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I . 	Ycn oBHe B03HHKHOBeHHH AHcKpeTHo r o yPOBHR B rrpffiMoyronbHoM 

nOTeHqHane HyneBo A nnomagH 

KaK 6~o OTMe~eHO BO BBe~eHKH paooTul4/ , c onHTOH8M ypaBHeHHH 

~w B paMKaX M03P COOTBeTCTBYDT 6e30TpamaTenbHHe nO TeHUHanH O~OMep

Horo CTa UHOHapHoro ypaBHeHKfi llipe~HHrepa 

d~'f ( 1.1)
el x? +U(x)lJ!=E 'f'. 

B CBH3H C paccMaTpHBaeMO~ rrp06neMo~ npe~CTaanReT HHTepec HaRTH y cno

BHe B03HHKHOBeHHH ~HCKpeTHoro YPOBHH 3HeprHH AHH nOTeHUHanOB C Hyne
BO~ nnOm~b~. To~oe pemeHHe 3TO~ 3a~a~H B03MO~Ho,nO-BH~HMOMy, nHWb 

AHH Y3Koro KnaCca nOTeHliHBnOB. D03TOMY MH orpaHH~HMCR npOCTe~mHM 

BapHaHTOM nOTeHUHBJla, COCTOHll(l1M H3 npffiMoyronbHo~ RMhl H nOTeHllH8nbHOrO 

6apbepa, H36p~eHHoro Ha pHc.I, a 3aTeM B nocne~~~x pa3~enax, HC

D x ( - a 

- U 1 , -a. fcX~O (I.2) 

?l(x)", o o~x ~ B-Q 

112 , 8- a. fc x ~ g 
o , x>g 

nonb3YH non~eHHHe pe3ynbTaTH,anrrpOKCHMHpyeM HMnynbcH HyneBO~ nnoma

~H 60nee cno~o~ ~PMhl. 
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Peme lfi!f! y p aBHeHHR IIlpe,[J,HHl'epa (I. I ), COOTB8TcTBYKllJll'le .n.HCKpeTHOMY 

ypoBHlO ::lHepI'HK E!" -/ E / B 06JI8CTRX I-Y) HMelOT BHA 

ljlI =: Q., e ~ , x x < - a. 

'fll = (X l Sin (KzX + (52) -a ~ xo! O ( 1.3) 

LV K,X f -K1X 
, &=aj e t-aJ e o£x " t- Q 

'/.J 1;; '1 X I -1'<.,.( f:,- a. ~x~gIV '" Q. I( e r U y e 
'f~ ; (1 , e -K,X X >g 

l'I\e 1:, = {/ij' > K
2 
=/V - /f / ' K 4 = ~' lJ ~ /U,I::U2 

113 yCJIOBHfl Henp epblBHOCTH JIOrap H4lMW.leCRHX npoH3BO,nl"blX BOJIHOBbIX CPYHR

Hli (T. 3) Ha I'p8HI'Juax 0 r)JI8CTe A l - Y n o.rryI.lHM 

K,, " K2 c0 ( -K2 Q f ~ ) , 
( 1.4) 

C' 
K2 ct~ ° 2 ; K, 

{ - 6,
'1'IT:, 5; ;= q.~ /tl) • ( I. 5 ) 

K,(8- 1l) ( - K,(8-0) 

K ~ - - o, e 
I <,(£-"-, r -K" ( (, - Il)e + 03 e 

-
-

}(v 

K,(g-a.) r -K~ (f, tl 
e 0 ., e 

• 
~. ( ~ - o.l ('" - K , ( f) - a) 

Q + o ~ e 
( I.6 ) 

-1( , = K~ 
""tc 

e ,:,8 

C' e. K,t- 0 v 
- t ,t.r &~ e 

I 

b,{ =a., / 4'1 . (1. 7) 

1-13 ypaBHeHI1A (I.6) ,1 ( I. 7 ) .n.Jl R ifla31l1 53 MMeeM 

21''(& . (1, ) 2 zlt,a 26 __ e . (A'~ ' I(, ) e - ( 1.8\(I<.- K, ) 

3 - (K~-K ,2J e2 
/!,l1 - i 

nO.n.CTaBJlRH 3 TO B~elfile B ypaBH eHKe (1.5), nOJIyqlfM 

( 1. 9)c9 &2 = ~ (E) J 

rD,e ~epe3 f ( E) 0603H8QeHO c.lIe,nYlOO\ee: 

<! ~.a 21t, (8-1> 'f 2 i?1f.a. 2)! K, (I~! -K~)((! -1) r e ( /(v'I!,) e - (Ky K,) ( 1. 10 ) 

"t<; ( K~/_K~)(e21t,(J_1)- e2K ,(C-<l) [ (K +K,{e?K,a_(lLv -K,l ]v 

8 113 (1.4): 
cia ( - k'zo. ... 62 ) ~!J. . (L I D 

~ /(2. 

z 

JIe r Ko nOK8 3 8 Tb, "'TO ! (E) fJBJI lleT CR MOHOTOKHOA OTpH rra TeJ1 bHOII ifIYHK

lrne A, T8K '-lTO 
9 0~ < 0) 

np "QeM e~m I ((; ) = - It/ . 
I E I -+ 0 I.l (IrO) 

1-13 ypeBHeHl1A ( 1.4) III (1 .9) nOJlyt!:seM TPaHC~eH,tJ.eHTHoe ypaBH8Hl1e ,lVUI 

o npe,l\eJ!eHK fJ .D;HcKpeTH!JIX ypoHHefl 3Hep l'HH: 

x, - { (T . 12)
K {1 = :lin - a;u:Jw - - aJrL SII1 ~ 

2 Vii V1.1? 

r,ne n = 1, 2 , 3, ", a 3HaQSHIDJ: Cl.M-Si ll. 6epYTcfl M~ 0 11 :Ji/2 

T8K K8K spr yMeHT y QM.sitt He npeBbIUlseT I, TO 3HaQeHHI! /( 2 Mo r YT 

JIellt8Tb TOJIbK O B HHTepB8JIe O !. K 2 !O ru . flpM 3TOM JleB8H '-I8C ~'b 
ypa BHeHKfJ ( ~ . 12) MOHOTOHHO B03paCT8Kl~8I!, S npaB81! - MOHOTOHHO 

y6b1B8101118fl lWHJ<tnlll K 2' f10S TOM}' .D..IIH CY1l\eCTBOB8H11ll KOpHf! ypaBHeHl1R 

( 5.12) Heo6xo .n.I>IMO, QTo6b1 npH k 2 -= ru npSB8H CTOpOH8 61l1.1I8 MeHb 

me JleBo A , T. e . !1pH E = 0 , '-ITO COOTBeTcT ByeT n epexo.n.y OT .n.MCl<peTHO

1'0 Cn eK'I'pa K He rrp epblBHOM}' , np8B8I! CTOPOH8 ,l\OJllltH8 6b1Tb MeHbwe neBoA, 

4TO npHBo.n.~T K Hep aBeHCTBY 

a JU ~ ~ - Qle sln {il (~- a ) 
(1. 13)

/ 1 + U ( l. _a) 2 

f10 CJIenHee oTBe'-laeT-pO~AeHI>I ~ no KpaAHeA Mepe OAHoro YPOBHI! . BBO.n.1! 

n epeMeHHYlO X = Q >lu', HepaBeHCT BO ( 1. 13) nepeIDImeM B Bl'J.lI.e 

x ( f, - a ) 
0.14)J a Z -i-x2 ( D 2 ' >-- C/)SX 

b- a) ' 

ll. YcnOB,H fI pOAAeHIUl COJlHTOHO B ,ll,JIf! rapMOHlf\.leCIWrO n aKe T8 

B 3 TOM pa3.n.e.IIe MN npI1MeH~M YC.lIOBHe po~eHl1R OAHOl'O .D;HCKpe THOl'O 

YPOBH f! (1.14) B Ka~eCTBe kpHTepJ>l fl po~eHKfl COJIJ>lTOH8 np l>l pac na,ne HM

nyJIbC8 HY.lIeBOA n.lI o~a,ll,l'l. an npoKcH~pyeMoro nOT8 HUHBAOM,H3yqeHHHM BbIUl8. 

Pac c Mo TpHM I'apMOKHQeC KHA naReT 

O x < - ~/K 
( 2. I)Uil() = A Sl~' KX, -;$x ,< I 

f 
D, X> 1i./K 

:i 



B KaqeCTBe annpOKCMMall~~ B~6epeM ycnoBMe paBeHCTBa nno~~e~ HM HnH 

rop60B ~nR COOTBeTCTB~~X HMnynbcoB ( pHc.2): 

, J:rr/2~ . 2A .5 ~ U a. 2A Sifl KX dx = - •0: 

o K, 

PHc .2 

OTCIO.o,a, npHHliMail BO BHlmaHHe , qTO j, 0: 2k , nOJIyqMM ,IJ,nil m~pHHbJ flMhl 

B~8.JII:eH~e 
2 _"'- ,

Cl = X 2A (2.2) 

r.u.e x :: a {[l . nO~cTaBnilil cooTBeTcTB~~He 3Ha tle HHR a. l'l f:, B Hepa

BeH CTBO (I. 14), nOJIyqHN 

.t _ x< 
(2.3)

Jx 2 of (t:t z -xli ' 0- co.5 x 

A 
r .u.e '2 271 KZ JIer Ko BI1,n;eTb, qTO np~ d ~ =ff HepaBeHCTBO 

(2 .3) BblTIOJlHileTCil ,IJ,,IIfl nJo6bIX x ,a rrpH ot < i He BUnOJIHsteTCfl H}! npH 

K8KHX )( • OTCKl,ll.a nonyqaeM, qTO npH A >-- O.392S K2 Bcer,n;a B03MOJItHO 

pollt,ll.eHl'le XOTil 6u O,ll.Horo COJIHTOH8, a npll A < O. IS9 K2 pollt,ll.eHHe 

COJIHTOHOB HeB03MOJItHO. 

CooTBeTCTBYD~He o6nacTH I H II H306paaeHU H8 pHc.3 (KpecTKKH 

cooTBeTcTB~T pOllt,ll.eHHD conHTOHa, TOQKH - HeT). npHBe.u.eH~e pe3ynbT8Tu 

~CJIeRHoro 3KcnepHMeHT8,nOJIHOCTblO yxnanHBAuqa ecK B p8MKH HacTo~ero 

rrpe,IJ,CKa38HH il, cBH,IJ,eTerrbCTB~T 0 xopomeM Bu60pe anrrpoKcHMauHH rapuo

HKqeCKOrO IIMnyJIbCa no nJIO~8,IJ,K. 

t. 

I 
A 
Ii 

m. 
I I 3 

x. ~ x 
I 

l( 

t~ " )( 

01 L j It , 

PHc.3 

ill. YcnoBHil po~AeHHfl COnl'lTOHa ~R r aYCCOBa llaK9Ta 

Tenepb MH paCCMOTplm H8qaJIbHU~ HMnyJIbC, 3~aBaeMhl~ ypaBHeHHeM 

2 2 

11 { A _K - &"H' (3 . I) 
u lx)= x e X 

o /X/->- :t. 00 

AnrrpOKCIIMHpyeM ero, K8K II B rrpe~~eM pa3,IJ,eJIe, npHMoyronbH~ nOTeH

liHaJIOM (1.2) (CM.pHC.4) . 

' YcnoBH e paBeHcTBa rrJIo~a,IJ,e~ ,IJ,aeT 


OO 1(2X2 A 
S == 0. U = 2. A Sx e- d x '" L , ( 3.2 ) 

o K2 

liI3 Ko'roporo I IIpR l1CllQJIl, 30Ba.HH.l1 onpe,n;erreHl[J1 x=Vu·Q.. CJI9,1Q'eT 

Q.. = X!l. 2Kl (3.3)
A 

PHC. 
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flnOIqa,IU> (3.2) pS30c5beM Ha ~Be tlSCTli TBl(, tlTO 

./C ~(L(I -7e), d 0..; ~ H Q ~c ~d , ( 3.4) 

~l! BeJIHtll1HbI g - a. , CJle,n,oBaTeJIbHO, HMeeM 

€-a. 2=-1( 0/2 2
-2x 

2K2T f )(1 ---ve . (3. ~) 

flO~CTaBJIf!H (3. :) B HepaBeHcTBo (I. 14), no.nyq.1l1 

c(,. .:/. _ xi! 

>/ cos x , (3.6)(r"xC -I- (;'2 _ X Z / " 

r,n,e 0 =- Z (1 - ~ ) 

2 A 
d = fJ...fi (3.7)(1--L)K 3 

re 
nepexo~1! K HOBOIl nepeMeHHoA ;..; t M H ;;, = ell! 

) HepaBeHCTBO
(3.6) MOCiHO npll.uecTH R mI.I1Y 

d ~ - '1 2 
-;====-===;-, . .> CDS '(Y (3.7) 

1JlT(d/' - ~zl 

BH8JlOr H'<rnOMY H3J10Jl{eHlIOMy B pa3~eJle 11. 113 HepaBeHCTBB (3. 7) CJIe.n.yeT, 

4'1'0 COJIHTOHN MoryT PO~BTbCH JlHIDb rrpl! A >, 2,8 K.3 H He MorY'!' npH
A <0,9,1(3. 

He pHc.b n pI1BO,l\l1TCH paspemeHHaH Ii 3anpe~eHli8H 06J18CTH pO~eHl1R 
COJIHTOHOB - I 11 n COOTBeTCTBeHHO. 

A 
20 

i. 

mIS' 

10 

r 


o 
 ~ 

PIIc.5 

6 

I1pIllBell.efiHble 3KCnepHMeHT8..IIbHble 3H8QeHIU!: x - pOl!i,l(91IHe com1TORa, 

• - OTCYTC'I'BKe COJlH'I'OH8 XOpOlUO YKJl8,ll,NBSIOTCH B c oo'r seTcTByYJ!l111 e 0c5
JlSCTK III yK83~Ba~T HB x opomee npHc5J1~eHHe npH annpoKcHMBUKH no nJlO!Q~H . 

B KOHDe 3'1'01'0 p83~eJlB npHBe~eN OCHOBHye napaMeTpw tIllCJleHH01'O 

Mo,n,eJllipoB8.HIIl1L ,1l,JUl lIlIICJleHHOrO HHTerpxpOBaHHl! ypaBlleHWf J~Cf? MIll IICnOJIb 

3 0B8..IIK cJle~lO!QI'Ie .D;lIIlfxtlepeH11H8..IIbHO-pa3HOCTHbie c xeMbl: 
/IIa ) HeHBHBJI cxeMS. npe~JlOl\{eHH&si T. Taxa JI,>,.A6J10BI1TueM , 

6) llBH8fI cxeMa H. 3a6ycKH J1. M. KpycKaJIa .., • 

B 38BHCliMOCTI1 0'1' 8MrurIlTYll,b! Hatl8JIbHOA BOJl ~lbI npH pe8JIH3allKH 3THX 

ex eM NbI BY(SI1P8JI11 eJle,TTYklI1l1e nSpaMeTpbI: I ) llX - mar Ce TKI1 no KOOP,l\l1

HaTe B HHTep BaJIe 0 '1' 0,01 .n;o 0, 17; 2) ~t - msr ceTKK no BpeMeHll 

B HHTepBane 0 '1' 0,00005 ,n,o 0, 12 . 
Bb!ttKcJIelme HHTerpaJIoB ~B~eHllf! ypaBHeHHf! K,rr,1? lI.JIR Hall8JIbHOT'O 

B0 3My!QeHHH 11 cpaBHe~lHe HX e pe3YJlbTaTaMK tIllCJIeHHbIX paCt/eTOB nOKa3b1

BaeT xopomee COrJIaCHe. OorpeIDHocTb nORylleHHblX pe3YJlbT8TOB COCTBBJlf!

eT 3-8%, B 38BIIICHMOCTH 0'1' BMnJIHTy,n,b1 HatlanbHOr O nBKeTa. 

3Kcnep IIIMeHTbI npOBO,n,I1J1I1Cb HB 38M B3CM-6 11 CDC- 6500. 

3aK~'ieHl1e 

C¢opMYJlKpyeM KpaTKO OCHO BANe pe3YJlbT8TY, nOJIY~eHHHe B ~8HHO~ 

pa(SoTe . 

I. Pacn~ MOHOXpoM8TH4ecKoA ( 11 KB83KMOHoxp oMaTK4ecKoA) Bon AN 

B paM1<SX yp8BHeHIIR I\D,~ HOCHT nopoPoBbiA xap8KTep , liTO CJIe,.o;yeT KBK H3 

BhItIIWJlIIITeJlMIOT'O 3KCnepHMeHTS, 'j'aN 11 113 paCCMOTpel!lifl pemaaMw( arurpo

KCillt.aruW C nOM011\I:>1O M08P. 
2. MOHOXPOM8TH 4€CK8R BOJlHS pacnan,seTcR Ha peme-I'Ky COJlllTOHOB. 

B rrpocTeRmeM ( oKononopoPoBOM) cny4ae Ha K~OM nepHo,n,e BOJlHbl 06pa

syeTcH O,l\l1H comlTOR . B CKJIbHO H~noporoBoM pePllle o6pasyeTCf! HeCKOJlb

KO (2,3 H (SoJlee ) COJIHTOHOB Ha O,lJ,HO'" nepHO.D.e BOJlHbl. J1DCJle~Hf!f! KapTH

HB .D.SeT HarJlH,lJ,Hoe npeAcT8BJ1eHHe nOBe~eHllH HeKoTopux MHOr030HHNX pe

meHHA I\D,~, He CBO~HXCR K O,lJ,H030HHYM. flepe4HCJIeH~e 3~KTbI HMe~T 

NeCTO H ,IJ,JI f! nKB8.3aMOHOxpOMaTH~eCf(OPO" naKeTa KOHetffioA )J..ImHbl. 

3. BpeWl pacn~a Ha4aJIbHOrO nBKeTS (11 CKOPOCTb o6paaoB8Hl1f! lIIS 

Hero COJlHTOHOB) 38BI1CI1T OT ero BMnAHTY.n;bl, npHqeM c xopomeA TOt/HOCTb~ 

BWnOJlHHeTCf! aCHMnTOT~eCKI1A 3SKOH ~/{t 
nO.nyqeliANe pe3y.nbTBThl npoJlHBalOT HOBlit! CBeT HB B03MOlllliOCTb reHe

palJiUl COJlwrOHOB 3J1~I(TpoHlfLlM nyqROMB 3aMarHHtleHHOM TIll83MeHliOM BOJlHO

BO.D./3/ . 

'j 
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The problem of existence of the discrete encrgy 1'!II'11 ' ,1 .t Z'~I!1- •• rea 
potential is Invest Igated. 1t Is shown th,H thl! I A.I" " I"",· I. tlillided 
into three ,.egions separated by parabolas in tho C.l:;O ,,1' "'Iml/~()Idill pulses. 
In the reQion I, left from Lhe crlLlc,)1 rl'qlon n. till! !'(')liIlJll fOlmolrion is 
always possible. In the region ru lhe !.nlitQn form,lIl(l/\ 15 1'1l/ltiduclI. The 
same result has been obtained for lhe (j;)\Is'.;.,n 
separat.ion. A compilrl~on wllh nUlnerlcal 
basic p,)r.Jml~tcrs of CUlllflutlll. iort tl'r!ltnifllH 

Tlw In\l'~:Slll1l1l llnn h,'L III,!cl1 1"" IO,I/,.!IJ til . till] 1." II""o,"I'Y ,,1 COlliflullng
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