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A.N. Ab6apaxmanoBa, JI. V. CyiaraHosn

Kasancxut (ITpusoasiceruti) gedeparvnodi yrusepcumenmn,
A061093@mail.ru

YUV CJIEHHOE NCCJIEJOBAHUWE BOJIBIIINX
JE®OPMAIIUI TEJI C YYETOM
HEC2KNIMAEMOCTU MATEPUWAJIA

Pabora mocsiena pa3pabOTKe METOIUKN HCCIETOBAHUA KO-
HEYHBIX YHOPYyrux gedopMmarinii Caab0CKUMAEMbIX MaTePHUaJIOB.
Kunematuka onmceiBaeTcsa jeBbIM TerzopoM Komwu-I'puma. Bso-
IWTCA yJebHAas IOTEHIMAJJ bHAs 3SHEprusd gedopMamyu, KOTO-
pasg 3aBuCHUT OT JeBoro Terszopa Komm-I'pmra. Hampskerroe
COCTOSIHVIE OIUCHIBACTCST TEH30POM WCTUHHBIX HampshKennii Ko-
mu—JiijIepa, KOTOPKIH OTPeIeIsieTcsl B TEeKyIeM cocTosiaun. Jlaree
MPUBOJUTCS OMMUCAHUE MPOTEAYPHI MOTyIeHNs JTUHEAPUIOBAHHBIX
OTIPENIEJISIFOIINX COOTHOIIEHUT. AJITOPUTM WMCC/IEOBAHUST OCHOBAH
Ha MeTOJe MOC/Ie/I0BATeIbHBIX HArpyKennit. B kauecTse 6a30B0OTO
yPaBHEHUS MIPUHUMAETCA BaAPUAIMOHHOE YPaBHEHHUE MOIIHOCTeR B
aKTyajbHOM cocTogauu. [locsie inneapusaiun mojrydeHa pa3pera-
IOIIas CUCTEMA JIMHEHHBIX aJred0panvdecKux ypaBHEHU, T/1e Hen3-
BECTHBIM $IBJISETCS NIPUPAIEHIE TIEPEMEIEeHn B TEKYIIEM BpeMe-
Hu. /151 yaeTa HECXKUMAaeMOCTU MpUMeHsieTCst MeTo T mrpados. B
KadeCcTBE MPUMEPA PACCMATPUBAETCS 33/1a4a PACTAKEHUST TPIMO-
YTOJBHON MJIACTUHBI C KPYTOBBIM BBIPE30M, [IJisT KOTOPOil BhIOpa-
HO COOTBETCTBYIOIIEE BBIPAXKEHNE TTOTEHIINAIA yIPyTrux redopma-
nuit. Takum ob6pazom, B paboTe MOCTpOEHA METOIUKA UMCJIEHHOTO
nCCJaeJOBaHUA TPEXMEPHBIX TEJI, JJId KOTOPBhIX CbI/ISI/ILIeCKI/Ie COOT-
HOIIIEHUsI 33/TAI0TCS C TIOMOIIBIO yIIPYroro moreniuasia. Iloryaens
JINHEAPU30BAHHbBIE OIPE/IE/ISIONINE COOTHOIIEHNS U PA3PEIIAIOIIee

YpaBHEHHE. YHucnennas peaJin3aliid OCHOBaHa Ha METOJE KOHEY-
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HBIX 9JIEMEHTOB Ha Oase BOCHMMY3JIOBOT'O NOJIMJIMHENHOTO dJIEMEH-

Ta.

WccnenoBarme BBITTOHEHO TIpW  (PUHAHCOBOW  TOMIEPIKKE

PO (mpoexTsr Ne 15-31-20602, Ne 15-01-08733).
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yu-Ta. Cep. dus.-marem. mayrn. — 2008. — T. 150. - Ne 1. — C. 29-37.

2. Toyrosamos A. U., Konomnes FO. I'., Cynranos JI. Y. Yucaen-
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BHUUCAUMENOHOT HEAUHETHOT, MELAHUKU 0ePOPMUPYEMBIT CPED. -

Kazanw: Kazan. roc. yu-t, 2009. — 465 c.

A.H. A6b130B, Y. X. H. Hau
Kasancxuti (ITpusoasicerudi) edeparvnvidi yrusepcumenm,

aabyzov@ksu.ru, tranhoaingocnhan@gmail.com

MOAVJIN, B KOTOPBIX CYMMHI /IBYX ITPAMBIX
CJIATAEMBIX ABJIAIOTCHA IIPAMBIMN
CJIATAEMBIMN

[Tycre M — upassiit R-mojyab u A — MHOXKECTBO MOMOJLY-
Jeit Moy M, KOTOpoe 3aMKHYTO OTHOCHTEHHO M30MOPQMHBIX
obpazos. Ciuenyst [2] u [3], BBegem caepyromue ycaoBust:

A-(C2): st xaxmoro N € A, ecm X <¢ M n N =2 X, 1o
N <g M.

A-(C3): dna kaxaeix My, My € A and My, My <g M, ecm
My My =0, t0 M1 + My <g M.

Takke BBeJIeM CJIe/IyIOINee yCAOBUE:

A-(SSP): dna kaxaeix My, My € A, ecnim My, My <g M, ToO
My + My <g M.

Mogyne M uazosem A-(SSP)-momysmem, eciu monyas M ymo-
BaerBopsier ycaosuio A-(SSP). Ananorunduno onpejensiercs moHsi-
e A-(Ci)-momynst (i=2,3).

Teopema. IIycmv M — npaswii R-modyav u A muoomce-
CMBO aAPMUHOBHL N0OMOodYyaet modyas M, xomopoe 3amrHymo
OMHOCUMENLHO USOMOPPHUL 00pa306 U NPAMBL crazaemvix. Ec-
AU KaAHCOOLT NOOMOYAL MoOyas M asasemea A-npoexmuehvim,

mo cAedyouLue YCAOBUA PAGHOCULBHDL:

(i) M — A-(C3)-modyso.
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(1) M — A-(C2)-modyan.

(tit) Eeau Xi,...,X, — npamwve caazaemvie modyas M u
Xi,...,.Xp€ A, mo Y| X; — npamoe caazaemoe modyan M .

Teopema. [Iycmv M — npaswii R-modyav v A — mmooice-
cmeo nodmodyset modyas M, Komopoe 3aMEHYMO OMHOCUMEND-
HO USOMOPPHHLL 00PA306 U NPAMBL CAGRGEMUT. Ecau xancovd
Paxmopmodysv modyas M seasemca A-npoexmustvim, mo cie-
JYUWUe YCAOBUA PAGHOCUALHDL:

(i) M — A-(SSP)-modyav.

(i) M — A-(C3)-modyav.

(tit) Ecau M = A1 ® Aa, A1 € A, mo o6pas ecarozo 20mo-
moppusma f: A1 — Ao asasemca npamoim caazaemovim 6 Asg.

() M — A-(C2)-modyno.

(v) Ecau Xi,...,X,, — npamwve caazaemvie modysn M u
Xi,....,.Xp €A, mo Y| X; — npamoe caazaemoe modyaa M .

Caencrsue. [1, Ipedrooicenue 2.1] Caedyrouue ycaosusn pas-
HOCUNOHDL Ons MOOYss M :

(1) s ecaxur npocmuz noomodyset A, B modyas M u3z
yeaosuli A= B, B<g M caedyem, wvmo A <g M .

(13) Jaa arobvz npocmux npamuwx caazaemos A, B modyasn
M ewnoaneno ycaosue A B <g M.

(4i1) Jaa 6CAKUT KOHEUHOTIOPONCOCHHBIT MOAYNPOCTNBLL NO0-
modyaet A, B modyas M us ycaosuti A= B, B <g M caedyem,
ymo A <g M.

(1v) Jas 21006 KOHEUHONOPONCOCHHDLT NOAYNPOCTOLE NPA-
Mo caazaemus A, B modyas M ewnoaneno ycaosue A &
B<g M.

JUTEPATVYPA

1. Camillo V., IbrahimY., Yousif M., ZhouY. Simple-direct-
injective modules // J. Algebra. — 2014. — V. 420. — P. 39-53.
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2. Lopez-Permouth S.R., OshiroK., Tariq RizviS. On the
relative (quasi-) continuity of modules // Comm. Algebra. — 1998. —
V. 26. — P. 3497-3510.

3. Oshiro K. Continuous modules and quasi-continuous modules

// Osaka J. Math. — 1983. — V. 20. — P. 681-694.

N. . Akcanosna, /1. 3. ¥Ypa3oBa
Buwicoxozopcexaa COLI N 2,
ils1050@mail.ru

JNHAMUKA OTOBPAXKEHUSI, 3AJTAHHOTI'O
TPEM4 JIMHENHBIMU ®YHKIINASIMU

HpOCTbIe HOIMYJIAIIMOHHBIE MOJEJiN, IMOCTPOCHHbIC KaK O/JHO-
MEpHbIE NUCKPETHbhIC TUHAMWYECKNE CUCTEMBI, TTO3BOJIAIOT WCCJIC-
JI0OBATh OMOJIOTUYECKUE TOMYJISIINA U UX XapakTepuctuku. Takue
MaTeMaTu4eCKrue MOJIe I MOXKHO CTPOUTH, HAIIPUMED, C IMOMOIIHIO
KyCOUHO-JTUHEHHBIX oToOpakeHuii. OTMeTnM, 4TO C/Iydail TEHTO-
00pa3HbIX 0TOOpaXKeHU, T. €. 0TOOpaKeHUil, 3aaBAEMBIMU JIBYMsI
JUHEHHBIME (DYHKIUAME, U3y9€H JOCTATOYHO XOPOIIO (CM., HAIP.
[1-3]). IIpexcrapisier nuurepec usydeHue Ciaydasi, KOria 9ucsIo Jin-
HEWHBIX (DYHKIU, 33Ta0MNX 0TOOparKeHne, PAaBHO TPEM.

OcHoBHas B3agada Hameil paboTbl — W3YIATH IWHAMUKY

KYCOYHO-JTMHEHHOTO OTOOPaYKeHN!sT

2z + 2, <0,
flx)=< =3z+2, 0<z<1,
22 — 3, x> 1.

B pesymnbrare ucciieoBanusg Mbl Oy YU/IN, YTO 33/ laHHOE 0TOOPa-

JKeHUe UMeeT TPU HelOBMKHbIEe TOUKN: T = —2, x = 0.0 u z = 3,
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TPUYIEM BCe OHM SIBJISTIOTCST OTTaAKWBaommmn. Haligensr Tpn, Tak-

JKe OTTAJIKUBAIOIINE, JBYTIEPUOINIECKHEe OPOUTHI 0TOOpaykeHus f :

r=—-2 oz =0sn Sa ., a3 =—% >as=3 >
T3 TY ..., T = X = H 5 > T

Mpb1 nokazanu, uTo Ha uaTepBane (—oo; —2) opOUTHI BCEX TO-
9eK CTpeMsarcs K —oo, a Ha (3;400) — K +00. Hanbosee unre-
pecHbIM siBjsieTcst uarepBan (—2;3), Tak Kak OpOUTHI BCEX TOUYEK
9TOr0 MHTEPBAJIA OCTAIOTCHA BHYTpU Hero. Ul mMeHHO B 5TOM HH-
TepBasie HAXOIATCS OTTATKWBAIONINE HEMOIBUKHBIE U JIBYIEPUO-
Judeckue ToUuku. B pesysibrare HaMu JJOKa3aHO, 9TO OTOOPAXKEHNE
f(z) na unrepsane (—2;3) uMeer XaoTUUECKOE TIOBEeHNE. MeH-
HO TaKyl0 JMHAMHUKY OpOuThl TOYKM Xo € (—2;3) Mbl BUAMM Ha

mayTUHHON Tuarpamme (puc. 1).

JUTEPATVYPA

1. Kponosep P. @paxmasve v xaoc 6 dumnamuseckur cucme-
maz. — M.: Texunocdepa, 2006. — 352 c.
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2. Lindstrom T., ThunbergH. An elementary approach to
dynamics and bifurcations of skew tent maps // J. Diff. Eq. and
Appl. —2008. - V. 14. — P. 819-833.

3. Sushkol., GardiniL. Degenerate bifurcations and border
collisions in piecewise smooth 1D and 2D maps // Intern. J. of
Bifurcation and Chaos. — 2010. — V. 20. — No 7. — P. 2045-2070.

II. 1. AunpeeB
Cesepnuiti (Apkmuueckut) gedepanvrovii
yrnusepcumem um. M. B. Jlomonocosa,

pdandreev@mail.Tu

XOPIJOBBHBIE ITPOCTPAHCTBA U IIPOBJIEMbI
BY3EMAHA

XopioBble TPOCTPAHCTBA BBeJAeHbl B KHUTe by3semana u [Ixake
[1] c yrounennem onpejenenns B [2] kak o6obienne kiaacca G-mpo-
cTpaHcTB Bysemana, meTasbHOMY M3YUEHUIO KOTOPBIX MOCBATIEHA
kuura [3]. [Tycrs (X, d) — KOHEYHO KOMIIAKTHOE METPHYECKOE 1IPO-
CTPAHCTBO, YIOBJETBOPSIOIIEe YCIOBHUIO BHITYKJIOCTH TI0 MeHrepy.
ITociieiaee o3nagaer, 910 Jjist JIO0OBIX ABYX TOYEK T,y € X CyIie-
cTByeT Touka m € X , leyKarasg CTpOTO MeXK Ty HIME, TO €CTh JIJIsI

TOYEK I,Y, M BbIIOJHEHO PABEHCTBO

d(z,y) = d(x,m) +d(m,y),  taem ¢ {z,y}.

3 ycnoBmii KOHEYHOI KOMIIAKTHOCTH W BBHITYKJIOCTH 10 Menrepy
caestyer, 9o X SBJIAETCS Te0Ie3MUeCKUM MTPOCTPAHCTBOM, TO €CTh
sto0bIe iBe Toukn 2,y € X coequuuMel B X orpeskom [xy]. 3mecs
O/l OTPE3KOM [TYy| moHmMaercs o0pas CHpsIMJISIEMOTO IyTH 7 :
0,1] - X ¢ v(0) = =z u y(1) = y, amuua koroporo £(y) =
=d(z,y).
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B obmewm caywae orpesok [ry| onpegenén neogrosznadno. Muo-
JKECTBO BCEX OTPE3KOB mpocTpancrBa X obosmauaerca T(z,y),
rje Touku T,y € X mpoberaloT MHOMKECTBO BCEX Map pas3/imd-
HBIX TO4eK B X . DTO ke 0003HAUEHNE MPUMEHSETCS I KayK-
noit koukperHoit maper z,y € X . Bo muoxecrse T'(z,y) Bbaeaum

IIOAMHOZKECTBa

Q*(z,y) C Q(z,y) C T(z,y).

DemMenTsl MHOKECTBA Q(T,y) HAZBIBAIOTCA Z0PIaMU, & DIEMEHTDI
Q*(z,y) — 6asosvimu Topdamu.

K 4uciy Xops OTHOCUTCS BCAKUI OTPE3OK, ABJIAIONIMNCS Teo-
JIe3UTECKOil, TIIe IO, Te0Ie3NIECKON TOHNMAaeTCss 00beInHEeHNE TI0-
CJIeJIOBATE/IbHO HAJIETAIONIUX JAPYT Ha JApyTra GA30BBIX XOD/I.

[Ipeimookum, 970 MHOKECTBA XOP/L U 0a30BbIX X0pi B X yiI0-
BJIETBODSIIOT CJIEJIYIONIEMY TEPeYHI0 aKCHoM (HyMepalus akCuom
cooTBercTByer [2]).

Y5(1). Besikast touka p € X wmeer okpecruocrs U(p,r(p)), B
KOTOPO# sit00be sBe Touku a,b € U(p,r(p)) coeaumusirorcs eans-
crBeHHOIt 6a30B0ii xopaoit Q*(a,b).

¥9(2). Ecin ¢ — BuyTpennas Touka Q*(a,b), ro Q*(a,q) C
C Q*(a,b), npuuém Q*(a,b) sBasgercs eamHCTBEHHOI 6a30BOiL
xopuoit ayuabtl d(a,b), nponoskaromeit Q*(a,q).

¥2(3). Ecau cywecrByior 6a3osbie xopabl Q*(an, by) upu Beex
n=0,1,2,... mw a, = ag, b, — by npu n — 0o, To Q*(an,b,) —
— Q*(ag,bp) moroueuno.

Y¥o(4). dust mobeix asyx touek a,b € U(p,r(p)) cymecrByer
c € X, nna koropoit Q*(a,b) C Q*(a,c).

Yo(a). s mobbix Touek a,b € X u j11060ro roMoTonuuecko-
ro kjaacca K KpUBBIX C KOHIAME @, b CyIIECTBYeT XOpJa, IpUHaJI-

gexxamasn K.
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Oryinare B HyMepamuu MOCJIeIHeld aKCHOMBbI 060CHOBBIBAETCSI
TEeM, 9TO OHA HOCUT IJIOOANBHBINA XapaKTep U ONUCHIBAET CeMeiiCTBO
XOPJ, HE SIBASTIOMINXCS OA30BBIMYU XOPIAMA.

G -npocrpancTsa Bysemana gaBagioTCa 9aCTHBIM CIydaeM XOp-
JOBBIX IIPOCTPAHCTB. B 9TOM C.Hy‘{ae XOpJaMu ABJIAIOTCA BCE OT-
peskn, 10 ectb Q(x,y) = T(x,y), a 6a30BLIMH XOpJAMHU CJTyZKAT
oTpe3ku, 00J1aafonume CBOfCTEOM €JMHCTBEHHOCTH: OTPE30K [TY]
aByserca 6a30B0it xopaoit G-mpocTpancTBa X TOr/A U TOJBKO TO-
12, KOT/JIa OH SBJIAETCS eINHCTBEHHBIM OTPE3KOM, COETMHSIONTIM
T

[Ipunoxenue K Kuure [3| cofep:KuUT mepevdeHsb TEOPEM U Hepe-
mEHHbIX 1pobJieM, Kacawommxcs G-npocrpancrs. Cpeau mpodiem
0co60 BeIAesAI0TC TpobsreMsl (7)—(9) (31ech MBI coxpamseMm Hy-

mepaiuio Bysemana).

IIpobuiema (7). Heaaemes au n-meproe G-npocmparcmeo

N -MePHHBM MONONAO2UYECKUM MH02006p03U6M?

IIpo6nema  (8). Seasemca au  npouseoavnoe G-

nPOCMPAHCMBE0 AOKAABHO 00HOPOIHBM 6 cmbicae Monmeomepu
(cm- [4])7

IIpo6aema (9). Beakoe au G -npocmpancmeo umeem Koney-

HY10 MONOAOLUNECKYI PA3MEPHOCTL ?

B neiicreurensHocTn, npobiema (7) cdopmynmnposana B [3] aist
pasmeproct n = 3. B sToit hbopmymposke ona permrena B [5]. Jlo-
KaJbHas OJHOPOJAHOCTH MpocTpancTBa X B cMbicae MoHTromepn
O3HaYaeT, ITO Kaxjad ToukKa p € X mMmeer okpectHOCTH Uy, B
KOTOPOU BBINIOJIHAETCs Ciegyiomiee cBoitcTBo. g sroboro € > 0
cymectyer 0 > 0, mpu KOTOPOM JIst JIIOOBIX IBYyX To4ek a € U,
u b € X ma paccrosaun d(a,b) < & CymecTByeT OHOTApAMET-

pudeckoe cemeiicrso romeomopdusmos Oy @ U, — O4(U,) C X,
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t €[0,1], atro @9 = Idy,, ®1(a) = b n d(z,P:(r)) < € a1s BCEX
x €U, uscex t €[0,1].

HepeqHCﬂeHHbIe HpO6.HeMI)I ABTOMATUYECKN TIEPEHOCATCA Ha
XOpZIOBBIE MPOCTPAHCTBA. B Hactogmee Bpems mpobsema (8) B
[PUBEJIEHHON 3/1eCh (DOPMYJIMPOBKE PeIeHa MOJHOCTHIO, 0CTa b
Hble — B HEKOTOPBIX YACTHBIX Caydaax. OTaenbHbIe YaCTHBIE CITIy-
qau peH_IeHI/Iﬁ TaK2Ke€ aBTOMATHYCCKHU IIEPEHOCATCA Ha XOPAOBBbIC
MPOCTPAHCTBA.

B mepByto ouepe b, ToBopst 0 mpobsieme (9), ciegyer mpuBecTu
crarbio B. H. Bepecrosckoro [6], riae npobiema pertiena npu Heko-
TOPBIX JOMOJHATETBHBIX YCIOBUSIX HA BBITYKIOCTH B MPOCTPAH-
crBe X MaJIbIX MIapOB.

Teopema koneunomepuocru ([6], Teopembr 1-2). ITycmo
X — G-npocmpancmso Bysemana. Ecau 6 X cywecmeyem neny-
cmasa obaacmov U, 6 Komopoti ece wiapos 6uiNYKAbl, U HETYCTNAS
K -svnykasan obaacmv npu Hekomopom 0elicmeumenvhom 3Hae-
nuu K, mo X umeem KoHeuny10 monoiozuieckylo pa3meprocms.

Meron, npumenénnniit B. H. BepecToBckuM B mokazaTenncTBe
9TOH TeopeMbl, JOMyCKAeT HECI0XKHOE MEePEeHECeHne Ha XOPIOBHIE
MPOCTPAHCTBA HEMOJOKUTETBHOM KPUBU3HBI. 1107 XOPIOBBIM MTPO-
CTPaHCTBOM HEIIOJIO2KNTEIbHOMI KPUBU3HBI IOHUMaETCA TaKOe XOP-
JTOBOE TIPOCTPAHCTBO, UTO ¥ KaXK 0N TOUKH €CTh OKPECTHOCTD, B KO-
TOPOl CpejiHsisi JIMHUS JI000r0 TPEyroJbHUKA, 00PA30BAHHOIO Oa-
B0BBIMU XOPJIAMU, He TPEBOCXOIUT TIOJIOBUHBI OCHOBaHUsI. I3 o/mo-
POJIHOCTH IIPOCTPAHCTBA CJIEJIYET, 9YTO IPU PACCMOTPEHUsT BOIIPOCA,
0 TOTIOJIOTHYECKO PA3MEPHOCTH JOCTATOYHO PACCMATPUBATE JIUIITH

OKPECTHOCTb OJTHOI TOYKMU.

Teopema 1. ITycmv 6 zopdogom npocmparncmee X cyuwecmey-
em 064acmb HEnoAONHCUMEAbHOT KpususHv. Tozda X umeem Ko-

HEYHYIO MONOA02UHECKYIO PASMEPHOCITNDG.
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K coxkanenmio, BBIMTYKJOCTH IapoOB MAaaoro pPajnyca He
obecmeunBaerca akcumomamu G-mpocrpancrsa. Ilpumepnr G-
ITPOCTPAHCTB, TaK HaA3bIBAC€MBIX KBa.3I/IFI/IHep6O.HI/ILIeCKI/IX IIJIOCKO-
cTell, IMEIOIINX HEBBITYKJIbIe IAPbl CKOJIb YTOTHO MaJIOTO PaIyca
B OKPECTHOCTH [IPOM3BOJIbHOI ToukM p € X | nocrpoenst B [7].

3HaunTeIbHOE MIPOIBUKEHE B perieHnn mpobieMbl (7) BBIIO-
neno II. Tépcronom B [8]. OcHoBHOIT pesysibrar T0i crarbu —
BCsaKoe 4-meproe G-mpocTpaHcTBO By3emana sB/iseTcss 4-MepHBIM
TOMOJIOTHYIECKIM MHOTOOOpasueM. Ho moMuMO 3TOro cTaThs MHTE-
pecHa TeMm, 9TO B Heil TpeAcTaBIeHa MporpaMMa PereHust mpo-
6aembr (7) B obmem caydae. Ilpm 5TOM, Kak BCIOMOTATETbHBII
pe3yJIbTaT MoJIydYeHo MoJHOe permenne npobaemsl (8): Beskoe G-
IPOCTPAHCTBO ABJAETCS TOMOJOTUIECKH OJHOPOIHBIM U IIPH 3TOM
(HE TOJILKO B JIOKAJIBHOM, HO M B IJI00AIBHOM CMBIC/IE) OJIHOPOJIHO B
cmbicsie Mortromepu. KopoTkas, HO akKypaTHas IpPOBEPKa 3TOTO
dakra Bbionnena B [9]. Merou, upumenénusiii B [8], nosropsiercst
B |1] a5 0Ka3aTENBCTBA TONOJOIUIECKO OJHOPOIHOCTH XOPJIO-
BBIX IPOCTPAHCTB. Kak caencTsue, BCIKOEe XOPI0BOe IIPOCTPAHCTBO
UMeeT OJHY U TY K€ JIOKAJIBHYIO TOMOJOIMYECKYI0 Pa3MEePHOCTH BO
BCEX TOYKAaX.

B crarse [9] BBeJeHa mnast TpakToBKa OjxHOpOsHOCTH — G-
OJHOPOJHOCTE. I10IMHOKECTBO Z B METPHUYECKOM IPOCTPAHCTBE
X HaszbiBaercst 36€30HbLM 110 OTHOIIEHMIO K Touke p € Int(Z),
ecau jyis JiI00ol Touku T € 0Z OTpe30K [px] CyIIecTBYeT, OHO-
BHAYHO OLPEIE/IEH, COUEPKUTCA B Z U Z sIBISIETCS PE0Ae3UYeCKUM
KOHYCOM HaJl 0Z € BEPIWHON P. 7 HA3BIBAETCA CMabUALHO 36E30-
HbLM B TOUKe p, ecim cyiéctsyer § > 0 Takoe, 4T0 Z SIBISETCS
3BE3HBIM 10 OTHOIIEHUIO K 060l Touke y € B(p,d). Merpu-
9eCKOe MpOCTPaHCTBO X HA3BIBACTCA JIOKAJBLHO (-OJIHOPOIHBIM,

ecu jijis Jat00oit Toukn © € X ecth Takoi pagmyc € > 0, aTo map
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B(x,e) obmamaer CBOHCTBOM TPOJOIKAEMOCTH OTPE3KOB U SIBJIS-
eTcsl CTaOMJILHO 3BE3JHBIM II0 OTHOIIEHUIO K 000 CBOEll TOUKe.

[TousaTHO, YTO BCSIKOE JIMHEHHO CBI3HOE JIOKAIBHO G -0THOPO/I-
HOE TTPOCTPAHCTBO OAHOPOIHO. B 0b111eM ciiyuae o6paTHOE HEBEPHO.
B [9] Bbickazan psig npobGsiem, cBsizaHHbIX € G-0JHOPOJHOCTHIO.
Onu aBTOMATHIECKU IEPEHOCUTCST Ha, XOP/IOBBIE IPOCTPAHCTBA (CM.
noApobusie oupesesenust B [9]).

IIpobuiema 1. Beakoe au wopdosoe npocmpaHcmeo A6AAEMCA
20%AAbHO G -00HOPOOHBIM U PABHOMEPHO A0KAALHO G -00HOPOOHBIM
HA OPOAALHBLL MHOHCECMBAT ¢

Emgé 6osiee cymecTBeHHBIN pe3yabTaT cTaThl [8] Kacaercs To-
mosiorun G -mipocTpaHCcTB: Beakoe G-mpocrpaHcTBo Bysemana sis-
JIIETCSI TOMOJTIOTUYECKUM MHOr0o06pa3ueM U abCOTIOTHBIM OKPECT-
HOCTHBIM perpakTom (cokpaménno, ANR).

[IpakTuvecku mocioBHOe moBTOpeHme apryMenToB II. Tépcro-
Ha [03BoJisieT C(OPMYJIMPOBATH PE3YJIBTAT JIJIsi XOPJOBBIX IIPO-
CTPAHCTB.

Teopema 2. Beaxoe xopdosoe npocmparcmeo asaiemes ANR.

OHako, TpsIMOit TEPEHOC BTOPOIT YacTh TeopeMbl TépcToHa HA
XOP/IOBBIE MTPOCTPAHCTBA MPOOIEMATUIEH.

IIpobiiema 2. Beakoe au £opdosoe npocmparcmeo AGAAECMCA
20MON02UMECKUM MH02000pasuem ?

O6mas cxema Tépcrona pemenns npobaemsr (7) aas 4eTbIpEx-
MepHBIX (-TTPOCTPAHCTB BKJIIOYAET 4 IMara m MOXKeT PacCMaTpU-
BAThCd KAK Cxema perieHus npobsembl B obmem ciyqae. [lepsoiii
mar y»ke OMHUCAH BBIMIe. Pe3ybTaToM SIBJISIETCS TEOpeMa, yTBEp-
JKIAm0Iast, 9To Besgkoe G-mpocrpanctso sasasgerca ANR u romo-
siormaeckuM MHOTOOOpasuem. [loc/remyromupe mraru BBITOTHEHBI CY-
IIIECTBEHHO [IJIsl 9eThIPEXMEpPHOTO ciaydasi. OIHAKO, eCiu IUIoTe3a

Bysemana 0 Tom, uro Besikoe (G-IPOCTPAHCTBO SABJISIETCS MHOT000-
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paszmeM, BepHa, TO Pe3yAbTAThI 3TUX ITAarOB TaKKe CIIPaBEIINBHI B
obImeM ciaydae. DTO ¥Ke MOKHO CKa3aTh W 0 XOPJOBBIX MPOCTPAH-
CTBaXx.

[Tarm 2 u 3 aBagiorca He3aBUCHUMBIMEU APYT oT apyra. Ilar
2 cocrout B caenyomem. [lyerb A C X n a € X\ A. Bygem
TOBOPHTD, 9TO MHOKECTBO X \ A ABIS€TCH JTOKATBHO k-CBA3HBIM
B a, ecan jio0ast OKPeCTHOCTh U TOYKHM @ COJEPIKHUT TAKYIO €€
OKPECTHOCTb V| 9T0 BCAKOE HEIpepbIBHOe oTobpazkenne OBF T —
— V TIpOIOIZKAETCS 0 HEIPepBIBHOTO oTobpaskerns BFYL — 1/
MuoxecTBo A Ha3BIBAETCS JOKATBLHO k-KOCBA3HBIM (KOPOTKO, k-
LCCQC), ecin X \ A sokanbho k-cBsa3HO B y11000i Touke a € X \ A.

[Tpocrpancreo X wasbiBaercsa noaykpacuso (semi-nicely) sio-
kampHo (n — 1)-cdepnyecknm, ecmm mobas Touka y € X mMmeer
CKOJTb yTOJHO MaJlyl0 OKpecTHOCTh V | rpamuma koropoit OV ro-

meomopdua S"! u gpnsercs 1-LCC MHO2KeCTBOM.

Teopema (|8, Teopema 3.14.]) Beaxoe j-mepnoe G -npo-

CMpaHcmaeE0o ABAACMCA NOAYKPACUBO A0KAADHO 3—cgﬁepu%c7§uwt.

[Tar 3 cBga3am ¢ TOHATHEM Pa3PENIUMOCTH MTPOCTPAHCTBA.
IMycts C' — xomnakTHOE METpUYeckoe npocrpancTso. OHO Ha-
3bIBaeTCs Kierounonoqobusim (cell-like), ecom cymecrByer Tormo-
siornyueckoe muoroobpasue M u Bnoxenune f: C — M rakue, 9ro
f(C) B M upencraBuMo Kak IEepecedeHme II0CIeI0BATETbHOCTH
BAMKHYTBIX M-KJIeTOK Q1,Q2,..., 116 Q;41 C Q; w m =dim M .
Orobpazkenne f: X — Y mMerpudeckux TPOCTPAHCTE HA3bIBAET-
¢Sl KJIeTOYHOMOOOHBIM, €C/TH TAKOBBIM aBIgeTcs mpoobpas f~1(y)
Jit060it Touku y € Y. CenapabeibHOE METPUYIECKOE TPOCTPAHCTBO
Y naspIBaeTCst pa3penmMbIM, eCTH CYIIEeCTBYeT MHOTOOOpasue M™
U KJIETOYHOLO00Has ciopbekuus f : M"™ — Y | nasbiBaemasi pas-

pemrerneM Y .
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Kpurepwuii pazpemmmocT Jj1st TOMOJIOTHIECKIX MHOTO00pa3uii
npezcrasien B pabore Kyunna [10]. [Tycts X — romostorunaeckoe
MHOT0OOpasme. Bymgem roBoputh, uT0 X SBJISETCH MOIXOAAIIUM
JIJIsT PA3pEIeHns, eCju OHO JIOKAJTHhHO KOMITAKTHO, CBSI3HO, KOHEY-

HOMEPHO, cerapabesibHO, MeTpusyemo u sipiasiercs ANR.

Teopema ([10]). Cywecmsyem xoppexmmo onpedeaénmvili um-
sapuanm i(X) € 1+ 8 - 7Z, coomeemcmaytouuti npou3eosvromy
NOOTOOAULEMY OAA DPA3PEULEHUS 20MON0ZUYECKOMY MHO2000pA3UI0
X, asaarnwutica npenamemeuem % pazpewumocmi. X padpeui-

MO mozda u moavko mozda, kozda i(X)=1.
Pesynbrarom Tpernhero mara B (8| aBigercs ciegyoree.

Ilpengnoxxenne ([8], Caencrue 3.10). Bcakoe J-mephoe
G -npocmpancmeo Bysemana X umeem undexc Kyunna i(X) =1

U NOIMOMY PA3PEULUMO.

[Mocnenuuit mar 4 B [8] nokasbiBaer, 4ro CBOJCTB pazpery-
MOCTH U TIOJIyKPACUBOI JIOKAJIBbHON CHEepUIHOCTU JTOCTATOUHO JIJIsd
JTOKA3aTeILCTBA OCHOBHOM TEOPEMBI B Caydae deTbipéxmeproro G-
npocrpancTBa. OCHOBHOI apryMeHT /I0Ka3aTe/IbcTBa — TOT (DaKT,
aro orobpaxkenue paspemenns f : M* — X B srom ciyuae an-
MIPOKCUMUPYEMO TOMEOMOP(MUIMOM.

B ciaygae 6Gosbireit pasmeproctu 6osiee yaI00HO BMECTO CBOW-
CTBa TOJYKPACUBOIl JIOKAJBHON C(OEPUIHOCTH PACCMATPUBATE JIPY-
roe CBOICTBO, HA3BIBAEMOE CBOMCTBOM pa3/iesisieMocTH TuCKOB (dis-
joint disks property, DDP). TosopsT, uT0 MeTpuueckoe mpocTpas-
crBo X ob6magaer csoiictBom DDP, eciiu sroboe mHempepbiBHOE
orobpazkenne B X Taphl JByMEPHBIX KI€TOK B? MOXKHO aIpok-
CUMUPOBATDH CKOJIb YI'OJIHO O/IU3KUM K HEMY OTOOpaXKEHUEM, KOTO-
pOe MMeeT HelepeceKaroInecss 00pa3bl YKA3aHHBIX KJIeToK. Vme-

ercs caeayommii Kpurepuii (pemenne npobaeMbl PaCO3HABAHUS
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Kennona).

Teopema Dasapaca ([11]). [Hyemv npocmpancmeo X ume-
em monoaouNeckylo pazmeprocms n = 5. Ono asasaemces n-mep-
HOLM TOTIONA0ZUNECKUM MH02000pasuem mozda U Mmoavko mozoa,

K02da 0oHo paspewumo u obaadaem ceoticmeom DDP.

Takum o6paszom, npobsema Bysemana (7), cdopmynmuposan-
Hag [/ XOPJOBBIX IPOCTPAHCTB, PACKIAIBIBACTCA B IEIIOUKY IIPO-

OJ1eM, TIEpBast U3 KOTOPBIX yxKe chopmynnpoBaHa Kak [Ipobiaema 2.

IIpobaema 3. Ilycmv X — wemwpérmeproe xopdosoe npo-
CMPAHCNBO, ACAAOULEECA 20MOAOZUMECKUM MHO2000pasuem. Bep-

HO AU, YN0 OHO ABAAECINCA NOAYKPACUBCO AO0KAADHO cﬁepu%cmuw?

IIpo6saema 4. I[lycmv X — n-meproe xopdosoe npocmpat-
CMBO, ABAANOUEECA 20MONORUHECKUM MHO2000pasuem. Bepro au,

ymo ono obaadaem ceoticmeom DDP?

IIpobsema 5. Beprno au, wmo ecakoe TopdoGoe Mpocmpai-
CMBO, ABAANUEECA 20MONOLUNECKUM MHO2000paA3UEM, DPA3PEULU-

M0 ?

B ciygae geTpipéxMepHOro mpoCTPAHCTBA OTHAEIBHO CTOUT BO-

mpoc 00 anmpOKCUMUPYEMOCTH PA3PEIeHUs TOMEOMOP(U3MOM.

IIpobiema 6. Ilycmv X — noaykpacuso A0kaisvHO chepure-
ckoe padpewumoe xopdogoe npocmpancmeo. Bepro au, wmo ono
obaadaem paspeweHuem, KoOmopoe annpokcuMUPYeMo 20MeOMOP-

Ppuamom?

Hanee MbI ocranouMmcss Ha mpobseme (7) B ciaydasix, KOTJa
mpocTpancTBo X 06/1agaeT TOTOTHITEHLHBIMI OTPAHNIEHUSIMI HA
kpuBu3ny. B srom ciaygae npobsiema pererna B. H. Bepecrosckum
Jist G-TIpOCTPaHCTB OTpaHndYeHHON KpuBnu3Hb! 0 A. JI. Aekcan-

aposy (cm. [12] auist IPOCTPAHCTB KPUBU3HBI OIPAHUYEHHO CHUBY
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u [13] st TpOCTPAHCTB KPUBU3HBI OIPAHWYEHHO CBEpXY) U aB-
TOPOM JIJIsi TIPOCTPAHCTE HEMOJIOKUTENIbHONM KPUBU3HBI B CMBICJIE
Bysemana (cu. [14]). B cayuae npocrpancrs Ajiekcaniposa cripa-

BEJIJTUBBI CJIEYIONINE TEOPEMBI.

Teopema ([12], Teopema 7.) IIycmov (X,d) — aokasvno
KOMNAKMHOE NPOCMPAHCMEO ¢ BHYMPEHHET MEMPUKOT KPUCUIHDL
> K no A. JI. Asrexcandposy, noduunénnoe ycaosuio A0KaAbHOT
npodossicaemocmu kpamuatiwux. Toeda X asasemes monoaoau-
YECKUM MHO2000Da3UEM HEKOMOPOTl KOHEWHOU DPA3ZMEPHOCMU 1.
Ipu amom, das Kasicdoti mouku p € X npocmpancmeo Hanpas-
nenuti QpX x X 6 p usomempuuno edunuunoli chepe Sl a
Kacamenavroe npocmparcmeo Ko(QpX) — n-mepromy esraudosy

NPOCMPAHCMBY.

Teopema ([13], Teopema 1.1). Kaowcdoe G -npocmparcmeo
Bysemana ozpanuvennotli ceepry xpususnv, no A. . Asexcan-
dpoey asasemca pumanosvim CO -mnozoobpasuem (¢ nenpepoiehvl-
MU OMHOCUMENLHO QUCTNAHUUOHHBLL KOOPOUHAM, KOMNOHEHMAMU
MEMPUUECKO20 TENH30PA; A00bIE J6€ KAPMBL, COCTNABAEHHBIE U3 OU-

CMAaHYUOHHT Hoop(?umzm, Cl -C02AaC06aHYL.

Kax mbl BuamM, B 000UX CaydagX TEOPEMbI YTBEPKIAIOT, 9TO
G -TIPOCTPAHCTBO C OrpAHUYEHNEeM KPUBH3HGI B cMbicye A.JI. Ayek-
CaHJIPOBa, HE TTPOCTO SIBJISAETCS TOMOJOTMHYECKUM MHOT006pasnem,
HO WMeeT JIOTIOJTHUTETHHYIO CTPYKTYPY, XapaKTepHYIO JJIsT PUMa-
HOBBIX MHOT000pa3mit MaJjoi raakocTu. Teopema, JoKa3aHHAS aB-
TopoMm B [14], He mpesocTaB/eT TAKOW JOMOJHUTEIBHON CTPYK-
Typnl. Kpome Toro, cymecTsBeHHbIi HEJIOCTATOK JOKA3ATENHLCTBA, B
TOM, ITO OHO ONTIPAETCS HA TIPEIETHHBIN TIePEeX0/T B CMBICTIE HETJIaB-
HOTI'O yJ'I])Tpa,CbI/I.H])Tpa Ha MHO2KECTBE HATYPAJIbHbIX 4Y1CEJI, TO €CTh

3aBHUCHAT O AaKCHOMBI BbIOOpa. B melicTBUTEIbHOCTH, CIpaBeIInBa
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OoJiee cuIbHAST TEOPEMA, KOTOPasi MOXKEeT OBITh JT0Ka3aHa 0e3 mpu-

MEHEHUsI TIpejiesia Mo HerJIABHOMY YIbTPaduIbTpy.

Teopema 3. ITycmv (X,d) — G-npocmpancmeo 240044610
HENOAOIAHCUMEALHOT KPUBUSHBL 8 cCmbicae Bysemana. Tozda ono eo-
MeomopPro eskaudosy npocmparncmey R™ npu wexomopom namy-
paavrom n. Ilpu smom, 6 wasicdoti mouke p € X Koppexmmo
onpedenén wacamesvnuli xonyc K, X xax npedea no I'pomoey-
Xaycdoppy npu t — +oo mempuueckur npocmpancme (X, dy),
nodoonwvir (X,d) ¢ obweti ommeuennoti moukoti p u xoaphuruen-
mom nodobus t. Beaxutll maxot KoHyc u3oMempuier HeKOmopomy
N -MEPHOMY HOPMUPOBAHHOMY NPOCMPAHCMBY CO CMPO20 BHLINYK-

20U HOPMOT.

Takum o6pazom, (G-TPOCTPAHCTBA HEMOJOKUTEMLHOM KPUBU3-
ubl 110 By3emany 001a/1a10T CTPYKTYPOit, CXO/IHOM ¢ (PUHCIEPOBOIL,
HO 6oJjiee cj1aboit B TOM CMBIC/IE, YTO B KaXKJI0il TOYKE TaKOro Ipo-
CTPAHCTBA UMEETCS KACATEbHOE IPOCTPAHCTBO, KOTOPOE 00/1a/1aeT
HOPMOIA, 9Ta HOPMa, CTPOTO BBIMYKJIA, HO HE SIBJISIETCSI TJIAIKOIA.

Amajor yTBep:KIeHNsT TEOPEMBI 3 I XOPIOBBIX TPOCTPAHCTB
MOYKHO C(OPMYIUPOBATH KaK MUIIOTE3Y.

T'unoresa 1. Beaxoe zopdosoe npocmparcmeo (X, d) eaobarn-
HO HENOAOHCUMENLHOT KPUBU3HBL 8 cmbicae Bysemana-Ilzadxke 2o-
meomopdro npocmparncmsy R™. Ilpu amom 6 xascdoti mouwke p €
€ X xoppexmmno onpedesér Kacameavrolli KoHYc, KOmopuil u3o-
empuder HEKOMOPOMY T -MEPHOMY HOPMUPOSAHHOMY TPOCTPAH-
cmey.

Bazkubrit mar B mokazarenbcTBe ['umoressl 1 BBITOJIHEH aBTO-
pom coBmectHO ¢ B. B. Crapoctunoit. Ctarhs, comep:Kaias yKa-
BaHHBIN PE3YJIBTAT MPUHSATA K [IEYATH.

Teopema 4. IIycmv (X,d) — zopdosoe npocmparcmeo Heno-

AOACUMEALHOT KPUBU3HBL 68 cmuicae Bysemana-Ilxadxe. Toeda 6
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Kaotcdoti mouke p € X Kxoppexmmno onpedeén Kacamesvnuvili Konyc
K, X xax npeden no I'pomosy-Xaycdopdy npu t — +00 mempuue-
cxuz npocmpanems (X, dy), nodoonwz (X, d), ¢ obwetli ommeuen-
Hotli mowkoti p u Koapduyuermom nodobus t. Ilpu smom, na K, X
deticmeyem epynna H nososicumesvnoz 2omomemuti ¢ yenmpom
D U cyuecmeyem CmpyKmypa Topdosozo npocmparcmen HENoAo-
AHCUMEALHOT KPUBUSHYL.

K coxamennio, mocTpoeHHas HAMU CTPYKTYPa XOPI0BOTO IIPO-
crpancTBa Ha K, X He 0bga3aTeqbHO ABISETCA NHBAPHAHTHON OT-
HOCUTENHHO netictBus rpynnsl H . Kpome Toro, mpu eé mocTpoe-
HUU aBTOPHI 33/eliCTBOBAIN TIPEIEIBHBIN Mepexo ] M0 HeTJIABHOMY
yIBTPadUIBTPY, 9TO TAKXKE HECKOJIBKO CHUXKAeT IEHHOCTH JO0Ka-

3aHHOT'O YTBEPIK/IEHUS.

Pabora Beinoirena npu dhunancosoii nopaepxke PODIU (npo-
ext Ne 14-01-00219).
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G -npocmparcms nenoaodcumesvnol kpususnv, // Aar. Au. —
2014. — T. 26. — Bem. 2. — C. 1-20.



22 I.10. AXMETOB

. FO. AxmeToB

Kasancxut (ITpusoasiceruti) dedeparvnodi yrusepcumenmn,

akhmetov.dy@gmail.com

OBJIAYHBIE CEPBUCHI CTUJIEBOT'O
OPOPMJIEHUA ®N3NKO-MATEMATUYECKNX
IIYBJINKAITUN

[Ipemyioxkena cucrema CEpBUCOB, MPEIOCTABJSIONIUX BeED-
UHCTPYMEHTHI ITOATOTOBKHN Hy6.HI/IKaJ_LI/II/I II0 MaTeMaTUukKe. CepBI/IC])I
OpTraHM30BaHbl B BU/I€ KOHCTPYKTOPOB, TO3BOJISIONINX B MHTEPAK-
TUBHOM DEzKuMe OCbOpMI/ITb CTAaThIO B COOTBETCTBUU CO CTUJIEBBIMU
TpebOBaHUAMYU KYPHAJIA, BBIIOJHUTH IIPOBEPKY HA COOTBETCTBUE
CTUJIEBBIM TpPEOOBAHUSM HAYUHOTO >KYpHAJIA, CHADJAUTH CTATHIO
KJIFOYEBBIMU CjI0BaMu U 0popMuTh O6ubmmorpaduio mo crernnaib-
HOMY II1abJIOHY.

Ha srtame npencraBiennst HayqHOU TyO/IMKAIUU TTPOBOSUTCS
MPOBEPKA CTaThU HA COOTBETCTBUE CTUJIEBBIM MIPABUJIAM KYpHAJIA
(cTueBast BamMmaIus) — B psijie xKyPHAJIOB, 3Ta MPOBEPKA, BHITIOJI-
HSETCs B aBTOMAaTH4IecKoM pexkume |1, 2|. B Hay9HbIX KypHAIax,
npuHAMaiomnXx cratbu B TEX-HOTAamMu, mpeaaraercst UCioIb30-
BaTb CTUJIEBOH (aiiy, CIeIUaIbHO MOATOTOB/IEHHBIN peIaKIluel.
KoncTpykTop, B HHTEpAKTHUBHOM pexXuMe “cobmparonimii’” cTaTbio
M0 TpaBWaM BBIOPAHHOTO CTWIEBOrO aiijia, CYIIeCTBEHHO CO-
KpAIllaeT BpeMs PErUCTPAINK CTAThbU B WHMOPMAIMOHHON cucTe-
Me KypHaJia, obecreunBas ObICTPOE MPOXOXKICHUE DTAA BATUIA~
muu |3).

CepBuC MOANOTOBKHU CIIUCKA JUTEPATYPHl (PUBUKO-MATEMATHU-
4ecKoil mybJiukanuu 1mo3sosisger opopMuThb bubinorpaduio B COOT-
BETCTBUU C [IPABUIAMU KOHKPETHOI'O Hay4HOro 2KypHasia. [Ipeso-

CTaBJIAE€TCA BOSMOZKHOCTDb B HMHTE€PaKTHUBHOM DEXKHMeE BbI6paTb THII
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nyOJIUKAINY ¥, 33T€M, BBECTU BBIXOHBIE JAHHBIE B TOJIA (DOPMHBI.

Kpowme Toro, nmeercss BO3MOXKHOCTH KOHBEPTAITUH OUOIMOTpa-
dbuueckux mamabx, odopmiaenuabix B cucreme BIBTeX, a Taxxke
pa3MevYeHHbIX KOMAHIAMH [TakeTa amsbib, pazpaboTaHHOrO B paM-
kax npoekra MathNet [4]. [Iporpamma nomoraer BeiGparh 06iie-
MPUHSTOE COKPAIEHNe HA3BaHUs OOJIBIUHCTBA HAYYHBIX YKypHA-
JioB. Cucrema cepBUCOB peajin3oBaHa Jjis KypHaia Lobachevskii
Journal of Mathematics ma miardgopme ScienceTatarstan.

Pabora BeimostHeHa npu buHaHCOBOI mojepkke PODI (mpo-
exThl Ne 15-07-08522, Ne 15-47-02472) u PTH® (npoext Ne 14-03-
12004).
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BAAUGUUA MAMEMAMUYECKUT JOKYMEHMOE 6 IACKMPOHHOM HaA-
yunom oicyprane // Tp. KazaHck. mK. MO KOMIBIOTEPHONH W KO-
rHUTUBHON JuHrBHCcTHKE. — Kasans, 2014. — Bem. 16. — C.26-28.
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Ha/ATON MOJIOIEXKHOM Hayd. MK.-KOH. ‘JlobadeBcKue UTeHH —
2013”. — Kazanb: U3g-Bo Kazan. marem. 00-Ba, 2013. — T. 47. —
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3. Axmeros /1. FO., Emmzapos A. M., Jlunaués E. K. Cucmema
A8MOMAMUZAGUUY PECAKUUORHBLT NPOYELCCO8 Ha NAGMPOPME dAek-
MPOHHBIT HAYYHOIT HCYPHAA06 |/ Yd. 3all. MHCT. COIl. W TYM. 3Ha-
amit. — 2014, — Ne 1(12). — 9. 2. — C. 228-233.

4. XKmxkuenko A. B., Uzaak A. 1. Ungopmayuornnan cucmema

Math-Net. Ru. IIpumenerue cO8PEMEHHVT METHOA02ULT 68 HAYUHOT
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pabome mamemamura // Yenexn marem. nayk. — 2007. — T. 62. —
Bem. 5(377). — C. 107-132.

A.H. AxmeToBa
Kasanckuti Hayuonasvmoil uccaedogamenveruti mexHudeckut
ynusepcumem um. A.H. Tynosesa,

achmetowa@inbox.ru

CPABHEHUE KOH®OPMHOT'O I BHYTPEHHETI'O
PA/INYCOB B CJIVUAE
JIBYCBSI3HON KOJIBIIEBOI1I OBJIACTU

Paccmorpum kosbio D = {z: ¢ < |z| < 1}. B3as yHusepcaib-
HyI0 TIoBepxHOCTH Hasoxkenns Up ([1], ¢. 255) naa D, moctponm
koudopmuoe orobpakenune fr(¢) emmnmunoro kpyra E ma of-
HOCBSI3HYIO MHOTOJUCTHYIO 0071acTh Up. Kougopmmovim paduycom

obnactu D Ha30BeM BeJIMYUHY

R(D, fu(¢)) = fi (Ol = [¢f*), ¢ € E.

N3BecTro, 9T0 OBEPXHOCTH KOHMOPMHOTO pajanyca gAad D co-
CTOUT W3 Tpex Yacreil [2]: BBINYK/IOW BBEpX, BBIMYKJOH BHU3 U
00pa30BAHHON CEITOBBIMI TOTKAM.

Brympennum paduycom obnactu D B Touke ( = z Oymem Ha-

3bIBATH BEJIMUUHY
€ = 7]
r(D,z) = hm
G [FUG )
e

(1-9 T1( - *$)(1 - g*2)

=1

o

(¢ 2) =

(1-20) [T - @200 - L)
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dyuKIMs, 0TOOpaXKAOIIas KOAbo [ Ha KPyT C KOHIIEHTPUIECKUM

paspesom ([3], c. 233), mpuuem

1
’F(C7 Z)H|§|:q = 17 ‘F<Caz)“|c‘:1 - g

3aMerum, 4TO B OJHOCBSI3HOM CJIy4ae BBEJCHHBIE BEJIUYUHbI
COBINA/IAIOT C TPUBBIYHBIM TTOHATHEM KOHMOpMHOTO pajnyca ([4],
c. 37).

Kputngeckue Touku BHyTPEHHETO PAIYCa, 3ATIOTHIIOT OKPY K-
HOCTDB |2| = /q.

JompeenbHble BADUAHTHI MOBEPXHOCTEH BHYTPEHHErO W KOH-
GOPMHOTO paauycoB Ijis KOJibIla [) IIpeacTaB/IAOTCS JTOBOJIBLHO
omskuvu. VccmemoBanmne mpeeabHbIX BapuaHToB npu ¢ — 0
[IO3BOJISIET CAeaTh BbIBOA 00 mx "memmentwanoctu". Kordopm-
HBIIl pajuyc B Tpeese CTPOUTCS HAJ JABYCBSI3HON 06J1aCTBIO, U
MOBEPXHOCTH €r0 MMeeT IEJIbI KOHTHHYYM MaKCHUMaThHBIX TOYEK.
[ToBepxXHOCTH 2Ke BHYTPEHHErO PaJyca CTPOUTCS HAJ OTHOCBI3-
HO 06JIaCThIO C €IMHCTBEHHOW TOYKOW Makcumywma B Hyse. Ilo-
BUJIIMOMY, PA3/Indre B CTPOEHUN MOXKET OBITH CBJ3AHO C PA3/INU-

HBIMU [IOCTAHOBKAaMU BHeIHeil o6paTHoil Kpaesoii 3a1aun [5].
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MMPOTPAMMHBIN KOMIIJIEKC IJISI PACUETA
HAIPSI>)KEHHO-TE®OPMUNPOBAHHOTI O
COCTOSHUIS TPEXCJIOMHON IIJIACTUHBI
C TPAHCBEPCAJIBHO-MATKNM
3AIIOJIHUTEJIEM B OJTHOMEPHOM
IIOCTAHOBKE

Hacrostmast pabora TOCBSIIEHA OMUCAHWIO KOMILIEKCA, TTPO-
rpaMM JiJid pacuera HapsKeHHO-1e(OPMUPOBAHHOTO COCTOSIHUSI
TPEXCJIONHON MJTACTUHBI C TPAHCBEPCAJIBHO-MATKUM 3aI0JTHATEIEM
B IeOMETpUYECKU HEeJUHEHHON OJHOMEPHON IIOCTaHOBKE.

KI/IHQM&TI/ILIGCKI/IQ COOTHOIIECHUA /1A 3allOJITHUTEJIA BbIBOIAATCA
[yTeM TIOC/IE0BATEIHHOTO UHTErPUPOBAHMS [0 IOMEPEYHON KO-
OpJVHATE UCXOJHBIX TPEXMEPHBbIX yPaBHEHUN TEOPUU YIPYIOCTH,
[IPE/IBAPUTE/IHHO YIIPOIIEHHBIX 33 CYET BBEJIEHUS IIPEJII0I0KEHUS
O PABEHCTBE HY/II0 TAHTEHITMAIBHBIX KOMIIOHEHT HAIPIKEHU
[1, 2]. [Tpeamonaraem, 9To Kpasi HECYIIUX CJIOEB TJIACTUHBI JKECTKO
3akperyieHbl. Kpome Toro, cumraeM, 4TO Ha KPOMKAX ILJIACTHUHBI
nnadparmMbl OTCYyTCTBYIOT.

CdopmynupoBana 06001IeHHAS TOCTAHOBKA 33149 B BU/JIE UH-

TerpaJibHbIX TOYKJIECTB OTHOCUTEIbHO (DYHKIINII U3 HPOCTPAHCTB



H.B.BAJPHEB, M. B. MAKAPOB, B. H. [IAVIMYIIINWH 27

Cobomesa. s mpubIMKEHHOTO PEIeHusT 3a0a9i MEeTOJOM CyM-
MATOPHBIX TOXKJIECTB [3]| MOCTpOeHA KOHEUHO-DA3HOCTHAS ATPOK-
cuManus 3a7a9u. UuC/IEHHOE peIleHne OCYIINEeCTBSIETCS ¢ MOMO-
B0 JIBYXCJIOWHOTO UTEPAIMOHHOTO MeToza (4] ¢ mpemobyciasin-
BaTeIeM, ABIAIOIIUMCA JUHEHHON 9aCThIO OllepaTOPa HOCTPOCHHOM
Pa3HOCTHOU CXEMBbI.

Paspaboran komiuiekc nporpamm [5] B cpexe Matlab, ¢ uo-
MOTIIHI0 KOTOPOT'O IIPOU3BO/IU/IOCH YUCAEHHOE MOJIETMPOBAHUE PAC-
CMAaTPUBAEMBIX MPOIECCOB. [IporpamMMbl HATUCAHBI B COOTBETCTBUT
C MOOYJIBHBIM TPUHIIUIIOM, 9YTO TTO3BOJINJIO OCYHIECTBUTH PaA3€/Ih-
HOE MPOTPAMMUPOBAHNE, OTIAIKY U TECTHPOBAHNE COCTABHBIX Ya-
creil TakeTa MPOrpaMM, a TaK¥Ke MPOCTYI0 MOIEPHUBAINIO U Ha-
CTPOIIKY TIaKeTa Ha PEIleHre 3a7a4 PA3JUIHOTO YPOBHS CJIOXKHO-
cru. g co3manus rpaduyueckoro murepdeiica MCI0Ib30BaIACH
crnenuanusuposantas cpega GUIDE (cwm. |6, 7).

[Monb3oBaTessb MOXKET 3aJ@BaTh YHCJIO TOYEK CETKHU, U3Me-
HATH TOJIIUHBI HECYIIUX CJIOEB U 3aIl0JHUTE/sd 000JI0YKHU, Me-
HATDH [TAPAMETPBI, OMPE/IeJISOIIIEe CBOWCTBA 060JTOUKH (KECTKOCTH
Ha, pACTsIZKEeHUe-CKATHE, MOIYJ/IN YIPYTOCTH TIEPBOTO POJIA, U3TUD-
HBIE YKECTKOCTH CJI0€B), UTEPAIMOHHBI TapaMeTp, TOYHOCTD BbI-
qucaennii (BEJIMYMHY OTHOCUTEIBHON ITOTPENTHOCTH HA COCEJHUX
urepaiusax ). Busyasbao BeIBoagTCS rpadhuki IpOrubOB U OCEBbIe
nepeMeneHnd TO49YeK CPpeJUHHbIX HOBerHOCTeﬁ HECynux CJIOEB U
KaCaTeJIbHBIX HAIPIKEHUN B 3aMI0JTHUTEJIE.

Ha ocroBe paszpaboTaHHOTO KOMILJIEKCA POTPAMM IIPOBE/IEHbI
IMCJAEHHBIE 3KCIEPUMEHTHI I MOJeIbHOM 3amaun. [Ipusemers
Pe3yIbTAThI YUCIEHHBIX dKCIepuMeHToB. [IpoBesen anamn3 mosry-
YEHHBIX DE3YJ/IbTAaTOB.

PazpaboTanHblit KOMILIEKC MOYKET MPUMEHATHCS /Il TIPOEKTHU-

POBaHUA KOHCprKI_[I/Iﬁ 13 KOMIIO3UTHBIX MaT€PUaJIOB, B TOM YHCJIE,
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BHEIITHIE HArpPy3KW, KOTOPbIe MOTYT TIPUBECTU K MOTEpe yCTONdn-

BOCTH (pa3pyIieHuio) 060I0UKH.

Pabora BbInosiHeHa 3a cder CpEeJCTB CyOCHU/IUM, BbIJIeJIE€H-
HOIT B paMKax rocymapcrBenuoii mojep:kku Kazamckoro (IIpm-
BOJIZKCKOTO) (De/IepaJbHOr0 YHUBEPCUTETA B HEISAX TMOBBINIEHUS
€ro KOHKYPEHTOCIIOCOOHOCTU CPeJV BEJYIIUX MUPOBBIX HAYIHO-
00pa30BaTENIbHBIX MEHTPOB, n npu nomajaepxkke PODU (npoekTs
Ne 15-01-05686, Ne 15-41-02569, Ne 15-38-21099).
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MOJEJINPOBAHUE HEJIMHENHOT O
B3ANMO/JIENCTBUS CYXUX
1N BOJOHACHIIITEHHBIX
YIIPYTOIIJIACTNYECKUX I'PYHTOBBIX CPE/]
C JE®OOPMUPYEMBIMUN KOHCTPYKIINAMMN

[Ipu pacuere BOMOHACHINEHHBIX TPYHTOBBIX CPeJ TPUHUMAET-
cd MOEeIb KBa3uAByX(MA3HOrO0 I'PyHTA, [Jid KOTOPOH CUYMTAeTCH,
YTO ra3 Jinbo MOTHOCTHIO PACTBOPEH B KUJIKOCTH, JIUOO HAXOIUTCS
YaCTUYHO B Iy3bIPbKAX, IBUKYIIUXCS CO CKOPOCTHIO (PUIbTPYIO-
mefics xujkoctu. Ilpu MoaemupoBanuy HAIPAXKEHHOTO COCTOSTHUS
UCTIOJIB3YETCs IPUHINT HampsizkeHuit Tepraru. YpaBHeHUE THE30-
NPOBOAHOCTH (J/1s1 yCTAHOBUBIIEHCS (DUIBTPAIM) 3arnCHIBAET-
ca ¢ yderoMm 3akoHa duabrparuu B ¢dopme lapcu-I'epceBanosa.
Mexanu3m B3anMOJEHCTBUST MEXK Y dJ€MEHTaMU 1ePOPMUPYEMBIX
KOHCTPYKIINI peaju30BaH B PAMKaX KOHEUYHO-3/IEMEHTHON MeTO-

JANKHA. Bce Bo3MmokHBIE CjIydan OTPbIBa MOJC/IMPYIOTCA B PaMKaX
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MEXaHUKU CILJIOIITHOM cpenanl, T. €. HyTeM BBCJICHUIO Me}K,D;y KOHTaK-
TUPYIOIIUME TTOBEPXHOCTIMHU JOTIOJHUTETHFHOTO KOHTAKTHOTO CJIOS
w3 Marepuaja, 0b1agaloIero cnennduieckumMn coicteamu. Ilo-
JIyIeHHas 337a4a SIBJIAETCA HeJIUHEeHHON M TpedyeT IpuMeHeHMs
ClienuaJIbHBIX METOJUK JIJjId €€ PEeIICHMNA.

I OTleHKH! JTOCTOBEPHOCTH POBEIEHHBIX PACIeTOB U OTEHKH
pa3paboTaHHONl METOAUKU ITPOBOMUIUCH CPABHEHUST UX PE3YJIHTA-
TOB C JAHHBIMHA MOHUTOPHHIOBBIX HCC/IEIOBAHUII 00IEJKH BO3BO-
JUMOTO TOHHEIs. B wacTHOCTH, Ha O6I0KAX TpeX KOJIEI YCTAHAB-
JIMBAJIVICH CTTEMAIBHBIE TTPUOOPHI, N3Mepsomye X aedopMarnn
(TeH30MeTpPBI) JI0 pa3MeIIeHusi ITUX OJOKOB B 00JEJIKY TOHHE-
Jist. 3aTeM [0 UCTEYEHHMIO JOCTATOYHOIO0 BPEMEHU, HEOOXOIMMOIro
JUI CTADUIN3AINN HAIPS?KEHHOIO COCTOSIHUS KAaK B 007e/IKe, TaK
¥ B 'PYHTOBOM MAaCCHBE €€ OKPY2KAaIOIeM, CHUMAJ/IUCH TOKA3AHUS
OKPYZKHBIX H IIPOJOJIbHBIX AedopMalinii. ITH OKOHIATEbHbBIE 10~
Ka3aHus u3Mepdionmx Aedopmaiuu mpubOpPOB MPUHUMAJINCH KAK
0a30BbIe IPH OIEHKE HAIIPSKEHHOI'O0 COCTOSIHMS OOMEIKN IPH KC-
TJTyaTallny TOHHEJS.

Ucxost u3 moy9YeHHBIX PE3YIbTATOB, MOXKEM OTMETHTH, YTO
pa3paboTaHHas YNCJICHHAS METOMNKA NCCIET0BAHNS HAIPSIKEHHO-
IedbOpMUPOBAHHOTO COCTOSTHUST KOJIEIT 00IETKN TOHHEIS METPOTIO-
JINTEHA B TPEXMEPHON MOCTAHOBKE C MOJIEJTMPOBAHIEM KOHTAKTHO-
ro B3amMozeiicTBus 0JI0KOB MeXK Ty CO0OIt JJaeT Pe3yabTaThl, XOPO-
III0 COTJIACYIOMIMECs C TaHHBIME HATYPHBIX ncnbiTannii. CaemoBa-
TEJIbHO, HA €€ OCHOBE MOYKHO PACCUYUTHIBATH I10/I00HBIE KOHCTPYK-
o " HO.}IyLIa,TI) JOCTOBEPHBIE peSy.}'H:TaTBI. B JaCTHOCTHU, MOXKHO
CYIUTh O HAIPSKEHHOM COCTOSHUHU BHEIIHEH MOBEPXHOCTH 00161~
KU, IJrd KOTOpOfI HEBO3MOZKHO HOJ'IyLII/ITI) 9KCIIEepUMEHTaJIbHBIEC JaH-
HBIE II0 HAIPSIKEHUSIM.

N3nanve Te3ucoB 0KjIa/a OCYIIECTBICHO TpU (PUHAHCOBOM
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VIIPYTOIIJIACTUYECKHNN PACUET I'PYHTOBBIX
HACHIIIE C YYETOM JUJIATAHCUN

N3BecTHO, 9TO B 3aBUCUMOCTH OT PEKMMOB M yCJIOBUN HArpy-
JKeHWs U CBOWCTB TeoMaTepuasia pa3BuTue maedopMaIiuud MOYKeT
NIPOTEKATh B PEXKNMaX JUIATAHCUU U YIIJIOTHEHUA. Ha onrpeaesieH-
HOM WHTEpBAJIE JIaB/I€HUil DOJIBINX PA3INIUil B 0COOEHHOCTSX TI0-
BEJICHN A I'€OJIOTUIECCKUX CPe HE IIPOABJIACTCHA. B yCj10BULdX CABUTA
[POYHOCTHh I'PYHTA CH/IBHO 3aBUCHUT OT I'MJPOCTATUYECKOTO J1aB-
JieHWs, a cABuUroBas jedopmanus OOBIYHO COIMPOBOXK/IAETCI W3-
MeneHneM obbema. C poCcTOM JaBJIEHUsT TTPOUCXOINT YBETUUEHIE
sdpdexTuBHON npounocTu. B xome c¢aBurosoii medopMarum mme-
eT MeCTO JWIATAHCHUs, PACCESTHHOEe HAKOIJIEHNEe MUKDPOTPEIIUH C
yBeqaudenueM 3ddekTuBHOro obbema. Paspyinenne, B 0OCHOBHOM,
[IPOTEKALT MO0 MEXK3EPEHHBIM I'PAHUIIAM, & B [TOJI0CAX JTOKAJTH3AIUT
3aMeTHO pa3pbIXJieHne Cpe/bl. Pa3iudune B MOBEIEHUN TLIOTHBIX
" IMOPHUCTBIX IIOPO/J IIPOABJIACTCA IIPU JABJICHUAX, ITPEBBIMIAIOIINX
HEKOTOPYIO IIOPOTOBYIO BEJTUYUHY.

B mporiecce MomennpoBanust TpYHTOB BBOJAT CIEITHATbHBIE Xa-
PaKTEPUCTUKHU TTPOTHOCTH, KOTOPBIE OTIPEIEISIOT UX HECYIILYIO CIIO-
cobHoCTh. K HUM KpoMme CIeNieHus U yrja BHYTPEHHErO TPEHUsI
OTHOCAT W KOI(DDUIMEHT IUIATAHCUY, KOTOPBI XapaKTepu3yeT
pa3pbIXJIeHUe WK YIJOTHEHWE T'PYHTA IPHU JIEBUATOPHOM HATpYy-

JKeHnu. Dbl pOBeeH MOJIe/IbHBIN PACcYeT IPYHTOBOI HACHIIN.
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Pacuernas 061acTh HArPyKaaach COOCTBEHHBIM BECOM (9MCIIO ma-
rOB TI0 HArpy3Ke Ob110 BeIOpano pasubiM 100), nadopmanus o Ko-
opJmHATax OBLIa TOATOTOBJEHA B pacdeTe Ha OTKOC BBICOTON B
30 M, mpeje/ibHAsT BHICOTA OIMPE/IESIIACH YMHOKEHNEM HAYAIbHOM
BBICOTHI Ha JJOCTUTHYTOE 9UCJIO IIaIr'0OB 110 HAI'PDY3Ke (B IIPOIEHTHOM
cooTHoennn). JIisi HACKIIN U3 TPABEJUCTOTO MecKa (C yderom
u 6e3 ydera JMJIATAHCHU) UCCIEJ0BAIACH CXOUMOCTH KOHEYHO-
sjemeHTHOTO pererud. [Ipu pacuerax ¢ y4eToMm JuaaTaHCUU [IPU-
HUMAJIOCh, 9TO yroJj guipatancun Ha 30° MeHbIe yrjia BHYTPEeHHe-
ro TpeHwus.

MoKHO OTMETUTH, UTO yUeT JUJIATAHCUU 3aMEJISIeT Tepexoj]
HACBHITIM B TIPEJEIbHOE COCTOSTHUE, MTPUYEeM MPHU ITOM 00pazyercs
BTOpasl TOJIOCA CKOJIbYKEHWsI, & PeaJM30BAHHAS METO/INKA O3B0~
JISET MMPOBOJUTH PACYET YIPYTOILIACTAIECKOTrO AedopMUpOBaHMs
IPYHTOBBIX MAaCCHBOB, MOJYUHSIONINXCSA 3aKOHY CYXOr'0 TPEHHS C
ydaeroM u 6e3 yuera [IuIaTaHCUM.

Wzganme Te3mcOoB MOK/IAMA OCYIIECTBICHO TPU (BDUHAHCOBOI
monnepxkke POOU u Ilpasurensctsa Pecnybnuku Tarapcran B
pamMkax HaydHbIX TpoekToB Ne 15-41-02555, Ne 15-31-20602.

. C. Banadpenauena, A. ®.l'agumos, A.T. IIlakuposa
Kasancxut (IIpusoasiceruti) dedeparvnodi yrusepcumem,

e_zo@mail.ru

TEPMOVYIIPYI'OIINIACTUYECKNI PACYET
PE3EPBYAPOB CJIOXKHOII TEOMETPUN

O1HO# U3 NIABHBIX 33/1aY PA3BATHS HAY YHO-TEXHUIECKOTO IIPO-

rpecCa B HIPOMBIINIJIEHHOCTH dABJIAETCA IMUPOKOE MCIIOJIB30BaHHNE
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CUCTEM KOMIBIOTEPHOTO MOJIEIUPOBAHUST W aBTOMATH3WPOBAHHO-
o0 TMPOEKTUPOBAHNSA TEXHOJOTHYECKUX IporteccoB. OaHaKo, B Ha-
CTOSIIIIEE BPEMsI, HECMOTPsI Ha BCEOOIIYI0 KOMITbIOTEPUBAINIO OTe-
YeCTBEHHBIX MPEINPUITHI, IPOEKTUPOBAHNE W M3TOTOBJICHHIE 3JIe-
MEHTOB KOHCTPYKIIMH PE3€PBYAPOB, MPUMEHSIEMbBIX B XUMUIECKOM
[IPOM3BOJCTBE, YaCTO OCHOBLIBAETCS HA OIBITE MPAKTUIECCKON pa-
60TBI TEXHOJIOTOB, CJIOXKHUBIIUXCS] TEXHOJIOTUIECKUX TPAIUIIUASIX UC-
[IOJIb30BAHNN H3BECTHBLIX PEIIEHUi, a TaK:Ke TPYJIOEMKOM H Me-
TaTI0OEMKOM MeTome mpob m ommboK. OUBITHBIE CIEIHAINCTHI-
MPaKTUKN JEP>KaT B TOJOBE OOJIHITOE KOJIMIECTBO WHAMOPMAIINI
00 yIAYHBIX U HEYJAAYHBLIX IOIBITKAX M ONEPUPYIOT €10, 3a9aCTyIO
ONMpasiCh Ha WHTYUIUIO U JIUITh B PEIKUX CIydasix — Ha CTPOrue
AJITCOPUTMBI. DTU METOJIbI PAOOTHI OMPEIEIIIOT KauecTBO u cebe-
CTOUMOCTH PE3EPBYapOB.

Bwmecre ¢ Tem, Teopun ruapoSuHAMIYECKNX, TEILIOBBIX, (ha3o-
BbIX, Au(Py3uOHHBIX, (DUIBTPAUOHHBIX, XUMUIECKUX, Jtlehopma-
[IMOHHBIX U JPYTHUX IIPOIECCOB, MPOTEKAMOMNX IPU SKCILIyaTaI[dN
pe3epByapoB, JOCTATOYHO XOPOIIO pas3paboTaHbl, B ODINEM BHIIE
peITieHbl MHOTHE KJIIOUeBbIe 3a1a9n. bazoil [/ onrcaHusl yKa3aH-
HBIX BBIIIE IIPOIECCOB CAYKAT MATEMATHIECKHEe MOJENIH, pa3pa-
boraHHBIE METOJAMU MaTeMaTu4decKoil ¢uzuku. OpHako ciemyer
OTMETHUTH, UTO MaTeMATUIECKNE MOJEN U UX PEIIeHNsd, KOPPEKT-
HO OIKCBHIBAIOIIME TIOBEJIEHUE PE3E€PBYApPOB CJIOXKHON reoMerpuu,
a TeM OoJiee X pacueTHAd aBTOMATH3WPOBAHHAS PEATU3AIHS, He
HAILJIA [UPOKOIO OTPAXKEHUs B OTEYECTBEHHOW JUTEPATYPE, UTO
CBUJIETE/ILCTBYET O HEJNOCTATKe HapabOTOK 1Mo 3Toit mpobieme. C
JPYTOil CTOPOHBI, AKTYAILHOCTE PEIIEHNsT TOT00HBIX 33,124 BIIOJIHE
odepuHa. Ha OCHOBaHUN U3/I0XKEHHOTO, aKTyaJIbHa TPodIeMa pas-
pabOTKH MeTo1a pacdeTa HAIPAKEHHO-T1eOPMIPOBAHHOIO COCTO-

SIHWS PE3EPBYAPOB CJIOXKHOM (POPMBI TPU TEPMOCUIOBOM HAIPYKEe-
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HUW W aBTOMaTU3UPOBAHHON pean3allii 3TOr0 MeTOoja B arpobu-
POBAHHBIX OTEYECTBEHHBIX CUCTEMAX KOMIBIOTEPHOTO MOJETUPO-
BaHUA.

B pabore peanuzoBaH ajaropuTMm pacdeTa CBI3aHHON 3aa4u
TEPMOYIPYTOCTHU Ha OCHOBE METO/a KOHEYHBIX 3IJIEMEHTOB. Pac—
YeT TMPOBOJUTCS HA OCHOBE TPEXMEPHBIX JIMHEHHBIX 8-Y3J/I0BBIX KO-
HEYHBIX 3JIEMEHTOB CILJIOIIHOM Ccpeapbl, y3JI0OBbIMU HEU3BECCTHbIMU
KOTOPOTO $IBJIAIOTCA IPOEKIINUA BEKTOPA IEpeMeIneHuii Ha KOoOop-
JUHATHBIE OCU paboueil MIOCKOCTH U Temmeparypa. llpegmoxken-
Has aBTOPAMU METOJUKA PAaCUIeTa mo3BojsgeT 3(MMEKTUBHO PernaTh
TpeXMepHBIE 33/1a91 TEPMOYIIPYTOro 1edOpMUPOBAHUS JIEMEHTOB
KOHCprKI_[I/IfI IPpU PE3KOM M3MEHEHUN BHEITHUX TEILJIOBBIX BOB,ZLQI‘/‘I—
CTBUMA.

N3nanve Te3ucoB 0KIa/a OCYIIECTBICHO TPy (PUHAHCOBOM
nojiiepkke POOU u IlpasurenscrBa Pecny6iuku Tarapcran B
pamkax Hay4dabix npoekToB Ne 15-41-02555, Ne 15-01-08733.

.. Banees, M. B. ®anuneeBa

Kasancxuti (ITpusoastcerudi) gedeparvnvidi yrusepcumenmn,

ITPOEKTUPOBAHUWE CUCTEMBI 3AJ1AY
I1O0 TEME “YETBIPEXVYI'OJIbBHUK?”
B COOTBETCTBUU C TPEBOBAHUNIMN
@roc ooo

OmunMm m3 kaodeBbix HOoBOBBedeHnii ®I'OC OOO gsinsercs
mepeBosl 0O6yUIEHUsI ¢ KOJINIECTBEHHO-3HAHNERBOW OCHOBBI Ha, TIOHSI-
THAHYIO, T. €. KAIOYeBBIM B 00yYeHNN CTAaHOBATCA (DOPMUPOBAHLE
n3yvdaeMbIX TOHSITHI, a He repejada OnpeeeHHoro obbema 3Ha-
unit. Takas He0OXOqUMOCTh CO3pesia U B MAaTEMaTHKe, IOCKOJILKY

BBICOKHWII yPOBEHBb a0CTPAKIINY U3Yy9IaeMbIX OHATUI B IpOrpamMMe
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7-9 Kjacca, OTOPBAHHOCTH OT CYOBEKTUBHOTO OTBITA YUAIIEroCs
00yCJIOBIIN €3KETOHOE TOHMKEHNE YPOBHS MaTeMATHIECKON MO0/
rOTOBKM ydaIluxcs B Hameil crpane (o pesynasraram EI'D). Tna
METOJUKU MATEMATUKU CTAHOBUTHCS BAXKHBIM HAXOXKJEHUE TIpue-
MOB MPABWJIHLHOIO (OPMUPOBAHUST M3ydaeMbix moHsiTuii. st pe-
aJn3aIyuy TaHHON 331291 HaMu ObLT pa3paboTaH KOMILIEKC 3a/1a4
o Teme “YerbipexyroyibHUKn JIJisd MIKOJIBHOIO KypPCa I'eOMeTPHUH,
HAIIPABJIEHHBIN Ha (POPMUPOBAHUE Y YUAIIUXCA TMOHATULA “9€Thl-
PeXyrobHUK.

Hamm panmme mccmemoBanmst yIeO6HOTO 33aTHOTO MaTepraa
Ha puMepe TeMbl “HeThIpexyrobHUK’” MOKa3a/ii, YTO B COBPEMEH-
HBIX YYeOHMKAX 10 TeOMETPUM JIJIsi YCBOEHUsI MOHSTHUSI HE MPEe/i-
CTaBJIEHBI B HEOOXOIMMOM COOTHOIIEHUH 33,/1a91 PA3IUIHBIX YPOB-
Heit rpyaHoctu (o ksaccudbukanun B. I1. Becnasbko [1]). Beua
c/leJiaH BBIBOJL O TOM, 9TO BO BCeX 6A30BBIX IMIKOJBHBIX yUeOHUKAX
[0 JAHHOW TeMe MPEJCTABACHO BCErO JIMIIb MO HECKOIbKO 3aad
Ha yYeHUYeCKUll YPOBEHb, U BCErO JIUIIb 110 OJIHOM 3a/a4 HA YeT-
BEpTHIii, TO €CTh TBOPUYECKUiT ypOBeHb ycBoeHus |2]|. Mexkay Tem,
WMEHHO 33J]aYi Ha YYEHWUIECKHUil yPOBEHb YCBOEHUSI BBITIOJHSIIOT
GYHKIIUY BBIJETEHUSA MPOCTEHINX CBOWCTB U MPU3HAKOB U3ydae-
MOTO MOHSITHS B TPECTABICHUN YIAIIeroCs, OMPeIeIeHIsT er0 mMPo-
CTEUINX MeTarmpeIMEeTHBIX CBOUCTB. 3a/a4i TBOPUYECKOTO YPOBHS
[103BOJIAIOT DOJIee «CUJIbHBIMY y4aluMcs 1epeiitu Ha 6ojiee BbICO-
KUl Ka4eCTBEHHBIN YpPOBEHb MMOHMMAHUS U3Yy4aeMOro MOHATHUS, a
OTCYTCTBHE TIOZOOHBIX 33/1a4 HE JAET UM TAKOW BO3MOXKHOCTH.

Harru mabutroiernst 3a y9aIuMucst U CTYJIeHTaMU TOKa3bIBAIOT,
YTO TIOHATHE ‘I€THIPEXYTOIBHUK He C(OOPMUPOBAHO. DTO MOKA3HI-
BaeT MPOCTO# MPOBEIEHHBIN HamMu dKcriepuMenT. B Hagase ypoka
MPOCUM HAPUCOBATH YepTeXK K 3aaue: “B gersipexyronbpunke AB-

CD...”. OkasbiBaercsi, 9T0 OOJBIMHCTBO yuammxcs 9-11 kaaccos
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U CTYIEHTHl PUCYIOT TapaLIeIOrPaMMbl, POMOBI, MTPSIMOYTOIBLHMU-
KI; cCaMble “CUIbHBIE” — HEPABHOOOKYO Tpamernuio. [losTomy 1esibio
COCTABJIEHUsI CUCTEMBI YIPAXKHEHU CcTaaI0 (GpopMUpOBaHUE “IeThi-
pexyroibHuKa”, KaK (DUTYPHI: BBITYKJION UM HEBBIMTYKJIOW, TOYKA
nepecevenust NPOI0IZKEeHUTT CTOPOH (MM MPOJIOJIZKEHHI U CTOPOH)
JIOJIKHA OBITH BUJIUMOI HA YepTeXKe, CTOPOHBI W YIJIbI JOJIZKHBI
UMETh PA3JIUIHBbIE MEDPBI U JIP.

OiHo#t U3 cocTaB/ILAOINIEN YACTHIO pa3pPabOTKU AB/IsieTCS U300~
paXKeHne CXeMbl W3yIaeMOr0 TIOHSATHS U €ro CyNIeCTBEeHHBIX
ceoficTB. Hanpnmep, B KOMILIEKCE ITPEJICTABIEHO 3a/IaHUE HA KJIAC-
cuduKaImio. YJarmecs J0KHbBI Pa30UTh MPeICTaB/IeHHbIE YeThI-
PeXyTroJIbHUKY HA JIBA KJIacCa. PyKOBOJACTBYSCH MapaJlIebHOCTHIO
[IPOTUBOIIOJIOKHBIX CTOPOH U MapasIIEIbHOCTBIO TOJBKO OJHOM
CTOPOHBI, OHU JIOJIZKHBI IPUITH K Pa30UEHUIO Ye€ThIPEXYTOJIbHUKOB
Ha rapaJiiesiorpaMMbl u Tpanernuu. Qcoboe BHUMaHUE e deTCs U
3aJ[avUaM Ha ONO3HAHWE, cpaBHeHue n anasornio. Cpean 33139 eCTh
3a/1a4n-11POOJIEMBI, & TAKKE 33/1a491 YeTBEPTOI0 YPOBHS yCBOEHUS,
HAIPABJIEHHBIX HA CAMOCTOSATEHHOE CO3/IaHWe CIIocoba perreHust
npobieMbl TIOMCKOBOTO xapakTepa. Hampumep, HYKHO J0Ka3aTh,
YTO U3 OJMHAKOBBIX ILJIUTOK, UMEHOIUX (hOpMy paBHOOEIPEHHOI
Tpamnenuu, MOXKHO CJIe/IaTh MAPKET, MOJTHOCTHIO MOKPHIBAIOIIN JIFO-

Oy10 YaCTh IJIOCKOCTH.
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NCTEYEHUNE 2KNJIKOCTU
ns3 MMJINMHAPNYECKOI'O COCYIOA

[TycTb 3amo/iHeHHBIT BOIOT IMIMHPUIECKHIT COCY L BBICOTOH h
U TTOMAIBI0 JHA f WMeeT B JiHe OTBepCTHe, ILIONAIb KOTOPOTO
F'. Tpebyerca maiitu BpeMms 1 nCTeYeHNsT BOALI Yepe3 OTBEPCTHE.
Pemtenive cropmTca k maTerpmpoBanuio muddepeHnnaibHoro

ypaBHEHUS
—Fdx = f+/2gxdt,

I7e T — YPOBeHb XKUIKOCTH B MOMeHT BpeMeHU t. B pesyabrare

Oy 9aeM

F 21:+ ;
R RN Cc = s
Vg

rje KOHCTaHTa C = ? %h HaXOJUTCs U3 yCjaoBust * = h mpu t =

= 0. Hakonen, npu = = 0 mosyuaem 3Ha9YeHNE NCKOMOTO BpEMEHN

T=——]=.
I\ g
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OYHKIIMOHAJIBHAA AJITEBPA:
IMOJIVKOJIBIIA HEIIPEPLIBHBIX ®YHKIIUI

OyuknronaabHas aaredbpa mpeacTaBiseT co0oi pasies CoBpe-
MEHHO} MaTeMaTUKM, HAXOAANINNCS Ha CThIKe abCTPaKTHO aired-
Ppbl, 00I1I€lT TOMTOJIOTUY, TOTIOJIOTUIECKO aaredphl U (PyHKITMOHATb-
HOTO aHAJIN3a U UMEIOITHii IBa OCHOBHBIX HAITPABJIEHUS UCCIETOBA-
Huit: ajaredpbl HENPEPBIBHBIX DYHKIU, aCCOUUPOBAHHBIE C TOIIO-
JIOTHIECKUMU TPOCTPAHCTBAME; (DYHKITMOHATHHBIE TIPEICTABICHIST
U XapaKTepu3anun abCTPaKTHRIX ajaredpandeckux crpykryp [1-3].

B nexmmu MBI 3aTpoHEM TIepBOe HAIPAaBJIEHWE, TOUHEe, TeMy
nostykoster; C'(X, S) Beex HempepbIBHBIX (DYHKIMI HA TOMOJIOTHYE-
CKHX IIPOCTPaHCTBaX X CO BHAQYEHUAMU B TOIIOJIOTMYECKOM (I/I.HI/I
TOIOJIOTU3UPOBAHHOM ) TIOJTYKOJIbIIEe S € TIOTOUETHO OTPEIeTeHHbI-
MU onepanudaMu CJA02KCHUA U YMHOXKEHU A beHKHI/IfI

B kagectse S BhICTymasmu: (Tomosornaeckoe) mojie R eiicTBu-
TeIBHBIX uuces1, nosaynose ¢ mygem RT = [0,00), noxynone P =
= (0, 00), nomykosbua [0,1] u (0,00], (TonosoruzupoBantoe) mo-
aykosbio [0,00] u ap.

Teopnst nomykomen C(X, RT) w momynoneit C(X, P) wanoxe-
na B [5], mpuuem R u P Gpaiuch Kak ¢ OOBLIIHBIM CI0YKeHHEeM, TaK
u ¢ max-cyoxkennem. [onykoabna C(X,[0,1]) ¢ max-cioxenuem
paccmaTpuBaiuch B [4, riasa 3|. 3ydenne moryKoJIern HempepbiB-
HBbIX YUCJIOBBIX (byHKL[I/Iﬁ CJIY2KUT TPOAOJIZKEHMEM W DA3BUTHUEM
Kyaccuuaeckoii reopun kosten, C'(X, R) , Hagamo KOTOPOii B cepeinie
XX Beka nosioxkuau M. Stone, I. M. Tenpdang u A. H. Koamo-
ropos, E. Hewitt, L. Gillman, M. Henriksen.



E.M.BEYTOMOB 39

[Tporpamma uccnenosanms nonaykosern, C(X,S) Braouaer B
cebsa M3ydeHne CTPYKTYPHBIX aarebpamdecKuX CBOICTB, MIEAJIOB,
KOHTPYIHIUI 1 mo1aaredp, ux pemnerox, roMoMopdu3MOB U IBOI-
creenHocreil. IIpn pasHBIX HOIYKOJBIAX 3HAYeHMI S Tpm u3y-
genun nosykosen, C'(X,S) BoigBasiercs kak onpejeneHHas o0l
HocTh (ckaxkem, i R, RT u P), Tak u cBog cneruduka (B ciy-
gae [0, 1] u npounx). B nocnenuee spemst aprop u H. B. Ilanaru-
HoBa uccsegosanu noaykoabna C(X, (0,00]) u vacTuunble mosy-
kosbiia C(X, [0, 00]), Teopur KOTOPHIX CYIIECTBEHHO OTIHYAOTCSI
JPYT OT APYyra W OT KJACCOB IMOJIYKOJIEN HEITPEPHIBHBIX IHCIOBBIX
BYHKITII.

B nexnwmm mpenmoaraercst caenaTh KpaATKNi HCTOPUIECKUiT 00-
30p 10 JAHHOH T€MATHKE, OCBETUThH OOIIUe W CIenuabHbIe aare6-
panueckue n QyHKIMOHATBLHO-TOMOJIOIMIECKHE CBOICTBA yKa3aH-
HBIX BUJIOB IIOJTYKOJIET] HENPEPBIBHBIX (hyHKIuit. ByayT npencras-
JIEHBI HOBBIE PE3Y/IbTaThl O MMOJIYKO/IbIIAX HEIPEPBIBHBIX (DyHKIIHT

1 chOpMyIUPOBAHBI IIPOOIEMBI /I JTaIbHEHIIero ux m3ydeHus.

Pabora Beimo/iHEHA B paMKax MPOEKTHON YaCTU TOCY[aPCTBEH-
uoro 3ajanus Munobpuayku PO “Oyukimonanbuas ajarebpa u mo-
aykosbua” (upoekr Ne 1.1375.2014/K).
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H. ®.T'abcanukona, /1. B. BepexxHoii
Kasancxut (ITpusoastceruti) dedeparvnudi yrusepcumemn,

n.gabsalikova@Qyandez.ru

NCCJIEJIOBAHUE ITIOBEJEHN A CBIITYYUNX
I'PYHTOB HA OCHOBE METOJIA YACTUI]

PazBurne Bbrumc/mTe/IbHON TEXHUKHU TTO3BOJIMIO BEPHYTHCH K
npobJjieMe OMuCaHus Cpej Ha MUKpOypoBHe. B mocjeqnue Bpems
BCe 4allle CTajl UCHOJIb30BAThCA MeTo, dacTull. OH 3aKII09aeTcst
B TOM, 9YTO TeJO MPEJCTABISTETCH KaK COBOKYITHOCTH B3amMOJIeli-
CTBYIOIINX YaCTUIl. B KadecTBe TaKMX 9aCTHI] BLICTYIIAIOT ATOMBI,
MOJIEKYJ/IBI U MaTepUajIbHbIe TOUYKH. KOJMIecTBeHHAS CI0XKHOCTH
KOMITBIOTEPHO# MO/IeJIN MTO3BOJISET MOJyYaTh KaueCTBEHHO HOBBIE
PE3yIbTATHI.

Jlng yckopeHusi pacdera MOTEHITUAJ B3aUMOJIEHCTBUST OOBITHO
obpeszaercs HA HEKOTOPOM 33/[aHHOM PACCTOSHWHU, TO €CTh CUUTA-
€TCs, YTO B3AUMOJIECTBIE MEXK/Iy YaCTUIAMU IIPEHEeOPeKMMO Ma-
JIO U OHO He yUINTBhIBaeTcd B pacderax. llosTomy ana pacderos,
NPOM3BOANMBIX B JaHHOI padoTe, MPOCTPAHCTBO Pa3dWBAETCs HA
Kybudeckne gUedKku U JjIs JACTUIl, HAXOJSIIUXCS B HEKOTOPOit
sd4eifke, pacCMATPUBAETCS B3aUMOJIENCTBUE TOJIBKO C YaCTUIIAMU
U3 MOTPAHUYHBIX C Heil sueek. Takum obpaszom, ymaercs 106UThb-

Csd, 9YTO YHUCJIO ONEePaAlUil OKA3bIBAETCS MPONOPIUOHAJTBHBIM YHUCTY
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gactuil. Best 001aCTh TPOCTPAHCTBA PA3IEIIeTCT MEXK Iy TPOIEeC-
copamu, Ha, KayKJIOM Ilare WHTErPUPOBAHUS TTPOIECCOD MPOBOIUT
BBIYUC/IEHNE BHYTPHU OTBEIEHHON emy 00JiacTé € 3aXBaTOM T'Da-
HUYHBIX SIU€EK U3 COCEHUX 00J/IacTeil, a 3aTeM MPOUCXOIUT 0OMEH
nadopMaIueil 0 JACTUIAX, HAXOJAAIIUXCI B MOTPAHUYHBIX sdeii-
Kax.

Ucnosp3yemsiit B pabore norenrumas Jleanapaa-llxxouca asiis-
eTCd IByXIapaMeTPUYeCKUM, [I09TOMY OH UMEeT OYeHb OrPDAHUYEH-
HBIE BO3MOYKHOCTH JIJIs BAPUAITUN MaKPOCKOIIUIECKUX TTAPAMETPOB
MOJE/IMPYyEeMOT0 MM MaTepuaJia. q)aKTI/ILIeCKI/I7 OH TIO3BOJIAET yHa0-
BJIETBOPUTDH 3HAYEHUIO TOJBKO OJHOTO MAKPOCKOIUIECKOTO Tapa-
MeTpa — 3TO, HAIPpUMep, MOAYJIb YOPYTOCTH WIW IPeaes IIPOYHO-
CTU B CTaTHWKE, CKOPOCTHh PACIPOCTPAHEHUs] MPOJIOJBHBIX BOJIH B
guaamuke. OTHOIIEHWE MEXKJY YKA3aHHBIME [TapaMeTpaMu OCTa-
ercd Hem3MeHHbIM. C Ipyroil CTOPOHBI, TaHHBII TOTEHITHAJT TOCTa-
TOYHO TOYHO ONMCHIBAET CUJIbI B3amMoeiicTeust Ban-nep-Baasibca,
UIPAOIINE BA2XKHYIO POJIb B TBEPIbIX Testax. [lorennuan Jlennapa-
JKoHCA MUPOKO TPUMEHSIETCST KaK KJIACCUIEeCKU MOJETbHBIN M0-
TeHIINaJI, 0COOEHHO B paboTax, B KOTOPHIX OCHOBHOM 3ajadeil siB-
JISIETCSI UCCIe/I0BaHme obmux (hU3MIeCKuX 3aKOHOMEPHOCTEN, a He
MOJIyd9€HNEe TOYHBIX KOJUYIECTBEHHBIX DE3Y/IbTATOB.

B pa6ote 6bl1 peasm30BaH MeTO]| YACTHUIL, TTO3BOJISIONIUI HC-
CJeJI0BATh B3aWMOENCTBAE HEKOTOPOH CUCTEMBI MaTepHabHBIX
TOYEK, HAXO/IAIIUXCA B IOTeHIIMAIBHOM 1oJjie. [ljig onucanus ja8u-
KEeHnud COBOKYIIHOCTU MaATEPpUAJIBHBIX TOYEK HUCIIOJIb30BaJlaCb CU-
cTeMa ypaBHEHWH [ABUXKeHWdA. e WHTerpupoBaHMe MTPOBOIMIOCH
pu oMot Metoia Bepse. Beiiu paccMoTpeHbl TOTEHTTHATBI B3a-
UMOJIEHICTBUS C YKAa3aHWEM WX OCHOBHBIX CBO#CTB. IIpm cocrasie-
HUU YpaBHEHU IBUKEHNS TIPEYyCMaTPUBAIACH BOBMOXKHOCTD J[BU-

KEeHnd MaTepUuaJJibHbIX 9aCTUIl C yIETOM JIUCCUTIAITAN. KpOMe TO-
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ro, MOXXHO OBLIO WCC/IEIOBATH MOBEIEHNE MATEPUAIbHBIX TOYEK,
HAXO/ISITIUXCS B TIOJIE CUJIBI TSXKECTH. BBIT perten psai MoIeTbHBIX
3a/ad, P PEIeHNN KOTOPBIX TPUMEHSICs ToTeHnas Jlennapia-
xonca. [Togydennbie pe3yibTarTsl OBLIN TPOAHAJTUIUPOBAHDI.
N3nanve Te3ucoB 0KjIa/a OCYIIECTBICHO TpU (PUHAHCOBOM
nojiepkke POOU u IlpasurenscrBa Pecnybniuku Tarapcran B
pamMkax Hay4dabix npoekToB Ne 15-41-02555, Ne 15-07-05380.

A. P.laiinynannaa
Kasancxuti (ITpusoastcerudi) edeparvnvdi yrusepcumenm,

GaynullinaAlina@gmail.com

Ob OJHOM KJIACCE
KOMMYTATHUBHBIX OITEPA /I

KommyTraTusHble omepa/ bl ObLIN BBECHBI M UCCIE0BAHB B [1].
B [2] 6b110 110Ka3aHO, KAK MOXKHO UCIO/IB30BATH OLE€PaJibl TAKOIO
tuma B KpunTorpadun ¢ OTKPHITBIM KJI0I0M. [[03TOMY sIB/ISIETCS
AKTYAJbHBIM BOIPOC O HAXOXKIEHUN HOBBLIX KOMMYTATHBHBIX OIIe-
paj1, TPUTOAHBIX JIs NpUIOKeHuii. B mannoil 3aMeTke onuchiBa-
eTcs Kyrace onepa (u aareOpbl HaJ OMEepaaMil M3 TOr0 KJIacca),
BHYTPHM KOTOPOTO, BO3MOZKHO, €CTh TIO/XOAIINE JIJIst TIPUIOKEHUT
06bekThl. OIMH YaCTHBINA mprMep ObLT AHOHCHPOBaH B [3].

[ycre G4 — pemerouno ynopsijiodentas rpynna. Ckoncrpy-
upyem Zg-rpajtyuposannyio rpyniny G = G4y U Gy, nosnaras
G-y = G4 xak muOKecTBO, G(_) < G(4), U ONepaIus yMHOXKe-
HUST CTPOMTCS MCXOIsl U3 Onpesienennss Zg-rpagyupOBKU.

Ilyere G = GUA{0}, Gy < 0 < G(), ymHOKeHue
Ha 0 omnpenensiercss odesuanbiM o6pasom. [Tonoxkum G™(n) =
={G"n=1,2,...}. Ha G = {G™(n)|n = 1,2,...} onpezenena

CTPYKTYypa CHUMMETPUYECKOH omepajibl. OnpeneninM mojaomnepary
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™M C G® caeaytommm obpazom: C™*(n) = {(z1,...,x,) €
€ G”(n)|max |z;| = 1} u aHATOTHYHO ONpPeENIeTCs TO0IePaIa
cmin  G*. Tlyers Gy C G(4) — TOIIOJIYTpyNIa C eJMHHUIEI,
nopox raromas rpynny Gy, Takad, uto Go = {r € G|z < 1}
st O Go = {x € Gg)lr > 1} s C™n | Tlonoxkum M =
= Alg(G™) — muoroobpasue anrebp ma onepanoit G*. Ilocrponm
MHOroobpasue Moy .

Onepayuu mrozoobpasus Mo :
1. Ie ynapuble oneparnuu Buia a — (€) - a, rae € = £1;
2. ﬂnﬂ Jo6oro a € Gg U {0} olpe/iesieHbl OMHAPHbBIE OIlepaljiu
a1 %as u a1 © az, mpEIEM a10a2 = a10az = apoa.

Towcc?ecmea MmHo2006pasus Ms :

(1)-a=a; alg(azga:z):(al gaz)ga:ﬂ

(e1-e2)-a=(e1)-((e2)-a);  (&)(a10az) = ((¢)-a1)5((e)-as);

a1 6 as = as o ai; S (0o P
1 2 2a 1 (angQ)oa?):alo(a? o (13).

Teopema. Mnozoobpasus My u My payuonasvro 2%x6u6a-

ACHTTITHDL.

Pabora BhimosiHEHA 3a cUeT CpPeACTB CyOCUIuu, BBIIETEHHON
Kazanckomy (derepaibHOMY yHUBEPCUTETY JIJIsi BBIITOJIHEHUS TTPO-
eKTHOW JaCTH TOCYTapCTBEHHOTO 33aHns B cdepe HAYIHON mes-

resibHOCTH (npoexT 1.2045.2014).

JUTEPATYPA
1. Tpouun C. H. Onepado. u mrnozo0bpasus anszebp, onpedease-

Mvle nosusurelnvmy moscdecmeamu //  Cub. MaTeM. JKypH. —
2006. — T. 47. — Ne 3. — C. 670 — 694.

2. Tronin S.N., Gaynullina A.R. Some applications of the
operad theory in public-key cryptography // Marep. koud. “Anreo-
pa u MareMaTuydeckas JIOTUKA: Teopus u mpujaoxenns . — Kazanb:
Wzna-Bo Kazanck. yu-ra, 2014. — C. 146-147.
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3. Tattaynuna A. P. Mnozo06pasue anzebp nad onepadoti nosvis
kybos // Mar. XIII Mex . koud. “Anre6pa, Teopust Iuces U JTUC-
KpeTHAas TeOMeTPHsi: COBPEMEHHBIE TTPODOJIEMbl U MPUJIOKEHUS . —

Tyna: U3n-Bo TTILY uwm. JI. H. Toscroro, 2015. — C. 110-112.

JI. P. l'attnynuna, . B. Bepexknoit

Kasancxut (ITpusoastcerudi) gedeparvnudi yrusepcumenmn,

leysanb684 Qyandez.ru

PACYET VAEJBHOI SHEPTOEMKOCTHA
CUCTEMbBI MAXOBHUK-KO2KYX
B IIOTEHIINAJIBHOM IIOJIE

B CB4A3U C PAa3BUTHEM COBPEMEHHBIX TEXHOJIOTUIA B IIPOMBIIII-
JICHHOCTU W Ha TPaHCIOPTE TOABJIAETCA MHOXKECTBO MO6I/I.}'H:H])IX
YCTPOUCTB, TO3TOMY OOJIbIIIOE 3HAUEHNEe MpuobperaeT mpobiema
akkyMmysimpoBanust 3ueprun. OQHON U3 OTHOCUTEIBLHO MPOCTHIX H,
B TO K€ BpeMsl, KpaiiHe MepCIeKTUBHBIX SIBJISIETCS TEXHOJIOTHS Ha-
KOIIJICHUS SHEPrum IMpu IMOMOIIN MaXOBHKA. MaXOBI/IK COXpaHdgeT
MepeTaHHyI0 eMy SHEpPrui0 B BUJEe KUHETUIECKON SHEPIUHU BPAIIe-
uus. [Ipu qocTaToaHO OBICTPOM BPAIIEHUN OH MOXKET HAKAILINBATH
KUHETUYECKYI0 SHEPrui0, KOTOPYIO JIETKO He TOJIbKO HAapaluBaTh,
HO 1 UCIIOJIb30BAaTh, IIPEBPATUB MaXOBUK B SﬂeKTpOMeXaHI/I‘{eCKHﬁ
AKKYMYJIATOD.

[Ipumenenne MOTEHIINANBHON CBSI3U B peXKUMe B3aUMHOTO OT-
TAJIKNBAHWA TTO3BOJIAET PA3TPY3UTH HAPY2KHBIE CJION MaXOBUKa 3ad
CYeT Tepeadu HAarpy3KW HA KOPIIYC U TAKWM 0Opa30M yBEIUYUUTH
CKOPOCTH BpAIlleHWs MaXOBUKa U 3alacaeMyio snepruio. Takxke
3a CUeT BKJ/IOUYEHUs B paboTy KOpIyca KUHETUYECKOT'O0 HAKOIIUTE-

JId QHEPIrUu, HaXOJAIIET0Cd B C2KAaTOM COCTOAHUU MU3-3a PA3SHOCTH
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BHYTPEHHEr0 1 BHEITHETO aTMOC(EPHOTO TaBJIEHNUsT, MOYKHO yMEHb-
IIIATH €0 BEC 33 CUET CHATHS HAIPY3KHU HA BEJIMYNHY, CO3TaBAEMYIO
MOTEHITUAJIBHBIM TIOJIEM, U U3MEHUTh 3HAK HAIPY3KW C CXKATHUS Ha
pacCTszKeHne.

Pacyer MaxoBUKOB 10 y/e/bHON KHHETHYIECKOU DHEPrOEMKO-
CTU OTIPEJIEJISIETCS YAEJbHOU MPOYHOCTHIO MaTepraia MaxoBUKa U
k03 durmentom dopmbl. [Ipu onenke ynpyroit moreHuabHONR
sHeprun aedOpMaINK KUCIIOIb3YeTCI TAKOl ImapaMerp, KaK OTHO-
[IIeHe BPEMEHHOTO COMPOTHUBJIEHUsT MATEPHUA/Ia HA PAa3PBIB K €ro
Moaystio FOura. 9tor dakTop maer 6ojee MUPOKIE BOZMOKHOCTH
[IpY KOHCTPYUPOBAHUN MAXOBHUYHBIX HAKOIIUTE/IEH SHEPTHUH, T. K. B
psijie CIyvIaeB HAKOILIEHHAs TOTEHIINAIbHAA dHEeprud gedopmariuu
MOXKeT B Pa3bl IPEBLINIATh KHHETUIECKYIO SHEPTHUIO BPAIIECHNI, a
BimsiHrEe (POPMBI MaXOBUKA HA €r0 SHEPrOEMKOCTH MOXKET ObITh
COBEPIIIEHHO TPOTUBOMOJIOKHBIM. Kpome Toro, eciim MaxoBuk 0Oy-
JIeT HAKAIJIUBATL OOJIbIIE MOTEHIMAJILHON dHEprun JgedopManuu
(uemM KUHETHYECKOM ), MOXKHO Oy/IeT CHU3UTH CKOPOCTh BPAIIEHUS U
ee yCKOpeHMe, ITO OJArONpPUATHO CKAYKeTCs Ha H6e30MacHOCTH JKC-
IJIYATAIIN U CPOKE CJIyZKObI KOHCTPYKIIMH U TTO3BOJIUT OTKA3ATHCS
OT TEPMETHUIHOTO KOXKYXa, CO3IAIONIEr0 BAKYYM B 30HE BPAIEHNS
MaXOBUKA.

B pabore m3naratorcsd OCHOBBI METOJUKHU YUCIAEHHOTO HCCJIe-
JIOBaHUS YJIEJbHON IHEPrOEMKOCTH KUHETHMYECKUX HAKOIUTEJeH
SHEPI'MH, PEAJM30BAHHBIX 110 CXEME MaXOBUK-KOXKyX. B momoJ-
HEHUE K TPAJULIAOHHON OLEHKE IHEPrOEMKOCTHU 10 KUHETUIECKON
SHEPIUM MaXOBUKA, J00ABJISIETCS OIEHKA y/IeJTHHON 9HEPTOeMKOCTH
CUCTEMBI MAXOBUK-KOXKYX, HAXOISIIENHCS B TIOTEHIMAIBHOM TIOJIE.
AHaM3UPYIOTCST BO3MOXKHOCTH HUCIIOJIB30BAHUS PA3JIUIHBIX KOH-
CTPYKITMOHHBIX MATEPHUAJIOB IIPU M3TOTOBJEHUU COOCTBEHHO MaXO-

BUKa 1 KOXKYyXa. OTMeqaeTCH, YTO HaJIM49Me IIOTEHIIUAJIBbHOI'O I10JI4
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B CHCTEME MaXOBHUK-KOXKYX TTO3BOJIAET TTOBBICUTH YAC/JIBHYIO 3HED-
TOEMKOCTh KUHETUUIECKOTO HAKOUTE IS SHEPTHUH.

N3nanve Te3ucoB J0KIa/a OCYIIECTBICHO TpU (PUHAHCOBOM
mopepkke POOU u IlpasurensctBa Pecnybnuku Tarapcran B
pamkax Haydabix npoekToB Ne 15-41-02555, Ne 15-01-05686.

O.B.TI'epmuznep, B. H. Ilonos
Cesepnuiti (Apkmuueckut) gedepanvhvii
ynusepcumem um. M.B. Jlomorocosa,

v.popov@narfu.ru, o.germider@narfu.ru

MATEMATNYECKOE MOJAEJINPOBAHUE
B PAMKAX KUHETNYECKOTO ITOAX0OTIA
IIOTOKA TEIIJIA B JJINMHHOM
QJIIVINIITNYECKOM KAHAJIE

PaccmarpuBaercs 3aa9a 0 TIEPEHOCE TEILIa B SJIUIITHIECKOM
KaHajle TpU HAJIWYUHE [TapasiieJbHONO ero OCH TPaJIneHTa TeMIle-
parypsl. B KauecTBe OCHOBHOTO ypaBHEHWsI, OTTMCHIBAIOIIETO KNHe-
TUKY TPOIecca, UCIOIb30BAaHO ypaBHeHHe Buibsvca, 3amucanioe
B JIeKapTOBOM cucreme KoopiauHar [l], a B KadecTBe rpaHUYHOIO
YCJIOBUSI Ha CTeHKe KaHada — MOjeab Juddy3HOro orparKkeHus.
OTK/I0OHEHUE COCTOSHUS Ta3a OT PABHOBECHOIO IIPE/IIOIArAeTCs Ma-
JIBIM, 9TO TO3BOJISIET TOIYYNTh PENIeHne 3a0a91 B JTUHEAPU30BaH-
HoM Bujie. C IeIbio HaXO0XK IeHUs JTUHEHHO TOMPaBKY K JIOKAJIBLHO-
PaBHOBECHO! (DYHKIMU pPACIpeeenns 3a/1a49a CBeJIeHa K Dere-
HUIO JIMHEHHOr0 OJHOPOAHOTO JinddepeHInaIbHOr0 ypaBHeH!us B

YJaCTHBIX IMPOU3BOJHBIX IIEPBOTO MOPAIKA

07 .0z
CJ_COS(,O%-FCJ_SIHQO@—I-Z(CII,y,CJ_,(,O)'i‘l:0, (1)
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C TPAHUYIHBIMU YCJIOBUAMN
b2 cos ¢ + a’ygsing < 0, (2)

rae (¢1,p) — HONApHbIE KOOPIUHATEI BEKTOPa CKOPOCTEH MOJIEKY.T
rasa B NPOCTPAHCTBE CKOPOCTEdt, a u b — nosyocu sasmnca, (o, Yo)
— KOOPIMHATHI TOUKH OTPAXKEHMS MOJIEKYJIBI I'a3a OT MOBEPXHOCTH
SJUINOTHYECKOTO KaHAIA B IVIOCKOCTH, IEpIeH TUKYIAPHOI €ro OCH.

C OTPpUMEHEHNEeM MeTOJa XapaKTEePUCTUK IMOCTPOEHO aHaJINTU-

Jeckoe perenne ypasuenus (1) ¢ rpaHuaHbIME yeaoBugMu (2):

2
" a(y — ztg )
Z =exp | - - '
(z,y,c1,¢) eXp( cicosp ¢y cosp(aZtg? o+ b2)

+aby/a2tg? o + b2 — (y — v tgp)?

X ex —-1. (3
P c1 cosp(a?tg? o + b?) 3)
0 3
31ech BepxHUil 3HAK “+” UMEET MECTO IPU 5 << 5 A HUXKHUHT

3HAK (1

— B CJIy4ae, ecjIu —% << g Cornacno (3) u ucxons n3
CTATUCTHYIECKOrO CMBIC/IA (DYHKIUE PACIPE/Ie/ICHIs MOJIEKYJI Ia3a
[0 KOODJWHATAM U CKODOCTSIM, IIOCTPOEH IpOoMhuIb BEKTOpPA II0-
TOKA TEILIa B KAHAJIE U BBIYUCJIEH HOTOK TEILIa YePe3 HOIePedHOe
cevenne kanasa. [lokazano, 9ro B cirydae, KOria o/Ha U3 MOJIyOCeii
KaHaJ1a, MHOI'O MEHBIIIE JPYroil, oydeHHble B paboTe pe3y/ibrarbl
[ePeXOAT B aHAJIOTHYHBIE PE3yJIbTaThl JIjIs KAHAIOB C OeCKOHed-

HBIMA [TApaJIIeTbHBIMI CTEHKAMHE [2].

Pabora BeImOoTHEHA TIpU (DUHAHCOBON TMOIIEPKKE B paMKax
locynapcrBennoro 3ajanus “Co3manne BbIYUCIUTETbHON nHDPA-
CTPYKTYPBI JIJIs PENIeHNs] HAyKOEMKUX MPUKJIAAHbIX 331a4” (1po-

exT Ne 3628).
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OIIEHKA T'PAIMEHTA TUIIEPBOJINYECKOTO
PAJIUYCA U NITPA®HBIE MHOYKUTEJIN
JISI PKCOEHTPUYECKOI'O KOJIBIIA

[ycrs Q u II — nBe obaactu B C, cHabkennbie MmeTpukoit I1y-
ankape. Yepes A(Q,II) oboznauunc knacc dyuxmii f, J10KaIbHO
rostoMopdHBIX B MepoMopdHBIX B () u Takmx uro f(Q) C II.
Yepes Aq(z) obozaaunm kodaddunuent runepbomueckoii merpu-
ki obactu ) B Touke z € {2 u paccmorpuM Koucranty C,, mpe-

CTAaBJIAIONLY IO Cc000i1 HauMEHbIIIee BO3MOXKHOE YUCJIO B HEPpaBEHCTBE

f™ (=) Qal2)"
S < Ca(Q,ID) Na() w = f(2).

Koncraury C),, npuHSATO HA3bIBATH MITPAMHBIM MHOKHUTEIEM, CM.

(1] [2].
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BosbmuucTBO pe3yabTaToB, CBI3aHHBIX C HAXOXKIEHWEM KOH-
ctauTbl C, OTHOCATCS K OJHOCBSI3HBIM obsacTam. [losTomy mzy-
YeHWe JAHHOW TEeMATUKU I MPOU3BOJILHBIX KOHEIHOCBSI3HBIX 00-

Jacreii mpecTaBiser ocoOblit mHTepec. B [3| mokazana

Teopema. /Jlaa scex eunepboauueckur obaacmet 2,11 C C

1
V——— \Y%

+ su
Aa(2) n

1
ey =+ <sup »
we

2 z€Q)

)

N3BectHo Takxke [3|, uro ecmm A — KOHIEHTPHUIECKOE KOJIBIO

¢ mogysnem M(A) n v(2) =sup|l/(Aa(z))|, rorma
2€Q

2
(7(1?) _ % FMA)? (1)

B nacrosimeit pabore momyuen ananor dopmynst (1) gas sKcen-
TPUYIECKOTO KOJIBIIA.

Paccmorpum  sknenTpuueckoe KoJiblo ), OrpaHuYeHHOE
okpyxkuocTamu |z| = 1 u |z — 2| = p € (0,1), 20 = (a +
+0)/2€(0,1), p=(b—a)/2 <1.Yepes M = M(Q2) oboznaunm
Moyin €, agepes t = (a+q)/(14+qa) = (b—q)/(1—bq),q = e~ 2™

— CMelIeHune, TOr/ia, CIpaBeInBa, CAeyIOIast

Teopema 1. Jlaa sxcuyenmpuueckozo xorvua 0 ¢ modysem M

U co cmewernuem t

Y(Q) < V4 + 16M?2 + 4t.

Ouenka mouna, npuuem pasencmeo docmuzaemes npu t = 0.

Paccmorpum nipejiesibHbIN Crydaii 9KCIIEHTPUYECKOT0 KOJIbIIA —

KPYyT C MMPOW3BOJILHO BBIKOJIOTON TOukoit. Hamu gokazana

Teopema 2. Ilycmv D, - xpyz ¢ npousgoisvHo 6wvK0AOMOL

moukoti a. Tozda
Y(Dg) < 2+ 4al.
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Ouenka mouna, u paseHcmseo docmuzaemca Ko2da a coenadaem ¢

UEHMPOM KPY2a.
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METO/IbI UCIIBITAHIS HA YCTOMYNBOCTH
TOHKOCTEHHBIX OBOJIOYEK, SAITIOJITHEHHBIX
CbIIIYYUM MATEPUAJIOM, ITPU N3I'TBE

TpaHcmopTHpOBKA W XpaHEHUWE CHIMYUUX MATEpUajoB OCy-
IIIECTBJISIETCST ABTOIMCTEPHAMY, [IUCTePpHaMU, KOHTeliHepamu. Bce
9T eMKOCTU UMET (opMy NuInHIApudeckux obomouek. (becrre-
qyeHue yCTOﬁ‘IHBOCTH JaHHBIX O6O.HOLIQK BO BpeMd IKCILJIyaTallun
SIBJISIETCSI OJTHOI M3 KJIIOYeBBIX 3a1ad [1].

st mccmenoBanmii OBEIEHUsT 0DOJIOUEK TIpW M3rnbe W d9u-
crom u3rube ObLI0 pazpaboTaHO HECKOJIHKO METOJIOB MCIIBITAHUIA.
st ocylecTB/ieHsT 9TUX METO/OB B Jjiaboparopun ObLio cobpa-

HO HECKOJIbKO CITEIHAJBHBIX yCTaHOBOK. OOpasilbl mogbupaiuch
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M3 yCJIOBWI TeoMeTprveckoro m (hU3M9ecKoro mojpobusi u3 asio-
MuHIEBOro ciiasa 3004 mwan ero MoamduUKaIUT — AJTIOMIHIEBOTO
crtaBa 3104 — B cocroguuu H19 co ciemyommmu napaMerpamu mo-
nobusi. OTHOIIEHNE PAINYCa UCTBITHIBAEMOI 000I09KN K PAIHyCy
M3rOTABINBAEMBIX Ha 3aBojie mucrtepH paBHo 0,02, m oTHOIIIEHWE
COOTBETCTBYIONINX TOJIIUH UCIBITHIBAEMON 000/I0YKU U MU3rOTaB-
JmBaeMoit mucrepHbl pasHo 0,02.

DKCIIEPUMEHTAIbHASA YCTAHOBKA COCTOSIa U3 MOJIEJHHOrO 00-
pasiia, HATrPYKAIIIEr0 YCTPOWCTBA, M3MEPUTEIbHBIX TPUOOPOB,
uzmepuresist gedpopmaruii, reazope3nctopos. C MOMOIIBIO HATPY-
JKAIOIIET0 yCTPOUCTBA ObLja MpUIOXKeHa Harpy3ka Ha obpaserr. B
Ka4deCTBe U3MEePUTE/IbHBIX HpI/I60pOB NCIIOJIB30BAJINCh MHINKATO-
pPbl U 3JIEKTPOHHBIN IITAHTEHIIUPKYJb. ledopmaruu B obpasiie
3aMepsLINCh TEH30PE3UCTOPAMY, BKIIOYEHHBIME 10 IOy MOCTOBOIT
cxeMe K u3MepuTetio jgedopMaliuil, HaK/IeEHHBIX B IIPOJOJIbHOM U
[IOIIEPEYHOM HAIIPABJICHUAX B BePXHEW UM HUXKHEH TOYKAX B 30HE
[IOTEPHU YCTOMYIMBOCTU 0Opa3Iia.

Jlna wcnplTaHuil HA TOMEPEYHbIl M3rnb 00PABIbI KECTKO 3a-
KPEeIISJINCh OJJTHAM KOHIIOM, JIPYTOil KOHEI, IJie MPUKJIIbIBAIaCh
BepTUKAJIbHAS HATPY3Ka, OCTABAJICS CBODOTHBIM.

Jist ucnpiTannit Ha YUCTHIA W3rubO 00pa3Ibl YCTAHABINBAIUCH
Ha JIBE IIAPHUPHBIE OMOPBI C KOHCOJISIMU 110 KOHIaM. Beprukaib-
HbIE COCPEJIOTOYEHHbIE HAIPY3KU [IPUKJIQ/IbIBAIKCH Ha KOHLIAX [2].

OO6pa3ipl NPpUMEHSAINCh MYCTBIMU W C 3amnojHuTejeM. B ka-
YeCcTBe 3aI0JHUTE/S UCIIOJIb30BAJIC 2KeJie3ublit mopomok [12K-5.
DKCITEPUMEHTHI BBITIOJIHSIIACH B CJIEYIOMIEN MTOC/IeI0BATETHHOCTH.

1) IIpoBomuiock TiaresbHOe 00CTE0BAHIE 00PA3IOB HA Ha-
JINIe TeOMEeTPUYECKHUX HECOBEPIIIEHCTB, M3MEPATINCH UX pPa3Me-
pbl. 2) O6pasiel yCTaHABIWBAJINCH B YCTAHOBKY JIJIsT MCITBITAHIIA.

3) Hacrpausasmcey npubopsr jaas uamepennii. 4) [Ipoussogumiocs
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peIBAPUTEIHFHOE HATPYKEHUE IJIsT TPOBEPKH PAbOTHI TPHUOOPOB.
5) PaBHBIMU CTyIEHSIMU HATPYKAJICST 0Opa3er] 10 TIOTePH YCTONHIH-
Boctu. [Ipu yBemmaennn BepTUKAIBHON HATPY3KH, 3aMEPSIIUCH TI0-
Ka3aHnsg UHINKATOPOB M TEH30PE3NCTOPOB, ANAMETPHI 0DOJIOUK.
Harpyska goBoamiach /10 KpUTUYIECKOM, TP KOTOPO# MIPOUCXOIUT
noTeps ycroitanoctu 06010uku. 6) s 6ostee ToaHOTO Ompeieste-
HUsI MOMEHTQ, [IOTE€PU YCTONYMBOCTU B 30HY MMOTEPU YCTONIUBOCTH
C IPOTUBOIIOJIO?KHON CTOPOHBI STOI 30HbI YCTAHABIUBAJICH MUKPO-
MeTpuuecknii BUHT. Koneunas medopmuposannas ¢popma obpasia
dukcrpoBaaack ¢ momompio ¢goroamnmapara. ['odpsr 0b6pa3zoBwiBa-
JIUCh B C2KATOM 30He. 7) BoimosHsamach craructudeckas 06paboTKa
pe3yaIbTaTOB dKCIepuMeHTOB. 110 3HAUYEHUSIM MPUJIOKEHHBIX CHUJI
U MEpPEMEIEHUIM CTPOUIUCH rpadUuKd MX 3aBUCUMOCTHU. YCTOU-
YUBOCTD TepsiylaCh Ipu ynpyrux jgedopmanuax oopas3mnos. lanmas
METO/INKA, MCIILITAHWI Ha YCTONYMBOCTH TOHKOCTEHHBIX 000JIOUEK

npumensiercss Ha 3A0 «Yebokcapcekoe npepnpusitue “Cecriesib’s.
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HEJIOKAJIbBHAA 3AJAYA A. A. IESVHA
Peun njer 06 ypaBnenuun
Lu = (sgny)|y["Usa + Uyy — b*(seny)|y|"U = 0, (1)

B obnactu D = {(z,y)| 0 <z <, —a <y < B}, rme «o,B3,1,b,n
— 3a/JlaHHbIE IIOJIOZKUTEJIbHBIC ITIOCTOAHHDBIC.
3adaua /lesuna. Hatimu 6 obaacmu D ¢ynwyuro u(x,y),

YJ08AEMBOPAIOULYIO YCAOBUAM:

ue CY(D)NC*(D_UDy); (2)
Lu = 0; (3)

u(0,y) —u(l,y) = h(y),
uz(0,y) — ua(l,y) = ha(y), —a <y <P (4)
u(z,B) =¢(x), 0 <z <1 (5)
uy(z, —a) — Au(z,0) =9¥(x), 0 <z < 1; (6)

2de o(z), Y(x), F(x,y),h1(y) u ha(y) - sadannvie docmamouro
enadrue gynxyuu, Dy = DN{y >0}, D_=DnN{y <0}, \ -
3adanmvitl deticmeumenvhoili napamemp.

A. A. Jesun B cBoux paborax [1, 2] ormerwi, 4ro MeTos 110-
HCKa Pa3peInMbIX paciupenuii 1y auddepeHnnaabHbIX Omepa-
TOPOB MOYXKET OBbITH amanTupoBan K omeparopy L JlaBpenTbera-
Burna/ze ¢ ycaoBusiME IIEPUOJUYHOCTH 110 IepeMeHHoil . B pabo-
rax 3. A. Haxymesoit [3], [4, c. 143-153] 3aza4a (2)—(6) usyuena,
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xorga a = 1, hi(y) = ha(y) = ¢(z) = ¢(z) =0, Flz,y) =
= f(z,y) - H(y), tne H(y) — dyuxmus Xesucaitna, A > 0. Io-
kazano, uro npu A < 0 ogHopogmas 3amaqa (korma f(z,y) = 0)
UMeEeT HEeTPUBUAIBHLIE PEIIEHNUS.

Hannast pabora SIBASIETCA MTPOJOJIXKEHNEM WCCAETOBAHUN aB-
Topos [5], rae 3amaga (2) — (6) 6burta m3ydena upu Fi(x,y) =
= Fy(z,y) =0, hi(y) = ha(y) = 0. Buech musa obuiero caydas
chOpMyTMPOBAHHOI 3a/Ja49l YCTAaHOBJIEH KPUTEPHUil CyIIeCTBOBA-

HUA € JUHCTBEHHOT O eé permenunsd.
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YPABHEHU A ITPOCTPAHCTBEHHOI'O
TNIPOANHAMUNYECKOI'O B3AUMOJIENCTBUA
I'A30BbBIX IIY3bIPHBKOB B 2KNJIKOCTHA

Jng uzydeHus THAPOJUHAMUIECKOTO B3AMMOJEHCTBUA IIy-
3bIPDBKOB B KHUJTKOCTH TInPOKO IPUMEHAIOTCA AHAJINTUKO-
YUCJIEHHBIE METO/[bl, B KOTOPBIX PA3PEIIAONINe COOTHOIIEHUS
TIPEJICTABAIIOT €000l crucTeMy OOBIKHOBEHHBIX mmddepeHnaib-
HBIX ypaBHeHuit Broporo nopsijaka [1, 2|. ITpu sTom, ecan paccmar-
PUBAETCS MPOCTPAHCTBEHHOE B3aUMOJENWCTBUE, TO B CUJIY CJIOXK-
HOCTH 3aJla9¥ TYy3bIPbKHU, KaK I[MPABUJIO, MPEINoIararcs cde-
puueckumu. OJHAKO, B pe3y/JabTaTe B3aWMMOJIEHCTBUS TOBEPXHO-
CTH Ty3bIPHKOB MOTYT JedhopmupoBarbesd. [Ipu nedopmuposanuu
KaKnUX-Tu00 Ty3bIPHKOB B I'PYIIIE CBONWCTBA BCEil TPYIIIBI MOTYT
CyIIECTBEHHO M3MEHUTHCA. B Takux ciydasx gedopmaruio imy-
3BIPHKOB CJIE/lyeT YYUTHIBATH, WHAYE IOJIy9YeHHbIE IPEeCKA3aAHUSI
UX TOBEJIEHUs] MOTYT OKA3aThCs MAJEKUMHU OT JefCTBUTETLHOCTH.

B mnacrosmeit pabore mpemaraioTcs ypaBHEHHUsT MPOCTPAH-
CTBEHHOTO TUJIPOJIMHAMUYECKOTO B3AUMOJEHCTBUSI TA30BBIX IIy-
BBIPHKOB B KHUJIKOCTH C y49éTOoM uxX MaJbix mgedopmarmit. [Ipu
BBIBOJIE YPABHEHUI MPE/IIOIAraeTCs, YTO My3bIPhKU HAXOMATCI B
My49HOCTH MHTEHCUBHOM CTOA4Yeir BOJIHBI C JdaBJICHUEM, U3MEHAIO-
IIIUMCS 110 TapMOHUYeCcKOMY 3akony. Kojiebanus naBjieHus KuKo-
CTU BbI3bIBAIOT Da/IUaJ/IbHBbIE I1YJ/JIbCAIUN 1IY3bIPbKOB, 4YTO, B CBOIO

0Yepeib, IPUBOJUT K UX B3aMMOJelicTBUI0. B pe3yibrare B3amMo-
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JedCTBUA My3bIPBKHA B XOJI€ PACIHINPEHUA-CKATAA MOTYT IepeMe-
IMATHCI B MPOCTPAHCTBE, & UX MOBEPXHOCTU UCIBITHIBATH MAJIbIe
nedopmaruu. ['a3 B my3bipbKax NPUHUMAETCS HEAJTHHBIM TOMO-
OapuvIecKuM, ero JaBjeHre — H3MEHTIOMUMCS 10 anabdaTuaecKo-
My 3akoHy. Cunraercst, 9T0 3PMEKTH BI3KOCTH U CKUMAEMOCTH
KUJAKOCTH Majibl. [lo3TOMYy OHEM yYUTHIBAIOTCS C MIOMOIIIBIO TTOIPa-
BOK K yPaBHECHUAM BBaHMOﬂeﬁCTBHH IIy3bIPbKOB, BbIBEJICHHbLIM B
[IPE/IIIOJIOKEHUHY, UTO YKUJIKOCTD $IBJIAETCS UJI€AJIbHON HECKUMAe-
Moit. BuIBog ypaBHeHUMiT B3aMMOIEHCTBUS OCYIIECTB/ISETCI METO-
oM ceprdeckux pyHKIHUI € UCTOIB30BaHNeM nHTerpasa Korru-
Jlarpan:ka, KHHEMATUIECKUX U JUHAMUYECKUX PAHUIHBIX YCJIO-
BUN Ha TTOBEPXHOCTU MMYy3bIPHKOB.

[Tonydennble ypaBHEHUS B3aUMOJEUCTBUS ITy3bIPDHKOB UMEIOT
HEPBLIN TOPSI0K TOYHOCTU OTHOCUTENLHO A/R u uerBeprhiii 1o-
PSZIOK TOYHOCTH (YTO Ha MOPSIOK BBIIIE, Y€M HU3BECTHBIE B JIU-
reparype) oraocuresbno R/D, rne R — XapakTepHblil pajuyc
y3bIPbKOB, A — aMILIUTY/a XapaKTePHOTO OTKJIOHEHUsI WX II0-
BEPXHOCTH OT chepruduecKkoil B Buae cheprndecKux rapMoHuk, D —

XapakKTepHOe PACCTOAHNE MeXKy ITy3bIPbKAMUA.

Pabora BoimostHena npu nojiepkke rpanta Ilpesmmenta PO
(npoekra Ne MK-2244.2014.1).
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YTOYHEHUE ACUMIITOTUKUN NCKAXKEHU S
MOJIYJISI POMBOBUJHON JIBYCBSI3HOM
OBJIACTU IIPU PACTAKEHUN

KoudopMmublii MOIy/b — BayKHAsl IHCIOBAsS XapaKTEPUCTHKA
JIBYCBSI3HOM 06J1acTu B KOMILIEKCHOMN 1tockocTu. Cpean cBOMCTB
MOJTY/IsT 0COD0 MOKHO OTMETUTH WHBAPUAHTHOCTDH TIPH KOHMOpM-
HBIX OTOOPAaYKEHNAX U KBA3UNHBAPUAHTHOCTH IIPU KBAZUKOH(MOPM-
HBIX OTOOparKeHHUSIX.

Hannag pabora cBs3zana ¢ 3agadeit M. Byopumena (cwm.,
Harmp., [1]) — wuccaenosars, kak n3mensiercss moxaysab m(D) nBy-
CBABHOM TJIOCKO# obylactu DD moj jeficTBueM KBasUKOH(MOPM-
HOTO OTOOpakeHusi fpy, SBJSIONIETOCS PACTSIKEHHEM O00JacTH
BIOJIb OCH aDCITUCC [JIsd JOCTATOYHO OOJIBIITOr0 KO3(MDUIen-
ta pacrsizkenuns M. Mbr paccmarpuBaem 00J1acTu BHIA G M =
={(z,y) |1 < |z/M|+ |y| < k}, tme k > 1 duxcuposano. Tpe-
6yercs ucciaepoarh acumuToruky Motyas m(G) npu M — oo.

Panee B |2| Hamu 661710 TIOTy9eHO, 9TO MOLYIb G)f , SKBUBAJICH-

TEH BeJIMYUHE TV M — oco. B mammoit pabore Mbl yTOdHSIEM
STOT Pe3yJbTAT W yCTAHABIUBAEM OICHKY JJIS CACAYIOMIEro 4jIeHa
acumnroruku (reopema 2).

JI1s yTOYHEeHNd MOy YeHHON SKBUBAJEHTHOCTH CHAYAJIA, IIOJIY-
YUM JIBYCTOPOHHIOIO OLIEHKY MOIYJIs m(é M), MCXOJs U3 TeOMeT-
pun TaHHOH 06/1aCTH M CBOKCTE KOH(MOPMHOI0O Moayad. Ilpumene-
HUE OLPeIEIeHUsT MO/ YeThIPEXCTOPOHHUKA, KaK 3KCTPEeMaJlb-

HOM JJINHDBI CeEMeCcTBa KPUBBIX, COEIMHAIOINX TTPOTUBOITOJJIOZKHBIE

croponbl, gaer HaMm HepasercTBo m(II) < m(Gy) < m(P), rue
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G — Tpanenns, SBJISIONALACS YeTBEPTOil JacThio 001aCTh G M,
P — mopamoyronbauk, Buucanusiii B Gy, a 11 — gersipexcTopon-
HUK, SIBJISTFOIIUANCS TOJIYTIOJIOCOH, comepskateit Gy, ¢ OTMeJYeHHbI-
MU YeThIpbMS TOYKAMU HA IDAHULIE.

C npumeHeHyreM HNPUHIUIA CUMMETPUM Mbl MOXKEM BbIPA3UTh
MO/YJ1b G M 9epe3 MOIYJIb YeThIPeXCTOPOHHNKa (Gjs ¥ yCTaHOBUTD

CJAEAYIOIIUNA Pe3yJIbTar.

Teopema 1. Jlaa modyss dsycesasnol obaacmu Gu cnpased-

AUBO HEPABEHCIMEBO

K _ = (k- DM
sk <™ S gaEi Ty
M? 4+ k

_ . 2 2 _ N
2de u—exp< 27T(k=—1)M>’ pe A+ p 1, K(p), K(1)

NOAHDLE IANUNMUYECKUE UHMEZDANDL NEPE020 POJa.
Kax crencreue, momydaem oneHky s Momyias Gy .

Teopema 2. Hmeem mecmo nepasencmao:

’m(éM) ko1 )L <1> M = oo,

M3
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BEPU®UKAIINA BEIYNCJANTEJIBHON MOJEJIN
HEJIMHENMHOI'O JE®OPMUPOBAHUYI
MHS 3AIIOJIHUTEJIA

PaccmarpuBaerca  ympyromacrudeckoe  gedopMupoBaHue
MHS (Metal Hollow Spheres) 3anonuunress — nopucroro marepua-
Jia, TTOJIyIaeMOT0 IIyTeM COeNHEHNS OTHOPOTHBIX MeTa/IMIECKIX
nosbix cdep [1]. Jedbopmuposarne MHS 3amoauTe st ONMuChHBaET-
Cdad C HO3I/IHI/IfI MEXaHUKN CIIJIOMTHBIX CPeJ C TPUMEHEHNEeM TeKyH_IefI
JIATPAHKEBOM (POPMYJIUPOBKU. Y PaBHEHNE BUKEHUST BHIBOIUTCS
n3 6ajlaHca BUPTYyAJIbHBIX MOIIHOCTeH. B KadecTBe ypaBHeHuii co-
CTOSHUS WCIOIB3YIOTCS COOTHOIEHNS] TEOPUN TEUEHUs C KTHEeMa-
TUICCKUM U M30TPOITHBIM YIIDOYHEHUEM. rH,}'IH CHUZKEHUA TPYA0EM-
KOCTHU PAaCUYeTOB NIPUMEHSIETCSI ABYXYPOBHEBAS MOENb TUHAMUKA
MHS szanonuuresns |2, 3]. Ha muxxnem yposre 910ii Moje/u Ha oc-
HOBaHUU aHaju3a JiepOPMUPOBAHUS [IPEJCTABUTEIBHBIX 00HEMOB,
C YIETOM WX CTPYKTYPHI, ONIPEIeIAIOTCI TPUBeIeHHbIE XapaKTepu-
CTUKU CPEAbl BEPXHETO YPOBHA, KOTOPasd MPEANOIAraCTCAd KOHTU-
HyaJIbHO OJIHOPO/IHO¥, (pU3nvecKy HEeJIWHEHHO cpe/oii, cBoiicTBa
KOTOPO#1 3aBUCAT OT BHU/Ia HAIIPsI?)KEHHO-/1e(DOPMUPOBAHHOI'O COCTO-
SHAL.

PeHleHI/Ie 3a/1a9” 1IPU 3a1aHHBIX HaYaJIbHBIX U KPA€BbIX YCJIO-
BUSIX OCHOBAHO HA MeTOJe KOHEYHBIX 3JeMEHTOB |4 u sBHOI
KOHEYHO-DA3HOCTHOM CXeMe HUHTEerPDUPOBAHUE 110 BPEMEHM TH-

ma “kpect’. V3/102KeHHAST METOANKA KOHEUHO-3JIEMEHTHOIO pelle-
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HUAS TPEXMEPHBIX 3ajad HeauHeinoro jpedopmuposanus MHS
BAIMOTHUTE TSI Pean30BaHa B paMKaX MPOrPAMMHOTO KOMILIEKCA
“Nuuamuka-3" [5].

g Bepudurarymu BuraucauTeabuoit mogean MHS 3amonman-
resist |2, 3] nuposenensl pacuers! gedopmMupoBaHus cepuUIecKoil
000J109KH 1 UX HAOOpa MPU KBA3ZUCTATUYECKOM CKATUU U JUHAMU-
4EeCKOM Y/JapHOM Hal'Dy2KEHUU.

PaccmoTpena ocecumMerpudHas 3a/a4a MOTepU YCTONIUBOCTH
U 3aKPUTHUIECKOTO TIOBEJIEHUST TUTAHOBOI cepudeckoii 0060J0IKu
[IpU ee CYKATUU MEXKy AByMs HeAedOPMUPYEMBIMU ILInTaM, COIm-
JKAOIMIUMICS C TIOCTOSTHHOM CKOpocThio 1M/ c. Ilo pesyabraTam dmc-
JIEBHHOTO PEITeHusl 33a91 OCTPOEHA 3aBUCUMOCTh KOHTAKTHOI CH-
JIBI OT TIEPEMEITEH NS TIJIUT, HA OCHOBAHWY KOTOPOii ObLIN Ompejiese-
Ha, auarpamma 1eOpMUPOBAHUS U MAPAMETPbl MAaTEMATHIECKON
mozesnn MHS zanonmurens |2, 3.

C IPUMEHEHUEM II0JIyHYCHHbBIX JIaHHbIX DPEIIEHa 3a/a4da O I1a-
JeHNN ILIATH Ha HAOOp cheprduecKnx 000J09eK, PaCIOIOKEHHBIX
HA HEMOJBUKHOM OCHOBaHUU. PerteHune 3aauu OCYIECTBIISAIOCH
B IBYX BapHuaHTaX C IMPUMEHEHNEM: a) KOHEYHO-3JIEMEHTHOM JNC-
Kperu3anuu chepruaeckux 06009eK U 6) BBIYUCIUTETHHON MOJIe-
aun MHS szanonuaurens [2, 3]. Kak nokaszasno comocrasienue pe-
3yJIBTATOB PACYETOB BBIYHUCIUTEIbHAS MOZAETH |2, 3| mo3Bossier ¢
IpreMJIEMON TOYHOCTBIO OIIPE/IesTh MHTErPaIbHbIE ITapaMeTphl
nedbopmuposanus MHS 3amonnuTesns (KOHTAKTHBIE CHJIBI, CMEITe-
HUsl, CKOPOCTHU CMEIIEHUs) U OLEHUBATD ero JeMiupyonme CBoii-
CTBa.

Pabora BmimonHeHa B pamkax peajsusanuu rpanta [Ipeswm-
neata P® s momnepxkku Beaymmx HayaHbix mkoa PO (HIIT
- 593.2014.8), a Takxke npu nogepxkke POOI (mpoekt Ne 14-08-
00656-a).
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I'PA®UKMN IICEJOPUMAHOBBIX CJIOEHUI

[lcesmopumanossl cioenust (M, F) xapakTepusyiorcs Cyiie-
CTBOBAHUEM TPAHCBEPCAJJIbHO IIPOEKTUPYEMOU II1CEBIOPUMAHOBOMI
MeTpuKu Ha MHoroobpazuum M. [lajee mceBOpUMAHOBBI CJIO€-
HUY HA IICEBJOPUMAHOBBIX MHOI000Pa3usX PACCMaTPUBAIOTCH C
Takoit MeTpuwkoit. Hamm mokazan ciemyronunii KpuTepwuit mceBio-

PUMAaHOBOCTH CJIOCHUN.

Teopema. ITycmv (M,F) — caoenue xopasmeprocmu q Ha
n-MepHoMm ncesdopumanosom mmozoobpasuu (M, g), mempura na
CAOAL KOMOPO20 He suposicdaemca. Tozda daa mozo wmobwi caoe-
nue (M,F) 6vin0 ncesdopumanosvim, neobrodumo u docmamouno,
4Mmobv, 2€00e3UNECKAA, OPMOLOHAALHAA FMOMY CAOEHUIO 6 00HOU

mo4ke, ocmasanacsv Op’fTLOZOHG./L’bHO’l'Z EMY 6 KaotcAotl ceoeti mouke.

W3 3T0it TeOpeMBI BBITEKAET aHAJOTHIHLIN pe3yabTaT b. Peitn-
XapTa JIJId PUMAHOBBIX CJIOEHWI HA PUMAHOBBIX MHOI000DA3UAX,
o/ ipobHOe  JIOKA3ATETHCTBO KOTOPOI'O COJIEPXKUTCH B U3BECTHOM
monorpacduu II. Mojuuo ,Pumanossr cioenus . Ilpu srom cy-
IIIECTBEHHO KCIIOJIb3YeTCsl CBOMCTBO T'€0/I€3UYECKUX JIMHUI pUMa-
HOBa, MHOro00pasus ObITH JIOKAJbHO KpaTdailliuMu, KOTOPOE He
MMeeT aHaJIora sl MICeBI0PUMAHOBBIX MHOT00Opasnit. Havmu npu-
MeHSeTCs APYroil moaXom U pe3yabrarsl paborsr A. /1. JIbonca o

pacrpeeeHnsIX Ha MHOT000Pa3nsixX JNHEHHON CBSI3HOCTH.



A.1O0. 1OJI'OHOCOBA, H. 1. ’)KYKOBA 63

IT1. 9pecmanoM BBEIEHO TOHATHE TPYTIOW/Ia TOJOHOMUU CJIOE-
Hud, mo3aHee X. BuHKeIbKeMImepoM ObLTa IIpeIoKeHa SKBUBA-
JICHTHYIO KOHCTPYKIWIO, HA3BAHHAA UM 2PAPUKOM CAOCHUS.

I'paduk G(F) cnoenus (M,F) kopasmepHOCTH ¢ HA N-MeEp-
HOM MHOTOOOpasum M mpesacraBisier coboit, BOOOIE TOBOpsi, He-
xaycnopdoBo (n 4 ¢)-MepHOE MHOrOOOpas’ue W COJEPIKHUT BCIO
undopmanuio o ciaoenun (M, F) u ero rpynnax rosonomun. Oupe-
JleJIeHbl ABe KaHoHmdeckue npoekmuu p1 @ G(F) — M u po
G(F) — M, asasiommuecss cyOMepCUSIMU.

Hamu nokaszano, uro rpadbuk G(F) moboro ncesgopnmanosa
cnoenns (M, F) asnagercs xaycaopdOBBIM MHOTOOOpA3MeM, Ha HEM
CYIIECTBYeT eJMHCTBEHHAS TICEBJOPUMAHOBA MeTpuka h, oTHOCH-

TeJbHO KOTOPOU MHAYLIUPOBAHHOE CJIOEHUE
Fi={L=p; (L)L € F}

SIBJISIETCSI TICEBJIOPUMAHOBBIM, & KAHOHUYECKNE TTPOEKIINT P| U P
— TnceBAOpUMaHOBBIME CyOMepcusimu. [Ipu 9TOM CyIIecTBEHHO UC-
mosib3yercss chOpMyIMpOBaHHas BBIIE TeopeMma. JlokazaHo, UTO
rpynnbl rojgioromun cioes L € F u L = pl_l(L) € F uzomopdusbr.
YcTaHOB/IEHO Tak»Ke, 9T0 KaxK/biil cjoit L cioenus F, majgesen-
HbII MHAYLUUMPOBAHHON METPUKON, €CTh HEBBIPOXK/IEHHO IIPUBOJIU-
MO€ IICEB/IOPUMAHOBO MHOTOOOpa3ue, u UCC/IeI0BaHa ero CTPYKTY-
pa.

[MokazaHo, 9TO [JIsT TOJHBIX TICEBJOPUMAHOBBIX CJIOEHUIT
(M, ) kaHOHUYECKHUE TIPOEKIIUU P1 U P2 06PA3YIOT JTOKAJBLHO TPU-
BHUAJIbHBIE PACCJIOEHUS C OOIINM CTAHJAPTHBIM CJI0EM, U JAHO OIH-
CaHMe CTPYKTYPhI UX rpadUKOB U WHIYIIUPOBAHHBIX HA rpadukax
croerwit. Ocoboe BHUMAHWE YIETEHO CTPYKTYPE IPAGUKOB BIIOTHE

reoIe3nIeCKuX ICeBA0OPUMaHOBBIX CJIOCHUM.
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UccnenoBanne BoImoHeHO B pamkax lIporpammbr dyHIamMeH-

rabHbIX uccaeqoBannii HUY BIID (mpoext Ne 138) B 2015 rogmy.

A. C. Earymosa, 3. 3. Pusaunos, JI. P. IlTakuposa
Kasancxut (IIpusoasiceruti) dedeparvnudi yrusepcumemn,

aelgushova@yandex.ru, rizvanov.zemfir@mail.ru,
liliana008@mail.Tu

JIOBAUYEBCKUI B XXI BEKE

1 mexabpsa — mAeHb POXKIEHNsI BBIIAONIErOCA PYCCKOI'O YIEHO-
ro Hukonast IBarosu4a JlobaueBcKoOro, co3maresss HEeBKINTOBOM
FeOMETPHH, CHIIPABIIEr0 3HAYUTE/ILHYIO POJIb B CTaHOBaeHHN Ka-
3aHckoro yuusepcurera. B redenune 40 jier on npenogasas B Ka-
3aHCKOM YHUBEDPCUTETE TPEAMeThl (DPU3UKO-MATEMATHIECKOTO ITHK-
ja, 19 jer pyKOBOAWI UM B JOKHOCTH PEKTOPA, BHITOIHSI 00sI-
3aHHOCTHU ODUOIMOTEKAPS YHUBEPCUTETA, IPEICe aTe s CTPOUTETb-
HOTO KOMUTETA.

N3BecTHO, Kakoit BKIad BHEC JlobadeBCcKuit B pa3BuTHe MUPO-
Boii Hayku. KpomMe reoMeTpnn, OH IOIYYUI PAM IEHHBIX PE3YiIb-

TaTOB U B APYIUx 00/1aCTAX MaTEMATUKMA:

a) B anrebpe on mezasucumo ot 2K. lanenena pazpaborasn me-

TOJ TPUOINKEHHOTO PEIleHns] YPaBHEHNUI;

6) B MaTeMaTWYECKOM aHAJM3e MOIYIU/I P/l TOHKAX TEOPEM O
TPUTOHOMETPUYECKUX PsAJAX, YTOUHUJI IOHATHE HeIpPepbIB-

HOI (PYHKINU, JaJI TPU3HAK CXOJUMOCTHU PSIIOB U JIP.;

B) B pasHble rojbl OH OMyOJMKOBAJI HECKOJBKO COJEePIKATE b
HBIX CcTaTell 1o ajredpe, TEOPUHU BEPOSITHOCTEN, MeXaHUKE,

dusnke, acrpoHoMun u mpobsiemamM 0Opa3OBaHMUSI.
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Kak mmoro on caesaaJsr Ojid CTaHOBJIEHUA W PA3BUTHUA HAIIETrO

yauBepcuTera! B pazmbie roab OH OBLI:

a) mpeacemaresem Crpoutenbaoro komurera Kasanckoro yau-
BEPCUTETA; PyKOBO/IMJI CTPOUTEILCTBOM 3/1aHuit OnbinoTexn,
ACTPOHOMUYIECKON 00CepBATOPHUH, AHATOMHUIECKOIO TeaTpa,

KJIMHUKM, YHUBEPCUTETCKON 1epKBY;

6) wiIeHOM W3JATEeNBLCKOro KomuTera KypHana “KasaHcknii

BECTHUK;
B) OGubsmorekapem KazaHckoro ynusepcurera;

r) JIMYHO PYKOBOJWJ CHACEHWEM YHUBEPCHUTETCKUX 3TaHUil U
WMYIIECTBa BO BpeMma moxkapa B Kaszanu, 3a 9TO mOJIydmI

6J1aroJapHOCTh UMITEPATOPA.

3a mepmoi cBOEro mpemoaaBannsg B KaszanckoMm yHHBEpCHTETe
OH BeJ KypChI IO T€OMETPHH, TPUTOHOMETPHM, aarebpe, aHaJIN-
3y, TEOPUU BEPOATHOCTEI, MexaHuke, (pU3nKe, aCTPOHOMUN U JAZKE
TUIpAaB/IAKE, 9aCTO 3aMelasl OTCYTCTBYIONINX IPEIogaBaTeeii.

A Kax Mbl, NOMOMKU BEAUKO20 MAMEMAMUKA, YMUM €20 Na-
mamv? Kaxosa poav Jlobauescrozo 6 cospemennom obuecmee? U
wmo Mmul, cmydenmot, 3naem o Jlobauesckom? OTBeTuTH Ha ITU
BOIIPOCHI MBI TIOCTapaeMCd B HAIIIEl CTAThe.

Kaxue obsexmu yserxoseuusarus namasmu Jlobauesckozo moi
anaem? B 1896 romy, uepes 40 ner co must cmeptun H.M. Jlobader-
CKOro, mepes 3manneM Kazanckoro yHuBepcuTeTa OblI yCTaHOBIEH
MaMATHUK BEJINKOMY MaTEMATUKY, COS,Z[aHHLII‘/'I PYCCKUM CKYJIBIITO-
pom Mapmueit dunnon. 10 urora 1994 roga B 1. Koznoska Yysarm-
CKOIl pecyb/imKu OTKPBLIN HAPOJIHBIN MCTOPUKO-KPAEBEIECKUit

Howm-my3zeit H.U. Jlobauesckoro.
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Hawm 6b110 mHTEpPECHO y3HATH, 9TO 3HAOT MKOJbHUKKH 0 Hu-
kosiae Banosuue Jlobauerckom. Mbl mpoBein aHKeTUPOBAHUE B
cpesHux 00111e0bpa3oBaTebHBIX MTKoIaX Mama/bIIcKoro paiiona
u ropoma Kykwmop, a takxke B Jlumee um. Jlobauesckoro npu KOV.

B amkery Bxommiu Takwme BOIPOCHL:
1. Kem 6bL1 JlobayeBckuii?
2. B uem cocrout ero rjiaBHOe OTKpbITHE?

3. Caprmagu i uin dutajiu Jjiv Bel o Jlobagesckom? Eciu 1a,

TO I'/I€ Bbl BIIEPBbLIC YCJIbIIIAJIN O HeM?

B pesysibrare 6BL10 YCTAHOBJIEHO, ITO OGJIBITIAST YACTH YIaIINX-
csa 9-11 kmaccos 3HaeT keM 6b11 Jlobauesckuii. Yalne Bcero Becrpe-
JaeMblit oTBeT — “‘Maremaruk’. BTopoil Bonmpoc BBeJ B 3aTpy/IHEHIE
yuammxcd mkoa Mamageimckoro pafiona n r. Kykmop. Tosibko
HEMHOTWE HAIUCAJIU, YTO €ro IJIABHOE OTKPBLITHE — HEEeBKJ/IM0BA
reOMETPH; KTO-TO HPOCTO OCTABJIS IIPOYEPK. ¥ ydarmxcs JIu-
mest uM. JIobageBCKOro BTOpOil BOIpOC TpyaHOCTEll He Bhr3Bas. Ha
TpeTuii BOmpoc OBLIN MOJIYYeHbI pa3JudHble OTBETHI. B cembckux
ITKOJIaX YYIalllueCd OTMETUJIN, YTO CJIBIIIAJIN O BEJIMKOM TreOMeTpPe B
IIIKOJIE, YUTAJIN B UHTEepHeTe, B yuebuukax. B Jlunee nm. Jlobaues-
CKOT'O ,JIO63;BH.HI/I TaKZKe, 9TO YIeHOMY 6]31.}'[1/1 IIOCBAIIIEHbI KJIaCCHBIC
Jachl 1 KOH(MEpEHIIH.

B XO/J€e ucCC/jIeIoBaHus Mbl IPUIIJIA K BBIBOAY, 9TO AJId TOT'O
9T00BI nMs J106a9IeBCKOro CTa/I0 y3HABAEMO I YIAIUXCs 001IIe-
00pa30BaTEIbHBIX IKOJI, HEODXOMMO KAK MOXKHO Yallle [IPOBO/IUTH
TTPOCBETUTE/IHCKUE KOHCbepeHL[I/II/I B IMMTaMdATh O BEJIMKOM MaTEMaTU-
Ke. YUNTeJ sIM MAaTeMATHKI Ha yPOKaxX HEOOXOINMO YKa3LIBAThH HA
BaYXHOCTh OTKPBITHUI, CAeJTaHHBIX JlobadeBCKUM, a BO BpeMs TIPO-

BeOECHUA HEIC/JIM MaTEeMaTHKH B IIKOJJaX — IIPOBOJUTDL KJIACCHBIE
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Jachl C ICTOPUIECKOI cripaBkoit o bnorpadun Jlobadesckoro, cra-
BUTh TEATPAJUIOBAHHBIE CIIEHKU, TTOKA3BIBATH NOTOBBIE BUIEOMA-
Tepruasbl O BEJTUKOM MaTeMAaTHKe.

JlanbHeiitiee ncc/ie[o0Banne TPOBOIUIOCH Cpeu CTyaeHToB UH-
cruryra Maremarunku m mexannku um. H.U. Jlobadesckoro Ka-
3aHCKOrO (hejiepasbHOro yHuBepcurera. [Ipeamerom ncciesoBanus
CTaJl BOIPOC: HACKOJIBKO XOPOIIO 3HAKOMBI CTYAEHTHI C UMEHEM Be-
JINKOTO MaTeMAaTHKa. AHKETHPOBAHIE IPOBOIUIOCH CPEIH CTYIEeH-
TOB 1 Kypca W MaruCTpaHTOB TEJATOTHIECKOTO OT/eJIeHUs, CTY-
meaToB 4 Kypca, obydaromumxca mo crenuaabaoctn “‘Maremarnka
u KoMmbioTepHble Haykn . Crymentam 1 Kypca W MaruCTpaHTam

OBLIN TTPEJJIOYKEHBI CIEYIOIINE BOTTPOCHL:
1. Ckousibko jier H. U. JlobaueBckuii 6b11 Ha TOCTY peKTOpa’
2. Hazosute numena yunteneit H. U. Jlobagesckoro?

3. Kaxkos Bkjiajg H. U. Jlobagesckoro B passurue Kazanckoro

yHUBEpCcuTeTa?

4. Xorenu 661 Ber moceruts mom-my3eit H. 1. JlobaueBckoro B

r. Koznoska?

AnkerupoBanne Jjisi CTyJIeHTOB 4 Kypca ObLIO pa3paboTaHo
JI. P. lllakmpoBoii, mpenofaBaTeieM Kypca NCTOPAA MATEeMATUKU.
Crmcok BOpocos ObLI OOIIMPHBINH 1 TPEDOBAJI XOPOIIEH HCTOPUKO-
MaTeMaTHIeCKO TMOATOTOBKU. AHAMN3 Pe3yIbTaTOB MTOKA3AJI, UTO
crmoxuee Bcero 1 — 3-it Bompockl gaimnchk crymenTaMm 1 kypca. Boi-
ABUJINCH JIUIIIHh OCTATOYHBIE IITKOJIBHBIE 3HAHUA O BEJIMKOM MaTeMa-~
THKe, HO 3aTO Ha HAIlle MPEeJI0KEeHNe TTOCeTUTh My3€ell MbI MOJIy-
YUJIN MHOT'O ITOJIOZKUTEJ/IBbHBIX OTKJINKOB. 9TO PpaayeT, 3Ha49UT, €CTh

crpemsienue y3uath o H.U. JlobaueBckom GoJibiiie. MaructpanTon
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BOTIPOCHI HE CMYTHJIN, GOJBITMHCTBO AHKETHPYEMBIX CMOTJIN TTPa-
BUJILHO OTBETHUTH HA MTOCTABJIEHHBIE BOMIPOCHI.

Crynentam 4 Kypca TPUILIOCH CJIOXKHEe. AHKETUPOBAHME CO-
CTOSLIO W3 25 BOWpPOCOB. JIWIb €JIWHUIBI CMOTJIM OTBETUTHL Ha
18 Bonpocos. Ha Takne BOnpochl Kak: HA30BUTE HAyYHBIE TPYJIbl
H. N. JlobaueBckoro; yem, KpoMe HayKU, YBJIEKAJICA TPOdECccop;
HA308UME HAYUHBIE 00AGCTIU, 8 KOMOPHIL HATOOUM NPUMEHEHUE
eeomempus Jlobauesckozo — orserusin 60bmUHCTBO. OTHAKO BO-
mpochl: 6 Kakom 200y H.U. Jlobauescruli nocmynus 6 2uMHa3uio;
HA308UME €20 Yuumenel; Ha308umMe umena yuennr Kasancrkozo
YHUBEPCUMEMA — NONYAAPU3AMOPOos udets Jlobawescrozo, 1a306u-
me UMEHG YUEeHBLT, PA36UBAIOWUT €20 Uudeu M IPYTHe BHIZBAIN 3a-
TPYAHEHUS y CTYIEHTOB.

st Toro 9TobBl CTYJAEHTHI 3HAJM U TOPIUIUCH YIEHBIM, UMSI
KOTOPOTO HOCHAT Haml VIHCTUTYT, ONIyIIA/Ju BCEIE/J0 €ro BKJIa/l
B pazsurure Ka3aHCKOro yHUBEpCHTETa W MHUDPOBYIO MAaTEMATHKY,
HEODOXO/IMMO KaK MOYKHO OOJIbIIE CTYJIEHTOB IPHUBJIEKATH K yda-
CTUO0 B KOH(DEPEHTNH, €3KeT0THO Oprann3yeMbix B Kazanckom de-
JTePATbHOM YHUBEPCHUTETE. A MBI, B CBOIO O9€PEh, PEIIIN OpTra-
Hu30BaTh moe3nky B Jom-myseit H. U. Jlobauesckoro B 1. Ko3os-
ka Pecrnybsimkn YyBariust, 9T0 103BOJIAT CTY/J€HTAM OKYHYTHCH B
armocdepy TOro BpEMEHU U y3HATH DOJIbIIE O YKU3HU BEJIUKOTO

MaTe€EMaTHUKaA.
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Université Paris Dauphine IX,
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AJIAIITATUBHBIN AJITOPUTM IIOJABJIEHN S
“IMTYMA” B IIN®POBOM CUTHAJIE
C NCIIOJIb3OBAHUVEM MOAEJIN
ABTOPEI'PECCUN

CoBpementbie MeTO/ bl 00PAbOTKH TUMPOBBIX CUTHAJIOB O3B0~
JISTFOT CYIIECTBEHHO YJIyUINATEH U ONTUMU3UPOBATE KAYECTBO OINg-
POBKHU apXWBHBIX (POHOTPAMM, UCIPABUTH HEJIOCTATKY TIPU TIepe-
Hecennn 3Byka. Haubosee spdextuBabiMu pa3zpaboTkamMu B STOMH
00J1aCTH ABJISIOTCS aJ[allTATUBHBIE aJTOPUTMBI [TO/IABJIEHUS IITyMa
(cm. [5]). Uudposoit curnan npejacrapisiercst B BUJe CyMMbI 0-
JIE3HOTO CHUTHAJA U MIyMa, KOTOPbI, B CBOIO OYEDE/Ib, ABJISIETCH
COBOKYITHOCTBIO HOCTOSIHHBIX (DOHOBBIX M MMILYJIbCHBIX (KPATKO-
CPOYHBIX BBICOKOYACTOTHBIX) mOMeX (cM. [4]).

B pabore mpesoxkeH METON OYUCTKU CUTHAJA, MOJIYUIEHHO-
ro onudpPoBKO POHOTPAMMBI ¢ BUHUJIOBOTO JUCKA, OT WMITYJIbC-
HBIX WMCKAXKEHUN C WCIOJb30BAHMEM MOJEIN aBTOPErPECCUr —
CKOJTB3SIIETO CPEIHETO. B 0CHOBE MO JIEKUT MPETIOTOKEHNTE,
YTO KaXKJbIii MOMEHT nuPOBOro CTAIMOHAPHOTO CUTHAJIA MOXKHO

OLIPEJIEJINTH C LOMOIIBIO apaMeTpos asroperpeccuu (cm. [3]).
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[IpenoxeHHbIit METOT OCYIITIECTB/ISIET:

e o0HApyKEHUE MOMEX;

o 110100 ONTUMAIBHBIX TAPAMETPOB BOCCTAHOBJIEHUS TedexT-

HBIX 30H C Y9IeTOM CBOiiCTB gaHHOrO curaamia (cM. [1, 2|);

® 3aMeIleHne HeJOCTAIMNX (PPArMeHTOB ¢ MOMOIILIO CTATH-

cruyecknx Metonon (cMm. [6]).

Meroz peannzosan B nakere MatLab u nmporecruposan na Ha-

Oope 3ByKO3amuceii, MOJIy9eHHBIX C BUHUJIOBBIX TPDAMILIACTHHOK.

JUTEPATVYPA

1. BaiM.R., ThJ.-G., BenestyJ. Acoustic Array Systems.
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performance of a mnoise reduction technique based on a
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// Proc. of the COST G-6 Conference on DAFX, 2000.

3. Friedlander B., Porat B. The Modified Yule-Walker Method
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Electronic Systems. — 1984. — No. 2. — P. 158-173.

4. Godsil S., Rayner P. Digital audio restoration — a statistical
model based approach. — Springer, 1998. — 346 p.

5. Bonkos A. JI. Adanmuennt aszopumm yudposoti obpabom-
KU 36YKOGHIT CUZHAA06 OAA pecmaspayuy donozpamm /] ducc. ...
kanjl. TexH. Hayk. — CII6.: CIIoI'MMKwu'T, 2000. — 199 c.
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ropoj: Nzn-sBo Hmxkerop. yu-Ta, 2006. — 117 c.
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MATEMATUYECKA S MOJEJIb ®NJILTPAIINI
BSI3BKON »KMNJIKOCTU

B pabore uccienyercs zamada o QUABTPAIUU KUJIKOCTH U3
Bo0EMa B TBepbIi nopucthiii rpyaT. [ycrs Q C R? — o6uacts,
KOTOpas BK/IIOUaeT B cebs BepxHioko dacThb 2 — BooeM, HEKHIOW
gacts {1 = Q% U QY — nopucrbiit rpyHT 1 ux 00ULYI0 IPaHHILY
SO =00NnaN°: Q = Q°UQUSY. Bextop mepemermemnns cpe-
el w(x,t) u gasnenue cpeasl p(x,t) npu t > 0 ymaoBIETBOPSET

cucreme auddepeHnnaabHbIX ypaBHEeHTH B ()

V-w=0, (1)
02 .
Togea—;f =V (CPy+ (1= Q)P) + e, (2)
ow
Py = a,D(z, 5) -l (3)
B
P=xD(z, %) + (1= x)aDla,w) —pl (4

(B cMbIC/IE TEOpUM pACIpEeIennii), JOIMOJIHEHHON C/1epyonmmu

KPAeBBIMH W HAYAJILHBIMU YCJIOBUSIMU:
Pi(x,t) - n=—p°(z,t)n, € S;=5"'NQ CQ, (5
P(x,t)-n=—p°x,t)n, xSl =5'NQcoQ, (6)
w(x,t) =0, z € S?=5\51, (7)

w(x,0) = —(x,0) =0, z € Q. (8)
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Baeck 0° = (C+ (1 —O)x%)or + (1 — O — x%)os, ¢ = ((x) -
xapakTepuctraeckas dynxmug obmacta 0, x°(x) = x(z /) - xa-
pakTepucriieckas (pyHKIMs NOPOBOro npocrpancrsa (17, x(y) -
1-meprogmueckas byHKIHA, ONPEIEITIONAA CTPYKTYPY HOPOBOTO

IPOCTPAHCTBA.

Teopema. ITycmo py = lima,(e), p1 = lima,/e?, Ay =
e—0 e—0
= hH(l) a(e) u evnoanenv npednosoocenus: po = 0, 0 < pp < 00,
E—
70 > 0, Ay = 00. To2da das scaroeo € > 0 u npouseosvHo2o npo-
mearcymxa epemeny [0, T] cywecmeyem eduncmeentoe 06obuen-
noe pewenue w®, p° zadawu (1) — (8), a npedeavhue Gynryuu
w = limw®, v=0w/ot, p= lin(l]p‘E YIOBAEMBOPAIN HAYAALHO-
E—>

e—0
Kxpaesoti 3adaye

0
To@f£+Vp:Qfev Voo =0, €,
V-0 =0, zeQ,

t
o) :/ B (ry;t — 1) - (= V) (2,7) + ope)dr, € Q,
0

lim p(f)(:c,t) = lim p(x,t), € SY,
z— x e s z— x e S0
xeQ x € Qo
lim oY (x,t) n(’) = lim  w(zx,t) -n(x’), x € S,
z— e s z— x e S0
x eQ x € Qo

pla,t) =p°(t), = € Sg; pV (@) = p°(1), x € 5,
v (x,t) n(x) =0, z e 52
’U(:L‘,O) = 07 S QD:

20e n(x) — eexmop nopmasu x epanuye S° (uau S?) 6 moue

x eS8 (uwu S?), BU)(rp:t) — cummempuunas mampuya.

Pab6ora Beimosinena npu gpunaHCOBOH momnepxkke rpanta PHO
(mpoexT Ne 14-17-00556).
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T'PVIIIIBI BA3OBBIX ABTOMOP®M3MOB
KAPTAHOBBIX CJIOEHU,
MOJIEJINPYEMBIX HA HES®®PEKTUBHBIX
KAPTAHOBBIX TEOMETPUSX

Uccmeayrorcss KapTaHOBBI CJIOEHWSI, TO €CTh CJIOEHWS, JIOIYC-
KaIoIie TPAHCBEPCAJbHYI0 KapTaHOBY reomerpuio. KapraHoBbl
CJIOEHMSI BKJIIOYAIOT B cebst mmapabomdeckre, pUMaHOBBI, TICEBIIO-
PUMaHOBBI, KOH(MOPMHBIE, TPOEKTUBHBIE CJOCHWS W CJIOCHUSA C
TpaHCBePCAJILHON IPOEKTUPYEMON CBAZHOCTBIO.

Msbr wucciaegyem OOIIyI0 CHTYaIuio, KOTJA TPAHCBEPCATIhb-
Hasg KapTaHOBAa TreoMeTpHus MOXKeT ObITh Hed(MdEKTUBHOI’.
HesddexkruBrbie kKapTaHOBBI r€OMETPUN UMEIOT HETPUBHUAIHHYIO
PYHIy KaJuOPOBOYHBIX IMpeoOpa30BaHUil, WTPAIOIIYI0 BaYKHYIO
POJib B QPUBHIECKUAX TEOPUSIX.

PaccmarpuBaercs areropusi CF  KapTAHOBBIX CJIOGHUMN, B
KOTOPO# #n30MOP(MU3MBI COXPAHSAIOT HE TOJIBKO CJIOCHUE, HO u
TpaHCBepCAIbHYIO KapTanoBy reomerpuio. Yepes Agp(M, F')¢ obo-
3HAYAETCsT (PAKTOP-TPYIINA TPYIIBI BCEX aBTOMOPQU3MOB CJI0€-
aust (M, F) ¢ TpaHCBepcanbHOW KapTaHOBOil reomerpumeii ¢ 1o
HOPMAJILHON MOJATPYIIIe aBTOMOP(MU3MOB, OCTABJIAIONIEN KaXKIbIi

coit maBapuanTHbiM. Hamu nokazana

Teopema 1. ITycmv (M, F) — xapmanoso caoerue ¢ mpanc-
sepcanvroti  Kapmanosot eeomempuett £ muna (G,H). To-
2da (M, F) donyckaem maxoice accoyuuposannyto sddexmuenyro

mpanceepcarvhylo Kapmanosy eeomempuro & muna (G, H), 2de
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G = é/K, H = fI/K u K — adpo napw (CNJ,ET), mo ecmo
MaKcuMaavhaa nopmaavrad nodepynna G, codepocawanca ¢ H.

IIpu smom, epynnwv 6azoevix asmomoppusmos 6 kamezopuu CF
AB(M,F)g u Ap(M, F)¢ usomopghrov.

Haiinerno mocraTodnoe ycoBue JiJist TOTO, ITOOBI TOJTHASA TPYTI-
ma 0a30BBIX aBTOMODPMU3MOB KAPTAHOBA CJIOCHUS CO CBAZHOCTHIO
DpecMana JOMyCKaaa eIUHCTBEHHYIO0 CTPYKTYPY KOHETHOMEPHO
rpynnbt JIu B kareropun CF . Tlosiy4eHbl HEKOTOPBIE TOYHBIE OLEH-
KW PA3MEPHOCTH 3TOi TPYIIHI, 3aBUCAIINE OT TPAHCBEPCATBHOMN
KAPTAHOBON TEOMETPUU W OT TOIMOJOTHU CJOEB STOTO CJIOCHUS.
Haitnensr Takzke [T0CTATOYHOBIE YCJIOBUS [ TOTO, ITOOBI TPYTI-
na Ap(M, F)g ObLIa JUCKPETHOI.

Mb1 nokasbiBaeM, 9T0 pOCTKOBas rpytna rojounomun (L) Jtio-
boro ciog L kapraHoBa C/IOEHUS C TPAHCBEPCAJIBHHON KapTaHOBOI
reomerpueii tunia (G, H) nzomopdua HEKOTOPOI HOArpyIIe rpym-
uel Jlu H. Mbl roBopuM, uTo cjioit L umeeT JUCKPETHYIO TPYIIILY
TOJIOHOMWM, €CJIN 3Ta, TTOArPYINa JucKperna B H .

Hanomunwm, uro cmoit L cnoenns (M, F) wmaswiBaercss cob-
CTBEHHBIM, €C/IH OH SIBJISIETCS BJIOXKEHHBIM IOMHOT000pa3nem
muOTO0Opaszust M. CioeHnne Ha3bIBaeTCs COOCTBEHHBIM, €CJIN BCE

ero cjoum — cobcTBeHHbIE. B yacTHOCTH, J0KA3aHA

Teopema 2. Ecau xapmanoso caoernue (M, F), paccmampu-
6aeMoe ¢ ACCOUUUPOBAHHOU IPPermusHot MPaHcEePCaAbHOT Kap-
maneoti zeomempueti &, umeem cobcmseennvili caoti ¢ duckpem-
noti 2pynnoti zoasonomuu, mo 2pynna Ag(M, F)g donycraem edun-
cmeernyto cmpykmypy epynnov Jlu.

[ToguepkueM, 9TO yCIOBUE TEOPEMBI 2 3aBEIOMO BBITTOJTHIETCS
Jijist COOCTBEHHBIX KAPTAHOBBIX CJIOCHUIA.

UccnenoBanue BeimosiHeHo B pamkax IIporpammbr dyHgaMen-

rasibHblx uccaegosannit HUIY BIID (npoexr Ne 138) B 2015 rogy.
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INPEJIEJIBHO MOHOTOHHA4YA CBOAVMOCTDb
HA MHO>XKECTBAX U ITAPAX MHO2KECTB

Jamuas paboTa mOCBIEHA U3YIE€HUIO CBOWCTB TPEIEIHHO MO-
HOTOHHBIX MHOXKECTB W Map MHOMKECTB, a TaK¥Ke HUCCJIETOBAHUIIO
npesieIbHO MOHOTOHHO!N cBOaMMOCTH (1151 KparkocTu Oymem 000-
3HAYATh TaKyKe depe3 [m-CBOJUMOCTB) MEXKIy MHOKECTBAMU,
MeXK/ly napaMu MHOXKecTB. Kpome Toro, paccmaTpuBaercsi B3auMo-
CBsI3b TOHATHUH [M-CBOIUMOCTH HA MHOYKECTBAX U 2 -CBOIUMOCTH
JIIST CEeMEFCTB CTeInaaIbHOrO BU/IA.

B pa6ore [1] BBogmTCsI TIOHSITHE Y -CBOANMOCTH Ha ceMeiicTBax
MOIMHOYKECTB HATYPATBLHBIX YHCET, TIO3BOJISIONIEEe PACCMATPUBATD
cemMeliicTBO camo 1o cebe, He PUKCUPYs TPU ITOM €ro MPeICTaBIIe-
HUE C TTOMOINBIO HATYPATbHBIX UnCes. B CBA3W ¢ M3ydeHUneM TIpe-
JIeJIbHO MOHOTOHHOI'O MHOKECTBA U I1aPbl MHOYKECTB [2|, BOBHUKJIO
MOHSITHE M -CBOJUMOCTH HA MHOYKECTBAX U [M-CBOIUMOCTH MeXK-
Jly mapamMu MHOXKecTB. B jaHHOI pabore [m-CBOAMMOCTH HA MHO-
JKeCTBaxX OyZeT pacCMOTPEHA TOCPEICTBOM X -OTPEIeTUMOCTH CIIe-
IMUAJTBHBIX CEMEHCTB HAYAJIbHBIX CEIMEHTOB JIS 9TUX MHOXKECTB.

Omnpejesiernsi pejie/IbHO MOHOTOHHON (DYHKIMH, TIPEIeTbHO
MOHOTOHHOTO OTIEpaTOpa U (M -CBOJMMOCTH HA MHOYKECTBaX, KO-
TOpbIe MbI Oy/IeM HCII0JIb30BaTh, MOKHO HaiiTu B pabore [3].

[Tycts manbr 1Ba mpon3BONBHBIX MHOKecTBAa A n B. Bozbmem
B KadecTBe cemeiicr jyisi MHOXKectB A u B coorercrByonime
cemeiicTBa HAYAIbHBIX cerMeHTOB, a umenHo, S(A) ={N [a:a €
€ A} u S(B) ={N | b:b e B}.Cuenyiomas reopeMa yCTaHaBII-

Ba€T B3aUMOCBA3b ME2KAY IMOHATHUAMUA lm—CBO,ZI;I/IMOCTI/I ABYX MHO-
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JKECTB M 2 -CBOAWMOCTH CEMeHCTB CIernaabHOTO BUIA ST 9TUX

MHOZKECTB.
Teopema 1. A <, B <= S(A) Cx S(B).

Cremytommas TeopeMa TOBOPUT O TOM, UTO OIpejeeHue [m-
CBOJIMMOCTH MHOYKECTBA K I1ape€ MHOXKECTB 9KBUBAJIEHTHO OIPE/ie-
JIGHWIO X -CBOJMMOCTHU MEXKTy CeMeiCTBaMM HAYaIbHBIX CEIMEHTOB

JUIST TAHHOTO MHOYKECTBA U TIAPBI MHOYKECTB.
Teopema 2. A <, (B,C) < S(A) Cx §(B,C).

Hasee onpeeum IpeieibHo MOHOTOHHYIO CBOJMMOCTD MEK Ty
ABYMH ITapaM¥u MHOZKECTB 1€pe3 E—OHpe,ZLeJII/IMOCTb 3alaHHbIX JIJIA
HUX CEMENCTB CIennaabHOro Buma. llycTh JaHbl aBE TTPOU3BOJIB-
uble mapsl Muoxkects (A, B) u (C, D). BagamuM st 3TUX IBYX
map MHOXKECTB CJIEIyIOIINe CeMeHCTBAa HAYaJbHBIX CEIMEHTOB, a
nvenno: S(A,B) ={{0}®N|a:ac A} {{1}®&N[b:be B}
uS(C,D)={{0}®&N[c:ce C}ta{{l}®N [d:dec D} coorser-
creenno. IIpu sTom HeTpyaHO 3ameTuth, uro S(A, B) Cy S(C, D)
< S(A) Ly S(C,D) u S(B) Ty S(C, D). Torga no Teopeme 2
nmeeM: S(A) Exy S(C,D) u S(B) Exy S(C, D) <— A <y (C, D)
u B <, (C,D) <= (A,B) <im (C,D). Orciona Heme jieHHO
caenyer, uro (A, B) <, (C,D)<= S(A,B)LCx S(C, D).

B pabote [3] 6bLIO0 yCTAHOBIEHO CYNIECTBOBAHUE TAKON MAPBI
muOKecTB (A, B), uro juisi jtoboro mMHoxkecrBa C BBIIIOJIHEHO
nepaBencTBo (A, B) &y, C. Ucnonb3ys 9TOT pe3ysbrat, MOXKeM
3aKJIIOYUTh, 9TO KJIACC PACCMATPUBAEMbIX CEMEHCTB sSBIsteTcs o0~

CcTBEHHBIM. TakuM 0O6pa30M, UMeeM CJIeIYIONuil Pe3yIbTaT.

Teopema 3. Cywecmesytom maxas napa muodcecms (A, B),

ymo dasa Aw0bozo mmooicecmea C - evinosneno HepPaseHCcmeo

S(A,B) # x8(C).
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IFrOJIOMOP®HBIE TEOMETPUYECKHWNE OB bEKTHI
HA TPAHCBEPCAJIbBHOM PACCJIOEHNN

Tpancsepcanabuoe paccioerune 1y M cioenoro MmuOTO0Opa3ms
(M, F) [1] mecer ua cebe cTPyKTYypy TIAIKOTO MHOTOOOpA3US HAT
asre6poit ayasnbubix gucea D [2]. Ecim kapra h n3 armiaca cioe-
ung na M orHOCHT Touke x € M Koopmumathl {2’ = h'(z),y* =
= h%(x)}, rme 2%, i = 1,...,m, — TpaHCBepPCAIbHbIE KOOPIMHATHI,
ay*, a=1,...,n, — ClI0eBbIe, TO HHAYIMPOBAHHBIE KOOPIMHATHI
ua Ty M wmeror uy {2ty 2}, rae @ — koopauHATHI TPAHCBED-
CaJIbHOTO BEKTOpa — d1eMenTa (pakropupocrpanctsa 1T, M /V T, M

KacaTepHOro npocrpancrsa Ty M no nopnpocrpancrsy VIpM |
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00pa30BaHHOMY KaCATEJIHLHBIMU BEKTOPAMU K CJI0I0 Ly, TPOXOIsi-
memy uepe3 Touky x € M. Ctpykrypa D-raamgkoro muOTOOOpA-
3usi, momenupyemoro D-momynem D™ & R™ | ma T3,-M 3amaercsa
koopmaatamu {X¢ =z’ + it € D, y* € R}.

[Iycrs P}olM — [VIABHOE PACCJIOEHUWE CJIOEHBIX 7T-PEIEpPOB HA
M (r-cTpyit B HyJe pocTKOB n30Mopdu3MoB mpocrpancTea R™T"
¢ KQHOHWYECKUM CJIOEHUEM KOPAa3MEPHOCTH 1M Ha MHOTrooOpasue
M ). Ilosne cioemoro reomerpmdaeckoro obbekra na M 3amaercs
9KBUBAPUAHTHBIM OTOOPAYKEHUEM A : P}"OIM — F', rme F — pac-
CJIOEHHOE MHOT000pa3une, Ha, KOTOPOM 3aaHO0 IeiiCTBUe CTPYKTYP-
HOM Tpynmel G paccaoeHust P}OZM .

Cnoenne F mugynupyer ciaoenue JFj,. Ha PACCIOCHWUH PJCOIM ,
U paccjioeHmne TtrPJ’j M mpesncrasiiger coboii TIaBHOE MOIPACCIIO-
enue paccioenus D-riajgkux r-pernepos Ha Ty M .
M — F
LpUBOAUT K 0TOOparkeHuto TiA : TtTP]’ZOlM — Ty F', onpemestsiio-

[Ipumenenne dpyakTopa Ty K OTOOPAXKEHUIO A : P}"ol
memy 1nose rosomopduoro (D-rrajgkoro) obbekTa HA PACCTIOEHUN
Ty M — nudt nona A Ha paccaoenne Ty M .

Bynem mazweiBaTh gBa romoMopdHBIX Mot oObekTa Thma, A
T }"OIM — T F 3KBUBAJEHTHBIMHU, €CAM OJHO M3 HUX MOXKHO
nepesectu B npyroe D-riaakum guddeomopduzmom O : Ty M —
— Ty, M Ham TOXIECTBEHHBIM OTODpakKeHmeMm MHOroobpasmsa M

Ha cebd.

Teopema. Tosomopproe noae obsexma A : TtrP}"olM — T F
na paccaoenuu Ty M sxeusasenmmuo augdmy Ty @ Ty, ]ColM —
— Ty F nexomopozo noas obsexma A : P}"OlM — F moeda u
moavko moada, kozda ozparuvenue omobpasicenus N ha J’}OIM
umeem 6ud

A|Pry M =TyAou',
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ede u” — aupm HexKomopoz2o MparceepcarvHo2o noas u : M —

— Ty M ma paccaoenue P}OZM.

JUTEPATVYPA
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// Lobachevskii J. Math. — 1999. — V. 5. — P. 29-55.

0. A. U30cumoBa
HHT'Y um. Jlobauescrozo,

1zosimova93Q@Qyandex.ru

OBPATHAZ{ 3ATAYA Ob NCTOYHUKE
JJid IUHENHOTIO JU®PEPEHIINAJIBHOTO
YPABHEHUIZ C ITIOCTOAHHBIMUA
KOSOPNITNEHTAMMN

B kusaccuueckoit pabore [1] uccienyercs obparnast 3aja4da 06
HCTOYHUKe I ypasHenus llyaccoma m, B 9aCTHOCTH, IOJTy9€HDI
HeoOXOMMbIe M JOCTATOYHBIE YCJIOBUSI, KOTOPBIM JIOJIZKHA Y10
BJIETBODSITH JIOKQJIM30BAHHASI B IIPOCTPAHCTBE (DYHKIIUS MCTOUTHV-
KOB, IIOPOZK/TAIONIAs JIOKATM30BAHHOE B IPOCTPAHCTBE pernrenue. B
JabHEHIeM ObLIN MOy 9€Hbl PA3ITUIHbIE 000DIIEHUST PE3YIbTaATOB
sroii paborsr ([2], [3]).

B nmacrosmem coobiiennn paccMaTpuBaeTCd ypaBHEHUE

P)u(z) = f(x), (1)

rae P(0) — npousBosbhas quneitnas mnddepennuanpaas onepa-

Mg B 9aCTHBIX IIPOU3BOJHBIX C ITOCTOAHHBIMM KOS(l)(bI/IHI/IeHTaMI/I.
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[Tpeanonaraerca, aro dynkmusa f € Lo(R™) nokanusosana B
HEKOTOPOIi OTKPBITON orpanndentoii obaactu ) C R™, TO ecThb
f(z) = 0 ma R™/S). PaccmarpuBaercst BOPOC 0 HEOOXOJANMBIX U
JIOCTATOYHBIX YCAOBUAX Ha (DYHKIMIO MCTOYHUKOB [ U3 yKa3aH-
HOTO KJIacca, npu KOTOPbIX ypashenue (1) mmeer xorst 6bI 07HO
0606mennoe pemenne u € Lo(R™), Takxke JoKanmu3oBanHoe B ),
To ectb u(z) =0 npu x € R"/Q. IIns obbiknosennoit quddepen-
nraabHON onepanuu P ¢ MOCTOAHHBIMA KO3 DUITHEeHTAMI aHAIO-
TMYHBI PE3yJLTAT YCTAHABINBAETCS KOHCTPYKTHBHO C ITOMOIIBIO

METOJa Bapualnun ITPOM3BOJIHBHBIX TTOCTOAHHBIX.

JUTEPATVYPA

1. HoBukoB1l. C. 06 eduncmeennocmu pewenus obpamnoti 3a-
dauu nomenyuaaa // Jokn. AH CCCP. —1938. - T. 18. — C. 165
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2. Bleistein N., Cohen J. K. Nonuniqueness in the inverse source
problem in acoustics and electromagnetics // J. of Math. — Ph. —
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9. H. KapabamieBa
Kasancxuti 2ocydapcmeenmvii
APTUMERKMYPHO-CMPOUMEAbHUT YHUSEPCUME,

enkarabasheva@bk.ru

NCCJIEJOBAHUE O/ITHOJIMCTHOCTU
OTOBPAYKEHUNN HA IIOJINTOHAJIbHBIE
OBJIACTU CO CHETHBIM MHO2XKECTBOM
BEPIIINH

Bagaua cocrour B mocrpoenun dyuknuu z((), KoTOpas ma-
BaJia, Ob1 KOH(MOPMHOE OTOOpaKeHnwe BepxHEH mosynaockoctu [
HA OHOCBI3HYIO TOJUTOHAIBHYIO obaacth D,. I'panurma mosu-
roHaJILHOHN obnactu L, = JD,— 3To ABe JioMaHble JUHNAN Li u
L? c obmeii Touxoit Ag(0,0). Oxna u3 ocobennocteit obnactn D,
cocrour B ToM, uTo Ll m L? cocraBiens! m3 6eCKOHEYHOTO HIC-
Jia TPSIMOJIMHEMHBIX 3BEHBEB. YTJIbI, KOTOPbIE 00OPa3yIOT IEPBBIE
3BeHbd JoMaHeIX Ll m L? ¢ BemecTBeHHO 0CHIO, H3BECTHEI, 060-
3HAUYUM X néﬂ' n 77(2)7'(', rae 0 < T]éﬂ' < 27, yroJsi mpu BEpPIIUHE
Ag pasen (ng —nd)m, tme 0 < m3m — nim < 7/2. Koopaumats
BepumH Ay, A_j HEU3BECTHBI, HO BHYTPEHHUE YIJIbl kT, kT
[pPHU 3TUX BEPINWHAX 33aHbl. OrpaHnvYennst HA BHYTPEHHWUE YTJIbI
caemyrommme: 0 < ap, <1, 1 <a_p <2, k=1,00.

Crpoum koudOpMHOE 0TOOpaykeHne Tak, 4robbl KOHTYpy Ll
COOTBETCTBOBAJIA JEHCTBUTENbHAS Tmoayoch & > 0, Touke Ay —
HavaJI0 KOOPAWHAT, KOHILY JUHUN L; — Touka ( = 400, KOHTYpPY
L? - neitctBurenpuag momyoch & < 0, Kommy guamn L2 — Touka
(= —0.

Ob6masg gopmyia KOHGPOPMHOTO 0TOOPAYKEHUS C ONUCAHHBIME
BbIIIC OI'PDAHUYCHUAMU 110JIyH€HA C UCHOJJIb30BaHUEM DEIICHUA O/1-

HOpOIHOI 3amadn ['uanpbepra ¢ pa3pblBHBIME KO03MUIMEHTaAMA 1
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JIBYCTOPOHHUM 3aBuxpenunem Ha Oeckoneunoctu suga O(In®|z|),
rie 0 < o < 1. Takoit MeTo/T moCTpoeHust KOH(POPMHOTO 0TOOPa-
>kerus npezgcrasien B pabore P. B. Caaumora u I1. JI. [TTabanusa
[1], [2]. mu 6BLIa paccMOTpeHa 3aada MOCTPOEHHUS O0TODpaZKe-
HUS [OJIYIJIOCKOCTH HA MHOTOYIOJIbHUK ¢ OECKOHEYHBIM YHCIOM

BEPIINH B ciydae, Korja k1T + k7 < 3 1 cxXoaarcs psipl

oo

inj =k, Zn_j =r.(1)
j=1 g=1

Nccnenosanue 3a1aum mpu pacxogaumoctu psia (1) mposeeno
B pabore [3], 11 mocTpoennst KOHGOPMHOTO 0TOOPAYKEHHST ABTOPBI
NPUMEHSIIA PeIieHne OHOPOAHON 3agatu ['uipbepra cO CIeTHBIM
MHOKECTBOM TOYEK paspbiBa KO3(hDMUINEHTOB KPAEBOIO YCJIOBUSI
1 JIBYCTOPOHHUM 3aBUXPEHMEM Ha OECKOHEYHOCTH CTEIIEHHOTO I10-
pska O(|z]?), 0 < a < 1.

Oryinane JaHHON PAbOTHL OT TPEJABYIINX B PACXOUMOCTH Psi-
noB (1), npuBogsmeit x “3aBuxpernio” KPaeBoro yCJIOBHS 33191
T'unsbepra Buma O(In® |z|), e 0 < a < 1. Iocrpoena dyHK-
s KOHMOPMHOTO OTOOPAXKEHWST W MPOBEIEHO WMCC/IEIOBAHNE OJI-

HOJILCTHOCTH OTO6pa)KeHI/Iﬁ OIINCaHHOI'O BHUJA.

JUTEPATVYPA
1. CasmmmoB P. B., IlabanuuIl.JI. Obpamnas 3adawa M.A.

Jlaspenmuvesa 06 06pasicenuly NOAYNAOCKOCY HA MHO20Y20AbHUK
6 caywae beckoneunozo wucaa sepwun // M3s. Capar. yu-ta. Hos.
cep. Cep. Maremaruka. Mexanuka. Uadopmaruka. — 2010. — T. 10.
— Bemn. 1. - C. 23-31.

2. Camamos P. B, lTaaxuu I1. JI. Omobpastcerue noayniocko-
CMU Ha MHO20Y2040HUEK ¢ DecKOHeuHbM wucaom eepwun |/ V3B.
By30B. Marem. — 2009. — Ne 10. — C. 76-80.
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3. Camumor P. B., MTabaauu I1. JI. Odno obobwerue dopmysv
Hlsapua-Kpucmodgipeas /) Cub. xypH. unaycrp. marem. — 2010. —
T. 13. - Ne 4. — C. 109--117.

4. Karabasheva E. N., Shabalin P. L. Univalence of mappings
from half-plane to a polygonal domains with infinite sets of vertices
// Lobachevskii J. of Math. — 2015. — V. 36. — Iss. 2. — P. 144-153.

O. M. Keuuna

Hosonsiccran 2ocydapemeennas
COYUANDHO-2YMAHUMAPHAA GKAOEMUS,

omka-83@mail.ru,

HEJIOKAJIBHAA 3AJJAYA C UTHTEI'PAJIbBHBIMMNA
YCJIOBUAMUN AJIAd JNOPPEPEHIINMAJIBHOI'O
YPABHEHUA TPETBEI'O ITIOPAJIKA

Paccmorpum B ipsvoyronbhoit obmactn Q2={(z,y): 0 <z < a,

0 < y < b} HeNOKANBHYIO 38124y I yPABHEHUsI
0 0
aaforﬂafy (tay+A(z, y)uz+B(z, y)uy +C(z, y)u) = f(z,y),

C yCJIOBUAMU

u(0,y) = pu(y), (2)

uy(0,) = v(y), 3)

/0 " (e, y)de = p(y).0 <y < b, (4)
b

/0 u(z, y)dy = o(z),0 < z < a, (5)
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Teopema. ITycmv A(x,y), B(x,y),C(z,y) € C1(Q),

Coy € C(Q),  f(z,y) € CHQ),

o(r) € C[0,a) N C%(0,a), ¥(y) € C[0,b]NC?(0,b),

Ay >0, B,>0, Cp>0, AB,—C*>0
a#0, B#0, puy)viy) €C?0,b].

Tozda  cywecmeyem  eduHcmMBEHHOE KAGCCUMECKOE — PEULEHUE

u(z,y) € CHQ)NC3(Q) sadawu (1) — (5).

JlokazaTebCTBO TEOPEMbI MPOBOIUTCS METOIOM ‘BCIIOMOTA-
rebubIX 331349 . [Ipu 9roM ncnosibzyercst ToT pakT, 9T0 pereHuem

BCIIOMOTAQTEJIbHON 3a/1a49M 11 YPABHEHUS

6w 57 f(xvy)7

rae
w(z,y) = Uzy + Az, y)us + Bz, y)uy + C(z,y)u,

¢ ycaosusivu (2) u (3) Gyzer dyHKImst

w(e,y) =y~ ) + A0,y - §m>u<y O
B0,y - Doy y-Luty-Co / f(€v)

Ocra/bHble paccy K IeHnst OCHOBAHBI Ha pedy/brarax u3 [2], [3].

JUTEPATYPA

1. @ununmos A. ©. Bsedenue 6 meoputo Juddeperyuanvroir
ypasuernut: Yueonur. — M.: KomKaura, 2007. — 240 c.
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3. Keauna O. M. HeaokaavHvie 3a0a4U € UHMEZPAALHBIMU
YCAOBUAMU 6 NPAMOY20AbHOT 00aacmax |/ ducc. ... kaug. dpus.-
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II. B. KoBTyHEHKO
Hosocubupcxuti zocydapcmeennniti yrusepcumen,
Hnemumym eudpodunamuru um. M. A. Jlaspenmuoesa,

pkovtunenko@gmail.com

MO/JIEJINPOBAHUE PACIIPOCTPAHEHU YA
BOJIHOBBIX BO3BMVYIIIEHU B TOHKOM CJIOE
BSIBKON YKMNJIKOCTHN

JIBu>KeHne TOHKOTO CJIOST BSI3KOM HEOTHOPOTHON >KUIKOCTH CO
cBOOOIHOM TpannIleil Ha HAKIOHHON TIJIOCKOCTH B TI0JI€ CUJIBI TSIyKe-
CTH B IPUOIMYKEHNN IOMPAHUIHOTO CJI0S OIUCHIBAETCS CIEIYIONIeH

cucTeMoil ypasHeHuil (B TepMuUHAX 0€3Pa3MEepPHBIX BEJINYNH):
Ut + Uy + VUy + bhy :a—l—K(nuy) . M+ ung +ony =0,
y

Y h

fu——/uwdy, ht—l—(/udy) =0, u‘ =0, wuy =0.
T y=0 y=h

0 0
31ech x,y,t — 1eKapTOBLI KOOPAUHATE U Bpems; u(t, z,y), v(t, x,y)
— TOPU30HTaJIbHad W BePTUKaAJIbHAad KOMIIOHEHTHI BEKTOPa CKOPO-
crm; h(t,z) — ynkmmsa, 3amaomas GopMy CBOOOIHON MOBEPX-
nocrm; 1)(t,x,y) — dyHkms, xapakrepusyomas CrparuduKaImio
KHJKOCTHU 0 BA3KOCTH; b, a, K — Ge3pasMepHbIe TIOCTOSHHBIE.

Jlist uccieoBanus  JJAHHONM CUCTEeMbl MCIIOJIb3YeTCs Teopust

0606ménnoit rTunepbosmanocTu, passuras B. M. TemykobiMm.
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ITpengmoxena cucrema auddepeHIHAIBHBIX OATAHCOBBIX COOTHO-
[IEHUH, ANTMPOKCUMUPYIOIIAs UCXOIHYI0 nHTerpoaud depennaib-
HYI0O MOe/b. B 9acTHOM ciydae OTCYyTCTBHS CTpaTuduUKaIiuu
(n(t,z,y) = const) B pamkax Teopun 0000IIEHHON rUIEPGOTUY-
HOCTH TIPOBOJIUTCS WCCJIeI0BaHME CAA0bIX PA3PLIBOB PEIIeHU U
MTOKA3bIBAETCs, YTO PA3PHIBBI TPOU3BOIHBIX PEIIeHNs COCPETOTOTe-
HBI Ha 0000IIEHHBIX XapaKkTeprucTukax. [Ipm aToM, B TIporecce 3B0-
JIFOTIUY TE€YEHUsI aMILIUTYAa C1aboro pa3pbiBa MOXKET 0OpaIiaThCs
B OECKOHEYHOCTH, ITO COOTBETCTBYET HEJUHEHHOMY OMPOKUIHIBA-
HUIO BOJIH U O0DPA30BAHUIO CHJIBHBIX Pa3pbiBoB. st mposemenust
YUCJIEHHOTO MOJIETMPOBAHNS PACTIPOCTPAHEHNS HEJWHENHBIX BO3-
MYIIEHUH UCIOIb3YeTCS MHOTOCIOWHAS AMMTPOKCUMAINs CUCTEMBI
6a/IaHCOBBIX COOTHOIIEHU, KOTOpAasi IMO3BOJIAET PACCMATPUBATH
HCXOJHYIO MOJIe/Ib B BHUJE€ KOHEUYHOMEPHOI cucrembl guddepen-
IUaJbHBIX 3aKOHOB coxpaHeHHd. lIpoBoamTCs cpaBHEHWE YHC/IeH-
HbIX PACYETOB, 1IOJYYE€HHbIX 1IPU IIOMOIIM JAHHON MHOI'OC/IONHOM
Mojiesin u 1o MojudunupoBannoii Mmonenu lllkaosa.

B cayuae, momyckaroriem cTpaTudUKAIUIO, BBITOJIHIETCS aHa-
JIOTUYHOE MOJIeIMPOBaHme. B paMKax MHOTOCJIOIHOW ammpOKCH-
MaIuu UCXOHOM mHTerpoandGepeHIna bHOl MO TPOBOST-
Csl YUCJIEHHBIE PACUYETHI, TEIbI0 KOTOPBIX ABJISIETCS WCCJIEIOBAHUE
BJINAHUA CTpATU(UKAINN HA pa3BUTHe Tedenusd. B paMkax maHHo-
IO TO/IX0/1a MCCJIEyeTCs BOJIIONMS KOJIOHHBI 00Jiee BABKOM YKuJI-

KOCTH B ME€Hee BSI3KOM IIpH IPOXOKAECHUN BOJTHOBBIX BOBMymeHHﬁ.

PaGora BbIIOHEeHA TIpH TOIepkKe MuUHHCTEpCTBa 00pa30Ba-
aust 1 Haykn P® (2012-1.5-8503), Nurerparuonnoro nmpoekra CO
PAH Ne30 u ITporpamwmer [Ipesummyma PAH Ne 4.8, TIporpammer
NO/JIEPKKY Beaynux Hayunbix mkoa PO (HIT1-2133.2014.1)
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Kasanckuti nayuonasvonvl uccaedosamesbekuti merHuseckud
yhusepcumem um. A.H. Tynosesa,

ngoza@yandex.ru

BUOYPKAIINN B IMHAMUKE OTOBPAXKEHNI
C ITIAPAMETPOM

JnckperHble IMHAMAIECKNE CHCTEMBI, 33 TAHHBIE HETTPEPHIBHBI-
My QYHKIUAME OJHON IIEPEMEHHOMN, & TaKKe KYCOTHO-TIJIQIKIMU
0TOOPaAXKEHUSIMU C OJTHUM WJIM HECKOJBKAMU TapaMeTpaMu, IHupOo-
KO HCIOJB3YIOTCA B KaUeCTBE MAaTeMAaTUIECKUX MOJe/ell 3JIeKTPH-
YeCKHX CeTeil, CHCTeM Iepemadn CUTHAJIOB, OMOJOTMIECKUX IIOILY-
JIATUHI, IPYTUX CUCTEM U IIPOIECCOB B YKOHOMUKE, (DUBUKE, TEXHU-
YEeCKUX U COIMUAJbHBIX HAYKaX.

[Ipu w3ydenwn nuHAMUKN TakKuxX OTOOpaKEHUi C rmapamerpa-
MH, UX HEIOJABUXKHBIX TOUEK, IMEPUOINIECKNX OPOUT WM HX THUIIOB
9acTO BCTpEeYaloTCs budypranuu, Koria Ipyu n3MEHEHUU [TapaMeT-

pa MeHsieTcsd U 1oBejienne orobpaxkenus. Haunbosiee TunnyHbIMU B
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cemelicTBax (PyHKIWI OTHON TTEPEMEHHON SIBIASIOTCS OudypKamumn
THUTIA «CEJJI0-Y3€I», «BUIKA», «CMEHA yCTOWUMBOCTU», OUdypKa-
mun Xonda (poXKIeHns MUK/Ia) U yIBOCHUS EPUOJIA.

Jlns mpocThIX OTOOpaKeHwil C ONMHUM TapaMeTpOM 3HAUYEHUS
napaMmeTrpa, pu KOTOPBIX MPOUCXOAIT OudypKaIm, MOXKHO OIIpe-
JIeJINTh AHAJTUTUIECKUMU METO/aMU, HO B OOJIBIITUHCTBE CJIyJaeB
9TO ABJIIETCH BEChbMa CJIOKHOM 3azadeii. [loMmoub B pemenun 1o
pobJiIeMbl MOXKET IIOCTpOeHne O6udypPKAIMOHHBIX JUArpaMM, KO-
TOpBIE OTPAXKAIOT TPUTITHBAIONINE HEMOIBUKHBIE TOUKU, TEPUO-
ITYIecKue OPOUTHI U XA0TUIECKNE ATTPAKTOPHBI, COOTBETCTBYIOIIIHE
OTIpeIe/IEHHBIM WHTEPBAJIAM 3HAUEHUN TapaMeTpa.

B pesynbrare wuccienoBanus TOBEIEHUsT ACHMMETPUYIECKOTO

TEeHTOOOPA3HOr0 0TOOPAKEHIS

l4+ax, <0
f(z) =
1—bzx, 220

IJI0CKOCTH napamerpos (a,b) pasbusaercs na 11 obaacreii ¢ onpe-
nenénnoit aunamukoit f(x), koropast mamm onucana. ccnenosa-
HUE TUHAMUKU 3TOTO OTOOPasKeHUs B JTAHHBIX 00JIACTIX MTPOBOJIN-
JIOCh PA3JMYHBIMU METOJaMU U B paboTax JAPyrux aBTOPOB (CM.,
Hamp., [1, 2|), onHako JUHAMHUKA Ha TpAHUIAX 00JIACTEl MCCIe0-
BaHA HE MMOJHOCTHIO.

[Ipu npoBeeHNy UCCIEN0BARNS OB IeHNs 0TOOpaxkenus f(x)
Ha I'DAHUIEAX HAllIeHHBIX 00J/1acTell 0Ka3a/I0Ch, 9TO YaCTh IPAHUILL
OTHOCUTCS K OJTHON M3 MOTPAHUYHBIX 00j1acTeil, a Jijid JApyroi da-
CTU TPAHWI JUHAMHUKA, SIBJISIETCS HOJIee CIOYKHOMN, W I €€ Onnca-
HUsT QHAJIUTHIECKUX MeTOJ0B HemocTarouHo. C moMotpio 6udyp-
KAI[MOHHBIX JUATPAMM MBI U3y4Iuan guHaMuky f(z) Ha rpanumax
Mex Iy obactavu: 1) Ha 9acTu runepboJIbl, OMUCHIBAEMOH YCI0BH-
avu b=1/a, 0 < a <1, 2) Ha npaMmoauHelHbIX yaacTkax b =1,

a< -1, -1 <a<1wua>1. Bubypkamuonabie guarpamMmbi,
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KOTOPBIe MOKA3BIBAIOT 3aBUCAMOCTH ATTPAKTOPa (DYHKINN OT 3HA-
YeHuii 0JHOTO TTapaMeTpa (B JTAHHOM CJIydae, Tpu (DUKCHPOBAHHOM
JIPYroM, Jn00 BBIPAYKAIOMIEMCS I€pe3 TEPBBIi mapaMeTp), mo3Bo-
JITIOT HaM COCTaBUTH 0oJiee MOJTHOE MpEeJCTaBICHNE O JUHAMUKE
orobpaxkenus: f(z) Ha rpanunax srux obsacreii.

Paccvmorpum, manpumep, nosenenne dbyaknun f(r) Ha BeTBH
runepbosibt b = 1/a npu 0 < a < 1. Bamerum, uro B obaacru
[0 OJIHY CTOPOHY 3TOil runepbosibl CyNIeCTBYeT IIOOAIbHBIH JIBY-
MEPUOIUIECKUI ATTPAKTOP, & O JAPYTYI0 CTOPOHY TPAHUII JUHA-
MWKa 0TOOpaKeH!sT HOCUT XaoThdeckuit xapakrep. IlocTpoentbre
O6udypKaIMOHHBIE JUATPAMMBI C HAYAJIBHBIMUA TOYKAMU T) = —D,
xg = —0.2, xg = 0.3 m rg = 7 TOKA3BIBAIOT, 9TO Ha THUepboIe —
rpaHuiie 3TuX 00/1acTell CYyNeCTBYIOT IBYX- U YeThIPEXITEPUOIATIe-

CKHE aTTPAKTOPBI, 4aCTO CMEHHIOIIMe APYyT Apyra.

JUTEPATYPA
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A.B. Kynermmos
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KAHOHUYECKUE JINHENHBIE CBSI3HOCTHI
HA HEKOTOPBIX CEMEMCTBAX
T'UITEPIIJIOCKUX 2JIEMEHTOB IITIPOEKTUBHOI'O

ITPOCTPAHCTBA
IIycte P, — mOpOeKTHBHOE NPOCTPAHCTBO Pa3MEPHOCTH 7N,
GP(n) — rpynma IpoeKTHBHBIX NPeOOpa30BaHUil MPOCTPAHCTBA

P, (n>4).

Omnpepenenne 1. [unepniockum amemenmom npocmpancmed
P, nasweaemca napa x = (Lp_1, A), obpazosannas 2unepnioc-
Kocmw10 Lp_1 (Ha3vieaemoti 2unepniockocmuvio ssemenma x) u

moukol A € Ly_1 (nasweaemotl yenmpom 0anmnozo sremenma).

[Mycre G* — MHOXKECTBO BCEX THIEPILIOCKUX 3JIEMEHTOB PO-
crpancrBa P, . Ha sToM MHOXKeCTBe OIpeie/ieHbl 1Ba 0TOOparKe-
aus: £ B — PY u n: B — P, aeiicrByroniue ciaegayommm obpa-
som: &: (Lp—1, A)— Lyp—1, n: (Lp—1, A) — A.

VrBepxkaenue 1. 1) G* C P, x P} — zaadkoe noommo-
20obpasue pasmepnocmu 2n — 1; 2) G* — odnopodnoe GP(n)-
npocmpancmeo; 3) G* nadeseno cmpyxmypamu A0KaAABHO MPU-

BUANDHIT pacmoemm C KAHOHUYECKUMU NPOEKUUAMU f un.

Onpenenenne 2. Cemeticmeom B nasosem (n — 2)-meproe
nodmmozoobpasue npocmparcmea G*, maxoe wmo: 1) n(B) —
2na0KaA P-MepHaa noseprrocmv S, (p < n —2); 2) npoekyua
n:B — S, asasemca paccaoenuem nad Sy ¢ (n—p—2) -mepromu

cnoamu; 3) Ta(S,) C &(z) Yz e n~1(A).
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[Tycts F(x) — xapakrtepuctuka cemeiicrsa B, cooTBeTcTBYyI0-

mast 371eMenTy ¢ € B.

Onpegnenenne 3. Cemeticmeo B nasvisaemces pezyiaprvim,
ecau Yo € B: F(z) N4 (Sp) = n(z).

Ecmm cemeiictso B perynsapno, uro dim F(z) = 1, nosepx-
HOCTH Sp $BJISIETCS TAHIEHIMAJBHO HEBBIPOXKJEHHO, a BO BTO-

poit puddeperiuaibHO OKpecTHOCTH cemeiicrsa B uHBapuaHTHO

onpesiesniena 1m10cKoctb Kpi1(x) D Ty )5y . Paccmorpum

A= U F@), 8= {J Kl

zen—1(A) zen~—1(A)

Onpenenienne 4. Peeyaspnoe cemeticmso B wnasweaemcesn
mpu-pezyaaproim, ecau YA € S, 1 F(A) u K(A) — noseprho-
cmu panea n—p—2 6 cmoicae [1].

Teopema 1. K mpu-peeyaapromy cemeticmsy B snympennum
06pa3oM NPUCOCOUHACTNCA OCHAULELHUE, CONOCTNAGAAIOULEE KANCAO-
my ezo anemenmy = nabop (Np—_i(x), Np—p—3(x), No(x), Co(z))

maxuxr nﬂoc%ocmeﬁ, q4mo
[Np_l(l'), A] = TA(Sp)a [Au NO(:U)] = F(I‘),

[Nn*p*3(x)7 N0($)v TA(SP)] = Lp—1, [Lnfla Co(l‘)] = Py,

ede A=n(x), Ln-1 =&(x), T =Ta(Sp), [...] — npoexmusnas

0boA0UKG.

Teopema 2. Ha mpu-peeysaprom cemeticmee B onpedesernt

dee kanonuueckue aunelinve ceasnocmu 'y u I'y.

JUTEPATVYPA

1. Akusuc M. A. Qoxaavuvie 06pasve noseprHocmu pamaa T
// N3B. By30B. Marem. — 1957. — Ne 1. — C. 9--19.
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2. Kynemos A.B. O suympennem ochauenus, 00noz2o cemeti-
cmea 2unepnaockux asemenmos |/ dud. reom. MHOr006p. du-
ryp. Boim. 45. — Kaguauarpang: Uza-so BOY nv. U.Kanra, 2014. -
C. 65 - 72.

JI. P. Kytnycosa, JI. 1. Hypkaesa, E. P. CagbikoBa

Kasancxut (ITpusoasicerui) edeparvroiii yrusepcumem

“ITIPUSHAKUN PABEHCTBA TPEYI'OJIBHUKOB”
B rEOMETPUN H. 1. IOBAYEBCKOTI'O
n EBKJINJIA

B coBpemenHBIX HIKOJIBHBIX y4eOHUMKAX reomerpun 7-9 Kjac-
COB B KQUeCTBE OCHOBHOI'O pabodvero ammapara UCI0/Ib3YI0TCs PHU-
3HAKW PABEHCTBA TPEYTrOJILHUKOB. BJjiarojapsi MIpUMEHEHUIO pH-
3HAKOB PABEHCTBA TPEYTOJIbHUKOB JIEde YCBAMBAIOTCH OCHOBHDIE
TEOpeMbl IJIaHUMeTpuu. Bce Npu3Haku PABEHCTBA TPEYrOJibHU-
KOB, UMEIOIIe MECTO B reoMeTpuu EBKIWIa, TakKe BEpHBI W B
reoMerpun JlobaueBckoro. BoaMoxKHO Jin, 9TO TPU3HAK PABEHCTBA
TPEYTOJIBHUKOB TI0 TPEM CTOPOHAM, CYIIECTBYIONINI TOJBKO B €O~
Merpun JlobadgeBckoro, BepeH B reomerpun EBkimmga?

Paccmorpum stor mpusnak B abcostoruoit reomerpun. Ilycts
B Tpeyrosbuukax ABC u A1B1Cy, /A= /A, /B =/B,/C =
= /(. JlokaxkeM, 9TO JIaHHBIE TPEYIOJIbHUKU PABHBI.

JlokazaTeabCTBO.

Tak xkak LA = ZA;, To BepmmHa A COBIAIET ¢ BepuInHoOi Aq
npu 3rom coBmectares ayan AC ¢ A1Cy m AB m A1 By. Ho rax
KaK MBI He 3HaeM, paBHbI Jin oTpe3kn AB u AjBj, Helb3s yTBep-
JKJaTh, 9TO BepiinHa B coBnaaér ¢ BepmumHoit Bi, ciemoBaresib-
HO, B JTAHHOM CJIy4dae HEBO3MOYXKHO YTBEPKIATh, YTO TPEYTOJbHUKHI

paBHBI. 3HAYUT, TEOPEMaA HEBEPHA.
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[Touemy ke B reomerpun JIobadaeBCKOr0 STOT TPU3HAK yIAETCsT
nokazarh! PaccMoTpuM OCHOBHBIE TOJIOXKEHUSI, O/1arogaps KOTO-
PbBIM yIaJIOCh AOKa3aTh UCTUHHOCTH JAHHOI'O MPpU3HAKA.

lNunepbomaeckas: reomerpust JIobaueBCKOT0 MOCTPOEHA, HA aK-
cruome, ﬂBHHIOIILeﬁCﬂ OTPpHUIlaHVEM aKCHOMBI ITapPaJlJIeJIbHBIX IIPA-
MBIX B €BKJIMJIOBOiI reomerpuu. B 310it akcrmome roBOpuTCcs 0 TOM,
4TO 4Yepe3 TOUKY, He JIeXKallyI0 Ha JIaHHOU LNPAMOM, IIPOXOAUT HE
MeHee JIBYX MpAMbBIX, He IepeceKalonux Januyo. 3 31oro Bbi-
TEeKaeT DA 3aMedaTeJbHBIX TeopeM. HekoTopblie n3 HUX CBSI3aHBI
c moHdTHEeM edeKTa TPeyroJbHuKa. B eBKINI0BOI TeoMerpuu
nedekT JI060T0 TPEyTroJbHUKA paBeH HYJi0, B reomerpun Jloba-
9eBCKOT0 JiehekT JIF000r0 TpeyroJbHIKa, — TMOJIOKUTETHHOE IUCIIO.
Bnaromapst 3ToMy, MOXKHO JI0Ka3aTh TEOPEMBI, KOTOPbIE UCIOJIB3Y-
JOTCsl B JIOKQ3aTE/IbCTBE MPU3HAKA, PABEHCTBA TPEYTOJIBHUKOB I10
Tpém yryiam. Takum o6pa3oM, IpU3HAK PABEHCTBA TPEYTOJBHUKOB
1o Tpém yryiam B reomerpun JlobadueBCckoro Bo3moKen OJiaroaps
aKCUOMe O MAapaJslIebHbIX, OTInYHOM oT V mnoctynara EBkiuia.

C moMoIIbi0 MPU3HAKA PABEHCTBA TPEYTOJIBHUKOB 10 TPEM yT-
JlaM MOXKHO PeIiaTh pPasHOoOOpas3Hble 3aa9u, a TaKyKe J0Ka3aTh
eI1é HeKOTOPbIE IPU3HAKY PABEHCTBA TPEYTOJBHUKOB B T€OMETPUHU
JlobaueBckoro.

[IpuBemem moKa3aTETHCTBO OHOTO U3 TAKUX IMPU3IHAKOB.

Banayga. Tokazars, uro rpeyronsuuku ABC n A1 B1C1 pasubl,
ecin LB = ZBl,ZBAM = éBlAlMl,ZCMA = ZClMlAl riae
AM u A1My  memmanbl Tpeyronbaukos ABC u A1B1Ch.
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Puc.1

JlokazaTeabCTBO.

Tak xax /CMA = /C1M1A1 TO CMEXHBIE C HUMU YTJIBI
paBubl: /BMA = /ByMiA;. Tpeyronpuuku ABM u A1 B M
paBubl 10 TpéM yraam, nosromy AB=A1B;, BM = BiM;.
W3 Broporo pasenctsa cienyer, uro BC = BjCy. Takmm
obpazom, ANABC = AA;B1C] 1o nepsomy npusHaky PaBeHCTBa
rpeyronsankos: BA = B1A1, BC = B1C1, /B = /By . Teopema
JTOKa3aHa.

Taknm obpazom, MCIOIB30BAHNE MPU3HAKOB PaBEHCTBA Tpe-

YTOJBHUKOB Ja€T BO3MOXKHOCTB PEIIaTh 0oJiee TPy IHbIE 33 a4u.

JUTEPATVYPA

1. Aranacan JI. C. T'eomempus Jlobauescrozo. — M.: IIpocserie-
uane, 2002.
2. Ioropenios A. B. T'eomempus: Yueb. das 7-9 wa. obweobpa-

3o06am. yupeoscdenuti. — M.: [Ipocserenne, 2002.
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A.B.Jlanun, A. /1. PomaneHko

Kasancxut (ITpusoasiceruti) gedeparvnodi yrusepcumenmn,

avlapine @mail.Tu, romart92Q@masl.ru

INPUMEHEHWE UTEPAIITMOHHOI'O METOJA
C YEBHIIMTEBCKNMMUN ITAPAMETPAMMU
K PEIIIEHUIO ITAPABOJINYECKOM 3AIAYN
OIITUMAJIBHOTO VYIIPABJIEHN A

PaccmarpuBaercs 3ajada cocroguus B muaubape Qr = ) X
x (0,77, 2 C R™ ¢ rpanuneit ¥ = 0Q x (0,77:

0
%_Ay:f_FUBQT)
y=0mHa X, (1)

y=youput =0, x € Q.
Baa/ M MHOKeCTBa OrpaHuYeHuil Ha (DYHKIHIO YIPaBICHUS
Usa = {u € La(Qr) : |u| < up n.Bc. B Qr} n dbyHkumio cocrostuus

Yoa = {y € L2(QT) D Ymin S Y S Ymax T.BC. B QT}7 a TaK¥Ke
bYHKITMOHAT 111

1
J(y,u)zQ/(y—zd)2 da:dt—i—g/qua:dt, a> 0.

Qr Qr
Jlemma. 3adaua onmumansvrozo ynpasserus
m}}n J(y,u), K ={(y,u) € Yoqg X Ugq : swvinoaneno (1)}

umeem eduncmeennoe pewenue npu ycaosuu K # &.

[TocTpoum cerouHyto ammporcuMaluio 3aga4n (1) Ha cerke ¢
IIOCTOAHHBIM IITarOM hl‘ II0 r n Ha.60pOM IePEMEHHBIX ITaroB II0
BpeMmenu {7T1,72,..., TN, }. [Ipu mpousBOIbLHOM BBIGOpE STUX IIATOB

BOBHUKAET HEYCTOWYIMBOCTH MTEPAIMOHHOTO Tporecca. B cBsa3u ¢
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9TUM, TPUMEHAJIOCH UX YIIOPAAOYINBAHNE TTO ME€TO/y, OCHOBAHHOMY
Ha MHOrOUIeHaX Uebbiesa, 61aromaps 9eMy yIaeTcs IpeIoTBpa-
TUTH 00JIBIIIOE HAKOILJIEHUE TIOTPEITHOCTEI].

O6osuaunm wepe3 || - ||z u (-,-) COOTBETCTBEHHO €BKJIHIOBY
wopmy B RN* u cxansiproe npoussegenne B RVeXNe

B uTore momyunM CIeRYIONIYIO CETOUHYIO 33Ty

Nt Nt
1 Q
(g 1 T 21 (2
Ljﬂ}riu{ (y,u) 2k2:17-k||y zdllz + QkEZITkHuHx} (2)

Oyuknnga Jlarpanka IpuMeT BUL

£y, 3) = 3 (M (y—20), (y=2)+ 5 (M, )+, Ly—u—1) (3)

¢ GyiouHo-uaronasbHoit Marpuueii M = diag{m E,...,7n,E} u
Marpuieit L — mMaTpureit oneparopa 9% A B Q.

st orbickanus permennst (2) ucnosib3yem npeaodyCa0BeHHbI

WTEPAITMOHHBINT MeTO YI3aBHhI:
o MyFtt = Mzy— LTAF,

o Muktl =)k,

)\k—i—l . )\k

° LMflLT LykJrl o ukJrl _ f

p

Teopema. Memod Yd3zaev: cxodumca npu s10061% HAYAAOHBLT
npubnuorcenuar A0 u 0 < p < p1, 2de p1 me 3asucum om napa-

MEMPOEG CEMEKU.

Pa6ora Beimoaena npu dunancosoii nogaepxke PODU (npo-
ext Ne 13-01-00368).

JUTEPATVYPA

1. Mapuyk ['. Memodv: sviuucaumenvroti mamemamuri., — M.:
Hayka, 1977. — 456 c.
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alexandra.malyugina@qgmail.com

IIPEIIATCTBUE K ITPOJOJI2KEHWIO
TPAHCBEPCAJIBHOM CBA3HOCTU
HA MHOT'OOBPA3UM HAJ AJITEBPOI
JAYAJIbHBIX YUCEJI 10 T'OJIOMOP®HON

IIycts ME’ — JIAJIKOE MHOr0OOpasue HaJj aaredpoil ITyabHbBIX
qucesn D (ID-rnaakoe muoroobpasme) u PP (MY GP) — D-rnaakoe
IJIaBHOE PACC/IOEHWe HaJ M}?. Bynem npemnosiarars, 9o ciioit
G! xamommueckoro cioemms Ha cTpyKTypHOi# rpymme GP coor-
BercTByIommit uneany I anreopsr D, mpoxoadiuii depes eauHuIry
DPYTIIIBI, SIBJISIETCS 3aMKHYTHIM TTOJMHOTO00pasueM, u myctb G =
_ (D I
=G"/G,.

Ha mmuoroo6pasnn PP BOZHHKAIOT KOMILIEKCHI
7. QNS pD r+1,5p pD
d:Q;7"P” —Q P

TeH30pHuaIbHbIX JAuddepennnaabubix (POPM CO 3HAYEHUIMU B aJl-
re6pe JIr g”, ¢ HOMOIIBI0 KOTOPBIX MOYKHO MOCTPOUTH TPEIIsIT-
cTBUE I CyIecTBoBaHus [D-TyIaKkoil CBA3HOCTH B PACCIOCHUU
PP (xmacc Ateu a(PP), cu. [1], rae paccmorpen ciywdait paccio-
enns D-1uHERHBIX penepos).

Besast D-rmagkas cesasaocts B PP onpesensier mpoekTupye-
MYIO CBA3HOCTb B TPAHCBEPCAJIbHOM (HO OTHOIIEHUIO K KaHOHHUYe-
ckomy ciaoenmio na MP) paccioennu Py, (MY, G), accomuupopan-
HoMm ¢ pacciaoennem PP (acconuuposannyio cBsizuocTs). OHAKO
Ha/mane Hekoropoit D-mraakoit cesznoct B PP emme He rapanTi-
pyert cymecrsoBanus ID-riaxoii ceszoct 8 PP, accommmposan-

HO¥i C MPOM3BOJILHOI TPOEKTHPyeMoii cBs3roCThI0 B Py (MP | G).
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NwmeeT MecTo TOUHAS TTOCIEIOBATEIHHOCTE aaredp JIn
j P
0-Ig° 5 g® B g—o,

KOTOpasg MHAYIUPYET TOYHYIO IIOCJIeJO0BATEJIbHOCTH KOMILJIEKCOB
TEeH30pHUAJIbHBIX (DOPM HA PACCIOCHUU PP o snauennsivu B aj-

rebpax Jlu

1,0, pD . Dy ¢ r1;,0, pD Dy P. A7,1;0/ pD
1 COOTBETCTBYIOIIYIO JJIMHHYIO TOYHYIO IIOCJI€I0BATEIbHOCTE B KO-
TOMOJIOTUAX

« 770,1:0 de 141,10 v 771,10 «
-5 H d (PDag) — Had (Pm)ngD) e Had (PDaQD) 2y

a

IIycre 'y, — HEKOTOpaAs CBA3HOCTH B TPAHCBEPCATHLHOM PACCIOe-
Huu. Vcnonb3ys pa3bueHne euHUIbI, 0 ITOM CBAZHOCTU MOXKEM
nocrponts cszuocts I B PP ¢ D-jumneitnoit dbopmoii cBsizmo-
cru. Knace a(T') € Hic’ll;o(PD,]IgD), IOCTPOEHHBII 110 3TOH CBA3-
HOCTH, YBJIAETCA NPEuATCTBUEM /JIJid CYIIECTBOBAHUA D—FJ’I&,D;KOI‘/‘I
CBA3HOCTH, acconmupoBanuoit ¢ 'y, . [IpuBenenHas Boillle TOIHAA
[OCJIEIOBATEILHOCTD B KOTOMOJIOIMSIX TIO3BOJISET yKA3aTh HEKOTO-
pyio dopmy T € HS&I;O(PD,Q), C MIOMOIIBI0 KOTOPO# KJjace AThbu

cesznoct I mpejcrasasercs B caexyiomen suge: a(l) = d, (7).

JUTEPATYPA
1. Masitoruna A. A., lypeirusa B. B. Ilpenamcmeus ® cywe-

CMBOBAHUIO 20A0MOPPHBIL NUHETHDL CBAZHOCTIET MG MHO2000DA-
3uAx nad arzebpoti dyasvuvz wuces // C6. pabor Bropoit Mex-
nya. xkoud. “Arobu 2013. BriCOKOTPOU3B. BBIYUC/IEHUS — MATEM.

Mozesin u ajaroputmbr’. — Kanuuauurpasn, 2013. — C. 79-81.



H.B. MAPTEMbSHOBA 99

H. B. MaprembsaHOBaA
IHosonsiccran 2ocydapemsennas
COYUANDHO-2YMAHUNAPHAA GKAOEMUSA,

ninamartem@yandez.ru

O EAVUHCTBEHHOCTHU PEIIIEHUS OBPATHOM
3AJIAYN OJ1d YPABHEHU Y
JIABPEHTBHEBA-BUIIAI3E,

CBSI3AHHOMN C IIOMCKOM SJIEMEHTOB
IIPABOM YACTH

Paccmorpum ypaBHeH#e CMEaHHOTO SJLIUIITHKO-TUIIEPOOIMIECKOTO

TUIla C HEU3BECTHOI IpaBoil 4acCTbIO

fi@)gi(y), vy >0,

Fu = oot sign. y iy = F(,) = { fo(@)galy) v <0
2 2 ) )

B npsamoyroabHoit obnactn D = {(z,y)| 0 < x < I, —a <y < S},
rae «, — 3aJaHHble MOJOKATENbHbIE AeHCTBUTEIbHBIE TOCTOSH-
ueie, g1(y), g2(y) — 3amannube GyHKIun.

Ob6pamnas 3adaua. Hatimu 6 obaacmu D dynryuu u(z,y)

u fi(x), i =1,2, ydosaemeoparouue Ycao6usM:

ue CYD)NC*(D_UDy), fi(zx) € C(0,1) N L[0,1];  (2)

Lu=F(z,y),(z,y) € D_U Dy; (3)

u(0,y) = u(l,y) =0, —a <y < B; (4)

u(z, ) = (), u(z,—a) =) 0 <z <L (5)
uy(@, —a) = ¢1(z), uy(z, —a) =1(z) 0< 2z <, (6)

2de p(x), ¥(x), v1(x), ¥i(x) - 3adannwme docmamouro 2aadkue
dynwyuu, Dy = DN{y >0}, D_=DnN{y<0}.
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Teopema. Ecau cywecmseyem pewenue 3adawu (2) — (6), mo
0HO edUHCTMBERHO MOoAbKO Mmozda, kozda npu ecex k € N ewnon-

HEHDBL YCAOBUA

Aap(k) = =205 (—a) ch A8 + 2659 (—a) sh A8 — 290 (8) #0,

Pabora BeimosiHena npu hurancoBoii moepxke PO®U (mpo-
ext Ne 15-31-50018).

JUTEPATVYPA

1. Sabitov K. B., Martemyanova N. V. Nonlocal boundary value
problem for the third order equation of mized type // Contemp.
Analysis and App. Math. — 2015. — V. 3. — No 2. — C. 153-169.

C. P. Mupownosa, JI. /1. Iloroguna
Kasanckuti nayuonasvhoil uccaecdosamenvberul
meznuveckul ynusepcumem um. A.H. Tynoaesa (KAH),

srmironova@yandex.Tu

OTOBPAKEHUE EJVMNHUYHOI'O KPYTA
HA KPUBOJIMHEMHBIN MHOT'OYTI'OJIbHUK
CIHEIVAJIBHOI'O BUJIA

[Mycrs uncna «, S € R. Oanocsasuaga obmacrs B koHedHOI
mwockoctu W HasbiBaeTcs 06/1aCThIO, YAOBIETBOPAIONIEN YCIOBUIO
(o, B)*, ecom:

1) 0e B,

2) 0B = U}_,l, 1. e. rpanuna obiactu B cocToHT U3 KO-
HEYHOTO YHCJIA, YT KPUBBIX [, KarKjasi U3 KOTOPBIX MPU BBIOOpE
peryJIsipHoOil BeTB: mpeobpasopanus & = Wt mepexomut B ayry

OKPY?KHOCTHU WK PaAuaIbHbIN Jiyd ¢ BepmuHoi B Touke 0,
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3) mobast BepmmHa A, KPUBOJUHENHOTO N-yroabHUKa B sB-
JISIETCST IOCTUKUMON TPAHUIHON TOUKOM obactu B (ecau B HEKO-
TOpOit TouKe mTockoctn W pacmosaraercss HECKOJIBKO YTIOBBIX
TOYEK, TO CTOJIBKO Ke OY/IeT U BEpINnH).

Tosopsit, uro dynkuusa f(z) nogumnsierca ycaosuio |a, [5]*,
ecmu f(z) yZOBIETBOPSET CJIEAYIOIIUM YCTOBUSIM:

1) f(z) — perynsapuas dynkuus B equanaaoM Kpyre D u ojiHO-
JiucTHO oTobpaxkaer D Ha objacts B, yIOB/IETBOPSIOIILYIO YCJI0-
Bmo (o, 3)*,

2) £(0) = 0.

O6o3HaunM Uepe3 Ty, BeIMUYNHY BHYTPEHHErO yrjia 00acTh
B npn Beprimue Ay . Eciu sepmmna Ay 1eskut B 6ECKOHETHO yza-
JIEHHOII TOYKe, TO yroji MpH 3TOil BepimHe Gepercs paBHBIM (CO
3HAKOM MUHYC) yILy, 0Opa30BaHHOMY I€PECEUEHUEM JIydeil, saBisi-
IOIUXCd 00pa3aMu B IJIOCKOCTUA & COOTBETCTBYIOIIMX KPUBBIX i,

lk+1 (Ha MHOrOsIMCTHO! 1I0CKOCTH &).

Teopema. Ecau gynxyus f(z) nodwunsemea ycaosuio [o, B]%

mo ona ydosaemeopaem o0b6viKHOGEHHOMY JupPepentuanbromy
YPABHEHUIO U
f'(z)

2
(f,2) = —%(a 1 +iB)(a—3+if) <f(z)> + P(2),

rjae

2de wepes {f,z} obosnauena npoussodnas Illseapya omobpasicerus
f (em., manp., [1]).
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BJINSIHUE IIPOJ0JIbHOM KOHBEKTUBHO
JNVICHEPCUU N HEOJJTHOPOTHOCTU YIIAKOBKU
I[P TUIINYHBIX PEXKMMAX
CBEPXKPUTUYECKON ®JIIONIHON
SKCTPAKIINN

Crepxkpurudeckas (QpJIIOUHAS SKCTPAKIUS — OJUH U3 TEXHO-
JIOr'MYECKUX METOJI0B U3BJICYECHUHA IEHHBIX IIPUPOJHBIX COeJUHe-
HUI W3 PaCTUTEILHOTO ChIPhs. lIpoIrecc 3aK/II09aeTCa B MPOKAY-
K€ CBEPXKPUTUYECKOI'O PACTBOPUTEJIA UYepe3 almapar, ColaeprKa-
Ui 3ePHUCTBIN CJI0H, COCTABICHHBIN U3 IIOJIUAUCICPCHBIX YaCTUL]
M3MeJIBYCHHBIX PACTUTEJIbHBIX CeMdAH.

B pabore paccmarpuBaioTCd MACAUYIHBIE KYJIbTYPbBI, 9TO IIPHU
HaJIMYUU IPOAOJILHON AUCIEPCUU [O3BOJIAET OIPDAHUYUTLCA KBa-

SUCTAIIMOHAPHBIM KOHBEKTHUBHBIM HpI/I6.HI/I)KeHI/I€M TEYCHUA [1]

Oc d%c
92 5D@ = Q[X7f]-

3nech z — 6e3pazMepHasi KOOp/IUHATA, OTCAUThIBAEMAsT BJOJIb OCH
amnmapara, ¢ — KOHIEHTPaIus IeJI€BbIX BEIECTB B TTOPOBOM IIPO-
CTPAHCTBE 3ePHUCTOTO CJI0sA, 6 p — 6e3pa3MepHBIil KOMILIEKC, OTpe-
JENdIoNnil OTHOCUTEIbHOE BJIUSAHUE HA TEMITbI SKCTPAKIIUUA KOH-
BEKTUBHOT'O [IEPEHOCA 10 CPABHEHUIO C JUCIEPCUOHHBIM, a CBODOO/I-
HBIH 4JIeH ¢ B MPaBOil YaCTU YpaBHEHUS OMUCHIBAET UHTEHCUBHOCTD
MaCCOOTIa9u U3 YACTHUIL CJIOS U 3ABUCUT OT BBIOOPA COOTBETCTBY-
IoIIeil MUKPOCKOIMYECKOH MOJIe I MacCoIllepeHoca BHYTPHU WHU-
BUIyaJIbHOM YACTHUIIBI, & TAKYKE OT CI0CODa YITAaKOBKU X ITOJIUINC-
mepcHbIX gacTuil B anmapar ( f — GyHKIus IIOTHOCTH 06'bEMHOTO

pacrpe/ie/ieHnst YacTuIL).
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B mpencrasienmoit pabore Ha OCHOBE M3BECTHBIX KOPPETIsi-
it [2, 3| misa koadbdurmenTa aucnepcun omnpeTeseHbl XapakTep-
Hble 3HAQYEHUs] 6e3pa3MEepPHOr0 KOMILIEKCA 0p I[PU TUIIMYHBLIX Pe-
JKIMAX SKCIUIYATAIINHA YCTAHOBKY, B NPUOJINIKEHAN MOJEIH CyZKa-
foerocst siapa [1] uccaemyercs sinsinue criocoba yrrakoBKM 4acTuly
B amIapar Ha JUHAMHUKY BBLIXOJA M3 ANIAPATA MEJIEBBIX COEIIHe-
uuit [4]. Yuciaenuble pacuersl 10Ka3aiu, 9T0 B PaCCMaTPUBAEMOM
IHama3oHe CKOpocTeil (pmabTparyuy rIaBHBIM (PaKTOPOM, OIpEe-
JISIOIMYAM KHHETHKY SKCTPAKIINU HA MAaKPOYPOBHE, ABJILETCS KOH-
BEKTUBHBIII MaCCOIEPEHOC B MOpaxX 3epHUCTOro cjod. IIpu srom
B CIydae IIOJUAMCIEPCHOTO 3€PHUCTOrO CJIOS CIIOCO0 YIIAKOBKH X

YaCTHIL B alnapaT OKa3blBAeTCsl HECYIeCTBeHHbIM [4].

Pab6ora Brimosinena npu puHAHCOBOM O/ AepKKe Poccuiickoro
Qonna Pyupamenranbubix Mccnemosanuit u Pecrybiuku Tarap-

ctaH, rpadT N 15-41-02542 p _moBOKBE _ a.
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OKCIITEPUMEHTAJIBHBIE NCCJIE/IOBAHUNA
AMHAMMYECKUX JE®OPMAIINMOHHBIX
CBOIICTB ITAKETOB IIJIETEHEIX CETOK

Metoauku ucnbiTaHuit U o6pas3nbl. [lakeTsr u3 meras-
JINYECKUX ILJIETEHBIX CETOK $BJISIOTCH MEPCIEKTUBHBIM JeMIIu-
PYIOIIUM 3JIEMEHTOM C TOYKU 3PEHUS 3aIMUThl KOHCTPYKUHNA OT
yJIapHBIX U B3PBIBHBIX Bo3jeficTBuii. [lo cBoeMy KOHCTPYKTUBHOMY
CTPOEHUIO TIAKETHI CETOK MPEJCTABISIOT CO0O0Ii 3/IEMEHT, UMEIOIITH i
pazanaHbie nedopMaIMOHHBIE CBOCTRA B HATTPABIEHUSIX HOPMAJIN
K CJIOSIM U B HAIIPABJIEHUSIX HUTEH. DKCIIEPUMEHTAIbHBIE UCCIE0-
BaHUS JUHAMUYECKUX CBONCTB MPOBOJUJIUCH B CUCTEME PA3PE3HO-
ro crepxus [onkuncona [1|. McnpiTeiBanmcs 06pasipl cocTosIITE
u3 10 u 20 cnoes. g ucnbiranusi COOPKU B yCJAOBUSX yIaPHOTO
pacTsKeHus UCIO0JIB30BaJjICa aHajior cxembl Hukosaca, npencras-
Jstroneit n3 cebst mopndukanuio merosa Kosbsckoro [1]. Cxema sxe-
nepuMenTa mokasana xa puc. 1. Orpakasich or cBOOOIHOTO TOp-
112 CTEepXKHS 1, UMIYIbC MEHSIET 3HAK W MPEBPAIIAETCS B UMITYIHC
paCTsKeHUsI, KOTOPBIH JIBUYKETCST B CTOPOHY 00pasiia U HarpyKaet
ero. Perucrpanusg gedopmanun B TEH30JaTINKAX 2 MTO3BOJISET 110
dopmyIam, ONUCaHHBIM BBIIIE, PACCIUTATEL AedopMarinio obpas3ia
U CUJy, KOTOpas JeiicTBOBaJia Ha OOpa3el] B MpOIecCe HarpyKe-
Husi. Vcriosib30BaHHAs B 9KCIIEPUMEHTAX YCTAHOBKA COCTOSLIA U3

JIIOPAJIEBBIX MEPHBIX CTepKHell auaMerpoM 30 MM.
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Vi
=
Puc. 1

PeByJ'IbTaTbI AVNHaAMNY1€CKNX ucnbiTanuii Ha cxkarue. Cko-

pocTh JedopMannn U3MEHSIIACHh B TIpegeaax
V = 1500 — 3500 ¢ 1.

Harpy:xenne mpoBoIMIOCh CTATBHBIM yaapHUKOM inHOl 300 MM.

Haganbaas cKOpOCTb yAapHUKA JJid KayKJIOTO WCHbITaHuSA (PUK-
cupoBaJjack. /ledpopmupoBanre 06pa3iia mpoxoauao B HECKOJBKO
[UKJIOB, CBS3aHHBIX C PACIPOCTPAHEHUEM BOJIH CXKATUS W PACTH-
JKeHusl B crepxkHsix. Ha puc. 2 cjieBa mokaszaHbl JuarpaMMbl Jie-
dopMuUpOBaHUSsT, BKIOYAIOIINE YIACTKIH AaKTHBHOTO HATPYYKEHUS U
pasrpy3ku. ledopMupoBanme HOCUT sIpKO BhIPAYKEHHbBIN HEJIMHEH-
HBIN XapakTep. Pa3rpy3ku 01M3KM K IPIMbIM JTHHUIM. Pa3rpy3oq-

HBIII MOJIYJIb JIJ18 IPOBEJEHHBIX UCHBITAHUN
19%10° < E, < 26 % 10° M Pa.

Kpussie nedopvupoBanus cjiabo 3aBUCAT OT KOJUIECTBA CJIOEB.
HOJ’IyLIeHHbIe ANHAMUYIECKNEe KPUBbIC B CDaBHEHUN CO CTATUYIECCKU-
MU UCIBITAHUSIMI |2| pacrmo/iararorcs 3HaIUTe/IbHO BBIIIE, T. €. Ha-
6JTI0/TaeTCsT BBICOKAS 3ABUCUMOCTH OT CKOPOCTH JiepOpMaIun.
Pe3ynaprarbl AMHAMUYECKUX WCIBITAHUN MpeaBapu-
TeJIbHO 00>KaThix 00pa31i0B Ha pactskenue. Ha puc. 2 cupa-
Ba IMMOKa3aHbI YCPEAHEHHBIE 110 HECKOJIBKUM OIIbITaM JUalrPpaMMBbl Ha
paCTsKEHUE IPU PA3IUIHBIX HAPSIXKEHU X TPEIBAPUTETHHOTO 00-

xarusi. Kpusbie nmeror obozuadenus 1 — 4 npu COOTBETCTBYIOMINX
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obkarmax = 37.5, 100, 150, 200 MIla. Baussane mpemsapuTe/ih-
HOTO 00XKaThs HE3HAUYNTEILHO, IUHAMUYECKHE KPHUBBLIE JIEXKAT B
WHTEpBaJie C yueToM paszbpoca skcrepumenTa. [Ipu craTuaeckom

pacTsizKeHnu |2| BiuMsiHUE MpeIBAPUTETHLHOTO 00KaTHs Hojtee 3Ha-

YUTEJIbHO.

Hanprokeside, MMa
g e R
=BEEBEEZZ

: 0 o0 o,0a 0,06 nie 0,1 012 014
o 02 a4 o 0,5 1 I3

Puc. 2

Pa6ora Beinoaena npu dunancosoii nopaepxke PODU (npo-
extol Ne 13-08-00219a, 14-08-00197a). Beipazkaro 61arogapHoCThb

3a MOMOIIL B npopeennn skcrepumerTos Koucraarunosy A.FO.

JUTEPATVYPA
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OB OZTHOM MATPUYHOM AHAJIOTE MAJIOM
TEOPEMbBI ®EPMA

Bce xosbIia mpemoiaratoTcs acCONMMATHBHBIMU U C €UHUTIEH.
Kosb1o Ha3RIBAETCA HUAD-YUCTIDIM, ECJIN KAXKIBIH €10 3JIEMEHT sIB-
JISIETC CYMMOW HUJIBIIOTEHTHOTO 3JIEMEHTA U WIEMIIOTEHTa. DJie-
MEHT € u3 KOsbla R maszbiBaercs k-nomewmmbim, €Cau BBIOJI-
Heno pasencrso ef = e. B pabore [1| 6pu10 mOKa3aHO, UTO s
kaxkgoro n € N konbuo marpur, My, (F3) 9BISETCS HUIb-YUCTBIM.
Crenyromee yTBEpKIEHNE ABAACTCA 0000mEenneM 3Toro (hakTa Ha
CIydaii TPON3BOJBHOTO KOHEYHOTO TIOJIS.

Teopema. IIycmv q — cmenenv npocmozo wucaa u Fy — xo-
HeuHnoe noae u3 q aremenmos. Tozda 0as kaxHcAo20 HAMYDPAALHO-
20 MUCAG M 6CAKAA K6adpammas mampuua A pasmepa (n X n)
npedcmasuma 8 ude CYMMbL  -NOMEHMHOT MAMPUUDL U HUADTLO-
MEHMHOT MAMPULDL.

Caencrsue 1. Ilycmv R — wommymamusnoe xoavuo u I —
Makcumasvnodl udeas koavya R. Ecau | R/I |< 0o, mo umeem

MECMOo cpasrHeHUue

tr(AFY = (tr AT mod ).

Cunenytomiee yreep:kjieHue 06110 yecranosieno B. U. Apaosib-
oM B pabore [2].
Caencrsue 2. /[aa 6carotl yeaouuciennotl £6adpammot mam-

PUYDL UMEE MECTNO cpasHenue no modyato p : tr(AP) = (trA)P.
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JI. FO. Huzamuesa, M. A. lllypsbirnna
KHUTY-KAU

ITPOBJIEMBI ITPEITOZIABAHUNA MATEMATUKNU
CTYAEHTAM HEITPO®UNJIbBHBIX
CHEIUAJIBHOCTEN

[IpernoraBarme MaTeMaTHIECKUX JUCIUTIINH CTYAEHTAM HETTPO-
GUMBHBIX CHEMUAJTLHOCTEN HAMPABIEHO HA (QOPMHUPOBAHUE WX
OOIIEKyIBTYPHBIX W TPOMECCHOHATBHBIX KOMIIETEHITHH. Y POBEHb
[IO/ICOTOBJIEHHOCTH BBITYCKHUKA K TTPOMECCUOHAIBHOM JTesTeTbHO-
cru, 00yCJIOB/IEHHBIN TyIyOOKUMU (DYHIAMEHTAJIbHBIMU 3HAHUSIMU
u 1podeCcCUOHATBLHBIMU HABBIKAMU, OIPE/IEsdeT ero mpodeccuo-
HaJIbHYI0 KOMIIETEHTHOCTb, COCTABHOU YAaCTHIO KOTOPOU SBJISI€TCS
npodeccruonaibHas MaTeMaTu4deckKasd KOMIETeHTHOCTh. Obyuenue
MaTeMaTUKe CTY/IEHTOB HEMPOMUIbHBIX CIEeNUATbHOCTEH UCCTeTy-
eTCsl B PA3JINYIHBIX OTEIECTBEHHBIX U 3apybeKHbIX paboTax, B Ja-
CTU KOTOPBIX OIMUCHIBAIOTCS PAa3IUYHBbIE MOAXObI K (OPMUPOBA-
HIIO TTPOMECCHOHAIBHON MaTeMaTuvIecKoit kommnerenTHOCTH. HO B
bosbnHCTBE pabOT HEIOCTATOYHO OTPAXKAETCHd TO, UTO mpodec-
CHOHAJIbHAS MAaTEeMATUIECKas KOMIIETEHTHOCTb, KaK U mpodeccu-

OHaJIbHadA KOMIIETEHTHOCTL B IEJIOM, ABJJIACTCA XapaKTepI/ICTI/IKOﬁ
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KOHKPETHOro creruaiucta. 1loaromy ee dbopmupoBanue tpedyer
ydeTa WHAUBUAYAJTBHBIX OCOOEHHOCTEN OOyUueHWs, B YaCTHOCTH,
VHIWBUALYAIBHBIX PA3IAYUil TMPOTEKAHUS MO3HABATEILHBIX ITPO-
IIECCOB 00YYAIOIINXCS, BIAUSIIONINX HA YCBOEHUE MATEMATHIECKOTO
BHAHUSI.

[TonyuuBmmme B mocIeIHAE AeCATUIETAS IMITPOKOE PACIIPOCTPA-
HEHWE MYJIbTUMEIUINHBIE TEXHOJOIUN TO3BOJISIOT YIUTHIBATH WH-
JIUBUJyaIbHbIE OCOOEHHOCTH MPOTEKAHUS IT03HABATEIbHBIX IPO-
IIECCOB CTYIEHTOB B TIporiecce obyuenus maremaruke. Vcmnoap30Ba-
HUE MYJIBTUMEINNHBIX TEXHOJOTHUI TTPEIOCTABIISIET KAXKIOMY 00y-
qaroIeMycs Hanbojee ONTUMAJBHBIN JIJIg HEro Crocod BOCIpHUS-
THS U YCBOEHUS M3y9aeMOT0 MATEPHUAIA 38 CIET: CAMOCTOATE/THHO-
ro BeIOOpa 00yYaOMINMCS UHIUBUAYAJIHHON TPAEKTOPUU paboThI €
yIe0HBIM MATEPUAIOM; UCIIO/IB30BAHNS BCEX BUIOB IIPEICTABICHUS
nudOopMaIi, BO3/EHCTBYIONNX HA PAa3HbIE CEHCOPHbIE KAHAJIBI;
MHTEPAKTUBHOTO PEXKUMA, COJAEPIKAIIEr0 HE TOJBKO CTATUIECKYIO,
HO U JIMHAMUYECKYIO [IOCJIE/I0BATETbHOCTD P bsABICHUSA yIeOHO-
ro MaTepuasIa.

Ucnonp3oBanme My bTUMEIUHHBIX TEXHOJOTHN W y9IeT WHIU-
BUJIYAJIbHBIX 0COOEHHOCTE MPOTEeKAHUs TTO3HABATE/IHHBIX MTPOTIEC-
COB TIpu 00yYEeHWN MaTEMATUKE CIOCOOCTBYIOT MOBBIIIEHUIO YPOB-
Hs TPOQeCcCuOHATHFHO-OPUEHTUPOBAHHBIX MaTEMaTUYeCKUX 3Ha-
HU#l, ymMeHuil U HaBBIKOB; COBEPIIEHCTBOBAHUIO YMEHUI camope-
ryJIdaIun yaebHOM J1esiTeIbHOCTH, MOBBIIIIEHUI0 YPOBHS MOTUBAIUN
n3ydeHuss MaTeMaTUKu; POPMUPOBAHUIO TPOMECCUOHAIBHOM MaTe-
MaTHYIECKON KOMIETEHTHOCTH. IIpuMeHnenne TeXHOJIOTUil MyJIbTH-
Me/Iia C yYEeTOM WHIUBUIYAJbHBIX 0COOEHHOCTEN MPOTEKAHUST 0~
3HABATE/IHHBIX ITPOIIECCOB B IIPOIECCE 00y IeHM MATEMATUKE TIPEI-
ToJIaraeT CaeyIoIee:

- pa3pa60TKa n IpeacTaBJACHUE TEOPETUYICCKOTrO0 MaTepuaJjia 1
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MpoeCCOHATBHO-OPUEHTHPOBAHHBIX 33ad W 33JaHuil B Bapua-
THBHOI dopMe;

- CTPYKTYPHPOBaHHWE MaTepuaja C y4eTOM WHIWBUIYAJIbHBIX
0COOEHHOCTEl TT03HABATEILHBIX MIPOIIECCOB HA OCHOBE PE3Y/IbTATOB
JUArHOCTHUKH, IPEJyCMATPUBAIOIIECEe PA3IUYHBII NOPAJOK N3JI0XKe-
HUs ya9eDHOT0 Marepuaa Jjisd 00yJaroNuXcs U YIUTHIBAIOINIEE UH-
JIMBUJya/IbHBIE OCOOEHHOCTHU TO3HABATEIBHBIX MTPOIECCOB;

- TEXHUYECKOE OCHAIIEHUE JIEKITMOHHOW ayIUTOPUH MY/JIbTUME-
JUAHBIME CPEeJICTBAMHU Tepeadn nHMOPMAIIH;

- obecrevuenre 00yJAOMNXCA IJEKTPOHHBIMU HOCUTEIAMHI WH-
dopmariu, MO3BOJSIONMMI ONTHMU3UPOBATH TPOIECC 00yUeHuUsT
MaTEMATUKE.

BazkHBI TIOJITOTOBIEHHOCTh U KE€JIAHWE IPEeNoaBaTeseil yuu-
ThIBATHb MH/INBU/IyaJbHBIE IICUXOJIOTUYIECKUE OCO6eHHOCTI/I O6yt{aIO-
muxcs, (pOpMUpPOBAHUE UX TOTOBHOCTH K HCIIOJ/Ib30BAHUIO HOBEN-
IUX JIOCTUKEHU, HAYYHBIX Pa3pabOoTOK U MePegOBbIX TEXHOJIO-
ruit. MBI osaraem, 9T0 y9eT UHIUBUAIYATHHBIX OCOOEHHOCTEH mo-
3HABATE/HHBIX MPOIECCOB CTYAEHTOB — OJUH U3 BaXKHEUITNX KOM-
MOHEHTOB MATEMATHUYIECKON MOATOTOBKHU, 00ECIeINBAIONINI Pa3BU-
THe MpOodeCcCuOHATBHON KOMIIETeHTHOCTH, B 9aCTHOCTH, TTpodeccu-

OHAJIBHOM MaTeMaTU4eCKON KOMIETEeHTHOCTHU.
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BBIYMCJIEHUE MOVYJISI IBYCBA3HON
OBJIACTU, IPEJICTABJISIOIIYIO COBOI1
PA3HOCTD AIBYX FOMOTETUYHBIX
IPIMOYTOJLHUKOB

B mocsieinee Bpemst BO3pOC MHTEpEC K U3YYEHWIO KOH(POPM-
HBIX MOJIyJIell YeThIPEXCTPOHHUKOB U JIBYCBA3HBIX 00JacTell, orpa-
HUYEHHBIX Hojmronamu (cM., naunp., [1]). B [1], B wacraocru, no-
JiydeHa (popMyJsia Jiid BBIYUC/IEHUS MO/ JBYCBA3HON 0bJiacTu,
SIBJIATOIIENCS PA3HOCTHIO BYX TOMOTETHUYHBIX MPSIMOYTOJTBHUKOB.
B nannoit pabore ¢ UCHOIb30BaHNEM METOJOB U3 [2] MBI MosTyvaem
JIpYTo€e BBIPAXKEHUE It TOTO MOTYJIS.

[Tycrs ) — aBycesi3Hast 001aCThH, TPEACTABUMAs B BUJE PA3HO-
ern Q= ([~a, ] x [<B, B\ ([-a, a] x [~b, b)), e @ > a >0,
B >b >0, a/a = f/b. Ocu kooppunar gensar ) Ha UeTHIpe
YaCTH, KayK/1asg 13 KOTOPBIX COCTABJ/IEHA U3 TPEX PABHBIX OJMHAKO-
BBIX IPAMOYTOAbHUKOB. O603HaUNM depe3 ()] 4eThPeXCTOPOHHUK,
SBJIIOMANCA JacThio (), JieKareil B mepBoil 4eTBepTH, MpUIeM
«BEPTUKAJBHBIMIY CTOPOHAMU SIBJIAIOTCS YACTU TPAHUITBI, JI€IKa-
e Ha, 0CSIX KOOPAWHAT. B cmly mpWHINIIE CHMMETPUM MOIYIhb
) B yeTBIpe pa3a MEHBIIE BEJTUYNHBI, OOPATHON K 9KCTPEMATBLHOI
juinae L, cemelicTBA KPUBBIX, COEJIMHSIONINX <«BePTUKAJIbHBIEY
CTOPOHEI {21 .

s Beraucienns: Lo, orobpaszum KoHMOPMHO JiI000# u3 Tpex
[PSIMOYTOJIbHUKOB, €€ COCTAaBJIAIONINX, HA BEPXHIOK IIOJIYILJIOC-
kocTb. Ilo npuniuny cuMmmerpun 310 0TOOpaKEHUE IPOO/IKAET-

¢ 10 KOHGOPMHOTO 0ToOpazkeHus obyactu () Ha PEUMAHOBY IIO-
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BEPXHOCTb, I'PaHUNA KOTOPOH JIEXKUT HaJ AefCTBUTEIBHONU OCBIO.
CrenoBarebHO, OHA SIBJISIETCST TIOJIOBUHOM KOMTIAKTHON PUMAHO-
BOI TIOBEPXHOCTH POJIA HY/Ib, KOTOPasi YHUMOPMUBUPYETCS Palin-
onasbHOil dyukimeit. [locae ompenesnenns 3Toit GyHKIUA MBI MO-
)keM Hatitn Lq, , a caemoBarenpbHo, m Moayab (). Chopmymupyem
[IOJIYYEHHDBI HAMU Pe3yJIbTaT.

O6o3naunm uepes K (k) samunruaeckuii unrerpas nepBoro po-
nma. Ilycte

_ (1+k)?
YT

rje napaMerp k OIpeJeiseTcs U3 PaBeHCTBA

KFE) 2 Ao

K (k) a

Beenem BesimunHbI

1 1 2
P = 3 arccos\ﬁ, uy = =3\/vcosp, ug = —3/v cos (LP - ;) )

ug + 3 1
vy = (1—uy) -2, 825(7—\/72—4)-

Teopema. Modyav dsyceasnot obaacmu €2 pasen

_ 2K (s
Mg = (4Lq,)" Y, 20e Lq, = K(i/)), s =+/1-—s2.
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TEYEHUE YKNJIKOCTU MEXK/IY
MUN®PEPEHIINAJJILHO-BPAIIIAIOIITNMIUIC ST
HEKOHIIEHTPUYECKNMU COPEPMYECKUMMU
IIOBEPXHOCTSIMMU

BosnukHoBeHnEe MArHUTHOTO IOJId 3€MJIM CBA3BIBAIOT C KOH-
BEKIIMOHHBIMYU TOKAMW B YKUKOM si/IPe, KOTOPbIE HEBOBMOXKHBI 03
paauaabHOil cocrasistoniein ckopocru [1|. B mammoii pabore pe-
[IAeTCd 3aJa9a O NBUMKEHHH KUIKOCTH MEXKIy BPAIAIOIIIMICS
cepamvu, TpuUYeM MEHTP CUMMETPUH BHYTpPeHHEeH cdephbl CABUHYT
OTHOCHTEJILHO IIEHTPa BHEIIHeH Ha MaJioe PACCTOSHNE, MeIIeHHO
MEHAIOIEEeCs CO BpeMeHeM. PaccMarpmpaeMasl MOJENb OTBEYAeT
COBPEMEHHBIM IIPEJCTABJIEHUSIM O BHYTPEHHEM CTPOEHHH 3eMJIH.
B pabore [2] nokazano, 4T0 TBEpIOE SIPO MCIBITHIBAET CMeEIle-
HIe Ha paccTOgHmE 515 KM OTHOCUTETHHO T€OIEeHTPA BCIEICTBUE
MPUTS2KEHUsT HEOTHOPOSHOCTEH Ha T'paHulle saapo-manTus. [Ipes-
JIOXKEHHAsI MOJIEIb II03BOJISeT IOJYUNTh paJuajibHOe TedeHHe, C
Ha/IMYKeM KOTOPOTO CBSI3BIBAIOT CYIIECTBOBAHUE MATHUTHOILO IIO-
JISL.

PaccmarpuBaeTcss ABUKEHUE OJHOPOJTHON HECXKUMAEMOU BsI3-
KO »KMJIKOCTH, 3aITOIHAIONIEHl TPOCTPAHCTBO MEYK/Iy JBYMs Bpa-
MAIOMIMHUCT ChepUIeCKUME [TOBEPXHOCTIMHU. BHyTpenHss cdepa
paamyca 11 ¢ meaTpom B Touke ()] BPAIAETCs C MOCTOSHHON yT-
JIOBOiI CKOPOCTBIO w1 OTHOCHTEILHO ocu (O1z1 cucrembl O121y121,
a BHemHAs cdepa pajauyca ry ¢ nearpom B Touke (Jg — € mocro-

SAHHOI CKOPOCTBHIO Wwg OTHOCUTENHHO (D929 HEIOIBUXKHON CHCTEMBbI
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O2x2y2z2. Ocu Bpamenuss O1z; u Ozz9 yAaJI€HBI IPYT OT JIpyTa
Ha MaJjloe PaccTosHue Oy = 0z0 + 0p1€"H (840,01 < 1), Memen-
HO Mensiomeecs: co Bpemenem () < 1), a ocu O121 n O2x9 - Ha
magioe paccroguaue 0, (9, < 1) takum ob6pasom, uro mearp O1 B
cucreme Ogoy2z9 nmeer koopauaarsl O1(dy,0,6,) (puc. 1).

B npennonoxenun masmoctu yuciaa PeitHobaca

W1T%

2
wor
<1, 222 <1,
1% 1%

rae vV — KuHeMaTu4deCkKad BA3KOCTb 2KUJAKOCTHU, YypaBHEHUE HaBbe—
Crokca ynporaercst. HemmHeliHy 0 COCTAB/ISIONLY IO CUIIBI MHEPINY
| (7,v)0 |< 1 MoxkeM He NPUHUMATH B PACUET, CINTAS TEUCHHE

JIAMUHAPHBIM. ypaBHeHI/Ie JABUKECHUA KNJIKOCTHU UMEeeT BUJL:

v vp .
a— 7+VAU, (1)

L}

Puc. 1. Mozensb TedeHUs KUTKOCTH MEXKTY BPAIAFOTTAMUCS

cheprIecKnMN TTOBEPXHOCTSIMA.
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[Tpumenns k (1) onepanuio rot, MPUXOIUM K YPABHEHUIO:

0 rotv

% rot A 7. (2)

CKopocTh TeueHusl KUIKOCTH JIOJYKHA YIOBJIETBOPITH YPABHEHUTO

HEPa3PbIBHOCTU:

divd = 0. (3)

" yCJIOBUAM HNPUJIUITIAHWIA K OTPAHUYIUBAIONINM €€ ITOBEPXHOCTAM.

[Ipu pemennn 3amaun (2), (3) ¢ COOTBETCTBYIOIINMA IDAHUY-
HBIMU YCJIOBUSIMU UCIIOJIB3YETCs allliapar MapoBbiX BEKTOPOB [3].

[TosrydeHHOe pelieHre MOKA3BIBAET, YTO PACCMOTPEHHAs MO-
A€JIb JI0IIYCKaeT BO3MO2KHOCTDL DPa/JUaJIbHOI'O Te€YeHud B CiIydae
CMeITeHnsT BHYTPEHHEN OrpaHWYWBAIONIENl TTOBEPXHOCTH OTHOCH-
TeJILHO BHEIIHEl B HAIPABJIEHUU, MEPIEHINKYIIPHOM OCSIM Bpa-
IIEeHUsT TeJI.

Jlannas 3ajada perreHa B IpeIIoI0KeHnN JAMIHAPHOTO Tede-
nus xugkocru. Ouenka uucia Peitnosbca 110 cpegHeil BA3KocTu
JKUJIKOTO siJipa U yTJIOBO# CKOPOCTHU BpAIIEHUs] TBEPIOTO sijipa OT-
HOCUTEJIbHO MAHTUU XAPAKTEPUIYET DEXKUM JIBUKEHUA 2KUJTKOCTHU
KaK [IPOMEXKYTOUHBII MeXKy JaMUHAPHBIM U TypOyJeHTHBIM |[4].
TeM He MeHee, 3TO HE MCKJIIOYAET BO3MOKHOCTH OOHAPYIKEHHBIX

0CODEHHOCTEN TeUeHNS B KUIAKOM SIIpeE.

Pabora BeimostHeHa ipu buHaHCOBOI mojiepke PODI (mpo-
ext Ne 15-01-08326).
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KO®OPUIIMEHT I'OTOBHOCTU 3UII
JIJIsI PACIIPEJIEJIEHUSI BEMBVJIJIA
P INEPNO/INYECKOM IIOIIOJIHEHUUA

Brrancnenne xoadgdurmenta rorosaoctn K kommaexkta 3UTL
npu nepuoauaeckoM monosrernn (em. [1], m. 1.4.1) s napabor-
KU Ha OTKAa3 C 9KCIOHEHIIUATBHBIM PACIIPEIEIEHNEM TP 33 aHHBIX
nepuoze nonoJHenus 1, konuuyecrse 3amdacreit 8 SUIT L, u na-
paMeTpe 3KCIIOHEHIAIBHOTO PACIIPEIe/IeHsT A TPOU3BOJUTCS IO
uzBectHOli bopmyaie (1.7) [1]. B nacrosieit pabore nosydeH meroy
Bbraucaennss K [pu mepuoudaecKoM HMOMOTHEHUE Jjisd HapaboTKu
Ha OTKa3 ¢ pacupesesenuem Beitbymna G(t) = 1 — exp{—(¢/0)°}
npu 3agarabix 1, L, u mapaMerpax pacrpejesenust ¢ u 6.

Metros ocHOBBIBaeTCsl Ha pasnioxkeHmnm Yaiita (cm. [2], [3],
n. 4.4.2.1). U3 (4.27b) [3] ciemyer, uro BepositHOCTL GE30TKA3HOI
paboThI, T. €. BEPOSITHOCTH He Oojiee ueM L OTKAa30B B TedeHUe
spemenu ¢ (cm. [1], m. 1.4.1), pasaa P(Ny < L) = 1 — Fr44(t)

(31ech 1 mastee nCoIbL3y0TCs obo3nadenns u3 [3], m. 4.4.2.1). Beu-
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ny (4.44a)—(4.44e) [3] BepositHOCTEL G€30TKA3HO PABGOTHI

STy 1 = - '+L+1aL+1(j) t “
P(t;L) =1 j:LZH( 1)/ T <9> : (1)

rie a1(§) =1 Y5, ane1(s) = 302  an(i)y (i, 5),

I'(1+ie)le(j — i) + 1]5!
T+ o)l —i)l

7(i7j) =

[pumensist dopmyay (1.5) [1] x Beipaxenuto (1), nosydaem dop-

MyJy Ajs Beraucaenns K mpu 3agamubix 1, L, c u 0:

1 NS gLt azn(i) (TN
w2 i (s) @

B ta6s. 1 nmpeacrasiensr pe3ynbraThl Beraucaenunit K 1o ¢op-
myse (2) (JeTBepThIit CTOIOEI) W METOIOM CTATHCTHIECKOTO MO-
nesmpoBanust (nsiteiit crosiben) npu T = 1 u pazmmusbix ¢, 6
u L. JIna ¢ = 1 Tmakke npusejieHbl 3HadeHus K | mMoJydeHHbIE
no dopmyse (1.7) [1] ¢ coorsercrBytomeil nepenapamerpusanueii
(rmecroit croberr). 3Hauenne psijga (2) BHIYUCASETCS KAK KOHEUHAs

CyMMa BILIOTH JI0 HEKOTOporo ¢gpukcuposanuoro uncaa N = 100.

Tabu. 1
c 0 L Kw Kyc Kiest
0.8 0.04 6 0.318 0.316 -
0.9 0.07 7 0.581 0.579 -
1.0 0.05 5 0.301 0.299 0.300
1.0 020 3 0.713 0.713 0.713
1.1 0.10 8 0.813 0.812 -
1.2 015 5 0.787 0.790 -
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NAEAJIBI 1 KOHTPYSHIINN IINKJINYECKUX
ITOJIYVKOJIELL C HEKOMMYTATNBHBIM
CJIO2KEHVEM

OcCHOBHBIE PE3yJILTATHI, CBA3AHHbIE C N3y YEHUEM [IUKIHIeCKIX
IOJIYKOJIEl] C HEKOMMYTATHBHBEIM CJIOXKEHIEeM, [IPUBEJeHbI B Pabo-
re [1]. [Iycre S = (@) — nuK/IMYECKOE HOJLYKOJIBIO (C HEKOMMYTa-

TuBHBIM cjioxkerueM) tuna (k,n). Muoxecrso C' — ero mukiI.

Teopema 1. Mmuoocecmsa euda As = {as,...,ak,...

c,aFTY 20e s <k, wukauveckozo noayxoavua S = (a)
muna (k,n) u moavko onu asasromea udeasamu 6 S. B uwacm-
nocmu, npu s = k mmoocecmeo As = A, = C u ono asasemcs

HAUMEHRDWUM udeasom 6 S.

CaencrBue 1. Muoowceemea S = Ag D A1 D ... D Ap_1 D
D A = C - uenv udeanos yurauueckozo nosykoavua S = (a)

muna (k,n).
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3BeCcTHO, 9TO KaykK1as MOATPYTINa MUKIXIECKONH IPYIITh IAK-
JINYHA; W IOPSI0K JIO00H IIOATPYIIBl KOHEYHON I'PYIINBI JIEIAT
eé mopsiIoK. 3amernm, uto sobas moarpymma (¢?) mukmmaeckoit
rpynnbl C' = (¢) mopsizika n o0pasyer KJIacC HEKOTOPOil KOHIDY-
SHIMU pP:

'pdt <= r—r; =0 (mod d), (1)

rae d — jenaureib 1.
Ob6o03Ha9NM KOHT'PYIHITUIO HA KOHETHOW IMUKJINIECKON TPyTITe,

3ajaBaemyio dbopmysioii (1), uepes pg.

Jlemma 1. Konepysnuyus, 3a0aHHaA HG MYABMUNAUKGMUSHOU
2pynne KOHeuH020 YUKAUYECKO20 NOAYNOAA, ABAACTNCA TOAYKOND-

yesol KoHepysHnyuel.

Paccmorpum mpoussosibable uncia t u d, takue, 910 0 < ¢ <
k, d — memurens aucia n. O6ozmaunm wepes p(t,d) — oTHOMIIE-
HUE 3KBUBAJIEHTHOCTHU, 3aJaHHOE Ha KOHCYHOM HIUKJINYICCKOM II0-
aykonbre S = (a) Tuna (k,n) u yIOBIETBOPAIONIEE CJIETYIONUM
YCTIOBUSIM:

L. a"p(t,d)a® & ((r<t,s<t) mm (r=t,s=>1));

2.ecom r <twus<t,r0 (a"p(t,d)a® & r=s);

3.ecmr>tus>t, o (a"p(t,d)a® < r—s=0 (mod d)).

To ecrb “10” sementa a' ornomenne p(t, d) spisgerca oTHoOIe-

HIEM pPaBeHCTBa, a “HaumHas” ¢ sj1eMenTa, al

— ornommenne p(t,d)
ynosjerBopsier dbopmyite (1).
Bamernm, uTo ipu d = n u JiI0OOM ¢ BCe KJIACCHI KOHTPYIHITUT

p(t,d) omHO3IEMEHTHBIE.

Teopema 2. Omunowenue p(t,d) u moavko ono na KoHEwHOM

YUKAUYECKOM NOAYKOADUE ABAACTNCA KOHPYIHYUET.
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Caencraue 2. Koauuecmeo xomepysnuyutli 1a KOHEWHOM YUK-
auneckom noayxoavye muna (k,n) pasnwo (k + 1)og(n), zde

oo(n) — wucao deaumenets n.
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AJITEBPANYECKHWE OCHOBBHI
KPUIITOCUCTEMBI RSA

Maremarwyeckuil anmapar, WCIOJIb3yEeMblil MPU TOCTPOCHUH,
0DOCHOBAHWN ¥ AHAJN3E U3BECTHON Kpumrocuctembl RSA, oTHO-
CHUTCsI, B OCHOBHOM, K Teopuu uuces. B [1] Gbuio nokazaxo, 4ro
Hostee aeKBATHBIM AIMIAPATOM SIBJISIETCS TEOPUS KOMMYTATUBHBIX
JeJIeKMHI0BbIX Kosten. IIpenoxkennsiit B [1] moaxosn nossosisier
CYNUTATH [IEPBOHAYAIBHBIN aaropurM RSA BecbMa 9aCTHBIM CJIy-
YaeM Cpen OBIMPHOTO KIACCa MOJOOHBIX aaroputMoBs. Mccremo-
BaHust, HauatTele B [1], 6plin npomoskensl B [2] u [3]. B namewm
JTOKJIa Ie TIOKA3BIBAETCSA, UTO YCJIOBUSA KOMMYTATUBHOCTH W JeJe-
KWHIOBOCTH, BOODIIE TOBOPSI, He 00s13aTeMbHbBI. KJtacc KoJIer, acco-
[MIUPOBAHHBIX C eINHUTIEl, CPEIN KOTOPOTO MOYKHO UCKATH KOJIBIIA,
MOJIXOASAIIAE I TPAKTUYECKON Pean3anu MOJAEPHU3NPOBAHHO-
ro RSA, — 310 Kojblia ¢ KoMMyTHpyomuMe uaeagamu mwin Cl -
KoJibla, BBejennble B [4]. Cyrs mmdposanus no merony RSA B

obmem anrebpamvueckoMm Buje TakoBa. llycts I — mmeas KOJbIla
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R, rakoii uro U(R/I) — koneunas rpynma. Torga onpeenen ana-
nor dyukimu Ditnepa ¢(I) = |[U(R/I)|. Ilycts e € N TakoBo, 9T0
HO (e, p(I)) =1, muycrs d € N takoso, uro ed = 1+¢(I)t. By-
JIeM TOBOPHUTL, uTo I ectb RSA-umeasi, eciu ajist Kaxkaoro r € R
soinosiastercst ° = x (mod I) mius s = ed. dua RSA-uneana
MOXKHO oOmpejiesiuTh 1mudposanne m € R no dopmyre ¢ = m
(mod I) u gsenmdposanue m = ¢? (mod I). TIpu stom m,c € W,

rne W — moaxongdiiast MOJIHAsT CHCTEMA BBIYETOB 110 MOIY/I0 1.

Teopema. I[Iycmv R ecmv Cl-xoavuyo. Hdean I ssasemcsa
RS A -udeasrom mozda u moavko mozda, xoeda I = MM ... M,,

2de M; — maxcumanrvrodi udean das xasicdozo j.

CaencrBue. Ecau I ecmv RSA-udean, mo wucaa € u d ¢

yeaosuem ed = 1+ (It moocro ewbupams npoussosvHo.

Pabora BhimOSIHEHA 3a CcUeT CPEACTB CyOCHIuU, BBIIEJIEHHON
K®V ans BoimoHeHUsT MTPOEKTHON YAaCTU TOCYJAPCTBEHHOTO 3a-

nmarus B cdepe HayuHoil gestenbroct (mpoext Ne 1.2045.2014).
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BBIYNCJIEHUE KOH®OPMHOI'O MO YVYJIA
PACTAHYTOI'O N-TETPAMMWHO

IIycte H > 0 — mekoropoe ¢durcupoBanuoe ducso. Pac-
cMoTpuM 06J1acTh Ppy, KOTOpas moydaercs w3 MpsaMOyTOJTbHIKA
[0,3H] x [0, 2] BbiOpacbiBanuem npamoyroabaukos [0, H] x [0,1] un
[2H,3H]| x [1,2]. Ilpu H = 1 mony4yaem urypy, COCTaBIEHHYIO
U3 YeThbipex KBaaparos, Tak Hasbisaemoe N -rerpamuno. O6aacTb
Py noygaercst u3 3m0ro TeTpaMmuHO pactsikerreM B H pas B Ha-
mpasyiennn ocu aberuce. Ilyers Ag = 1+4, Ay = H, M = 2H,
A2:3H, A3:3H+Z, A4:2H+’i, A5:2H+2’L', N=H+
+ 2i, Ag = 2i, As = i. PaccmorpuM Pp Kak 4eTBIPeXCTOPOHHUK
¢ ormevenubivMu BepmmHavu Aj, Ao, Ag, Ar. arepecubivu sip-
JISTIOTCA 33,298, HAXO0XKTEHUsT MOJYJIA 3TOTO IeTHIPEXCTOPOHHUKA, 1
CBsI3aHHAsl C HEll 3a/lada HAXOXKJIeHUsl KOH(DOPMHOIO OTOPAXKEHMsI
Py Ha BepXHIOIO TOJTYTLIOCKOCTD.

Jng ux pemeruss 6ygeM WCHIOJB30BATH METOINKY, PO
xkernyio B [1]. Crauana orobpasum KOHGMOPMHO MPSIMOYTOJIBHUK
AgA4As N Ha HUKHIOIO TIOYTLIOCKOCTh Tak, 9TOOBI BEPIUHBI Ag,
Ay, As m N nepenum B Toukn 0, co, m > 1 u 1. Ilo npurnumny
CUMMETPHH 3TO 0TOOpasKeHne MpoI0IKaeTcs 10 oTobpaykenns Py

Ha JBYJIMCTHYIO PUMAHOBY IIOBEPXHOCTD, ABJIAIONLYIOCA IIOJOBUHOMN
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O/IHOCBA3HOU KOMIAKTHOI PUMaHOBOI IOBEXPHOCTHU, KOTOPasd yHU-

dopMuznpyeTcs: pannoHaIbHON (hyHKIHEH

(¢ — ag)
w(C)*Ci(g_l)g - (1)
Bnech mapamerphl ¢ u ag 3aucar ot 3uadenus: H . [locae ompe-
JleJIeHNsT TUX TAPAMETPOB HAXOJAUTCS HCKOMOE KOH(MOPMHOE 0TO0-
parkeHne u MOJY/Ib YeThIPEXCTOPOHHUKA Py .

[IpuBeseM ajrOpuT™M Jisi HAXOXKJIEHWsI MOJYJsl TETPAMITHO
Py . Herpyano nokasars, uro m = (k+ 1)2/(4k), rae k omnpe-
nenserca u3 coornomennsa K (k)/K(k') = 2/H (3mecy K(k) -
HOJIHBI 3JIMITHYECKHUIT MHTEerpasl nepsoro poja, k' = m ).
Haiiziem p xak kopemb ypasuenus (1 — /m)u + (9v/m — 3)u? —
— 24y/mp? 4+ 164/m = 0, mexanmmit ma (0, 1). Tora MoxKHO Ompe-

JeanTh mapamerpsl B (1):

2 m(p—1)°
az = (4p — p7)/3, C*m-
Jajiee naiigeM o U (i Kak KOpHU ypaHenus crt — (cag+1)x3 +
+322 =3z +1 =0, nexamwe wa (0,p) u (u,1), a a5 n ag —
Kak Kopun ypasHenns crt — (caz +m)z® + 3ma? — 3maz +m = 0,
nexammue wa (0,7) u (v, +00). 3mecs v =4 — u.

IIycte A < 1 — KOpeHb ypaBHEHHUs
(a1 — )N +2(206 — 1 — @)\ + a1 — ag = 0.

Torga Mod(Py) = K(A\)/K(X), X =+v1—\2.

OtmernMm, 9To TIpu KOHMOPMHOM oTObpakenun Pp Ha Bepx-
HIOIO TOJIyTJIOCKOCTh TOYKM (v COOTBETCTBYIOT BepmmHaM A, a
ToukM p u v — toukam M u N.

PaccmoTpensr mpuMepsl, MOATBEPKIAIONINE UITO MIPEII0KEH-
HbIM MeTosoM Moaysib Mod(Py) HaxoauTcst ¢ XOpoIued TOYHO-

CTbIO.
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POJIb 3AJTAY “HA IBUXXEHUE” B KYPCE
MATEMATUKW CPEJIHEN IIIKOJIbI

Sagaun “Ha JBUXKEHHE' OTHOCATCI K OJHUM U3 CAMBIX CJIOXK-
HBIX 33/1a49 B KyPCE MaTEMATUKHU JJIs YYAIIUXCd 5—9 KJ1accoB Cpe/i-
Heil mkoJibl. CBA3aHO 9TO, B IIEPBYIO 0YepE/ib, C TEM, UYTO CIOKETHI
TaKWX 33724 MPEJCTABISIOT u3 cebs peasbHble WM BBITYyMAaHHbBIE
dusnIecKne TPOIECChl W sIBIeHWs. BO-BTOPBIX, B 3THUX 3aJadax
HEOOXOIMMO COCTABUTH WJITIOCTPATUBHBIN UepTeXk, Te Oblia Obl
BUJHA JWHAMHUKa JABU2KECHHUA CO BCEMH XapPaKTEPHBIMHW MOMEHTa-
MU — BCTpeYaMi, OCTAHOBKAME U TOBOpOoTaMu. B Tperbux, HyXK-
HO MOCTPOMTH MATEMATUYECKYIO MOJEIb 3a7a9u (BCEBO3MOKHbIE
BBIYUC/IEHNUSI, T. €. BBIIIOJTHEHNE PA3IUIHBIX apuMETUIEeCKUX OIle-
paumii; cocraBjienue ypaBHEHUI MJIM HEPDABEHCTB U UX PEIIEHUe).
Takum obpazom, pereHne TEKCTOBOW 3aa4un “Ha JBUXKEHHE  Tpe-
OyeT OT yUYeHWKA JIOTUIECKOTO MBIILIEHNs, COOOPA3UTENHLHOCTH U
HaOJIIOJAaTeIbHOCTH, 8 TaKyKe YMEHUsI CAMOCTOSITEIHBHO OCYIIECTB-
JIATH HEOOJIBbIINE UCCTIeTOBAHUSI.

Bce 3aaun “na gBukenune” MOXKHO PA3/e/UTh HA YETHIPE THU-
na. K mepBoMy Tumy oTHOCATCS 3a7a4u, B KOTOPBIX, JIBA 00bEeKTa
IBUKYTCH B OJHOM HarpasjeHuu. Kak mpaBujio, B Hux Tpedyer-

cst JinbO OIpEIeSTUTh BPeMs, Yepe3 KOTOPOe OJUH OObEKT JOTOHUT
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JIPYTOit, 10O PACCTOSTHIE, HA KOTOPOM 00BHEKTHI DYy T HAXOIUTHCH
Jepes HeKOTOPOe BpeMsl.

Ko BTropomy Tumny orHocsaTCH 387391, B KOTOPBIX 00BEKTHI IBU-
JKYTCd HABCTPedy Apyr ApyTy. B Takmx 3amadax, K IpUMepy, Tpe-
Oyercs: ompenenTh BpeMs, 9epe3 KOTOPOe OHU BCTPETSITCS.

K TperbeMmy THIly MOXKHO OTHECTH 33/1a9H, B KOTOPBHIX 00bEKTHI
JIBUZKYTCS B IPOTUBOIIO/IOYKHBIX HAITPABJIEHUIX, U TPEOyeTCst ompe-
JeUTh, HAIPUMeD, PAcCTOTHNE, Ha KOTOPOM OHU OKAaXKYTCs depe3
HEKOTOPOE BpeMs, JHOO BpeMs, Yepe3 KOTOPOe 0OBLEKTHI OKaKyT-
Cd HA 33aHHOM PACCTOsTHWE. BCTpedaiorcs w Apyrue Bapuaiuu
3a7a4 Ha 9TY TEMY.

K YIE€TBEPTOMY TUITY OTHOCATCHA 3a/Ja9N, CBA3aHHbIC C JIBUXKEHN-
€M II0 KOJIBIIEBBIM JIOPOTaM, I/ie TPeOYeTCsI ONpPe e/ InTh, HAIIPIMED,
KOJIMYECTBO KPYIr'oB, NIPOAEC/IaHHBIX OJHUM O6'])€KTOM, 3a OJ1uH YacC
WA 32 OJJHY MUHYTY BpPEMEHHU.

OupejeuBIIKCh C TUIIAMY 3314 “Ha, JBH2KEHUE Mbl IIPOBE-
JIV CPABHUTEIbHYIO XapaKTEPUCTUKY yIeOHUKOB 5—0, 7-9 K1accos,
Ha HAJAYMEe TaKUX 3aJad. Pe3yabrarsl MpeacTaBaeHbl B TabJim-

max 1 m 2.
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Taba. 1. CpaBHuTe bHAST XapaKTEPUCTUKA, YICOHTKOB

MaTeMaTUKN 5—06 KJIACCOB MO KOJMYECTBY 33734 “Ha JBUKEHUE’

KomnuecTso

TEKCTOBBIX 3a/Ja4

Hazsanne y4yebHmka
D knacc | 6 Kracce

Maremaruka (asroper: H.4. Bunenkum, 40 32
B.1. 2Koxos u ap.)
Maremaruka (aBropsr: .11, 3ybapesa, 35 14

A.T. MopkoBuu)

Tabs. 2. CpaBHuTe/IbHASA XaPAKTEPUCTUKA YIeOHIKOB

MaTeMaTuku 7—9 KJIaCCOB 1O KOJIMYECTBY 3a/a4 “Ha JBUKEHUE

Komuuecrso

TEKCTOBBIX 3a/a4

Hazpanme yuebmika 7 kaacc | 8 kJace | 9 kjacc
Aurebpa (asropsr: FO.H. 22 50 20
Makapsiue, H.I'. MunTI0K

u 1p.)

Anrebpa (aBTOpbI: 30 23 30
II.A. Amrmvos u 1ip.)

Ananus mokasaJji, 9TO B I€JIOM B IIPeJCTaBJIEHHBIX yIeOHHKAX
AMEETCS JIOCTATOTHOE KOJIMIECTBO 3334 “Ha JBUKeHNe TEePBBIX
TPeX BBIIMIENPUBEICHHBIX THUIIOB CO CXOKUMH IIPOCTBIMU CIOXKETa-
MM: IIPOTYJIKH OT JOMa J0 HIKOJIbI, OT OJHOI'O HaCEJIEHHOI'O IIYHKTa
JI0 IPYTOro; COPEBHOBAHUS HA JIBIXKAX, BEJIOCUIEIaX, aBTOMOOU-
JIIX, 10 TJTABAaHUIO, JBUXKEHUE Ha Pa3JIUnIHOM TPAHCIOPTE OT O/I-
HOI'O IIyHKTa /IO APYr'Or'0; ABUKEHUE 10 TE€YEeHUIO PEKU U IPOTUB
TeYeHWsI Ha TEIIOXOJe, KaTepe; JIBUXKEeHUe TPU TOIMYyTHOM BeTpeE,

npu BCTpedHOM Berpe u T. jA. Ho s ycmemroit caaan OI'D u
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EI'S sroro megocrarouno, Tak kak B KMMax npejgcraBiaess 60-
Jiee CJIOYXKHBbIE 33Ja9u; W, BJOOABOK K ITOMY, 3aJa4d IETBEPTOTO
THIA B JAHHBIX YIeOHUKAX BOBCE HE BCTPEUAIOTCS.

B cBa3u ¢ 3TuM, B 1eag9X JIOMOJHEHUS CUCTEMBI 33jad KOH-
KPETHBIX yIeOHUKOB, a TaKxKe JJIsl TPEeOI0JIeHUs] TPYIHOCTE Tpu
perennn 3a1a4d “Ha JBUKeHue’, HaMu ObLT pa3paboTaH 3JIEKTPOH-
HbITl yUeOHUK C Ha3BaHUEM “3ajlaun Ha JBUXKEHUE .

VuebHuK co37aH ¢ mOMOIIBI0 mporpaMMbl AutoPlay Media
Studio. B Hem mMeroTcst pa3esbl: TEOpETUUECKasT YacTh, 3a/1a9u
n3 rekcros OI'D n EI'9, 3ajaun /111 caMOCTOATEILHOIO PEIIEHNs
U JOTOTHATeIbHAs nHbopManus (mocodus).

B Teopermdeckoit qacTu MOXKHO MO3HAKOMUTHLCS C OTPeJIeJIeH-
HBIMU TOHATUSIMUA W PACCMOTPETH METOJIUKY U aJTOPUTMBI pellie-
HUsl KOHKDETHBIX THUIIOB 3aja4d. Bo BTOpOM pasjiesie MpUBOISITCS
npuMepsl 3 OI'D u EI'D u ux pemenus. B ponosnureibHONl nH-
dopMar COIEPKUTCS CIIUCOK JINTEPATY PHI.

3amagu BEIOpaHb! Ha BCe YeThipe Truta. CHadga a uaeT psit mpo-
CTBIX 33724, & 3aTE€M OHU MOCTEIEHHO YCIOKHSIIOTCS.

VaebHNK MOXKET CTaTh MPOCTHIM B OOPAIIEHNN W HE3aMEHNMBIM
MTOMOIITHUKOM JIJIsI YIUTEJIsI U y4aaImxcea 5—9 KJIaccoB B pereHun
3aja4 “Ha aBrxKenne”, a Takxke npu nogroroske k OI'o u EI'D no

MaTeMaTHuKe.
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JI. B. PekoBa, I'. P. XakumoBa
Kaszancrkuti Hayuonasvrvltl UccaedosamesvbCckutl mexHuseckul
yrusepcumem um. A. H. Tynonesa,

krisuga@bk.ru

3AJAYN HA ITOCTPOEHUE HA IIJIOCKOCTHA
JIOBAYEBCKOTI'O B MOZEJIN IITYAHKAPE

PeIHeHI/Ie 3a/Ja491 Ha IOCTPOEHHE Ha IIJIOCKOCTU IIPU ITOMOIIA
IUPKYJId "1 JIMHEH KN’ CBOAUTCA K PEIMTEeHNIO OCHOBHBIX 3a/Ja4, K KO-
TOPBIM OTHOCSATCS MOCTPOEHUE OUCCEKTPUCHI YTIJIA, CEPEIUHBI OT-
pe3Ka, yrjia, paBHOrO JJAHHOMY, NEPIEHINKYIAPHBIX U HapaJlleib-
HBIX TIPSIMBIX, IOCTPOEHUE TPEYTOJBHUKOB TI0 UX DJIEMEHTAM.

i1 perieruns 3a/1a49 HA IOCTPOEHUE HA TLJI0OCKOCTH JI00aueBCKOo-
ro JIo B Mozenin Ilyankape Mbl cHada/1a TPOBOUM aHAJINA3 33a4UU
Ha, gA3bIKEe aOCOJIIOTHOM reoMeTpuu, a HAMETHUB [y Th PEIIEeHUs, 11e-
PEBOJINM ero Ha #A3bIK reomerpuu JlobadeBckoro. 3aTem MO3TAITHO
BBITIOJTHSIEM TIOCTPOEHUSI IUPKY/IEeM U JIMHEHKO OCHOBHBIX 3324,
9TO MPUBOAUT B PE3YJIBTATE K IMOCTPOEHUIO UCKOMO# (DUTYPHI.

Hamu perriers! Bce OCHOBHBIE 331291 HA TIOCTPOEHUE TTHPKY/IEM
u JuHelkoi Ha mirockoctu Jlobagesckoro B momenu Ilyankape.

PaccMoTpum mocTpoenue yriia u OTpe3ka MapajijieIbHOCTH Ha

tockoctu Jlobauyesckoro B mojenn ITyankape.
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Hana npsivast (AB), mouka C ¢ (AB), C € (DB) nu
(DB)||(AB) B nampasnenun B. [TocTpouTh 0TpE30K Mapasiie/b-
wocru [CK| L (AB), rae touka K € (AB), u LKCB — yron
napasebaocT B Touke C' oTHOCHTEMBHO Tipsamoii (AB).

[Tocrpoenue. Paccmorpum cayuait, korga npavas (AB) mioc-
KoCTH Jlg SBISIETCS TOTYOKPYKHOCTHIO B BKJIMIOBOM CMBICTE.

1. IlepeBeném cuavasa 3ajady HA S3bIK A0COJIIOTHON reomMer-
pun. (CK) L (AB), torga (CC’) L (AB), npuuém toukn C u
C’ cummverpuuHbl oTHOCHTETBHO npsamoit AB. Ipavbie (CK) u
(CC") cosmamaioT, mMO3TOMY MBI GyIeM CTPOUTH TEPHEHINKYJISD
(ca).

2. B mozmenmu Ilyankape B KadecTBe CHMMETPUU OTHOCUTEIHHO
npamoit (AB) BBICTyIaeT MHBEPCHUS HA €BKJIUIOBON ILIOCKOCTH,
1€ OKPY?KHOCTb MHBEPCUM W OYJeT CO/EepKaTh MOJYOKPYKHOCTh
AVB. Toryma cumMerpuanbie o Jlo6agesckomy Toukun C u C' Gy-
JIyT B3aUMHO-MHBEPCHBI 110 EBKJIM/ly OTHOCHTEIBHO OKPYKHOCTH
w (AVBC w).

[Toctponm Touxky C’: a) CP — xacarenbnas ¥ w(O, ATB); b)
PC" 1 OC, C'" e OC. Tlonyunnn rouxky C', unsepcuyio Touke C
ornocurensao w(0, ATB), UTO CEIyeT U3 OMpeJe/IeHNsT HNHBEPCHM.

ITo Jlo6auesckomy Touku C' u C' GyayT cuMMeTpUYHBI OT-
HocuTenbHOo npaMoit AB. 3naunt, npamaa CC’ Gyner nepren/u-
kynsapua AB. Ilpamas Jlobauesckoro CC’ B momenn Ilyankape
Oymer B €BRKJIMIOBOM CMBICE TOJYOKPYKHOCTBIO C IMEHTPOM Ha
abcomore @, npoxoxgameii yepes Touku C u C'. Tlocrpoum ary
MOJIYOKPY KHOCTh MN. Ipsimast M N cosnagaer ¢ npsimoit CC
sgaunt MN L ABu MNNAB =K. Torna CK 1. AB.

Buauut, CK gaBjsieTcs 0Tpe3KOM MapasieabHOCTH B Touke C'
OTHOCHUTENHHO MpsAMoit AB, a yros mapasiebHOCTH (g, COOTBET-

creBerHo, Oyaer pasen LKCB.



130 A.E.CABEHKOBA

A. E. Casenkosa

Camapcruti 2ocydapcmseernmvili mexrnuveckul YHUGEPCUMeEM,

alesya.savenkova@mail.ru,

OB O/ITHOY OBPATHOMN 3AJIAYE
J1J1s1 TUMEPBOJINYECKOI'O YPABHEHU S

Paccmorpum B obaacru Qr = (2) x (0,T) ypasuenne
uy(z,t) — Az, t) + c(x, t)u(x, t) = p(x)h(z,t) + f(z,1) (1)

¥ [IOCTABUM JIjis HETO CJIEAYIONLYIO 3a/a4y: Haiitu mapy dyHKIuit

(u,p), ynosaersopsiomux (1), HAYAIBHBIM JAHHBIM
u(z,0) = ¢(z), w(z,0) = ¥(2), (2)
u(0,t) = u(l,t) =0, (3)
U YCJIOBUIO MEPEOTIpe/Ie/IeH st
T —
/ H(t)a(z, t)dt = 5(z). (@)
0
Bysem cuuTarh, 9TO BBIIOJHEHHBI CICIYIONHE YCIOBUSI:

c(z,t) € C(Q), H(t) € C*[0,T], H(T) = H'(T) = 0,
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/H h(z,t)dt > o9 > 0,Vx € [Q],6 € C*[Q], o = 0.
Pemenne obparnoit 3agaun (1)—(4) 6yaem nckarh B BUje
{@,p} = {u,p} +{v,0},
rjae {v,0} — pemenne npsmoit 3a1a4u
v (z,t) — Av(z, t) + c(z, t)v(z,t) = f(x,t),

U(:E,O) = @(m),vt(:r,()) = w(x)av(lat) = U(Oat) =0,

a {u,p} — pemenue obparHOil 3amauM

ug(x,t) — Au(z, t) + c(z, t)u(z, t) = p(z)h(z,t), (5)
u(x,0) = 0,u(x,0) =0, (6)
u(0,t) =0,u(l,t) =0 (7)

C yCJ0BUEM TIepeoTpeseeHns

T
/0 H(bu(z, )dt = 6(x), (8)

d(x :5 /H v(z,t)d

Onmosnadnas pa3pemuMocTs obparHoil 3axadn (5)—(8) mokazana

rjae

B [1]. JokaszarenbcrBo OCHOBAHO Ha CBeJeHHU OOpATHOM 3a/a4u
(5)—(8) x omepaTopHOMY YPaBHEHUIO, JI/IS 9€r0 MOTPEO0BAIOCH [10-
Ka3aTh DA/ BCIOMOTATENbHBIX YTBEPKICHNUI, TPeJICTABISIIONNX U
CaMOCTOSTEIbHBIN nHTEepEC. C TTOMOIIBIO TTOJIYIE€HHBIX allPUOPHBIX
OIIEHOK TIOKA3aHa PA3PEIINMOCTh ONEPATOPHOTO YPABHEHHS 1, KAK
cJieJICTBIE, pa3penmmocTh obparHoit 3a1aun (5)—(8). Hokazaress-
CTBO Pa3PEIIMMOCTH MPSIMOIl 33241 [P BBINOJTHEHUN HAJOKEH-

HbBIX Ha BXOJHBIC JJaHHBIC yC.)'[OBI/II'?'I HE€ BbI3bIBACT prrZ[HOCTef/'I.
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KBA3VNCTAIINOHAPHOE TEYEHUE BI3KO
JKUJIKOCTU B KAHAJIE JIBYYI'OJIbBHOM
®OPMBI: AHAJINTNYECKOE PEINTEHUE

B pabore momenupyercs TeueHne HECKUMAEMON BSI3KOW KUI-
KOCTH B IUJIMHJAPAIECKOM KaHase (Co CBODOTHOI TOBEPXHOCTHIO)
u Tpy6e (6e3 cBOOOIHOI TOBEPXHOCTH) MO/, JIEfiCTBUEM MOCTOSHHO-
ro rpajauenta jgasiaenns. Cedenne crosba xuakocru (obacts 1)
n306parkeno uva Puc. 1 u npejacrassisier codoit ABYyTrOJbHUAK, SBJIS-
FOIINICA Pe3y/IbTATOM PA3HOCTH, IepecedeHus Han 00beTnHeHNs
JBYX KPYroB (IlyHKTHDHBIE KpuUBbIe 1, 2 1 3 COOTBETCTBEHHO).

Ksazucranmmonapuoe npubJimKeHne TeIEHUsT CBOIUTCS K IBY-
MepHOMY ypaBHeHHIO IlyaccoHa OTHOCHTEIBLHO IIPOIOJILHON KOM-

MIOHEHTHI ¥ BEKTOPA CKOPOCTH, O€3Pa3MEPHBIil BU] KOTOPOTO
Av(z,y) =1, (2,y) € Q.

Dopma obstacTr () MOJHOCTHIO ONMPEIETIACTCS TPEMs MapaMeTpa-
mu: yriaom 6 € (0;27) aByyrosbHuKa u pajguycamu 00pasyommx

KPYT'OB.
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Puc. 1. O6nacrs Teyenns 2. dyramu manoro pajuyca orMeden

yros 0; T — BeKTOp BHEITHEl eJMHNIHON HOpMajn K rpannie ).

PaccvarpuBaemble KJIACCHI TEYEHUIT OTIMIAIOTCA 3aaHUEM
IPAHUYHOrO YCJI0BUs Ha BepxHeM pebpe (kpusble 1-3) aByyrosib-
auka (): XKUJAKOCTH B KaHase 00/1a1aeT CBOOOIHOI ITOBEPXHOCTHIO,
Ha KOTOPOI 3a/1aeTCd yCI0BUe 0TCyTCTBUs Tperusa (Ov/dn = 0), a
JJIS XKUJIKOCTH B TPpyOe HAa TOM ke pedpe CTaBUTCHA YCIOBUE MPU-
munanus (v = 0). Ha Bropom pebpe (KpuBasi a) Bcerja 3a1aercs
YCJIOBUE MPUJITIAHUS.

JIi KazKJ0ro THIa TeYeHHs Ha OCHOBE M3BECTHBIX (hOPMYJT
IIyaccona u Jdwau ais 3amgaqa Jwupuxie nu Hefimana wa mosymiioc-
KOCTH ITOCTPOEHO aHAJINTUIeCKoe pemenne v(x,y). s sroro ocy-
IIECTBJIEH NEPEX0/l OT MCXOAHOM 3a/1a9u K 9KBUBAJEHTHOMY yDaB-
Henuro Jlammaca ¢ HEOAHOPOJHBIM IPAHUYHBIM YCJIOBHEM Ha KpH-
BBIX 1-3 1 mocTpoeno Koudopmuoe oTobpakenne £+in = f(x+iy)
ucxoauoit obacru € wa kaapant {£ > 0,7 > 0}. Bazava B kBaI-
paHTe JOIyCKaeT IMPOJOJIKEHNe Ha BCIO BEPXHIOK MOJIYILIOCKOCTE
1 > 0, 970 OKOHYATENIBLHO TPUBOJNT K 3asaqe upuxiie (Teuenue B
Tpybe) min Heiivana (Tedenne B Kamase) Ha mosrymaockocta. Ta-
KM O6pa30M7 peaienne nMmeeT BUuJ CyMMbl IBYX MHTErPAJIOB TUIIA
Kormn mo geiictBuTe/ibHOI OCH.

Ananuruueckoe npejcrasienue ckopocru v(r,y) M03BOJSET
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MCCIE0BATh HANPsiZKeHnss 0v/0n, BOZHUKAIONINE Ha CTEHKAX Ka-
HaJIa WK TPyOBl B pe3yabTaTe TeueHus Kuakoctu. as sToro mpu
0 < 7/2 (cmydait TOHKUX TPYO WM KUJKOCTH, XOPOIIO CMadH-
BAIOINEll KaHa) mOTpeboBaIach JOTOJHATE/TbHAS PETyIIPU3aIis
periernst. [IpuunHa 3aK/II09a€TCS B TOM, 9TO MPOW3BOIHAS TLIOT-
HOCTHU WHTerpaJia Tuma Koium, onpeesioniero pemenne, e yio-
BaerBopsier npu 6 < 7/2 ycnosuio lenbiepa. B pesynabrare jpis
Tedernst Tpybe ObLT0 moKazaHo, 9ro upu m < 6 < 27w (obbeaune-
HEEe JIByX KPYTOB) HAMPSIXKEHUS B yIJaxX MUMEIOT WHTEIPUPYEMYIO

0COOEHHOCTh, a TTpU 6 < T HANPSIYKEHWsT OTPAHTIEHBI.

A. A. Camconos, II. C. ConoBnén, C. . CosioBhEB
Kasancxut (IIpusoasiceruti) dedeparvnudi ynusepcumemn,

sergei.solovyev@kpfu.ru

COBCTBEHHBIE KOJIEBAHIS HATPY2KEHHON
IIJIACTUHBHBI

IMycrs 0 — oburacTh, 3aHUMaeMasi CPEJUHHON TTOBEPXHOCTHIO
miactunbl, ' — rpamuna obmactu 2, p = p(xr) — NJIOTHOCTH
marepuaia, D = D(z) = Ed3/12(1 — v?) — muiunapuyeckas
KeCTKOCTh minactuasl, F = E(x) — mogyms FOnra, v = v(z) —
k03 dunment Ilyaccona, d = d(z) — TouuHA IACTUHBI B TOYKE
z € Q. Tpeanonoxkum, uro B Toukax miactunsl z¥) € Q ynpyro
npucoeuHeHbl Macchl M;; ¢ KoaddummenTaMn KeCTKOCTH IO
BECKU Ki]’, 035 = ij/Mij7 0; = 0Ojj, ] == 1,2,...,7‘1', T 2 1,
1=1,2,...m, m21,0<01<02<...<0p <.

O6o3naunm vepe3 w(z,t) HOpMAILHBIE NMEPEMENIEHUsS] TOYKN

x € §) cpeauHHON MOBEPXHOCTH TIJIACTUHBI B MOMEHT BpEMEHU T,
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depe3 7);(t) — OTKIIOHEHWE OT MOJIOKEHNsT PABHOBECHST TPy3a Mac-
col M;; B MomenT Bpemernn t, j =1,2,...,7;,i=1,2,...,m. Cob-
CTBEHHBIE KO.He6a,HI/IH CUCTEMBI TJIACTUHA-MaCChl XapaKTEePU3yroT-
Csl TADMOHUYECKUMU BO Bpemenu yukuuamu w(z,t) = u(x)v(t),
€ Q, nii(t) = cyulz(t), t > 0, rae v(t) = agcosV/ At +
+ bosinV/At, t > 0; ag, by, Cij, A — TOCTOFHHbBIE BEJUYNHE,
j=L12...,r,t=12,...,m.

Beinosasiercs |1] ypasaenne Koe6anust IIACTUHBL
Lw(z,t) + p(z)d(z)wy(z,t) = f(z,t), x€Q
W ypaBHEHHE OCIU/IIATOPA
M (135 (#) et + Kij (135(8) — w(@™, 1) = 0,

rme j=1,2,....r,t=1,2,...,m, t > 0, L — nmuddepenrmain-
HBII OmepaTop, onpegenseMblii Buipaskenuem: Lw = 011 D(011w +
+ vOsw) + Oaa D(O2ow + voyw) +2012D(1 — v)d1ow, 0; = 9/0x;,
0ij = 0;0;, 1,5 = 1,2, ((t)); = dip(t)/dt. Jpmxenns mpucoeu-
HEHHBIX MaCC U TJIACTUHBI PACCMATPUBAIOTCS KAK B3AUMHO BBIHY K-
Jgernble. IIpu 3ToM JeficTBre NMPUCOEIMHEHHBIX MaCcC 3aMEHSAeTCH

JeiicTBueM rapMOHUYECKOI COCPeN0TOYEeHHONU CUJIbI

flat) =3 Z Kij(nig (1) — w(@™, )6 (z — 219)),

i=1 j=1
rae 0(z) — nenpra-pynkuus Iupaka. Cucrema ypasHenuii 10mos-
HsIeTCs TPAaHUYHBIMU yenoBusaMu: w(x,t) = Opw(x,t) =0, x € T,
t >0, rae 0, — NPOM3BOIHAS 110 BHENIHEH HOpMaIKM K rpanuie 1 .
Ucnonssyst cootnomenus ¢;; = 0i;/(0ij — N), 045 = Kij/M;j,
J=12 .. .,r;, 0 =1,2,...,m, noay9um 3aJa4y: HAATH 9UCIA \ U

nenynesble pynknmu u(z), x € , yI0BIETBOPAIONITE YPABHEHUIO

PR < y
i=1 j=1
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U rpanngHOMy yeaoBuio u = Opu = 0, z € I'. C nomomsio [2]
YCTAHOBJIEHBI Pe3Y/IbTATEL O CYIECTBOBAHUNI U AIMIPOKCUMAIHI Pe-

mennti chOPMyYIUPOBAHHON 33,189 HA COOCTBEHHBIE 3HAUEHUSI.

Pa6ora seimosaena npu dbunancosoii nogaepxke PODU (mpo-
extbr Ne 13-01-00908, Ne 14-01-00755, Ne 15-41-02672).

JUTEPATVYPA
1. Aunpees JI. B., dprmko A.JI., IlaBnenkoW. . Junamuxa

nagcmur u obosouer ¢ cocpedomouennvimu maccamu. — NM.: Ma-
mmHocTpoenne, 1988. — 200 c.
2. Conosoés C. 1. Heaunetlinwe 3adavu wa cobcmeenmvie 3Ha-

yernus. Ipubsusicennvie memodw. — Saarbriicken: LAP Lambert
Academic Publishing, 2011. — 256 c.

P.B. Camumos, A. 3. CyneiimaHoB
Kasancxut (IIpusoasiceruti) dedeparvroti yrusepcumen,
Kasancxut 2ocydapcmeenmvid
APTUMERMYDPHO-CMPOUTNENDHBIT YHUBEDCUNE,

salimov@5354.ru, ayaz-suleymanov-91@mail.ru

HOBBIN MOIX0/I K PEINTEHUIO OTHOPOJHOM
KPAEBOI1 3AJIAYY PUMAHA C BECKOHEYHBIM
NHAEKCOM JAJI ®YHKIINU, AHAJIUTUYECKOI

B IIJIOCKOCTHU C PA3PE30M

B pabore paccmarpuBaeTca KpaeBad 3ajada Pumana ¢ 6ecko-
HEYHBIM WHIEKCOM, KOTJa KpPaeBoe yCJOBHE 3aJadi 3aJaeTCs Ha
HOJIOKATEJTBHOI JTEHCTBUTEBHON OCHU KOMILIEKCHOI TLJIOCKOCTH.
st perieHust 3TOH 3aJa9d UCHOJIB3YETCS TOAXO0J, OCHOBAHHBIM
Ha, yCTpaHeHNN OECKOHEYHOI'O Pa3pbiBa apryMeHTa Kod(pdumen-

Ta KPaeBOro yC/JIOBUA 1 AHAJIOTUIHBIN TOMY, C IOMOIIbIO KOTOPOTO
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B CIyYae KOHEYHOro mHeKkca 3aaadu panee B paborax @. /1. Ta-
XOBa YCTPAHSINCH PA3PBIBBI KO DUITHEHTA KPAEBOTO YCJIOBUS C
MIOMOIITHIO CIIEIUAJIHHO TOM00PAHHBIX (DYHKIUN, OTJUIHBIX OT WC-
0/Th3YEMBIX B HaCTOsIIEell pabore.

IIycrs D — obsiacTh, B MJIOCKOCTHA KOMILJIEKCHOI'O IIEDEMEHHOT0
z = T + 1y, TpaHUIlell KOTOPOTO CAYKUAT TIOJTOXKUTETbHAS JTeli-
crBuTenbHas noayoch L. Tpebyercsa onpepennts dbynknuio P(z),
AHAJUTUYECKYIO U OrpAaHUYeHHYyI0 B objiactu D, eciiu e€ rpaHuy-

HbI€ 3HAYCHUA YAO0BJIETBODAIOT YCJIOBUIO

() =Gt)d (t), t€ L, (1)

rie ®1(t), ®(t) — npenenbubie snavenns dynknun P(z) npn
z — t “cnesa” m “crpasa”, Korga coorBercTBeHHO Im(2) > 0 m
Im(z) < 0, koabdunmenr G(t) - 3anannas GyHKIUS, yI0BIETBO-
PSIFOITAsi yCIOBUSIM

1) In|G(t)| ynosaersopsier ycaosuio I'énbaepa Hp,,

2) argG(t) = vt|t|P + v(t), rme v', p — zamamHbie wwnCcHa,
vt >0,0<p< 5 v(t) — sagannas dbyuxuus, v(t) € Hy,.

Pazpaboran HOBBIII METOM TOCTPOEHWS OOIIErO PEIeHusl, UC-
CJIeIOBaHA PA3pemnMocTh. Jlokazano, 9ro ofbiiee pereHne Kpae-

Boit 3ayaum (1) B Kacce orpannvyeHHbIX (DYHKIWI ONMpPeIeIsIeTcs

dopmyiioit

B kotopoit F(z) ects mobas nenas dyaknusa nopsaaka pp < p,

YVIOBJIETBOPAIOIIAS YCJIOBHUIO

‘F(t)‘ < Cret/’uJr cosmp/(2sinmp)
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JUTEPATVYPA
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P. P. Cacpuysun, . FO. Toriopkos
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top.dmtr@gmail.com

KOJIJIATIC KABUTAIIMOHHHBIX IIY3BIPHBKOB
C OBPA3OBAHUEM Y/IAPHBIX BOJIH

OnHoit m3 HamboJsiee MPUBJIEKATEIBHBIX I TEOPUH U MTPUJIO-
JKeHU 0COOEHHOCTEH TUHAMUKY My3bIPHKOB B YKUJIKOCTH SIBJISTIOT-
€ 9KCTpeMaIbHO BBICOKHUE JaBJI€HN, IJIOTHOCTH U TeMIepaTyphl,
KOTOPBIX MOXKHO JIOCTUYb B TOJIOCTH MYy3bIPbKa MTPU €r0 CHILHOM
cxkaruu. [Ipr 3TOM MOXKHO BBIIETUTH ABA PEXKNMA CHJILHOTO CIKa-
TUS COAEPKUMOTO Iy3bIPbKa: OJHOPOAHOE (1 6amM3K0e K HeMmy) u
HeOTHOpPOAHOe. B mepBoM pexkmMe Ta30Bast Cpeia B My3bIPbKe CXKU-
MaeTCs BCIOJY O/JMHAKOBO (3a MCKJIIOUEHMEM TOHKOIO TEeIIOBOTO
CJI0sI B OKPECTHOCTH MexK(a3Hoii moBepxHOCTH). Bo BTopoM pexu-
Me 3a CYET PaJUAJIBHOTO CXOXK/EHWS BO3HUKAIOIINX B My3bIPHKE
BOJIH 00Jiee CHIBHOMY CXKATHIO TIO/[BEPraeTcs ra3 B IEeHTPAIbHOM
obsactu my3sipbKa. Hanbosiee cuyibHOE cxKaTUe CPEJIbI B My3bIPbKE
JIOCTUTAETC TIPY BOBHUKHOBEHUU YIAPHBIX BOJIH. B CBA3uU C 3TUM
BO3HUKAET BOIPOC, KAKNE T'a30BbI€ CPEJNbl SAB/IA0TC Hojiee O1aro-

NPpUATHBIMUA JIJI91 BOBHUKHOBCHUSA B IIY3BIPDbKE Y/JIaPHBIX BOJIH.
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B pa6ore [1] 6b1 moIyYeH OTHOCHTEIHHO MPOCTON KpUTEPHit
BO3HUKHOBEHHUS YIaPHBIX BOJIH B My3bIPbKE MPH €r0 CHILHOM CKa-
TUU, a TakyKe ObLIa MPOBEJIEHA OIEHKA BO3MOXKHOCTH PeaTn3aiun
VAAPHBIX BOJIH B KABUTAIMOHHBIX My3bIPHKAaX B BOJE M YKHUJIKOM
aleToHe IPY JaBJIeHnr KuaKocTn 15 6ap. Beuio ycranosneno, 14ro
JIUIst 0Opa30BaHUs YIapPHBIX BOJIH ITaphl AlleTOHA SIBJISIOTCS HAMHO-
IO MPeJANOYTUTEIBLHEE TAPOB BOJIbI.

B Hacrosiieii pabore MpPOBOJUTCA YUCIEHHOE HCCIIE0BAHUE
BO3MOXKHOCTH PeaJn3alii YAAPHBIX BOJH B KABUTAIMOHHBIX Y-
3BIPbKAX B TaKWX KMIKOCTAX, KaK BOZA, aIlleTOH, TOJIYOJ, OEeH30.1
U 9TUJIOBBIN 3up npu gasaennn xkugkoctu H-150 6ap. s ornen-
KV peajn3alyy yIapHBIX BOJH NPUMEHSETCS KPUTEpHii paboThl
[1]. Bxoggamme B 3TOT KpmTepuii mapaMerpbl (CKOPOCTb U YCKO-
pPeHne CKaTus IMy3bIPbKa, CKOPOCTh 3BYyKa B Nape Ha MOBEPXHO-
CTH Ty3bIPbKA ¥ T.JI.) OHpeJeasiorcsa B [1| ¢ mpumeHenuneMm oveHb
CJIOZKHON MaTeMaTUIecKol MOJeIU JIMHAMUKK 11y3blpbKa. B gact-
HOCTH, B 9TOW MOJeJIU JIBUZKEHUE Ta3a B IIy3bIPbKE U JIBUKEHUE
OKPYIKAIOIIEH ero KUIKOCTH ONMUCHIBAIOTCS YPABHEHUSIMHU Ta30BOit
JUHAMWKA C y9eTOM TEMJIOTPOBOAHOCTH 00EUX CPEJ, TPUMEHSIOT-
csl MIUPOKO/IUAIA30HHBIE YPABHEHUS COCTOSHUS Ta3a U JKUJIKOCTH,
YUATHIBAIOTCS TPOLECCHl UCTTAPEHUsS W KOHICHCAIIMU Ha, TTOBEPXHO-
cTu my3bIpbKa. B omsimawme or [1], B HacTogmieit pabore st pacae-
Ta, BXOAAIIMX B KPUTEPUil PeaJn3anyiy yIapHbIX BOJTH B Iy3bIPHKE
napaMeTpoB MPUMEHSIeTCs 3HAYUTE/TbHO 0ojiee MpocTas MaTeMa-
THYECKas MOJIEIb JMHAMUKHI 1y3bIPbKa, a UMEHHO, MOJeb Pajies-
ITneccera. CpasHeHne MOKA3bIBAET, 9TO W TAKasAd MOZJETb JUHAMUKN
My3bIPbKA JIJIsI PACCMATPUBAEMBIX TeJIeil IBISeTCs TPUeMIeMO.

[MTokazano, 9To a1 (GOPMUPOBAHUS YAAPHBIX BOJIH BOJIA SBJIsA-
eTCsl HauMeHee JIpy’KeCTBeHHOi. B 1uamnaszone jgaBieHus JKUIKO-

cru ot 30 g0 150 Gap OaronpusiTHEE APYTUX SIBJISAETCH ITUIOBBIN
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adup, a Tpn gaBIeHNN KuAKoCTH HIKe 30 6ap Oosee TTOIXOqIIITIM

CTAHOBUTCST TOJIYOJI.
Pabora Beimosiaena mpu nogepxkke [Iporpamver PAH Ne 43 T1.

JUTEPATYPA
1. Hurmarymuua P. 1., Aranua A. A., Wasramos M. A., Tomop-

koB /1. FO. Obpasosanue ydapnoix 604n npu cocamuu Ka6UmMayu-
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E. A. Co3onToBa
Eaabyorcexuti unemumym Kasanckozo (IIpusoasiccrozo)
pedepasvrozo ynusepcumema,

sozontova-elena@rambler.ru

OBb YCJIOBUYAX PABPEININMOCTN
B KBAJIPATYPAX 3AJAYUN I'YPCA
JJId TUTIIEPBOJIMYECKON CUCTEMBI
BTOPOTO ITOPAOKA

B pabore paccmarpuBaercs
Bamaua T'. B obmactu D = {zg < z < 1, yo < y < y1}

HANTH peryjspHOe pelieHue CUCTEMBI

{ Ugy + a1z + bruy + crvy + diu + eqv =0, (1)

Vgy + AUz + bavg + covy + dou + e2v = 0,

VIOBJIETBOPSIOIIEE YCJIOBUSAM

u(zo,y) = ¢1(y), u(z,yo) = ¥1(x), 2)
v(To,y) = p2(y),  v(z,yo) = P2(z).
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[peamonaraercs:, aro @1, @2 € CHX), 11, Y2 € CHY) (X, Y —
— CTOPOHBI XapaKTEPUCTUIECKOTO IPAMOYTOAbLHUKA [ mpu x =
= Zp, Y = Yo COOTBETCTBEHHO) W BBIOJIHAIOTCSA YCJIOBUS COTIACO-

©1(y0) = P1(z0),  ¥2(v0) = Ya(wo).

Uzsecrno |1, c. 67|, aro 3amaga (1) — (2) aBasgercs oaHO3HATHO
pazperumoii. lesibio Halero ucc/ie0BaHus SBJISETCS BblEICHIE
CJIydaeB PasperMMOCTH JIAHHOW 3ajadm B KBajaparypax. llosy-
YEeHHBIE PEe3yJIbTATBl MOTYT OBITH COPMYJNPOBAHBI B TEPMUHAX

CJIETYIONNX TOXKJIECTB

biy +a1by —dy =0,
cly +aic; —ep =0,
age + agea — dy =0,
boy + baca — ey =0

1 COOTHOIIEeHU

1) bay — b1y — (Incy)ay + ager = 0;
2) az = 0;
3) bog — b1y — (Inc1)yy =0,

biy — bax + (Inc1)zy — azcr = &o(x)no(y) # 0;

4) 2[(In 1) gy — boz + b1y] = age,

(Inc1)ay — bow + b1y = &1(z)m(y) # 0; (4)
5) bagy — b1y — (Inc1)ay = ascr = Ea(x)n2(y) # 0;
6) m[bay — (Inc1)gy] — b1y = mbiy — by + (Incy)gy =
= (m —1)(azc1 — biy);

_ 25 (@)t
7) 0k = )@ Ha )

[sk(x) + te ()] (m — 2)si (@)t (y) #0, k=1,2.
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— bog + b1y — (Inag)zy + azer = 0;

boy — b1y + (Inag)zy =0, —azer = &3(x)n3(y) # 0;

biy — bog — (Ina2)ay = ascr = Ea(x)nay) # 0;

2[(Inag)zy + by — b1y] = ageq,

(Ina2) sy + bz — b1y = &s(x)ns5(y) # 0; (5)
6) mbay + (Inag)zy — by = m(biy — (Inag)yy) — boy =

= (m — 1)(azc1 — bay);

. 2 (x)t, (v)
7) Ok = (Q_m)[};k(x)k-f—tk(y)}27

[sk(2) + tr(y)](m — 2)s3, ()t (y) # 0, k = 3,4.
Baech &, i € C (k= 0,5), s, ty, m € C*(k =1,4), o1, o2

PaBHBI COOTBETCTBEHHO JIEBBIM JaCTAM TOXKIECTB 1), 2) COBOKYITHO-

cru (4),a 03, 04 — JEBBIM YACTSIM TOXKIECTB 1), 2) COBOKYITHOCTH
(5)-

Teopema 1. [Iycms npu eunoanenuu moscdecmé (3) u nepa-
sencmea ¢ # 0 uau ydossemeopsemca 000 u3 mosicdecms
1),2) cosoxynnocmu (4), uau cywecmeyrom maxue GYHKUUU
m, &, e (K =0,2), sk, te (k=1,2) yrxasannvz sviwe xaaccos,
umo das (4) aubo ewnoarena 00Ha U3 MPET 2pYnn COOMHOWEHUT
3) — 5), aubo emecme ¢ moocdecmeom 6) umeem mecmo npeo-
cmasaenue 7) das 00noti us deyx dynkyut o1, oo. Tozda 3adaua

I" paspewuma 6 Keadpamypax.

Teopema 2. Ecau napsady ¢ ewnoanenuem moocdecme (3) u
nepasencmea az # 0 uau ydosaemeopaemcs 00HO U3 MONHC-
decms 1),2) cosoxynnocmu (5), uau cyuecmeyrom maxue @Pyrk-
vuu m, &, np (K = 3,5), sk, tp (k = 3,4) yxazannviz eviwe
Kaaccos, 4mo oaa (5) Aubo ewnoanena o0na U3 MPex pynn coom-

nowenuti 3) —5), aubo emecme ¢ moocdecmseom 6) umeem mecmo
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npedcmasaerue 7) 0as 00notl us d6yx Pynruul o3, o4, Mo 3adaua

I" paspewuma 6 Keadpamypax.
JUTEPATVYPA
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OBOBIIEHHBIE AJITEBPHI MHIIMIEHTHOCTU

Auirebpbl nHIMAEHTHOCTH OblLIM BBEJAEHbI B cepejgune 60-bix 1o-
JIOB KaK €CTECTBEHHAs CPea I W3yUeHUsT KOMOMHATOPHBIX MPO-
6siem. Bckope crasio sicHO, UTO 3TOT 00BEKT WHTEPECTeH U CaM
mo cebe. B wacTtHoCcTM OH BKIIOYAET B ce0s MPOM3BEIeHUE M KO-
nuit Kosiblia [ u KOJBIIO BEPXHETPEYTroJIbHBIX MaTpull Hajg K.
CymiecTByer TecHasi CBsI3b MeEXKJy ajredpaMu WHIMJIEHTHOCTH U
moytajarebpaMu KoJibIta MaTpuil Haj mojem. llpu usyuenun crpo-
eHnsT KoJter] pOPMaIbHBIX MATPHUI] €CTECTBEHHBIM 00pa30M BO3HU-
KaeT KOHCTPYKIUs 0000IIaomas ajredpsl HHIHIEHTHOCTH.

Bce kosibnia Oyzem cumrarh acCOIUATUBHBIMU U C €UHULEH,
a Moaysu u OmMomynaum — yHuTapHbiMu. Pammkan J[kexkoOcomna u
rpyIIy 0OPATAMBIX 37IeMEeHTOB Kosiblia R Gynem o6oznagdars J(R)

u U(R) cooTBETCTBEHHO.

Onpeneaenue. [Tycmo dano Kommymamueroe koavuo R u
muooicecmeo X ¢ omnowenuem <. Iycmov maxoce dan Habop
N2 {Nawe € Rla<b< ¢, a,b,ce X} anemenmos xoavua R, ma-
K0T %Mo GHIMOAHAIOMCA CACIYOUUE CEOTCMEA:

a) a<a, VYa€ X (pepaexcusnocms);
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b) a<b, b<c, Nape 0 6aevem a < ¢ (n-mpandumuerocms);
¢) mmooicecmso {z|x < 2 < Y u Ngoy # 0} woneuno Vr,y € X
(0606uLEHHAA NOKANDHAA KOHEUHOCTD ).

Taxoce nompebyem wmobvi

1) Va,b € X, Nabbs Naab € 1M U Nabb = Taab = 1;

2) Va < b < c<d€X, NabeNacds Mabds Moed € N U NabcTacd =

= NabdMbed -
Tanoe MHONHCECITIBO 77 6y(36.M HA3bBLBATND My/tbmun/tu%amueﬁoﬁ CU-

cmemoti, a KospPuyuenmv, Ngpe € 1N — MYALMUNAUGTNUEHOLMU
koapuyuermamu. Paccmompum mmoocecmso 1(X, Ry {nape}) =
={f: X xX = R|f(z,y) =0 ecau x £ y}. Bsedem na nem
NOINEMEHMNYIO ONEPAUUIO CAONCEHUA U YMHONCEHUA HA CKAAAD. A

ONEPAUUIO YMHONCEHUA ONPEICAUM TO NPAGUNY:

(f-9)wy)= > f(@,2)9(2y)Nzy-

<2y
Henocpe@cmeeHHaﬂ nposepra nokasvieaem, 4mo OMmHOCUMENAbHO

seedennvir onepayuti mruoocecmso I1(X, Ry{nuw.}) cmanosumes
accoyuamusnoti R-anzebpoti, xomopyio 6ydem nadvieamsv 0606-
wenHnoli anz2ebpoti unyudenmuocmu. Omuowenue <’ 6ydem
Ha3vI8aMb N -npednopsdok. Fciu sice dONosHUMENDHO GBINOAHA-
emcs c60lcmeo

d) a < b, b < a, Npa # 0 6aewem a = b (n-
AHMUCUMMEMPUIHOCTY ), Mo bydem 2060pumb wmo na X 3adan

yacmuuHsll 17-nopadox.

Ob6ob6mmennas aarebpa HHITHACHTHOCTH ABJISIETCS IPAMBIM 0000-
menreM aaredpbl MHIMIEHTHOCTH. Bhiin n3ydeHbl BOIPOCh 00pa-
THMOCTH 3JIEMEHTOB ODODIIEHHO! aJredphl MHIMICHTHOCTH, H30-
mopdusma 3tux anaredbp. Boura BBegena dynxkmus Meébuyca 0606-
IIEHHOH a/Iredphl MHITHIEHTOCTH U IMTOKA3AHO, UTO COXPAHSIOTCI 0C-

HOBHBIE CBOMCTBa aaredp MHITMIEHTHOCTH.
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OBOBIIIEHUE OJTHOI1 TEOPEMBI XA JIBUTEPA
O CTENEHHBIX MOMEHTAX

Knaccuaeckoe nepaBenctso Bpyruna-MuHKOBCKOTO CpaBHUBAET
IO U 0O6beMbl objacTeii. A WMeHHO, CIIpaBe IINBO HEPABEH-

CTBO

Q0 + [V > QoY 4 QY7 (1)

rae |Q — mepa muoxecrsa Q, Qo,Q; — Bemyksbie tena B R™)
Qo+ Q1 :={z0+21 € R": 29 € Qy, 21 € V1 } — BekTOPHAS Cymma
(cymma Mwunkosckoro). Hepaserncrso Bpynua-MuHKOBCKOTO T1m-
POKO MCTIOJIB3YETCA B TEOMETPUIECKOM AHAIN3E, MATEMATHIECKO
¢dusuke u Teopum BeposTHOCTEH. B HacToslee BpeMs nMeeTCs
6obITIOE IMCT0 PabOT, TOCBAIMIEHHBIX 9TOMY HepaBeHCTBY. OT-

meruMm jums pabory X. Xazgsurepa [1], B KoTopoit oH mokazas
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HEPAaBEHCTBO TUIIA prHHa-MI/IHKOBCKOI‘O JJIA IBYX MOMEHTOB BbI-
MyKJI0i 00/1aCTH, & UMEHHO, MOMEHTa, OTHOCUTE/IBHO IEHTPA MacC
n MOMEHTa OTHOCUTE/JIbHO THIEPIIJIOCKOCTH.

[Tycts §2 — orpannuennas, BoimyKaaa obgactsb B R™. Yepes s

obozHaunm 1eHTp Macc obsactu ). Onpenenum GyHKIMOHAT

J(Q) = / |21 — 8112 4 |22 — s2* + . + |20 — sn|?dz1..dzn, 2 € Q,
Q

IA€ 21,22,...,2n — JEKAPTOBBI KOOPAMHATHI TOYKH 2z € £,

51,82, ..y Sy — KoOOpjamHATH TeHTpa Mace 2. [lpueegem dopmy-

JUpOBKY pesynbrara X. Xagsurepa |1]:

Teopema A. ITycmv g, 21 — oepanuuertvie, svinykive 06-
1
aacmu 6 R™. Tozda das dynryuonanra J(2y) 72 evinoaneno nepa-

BEHCMBO:!
J(Q)77 > (1= t)J(Q) 77 + ()7, (2)
2de U = {(1 — t)Zo —I—t21|ZQ €0,z € Ql}, 0<t< 1.

Hannast pabora, mocesieHa 0000IIeHNI0 HepaBeHCTBa (2).
[Mycts ) — orpannyennas obsacts B R™. Oupemennm pyHK-

[UOHAT

I(k,ﬂ)z/---/alrzl—sly%
(9]

+ ag|z9 — 82|2k + .o+ anlzn — sn|2kdz1...dzn, k e N,

LHE  Z1,22,...,2p — [JIEKapPTOBbI KOOPAMHATHI TOYKM 2z € €,
S1, 89, ...y Sy — KOOPAMHATHI IleHTpa Macc ), a; > 0,7 = 1,n. Hamum
ObLIa TOKA3AHA CJIEYIOIIA:

Teopema. ITycmwb g, 21 — oepanuvennve obaacmu ¢ R™. To-

1
20a pynwyuonan I(k, Q) +2E soenym no t, m. e.

I(k, Q)7 > (1 — D)I(k, Qo) T + t1(k, Q1) 27,
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2de ) = {(1 - t)ZO +t21|20 €,z € Ql}, 0<t <.

Pa6ora BeimostHeHa nipu bunaHCOBOi mojepxke PODI (mpo-
ext Ne 14-01-00351-a).
Bripazxkaro 671aroqapHOCTh HAYIHOMY PYKOBOIUTETIO ABXaTu-

ey ®@.I'. 3a MoCcTaHOBKY 3a/1a9¥ U [IEHHBIE YKA3AHUSI.
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CNJIBHOE PACIIIVPEHUE-C2KATUE IIY3bIPHKA,
OBPA3OBAHHOTIO B PE3VJIBTATE CJINAHUA
KABUTAIIMOHHBIX BKJIIOYEHU

?)HaI‘H/ITe.H])Hoe BHUMAaHUE B JJUHAMHUKE IIY3bIDBKOB B 2KUJIKOCTHU
obparmaercs Ha KyMy/JIaTUBHBIE 9PDEKTHI, CBA3AHHBIE C UX CHUJIb-
HBIM cxkaTreM (KosimarncoMm). Hanbosiee BBICOKHE mapaMeTphl B 1Iy-
3LIPbKE JIOCTHIAIOTCS TOLJA, KOIJa OH B XOJe CxKaTus OCTaeTCs
cepraecKkuM I B HEM BO3HHKAIOT CHEPUIECKHE PaIHAJIBHO CXO-
Jgimecs yaapasie Bosinbl [1]. Buecre ¢ rem, cdepuueckast popma
KAK IIy3bIPbKa IIPH CXKATUH, TAK U yIAPHONI BOJIHBI IIPU CXOXKICHUH
siBisiercst Heycroituusoil [2]. Orksonenusi or cdepudnocTu Mo-

ryr OBITb BBHI3BAHBI ,Z[efICTBI/IeM CHUJIbI TAXKECTHU, IIOCTYyIIaTEJIbHbIM
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JABUZKEHUEM MTY3BIPDBKOB, NX T'MJPOANHAMUYIECKUM BBaHMOﬂeﬁCTBH—
eM. DTH OTKJOHEHUs] MOTYT 3HAUUTE/THHO U3MEHUTH KaK CIleHapuil
CXKaTHd, TaK U CTEIIeHb KOHIIEHTPAIIUN SHEPTUn.

B wmacrosiieit paboTe n3ydaroTcs IBOIONUS HECHEPUIHOCTH
N3HAYATHHO CHJIBHO HECHEPUIECKOro My3bIPbKA TPU €ro pac-
IIUPEHUU W TOC/AEIYIOIeM CXKATUU U IBOJIONUS HechepuIHOo-
CTU Pa/IUaJ/IbHO-CXOALIIENCH YIaPHOM BOJIHBI, BOSHUKAIOLIER B 11y-
3bIpbKE B KOHIle ero cxkarus. lly3pipek obpa3yercsa B pe3yiib-
TaTe CAWSHUSA JBYX OJUHAKOBBIX C(EpUIecKUX KaBUTAITMOHHBIX
MUKPOITOJIOCTeH, KOTZa ero HavaabHas HecHepUIHOCTH SIBISTEeT-
ca Hambosbieii. HackombKo M3BECTHO, TaKO CIl€HApPUil CUJIBHO-
r'0 PaCIIuPEeHns-CXKATHS My3bIPhbKa HE paccMarpuBaJicsd. [Ipu sTom
OHa OIpeJesIsdeTCs He OJHON TapMOHUKON, a JUHEHHOW KOMOWHA-
nueit rapMonuK. Pammyc mukpomnosocreit Ry B MOMEHT CusiHus
BapbUPYETCH B UHTEPBAJIE OT COOTBETCTBYIOIINX 3aPO/IbIIIIAM 3HA-
venuii (~ 10—100 um) 10 BesmunH, npu KOTOPBIX HECHEPUIHOCTD
y3bIPbKA B KOHIE €r0 C2KaThs CTAaHOBUTCH 3HAuUnUTe bHOU. Vc-
MOJTB3YIOTCS MaTeMATHIECKAsT MOIE/Ih I METO/INKA pacieTa paboTh
[3], pasBuThIe [yt U3yUYeHNsT CXOXKIEHUST YIAPHBIX BOJIH B I10JOCTH
Hecepuueckoro my3bipbKa. B HUX yUUTHIBAIOTCS CXKUMaEMOCTh
2KUJIKOCTHU, MCIIapEeHUe-KOHIEHCAIUs, TEeMJIONPOBOJHOCTL KU IKO-
CTU ¥ Tapa, IPUMEHSIOTCS IUPOKOINATIA30HHbIE YDABHEHUS CO-
CTOAHUI.

YcTaHOBJIEHO, YTO OTHOCUTE/BHO Ojiu3Koe K CdepuuecKoMy
CX)KATUe Iy3bIPbKAa W €ro MapoBOI0 COJEPAKHUMOI0 Oyler peaJiv-
30BBIBaTHCA Juih npu Ry/ R, < 0.00056 (R, — paamyc B MO-
MEHT MaKCHMAaJbHOTO pacimmpenns ), T. e. Ry < 250 um. C pocrom
Ry/ Ry, ot 0.00056 xapakrep cxkatust Oyger Bce 60/1e€ yKIOHATHCS
ot cdepudeckoro, a npu Ry/R,, > 0.037, corsacHo oleHKaMm o

JIMHEHOY Teopuu, My3bIPeK B XOie CxKaTug OylIeT paspylarbCcd
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(pacmrazaTbes Ha GoJee MEJIKUe TTy3bIPhKH ).
Pabora Beimosinena mpu noamepxkke [Tporpamver PAH Ne 43 T1.
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YNCJIEHHOE MOJIEJINPOBAHUE
B3AUMOJJIENCTBUA YIAPHOM BOJIHBI
C ITIPOHUIIAEMBIMHI OTHO
" MHOT'OCJIOMHBIMU ITPET'PAJIAMU
B IIPOCTPAHCTBE

l'azomponuIaemMele Iperpajbl Pa3JIHIHOl CTPYKTYPBI ABJIAIOT-
¢t 9pDeKTUBHBIM CPEJICTBOM 3alUThl KOHCTPYKIUH OT BO3€ii-
crBust ynapubix BoaH (YB) [1]. Metogamu anciensoro momennpo-

BaHUA UCCJIEIYIOTCA IPOIECChl B3aNMO/ICHCTBUA IIJIOCKON yaapHOi
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BOJIHBI C TIPOHUITAEMO# mperpagoii. Takue mperpaabl TpeacTaBis-
0T COOOIl CJIOM METAINYECKHX ILJIETEHBIX CETOK: KOHCOJINIHPO-
BaHHBIX WM PA3HECEHHBIX Ha HEKOTOpoe paccrositame. Ilomobmbie
Iperpajbl UCIOJAbL3YIOTCS IS YMEHBIIEHN aMILIATY/IbI IPOXO/Id-
WX yIaPHBIX BOJTH. AHAIU3UPYIOTCA U CPABHUBAIOTCS QMILIATY bl
IPOXONAIINX B OTPAXKEHHBIX BOJIH. Vccaeayorcs naBaeHne u apy-
rue mapamMerpbl TeYeHus ra3a B CaMOM IIAKETE CETOK BO BpeMs U
[IOCJIe TIPOXOXKIEHNS YIapHO# BOJIHBI. Pacuersl mpoBemeHbl C II0-
MOIIBIO BEIYnCAATENLHOr0 KoMiiekca STAR-CCM+.

[Taker cerkm Tommmmoit H cocromt w3 BochmMm cioeB. [list
KOMIIAKTHO YIIAKOBAHHOIO IAKETA CJIOM CIABUTAIOTCS OTHOCHTEb-
HO APYT Apyra Ha 1.25 MM B IJIOCKOCTH TAKETa W IO HOPMAJIH.
Tonamuua H Takoro makera coctapasger 10.25 mM. Ina pasnecen-
wbix Ha 20 MM cioeB cetku H = 152 mwm. Paswmep sueiiku cerku
2 MM, guamerp mpoBoodku 0.5 MM, 9TO maer K03 PUITHEHT IPo-
aumnaemoct o = 0.64. IIpoBos10uky B mMakeTe CETKHU Mpeoara-
FOTCS HEIIOIBUKHBIME U He1e(pOPMUPYEMBIMHE B IIPOITECCE PACIETA.
[Ipeamonaraercsa cumMeTpusi (pparMenTa MakeTa CeTKHU, NCIOIb3Y-
eMOoro B pacderax. B KadecTBe KPaeBbIX YCIOBUI HA MJIOCKOCTIX
CHMMETPHUH 1 HA MMOBEPXHOCTSIX MIPOBOJIOYEK HCIIOJIL3YyEeM TO, UTO
HOpMaJIbHAsT CKOPOCTh raza paBHa Hy/0. O0JacTh ONpeIe/eHust
3a7a4un BKJIIOYaeT B ce0d 00beM KaHajia, OrPaHHYEHHBIN ILI0C-
KOCTSIMU CUMMETPHUH, ITOBEPXHOCTSIMY [IPOBOJIOYEK U IJIOCKOCTIMU
BXO/a 1 BeIXoma. Ilapamerpsl B Haberaromeit Y B 3agarorcsa B orpa-
HUYEeHHON 00/1acTH, pa3Mepbl KOTOPOU BHIOMPAIOTCs C T€M, 9TO0bI B
poIlecce MOAEINPOBAHNS OTPaskeHHRIe OT TpPaHuIl Y B He nckaxxa-
JIV TeYEHNe B IMaKeTe. YCTAHOBIEHO, YTO HHTEHCUBHOCTEH KaK OTpa-
JKEeHHOM, TaK W TPoxXoasieit Y B 1st pa3sHeceHHBIX C/I0€B MEHBIIIE,
geM It KOHCOJTUIUPOBAHHBIX. DTO OODBACHSIETCS OOJLIINMU II0-

TEePAMU SHEPTUU B IIpOoHecce BBaHMOﬂeﬁCTBHH TPOXOALAINNX BOJIH C
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pa3HeceHHBIMU Tperpajgamu. Beses 3a mpoxosimeit yaapHoit BoJI-
HOIl BO BCEX PACCMOTPEHHBLIX BAapMAHTAX JIBUKETCS BOJTHA Pa3pe-
xxennsi. To ects opMupyercs MHOTOBOJIHOBAasi KOH(MUTyparus B
MIPOXO/ISIIEM TTOTOKE.

Jljtsi OIleHKY TOCTOBEPHOCTH IOy Ia€MbIX YUCICHHBIX PE3Y/Ib-
TaTOB TPOBEJIEHBI pACUeThl B3aMMOMIENCTBUA ¥ B pazanvanoit nH-
TEHCUBHOCTHY C OJIHUM KPAHOM B CPDABHEHUU C SKCIIEPUMEHTAIbHbBI-
mu ganabivu |1]. HabirogaeTcs coorBeTcTBIE YHCICHHBIX U 9KCITE-

PUMEHTAJIBHDBIX JTaHHBIX.

Pabora Boinosinena npu gacrudnom dbunancupoBanuu POPU
(mpoexT Ne 13-08-00219).
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OCOBEHHOCTU PEAJIN3AILINN
NH®OPMAIIMOHHON CUCTEMBI MOBUJIBHOT'O
POBOTOTEXHUNYECKOI'O KOMIIJIEKCA
MOHUTOPUHIA IIPUBPEXKHOI 30HBI

PasBrurue BEIYACIUTEIBHBIX TEXHOJIOTHN HA CeFOL[HSIHIHI/Iﬁ JI€Hb
IIO3BOJIAET DEIIaTh CJIO2KHBbIE 3a/Ja9X IIPOTHO3UPOBAHUA IIPHUPOI-

HBIX KaTacTpod METOIaMu KOMITHIOTEPHOTO MOJIETUPOBAHUS. Tem
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HE MeHee, JIsi CO3JaHNs U BePUPUKAINNA MATEMATHIECKUX MOJIe-
Jieli HeoOXOIUMbI HATypHBbIE maHHble. [Ipw mccaegoBaHUU TaKUX
MacITabHBIX $BJEHUN KaK I[yHAMHU OCOOYIO I€HHOCTH IPE/ICTaB-
JISIOT JIaHHBbIE HATYPHBIX U3MepeHuil B 30He 3aromiennd. Ho cbop
9TUX MJAHHBIX, KaK IIPaBUJIO, OCJOXKHACTCA PaA3JIMIHBIMHA d)a,KTO—
paMu, TaKUMU KaK yrpo3a IOBTOPHBIX 3eMjeTpsceHuit, uebjia-
ronpudAaTHbIE KJINMATUYECKHUEe yCJIOBUA U T. II. KpOMe TOrO, JJId
[OJIy9€HUsl JIOCTATOYHOIO KOJIMYECTBA JAHHBIX MOYXKET HOTpebo-
BaThCd AUTeNbHOE BpeMmd. /g pemennsg takmx 3amad B HI'TY
uMm. P. E. AnekceeBa Besercs paspaborka MOOMIHLHOTO POOOTOTEX-
HUYECKOTO KOMILJIEKCA, CIIOCOOHOTO TPOBOJUTH JIJIUTETBHBIA MO-
HUTOPWUHT BOJTHEHUA BO,B;HOI‘/JI TTOBEPXHOCTU C IIEJIBI0 HaKOIIJICHWUA
CTATUCTUYECKUX JAHHBIX, UX AHAJIN3a U PETUCTPAINNA AHOMATIHLHO
6osbmux BosiH. OH mpejcTaBiser coboi MOABUXKHYIO 1L1aTdOp-
My ¢ HADOPOM U3MEPUTE/HHOr0 000pY/I0BaHM, IIaT(OopMa HMeeT
ABUTATE/Ib, HIaCCU U CUCTEMY YIPaBJICHUA. O,ZLHI/IM N3 KJ/IIOYEBbIX
KOMIIOHEHTOB KOMILJIEKCA $IBJIA€TCs MHMOPMAIMOHHAS CUCTEMA, Pe-
AJIU3YIOIIAsT B3AUMOJIEHCTBIE C M3MEPUTETHHBIM 000pPYIOBAHUEM,
COXpaHeHWe JAHHBIX, WX aHAIU3 U Tepeaady mHMOPMAIMU B KO-
MaHHBI nyHKT. MHbOpMaImonnas cucrema paspaboTana Ha oC-
HOBE KJIMEHT-CEPBEPHOI aPXUTEKTYPhI, BHITIOJIHIETCH HA ODOPTOBOM
BBIYUC/IUTETHHOM YCTPOUCTBE IIAT(OPMBI U COJIEPKUT HADOD IPO-
rpaMMHBIX MoyJ/Ieit. Moiysib 3arpy3Kku JaHHBIX IPEIHABHAYEH 1151
[OJIKJIIOYEHNUsT K W3MEePHUTETbHOMY OOOPY/OBAHUIO U TIOJIYyYEHUIO
gaHHbiX. OH peasu3yer B3auMoeiCcTBIe ¢ alnapaTHbiM obeciede-
HUEM: PAJUOJIOKAITMOHHON CTAHIINEH JJIsT IOy YeHust nHpopMaInm
O BBICOTE CMEITEHUsST BOJHOM MOBEPXHOCTH, C JIUJAPOM JIJIsI TOJIY-
YeHUudA I/IHd)OpMa,]_[I/II/I O TIPpEnATCTBUAX Ha MYyTU CJI€J0BaHUA TLJIaT-
GdopMBbI, ¢ MeTeoCTaHITUe [IJIsI IOy deHns WH(MOPMAIIUN O TOTO/IE.

Ilosyaaembie manHble 3AMUCHIBAIOTCA B 0a3y MaHHBIX u (alibl.
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Moayns mpejcTaB/ieHrs JAHHBIX peaan3yeT HabOp MPOrPAMMHBIX
CTPYKTYD [JIst Onucannsg (pU3nIeCKux BEJUYUNH U CBsI3eil MeXKIy
Humu. Moysib TEONPUBI3KN CIUTHIBAET TOJIOXKEHUE TLIAT(MOPMBI
B MPOCTPAHCTBE MOCPEICTBOM HABUTAIIMOHHOTO OOODPYIOBAHUS, U
nobasger 3Ty nadOpPMAIUIO B HAOOPH! JanabiX. Momryas MoHUTO-
PUHTa COCTOSIHUSI CUCTEMbI TPEJIOCTABJISIET ONEPATUBHYIO UHMOD-
MaIi0 O COCTOSTHUHU 000PYI0BaHUs U Pecypcax 00PTOBOIO BBIUKC-
JINTEBLHOTO ycTpoiicTBa. Mojy/ib aHajmn3a JaHHBIX HEIpPepbIBHO
CUYUTHIBAIOT WHGMOPMAIMIO O CMEIIeHUU BOJHONW MOBEPXHOCTH U
BBITIOJIHAET 00paboTKy maHHbIX. K/IMEHTCKAast 9acTh 3aIlyCKaeTCs
HA HOYTOYKE OMEpPATOpa W TOJKIYAETCS yIaJeHHO K KOMILIEK-
Cy TOCPeICTBOM KaHAJIOB pafuocBsizu. OHa comep:kut rpadude-
CKUil TOTb30BATEBCKUI nHTEpdEiiC 119 0TODpaKeHMsT COCTOSTHUS
mwiardopmbl. B HacTosdiiee BpeMs BeAyTCd aKTHUBHBIE PAOOTHI 110
Jopaborke m1aTdOpMbl U PACIIUPEHU0 (PYHKITMOHAIBHOCTH [PO-

IPAMMHOTO 00ECIIeIeHUSI.

IIpejicraBiienHbie pe3ysibTaThl HAYYHO-UCCIEI0BATEIHCKOM pa-
OOTHI TIOJTyIEHBI TPU TO/IEPXKKe cTueHun npesuaeara PO moo-

JbIM y4eHbiM 1 acnupanTam Ha 2015-2017 roger (CI1-193.2015.5).

E. C. YabsunoBa, M. B. ®asmeeBa

Kasancxut (IIpusoasiceruti) dedeparvrodi yrusepcumen,

AHAJIN3 OIIEHKU YPOBHSI TPYIHOCTU 3AJTAY
10 TEME “IIJIOOIA b YIAOIIMUCS 5-X
KJIACCOB

Kaxgprit ygactauk 06pa3oBaTe/ibHOTO IIPOIECCA MMEET CBOE
cyObeKTUBHOE MHEHNE 00 YPOBHE TPYIHOCTH MATEMATHIECKHUX 3a-

nad. [lozunust yunresss OCHOBBIBAETCH HA €ro mpodecCuOHaIbHOM



154 E.C.VJIBAHOBA, M. B. PAJIMJIEEBA

OTIBITE, OCHOBAHHOM Ha, aHAJIN3€ PE3Y/IbTATOR PEIEeHM yIaInXCs,
U YMEHUM PEIaTh PA3IUIHbIE MATEMATUIECKUE 33 a9N.

[TepBast 1e/1b HAIIErO UCCIEIOBAHUS TPOAHAIN3UPOBATE, KaK
OIIEHKA YPOBHS TPYJHOCTU MAaTEMATHIECKUX 3a7ad yIAIUXCT H-X
KJIACCOB CBsI3aHa, C YMEHMEM PeIiaTh 3T 3a/a9u, TOCKOJIbKY HAIN
HAOJTIOIEHNS 32 MATUK/IACCHUKAMU BO BPEMs YPOKOB MaTEMATUKHU
[OKA3aJ/I1, YTO MHOTHE MATUKJIACCHUKHU JIOCTATOYHO HEOO'bEK TUBHO
OIIEHUBAIOT CBOW BO3MOXKHOCTU B PEIIEHUM MAaTeMaTUYeCKUX 3a-
nmad. Hampumep, KTO-TO yBEepeH, UTO BBITIOJHUT BCE 3 33a4Ud TI0
MaTeMaTHKe W3 TPeJIOKEHHBIX, a Ha Jejle BBIXOIUT, YTO PEIu
TOJILKO OJTHY.

Bropasi mesib HaIlero uccae0BaHUsT 3TO MOHATH, KAaK OIEHU-
BAIOT yUalluecs 33Ja49i PA3/IMIHBIX YPOBHEN TPyIHOCTH. MbI nc-
10JIb30BaJ N Kjaccuukanuio 1mo ypoBusmM ycsoernus 1mo B. I1. Bec-
nasbKo |1| qis ananusa 3ama4a mo teme “ILnomans” yaebruka 5-ro
ksacca H. . Busienkuna [2], 110 koropomy nosiroja Hazaj Haiiu
NATUK/TACCHUKY U3Yy4asu Januyio Temy. Mbl o0HApYKUIU, 9TO 3a-
Jadn K maparpady — 9T0 3aJ1aUn yIEHHIeCKOTO (3aa4u Ha OI0-
3HAHWEe, Pa3/JUuune W KJIACCU(UKAIUIO), TUTOBOTO (MOJACTAHOBKH,
KOHCTPYKTHBHBIE, THUIOBBIE 3aJa4i) U IBPUCTUYECKOrO (3a1aum
Ha mpeoOpa30BaHUe YCBOEHHBIX METOJMK W WX MPUCIOCODIEHNE
K CHUTYyallun) ypaBHEHWH. 3aJa49i TBOPUYECKOTO YPOBHS YCBOCHUS
(3agaun-npobiembl, 6€3 W3BECTHBIX METOJMK DEINEHUs) He MPeJl-
CTaBJIEHBI B yueOHUKE.

MbI 1OIPOCUIN yUYAIIUXCST OLEHUTh YPOBEHb CJOXKHOCTH 4-X
3a/1a49 Pa3IMYIHBIX ypOBHEH ycBoenms no 10-GamrbHoit mkane (0
— 3ajJlava pelraeTcd yCTHO, He IpeCcTaB/igeT HU MaJeiIneil caoxK-
nocrm, 10 — 3a7a9a OUeHb TPY/HASA, HE 3HAIO, KAK €€ PENINTh) U
MOTIPOCUIN TUChMEHHO peniuTh ee. [IpuBemem mpumep u3 crmcka

PEeJIOKEHHBIX yUammuMcest 3aaa9: “OT npsMOyroJibHUKA CO CTO-
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poramu 4 m 6 cM OTpe3asM TPEeyroaLHWK TLIONIAAbI0, paBHoi 1/4
ITOMIAIU TPAMOYTOAbHNKA. OT OCTABINENCS YaCTH OTPE3aJn erre
TPEYTOJBbHUK — TPETHIO JACTh, JaJiee OT OCTABIIEHCs OTPEe3aJIin 0~
sioBuny. KakoBa miomaaps ocrasimeiicss purypoi?”

Orenky perieHnii 33,29 YIEHUKOB TPOBOUIIN 0 CJIEYIOIIei
mkaJje: 3 6aj1a — BEpHOE pelienne, 2 — perienne He 10 KOHIA UIu
He MOJIHOCTBIO, 1 baJsn — HeBepHOe perenne, () DAIIOB — perreHne
He mpejocTasieno. OKa3ajoch, 9T0 CpeHuil AT 10 pereHusIM
3aJ1aYv yuammxcst B 2,5 pasa 0oJible, UeM cpegHuil 6aJjut mo ypos-
HIO OIIEHWBAHUS TPYIHOCTH 33749 yUaIlUMUCda. Takum obpasom,
MOXKHO yTBEpK/IaTh, UYTO B IEJIOM yUaIlUecs HeJ0OIEHUBAIOT yPO-
BEHb TPYAHOCTU MATEMATUYIECCKUX 3a/a4. TaK}Ke MBI BCECTOPOHHE
[IPOAHAJIM3NPOBAJIH, KAK OTIEHUBAIOT 334y YUAIUeCcs, PEITUBIINE
3aJla9y BEPHO, HEBEPHO W Te, KTO He NpejocTaBu pernenusi. Ha-
npuMep, 3aga41y Nel pemuin BepHo u onenusiu ot 0 10 3 6a/1108 —
56 % ydamumxcs, TakzKe peIu BEPHO, HO OLUEHMU/IU 110 HIKAJIE OT
4 mo 8 — 8 % yvammxcd M pemmau BEPHO, HO OneHmIn oT 7 10 10

Takxe 8 %.
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MOAJEPHU3AIINS T'ASOPACIIPEAEJIMTEJIBHOI'O
YCTPONCTBA PEAKTOPA JETNJIPUPOBAHUA
N30AMMNJIEHOB

PeaxkTop mermapupoBaHus M30aMUIJIEHOB B M3OIPEH IIPeICTaB-
JiggeT cobOoit CI0KHOE TeXHUYIECKOe yCTpoiicTBo. B Bepxwueit ero ua-
CTH PaCIIOJIOKEHO ra30pacIiIpeaenTeIbHOe YCTPORCTBO, obecmedn-
BAIOIEEe CMEIIEHUE ChIPbs (M30aMUJIEHBI) W BOJASIHOTO T1apa M MX
[I0J1a4y B CJIOH KaTaJn3aTopa, IJie U IPOUCXOMIT XUMUIECKHE pe-
AKITAH, IIeJIEBBLIM PE3YILTATOM KOTOPBIX SIBJISETCS IIPOM3BOICTBO
Tpebyemoro mpoaykTa — m3omnpena. KadgecTBo cmerenust mapa C
CHLIPHEM MOXKHO OIIEHHTHL II0 PACIPEIEIECHUI0 TeMIEepaTyphl CMe-
CU HEIMOCPEICTBEHHO HAJl CJIOEM KaTaJIu3aTopa, TJIe YCTAHOBJIEHBI
TEpMOIIAPLI, TAK KaK M30aMIJIEHLI WU IIAp IIOJAIOTCS B PaCIIPeLy-
CTpOHCTBO TpH pazandHbix Temmeparypax: 470 u 670 °C. Oukcu-
pyeMblii TepMonapaMu HepaBHOMEPHBI Tporpes cMecu (pasbpoc
nokazanuii garankos gocrurag H0°C) cBugeTebLCTBYET 0 HEJ0-
€cTaTOYHO 9P HEKTUBHOM CMEILIEHUH 1apa U Chipbsd. Ilpu aToM pas-
JIMYHBIE YACTU KATAIN3aTOPa PAbOTAIOT B IPUHITUIAAILHO PA3HBIX
yC/IOBHUAX: Ha OJHUX yYaCTKaX B 3€pHI/ICTbIﬁ CJIOM BXOOUT XOJIOJ-
HOe, HeJO0CTATOYHO pa30aB/IeHHOEe IapOM ChIpbe, a Ha JIPYyTHX —
[IEPErpPeTOe ChIPhe € DOJIBIIUM KOJIU4ecTBOM mapa. OueBuiHO, B
9TOH cUTyalnnn pexkuM paboThl peakTopa B IIEI0M OYIeT JajaeK OT
pacaeTHoro.

J11s1 TOro 9T00hI BBISICHATE IIPUYUHEI HI3KOI'0 KAYECTBO CMEIIe-
HUYA U IIPEAJIOZKUTDH IIYTU YCTPaHEHUA HEJOCTATKOB KOHCTPYKIUU

ra30pacIIpe e IuTeIbHOTO YCTPOUCTBA, OBLIO IIPOBEIEHO MaTeMa-
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TUYEeCKOe MOAeJIMPOBaHNE TEPMOTNAPOANHAMNYECKUX TTPOIEeCCOB B
peakTope ¢ ucnoas3oBannem CFD-nmakera Fluent-Gambit 6.0 [9].
Onupasick Ha Pe3yIbTATHI PACIYETOB, JIJIsT TOBBIIEHNsT KAYeCTBa
CMEIITEeHUS MBI TIPE/IIOKUIN MOIEPHU3NPOBATDH CYIIECTBYIOIIEe Ta-
BOPACIPEIEINTENBHOE YCTPOWCTBO TIYTEM BBITIOJHEHUA Tepdopa-
1uu TPyOBI TO/BOJIA CHIPhs. 3a CYET ITOr0 CMelreHue Oymer mpo-
HCXOIUTH BO BCEM 00bEME Ta30PaCIPEIeTUTETHHOTO YCTPORCTBA.
B ciygae ncnosp3oBaHusa MOJIEPHU3UPOBAHHOTO Ta30PACIIPEIeIN-
TEIHLHOTO YCTPONCTBA MPETIOIATAETCS CHUKEHIE TTepernnaia, TeMIe-

paTyp B BepxHeM cjoe Kartajansaropa jgo 10°C.
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KPAEBA4A 3AJJAYA TNJIBBEPTA
C BECKOHEYHBIM BPAIITEHNEM
HA EAVHNYHON OKPYXKHOCTU

[Iycts D — eauHUYHBIN KPYT B IJIOCKOCTA KOMILIEKCHOTO ITe-
pementoro D = {z:rew 0<r<1,0<60< 27r}, L=0D. Ile-
JIBIO JTaHHOI paboThl aBigeTca Haxoxaeane dpyuxmun P(z), ana-
JUTHYIECKON B obsactn ) W HEMPEPBIBHO TPOIOKUMON Ha BCe
TOYKHU KOHTypa L, 110 KpaeBoMYy yCJIOBUIO

Re[e*“’(t)(b(t)] = |é((tt))‘, (1)

rie GO = aft) —ib®), a v(t) = argG(t), a(t), b(t), c(t)
— 3ajanHble HA L jeficTBuTesbHble (DYHKIMU, HETPEPHIBHBIE HA
unrepsase (0; 27), npuuem a?(t) + b2(t) # 0 Bciony wa L co ciie-

10
JYIOIMME Orpanudenusyvu 1 dyakuun v(t), t = e

(6
v (Q)Jrﬂ(e), 0<b<m,

sin®
v(0) = (2)
v (0)

inP 8
S1n D)

[\

+v(0), w<O<2m.

Jlanras 3aa9a OTHOCUTCA K TaK HA3BIBAEMBIM KPAeBBIM 33,14~
gaM ¢ 6ECKOHEUHBIM UHIEKCOM, KOTOPBIE UCCIeI0BANCH B paboTax
[1-3], re 3aBuxpenvie v(t) TpoUCXoansIo B GECKOHEUHO YIAMeHHOMN
Touke. B maHHOil paboTe MCCIe0BaHNEe MPOXOIUIO0 Ha KOHEUYHOM

KOHTYyDe.
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B pesysnbrare mpoBeeHHBIX NCCIEI0BAHNTT OBLIO TTOTYyYeH0 00-
Iee perenne OJHOPOJIHOMN KpaeBoii 3ajaun (1) B Kyiacce orpaHu-

4eHHbIX DYHKINH BUIA
) leia
®(z) = —ie" ' E7 F(2), (3)

rae F(z) — npoussonbHas ananutudeckas B D dbyHKug, npu-
HUMAIOMAsl HA EAMHUYHONW OKPY’KHOCTH YMCTO MHUMOE 3HAYEHUE
U YJIOBIETBOpsIONas Ha rpamuie yeaosmio |F ()| < CeQW ¢ =
= ¢ C = const. TakzKe GbLIM HOJIyYeHbI YCJIOBUS PA3PEIIMOCTH

sagaun (1). Hampumep, jmokasana cieyomast

Teopema. Ecau p > 1/2 u ewnoansemea ycaosue v~ < 0 uau
vt > 0, mo odnopodnasa kpaesas 3a0aua uMeem AUULL HYAECOE

peweHue.
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EJVMHCTBEHHOCTbD PEIIIEHUN
AHN3O0TPOIIHBIX SJIJINIITUYECKUNX
YPABHEHUII B HEOTPAHUYEHHBIX OBJIACTSIX

IMycrs ) — mpousBobHAs HEOTPpAHUYEHHAsT 00JIaCTh TPO-
crpaictea R, = {z = (x1,22,..,2,)}, Q C R,, n > 2.
Jnst aHn30TPONHBIX KBA3ZUJIMHEHHBIX 3JIIUITUYECKUX YPABHEHUIT

BTOPOTO TOPsIIKA paccMaTpuBaeTcd 3ajaqda Jupuxite

n

Z(aa(az,uwa))wa —ap(z,u) =0, x€ u’ag =0. (1)

a=1
[Ipeanonaraercs, uro dbykmmun aq(z,s), © € , s € R, ka-
PATEO0PHUEBBI U CYHMIECTBYIOT MOJIOKUTEIbHBIE YUCAA T, Gay =
=1,...,n, Takue, 94T0 AJad o4t Bcex x € €1, s,t € R, cnpasej-

JINBBI HEPABEHCTBA!
(ap(x,s) —ap(x,t))(s —t) = apBo(s — t), (2)
0 < (an(x,s) —aa(x,t))(s—t) <auBa(s—t), a=1,...,n. (3)

Baecy N—byukuuu By(z), Bi(2), ..., By(z) n pononHurenbHble K
HUM yI0BIeTBOPSOT Ag-ycaosuio (eum. [1]).

B pa6ore [2] 115 aHU30TPONHBIX 3JIMITUYECKUX yDABHEHUI
C HECTENEeHHbIMU HEJIMHEHHOCTAME JIOKA3aHO CYIIECTBOBAHKE pe-
mennit 3aaun JIupuxsie B IPOM3BOJIBHBIX HEOTDAHUYEHHBIX 0012~
crsix. M. M. Bokaso, O. B. Tomanckoii B [3] ycraHossiena ejns-
CTBEHHOCTH PEIeHWs KPaeBOil 3a/1a4uu JIIsi yPABHEHUS C TEPEMEH-
HBIMM [I0KA3aTe/NsIMK HeJIMHeHOCTH. 3/1eCh BbIJEIEeHbl J0CTaTOY-
HbIe YCJIOBHsI, 00€CIIeUnBAOIIIEe eJMHCTBEHHOCTD PEIeHns 3a,/1auu

(1) Ge3 orpannveHuii Ha [OBEJEHUE PEIeHnst IPU |z — 00.
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ITycts cymectByer Takoe 0 < € < 1, 9TO BBITIOJIHEHBI YCIOBUS
Bo(2'79) < Bo(z), a=1,2,...,n. (4)

Enuncreennocrs pemenns 3agaqdn (1) ycTanoBieHa mpu ycmo-

BUHU, YTO:

Ba(z) = colzP>, 2| <1, pa>1, ¢>0, a=0,1,...,n.

(5)

CumTaeMm, 9TO TMOKA3ATEIA Do, @ = 1,...,N yIOPAJOYEHBL: pP1 >
P2 = ... = pp, TOTJA YUCHA (o = %, a = 1,...,n, Takxe

VIOPSITOYUEHBL: q1 2> G2 = ... 2 (n . lIpeanoaraem, 9To:

n

1
po>pi, > —>1 gu>n (6)
a=147¢
Teopema. ITycmv svinoanenv, ycaosus (2) — (6), mozada 0606-

wennoe pewenue u(x) zadawu (1) eduncmeenno.

Pa6ora seimostaena npu nojepxkke CO Baml'V (rpant B15-
13).
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METOAbBI YIIPABJIEHNS MATEMATNYECKUM
KOHTEHTOM B NTH®OPMAIINOHHBIX
N3JATEJIBCKNX CUCTEMAX

[TpeamoKeHbl METOIBI YIPABIECHUS MATEMATUIECKUMU JOKY-
MEHTaMHi, B YaCTHOCTH, Pa3BuUThl pe3ysibrarsl paborsr [1]. Kak
MU3BECTHO, YIIPABJIEHNE MATEMATHIECKAM KOHTEHTOM BKJIIOUIaET 06-
paboTKy, xpaHnenue, orobpaxkenue u mouck napopmarmu. Ocoben-
HOCTH YTPABICHWST MATEMATHIECKUME JAHHBIME, TPEXKIe BCETO,
3aKJIIOUAETCS B CTPYKTYPUPOBAHHOCTH KaK TEKCTa (OMpeeeHus,
TEOPEMBI, IOKA3ATENHCTBA U T.J1.), TaK U caMux (hopMyst (BIOKEH-
HOCTH W JIp.).

Pazpaborannoe TexHOJIOTHYECKOE s/IPO TTO3BOJIAET 0OpabdaToi-
BaTh cojiepxkuMoe TokyMenToB B (popmare OpenXML (cum., namp.,
[2]) ¢ BO3MOXKHOCTBIO aHAIN3a UMEIONIMXCS B HEM JIAHHBIX, B TOM
YUCJIe MATEMATUIECKUX BBIPAZKEHIA.

Meroyg 06paboTky MaTEMATUIECKUX JOKYMEHTOB, IIPEI0KEH-
HBIi B paboTe, OCHOBAH Ha A3bIKE CEMAHTHIECKON pa3MeTKu
MathML (cwm., mamp., [3]). CemanTHUeCKOE TpeICTABICHNE MaTe-
MaTUYIECKUX JOKYMEHTOB NCIIOJB3YETCHA JIJId PEIEHNA CJIEIYIOIMINX
3a1a:

® XpaHEeHUE JOKYMEHTOB C MaTEMaTUYICCKUM KOHTEHTOM;]

e oTOOpasKeHne MaTeMaTUIeCKNX TeKCTOB B Bebe u Ha mopra-
TUBHBIX ycTpoiicrBax (cM., Hanp., [4]);

® TIONCK TI0 (pOpMysITaM B MATEMATHIECKUX TEKCTaX.

HeorbemaeMoit 9acThi0 TMPEII0KEHHON TEXHOJOTUN SBJISIETCS
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KOHBEPTalld MaTEeMAaTUYIECKUX JaHHBIX B CbOpMa,TI)I CeMaHTI/Iqe—
ckoro Be6a. IIporpaMMHbIil MOY/IB, TIPE/IOKEeHHbIH B padore [1],
6b11 peasmzoBan B Buge Tabuuibl cruiaeit XSLT (cm., nanp., [5]),
YTO MO3BOJIHIO YCKOPUTH MPOTece KouBepranun. Anroputm pabo-

Thl KOHBEPTEPA MPEJACTaBJIeH HA puc. 1.

Unzipping
MS-Word document worddacumentoml
fila in documeant

l

XSLT-processor

Result TeX-

dacurment

Puc. 1. Anropurm kouseprannn OpenXML B TEX

[Touck mo maremarudeckuM GpopMy/iaM TaKKe UCIOIb3YET Pa3-
paboranubie Tabmipe cruiieii. IIporpamMma noncka BKIIOYAET B Ce-
Oe /iBe TIOJICUCTEMBI: TIepBasi MHIEKCUPYeT MaTeMaTUudeCKue BbIPa-
JKEHUsI B KOJUIEKIIMM, U BTOPAs [PEACTAB/ISIET 10/Ib30BATE/ILCKU
naTepdeiic moncka, 06pabaTHIBAIONINI 3aMPOC U BBIIAIOMINI Hali-
JleHHbIe pe3ysbTarhl. Co3/anne WHIEKCHPYeMOTo (baiisia mo3BOIs-
er yBeanuuTh 3p@eKTUBHOCTE noucka. OOmuit aaropurm paboTh
[pOTpaMMBbl MTOMCKOBUKA IPEJICTABIEH B CJIEIYIONIel OJI0K-cxeme

(cm. puc. 2).
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CTpoka noncka

1

Koneeptep & MathML

Ecnu copepsut
chopuynkl

MaTtemaTiqeckan
KonnekunA

S

CraHpapTuaatop

F 3

XML
WHAEKCHPOBAHHLIR J

aiin

FeHepauuA 1
NpUMEHEHKE
PEryNAPHLIX
BLIpaKEHWA

F 3

F 3
Y

Peaynerar

Puc. 2. Ajropurm paborhl TPOrpamMMbl TOUCKA, 10 (hopMyIam

[TouckoBoe siipo cHAYAIA UHIEKCUDPYET KOJLIEKITUIO, TIEPEBO/IsI
maremarudeckue popmysasl B MathML, 3arem mpuBoauT K eguHO-
My BUJY CXOXKue 1o 3HadeHuto ¢popmysbl. [Ipu BBOIE MONCKOBOTO
3aIpOCa TEHEPUPYETCsl PEryJIsiDHOE BBIPAXKEHUE, M0 KOTOPOMY U
OCYIIECTB/ISIETCS TTOUCK.

st IOCTpOEHUST CUCTEMbBI YIIPABICHUST MATEMATHIECKAM CO-
JIEPKUMBIM OBIjIa yCTAHOBJ/IEHA U HCCJIE/IOBAHA W3/IaTETbCKALA CH-
crema Open Journal Systems-2.4.6.0. st passeprbiBanus cucre-
MbI OBLI IPUMEHEH JI0KaIbHBIA cepsep Open Server-5.2.2, BKo4Ya-
formuii Apache-2.2, PHP-5.3, MySQL-5.5. /s pererust rpobieMbr
orobparkenusi popmyst B Bebe npumensiercs bubmorexka MathJax-
2.4 u KaTeX (cwm., mamp., 6], [7]).
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Pa6ora seimoena npu dhunancosoii nogaepxkke PODU (mpo-
exTbr Ne 15-07-08522, Ne 15-47-02472) u PTH® (mpoext Ne 14-03-
12004).
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MOJEJINPOBAHUE BYUE-PA3PAIA
B JIOKAJIBHOM IIPUBJIN2KEHNUN

Hamnast paboTa cBsi3aHa, C peleHneM OJHON M3 BaXKHBIX 3a7ad
GU3NKKM ¥ XUMUHU TJIa3Mbl, a UMEHHO, C mpoIreccamu 06paboTKu
[IOBEPXHOCTU B HEPABHOBECHON HU3KOTEMIIEPATyPHOHI I1asme, B
TaKUX 3aJad9ax 4dacto ucnonanpdyercas BUE-paspan. Iunarmoctmka
TaKUX Pa3PAI0B 3aTPYIHEHA U OOJIBIIYIO POJIb Tpuobperaer Moje-
supoBanne BUE-pa3psana. [lpegcrasiennas B HacTosmieil pabore
MOJIeJIb OMUCHIBAET eMKOCTHOI BY—paspsia Mexx 1y AByMsI IIOCKO—
napaIeTbHBIMU 3JIEKTPOIAME, OIUH U3 KOTOPBIX 3a3€MJIEH, & IPY-
roit coequaer ¢ BUE-rerepaTopom.

B pa6ore [1] myrem perenusi MojiesIbHOI 33/1a91 110 YIPOIIEH-
HOIl KMHETHMYECKOW CXeMe aproHa II0KAa3aHO M3MEHEHUe XapaKTe-
puctuk BUE-paspsiza B 3aBUCMMOCTH OT T'DAHUYHBIX YCJIOBUI,
OIIMCHIBAIOIIUX CBO¥CTBA obpasia—sjekTposaa. ChesaH BBIBOI O
HeO6XOﬂI/IMOCTI/I BKJIIOYCHUA B KUHETUYECKYIO CXEeMY MOJIEKYJIAP-
HBIX WOHOB U JuMepoB aprona. llostomy B Hacrogrieit pabore
MpeJICTaBjeHa HeJUWHeHas 3a/a1ua, BO3ZHUKAONIAA TPU MOJIE/IH-
poarme BUE-paspsima B JIOKAIbHOM MPUOJIMKEHWH TPU aTMO-
cepHOM aBJIeHUN, BKIIOYAONIAA B cebsl ypaBHEHUsT KOHBEKITAN-
mucbdy3un [1id 3JeKTPOHHOIO W MOHHOTO Ta3a, ypasuenue [lyac-
COHA JIjIs MOTEHITNAA JEKTPUIECKOrO T0JIid, YPABHEHUS OaJjianca
MeTaCTa6I/IIH)H])IX aTOMOB " HeﬁTpaﬂbeIX aTOMOB, a TaK>Ke CTa-
[MOHAPHOE ypaBHEHME TEeILIOINPOBOJHOCTH aTOMHO-MOHHOI'O T'a3a
U JIONOJIHEHHAs] YpAaBHEHUEM KOHBeKIuu-Audy3un Jjisi MOJIEKY-

JISPHOI'O MOHA U KUHETUYECKUM ypaBHEHUEeM JJjid JuMepa aproHa,
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TaKUM 00pa30M B MOIEIN YUUTHLIBAIOTCS SJIEKTPOHBI, aTOMHBIE U
MOJIEKYJISIPHBIE MOHBI, MeTacTaDUIbHBIE aTOMBI U JTUMEpPBI apro-
Ha, a TaKXKe aTOMBI B OCHOBHOM cocrostauu. OmucaHHasi cucrema
KPaeBbIX U HAYAJTHHO-KPAEBBIX 3324 XaPAKTEPU3YETCsS HECKOIb-
KAMU OCODEHHOCTSIME, OCJIOKHSIONIUME PAa3pabOTKy aaropuT™Ma u
YUCJIEHHOTO0 METOJ[a €€ DEIleHMUs.

Bo-niepBoix, ona cocrouT u3 3a/[a4 Pa3HOIO THIIA: HAYAIHHO—
KPaeBbIX 3aJ1a4 [I/isi YPABHEHUU C YaCTHBIMU IIPOM3BOIHBIMU IIa-
pabosInveckoro TUMA ¥ KPAEBBIX 33144 /I OOBIKHOBEHHBIX TU(dD-
depeHImaIbHBIX YPABHEHU BTOPOTrO MOPSIIKA, B KOTOPBIX BPEMsi
BXOJIUT KaK MapamMerp, a Takxke 3ajaun Kommu. lonomaurenbuoe
yCJIOYKHEHUE ODYCJIOBJIEHO PA3HBIMU BPEMEHHBIMU PAMKAMU W3-
MEHEHUsI OCHOBHBIX XapaKTEPUCTUK YCTAHOBUBIIETOCS COCTOSIHUIE
BYE-—pazpsijia moHnKEHHOTO [TaBJICHUS.

Bo-BrophiX, XapakTepHOil 0COOEHHOCTBHIO 3aJa4u  SIBJIAETCS
OoJibIINe TPAJUEHTHI IJIOTHOCTU 3aPS2KEHHBIX YaCTHUI[ ¥ HaIIpsi-
JKEHHOCTU 3JIEKTPUYECKOr'O I0Jid, JJEKTPOHHON TeMIlepaTyphbl B
MPUAJIEKTPOIHBIX CJIOSX HA MPAHUIE PACIETHON 06J/1aCTH, TO €CTh,
eC/IV B KBa3WHENTpaIbHOM 00IacTi I7IsT 33729, MBI TMEEeM MTPOIECC
¢ gomuuIpoBanueM auddy3un (peryagpHo BO3MYIIEHHAS 3aa49a),
TO B IPUIIEKTPOIHBIX 00/1aCTIX HAOJIIOIAETCH Caydail CHIBHOTO
JIOMUHUPOBAaHWsT KOHBEKIINN (CHHTY/IPHO BO3MYIIEHHAS 33/1a9a).
DTO0 NPUBOIUT K MOABJIEHUIO 00/1aCTell CUIBHOIO U3MEHEHUS Perlie-
HUS.

B-1tperbux, mpejcraBjieHHas CUCTEMA 3aJ1a9 SIBJISIETCS HEJId-
HETHOI KaK 10 OTJIeILHBIM BXOISIINM B HEe YDABHEHUSIM, TaK U B
IIEJIOM.

B-gerBepThix, HEOOXOIUMOCTH BBIYUCIECHUS TOTOKA B 00JIACTIX
CUJILHO MEHAOMINXCsT KO3 MUIIMEHTOB MPU HAJUYINUU OOIBITUX I'Pa-

JAVEHTOB PEIIeHUA.
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Jlist periennst pacCMaTpPUBAEMOil HEJTMHENHON CHCTEMBI Kpae-
BBIX U HAYAJBbHO-KPAEBBIX 312U UCIOJB30BAJICS TPUOIMAKEHHBIT
METO/T, OCHOBAHHBII Ha, KOHEYHOMEPHON alMPOKCUMAINN 33,189 C
TIOMOTITHIO PA3HOCTHBIX CXEM C TIOC/IeTYIONTNM IPpUMeHEHNEM IS ee
peain3aIiu UTEPAUOHHOIO MPOIECCa. SHAYEHUS CETOUHBIX (PYHK-
IWil, COOTBETCTBYOIINX KOHIIEHTPAIIUSM 3aPSZKEHHBIX TaCTHUIL (MO-
JIEKYJISIPHBIX W QTOMAaPHBIX HMOHOB, JJEKTPOHOB, JUMEPOB W MeE-
TaCTaOW/IBLHBIX ATOMOB), OMPEJENSIOTCS BO BHYTPEHHUX TOUYKAX,
TOTJa KaK AlTpPOKCUMUPYIONINE TOTEHIINAT SJIEKTPUIECKOTO TI0-
Jist, MeTacTabmIbHBIE ATOMBI U TA30BYIO TEMIIEPATYPY OMPEIe/IeHbI
BO BCeX TOUYKaX (BKJ/IIOYas MPAHUYHBIE). DTO OMPABIAHO TEM, UTO
yCJIOBUS /i KOHIIEHTPAIUil 3aPAKEHHBIX YaCTUIL CPOPMYTHPOBA-
HBI Yepe3 TJI0OTHOCTY MOTOKOB JTAHHBIX TACTHUIL.

HegBuas pasHocTHas anmpoKcuMalidsi CTPOUTCA WHTEIPO—
HHTEPIIOJISIIIUOHHBIM METO/IOM [2| ¢ mpUMeHeHreM MeTO/a HApaB-
JeHHbIX pasHocreil [3]. Jluneapusanust cucreMbl POBOAUTCS 1O
MeTO/y Tuiia 3eiijiesis, IpU ITOM YUCIEHHBIH aJropuTM OCHOBAaH
HA OMYCKAHUW HEJUHEHHOCTU TIO BXOIAINUM KO(hUITMEHTAM Ha
HKHWHA cioii. HeanHaeiinble KBagpaTndHbIe caaraeMble B MPaBoit
JacTH OBLIN JIMHEAPU30BAHBI C TOMOIIBI0 cxeMbl HpioTona [2]. Pe-
[IEHNEe yPABHEHUS /I Ta30BOM TEMIIEPATyPhl MPOBOAMIOCH 1 pa3
3a nepuoy, 1’ ¢ MOMOIIBIO BHYTPEHHErO UTEPAIIMOHHOIO IIPOIECCa
tuna Axobwu. IL1oTHOCTH TOTOKOB JIJISI MOHHOTO W 3JIEKTPOHHOTO
rasa pacCUUTBIBAIOTCA 10 MeToy 'ymmens [4].

PesysibraThl Unc/ieHHOrO pereHnsi MO/IEIbHON 33191 BbIIBU-
JIN M3MEHEHWsI COCTaBa Ta3a B MPOIECCE PA3BUTHUS pa3psiad, ec-
JIU B Havaje mpeob/iagaioT MOIEKYIIpHbIe NOHBI TPU HEOOTBITION
ra3oBOil Temieparype a KOHIEHTPaIus BO30YKIEHHBIX aTOMOB U
JIUMEpOB NMpUOIN3UTENIHHO DABHAs, TO MPU HAIPEBE Tra3a MPOUC-

XOOUT YyMEHBbIICHNE KOHIOEHTPAINN MOJIEKYJ/IAPDHBIX NOHOB U JTUME-
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POB TIPW BO3PACTAHWN KOHIIEHTPAIINW aTOMAPHBIX MOHOB M yMEHb-
[MeHUN AuMepoB. KOHIIeHTpaIus MOJIEKYISPHBIX HOHOB OOJIBINE B
NPUIEKTPOJHBIX CJIOAX, Te TeMIIepaTypa ra3a Menbire. [Ipu srom

B pa3ps/ie CyIiecTByeT 06/1aCTh COXPAHEeHUsT KBA3UHEHTPATLHOCTH.

[Iybaukamusa  ocymiectBiiena npu (DUHAHCOBON IO/IEPIKKE
P®®U u llpaBurenscrsa Pecnybsiuku Tarapcran B pamMkax Ha-
yaubix npoekToB NeNe 15-41-02672 u 15-41-02569.
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O IIOJIVKOJIBIIAX HEIIPEPHIBHBIX ®YHKIINN
CO BHAYEHUSAMMU B (0, o]

B craresax [1, 2| nagaro usydenne nosykosern, C°(X) scex
HEIPepPBIBHLIX (DYHKIMI HA TOIOJOTMYECKAX MPOCTPAHCTBAX X
CO 3HAUEHMSIMM B pacmmpenHom umcaoBom Jyue (0,00] ¢ moro-
YEeYHBIMU OIE€PAIUSAME CJIOKEeHUs U yMHOxKeHus dbyHxmit. /s
kaxoit dyuknun f € C°°(X) onpegeneno 3aMKHyTOE MHOMKE-
crBo H(f) = f~1(c0).

B pab6ore [1] 65110 BBeeHO TOHSATHE H-udeana: maean I mo-
aykosbia C°(X) nasesaercs H-udeanom, ecnin H(f) = H(g)
Breder g € I nua mobeix f € I u g € C°(X). H-umeanst B 1m0-
nykosbie C°(X) apnsiorcsa Gungeanamu, TO €CTh BbIIEPKUBAIOT
CJIOJKEeHUE C JIIOOBIM 3JIEMEHTOM MOJIYKOJIbIA. Bummeansr o6pasy-
ior B pemerke IdC™(X) nucrpubyTuBHyIO NOApeImeTKy, KoTopas
CONIEPKUT B CBOIO 0Yepeb Hojpemerky scex H-mmeanos.

Tonoioruueckoe NpoCTPAHCTBO, YAOBJAETBOPSAIONIEE AKCHOMAM
ormesumoctu T u T35, Ha3pIBaeTCS THXOHOBCKUM. THXOHOBCKOE
npocrpanctBo X HazweiBaeTca F-npocmpancmeom, ecim mobas
orpannveHnas HenpepbiBHast R-3naunas GyHKIMst, onpegenennas
HA TIPOU3BOJBLHOM KOHYJIb-MHOXKECTBE B X , HEIIPEPBIBHO IPOJIOI-
xaerca Ha Bce mpocrpancTtBo X . Tuxonosckoe mpocTtpancTBo X
HasbIBaeTCa P-npocmpancmeom, ecim Bce HyJIb-MHOKECTBA (DyHK-

it u3 C(X) OTKPBITO-3aMKHYTHI.

Teopema 1. /Jlaa 6carozo muxronosckozo npocmpancmea X
IKGUBANEHMMHBL CACOYIOULUE YMBEPIHCOEHUA:

1. X — F-npocmparcmeo.
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2. Bce udeaavi noayrosvya C°(X) cymov buudeani.

3. I+J =1INJ 0daa mobwzx udeanos I u J noayrosvua
C>(X).

4. Teopemuxo-mmnoocecmeennoe obsedunenue A100vT  06YT
(npouseosvrozo Henycmozo cemelicmea) UIEAN08 NOAYKOADUG
C™(X) asaaemca udeasrom.

5. Pewemxa IdC*°(X) scex udeanros nosyrorvua C°(X) duc-

mpubdbymueHa.

Teopema 2. Jlaa 4106020 muzonoscrozo npocmparcma X pas-
HOCUNDHDL CACOYIOULUE YCAOBUA:
1. X — P-npocmpancmeo;

2. daa mobwz f,g € C°(X) umeem
g € fC*(X) < H(f) < H(g);

3. sce udeanrvt noaykoavua C(X) asasromes H-udeanramu;
4. Vf € C®(X)3g € CX(X)(f = f?9);
5. I-J=1(J daa arobvz udeanros I,J noayrosvya C(X).
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IIPOTPAMMHBIN KOMIIJIEKC
AJIAd PEAJINSATINN AJITOPUTMA YCKOPEHUZ(I
YNCJIEHHBIX PACYETOB YPABHEHU
ITEPEHOCA
AJIA PAJIMAJIBHO-CUMMETPUYHBIX 3AJJAY
®UJILTPAIIIN MHOTO®A3HEBIX YKNJIKOCTEN

Hacrosrmass pabora mMOCBAIEHA OMUCAHUIO KOMILIEKCA ITPO-
rpaMM JJIs peajin3allui aJrOPUTMa YCKOPEHHs YUHCJIEHHBIX Pac-
YeTOB YPaBHEHHH IEPEHOCA IS PAJUAJIbHO-CHIMMETPUUYHBIX 3a-
maa puasTpanmn MHOTOMA3HBIX KUIKOCTel. PaccmoTpennio 3a-
a9 (bUIBTPAINN YTJIEBOIOPOIOB ITOCBAIIEHA OOIINPHAA TUTEPATY-
pa (cu., Hanp., [1-3] u npusesennyio tam 6udanorpaduio). Kak or-
MeuaeTcs B [3], paspaborka MeCcTOpOXK IeHuii yTIIeBO0POIOB MPE/I-
CTaBJIgeT COOO KOMILJIEKCHYTO ITPOOJIEMY, JIJisl YCIIEITHOT'O PEIeHUsT
KOTOPOI TpebyeTcs mpuBiedeHne 3HAHWI 1 OIbITa, HAKOILJIEHHBIX B
pa3uYHbIX 00/1aCTIAX HAYKU W WHXKEHEPHO# nmpakTuku. [Ipuvene-
HI€ KOMILIEKCHOI'O0 MYJIbTHUCIUILINHAPHOTO IOIX0/a CTAJIO0 OCO-
OEHHO aKTyaJbHBIM Ha COBPEMEHHOM 3TAlle, XapaKTEPU3YIOIMIEMCH,
C OZTHO#M CTOPOHBI, CYIIECTBEHHBIM yXYAIICHUEM CTPYKTYPBI 3alta-
coB HepTH 1 ra3a, a ¢ APYroi — Co3JaHneM MPUHITHINAILHO HOBBIX
TEXHOJIOTUil B 00JIACTH WCCJIEIOBAHUS U MOJIEIUPOBAHUST TE0JI0-
TUYECKOTO CTPOEHUS ILIACTa, OYPEeHHs M 3aKAUNBAHUA CKBaKUH,
HCIIOJIB30OBAHUEM HOBBIX 6])ICTpO,ZL€I>'ICTByIOH_[I/IX KOMIIBIOTEPOB IJIdA
[IPOBE/IEHHSI CJOKHBIX BBIYUC/IECHN, T€0JIOTHIECKOr0 W THIPO/IN-
HaMMUYI€CKOro MO/JC/IMPOBAHULA. O,D;HI/IM U3 OCHOBHBIX MHCTPYMECH-

TOB OJId 000CHOBAHHOI'O IPDUHATHA CTPATETHYCCKHUX N TaKTHU4Ie-
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CKUX PeIleHuii mpu pas3paboTkKe MeCTOPOXKIEHUN YT/IEBOI0POI0B
SIBJIIETCST MOJIEJTMPOBAHUE MPOIECCOB M3BJeUYeHns HedTH U Tasza.
Kaxmoe mecTopoxkienre yHUKAJIHHO, HEIPABUILHOE TPUMEHEHNE
TeX WM UHBIX METOJI0B BO3/EHCTBUA HA TJACT MOXKET TPUBECTH K
HEMOIIPABAMBIM TOCEACTBUIM /i PAa3PabOTKH, TOITOMY OIEHKY
3 HeKTUBHOCTY pa3IUIHBIX TEXHOJOTHN C yIeTOM OCODeHHOCTEM
KOHKPETHOr0 00'beKTa ¥ IPOTHO3UPOBAHUE [MOBEIEHUS YTOr0 00b-
€KTa I1e/IeCO00PA3HO OCYIIECTBIATE C IOMOIIBIO MIPE/IBAPUTEHHO-
0 MOJIE/TUPOBAHMUSI.

PaccmarpuBaerca 3a1ada yCKOpeHUsT 9UCAEHHBIX PACIETOB T10
SIBHOI CXeMe JIijisi YpaBHEHUI TepeHoca, UCIoIb3yeMoro Ipu Mojie-
JUpoBaHWN HePTAHBIX MecTOpoxkaeHuii. [Ipu pacuere peanbHBIX
MECTOPOXK/IEHU HEOOXOMMO UCTIOIb30BATH CETKU C OOJIBIIIIM YHC-
JIOM y3JIOB, 9TO IPUBOJUAT K 3HAYUTE/THHOMY YBEIUIEHUIO 00be-
Ma BbruncjeHuii. Kak nu3BecTHO, Ipu UCIOJIH30BAHUN SIBHON CXEMBbI
JUId ee yCcToiunBocT HeOOX0/MMO BbllloIHEHUE yeaoBusd Kypanra.
Brimosinenune 3Toro yciaoBusg TpedyeT CyNIeCTBEHHOI'O yBEIUYeHUs
obbema BorunciaeHuii. Hamu mpemiaraercs momudukanus 3TOTO
YCJIOBUSI, TIO3BOJIAIONIAs TOJIYIUTh YCKOPEHWE BPEMEHU BBIUMCJIE-
uuit. Bepudukanusa mpepiaraeMoro MeTojia yCKOpeHus MoapoOHO
onmcana B paborax [4-6], B 4acTHOCTH, 115 IIJIOCKO-NAPAJLIEIBHOIO
caydasi, Jjig KOTOPOTO CyIIeCTByeT aBTOMOJIe/IbHOe perteHue. Tam
JK€ TPEJJIaraercsi MCI0Ib30BaTh PA3HbBIE MIArU 110 BPEMEHU U WX
KOJIMYECTBO B PA3HBIX 00/IACTAX MECTOPOXK/IEHUS TaK, YTOOBI C 0/I-
HO#l CTOPOHBI, YMEHBIIUTH 00bEM BBIYUC/IEHUI, & C APYroil CTO-
POHBI, 00€CTIEYNTH YCTONYINBOCTH PA3HOCTHBIX cxeM. JlocTmkenunst
9TUX TeJIeil MPEINoIaraeTCs JOCTUYh TYTEM BBEeJIeHUS JTIOKATBHOTO
ancyia Kypanra u BBeIeHus /i PA3INIHBIX 00acTeil huabrpa-
[UU PA3IUIHBIX BPEMEHHBIX maros. B jgannoit pabore omucaHHbII

[1OJIXO0/, TPUMEHSIETCS JIjIsi PaUaIbHOMN 3a/1a49u C 11EJIbI0 OTC/IEUTh
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nBukenre (hPOHTA HACHIIIEHHOCTH.

Jlna peanuzanuy yKa3aHHOTO AJTOPUTMa, OBLI CO3/JaH KOM-
miekc niporpamm B cpegie Visual Studio [7]. Paszpaboran unrepdeiic
JIUTST 3a/TaHUST BXOTHBIX JAHHBIX 33/1a491: TeOMeTpus 00J1acTh, paJiu-
yC CKBAXKWHBI U ee 1e0uT, K03(DDUINEeHTh MOPUCTOCTH, BA3KOCTH.
3a/1ar0TCs TaK2Ke Hada/IbHOE JTaBJIEHNE U HACBIIIEHHOCTh, ITapaMeT-
Pbl PACYE€THON CeTKu, 1Ial' 110 IIPOCTPAHCTBEHHON I1I€PEeMEeHHOM.

Anroput™ BBIOOpA ITIATOB COCTOUT B cyieaytomem. CHadama, 1ist
KaXKJIOM SUYefKN CeTKU PACCUUTHIBAETCS IMAr M0 BPEMEHU, MCXO-
I W3 JIOKAJIBHOTO yciaoBusa KypaHTa, 3aTeM OmpeesieTcs Hau-
MEHBINNI 13 PACCUNTAHHBIX IITIATOB U ONPEIe/sieTCss KO3 durmenT
YCKOPEHUs, PABHBIN OTHOIIEHWIO IMara 10 BPEMEHW i d9eiiku
K yKa3zaHHOMY HamMeHbiiieMy. Ilosyuennnrit KoadduimenT okpyr-
JIZETCH B CTOPOHY HYJIA JI0 YHUCJIA, ABJILIONIEroCs crernenbio 2. B
pe3y/abrare paboThl aJTOPUTMA [O/IYIaeTCSd UTOrOBBI BpeMEHHOM
ar, PaBHbI pou3BeseHuio KOIMMUIMEHTa YCKOPEHUs HA Hau-
MEHBIIN BPEMEHHOM II1ar, YTO I03BOJIIET OCYIIeCTBUTH YCKOPEHUE
aJITOPUTMa pacyera.

C ucnoJyib30BaHUEM TTOCTPOEHHBIX IITATOB OCYIIECTBIISIETCS Pe-
IIeHre KaK YpaBHEHUs MEePEH0CA, TaK U YPaBHEHUsI HEPa3PhIBHO-
CTH.

B pesyabraTe paboThl mporpaMMbl CTPOSTCS TPaUKU pacipe-
nesierns bporTa HacKIMEeHHOCTH. KpoMme Toro, nMeercs BO3MOXK-
HOCTH CcO3jlanus (paitia ¢ JaHHBIME, HEODXOUMBIMU JIJIsd TOCTPOE-
Hud KapT HEPTEHACHIIIEHHOCTH, CTPYKTYPY PACYeTHON CETKM I110-
JIYAUBITIENCS B XOjie PA0OTHI aJIrOPUTMA PACIETHON CETKH, B TOM
YUCsIe, KAPThl KPATHOCTHU IIATOB 110 BPEMEHHBIM U TPOCTPAHCTBEH-
HBIM [T€PEMEHHBIM.

Pazpaborannblit KoMILIeKC ObLT IPUMEHEH [Jisi PEIeHUs MO-

JIeJIbHBIX 3371249 puabTpainu. Belin moCTpoens rpaduKm, OMUCHI-
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BaloOIMe JIBUKeHre (PPOHTA HACKHIIIEHHOCTH. AHAIN3 Pe3y/IbTaTOR
MOoKa3aJj, 4To JBUKeHue (PPOHTA B CIyUAe UCIOJB30BAHUS TIPE/I-
JIO?KEHHOT'O aJIrOPUTMa C YCKOPEHWEM COBIAJIAET C BapUAHTOM De3
yckopenusi. Kpome Toro, moJiyueHHbIe pe3y/ibTaThl CBUIETETHCTBY-
10T O 11eJ1ec000pa3HOCTH IPUMEHEHNS YKa3aHHOro B pabore 1101xo-
na. YuciieHHnble perieHus B CIydasxX TPUMEHEHUs KJIACCUYECKOTr0
SIBHOI'O METO/Ia ¥ METO/1a C yCKOPEHMUEM COBIIAJAIOT C JOCTATOYHOMN
rouHocThio. Takum obpasom, ycraHoBjeHO, uTO ycjaoBue Kypan-
Ta M1 11ara M0 BPEMeHU SABJISeTCS CUITKOM YKEeCTKUM JId 33734
marHOro Tuma. OCOCHOBaHA BO3MOXKHOCTH YBEIWYEHUs I1ara o
BpEMEHU B HECKOJIBKO Pa3, UTO JAET CYNIECTBEHHYI0 SKOHOMUIO pe-
cypcoB 9BM.

[lybnukarusg — ocyiiecTBjieHa TpU (PUHAHCOBOHM MOJEPHKKE
POO®U wu IlpasurenscrBa Pecrnybsuku Tarapcran B pamMkax Ha-
y4Horo mpoekTa Ne 15-41-02315.
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M. A. IlTypswiruna, JI. FO. Huzamuena
KHUTY-KAU

METO/IMYECKUWUE OCOBEHHOCTU
NCITOJIB30OBAHU Y 9JIEKTPOHHBIX
YYEBHUKOB B IUCTAHIIVMOHHOM

OBPA3OBAHUNN

[Ipemmaraercst onmpemenTh OCOOEHHOCTH WCIOJH30BAHUS Ta-
KOl COBpPEMEHHOH 00pa30BaTeNbHON TEXHOJOIMU KAaK 3JIEKTPOH-
HbIYl yue€OHUK TPUMEHUTE/JHFHO K CHCTEME JUCTAHIIMOHHOTO 00pa-
zoBanus. llpesmmosaraercs, 9TO 3/€KTPOHHBIN yI€OHHK COCTOHUT
M3 U3yYaeMOr0 TEOPETHIECKOT0 MATEPHaIa, Pa300pPAHHBIX ITPaK-
TUYIECKUX 337a9, 3aJaHnil 1T PACIETHBIX paboT, 1abopaTopHOTO
IpaKTHKyMa 1 HabOpa TECTOBBIX 3 IAHMUIA.

BrisiBiieno, 910 0COOEHHOCTHIO MCIOJIB30BAHUS JIEKTPOHHOTO
yIeOHIKA B IUCTAHIIMOHHOM OOPA30BAHUM ABJSETCSI HEOOXOIn-

MOCTh ydYeTa aKTUBHOU poJsim 00ydaeMoro B ydeOHOM IIporiecce.
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Eme omgaa Baxk#Hast 0COOEHHOCTH COCTOUT B TOM, 9TO ODYYUaIONInii-
€ aKTUBHO YYaCTBYET B aHAJIM3E U CTPYKTYypPUPOBaHUU UHDOD-
Maluu. YCTaHOBJIEHO, UTO B PEe3y/IbTaTe OCBOEHUsI MaTepuaja y
00y4IaeMoro pasBHBAETCS CIIOCOOHOCTH CAMOOOYUEHHSI, CAMOKOH-
TPOJIST ¥ COTBOPYECTBA ¢ TpenoaaBareaeM. HeobxXoanmMo oTMETHTh,
YTO HPHU UCIOJIB30BAHUU SJIEKTPOHHOIO y4ueOHUKA C 3/IEMEHTAMU
TECTOB, KOHTPOJIBHBIX U JIA0OPATOPHBIX PAOOT JIOJI2KHBI [IEPECMAT-
PUBaTHCHA KPUTEPUU YCIIEBAEMOCTH.

Jlns moCTHKeHUsT BRICOKOTO YPOBHSI OCBOEHUSI 0011e00pa3oBa-
TEJIbHBIX N HpO(l)eCCI/IOHa.HI)H])IX KOMHeTeHHI/Iﬁ Opu U3y4YeHuu aunc-
[UILINHBL TI0 SJIEKTPOHHOMY yYeOHUKY TMPEJIaraeTcs UCIOIb30-
BAaTh WHIUBUIYAJbHBIN MOAXO0M K KaXK0My o0ydaemomy. st aTo-
o HEOODXOIMMO:

1. ITposejierue npeBapUTEIBHOTO ICUXOIOTHIECKOIO TECTUPO-
BaHUS JIJI OIPE/Ie/IEHUs TICUXO0JIOTMIECKOr0 THIIa 00YYaroIerocs
n OHepaTHBHOﬁ aJJalTallun JIEKTPOHHOT'O KypPCa K BbIfIBJICHHOMY
[ICUXOJIOTUYECKOMY THILY.

2. Cozjanue MUPOKOTO CIEKTPa BO3IMOKHOCTEN 71T KOHTPOJIST
¥ CAMOKOHTPOJIsT 00y YAIOIIEeroCs.

3. Ilpu cozganum 3JEKTPOHHOTO YyUeOHWKA HEOOXOINMO WUC-
[OJIF30BATH MPEUMYIIECTBA, BUPTYAIU3AlNN yIeO0HOr0 MaTepuaJa,
MaKCHMAJIbHO TIOJIHO TIPEJICTAaBUTH MOJIEJIA U MPOTECChl B yueOHU-
K€, BHEAPATH COOTBETCTBYIOIIIUE MOJIC/IAM, IPpOoIeCCaM U ABJICHUAM
TpeHaXKephl.

[Ipu usydenun Kypca C mOMOIILIO 3JIEKTPOHHOTO yuaeOHuKa 00y-
qa}OH_IHfICH CTYAEHT AOJI2KEH YE€TKO OCO3HaBaTh TMOCTABJIEHHBIE TIE-
PeJT HUM IeJI U 33729 yaeOHOU nuciuiinabl. [ 3Toro npu mo-
CTpOEHUN KypCa HeO6XOrZ[I/IMO ITOHUMATH, KaKVe IIPDUHIUIIBI aHaJIN3a
U BOCHIpUATHS WH(MOPMAIUHU, TIOCTAHOBKHU Tiesieil OyayT mpuMeHe-

HBI, KaKuM criocobam 06001ienns u anaan3a nHGOPMAIIH CTYIEHT
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Oyaer obyueH, KaKkrne TpaKkTHYeCKHe 3a/[a91 OH JOJIKEH YMETh pe-
IIATh B PE3yJIbTaTe OCBOEHUS KyPCa, KAKNe METOIUKH JOKA3ATETh-
cTBa OyIyT IPUMEHEHBI.

Vder nepedunceHHbIX 33029 U 1eJieil HeoOX0auM Kak JIIsd Kyp-
ca B IEJIOM, TaK ¥ JIJIg OTIEJbHBIX Moaysieit. B cBa3u ¢ atum, -
(EeKTUBHBIM TIOJXO/IOM K MPUMEHEHWIO 3JEKTPOHHBIX YIeOHUKOB
B JIMCTAHIMOHHOM OODPA30BAHUU SIBJIAETCS MOJLYJIbHBIN 110/1X0J K
uzydennto Kypca. llpu sTom HEoOX0nMMO Ha/MYMe TECTOBBIX 3a-
JaHUil KaK 10 BCEMY KYypPCY, TaK U IO OTAEJbHBIM MOJYJISM, IpU
U3YyYeHUN KOTOPBIX O0YYaeMbIil MOJIydaeT 3HAHWS W HABBIKU I10

OTIpeIe/IEHHOM 00JIACTH U3yYAEMOTO TPEJIMETA.



ABTOPCKUI YKA3ATEJIb

179

ABTOPCKUMN YKA3ATEJIb

Abnpaxmanosa A. . 3
Abb30B A. H. 5
Akcanosa U. U. 7
Ammpees I1. 1. 9
Axwmeros . FO. 22
AxwmeroBa A. H. 24
Banpues U. B. 26
Banadenauesall. C. 29,31, 32
Bepexwuoit 1. B. 29, 40, 44
Basees U. . 34
Baugruna C. B. 37
Beuromos E. M. 38
labcanmukosa H. @. 40
laitaymmaa A. P. 42
lastaymmaa JI. P. 44
Famumor A. @. 31, 32
Tepymugep O. B. 46
l'maunarosa /. X. 48
Tonwk E. T 50
I'ymumna B. A. 53
Hasnermmma A. U. 55
Jayrosa . H. o7
HemapeBa A. B. 59
Honromocosa A. FO. 62
Esrymosa A. C. 64
Epemeera E. O. 69
Eppiruna H. C. 71
Kyxosa H. 1. 62, 73

Baitaerauaos 1. X.
3y6kosa C. K.
Nzocumora O. A.
Kamuuaun E. 1.
Kapabamesa 9. H.
Keunna O. M.
Kuberr 1O. 1.
Kosrynenko II. B.
Kopnes K. T
Kpacunkosa H. B.
Kymemmos A. B.
Kyzuenos K. 1.
Kypgun A. A.
Kytuycosa JI. P.
Jlamua A. B.
Mazo A. B.
Mausroruaa, A. A.
Maxkapos M. B.

Maprembsinoa H. B.

Muponosa C. P.
Muraruna 9. O.
Moguu U. A.

Myxamerranues 1. W.

Haceiposa H. 1.
Huzammesa JI. FO.
Hosukos A. O.
Hosukor B. B.
Hosuxkos II. A.

75
7
79
156
81
83
99
85
132
87
90
151
151
92
95
156
97
26
99
100
102
104
107
87
176
111
113
116



180 ABTOPCKUI YKA3ATEJIb

Hypxkaesa JI. 1. 92
Hau 4. X. H. 5)
Opnosa 1. B. 118
[Tatimymwa B. H. 26
ITerpos M. B. 50
[Teryxosa K. A. 120
ITorommna JI. II. 100
IIomos B. H. 46
Paxumon K. V. 122
Puspanos 3. 3. 64, 124
Pomanenko A. /1. 95
Pwrxxosa JI. B. 128
CagenkoBa A. E. 130
Caupikosa E. P. 92
Canmamarua A. A. 102, 132
Caymmos P. B. 136
Camconos A. A. 134
Caduynun P. P. 138
CozonroBa E. A. 140
Cogosnés I1. C. 134
Cososnés C. . 134
Cekaesna JI. P. 29, 31
Cyaneiimanos A. 3. 136
Cynranos JI. V. 3,29
Tankun /1. T. 143

Tuwmepranues b. C. 145

Tomopkos 1. FO.
Typoiruna 1. A.
Trorun 1. FO.
Vnbsguosa E. C.
Vpaszosa /. 3.
VYprakos II. B.
Qazieesa . U.
Qammneesa M. B.
darpixos . A.
®eppaanckux JI. H.
®enopona T. T
Xaxku A, A.
Xaitmapos III. M.
Xakmmona I'. P.
Xanutosa T. @.
Yebakosa B. IO.
ITakuposa A. T.
[MTakwuposa JI. P.
[MTanarusnosa H. B.
[ITanrapaesa A. .
[MTenna K. 1.
Momma /1. B.
HIypeirura M. A.
[Iymkuma FO. A.

138, 147

149
151
153

7
156
124

34, 153

158
113

50, 59

160
162
128
147
166
32
64
170
172
73
29

108, 176

29



TPY JIbI
MATEMATHYECKOI'O LIEHTPA
WUMEHMU H. U. JOBAYEBCKOI'O

TOM 52

JIOBAYEBCKHUE UTEHUSA — 2015

Marepuajbl HeTbIpHAAATOM MOJIOAEIKHOMT
HIKOJIbI-KOH(pepeHuuun

(Kazanb, 22 — 27 okTa0pst 2015 r.)

IToamnucano B neuats 77.10.2015
bymara odcernas. ®opmat 60x84 1/16. I'apautypa «Taiimcy.
Tupax 200 sk3. I1. 1. ??. [leuats puzorpaduueckas.
3aka3
Ka3zanckuii (IlpuBoskckuii) penepaibHblii YHUBEPCUTET
420008, Kazanb, yu. [Ipodeccopa Hyxwuna, 1/37






