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1. BeeoeHue 

llpo~ecc~ rny6oKoneynpyroro pacceHHHH nenroHOB Ha 

HYKJIOHaX npHo6peTaiDT B HaCTOH~ee BpeMR BCe 60nbWee 

3Ha'leHHe B CRH3H C TaK Ha3biBaeMOH "hard-core"- lPH3HKOH, 

T .e. $H3HKo8 no Hccne,l\oBaHHIO crpyKTYPbi HyKnoua. 

11MeeTcJI PH.l\ TeopeTH'IeCKHX no,l\XO.l\OB K onHcaHHIO 

CTPYKTYP~ :meMeHTapHbiX qacTH~. lionbmou ycnex npH 

OnHCaHHH 3KCUepHMeHTaJibHbiX ,l\aHHbiX UO 3JieKTPOMarHHT

HbiM $opM(jlaKTOpaM HYl<JIOHOB BbinaJI Ha ,AOniO MeTO,Aa 

,l\HCnepCHOHHbiX COOTHOllieHHH /I/, QqeHb lliHpOKOe pacnpo

CTpaHeHHe fiOJiy'IHJia TaK)I(e napTOHHaJI MO,l\eJib HyKnOHa. 

113BeCTHo, 'ITO rny6oKoueynpyroe nenron-nyKnonnoe 
pacceRHHe B OCHOBHOM ycneWHO OfiHCbiBaeTCH B paMKaX 

napTOHHOH MO,l\enH /2/. Mo,l\enbHbie npe,l\nono)l(eHHJI o KBapK

napronnou AHHaMHKe fi03BOJIJIIOT nony'IHTb B HBHOM BH,l\e 

crpyKTypn~e tPYHK~HH H npoH3BeCTH cpasueuae c 3Kcne

PHMeHTaJibHLIMH ,l\aHHLIMH. B TaKoM no,l\XO,l\e, O,l\HaKo, ue

H36e)I(HO npHCYTCTBYIOT $eHOMeHOJIOrH'IeCKHe napaMeTp~, 
3Ha'leHHJI KOTOp~x onpe,l\enJIIOTCJI H3 YCJIOBHH cornaCHH 

C 3KCUepHMeHTOM. 

B uacroJI~eu pa6oTe npe,l\JIO)I(eHa MO.l\H$HKa~HH O.l\HOH 

H3 TaKHX MO,l\eneu, a HMeHHO, XOpOWO H3BeCTHOH MO,l\eJIH 

KyrH- BaucKon(jla 131. 3ra MOAH$HKaU.HH, JIBJIHIO~a•c•, 
KaK 6y,l\eT fiOKa3aHO HH)I(e, TeopeTH'IeCKH He06XO,l\HMOH, 

UpHBO,l\HT K JIY'IWeMy COrJiaCHID C 3KCnepHMeHTaJibH~MH 

,l\aHH~MH no rny6oKoueynpyroMy ep- pacceJIHHID I 4/. 

B pa3,l\eJie 2 06Cy)l(,l\aiDTCJI OCHOBHble npe,l\UOJIO)I(eHHJI 

MO,l\enH KyTH- BaucKon$a, noKa3aHa neo6XO.l\HMOCTh ee 

MO.l\H$HKa~HH H nony'leHLI Bbipa)l(eHHJI ,l\JIH CTPYKTypn~x 
(jlynK~HH rny6oKoneynpyroro ep-pacceJIHHH. 

Pa3,l\en 3 nocsJI~eH cpaBHeHHIO npe,l\CKa3aHHH MO.l\H$H

~Hposannou napTOHHOH MO,l\eJIH C 3KCnepHMeHTaJibH~MH 
,l\aHHbiMH. 
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HanOMHHM KHHeMaTH'IeCKHe COOTHOWeHH:JI .IJ,JI:JI npou;ecca 

rny6oKoHeynpyroro ep-pacceJIHHJI. 

B O.IJ.HotlloTOHHOM npH6JIH)KeHHH paccMaTpHaaeMblH npo

u;ecc rpacllH'IeCKH npe.IJ,CTaBJieH O.IJ,HOH .IJ,HarpaMMOH /eM. 
puc. 1/. 

Puc. 1 

BBO.IJ.JITC:s: cne.IJ,yiOIIJ;He o603Ha'leHHJI: k H k'- 'leTLipex

HMnyJILCbl Ha'laJILHOrO H KOHe'IHOrO JienTOHOB; (} - yroJI 

pacceJIHH:JI B na6opaTOpHOH CHCTeMe; /; H ~, - HX CnH

paJibHOCTH /a cnyqae npeHe6pe)KeHHJI Mac coB: nenToHa BKJia.IJ. 

B .IJ,aeT TOJILKO npO.D,OJILHa:JI nOJIJipH3aiJ;H:JI, T. e. ce'leHHe 

kl/ 
!; v = m I; p , q - 'leTblpexHMnyJILCLI Ha'laJILHoro HYK-

JIOHa H BHpTyaJibHOrO clloTOHa COOTBeTCTBeHHO; S- CnHH 

Ha'laJILHOro HYKJIOHa. liLepKeHOBCKHH npe.IJ,eJI onpe.IJ,eJieH 

COOTHOWeHH:JIMH 

-q 2 .... 00 ) v 

v .... 00 ~ 
pq 1 -q2 

= -- , X(==-)= --- - cllHKCHpOBaHHa:JI 
M (J) 2Mv 

BeJIH'IHHa. 

,lJ;HcllcllepeHu;HaJILHoe ceqeHHe 3Toro npou;ecca, npocyMMH

poaaHHoe no BCeM KOHe'IHblM a.IJ,pOHHblM COCTO:JIHHJIM, a 

TaK)Ke no nonJipH3au;HJIM KOHe'IHoro nenToHa, a na6opa

TOpHOH CHCTeMe HMeeT BH.IJ,: 

4 

d 2a 

dE'dG 

2E, 
a _p.v 

---L W 
q 4( k ·p) p.v 

r.IJ,e JienTOHHLIH TeH30p 

L ~ 2l k k' + k 'k + j_ q 2g l + 2i c f p k a 
fH' 11 I' f1 v 2 /H' S p.vpa q 

H a.D,pOHHLIH TeH30p 

w p.tJ 

q/lqf/ 2 
1- g + --I W (v q ) + 

fLV 2 l ' q 

q/l(pq) 
+ lp ---lip 

fL 2 V 
q 

~_:_~q)l-\ W2(v,q2)+ 
2 M q 

/1.1/ 

/1.2/ 

. A 1 a ( 2 1 r a a )] G ( 2) 1 + 1( , q 1Ms G
1 

t',q )+ -M-LS (pq)-p (sq v,q I· 
p.vno 2 

CTpyKTYPHLie cllYHKUHH W 1 , W 2 onpe.IJ,eJIJIIOT .IJ.HcllcllepeHu;HaJIL

Hoe ce'leHue npou;ecca a TOM cnyqae, xor.IJ,a Ha'laJILHLie 

nenTOH HJIH HYKJIOH He nOJI:B:pH30BaHLI: 

( 
d 

2 
a ) 4a

2
E '

2 
. . 2 0 2 e 

= ------l2W ·sm -+ W 
2
cos -I. 

dE'dil H8IIOJL q4 l 2 2 /1.3/ 

B CJiy'lae, KOr.IJ,a nenTOH H HYKJIOH nOJIJipH30BaHbl, BBO.IJ,:JITC:JI 

CJie.IJ,yiOIIJ;He K03tilcllBUHeHTLI aCHMMeTpHH .IJ.HcllcllepeHIJ;HaJibHOrO 

ce'leHH.R: 

1'111 = 

d2 a (f ~ ) - d 2a ( t1 ) 

d 2a ( t~ ) + d 2 a ( t t) 
- .IJ.JIJI HYKJIOHoa, non:s:-
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... 
pHJosaHHbiX aHTHnapannenbHo H napannenLHo HMnynLcy k 
uaneTaJOU.(ero nenToHa, H 

d2a( t ... ) - d2a ( t,_) 

.1'\..l 
d 2a ( t ... ) + d 2a ( t ._ ) 

- ,D;nR HYKJIOHOB, nonRpHJOBaHHbiX s nnocKOCTH pacceRHHJI 

nenToHa nepneH,D;HKynJipHo HMnynbcy uaneTaJOU.(ero nenToHa. 

Bse,D;eHHhle K03~HUHeHTbl aCHMMeTpHH JanucblsaJOTCJI 

c noMOU.(hiO CTPYKTYPHLIX ~YHJC.nHH W 1 , W
2 

, G 
1 

, G 
2 

cne,D;yJO

li.(HM o6pa3oM: 

All 

i\..L. 

<E + E 'cosO)MG 
1
+ q 2 G 

2 

W 1 2 0 
1 + 2 ctg 2 w 

2 

E 'sin 0 <MG 1 + 2EG 2 ) 

1 2 0 
W +-ctg -W 

I 2 2 2 

/1.4/ 

llpe,D;nonaraeTcJI, "'TO B 6LepKeHOBCKOM npe,D;ene cnpase,D;nu

sa rHnOTe3a CKeHJIHHra: 

2MW 1(v,q 2
)-+ F1 (x), vW2 (v,q 2

)-+ F 2(x); 

/1.5/ 
2 2 2 2 

M vG 1 (v, q ) -+ g 
1 

(x), Mv G 
2
(v, q ) -+ g 

2
<x). 

B napTOHHOH MO.I{ens <llYHKUBB F. (x) H g .(x) 
I I 

BMeiOT BH,D; 

2 
F (x) = xF (x) = l: e. G (x) , 

1 2 j I i 

1 2 t J. 
g (x) = - l: e . [ G . (x) - G . (x)] , g (x) = 0 , 

1 4 j I I I 2 

/1.6/ 

r,D;e G i (x) - HOpMsposaHHLie <llYHKUBB pacnpe,D;eneHBJI nap-

6 

.. 

• t ) TOHOB 1 - ro Tuna no ,D;one npo,D;onLHoro HMnynLca, G. (x H 

G t<x> - aHanorH"'Hble ~YHK.nuu pacnpe,D;eneHHJI ,D;nJI napTo-
1 

HOB CO cnupanbHOCTbiO, COOTBeTCTBeHHO COBna,D;aJOU.(eH CO 

cnupaJibHOCTbiO HYKJIOHa HJIH C npOTHBOnOJIOlKHOH CnHpanb
HOCTbiO. 

Bee OCTaJibHble nonolKeHHJI napTOHHOH MO,D;CJIH, HCnOJib-

30BaHHble HaMH B pa60TC, MOlKHO HaRTH B KHHre /2/, 

2. Mooud)uKafiUJI MOOeAu Ky•u- BaiicKon(/ja 

OcHOBHoe H.D;eiuoe co,D;eplKaHue MO.D;enu KyTu- Baic

KOnclla COCTOBT B TOM, "'TO HYKJIOH npe,D;CTaBJIJieTCJI CO

CTOJIU.(HM B3 Tpex BaneHTHLIX KBapKOB H "MOpJI" nap KBapK

aHTBKBapK H rnJOOHOB. B .D;aHHOM no,D;xo,D;e saneHTHLie 

KBapKB OTBeTCTBCHHLI B OCJIOBHOM Ja nepucllepH"'eCKBe 

npoueccw coy,D;apeHBJI, a "Mope" cocTasnJieT "Kop" HyKnoHa 

B 6onee OTBeTCTBCHHO 3a npoueccbl C 60JibWBMB nepe,D;a

"'aMB HMllYJibCOB. "BaneHTHaJI" TpeXKBapKOBaJI DO,D;CHCTeMa 

onpe,D;eJIJICT BHyTpeHHBe KBaHTOBLie "'BCJia HYKJIOHa. llo,D;

CHCTeMa napTOHOB "KOpa" /HJIB "JI,D;pa "/, HMeiOU{aJI BaKYYM

Hble KBaHTOBble "'BCna,COCTO.HT H3 HecllHKCHpOBaHHOFO "'BCna 

KBapK-aHTHKBapKOBLIX nap H rJIJOOHOB. 

llycn. f(x, p ), if> (x,p) , 1/J (x, p )- O,D;H(}1.faCTH1.JHble cllYHKUBH 

pacnpe,D;CJICHBJI DO BMDYJibCaM "saneHTHLIX" KBapKOB, KBap

KOB "Ji.l{pa" B rJIIOOHOB COOTBeTCTBeHHO. 3.1{eCb p - nonHbiH 

pi 
BMnynbC HyKJIOHa, a X .D;OJIJI BMnynLca i -ro p 

napToHa. BepOJITHOCTb N -qacTB"'HOro cocTOJIHHJI Janscw-
BaeTCJI B BB,D;e 

1 N 
dPN(xl,x2, ••• ,xN)=Z o(-1-l: X )x 

k lk lk fOf '-I I' 2' 3.t. I-

3 k1+k2 +k:3 e 
x II f(x .,p)dx. II ¢<x .,p)dx. II 1/J(xk,p)dxk. /2.1/ 
i=) I I j=1 J Jk=1 
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3,!(eCb Z - HOpMHpOBO'IHa.ll KOHCTaHTa, N=k1 +k zt-k3+f.ki=0,2, ... -

'IHCJIO KBapKOB H aHTHKBapKOB ".ll.!(pa" i - ro THlla B ,!(aHHOM 

N-qacTH'IHOM cocTO.IIHHH, E - 'IHCJIO rnrooHOB. 

IlpoiJ,eCC B3aHMO,!(eHCTBH.II JiellTOHa C HYKJIOHOM OllHCbl· 

BaeTC.II KaK 06MeH BHpTyaJibHbiM cPOTOHOM Me)l(,!(y JiellTOHOM 

H O.!(HHM H3 napTOHOB HYKJIOHa. B CB.II3H C 3THM Ba)I(HO HaRTH 

OAHO'IaCTH'IHble cPYHKU.HH pacnpeneneHH.II G i (x) "aaneHTHO

ro" KBapKa HJIH napTOHa ".ll.!(pa" B HYKJIOHe. 

BaeneM OAHO'IaCTH'IHble cPYHKU.HH pacnpeneneHH.II Gi (x) B 

npe,!(llOJIO)I(eHHH; 'ITO 'IHCJIO napTOHOB ".ll.!(pa" HeorpaHH'IeHHO 

H 'ITO CYMMa HMllYJibCOB BCeX napTOHOB paBHa HMllYJibCY 

p HYKJIOHa. 3TH cPYHKU.Hii yno6Ho npe.ncTaBHTb B BHAe 

G. (x) 
1 

G . (x) + G. (x), 
1 V ,lC 

/2.2/ 

rne G iv , G ic - BKJiaAbi "aaneiiTHbiX:" napTOHOB H napTo
HOB ".ll.!(pa"; 

HHAeKc i npHHHMaeT 3Ha'leHH.II 1, 2, 3 H 0 AJI.II KBapKdB 

U, d ,s H rmooHoa COOTBeTCTBeHHO. IlpH 3TOM G 3v=Gov=0. 

<lly'HKIJ.HH G i(x) AJI.II npoToHa H HeB:TpoHa B paMKax SU (3) -
CHMMeTpHH CB.II3aHbl COOTHOWeHH.IIMH 

p n p n p n p n 
G I = G 2 ; G 2= G I ; G 3 = G 3 ; G o= G o 

0.!(HO'IaCTH'IHble cPYHI<IJ,HH pacnpeneneHH.II 

nony'leHbl H3 dPN CJie.!(yiOIIJ,HM' o6pa30M: 

G. (x) MoryT 6b1Tb 
IV 

p P -- N 
G 1v(x)=2G2v(x) = 2Z fim I f(x,p) I fo<l-x-: I xi) x 

p->oo k.=0,2,4,... 1=l 
I 

C=O,I,2,... /2.3/ 

x II ¢ (x , ,p)dx. t/1 (x ,p )dx f(x 
1
,p )f(x 

2 
,p)dx 

1 
dx 

2 
I · 

. J J n n 
J,n 

AHanorH'IHbiM o6pa3oM MoryT 6b1Tb nony'leHbl cPYHKU.HH 

Gic (x). B pe3yJibTaTe cPYHKU.HH G i (x) npencTaBJI.IIIOTC.II B 

BH,!(e 

1 " ( 2) 
-G P (x) = G P (x) = Z [ Cim f(x,p)] A I ftx,p);cp(x,p);t/J(x,p)}, 
2 2v 2v p->00 
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.. 

p p p .. (3) 
G1c {x) = G 2 c (x) = G3c (x) = Z [ Eim ¢ (x,p)]A I f(x,p);cp(x,p);t/J(x,p)}, 

p->oo 

p A(3) 
G (x) = ZUim t/1 (x,p)]A I f(x,p);cp(x,p);t/J (x,p)l, 

Oc p-+oo 

rne onepaTop A(klonpeneneH cooTHOWeHHeM 

A(k) 
A 1 f(x,p);cp(x,p); t/J(x,p)l =. 

00 

i( l-x)~ 
00 

-i~t k 
= £im I f e { f e f(r, p )dr] X 

p->oo 0 

"" -ica 
00 -i~p 

xexp[fe- ¢(a,p)da+fe t/J(p,p)dp]d~l. 
0 

/2.4/ 

/2.5/ 

HecMoTp.ll Ha O'leBHAHbiH npoH3BOJI B Bbi6ope cPYHKIJ.HH pac

npeneneHH.II f , ¢ H t/1 ,OHH AOJI)I(Hbi YAOBJieTBOP.IITb P.IIAY 
YCJIOBHH: 

I 
a/ H 0 p M H p 0 B 0 'I H 0 e y C JI 0 B H e f G v (x) dx = const, 

6/ n o p o r o B o e llOBe,!(eHHe 1 G. (x) --. x, /2.6/ 
1 x-+0 

B/ G . (x) - (1 - x) n • 
1 x-+1 

C y'leTOM 3THX YCJIOBHH B pa6oTe / 3/ 6b1JIH Bbi6paHbl 
CJie.!(yiOIIJ,He cPYHKIJ,HH: 

kw f(x,p) = - x 1-a(O) 

v:-2+ 11~-; 
p2 

kw tP (x,p) = __ g· 

.I 2 p.-2-
V X + 

p2 

kw ¢ (x,p) = ..!:_ 
3 

1 

vx 2+.!:.! 
p2 

/2.7/ 
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/3,IJ;eCL a (0) '= -} - 3Ha1.feuue A2 - Me 30Huoii pe,II;)KeBci<oii 

Tpaei<Topuu npu to= 0 I. llpu Tai<oM BLI6ope ciiYHI<UHH pac
npe,IJ;eJieHH.fl HMeiOT CJie,IJ;yiOII.{HH BH,IJ;: 

cP k.w 2v (x)=o 

x -Y, (1 - x) Y 

1 8(2,y + 1) 

/2.8/ 

G P (x) '= ~ 
k.w 1 c 3 

(1 - x) y + ~~ 
,P _l.i_ p 

G 
0 

(x)- ,_ G 
1 

(x) , 
k.w c g ~<W c X 

r,IJ;e y '= g+ g'. 

Hac HHTepecoBan Bonpoc: MoryT nu MaJILie H3Meueuu.H 
Bepo.HTHOCTH pacnpe,IJ;eJieHH.fl HMITYJILCOB napTOHa B I<Ope 

uyi<noua cyll.{eCTBeuuo H3MeHHTL pe3yJILTaTLI Mo,IJ;enu KyTu

Baiici<on$a? Ecnu npe,IJ;nonO)f(HTL, 'iTO y I<a)f(,IJ;oro H3 nap

TOHOB BeJIH1.fHHa HMITyJILCa MeH.HeTC.fl Ha 6eCI<OHe1.fHO MaJiyiO 

BeJIH1.fHHy, TO llOCI<OJILI<Y HMITYJILC HYI<JIOHa CI<Jia,IJ;LIBaeTC.H 

H3 6eCI<OHe1.fHO 60JILIIIOro 1.fHCJia napTOHOB, pe3yJILTaT CyM

MHpOBaHH.fl MO)f(eT B npuuuune ,IJ;aTL nu6o uyneByiO nonpaBI<y 
B ciiYHI<UHIO G i ,nu6o I<ouequyro, nu6o 6eci<ouequyiO. 

Haiii Bonpoc o6 "ycTOH'iHBOCTH" ciiYHI<UHH Gv H G c OTHO

CHTeJILHO 6eCI<OHe1.fHO MaJILIX ,IJ;06aBOI< I< $yHI<I.{H.fiM k.w f , kw¢ 
H kw 1/J 3I<BHBaJieHTeH CJie,IJ;yiOII.{eMy: HMeeT JIB MeCTO llpH 
npe,IJ;eJILHOM nepexo,IJ;e .f-·0 paBeucTBo 

~~~ tA (k) ( kJ;kw¢+.;;kwi/J+.;) -

(k.) 
-A (kJ;kw¢ ;kwi/J )I '= O' 

/2.9/ 

r,11;e A (k)ecTL onepaTop /2.5/, a .;<x,p) - ,IJ;o6aB01.fHa.H $yui<

UH.H. MLI HaiiiJIH $yHI<I.{HIO .;(x,p ), Tai<yiO, npu I<OTopoii pa
BeHCTBO /2.9/ He BLIITOJIHJieTCJI: 

10 

f 
I 

I' J 

.; (x,p) 
e -{-Jx 

2 

vx 2 +!:__ 
p2 

)J,JI.H ,IJ;aJILHeHIIIHX pacqeTOB MLI BLI6HpaeM $yHI<I.{HH pacnpe
,IJ;eneuu.H B cne,IJ;yiOII.{eii $opMe: 

-/)x 
f(x,p) '=k f(x,p); ¢ (x,p)= k ¢ (x,p) + A -::::=e== 

w w " 
2 fl."" vx + -

p2 
/2.10/ 

·'·( ) A' -{ix '~-' x,p = k .,l' (x,p) + __ e __ _ -----. 
_I 2 fl. 

2 
vx +

p 2 

~YHKUHH /2.10/, ecTecTBeuuo, y,IJ,OBJJeTBOP1110T ycnoBH11M 
/2.6/. 

BLI6paB $yHI<UHH f(x, 0), ¢ (x,p) , 0 (x,p) B BH,IJ,e /2.10/, 
nony"'HM cne,IJ,yiOII.{He BLipa)f(eHH11 ,IJ,JJ11 $yHKUHH pacnpe,IJ,ene
HH.H: 

-Y, 
G p ( ) X 2 0- ) T 

2v X '= X 

B(~ ,r+l) 

<1>(y+1; r+1;-{-J<l-x)) 

<1> (y + 1· r + .Q_ · - r~) 
' 2 ' /'-' 

Gp ~ 
(x) =-

r+Y, ~~ <fl(y~;r+.l;-{-J<l-x)) 
n-x_) __ <l+Ae-~'-'x) 2 _2::._. __ 

2c 3 
X <fJ(y+ 1;r+ ~ ;-{3) 

GOpc (x)=o(y- g) <1-x)r+ Y, 
X . 

1
:.; <l>(y+.Q_. r+ 3. ~~ (1 

<1 +A 'e- JX) 2' 2'-~'-' -x)) 

<t>(y+ 1;r+};...f3) 

/2.11/ 

r,IJ;e r = y + Ag + A' g' , <l>(a; {3; z) - BLipO)f(,IJ;euuaJI runep-
reoMeTpuqecKa.H ciiYHKUHJI. 
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TaK KaK CYMMa HMnyJihCOB napTOHOB pasHa HMnyJihCy 
HYKJioHa: 

l 1 1 
3 f xG p

2
,n (x)dx + 3 f xG 

2
p,n (x)dx+ f xG p

0
,n(x) = 1 , 

0 v 0 c 0 c /2.12/ 

TO napaMeTphl B <}JOpMyJiaX /2.11/ CBH3aHhl C{}OTHOWeHHeM 

3 ' 5 5 5 -<l>(y+ 1; r + -;-{3) + (r- y)<l>(y+ -;r+ -
2 

;-f3) + 
2 2 2 

+y<l>(y+ ~;r+ ~;-(3)-(r+132 )<I>(y+1;r+ ~;-f3)=0. /2.13/ 

TaKHM o6pa3oM, no cpasHeHHIO c Mo.n;eJihJO KyTH- BailcKon
<}Ja BBe,ll,eHO .D;Ba HOBhiX napaMeTpa: r H {3. 

~JIB .n;oKa3aTeJihCTBa YTBep)I(.IJ;eHHH /2.9/ nepeil.n;eM B 
/2.11/ K npe.n;eny A,A' .... 0 . IlpH 3TOM nonyqHM cne.n;yiO
Iu;HH pe3yJihTaT: 

GP(x)j A'=O 2v A, 

x -Yz <1-x) Y e -/30- x) 
= --------. 

1 B(2 , y+1) <l>(y+ 1; y + ~ ; -(3) 

p G2c(x)jA , =_!_ <1-x)y+Yz 
,A =0 3 ----x --· 

e -/30- x) 

<l>(y+1;y+ ~; -{3) 

= _g_ G P (x) I 
3g' Oc A,A'=O /2.14/ 

HOBbie <}JyHKIJ;HH G ~v H G ~c OTJIHqaJOTCH OT <}JyHKIJ;HHk;o,.G ~v 
H lcwG~c /eM. <}JopMyny /2.8// HaJIHqHeM MHO)I(HTeJIH: 

e -(30-x) 

<I> ( y + 1); y + ~ ; -/3 ) 
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Hoshle CTPYKTYPHhle <}JyHKIJ;HH npou;ecca rny6oKoHeynpyroro 
pacceHHHH W 1 , W 2 , G 1 , G 2 MoryT 6h1Th Teneph nonyqeHhl 
c noMOU{hJO <}JopMyn /1.6/. IIpe.n;nonmKHB, KaK 3TO c.n;enaHo 
s pa6oTe I 31, qTo BKna.n; s CTPYKTYPHhle <}JyHKIJ;HH .D;JIH no
JIHpH30BaHHOrO pacceHHHH .D;aiOT TOJlhKO "BaJieHTHhle" nap
TOHhl, a TaK)I(e, qTO lSI 

1 t ~ -[G 1 (x)- G 1 (x)] 2 v v 
2 3G lv(x), 

1 t ~ 1 
-[G2v(x)- G2v (x)J =- -G2v(x), 
2 3 

nonyqHM 

5 p n 
g i (x) = lB G 2v(x), g l (x) = 0 . 

3. CpaaHeHue npeckKa3aHuii Moou¢ullupoaaHHoii 
· MooeAu c' 3KcnepuMeH111aAbHblMU oaHHbZMU 

/2.15/ 

CpaBHeHHe TeopeTHqecKHX npe.n;'CKa3aHHH, nonyqeHHhiX 
B paMKaX Haweif MO.D;H<}JHIJ;HpOBaHHOH napTOHHOH MO.D;eJIH, 
c 3KcnepHMeHTaJihHhiMH .n;aHHhiMH I 41 no rny6oKoHeynpyro
MY nenToH- HYKJIOHHOMY pacceHHHJO B o6nacTH Tex 3HaqeHHH 
v Hq 2, r.n;e CKeHJIHHr cqHTaeTCH cnpaBe.D;JIHBhiM, n03BOJIHeT 
onpe.n;eJIHTh 3HaqeHHH napaMeTpOB, BXO.D;Hll{HX B <}JopMyJihl 
/2.11/: 

A='-0 9· g = 5,57; y =19,49; . T =22,63; ,8=268,1. 
' ' 

IIonyqeHHhie CTPYKTypHhle <}JyHKIJ;HH vW 2 (v, q 2 ) H 2MW 1(v,q 2) 
Jiyqwe OnHChiBaJOT 3KCnepHMeHTaJihHhle .n;aHHhie, qeM CTpyK
TYPHhie <i>YHKUHH, noJiyqeHHLie B paMKax Mo.n;enH KyTH
Ba:HcKon<}Ja. 

TaK, .n;nH 23 3KcnepHMeHTaJihHhiX ToqeK, npHae.n;eHHhiX 
B I 41, Hawa MO.D;H<}JHu;HpoaaHHaH Mo.n;enh npHBO.D;HT K x 2 = 
= 40,5, s To apeMH KaK Mo.n;enh KyTH- BailcKon<}Ja .n;aeT 
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2 
3HaqenHe x =18. TaKHM o6pa3oM, ecnH ~ocroBepnocrL 
npe~ci<a3anui MO~enH KyrH- Baici<oncjla paBHa neci<oJILKHM 

npo~eHTaM, TO ~OCTOBepHOCTLnpe~CI<a3aHHKMO~HcjiH~Hpo

BaHHOH naprouuoi MO~enu - SO!fo, qro npe~cTaBJIJieT co6oro 

KaqecTBeHHO 6onee BLICOKHB pe3yJILTaT. 

CpaBHeHHe cjlyHK~HH F2 (x) c 3KcnepHMeHTaJILHLIMH 

~aHHLIMH npoHJIJIIOCTpHpoBaHO Ha puc. 2. 

I 

0 

-----~---~--- ------- --
o 111 az ID o• 05 a. 

Puc. 2. FpafjuK tPYHK&IUU F i <x>. CnAoJUHaJI AUHUJI - npeo
cKa3aHue HaJUeil MOOeAU; npepb16UCIIOJI AUHUJI - 6KAaO 
eaAeHIIIHbiX KeapKoe; IUifiPUX· nyHK.,UPHOJI AUHUJI - 6KAaO 
K80PK06 "Kopa

1
". JlUHUJI C 06YMJI nyHKIIUpaMU - npeOCKQ· 

3aHue .wooeAu 3/ . 3Kcnepu.weHIIf I 4/. 

~JI.II npa~Lix qacreii npaBHJI cyMM 

I dx·x I e~G P' 0 (x) =I p,n 
0 i = I I I 

p n 
nonyqeuLI 3uaqeHH.II I = 0,166; I = 0,124, KOTOpble 

COBna~aiOT C TOqHOCTLIO ~0 TpeTLero 3HaKa C pe3yJILTaTOM 

pa6oTLI I 31. 
B paccMaTpusaeMoii HaMH MO~HcjiH~HpoBaHHoii naprou-

Hoi MO~eJIH, 6a3HPYIOUleHcJI Ha HeHapyweHHOB SU (3) -
CHMMeTpHH, COXpaH.IIeTCJI Tpy~HOCTL, CBJl3aHHa.ll C TeM, qyo 

F; (x) 
3HaqeHHe OTHOWeHHJI ----1 

Ff (x) x-+ I 
= ~ B OTJIHqHe OT 
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3KCnepHMeHTaJILHLIX ~aHHLIX, KOTOpbie npH 3HaqeHHJIX X

- 0,85 ~aiOT BeJIHqHHY OTHOWeHHJI "' 1/3. MLI nonaraeM, 

qro MO~eJib, OCHOBaHHa.ll Ha HapyweHHH SU (3) - CHMMeT

pHH, BKnroqaroUla.ll uapyweHHe cKeiinHnra, Morna 6LI ynyq

WHTL OTHOWeHHe .f;/F ~, XOTJI 3TO, no-BH~HMOMY, npH-

Be~eT K nO.IIBJieHHIO ~OnOJIHHTeJibHLIX CB060~HLIX napa

MeTpOB . 

.liOJibWOe 3HaqeHHe HMeiOT OnLITbl no pacce.IIHHIO nOJIJI· 

pH30BaHHLIX nenTOHOB Ha nonBpH30BaHHLIX MHWeH.IIX. HHTe

pee K TeopeTHqeCKOMY paCCMOTpeHHIO npo~eCCOB C nOJIJI· 

pH30BaHHLIMH nyqKaMH H MHWeH.IIMH npo6y,JJ,HJICJI oco6eHHO 

CHJILHO B nocne~HHe ro~LI B CBJI3H C C03~aHHeM "3aMOpo

)l(eHHLIX" nOJIJipH30BaHHLIX MHWeHeH, C03~aHHeM llHTeHCHB

HLIX HCTOqHHKOB nOJI.IIpH30BaHHLIX 3JieKTpOHOB, C03,JJ,aHHeM 

KaHaJIOB BbiCOK03HepreTHqecKHX nyqKOB ~-Me30HOB. lle

peqeHb TeopeTHqecKHX BOnpOCOB, Ha KOTOpLie 3KCnepH· 

MeHTLI C nOJIBpH30BaHHLIMH qaCTH~aMH qaCTO ~aiOT npJIMble 

OTBeTLI, ~OCTaToquo BeJIHK. 3~eCb H npoBepKa napTOHHLIX 

MO~enei CTpoeHHJI HYKJIOHOB, H npoBepKa CKeHJIHHrOBOrO 

noBe~eHH.II aMnJIHTy,JJ,, npoBepKa npaBHJI cyMM, nonyqeHHLIX 

Ha OCHOBe ,JJ,HcnepCHOHHLIX COOTHOWeHHH H anre6pbl TOKOB, 

onucauue aMnnury ,JJ, pacce.IIHH.II pe~)l(e- TpunneTHLIMH ,JJ,Ha

rpaMMaMH H T .~. 

A. .. ~ 

01 

- ~ 
a• -------t --- --- ---

0~------~2~--~3~~~--~s~~~~.~o-------,~o~ 
w 

-Qif 

Puc. 3. FpafjuK fjyHKfiUU A I= A/D. 3oect. A "" t'lll , D = 
= (E-E 'E)/E (1 + fR), { =[1 + 2 <1 +2<1-v 2/q 2)~ 2012r1 

, R =arfa1' 
CnAOJUHOJI AUHUJI

1
- npeocKa3aHue Hpf41eu .wooeAu, npept.t· 

euc111a.11 - .wooeAU 31. 3Kcnepu.weHIII 161 • · 
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Ha puc. 3 Mbi npHBO,D;HM cpaBHCHHe nonyl.feHHoro HaMH 

Ko3<l><l>m.J,HeHra acHMMerpuu All(: A) /eM. 1.4/ c He.n;aauo 

IIOJiyl.fCHHbiMH 3KCIICpHMCHTaJibHbiMH ,D;aHHbiMH IIO rny60KO

HeynpyroMy pacCCHHHIO II01IJipH30BaHHbiX 3JICKTpOHOB Ha 

IIOJIHpH30BaHHbiX IIpOTOHax/6/. 3KcnepHMCHTaJibHbiX TOl.fCK 

MallO, H OIIIH6KH eme ,Il;OCTaTOl.fHO BCJIHKH. 0.n;HaKO B H3Me

peHHOH 06JiaCTH nepe,n;aq q 2 MO)KHO rOBOpHTb 0 XOpOIIICM 

cornacuu napTOHHOH Mo.n;enu KyTu-BaiicKDn<t>a c 3Kcnepu

MCHTOM. 0co6eHHO, IIO)KaJiyH, I.J,CHHbiM HBmiCTCH IIO,D;TBep)K

,D;CHHC IIOJIO)KHTCJibHOrO 3HaKa K03<i><l>HI.I,HCHTa aCHMMCTpHH, 

"'TO HBJIHCTCH CIICI.J,HaJibHbiM npe.n;cKa3aHHCM napTOHHOH MO

,D;CJIH. 

Ha puc. 4-7 Mbi npoaenu cpaBHCHHe npe.n;cxa3aHHH ua

IIICH Mo.n;enu H pe 30HaHcHoii Mo.n;enu <Dpaaca 17 I .n;nn Ko3<1><t>H

I.J,HCHTa a<:HMMeTpHH A11 npu 3Heprunx 5 u 15 F3B H yrnax 

10° H 20°. fipH yKa3aHHbiX :lHeprHHX H yrnax paCXO)K,Il;CHHe 

B npe,D;CKa3aHHHX 3THX MO,D;CJICH ,D;OBOJibHO BCJIHKO, II03TOMY 

MO)KHO Ha,D;CHThCH, "'TO 6onee TOl.fHOC H3MepeHHC K03<1><t>H

I.I,HCHTa aCHMMCTpHH II03BOJIHT C,D;CJiaTb Bbi6op MC)K,Il;y HHMH. 

MO)KHO npu.n;a Tb onpe.n;eneHHbiH tPH3Hl.fCCKHH CMbiCJI BBe

)J;CHHOH HaMH .n;o6aBKe K pacnpe,IJ;CJICHHIO napTOHOB B Kope. 

)J.eHCTBHTCJibHO, <i>YHKI.J,HH e -f"h Ol.fCHh HaiiOMHHaeT C06010 

60Jibi.J,MaHOBCKOe pacnpe,IJ;CJICHHC, II03TOMY, rJIH,D;H Ha cpop

MYllbl /2.10/, MO)KHO rOBOpHTb 0 KOHKypeHI.J,HH 60Jibi.J,MaHOB

CKOrO pacrrpe.n;eneHHH H o6wquoro <t>a3oaoro pacrrpe.n;eneHHH 

IIapTOHOB B KOpe H 0 BJIHHHHH 60Jibi.J,MaHOBCKOrO pacnpe,n;e

JICHHH Ha nOCJIC)J;YIOJUHC paCl.fCTbl pa3JIHl.fHbiX 3<1><t>CKTOB. 

Mbl OTKa3aJIHCb OT pacl.feTa ,n;pyrHX, TCCHO CBH3aHHbiX 

c .n;aHHOH Mo.n;enbiO npoueccoa /HanpHMep, npoueccoa pac

CCHHHH HCHTpHHO Ha IIpOTOHaX H T .,n;.j B CBJI3H C TCM, "'TO 

HaMH 6blna paCCMOTpeHa MO,D;Cllb C HeHapylliCHHbiM CKeif

JIHHrOM. HaM Ka)KCTCH, "'TO TOJlbKO IIOCJie BBC)J;CHHH Hapy

IIICHHH CKCHJIHHra B Hallly MO,D;Cllb 6biJIO I.I,CJICC006pa3HO 

paCCMaTpHBaTb COBOKYIIHOCTh BCCX OCTaJihHbiX HBJICHHH, 

npHMbiKaiOmux K npoueccy rny6oKoHeynpyroro paccenHHH 

JICIITOHOB Ha HYKJIOHaX. 

B 3aKJII01.fCHHe aBTOpbi npHHOCHT rny6oKyiO 6naro.n;ap

HOCTb )J..B.lllHpKOBy H A.B.E<t>peMOBy 3a MHOrOl.fHCJICHHbiC 

CTHMYJIHPYIOI:I.J,He ,D;HCKYCCHH. 

16 

A, 

O.f 

0 005 

A, 

0¥ 

01 

Ill 

E•56ev 
, •10' 

Of 

4 

f•IIJ&ev 
#•10' 

015 

-------

Ol 

[18 

t:.,, 

01 

~ 

0 

6,, 
I 

a~· 

i 
031 

0.1 

005 

E•SG~v 
'19•20' 

01 

5 

E•f5Gev 

~-20' 

X 
015 02 

0 OOf 01 0.15 az X 0 ODS 0.1 o.t5 al X 

6 7 

Puc. 4-7. rparftuKU OAR K03rft¢UliU€H1/lQ QCUMMempuu L'.IJ npu 
3HepzuRx E = 5,15 F3B u yzAax 8 =10,20 o • CnAOWHa.R 
AUHUJI - npeOCKQ3QHUe HQW€U MOO€AU; 3QWTilpUX06QHHbl€ 
o6Aacmu coomeemcmeyfOm oonycmUMbiM 3Ha<~eHURM L'. II e 
PQMKax MooeAu /7/. 
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