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ITopsimkoBBIil aHANU3 U CME>KHbIE BOMPOCHI MATEMATHYECKOTO MOJEJIUPOBAHUS:
Te3ucot 1okaan08 XII Mexnynapoauoii nayanoii koudepenuuu (c. e, 12-18 mona 2015 r.)

KOHCTPYKIISI MOAYJISIPHBIX BEPOSITHOCTHEN

H. M. Abacos
(Poccust, Mocksa; HUIY MA)

1. Ilycte X — npou3BoJIbHOE BIIOJIHE PEry/ipHOe (TUXOHOBCKOE) IPOCTPAHCTBO,
E — nexkoropoe K-npocrpancrso ¢ 6a30it B u nopsiikoBoil ejqunuieii 1, coBuaiaio-
mieit ¢ equannei ymuoxenns B neM. Kak 06srauno O(X) u F/(X) Kmaccel Beex, COOT-
BETCTBEHHO, OTKPBITHIX M 3aMKHYTBIX TOJIMHOXKECTB IpOCTpancTBa X . JI1a maabHeii-
nrero usnoxenns yno0uo MaokecTBo G € O(X) 0TOXKIECTBATH ¢ COOTBETCTBYIOMIET
xapakrepuctudeckoii dbyukunueit xg : X — B. g mobeix b € Bu G € O(X) mox-
HO omnpegiesnTh otobpaxkenne B bxg : X — B, bxg(x) = b(xg(x)) (x € X) n nycrs
BO(X) — nacc Bcex Takux orobpazkenuii. CUeTHO-aIMTUBHYIO ajireGpy, TOPOXK-
nennyio kaaccom BO(X) B npoussenennn X, paccmarpusaemom ¢ norodeansivm
PENIeTOYHBIMU OIEePAIMAMHE /I TOYHBIX BEPXHEl 1 HIKHEH TpaHutl, 0003HAUNM e~
pe3 BB (X) u nasosem B-Gopesesoit anrebpoit mpocrpancTsa X.

Otrobpazxkenue P: B (X) — E naspBaeTcs BEpOSTHOCTBIO (BEPOSTHOCTHOM Me-
poit) ma BB (X) wim na X, ecau ono 06/1318€T CBOHCTBAMIE:

1.0< P(B) <1,(BeBB(X)),P(X) =1;
2. P(X2,Bi) = (0) X2, P(B;) ans moboro cuernoro cemeiicrsa (B;) (i € N)
nomaprao u3bIoHKTHEIX B; N Bj = 0 (i # j) snementos BE(X).

CBOIICTBO PEryasipHOCTH JIJIsi BEKTOPHON BepOSTHOCTH P Ompejiesisiercsi TakKe,
KaK U JJIs CKa/IgpHoil, T. e. Bepoarnocts P na (X, B2 (X)) naswisaerca peryapuoi,
ecsin Jyist BCssKoit yowisatomeit ceru (F,) C §(X) (a € A) BbimosssieTcs: COOTHOIIEHHE
P (inf {F,}) = inf,{P(Fu)} (cm. [4]). fdcno, uro cBoiicTBO peryasprocTu P MOXKHO
OIIpeJe/inTh 1 B TEPMUHAX OTKPBITHIX IMOJMHOXKECTB IIPOCTPAaHCTBA X

OuPEAENEHUE. Bepoarnocrs P : BP(X) — FE, maseiBaercs MOJyIisipHOIL,
ecin st mobeix B € BB(X) u b € B sumosmsierca pasencrso P(bB) = bP(B)
(em. [1]).

Beenem o6o3navenus: coorsercreenno uepes W (X) 6a3y Tonosmornaeckoro mpo-
crparctBa X, U(X) — cuerno-agaurusuyio aarebpy mopoxaennyio W(X), a B(X) —
bopesieBy aarebpy mpoctpaHcTBa X.

Hasee 6ymem UCIOIB30BATH TEPMUHOIOTHUIO OYJIEBO3HAYHOrO aHaam3a |1].

Jlerko ybeaurcsi, 9T0 B yHUBEPCYME VB nogvem X 1= X ssisiercs suosime pery-
JIAPHBIM IpocTpancTBoM ¢ 6a3o0it O(X) 1, koropyto oboznagaem gepes W (X). Uraxk,
nycrs B — 6Gaza K-npocrpancrsa E, a VB — coorsercrsyiomuit eif GyeBosnaumbiii
YHUBEPCYM.

IIpennoxxkenue 1. IIycte X = X 1. /1 Bcsakoit Moy IsspHOT pEry/IsipHOiT bope-
nepoii Bepostaoctn P ma (X,BP(X)) noxsem P 1 — perynspnas BeposTHOCTH Ha
(X, W (X)), nonyckaromas eauacTseHHbIe peryspasie npojoskenns p qa (X,0(X))
u p Ha (X,B(X)).
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2. Orobpakenne f : X — FE maspiBaerca (to)-HempepbIBHBIM Ha X, €CJIUM OHO
IIEPEBOJIUT BCHAKYIO CXOJSIIYIOCSI CETh MPOCTPAHCTBA X B CXOJSIIYIOCS 110 TOPSJI-
Ky cerb K-npocrpancrsa E. O6osnaunm wepes Cy(X, E) — Banaxa — Kanroposn-
4a PenIeTKy orpanuveHHbix (t0)-HenpepbiBHbIX 0TOOpazKeHuit f, paccMarpuBaemast ¢
TTOKOOPJANHATHBIMMT aﬂre6pal/lquKI/IMI/I " PpEemIeTOYHBIMUA OTIePpAlluAMU 1 paBHOMepHOﬁ
BEKTOPHOI HOpMOIi n3 F.

N3BecTHO, uTO /11060 K-TIPOCTPAHCTBO € TOPSAKOBON eanuamIiei 1 MOXHO eInH-
CTBEHHBIM CIIOCOOOM NIPEBPATHTH B 0000MIEHHOE YIOPSAI0YEHHOE KOJIBIO, TIPU YCJIO0-
Buu copnagennst 1 ¢ exmanneil ymuoxkenust (cum. [2]). B ocHoBHbIX byHKIMOHAIB-
HeIXx K-mpocTpaHcTBax ¢ eamHEUNE 1, pacCMaTpUBaeMbIX C ITOKOOPJIUHATHBIME AJl-
redpanvecKuMu U CTPYKTYPHBIMU OHEPANUAMU CPOPMYIUPOBAHHOE BBIIIE YCJIO0BUE
puinosiagercs. Jlagee X — IpOM3BOIBHOE BIIOJTHE PEryJIspHOE MPOCTPAHCTBO, F —
HekoTopoe K-tipocTpancTBO ¢ eaunutieit 1, jjiss KOTOPOI BBIMOJIHSAETCH YIIOMSIHYTOE
Boime ycaosue. [lycts P — mpom3BosibHAs peryisgpHas MOIy/IsSpHAs BEPOSTHOCTD
ma (X, BB(X)). Cornmacuo npogosmxennio 1 nogsem P t= p — peryisipuas Bepo-
arrocts Ha W (X), nomyckaroomast e MHCTBEHHOE PeryIsipHOe GOPETEBO TTPOIOJIKe-
mme p ra (X, B(X)) (X = X 1). s moboro otobpaxerns f € C;f (X, E) moxbem
f = g — monoxurebHast OTpaHUYeHHAsT HepepbiBHAs PYHKINs Ha X B YHUBEPCY-
ve VB, Murerpan | g dp, naTepnpernpyemplil Kak 3eMent crmycka R |, 06o3ratmm

uepes [ g dp.
IIpennoxxkenue 2. /[ mro6oro orobpakenns f € Cgr (X, E) orHOCHTEIBHO BCSI-

Koii MoyapHoii perymaproii Beposrroctn P na (X, BP (X)) koppexrro onpenenen
nHTerpaJl COOTHOIIIEHUEeM:

n my
/fdP:sup Zai ZbijP(Gij) : 4,5, k,m,n € N,
i=1 j=1

bij € B, bijNbyx = 0(j #k), > bij = 1;
j=1

n m;
Gij € O(X); a; € E™; Zai ZbinG,.j <f
=1 \j=1

Bouiee Toro, cripaBeyinBo cjeyIoIee paBeHCTBO HHTErDAJIOB:

/fsz/igdﬁ (9=17).

3. Teopema. Ilycte X — mpom3BoJIbHOE BIOJIHE PEryJspHOE MPOCTPAHCTBO, a

E — mekoropoe K-npocrpancrso ¢ equnanieii 1, coBrnajaroliest ¢ equHuned yMHOXKE-
aus B HeM. Popmyna

= [ rar

YCTaHABJIMBAET B3aHMHO OJJHO3HAYHOE COOTBETCTBHE MexKIy E-3HaunbiMm Momymsp-
mpivu peryaspabivn sepostaoctamu Poua (X, BB (X)) n E-snaunsivm norosxurers-
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apIva JuHEiabIME ontepaTopamu | ma Cy(X, E) — npoctpancrse orpannaeHHbIX (t0)-
HenpepbIBHbIX 0T0Opazkenuit Ha X, yiaosiaersopsiommmu yciaosuio [(1) = 1 u obua-
JaromMe cBoicrBoM mopsaropoii menpepssaocr: inf {I(fy)} = 0 (y € I'), aza
seskoit ceru (fy) uz Cy(X, E) cxopsiuerics, yopiBas, K Hy/o. Beposrnocrs 1106010
orkpsrroro muoxecrsa G € O(X) onpenensiercs no ¢popmysre

P(G) = sup {I(f) : £ < xo» f € CF (X, E)}. 6

Beakas E-3naunas MonyispHas peryispHas sepostaocts P ma (X, B85 (X)) o6ra-
Jaer CBOUCTBOM allIPOKCUMAIUNA

P(B) = inf {Z biP(Gy): BeBP(X); B< ZbiXGi (1€ N);
i=1 i=1

bi€B, binb;=0(i#j), Y bi=1; GieO(X)}. (2)
=1

B uacrnocru BepositHoCTh 1pOM3BOJILHOTO Gopesiesa muoxkectsa M € B(X) zaznaer-
Cs pABEHCTBOM

p(M) = inf {Z b;P(G;): M CGy; i €N;
=1

bi€B, binb;=0(i#j), » bi=1 GeOX),. (3)
=1
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ITopaakoBelii aHaIN3 U cCMe>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAaHUS:
Te3uchl Mokaan0B XII Mexmyrapommoi mayanoii koudeperammn (c. Leit, 12-18 moms 2015 r.)

AN ALTERNATING ROBIN-NEUMANN BOUNDARY PROBLEM
AND ITS HOMOGENIZATION VIA TIME-PERIODIC UNFOLDING

M. Amar (Italy, Roma; Sapienza Universita di Roma),
D. Andreucci (Italy, Roma; Sapienza Universita di Roma),
D. Bellaveglia (Italy, Roma; Sapienza Universita di Roma)

It is known that time alternating boundary conditions may appear in diffusion
problems when modeling biological systems, for example ion currents through cell
membranes. From the mathematical point of view problems of this type exhibiting
oscillations in time are interesting also for the appearance of non-trivial relations
between the different scalings present in the model, both in the space and in the
time variables [1, 2]. Often, due to the presence of a periodic microstructure in
the physical problem, one appeals to homogenization theory in order to derive a
macroscopic effective mathematical scheme amenable to application [1, 2].

We present recent results on problems set in a medium with periodic inclusions
(or holes); we may think of a biological tissue with cells. The interface separating the
medium from the inclusions is absorbing, but only in certain intervals of time (which
we call the open phase), being adiabatic for all other times (the closed phase). This
calls for a boundary condition on such an interface switching periodically from the
type of Robin to the type of Neumann.

Let ¢ be the spatial period of the microstructure (i.e., the average distance
between inclusions and also their diameter), and 7 the time period of the system
(i. e., of the onset of successive open phases). We are interested in the asymptotic
behavior when € and 7 go to 0.

Let us consider for example the model problem

a;tf Cdiv(ATVu) = £, (o) € Q. x (0,T), (1)
A"Vur v+ ar(t)ur =0, (x,t) e 'e x (0,7, (2)
ur(z,t) =0, (x,t) €02 x(0,7), (3)
ur(z,0) =ug, x€ Q. (4)

Here the domain 2 and the possibly oscillating diffusion matrix A7 satisfy standard
assumptions; v is the outer normal to €2, which is defined as the domain 2 without
the inclusions. Finally I'; is the boundary of the inclusions.

The function a; is non-negative; in time intervals when it is strictly positive
the boundary condition models absorption, when it vanishes it models insulation.
This alternating behavior for example may be caused by the opening/closing of ion
channels.

Actually the limiting behavior of the problem crucially depends on the time
spent by the system in the absorbing phase, and the threshold discriminating among
different asymptotics for €,7 — 0 is o(7).

We tackle this problem by an extension of the periodic unfolding operator to
evolution problems; see e. g., [3, 4] and references therein for applications of the
unfolding operator to stationary problems.
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PEINIEHVNE OBPATHBIX 3AJTIAY
TEITJIOIIPOBOJHOCTHN U TEPMOYIIPYTI'OCTHU
JJId @YHKIMOHAJIbHO-I'PAJIMEHTHBIX MATEPUAJIOB!

A. O. Baryubsu (Poccus, Bragukaskas; KOMIU),
C. A. Hecrepos (Poccus, Pocros-na-Jony; FODV)

Koncrpykiun u3 dbynkiuonansbao-rpajguenTabix marepuaaos (FGM) maxogsar
MIUPOKOE IPUMEHEHNE B PA3IUIHBIX 00/1aCTIX TEXHUKU C DOJIBITUMU TEPMOMEXAHIYe-
ckumu Harpyskamu. FGM — kommo3ursl, 00/1a/1a101ue mepeMeHHbIME (DU3UIECKUMEI
cBoficTBamu, 6J/i1aro/japs KOTOPHIM UM B OTJIUYUE OT CJIOUCTHIX KOMIIO3UTOB YIA€TCS
n30eKaTh CKAYKOB TEPMOMEXaAHUYECKUX XAPAKTEPUCTUK YE€pPe3 MOBEPXHOCTh pasjie-
ga. [Tpaktuueckoe npumenennst FGM 3aBucuT oT 3HAHUST TOYHBIX 3aKOHOB HEOIHO-
POJIHOCTH, HAXO0XKJIEHIE KOTOPBIX BO3MOYKHO TOJBKO TyTEM perreHust K03 puimenT-
uex o0parubix 33124 (KO3) remonposoanocrn u repmoynpyroctu. Kosddununent-
Hble 00paTHBIE 33/a4N ABJSIIOTCS HEJUHEHHBIMU 33/[a9aMu, TJIABHAsT TPY/IHOCTDb TIPU
WCCJIEIOBAHUY KOTOPBIX — ITO (POPMYIUPOBKA OIIEPATOPHOIM CBAZM MEXKTY NCKOMBIMU
u u3MepsiembiMu pyHKIuaMu. OTHAKO B TOCEIHUE TOJbI B psijie pab0T Pa3BUBAETCs
HOBBIH 1oax0/ K pemenuio KO3 s HeouHopoabix Te1. B a1ux paborax peunienue
HEJIMHERHBIX OOPATHBIX 3aJ1a9 CBOJUTCH K UTEPAIMOHHON MPOIEIype, Ha KaXKJIOM
mare KOTOPOil peraercs JUHERHOEe OIIEPATOPHOE yPABHEHUE, IOy Y€HHOE HA, OCHOBE
caboii MOCTAHOBKHU IPAMON 3ajadu. Pamee 3TOT 10/X0/ ObL YCIEITHO ITPUMEHEH
st perieanss KO3 TemaonpoBoIHOCTH U TEPMOYNIPYTOCTH Jjist crep:kHs. OmHAKO
KPOMe CTEepPXKHEBBIX KOHCTPYKINI HA MPAKTUKE 9acTO TPedyeTrcs OmpeenTh Tep-
MOMEXaHUYEeCKNe XapaKTEPUCTUKN U HAMPSKEHHO-1eOPMUPOBAHHOE COCTOSHUE B
TejaaxX MUJINHIPUIECKON (DOPMBI, HAIPUMED, BOJHOBOJAX W TPYyOOIpoBogax. B man-
HOiT paboTe MoJTydYeHHbIe paHee B 00IeM BHU/JIe OTIepaTOPHbIE YPABHEHUS TPUMEHSIIOT-
Cd JIJIsT PeIeHus 334249 0 BOCCTAHOBJIEHUM HA KOHEYHOM BPEMEHHOM OTPE3KE OJIHO-
MEPHBIX TEeNI0(U3NIECKAX U TEPMOMEXAHMIECKUX XAPAKTEPUCTUK HEOTHOPOIHOTO
muauaapa. B nmocramoBkax obparHbIX 3a/a9 TpeOyeTcs BOCCTAHOBUTH OIHY W3 TEp-
MOMOMEXAHUIECKIX XaPAKTEPUCTUK MIPU M3BECTHBIX OCTATHHBIX.

[Ipsamas 3a1a9a TENIOTPOBOIHOCTH JIjIsi [IUJIUHIPA, TOCIe 00e3pa3MepPUBAHUS Pe-
maetrca MeTonoM l'ajepkmua. UccmemoBanme mpsamoil 3a7aMu TePMOYIPYTOCTH [T
TUJINH/IPA CBEJIEHO K PEIeHNI0 CUCTEMbI OOBIKHOBEHHBIX A depeHITnaabHbIX YPaB-
Henwit 1-ro mopsaka B TpancdopmanTax mo Jlamracy Ha 0OCHOBE MeTO/a MPUCTPEIKA
U UCTOJIB30BAHUSI TIPOTIEIYPHI 00PAIIEHU, peaan3yeMoii B COOTBETCTBUE C METOIOM

HypbOuna.

!PaBora BoimosHena B pamkax npoexta MunoGpuayku Ne 9.665.2014 /K Ha BpIIIO/IHEHNE HAYTHO-
WCCIIe0BATEIFCKON pabOTHl B paMKaX IIPOEKTHOM YaCTHU TOCYAapPCTBEHHOTO 33JaHus B cdepe Ha-
YUHOU [edTeJbHOCTH U Tpu nojepxkke [Iporpammbl dbyHIaMEHTATBHBIX UCCIEI0BAHUN 110 CTPATE-
CUYECKUM HanpasJieHusM passurus nayku IIpesumuyma PAH Ne 1 «Dynnavenraibabie 1pobieMbl
MaTEMATUIECKOTO MOIETUPOBAHSS.
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Obparnasg 3ajjada peliaercss Ha OCHOBE HTEpAIMOHHOTO mporiecca. Hadanbaoe
npubJimKenne MO/IyJsieil Pa3bICKMBAETCs B KJlacCe JIMHEHHbIX (DyHKIWII HA OCHOBE
MuHUMEI3AIUU QYHKIUOHAIA HEBA3KU. Jlj1g HAX0XKIEHUS IIONPABOK PEKOHCTPYHUpPYe-
MbIX (DYHKIWH TPUMEHSAIOTCS 1101y Y€HHbIE JIJIs UJINHIPA UHTErPAJIbHbIE YPABHEHU S
@®pearoanpma 1-ro poga. [Tocae HaX0XK IeHWST TOTTPABOK CTPOWTCST HOBOE TTPHUOIMKEH e
7 OCYIIECTBSETCSI UTEPAINMOHHBIN TTPOTECC YTOTHEHNS BOCCTAHABINBAEMBIX XapaK-
Tepuctuk. Kpurepuit BbIXO7a U3 UTEPAIMOHHOTO MPOIECCa — JOCTUXKEHUE TTOPOro-
BOTO 3HaUEHUs (DYHKITMOHAIA HEBSI3KH.

B xome BBIraumcanTeIbHBIX SKCIEPUMEHTOB OINPeeseHbl Hanboee nHMOPMATHAB-
Hble TPOMEXKYTKI BPEMEHN /I U3MePeHUs CMEIEHN U TeMIepaTyphl Ha BHEITHeH
IMOBEPXHOCTH IAJIMH/PA W OIEHEHA MTOTPEITHOCTh PEKOHCTPYKIIMU B 3aBUCUMOCTH OT
THUIA HATPYKEHWT U MOHOTOHHOCTU (PYHKIINN, XaPAKTEPUIYIONUX HEOTHOPOHOCTb.
Nnenrudpukanus rennodu3ndeckux u MEXAHUYECKUX XAPAKTEPUCTUK IUIAHIPA B
caytae TVIQJIKNX 3aKOHOB HEOTHOPOTHOCTH IIPOUCXOAUT JOBOJIBHO YCIEITHO: TOTPell-
HOCTh PEKOHCTPYKIMKM MOHOTOHHBIX (byHKIMit He npesbimana 4%, a HEMOHOTOH-
abix 10%. Oppako pW HAIWYWUW 30H JECTPYKINU PEKOHCTPYKINS TMTPOMUCXOANT CO
3HAYUTETHHO OOJIBINEHl TOTPEITHOCTHIO, YeM B CAYUae MEJJIEHHO N3MEHSIOIIXCS MO-
nyneit. B To ke Bpems BO BCeX CIy9asdgX XOPOIIO BOCCTAHAB/IUBAJINCH WHTEIPAIbLHBIE
XapaKTepUCTUKH ([epBble MOMEHTHI).
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FINITE FUNCTIONS IN C(R)
AND FINITE ELEMENTS IN VECTOR LATTICES

M. R. Weber
(Germany, Dresden; TUD)

Some detailed analysis of continuous functions with compact support (i. e. finite
functions) leads to the notion of finite, totally finite and selfmajorizing elements in
a vector lattice E, e. g. an element ¢ € E is called finite if there exists an element
z € E (a majorant of ¢) satisfying the property: for each € E there is a number
¢z > 0 such that the inequality

|z| An|e| < cpz

holds for any n € N.

For a vector sublattice H C E the relations between finite elements in H and
in E are studied. In general, even a finite element in H may not be finite in F.

If the set M(E) of all maximal ideals of an Archimedean vector lattice E is
equipped with the hull-kernel topology 74 then the topological space (IM(E), Thy) =:
M(E) turns out to be a Hausdorff space but, in general, does not satisfy any stronger
separation axiom. The space MM(FE) carries many information on the vector lattice E.

The element ¢ is called totally finite, if it possesses a majorant which itself is a
finite element. A finite element ¢ is called selfmajorizing, if |¢| is a majorant of .

The Thi-closure suppgy(x) of the set G, = {M € M(E) : = ¢ M} is the so-
called abstract support of the element z. Finite, totally finite and selfmajorizing
elements in a radical-free vector lattice can be characterized by means of their
abstract supports. For example, in such a vector lattice a finite element ¢ (with
majorant z) is characterized by the compactness of its abstract support and the
inclusion suppgy () C G,.

The subspace Mo (L) = [J{Gy: ¢ is a finite element in EF} plays an important
role for the representation of vector lattices by means of continuous functions, namely
in the situation if one asks for representations, where the isomorphic image of each
finite element is a functions with compact support.

References
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YPABHEHUA U BKJIFOUEHUA C ITPOU3BOJIHBIMI B CPEIHEM
1 UX IIPUJIO2KEHU A

10. E. I'mukanx
(Pocens, Boponex; BI'Y)

[TonsiTrie TPOM3BOAHBIX B CPETHEM CIYIaHBIX MPOIECCOB ObLI0 BBEAeHO . Hern-
conom B 60-x romax XX Bexka [1].

B nacrosiem joksaje, caeiys [2], jaercs BBejeHue B TEOPUIO yPAaBHEHUI U
BRJIFOYEHUH ¢ TTPOM3BOAHBIMK B cpenmeM 1o Henbcomy, a Takyke 0030p HOBBIX pe-
3yJIBTATOB U3 TOI TEOPUU U €€ TMPUIOKEHUI C yIOpOM Ha MOCJeHUe TTyOTUKAIuu
asropa [3-5].

Pa6ora [4] BeimoHeHa mpu dunancoBOit moIepKkKe MuHucTepcTBa 06pa3oBa-
uns n Hayku Poccmiickoit @efepanyn B paMKax roCyJapCTBEHHOTO 33 JaHUs By3aM B
cepe mayuanoit gesrenbroctu Ha 2014-2016 roger (mpoexr 1.1539.2014/K).

Pesynbrarst crarsu [5] noiydenst npu dbunancosoit nojuepxke Poccuiickoro na-
yanoro douga (mpoext Ne 14-21-00066, Bormosiasgemblii 8 BoporeKCKOM ToCyHUBED-
curere).
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APXUMEIVNAHN3AINA VIIOPAITOYEHHBIX
BEKTOPHBIX ITPOCTPAHCTB

9. 0. EmenbssHOB
(Typuums, Aukapa, BTY; Poccust, HoBocubupck, M CO PAH)

Lt yopsiilo4eHHON0 BEKTOPHOI'O MPOCTPAaHCTBA V', 007Ia1aT0IIEero CUJIbHON 110-
pankosoit exunwteit, Bepu [lomcen m Mapk Tomdopm paspadorann mMeTom apxu-
MeuaHu3anmu 1], 3aKII0YAOMAics B TIOCTPOEHNN HAYATHHOTO 00HEKTa B KATErO-
PUH apXUMEI0BBIX YIOPSIIOYEHHBIX TPOCTPAHCTB, YePe3 KOTOPHIN MOXKHO (haKTOpU-
30BaTh €IUHCTBEHHBIM 00PAa30M BCAKUI TTOJIOKUTETHAN JuHeiHbIH onepaTop V — U,
rie U apxuMeoBo yIOPSI0UeHHOE TPOCTPAHCTRBO. BIIOCIACTBIN METO T TTIOCTPOEHU ST
apxuMeieaHm3aIuu ObLT pacimmped |2, 3| Ha caydaii TpPOU3BOIBHOTO YIIOPSIOYEH-
HOTO mpocTpaHcTBa V', HEODsA3aTEIHHO WMEIOIIEro CUJIbHYIO eaunuty. [Ipm sTom B
ormanu ot KoucTpykiuu [loscena — Tomdopa, npesiaraemass KOHCTPYKITUS ap-
xumegeann3aiuu Tpedbyer B obiem ciaydae 60jiee OJHOM MTEpAInu JaxKe B Caydae
BEKTOPHBIX perneTok (cm. mpumep Hakasgmbl, npusenennsiii B [4]). Jlannbrii MmeTos
KOCBEHHBIM 00Pa30M CBsI3aH € M3BECTHON xapakrepusanueil Bekciepa [5] apxumeo-
BOCTH (PAKTOP-PEIIETOK Yepe3 PABHOMEPHYIO 3BaMKHYTOCTh TIOPSIAKOBOTO UJIEAJIa, TI0
KOTOPOMY BEKTOpHas pernerka (GpakTopusyercs. B maHHOM J0K/Ia/e 00CYXKIAI0TCS
J€TaJIN N PA3JIMIHBIE HBIOQHCHI METOa MOCTPOCHUA apXMeJNaHU3alI YIIOPAJTO0I€CH-
HBIX TTPOCTPAHCTB.
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PEIIEHUSI CUHIYJISIPHOII KPAEBOI 3AJIAYN C I[TPEAE/JIBHBIMI
YCJIOBUAMU HA BECKOHEYHOM MHTEPBAJIE JJId CUCTEMBI OJ1Y

C. B. Ucpausaos
(Poccus, T'posnwrii; UT'Y)

[Tycrs B cucreme o6bikHOBeHHBIX Muddepentmanbibix ypasaenunii (OLY)

yngi(xuyhy%--'?yn)v 7::1,7’1,, (1)

IpaBble YacTH OIpejiesieHbl 1 HenpepblBHBI B obmactu D : {|y;| < di;i = 1,n, x €
(=00, +00)} ByecTe ¢ wacTHBIME HPOU3BOAHBIME [ (T, Y1, Y2, - - -, Yn) U CYMECTBYIOT
nenpepwiBHO-mnddepentmpyembie dynkmun ;(x) npu x € (—o0, +00) Takue, 9TO
lim, 400 @i(2) = 0 U BHIIOMHAIOTCS HEPABEHCTBA

‘fi(xaylvy%"'7yi—1>90i(x)7yi—1>-"7yn)_Spg(x)‘ <¢l(x)? i:17n7 (2)

|fiyi($ay1ay27 e ayn) Sign(x - 270)’ < ¢Z(x)a = 1,TL, o € (—OO, +OO)7 (3)

riae HeCO6CTBeHHbIe I/IHTeraJIbI
+oo o
[o@de [ wia)ds
o —o0

cxoggares, a dyakumu 1;(z) TakoBbl, 9T0 A 060ro uncaa A > 0 uHTErpasb

A
[ia)aa,

CyIIIECTBYIOT, HO HECOOCTBEHHBIE WHTETPAJIBI

zo

/ D) dz, w0 € (—A, A), (4)

—A

A

+/Oowi<:c> do, [ Gfa)da (5)
A —00

pacxomgarcd u paBHAIOTCS +00. Jlasiee, 10MyCKaeTCs BHIMTOJTHEHNST HEPABEHCTB

+00 Zo
max ¢; () —so<o<+oo + maX{ / Yi(x) de, / Vi(z) dl‘} <d;, i=1L1n.  (6)
To —00

Teopema. IIpu Boiosnennn yciaosuii (2)—(6) cucrema ypasnennii (1) nmeer mo
Kpalineii Mepe O/JHO pelleHne, y0BIeTBODIIOIIee YCAOBHIM

yi(xg) = 0, lim y;(z) =0, i=1,n. (7)

r—+o0
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OBPATHBIE BBICOKOYACTOTHBIE 3AJTAYN 1 ACUMIITOTUKN

A. B. Komnocosa (Poccust, Pocros-ua-Tony; FODOY),
B. B. JIeBeumiram (Poccusi, Pocros-na-Tony, FO®Y; Bragukaskaz, FOMN),
C. II. Ilpuka (Poccusi, Pocros-na-/lony; KODY)

B nokmajse peub moitger o Tpex 3ajavuax s JUHEHHBIX JuddepeHnnaabHbIX
ypaBHeHuit (0OBIKHOBEHHBIX W B YACTHBIX IPOU3BOIHBIX) C OBICTPO OCIHLIMDYOIIN-
MU TI0 BpeMeHu Koddhduruentamu (B mepBoii 3a/a4ue) Wir mpaBoii 9acTbio (BO BTOPOii
u Tperheil 3a1a4ax). B nepsoit u3 HUX OyyT NOCTPOEHBI MOJIHBIE ACKMITOTUIECKNE
pa3/IoKeHUsi COOTBETCTBYIOIIEr0 HAOOpa JIMHENHO HE3aBUCHUMBIX PEIEHUI CUCTEMbI
0OBIKHOBEHHBIX u(PEPEHITNATBHBIX YPABHEHUH IEPBOTO MOPSIKA C BbIPOYK IEHHBIM
MaTPUYHBIM KO3(MDMUITMEHTOM TIPU TPOU3BO/IHON. DTOT HAOODP TECHO CBA3aH CO CIIEK-
TpOoM O6I)ILIHOI‘O AJIA TAKUX CUCTEM MATPUYHOI'O Iy YKa. B,ZLBC]) MbI TaK2Ke€ PaCCMOTPUM
BOIIpOC O pernenndax 3aja4uu Korm.

Bropas u tperbs 3ajatuu gaB/Is0TCH 00pATHBIMY 33/4a9aMU JIjisd YPABHEHUS LIEPe-
Hoca (B ciydae 3agaan Komm) n ypaBHeHUsT TETIONPOBOIHOCTH (B CIy4Yae HA9a bHO-
KpaeBoii 3aaun). B 060oux cydasx paccMaTpUBAIOTCS YPABHEHU C JIBYMsT HE3ABHU-
CUMBIMU TIEPEMEHHBIMU (X, ), TPUYeM UX MPABBIE 9ACTU ABJISIIOTCSA TPOU3BETCHISIME
IByX (DYHKIWIA, OHA W3 KOTOPBIX 3aBUCUT TOJBKO OT MPOCTPAHCTBEHHOH TepeMeH-
HOPT X, & BTOpast — TOJBKO OT BpeMenu t (m GOJIBIIOrO mapaMerpa — 4YacTOThl OC-
muignmii). pu srom Bropas dyuknus menspectHa. [lo aBywIeHHON acHMITOTHKE
perenusi, 3aJaHHON B HEKOTOPOU (DUKCMPOBAHHOM TOYKE T = T, HANIEHBI yKA3aH-
Hble Hem3BecTHbIe dyuKInu. Tounee, mocTpoens! ypasuenus Bojsbreppa 2 posa, pe-
MEHUAMUN KOTOPBIX ABJIAIOTCA 3TN beHK]_LI/II/IB XO/I€ penieHnsd yKa3aHHbIX TPEX 3a/1a4
CYIIECTBEHHO HCIOIH30BAUCH PE3YIbTATHI U MeTOIbl pabor |1, 2|.

JIutreparypa

1. IIxkuas H. U. AcumMnToTH4ecKoe MHTErpupoOBaHue JUHEHHBIX 1ud HepeHITnaIbHBIX CUCTEM C
BRIpOXK TeHnsAMU. —Kues: Boicmas mkomna, 1991.—206 c.

2. Jlenncos A. M. Acumuroruka peieHuit 06paTHbIX 33/a4 JJist TUIIEPOOIMYECKOr0 ypaBHEHUsE
€ MaJIbIM IIapaMeTpPOM IIpU CTapiieil Ipou3BoaHoi // 2KypH. BBIYUCIAT. MATEMATHKH U MAT.

buznkn.—2013.—T. 53, Ne 5.—C. 744-752.

25



ITopaakoBelii aHaIN3 U CME>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAHUS:
Te3uch MoKkaan0B XII Mexmyrapogmoi mayanoii koudepenmmu (c. [eit, 12-18 momsa 2015 r.)

O HEOCHMJLIIATINN YPABHEHUA HA TPAGE

P. 4. Kynaes
(Poccusg, Bragukaskas; FOMU, COI'Y)

PaccmarpuBaerca nuddepenimaibHoe ypaBHeHne
Lu= f(zx), xzel, (1)

3ajanHoe Ha reomerpudeckoM rpade I'. Ilpu satom mox muddepennuaibHbBIM ypaB-
nerneMm (1) Ha rpade mbl nogpasymvesaem, ciaenys [1, §3.1], Habop 0OBIKHOBEHHBIX
nuddepeHuaibHbIX ypaBHeHuil Ha pebpax rpada u Habop yCaoBuUil COracoBaHUs
BO BHYTPEHHUX BEPIINHAX.

B mammoit paboTe MBI paCCMATPUBAEM YpPaBHEHNE, MTOPOKIAEMOe CUCTEMOM Tudd-
depenimaababIX ypaBHeHnuit Ha pebpax y; rpada

(pi(@)uf)" = (qi(x)w) = fi(x), wey T, (2)

¢ xkoapdurmenTamu, onpegeasembivu byakmmavu p € C2[T], infer p(z) > 0, q €
CH[I], q(z) > 0, f € C[I'], n nononHgeMoe B Kaxk0it BHyTpenneil Bepmuae a € J(I')
paBEHCTBAMU

ui(a) = up(a), wi(a) = api(a)ui(a) + aji(a)uj(a),

3" pila)agila)uf(a) =0, > pila)aji(a)u(a) = (3)

i€l(a) i€l(a)

n yCjIOBUAMU C TPETBUMU ITPOU3BOAHBIMU

Z D3u;(a) + d(a)u(a) = f(a), a€ J(T), D3u=(pu") —qu, (4)
i€l(a)

rae J(I') — muoxecTBO Beex BHyTpennux Bepimd rpada I', I(a) — MHOXKeCTBO UH-
JIEKCOB BCex pebep, npumbikaromux K Bepumnue a € J(I).

JleBag wacte Lu ypasuenus (1) — 310 JyieBble wacTu ypasHenuii (2) ma pebpax
BMecTe ¢ pasencTBamu (3) u jeBbivu dactamu ycaosuii (4). B ycnosusix (3), (4) Bee
IIPOM3BOIHBIE CYATAIOTCA B Hanpasyenny ot sepumnsl a € J(I); k, j — bukcupopan-
uble (G6asucubie) unjexcel us I(a), i € I(a); agi(a), aji(a) u 6(a), f(a) — 3aganubie
qncia, npuaeM ogi(a) = aji(a) = 1 1 ogj(a) = aji(a) = 0, 6(a) > 0; s KaxK IO
Bepiumuel ¢ € J(I') n kaxgoro unmekca i € I(a) xorst 661 0HA U3 KOHCTAHT ovj;(a),
agi(a) ormmanra or Hysst, npudem s Kaxaoit sepmmaer o € J(I') moxkno 3amarh
basucHble nHAEKCH j, k € I(a) Tak, uto mag Hekoroporo uumgekca i € I(a) \ {j,k}
OJIHOBPEMEHHO Oy/yT BBIIOIHATHC Hepasencrsa aji(a) < 0, axi(a) < 0, oxHo u3
KOTOpBIX cTporoe. Takxke mosmaraem, 9to rpad [ aBiagercsa nepeBoM W K KarKI0i
BHYTDEHHEl BEpIINHE IPUMBIKAET HE MEHEe TPex pedep.
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g xaxxoit rpanmanoii Bepmmnel b € O onpenenum dbyrkmio y, (), KoTopas
SIBJISI€TCSL PeIenneM oAHopoAHoro ypasuenus (1) va I' u yosaersopsier rpannaabiv
YCJIOBUSAM

yp(b) =0,  I(b)yy(b) — B(b)yy (b) = 1,
yo(a) =0, D(a)yy(a) — Bla)yy(a) =0, a€dl\b,

B KoTopeiX ¢, = 0, ¥ + 8 > 0. Ilpeamnosio:kennsi OTHOCHTETHHO CBOMCTB KO3(-
bunmentos ypasnenus (1) rapaHTUPYIOT OJHO3HAYHYIO PA3PEIIMMOCTL KPAEBbIX 3a-
maqa (1), (5) (em. [2]).

ONPEAENEHUE. Inddepennmansroe ypasuerne (1) HazoBeMm ¢aab0 HEOCUUAMU-
pyrowgum, eciu nipu S = 0 kaxkaas us Gyuxnuii yp(z), b € O, crporo mosoxuTe bHA
ma [

()

Pacemorpum ma OI' nBe mapbl HeOTpUIATeNbHBIX byHRIMit 91, 81 u ¥, B2, ymao-
BJIETBOPSOMINX yCaoBuaMm ¥; + 3; > 0, ¢ =1,2.

Teopema (npusnak cpasuenus). Ilycrs B kax0ii Bepumue b € OI' Bbrmosneno
HEPABEHCTBO

V1(b) _ 2(b) ) = 0. 10 vib) _
B:(0) < B2(0) (ewm Bi(b) =0, B:(0) )

Toryga momoxkurensaocts yuxnun I'puna 3amagn (1), (5) ¢ kosppunmenravm
U = 0y, f = o Bieder nosoxuresbaocrs Gyuxiuuu I'puna 3agaqan (1), (5) ¢ ko-
appumenramn ¥ = 91, = B

Caencrsue. Crabas weocummisnus ypasaenus (1) ma rpage I' sxksupanrentna
mostoxkurenbHoctu pyuknun I'puna 3agaun Iupuxie (1), (5) ¢ mobbivu gomycra-
MBIMH 3HAYEHHUSIMH KO3(hpuiuerTos 9, [5.
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AROUND HILBERT’S 17th PROBLEM

A. G. Kusraev
(Russia, Vladikavkaz; SMI, NOSU)

In 1888 Hilbert [4] proved that there exists a real polynomial in two variables of
degree six which is nonnegative on R? but not a sum of squares of real polynomials
and each nonnegative polynomial in two variables of degree four is a finite sum of
squares of polynomials. Later, in 1893 he proved [5] that each nonnegative polynomial
p € Rz, y] is a finite sum of squares of rational functions from R(z,y). Motivated
by this work Hilbert posed the following problem in his famous Address to the
International Congress of Mathematicians in Paris (1900):

Hilbert’s 17th problem. Suppose that f € R(x1,...,zx) is nonnegative at all
points of RY where f is defined. Is f a finite sum of squares of rational functions,
or equivalently, is there an identity ¢*f = p% + -+ p%, where q,p1,...,pr €
Rlz1,...,zy] and ¢ # 07

Hilbert’s 17th problem was solved in the affirmative by Artin [1] in 1927.

Theorem 1 (E.Artin). If f € R[xy,...,,] is nonnegative on R, then there
are polynomials q,p1,...,px € Rlz1,...,2n], ¢ # 0, such that f = (p?+---+p3})/q>.

The following improved version can be extracted from Stengle [9].

Theorem 2. Let K be a totally ordered integral domain, Q(K) be the field of
quotients of K, and Q(K) be a real closure of Q(K). Let p € Klz1,...,zn]| and

p(ai,...,an) = 0 for all (ai,...,an) € WN. Then there exist p1,...,Pm,q €
QK)[x1,...,zn] and 0 < kyi,....knm € Q(K) such that ¢*p = kip? + -+ +
kmp2,. Moreover, q(z1,...,xx) = 0 if and only if p(zi1,...,on) = 0 for all
x1,...,xN € Q(K).

Recall some basic notions of the theory of rings; see Lambek |7]. Everywhere
below K is a commutative unital ring. We call K rationally complete if the complete
ring of quotients Q(K) is canonically isomorphic to K or, equivalently, every
irreducible fraction has domain K. The ideals of the form A*:={k € K : kA ={0}}
are called annihilator ideals. A commutative ring K is called semiprime if it has
no nonzero nilpotent elements. The annihilator ideals in a commutative semiprime
ring K form a complete Boolean algebra A(K), with intersection as infimum and
annihilator as complementation. If K is commutative, semiprime, and rationally
complete, then every annihilator of K is a direct summand and P(K) ~ A(K) with
P(K) being the Boolean algebra of idempotents of K.

Consider commutative unital rings K and L. Say that L extends K if K is a
subring of L and the mapping J — J N K is one-to-one from A(L) onto A(K). Say
also that L is locally algebraic over K whenever L extends K and, given x € L
and a nonzero I € A(K), there exist a nonzero J € A(K), natural n € N, and
ag,...,ayn € K such that J C I and ag + a1x + --- + apz™ € J*. In the case of of
semiprime regular rings L is locally algebraic over K if and only if P(K) = P(L) and,
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given x € L, for every nonzero d € P(K) there exist a nonzero e € P(K), natural
n €N, and ag,...,a, € K such that e < d and e(ag + a1z + - - - + apz™) = 0.

An f-ring is a lattice-ordered ring K such that y A z = 0 implies 2y A z =
yr Az = 0 for all z,y,z € K;4. A band (or polar) in K is each set of the form
At:={kec K: (Vac A)|k|Ala| = 0} with @ # A C K. The set of all bands B(K)
in a semiprime Archimedean f-ring K coincides with A(K) and hence is a complete
Boolean algebra, since A* = Al for every A C K. In this note we consider only
Archimedean f-rings. For a unital f-ring K the complete ring of quotients Q(A) can
be uniquely made an f-ring with K a sublattice of Q(A). Moreover, the Boolean
algebras P(Q(K)) and A(K) are isomorphic.

A real closure of a unital f-ring K is a rationally complete f-ring K satisfying
the following conditions: 1) Q(K) is a subring and sublattice of K with K extending
Q(K), 2) K is locally algebraic over Q(A), and 3) if K’ is rationally complete f-
ring containing K as a subring and sublattice and locally algebraic over Q(K) then
K’ = K. Say that K is real closed whenever K = K. The main result is stated next.

Theorem 3. Let K be an Archimedean unital f-ring and let K be its real closure,
so that the embeddings K C Q(K) C K hold. If a polynomial p € K|x1,...,zN] is

positive, that is p(ai,...,ay) = 0 for all (ay,...,ayn) € ?N, then the representation
@p = Zgnzl jp? holds for some non-zero-divisors 0 < ki, ..., kp, € Q(K) and some
polynomials p1,...,pm,q € Q(K)[x1,...,xN] with eq(a1,...,an) = 0 equivalent to
ep(ay,...,an) =0 for alle € P(Q(K)) and ay,...,an € K.

Our proof uses Boolean valued analysis [6]. The key is Gordon’s result [3] stating
that a commutative semiprime ring is representable as an integral domain in an
appropriate Boolean valued model. Accordingly, our proof is merely an interpretation
of Theorem 2 within Boolean valued model, thus demonstrating how does a Boolean
valued transfer principle work in real algebraic geometry (as presented in [2]| and [§]).
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ITopsimkoBBIil aHANU3 U CME>KHbIE BOMPOCHI MATEMATHYECKOTO MOJEJIUPOBAHUS:
Te3ucot 1okaan08 XII Mexnynapoauoii nayanoii koudepenuuu (c. e, 12-18 mona 2015 r.)

[MTPOBJIEMBI MATEMATNYECKOI'O OBPABOBAHI A
N HAYVYHO-METOJIMYECKNE OCHOBHBI UX PEITEHUA

N. E. Manosa
(Poccus, Bpsiack, BI'Y; Baagukaskaz, FOMIN)

B Kounenmuu pazsutust maremarndeckoro obpazosanus B PO obo3naueno tpu
TpyHIIbl Mpob/ieM — MOTUBAIINN U3YUEHUsT MATEMATUKHU, COJIEp:KaHUs 00yIeHusl, TIe-
JIArOTMYIeCKUX KaJIPOB, PEIeHrne KOTOPBHIX U BBI3BAJIO HEOOXOIMMOCTH pPa3padoTKu
Komnrenruu, a srnocseacreun u [IporpaMmbr ee peau3aiiun.

C perrernemM mpob/ieMbl MOTUBAIAY W3YUEHUST MATEMATUKU CBsI3aHa, [EJIb 00ec-
IevYeHnsl OTCYyTCTBUA MpoOeoB B 0A30BBIX 3HAHUAX [IJIsi KAXKJIOTO O0YUAIOIIerocs,
dbopMupoBanue y y4aCTHUKOB 00pa30BATEIbHBIX OTHOIIEHUI YCTAHOBKH «HET HECIIO-
CODHBIX K MaTeMaTHUKe JeTeil».

Hayuno-merojuueckumu 0CHOBaMU ODECIIEYEHUs] MATEMATUYECKON yCIENTHOCTH
VUAILIAXCST STBIISTIOTCST:

— cucremHo-JesTenbHOCTHBIH mogaxon (A. H. Jleomtwes, II. 4. Tambmepum,
H. ®. Tanbizuna, O. B. Enumesa u 1p.);

— JITYHOCTHO opueHTHpoBanHoe oOyuenune (M. C. dxkmmanckas, B. B. Cepukos,
E. B. Bonpapesckas, 1. E. Masosa u ap.);

— unresutekryasnbuoe Bocnuranue (M. A. Xononnas, 9. I'. Tensdman u ap.).

CucreMHO-IeITeTbHOCTHBIN  TTOJIX0J] MPEJIINOIAraeT BbIJIeIeHHe OPUEHTHPOBOY-
ubIX 0CHOB sreareabrHocT (OO/I), KOTOpbIe MO3BOJISIIOT yUAIMMCS CAMOCTOSATETHHO
pelars MareMaTuyecKue 3a/a9u OlpeeieHHbIX BuaoB. B Meroauke obyuenus ma-
TeMaTHKe MPUHATO UCCAEI0BATH y4eOHO-MaTEMATUYIECKUE 3aTPY/AHEHUS YUAIIUXCs
7 pa3pabaTbiBaTh OPUEHTUPOBOUHBIE OCHOBBI COOTBETCTBYIOIIETO BUJA JAEATETHHO-
cru. Tak ObLIN CO3MAHBI CXeMBI PAOOTHI C TEKCTOBOI 3ajadeil, pereHnst 3a7ad Ha
TIOCTPOEHUE B IJIAHUMETPUU U TOCTPOEHUS CeUeHUl B CTEPEOMETPUHU, PEIIeHUHN I10-
Ka3aTeabHbIX ypaBHenuii (HepasencTs) n MHOxkecTBO Apyrux OO/

Cnenytonum srarmom mocie paspaborku OO/l sBisieTcst KOHCTPYHUPOBAHUE CH-
CTeMBI yIpayKHEHUi Ha 0TpaboTKy oTmenbHbIX maros OO/l YopaskHeHus mpey-
CMATPHUBAIOT pa3/IMYHbIe YaCTHbIE Ciydan 3Tux 1maros. CyIrecTByeT crenuasbHas
TEXHOJIOTUsI OPraHU3AlNY JJIUTEILHOCTH yaalmxcs mo orpaborke maros OO/, ko-
TOpas cIUTaeTCs BecbMa dP(MEeKTUBHOI’.

KntoueBbiM nonsiTueM JuaHOCTHO OpuenTuposanuoro obyuenns (JIOO) ssaser-
cd TMoHATHE CyOBEKTHOTO OmbITa ydarnmxcsd. Vcrounukamu oboraleHusi TOro OIlbl-
Ta TpU OOYIEHUN MATEMATHKE SIB/ISIIOTCS MATEMATHIECKOE COEPKAHUE U MPOTECC
paborsr Hax HuM. [Ipu JIOO 6GoabITyio posib UTPAOT OPraHU3aINs JAEITETLHOCTH
YUAIUXCA M0 paboTe ¢ MaTEeMATHYECKUM COJIepKaHneM (B MEeTOIuKe O0yUIeHUs Ma-
TemaTuke BeIpaboTanbl npuembl 3hdeKTuBHON PaboTh), a TakyKe BeJeHne yIeGHOTrO
JUaJsiora ¢ yJamuMucs (B MeTOWKe O0ydeHusl MaTeMaTHKe BBHIPAOOTAHBI MPABUIA
BeJleHNsT yIeOHOTO JIMAJIOra, KOTOPBIH 00ECIEINBAET BEAYILYO TTO3UIUIO YIAIINXCH ).
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WNutennexkTyaabHOe BOCIUTAHUE MMPEIYCMATPUBAET YUET PA3IUUHBIX TTO3HABA-
TEJIbHBIX CTUJIEH ydalmuxcs, oOecriedeHne CaMOylpaBJ/ieHUs [MO3HABATE/IHHON J1es-
TeJIbHOCTBIO.

[Tpobsiemy copepKaHusT MaTEMATHIECKOTO 00OPA30BAHUSI MPEJIOKEHO PEIIATh C
mo3uInii 0TOOPA COAEPYKAHNS B 3aBUCUMOCTH OT MOTPEOHOCTEH OYIYIUX CIIeIa Ir-
CTOB, YPOBHS TOJTOTOBKY YUAIIUXCsI, JOCTUYKEHUN COBPEMEHHOUW HAYKU W TPAKTHU-
ku. Takmm 00paz3oM, MeTOAWYECKre OCHOBBI MPEICTABIEHUST MATEMATHIECKOTO CO-
JIEpYKAHUS B IIKOJBHBIX yUeOHUKAX OCTAlTCs 0e3 BHuManus. Ha wam B3ruism, Tpu
Ha3BaHHBIE OCHOBBHI O6eCHequI/I5{ MaTeMaTUIeCKON YCHENTHOCTU YYIaIIUXCA JO0JIZKHBL
OBITH OTpayKeHbI B IMKOJIHHBIX yUeOHUKAX MaTeMaTuku. VHade BCg OTBETCTBEHHOCTH
3a pa3paboTKy HEOOXOAMMOIO CO/EpKAHUS, TPUEMOB PabOThI C HUM, 33 PE3y/AbTaThl
00ydeHus TepeKJIabIBACTCH Ha YIUTE/Isd, YTO SIBJISETCS HEIOCUIbHON 3a/1adeil Jaxe
JUISL YIUTEJIsI BBICOKOU KBaJIMPUKAIUN.

[Ipo6Jiembl KaIpoB NpuU3BaHa peIiarTh CUCTeMa MOBBINIEHNS KBaJIU(DUKAIIUN YUIl-
Teeil, MOCKOJIbKY BY3 MOXKET 3a/IOXKUThb TOJBKO OCHOBbI OOyY€HUs MATEMATUKE.
K mmm ormocsaTes: 6a30BBIe MeTOAMKN OOyueHus Maremaruke (Meroauka (opmu-
pOBaHUS MOHSATUN, METOIUKA (POPMUPOBAHUST YMEHUI, METOINKA U3YIEHUS TEOPEM,
MeTOIMKa O0yUeHrsl y9aIuXCst PENeHuio 3a/a4), OCHOBbI KOHCTPYUPOBAHWS M aHa-
JIN3a yPOKa MaTEMaTUKU.

[IpoBenentoe HAMU MCCIEIOBAHNE BBHISBUJIO CJIEIYIOIIME METOANYECKUE POodie-
MBI yunuTejeii MaTeMaTuKN:

1) mapymienue yumresem 3aKOHOMEPHOCTe 0Oyuennst maremaruke (HapyleHne
TpeboBaHmii 6A30BBIX METOJIUK ), UTO SABJISIETCS OCHOBHON IPUINHON MAaTeMaTHIECKOi
HEYCHENIIHOCTH yYalluXCd;

2) 3arTpy/JHEHWs] B BEJEHUN yIeOHOTO IUAJIOra, BBIBOJLIIEIO YUAIINXCS HA Be-
Jyiiye no3unuu B 00ydeHnn, 9TO siBJASETCS €€ OJHON NPUINHON MaTeMaTHIeCKON
HEYCTTEITHOCTU YyYaIllIuXCed, a TaKZKe HpI/IqI/IHOfI TTO3HaBaTEALHON HEAKTUBHOCTHU y4da-
MIUXCS B TIPOIECCe 00YUeHUsT MATEMATHUKE;

3) MaTeMaTHYeCKue 3aTPY/IHEHUST YUUTEsI, YTO ABJISIETCS eIle OJHON MPUInHOl
MaTeMaTUIeCKON HEeYCIEeIHOCTH YIaIliXCs.

Hay4ano-Meronnaeckoit OCHOBHOIT o0ecredeHusi COBEPIIEHCTBOBAHUS METOUYIe-
CKOIl JIeATeTbHOCTY YIUTE s sIBJISEeTCs TeOPHUs HEIPEPBhIBHONW METOIUYIECKON o/ Iro-
TOBKH, KOTOpad IPEAyCMATPUBAECT HE TOJIBKO OIPEJC/JIEHHBIC 9TAllbl METOJNYIECKOTO
COBEPIIIEHCTBOBAHNUSI, HO U BKJIOYEHUE yUuTeseil B KOJJIEKTUBHYIO MPOgheCCuOHA -
HYIO [IeATEIbHOCTD 0 PEIIEHUI0 MPOOIEM MaTEMATHIECKOr0 0Opa30oBaHUs.
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ITopsiiKoBBIil aHAIU3 U CME>KHbIE BOIPOCHI MATEMATUYECKOrO0 MOJEJIMPOBAHUSL:
Te3uchl nokaan08 XII Mexnynapoauoii nayanoii koudepenmuu (c. e, 12-18 mona 2015 r.)

AJITEBPANYECKOE ITPEJICTABJ/IEHUE CTPATEI'IN
OOPMAJ/INBAINN MHOOPMAIINN KAK METOJOJIOTUYECKA A
OCHOBA OBYYEHUSA MATEMATUKE

FO. B. Meabuukos (Poccus, ExkarepuntGypr; YpI'9V),
C. B. IITupnyxkes (Poccus, Exarepuntypr; YpI'dV)

CTpaTeFI/IIO MBI TIOHUMaeM KaK MEXaHU3M CO3JaHUA 3TAJIOHHBIX MO'ZLe.}'[eI‘/‘I7 B 9aCT-
HOCTH, CO3JIaHus IIAHOB JedrenbHocTH [1, 2|. B pabore [1] mokazamno, 4ro ecan mes-
TEJIHOCTb YIOBJIETBOPSIET HEKOTOPOMY HaOOPY MOCTYIATOB (9TH MOCTYJIaTaM y/0BJIe-
TBOPsIET PYTHHHAS IPOEKTHAS JAESTETbHOCTD), TO PEAN3AINIO ITON CTPATEI NI MOK-
HO TIPeJCTaBUTh B BUE TPUMEHEHUST KOMOWHAIINYA CTPATETUN aJalTallli N3BECTHOM
MOJesiu (KOTOPYIO B 9TOM CJIy€ae MOYKHO TIPEJCTABUTH B BHJ€ KOMOMHAIINN CTpaTe-
run oboraleHusi, peayupoBanus, abCTPAarnpoOBaHus WM KOHKPETU3AIUNA MOJIEIH,
CTpaTerny CMeHBI pPOJieil W IPHOPHUTETOB U CTPATErHH KOMOWHMPOBAHUS MOJeseii),
CTpaTerun moCTpoeHmA HOBOT MO/JeJIn (B 9TOM CJjIy4dae €€ MO2KHO IPEeJCTaBUTH KakK
KOMOUHAIIIO CTPATErNHU TONCKA U UCIIOIH30BAHIS AHAJIOTHH, CTPATEI NI [IEPEX0/Ia OT
LIPOEKTUPOBAHUS U3 OT/JE/IbHbIX JleTaJlell K MCII0JIb30BAHUIO Y3JI0B 1 arPeraToB, CTpa-
TEruy IOCTPOEHUS MOJIENN C HOCUTEIEM U3 XapAKTEPUCTHK, OTHOIIEHN Ui COCTaB-
JISIONX WHTePGEHCHOr0 KOMIIOHEHTa HEKOTOPOil MOJIEJH), CTPATEINH TOCTPOEHHSI
U WCMOJIB30BAHUS MOJE/IeH aJIeKBATHOCTH (KOMOMHAIIUS CTPATEruH MPEIBKYITIEHNS,
cTpaTeruy MpUOPUTETHOTO AHAIN3A, «IKCTPEMATBHBIX» CUTYAIUH, CTPATETr NS BbIsSIB-
JIEHUST ¥ MCIOJIH30BAHUS OTPAHUIEHMI ).

B paGore |2| mosyuen aHATOTHYHBIN PE3YIbTAT: PEATH3ANI0 CTPATETHH PYTHH-
HOI'O MOJIeJIMPOBaHUs (HAOOP HOCTYJIATOB OTINIAETCS OT MOCTYJIATOB IPOEKTHOM Jiest-
TeJIbHOCTH) MOYKHO [IPEJICTABUTH B BH/IE IPUMeHeHIsT KOMOMHAINN CTPATEernii: CTpa-
Terus aJaredpanvyeckoro MoCTpoeHus: Moesn (Korja MMeercsi THIIOBOI ajiropuTM 110-
CTPOEHUs HYZKHOI MOJeJIN), i CTPATeruy CMEHbI KOMIOHEHTOB Mosesn. [locemsas
B PACCMATPUBAEMOIl CUTYyaIUU MOYXKET PACCMATPUBATHCA KaK KOMOMHAIINY CTPATErUN
IIOCTPOEHUS MOJEIH 110 AHAJIOTUH, CTPATEr NN TOCTPOSHNUS MOJIEIH C IIOMOIIBIO CMEHDI
poJieil W MPUOPHUTETOB, CTPATETHH WTEPAIOHHO-ANTPOKCUMAIIMOHHOTO TTIOCTPOEHMSI
MO/IEJIH.

OKa3aJI0Ch, 9T0 B CJIydae, KOT/Ia He TpeOyeTCst MHCAIT, Ha HAIaIbHOM STAIe CTPa-
Terusd gpopmaan3anuu nHOOPMAIUN YIOBJIETBOPSIET MOCTYAaTaM PYTUHHON MTPOEKT-
HOiT JeaTenpHOCTH 1|, a HA JTale MOSYyIeHHsT OKOHYATETBHBIX (DOPMYIHPOBOK —
HocTrysaTaM pyTHHHOrO Mojesuposanus [2]. CiegoBarensho, oby4enue dhopmainsa-
1un HHQGOPMAIH MOXKHO CBECTH K OCBOEHHIO 00YIaeMBIME CPABHUTEIHHO HEOOJIb-
moro Habopa 6a30BbIX CTpaTEruil, TOYHEE, HAKOIJIEHHUE OIIbITa UCIOIb30BAHMS ITUX
crpareruii. [losToMy akTyanbHoil SB/IS€TCS 33/1a9a Pa3pabOTKH METOANK TAKOTrO 00y-
YeHMsl, IOCKOJIbKY 3aj1a4a (hopMasn3aliin siBJISIeTCsi OJIHON U3 OCHOBHBIX, HAIPUMED,
JIUTsl MATEMATHKA U €€ IPUMeHeHHit.

32



JIureparypa

. Menprankos FO. B., Xpunynos HU. B., Yonosraa B. C. Anrebpandeckuii moIxo/1 K CTPATErusiMm
upoekTHOH gesrensaocru // Uss. YpI'DY.—2014.—Ne 2 (53).— C. 115-123.

. Mennankos FO. B., EBgoknmona /. A., eprages E. A., Yenenckmii /1. A., Oropomos M. C.
Crparerun nocrpoenust Mogenu // Yupasienen.—2014.—Ne 3 (49).—C. 52-56.

33



ITopaakoBelii aHaIN3 U cCMe>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAaHUS:
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HEBSABKAY HEYCTONYNBOCTH TEUYEHUN
MEZKIY IIPOHUITAEMBIMU HIJINHIPAMIT!

A. B. Mopryauc (Poccus, Pocros-na-Zlony, FO®Y; Biaagukaskas, FOMI),
K. 1. Wabun (BemmkoGpuranns, Mopk; Yausepcurer Mopka)

JIBu:KeHMe BI3KOH HECXKUMAEMO#M U OJTHOPOJIHON YKUTKOCTH OIPEJIE/IIETCS CUCTe-
moit Hasre — Crokca

vi+ (v,V)v=-Vp+rvAv, divv =0,

rne v = v(x,t) — BEKTOpHOE IOJe CKOpOCTHU Kuakoctu, p = p(x,t) — masienue,
v — BA3KOCTD, (v, V) — KoBapmaHnTHas mpomssojgHaga Baoab v, A = Vdiv — rot rot.
Cucrema Hasbe — CTokca mMeer ceMeiiCTBO MJIOCKUX BPAIllaTeIbHO-CUMMETPUIHBIX
CTAIMOHAPHBIX PEITeHuit

U,(r)=prt V,(r)= Aty + Br L. (1)

re r — paccrosHue oT ocu MuAnHAPoB, U, V — pajmanpHas u asuMyTaabHAd CKO-
poctm noroka, 3 = +1, koucranter A mw B 3asucar or v, 3. 3mak [ onpezpensier
HampaBjeHne moroka. s KpaTkocTu, B ciaydae § = 1 6yaeM TOBOPUTH 00 ucmowy-
HuKe, B TTPOTUBHOM CJIy9Iae — O CMoKe.

Permternst (1) ommceIBaoOT MPOCTOE YCTAHOBUBIIIEECS] TEUEHHE B 3230P€ MEXKIY JIBY-
MsT KOAKCUAJIbHBIMU TPOHUIIAEMBIMU [IUJINHIPAME, TOPOXKIAEMOE BpAIleHeM IIAJIAH-
JIpOB, BJyBOM YKUJKOCTH Yepe3 OJUH U3 IUJINHIPOB 1 oTbopom 1depes apyroit. Coot-
BETCTBYIOIINE TPAHUYHBIE YCJIOBUS UMEIOT BHJL

é’ U‘Tzlz 1 U}Tza: B; w‘r:l,a: 0. (2)

r=1 ) r=a a a

3mech u, v, W — paguaIbHAdA, a3UMyTaJIbHAA U OCeBasg KOMIOHEHTH v, a > 1. Te-
ugenns (1) yIOBIETBOPSIIOT TPAHUYHBIM YCJIOBUSM (2) pu J0JKHOM BeiOOpe A n B.
Teuenust (1), MOIMHYHHBIE TPAHUYHBIM YCJI0BUAM (2), MMEIOT IPEJIesT Ipu ¥ — 400,
1 9TO TPEJIEIbHOE TeUeHNe UMeeT BU/I

U==4r"1, V=rpurt (3)

TJI€ Yin = 71 B CJIydae UCTOYHUKA, U Yin = Y2 B Clydae cToKa. [IpeenbHblit mepexos
or Teuenns (3) k (1) HepaBHOMEpEH BO BCeM KOable 1 < 7 < @, HO CTAHOBUTCS PaB-
HOMEPHBIM BHE CKOJIb YTOJHO TOHKOH ITOJIOCKM BOJIM3U 6vL0da MOTOKA M3 ODJIACTH.
[Tpeaenshoe Teuenne (3) mpeacrapiasier coboii pemenne ypasuenuii ditnepa njaeasn-
HOIt kugkocTu (oHM mosydatorcs w3 Hasbe — Crokca, ecn (hopMas bHO TONIOKUTH

v =0).

!PaBora BbinONHEHA B pAMKAX IIPOEKTHOM YaCTH OCYIAPCTBEHHOrO 3a1aHusi B cepe HaydHOIl
nmesitensHOCTH Ne 1.1398.2014 /K.
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B mokaze o6cy K 1aeTcs yeToianBoCTh HeBsA3Koro Tedenus (3). C 91oil mesrbo uc-
CJIEJLYeTCs JIMCKPETHBIH CIIEKTD OMepaTopa, BO3HUKAIOIIErO DY JIMHEAPU3AIMN Y DaB-
Henuit Diisepa Ha cranuoHapuoM perrennu (3). (CooTBeTCTBYIOMINE PEIeHs JTTHE-
APU30BAHHBIX YpaBHEHU Diijepa UrpaioT PoJib COOCTBEHHBIX MO/ MAJIbIX BO3MYIIIE-
uuit). Beugy cumverpun 3a1a4m, NCCIE0BAHIE YKA3AHHOTO CIIEKTPA yAETCS CBECTH
K HCCJIEIOBAHMIO Hysteil maTerpasos Jlamraca [1].

C ucrnonb3oBanneM m3BecTHOM Teopemb [loita yaaercs ycTaHOBUTE, ITO HEYCTO-
gnBag (pacTyinas npu ¢t — +00) Moja 06sg3aTelbHO HeocecumMerpuaHa. Heycroii-
YUBbIE MOJbI CYINECTBYIOT IPU .TIIO6OM 3HAQYEHUU a = T2/T1  BOSHUKAET IIPpU JO0CTa-
TOYHO GOJIBINUX BEJTUIUHAX Yip. [IPH 9TOM B IIHPOKOM JHAMA30HE TOJIIIH 3a30POB U
OCEBBIX BOJIHOBBIX YHCEJI HepBOﬁ AQCTa6HﬂH3preTCH IIJIOCKad HEOCeCMMMETPUYIHAA
MOJIA.

[TojpobrocTr 1 cebuiku cM. B [2—4].
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KILLING FIELDS OF CONSTANT LENGTH
ON HOMOGENEOUS RIEMANNIAN MANIFOLDS

Yu. G. Nikonorov
(Russia, Vladikavkaz; SMI)

In this talk we present some structural results on the Lie algebras of transitive
isometry groups of a general compact homogenous Riemannian manifold with
nontrivial Killing vector fields of constant length, see [1].

Let us consider any Lie group G acted on the Riemannian manifold (M, g) by
isometries. The action of a on x € M we denote by a(x). We will identify the Lie
algebra g of G with the corresponded Lie algebra of Killing vector field on (M, g)
as follows. For any U € g we consider a one-parameter group exp(tU) C G of
isometries of (M, g) and define a Killing vector field U by a usual formula U(x) =
4 exp(tU) (@) i—o.

Let (M,g) be a compact connected Riemannian manifold, G is a transitive
isometry group of (M, g). We identify elements of the Lie algebra g of G with Killing
vector fields on (M, g) as above. Since G is compact, then we have a decomposition
g=cPg1DPga®---D g, where ¢ is the center and g;, 2 = 1,..., k, are simple ideals
in g.

We are going to state the main results of this paper, that are formulated under
the above assumptions and notations.

Theorem 1. Let Z = Zog+ Z1 + Z2 + --- + Z; € g be a Killing vector field of
constant length on (M, g), where 1 <1<k, Zy ¢, Z; € giand Z; # 0 for 1 <i <.
Then the following statements hold:

1) For every i # j, 1 <i,j < I, we have g(gi,9;) = 0 at every point of M. In
particular, g(Z;,9;) = 0 and g(Z;, Z;) = 0.

2) Every Killing field of the type Zo + Z;, 1 < i <1, has constant length.

Conversely, if for every i, 1 < ¢ < [, the Killing field Zg + Z; has constant length,
and for every i # j, 1 < i,j < I, the equality g(g;,9;) = 0 holds, then the Killing
field Z = Zy+ Z1 + Zy + - - - + Z; has constant length on (M, g).

Corollary 1. If (under the assumptions of Theorem 1) we have ¢ =0 and k =,
then every g;, 1 < i < k, is a parallel distribution on (M, g). Moreover, if (M, g) is
simply connected, then it is a direct metric product of k Riemannian manifolds.

Theorem 1 allows to restrict our attention on Killing vector fields of constant
length of the following special type: Z = Zy + Z;, where Zj is in the center ¢ of g
and Z; is in the simple ideal g; in g. Without loss of generality we will assume that
1=1.

Theorem 2. Let Z = Zy+ Z; € g be a Killing vector fields of constant length on
(M, g), where Zy € ¢, Z1 € g1 and Z1 # 0, and let ¢ be the centralizer of Z (and Z)
in g1. Then either any X € g; is a Killing field of constant length on (M, g), or the
pair (g1, ) is one of the following irreducible Hermitian symmetric pair:
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1) (su(p +q), su(p) ® su(q) ®R), p = ¢ > 1;
2) (so(2n), su(n) ®R), n > 5;
3) (so(p +2),s0(p) BR), p = 5;
4) (sp(n),su(n) ®R), n > 2;
In the latter four cases the center of £ is a one-dimensional Lie algebra spanned by
the vector Z.

If a Killing field of constant length Z = Zy + Z; satisfy to one of the cases 1)—4)
in Theorem 2, we will say that it has Hermitian type. Recall that an element U € g
is regular in g, if its centralizer has minimal dimension among all the elements of g.
For Z of Hermitian type, Z; is not a regular element in g1, since £ is not commutative
in the cases 1)—4) of Theorem 2. Hence, we get

Corollary 2. If Z; is a regular element in the Lie algebra g, (under the assump-
tions of Theorem 2), then every X € g1 is a Killing vector field of constant length
on (M,g).

Moreover, the following result holds.

Theorem 3. If Z = Zyg+ Z1+ - - -+ Z}, is a regular element of g and has constant
length on (M, g), then the following assertions hold:

1) g(gi,95) =0 for every i # j,4,j = 1,...,k, at every point of M;

2) 9(Zo,9:) =0 for every i = 1,...,k, at every point of M;

3) every X € g5, where gs = g1 @ - - - @ g is a semisimple part of g, has constant
length on (M, g).

Moreover, if M is simply connected, then Zy = 0 and (M, g) is a direct metric
product of (G, i), 1 < i < k, where G; is a connected and simply connected compact
simple Lie group with the Lie algebra g; and p; is a bi-invariant Riemannian metric
on (.
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MO/JIEJIM UHTEPIIOJIAINN ®MHAHCOBBIX (B, S)-PBIHKOB!

. B. Ilasnos (Poccusi, Pocros-na-/lony; PI'CY)

Hacrosimuii 1oK1a/1 MOCBAIIEH XaapOBCKUM UHTEpHOIsusaM dhuHancoBbix (B,S)-
PBIHKOB C JIMCKPETHBIM BPEMEHEM, ONPEJEJECHHBIX HA KOHEYHBIX WMJIM CUETHBIX Be-
POSITHOCTHBIX POCTpAaHCTBaX. I[Ipu 9TOM Jijisi IPOCTOTHI MBI CYATAEM, YTO Ha Pac-
CMaTPUBAEMbBIX PBIHKAX TOPIYIOTCA aKIMW OJHOIO THIA, a CAMU PHIHKM Oe3apOuT-
PaXKHbI (OTHOCHTEILHO UHTEPIOJIANIN apOUTPazKHBIX PHIHKOB CM., HaIpumep, pabo-
1y [1]). Hesnbto narepnosmposanus sBjsiercs npeodpazosanue (paclMpeHne) HeroJl-
HeIX (B, S)-pBIHKOB B MOJHBIE. DTa MPOIELYyPa NPUBOJUT K BO3MOKHOCTH CTPOUTH
COBEDINIEHHbIE XKW W3HAYAIBHO 33/IAHHBIX (B MCXOJHBIX HETOJHBIX PBIHKAX) TIPO-
U3BOJIBHBIX TIATEXKHBIX 00A3aTeNbCTB (BCe HEOOXOmuMbIe Onpejenenuss u (hakTh,
CBA3AHHBIE ¢ (DYHIAMEHTATHHBIMU TOHATUSIME TEOPUH apOUTpazka M TEOPUH pacde-
TOB B CTOXAaCTHYECKUX (DUHAHCOBBIX MO/IE/IsAX, MOKHO Haiitu B [2]).

Pesyabrar ymoMsiHyTOTO BBIIIIE HHTEPIIOJUPOBAHUS 3aBUCUT OT MOJETHUPOBAHKS
uHTEpnoAupyomux guibrpanuii. B nacrosmem goxsiaie OyayT MCIOIB30BAHBI Xa-
ApPOBCKUE U CIelUaIbHble XaapOBCKIe HHTEPIIONUPYIOye (pUuabTparuu. DT WHTep-
nosmpyfoime dbuabrpanuu MoryT ObTh ciydaiiabivMu (CM., Haupumep, [3]), HO Mbl
OCTaBJ/IsIeM TAaKOrO pOJla PACCMOTPEHHs B CTOpoHe. EC/u MCXO0IHOE BEpOSITHOCTHOE
MPOCTPAHCTBO KOHEYHO, TO MHTEPIOJAIMOHHBIE TEOPUH JJI YKA3aHHBIX BBIIIE WH-
Tepriosmpytomux uabTpaiyit Becbma 6snsku (cMm., Hanpumep, [4]). Ecan xe sro
MIPOCTPAHCTBO CYETHO, TO CUTYAIIUs 3HAYUTEHHO YCAOKHAETCs. JIUIb B OCIe/IHee
BpPEMsl YJIa/I0Ch TIOJIy9IHUTh JOCTATOYHbIE YCIOBHUsS Ha cyeTHO3HauHbIE (B, S)-phiHKy,
JIOIYCKAOIIHe BOZMOKHOCTD HHTEPIIOJUPOBAHUS C MOMOIIBIO CHENUATBHBIX XaapOB-
ckux dbuabrpanumit (cm. [5, 6]). Cocem HemapHO ObL1 0Ly YeH pe3ysibrar (cM. [7], mo-
npobuoe uzsoxkenue Boiier B 2015 1. B :xypHase «Teopust BeposiTHOCTE U ee Tpu-
MEHEHUsST» ), YTBEPKJAAOMHUI, 9T0 TaKOe MHTEPIIOJUPOBAHNE BO3MOXKHO, €cau (npu
BBITIOJTHEHU T HEKOTOPBIX MIPOCTBIX HEOOXOMIUMBIX YCIOBHUIT) TUCKOHTHPOBAHHbBIE I[€HBI
AKIIMU UCXOHOTO CUETHO3HAYHOIO (B, S)-pbIHKA BHIPAKAIOTCS PAIMOHAIBLHBIMU YU~
JaMu (P yCJIOBUH, 9TO HA KaXK/OH BETBH JIePEBA, MOPOKIAMOIIEr0 (DUIBTPAIIHIO,
UMeeTCsl JIUIIb KOHEUHOe UUCI0 PAa3INudHBIX IeH). B Hactogmem gokaaze 6ymzer o6-
Cy’KJeHa BO3MOKHOCTH WHTEPIOIUPOBAHNUS 63 TTPeIITOI0KEHN 0 KOHETHOCTH INCTa
PA3IMYHBLIX [I€H HA BETBSAX JIepeBa.

OCHOBHBIM TEXHWYIECKUM CPEIACTBOM, UCIOJB3YEeMBIM IS TIOCTPOECHUST CIIEIAAIb-
HBIX XaaPOBCKUX UHTEPIIOJIAINN, SIBJISIFOTCI MapTUHTAIbHBIE Mephbl ucxozuoro (B, S)-
PBIHKA, YAOBIETBOPSIONIE HEKOTOPOMY WHTEPHOIAINOHHOMY CBOWCTBY — OCIa0/1eH-
HOMY CBOWCTBY YHUBEDCAJBHON XaapOBCKOIl €JIMHCTBEHHOCTH (WJIM, 9TO TO YK€ Ca-
MOE,9MCTO AHATUTHIECKOMY YCJIOBUIO — OCIa0JIEHHOMY YCJIOBUIO HECOBIA/eHus Oa-
putieaTpoB). [Ipu 9ToM Jij1s1 HAXOXKIeHNsT TAKUX Mep HYKHO DelaTh CreruuiecKue

1PaBora Bbinonnena npu dbunancosoit noguepxke Poccniickoro Gonga dbyHjaMenTa b HbIX Ue-
ciemoBanmit, mpoekT Ne 13-01-00637a.
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CUCTeMBl OECKOHEYHOI'O YHCJIa [TePEMEHHBIX, COCTOSINNE U3 CYETHOIO YUCTa JITHEH-
HbIX HEPaBEHCTB.

OrMernM, 9TO K HACTOSAIIEMY MOMEHTY He HMeeTCs HH OJHOIO JIOCTATOYHOI'O
yCJI0Bug Ha cueTHo3HauHbll (B, S)-phlHOK, KOTOPOE 06ecednBaio Obl BO3MOKHOCTD
MHTEPITOJINPOBAHNS B KJIacce ODINX XaapPOBCKNX (DUIBLTPAIINIA.
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IIOPSIJIKOBBIE CBOIMICTBA OPTOI'OHAJIBHO
AJIUTUBHBIX OITEPATOPOB

M. A. Ilanes
(Poccust, Biagukaskasz; KOMI )

BBenenue

OpToroHabHO aJIMTUBHBIE ONEPATOPbl B BEKTOPHBIX pelierkax u 6GoJee 00-
XX PENETOYHO-HOPMUPOBAHHBIX ITPOCTPAHCTBAX, BBEJIEHHbIE TIEPBOHAYAJILHO B pa-
6ore |1], B HACTOsIIIIEE BpeMs aKTUBHO u3y4aioTcs |2-7|. B qokmame Oymer mam 0630p
HEKOTOPBIX, HEJIABHO MOJIyYEHHbBIX, PE3YJIHTATOB.

IlpeanBapuTeibHbIE CBEJIEHUSA

Bce HeobxomMble CBEIEHNST 0 BEKTOPHBIX PEIIETKAX W PENeTOYHO-HOPMUPOBAH-
HBIX [POCTPAaHCTBaX MOXKHO Haiitn B MoHorpadun [8]. Ilycrs (V,E) u (W, F) —
peIeToYHo-HOpMupoBanuble mpocrpancTea. Ouneparop 1 : V' — W masbiBaercsd op-
mozonaavho addumuenvim, eciu T'(u + v) = Tu + Tv ans nobbix u,v € V, ulw.
Oproronanbao agauTuBHBIN omeparop 1’ : V. — W Ha3bIBaeTCSI MAACOPUPYEMBIM
onepamopom Ypuicona, ecan cymecrsyer S € USY(E, F) rtaxoit, uro [Tv| < S|v|
utst tro6oro v € V. B aToM citydae roBopsT, 9To S siBJsiercst magtcoparmoti st T
MHuoxkecTBO Beex MazkopanT onepatopa T obozuagaercs vepes Domin(T'). Hanvens-
mmit saeMenT Bo MHOKecTBe Domin(7’) 0THOCHTENBHO MOPSIIKA, WHIYIIMPOBAHHOTO
w3 U (E, F'), nazBaercs mounoti maswcoparnmoti T u obosmataercs depes |T'|. Muo-
JKECTBO BCEX MAXKOPUPYEMBIX 0meparopoB Ypwicona u3 V B W obozunagaercs uepe3
Dy(V,W).

[Tycrs (V, E) — pemeTo4no-H0pMUPOBAHHOE TPOCTPAHCTBO 1 F' — 6aHaxoBo mpo-
crpancTBo. OproronasbHo aanuTuBHbIN onepatop 1': V' — F' HazbiBaeTcd

o C-xomnaxmnvim, ecim muoxecrso 1T'(F,) npeaxomnaktao B F s 11060ro
veV.

e y3xuMm, ecan g Jooeix v € V u € > 0 cymiecrByer pasbuenue v Ha JU3b-
IOHKTHBIE OCKOJIKM V1 U U2 Takue, 90 ||[Tv; — Tva|| < €.

3neck gepes3 F, 0603HATAETCS MHOXKECTBO BCEX OCKOJIKOB DJIEMEHTA V.

HexkoTopble pe3ynabTaThl

Teopema 1. Ilycrs (V,E) — pasznoxumoe penieroyHo-HOPMHPOBAHHOE IIPO-
crparcrBo, F' — 6amaxoBa pelrerka ¢ HDOPSAKOBO HeIpepbIBHOH HopMmon m T €
Dy(V,F). Ecin T — C-komnarablii onepaTop, TO TAKOBBIM SBJIS€TCS H €10 TOYHAS
maskopanta |T'|.
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Teopema 2. Ilycrs (V, E) — npocrpancrso Banaxa — KamToposuda Hajz 6e3-
aTOMHOH HOPsIIKOBO IOJIHOH BEeKTOPHOI pemierkoii X m I' — mexoropoe MHOKECTBO.
Ilycre X = X(I') — 6anaxosa pererka uja co(I') mmn ,(I'), rne 1 < p < oo. Torzna
KaXKJIbIH JIATePaIbHO-II0-HOPME HENPEPBIBHBIE Ma>KOPHPYEMBIH o11epaTop Y PhICOHA
T:V — X gaBiasercsd y3KuMm.
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MATEMATNYECKOE OIIMCAHNE TPAHCIIOPTHBIX IIOTOKOB
" KOMIIBIOTEPHOE MOZAEJINPOBAHUE

A. B. ITopopora (Poccus, Mocksa; MI'Y),
. B. Tuxonos (Poccusi, Mocksa; MI'VY)

KaK M3BECTHO, B TEOPHUN TPAHCIIOPTHBIX ITOTOKOB BO3HUKAIOT 3a/Jga49u, IIpeacTaB-
JISTIOIIEe WHTEPeC ¢ TOYKW 3peHusi MareMarndeckoil ¢dusuku (cm. [1]). IIpu ompe-
JIEJICHHBIX yCJOBUSX TPAHCIOPTHBIN MOTOK MOYKHO TPAKTOBATH KAK CHEluUIecKuii
[IOTOK CILIONIHOf CPeJIbl CO CTAHAAPTHBIMU XapaKTePUCTUKAMU

p=p(z,t), v=uv(zt), g=q(=,1). (1)

Baecs p(z,t) u v(x,t) — MWIOTHOCTH M CKOPOCTH TPAHCIOPTHOIO MOTOKA B TOYKE T
B MOMEHT Bpemenn ¢, a ¢(x,t) — MHTEHCUBHOCTH MOTOKA, COOTBETCTRBYIOIAS YCPE/I-
HEHHOMY YHCJIy aBTOMOOWJIEl, MPOXOJAIINX Yepe3 TOUYKY & B MOMEHT BpeMeHu t.
Benmuunbr (1) ¢Bs3aHBI COOTHOIEHUSIMM, HAMOMUHAIONINMY YPABHEHUST HEPA3PHIG-
HoCU, JBUICENUA T COCMOANUL W3 MEXAHWKN CILIOMHBIX cpel. Ocobo Bblmemm
CBA3ZH

v = V(,O), 0 < p < Pmax; (2)
¢ MOHOTOHHO yObIBatomen (Hesospacraromeit) dyuxuueit V(p) n

¢=Q(p); 0<p< pmax; 3)
rne Q(p) = pV(p) — Pyndamenmanvras Jduazpamma JTOPOKHOTO JIBUKEHHUS.

B nmokmaze 6yayT o6Cy:KIAThLCS 3a/a49d, CBA3AHHBIC ¢ BOCCTAHOBJICHUEM 3aBHCHMO-
creit (2), (3) cpeacTBaMu KOMIIBIOTEPHOTO MOZEIUPOBAHUS. [IPEI0KEHHBII TTOXOT
UMHUTHPYeT IMOTOK aBTOMOOWIEN B BUJE MHIWBHUIYAJIbHBIX 0OLEKTOB — TPAHCIOPT-
HBIX CPEJICTB, PACHIOJI0KEHHBIX Ha 0/{HOIOJI0CHOI aToj0pore. CrenuanbHblit nHTEpEC
IPEICTABIACT CIydail KOJBIEBOH aBTOZOPOTH, KOTOPEI MO3BO/ISET CO3JaBATh ABTO-
HOMHBIE TPAHCIIOPTHBIE CUCTeMbI, JBUXKYIIMeCs UCKIIOUUTEILHO 10 CBOUM BHYTPEH-
HUM npasmiaM. KOMIOBIOTepHOE MOIeINpOBaHHEe JAeT BO3MOXKHOCTHL CHCTEMHO U3Y-
YyaTh LEJblil Psjl XapaKTepHblX gpjeHunii. OTMeTrM, B 4aCTHOCTH, CJeLYIONIe TeMbl
IPOBEICHHBIX UCC/ICI0BAHMIA.

1. CBsa3bp MAKpPOCKOIMYECKHX 3aKOHOB (1), (2) ¢ MHKPOCKOIMYECKUMH MapaMeT-
paMu MHAUBUIYAJIBbHBIX 06']:)eKTOB TPAHCIIOPTHOTO IIOTOKA.

2. Harngmguas peasm3aiiust mMareMaTudeckKuxX 3(M@EeKToB, TUKTYEMbIX Teopuei
KBa3WJINHEHHBIX nud epenimaabubIX ypaBHeHui (CHIbHbIE PA3PBIBBI PEIeH i, CO-
ornomenne ['oroano, Gudypkanum pemennii u T. 1.).

3. BosHukHOBEHME DPEryJIsapHBIX yIIoTHeHud moroka (traffic jams), ycroiiunso
JBUKYIINAXCS KaK €TMHOe TIETTOe.

Muorue u3 06CyK/1a€MbIX sIBJEHUN YCTaHABIUBAJINCH paHEE U3 JAPYrux coobpa-
xernii (cm. |1-8]).
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ON SPACES DERIVABLE FROM A SOLID SEQUENCE SPACE
AND A NON-NEGATIVE LOWER TRIANGULAR MATRIX

F. Polat
(Turkey, Cankiri; Cankiri Karatekin University)

The scalar field will be either the real or complex numbers. Suppose that A is a
solid sequence space over the scalar field and A is an infinite lower triangular matrix
with non-negative entries and positive entries on the main diagonal such that each
of its columns is in . For each positive integer k, the k* predecessor of A with
respect to A is the solid vector space of scalar sequences x such that A¥|z| is an
element of A\. We denote this space by Ay and X itself will be denoted by Ay . Under
reasonable assumptions, these spaces inherit some topological properties from A. We
are interested in a projective limit of the infinite product of the Ay consisting of
sequences of sequences () satisfying Az = 2(*=1 for each k > 0. We show that
for interesting classes of situations including the cases when A = [, for some p > 1
and A is the Cesaro matrix, the space of our interest can be non-trivial.
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IPNJIOXKEHNS OIIEPATOPOB ITPEOBPA3OBAHIA
BYIIMAHA — BPJENN

C. M. Cursuk
(Poccun, Bopone:k; BII MB/T)

Teopus omepaTopoB mpeodpPa30BaHUs COCTABJIAET CAMOCTOSATE/IbHBIN Pa3/Ies Co-
BPEMEHHOI MaTeMaTUKu, UMEIOIMIA MHOrOYnCAeHHble npusoxkenus [1-4]|. Baxubim
KJIACCOM OIIEPATOPOB IIPE0OPA3OBAHUS fABJIAIOTCA ONEPATOPLI Bymivmana — Dpueiin.
Hazsanme «omeparopsr Bymvana — Dpeiiny Ob1I0 TPEII0KEHO aBTOPOM, B ITOCJIE/I-
Hee BPeMs OHO CTAJIO ODIIETTPUHSITHIM.

Nzyuenune paspemuMocTd U 0OpaATUMOCTU JAHHBIX OMEPATOPOB OBLIO HAYATO B
1960-x rr. B paborax P. Bymvana u A. Dpueitu. Oneparopsr Bymmvana—dpeiin
Win WX aHAJOrW m3ydasuch Takxke B paborax T. P. Higgins, Ta Li, E. R. Love,
G. M. Habibullah, K. N. Srivastava, luas Xoaur Aus, B. . Cymuprosa, H. A. Bup-
genko, . @emorosoit, A. A. Kunbaca, b. Pybuna, O. B. CKopoMHEK u psifie Ipyrux
pabort. Ilpu srom m3yvaauch 3a7a49u O PEIIeHNN WHTErPAJIbHBIX YPaBHEHUI C dTUMU
omeparopamu, ux ¢pakropusanuu u obparenus |5].

Baxkuocts oneparopoB Bymvana — Dpjeiin B0 MHOroM 00yCJIOB/IEHA UX MHO-
rouncaeHHbIME npuaoxkennsvu [6-10|. Hampumep, oHr BCTpeYaroTcst B CJIEIyONITX
BOIIPOCAaX TEOPUU YPABHEHUI C YaCTHBIMU TPOU3BOIHBIMU: TIPU peIeHnn 3a1a4uu Jlu-
puxJie 1ist ypasHerust ditnepa — [lyaccona — lapOy B ueTBepTH MIOCKOCTH W yCTa-
HOBJIEHUU COOTHOIITEHUN MEXKy 3HAUEHUSIMU peIlennii ypaBHenus Jittepa — Ilyac-
cona — Jlapby Ha MHOr006pa3My HAYAJIBHBIX TAHHBIX U XAPAKTEPUCTUKE, TEOPUU
npeobpazoBanus Pajona, Tak Kak B CuIy pe3ysibTaroB JliojBura geiicTBue mpeobpa-
zoBanus Pajona npu passoxkenun 1m0 cHepuuecKuM rapMOHUKAM CBOIWTCH KaK Pa3
K ormeparopam bymiMana — Dpjeitn mo pauajbHO MEPEMEHHON, MPU UCCJIEI0Ba-
HUN KPaA€BbIX 3a/a4 JAJId Pa3JIMYHbIX ypaBHeHI/Iﬁ C CyLIeCTBEHHbIMU OCO6eHHOCT§IMI/I.
AsTopom 661710 BriepBbIe moKa3aHo |8, aTo oneparopsl Bymivana — Dp/eiin sBIgiOT-
¢t orieparopamMu npeobpazoBanus jist JuddepeHnraibHOrO BhipaxkeHus beccesist u
W3yYeHbl WX CIEINAIbHBIE CBONCTBA NMMEHHO KaK OIepaTOpPOB mMpeodpa3oBaHMsI.

B moxmajze paccMaTpuBaroTCs TPUIOKEHUST OMEpATOpOB mpeobpazoBanus byi-
MaHa — DpJeiin pa3nIHbIX KJIACCOB K BJOX)ennio npocrpatucts 1. A. Kunpusinosa
B BecoBbie mpoctpancTBa C. JI. Cobosnesa, dhopMynam Jjisd perieHnii ypaBHEHUI ¢
JaCTHBIMHU MPOU3BOIHBIME C orepaTopamu Beccess, ypaBaenusim Ditaepa — Ilyac-
cona — /[lap6y, Br/iodas jgemmy KorcoHa, IOCTPOEHUIO OMEPATOPOB 000OIIEHHOTO
casura, oneparopam Jlyrksa, npeobpazosanuio Pajiona, mocTpoeHnto 0000IEeHHBIX
cepuyueckux rapMOHUK U B-rapMOHUYECKUX MOJIMHOMOB, & TAKXKe JO0KA3aTETbCTBY
YHUTAPHOCTH B mpocTpancrse Jlebera 00600menuit KiaccudaecKux omeparopos Xap-
nu. Ilpusesen o630p pesyabraroB B. B. KarpaxoBa 1mo mpujokeHuio omnepaTopoB
npeobpaszoBanusi Byrimana — Dpeiin K HOCTPOEHUIO HOBOIO KJAcCa IICEeBH0aud-
depeHIImaIbHBIX OMEPATOPOR W M3YYEHWIO BBEIEHHOTO UM KJIACCa KPAEBBIX 33Ja4 C
K-cnenom ¢ cymecTBeHHBIMU OCOOEHHOCTSIMU B PENTEHUSX.
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ASYMPTOTIC BEHAVIOR OF SOLUTIONS
OF DOUBLY NONLINEAR PARABOLIC SYSTEMS

A. F. Tedeev
(Russia, Vladikavkaz; SMI)

In this report we deal with a class of degenerate/singular quasilinear parabolic
systems. We study a Cauchy problem in RY with an initial datum in L;. Sharp
L1 — L estimates are proved. In the degenerate case, assuming that the initial datum
has compact support, we prove the optimal speed of propagation of the support.

This is joint work with professor Vincenzo Vespri.
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CIIEIIMAJIBHBIE (CMEITAHHBIE) PAIBI T10 KJTACCUYECKUM
I[TOJINHOMAM JIAT'EPPA 1 HEKOTOPBIE X ITPUJIOZKEHU A

. . llTapanyauHOB
(Poccus, Brannkaskas; FOMI)

B macrosmmeit pabore pacCMOTPEHBI HEKOTOPBIE CIIENHAJIbHBIE PAIBI IO KJIACCH-
JecknM moamHOMaM Jlareppa

1

«@ _ —a t n+a —t (n)

Ln(t)fﬁt e {trree (1)
KOTOpBhIe HEIMOCPEICTBEHHO BOZHUKAIOT TIPH PeIeHnn 3aaa9u Kot [1j1st OOBIKHOBEH-
Horo JudHepeHnnaabHOr0 ypaBHEHN Iy TeM MPe/ICTABIeHUs HAUBBICIIIEH TTPOU3BO/I-
HOM €ero pelleHusd, BCTpedalonieiica B pacCMaTpuBaeMOM yPaBHEHUU, B BU/E PA/La 110

ykasauubM nosimaoMam Jlareppa LS (t) ¢ a = 0. Crnenuasibabliil (CMeIIaHHbIil) ps,
0 KOTOPOM MJIET peydb, UMeeT BU/L

olt) = P +1 3 e @

e

bR () )
Pr_l(t) _ Z T l'(o) I
=0
— nojimaoM Teittopa. OTMmeTnm cpazy, 9To psji, GpUrypupyroIiuii B paBoii 4acTu pa-
BercTBa (2), He apmsiercs psigom Pypre — Jlareppa. O uMeer cMemanubiii xapakTep
B TOM CMBIC/Ie, 9TO KO3 DUImenTs! Ty — 370 Koaddurmenter Pypre — Jlareppa
npoussomoit (") (t) no mommmomam Jlareppa Ly (t) = L{(t), koTopsie ymuO)ai0T-

ca Ha dyukiun Jlareppa Bujga G +1()t) Kpowme Toro, B mpaBoii yactu paBeHcrsa (2)

dburypupyer nonunom Teitnopa Pr_1(t). B 10 ke BpeMs dacTHYHAs CyMMa CII€IH-
AJBHOIO psiyia (2) Buja

Ln(t) = Lp(z,t) = Proa(t) + 1 nz_r Tr Ly (1) 3)

IIpeICTaBIsIeT COOO0i MPOEKTOP HA TOJIPOCTPAHCTBO BCEX aJreOpamdecKuX IOJIMHO-
MOB ¢(x) crereHn He BBIIIE N, T. €.

£,(q,t) = q(t). (4)

B camowm jnene, dynknus
q(t) = Pr—1(g,t)
t?"

rn(t) =

48



IIpeJIcTaB/IsieT coboil ajrebpanvyecKnii MOJUHOM CTEIeHU He BBIIIE N — T, TIO3TOMY B
Pa3I0KEeHnT

q(t) = Pra(g,t +trzqk+1

K03bduIuenTs! ¢, ¢ k > n —r + 1 obpamaiorcs B HyJIb, U CI€J10BATEIHHO,
n—r ~
r q”" kL t
q(t) = Pr—1(q,t +t
(t) : ®rD),
U TE€M CaMbIM CIPABE/IMBOCTL PaBeHCTBa (4) ycTaHOB/IEHA.

B cBsa3u ¢ npecraBienneM (2) BOBHUKAET 3a7a4da 00 OIEHKE IIOTPEITHOCTH 3aMe-
ubl byuxiun z(t) ee npubauzkennbiv 3nadenunem £, (z,t). JIpyrumu ciosamu, BO3-
HUKaeT 3aJa49a 00 MCCIeJOBAHNN alMTPOKCUMATHBHBIX CBOMCTE M YaCTUIHBIX CYyMM
L (z,t) cnermuanbroro psia (2). B mactosimeit paboTe BBeI€HbI HOBBIE CIIEIUATbHBIE
PsABI IO TOJIMHOMAaM Jlareppa, 9acTHBIM CJIyvaeM KOTOPBIX SBJISIIOTCA PAabl (2), n
HCCJIeIOBAHBI AIPOKCHMATUBHBIE CBOMCTBA UX YACTUIHBIX CYMM.
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NHTEPHOJJIAINOHHBIE CBOIICTBA
KBABMHOPMAJIBHBIX ITPOCTPAHCTB

M. A. Ilybapun
(Poccus, Pocros-ua-/lony; FODY)

1. B jok/1aje mpeanosaraeTcst pacCMOTPEHNE CBA3M MEYKJy HEKOTOPBIME KJIac-
CaMU JIOKAJbHO BBIMYKJIBIX IPOCTPAHCTB (001 af0MuX CBORCTBAMY THUIIA HOPMAJIb-
HOCTI/I) 1 MHTEPHOJIAINOHHBIMA METOJaMM.

IIycrs £ — J0KaJbHO BBILYKJIO€ MPOCTPAHCTBO; (| - |p)pep — HAbGOp HOPM, 3a-
patomuit ronostoruto B E; U, := {x € E : |z|, < 1}. Kpome roro, nycrs B(X) —
MHOKECTBO OTPAHMYEHHBIX IOJMHOXKECTB B X .

[Ipocrparcreo X HasbiBaioT |1| KBA3MHOPMAIBHBIM, €CJIH

(Vpoe P)(3pe P)(Ve >0) (3B € B(X)) (Up C B+ Uy).
[IpocrpancTBo X HA3BIBAIOT [2] ACUMITOTUYECKN HOPMAJIbHBIM, €CJIN

(Fpoe P)(Vpe P)(3pr € P) (Ve >0)(FA >0) (Va € E) (Jz|p < Alz|p, + €lzlp,)

2. PaccmarpuBaemble B JIOKJIa/Ie UHTEPIIOJISAIMOHHBIE CBOUCTBA (POPMYJIUPYIOTCS
B repmunax 0606umennbix aberpakrabix npocrpancrs Jlopenna Ag () n Mapunke-
Buaa Mg ,(+), rne & — xapakrepucrudeckast pyHKINS HHTEPIOISAINOHHOTO (DyHK-
topa. B wactroM ciydae (s p = 1) aberpakrasle npocrpancta Ag 1(-) 1 Mg 1(+)
ObL BBEJEHBI B [3].

[Iycts F' — HOpMAaIN30BaHHBIN HHTEPIIOIAIMOHHBIH (DYHKTOD, 33/ IaHHBII Ha MHO-
)kecrBe ogHomepHbix nap [foR, 11 R]. Orobpaxenne ¢ : (tg,t1) — F(toR,1R) na-
3BIBAIOT XAPAKTEPUCTUIECKON (DYHKIHEN WHTEPHOIAIMOHHOrO (hbyHKTOpa (B Ja/Ib-
Heiiniem nog00HbIe byHKIMM OygeM Ha3blBaTh Xapakrepucrumdeckumu). B o630pe
B. . OBunnHUKOBa |5| COMEPKUTCA aHAIN3 CBONCTB XapaKTEPUCTUIECKUX (DyHK-

uii.

[IPUMEP. Ilycts ¢ : Ry — R4 — HempepbiBHAsA, Bo3pacTaromniasa MyHKINI TaKasd,
aro p(+0) = 0, p(+00) = +oo. Torpa byukuus

. 1
\I/go(tg,tl) = %I;E <g0(t)t0 + n t1> , to>0,t >0.

SIBJISIETCS COOTBETCTBEHHO XapaKTePUCTHIECKOI.

IIycts ® — xapakTepucTuueckas bynkmua u X = [Xo, X1| — HHTepIOIAIHOHHAS
mapa 0AHAXOBBIX MMPOCTPAHCTB.

Ipocrpamcteo Ag ,(X) = Ag (X0, X1) cocrour us tex x € X+ X1, A/1st KoTo-
PBIX KOHeYHA HOpMa || - Hép,

+00 1/p
|| : ||£,p := inf ( Z (I)p(kaHO? |ka1)> 5

k=—o00
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rJle TOYHAs HUXKHSS TpaHb 6epercs 10 MHOYKECTBY Pa3JjIOyKeHUit

+00
xr = Z rE, xp € XoNXjy.
k=—oc0

[IpocrpancrBo Mg ,(X) = Mg p(Xo, X1) cocrour u3z Bcex z € Xog + X1, s
KOTOPBIX KOHEeYHa HOpMa || - Hfl\fp,

+o0 1/p
/ [K(tﬂ?,Xo,Xl)]p de*(t) 1 <p<oo
Mo (1) (1) T ’
([, =
sup [K(to,tl,UC,Xo,Xl)] = oo
[ t0>0,£1>0 *(to,t1)

3. [osyuennbie pe3yabrarTbl NO3BOJSIOT CHOPMYIMPOBATH JOCTATOYHOE YCJIOBUE
cymiecTBoBaHusa 6a3mca B mpocTpancTBe Pperre. ITu ycaoBus pOPMYIUPYIOTCT B
TEPMUHAX IPOCTPAHCTBeHHBIX naeanos (DNg) u (£0p), B KOTOPEIX @ = (p¢) — ce-
MeficTBO, cocrosimee n3 Bozpacraomnx dynkmmit ¢ : R — R. B [2-4] anamorunsie
KJTACCH PACCMATPUBAHACEH TOJBKO I OJHO3JIEMEHTHBIX CEMEHCTB .
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KJTACCUYECKUE OIIEPATOPHI
B BECOBBIX ITPOCTPAHCTBAX I'OJIOMOP®HBIX ®YHKIINIT!

A. B. A6auun (Poccus, Pocros-na-/Jony, FODV; Brasukaskas, KOMI),
®am Your Tuen (Boernam, Xanoii; XaHoicKuii yHIBEPCUTET HAYKH)

B moksage Oymer mpeacTaBiieH HOBBIN IIOIXOM K M3YUEHHIO KJIACCHIECKHX OIle-
paropos (juddepernuposannsi, MHTErPUPOBAHUA U JIP.) B BECOBBIX IPOCTPAHCTBAX
rosoMopdHBIX (DYHKINI, OCHOBAHHBII HA WCIOJb30BAHIN KAHOHUIECKUX BeCOB [1].
OH 1mo3BOJIIET TTPOBOUTH UCC/IEI0BaHUS B Cydae 00JiacTeil U BeCOB 00IIEero Buja,
B TO BpEMsI KaK IIPEXKHIE METObI |2] 6bLIN MPUTOAHBI TOJIBKO JJIs KPyTa, U BCEil II10C-
KOCTU 1 PpaJraJIbHbIX BECOB. BO.Hee TOro, 3a C4€T Pa3dBUTbIX METOA0B 1 ITOJIyYEeHHBIX
C WX TIOMOIIBIO PE3YIBTATOR ODIIETO XapaKTepa MOJHOCTHIO OMUCAH KJIACC PaJnaib-
HBIX BECOB, J/IsT KOTOPBIX COOTBETCTBYIONINI ONMEpATOp HEMPEPBLIBHO IEHCTBYET W3
OJTHOTO BECOBOT'O MPOCTPAHCTBA B Apyroe. IIomyTHO yCTAHOBJIEHBI HOBBIE OMMCAHUS
HEKOTOPBIX KJIACCOB PAINAIbHBIX BECOB, HCIOIL3YEMBIX B PEIICHUH PsIIa 330ad TEO-
PHHU BECOBBIX HPOCTPAHCTB rosioMopdHBIX dyHKIumil [3].

Jlureparypa
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AIIIIPOKCUMATHUBHBIE CBOIMCTBA JUCKPETHBIX
CYMM ®YPBE /151 KYCOUYHO-TJIATKNX OYHKIINAN

I. I. AkHueB
(Poccug, Mocksa; /THIL PAH)

[Mycrs C'or — TPOCTPAHCTBO HEMPEPBHIBHBIX 27M-MIEPUOANIECKUX (DYHKIUI ¢ HOD-
MO

[fI} = max | (z)].

O6ozuaunm vepes E,(f) maunyqmee npubamkenne (yHKIMA TPATOHOMETPUIECKU-
Mu moJuHOMaMu opsika n. [lycts N 2> 2 — mesoe mo/I0KuTeIbHOe 9uCI0, U = UN —
BeIEeCTBEHHOE YHCJIO U

ok
tk:t,(gN):u+% O0<k<N-1)

cucreMa y37a0Bbix Todek. Obo3HauMM depes

Ln,N(f):Ln,N(fvx) (OgngN/Z)

TPUTOHOMETPUIECKUH TIOJIMHOM TIOPSA/IKA 7 C HANMEHBIIINM KBAIPATUIHBIM OTKJIOHE-
Huem oT f Ha CeTke Wy = {tk}é\[:—ol. Hpyrumu ciosamu, Ly n(f) pocruraer Hanbois-
el HuKHeil IpaHullbl CyMM

N—

[y

|£(tx) — T(ts))?
k=0

Ha MHOXKECTBE TPUIOHOMETPUYECKUX 110auMHOMOB T, unopsjixa n. B uacrmocru,
Linja,n(f,©) — nATepnonamumonHeil moguHOM, conafaionmit ¢ dbynkmuei f(z) B
Toukax wy. Homumom Ly n(f, ) MOXKIHO IpeICTaBUTE B BUE

n

L,n(f,x)= Z M) (fyeive,

vVv=—n

e

=

MV (f) = Flte)e ™.

1
N

e
Il
o

Hanee, myctb

Sulfoz) = 3 culf)ets

k=—n

— cymma Dypoe dyaxnun f, riae

alf) =5 / f(t)etdt.
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B pabore [1] mokazano, uro eciau psig Pypbe qag dyHKIuE f CXOAUTCS B TOYKAX
try = u+ 2km/N, 10 umeer mecro

Ln,N(f’ ﬂf) = Sn(f7 LIZ) + Rn,N(f7 $)7
korga 2n < N, vae S, (f,z) — pax @ypwe ans byuxinun f n
0 X [
Ron(foa)= 2 g [ Daler ~ tycos N = )50 .

B macrosmeit pabote momydena ornenka R, y(f,z) = O(N2) B ciyuae, xorma
f(z) — kycouno-rnajkas dyHKIuSI.

Jlureparypa

1. Sharapudinov I. I. On the best approximation and polynomials of the least quadratic devia-
tion // Anal. Math.—1983.—Vol. 9.—P. 223-234.

26
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KOHEYHOMEPHOCTDB G-ITPOCTPAHCTBA HEIIOJIOZKUTEJIbBHOI
KPUBHU3HBI C BBIJIEJIEHHBIM CEMENCTBOM OTPE3KOB!

II. 1. Asapees
(Poceuns, Apxanrennck; CADY)

B knure I. Bysemana u B. IIxajke [1] oupegensitorcs: Tak Ha3biBaeMble XOP/IOBbIE
mpocTpaHcTBa win G-IPOCTPAHCTBA C BBIJEJIEHHBIM CeMECTBOM O0Tpe3KoB. /s Ta-
KOTO KJIACCa MPOCTPAHCTB TaM 2Ke U3y9IaeTCst CBONCTBO HEMOJIOKATETFHOCTH KPUBHU3-
ubl. 3BecTHast mpobiiema Byzemana — mpobiema KoHeaHOMepHOCTH (G-TTPOCTPAHCTB
ABTOMATHYIECKN MOYKET OBITH IMepeHeceHa Ha KJIACC XOPAOBBIX IIPOCTPAHCTB.

B ciyuae, korga G-ipoCTpaHCTBO UMEET CTPOTO BBITYKJIBIE MIAPHI MAJIOTO PAJIY-
ca, mpobyiema KoHeuHOMepHOCTH ObLia perrena B. H. Bepecrosckuwm B [2]. Hekoropas
moandukanms metona B. H. BepecToBckoro mpuMeHNTEIBHO K XOPAOBBIM TTPOCTPAH-
CTBaM ITO3BOJIMJIA TOJYIATH CJAEIYIONINN Pe3yaIbTaT.

Teopema 1. Ilycts X — G-IpOocTpaHCTBO HENOJOXKHTEIHHON KPHBU3HBI OTHO-
CHTEJIBHO BBIJIEJIEHHOIO CeMEHCTBa OTPE3KOB. Torqa OHO HMeeT KOHEYHYIO TOIOJIOTH-
YeCKYIO0 pa3MepHOCTbD.

JIutreparypa

1. Busemann H., Phadke B. Spaces with distinguished geodesics.—N.Y., Basel: Marcel Dekker
Inc., 1987.

2. Bepecrosckuii B. H. K nupo6neme xoneanomepuoctu G-upocrpancrsa Bysemana // Cub. mar.
KypH.—1977.—T. 18, Ne 1.—C. 219-221.

!PaBora Bbinonnena npu duHancoBoil nogepxke Poccuiickoro Gouga dyHIaMeHTaIbHbIX UC-
ciaemoBanuit, mpoekT Ne 14-01-00219.
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ITopaakoBelii aHaIN3 U CME>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAHUS:
Te3uch MoKkaan0B XII Mexmyrapogmoi mayanoii koudepenmmu (c. [eit, 12-18 momsa 2015 r.)

KAHOHNYECKUE CTPYKTYPHI «METAJIIMYECKOT'O CEMENCTBA»
HA OJHOPOJHBIX k-CUMMETPUYECKUX [TPOCTPAHCTBAX

B. B. BaJamieHnko
(Benapycs, Munck; Benl'V)

Knaccnuecknmn adUHOPHBIMI CTPYKTYPAMU Ha, TIATKUX MHOTOOOPAZUAX TPa-
NUIUOHHO SABJISIIOTCA TOYTU KOMILIEKCHBIE CTPYKTYPbI J (J2 = —id), CTPYKTYpBI
nourn npomssenenus P(P? = id), f-crpykrypsr K. duo (f3 + f = 0) u pan
npyrux. B To ke BpeMmsi mMeeTCst HeMaJsio paboT, B KOTOPBIX M3ydaroTca adduHOP-
HBIE CTPYKTYPBI, OIIpeiesieMble HHBIME TTOJTHHOMAAIBHBIMEA yCaIoBuaAMU. Hampumep,
B pabore [1| BBeJEeH B paccMOTpeHME KJacC TaK HAa3bIBAEMBIX <3040MbITS CMPYK-
myp, KOTOPBIE BBEJIEHBI IOCPEACTBOM addumopa F'| yI0BIETBOPSIONIEr0 yPABHEHIIO
F? = F+4id. Takoe yc/i0BIe HHUIMAPOBAHO KBAJIPATHLIM ypaBHeHneM 2 — 1 —1 = 0,
TTOJIOXKUTEHHBIN KOPEHB KOTOPOTO 1+—2‘/5 = ( €CTh U3BECTHOE 30JI0TOE CeueHue (dnc-
10 Ouyns).

Henasuo B pabore [2] paccmorpen Gosee obmuit kimace adGUHOPHBIX CTPYKTYD
F' Tax Ha3BIBAEMOTO MEMAAAUYECKO20 CEMETCMEG, KOTOPBIE OTIPENEITIOTCS ypaBHe-
ruem F?2 = pF + qI, tne p u ¢ — HarypasbHble uncia, I = id. JIs Takoro cemeii-
CTBa CTPYKTYP MHHUIMUPYIOIIEE KBAJIPATHOE YPABHEHNE NMeeT BU/T 2 —pr —q=0,
a €ro IOJOKHUTEJbHBI KODEHb Op, HA3BIBACTCH (P, q)-MEMAAAUYECKUM THCIOM
(Vera W. de Spinadel [3]). Hacrabimu ciaygasiMu sBJISIOTCHA: 30J10T0€ 4UCIO (P =
q = 1); cepebpsiroe uucio (p = 2,q = 1); 6pousosoe uucio (p = 3, ¢ = 1); meanoe
qucao (p =1, ¢ =2) u ap.

NzBectrO, 9TO J1I06asT CTPYKTypa MOYTH Tpou3BeaeHus P mopoxaer aBe mera-
JITYeCKUe CTPYKTYPhl HA MHOTOOOpasuuu M :

2 — 92 _
F=C14 (7P p p=tr- (2=l p
2 2 2 2

Ob6parno, srobast MmeTaaanydeckas cTpykrypa F wa M ompenensier maBe CTPYKTYPBI
TTOYTH TTPOU3BEJICHNSA:

2
Pzi( J I).
20p9—D 20pq—D

BakHo 0TMETUTB, UYTO COOTBETCTBYIOIINE JAPYT APYTY CTPYKTYyphl F' u P mopoxja-
0T OJIHA W T€ K€ PacrpenesieHus HAa MHOroodpaswu M, a moTOMy CBOHCTBA ITUX
CTPYKTYP BO MHOT'OM COBIIQJIAFOT.

EcrecrBeHHBIM SIBJIsIETCST BOIIPOC O CYIECTBOBAHUY WHBAPUAHTHBIX CTPYKTYD Me-
TAJTMIECKOTO CeMelCTBa Ha OJHOPOAHBIX MHOroobpasusx M = G/H rpynn Jlu.
YrBepauTe/ibHbIN 0TBET MOXKET ObITh IOJIyY€H B PaMKax Teopuu 0000IIEHHBIX CHM-
METPUYIECKUX TPOCTPAHCTB. Bosiee TOro, ¢ UCOIHF30BAHUEM TTOJTHOTO OMMMCAHUS KAHO-
HUYECKUX CTPYKTYP TOUTH TPOU3BEIEHUST HA OJHOPOIHBIX k-CHMMETPUUYECKUX MPO-
crpancrBax (cM., Hanpumep, [4, 5]) nosmyuensr GopMysbl I BCEX KaHOHMYECKUX
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CTPYKTYP «META/IMTIECKOr0 CeMEeNCTBay Ha TAKUX IMpocTpaHcTBax. Curyamus meTa-
JIM3UPOBAHA, KaK JJIsi MaJIblX HOPAAKOB k = 4,5,6, Tak u JJid 4aCTHBIX TUIIOB Me-
Ta/THIEeCKUX CTPYKTYp. Hanmpumep, Bce MeTa/TmdecKue CTPYKTYPhI Ha OJTHOPOTHBIX
4-CUMMETPUYIECKUX TTPOCTPAHCTBAX MMEIOT BU/I

F:E[j: 20?7‘17_19 62
2 2 '

BameTnM, 9TO MHOIHE W3 paHee MOJyIeHHBIX PE3YJbTATOB 0 KAHOHHMYECKUX Pac-
NpeleIeHnsaX W CTPYKTypax Ha OZHOPOIHBIX KA-CHMMETPHYECKUX TMPOCTPAHCTBAX
(cm., mampumep, [6]) MOTYT OGBITE aanTUPOBAHBI U TIepehbOPMYTMPOBAHBI B TEDMIHAX
METAJLINIECKUX CTPYKTYP.

Jlureparypa

1. Crasmareanu M., Hretcanu C.-E. Golden differential geometry // Chaos, Sol. Fract.—2008.—
Vol. 38.—P. 1229-1238.

2. Hretcanu C.-E., Crasmareanu M. Metallic structures on Riemannian manifolds // Rev. Union
Mat. Argentina.—2013.—Vol. 54, Ne 2.—P. 15-27.

3. Spinadel V. W. de The metallic means family and forbidden symmetries // Int. Math. J.—
2002.—Vol. 2, Ne 3.—P. 279-288.

4. Basmamenko B. B., Crenanos H. A. Kanonudeckue adbGUHOPHBIE CTPYKTYPBI KJIACCUIECKOTO
Tuna Ha perynaapubix $-npocrpancrsax // Mar. ¢6.—1995.—T. 186, Ne 11.—C. 3-34.

5. Bamamenko B. B., Huxonopos FO. I'., Pogquoros E. /I., Cnasckuii B. B. OgHOopoamsie po-
CTPAHCTBA: Teopus u npuioxenns. —XauTsi-Mancuiick: [losmrpaduct, 2008.—280 c.

6. Balashchenko V. V. Canonical distributions on Riemannian homogeneous k-symmetric
spaces // J. Geom. Phys.—2015.—Vol. 87.—P. 30-38.
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TOYHBIE OLIEHKIN HU?KHEI'O TUITA HEJIBIX ®@YHKIINI
IMOPAIKA p € (0,1) C KOPHAMU 3ATAHHBIX
YCPEJHEHHBIX IILJIOTHOCTEIL

I'. I'. bpaiiueB
(Pocens, Mocksa; MIITY)

Krnaccuaeckumu xapakTepuCTUKAMU POCTA EAbIX (DYHKIUN SBIAIOTCS THI U
HIDKHOP THI, & CKOPOCTh M3MEHEHUs Hyseil H3MepseTcs IIOTHOCTSIMU X paclipe-
JeJjieHusd. HpI/IBe’ZLeM TOYHbIC OIIPDE/IC/ICHUA.

IIycte A = (A\,)02; — moc/Ie10BaTeIbHOCT KOMILIEKCHBIX YHCE/I, CTPEMIIasi-
cs K OECKOHETHOCTH M BBIMNCAHHAS B MOpsiKe HeyObBaums Mmomyreil. Ilycrs masee
nA(r) = Yocpp|<r L — cumTatomas dynkips (¢ yuerom KparHocTeii) sToi mocie-

T na(t
JOBATEJIbHOCTH, a NA(T) = fO ﬂ dt — ee HHTErpaJibHad, U yCPETHECHHAA, CIN-

t
Tatonas GyHkius.
Bagagnm p > 0. BepxHsist u HUKHsISI IJIOTHOCTH TIPU TIOKa3aTesie p (p-TI0THOCTH])
OCIeT0BATETIBHOCTH A OTIPEIesISIIOTCS PABEHCTBAMU COOTBETCTBEHHO

— na(r . na(r
A, (A) = lim Al ), A (A):= lim Al )
r—too TP e rotoo TP
Bepxusis m HIKHSS yCpeIHEeRHble p-TIIOTHOCTH MocaeoraTerbrocTn A ompesens-

I0TCA aHAJIOTUIHBIMHA PaBE€HCTBaMHU

K0 = Tm YA e gy YA

r—+oo P rs4oo TP

Tunowm nenoii dyuxnun f(z) npu nopsijke p (KOPOTKO, p-TUIIOM) HAZBIBAIOT BN~
my
() = | T a1 2)|.

3amMeHa B 9TOM DaBEHCTBE BEPXHErO Tpejena Ha HUKHUI MPUBOIUT K OIpeese-
HUIO HUKHEro p-THlla 1e/10# pyHKIuu, KoTopsklit Oy1em obo3Ha4YaTh O p( f). Bausiane
IUIOTHOCTHBIX XapaKTePUCTUK mociefoBaTeabaoctu Hyeit Ay u3 C uan u3 Ry mesoit
dbynkuun f(z) Ha BemuuHy ee THIA MOJHOCTHIO M3y4eHO. B HacTosmieil pabore Mbl
JIOTIOJIHAEM OmuUCaHue pocra 1esioil dpyuknuu mopsaaka p € (0,1) nupu HeperyiasipHom
nosejienun ee nyei. Tounee, Mbl HAXOJUM HEYJ/LyYIIAEMbIE OIIEHKU HUZKHErO P-TUIA
CHU3Y [epe3 yCPEJHEHHBbIE P-TJIOTHOCTH KOPHEH, permast SKCTPeMabHbIE 33/1a9U B
JIBYX MPUHITUTNHAATBHBIX CIydasx: KOpHU (DYHKIMHA HAXOISITCS HA OJHOM JIyde; KOp-
au DYHKIMH TPOU3BOILHO PACIPEIENEHBI Ha MJIOCKOCTH. Pedub ujer o Caepyommx
9KCTPEMAJIbHBIX 3a/a9aX.

[Tycrs 3amanwbr ancaa p € (0,1), f* > 0 u o™ € [0, 8*]. Tpebyercs BoramcgnTh
9KCTPEMAJIbHBIE BETMINHbI:

s'cla’s p):i=inf{g ,(f): Ay =ACC, A}(A) ="},
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*

s*c(a®, 8% p) i=inf {a ,(f): Ay = ACC, Aj(A) = o*, A (A) <5},
s'g, (@";p) =inf {o(f) : Ay = ACRy, Aj(A)=a"},
s, (0%, 8% p) :=inf {o,(f) : Ay = ACRy, A5(A) =a*, A(A) < B},

W3 nosrygenabix pe3yabTaToB CJIEIYET, 9T0 HANMEHBINNE BO3MOYKHbBIE 3HAYCHUS HUK-
HEro p-THUIIa B KaKJOM W3 YKa3aHHBIX C/Iy4aeB PacCIOJIOXKEHNA Hyaell Ha IJIOCKOCTA
HE 3aBUCST OT BEPXHEH YCPeJHEHHON p-IJIOTHOCTH. DTOT BBIBOJ HEINOCPEICTBEHHO
BBITCKACT N3 CICAYIOIUX TEOPEM.

Teopema 1. Ilycts p > 0. /JlLas jrobeix ¢pukcupoBanabix umcea * > 0 u
a* € [0, %] cupaBeniuBbl paBeHCTBA

*

sc(a®; p) = s'c(a”, 8% p) = ™.

HusKipe rpann j0CTHIaloTCs Ha HexoTopoii nocaeosatessuoctn A C C, y koropoii
H Aocta
A" (A)=a" n A (A) = B"
Teopema 2. Ilycts p € (0,1). /Lna mobpix pukcupopannabix aucen * > 0 u
a* € [0, %] cupaseaiuspl pasencrsa

*

S Ry (o

LN

i p) = s8R, (a7 BT, p) = —

HukHue rpaHu JJOCTHArOTCS Ha HEKOTOPOH BO3pacTaloleil MOCIe10BATEIbHOCTH
4 59 men I
A C Ry ¢ yepeanennbivu p-mrornocravu A',(A) = o u A (A) = B*.
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KAYECTBEHHBIE CBONCTBA SKCTPEMAJIbHBIX 9JIEMEHTOB
B ITPOCTPAHCTBE BEPI'MAHA

X. X. Bypuaen
(Poccus, I'posusrii; UI'Y)

OcHosuble onpenenenus. D(R) = {z € C;|z|] < R}, R > 1; D = D(1),
t=2¢" 0<0<2m; A(A(R)) — muoxecTro dbynxmuii, anamnruaecknx 8 D(D(R));
do — HopMupoBanHas Mepa Jlebera ma D; A, — mpocrpancTBo Beprmana — mos-
npocrpancTsBo npocrpancrsa Ly(D), 1 < p < oo, nopoxennoe ynxrmsmu u3 A;
Ar = {z : x € Lg(D),1/p+1/q = 1, [[px(2)f(2)do = 0,f € Ap}; | € A%
Up) = [|pe(z)0(z)do, w € Ag; F(z) — sxcrpemanbubiii snement (3.9.) dyHKimo-
nasa (o) {||F|| < L,U(F) = ||l||}; x — snement Hantydmero npubsmkenns (3. H. 11.)
st st @(2): X € Le(D), |0 — x|z, = inf{||© — #||z,,2 € Ay}; x(t) — rpannunsie
3Hadenus X (z) Mo HEKACATEJIbHBIM IIyTAM.

B nocsienue 1mojiseka nogBuIoCh MHOrO 1yOuKanuil, HOCBAIEHHBIX U3y YeHUIO
CBOMCTB 3.9. W 3. H. 1. B TPOCTPAHCTBAX AHAINTHIECKNX PyHKIWMiT (TTPW pPasImaHbIX
orpanuvenusx Ha gapo dbyukmuonana). Ormernm cpean nux [1-4|. [pogomkennenm
NOJIOOHBIX MCCTEI0BAHNS ABIISIFOTCST

Teopema 1. Ecin w € A(R), ro F € A(R).

Teopema 2. ITycrs 2 < p < oo, w € A(R), rorma x(t) = ¥(t) + ¥o(t),
¥, o € A(R).

Teopema 3. Ecin 1 < p < 2, w € A(R), 1o x(t) = ¥(t) + vo(t), re Gyuxmun
¥(2) mpo(z) anammruunpr na D = {z € C; |z| < 1}.

Jlureparypa

1. Pabpix B. I DxcrpeMaJsibHbIE 33290 1Jid CyMMHpyeMbix anaanrudeckux Gynkmmit // Cub.
mart. Kypu.—1986.—T. 27, Ne 3.—C. 212-217.

2. Bypuaes X. X., Pabpix B. I'., Pa6pbix I FO. Anamuruanocts B C akcTpemasbubix (DyHKIM
dbyrkumonana, 06pa30BaHHOTO NOIMHOMOM, Haz, npocrpancreom Beprmana // Mar. dopywm.
T. 8, u. 1. UccnemoBanus o mat. ananu3y. rorn nayku. FOr Poccnn.—Buagukaskas: KOMI1
BHII PAH u PCO-A, 2014.—C. 204-214.—(Uroru nayku. FOr Poccun).

3. Carleson L., Jacobs S. Best approximation by analytic functions // Ark. Mat.—1972.—
Ne 10.—P. 219-229.

4. Khavinson D., Stessin M. Certain linear extremal problems in Bergman Spaces of analytic
functions // Indiana Univ. Math.—1997.—Ne 46 (3).—P. 933-974.
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CTAPAS TIPOBJIEMA HAXOYKJIEHIA SKCTPEMAJILHBIX ®YHKIINI
B IIPOCTPAHCTBE BEPI'MAHA'!

X. X. Bypuaes (Poccus, I'pozusrit; UI'Y),
B. I. Pa6bix (Poccust, Pocros-na-Tony; ODY),
I'. FO. Psab6wix (Poccusi, Pocror-na-lony; ITTY)

OcHosublie onpenenenus. D = {z € C;|z| < 1}; T = {t € C; |t| = 1}; do —
HOpMHUpOBaHHaA Mepa Jlebera ma D; d{ — mopMupoBanHas Mepa, Jlebera na 1'; A, —
npocrpascTBo Beprmana — mopnpocrpascTBo npocrpanctsa Ly(D), mopoxpenHoe
dbynxmuamm, anamaradeckumu B D, 1 < p < oo ; H, — 00bIYHOE IPOCTPAHCTBO
Xapan; Ay = {z : @ € Lg(D), 1/p+1/q =1, [[pz(2)z"do = 0,n = 0,1,...};
X X € Ly(D), ||lw— X||Lq = Mminge 1 @ — =z, w 6 Aq§ f — sKcTpemasbHasg
dbynknns ﬂHHeﬁHOFO HereprBHOFO dyuxunonana [(f) : {||f|| < L) = [lU};
l, € A}: = [|, ¢(z)w(2)do; skcrpemanbnas ¢ynknus l, npeacrasnena B
Buse f = @2 B e B(z) — cbyHKLLI/IH Busimke dyukiun f(z), ®?(2) — dynxuus,
He nveromasa wyneit 8 D; ap — myan dynkumn B(z).

[Torck TOTHOTO ONMUCAHUS MHOXKECTBA SKCTPEMATHHBIX (DYHKINIA 33 JaHHOTO JIH-
HeltHoro MyHKIIMOHAIA HAJ TpocTpancTBoM H 3ams 6osee cra et u ObLT 3aBepIeH
crarbamu |1, 2| u mororpadmeii [3|. [lepBbiMu ucc/IeI0BAHUIMI SKCTPEMATHHBIX 3a-
Jlad JIMHEeHBIX (DYHKIMOHAJIOB HaJl IPOCTPaHCTBOM Beprvana sipumch pabors [4-6].

Haunmast ¢ KOHIA ABAIIATOTO BEKA MOSBUIOCH MHOTO TyOJUKAIAN Ha 9Ty TEMY.
Ormerum cpeau nux |7, 8]. Opnako 1o cux nop, 3a I/ICKmoquI/IeM JIByX CIlyd9aeB,
npusesennbix B[3] u [5] (w(z) = 2", n € N; w(z) = = d =2 d € D), ne u3BecTHBI
9KCTpeMaJbHbIe (DYHKITNN 33 TAHHOTO JUHEHHOTO (DYHKITHOHAIA HAJ] TPOCTPAHCTBOM
Beprmana.

Cdopmymupyem cucreMy WHTErPATLHBIX YPABHEHUIT OTHOCUTEIHHO HEM3BECTHBIX
dyuknuit ¢, B, x, MTO3BOJAONIYI0 HAWTH KCTpEMATbHYI0 (MYHKIUIO Jjid I, ¢ w €
ACY(D).

Teopema. /[ roro urobsr f, ||f||a, = 1, 6bL1a sxcTpemanbHol byHKIIEH 115
¢yraRIIOHATA [y, HEOOXOAUMO U JJOCTATOYHO, YTOOBI P, B, X VIOBIETBODSIIH CJETLY-
fo1ed cucreMe HHTerPaJIbHBIX YDABHECHUMH:

1B () ]| = tff”?zitﬂd% IJM,
B d z o
I [ E25 C =[]« 5 ﬁgzw
1—|a do
+1 fo l(ak‘xi a,§>21 t,z)—%zl_zkgff “a +w(b),

k
dac 2)B(z)do
%%u H—ff aE L

w(z ) ®'(2)do
ﬁ ff @(2)B(2) () _

1tz (=)

N
>

!PaBora Bbinonnena npu duHaHCOBOIM HOomepkKe Poccuiickoro Gouga dyHIaMEeHTAIbHBIX UC-
ciemoBanuit, mpoekT Ne 15-01-00331.
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Ha ocHOBaHWE NMPUBEJEHHOIO BBIIIE KPUTEPHs OBbLIN HANJIEHBI OOIIMH BHJ| 9KC-
" _ n k —
rpemaibubx dyskimit s L, ¢ w(z) = Y0 g, no= 0,1,..., (l(p)
(%) (0
Zzzockcfkfﬁ)) u g l, ¢ w(z) = 22:1(1—2%22)2’ e, € C,dr € D (lu(p) =

> et chp(dy)).
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MPOIAOJIZKEHNE ABCTPAKTHHBIX OITEPATOPOB YPBICOHA

A. A. I'eroeBa
(Poccust, Mocksa; MT'Y)

BBenenue

OpTOroHa bHO AJIUTUBHBIE ONEPATOPbI B BEKTOPHBLIX PEIIETKAX, BBEICHHBIE
BIEpBBIE B pabore [1], siBisitorcst 00beKTOM MHTEHCHBHBIX nccieaoBanuii [2-7]. B nan-
HOI 3aMeTKe MBI ChOPMYIUPYEM OJIUH PE3YJIbTAT O MPOJIOJKEHUN OPTOTOHAIBHO a/I-
JIUTUBHOTO 0TOOPAKEHUs C JIATEPATBLHOTO MJIeasa Ha BCE TPOCTPAHCTBO.

IlpenBapuTenbHbIe CBeJIeHUS

Bce HeobxonmMbie CBeEHUST 0 BEKTOPHBIX PENIeTKAaX MOXKHO HAWTU B MOHOTDAa-
dbun [8]. Ilycrs E — BekTopHast penterka u X — JeHCTBATEILHOE BEKTOPHOE PO~
crpancTBo. Orobpaxkenne T': F — X HA3BIBACTCA 0pMO20HAALHO 6.00UMUCHBIM, €CTIT
T(x+y)=T(x)+ T (y) anst 106bIX JU3BIOHKTHBIX 9JIEMEHTOB T,y € E.

U3 onpesenenus sicuo, uto T'(0) = 0. MHO)KeCTBO BCeX OPTOrOHAIBHO A IUTHUB-
HBIX OIEPATOPOB SIBJISIETCS JIEHCTBUTEBHBIM BEKTOPHBIM TPOCTPAHCTBOM, OTHOCH-
TeJIbHO CJIOXKEHUs OIEepPATOPOB U YMHOXKEHUs HA CKAJISPHI.

[Tycrs Teneps E u F' — Bekrophbie pemerku u D C E. OproronaabHO aJiinTUB-
Hbli omepatop 1': E — F' Ha3biBaeTcs

o nosaooicumenvhvim, ecam T'x > 0 B F g miobbix © € E;

® NoPAJK0B0 OzpaHuUNEeHHbIM Ha MHoocecmsee D, eciim T oTobpaskaeT MOPsIIKOBO
OTpaHUYeHHbIe TTOIMHOXKECTBA [ B TIOPSIKOBO OTpAHUYIEHHbIE MHOXKeCTBa B F.

[MommuoxkecTBO D BeKTOPHON pernerkn F Ha3bIBaeTCs JTaTepaTbHBIM HT€ATOM,
€CJIN BBITIOJIHSAIOTCS CJIEJYIOIIE YCIOBHUSI:

e eccm x € D, Torma y € D s groboro y € Fy;

eccm x,y €D, xly, tormax+y € D.

Pesyabrat

Caenyiomas TeopeMa MOKa3bIBAeT, YTO MIHIMAJILHOE TPOI0IKEHIE OPTOTOHATb-
HO IINTUBHOTO OTOOPAXKEHWS COXPAHSIET JIATEPAIbHYI0 HEIPEPBIBHOCTE.

Teopema 1. Ilycrs E, F' — nopsixoBo moJiHBIE BEKTOPHBIE perierku, D — ja-
TepaabHbli uaean B E u T : D — Fy jarepajgbHO HEIIPEPHIBHOE, OPTOIOHAJIBHO
aJ/IMTHBHOE, MOPSIKOBO orpanmydennoe Ha D orobpaxenne. Torga muanMarbHOe
npogoskerne T Takke sSIBJISIETCS JIaTepaIbHO HEIpPEPHIBHBIM.
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CVIIECTBOBAHIE BABUCA B JOIMOJIHAEMBIX
MTOJIITPOCTPAHCTBAX SIIEPHBIX IIPOCTPAHCTB ®PEIIE
113 KJIACCOB (dy) 1 (ds)

A. K. Ipouos
(Poccust, Pocros-ua-/lony; FODY)

Cornmacuao tumoreze A. IlegumHCKOrO BCAKOE TOMOTHAEMOE TOANPOCTPAHCTBO
syepaoro npocrpancrsa Ppemre ¢ 6azucom Takxke obsagaer H6azumcom. Bompoc o
crpagemuBoCcTH TUMOTe3bl A. TleTYnHCKOrO 0 CUX TIOp OCTAeTCs OTKPBITHIM, XO-
TS UMEIOTCS TTOJIOYKUTE/IbHBIE PEIeHusT /s PA3JINIHBIX JaCTHBIX ciaydaeB. OauH u3
METO/IOB, KOTOPbIN IPK 3TOM UCHOAL30BaICsH, ObL1 BBegeH Bb. C. MuTgaruiabiM u onu-
paJicsi Ha, WHTEPIOIANMOHHBIE CBOWCTBA OMEPATOPOB, OTPAHUYEHHBIX HA GAHAXOBBIX
mapax. Ero mcnosib30BaHme, OJHAKO, BBI3BIBAJIO HEOOXOLMMOCTH HAKJIAIBIBATH Cy-
IIIECTBEHHBIE JIOTIO/THUTE/IbHbIE orpanndenns. OuH u3 crrocoboB UX CHATH COCTOUT B
TOM, YTOOBI PACITUPUTH TOCTAHOBKY 3a/a9i TEOPUU UHTEPIIOIANMY Ha CIydaii, KOrga
ollepaTopbl OTPAHUYEHBI He HA OAHAXOBBIX MAPAX, a HA MapaX KOHYCOB, BJIO2KEHHBIX
B OaHAXOBBI IPOCTPAHCTBA. [Ipy 9TOM 110 aHAJIOrUK C IOHATUEM WHTEPIOJISIITUOHHON
Tpoiikn 6anaxoBbIX pocTpancTs (Fy, E1, F) BBOAUTCA OHATHE HHTEPIOIAMOHHOL
Tpoiiku kKouycoB (Qo, Q1, Q). Janublii M0X0/1 MO3BOIIET PACTIPOCTPAHUTD CIIPABE]I-
mueocTh Tunore3bl A. Tlenuamuckoro wa mpocTpancTsa u3 Kiaaccos Iparmnesa (d)

u (da).
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SPMUTOBHI f-CTPYKTYPHI HA CIIEIIMAJIBHOI
5-MEPHOW HUJIBIIOTEHTHOI T'PVIIIE JIU

II. A. J1y6oBuk
(Benapycs, Munck; BealV)

NzBectHo, aTo f-cTpyKTypoii Ha MHOr0oOOpasun M Ha3bIBaETCS TOJIE€ IHIOMOD-
duzMoB f, TEHCTBYIOMUX B €r0 KACATETHHOM PACCIOCHUN U YIOBJIETBOPSIIONINX YCIIO-
suto f3 + f = 0 [1]. Merpuueckasi f-cTpyKTypa Ha PUMAaHOBBIX MHOTO0ODPA3UAX
(M, g) mopoxKgaeT mapy B3aUMHO JIOMOTHUTENbHBIX pacmpenenennii Im f u Ker f
Ha M. Psji BasKHEHIIIUX KJIACCOB METPUYECKUX f-CTPYKTYP MOXKET OBbITh ONPEe/Ie/IeH
[OCPEICTBOM KOMIIO3UIIHOHHOTO Ter3opa 1’ Buma |2|:

T(X,Y) = F(Vx(D)FY ~ Vyax (DY),

rme V — cBa3HOCTL JleBu-Ymsura MeTpukn ¢, X u Y — riiajgkne BEKTOPHBIE IOJI
na M. Kovmmnosurmonnsiit Ten3op 1’ urpaer pyHIaMeHTAIBHYIO POJIb B T€OMETPUU
MeTpUYIECKuX f-CcTpyKTyp. MeTpuueckasi f-CTPyKTypa HA3BIBACTCS IpMUumMosots f-
cmpykmypot (Hf-cmpyxmypot: Hermitian f-structure), ecin T'(X,Y) = 0 [2, 3].
OrMernM, 9TO0 METpUUIECKHE f-CTPYKTYpPBI — YaCTHBIN Caydail 0606wennot nowmu
apmumosoti cmpykmypv, nmn G AH-crpykTypsl panra r #Ha (IICEBI0) pPUMAHOBOM MHO-
roobpasuu (M, g) |2].

[Iycrs G — rpynna Jlu, g — ee aarebpa Jlu, g = (-,-) — jeBouHBapuaHTHASA
pumanosa merpuka Ha G. Torma cBasuocTs JleBu-Husnra V, Ha pIMAaHOBOM MHOTO-
obpasun (G, g = (-,-)) oupenensercs dopmynoii [4]:

VxY =2 [X,Y]+UX,Y),

1
2
rme U : g X g — g — cuMmMmerpuveckoe OuanHeiiHoe 0TOOPOXKEHWE, OIpeIeIeHHOe
dopmyiioit

2U(X,Y), Z) = (X, [2,Y]) + (2, X],Y) VXY, Zeg.

Pacemorpum rpynmy Jlu G ¢ 5-MepHO# HUIBIOTEHTHONH aare6poit JIn L}), KOTOpas
ONPeJIeJISIeTCsl CJIELYIOIIMMU KOMMY TAI[MOHHBIMU COOTHOIIeHUsIMHU [5]:

le1, e2] = e3, [e1,eq] = e5.

st cTargapTHOW eBKJINIOBONW METPUKN BBIUWCIEHO AeiicTBre ortobpaskennss U Ha
BeKTOPHI anre6per JIn Li:

2U(X,Y) = (way3 + x3y2 + 24ys + T5ya)e1 — (x1y3 + x3y1)e2 — (T1ys + T5y1)eq,

T7ie ¥, Y; — KoopamHATH BekTopos X,Y € Ll B Gasmuce e1,. .., es. Jlokazano cey-
0TTIee YTBEePIKICHTE.
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Teopema 1. Ilycts meBomHBapuaHTHAS MeTpuiecKas f-crpykrypa f Ha rpymme
JIu G ¢ anre6poii JIu LY yrosrersopser ycaosuio e; € Ker f. Torna f-crpyxrypa f
SIBJISTETCST SPMHTOBOH f-CTpyKTYpOI.

B kawectse npumepa 3amagum Ha rpynne Jlu G merpuueckyo (OTHOCHTETHHO
eBKJINJIOBO#I MeTpuKu) f-CTpyKTypy f €O CliepyronmM jeficTBueM Ha 6a3uCHBIE BEK-
TOpbI aarebpsr JIu L%:

fle1) =0, f(e2) = —euq, f(e3) =es5, f(es) = €2, f(es) = —es.

OueBumno, f-cTpykTypa f yaIoBIeTBOpSeT BCeM TpeOOBAHUSIM TEOpeMbl 1, a 3HAUWT,
SIBJISIETCSI 3DMUTOBOM f-cTpykTypoit win f-crpykrypoit kiacca Hf.
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O PABPEHIMMOCTU YPABHEHUIT B YACTHUYHO
YIIOPAJOYEHHBIX ITPOCTPAHCTBAX!

C. E. 2KykoBckmnii
(Poceus, Mocksa; PY/IH)

IMycts X, Y — HemycThle MHOXKECTBA, 3aJaHbI gBa oToOpaxkenust ¥, : X — Y.
Toukoit coBnaienust 0TOOparkeHmit 1 u @ Ha3bIBaeTcs pertenne © € X ypaBHeHUs

B pabore [1] nosydensl jgocraTodHble yCJ0BUs CYIIECTBOBAHUS TOYEK COBIIA/IEHMUSI
oTobparkenuit Y u ¢ B¢ X u Y FABIIIOTCA METPUIECKUMHU IpocTpancTBamu. OCHOB-
HO#l pe3yJibTaT B 9T0# cTarhe ChOPMYyJIMPOBAH B TEPMUHAX HAKPBHIBAIOMIUX OTOOpa-
JKEHW.

B mpescTraBieHHOM MCCIEIOBAHUN TIOHITHE HAKPBIBAIOIIETO OTOOPAYKEHUsT TIepe-
HECEHO Ha YaCTUYHO YIOPSJIOYEHHBIE MPOCTPAaHCTBA. lIpuBemeM COOTBETCTBYIOIIEE
onpegenenne. [lycts (X, <), (Y, <) — gactuuno ynopsijouenubie IpocTpancTsa. s
x € X mooxum

Ox(z)={¢eX: {2z}

OnPEAENEHUE 1. Orobpaxenune ¥ : X — Y OymeM Ha3bIBaTbh YnopadoueHHO
HAKPHIBAOUWUM, €CITN J1jTst TI000T0 4 € X MMeeT MeCTO BKJIIOYEHHUE

Oy (1/)(u)) C IZJ(OX(U))

Cdhopmyaupyem Terepb T€OpEMy O TOYKaX COBIAIeHUsI OTOOparXKeHUii B 4aCTUU-
HO YyHOpSJAOYeHHBIX mpocTpancTBax. llycrs 3amamo mmuoxkectBo U C X. Yepes
S, p,U) obozraumm MHOXKECTBO Beex neneii S C U Takux, 9ro

v(x) =) Ve e S, P(x1) X p(xe) Vy, 20 € S: 21 < 9.

Teopema 1 [2|. IIycts cymectByer snement xg € X rtakoii, aro (o) = ¢(xo);
oTobpakeHne © MOHOTOHHO; 0TOOpaKkeHue ) SIBJISeTCS yIOPSA0YEeHHO HAKPBHIBAIO-
muM; 11 nponssosbHoil e S € S(, ¢, U) cymectByer HuzkHsA rpanuna u € X
nenn S rakast, aro P(u) = p(u).

Torna cymecrByer & € Ox (xg) rakas, aro Y(§) = ¢(§). Kpome Toro, Bo MHOXKe-
crBe {€ € Ox(zo) : Y(§) = ¢(&)} cymecrByer MuHUMAIBHBIH 3/IEMEHT.

Nssecrnas reopema Knacrepa — Tapckoro (cum., Hanpumep, [3]) o nenopuzkHoit
TOYKEe MOHOTOHHOrO orobpazkenns ¢ : X — X BoiTekaeT m3 TeopeMbl 1. Bosee
1O/POOI0 pe3yJibTaThbl UCCIIEM0BAHMUS 3a/1a491 1IPE/ICTaB/IeHbl B [2].

!PaBora Bbinonsena npu nogepxke rpanra Ipesugenra P®, npoext N MK-5333.2015.1.
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OB OLIEHKAX CHU3Y /15 MAKCUMAJIBHOT'O YUCJ/IA KOMIIOHEHT
JONMOJIHEHNA TIPEJEJIBHOT O CHEKTPA ITOCTTEJOBATE/IBHOCTN
TEIJIMIEBBIX MATPUIL C CUMBOJIOM 3AJAHHON CTEIIEHUA

C. A. 3oaorbix
(Poccus, Pocros-ua-/lony; JIT'TY)

[Iycte f — KOMILIEKCHO3HAUHAS (DYHKIUS, AHAJINTHYECKAS B OKPECTHOCTH
OKpy’KHOCTH euumdnoro paguyca S1 = {z € C : |z| = 1}

f(z) = Z apz”.

Byaem o6o3nauars uepes Ty, (f) Témunesy marpuily pasmepa 1.xXn, T. €. MaTpHILy
Tn(f) = (ai;)i j=1, MaTPUTHBIE BJIEMEHTBI KOTOPOIT 3a/1at0Tcst bOPMYIIOft G; j = aj—j.
Hna k < —rupna k > h, ap = 0, 7. e. anamurnaeckas dhyukuus f(z) mpespamaercs
B JIOPAHOBCKHW TIOJTMHOM

h
fz) = aF,
k=—r

TO COOTBETCTBYIOMAS TaKOH (DyHKITMN TEILIUIEBA MATPHUIA HA3SBLIBACTCS JIEHTOTHOM.

VYnopsgounm kaknM-aubyh 00pa3omM cOOCTBEHHBIE 3HAYEHUS {)\n,i}?;()l MaTPUIHI
To(f). Oycrs oy, = o(Th(f)) = { M0, s Ann} — cuexrp marpuisr Th,(f). Muoxe-
CTBO IPEJIEJIbHBIX TOYEK mocsieoBarensaocreit {Ag}, rae Ag € oy, , limy_, o i = 00,
Oy/ieM Ha3bIBATh MPENETbHBIM CIIEKTPOM IIOCIEI0BATETLHOCTH TEILIUIEBBIX MATPHII
{T,(f)}5°; m obosnauars uepes oy f).

PaccmoTrpuM MHOTOMIEH

b(t) =+t (t — )t - B)F,

THe (4, &, 3 ABJIAIOTCA KOMIIJIEKCHBIMU uncaamu, n o - 3 # 0.

Teopema. 1. Eci k =1 wim k = 2, rorna C \ 0;(b) cBsasen.

2. Ben k > 3, rorpa C \ oy(b) nmeer no menpmeir mepe [*5] kommonent
(BKJIFOUAST HEOrDAHWYIEHHYIO KOMITIOHEHTY ).

3. Jlna xaxmoro HaTypaJpHOrO umcaa j Mexiay 1 m [ CYIIIeCTBYIOT TaKHe

a, B, aro C'\ 0y(b) mmeer posro j kommnonent. Imenno «, 3 HAXOAATCS U3 ypaBHEHUI

{—(a+ﬁ)+wa-/6’=f1,

5]

—(a+5)—2va-5:fg.

Ipu srom f1, fa ciaenyer BoIOHpATH Tak, YTOOBI PA3HOCTH 3HAYEHHI HX APTYMEHTOB
V/IOBJIETBOPSIIA CJIENYIOIIEMY YCIOBHIO!

w(r—1) r
— < ‘arg(fl) —arg(fg)‘ < 7 = 1,...,k.
B sToMm ciydae 4uc/10 KOMIOHEHT CBSI3HOCTH JIONIOTHEHHS MPEACILHOrO CIEKTpa Oy-

ger pagrsThes [TH.
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OB OPBUTAX AHAJIMTUYECKUX ®YHKIINI
OTHOCUTEJIBHO OIIEPATOPA TUIIA ITOMMBE

NBanosa O. A. (Poccust, Pocros-na-/lony; ODYV),
Menuxos C. H. (Poccus, Pocros-na-/lony, FODY; Biagukaskas, KOMI)

B mokname maer pedb 0 KOMMYTAHTAX W MHUKINYECKHX SJEMEHTaX OTMepaTopa
tuna [Tommbe Dy g, aeiicrytomero win B BecoBoM (LF)-upocrpancrse E 1eisix
(8 C) dyukuuii, umu B npocrpaucrse @perre A(Q) dbyukuuii, aHaIUTHIECKUX B
ozHOCBA3HOI obstactu §2, comepzkareit 0. IIpu s1om

F(8) — g0(t) £(0)
Do g (f)(t) = ‘ 170,
£1(0) - gh(0) £(0), t=0,

rie dbyaknus gg Takosa, 9to go(0) = 1 (coorBercTrenno, gy € E nmm gy € A(Q)). Be-
ca, 3aJa10Ie TIPOCTPAHCTBO E, yI0BIeTBOPAIOT CTAHJAPTHBIM TEXHUIECKAM YCJIO-
BUSIM.

[IpuBesem HEKOTOPBIE pe3yabTaThl. Ilycth F — ommo m3 mpocrpancts E nmm
A(Q); K(Dy,g,) — IpOCTPAHCTBO BCEX JIMHEHHBIX HENPEPBIBHBIX oreparopos B B F
Takux, 910 BDg gg = Do g, B B F'; P(Dy,g,) — IPOCTPAHCTBO MHOIOWJIEHOB OT OI€pPa-
topa Dy g,; L(F) — nIpoCTPaHCTBO BCEX JIMHEHHBIX HEIPEPHIBHBIX B F 0neparopos.

Teopema 1. B L(E) u B L(A(Q)) ¢ Tonosorneii npejkoMiuakTHOR CXO4HMOCTH
K(Dy,g,) coBnanaer ¢ sampikanmem P(Dg g, ).

Teopema 2. Ilycrs ) — ogrocesizrast obacts B C, conepkamast 0. Caexyrorme
VTBEPKIeHHs] PABHOCH/IBHDI:

(i) Cucrema {Dg , (f) : n > 0} (opbura f) menomma 5 A(Q) (7. e. f ne apasgercs
IHK/IHYeCKHM d71eMeHToM oneparopa Dy g, B A(S2)).

(it) @ynaxnuu [ u gy mmeror obmme Hyan B ) HIH CYINIECTBYET DAIMOHAIBHAS

¢yarnua R rakas, yro f = Rgo.

Panee anasoru Teopembl 1 (o npegcrasienun B L(A(2)) KoMMyTaHTOB oneparo-
pa Do g, ipu go = 1 B Buge Dy g -onepaTopoB OECKOHEYHOTO TOPAJKA, T. €. PAIaMI
BIIA )" ¢ DY ) Obln mokazamsl B citydae, korga Q — xpyr [t < R (H. E. Jinn-
uyk, H. 1. Haruu6buaa). Teopema 2 6buia gokazana npexge ). C. Jluauykom npu
TpEenoI0XKennn, 9To (pyHKIHs go He obparmaercs B 0 B €.
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EIITE OJNH BAPMAHT TEOPEMBI KEJIJIOTA

C. B. KinumeHTOB
(Poccus, Pocros-ua-/lony, FO®Y; Bragukaskas, KOMII)

Eciin B KOMILIEKCHON 2-TIJIOCKOCTH [TPOCTasi 3aMKHYyTast KpuBast L ecrb peryJisip-
HBI romeoMopdublit 00pas okpyzkuocTu ['y: L = {z: 2z = z(t) = 2(s) = z(s)+iy(s)},
t=e 2/(s) #0, 2(t) € CE(T'y), k > 1, To Gyaem roBopuTs, uT0 Kpusas L TpHHAI-
nexcur kmaccy CF u micaTh LeCk.

k-1
O6ozmammm W), 7 (I') MHOZKECTBO TPaHWIHBIX 3HaYMenwil (c1em08) bymkmmit m3
KJacca sz’ (D). Ecnm mpocras 3aMKHyTast Kpuas L ecTh peryasipubiii romeoMopd-
HBIH 06pa3 OKpyKHOCTH I't, TIOoy9aeMblii KAK TpaHUYHbIEe 3HAUEHNs (DYHKIINH KJIAc-

ca Wﬁ(ﬁ), k> 2, p> 2, o 6ymem TOBOPHUTH, 9TO KpnBasag L NMPUHAIIEKUT KIACCY

k-1 k—L1
Wy * uwnucars L € W), *.

1
Iycrs obnacrs G orpanmuena xpusoit L € CF (Wp p), Torga OyaeM MHUcaThb

k-1
G ¢ CFk (Wp P ), U rOBOPUTH, 4TO 00acTh (G TPUHAIJIEXKUT COOTBETCTBYIOIIEMY
KJIaCCy.
B KOMILIEKCHBIX ILIOCKOCTSIX IIEPEMEHHOH z W IePEMEHHOR W PacCMOTPHM IBE

orpaHHYeHHbIe 3aMKHYThIE OJHOCBA3HEIE obyactu D, u Gy, ¢ rpamumamu 1" u L co-
k+1-1
orsercrBenno, kiaacca CFl k= 0,1,2,..., 0 < a < 1, qubo kmacca W, P

kE=1,2,..., p > 2. Hanee oboznauaem D, = D, UT, G, = G, U L. Xopomio
U3BECTHO CJieytomee yTBepxaenne (Teopema Kemmora) [1-2].

Teopema 1. Eciim ® = ®(z) — ogmommcraoe KonhopMHOE 0TOOpazkeHne 06,1aCTH
D, € CK*! na obracts Gy, € C¥, 10 ®(2) nponomxaercs 1o romeomopdpuzma D,
na Gy, npmaem ®(z) € C*Y(D.,), a obparnoe orobpaskenne MPUHALIEKHT KIACCY
CatH(Gu).

OcHOBHAZ TIETh MpeJIaraeMoil paboThl — JOKA3aTEIbCTBO CJIETYIOMIEro aHAIOTa
Teopembl 1.

Teopema 2. Ecin ® = ®(2) — ogrommcrroe kongpopmuoe orobpazkenne 061acTi
1 1

k+1— k+1—
D,eW, ", k>1,p>2 naobnacre G, € W, 7, ro ®(2) nponomxkaercs 1o
romeomopgpusma D, na G, npuaem P(z) € WZ“H(DZ), a obpaTtHOe 0TOOPaKCHHE
MPUHAIEKAT KJIACCY Wf“‘l (Guw).

B nacrosieit pabore ycTaHOBJIEHO, 9TO ecjin TeopeMa, 1 cipaBeinBa npu k = 1,
TO TeopeMa 2 SKBUBAJIEHTHA CJAEYIOMIEMY YTBEPAKJIEHUIO O PETYAIPHOCTH KBA3UKOH-
dbopmuoro romeomopdusMa, equananoro kpyra D, = {z : |z| < 1} npu perysispnoii
KOMILJIEKCHOI XapaKTepUCTHKe, aHAJJOTHIHOMY Teopeme 2 u3 |[3].

Paccmorpum B kpyre D, ypaBhuenue Bejnbrpamu

Ozw —q(z)0,w =0, |q(z)| < qo=const <1, (1)
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q(z) € Wlf(ﬁz), k=1,2,...,p>2;0: = %(893 +1i0y), 0, = %(6&: — i0y) — npous-
Boanble B cMbicie Coboliesa.

Teopema 3. Ecin w = w(z) — pemenne ypasuenuns (1), romeomopgpuo otobpa-
skatoree kpyr D, = {z 1 |2| < 1} ma xpyr Dy, = {w : |w| < 1}, Tow(2) € szﬂ(ﬁz),
a obpaTHOe 0TOOPa’KeHIe TPHHAMICKAT KIACCY Wg“(ﬁw).

SAMEYAHUE. /Joka3aTe/ /bCTBO aHAJOTUYHOTO CBOMCTBA rOMEOMOPMU3IMOB ypaB-
menns Bensrpamu B [3] mma ¢(z) € CH(D,), k > 0, 0 < a < 1, me onupaercs na
reopemy Kesutora (cebuiky na reopemy Kesutora B jokasaresnbcrse reopemst 2 u3 [3]
MOYKHO 3aMEHUTH CCBHIJIKOH HA MPUHIMUI CHMMETPUH KOH(MOPMHBIX 0TOOpazKeHuil).
B ¢BsI3u ¢ 9TUM NpUBEJEHHASA B OKA3ATENHCTBE TEOPEMBI 2 CXeMa PACCy KIEHNI na-
eT HOBBIii C110c00 Hepexojia B JoKa3aTeabCTBe TeopeMbl 1 or ciaydas k = 1 K ciaydaro
pou3BoJIbHOrO k > 2.

Jlureparypa
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2. Kellog O. D. Harmonic functions and Green’s integral // Trans. Amer. Math. Soc.—
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FEOMETPUA KACATEJIBHOT'O KOHYCA
K G-IIPOCTPAHCTBY HEIIOJIO?KUTEJIbHOI KPUBU3HbBI!

M. A. Komauap
(Poccusg, Apxanrennsck; CADY)

B pa6ore II. /1. Auzgpeesa |1]| BBouUTCS MOHATHE KACATETHLHOTO KOHYCa K G-1Ipo-
crparcTBy Bysemana HenosiokuTeIbHON KpuBnu3Hbl. OHO UrpaeT KJIIYEBYIO POJIb B
JIOKa3aTe/IbCTBE B YKA3aHHOM KJIacce TMPOCTPAHCTB M3BeCcTHOH rumoTe3nl bysemana,
YTBEPKIAIONIEH, 970 BCaKOoe G-TIPOCTPAHCTBO SIBJISIETCST TOMOJIOTHIECKUM MHOTO00-
pasumem. OKa3bIBAETCS, YTO KACATEIbHBIN KOHYC 00/1a/1aeT JIOTOTHUTEIHHON CTPYK-
TYPOil.

Teopewma 1. ITycrs X — G-upocrpancrso Byzemana neronoxuregbHol Kpupus-
ue1, K, X — ero xacaremsnsrit koryc B Touke p. Torma K, X m3zomerpmyen cTporo
BBITTYKJIOMY HOPMHUPOBAHHOMY IPOCTDPAHCTBY.

U3 sroit TeopeMbl ciemyer, U4TO Besskoe (G-IIPOCTPAHCTBO ByseMamna HEMOJIOXKHU-
TeIBLHOM KPUBU3HBI MOXKHO PACCMATPUBATE KaK «CIa00 PUHCIEPOBO MPOCTPAHCTBOY.

[Tox crabo uHCIEPOBBIM MPOCTPAHCTBOM MBI 3/€Ch MOHUMAaEM Te0/Ie3UUECKOe
TTPOCTPAHCTBO X, SIBJSIIOIIEECT TOMOJOTHIECKNM MHOrooOpas3meM, B KaxKI0H TOdU-
Ke p KOTOpPOTrO OIpeieleH0 KacaTeJbHOe IPOCTpaHcTBO K, X, oCHaIIeHHOe CTPOro
BBIIYKJ/I0#1 HOpMOI. Kpome TOro, B KaK/I0ff TOYKE OMPEIeEHO IKCIOHEHIINATLHOE
orobpaxkenue exp : Kp,X — X, apajorundnoe SKCIIOHEHIHAJIBHOMY OTOODaKeHHIO
duHCIEPOBBIX MHOT000pa3nit. B 0HOCBA3HOM C/Iydae OHO SIBJISIETCS TOMEOMOPGhU3-
MoM. Bce ykazanHbIe 9KCIIOHEHITHAIBHBIE 0TOOPAYKEHUS B PA3HBIX TOYKAX HEIIPEPHIB-
HO COTJIACOBaHBI. TakmM 006pa30M JOMYCTUMBI 33/1a41, XapaKTepHbIe M (pUHCIEpO-
BOIl TeOMeTpUHU, HAIPUMED TaKWe, KakK 3ajada mpecieaoBannst. [IoHITHO, 9TO KJIacc
[JIAJIKOCTH TAKUX C1ab0 (DPUHCIEPOBBIX MPOCTPAHCTB B OOIIEM CJIy4Yae MOBBICUTDH HEThb-
3s1.

Jlureparypa

1. Amnapees IT. /1. Joka3aTenbcTBo runoresbl Bysemana s G-IipOCTPAHCTB HEITOJIOKUTETHHON
xpusu3nbl // Anrebpa u anamm3.—2014—T. 26, Ne 2.—C. 1-20.

!PaBora Bbinonnena npu duHaHCOBOM HOomepkKe Poccuiickoro Gouga dyHIaMeHTAIbHBIX UC-
crenoBanmii, poext Ne 14-01-00219 A.
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I[MPOEKTUBHBIE OTIMCAHIA BECOBBIX (LF)-ITIPOCTPAHCTB
HEIIPEPBIBHBIX ®YHKIINIT HA KOHYCAX

E. B. Komapuyk
(Poccus, Azos; ATIL IT'TY)

B noknaze uaer peus 0 npobsiemMe POEKTUBHOTO ONUCAHUS CUETHBIX WHLYKTHB-
HBIX [IPEJIEJIOB BECOBBIX IIPOCTPAHCTB HEMPEPLIBHBIX (DYHKITHIT Ha KOHyCaX, 3a/1aBae-
MBIX TOJIOKUTENHLHO OJHOPO/IHBIME BECAMMU.

[Iycts Y — HOpMupoBaHHOE (KOMILIEKCHOE WJIM BEIIECTBEHHOE) JIMHEHOe MPOo-
crpancTio ¢ HopMoii |- ||; X — konyc B Y. Ilpeanonoxum, uro X ¢ uHgaynupoBaHHOb
u3 Y TomoJsiorueii JOKaJbHO KOMIIAKTHO.

[Mycrs hy : X = R, n € N, — HenpepbIBHbIE [TOJI0KUTEIBHO OJJHOPOJIHBIE CTe-
mean p > 0 dyHnmm takwme, 9ro h, < hpp1 gug gaoboro n € N, Jlamee w
[0,4+00) — [0,+00) — mempepbiBHAas GYHKIHUSA, 418 KOTOPOH limy_, o w(t) = +00
u limy o w(t)/t? = 0. Tlonoxnm w(z) := w(||z|]), z € X. Onpenenum BecorbIe
byHKITIN

Wk (x) = exp(—hp(z) + kw(z)), x € X, n,keN,

7 BBEJIEM BECOBBbIE DAHAXOBBI MPOCTPAHCTBA HEIIPEPBIBHBIX (DYHKITHI
Oluns, X) = {1 € OCO| |f e := sup | f(@)wne(w) < +oo}, m k€N,
xe

MMosnoxum WC(X) := ind,,proj, C(wpk, X).

AcconnnpoBannoe ¢ (Wnk)n keN CEMEHCTBO BecoB W COCTOUT M3 BCeX TO/TyHerpe-
peIBHBIX cBepxy dyukmmit w : X — [0, +00) Takux, 9T0 7151 JH060r0 N CyIeCcTBYIOT
an > 0u k = k(n), 11s1 KOTOPBIX W < Wy Ha X . [IpoexTusHast 060709Ka UHTYK-
tusHoro npegaena WC(X) onpenensiercsa caemyrommm 06pa3om:

OW(X) = {f e CX)| |fllw = sup |/ ()w(z) < +oo, V€ W}.

Tonosnornss CW (X)) 3anaerca cemeiicrsom mpegropum || - ||z, w € W. (LF)-mpocr-
parcteo WC(X) menpeprisro Baoxeno B CW (X).
Teopema. 1) WC(X) apasiercs rononornaeckum nogupocrpancrsom CW (X).
2) Asrebpamueckoe pasercrso WC(X) = CW (X)) BbImosiHsSeTCs TOT/1a I TOIBKO
rorga, korga Vn dm VY u 3C > 0:

hu(x) = hp(x) < C(hp(x) — hp(x)), =€ X.

[Tpob6.1ema TOTOIOrHIeCKOT0 U aAredPandaecKoro MPOEKTUBHBIX OMMMCAHU PEIeHa
takxke u qs (LF)-npocrpanctea CW (X) menpepoiBubix dbyuknumit na X, 3a1asae-
MOI'0 CeMelCTBOM BeCOB

W) == exp (—hn(v(x)) — (a + i) w(x)) . z€X, nkeN,

rtme a 2 0; by : I' = R, n € N, — nojioxkureibHO OfHOPO/HBIE cTeniern p > 0
dyukiuy; ' — KoHYC B HOpMUPOBAHHOM JIMHETHOM mpocTpancTBe 4, a v : X — ' —
HenpepbIBHAA (PYHKIINS C HEKOTOPBIM «HAKPBIBAIOIIUM» CBOICTBOM.
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A DECOMPOSITION THEOREM!

Z. A. Kusraeva
(Russia, Vladikavkaz; SMI)

The purpose of this work is to show that the Decomposition Theorem which is
established for vector lattices (by S. S. Kutateladze in [1]) holds also in a case of
arbitrary ordered spaces.

An operator P : X — Y U {+oc} is called sublinear if P(0) = 0, P(z +y) <
P(z)+P(y) and P(Az) = AP (z) for all z,y € X and 0 < A € R (with the convention
+oo+y=y+ 00 =400 and A\(+00) =+00 (y € Y, A € Ry).

Define dom P := {x € X : P(z) < +o0}. The collection of all linear operators
from X into Y dominated by P is called the support set of P and denoted by OP;
symbolically,

OP :={T € L(X,Y): Tz < P(z), Vo € X},

where L(X,Y") is the space of all linear operators from X to Y.

A positive decomposition of an operator T is an N-tuple (71,...,Tx) with N € N,
T, 20 (k:=1,...,N),and T=T1 + ...+ Tn.

For an increasing sublinear operator P : X — Y U {400} define the operator
P*: XN 5 Y U {400} as

P*(z1,...,zN) = inf {P(x) DT, ,EN < x}

For the necessary information see [2].

Decomposition Theorem. Assume that Hi,...,Hy are cones in an ordered
vector space X. Assume further that P and () are increasing sublinear operators
from X to Y U{+oc} and Hy x - -+ x Hy+ Ay(dom(P)) — X is a subspaces in XV
The inequality

P*(h1,...,hn) = Q*(h1,...,hy)

holds for all (hy,...,hn) € Hyx---x Hy if and only if to each positive decomposition
(Th,...,Tn) of any T € OQ) there is a positive decomposition (S1,...,Sy) of some
S € OP such that

Se(hg) = Ti(hy)  (hy € Hy; k:=1,...,N).

This result is very important in convex analysis.
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1. Kutateladze S. S. Choquet boundaries in K-spaces // Russ. Math. Surv.—1975.—Vol. 30,
Ne 4 —P. 115-155.

2. Kusraev A. G., Kutateladze S. S. Subdifferentials: Theory and Applications.—Dordrecht:
Kluwer, 1995.—398 p.

1Supported from Russian Foundation for Basic Research, project Ne 14-01-91339.

79



ITopaakoBelii aHaIN3 U CME>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAHUS:
Te3uch MoKkaan0B XII Mexmyrapogmoi mayanoii koudepenmmu (c. [eit, 12-18 momsa 2015 r.)

O KOHCTPYKIINN KBABUSKBUBAJIEHTHOCTU
B OJTHOI1 ABCTPAKTHO! BEPCHI JIOKAJIBHOT'O METOJIA

A. B. Jlykun
(Poccus, Pocros-ua-/lomy; FODY)

B [1] mpu momormu Mo udukanuu JoKaabHOi cTpykTypbl Cumonenko — Kosza-
Ka [2| mosyuen Kpurepuil HIPUMEHMMOCTH IIPOEKIMOHHOIO METOJa Il CBEPTOK C
KOMIAKTHBIMU KO3 durnmentamu. s ero mocrpoenuns norpeboBagoch UCCIe0BATh
KOHCTPYKIUIO KBA3U3IKBUBAJICHTHOCTH, HOpO}K,ﬂ;eHHOﬁ I/IH’ZLyHHpOBa,HHOI‘;I Ha II0/aJI-
rebpbl JIOKAJIBHOU CTPYKTYPOIi.

[Mycrs A — banaxosa anrebpa ¢ eqununeii e, X — koMmaxr, a Xy — Gopemesckas
o-anrebpa TOAMHOXKECTB TpocTpancTa X, p : Lx — A — JokampHas CTpykTypa
nagx X (ompenenenue cu. B [2]). Iyers X (C X) — xommaxr, A — 6anaxosa mogamreo-
pa anrebper A c exunneit €. Ecm p(Xg) C A u p(X) =&, To 6yeMm roBopuTh, U4TO
orobparkeHne p = p[zg 1Y — A undyyupyem B A JIOKQ/TBHYIO CTPYKTYPY Ha X.
DJieMeHTHl a,b € A Ha3bIBAIOTCSA IKGUGAACHMHbLMY 6 Moywke T € X, eCIu s JI0-
6oro umcaa £ > 0 cymecTByer OKPeCTHOCTb U TOYKM & Takas, 410 |[(a — b)p(u)|| < ¢,
lp(u)(a —b)|| < . Cokpamienno Gyaem nucarh a ~g b.

[Tycts A, B — GamaxoBbl aiare6pbl ¢ JOKAJIBHBIMA CTPYKTYPAMU HaJI MPOCTPaH-
creamu X n Y, HOpoXK ieHHBIME 0TOOpaskeauavu p: Ly — Aunp : Xy — B;ae A
u b € B — sneMentTs! 9Tux aarebp, r € X uy € Y — dpurcupopauubie Touku. Ilycrs
CYHIECTBYIOT OKPECTHOCTH U W U TOYEK & ¥ I, TOMEOMOPMU3M  : U — U U M30MOp-
dbusm T : p(u)Ap(u) — p/(v)Bp'(v), yaoBIeTBOPAIOMITE CIEIYIONIAM YCIOBUAM:

1) ole) = v

2) Vw € Xy T(p(w)) = p'(¢(w));

3) T(p(u)ap(u)) ~y P (V)00 (v)

Tor1a rOBOPAT, 9TO 3JIEMEHT ¢ B TOUKE T K6A3UIKGUBAAEHMEH SJIEMEHTY b B TOUKe Y.
Cokpaiienno Oyiem mucarb a ~z @, T ~y b umu a ~gz~y b.

Teopema 1. Ilycre a ~g @, T ~y b; )A(:(C X) u ?(C Y) — kommakrtel Takue,
yrox € X,y € Y; A u B — 6anaxosbl monanreéps aarebp A u B ¢ equnnmamu
ccAuné €B TaKkue, 4T0 a4 € /T, b e g, C HMHAYIIMPOBAHHBIMH JIOKAJIbHBIMHA
cTpyKTypaMu p u P Ha KOMIIAKTax XnuY. IIycre cymecrByror okpectaoctr U(C
u N X) B X n v(Covn }7) BY r10YeK T 1 Y COOTBETCTBEeHHO, Takue, 4r0o @(u) = U
1 T(p(0)Ap(@)) = §'(0)BP (V); ® 1 ¥ — GanaxoBbl ajirebpbl ¢ eUHULAME €3 H €y,
JIJIsT KOTOPBIX HMEIOTCS HEIPEPbIBHbIE H30MOP(U3MBI K A= ®u P B — v,
coxpamsrorue eguauiy. Torma

1) orobpaxenns ¢ = kp: Xy — ®uq = p : Xy — U onpenensior TokaIbHbIE
ctpykTypbl B © u U;

2) cymectByer mzomoppuzm T : q(u)Pq(u) — ¢'(V)Vq' (V) rakoii, uro k(a) ~,
P, T" ~y (D).

Yepes Vy(= Vp(RF)), tme p > 1, k > 2, ob6o3Haumv 3aMKHYTYIO TOAATTeODY
L(L,(R¥)), noposxienyio oneparopami MHOrOMepHOii cBepTku ¢ sapom u3 Li(RF).
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IIycte X — xaycnopdoB KoMmakT ¢ Mepoii, K, — ujeaj KOMIAKTHBIX OLEePaTOpPOB
B L(Ly(X%)), VI’,C” =V, ® K, M — 3amkmyToe orpanuuennoe MHOKeCTBO B RF
YJOBJIETBOPSIONIEE ONPEJETEHHBIM YCIOBHAM TAAIKOCTH, K, — KOHYC C BepIIMHOI
B 2. [Tycts Q™ — npoexTop Ha nepsbie m semenTos 6asuca B L, (X), Py — npoekTop
ma Muoxectso M. Yepes Ay o6o3naunm MHOKECTBO ceMefcTB { Ay, }n>1 TUHEHHBIX
orpaHuIeHHbIX 0reparopos Ap, ¢ (Prnx @ Q™) Ly(RF x X) — (Prx @ Q™) Ly(R* x X)
TAKUX, 9TO SUP,,>1 [|Aml|| < 00; wepes Jx = {{Am}m>1 € Ax: limy, o0 [|Am|] = 0}
0003HAUYMM BaMKHYTHIH jaByxcroporHuit uiaean B Ax. Kiacc cMexxuoCTH 3/1eMeHTa,
{An}mz1(€ Ax) mo upeany Jx, apagionuiics spemeaToM (akTop-aaredpot Ax /Jx,
o6o3uauum 1epe3 [{ A tm>1]3y -

Kp\+
Teopema 2. Ilycts A € (Vpp ) , Torga juIs Jjioboro x € OM mmeer mecto
KBa3HU3KBUBAaJIEHTHOCTH

Im IKs
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HEKOTOPBIE BOIIPOCHI TEOPUM IPUBJIM2KEHNUI CYMMAMU
OYPBE — XAAPA B BECOBBIX ITPOCTPAHCTBAX JIEBET'A
C MEPEMEHHBIM ITOKASATEJIEM

M. I'. Maromen-Kacymos
(Poccus, Branunkaskas; FOMI)

Jng nocrpoenns paga @ypoe — Xaapa » ooy ceXk(T), ¢ = fol f(@®)xk(t) dt, nna
dbynkuun f(x) Tpebyercst, urobb 3Ta dhyHKIEs ObLIa CymMMupyeMoii. B ¢Bsa3u ¢ 9T
TIpU UCCTAEJOBAHUN HEKOTOPBIX BOIPOCOB Teopuu npubamxkenuii cymmavu @ypbe —
Xaapa B BECOBBIX MPOCTPAHCTBax Jlebera ¢ mepeMeHHBIM TOKA3aTeaeM BO3HUKAET
HEeOOXO/IMMOCTD HAJIOXKEHUS HA BEC YCJIOBUil, IPU KOTOPHIX OY/ET BBHITIOJTHEHO BJIOYKE-
HUe

LX) (E) c LV(E). (1)

w

B nannoit pabore uccseyorcst ycaosus Ha BeC w(x), npu KOTOPBIX Oyer cupase/i-
JINBO YKA3aHHOE BJIOKEHUE.

Beesem nekoropsie onpegesenns. Ilyers w(x) — HeoTpunaTebHAS IOYTH BCIO-
ay (m.B.) mosoxkmTenbHAs cymmmpyemas GyHkmmsi (Bec), onpeje/ieHHas Ha MHO-
xectse £ = [0, 1]. Becossim mpoctpancrsoM JleGera ¢ mepeMeHHBIM TTOKA3ATEEM

Lﬁ,(x) (E') nasbiBaeTcss MHOXKECTBO u3Mepumbix Ha F dynknuit f(z), yaosaersopso-
mmx yeaosnio [ | f(2)[P@w(z) de < co. Kax ussecrno [1-3], ecm

1 < essinfp(x) < esssup p(x) < oo, (2)
ek LA
p(z)

TO TOTOI0rUs npocTpancTea Ly, ' (E) nopMupyema u 0/1Hy U3 SKBUBAJIEHTHBIX HOPM

MOXKHO OIpee/UTh, mojaras g f € Lﬁ,(z (E)

E

p(z)
w(z)de <1 5.

Cumsosiom P(E) Gyaem 0603Ha9aTh MHOXKECTBO U3MEPUMbBIX HA MHOXKeCTBE E hyHK-
mmit p(x), yrosiersopaomux ycnosmio (2). Ham takae monagoburcs obosHadenne
P(E) pst nopmuozxkecrsa uz P(E), BKIIOUAIOMEro TogbKO Te (), KOTOpbIe y10BJ1e-
TBOPSAIOT JIONOJHUTETHRHOMY orparndennto 1 < essinf,cp p(x).

MHuO0KecTBO BeCOBBIX (hYHKIWM W (Z), yAOBIETBOPSIONIUX YCIOBUIM

(H1) w(z) > c¢(w) >0, xz€E={zecFE:p()=1} (n.8.),

)(EQ) < 00, EQZE\El,
P/ (-

Gymem obosnadaTh qepes Hpy.y(F).
Criezyionast TeopeMa JIaeT JOCTATOYHBIE YCJIOBHS I CIIPABE/TIMBOCTH COOTHO-
mennst (1).
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Teopema 1. Ecmm w(x) € Hy)(E), p(x) € P(E), To nmeer mecro praoxenue (1),
npuIem

IF111(E) < e(p, W[ fllpe) w0 (E)-

Ha sonpoc o Towm, nackosibko ycaosust (H1) u (H2) spasiorest HeobxomuMbivu,
B HEKOTOPOI#i CTEMEeHN OTBEYAIOT MPUBEICHHBIE HUXKE YTBEPIKICHNUS.

Teopema 2. Ilycrs p(x) € P(E) u umeer mecro (1). Torma sec w(x) Gyxer
yaosersopsite yciaosuio (H1).

Teopema 3. Iycrs p(z) € P(E). st toro arobbr nveso mecto siaoxemue (1),
Heobxoqumo, aro6sr w(x)*®) € LY(E) gna moboii n3vepunmoii ¢pyukmmm o), KoTo-
past 1pu HeKOTOpoM € > 0 y/I0BIE€TBOPSIET yCIOBHIO

! +e<alr) <1 €FE (3)
—————+e<ax x .
p(x) o 1 X ~X 9

O Tom, Kak cBs3anbl Kaacchl Hp(.y(E) npn pazimunbix nokazarensx p(z), noka-

3aHO B CJICAYIOIIEH TeopeMme.

Teopema 4. Ecm 1 < p(z) < q(z) < G(E) < 00, 10 Hp)(E) C He)(E).
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PROPERTIES OF SEMI-ORTHOGONAL PROJECTIONS

M. S. Matvejchuk
(Russia, Kazan; KFU)

Introduction. Many papers are devoted to quantum logic. A quantum logic [1]
is a set L endowed with a partial order < and unary operation * such that the
following conditions are satisfied:

(7) L possesses a least and a greatest element, 0 and I, and 0 # I;

(i) a < b implies b < a' for any a, b € L;

(iii) (at)* = a for any a € L;

(iv) if {a; }iex is a finite subset of L such that a; < ajL for i # j, then supremum
Viexa; exists in L;

(v)ifa,b€ Land a <b, then b=aV (bAat).

Sometimes replaced axioms (iv), (v) on:

(iv') if a < bt then there exist a V b;

(v') if a, b € L and a < b, then there exist ¢ < a’ such that b=a V c.

Two elements a, b € L are called orthogonal if a < b+. We will denote the
orthogonality of a, b by the symbol a L b.

An important interpretation of a quantum logic is the set of all orthogonal
projections on a Hilbert space and on a space with conjugation operator [2].

Some definitions. Let C,, ;, denote the set of complex m x n matrices. Usually
two vectors in C,, 1 are called orthogonal if their Euclidean inner product is zero, i. e.
z*y = 0 for z,y € Cp, 1 and z, y is said to be semi-orthogonal 3] if Rx*y = 0. The
symbol A* will stand for the conjugate transpose of A € Cy, . By H(A) we denote
the Hermitian part of A, i. e. H(A) = 1(A+A*). It is well known that A € Cyy, 1, is an
orthogonal projection, i. e. an Hermitian idempotent, if and only if (I, — A)x and Az
are orthogonal for all z € C,, 1. By the analogy (see [3]), a matrix A € C,, », is called
a semi-orthogonal projection if the vectors (I, — A)z, Az are semi-orthogonal for all
x € Cpy 1. This is equivalent that (I, — A*)A is skew-Hermitian, which is satisfied
if and only if A*A equals the Hermitian part of A, i. e. A*A = J(A+ A*) = H(A).
We wish to make clear that a semi-orthogonal projection need not be a projection
in the usual sense, since it is not necessarily an idempotent.

Theorem 5 |3] says: Let A, B € Cy,,, be semi-orthogonal projections. Let o be
an arbitrary real scalar such that 0 < a < 1. Then the following statements hold:

(a) A*B is a semi-orthogonal projection if and only if H(A*B) = H(A*BA).

(b) A+ B is a semi-orthogonal projection if and only if H(A*B) = 0.

(¢) A — B is a semi-orthogonal projection if and only if H(A*B) = H(B).

(d) @A + (1 — «)B is a semi-orthogonal projection if and only if H(A*B) =
$[H(A) + H(B)).

We note: the condition (d) is fulfilled if and only if A = B.

A partial order on semi-orthogonal projections. Let us denote by S the
set of all semi-orthogonal projections from C,, ,,,. First we offer a pseudo partial order
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L with respect to which S°" becomes well-known structure. Let

and unary operation
A,BeSo.

Put A<, Bif B—A€S8", At =1, —A,and A L Bif B <q AL

EXAMPLE. Let p,q € Caa, ¢ # pt, ¢ # p are an one-dimensional orthogonal
projections. Let A € C be such that [A]> = R\, 0 # X\ # 1. It is clear that Ap*,
(1*)\)(] € §°". In addition, Ap <1 )\(ijpL) = )\1272 e S, )\1272 <1 ()\I272+(17)\)q) S
ST . By Apt+(1—=X\)g € S, we have Ap £1 Ma2+(1—N)g = A\p+(Apt+(1—N)q).

REMARK. If A, B € 8 and A <; (I — B) then AB # 0, in general, (see, for
instance, A = AP, B = (1 — )P (Here |A\|> = R\ and P is an orthogonal projection,
dim P = 1)).

Theorem. On the set S°" with <1 and * the conditions (i) — (iv), (iv'), (v') are
fulfilled.

Now, we offer a partial order on the set S°.

DEFINITION. Let A, B € 8. Put A < B if there exist finite subset {4;}} C 8"
such that (A4+A;1+-- -+ A1)+ A, € S forall k, 1 <k <nand A+) ;" | A; = B.

Let us turn to Example. By the construction, Ap < (AM22 + (1 — \)q).

It is clear that the relation < is a transitive relation and <i entails <. But the
converse is not true (see Example). The relation < is an analogue of the corresponding
partial order relation on the set of all orthogonal projections.
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CTPOT'A4 BHIIIVKJIOCTB U ITPOEKTUBHBIE OIIMCAHUN A

C. H. Meauxos
(Poccusi, Pocror-na-/lony, FO®Y; Bragukaskas, KOMN)

Hoxkian mocBsamer mpobJsiemMe anredpandeckKoro MPOeKTHUBHOTO OMUCAHUS CUET-
HBIX MHYKTUBHBIX I[IPEJIEJIOB BECOBBIX MpPOCTpaHcTB Pperre meabix GyHKIHUiT, 130-
MOPMHBIX CHJIBHBIM COIPSKEHHBIM K IPOCTPAHCTBAM (DYHKINN, r0JI0OMOPMHBIX HA
BBIIYKJIBIX JOKAIBHO 3aMKHYTEIX moamuoxkectsax CV. Jlamee ) o6o3madgaer BbI-
IIYKJIOE JIOKQJIBbHO 3aMKHYTOE€ MHOYKECTBO B CN, 1 e BBIIIYKJIOE MHOYKECTBO, MMe-
forree (pyHIAMEHTAIBHYIO TOCIEI0BATEILHOCTh KOMITAKTHBIX MOAMHOXKECTB. [lycTh
(Qn)neny — dyHIaAMEHTATBHAS TTOCIEI0BATEIBHOCTh KOMIAKTHBIX MOJIMHOKECTB ().
Bes orpanunuenust 00ITHOCTH MOXKHO CYUTATh, 9T0 Qp C Qpni1 ¥ @y BBIIYKIIO st
moboro n € N. ITycrs H(()) — IpoCTpaHCTBO POCTKOB BCex (hYHKINI, aHATUTHYe-
ckux Ha (), HAJEJEHHOE TOMOJIOTHEH MPOEKTUBHOTO npeaena proj, ., H(Qy). 3mecs
H(Q,) — (LB)-npocTpacTBO POCTKOB BCeX (DYHKIWH, TOJOMOPQHBIX HA KOMIIAK-
re Qn. llycts H,, — onopubie dpyukimn (),. Hiuxke paccmarpuBaiorcst BecoBbie PyHK-
mn v, g(2) = exp(—H,(2) — |2|/k), n,k € N, z € CN. Becopoit nmaykTusnbIii
upegen VH(CN) npocrpancrs @pere nebix byHKIi OIPeIeIseTcs PaBEHCTBOM
VH(CY) :=ind,—proj,_,H (vn, CV), Tre

H(vmk,CN) = {f € H((CN) ’ I fllon s := sup vpr(2)|f(2)] < oo}.
2€CN

(Cumosr H(CN) o6ozragaer npocrpancrso seex nesix 8 CV dynknuit.) IIpeobpa-
soBanmue Jlamraca SBASETCA JIMHEHHBIM TOTIOJOTHIECKUM H30MOP(MU3MOM CHITBHOTO

compsxerroro H(Q)) x H(Q) wa VH(CY). K. JI. Bupmrear, P. Maiize, B. Cau-
mepe [1] BBemm accommposanmyto cucteMy V BCEX MOTyHETPEPHIBHBIX CBEPXY BECOB
7 : CN — [0,400) Taxux, uTo A8 MOGOrO N CYMIECTBYIOT oy > 0 u k = k(n),
JIST KOTOPBIX U < QipUp f HA CcN. IIpoekTrBHOI 0060/109KO BECOBOTO WHyKTUBHOT'O

npenena V H(CVN) apngerca npocrpamcrso

HV(CY) = {f e H(CV) | ||flls := sup 5()|f(2)] < 00 ¥T € V}
2eCN

C JIOKQJIbHO BBINYKJIOH  TOHOJIOrWel, oOIpeaejasdeMOil CHUCTEeMOH  IIpeJHOPM
{l"lIz| 7€V} Tpocrpancreo VH(CYN) wnenpepwisno Baoxeno B HV(CN).
[Ipobsiema anrebpanyveckoro MPOEKTUBHOIO OMUCAHUSA 3aK/I0YAETCsd B OIIpejie-
JeHnn ycsoBuit, npu koropeix npocrpancrsa VH(CN) uw HV(CV) cosmamaror
ajirebpandecku. COOTBETCTBYIOIIME yCJIOBUS IOJIYYEHBI B TEPMUHAX KOMIIJIEKCHBIX
aHAJIOTOB (JIOKATBHOIT) CTPOrOil BBIMYKJIOCTH U JIHHEHHON BhIMyKjaocTh. [IpuBemem
nsa pesyabrata (st N > 1u N = 1).

Teopema 1. Ilycrs BHyTpenHOCTE () Hemycrta. Ipenmnomoxum, 4To 1T KaxK o0k
KOMILTEKCHOI runepitiockoctu T takoit, uro T N Q) = &, cyIecTByeT aeiiCTBUTETh-
Hag rurepitzockocth 11, g koropoit T C 11 m IINQ = &, u nepecevenne QQ ¢ a1060ii
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OMOPHON KOMILTEKCHOH THIEPILIOCKOCTBIO K () KoMmakTHO. Torjna BbIIOJIHIETCS aJl-
rebpamueckoe pasercrzo VH(CN) = HV(CN).

Teopema 2. IIycrs Q C C. Cuexyromine yTBep:K/eHHsT pABHOCHIBHBI:
(i) Brmmomnsiercs anre6pamieckoe pasencrso VH(CN) = HV(CV).
(ii) Iomosmenne Q) (o C) sBisiercss obbeuHEHNEM BEIIECTBEHHBIX TIPSIMBIX.
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CIIEHNO®UNKA CUMMETPIUYHOI'O OTPE3KA B TEOPIU
KJIACCUYECKHX ITOJIMHOMOB BEPHIIITEITHA

M. A. ITerpocosa (Poccust, Mocksa; MIITY),
. B. Tuxonos (Poccus, Mocksa; MI'Y),
B. B. IIlepcriokos (Poccusi, Mocksa; HUAY MUDN)

B Teopun KjacCHYeCKUX HOJHHOMOB BepHInTeiina 00bI9HO PACCMATPHBAIOT CJIy-
vaii crangapraoro orpeska [0,1] (em. [1-7]). Jasa dyuxkunu f € C[0, 1] noaurombr
Bepnmreiina onpeensior opmyioit

Bu(f,2)=)Y_ f (i) CFzk(1—2)" % neN. (1)
k=0

Coyuait cummerpuanoro orpeska [—1, 1] Takke Baken B 3ajia4ax armpoKCUMAIUH.
On nmeet cBotO creruduKy 1 JIydIe TPpUCTOCODIeH IjIst M3yIeHUsT TeTHBIX U HeJIeT-
ubix dbyukmumit. g byaknun f € C[—1, 1] nomunomsr Beprreiina BBoAAT 110 Tpa-
BULITY
1 o 2k
Bn(f,x)ZQHZf(n—1> CFA+a)k1—-2)"* neN. (2)
k=0

C TOUKM 3peHMsI reOMETPUIECKUX CBOTICTB U XapaKTepa CX0uMOoCTn KOHCTPyKiuu (1)
u (2) He UMEIT TPUHIMTHAIBHBIX pazmanii. OHAKO, MHOTHE KOMOUHATOPHBIE U aJl-
rebpandeckue cBoficTBa moamHOMOB Beprimreiina ua [0, 1] u va [—1, 1] cymecTserno
pasmsaTca. B moksajie mpenmoiaraeTcs ¢eraTh akKieHT MMEHHO Ha TAKUX Pa3IndnsiX.
B uacrroctu, qys nomuaoMos Beprmreitna na [—1, 1] 6yayT obcyxaaTbes

1) sBHAg anrebpamveckasi 3amuch MO CTENEHsIM T U CBA3aHHbIE ¢ Heil KomMOuHa-
TopHbIe ) EKTHI;

2) KOHKDETHBbIE BBIPA’KEHWsI NOJMHOMOB BepHIITEeiiHa jI/Is BAXKHBIX NPUMEDPOB
creneneil P U CUMMETPUYHOTO MO/ |Z|;

3) TOUHBIN 3AKOH PEryJSPHOrO MONAPHOrO COBHAJEHUs MOJMHOMOB Bephreiina
B C/ly4yae KyCOYHO JIMHENHON MOpOXKIatoIeil hbyHKINN;

4) mopuduKanuu KJaCCUIECKUX TEOPEM € COOTBETCTBYIOIIMMU TEXHUYECKUMU 110~
TpaBKaMU.

OtnenbHBbIE PE3YABTATHI 10 MEPEUUCTCHHBIM TEMaM MPEICTABICHBI B HEIABHUX
nybankanusx [8-11]. Takzke Gy/yT 3aTPOHYTHI HEKOTOPbIE HEPEIEHHbIE TIPOBIEMBI,
CBsI3aHHBIE C MOJTMHOMaMU BepHITeliHa Ha CUMMETPUIHOM OTPE3KE.
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METO/ ITOAOBHBIX OITEPATOPOB B CITEKTPAJIbBHOM AHAJIN3E
JUOOEPEHIIMAJIBHOTO OIIEPATOPA YETBEPTOI'O ITOPSIIKA®

. M. Ilonskos
(Poccus, Boponex; BI'Y)

[Iycrs Lz [0, 1] — rusis6epToBo mpocTpancTBO CyMMUPYEMBIX ¢ KBaaparoM Ha [0, 1]
KOMILIEKCHO3HAYHBIX (DYHKINI CO CKAISIPHBIM MMPOU3BEICHUEM

1
(x,y) = /x(r)y(T)dT, x,y € Lo[0,1].
0

Yepes W0, 1] o6oznaunm npocrpancrso Cobonena {y : [0,1] — C: y, v/, y” nenpe-
peisabie Ha [0, 1], ¥ abcomorno menpepsisra 1 y") € Ly[0,1]}.

Paccmorpum oneparop L. : D(Ly.) C L2[0,1] — L2[0, 1], onpenenennsriii ciemy-
omuM JuddepeHITnaibHbIM BbIPAYKEHIEM:

Wy) =y —a(t)y” —b(t)y, rme a,be Ly0,1].

O6acrs onpegenenust D(Ly.) onpeensiercss OMHUM U3 JIByX KPAeBbIX YCJIOBHUIi:

(a) nepuoamaeckue be = per: 49 (0) =y (1), j =0,1,2,3;

(b) anrunepuomuueckue be = ap: y9)(0) = -y (1), j =0,1,2,3.

Caeposarensto, D(Ly.) = {y € W3[0,1] : y yaosnersopser be}. Oneparop LY, :
D(Lpe) = D(Lpe) C L2[0,1] — Lo[0,1], LYy = yUV)| apnsercsa camoconpsikenmbiv
OIIepaTOPOM C KOMIAKTHOI pe30/IbBEHTOM.

Hna dbynkumit a,b € La[0, 1] cipasemesl ciaemyonmme npeacTaBieHus:

a(t) — Z akei%rkt7 b(t) — Z bkei27rkt’

k€eZ keZ

e ag, bi, k € Z, — xoabdurmentsr Pypbe GyHKIMA @ 1 b COOTBETCTBEHHO.

Cnexrper o(Ly.) onepatopos Ly, be € {per, ap}, npeacrasumel B BUje:

(a): 0(Lper) = {(2mn)*, n € Z4 = NU{0}}. CoberBentoe moAmpoCTpanCTBO 1Tst
n # 0 mveer Bug EY = Span{el €2}, rme el (t) = e 2™ e2(t) = 2™ t € [0,1].
Ecim n =0, ro EY = {aeg,a € C}, e eg(t) =1, t € [0,1].

(b): 0(Lap) = {m*(2n+ 1), n € Zy = NU{0}}. Coorsercrayiomiee cobcTBeHHOE
noanpocrpanctso mmeer sug EY = Span{el €2}, rae el (t) = e Gt e2(4) =
e7,'7r(2n—‘r1)t7 te [07 1]

!PaBora Bbinonnena npu duHAHCOBOIM HomepkKe Poccniickoro Gouga dyHIaAMEeHTAIBHBIX UC-
caenopanuii, npoexr Ne 15-31-20241 moui_a_ Bes,
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[IpoexTopsr Pucca P,, n € Z, onpeaeasaioTCs CIeAYIOMIM 00pa30M:

(a) Pox = (x,el)el + (z,e2)e2, n € N, Pyx = (w,eq)ep;

(b) Pux = (z,el)el + (z,e2)e2, n € Ly,
nutst Beex x € Li[0, 1].

Cuexrpa/biblil anam3 guddepeHnnaabHOro orneparopa 4eTBEPTOro MmopsaKa C
BemecTeeHHbIMu Koaddunuentavu a,a’,b € L]0, 1] memuoro 6osee obmero Buma
611 npusesen B [1]. B aroit pabore Mbl paccmMarprBaeM HECKOJILKO 60Jiee yIIpPOIeH-
HBIN OIepaTop, HO CHUMaeM KaKme-1n0O0 yCIOBHUsS Ha IIOTEHIHAJIBbI, KPOMEe HX IIpH-
nagexnaoctu Lg[0, 1]. OcHOBHBIM MeTOA0M mCC/Ieg0BaHUS OYJET SABIATHCS METO]
OO0HBIX OIIEPATOPOB.

Teopema 1. /lucppepennnanpupiii onepatop Lye ABIAETCA OIEPATOPOM C KOM-
HAKTHOH pe30JibBeHTOH 1 ero cuekrp npejacrasum B Buje o(Ly.) = 0y U { Ay, n >
m + 1} pns nekoroporo m € N, rje Gy, — KOHEUHOE MHOKECTBO C 9HCJIOM TOYEK He
npeBocxopamum m. CobcTBeHHbIE 3HATEHHA A\, omeparopa Lpe, domyckaior ciaeny-
I'OLHYIO aCHMHTOTI/IKy.'

A\, = (27m)4 + (27n)2ag + Bn?,

e (Bn) — cymMMupyeMasi ¢ KBaJpaToM II0CJeoBaTebHOCTh. s omeparopa Ly
OyJieT ClpaBeJInBa, AHAJIOTHIHAS ACHUMIITOTHKA.

Teopema 2. Oneparop — Ly, be € {per,ap}, renepupyer anayuruaeckyro mnosy-
TpYIITy OMepaTopoB.

OrmernM, 9TO B 9T0i Teopeme OyJIeT TaKKe MPUBEIEHO aCUMIITOTHIECKOE MOBe-
JIEHU€ 3TOM TOJIYTPYIIIIbI.

Kpowme toro, 6biin mosrydersl TeOpeMbl 00 OIEHKAX TPOEKTOPOB P, m OmeHkKax
PaBHOCXOIMMOCTH CIEKTPAIbHBIX PA3JI0XKEHUIA.

JIuteparypa

1. Bagauua A. B., Koporsies E. JI. CnieKTpajbHble OIEHKN JJIsi TIEPUOAMUECKOTO OMEPATOPa
geTBepTOro mopsaaka // Amnrebpa m amamm3.—2010.—T. 22, Ne 5.—C. 1-48.
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O ITOPOKJAIOIINX ITPOEKTUBHBIX
BECOBBIX IIPOCTPAHCTB LIE/JIBIX OYHKIIAI!

. A. IlosisikoBa
(Poccus, Pocros-ua-/lony, FO®Y; Bramgukaskas, KOMI)

Mycrs Hg(C) = {f € H(C) : [|fn = supsec L& < o0, ¥Vn € N} —

exp ¢n(z)
IPOEKTUBHOE MPOCTPAHCTBO TeEJbIX (DYHKIM, OIpee/seMoe BECOBO IOCTIe0Ba-
resbHOCTBIO D = ()22 . asiee, nycrb p — HEKOTOPOE HATYPAJbHOE YHUCJIO0 M

pu KaxkJoM ¢ oT 1 jio p 3ajansl juHediHOe moanpocrpancTBo Hgi(C) mpocrpan-
crBa He(C) u nenas dbynkuus a;(z), apagiomasics MyabTuiankaropoM u3 Hegi(C)
B Hp(C). Torna > 0, aiHgi(C) C He(C). Toropsit, uro GyHKIMY a1, . . ., ap U TOJ-
muoxkectsa Hgi (C), ..., Her(C) nopoxkmaior He(C), ecin BbImoHIETCST pABEHCTBO
> i1 aill5i(C) = He(C).

B paGore BbIeJIeH BazKHbIN ¢ TOYKA 3PEHUST IPUJIOKEHHI KIACC BECOBBIX MOCTIE-
nosaresabHocTeit O = ()01, vn(2) = un(|2]) + v(2), cocrosimux n3 pajuaIbHBIX
u HepanaibHOl KommoHeHT. ChopMyImpoBaHbl JIETKO poBepsieMble ycaoBus Ha P,
IIPY KOTOPBIX yCTAHOBJIEHO MOJIHOE OMMCAHUE MOPOZK JAIOIINX COOTBETCTBYIOIINX TIPO-
crpancts Hg(C).

Umenno, npejnonaraercs, 4o GyHKIUE Uy, : [0,00) — R venpepbisabl, He yOb-
BAIOT U YJIOBJETBOPAIOT yCaoBusiM: 1) upn(e”) Boimyksa ma [0,00), n € N; 2) ce-

meficTBo (uy )0 paBHOMEpHO p-ycroifiumso na [0,00); 3) Vn € N 3D, > O:

Up+1(t) + In % < up(t) + Dy, t 2 0. @ynxknusa v : C — R — npoussonbhag cy6-
rapMonnueckas p-ycroiiunsas dbyukinus B C. 3uecs p = p(t) — perynapuasg yHK-
1ysi PAcCTOsiHust (OTpeIeIeHust PEryaapHOil DyHKIMN PACCTOSHUS U P-yCTOHIUBOCTH
cMm. B [1]).

Hasnee, nycrs 1;(2z) — HeorpunarenbHas HenpepbiBHasg cybrapmonmnueckas B C
byukuus u &' = (pn(2) —7i(2)), n € N, 1 < i < p. Bysem cuurars, uro mocse-
noBareabaoctu D) 1 < ¢ < p, umeror Takoit ke Bu, 910 U P, U yI0BIETBOPAIOT
[ePEYUC/IEHHBIM BBIIIE TPEOOBAHUAM.

OCHOBHBIM PE3yJILTATOM PAGOTHI SIBJISETCS

Teopema 1. Jlra moro ugrobsr ¢yHKOMu ai,...,ap W HOAMHOXKECTBA
Hg1(C),..., Her(C) mopoxnamn He(C), HEOOX0AMMO H JOCTATOUHO, YTOOBI BBIIOJI-
HSLJIOCH YCJIOBHE

p .
VmeN3IneN, IB>0: Y jo:(2)| > Be um(Z)tun(z) € C,
i=1

eri(z)

JlokazaTeIbCTBO OCHOBAHO HA TOJYIEeHHOM HETABHO Pe3YJIbTATE O PA3PENIIMO-
cru HeoaHOpoaHOro ypasHenuss Komwm — Pumana B MpOEKTHUBHBIX MPOCTPAHCTBAX

!PaBora Bbinonnena npu duHaHCOBOIM HOomepkKe Poccuiickoro Gouga dyHIaMEeHTAIbHBIX UC-
ciemoBanuit, mpoekT Ne 14-01-31083.



U3MepUMbBIX (DYHKIIWI, 3a/1aBaeMbIX BECOBBLIME IOC/IEI0BATEILHOCTSIMI U3 YKa3aH-
HOI'O KJ1acca.

Teopema 1 ropasio 60Jiee IpocTa u ya06Ha B IPUMEHEHNUHN, 1eM W3BECTHBIN paHee
pesyabrar O. B. Enudanosa ( cm. [2, reopema 4]). Kpome Toro, 3a cuer BBejeHust
dbyukImn p(z) oHa pUMeHnMa Jist HOBBIX 110 CPaBHEHUIO C [2] BecoBBIX mocJienoBa-
TeJIbHOCTEI.

B kagecTBe 0{HOTO M3 MpUIOKeHuit Teopembl 1 B paboTe yCTAHOBJIEHBI YCJIOBUS
HOPMAJILHON Pas3peImMOCTH CUCTEM yPaBHEHUIl CBEPTKU B MPOCTPAHCTBAX YJIBTPa-

muddepentniupyempbix pynxrmit Pymvbe.

Jlureparypa

1. Abanin A. V., Pham Trong Tien. Continuation of holomorphic functions and some of its
applications // Stud. Math.—2010.—Vol. 200.—P. 279-295.

2. Emmcpanos O. B. O pa3pemmumocTy HeOTHOPOAHOTO ypasHenus Komrm — Pumana B k1accax
dbyrkumit, orparugennabix ¢ BecoMm u cucremoii Becos // Mar. 3amerkn.—1992.—T. 51, Ne 1.—

C. 83-92.
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SKCTPEMAJIbHBIE 3AJIAYN O ITAPPAJLJIEJIEINIIEJAX?

H. B. Paccka3zoBa
(Poccus, Py6rosck; P Antl'TY)

DKCTpeMaIbHbIE 33/Ia4Y1 HHTEPECOBAIN YeIOBeKa C APEeBHUX BpeMeH. VI B HACTO-
sIee BPEMs MHTEPEC K PEIEHnIo 3a7a9 Takoro Tuna ue ocaabesaer. VHTepecnoit
3aJadeil ABJIseTCs HAXOXKIEHNEe SKCTPeMaIbHBIX 3HAUYEHUH WHTErPAIOB MOMEePedHbIX
Mep MUHKOBCKOIO JijIs IpsiMoyTo/ibHOro napaJienenunena P = ABCDA'B'C'D’ ¢
3a/IaHHBIM Teoje3ndeckuM quamerpom D(P).

[Tox reogesnueckumM (BHYTPEHHMM ) JuaMeTpom napasienenuneaa P (Tounee, ero
OBEPXHOCTH) Oy/IeM MOHUMATh MAKCHMAJIbHOE Te0Ie3ndecKoe (BHYTPEHHEe) pacCTo-
SHUE MeXK/y napoii TOYeK Ha MoBepxHOCTH napasienenunesa. Ob6os3naunm |[AB| = a,
|AD| =10, |AA | =c,tne0<a<b< e

ConocraBum napasienenurnesy P ciepyionme narerpasibl nomnepedsbix mep Mun-
kosckoro Wi, i =0,1,2,3 [6]: Wo(P) = V(P), Wi(P) = F(P)/3, Wa(P) = M(P)/3,
W3(P) = const = 47/3, e V(P) = abc — obbem, F(P) = 2(ab+ac+bc) — miomams
nosepxuoctu, M (P) = 7(a + b+ ¢) — waTerpasn cpegneii KpUBU3HLI.

st ymobcTBa MBI Oy/1eM pacCMATPUBATH TAKIKE 6biPOHCIEHHDIE NAPANLCACTIUNC-
Obl, 9TO coOTBETCTBYET Caydaio a = 0.

Cnyuait W3 = 47/3 sBisieTcst TPUBUATIBHBIM.

DKCTpeMasbHBbIE 3HAYEHUS NA0wWadu noseprnocmu F(P) mapamnenenunena P
6putn Haiigensr FO. I Hukonoposeim u FO. B. Hukowoposoii B |7], rme 6b110 110-
Ka3aHO, 9TO MAKCUMYM ILIOINA/U MOBEPXHOCTHU JIOCTUTAETCA HA MAPAJLIEIENNUIee C
coorHOLIeHHeM [yl pebep @ : b : ¢ = 1 : 1 : /2. B wacrHocTH, Ui IPOU3BOIIL-
HBIX TapaJIIeS NN/ 0B BRITTOIHACTCS COOTHOIIeHne ab + ac + be < % (D(P))>.
MunuMyM B TAHHOM CJIydae, OYeBUIHO, paBeH 0 U JOCTUraeTcs B TOYHOCTH HA (BBI-
POK/IEHHBIX ) TapaJLIe/Ienuneax co ceoiicreom a = b = 0.

Hasee B [3] ObLIH Oy UEHBI SKCTPEMAJIbHBIE 3HAYCHUS JIJIST UHME2PAAG cpedret
kpususnve M(P). B wactnocru, nanbonbimee 3uavenne M (P) mocruraerca B TOU-
HOCTH Ha MapaJsiiejienunesax ¢ COOTHOIeHneM jjiua pebep a : b :c =0 : 1 : 1,
a HAMMEHbIIEe 3HAYECHME — Ha NapaJUIeJIeNNIeNax C COOTHOIIEHUEeM JIuH pebep
a:b:c=0:0:1 Takum ob6pa3om, I TPOU3BOJHLHOTO MPIMOYTOJBLHOTO TIa-
pasLTesenuiesa pinonneno mepasencrso wD(P) < M(P) < m/2D(P).

U, nakowert, B [4] 6p11m nostyaensr skcTpeMasbHble 3HaYeHnst obsema V (P) napasi-
nenenunena. OueBuaHO, 9T0 MUHUMYM paBeH () U JOCTUTAeTCs B TOYHOCTH Ha, (BBI-
poxIeHHbIX ) mapaienenunesax npu a = 0. HambGonbmee 3navenune oonema V(P)
Cpe BCeX MPSAMOYTOJIBHBIX Mapa/Ie/elunesoB ¢ 3aJaHHbIM Te0e3NIeCKUM THa-
METPOM JIOCTHUIaeTCsl B TOYHOCTU Ha MAPAJIIETENUeNaX ¢ COOTHOIEHNEM JIJTUH Pe-
Gepa:b:c=1:1:+2 Takum o6pa3om, sl IPOUIBOILHOIO IPIMOYTOTIHLHOTO
HapaJiIesIeNnIe/[a BEIIOIHEHO HePAaBeHCTBO abe < %D(P)?’.

V3

!Pa6ora Bbimosmena npu gacrmanoil nongepxke Cosera no rpanram IIpesunenta PP s mox-
Jep’KKU MOJIOZBIX POCCUIACKUI YIEHBIX M BeIyIInX HaydHbIX mkog P®, rpant Ne HITI-2263.2014.1.
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O KPATHOU MHTEPIIOJIAIINN B HEKOTOPHIX K/JIACCAX
AHAJINTUNYECKNUX B KPYI'E ®YHKIINIT!

Popukosa (Poccusi, Bpanck; BI'Y),
Bennaxx (Poccusi, Bpsuck; BI'Y),

E. T.
B. A
®. A. ITamosia (Poccusi, Bpanck; BI'Y)

[Iycts C — komIiekcHas I0ckocTb, D — equnnunsiit kpyr va C, H(D) — muo-
KecTBO Bcex (yHkmuil, anaautndeckux B D. g mroboro mosioxureasuoro o > 0
ompenennm Kaace Sg° (cm. [1]):

Cs
S = eH(D): T(r,f) < —— ¢,
a {f ( ) ( f)\(l—r)o‘}
rae Cy > 0 — mojoKuTenbHas KOHCTAHTA, 3HAUEHHs KOTOPON 3aBHCAT Pa3Be UTO
or dynkmun f, r € [0,1), T(r,f) = 5= |7 InT|f(re’)|dp — xapaxrepucruka
P. Hepannmunsr dyuxmun f (cm. [2]).
Xopoto n3BecTHO, ecan f € SO°) TO

Cf
M(r, f) =max |f(2)| <expq ————
() = max| /()] < exp{ =5y
npu Becex o > 0, ¢y > 0 (cm. [1]).

Cdopmynupyem 3agady kpaTHoil maTepnossuun B kiaacce S5O mycrb {ay}3° u
{Vk}5° — npousBOIBHBIE TOC/IE0BATETEHOCTH KOMILIEKCHBIX unces u3 D; 06o3Haunm
4epe3 ¢; — KPATHOCTD NOABJIEHUs HHCIA (v BO BCell IOCIe0BaTe bHoCTH { )],
$j > 1 — KpaTHOCTH HOsBJIEHUS 4uCaa ¢y Ha orpeske {aj}y_;. Ouesmano, uro
1 < 55 < gj < +o0. Tpebyerca BeigBuTh Kpurepun st { oy }7° u {4 }7°, obecreun-
Bafolue cyiecrsopanue gyuxiuuu f € S5° Takoit, 4ro

FE ) =, k=1,2,...

()TMeTI/IM7 YTO TEOPpUd MHTEPIIOJIANNN CTaJlda THTEHCUBHO Pa3BUBATLCA ITOCJIE OC-
HOBOMOIaraIeit paborsl JI. Kapiecona |3| 06 unTepmognum B Kracce OrpaHuvIeH-
HBIX aHAJUTHYECKUX (pyHKIHi. 3a7ada KPATHONH WHTEPIONANNNA B KJIACCAX Xapau
permanack B pabore M. M. Txxpbamsina (cm. [4]).

s bopMyIUPOBKU OCHOBHOTO PE3Y/IbTATA BBEJEM JIOMOJHUTEIbHBIE 0003HAYE-
Hust 1 onpejesenus. st oboro p € Zy cumBosioM Ty(z, o) Bymem 0603HAUATH
6eckoneunoe mpousBenenue M. M. [xpbarigHa ¢ HYJIIMA B TOYKAX [TOCJIEI0BATE b
HOCTH {aj};':of C D (cm. [5]):

=0 -z 11— oy?\°
j = j
wea = [ men (2 (1)
J J

7=1 s=1

!Pabora BemosHena mpu uHAHCOBON mommepxke Poccmiickoro (hoHma (yHIAMEHTATBHBIX
uccienosanuit, mpoekt Ne 13-01-97508, m MumuncrepcrBa obpazoBanus u Hayku PP, mpoekTt
Ne 1.1704.2014K.
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O6osuadum 7y, (2, o) mpoussenenue my(z, ;) 6e3 n-ro daxropa.
Kak ycranosieno B [5], npoussejenue 7p(2, ;) cX0AUTCst aOCOIIOTHO U PABHO-
MepHO B D TOrja U TOJIBKO TOIJIA, KOTJIa CXOAUTCS Pl

—+00

Z(l —Ja )Pt < +o0.
j=1

Yenom IImoavua T'5(0) ¢ Bepumuoit B TOUKE ¢ maspiBaercs yrosr pacTsopa o,

0 < 0 < 1, 6uccekTpuca KOTOpOro copnagaer ¢ orpeskom re?, 0 < r < 1.

[TocsiefoBaTEIHLHOCTH KOMITIEKCHBIX Wnces {a; };;O?, YAOBJIETBOPSIOMINX YCIOBH-
aM .
n(r) = card {ay : |ag| < r} < A=
—co
|7Tp7n(aj,0én)‘ 2 exXp ( b >, cg > 07

1 — Jap[)o+t’

sup{ar} = q,
k>1

orHeceM K Kjaccy A.
CupaBeyiuBO CJle/yIolee yTBEPXK/IEHIE.

Teopema. IIycrs nocaegosarensaocts kommrekcuorx ancera {ay} C o I's(0s)
1

og1- Bom {ar}3° € A, 1o mist mob6oit nocienoBarebHOCTH

Jist HekoToporo 0 < § <
{Vk}5° raxoii, uro

1)
ol < exp E=12,..., (1)

1 — Jog[)oFt”
MOXKHO [OCTPOUTH B sIBHOM Bujie pyakuuio f € S5O, sBISAOnLyocs pereHnemM nH-
TEePHOJIAIIAOHHON 341491

FO () =, k=12, 2)

O6parno, ecsn 3a1a4a (2) paspemnma npu Beex g = 1 u {7y }7°, yaosmersopsiomeii
yeaosnio (1), To {o}3° € A.
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Cep. Marematnka.—1978.—T. 43, Ne 6.—C. 1327-1384.

5. /xpbamsaa M. M. K npo6neme npeacrasumoctn anamarmaeckux dyuaknuii // Coobmrenms
Nu-ra maremaruku u mexanuku AH Apm. CCP.—1948.—T. 2.—C. 3—40.
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ITopaakoBelii aHaIN3 U CME>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAHUS:
Te3uch MoKkaan0B XII Mexmyrapogmoi mayanoii koudepenmmu (c. [eit, 12-18 momsa 2015 r.)

OB OJJHOM TOYHOM HEPABEHCTBE
I CTEINEHEN OIIEPATOPA JIATIJIACA

E. O. CuBkoBa
(Poccust, Mocksa; MI'Y)

Mycre F: Ly(RY) — Lo(RY) — npeobpasosanme ®ypre B Lo(RY). Ecm a > 0 un
byuknus f(-) € Ly(RY) Taxosa, uro dbymknus : & — [£](F f)(€) Takxe npuma-
nexnt Lo(R%), To (a/2)-cremnennio oneparopa Jlamtaca dynxmmn f(-) mazsaercs
byuxmus, npeobpazosanne Pypbe Koropoii ects ¥(+), 1 oGosmauaerca (—A)Y/2f(.).

deno, aro (—A)Yf(-) = f(+), a ecin @ = 2 u byukua f(+) gocTATONHO TIAIKA,
TO 9TO OOBIUHBII ee JIaIl/IACuaH:

0% f(x) 0% f(x)

8:6% Tt 8333

Cobonescrum npocmpancmeom WS (R?) HazpiBaeTCs COBOKYIHOCTL TaKHX (hyHK-
wuit f(-) € La(RY), uro dyuxuus & — (14 |€[2)*2(Ff)(€) raxaxe upunaiesxur
Ly(R?) (WY(R?) = Ly(R?)). 70 rumsGepToBO MPOCTPANCTRO CO CKAISPHBIM TTPOM3-

BeJIeHIeM
(F(),0() = (2717)(,[ [ @1y En©TFaE a
Rd
U COOTBETCTBYIOIIECH HOPMOK
1/2
17O gy = | o | 0+ 1) [PA©)
Rd

B mpocrpanctse WS (R?) paccMoTpum moAnpocTpamcTso
We Y = {1() e WERY | (FA)() € Lu(®Y)}.
Js kpaTkocTr 0003HATNM
y(d) = 21221 (d/2),

rie I'(-) — ramva-dbyuknusa Ditnepa.
Teopema. Ilyctb o« > 0, 8 > 0 u a — f > d/2. Torna gisa Bcex ¢yHkimii
fG)ews, (RY) crpaBemmBo TOUHOE HEPABEHCTBO

2d+28
d+2a a d+2a
21250, < Km0 5 mar2r0] S5
rie
(d)2 + o) 2 — B T
RN < (d>(2a—2ﬁ—d)> '
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TounocTh HEpaBeHCTBA O3HAYAET, YTO CYIIECTBYeT (PYHKIUsI, HA KOTOPOH 3TO
HEPABEHCTBO o0palaercs B paBeHCTBO. JlaHHOE HEPABEHCTBO €CTh aHAJIOl Hepa-
BEHCTB /I IPOM3BOAHLIX Jlanmay — Kosmmoroposa, KOTOphle UTPAIOT BaKHYIO POJIb
B aHasu3e, B Aud@epeHnajbHbIX YPABHEHUIX U TEOPUU TPUOIUKEHUI.

Jlureparypa

1. Marapun-WHnpses I. I., Tuxomupos B. M. O nepaBeHCTBax /1151 IPOU3BOIHBIX KOJIMOTOPOB-
ckoro Tuma // Mar. ¢6.—1997.—T. 188, Ne 12.—C. 73-106.

2. Marapur-Unssies I. I, CuBkoa E. O. Hammyumee BoccTanoBiieHmMe omepatopa Jlammaca
dbyrkmu o ee Herouno 3agannomy crexkrpy // Mar. ¢6.—2012.—T. 203, Ne 4.—C. 119-130.

3. CusroBa E. O. O6 onTuMajJbHOM BOCCTAHOBJIEHUH JIATIACHAHa (DYHKIIMN TI0 €€ HETOYHO 3a-
marHOMy mipeoGpasosanmio Oypre // Bramukask. mat. xypr.—2012.—T. 14, Ne 4. —C. 63-72.
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ITopaakoBelii aHaIN3 U cCMe>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAaHUS:
Te3uchl Mokaan0B XII Mexmyrapommoi mayanoii koudeperammn (c. Leit, 12-18 moms 2015 r.)

OB OIIEPATOPE PEHIEHNS JJ1s1 JNO®PEPEHIINAJIBHBIX YPABHEHIIT
BECKOHEYHOI'O ITIOPAJKA HA HEBBIITYKJIBIX OBJIACTAX

JI. B. Credranenko
(Poccus, Pocros-ua-/lomy; FODY)

[Tycres G — obmacts B C; A(G) — mpocrpancreo @peme Beex dynknuii, ana-
nurndeckux B G. s nenoit dyukiuu a(z) = Y2 anz", z € C, nynesoro ruma
npu nopsigke 1 auddepennmansubiii oneparop 6eckoneunoro nopsiaka a(D)(f) =
S o anf™ mumeiino n mempepwisro otobpaxkaer A(G) B A(G). YeroBus ciophex-
tuHoctr oneparopa a(D) : A(G) — A(G) nonyuenst FO. ®@. Kopobeitnukom [1],
C. B. Buamencknum [2] u O. B. Enudanossiv [3]. B nociegane 30 et nogsuiocs 3Ha-
YUTENBHOE YMCI0 PAbOT, B KOTOPBIX peratach npobsema CymecTBOBAHUS JTHMHEHHO-
ro HempepbiBaOro npasoro obparuoro (JIHITO) k omeparopy a(D) : A(G) — A(G).
Owna nosHOCTHIO pemieHa jyist Beinykabix obsacreit G (S. Momm, FO. @. Kopobeii-
auk, C. H. Menuxos). [l HeBbInyKibix 06/1acTeii G COOTBETCTBYIONUX PE3Y/ITATOB
MOJTy9eHO 3HAYATETLHO MEHbIIE.

B macrosmem gok1a1e naeT pedsb 0 JOCTATOYHBIX YCIOBUAX, IPU KOTOPBIX OMlepa-
top a(D) : A(G) — A(G) umeer JTHITIO. D1u ycnosus hbopMyIupyOTCs B TEPMUAHAX,
CBA3BIBAIOIINX TTOBEIEHNE XAPAKTEPUCTUIECKON (DYHKINN a, €€ HyJIeil U reoMeTpuun
obaactu G. IlpuBesem HeobXoaUMBIE Ompenesienus: w3 pabor [1-3] u coorBercTBYyIO-
mye 0003HAYCHNUS.

Hanee ¢ — MHOXKeCTBO BCex HampasJenuii seinykioctu G, h(—0) — omopuas
dyukus BeiyKJI0# 0000uku G. Ilpu srom € € R HazbiBaeTcst HApaB/IEHUEM BbI-
nykaocra obmacta G, ecm s mo6oro a € R muoxectso {z| G N Re(ze7?) > a}
CB4A3HO.

[Iycts 2 — Bemykaas obmacts B C, otmmanaga ot C; ¢ — xoudopmHOE 0TOOPA-
JKeHWe equHnIHOro Kpyra |z| < 1 ma Q; Q, = ¢({z € C||z| < r}) — coorBercTBYyIO-
mme MHOXKeCTBa yposHst; h,.(—0) — omopuas dyHkmust (BBITYKI0T0) KOMIAKTa 2.,
r € (0,1). omoxkum

h(=0) = hy(=0)

do(f) = lim 0 eR.
() 120 1—7r ’ <
dq(f) — xapakrepucTuka rpaHMYHOTO MOBEJEHHUsI KOH(DOPMHOTO OTOODAYKEHHS ©.

Beerma dq(6) € (0, +00].

ONPEJENEHUE. Bygem roBoputs, uro 2 ymosrersopsier yciosmio (RE), ecin
supyer do(0) < +o0.

IIyctrb A —  MHOXKECTBO  HpEIENbHBIX ~ TOYEK  IOCIEJOBATEJHHOCTH
{—arg \¢]a(A\g) = 0} (mysn A\ nomapro pazsimuns). dag muoxecrsa M C C
cuvBost M obozmavaer sambikaane M (B C); a OM — rpammmy M (8 C). Ilpusesem
OJIUH U3 PE3YJIbTATOB.

Teopema. 1) Eciu ¢pyHKIUS 0 ABISETCS HEHYJIEBBIM MHOTOYIeHOM 1 00.1acTh G
onHocssizHast, To oneparop a(D) : A(G) — A(G) nmeer JIHITO.
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2) Iycrp ¢ynknusa a oTam9HA OT MHOTOYIeHA. IIpeamosoKumM, 4To CyIecTBy-
er orpanmvennas Boiiykiaas obaacrs ) C G, ynosnersopsiomas yciaosuio (RE) u
TaKas, 4To

(i) Q u G umeror B TOUKE (v OBILYIO OHOPHYIO IPAMYTO, COOTBETCTBYIOLLYIO Ha-
HpaB.HeHI/IIO BbIHyK.]IOCTH 00,

(i1) QN OG = {a};

(#i1) A={—6p} mw —6y € q.

Torna oneparop a(D) : A(G) — A(G) umeer JIHIIO.

SAMEYAHUE. 10T pe3ynabrar 0611 moiyden panee FO. @©. KopobeiitnukoMm B Cty-
vae, korga {2 siasiercs Kpyrom [4, reopema 6.1]. Cymecrsyior obiacru G (u oneparo-
pol (D)), yI0BIETBOPSIONIUE YCIOBUAM TEOPEMBI, JJisi KOTOPBIX COOTBETCTBYOIIAST
obmacTe §) HE MOXKET OBITH KPYTOM.

Jlureparypa

1. Kopobeiinuk KO. @. CymecrBoBanue aHAIUTUYIECKOrO penienus auddepeHnuaabLHoro ypas-
HeHUsi GECKOHEUHOTO MOPsIIKA M XapakTep ero obsacty aHajuruanoctn // Mar. ¢6.—1969.—
T. 80, Ne 1.—C. 52-76.

2. Buamenckuii C. B. O6 obuiacTsix CymeCcTBOBaHUs aHAJIUTUYECKHUX pemneHuil muddepenm-
AJIbHOTO aBHEHMUsI GECKOHEUHOTO MOPSIIKA ¢ MOCTOSHHBIMI Kodddunuentamu // TIpenpunt.—
Kpacuosipck: Wu-1 dbusukun CO AH CCCP, 1976.

3. Enucdanos O. B. Kpurepuii suumMopdHOCTH CBEPTKH B IPOU3BOJIbHBIX 06/IACTAX KOMILIEKC-
Hoii mtockoctu // Mar. 3amerkn.—1982.—T. 31, Ne 5.—C. 695-705.

4. Kopoberiank FO. @. O mpaBoM 00paTHOM JIjIsi OIEPATOPA CBEPTKHU, TEHCTBYIOMIETO B IIPO-
CTPAHCTBAX POCTKOB Ha cBa3HbIX MHOXKecrBax B C // Mar. ¢6.—1996.—T. 187, Ne 1.—C. 55-82.
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ITopaakoBelii aHaIN3 U cCMe>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAaHUS:
Te3uchl Mokaan0B XII Mexmyrapommoi mayanoii koudeperammn (c. Leit, 12-18 moms 2015 r.)

O CBA3U AHTMAHOB 1 KBAHTOBBIX AOOUHHBIX CYVITEPAJITEBP

B. A. CrykonuH
(Poccus, Pocros-ua-/lony, JIT'TY; Bragukaskas, KOMIT)

Bynem o6oznauars uepes Lg cynepanre6py Jlu (10paHOBCKUX MOJMHOMUATHHBIX)
meTe/ib CO 3HaYeHusMu B H6a3ucHoil cynepanrebpe Jlu g. OTMerum, 9T0 3TO TPOCTO
adpdunnas (cynep) anrebpa Kama — Myan 6e3 meHTpasbHOrO 3/1€MEHTa U IPajLy-
HPOBOYHOTO 3jieMenTa d, 3ajatomiero gauddepennuposanue. Mbl MOCTPOUM TOMO-
mopdusm kBauToBOI (cynep)anrebpsr Tokos Uy (Lg) na kBanToByio (cynep)aarebpy
Yi(9), u3 xoropoit aarunan Y (g) nonygaerca cnermanusanueii npu A = 1. Ilpu mo-
CTPOEHUHU Mbl OTPAHIYNMCH PACCMOTPEHUEM YacTHOTO CJIydas 6a3ucHol cymnepasret-
pet JIn tumia A(m, n) (cm. [1]).

Iycrs {E; ., Fir, Hir Yiel, rez — TOKOBBIE 0Gpasytoliie KBaHTOBOM adduHHOI a-
re6pet Up((Lg), a {eik, fik, hikier, kez, — obpasyiommue sarmana Yy(g) ([1]). Ompe-
JleJiuM 0TOOpaKeHue

® : Un((Lg) = Ya(g) (1)
Ha, 00pPA3YIONIUX CJIETYIONIMI (DOPMYIaMU:
h rk
CD(HiJ') = —1 ti,k ERE)
% — q; kgo kit
+
O(Eip) =€ > g ims (2)
m=0
B(F) = €7 S g fim-
m=0

31ech, Kak ¥ BBIIIE B 3TO TIJlaBe, Mbl HCIOJIB3YEM CJIEIYIOIHe 0003HAUEHUS:
q=e"? ¢ =q% — snementsl cuMMeTpu3yIOmeil MATPHUIE! s MaTpHIB Kaprana
(cynep) anrebpst JIu g = A(m,n). Mbr ncions3yem cucremy sorapudMudaecknx 06-
pasytonwmx {t;, tier,reNn KoMMyTaTHBHOI HomaareGpst Yy (h) C Yj(g) mopoxaernyio
3JIEMEHTAMU {hi,r}ie I,reN , QHATIOTHYHYTO CHCTEMe, JIOTapUMMIIeCKNX KaPTaHOBCKIAX
00pazyoIuX, 0OBITHO UCIOJIB3YEMBIX [IJIs IHIUAHA. JDTU JorapudMudeckue obpasy-
TOIIMe Jj1si KBAHTOBAHHON YHUBEPCAIbHON 00€PTHIBAIOIIEH Cyneparedpsl Onpeiesis-
FOTCS CJIEAYIONIM PABEHCTBOM JIJI MOPOKTATOTTIX (DY HKITHIA:

thmu_r_l = log (1 + Z hi,ru_r_1> . (3)

r=0 r=0

DaeMenTs {giim}ie I, meN Jiexkar B nonosHennn aarebper Yy (h) u onpenensitores cie-
aytommM obpazom. Pacemorpum caeytonmit dbopmanbabil crenennoit pax: G(v) =
—_—

v

log (W) € Q[[v]] n onpenennwm v; € YO[v| dopmymoit




Torna

D G = <hl> - exp (%;v)> :

OkoHuaTe/IbHO, aii — 9T0 TOMOMOPGU3MBI TIO/ICyIEPaIredp

o 1 Yi(by) (C Ya(g)) — Ya(by),

KOTOpBIE 3a/1a10TCst Ha 06pasytomux {h; ., €; r, fir} caegytommm obpazom. Onu ocras-
JITIOT HeTIOJBIZKHBIMHU obpasytontue h; i, a Ha OCTaJbHBIe 00pa3yiommue JeiiCTBYIOT
+ . -
CABUTAMU O, @ €5 = €155 Op  fir = [jrts,-
CdopmyaupyeMm OCHOBHO# pe3y/bTarT.

Teopema 1. 1. Orobpazkernne
@ : Un((Lg) = Ya(9),

oaHO3HAYHO ompenessgercs popmynavu (1), (2) um aBasercss romoMopgu3IMOM acco-
IIHATUBHBIX aJIredp.

2. Orobpaxernne ® equHCTBEHHBIM 00Pa30M MOXKET OBITH MPOJOIXKEHO 0 TOMO-
MopH3Ma, TOTOJIOTHIECKHUX TTOMTOJTHEHHUTH:

—_—

- Un(Lg) — Ya(9), (4)

)

npuyeMm orobpaxkenne ® sapjsercs n30MOpGHHU3IMOM TOHOJIOTHIECKHUX ACCONHATHBHBIX
(cynep) aurebp.

Jlureparypa

1. Crykormn B. A. O ny6ae suruana cynepauare6pot Jlu tuna A(m,n) // ®yHKuuon. aHamms u
ero mpmi.—2006.—T. 40, Ne 2.—C. 86-90.
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ITopaakoBelii aHaIN3 U CME>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAHUS:
Te3uch MoKkaan0B XII Mexmyrapogmoi mayanoii koudepenmmu (c. [eit, 12-18 momsa 2015 r.)

CTIELIMAJILHBIE BEVBJIETHI HA OCHOBE
I[TOJIMHOMOB YEBBIIIIEBA BTOPOI'O POJA

M. M. Cynranaxmenos
(Pocena, Maxaukasna; JTHIT PAH)

[Iycrs w(z) = V1 — 22, obosnaunm torga wepes Lo, ([—1;1]) eBkamgoso mpo-
CTPAaHCTBO HHTerpupyeMbix yHkmmii f(r) Takmx, 910 f_ll fA(x)w(z)de < oo.
CkajgpHOe 1IPOM3BEJIEHME B HEM ONPEJEIMM ¢ HOMOLIbI0 pasencrsa (f,g) =
I f@)g(z)w(z) da.

Xopormo u3BecTHO, uYTO TONUHOMBI Jebbmesa Broporo poga Up(x) =

1

sin((n+l)arccosz) (), — (),1,2,...) 06pasyioT OPTOTOHATLHEI GasnC B Lo w([-151]).

V1—z2
st myneit mommaoMa Uy, (x) BBEZEM 0003HAYEHME
E+1
§,gn) = cosﬁ,gn) = cos 7T§1++1)’ (k=0,...,n—1),

e Up(€™) =0 (k=0,...,n—1).
Js mobeix n = 1,2, . .. macwmabupyroweti gyruxyueti Yebviwesa 6mopozo pooda
Ha30BEM IOJIMHOM BUIA

G (@ :ZU] ST (k=0,1,...,n),

2n
Yap(@) = Y Ui(@)U;(€) (k=0,1,...,n—1).
j=n+1

Panee 6bu10 soxaszano, ato {onk(x)}i g u {¥nr(®)}}Zy oproronasbub B
Lo ([—1;1]) mpu Bcex n = 1,2, ... Ha ux ocHOBe NOCTPOEH OPTOHOPMHUPOBAHHBII Ha-

suc B Lo ([—1;1)): {o0(2), o1 (2), Doo(x), 10(2), - -« Prmo(@), Y (@), ...}, T €.

Jutst Kaxx ot yuxnuu f(x) € Lo, ([—1;1]) cymecrByer pasioxkenue B BeiBieT-psiji

f(@) = Godoo(x) + a1, ( Z ZB *Vjx(@) (1)

B nacrosiieit pabore mokasaH HEJIOCTATOK B CBOMCTBAX CXOAUMOCTH YaCTUIHBIX CyMM
paga (1) x ucxomuoit dyuximu f(z), cBI3aHHBI CO CBOMCTBAMU CAMUX MOJTUHOMOB
Yebwimmena Broporo poza. IIpemmaraercss MoguduinpoBaTh BeHBIST-PSAI TT0 aHAIO-
TUU CO CIEIUAJTHHBIMU PsIIAMHU 110 OPTOTOHAJIBHBIM MTOJIMHOMAM CO CBOMICTBOM «IIPH-
JIMIIAHUST>, BBEJIEHHBIM B HegaHux paborax . U. Hlapaunyunosa [1-2], n paccmor-
pPeTh psjl Bujia

o0

f(@) =c(f,z) + (1 —2?) o¢0,0(x) + a1, (x Zig PROTAC: ] (2)

7=0 k=0
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ve e f, ) = LEUHW _ S5,

MCCJIG,JIOB&HI)I AIIIIPOKCUMaTHUBHBIE CBOICTBA 9aCTUYHBIX CYMM TaKOrI'O CIIeIThaJIb-

HOT'O BEUBJIET-PAJIA BUA/JIA

m—127—1 ]

Vo (f,2) = c(f,x) + (1-2?) [5050,0(95) + a1¢>o 1(z) + Z Z gkﬂ/Jgk

7=0 k=0

Hokazano, aro mas moboit Toukn x € (—1,1) cymecTByer HEKOTOpasi KOHCTAHTA
c > 0 Takasi, 9TO CIpaBeINBA OIEHKA

}f(m) — 172m(f,x)| < cEomyo(f) (1 +1n (1 + (2" +2)Vv1 —332)) ,

TOr/Ia KAK HA KOHI[aX 0Tpe3Ka [—1, 1] 3HaueHns 4acTuIHbIX CyMM pa/ia (2) COBIaIaoT
CO 3HAYECHUAMU I/ICXOI[HOI‘/‘I (byHK]_[I/H/I B 9TUX TOYKaX:

Vom (f, £1) = f(£1).

Jlureparypa

1. Hlapamyzumaos H. 1. Ilpenensubie yabrpacdepudecKue PsAIbl K UX alllIPOKCHMATHUBHbBIE CBOM-
crBa // Mar. 3amerkn.—2013.—T. 94, Ne 2.—C. 295-309.

2. IHlapamymmaos H.11. HekoTopble crienuaJibHbIE PSIbL [0 YABTPACHEPUIECKUM TOJIMHOMAM U
ux annpokcumarusnble coiicrsa // I3s. PAH. Cep. mar.—2014.—T. 78, Ne 5.—C. 201-224.
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ITopaakoBelii aHaIN3 U cCMe>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAaHUS:
Te3uchl Mokaan0B XII Mexmyrapommoi mayanoii koudeperammn (c. Leit, 12-18 moms 2015 r.)

O ®YHKIUAX BASUJIEBIYA
MHOI'IX KOMIIJIEKCHBIX I[TEPEMEHHBIX

M. 1. Cynrsiros
(Poccus, Marac; Uurl'V)

N3Becrro, yro ypasuenue Jlesnepa — Kydapesa

of of
E:Zh(z,t)$7 0<t<00, ZEE, (1)
riae E - eﬂI/IHI/II‘IHbII‘;I KDPYT, OTKPbIBACT HNIMPOKNE BO3MOZKHOCTHU J1JId IIOJIyICHUA HOBBIX

KJIaCCOB OHOUCTHBIX (byHKIHiT. Brepsere sto mokasan . E. Bazuresnua B [1].
Teopema 1. Anajnrndeckast QyHKIHS
1
a+if / atis
1+ia
0

f(z) = h(¢)CP g™ (¢) d¢ (2)

spjstercsa oqHoucthoi B E, ecomm Rh(z) > 0, g(z) € S*, h(0) = 1 + ia, o > 0,
B € (—o00,00).

Jl11 MHOrOMEPHOIO Cjlydasi aHaJIOrOB HEeT, HO B paborax aBropa [2-5| nosyuens
HEKOTOPHhIE HaCTHBIE, a MOXKET 6LIT]) " HE YaCTHbBIE, CJIy4van.

Teopema 2 [2]. Oyukuus f(z) npunagiexkur kaaccy Bp(a,B,0) npn 0 < o <
a < oo, B € R! Torma m TompKO TOTAA, KOra cymecTByer Takas pynkmma F(z) €
Mp [5], uro B D

1 T
f(z) = {(Oéﬂ'ﬁ) /[F(%)]a_”ea_l“ﬁdé} : 3)
0

rJ1e JIsT CTeNeHHOH (DYHKIIMH B3STO IJIABHOE 3HAYEHHE.

13 Teopembl 2 BBITEKAIOT CJIeLyIolue CBOCTBA:

1. BD(O(,,B,O') ~ MD;

2. Bp(a,8,0) C MSp (arctg g, g),

3. BD(O[, /87 U) g BD(ala ﬁl; Ul);

4. MSp <arctg§,0> C Bp(a, B,0).

Teopema 3 [3|. Heobxo4uMbiM 1 JJOCTATOYHBIM YCJIOBHEM IPUHAJIEXKHOCTH [0~
somopuoii pyaknnn f(z) knaccy Bp (A, «, 8) aBisercsa ee HETErpaabHOE IIPEICTAB-
JIeHue

—iX . —iA

a={Sidrers) = {SEen )

[0 (6
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e fr = Ln—1[Ln—2...[Ln—k[f]]...] — cynepmosumus omeparopos . U. Baspu-
Ha [6]:

L) =pf(:)+ Y 2L (j’, 1O A=f L0 = Lealf)

u 3uadenne pyuxnun v = v(T,t) BbIpaskaeTcst B BUJE ONPEJIETUTENST MATPHUIIBI 10~
paaka 2n, a ¢pyaknquu F(z) € Bp(\,0,).

O6parubiM k onmeparopy Ly[f(z)] aBnsiercs omeparop

1

LI(,_l)f(z) = /6p_1f(62’1, o, E2n) dE.

0

OrmeruM pgan cBoitcTB TooMopdHBIX dyHknuit Bazunesnga 8 C", n > 2.

~N & Ot = W N =

. BD()UO‘)/B) ~ BD(A7076)7

. BD()\,OZ,ﬁ) - BD(Avovﬁ) = MSD()‘vﬁ)a
. BD()\v.Chﬁ) - BD(Aaalaﬁ)a 0< a1Q;

. Bp (%75) ~ BD()HO"/B);

B (
. MD(ﬁ) ~ BD()‘aOaB)a

. BD()‘707/8> ~ BD()\,CV,ﬁ)

eiA

2.8) ~ Bp(,0,8);
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CYIHIECTBEHHBIE 1 TUCKPETHBIE CITEKTPHI OIIEPATOPA SHEPTUN
YETBIPEX 9JIEKTPOHHBIX CUCTEM B MOJIEJIN XABBAPTA

C. M. TammynaTos
(Va6ekncran, Tamkenr; 1P AH PV3)

B macrositiiee Bpems Mogens Xabbapma SABIsieTCsT O4HOM n3 Hanbojiee MHTEHCUBHO
U3y9aeMbIX MHOTO3JIEKTPOHHBIX Mojeseil Metamia [1]. Ograko 10 cux mop nmeercs
MaJI0 TOYHBIX PE3YJIbTATOB JIJIsl CIIEKTPA, U BOJHOBBIX (DYHKIINN KPUCTAJLIA, OTHUCHI-
BaeMOro Mojeabi0 Xabbapia.

B pab6ote [1] uzyuasucs cruekrp u BoJHOBbIE (DYHKIIMU CUCTEMBI JBYX JIEKTPOHOB
B KpPHUCTaJIjie, KOTOPbIN OMUCHIBAETCA TaMUJIbTOHUAHOM Xabbapia.

B pabore [2] uzyuascs cuekrp u csizanuble cocrosinus (CC) mim aHTUCBA3aHHbIE
cocrostaust (ACC) Tpex3JeKTPOHHBIX CHCTEM B KPHCTAJLI€, KOTOPBIA OMUCHIBACTCS
raMujibToHnaHOM Xabbapa.

B nmacrositmeit pabore paccMaTpUBAETCST OTIEPATOP IHEPTUN UETHIPEXIJIEKTPOHHBIX
cucrteM B Mojenan Xabbap/a U OMUCHIBACTCS CTPYKTypa CYNIECTBEHHOTO CIEKTPa U
JUCKPETHBIN CIEKTP CUCTEMBI JIJIsT KBUHTETHBIX U CHHTJIETHBIX COCTOSTHUSIX.

lavMunbTOHMAH PACCMATPUBAEMON MOJIEIN UMEET BT

H=A Z a;wam’W + B Z a,J;ﬁamJFTﬂ +U Z a;’Tam7¢a;7¢am,¢,

m7’y m’T7’y m

rme A — SHeprus 3JIEKTPOHA B y3Jie pernerke, B — mHTerpaj mepeHoca MexKIy CO-
cepunmu y3aamu (B > 0; 7 = xej,j = 1,2,...,v, rae ej — eauanansie oprel; U —
mapaMeTp KYJIOHOBCKOTO B3aMMOJENCTBYUS ABYX 3JEKTPOHOB Ha OJHOM Y3JIe, Y — CIIU-

HoBBIH mHgeke (T mwm 1), a a.f,
YHUYTOXKEHUS 3JIEKTPOHA B y3je m € ZY, uepe3 T u | 0003HAUEHB 3HAYEHUS CIIMHA
1, 1
2 2"

Famunbronman H meiicTByeT B aHTUCHMMETPHIECKOM mpocTpancTBe Doka Hes.

U Q- COOTBETCTBEHHO, OLEPATOPhI POXKJICHUS U

[TycTb (o9 — BaKyyMHBIT BEKTOP B IPOCTPAHCTBE Hgas. KBUHTETHOE COCTOSTHUE COOT-
BETCTBYET CBOOOTHOMY /IBU2KEHUIO YETHIPEX JIEKTPOHOB HA PEIIETKE CO CJIEIYIOITUMU
6a3nuCHBIME (DYHKITASIMIA: kg,q,r,t = a;Ta;TajTaj}cpo. [MogmpocTpamcTBO 7-[{4“, COOTBET-
CTBYIOIII€EE KBUHTETHOMY COCTOAHWNIO, COCTOUT M3 MHOZKECTBa BCEX BEKTOPOB BUIad
V=2 ariez F(P:aT, k2 yrts € 15°, e 13° — IPOCTPAHCTBO AHTHCHMMETpHY-
ueix bynrknmit u3 lo((Z7)).

Teopewma 1. IIpocTparcTBo 7—[{2 HHBapHaHTHO oTHOCcuTe/ bHO oneparopa H. Orre-
parop H ff = H/ 3k ABJIACTCH OIDAHHIEHHBIM CAMOCOUPAZKEHHBIM OIEDATOPOM. Onu

. . 7k
MTOPOXK/TaeT OrpaHHIeHHbI CaAaMOCONPSKEHHDBIH onepaTtop H, . B KBa3uuMITy/IbCHOM

-k
npescrapaennn oneparop H, geiicrsyer B rusbeprosom npocrpancrse L3®((TY)*)

1o popuye HE F(X; 137:0) = h(Xs ;7 0)f(\s pi; 73 6), me f € L§*((T¥)%), Lg* —
nommpocTpancTBo apTucHMMeTpuuabX pynrmmii 13 Lo((TY)Y) m h(\u;7;0) =
4A+ 2B 7 (cos A 4 cos p; + cosy; + cos ;).
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OueBu/HO, UTO CIEKTP omeparopa HY 4mcTo HempepeIBeH U COBIATAET C MHOYKE-
creom 3uavenuit ynkuun h(A; p;y;0).
B cucreme mmveercsa ,ZLBa CHHIJIETHBIX COCTOSHUII, CO CJIeIyIOIIUME Oa3MCHBIMA
10— atatatat 20 _ gtatatat
cbyHKluuﬂMn. Spart = apT gt O 0 P0 T "8 4y = Gpply G0y 00 [Mopgupocrpan
CTBO Hi, COOTBeTCTByIOH_Lee HepBOMy CI/IHFHQTHOMY COCTOHHHIO COCTOUT U3 MHOZKE-
. aS
CTBa BCEX BEKTOPOB BUAA ¥ = > ez f(D, ¢, t)ls p grt> J €15

Teopewma 2. IIpocrpancrso “H unsapuanTao ornocurensno oneparopa H. Oue-
parop 'H i = H/ 1343 ABJIAETCA OIPAHHYCHHDLIM CAMOCOILPKCHHBIM OLEPATOPOM.
B KBa3HEMITY/IbCHOM Ipe/cTaBaenn oneparop - H 4 JeficrByeT B ru/ib0epToBOM 1IPO-
crpancree L3 ((TV)%).

Teopema 3. ECJH/I v=123uU >0, 170 cymecTrBeHHBII CIIEKTP OHEPATOPA
1IepBOIO CHHTJIETA 7y 4 cocrouT u3 obbejuHeHHs He 00Jiee TPEX OTPE3KOB, a JIHC-
erTHbIH CIIEKTD IIepBOI'o CHHIJIETA COCTOUT U3 eﬂHHCTBeHHOI/I TOYKU (CyH[eCTByeT
equacrennas ACC), nexxammii HuxKe 00J1aCTH CYIIECTBEHHOTO CHEKTPA CHCTEMBL.

Teopema 4. ECJH/I v=123umU <0, 10 cymecrBeHHBII CIIEKTP OHEPATOPA
BTOpPOI'O CHHTJIETA 2H, 4 cocrouT u3 obbenuHeHHs He OOJieeé TPEX OTPE3KOB, a JIHC-
erTHbIH CIIEKTD BTOpPOI'O CHHIJIETa COCTOUT U3 eﬂHHCTBeHHOH TOYKU (CyH[eCTByeT
equacrennas CC), mexxamuii HI>Ke 001aCTH CYIIECTBEHHOTO CIIEKTPA CHCTEMBI.
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2. Tammymnaros C. M. O CIeKTpaJbHBIX CBOMCTBAX TPEXITEKTPOHHBIX CHCTEM B MOJEIN Xab-
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K PEINEHNIO OJJTHOII TPAHNYHOI 3AJIAYI
JJI1 ®AKTOPU30BAHHOI' O TUIIEPBOJINYECKOT'O
YPABHEHUS TPETBLEI'O ITOPSIJIKA

E. A. ¥Yrkuna
(Poccus, Kazamnp; KOV)

B obmactu D = {0 < x,y < 1} paccMoTpum ypasHeHue

o 0
<8x + 8y> (Uzy + auy + buy + cu) = 0, (1)

ko3 dunmenTs KoToporo yaosaersopsior yeiopusm a € CHO(D), b € C%Y(D),
c € C%9(D). BDro ypaBHeHne OTHOCHTCA K OJHOMY W3 KAHOHNIECKHUX BHOB, TPHBe-
JeHHbIx B [1].

3AMAYA. Haiite 8 D dynxmmo v € C>1(D)NCH2(D)NC(D)NCH (DU D) N
COYDUDs), Dy ={(0,y);y € [0,1]}, Dy = {(x,0);z € [0, 1]}, siBasmomnytocst pere-
HueM ypasHeHus (1), ¥ yI0BJIE€TBOPSIOILYIO YCJIOBHIM

u(0,y) = ¢(y), u(z,0)=1(z), (2)
uz(0,y) = p1(y),  uy(x,0) = ¢1(x), 0(0) = ¥(0), (3)
©1(0) =9'(0), ¥1(0) = ¢'(0), ¥1(0) = ¥1(0),
@, 1,9, 91 € C?0,1].

Bamumewm cuagana (1) B Buge ugy + auy + buy + cu = f, tne f — pemenne
ypasHenuda f, + f, = 0. CnemoBaresbHo,

Uy + AUy + by + cu = w(r — y), (4)

Ugy + ay + buy + cu=w(f), —-1<EL, (5)

¢ ycaoBusivu (2), (3) u HeusBecTHON 1paBoil yacrbio w(§).
s maxox gerns w(&)momoxnm B (3) cravana y = 0 1 MOIyIUM COOTHOIIEHWE

U1(2) + alz, 0)¢/ (2) + b(z, 0)1(z) + c(z, 0)1h(z) = w(z), (6)
0<r <1
A zarem cumntaem z = 0 u mosrydnMm
v1(y) +a(0,9)e1(y) +(0,9)¢' (y) + (0, y)p(y) = w(—y), (7)
-1<-y<0.
[IpuueM JieBble YACTH B 3aNMCAHHBIX COOTHOIIEHWSAX MOJTHOCTBIO M3BECTHBI W

onpezessiiorest depes koaddurmentor (1) u ycnoeus (2), (3). A w(4+0) u w(—0),
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ompenenentsle u3 (5) u (7) coBmagaor. ITO O3HAYAET, UTO IpaBas dacThb (4) Toxe
NOTHOCTBIO u3BecTHA. OTMeTnM, uTO 00CYyXK JaeMas 3aja4a ¢ yeaosusvu (2), (3) pa-
Hee pacCMaTpUBAIACh B [2|, HO aBTOp B mpearaeMoil 3aMeTke 100aBmI K (3) erme
TPU YCJIOBUsl COIVIACOBAHUSL U CYLIECTBEHHO YIPOCTU/I PACCYKjeHus u3 [2], orbicku-
Basl MPEJIOKEHHBIM CIIOCOO0M (DYHKITHIO W.

Urax, Temeps Tpebyercs pemmutsh 3agady ['ypea mis (4) ¢ yenosusivu (2) u yeao-
Buem cornacosanusi ¢(0) = (0). TlousiTHO, YTO JaHHAST OCTAHOBKA BKJIOYAET B
cebsa xoporno m3Bectuyio |3, c. 177] 3amauy I'ypca nis ypasaenus (3) ¢ ycaoBus-
mMu (2) 1 115 ee pereHusi MOXKHO npuMernTsb dopmyiy (47) uz [3]. Tlocaeanion Mbl
3/IeCh He TIPUBOJIUM, YTOOBI UPE3MEPHO He YBEJUUNBATH 00bEM 3aMETKH.

JIuteparypa
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ORDER VERSIONS OF THE HAHN-BANACH THEOREMS:
CONSTRUCTION OF ENVELOPES!

B. N. Khabibullin (Russian, Ufa; BashSU),
F. B. Khabibullin (Russian, Ufa; BashSU)

One of classical forms of the Hahn-Banach Theorems for vector spaces X over a
field R of real numbers is the following statement: every sublinear function f: X — R
is equal to a pointwise precise greatest lower bound of all linear functions ¢ € X — R
majorized by f, i.e. ¢(x) < f(x) for all z € X. We investigate general statements.

1. Ordered sets. Order completion. Let S be a set with a (partial) order <
(reflexive, transitive, antisymmetric) on S, i. e. a pair (S, < ). The pair (S, <) or set
S is lower (upper resp.) complete if for every non-empty subset Sy C S there exists
greatest lower (least upperresp.) bound inf Sy (sup Sp resp.). S is complete, if S is lower
and upper complete. A subset Sy C S is bounded below (above resp.) if there is sg € S
such that so < s (s < sg resp.) for all s € Sp. The set S is lower (upper resp.) order-
complete [1-2] if for each non-empty bounded below (above resp.) subset Sy C S
there is sup Sy € S (inf Sy € S resp.). S is order-complete if S is lower and upper
order-complete. Let S be an order-complete set. If does not exist inf S and/or sup S,
then it is often convenient and it is useful to make operation of (semi-) completion of
order-complete set S to a complete set by adding of symbols inf S and /or sup S when
those elements do not exist initially in S. For pair existing elements inf S € S and/or
sup S € S or added symbols inf S ¢ S and/or sup S ¢ S we use pair of designations
—oo and/or +o00 by analogy to expansions of the real axis R downwards (to the
left) and/or upwards (to the right). More particularly, under designations from [1],
Se := {—00}US is semi-completion of S downwards (to the left), S® := SU{+o0} is
semi-completion of S upwards (to the right), Sg := Se US® is completion of S, where
order < is extended by a natural way on these completions, i. e. —00 < s < 400 for
any elements s € S;. Evidently, the completions 53, S,e, S® with such order relation
are complete, lower complete and upper complete ordered set. In the notation & for
the empty subset

sup@ = —oo for @CS,, Sy, inf@:=+o0c for @ CS;, S°.

2. Upper and lower envelopes. Let X,Y are sets. As usual, we denote by YX
the set of all functions (mappings, operators, functionals, forms etc.) f: X — Y or
frx— f(z), z e X.

Let f,p € YX. If () = f(x) for all x € X then we write ¢ = f or f = ¢
on X and we say that ¢ s equal to f on X. Let Y = S§ be the completion of
order-complete set (S, <). If p(z) < f(z) for all x € X then we write ¢ < f on X
and we say that f is minorized by ¢ on X or ¢ is majorised by f on X. The relation

1Supported from Russian Foundation for Basic Research, project Ne 13-01-00030a.
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“f < on X7 defines the relation of a pointwise order on (S:)X denoted by the same
symbol < further. Evidently, the set (S$)X with such pointwise order is complete.
Let (S, <) be a order-complete order set, f € (S2)%, ® c (S8)*. The lower (upper
resp.) ®-envelope on X for f is the function

leé:xrﬁsup{cp(x):éatpéfonX}ES:, reX
(ue?:5}—)inf{<p(.9):f<<p€<1>onX}€S:, z € X resp.).

The case S = R is most often used in applications.

3. Statements of problems (see various algebraic versions also in [3]).

I. To describe whenever possible a largest class of functions f € (S:)X equal to
one of ®-envelopes on X in terms of ®, S, and X.

I1. To give to some extent explicit construction of ®-envelopes leé and uefc> on X
in terms of f, ®, S, and X.

See some applications of these problems to various questions of the theory of
functions of complex variables and potential theory in [4].
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O PABJIO2KEHUN OJHOI'O KJIACCA T'PVIIII OIIEPATOPOB

Yimes A. T
(Poccus, Branukaskas; FOMI)

ITycre X — xommiekcaoe banaxoBo mpocrpancrso, End X — Ganaxosa asrebpa
JIMHEHHEIX OrpaHIYeHHbIH onepaTopos, Aeiicteyomux B X. Yepes LY(R) o6ozmaumm
HaHaxoBy a/iredpy BCEX CYMMHUPYeMbIX Ha R KOMIJIEKCHBIX (DYHKIWI CO CBEPTKOIt
dYHKINN B KA4eCTBE YMHOXKEHHS W HOPMOIi

1l z/lf(t)ldt, f e I\®).
R

Yepes fo603HaqHM npeo6pasosanue Pypre dynkrun f € L1(R),

F = [ fe™dt, AeR.
/

OnpPEAENEHUE. Cnekrpom Bepsaunra BekTopa T € X Ha3bIBA€TCI MHOXKE-
creo A(z) uz R, apsomeecs jonosmennen 8 R k muoxecrsy {A € R : cymecrsyer
bysxmus f € LY(R) raxas, aro f(A) # 0 u fz = 0}, mm, 9T0 SKBUBAEHTHO,
muoxkectBo {\ € R: fo # 0 s moboit f € LY(R) ¢ f(\) # 0}

ITycts X = Cpy(R) — xommiexcroe 6aHaX0BO MPOCTPAHCTBO HEMPEPHIBHBIX PaB-
HOMepHO orpanmveHHbIX yHkruii Ha R, End X — 6amaxoBa anredbpa JIMHEHHBIX
OTPAHWYEHHBIN omepaTopos, gefictBytomux B X. Paccmorpum B mpocrpanctse X
onepatop muddepennuposanua D = %. Iycts A = i~'D. Tak kax (D) = iR, 1o
o(A) = R. Uzsecrro, uro oneparop iA : D(A) C X — X ecrb nnduanTesnMaabHbIii
0TIepaTop CUJIBHO HEeMpPEepBIBHON M30METPUIECKOi TPYIIIbl CABUTOB

S: R—EndX, (St)z)(r)=x(t+1t), 7,teR.

Teopema. [Lis so6oro a > 0 uaguanresumasbubiii oneparop tA @ D(A) C
X — X cmiabHO Henpeppisuoit rpynmer c¢auros S pazaoxum (o Posry) B aareo-
PaHIeCKyIo CyMMY
1A =1A_ 4+ iAo +iA4,

rae 1A_, iAg, 1Ay — cykenms omeparopa 1A Ha MHBaAPHAHTHBIE MOMIIPOCTPAHCTBA
X_, Xg, X4, coorBercrBenno. Kpome Toro,

1) omeparop A_ sapisercs mH(pUHUTE3MMAIBHBIM ONEPATOPOM CHJIBHO HEIIPE-
PBIBHOH cxkumaromieli mo tyrpymmbl oneparopo T— : [0;00) — End X_, npuuem
o(A_) C (—o0;al;

2) omepatop Ay ABISETCS HHPHHATEIUMATLHBIM OIEDATOPOM OTrPAHHYEHHOMN
CHJIBHO HerpepbIBHOI rpymmbl oneparopoB 1y : R — End X, npuuem o(Ap) C
[—asa);
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3) omeparop —A, ABIAETCS HH(UHHTE3UMAJIBHBIM ONEPATOPOM CHJIBHO HEIIPE-

pbIBHOI cxkumaroriedt mostyrpyrisl oneparopos Ty : [0;00) — End X, npuuem
o(—A_) C (—o0;al.

SAMEYAHUE. Curyanust TPUHIINTTAAIEHO HE MEHSIETCSI, €CJIH BMECTO OMEpaTopa

nuddepentupopanng 1A = D = % B3ATh T€HEPATOp CUJIBLHO HENpPEPBLIBHON M30-
MeTpuveckoit rpynmel oneparopos B mpocrpanctee X = Cp,(R). B srom cayuae

o(iA) = iR, mosromy o(A) = R. [ToBTOpsis BHIENPUBE/IEHHBIE PACCY 2KIEHUS, TTOJTY-
YUM aHAJOI TeopeMbl, B KOTOPOii oneparop 1A — reHepaTop CuILHO HENPEPbIBHOI
M30METPUYECKOll IPYIIIEI OIEPaTOPOB.

JIuteparypa
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ITopsimkoBBIil aHANU3 U CME>KHbIE BOMPOCHI MATEMATHYECKOTO MOJEJIUPOBAHUS:
Te3ucot 1okaan08 XII Mexnynapoauoii nayanoii koudepenuuu (c. e, 12-18 mona 2015 r.)

CIIEIMAJIBHBIE PSAIBI CO CKJIEMBAIOIINMICSA HA KOHITAX
YACTUYHBIMUI CYMMAMUI 1 UX ATIITPOKCUMATUBHBIE CBONCTBA

T. 1. lIlapanyauHoB
(Poccus, Brannkaskas; FOMI)

PaccmoTrpena  3amada 0 KOHCTPYUPOBAHWMHU — ITOJUHOMHAILHOTO — ONEPATOPA
X N(f) = X n(f, ), aeiicrByomero B npocrpancrse C[—1,1], ocaoBanHoro nHa
UCIIOTb30BAHAN JIUIID JIUCKPETHBIX 3HadeHnil (byHKnun f (), 3aJaHHBIX B y3J1aX PaB-
nomepnoit cerku Hgq = {—1+ jh};“:_o1 C [-1,1], A = n+ 2r, KoTopbIit MOXKET OLITH
MCIIOIB30BAH B 33,/1a49e 00 0 1HOBpeMeHHOoM npubsimkennn auddeperimpyemoii Gy Hk-
mun f () i ee HeCKOMBKIX Tpom3Boubx f(x), ..., fP)(z). Hocrpoenne omeparopon
X, N (f) ocroBano Ha mosmaOMax Yebbimiena T3P (2, N) (0 < n < N — 1), obpasy-
IOIIMX OPTOroHa/IbHYIO cucremy Ha muoxkecrse Qn = {0,1,..., N — 1} ¢ Becom
Fz+p+ 1IN —z+a)

[(x+ 1IN —x) ’

(@) = plws 0, B, N) = o

S @) T, NYTE (2, N) = B S
TEQN
Bsesem cienyromue obo3nadenms:
h= o U(@) = ALz - vh)
Yepes Pr,” 0603Ha9MM MTPOCTPAHCTBO AITeOpamdecKnX MOJTMHOMOB Py, () cTenenn m,
YJIOBJIETBOPSIIONIUX YCJIOBHIO

P(xj) =pm(z;), je{v,...,r—=1}U{N+r+v,...,N+2r—1},

B N) = inf max V) ZPn(@i)l
PmEPm; JEQA (M_{_%)

Teopema. IIyctrb r > 1, 0<v<r—1,a>0,1<n<avN, m=n+2r—v.
Torna uMeeT MecTo OIleHKa

’AZf(xj—V) - AZXnJrZT,N(fa $j—V)’

T <
(Ji-a3,+1) 7
< e(r,a)EnY (4, N) <1 + < l—a%  + i)l/Zln (n,/l —a,+ 1)) :

Jlureparypa

1. HTapamyzmaos . . MuOroYneHbl, OPTOrOHAIbHBIE HA IUCKPETHBIX ceTKax.—Maxadkasa:
M3n-Bo Hdarecr. roc. nexn. yu-ta, 1997.

2. ITapamyauuos T. V. AnnpokcuMaTHBHBIE CBOMCTBa CMENIAHHBIX DPSI0B IO TOJuHOMaM Je-
GblneBa, OPTOrOHAJIBHBIM HA paBHOMepHOU cerke // Becrn. Jarect. mayw. menrpa PAH.—
2007.—T. 29.—C. 12-23.
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O CXOJIMMOCTH IIOCJIEOBATE/IbHOCTU OIIEPATOPOB
BEPHIITEITHA — KAHTOPOBIYA B [IPOCTPAHCTBAX LP(®)(E)

T. H. ITTlax-9vMupon
(Poccust, Bragnkaskasz; FOMI)

[Tycts p = p(x) > 1 — usmepumas u CymIECTBEHHO OrPDAHUYEHHAs (DYHKIUS,
E =[0,1]. Yepes LP*) (E) 06o3uadmy npocTpancTBo uaMepuMblx dbyukmmii f = f(z)
TaKUX, ITO

/‘f(a:)‘p(z)dx < 00.
E

113 [1] us3sectro, uto mpocrpanctso LP*)(E) mopmupyemo mpu p(z) > 1 u oxna
13 YKBUBAJEHTHBIX HOPM BBOJIMUTCS CJIEILYIOIIUM 00Pa30M:
p(z)
dr <1,.

[Iycrs f(z) — cymmupyemas na [0,1] dyHKuus, oupegesnm Torjga orneparop
Bepumreitna — Kanroposuya ciemyronmmM o6pa3om:

()

«

1fllpey = 17 lpe) () = [ fllp) (E) = inf {a >0 /
E

Kn(f.2) = > pus(@)(n + 1) / f(t) dt,
k=0 A

k  k+1
rae Ank‘ = [T_t,-la niﬂ]a n € N.

B nmacTosmeii paboTe BCCIeIyeTcss BOIPOC CXOUMOCTH TOCIe0BATEILHOCTH OIe-
paropos Beprmrreiina — Kanroposmaa {K,(f, 2)}22, k dynxmm f € LP®)([0,1]).

JIureparypa

1. Ilapanymunos U. H. O Tonosorun npocrpancrsa LP™M ([0, 1]) // Mar. 3amerku.—1979.—T. 26,
Ne 4. —C. 613-632.
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HEKOMMYTATUBHAY BEPCUSI TEOPEMBI PAJTOHA — HUKOJINMA!

4. B. Dabcaes
(Poccus, I'posnsrii; UI'Y)

BBeaenue

TeOpI/ISI MOLLyJ'IQfI Ha/l MHBOJIIOTUBHBIMU TOIIOJIOI'MYECCKHUMMN aﬂre6paMH ABJIAET-
C AKTUBHO Pa3BUBAIOIEiics 00/1aCThbI0O COBPEMEHHON MaTeMaTUKM, HAXO/IAIIeiCs Ha
CTBhIKEC MHOT'MX BBICOKODA3BUTBIX JUCIUILIAH. B nocJjieiHue roAabl B I10JI€ 3peHud nC-
cjejoBaTe/iell OKa3aJ/IuCh BIIOJIHE IIOJIOKHUTEbHBIE OTOOpAXKEHUs, JIeHCTBYIOIINE B
TAKUX MOJYJISAX [173]. B gannoit 3amerke Mbl cHOPMyIUPYEM HEKOMMYTATHBHYIO
Bepcnio Teopembl Pagorna — Hukoamma, /1t KOBAPMAHTHBIX, OTHOCUTEIHRHO JefHCTBIS
JIOKAJbHO KOMIIAKTHOM T'PYIIIIBI, BIIOJHE TOJOKUATENHHBIX 0TODpaYKeHmit, 33 JaHHBIX
Ha, rubbeproBom C*-momyJie.

IlpeaBapuTenbHbIe CBeJIeHUS

3/1eCh MBI IPUBEJIEM HEKOTOPBIE NIPEIBAPUTEBHBIE CBEIEHUSA, HEOOXOAUMBbIE JITsT
naskHedmero. Llems nacTostiiiero maparpada — 3adnKkcnpoBaTh TEPMIUHOJIOTHIO, 000-
3HaYEHUs U BBECTU TpebyeMble mouaTusd. Bee neobxomuMble ceemenns o C*-aarebpax
n rusibbeproBbix C*-Moysisix MOxkHO Haiitn B [4]. Bee anreGpel paccMarpupaioTcst
HaJI 0JIeM KOMILTeKCHBIX unces. [Iycrs A 1o C*-anreGpa. Yepes M, (A) o6ozua-
qnuM x-aaredpy BCex MaTpull Haj aarebpoi A, rae ciokenne m yMHOKEHUE MATPWIIL,
a Tak»Ke yMHOXKEHHE Ha 3JIEMEHT OCHOBHOI'O IIOJIS 3aJal0TCsI TaKxKe, KaK U B CILy-
Jae CKaJdpHbIX Marpwu. JInneitnoe orbpaxenue ¢ : A — B C*-anrebp HasbiBaeTcs
BNOAHE TIOAOAHCUMENDHBIM, €CTU JuHefiHoe orobpaxkenue " : M, (A) — M,(B),
3a/1aHHOe POPMYJIOit

" ([ai]iy=1) = [elai)]; ;-

SIBJISIETCS TOJIOXKUTEIBHBIM JJjIs Bcex n € N,

IIpedzunvbepmosvim A-modysem HA3BIBAETCS KOMILIEKCHOE BEKTOPHOE MPOCTPaH-
cTBO V KOTOpOE TaK:Ke SIBJISeTCS IPaBbIM A-MojIysieM, CHabKeHHOe IOy TOPaJInHEH-
Hoit popmoii (-, -) : V x V — A, ynosnersopsitomee coiicrBam

(x,x) >0 g aoboro  x €V, (1)

(x,2) =0< =0 pna moboro x €V, (2)
(z,9)" = (y,x) anst mobeix @,y € V; (3)
(r,ya) = (y,x)a ams mobwix x,y € V; a € A. (4)

!PaBora Bbinonnena npu duHaHCOBOIM HOomepkKe Poccuiickoro Gouga dyHIaMEeHTAIbHBIX UC-
cienoBanuit, mpoekT Ne 14-31-50416.
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Bynem roBoputh, uto V 310 2usvbepmos A-momynb, wan ruibbepToB C*-MoTyIh,
ecsu V' 110J10H, KAK HOPMUPOBAHHOE [IPOCTPAHCTBO, OTHOCUTE/ILHO TOIOJIONNH, 33,/1a~
BaeMOil HOpMOI

lzllv = V{2, 2)lla, z€V.

PesynbraT

Crenyromas TeopeMa ABIS€TCI HEKOMMYTATHBHOI Bepcueil TeopeMbl Pamona —
Hukommwma.

Teopewma 1. Ilycrp ®, ¥V — Brosiae noJioxkuTe/ibHbIe 0TOOPasKeHNUs, 33/ 1aHHbIE HA
rapbeprosom C*-monyne E co spavennavu B L(H, K) u U < ®. Torxa cymecrByer
OJIHO3HAYHO OLPE/AE/ICeHHbIH 110JI02KUTEe/IbHbIH JIMHEHHBIH O11epaTop A$ B KOMMYTaHTe

(7®(E)")q rakoii, aro U ~ @m.

Jlureparypa

1. Mamues U. H., Iimes M. A. O upexncrasienuu tuna CrafiHCupuHra jjisi Oneparopos B
rubGEPTOBBIX MOy ISX Ha TokarbHbiMu C™-amre6pamu // 1138. By3os. Maremarnka.—2012,
Ne 12.—C. 51-58.

2. ITnmmes M. A., Ilonanos H. /I. O upencrassenun tuia CrafiHcupunra /1yist n-Hab0pPOB BIIOJIHE
[OJIOKUTENBHBIX 0TOOparkeHuil B rub0eproseix C*-momynsix // 113B. By3os. Maremaruka.—
2014.—Ne 11.—C. 1-8.

3. AsadiM.D. Stinspring’s theorem for Hilbert C*-modules // J. Operator Theory.—2009.—
Vol. 62, Ne 2.—P. 235-238.

4. Manyiinos B. M., Tpounxknii E. B. C*-runmpbeprossl Mmogym.—M.: @axropuman, 2001.
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ON TOPOLOGICAL STRUCTURE OF SOME SETS
RELATED TO THE NORMALIZED RICCI FLOW
ON GENERALIZED WALLACH SPACES!

N. A. Abiev
(Kazakhstan, Taraz; TarSU)

It is known that determining the connectedness (or the number of connected
components) of real algebraic surfaces is a very hard classical problem in algebraic
geometry (see e. g. |3-5]). Here we deal with similar problems relating to the
normalized Ricci flows on generalized Wallach spaces (see [1, 2| and references
therein for details). The importance of such problems is due to the need to develop
a special approach for studying general properties of degenerate singular points
of Ricci flows. More concretely, in [1, 2] the authors considered some problems
concerning the topological structure of the sets (0,1/2)3NQ and (0,1/2)3\ §2, where
Q = {(a1,az,a3) € R3|Q(a1,az,a3) = 0} is an algebraic surface in R3 defined by a
symmetric polynomial Q(a1, a2, a3) in a1, az,as of degree 12:

Q(a1, as, a3) = (2s1 + 4s3 — 1)(64s — 64s] + 85} + 1257 — 651 + 1+
+ 2405357 — 2405351 — 15365351 — 409655 + 6053 + 76853) —
—8(2s1 + 4s3 — 1)(2s1 — 32s3 — 1)(10s1 + 3283 — 5)s152 —
—16(13 — 5251 + 6405351 + 102453 — 320s3 + 52s7) s1s5 +
+64(251 — 1)(251 — 3253 — 1)s5 + 2048(2s1 — 1)s153,

81 =a1+as+as, S =aias+ajaz+ aza3, S3 = a10203.

The main result of this work is contained in the following theorem.

Theorem 1. The following assertions hold with respect to the standard topology
of R3:

1) the set (0,1/2)3 N Q is connected;

2) the set (0,1/2)3\ Q consists of three connected components.

The author is indebted to Prof. Yu. G. Nikonorov and to Prof. A. Arvanitoyeorgos for
helpful discussions.

References

1. Abiev N. A., Arvanitoyeorgos A., Nikonorov Yu. G., Siasos P. The dynamics of the Ricci flow
on generalized Wallach spaces // Differential Geometry and its Applications.—2014.—Vol. 35
(Supplement).—P. 26-43.

IThe research was supported by Grant 1452/GF4 of Ministry of Education and Sciences of the
Republic of Kazakhstan for 20152017 (Agreement N¢ 299, February 12, 2015).
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HEJIMHENHBIE UHTETPAJIbHBIE YPABHEHI I
C dOPAMU TUITA TIOTEHIINAJIA HA OTPE3KE!

C. H. Acxabos
(Poccus, T'posnwrii; UT'Y)

1. B |1] mokazaHbl TeOpeMbl CyNIIECTBOBAHUS U €UHCTBEHHOCTH PEIIeHUs JJIst
Pa3IMYHBIX KJIACCOB HEJIMHEMHBIX ypPaBHEHMUIT, COJleprKallluX OIepaTop THUIla ITOTEH-
nuaJa

b
(Iau)(x):/m, 0<a<l

PaccmorpuM Bonpoc o mpubIMIKEHHOM PelleHnr TakuxX ypasuennii 8 La(a, b). Ocob6o
OTMETHUM, YTO 3J€Ch, B OTJIMYNE OT |2], CyIIECTBEHHO UCIO/IB3YeTCsl CBONCTBO MOTEH-
UAJBHOCTU PACCMATPUBAEMBIX OMIEPATOPOB, UTO TO3BOJISET YJIyUIIUTh COOTBETCTBY-
TOTIHE OIEHKYW CKOPOCTH CXOMMMOCTH TOCTIETOBATEIHHBIX MPUOJIKEHUI.

Berogy B sToM mymkTe mpeamonaraercd, aro A > 0, f(z) € La(a,b), n € N, a
HeuHenocTs F(2,u) mourn npu KaxaoM (bukcuposanHoMm & € [a,b] u npu 1r06b1x
U1, u2 € R yI0BIeTBOPLAET yCIOBUAM:

1) ’F(xaul) - F(IL','LLQ)‘ < M - ’ul - ’LLQ‘, rae M > 07

2) (F(z,uy) — F(x,u2)) - (u1 —uz) = m - |uy — ua|?, tme m > 0.

Teopema 1. Ecin BbriosHeHsr ycioBusi 1) u 2), 70 ypaBHeHne

b
u(s) ds
Flou@)] + [ M50 — o (1)
uMeer equHCTBeHHOE perenne pentenne u*(x) € La(a,b). D1o pemmenne MokHO HafiTH
MEeTO/[OM uTepanui 10 cxemMe
Up = Up—1 — M1 * ()\ cFup—1 + I%up—1 — f)a
C OII€HKOII IOI'DELIHOCTH

n
o

Jan — u*lla < o - X+ Puo + 1 = £

1—a1.

rmepy =2/(M+m+2(b—a)® 1), a1 = (M—-m+2(b—a)®a ) /(M+m+2(b—
a)®a™ 1Y), up(x) € La(a,b) — magamsnoe mpub.TIKeHme.

!PaBora Bbinonnena npu duHAHCOBOM HomepxKe Poccuiickoro Gouga dyHIaMEeHTATBHBIX UC-
cieoBanuit, mpoext Ne 13-01-00422.
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Teopema 2. Ecin BbosHEHE! yeiaoBus 1) u 2), T0 ypaBHeHHE

A/ At — ) 2)

umeer equHcrBeHHoe pernenne uw*(a,b) € La(a,b). Do perenne MmoxHO HafiTH MeTO-
JIOM HUTepalui 1o cxeMme

-1 -1 (o'
Up = F7 vy, 'Un:'Un—l_MZ'(F Up—1+ AT Un—l_f)7
C OIIEHKOIT MOTPENTHOCTH

W ol
o~ < 22 2

Huo + A IFug —

rae pe = 2/(m L +mM=2+2X-(b— a)o‘ofl), ag=(mt—mM24+2)(b—
a)aH/(m P+ mM2+2X-(b—a)®at), F~! — oneparop obparnsii k F,
vo = Fug, up(x) € La(a,b) — nauanpHoe npub/imkeHue.

2. Teopembl 1 1 2 He OXBATBHIBAIOT CTENEHHBIE HETUHEWHOCTH W HUCIIOIb30BAHHbBIE
B HEM MeTO/Ibl He IIPUIOJHbL B Cilydae npocrpancts Ly(a,b) upu p # 2. B nocieauem
cylydae MPUMEHUM I'DaJUeHTHBIN MeTo | (M/Id MeTO, HAMCKOPEIIero CIycka).

Teopema 3. IIycts p > 4 — wernoe unciao u p' = p/(p — 1). Torma npu Jr06om
f(x) € Ly(a,b) ypapnenne

b
-1 u(s) s — f(r
uP (x)+a/|5_”3|1ad = f(z)

nmeer eauncrsentoe pemenne u*(x) € Ly(a,b). Do perrenne MoxkHO HafiTH METOJOM
110CJI6/10BaTE/IbHBIX TPUOIHAKEHUI 110 (hopMyJTIe

Upt1 = Up — 5nHAun -

27 Auy — £ [Aun — f],

re uo(z) € Ly(a,b) — mobas dynxnma, Au = uP~1 + [%u,

2
dn, = min < 1, )
{5+@—UWMM+M%—NMMW}
n = 05 ]-7 27 sy Y = (b - a)[p(l-i-a)—Q]/p ||Ia||2/(1+a)—>1/(2—a); e > 0.

Jlureparypa

1. Acxa6os C. H. Hesmneiiubie ypaBuenus tuna ceeptku.—M.: @usmarmur, 2009.—304 c.

2. Acxabos C. H. Hejyuneiinble CHHIYJISDHBIE UPTErPAJibHble YDABHEHHH B IIPOCTPAHCTBAX
Jle6era.—I'pozusrii: YI'Y, 2013.—136 c.
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ACUMIITOTUYECKUE ITPAMAA 11 OBPATHAA 3AJTAYN
JJId YPABHEHU A TEIIJIOITIPOBOJIHOCTU C BOJIBIIINM [TAPAMETPOM

II. B. Babuu
(Poccus, Pocros-ua-/lony; FODY)

1°. Ilpamas 3amaua.
Ha npsmoyrosbHuKe paccMaTpuBaercs mapabo/indeckas HadabHO-KpaeBas 3a-
Jaga ¢ OOJIbIIUM TAPaMEeTPOM:

ou  9%u
o = 3oz T@r(twd, w1, (1)

u‘r =0. (2)

®Oyukuun f(x) n r(t, 7), onpenenennsie Ha MHOXKecTBax © € [0, 7], (t,7) € T =
[0,1] X [0,00), YZIOBJETBOPSIOT CJIEIYIOMIAM YCJAOBUAM: f, 7' — JOCTATOYHO TJIAIKUE;
70) = f(m) = FEI©) = fE(m) = 0, n'= 0,1,2; r{t,7) = ro(t) + 11(t,7), 17
r1(t,T) mMeeT HyJIEBOE CpeHee MO BTOPOIi IIEPEMEHHOIA.

Obparnas 3amaga cocrour B onpegenennn dbyuxiuu 7(t,7), KOrjga M3BECTHA
dbyukius f(z) u sHavenue pemenus u,(z,t) B HEKOTOpOil Touke o € [0, 7. Ilpes-
BAPUTEJILHO UCCJIEyeM TPAMYIO 3ajady. TouHee, pacCMOTPUM BOHIPOC O MOCTPO-
eHUN IIOJIHOW AaCHMITOTHKHU perrenns 3agadn (1)—(2) mpu m3BECTHOM HCTOYHUKE
f(z)-r(t,T).

AcnvmroTrueckoe pasnoxkenne pemenns 3agaqau (1)—(2) Gymem uckars B Buje

1 1
U(.ﬁU,t,UJ) = ’LL()(.Z',t)—i-; [’LLl(.T,t)—i-’Ul(iC,t, T)}—FEUQ(xvt’T)—i_Ww(xvt)a w > 17 (3)

rae 7 = wt.
Hacruunoe pazsoxenue 06o3Hauum Kak U, (x,t):

1
Uw(xvt) :Uo(fL',t)+;[U1(l‘,t>+’l}1(.’1),t,7’)]. (4)
Teopema 1. Yacruunas cymma U, (x,t) apdpekTuBHO HaAXOAUTCS, T. €. ee Ha-

XOXKJJeHHE CBOJHUTCS K PEIIEHHIO KOHEYHOrO 4HCJa 3ada4. A Tak >Ke BBITOJHSIIOTCS
cJIenyIoNe paBeHCTBA:

[Wa(z, )] = O(w™?), (5)
oW, (x, _
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2°. O6parHas 3amad4a.

Cdopmymupyem obparnyio 3aaady s cucrembr (1)—(2).

IIycrs B HaYabHO-Kpaesoii 3agade (1)—(2) dyukuusa f(x) 3agana, a r(t, 7) Hens-
BecTrHa, 1€ f W T yAoBJeTBOpAOT ycaoBusaM nyHkrta 1°. Tpebyercs oupepenuthb
r(t,T) Takyio, 9TO B TOUKE T = X( PeneHne U, (x,t,r) IPUHIMAET BUT

Uy (20,1, 7) = go(t) + w1 (t, wt) + v (t), (7)

rie ¢o(t), ¢1(t, T) yHOBAETBOPSAIOT JOCTATOYHBIM YCJIOBUAM ryiaakoctu 1o ¢ € [0, 1],
7 € [0,00), ¢oli=0 = 0, d1l=0 = 0, a ||| = O(w™?), v, = O(w™).

3aMeTnM, 9TO YCJAOBHUs, HAJIOXKEHHBIE HA (1, P2 U U, BLIIOJIHSIIOTCA B CHJIY TEO-
pembl 1.

Teopema 2. IIpu yka3aHHbIX BbIIIE YCJOBUIX 00paTHAas 3a/[a4a OJHO3HATIHO Pa3-
pemuma.

JIureparypa

1. Hnbna A. M., KamamaukoB A. C., Oneiinuk O. A. JluneiiHble ypaBHEHUsI BTOPOTO MTOPSIIKa
napabosimaeckoro tuna // Yenexu mar. Hayk.—1962.—T. 17, Ne 3.—C. 3-146.

2. Jenncos A. M. AcuMnToTuKa pemneHmit 0OpPATHLIX 33424 ISl THIIEPOOIMTIECKOT0 yPABHEHNS
€ MaJIbIM [apaMeTpOM IpH crapiueil npousBogHol // 2KypH. BBIYMCII. MaTEMaTHKU M MAT.

buzukun.—2013.—T. 53, Ne 5.—C. 744-752.
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OLIEHKN PEIIEHNI JIMHENHBIX PABHOCTHBIX YPABHEHIUIT
C BAITABIBIBAIOIINM APTYMEHTOM!

. 1. Bangaunos
(Poccus, Hosocubupcek; HI'Y)

B macrogmeit paboTe paccMaTpuBaeTCa BOIPOC 00 aCHMIITOTUYECKON YCTONIUBO-
CTH HYJEBOTO PEIeHNs] CUCTEMbl PA3HOCTHBIX YPAaBHEHUN

Tpt1 = Axy + Bry, n=0,1,... (1)

Bynem paccmarpusars cucremy (1) kKak cucremy ypasHeHWH ¢ 3a1a3/bIBAIONIAM ap-
rymentoM (I € N — mapamerp 3amas3/bIBaHusd).
Nmeer mecTo cieyioniuii pe3yJsibTart.

Teopewma. IIpenmosoxkuM, ITO CYIIECTBYIOT SPMHTOBBI MAaTPHIIB
H>0, K;>0, j=0,...,1+1,

TaKHue, 4TO

Ki+1—(1—k)Ki<0, iZO,...,Z,kE(O,l),
" COCTaBHAadA MaTpHUILIA

c—_ A*HA — H + A*KpA A*HB + A*KyB
N B*HA + B*KyA B*HB + B*KoB — K11

MOJIOKHTEIBHO onpeenena. Torga Hynepoe pemrenne cucreMbl (1) acuMorornieckn
YCTOHYHUBO H MMeeT MeCTO OIIeHKa

(Hzp,xn) < (1 —2)" - vo(x),

i (1
rae € = min {k, o=z }-
JloKa3aTeabCTBO TEOPeMbl MPOBOJIUTCA C HCIOIB30BaHuEM (DYHKIMOHAIA THIIA

JIstmynosa — Kpacosckoro

n
Un(2) = (Han, Tp) + Z (Kn—jwj, j).
j=n—lI
Dr1oT QYHKIHMOHA SBJISETCS JMCKPETHBIM aHasioroM (dyHKImoHasa JlsmyHosa —
Kpacosckoro, Benennoro B pabore [1| nmpm m3ydeHnn acHMOTOTHYIECKOIl yCTONYIH-
BoCTH pemieHuii cucreM auddepeHnnaibHbIX YPABHEHUTT ¢ 3a11a3/bIBaIOIIUM apry-
MEHTOM

Syt = Ay(t) + Bylt = 7).

Jlureparypa

1. demmaenko I. B., Marseesa U. . AcmvmnroTnaeckne cBOCTBa pemenunii gud depermmaib-
HbIX ypaBHeHuil ¢ 3anadapBaiomum aprymenrom // Becrn. HI'Y. Cep. Maremaruka, mexa-
Huka, uadopmarnka.—2005.—T. 5, Ne 3.—C. 20-28.

!PaBora Bbinonnena npu duHaHCOBOIM HOomepkKe Poccuiickoro Gouga dyHIaMEeHTAIbHBIX UC-
cienoBanuit, mpoekT Ne 13-01-00329.
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ITopaakoBelii aHaIN3 U CME>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAHUS:
Te3uch MoKkaan0B XII Mexmyrapogmoi mayanoii koudepenmmu (c. [eit, 12-18 momsa 2015 r.)

KPAEBAA 3ATAYA 1JId YPABHEHUA B HACTHBIX ITPOM3BOJIHBIX
C OIIEPATOPOM JPOBHOI'O JU®PEPEHIIMPOBAHUA
J2KPBAIIIAHA — HEPCECAHA

®. T. BorarbipeBa
(Poccust, Hampunk; ITMA )

B o6nactu Q =10,1[ x ]0,T[, I < 0o, T < 00, pacCMOTPUM YPABHEHUE C MIEPEMEH-
HbIMU KOdddurmerTamm

uz(@,y) + al@) DS (2, y) + b(@)u(z,y) = fz,y), (1)

rje Dé;om’""%} — onepaTop jpobuoro auddepennuposanns xxkpbamsana — Hepce-
caHa mopsKa o = Y oYk — 1 >0, v €]0,1], k =0,1,...,n, a(z), b(z), f(z,y) —
3aJlaHHbBIE JefCTBUTEbHBIE (DYHKITAN.

Oneparop apobuoro auddepennuposanns Ixpbamsna — Hepcecsna mnopsij-
Ka (v, ACCOIMUPOBAHHDII C TIOCTEI0BATEBLHOCTBIO {0, V1, - - -, Yn }, OTPEJIEJISETCS CO-
orHomenuem [1]

Ty T n—1 n—
Dé;o VoY }u(x,y) = Dgy Dgy Lo Dg;Dggu(a:,y), (2)

rae Dgy — omepartop ApobHoro unrerpo-auddepeniupoBanus B cMmbicie Pumana —
Jluysuiis [2].

BA1AYA. B obnactu ) maiitu perynasiproe perenne ypasaenus (1), yaoBierso-
PSIIOITiee KPAEBBIM YCJIOBUSIM

lim Dy (e, y) = i(a), j=0.n- 1, (3)
y—0

u(0,y) = »(y), (4)

rae Yi(z), ¢(y) — 3amannbie dyakiun.

Omnepatop apobuoro muddepennuposanus /xkpbamsaua — Hepcecana Beejen
B pabore [1], rae Obl1a perena 3a4a4da Korm jyisi ypaBHeHMs! COEPAKAILErO 0lepaTop
Buza (2).

[lpu 71 = 72 = ... = v, = 1 ypasuenne (1) uccaemoBanoch B paborax [3, 4| B
cilydae nepeMeHHbIX KoddduimenTos, a B [5, 6] B ciaydae nocrosiHHbIX Ko3hDbUIHM-
€HTOB.

JIuteparypa

1. Ixpb6amsan M. M., Hepcecsa A. B. Ipo6Gble mpom3Bomuble m 3amada Komm mams aud-
dbepernmanbHbIX ypasHeHuilt qpoGHOTO mopsinka // 3. AH ApmCCP. Mar.—1968.—T. 3,

Ne 1.—C. 3-28.
2. Haxyme A. M. [IpoGuoe ucuucnenue u ero nupumenenue.—Mocksa: @uszmariaur, 2003.—
272 c.
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. Mamuayes M. O. KpaeBas 3aja4a [ijisi ypaBHEHMs [IEPBOIO HOPHAIKA C YACTHON [IPOU3BOAHOMN
JIpoGHOro mopsinka ¢ mepeMeHHbIME Kodddurnmentamu // ok Appirckoit (Yepkecckoit)
Mexaynap. akazs. Hayk.—2009.—T. 11, Ne 1.—C. 32-35.

. Mamuayes M. O. Kpaesble 3a7a4u [ijisi ypaBHEHUI U CUCTEM yPABHEHUN C YaCTHBIMH [IPOU3-
BOIHBIME JIpo0HOro nopsanka.—Haasank: 3a-s0 KBHIT PAH, 2013.—200 c.

. IIexy A. B. Pemenue xpaesoii 3ajauu /171 ypaBHEHHs ¢ YACTHBIMUA IPOU3BOIHBIMU APOOGHOTO
nopanka // dud. ypasrenna.—2003.—T. 39, Ne 8.—C. 1092-1099.

. ITcxy A. B. YpaBHeHUs] B YaCTHBIX ITPOU3BOJHBIX ApoOHOTO mopsinka.—M.: Hayka, 2005.—
195 c.
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ITopsimkoBBIil aHANU3 U CME>KHbIE BOMPOCHI MATEMATHYECKOTO MOJEJIUPOBAHUS:
Te3ucot 1okaan08 XII Mexnynapoauoii nayanoii koudepenuuu (c. e, 12-18 mona 2015 r.)

ACUMIITOTUYECKAY YCTOMYNBOCTH HYJIEBOT'O PEINIEHU A
BO3MYIIIEHHOII CUCTEMBI JIMHENHBIX PABHOCTHBIX YPABHEHNIT
C IEPUOJINYECKNMUI KOPPUITNEHTAMNI!

A. A. Bosgaps
(Pocens, Hosocubupck; HI'Y)

PaccmarpuBaerca cucreMa JUHEWHBIX PA3HOCTHBIX YPaBHEHWH C MEPUOIMIECKN-
Mu K03 durimentamn

Tm+1 = (A(m) + B(m))xy,, m=0,1,..., (1

~—

rie {A(m)} — M-uepuopuveckas MaTpuIHas MOCIE0BATEILHOCTD, T. €. A(m~+M) =
A(m), {B(m)} — M-uepnoauueckas MaTpuaHast HOCJIEJI0BATEIHLHOCTD BOZMY HICHUI.
[IpeanonaraeTcst, 9TO HyJIEBOE PETTEHNe CHCTEMBI

Ym+1 = AM)yym, m=0,1,...,

acuMIToTHYecKn ycroitunso. Kak mokazano B pabore [1]|, 970 9KBUBAJIEHTHO TOMY,
9TO KpaeBasl 33/1a9a

H() — AQ)*H(1 +1)AQ) =C, C=C*>0,
H(0) = H(M) >0, 1=0,1,...,M—1,

umeer ejguncrsennoe pemenne H(l) = H*(1),1=0,1,..., M.
[lesb ganHOl PabOTBI COCTOMT B TOM, YTOOBI IOJIYYUTH YCJIOBHS HA MATPUIIBI
Boamyenust {B(m)}, npu koropbix mHysnesoe pentenue cucrembl (1) Gyger Takke
ACHMIITOTUIECKN yCTONmMBO. [Ij1s1 3TOr0 paccMOTPUM KPAaeByIo 3aJa9y /It BO3MY-
IIIEHHOTO PA3HOCTHOTO MATPUYHOTO ypaBHEeHus JIamyHoBa
H(l)— (A +B()*HI+1)(A() + B(l)) =C, @)
H(O)=H(M)>0, 1=0,1,...,M—1, C=C*>0.

Teopema. Ilpenmoioxkum, 9T0 MaTpHIHAS MOCIEA0BATEILHOCTH BO3MYIIICHHH
{B(l)} ynoBrersopser ycaoBuo

1
1B < \/ 1A + s e ~ A0l 5

1=0,1,...,M — 1.

!PaBora Bbinonnena npu duHAHCOBOM HomepxKe Poccuiickoro Gouga dyHIaMEeHTATBHBIX UC-
caenoBanuii, mpoekr Ne 13-01-00329.
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Torna cymecrsyer equncrsernoe pemerne H (1) = H*(1), 1 =0, 1,..., M, kpaesoii
sajadn (2).

Caencrsue. Ecin BrimosHeno yciaosue (3), To Hysmeoe pemenne cucrempl (1)
ACHUMIITOTHUYECKHA ycTOﬁqHBO.

SAMEYAHUE. Arajorudnabie pe3yabTaThl B caydae, korga C' = I, 6buan mosryte-
HBEI B pabore [2].

JIuteparypa

1. Adiapia K., Bysrakos A. 5., JTemuzgenko I B. HucsioBbie XapakTepUCTUKY aCUMIITOTUYECKON
YCTOHYMBOCTH PENIEeHUl JTHHEeHHBIX PA3HOCTHBIX YPABHEHWII C IepUOgmYecKuMu Kodd durm-
earamu // Cub. mar. xypu.—2000.—T. 41, Ne 6.—C. 1227-1237.

2. Aisigein K., Bynrakos A. 51., Temuaenko I. B. Acummrorndeckasi yCTOHUIMBOCTH DEITEHM
BO3MYIIEHHBIX JIMHEHHBIX PA3HOCTHBIX yDaBHEHWH ¢ nepuommdeckumu kodbdunuenramu //
Cub. mar. xypu.—2002.—T. 43, Ne 3.—C. 493-507.
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ITopaakoBelii aHaIN3 U CME>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAHUS:
Te3uch MoKkaan0B XII Mexmyrapogmoi mayanoii koudepenmmu (c. [eit, 12-18 momsa 2015 r.)

AJITEBPAUYECKUE YCJIOBIA ITOJTHOTHI 1 BASUCHOCTU
COBCTBEHHBIX 9J/JIEMEHTOB ITYYKA OBBIKHOBEHHBIX
JUNOPEPEHIINMAJIBHBIX OITEPATOPOB

A. . Barabos
(Poccust, Bragnkaskasz; KOMI)

1. PaccmarpuBaercs 3agada

ko  kok dFry
> Mgkt (z) =5 0<w <1, (1)
0<ko+k1<n

C KOMIIJICKCHBIM IIapaMe€TpPOM Au KpaeBbIMU yCJIOBUAMU

dky
Z Ao {O‘kokl Jrkr

0<ko+ki<n

dkly
dxk

+ Brok:
0

M} ~0. (2)

Brecs afok1(x) — cymmupyemsle, orpanmdennbie byHKINN, a B caydae ko + ki = n
d kokq X R
CYMMHUPYEMBI TaK2Ke QT(Q:), a™ = —1. ITomaraem, uro xopuu @;(z), i = 1,n,

XapPaKTEPpUCTUICCKOIrO ypaBHeHHH
anO (.73) (pn 4 al n—1 (l‘) Sonfl +.oda n—1,1 (:L‘) 0 — 1=0 (3)

Pa3IMIHBI TIPYU BCEX T, OTJIMIHBI OT HYJISI, X aPT'YMEHTHI U apIyMEHTHI U3 Pa3HOCTel
He 3aBUCAT OT T, (koky; Bhok; — T-MEpPHBIE CTOJIOIBI KOHCTAHT.

O6braHOl HOPMUPOBKO#T yc10Buit (2) nocTpoum n X 2n-cmapwyro Mampuyy 2pa-
nusnoz yeaosut (o, B) [1, c. 66; 2].

Beesem B paccMmoTpenme Wmcia w; = eVlargei(@) y nycTb T — HanboJIbIIee
KOJIMIeCTBO HYHCeT Wj, MOMAJaloNUX BHYTPh OJHON KOMIIEKCHOMN IIOJIYTIIOCKOCTH,
OTpaHUYEHHBIN TPSIMOTL, TPOXOsIeii Yepe3 Hadasao. CupaBemrinea

Teopema 1. IIpu Hammux ycaoBusix HEPABEHCTBO
min (rank o, rank g) > 7 (4)

Heobxoaumo s peryaspaocr 3agaqan (1)—(2).

B teopeme 1 mpocroTa coueraercsi ¢ CyIeCTBEHHOCTHIO. OrpaHUIuMCsT U3BECT-
HEIM mpuMepoM 3ataun y”’ — A%y = 0, 0 < x < 1, y(0) = y(1) = 0, cazanuoii ¢
rTpuronomerpudeckumu psagamn Pypwe. 3uech 12 = £1, ranka = 1, rank 8 = 1,
7 = 1 u mepasencTBo (4) oueBuaHO. B ciayvae BoimosiHenns yenosus (4) uis pernenns
BOLIPOCA PEry/ISPHOCTH 3a/a4K JIOCTATOYHO YOeJUThCsS B OTJIMYUE OT HYJIsi W3BECT-
HBIX ompezenutreseii [1, 2] n-ro nopsaaka (B kosmuecTBe < n(n + 3)), CBA3AHHBIX C
marpuneii (a, f) u ancaamu ;.
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2. Paccmorpuu myuok (L) ¢ nocrosmabivu kosddummentamu a*¥ 1 rpanmams-
My ycsaoBusimu (2), /st KOTOPBIX onpejensiomas marpuna (o, 3) umeer Bug

(aaﬁ) = (j{/ BO//> ’

rea —Ilxn, o’ —n—Ixn, 8" —n—1xn— marpunsl, opudeM 0 <n—1<1<n
u rank(a, f) = n.

Kak n B . 1 cunraeM, 9T0 KOPHE XapaKT€PUCTHYECKOTO YPABHEHNS (3) pA3THIHbI
7 OTJINYHBI 0T Hy/sd. [lycTh 7 — Hambosbiee n3 KOJNIECTB Y-KOPHEH, JeXKAINX Ha
JIy9ax, UCXOAANUX U3 HAYaaa A-TIOMYIIOCKOCTH (CPABHUTE CO CMBICIIOM 3TOTO 7Ke
oboznauennus B 11. 1). Beegem B paccmorpenne «1eeKTHOE» B OTHOIIEHUH TIOJTHOTHI,
YHCII0
P T—(n—1) opu 7>n—1I,

0 mpu T n—1.

Teopema 2. IIpu ykazaHHBIX yCa0BHsX, eciu min (rank «, rank 3) > 7, 1o cucre-
Ma MPOU3BOIHBIX IIEIOYEK OT COOCTBEHHBIX U IPUCOEHHEHHBIX (DYHKITHIH YKA3AHHOTO
myuka n-kparao noiHa B L(0,1). Ecan »xe min (rank o, rank ) < 7, 1o yrazannas
cucrema n — d KpaTHO IOJIHA B Lg_d(O, 1) u 6yner umers Geckoneunblii geheKT B
cmpicie n — d + 1 KpaTHOI MOJTHOTHI.

JIuteparypa

1. Hasimapk M. A. Jluneitusie muddepennmanbubie onepaTopbl.—M.: Hayka, 1969.—526 c.
2. Barabos A. H. Beenenuwe B CHEKTPaJbHYI0 Teopuio auddepeHIuaibHbIX OMepaTOpOB.—
Pocros u//1., 1994.—160 c.
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ITopaakoBelii aHaIN3 U cCMe>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAaHUS:
Te3uchl Mokaan0B XII Mexmyrapommoi mayanoii koudeperammn (c. Leit, 12-18 moms 2015 r.)

KPAEBBIE 3AJJAYN 11 OBBIKHOBEHHOT O
JNOOEPEHIIMAJJIBHOI'O YPABHEHU S JIPOBHOI'O
[MOPAIKA C IIOCTOAHHBIMU KOSOPOUITMEHTAMUI

JI. X. I'ag3oBa
(Poccusi, Hasbunk; ITIMA)

Paccmorpum ypasaenme
S BoGiue) + Mu(@) = f(@), @ €]0,1], (1)
i=1

rne o; €11,2[, 1 >0, \,Bi €R, a1 > g > ... > ap, (i =1,m), agx — peryaapu-
30BaHHas J(pobHasi nponssoHast (npoussognas Kamyro) [1, c. 11].

B mownorpacdun [1]| maner mocranoBku BupousmeHHbIX 33mad Komm n Heitmana
JIIsT YPABHEHUST BTOPOrO MOPsijika ¢ ApoOHOI npoussoanoil mopsaaka « € [1,2]. JIn-
Helinble 0ObIKHOBeHHBbIE JudpepeHIuaibHble YpaBHEHUs JIPOOHOTO TOPSIKA C I0-
crostHHbIME KO duienTamu nccsegnoBaauck B paborax [2—4|. OrnocuresbHO nsiio-
JKeHUs pe3yabTaToB u bubsumorpaduu pabor, CBA3aHHBIX C JuHEHHbIMU JTuddepen-
LMAJIbHBIMU yPABHEHUsAME JIPOOHOIO 10Psijika, yKaxkeM paborsl [5] u [6]. st ypas-
Henvsi (1) pemena 3anada Tupuxie merogom dbyrkunu ['puna B pabore [7].

B nmammoii pabore HaiijeHo 00Iee TpejcTaBeHne penenns ypasaenus: (1), ¢ mo-
MOIIIBIO0 KOTOPOIrO TIOCTPOEHKI pererust 3aadu Jupuxiie u 3agaun Heitmana.

JIureparypa

1. Haxymes A. M. Ipo6Hoe ucuwncsenue u ero npumenenne.—M: @usmaraut, 2003.—272 c.

2. Ozturk I. On the theory of fractional differential equation // Jokn. Axpirckoit (Yepkecckoit)
Mexaynap. akam. Hayk.—1998.—T. 3, Ne 2.—C. 35-39.

3. Ilcxy A. B. Hauanbuas 3a7a49a i JJUHEHHOTO OOBIKHOBEHHOTO udHepeHnnalbHoro ypas-
menus Apobuoro mopsanka // Mar. ¢6.—2011.—T. 200, Ne 4.—C. 111-122.

4. Icxy A. B. K teopun 3amaun Komwu mjis JTUHEHHOTO 0OBIKHOBEHHOTO AU depeHmaILHOT0
ypaBreHus apobuoro mopsaaka // Joxm. Anpirckoii (Yepkecckoit) MexmyHap. akajg. HayK.—
2009.—T. 11, Ne 1.—C. 61-65.

5. I'agzoma JI. X. O6o6mennas 3amada lupuxie mist mureiHoro auddepeHmaibHOr0 ypas-
HEeHus APOGHOTO MOpAIKa ¢ mocTogHHbIME KO3d dummentavu // [dud. ypasnenna.—2014.—
T. 50, Ne 1.—C. 121-125.

6. Kilbas A. A., Srivastava H. M., Trujillo J. J. Theory and applications of fractional differential
equations // North-Holland Math. Stud., Elsevier.—Amsterdam, 2006.—Vol. 204.

7. T'agzosa JI. X. 3agaua Jupuxie mjis 00bIKHOBEHHOIO Aud dhepeHaibHOro ypaBHeHus 1poo-
Horo mopsnaka // doxm Aneirckoit (Yepkecckoit) Mexaynap. akaz. Hayk.—2013.—T. 15,
Ne 2.—C. 36-39.
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ITopsimkoBBIil aHANU3 U CME>KHbIE BOMPOCHI MATEMATHYECKOTO MOJEJIUPOBAHUS:
Te3ucot 1okaan08 XII Mexnynapoauoii nayanoii koudepenuuu (c. e, 12-18 mona 2015 r.)

SAJTAYA TPUKOMU IJIA ¢-PASHOCTHOT'O AHAJIOTA
OIIEPEZKAIOMIEIO YPABHEHU A CMEITAHHOI'O TUITA

A. H. 3apybun
(Poccusg, Oper; OI'Y)

VYpaBuenne
_ . q
LU(z,y) = Uz (2, y) +sgny Uyy(z,y) = H (ln ;) Ul(qz,y), (1)

1 < q = const, H(§) — dbynknusa Xesucaiina, paccmorpum B obmactn D = DT U
D=UI tme DY ={(z,y) : 1<z < ¢? 0<y<h}=DjUD] (0 <h = const)
n D™ =Dy UD| — sjumnruyeckas u runepbosndeckas yacru obsacru D, npuuem

D;::{(:L‘,y): " <z < g, 0<y<h} (k=0,1),

k
_ q"(1—q
Dy :{(ﬂ%y): " —y<z<d 4y, -9

<y<0} (k=0,1),
I={(z,y):1<2<¢, y=0}, Y={(v,y):2=¢q, 0<y<h}
IIycte Dy = D,j UD, Uly, rae
I={(z,y): ¢ <z <" y=0} (k=0,1).

3aj1A4A T. Haittu B obmactu D dbynknuio U(z,y) € C(D) N CHD\Y) N
C%(D\(I UY)), yaosnerropsiomyio ypasrern#io (1), KpaeBbIM yCIOBUSIM

U(ly)=U(¢®y) =0, 0<y<h,
Uz, h) = p(z), 1<z<,

¢"(1+q)

Ula,d = 2) = (o), ¢ <o <5

YCJIOBUAM COIIPAZKEHUA

N

(k=0,1),

U(z,—0) =U(z,40) =w(z), 1<z<q?,
Uy(x,—0) = Uy(z, +0) =v(y), 1<z <q’ z#q,
YCJIOBUSIM COTJIaCOBAHUS
p(1) = ¢(@®) =0, (1) =0,

rae p(x), Yi(z) (k = 0,1) — 3asannble HEMPEPBIBHbIE JIOCTATOYHO TJIAKUE DYHKIUN.
Teopema. Ecmn o(z) € C[1,¢*] N C*(1,¢%), ¢u(z) € Cld" " (1 + ¢)/2] N
C%(¢",¢"(1 + ¢q)/2) (k = 0,1) abcomorso nATErpUPYEMBbI HA CBOMX MPOMENKYTKAX;
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©(0) = ¢(q?) =0, Yo(1) = 0 m ¢}, (z) mpu & — ¢* (k = 0,1) gomyckaer umrerpupye-
MYI0 0COOEHHOCTD, TO CyHecTByer eguacrsennoe pemenne U(x,y) s3agaun T.

Eduncmsennocms peirenns 3agaun T ciaegyeT u3 moiydeHHnx B8 D~ u DT na
y=0,1 <z < q? HEPABEHCTB COOTBETCTBEHHO

B+ // (U2 (z,y) + U (2, 9) +7°(,y)] dedy = 0,
D+
e
v(z,y) = H (ln %) U(z,y)U(qr,y) >
2

qx qx 2
> 2 H (D) [02y) + </\Ug<§,y>\ds> (/\Us(f,w\dﬁ) >0.
1 x

Iocmpoenue pewenus 3amaan T cBeIeHO K PEINIEHNUIO CUCTEMBI YPABHEHUI CMe-
MIAHHOTO THTIA

LU(:L‘,y) = AU(I,y), (l‘,y) S Do,
e
4= (8 (1)> . Ule.w) = (Usle.9).Ua(az,y)) "

Uk(m,y):U(a},y), (a:,y) € Dy (k‘:O,l)
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ITopsinkoBeIii aHanMM3 U CME>KHbIE BOIIPOCHI MATEMATHIECKOTO MOJEJIUPOBAHUSI:
Te3uch MoKaan0B XII Mexmyrapommoii mayanoii koudeperamun (c. Leit, 12-18 moms 2015 r.)

ACUMITOTUYECKNN AHAJIN3 JUHENHON BHICOKOYACTOTHOM
3AJIAYH C OIIEPATOPOM CTOKCA B I'NTABHOI YACTH
11 BHIPOYKJIEHUEM

M. P. Ummeen
(Poccus, Pocros-ua-/lomy; FODY)

JoKJ1a/1 IOCBSIIEH PACCMOTPEHUIO ceytoineii 3aa4au. [Tycrs {2 — orpanndennast
obmacts B B3 co cromb yrommo rragkoit rparmmeit 00, m € N, w > 1. B Geckomeu-
HoM mmuHApe () = 2 X R paccMoTpuM 3a1ady o %—HQPHO,HI/I‘{QCKHX 10 BpeMeHu t
pemreHnax CuCTeMbl ypa,BHeHI/Iﬁ

9 1
8—1‘ + Vp = Au+ By(w)u + — Colw)u+
) 1
S (Ma)ut de() e + dofa), @
1<|k|<m
divu =0, (2)
uf o = 0. (3)

Baech © = (x1,22,23) € Q, t € R, Bo(z), Co(x), Mi(x) u do(x), di(z) — ussecrhble
BECKOHEUHO I[VIaJIKie MATPUIbI-(DYHKINNA 1 BeKTOP-(DYHKIMNA COOTBETCTBEHHO, HPU-
yem By(z), Co(x) u do(z) — Bemecrsennbie, a My(x), di () KOMILIEKCHO CONPsizKEHbI
C M—k:(x)a d—k(x)

Cumsosiom IT 0603HaUMM M3BECTHBIH OPTOrOHAILHBINR TPOEKTOP B Lo(£2) Ha S2(12)
(cm. [1, 2]). Beemem B S2(€2) oneparop A = IIA 4+ I1By(z) ¢ obsacThio onpe/ienenmst
D(A) = {u € S2(Q) NWZ(Q), u|gn = 0} u BEIpaXkenna

IIM () IIM . (2)
ik ’

B = HC()(.I) + Z
N

¢= (is)s(s + 1) (ik)2

1KLL s|<m,
k+1+s=0

1<|k|<m

IIpenmonozkum, aro A = 0 — mpocToe coOCTBEHHOe 3HadeHme omeparopa A m co-
OTBETCTBYIOIIHI eMy COOCTBEHHBINH BEKTOD o) MMEeT MpUCOeUHEHHbBI B CMBIC/IE
Bummka — Jliocrepauka BeKTOP a1(Z) MepBOro mopsika OTHOCUTENLHO TPOfiku A,
B, C [3].

Jos sanaun (1)—(3) ObLIM yCTAHOBJIEHDBI CYIIECTBEOBAHUE U €AMHCTBEHHOCTD 22-
NIEPUOJNYECKOTO PEIIeHNs IIPY JJOCTATOYHO OOJIBIINX W, ITO PEIleHne SBJISeTCS Be-
mecTBeHHBbIM U Oeckonedno auddepennupyembim. [locTpoerue ero moHOM acuMITTO-
THKH CBOJUTCS K PEIIeHNI0 KOHEYHOTO YHC/Ia OJHO3HAYHO Pa3PelINMbIX 33/1a4 0ojee
TIPOCTOTO BHUJA.

DT pe3ynbTaThl MOAytdeHbl coBMecTHO ¢ B. B. Jlepenmrramom n mogapobHo n3-
JIOXKeHbl B pabore [4]. AHATOTUYIHBIE PE3YIbTATHI s TapabOTMIecKuX ypaBHEHUIT
U3JI02KeHbl B pabore [5].
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ITopaakoBelii aHaIN3 U CME>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAHUS:
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KPAEBBIE 3ATAYN JIJ1d TAPABOJIMYECKOTO YPABHEHU A
BBICOKOT'O ITIOPAIKA C IPOBHOI IIPOU3BOJIHON
110 BPEMEHHOI IIEPEMEHHOI1

JI. JI. KapameBa
(Poccust, Hasbunk; ITIMA)

Paccmorpum ypaBaenue

0%y
Dgtu(xat) - (_1)n+1ﬁ - f(xat)a (1)
x
e n € N, Df, — oneparop apobroro (B cmbiciae Puvana — JInysusist) ueTerpo-
nuddepentmposanns mopsiaka o, 0 < a < 1 [1, c. 28].

Ypasuenwne (1) mpu n = 1 mMUPOKO UCCIETOBAHO, I Hero B pabore [2] mocrpo-
eHo (byHIaMEeHTAJbHOEe PeleHne, TaHo perienne 3aadn Komm u gokasana reopeMa
eIMHCTBEHHOCTH B KJacce (PYHKITHI, yaoBaeTBopsatonmx anasaory yeaosus A. H. Tu-
xoHoBa. C 110MOIIBIO MHTErPAIBHBIX IIpeobpasoBanuii B pabore [3] HaiijeHo pemexne
zasaun Komwu myig gpobuoro nuddy3noHHO-BOJIHOBOTO ypPaBHEHWUS W SBOJIIOIUOH-
HbIX ypashenuii. B pabore [4] naitneno perenne auddy3unoHHO-BOJIHOBOIO ypaBHe-
HUs YETBEPTOr0 MOPHA/IKA C JPOOHON Mpom3Bo/IHOM KamyTo 1Mo BpeMeHu ¢ mOMOIIbIO
HHTErpaIbHBIX TPe0OpPA30BAHMIA.

B mamnoit pabore ayst ypasuenus (1) moctpoeno (yHIaMeHTATBHOE DEIennue,
uccaeoBanbl 3a1a49a Ko, 3a/1a9a B MOIYIOIOCE U 331a9U B TPSIMOYTOJIBHBIX 00-
JIACTAX.
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BOCCTAHOBJIEHVE HEOJIHOPOJHOI'O CJIATAEMOI'O
B 9BOJIIOIIMOHHOM YPABHEHIU ITOCPEJCTBOM
HEJIOKAJIBHOI'O YCJIOBUSA CPEJHEI'O 110 BPEMEHU

A. B. Kapes (Poccusg, Mocksa; MI'Y),
N. B. Tuxonos (Poccus, Mocksa; MIT'Y)

B kommiexkcroMm GamaxoBoMm mpocTpaHcTBe E paccMorpum JimHEHHYI0 00paTHY IO
3a/a49y:
du(t)
dt

— Au(t)+g, 0<t<1, (1)

1
u(0) = uo, /u(t) dt = uy, (2)
0

c nenssectHolt byukuumeit u: [0, 7] — E u nenszsecrubim s1ementoM g € E. Ha dynx-
nuio u(t) HakIapIBaeM crangapTable TpeboBanus raaakocru. Omeparop A cunraem
JUHEeRHbIM U 3aMKHYyThIM B E. O6mnacts onpesenenuss D(A) C E ue oba3aresbHO
nnoraa B E. Duementor ug, uy 3aganst B D(A). [Tpu cToab 061mmx IpenoaioKeHnsax
JTOKA3aH CJIeTyIOIUil KpUTEepHii e IMHCTBEHHOCTH pernenust ooparnoit 3agaqn (1), (2).

Teopema 1. ns toro urobbr obparnas 3amaqa (1), (2) npm mo6om BbIGOpE
971eMeHTOB U, w1 € D(A) umena e 6onee oguoro pemenns (u(t),g) Heo6XoquMO 1
JIOCTATOYIHO, ITOOBI HH OJUH HYJIb XapaKTePUCTHICCKOH (DYHKITHN

1 t
A_1-)
/dt/e)‘(ts) ds = BT ) eC, (3)
0 0

He SIBJISICS COOCTBEHHBIM 3HAYeHUEM oreparopa A.

L(\)

C yderom pacmoJioKenus HyJieit xapakrepuctuaeckoit dpynkmun (3) (cm. [1]) mo-
JiydaeM yA00HbIe I0CTATOYHbIE IPU3HAKY €IMHCTBEHHOCTH Pererns 00paTHOM 3a/1a-
i (1), (2).

Teopema 2. ITycts Bommosmeno moboe n3 npeanooxenuii: 1) omeparop A Bo-
ob111e HE HMeET COOCTBEHHBIX 3HAYEHHIH; 2) BCe COOCTBEHHBIE 3HAUEHHS OmepaTopa A
BEIIECTBEHHBIE; 3) BCe COOCTBEHHBIE 3HAYEHUST OMEPATOPa A pacroioKeHbl B MOIy-
mrockocta Re A < 2; 4) Bce cobcTBeHHDbIE 3HAUEHHS OomepaTopa A pacioJIOXKEHbI B
mostoce |Im \| < 97/4. Torga obparnas 3anada (1), (2) npu s1060M BeIGOPE 2/1€MEH-
TOB g, u; € D(A) umeer me 6osee oxnoro perrerus (u(t), g).

®paza «umeer He GoJIee OJHOrO pElIeHUsI» JOIMYCKAET, KOHEIHO, YTO [MPU HEKO-
TOpbIX Ug, U] € D(A) pemenne o6paTHOil 331841 MOXKET OTCYTCTBOBATH. BOmpoc o
Pa3peIuMOCTH HOJO0HBIX 33541 HAJI0 N3ydaTh 0T/1esbH0. COOTBETCTBYIOIIA TEOPUS
ObLa pa3BuTa B [2| MU TOMOTHUTEIHHOM IPEANOI0KEHNN KOPPEKTHOCTH TIPSIMOii 3a-
naan Ko nyia ypasuernns o' (t) = Au(t). Tlpumensist reopemy 4 n3 [2] n yuanrrisas,
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YTO HYJIU XapaKTEePUCTUIeCKOil (byHKIK (3) mOmasaT B MOJIYILIOCKOCTE Re A > 2
(cm. [1]), ycranaBiauBaem CiielyIOmuii pe3ysibrar.

Teopema 3. IIycrs oneparop A nopoxaaer Co-nonyrpymimy U (t), yaoBiaerBops-
tomyto onenxe ||U(t)|| < Me? nput > 0 ¢ nexoropoii koncranroit M > 1. Torma npu
JIF060M BBIOODE 3JIEMEHTOB ug, w1 € D(A) obparnas 3anada (1), (2) umeer u npurom
equHcTBennoe perrenne (u(t), g).

Bb110 6l 110/1€3H0 PACHPOCTPAHUTH HA CIyvaii TeOpeMbl 3 CXeMy JI0Ka3aTe/IbCTBa
TeopeMbl 4 w3 paborsl [3]. DTO MO3BOUT 0OOCHOBATH KOHCTPYKTHBHBI aIrOPUTM
pemenus: 06parnoit 3agaqu (1), (2) 1 MOIYyrpynIT COOTBETCTBYIOMIErO SKCIOHEHIIN-
AJIBHOTO POCTA.
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ITopaakoBelii aHaIN3 U cCMe>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAaHUS:
Te3uchl Mokaan0B XII Mexmyrapommoi mayanoii koudeperammn (c. Leit, 12-18 moms 2015 r.)

[IOJIYCUJIbHOE PEHIEHUE KPAEBOI 3AJAYN
I INOOEPEHIINAJIBHOI'O YPABHEHIS BTOPOTO ITOPSIKA
C JIPOBHOI I[TPOMU3BOJHOI B MJIAJIIINX YJIEHAX

M. B. KykymikuH
(Poccusi, Haspuuk; ITIIMA)

PaccmarpuBaercs kpaeBas 3ajjada Jijis YPaBHEHUSI BTOPOrO HOPSIIKA ¢ JAPOOHOI
TTPOM3BOAHON B MAAJINNX WIEHAX, JaHHAs 3aJada st JnHeiHoTo nnddeperinaib-
HOTO ypaBHEHWs MOJAPOOHO M3ydeHa B MPEANOIOKEHUAX TJIAJIKOCTH OTHOCUTEIHHO
ko3durentor [1]. B manHoii pabore nosyuenbl yCJaOBHsi CyIIECTBOBAHWs pa3pe-
MIUMOTO pacinupenns AuddepeHnnaabHOT0 OMEPATOPA BTOPOTO MOPSIKA, C IPOOHOIT
TPOM3BOHON B MJIAINAX 9WJIEHAX, JeicTByomero n3 npocrpanctsa Cobosesa ¢ 3a-
JIAHHOMU TJIaIKOCTHIO 3JIEMEHTOB TPOCTPAHCTBA, ST yCJIOBUS BK/IIOYAIOT CJIyYal KO-
raa KoadgdunmenT npu APOOHON MPOU3BOIHON MMeeT Pa3PhiB KAK IEPBOIO, TaK U
BTOpPOro poja. B pabore |2]| mokasbiBaeTcs CyIIECTBOBAHWE W €INHCTBEHHOCTDH De-
meHud 3a/Ja491 rZLI/IpI/IX.He AJIA PaCCMATPUBAEMOT'0 YPAaBHEHUA B KJIAaCCE PETYJIAPHbIX
pemmenuii Cla, b N C?(a,b) B IPE/IOIOKEHIE HEIPEPLIBHOCTH OTHOCHTEIBHO K03h-
dunmenTa mpu JApobHO Mpou3BoAHON. OHUM U3 Pe3yJbTATOB JIAHHONW pabOTHI SIB-
JISIETCST 9aCTUYHOE TIOBTOPEHNE PE3Y/IbTATOB [2] IPU CHATHM YCIOBWSI HETPEPHIBHOCTH
ko3 durinenta mpu ApobHOM TPOU3BOIHON. PaccMOTpeHHBIN METO/T JI0KA3aTETHCTBA
CAMHCTBEHHOCTHU DPEIMEeHUA 3a/Ja91 ABJIACTCA TPUHIWUIINAJIBHO WHBIM HEXKEJIN B [2]
Ecim 5T0 He 0roBOpeHo JOMOTHETEIBHO, Besse byaem momarats « € (0,1), z € Q.
WNarerpupoBanue Oymem nonnMmarh B cMmbicie Jlebera. Bymem mcrnonb3oBars 0603Ha-
qeHUsI:

Q= {x— T1,X2,...,2p) €E E" a<x; <bi=1,2,. }

(.90 = (F ) / F@g@)dz, |- llo =1~ o).

I (Ly) = {f(x): f(l‘) =Dy, (1), (l‘) € Li(a,b)},
Wi(rp) = {u(z) : ) e Wi(Q) =0}.
JIomycTrM MMeeT MeCTO OJHOMEPHBIH CJIydaii, paCCMOTPUM KPAeBYIO 331ady
Lu = D*u(z) — c(z)D%u(t) = f(z) € Lao(a,b), (1)

u(z) € Wi (rp).

BrimosiHenne sHepreTHIecKnx HEPaBEHCTB
[ Lullo = Cllullo, (2)
1L ullo = Cllullo (3)

JTAeT CYIIeCTBOBAHNE U JIMHCTBEHHOCTD MOJIyCHIBHOTO perenus [1, ¢. 98| mpu Jiio6oii
mpaBoit wactn 3 Lo.

143



Teopema 1. Ilycrs c(x) € I (L1), ¢(x) > 0. Torna umeror Mecro sHeprerude-
ckue HepaseHcrsa (2), (3).
[Iycrs: Q € E™, o; € (0,1),7=1,2,...,n. PaccMorpuM KpaeByio 3a7ady
n
Lu=Y" (D3 u(x) - ci(x)Dyiu) = f(z) € Ly(Q), (4)
i=1

u(z) € W3 (rp).

Nmeer mecto cieyiomas TeopemMa, siBAMIomasacs o0o0iennem reopeMbr 1.

Teopema 2. ITycrs ci(z;) € I (L1), pi(z;) 2 0 (i = 1,2,...,n), 1 > [2] + 2.
Torna suist oneparopa 3aja4dn (4) nmeror Mecro sHepreruyeckne HepaseHcTsa (2), (3).
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O IBYX METOJAX MCCJIEJOBAHNS YCTONYMNBOCTH
IFO®PUPOBAHHBIX OBOJIOYEK BPAIIIEHM A}

C. C. Makapos (Poccus;, FO®Y; Pocros-na-/lony),
FO. A. Ycrunos (Poccus, FO®Y; Pocros-ua-/lony)

[Ipu npoekTrpoBanum 000JOYEIHBIX KOHCTPYKIINI OJHUM W3 OCHOBHBIX IArOB
ABJISIETCS PAcUeT HA YCTONYIMBOCTL. B HacCTOANIT MOMEHT peleHne JaHHOW 3a7a49n
IIPYU IOMOIIU OJHOTO M3 MHOXKECTBA, YMCJIEHHBIX METO/IO0B WU C ITOMOIIHIO TPUKIA]I-
HBIX TIPOTPAMM, KOTOPBIe UX PEATM3YIOT, He SIBISeTCS Hepa3pelInMoi 3a atei.

Todpuposka saBIsIETCS OTHUM W3 CIIOCOOOB KOHTPOJIS KECTKOCTU 000JIOUEK TIpH
TIPOEKTUPOBAHNN TOHKOCTEHHBIX KOHCTPYKIWI, TOBEPKEHHBIX PA3TMIHBIM HATPY3-
kam. Todpuposannbie 110 OKpyzKHOCTH 000/10UKu (CuabhOH) UCTIONL3YIOTCH B KOH-
CTPYKIUSX C HU3KOU M3TUOHOI KECTKOCTHIO B TIPOIOIHHOM HAIMPABJIEHNE U BHICOKON
M3ruOHON KECTKOCTHIO B OKPYKHOM Hampas/jeHnn. OcecuMMeTpudHas ropprupoBaH-
nas 000/109Ka, pacCMaTpuBaeMasi B JAHHOU paboTe, O CYTH SBJIAETCA CUIBL(MOHOM,
KOTODPBINl HAXOAUT MPUMEHEHNEe B KadeCTBe YIPYTOr0 TyBCTBUTEILHOTO dJIEMEHTA B
Pa3INYHBIX ABTOMATHYECKUX U3MEPUTEIbHBIX Tpubopax. B cuty cBoeit reomerpude-
CKOl CTPYKTYPBI, CHIB(DOHBI CIIOCOOHBI COBEPINATH 3HAYUTETbHBIE TIePEMEeITeHus TPU
PaCTSKEHNN-CKATUHU, TUIPOCTATUIECKOM JaBaeHnn U udrudaromem momente. Jlan-
Hasl CIIOCODHOCTDH CTaJja MPUYUHON IMHUPOKOTO PACIPOCTPAHEHUsT CUIBGOHOB B Kade-
CTBE 4yBCTBHTEJIBHBIX 3j1eMeHTOB. B [1, 2| 66110 ycraHoB/IeHO, 9T0 CHIB(hOH MOKET
MOTEPATh YCTOMYUBOCTD I0JT JefiCTBIEM BHYTPEHHEro JaBjieHus. liaBHbIN ocoben-
HOCTBIO TODPUPOBAHHBIX 000JI0UEK MOXKHO Ha3BaTh BBICOKME >KECTKOCTH Ha M3TU0 1
CXKATHE B HAMPABJIEHNN TOMPUPOBKU. B OCHOBHOM TIpM MCC/IE€I0BAHNN TOMDPUPOBAH-
HBIX 000JI09€K, eC/IH JIJINHA, T0dpa He CUIBHO OTJIUYIAETCS OT TOJIIITUHBL, TIPUMEHSIETCST
MOJIEIMPOBAHME CJA0KHON (POPMBI MepuanaHa OPTOTPOITHONW MUINHIPWIECKOH 000-
Jioukoii. Tem He MeHee, aHAIN3 YCTONIMBOCTH TAKUX 000I0UEK TTOKABAJT, ITO BBIBOJIBI,
CIe/IAHHbIe Ha, OCHOBAHUU OPTOTPOITHON TEOPHUS MOTYT OKA3aThCA HEIOCTOBEPHBIMU.

Jlannasg pabora TOCBANIEHHA METO/AaM HCCAeI0BAHUS YCTOUYUUBOCTU TO(DPUPO-
BaHHBIX 00oJioueK. J[1s1 moCcTaHOBKY KPAEBOil 33/1a9u UCIIOIb3YIOTCH HOBbIE, 110 (DOp-
Me, YpaBHEHUsI PaBHOBeCHsi 0OOJIOUKU BpAIleHUs, IOJyIE€HHbIE B paMKaxX TEOpUu
Kuxproda — Jlasa. B kagecTtBe rpannvnbix ycaoBuil Ha TOPIAax 000/09KU BHIOPa-
HBI yCJIOBHUS MIAPHUPHOTO ONMpaHus. KpuTWdecKne 3HAUYEHUS TUIPOCTATHIECKOTO
JlaBJICHUS], BHEIITHEI'O U BHYTPEHHEr0, IPU KOTOPHIX OCECUMMETPUIHOE HAIIPIKEHHO-
J1ebOpPMUPOBAHHOE COCTOSIHUE TEPSET YCTONYUBOCTD OIPEIE/IAIOTCA Ha OCHOBE JIBYX
pa3zpabOTaHBIX AATOPUTMOB, OIUH M3 KOTOPBIX OMUPAETCI HA METON HAYAJIHHBIX Ta-
pameTrpax, a BTOPOIi, HOBBIH B JaHHOM KJiacce 3aaa4 Mero — meron @ioxke — Jlsrmy-
HoBa. Jljist HAlIIEHHBIX 3HAYEHUN KPUTUIECKONH HATPY3KU MTOCTPOEHBI (DOPMBI TTOTEPH
YCTOMYUBOCTH.

!PaBora BbiOIHEHA B paMKaxX HPOEKTHON YaCTH IOCYJAPCTBEHHOro 3asjanus Ne 9.665.2014.K
B cepe HaydIHOM TesdTeTHHOCTH.
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HEKOTOPBIE MATPUYHBIE KOHCTPYKIINUN

A. B. Makaposa
Poccuga, Boponex; BI'Y
( , Bop ;

B ny6iukarusx [1| u [2] npu JokasareabcTBe TEOPEM 0 Pa3pEeIIHMOCTH CTOXACTU-
qeckux uddepeHuajibHbIX BKIIOYEHU ¢ TEKYIITUMI CKOPOCTIMU OBLIN MCIIOIB30-
BaHbl HEKOTOPbIC TEXHUYICCKNE KOHCTPDYKIIUN.

B nmammoit myOmKanmy OCTaHOBJIIOCH HA HUX 9yTh oapobHee. Bemem obo3naue-
Hue uepes S4(n) MHOKECTBO CUMMETPUYECKUX M0JI0ZKUTEIBHO ONPEIEJEHHbIX 1L X 1
marpuil. B [3] Ha ocroBe pasmoxkenmst ['aycca mToKazaHO, 9TO KaxK7ash MaTPHIA
a € Si(n) mpencrasuma B BUge o = (OC*, e ( — HUKHETPEyroJbHAs MaTPUIA
¢ eIVHUIIAMU Ha guaroHau, (¥ — ee TPAHCIIOHUPOBAHHAS, T. €. BEPXHETPEYTOIbHAS
MaTpHIA C eIUHUNIAMA Ha JUATOHAJW, W 0 JHATOHAJBHAS MATPHUIA, YbH YTIOBBIE
MHWUHODBI (OTMeTI/IM7 9TO BCE OHU HOHO)I{I/ITGH])HI)I) COBIIa1al0T C YIVIOBBIMU MUHODaMMN
MaTpuibl . OBO3HAYNM JUATOHAILHBIE 3JIEMEHTHI MapHIlLl & depes 01, . . . 0y. Torma
A= C\/g, rIe Ve — JMaroHaJbHas MaTpuna ¢ /0q,. .., V9, Ha IHaroHan TaKOBA,
qro o = AA*.

Ecsin MBI umeem 1€10 ¢ HENpPepbIBHBIM (M3MEPUMbBIM, TaajKuM) mmojaem «(t, m),
teRumeT" rae T" — MI0CKU N-MEPHBI TOP, TO COOTBETCTBYIOIIME MATPUIILI
A(t, m) Tak>Ke HeUPEePbIBHBI (U3MEPUMBbL, IVIAJIKH).

O6o3raunm T (n) — MHOKECTBO HUKHETPEYTOTHHBIX MATPHIL MTOPSIKA 1, C HY-
JIIMU Ha JUATOHAJN, KOTOPOE OYEBUIHO SBJISETCS JUHEHHBIM MTOANPOCTPAHCTBOM
B R — jmmeitron ITPOCTPAHCTBE BCEX T X N MATPHII.

[Iycts Lg(n) — numeiinoe mpocrpanctso B R™ cocrosimee u3 Bekropos X =
(X1,..., X" maxmx, aro X' 4 -+ + X" = 0. O6o3naunm uepe3 Spc MHOKECTBO
CUMMETPUIECKUX TIOJIOKUTETHHO OMpee/IeHHbIX MaTpull ¢ nocrosaabiM (C' > 0)
oupegenuresaeM. Beegem raajakoe orobpaxkenune Lo @ Spo — Lg, KoTopoe nepeso-

JUT cHMMeTpriecKyio MaTpuiy o € Spo B Le(a) = (log %, ..., log %) € Lo(n).

Bamerum, aro T_(n) u Lo(n) nunelinble mpoOCTPAHCTBA, T. €. TIOHSTHE BBIMYKJIOTO
MHOKECTBA, KOPPEKTHO B HUX.

JlanHble KOHCTPYKIMN C CUMMETPUYECKUMH MaTPHUIAMP TO3BOJIUIA HAM TOBO-
PUTH O PA3PEIINMOCTU CTOXaCTUIECKUX MU dhepeHIna bHbIX BKIIOUEHUH ¢ TeKY -
MU CKOPOCTSIMHE JIJIst TIOJTyHENPEPBIBHO cBepxy (CHU3Y) npasoii yacru.

Jlureparypa

1. Gliklikh Yu. E., Makarova A. V. On solvability of stochastic differential inclusions with
current velocities // Applicable Anal.—(in print).

2. Makarova A. V. On solvability of stochastic differential inclusions with current velocities. II //
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OIIEPATOP XUPOTHI JJ1s1 HEJIMHEITHOT O
KOMIIJIEKCHOI'O YPABHEHU

O. B. HoBukoBa
(Poccusi, Crasporosib; CKOY)

Coryacao anroputmy XwupoThl [1| ¢ MOMOIIBIO HEKOTOPOI 3aMeHbI HEOOXOIH-
MO MPUBECTH WCXOJHOE ypaBHeHue K Ouauneitroi dopme. Paccmorpum nennnelinoe
ypaBuenne tuna [IIpemumHrepa

Py — iPze + 2ip(p® +P2) =0, (1)

nccsiegyemoe B 2], 11t KOTOpOro ¢ MOMOMIBI0 MeToa XUPOTHI TIOCTPOEHBI TOYHBIE
pellenus B Bujie OEryImuX BOJH U 1-COJTMTOHHBIE PEIleHnsl B BUIe KWHKOB [3]. B man-
HBIX paborax ObLIa MpoBeeHa 3aMena jeficreurenbabix dbykmuit u(z,t) n v(z,t) n3
CUCTEeMbI yPaBHEHNUIH, SKBUBAJEHTHON UXCOTHOMY KOMILTEKCHOMY ypaBHenuio (1):

U + Vpg — 4v(u2 — 02)
Vi + Upy — 4u(u2 — 112)

0,
0,
HA YaCTHOE JBYX JeficTBuTebHbIX dyHKiwmii. B kaure M. A6iosuma [1| pacemorpeno
MIPUMEHEHNE AJTOPUTMa, XUPOTHI st HejnHaeiHnoro ypasaenus lIpenunrepa, Korma

BBIMOJTHSIETCS 3aMeHa KOMIIJIEKCHO3HAIHOH dynknuu. [Ipuvenny Taxoil moaxos ars
paccmarpusaemoro ypastenus (1).

Jlemma. Hesmneiinoe KOMILIEKCHOE JTupGEPEHITHATbHOE YPAaBHEHHE B TaCTHBIX
npoun3Boaabix (1) ¢ moMOIIBIO 3aMEHbI

p(l‘,t) - G(.T,ty T)(xat) = G(m,t)’ (2)

e F(z,t) — xommnexkcrnoznaunas pyuxmus, G(x,t) — peficrBurenbuas QyHKius,
IIPHBOAHATCA K CHCTEME ABYX OH/IMHEHHBIX yDABHEHHH

DiF oG —iD2F oG =0,
(3)

DiGoG+2(F?+F?%) =0.

< Ipeacrasum komiiekcHo3Haunyo Gyukumio p(x,t) B Buge (2). Hacrubie npo-
W3BOJHBIE TPUMYT BU]L

_ FG-FG, G(FyuG — FGrz) — 2G4 (F,G — FGy)

hh=""m Dza 3

[logcraBus naxuble 3HaYeHNs B ypasHenue (1), nmeem

G(F\G — FGy) — i(FpeG? — FGGyy — 2GF,Gy + 2FG2) + 2iF (F? + F?) = 0.
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[Ipeobpazyem paBeHCTBO Tak, 9TOOBI BOCIIOIB30BATHCS OllepaTopoM uddepeHIupo-
Banusi Xupors! [1]:

DtFOG:FtG—GtF.

Jnst aroro pobaBuM M BbIYTEM B JIeBOH dacTu nosydeHHoro pasencrsa i F GGy,
nMeeM _ _ —
G(FiG - FGy) + 2iF (F* + F?) —
— (G (FyaG — 2F,Gy + FGyy) — F(2GGyy — 2G2)) = 0.

BocmosibzoBasmiucs oneparopoM nuddepeHimpoBanus XupoThl, TPUIEM K PaBEeH-
CTBY

G(DiF oG —iD2F o G) +iF (D2G o G +2F(F* + F?)) =0,

KOTOPO€ paclaJaeTcd Ha CUCTEeMY JABYX YPaBHEHUN (3) Yrto u TpeboBaIoCh JOKa-
3aTh. >

JIuteparypa
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CIIEKTPAJIBHOE COOTHOIIEHNE JIJId TUTIEPCUHTVJIAPHOI'O
VHTEI'PAJIA HA OTPE3SKE UHTEI'PUPOBAHUA

JI. FO. IlnmneBa
(Poccusg, Bragukaskas; FOMU, COTY)

B pabore paccmarpuBaercs ruiepCUHIYISAPHBIN MHTErPA BUJA

1/ L () dt, x¢c(-1,1), (1)

rae T, (t) = cos(narccost).

Nurerpan (1) Hag0 NOHUMATD B CMBIC/IE KOHEYHOrO 3HadeHust 10 A gamapy. s
HErO TIOJIYUEHO W JIOKA3AHO CIIEKTPATBLHOE COOTHOIIEHNE, KOTOPOE MOYKHO MCTIOIb30-
BATh TIPHU TIOCTPOEHUN KBAJPATYPHBIX (DOPMYJI JIJIsT TUIIEPCUHTY/IIPHBIX HHTETPATIOB
Ha OTPE3Ke WHTErPUPOBAHUSI.

CupaseyinBa Teopema.

Teopewma. /[ narerpaJa

1 1 To(t)
71_/ A i-a) dt, =z e (-1,1),

-1

e T, (t) = cos(narccost) — muorownen YebblmeBa 1mepBoro poja, CIpaBeLInBa
¢opmyra
; T, U, T,
1 1 t _ —
/ n) gy = W@ =Tl gy ()
) V1—#2 (t—x)? 1—x2

-1

< Hag uarerpamom (1) mpoussemem ciemyrorue mpeobpa3soBaHus:

1 1

1 1 T 1 T, (%)
V1 dt =
) V1—#2( t—x 7r/ 1—t2)(t—x)2

“1 “1

1 1
1 5 Tt 11 T (t
= /\/ i dt+ 27T/\/1—1t2t ® dt +

1—x2 T 1—=x

1
+11/an(t) dt+ —— 1/an(t) dt.

1—t 204 x)? w
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B mnaTerpamax

1 1
1 Tnt 1 Tnt
/\/1—752 ()dt, /\/1—t2()dt
m t—x s t
-1 -1

samenum muOro4sIeH 1), (t) wepes muorownens Yebpinesa BTOPOro poja 1mo Gpopmy-
ae [1]
sin((n + 1) arccos z)

Ta(t) = 5 (Un(t) = Un-2(t)),  Un(2) = N

Hasee, ucnonibdys (opmysisl obparenus |2]

1 1

i/\/l—tQ Unt®) gt — 10 1 (), ;/\/1—752@(@(;))2&: 4+ 1)Un(2),

-1 -1

s waTerpasa (1) mocse HeCI0KHBIX TPeoOpPa30BAHMIl IOy IUM

1 1 T (t) 2 nTy(x) + 2Up—1(x)
/m(t—x)th_l—x2U"‘1($)_ e

xUp—1(x) — nT, ()
= . >
1— a2

JIuteparypa
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NHOVUHNUTESEMAJIBHBIE AOOUHHBIE IIPEOBPA3BOBAHI A
N NX AHAJIUTNYECKOE ITPOJOJIZKEHUE

B. A. Ilomnos

(Poccus, Mocksa; @unancoBblii yHuBEpCUTET)

PaccMoTpuM JIOKAIBHO 33/JaHHYI0 AaHAJTUTUIECKYIO ahPUHHYIO CBI3HOCTD I‘fj Ha
aHauTHIecKOM MHOTOOOpasnu M. Nuadunanreznmanbable addruHEBIE TPEobpPas3oBa-
HHS — 5TO BeKTOpHBIe mosia £F(x) Takue, uro

n (ork 8§k agl agl
Wl _pl 75 k kZS ) —
ZZ; Ox! &1 oz! 1 ozt + L oxJ 0-

Paccmorpum anasmrraeckoe npoctpanctBo adpdunnoit ceaznoctu M u adpdunnoe
npeobpaszosanne ¢ : U — V MexX7ay ero OTKpBITHIME IOAMHOXKeCTBaMu. Bo3Hukaer
BOMNPOC, TIPY KaX YCJOBUSX OTOODPAXKEHWE (0 AHAJIUTUYECKH MTPOIOJIZKAETCA 0 ad-
dunmoro mpeopasosanus ¢ : M — M Bcero muoroobpasus. Takoe mpomosKeHne
BOBMOXKHO BCerja st nHpuHuTe3eMaTbHbIX a(hOUHHBIX TPEOOPA3OBAHNUIA.

Teopema 1. Bekroproe moJie, 3a/aro1ee HH(UHATE3EMAIBHYI0 H30METPHIO HA
HerkoTopoii okpectHoctu U MpoOH3BOJIBHONH TOYKH T aHAJTHTHIECKOIO MPOCTPAHCTBA
appunnoii cesaznoctu M aHaINTHIECKH MPOJOIXKAETCSI B HEKOTOPYIO OKPECTHOCTH
JIr0boit apyroi Toukm y € M.

[IpunnunuanbHas HEBO3MOXKHOCTH MIPOAOJKeHns nHpUHUTE3eMAIbHOr0 adduH-
Horo npeobpaszoBanusd /10 addunnoro npeobpazosanus M B 11e10M B 00IIEM CTydae
3aK/TI0YAETCS B TOM, 9ITO /it aarebpsl JIu ( naduHeTe3eManbHbIX aDMUHHBIX Tpe-
obpazoBanwmii ee crarmoHapHas momaaredpa 1 C ¢ MOXKET MOPOKIATH HE3AMKHYTYIO
moarpymnmy H B omroceasmoii rpymme JIu G ¢ anrebpoit JIu ¢. Ilpu g10BOBHO 06X
yenoBusix H zamkayTa B G, 1 Bce nH(MUHETE3EMAJIbHBIE TTPE0OPA30BAHUST TTPOI0JIKA-
FOTCs 10 T7I00aabHBIX aDMUHHBIX TPeoOPa30BAHNAX HA HEKOTOPOM MHOrobpasuu M.

Teopema 2. Ilycre ( — asarebpa Jlu Bcex mHpuHHTEIEMAJIBHBIX aApQOUHHBIX
Ipeopas3oBaHUii mpocTpancTBa aggunanoi cazunoctu M, n C ( — cranmoHapHas
nogpasrebpa, G — oxnocssaznas rpynua Jlu ¢ amrebpoii Jlu (, H C G — noarpynna,
nopoxaennast mogaareopoii n C (. Torma ecim ¢ me mmeer neatpa, To H 3amkmyTa
B G.

Jamayro paboTy MOXKHO PAcCMATPUBATHL KaK €CTECTBEHHOE MPOIOJIKeHe pabo-
oI |1, 2.

JIutreparypa
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3AJTAYA YCTONYNBOCTHU TEYEHUN BA3KON KNJIKOCTU
TUIIA TEYEHISA KOJIMOTI'OPOBA

C. B. PeBuna
(Poccus, Pocros-na-/lony, FODYV; Bragukaskasz, KOMIT)

[IycTs BA3Kas HECKMMAEMAs XKUIKOCTD JBUKETCS O] J€HCTBUEM II0JIsT BHEIITHUX
cun F(x,t), KoTopoe mpeanosaraeTcs MepuouIecKuM 110 IIPOCTPAHCTBEHHBIM TI€pe-
MEHHBIM Z1, X2 ¢ nmepuogamu L1 m Ly coorBercrBerno. [lose ckopocTtn m maBaeHne
YIOBJIETBOPAIOT cucTreMme ypaBuenunii HaBbe — Crokca:

(Zit) + (v,V)v —vAv = —Vp+ F(x,t), dive =0.
Cpennsis o TPAMOYTOJBHUKY MEPUOIOB CKOPOCTH cunTaeTcs 3aaanuoit. [lpemmora-
raercs, 9TO OJIMH W3 MPOCTPAHCTBEHHBIX Mepuogos Lo = 27/« crpemuTest K Gecko-
HEYHOCTH, KOI'/Ta BOJTHOBO€ YHCJIO (X — 0.

Pertenviem manHOM 3a/a9u, B YACTHOCTH, SIBJISIETCST KJIACCHUIeCKoe Tederue KoJi-
MOTOPOBA C CHUHYCOUIATbHBIM MPOMUIEM CKOPOCTH, KOTOPOE UCIIOIB3YeTCs TIPU MO-
JICJIMPOBAHUKU PA3/IMYHBIX IIPOLECCOB ecTecTBO3HaHus. Lleabio Hacrosineil paborbl
ABJIAETCA IIOCTPOECHUE ,Z[JII/IHHOBOJIHOBOP‘I ACHUMIITOTHKH 3a/Ja49U yCTOﬁqHBOCTH KJIacCCa
CTAallMOHAPHBIX CABUT'OBBIX Te4YeHuN

V =(0,V(x1)).

B [1] BbiBeseHbI pekyppeHTHBIE (DOPMYJIBI U JaH aJrOPUTM HAXOXKJIeHUs k-10 djieHa
ACUMIITOTUKHN B TIPETIOI0XKEHNH, YTO CpeJHee CKOPOCTU OTJIMIHO OT HYJId.

B macrosmeit pabore BbIBeIeHBI PEKYPPEHTHBIE (POPMYJIbI [JIsi HAXOXKICHUS BE-
IYIIUX “JIEHOB IMTHHOBOJTHOBOM ACUMITOTUKY 33Ia9W YCTONUIMBOCTU CTAITMOHAPHBIX
JIBYMEPHBIX CJBUIOBBIX TeYeHUil BA3KOH kujgkocru ¢ HysesbiM cpegnum (V) # 0
B IPEIOI0KEHNN, ITO BBITIOJTHSIIOTCA HEKOTOPbIE YCIOBUS HEBBIPOXKIEHHOCTH, TIPU
KOTOPBIX IIPOUCXOAUT KOJiebaTe/IbHAs TOTEePsi YCTONIUBOCTH.

Jlureparypa

1. Peuna C. B. Pekyppenrubie (GhOpMy/bl [AJIMHHOBOJIHOBOW aCUMITOTUKM 33aJa49d YCTONYM-
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SATAYA PACCEAHUA, CBA3AHHAYA C OIIEPATOPOM JIMPAKA

T. B. Peapkuna
(Poccus, Crasponosn; CKOY)

Paccmorpum cucremy ypaBHeHuit

o= Lo, o =Ap (1)
C oTlepaTopaMu
2]7 Dzt
0 p 0 -1 I
L= + A < > , A= — p 2
<p 0> 10 4\ _% M @

u BekTop croabuom o = (p1(x,t, ), p2(z,t,\)T, p(x,t) — nemssecrmas dynxmms,
OTpejie/leHHag HAa KOHEYHOM OTpe3Ke [—c¢,c| (371ech He UCKII0YaeTcst BO3MOKHOCTD
pPaccMOTpenust u HECKOHEYHOTO MPOMEXKYTKa (—00, 00), KOTJa ¢ — 00), A — mpous-
BOJIbHBII mapamerp. Takas 3ajada 3aBUCUT OT 3aJIaHUs TPAHUYHBIX YCAOBU ByHK-
nuu p(x,t), nosromy BeIGEpeM 00mMil Crydaii, KOrja W3BeCTHO noBeeHre (byHKIUN

pla,t)] .. = f(), (3)

rae f(t) — mempepwiBHag, orpanuuennas |f(t)| < F — const, muddepenmupyemast
byHKIHIS.

Jlemma 1. Ilepsoe ypasaenne cucremnl (1) mHa rpanmne obnactu x — +¢ u npu
soiosiHernn yciaosus (3), koraa |f(t)| < A, umeer caenyrouryio cucremy gynaamen-
TaJIbHBIX DEIICHUH:

by = (qi(t)) etk = (qé)) dhru e (5)

rae q(t) = /{955, b =

Jlemma 2. Marpuna nepexona or 6asuca (4), upu x — ¢ k 6asucy (5), upu
T — —C HMeeT BHJI

A2 — f2(t) napamerpuveckn 3aBUCHT OT t.

alt, \) b(t, \)

;Egtib(t,)\) a(t,\) |

e koahpunmenter a(t, N), b(t, \) yaosrersopsior paBeHCTBY

S +A

a?(t,\) — 7]‘(1&) —

b2 (t,\) = 1.
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Jlemma 3. Jlanmere paccesnns a(t, \), b(t,\) cBazanbl ¢ pyHmaMenTaIbHON CH-
cremoii pemennii (4) u (5) paBencrBamu

At X) =~ W1 4n), bt N) = 5 W (o),

e W(p1,11), W(p1,12) — BpoHCKHAHBI pernienmii.

Basucumocts a(t,\) u b(t,\) or Bpemenu t onpejessiercsi ¢ MOMOIIBIO BTOPOIO
paBencTBa cucreMmsr (1).

Teopema 1. Eciu p(x,t) MeHsgeTCI B COOTBETCTBHH C YCIOBHEM COBMECTHOCTH
PastD — PuPat = 4p3py cucremsr ypapuemmii (1) u ypoBreTBOpSIET rPAHUYHOMY YCJIO-
o (3) mpm © — =+c¢, TO JaHHBIE PACCESHHS JJISI HEIPEPBLIBHOTO CIIEKTPA HMEIOT

o0 =R, ) =0y [HO 2

rze by(0, \) — mauamproe ycaoBue 3amaun Komm s cucrembr ypauennii (1).

BHJT

Jlureparypa
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O HEKOTOPBIX KPAEBBIX 3AJJAYAX JIJIA CUHI'VJIAPHBIX
JIMOOEPEHIUAJIbHBIX YPABHEHUI TPETBEI'O ITOPSIJIKA

A. A. Caruros
(Poccus, T'posnwrii; UT'Y)

g nuddepeHuajibHoro ypaBHEHUS
T {ly9| <d;, i =0,1,2, € (a,b)} (1)

B mpenoaokennu, uro dpyuknun f(z,y,y’,y”) HenpepblBHA 110 COBOKYIHOCTH apry-
menros B obmacru I : {|y®| < di,i = 0,1,2, x € (a,b)}, a upu & = a,b, 1. e. na
KOHI[aX MHTepBasa (a,b) nvmeer CHHTYISPHOCTH B CMbICsIe pabor [1, 2], craBsitest pas-
JIYHBIE KPAEBBIX 3aJa4Yl U JOKA3LIBAIOTCA TEOPEMbl CYIIECTBOBAHHUA W €JIMHCTBEH-
HOCTH PeIIeHNUs.

Hanpuwmep, monyckaerca muddepermupyemocts dyuxmmn f(z,y,y',y") mo v’ u
CYIIECTBOBAHWME YaCTHON TPOM3BOIHOI f;,,(az, y,vy',y"), HenpepwIBHOIT 10 BCeM apry-
MeHTaM B o6s1acTu /| M ¢ HeOrpaHWYeHHBIME pa3pBIBAMA Ha KOHIAX (a, b).

[Ipu caemyromux orpanndenusix #Ha f u f?;,,:

[f(@, 9,9/, 0(@) — ¢ (2)] < ¥(2), (2)
(@ y.y',y") sign(z — 20) < —¥(x), a0 € (a,b), (3)

e ¢(x) menpeprisHo-mddepennupyeva s x € (a,b) n p(a) = p(b) = 0, bynk-
nust ¢ () unrerpupyema B cMmbicie Pumana wa cermente [a, b, dyuknus () st
nr06oro 0 > 0 unrerpupyema na cermenre [a + §,b — 4], Ho

a+6
/ B(@) do =

JlokasbIBaeTcst CymecTBoBanue permennst ypasuenus (1), yI0BJIeTBOPSIONEro me-
peonpeaeIeHHBIM 'PAHUYHBIM YCJIOBAAM

y(zo) =0, ¢'(x0) =0, y"(x0) =0, y"(a)=0, y"(b)=0. (5)

J7Ts1 9TOTO CTPOUTCHA WHTErPATHLHOE YpaBHEHNE

b
/ Y(x) dr = +o0. (4)
Zs

b

T

y(z) = / (z — 5) Ay(s) ds, (6)

e

fzw(s,y(s)yy’(s),y”(s))d , ,
Ay(w) - /ezo [f’ y(t), Yy (t)a So(t) — @ (t)] dt + gp(x%

o

¢(z0) = 0,
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by f(x,y(x),y/(z),y"(x)) crposres no [2).
ﬂOHO.HHI/ITe.HbHO HpI/I.Ha,Fa,eTCH BbIIIOJIHEHUE HepaBeHCTB

a<z<b

xo b
M = max |p(x)| + max /1/1(15) dt, /¢(t) dt p < da,

MM
AM < dy, ~5 <dop, A=max{a— x9,b— x0}.
Bamensig ycioBust (3) IpYTUMHU YCIOBUSME, MOTYYIaeM PA3HOBUIHOCTH KPAEBBIX

3aja4 Juist ypasaenns (1).

Jlureparypa
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2. Hcpammos C. B., FOmaes C. C. Muorotodeunble (PyHKIMOHAILHBIE KPAEBble 33a4n
Ayt 06bIKHOBEHHBIX auddepentmanbubix ypasuenuil.—Hasbauk: 3nar. nearp «Diab-day,
2004.—455 c.
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YCTONYUBOCTb PELIEHUIT OJHOI1
CHUCTEMBI JU®PEPEHIINAJIBHBIX YPABHEHUN
C BATIA3IBIBAIOIIINM APTYMEHTOM!

M. A. CkBopiioBa
(Poccus, Hosocubupek; M CO PAH)

B pabore paccmarpuBaercsa cucrema auddepeHInaIbHbIX YPABHEHNN € 3aras3-
JIBIBAIOIIIM apryMeHTOM, ONKUCLIBAIOIIAS PACIPOCTPpaHeHHe NTUYLEr0 MPUIINa Yy IIe-
PeJIETHBIX TITUL, MUTPUPYIOMINX MeXKy JAByMsi Teppuropusivu [1]:

4
d
N Sw(t) = _[Nfu + mwb(t)]Sw(t) + agwmbw(t - wa)Sb(t - wa) -

" CROESMOR
% Sp(t) = =[5 + mpw ()] S () + b(t) Sp(t) (1 _ 51}((75))

+ M (t — Tugh)Suo (t — Tup) — m
S 1ult) = [t (D) + it = T ot — ) + 22D,
% Iy(t) = —[pthy + Mws () 16 (t) + lyymasn (t — o) Lo (£ = Tu) + m |

Baech Sy (t) u Sp(t) — yncaeHHOCTH 30POBLIX MITHUIL HA 3UMHENH U JIeTHEll TeppuTo-
pusix, I,(t) u I(t) — aucaenHocTM 3apaskeHHBIX NTUIL HA 3UMHEl U JleTHel Teppu-
TOPUAX COOTBETCTBEHHO, IAPAMETPhI 3aIla3BIBAHUA Typ > 0 U Tp, > 0 oTBewaroT
3a BpEMs TepesieTa ¢ 0JHO TeppuTopun Ha Apyryio. [Ipeanomaraercs, aro myp(t),
My (t) 1 b(t) — KyCcOUHO-IOCTOSIHHBIE HEOTPUIATE/IbHBIE TIepUondeckue (byHKIUH,
BCE IMapaMeTpPBhl CUCTEMBI TaK2Ke HEOTPpUIaTC/IbHBI.

B |1] 6butm mosydenbl yciaoBus Ha  KOIGMQUIMEHTHI CHCTEMBI, [OPH KO-
TOPBIX CymeCTByeT ACUMIITOTUYECKU yCTOﬁqHBOQ nepnogmaecKoe perienue
(Sw(t), Sp(t), Ln(t), Ip(t)) = (S5 (t),S;(t),0,0), coorBeTcTByIOMEe 3M0pOBOIL OCOOH.
Mpbl mosiydaeM OIEHKHM CKOPOCTH CXOJMMOCTH PEIIeHuil K yKa3aHHOMY I[I€PHUOuYe-
CKOMY DEIIEeHNIO ¢ UCTOIb30BanneM pemenns H(t) cnenmannuoii Kpaesoit 3amaum
st mucbdepennuanbHOro ypapuenus Jlamynosa [2]:

d
lﬁﬂ—i- HA(t)+ A*(t)H = -1, te]0,T],
H(0)=H(T) > 0.
Baxuo oTMeTnTh, YTO HAXOXKIEHNE PEIeHns JaHHON KpaeBoil 3aJa4un IBISIeTCT XO-

poItio o0yCJIOBJIEHHON 33/1a9ell n He TPedyeT BBIYUC/ICHUS CIIEKTPA MAaTPUILI MOHO-
apomun 2.

!PaBora Bbinonnena npu duHaHCOBOIM HOomepkKe Poccuiickoro Gouga dyHIaMEeHTAIbHBIX UC-
cienoBanuit, mpoekT Ne 14-01-31528.
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159



ITopaakoBelii aHaIN3 U cCMe>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAaHUS:
Te3uchl Mokaan0B XII Mexmyrapommoi mayanoii koudeperammn (c. Leit, 12-18 moms 2015 r.)

TOYHBIE PEHIEHISI TPEXMEPHOI'O HEJIMHENHOI'O YPABHEHMSI

O. B. CypneBa
(Poccusg, Crasponosn; CKDY)

B nmrepartype, cBa3aHHOM ¢ TPEOOPABOBAHUSIMI OTHOTO YPABHEHNUS B IPYTO€ 0CO-
6oe MecTo 3anumaioT guddepennuaabubie cBa3u. llpuMepamu Takux OTHOIIEHUIT
MOTYT CJIy?KHUTh Tipeobpasopanus Kommn — Puvana, Muypsr, Koyna u Xonda |1, 2]
u Jp., o0beuHEeHHBIE M0/] 6osiee 00IMM moHATHeM — npeobpa3osanus bakmrynaa [3].

Teopema 1. Henuneiinoe ypaBHeHHE B YaCTHBIX MPOH3BOIHBIX
c
Ung + 5 € (3yun e +9ve) =0 (1)
CBSI3aHO C HEJIMHEHHBIM YPaBHEHUEM

on(vpe + ¢ + 3vpn) =0 (2)

npeobpa3oBanusivMu BakiyHa BuIa
Ve + p¢ 3y = e,
c
¥y + 903) + ce’ <76” + vn> = —2ce’py, (3)

C
V(pen + Pnpe) + Pen + Pcpn = YVepn + S (3ce” — yve — v¢) + Bee’ g,

e (&,m,C), v(&,n,() — dyuknun Tpex nepemennpix &, 1, (; ¢, Y — IPOU3BOJIbHBIE
MTOCTOSTHHBIE.

Teopema 2. Henwmneiinoe ypapaenme B 4acTHbIX npom3Boaubix (1) cBszamo c
KJIaCCOM HEJIMHEHHBIX YpaBHEHUIT

vf B 1
Yone + CES et (son T oE a0 3'7() [vee + @c + 37y (4)

npeobpaszopanuavu Bakaymna (3), rne f — npomssosibHas QyHKIHA KOMOHHUPOBAH-
Hoit mepemennoit £ — (.
C nmomorpio ipeobpazoBanniit BakyH1a JOKA3aHBI TEOPEMBI.

Teopema 3. Oynriun

o = In[n+ f(§ —~C) — 3¢ +q(£,Q),

e f(& —~C) u q(&,{) — npousBo/ibHBIE (DYHKIHHU, SBJISIETCS PEIIEHHEM YDAaBHE-
s (4).

Teopema 4. Oyuknusa suga Fy(3v(—n)+ Fa2(E—~(), nae Fy, Fo — npou3BoJibHbIE
¢dyuaknmn, spasercs ognoBpeMenno pemrennem ypasrernunii (1) m (2).
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Teopema 5. CemelicTBO HEJIMHEHHBIX ypaBHEHUII B 9ACTHBIX IPOU3BOIHBIX (4)
HMeeT pelleHue

w@m&):hmwc—n+f@—vo«+%%&m—nw+ﬁ@—vo,

rae f1(€ —~¢) — npomsposbuas QyHKIHST KOMOHHEPOBAHHOI nepemennoii, a = e —

IIPOU3BOJIbHAA IIOCTOAHHAA.

Teopema 6. Ecin menmneiinoe ypasnenmne B 4acTHBIX npou3Bogubix (1) mmeer
perreHne

v@m&)=§n+b@—v@—3d,

e fo(§€ — () — npomsBosbHAst PYHKIHS KOMOMHHPOBAHHON IIEPEMEHHOMH, TO yDaB-
Hernue (2) UMeeT peleHne B BUJIE

ag + 7b¢

=y e =00 = e TP (e - a0,

(& n,¢) =

e r(§ — () — npousBosbHas pyHKIHA, @, b, ¢ — MPOU3BOJIBHBIE TOCTOSHHBIE.

Jlureparypa

1. Miura R. M. Conservation laws for the fully nonlinear long-wave equations // Stud. Appl.
Math.-1974.—Vol. 53.—P. 45-56.
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OBPATHBIE 3AJAYN 1151 SBOJIFOIIMOHHBIX YPABHEHNN
B ITOJIVYITOPAJOYEHHBIX BAHAXOBBIX ITPOCTPAHCTBAX

. B. Tuxonos
(Poccust, Mocksa; MI'Y)

Teopusi onIepaTOPOB B MOJIYYHOPSI0UEHHBIX BEKTOPHBIX TPOCTPAHCTBAX aKTUBHO
Pa3BUBAETCS TOYTH YKe CTO JIET. Pe3yIbTarsl «KIACCHIECKOT0» TTEPUOIA OTPAZKEHBI
B [1-4|. IlpencTraBiienue 0 COBpEMEHHBIX TEHAEHIUAX MOKHO HONyIuTh U3 |5|. MuTe-
PECHbIE IPUJIOZKEHUST JIJIsl OJJHOLIAPAMETPUYECKUX Loy rpyiil ormedensbl B [6]. Cpas-
HATEJIHHO HEJABHO ObLIO OOHAPYKEHO, YTO HA3BIK TOJIYYIIOPSI0YEHHBIX HAHAXOBBIX
TPOCTPAHCTB BecbMa 3 deKTuBeH Tpu (opMaan3anuu OOIUX MPUHIIAIIOB, BO3HU-
Kalomux B O6paTHbIX 3ada9ax JJId 9BOJIIOIIMOHHBIX ypaBHeHI/IfI. COOTBQTCTByIOH_LaH
Teopusi pa3suTa B cepun pabot [7-10]. HaubGosee 3akoHUeHHbIE PE3YIBTATE YI00HO
dopmyupoBaTh Ha a3bIKe OGaHAXOBBIX CTPYKTYD (pemerok). [lpusegem Tunuvnbii
npuMep, B3AThIN u3 7).

B 6anaxoBoii crpykType E ¢ nmosioxkuresbabiM KoOHYCcOM F4 paccMmorpum 3amagy
0 HaXOXKJleHuu 3jieMenTa g € F u3 coorHoIenmii

du(t
U _ auft) + @ty 0<t<T, 1)
u(0) =0, u(T) = 1. (2)
Baece T'>0 — wmcno. Omneparopuaa dynkuma $(t) npuHamIERUT Kaaccy

CY([0,T); L(E)), rne L(E) — 6Ganaxosa a/irebpa JiMHEHbIX OIDaHHYCHHBIX Ollepa-
TopoB B E ¢ 06b14HOI oOneparopHoii HopMmoii. Oneparop A — JuHERHBINH 3aMKHY ThIi
B E ¢ obnacteio onpenenennst D(A) C E. Daement ¢ 3aman 8 D(A).

Ocobyio crieruduKy MoIyyHOPsIOYEHHOrO CAyYas BhIPAXKaIoT CJIEILyOIIne Tpe-
foBaHUA.

(i) Oneparop A nopoxpaer nosurusayio Co-nosxyrpynmy U(t), 1. e. U(t)EL C
E,ioput > 0.

(ii) Oneparopuast dyukuus ®(t) papromepro guzbionkraa Ha [0,7], T. e. ecin
f1 L fa, To ®(t1)f1 L ®(t2)f2 mpm mobbIX t1,t2 € [0, T].

Kaxk o6prano, samucek f1 L fo osmagaer, aro inf(]|f1], |f2]) = 0.

IIpu ciiestaHHbIX [IPEJIIOIOKEHUIX CHPABEIJIUE CJIELYOUIUT NPUHYUN No3umue-
rocmu s perennii 3agaqan (1), (2).

Teopema. ITycrs Bomoanenst tpebosanms (i), (ii). Ipeamomoxnum Takxke, 9To
CHeRTp omeparopa A Jexxur B moaymaockoctd ReA < 0, a omeparopHast (pyHK-
st D(t) momummena ycmousm P(t) >0 mw @'(t) >0 npm 0 <t < T, npuuem
Ker ®(T') = {0}. Torna, ecau snement v € D(A) Beibpan tak, aro Ay < 0, To pe-
menne 3aygaqn (1), (2) (ecan ono cymecrsyer) yrnosiersopsier yciaosuio f = 0.
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Otcrozia cpa3y ciejyer TeopeMa eJUHCTBEHHOCTU PEIIeHus, & IPU JIOTIO/THUTE b
HOM TpeboBaHun KOMHakTHOCTH nojayrpynnst U(t) — coorBercrBylomast Teopema
paspemuMocTu. be3 TpeboBaHus KOMIIAKTHOCTUA TEOPEMY Pa3PEIIUMOCTU Y/AJI0Ch

YCTAHOBUTH 110K JIUIIb [IPK CLELMAJILHOM OrPaHnYeHny Ha npocrpadcrso E (em. [9]).
B noxmaze Hymer pacckaszaHO MpO TEHE3UC MOAO0OHBIX PE3YIbTATOB, BOCXOISIINN K
KOHKDETHBIM 33/[auaM MaTeMaTndeckoit pusuku (paborer A. U. Ilpunenko, B. M. Uc-
akosa, B. B. Comosnesa, A. B. Kocruna). Takxke GyayT 00CYyKIaTHCS HEKTOPbHIE
00001TIeHN U HEPEIIEeHHbIe 33, Ta M.

10.
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O [IPUBJIN?KEHHOM PEHIEHUN OJHOM CUCTEMbI HEJIMHEITHBIX
JUNOOEPEHINAJILHBIX YPABHEHII BHICOKOII PABMEPHOCTHI!

N. A. ¥YBapoBa
(Poccuns, Hosocubupek; M CO PAH)

Pabora mocssiiena n3ydeHuio peIeHuii 0JHOW CHUCTEMBI HEJIMHEHHBIX OOBIKHO-
BeHHBIX AuddepeHnuaabHbIX yPaBHEHUI BBICOKO pa3mepHocTr. Panee (cM., Hampu-
mep, [1, 2] u 0630pHyI0 craThio [3]) OblIM yKa3aHb! IIMPOKKUE KJIACCHI CUCTEM BBICOKOI
pa3MepHOCTH, JIJid KOTOPBIX HAXO0XK/EeHUe TPUO/INKEHHOTO PEleHns MOKHO CBECTH K
PELIeHnIO CKAJISIPHOI'O yPaBHEHUS C 3alla3/blBaomum aprymeaTom. [Ipu srom ObLin
TOJIyYeHB! OIEHKH, KOTOPBIE MOKAa3bIBAIOT, YTO, Y€M BBIIIEe MOPAJOK CHCTEMBI, TeM
TouHee anmpokcumalud. [logydennbie pe3yabraTsl a0T 3PGHEKTUBHBIN CIOCOD [1/TsT
puOJIMKEHHOT0 HAXOYK/IEHUS PEIeHn CUCTEM BBICOKOU Pa3MEPHOCTH.

B nacrogmeit pabore paccmarpuBaercsa 3ajadua Komum i cucTeMbl HeJMHE-
HBIX AuddepeHnraibHbIX yYPABHEHWI BBICOKOW PA3MEPHOCTH CIEIUAJTHLHOTO BUJIA.
CucrtemMbl TaKOTO BUJIA BO3HUKAIOT MPU MOJIEJIUPOBAHUYM MHOTOCTAIMHHOTO CHUHTE3a
BeIeCTBa C y9eToM HejuHeiHocTr nporecca. Onupasichb Ha METOJIbI, TPEI0KEHHBIE
I'. B. emuaenKko, MBI YKa3bIBa€M YCJIOBUS, IPU KOTOPBIX MOCETHsIS KOMIIOHEHTa pe-
menns 3a7a9u Ko sBjisiercsd npub/inzKEHHBIM PEIeHnEM HAYaJIbHON 3a/a4u J1Jis
CKaJ/IAPHOI'0 ypaBHEHHUd C 3alla3JblBaIOIUM apI'yMEHTOM, & OCTaJIbHble KOMIIOHEHTDI
pemenns Masbl [4]. [loayduensr oMeHKY anmpoKCHMAIIUH.
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!PaBora Bbinonnena npu duHaHCOBOIM HOomepkKe Poccuiickoro Gouga dyHIaMEeHTAIbHBIX UC-
ciemoBanuit, mpoekT Ne 14-01-31528.
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PASBPEIIINMOCTHB PET'VJIAPM30BAHHOT'O OBOBIIEHHOT'O
YPABHEHNSI KYPAMOTO — CUBAIIMHCKOI'O!

X. I'. ¥Ymapos
(Poccus, I'posusrii; UI'Y)

B nokmaze nccaenyercsa 3amada Komm s nceBonapaboinaeckoro ypaBHeHMsT
cobosieBcKOro Tuma (peryaspu3osanaoro 0600menHoro ypasaenus Kypavmoro — Cu-
BAIITMHCKOTO)

Ut + umuz — HUgat +v (uacx + uzz:vac) = 07 MRS le t > 07 (1)

B KOTOPOM M — HaTyPaJIbHOE, & [, V — II0JIOKUTEJIbHbIE YUC/IA, IIPEJIII0/Iaras, 4ro
HadaabHas QYHKIIS

u}t:() =p(z), =€RY (2)

U HCKOMOe Kjaccmdaeckoe pemenme u = u(z,t), © € R', ¢t > 0, aas Bcex 3ma-
wennii ¢ 10 TepeMeHHOil T TpuHAIexKaT 6aHaxoBy mpocrpancTBy Cyup(R') paBmO-
MEPHO HeNpPepHIBHBIX U orpanmdeHnbix dymrkmmii ¥(r), = € R!, Hopma xoroporo
19) e, = subacrs ().

Jokazano, uro eciu HauaabHas GyHKIUs @ () BMECTE CO CBOUMY TIPOU3BOJIHBIMEI
IIEPBOTO U BTOPOTO HOPSIKOB IpuHa teskuT npocrpancty Cy,(RY) 1 onnoBpemento
spJisercs siementom npocrpancrsa Cobosesa Wi (RY), Torma 3asaua Komm (1), (2)
umeer npu t > 0 e IMHCTBEHHOE PENIeHHe, I KOTOPOro CIIPABE/INBA, OIlCHKA

“+o00

sup fu(e 0] < =L exp (t) | [ {let) + @)} i

—0o0

!PaBora Bbinonnena npu duHancoBoil nogepxke Poccuiickoro Gouga dyHIaMeHTaIbHbIX UC-
ciemoBanuit, mpoexT Ne 13-01-00422-a.
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NCCJIEJOBAHUE CUHTE3A COBCTBEHHBIX CBOICTB CUCTEMBI
B ITPOCTPAHCTBAX OPJINYA

®erucos B. I'. (Poccusi, Bnagukaskasz; FOMI),
IManuna U. U. (Poccus, [laxter; UCOull (bumman) JAITY)

Bompoc 06 uccieoBaHrn OCHOBHBIX XapaKTEPUCTHK (TaK HA3BIBAEMBIX COOCTBEH-
HBIX CBOfCTB [1]) aganTuBHON MHOrOMEPHON JIMHAMUYECKONH CUCTEMbI, KAK IIPABUIIO,
CBOJMTCS K OTMPEIETEHNI0 MATPUIHI BECOBBIX (DYHKINI, CBA3BIBAIOIINX MEXK Iy COOOI
BXOJI ¥ BBIXOJT CUCTEMBI B IBHOM BH/IE.

B cospemennoii Teopun cucteMm m TEOPUM yIPABIECHUSA BAXKHYIO POJIb UTPAET TIO-
Hatre coctosguns. COCTOSTHIE CUCTEMBI OMPeNeIseTcsl Kak MepeMeHHast, KOTopasl B
JII000 MOMEHT BPEMEHUM BMECTE C TOCTEAYIOIMNM BXOJIHBIM CUTHAJIOM CUCTEMBI T10JI-
HOCTBIO OMpeJIeNIAeT ee MoBeneHne. B Kakoi-To Mepe COCTOSTHIE CHCTEMbBI YINTHIBAET
NPOILIbIE BJIUSTHUSA, BaXKHBIE JIJIst Oy 1ymero. Bee, 9T0 0THOCUTCA K JIMHAMHYECKOMY
PEXKUMY CUCTEMBI, MOXKHO TIOJYUNTh, N3ydas TPAEKTOPHUIO CHCTEMBI B TIPOCTPAHCTBE
COCTOAHUIA.

B peasnpmoit cucTeMe HEMOCPEICTBEHHOMY U3MEPEHUIO MOMIAI0TCS HE BCE Tepe-
MEHHbBIE COCTOsIHMsI; KPOME TOT0, T€ IEPEMEHHbIe, KOTOPbIE MOXKHO M3MepUThb (10
Beerya byHKIMM MEPEMEHHBIX COCTOSTHUS ) M3MEPSAIOTCS He TOIHO. B Kakoi-To crerme-
HU 33J]a4a OIEHKU COCTOAHUS CBI3aHA C 3ajadeil OIeHKW mapaMeTpos. g jnHeii-
HBIX CHCTEM 33Ja9a OLEHKW COCTOSHWIA pernena B moHoi mepe. Hesmnmeitnas 3amaqa
rOpas3io TPYIAHee, MOITOMY KPYITHBIX Pe3yIbTATOB Ha CETOHAIIHII JTeHb He Oy e~
HO.

Y1061 chopMyIUpPOBATH 389y TEOPUH HANMEHBINNX KBAPATOB I PErPecCH-
OHHBIX MOJIE/IEH, OMMCAHHBIX B TPEABLAYIIEM Pa3ee, HeoOX0MMO BBECTH MTOHATHE
PACCTOSHUS MEXK Y (DYHKIUIMA OT MATPHUIT. DTO MOHITHE YITOOHO BBECTHU, PACCMAT-
puBas KaXkK/Jyl0 PErpecCHOHHYIO MOJIE/b KaK JIMHEHHbIN orneparop, 0TodpaxKaromuii
9JIEMEHTBI JIOKAJTHHO OTPAHNIEHHOTO TIPOCTPAHCTBA MATPUIHBIX BECOBBIX (DYHKITHI B
JIOKAJIBHO OTPAHNYEHHOE MPOCTPAHCTBO MATPUUHBIX (DYHKIUH BBIXOIHBIX CHTHAJIOB
cucrembl. Torga perpeccuorHbIE MOJIEIN MOYKHO PACCMATPUBATEH KAK MPEJACTABICHUS
0DIIero BUIA

Y = L{U}, UY e L*®,

rae L — juHeiHbIl otepaTop, NelCTBYIONHI B JIOKAJBHO OIPAHUYEHHOM MTPOCTPAH-
cree Opiua L*®.
B ciygae cranmonapHbIx cucteM JinHEHHbIH oneparop L 3ajaeTcs BhIpaxKeHueM

T
L(K)Z/K(T)U(t—r)df, KeL® 0<t<T,
0

a JIOKAJIBHO OTPAHMYEHHOE MPOCTPAHCTBO OPJIIda MATPHIEI BECOBLIX (DYHKITHI pas3-
meproctr ¢ X p, K = (¢, K(t))|0 < t < T — unrerpajbHbIM MOIYISAPOM BHA [2]

Ig(u) = /gp[u(t)] dt < +oo0.
Q
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J1e maeanm3mpoOBaHHON PETPECCUOHHON MOJIEN CUCTEMBI C TIepeMEHHBIMU MTapa-
MeTpamu JuHelHbI onepaTop L onpeesisercs COOTHOIIIEHIEM

T
L(K) = /K(t,T)U(T, n)ydr, KelL® 0<t7<T,
0

a JIOKaJIbHO OI'PaHUYEHHOE IIPOCTPAHCTBO L;‘p 3a/1aeTCd UHTEerPAJIbHBIM MOJIYIAPOM
BUJIA

Po(u) = [ plult, 7)] dtdr < +o0.
/

B ciyuae mpakTHUeCKO# MOJENN PErpeccuul JIsi CUCTEM C HMepeMEeHHBIMU [apa-
MeTpaMH JIMHEeHHBII 0IlepaTop 1 JIOKAJILHO OrpaHnIeHHOe PYHKIIMOHAIBHOE 3a,/1a€TCsI
JMCKPETHBIM aHAJIoOroM [3].

JIuteparypa
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[MPUBJINZKEHHOE PEITEHNE CUHTVJIIAPHOTI'O MHTET'PAJIBHOT'O
YPABHEHUA C IIPUMEHEHUEM PA/10B YEBBIIIIEBA

III. C. Xy6exTb1 (Poccusi, Baagukaskaz; FOMU, COT'Y),
3. B. Becaesa (IOxnasa Ocerusg, Lxunsar; OOL'Y)

B pabore paccmarpuBaeTcs CUHHTYISPHOE HHTEIPAJILHOE YpaBHEHUE TIEPBOTO POJIa
CJIeIyIOIIEro BUA:

1 1 et 1 1 B
;_1 ﬁ P dt + ﬂ/mK(w,t)cp(t) dt = f(x), (1)

e —1 < x <1, K(x,t), f(x) — mocrarouno rnagakue GyHkmmun, () — HEM3BECTHAS
byHKIHIS.

Mg perenns ypasaenusi (1) mpejjaraercs MeTo[ ¢ IpuUMeHeHHeM psioB e-
OBITIIEBA, [1] CyTh MeTO/[a BaKJIFOYALTCS B TOM, 9TO 3a/a4a PEIIEHUs CUHIYJISIPHOTO
WHTErPaJbHOTO YPABHEHWs TI0CAe 3aMenbl 1moTaocTr p(t) psamom Yebbrmesa cro-
JIUTCST K PENIeHUI0 CUCTEMBI JUHEHHBIX aaredpanvieckux ypaBHEHUN OTHOCUTEIHHO
HEN3BECTHBIX KOSCI)(I)I/IL[I/IQHTOB JAaHHOTO DPEIeHndg. HOC.HQ HaXOXKIECHUA YKa3aHHBIX
K03huIneHToB TPUOINKEHHOE PEIIEHNE TTOTYIaeTCA B AHAJUTUIECKOM BUIE U ITO
MO3BOJIAET HANTH 3HAYEHWs HEM3BECTHON (QyHKIMM BO BCex Toukax orpeska [—1,1].

Urak, pasnoxuM HeussecTHyo dyukuuio ¢(t) B pan Yeboimesa. Nnveem

t)=> CiTi-1(t), (2)
k=1

rae Ty_1(t) — muorounen Yebwimesa 1-ro posa,

Ty—1(t) = cos((k — 1) arccost),

Cy, k=1,2,3,..., — Heonpejenennbie KO3(pPUIueHTH.
[Togcrapisisi mosryderHoe pasyoxkenne (2) B ypasuenue (1), moaydaem cieyromiee
ypaBHEHUE:

1
/mt_x<ZCka1 )dtJr \/1_7<20ka1 )dt f(z).

Ucnonwsayst dpopmysibl obparienms

1

L1 T, o k=1,

) VI t—x | Ups(z), k>1,
—1

168



U U3BECTHYIO KBaJAPATYpPHYIO (hopMyJTy

1 1 1 — 2k — 1

1 k=1
TTOJTY UM
ZCkUk 2 +ch ZK z,%5) Tr—1(T;) = f(2), (3)
mef-:cos@ﬂ ) =1,2
j S T ] , 2, .., M.

Ypasuenue (3) He umeer e uHCTBEHHOE pentenue. [[jis e IMHCTBEHHOCTY Mbl Oy1eM
perarh CIeIyIonLyio anredpandeckyio cucremy [2]:

ZCkUk 2 +ZCk ZK ) Ti—1(T5) = f(@i),

oy mol (4)
cha Z Tk_l(fj) =C.

k=1 =1

Cucrema (4) — Geckoneunas cucrema. B nanbmeitimem (t) 6yaem uckarb B Buje
o(t) = on(t) = > p_q CkTr—1(t). Torna u cucrema (4) cranosurcs anrebpaude-
CKOIl CHCTEMOIl MOpsA/IKA N X M, MOCJE pelleHns KOTOPOil HaxonuM Kod(pOUIUEeHTHI
C1,Cs,...,Ch.

JIIst OIleHKM TTOTPENTHOCTH CITPABEIINBA,

Teopema. Ecian ¢yuknun K(x,t), f(zr) kinacca Hy(a), (1. e. nmeromne Henpe-
PBIBHBIE 9ACTHDBIE HPOU3BOJIHBIE TOPSJKa I — 1, a IpOU3BOJIHAS TIOPSJIKA T YIOBJIE-
tBOpstror ycaoBuio I'énpnepa ¢ nokazarenem o (0 < a < 1)), rorga cnpaseninBa

OITEHKA
Inn
o) = a0 =0 ().

B 3aKJII09YeHue, 3aMEeTHM, 9TO IIDOBEIEH 3HAYATEIBHBIH 00HEM BBIUHCTATE/IBHBIX

SKCITEPHUMEHTOB, MOJTBEPXK TAIOMHUX Y(PPEKTHBHOCTD YKa3aHHOIO METO/IA.

Jlureparypa

1. INTamkosckuii C. BerauciurebHble IPUMEHEHUS MHOTOWIEHOB U psaioB debbimesa.—M.: Hay-
Ka, 1983.— 384 c.

2. JIugpanos M. K. MeTon CHHIYISPHBIX WHTErDAJbHBIX YDABHEHUN U YUHCJIEHHBIN IKCIIEPH-
ment.—M.: duyc, 1995.—520 c.
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O CHEKTPE PAAMAJIBHOI'O IIOTOKA CKBO3b COEPUYECKUIT 3A30P

A. C. YepHnbI
(Poccus, Pocros-ua-/lony; FODY)

Uccnenyercs crnextp 3aga4un 06 OTKpbITOM Tedenwu B chepuueckom cjaoe D ¢
FPAHUYHBIME yCaoBuaME KaxkmxoBa:

vi+rotvxv=-VH,
divv =0,
vonlg =,
x(v—=vh)|g =0
nx(v—vilg ,

JIMHeApH30BAHHON OTHOCHTEIbHO Teuenns V = Cr2e,.

Bmeecw 0D = S, S = Sy USyUS_, S — Bxoxg moroka, S_ — BBIXOI, Sy —
HeIpoHUIaeMas CTeHKa, v — 3aJaHHoe TJaIKoe moje Ha Sy, a v # 0 — cKaigpHas
byHKIUSA, YI0BJIETBOPSIONIA YCIOBUIO

/'de:O.

S

Bruisogurcs ypaBHenue jjisi COOCTBEHHBIX 3HAYECHUIA:

C

/pl(T)e)‘TdT =0,
0
rie
l _L —1-1 41
pi(T) =a'(1-7)"3 —a (I1-7)3s, leN, a>1, ¢>0.
VI3 pesyabTaToB 0 HyJIgX OEIbIX (DYHKINWHA CJIEIyeT, 9TO CIPABEIINBA

Teopema. Ilycre D — cj10if MEXKJLY JIBYMSsT KOHIIEHTPpUYECKUMU chepamu u 'V =
Cr—2e,. Paccmorpum B D 3anaqy Kasuxosa jis ypasaenns Diizepa. Iycrs A(V) —
CTIEKTp 37Ol 3aa4n, suaeapuzosannoii okoao V. Torma VA € A(V) Re (A\) < 0.

JIureparypa
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2014.—C. 112-123.—(Mroru nayxu. FOr Poccuu).

4. Ilin K., Morgulis A. Instability of an inviscid flow between porous cylinders with radialflow //
J. Fluid Mech.—2013.—Ne 730.—P. 364-378.

5. Cemrenkuii A. M. Kiaccpl anasmrudeckux upeobpasoBanuii Pypbe u 9KCIIOHEHIUAIbHBIE
armpokcumarmn.—M.: PVUISMATJINT, 2005.—504 c.
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OI'PAHMYEHHOCTH OBOBIIEHHBIX
B-TNITEPBOJINMYECKNX ITOTEHIIMAJIOB

9. JI. llumkuHa
(Poccus, Boponex; BI'Y)

Iycts RY, = {z = (z1,...,28) ERN, 21 >0, ..., 25 > 0}, v = (V1,..., W) —
MYJIBTUMHIEKC, COCTOAMMN 13 (DUKCUPOBAHHBIX TOJOKUTEIBHBIX 9HCET Y, | =
1,...,N, ’7‘ =y +- -+ YN

B npocrpancree R"A} PUMEHSIETCST MHOIOMEPHBIN 0000IIIEHHBIN C/IBUT, OTBEYAIO-
it Mynsrunagexcy v suga (T0f)(x) = T .. TN f(x), tne Thi, i = 1,...,N, —
OJIHOMEPHBIH 0000IIEHHBIN C/IBUT, Olpe/ieeHHblii B [1]:

(Ty f)(x) =

T

=C(y) / f(a:l, e i1, \/:L‘f + t2 — 22t COS iy Tigd,s- - - ,l‘n) sin” L o; dy;,
0

C(’}/Z'): iZl,...,N.

()T (3)
Yepes Ly (R}F) = L), p > 1, 6yaem 0603HaUaTh 3aMBIKaHHE 0 HOPMe

1/p

N
1l = / Faparde |, o =T,
ot i=1

MHOJKeCTBA M3MepuMbIX Ha R Gyrkmmit f(z), 119 KOTOPHIX BHITOIHEHO yCIOBHE
(em. [2, c. 21]) Buza

f;i(:z:l,...,xi_l,O,le,...,xN):0, i:1,...,N. (1)

Yepes Se, OymemM 0603HATATH JACTDH KJIACCA IMBAPTIEBBIX (DYHKITHI, COCTOAIIEE 13
dyHKIMI ONpeaesIeHHbIX HA Rj\}, yaosersBopsiomux (1).
Beenmem obosmauenus (cum. [3, c. 337|):

(P(2)*, P(z) =0,

P+i0)* = lim (P +ie)* = .
(P07 = Jp (P {eﬂmrmm P(@) <0,

e—+0
e P(z)=2i+ 422 —22, - —2%, 1<n<N,zeRf, AeR
Crenys pabore [4] (cum. Taxxke [5] u |6, c. 406]), BBegem 060bmiennblii B-rumep-

OoJTMIeCKHiT TTOTEHITNA BUIA,

a—N—|vy|

(15 paiof)(@) = Cvngle) [ (Pi0)* 5 @)y dy,

+
RN
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rie Cn () — KoHCTaHTA, He 3aBucsmas ot f, N + |y —2 < a < N + |y|.
N+

o )

Teopema 1. ITycrs f(2)€Sey, N+ 7| -2 < a < N+, 1 <p<

(N+IvDp

9= NFpl—ap- Torna

115, prioflay < CNnypll fllpys

e CNpy,p — KOHCTAHTa, HE 3aBUCAINAT OT f.
Teopema, aHajorndHas Teopeme 1, HO MOJIYYEHHAs JJIs CJIydas, KOTJAa BMECTO
060BIIEHHOTO C/IBUTA TPUMEHSLICST 0ObIYHbI, paccmoTpena B [4].

JIureparypa
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OB SKCIIOHEHIIMAJIBHON YCTONYMBOCTH PEIIEHNI
OJIHOII CUCTEMBI JN1®PEPEHIINAIBHBIX YPABHEHNI
C BAITA3IBIBAIOIINM APTYMEHTOM!

T. K. blckak
(Poccns, HoBocubupck; HI'Y)

PaccmarpuBaercs cienyromas cucrema JuddepeHnuaibHbIX yPaBHEHUN € 3a11a3-
JIBIBAIOIIUIM apIyMEHTOM C [IapaMeTpPOM:

d

at?
rae 4 > 0 — mapamerp, 7 > 0 — sanasapisanme, A(t), B(t) — menpepbiBHbIe T-
nepnoanveCKmnue MaTPHUIIBI, F(t, u, U) — BEIIECTBEHHO3HAYHAA HEIIPEPbIBHAA BEKTOD-

dyHKIINA, YA0BIETBOPLAONIA yC/JIOBUIO JIUNIIUIA 110 apryMEHTY % U CJIELYIONEMY
HEPABEHCTBY:

(t) = pA@)y(t) + Bt)y(t — 1) + F(t,y(t),y(t — 7)), t>0,

1E (¢, u,0)| < llul 7 + qalloll 2, q1,42 > 0, wi,wa >0.

[Tpeanonaraercs, aro cnektp Marpunpl A(t) J€KUT B JIEBOH TONYTJIOCKOCTH TTPH
Beex ¢ € [0, 7.

[lesibto paboThI SIBISETCS UCCIIE0BAHNE SKCIIOHEHIIMAIBHOM YCTONYMBOCTH HYJIe-
BOTO DeIlleHUsT ¥ HAXOXKJEHUe OIEHOK, XapaKTepusyIoIux MOBeeHne PelleHuii cu-
crembl Ha GeckoHeunocTu. Jluneinslii cayuqail (¢ = g2 = 0) 61 paccmorpen B [1],
o9TH JHHEeHHbI (w1 = w2 = 0) — B 2], cay9ait w; = 0,ws >0 — B [3].

B pabore ykazano ycioBue Ha mapamerp > 1, npu KOTOPOM HYJIEBOE PeIleHue
9KCITOHEHITHATBHO YCTONIMBO, IOy 96HO MHOKECTBO TPUTIKEHUS HYJI€BOTO PEITeHUS
U yCTAHOBJIEHA OIEHKA, XapaKTePU3YIOIasa SKCIOHEHIINATBLHYI0 CKOPOCTh YOBIBAHMUS
perernit Ha 6eckoneunocTu. IIpu nmonydennn pe3yabTaToB ObII NCIOJIB30BAH (DYHK-
mmonasnt Jlsnynosa — Kpacosckoro, Beejiennbiii B [4].
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unuka, uadopmaruka.—2005.—T. 5, Ne3.—C. 20-28.

!PaBora Bbinonnena npu duHaHCOBOIM HOomepkKe Poccuiickoro Gouga dyHIaMEeHTAIbHBIX UC-
cienoBanuit, mpoekT Ne 14-01-31528.
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MaremaTnieckoe MOJEJINPOBAHIE






ITopsimkoBBIil aHANU3 U CME>KHbIE BOMPOCHI MATEMATHYECKOTO MOJEJIUPOBAHUS:
Te3ucot 1okaan08 XII Mexnynapoauoii nayanoii koudepenuuu (c. e, 12-18 mona 2015 r.)

BBHIYNCJIUTEIBHBIN SKCIIEPUMEHT 110 UHBA3UN
KOHKYPUPVYIOIINX 3A OBIINI PECYPC ITOITYJIAIINI
HA HEOJIHOPOJITHOM APEAJIE

JI. E. Anneesa
(Poccus, Pocros-ua-/lony; FODY)

PaccmarpuBaloTCs CrieHapuu pa3BUTHS JIBYX KOHKYPHUPYIOIIUX 3a eIMHBII pecypce
HOILY/IAMI € y4eTOM MX MUTPALUU HAa HEOJHOPOHOM OJHOMEepHOM apease. Mojesb
bopmynupyercs B Buje cHCTEMbI HeJTMHENHBIX ypaBHEHH mapadoimdeckoro ruma |1].
[IpejcraBienbl pe3ysibTaThbl SKCIEPUMEHTOB 110 MHBA3UU U [IPOAHAJIM3UPOBAHBI BO3-
MOKHDIE CIIEHAPUU DPA3BUTHS IHOIIY/IAINNI, BK/IIOYAs BHEIPEHNE OHON IMOILYJISIIINH
Ha apeaJl, y>Ke 3aHATbIA APYIOf 11Oy Idueil.

JuHaMuKa IJIOTHOCTH MOIYJIANUH-Pe3neHTa u(2,t) U IJIOTHOCTU MOILYJIAIIH-
rocrst v(z,t) onUChIBAETCA CUCTEMON ypaBHEHMIL:

i=—q" +nt(x)u (1 — %) , (1)
o=+ (1- ). 2
q" = —k'(x)u' + aup/, (3)
¢ = —k*(z)v" + avp'. (4)

Breck ¢!, ¢> — morokn momymsmmit, k', k? — xosdbdurnmentsr quddysun, a — ma-
pamerp murpamu, 1t n? — moxazaremn pocta, p(r) — dyHKIHg pecypca. Apeasom
oburanus sipjsiercsi orpe3ok [0, al.

KpaeBbie u HaUa bHBIE YCIOBUS UMEIOT BU]

u(0,t) = u(a,t) =0, v(0,t) =wv(a,t) =0, (5)
u(z,0) = up(z), wv(z,0)=wvo(x). (6)
Jlnst peann3anmm 9UCIEHHOTO PENTEHUsT CUCTEMBI NCTIOMB3YETCA METOJ] KOHETHBIX
pasnocreit. Beogurea cerxa: x; = jh, j = 0,...,n+ 1, h = ;45. [lnotnocTn u
M U BBIYHCIAIOTCA B y3/Jax Zj, j = 1,...,n, TIOTOKM — B CMEIIEHHbIX Ha IOJIIara
Y3AX Ty 1, 7 =0,...,n. Iloxygaerca cucreMa 0OBIKHOBEHHBIX TudhepeHnrnaabHbIX
YPaBHCHUN:
. Lrg 1 1 uj +;
iy = =5 a1y ~a)-y) Frw (1-2). @)
. Lo 2 2 uj +;
o= =5 (g —aiy) +uin (1) ®)
1 1 U1 — Uy Uj+1 — Uj _
qj+% - ijr% h 2% (p(xﬁ-l) p(‘%))? (9)



2 2 Uj+1 — U5 Vj+1 — Uj
qj-‘r% = _k:]—l-% 2 h ! +a ! 2% J (p(m]+1) _p(xj)) (10)

Cucrema JI0NOJHAETCA AUMCKPETHBIME aHAJOTaMKU KPAEBbIX yCIOBHIi:
Uy = Upt1 =0, v9=vpr1 =0. (11)

C nomorpio makera MATLAB 6b1ir TpoBeieHbI 9KCTIEPUMEHTHI 110 WHBA3ZWY JIJIsT
by pecypca p(z) = 1+ 0,9sin ©F, mapamerpa murpanmn « = 0,1 i ceTkn
u3 16 u 32 y308. Pe3yabrars! moka3a/m, 9To B 3aBUCUMOCTH OT 3HAYEHUN mapamer-
poB k', k? BO3MOXKHBI TPH CIeHApHs Pa3BUTHs IONYJISIMIA: BBIKIBAHIE OIHON W3
JIBYX HOMyJ/IsIIuil min ux cocymecrsoBanne. Ipu coornomennu k! < k2 momymsimsi-
XO3MH He MO3BOJIAET MHBailIepy ocTaThcd Ha apease; npu k' > k? BoiTecmsercs
pesuyent. Pasencrso k' = k? orseuaer cocymecTrBoBaHmio nomysimii.

Bbu1o mpoBesieHO KauecTBEHHOE CpaBHEHHE Pe3y/JIbTaTOB C JTAHHBIME CTATbhu [2]
upu 771 = 772 = p(a:) HenpepbiBaOMY cemeiicTBY COCYIIECTBYIOIIMX MOIYIANUI OTBE-
qaeT HaGOP MapaMeTpoB, st KOTOPBIX BBIIOIHEHO paseHcTBO k' = k2. TIpn Masbix
smavernax mudbdy3nonnbx mapamerpos u kt > k2 (k! < k?) peammsyerca criemapmii
BBITECHEHHsT WHBAlIepa (X0351Ha), a Py J0CTaTouH0 Gobimux k' u k? — curyamms
obparmas: mpu k' < k% (k! > k?) poixuBaer xozamn (waBaiizep). C yBenmaenuem
mapaMeTpa v pacter Takxke Beimumua k! = k?, mpm KOTOPOil MeHsieTCs CrieHapmit
BBIXKUBAHUS (BBITECHEHUS).

JIuteparypa

1. Byasuckmii A. B., Lubyaua B. I. Binsane HampaBiieHHOW Murparmn Ha (GHOPMHUDPOBaHME
[IPOCTPAHCTBEHHBIX IOMY/IAIUOHHBIX CTPYKTYp // Buodusuka.—2015.—(B nevarn).

2. Lam K.-Y., Lou Lou Y. Evolutionarily stable and convergent stable strategies in reaction-
diffusion models for conditional dispersal // Bull. Math. Bio.—2009.—Ne 76.—P. 261-291.
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ITopaakoBelii aHaIN3 U cCMe>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAaHUS:
Te3uchl Mokaan0B XII Mexmyrapommoi mayanoii koudeperammn (c. Leit, 12-18 moms 2015 r.)

YNCJIEHHBIE METO/AblI PEINTEHN A
JUOOEPEHIINAJJILHBIX YPABHEHUN JPOBHOT'O ITOPSIIKA

A. K. Basszaes (Poccusi, Bnagukaskasz; BIIY, COT'Y),
M. M. Jladbumesa (Poccus, Hampauk; KBI'Y),
M. X. IIxanykos-Jlacduies (Poccusi, Hanpaux; KBI'Y)

ITocranoBka 3agauu

B mumunape Qr = {(z,t) : 0 <z < £,0 < t < T} paccMOTpuM CJIeyIOILyIo
HAYAIBHO-KPAEBYT0 3a/a4y:

Ou =05 u+ f(z,t), (x,t)€Qr, (1)

& B (), w=0,
y (2)
—% = Bo(t)u — pa(t), z=24¢,

u(z,0) = uo( ) (3)

vie O = ity o I O = ratEy Jo

JIIPU30BAHHBIE JIPOOHDBIE HpOH3BO/:[HbIe HO BpeMeHI/I mopsaaka o, 0 < a < 1 m mo

IIPOCTPAHCTBEHHOI KoopauHaTe x mopsaaka 5, 1 < 8 < 2; 61, P2 = B« > 0.
Huddepennnanbuoii 3aaaue (1)-(3) nocraBum B COOTBETCTBUE PA3HOCTHYIO CXe-

My

— COOTBETCTBEHHO Dery-

J

1_
2—a Z(J s+1_tj—?>yf:

= (4)

1 : 3 - ~
= w ; (m?—sﬁﬂ - xif) (C’ym,s +(1— U)ym,s) + ©i,

(Yz,0 — 5190)(0) = —p,
— (yz,N + Payn) L
Y\ =oh+ (1 - o)y,
y(l‘,O) = UO(:E)? (6)

rie § =y y =97, Yoo = (W1 — v0) /P, yz.v = (v —yn-1)/h, Br, B2 = Bi > 0.
Pasnocrhas cxema (4)—(6) nmeer nopsijok annpoxkcumanuu O(h + 7).
C nomornpro mpuHIpna MakcuMyMa [1, 2| moaydena anmpuopHas OrjeHKa

. 2
157 o, < ool + = (g aa)| + g s ) +

5112 - B)
* B 0<t’IEE;}—(&—1 HSO

(7)

)l

rae [lylle, = maxge,, [y(2)].
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PaBHOoMepHasi ¢Xo/iuMOCTh PA3HOCTHO CXeMbI

[MoxcraBum y = z + u B ypaBuenue (4):

LN~ (e 1- 1 2 9-g\ _j+1
m Z (tj_g-s-l - tj_;x> ZtS = w Z (xi_s+1 —X;_, ) Z%w’s =+ ¢i7

s=0 S=
Zz0 = Brzo0 — V1,
—2z,N = Bozn — V2,
z(z,0) =0,
rae ¥; = O(h+ 1), v1,v9 = O(h).

(8)

(9)

(10)

[Tpumensig (7) x pemennto 3amaun (8)—(10), moayunM paBHOMEPHYIO CXOIUMOCTD

cxembr (4)—(6): |ly —ullc, < M(h+7).

JIureparypa

1. Camapckmii A. A., I'yiua A. B. YcroituuBocTs pa3HocTHbX cxem.—M.: Hayka, 1973.—415 c.

2. Camapckuii A. A. Teopusa paznoctubix cxem.—M.: Hayka, 1977.—656 c.
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ITopaakoBelii aHaIN3 U CME>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAHUS:
Te3uch MoKkaan0B XII Mexmyrapogmoi mayanoii koudepenmmu (c. [eit, 12-18 momsa 2015 r.)

MATEMATUYECKOE MOJIEJNPOBAHNE COIINAJILHOI
HAIPAKEHHOCTHN C YHETOM MUT'PALIIN

E. K. Bacaesa (Poccusi, Bragukaskas, KOMIT; COTY),
E. C. Kamenenknii (Poccusi, Biagukaskas, FOMI; BHIL PAH),
3. X. Xocaesa (Poccus, Bragukaskas; BHI[ PAH)

Ha ompenenerasix sramax pasBUTHS OOIIECTBA COMUAIBHAS HAMPSIXKEHHOCTH
OTIPENIE/ISIeTCST TPEUMYIIEeCTBEHHO SKOHOMUYECKUMHU (DPAKTOpPAMU U MUTPAIHEi.
B wacrrocTn, poct conmansuoit Hanpsikennoctn B8 CCCP B 60-e rr. MOXHO 00bsiC-
HUTH Pe3KO BO3POCIIeil MUTpaIueil Hace/eHust U3 cejl B ropoja. bymem cautarh, 9To
U3MEHEHWE HANPSKEHHOCTH Hacenennst (6e3 ydera MUIPAHTOB) aJIATUBHO 3aBUCUT
OT MUTPAIMOHHOTO TMPUTOKA U YKOHOMUUIECKUX (DAKTOPOB:

AP AN
E_VS(PS_PE)—FTPM(PM_PZ)’ (1)

rae P — Hanpsi2KeHHOCTh 0011ecTBa, Py, — HANPSKEeHHOCTh, K KOTOPOH CTPEMUTCS 00-
IIIECTBO II0/T BJUAHIEM H3MEHEHNs] SKOHOMUYIECKO curyarun, P, — HaIpaKeHHOCTh
murpanToB, Py — ofmas (cymmapnas) HanpsizkeHHOCTb o0mectsa, AN — kosn-
YeCTBO MUI'PAHTOB, N — 9HC/IEHHOCTb HACEJEHUS B TeX MECTaX, Ky/ia HNpUOBIBAIOT
MUTPAHTHI.

Cnaraempbie ypasuenus (1) Moay4YeHbl M3 MAaTeMATUIECKONH MOJETN KOJIIEKTHR-
HBIX JleficTBuii [1| B TPEeAMoIOKeHnn OTCYTCTBUS TEHJIEHIINHN K YCUJICHUIO BO3/Ei-
creus. Takast cuTyanyst BOSHUKAET, K IPUMEpPY, eCJIN MUTPAHTBI OTHOCSITCS K TOI »Ke
STHUYECKOI IPYIIIe, YTO U HACEJEeHHe MPUHAMAIONINX HACEJIEHHBIX IIYHKTOB.

Ob1ast HaPSIXKEHHOCTH ODIIECTBA OMPEIEISIETC CYyMMUPOBAHUEM HAIIPSI)KEHHO-
cTeil HaceJeHHs MPUHAMAIOIINX HACEJEHHBIX IYHKTOB M MUIPAHTOB C YIE€TOM HX

JOJIei:
AN AN
P :P<1—> + Py—.

s mpeaBapuTEbHBIX OIEHOK MOYKHO CUMTATh, UTO HANPSKEHHOCTH MUTPAHTOB
BTPOe GoJIbIlle, YeM HAlPsKeHHOCTh NPUHUMAaoIero Hacesenust Py = 3P [2, 3].
g onpenenenns P, ucnonb3yercs Bbipazkenue [4]:

R

B KoTopoMm F — yposenb BBII, a AE — ero npuparienue (1 T0 U Ipyroe ¢ jaroM B
Tpu 10/12), b U N — KOHCTAHTHI.

[IpoBenens! pacdeTsl ¢ MAroM paBHBIM OJHOMY TOXy. B KadecTBe UMCIOBBIX WH-
JIMKATOPOB HAIIPS2KEHHOCTH 00IIEeCTBA, C KOTOPHIMU CPABHUBAJINCH PE3Y/IbTAThl PAC-
YeTOB 110 MOJIE/IN, HAaMU B3dThl YUC/I0 yOuiicTB u umucyio camoyouiicts na 100 Thicsau
qeJIOBEK HaCeJeHNs, HOPMUPOBAHHBIE C TIOMOIIBIO BHIPAYKEHUST

P, = 0,05 4 —t—Tmin_ (4

Tmax — Tmin
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[IpoBenennble pacdeThl YKa3bIBAIOT HA CYIIECTBEHHBIHN BKJIA ] HAIPIKEHHOCTH Ca-
Mux MurpanToB Py B obmeit nanpsikerroctu obmiecTsa. Vmenno ona obecrieanBaer
3aMEeTHBII POCT HANpsKeHHOCTH B 60-e Toabl M HEKOTOPOE ee YBeJUtueHWe BO BTO-
poit mosoeuae 70-x. IlouTnm mosiHOE TpEKpAaIleHrne MUTPAINU BO BTOPOH TOJJOBUHE
80-x puBEJIO K 3aMETHOMY TaIeHuio Hanpsikennoctn B 1985-1987 rr. Dro nagenne
YaCcTO CBS3BIBAIOT C TepecTpoiikoit ['opbatueBa n aHTHAIKOTOJBHON KOMIIAHUEH, HO,
Cy/isl 110 II0JIYY€HHBIM Pe3yJ/IbTaTaM, IPUIUHON ABJIAeTCH II0YTH II0JIHOE IIPEKPallleHue
MUTPAIAN B COYETAHUU C POCTOM SKOHOMUKM B Hadaje 80-X IT. YXyAlIeHne xKe KO-
HOMUWYECKOT'O COCTOsTHNS, HadaBIeecs B 1985 1., mpuBesio K POCTY COMUAJIBHOM HAIPSI-
KeHHOCTH 001ecTBa. Takum oOpazoM, Mpe/IoKeHHAsT MOJIETb YA0BIETBOPUTEIHHO
OIMMCBIBALT M3MEHCHNE HOPMHUPOBAHHBIX MHANKATOPOB HAIIPAZKEHHOCTHN O6H_LeCTBa.

Jlureparypa

1. Bosse E., Hoogendoorn M., Klein M. C. A., Treur J., van der Wal C. N., van Wissen A. Mo-
delling collective decision making in groups and crowds: Integrating social contagion and inte-
racting emotions, beliefs and intentions // Auton. Agent Multi-Agent Syst.—2013.—Vol. 27.—
P. 52-74.

2. Anaesckas T. H. Hacenenne ropogos CCCP B 1060-1980 rr. // Becrn. 'ymanurap. un-ta.—

2008.—Ne 1.

ITopuesa E.C. TIpectynHoCTh BBIHY XK I€HHBIX MUT'panToB.—Biagukaska3: BITY, 2004.—135 c.

4. Bacaesa E.K., Kameneukuii E.C., Xocaesa 3.X. Konuuecrsennasi ouenka (poHOBOM couu-
asbHON HanpsikenHoctu // Teopusi omepaTopoB, KOMILUIEKCHBIH aHAJIU3 U MaTEMATHIECKOE
MOZIE/TMPOBAHME: TE3. JOKJI. MYyKIyHap. Hayd. kKoud. (moc. JusrOMOpCKOe, 7T—13 cenTsabps

2014 r.). — Bragmkaskas: FOMU BHIT PAH u PCO-A, 2014.—C. 94-95.
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ITopaakoBelii aHaIN3 U cCMe>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAaHUS:
Te3uchl Mokaan0B XII Mexmyrapommoi mayanoii koudeperammn (c. Leit, 12-18 moms 2015 r.)

MOJEJ/IMPOBAHUE IMTPOLIECCOB ITPOMEP3AHUA
OZHOMEPHBIM YPABHEHUNEM TEILIOITPOBOJHOCTU
C OITEPATOPOM AJPOBHOI'O JVI®OEPEHIIMMPOBAHN A

B. . Beiidosaen (Poccusa, Maxaukana; ATY, ITTTHX),
M. A. Hazapanues (Poccusi, Maxaukasna; JIT'V)

O/ iHUM ¥3 TPOJYKTUBHBIX MOJIE/IEH SIBISIOTCS MATEeMATUIECKasi MOJIEIb [IPOMEP-
3aHWsI, ONMCBIBAEMAs OJIHOMEPHBIM ypaBHEHUEM TertonposogaaocTu (3amaqa Creda-
ua). 3amada Credana OMHUCHIBAET SIBJIEHUS TEILIOMACCOEPEHOCA B cpenax ¢ ¢has3o-
BbBIMU TIEPEXOJaMH1, COIMPOBOXKIAIOIINECA BBIACJICHNEM WJIN TIOTJIOIIMEHWEeM TerlIa.

Hogrrit aTan pazsutus 3agaun Credana CBs3aH C €ro pacIpoCTPAHEHUEM Ha CH-
creMmbl ¢ (ppakTaIbHONW CTPYKTypoit. B Takmx cucremax BO3HUKAET HEOOXOIMMOCTH
yUIeTa HeJOKAJTbHBIX 3(P(HEKTOB, CBI3aHHBIX C YIETOM MAMITH U TPOCTPAHCTBEHHBIX
koppessitimii. [Iporeccsl mepeHoca Tersa Ipu 3TOM ONMHUCHIBAIOTCS Ha OCHOBE Jud-
bepennmaIbHBIX ypaBHEHUIT B MPOM3BOHBIX JApobHOrO mopsaka |1, 2|. B pabore |3]
IMOKA3aHO, YTO y4ueT 3(PpOEKTOB MaMsITh IPUBOJAT K 3aBUCUMOCTH KOOPIUHATHI MEXK-
dazuoit rpanuisl oT BpeMenu. HecomuenHbIil nHTEpEC Mpe/icTaB/isgeT obobieHue 3a-
gaan CredaHa ¢ ydeTroM OCOBEHHOCTEH TEIONepeHoca Ha MexK(Da3HO# rpaHuie ¢
YUETOM HEJOKATbHBIX 3(hdeKToB He TONLKO 10 BpeMern (3dhdexT maMsiTn), HO 1 10
mpocTpaHcTBy (3hdeKT mpocTpaHCTBeHHBIX Koppessimit) [4, 5].

B kadecTBe MaTeMaTHYeCcKoi MOJEIN MPOIECCa TPOMepP3aHust B cpefax ¢ (pak-
TaJbHON CTPYKTYPOil PACCMOTPUM CJIEIYIONLYIO 33aTy:

ay 82,Ivl (.’L’, t)

0511 (z, t) = FrCa 0<xz<{(t), t>0, (1)
2Ty (x, t
i Ta(z, t) = aﬁ;g’), Et) <z <L, t>0,
T(z, 0) = To,
T(L, T
T(07 t) - TC7 a ((9:[; ) = 0’ t > 07
T =T =Ts,
v=&t): 4 o oD dé (2)
)\187 - )\287 = prw E’

rme 0 < o < 1, p — WIOTHOCTH IPYHTA, W-BJIAKHOCTb I'PYHTA, MOCTOSIHHBIE TEMIIE-
_ _ 1 1 T{(=,s)
parypet T, < T3 < Tp, 05T (x, t) = ri—a Jo (f,—s)a
Boguas Caputo.
Bajlaua perena 9uC/JIeHHBIM MeTOIoM. J[ist 9TOro BBOJMM DaBHOMEPHYIO CETKY
0 IPOCTPAHCTBEHHON IepeMEeHHOM:

ds — gacTHas JAPOOHAs POU3-

L
Ty =mh, m=0,1,..., M, h:N’
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7 HEpABHOMEPHY CETKY II0 BPEMEHH:
the1 =tn + 7Ty, n=0,1,....N—1, t3=0,t§y =txon., Tns+1>0.

[Iar mo Bpemenu Tp41, » =0, 1, ..., N — 1, Hy>KHO BBIOpATh TaKUM 0OPA30M, UTO-
Obl 3a 9TOT BpeMeHHON npoMexyTok (0T tp 10 tn41) rpanuna GazoBoro nepexoja

C,ZLBI/IHy.}IaCB POBHO Ha OAWH ITar HpOCTpaHCTBeHHOﬁ CETKMN. TOFL[& MO>KHO 3allucaThb
d . “h
T

st wactHoO#t apobHoit mponssoanoii Caputo 05T (x, t) mMeeT MecTo pasHOCTHAS
armpokcnmMarst [5]

D= 1y 7 D L s AU

2
a JIJIT 9aCTHON ITPOM3BOTHOM gTE TMeeT MeCTO alMpPOKCUMAITAT

o0*T Tt — 2T + Tr—1h? + O(h?)
o), " & ' @

Bocnonpzosasmmmces (3) u (4)

n

1

- Tk‘+1 _ Tk tlfa _ tlfa _
F(Q _ Oé) Tpal kZ:O ( 1,m 1,771) ( n—k+1 nfk)
1 1 1
_ Tlrf—rtz-&-l - QT{z,Tn + T{fjn—l (5)
=aj 2 ,
m:]-a 2)"'7m*_1) Tl mzlzTCa Tl m:m*:T37

rae m = m* — rpaxuia Ga3oBoro mepexoa.
Torma pasnocTHas cxema BTOPO# 9acTw ypaBHEHUN OygeT mMersb BUJT
1 n
. k+1 k 11—« -\ __
I'2—a)- Ty Z ng(TZm o TQ,m) (tnkarl B tnfk) -
k=0

n+1 n+1 n+1
Ty i — 2155, + 15 00
h? ’

T
=Ty, 0T =0.

or |, _

m=m*+1,...,M —1, Tg‘

m=m*
[IpoBesieM AMCKPETU3AINIO IPAHUYHOTO YCI0BUs B caydae & = ()

T, — 11, m*—1 To mrv1 — T2, me
) _

A - =
1 h h prw Tot1 ’
e Ty —T T T
3~ 4L1,m*—1 2,m*+1 — 43
)\ ) _ )\ ) —
1 - 2 b Qfpw P
Takum obpaszom,
Qypwh?
Tn+l =

M (T5 = T1me—1) = X2 (T, me1 — To,me)

[Tar mo BpeMenm 3aBUCHUT OT TeMmmepaTypbl. [lose TeMmepaTypsl MOITOMY OIpe/Te-
JIMJTA METOJIOM TIPOCTOM MTepPaITum.
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MEXAHU3M [TOBY2KJIEHUA ITPI1 PACITPEAEJIEHNN PECYPCOB

O. U. I'opb6aneBa
(Poccus, Pocros-ua-/lony; FODY)

Bynem paccmarpuBaTh OJHOYPOBHEBYIO CUCTEMY YIIPABJEHUSI, COCTOSIIYIO U3 7
PaBHOIIPABHBIX 3JIEMEHTOB, KaxK/Iblii U3 KOTOPBIX UMEET HEKOTOPOe KOJUYECTBO pe-
CypcoB ;. HacTh CpeCcTB KaxXKJbI U3 3TUX PacHopauTeseil mepeaeT s e/IeBO-
0 WCIOJIF30BAHMUS, OCTABIIIYIOCS YaCTh OCTaBJisieT cebe Ha HelesieBble Pacxonl. Bee
PACIIOPATUTE/N YIACTBYIOT B JOXO/I€ OT IE/I€BOM TeATeILHOCTH U HMEIOT CBOU (PYHK-
nuu BbiUrpeima. Mojenb CTpouTes B BUE UIPHI JABYX JIUI[ B HOPMaJIbHON dopme, B
KOTOPOIt mitercs paBuoBecre 1mo Hamry. B GyHKIWIO BRIMTPHINTA KayKI0TO UTPOKA
BKJIIOUAIOTCH [IBa CJIaraeMbIX: JI0XOJ OT HeleJaeBOl IedATe/IbHOCTU U COOTBETCTBYIO-
ast J0JIs TOXO0/1a, OT IIEJIEBOI JesaATeIbHOCTH cucTeMbl. OyHKIINY BBIUTPHITIA UMEIOT
CJAENYIONIUNA BUM:

n
gi(ur,uz, ..., up) = ai(r; —u;) +b-c Zuz — max;
=1 ‘

pU OrPAHUIEHUSIX
O0<wu;<ry, i1=1n,

u ycJIoBUsIX Ha MYHKIWH a, b, u ¢

da; da;
a; >0, Yo 2> i=1n,
aui 8uj¢i
b B
b >0; >0, i=1,2, >0, i=1,n.

3/1ech u; — J0Jist PECYypPCOB, BBIJIEJIEHHBIX 4-M 3JIEMEHTOM HA PAa3BUTHE CHCTEMBI (CO-
OTBETCTBEHHO, T; — U; OCTAETCs Ha HEIEeJeBOe WMCIIOJH30BAHUE PECYPCOB B JIUIHBIX
uHTEpecax), g; — (DYHKIUS BBIUTPBIIIA, (-0 UTPOKA, a; — (DYHKIHS YACTHOTO BBI-
WUTPBIIIA ¢-TO UTPOKA, b; — JOJIsT OT JIOX0/1a ODIIell JesaTelbHOCTH, TOIydaeMast -M
UTPOKOM; ¢ — IIeJIEBOI JTOXOJ, CUCTEMBI.

Bsemem dynkinio 061eCcTBEHHOIO COCTOAHUS

n

n n
go(ur,ug, ... uy) = Zgi(ul,m, ceyUp) = Zai(ri —u;)+c Zul — max;
i=1 i=1

U;
=1

¥ TPEIIIOI0XKNAM, IYTO UMEETCd CyObeKT, KOTOPbhI MakcuMuzupyer (MyHKIIUIO 00IIe-
cTBeHHOro Oj1arococrosinusi. Hazosem sror cyobekT Ilpunnumnasom u Ha OCHOBE pac-
CMOTPEHHO UI'PbI IOCTPOUM HOBYIO UI'DY, JOMOJIHIS MHOXKECTBO y4acTHUKOB [Ipun-
nunaom (y9acTauk ¢ maaekcoM (), MHOXKeCTBO crparernii — crparerneii [Tpunmmmna-
Ja: Ha3HAYATH JN00 S; MPH OTPAHUYEHUN » .-, §; = 1 (IKOHOMUUECKHiT MEXaHU3M ),
b0 HA3HAYEHUEM BEJUYUH ¢;, MEHBIIIE KOTOPOI i-if 9/IEMEHT HE MOXKET HA3HAUUTH
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BeJIMYWHY U;, & B KadecTBe 1iesieBoit pyukrmu [lpuniunasa BozbMeM (QYHKITHIO 00-
IIECTBEHHOrO 0/1ar0COCTOSHMS.

Bynem paccmarpuBaTh MexXaHU3MBbI COIJIACOBAHUS C OOPATHOU CBA3BIO, T. €. §; =
si(ui), ¢ = qi(u;). st uccsieioBanust MOJIEIM IPUMEHSAETCs b0 IMIUPUIECK Ui
TTOJIXO/I, YIUTHIBAIIMI MUPOKO PACIPOCTPAHEHHBIE HA MPAKTUKE METOIbI PacIpese-
JIEHUST PECYPCOB, TUIA PABHOMEDPHBIH, TPOMOPITUOHAIBHBIN U T. 1, TUOO TeopeTude-
CKUii, OCHOBAaHHBI Ha puMeHeHun Teopembl [epmeiiepa k urpe I'2.

Kpowme Toro, npu paccMOTpeHUN aIMIHUCTPATHBHOTO MEXaHU3Ma, TIPU pacIpe/ie-
JIEHUU PECYPCOB BIIOJIHE €CTECCTBEHHO PACCMOTPETH BO3MOXKHBIN MEXaHU3M KOPPYTI-
un, T. e. ¢; = ¢;(u;, b;). Takxke nesumuIM Gy/1e PACCMOTPETH MEXAHU3M KOPPY AN
[IpU SKOHOMUIECKOM MEXaHU3ME COTJIACOBAHUSI ODIIECTBEHHBIX U YaCTHBIX HHTEPECOB
S; = si(ui, bl)

JIuteparypa

1. Gorbaneva O. I., Ougolnitsky G. A problem of purpose-resource use in two-level control
systems // Game Theory and Management.—2013.—P. 78-81.
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MO/JIEJIMPOBAHUE TEYEHUI
YCTONYNBO CTPATUOUIINPOBAHHBIX YKIJIKOCTEI!

H. ®. Inmurpuena
(Vkpauna, Kues; U'M HAHY)

[Tocrpoenue u gucieHHas peau3anys MOJHBIX MOJE/JIe MEXAHUKH HEOTHOPO-
HBIX CILIOIIHBIX CPEeJI SBJIeTCS OJHON U3 HamboJiee aKTYAJbHBIX HAYYIHBIX [IPOOJIEM.
DddexThl crpaTuduKaIT HAXOAAT PA3HOOOPA3HbBIE PUIOKEHUS B THPOAIPOIMHA-
MWKE MTPUPOIHBIX CUCTEM (MHTEHCUBHbIE JIOJMHHBIE WM TOPHBIE BETPHI B aTMochepe
U CKJIOHOBBIE TIOTOKW B OK€aHe, CAMOJIBUKEHNE OObEKTOB). YCTORINBO CTPATH(UIIN-
pOBaHHAas Cpeja HAXOIUTCS B COCTOSTHUY TTOKOsT, TOJIBKO KOT/[A TPAINEHTHI TLJIOTHOCTH
TTapaJjaeabHbl HATPABIEHNIO JefCTBUS CUIBI TaKecTu. [IpepbiBanne MOTeKyIIpHOTO
MOTOKA CTPATU(MUITUPYIONNX KOMIIOHEHT HA, HEIPOHUIIAEMBIX TPAHUIIAX TTPOU3BOJIb-
HO#1 (bOPMBI HAPYIIAIOT YCJIOBUSI PABHOBECHUS W CO3/AIOT TE€UEHUS, UH/IYITUPOBAHHbBIE
mudbdysueii (TU).

g MareMaTndecKoro ONMUCAHUsS U3YyYaeMbIX (DU3MYIECKUX IIPOIECCOB BBHIOpa-
Ha cucrema guddepeHinaababiX 0aJTaHCHBIX YPABHEHUIT MEXaHUKU HEOIHOPOIHBIX
KUJKOCTel B mpubsrmkenuun bByccuuecka u mpeHeOpekeHNH CKUMaeMOCTHIO, I0-
CKOJTBKY CKOPOCTH U3Y9IaeMbIX TEUEHHU{T MAJIBI TI0 CPABHEHUIO CO CKOPOCTBIO 3ByKa [1]:

0 1
Y L (W)v=——VP+vAv —sg, divv =0,
ot P00
0s Uy
— +vVs=rsAs+ —=, p=polexp(—y/A)+s),
ot A
¢ HAYAJIbHBIMYU M TPAHUYHBIMU YCJIOBUSAME
oS 0s 1 0y
) =Y, = 07 7‘ = a_ Ta-. — Y =Y,
visl<o =0, Vi Onls  Jdnls  Ao0n 0. sleyoe =0

rae S = So(y) + s — nosHAst COMEHOCTD, § — €€ BO3MYIIEHHAsT COCTABISAIONAS, P00 —
IJIOTHOCTH HA HYJ€BOM ypOBHE, p(y) — HEBO3MYIIEHHOE PACIPEIeeHne TIOTHOCTH,
KOTOPOE 3a1aeTcst mpoduiem cosenoctn Sy(y), v — CKOpoCTh kuakocrtn, P — nasme-
Hre, vV — K03 PUImenT KNHEMATHIeCKO BAZKOCTH, ks — Koaddunment nuddy3un
comu, t — Bpems, g — yCKOperune cBODOAHOTO najerns, V u /\ — omeparopsl amMuib-
tona u Jlammaca, A = (dIn p/dy)~! — anuma nmaBydecTH, n — BHEIIHAS HOPMAJb K
TTOBEPXHOCTU NPEMMATCTBUA E

[TocraBrenHas 3a7a49a XapaKTEPU3YeTCs GOBIIUM YHCIOM JTHHEHHBIX MACIITA-
6os: jumna mwiasyvectu A, pasmep npengarcrsust L, Baskuit 0%, = /v/N u nud-
bysuonnstit 037 = \/ks/N mumkpomacmrabbl. CyImecTBeHHbBIE DA3IuIns 3HATEHHIT

!PaBora Brimoamena, mpu buHAHCOBOI TomAepkKe Poccmiickoro (hoHma byHIaMeHTATLHEIX HC-
cieioBanuit, mpoekT Ne 15-37-50382.
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MacmTaboB yKa3bIBAIOT HA CJ0XKHOCTH BHYTPEHHEH CTPYKTYPBI JayKe TaKOro Me/I-
JICHHOT'O T€4Y€HUA, KOTOPOE NOPOZK/IACTCA MaJIbIMU CUJIaMU IIJIaBYy41€CTU BCJIEACTBUE
HEOJIHOPO/IHOCTH MOJIEKYJIIPHOIO ITOTOKA CTpaTudUIupyoiero komnonenra. Q6bra-
HO TOHKOCTPYKTYPHBIE 3 DEKTHI BHOCIT HEOOIBIITNE MTOMPABKA B 3HAYEHNS JTUHAMU-
YeCKNX XapaKTePUCTUK TedeHnii, Ho (hopMupyIoT Go/bIme rpaneHTs [2].

Yuc/ieHHOE MOJIEIMPOBAaHNE MOCTABJIEHHON 3aJa9u MPOBOJUTCA C MCIOJIH30BA-
HUEM MeTOJa KOHEYHBIX OOBEMOB B OTKPBHITHIX mmakerax muporpamm SALOME,
OpenFOAM u ParaView [3]. g yuera acpdexron muddysun B crparudunupoBan-
HBIX YKUJIKOCTsIX ObLT paspaboran pernaress stratifiedFoam wa ocHOBe cTanmapTHOTO
icoFoam, peasim3ytoriero necramnuonapublie ypasuenuss Hasre — Crokca s 01HO-
poaroit xkujgkoctu. OTpaboTaHa MPOIEAypa MOCTPOEHHUS KadeCTBEHHON pPacdeTHOM
CEeTKU, yJIOBJIETBOPSIONIEll TPeOOBAHUAM PA3PEIeHNs BCEX MUKPOMACIITabOB 3312491
B BBICOKOT'DaJIUEHTHbBIX O6.Ha,CTHX TEYCHUA. ];:)a,CLIeTbI7 IIPOBEICHHBIC B ITapPaJIJICIBHOM
peKuMe C UCIOJIb30BAHNEM BBIYUC/IUTEIbHBIX pecypcoB web-taboparopun UniHUB
(www.unihub.ru), nokasaau BbICOKYIO paboTOCIOCOOHOCTH 1IPEJIOKEHHO Marema-
TAYECKON MOJIEIN.

JIureparypa

1. Yameuknn FO. JI. Iuddepennmanbaas MexaHUKa KUIKOCTE: COIIACOBAHHbBIE AHAIMTHYE-
CKWe, 9UCJIeHHBbIE 1 J1aG0PATOPHBbIE MOen cTparndunupoBanubix Tedenuii // Bectn. MI'TY
nm. H. 9. Baymana. Cep. Ecrects. mayxkn.—2014.—Ne 6.—C. 67-95.

2. JImvurpuena H. @., Yameuxun FO. /I. Yucaennoe MoaeInpOBaHNe JUHAMUKY U CTPYKTYPBI
mHAyIMpPoBaHHOTO nud dy3ueil Tevenus Ha Kaune // Beraucamt. MeXaHUKA CIIONIHBIX CPeJT.—
2015.—T. 8, Ne 1.—C. 102-110.

3. AdumurpueBa H. @., 3arymennsiii 51. B. Yucnennoe mMonenupoBaHue CTpaTrGUIMPOBAHHBIX
revennii ¢ ucnosnp3oaanem OpenFOAM // Tp. Un-ra cucrem. nporp.—2014.—T. 26, Ne 5.—
C. 187-200.
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ITopsimkoBBIil aHANU3 U CME>KHbIE BOMPOCHI MATEMATHYECKOTO MOJEJIUPOBAHUS:
Te3ucot 1okaan08 XII Mexnynapoauoii nayanoii koudepenuuu (c. e, 12-18 mona 2015 r.)

MATEMATHNYECKOE MOJE/JINPOBAHUIE ITIPOIIECCA
OCEJJAHNS BYT'PA I'PYHTOBBIX BOJI B OJJHOPOJ/IHBIX CJIOSAX
10 JEVICTBUEM CIJIBI TAXKECTU IIPU HAJIMYNI
BKJIFOUYEHNIT PA3JINMYHON IIPUPO/IBI

B. 1. Jopodeesa (Poccus, Oper; OI'Y),
. B. Adanackuna (Poccus, Opes; OTY)

Cucrema nHTErpaIbHOro I 1uddepeHIHaIbHOT0 yPABHEH I OICEIBAET OIIyCKa-
HEe 6yrpa TPYHTOBBIX BOJ IO J€fiCTBHEM CHUJIBI TszkecTn [1]:
or
g —2Glg, Ly] = —211, 5% = Vig,L:] wna Ly,
rue [1]

Glg. Li(M) = / g(N) (M, N dly,

Ly
a—pvy IROLN) g
anN
0g(N
Vig, L) = grad Glo. L) = [ ZAD 00, ) iy,
Ly
vo_ L (0%(MN)  9Us(M,N)
7 H(M) oy " dxy V)

Haganbroe mostoxxenne Oyrpa onuchBaeTCs Tyiagkoit kpusoit Ly. O6macts coB-
MECTHOH (pUIbTpAIUY KUJIKOCTEN MOXKET ObITh OrpaHWYeHHA HEIMPOHUIAEMOI Ipsi-
MOit L1, pa3jiensionieii TpPyHT U HENpPOHUIaeMble 1opo/ibl. B obsiactu dbuabrpaiiun
UMeeTCsl BKJIIOUEHNE TPOU3BOILHOM (POPMBI C TPOHUIIAEMOCTHIO A.

3ajaua uccaeaoBasach TPU HAJUYUUN OJHOTO BKJIIOUEHUST C TMPOHUIIAEMOCTHIO
A =0,4. TlepsonauaJsbHast BeicoTa O6yrpa Hg = 1,451. Bwicora, Ha KOTOpOii mpo-
M30IIJI0 BhIpaBHUBaHME ypoBHs Boabl H = 0,7549. Ha pwuc. 1 mpencrapiaeHo mose
cKopocTeil B 00/1aCTH ITOTEKAHUS TPOIIECCA.

2.0

15

FEERERRERR R
}ﬂ”“::lmuuvnmmn::unn&\\\
7 NN

;;;;;

0.5

0.0

Puc. 1. ITose ckopocreit mpu n = 500, dt = 0,0025, A = 0,4.
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B Tabsure 1 mpeacraBieHa 3aBUCHMOCTE BpeMeHn 1’ OT 4mcjia ToUeK pa3buenns n
rpaHuIbl L; B KasKIBIIT MOMEHT BPEMEHH.

Tabiuna 1

BaBucumocTh Bpemenn 1’ OT 4mciia TOUeK pa3bueHus n

n 400 600 800 1000
Tas 12,45 1.5 11,49 11,49
nac, % 7.6 0,09 0

Tar/2 12,015 | 11,185 | 11,18 1,18
Naty2, Jo | — 6,91 0,04 0
TAt/4 11,7125 10,9525 10,9425 10,9425
NAt/4; % 6,49 0,09 0

[Toste ckopocTeii COOTBETCTBYET XapaKTepPy IMPOTEKAEMOTrO MPOIECCCA, & AHAJIU3
TaOIAIBI TOKA3BIBAET, UTO C POCTOM 7 BEJITMUNHA, 1) YMEHbBIIAETCH, 8 3HAUNT MMEET Me-
CTO <IIPAKTUYIECKAsT CXOAUMOCThy. JlasmbHelinmume ncciesoBanns OyayT BBIIOIHATHCS
JUIA BKJIIOYEHNI IMPOM3BOIBLHON (POPMBI M IIPOM3BOJILHBIM pa3MelleHneM B 00/1acTh
[IpoIeCca.

Jlureparypa

1. Huxkoasckuii /1. H., /Topoceesa B. I1. MaremaTmdeckoe MOIeTNPOBAHIE By MEPHOTO IIPOIIEC-
Ca M3MEHEHUsI YPOBHsSI 'PYHTOBBIX BOJ TMOJ, J€HCTBUEM CHJIBI TSI¥KECTH METOOM TUCKPETHBIX
ocobennocreit // Beraucant. Meroast u nporpammuposanne.—2011.—Ne 12.—C. 85-89.
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O PEKOHCTPYKIUU IMTPEABAPUTEJIBHOTI'O HAITPAXKEHHOT'O
COCTOSIHUS B ®YHKIMOHAJIbHO-I'PAJIMEHTHBIX HUJIMHAPAX!

B. B. Hdynapes (Poccusi, Bragukaskas; FOMI),
P. M. Muyxun (Poccust, Pocros-na-/lony; FODYV)

B macrosiee Bpems 06/1acTh TpuMeHeHUsT (PYHKITMOHATHHO-IPAINEHTHBIX MATe-
puasiop (PI'M) mocTogHHO pacupsercs. 910 00YCIOBIEHO B MEPBYIO OYepeb WX
MIPEUMYIIECTBAME 10 CPABHEHUIO C OOBITHBIMU OHOPOIHBIMU CTPYKTYPAMU U CJIO-
UCTHIMU KOMIIO3UTAMU: YMEHBIIEHHBI! PUCK BO3HUKHOBEHUS OTCIOCHUS W TPEIINH,
COYeTaHVe PA3INIHBIX (PU3UKO-MEXAHUIECKUX CBOWCTB, N3MEHSIONINXCS 110 MOIE/INU-
pyeMbIM 3akoHaM B Teje, u napyrue. Vsrorossenue oobekToB u3 ®I'M sapnsgercs
CJIOZKHBIM TEXHOJIOTMYECKUM IPOIECCOM, KOTOPBIfi 0OBIYHO BKJIIOYAeT B Cebs Takue
ollepaluu, KaK HalblJIeHre, [IOCJI0HOe IIpeccoBanue, CleKaHue, IjIaBjieHue u T. 1.
B cuny mHecoBepiiiencTBa peasu3aliuy STUX OlePaIuii U MOC/ey FOIIEN SKCILIyaTAINH,
B M3/1e/1M1 OOBIMHO BO3HUKAIOT peasapurensanie Hanpsikenns (ITH). TTpu sTom Kon-
TEHTPAITUS ITUX HAMPSKEeHNt HADII0MaeTcs B o01acTu AedexTa uan 30HbI JeCTPYK-
muu. OgauM n3 wHaubosee 3(PMEKTUBHBIX METOI0B HEPA3PYIIAONIEH JTUATHOCTUKI
ITH saBigercss MeTO aKyCTHIECKOTO 30HIMpOBaHUs |1].

B pabore paccmorpena 3ajada O paauaabHBIX KOjedaHWsaX (DYHKIIMOHATHLHO-
rpajieHTHOro moJjoro muanHapa ¢ yaeroMm [TH B pamkax momenun Tpedbdrma — [y-
34 [2] Kosiebanust BBI3BBIBAIOTCS paCHpeeeHHON MepuondecKoil Harpy3Koii, npu-
JIO2KEHHOI Ha BHeITHel rpanuiie. [IpuHATO, YTO BCe BEUYUHBI, XapaAKTEPU3YIOINe
cBoiicTBa nmyMHApPA U 3akoHbl pacupezeneHus [IH, asagiorcs dyskmmamu To/1b-
KO paJinajbHOil KoopauHarhl. Perenne npsmoit 3aja4un 06 onpenesienun (pyHKIUN
CMEITeHNST J7Is O0TIEro caydasi HeoJHOPOTHOCTH PEATU30BAHO UUCIECHHO C TIOMOTIHIO
MeTo/1a nmpucTpeakn. B kagecTse 3akon0B m3menenus moJist [TH paccmorpensr dyHk-
U7, XapaKTePU3YIOIHe OCTATOTHOE HAMPSI)KEHHOE COCTOSTHIE TTPU HAJUINY TIJIACTH-
9eCKO#l 30HBI, 00PA30BABIIENCS B PE3YJIbTATE AEHCTBUS IKCILIYATAMMOHHOTO BHYT-
pennero gasjenus. llpoBejieH aHaM3 U3MEHEHUS AMILIUTY/IHO-YACTOTHON XapaKTe-
puctuku B 3aBucumoctu ot yposus [TH.

s pernernst 06paTHON 3312491 O PEKOHCTPYKITUH ITPEIBAPUTETHHOTO HAIPSIYKEH-
HOT'0 COCTOSTHWS 110 JAHHBIM 00 M3MEHEHNN PE3OHAHCHBIX YaCTOT KOJIEOAHUI PaCCMOT-
PEeHBI 33/1a4u 0 CBOOOHBIX KOJIe0aHUAX MUINH/pA npu Hajguaun u orcyrcrBun [TH.
C moMoIIpio HHTErPAJIbHBIX TPE0OPA30BAHMI IOy YEHO COOTHOIIEHUE, CBSI3bIBAOIIEE
MOTIPABKY K PE30HAHCHOI YacToTe KOJIEOAHU IPeTHANIPKEHHOT0 TUIHHIPA C 3aK0-
namu pacupejesenusi komnonenT [TH u dopmoii cBobogubix konebanuii muinapa

! Pa6oTa BBIMOTHEH, TpU mMOIepiKKe IIporpaMMbl hyHIAMEHTAIBHEIX HCCIIEIOBAHMIIA TI0 CTPaTe-
TUYECKUM HANpaBJieHuaM pas3surus Hayku IIpesumuyma PAH Ne 1 «DyunaMenTaabHbie TPOOIEMbI
MaTEeMaTUIeCKOro MozeaupoBanusy», Ne 114072870112, «Maremarudeckoe MOIeINPOBAHNE HEOIHO-
POIHBIX ¥ MHOTO(MA3HBIX CTPYKTYp» U Poccuiickoro ¢poHma GpyHIaMEeHTATLHBIX UCCIEIOBAHMI, TTPO-
exTsl N¢ 13-01-00196, Ne 14-01-31393.
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6e3 IIH. Ha ocmHoBe 5TOro COOTHOIIEHHSI C YIETOM JOMOJTHATEIbHBIX JAHHBIX O 3HA-
YEeHUAX [IBYX PE30HAHCHBIX YaCTOT ITOCTPOEHA UMC/IEHHASI CXEMa I OIPE/IE/TeHUS
ypoBHga IIH m paamyca 30HBI ITacTUIHOCTH. lIpoBe/leHBI BBIYUC/IUTETbHBIE JKCIIE-
PHUMEHTBI 110 PEIEHNI0 00PATHON 3a/a9u JJIsT PA3JINIHBIX 3aKOHOB HEOIHOPOIHOCTH,
CIeJaH QHAJIN3 TOYHOCTH IOy IeHHBIX PE3Y/IbTATOB U TaHbBI MPAKTUIECKNE PEKOMEH-
JAIAN IO OCYIIECTBACHUIO0 HanbO0Iee TOYHON PEKOHCTPYKITI.

Jlureparypa

1. Barympsan A. O., Ayzapes B. B., Hequu P. /I. IlpensapuresibHble HALIPA2KEHUS: MOIEJIUPO-
Bauue u unenrudukanus.—Pocros v/ /1.: 3n—80 1ODY, 2014.—206 c.

2. Barymnpaua A. O., Tynapes B. B., Boraues . B. O6 onpeeieHun mpeaBapuTebHOrO HAIPSI-
2KEeHHOro cocrognus B Tpy6e // Hoxn. AH.—2014.—T. 456, Ne 3.—C. 299-301.
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ACHUMIITOTUKA INEPUOJNYECKHNX 10 BPEMEHU PEIIEHWI
B CUCTEME PJIESI C TU®DY3UEN

A. B. Kazapuukos (Poccust, Pocros-na-Tony; ODY),
C. B. PeBuna (Poccus, Bragukaskas; FOMN)

PaccmarpuBaerca cucrema @urnixpio — Harymo ¢ muddysueii:

v =1Av+e(w—av —f),

(1)

wtzugAw—v—i-uw—w?’,

rne v = v(z,t), w = w(z,t), z € D, t > 0, D C R* — orpannuennasg 06,aCcThb,
i € R — ynpasagromuii napamerp, o > 0, 8> 0, >0, vy > 0, 15 > 0 — duxcn-
posanubie napamerpsl. [lonoxus B (1) a =0, 8 =0, e = 1 u B398 K03DDUIMERTHI
nncdy3un paBHBIME V] = Vg = V, OAyYnM cucteMy Panes ¢ muddysuei:

vy = vAv +w;  wp = vAw — v + pw — w?. (2)

Henpro macrosieit paboThl ABJISETCS MOCTPOEHUE BTOPUYHBIX, HEPUOMUMIECKUX
110 BPEMEHU peIleHnil, OTBETBISIONINXCA OT TPUBUAJIBHOTO HYJIEBOTO PeIleHnud IpU
W3MEHEHUU yIPaBJILIONiero mapamerpa . 3BecTHo, 910 B Ciydae KPAEBBIX YCJIO-
puit Heitmana muddysns He oKa3bIBaeT BAWAHUS HA XapaKTep aBTOKojebaHuit u B
9TOM CJIydae HabJIOIaeTcs TPOCTPAHCTBEHHO-OJHOPOIHBIN aBTOKO/1€0aTeTbHBIN pe-
xkuM. B Hacrosieit pabore B KauecTBe KPAEBBIX YCJIOBUI PACCMATPUBAIOTCS YCIOBUS
Jupuxje u cMelanubie KpaeBble ycaoBusi. [1opoOHbIe BBIKIAIKYU /I CAydasi Of-
HOW MPOCTPAHCTBEHHOW NEepPEeMEHHON NMPUBEACHBI B [1] st mostyuenust BTOPUIHBIX
pemeruit npumenes meron Jlsnyrnosa — [vuara B dpopme, passuroit B. U. FOmo-
BuueMm [2].

Jlureparypa

1. KazapuukoB A. B., Pepuna C. B. Budypkanmonnoe mnosejeHue pemeHuii cucrembr Pa-
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2. FOgoBuu B. H. UccsienoBanue aBroKoae0aHUN CIUIOIIHOM CPebl, BOZHUKAIOUIMX LIPU 1I0TEpe
YCTOMYMBOCTH CTanuoOHApHOrO pexxuma // Ilpuki. mMaremarnka u mexaHunka.—2013.—T. 36,
Ne 3.—C. 450-459.
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O BbIYUCJIEHY OJHOPOAHBIX COJIMTOHOB PI1YYN
HA TPVIIIIAX JII MAJIBIX PABMEPHOCTEI1

I1. H. Knenukos (Poccusi, Bapuaym; Anrl'Y),
. H. Ockopbun (Poccus, Bapnayr; Antl'V),
E. . Poguonos (Poccusi, Bapuaym; Ant['VY)

[Tonroe pumanoBo MHOTOOOpasme (M, g) Ha3BIBAETCA COMUTOHOM Puyum, ecim
MeTpHKa ¢ y/J0BJIeTBOpsier ypaBHenuto (cm. [1])

rae 7 — ten30op Puuum, C' € R — koncranTa, Lxg — mpousBognas Jlu Merpuku g
10 HATIPABJIEHUIO MOJTHOTO AuddepeHITnpyeMoro BEKTOPHOro oIt X . 3aMeTuM, UTo
JIaHHOE YPaBHEHUE SIBJISIETCS, B M3BECTHOM CMBICIE, 0D00IIEHNEM ypaBHEHUsT D¥H-
mreitna: r = C - g. Ecom M = G/H — ofgHOPOAHOE IPOCTPAHCTBO, TO OJHOPOTHAS
pPUMaHOBa METPWKA, y/0BaeTBOpsiiomas (1), Ha3bIBaeTCs OHOPOHBIM COJUTOHOM
Puaun. B sTom cydae omHOPOIHBIE 3WHITITEHHOBBIE METPUKY W OJHOPOIHBIE COJIH-
TOHHbIE METPUKHU U3ydaauch B paborax [2—4].

Paccmorpum Takxke anrebpamdeckne COMUTOHBI PUYdm, KOTOpPbIE TECHO CBsI3a-
HBl C OJHOPOAHBbIMU cosmToHamu Puuaun (cm. [5]), U oupejessirorcs, B HEKOTOPOM
OpTOHOPMUpPOBaHHOM Gaswuce, dhopmyoit (cum. [4]):

Ric=C-1d + D, (2)

rie Ric — marpumna omeparopa Puuun, C' € R — komncranTa, Id — equananas mat-
pura, D — marpura mekoroporo muddepennupoBanus aaredps g.

B nannoit paboTe ¢ mOMOIIBIO KOMIIBIOTEPHBIX MOJIE/IEll, peaM30BaHHBIX B CPE/Ie
IMaKeTa aHaanTuIeckux Beraucsaenuit Maple, mosryuena kiraccudukanus aaredpande-
CKUX COMUTOHOB Puuum (2) Ha deTplpexMepHBIX rpymnmnax Jlu ¢ JieBOMHBapuaHTHOM
pumanoBoit MmeTpukoii. Kpome T0ro, 10Kka3aHo OTCYyTCTBUE HETPUBUAJIBHBIX PEIIEHU
ypaBHeHUil commToHOB Pravn Ha deThIipexMepHbIX Tpynnax JIu ¢ JeBOMHBapUAHTHOMN
PUMAHOBON METPUKOI B KJIAcCe JIECBOMHBAPUAHTHBLIX BEKTOPHBIX IIOJIEH, a B CIydae
TpeXMEpPHBIX Tpymil JIu ¢ JeBOMHBAPUAHTHON JIOPEHIIEBOI METPUKOIl HaiigeHbI BCe
pellieHust ypaBHeHust couToHOB Puaun B ciydae, eciiu X — JIeBOMHBAPUAHTHOE BEK-
TOPHOE T0JIE.

JIureparypa
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[IJIOCKOITAPAJIJIEJIBHA S 3ATAYA SBOJIFOINN I'PAHUIIBI
PA3BJIEJIA KIIIKOCTEN PA3JINYHBIX BA3KOCTEN
B AHU3OTPOIIHOM IIJIACTE 'PYHTA!

0. B. Kocrun
(Poccun, Open; Akagemus ®CO Poccun)

[TocraBiena u wucciemoBaHa 3ajada SBOJIONUU TI'DAHUIBI pPa3jiesia KUIKOCTEN
I’y jutst 1BymMepHOro TedeHusi B aHM30TPOIHOM TOHKOM HEIeOPMUDPYEMOM ILJIACTE
rpyaTa ¢ Tersopom nponunaemoctu K = (K;;) (i,7 = 1,2). Teuenne xumkocreii
BA3KOCTEH (] U g 3aHuMaomumx objactu Dy u Do, onmceiBaem BO Beeit objractu
D = D; U Dy nnockoctn z 0000menabIM oTeHtmanom ¢(z,t) n dbyHknueir Toka
¥(z,t). OyukUu @ U ¢ 3aBUCAT OT 2z = « + iy u Bpemenu t. @ynkunu @(z,t) u
Y (z,t) BCromy B 00sacTn D 3a MCKIIOYEHMEM UX W30JMPOBAHHBIX 0COOBIX TOYEK Y10

BJIETBOPAIOT CUCTEMe ypaBHEHU
Um:K118£+K128£:8£, Uy:Kmaﬁ—i-Km*:—*- (1)

ox dy Oy x Yy

[Tonaraem, 9To 3aaHbl UCTOYHUKHN (CTOKM) TedeHws: B obaacTu D €j10st poHUIIae-
moctu K. T'panunbl mogenupyem npocrbivu (6€3 camonepecedenuii) riaKuMu uim
KYCOYHO-IVIQJIKUMU 3aMKHYTbIMEU KpuBbiMu. Ha rpanuiie mojesnupyemoit B J1i000it
MomeHT Bpemenu ¢ 2> 0 kpuBoit I't JTOJI2KHBI BBITOJIHITHCS YCJIOBUST HEIIPEPBIBHOCTH
JIABJIEHUST ¥ PACX0/a, kuakocreil (opr nopmann k 'y manpassien BuyTpsb obaactu Dy ):

et (2, ) = pagp (2,1), 97 (2,8) =97 (2,8), z€Ty, (2)
U YCJIOBUSL PEryJISPHOCTH:
p(z,t) = O(|z| ™), |K(2) - Ve(z,t)| = O(|2|™%) mpu |z — . (3)

[TosioxkeHne TpaHuIBl pasjena Kugkocreii I'y B mo6oit MomenT Bpemenu t > 0
OTMCHIBAEM B TJIOCKOCTH Z TTAPAMETPUYECKUMI yPABHEHUSIME ($ — mapamerp): z =
z(t,s) (x = z(t,s), y = y(t,s)), z € I'y. lomaraem, 910 B HAYATLHBIN MOMEHT
spemenu ¢t = 0 nosioxkenne rpaanipl nzsectno (I'y = Ip):

z0 = 2(0,8) (xo =x(0,s), yo =y(0,s)), 2z € L. (4)
Juddepernnaabable ypaBHeHHA IPOABUKEHAA TPAHUIBI |y HIMEIOT BI

de _of (z,y,t) +vg (w,y,t)  dy _ vy (@y,t) + o, (2,y,0)
dt 2 Codt 2 ’

(.I,y) € Pt' (5)

!PaBora Bbinonnena npu duHAHCOBOIM HomepkKe Poccniickoro Gouga dyHIaMEeHTATBHBIX UC-
caenoBannit u Opsiosckoit obsacru, npoekr Ne 12-01-97522 p__uenrp _a.
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Bnecs vi(z,y,t) u v;t(x,y,t) — mpeJieJIbHbIe 3HAUEHUs COCTABJISIIONINX CKOPOCTH.
Takum 06pazom, 3a/1a4a IBOTIONUY JIBYMEPHOI rpaHuibl pasaesa kujakocrei ['y cra-
BUTCH B IJIOCKOCTHU Z CJIEJIYIONTUM 00pa3oM. 3ajaHbl TeH30p MpOHUIiaeMocTu cjosd K
BSI3KOCTH 2KMJIKOCTEl, HavabHoe nojozxkenue rpanunpt ['o. Haittu ¢(z,t) n nonoxe-
Hre rpanuisl 1y B mocienyromme momenTsl Bpemenu t > 0. UccienoBanue 3amadn
COCTONT B MHTETPHPOBAHUN CHCTEMB! ypaBHeHuii (4) ¢ yaerom ycmosmii (1)—(3).
[MocraBrennyio 33129y (MaTeMATHIECKN BECHMA TPY/HYIO) PEIIAEM CJIEY FOTTIM
MeTo0M. BBe1eM KOMILIEKCHYIO BCIIOMOTATEIbHY IO IJIOCKOCTh (, T/Ie TeYeHne B 00.1a-
cru D' xapaxrepusyercsa dyukuuavu o(C, ) u (¢, t). Obmactu D u D' B3anmocss3za-
HBI TOMEOMOPGHBIM (B3aMMHO OTHO3HAYHBIM U HETPEPBIBHBIM ) TPe0OPA30BAHIEM I10-
JIO?KUTEJIBHO OTIPEJIEIEHHBIM IKOOMAHOM, KOTOPOE yIOBJETBOPSIET yPaBHEHUIO Besrb-
tpamu. [1] B 3T0ii maockocTn BBeeM KomILiekcHblit notermuan W (¢, t) = p+i /K,
rie K' = VK5 — ivVK, (Ks n K, — onpeenuresn CAMMETPHYHO 1 aHTHCAMMET-
puumoit wactu remsopa K = (K;;)). IlocraBiennyio Bbllle B IVIOCKOCTH 2 3aady
dopmymupyem s W((,t). Komnnekcnniit norennuan W ((,t) upeacrasiasem 060-
meHHBIMET THTerpastamu Kot 910 mo3Bo/IsieT peayupoBaTh B MJIOCKOCTH ( 3a1a9y
K CHHTYJIIPHOMY HHTETPATLHOMY YPABHEHHIO Ha TpaHuIie 1, permaeMoMy n3BeCTHBIM
MeTOoZIOM JMCKpeTHBIX ocobernocreii [2]. To naiigeHHbIM B 1I0CKOCTH ( PEIEHUsIM,
ucnosb3ysa romeoMopdusm ¢ = ((2), OTBICKMBAETCS HCKOMOE PeIlleHne MOCTABIEHHOM
3a/1a49¥ B IJIOCKOCTH Z. JI/Ist MOCTAB/IEHHON 3312491 MCCIEI0BAHO BAMSIHIE AHU30TPO-
UK TpyHTa, GOPMBI EPBOHAYAIBHOM TPAHUIBI U PA3IMYNs BA3KOCTEH KUJIKOCTEIH.

JIuteparypa

1. IluBenr B. @. [IBymepHada 3a7ada BOJIIOIUN T'DAHUIIBI pa3fesa JKUIKOCTEH B aHH30TPOI-
HOM cJI0€ OopucToit cpeapt // Tp. mexkmynap. mkos-cemunapos «MIO3M®».—Opes: OI'Y,
2009.—Bsim. 7.—C. 81-91.

2. JIugpanos H. K. Meton CHHIYJISIpHBIX HWHTErPAIbHBIX YPABHEHUN W YUNCIEHHBIH SKCIIEPH-
merT.—M.: TOO HAryc, 1995.—520 c.
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MATEMATUYECKOE MOJIEJIMPOBAHUE TPEXMEPHOII 9BOJIFOILIUN
I'PAHNIIBI PA3JIEJIA «PABHOIBETHBIX» »KIJIKOCTEI
B AHM30TPOIIHOI IIOPUCTON CPEJIE

/1. B. KppbiintTonuu
(Poccusg, Oper; OI'Y)

PaccMoTpuM TpexMepHyo YCTaHOBUBIILYOCS (DUIBTPAIIUIIO HECKIMAEMOM YKUTKO-
CTH B OPTOTPOIHON HEOMHOPOAHOI n HepedopMupyemoii nopuctoii cpeae. IIponuniae-
MOCTb TPYHTA 33/12€TCsl AUaroHaabubIM Ter3opoM Ky (M) = K;(M)d;; = kix(M)dsj,
i, =1,2,3, rne M — rouka nabirogenus, d;; — cumbos Kponekepa, k; — 1mos1oxu-
Tepable KOHCTAHTRI, X (M) — menpepobisro mud depennupyemast byHKIMS, 381210
masi HeoJHOPOJHOCTE cpeibl. CropocTs dbunbrpanuu U = (U1, U2, U3) ONpeIeseTcs
o6obimennbiM 3akonom Jlapcu [1]. Berogy B obmacrtu Tevenust D (3a nckiodeHnem
0COOBIX TOUEK) CIPABE/TMBO yPABHEHUE HEPA3PBIBHOCTH:

> ki <X(M) et )) —0, &

rie (M) — o6obIeHHbI TOTeHIAT CKOPOCTH (DUIBTPAIUN, T1, T2, T3 — JEKAPTO-
BBI KOOpAWHATHI. Tak Kak cpema HEOTHOPOSHA, TO B obaactn duapTpanun ) MoxKeT
MIPUCYTCTBOBATHL CHHTYJSPHAS IIOBEPXHOCTH 09 = 091 U 0g2, Ha KOTOPOHl (DyHKITHA
X(M) obpaiaercss B beckoHedHOCTb (Ha 0p1) WM B HOJIb (Ha 002). YcsoBus st
0600IIEHHOTO TIOTEHIMAIA Y Ha IpaHure oy 6yayT uMeTsb Buf |1]

+
(p(M)"’ = 0, M € 001, <X(M)8§7§]]\\j)> = 0, M e 002, (2)

rae 7y — OPT HOPMAJIU K 0(2.

Yenosust peryagprocTn 0600menHoro noreanuana ¢(M) na 6eckonedHOCTH NMe-

10T BUJT

e =0(1). xnTen|=0( ;). ro. 0
rje r — paccrogame oT Touku Habmomenusa M (1,2, x3) 10 (GUKCHPOBAHHONR TOUKH
Mo(x()l,l‘og,xog), M, Mo e D.

B obmactu dunprparun D npucyrcrByer rpanuna 'y, pasmendromas gBe KUl
kocru. [Tosaraem, uro uabTPAIMOHHBIE CBORCTBA XKUIKOCTEH OJIMHAKOBBI (MOJIEH
«Pa3HOIBETHBIX» KuAKocTeit). [losoxkenne rpanunst I'y onuceiBaeTcs napamerpude-
ckumu ypasHenusimu (¢ > 0 — Bpewms, S1, Sg — IapaMerpbl):

Iy oy =a(t,s1,82), i=1,2,3. (4)
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B magasbHBIIT MOMeHT BpeMeHt ¢ = (0 TTOJI0KEeHUE STON IPAHUIILI 33/1aHO:
I'y=Ty: xoi =x;(0,81,82), 1=1,23. (5)
VYpaBHEeHUS JBUXKEHUS TPAHUIBI pa3jesa KUJIKOCTeH MMeI0T BUJ

d.%’i _ 8¢(M)
o = ki )7&% ;

L= 1v2’37 (‘Tla-TZaxS) € Ft- (6)

Takum 06pazom, 3aaH0 noJ10zkenune rpanunst 1y, Tenzop nponumnaemoctu K (M).
Heobxomnmo naiitu mosioxkenne rparuiiel 'y (4). Pemrenne 3amaun cocTouT B OTHIC-
KaHuu OOOBIIEHHOrO MOTEHIMAA , KOTOPBIH yjoBiaeTBopsieT ypasuenuio (1), rpa-
HUYIHBIM ycaoBusM (2) u ycaoBuaMm Ha Geckoneunocru (3). lamee maTerpupyercs
cucrema ypasHenuii (6) upu HavaabaoM ycsaosuu (5).

B paboTe 6bLT BCCIET0BAH HEOAHOPOAHBIA OPTOTPOIHLIA IPYHT C TEH30POM IIPO-
nunaemocru K (M) = kixgéij, 1,7 = 1,2, 3. Illony4dennl ananuTrndeckne GOPMYJIbI st
HaX0XKJIEHWA BPpEMEHN JOCTUZKEHUA FpaHI/IHeﬁ Ft CKBa?KVWHBI B PA3JIMIHBIX C.T[yqa;{X
B3AMMHOTO PACIOJIOKEHAS CKBAXKUHBI, TPAHUI 'y 1 0(2. IIpoBenen aHaIm3 BIUMSHAST
HEOIHOPOJHOCTU Ha BPEMsI JOCTUXKEHUsI IpaHulleil CKBaKUHbI. C MOMOIIBI0 METO/1a,
iisepa ¢ aJaNTUBHBIM IArOM [2] cMoeImpoBaHa SBOJIONUS EPBOHAYAIBHO TLIOC-
KO TPAaHUIIBI pa3jesna KUJKOCTeH K TOUeIHOMY CTOKY, PACIOI0KEHHOMY Ha CHHTY-
JIAPHON IIOBEPXHOCTH 0()2.

Jluteparypa

1. ITupewp B. ®. Maremaruueckue mopenu duiabrpamuu kugakocru.—Oper: Usg-Bo OI'Y,
II® «Kapryms, 2015.—408 c.

2. Kpsemrronna /1. B., @exsie FO. C. Matematudeckoe MOIeINPOBAHUE TPEXMEPHON JBOJTIO-
¥ TPAHUILBI PA3/esIa «PA3HONBETHBIXY KHUIKOCTEN B aHU30TPOITHONU OTHOPOJTHOU MOPUCTOM
cpene // Yuensie 3amucku Opios. roc. yu-ta.—2014.—Ne 6 (62).—C. 17-21.
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PABOTA COBEPIIEHHOI CKBAYKIHBI C ITPIMOYT'OJIbHBIM
KOHTYPOM IIMTAHUS B AHU30TPOITHOM I'PYHTE!

. T. JIekomiieB
(Poccus, Open; OT'Y)

[TocraBnennas mIOCKOMApALIETbHAL 33/1a4a O 1e0NTe CKBAXKWH B AaHM30TPOITHOM
OJIHOPOJIHOM TIJIACTe TPYHTA € MPOM3BOJBHBIM KOHTYpOM nuTanus [1| ucciaemyercs B
CJlydae KyCOIHO-TIaAKOr0 (IpsiMOyro/ibHOr0) KOHTypa nutanus. CoBepienHas 3Kc-
MLIyaTAIMOHHAS CKBAKIHA, 1ebuTa () pacmoioxkeHa B TOPU30HTATBHOM TLIACTE TOCTO-
auaoN TosmuHbL. ['pyHT 11acTa, HegedopMupyeMblii aHM30TPOITHBIN 1 OTHOPOHBI,
xapakrepusdyerca kKodddurumenToM mpoHunaemoctu K — TEH30poM BTOpPOTO pPaH-
ra (BooO11e roBopst, HECUMMETPUIHBIM ). B MPeInoiokKeHnn m10CKOnapasiebHOCTH
sagaau K = (Kjj), 1,7 = 1,2. Komnonentsr (K;;) — mocrosuusie. s ompese-
JIEHUsT BKJIAJa B JeOUT pPa3/JUIHBIX KOMIIOHEHTOB TEH30pa BBeIeM KO3(MMOUIHEHTHI
o= Koy /K1, f= (K2 + Ko1)/(2K11), v = (K12 — K1) /(2K11), 8% < . Konryp
CKBasKHHBI — OKDPY:KHOCTH 0¢: 22 4+ y? = R%. KOHTYp NUTaHHS — TIPSMOYTOMTb-
HUK O7[, 00pa3oBaHHbIH OoTpe3kamu npsmbix: @ = By/2, © = —By/2, y = Ap/2,
y = —Ap/2, tne Ay, By — croponsl npaMoyroibauka, Ag = 1. Teuenne npoucxoaur
B obustactu D, orpanuvennoit koutypom 2 = o U 0¢.

[Tosaraem, 9TO KUIKOCTL HEC2KIMaeMasd 1 ee TedeHne crarmoHapuoe. O6o01eH-
ublit norenuunan @(M) = —(p + pll)/p (II — norennman mMaccoBoit cuibl — Cuiibl
TSIKECTH, P — JaBJIeHne, (L U p — BA3KOCTb U IJIOTHOCTH YKUJKOCTH) U CKOPOCTDH
dunbrpanyun U revenus kax dyuxinyun Touku M = (Z,y) yA0BIETBOPAIOT BCIOJLY B
obactu D, (32 UCKJIIOUEHnEM M30JIMPOBAHHBIX 0CO0bIX To4YeK ¢(M)) ypaBHenuio |2|:

0 dy dp 0 Oy Oy
— | 11— + K19— — | Ko1—/— + Ko9g— | = M € D. 1
83:( 118:r+ 126y>+8y( 2181‘+ 228y 0, € (1)

Vpaguenue (1) OTHOCHTCS K 3/UIMITHYECKOMY THUILY, TIPH YCJIOBUH, 9TO €r0 KO-
s¢dbunuenter K;j, 1,7 = 1,2, ynosrersopsitor coorsomenusM K11 > 0 (Ka > 0),
D(Kg) = K11 Ko — (K12 + K21)? /4. Bnecs D(Kg) — onpejeanTers CHMMETPIIHOIN
qactn Kg = (K + K1)/2 temsopa K (KT = (Kj;) — TpaHCTIOHHPOBAHHBIH TeH30D).
Ypasuenue (1) 3anucano B 6e3pasmepbix Besnuntax [2|. Jasienus Ha KOHTYpax o¢
u o nocrosuubie, s (M) umeem ycioBus (o U @I — KOHCTAHTBI, OO 7 ©I1):
o(M) =o¢n, M € o, (M) =¢pc, M € oc.

TPpyAHOCTE perenns MOCTABIEHHON 3a1a491 00yCIOBIEHA CIOXKHBIM BUJIOM yPaB-
uenust (1). Permenne 3HaunTeIbHO yIIPOIIAGTCS, €CIH TIEPEHTH HA BCIIOMOTATETLHY IO
mockocth O&n, ncnonb3yst romeomopdunie (adbduaabie) MpeobpaszoBaHus KOOPIN-
uar (npsimoe u obpatHoe). C el U3yUeHns BJIUSHAS AHU30TPOIUU TPYHTA HA Jie-
6ur BBEgeM BesmunHy € = (/Qo — 1, XapakTepu3yIOILy0 OTHOCUTEIbHBIN 1ebuT [3].

!PaBora Bbinonnena npu duHaHCOBOIM HOomepkKe Poccuiickoro Gouga dyHIaMEeHTAIbHBIX UC-
cnenoBauuit m OpioBckoit obmacTu, mpekt Ne 12-01-97522 p_mentp_ a.
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() — mebUT CKBAYKUHBI B AHM30TPOITHOM cpejie, (Jo — JAeOUT CKBAKUHBI B N30TPOITHOM
cpejie, onpe/ensieMblii 110 uzsectHoii dhopmyie [4]. Kak nokazano B [1], 3aga4y o pa-
6oTe CKBaYKWHBI B aHH30TPOITHOM CJI0€ IPYHTA MOXKHO CBECTH K PEIIEHUI0 CHCTEMbI
UHTEI'PaJIbHOTI'O YPAaBHCHHYA W MHTECI'PAJIbHOI'O COOTHOIIICHUA. ILJ'IH pemenud 3aa49un
BOCIIOJIH3yEMCsl METOJIOM JIMCKPETHBIX ocobenHocreil [5]. AHuzorponust rpyHTa MO-
JKeT CHJIbHO CKa3bIBAThCs Ha Jebure () (MOXKET ero yBeJWYnBATL WJIN YMEHBIIATDH
II0 OTHOIIIEHUIO K QO) C yBEJIMYIECHUEM OTHOINIECHUA HEANATOHAJIBHBIX K IHUarOHaJIb-
HBIM KOMIOHeHTaM Ter3opa (K;;) (yBennuenne koadpduumenta o, koaddunuent [ —
bukcupoBan) BIMsIHUE AHUZOTPONNU yMEHBINAETCS, BJIAUSHIE Y HE3HATUTETHHO.
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[IPOI'HO3MPOBAHUE ITPABOHAPYIIEHUI HECOBEPIIEHHOJIETHUX
1 OIITUMUIBAIIAS MEP IIPO®UIAKTUKI HA OCHOBE ®AKTOPHOII
MOJEJIN ITPOTUBOIIPABHOI'O IIOBEJIEHU $

H. B. Jlykamos
(Poccum, Mocksa; AY MB/I P®D)

[IpoTuBonpaBHOE TOBEEHNE HECOBEPIIEHHOIETHUX O0YCJIOB/IEHO KOMILIEKCOM
NPUYYH, UMEIONMX KAaK CyObeKTUBHYIO (JIMIHOCTHBIE OCOOEHHOCTH ), TaK U 00HLEKTHB-
HYIO (CIOCOOCTBYIOIIIE TPOTHBOTIPABHOMY TIOBE/ICHUIO BHEIIIHUE YCJIOBUSI) TIPUPOJLY.

[TpodmaakTrka TPOTUBOIPABHOTO TOBEIEHNS COCTOUT B KOMILIEKCHOM BO3eii-
CTBUU HA CYO'bEKTUBHYIO U OObEKTUBHYIO COCTABJIAIONIYI0 MOTHUBAIUU HECOBEPIIEH-
HOJIETHETO.

[Ipenaraerca mpu paspaboTKe MporpamMM OpPOMIIAKTUKYA ([IPOTHBO/IEIICTBUS)
¥ TPOTHO3UPOBAHUS COCTOSHUS MTPOTUBOIIPABHOTO MOBEIEHUS HECOBEPIIEHHOTETHUX
WCTOMB30BATH WHCTPYMEHTApwit (haKTOPHOTO aHAIM3a B COOTBETCTBUM CO CJIETYTO-
MIIAM AJITOPUTMOM.

MoTrBbl NPOTUBOIIPABHOTO MOBEICHUSA KJIACCUMPUITUPYIOTCS IO OMPEIETEHHBIM
MpU3HaKaM. 3aTeM BBIIEIOTCs (DaKTOPhI, CIOCOOCTBYIONINE X BOZHUKHOBEHUIO U
BO3MOZKHBIEC ME€PDBI HpOTHBOﬂeﬁCTBHH. Ka)KI[beI MOTHUB PaHZKUPYETCH 110 CTEIICHU BJIN-
sAIHUs HA 00Ul TOKAa3aTe/ b — YPOBEHDb MOAPOCTKOBOI IPECTYITHOCTU B peruoHe. I1o-
CJIe 9TOTO, MCMOB3Ys MepedeHnb (haKTOPOB, MOXKHO BBIPAOOTATH COOTBETCTBYIOIINE
MepbI BO3/IeNiCTBUS HA HUX, pa3paboTaB TEOPETUYECKU U/eATbHYI0 IPOrpaMMy IpO-
dbunakTuKy.

QakTUYecKu pedb UjeT O MOCTPOEHUU PErHOHAIBHON MOJIEe/ N MPUYUH [IPABOHA~
PYIIeHWT HECOBEPIIEHHOIETHUX. e OCHOBY COCTaBISIOT JAHHBIE O CYOBEKTUBHBIX U
00bEKTUBHBIX (DAKTOPAX MOTHBAIINY «M» TIOBEIeHNsT (MPOTHUBOTIPABHOTO WJIH, HATIPO-
THUB — MPABOBOTO) OIMPE/IE/ISIEMbIX SMIUPUYIECKH MTyTeM SKCIEePTHON OIEHKH, Mpei-
CTaBJIEHHBIE B BU€ CyMMapHOTro Kodddurmenta «Kmy.

Koaddpunment moTuBaimm MoxkeT OBITH KaK TOJOXNKUTETHHBIM, TaK U OTPHUIA-
TEJIBbHBIM, B 3aBUCUMOCTHU OT HAIIPABJIECHHOCTU BOSﬂeﬁCTBHH.

Hanpuwmep: o0bekTuBHBII (PAKTOp — BHEKJIACCHAS 3aHATOCTH IMOBBIIIAET OOITHii
K03 durmenT MOTHBAIMU K IIPABOBOMY IIOBEJICHUIO HA OIPEIE/IEHHYIO BEJIMIUHY,
a ee OTCYTCTBHE He IOBBIIIaeT o0t KodM UITHEHT MOTHBAIIMN K IIPABOBOMY IIO-
Bejtennio. CybbekTuBHblil hakTop — Ge3HaKa3aHHOCTb / YyBCTBO HEOTBPATUMOCTH
HaKa3aHUs MOXKET MPUHUMATH KAK OTPUIATETHHOE, TaK U I0JI0KUTETbHOE 3HAYEHNUE.

CyMmMapublit Kosddunuent MmoruBanuu «KM» TakxKe MOXKeT IPHHAMATL KaK OT-
pHUIaTeIbHOE 3HAUEHWE, ITO COOTBETCTBYET COCTOSTHUIO HECOBEPITEHHOIETHErO, TTPH
KOTOPOM OH, TIPU TMPOYUX PABHBIX YCAOBUSX TPU HAJIUUNE AJbTEPHATHBBI BBIOEDET
OPOTUBONPABHBI BAPWAHT MOBEJECHUSA, TaK W IMOJOKHUTEIBHOE, 9TO COOTBETCTBYET
CKJIOHHOCTU K TIpaBOBOMY ToBejennto. 3Hauenue «Km»= 0 obozunauaer naamndde-
PEHTHOT'O B OTHOIMEHUN MOTHUBAIIVN IIPOTUBOIIPABHOCTU CBOETO IOBEJACHNA HECOBED-
MIIEHHOJIETHETO.
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g sopmupoBanng «Kmy» mpuvewm, uto npu «Kmy»= —100, HecoBepIieHHOIET-
HUN COBEPITIAET B CPEIHEM OJHO TpecTyrienne B rox. Ilpwm cpemmecrarncrmaeckoM
«KM»= —1, BepOATHOCTH COBepIlleHns IpecTyIierns cocrapageT 1 B 100 jer, nin
1 npecrynnenue B rog wa 100 mecosepriennosietnux. «Kms= —0,1 coorBercrByer
yposuio nmpectynaoctrn 100 ma 100 ThIC. Hace eHNs.

Taxkum obpazom, yeuins mo TpodUIAKTHKE TTPECTYITHOCTH JOJIKHBI OBITH HAPAB-
JIEHBI Ha, TIOBBITIIeHNe cpennectarncTraeckoro Km. Beex mecoBepriieHHOIETHIX TTPET-
JlaraeTcsd pa3eauTh M0 IpynmaM TpPOMUIAKTHIECKOTO BO3AEHCTBUS, TTPU STOM KO-
sdpdurment «Km» paccanrhiBaeTcst B CpeHEM JIjIsi TPYbl. Hanpumep, JJist MKOJIb-
HUKOB CTAPINNX KJIACCOB (110 KaxK/I0M MIKOJIe), yIarmuxcs (10 KaxK10My yaeOHOMY 3a-
Besiennio), Gecnpuzopubix u T. 1. Cpeanecrarncruueckuii «Kmy mo pernony B meaom
BBICUUTBHIBAETCH KAaK CyMMa cpejuero «Kuy» Kaxk10#f rpymibl mpoduaIakTHIECKOTO
BO3EHCTBUS, YMHOKEHHOTO HA OTHOINEHNE YUCIEHHOCTH TPYIIBI K OOIIEeil ImnCIeH-
HOCTH HECOBEPIIEHHO/IETHUX B PEruoHe (paiiome).

Cpemnerssemennbiii «Kmy 1m0 paitony OyaeT BBICIUTBIBATHCA Kak cymMma, «Km»
Tpynn TpodUIAKTHIECKOTO BO3AEHCTBAST MTPOMOPIINOHATHHO TUCJIEHHOCTH TTOCTE-
HUX. AHAJM3 COOTBETCTBYIONMX 3HAYEHUH MO3BOJUT BHIABUTE, KAKasl TPYIIIA HECO-
BEPITIEHHOIETHUX BHOCUT HAMOOJIBIHI BKIA B aDCOMIOTHBIN YPOBEHB MPECTYITHOCTH
(c y4eroMm KOJMYIeCcTBa B PYIIIE).

Hecmorpsa ma TO, 9TO maHHOE TPEACTABIEHWE YIPOINEHO W HE YINTHIBACT Dsi-
718, (paKTOpOB, OCOOEHHO CHHEPTETUIECKOTO XapaKTepa B3aUMHOIO BJIWSHUSA, OTHAKO
TTO3BOJISIET MTPOU3BOINTH COOTBETCTBYIONINIT aHAN3 B TIEPBOM TIPUOIMKEHWMN.

Ha ocHoBe mo/iydeHHBIX JTaHHBIX MOXKHO OHpeAeuTb 3(hMOEKTUBHOCTH TOU UJIN
nHOU MPOodUIAKTUIECKON Mepbl KOHKPEeTHOrO (akTopa BozjelicrBus «Piy B OTHO-
[IEHUU KOHKPETHBIX I'PYII HECOBEPIIEHHOJIETHUX, & TAaKXKe, C yIeTOM YHCJIEHHOCTU
Ka2KJIOH IPYIIIIbI, OLPEE/UTD BJAUIHIE KAXK 10 Mepbl TPOMUIAKTUKY Ha 001Ul ypo-
BEHB MPECTYMHOCTHU 1O PETNOHy (paiiony).

Teoperudeckn MOXKHO MPOU3BECTU JAJTHHEHIIYIO OMTUMU3AIUIO 3aTPAT U3BECT-
HBIMEA MaTeMaTHIECKUMU METOLAMU TPU HAJWIUK JAHHBIX 110 CTOMMOCTH U PECyp-
coeMKOCTH KOHKpeTHBIX «Pmy. OHAKO peasin3alus STOTO Ha, MPAKTUKE B MacCCOBOM
TTOPSIZIKE 3aTPYIHUTETHHO, TI0 KpaiiHeit Mepe, Ha, 9Tame OCBOCHUS METOINKH.

[IpencraBisiercst, 9TO BBIMIENPUBEIEHHBIX JAHHBIX OyJI€T TOCTATOYHO [IJIsT JKC-
MEPTHOTO AHAMN3A W MPUHATHS 00OOCHOBAHHBIX DEITEHW Ha yPOBHE PETMOHATLHBIX
KOMUCCHIA 10 JI€JIAM HECOBEPIIEHHOJETHUX.
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HEVCTONYMBOCTDb ThIOPUHTA I ACUMIITOTUKA BTOPMYHBIX
CTALHMOHAPHBIX PEHIEHUIT CUCTEMBI IIHAKEHBEPTA

C. A. Jlpbicenko
(Poccus, Pocros-ua-/lony, FO®Y; Bragukaskas, KOMII)

B macrogmeii pabore paccmarpuBaerca cucrema lllnakenbepra, KoTopas siBJis-
ercs OHOI 3 (PyHIaMEHTAIBHBIX CUCTEM peakimu-auddy3nn ¢ KyOndaeckoit Heu-
HENHOCTLIO:

_ _ 2
up = Y[ (U, 0) + gy = y(a — u + uv) + Uy,
_ _ 2
v = vg(u, v) + dvge = v(b — u“v) + dvgy.

B sroit cucreme nenssectubie u = u(z,t) u v = v(x,t) TpeaCTABAAIOT OGO KOHIIEH-
Tpaluu JAByX OMOXUMUYECKUX BEIIECTB B TOYKE X B MOMEHT Bpemenu t > (), KoTopbie
SBJISIOTCS AKTUBATOPOM U cybcrparoM. [lapamerp d — mosioxkuTe bHbIN KO3(DdU-
nuent mauddy3un, Y — MOJOKUTETbHAS TOCTOAHHA, XapPaKTEPU3YIONiasi OTHOCHU-
TEJIbHYIO CUJIY BJIMAHUS CJAATaeMbIX PEAKIINU, ¢ U b — TOJI0KUTEIbHBIE TTAPpAMETPhI
peaxium.

I HEeyCTOMYMBOCTH CTAIMOHAPHOTO COCTOSAHWA 10 ThropuHry HEoOXoam-
Mbl YCTOWYHMBOCTH II0 OTHOIIEHUIO K IIPOCTPAHCTBEHHO-OJHOPO/IHBIM BO3MYIIEHU-
sam (B orcyrcreue auddy3un) u HEYCTONYMBOCTH TI0 OTHOIIEHWIO K HEKOTOPHIM
MPOCTPAHCTBEHHO-HEOTHOPOTHBIM BO3MYIIeHsIM (pu Hagnann uddysun).

N3BectrOo, uTO 00/1aCTh HEyCcTOWaMBOCTH Thiopuura cuctembl [1Tnakenbepra 3a/1a-
€TCs 9eThIPbMsI YCIOBUSIME, KOTOPBIE JOJKHBI BLITIOJTHITHCA OHOBpeMeHHO. /IBa u3
HUX COOTBETCTBYIOT YCJOBUSM yCTOWYIUBOCTH B 6€31ndpdy3noHHOM TPUOINKEHNN, &
OCTaJIbHBIE COOTBETCTBYIOT HEYCTONUINBOCTH paBHOBECHs B Ciaydae Haandnd auddy-
sun. [Ipu 3T0M HEOOXOAMMBIE YCAOBUS HE SIBJASIOTCH JOCTATOYHBIMU, & JOCTATOIHBIE
YCJIOBHUS 3aBUCAT OT PACCMATPUBAEMOIl 00IaCTH.

Hempro nHacrosimmeit pabOThl  ABJIAETCH HAXOXKJIEHUE JTOCTATOYHBIX —YCJIOBHIT
HeycToiiunBocTn ThiOpWHIra B CiIydae, KO IIPOCTPAHCTBEHHAS II€pEeMeHHasd
x € [0;1], u Ha KOHIAX OTpe3Ka 3a/aHbl Kpaesble yciaosus Hefimana. Haifigeno kpu-
TUYIeCKOoe 3HadeHne mapamerpa auddys3un, Ipu KOTOPOM BO3HUKAET HEYCTONINBOCTD
Thropunra.

N3BecTHO, 9TO TIPM 3TOM KPUTUIECKOM 3HAYEHUU MTPOUCXOIUT MOHOTOHHASA TOTE-
pd ycToiitunBocTn paBHOBecus cucTeMbl. Meronom Jlgamynosa — IImumara naitrenst
TepBbIe 9/IeHBI PA3JI0KEHUsT 0 MAJOMY MapaMeTpy HAJIKPUTUIHOCTU BTOPUIHBIX
CTAIMOHAPHBIX PEIIEHN CHCTEMBL.

B pabore Beimosinena Budyasin3aiius 0071aCTU HEYyCTORYUBOCTH T HIOPUHTA U TIPO-
BEJEHBI UNCJICHHBIE SKCIIEPUMEHTBI /I HAXOXK AeHNsST KPUTHIECKNX BOTHOBBIX IHCET.
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MO/IEJIMPOBAHUE TYPBYJIEHTHOI'O TEUEHUSI
B PYCJIOBOM IIOTOKE HA OCHOBE
PEJIYIIIPOBAHHOII 3D MO/IE/IN

K. A. Haponuu (Poccusg, Pocros-ua-/lony; FODY),
N. B. 2Kunsies (Poccus, Pocros-ua-/lony; FOHIL PAH)

B HAOKJIa /1€ IIPpECTAaBJ/JICHBI HOBbIE PE3Y/IbTAThl AHAJIMTUYECKOI'O 1 YnUCJICHHOT'O UC-
CJIeZIOBAHUST OJTHOM M3 MPEJTIOKEHHBIX B |1| peaypOBaHHBIX MAaTEMATHIECKAX MO-
Jiefieit, a UMEHHO, 6a30BOI MOJE/IN MEJIKOTO TPOTSI)KEHHOTO MTOTOKA. YUeT TypOyIeHT-
HOCTHU T€ICHUA OCYIIECTBIACTCA TMMOJTYIMITUPUICCKN B PaMKaX TUTTOTE3BI BYCCI/IHE}CKa.
Bepudukarust Mo/ein IpoBOUTCS TTyTEM CPABHEHUS JAHHBIX MPSIMOTO YHCJIEHHOTO
MOZEC/IMPOBaHUA Ha OCHOBE ITOJITHBIX ypaBHeHI/Iﬁ TUAPOJIMHAMUKA BABKOM KUJIKOCTHU
7 Pe3y/IbTaTOB, MOJYIEHHBIX Ha OCHOBE PEIYIIMPOBAHHON Mojenn. Berancanrebable
SKCIIEPUMEHTHI TPOBOJIM/IUCH C UCIO/Ib30BAHUEM KOHEYHO-3JIEMEHTHOTO KOMILIEKCA,
COMSOL Multiphysics (Femlab) [2].

,H.HH pacdeTOB r'uAPOJIOTUICCKUX XaPaKTEPUCTUK BOJOTOKOB IPUMEHAIOTCA MaTe-
MaTUYeCKue MOJIEJIN PAa3HBIX THUIIOB, CPEId KOTOPBIX Hanbojee TOUYHBIMU SBJISIOTCS
TPEXMEPHbIE MO/IE/IM, OCHOBAHHBIE HA IOJHBIX YPABHEHUSIX TUIPOJUHAMUKE TYypPOy-
JIEHTHBIX TE€YEHN. O,Z[HaKO Ha MTPaKTUKE TTOJIYyYUTH BHICOKYIO TOYHOCTH MOAEINPOBa-
HUsI, KOTOPYIO MOTYT obecrieunTh Takue 3D Mojenn, He yIaeTcs, TOCKOJbKY JaHHBIE
pPeaTbHBIX TUAPOJOTHIECKUX M3MEPEHUN He MMET TPedyeMoil TOYHOCTU 3HAYEHUN
ruaIpOUBNIECKIX MapaMeTpoB, a TakKe WHMOPMAIUN 0 HAYAIBHBIX U TPAHUTHBIX
YCJIOBUSIX /TSI TPEXMEPHBIX YPABHEHUI B YACTHBIX TPOU3BOIHBIX. Kpome TOT0, C102K-
HOCTH W TPYA0EMKOCTH BLIUNCJUTENBHBIX SKCIIEPUMEHTOB HA OCHOBE MOJTHBIX 3D Mo-
zeJieit ycyryOJisiercst reoMeTpueil pacueTHol 001acTr, CUIBHO BBITAHYTOM B TIPOJIO/Ib-
HOM HampaBJjeHuu. Boieckazannoe obbscuger untepec K 2D u pegynupoBanubiv 3D
MOJe/IAM PYCJOBBIX IMTOTOKOB, CJIO2KHOCTH KOTOPBIX a/IECKBATHA TOYHOCTU MMEIOIIUXCA
TUAPOJIOTIYIECKIX JAHHBIX.

B ocnoBy upejuiaraemoro B pabore [1] 1o1xo4a K BbIBO/Y MOJI€/IbHBIX yDaBHEHMUIT
TTOJTOKEHBI CJIEIYIONINE COOOPAKEHU.

Bo-miepBoix, pycoBbie MOTOKY XapaKTEPU3YIOTCS OTHOCUTEIBHO MAJION TJIyOMHO
TeYEeHUA 10 CPaBHEHHWIO C €ro H.II/IpHHOfI, a TaKXKe 3HAYMTE/IbHOMI TTPOTAZKEHHOCTHIO.
C ozHOIt CTOPOHBI, UX HEJIB3s (UM HE XOTEJT0CHh ObI) PACCMATPUBATE KAK OJJHOMEPHBIE
TeYEeHNA, HO HE CTOUT CUNTATH W BIIOJIHE TPEXMEPHBIMN O6'beKTaMI/I. T €. B OCHOBY
VIIPOIIEHUsT MOJIE/IA U TTOHWKEHUsI €€ PA3MEPHOCTH MOTYT OBIThH MOJIOXKEHBI T€OMEeT-
pudeckue napamerpsl 001actu TedeHusi. OTHOIIEHNE MEXK Y XapaKTEePHOH TyryOnHOi
U XapaKTepHO MUPUHON pedHoro pycsa kojebsercsa B npegenax or 0,1 g0 0,005,
9TO MOXKET OBITH OCHOBO# TMPUMEHEHHUST METOJIOB MaJIOTO IapaMeTpa.

Bo-BTOpbIX, ecTecTBeHHBIE BOJOTOKH BCET/IA SIBJIAIOTCA TYPOYIEHTHBIMU, TIO9TOMY
Jiobast, JlazKe caMast yIPOIIEHHAS MOJIe/Ib JI0JIZKHA YYUThIBATH TyPOYJIEHTHOCTH Te4e-
HUA. O,B;HaKO n3-3a HEAOCTATOYHOCTHU 3KCIEPUMEHTAJIBHBIX JAaHHBIX MOXKHO OTr'paHW-
YUTHCS TPOCTERTIMMEU Mojiesissmu TypoyaentrHocta [3|. Tpu sToM HEOGXOAMMO HUMEThH
BO3MOYKHOCTH KAJINOPOBKU MOIEIN TT0 WMEIOIIMMCST JaHHBIM HaOJII0IeHi.
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U maxoHerr, mpejjiaraeMble YIPOIIEeHHbIE MOJE/IN JT0JIZKHBI IPABUIHHO ONUCHIBATE
OPOCTbIC YaCTHBIE CJIyYaHn, PEIeHUA JJIsd KOTOPbIX U3BECTHBI 1 HE BbI3bIBAIOT COMHE-
Huii (HampuMep, JaMUHAPHOE TEUEeHHe).

OrmeruM, 9T0 B OTJIMYKE OT PACHPOCTPAHEHHBIX OCPEIHEHHBIX MOJEJIEH, mpe/-
naraeMble B [1] MOmesn yunTBIBAIOT NMPOCTPAHCTBEHHYIO CTPYKTYDPY TEUEHUs, 9YTO
MO3BOJISIET WCCIEeI0BATh BMsAHUE (DOPMBI JTHA W GEperoBoil JIMHUKM PYCJIa, a TaKkKe
HEKOTOPBIX BHEIMHUX (haKTOPOB (HANpUMED, BO3/AefCTBIE BeTPa) Ha 0COOEHHOCTH Te-
YEHHsI B PYCJIOBOM IIOTOKE.

Pe3y.)_H)TaT])I TPOBEACHHBIX BbBIYUC/JIUTE/IBHBIX IKCIIEPUMEHTOB MTO3BOJIAIOT YTBED-
JKJIATh, YTO WCIOJb3yeMasl PeIyIupOBaHHAS MOJIEb MEIKOTO MPOTIKEHHOTO CI1ab0
MCKPUBJIEHHOTO PYCI0BOTO TTIOTOKA BIIOJHE aJeKBATHO OMUCHIBAET €r0 I'MIPOIMHAM-
Ky U MOXKeT IPUMEHATHCS IS MOJIETUPOBAHUS IPUPOTHBIX BOJIOTOKOB.
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O ITOCTAHOBKAX 1 KOHEYHO-9/TEMEHTHOM MOJEJ/IMPOBAHUNUA
SAJAY C TEPMOSJIEKTPUYECKUMI KOHTAKTHBIMU I'PAHUTTAMU

A. B. Haceakun
(Poccus, Pocros-ua-/lony; FODY)

ITycrs X — BEKTOP NPOCTPAHCTBEHHBIX JAEKAPTOBBIX KOOpAMHAT; t — BpeMms; ) =
QMU — o6bem, Brirouatonuii asa oraensubix Tena Q1) u Q) I' — ero rpanura;
N — BEKTOD BHewIHel equananoit nopmanu K I'; (X, t) — DyHKIms 3/1eKTPUIecKoro
noreanmnana; 1(x,t) — dynkumsa Temneparypsr; Ty — Temmeparypa €CTECTBEHHOTO
cocrostaus; @ =T — Ty — PYHKIMSA TPUPOCTa TEMIIEPATYPHI.

[Mpumenm caemyromuryio cucremy auddepeHInaIbHbIX YPABHEHU, CBSI3BIBAIONINX
9JIEKTPUYECKUE U TeMIIePATyPHBIE OIS

V-j+D)=0, D=¢-E, E=-Vp, (1)
pcl+V-q=Q, (2)
j=o- (E-a-V0), q=I1-j—k-V0, II=(0+To)a, (3)

TJ1e UCTIOTB3YIOTCS OBIIenpuHAThIe 0603HadYenus |1, 3| u cyegyromne MaTepuaIbHbIe
MOJTYJTN: € — TEH30D KOIDPUITNEHTOB TNITEKTPUIECKIX TPOHUTAEMOCTEI, p — MI0T-
HOCTB; ¢ — yJeJbHAas TelJI0eMKOCTh; () — 00beMHasi TIOTHOCTh UCTOYHUKOB TEILTa,
a — ren3op kKodddunuenros 3eebeka; I — rensop koadbduiuenros Ilensrbe; k —
TeH30p K03 DUIMEHTOB TEILIOTPOBOTHOCTH.

K cucreme (1)—(3) npucoBoKynuM CTan apTHbIE KPAEBBIE 9JIEKTPUIECKHE U TEll-
JIOBbIE TDAHUYHBIE YCJIOBHUsI, & TAKYKE TEILJIOBBIE (TEPMOIJIEKTPUIECKUE) U JJTEKTPHU-
YeCKHe KOHTAKTHBIE KPAaeBble ycaoBust [2—4| Ha KOHTAKTHBIX I'DAHHIAX Fgl) u I’g)
o6memos Q) u QO3 coorercrrenno. KonTakTHbe MpaHIYHbIE YCIOBHS ONACHIBA-

I0TCS yPaBHEHUAMU

. d .(Im Ilm lm
n®- GO+ D0) =~ 00 g = g — Vg, xeTd. (@)
rae l,m = 1,2, npudem, eciu | = 1, To m = 2, u HA060POT, jéle;n) = Neet (9™ —)) —
0, (m) _

IIJIOTHOCTHb KOHTAKTHOI'O 3JIEKTPUYIECKOI'O TOKa B HAIIPABJICHUU I'DAHUIIbBI Fc ; qcth =

Neth (O(m) - 0(”) — MOTOK TEIIa OT IPAHUIIE I’gm) K I’gl), 00yCJI0BJIEHHBIN TEIJIOBBIMU
sapdexTamm; q[(:i;f) = ke jézn)(go(m) — o) — norok Tema 0T rpaHUILI ™ ¢ Fgl),
BBI3BAHHBI Juccnnanueit suepruy npu npoxoxaennu toxa; g\ = f. g = (1 - f),
f — MHOXKWTeJIb, ONpeIedoNyii pacupe/Ie/ieHe MOTOKa TeIlia IPU IPOXOXK IeHIH
TOKa, MEKJIy IPAHUIAMA Fgl) n F?) (0< f <1, uo06brano f = 1/2); 9 — KOHTAKT-
Hasl JEKTPUYECKAs MPOBOJUMOCTD; Ny, — KOHTAKTHAsS TEIJIONPOBOJIHOCTD; Ko —
MHOKUTE/Ib, ONPEAEIAIONNUIT 10110 TPeodPA30BAHNS JJIEKTPUIECKON SHEPIUN B J12KO-

yneso Terio npu Koutakre (0 < kg < 1).
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B momenn (1)-(4) cBA3aHHOCTD MEXKIY SJEKTPUIECKAMH U TEIUIOBLIMU IOJISIMI
ompee/asiercss Ten30poM Koahdunuentop 3eebeka a, MHOKUTENEM ke U KOHTAKT-
HO{l 97IEKTPUIECKOli IPOBOJUMOCTBIO T)gej. LTaKIKe CBA3AHHOCTH BOSHUKAET, €CJIN PAC-
CMaTPUBATh MaTEPUAJIbHBIE MO/YJIM, KaK (PYHKIMKM TE€MIEPATYDbl WM LOTEHIInAIA
(0 =0(0) nr n.), unpu ydere B 06beMHBIX UCTOUYHWKAX Temia Q JpKoysesa Teria
o 3akony Jxoynga — Jleuna Que; = kyej - E, rae kye — MHOXKUTEID, OIPEIe IOt
s derTuBHOCTL TPeobpa3oBaHisi JIEKTPUYECKO SHEPIUN B TEILIO.

[amee B mokiage TPHUBOAATCS Caabble MOCTAHOBKN CBSI3AHHBIX TEPMOJJIEK-
Tpuuecknx 3ajad (1)—(4) ¢ KOHTAKTHBIMU TPAHUYHBIMU YCJIOBUSIMU, MX KOHEYHO-
9JIEMEHTHBIE AMNPOKCUMAINU U CHCTEMBI yPABHEHWIl MeTO/a KOHEIHBIX SJIEMEHTOB
(MKD) orHOCHTEIBHO Y3JI0BbIX j1eKTprdeckux norennuanos ® u remneparyp T [3]:

Cup @+ Ky, @ +Kyp-T=F,,

Cop- T +Kpg- T =Fy+F (T, ).

Hna anammsa creruduku yeaoBuii (4) pacCMOTPEHBI MOJIETBHbBIE 3a/Ia9H, UMETO-
1€ AHAJUTUYIECKUE PEIeHNs], ¥ MPOBEJICHO CPABHEHUE STUX PEIIeHuil C JAHHBIMU
BBIYUC/IUTETBHBIX IKCIepuMeHToB 10 MKD.

JIuteparypa

1. Jlamgay JI. /1., JIu¢pmmr E. M. Teoperuueckas ¢dpusnka. T. 8. DiekTpoauHaMuKa, CIIIONIHBIX
cpen.—M.: Hayxka, 1982.—624 c.

2. ®paac A., Onqucuk M. Pacyer u xoncrpympoBanue terioodbMeHHUKOB.—M.: Aromusmar,
1971.—328 c.

3. ANSYS Rel. 11.0. Theory Reference for ANSYS and ANSYS Workbench.—Canonsburg: SAS
IP Inc., 2007.—1110 p.

4. Liu T. J. C. Finite element modeling of melting crack tip under thermo-electric Joule
heating // Engineering Fracture Mechanics.—2011.—Vol. 78.—P. 666—684.
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ITopaakoBelii aHaIN3 U cCMe>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAaHUS:
Te3uchl Mokaan0B XII Mexmyrapommoi mayanoii koudeperammn (c. Leit, 12-18 moms 2015 r.)

AJTATITAIIAS TEOMETPUN OTIINTIOBAHHBIX TTOBEPXHOCTEI
JIJIST CO3JAHUS PACUETHON CETKI

M. H. HukutuH
(Poccug, Camapa; CamI'V)

BBenenue

[ToBcemecTHOE M3MeEIBIEHNE PACIETHON CeTKHU He 3P (OEKTUBHO U 3aTPYIHEHO IS
Psijla HOBEPXHOCTEH BTOPOIo 1opsaKa. [Ipu 370M KOHMYECKKe HOBEPXHOCTH LIUPOKO
UCTIOIB3YIOTCS B TEXHUKE B BHJIE MACCUBOB OJHOTHITHBIX OOHEKTOB (OIMMMITOBAHHBIE
MOBEPXHOCTH TeroodbMena). B rakux ciayuasx addexTuBHa ajantarms reOMeTpun.

[Tpocroe ycevenne KOHMYECKMX MOBEPXHOCTEH (mmmnos) 6e3 KOMIEHCAIUU 1Mo3-
BOJISIET UCKJIIOUUTH HYJIEBblEe CUMILIEKCHI, HO MMPUBOJUT K YMEHBIIEHUIO IJIONIATei
OOKOBBIX MOBEPXHOCTEH THIIOB S1 U UX 00BEMOB V', M03TOMY JTaHHBIN METOJ ajall-
TaIuy He PACCMATPUBAETCS.

Kowmnencanus mromaam O0KOBO# MOBEPXHOCTH U 00beMa IIPU YCEUYEHWH IIUATIOB
MOXKeT OBITH peain30BaHa 3a CYET M3MeHeHus uxX KoHycHoctu C' = % (puc. 1).

Puc. 1. Yceuenue ¢ yrioBoii koMmmencanueii.

VrjoBasi KOMIIEHCalud IIPU IMOCTOAHHOM paamyce OCHOBAaHUA

[Ipu R = R’ npoussenenne obbema mmma u ero KOHycHoctr nocrosano (VO =
V'C" = const), a mpow3sBegeHne TIOMAN TOBEPXHOCTH IMWUINA W €r0 KOHYCHOCTH
N3MEHACTCA MMPAKTUICCKN JINHEHHO:

C?+4

SC = S'c’ —
C'* 4+ 4

(1)

Jna R = R’ tpebyemas BBICOTa CKOMIIEHCHPOBAHHOTO KOHyCa, H':
RR, R3H
R—7r R3 — /3

RVRZ+ H? — 1"

R2 _ 7‘12

H = V=V, (2)

H =R

— 1< Sgox = Séox' (3)

Hng komycuocreit 1/3...2 mpu R/r = 10 ommbka omnpenenenns He 6a30BOTO
napamerpa 1o Beipaxkenusm (2) u (3) cocrasager 0,5...1,7 %.
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YryioBasi KOMIIEHCAIIUs IIPU IOCTOSIHHOI BBICOTE

Ucxons n3 ycnosuss H = h'j, Tpebyemblii pajnyc OCHOBAaHNS CKOMITIEHCHPOBAHHOTO
konyca R’ u ero Beicora H':

R’:%(\/m—r'), (4)

R = f(RAr) /(R — P+ B2 (R +0') = RVEE+ 12—, (5)

, R'H
H' = . (6)
Beipaxenusi (3) u (5) upumeHumbl Jyisi COXpaHeHUs: o0bema Iuua, a BbIPa-
xkenng (4) u (5) — mwomaau ero 60KoBoil mopepxHocTu. PyHKINOHAIBLHOE BBIPA-
JKenne (4) pemaeTcs UTepanuoHHBIM MeTOI0M. XapaKTepHa 3HAUNTEIbHAS OIMNOKA

(> 2 %) npwm onpenenennn He 6a30BOrO MapamMeTpa.

BriBoab1

Yriosas kommnencanus npu R = R’ we pemaer npoG/ieMy yMEHBIIEHUS BbICOTHI
munos nocne ycedenus (h)/H ~ hi/H' = 1 — 1’/R), mo3TOMYy 3TOT BapuauT He
MOZKeT OBITh PEKOMEHIOBAH sl MCIOIB30BAHUS B MOJEIAX KOHBEKTUBHOTO TEILIO-
obmena n auHamukyn tewenwii. [Ipn H = h) cTporo BocmpomsBoauTcst TOIBKO OUH
6a30BBIiT TApaMeTpP MPHU CYIIECTBEHHON TTOTPENTHOCTH B OTIPeIeIEHIN JPYTOTO.

Jlureparypa

1. Huxurun M. H. UccnepoBanue rermioodbMeHa € KUAKON (Pa30il B KOJIbIEBOM KaHAJIE OXJIa-
JKJIAIONIEr0 KOPIIYCa CMECUTEIHHOTO TerioreHepaTopa // TerioBble MpoIeccs B TEXHUKE.—
2013.—T. 3, Ne 9.—C. 404-410.

2. IIenokos A. H., Kpacuoa H. II. CpaBaeHue MacCOBBIX U TEILIOOOMEHHBIX XaPAKTEPUCTUK
KOHBEKTUBHBIX [OBEPXHOCTEN BOZOTPEHHBIX KOTJI0B Masoil momuocT // Becrn. Cam['TV.
Cep. Texn. mayku.—2013.— Ne 40.—C. 165-168.

210



ITopaakoBelii aHaIN3 U CME>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAHUS:
Te3uch MoKkaan0B XII Mexmyrapogmoi mayanoii koudepenmmu (c. [eit, 12-18 momsa 2015 r.)

NCCJIEJOBAHUE BJIMAHNS TA3BOBOI ®A3BI HA JUHAMUIKY
BUBPOKUITAIIETO CJI05 ITPU PA3JINYHBIX PEZKIIMAX!

H. C. OpJjosBa
(Poccust, Bragnkaskasz; KOMI)

B pmammnoit pabore umcciejyercs B/usiHEe Ta30BOTO IOTOKA Ha CIPYKTYPy Bub-
POKUIISIIIET0 CJI0sl. BBLIN MPOBEIEHBI TPEXMEPHBIE PACUYETh PaACIpeeaeHnss 00b-
eMHO J0JIM YacCTUI] B BUOPOKUIISINEM CJIOE C UCIOJb30BAHUEM CBOOOIHO PaCIpO-
CTPaHSIEMOr0 MaKeTa, JJjIsi YUCJIEHHOTO MOJIEJUPOBAHUS 33739 THIPOA3POMEXaHUKHI
OpenFOAM (anra. Open Source Field Operation And Manipulation CFD ToolBox)
MPU TIO/JIEPKKE TPOTPAMMBI « Y HIBEPCUTETCKUI KJIACTEP» C YAAJEHHBIM JOCTY-
MOM K KOHCOJWM Ha YMNPAaBJAIONEM y3je Bbraucautenbroro kaacrepa JSCC RAS
(https:/\!/unihub.ru/resources/js3c) Web-na6oparopun Unihub (UniHUB.ru).
Braromaps orkpsiTomy mexomnomy komay B OpenFOAM Bo3MoXKHO co3mamme coO-
CTBEHHBIX permnaresieit. st onmmcanust mpoiecca BUOPOKuUIieHnst ObLT gJopaboran pe-
matesb twoPhaseEKulerFoam, koTopblii nco ib30BaJICs /11 MOJIE/IUPOBAHNIS JTUHAMY-
KU KUISIIEro TpaHyauposanaoro ciog [1-3|. B pemarene twoPhaseEulerFoam pea-
JIN30BaHa ABYX?KUJIKOCTHAsA MOJE/Ib KUIIAIIETO (O)KI/I}KGHHOFO) CJIOA Ha OCHOBE KOH-
TUHYAJIBHOTO MOAX0a (MoAX01a Diiiepa), mpu KOTOPOM JBUKEHHE CJIOST PACCMATPU-
Ba€TCd KaK ABU2KEHUE IBYX BSaHMOﬂeﬁCTByIOLLLI/IX KOHTUHYYMOB, CBA3aHHBIX C I'a30M
u gacTunaMu. Bosee moapoOHO ommcaHme MOJE/HN TPeCTaBieHo B paborax [1-4].

Pa,CIIeTI)I TPOBOJUJIVICH TIPU PA3JIUIHBIX 3HAYCHUAX aMIIJIUTYAbI 1 9aCTOThI KOJIe-
Hanmii, a TAKKe Pa3HBIX 3HAYEHUSIX CKOPOCTHU MOJAYN TA30BOTO MOTOKA. AMILTHTYIA
Kosiebanmit ObLTa paBHa 3 1 6 MM, JacToTa KOIebaHnit Bapbuposaaack oT 15 mo 45 I'm,
CKOPOCTH mofaqn ra3a 6buta pasua 0,1 m/c, 0,25 m/c u 0,35 M/ c. Takxke ObL1H TIPOBE-
JIEHBI PACYEThl PACIpe/e/eHns 00beMHOM 0/ YaCTUIl B KUISIIEM IPAHYJIUPOBAH-
HOM cJjioe 6e3 ydera BHeIIHEro BozjeiicTBus Bubparusamu. HaganbHas BbIcOTa CJI0d
(rommuua ciog 3aceinkn) Oblia pasaa 50 MM. [IpoBoamIOCH pacmapasiieTnBaHue
pacdeToB Ha 8 sapax.

PesynabraTsl pacueToB mokazajid, UTO B CAydasix, KOTJA PACCMATPUBAETCS BUO-
POKUIISIIIMit CJI0it, HabJItogaeTcst boJiee OHOPOIHOE OYKUKEHNE JACTULL B OTJIUINE OT
KUTIAIIEr0 TPaHyJINPOBAHHOTO CJIOM.

C yBemueHreM YaCTOTHI ¥ aMILIUTY/Ibl BUOpAIUii BOJHBI Ha TOBEPXHOCTH TPa-
HYJIMPOBAHHOTO CJIOs 0O0jiee OTYETJUBO BU3YAJU3UPYIOTCS, OCODEHHO MPU HYaCTO-
Te 3545 I'm. Kpome Toro ymenbiaiorcs pa3Mepbl 00jacTeil, B KOTOPBHIX KOHIICH-
Tpalldsl YacTUIl MAKCUMAJbHA, ¥ HEMHOTO yMEHBIIAETCS MAKCHMAJILHOE 3HAYeHUe
00'bEMHOIT JIOIN YaCTHUI] B CJIOE. DTO O3HAYAET, 9TO IIOMAJ/b TOBEPXHOCTH KOHTAKTA
da3 (TBepaBIX YACTHI] U ra3a) yBEIUINBACTC.

!PaboTa BBIMOMHEHA B paMKax IIporpaMMbr GyHIAMEHTAIBHBIX MCCJICIOBAHMIA IO CTPATETHYe-
CKUM HarpasjeHusM pas3purus Hayku IIpesumuyma PAH Ne 1 «@ynnamenrasibabie 1podieMbl Ma-
TEMATUIECKOTO MOIETUPOBAHUS .
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Cnenyer oTMeTUTH, YTO C YBEJIUYEHUEM CKOPOCTHU TOJAYU ra3a PACTeT KOJIude-
CTBO I'a30BbIX Hy3prefI BHYTPpU CJIOA 9aCTHIL. 33, CHET 9TOr'0 yBEJIMYNBACTCA CTCIIEHDb
pacumpenust ¢jaos. [lpu 3Ha9eHIsAX CKOPOCTH ra30BOro motoka 6osbmre 0,5 M/c Ha-
OJIF0/IAI0TCSL TA30BbIE KAHAJIbI BHYTPH CJ10s1 (JJ1si Cjlydasi, KOrJa Hada/lbHas BbICOTA
cmost pasaa 50 mMm). C yBeqMUeHMEM aMILIUTYAbI W 9aCTOTHI KOJTe0aHUil ra3oBbie
KAHAJIbl YMEHBINAIOTCS, & B HEKOTOPBIX CAYYasX HCYE3AI0T COBCeM (MPU BBICOKUX
3HAYCHUAX 9aCTOTHI KO.}'Ie6aHHﬁ).

ABTOp BhIpaXkalT IyOOKYH OIarosapHOCTh COTPYyAHHKAM VIHCTHTYTa CHCTEMHOIO
nporpamvuposanus PAH, mpegocTaBUBIINM BBIYHCIUTENILHBIE PECypchl web-maboparopun
UniHUB.

Jlureparypa

1. Rusche H. Computational Fluid Dynamics of Dispersed Two-Phase Flows at High Phase
Fractions.—London: Imperial College, 2002.—343 p.—(Ph. D. Thesis of Imperial College).
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3. Johnson P. C., Jackson R. Frictional-Collisional Constitutive Relations for Granular
Materials with Application to Plane Shearing // J. Fluid Mechanics.—1987.—Vol. 176.—
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4. Opaosa H. C., Kagankwura 5. H. VicciremoBanne peKNMOB BUOPOKUIISIIErO IPAHy/IMPOBAHHO-
ro cyioa ¢ ucnonb3opaanem makera OpenFOAM // Tp. Un-ta cucrem. mporp. PAH.—2014.—
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ITopsimkoBBIil aHANU3 U CME>KHbIE BOMPOCHI MATEMATHYECKOTO MOJEJIUPOBAHUS:
Te3ucot 1okaan08 XII Mexnynapoauoii nayanoii koudepenuuu (c. e, 12-18 mona 2015 r.)

[IPUMEHEHUE CUCTEMHON JUHAMUKI
JJId MOJAE/INMPOBAHUA COLIMAJIBHBIX KOH®JIMKTOB

A. ®. Ocpkun
(Benapycs, Iomouk; IITY)

CucremHasi TUHAMUKA — TEXHUKA KOMIIBIOTEPHOTO MOJIEIMPOBAHUS, IITUPOKO TTPHU-
MeHsieMast JIjIst aHAJIN3a JUHAMWIECKUX mporeccoB. OCHOBaTEIEM CUCTEMHOM JUHA-
Mukn siBjigercss mpodeccop CJOyHOBCKOI IITKOJBI MeHemKMeHTa npu Maccauycer-
ckoM Texnojorudeckom uucrutyre /xkeit @oppecrep. Maremarnaeckum amnmaparom
CUCTEMHO JUHAMWKW SBJISIOTCS CUCTEMbI HEJUHEHHBIX auddepeHnalbHbIX ypaB-
nenuii. Mogenupyemblit mpormecc m300pazxKaeTcsd B BHUJE AMArPaMM, COCTOSIIUX W3
TAKUX 3JEMEHTOB KaK HAKONUTEJU (UM YPOBHU, B TEPMHUHOJOTUU CHCTEMHON JH-
HAMMKH), U IIOTOKH. DJEMEHTbl CBS3bIBAIOTCS JPYI € JPYrOM € OMOIIBIO HETeb
TIOJIOKUTE/IHHON 1 OTPUIIATEILHON 00PATHON CBSI3M.

CymtecTByeT 1ebIil psijl CeNuaIn3uPOBAHHBIX TTPOIPAMMHBIX CPEJICTB, TTO3BOJISI-
FOIUX PEIraTh 33a9 CUCTEMHON NTUHAMUKU. Pa3zpaboTan a3bIK MPOrPaMMUAPOBAHUSA
DYNAMO, pear30BaHHbIil B psie CIENNAIN3NPOBAHHBIX MTAKeTOB. B Harem mcce-
noBaHuu MbI ucnosb3oBasn maker iThink, ogua u3 mHambosiee MOMyISIPHBIX TAKETOB
JUIST pellleHnsd 3372t CUCTeMHON TMHAMUK.

C moMOIIBIO CUCTEMHOM JIMHAMUKY OBLT PEIIEH PsiJ] BaXKHBIX W HHTEPECHBIX 3a/1a4.
Taxk, manpumep, oz pykoogacTBoM xes @oppectepa B MaccadyceTcKOM TEXHOJIO-
TUYECKOM MHCTHUTYTE ObLIa CO3/[aHa W KMCCJIEIOBAHA, JTMHAMUYIECKAs MOJE/Ib HAIMO-
maipHON sroHOMuKY CIIIA. [Ipn pazpaboTke u CCIETOBAHUN STOW MOIEIN BHISBUII-
cd TeJBIN Pl 0COOEHHOCTEl, XapaKTePHBIX /I CUCTEMHON MUHAMWKN KaK MeTO-
na MojenupoBanus B resiom. [Iupokoe nucmop30BaHmne HETMHEHHOCTH 00ECTIEINBAELT
YCTONYIMBOCTH MOJENN 0 OTHOIIEHWIO K Bapumaruu mapamMerpoB. 1lo muenmio Pop-
pecrepa, 3TO XapaKTEePHO W JJjIsi COIUAIbHBIX cucTeM. VIMEHHO TmOITOMY CHUCTEMHAs
IUHAMUKA SIBJISIETCS UAEAJTHHBIM WHCTPYMEHTOM I MOJEJUPOBAHUS COIUATbLHBIX
TIPOIIECCOB.

[lepeitmem kK paccMOTpeHHUIO MOjesell connaabHbiXx KoHGnKTOB. Hanbosee us-
BECTHOM M3 3TOI I'DYLIbl ABJIACTCA MOJEJb I'OHKM BOOPYXKEHUIl, IIpejIozKeHHas
JI. Puaapsaconom. B coorBercTBUM ¢ paszpaboTaHHOil UM Teopwuell, B3auMoeiicTBue
IBYX BPaxKeOHBIX CTPaH MOYXKET ObITh OMKMCAHO C IIOMOIIBIO CJIEIYIONIEeH CUCTEMOM
nuddepeHuaibHbIX yPaBHEHUIA:

ox .
— =ay—mx+r
ot Yy )
0
(%zby—nz%—s.

31ech
T, Yy — PACXOIbl Ha BOOPYKEHNS IEPBOH U BTOPOH CTpaH COOTBETCTBEHHO;
a, b, m, n — MOJOXKUTEbHBIE KOHCTAHTHI;
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r, § — K03 duImenTsl, KOTopble Puuapnacon HasbiBaeT Ko3dduiimenTamMu aep-
xkaBubix nperensuii. Ecau r > 0 u s > 0, 70 oHM xapakTepusyioT yPOBEHb BPaXK-
JebHOCT M B3auMHBIX nperensuii. Ecau ke 7 < 0 u r < 0, TO uX MOXKHO Ha3BaTh
ko3 dburmenTamMu 1006poit BOJIH.

B zaBucumMocTi 0T cooTHOIEHUST MEX Y KOo3Mduirenramu a, b, m, n u 3HAKOB
T U S BOBMOXKHBI PA3/INIHbIE CIIEHAPUS PA3BUTUS CUTYAIUH.

Jltst ToCTpOeHUS HAIel MOJEIN MbI PEITUIN UCI0/Ib30BATH aKTUBHO TPUMEHSIe-
MYIO B OHOJIOTUN MOJIE/Ib B3AMMOIEHCTBYS TOMYJIANNIA, N3BECTHYIO KaK MOJe/b J1oT-
ku — Bosabreppa. Heckobko MOAepHU3UPOBAB 9Ty MOJIE/b, MBI Oy YUINA CJIEIYI0-
myto cucremy JaudepeHuaabHbIX yYpaBHEHUI:

ON-
- = anNi +aiNiNz +an N,
ON-
5752 = apa N + as1 N1 No + aza N2,

N1+ N3 + N3 = 1.

31ech

N — 4gacTh KuTe/el MOIEJUPYEeMOil CTPAHbBI, MO/ IEPKUBAIOIIAs CYIIECTBYIO-
YO BJIACTb.

Ny — gacTb xKuTe/Iell MOAEIUPYEMOil CTPAHBI, MO IEPKUBAIOIIAS OMIO3UIIHTO.

N3 — gacTb KUTeIENl MOJIeIUPYEMOii CTPAHBI, HE YIACTBYIOIIUX B MOJTUTUIECKOMN
ZKU3HUN.

ap1 — KO3 DUIHMEHT, YINTHIBAOMMI N3MEHEeHHsI INCJIEHHOCTH HACEJIeHUs, IMO-
AE€P2KUBAIOIIETO BJIACTD. OH MOZKeT 6])ITI) ITOJIOZKUTEJIbHBIM, €CJIN PDEIIeHUA IIPUHUMA-
€MbI€ BJIACTHIO YIOBJIETBOPAIOT JKUTesei nian OTPUIATEJIbHBIM B IPOTUBHOM CJIyYae.

ag2 — KO3 DUINEHT, YINTHIBAIOMI N3MEHEHUsI YNCJICHHOCTH HACEJIEHUs, TO-
JgepxkuBaromero onno3unuio. OH Tak>kKe MOXKeT ObITh MOJIOYKUTEJIbHBIM WM OTPUIA-
TEJILHBIM.

@12, @21 — KO3 OUIMEHTHI, Y IUTHIBAIOIINE B3AUMO/IEHCTBIE BJIACTH U OMITO3UINAN.

a11, a2 — KO3 PUIMEHTHI, YIATHIBAIOIIIE KOHKYPEHIINIO B Cpejie CTOPOHHUKOB
BJIACTU U CTOPOHHWKOB OIIO3UIIMHU COOTBETCTBEHHO. B Hambosiee obiem ciydae omnu-
CaHHasg CHCTeMa HejuHeiiHa. Bce koad dbuimenTsl ypaBHEHHII 3aBUCAT OT IepPEMeH-
ubix N1 u Ns.

WccnenoBanne cucTeMbl BBITOIHIIOCH HA MOJIE/IN, IIOCTPOEHHO 0 JAHHBIM Jud-
depenimabHbIM ypaBHeHUSIM B cpejie MozgeaupoBanust i Think.

B mokiame paccMarpmBaroTCa PA3MYHbIE CIIEHAPUU PA3BUTHUSA B3AWMMOIEHCTBUST
MEXK/Y BJAACTHIO U OMIO3UIKEH, B 3aBUCHMOCTH OT 3HAKOB M BEINYNH KOIDPUImeH-
TOB.
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MATEMATNYECKAA MOJAEJIb OBYYAEMOI'O
B CUCTEME CMEIIAHHOI'O OBYYEHUA

. A. Ocekun (Benapycs, Iomonxk; TITY),
A. ®. Ocbkun (Berapycs, [omomnk; IITY)

[To ompenesiennto, O CMEITAHHBIM 00YYeHUEM TTOHUMAETCS COBMECTHOE MCIIOIhb-
30BaHUE KJIACCUYECKUX METOIHUK 06yquI/I${ n COBPEMEHHBIX JUCTAHIMOHHBIX TEXHO-
Jioruii. [JIaBHBIM JOCTOMHCTBOM KJIACCHYUECKON METOJUKU SIBJISIETCS MPSIMOii, HEIo-
CPEICTBEHHBI KOHTAKT 00y1aeMOoro u 00yJaroIierocs, OKa3bIBAONINil 60JIbIII0e IMO-
[MOHAJILHOE BO3/eiicTBUE HA 00y4YaeMOro W CIOCODCTBYIOIIWI JIYUIIEMY YCBOEHUIO
yuaebuoro marepuasa. [Ipuvenenune TexXHOJIOruN JIUCTAHIIMOHHOTO O0yY€HUsT TTO3BO-
JIIeT 33JIaTh JIJIg KaXKJ0r0 00y4aloIerocss COOCTBEHHY0 00pa30BaTe/IbHY 0 TPAEKTO-
pUIO, WHIMBUIYAIN3UPOBATH MPOIECC 00ydeHus, CAeaaTh €ro aCMHXpOoHHbIM. Kax-
JIbIil 00y JaloIuiicsad MOXKET OCBAMBATH y4eOHBIN MaTepuaJsl B Jifo0oe y/100H0e [1jisi HETO
BpeMsi, B IPUBBIYHON OOCTAHOBKE, C ONTUMAJIbHON CKOpocThio. CoyeTanne STux JIByX
MTOJIXOJIOB M 00pa3yeT CUCTeMY TeXHOJIOTHiT, MMeoInX obiee HaszBauue « CMmenranHoe
obyuernue» (Blendet Learning). Texmnosorun cMemaHHOTO OOYUEHUS YKE TOKA3AIH
¢BOIO BBICOKYIO 3ddekturHOCTh. [To mamaeim The Open Educational Consortium
yCIIEBAEMOCTh B aMEPUKAHCKUX IITKOJAX, UCIO/Ib3YIONNX TEeXHOJOTUN CMEIIAHHOTO
obyuenusi, Ha 27 TPOIEHTOB BHIIIE, Y€M B CPEIHEM 110 CTPAHE.

Kak mokazayi 3apy0eKHblil OIBIT, U3 BCEX MHOTOYUCIEHHBIX MOJe/eil CMeIaH-
HOrO OOyueHwusi, HAuOOJIbIIEE PACIPOCTPAHEHUE TIOIYIUIA MOJE/Ib, HA3BIBAIOIIAICS
«mepesepryThiil Kiaace» (Flipped Classroom). OcranoBmmvcs meit mogpobuee.

Tepvun «mepeBepHYTHIN KJIACC» MOXKHO OTHECTH K IIMPOKOMY CIIEKTPY TEXHO-
JIOTH CMeNIaHHoro oOydeHus, IPU HUCIOJb30BAHUM KOTOPBIX CTYJAEHTHI, 10 OYHOM
BCTPEYN C TIPEToIaBaTe/eM, MOy JaroT yAAJeHHbBINH JOCTYI K 00pa30BaTeIbHOMY KOH-
TEHTY 110 TeME, a BO BpeMdAd OYHOTO 3aHATUIA 3aKPEIJIAIOT H3yLIeHHEII>'1 KOHTEHT U BbI-
TIOJTHSIIOT MpaKTUYIecKue 3a1anus mo Teme. [lpu aTom HanbobIee pacipocTpaneHne
TIOJIYYINJI TIOAXO0d, TIPW KOTOPOM CTYZAEHTHI TPOCMATPUBAIOT JOMa CEPUIO0 KOPOTKUX BU-
JIEOJIEKIINIL TI0 TeMe TIPEJICTOSINEro 3aHATHsI, & B ayJIUTOPUN COBEPIIEHCTBYIOT CBOU
3HaHWA, BBITTOJTHAA MTPAKTUYICCKNE 3aJaHNA.

Moiens «mepeBepHyThIi K/TacCy OPTaHWYHO BIIUCHIBAETCH B JIIOOYIO CHCTEMY WH-
dopmanmonnoit moggaepkku 00yuenus. [Ipu 3TOM, KaK y»Ke 0TMEYaI0Ch BBIIIE, 0~
fABJISIETCsl BO3MOXKHOCTH WHJIMBHU/Iya U3l OOYUeHUs, Pean3yercs MOIXO0Jl, IpU
KOTOPOM KaXKbIil 00ydaronuiics OCBaMBA€T HOBBIE 3HAHUS 110 U3ydaeMOi IUCIH-
IJINHE, JBUTAsICh 10 CBOeil obpazoBaTesibHOM TpaekTopuu. llpm mocrpoenuu Takoit
CUCTEMBI BaXKHO 3HATH KAK MMEHHO MPOUCXOIUT OCBOEHUE 3HAHU, T. €. HeoOXouMa
Mozeasr o0ydenus. PazpabarbiBas HAIly MO€/Ib, MBI OMUPAJINCH HA TEOPUIO OCBOE-
HUS 3HAHUN, TOCTPOEHHYIO BhIaommmMcda poccuiickuM memarorom B. I1. Becranbko.
B xuure «Teopusi yuebHmKa» OH MOKa3aJ, 9TO ITOT IMPOIECC MOXKET OBITH pa3duT
Ha, YeThIpE YPOBHS — PENpPOyKTUBHOE y3HABAHUE, PEIPOIYKTUBHOE aJTOPUTMUUE-
CKOe JleficTBre, TPOYKTUBHOE IBPUCTUYECKOE JIefiCTBUE U IPOAYKTUBHOE TBOPYECKOE
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nmefictBre. MBI camTaeM, 9TO OMUCATDH MPOIECC Ha KayKI0M U3 YPOBHEN MOXKHO C TI0-
MOIIBIO CJIeAyIoNIero audepeHnmnajbHOT0 YPABHEHUS:
o5 = A - BS. (1)
ot
31mech
S — 06beM HaKATINBAEMBIX 3HAHUI 110 TUCITUTLINHE;
A, B — koadpdunments, B 001memM ciaydae 3aBucamme oT S, XapaKTepu3yomme
UHIUBU/IyAJIbHbIE OCOOEHHOCTH 00yYIaeMOoro.
B nokiraze paccmarpuBaeTcss MoJeb, MOCTPOEHHAs] B CPEJle MOIEeJTUPOBAHUS
iThink, cocrosmas u3 dersipex auddepennuanbabix ypaBaernii suga (1). Axanu-
BUPYIOTCS pA3IUYHbIE CIEHAPUU 00YIeHUsI.
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NPUMEHEHHE ITAKETOB AHAJIMTUYECKIX BBIYUCJJIEHUN
K UCCJIEAOBAHNKO CUTHATYP OIIEPATOPOB KPUBU3HHBI
JJEBOMHBAPMAHTHBIX JIOPEHIIEBBIX METPUK
TPEXMEPHBIX TPYIIIT JIN!

C. B. IlacryxoBa (Poccusi, Bapuayn; Anrl'V),
O. II. Xpomosa (Poccust, Bapuaym; Antl'VY)

B nacrostimee Bpemst BCe gallle IPH PEIIEHUH HayYHO-MCCIEN0BATEIbCKIX 3a1a4
WCTIOIB3YIOTCA TTAKeThl MPUKJIAJIHBIX MPOTPaMM. DTO CBA3AHO C TEM, 9TO YHUBEP-
CAJTbHBIE MAaTeMaTHIeCKUe CHCTEMbI MO3BOJISIOT MPOBOIUTL KaK YHCIEHHBIE, TaK U
CVMBOJIBHBIC BHIYHACICHUSA. B reoMeTpun W aHaau3e CyIIeCTBYeT MHOXKECTBO TIPH-
MEpOB, TOATBEPKAAONIX 3(DMEKTUBHOCTD MPUBJIEUYEHUS MAKETOB aHATUTHICCKUX
BBIUMC/IEHWI [IPU JIOKa3aTe bCTBe TeopeM u3 [1, 2.

B jmanHoit pabore ¢ MOMOIIBI0 KOMIIBIOTEPHBIX MOJIeJIe, peaaTn30BaHHBIX B CPe-
Jle TIaKeTa aHaJINTHYeCKUX Bhraucaennii Maple, onpeenensl BO3MOYKHBIE CUTHATYPBI
OIepaToOpOB KPUBU3HBI PUa4n, 0HOMEPHOI KPUBU3HBI, CEKITMOHHON KPUBU3HBI TPEX-
MEpHBIX TpyI JIu ¢ IeBOMHBAPUAHTHBIMU JIOPEHIIEBHIME METPUKAMMU.

Jlureparypa

1. Bamamenko B. B., Huxornopos FO. I'., Pognonos E. /I., Cnasckuii B. B. OgaOopozHsle mpo-
CTPAHCTBA: Teopus u npuioxennsa. —XauTsl-Mancuiick: [lommrpaduct, 2008.—280 c.

2. Xpowmosa O. II., Pogmonos E. /., Cnasckmnii B. B. O KOMITOHEHTaX PAa3JIOKEHUST TEH30PA
KPHUBU3HBI Ha Ipynmax JIu ¢ JeBOMHBApHAHTHON PHUMaHOBOW Merpukoil.—Saarbruken: LAP
LAMBERT Academic Publ. GmbH & Co. KG, 2012.—76 c.

!Pafora Beimommena mpm momgepxkke Cosera mo rpamTam Ilpesmmenta, P®, rpamt HIII-
2263.2014.1, IlpaBurenbctBa PP, rockourpakt Ne 14.B25.31.0029, MunncrepctBa 06pa3oBanus u
nHayku P® B pamkax 6a30BOil 9acTH IOCyZapCTBEHHOTO 33aJaHus B cdepe HAYIHON [1eATETHHOCTH
OI'BOY BIIO «Anraiickuii rocyqapCTBeHHBI YHUBEPCUTET», KO TpoekTa: 1148.
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BOCCTAHOBJIEHUE ITAPAMETPOB JJOPO2KHOI'O ABN>KEHN A
CPEICTBAMU KOMIIBIOTEPHOI'O MOJEJINPOBAHUA

A. B. ITopopora (Poccus, Mocksa; MI'VY)

Crenyromuit BOPOC MPEICTABISIET WHTEPEC TP MATEMATHIECKOM ONMUCAHUHT
TPAHCIOPTHBIX TOTOKOB. Paccmorpum 3ama4dy Ko st kBazuauueitnoro audde-
pPeHnInaJIbHOT O ypa,BHeHI/IH IepBOTO IMOPAaKa:

dp | 9Q(p)
— 4+ —F=0, z€R, t>0
ot Ox ’ ' '

(1)

Baeck p = p(x,t) — MWIOTHOCTH TPAHCIOPTHOIO MOTOKA B TOYKE T B MOMEHT Bpe-
menn t. OyHKIMOHAIBHYIO 3aBUCUMOCTD (Q(p) BO3BMEM B COOTBETCTBUU C MOJIEJBIO
Harems — Illpekentepra (cwm. |1, 2|):

k1p, 0<p<ph,
Q(p) = . (2)
) (pmax - P) ;PSP S Pmax;
TIe
=, Ry = (3)
Pmax — P

IIpu 310M Vpmax — MaKCEMaJbHAS Pa3peNieHHass CKOPOCTh TPAHCIOPTHOTO OTOKA,
Pmax — MAKCHMaJIbHAS JOMYCTAMAs MJIOTHOCTH TIOTOKA, & P — KPUTHYIECKAd TLI0T-
HOCTb, IIPY KOTOPOH ITPOUCXOIUT IIEPEX0 OT CBOOOIHOIO JBUKEHUS K 3aTPY/IHEHHO-
My. Ha mpakTuke unc/ieHHBbIE 3HATEHUST Umax, Pmax A3BECTHBI C BBICOKON TOYHOCTBIO,
a HAXOXK/IEHUE MCTUHHOIO 3HAYEHUSI p* MPEJCTABIISIET 3ATPYIHEHNS.

Hna soccranosnenus 3uadenusa p* € (0, pmax) 332 UM JIOMOTHATENTBHOE IIepe-
oTpe/iesieHne

T
/@@mm»mza (4)
0

¢ dukcupoBanubiMu g € R, T > 0, a > 0. YeiaoBue (4) BhIpazkaer obiee duc-
JIO aBTOMOOM/IE, TpoIe X depe3 ToUKy &g 3a Bpems 0 < ¢ < 1. Copasemms
CJIeIyIOIUI pe3yJibTaT.

Teopema. Ilycrs ¢pyaxnusa Q(p) umeer Bus (2) ¢ kosppunmenravu (3), mpuaem
BEJIMYUHDI Pax > 0, Umax > 0 3a1amb1, a Tounoe 3nauenne p* € (0, pmax) HEM3BECTHO.
Ilycre naganpaas pyuxnusa po(x) B 3anage Kommn (1) yaosnerBopser omnenke

0<Ci<po(xr) <Cs < pmax, «€R, (5)

e C1, Co — HEKOTOpbIE KOHCTAHTDI, TIPUYEM aIIPHOPH U3BeCTHO, uro C > p*. IlycTh
raxxke 0 < a < C1 T vmax (Pmax — C2)/(Pmax — C1). Torna Bemunna p* naxoaurces u3
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coornomennii (1)—(4) m npurom onHO3HAYHO. B 9wacTHOM CIyvae mOCTOSHHOMN ILIOT-
Hocru po(T) = p1, yaoBaersopsiomeli anpuopHori onenke p* < p1 < Pmax, HOIydaeM
TOYHOE 3HAYEHHE

b= e, (6)

a + T vpax (pmax - pl)

B noknane 6yaer pacckazaHo O TIOATBEPIK IEHUY TTOJTYYEHHBIX COOTHOIIEHNH CPEe/I-
CTBAMU KOMTIBIOTEPHOTO MOJIETUPOBaHMs. B cepuu 3KCIEpUMEHTOB Ha MpOrpaMMe
“Cars”, paspaborannoii na kadeape maremarnueckoit (usukn paxymprera BMK
MT'Y (cwm. |3, 4]), monydeno 3mnadeHue p*, XopoIno coryacoBanuoe ¢ (hopmytoii (6).
Tak 1pu HACTPOIKE HPOrPAMMbI ¢ HAPAMETPAME Umax = 30 M/C, pmax = 0,125 as-
T0/M, Bo3HHKaeT 3uadenue p* ~ 0,012 aBro/M. DT0O 3HAUECHUE YCTAHABINBACTCS KAK
u3 pacueros 1o dpopmysie (6), Tak U U3 APYTrUX HE3ABUCUMBIX COOOparKeHuii, CBsi3aH-
HBIX C MOJEIMPOBAHUEM HUAEATHHOIO TPAHCIIOPTHOTO TTOTOKA HA KOJBIIEBOH aBTOIO-
pore.

Jlureparypa

1. T'acuukoB A. B. u ap. Beenenue B MaTreMaruieckoe MOJEIUPOBAHUE TPAHCIOPTHBIX IIOTOKOB:
VYue6. nocobue / Ilox pen. A. B. Pacaukosa.—M.: MITHMO, 2013.—427 c.

2. Nagel K., Schreckenberg M. A cellular automaton model for freeway traffic // J. de Physique.
I. France.—1992.—Vol. 2, Ne 12.—P. 2221-2229.

3. Ioxopora A. B. lMmuTanmoHHbIEe KOMITBIOTEPHBIE MOJIEIU B 33/4a9aX OIHOIOJIOCHOTO JOPOK-
moro gpukennsa // CHCTEMBI KOMIBIOTEPHONW MATEMATHKU W WX Npuaoxkenns.—CMOIeHCK:
M3a-B0 Cmosten. roc. yu-ta, 2014.—Bpur. 15.—C. 42-44.

4. ITomopora A. B. MomenupoBaHue UaeaIbHOTO TPAHCIIOPTHOIO TOTOKA HA KOJIBIIEBOW aBTOI0-
pore // CucTeMbl KOMIBLIOTEPHOH MaTeMaTwku U ux npuaoxkeans.—Cmonenck: U3a-so Cmo-
Jster. roc. yu-ta, 2015.—Bpu. 16.—C. 35-38.
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O MEXAHU3ME BO3HUKHOBEHUA HOUYHBIX
HIUBKOYPOBHEBBIX CTPYIMHBIX TEUEHUN

A. A. Paguonos
occud, Bitagjukaskas;
P B OMI

Nmeromeecs: oObsichenne dbusndeckux sipjienunii [1], npuBogsimmx K 1osiBjaeHUIo
HOYHBIX HU3KOYPOBHEBBIX cTpyitabix Tedenuii (HCT) nporuBopednT HEKOTOPBIM Ha-
buoarensubiv akram [2].

B pabore pazBuBaioTcsa MaTeMaTwIeCKue MOJEN, TTOJI0KEHHBIE B OCHOBY TPEIbI-
aymmx pabor [1], ¢ JOMOTHITETHFHBIM YIeTOM CKUMAEMOCTH aTMOChHEPHOTO BO3IyXa.
[Monydeno ypaBHeHUe, OMUCHIBAIOIEE IUMHAMUKY TLJIOCKUX BO3MYIIEHWH TJIOTHOCTH
npu BozuukHOBeHun HCT.

Ananmurnaeckuil aHA/JW3 TOJYUEHHBIX YPABHEHUI MMOKA3bIBAET, 9YTO B WX PeIlle-
HUSX BO3MOXKEH SKCIIOHEHIUAJIbHBIN POCT TIJIOCKOT0 BO3MYIIEHUs IJIOTHOCTH U MPO-
MOPIMOHABHOM €My CKOPOCTH BETPa BO3MYIIEHUS] B CTPATUMOUIIMPOBAHHBIX CJIOSX
armocdepbl. OCHOBHBIM MMapaMeTpoM O0YCIOBIUBAIOINIUM STOT POCT SBJISIETCS BTO-
past IPpOU3BO/IHAS [TOTEHIMAJIBHON TeMIIEPATyPhl UHBEPCUU 110 BBICOTE.

CpaBHeHue 10JIy4€HHOIO TEOPETUIECKU U IKCIEPUMEHTATHLHO U3MEPEHHOTO BEP-
TUKAJBHOTO TPO(MUIs CKOPOCTEH BETPA MOKA3BIBAET COBIAIEHUE BBICOT MAKCHUMYMA
W3MEPEHHBIX U BBIUNCIEHHBIX 3HAYEHW CKOPOCTU BETpa. BHIYUC/IEHHBINH TeopeTrnde-
CKU BEPTUKAJIBHBIN TPOMUIL CKOPOCTH BETPA, OTJIUYIAETCA OT HADJIOLAEMOTO, OTJIN-
qre 00YCJAaBIUBAETCS BIUSIHUEM TYPOYJIEHTHOTO TEPEMEITUBAHUS.

Ha ocnoBanuu npupeeHHOr0 aHAIM3a MOKA3AHO, YTO MPUINHON BO3SHUKHOBEHUSI
HCT sasnsiercs we cuna Kopuosnca, kak npesnosnarasocsk panee [1]. Cuna Kopwuo-
JIMCA JIUIIb BPAIIAET C UHEPIUAJIBHON YaCTOTO BO3MYIIEHUS PACTYIIINE BCIEJICTBUE
pasBuTHS UHBEPCUOHHOTO CJ10si. [Iprannoit BosaukuoBenust HCT sBiistercst poct BO3-
MYIIEHUS IJIOTHOCTH 110 BEPTUKAJIBHON KOODJUHATE B CJA0SIX aTMOCHEDPHI C TOJI0XKU-
TeJIbHBIM 3Ha9E€HUEM BeJMYUHBI BTOPOH MPOU3BO/IHOM HOTEHIMAIBHON TeMIeparypbl
uHBepcuu 10 BhicoTe. B orcyrcrBue cusibl Kopuosinca, HamnpuMep, IpU BBIXOJIAKH-
BaHUU OJTM3 SKBATOPHUAIBHBIX PABHUHHBIX TEPPUTOPUiL, B aTMocdepe Hal HUMU BO3-
HUKHeT npunogasaTas nasepcus u nosssutrcss HCT.

CroiicTBa MOTyYEHHBIX PEIIeHNT HAXOIATCS B YIOBJIETBOPUTETHHOM KaIeCTBEH-
HOM coracu ¢ skcrepumentanbabivu ganabivu 0 HCT [2]. B wacrrocTu, skcnepu-
MEHTaJIbHO OTMEYAETCsl MPOMOPIINOHAIbHAS CBA3b cKopocTu BeTpa B crpye HCT ¢
BEJINYUHON Te0CTPOMUIECKOr0 BETPaA; OTMEYIAETCH B3aMMOCBA3b BBICOT PaCIIOJIONKEe-
unsg HCT u unBepcun temueparypsr; yBeaundenue ckopoctu erpa B HCT ¢ yBenn-
YeHWeM MOIIHOCTH WHBepcuwu; ycraHosjaero Bparenne crpyu HCT ¢ maeprmaibHOi
9acTOTOW; B 3UMHEE BPEMsi UHBEPCUU TEMIEPATYPHI MOT'YT CYIIECTBOBATH JJIUTE/b-
HBIl [IPOMEXKYTOK BPEMEHHM B HECKOJIBKO CyTOK [2] 4ro 0ObsICHSIET JIMTEIbHOCTD
cymecrBoBanus 3umaux HCT.
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OB OJJHOM IPUBJINKEHHOM METO/E PEINIEHUS
HEJIMHENTHOI 3AJTAYM BE3HAIIOPHOII ®UJILTPAIINN

JI. FO. CepOuna
(Poccusi, Haspuuk; IITMA)

PeHleHI/Ie MHOT'HX IIPOTHO3HbBIX 3a/Jda49 BOZHUKHOBCHHA W PA3BUTUA OIIACHBIX T'M/I-
POTe0JIOTNYECKUX IIPOIECCOB OCHOBAHO HA IMPUMEHEHUU HEJIUHEHHBIX Juddepentiy-
AJIbHBIX ypaBHEHU OeHAOpPHO#N uiibTpaluy, PeIieHnsi KOTOPbIX HMOLYyYaloT st
OTIpeIeIEHHBIM 00Pa30M CXEeMATU3WPOBAHHBIX MPUPOSHBIX yCaoBuil. BaxkuHo oTme-
TUTH, UTO HEJUHEHHBbIE MaTeMATUIECKHE MOJETN (DUIBTPAINN, OMUCHIBAas OOIIHe
3aKOHOMEPHOCTU HECTAIIMOHAPHOTO ABWXKEHNA TTOA3EMHBIX BOJ B IMMHUPOKOM JHalla-
30HE M3MEHEHUs MApaMeTPOB MPUPOIHON CUCTEMBI, 00/IaAI0T OOIBINON €MKOCTHIO
nadopMaImy 006 U3yIaeMbIX HEJIUHUEHHBIX aBeHusX. [Ipu 3Trom obiuM HEegocTaT-
KOM, OTPAHUYIUBAIONINX WX MPAKTUIECKOE TIPUMEHEHNE, SIBJISETCS OTCYTCTBUE 001t
TeOpHu Pa3peImMOCT HeJInHEHHbBIX Tuddeperinaibabix ypasaennii. OHO U3 COBPe-
MEHHBIX W IIEPCIECKTUBHBIX HAIIPBJICHUN IMOCTPOCHUA a/ICKBATHBIX MATEMATHICCKUX
MOJeJIel, CYIEeCTBEHHO PACHIMPAIONIAM METO/Ibl MATEMAaTUYCCKOrO0 MOJECIUPOBAHUA
KOJIMYECTBEHHON 3BOJIIONNUY I'MIPOJANHAMUYCCKHUX [IapaMeTpPOB IPUPOSHON CUCTEMbI,
CBA3aHON ¢ UX HEJUHEWHON! 3aBUCUMOCTBIO OT CJI0XKHOT'O CTPOEHUS IPOCTPAHCTBEHHO-
BPEMEHHOU CTPYKTYPBI CPe/ibl IPOTEKAHUA U IIPUBOAAIINX K BOSHUKHOBCHUIO KPUTHU-
YECKUX COCTOSIHUI, CBSI3aHO C MHTEHCUBHBIM HNCIOJB30BAHNEM T€OPUN HArpPYrKEeHHBIX
ypasrenuii[1].

B manHoit pabore, mpoIo/Kasi paHee HAYAThIe UCCIET0BAHUS |2|, TpobIeMbl Me-
TOJOB MaTEMATUYECKOTr0 MOJIEJIUPOBAHUA JOJTOCPOYHOrO NPOTHO3UPOBAHUA U Pe-
TyJINPOBaHNS yPOBHS TPYHTOBBIX BOJ| B BOJIOHACHIIIEHHBIX CpeliaX C (ppakTaabHOI
IPOCTPAHCTBEHHO-BPEMEHHO! CTPYKTYPO’, CBEAEHbI K U3Y4Y€HUIO BOIIPOCA OJHO3HAY-
HO#I pa3pemmnMoCcTy KpaeBoil HeJIOKAIbHOM 33/1a4u /1 HarpyKeHHOTo Juddepentiy-
AJIbHOTO YPABHEHUS C YACTHBIMU IIPOU3BOIHBIMEU BTOPOIO MOPSIKA M1apad0InaecKoro
Tuna. g HeamHetHON MaTeMaTHdIecKOl MOJead HEeCTAINOHAPHOTO ILJTOCKOIApaJI-
JIEIBHOTO OEHATIOPHOTO JBUXKEHUSI TPYHTOBBIX BOJ, CO CIAO0M3MEHSIONIEN ST TTOBEPX-
HOCTBIO TIPE/IJIOKEH W PEeaIN30BaH AJITOPUTM TEOPETHYECKOT0 MOMCKA HEOOXOINMBIX
HEJIOKAJIbHBIX KPAEBLIX YCJIOBUN, MOOPXKIAEMBIX METOIOM €€ JIMHeapU3aIluu.

Jlureparypa

1. Haxymes A. M. Harpyxenusie ypasueaus u ux npumenenue.—M.: Hayka, 2012.
2. Cepbuna JI. 1. HeokaabHBIE MATEMATHIECKHAE MOJIEIN TIEPEHOCAB BOIOHOCHBIX CHCTEMAX.—
M.: Hayxa, 2007.
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METO/Ibl PELHIEHUST 3AJIAY MATEMATUYECKOI ®U3UKU
C ITIOABUKHBIMI U ITEPEMEHHBIMU I'PAHUITAMU

A. M. Cronasp
(Poccus, Pocros-ua-/lony; FODY)

B pabore mpejnaraercsa Tpu MeTofa — ACUMITOTUYECKUAN W J[BA UUC/IEHHBIX —
K PEIEHNI0 KPAEBbIX M HAYAJbHO-KPAEBBIX 33/1a4 C IOJBUKHBIMU U IIEPEMEHHbBI-
MU rpaHunamu. B ciaydae acHMOTOTHYECKOTO WHTEMPUPOBAHUS B KAYeCTBE MaJIOTO
rapamMerpa BbIOUPAETCs BEINYNHA, XapAKTePU3yIoIas CKOPOCTh, C KOTOPOil n3MeHs-
ercd rpaHuria objiacTu oupejesennd 3agadu. lIpousBogurcsa pasjoxkenne HEN3BECT-
HOM dyrkumu B psig Teitsiopa Ha HO;IBI/IH(HOI'/’I/ HEePEMEHHON rpanune, 4ro IPUBOIUAT
peliienre NCXOMHOM 3a/1a9u K PEIEHUT0 TTOCIeI0BATEIHHOCTH HAYATHbHO-KPAEBHIX 3a-
Jlad yKe B MOCTOSHHON o0jacTu mHTerpupoBanus. Takum o6pa3oM, pacCMOTPEHBI
HAYAJIbHO-KPAEBhIe 33/a49n i TUepOOInIecKoro u mnapabdoandeckoro ypaBHEHUM
¢ rpannunbiMu yeaousymu Helivana, Jlupuxie u Pobena u 3amaga dupuxiie mis 3.-
JIMIITUYECKOTO ypasHeHus (oTmernm, uto 3aja4uu Helimana n Pobena s ssmunra-
YeCKOTrO ypaBHEHHs TAKKe MOXKHO HCCJIEI0BATDH IO IpejaraemMoii meroauke) [1-3].
Kpowme Toro, Meros acMMITOTHYECKOr0 MHTEIPUPOBAHUSA WCIOJIB3YETCs JIJid Perie-
HUs 33/1a491 O MPOJIOJIbHBIX KOJIE0AHNAX I'Py3a HA BA3KOYIIPYIOM TPOCE HEPeMeHHOM
Jumsbl (eMm. puc. 1):

2 2 2 3
pF<8u—d§>:EFau+uEFau —pFg,

o2 di? D2 dx20t
d*¢ ou
mw = —EF% $:0+mg’
E(t) = () +u(l(t),), u(z,t)],_,=0, wulz,t)| _=0,
ou(x,t
u(e, )= or@), PO ),
t=0
e Au(l,t)
E(t)‘t:(): lo, dat [1 ol :| = ex1(1).

Baecw u(x,t) — mposoIbHOE CMEIIeHre TPOCA B TIOIBUKHOIN CUCTEMe KOOPMHAT, CBsI-
3aHHOiT ¢ rpy30M; &(t) — paccrosgHre OT TOYKHM TI0/Beca Tpoca 10 rpy3a, {(t) — nauHa
Tpoca B HeeOPMUPOBAHHOM COCTOSTHUY; £4+1)(t) — CKOPOCTH M3MEHEHUST JIIUHBI TPO-
ca, e4 = € > 0, Koryia JyInHa TPOCa YBeJIMUNBaeTcd, £+ = —& < 0, KOrja JyimHa Tpoca
YMEHbITAETCHA, OCTAaJIbHBIE O603Ha,t{eHI/IH IIOHATHBI. HoﬂqepKHeM, 49T0 JOCTOUMHCTBOM
[IpeJIJIaraeMoro MOJX0/a ABJISIeTCsl BO3MOXKHOCTD PeIlleHus 3aad U B HeJTUHeHHO
rnocranoBke. J[jist 4nC/IeHHOrO MHTErpUPOBaHUEe Pa3PA0ATHIBAIOTCH MOANMDUKAIINYT 13-
BECTHBIX YHMCJEHHBIX METOJIOB JIJIS PEIeHns 3a/Ja49 C TOJIBUKHON TPaHUTIEN: Caeayst
uneam W. M. Bepwmyca, meron Pynre — KyTra ™Mbl aganTupyem Ha Caydail mepe-
MEHHOI BO BpeMeHn O6.Ha,CTI/I WHTETPUPOBAHNA, a TaKZKE BBOJAUM TTOJBUKHYIO CETKY,
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MO3BOJIAIONILYO IPUMEHSTD 3/1eCh TaKyKe U MEeTOJI KOHEUHBIX pasHocTeil (cM. puc. 2).
[IpoBoauTcs cpaBHEHME PE3Y/IBTATOB ACUMITOTUYIECKOTO U YUCAEHHOTO WHTErPUPO-
BaHud. B cayvae oTpe3ka MHTerpUpPOBAHUS MOCTOSHHON MJIMHBI MIPOBOJAUTCS WCCJIE-
JIOBaHUE CXOIUMOCTU PA3HOCTHOIO aJrOPUTMA.

Ax

@
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K

50 | i

_‘QHI ) |
| xR L)

U
R |

m

Puc. 1. Mogens Tpoca nepeMeHHON JJIUHBI C TPY30M.

(t)

- X

b1 |h hjq

gt

Puc. 2. ITogBuxkHas ceTka MeTo/1a KOHEYHBIX PA3HOCTEHH.
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MATEMATNYECKOE MOJAEJ/INPOBAHUE JIBU2KEHU S 'PAHUIIBI
PA3IEJIA PABJIMYHBIX »KNJIKOCTEN B OTPAHUYEHHOM
AHU3O0TPOIIHOM CJIOE I[IOPUCTON CPE/bI

1O. C. ®ensien
(Poccus, Open; OT'Y)

Cranuonapuyio (QUIBTPAIUI0 HECXKUMaeMOU KUIKOCTA B HejaedOopMUPYyeMOM
AHUBOTPOITHOM OZHOPOIZHOM CJIOE MOPUCTON CPenbl ¢ TeH30POM mponuiaemoctn K
OTIMCHIBAIOT ODODITIEHHBIN ToTeHTIna ¢ 1 yHKIHe# Toka 1. OHU yIOBIETBOPSIOT
cucreme ypapuennii [1]:

dp dp OV dp dp oY
Kn—+ Ko =—--, Ku -~ +Kop 7 =——. (1)
Ox dy Oy Ox y Ox
3aecy x, Yy — JeKapTOBBl KOODJWHATHI B IIJIOCKOCTH OCHOBaHWA cjod, Kij, 1,j =
1,2, — mocTosinHbIE KOMIIOHEHTHI TE€H30PA MPOHUIAEMOCTH.

Obnacts hunprparun D orpanndnBaer KOHTYD nuTanus Ly wu HepoHUIaeMast

TrpaHuna LQ. Ha 9TUX I'PaHUIAX BBITIOJHAIOTCA yCJIOBUA:

0T (2,t) = const, =z € Ly, (2)

YT (z,t) = const, z € Lo. (3)

Baeck u nanee z = x+1iy, t — BpeMs, CUMBOJI «+» («—») O3HAYAET MpeIeIbHOe 3HA-
uyenne QyHKIMU TP MOJXO0/IE K TPAHWIIE CO CTOPOHBI (€ MPOTUBOMOIOKHO CTOPOHDI )
opTa HOpMaJu K Hel.

[Mogsmxkuas rpanua 'y Mexk 1y pa3uIHbIMU XKUTKOCTSIME JAeTUT 00,1aCTh (DUIb-
rpanuu Ha Yactu D1 u Dy. B obsactu D1 ABUKeTCS KUTKOCTH BA3KOCTH (4] U ILIOT-
HOCTH p1, & B obytactu Dy — KUIKOCTH BA3KOCTH (9 U IJIOTHOCTH p2. [losaraem, uro
IIPH JBUKEHUH OHA KUIKOCTD ITOJHOCTHIO 3aMEIAeT APYTIYIO U Ha TPAHUIE pa3iesa
KUIKOCTEH KaW/IIPHbIE CUJIbI IPEHEeOPEeKnMO MaJibl. Toraa yCc/ioBus HEIIPEPHIBHO-
CTH JIaBJIEHUS U PACXOa YKUIKOCTH MMEIOT BHT

H190+(Za t) - ,LLQ(,D_(Z, t) = (PZ - pl)H(Za t)v

" o (4)
P (z,t) =9 (2,t), z€Ty,

rae II(z,t) — morennman MaccoBoii CUJIbL.
[Tonoxkenue rparuibl Iy Ha MIOCKOCTH 2z B JH000 MOMeHT Bpemenu t > 0 omu-
CBIBAETCS NAPAMETPUYECKUM yDaBHEHUEM (S — mapamerp)

z=2z(t,s) (x=ux(t,s), y=y(ts)), zeli (5)
B mauasibHbli MOMeHT BpeMenu ¢ = 0 mosiozKeHue rpaHunbl I'y u3BecTHO:

20 =2(0,s) (o =x(0,s), yo =y(0,s)), z¢€Ty. (6)
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Huddepennunanbable ypaBHeHUs JABUXKEHUS rpanutipl [y umeor B

dr o W
dt—x 7y7 dt

:Uy(.l‘,y), (.%,y) eIy, (7)
Te Vg, Uy — OpoeKnuu ckopoctu dunbrpanun. IlepBoe n BTOpoe ypaBHeHus cucre-
MBI (1) OMpenensior v, vy COOTBETCTBEHHO.

Takum obpazom, 3ajana objacth unbrpanuu D, Ter3zop nponumnaemoctu K,
rpanuna ['g. Heobxogumo naiitn nmonoxenne rpanuie 1y (5). Pemmenne 3amaqu co-
CTOWT B MHTErPUPOBAHUU CHCTeMbl ypaBHenwuii (1), (7) ¢ y4eToM TpaHWYHBIX YCJIO-
Buii (2)—(4) u HavanbHbIX ycaosuii (6).

[TocraBienHas 3a/a9a CBOJUTCS K PEIIEHUIO CUCTEMbI HHTErPAIBLHOIO YPABHEHHS
n juddepenipanbiblX ypaBHenuil jpuzkennst rpanuipl 'y |2, 3]. I'panuna obsacru
dunbTpayy yIuThBaeTCs ¢ TOMOIIBI0 TeopeM conpsizkerns [1]. Ilocrpoen uucien-
HBII AIrOPUTM PElIeHus 3a4a491 Ha OCHOBE METOJA JIMCKPETHBIX OCOOEHHOCTETH.

Ncenemosana 9BOMIONUS TPAHWIBI PAa3eaa >KUAKOCTEH K SKCIUIyaTarmoOHHOM
ckBaxKuHe. [1oIyueHbl 3aBUCUMOCTH BPEMEHHU JOCTHXKeHUsl Tpanutei 'y cCKBaXKWHbI
0T mapaMeTpoB 3agaun. V3y4eno BIMSIHME aHM30TPONUW T'PYHTA, TPAHUI, 00IaCTH
dunpTparnyn, pazauunsg GUINIECKUX CBONCTB KUIKOCTEH HA JIBUKEHHE T'PAHUIILI
pa3zena XKUJIKOCTEN.

Jlureparypa
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2013.—Ne 6 (56).—C. 70-75.

226



ITopaakoBelii aHaIN3 U cCMe>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAaHUS:
Te3uchl Mokaan0B XII Mexmyrapommoi mayanoii koudeperammn (c. Leit, 12-18 moms 2015 r.)

COBEPHIEHCTBOBAHUE JIBYXKACKA/IHON BUBPOU3OJISLIAN
CTUPAJIbHOII MAIINHBI BAPABAHHOT O THUIIA

®erucos B. I. (Poccusi, Bnagukaskasz; FOMI),
®erucos U. B. (Poccus, Mocksa; OO0 «IIneBmaxcs ),
Anexun C. H. (Poccus, [ITaxrer; UCOull (dunamnan) ATTY),
ITerpocos C. II. (Poccuga, Hlaxter; MCOwull (dbumuan) ALTY)

DdderTuBHOCTH DYHKIMOHUPOBAHNUS CJIOKHBIX TEXHUIECKUX CUCTEM (B TOM UHC-
JIe CTPAJILHBIX MAIIUH) B OCHOBHOM OIPE/IE/ISIETCS CTEIIEHBIO COBEPIIEHCTBA IIPOEKTA,
CUCTEMBI U KA4eCTBOM VIIPAB/IEHUS €€ PEryJUPYEMbIMU 3JIEMEHTAMU B KOHKDETHBIX
YCJIOBUSX KCILTyaTanuu. 1 PaJuIMOHHBIN MOAX0/ K CO3JAHUIO PEryIUPyEMbIX TeX-
HUYECKUX CUCTEM COCTOUT B IIOC/I€IOBATEILHOM DEIIeHUU JBYX PaCCMATPUBAEMbBIX
HE3ABUCUMO JIPYT OT JIPyra 3aJ1ad ONTUMAJBHOIO IPOEKTUPOBAHUSI U OLTUMAJIBHOTO
yIpaBJIeHUS .

Mexanndeckre CHUCTEMBI, HATPYKEHHBbIE CJOYUANHBIMU BO3MYIIEHUSIMU, UMEIOT
MMAPOKOE IPUMEHEHNE B TEXHUKE, HAIIPUMED, B AMOPTHA3ATOPAX CUCTEM BUOPO3AITUTHI
pubOpPOB, MAIWH, KOHCTPYKInii. Perienne Takoro Tuma HEJIWHEHHBIX 33729 JTUHA-
MWKH, KaK MPABUJIO, CBA3AHO C DOJIBIIUME TPyAHOCTAMU. KaK M3BECTHO, MOIYyIUTH
pellenre HeJIMHEHOrO YpaBHEHUs 00IIEro BUIa B aHAJTUTHYIECKOiT hopme (1axke st
HanboJ1ee MPOCTOTO yPABHEHUS BTOPOTO TOPSI/IKA) HEJIb3sl, HE TOBOPS YK€ O PEIleHnn
CUCTEMBbI HEJTUHEHHBIX YPaBHEHUN JBUKEHUS MEXAHUYIECKUX CUCTEM, HArPY?KEHHBIX
JIETEPMUHUPOBAHHBIMU UJIU CJIYYQTHBIMU CUJTAMHU.

B 1884 r. mBejckuit nnkenep JlaBayib 0bHAPYKMUI, YTO YPABHOBEIIEHHBIN JUCK,
CUISAIINI HA THOKOM BaJjy, B 3aKPUTHIECKON 00JACTH YACTOT BPAINEHUS, T. €. IpH
9acToTax, OOIBINX 9aCTOTHI CBOOOIHBIX KOIEOAHN POTOPA, CAMOIIEHTPUPYETCS: €ro
IEHTP MACC PACIOJIAraeTCsl MPAKTUYIEeCKN HA OCH BpalleHus. B pesyabrare cyie-
CTBEHHO CHUXKAIOTCS HEYPABHOBEIEHHBIE YCUJIN, TEPEIaBaeMble HA OMOPHI BaJIA.
10T 3ddEKT YCHEeITHO HCMOAb3yeTCs TPU CO3MAHUU PA3IUIHOTO POJA MAIIUH C
OBICTPO BPAIAIOIIUMUCS POTOPAME, HAIPUMED, HMEHTPUMYTr CTUPAJIHHBIX MAIITHH.
DTOT MPUHITUI MPOLABJSIETCA U B JAPYTUX, B TOM YuCjae 00Jiee CJIOKHBIX POTOPHBIX
CHCTEMAaX, O3BOJIAIONINX CYIIECTBEHHO yCOBEPIIEHCTBOBATH MAIIMWHBI JIJIg CTUPKU
Oesibs.

Cumkenre BUOPOAKTUBHOCTH IPU IEHTPODEIKHOM OTKUME OeJibsl SIBJISIETCS B Ha-
CTOdAIIEe BpeMs OJIHUM U3 MPUOPUTETHBIX BOIPOCOB, KOTOPBIE MPUXOIUTCSI PEIIATH
pa3paboTunKaM CTUPATBLHBIX MAIIUH Ha CTAIUU UX MPOEKTUPOBAHN. AKTYAJILHOCTE
JIAHHOTO BOTIPOCA CBsi3aHa ¢ obecriedenrieM HaJIeXKHOCTH, D€30MACHOCTH W SKOHOMWY-
HOCTHU CTUPAJBHBIX MAIINH, & TAKZXKE CO CHUXKEHUEM BPEIHOTO BO3IECTBUsT BUOpAITUN
7 TIyMa, Ha IETOBEKA.

K macrosiemy Bpemenu omy0/InKOBaHA CEPUs HAYIHBIX PAbOT, TOCBANIEHHBIX BO-
IpOCcaM WCCIEJOBAHUS IUHAMUKN CTHPAIbHBIX MAIUH U CHUYKEHUIO X BUOPOAKTUB-
HOCTH, TJie PAKTUYECKU BO BCEX Pa3padOTKax MpPU MATEMATHIECKOM MOJIE/IUPOBa-
HUHM KOJe0aHUil CTUPAIBHBIX MAIUH WX KOjaebaTe/ibHAs CACTEMA PACCMATPUBAETCH
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KaK OJTHOKACKAaJ/Hasl CHUCTeMa BUODPOW3OJILINHU, MPEJICTAB/ISIONAd U3 cedd yIpyro-
JAUCCUIIATUBHYIO II0JIBECKY MOEYHOI' y3J1a (HO;LBeCHOI‘/'I qaCTI/I). Kopmyc mammab 8-
JisieTcs abCOTIOTHO YKECTKOU HEIOJBUXKHON KOHCTPYKITHEid.

Bwmecre ¢ Tem, Kosiebarebaast CuCTeMa CTUPAJIbHBIX MAIIWH B PEAJIBHBIX yCJI0BU-
SIX TIPEJICTABISIET CODOI JOCTATOYHO CJIOYKHYI0 MHOTOKACKaIHYI0 CHCTEMY BHOPONU30-
JIAIIA ¢ MHOXKECTBOM KOHCTPYKTHUBHBIX 3JIEMEHTOB, XapaKTePU3YIOIUXCA YIIPYTUMA
1 JUCCUIIQATUBHBIMN CBOWICTBAMMU.

Takum obpaszom, Tpu BeIOOpE PAIMOHAIBHBIX TAPAMETPOB CUCTEMbI BUOPOU30.Is-
o1 HE YIUTHIBAJIOCH BJIMAHNE Ha JUHAMUKY CTUPAJIbHBIX MaIllInH CBOMCTB KOHCTPYK-
TUBHBIX 3JIEMEHTOB M XapaKTep UX CBA3€ll, 94T0 6€3YCTOBHO CHUKAET JJOCTOBEPHOCTH
WCCaeI0BaHMI, 000CHOBAHHOCTH BBIBOIOB M PEKOMEHIANNMI, HATPABJIEHHBIX HA CHU-
JKeHne BUOPOAKTUBHOCTH MAIITHH.

JIuteparypa
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ITopsimkoBBIil aHANU3 U CME>KHbIE BOMPOCHI MATEMATHYECKOTO MOJEJIUPOBAHUS:
Te3ucot 1okaan08 XII Mexnynapoauoii nayanoii koudepenuuu (c. e, 12-18 mona 2015 r.)

MOJIEJIb COLIMAILHON HANIPSXKEHHOCTU SJIUTHL 1 TPYIAMINXCSI

3. X. Xocaesa (Poccusi, Bnagukaskas; BHIT PAH),
B. I. Tu6ysmu (Poccus, Pocros-ua-/lony; FODY)

B pa6ore [1| paccmoTpena MO/e/1b B3aNMO/IeHiCTBIS MKy TIPABSIIIEii TPYITOi 1
Bpaxk1ebHOI eff coruaabHON IPYIIoi MPeTeH/IeHTOB Ha BJIacCTh. 1lokazano, 4ro npu
U3MEHEHUU YIIPaBJILIONIEero IapaMerpa BO3MOXKEH [epexol, OT COCTOAHUSA CUCTEMbl
C OJHOM yCTOMYMBOI CTALMOHAPHON TOYKON K COCTOAHUIO C TPEMs CTallMOHAPHBIMU
TOYKaMM, OJ[HA U3 KOTOPBLIX HeycToituusa, u obparuo. [Ipu aTom Bo3MOXKeH pe3kuit
pOCT ypOBHS BPaxxKeOHOCTHU NPETEH/IEHTOB, T. €. OMACHOCTb CTOJIKHOBEHUN MEXKy
CTOPOHHUKAMU IPETEH/EHTOB U CUJIAMU OXPaHbl HOPAIKA.

AnajiornyuHbe ypaBHEHUsI MOJTYYeHbI C UCIIOIb30BAHIEM TIO/IX0/1a, PA3BUTOrO B [2]
JIJI OTIEHKY M3MEHEHU HANPSKEHHOCTU B OOIIECTBE, COCTOSINEM U3 MPABIIIEH /11~
ThI U Tpyadanmxcs. s Hanps2KeHHOCTH 3/UThl PP ypaBHeHUE OYJIeT UMEeTh BUJ

dP1 P2
— = Y1(Py — P, —— (P — P).
i Vo1 (Po1 1)+011_P2( » — Pr)

L1 HATIPSIXKEHHOCTU TPYAIuXcs FPo:

% = Ys2(Py2 — P2) + C2lflﬂ [(P1 — Py) + maPa(1 — Py)].
Yols Va2, C1, C2, M2 — KOHCTAHTHI JIJIsT JAHHOTO 001TIecTBa, Py, Py — ymnpasistorine
mapaMerphl.

Jl1s1 ompeseeHns MOJIOXKEHUsI CTAIMOHAPHBIX TOYEK STOW CHCTEMBI YpaBHEHHIA
MOJIyIaeM ajiredpanvieckoe ypaBHeHre 4erBepToro mopsiaka. C yderoMm orpaHuvdeHuit
Ha 3HaueHns UCKOMbIX dyukmuit P; € [0,1] B 3aBucuMocTu oT 3HAYEHUil ynpas/is-
IOIUX ITapaMeTPOB U KOHCTAHT BO3MO2KHO HaJIMYINE OILHOI‘/‘I N ABYX CTAIMOHAPHDBIX
TOYEK WJIN UX oTcyTcTBue. Hambosiee nnrepecen ciaydaiil, Koraa mpyu HEOOILIINX 3HA-
YCHUAX YIIPABJIAIONINX IIAPAMETPOB UMEETCA OJHA yCTOﬁ‘IHBaH CTallMOHapHad TOYKa,
[IpU yBEJIUYEHUN 3HAYEHUN YIIPABSIONINX IapaMeTPOB BO3HUKAET BTOpasi, HEYCTOI-
quBad CTallMUOHAPHAA TOYKa, a IIPpU ,Z[aﬂbHeﬁlHeM YBEJIMYICHUU ITUX 3HAQUYEHUNA HU OJ1-
HOM CTAIMOHAPHOW TOYKW B TOI gacTW PHazoBOTO MPOCTPAHCTBA, KOTOPAsi COOTBET-
CTByeT peajbHOCTH, HeT. VIcue3HOBEeHHe CTAITMOHAPHBIX TOYEK COOTBETCTBYET OBLICT-
pomy (HO HE MIHOBEHHOMY) POCTY HAIPSIZKEHHOCTH, T. €. PEBOJIIOIMOHHON CUTyarun.
[Ipn HanmwmYuu ABYX CTAIMOHAPHBIX TOYEK, OJHA M3 KOTOPHIX HEYCTONYHBA, JOCTa-
TOYHO OOJIBITHE CaydaifHbie (DIYKTyallnu HAPSIXKEHHOCTH, BOZHUKAIOIIUE TTPU IIPO-
BeJeHNN MACIITaOHBIX IMIPOTECTHBIX AKIUIl WU IO JAeiiCTBHEM MHTEHCHBHOTO JTeCTa-
Oun3upyromero nHMOPMAIMOHHOTO BO3/I€HCTBHUSA, MOT'YT IIEPEBECTU CUCTEMY B CO-
CTOSIHIE, KOTJIA JTAJbHEMINNN pOCT HAIPSIKEHHOCTH OYIeT CaAaMOIPON3BOJIbLHBIM, T. €.
TaK>Ke IIPUBECTU K PEBOJIIOIUOHHON CUTyalun.
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ITopsimkoBBIil aHANU3 U CME>KHbIE BOMPOCHI MATEMATHYECKOTO MOJEJIUPOBAHUS:
Te3ucot 1okaan08 XII Mexnynapoauoii nayanoii koudepenuuu (c. e, 12-18 mona 2015 r.)

MATEMATNYECKOE MOJIE/IMPOBAHUE TEIIJIOOBMEHA
B SHEPTETUYECKUX YCTAHOBKAX

A. A. IIsiHaeBa
(Pocuns, Camapa; CTACY)

MaremaTudeckoe MoJIeIMpoBaHKe Terj1000MeHa TpebyeTcst IIpu IIPOeKTHPOBAHUK
[EePCIEKTUBHBIX SHEPreTUIeCKUX YCTAHOBOK U anmaparos [1-3] ¢ mesbio yMeHbieHust
CPOKOB MX BblIycKa. IIpu 9TOM MCIHO/Ib30BaHME METO/I0B YUC/JEHHOIO MCC/Ie10BaHUs
[O3BOJILET ONTHMHU3UPOBATH KOHCTPYKTUBHBLIE HAapAMETPhl SHEPIeTHIECKUX YCTAHO-
Bok. IIporpamMmuoe obecrieuenue Ha 6a3e OTKPBLITHIX KOJ0B [03BOJISET UCC/Ie10BaTe-
JIIM UMETh BO3MOXKHOCTH KOPPEKTHPOBAHHS IIapaMeTPOB MOJIeNIeil, IPUMEHIeMbIX B
mporecce uccrenoBanus (4.

Pabora nocssamena gnciennoMy anain3y 3pOEKTUBHOCTA MPUMEHEHUS TAHTE b
0Opa3HBIX JIYHOK JI/IS HHTEHCH(MDHUKAIIIT TEILI000MeHa, Ha IoBepxXHocTH. Momeauposa-
HI€ BBIIIOJIHEHO C TIOMOIIIBI0 cBOOOIHOrO nporpammuoro npoaykra Code Saturne [5].
g MomenupoBaHus TypOyJIEHTHOIO TeYeHHs, O0TEKAIOIIero MOBEPXHOCTL C TaH-
reb obpasubivMu synkamu, Code Saturne ucno/b3yer ypaBHeHUsi, KOTOpbIE€ IIpH
(u=1u+ ') nveror Busx

d
L+ div(pn) = T,

I _ 2
p% +W'(pﬂ)=—VP+div<u[Va+VaT—3tr(Va)IdD+ (1)

+pg — div(pR) + ST, — Ka +T'(a" + ).

Sambikanue ypasaenuii ocymecrsiaenno k—w SST mouensio TypOyeHTHOCTH, KO-
TOpast MPeJIoIaraeT 3aMnuch TeH30pa Hanpsikenust Peitronbaca: R = v’ @ u'. Ilpen-
LOJIAraeTCd, YTO CO CKOPOCTbIO jedopmanuu TeH3opa S = %(Vﬂ—i— VﬂT) nMeeM

2 aD .
pR = 5pkl —2u7 S, 31ech KUHETHIECKAST SHEPTHST TyPOYTEHTHBIX TTyIhCaINii OTIpe-
nensercs [6]:
1
2
MaremaTtudeckass MOIeTb BK/IIOYACT yPABHEHHE HEPA3PBIBHOCTH, yDPAaBHEHUE

k= -tr(R). (2)

sHeprum MOTOKa, ypapHenusi Hasbe — Crokca, momenn TypOyIeHTHOCTH. Y paBHEe-
HUe SHePTUN 3aIMCLIBAETCI B CAETYIONIEM BUIE:

de

=

dt

AHaJII/IB ,ZI;OCTOBepHOCTI/I HOJIyLIeHHbIX peBy.T[bTaTOB BBIIIOJIHAJICA apu CpaBHeHI/II/I
pe3y/IbTaToB pacydera s HeryryOoKoit chepruyaeckoil JIYHKU U PE3YJIbTATOB IKCIIEPU-

= —div(q") + ¢" + Pdiv(u) + pS>. (3)

menTa [7].
MojemmpoBanue BBITOIHSIOCH [T TJATKON MOBEPXHOCTH, I TIOBEPXHOCTH C
nersybokumvu cepuaecknmu ayakavu (H/D = 0,14), n1s OBEPXHOCTH C TaHTETH
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00pasHBIMU MHTEHCUPUKATOPAME CJI0XKHON (hopMbl TOi 2Ke rybunsl. [logydennbie
pe3yJIbTaThl MOJIEIUPOBAHUS JIJIsl TIOJTYC(DEPUIECKIUX JIYHOK [TOKA3A/IU U3BECTHOE PaC-
npejeeHne Ko3(p@UIMeHToB TeIJIOOTAAaYN B JIYHKE, Ka9eCTBEHHO COIIOCTABUMOE C
pesyJibraramu ucciaeoBanuit [7.

Pesyabrarhl MogenpoBaHust MOKa3aIu, 9TO JJjIs MOBEPXHOCTH ¢ TaHTEIb-00pas-
HBIMH JIYHKAMHU OCPEIHEHHBIH KO3 MUIMEHT TemI00T a9l BRIIIe, YeM IJIg I KON
TIJIACTUHDBI WJIN JJId TIJIACTUHBI C HeF.HY6OKI/IMI/I C(‘l)epI/ILIeCKI/IMI/I .}'IyHKa,MI/I. O,Z[Ha,KO Ha-
OJII0JAIOTCS 3HAUNTEIbHBIE KOJIeOAHNs BeININHBI KO3(DMUITMEHTa TeILI00T I M.
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MATEMATNYECKOE MOJE/INPOBAHUE ABTOMATU3NPOBAHHBIX
CHUCTEM VYIIPABJIEHIS TEILIOIIOTPEBJIEHUEM 3JAHII

E. A. Ilninaesa
(Pocums, Ynbauosck; Yal'TV)

[Ipumenenre aBTOMATU3UPOBAHHBIX CHCTEM VIIPAB/IEHUs TeIIONOTPEOIeHueM
(ACYTII) siBaistercst 3(pheKTUBHBIM CPEJCTBOM SKOHOMUHU TeIIOBOi sHepruun [1-§],
TaK KaK 00ecIieunBaeT yIpaBjeHue TeJI0BbIM PEXKUMOM 3/IaHUS 110 TEMIIEPATYPE Ha-
PY2KHOTO BO3/yXa [IPW M3MEHEHUW HAIPABJIEHUS BETPA, NHTEHCUBHOCTH COJTHEYHOTO
M3IyYeHus ¢ 3aJaHH0M Temmeparypoit B momertennsx. ACYTII, npucoegunenmbie mo
3aBUCHUMOI CXeMe MOrYT OBITH C PEryJUPYIOMIMM OPraHOM Ha, IPAMO mim 06paTHOM
maructpasan. Ananmus spdertusaoctr ACYTII MOXKHO TIPOBECTH B JUHAMUIECKOMN
IIOCTAHOBKE I10 JUHAMUYECKOMY YPABHEHUIO OTAILIMBAEMOTO TIOMEIIEHWS:

dtin
e knFo(1 — kin — kp)[(t1g + t2(1 — g)) — t] —

- kF(tzn - tout) - CpGinf (tin - 75out)7

e tin, Loyt — TEMIIEpaTypa BO3yXa BHYTPU U CHAPYXKU TOMENIEHUs] COOTBETCTBEH-
HO; T — BpeMms; ky — K03 PUIMEHT TeIIonepe1adn OTOMUTEIbHBIX TprubopoB; Fj, —
IJIONTAIb OTOIMHUTETbHBIX IPUOOPOB; P, € — IJOTHOCTH W TEIIOEMKOCTH BO3/yXa B
nomernenun; V. — obbeMm nomernenus; k, F' — koadduumenT remnjonepeiadu u mio-
IaIb OTPazKIafoNIIX KOHCTPYKITHIL COOTBETCTBEHHO; k) — K03 DUIIeHT KoMIIeHca-
Uy TeronoTeps depes 1oi; Ginp — pacxo nHGUILTPYIONErocs Bo3/Lyxa; t1, to —
TeMIlepaTypa TEIJIOHOCUTENS B IPAMONl U O0OPATHON Marucrpajii COOTBETCTBEHHO;
g — K03 DUIMMEHT TOAMEINBAHNS, PABHBII

G1
G1+ Go
riae G1, Go — pacxoj u3 upsaMoil u 06paTHOi MarucTrpajin COOTBETCTBEHHO.

g ACYTII ¢ peryaupyioiumM OpraimoM Ha MPIMOil MarucTpasn Ko puimenT
MTOJIMEIUBAHUST OIIPEIEIISIETCS

Pin C Vv
: (1)

g (2)

9= gem + 2T, (3)

A€ Gem — CpelHuii KO3MMUIMEHT MOAMenBaHus; 4 — KOI(MDMOUIUEHT, 3aBUCSIITI
OT KOHCTPYKITAU PEryJUPYIONIETO OpraHa.

s ACYTII ¢ perysmpyioium OprasoMm Ha 06paTHO#M MarucTpaiu Ko3hduiim-
€HT TIOAMEIUBAHNS OTIPEIE/IACTCA

g=1-g", (4)

e ¢ — K03 PUIMEHT MOAMENTNBaHUS U3 00PATHON Marmcrpajn, paBHbI g* =

G
Gy, - OH omperiensercs BrIpazKeHueM

g =1-g., —Zr, (5)

e g, — KoddduimenT noaMemnBanua 3 06paTHON MAarucCTPaJIn, 3aBUCAIIAN OT
rpacdmka ITKP.
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O HEKOTOPBIX UHTEPIIOJISIIIMOHHBIX CBOMCTBAX
MAPTUHIAJIBHBIX MEP!

B. B. IITampaeBa
(Poccust, Pocros-ua-/lony; PT'CY)

B pamkax omHOMIAroBOi MOIETN CTOXACTHIECKOTO 0A3MCa CO CIETHBIM TTPOCTPAH-
CTBOM COCTOSIHHUIT pACCMaTPUBAETCS Caydaiiublii mpomnece (Zg, ]:k:)llg:o; rae Fo — Tpu-
BuajibHag o-ajirebpa, a Fi — o-ajarebpa, MOPOK/EHHAs CUETHBIM YUC/IOM aTOMOB.
MuoxxecTBO 3HadeHuil . B. Z1 oboznaduM {by}7° . O6o3HaunM depe3 P MHOKECTBO
BCEX HEBBIPOXK/IEHHBIX MAPTUHIATBHBIX MEp mpolecca 4. B reopun XaapoOBCKUX MH-
TeprosIsIyii BasKHOe 3HAUYEHHe NMEIOT MapTHHTa/lbHbe Mephl P € P, YIOBJIETBOPSI-
rore OVHB [1].

ONPEJENEHUE. [oBopsr, uro mepa P = (p1,p2,...) € P Y/IOBJIETBOPSIET OCJIa0-
JIEHHOMY yc0Buio Hecosnagenus Oapunentpos (OVHB), ecom nnga mo6oro @ € N
u g goboro mabopa mmgekcos J C N\{i} ¢ xomeunpiv momommenmem J = N\J

>, bipj
JjeJ

2P

jeJ

BBITIOJIHACTCA HEPABEHCTBO

b; #

ONPEJETEHUE. BymeMm roBopuTh, 910 9uCI0 b, BXOdAIIEE B OCIET0BATETHHOCTD
{b1, b, ...}, umeer kparuocTh M (M MOKET ObITH KAK KOHEYHO, TAK M OECKOHEYHO),
€CJIM B 3TOil COBOKYIHOCTH OHO MPUCYTCTBYET 1M pas.

B nmanpmeiiiem, MHOXKECTBO MapTHHTAJIBHBIX Mep, yaoBjaeTBopsoomux OYHDB,
Tak)ke obozHaudaercs depes OYHDB. [tasras 3agava qanuoit paboThl — HANTH yCII0-
BHS CyIIECTBOBAHUSI MAPTUHTAIBHBIX Mep, yaoBaerBopsionux OYHB.

[Tepeauncanm n3BecTHbie HAKTHL:

1. Ecin mocenoBarenbuocts {by, ba, . ..} COMEPKUT KOHEIHOE YUCIO PASTHIHBIX
quces1, TPUYeM JIWIIb OJIHO W3 HUX MMeeT DECKOHEYHYI0 KpaTHoCTh, T0 OVHB= &.

2. Ecm moceioBareibHOCTD {b1, b2, . . .} COTEPKUT 1Ba PA3IMIHBIX YHCIA, TPU-
qeM 00a 6eckoneuHoit kparHocTu, 10 OYHB= P.

3. Ilycre mocsiemoBarebuoCTh {b1, ba, . . .} comepuT Tpu pasaudabix ducia. B |2]
JIOKa3aHo, 410 ecau by < Zy < by < bg upu my = mg =00, mg =1 um b1 < by <
Zp < b3 npu my = 1, my = mg = 0o, To OYHB= P. B 10 ke Bpemsi U3 pe3ynibTaToB
paboTsi [1] BBITeKaeT, 9To B ocTambHbIX caydasx OYHB crporo smoxeno B P. A B 3]
IOKa3aHo, uTo miasa P € P, Zy # by B ciyvae, KOrga HE MEHee 9eM JBa W3 9ncen by,
by, b3 UMeIOT GeCKOHeuHYI0 KpaTHOCTL MHOKecTBo OVHB# ().

!Pa6ora Boimonmena mpu buHAHCOBOI MomAepkKe Poccmiickoro (hoHma byHIaMeRTATLHEIX HC-
caenoBanuit, mpoexT Ne 13-01-00637a.
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B macrosmux Te3ucax mpejcTaB/ieHbl YCAOBUS Ha MapPTUHTAJIbHBIE MEpbI, U3 KO-
TOPBIX BBITEKAET TPUHAIEXKHOCTD 3Tux Mep MHO)KecTBY OYHB. 911 yeioBust cop-
MyJIIPOBAHBL B CJIy9asiX, KOIJA HOC/IEJ0BATEIBHOCTE {b) } 7 COMEPKUT POBHO TPH
Wi POBHO YE€THIPE PABIUYHBIX 3HAUEHUS.

Ipennoxenne 1. Ilycts P € P, a muoxkecrso {by}7°, cocrour m3 Tpex pas-
JHIHBIX grcesn by < by < b3, Kaxkjj0e U3 KOTOPHIX HMeeT DECKOHEUHYI0 KPDATHOCTD, U
1pu 31oM by < Zy < by < by. Ecum gus groboro k > 1 BBIIOJIHSIIOTCS HEPABEHCTBA

(by — b1)psi—z > (b3 — b2) > _ ps;
ik

(b3 — bo)pse > (b2 — b1) > p3j-a,
=kt

10 mepa P yrnosinersopsier OYHB.
IIpennoxxenne 2. Ilycts P € P, a MuOxKecTBO {b} | COCTOHT U3 YeTHIpEX
paszmaHbIx gnces by < by < by < by, Kaxk0e n3 KOTOPBIX UMEET DECKOHEUHYIO KpaT-

HOCTB, 1 IIpH 3TOM by < Zy < by < b3 < by. Ecan g oboro k > 1 BBITOJIHSIOTCS
HEPaBEHCTBA

(b2 — b1)pag—3 > (ba — b2) ij—l + ij
purt pt

(bg — b3)par, > (bg — b1) Z Paj—3 + Z Paj—2 |,
k1 j=kt1

10 mepa P ynosinersopsier OYHB.
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MOJEJ/JIMPOBAHNE BESOKOHHOI'O PACIIMCAHI A
ITOTOKOBBIMU METOJAMU

A. 3. dky6os (Poccus, Maxaukama; AI'Y),
X. O. Ans-ITexau Anu (Poccusi, Maxaukasna; JIT'Y),
A. C. Hxxamupsaes (Poccusi, Maxaukasa; AI'Y)

PaccmarpuBaerca Bonpoc cymiecrBoBanus i marputibl M u3 7 cTob10B, KaxK-
JIbIfl CTOJIOET] KOTOPO#l COMEPXKUT TePEeCTaHOBKY u3 uucesa 1, 2,...,n U MHOXKECTBO
MOBTOPSIONMINXCS HYJIEH, a KaXK/asi CTPOKa COAepKutT judo 2, qubo 5, ubo 7 neny-
JIEBBIX 9JIEMEHTOB (IPUYEM BCE HEHYJIEBBbIE HJIEMEHTBHI B KAXKJIOW CTPOKE IMOMApPHO
pasymunbl) — marpuibl M uCXOAHBIX PA3MEPOB, TAKOi, 4T0 B J1I000i unuun (T. e.
B CTOJIOIE W CTPOKE) UCKOMON MATPHUIHI KOJUIECTBO IK3EMILISPOB KarKI0r0 YUCIIa,
Takoe »Ke, YTO U B COOTBETCTBYIOIIEH JIMHUN UCXOSHON MATPHUILl U B KaxKJI0#U CTPO-
Ke MCKOMOI MaTPUILI BCE HEHYJIEBbIE 3JIeMEHThl PAaCIoIaraloTcst CJAUTHO, JIPYT 33
JIPYTOM.

Marpuny obaagatontyio csoficreamu 1) u 2) Gyjgem Ha3bIBaTh jedparMenTupo-
BaHHOI, a HaXoxKJeHue JedparMeHTHPOBAHHON MaTpuibl M* — nedpparmeHTariy-
eit M.

B obmmem ciryvae 3amada gedparmentaryu N P-iosinas [1], B JaHHO# cTaThe mpu-
BEJIEHO MTOJIMHOMUAJIBLHOE PEIeHre 33/[a9 B YaCTHOM CJIydae.

MHO0KecTBO CTPOK HMCXOHON MATPHUIILI, COJIEPKAIIUX B TOYHOCTH ¢ HEHYJIEBBIX
9JIEMEHTOB, OyjieM 0003Ha9aTh Yepe3 M(q), q=2,517.

(M) — Tpancmoprhast ceTh (C 3aJaHHBIMU HA JIyraX HUKHUMH ¥ BEPXHUMU TI0-
TOKOBBIMU OIPAHUYEHUSIMIY ), TIOCTPOEHHAS TI0 MATPHUIIE CJETYIOMMM 00pa3oM:

Bepwunor: Kpome UCTOIHUKA U CTOKA, BBOJATCS 1 BEPIIUH X1, L2, - - ., Tn, COOT-
Hecenmbre wncaaMm 1, 2, ..., n; k — [M(2)| Bepmmn y1, yo,. .., Yp—|rr(2)| TOCTEI0BA-
TeJIbHO COOTHECeHHBIX crpokam Muoxkects M) o M (7).

,ﬂyeu: OT UCTOYHUKA K Ka}Krﬂ;Of/'I "3 BEPIINH Tg MPOBEICHA AyTa C IMOTOKOBBIMU
orpaaudenusvu |3, 3], OT BEPIIUHBI T5 K BEPIIUHE Yy AyTa MPOBEIEHA TOTIA U TOIb-
KO TOT[Ia, KOTIa CTPOKa MHOXKecTBa M (5), 6o M) COOTBETCTBYIOIIAs BEPIITUHE Yy
COJIEPXKHUT YNCIO S, § = 1, 2,...,n, IpudeM TaKas Jyra NMeeT IIOTOKOBLIE OrpaHMIYe-
nus [0, 1]; or ka0l BEpIIMHBI Y, COOTBETCTBYIOMEH MHOXKeCTBY M (a) IPOBE/IeHA
ayra Kk croky 1’ ¢ orpanndenusivu [3, 3].

Hokazano cjemyioree

YrBepxkaenue. B nepparmentuposanrnoMm Bapuante M* marpumpr M nemyite-
Bble saeMeHTbl crpok Muoxkectsa M®) voryr maumnarses toabko ¢ 1-ro man 3-ro
cros161a, a HeHyIeBLbe s1eMeHTE cTpok Muoxkecrsa M) Moryr maunnarsess Tombko
¢ 1-ro, inbo 6-ro cromadiia.

JlokazaTeabCTBO MPOBOIUTCS OT MPOTUBHOTO.

[Tosryuenbr HEOOXOMMMBIE U IOCTATOYHBIE YCA0BUs gedparmenTanuu MaTpuiisl M.

Teopewma. /l1a necpparmenrariun marpuiibl M HE0OX0IUMO U JJOCTATOUHO CYIIIE-
CTBOBaHHE JIOIYCTUMOTO 10TOKa B Tpancnoptaoii cern T (M).
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<1 Heobxodumocmn. Ilycth cymecrByer marpuma M ™, BeIbepeM ¢-10 CTPOKY, BXO-
I4Iyo iub0o BO MHOXKECTBO M(5), b0 B Mm, qepe3 m, 1, p 0003HAIMM COOTBET-
CTBEHHO HEHYJIEBbIE [IPEJICTABUTEN 3-T0, 4-10, 5-r0 cTo/1011a JaHHOi cTpoku. Ilycrs
JIAHHOM CTPOKe cooTBeTCTBYeT Bepumua Yy Tpancnopraoi ceru T (M). Torma noso-
JKUM MOTOK 10 JyraM (T, Yt), (€1, Yt) u (Zp, y) pasabiM egunuie. [Tosoxmm moTok
Mo KaxK A0t yre T, BBIXOSINEH U3 UCTOYHUKA, PABHBIH 3, U TTPOTIOIKUM TI0 BCEM JTy-
raM, WHITUIEHTHBIM BEPITUHAM ¥; 110 HermpepbiBHOCTHU. [loryanin omycTuMbIit TOTOK
B TpancnoprtHoii cetu T'(M).

Jlocmamounocmow. Tlycrs Teneps B Tpancnoprhoit cern T (M) cymecrsyer jo-
nycTuMbIii moTok. Torma Kaxkaas BepmmHa s AByaoasHOTo rpada G(X — Y, E),
00pa30BAHHOIO BEPIIMHAMU T, Y¢ U Jyramu (Ts, Y¢), BOIL KOTOPBIX MOTOK PaBeH 1,
MeeT CTeIEeHb J.

Ob6oznauum yepes N (1), N®@ y NG MHOXKECTBa, 00pa30BaHHBIE KOHIIAME pebep,
[MPUHAJIEKAIUX MHOYXKECTBY X U3 COOTBETCTBYIOIIUX APOCOYETAHUN JBYIOIBHOTO
rpada.

Homectnm muokecrsa N, N@ y NG g 3.1, 4-#t u 5-it cronbupr Marpuis
M* coOTBETCTBEHHO, ciies 3a TeM, aToosl uncio u3 N(@ pacmonaranocs B cTpoke
C TeM 2Ke HOMepOM, 4To u y cTpoku m3 M, oTrkyna Beibpano wuciao p. U ymamamm
muoxkecrsa N(@ u3 coorsercrByomux crpok mMarpunsr M.

Ob6ozHaunM vepe3 W MHOXKECTBO CTPOK MaTpuilbl M, B KOTOPBIX MOCTE YIAJIeHUS
muoxkects N(@ ocramuch HeHy/IEBbIE S/1EMEHTDI: U3 CKA3AHHOTO BBIIIE CIIELYET, UTO B
Ka)K;[Of/.I CTPOKE 9TOI0 MHO2KECTBaA KOJIMYIECTBO HEHYJIEBBIX 3JIEMEHTOB PAaBHO 2 nJjim 4

CymiecTByeT Takoe pasbuenue 4-X 3JeMEHTHBIX MHOMKECTB W, Ha <IOTOMKH» —
JIBYX3JIEMEHTHBIE MTOJMHOYKECTBA, MOCJE KOTOPOIrO MOJIYyYEeHHOe «PACIIUPEHHOEY Ce-
MENCTBO JIBYX3JIEMEHTHBIX MHOXKECTB JONyCKaeT pas0ueHue Ha JBa I0/iCEMENCTBA
W1 n WQ TaKHue, 94To a) HUKaKHe JIBa IIOTOMKa OJHOI'O Y€TbhIPEXIJIEMEHTHOI'O MHO-
JKECTBA HE TIOMAIAI0T B OJHO W TOYKE MOJACEMENHCTBO; 6) B KaXKI0M M3 MOJCEMECTB
KOJITIECTBO 9K3EMILISIPOB JII000TO 7eMeHTa paBHO 2 [2] .

[Tapwi, obpazytommpe Wi, pacmoioKuM B TEPBBIX ABYX CTOJONax Marpuiibl M ™,
a mapbl, obpasyromme MHOKECTBO Wa, B TOCTEIHUX ABYX CTOJOMAX MaTpuisl M*
TaKUM 00pa3oM, 4To0bI Kakas mapa pacrojiarajach B CTPOKE C TEM K& HOMEDPOM,
9TO Wy CTpoKW u3 M, m B KaykjoM u3 AByX cTobnosB (l-m m 2-m, 6-M u 7-Mm)
Marpuiibl M™* HeHyjeBble 3/IEMEHThI ObLIN TIOMAPHO PA3JIUYHBI.

B wmrore momyumnm marpuny M* — nedparMeHTHPOBAHHBIA BapHAHT MaTpH-
ubsl M.
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ITopsimkoBBIil aHANU3 U CME>KHbIE BOMPOCHI MATEMATHYECKOTO MOJEJIUPOBAHUS:
Te3ucot 1okaan08 XII Mexnynapoauoii nayanoii koudepenuuu (c. e, 12-18 mona 2015 r.)

OCOBEHHOCTU PEAJIM3ATINN KOHIEIIIINN
MATEMATNYECKOI'O OBPABOBAHNI I
B I[TEPCIIEKTUBHOM PA3BUTHUU PETMTOHA

B. C. Abaryposa (Poccus, Bnagukaskas; KOMI),
E. 1. Cmupuos (Poccus, fpocnasis; ATILY),
C. A. Tuxomupos (Poccus, dpocnasin; ATIIY)

B YCHENTHOCTU TTPEOJ0JICHUA COBPEMEHHBIX BBIZOBOB [IJIA POCCI/H/I ", B 9aCTHOCTH,
MOJEPHUBAINN POCCUICKOr0 00pa30BaHNs B HAIPABJIEHIN KOHKYPEHTHOCIOCOOHOCTHI
BBIMTYCKHUKOB ¥ CHEOUAJIUCTOB Ha OTEYECTBEHHOM W MUPOBOM DBIHKE TPYda W 3a-
BOEBAHUU TPUOPUTETOB B HAYKE W TEXHOJOTUAX OCHOBOIOJIATAONIYIO POJIb UTPAET
Maremaruydeckoe obpasoBanne. Pybe:kHbIM B JaHHOM HAINPABJICHUU ABJISIOTCT Y Ka3
[Ipesunenta P® or 7 mag 2012 r. Ne 599 u Pacnopsizkenue Ilpasurenscrsa Poc-
cun or 24 pexabps 2013 r. Ne 2506-p «O koHmemuu pasBUTUs MATEMATUYECKOTO
obpazoBanmsa B Poccuiickoit denepamuny. Bo Bcex permonax pasBepHy/Iach paboTa
o paspaborke [lnanoB mepoupustuit mo peasmsannu Konuenmwu, geraain3upyro-
MUX ¥ PACIIUPLAONUX (DyHIAMEHTAIbHbIE I0/I0KEHUs Ha OJinzKaiiiiee IaTUIETHE.
HI/I)Ke npegIaraloTCd KOHKPETHbIC HallPaBJICHUA, 9TAllbl U1 TEXHOJIOTNN DeaJIn3aliun
Konnentuu, onpegesornme 3dhdekTBHBIE PE3YIHTATH B PA3BUTHH MOTHBAIIMOHHON
cdephl yUeHUs, MATEMATHIECKOTO M HAYYHOIO MBIILICHNS OO0YJAOIMMXCsI, B aKTya-
JIN3alln METOANK OCBOCHUA COBPEMEHHBIX ,Z[OCTI/I)KQHI/H‘/JI B MaT€MaTHuKe M peaJIbHOTO
HCIIOIB30BAHNSA MHMOPMAIIMOHHBIX TEXHOJOIU B OCBOCHHH MATEMAaTHIECKOTO 3HA-
HUST U NPUJIOXKEHUIT B peajbHOM »Ku3Hu, Hayke u Texauke. OHOM W3 0cobeHHOCTE
TIpe/IjIaraeMbIX MEPOIPUITUN ABISETCS UX HAIEJEHHOCTh HA KayKJI0r0 yUeHWKa, UIn
TOUHEE, MG YBACUEHHO20 MAMEMAMUKOT Yuenuka (B OTIMYUE OT TPaJMIMOHHON Ha-
IPaBJIEHHOCTH HA OJAPEHHBIX WM OTCTAIINIAX B MaTeMaTWKe yIeHHUKOB). JIpyroii
0CODEHHOCTHIO 0OOCHOBAHMS BBIOPAHHBIX HANPABIEHUHN SIBISETCSA PEAJTU3AIAST KOH-
yenyull nazaadn020 MOOJEAUPOBAHUA MATEMATHICCKUX O0BEKTOB U TporeccoB [1| u
dynduposanus onwma u kawecme judnoctu ydenuka [2]. Ilpu srom ycuemsocTsb
WHHOBAIIMOHHBIX MepPOMPUsITHii M0 peaju3annn KOHIENIUY BCENe0 OMpeesieTcst
popecCUOHATBHOM KYIBTYPOil U JUIHOCTHON 3aMHTEPECOBAHHOCTHIO mejarora. U
TO, ¥ JIpyroe, TpebyeT CYUecmeeHHvir Ycusuti B OPTaHU3AINN MTOBBIIIEHUST KBAJIV-
dbuKaINK IeJaroros, MOHITOPUHIA PE3yIbLTATOB 00yUIeHNsI U MPOMEeCCHOHATBHON TO-
TOBHOCTH T1eJarora, MaTepmuajJibHO-TEXHNYICCKOTO M MHHOBAIIMOHHOTO METOANYIECKOTO
ocHalenns u obecrneuenns yuebuoro mporecca [3]. HeobxomumocTs akTyam3anum
JAHHBbIX HalpPaBJIEHUN TIOATBEPXKJ/AECTCI, HAIPUMED, PEAJIbHBIM COCTOSHUEM MaTe-
MaTHYECKOIl IIOATOTOBIEHHOCTH a0UTYPHEHTOB [16€IarOTMIeCKUX BY30B. JKCIIEPTHLIE
OLCHKU 1 IKCIIEPUMEHTAJIbHBIC JTaHHbIC PE3YJ/IbTATOB IIOJATIOTOBJICHHOCTN a,6I/ITypI/IeH—
TOB, IIPOBEJEHHBbIE By3aMU B PAa3/IMYHBIX permoHax Poccuy, moKa3bIBaeT Hepa3BU-
TOCTh KJIIOUYEBBIX U HpO(beCCHOHaJIbHO—Ba)KHbIX WHTEJ/JICKTYAJIbHbIX OHepaHHﬁ: aHa-
JIN3, CHHTE3, Pa3/Indenne, MOHNMaHNe, MOIeINpOBaHe, 0000IIeHe, KOHKPETH3AIINs,
abcrparupoBaHne u Ap.; HAOIIOTAETCS Pa3pblB MEXKIY WHTEPECOM M 3HAHHEM KOH-
KPETHBIX MHMOOPMAIIMOHHBIX TEXHOJIOTHH W CPEACTB W 3HAUYNMOCTHIO 9TUX CPEICTB 1
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3 PEKTUBHOCTHIO MPUMEHEHNA UX [JIA HYXKJ MATEMATHKH; WHINBUIYAIbHBIE 0CO-
OEHHOCTY y4YeHUKOB (IIPOIECCHI BOCIPUATUS, MOTHBAIUYM, KOMMYHUKAWU, pedJiex-
CHH, SMOINOHATBHO-BOJIEBbIE YCUIMA U T. II.) HEJIOCTATOYHO YUUTBIBAIOTCA B Opra-
Hu3anuu nporecca obydenuss maremaruke. Havmu npejyiaraercsi pa3seprbiBaHue B
obpazoBaTebHON Cpefie PernoHa MUJIOTHOTO MPOEKTa, M3 YeTHIPEX KJIACTEPOB Pas-
BUTHUS, COCTOAIINX U3 WHUIUATUBHBIX 00pPA30BATEbHBIX yupexenuii (3—4 cperHmnx
mKOJIbI, 810 UHUIMATUBHBIX W KOMIIETEHTHBIX MEJIAroroB):

® NCUTOJUAZHOCMUNECKAA KYALTYPG Nedazoza KAK BeyIIasd XapaKTePUCTUKA I'0-
TOBHOCTHU U YCIIEITHOCTH yIPaBJIEHUT 00PA30BATEIHHBIM MIPOIECCOM;

® 1080E 68 MAMEMAMUKE C NPUNOACEHUAMU KAK CTUMYJT TPOEKTUPOBAHUS JJI€K-
TUBHBIX KyPCOB, (PaKy/IbTATUBHBIX BAHATHI, NCCIET0BATE/THCKON IeATEeIHLHOCTH yie-
HUKOB, U CAMO€ IJIaBHOE, MOBbIIIeHns yaebHoit MoTuBarmu ((bpakTaabHas TeOMeTPust
U HEYETKNE MHOXKECTBA, CTOXacTUuIecKue mojein u anaan3 Pypbe, 0000IeHHbIE KOH-
CTPYKTBI MIKOJBHOI MAaTeMATHKN, HCTOPUOTEHE3 MATEMATHIECKUX OTKPBITHIL U T. 11.);

® UNPOPMAUUOHHO-KOMMYHUKAUUOHHDBIE METHOA02UU U CPedcmea KAk IhderTus-
HBIE WHCTPYMEHTHI OCBOEHUSI MATEMATUKM (CHCTEMBI JTUHAMUYIECKOH TeOMETPUU U
KOMITLIOTEPHOI aarebpbl, IUCTAHIIMOHHOE 00ydeHne, IeJarornieckue IporpaMMHbIe
MPOJLYKThI, MaJIble CPEJACTBA MH(MOPMATU3AINK U T. 1. );

o unmeanexmyanvroie uzpo, (warmamos, 20, scunmo) Kak 3HhEeKTUBHBIE CpeJl-
CTBA PA3BUTHUA WHTE/LJIEKTYAJIHHBIX OMEPaInii MKOJbHUKOB U TOBBIIIIEHUS WHTEPeCca
K MaTeMaTHKe 33 CYEeT IMOITAIHOTO BBISBJIECHUS MaTEMAaTUIYECKUX 3aKOHOMEpPHOCTEMH
B WTpax.

BricTpamBaroTcs sTammbl THHOBAITMOHHOTO Pa3BUTHS, ITepeueHb MEPOTIPUATHHN ST
KaKJI0T'0 9Tala, CUCTEMA, TOBBIIIEHNs KBATU(MPUKAINYA U CTUMY/INPOBAHUST WHHOBAIIM-
OHHOIl JTeATe/IbHOCTH IIeJTarora.
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ITopaakoBelii aHaIN3 U CME>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAHUS:
Te3uch MoKkaan0B XII Mexmyrapogmoi mayanoii koudepenmmu (c. [eit, 12-18 momsa 2015 r.)

YPOKN OBOBHIAIOMIEIO ITOBTOPEHUA 110 IIJTAHUMETPUN
KAK PACIIOBHABAHUE TEOMETPUYECKUX OBPA30OB

B. H. Iaraos
(Poccnsg, Hosocubupcek, HI'Y; Bragukaskas, KOMIT)

U3ydenre m MOBTOPEHUE IMIKOJBHBIX KYPCOB F€OMETpHUE (ILJIAHUMETPUU U CTe-
PEOMEeTPUM) TPAJUIMOHHO CONPSIZKEHO C ONpeeaeHHbIMu TpyaHocTamu. OmHoit n3
MPUYUH TAKOTO IOJIOYKEHUS SABJISETCs OOJIbIIOe 10 CPABHEHWIO C KYpPCOM ajrebpbl
pa3Hoobpasue 3aja4 1 BBUJY 9TOT0 3aTpy/iHeHns B (GOPMUPOBAHNN 0003PUMOr0 Ha-
6opa MeTO0/I0B, MO3BOJIAIONINX PEIIATh JOCTATOYHO OOMUPHBIN KPYT 3a7a4. [losTomy
ecTh OTPEOHOCTH B Pa3paboTke TaKUX CPEJICTB, KOTOPbIE [I03BOJIs/IN Obl PeraTh 3a-
Jlaqan He 1o o0pasiaM ujiu MPUMEPOB, & Ha OCHOBE JPYTUX MPUHITUIIOB, B YACTHOCTH,
IMOCTPOEHHBIX HA MPUMEHEHUN yTBEPXKICHUM 1 OOIIUX PEKOMEHIAIHA.

[Ipetaraercs mporiecc pelieHusi 3a/@4 BO BpeMsi 00ODINAIOIIEr0 MOBTOPEHUS
IUIAHUMETPHUY OPraHu30BaTh HA OCHOBE IOCTAHOBKY BOIIPOCOB M II0C/I€ OTBETA HA HUX
BBITIOJTHEHUN JEHCTBUMN, TIPEANMMCAHHBIX PEKOMEHTANMnAMu. TaKmX BOMPOCOB MPeIa-
TaeTCsl BCEr0 TPU, W OKA3BIBAETCS, UTO BO MHOTHX CHTYAIUSIX ITOTO JOCTATOTHO.
[TocrasuB Bompoc, HAZO 0OpATUTHCA K HAOOPY reomerpudeckux pparmMenTor (mab-
JIOHOB), PACIIO3HATH CPEJIN HUX Te, KOTOPBIE MMEIOT OTHOIIEHNE K PelraeMoii 3aaqe,
¥ BBITIOJIHUTH PEKOMEHJIAINN, COTPOBOXK TAIOIINe HaliIeHHbI (DparMenT. 3aTeM Bep-
HYThCS K TIOCTAHOBKE OJHOT'O U3 TPEX BOIPOCOB, U MOCTYIIATh TaK JI0 TEX IIOP, IMOKA
HE MPOYEPTUTCS JOTUIECKas JIMHUsI, BEIyIIasd OT JTAHHBIX K TPeOyeMoMy.

B xagecTBe 3a7aBaeMbIX BOMIPOCOB MPEJIATAIOTCS CJIETYIOINE.

1. B yem ocobGeHHOCTHN 3a4a4u, CBsI3aHHbIE C HdaHHbIMu? [Ipu orsere Ha
3TOT BONIPOC HAJO0 OTMETUTH, KaKue (PUIYpPhl YIaCTBYIOT B 3ajiade, C KAKOU IeJIbI0
COODIIEHBI T€ WU WHBIE JIAHHBIE, KAKHE €CTh BbIJIAIOMINECS OTPE3KHU U T. JI.

B pesyabprate orBera Ha 3TOT BOIPOC KEJIATEJHHO BhIOpATh Takoil (parmMeHT
U3 1pejraraeMoro Habopa, KOTOPbIii IpUCyTCTByeT B JanHoi 3azade. [Ipu Boibope
dparmMerTa HAIO0 OTBJIEYLCS OT KAKUX-TO J€Tajeil yCJOBUS 3a1a9d, HE TPUCYIIIAX
HaiieHHOMY (bparMeHTy, U yIecTb X B gajbHeiimeM. [locte Haxox qeHus gpparmen-
Ta HAO BBIMOJHUTH COOTBETCTBYIOIIME €My ITOXKEJIAHUsI W MPOJOIKUTH PEIeHNE,
CHOBA 33/1aBasi OJIUH U3 BOIPOCOB.

[Tepsbiit BOMPOC MOXKHO KOHKPETU3UPOBATH, JOIOJTHUB €r0 TAKUM BOIIPOCOM: UTO
MO2KHO IIOJIyYUTh U3 JaHHBIX 3a oxuH mar? [loctanoBky 3Toro Bompoca Oyaem
WHOTJIA HA3BIBATH «XOJOM BIIEPeI», OT yCJIOBHS K pe3y/brary. B kadecrse orBera
BBIBOJMM IIPOCTHIE, HETIOCPEICTBEHHBIE CJIEJCTBUS W3 MMEIOINXCS TAHHBIX, IeM TI0
CyIIECTBY M3MEHsIEM TH JAHHBbIE, 00OTaIlasi UX W TeM CAMBIM IEePeX0/s K HOBOI
3a/ia4e ¢ PaCIIMPeHHbIM HAOOPOM JIAHHBIX.

2. B uem ocobeHHOCTHU 33/1aYM, CBA3AaHHbIE C TPEOyeMbIM? DTOT BOIPOC
obpabaThiBaeTCa Tak ke, KaK W MEPBBI — HAIO0 OOPATUTHCA K HAOOPY I1ab/I0HOB
U U3YYNTh, €CTh JIK B HEM YTO-TO CBSI3aHHOE C MCKOMBIMHU BEJIMYUHAMHU. DTOT BO-
mpoc OyaeM JOMOJHSTH BOIIPOCOM: «OTKYJI[Aa MOXKHO MTOJIyYHTh Tpedyemoe 3a
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OAWH IIAr?» U FOBOPUTH O HEM KaK O «XOje Ha3ad», OT TpedyeMoro K yCIOBHAM,
[IO3BOJILIONIM CMEHUTDH II€JIb, UCIOJIb3ysd HIPAMble UCTOYHUKHU IOJIydeHus Tpedye-
MOTO. DTUM MbI HepedOpMy/IUpyeM 3a/a4y U COCPEJIOTAYUBAEMCH HA HAXOMXKJIECHUU
JPYyro#l BeJWYWHBI, 9eM B MCXOIHON 3ajade. Hampumep, eciim B 3aja49e HAJL0 HANTH
ILJIOIIA/Ih, TO, BCIIOMHUB (DOPMYJIbI TJIOMIAIN W BHIOPAB Ty W3 HUX, KOTOPas 6oJiee
BCEr0 TOJXOMUT K JTaHHBIM 33a4d, Mbl TE€M CAMBIM 00paIIaeMcs K HaXO0XKJIEHUIO Be-
JmauH, Bxoadanmx B popmysay. Wan ecin Tpebyerca HAWTH paanyC OMUCAHHONW OKOJIO
TPEYTOIbHUKA OKPYKHOCTHU, TO HAJIO BCIOMHUTEL TEOPEMY CHUHYCOB, B KOTOPO# 3Ta
BE/IMYNHA, YIaCTBYET, U COCPEIOTOUNTHCI HA HAXOXKICHUU APYTUX BEJIUYWH, U T. .

3. Bce sin gaHHbIE 3a/1aYM MCIIOJIB30BAHbI? DTOT BOIPOC CTOUT 3a/aBaTh B
TOT MOMEHT, KOT/1a, y2Ke HCUEPIIaHbl BO3MOXKHOCTH MEPBBIX JBYX, & JOTMIECKON ITe-
IIOYKH OT JaHHBIX K peSy.}IbTaTy HE HaI‘/'Ir[[eHO. B])IBa,eT TaK, 9TO MbI IIBITa€MCA PEIIUTH
3a7a4y, 3a0bIB 0 KAKUX-TO U3 ee JaHHbIX. [lepednThiBanme yCc/JI0BHil 312490 1 BHIMA-
TeJIbHBIN KOHTDPOJIb UCIIOJIb30BaHUA BCEX €€ JaHHBbIX MOI'YT IO3BOJIUTH IIPOJOJIZKUTH
pelenne 3a/1a4n.

[TocTanoBKM BOMPOCOB, IMOMCK IIaOJIOHOB, BBIIOJHEHHNE PEKOMEHIAINI 1esra-
eT Ka)KrZI;LII‘/‘I n1ar perrennd MOTUBHUPOBAHHBIM, HeﬂeCOO6pa3HbIM, BBITIOJIHAEMBIM T10
KaKOM-TO IPUYINHE, a He IIPOCTO IOTOMY, 9TO AefICTBIE 3TOTO IIara Mbl YMEeM J1e/IaTh.
I/IB.HO)KQHHYIO TEXHOJIOTUIO MOZKHO TPUMEHATH U B TIPOIIECCe I/I3y‘{eHI/IH IIJIAaHUMETPHUN.
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PACHIMPEHUE 3HAHUN VYAIINXCS 110 APOBHO-PAIIMOHAJIbHBIM
YPABHEHUAM ITOCPEJICTBOM JOITIOJTHUTEJIBHOT'O OBPASOBAHUN A

H. . JlobanoBa
(Poccusa, Acrpaxanb; Actl'Y)

Bcecroponnee pazputue ydaimxcs, (popMUpOBaHUE y HUX HAYIHOTO MUPOBO3-
3peHnsl — BayKHEHIast 3a/a4ua yIPeXKJIeHN CPeJHero U BHICIIEr0 TPodecCroHa b-
Horo obpazoBanus. BaxkHas poJib pu 3TOM OTBOAUTCS JOMOJHUTETLHOMY 00pa3o-
BAHUIO JIeTell, COCTABIAIOIIEMY BAPUATUBHYIO 4aCcTh 0b01iero obpasosanus. CoryracHo
O3 «0O6 obpazoanuu B PD», ocHOBOIT 06pa30BaTEIbHOIO IIPOIECCA B JIOTIO/IHUTE b
HOM 00pa30BaHUU yYaIUXCs sIBJISIETCsI peau3alius JOMOJHUTEIbHBIX 0011e00pa30-
BaTEJIbHBIX MTPOrPAMM, BBIXOJSIINX 32 PAMKH (OOIINX) OCHOBHBIX M WMEOIUX KOH-
KpeTHbIe 00Pa30BATEHHBIE TIE/IH.

O,Z[HI/IM n3 CpeacCTB JOCTUZKEHUA TEePEUYNCIICHHBIX L[eﬂeﬁ ABJIAETCA BBCICHHEC B
IKOJIe 3aHATHI TI0 MaTeMaTuKe HaydIHbIX o0benuuennii yaanmxcs (HOY). Banarus
o maremaruke HOY nanpapjeHbl Ha pa3BUTHE CIIOCOOHOCTEN U WHTEPECOB yUaIuX-
Csl B COUETAHWU C 0011e00pa3oBaTeIbHOM MOINOTOBKOI, 3apOXKIeHIe HHTepeca K Ma-
TEMATUKE Ha NEPBUYHOM YPOBHE, IOAJEP2KUBAHNN €T'0 JO IMO3HABATEJIBbHOTO YPOBHI.
Bzanmoces3b 0b6s3aTeIbHOTO 00y UeHns MaTeMaTuKe B 0011e06pa30BaTe/IbHOI IITKOJIE
1 3aHIATUI 110 MaTeMaTUKe B PaMKax AOIMOJITHUTEJIHLHOTO O6pa,30Ba,HI/IH BBICTYyIIaLT KaK
CPEJICTBO OCYIIECTBJIEHUS IIPUHITUAIIA HEIIPEPBIBHOCTU U IPUEMCTBEHHOCTH.

B pabore paccmoTpeH oaMH W3 BapWaHTOB O0ECHEYeHWS MPEEMCTBEHHOCTH Ha,
puMepe U3ydeHust ApOoOHO-PAIMOHAIBLHBIX ypaBHEHU ¢ mapamerpom. [lpemgiarae-
MBIl MaTepuaJ TOMOJHSIET CTAHIAPTHYIO TPOTPAMMY IITKOJTBHOTO KYPCA MATEMATUKH,
rpejinosiaraeT yriyOeHHOe n3yvdeHune mpeMeTa 1o JaHHOi TeMe, 9To Oy/1eT crocob-
CTBOBATH COBEPIIEHCTBOBAHUIO W PA3BUTUIO0 BAXKHEUIIUX MATEMAaTUIECKUX yYMEHU,
NpeyCMOTPEHHBIX TTPOTPAMMON.

Ll MHOTUX yYAIIUXCsl YPABHEHUS C MapaMeTPOM SIBJISIIOTCS HETPUBBIYHBIMU U
ciaoxuabivu. [Tapamerp, Oyayun (pUKCHPOBAHHBIM, HO HEM3BECTHBIM HGHCJIOM, UMEET
Kak Obl IBOWCTBEHHYIO Tpupojy. Bo-mepBrix, mpe/mnosaraeMas U3BECTHOCTD MTO3BO-
JISTET «ODIIATHCSI» C MapaMerpoM Kak € YMUCIOM, & BO-BTOPBIX, — CTENeHb CBODOJIBI
OOITeHrsT OTPAHUIUBAETCs ero HemsBeCcTHOCTHIO [1|. Tpyamoctn pernenust 3amad ¢
napamMeTrpoM BO3HUKAIOT JarKe IPU PElIeHUM IIPOCTEeHINX yPaBHEHUHR, COeprKalluxX
napaMeTpbl, MPUXOIUTCA TPOU3BOIUTH BETBJEHNE BCEX 3HAUEHNN MapaMeTpPOB Ha OT-
JleJIbHBIE KJIACCHI, P KaXKJIOM U3 KOTOPBIX 33a4Ya UMEET pellleHue.

Jlureparypa

1. T'opumrreiin I1. W., IMonouckuii B. B., fdkup M. C. 3agauu ¢ napamerpavmu.—Kwues: PIIA
«Tekct»; MIT «Oxos, 1992.—290 c.

245



ITopaakoBelii aHaIN3 U CME>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAHUS:
Te3uch MoKkaan0B XII Mexmyrapogmoi mayanoii koudepenmmu (c. [eit, 12-18 momsa 2015 r.)

OBYYEHUNE MATEMATUKE:
OTHOIIEHUE K MATEMATUYECKIUM PE3VJIBTATAM

FO. B. Meabuukos (Poccust, ExarepuntGypr; YpI'9V),
C. A. IMTurukos (Poccuga, Exarepuntypr; YpI'9Y),
C. I. Cunnosa (Poccusi, Exkarepun6ypr; YpI'9V)

ITox maremaruydeckuM PE3YJIbTATOM MbI [IOHUMAEM MATEMATHIECKUE MOHATUT U
yTBepKieHus, uX (POPMYyJUPOBKU, MATEMATHUECKHE PACCYXKJEHUS U AJTOPUTMBI.
Mpbl BbIIEINI HECKOJIBKO YTBEPKIEHU, KOTOPBIM Y/IOBJIETBOPSIET JIEATEIbHOCTD B
o0ydeHUr MaTeMATUKe, U MPUHSIN UX B KAUECTBE IOCTY/IATOB CO3/[aBAEMOil TEOPHUH.

Hocmyaam npuopumemmnozo pe3ysomama Y4eoHO-MAMEMAMUYECKOT JeAmens-
HOCMAU: TJIABHBIM Pe3yIbTaTOM yIe0HO-MATEeMATUIECKON TeATEeTHbHOCTHI SIBISIETCS U3~
MeHeHUe CyObeKTa JIedATeJIbHOCTH, a COOCTBEHHO MPOAYKT JIesTeJIbHOCTH MeHee 3Ha-
TUM.

Hocmyaam dudaxmuseckoti axMYyasbHOCNU KOMIOHEHMOE JeAMEADHOCTIW,! C JTU-
JTAKTUYIECKONW TOYKM 3PEHUs KOMIIOHEHTBI JeATe/bHOCTU, KPOMe CyObeKkTa, BayKHBI
JINIITH B TIEPUOJ] AKTUBHOT'O B3aUMOJIeiicTBUs cyObekTa ¢ npeameroM. 1locte mosyde-
HUS PE3YJIbTATA MATEMATHIECKUN TPOAYKT JAEATETbHOCTU C JUJTAKTUIECKON TOUKU
3peHus IEePecTaeT UrparThb KaKyo-jaubo pojib B obydenuu. IIpogykT gedresbHOCTH
CTaHOBUTCs BA2KHBIM TOJIBKO B CJIy4ae, KOT/1a, OH BHOBb BOBJIEKAETCS B [I€SITEIbHOCTH
00ydaeMoro: Kak o0beKT Jjisd pediekcun, KaK OCHOBA [Ijisi MOTHUBAIUU, KAK OCHOBA
JIUTST MATEMATUIECKUX METO/0B, KaK OCHOBA Jisi (DOPMUPOBAHUS TUIIOTE3 U JIP.

Iocmysaam npuopumemmozo KOMNOHEHMA YuebHo-Mmamemamuueckots deamenn-
nocmu. MBI OpueHTHpYyeMCsa Ha TPAIUIUOHHBIE PE3YJbTaThl TEOPUM JeITeIbHO-
cru [1, 2], corylacHO KOTOPBIM KOMIIOHEHTAMU JIEeSTEJIbHOCTH SIBJISIIOTCS: CyObekT,
1eJ1b, TPEMeT, opy/ue (HHCTPYMEHT) eATeTbHOCTH, MOTHB JIeATeTbHOCTH, OMepa-
U JIeITeTbHOCTH, TPOAYKT, MPUYEM [PU BBIMOJHEHUN JIEHCTBUS B KaXKIbIH KOH-
KPEeTHbBII MOMEHT BPEMEHU i 00y4aeMOro ABJISeTCA MPUOPUTETHBIM TOJIBKO OJIUH
U3 9TUX KOMIIOHEHTOB JI€SITEIbHOCTH.

B pabore mokazano, 4TO B CJiyuae BBINOJHEHUS ITUX IOCTYJIATOB aKTyaJbHbI-
MU JIjTsi y9e0HO-MATEMATUIECKON /1esITeIbHOCTH OKA3bIBAIOTCH TOJIBKO TPU BAPUAHTA
OTHOIIIEHUS K MaTEMaTUIEeCKOMY (DEHOMEHY:

1) kKak K MaTepuasLy, KOTOPbI HAJI0 3AIIOMHUTL U BOCIPOU3BECTH;

2) kKak K 0OBEKTY, KOTOPbIH OyjeM mpeobpa3oBhIBATH U KOMOMHUPOBATH €ro C
JPYTHMHE;

3) KaK K MHCTPYMEHTY JIeATeJTbHOCTH.

OTHOIIeHNEe K MAaTEeMATHIECKOMY PE3YIbTATY CYIIECTBEHHO CKa3bIBAETCS HA OCO-
OEHHOCTAX CHCTEMBI ODydUEeHHsI, ee XapakTepe m pe3yiabrarax. Hampumep, B OTHO-
MIEHUU K MATeMaTHIeCKOMY Pe3y/IbTaTy KaK K MaTepuajy JiJisd 3allOMUHAHUSA [TPUO-
PUTETHBIMU SBJIAIOTCS MEXAHU3MbBI 3aIIOMUHAHUS. Buaumo, /s mnporecca o0ydenus
11e/1ec000pPa3HO COYETATH BCE TPU BAPUAHTA OTHOIIEHNUS K MATEMATHIECKOMY PE3Y/ib-
TaTy.
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JIureparypa

. Jleourbes A. H. Kareropusi fesTeJIbHOCTH B COBpeMEHHOM mcuxosioruu // Bompocsr ncuxo-
sorun.—1979.—Ne 3.—C. 11-15.

. Py6urmreiia C. JI. Ocuorwi o61meit mcuxosmorun. Cep.: Mactepa ncuxosiorun.—CII6.: M31-Bo
«IImreps, 2002.—720 c.
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ABTOPCKAA KOHIEIIINA 'YMAHUTAPHO-OPUEHTUPOBAHHOT'O
I[MPETIOJABAHINA MATEMATNKIN KAK NTHCTPYMEHT PEAJIN3ALINN
OI'OC OO0 B OTHOIIEHUN MATEMATUKN

A. X. Ha3ues
(Pocens, Pszans, PT'Y nm. C. A. Ecennna; PUPO)

Poccuiickas miko/ia mepexoguT Ha HOBBIH cranmapr obyudenus — PenepasbHblit
TocymapcrBennsiit ObpazoBaresbubiit Crangapr Ocuororo O6imero ObpaszoBanusi,
koporko — ®T'OC OO0, nasee — npocro Cranjgapr.

«CTangapT ycTaHABINBAET TPEOOBAHNS K PE3YIBLTATAM OCBOSHUS 00y IAOIIIMICS
OCHOBHO# 00pa30BaTE/IHHON TPOTPAMMbBI OCHOBHOTO 00IIIEro 0Opa3oBaHMs:

AUNHOCTHBLM, BKIIOUAIOMIMM TOTOBHOCTH W CITIOCOOHOCTH OOYJAIOMUXCS K CaMO-
Pa3BUTHIO U JTUIHOCTHOMY CaMOOIPEIeIeHN0, COPMUPOBAHHOCTD UX MOTHBAIIUNA K
00y UEHUIO U TIeJIEHATTPABICHHOM TO3HABATEIBLHOMN JeATeTHHOCTH, CHCTEMbI 3HATNMBIX
COIIMAJIbHBIX 1 ME2KJIMYHOCTHDBIX OTHOH_[eHI/II‘/'I7 HOEHHOCTHO-CMbICJIOBBIX YCTaHOBOK, OT-
PaXKaoINNX JAIYHOCTHBIE W TPaXKJIAHCKWE TO3UIUNA B JEATEJHbHOCTH, COMUAIHHBIE
KOMIIETEHIMH, TPABOCO3HAHUE, CIOCOOHOCTH CTABUTH L€ U CTPOUTH KU3HEHHBIE
IJIAHBI, CIIOCOOHOCTH K OCO3HAHHUIO POCCHUCKON WIEHTUIHOCTH B MOJUKYJIBTYPHOM
COITIYME;

MEMANPEIMEMHDLM, BKIIOUAIOIINM OCBOEHHBIE 00YIaIONUMUCT MEKITPEIMETHBIE
MOHATHSI ¥ YHUBEPCAJbHBIE yueOHbIe JeficTBus (pery/isTHBHbIE, MO3HABATEILHBIE,
KOMMYHHUKATHBHBIE), CIIOCOOHOCTEL WX MCIOJIb30BAHUS B yUeOHOI, MO3HABATENLHON 1
COIUAIBHOM MPAaKTUKE, CAMOCTOATENLHOCTD TIAHUPOBAHNS U OCYIIECTBICHUSA yIeO-
HOM AeATCJIbHOCTU 1 OPTaHU3allun y‘le6HOFO COTPYAHUYIECTBA C IeJaroraMm u CBepCT-
HUKAMH, IOCTPOEHNE WHINBUIYATBHOM 00pa30BaTeIbHON TPACKTOPUT;

npedmemHviM, BKIIFOIAIOIINM OCBOEHHBIE 00y YafOMIUMUCS B XO/1€ U3y deHusT yae-
HOTO TIpeMeTa YMEeHU, CIennduIecKre g JAHHOW TpeIMeTHOM 001aCTh, BUIBI Je-
SITEJIBHOCTH 110 TIOJIY Y€HUIO0 HOBOTO 3HAHUS B PAMKaX y4e0HOIr0 rpejMera, ero npeoo-
PA30BAHUIO U MPUMEHEHUTO B yIEOHBIX, YIeOHO-TPOEKTHBIX U COTUAIBHO-TPOEKTHBIX
CUTyanusax, (GOPMUPOBAHIE HAYyYIHOTO TUTA MBIILJIEHUS, HAyIHBIX TPEICTABICHUN O
KJIIOYUEBBIX TEOPUSIX, TUTIAX ¥ BUAAX OTHOIEHWH, BIa/leHNe HAYIHON TePMWHOJIOTHEI,
KJTIOUEBBIMY TIOHSITUSIMHU, METOJIAMU U TpueMaMu.» [1]

«B ocrnose Cranjgapra J1e;KUT CUCTEMHO-AEATE/ILHOCTHBII T0IX0/1», — 3asIBJISIETCS
B 1. 5 Cramgapra. OgHAKO B HEM HUYEro HE TOBOPHUTCS O TOM, KAKOIO JIOJIYKHA OBITH
9Ta JAC€ATEC/IbHOCTD. I/I 9TO TOHATHO, TTOCKOJIbKY KOHKPETHbLIE Y€PDThl A€ATEIbHOCTN
OTIPeJIENIAIOTCS CTIeUGUKON m3ydaeMoro mpeamera. MareMaTnka B 9TOM OTHOIIIE-
HHUU HaXOJUTCA Ha OCO6OM TTOJIO?KEHHN N, I/I6O B Hell uMeeTcsi Kjaro4yeBast AeATEeJIbHOCTD,
BRJTIOUAIONIAA B cebsa BCe OCTAMbHBIE BUILI JEATETHHOCTH, — 9TO JEATEILHOCTH 10
OTKPBITHIO J0Ka3arebeTB. Comtemest B 9T0# CBA3u Ha Hamm paboThl (CM., B 4aCTHO-
cru, |2| u [3]), B KoTOpBIX copMmynmupoBaHa 1 060CHOBaHA KOHIIEIIINS I'y MAHUTAPHO-
OPMEHTHPOBAHHOTO TPEMOJABAHNS MaTEeMATUKN. [IpUBemeM MMOJOKEHUS 3TON KOH-
TIETTITNH .
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KoHnennusi npenosilaBaHnusg MaTeMaTUKH
1°. MaremaTnKa — 9TO0 JT0KA3aTeILCTBO.

2°. IlpenogaBaTh MaTeMaTHKy — BHAUAT CUCTEMATHYIECKU MOOYKIATH
YUaIUXCs K OTKPBITUIO COOCTBEHHBIX T0KA3ATE/IHCTB.

3°. IIpenogaBanue MaTeMaTUKH ABJSETCSI HE3aMEHUMbIM CPEJACTBOM (hop-
MUPOBAHMS YET0BEKA KYJIbTYPHOI'O: MBICIAIIEr0, HPABCTBEHHOIO U CBO-
00IHOTO.

Kax Buanm, mosioxkenune 2 Halmreil KOHIENTWNA TPIMO HAIEJINBAET Ha OTKPBITHE
HOBOI'O, IPpUYEM HE IMU30ANYECCKHU, Ha TaK HA3BIBAEMbBIX «YPOKaX OTKPBITHA HOBOT'O
BHAHUS», 8 CHCTEMATHIECKH, KAK U JTOJKHO OBITH MPU CUCTEMHO-TEATETHHOCTHOM
MOJX0JIe. DTUM MOJHOCTHIO HMOKPbIBAlOTCs TpeboBanus CraH apTa K IPeJIMeTHbIM
pe3yaIbTaTaM OCBOEHHUsT OCHOBHOW 00Pa30BaATEIHHON MTPOTPAMMEL.

OTHOCHTETHLHO METATIPEIMETHBIX PE3YIBTATOR 3aAMETHM, UTO BCI MATEMATHKA, SB-
asiercst B cucreme obpasosanus meranpeamerom. Kak mmcasn 1. Tloita [4, c. 309]:
«IIpemessl MaTEMATUKNT — 3TO BCSA 00JIACTH JOKA3ATEJBHBIX PACCYKIEHUH, OTHOCS-
muxcd K JiI000# HayKe, JOCTUTTIIEH TAKOTO YPOBHS Pa3BUTHUsI, IPU KOTOPOM OCHOBHBIE
TIOJIOYKEHUS 3TON HAYKU MOTYT OBITH ChOpMyInpOBaHbl B abcTpakTHOH dopmes. Tem
CaMbIM, II€PBOE IIOJIOZKE€HME KOHIICIIIWN IMOJIHOCTBHIO IMOKPBLIBAET Tpe6OBaHI/IH CTaH-
JlapTa, OTHOCAIINECS K METAIPEeIMETHBIM Pe3yIbTaTaM 00y deHus.

HaKOHeH, TPpEeThEe IMOJIO?KEHNE KOHIICIIITNY HE TOJIBKO IIOKPBIBAECT, HO U 3HAYUTE/Ib-
HO TepeKpbiBaeT Tpeboanns CTaHgapTa, OTHOCATIHECS K TUIHOCTHBIM Pe3yIbTaTaM
obyuenusi. [Pazpaborunku Cranjgapra COBEPIIEHHO YILyCTU/IA U3 BUJLY TaKUe BaxKHbIE
JINYHOCTHBIE KAa4eCTBa, KaK Pa3BUTOe MbINLIeHne (B TOM 9ucae o6pasHoe), crocob-
HOCTH PYKOBOJICTBOBATHCSA PA3YMOM B YOEXKIEHUAX U TMOMBICIAX, JYXOBHASA KYIBTY-
pa, HPABCTBEHHOCTH, MPABUJILHOE MOHUMAHWE YeI0BEeYeCKOit cB0OOab. CM. 06 3TOM
B YIOMSHYTBHIX BBIIIE pabOTaxX aBTOPA. |

Jlureparypa

1. ®enepasbHBII rOCYIAPCTBEHHBIN 00Pa30BaTE/bHBIN CTAHAAPT OCHOBHOIO 00miero oo6pa3osa-
uus (5-9 ki.).—(Pa3mernen B uHTEpHETE BO MHOTMX MECTAX).

2. Hasmep A. X. I'ymanwrapmsanusa OCHOB CIENUAIBHON MOATOTOBKU yUHWTENEH MATEMATHKHA
B neparormueckux Bysax: Juc. ... g nmex.n.—M.: MIIT'Y, 2000.—URL: http://people.rsu.
edu.ru/~a.naziev/DissB/DissB.pdf.

3. Ha3zuep A. X. 'ymanuTapHO OPUEHTUPOBAHHOE IIPEIIOIaBAHNE MAaTEMATUKHU B 0011e06pa3oBa-
resbHoil mkose.—Pasans: Uszn-so PIIPO, 1999.—URL: http://people.rsu.edu.ru/~a.naziev/
HumEd/HumEd.pdf.

4. Iloiia /I. Maremaruueckoe orkpeitre.—M.: Hayxka, 1970.
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1. JT. MOPIYXAI-BOJITOBCKOIT 1 TPAJINIINN ITPEITIOTABAHIIS
MATEMATITYECKOTO AHAJIN3A B I0:KHOM ®EIEPAJILHOM
(BAPLIIABCKOM, POCTOBCKOM) YHUBEPCUTETE

10. C. Hanbanasiu
(Poccus, Pocros-ua-/lomy; FODY)

Huurpuit Imurpuesna Mopayxait-Bosrrosekoii (1876-1952), BBITyCKHUK TIeTEp-
Oyprckoro yauepcutera (MogpoOHOCTH O €ro KU3HEHHOM IyTH MOXKHO HaiiTw, Ha-
npumep, B |1]), canraercs oHIM U3 OCHOBATE el POCTOBCKOIl MATeMATHIECKOIl KO-
Jibl. OJIHAKO HE MEHBIITYIO POJIb OH ChIT'PAJI B OPraHU3AIUN MaTEMATHIECKOTO 00pa30-
BaHus, IpudeM He TObKO B PocroBe. Bo BcTynuTebHON YacTu J0K/1aa PACCKA3BI-
Baercd 0 HanboJiee APKUX MOMEHTaX Omorpadun BHIJIAIOMIErOCH yIEHOTO U eArora.

B 1898 roay Tpymontobussiit u paborocrnocobubiii 00/1a/1aTe b JIUILIOMA I1ep-
Boii cremenu ObLT pekoMenmoBan mpodeccopamu K. A. Tlocce m A. A. Mapko-
BeiM . @. Boponowmy, mogbupasiiemMy KaJpbl MATEMATHUKOB Jjisd PabOThl B TOJIb-
KO UTO OTKPBIBIIEMCsT BapIiaBcKoM MOJIMTEXHUYECKOM WHCTUTYTe. B mokjase mia-
HUPYeTCs mpoaHam3upoBarh gesarenbrocts [, 1. Mopayxaii-Bosrosckoro, cBs-
3aHHYI0 C OpraHu3anuell MPAKTUYECKUX 3aHATHI M0 MaTeMaTHIeCKOMY aHAJM3Y
¥ TOATOTOBKOW K M3JAHUI0 3aJaYHUKOB 10 PA3IUYHBIM OTJEaM BBICIIIEN0 AHA-
ju3za B 1899-1914 rr. Ocoboe BHUMaHue ynenasercd muoaxony Imurpusa Jmut-
pUeBWYa K WHIUBUIYAJbHON pabore €O CTyJeHTaMu, €ro yOexKJEHHOCTH B TOM,
9TO KaXKJbll YaC MPAKTUIECKUX 3aHATHUM, MPOBEIEHHBIX M0/ PYKOBOJCTBOM IIpe-
mojlaBaTesisi, BCEJSIeT «YBEPEHHOCTh B IPOYHOCTH HPENOJABAEMbIX 3HAHUM. .. nOO
6e3 ymenus gudhepeHnupoBaTh U HUHTEIPUPOBATH HEBO3MOXKHO BOCIPUHATH T€
o0IIIe UeW BBICIIIETO MOPSIKA, KOTOPBIE M3/araeT Ha CBOUX JEKIUSX mTpodec-
cop». Bomee momapobro o pabore . . Mopmyxait-Boarosckoro B Bapmase pac-
cKazaHo B [2| (S/EKTPOHHYIO BEpPCHIO 9TOH MyOJMKANNN MOXKHO HAWTH 3J€Ch:
http://www.math.sfedu.ru/mexmat/ma/nalb/PDF/mord.pdf).

Cnenytomiasi 49acTh BBICTYIJICHUS OyI€T TOCBSINEHA JEKIMOHHBIM KypCam
. . Mopayxaii-Boarosckoro (BBesenune B ananus, nuddepeHimaibHoe nCaucie-
HUe, THTErPAJIbHOE UCIUCTIEHNE, ONPE/IEEHHbII NHTerpaJjl, KpaTHbIE HHTErPAJIBI, 3J1-
unrudeckne (pyHknmu, Teopus (yHKIUA KOMILIEKCHOTO NMEPEMEHHOT0), KOTOPHIE
JuTANNCh Kak B Bapmase, Tak u B Pocrose-ra-/loHy (HCIONB3YIOTCS MaTepUuasbl U3
donya P-46 Tocynapersennoro Apxusa Pocrosekoit O6aacrun ('APO) u crarss [3]).

B 3akjountenpbHOoM pazjesie JOKJ/Ia/a PACCMATPUBAIOTCH TAaKWUe BOIPOCHI, KakK
B3mraant . 0. Mopayxaii-BosiToBckoro Ha KjtodeBble TpobjieMbl N3y IeHNsT MaTeMa-
TUKHU, C(OOPMYIUPOBAHHBIE UM B TIOCIEIHUE TOABI KU3HU, JEATEILHOCTh €r0 yUeHN-
KOB U TIPEEMCTBEHHOCTDH B MPEIOaBAHUN MATeMaTUIecKoro aHajm3a B PocToBckom
(FOxnoM desepanbHOM) YHUBEPCUTETE.
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JIureparypa
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ITopaakoBelii aHaIN3 U CME>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAHUS:
Te3uch MoKkaan0B XII Mexmyrapogmoi mayanoii koudepenmmu (c. [eit, 12-18 momsa 2015 r.)

[IPUMEHEHUE CUMBOJIbHBIX BbIYNCJIEHWIT
B ITPOHECCE OBYYEHUA MATEMATUKE CTYIAEHTOB
TEXHUYECKUX CIIEHUAJIbHOCTEI

10. B. Hukonoposa
(Poccus, Borrogonck; BUTW HUAY MUDN)

[To omenkam rocyaapcrBenHoit koprmopaiuu PocaTom moTpebHOCTH B HOBOM Iep-
COHaJIE JIisi aTOMHOI oTpac/u cocrasiisger 3—3,5 Thic. yenoBek B roj. Creruamct-
SAJIEPITUK JTOJI2KEH BJIAJIETh METOIUKON MIPOBEJIEHIS YUCTEHHBIX KOMITBIOTEPHBIX PaC-
9eTOB, MOITOMY yMenne paboTarb B COBPEMEHHBIX CHCTEMAaX KOMIIBIOTEPHON MaTe-
MAaTUKU SIBJIZETCS OJTHUM U3 TPeOOBAHUN, IPEIbABIIEMbIX K BBIITYCKHUKAM $JIEPHBIX
ClenuaJiIbHOCTe! By30B.

K wunTe/iekTyasbHBIM JiHjepaM KOMIIBIOTEPHOUW MATEMATHUKU OTHOCATCH B
mepByto ouepensr martemarmdeckne makeTbl Maple m MATLAB. Ocpoenne mgaxe
HeOOIBITTON JacTn BO3MOYKHOCTE 3TUX CHUCTEM JaeT 0oJkIoit addekT B mpoIec-
ce oOydeHUs BBICIIEH MaTeMAaTHKe W JUCITUILINH, OCHOBAHHBIX HA MATEMATUIECKUX
pacuerax. HecMoTpst Ha OTPOMHBIE TTPENMYIIIECTBA, KOTOPbBIE MIPEI0CTABISAET UCITOIb-
30BaHUE CHUCTEM CHUMBOJIBHOW MaTeMaTWKW, HE CAeJyeT JAyMaTh, UTO ITU CUCTEMBI
TTO3BOJIAIOT 3aMEHUTH YYIAIIUMCA MATEMATUICCKUE 3HAHNA. J—II/IH_H) Te IIOJIb30BaTEJIN,
KOTOpBIE MOHUMAIOT CYyTh MATEMATUIECKUX BBIUUCACHUI MOTYT MOy YUTh CEphe3HbIE
peE3y/IbTaThI. HOSTOMy IIPUMEHEHNE TaKNUX CHCTEM B O6yquI/II/I CTYyJEHTOB TE€XHUYe-
CKUX CIIeIINaIbHOCTEH CIIOCOOCTBYET HOBBIMIEHUIO (DYH/IAMEHTAJTHLHOCTH MaTeMaTude-
CKOTO 0O0pa30BaHMUSI.

PaccMoTrpuMm npumenenve B By30BCKOM 00yYeHUN TAKETa aHAJIUTHIECKUX BHIUUC-
geanit Maple. B cucreme Maple odensb ymo0HO TPOU3BOAUTH KOMIBLIOTEPHBIE SKC-
MMEPUMEHTHI, B KOTOPBIX MOXKHO 3a HEeDOJIBIN0E BpPeMsi PACCMOTPETH Pa3HbIE Bapy-
AHTBI PEIIeHUsT UCCTeTYEeMOi 33 aUi U BU3YATU3UPOBATEH PE3YIbTATHI BHIUUCICHUIA.
OCHOBHOQ JOCTOMHCTBO TIPOTPaMMbl — BO3MOXKHOCTH TIPEACTABIATH BBIYUCJICHUA B
CUMBOJIBHOM BWH/JE, YIPOIIATh U TPEOOPA30OBBIBATH BhIPAYKEHNSA C OJHON U HECKOJIb-
kumu epeMeHHbIME. CrcreMa COmep:KuT DOJIBIN0E KOJUIECTBO CIEeNUaIbHBIX IhCeT
u QYHKINN, KOTOPbIE UCIOJB3YIOTCS B PA3IUYHBIX 00JIACTAX MATEMATUKU, TEXHU-
Jeckux aucruiimaax. [lomumo crammapTHOit ombanoreku Maple nmeer eme n ma-
KEeThl pAaCIIUPEHUsi, KOTOPbIE MO3BOJISIOT PEAJN30BATh JIOMOJIHUTEbHbIE (DYHKITUN
CUCTEMBI. CI/ICTeMy Maple CTYJE€HTbl TEXHUYICCKUX CHeHI/IaJH)HOCTeﬁ MOT'yT UCIIOJIb-
30BaTh HE TOJIBKO JIJsl CJIOYKHBIX BBIYUCJIEHWI IIPU IIPOBEIEHUN UCCJIET0BATETbCKUAX
paboT MO AUCIUTLINHAM, COAEPKAIIMM MATEMATUIECKUE PACUEThI. DTy MPOTPAMMY
MOTYT UCHOJIB30BATh U CTYJEHTHI MJIQJININX KYPCOB TPU U3YYE€CHUN BBICITIENT MaTeMa-
TUKU JIJIT BU3YATUBANUN MOJYIEHHBIX B XOJ€ JIEKIIMOHHBIX U MPAKTUIECKUX 3aHSI-
tuit 3uanuit. Hanpumep, Maple, ob1agast 60/bIIuMu BO3MOYKHOCTSIMY JTBYMEPHON 1
TpexXMepHOil rpaduKu, MO3BOJIAET JEMOHCTPUPOBATH OCHOBHBIE XapPAKTEPUCTUKN UC-
cJre1yeMbIX d)yHKL[I/Iﬁ AHI/IM&L[I/IOHHI)IQ BO3MOZKHOCTU CHUCTEMBI ITO3BOJIAIOT O?KUBUTH
rpacduvueckue 00bEKTHI, 3aCTABUTh WX JBUTAThCA. B cucreme MOXKHO MPEICTaB/IATh
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HaAOOPHI TAaHHBIX B Ipa]UIecKOM BHUIE U NCKATHh 3aKOHOMEPHOCTH, PACCMATPHUBASI II0-
CTpOeHHbI Tpaduk B paboueMm OkHe mporpamMbl. CTYJIEHTH MJIAJINIAX KYyPCOB MO-
I'yT HCIOJIb30BATH CUCTEMY I POBEPKU COOCTBEHHBIX 3HAHUI 13 PA3HBIX PA3/IEI0B
maremaruku. B arom ciayuae Maple Boinosiasier poJib 3a/ja9HrKa, B KOTOPOM MOZKHO
YBUIETHh TOJBKO MMOCTAHOBKY 3a/Ja4YM W TPABUIBHBINA OTBET, & XOJ PEeIIeHWs HeI0-
crymer. [laker anannTuyeckux BuIUncaIennii Maple moge3eH He TOIBLKO CTYAEHTAM,
HO U TPENOJABATESIM, KOTOPBIE BBIHYKJIEHBI COCTABJIATH U MPOPEINBATEL DOJIBITIOE
KOJIMYIECTBO 337034 /It GOPMUPOBAHKA (DOHIA OMEHOYHBIX CPEICTB 0 PA3HBIM Pa3-
JleJlaM MATEeMATUKW, 9TO sIBJSIETCsST YPE3BBIYANHO TPyH0eMKOit 3amadeii. [Ipenogasa-
TeJIb NMEET BO3MOXKHOCTD COCTAB/IATE 3aa4N, IOAONPAs HYKHbIE TapaMETPBI IIPAMO
B pabodeM OKHE TPOrpaMMbl, U cpasy moJydars orser. Cojepxkumoe pabodero OKHa
IIPOTPAMMbI MOXKHO BBIBOJIUTH Ha TI€YATh.

Takum 06pa3omM, MOYXKHO C/I€/IaTh BBIBO/, YTO IPOTPAMMA JIOCTATOYHA [TOJIE3HA B
HCIIOIB30BAHNY, €€ MOXKHO HCIIOIb30BaTh /I CaMOOOpa30BaHMs U HAYIHON PAbOTHI.
DT0 JOJIZKHO CIOCOOCTBOBATH POCTY MHTEPECA, CTYIEHTOB TEXHUYECKUX CIEIUA b
HOCTel K mcrnoab30Bannio Maple B kauecTBe 00ydYarOIMIEro CPejCcTBa U MPOBEICHUS
MaTeMATUIECKUX UCCTECTOBAHMTIA.

Jlureparypa
1. Jpakonos B. II. Maple 10/11/12/13/14 B maremarmaeckux pacuerax.—M.: JTIMK-IIpecc,
2011.—800 c.

2. TI'osopyxmr B. H., IIu6yanu B. I. KoMmpioTep B MaTeMaTHIeCKOM HUCCIEI0BAHUN. Y 9eOHBIN

kypc.—CII6.: TTurep, 2001.—624 c.
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ITopaakoBelii aHaIN3 U CME>KHble BOIIPOCHI MAaTEMaTHIE€CKOTO MOJE/JIUPOBAHUS:
Te3uch MoKkaan0B XII Mexmyrapogmoi mayanoii koudepenmmu (c. [eit, 12-18 momsa 2015 r.)

YMK «MATEMATHUKA. IICUXOJIOI'NA. UHTEJIJIEKT»
KAK CPEJACTBO ®OPMNPOBAHUA [TPAKTUKO-OPUEHTNPOBAHHOI'O
CTUJIA MBIIIJIEHNA YUHAIIIUXCHA

JI. II. OxBar
(Poccusi, Bragukaskaz; MBOY «COIIT Ne 1 ct. ApxoHCKasi» )

O1HO# U3 KJIIOUEBBIX UJIEH KOHIEIIMH MaTEMATHIECKOTO 00pa30BaHUS SIBJISIETCS
obJ1atanne KaXKIbIM MPaykJIaHUHOM HEOOXOIMMON MaTeMaTruveCcKoi IPaMOTHOCTHIO.

B ®emepanbHbIX TOCYIApPCTBEHHBIX CTAHIAPTAX OCHOBHOTO OOIET0 0O6pa30BaHUsI
0 3TOMY TMOBOLY OTMEYEHO, UTO M3ydeHue mpeaMeTHoil obmactu «MaremaTnka u
nH(MOPMATUKAY JTOKHO 00ECIIEINThH: 0CO3HAHNE 3HAUEHUS MATEMATUKU U HH(POPMA-
TUKHU B TIOBCEIHEBHON KU3HU Ye/I0BEKA; (POPMUPOBAHUE TIPEIACTABIEHN O COIUA/Ib-
HBIX, KYJbTYPHBIX U UCTOPUYECKUX (DAKTOPAX CTAHOB/IEHUS MATEMATUIECKON HAYKU;
MOHUMaHWE PO/ NH(MOPMAIMOHHBIX TTPOIECCOB B COBPEMEHHOM MUpe; (OPMUPOBaA-
HUe€ TIPeJICTaB/IeHNI O MaTEeMAaTUKE KaK YacTU 00IIede/ I0BEYECKOil KyIbTYPbI, YHUBED-
CAJIBHOM SI3BIKE HAYKH, TO3BOJISIONIEM OIMUCHIBATH U U3Y4aTh peasibHbIE MPOIECCHl U
gpiennd. OJHUM U3 ACIHEKTOB, KOTOPbIE JOJIZKHBI OTPAXKATh IMPE/IMETHbIE Pe3y/ib-
TaThl U3Yy4YEHUS] MATEMATUKU, SIBISETCS PA3BUTHE YMEHWI HPUMEHSTh W3y9EeHHbIE
TOHSITHSI, PE3YIBTATHI, METOIBI IS PEIEHUsT 33129 TPAKTHIECKOTO XapaKkTepa 1 3a-
Jlad U3 CMEXKHBIX JUCHUILINH C HCIOJb30BAHNEM MPU HEOOXOJUMOCTH CIPABOTHBIX
MaTepuaiOB, KOMIBIOTEPA, TOIb30BATHCS OIEHKOMW U MPUKWUIKON MPU MPAKTUIECKUX
pacuerax [1].

OnxHako, 10 pe3ysbTaTaM WCCIEOBAHUS MaTEMAaTHIECKOH rpamoTHOCTH, 15-71e1-
HIU€e POCCUICKIE yUaIINeCs OKA3a/MCh B KOHIIE YeTBEPTON JECITKY CTPAH — YIaCTHHUIT
uccaeoBanusi. BO3MOXKHO, 9T0 MPUYUHBI 9TOTO KPOIOTCA B KPANHOCTSAX pearn3aliun
aKaJeMUYecKOil HAIPAB/JIEHHOCTU IMKOJIBLHOTO KYpPCA MaTEeMaTHUKU, YTO MPUBOIUT K
YMEHBIIEHUI0 BHUMAHUsI K MPAKTUYECKON COCTABJISIONEH 00ydYeHusT MaTeMaTuke B
IKOJTE.

CoOTBETCTBEHHO MPEJIAraeTCsl CMEHUTh TPUOPUTETHI B chepe MIKOJIbHOIO 00pa-
30BAHWS: TJIABHOW IEIBI0 O0YUEHUsT SIBJISIETCS He JOCTHKEHUE YUAIUMUCS OMpeje-
JIEBHHOTO YPOBHS TPEIMETHBIX 3HAHUN U yMeHuil, a (pOpMUPOBAHUE CUCTEMBI KJITIOUe-
BBIX KOMTIETEHITUH, TTO3BOJISIIOIIIX MOJIOIBIM JIFOISIM YCIIEITHO TTPUMEHSITH YCBOEHHBIE
3HAHWS B MPAKTUYIECKON CUTYaI[Uu W TeM CAMBIM YCIEITHO aJallTHPOBATHCA B NHA-
MUYECKOM cormyMe [2].

B »sTOM KOHTEKCTE CTAHOBUTCS BaXXHBIM (DOPMHUPOBAHUE Y OOYJAIOITUXCS
MPAKTUKO-OPUEHTUPOBAHHOTO MBIILJIEHUSI. BOJIBIIMMEI BOZMOKHOCTSME JIJIsl DeaJivi-
samuu 3Toi nenu obsamaer YMK «Maremaruka. Ilcuxonorua. Muaremnekr». Co-
pykoBogureau MIIN: npoddecop, a-p nea. Hayk . I. Teandman, mpoddecop,
1-p meuxosor. Hayk M. A. Xosogras. BoT HeKOTOpBIe aceKThl pa3BUTHSA MPAKTHKO-
OPUEHTUPOBAHHOI'O MBIIIJIEHUS yJaluxcs, Hameamue orpaxenne B Y MK «MIINy.

B coBpeMeHHBIX YCIOBUSIX KaXK bl JTOJYKEH YMeTh KPUTUIECKN aHAJIN3UPOBATH
nH(MOPMAIIIO, TIOJYIEHHYIO B TOM win uHoh ¢popme. OIHUM U3 pereHunit 3Toit mpo-
6J1eMbI SIBJISETCS OPraHn3allis CUCTeMaTH4ecKoi paboTsl ¢ yuebubim TekcroM. Y MK
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«MIIU» mpeanaraer TEKCTHI pa3HOrO THUIIA: IOBECTBOBATE/IbHbBIE, TPODIEMHBIE, Yie0-
HBbIC CIO2KETHBIC TE€KCTbhI U JIP. CIO)KQTHa,H OCHOBa IIO3BOJIAET PEaJIM30BaATH Ba>KHbI
METOJMYECKUil IpUeM: NpPeIbsaB/IeHne TEKCTa B KOHTeKcTe. PeGeHOK yunuTcs BbIdIe-
HSTh OCHOBHOE MaTE€MaTUYIECKOE COJepKaHue, PadOTaTh ¢ PA3BEPHYTHIMU yIeOHbIMU
TeKCTaMu. TeKCThl yIeOHUKOB BKJIIOYAIOT B Ce0sT DJIEMEHTHI JUAJIOTA C O0YIAOIIn-
MUCST: ODPAITEHUST K IUTATE IO, BCIIOMOTATEIbLHBIE BOTPOCKHI U 3a1aHus. /luaaorossrit
XapaKTep TEKCTOB MMO3BOJIAECT YNTATEIAM aKTUBHO BKJIIOYUTHCHA B IIPOIECC N3YICHU A
HOBOTO MAaTepua/ia, 00pallaeT BHUMAaHWE Ha HIOAHCHl TEOPUHU, MPUYUAET 337aBATh
BOIIPOCHI M OTBEYATHh Ha HHUX. HpI/I N3JI0OZKEeHUN TEOPETUYICCKOTr0 MaTepHuaJia OIMUCHI-
BAIOTCs TTOUCKW PEIeHUs] B PA3JIUIHBIX CUTYAIIUAX, B TOM UUC/IE TMPAKTUYIECKUX. B
KOHIIEe KaxK0r0 naparpada npucyrcreyer paszjen «I[Iposeps cebsty. C ero moMoIpio
00yJaloIuecss MOTYT HAay9IUThCsI OCYIECTB/ISATH IeJIel0/Iaranre, IaHupOBaHUe, Ca-
MOKOHTPOJIb CBO€iT yuebHoil pesirensrocra [3].

Bosbmnvu BO3MOKHOCTIMU [1j1sT PA3BUTUS MTPAKTUKO-OPUEHTUPOBAHHOTO MBIIII-
JIeHUst 00JIaIaI0T 3a/1a9u ¢ TPAKTUIECKUM cojiepkanueM. O0ydeHne ¢ UCIOIb30BaHN-
eM MPAKTUKO-OPUEHTUPOBAHHBIX 33189 TPUBOAUT K 60J1€€ TTPOYHOMY YCBOEHWIO WH-
dopmarmm, Tak KaK BO3HUKAIOT ACCOIUAINN ¢ KOHKPETHBIMHI JAEHCTBUAME W COOBITH-
AMMN. TaK}Ke JJIA PA3BUTUA TTPAKTUKO-OPUEHTUPOBAHHOTO MBITIIJICHUA OY€HDb TTOJIE3€H
TIpUeM yCTaHOBJIEHUS COOTBETCTBUS MEXKJIy TEKCTOM, PUCYHKOM, CX€MOil, KOHCTPYH-
POBAHUST ¥ MOJEINPOBAHNS MaTEMATHIECKUX 3a0aT 1O JAHHBIM TaOJIUIBI, KPATKOM
BAIACH, PUCYHKA, CXeMBI ¥ T. II.

Takum obpazom, obydenue mo yaeduo-merommdeckomy xkomiiekty «MIIUy mo3-
BOJISIET PA3BUBATH IMPAKTUKO-OPUEHTUPOBAHHOE MBIILIEHUE 00y IaIOIIIXCS.

JIuteparypa

1. ®enepasibHBIN TOCYIAPCTBEHHBI 00pAa30BATE/IHHBIN CTAHIAPT IOJHOTO 00mero o6pa3oBa-
aus.—M.: IIpocBemenne, 2010.—215 c.

2. Xosoguas M. A. IlpunopureTsl COBPEMEHHOIO IIKOJIBLHOTO OOpa30BaHMs: CIIOCOOHOCTD aall-
THPOBATHCS K COIMYMY WJIM WHTEJUIEKTyajbHOe passurme u Bocnmranme?—URL: http: //
metodist.lbz.ru/lections/2/files/3.doc.

3. T'enppman 3. I'., Xonoanas O. B. Maremaruka: merogmaeckoe mocobme s 5 kmacca.—M.:
BUHOM: Jlaboparopus 3uanmii, 2013.—231 c.
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CIINICOK COKPAIIIEHUN

BashSU — Bashkir State University

KFU — Kazan (Volga Region) Federal University

NOSU — North Osetian State University named after K. L. Khetagurov

SMI — South Mathematical Institute of the Vladikavkaz Scientific Center
of the Russian Academy of Sciences

TarSU — Taraz State University named after M. Kh. Dulaty

TUD — Technical University Dresden

Axagemus ®CO Poccuu — Akagemust QeepaabHoil CIyKOBI OXPaHbI
Poccniickoit @emeparnmmn

Antl'Y — Anraiickuit roCyJapCTBEHHBIH yHUBEPCATET

ActI'Y — Acrpaxanckuil roCy/1apCTBEHHBIN YHUBEPCATET

ATU AT'TY — Azosckuii TexHogorndeckuii nactutyT (hrimar)
JlOHCKOTO rOCy/TapCTBEHHOTO TEXHUIECKOTO YHUBEPCUTETA

AY MB/I P® — Axajnemus ympasjenns MuHUCTEpCTBA BHYTPEHHUX IO
Poccniickoit ®@eneparnym

Beal'V — Besopycckuii TocytapCTBEHHBIN YHUBEPCUTET

BI'Y — BpsHckuit rocyapcTBeHHBIH YHUBEPCUTET UMEHH
akagemuka U. I'. Tlerposckoro

BTY — BimKHeBOCTOUYHBIN TEXHUYECKUI yHUBEPCUTET

BI'Y — Bopouexckuil rocyapCcrBeHHblil yHUBEPCUTET

BUTN HUAY MUDPU — Boaronoucknii MHKEHEPHO-TEXHUTIECKIH
uactuTyT (dhrinan) HarmmonaasHOro necie0BaTeIbCKOro S1epHOTO
yauBepcutera « MU P »

BN MB/ — Boponexckwnit macturyt MBI Poccun

BNY — BnanumkaBKa3cKuil HHCTUTYT YIIPaBJIEHUS

BHII PAH — BragukaBka3ckuit Hay4uHbINH 11eHTP Poccmiickoil akageMun HayK

JATHX — /larecTtanckuil roCy1apCTBEHHBIM WHCTUTYT HAPOIHOTO XO3AHCTBA

JAT'TY — JloHCKO# roCy/1apCTBEHHBIN TEXHUYECKUI YHUBEPCUTET

JATY — Jlarecranckuii roCcy[apCTBEHHbBIN YHUBEPCUTET

JHIT PAH — /larecramckuii HaydHblil meaTp Poccuiickoii akageMun HayK

UI'M HAHY — Uucturyt rugpomexannku HarmonaabHO
aKaJIeMUn HAYK Y KPauHbI

UM CO PAH — Uncruryr maremaruku umenu C. JI. Cobosiea
Cubupckoro otzenenus Poccuiickoil akajieMun HayK

Nurl’yV —Murymickuit Tocy/1apCTBEHHBIN YHUBEPCUTET

NIIMA — NuactutyT TpUKJIaIHON MATEMATHKU U aBTOMATUBAIUN
Kabapauno-Basikapckoro mayanoro nearpa Poccuiickoit akajgemun HAyK

N COull (dbunuan) ATTY — Uncruryr cdepbl 001y KUBaHUS U TPEIIPUHAM A~
resiberBa (Bbumnan) JJoHCKOTO TOCYAAPCTBEHHOTO TEXHUIECKOTO YHUBEPCUTETA

NAD® AH PY3 — UucruryT saaepHoit pusuku AkageMun HayK
Pecnybiuku Y3bekucran

KBI'Y — Kabapauno-bBaikapckuii rocy/1apCTBEHHBIN YHUBEPCUTET

K®Y — Kazauckuii (IIpusoskckuii) denepanbHblii yHEBEPCATET

MTI'Y — Mockogcknii rocyapcrsennbiit yansepcurer um. M. B. Jlomonocosa
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MIIT'Y — MockoBcKIil IeTaroTUHIeCcKuil TOCYIapCTBEHHBIN YHUBEPCUTET

HI'Y — HoBocubupckuii rocy1apCTBEHHbBIN YHUBEPCUTET

HUY MAW — MockoBCKuii aBUAIMOHHBIN WHCTUTYT (HAIMOHATIBHBII
MCCJIe/I0BATEIILCKUIT YHUBEPCHUTET)

HUNAY MUPU — HanmoHaabHBIN MCCIEI0BATETBCKAN AAePHBIT
yHusepcurer « MO »

OI'Y — OpJioBckuit rocyjapCTBEHHBI yHUBEPCUTET

IITY — Ilosonknit rocyIapCTBEHHBIN YHUBEPCUTET

00O «ITueBmakcy — OO01IeCTBO C OTPAHUYEHHON OTBETCTBEHHOCTHIO «IIHEBMaKCY

PI'CY — PocroBckuii rocyapCTBEHHBI CTPOUTE/IbHBIN YHUBEPCUTET

PI'Y um. C. A. Eceanna — Psa3ancKuii rocy1apCTBEHHBIN YHUBEPCUTET
nvenn C. A. Ecennna

PUU AnrI'TY — Py6uosckuii nngycrpuanbubiii nacrutyt (dbumnan) Anraiickoro
rocy/iapcTBeHHOro rexuudeckoro yunsepcurera umenu M. . TTossynosa

PUPO —Psazanckuit uacturyT pa3sBurusi 00pa30BaHusd

PYJH — Poccuiickuit yauepcurer apy2k0b1 HAPOI0B

CamI'TV¥ — Camapckuii TOCY/IapCTBEHHBIN TEXHUIECKUN YHUBEPCUTET

CA®Y — Cesepublii (AprTuueckuii) dbeepaabHbIii YHIBEPCUTET
nmernn M. B. Jlomonocosa

CI'ACY — Camapckuii ToCy/IapCTBEHHBIN apXUTEKTYPHO-CTPOUTETbHBIN
YHUBEPCUTET

CK®Y — Cesepo-Kapkazckuit denepaabHbIil YHUBEPCUTET

COTI'Y — Cesepo-OceTnHCKMIT TOCYTAPCTBEHHBIN YHUBEPCUTET
nmenn K. JI. Xeraryposa

Yal'TV — VibsHOBCKUI I'0CY/IADCTBEHHBII TEXHUYECKUN yHUBEPCUTET

YpI'9Y — ¥Ypanbckuii rocyqapCTBEHHBIN SKOHOMUIECKIUH YHUBEPCUTET

®unHaHCcOBBIN yHUBepcutrer — Ounancosrsiit yauBepcuteT npu [IpaBuTenncTse
Poccuiickoit ®emeparimu

YUI'Y — YeueHckuii rocy1apCTBEHHBIN YHUBEPCUTET

FOMMUM — HOxkubiit MmaTemMaTuydeckuii nHcTUTyT Bja/jinkaBKa3cKoro
Hay9HOTrO menTpa Poccuiickoil akajgemMun HAyK

FOHII PAH — HOxHubiit HayuHbIH eHTp Poccniickoit akageMun HayK

FOOTI'Y — FOro-Ocerunckuit roCy1apCTBEHHBIH YHUBEPCATET
umenu A. A. Tubunosa

HODY — HOxublit denepaibHblil YHUBEPCUTET

ATIIY — dpocnaBckuit TOCYTaPCTBEHHBIN TT€TarOTHIECKUN YHUBEPCUTET
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