdfdE
11

dD
11 2J • 

➔ ➔ 

r.oe J Cos 0 f - KOCHHYC yrna ~e>K.OY BeKTOpaMH I H f . 

KaK BHJlHO H3 (6), r 
11 

(I) He 38BHCHT OT 83HMyTanbHOI'O yrna ,Bhl-

neTa 'laCTHUhI. HHTePpan no Cos Of T8K>Ke Bhl'lHCnSieTCSI npocTo, oco6eHHO 
. ➔ 

B CHCTeMe KOOPJlHHBT C OCb!O z ' HanpaaneHHOii no I • 0JlH8KO OKaaanoCb 

a~cjleKTHBHee paCCMaTpirnaTb nOJlHHTePpanbHY!O WHKUH!O a (6) KaK TpeXMep-

Hy!O IInOTHOCTb BepOSITHOCTH aenH'lHH · f E 
11

, C'os 0 f H .oenaTb UX 

" /22/ 
OJlHOBpeMeHHY!O .. 6paKOBKY .. ' ncnonb3Y51 MeTOJl cy111ecTBeHHOii Bb!60J:?KH" 

06naCTb 38Jl8HHSI 9THX aenH'lHH onpeaen51eTCSI MaKCHManbHOH aHeprnefi 'l8CTH

Uhl, COOTBeTCTBYlOIIIHM 3Ha'leHHeM op6nTanbHOI'O MOMeHTa C yqeTOM CBSI3U 

THna (3) H nonO>KHTenbHOCTb!O nonKopeHHhIX Bblpa>KeHnii B noKa3aTene 9KCIIO

HeHThl B (6). 

BhI'lHCneHHe r II (I) , Heo6xoanMoe an51 onpeneneHHSI Tuna ncnycKae-

MOR 'l8CTHllhI, Tpe6yeT MHOI'OKp8THOI'O HHTePpnposaHHSI, KOTOpoe Henb3H cne

naTb 6e3 PSIJla O'leHb Ppy6b!X ynpo111eHnii. Ho u TOI'.lla nony'laeMbie· Bblpa>Ke

.HHSI 'Ipe3Bhl'l8HHO rpOM03LlKH. B LlBHHOM cnyqae p03bll'pbllll Tnna peaKUHH oc

HOBhIBanCSI Ha npn6nH)KeHHOM COOTHOIIIeHHH /l l / 

r 
1 

( I ) 

r 2 ( I ) 

m1g1 p(Uf __ 1_12) 
' l 2J 1 fl 

1 I 2 ) 
m2g2p(Uf2-~ f2 

12 

(7) 

rae 'lepTa Han apryMeHTOM p os11a'laeT ycpe.oHeHne no xapaKTepnCTHKaM 

COOTBeTCTBy10111eii ncny111eHHOll 'l8CTHUhl • .[lnSI nnoTHOCTU ypoBHeii 6b1no uc-

,x)3TO HHTerpupOBBJ.!He TPH!f!HBJ!bHO B CHCTeMe KOOPP.HHBT. C OCblO z fll~ H3-38 

opTOI'OH81IbHOCTH f H D • 
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nonh30BaHO Bblpa:>Kemre (5). Pac'IeTbl KOHKypeHI.Um ncnycKaHlHI 'IaCTHU _no 

ypaBHeHnro ( 7) n no TO'IHhIM ipopMynaM xoporuo cornacyroTCSI apyr c apy

roM I 11 I, 'ITO yKa3hIBaeT Ha cnpaBeannBOCTh caenaHHoro npeanono:>KeHHSI. 

TTpHBeaeHHoe Bhirne Bh!pa:>KeHne an SI r (I) 
➔ V 

OTHOCHTCSI K COCTOSIHHSIM 

COCTaBH0rO HApa C q>HKCHp0B8HHbIM . B npHHUHne HeOoXOAHMO ycpeAHHTb 
➔ 

peGynbTaTbl. pac'IeTa no B03MO:>KHbIM 3Ha'IeHHSIM I • OaHaKo B npHonH)Ke-

HHH pe3Koro o6pe3aHHSI anSI K08!pq>HUHeHTOB npOXO:>KJ:leHHSI 8TO ycpeaHeHHe oy-

aeT Bb!II0nHSIThCSI aBTOM8TH'IeCKH, ecnn, cornacHo ( 3), K8:>KilOMy na-

paMeTpy coyaapeHHSI HOHa C MPOM nocTaBHM B COOTBeTCTBHe onpeaeneHHblll 

yrnOBOfi MOMeHT I MaKCHManbHbifi napaMeTp CTOnKHOBeHHSI R Hec-
m 

KOnbKO MeHhrne oanHVCa Hnoa -R 

CTBHSI He npHB0ASIT K o6pa30BaHHIO 

• noCKOnbKV nepurueOH'IeCKHe B3aHMOAefi

cocTaBHOrO Sinpa 1231 ; B pac'IeTax Be-

Rm 
nH'IHHa 71= -R-- paccMaTpHBanacb B Ka'IeCTBe napaMeTpa. 

IlnSI ynpomeHHSI Bbl'IHCneHHfi npeHeoperanoCb KOHKypeHuHefi 8MHCCHH y -

KBaHT0B. 

TaKHM o6pa30M, O0!llHfi nopSIAOK Bbl'IHCneHHfi CBO):lHnCSI K cneayromeMy: 

1. Pa3h!rpb!BancSI napaMeTp coyaapeHHSI TSI:>Kenoro H0Ha C MPOM, Bbl-

'IHCnSinHCb yrnoBOfi M0MeHT C0CT8BHoro SI):lpa i u ero aHeprnSI B03oy:>Kne-

HHS! B CHCTeMe ueHTpa Mace CTanKHBaIOIIlHXCSI Siaep, 

2. PacC'IHThIBanHCh . MaKCHManbHbie OCTaTO'IHhie aHeprHH R,,.= U - V v- Bi,, 

H cpean Bcex R ,,.> 0 pa3h1rphrnancSI THn ucnycKaeMofi 'IBCTHUhI cornac-

HO (7 ). 

3. IlnSI A8HH0ro THna npoBO):lHnaCh OAHOBpeMeHHBSI BhlOOpKa 3Ha'IeHnfi 

EV • e , Cos 0 e B COOTBeTCTBHH C nnOTHOCTblO BepoHTHOCTefi, KOTO-

pag aaeTCH nonHHTerpanbHOll: qiyHKUHell: BblpalKeHHH ( 6). -
4. B CHCTeMe KO0p/:IHHaT c 0Cb!O .... 

Hblfi yron BeKT0pa J 

5. B CHCTeMe K00p/:IHHaT c OCb!O 

yron BbineTeBrnefi '18CTHUhI. 

z II i pa3hirphIBancg a3HMyTanb-

➔ 

zllf paab1rpb1Bancg aGuMyTanhHbiii 

6. Bee HafineHHbie BenH'IHHbl npHBOAHnHCb K CHCTeMe ueHTpa M8CC CTan-

KHB'arolllHXCSI SIAep H Bh!'IHCnSinHCb xapaKTepHCTHKH OCTaTO'IHOro Sinpa 

I 2 - I 2 
f 

2 J . 
➔ ➔ ➔ 

I f =· I - f, u .f =RV - E,., + 

8 

r 
l 
~ 
j 

'I 

i 
l 

; 
l 
i 
I 
I 

{ 

l 
I 
1 

,I 

~ 
I 

I 
J 

'I 

7. IlnSI OCTaTO'IHoro SIApa BCSI npoueaypa noBTOpSinacb, Ha'IHHaSI c nyHK-

Ta 2. TTpouecc oophrnancSI, ecnH OKa3hIBanocb, 'ITO R,,. ~O anSI BCeX V • 

I1anoJKeHHaSI nporpaMMa ohma peanuGoBaHa Ha aneKTpoHHO-BhI'IHcmrTenh
~ 

Hofi MarnnHe M-20 flBTA 011.Hl-1. 

CpeaHee BpeMH C'IeTa OAHOrO THnH'IHOrO ncnapnTenhHOro KaCKana coc

TaBnSieT 6-8 CeK • 

Pe3yllbT8Tbl pac'IeT8 H HX o6cyJKaeHHe 

OnHofi H3 HaHoonee HPKHX ocooeHHOCTefi B3aHMonefiCTBHSI TS{)KenhIX HO

HOB C MPBMH SIBnSieTCSI 'IeTKO Bbipa:>KeHH8SI aHH30TponHSI yrnoBoro pacnpe

aeneHHH 'IaCTHU B c~cTeMe ueHTpa Mace. Bun yrnoBoro pacnpeaeneHHSI Hefi

TPOHOB H BnHSIHHe napaMeTpOB Monenn H8 pe3ynhT8Tbl pac'IeTa anSI cny'IaSI 

peaKUHH 
64 Cu+ 40 Ar ( E 0 = 200 MaB) noKa3aHhI Ha pHc.1. 

KaK BHAHO H3 8TOro pncyHKa, B8pH8HT C T/ = 0,9, a= 0,1 MaB- 1 

n J ,,;-J T8,T, Hennoxo cornacyeTCSI c OnbITOM /24/. YMeHbllleHHe MaKCH-

MBnbHOro napaMeTpa coyaapeHHH R m ( T.e. 71 ) n yBenn'IeHHe MoMeHTa 

HHepUHH CHCTeMbl J x) npHBOJ:lliT K noHH:>KeHHlO BpamaTenbHOfi 8HeprHH SIA

pa H yMeHhllleHHIO aHH3o~ponnn yrnoBoro pacnpeaeneHnSI. 3¢ipeKTHBHo TaKoe 

)Ke aeficTBHe OK83bIBaeT yMeHhllleHne napaMeTpa nnoTHOCTH ypoBHefi a • 

Ha pHc.2 noKa3aHo, KaK H3MeHSieTCSI yrnoBoe pacnpeneneHne B 3aBH-

CHMOCTH OT THna 'IaCTHUbI. Eonhlll8SI aCHMMeTpHSI ncnycKaeMb!X a - 'lac-

THU CBSI38Ha C HX oonbrnefi MaCCOfi H, cne):lOBaTenhH0, C 00nhllJHM Op0HTanb-

Hb!M MOMeHTOM e • 3To HenocpeACTBeHHO BHAHO H3 paCCMOTpeHHSI Taonn-

Ubl 1, rne npencTaBneHbl 3Ha'IeHHSI e ; pe3ynbTBTbl paC'IeTa HaXOASITCSI B 

xopoweM cornacnn c aKcnepnMeHTanbHh!MH oueHKaMn 1251 

XapaKTep pacnpeneneHnfi no f neMoHcTpnpyeTCSI Ha pHc.3,4. no-Bn

AHMOMY, opoHTanbHhle MOMeHTbl ncnymeHHblX 'IBCTHU cnaoo 38BHCSIT OT Z 

H A CTanKHBBIOIIlHXCSI SIAep H KHHeTH'IeCKOfi aHeprnn HaneTaromero HoHa. 

BnHHHHe rrapaMeTpoB MoaenH Ha f 

npOSIBnSieTCH B cny'Iae 8MHCCHH 

TaK)Ke HeBenHKO, onHaKO OHO 3aMeTHee 

a - 'IBCTHU. 

x) 
Cne,ayeT OTMeTHTb, q'"TO H3MeHeHHe I OK83blBBeT 60JibIIIee BJIHHHHe Ha 

yrnoBbie pacnpeJJ.eJieHHH, qeM H3MeHenne J . llpene6pe:JKeHHe BJIHHHHeM yr
noBoro MOMeHT8 Hl1 xapaKTepHCTHKH ncnycKaeMblX 'C/8.CTH/l COOTBeTCTByeT J ... oo. 
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PeaynbTaTbl paC'leTa 8HepreTII'leCKOro cneKTpa HeiiTpOHOB ( B CIICTeMe 

ueHTpa Mace), 06paay10m1IXCSI npII 6oM6ap.nnpoBKe Me.nu noHaMn aproHa c 

sHeprneii 200 Msa, .naHbI Ha pIIc.5. KaK II a cny'lae yrnoBbIX pacnpe.neneHIIii, 

ny'llllee cornacne c onbITOM 1241 nony'laeTCSI .nnSI napaMeTpoa 71 = 0,9, a = 
0,10 Msa-1 n J = J TB.T.• l1HTepecHo OTMeTiiTb, 'ITO aaMeHa a = 0,10 

Ha a= 0,05 npnBO.ClHT K 3Ha'IIITenbHO 6onee :1KeCTKOMY 8HepreTn'leCKOMY 

pacnpe.neneHIIIO ncnymeHHb!X 'JaCTHU, 'ITO 06'bSICHSieTCSI yBen1IiJeH1IeM sqiqieKTHB

HOH TeMnepaTypbI npouecca; OCTanbHbie napaMeTpbl cna6o CKa3bIBaIOTCSI Ha 

qiopMe cneKTpa. 

0TcyTCTBIIe 8KCnep1IMeHTanbHbIX .naHHbIX no 8HepreTH'leCKHM pacnpe.ne

neHHSIM aapSI:1KeHHbIX 'JaCTHU .nnSI paCCMaTp!IBaeMoii peaKUHH BbIHymnaeT 06-

paTIITbCSI K npyroii smepHoii peaKUIIII. Ha PIIC.6 noKa3aHbl crreKTpbl KHHeTII'lec-

, 59 • 16 ( 
Jµ)ll 8Heornn IIPOTOHOB H a - 'laCTHU LWSI oeaKUIIII . N 1 + 0 E O = 
160 MsB). Bnmrn, 'ITO IIMeeTCSI cornacne c OilbITOM 1251 IIO qiopMe n no IIO-

no:1KeHHIO MaKCHMyMa crreKTpa; rrpn'IeM MaKCHMYM crreKTpa 3aMeTHO C.ClBHHyT 

B CTOPOHY MeHbllIHX 8Heprnii IIO cpaBHeHHIO co CIIeKTpOM, paCC'IHTaHHbIM 6e3 

y'leTa BnlISIHHSI yrnoBoro MOMeHTa. HeKOTopoe paCXO)K.(leHne B o6naCTH Kyno

HOBCKOH 8Heprnn ncrrymeHHOH 'laCTHUbl, IIO-BH.tlHMOMy', CBSI3aHO. C ncnonb30-

BaHHbIM rrpn6nmKeHHeM pe3KOro c5pe3aHHSI .nnSI K08qJqJHUHeHTOB IIpOXO)K.(l0HHSI( 3). 

Ba)l{HOH xapaKTepHCTHKOll SIBnSieTCSI cpe.nHee 'IHCno 'laCTHU, o6pa30BaB

llIIIXCSI Ha O.ClHO Heyrrpyroe B3aHMO.(leiiCTBHe, n.nymee 'Iepe3 o6pa30BaHne co

CTaBHoro SIApa, ii',, •• Ta6nnua II IlOK83bIBaeT, 'ITO H .nnsi: 8TO.ii: xapaKTepnc

THKH cornac1Ie C 8KCIIepHMeHTOM 1251 BIIOnIIe y.noBneTBOpHTenbHOe. <3TOT qiaKT 

II03BOnSieT Ha.neSITbCSI, 'ITO .nnsi: yrnOBblX H 8HepreTH'leCKHX pacrrpe.neneHn.ii: 

.non)l{HO Ha6n10.naTbCSI cornacne C OIIb!TOM He TOnbKO IIO BH.ClY CaMHX pacrrpe

.neneHn.ii:, K8K 6hmo y:1Ke OTMe'leHo Bbillle, HO n IIO a6conIOTHblM 3Ha'JeHHSIM. 

EonbllIOll HHTepec rrpe.ncTaBnsi:eT nccne.noBaHne BbIXO.Cla OT.nenbHblX H30-

TOIIOB B 38BHCHMOCTH OT 8Heprnn HaneTa10mero noHa •. PeaynbT8TbI pac'JeTa 

8THX Benn'IHH ( qiyHKUHll B036Y*.CleHHSI). IlO-BH.ClHMOMY. BeCbMa 'IYBCTBHTenb

Hbl K c.nenaHHblM ynpoma10mnM rrpe.nrrono)l{eHHSIM, H B 8TOM CMbICne qiyHKUHH 

B036Y:1K.CleHHSI SIBnSIIOTCSI 6onee TOHKO.ii: xapaKTepHCTHKOll B3anMO.(leHCTBHSI, '19M, 

HarrpnMep, rno6anbHbie yrnoBbie nnn saepreTn'lecKne pacrrpe.neneHnSI. KoHKpeT-

Hbiii aHanna BbIIIOnHeH .nnSI peaKUHH l 1& Cd + 40 Ar B HHTepBane 8Heprn.ii: 

180-260 MsB Ha rrpHMepe peaKUHii c ncrrycKaHneM 6 n 7 He.ii:TpOHOB. Peaynb-
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TaTbI pac'JeTa, rrpe.ncTaBneHHb!O Ha p11c.7 3- 8, yKa3bIBaIOT nHlllb Ha· Ka'JeCT

BeHHOe cornacne c OIIbITOM 1261• Bapnaune.ii: napaMeTpoB B paayMHbIX rrpe

.nenax He y.naeTCSI .no6HTbCSI cyIUeCTBeHHoro yny'lllleHHSI nony'leHHbIX peaynb

TaTOB. B cnny CKa3aHHOro Bbillle, 8TOT qiaKT He SIBnSieTCSI YLIHBHTenbHbIM. Ilpn

'IHHa paCX0)1{.(l9HHSI, IIO-BHLIHMOMy, aaKnIO'leHa B TeX rrpe.nnono:1KeHnSIX, KOTO

pb!e Mb! CLienann .nnsi: o6ner'leHnSI pac'leTa, a HMeHHo: 

1) 

2) 

npeHe6pe)l{eHne KOHKypeHrtneii 8MHCCHH y - KBaHTOB; 

npn6nn)l{eHHOe orrpeLieneHne Tnna ncnycKaeMo.ii: 'laCTHllbI (7); 

3) npeLinono)l{eHne O pe3KOM o6peaaHIIH K08qlqJHUHeHTOB rrpOXO)l{LieHHSI (3); 

4) yrrpomeHHOe Bbipa)l{eHne LinSI rrnOTHOCTH YPOBHeii (5); 

5) rrpeHe6pe)l{eHne CTpyKTypHbIMII oco6eHHOCTSIMH SILiep. 

Y'leT 8THX qiaKTOpOB B paC'JeTax, BbIIIOiIHeHHb!X Ha OCHOBe MeTO.(la MoH

Te-Kapno, B rrpnHunrre.Hecno)l{eH. l1ccneLioBaHne B 8TOM HarrpaBneHnn rrpo.non

*aeTcst • 

BbIBOJ:ibl 

l1crronb30BaHne CTaTHCTH'l9CKOH Mo.nenn B CO'leTaHHH C MeTO.ClOM MoH

Te-Kapno II03BOnSieT npaBHnbHO orrncaTb IlOBe.CleHne Bb!COKOB036y:1K.Cl9HHOI'O 

SIApa C 6onbIIIHM yrnOBbl~ MOMeHTOM. Ilony'leHHbie peaynbTaTbl HaXO.ClSITCSI 

B xopoIIIeM cornacnn C OIIb!TOM .nnSI TaKHX xapaKTepHCTHK B3aHMO.(leii:CTBHSI 

Tm1rnnbIX HOHOB C SI.ClpOM, KaK yrnOBbie H 8HepreTn'leCKHe pacrrpeLieneHHSI Heii.,

TpOHOB n aapSI:1KeHHb!X 'JaCTHU, a6conIOTHblll BblXO.Cl 'JaCTHU, BenH'IHHa op6n

TanbHOI'O MOMeHTa, yHOCHMOI'O 'JaCTHUe.ii:. 

AHanna ,BnHSIHHSI rrapaMeTpoB MOLienn noKa3bIBaeT, 'ITO M0:1KHO yKa3aTb 

xapaKTepnCTIIKH B3aHMOLieiiCTBHSI, Ha KOTOpb1e LI aHHbIH napaMeTp Bnnsi:eT Han-

6onee cnnhHO. 

3aMeTHbI9 paCXO)l{LieHHSI C OIIb!TOM Ha6n10.naIOTCSI n!Illlb .nnsi: paCC'IHTaHHbIX 

qiyHKUHH B036Y)l{.Cl9HHSI. y MeHbIIIeane 8TOro paCX0:1K.(leHHSI Tpe6yeT 6onee .ne

TanbHOI'O nccne.noBaHHSI si:.nepHo.ii: peaKunn. 
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Ta6nnua 1 

CpenHne 3HaqeHnH op6nTanhHoro M0MeHTa, yH0CllM0ro 
~ 

qacTnueii ( a ennHnuax -Ii 

PaeKUllH E o (Msa) f n e fa p 

64 Cu + 40 Ar 200 1,6! 0,2 1,9!0,2 4,9!0,5 
pacqeT 

116Gd + 40 Ar 230 1,6+ 0,2 1,6!0,2 4,4_!0,4 
pacqeT 

-
59 Ni+ 160 160 1,6+ 0,2 1,7+0,2 4,5!0,4 pacqeT - ----

59 Ni+1e9 
9KCil. 25 / 160 2 2 4 

TTp11MeqaH11e: TTpnaeneHbl pe3ynhTaTbl pacqeTa 1;1ns 71 0,9, a = 

= 0,10 Msa-1 n J = J • 
TB.T. 

Ta6nnua 2 

CpenHee qncno qacTnu Ha aKT B3anMoneiicTanH 
59 

Ni+ 
16 

0 

( E O = 160 Msa), nnymero qepe3 o6pa3oBaHne cocTaa

Horo Mpa 

- Inv nn n na p 
V 

PacqeT 1,3 ! 0,1 2,9 ! 0,1 0,9 ! 0,1 5,1 ! 0,3 

3Kcnep/25/ 1,4 + 0,3 2,0 + 0,5 1,3 + 0,3 4,7 + 1,1 

TTpnMeqaHne: .np11aeneHh1 pe3ynhTaTbl pacqeTa nns 71 = 0,9, a = 

= 0,10 Maa-1 11 J = J Ta.T •• 
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PHc,l. YrnOBble pacnpeueneHHSI Hel!TpOHOB (a OTH,eUHHHUax), HCllyllleHHblX 
B peaKUHH 84 Ca+· •0 Ar c E 0 • 200 Mas, Cnnonrna>1 KPHBBSJ coor-
aercrsyer oCHOBHOMY sapuaury 'I• 0,9; a• 0,10 M3a-1,J-J Ta.r) 
OCTaJibHble KPHBhl0 OTPSJKBIOT BSPHBIIHH napaMeTpOB 1J 
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3KcnepHM0HT8>IbHble TO'IKH B3SITbl H3 pa60Tbl 12-41. 
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Pllc.2. YrnOBble pacrrpe.[leneHHSI HeiiTpOHOB, rrpOTOHOB H a - 'laCTHU, o6pa-

30BaHHb!X llpH B38HMOnejl:CTBHH 84 Cu+ 40 Ar ( E 0 = 200 M:m). Pac'leT 

Bbl:IOnHeH .[lnSI OCHOBHOI'O BapttaHTa. 
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PHc.5. 3aepreTHqecKoe pacnpeneneaHe aefiTpoaoa (a 0TH. enHHHUax), o6pa
aoeaHHbIX n peaKUHH 84~u+ •0 Ar ( E

0 
= 200 Msa). Cnnowairn KpH

aaH COOTBeTCTayeT. OCHOBHOMY aapHBHTy; OCTBnbHblC I'HCTorpB.MMbI 

OTpa)KBIOT BBPHBUHH napaMeTpOB MOLtenH. 3KcnepHM8HTanhHble TO'I-
KH B3SITbl H3 pa60Tbl /24/• . 
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PHc.6. CneKTpbI KHHeTHqecxott aseprHH rrpoTOHOB u a - qaCTHU, HCnymeH

HbIX npH B38HMO!lefic_TBHH ss Ni+ 115 0 C E O a 180 Mas. rHcTorpaM

MB - pe3yJibTBTbJ pacqeTa ,nnSI OCHOBHOI'O aapHaHTa, cnnowHBSI KpH

B8SI - 9KcnepHMeHT 125 1• nyaKTHpaoa KpHBOA: Il0K838Hbi peaynbTa
Tbl pacqeTa, Bbmoneeeeoro 6ea yti:eTa snHIDUISI yrnosoro MoMeHTa 1'' 

H.Upa 1171. 
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