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1. ,QasHo cyuteCTBYtOll.lafi "ll- e -npo5neMa 11 /HbtHe y>Ke 
11

r _,11_ e
npo6neMa 11

/ J.1 yBeJ11-14HB810W,€€CR l.IHCJ10 KB8PKOB CT8BfiT nepe,Q Teo
pHeH no cyTH ,Q€!18 OAHY 1-1 Ty >Ke 3a,Qal.ly: onpe.Q€!1HTb M€X8HI-13M 
reH€P84HH CneKTpa M8CC l.I8CTH4 O,QHHSKOBOrO 38PR.Qa H CrlHH8 1/2. B A8HH00 pa5oTe OTMe4aeTcR so3MO>KHOCTb eo3HI-1KHoeeHHR y>Ke Ha 
K!18CCHl.I€CKOM YPOBH€ Crl€KTP8 MSCC 11 l.ISCH14 110,QHH8KOBOrO 3SPR.Qa 
Ha MO.Q€!1bHOM npi-1Mepe H€!1HHeHHoro nonR. Cyw,ecTeosaHHe y HenH
HeHHbtx rl0!1€Bb1X ypaBH€H1-1H 4€IJOrO Ha6opa /48CTO C4€THOro/ 48CTJ.1-~enO,Q06Hb1X peweH~t~V! /4nP/ 0TM€'-I€HO eute B CT8Tbei1/, O.QHSKO., so
nepBbiX, I-1CCil€,QOBSHHb1€ TaM 4nP /COilHTOHbl/ .ABIJ.AIOTCR H€YCTOI14J.1-
Bb1MH/1.2/ 1-1, so-eTOPbiX, all/ yc;nosHe ¢HKc~t~poeaHHOCTYI sapR.Qa .Q!l.A 
rl011Y4€HVIR' CrleKTpa Mace Y1Crl0Jlb30B8H0 He· 6b1JlO. 

0,QHOi1 H3 Ha1-16011ee np·HBJ1€KST€!1bHb1X H€11HHei1HblX MO.Qe11eH nenTO
HOB, B KOTOpoi1 BJ.1,Q H€JlJ.1Hel::tHOCTYI BbiBO,QI-1TCfl H3 rl-1nOT€3bl 0 Cyw,ecT
BOBSHYIH ¢lYH.Q8M€HT8!1bHOI::t .Qll~Hbl H 5-MePHOrO npJ.1H4Hna JlOKailbHOI::t 
K8!1H6pOBO'-IHOH HHB8PI-18HTHOCTH, .ABJ1R€TCR o6o6uteHJ.1e K3,Q Ha CBepx
MSilble paccTORHI-1R' npe.QJ10X<€HHOe s·. r. Ka,QbiW€BCKHM /a/. K C0>1{8fl€HI-110' 
HaCKO!lbKO I-13BecTHO asTopy, a HacToRutee epeMR He npHBe,QeHo HH 
O,QHOro npHMepa YCTOI::t'-11-1BOrO Tp€XM€PHOrO C0!11-1TOHa Crli-1HOpHOro 
non.A. 6onee Toro, aecbMa TPYAHOI::t aa,Qa'-!eH oKa3bteaeTc.A .Qa>Ke Ha
xom.QeHHe TSKHX Tp€XM€PHbiX 4nP HJlH J.1CCJ1€,QOB8HHe aonpoca 06 HX 
CYut€CTB088HitiJ.1, no3TOMY 8 H8CTO.AlJ.Iei1 pa6oTe Mbl orpSHJ.1liJ.1MCR 6onee 
npOCTbiM CilY'-ISeM 3aP.A>K€HHOrO CK8!1RPHOrO rlOJlR, Om1CbiB8€MOrO 
ypasHeHHeM KneHHa-rop.QOHa c .norapl-1¢lMI-1'-IecKoi1 He!1J.1Hei1HOCTbiO 
(KGLN), .Q.nR H8CTORlJ.I€rO ltiCC!1€,QOB8HHR 3T8 MO,Qe!ll/ 4/ 6bl!18 Bbl6paHa 1 I 1-13-sa Ha111-1'-II-1R a HeH o6naCTI-1 ycTOV!'-1!-IBocT~r~ .6esyanoablx Tpex
Me'PHbiX COJ11-1TOHOB, '-ITO BC€!1AJ10 H8.Q€>K.QY H8 CYlJ.I€CTB088Hlrl€ ycToi1-
4HBbiX 4nP 1-1 ••aos6y>K.QeHHbiX11 MOA /T.e. peweH~t~H c ysnaMYI none-
soH ¢lYHK~HJ.1/, 1-1 2/ Hs-aa TOro CI-1IlbHO o6ner-~.~·cuoutero Ylccne,Qosa-
HI-1€ ¢laKTa, 4TO aMn!lMT.)'.Qa 4nP K8>K,QOi:1 MO.Qbl YHHBepca!lbHO H aHa
!1HTVIl.I€CKH Bblpa>KaeTCR KSK ¢YHK~HR 4aCTdTbf w, a xapaKT€PHbiJ.1 
pa3Mep C0.nYITOHa OT l.lSCTOTbf B006(4e H€ 388HCVIT, 

2. YpasHeHHe KGLN.QnA sapA~eHHoro cKan.ApHoro no.n~ HMeeT 
8 ll -M"epHOM npOCTpaHCTBe BW,Q 
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nocne nepexoAa K 6eapaaMepHbiM nepeMeHHbiM t, X, c:f> no ¢opMynaM 

-1 -1 (1-n)/2 
t = r1 , h (1 , u $ 1 G ¢, /2/ 

0 2 , -1 n-1 , 2 
=(<a ) exp(n+(<m)] 

ypasHeH~e /1/ np~o6peTaeT BHA: 

2 2 
V ,¢ -n¢-¢ln([¢1 )~o 131 

/Mbl aanHWeM 60J1bWHHCTBO ¢OPMYJ1 B 06UJ,eM CI1Y4ae n -MepHOrO KOH

¢~rypa~HOHHOrO npOCTpaHCTBa, XOTR OCHOBHO~ HHTepec npeACTaB

J1ReT, KOHe4HO, CJ1y4a~ ll =3/. 
3HeprHR- H aapRA nonR Bblpa>KaiOTCR ¢0PMYJ1aMH: 

H.G2 1 -If(!¢, 1
2 

+ IV,¢1
2
+ U([ ¢[ )]. /4/ 

U(¢)•(1-n)¢ 2 -,q, 21n¢ ~ /5/ 

Q. i f(u,u*- u;u)d"(= iG 2 f (¢, ¢* -¢~¢ )d"x 
/6/ 

ConHTOHHble peweHHR 6yAeM HCKaTb s BHAe 

-iu t -+ -w2/2 -n/2 -+ 
¢, (X.t)=e ' y(J xJ )= e e p([ xi). 171 

JlnR p('x!) nocne noAcTaHOBK~ 17 I B /3/ HaxoA~M ypaBHeH"e 

!8! 

3To ypasHeHHe HMeeT 6eayanosoe aHanHTH4ecKoe peweHHe -

''rayccoH11 / 4( 
~ 2, I 

( ) 
-x '2 n 2 

p 0 x.e e /9/ 

KpoMe TOro, /8/ HMeeT /nO-BHAHMOMy, C4eTHOe/ MHO>KeCTBO pe

weHHi:i C yanaMH Pk (]X]) /peweHHA C k =1 H k=2 Y3J1aMH Ha~AeHbl 

4\IICJ1eHHO 8 pa6oTe (5/j. no aHanorHH C KBaHTOBOti MeXaHHKOti Ha

npaWHBaeTCA HHTepnpeTa~HR 3THX peweHHti C k~ 0 KaK B036Y>+<AeH

HbiX cocTORHHti rayccoHos /5/. AnR Toro, 4T06bl HccneAOBaTb npa

soMepHOCTb TaKO~ \IIHTepnpeTa~HH B CJ1y4ae peJ1RTHBHCTCKOrO He

J114HetiHOrO no.nA, C.neAYeT cpaBHHTb 3HeprHH 4nP pa3J1144HbiX MOA 

npH OAHHaKOBbiX 3apRAaX noneBbiX cryCTKOB, OnHCbiBaiOW.HXCA 3THMH 

peweHHRM~. KpoMe Toro, AJ1R Ka>t<AO~ MOAbl peweHHR cneAyeT orpa

HH4HTbCR o6naCTbiO 4aCTOTbl w, B KOTOPO~ 3TH 4nP AHHaMH4eCKYI 

ycTOi14YIBbl. 

2 



2 ~ n 
06o3Ha,HM lk= r Pk([ X I )d x. 
3Hepr~~ 4nP c k yanaM~t~ eCTb 

2 -1 -cv2 -n 
Hk ~ G 1 e e 

2 -1 -n -w 2 2 G 1 e e ( 2w + 1)1 k · 
/10/ 

/np~-1 nony4eH~tt~t~ nocne.QHero Bblpa}KeHio1R 6blno 
a 38PRA k -ro 4nP .38m1CbiB8€TC.A ¢OpMynoL7f 

lo1CnO~b3088HO /8//, 

2 
Qk"" 202 e-:-Ii w e-w I·k· /II/ 

3. OrpaHio141o1MCR Tenepb paccMOTpeHio1€M TpexMepHoro /3/ npocT
paHCTBa. Ycnoe':"e pas.eHcT.ea aap.A.Qa ·ynp pasnV!4HbtX MOA Q02! Q 1 == ••• 
= Qk=···· np~t~eO,Qio1T K li1HBaplo1aHTHbiM OTHOC~t~TeilbHO napaMeTpoe m, E, 
a PSB€HCTBSM 

-r»~ -w~ 
I0 w 0 e = I 1w 

1
e = ···"" /12/ 

.Qanee .6y,QeM 3S,QS88Tb B€I11o14111HY w 0 , LH'ICJ1€HHO peWSTb ypaBH€HIII€ 
/12/, HSXO,QR w 1,w 

2
, ... KSK ¢lyHKltlo1H napaMeTpa w 0 H 38T€M COQT

B€TCTByiO~I-1€ HM no- ¢lopMyne /10/ 3Ha4eH~t~R Hk-KaK ct>YHKLtHH wo· 
3asHCHMOCTH w 1(w 0 )• "' 2(w 0 ). a TaK)I(e H0(w 0). H 1(w 0) H HiwJH3o6-
pameHbt HS p1o1C. 1 H 2 COOTB€TCTB€HHO. 5e3yC110BHbte COm·HOHbt 
/k=Q/ ycTOiitl..llt!Bbt ,npltl <:Jo><,_}c0/""1/y 2. no3TOMy ace ltiCC11€,QOBSHitle 6bl110 
Bbtn011H€HO TOJlbKO ,Q!1R 3TOiit 06!1aCTio1. Heo6XO,QitiMOe yC110Bitl€ YCToiir-

w dQ l..lltiBOCTitl 3SpR}I{€HHbiX CKanApHbiX COJlltiTOHOB -· ---<0/ CM. , Hanp~t~Mep, 
Q dw · 

o63op Ia/ I He3SBHCVIMO OT HOMepa k npHBOAHT a paMKax ASHHoiil MO
A€11111 K TPe6osaHio110 (IJ<,k>_ > 1,\12:'" O,QHaKo :no ycnoa1o1e He ABnReTcR . r 
,QOCTSTOI..IHbiM, \..ITO HSWilO 10TPS}I{€Hio1€ B pe3yJlbTSTSX l..llo1CJl€HHbiX 3KC-
OePHM€HTOB /Y3/. A HM€HHO .QilR k =1 ,2 Y3 noKa3afll-1, I..ITO COillo1TO
Hbt 'H€YCTOiiti..IHBbl np1o1 UJk < c)k), nplo11..1€M c)k) >uJ(Q) , no-Bio1,Qio1MOMY, 3TO 
03Hal..laeT, I..! TO. np1o1 roC D) <co kc~ulk), k ..40, ~r ··cn~~Tpe Tecroeoro raMio1Jlb-cr cr 
TOHHaHa eCTb no M€HbWeiit Mepe ,QBS OTPiti~ST€IlbHbiX C06CTB€HHbiX 
3Hal..leHHR/6,7/. 0TM€THM, 4TO H€YCTO.iitl..llo1BOCTb 'COilHTOHOB 80 BCeX 
43 np"' wk<w<:;. np"'BOA"'Ila K o6pa3oBaH"'IO C"'HrYilAPHOCT"' nOilFI. 
Y3 noKa3aJ11o1, 4To 1 ,.2·<<)c1/<1, 3 AJ1R con"'TOHa c O.QHY!M y3IlOM /o6pa
Tf.1M BH~t~MaH"'e HS TO, I..ITO r:b(sl)( r""0) = 1 np1o1 cu =:: 1.25. ,llilFI YnP C 
ABYMR Y3J1aMH o6Hapy}I{€HO; 4.TO 1,4 <coJ~> < 1 ,s. np"' 4aCT0Tax 
wk>w~~) Y3110Bbl€ Jk=l ,2/ COJ1"'T0Hbl B 43 COXpSHRIOT CBO"' pa3M€pb1, 

¢OPMY f.1 aMn.nt.HYAY C xopoweiit TOI..IHOCTbiO B Tei..I€Hf.1€ BCer.o Cl..leTa 
I ~t"" 25/, n03TOMy 6y.QeM roaoplo1Tb, 4TO OH"' ycTOiiii..II-1B·bt a 3Tio1X 



2. 

1 {,S 2. 

PHC, 1 • 3aBHCHMOCTH w1 (w o) H 

"'2 <"'o ). 
PHc. 2. MaCChi com.JTOHOB 

c k-0, 1,2 Y3JiaMH KaK 

clJYHKI..I;HH W 0 • 

06JlaCTfiX. 0AHaKO AI1R OKOH4aTeJ1bHOrO YTBepmAeHHR BbiBOA8 06 yc-

TOi:141o1BOCH1 y3I10Bb\X L.Jnp 1-1 T04HOrO onpeAeileHHR Ct.l ~~) CI1eAyeT t.lYIC-

IleHHO peWHTb COOTBeTCTBY~~y~ cneKTP81lbHY~ 3aAa4y. 

TaK K8K $YHK~llll-1 W l (w 0) lrl w 2 (w O) - MOHOTOHHO paCTYl4Y1e 1-1 3Ha

l.leHI-1fl w 1 (w(0)) H w
2

(0(0) ) nemaT B o6nacn1 yCTOI:::il.IHBOCTY1 Y3110BbiX 
cr cr 

LJnP, TO Itt npH 6on~WI-1X w 0 COOTBeTCTBYIOW,He '-18CTOT8M w 1(<V o) Ill 

w 2(w 0) com.noHbl c MaccaMI-1 H 1(w 0) lt1 H2 (cu 0 ) ycT0~4liiBbl. TaKIIIM o6-

pa30M, HB plo1C, 2 npeACT8BJleHb1 ~B 3BBV1CI-1MOCTVI OT Q.JO MBCCbl 

yCTOH4V!BbiX COJ1HTOHOB C k=O, 1,2 Y311BMIII, 3BPRA KOTOpblX Al1fl paa

J1V14HbiX k OAHHBKOB /HO, KBK H MBCCbl, MeHReTCfl npt-1 V13MeHeHH!II 

w0/, no-BHAYIMOMy, ill ,Qilfl MOA C 60J1bWI-1M 4!11CI10M Y3J10B COJ1YIT0Hbl 

npYI 4aCTOTaX, COOTBeTCTBYIOL4YIX 48CTOTe W 0> !W~~) , 6YAYT AIIIH8MYI4ec

KI-1 YCTOI:14!-1Bbl \II YIX MaCCbl 6YAYT MOHOTOHHO paCT \II C HOMepOM MO,Qbl, 

T.e. 4YICI10M yanos k.· 

npill paCCMOTpeHVI\11 PHC, 2 BYIAHO, 4TO OTHOWeHI-1e Mace 4nP h l = 

=H 1/Ho~h 2=Hfa/'H 1 ill T ·A· He npeaOCXOAI-1T B paMKaX AaHHOi1 MOAeJ114 

BeilYI4YIHbl a = 1 , 6, 803MO>KHO, 4TO npYI YICCJ1eAOBaHII'I1-1 MO,QeneVi, 

BKJ1104ai0[4YIX Cn!IIHOpHOe none, 6YAYT Ha1:1AeHM OTHOWeHY!fl ·hi,60nee 

6ni43KY!e K Ha6I1toAaeMOMy OTHoweH\1110 Mace nenTOHOB. B AaHHO~ pa6o

Te yKa3aHa J1YIWb npHH~Hn!llailbHafl B03MO>KHOCTb cy~eCTBOB8HYifl Ha-

6opa OA!II-H8KOBO aapfl>t<eHHbiX yCTOI'14!11BbiX HeTOnOJ10rH4eCt<!IIX COil!IITO

HOB B03p8CT810[4eC1 MaCCbl. 
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ABTOP 6naroAaPeH npo¢eccopaM E.n.~~AKOBY ~ B.r.MaxaHbKOBY, 
a TaKme n.r.AK~w~HY, H.B.MaxanA~aH~ ~ ~.n.Pb16aKosy aa ~HTepec 
K pa6oTe H o6cymAeHHe ao3HHKWHx a peaynbTaTe ee a~nonHeHHR 
sonpocos. AaTop npHaHaTeneH A-py A.KyMapy aa AHCKyccH~. 
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