ISSN 1991-346X Cepusa gusuxo-mamemamuyeckas. Ne 2. 2016

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

PHYSICO-MATHEMATICAL SERIES
ISSN 1991-346X
Volume 2, Number 306 (2016), 169-179

UDC 517.929

ABOUT STRUCTURE OF THE RANGE OF THE REGIONAL TASK
OF CAUCHY - NEUMANN FOR THE HEAT CONDUCTIVITY
EQUATION WITH THE DEVIATING ARGUMENT

S.T. Achmetova, A.Sh. Shaldanbayev, M. T. Shomabayeva
YuKGU of M. Auyezov, Shymkent

Keywords: the deviating arguments, a nepreryvnoy range, a singular range, absolutely nepreryvnoy range,
spectral decomposition, function of the Cantor.

Abstract. In this work the spectral theory of the operator Cauchy-Neumann corresponding to a regional task
for the heat conductivity equation with the deviating argument is constructed, own functions are found, their
completeness and a bazisnost is shown, spectral decomposition is received, the structure of a range is in details
investigated, in particular, absence absolutely continuous components and presence singular function components of
the Cantor predicted earlier by N. Winer is proved.
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O CTPYKTYPE CIIEKTPA KPAEBOI1
3AJAYN KOIN- HEUMAHA JUISA YPABHEHUA
TEIIJIOITPOBOJHOCTH C OTRKJIOHAIOIINMCA APT'YMEHTOM

C.T. Axmerosa, A.I1L. Illanpan6aes, M. T. lllomabaeBa

FOKTY M. M. Aye3sosa, r. [IIbBIMKCHT

KiroueBnie c10BAa: OTKIOHIONIMECS APTYMEHT, HENPEPBHIBHOBIN CHEKTP,CHHTYJLIPHBI CIEKTP,a0COIFOTHO
HETIPEPBIBHOBIN CIICKTP,CIEKTPAIBbHOE pasnokeHue, Ppynkums Kanropa.

AnHoTamusi. B 1anHOH paboTe MOCTPOEHA CIEKTPAIbHAS TEOPHS ONEpPaTropa COOTBETCTBYIOILETO KpPacBOHM
3agaye  Komm-Heiimana g1 ypaBHEHHMA TEIUIONPOBOAHOCTH C  OTKIOHSIOIIMMCA — apPTyMEHTOM,HAiICHBI
coOCTBCHHBIC (DYHKIMH,TIOKA3aHA HX IOJHOTAa WM OAa3HCHOCTH,IONYYCHO CICKTPAIBHOE Pa3I0KECHHE,ICTATBHO
HCCICAOBAH COCTAB CHEKTPA,B YACTHOCTH, JOKA3aHO OTCYTCTBHE Aa0CONFOTHO HEMPEPBIBHONH KOMITIOHCHTBI H
TIPUCYTCTBUE CHHTYJIIPHOW KOMIOHEHTHI THIA (hyHKIME KanTopa,mpeackazannoro panee H.Buaepom.

1.BBeaenue.

IMocranoBka 3agaum. Ilycte Q) C R — npsaMOYTONBHHK OrpaHHucHHBIN ortpeskamu:  AB
0<t<T,x=0, BC: 0<x<!l,t=T,CD:0<t<T,x=1; DA: 0<x<I, y=0; /em. Puc.
1/.
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A

v

Yepes C"? (Q)—o603HaqHM MHOXKECTBO  (PYHKIIUH u(x, Z) CAMHOXKAB  HETPEPBIBHO
auddepeHuMpyemMbix o [ W ABAKAB HempepwiBHO auddepeHuupyembix mo X B odmactu (2. Tloa

rpaHUIEH 06IaCcTH TIOHUMAEM COBOKYMHOCTb oTpe3koB [ = AB W AD W CD.
3apaua Komn-Heiimana. Hatitu peruenus ypaBHeHus

Lu=u,(x,7—t)+u_(x,t)= f(x,1) (1)

YJOBJIETBOPSAIOIIEE TPAHUYHBIM YCIOBHAM

u u =0

=0~ Uy u

x=0 = x| x=l 7 (2)

Onpepenenne 1.1. Perymapueim pemenmem 3amaun (1)+(2)  Ovaem mnoHuMath (QyHKIHIO
u(x, t ) eC™ (Q) NC (ﬁ), obparuarouyo B TOxA¢CTBO ypaBHeHus (1) u kpacsbie yenosus (2).

Onpenenenne 1.2. @yHkuma U € L (Q) HA3bIBAKOT CHUJIbHBIM PELICHUEM 33Ja4H, €CJIU CYLIECTBYET
MOCIEI0BATCIBHOCTD (PYHKIIMN {un } eC"? (Q) nC (ﬁ) U YJOBJICTBOPSAIOIINX KPACBbIM YCIOBISIM 3aJa4H

2
TaKast, 4To {un} U {Lun} cxomarcs B L (Q) COOTBETCTBCHHO K U H [ .
Onpenenenne 1.3. Kpaesas 3amaua (1)+(2) Ha3pBacTCS CHIBHO Pa3PCIIMMOM, ©CJIH CHIIBHOC
. . 2
pelLICHHUE 3a4a4U CYLIECTBYET 1 TH000H mpasoii uacta f (x, t ) el (Q) ¥ CIUHCTBCHHO.

Onpenenenne 1.4. ToucunpiM cnektpoM Po(A) Ha3bIBAIOT MHOXKECTBO COOCTBCHHBIX 3HAYCHHI
omepartopa A, T.€.

Pa(A) = {\ € C: Au = Au ana HexoTOpOro HeHyneBoro u € H }.

HemnpepriBapiv cricktpom Co(A) omeparopa A HaseiBactcsts MHOKeCTBO Ca(A) ={A€ C:A— A
HMMECT HCOTPAHUUCHHBIH 0OpaTHBIN oneparop ¢ mioTHOH B H 001acThio onpeaeicHus }, a OCTaTOYHBIM
cniektpoM Ro(A) — muoxkectBo Ro(A) ={A€ C:A— M - umeer oOpaTHbIi (OrpaHHYCHHBIN WK
HCOTPAHUYCHHBIN) ONEPaTop, 00NACTh OMPEASICHMS KOTOPOro He mwiotHa B H }.

Hnsa OONBIIMHCTBA NPEACTABISIOIINX HHTEPEC OMNEPATOpoB (BKIIOYAS BCE CAMOCOIPSIKCHHBIC,
VHHUTAPHBIC U BOOOIIEC HOPMAITBHBIC) OCTATOYHBIH CIICKTP MYCT, U MO3TOMY HEMIPEPBIBHBIN CIICKTP MOKHO
MPEACTaBUTh ceOC COCTOAIMM W3 TakuX A, AT KOTOPHIX MOXKHO TNOCTPOUTh C HAmepe] 3aXaHHOU
TOYHOCTBIO TPUOIMKCHHBIH COOCTBEHHBIH BEKTOP, HE SBJLIIOIIMNCH, OJHAKO, TOYHBIM COOCTBCHHBIM
BekropoMm [1.c.174-175].

K teme Hacrodmei paboThl MOCBAIICHB MHOTO YHCJICHHBIC HCICIOBAHUS OTCUYCCTBCHHBIX U
3apyOCIKHBIX YUCHHBIX, TOAPOOHBIC CBSACHUS O KOTOPBIX MOXKHO HaWTH B MOHOTpadusx [2,3],[4-9].

Lenpto HacTodImero noapasacia SBISCTCS HCCICAOBAHUE CHIBHOH PaspelinMOCTH KpacBol 3a1adu

2 . .
(D+?2) B npoctpanctee L (Q), ¢ TOMOINBI) CIICKTPAIBHOW TCOPUH JHHCHHBIX OMEPATOPOB, 4 TAKKES
CTPYKTYPBI CIICKTPA COOTBETCTBYIOILETO OIICpaTopa.

2.MeTtoabI HCJIeA0BAHHIA.
VYpasuenue (1) ve gBmgercs uucro muddepeHUUATBPHBIM, NO3TOMY KpaeBad 3azada (1)+(2)
OTHOCHUTCA K YHCITY HE KIACCHUYSCKUX 3224 MATEMAaTHICCKOH (PU3HKm.
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His pernenns kpaesoii 3axaquu (1)+H(2) mpumenseM mMeToabl (pyHKIIMOHAIBHOTO aHAIH3A, OCOOCHHO,
TCOPUIO JIMHCHHBIX OMEparopoB, a Takke wmeToq Pypee.PaccMorpum crekTpaipHYIO —3agady,
COOTBETCTBYIOLICH HateH kpacsoit 3agauc (1)+(2),

u,(x, T —1)+u (x,1)= Au(x,1), (3)
w =0. @)

Ty 3amavy pemacM METOAOM Pa3ACiICHUS NEPEMCHHBIX,B PE3YIbTATE MOIYYHM JBC CHCKTPATbHBIC
3aJa4M,0/{Ha U3 KOTOPHIX Kiaccrueckas 3anada Hetimana s oneparopa Hrypwma-Jlnysrns, apyras ams
VPaBHCHMSI TICPBOTO MOPSAKA C OTKIOHSIOLIMMCS apryMEHTOM MoApoOHO H3yuceHHas B padortax [10-
11]. s 3aMpIkaHust onepaTopoB Obl1a HCIOJIB30BAHA TCOPUS PACIIUPCHUS CUMMETPHYHBIX OMCPATOPOB
[2,3],a15 crekTpa’dbHOrO pa3nokeHWs peleHus B psax Dypbe HCHONB30BATIN PE3yIbTaThl PaOOTHI
[12]Ilpr u3y4YeHHUH HEOpPEpBIBHOTO CIEKTPA ONMPANNCh HA pPe3yabTarel omHOU pabotel Beiing
[13].PaGoTer [14-20] Oblau HALCICHBI HA PEIICHUES HIKS U3aracMbIX MPOOIIEM.

u u

1:0: x

=Uu
x

x=0

3.Pe3ynbTaThl HCJIEeI0BAHMIL.
Teopema 3.1.
T
(a) Ecan ? — UPPALIHOHAIBHOC YUCIIO, TO CIICKTP Omeparopa
Lu=u,(x,T—1)+u_(x,1),
x=l — O

u u

u
x

t=0— U|x=0=

COBIAJAECT C YHCIOBOH OCHIO (— OO,—i-OO). CroexTp cocTouT W3 OECKOHEYHOrO 4YHCiIa COOCTBEHHBIX

3HAYCHHH OTIUYHBIX OT HYIs W M3 NPCACIBHBIX TOUYCK COOCTBCHHBIX 3HaueHud. Omeparop L —
—1
CaMOCOMPSDKCH U 00paTuM, HO [, — HEOrpaHHUUCH.

, I
2

2/
u orpanuucHHo oOparum. Crektp omeparopa [ COCTOUT u3 OSCKOHCYHOTO MHOXKECTBA COOCTBCHHBIX

3HAYCHHUH U HX OpPCACIbHBIX TOUCK, KOTOPBIC TAKKC OCCKOHCUHBI M HC UMECT npCACIbHBIX TOYUCK, TOTHCC
Ha KAKAO0M OI'paHUYICHHOM CCIMCHTC COACPIKUTCA JIUIIb KOHCUHOC YUCIO NMPCACIBHBIX TOUCK MHOXKCCTBA

T 1 -
(0) Ecan 21—72 — PaLMOHATIBPHOE THC/IO Z 2 ,m=12, .., 1o oneparop L — CaMOCOMPSIKEH

—1
COOCTBCHHBIX 3HAUYCHUI {lmn }, m,n=0]12,.. Oneparop . —orpaHuycH, HO HE KOMIIAKTEH.

T 1 I'r —-1
(8) Ecnu 7 — PAIMOHAIIEHOC THCTIO U Z el m’ 2— ,m=12, . 1o oOparusiii oneparop L He

2
[
cymectByeT, 4 =0 sapngerca cobcTBeHHbIM 3HaUeHHEM. CHEKTP COCTOMT U3 OECKOHEYHOTO MHOKECTBA
COOCTBCHHBIX 3HAUCHHUIA U UX TPEIACIBHBIX TOUYCK, KOTOPBIC TAKKE OCCKOHCYHBI U Pa30pOCaHbl OT — 0O 10
+ 00 . Kaskapiii OrpaHUMCHHBIN 3aMKHYTHIH CSTMEHT COACPIKUT JIHIIb KOHCUHOC YUCIIO MPEACIbHBIX TOUCK

}.m=01,.; n=0]12,...

Homp MokeT OBITH OECKOHEUHOKPATHBIM COOCTBCHHBIM 3HAYCHUCM.

COOCTBEHHBIX 3HAUYCHUI {ﬂ

mn

Teopema 3.2. I cyImecTBOBaHMS U CJUHCTBCHHOCTH CHIIBHOTO PCIICHUC KPacBOH 3a1a9n

Lu=u,(x,T —t)+u_(x,1)= f(x,7)

u u =03

1:0: x

u
x

x=0 =
HCO6XO,Z[I/IMO " JO0CTATOYHO BBITIOJIHCHUA YCIIOBUA

1
2n+—
7l
I? m?>
IIpu BEITIOTHEHMI 3TOTO YCIOBHE CIUIBHOE PEIICHUE 3aJa9H CYIIECTBYET M UMEET BHJ
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ulx,1)= iiw'”mn(ﬁ /)

m=0 n=0

s Beex f (x, t ) el’ (Q) Y IOBJICTBOPSIFOLIUX VCIOBHIO
2

35 |Vatm) o
m=0 n=0 ﬂ“mn
rac
2
A, = (—1)”[;1 +1J£—[EJ . mn=012,..
2)T /
umn(x,t): i-cosﬂx- Sin[l/l+1J£, nm=012..
Tl / 2)T

4.00cyxaeHHe pe3yJIbTATOB HCCIEA0BAHHIA,

Jemma 4.1.
(a) Omeparop L , cooTseTcTBYIOIMI K KpacBo# 3axauc (1)+(2) cuMmeTpuucH.
(b)CrekrpanbHas 3a1a4a

\'}(T—l): ,u-v(l),

v(0)=0;

2

HMECT OCCKOHCYHOEC MHOYKECTBO COOCTBCHHBIX 3HAUCHUI

U, = (— 1)"[n+%}-%, n=0,12,..

U COOTBETCTBYIOLIUX UM COOCTBEHHBIX (DYHKLMH

v, (0)= \/%sin[n +%}% , =012,

KOTOPBIC 0GPa3yIOT OPTOHOPMHPOBAHHBIH Gasuc mpocrpanctea L (O, T )
(¢c)Crekrpanphas 3axaga Hetimana

—w"(x)=v?w(x),

w'(O) = w'(l) =0

HMECT OCCKOHCYHOEC MHOYKECTBO COOCTBCHHBIX 3HAUCHMI !

2
V2 :[m%}  m=012,.

U COOTBETCTBYIOLIUX UM COOCTBEHHBIX (DYHKLMH

w (x): %COSM, m=012,...
" / /

KOTOPBIC 0OPA3yIOT OPTOHOPMHPOBAHHbIH 6a3uC MpocTpancTBa L (O, / ) .

(d) Ecmu cucrema ¢dyHkumi {g/)m (x)}, m=12,.; o0padyer OpPTOHOPMHPOBAHHBIH Oa3zuc
npoctpasctea L (O,l ) , a cHucrema {1//n (Z )},n =1,2,... oOpasyeT OpPTOHOPMHPOBAHHBIN Ga3uc
npocrpanctea L’ (O, A ), TO cucTeMa QyHKIMH U, (x, Z) =0, (x) v, (Z) , m,n =172, obpasyer 6azuc
npocrpanctea L*(Q), rae Q =[0,7]x[0,7].

N3 nmnyueHHBIX (GOPMYyN CIEAYET, 4TO COOCTBCHHBIMU (YHKIHUSIMU CHEKTpanbHOH 3amaun (3)+(4)
SABISIFOTCS (PYHKLMH
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2 ) 1\ =
u (x,l):—-cos@x-sm n+—|—.n=012.; m=0]12,...
" / 2)T

Nl

2
KOTOpBIE B CWIy neMMbl 4.4, MOMHBL W OPTOHOPMHPOBAHHBI B TPOCTPaHcTBe L (Q), rae

Q= [O,I]X[O, T ] IMo teopeme Pucca-Pumepa cucrema COOCTBEHHBIX —(yHKLHI {umn(x,l)},

m=0,12,..., n=012.  o00pasyloT OpPTOHOPMHUPOBAHHBIM 0a3uC  MNPOCTPAHCTBA I’ (Q),
Q=[o,/]x[o,7].

. . 2 . 2
CoGcTBeHHbIX 3HaucHU A, Hakaem mo popmyne U —A=v", A=pu—-v",

2
'
A= p, —v2: =(=1) [n+—}£—[m—”J L n=012., m=012,.

2)T /
1 : RO (_1)n[n+lj
Ecmm 4, =0, 10 (—l)n[n—i—EJ%—[mTﬂ-J , (—l)n[n—i—EJl—f.mzj l_z[:Tz

Teopema 4.1. CrniektpanbHas 3a1a4a

Lu=u,(x,7—t)+u_(x,t)= u(x,1)

u 1:0: ux x=0 x=1 = O:

=u
x

UMeeT OECKOHECUHOE MHOXKECTBO COOCTBCHHBIX 3HAUCHHH:
Nz (mzY
Ay = (1) n+= %= ==| . n=012.; m=012,.
2)T /
¥ COOTBETCTBYIOIINX UM COOCTBCHHBIX (DYHKIHE:

2 ) 1
umn(x,t): —-cos#x- s1n[n+EJ%, n,m=0,12..

JTl

KOTOPBIC 05Pa3yeT OPTOHOPMHPOBAHHOTO 6asuc mpocTpascTea 1 (Q), raie Q= [O,l ]>< [O, T ]
Jlemma 4.2. Ecniu cummvetpuueckuii onepatop A HUMEET MOMHYIO CUCTEMY COOCTBEHHBIX BCKTOPOB,

TO 3aMBIKaHHE STOTO omeparopa A camoconpsokeH B H | mHave rosops, oneparop A caMOCOmpshkKeH B
CYIICCTBCHHOM.

TEOPEMA 4.2.

(a) Omeparop
Lu=u,(x, T —1t)+u_(x,1),

u u o =0;

=0~ Uy

u
x

x=0"
cavoconpskeH B cymectserHoM B npoctpanctee H = 12 (Q), tae Q =[0,/]x[0,7] npavoyromsmux

N . 2
JCKAIMUN HA BEPXHCH MOTYIIIOCKOCTH (x, 1 ) eR”.

(b) Ecau

2n+l

T
i 2 , n=012.; m=012,...

12 * m2
v _71 v
TO CYHICCTBYCT O6paTHbII/I oncparop L , KOTOPBIU TAKXKC CAMOCOIIPAXKCH.
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JokazarenncTBo Teopemsbr 3.1.
[lycTe Ha BemECTBEHHOH NPAMON OTITHUCHO OECKOHEYHOE YHCIO TOUECK

OOy O
MBI HAKPYIHMBACM MPSIMYIO HA HEKOTOPYIO OKPYKHOCTh JUIMHBEI 1 M CTAaBUM BONPOC O TOM, OVAET I NpHU

3TOM HaxXOoJdINUCCA Ha OTMCYCHHBIX MECTaX TOYKH O » HOKPBIBATH OKPYXHOCTE € paBHOMepHOI\/'I

IUTOTHOCTBIO. Tak 6y;[eT B TOM CJy4dac, Korga 4ucio na TCX W3 MCPBBIX /1 OTMCUYCHHBIX TOYCK

0[1,0(2,...,0(”, KOTOprC HpI/I HaprqI/IBaHI/II/I nmonagarT Ha AVTY, & ACUMIITOTHUYCCKH 3aJacTCd B BUJC
o

. n

lim—= = |a ;

n—>0 n

MPH 3TOM |0{| o3Ha4aeT AmuHy Ayru ¢ . O paBHOMEPHOMW MIIOTHOCTU PACHPESACICHHUS OTMEUYCHHBIX TOUCK

Ha OKPY>KHOCTH MbI OyJEM TOBOPHTb B TOM H TOJBKO B TOM CIIy4ae, KOTJA 3TO MPEACTbHOC PABCHCTBO
OyAeT BBIMOTHATBCSA AN Kakaod ayru ¢ . HakpyunBanue npsaMod Ha OKPYKHOCTB O3HAYACT, UTO
BCILICCTBCHHBIC YHCNA PACCMATPUBAIOTCS MO0 MOAYIIO | T.€., UYTO JBa YHCNA CUUTAIOTCS PAaBHBIMH B TOM
cly4ac, KOrJa OHHM OTIUYAIOTCA Ha HEKOTOpoe uenoe uuciao. Cpeau uncen X, KOTOPhIC CPAaBHHMBI IO
MOJYTIO 1, ¢ HEKOTOPBIM 3aJaHHBIM YHCIOM (¢ HMECTCA OJHO M TOJBKO OJHO TaKoe, Il KOTOPOTrO
BernonHseTcst HepaseHCTBO O < X <1; 910 wmcno, cpaBHUMOE ¢ & O Moaymo 1, 6yaer obosHauarcs
(ex).

IlepBast Teopema Beitns [3]. Ecim & — HEkOoTOpOS HPPALMOHATBHOS YHCIO, TO
MOCTE0BATEIBHOCTD TOUCK

1-£,4-£,9-£,16-&,25-€&,..

MPYU HAKPYYMBAHHM YUCIOBOH NMPIMOM HAa OKPYXKHOCTb IJIMHBEI | MOKPBIBACT €€ BCIOAY PaBHOMEPHO
wioTHO. To ke camMoe OVAET BBIIOMHATHCA, €CIU KBaJPATHl YHCET 3aMCHUTh Ha UX KyObI WK YCTBCPTHIC
CTCIICHH U.T.I.

B cBa3u ¢ 31011 Teopemoii Beling Bo3nukaeT Bompoc: A He VINIOTHAIOTCS JTH COOCTBECHHBIC 3HAYCHUS
HAIICTO OTCPaTOpa ¢ POCTOM HHIACKCOB 717, 71".

Haiinennsie HaMu cOOCTBEHHDBIE 3HAYEHUS UMEFOT BU

1 =

mn

Ciyfnel|Z (22} pn=o12,.
2)T \'1

Hac ocobo mHTEpECYET OKPECTHOCTD HYJICBOH TOYKH, €CIH OHA OKAXKETCS MPEACTBHOU TOUKOH s
—-1
MHOKECTBA COOCTBCHHBIX 3HAUCHUM, TO 00paTHOM oneparop . OKaKeTCs HEOTPAHUUCHHBIM,

Ecmu, n =2k +1,k=0,1,2,... T.c. IBIACTCA HCUCTHBIM UUCTIOM, TO

2
3
Apoin =~ 26 +2 |2 221 k=012,.:m=0]12,.
’ 2)T /
Nz (mzY _ 3z
TTosTomy ‘ﬂmz,m =1 2k+—|=+|—| 2—, k,m=0,12,...
’ 2)T / 2T
Ecmu n=2k, k,m =0,1,2,... T.c. AIBAICTCA YCTHBIM YHUCTIOM, TO
2
1
A= 2k+= 2|22 | km=012..
’ 2)T /

, I 2_72' 1 , I

— m- —.
I’ T 4 21*

HyCTb [X] — O3Ha4acT LCIYIO YacTh Yucaa X, TOraa UMECT MCCTO HCPABCHCTBO

Toraa |/1m)2k‘ = % 2k —l—l— m

— =
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, I'r , I , I
2/ 2/ 2/

k:_mz T7Z':|

IMonarast,

2

I T
ol (57

rae (x) — 03HAYACT JPOOHYIO YACTh YHCTA X .

HMCCM

>

Ir

T - 2
Ecnu uncmo —— wpparmoHansHOE, TO B CHITY TeopeMbl Being uncna | m~ — | BCIOAY IUIOTHHI B
212 2[*

OTPC3KC [O,l], a O9TO O3Ha4YacT, YTO CYLCCTBYCT MNOANOCIACAOBATCIBHOCTD IMOCIACAOBATCIBHOCTU

2[*

/2 1
[mz —J , m=12,. . koTOpas CXOAUTCS K Z , T.C. {lm)Zk}—> 0. CnenoBarenpHO, OOpATHBIH OmepaTop

- T
2 2
L HeorpauwucH B mpoctpascTee L (Q) Bosee Toro, 3aMbIKaHHE MHOKECTBA [m —J, m=12,.

21*

COBIAAAET C OTPE3KOM [O,l]. Taxum oOpaszom, onepatop /. 00IazaCT HENPEPBIBHBIM CIIEKTPOM, KOTOPHIN

COJEPKUT OTPE3OK —3—7[ z
prerotp 21727 |
IMonarast,
T
k= {mz —72} +1
2]
HuMeeM
27| 1 T 2
A = = 1| m? 2| | = 2= m =12,
’ T4 2] 47 2T
, I
3aMbIKAHHC 3TOTO MHOMKCCTBA {lm)z,c }, m=12,..; k= {m —2} +1 coBmamaer ¢ oTpe3kom
ARy
277 2T |
T T
Hanee nonaras k = {mz 2775} +2, k= {mz 2775} +3 W.T.O. BHOWUM, YTO 3aMBIKAHHE MHOKECTBO

3z
{ﬂm - }, m =1,2,... TOKPBIBACT BCIO MOTYOCh | — —— ,+0)
’ 2T
, I
Ilycte Teneps | m 27 —1> 0, oueBuaHO, YTO HAYMHAA C HEKOTOPOTO HOMEPA 3TO HEPABCHCTBO

BBITIOJIHACTCA.
Ilomarasa

HMCCM
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27| 1 T
Ao = = 1= m* 2 || m=12....
’ T4 2/
Tr -3 T
Crne1oBaTeIbHO {lm)z,{}: —%,2—; ,rae k= m2277§ -1, m=12,..

Or HpI/I6aBJ'I€HI/IH U OTHATHUA KOHCYHOTO YHUCIA JJICMCHTOB, MHOXKCCTBO IPCACIBHBIX TOYUCK
T000r0 MHOKECTBA HE UBMCHUTCA, TOSTOMY UMCCT MCCTO PABCHCTBA

m* I _ (m+i)22T—7[ ,m=12,..

2[* /?
g 1ro0oro HarypaiabHoro uuciaa I . Ilpu BBIBOAE MOCHETHErO PAaBEHCTBA MbI BOCIOJB30BAIUCH STHUM
v
dakTom.
Ilomaras
Ir Ir
k=\m = |-2>0.k=\m=—=1|-3>0,..
21° i I’ ’

H.T.J. MbI BUIUM, UTO {ﬂm ok }: (— oo’—i—oo), k,m=012 .

Coextp omepatopa L cocTouT W3 COOCTBEHHBIX 3HAUCHHUN {ﬂmn} U HEMNPEPBIBHOTO CIEKTpa

MNOKPBIBAIOIICTO BCHO YHUCIOBYHO OCh.

Ecmu Zl—z—pauHOHaanoe YHUCI0, TO MHOXKECTBO | M~ —— |, m =1,2,... COCTOHUT H3 KOHCUHOTO

*)
YUCJIA DICMEHTOB, MOITOMY XOTs ObI OJUH U3 HUX BCTPEUACTCS OCCKOHEUHOE uucio pas. Criea0BaTe/IbHO,
, I

MHOXKECTBO | M 27 , m =12 . uMmeer XoTs Obl OJHY MPCACIBbHY IO TOUKY JICKAIIYIO B CCTMEHTE [O,l],
TOrAa NOCICAOBATCIBHOCTD

2|1 , I , I

w2k — o el e =|\m PeTEE m 21,2,...

T4 21 21

UMEET XOTS Obl OAHY U HE OO0JICC KOHCYHOTO 4YHCJA MPCACIBHBIX TOUYCK JICXKAIMUX B CETMCHTE
3r «

or’2r

IIpogomxas 310 paccy’kKAcHHE, aHAJOTHYHO HPPALHMOHATBHOMY CIVYar0, 3aMETHM, UTO B KaXKIOM

27
CCTMCHTE JIMHOM —— COJCPIKHUTCS HE 00JIee KOHCUHOTO M HE MCHEE OHOTO YHC/A MPEACTbHBIX TOUCK
T

TOoCJIIC A0OBATC/IIBHOCTH {ﬂm ok }, 10 roBopur O TOM, YTO HpG,Z[GJ'IbeIfI CIICKTP COCTOUT U3 CUCTHOTO

MHOKECTBA H30JMPOBAHHBIX TOUCK PAa30OpOCAHHBIX HA BCEH YUCIOBOH OCH OT — o0 10 + 0. B wacTHOCTH
touka A =0 MOKeT OKa3aTbCst GECKOHCIHOMEPHBIM COOCTBCHHBIM 3HAMCHUEM.,

5.BbiBOABI.

Jns 0o1HORNEKTPOHHOM 3a7auu 10 (Pr3HIeCKIM COOOPAKEHUIM MOXKHO OXHIATh, 4TO ecnu V(x) —
0 mpu |x| = o, T0 HenpepoiBHBIA cnektp H Takke samomuut [0,00), HOCKOIBKY HYacTHLA HA OUCHD
0OJBINNX PACCTOSHUSAX MPAKTHUYCCKU CBOOOAHA, a CBOOOAHAS YACTHIA MOXKET UMETh JHOOVIO
MOJIOKHUTEIBHYIO SHEPTHIO. DTa MMIOTE3a NOATBEPKACHA OOBIINM BEIYHUCIHTCIBHBIM OIBITOM, HO Gosee
TOYHBIC YTBEPKACHHUS HYXKIAIOTCA B HEKOTOPOM CICKTPATBHOM MOHATHH. VIMEHHO, CyInecTBCHHBIH
CICKTP OMEpaTopa COCTOHMT M3 BCEX TOUYECK CICKTPA, 32 HCKIIOUCHHEM H30JHPOBAHHEIX COOCTBEHHBIX
3HAYCHUI KOHCUHOU KpartHOCTU. Takum 00pazom, Mbl 100aBIsIEM K HEMPEPBIBHOMY cniekTpy: (1) moObie
COOCTBCHHBIC 3HAUCHUSL, JICIKAINNEC B HEM HJIM HA €ro Kpasx, (2) mo0bie MPeaASabHBIC TOUKH COeKTpa, (3)
COOCTBEHHBIC 3HAYCHUS OCCKOHEUYHON KPATHOCTH, €CIIH OHU CYIIECTBYIOT.

—— 176 ——



ISSN 1991-346X Cepusa gusuxo-mamemamuyeckas. Ne 2. 2016

[lyreM mpoBEpKH pa3NMUYHBIX CIYYaCB YCTAHABIMBACTCH, YTO TOYKH CYINCCTBCHHOTO CIIEKTpa
MOJKHO XapaKTCpU30BaTh MPUOTIKCHHBIMA COOCTBCHHBIMH BEKTOPaMH (BO3MOKHO, BKJIIOYAs MCTHHHEIC
COOCTBEHHBIC BEKTOPHI) CICAVIOMNM 00pa3oM: A MPUHAICKHUT CYIIECTBEHHOMY CHEKTpY omepatopa H

o0
TOTJIA U TOJIBKO TOTJA, KOTAA CYIICCTBYCT MOCICIOBATCIBHOCTD {Uf}1 JTHUHCHHO HE3aBHUCHUMBIX (MM, CITH

VTOIHO, B3AHMHO OPTOTOHAIBHBIX) CAMHUYHEIX BEKTOPOB, TAKHX, YTO ||H v — Av; || - 0 mpu j = o,

Teopemsbl, MOTYYCHHBIC A0 CEr0 BPEMEHH, HE B COCTOSHHU JaTh BIIOJHE YIOBICTBOPUTCIBHYIO
XapaKkTEPUCTUKY CIIEKTpa MO CAEAYIOUIENH MPUYMHE. MOXKHO ONPEAEIUTh HEKHUNU CaMOCOIPSKEHHBIN
oneparop, COOCTBCHHBIC 3HAYCHHUS KOTOPOTO COCTABAT CUCTHOE BCIOAY IUIOTHOE MHOXKECTBO B HHTCPBAIIC
I (koHCYHOM MM GECKOHEYHOM ), 2 COOCTBEHHBIC BEKTOPhI OOPAa3yIOT MOJHYIO cucTeMy. SICHO, 3TO HE TO,
YTO OOBIYHO HA3BIBAIOT HEIPCPBIBHEIN CIEKTP», TAK KaK, HAPUMEP, B PA3TI0KECHUH MO COOCTBCHHBIM
(VHKLIMAM HE TOSBUTCS HHUKAKUX «COOCTBCHHBIX (DVHKIMH HEMPEPBIBHOTO CHCKTPa», & CHCKTPATbHBIN
mpoekrop Et He Oyaer HempepsiBHbBiM 1o t B smroboit Touke I. Tem He menee, Bech muTepBan |
MPEACTABISICT COOON CYINECTBCHHBIH CHEKTP (HEKOTOPHIC €r0 YYACTKH MPUHALIC)KAT HCIPCPHIBHOMY
CHEKTPY).

UzBecTHBIC 70 Cero BpEeMEHH TEOPEMbI HE HCKITIOYAOT BO3MOXKHOCTH TOTO, YTO CYINCCTBCHHBIN
cnektp oneparopa Llpeaunrepa sBiseTcst crekTpoM Takoro poga. bosee toro, Teopema Beiuns u don
Heiimana yTBep:KaacT, 4TO YHCTO HEMPEPBIBHBIH CIICKTP (T.€. Tako, Ha kKoTopoM Et HenpeprIBEH) MOXKET
ObITh MPeoOpa3oBaH B CICKTP ONMCAHHOTO BHIA NMPH NOMOIIM MPOH3BOJIBHO MAJOr0 OTHOCHTEIBHO
KOMIIAKTHOT'O BO3MYIICHHUS (HA caMOM Jene ¢ moMompio Bo3myiueHus V tuna [amunerona-llmuara ¢
MPOU3BOIbHO Manoi HopMmoli ['unsbepra-llIvuara).

Haxe ecnmu Et HeEmpepsiBeH, CHOCKTP MOKET BCE CIIC OBITh KYCOYHBIM B HEKOTOPOM CMBICIC.
HanomunM, uto mobas HeyObiBaromas ¢yakmms (wium mobas Gyvekmms f(£) MoKampHO OrpaHHYCHHOU
BapUALIIN) MOXKET OBITh MPEICTABICHA B BUIC

f®=HO+ O+ 0, *)

rae fi - ckaukooOpaszHas (HyHKUWs, f, aOCOTIOTHO HENMPEPBIBHA, & f3 CHHIYIPHO HenpepriBHA. DyHKIMA
f> pasHa unterpany Jlebera oT ¢BOCH MPOU3BOAHOM, a MPOM3BOAHA f; paBHA HYJIFO MOYTH A BCEX t
(byukumst Kanropa semsercs dyukiumeii tuna f3). B unrepsanax, rae fi u f3 - xoncTantsl, f saBuseTcst
abcomoTHO HempepbiBHOH. IlycTte Temeps {E; } - pasnokeHHE €IMHHWIBI I CAMOCOMPSHKEHHOTO
omeparopa H. [ns moGoro v B rumebeproBoM mnpoctpaHctse (v, E,v) sBageTcs HeyOwbBaromen
dbyukiuel t, a 3HauuT, Jis Hee Bo3MOxkHA Aekommosuims (*). Ckauku f; OpoucXoAsT B COOCTBEHHBIX
3HaucHuAX onepatopa H. Crmextp H HaseiBaeTcs aGCOMIOTHO HENpEephHIBHBIM B HHTEpBasie [, ecnm
(v, E;v) - abcomtorHo HempepbiBHAsS (yHKOUS B | Ay Kakaoro v B ruibOCPTOBOM MPOCTPAHCTBE, B
MPOTHBHOM CITy4ae CICKTP OyIeT KYCOUHBIM.

Kaxxercs pazyMHBIM NPEANONI0KEHHE, YTO CICKTPhl TAMIIBTOHHAHA ATOMOB M MOJICKYJI, HCKIHOUasL
COOCTBEHHBIC 3HAYCHUS, BCETAA a0CONIOTHO HEMPEPHIBHEI, HHAYE TOBOPS, ACKOMIIO3ULIMS MPOU3BEICHHUS
(v, E,v) Bcerga cocTout u3 MepBhiX ABYX wieHOB (*). OmHako, 3T0 HE JOKA3aHO, KPOME HEKOTOPHIX
CIIy4Yace, MOJOOHBIX aTOMY BOAOPOJA, A KOTOPBIX U3BECTHO SIBHOE BRIpKCHHE 1is Ej.

Xotenock Obl IMETh BO3MOMKHOCTE CKa3aTh, UTO A aTOMa HET HUKAKHUX COOCTBCHHBIX 3HAYCHHH B
HCTIPECPEIBHOM CIEKTPE, T.€. BHIIEC YPOBHA HOHW3aumd. IS HEKOTOPHIX ATOMOB HE CYILIECTBYCT
HUCTUHHBIX COOCTBCHHBIX 3HAYCHUI MOJHOTO FAaMUIBTOHHAHA AJI SHCPTHH A BBHILIC VPOBHS HOHH3ALHH.
Bceraa i 310 BepHO — BOTPOC OTKPHITHIH| 1. ¢. 268].

Hakonen, crexyer ymomMsHyTe Apyrodl mnpuMmep, npuseacHHbIM Buaepom [2l]co ccpuikoi Ha
K.Manepa [22], B KOTOpOM HOABIAETCA TaK HA3BIBAEMBIM CHHTYJIIPHBIN HETPEPBIBHBIA CIIEKT).
HamomuauMm, uto HeyOwiBatomas (yHkums S(®) MOKeT ObITh MPESACTABACHA B BHIAC CYMMBI TPEX
cnaracMbIX: (PYHKIMH CKA4YKOB CO CUCTHBIM YHCIIOM IMOCICTHHUX, A0CONMIOTHO HENPEPHIBHOW (YHKIMH U
HECNPEPHIBHOW (VHKLUM, HMEIOIICH paBHYIO HYJIIO NPOHM3BOJAHYIO TOYTH BCIOAY, Kak (pyHKIms
Kanropa[1.c.88].

Hamm pesynerarsl moareepskgaroT Touky 3penus H.Bumepa,mpm stoM omeparop He sBIAeTCS
HUCKYCTBCHHBIM H B HEKOTOPOM cMbIcie Onmska k ypasHeHuto Llpenunrepa. Mel yTBEpKAacM,UTO B
pasnoxennu dE(A) = f1() + f,(t) + f3(t), oTcyTcTByeT abCONIOTHO HEMPEPHIBHAS KOMIIOHCHTA W
JOMHMHUPYET CUHrYJspHas cocraBmstomas,raec dE(A)  cmextpampHas Mepa OmEpaTopa,3To PE3KO
KOHTPACTHPYEET ¢ U3BCCTHBIMU HA CETOTHSIIIHY ACHD (haKTaMu.
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APTYMEHTI AYBITKBIFYAH JKbLTY TEHAEYIHIH INEKAPAJIBIK KOIIA-HEMMAH ECEBIHE
COUKEC OITEPATOP/JBIH CHEKTPIHIH KYPAMBI TYPAJIbI

A L.IManxanoaes, M. T.Illomadaea,C. T.AxMeToBa
FOKTY M. M. Aye3sosa, r. [IIbBIMKCHT

CoIpJbl co3ep: aybITKBIFAH APTYMEHT, Y3IKCI3 CIEKTP, CHHTYJLIPIBI CHEKTp, abCOMFOTTI Y3IKCi3 CHEKTD,
CHEKTPaIi TapaibiM, KaHTOpABIH (DY HKIHSCHL
AnHotamusi. byn eHOekTe apryMeHTi ayBITKbIFAH SKbUTy TEHICYIHIH mekapanblk Komm-Hefiman eceOine
COMKEC OMCPATOPABIH CIICKTPIIIAL TCOPHACH TYPFBI3BUIARL, MCHINIKTI MOHICPI TaOBLIIBI, OJIapFa COMKESC MCHIMIKTI
(QyHKUEATAP TAOBUIBIN, OJAPABIH TOJBIMIABLIGIFEI MCH OA3HUCTIrl MOJICIIACHAL,CICKTPAII TApaJbIMBI ATBIHIBL
COHBIMEH OIpre,CIEKTPIHIH KypaMbl €IKCH-TEIKEH 3ePTTENL, HOTHEKECIHAC a0COMOTTI MYIICHIH JKOK CKCHI, OHbIH
€CECIHE CHHTYJLIP MYIICHIH OaChIMABLIBFBI aHKBIHAATAR. MyHAaH CHEKTPAIH OOIybl MYMKIH €KCHIHE anFaiml per
H.Bunep Hazap aynapras, oa KanropabH )y HKIMACHHA YKCAHTBL
Hocmynuna 03.13.2016 .
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