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06maR xapaKTep1-1cTI1Ka_p~oo~~ 

AKTYanbHOCTb npoc5neMb;. B nocnenttee speMR 6onbmon HHTepec Bb13b!BaeT 

npoC>neMa Heynpyroro pacceRHHR HeATpOHOB Hl-13KHX 3HeprHA B TOM 

3HepreTH'-!8CKOM HHTepsane, r,lle Zl8DT paBHble BKfl8llbl npoueccb!, 

pa3nH'-!Hbl8 no CB08A np1-1po,lle: npR':fble peaKUl-11-1 H peaKUHl-1, HllYIUl-10 '-!epe3 

CT8ZlHD o(5pa30BaHHR COCTaBHOrO Rllpa. 

C OllHOA CTOPOHbl, Heynpyroe pacceRHl-10 HePITpOHOB RBnReTCR ueHHblM 

HHCTPYM0HTOM nnR HccnenosaHttR aTOMHOro Rnpa: cneKTphl, yrnOBbie 

pacnpeneneH11R Heynpyro pacce1-1saeMblX ttenTpoHOB 1-1 r -KBaHTbl, 

HCflYCKaeMbie B 3TOM npouecce, ll8DT HaM cse11eHHR O CTPYKType Rllpa. 0 

(J)OpMe Rll0PHOA nosepXHOCTH, 0 MexaHH3Me f!llepHbIX peaKUHA tt 0 

KBaHTOBblX xapaKT0PHCTHKax B036YJ:ll8HHl,IX COCTORHHll -cseneHHR, '-!8CTO 

H0llOCTYflHble llpYrHM BHllaM 1-1ccnenoeaHHl1. 

C npyroA CTOpOHbl, HccnenosaHHe 3TOro npouecca H OTpaOOTKa Rll8PHblX 

Monenen, 1-1cnonb3Y0MbIX nnR ero on1-1catt1-1R, no3BonRT see 6onbme 1-1 

c5onbme YMeHbWHTb norpemHocTH 1-1 tteonpenene1111c,cn1 B npen.cKa3aHHH 

Rll0PHblX naHHbIX, He06XOllHMhlX nnR peainopocTpoemrn n llPYrHx 

np11Knal1HblX ueneA, '-!TO RBJ1R8TCR npoc5neMOl1 n,cpBoCTeneHHOA BaJ:HOCTH 

nnR TaKOA CTpaHbl, KaK Kyc5a, H6'-!HHa»men npurpaMMY pi13B11THR aTOMHOA 

3HepreTHKl1. TO'-!HOCTb cymeCTBYDmeA )KCIJepnMeHTanbHOA 

TeopeTl1'-!6CKOl1 HH<X>opMaUHH O C0'-!6H11RX pacceHHHR H0l1TpOHOB 

1-1 

B 

paccMaTpHBaeMOM llHana3oHe 3Hepr11A HJ,fJl(8 TU'-!HOCTl-1, Tpe(5yeMoA llJTR 

attan1-13a ce'-!eHHA pacceRHHR Hel1TPOHOB KOHCTPYKUHOHHblMH MaTep1-1anaMH. 

Tio3TOMy ycoeepmettcTsoea111-1e TeopeTH'-!ecKHX Monenen, on1-1cu·sa»m1-1x 3TOT 

npouecc,RBnReTCR aKTyanbHOA 3alla'-!eA. 

C TO'-!KH 3pe1111R peaKUHA HHTepec K 1-1ccnenosaHHRM Heynpyroro 

paCC8RHHR HeATpOHOB HH3KHX 3Hepnm oco6eHHO nOBblCHflCR C 

no;IBJ19HH8M 3Kcnepm,!9HTaJTbHblX ll(lHHbIX .• He Hamezmmx 
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YJIOBneTBOPHTenbHOA HHTepnpeTaUHH B paMKaK onTHKO-CTaTHCTH'l9CKOPI 

MO]lenH, B KOTOpOA npennonaraeTCR He3aBHCHMOCTb KaHanoa-peaKUHH. 

C TO'IKH 3peHHR CTPYKTYPbl npH onttcaHHH Heynpyroro pacce.RHHR 

H9ATPOHOB Ha nepeKO]l~K R]l_paK C B036Yltll9HHeM KonneKTHB~X Y.POBHePI 

3TH Rnpa TpanttUHOHHO ~HTanHCb nHOO 'IHCTO C\Tl9PH'l9CKHMH, nHOO 

xopomo Jl9\TIOPMHPOBaHHblMH. 011HaKO pOTaUHOHHaR MO]lenb c 8KCHaflbHOPI 

CHMMeTpHeA H rapMOHH'leCKaR BHc5paUHOHHaR MO]lenb 0'19Hb '!aCTO 

OKa3bJBaDTCR HeKoppeKTHblMH JlflR MHOrHX H3 _3THX RJiep, B HHX 

Hac5nD]laDTCR pa3nH'IHhle OTKnoHeHHR OT C\Tlep11'1eCKOA HnH aKCHanbHO-

CHMM9TPH'IHOA \TIOPM RJiepHOA noaepXHOCTH, TaKHe KaK CTaTH'l9CKH9 

TpHaKCHanbime 119\TIOpMaUHH, MJJrKOCTb K r-BH(5paUHRM, reKca]leKanonbHble 

HeaKCHaflbHble 118\TIOpMaUHH, attrapMOHH3M H JIPYrHe. 

Uenb pac5oThl. Pa3pa0oTKa M9TOJIOB ,eopeTH'!ecKOro aHan113a 

3KCnepHM9HT8flbHblX ]laHHblX no HeY-llpYrOMY pacceRHHD HePITPOHOB HH3KHX 

3HeprnPI Ha TRiten1,1x Rnpax nepeXO]lHOA oOnaCTH 150S A S1<;0 H Ha RJipax 

cpe11Hero aTOMHOro aeca. C 3TOA uenbD HCcne11yeTCR BnHRHHe Ha 

MexaHH3M npRMblX R]lepHhlX peaKUHA KonneKTHBHhlX CTeneHePI caoOo.zu,1, 

T8KHX KaK reKca11eKanonbHble HeaKCHanbH!,19 119\TIOpMaUHH B 

119\TIOpMHpoBaHHhlX RJipax H OTKnOH9HHR OT rapMOHH'leCKOPI BHOpaUHOHHOPI 

MO]lenH B C\TlepH'lecKHX Rnpax, 

M3y'!eHHe B paMKax CTaTHCTH'l9CKOA TeopHH RJiepHhlX peaKUHA pon11 

coepeMeHHhlX nonpaeoK K \TlopMyne Xay3epa-if>e1110axa 

ll9\TIOpMaUHH Ha C9'19HHe pacceRHHR 'lepe3 COCTaBHOe RJipo. 

H BnHRHHR 

Pa3pac50TKa nonYMHKpOCKon11YecKoro nonxona K on11caH11D Heynpyroro 

pacceRHHR HSPITPOHOB HH3KHK 3HeprHPJ Ha CPSJIHHX no Macce RJipax B 

paMKax \'l)OJUIHHr-nOTeHUHana, llQCTP09HHOro Ha OCHOBe nepexol!HhlX 

Rll9PHhlX nnOTHOCTePI KBa3H'laCTH'IHO-l'l)OHOHHOA MOllenH H 3\TI\Tl9KTHBHblX 

HYKnOH-HYKnOHH!,IX CHn. 

2 
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HaY'IHaR 1iOBH3Ha H npal<TH'leCKaR yeHHOCTb. B m-1ccepTaUHH Bnepa1,1e· 

HCCTI91lY8TCR ponb re1<ca11eKal10flbHblK Heaic11aTibHblX MO]l n~H OCTHCaHHH 

HeYnpYroro ·pacceRHHR HeAfpottoe Ha iuipax. flne~1sue Ta1<irce HCC.ne11yeTCR 

BflHRHHe JIHHaMl1'18CKOPI 119\TIOpM~UHH onru..i~c1<.u1·0 llOTeHUHaria.' H '3~\'l)eKroti 

cBR3H 1<aHanoa B pac'!eTax 1<0Mnay1111ii1,1x ce'1ett11ri: TToKa3a1fri, · ·..iTo 

KoppeKTHblA yYeT ococ5eHHOGTePI CTPYKTYPbl RJiep H MexaHH3MOB RJiepHoPI 

peaKUHH ll03B0flR9T YJIOBfl9TBOpHT9flbHO -Offi!CaTb 3KGnepHM9HTam,Hi:1e .. 
11aHHbJe. 

Pa3pac5oTaHHblA nonyMHKPOGKOllH'l9GKHA nonxon K omtGaHHD Heynpyroro 

pacceRHHR H9ATPOHOB npH HH3KHX 3Heprwrn Ha RZlPaK MOlt8T c5b!Tb 

npHM8H8H H K ZlPYrHM RZ1paM , CTPYKTypa KOTOpblX ·xoporuo OllHCbJBaeTGR 

1<Ba3H'laGTH'IHO-\'l)OHOHHOPI MO]l8flbJ). 

Ha~!!lHTl_fil!HOGRTGR cnel!Y.lli!!!:19 OGHOBHbl8 _Q~lY_!!b T§.Tbl: 

1. MeTOZl TeopeTH'ISGKOro aHanH3a Heynpyroro pacceRHHR HeATPOHOB Ha 

Rnpax npH B03c5Ylt1l8HHH reKcaneKanonbHblX HeaKGHaflbHblX GTeneHeA 

1;B0c50]lbl. 

2. Pe3YflbT8Tbl aHan113a KOMnaYHJIHblX G8'18H11tl B paMKax GTaTHCTH'ISCKOA 

TeopHH RJISPHbl~ p·eaKUHPI npH HanH'IHH npRMblX npoueCGOB c Y'l8TOM 

coapeMeHHblX nonpaBOK K TeopHH Xay3epa-if>ewc5axa 11 • c 

]lHHaMH'leCKOA 118\TIOpMaUHH noTeHUHana. 

3. nonYMHKpOCKOTIH'leGKHA MSTO]l aHan113a Heynpyroro 

Y'l9TOM 

pacceRHHR 

H9ATpOHOB Ha cpS]lHHX no MaccaM Rnpax B paMKax l'l)OnJIHHr-noTeHUHana, 

nocTpOSHHOro Ha OCHOBS KBa3H'laCTH'IHO-l'l)OHOHHOA MO]len11 H 3\'l)\Tl9KTHBH!,IX 

HYKnoH-HYKflOHHblX CHn. 

4. nposeneH aHaTIH3 Heynpyroro pacceRHHR HePITpoHOB Ha R11pax a 

1111ana30He 
!>BNi 82S .,.2s •ac>w ·-··-·•dll .• 70E. ,. e,. m,. , • r H nony'!eHo 

xopomee COOTBSTCTBHe C CYIIISCTBYIJIIIHMH 3KcnepHM9HTanbHi,!MH .ziaHHblMH •. 
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Anpo1Sag11R pa<Sonr. Pa<Scrn1, COCTaBHBmHe OCHOBY n11ccepTau1111, 

. llOKnaitblaan11cb Ha MernyHapOllHOA KOHO'lepeH_UHH no Ritei:i,~~ itaHHbJM 

(AHTBepnett, _6enbrl-lR, 1~). Ha MeZZIYHapoitHOA. KOHO'lepeHUHH no 

RllepHOA O'/H3!1Ke <XapporeAT, BenHKo<SpHTaHHRr 1936), Ha XXXV 11 XXXVI 

8ceCOl>3HblX cooomaHHRX no Rll9PHOR cneKTpOCKon1111 11 CTpYKType. 

aTOMHOro Rllpa <neHHHrpan, 1935; XapbKOB, ~936), Ha Me:s:itYHapOllHOR 

KOHO'l_epeHUH11. no HSRTpOHHoA O'll1311K9 (KHeB, 1937), Ha IV- 11 VI 

Hau110HanbHblX CHMnro11yMax AKaiteM1111 HaYK Ky<S1>1 <rasaHa, Ky<Sa, 1933, 

1935), Ha II IDKone no coBpeMeHHI,IM npoOneMaM Rllep~blX HayK (faBaHa, 

Ky<Sa, 1935), Ha C8Ml1ttapax nac5opaTOpl111 T90p8Tl1'i9CKOA 0'/11311Kl1 omll-f. 

ny<Sn11Kau1111. no TeMe llHCcepTaUl1H ony<SnHKOBaHO 7 pa<SOT. 

ru5'b8M_ pa<SOTbl. DttccepTaUHR · COCTOl1T 113 _BB8ll0Hl11f, 'ie~rpex rnaB, 

3aKnl>'i9Hl1R 11 conep1tITT 130 CTpaHJAU TSKCTa, BKnD'iaR <S11<Sn11orpa(J)111> 113 

189 Ha11MeH0BaH11A, 21 p11~YHKa, 16 Tac5n11u. 

Conep:s:aHHe n11ccepTau1111 

!io _eseneHHH KpaTKo 113no:s:eHa noCTaHOBKa (1)11311'-ieCKOR 3alla'iH 11 ll8HO 

o(SocHOsaHHe aKTyanbHOCTl1 _ 11 BaltHOCTH HCCJ19llY9MbJX npo<SneM. 

UepBaR rnaaa llHCCepTaUHH noCBRilleHa o(S3opy TeopeTtt'i9CKl1X MSTOllOB 

on11caHl1R Heynpyroro pacceRH11R HeRTpOHOB H113Kl1X 3H8pr11A Ha Ritpax. 

8 §1 pacCMaTPl1Ba8TCR npRMOA M9KaHl13M B3a_l1MOll9ACTBl1R HeATpOHOB C 

RZJpaMH, _OCHOBaHHblA Ha o<So<Slll.eHHOA onTl1'i9CKOA M0ll8Jll1, B KOTOpOA 

Y'il1Tb1Ba8TCR CBR3b M9:S:llY KaHanaMH.' 

B §2 itaHbl OCHOBHbJe O'IOPMYm,J CTaT11CTl1'i9CKOR Teop11H Rll9PHblK peaKUHA, 

11l!Yllll1X 'iepe3 CT8Zll11> o<Spa30BaHl1R COCTaBHoro RZJpa, llJIR aHan113a 

C8'i9H11A np11 3HeprHRK B0315Y:S:ll9Hl1R COCTaBHOR RZl9PHOA Cl1CT9Mbl B 

o<SnaCTH nepeKpb1Ba1>m11XCR pe3oHaHCOB. 

B §3 paccMaTp11Bal>TCR cospeMeHHbl8 nonpaBKl1 K O'IOpMyne Xay3epa

Cl>em<Saxa. 0cHOBH09 BH11MaH11e yneneHO nonpaBKe, CBR3aHHOA C HanH'i119M 

npmtblx npoueccos H OCHoBaHHOR Ha npeo6pa30samm 3HrenbOpeua 

-8aMeHM1>nnepa. 

4 
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Bci BTopoA rnaae n11ccepTau1111 npoBOlll1TCR. aHan113 Heynpyroro pacceRHl1R 
' - ' ' j: 

HSATPOHOB Ha nepexo.nm,1x Ritpal! P9llK039MenbHOA o<SnaCT11. 

B §1 paccMaTp11saeTCR. npouecc Heynpyroro pacceRHHR ~ HeaKc11anbHblX 

Rllpax , C reKcaiteKanonbHOA _ ll80'IOpMau11eA 11 Bb1RCHR8TCR, KaKYI>. ponb 

11rpa1>T HeaKcHanbHI,18 reKcaiteKanOnbHbl9 MOllbt B Cl1CT8Me . ypasHeH11A 

CBR3aHHblX KaHanoa. DnR 3TOro 11CnOJlb3Y8TCR pa3nozeH110 pan11yca Rllpa 

no CO'l9PH'i8Cl<l1M rapMOHl1KaM= 

R(O) = R [ 1 + "' Y + "' CY- + Y ) + "' Y + 
0 20 20 22 22 2-2 ,o 4.0 

(1) 

+ "'.u<Y:,2+ Y,_z) +'0t,,.(Y,,+ 'f,_,)] ·, 

rite. napaMeTpbl ·KsanpynonbHOA "'zµ 11 re~caneKanonbHoA "',µ_ZleO'IOpMau11A 

Bbl<Sl1pa1>TCR 113 COOTB8TCTBYl>Illl1X Cfl8KTpOCKOfll1'i9CKl1X llaHHblK. 
. ' 

8 Ka'iSCTBe BOnHOBOA O'IYHKU1111 Ritpa <SepeTCR BOJlHOBaR . O'IYHKUW! 

H98KCl18nbHOro pOTaTopa MOiten11 DaBblllOBa-Cl>11n11nnoaa. 

nony'ieHa CHCTeMa ypaBH9H11A· CBR3aHHbJK KaHanos 11 OU8H9H BKJlall 

pa3JlH'iHblX 'ineHOB pa3no:s:eH11R (1} B npasy1> 'iaCTb 3TOR' Cl1CT9Mbl 

ypaaHeH11A. hoKa3aHO, 'iTO reKcaneKanonbHble HeaKc11anbHbie MOllbl ll61>T 

nononHl1TenbHhle BKnaitbl B·MaTpl1'iHblA 3neMeHT, OTBeTCTBeHHble 38 HOBble 

CB.R311 M9:S:llY COCTORHHRMH OCHOBHOA p0T6UHOHHOA K-0♦ H r-s11<Spau110HHOA 

K-2♦ . nonce, a 3TO B CBOI> O'iepeitb CK63hlBaeTCR Ha B9nH'iH~ax 

Heynpyr11K C9'i9Hl11'1 B0315Y:S:ll9HHR COOTB9TCTBYl>Illl1K COCT0RHl11'1. 

8 §2, §3 H §4 pa3B!1BaeMbll'I O'IOpManH3M np11M9HR8TCR nnR on11caH11R 

Heynpyroro 'pact::8RHl1R H91'1Tp0HOB Ha 'RZJpax f!i
2

Sm-; ••<>w 11 Ha 'i9THblX 

ff30T0nax .................. 70Er. 

llnR CJlY'iaR •
52

Sm(n,n') np11 En :::: 2+3 M~B noKa3aHo, 'iTO npouecc 

MO:S:eT 0b1Tb · YllOBneTBOpHTenbHO OTIHcaH C noMOillbD 6Cl1MM9Tpl1'iHOR 

pOTaUHOHHOR' l110ll9nl1,' · . B KOTOpoA itaHHOO RllPO ll9(l)OPMl1p0B3HO C 
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napaMeTpoM HeaKcna11hHOCTH r = 14,5°. noKa3aHO, 'ITO .zina npasnm,Horo 

onHcaHHR npRMoro npouecca HSOOXO.zlHMO Y'IHTb1B8Tb ,., BflHRHHS 

H88KCH8nbHblX reKca.zieKanonbHblX MO.zi, .llaDWHX 3aMSTHblfl BKna.zi. 

Pe3YnbTaT Bbl'IHCneHHfl ,llHIJ)IJ)epeHUH8flbHblX H HHTerpanl>HblX ce'leHHfl npH 

3HeprHH En - 2,47 J,bB .zinR COCTORHHfl 2; H 4: npHBO.llHTCR Ha pnc. 1 H 

a Taein. 1' COOTBSTCTBSHHO. 

TaOnHI.18 1- CpasHeHHe '3KCTiepHMSHT8flbHblX H TeopeTH'-ISCKHX CS'ISHHfl B 

npouecce "'
2
sm (n, n · ) npn En - 2,47 M38 

In 
Phvs. Rev., 1977, vt6, P2223 ttamH oac'leTbl 
u u aai r 

,,. ,,. 
ad-ir u 

exp co.mp t<>l comp lol 

2· 
' 

600±40 140 533 673 t12 510 622 
4,. 
• 271±30 94 65 159 86 169 255 

2 .. - - - - 104 61 165 2 

8 cny'lae 
18

"w(n,n ·) -nony"!aeTCR TaK:a:e Y.ll0Bne1:sop11Ten1>Hoe cornacne c, 

3KCnepHMSHTOM. ecnH nposeCTH Bl>l'iHCneHHR no MO,llenH H86KCH81lbHOI'O 

-poTaTopa. roKa3aHO, 'ITO BKflD'ISHHS H88KCHanbHblX rSKC8.ll8KaTIOnl>HblK 

MO.ll YJlY'lmaeT _pe3ynbTaTbl pac'leTa CS'ISHHfl B030Y:l:.lleHHR llflR COCTORHl;'.fA 

4: H 4: , KOTR OHO Mano BflHRST Ha B030Y:l:.ll0HH0, npynix COCTORHHfl 

(CM. TaOn. 2). IlnR H30TOTIOB 3p<5HR, KaK H OXH.llanoc1,, He HaOnn.ziaeTCR 

3aMSTHOfl pa3HHUbl MS:1:llY pac'leTID!H no MO.ll0nH 8KCHan1>HOrO H 

H08KCH8flbHOro poTaTopa. 

TpeTbR rnaaa nocs11meHa 11ccnenoeaHHD ocO(leHHOCTeA HeY,11pyroro 

pacceRHHR H0RTpOHOB HH3KHX 3HeprHA Ha anpax cpe.zittero aTOMHoro 

eeca. 

B §1 paccMaTpHBaeTCR ponb aHrapMOHH'-IHOCTH npH onHC8HHH Hef!TpOHHblK 

C0'10HHA -H Ha npHMepe R.zlpa 
82

Se npOBO.llHTCR aHanH3 Heynpyroro 

pacceRHHR npH E_= 3 M38 co CXeMOA CBR3H TIRTH Ka.Hanoa: ,. 
.,. ♦ ♦ :?"' .. 0 -21 -0

2 
-L

2 
-4

1
• TioKa3aHo, 'ITO BapHaHT paC'feTa, ZlflR KOToporo 

6 ' 

i 

'?, 
~ 
~ 

~ 
~ 
q 
~ ,g 

102. 
1525WI (12, tt') 

•• .J. •• ~ 1 ·.:::.:.::::--, •• 

----:.~ I 1-..,:, .. 
··•··••r· ~· 

I , ~ 

2,~ {o,m M1&j·-.•• 

102. 
........ 

I I :- l -I-_, . , 

1--I ~~-- -_ , .. ;····-·············;·-.. ;it~r· 
: 'f,♦ (O~J" N1B) 

60 /{)O 140 
( ~ 1 J. l'.' 

!lrOA [1f1W] 

PHc. 1- Yrnoawe pacnpe.zieneHHR COCTORHHA 2; H 4; npH En= 2,47 M38 

H HK cpaBHSHHe C 3KCTI0PHMSHTOM. -CnnomHaR KPHBaR • -pacYeT 

no MonenH H8aKCH8nbHOro pOTaTopa; TIYHKTHpHaR .KPHBaR - no 

MO,ll0flH CHMM0TpH'-IHOro POTaTOpa.• 
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TA6nl1UA 2- PaCC'll1HlHHble 11HTerpam,Hble Ce'leHl1R Ca Ml:5) no MOZienH 

H68KCl18flbHOro poTaTopa co BKflll'leHl18M pa3flH'lHblX "':>..µ·B pa3nOZ8HH8 

panHYca (1) B npouecce 
111"w (n,n') np11 En- 2,75 M3B. a -3TO 

Bl:,J'll1Cfl8H11R C KBanpynonbHl>IM HeaKCHanbHl:JM 'lfl8HOM "'22<Y22 + Y2_2)J (j 

-BKJIJ>'l8H 'lfl8H "',o Y ,o H B- BKJU)'!8H reKcaneKanonbfl!:,Jf'I He8KCH8m.Hl:JR 

'!nett "',iY ,
2 

+ • ¥ ,_2 ). 3Kcnep11MeHT 113 <113aAH CCCP, cep. (f/113., 

1<J?8, T,42, C.1809) 

I" adi.-r a a a 
cemp lol exp 

·a 34;5 li0,4 144.9 

4 .. 
• (5 61,7 107,B- 169.5 - 250•"0 

-ao 

B 114,3 114,1 228.4 

a 50,3 143.5 193.8 

2· 
2 

15 50,1 135,2 185.J. 260±55 

29,7 143.2 172.9 -
B 

a 8,6. .89,0 97,6 

4• 
2 

(5 18,8 80,4 99,2 65±20 

B 5',7 84,0 89,7 

aMnnl1TY Zlbl OZIH~OHOHHO-ZIBYXIJ)OHOHHl>IX nepexonoa C'll1T81lTCR pa3nH'!HblM11 

H M8HbWHMH, '18M aMnnHTY na OCHOBHOrO-OZIHO/J)OHOHHoro nepexona, ny'!me 

cornacyeTCR C 3Kcnepl1M8HTOM. ITOK838HO TaKZe. 'iTO Y'i8T M8TPH'IHl:JX 

3fl8M8HTOB·. COOTB8TCTBYlllllHX nepexonaM BToporo nopRnKa (OCHOBHOl'l

llBYXIJ)OHOHHbll'I H ZIBYXIJ)OHOHHO-llBYX(f/OHOHHbll'I), Mano BnHReT Ha (f/OpMy H 

B8fll-l'iHHY yrnOBblX pacnpeneneHl-11'1 H HHTerpanbHl>IX C6'18HHl'I: no3TOMY B 

paC'leTax MOZHO HX He YYHTblBaTb. 

B §2 . H3Y'l8HO BnHRHHe llHHaMH'ieCKOl'I ll8(f/OpMaUHH nOTeHUHana Ha 

KOMn8YHllHble Ge'i8HHR. Ha npHMepe 
82

Se npH 3HeprHRX En~ 1,5J 2.0 H 

3.0 M38 noK638HO. 'iTO Y'i8T ZIHHaMH'i8CKOI'/ ll8(f/OpM8UHH noTeHUHana H 

smtRHH8 Ham1"!HR np.RMhlX npoueccos MOJ:8T Zl8B8Th 38M8TH08 j/B8flH'i8HH8 

8 

:J 

' 
' 

1
1 

! 

aenH'iHH C8'i8HHA KOMnaYHZIHOro npouecca. ocol5eHHO B paf'/OH8 

En - 1+3 M38, KOrna OTKpblTO Manoe . 'iHCno Kattanos. TaKOA 3(f/(f/8KT 

no3B0flR8T YZIOBneTBOpHT8flbHO on11caTb 3KcnepHM8HTanbHble ZiaHHble (CM. 

pHC. 2 H 3). 

8 §3 npoBOllHTCR attanH3 Heynpyroro pacceRHHR HeATPOHOB Ha '
8
Ti, 

"°er 11 
00

Ni H - 11ccnenyeTcR ponb cafl:311 KaHanoa np11 on11caH1111 

H8f'ITPOHHl>IX Ge'i8Hl1A. ITOK838HO, 'iTO KOflH'ieCTBO Y'IHTl>IBaeMl,IX KaHanoa 

RBnReTcR eme OZIHl1M 11CTO'iHHKOM HeonpeneneHHOCTM pac'!eTa. Yaenl1'i8Hl18 

'ittcna j/'411Th1B88MblX Kafl6flOB CBR311 · CflOZHblM 00pa30M CK83b1B88TCR Ha 

C8'i8HHRX npRMor□ B0315YliZieHHR , nepBblX 2· - ypoBHef\: c HX POCTOM 

C8'i8HHR YM8HbW61lTCR. C YM8HbIDeHH8M napaMeTpa (J~.- YB8flH'iHB81lTCR. 8 

CYMMapHMX C8'!8HHRX 3T6 Heonp.eneneH.HOCTb llOCTHr88T 10% B , oOnacTH 

3HeprHA H8f'ITPOHOB ZIO 3-4 M3B 11 C pOCTO!'f 3Ii0Prl111 YM6Hb.uraeTCR. 

B rnaae 4 pa3pa0oTaH nonyM11KpocKon11'ieCKHA nonxoa K on11caH111> 

paMK8X 

Rll8PHl>IX 

. . 
tteynpyroro pacceRHl1R H8ATpOHOB Ha C(f/8pH'i8Gl<l1X RZipax B 

(f/OflllHHr-noTeHUHana, nOCTpOeHHoro Ha OCHOBe nepeXOZIHblX 

nnOTHOCTeA KBa3H'iaCTH'iHO-(f/OHOHHOA Mozten11 H 3(1'/(l'/8KTHBH!,JX 

HYKflOH-HYKflOHHblX CHn. 

8 §1 BblBOZlRTCR B1>1pareHHR · 3Tl1X nnoTHOCTeA ZlflR BC6B03MOZHblK 

nepexonoe a- cxeMe CBR3H o<:.-2:-4;. BKn1>'ieHu M nepexoZIHbie nnoTHOCTH, 

CBR38HHbl8 C peopHeHTaUHOHHblM 3(1'/(f/8KTOM. 

8 §2 CTPOHTCR (f/OflZIHHr-noTeHu11an Ha OCHOBe nony'!eHHblX nepeXOllHblX 

nnOTHOCT8A 11 3/J)IJ)eKTl1BHOro noTeHUHana HYKflOH-HYKflOHHblX CHn B B11ll8 

M3Y -B3al1MOZI8ACTBHR' Tl1na PeAna. 

8 §3 pemaeTCR ypaBH8HH8 CBR3aHHblX KaHanoB C TaKHM nOT8HUHanoM 11 

paccMaTpHB88TCR 3al!a'ia pacceRHHR Ha npHMepe 
58

Ni(n,n') npH En=l.51 

2,0, 2,5 11 3,0 M38. ITOKa38HO, 'iTO p83BHBa8MblA <l'/OpM8flH3M 

YllOBneTBOpHTenbHO on11c1:,1eaeT 3KCnepHM8HT8flbHbl8 Zl8HHhle (CM. p11c. 4). 
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PHc. 4. Ynpyn1e H Heynpyn1e llH(l)(l)epeHuHanbHble ce'feHHR Ha ."
8 Ni npH 

E = r,. 
1,5; 2,0; 2,5 H 3,0 

-MHKpOCKOnH'f8CKH8 paC'feni. 

-(l)eHOM8HOnorH'f8CKH8 paC'f8Tl,I. 
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M38. CnnomHa.11 

nyH~THpHa.R 

KpHBaR 

KPHBa.R 

B.3aKnD'f8HHl-l nepe'fHcn8Hbl OCHOBHble pe3ynbTaTbl, nonY'f8HHbl8 B 

-llHCC8pT6UHH' 

1. Ha OCH0B8 M8TOlla CBR3aHHbIX Kattanos paCC'IHTaHbl C8'f8HHli npRMbIX 

npoueccoa H npoaenett aHanH3 BnHRHHR 3(1)(1)8KTOB ll8Q)OpMaU11H 

nosepxHOCTH Rllep, TaKHX KaK KsanpynonbHble » reKcaneKanonbHble 

HeaKCHanbHbl8 lle(l)opMaUHH· B lle(l)OpMHPOBaHHblX .11npax H 3(1)(1)8KTbl 

C8'f8HHR aHrapMOHH'fHOCTH B c(l)epl1'f8CKHX .11npax, Ha Heynpyrne 

B030YJ:ll8HHR~ IToKa3aHO, '{TO B paMK6X Monen11 llaBblllOBa-~»n11nnosa 

Ylla8TCR YllOBneTBOPl1T8nbHO on11caTb 3KCnepHMeHTanbHbl8 llaHHble O Rllpax 

t!12Sm 11 
HcSW 

, H6XOllRW11XCR Ha Kpa.11x P8llK038MenbHOA oOnaCTH. 

IToKa3aHO TaKl!Ce, ,'fTO Y'f8T reKCalleKanonbHblX HeaKc11anbHhlX MOll HrpaeT 

3aM8THYD ponb.np11 on11caH11H C8'f8Hl1A B030YJ:ll8HHR COCTORH11Ft OCHOBHOA 

poTaUHOHHOA 11 r-sHOpau110HHblX nonce co.cnHHOM In= 4♦• 

2. 8 paMKax CTaTHCTl1'feCKOA TeopHH Rll8PHblX peaKUHA c Y'i8TOM 

cospeMeHHblX nonpasoK K (l)opMyne Xay3epa-~em~xa nposelleHbI paC'feTbl 

KOMnaYHllHblX llH(l)(l)epeHuHanbHblX H 11HTerpam,HblX C8'i8HHA pacceRHHR B 

paAoHe 3Hepr11A HeATpOHOB OT 1 ZIO 9 M:38 Ha TRJ:e1IblX Rllpax '"
2sm, 

,a6w • i.cS&.t<kS,toa-Er • 

50Cr, 58""°Ni H 

t?oEr 11 Ha 

82
Se. PaCC'fHTaH 

cpellHHX no MaccaM Rllpax '
8
Ti, 

BKnall KoMn6YHllHOro- npouecca a 

nonHoe C8'f8HH8 11 noKa3aHO, '!TO B 11ccnel1Y8MOM paAOH8 3HeprHR OH 

RBnReTCR npeoOnallaDWHM. 

3. ITposeneH aHa1IH3 BnHRHHR Y'!8Ta llHH6MH'f8CKOA ne(l)opMau1111 

noTeHuHana npH Bbl'fHCneHHH K03(1)(1)HUH8HTOB npHnHnaHHR Ha KOMnaYHllHble 

C8'i8HH1i 11 HanH'fH.11 npRMblX npoueccos. IToKa3aHO, 'fTO . B cny'fae cpellHHX 

no Macce Rll8P, B paAOHe En- 1-3 M3B, KOrlla OTKpb!TO Manoe 'fHCno 

KaHanoa, TaKOA 3(1)(1)8KT RBn.ReTC.11 cymeCTB8HHblM. Y'feT 3Toro 3(1)(1)8KTa 

no3son.11eT Y llOBneTBOpHTenbHO on11caTb 3KCnepHM8HTanbHble llaHHl>l8. 

4,:Pa3pa0oTaH nonyMHKpOCKOnH'f8CKHA nOllXOll K on11caH11D Heynpyroro 

pacceRHHR H9~TPOHOB H}13KHX 3Hepn1il Ha C(l)epH'f9CKHX Rnpax B paMKax 

13 



/l>OfllH1Hr-noTSHUHctJld. □oc:·11,c,._,Hlforo Ha OCHOBe nepeXOZlHblX RZISpHJ,JX 
• 

nJlOTHOCTen KBa3H'-ldCTll'IHt,-,p(,HOHHOll MOZienH RZipa H 31l>/l>SKTMBHblX HYKflOH 

-HYKflOHHblX cHn. !ld -:/,.:iii.tHto ~->Toro • nozixozia paCC'-IHTaHN npRMble H 

. . 
KOMnayHZ]HJ,18 C8'k,HIH 'JI Jlt¥,)3atto, '-!TO OH YllOBJISTBOPHTenbHO .onHCblBaeT 

3KcnepHMSHTaJlbHlJe LliJHfl!-le no tteynpyrOMY pacceRHHl:l HSATPOHOB Ha RllP8 
58 ~, , ' ' 

Ni B paAoHe 3Hepr111 I 1 -i- 3 M38. 
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