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BBE.IJ:EHME 

Ilop; IIHTYIIIJ;IIeM .li panyMeiO He. Bepy B 

IllaTKOe CBIIp;eTellbCTBO 'IYBCTB II He 06MaH'1II

BOe cy:lKp;eHIIe 6ecnop.H;IJ;0'1Horo soo6pa:lKeHil.li, 

HO nOH.liTIIe .liCHOrO II BHIIMaTellbHOrO yMa Ha

CTOllbKO np.HMOe II OT'IeTJIIIBOe, 'ITO ORO He 

OCTaBn.HeT HIIKaKOrO COMHeHII.li ... 

PeHe .IJ:eKapT 

3aMe'1aTenbHoe npenMy~ec~so no;o;xo;o;a o6paTHOM oap;a'In oaKniO'IaeTC.li 

B TOM, 'ITO sxop;HbiMII p;aHHbiMII .liBn.HIOTC.li Ha6niOp;aeMbie csoilcTBa (napa

MCTphr$(E)), 'ITO p;apiiT Hjl..M BOOMO:lKHOCTb TeopeTII'IeCKil ynpaBll.liTb KBaH

TOBb!Mil cncTeMaMn: nop;6npa~b soanMop;eilcTBil.li V(x) TaK; '1T06bLno Ha

.Ill~l.fY :lKenaHHI() MeH.llllllCb xapaK'rCpHCTIIKHKOHCTpynpyeMOrO o6'beKTa [1~3]. 
. Bonee T.oro, Mbi .'!acTo :qMeeM noJtUblt'1. ua6op ~Jtei.teurnapubiX :npeo6pa

.~06(J,Uut'1., OTBC'IaiO~HX npoHOBOllbHbiM C;IJ;BHraM · ~o6CTBeHHbiX OJla'IeHHM FJv 
no IllKane :meprnif II llOKallHOau;HH BOllHOBbiX <f>yHKIJ;HR B n{>acTpaHCTBC { Ba

puau;H.liMH, cneKTpanbHhlX'BecoBbiX napa¥eTpos c, ·nnn M,.) .. Mo:lKHO no-. ' .. ,. ';' ' ·.· . - . . . 

po:lKp;a~b Il Y.CTpaH.li~b nppHOB.OllbHbie :mepreTH'IeCKHe ypoBHH;:• MeH.liTb · na-

paM~~pbi KBaOi;cB.HO~HHb.IX {peooHaHCHbix) CR~~o.HHHM; .Ilpn aTOM: MaTeMa

. 'TH~(!CKHM annap~T ,.p6P<l,THOMi oaAa'IH H,cynepCHMMCTPliH (SUSYQ) p;aeT 

. HaM TO'):;Hbie. Il ~P,OCTbie aHanH'l,'H:'le~KHC ( OaMKHYTPIC) Bbipa:IKCHil.li:;IJ;llll TaXHX 

npeo6panosaHnii1. IlapaMeTpbi Tlf.Jla Ev Mv nrpaiOT KaK~6bi ponb.KHonoK 

nnn pbi~aros ~a "eynhTe ynpasneHn.H" cneKTpa:n'bHbiMH csoiicTBaMH. 8To 

noosonnno oTKpbiTh . npasnna, KBaHTosoro 'Aa:Jaii:Ha: · ( Ho:Ba.H 1 iaaHTo:Bfur an-
6vKa'~ [1-3}·· ·' ... · ~. ··· ·.,..r · "·••" ,!: ,: . .: . ' '.J - ~-, • ' ~. ...... .·-. 1,.,._ .. . ~··. . . .... , 

Teopii.li OCB060:lKp;aeT HaC OT ·o'JeHB CTeCHHTCllbHbiX orpaHH'ICHIIUl}>ac

CMOTpeHil.li T<lnbKO .cpaBHHTellbHO pep;KHX ofi'b~KTOB (peanbHbiX Illlll CTaH-

\ ~~PTHbiX MO;IJ;CllbHbiX), COCTaBn.HIOJ:tiiix ~H6~eci:fio. Mepbi HYllb cpep;H BCCX ~ 
, ~biC.ll~J;d~X CH,ST~~ (p;HCKp~'I,'~bie .TO~KY: B.,KOHT~HYYr.ie,BqOMO:lKHOCTCH ).Jle
npepbiBHbie npeo6pa:JoBaHil.li Jia6niOp;aCMbiX csoucTB o6.'beK,TOB, pa:moii npn-

-.. ,. t.,rt .· ,_,., •. ,- \ ,,. · • . · ·. J·.· ·-·· •- '~>• '• · 

_PO;IJ;hi}l;pyrB;p;pyi,'a H<:tB?;IJ;.H'r,MO<;-~~KH.CKpbiTbiX CB.liOeM Me~p;y HHMH;cfiO)J;HH-

Ma.H noi!nMaHne KBaHTOBbiX oaKOHOMepHOCTeii Ha !fOBbiH YP()BCHli ...... , . 
·' ·. B · ~~J.Hlloii' pa6o'l'e· Mhl pacc:MoTpn:M: j:;~:cinil:pe~ile imacca i-aKn:x'lipeo6pa-
n6saHiiil. ·.· , ' . .-....... ·.· ·. ·• ·. · .,, ... · .... · · · · .. · · ··.··"--·- 1 ' '· '· ··' ....... ·•· 

In t' •• !"-' ~. J" • 
} •,. . . . , .. ~ ; .. ' .. ~ \ 

1 BapnaQnn o,qHoro mm KOHe'lHoro 'lliCJia cneKTpa.JihHbiX'ttapaMeTpoB CBOAHTci' K peiiie

HliJO op;Horo mm HecKoilhKliX a.Jire6pan'leCKIIX ypaBHeHnii ( TeM 6onhrnero 'In err a, '!eM 6orrbrne 

MeHHeTCH napaMeTpon). 

''.-"·"~~_,.,,, .... __ _ 
::;.;-:C'J.f.;~tt;..r.:! h~ll''t l 
v~a~~~H'l:' "CC""':!"n"'~"~· •· '·i:<P41Btt"M~P Lt _.'-,..\i-C.tlUE% 

i 6t1SI1110TEKA "_., -....,._ 



"HE<f>H3H"9:ECKHE" COCTO.HHH.ff 

,II;aHHOMY onepaTopy ffipegnHrepa OTBe'IaiOT onpegerreHHhle rpam~'IHhie 
YCJIOBH.ll. 8TH YCJIOBH.ll MO:lKHO HaKJiaiJ;h!BaTb B COOTBCTCTBHU C cpH3H'ICCKUMH 

Tpe6oBaHH.liMU. Ho_nMeeTC.H e~e 6ec:':IUCJieHHoe MHO:lKeCTBo ("MaTeMaTII'Ie

CKnx") CIIOC060B 3a~J;aHH.!I IIOBCIJ;CHH.ll p~WCHUM Ha KOHD;aX (HJIH aCUMIITOTII

Kax) o6rracTn IJ;BH:lKCHH.li BOJIH. H B Ka:lKIJ;OM TaKoM cnyqae uMeeTcH cso:il Ha-

6op CIICKTpaJibHhiX napaMCTpOB 7 OIJ;HO::JHa'IHO cpHKCHpyiO~HX cpopMy IIOTCH

IJ;HaJia V(x). Bapnan;HH OTIJ;CJihHhiX "MaTeMaTH'IecKnx" napaMeTpoB npn

BOIJ;HT K H:JMCHCHH~ IIOTCHI.J;HaJia, K()T,.Oporo MO:lKHO IJ;OfiHThCH TOJlhKO U:JMe

HCHHCM 6ecKOHC'IHoro 'IHcna cpu:JH'ICCKHX napaMeTpos. ITo TeopeMe o ABYX 

CIICKTpax [1,4]2 
(HaiipHMep, OIJ;HOro cpii:JH'ICCKOro H OIJ;HOrO HecpH:JII'ICCKOro) 

IJ;Ba Hafiopa co6cTBCHHhiX :JHa'ICHHM 6e:J. BCCOBhiX cpaKTOpOB. TO:lKC cpHKCH

pyiOT BHA V(x). IIpn aToM H:JMeHeHne O~J;Horo co6cTBeHHoro-:JHa'IeHHH B 

IJ;BYX Ha6opax IIpH cpHKCHpOBaHHOM .IIOJIO:lKCHHH OCTaJihHhiX (:<ITO OIIHChiBa

CTC.!I TO'IHhiMH MOIJ;CJIHMH [5]) IIpHBOIJ;HT K H:JMCHCHHIO BCCX (!) BCCOBhiX cpaK

·,TOp~B(B TaKo:ii nocTaHOBKe :Ja~J;a"'U emu :He cpnKcnposaHbi). IIopO:lK~J;eHne He

cpn:JH'IeCKHX cocTOHHHM BO:JMO:lKHO n c IIOMO~hiO SUSYQ-np~o6pa:JoBaHIIM 
,(,[(ap6y) [6}. TaKHM o6pa:Jo~, pe:JKO pacwMpHCTC.li KJiacc TO:qHopewaeMhiX 

KBaHTOBhiX Mo~J;ene:ii~npe~J;CTaBJIHIO~UX 6orrbwyro n;eHHOCTh 6rraro~J;apH Y~J;06-
,CTBY IIOJih:JOBaHHH J'IMH, . ·;·. 

>,, llHTepeCHhiM npUMepOM MO:lKeT cny:lKIITb CJiy'IaM CIIMMCTpH'IHhiX npe

.• ,o6pa:JoBaHu:ii ocn;Mrr~TopHoro ·noTeHqMana V ( x ), Imr~J;a yp(~BHH .cBH:JaHHhiX 

cocTOHHHM Ha ~ceii oc~ x ( ogMH cneKTp) ogHoBpeMeHHo npe~J;cTaBJI.liiOT co6o:il 

AIJa ~rre~Tpa :Jaga'In Ha rronyocn. CocToHiiii.li; :BonHOBhle lf>YHKD;IIH KOTopJ>Ix 

He_ o6pa~aiOTC.li B. l_IYJib B D;CHTpe .HMhl1 :.HBJIHIOTC.ll HecpH:JH'ICCKHMII COCT().H~ 
. <HliHMH~J;JIHnOJIOBHHhl IIOTeHiimiJia (Ha IIOJiyocn),: . < 

. - - ·, . ~ . . . ' ' ' . : ,' ' . : _. :. . 
- _,·.; 

.; • PO:>K,II;EHllE HEHOPMMPYEMbiX .COCTO.HHHM 

·,. Po2K~J;eHHe H~lf>H:JH'ICCK~X "ypoBHeii" B cnyqaencX~AH~~o IJ;CJibTa:...6apbepa. 
(~H.j[Mhl}Yh'(x), pacrrono:lKeHHOrQ B _TO'IKe x=O: . 

'-w"(x) + Vt5(x}iP(x) ~ Etfr(x). 
- .: . '.,.: :~ ~- .:_, ' 

(1) 

· · IIpn CWIIBaHnn peweHH.li B TO'IKe b~Iro'l'eau;mma :ria peweHmr cBo6og:Horo 

ypal3aeHn.a: (I} c. V (x} = 0-,· cf>yHKD;nx AOJI:lKHa 6h!Tb: HerrpepbiBHoH; a npona-

. BOIJ;Ha.H. np~TeprreBaeT CKa'IOK. v j (<I>YHKD;HH liMCCT II::JJIOM K OCII a6CD;IICC AJIH 

. · .. · . 
2
TeopeMa 6b!Jia AOKatlaH<1 P~BoproM- Jin~ xoile·;~~~ro OTproKa, ee ~6~6ui~n;; ~a:6~~x(mc•J- ·. 

HI>~e uuTepaanLI F.Gesztesy, B.Simon; G.Teschl.: HHTepe'cHo 6ttno 6i.I yi:TailoaHT~>;.r.imKno 
mt 06o6mHTb ee Ha CJiy~aif, KOrAa HecllH::JH'IcCKHe COCTOHHH:" HCHOpMHpycMLI·H'H'~e){):i axe-

. llOHCHI.I.~aJ!bHLIHpocT Ha 60nbWHX paccTO.HHHHX. . . . 

2 

! 

"" 

b-HMbl HOT OCH X- IJ;llH 6apbepa) 

1/J'(x-+ -0) = 1/J'(x-+ +0)- VTf!(x). (2) 

CsHnaHHoe cocTOHHHe B b-HMe npn aHeprnn Eb HMeeT BHA crra~J;arow;nx so'6e 

CTOpOHhl OT b-HMhi llKCIIOHCHT 

1/Jb(x s; 0}= exp(Kbx); 
1/Jb(x 2: 0) = exp( -Kbx); 

r~J;e Kb=~. 
(3) 

(4) 

Bhl6epeM :JHa'IeHne aHeprnn Hn:lKe cp~ii~ecKoro crreKT'pa E, = f KaK TaHep-
rMro cpaKTopiimii:J;un" raMHJibTmmaHa . · ·. - ; ~ 

r~J;e 

.·. ii ,; A+ A-<t-·f;· 

... ~ i ·- :1/J~(f,x). 
A,.. - -- +· (. ') ' - dx 1jJ f, x :: 

I .· 1/J'(E,xt 
A+= dx ~ 1/J(E,x)' 

. >. :• ~tp(X S. OJ= exp(Ki(x)~ 
1/l,(i?. O)~ bl~xJ,(.::~~1f+~~ex~(~ti); 
•, . '···:. -·' ·· .... > ·<." .. •Ki~~·,, 

B y~J;eM . nHTeprrpe;npoBaTb •· ~~eo6pa:;osaH:M~; SUSYQ ·c~~ .. , ~~;~n 
llH:JMa [i,6}) KaK -~~po~~emie.Hecp1I:JH'ICCKOro CO.CTO_siHIIH . 

~' ·1, •• ,,; •• ~; .'.i,; -J-,.!,::· -~•-, •c.;·-,'.'.';.•.-:.~ 

. . ·•I:' 
JH~(f-,x).~ 1/J(e;·x); 

<~ -·, ,i t-• 

. ' 
-;\::: 

... ~,. ,' i '>,.' 

TO CCTb 

<·. ;,p~~( :r: ~ o) ~: <:xJ>C ~~l_< :z:) ~·; • 
"·, ,·r · _.; ··' ':<·'.' '1. ··. ·': · .. ~ ~ .·: 

· 1/Ja41(x 2: 0) = bi'exp{ 7 ii;1x) +:cl exp~KtX)' : . 
-.. , . ··vo : ... - ,. ·vo •: 

r·rr·e b "=:;; __ -· -. • ·.cl =_1-.- -I"-:_ .. ; •·' . ,... . L .,, 2Ki' ·. · .. · Kt, 

B rrpeo6pa:JoBaHHOM raMHJihTOHHaHe · 

H+ =A"' A++E 
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(5) 

{6) 

(7) 

(8) 

cpopMa-

(9) 

(10) 

;(11) 

(I2) 



' 

'Lt! . .... ., 
~: -< ....... " ~ 
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].· 

v 4-' 

... 

,.:' ,--~. ~-,, ..... ~ (x) 
' 

·- ~ 

--·-·-·_.,..... ...---
\.i(x) 

Pnc.l )J;e<flOIJMaqnll ACJibTa-o6pa:moii noTeHQHaJII>IJOii JIMI>I 

-V6(x) --+. V6(xj +Yl(x) -;-+. Vc5(f) + V2(x) -+ v.5(x} + Va(x) npu 

pm1wnuu ne~~p;lup~~~~ro (ne<IJn::J~'I~cxoro) coc~ollnnn c E =- < ~ce 
. . - ' - • .. : •. ':-·-- -- -~ (; "; . '.-' >t - •" -- .-· ~, •. ~- . ' 

6Jiu:lKe li eAHHtTjieuiloMy caHaali:aoMy _coi:To:RiuiiO c E= E6 . 0Anopo-

~Hble rpali.iiqnble' ycJic>B~il- Anll ne<f>Hail'lecxoro -cocToJIIIHll· Bb16paHbl na 

o6eHX aCHMUTOTl!Kax Tltx, 'IT06bl 3TO peweiJHe 6b1JIO 'IHCTO cmip;aiO· 

· UiHM ilnp~~~; J('a~ exp{~Kik) (ioa(p~inh~e~-i~ ·iJp~·~xp(~ 1 x) ~~6p~ii~ 
~~BHblMH uyri~j: ~e;;. 6iiii;K~ E~~ '~ Eb, Te;,; Aful~~e-anpa6~ yaa. 
.!IHe~CH Jl~a, !3. KOT~pOH B ?CHOBHOM JIOKaJIH::JYCTCJI CBJI:JaHHOe COC'.l'D-

. '.: AHHe. cha x.mca-n~pe~Ol;~U!C CBJI:Janiloro' cotTo.iiHHJI HOCTenenn~ npu

o6peTaeT c~nkTon~hop;o6~~fi ~up; npu c6JJH;)[(ei;nH E = f c E6 u aaTeM 

npa~TH'JCCKH He MeH~~CJI·. fipH ~TO~ B J!Me ~ce 6~Jiee HOXOlKHMll CT~Ho
B~TCJI C~paBa ¢H:lU'ICCKOC ?jJ6(x) H !fc<imaH'IC~KOC ?/J 1 -2~3(x) COCTOJIIIHJI 

(~eaa ?/J1 23(;) oTKJIO~JI~~cH OT:~b(:i:), ili<c~onen~HaJibl!O Bo~pacTaH). 
i''- '.,,·,.-~- .. ·:: .. ":,{_.~·: __ ·, _<'\<.;- .:.-:.'''"-··-~·--. 

llpu Taxux SUSYQ-ppeo6panoBaHUJIX. ocTaiOTcll ;ueuaMenni>IMH Ko::>qJ-

¢~~~uenT~ oTpalK~Iiil» · (ripox;)!(Aemut} p;n~ coc;~liiiHii ~~~~pep1>mnoro 
clu;KTpa. Cp. c penyJII>Ta:r~M~ pa6oibl [8], B Ko~opo~ Ml>lnriepnhie npo

;\e~on~Tpupo8~~ uita~pc;;o 3kaK~ ~~x~a~bl; aeAbma·H~ u nu~eoa npH 
SUSYQ-n~eo6pa::ios~Iin~ . . .. · . · .•• , . . 

' 'f._ ' 

IIOTeH~HaJI HMeeT Blip; ( CM. pHc 1. - 06JJaTllTC BHHMaHHC Ha IIHBCpCUIO 
' '., ; • ~. <. ' 

4 . 

)\' 

.A> 

,., 

;JHaKa .ncxop;Horo p;e:IbTac rroTCH~na.'Ia ): 

••..•.. ··0. . . •.' ·tfJ'(f.,-x)·2 
V(x) =-V (x)+ 2f. + 2( 1.( ••. ) ); . . ... 'lfJ f.,X 

(1_3) 

TO CCTb 
,j 

:;. 

.· . . V(x$.0)~-Vo(i:), 
. V(x > 0) = 2(1( -b~ exp( -KJX) +ci ~xp(KJ~r 2 .. 

· ·, b1 exp(-t. 1x) + c1 cxp(K 1.r) }: 

.,,_ .. 

~-" -.; -:' ~ 

...... ,. 

·-~~ 

.. -, 

~ ~' ~"' : . . 

Y:J.IV 
.•_'( 

·~ljl'f 
v. ,. ',-~. / : --~ 

-" .... - ~ 
_,.:,~ 

~ ... " . . -_, ·~ ~ ( ~ 

~~ ~ ·' 'j - .·': ·' 'l~,~: ~ ., ;.,. 

-· ---· ,.; 

.:_·! -=.~-~~- :' ~.., 

-{ i_. ·' .',.. "'~. 

,. ~- . ; .; :~.;._· ~--~-~~-"':.!·':r~~li (~ .t!-)-1'~~'::<"'""<!'! 

v 
Pnc.2: )(ecjJOpMaQIIJI on~HniiJITopnoii noTCIII(Ila:n,uoii .HMhi npn 

pOlK)J;CliHH necpH3H'ICCKOrO COCTO.HIIH~ cE,; E,:<l> 110~ OCIIOIIIIhiM rJI.H:Jall

llblM cocTo.RnHcM c .E = E1. HccimaH'IecKoe coc·;o.RIIIle Bh16pano cnal\a

IOU(HM cnpana .. 3ToT pncynoK Aonomi.ReT npllllCI\<;IIIIhlii Sukumar 'oM [G). 
B nameM cJiyqae 6oncc OT'ICTJIIIBO DIIA~O, 'ITO 'ICM 6JmlKc [;',.<!> K [.;I, T<'~l 
6oJice cT~IIODJITC.H_IIOXOlKHMH ocnoanoc 1/J~ (x) ll neqmmi'IC<"KO<' V'u<t>(r) 
cocTO.HIIIiJI cnpana, Yl(aJI.H.HCh np11 ::JTOM. llllpano 11 Tllllii'IIIOii noT<'III(Il

am,uoii .HMKC-iicpenoc•mKc ( CJI<"Im V'u<t>( x) .OTK,iioii.H<"IT.H oT ~·· 1 ( r). :JKC!Io

IICIII(IIam.i;on~>;lpac;riLR)._O~TaiiJ.Hhi<~YPOIIHII KaK <llllmi'W<"KOI'o. TaK II HI'· 

cllllt!U'Je~KOI'O CHCKTpa OCTl\Kl'I'C.R 1ia MCC'I'C (ua :JIIt'P_I'<"I'II'l<"CKOii IIIKa:u•) 

II OTIIOCil'tCJIJ,IIO MllJlO C)\lllll'i~KlTCll IIO,.OCII X 

~reM 6JIH)KC 110 3Heprnn Heqntnll'IeCKOe COCTOHHIH' K <f>II:JII'H'CKm.t_y. Tt':\1 

6(>ne-e 7rn)xo)KII. ;a;'pyr· Ha gpyra (•'<><!Tse"rcTsyK>mm~·:B';>rriiBBbn: <f>YHKt\nn. KaK 
' " .... ·- .· - . : .-.:. ' .. ~ ' - . ~ ' . . -..- ---- "' ~ -- . · . ..;: - -. ~ .. -· . ' ;·' ·. . ' ' 
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pcillCHIHI O~HOrO II T()rO )KC ypaBHCHlUI illpCi];IIHrepa ( C O)l;HIIM II TC:\1 )KC 
'noTe:HunanoM) n c op;nimKoB:biMn.rpa:Hn•mhiMn ycn:oBiin;o..in c op;Hoii cTopoHhi 
npn llO'ITli O)lHOH II TOll )KC aHcprnn. <f>H<JII'ICCKOC COCTOHHIIe BMCCT~ C 6mi3-

. Koii. :K. HeMy •mcThio He<f>n:nPrecKm"i .<f>YHKUIIII ygannroTcn. cncuuan:hHoi't Bcno
:\toraTC:IhHoii llOTCHUHa.'lhHOif HM~Oli-ncpeHOC'IIIKOM B CTOpoHy OT o6mu:Tn 
ocHOBHOH n:oKanHmiunu,IIexop;Horo <f>xmwicci<oro 'cocTOHHIIH. 
. . IloBegeHne <P~PMhi noTcHun~a nptl ripn6~H)KCHH~~ ~~a•IcHnn :meprun no
po)Kp;aeMoro _ He<f>nnnqccrmro · co~Toir~xur K <f>Imii•rccKoMy Hiomi:n.niHaeT nBn~~
Iine. "aHHIIrnmrinm" [7] · npn BhlpmK~~Htri! p;Byx <f>n:JnqecKnx cocTon:Huk1• B 
npe;::t~n:e f. -+ Eb <f>u::m'IeC~()C COCTOHHIIC YHOCIITCH ~a 6ecK~HC~IHOC:Th {ImK 
fihl ~<P<f>~KTIIBHo nc'Ien!leT H~ cneKTpa noTeHttnam~, ocT~Bwerocn na :~.tceTc 
liCXO)lHOH D-HMhl);·: . " . . . '-- ... _. 

; _ Ha. PJ:1c;2. noKa:J~Ha Tp~~<l><,>PMagi1n ~c~~iprn:r?I>~?ii; :~Ihl~.iiFi~.· ?.Pp<>: 
)KAcHnn He<f>mnPiccKor~ cocnm:Hn!J nop;·u~oalihiM• <J>ii::pr'IecKirM.cocTonHn~M 
· E"4> - Et·• _. BnepBhie. He6olJ~iinte; 'J'paii,c<tiop~~un~. TaKm:p T~n~ 6i.inu rto- · · 

~aqruihl B pa6oTe ·S11kuf!Iar'~ [6}, a~. irai-f ~e,r~agp~~?ci.:~h:n~or~p~pe:r•ui~n 
'nony:qcH~oii,J<apTIIHbr KaK npp~)le~iin :Heqn~nli•iccioro COCTOHHIU xh!e 6bUIO • 

.; .• ·_.· :: .-·· '---~ -, :·. ·' ·: /.. _.· : ~· . "•_t·';, -,~ -:,.; .,_ '. '."' : -"' _ _.-,·:~'.{ ._/ .·;, ,.C'.· ·' : .. • 1.'. ;_:~>,.! '"~- ~ •• ··; ' •.. 

_. __ TaK oT'IeTmnm BH)lHomaneaue:o6ll{en•:qae'l'II He<f>l1~J,I'IeCKorq ,ir <f>Iio:4•IecKoro 

···c~~~~~:t;:;~:~:~~W;;;~~~~~~~~it#~~~~.~~~ .. ll~., 
·· xop;Hoa KOHc~Ho~:npnMo~Yr.OJILHoH,HMh1 rny6IIHhl- v;;;.Hcxq~Hh1e ipyit~iru :i/Jb 

.. OCHOB~Ol'O cs~3~HHo~q 4>u~ri~~c~or()_.Fo'c'ro~ii~;r (np#. E ~!:Eb) H: ~~aoiul~-

. · · pyeMoro 'pewelliin t/J(f}"x )npn lmeprnit :§ -:-- ·~ ijyib im)J(e<£6• · · 
. ' . ;j-: 

r•:; 

• > .. ~<~"'~- :.;·~: ,' ~ ·.. . . 
· t/Jb(:i: $ 0)::;: exp(K!>{~ ); -·.. . . >-b~~; 

t/Jb(o 5: x -$ 1rj ~-ab ~ii1(ki,x +·ift;;;' 
- t/Ji(x ~.i) ~··obeip(-KI,~); .. _ .·... ., · .... 

,_:,. 
. r~e 

. ',.· . . k~ 
d,..= arctan("-:":"); 

·' . . . . . ... • /'-b .. 

'·• · ab = · ;l,· .: 
, r··_.· ·sin(d,)' 

bb :__ Kbabsin(kb11"+ db).:.... abkbcos(k,1r + d6): 
-:: . 2Kbexp( -Kb11"} · · · ·-'-· 

,..b(zb siri( kb 1r +db)+ abk~ cos( kb 1r + db) 
4= ; 
· , . · · · -2ti:bexp(ti:E>7r). -

(14} 

(lfj} 
(f6) 
(17} 

(18) 

33-foro 1ie npimexo~nT npn c6JiinKcH~~ ABY~ ne<Jlli~wJccK~x · ~oc;~~~~·nfic o~nnaK~B~~~ 
rpa!JII'IiUJMII YCJIOBII.IIMII (DO:lMO)I{IIO OTToro, 'ITO IICT opTOrOHaJihiiOCTll TaKl!X COCTO.IIHIIH). 

6 

n 
j} 

··~· 
I 

! :,~-, ~ ., \ ; I. ..· .. :; 
!.' ·: ~. '"" "":. . · >it~ vy·:_eb·;'' 

., 
i,,. 

_ _ tjJ(f.;x $ 0}= cxp(K1x);' 

· t/J( f. 1 0 $ x· $·11") = a 1 sin(k1x + d1); ,' 

tp(f, x ~ ~).= l{cixp{~~~~}.f- ~~ cxp(~1 x); '.·f: . ,,. 
, ·. . - ·-;; a1'~ arct~(;:); i: ·I 

(19) 

. I . 

__ ,,·:_.· .· ai'§=:~~;(:Ji);. · 
b} '=.1 sin(ki;.. +: dt) exp(,-:. kappai1r }/ > 

·<:;de\' ,,,,:,;./;. ,<'~. •• . . . . . . . ilf!f;, 
llpeo6panol3~Jiribnt noTeri~iiwritMeeT :Sir~~ ' •.: ·· 

. ..•. ····; ,;,~.:if£:·d ij>:~ ;~j; ·~1 ,[;g i\t~~~ ,~l,i~· 
.: · .·. Y((}3,x{.$·.?r};:= '_'.Y"+,~fi+?(kl<;ot(kt:Z:-f,dt)) __ ;. 

(20-) 

___ .- 1/Ji(x:? 0) .. ~ __;t/J~;(~).77f6(x) ?/1( . } ; > 

·· . ~.(o~j(;~~;'>I~~;~:;n~;[~~rf*: · 
~' ';,~~(x'$ or~·e~p(-~tx); 

_.--/:)~_ .. : .... ,;•:r·:<·,·,\•.":;•,L. '· 
•1• . {0 < .X < 1r) .:.... ·· . . · . 

. . 'l'~t -: .. ·.-;- · .. ~- ai sin(kix +dt' 

'.·,;· .. 

(22) 

./, ·. ~··(- -_ >· ') • -~; ' /. , .:; ' ,, l' : : I: / . .•' ' 
o/Hcl> X 7r = -, · . - ( · ) • 

;•- ., bt~P(:-;-K1x)+ CtcXp K1X 
" ·-·~ : 1'(23) 

(.' 
•:· ··.-· .;; 

- '- I ' ·;· ~ -' ~ ·- ""· . - : ~ \ 

llo npM~~e~~hiX pncyH~o~ cn:e~ye~, 'ITO npn p_a~<:Mdfp~~HhlX npeo.6pa-
ooBaHUHX B npe~elle liCXO)lHaH CIIMMCTpli'IHaJI liMa C)KUMaeTCH, ~HO CC llpii-
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no)J;HIIMaeTC.li 6en HapyweHII.li ciiMMeTpnn (ecnn He Y'IIITbiBaTh noTeHQIIaJI-
nepeHOC'IIIK, C)J;BHratoiQIIH CB.li:JaHHOe i:OCTO.liHIIe ). . 

;• 

'·"·f.: 

\f'".E~tt' 

-~' 

X 

v ; v 
·~· 

!"'-""·•; 

~Et' 

·';; 

P.nc.3, ·. ·)J,eq,QpMaiJ;HJI opJIMOyroJJbHOji noTeHIJ;HaJJbHOH J!Mbl KO· 

He'IHOH rny6HHbl. npH polK~eHHH Heq,m:m'leCKOrO COCTOJIIIH.R .C "J? = Eit<fl ; '.\ :· 

no~ ocHoBHbiM cB.RnannhiM cocTo.RHHeM c E = E6• Heq,HnH'leCKoe co-' 

CTO.RIIHe, KaK U B npe~b!~YIIJ;HX OpHMepax, .Bb16paHO cna~aiOIIJ;HM cnpaBa 

" ~ 

~. '- ..;, . 

3AKJII0'9:EHME 

, .. Mhi .CTpeMIIMC.li K npno6peTeHIIIO no
ne~HhiX mraHIIH pa)J;II :IKIITeHCKIIX y)J;o6cTB 

nn6o pa)J;II JAOBOJihCTBII.li C03epQaHII.li liCTIIHhi, 

·AOCTaBIT.liiOIQe~ llO'ITII ep;IIHCTBeHHOe B 3TOH 

_:IKII:JHII He OMpa'IIIMOe HIIKaKIIMII llC'IaJI.liMII 

6Jia:IKCHCTBO. 
PeHe .IJ:eKapT 

·. Mhr KOCHymich ·:JA~Ch O)J;HOH nn MHornx o6paTHhiX :J~Aa'I, pewaTh K<>TO

phle llpC)J;CTOIIT 'ICJIOBC'ICCTBY, B 'IaCTHOCTII, II )J;JI.ll IIOHIIMaHII.li_CTpyKTyphi 
M:aiepxiu (H:e:IK{rBoii ir :IKHBoii). . ., - '' .. 
---~~:. • .. ~.·:,:.:·--_ .·, r _, _ •• ~· M>' '.'. ._,.•· .-·~ .. , .~- <...~ 
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Hayi{a panBnBaeTc.li co Bee Bo:JpacTaiOIQeii cKopocThiO (no aKcrroHCHUllc. 
aJihHOMY aaKoHy ), .QQ'hC~i:liiHH!I M~IKIJO .. II 'MaKpOHBJICHIIH.• llocn~~HIIC Ha6iiiO:::tC

HIIH Ha Kocl\ni'IccKoM -TenccKOrrc HUBBLE y:KanhrBaiOT Ha Bon~m:IKHYIO nHa'm

Te.:rhHyio Hcci~iiopop;HOCTh pacnpep;eneHnn MaTeptm Bo Bcenc~moii: llpu no:::t
TBep)KgcHI~II ;woro <jJaK;a. noTpc6ycTcn ncpe~Mo.Tp npe:::tcTaB:r~Hirii ~> nepBoc 

Ha•ia ... 'lbHOM_ B3phiBC II· <f>yHp;a.MCHTClJibHbiX B3ltiH.IO:::teiicTBII~X ~JIC~WHT~ pH~~~. 
'IacTuQ ( cBepxo6pa'l'Han naga•m!). •. · . .. . . . . . .. . .. . . ) 

Hep;aBH<> B mmynnpHOM :IKypiia;re (Scici.IceNcws, 151, N 19, 288,J997) no~ 
HBIIJI<lCb J)l;II~IITC:IhHilli nm,reT.Kit: ( C <f>oTorpa<jJnn1-1Ii).o Bhipa~nBa.Inm HaCCKO~· 
:\lhiX .C )J;OIIOJIHIITCJibHhiMII r;zanai\HI Ha HOI'aX II:III Kpbt:IhHX ·o) C Ir~;~!OIQhlo Ha

npaBJICHHOI'O reHHoro son)J;ciiCTBR.li; Bnonorn.ll ycTpcMrrncTC.li.K apxn'l'CKTyp

HbiM 'IY~CCCl!-1 "6JIO'IliOI'O CTpOilTCJihCTBa" Ha MO:ICK,Y:IHpHOli.I (KBl:lHTOBOli.I?) 
ypoBHC; II xoTn TaKnc nccne~oBaHn.li n cTporyiO tmaHT<>Byio Teopi~Io _pan:~;c
mxeT c>IQc ~nyfioiGtirnJ)onacTh, Ito ~yMaTh o·HaBCJ;CHim MocToB MC:IK;J;y Hmm 

M(ramo: pmiqteauc KBaHTClBOU fiUOl!Oriiii HCOTBpaTU~to (paHhWC U:IU rron;a.;e). 

Mhi B KBaHToBoii Tcopitn :rc))l,e ·cTpcr:;IiM~n nocTur~yTh npa.Bn~a ( T<jHKo

cTir) MUKpop;U3l:lUHa, Ha.XO)J;UM y~nBcpcaJibHbiC ;)JICMCHTapHbte;"KnpniPmKn'' 

nepecipoiiKu BOliHOBhiX cncTcJ-.t [1~3}- Xc>Tn ;)Til girciuuirrnHbi pitnne:i.llc>T c>U.te 

rnyfioKan rrporraCTh, HO ciHII ofipe•teHhi Ha o6'hC/];liHCHirc. 

ABmphl (B.3. II Rt.L) 6naro'AaJ>Hhi Pct>ct>II, a B.3. 11 <f>cm:::ty Copoca na 

nop,p;ep:~Kky. Pa6oTa t'~a6aacma D.11. noAAcp:IKaHa rpmiTo~i INTAS s paM
Kax nporpaMMhl Iiccnc/];bBaHiiii Mc:IKp;yHapop;Horo Q<'HTJ>a $yli;:J;a!-.I<'~TClilbHoii 
<f>unnKii a Mocise (ICFPM): . 

J!IITepaTypa · ... ,.· ,.,,, . . 
1. 3axapheB B.H., Ypo11:u ~:oanrnooot'L UJt,rnympuL, i!(Lit.ttt!pC.JI yduonrnc.n.b-.. 

nbtX nomcm~ua.ttoa, aJt2optLmMbl ynpao.~tcntL.JI cnc?~:rnpa.M·n, · paccr:.JinncM. pac-

nada.Mn, mo•mo pcuuicM.btc Modc.ttu o6pamnou :wda·•w u cyncpc·nMM.cmputL, 

ynuoepcaJtbnbtc crnpoumcA~>nbtc 3ACMcnmht - "1CupJt1J.•L1L71:1L 1L 6.1to11:u" '/Coau-

moot>tx cucmcM, OMJIM, ,U:y6Ha, 1996_.. . 

2. 3axapbcB B.H., Copoco~c~uii o6JnmoBaTeJihHbrii ;a.;ypmm N7, 1996; 

lllpcJuu2cpa oncpam!'pa cnc'ICrnp, <Ptbn'•!i~cKiUI ;)HtinKnont·p;un, T.5 (iro:::t

ronmneH:a K nn/];aHIIIO) 1998; 

Hoaaz a:JQy'/Ca 'ICOa'l/,m~ooii, .y,exanmcu ( 0 1Capmun1\:nx}, Y;:~M. roc. ~'IinB<'p
CliTCT, If:IKCBCK (a llC'IaTII) 1998. 
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