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1. B B e A e H H e 

TpyAHO?TH TO~Horo peweHHH HAepHOA 38AS~H MHOrHX Ten, KSK H3B9CT

HO, CBH38Hbl e H9AOCTSTO'iHOCTbiO HSWHX 3HSHHA 0 HAepHbiX CHnax H OTCyT

CTBHeM npoeTbiX anropHTMOB Bbi~HcneHHH eBoAeTB SIApa HS OeHOBe 38ASHHD

ro HyKnon-HyKnonnoro B3SHMOAeAeTBHSI, Yenex MOAenH o6ono'leK yKS3biBaeT 

Ha TO, 'iTO 60nbWOA nporpeee B nOHHMSHHH HAepHOH eTpyKTypbl 6bin 6bi AD

eTHrHyT, eenH 6bl YASnOeb, OeHOBbiBSSieb HS npoeTOH H B TO >Ke BpeMSI AO

CTSTO'IHO ~H3H'ieeKH HarnHAHOA TeOpHH, Bbl'iHCnHTb cpeAHee noTeHUHanbHOe 

none HApa, KOTOpOe 06bi'iHO BBOAHTCSI ~HCTO ~HOM9HOnOrH'i9CKHM o6pa30M, 

HanpHMep, B BRAe noTeHUHana CaKeoHa-ByAca, B CBSI3H C STHM 6onbWOA 

HHTepeC npeACTaBnSieT B03MO>KHOCTb nony'leHHH SIBHOrO ananHTH'ieCKOro Bbi

pa>KeHHH AnSI caMoeornacoBannoro HAepHoro noTenuuana /1/, 

B HSCTOSIWeA pa6oTe paeCMSTpHBaeTeSI TO'IHO pewaeMaSI CTSTHeTH'ieC

KSSI MOAenb KOHe~HOrO HAPS 6e3 y'ieTa KynOHOBCKOrO B38HMOAeAeTBHSI H aHep

rHH CHMMeTpHH, T,e, MOAenb KOH9'1HOli SIAepHOA MaTepHH, Mbl npeAnonaraeM, 

'iTO cpeAHHA nOTeHUHan B SlApe V(~) C03A89TCSI KnaeeuqeeKH~f Me30HHbiM 

noneM </> (-; l , HCTO'IHHKSMH KOTOporo HBnSIIOTeSI HyKnOIIbl C npOCTpaH-

CTBeHHOA nnOTHOCTbiO p!tl noTeHUHan AOn>KeH 6biTb, O'leBHAHO, npHTII-

rHBSIOWHM, 'IT06bl SIApO 6binO eBH38HHOA eHeTeMOA, TonbKO none HeATpanb-

HblX eKanSipHb!X Me30HOB, B e03ASHHH KOTOporo Bee HYKnOHbl y~aeTBYIOT Ko

repeHTHO, MO>KeT 06eene'iHTb STOT npHT!IrHBSIOWHA noTeHUHSn (eM., HanpH

Mep, /2/), 
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2, MoJlellbHbiA raMHllbTOHHaH 

3aeprHSJ CHCTeMbl A HyKnOHOB 

A [ p ] • f p ( f") d 3 r , (2 .1) 

B38HMOJleACTBYIOWHX C Me30HH~M noneM, l!Bnl!eTCSI ljJyHKUHOHanOM 

E[p,tf> ]. fH!r"ld
8
r. (2,2 ) 

B aaweA MOJlenH cTaTHqecKall nnoTHOCTb aepenSITHBHCTCKoro raMHnb

TOHHaHa onpeJlenSieTCSI BblpSlKeHI!eM ( 11 • c • I) 

2 
2 618 •Ia 

H!7l • ..!...( Vtf>l + !:.. ¢> 2 + Cp + gtf>p + a p + 
2 2 

(2,3) 
2 <V¢>l<V pl {3 118 tP 2 ( 'V' p ) 5 + P +r---+ 1/a 

+ lp. 
¢> p 

3neCb p. - M8CC8 Me30H8 1 g - KOHCTaHT8 CBSI3H Me30HHOro H HyKnOHHOrO 

none A, c - ( 3 I JO m ) ( 3" 2 I 2 f) , m - Macca cao60JlHOro HyKnoaa, a , f3 , 

y 
1 

5 
1 

f - KOHCT8HTbl 1 sennqHHbl KOTOpblX onpenenSIIOTCSI HH)I(e, 

MolKHO Jl8Tb cnenyiOWYIO $H3HqeCKYIO HHTepnpeTaUHIO OTJlenbHbiM qneHSM 

Bbipa~eHHSI (2,3), nepBbie AB8 COOTBeTCTBYIOT nnOTHOCTH SHeprHH CB060Jl

HOrO Me30HHOrO nonSJ; TpeTHA qneH paaeH nnOTHOCTH KHHeTHqeCKOA 9HeprHH 

Bb!pO)I(JleHHOrO <flepMH-r838 HyKnOHOB C rpaHHqHbiM HMITYllbCOM P F (i) , 38-

BHCSIWHM OT nnOTHOCTH HyKnOHOB B JlaHHOA TQqKe npOCTp8HCTB8 

.. 2 3 .. ) 
p(r )a ---p (r. 

2 F 
37T 

(2,4) 

'4eTaepTbiA H ITSITbiA qneHbl paBHbl COOTBeTCTBeHHO npSIMOMY H o6MeHHOMY 

B3aHMOAeACTBHIO ayKnOHOB C Me30HHbiM noneM; WeCTOA 'lneH yqHTbiBaeT B 

paCCMa'l'pHBaeMOA MOAenH B03MO>KHYIO nepeHOpMHpOBKY MaCChi Me30Ha B S!Jlep

HOA MaTepHH. CnenyiOwHe naa qneaa, aaanoreqao eaaeCTHoA nonpasKe BaAu-

4 

~ j 

3eKKepa, OTpa)l(aiOT CyWeCTBeHHble B S!Jlpe acjlclleKTbl HeOJlHOPOJlHOCTH nnOTHOC

TH H ITOTeHUHana, nocneJlHHA qneH SJBnSJeTCSI MepoA nepeHOpMHpOBKH MaCC~ 

ayKnOHa B SJJlepHOA MaTepHH 1 ~ • m * .;,. m H60 9HeprHSJ (2,2) OTCqHTbl-

aaeTCSJ OT aaeprHH E 0 ~Am CHCTeMbl A CB060JlHbiX HyKnOHOB, KaK 6yJleT 

noKaaaao HH)I(e, aeneqeaa - £ p8BH8 CpeJlHeA 9HeprHH CBSI3H H8 HyKnOH 

B SIJlepHOA MSTepHH ( "' 16 Maa), TSK qTo 1£1 <<m , H BO BCeX OCTOllbHbiX 

qneHSX BblpS)I(eHHll (2,3) MOlKHO npeue6peqb nepeHOpMHpOBKOl! MaCChi HyK

noaa ( m * .. m ). 

3, YpaaaeHI!SI JlnSI S!JlepHhiX noTeHUI!ana 11 nnoTHOCTI! 

CooTaeTCTBYIOWHe nnoTHOCTH raMHnbTOHHaHa (2 ,3) nones Lie ypaaneHHSI 

HaXOJlSITCll H3 ycnOBHSI MHHIIMYMS SHeprHH (2,2) ITpH 3aA~HHOM qHcne qaCTHU 

(2,1), T,e, nyTeM aapbepoaaHHll ¢>yHKUHonana E· E- A A ( A -MIIOlKH-

Tenb flarp8H)I(8) no ljJy HKUH SIM tf> ( r"* ) H p ( ;' ) 

ail aii 
--- V--· o, 
a.p arv.pl (3.1) 

a ii _ v aii = o. 
ap a<-v pl 

(3.2) 

3necb H- H Ap • 

HeTpynao y6eAHT'>CH1 paccMaTpeaaSJ SJBHoe BhipalKeHHe nnH ypaaHeHHSJ 

(3,2) 1 qTQ H3 Tpe60BaHHSI KOHeqHQCTII CHCTCMbl 1 T,e, </> -> 0 1 p -> 0 , 

ecne 1; 1 .. "" , cnenyeT 

A .. £ 
(3,3) 

nosTOMy o6a napaMCTpa A H f BhiiTaAaiOT H3 ypa£HCHIISI (3,2), 

B o6weM cny'lae npo1!3POnbHhJX aaaqeaeii napaMeTpon a , f3 , Y , 

ll ypaBHeJII!SI (3,1) H ( 3,2) o6pa3yJOT CBSI38llllYIO CHCTeMy AB)'X nenHIICHJibiX 

ypalHICI!Hii BTOporo ITOpS!JlKB, pcWeiiHSI KOTOpoA MO)I(HO HaliTI! TOllbKO qHcneH

HhiM o6pa30M, OnnaKo npH onpeJlcnonai,JX 3Ha•mHI!l!X napaMeTpoa 1.1 ,{3, y , 5 

STH pCWCIIHSI MOryT 6hiTb nonyqeiiLJ D 3aMKHYTOM aaanHTHqecKOM BHJle, 
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nepeAAeM K 6eapaaMepuoA He38BHCHMOA nepeMeHHOA 

.. .. 
x • p. r 

u 6eapaaMepHbiM pacnpeAeneHHliM S~Aepuoro noTeHuuana 

v<r+>=g¢><1> .. -v y(:> 
0 

H RaepHOH nnOTHOCTH z(t ) 

p <i'>=p z<i ). 
0 

y (1) 

(3.4) 

(3.5) 

(3.6) 

3AeCb 
3 2 

V 
0
-nono>KHTenbHall eenH'lHHa c paaMepHOCTbiO noTenuuana, p 0 •2p 0 /3" 

- HeKOTOpall nnOTHOCTb 1 P 
0 

- COOTBBTCTBYIOIIlHi! P 0 rpaHH'IHbiA HMnynbC 

<llepMH, 

TOI"A8 1 ecnu BbtnOnHliiOTCll COOTHOW6HHSI 

a napaMeTpbi a 

2 

Po • V 
--- 0 
2m 

g2 5V 
0 ------, 

p.
2 

Po 

{3 • y 8 paBHbl COOTBeTCTBBHHO 

a .. __ 1_ ( 317 
2 

t/3 p 
20 --;--) -

0
-

m 

{3 
4g2 2 2/3 
--(--) m 

5 3112 

3rr 
4 

I 
y =- --- ---3 

llig 3 m 

6 

(3,7) 

(3,8) 

(3,9) 

(3.10) 

(3.11) 

-~ 

I 
:~w/ 

·. 
\r) 
!P 

,c,li' 

., 2 3"' a/a 1 
u- --<--> --. 

3g 2 m (3.12) 

TO ypaBHBHHII (3_1) H (3,2) paapeWHMblo 

nerxo npoaepuTb, 'ITO npu &Tax ycnoaaHX cymecTeyeT cneAyiOwee pewe

HHe ypaBHBHBA (3,1) H (3,2) B TepMHRSX cjJyHJtUBA y(1) H z(l") I 

.. a/2 
z(xl•y (t ), 

(3.13) 

a y ( ~) SIBnSieTCll peWeHHeM ypaBHBHBll 

A .. (... a/2 .. 3 
oy (x )+y x) •y (x)+ T 

[VyG)] 2 

(3.14) 

y(1) 

3aMeTHM1 'ITO H3 (3,13) B (3,14) BbiTeltaeT1 'ITO cjlyRKUHSI z (t) YAOBnBTBo-

plleT ypaBH&HHIO 

A .. 3 .. 3 c/a .. 4 
L>Z ( x) + - z (x) •- z (x) + -

2 2 3 

{'V z!i'l]2 

z(1) 
(3.15) 

CneAOBaTen&ao, peweaae ypaeaeHHll (3,14) noaaonReT HaM aaATH Jtalt pac-

npeAeneaHe S~Aepuoro noTeauuana V <r .. ) , TaK a pacnpeAeneaue 
1S~AepnoA 

nnOT HOCTH p ( , .. ) • 

CoaTnoweaue (3,13) nMeeT npocToA cjln3H'IeCKHA CMbtcn, CoaMeCTHO 

C (3.5)-(3,7) ORO 03Ha'laeT, 'ITO l"p8HH'lH8ll 8Hepi"Hll <llepMH 'laCTHUbl He 

38BHCHT OT TOI"O, B KSKOA TO'IKB npoCTp8HCTB8 '18CTHU8 H8XOAHTCSI1 a HMBH-

HO,BCIOAY paBHa Hyma 

E (;>) • 
F 

2 .. 
p F (r) 

2m 
+ V(~) ,..o. (3,16) 

TaKHM o6pa30M, CBll3b RABPHOA nnOTHOCTH C noTeHUuanoM B uaweA MOAenH 

HABHTH'lH8 C H3BeCTHbiM ycnOBHeM C8MOCOI"naCOB8HHll 9THX BenH'lHH B MeTOAB 
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ToMaca-IJ>epMH, T.e. c ycnosaeM paBHOBeCHSI CHCT9Mbl, B TO >Ke speMSI ypaB

HeHHe (3,14) LlnB S!LlepHoro DOTeHURana cymeCTB9HHO OTnR'IaeTCSI OT ypaB

HeHHSI ToMaCa-IJ>epMH LlnSI CaMOCOrnaCOBaHHOrO DOT9HUHana B aTOMe 

!ly. Y a/2 ( 3.17) 

YpaBHeHHe (3.14) BBnBeTCSI HenHHeiiHbiM LlHclMPepeHUHallbHbiM ypaBHeHHeM 

B 'laCTHblX npOH3B0£1HbiX BTOpOrO DOpSILlKa, Hac BHTepeCyiOT TaKH9 ero pewe

HHSI, KOTOpble YLlOBneTBOpSIIOT rpaHH'IHbiM ycnOBHSIM 

y c: ) _. y 
0 

a cons! , 11 \ .. 0 , 

(3.18) 

y (~) .. o, I~ I ..... 

BocnonbayeMCSI TeM, 'ITO o6wee peweaae xpaesoil aana'IH (3.18) nnSI 

yp8BH9HHSI 

!ly + y = y + q 

2 
(Vyl 

y (3.19) 

npB D •q MO>KeT 6b1Tb nony'leHO B SIBHOM BB£19 /
3 /, 8 paCCMaTpHB89MOM 

3Ll9Cb Cny'l89 D • q • 3/2 yp8BH9HBe (3,14) DOLlCT8HOBKOil 

y( :). __ 1 __ 

D 
2 (t) 

npHBOLlHTCSI K nHH9iiHOMY yp8BH9HHIO 

2!lu(; l-u (x .. l+I•O, 

peW9HHSI KOTOporo B3BeCTHbl, 

(3.20) 

(3.21) 

npe>K£19 '19M nepeXOLlBTb It o6cy>KL19HHIO peweHBil Kp8eBOil 38£18~ 38-

MeTHM, 'ITO yp8BH9HH9 (3,14) HM99T peweHBe Y (it),oJ , KOTOpOMY COOT-

B9TCTByeT z(t)~ I , STO peweHBe eCTeCTB9HHO BHTepnpeTHp088Tb K8K 

cny'l8il 6ecxoHe'IHOil onaoponaoil S!Llepsoil M8TepHH. BenH'IHHbl - V 0 B Po 

8 

I 
~·\,~' 
-~~ 

., 
-~ 

l 
~ 

,J 

BBnBIOTCB TOr£18 COOTB9TCTB9HHO DOT9HUHanOM H nnOTHOCTbiO SILlepHOil M8Te

pBB, CBB3aHHbiMH M9>KL1Y co6oil COOTHOW9HB9M {3,7), 

4. Ccjlepa'lecxae S!Llpa 

.QnB KOH9'1Hb1X S!Ll9p peweHHB ypa5H9HHil (3,21) H (3.14) MOryT o6na

Ll8Tb ccjlepH'19CKOil CBMM9T.pHelt, a MoryT H He o6n&Ll8Tb 910, PaCCMOTpBM 

CH8'18n8 Cny'18lt ccjlepB'I9CKBX SIL19p, LlnB KOTOpbiX p8CDpeneneBBB DOT9HUB8n8 

B nnoTHOCTH ccjlepH'Iecxu-cHMMeTpH'IHbi, B STOM cny'l8e peweHBB xpaesoil 

38Lla'IR {3,18) LlnB yp85H9HBR {3,14) HM910T BR£1 / 1,3 / 

y ( x ;a) • -------------- (4.1) 
eh(x/v'2l 2 

] I + a 
x/yT 

napaMeTp a - , X8paJtTepH3YIODIBil peW9HB91 npOCTO CBSI38H C H8'18llb

HbiM 3Ha'I8HH9M y (0) • Y 
0 

a•----1. 
VY;, 

.QnSI 6eCKOHe'IHOil SILlepHOil M8T9pBH y ,• I 

y 
0 

< 1, a > o. 

(4.2) 

8 .o AnSI KOH9'1Hb1X SIL19P 

PacnpeAenesae nnoTHOCTR HyKnOHOB B ccjlepB'IecKOM S!Llpe1 COOTB9TCT

BYIOW99 pacnpeneneHBIO llOT8HUBiiln8 ( 4,1), p8BHO 

z (x 1 8 ) • 

[ I + 8 

noaeneaae ljlysxuail y ( x 1a l 

Y 0 { Y 0 a 0,851 Yo • 0,990, 

eh(x/-/ll ]a 

x/Y2 

z(x;8) LlnB HeCKOllbKHX 3H8'18HBil 

(4.3) 

Y 0 • 0,9996) noKa38HO Ha pHC, 1, BBL1H01 

'ITO '19M M9HbW.e p83HOCTb 1- y 0 , TeM 6onbWYIO npOTB>K9HHOCTb BM910T 

p8cnpeneneHBB noTeHuaana B nnoTHOCTH, Y no6Ho cnenyiODIHM o6paaoM onpe-

nen&Tb paLlBYCbl X y H X • 9THX pacnpeneneaail 
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z ( \ ) = y (X ) = 
2 

(4.4) 

TSK K8K llllli BCeX SI/lep, 3a IICKniO'!eHHeM CaMblX lle!'KiiX, 3Ha'!eHHSI }' 0 H 

a/:J 
7. 0 ~ y 0 K enHHHUe. BenH'IHHbi O'!eHb 6liH3KH \ \ llpOCTO CBH-,. 

3aHW C napaMeTpOM pacnpeneneHHH (4.1), (4.3) 

\ z /·./2 x N2 y (21/3 -I) a= ( v'2 -I 
(4.5) 

sh ( \ /y 2l ,. sh( \ J\12) .. 

\ = .1 
y KpnRLie Ha pi!C, 1 COOTBeTCTBYJOT 3Ha'!eHI!HM \ = IO II \ =IS. 

y 

llet'KO snneTb, 'ITO scerna X > \ z • B '18CTHOCTH, llllli C8Mb1X TSilKellblX 

S!Hep pa3HOCTb pa/lHYCOB pacnpeneneHHH liOTeHUH8ll8 H llliOTHOCTII IIOCTOSIHH8 

U ptHHHl. 

\ -\ 
y 

= \' 2 fn 

t/~ 11/6 
3a~IeTI! ~I T8KiKe, 'ITO llllli TSilKellbiX H/lep z '( \' z )., - 3 {2- -Jl/2 , 

(4.6) 

3TO 3Ha'!KT, 

'ITO TOliiUIIHa liOBepXHOCTIIOI'O CliOH, TO eCTb HHTepBall paCCTOSIHHH, 118 KOTQ

pO~I z(x) nanaeT OT 0,9 /lO 0,1, llllll HHX npaKTH'!eCKK liOCTOSIHHa II paBHa 

-. ·\x ~ ~,5 • ( 4.7) 

BoaspaiUCIHCb K paaMepHbtM senH'II!HaM >mepHhiX noTeHUHana H nnoTHOC-

T;r, HaXOil!l~l 

\·o 
\( r) =-

~h<p.r/v'!l 
----·--(I+</2 -Il~ ____ ·) (4.8) 

sh(/1 K~/{2" 

Po p ( rl 
( 4.9) 

[I!-(2 t/3-Il~ sh(fLr/\l"f") 

sh(/l Kpl\'"'fl 

10 

l 

:I 

I 
). 

II 

"III[IIIJL__- IIII.IIIIUL ~-----

rne pa3MepHbte pallHYCbl liOTeHUIISlla H llliOTHOCTH paBHbl 

Rv 
X 

---l:. 

11 
R 

X 
z 

p 11 
(4.10) 

Bb!paJKeHHH (4.8), (4.9) xopomo nepenaJOT (pRe. 1) H3BeCTHbte oco6eH

HOCTH HCKOMbiX pacnpeneneHHli: 6liH30CTb K 3Ha'!eHHllM Jl:Ill llllepHOJI MaTepHH 

BHyTpH Hllpa, npaKTH'!eCKOe IIOCTOSIHCTBO llllll BCeX llllep TOliiUHIIbl IIOBepXHOCT

HOI'O CliOll H 3KCIIOHeHUHallbHO 6biCTpblH Cllall llpH ynaneHHH OT Kpag Slllpa 

V(r),. _ 
v o r 2 

(-) ex ( ..[2 e fL(r- R v>IV2 
(y'2 -d R · p -

2 
fL ( r- R ) ] v v • 

>>I, ( 4.11) 

3 
P ( r)"' 

Po 
I ( r ) exp[-3fL(r-R ll/2] fL(r-R >/v'2 

(2, 3-I)3 -;-
p ,e p »I. (4.12) 

p 

CpaBHHBaR HallneHHYIO BbiiUe (4.7) eenH'IHHY pa3Mb1THR noeepxHOCTH 

TSilKellbiX Slllep C 3KCnepHMeHT8llbHO H3BeCTHblM (eM., HallpHMep, / 4 /) 3Ha'le':" 
-I 

HHeM .:\r • 2,4 ljlepMH, HeTPYllHO OUeHHTb Me30HHYIO Macey fL • TaK,f' .. 0,44 

ljlepMH, T.e. fL oo 3,2 fL 1T oo 450 Mse. COOTBeTCTBYJODlaSI BeliH'IHHa KOHCTaHTbl 

CBll3H Me3oHa C HYKliOHOM HaXOllHTCSI H3 COOTHOUleHHSI (8~S) H pasHa 

g 
2 I 4 , .. 4,5 npa p 

0 
= 1 ,4 <!JepMB-1. TaJtaR eenB'IHHa p 

0 
OTBe'la?T 3Ha'!eHHIO 

tla 
r 0 = 1, 1 «jlepMH B ljleHoMeHonorH'IeCKoli ljlopMyne llliH panayca Slllpa R = r 0 A 

a, cornacHo (8.7), seliHiiHHe V 0= 40 Mss llliR noTenuaana 6ecKoHe'IHOli 

SlllepHOli MaTepHHo npa llaHHb!X 3Ha'leHHSIX napaMeTpOB KpHBble Ha pHCo 1 COOT-

BeTCTByiOT CllellyiOUlHM 'IHCllaM 'laCTHU: A-8 , A =60 H A e200 , onpene-

lllleMbiX BbtpalKeHHeM 

47T ~ 2 
A(a),.p --J z(qalx dx 

0 fL 3 0 
(4.13) 

Pa3HOCTb pallKYCOB pacnpeneneHHli IIOTeHUHana H IIliOTHOCTH llliSI TSIJKe

llbiX Mep oJta3biBaeTCR npH 3TOM paBHOii, cornacuo ( 4.6), BeliH'IHHa A R 

.. R - R .. 0,66 I fL "' 1,5 d,>epMH, 'ITO ynoeneTBOPKTellbHO cornacyeTCsr c aa-
v p 

eecTHOli aa 3KcnepHMeHTa eenH'IHHoli A R • 1,8 <!JepMH 141. 
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Ha pac, 1 npaBe.QeHhi TaK*e pacnpe.QeneHHSI (.QnSI y.Qo6cTBa yBena

qeao B 10 paa) cnaa-op6aTanhHoro H.Qepaoro noTeauaana YLs (x;a) , cooT

BeTCTBYJOillHe .QSHI;IhiM pacnpe.QeneHHSIM ueH'I:panbHoro noTeauaana y ( x 1 a) 

.. ....!.. 
X 

d h Y ( X I a ). y ( x ;a) 
LS ( 4.14) 

5, .QetjlOpMHpOBSHHbie SI.Qpa 

KaK Y*9 6bJnO OTM9"18HO Bbllll80 .QnSI ypaBH8HHSl (3,21) H, COOTB9TCTBeH

HO, .QnSI ypaBHeHHSI (3.14) MO)I{eT 6biTb aaii:.QeHo o6mee aaanHTH"'ecxoe pewe

HHe, 6ea npe.QnonO)I{9HHSl 0 ctjlepH'I"eCKOll CHMMeTpHH 38.Q8"1j1, Cne.QOBaTenhHO, 

8H8nHTH"'8CKHe peweHHSI ypaBH8HHSl (3,14) DpHrO.QHbl T8K)I{8 .QnSI OIIHCSHHSI 

pacnpe.QeneHHSI caMocornacoBaaaoro no~eauaana .QetjlopMaposaHHbiX SIAep, 06-

wee peweaae ypasaeaaSI (3,14) aMeeT BH.Q 131: 

sh(x/.J'2l · 00 f -2 
y!x,8,¢>1al• [I+a 0 _+I I af ie(x/..{2lYf (8,cpl] • 

x/-./2 f..:~rn<=>-i m m (5,1) 

3.QeCb ROnO)I{HTenhHblll napaMeTp a 0 , KSK H paHbWe, CBSI38H CO Cpe.QHHM 

pallHYCOM Sl.Qpa, a fm - onpenenSIIOillHe .QetjlopMaUHIO Sl.Qpa npOH3BOnbHbi8 "'HC-

neHHbie napaMeTpbi, i e< x l • ..;;r;;- I f+ ~ < x l - ctjlepa"'ecxae tjlyHKuaa 

BeccenSI MHHMoro apryMeHTa, Y f m ( 8, ¢> l - ctjlepa"'ecxae tjlyaxuaa, .Qanonb-

HaSI ( f = I) .QetjlopMaUHJI OTCyTCTByeT, ecna. KSK 9TO HSMH npennonaraeTCSI, 

UeHTp TSl)I{8CTH ~acnpeneneHHSl HBXO.QHTCJI B UeHTpe KOOpAHHST, 

CooTBeTCTBYJOWee (5,1) pacnpeneneaae nnoTHOCTH ayxnoaoB B .Qetjlop

MHpoBaHHOM SI.Qpe paBao, cornacao ( 3,13), 

sh(x /-./2) 00 e 
x/-./2 +e~ ·.!_e afm ie<xN2lY e <8,¢>>1-~ 

Ill 

z ( x , 8, </> 1 a ) ,.[ I + a 
0 

(5.2) 

Ha Tpe6osaaa SI BellleCTBeHHOCTH H orpaHH"'eHHOCTH Bbipa)l{eHHII: ( 5,1 ) , 

(5,2) Cne.QyeT, "'TO e.QHHCTBeHHbiMH orpaHH"'eHHSlMH Ha napaMeTpbl a fm 

HBnSIJOTCSl 

12 

a = a* e, -'m fm 
(5,3) 

I Ia l-./(2f +ll/417 
fm fm 

<a 
0 

Pa.QayCbJ X Y(8, </> l a x. (8,¢>) pacnpe.Qeneaall: (5.1) H (5.2), on-

pe.QenaeMhl8 COOTHOW9HHSIMH 

y(X (8,cp), 8,cp;a) =z (X (8,cpl,8,cp ;al= ..L, 
y z 2 (5.4) 

SIBnSIJOTCSl Tenepb tjlyHKUHSIMH yrnOBbiX nepeMeHHbiX H napaMeTpOB .QetjlopMSUHH. 

Ha Bb!Pa*eHall: (5,1), (5,2) aaxo.QHM 

,.h(Xy(8,cpl/{2l oo f 
ao +I I . < 8 -Xy(8,cpl/..{2 f=2 m-fal'm 'f Xy( ,cp)/-./2)Yfm (8,cp) .. y2-I, 

(5.5) 

a sh ( x. (8,</>) A(2} .. e 
0 x.<8.¢>l/-./2+f~ ~ afmi e<x.<8,¢>l/..{2lYfm (8,</>)~2 I/a -1 

(5.6) 

npa OTcyTCTBHH .QetjlopMSUHH ( a fm '" 0) STH BblpSJKeHHJI nepeXO.QSIT B 6onee 

npocTble cjlopMy nbl ( 4.5). B o6meM cny"'ae npoaaBonhaoll: .QecjlopMa~R aasa

CHMOCTb tjlyJIKURll X y ( 8 , cp ) H X z ( 8, cp) OT yrnOBbiX nepeMeHHbiX paanH"'HS, 

HO BCIO.QY Xy ( 8, cp ) > X z ( 8 • </> ) • 

Pa.Qaycbl pacnpe.Qeneaall: H.Qepaoll: nnoTHOCTB a H.Qepsoro nOTeauaana, 

paCCMSTpHBBeMble KSK tjlyHK_URH yrnOB 8 , cp , fiO.Q06Hbl TOnbKO npH Manb!X 

.QecjlopMSUHJIX, lJTo6bl IIOK838Tb STO, ynpOCTHM TO"'Hb18 BblpS)I{eHHSl (5.5),(5,6), 

BocnonhayeMCSI npe*.Qe scero TeM, "'TO .Qna cpe.QHHX a TaJKenblx Hll8P 

Xz(fl,cpl/..;'2»1, TSK "'TO MOJKHO BOCDOnh30B8TbCH SCHMDTOTH"'eCKHMH BblpaJKe

HBHMB .Qna c~pa"'ecxax tjlyaxuall: BeccenH if(xl~ex /x • B peaynhTaTe aa

XO.QHM 

exp [ X (8,¢> ) / v'2J 
y 2( ..;""2 -I} 

X <O.cpl/..[2 
y 

ao +:£a fm y fm(8,¢>) (5,7) 
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exp [ X z ( () , ¢> ) I ..[21 

x ((} . q, > 1 v2 . 

Ecnu necjK>pMauuu Manbi, T.e. 

2 ( 2 lja -I) 

a 0 + I a fm y fm ((},if>) 

lao !«a, 
<m 0 

soaMOlKHO nan&HeAwee ynpoweuue SbipalKeHuA (5. 7), (5.8) 

X 
+ ... l -a o 

a 0 

,;;;- "" f 
-..I..:-I I afmYfm(6,¢>l, 

a 0 f-2 .,....J 

2(2 113 -1} 2(2 lla -1} 
X ((},f{>),. yT[ fn . fn fn + ... 1-+ 

ao ao 

vT f 
I I a f Y i < 6 ,¢> > • 

f=2 m•-f m m ao 

CnenosaTen&uo, npu ManbiX neljlopMaUHHX 

(0) (I) 
X (6,if>> .. x +X ((),if>), 

y y 

X ( () , ¢> ) • X (O) + X < 0 ( () , if> ) , 
• z 

rae cpe.Quue pa.t:~uycbr pacnpeneneHuli pasHbl 

(0) - 2<12-1) 2(..j2 -1} 
X Y • ..j 2 [ fn -- + fn fn + • •• 1 

x<o) .. '1/2[ r .. 
• 

a 0 a 
0 

2(21la_l) 2( 21la_l) 
+ en Yn --+ 

a 
0 
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a 
0 

... 1, 

(5.8) 

(5.9) 

(5.10) 

(5.11) 

( 5.12) 

(5.13) 

H OTKnOHeHHe pa.QHyCOS OT Cpe.QRHX 3HaqeuuA paSHO 

(I) ...j2 oo f 
x <6,¢>> .. -- I I ar.. vem <6.¢>>. 

a 0 f.2 m-f (5.14) 

~YHKUHH (5.10) H (5.11) fi0ll06Hhl 0 TBK KBK HX pa3HOCTb He 3BSHCHT OT yr

nos u pasHa paauocTH cpellHHX panuycos (5.13), 'ITO nnH THJKenbrx SI.Qep 

( fn fn ( II a ) « fn (I I a )) 
0 0 

.QaeT senaquuy ( 4.6) • 

EcTeCTSeHHO S03HHKB8T aonpoc 06 SRepreTH'18CKH HBH60nee BhlrOllHOA 

necjlopMBUHH SI.Qpa • .UnH peweRHSI STOll: 3BllB'IH He06XOllHMO fiOllCTaBHTb B J;!bl

paJKeRHe (2.8) ltnH nnOTHOCTH SReprHH RaAlteHHble peweRHSI (5.1 ), (5.2) H 

HaliTH MHHHMYM nonuoi!: SReprHH CHCTeMbl (2 .2) npH 3altaHHOM 'IHCne HYK

noHOB ( 2.1) a npocTpaHCTBe nepeMeRHbiX a fm • KaK ReTPYliHO y6eltHTbCH 1 

HCnOnb30BaRHe B ( 2.3) COOTHOWeHHSI ( 3.18) MelKllY pacnpeneneHHSIMH nnOTHO

CTH HyKnOHOB H HllepHOrO llOT6HUHana npHBOllH~ He3aBHCHMO OT BenH'IHHhl lte

cjlopMaUHH, K B3aHMHOMy COKpaweHHIO BCeX qneHOB BblpalKeHHSI ( 2.3) aa HCKnJO-

qeHHeM nocnenHero. 

TaKHM, o6paaoM, nonyqaeM, 'ITo, HeaaaucuMo oT cjlopMbi !lllpa, 

E=c Jp<1>d 3
r 

nosTOMY cpe.QHSISI SHeprHR CSSI3H Ha HyKnOH 

E 
E 

A 
-- ( 

(5,15) 

(5.16) 

He aasHCHT OT napaMeTpOB necjlopMaUHH a e... • CneaosaTenbHO, a E I a a fm .. 

"'a 2E I a a ~m =0, H SlliPO s uawei!: Moaenu HSnHeTCSI CHCTeMoi!:, 6eapaa-

nu'IHOi!: no OTHOW6HHIO K H3MeHeHHIO cjK>pMblo 

Benuquua napaMeTpa S ShlpalKeHHH (2.3) pasHa B3HTOMY C o6paT-

HbiM auaKOM o6'beMHOMY qneuy a uasecTuoii: ljlopMyne Bai!:uaeKKepa anH 

3Repruu CBH3H Slllpa, T.e. c ., - 16 Msa. 
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6, 06cy~aenue peaynbTaTOB 

PaCCMOTpeHH8SI CT8THCTH'IeCK8SI MOAe.nb n03BOJISieT HS OCHOBe npOCTb!X 

H paayMHbiX npeanono~eHHil o MeaonnoA npnpoae anyTpnsraepnoro noTeHuua

na H 0 BRAe B38HMOAeilCTBHSI Me30HHOI'O H HYKJIOHHOI'O noneil 06'bHCHHTb HS

CbiiUeHHe sraepHbiX cun H cymecTBeHHhle xapaKTe.pHCTHKH cpeanero nonH H 

pacnpeaeneHHSI HYKJIOHHOH nnOTHOCTH B SlApe, 

nony'leHHble B A8HHOH pa6oTe SHSJIHTH'IeCKHe Bblpa~eHHH AJIH noTeHUHa

na V (r .. l MOryT 6biTb nono~eHbl B OCHOBy pSC'IeTOB no MOAeJIH RaepHbiX 

o6ono'leK H no OnTH'IeCKOH MOAeJIH sraepHbiX peaKUHH SHSJIOI'H'IHO TOMy, K8K 

pe3yJibT8Tbl npH6JIH~eHH.SI TOMSCa-cllepMH HCnOnb3YIOTCH B MHOI'03JieKTpOHHbiX 

38A8'18X 8TOMHOil ljlH3HKH (eM,, HanpHMep, /5/), 

0TMe'ISH 6nH30CTb (pHC, 1) ljlopMbl C8MOCOI'JI8COBSHHOI'O noTeHUHSJI8 

(4.1) K ljlopMe uaaecTHoro ljlenoMenonorn'lecKoro noTenuuana CaKCOHa-Bya-

ca ( b 1 "'bfL"' 1,25 npu b '" 0,55 ljlepMH) 

y (X) c ---------
8\V I + exp ( x -Xi ) 

b I 

(6.1) 

nOA'IepKHeM HeKOTOpbie HX OTJIH'IHSI, BASJIH OT Kpag srapa nOTeHUHSJI (4,1) 

HC'Ie3aeT, HeCMOTpSI HS npeaaKCnOHeHURSJibHblil: MHO~HTeJib x 

'!eM noTeHURSJI (6,1), R3-38 6onbmero ljlaKTOpa B 3KCnOHeHTe 

, 6biCTpee, 

(4,11), Cnun-

Op6HT8JibHOe B38HMOAeii:CTBHe (4,14) perynS!pHO B TO'IKe xa 0 , B TO Bpe-

MH KSK AJISI noTeHUH8JI8 CaKCOHa-Byaca (6,1) OHO o6naaaeT HeljlR3R'IeCKOil 

CHHrynHpHoCTbiO I I x 

noniOCOB) ljlyHKUHil: ( 

o AHBJIRTH'IeCKHe CBOHCTB8 (paCnOJIO~eHHe H KpSTHOCTb 

4,1) H (4,2), npOAOJI~eHHhiX B o6naCTb KOMnJieKCHblX 

31i8'1CHRil , CyiUeCTBeHHO OTJIH'I810TCSI OT 8HSJIHTH'IeCKHX CBOHCTB ljlyHK-

UHH (6,1) B STOll: 06JI8CTH, 

OnpeaeneHHbie s paaaene 4 aaa'leHHH napaMeTpoa Meaoaaoro nonH, a 

HMeHao, Macca Meaoaa IL .. 3,2 IL" H KOHCTaHTa CBH3H g 2 I 4n •4,5, HMeiOT 

0)1<HA8CMblH nopslaOK BeJIH'IHH, ,lleilCTBHTeJibHO, BCe COBpeMeHHbie MOAeJIH 

HYKJIOH-HyKJIOHHOI'O B38HMOAeHCTBHH BBOAHT B paCCMOTpeHHe 06MeH Me~ay 

HYKJIOH8MH HCilTpSnbHblM CK8JIHpHblM MC30HOM C 6JIH3KHMH K ASHHbiM 3HS'Ie

HIIHMH MSCCU H KOHCT8HTbl CBH3R, 'ITO o6ecne'IHB8eT· npHTHI'HB8IOIUHil: XapaK

Tep .11/~epHblX CHJI (eM,, HanpHMdp, /6/), npHHSITO C'IHTSTb, 'ITO 3TOT runo-

16 

TeTH'JeCKHil: MeaoH COOTBeTCTByeT onpeaeneHHOil napaMeTp1!38UIIH cyiUeCTBeH-

HOil:, XOTH H Hepe30HSHCHOil, "'SCTH 06MeHS 2 TT - CHCTeMOfl, H8XOA51IUeiiCH 

B H30CHHI'JieTHOM S - COCTOHHHH ( CM., HOnpnMep, /7/), C T8KHM npea

CTSBJieHHeM COI'JISCyeTCH TOT, n.ony"'eHHbiH B HSCTOHIUeli pa6oTe pe3yJibTST0 

'ITO B OTJIH'IHe OT nepeHOpMHpOBKH MSCChl HYKJIOHS nepeHOpMHpOBK8 (yaeJIH

'IeHHe) MSCCbl Me30H8 BHyTpH HAepHOI'O BeiUeCTB8 BeCbM8 3HS'IHTeJibH8 (wee

TOil: 'L!JieH B Bbipa>KeHIIH (2,3) AJISI nnOTHOCTH SHeprHH) H p8BH8 /1 * "'.S/1 • 

To"'HO pew8eMhie yp8BI!eHn~ (3,14), (3.15) nony'laiOTCSI B A8HHOil Mo

aenu TOJibKO npH onpeaeneHHbiX 3H8"1eHH SIX n8paMeTpOB (3,9 )-(3.12), 11cc~e
noaaane HeJIHHeilHblX yp8BHeHHH BHA8 (3,19) IIOK83biBSeT /

3
/, OAHSKO, 'ITO 

X8paKTep ux peweanil coxpaHSieTCH B wnpoKoil o6JI8CTH .naMeHeHHSI napaMeT-

pOB 
n H q , noaTOMY MO>KHO O>KHASTb yCTOH"'HBOCTH K8"1eCTBeHHbiX pe-

3yJibT8TOB MOAeJIH npH H3MeHeHHH 3HS"'eHHil ee napaMeTpOB, 

T8KHM o6paaoM, o6mee npencT8BJieaue o Meaoanoil np11poae C8Mocor

n8coaaanoro smepaoro noTeHUII8Jia OK83biBaeTCH aecbMS nnoaoTBOpHbiM, CooT

aeTCTByiOIUSH CTSTHCTH'IeCKSSI MOAeJib npHBOAHT K npOCTbiM, ljlH3H'IeCKH HSI'

JIS!aHbiM ypaBHeHHHM B OTJIH'IHe OT MOAeJiell, HCnOJib3yiOIUHX KOHKpeTHbiH BHA 

HYKJIOH-HYKJIOHHOI'O B38HMOAeilCTBHH /8/ HJIH ljleH9MeHOJIOI'H"'eCKOe BblpS>KeHI!e 

AJISI SHepri!H HAPS KSK ljlyHKUHOHSJI8 OT OAHOH HyKJIOHHOil nJIOTHOCTH /9/, 

CneayeT, oaHaKo, 38MeTHTh, 'ITO Mbi ae Y"'HTbiB8JIH aeKOTOpbiX cymecT

seHHbiX AJISI peSJibHbiX MHOI'OHYKJIOHHbiX CHCTeM sljlljleKTOB: KyJIOHOBCKOI'O B38H

MOneilCTBHSI, 3HeprHH CHMMeTpHH, KOppeJISIUHH HYKJIOHOB, SIAepHbiX 060JIO"'eK 

n pS1A8 apyr11x, Mbi nyMaeM, B "18CTHOCTH, 'ITO 6eapaann"'ne saeprn11 Haps 

110 OTHOWeHHIO K H3MeHeHHIO ljlopMbi, T,e, OTCYTCTBI!e IIOBepXHOCTHOH 3Hep

I'HH, 06'bSICHSieTCH Hey"'eTOM 3TH X, B nepByiO O"'epeAb 060JIO"'e"'HbiX 1 aljlljleKTOB, 

nocneaane, K8K H3BeCTHO H3 OnbiT8, AOJIJK!ibl cyiUeCTBeHHblM o6p830M BJIHHTb 

HB ljlopMy Slllp8, noaTOMY TO'IHO peW8eMaH MOAenb, p8CCMOTpeliH8SI B HSCTOH

IJieil: pa6oTe, SIBJISieTCSI, IIQ-BHAHMOMy, nepBbiM IlpH6JIH>KeHHeM K peweHHIO 

CJIO>KHOH 38A8"1H CTpyKTYPbi SlApS, 

ABTOp npH3H8TeJieH i\,M, faaeTOBOH 38 IIOMOIUb B Bhl'IHCJieHHHX H 

K,K. Myc868eBy 38 noneani>Ie 38Me'laHHH. 
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.X 
i!() 

P uc.l, P acnpeneneHHH ueurpanbuoro Hnepuoro noTeHuuana y (x; a l ( cnnolllu\;Ie 
nHHHH) 0 Htl~pHOli nnOTHOCTH Z (xI a ) ( IllTpHXOBaHHble nHHHH) H CllHH-
op6HTanbHOrO llOTeHUHana y LS (X I a) · ( IllTpux-nyHKTHpHble nHHHH) 
nnH cnenyromux auaqeuuli panuyca X Y: X Y =5 , X Y = 10 , X Y = 15, 
'ITO COOTBeTCTByeT 3Ha'!eHHHM napaMeTpa a ! a = 8,5•10-2 0 

a = 5 .to-3, a = 2,2 • to-4 • flyHKTHpoM noKaaau noTeHuuan CaK-
coua-Byaca (6.1), HMeiOIUHli TOT JKe paauyc X Y "'15 u TY .lKe aenu-
'IHHY npOH3BOAHOli y 'sw (X y I a l=y '(X y ; a ) nnH Hnpa C 'IHC-
nOM HyKnOHOB A =200 • 
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