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As Top~! pa6oT /l-2 / paccMoTpenH aalla'ly · HaJl6ap&epsoro·· oTpalKeHH.II . 

. . B ·npH6nHlK9~liH, KOTopoe paHee· B KB8HTOBOA MeX~HHKO npaKTH'I9CKH He 

p8CCM8TpHB8nOCb H KOTOpOMy.OHH Jl8nH H83B8HHe 8HTHKnaCCH'IeCK.OI'O RpH-

6nHlK911HH •. ::ho, o6p8TIIOe H3B9CTHOMy KB83HKnaCCH'19CKOMy, RpH6nHlK9HHe . . ) . . 
npHMeiiHMO B cnyqae:_peaxo M911.1lrOIIlHXC.II B Jle6on&WOM HHTepsane paCCTOSI-

. /1,2/ . . . 
HHA noTeHuHanos. B npH BbiBOJle aHTHKnaccHtJecxoro npH6nHlKeHHH 

HCROn&30BBnCH . B~CbM8 cnOlKH~IA M8T9M8TH'I9CKHA MeToll, Tpe6yiOIIlHA K TO

My lK9. HCKn10'19HHSI BCTp9'181011lHXCSI B. RpOM9lKyTO'IHbiX Bblltn8JlK8X paCXOJlH-

. MOCTeA. 

B HBCToroueA pa6oTe JlnH n~ny'laHHSI 8HTHKnaC~H'I9CKOI'O paanolKeHHSI 
. . 

KosljxllauHeHTa H&Jl6ap&epsor<? ol-palKeHas HCnon&3yeTca MeTOJl. fjlaaoBbiX 

cWHKilRA: npH · STOM YllB9TCSI 'aa6elK8T~ C CSMOI'O ·sa'lana ROHBneHHSI 6ecx~ 

H9"1HbiX BenH'IHH B. DOX838T& 0 'ITO AnSI DOTEiHilH8nOB0 C,TpeMSllllHXCH K DOCTo

SIH.HbiM. aCHMR~OTBK.aM sxcnoHeHuHan&HNM o6paaoM, nonytJaeMbiA PBA HBna-

.eTCH CXOJlWUBMCH. 

ByaeM KCXOA~T& aa cneAyiOmero ypaaaeHas Ans c1Jy8xuaa oTpa•eHHH 

B(s) n~'leHHoro B MeTOAe fjlaaoBI;JX .cWH~A 131, .. 

. , 
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c nattanbiihiM ycnoaHeM 

B(+oo)=O. (2) 

3aecb p (x) = y' 2m [B- V (x}] KnacCHlJOCKHi1 noKanbHblll HMnynbC lJ8CTI!Ub1 1 

X O - npOH3BOnbH8SJ1 B006IUe I'OBOpS11 TOlJK8 Ha BOIUOCTBOHHOit OCH X , 

B uameM cnyttae aHTUKnacCHlJOCKOI'O npH6nH)KOHIISI yao6HO Bb!6paTb B xa

lJOCTBO 9TOfi TOlJKH UOHTp HHTepaana pe3KOI'O H3MOHOHHSI llOTOHUHana II 

nonO)KI!Tb · i = 0 , 
0 

cPH3HttecxHi1 CMbiCn aenHttHHhi B ( x) a npoHaaonbHOit TOttKe X =·X 

3aKnrottaeTCSI B TOM 1 'ITO KBaapaT ee MOAynSI onpeaenSieT K09~~HUHOHT OT-

- - 2 
pa*eHnSI R(x} = I 8(x + O) I oT ttaCTH noTeHUHana, coaep*ameitcSI B OT-

KphiTOM. UHTepaane . X ·> X , l1CKOMhli1 K03~~HUHOHT OTpa)KOHHSI OT BCOI'O, 

' ·. /3/ 
noTeHuHana paBeH 

2-

R = I 8(-ooJI . (3) 

DnS! aanbHOitiUOI'O paCCMOTpOHHSI yao6HO nepe~Tii K _6eapa3MOpHbiM 

nepeMOHHbiM pacCTOSIUHi1 II HMnynbCOB 1 nonO)KJiB 

X 
. 

q(y) = p(x} 

Pc 
(4) y 

a 

I'}:{O a - pa3MOp o6naCTH pe3KOI'O H3MOHOHHSI llOTOHUHana, p;. - HOKOTO

pblit 38BHCSIIUI!il OT ~OpMbl llOTOJiUHana XapaKTOpHblll HMnynbC, KOH.KpOTHhlit . ., . ·-. 

BHA KOTOpOI'O yTOlJHSIOTaSI HJi)KO, EeapaaMepHbii1. napaMeTp B._HTHKnacCHlJ-

liOCTH, xoTopbii1 nonai'aeTCSI ManhiM, onpeaenSieTCSI cneayroiUHM o6paaoM:: 

2apc 
« ]. (5) E = 

1r 

B HOBbiX nepeMOHHbiX C ytteTOM SIBHOi1 _38BHCUMOCTH ~yHKUUU OTpa-

)KOHHSI OT napaMOTpa E ypaBHOHUO '(1) npi!HHM80T BU}:{ 

8'(y',E) 

Jl . I , , Jl 
q'(y} I( q(JI )dJI -iE (q(y') d, 
--[e o 2 . Jl 
2q(y} -8 (y,E)e 

0 

]. 

(6) 

4 

.. 

EyaeM HcxaTb pemeHHP. 

00 

B(y,f) = ~ B (y }(i() 
n=o· n . , . 

MnmKHTenb i aaeaen aaecb 

8 rr J oKaabmaJOTCSI aemeci1 

" 
Paano*eHI!e aKcnonenT 

llOHSIM _f. !!MeeT, 6nai'OA8pSI ,' 

OI'O ttnena paano)KeJmn, 6ecK< 

_Aa>KO KOI'lla_ HIITO_I'pani,j B riOK 

r ... : 00 • B cnyttae llOTOHUIIf 

8CI!MllTOTI!lJOCKHM 3118lJOIIHSIM 

CyTCTBHO MHO>KHTenst q'(y) 

KOIIO'lllYJO aennttHIJY Ko·a~~I!UI!t 

TCI'PHPOB811HSI no r • Bauay 

IJ8JOIUI!ACSI PSIA OK83bJB80TCSI c 

paMeTpa f , DnSI llOTOIIUHanc 

Meanennee, IJCM 9KCllOHOHUHf!.l 

>Kenl!e (7) B psta no·uenhiM·c 

MOCTa, B ASnbllOAIUeM Mbl OI': 

MSIIUHXCSI K llOCTOSIHHb!M SCUM: 

B~l!llY BCIUOCTBiHIIIOCTH. 

HlfSI (S) 6yaeM I!MeTb 

"' 
RJ€) = ~ 

n=t 

rae nepabie xoa4>¢uuuenThi pa: 

.. ': 2 
R

0 
= 8

0 
(-oo), 

R = I 

R = 2 

2 . . ' 
B ( -oo } - 2 B ( -oo 

I . 0 
2 . 

8
2 

(-oo) -28L(-oo) B. 



(2) 

Hb!H HMnynbC '18CTHUbi, 

lleCTBeHHOii ocu X 

YJlOOHO Bb!Op8Tb B Ka-

lHeHHSI noTeuuuana u 

lOnb.HOH TO'!Ke X - X 

~enSieT ~oa~~HUHeHT OT

ma, coJlep*aweiicg B oT

r 0Tp8)1{9HH51 OT BC9I'O. 

(3) 

(4) 

euuuana, p c · -: HeKoTo

ii HMnynbC,. KOH.KpeTHbiH 

tpaMeTp ~_HTHKnaCCH'I-

cneJlyiOWU~ o6pasoM:: 

(5) 

HMOCTH ~yHKUHit OTpa-

~ BHJl 

(6) 

I 

! 
i 

'· 

By geM HCKaTb peweHuP. ypaauemm ( 6) a mme pSIJla 

00 
n 

8 (y,t) = :E B (y )(il) . 
n=o· n . (7) 

MHOli<HTenb i BBeJleH sgecb gng ygo6cTaa, u6o Torga ace KoaljxjluuuenTbi 

8 (y) OK83b!B8IOTC51 B9W9CTB9HHb!MIIo " . 

· Paanoll<eHue aKcnoueuT a npaaolt '18CTH ypaaueHHSI (6) a PM no CTe-

nenstM t HMeeT, 6narogapst uanu'!niO MHO*HTenst n! a anaMeHaTene n -

oro 'lneHa paanoll<eHHSI, 6eCKOHe'!ilbifi paJlHYC CXOJlHMOCTJI B nnoCKOCTH f , 

.Jlall<e KOI'Jla_ HHTe_rpanbi a noicaaaTenstx aKcnoueHT nHHefiuo aoapacTaiOT npn 

y .... ~ "" • B cny'!ae noTeHUHanoa, cTpeMSillllfXCSI npH y .... _:!- oo K nocTOSIIIHbiM 

8CHMnTOTH'I9CKHM 3118'19HHSJM He MegneHHee, '!eM 3KCn.OH911UHanhll0
1 

npii

CYTCTBHe MfiO)KHTenH q'(y) B npaaofi '18CTH_ ypaBHeiiHSI (6) o6ecne•maaeT 

KOH9'1fiYIO BenH'!HfiY KOa!fl~HUH9HTa np11 Kll)KJlQM H3 'lneUOB PMll nOClle IIH

Tei'pHpOBllHHH no y • BBI!JlY COKpameHHSI npH aTOM MHOJKUTenefi n f , nony

'lll!OIUIIACH PM OK83b!B89TCH CXOJl.SilUHMCH B KOH9'1l!Ofi o6naCTH 3118'19HHfi · na

paMeTpa £ • DnH noTeHuHa!loa,· cTpeMHIUHXCSI K acnMnTOTHKaM npu )- ... ·~"" 

MeJlneuuee, '!eM aKcnoueuuHani.uo, uanpuMep, cTeneHUbiM o6paaoM, pasno

*el!He (7) a png no· uenhiM cTeneuSIM napaMeTpa £ Y*e ue 6yJleT HMeTb 

MecTa. B JlanhHeAmeM Mbi orpaUH'IHMCst pa,ccMoTpeuueM: noTeHulianos, CTpe

MHIUHxcn K nOCTOHHllb!M llCHMnTOTHKaM, no KpaitHefi Mepe, 3KCnOUeHUIIllnhl!Oo 

Baugy aemecTaemiocTu aenH'IIIII B, (y) , , gng Koa~~uuHeuTa oTpa*e

_HHSI (3) 6yJleM HMeTb 

00 
2n 

R(f) = :E .R. ( 
n 

n=o 

rge nepBbie KoacfxiJHUHefiTbl paano*eHHs paBllbi 
2 

'R
0

= 8
0 

(-«>), 

5 

(8) 

-~· (9a) 

(96) 

(9a) 



no.ocTaansm pa3JIO)K9HUe (7) B ypaBHOHHe (6) If npHpBBHHBBSI Kos4J:-. 

ljJHUH(mTLI llplf O.QIIHBKOBbiX CT9ll9HSIX E B 069HX 'IBCTSIX ypaBH9liifS11 nony

'IHM .QJISI BeJIH'IIfll 8n . (y) peK~ppeHTHYIO CHCTOMY ypaBHOHHii, nepBbie TpH 

H3 KOTOpb!X ll:MOIOT Blf.Q ( llB'IBJlbHbiO yCJIOBHSI: 8 { +oo} = 0 ) : 
n 

, . q '(y) . 2 
8 (y) = .-- [1 - 8 (y)], 

0 2q(y) 0 

(lOa) 

Fi' (y) = q'(y) !Q(y)[l + B
2
(y)] .- 28 (y)8 (y)l ,· 

I 2 q(y) 0 0 1 · 
( 106)~ -

. q'() 1 2 2 . .. 
IJ' (y) = _Y_l-

2 
Q (y)[l-8 (yj]+8 (y}[2 8 (y}Q(y) .18 (y}]-28 (y)8 (y)}. 

2 2q(y) o 1 o 1 o 2 (lOB) 

3.oecb.HcnonbayeTcn o6oanaqenne 

y .. 

Q(y) = .f q(y')dy'. 
0 

( 11) 

XapaKTepnofi 'lepTOM CHCTOMbl (} 0) S!BJISIOTCSI T01 'ITO B 119M TOJlbKO nep

BOe ypaBH9111f9 (lOa) 119JlHHeiiH01 a ace OCTBJlbHbiO JIHHOHHbl If MOI'yT 6b!Tb 

nocne.ooBaTeJibHO npoHHTerpHpoBaHLI B KBa.opaTypax. YpasnenHe ( 1 Oa) TaK-

it<O JIOI'KO HHTOI'pllpyeTCSI 

q(y)- q+ 
8 (y)=----

o q(y)+ q+ 

r.oe llJISI ynpomenHn o6oanaqenHii nonmKe no 

q+ = q{+.oo)' q_ = q(-oo} • 

C y'leTOM (12) peWeHHSI ypaBHOHHit (106), (lOB) HMOIOT Blf/l 

Q(y) s(y) - q(y )S(y} 
. 8, (y} 2 

[q(y} + q ] 
+ 

. 6 

(12) 

( 13) 

(14) 

1L " •• t 

H ... 

\T 
·'· 

jJ_ 

1 ~~ 
. 82 (y)= [q-(-y)_+_q_+-::-:;]~ ·. 2 . . . 

+
·r 'q(yJS2 (rJ 
- + q q 

.. 2 q(y) + q+ + 

3/lOCb noJIO)I{OHO 

Sj 

· s1 

'AnaJIOI'H'IHbiM o6pa,30M 

. ' t . ' 

It T./l.i aii8JIHTH'IOCKH9 

I'pOM03/lKHMH • 

B peaynhTaTe llJIJ 

llb!Mif aCHMllTOTHKaMll ' 

IOUl99 Bblp8lK9HH9: 

R=( 
q -q 2 2q .. ( 
. -.. · + I . 2 -.· ---) 1-£--
q +q . . '(q2:...q 
. ..,. + - ., 

. . 

n~H'UOT9HUH8~0B . . . 

8 (-oo) = 0 1 H. /lBYM 

pa.SJIOlKOHHSI (8) SIBJIHIO 

HHH. K09ljlljJHUH9HT OTpa~ 
. 2 . . . 2 

2 S (-oo) . 2 S 1 
R =( --211-.E [-

16 q
0 

16 

00 •. 2 

.. (JdyS(y)) 

-oo 

BeliH'IJUia S (-oo). . npoc 

S(-oo) 
1 oc 

;;pi 
c -oo 



e ( 6). H npupasuusag Kosel>-

fiX '18CTSIX ypaBHeHHSI, nony

My ypasueuufi; nepBbie Tpii 

8 (+oo} = 0 ): 
n 

(lOa) 

( 106) 

r)..l8 (y)].,.;2B (y)8 (y)l. 
I •.. o 2 (lOs) 

( 11) 

TO, 'ITO B Uefi TOllbKO nep

bllble nuHefiHhl H MOI'YT 6biTb 

~ypax. YpaBiteuue ( 1 Oa) TaK-

( 12) 

( 13) 

)B), HMeiOT BHJl 

( 14) 

•. .->#•: 

."'!(-" 

\l ., 
I ,. 

1!. 

+ L . q(y)S2(y) y 

2 q(y) + q+ + g+ q(y} Jdy'S(y')l. 
+oo 

3necb nonomeilo 

's(y) 2 2 
q (y)- q+ ' 

. . y 
S(y) = Js(y')dy'. 

Auanoi'H'IHhiM o6pasoM nei'KO a:axonSITCSI Kos!jl4JuuueiiTbi 8 (y) 
.3 

( 15) 

( 16a) 

( 166) 

B (y) 
4 

H i:-.n., auamiTH'leCKHe Bb!pameUHSI KOTOpbiX CT8HOBSITCSI 0 0Jlii8KO, BCe 6onee 

I'pOM03JlKHMH. 

B pesynbTaTe nnSI Koa!jl!jluuueHTa oTpameHHSI oT noTeuuuana c .oTnH'l

HhiMH aCHMnTOTHK8MH q f. q . nony'laeM C TO'IHOCTblO JlO qneUOB E 
2 cneny

- + 
romee Bbipameuue: 

00 

R q_.-q+}.l 2 2q_q+ 'd 2 2 00 2 
=( 7 1-E J y(q-q(y)](dy'(q(y')-q 2]). 

. q +q (q2:... q 2) 2- + .' ( 17) 
+ - + 00 y 

nnSI noTeHUHanoB C OJlHH8KOBbiMH 8CHMnTOTHK£1MH q =q =q HMeeM 
.. + 0 . 

B (-oo} = 0 , H JlBYMSI nepBbiMH, OTnH'IHbiMH OT HynSI, KOS!jlcf>HUH9IIT8MH 

pasnomeHHSI (8) SIBl!SIJOTcsi R I · H R 
2 

• CooTBeTCTBeuuo B aTOM npu6nume

HHH Koscf>qlHUHeHT OTpameHHSI HMeeT BHJl 
. 2 ·2· . 00 00 

R=£ 2 S(-;)11-/[ S(-ool+f-JdyS
2
(y)-2 (dyS(y) 

16q
0 

16q
0 

(-ooJ-oo · """"' 

2 q 00 2 2q2 00 00 

2 
° r J d r s r y ) ) + 0 

· J d r J d r' s r r 'J 1 I . 
s (-oo). -oo .• s (-oo) -oo y 

Beziuq'una S (-oo) npocTo CBSisaua · c noTeuuuanoM 

S(-oo} 
1 :"' 

-(dxV(x) 
ape _:oo 

7 

(18) 



Koat!J<huHeHTbt npH £ 
2 

B tiJHrypHbiX cxo6xax BbtpamenHit (7) H ( 18)' onpe

nenmoT 'IHCneHHYIO ManoCTb nonpaBO'IJHOro 'lnena K COOTBeTCTBYIOliiHM npe

ttenbHbiM aHTHKnaccH'IJeCKHM sna'leHHHM K~at!J¢uuuenTa nan6apbepnoro oTpa-

>KeUHH: 
2 

R 
(19) 

m 2 oo 2 

R = --( ( dx V(x)) 1i 2 2 . p -oo. 
0 (20) 

B ( 19) H (20) COBepweH nepeXOA K HCXOAHbiM. nepeMeHIIbiM, 

EcnH orpa~H'IHTbCH TonbKO nepnbt~ nonpano'IHbiM 'IJnenoM B _ BbtpalKe

HHH (17), TO MOlKHO np~ATH K.BbiBOAYt 'IJTO_ilpH p(±oo)<p(y)<p(+oo) ~

ycnoane ManocTH nonpanxn BbmonnHeTCH, ecnH B t!JopMYne (5) pc =(p+ p_) . 

Y'leT nocnettYIOliiHX 'IJneHOB pasno>KeUHH (9) ilOK83bJB8eT1 OAHSKO, 'ITO yc-
·, 

nOBHIO HX ManOCTH COOTBeTCTByeT 

p c = max (p+ , p_ ) . (21) 

neACTBHTenbHO, HanpHMep, ttnH noTeHUHana 

vo 
· V(x) = ' 

(22) 

ttnH KOTOpOrO H3BeCTHO 
I 

~/ . 
TO'IJuoe sna'leUHe xoatil¢nuuenTa OTpalKeHUH 

R 

2 "a . 
sh [-(p - p }] 

1l - + 

2 a 
sh [..!!...(p +p )] 

fi - - + 

(23) 

H_MeeM cnenywmHe TPH nepabte _'lneua aHTHKnacCH'IJecxoro pasnolKeHHSI. 

' 2 2 
p_-p+ 2· 417 p_p+a 417 4 

4 
2 2 . 

R = ( } [ 1 -- +-a p • p (p +p +' 10 p p }] 
p +p 3 'It 2 45 - + + - - + - + • 

(24) 

8 



Llnsi llOTGHUHana 

V(x) = V O(x- x 1 )[1-
o . a 

H8XO/lHM 
4 

O(x-x)], 
2 

x -x = a 
2 1 

a p- p+ 2 
+ ---,4-( 19p + 

2 
19p +lOp p )]. 

- - + 180'fl + 

(25) 

(26) 

Llmi llOTeHUHanoB C p =p =p 
+ - 0 

aHanorii'IHhiM o6pa30M H8XO/lHM, 'ITO 

· Bemf'inaa p _B lflopMylie (5) onpenenHeTcst ycnoBHeM 
c 

2m I V0 l 
p = max [ , p J. 

c . Po o (27) 

IlpuMepoM anecb MO>KeT cny>KHTb aliTHKnaccuqecKoe paano>Keane nnH Koalfl

lfluuueaTa 0Tp8>K9HHH OT llOT9HUH8na 

vo 
V (X) = ....;_____;:___ 
· ch 2 x/a 

(28) 

8· HM9HHO: 

4 mV 4m 2 V
2 

0 . 0 -- + --'----'--)]. 
Po2 p: (29) 

, ·peaynbT8T (29) MO>KeT 6b!Tb nony'IeH TBK>Ke H3 H3B9CTHOro 
141 

TO'IHOrO 

Bblpa>KeHHH. LlnSI llOTGHUHana 

'V(x) V e 
0 

. 2 2 
-"./a 

·nMeeM cnenyromee npn6.riH>Keaaoe aaaqeane R 

m 2v 2 
17 2m a~ 2 . ap0 2 · m V0 TT --~0:..,._ )] • 

R = - ( ) [ 1 - 2 (-} (1 - v 2 --2 + -
. 4 }ip h . . p 2 p 4 
. . .. 0 0 0 

(30) 

(31) 

BhiWe 6hmu paccMoTpeUbi cny'Ian, Korna noTeauuan MenneTcn peaKo 

B6nuau KaKoii-To oaa·oii TO'IKH aa ocH . X • HeTpyano BHneTb, onaaKo, .'ITO 

t:{SHHbJit ·izoaxoa llpHMGHHM .H K cny'IaJO HeCKOnhKHX paanH'IHbiX o6nacTeii 

9 
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peaK~ro H3MeneuHn noTeuuHana. 3AeCb · ecTb onpeAeneuuan auanornn. c pac~ 
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