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'I. B:ee.neHHe 

' I.·· AHanHTHtJeciGie • :egpruKeHK.ll ,1U1II aaepreTHtJecRRX cneKTpo:e H :eoJIHo.; 
:eHx WYH~ ,n:eyMepaoro .ypa:eHelJ!IH lllpe.nHHrepa· y,naeTCR: noJ!y.mT:& xpan11e. 
pe.nxo, noaToMY · ,nJI.fi IJaxolK,I(eH:mr aTHX KEaHTOBHX xapi:l.KTePHCTHK Hcno.m,'.:.. · 
syiOTcSI 1JHCJieHlJ1le MeTO.llll ~ ·· O,niDiM · H3 aqweKTHEHHX H · Je:opomo ·· p'aspa6oTaH~HX 
MeTo.no:e pemeHHH ypa:eHeHRR llipe~arepa~~eTCH MeTo.n .n;HaroHaJIH~. 
HJlH o6paTHOll HTep~ no.nnpOCTPaHCT:Efi•2 ·• 0,nHaKO acppeKTHEHOCTI> Me
TO,na· ~aroaaJms~ cameTCH ·:e aaepreTHtJecxoM ~anasoae, r.ne :e 
KJiaccMtJeCKOM npeheJie ;n:eiDKeHHe xaoTHtJecxoe. · EcJIH :eHtJHCJJHTI> cneKTPH · 
MHOroMepHHX raMRJI:bTOHOB.HX CHCT8M, IIOE8PXHOCTR' IIOT8HnHB.Jll>HOH. aiJeprm!' 
(Ill18) KOTOPUX liM8lOT H8CKOJII>KO JrOKWHHX MHHHMYMOE "*0~8KTHEHH8 . 
xi:!a.u,pyrroJII>FiHe .no:eepXHoc~alie xone6asRR aToMHHx H,nep/3•4 ) , To To'i~ 
HOCTI> 1JHCJI8HHHX paC'IJ6TOB ::JHepreTHtJeCIGIX YPOEHeii pe3KO y.:xy,nuiaeTCH •. 
HanpHMep, ··.nJJH . raMHJli>ToHna.Ha .· i<:ea.i:wynoJII>HHX no:eepXHocTHHX KOJie6a:Hd: 
c o.n~~m~ MHHmA1Moilf tia rms IIPH ~aroHaJIHsawm cooT:eeTcTEY:mteiL.MaTpmi;R 
pa3MepoM '800x800 rrpH6mi:3RTelli.Ho I/3+1/4 '!aCT!>' ypo:eae:li. HM810T· TO'!;.;, 

• • ' - 1 ' 

HOCTI> He~OJII>!O npo~eHTOE. QT; cpe,nHero p~CCTOHHKII M6ll\I(y COC8.nHHMH:· .. · 
ypOEHHMH 5•6 • llpH ~aroHaJIH3~ TaKHX ze pa3MePOE MaTpmJ;H; HO IIPH 
silaiJea:wix napaMeTpo:e · raMHJII>ToHHaaa; .no:nyc:&atin!H:ic. Ha.JIHIJHe · '!eTHpex. JIO~ 
xa.hii!ux MHHHMYMOB Ha Ill18, npH6JIH3HTeJII>Ho Trueyl!l' J!te TO'!HOCTI> m~e:!OT 
Jl:limb: riep:elle ID-I5 'ypoliHe:li. llpR'IeM E noc.ire.nHeM. CJJY'!ae ,YKa3aHHaH Toti
H ocTi :IiOcmraeTcii :· 6Jiaro.naim: ··. TntaTeriHor.lY · · no.n6opy EaPI>HPYeMo:li -qacToTH 
(<} . 6a3HCa, OIITm.faJII>H06 3Ha'IJ8HH6 .KOTOpo:li pasmHO ]{JI.fi pa3JIHtJHHX 
ypo:eiJe:!f (CM: p:11c •. ) • fO'!HocT:b pac'!eTa :eo:nHowx d\YHKn~~ii~ KaK npa:en:Jio, 
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. / lfe?Jle,I(OE8JJII8 .I(EYM8PHl-lX raMIIJll>TOHOEHX eueTeM ~ nii:3 ItoTOPHX l!M810T 
HeeKOJII>KO JlOKa.Jll>HHX MIIH~OE {eM., Ha.npUMep/3 • /) 0 npe,I(eTaBJ!lieT 
60JIDUIOfl IIHTepec. lfs:eeeTHO ?;3/, 'IJTO ,I(Jlll MHOI'IIX eHeTeM.Ta.KOro. THIIa: 
eyll!eeT}3YIOT CMemaHHHe eoeTORHIDI, KOrM npz O.I(HOH H TOll se :mep:rnz E 
pasHHX i.mHHMYMax · IIII:3 · peaJliisymeR: paS./IH'IJHl:le KJiaeei'IJe eKIIe pel!OO.ru .I(EH
·XteHIIR_• lf3Y'IJ8HIIe e:eoiieTE: :mepreTII'IJ8eKoro .eneKTPa II EOJlHOEHX·. fllYinUJ;nii 
TaKHX eMemaHHHX .eoeTORHIIH TI03EO.Jlfl~n YrJJY6IITl>: TIO!rnMaime KEaHTOEHX 
. npoREJleHJrlt ·KJ1aeeii'IJeCitoro . xa.oea l! RBJLeimR . K:eaaunepeee'IJeimfi a!Iepre-
TII'IJeeKHX YPOBHeiizB/. . - . . :"': ... ·· . ·.. . . :· . .. . . 

. IIpe.I(eTa&1ReT=.aHTe:pec· TaRxe ·ncCJle,n.oBBlilie BJIY-.~m:v.H xaoTkHec:-
KIDC pemi!vlOB • ,I(m!A8Hii$I Ha. npon;ece TyiDJ~pOBaH>iRi Me;.my · JlOKa.Jll>lWMli 
Milllill'"IM8MH 0 B XOTOpUX ·xapa.KTep I',1aCCI1'!9e!torO. ;uill;;(9Hi!R· MO:Lf)T: 6HT1> 

·~... . . . ~;':1 IO/ ·. . . .. 
KaK CJ1Y1i8ilill>IM, TaK II · peryJl.HpHUM': . ' , • :.. · . :.• · , , • · · . · : . :, .. 

B H~eToR~eit pa6o"Te npe.ltnaraeT~~ aJII>TepHaTIIEHHii ~enoco6 pemeHHR•. 
c TaiJ;RoHapHoro· · .itEYMepHoro • ypa:eHeHIIH IDpe.I(HHrepa, · npPIBO:rtmllHii ero K. · ... 
6eCKoHe'IJHoiL: JlHH9llHoii .cMCTeMe. o6HKHOB8HHUX .I(H~~ErpeH:!!llR.nl,HHX ypa:eHe-: . 
HIDl . (OJLY) '· o.iuJoii; nepeMeHHOii. -Ta.Koil TIO,I(XO,I( · npe,I(eTaEJIJl8Te.fi 6oJleO nepe-1 

. neKTuBHI&0 'IJeM .•,I(Hai'OHaJlii38.UHR; B cu'JJY TOro ,~ 'IJTo· no. OJuJOH. nepeMOHHOff .' 
npo:eo.I(HTCR· TO'IJHOe: ('IJPICJlElHHOe) '· IIH"I:9riJPipo:eaimO, a pe.I(YKIJ;IUI. OCYll!OeT:e~
eTCR,TOJll>KO no l(l)yroil nepeM9HHOll 0 .T .• e .• 6eCKOH81JHM· JlPIH8HHaiJ Clle':reM~ . 

OJJ:f saMeHReTeR :KOHe'IJHoii_. IIpz ,I(a.nl.Hofune~ ,I(HeitpOTHsan;mi o6HKHOE9HHHX , 
,I(HW\PepoHintaJII>Hux. ypa:eHeimii MoTo,I(oM KoHe'IJHux pasHocTeii. · npe,I(Jio)!teHHH~ · . . . . . . . - . . . 
nO,I(XO,I( MOJKHO cpa:eHHBaTl> .c :MSTO,I(OM ,IUfai'OHaJJl!MIJ;IIH, HO CO ,Cll,8IJ;1f8Jll>H,NM: 
no.I(6opoM 6asHCHUX: WYHKIJ;Hii, .· corJiaCOE8HHHX c · EII,I(OM . noTe HrntaJIOB : :MHHOH: 
3a,I(a'IJH, KOTPPHH ~03BoJmeT cy~ee~eiiHo no:eUCIITl> CKOPOCTl> . cxo.lnlllocni ' 
pasJio,;teHHR Hc.Ko~x pemeHJrl1 .••. .. ,···: ·. , · · · ··. · ·.:<~· ·\:. · · ·, .>~\ ., .. 

• ; B: ,I(aHHoii. pa6oTe peaJIH3an;M npe,I(JlaraeMOro . MeTo,I(a pememm · .I(EYMeP:
Horo ypaEHeHI~ lllpe.I(HHrepa npoEo,I(lirTCR .wUI ,C?,~ , ~}njEaPIIBHTHOro m_;. 
MHmTOHHaHa. • B STOM CJJY'IJaO ,I(Jlfl 'IJPICJieHHOro pemeHHR TIOJJY'I8HHHX iq)ae- . 
BHX sa,I(a'IJ h~ T'DOX CHCTOM JuirlX]~peH'urui~H~~ YPaEHeiml paccMOTp9HY 
.rncJieHHlle cxew: · · · -:. · · ·, ~ . . • · . . , ' 

' -. ~·· .. - .':~: .... ' 

2., 0CHOEHHe ypaEHOHHfl 
: ., ,, .. --. '~ ; '-~: -
> ~- ···- r "· -

· B ,I(eKapTo:eoii CH~TeMe Itoop.mma-r . C~v. ~::eap~aHTHHii. ra.MKJii>TOHHaH · 
BH6epeM B BMO' .~ .. ··--· .•. · ....... · ' . ~ . 

· . L 2 .. · ... - ............. -.......... : ;• 

1 (~ . '() !_) .... 1 . 2 .2 .. .. . . ~. . I. . 3 .2 z 2· ·. H= -i]~xz.,. 'dyZ: · :+ 2 (x+y J+~.&rx.y-:J_r:}+c(,x+!J: <Ir 
--¥~·~ .. ""-'"··~-··'-• 

· B nO.JlflPHHX_ KOOp,nmJaT~;-~:"J:?s:f.l ·•' _X,-;; rs,·n ,if. ,.::e KOTOJ>HX 
c3v, im:ea,!)HUHTHOCT:& npeSigJTJieTCR .RB!f!),. r~JII>~OH:HaH (I) IIPHH:IDAaeT 

CJle.I(YI<ieyro WOPMY . . .. 
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.2 2.. ' .. ·. 

f1 = _ .L /.1.. + _!_ '7J + .!.. 2 ) r'- jro3 . - · 4 . 
·.· .z l'dr.z._ r 'dr ,.~ 7J'PZ. + .2 +.3_Cbj-{cf-+c;r~ (2) 

CTan;IIoHapHoe ypa:eHeHHe IDpe.I(HHrepa .H rtP ~ E qf r:;~·· s~eP.e · ~-

=·: 'll{r_. ~ .2 (3> . fl/ (~•IP) 
J"' I ';" . 

KOTOPM IIPIIEO.I(HT-K HC'Ii93HOB9Iml0 nep:eon IlPOH3BO,I(HOI.nop~HOI.ne-
peMeHHOii,: B TIOJlllPHHX KOOp,I(HHaTaX MO!!HO riepezmcaT:i.i:ailte . . .. 

2 ·.' . ··~ ·• .... ' . ·.·. '• •' ..... ;.• . ' .. · '.. . :· 

c:r.z + :t [h.z )v +:; {E -ot(r)~ p(r )sini~j,U~O~ ,(4) 

r,I(e B:ee.I(eHH o6osHa'lielnm 

r 2 4 1· rJ. (r) = 2 + c r - g;. 2 , 
' (5a) 

/, r:$ ,A(r) o= _ .• 

.1. .· ··. 3. . : .::· . . • \. ·<' .. · : 
C:eoncTEa cHMMe TPHII i'a.MMI>ToHuaHa (I) no,I(c~simam; . 'q'l'O pemem!e 

ypa:eHeHIIR mpe,I(HHrepa _(4) Ha,I(o ueKaT:& B BII,I(e cJie.ItYIIIlero pa3JiollieH:mr: 
' .. · ... :).. . . .·'. .. .. : ··~· !.;-,·.·. ... ·· ... ·: 

v { r_, <f) == Z u t1 { r) e t;;J [if). 
L~·O L · ... _I.. !•. 
') ' ,, 

r,I(e <JiYH~ e J ( tf ) onpe,I(eJleHu. ~ 
e tj); _L. [cPI. L~ /''(_{)L.~ ·:· J 
. L ·f/2 .. . q - . . -L · · 

'(7~) cA = ftn etp.(~.~·[tf). ,· ··L~o·;·' 
JlerKO .noKaa:!, 'liTO .<JiYHKIJ;HH e r) , CO~TaBmiDr n~J!Hlil ~a3HC no 

y rJioBoii nepeMeHHoii Ha oTpesKe [ 0,27 J e ycJIOBIIeM HopMiqioBKH 
- .. . . ,_ ' ' __ l 

( v') .··· v·) .. .· . r 
e . e ~ .. ) ·= . 2 L,o ~ •. , ~ ...... , 
. L ,_ L · · (JJ LL· 

n peaJJl!~m :ece. · TPH Henp:r.mo~e · itpe,I(cTaBJieW, ~&KpeTllol rwmm' 
C3 v !lit •. (Kpyr.JlU~ cKo6? o6osHa'IJam' eKa.M?&cieii;P02.s:aeJ'lemiEL>~. 

IIoeKOJI:&KY ¢._L =. c/JL · .. (sBr,no'Uta o6o3Ha11~'r;:KO~~~roe C()IlPR-
xeHHe), TO 6a3HCHH9 <J!Y~ e dJ. Hll91lT 'BJI,I(., ,, ' . ,. 
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{-·) -. · _{· · =/#. -~-i~. :<.f.~ ' ; , 'e~Jm · L · -=~- /··,: •- (~6) 
eL_ :::· ..-~ ~-(d-~-~Jit _ .-. ,ec"m-.l- ~2iA,'l:o:r,2,3 ... 

)L1tii ;na.m,Hefunero pa3Jio~emm '(6) 3ariH!lleM c .f!EHHM 'y'teToM EHPa.:temtfi 

(9] :. ·-· .· :· --~ ·. '.· ,_,_. . .. .· . . ···--·-· .· •. : . ;' ··. . . 

rtl{f1,1f) == Z [r;~)l'tf~ ;_r+J r.;!ru~!)ct+ ztri.~,'.tf.,_,zf;!Jt)] qo> 
:'I ,e':~·-:~\ ·,. :,;,. ,•' "~+_I,·. ·, .,2(, -~~/. ' ' • \ 

-4
42 

[ u,t'J +f. ! u:i- u/'J{J· · 

~ 

. .. (+) . - . (+) ' 

_ :;?>1 _ r l(, 1 + f. L «:· -~ -:. 
~2- j-ll/+'1 ;_ f [vi:; f.· v/~J J.#Yti. 

•. -~-=---
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- ITpoeRTH!>YH WYHI~IO"ll ( r • '-1 ) Ha 6a3HCHHe i[JYH:Krum (7) H npnmr-
Ma!I Eo EHIDIIaHHe ycJioEM HoPMHPOEim (B) 11 cooTHomelimi · • ·. 

<' 3.. cJ> ()) . . 
r-oeL L2 " .. -... ., -. ~ -· e L · 7 . . . (IIa) 
~tpZ •. 

-·,- / · tj J . · . ·(- L ·] ~-.. 
fj ) . . . -l S:1 - ~ 1 - -I r ' · (,e. 1 -· ~~~~ 3t.fJ.:_eL.) ~- -. -~-1~-![z-L-3- L-L 3 l r)L~-1 . (II6) . L ., . • . . . •· :l fllJ. . I , : . . +L ' -• 

• . - ;; ·;:; :. :-- ' fi··,· . • -~ ' -' : ' .) ·- . ·'. ·,,. • : .· ;;! ·/:-·-· -:- . '. 

TIOJIY'taeM CJie;nyiO!f(He . treTblpe 6eCI\OH8'!HHe JIHH8llHll8 CJ.ICT8Ml1 OJJ:Y 

iJ4 ru/''I -'! iu::J~ v/';1 ;'0. 
--1 f+) . . . .· ·.- (+) {+) .: -~?/' 

?JsJ v5_ 1 +r ·l w~ - '1/.l 'J.f:J1 
... . .. (+) . ·. __ · >('f) 

c;()1 [ t17 ·. ]. ~!;- [ tl.ro -' 

-:[{~~-: 

.:·-·-

. ·'· A . (+) . . . • .· (:~o / :- ' . : 
X/0 [t/0.] ~I 'lf3 .== . D ; 

. A . (+) . . :('+J .•:;'-(~>', ' \ ., 
. .. . ?J3 [ ?13 J +! [ lfc·:~-- 2/(1 ']==a 

~ ; . - ' . " 

·.0'1 -- . {+) . r· (+)- t+>· . . 
· .. J.Jc I tt6·:] ~-/ ZI!J,_c:-/~ -1.·= D _ 

. ;:) - ij (t}. -.' ... - . ·. {+) . (+) . . . ·_·. 

fig F.fg J 4-f.l '«t2:":-:.-tfc :]::= D 
A . 

·C:::O - - - ti-)_ . . L- ./'~J . r+J -. 
. ·· 12 l 11'~-z J -:~t- .> t!(§ - 2(:; . . J =- D 

': 

;A . . (- ) '' '· • '"' (-) 

.?Jt [ 11-( -,] --~·f' . rv"~- ~ 
' > • ~- • 

"" . i ... 

'~_., r t(J~'J >~t r·v.:-) ~-
. "' - (-) . ... _· . ,· ·' . (-) 

-~4' [ v~_; J >tf- [ tlr -
..; . -. 

. ""' .- . ~·;_ _' . 

r '(-) ..... 
-'XJ s tis_ . ]>: 

(12) 
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i'6r.~-~} ·~·/·.<~[·> ~ [!, : ... 
... ... ... ... 

_;.c 
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-" 

., 

,A. . '. '·' 

71~ rvt)J ·f-t 
~ "'-"' . ;, 

_ :·_·19 . C?'J-) -t 
~ !1.· ·, ~-. ' •• ·,' \<.. - .. 

·: ' .-(-) -; ,· 'r.-, ~- . -.. 
j_ tf_g - 113 J ::: 0 

: ·-.',--_-, > , •• ~\ 

(-) (-) . 

[ Z(12 - lfc . J.= . D ·. - . . ~ . ,- - -~ . ~- -· ' 

{I3) 
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. '; ·cf ,2···· + 
v;_ (,.) ::; o2 r:z 

;;. (~·; . j . .-. •' 

(166) 

a EeJ.Uf'IIDJa ~ (r ) a.:iir.aHa EH!JaJ!teHiieM (5a)-~ .• -. · -, 
liOJlY"'IeHHHe CHCTeMH (I2)-(i5), C~OCTOSlJilHS H3 6eCKOH8'1HOro '1!1CJ1'l 

O.lLY pa,mram,Hoii nepeMeHHoii,E MaTPH'IF!OM npe,ncTaEJieHmi itJIH onepaTopaE 
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AJ4 . 0 ~ f3 
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--·•.:· 
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0 [] [1 · ... t . /'> 0' 
:~< ~ . · .. _ ~ t·.: t: ; 

" 1 . c;; .... ,. . 
.. 2. O_f>, · 'fF '0 : D ·;: . 

' ;. ,_: ~ ~ ~ .. ' -.:_' 
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. 1-.; 

- E(-) =· --~f 
, ~ : 

0. _ 714 D f
. a·o· '>'--·-
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·"··:. · cni6>· · .... 
. ~s-
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·,0 0 
-:-· 

I 0 
'I? 
0 ".. f ·.' ~ . . . 

C06CTEOHHHXEOKTOPOI! 

LT·· t· .:·0:_. ·.·. 
_; ..... ,. ''".- :~- . ' z.'·! > 

O- .9), I] ..:;: ··:. 
t 4- ... 
:. t. 

.- . -. ---~-I .. '[+J . (,., . . (+J 1 
111 ::- Ct~ . Z10 , zt 3 :> Z/6 ., • • • > 

fl.z = u (-) 

1 -(./3' 
(-) {-) 1 

Z/6 . l/.1 .. • . . . ,) 
. ? .·J· 

t/f'-= u· f u ~-~-J {+) ;-~-)· {-l:j ,f ·. 
( • Z(, Z/-'t l/ 5' . • • • , ·,_ 

, ~ :> . ', !I 

{-) /" IJ ) (-) 
Zl·:::::. ~ LZ/t·; 

i/,c- ;2/ f_; ',/ {-J . J r:· 
.l , ,f·, c--.;~:···. 

_ npnHIDAaJOT BH.Il 

A1U1 = 0,. 
• \>:. < ,._;: "'.· 

~~~-. 

· _A2Ut= 0,: · ·' 
E(+) U (+) = 0, 

. • ,, .. r~. !·:; ~ '. ,.'> . 

; ~:... 

.. 
>i • ~~ ... 

~ '.: 

-~. ·-...... 

' (20} 

. -- -~-- ~~-

'.(21):' 

Ec:..)v <-::->:::a.·. 
,., ,,. 

PemaJI 'sa,na-qy Ha · co6cTEeHHHe 3HatJemm .Il.Jlli ypaimeHI'Iii ,(2I) IIPH sa- . 
,naHHHX rpaiiH"tJHHX :YcJJOEILlli nepl!oro p~.n;a ::9 'aatJa.ire 'Kciop,IliDJaT i Hil 6ec
KC?Het!liocTH, ,IlJlfi c66.cTE8HHHX BSKTOPOB :·(20} ~Mcilmo::non;YtJHT:& TPR H03aEH-;- . 
cm4He TIOCJ18,IlOEaTehHOCTR ;3HSprerntiecimX ypoEHSH H COOTEOTCTEY~S 
~EOJIHOEHe (py~, · Ko~opHe n.P~ImTO. o'd'osHatJ~Ti, 6yKEBMH Ar, ~ H E. Ha

noMiJmA!:~>tTo:'9~c~oHium ~~~lfiia :~Y.~paT!_)b -;~oJ~Qte~P~, ~~O~T~MY'.C:YIIl8CTBY~T 
YHHTaPHaJI MaTPmta Y ' Trutrur; tJTo V ., E < V =E ( + 1 ,; :a a To· IIPHEO.IlHT · K 
O,IlHOM.Y R TOMY xe ,cneKTPY .Jiru:r MaTP~ (I9a) H (196). 

~ . .. .;- . .. 
"'<. • 

·' a·; .. iz~l<peTns~ ypaEa~iid •. ;,· ~>~ 

3.1. MeTO.Il ~oHanK3~ 
PaccMOT:PEM .n'Ee "<IRCJleHHHe cxew :pememm nomeHHHX yprumem (21 ) • 
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llp.!Dio~ nyTI, pemeHWI cimi'YMPit~n sa,na'IJlii C2I) cocToHT E nepe:xO.ue R 
peryJI.RPHOi!: sa,na.-qe H saMeae .u;atMepea~am,aoro onepaTopa (I6a) ROHetJ
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