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BaeLleHHe 

C nOMO W bfO KYOOHOBCKOI'O B036y>KL18HHR MO >I< HO nony'IBTb HBL18>KHyfO HHcPO p MB UHIO 

06 ypOBHRX H BepORTHOCTRX aneKTpOMBI'HHTHWX n epeXOLlO B B R Ll pBX, 0C06eHHO n p H K3y

'18HHH HH3K008>1< BW HX B 036y>KL18HHb! X COCTORHHl\ TR >I<80b!X RL1 8 p. npH 3TOM 06bt'IHO pa c 

CMBTpHBB8TCR Heynpyroe pacceRHK8 3Bp<t>K8HHWX 'IBCTHU C 3HeprK efi HH>Ke KYOOHOBCKOI'O 

6apbepa
1

l•
2 1 

3 To Y Ll0 6Ho, ao-nepBbtX, noTOMy 'ITO 308KTpoMarHHTHoe B3aKM OLlellcTBH e 

H 1lBHM8HH9 4 8C THU B K Y flOHOBC KOM none XOpOWO H3Y48Hbi H, BQ-BTOpbiX, OOTOMY l.f T O 

MO >K H O H e Y'H'ITbiBBTb Ll, 8 t1C T BHst SILl.8pHbJX CHn, K OTOp bi9 BKnto1.!8JOTCSI Bean e KynOHOBC K OrO 

6apbepa H MOI'YT npHBOLl HTb K 06pa3 0B aHHIO COCTaBH OI'O R Ll pa, p acnaLlaiOLU8I'OCR CO 3Ha

'IHT 8 0bHOfi aepoRTHOCTbfO B He y npyrHA K auan c BbtneTO M nerKHX 'laCTHU. TaKHM o6pa30\.I, 

np11 B 03 6 y>KL18HIH! RLl pa 0 8 I'KIIMH 'laCTH U aM H p d a c oKon o6apbepHoH 3HeprH e ll 

CTSHOBH T CH H8 B0 3 MO >K HhlM 9K C n9p HM 8H T8flbH O OT Ll8 flHTb He ynpyr He KB HBnW C B hl n 9 TOM 

STRX Y. BCTHU t.t e p e 3 COCT 8BH08 Sl.OpO OT KBH B n O B " npstMO r o" B03 6 y>K..:t,9 HH51 K y n O H OBC KHM 

non e M. 

B nocne.aHee apeMst HHTeHCHBHO H.3 y 4aeTcR xynoH OBCKoe eoa6y >K neHH e TsPKenbiMH 

HOHBMH, KOT0p b18 npHBO n.HT K 3H8'-IHT 9 flbHO 60nbWHM C8l.£9HHSIM B036yA<Ll. 8HHR st.a.ep. 

3 Ll8C b TaK>K 8 0 0 Mepe npH60H>I<8HHR K KynOHOBCKOMy 6apbepy Ll8fiC T BH8 RLl8pHb! X C liO 

MOa<8T ITpHBO.O HTb K o6pa30B8 HH IO COC T8BHOA C H C T 8M bl, O ..QH8KO p 8 CIT8 Ll ee no HeynpyroMy 

K a Hany C Bb!fl8TOM TOll >K e CaMOH TSl >K800li 'laCTHU b! ManOB 8 pORT8H H3-3a 6onb W OI'O 

"UIC na ll PYf'H X BC9B03MO>KHbiX H e ynp yrHX K8 H8110 B, Hanptt: Mep, K8H 8 1I O B C Bbiii 9 T OM nerKHX 

'I.!I C THU I n p d a I, y -KB8HTOB H K8H81IOB .a,eneH IHI . 3TO fl03BO IIB9T 

CtiHT8Tb, tiTO C flOMO lUbFO OllbJTOB H8 COB fl8 .0.9HH9 MO>KHO Bbi,ll9nBTb llpOUBC Cbl ' npBMOrO ' 

B036y>K.U9HH51 Sl ,n pa KYIIOHOBCKHM H S1 ,09pHbiM fl01I9M HBJl e T BIOLUBfi TSI >Kenofi Y8CT Hllb1 1 npH

'18M ee RLl8pH08 none 6yLl8T B036y )!{Ll8Tb SlLlpO- MHW8Hb B OK 0006apbe pHOli 06HaCTH OHWb 

B Ka'l ec T ae nepaoro cneLlCTBHR TaKor o soa6y>K L18 HHR RLlepHbtM noneM cneLiyeT O>K H

.08Tb flOSI BIIB HHH MOHOfl01IbHbiX nepeXO.O.O B THll8 
+ 

0 0 
+ 

B s:r .n p e-M H ille HH, KOTO p bie B 

COy'lae KYOOHO BCKOI'O B036y >K Ll8HK!I 3anpeLU8Hbl , T a K KBK COHH • nep eLlaB88MOI'O• RLlPY 

<P oTOHa paaeu 8LlHHHue. AuanorH'IHb!M o6paaoM LlO n o nHHT eObHoe • !ILl epuoe· a o a6y >KL18 HHe 

6 y Ll8T npHBOLlHTb K pOCTy KpHBb!X B biXOLla KBaLl p y nOObH b!X H Llpyf'KX nepe XOLlOB B !! Llpe. 

B HaCTORweA pa 6oTe nony 'leHw KB a HToBoMexaHH'IeCKHe H KBa3KKnaccH'!8CKH e swpa-

:>KeHHB .n nH cetieHI·d\ eoa6y>K.ll9HKH MYIIbT HnOnbHOCTH Ha ocHubBHH'H o6wero anna 

MY1IbTHnonbHOro oaano:>Ke HHH noTeHUHanoe KynoHOBCKoro H H.nepHoro B38HMoueHcTeHA: . 
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npHJIO >KeHH R caenaHbi Ll JI!J CJIY'IB!l MOHOfiOJibHOrO nepexoaa B !IJ:l p e GdJS6 , B036y>I<aae· 
12 4() 

MOrO TSDK8nbi MH HO H BM H C H Ar 

BbiBOJ:l cj:lo pMyJi b i ce'!eHH!l 

.l]JI!l BbiBOlla cj10pMyJI J:lHcpcj:>epeHUHBJibHOrO H fiOJIH O r O Ce<Je HHJI 6yaeM I!CfiOJib30B8Tb 

MeTOll HCK8 >I<eHHbJX B OJI H, K OT Opbifi B HBWeM CJiy'lae C BO LlHTC!l K CJieayiOweMy . npR 

3HeprHSJX 08,ll8KHUHX li8CTHU HH >K8 K y nOH OBCKO f' O 6apbepa f"8MH'nbTOHH8H C H' CT 8Mbl MO>KHO 

pa 36 H Tb Ha l.JB C TH, B biLI 8nHB 1.fn 8 H bl U B .'3 . 
, O TB 8 T CTB8H H b18 38 nepexo,a: 

J{ = ll + T + 'J = lf + T + U
0 

+ Usa . It! 

T o r aa n epexoa CHC T eMbi B B036J >Kae HH oe coc T O!lHHe i .. I xapax T ep HayeT c<J ~•a TpH -

ueiix 
1 

T 
It < <~,1 UB3.11l, > ' ¢ = 1/J (1 ) I l M > ' 121 

fi p H'I eM BOJIHOBb!e cp yHKUHH OTHOCI!TeJibHOro Ll BH>I< e HI!!J t/; (r) 
8C Tb HCK8>K8HHW 8 BOnHbJ, 

y llOBJieTBOpR lOW lie ypBBHe HII 10 

( T + U
0 

- E ) 1/J ( t ) = 0 , 13 1 

a BOnHOBbie ¢YHKU HH f /M > ecTb co6c TBeHH bre cj:JyHKUHH raMHnbTOHHaHa H , OII HCLIBaKnuero 

BHyTp8H H 8 COCTOHHHe C HCT8Mbl . 

C e'!eHH e Bbipa>K aeTc!I c n oMOlUb iO 12 1 a B II Jle: 

du 

c~n 
= _l..!!_ p( E,) _ 1_ }.; 

flv 2f+JMM 
I I I I 

p(E,) 
2 
~ 
( 2 rrtl ) 3 

T 
It 

2= .l.!!_p ( E I 
h r 

( 

I~ 

" 141 

B cnyYae eoa6ymneHHst s:r.a.pa KynoHoecKHM H s:r.aepHbiM noneM HaneTB IOllleA l.JBC TH Ubi ee-

pOHTHO CTb nepexo.aa 

w 
If 

xyn. RLl. 

u;, + lVII + It 
If 

IIHTepcj:> . 

xl npeaCTBBJi e HHe M8TpHUhl n epexoaa B BIIJ:le 121 C T BHOBIITC!J HesepHhlM B CJiy'lae 

TBK H83hJB88M OrO "M HOr~g98THOrO BOa6y>KLl8HHSJ"', T80p Hst KOTOpOr O p83 BHT8 LlnR Kyno

HOBC KOro ITOnH B RB6o Te . 3 8 llH Cb 12 1 OK83hlBBeT C H cnpaBe!l nHBOfi, ecnH BWOOnHSJ e T CH 
ycnosHe 

p = 
Heynp. 

da ( O=rr) « 1 12 ' I 
du yn,o. ( O=rr) 
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ITOCKOnbKY IT OTeHUH8n B38 HMOneH cTBHH COCTOHT H3 nsyx Y BCTeA : 

Kyn. SILl. 

Ua a .= Uaa . + Usa.• 
a 

Kyn. SI.O.. 
[~ + uo 

Llnll Ka>K .o.oro H3 noTeHUHanos U Kyn. H u li.O.. Hcnonbay eM o 5 w 4Hoe npe.o.cTasneHH e : 

/5/ 

~ 

!' .O. e p (R) -nnOTHOCTb 38pli.0. 8 / n1160 HYIWOHOB/ li .O.pa-MI!WeHI!, a V (x) -saai!MO.O.elicT-

BI! e Me>K.o.y Ue HTpOM na.o.aJOWeli 48CTHUbl II e.O.HHHuel\ 05aeMa SI .O.p8-MI!WeHI!, KOTOpoe 

M O >KHO 3aUHC8Tb B Bl!.O. e pa3nO >KeHHll UO W8p0Bb!M cpy HKUHSIM : 

161 

r > B 

T o r .o. a H3 cj:l opMynbi /5 / nony4HM Bbrpa>KeHHe .o.nll noTeHuKana s aaHMo.o.elicTBHll 

.. ~ 

Gil. q (rJ Y (IJ~ J lll' - U , 
•• AI ~ , ~ 0 

171 u = I L 
83 . 

r .o.e 

/8/ 

n ocK OnbKY ITOTeHUH8n OTHOCHT e nbHOrO ,llBH>KeHHSJ U
0 

He 3aBHCHT OT BHyTpeHHIIX KOOp-

.O. HHaT ,;; .o.pa-MHWeHI!, T O B M8Tp1!4Hblli aneMeHT nepexo.o.a / 2 / 5y.o. e T .0.8BaTb BKna.o. 

UI!Wb nepsoe cna raeMoe cj:l opMynbi /7/. Llnll p a c4eTa MaTpi!Ubi nepexo.o.a T y.o.o5Ho 
It 

np e ,OCT8BHTb BOnHOBbJe ri1YHKUHH OTHOCHTenbHOrO .O.BIOKeHHSJ B BH,lle paano>KeHHSJ: 

. 
Y (IJ )Y (!l~)u (kr), 

Em 1i Em ' E 
/ 9/ 

u f (kr) = [an /Jf Fe (kr) +sin ll e G E (kr)] e
10e 

r .o. e H KynOHOBCKH e H li.O.epHb!e cpa3bl. no.o.cTaBnllll /7/-/9/ B /2/ H 3aTeM 

B cropMyny .O.nll .O. HcpcpepeHUH8nbHO!'O Ce4eH!Ill /4/, nony4aeM: 

!is!_ = ~ p ( E 
1 

) ,4rr L 
df! h v )\ 

I 
,, K 

Gii.K .. 

5 

G ii.K ' <I 
' ' I . ' 

o K 

(ii.J III, ><I, 11m (ii.JI!l
1 

>x 



X 
~ .rfl _p _f' 
k t f I 

f
1 
r, 

f' p' 
I t 

+ f ' ) i(ae +ae -ap,- q>,) e;~ ; 
I e I I I I (·I) 

tK x r e1 AOO\ e ,o)( e ~ AOO \ f~ OJ 'e e (A)it'i<' 
('f, 

f I 
I I 

K 1'1 ( f
1 

A ~· I 

(2f, +1)(2f; + I) X 

[( 2f + I)( 2P ' + I)rv• 

1101 

(A)~ (f
1

P'
1 

OO \ jO)(f
1 
r: 00\jO) X 

f 1 f'i ) P 
1 

( oosO ), 

3 .uec b HH.[lei<Cbl K tc.' lllle.ueHbl .unH y .uo5cTila H oaHa'laiOT nH5o l~tyn.l, nH5o I H.u.l , 

T O ecTb B9nHt.tKH8, 38BRCSIW8SI . O T T8~0rO HH.Q9KC8 , CBSI38H8 C p83nO >K9HH9M / 6 / nH6o 

KynOHO ilCKoro, nH5o H.u e pHoro noTeHUHana ll3SIIMOL!eilc T!lH!I. Op5I<TanbH b Je IIHT e rpanbi 

0503HS'IeHbl 1<81< 

tK 
1 
e' e I 

(A) =_I_ [ u.,* (k r )q 1 1C.( r) u~ (k r)dr. 
k k [I I A I I 

I I 

I ll / 

Bbipa>KeHI<e .un!l nonHoro ce'!eHII!I Heynpyroro pacce!IHH!I nerKo n o n y'I I!Tb HHTerpH-

pollaHI!eM / )0 / flO llCeM yrnaM paCCe!IHII!I 0 

GAte. ~Ate.' <1 

, , 
a = ..1.!!._ p ( E 

1 
) ( ,4rr / ~ ~ ~ j jlll"" (A) \\1 X / j jlJl 

eK • 
h VI A • t K 

.. , , I I t 
(A) \\1

1 
> 

• t 
, , , 

.• t K 

:!IV 

2 " 
• t'K, 

~ (2~ 1 + I)(f
1 

>.oo 1 f
1
o J 1 (A) 1e e ( >.). 

e e e e 
I I I I f I 

K!la3HKnaccH'IecKoe np115nH >KeHHe 

05bJ'IHO ll peaK UII !IX KYfiOHOilCI<O!"'O ll035y>K.UeHH!I BbJ5Hp8!0T T81<119 3Hep!"'HII fiS.[!SIO-

WHil 'ISCTHU, 'IT05bl BblfiOflH!IfiOCb y CI!OilHe Kll83HK1l8CCH 'I HOCTR '7 = Z Z e> >> l , 
h v 

B cnyqae T!I >Kenblx HOHO!l TaKoe ycno!llle llbinOn !leTcSI npaKTH'IeCKH acer.u a .unH 5onbworo 

HHTepsana 3HeprHl! flS L!SlOWHX 'ISCTIIU, llK1ll0'18lOW91"'0 TSK >Ke 051!8CTb 8031!9 KynOHOilCK O!"'O 

5apb epa . Tor.ua cpopM ynhi .u nsr ce'leHHll H op51!TS1lbHbiX HHTerpanoll 3HS'I HT enbHO y npowa -

IOTCH H HHOr .Q 8 npHBO.OfiT K OTB e Ty B 8H8nHTR1.f9CKOM BR,ll9 • 

.[ln!l n epeXOL!S OT KllSHTOBOMeXSHH'1 9 CKH X BblpB>K9HHil / 10/ H / 12 / K Kll83HK1l8CCII-
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qecKHM BOCnOnb3yeMCR 8CHMllTOTH4eCKHMH 

/ 2/ e 
I 

¢opMynaMH anSI 50nbWHX 

Y.\p.(--;:-,0), 

I 
e r 
! I 

.. I 
p. 

f de , 

da ynp_; 11j( 2 2fdf 

t K · t K 

1e e r >..OJ 
I I 

.. [ (0,(), 
Ap. 

Tenepb ¢opMynbl anSI ce'lennl! npnMyT 8Ha: 

KB.Kn. , ynp. 
da _k_ p(E J~ --<La._ I 
dfl ffv I 11/(l d fl .\p_ 

I 

oK 

•l 

!. I ( 2A+ 1) G 
• f K 

, , , . , K 

"' 

e 
I 

H 

/13/ 

1v< A.K' G , ,. 
• f 

• f 

1!41 

. , , • 'K, • 
<l II lR (A) II l >< l lllll (A.JIIl > Y' (_:;.._.0)1 (O(J r • K r e.; J , 

I I I 2 Aj.t 

a 

< l 
I 

KB.Kn. 

oK 

II~ 

211 p ( E 
1 
)f.~!!_/ I I I ( 2A+ 1).

1 
GA.K 

ff v 11 ti' Aj.t ·st " •• 
I 

I .\p_ 

~ ~: X . , 

ynp." 
y• 
Ap. 

(~0) f~l 
2 dfl Ap. 

Aj.t 

/15/ 

Bbipa>KeHHe anSI op5HT8nbHbiX HHTerpano8 /11 I T8K>Ke ynpo.waeTcH, nocKonbKY 

80nH08ble cPYHKUHH OTHOCHTenbHOrO a8H>KeHHH U f (kr) y>Ke H8nHIOTCH K883HKn8CCH'Iec· 

KHMH. npH noa58pbepHb1X 3HeprHHX MO>KHO npeae5pe'lb 8 nep80M npn5nH>K9HHH 8nHHHH9M 

•xaocTa • R.oepHoro noTeHauana Ha oTHOCHTenbHOe .OBH>KeHae na.oa10meA qacTHUhl ITaK 

KBK 3aecb U
0
Kyn. >> U

0
Ha. I, xoTH 803MyWBIOWRA Haepnbll! noTeHuaan u Ha. 

5yaeT UpH80aHTb K 8HyTpHHaepHblM nepexoaaM H8p88He C KynOH08CKHM UOTeH-
83. 

UH8UOM u Kyn. Toraa u.(kr}eCTb npOCTO KynoH08CKHe <PYHKUHH F. (k~J. noa-
83. L L 

CT88UHH HX K883RKU8CCR'IeCKOe 8blp8>K9HH9 8 ,PopMyny anH Op5HT8UbHOrO RHTerpana 

/11 I R aenaH 3aMeny nepeMeHHhlX 

r a 

nony'IHM: 
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r'K roe J 
Ap 

1 _!]_ f tK c ,4k> k q (r(w))et ,, (rahw+w ) 
II. 

--,, 
(<+ chw+ishwv/-1)do,,ll61 

(1+<chw)P.-I 

rne 

·sin"1 0 
2 

~. - 2 
c ., .,, - .,, k 

MoHononhHbie nepexonbi (II.= 0) 

'f/=~ 
2 

HaA.aeM nonHoe cel.f:eHRe aoa6ymneHHS1 MoaononbHoro nepexona a KB83HKnaccH

qecKOM npH61IW:>K9HHH. 3TOT C1IY1.J8A HB1ISI9TCSI H8H6onee npOCTbiM H B TO )1(9 Bp9MSI HSH-

6onee HHTepeCHbiM, TaK KaK B cnyqae 06bi'IHOrO KynOHOBCKOrO B036y)!{neHHSl npH 3HeprH

SlX HH)!{e 6apbepa TaKHe nepeXOllbl B036yn HTb HeUb3Sl. lJeliCTBHTenbHO, llUSl KynOHOBCKO· 

ro noTeHuKana B3aHMonellcTBHSl TO'Ie'IHbiX 3apHnoa pa3nO)!{eHHe 15 / naeT 

11. (Kyn.) 
G 

• t 

4rr 

211.+ 1 
0 0 

• O tO 

(Kyn.) 11. 
qil. (R)=R; 

(Kyn . l 
q ( r) 

II. 

B aToM cny1.1ae M8TpH1.f:HbiA a neMeHT MOHononbHOro n epexo.aa 

(Kyn.) 
< 1

1
!! n-t (O) ll l

1
> = < 1

1
1!ZIIl

1
>=0 

-(A+ I J 117 I = r 

K3-3a OpToroHanbHOCTH Slll e pH biX cpyHKUHi< Ha'!aUbHOrO H KOHe'IHOrO COCTOS!HHll. 3TO pa

B9HCTBO npHBO.O.HT K HC1f93HOB9HHIO KBK KY1IOHOBCK0r'0 1 TSK H RHTepcjJepeHUHOHHOro, cna-

raeMbiX B Ce'!eHHS!X /!41 H 115 1 II TaKRM 06pa30M 

a( A=O ) =o "ll· (>-.=0). 

By 1l9M Cl.JHT8Tb, 1.1TO BIIHHHHeM s:I.a,epHOf'O frOT9HUH81I8 HS OTHOCHT91IbH09 .QBH>K9HH9 

non6apbepHbiX 'laCTHU MO)!{HO npeHe6pe'lb. Torna llUSl Bbi'IHCneHHSl Ce'leHI!Sl MOHOUOnb

HOf'O nepeXO.Q8 H006X01lRMO 381l8Tb, KpOM€ KYIIOHOBCKOf'O fl0T9HUH81I8 OTHOCHT9JlbHOrO 

Kyn. Hn 
.a.BH>KeHHH U0 , IIHWb s:rn e pHbiA noT eHuHan B38HMO.lleAcTBHH U · TaK KBK Mbi 

B3. 
pacCMaTpHBaeM non6apbepHbie CTOUKH OBeHI!Sl, r ne B3aHMOlleliCTBHe UpOIICXOllHT Ha 

,..XBOCTBX" Sl ,ae pHoro ITOTeHUHana, TO HSM .00CT8T0l.J:H O 38.Q8Tb rrpaBHnbHY IO clJopMy no-

TeHuHana nHWb Ha KpaiO Hnpa, B o6nacTH ero pe3xoro cnana. Ha rpaHHUe Hnpa Ina-

naiOm ero TS! )!{enoro ROHa l B o6na cTH x > R 
I 

noTeRuHana Bynca-CaKcoHa l c napaMeTpaMH 

cpyHKUH Sl: 

XOpowell annpOKCHMaUHefi 113BeCTHOrO 
I /3 

u R = r A • a I HBnlleTcll 
o I o 

v( r) = - V 
0 

.a, 
e 

ax 
v ~ 

8 
exp (a 'F.I), a=_L 

B 

I 181 
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llnll noTeHuHana TaKoro BHaa pasno >KeHHe / 6/ aaeT: 

A I lla./ 
G = 4rr V 8 8 

• t eO tO 

I >~a. ! 
qA (R) = jA(iaR), 

I >~a .I 
q (r) = H 1 )(iar), 

A A 
/ 19/ 

noacTaBn!l!l 
h(IJ (iar) a KBa3HKnaccH'!ecKoe Bbrpa >K eHne op6rnanhHoro 

q ( r) 
A=o 

HHTerpana /16/, nony'IHM: 

0 0 exp [-a .J1_- f, arctt(f,_k_) l K
1
f (f\/ ('+(a_!l_) 2 ). 

k a 'I , k 120 / 2k 2 a 

B cny'lae, Kor a a BbinOnHlleTcR ycn OB He f, = '1 , - '1, < < 1 
1 BM9CTO 

MO>KHO B3!1Tb nepabrl! 'lneH ee acHMnTOTH'IecK o r o pasn o>KeHHA. T o r aa 

00 

·~ « 1 

(0 ( ) 
- y, 

.i!!__ ( 2<a ..!!__) e xp [-a!;__( 1 +<) ·~ irCI£ ( ·~ _!:_) ] , 
2 k' a k k a 'I 

1211 

Bbrpa >KeHHe a nA ce'!eHH!I MOHononhHoro nepexoaa nony'IHM no ac TaH oBKol! a / !5 / o p6H

TanbHo r o HHTerpana / 21 I , npn'leM an!! ce'!eHH!I ynpyroro pacce i!HHI! Ha ao B3!1Th pesep

~o paoacKy ~ ¢opMyny: 

ynp. 
da = 

d[l 

Kyn . 

da \1 ( _!]_ ) 2 siri• 0 
dfl k 2 

npoaoaR a / 15 / HHTerpHpoaaHHe no seeM yrnaM pacce AHHA, Hal!aeM nonnoe ceqenne 

3 v 2 
a( A= O) = 8rr (__Q_ ) e>p 

1i v a 2 

( liLl,) 2 

[-,4 a.!L- 2.~ arctg ( .~_k_ ) l l < I lll!~A =o) ll t >I 
k a7J I I • 

/22/ 

'JTC~Ll8 BHLlHO, 'ITO Ce'leHHe 3KCnOHeHUH8nhHO p8CTeT C pOCTOM 3HeprHH naaa~Ul!<X 'lac

THU, 8 ero 86COnJOTHOe 3H8'-1 9 HHe 38BHCHT O T BenHYHHbi Sl ll,9pH OrO M8TpHqHoro aneMeHTa. 

il n!! OUeHKH BenH'IHHbl Ce'!eHH!! MOHOnOnbHOT'O B036y >KLleHHH pa CC'I HT8eM HaepHb!H + + 
MaTpHt.tHbiti aneMeHT 0 -to 0 nepeX0ll,8 B 51.Qpe, KOTOpo e MO>KHO 0 0HC8Tb B p8MK8X 

MoaenH A.C. ilaBb!LlOaa 14 ~ DanHaH Moaenb HcnonbsyeT napaMeTpbi {3
0 COOTBeTCTBY~ll!He MHHHMyMy noT e HUHBnbHOl! 3 Hepr HH no 

{3 - If y - KOne6aHHHM, 
. B cnyqae ~ = 0 y - KOne6aHHH 

noaepxnocTH HLlpa MoryT npnaoaHTb ace "' e K paanoaecnol! ~opMe Sl a p a c napaMeTpoM 

Y = r. B npeaenbHOM cny'!ae I' < l,j,J )'0 = 0 H r < 15 ° BOnH OBb!e p8BHOB. 

~YHK UH H OCHOBHOr O H B03 6y>KLleHHOrO COC T OHHHil pBBHbl 

H ( {3 - f3 o) F 
" 1.1. 8 q 

y > 
(-m,1,21T) 

9 

2 
exp I - Y, [..1'._ + ( 

2r' 
' · ! I I , 

123 / 



+ 
npH"'eM, HanpHMep, .anH OCHOBHOf"'O 0 - COCTOfiHIUI n = m ::c: 0 J 8 .Qil H 

+ 

0/:3 Kone6a-

T911hHOrO COCTOSIHKH n = 1 m=O 

Bbipa>KeHHe llnll onepa Topa nepexolla 

UnOTHOCTH HyKnOHOB CTyneH'I8TYIO cpyHKUHIO 

!Ill . 
IJl ( >. = 0) MO >K HO fiOilyt.t HTb, Bbt6paB .0 1151 

{ 

,JA 

(!Ill.) 4rr ·R1 

p (R)= o 
0 

., < 9! 
/ 24 / 

R > 9l 

rlle cp opM8 !lllP8 38 ll8eTC!I B BHlle: 

9l R + t. R , 
0 

/'; R = R ( ~ a" D( 2 ! (8) Y 
0 K, v=O,.:_Jf.IK 2f.l. 

a • 
{3 cn·s y , a~2 = 

!i sin Y . --
y2 

2 

(IJ ~) -
;3 

R 4rr 

no llCT8Bn!l!l T e n ep b / )9 / H / 24/ B cjJO p My ny /8/, nony'I HM C TO'I HOC Tb iO llO 'lnei;IOB paa-

3 
no>KeHH!I = {3 cnellyJOwee Bblpa >Ke HHe ll n!l onepaTopa MOHOnonbHOro nepexolla: 

(!ILl . ) .3 A 

1!1 (A =O) = )'; z R' 
.. (,4rr 0 

~ .3A 
f j (iaR)dR= cnn s t + chaR -~~)flz 
o o 2(,417)'11' o a ·R / 251 

:J\ 

O c TaeTCH BW"'HCnHTb H.aepHwA Ma TpH"'H wA 3neMeHT MOHononbHOro nepexona 

< t, II lR (A =0JII [I > , rlle onepaT Op H BOnHOBble cpyHKUHH 38ll8Hbl cpOpMy.08MH 

C B036y>KD9HH 9M MOHODOitb-
/ 25 / 

HOf"'O 

H / 23 / . B p eaynbTa T e swpa>Ke HHe lln!l ce'leH H!I / 22 / 
+ + 

0 ~ 0~ - KOne5aT en bHOrO n epeXOll8 npHMeT BHU : 

u(l\ = 0) 
' 2 2 

3AVp.,J") (chaR
0

-

4 1f v a• 
s h a R 

a R 
0 

K exp [ - 4 a _!I_ - 2 .; arctg( .; _ k _) ] • 
k ary 

10 

X 

/26/ 



06 c y >«ae HH e 

Caena e M oueHK y aenH~HHhl non y4e HH o r o ce 4 e HH~ / 26 / an~ K8K o r o -nu6o KOHKp eT

Horo c ny~aR. Bbi~HcnHM, HanpHMe p, c e~ e HH~ B036y >«aeHH~ MOHOnOnbHOro n e p exoaa 

a+ ~ a; B c/56 
RaepH biM non e M naaa iO lUHX TR >Ken biX HOHOB c12 

H A;tKJ Dn R 

p a c4 eT 8 n a paM e TpOB 3TOro nOnR / 18 / MO >K HO B3RTb 0 6bi4 Hbie 3H8 4 e HHR napaM eTpOB 

C8KCOHOBCKOrO ITOT9HUH8118 u0 = 45 Mas, r0 = 1,251 a= 0,6 I • napa-

Me Tpbi Ra p a r OflHCbiB89MOf"O B p8MK8X M O.aenH A.C. . .[las hl llOB8 , M O>K H O 

B3 RTb H3 pa60Thl / 5 / I' =0,25' f3 o =0,.33 ' E + = 1 Mas. np e>«ae ~eM np OBOllHTb 

p a c4 eTbi no cj:JopMyn e / 26 / , Heo6xo a HM O np oae p<?/+b ycnoa11e / 2 I npHM e HHM OCTII uc nonb-

3ye MbiX npH6ITH >Ke HHli / 2 / , n oa cTaH OBKa nApaM eTpOB B / 2'/ a a eT p = 10-
3 

ct2 

P 4 ,r,3,10-5 , TO ecTb ycnoaue P << 1 a a aHH OM cny ~ae Bbino nHR eT c R. Bbi4H c neH-
Ar 

Hbie n o cj:JopM y n e / 26 / ce~ eHHR npeac Taane Hbl KaK cPY HK UHH aHeprHH na a a iOwHx HOHOB 

Ha p Hc . I H 2. BH a Ho, ~To a nR 
4) 

Ar KBK 6onrz Tst >K enoi\ 48CTHU bi 1 Ce l.J e HH e R B ilst e TCfl 

6on ee nnasH oil cj-Jy HKUH eli a He prHH, ~eM a nA c 

we Bbi 6 HpaTb T Sl>Ken bie 6oM6a pa HpyiOlU He 4 8 CTHU bl , Ta K Ka K a cj:Jcj:Je KT ll /I Sl HHX 6yaeT 

H 8lfH H 8 Tb CSi n pH 3 H eprHHX 6o nee il811 9KHX OT 68 pbepa, qeM .Q il fl nerKHX ttaCT HU. 

H a p u c . 2 noKa3aHa TaK >Ke K p HBa R, pacc4HTaHHaR n n R a = 0, 4£ 1 TO ecTb n nSJ 

6o nee ya Koro Cll OR wp83M83K M• ITO T eHUH8118, Y9M np H a = 0 ,6 Ce lf e H He rrpH 3TOM 

yM9Hb W89T C Q np H: Mep HO H B: ilB8 nO pS1 1lK8 , 4T O C BH ll9T 911bCTByeT 0 YyBCTBHTeJ!b H OCTH 9Cb

cj:Je KTa K p83M epaM ll lfcPcPY3HOr O CfiOSl Rllpa, 3 T O MO>K HO HCUOfib30 B8Tb a n R Onpe.Li e neHHSl 

n a pal'v! eTpo a cj:Jo p M bi noT e HuH a n a y noaep x HocTH Rapa. 
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