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IlopsiAKOBBIN aHAJIN3 U CMEeXKHbIe BOIIPOCHI MAaTEMaTUYECKOTr'0 MOJIeJINPOBaHMS:
Te3uchl Mokaam0B XV Mex nynapommoit mayanoit kordepermnuu (c. e, 15-20 uona 2019 r.)

KOMITOBUILIMOHHBIE OITEPATOPHEI B BECOBBIX
IMPOCTPAHCTBAX I'OJIOMOP®HBIX ®YHKIIIN

A. B. Abanun
(Poccus, Pocros-na-/lony, FODY; Bragukaskas, KOMIU BHII PAH)

PaccmaTpuBaercs 3a/1ada 0 TOTOJIOTUYECKON CTPYKTYPE MPOCTPAHCTBA KOMIIO3H-
[IMOHHBIX OMEPATOPOB, HAEHCTBYIONMX HA MPOCTPaHCTBaX Beprmana rosoMopdHBIX
B eIMHUYHOM Kpyre (PYHKIINN C BECOBOI Sup-HOPMOil, CHAOKEHHBIX HOPMHUPOBAH-
HOIl omeparopuOit TomoJsiorueit. Panee ona m3yvagach B OCHOBHOM JJisi ITPOCTPAH-
crBa C(H®) KOMIIO3UIMOHHBLIX OIEPATOPOB Ha mpocTpancrBe H orpaHuyYeHHBIX
rosiomopdubix dyuKuuit B exuanarom Kpyre |1, 2|. Tak, B [1] 6butH yeTaHOBIEHBI
CJIe/IYIOIIe PE3YIIHTATHI:

1) MHOXKECTBO BCeX KOMITAKTHBIX KOMIIO3UIIMOHHBIX OmepaTopos Ha H > obpasyer
komronenTy cesizHoctu B C(H™);,

2) MHOKECTBO BCEX KOMIIO3UITMOHHBIX OMEpaTOpoB Ha H | OTINYAONMXCA OT
JTAHHOTO KOMTIO3UIIMOHHOTO OTePaTopa, JUHEHHO CBI3HO, HO MOXKET HE OBITH KOMIIO-
uerroii B C(H™);

3) yciaosue
21

[0 (1= ()] db =~ M

HEe0OXOTUMO I TOro, YTOOLI KOMIIO3HITMOHHLIH onepatop C, : f € H> = fo
6b11 m30sposan B C(H™).

Ormernm, uro /Ix. [Manupo u K. Cynabepr B [3]| BbICKa3an rumoresy o TOM,
YTO MHOKECTBO TeX KOMIIO3MI[MOHHBIX OTEPATOPOB Ha mpocTpancTee Xapan H?2, Ko-
TOpBIE OTIMYAIOTCS OT JAHHOTO KOMIO3HITMOHHOTO OIEepaTOpa Ha KOMIAKTHBIA, CO-
crasnsier xkommonenty B C(H?). Taxum obpasowm, pesynbrar [1] us m. 2) osmadaer,
aro gyt C(H) anamor runoressl [Ixk. [llamupo n K. Cynabepra nesepen. lasee,
B pabore [2] 6bLIO JIOKA3aHO, YTO HA caMOM Jiee ycjioBue (1) siBjsieTcst He TOJIBKO
HEOOXOIUMBIM, HO H JOCTATOYHBIM JJIsl TOFO, 9TO0BI KOMIO3UIHOHHLI omepaTop Cy,
6b11 n3oanposanubiM B C(H ™).

B crarbe [4] 66110 IPOBEIEHO MCCIeJ0BAHNE 33/[a9H O IEPEHOCe Pe3yJIbTaToB 13 [1]
HA, CJIyYail BECOBBIX KOMIIO3UIMOHHBIX OMEPATOPOB HA BECOBBIX IPOCTPAHCTBAX BHUJIA

H, - {f e HD): ], = sup LE < oo},
zeD U(Z)
3a/1aBAEMbIX pPAJMAJbHBIMU BecaMu v Ha enuHudHoM kpyre. Cpasy oTMerum, 9UTO
ua mpocrparctse VWC(H,) Bcex BECOBBIX KOMIO3UITMOHHBIX Omeparopos wa H, Ta-
Kad IMIOCTaHOBKa HE MMeeT 6OH])LL[OFO CM])IC.}'Ia.7 TaK KaK 9TO HpOCTpa.HCTBO HHHeﬁHO
CBSI3HO W, TAKUM 0OpA30M, CAMO SBJsIeTCs (€IMHCTBEHHOI) KOMIOHEHTOH. B 1o xe
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Bpewmsi, ipuMenenne pesyabraros [4] k npocrpancry C(H,) KOMIIO3UIMOHHBIX Olle-
paTopoB (6e3BecoBoii CiIydaii) He MO3BOJIAET YCTAHOBUTE MOJTHBIE AHATOTH HU OTHOTO
U3 MepedrCIeHHbIX BhIIe pe3yibraToB u3 [1].

B noxaze 6yayT mpeacrasiena Mogudukanusg Meronos u3 [1] u [3], paspaboran-
uag aBropom coBmectHo ¢ Pam Tpour Tuenom u Jle Xait Xoem, KoTOpast TO3BOJIAET
TaKue aHAJOTH YCTAHOBUTHL. Bojiee TOro, ¢ ee MOMOIIBIO YAAIOCH J0KA3aTh W aHAIO-
v pe3yabTaToB 1)-2) st MPOCTPAHCTBA BCEX HEHYJIEBBIX BECOBBIX KOMITO3UIIMOHHBIX
onepaTopos Ha H,,. [Ipr 9TOM MBI CYIIECTBEHHO OMMPAEMCS HA PE3YJIBTATHI U TOIXO0-
apl 13 pabor [5] u [6].

Jlureparypa

1. MacCluer B. D., Ohno S., Zhao R. Topological structure of the space of composition operators
on H* // Integr. Equ. Oper. Theory.—2001.—Vol. 40.—P. 481-494.

2. Hosokawa T., Izuchi K., Zheng D. Isolated points and essential components of composition
operators on H* // Proc. Amer. Math. Soc.—2001.—Vol. 130.—P. 1765-1773.

3. Shapiro J. H., Sundberg C. Isolation amongst the composition operators // Pacific J. Math.—
1990.—Vol. 145.—P. 117-152.

4. Bonet J., Lindstrom M., Wolf E. Topological structure of the set of weighted composition
operators on weighted Bergman spaces of infinite order // Integr. Equ. Oper. Theory.—2009.—
Vol. 65.—P. 195-21.

5. Abanin A. V., Pham Trong Tien. Differentiation and integration operators on weighted spaces
of holomorphic functions // Math. Nachr.—2017.—Vol. 290, Ne 8-9.—P. 1144-1162.

6. Abanin A. V., Pham Trong Tien. Compactness of classical operators on weighted Banach
spaces of holomorphic functions // Collect. Math.—2018.—Vol. 69.—P. 1-15.

13



ITopsiAKOBBIl aHAIU3 U CMEXXHbIe BONPOChl MATEMATUYECKOTO MOJEJTUPOBAHUS:
Te3uchl mokaam0B XV Mex nynapommoit mayanoit kordepermnun (c. e, 15-20 uona 2019 r.)

MMOPAJKOBO HEITPEPBIBHBIE OITEPATOPHI I OITEPATOPHI YPEICOHA
HA ITPOCTPAHCTBE HEIIPEPBIBHBIX BEKTOP-®YHKIINN

H. M. Abacos
(Poccus, Mocksa; MAU (HITY))

CoBpemMenHOE pa3BUTHE TEOPUH YIOPSIZOYEHHBIX MPOCTPAHCTB U ONEpaTopoB,
JIECTBYIOINX B HUX, XapaKTEPU3U3YeTCd TIYOOKMM CHHTE30M Psja HETPUBUBAIIb-
HBIX MaTeMaTHYeCKuX JUCIUILIINH. B Hagase 80-X TOI0B MPOIILIOrO CTOJIETHS B TEO-
PHUIO BEKTOPHBIX PEMIETOK IMPOHUKJIN MTPUHITUIINAJIBHO HOBBIE MOEN, NAYIINE N3 MaTe-
MaTuaeckoii jjoruku [1]. MeTonsl u 1ocTHKeHrsT BO3HUKIIEH CHHTeTHIECKO TeOpHUH,
HA3BAHHOM Oy/IeBO3HAYHBIM aHAJIN30M, MOKA3aJM CBOIO 3(hMEKTUBHOCTH PH periie-
HUU PSAJIA TPYTHBIX aHAJIUTHIECKUX Tpodem [2].

OxHOM M3 TakuxX 3a/Ja49 MOCBAIINEH HACTOSIIWI JoKaa. PaccmarpuBaercs mpo-
CTPAHCTBO OIDAHMYEHHBIX, SKCTEHCHOHATIBHBIX, (f0)-HempepsIBHBIX (cM. [3|) oTo6-
pa.)KeHI/H‘/’I7 ommpeJe/IeHHBIX Ha TUXOHOBCKOM IIPOCTPAaHCTBE CO 3HAYCHUAMMH B IIPOU3-
BOJIbHO# TIOPSIIKOBO TOJTHON BEKTOPHOI peleTke, CHabKeHHOe PABHOMEPHON BEKTOD-
HOIt HOpMOit. C pasHbIX TOYEK 3PEHMsT PACCMATPUBAIOTCS, KaK JUHEIHHBIE TTOPSIIKOBO
HelpepbIBHBIE OMEPATOPHI, TAK W HEJWHEeHHbIe, OPTONOHAILHO AUTHBHBIE Olepa-
Topbl (cM. [4-6]), ompeeseHHbIe Ha YIIOMSIHYTOM MPOCTpaHCTBe. VlccmemoBanbl Tak-
7K€ HEKOTOPbIE BOIIPOCHI, CBA3aHHBIE C €CTECTBEHHO BO3HUKAIOIIVUMU TIPU 3TOM MOIY-
JISPHBIME U PEryISIPHBIMUA BEKTOPHO3HAYHBIMU BEPOATHOCTHBIMU MepaMu. B 1oka3za-
TeJILCTBE OCHOBHBIX PE3Y/IbTATOB KJIOYEBYIO POJIb UIPAIOT METO/IbI OyI€BO3HAYHOTO
AHAJIA3A.

JIuteparypa

1. T'opgon E. H. K teopemam o coxpaneHuu coorHomeHuit B K-npocrpaucreax // Cub. mar.
KypH.—1982.—T. 23, Ne 5.—C. 55—-65.

2. Kycpaes A. I, Kyrarenazaze C. C. Beenenue B 6yneBosnaunstii anamm3.—M.: Hayka, 2005.—
560 c.

3. Abacos H. M. MoaynsipHable U peryisipHble BepOATHOCTHBIE MEPHI (BEPOSTHOCTHU) U WX TPH-
venenns // Teopusi onmepaTropoB, KOMILIEKCHBIH AHAIU3 W MAT. MOJEJUPOBAHME: TE3. JOKJL.
XIII Mexaynap. vayd. koud. (moc. /Tusaomopckoe, 7-14 cenrabps 2016 r.).—Biagukaskas:
FOMU BHIT PAH, 2016.—C. 41-42.

4. Abasov N., Pliev M. On extensions of some nonlinear maps in vector lattices // J. Math.
Anal. Appl.—2017.—Vol. 455.—P. 516-527.

5. Abasov N., Pliev M. Disjointness preserving orthogonally additive operators in vector latti-
ces // Banach J. of Math. Anal.—2018.—Vol. 12, Ne 3.—P. 730-750.

6. Pliev M., Ramdane K. Order unbounded orthogonally additive operators in vector lattices //
Mediterr. J. Math.—2018.—Vol. 15, Ne 2.—20 pp.
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ITopsiakoBeIii aHAIN3 U CME>KHbIe BOIIPOCHI MAaTEMATUYECKOro MOJEJIUPOBAHUS:
Te3uchl MoKIa0B XV Mex mynapoanoit mayanoit kordepernun (c. Ileir, 15-20 mioms 2019 r.)

HEJIMHENHBIE UHTET'PO-IU®PEPEHINAJILHBIE
YPABHEHI ST TUITA CBEPTKUN B KOHYCAX!

C. H. Acxabos
(Poccust, T'posuerit; TV, UTTIY)

Nsygaerca nemuneiinoe nHTErpo-auddbepenimasbHoe ypaBHEHNe THIIA CBEPTKI
xT
u*(x) = /k‘(m — ' (t)dt + f(x), u(0)=0, x>0, a>1, (1)
0

B KOTOPOM siipo k() v HEOMHOPOAHOCTh f(X) yJAOBIETBOPSIOT yCIOBUSIM:
k(z) € CY0,00), K'(x) me y6uBaer ma [0,00), k(0) =0u k' (0) >0,  (2)

f(z) € CM0,00), f(x) me yopBaer ma [0,00) u f(0) = 0. (3)

Pemenus ypasnennst (1) passickupatores B kiaacce Q) = {u(z) : u(x) € C1(0, 00),
u(0) = Omu(z) > Ompu x > 0}. Hapaxy c ypasmennem (1) paccmarmpuBaeTcs
MHTErpaIbHOE yPABHEHNE

T
u*(x) = /k’(x —tu(t)dt+ f(z), >0, a>1, (4)
0
B Kouyce Qo = {u(x) : u(x) € C[0,00),u(0) =0 un u(x) > 0 mpu = > 0}.
Jlemma 1. ITycrs soimonnenst yeaosns (2) u (3). Ecam u(z) € Q) n sipnsiercs
perrenreM HHTErpo-pugdepennuansaoro ypasaennsa (1), ro u(x) € Qo u sBIgET-

cs1 periienneM uHTerpasbHoro ypasraenus (4). Obparno, ecan ypasrernune (4) nveer
pemerie u(x) € Qo, 1o u(z) € Q} u aBasgercs permenmem ypasmenns (1).

Jlemma 2. ITycrs Bemmosnnens: ycaosust (2) u (3). Ecim u(z) € Qo u siBiastercs
peIIleHHeM HHTerpaJbHoOro ypauenus (4), To

F(z) =

K (0)z

[O‘ —1 ] Ve = G(x).

01 1/(a—1)
<ule) < [T kGa) 4 o)

o
U3 nemmbr 2 caemyer, 9To perieHnsi MHTErPaIbHOrO ypasHenus (4) ecTecTBeHHO

pasbickuBaTh B Ki1acce P = {u(x) : u(z) € C[0,00), F(z) < u(x) < G(z)}.
Paccmorpum HemHEHHBINT HHTErPAJIBHBIN OmIepaTop cBepTku 1

xT

1/a
(Tu)(x) = (/kj'(:ﬂ —t)u(t) dt + f(ﬂ:)) , a>1.

0

'PaGora BeimonHena npu dunancoBoil momuepxke Poccuiickoro dbonma GyHIAMEHTATBHBIX HC-
craemoanwmii, mpoekT Ne 18-41-200001.
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Jlemma 3. Ilycrs Boimosnens: ycaosust (2) u (3). Torna kmacc P unBapuanren
OTHOCHTeJILHO HeJaHHeiiHoro omeparopa 1.

Uccnenosanme maTErpanbHOro ypasuenus (4) Oyger OCHOBAHO Ha, MPUHIAIIE CKHU-
MaroImmx orobpakenuii. Beegem B cBszu ¢ atuMm caepytommii kiaacc: P, = {u(z) :
u(z) € C[0,b], F(x) < u(z) < G(x)}, rae dyukuuu F(z) u G(z) onpemesieHsbl BoIIe,
a b > 0 — mpou3BOJIKLHOE UWCTIO.

Hasee mpennosaraercs, 910 f(z) yIOBIETBOPSIET JOTOJHUTETHHOMY YCIOBHIIO

(a=1)/a(y
C = sup fer ) < 0. (5)
0<z<b €

[To amasoruu ¢ merogoMm Bemunkoro (cM., Hampumep, |2, c. 218]) BBemeM BO MHO-
xectBe pyuknmit P, paccrosame mo ¢popmysie

py(u1,ug) = sup lug () — ug(x)]

0<z<b /(a1 gfz B> 0.

Bribepem Teneps uncio ¢ € (0,b) raxoe, aro k'(¢) < ak’(0) n nomoxmm

1 / _ L/
- E'(x) — K'(0)
K'(0) c<ash T

8=

Cupasejgmsa ciefyionias jgemma (cp. [3]).

Jlemma 4. ITycrs ¢pynrkius k(x) yaosaersopsier ycaosuio (2). Torga gist mo6oro
x € [0,b] cupaBenmuBo mepasencrso k' (x)e % < K/(c).

Teopema 1. Ilycrs Bomosaensr yeaosus (2), (3) u (5). Torma omeparop T neii-
crByer u3 P, B P, U ABIS€TCSI CXKUMAIOIAM, TTIPHIEM
K (c)
ak'(0)

po(Tug, Tuy) < pp(uz,u1)  (Vup(x),us(x) € By).

Ha ocHoBaHWMM NpUHIMIA CKUMAIONUX OTOOpayKeHUil n TeopeMbl 1, MCIOIB3ys
cBs13b Mex 1y ypasaenusmu (4) n (1), ycranosaennyio B jemme 1, J0Ka3bIBaeTCst

Teopema 2. Ilycrs Bormosnnenst yciaosus (2), (3) u (5). Torna unrerpo-ancge-
pennmansroe ypasnerne (1) mveer 8 Q} (n B P, mpu mobom b > 0) eamHcTBeHHOE
perrierne u*(x). Dro perrienne MoxKHO HaiiTh B npocrpaHcTse P, merogom nocieno-
BaTeJIbHBIX MPUOIHAKEHUH 110 hopmyie u, = Tu,_1, n € N. Ilpu s3Tom cupaBemiuBa
OIIEHKA CKOPOCTH CXOIUMOCTH

n

1—g¢q

pb(unaU*) < pb(TUOaUO)) n e Na

rae g = k' (¢)/[ak’(0)] < 1, a ug(x) € Py ecth HavambpHOE MPHOTHKEHHE.

JIuteparypa

1. Acxabos C. H. Hesmneiiubie ypaBuenus tuna cseprku.—M.: @usmaraur, 2009.—304 c.

2. BaBapac P. Oyuknmonansusiit anaan3.—M.: Mup, 1969.—1072 c.

3. Okrasinski W. On the existence and uniqueness of nonnegative solutions of a certain nonlinear
convolution equation // Annal. Polon. Math.—1979.—Vol. 36, Ne 1.—P. 61-72.
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ITopsiAKOBBIl aHAIU3 U CMEXXHbIe BONPOChl MATEMATUYECKOTO MOJEJTUPOBAHUS:
Te3uchl mokaam0B XV Mex nynapommoit mayanoit kordepermnun (c. e, 15-20 uona 2019 r.)

ICCJIEJJOBAHUE BOJTHOBBIX IPOIIECCOB
B HEO/JHOPO/IHBIX IN/JINHIPIYECKIX BOJIHOBOJAX

A. O. Barysibsau
(Poccust, Pocros-na-/lony, FODY; Braankaskas, KOMI BHIL PAH),

B. O. FOpos
(Poccust, Bragmkaskas; FOMI BHIT PAH)

Heomnopomnbie B paawaabHOM HaIpaBIeHUN MUJIMHIAPUIECKNE CTPYKTYPHI BCE
9aIe UCIoIB3yI0TCA TIPU MOJIETUPOBAHUY PEATbHBIX 00HEKTOB (TPyOONpOBOIbI, MO~
KPBITHsI, COCY/bI). [Ipu ommcannn pacnpocTpaHeHusl BOJH B TAKUX CTPYKTYpax Ha
BBICOKIX YAaCTOTAX TPEOYIOTCS MO, YINTHIBAIONINE 3aKOHBI U3MEHEHUsT YIIPYTUX
MOJTyJIeil BHYTpH TeJia (PacueTsl I CTPYKTYP C OCPETHEHHBIMU XapaKTePUCTUKAMU
9acTo He naloT BepHOil madopmanun). Kpome Toro, BaxKHbIMEU SBIAIOTCH 3aga9u 00
OIIpe/Ie/ICHNN 3aKOHOB U3MEHCHUI 110 M3MEPEHHBIM Ha IDAHUIle BOJHOBLIM IIOJISAM.

1. Paccmorpena 3ajiada 0 pacrnpoCcTpaHeHny BOJIH B HEOJHOPOJHOM B Pajualib-
HOM HAIIpaBJICHUN IIUIUHAPUYECKOM BOJIHOBOJIE, KaK HEKOTOpasd MOJesb, HaXOd-
mas IPUMeHeHre B Hepa3pyIaiolieM KOHTPo e TpybonpoBoaos. I'panuiisl BOJTHOBO-
J1a, CBOOOTHBI OT HAIPSKEHUH, 33 UCK/II0UYEeHNeM OTPAHUYEHHON KOJIBIIEBOW 06/1acTu
Ha BHeIIHel IpaHulle, e IPUKJIAAbIBaeTCd PABHOMEPHO paclpe/le/leHHad Harpy3Ka.
PaccmoTrpen cramumoHapHBIl PEXKUM OCECHMMETPUYHBIX KoJjebanuit. [Iaa mHaxoxie-
HUSI TIOJIell TTepeMeltiennii Ha BHEITHEel TPaHUIle BOJTHOBOAA K YPABHEHUSIM KO 1e0aHTiT
B [[UINHJIPAYECKON CACTEeMe KOOPAWHAT U I'PAHUYHBIM YCJIOBUAM IIPUMEHACTCA WHTE-
rpajibHOe peobpazoBanue Oypbe B0 MTPOIOJIBHON KOOPAUHATHI, IPUA 9TOM 33,1a1a
B IPOCTPAHCTBE TPAHCHOPMAHT CBEIEHA K KAHOHUYIECKOM cucreme auddepeHnab-
HBIX YpaBHEHUiT TepBoro mopsizka. MaTtpuiia ko3huIneHToB CUCTEMBI TIPEICTABIMA
B BHJl¢ KBQJPATUIHOIO0 MATPUYHOIO MMyYKa OTHOCUTE/IBHO YaCTOTHOrO MapaMerpa 1
mapamerpa mnpeobpaszopanus @ypoe. Perienne 310it cucTeMbl OCYIIECTBIAETCS TUC-
JIEHHO METOJOM TIPUCTPEJIKNA B IMIUPOKOl 00JIaCTU M3MEHEHUsI CIEKTPAIbHBIX MMapa-
MeTpoB. VI3ydeHo nucmepcmonHOe MHOXKECTBO 3a7a4u. 1locTpoersl acuMITOTIIeCKme
IIpeCTaBJIeHNA BeTBell JAUCIEePCUOHHOIO MHOXKECTBA B OKPECTHOCTU YaCTOTHOI OCH.
[Tosist mepemerriennii Ha BHENTHEH T'PAHUIE BOJHOBOA MOCTPOEHBI IIyTEM OOparie-
HUsI UHTErpaJibHOrO npeobpazoBanns Pypbe ¢ UCIOJIB30BAHIE TEOPEMBI O BhIUETAX,
IprYeM BBIYEThl HAXOAATCA YUCJICHHO C MOMOIIBI0 aHAJN3a HEKOTOPBIX BCIOMOTA-
TeJIbHBIX KPaeBbIX 3a/1ad.

2. Tak>ke paccMmoTpeHa 3ajada [jisi HEOAHOPOHOTO UJINHIPUYIECKOTO BOJIHOBO-
Jla C KOJIBIIEBBIM OTCJIOEHWEM, MOMEJINPYEMBIM MaTeMaTUIeCKUM paspe3oM. BBeme-
HBI CKAQIKW PAJMAIBHBIX W TPOJOJBHBIX MEPEeMEIeHnil Ha OTCI0CHUH — (OYHKIUN
packpbitug. OcHOBHAS UJes UCCIEIOBAHNSA COCTOUT B (DOPMYIUPOBKE CHUCTEMBI WH-
TerpajibHbIX YPaBHEHWI OTHOCHUTE/THLHO BBEJIEHHBIX CKAYKOB HA OTCAOCHWH. depe3
OTCJIOEHUE MTPOBOINTCS TIOBEPXHOCTD, JEJIAIIAsd BOJTHOBO Ha /1Ba BosHOBOAA. Cdop-
MYJIUPOBAHBI JBe KPaeBbIX 3aJIadM I KayKJI0To BoJiHOBOma. Jlma mccimemoBanms
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IBYX CIENUAIBHO CHOPMYIUPOBAHHBIX KPAEBBIX 3339 OCYIIECTB/ISIETCS WHTErPAIb-
Hoe mpeobpazoBanme Pypbe. 3amaun B TpaHCHOPMAHTAX PEITAIOTCT METOIOM IPHU-
CTPEeJIKH, TPUIEM KPAEBbIe 33Ia9l COCTABIEHBI TAKIM 00Pa30M, ITO TPAHC(OPMAHTEI
GbyHKINIT PACKPBITHS U BHENIHEH HAUPY3KH HE COJEPXKATCS B TPAHUIHBIX YCJIOBU-
sax. Takum obpazom, cumBosibl Oyphe sgep WHTErPATBLHBIX OMEPATOPOB HAXOIATCS
qncaerro. OcytiecTBiss obparHoe mpeobpazoBanre OPypbe U yINTHIBAS TPAHUIHBIE
ycJIoBUsT Ha Oeperax, MoJydeHa MCKOMasi CUCTeMa WHTEerpajibHbIX yPaBHEHWI rmep-
BOT'O pPOJia, C PA3HOCTHBIME SIIPAMU OTHOCHUTETBLHO (hyHKIMIT pacKpbiTus. [IpoBemen
aHaJIM3 CTPYKTYPHI si/Iep, TMOKA3aHO, 9TO YaCTh sII€pP PEryJsipHbBI, 9aCTh WUMeeT -
MEPCUHTYIAPHBIE 0COOEHHOCTH, COOTBETCTBEHHO $/IPa TTOHUMAIOTCS B CMBIC/IE KOHEU-
HOTO 3HaYeHus o AgaMapy. DTa cucTeMa pelleHa ¢ UCIOIL30BAHNEM HIeil MeToa
PPAHUYHBIX 3JIEMEHTOB U METO/a KOJIoKaIuit. OyHKIUU PACKPBITHS CIUTAIOTCS O~
CTOSTHHBIMU Ha 3JIEMEHTE, a TOUKU KOJIJIOKAITUI HAXOMATCS B CEPEIUHAX DJIEMEHTOB.
Cucrema WHTErpalbHBIX YPABHEHUI CBeleHa K PEIeHWIO JTUHENHOW aJirebpandeckoi
cucTeMbl, KoM UITMEHTHI KOTOPOil ABSIOTCS MHTETPAIAMU 110 KOHTYPY B KOMILIEKC-
HOI TIJIOCKOCTH, KOTOPBIE BBIOMPAIOTCST B COOTBETCTBUU C TPHUHIUTIOM TPEIETHHOTO
morsionenus. [IpencraBier HAOOp BBIYUCAUTETBHBIX SKCIIEPUMEHTOB TI0 HAXOXK/IE-
HUIO (DYHKIUI PACKPBITHS sl Pa3JIMYHBIX 3aKOHOB HEOJHOPOIHOCTH BOJIHOBOJIA,
MeCTa MPUJIOKEHUs HAPY3KM, 9acToThl Koyebanuit. Ha BTrOopoM srarme B uccienoBa-
HUW 3TOW 3a/1a9” TTOCTPOEHBI MOJIA TIePEeMeIeHnA Ha BHENTHE TPAaHnIe 7T BOJTHOBO-
Jla, C OTCIOEHUEM, U3YYEHO BJIUSHIE PA3JUIHBIX (DAKTOPOB HA CTPYKTYPY BOJTHOBBIX
IIOJIeH.

3. JList HEOTHOPOIHOTO BOJTHOBOAA COOPMYIMPOBAHA, O0PATHASA 33,aTa 0 HAX0XK-
JIEHUIO TIePEMEeHHOTO B pauajibHOM HAIPABICHUU MOMIYJS CABUTA 10 WHMOpMAITN
0 TIOJIe TIepeMeITeHnil Ha BHEIHel rpanuie mpu 3aganaoMm Kodddunmente [lyacco-
ua. Kojyebanus, kKak u paHee, BO30YK/IAIOTCS 33 CUET JeiCTBUsI B KOJIBIIEBOI 06/1acTh
PaBHOMEPHO pacIpeeeHHOM HArpy3Ku. B 3a1atue onpeerenust MOy i CABUTa, CUU-
TaeTCs 33JaHHBIM [T0JIe CMEIIEeHnil Ha TTOBepXHOCTH BOTHOBOMA. Ha mepBoM srare pe-
[meHns 06paTHOM 3aa4un UINETC HAYAIbHOE TPUDIMIKEHUE JJIsT UCKOMOW (DYHKITUH
B paMKax MUHUMI3AIUU (HYHKIIMOHATA HEBS3KW MPU MOCTOSHHOM Momyse. [lasee,
He/nHEelHas oOpaTHas 3a/1ava PEeIIaeTcd Ha OCHOBE COYETAHWS MPOIEILYPhl JIMHEa-
puzanuu B mpoctpancTse TpancdopmanT @ypbe. BozHuKarome KpaeBble 3a1a9u
[pU HYJIEBOIi U MEepBOil crermeHax (hOpMAIBLHOTO mapaMerpa (OJIHOPOIHAS U HEOTHO-
POJIHAST) CIyKAT JIJIst ONIPE/IEIEHNsT BOJHOBBIX TIOJIEi 1 (DOPMYJIMPOBKHU OMEPATOPHO-
ro ypaBHEHUs [Ijist TIonpaBku. VICmop30BaHme YCIOBUS PA3PEIIUMOCTA U (hOPMYJIH-
POBKa COMPSI’)KEHHOW 3a/a9u 1M03BOJIsieT chopMympoBarTh ypaBaenne Dpearosibma
MEPBOTO POJIA C TVIAJKUM sIIPOM JJisT OTBICKAHUS MONPABKUA K HAYAJIBLHOMY TPUO/IN-
JKeHWIO MCKOMOM (yHkIwu. Iyt HaxXoXKIeHnst sijipa B WHTErPAJIbHOM YPaBHEHUU U
AMMTPOKCUMAITIH €70 BBIPOXKJICHHBIM OCYIECTBJISIETCS HAXOXKIEHUE BHIYETOB B MOJTIO-
CaxX BTOPOTO MOPSIKA, MPUYUEM JJIsi STOTO OISITh WCIOJIB3YIOTCA BCIIOMOTATEILHBIE
KpaeBbie 331a4uu. Ha ocHOBe Takoro moaxoja chopMUpPOBAH UTEPAITUOHHBIN MTPOIIECC
10 BOCCTAHOBJIEHUIO MCKOMOI (byukimu. [Ipoanasmm3upoBana CXOIUMOCTH TPOIECCA,
B 3aBUCUMOCTHU OT JHCJIa uTepaiuii. Permensr obpaTHbie 33/1a41 0 BOCCTAHOBIEHUTO
GbyHKINI ¢ BO3PACTAIONINM, YOBIBAIOIIUM U HEMOHOTOHHBIM 3aKOHAM M3MEHEHUS.
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O ITOJIHOTE CTOXACTUYECKUX ITOTOKOB, ITIOPOZK/IEHHBIX
YPABHEHUSIMU C ITPOU3BOAHBIMI B CPEJIHEM!

10. E. T'nukanx
(Poccust, Boporex; BI'VY)

[IpesBapuresibHble CBEJEHWsI O TIPOM3BOJAHBIX B cpefneM crnpasa D, caesa Dy,
cummerpuaecknx Dg (TeKymux cKOpocTeii) n KBaJapaTuaHbix Dy MOXKHO HaiiTu B [1].
OCHOBHOI TIE/IBIO JIOKJIAJIa SIBJISIETCS HAXOXKJICHHE YCJIOBUIT IOJHOTHI CTOXACTH-
9eCKOro T0TOKa, TIOPOKIEHHOIO YPABHEHUSIMU C YKA3aHHBIMU [TPOU3BOIHBIMHU.
YpaBHeHWe ¢ TPON3BOAHBIME B CPEIHEM CIPABA NMEET BT

{Df(t) = a(t,&(+),
Dag(t) = aft, £()),

C IIPOU3BOJHBIMU B Cpe€JHEM CJieBa — BH/T

" C TEKYIUMU CKOPOCTAMU — BU

{Dgﬁ(t) =v(t,&(1)), (3)
Dot (t) = au(t, &(1)).

I/ICHO.}'H:ByeTCH TTOHATHE HEIPEPBIBHOCTU TIOTOKa Ha 6QCKOH6“IHOCTI/I7 BBCJICHHOEC
JI. IIBaprem, a TakKe MOHSTHE COOCTBEHHOTO OTOOPAXKEHUS B UHCIOBYIO OChb (CO6-
CTBeHHOI hyHKIMN).

Teopema 1. Ilycrs morok &(s), mopoxaennsrii ypasuennem (1), HerpepbiBeH
Ha beckomeunoctd. OH ITOJIOH TOrga W TOJBLKO Torda, Korda Ha R x R™ cymecrByer
cobcreennast pyrkmus u(t, x) rakas, 4To

0
—+AJu<C
Jutst Hekoropoii koncrauTel C' > 0, rie A — remeparop moroka.

Teopema 2. Ecir na R™ cymecrsyer riuaaxas cobcrsennast pynkmms ¢ @ R — R
raxas, aro Ly < C ams aexotopoit koucranter C' > 0 mpu Beex t € [0, +00) mx € R”,
e £ — reneparop 00paTHOrO IIOTOKa, TO BCE pelleHust 0bparHoii 3aaun Ko s
ypaBHeHns (2) ¢ JeTepMUHHPOBAHHBIMH HAYAJIBHBIMU YCJOBUSIMU CYII[ECTBYIOT HA
mobom naTepsase [0,T].

'PaGora BeimonHena npu dunancoBoil momuepxke Poccuiickoro dbonma GyHIAMEHTATBHBIX HC-
cremosanmii, mpoekT Ne 18-01-00048.
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Teopema 3. /list Toro urobbl ogHOBpeMeHHO npsiMoii noTok &(s) um obparHbIii
noTox & (s), mopoxenusie ypapaerueM (3), ObLIH HEIPEPBIBHBI HA OECKOHEUHOCTH U
MIOJTHBI, HEOOXOUMO U JJOCTaTodHO, 9T00hl Ha R X R™ cymecTBoBa M mOI0KUTEIHHBIE
rnagkne cobcrsennsre Gyukmnun u(t, x) u u(t,r) Takme, ITO BBIIOJIHIIOTCS HEDABEH-
CTBa

0 0 ~\ . ~
<§+A>U<C u (—§+A>U<C

JIIST HEKOTOPBIX MoJToxKuTeNbHBIX KouctauT C u C, rge A u A — reHepaTopsr IPsiMOTO
1 06paTHOrO MOTOKA, COOTBETCTBEHHO.

JIuteparypa

1. Gliklikh Yu. E. Global and Stochastic Analysis with Applications to Mathematical Physics.—
London: Springer-Verlag, 2011.—460 p.
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ON TEACHING CALCULUS ON THE BASE
OF NONSTANDARD ANALYSIS

E. I. Gordon
(USA, Charleston, Illinois; EIU)

In the 60th of the last century A. Robinson proved the possibility of introducing
in Calculus infinitesimal numbers (actual infinitesimals) on the modern level of
mathematical rigor. In this way, intuitively clear but non-rigorous formulations
of the basic definitions and theorems of Calculus obtained the status of rigorous
mathematical statements. The proofs of theorems that use actual infinitesimals are
often much simpler and more intuitively clear, than classical proofs. The analysis
using the actual infinitesimals is called the “Non-Standard Analysis” (NA). The first
Calculus textbook that used actual infinitesimals was written by famous American
logician H. J. Keisler [1]. The book was used for teaching freshmen students in
some US colleges and even high schools in the early 70th. In the first decade of our
century, this book was used for teaching Calculus by O’Donovan and his colleagues
in some high schools in Switzerland. The results of their experiments were presented
in the paper [2]|. These experiments showed that students, who studied Calculus with
actual infinitesimals in high schools experienced no difficulties in moving to a rigorous
standard analysis at the university, while those who studied an analysis based on an
informal standard approach in school experienced serious difficulties during transition
to a rigorous standard study of analysis at the university. These authors also used
an axiomatic approach to NA that is different to the model-theoretic approach of
A. Robinson. One more textbook on elementary Calculus with NA [3] was published
in 2015.

The basic notions of NA and the textbooks on elementary Calculus mentioned
will be discussed in my talk. No preliminary knowledge of NA or mathematical logic
is needed.

References

1. Keisler H. G. Elementary Calculus: An Infinitesimal Approach, 2nd Ed.—Boston: Prindle,
Weber & Schmidt, 1986.

2. O’Donovan R. Teaching analysis with ultrasmall numbers // Math. Teaching-Research J.—
2009.—Vol. 3, Ne 3.—P. 1-22.

3. Hrbacek K., Lessman O., O’Donovan R. Analysis with Ultrasmall Numbers.—Boca Raton,
London, New York: CRS Press Taylor & Francis Group, 2015.

21



ITopsiakoBeIii aHAIN3 U CME>KHbIe BOIIPOCHI MAaTEMATUYECKOro MOJEJIUPOBAHUS:
Te3uchl MoKIa0B XV Mex mynapoanoit mayanoit kordepernun (c. Ileir, 15-20 mioms 2019 r.)

O T'OTOBHOCTU BBIITYCKHUMKOB IIKOJI K U3YYEHIWEO
KYPCA MATEMATUKU HA OCHOBE ©I'OC BO

FO. A. Adpob6wimes (Poccus, Kamyra; Kamy:xkckuit dbumnan OY),
. B. Jdpo6siuesa (Pocens, Kanyra; Kanyxckuii dumman OV)

B ®I'OC cpeanero obirero obpazoBaHUs MPEICTABICHB TPEOOBAHUS K PE3YJIb-
TaTaM OBJIAJEHUS BBIMYCKHUKAMHK IIIKOJ OCHOBHOI 00pa30BaTe/LHON MIpOrpaMMoii,
BKJIIOYaIOOIe TPpU TI'PYIIIIHLI PE3Y/JIbTATOB: MMPpEeAMETHbBIC, MEeTallpeAMETHBIEC U JIMIHOCT-
uple. PaccMoTpenne X B KOHTEKCTE IIPOOIEMBbI YCIEITHOCTH OCYIIeCTBISHHIs yIe0HO0i
MaTEeMATHYIECKON TeATeIbHOCTH CTYAEHTOB O3HAYAET, UTO CTYIEHT-IIEPBOKYPCHUK,
I/IMGIOH_[I/Iﬁ B aTTeCTAaTE TMOJJIO?KUTE/IbHYIO OTMETKY IO MaTeMaTUYeCKUM JUCHUTLIN-
HaM 1 ycrmernHo caapmmii EI'D mo maremaTrnke, 101KeH BIaIeTh TOHATHRHBIM AIIIa-
paTOM M METOdaMU DPEeNIeHUd 3aJa9 OCHOBHBIX COAepPZKaTe/IbHBIX JIMHUNA TIKOJILHOT'O
Kypca MaTeMaTHKH, YMETh CTABUTL Ie/Ib IeATEILHOCTH W peaJn30BLIBATL €€, BJa-
JIeTh HABBIKAMU YIeOHO-MCCIEI0BATEIBCKON U MTPOEKTHOM eI TeJIbHOCTH, CaMOCTOSsI-
TEeJIHLHOTO MOMCKA MHAMOPMAIINK, YMETh SICHO, JIOTUYHO U TOYHO M3JIAraTh CBOIO TOUKY
3peHud u Jp.

B roxke Bpems, aHain3 pe3yabTaTOB YUeOHON MATEeMATHYIECKOW IeITeIbHOCTH
NIEPBOKYPCHUKOB, B TOM YHCJI€ CAMOCTOATE/BHOI, MO3BOJIMJI BBIJIBAHYTH TANOTE3Y
0 TOM, UTO 3HAUYNTEIbHAS X YaCTh HE BT 3HAHUAMHI U YMEHUAMHI, COOTBETCTBY-
forumu 3asBeHHbIM B @I'OC cpennero obiiero obpa3oBaHus pe3yibraTaM, B 00be-
Me, HeoOXOUMOM JIJIsT TTPOI0JIXKeHUsT 00pa3oBanust B By3e. pyrumu cioBaMu, mMeeT
MECTO CYIIECTBEHHBIN PA3PhIB MEXKTY PEAJTHLHBIME U IIAHIPYEMBIMHI B 00pa30BaTeIhb-
HOM CTaHapTe pe3yJabTaTaMNn O6yquI/IH BBIITYCKHUKOB. EFO yCTpaHEHUNE ABJIACTCA
HEOOXOMMMBIM YCJIOBHEM OBJIAIEHNS BY30BCKUM KYPCOM MATEMATHKH, OOIIEKYILTY P-
HbIMU "1 O6LLLerO(1)eCCI/IOHaJH)HbIMI/I KOMIIECTCHIITUAMM.

C 1menpio MpOBEPKM BBIABHUHYTOI TMIIOTE3BI M IOCJEIYIOMIEro MOMCKA Mep, Ha-
MPaBJIEHHBIX Ha permenne 0003HadeHHoit mpobembl, ObLIa pa3padoTaHa TPOTPaMMa,
HCCIeTOBAHNUS TEPBOKYPCHUKOB, BKJIIOYUAIOIIAS IUATHOCTAKY YPOBHS YCBOEHUS MMHI
OCHOBHBIX TIOHSITHI 1 CHOCO6OB ,Zl;eI‘/JICTBI/II‘/’I, BKJ/IIOUEHHBIX B COJEP2KaHWEe IMTKOJILHOTO
KypcCa MaTeMaTHKH, a TaKxKe C(hOPMUPOBAHHOCTH METAIPEIMETHLIX YMEHUN, 3HAUN-
MBIX TIpH O0yYIEeHNN MAaTeMATUKe ¥ IIPOSBJIAIOIIIXCS B:

1) gesaTesbHOCTH 1O TIOMCKY CIOCODOB PEIIeHus 3a/a4, COCTABICHUN W DeaIn3a-
AN TLIAHOB;

2) OTKPBITUN HOBBIX MAaTEMATUYICCKUX (baKTOB Ha OCHOBE MHAYKTUBHBIX U JIEYK-
THBHBIX PACCYXKJEHH, NX 0O0CHOBAHUM, IIPEICTABJICHIN 1 IPUMEHEHNN;

3) caMoCTOSATENLbHOM TTONCKe MH(MOPMAINHN, €€ AJANTAIMA W PEICTABICHIN;

4) KOHTDPOJIE U OIEHUBAHUN PE3YJILTATOB JeATeTHHOCTH.

Hpe,ZI;MeTHa.H ANAardiOCTUKa, ABJIAACH TEePBBIM 3TAllOM TIPDOTPAaMMBI UCCJIEJ0BA-
HI¢, IPeIIIeCTBYeT HAYaIy N3yUeHNs Kypca BhICIIeil MareMarnku. OHa IPOBOIUTCS
B paMKaX ABYX ayAUTOPHBIX CaMOCTOATE/IHBHBIX pa60T, nepBad M3 KOTOPBIX — 3TO
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OHJTAH TecTHpoBaHme. TecToBbIe 33 aHNs, TIPeIIaraeMble CTYIeHTaM, YCIOBHO Pa3-
JTeJIEHBI Ha, YeThIpe TPYIILl. [IepByI0 M3 HUX COCTABISIOT 33 aHNsT, OPUEHTHPOBAHHBIE
Ha TPOBEPKY OCO3HAHHOCTHU YCBOEHUA OCHOBHBIX MATEMATUICCKUX TIOHSITUI. 9TO 3a-
JTAHUST MHOYKECTBEHHOTO BBIOODPA, TTPOBEPSIIONINE YCBOEHWE OMPeNeeHnii TIOHATHI B
TaCTU X CYHIECTBEHHBIX ITPU3HAKOB 1N JIOTUYIECKOI CTPYKTYDHBI. Baﬂ;a.HI/IH Ha COOTBET-
cTBUE 00ECIIEUNBAIOT MPABUIBLHOCTD BBITIOMHEHNS TEHCTBUS MOABEICHNE IO OTIPEIe-
JIEHUE TIOHATHUA, B HUX Tpe6yeTC${ YCTaHOBUTH COOTBETCTBUEC MEXKJy TEPMUHOM, 060-
3HAYAIOIINM TIOHSITHE, ero TPeJICTABICHIeM B CHMBOJINYECKOil (rpaduaeckoii) dopme
" COOTBETCTBYIOIIUM IIPUMEPOM.

Bropyto rpymmy cocTaBiagiOT TECTOBBIE 3a/IaHUsI, BHITIOJHEHNE KOTOPBIX CBOIUT-
¢l K BBIOOPY ¥ YCTAHOBJIEHUIO TTPABUIBHOM TOCTETOBATETLHOCTH JeHCTBII, COOTBET-
CTBYIOIIEi peasm3alyy npasuia (aJIropurMa).

Tperbs rpynma — 3aJTaHUsT ¢ OTKPBITHIM OTBETOM. VX BBITIOJIHEHWE TPeInoia-
raeT MCIOIL30BAHNE OMPEIETeHHOTO Crocoba meicTBust, cBoficTBa. OTBETHI K 9TUM
3aJAHUSIM, KaK MPABUJIO, COCTOAT M3 JBYX UaCTeli: mepBas — MPOMEKYTOUHBIH pe-
3y/bTAT (3HAYEHWE YUCAUTENS IPOOH, TMCKPUMUHAHT KBAIPATHOTO YPABHEHWSI, 3HA~
JYeHUe TPOU3BO/THOl B TOUKE U T. [I.), BTOPasi — OKOHYATEIbHBIN Pe3y/Ibrar (3HaYeHe
Ipo0u, pa3HOCTH MEXKy OOJIBIIIMM W MEHBIITNM KOPHAMHU KBAPATHOTO YPABHEHUSI,
BeJINYMHA YIJIa MEXKTy KacaTeJbHOi K rpaduky (GyHKIHUN U 0CHI0 abCIUCC U T. II.).

quBepTaH rpyIa — 3TO KOHCTPYKTUBHbBIC 3a/IaHNA. I/IX BBITIOJTHEHUE CBUAETCIIb-
cTByeT 0 CPOPMUPOBAHHOCTH JEHCTBUST BBHIBEIEHUS CJIEACTBUI M3 TOrO (PaKTa, UdToO
00BEKT MPUHAIEKUT MOHATHIO. Takne 33TaHusi B YaCTHOCTH MO3BOJISIIOT BBISIBUTH
HaJIUYNe y CTYJEHTOB MPEICTABICHUN 00 d/71eMeHTapHBIX (DYHKIINAX, UX CBOWCTBAX,
rpacdukax, cnocobax MOCTPOEHUs, BIUAAX YPABHEHMI.

BTOpaH qaCThb Hpe,Z[MeTHOI‘/’I ANATHOCTUKN COCTOUT B HAXOKAEHUN CTYACHTAMU De-
IIIEHNiT MHOTOIIATOBBIX 389 HA OCHOBE TIPUMEHEHNST KOMOUHAITNY TPABIT U CBONCTB.
Pemnrerrme 9Tmx 3aa9 CBI3aHO € WCMOIB30BAHMEM AIapaTa Kak OJHOTO M3 Pa3/IeionB
(Tem) IMKOJBHOIO KypCa MAaTeMaTHKH, TaK U HECKOJbKUX. OIHAKO, MCIOJIb3yeMbIe
Ipr 3TOM METOJbI U MPUEMBI N3BECTHBI CTYJIECHTAM.

[To pesysnbraTam MpeaMETHON JUATHOCTHKN JETAETCS JIBA BBIBOJA OTHOCHTETHHO
Mep KOPPEKIMN yCBOGHWS MIKOJIBLHOTO Kypca mMaremaruku. 1lepBoiit cocTouT B Oompe-
JIEJIEHUN TIepevHsT TeM (BOMPOCOB), YCBOEGHWE KOTOPBIX MPAKTUIECKU BCEMU CTY/IEH-
TAMW HAXOJIUTCS Ha HU3KOM YpOBHe. PaboTa Mo KOPPEKIMN YCBOEHUS JAHHBIX JJIe-
MEHTOB COJIEPYKAHUsT OCYIIECTB/IAETC B paMkax (haKyJIbTATUBHOTO Kypca. Bropoit
BBIBOJT CBSIZAH C ONpEeJIEHUEM T KayKIO0T0 CTYIEHTa JOTOMTHUTETHHON COBOKYITHO-
CTH 9JIEMEHTOB CO/IEPKAHMSA, KOTOPHIMU OH He OBJajes. B paMKax WHINBUIYyATbHBIX
U TPYIIIOBBIX KOHCYJBTAIINN MTPOBOJAUTCS paboTa MO KOPPEKIMH YPOBHSI YCBOEHUSI
JaHHBIMU JIEMEHTaMW COAEPZKaHWA.

UccnemoBanme chopMUPOBAHHOCTH METANPEIMETHBIX YMEHUH OCYIIEeCTBIISIETCS
Ha OCHOBE BBITIOJITHEHUYA W 3alIUTHI CTYAEHTaMW CEpUun yqe6HO—I/ICC.}IerZI;OBa.Te.HBCKI/IX
MPOEKTOB, COMEPKAHNE KOTOPBIX TAK¥Ke CBI3AHO CO MIKOJHHBIM KYPCOM MaTeMaTH-
ku. B mokmazme OymayT pacKphITBl OCOOEHHOCTH JAHHBIX MPOEKTOB W MPEICTAB/ICHBI
MPUMEPHI TPEIMETHBIX TUATHOCTUYECKUX 33 TAHMIA.
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SBAZTAYA OIIPEIEJIEHUS S1/1PA
N3 YPABHEHUSA TEILJIOITPOBOJIHOCTU C ITAMATBHIO

. K. ypaues
(V36ekucran, Byxapa; ByxI['V)

Paccemorpum 3agauy Komm misg ypaBHEHNS TEILIOMPOBOTHOCTH C WHTETPATHHBIM
YJIEHOM THTIA CBEPTKW B TTPABON YaCTH:

t
up — Au = /K(t —71)Au(z,7)dr, ze€R" t>0, (1)
0
ul,_o = p(x), z€R" (2)
rme A — omeparop Jlamaca Mo mepeMeHHBIM T = (T1,...,%,): A = >, g—;?.

Bamauay ompezenenus dbyHKIuu u(z,t), yrosmersopsiomnieii ypasuerusm (1), (2) mpu
u3BectHbIX dyukIwax K (1) u ¢(x) HazZ0BEeM IpsMOil 3aja4eil.

B obpatrHoii 3a/1aue mpeanoaraeTcs Hem3BecTHbIM siipo K (t), t > 0, uarerpasia
B (1) m Tpebyercsa HafiTk ero 1Mo JOMOJHUTETHHON HH(MOPMAIMH O PENEHUH MPSIMOTi
3a1a9u:

ul,_=f(t), t>0, f(0)=¢(0). (3)
Yepes BY(R™)) obosnaumm kmacc 6 pas menpepbiao ucdhepeHmpyeMprx u orpa-
HUYEHHBIX CO BCEMH IIPOM3BOIHBIMA B R™ (DyHKImiIL.
OCHOBHBIM PE3yJIHTATOM HACTOAIIEH PAOOTHI ABISETCS CJIELYIOIIEe Y TBePIK ICHHUE.
Teopema. IIycrs f(t) € C3[0,T], T > 0, p(z) € B®(R™) u semomneno ycio-
sre (A%p(0) — f(0))/Ap(0) > 0. Toraa maiigercs Taxoe wncao T*, ¥To HA OTpesKe
[0,T], T € (0,T*), cymecrByer eqMHCTBEHHOE HENPEPHIBHOE PEIlleHne 00paTHOIl 3a-
gagn (1)—(3).

Teopema MOKeT OBITH JIOKA3aHA COTIACHO MeToxy paborst [1].

Jlureparypa

1. Adypaues JI. K., Pammumos A. III. O6parnasa 3aja4a ONpeNeseHns spa B OJHOM HWHTErpo-
muddepenmanbHOM ypaBHeHUn napadosmaeckoro tuna // dud. ypasuenns.—2014.—T. 50,
Ne 1.—C. 110-116.
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ON THE BREZIS-LIEB LEMMA AND ITS EXTENSIONS

E. Yu. Emelyanov
(Turkey, Ankara; METU)

This talk presents main results of our joint work with Dr. M. A. A. Marabeh
(Palestine Technical University — Kadoorie). It consists of three parts. The first one
provides a necessary short introduction following to [1-4|. The second part shows
how to find an appropriate extension of Brezis—Lieb’s lemma to nets. It is done by
employing the unbounded order convergence [5-7]|. We identify a wide class of Banach
lattices in which the Brezis-Lieb lemma holds true. This gives also its net-version
in LP for p € [1,00). In the last part, an operator version of the Brezis—Lieb lemma

in certain convergence vector lattices is presented and discussed (cf. also [8, 9]).
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KOPOTKOBOJIHOBAS CTABNJIN3ALISA CUCTEM
TUITA TTATJTAKA — KEJIJIEPA — CET'EJIA

K. . Nnbun
(Bemmmko6puranms, Mopk; Yausepcurer Hopka),

A. B. Mopryauc
(Poccusi, Pocros-na-/lony, FODY; Bramukaskas, KOMI BHII PAH)

Mer paccmarpuBaem usBectHyio mogenb (Losopyxun, Mopryauc, TioTionos,
2000) aKTHUBHOI CPEJIBI, COCTOSIIEN U3 IBYX «BUIOB», U3 KOTOPBIX OJUH — YCJOBHBIMH
«XUIHUKS — HAJEIEH CIIOCOOHOCTHIO K JeTEPMEHUPOBAHHOMY KPYITHOMACIITAOHOMY
JIBUZKEHHIO B TIONCKe IPYTOro BUA — «KepPTB» . Bespa3MepHble ypaBHEHHS [BUKe-
HUA UMEIOT BUJL

Ou = 0y (32q + f) — vu + §,0%u, (1)
6tp = 6x (5p6xp - pU), (2)
Oiq = q(1 —q —p) + 6,02q. (3)

rJIe P, ¢ — KOHIEHTPAIINU XUIHUKOB W YKEPTB, COOTBETCTBEHHO, U — AIBEKTUBHAS
CKOPOCTH XMIHUKOB, [ — BHEIIHWUI CUTHAT, 0p, g, Oy, 2, V — HOJIOKUTEIbHbIE UHC-
JioBble mapamerpbl. Cucremy, Bo3HUKaOMyo npu f = 0, Mbl Ha3bIBaEM 00HOPOOHOU.

[ToxcranoBka u = »#0,¢ npeobpasyer cucremy (1)—(3) B cucremy, cocrodinyio u3
ypaBuenus (3) m Caeayomux AByX ypPaBHEHWIi:

Ohp=q+ ' f —vd+ 6,020,

N (4)
8tp = 0y (5pazp - %paz¢)'

TpaHcnopT XWIHUKOB OMMCHIBAET BTOpoe u3 ypasuenwnit (4). TIpu srom ciaaraemoe
—#pdy¢ OTBEUAET 3a UX AJBEKIINIO, KOTOPas TaKUM 00Pa30M MOJUNHSETCS M3BECT-
nomy 3akony [larnaka — Kemrepa — Ceresst, mepBoHava bHO YCTAHOBJIEHHOMY ISt
XEMOTAKCUCA, ¥ B HACTOAIIEE MIMPOKO MCIOIB3YEMOr0 IS MOJEJTUPOBAHUS PA3JIHY-
HBIX aKTUBHBIX cpen (cm. 0630p Bellomo et al., 2015). Taxoit Tun macconepenoca
pPacCMaTPUBAETCS TaKKe KaK PA3HOBUIHOCTH HEJIWHETHOM Kpocc-auddy3un.

B mameMm ciaydae XWIHUK OPUEHTHPYETCS HE HA YHCAEHHOCTb YKEPTB ¢, a Ha
BBIPADATHIBAEMBIIl UMW CUTHAJ ¢, T. €. UMEET MECTO HENPAMOU MaKCUC K dHcepmaee
(indirect prey-taxis, Tello & Wrozek, 2016); koaddurpent s urpaer poJs ko3bdu-
[WEHTA, TTOABNKHOCTA XWIIHUKOB. BBRIpabOTKa CUTHAIA ¢ ONMMCHIBAETCS TIEPBBIM W3
ypaBHenuii (4), ¢ yaerom curHasa f, mM0JaBAeMOr0 M3BHE.

B mamewm coobmennu peus uaer o romorenusaiun cucrembr (1)—(3) B mpeamoso-
JKEeHWUH, 9TO BHEITHUI CUTHAJ UMEeT B/

f:f(xatafa’r)a S:wx,T:wt,w%oo, (5)

Tonusie cepiikm u apyrue nogpobuocry cmorpure B npenpuure: Ilin K., Morgulis A. A remark
on the disorienting of species due to the fluctuating environment.—arXiv:1808.02091.
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1

o, = 1w, 0p = vow™*, v1 = const > 0, vo = const > 0. I'masroe mpubsmkenne

BBITVIAJUT TaK:

q(z,t) = q(z,t) + O(w™"), w— 4o, (6)
u(z,t) = u(z,t) + to(z,t,7,&) + O(w™'), w— 4o, (7)
p(z,t) = p(x,t)P(z,t,1,&) + O(w_l), w — 400, (8)

rne { = wx u T = wt. [Ipu arom pysRINN U, P, U, § 1 P OTPETETAIOTCS U3 YPABHEHUI

Orug = ag (f + 1/185270), (170> =0, (9)
0;P = 0¢(120¢P — P(u + 1)), (P)=1, (10)
8tﬁ:6x(%6+f)_’/aa f:<f>a (11)
O+ 0:(p(u+ (W P))) =0, (12)

@ =aq(1-p—q) + 0,02, (13)

npuyem ypasuenns (9) u (10) paccmarpusarorcs ma Tope T? 1 Kochle CKOOKH 060-
3HAYAIOT CTAHJaPTHOE ycpeanenue ua rope. Kak Buano u3 ypasuenns (12), mmeercs
JTOTIOJTHATETBHBIN JTpeiidy XUNTHUKOB CO CKOPOCTHIO, paBHOii (UyP), n MMEHHO OH OT-
BeuaeT 3a 3 dPeKT KOPOTKOBOJHOBOTO curHasa. [lpu mammoit f npeiid ogHOZHATHO
onpesnensiercst 4. Ilosromy ypasuennst (11), (12) u (13) npexcrasasior coboit 3a-
MKHYTYIO CUCTEMY OTHOCHTEJbLHO HEM3BECTHBIX CPEJHUX U, § U P. DTy CUCTEMY MBI
HA3BIBAEM 20MO02EHUSUPOBAHHOT.

Onmopomnas cucrema (1)—(3) mmeer odnopoduvie pasrosecua’, B KOTOPHIX P = Pe,
q = ¢, u =0, ppo = const > 0, g¢ = const > 0, p. + q¢ = 1. OxaswiBaercs,
[IPU OTIPEJIEIEHHBIX YCJIOBUSAX, TOMOTeHn3upoBantas cucrema (11)—(13) rakxke nme-
eT OJHOPOJIHbIE PABHOBECUS P = Pe, § = @, U = 0, p, = const > 0, g, = const > 0,
Pe + ge = 1. Kazk0oMy TakoMy paBHOBECHIO COOTBETCTBYET KBA3UPABHOBECHE — KO-
POTKOBOJIHOBBIA PEXKUM C HYJICBOIl CpejHeil CKOPOCTBIO U IIOCTOAHHBIMU CPEJHUMU
YUCIEHHOCTAMU XUITHUKOB W YKEPTB.

CymecTByeT  MOpOroBoe  3HAYEHWE  TIOJBUMKHOCTH  XUIIHUKOB, =
#.(8y, 0p, 0g, ) > 0 TaKoe, 910 NpH 3¢ < 3¢, BCE OAHOPOIHBIE PABHOBECHS OHOPOIHONM
CHCTEMBI YCTONUMBBI MO JIMHEHHOMY TPUOJNKEHUIO B TOM CMBIC/IE, UTO CHCTEMA,
BO3HWKAOIIAS DU JIMHEAPU3AIINH OJIHOPOHOM CHCTEMBI BO3JIE JIF0OOT0 OJIHOPOHOTO
DABHOBECHsI, HE WMeeT HeHyTeBbIx pemrenmii Bmma e A (q(a), p(a), §(a)),
rie ReA(a) > 0 m o € R. B ciyuae roMOreHn3npoBaHHON CHCTEMbI TaKoe »Ke
yTBep:KIeHHe uMeeT MecTo mpu yeaosun Kz < ».(0,0,d4,v), rae 5.(0,0,04,v) > 0,
n K = K(f,v1,1) > 0.

Cmabususupyrousuti sfierm KOPOTKOBOJHOBOIO BHEIIHErO CUrHasa (5) mposB-
asiercst B oM, uro BesmunHa K (Af,v1,v,) yObiBaeT npu BO3pacTaHUM aMILIATY/IbI
A > 0. MBI yKa3blBaeM 4YaCTHBIE, HO BCE JKe JOBOJIBHO NMIUPOKHUE KJIACCHI CUTHAJIOB,
rakux, 910 K(Af,v1,1v9) — 0 axcnonenyuaavrno nipu A — oo.

B ommopozmoii cucreme f = 0.
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M3TUBAHUS TTOBEPXHOCTEN POMIA p > 0

C. B. Kiunmenros
(Poccusi, Pocros-na-/lony, FODY; Bragukaskas, KOMIU BHII PAH)

Hens mokmama — 0030p pe3yabTaTOB MO TEOPUHU M3TMOAHUN MOBEPXHOCTEN pojia
p 2 0 1 MOJIOXKUTETHHON BHENTHEN KPUBU3HBI.

[lepBbie mpuMepbl 3aMKHYTBIX TOBEpXHOCTel poma p > 0 U MOJOKUTETHHOM
BHeIHell KpuBu3HbI ObLM ckoHCTpynpoBanbl A. B. Tloropesnoseiv [1, ri. 6, §12].
B sroit pabore A. B. IToropenos mokazana *KeCTKOCTh TAKUX TOBEPXHOCTEH MPU TO-
YeYHON BHEITHEN CBaA3UW U CHOPMYIMPOBAJ THUIIOTE3Y O JKECTKOCTH 0€3 KAKUX-/Irb0
ycoBmii ipu p > 1.

Dra runoresa 6biia jokazana B. T. ®omenko [2|. danbHeiinee nsydenne ta-
KHX MMOBEPXHOCTE, 3aMKHYTHIX U C KpaeMm, 66110 mpomoakerno B. T. @omenko u ero
yuennkamu (E. B. Tiopukos, C. B. Kimmenros, FO. II. 3onoryxun). B moxiaze
MTPUBOANTCS 0030pP 3TUX PadOT.

[IpuBesem 37ech OJMH HEJABHUIT pe3yIbTaT aBToOpa JOKIama [3].

! 3
Teopewma. Ilycts S u S’ — uzomerpuunbie peryaspable moBepxuoctu B E°, kirac-
ca Cfc, k>3,0<a<1, ckpagvu u poga p = 0. IIpexmosoxmm, 910 UX rayccoBa
KPHBHU3HA VJIOBJIETBOPSIET YCJIOBHIO

K > kg = const > 0.

k
Ecmn stn moBepxHOCTH comepxKaT cOOTBeTCTBYyroIue ApyT ApyTy 1o m3omerpun C-
peryJisipHble KOHrpysHTHBIe ayru v and 7', To mosepxuoctu S u S’ KOHIDYIHTHBI.

JIuteparypa

1. IToropemos A. B. BuemHsisi reoMeTpust BHITYKJIBIX oBepxHOCcTei.—M.: Hayka, 1969.—760 c.
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porma p > 1 B pumarnosom npocrpancree // Joxkia. AH CCCP.—1973.—T. 213, Ne 1.—C. 45-48.
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KPAEBBIE 3AJAYN ]I AUOPEPEHIIMAIBHBIX YPABHEHII
CMEIITAHHOTO THUITA BBICOKOTO TTOPSIIKA®

A. N. Koxanos
(Poccusi, HoBocubupck; UM CO PAH)

B nokjale m3maraforcst HOBbIE PE3yJIBTAThI CYIIECTBOBAHUS U €JUHCTBEHHOCTH
peryssipHbIX perennii (pemtennii, umetomux Bee obobmennsie mo C. JI. Cobosey
TPOM3BOJHBIC, BXOJAIIIEC B ypaBHeHHe) JLJIA ypaBHeHHﬁ CMEIITaHHOT'O TUIlla BBICOKOT'O
MOPSITKA

1) ananoros ypasuennii Kengpima u Jlaspenthesa — Bunamze;

2) aHAJIOrOB MapabosI0-TUIPOOIMIECKUX YPABHENil BEICOKOTO TTOPS/IKA;

3) ypaBHEHHil ¢ KPATHBIMH XapPaKTEPUCTHKAMH C MEPEMEHHBIM HAIPABIEHUEM
SBOJTIOIU.

'PaGora BemosHena mpu duHanCcOBOI Mommepxke Poccuiickoro bomma byHIAMEHTATBHBIX HC-
cremoBanmii, mpoekT Ne 18-51-41009.
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SATAYA O PACITAJIE PA3PHBIBA /T HEITOYKIM BOJIBTEPPA

P. 9. Kynaes (Poccusi, Bragukaskaz; FOMI BHIL PAH, COTY),
A. B. IITa6ar (Poccust, Yepuoronoska; UT® wm. JI.JI. JTangay PAH)

Paccmarpusatorcst ypasaerus 1ernouku Bosbreppa [1]:

b = b (b1 — bu_1), bp =bn(t), teR, n€Z. (1)

Nsyuarorca cBoiicTBa noaoscumensvhorx permernit 3aaaan Kot mrs menoaku Bosib-
Teppa ¢ HAYAJIHHBIME JAHHBIMU B BHE CTYIEHLKH:

a, n <0,
bn(o) =4q¢ n=0, (2)
b, n>0,

rie a, b, c — 3a7aHAble HEOTPUIIATE/TLHBIE YNC/IA, U €€ TaCTHBIN Caydail Ha MOIyOCH:

bO(t) = O, bn = bn(bn-l—l - bn—l)a t> Oa

bp(0) =1, n > 1, ®)

coorBercTByomuit Bei6opy a = ¢ = (. KagecTtBernno paccmarpuBaemast 3a1a9a HAIO-
muHaeT 3aga4dy ['ypesnua — [IuraeBckoro aist ypasuenns Kopresera — e @pusa [2].
O6cy2x/1a10TCs BOIPOCHI CYIIECTBOBAHUS PEIIEHUsT U YCJIOBUST 3aMBIKAHUS MTEITOUKH
Bossreppa.

Pemmenne 3amaun Ko (1), (2) MOXKHO TpeICTABUTH B BHUJIE CTEEHHOTO PS/IA

k.. (4)

1 T

O/iHAKO JI/Ist 9TOTO CTENEHHOTO Psi/ia HEeSICHBIM MOKa OCTAETCST BOIPOC O PAJMYCe CXO-
JIMMOCTH, AHAJUTUYECKOM TPOJOJIZKEHUH U XapaKTepe O0COObIX TOUeK Ha IDAHUIIE
ero kpyra cxogumoctu. [Toaromy Gosiee TOAXOISANM METOIOM J0KA3ATeIbCTBA Pas3-
pemmMocTr 3amasn Kormmm HaM BHIUTCS METO TTOCTIEI0BATEIBHBIX MTPUOINKEHH.
Crpykrypa npasbix dacreil quddepeHuanbHbX ypaBHeHuil menouku Bosbreppa
1103B0JIs1eT C(HOPMYJIMPOBATL TEOPEMY O JIOKATIBHON pazpemmmoctn 3agaau Kormm
it GeckonedHoi cucreMsl (1) ¢ HagaspHbIME yeaoBuamu {b,(0)} € I°.
Paccmarpuaercst 3aMblkanne 1enoukn (3), 3a1aBaeMoe yCa0BUsSIMI

bubps1 =1, n >N, (5)

npu HekoTopoMm dukcupoBanaom N > 2. Hampuwmep, B mpocreiiiem ciydae N = 2
cucrema ypasHennii (1) npuHnMaer By

i)l = blbg, i)g =1- blbg, t> 0,
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" CBOAUTCA K YPaBHEHWUIO PI/IKKa.TI/I
i)l + b = (t + 2)b1,

pelleHre KOTOPOro OIMpPEeIeJIeHO0 Ha BCeli MOJYOCH U BBIPAYKAETCS Uepe3 HHTErpasl
seposraocTu. [Ipn N > 2 1y1s1 3aMKHYTOH nenoukn (3) yCcTaHABIMBAIOTCS JBA 3AKOHA
COXPAHEHMUS.

Teopema. Popmysibr

N
IV =3"b — (N +1),
=1

N-2 N

i=1

i=1 j=i+2

OIPENeIAIOT 3aKOHBI COXpaHeHus: nernodkn Bosabreppa (3) ¢ ycmoBmem 3aMbIKa-
s (5).

[IepBbIit 3aKOH COXPAHEHUS SBJIAETCS CI€ACTBAEM yCIOBHSA 3aMbIKAHN, a BTOPOii
CJIEyeT U3 JIarpaHyKeBOCTH 3aMKHYTOl crctembl. Kpome Toro, nepsblit 3aK0oH coxpa-
HEeHUS FapaHTUPYeT BO3MOMKHOCTD IIPOJOJIZKEHNS HA BCIO TOJIYOCh PEIIeHU 3aMKHY-
Toit nermoukn (3) B obmem ciayuae N > 2. Boobie ke, Kak MOKa3bIBAIOT YUCIEHHBIE
9KCIIEPUMEHTBI, B 3a/aue (3) MOXKHO BBIJIEIUTH TPU OTPE3KA BPEMEHN:

1) mauampnbiii 0 < ¢t < R, tne R — paauyc cxogumoctu psiza Teitmopa (4);

2) nepwuog smHeitHoro pocra by (t);

3) MPOMEKYTOK KBABHCTAIMOHAPHOTO POcTa, Korma by (t) ~ 0 u by (t) ~ 4.

Jlureparypa

1. Boapreppa B. Maremartudeckass Teopuss 60pb0ObI 3a cymectBoBanme.—M.: Hayka, 1976.—
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FUNCTIONAL REPRESENTATION
OF INJECTIVE BANACH LATTICES

A. G. Kusraev
(Russia, Vladikavkaz; VSC RAS)

The aim of this work is to survey recent results on functional representation of
injective Banach lattices obtained in [I, 2]. The main results assert that AL-spa-
ces and Dedekind complete AM-spaces with unit are the ‘building blocks’ for any
injective Banach lattice. In other words, we present a concrete functional description
of injective Banach lattices similar to that of Kakutani-Maharam representation
theorem for AL-spaces, see [3, Theorem 26.4.7|. We attack the problem by means
of the Boolean-valued transfer principle from AL-spaces to injective Banach lattices
established in [1, 4|: every injective Banach lattice embeds into an appropriate
Boolean-valued model, becoming an AL-space. According to this fact and fundamental
principles of Boolean-valued models, each theorem about AL-spaces within Zermelo—
Fraenkel set theory has its counterpart for the original injective Banach lattice inter-
preted as a Boolean-valued AL-space. This approach, called Boolean valued analysis,
stems from [5] and [6].
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OB OIITUMAJIBHOM BOCCTAHOBJIEHNN
IIOJIVIPYIIIIBI OIIEPATOPOB!

I. T. Marapun-Unbsaes
(Poccust, Mocksa, MI'Y; Bragukaskas, KOMU BHII PAH),

E. O. CuBkoBa
(Poccust, Mocksa; MIITY)

[Iycrs Ha GaHAXOBOM IMPOCTpaHCTBe X 3a/aHa CHIbHAS IIOJTyTPYIIIa OMepaToOpoB
T(t),0 <t < oo, e T(t): X — X — nuHellHbIii HENPEPBLIBHBII OlepaToOp st
kaxkgoro t = 0, T'(ty + to) = T(t1)T(t2) mua maobbix t1 > 0 u to > 0, T(0) = 1
(rox gecreennsiit oneparop) u T'(t)f — f upu t — 0+ B Merpuke X Ist KasKJ0ro
feX.

MBI cTaBuM CIeayIonyo 3a1aqy. [1ycTh IpuOInKeHHO W3BECTHBI 3HAYCHH OIIe-
paropos T'(t1) u T(t2), 0 < t1 < tg, T. e. u3BeCTHHI 37eMeHTHl g; € X, i = 1,2, Takue,
uro ayg Hekoroporo f € X

IT(t:)f = gillx <6i 6i>0, i=1,2.

Kak 1o 970oit nadopmaum BOCCTAHOBUTE (10 BO3MOXKHOCTH, HAMIYHINIAM 0OPa3oM)
suavenue omneparopa 1(7), rme 7 # t;, i = 1,27

Tounast mocTaHOBKa TakoBa. JI1060# METOI BOCCTAHOBJIEHUSI (0, COMOCTABJISIIOIIIIT
mape (g1,92) € X x X smement u3 X (mpeamosaraemoe 3uadenne 1(7)) ectb 0To6-
paxenne ¢: X X X — X. [lorpemrHocTsio JAHHOTO METO0/1a, HA30BEM BEJIUUUHY

e(r,¢) = sup |T(r)f = e(91,92)|
f€X791€X7121727
IT(t:) f—gill x <, i=1,2
(3aBHCHMOCTD OT (DUKCHPOBAHHBIX t; U 0;, i = 1,2, HE OTMEYaeM).
Hac unrepecyer Benmmanma

E(r) = igfe(T, ®),

r7e HUXKHAA TPaHb depercs 1mo Bcem orobpazkerusm @: X X X — X, koTopyro Ha30-
BEM NOZPEUWHOCTNHIO ONMUMAABHOZO 0CCMAHOBACHUA, U T€ METOIBI (P, Ha, KOTOPBIX
9Ta HUKHSISI TPAHB JOCTUTAETCS, T. €.

E(r) = e(1,9).

Taxkue MeTONBI HAZ0BEM ONMUMANADHHMYU MEMOOAGMU BOCCTNAHOBAECHUA.
Ocrapasich B paMKax aDCTPaKTHON TOJYTPYIIThI OIEPATOPOB, MOYKHO JTaTh HEKO-
TOpLIe OIEHKN JJIs TIOTPENTHOCTH ONTHUMAJJIBLHOTO BOCCTAHOBJeHWT. HO BBHIUMCINTD

'PaGora BeimonHena npu dunancoBoil momuepxke Poccuiickoro dbonma GyHIAMEHTATBHBIX HC-
cremoBanmii, mpoekT Ne 17-01-00649.

33



TOYHOE 3HAYEHWE 3TOI BEJIWYUHBI W HAWTH ONTUMAIBHBIE METOIBI BOCCTAHOBJICHWS
VAAeTCA JIUITh IS PAJa KOHKPETHBIX MOJIYTPYII OMEepaTOpPoOB. 37eCh MBI PACCMOT-
PUM CIIELYIONLYIO TTOJIyTPYTITY OTEePaTOPOB.

[Iycrsb a(-) — menpepbiBHast HEOTpUIATebHAS byHKIW HA R Takas, aro a(0) = 0
u a(§) — +oo npu & — £oo. Ilycrs F' — npeobpazosanne @ypoe B Lo(R). st kax-
moro t > 0 ompenenum oneparop Ty (t): La(R) — Lo(R), meiicrByrommuii B obpazax
Dypbe 110 hopmyte

FIT.(t)f1(€) = e ™OF[f](§) anan.b R

ITpocrasi nposepka mokaswiBaer, 4o cemeicrBo T,(t), t > 0, siBasiercss CUILHOl
nostyrpymmoii oneparopos B Lo(R).
IMMycts 0 <t <7 <ty md; >0,4i=1,2. [omoxkum

—2(r—t1) 2(tg—7)
to—7 (61 ta—1t1 T—1t1 (01 t2—t1
A= 2 ;A= 2
to — 1 52 to — 11 52
Teopema. Ilycrs 0 <t < 7 <ty umd; > by > 0. Torma

E(T) = \/)\1(5% +)\25§.

Oyuxmus & — \je20108€) 4 \pe220(8) _ ¢=270(&) peorpumarensaa g1 Beex £ € R,

u grst 1060ii pyaknun w(-) € Loo(R) rakoii, aro s m.B. § € R

Ape~(T—t1)a(é)
N \peltz=t1)al) 4 \,e—(t2—t1)a(§)

_ VAR elae(©
= \jelta—t)a(§) 4 )\ e—(ta—t1)a(¢

<

w(§)

) VApe—2ta€) 4 \ge—2t2a(€) — e—27a(§)

meror Py, - La(R) X Lo(R) — Lo(R), onpenenennsrii B obpazax @ypwe mis . B. £ € R
¢opuymoit

F[Bu(g1,92)](€) = (e — yy(&)e271)alO) Plgy](€) + w(€) Fg2](),

SIBJISTETCST ONTHMAIbHBIM.

Cnenyer oTMETUTH, UTO, HAIPUMED, 33/1a4Ua ONTUMA/JILHOTO BOCCTAHOBJIEHUS Pe-
IIeHUs] ypaBHEeHWs! TerIonpoBoaHocTy [1] u pemenns 3amaqan Jupuxiie st Bepxueii
MOJTYTTOCKOCTH [2] cBOIATCA K 3ajade ONTHUMAJBLHOTO BOCCTAHOBJ/IEHUS YKA3AHHOMN
[OJIy PPY Il ONEPATOPOB MPHU CIIENUaIbHBIX 3HaUYeHNAX GyHKIun af-).

Jlureparypa
1. Marapua-Unpses I I., Ocunienko K. KO. OntuMasibHOE BOCCTAHOBIEHUE PEIIeHUs y PABHEHU ST
TENJIONPOBOHOCTHU IO HEeTOIHBIM m3Mepernam // Mar. ¢6.—2009.—T. 200, Ne 5.—C. 37-54.

2. Aébpamosa E. B. BoccraHoBieHne penienns 3a1a9n J{Upuxiie o HETOYHBIM MPAHUIHBIM JaH-
vbiM // Brammkask. mar. xypr.—2015.—T. 17, Ne 1.—C. 3-13.

34



ITopsiAKOBBIl aHAIU3 U CMEXXHbIe BONPOChl MATEMATUYECKOTO MOJEJTUPOBAHUS:
Te3uchl mokaam0B XV Mex nynapommoit mayanoit kordepermnun (c. e, 15-20 uona 2019 r.)

[MPUEMBI KOHCTPYNPOBAHUA 1 AHAJIUSA YPOKA MATEMATUKNU

N. E. Manosa
(Poccust, Bpsiuck, BI'Y; Bragnkaskas, FOMU BHIT PAH)

Pesyaprarsl 00yueHnss MaTeMaTHKe 3aBUCAT OT JEATEIbHOCTH IPEOIaBaATe ;]
O’KUIaeMble PE3yJIBTaThl MOI'YT OBITH KaK Y BCEX, TAK W Y OTAEIBHBIX 00y IaOIINXCS,
MOTYT OBITH TPEIMETHBIMU W METAIPEIMETHBIMU, MOTYT OBITH KPATKOCPOUHBIMU U
JofarocpouHbiMU. K COXKAIEHUIO, JOCTUKEHUIO TOJTHOIEHHO PE3YJIBTATUBHOTO OCBO-
€HUsI MaTEeMATUKU BCEMH YYAIUMUCS HE BCEr[a MOMOTAlT yYeOHUKHU, MOCKOIBKY
OHU YaCTO HE YUUTHIBAIOT KAK MCUXOJIOTO-TIETArOTHIECKIe OCHOBBI OOyUIEHUS, TaK U
obocHOBaHHBIE HAPAOOTKHU B 00/IaCTH METOAWKM ODydeHus maremaruke. Hampuwmep,
B yUeOHUKAX TPUBOIATCA penieHus 33341 6e3 o0CyKIeHNs TOro, KaK JIOTa aThCsa O
crrocobe ee perrenust, KaKoi OMBIT PAOOTHI C OHOM 3aatuell CaeayeT YIUuThIBATh IPU
paboTe ¢ Apyroii (WIu ¢ IPYTUM MAaTeMATHIECKUM 00beKTOM ). OHUM U3 BO3ZMOKHBIX
CII0CODOB /Iy dIIeHNsT PE3Y/IBTATOB 00y IeHUsT MOXKET OBITh C/IeI0BAHNE COBPEMEHHBIM
HAIPABJIEHUSIM PEIIeHNs MeTOIUYeCKUX 3aJ1ad, OCBOEHUE YUWTeJIeM WHCTPYMEHTOB
WX PEIeHUs], NILTIOCTPAINST TTPUEMOB UCIIOIH30BAHUS STUX UHCTPYMEHTOB.

CpaBHUM [[Ba TIOHATHS: MATEMATHYECKAS JEATETbHOCTH MPENoJIaBaTeIs U ero
METOUYECKAS TeITETbHOCTD.

[TockobKy [1Ba MOHSATHUSI OTHOCATCS K MOHSATHIO JESITEIbHOCTH CPABHEHUE HAJ0
MPOBOJUTH TI0 KOMIIOHEHTAM JedATeTbHOCTH. BhibepeM /Ba: 00bEKT AedATeTbHOCTH U
KPUTEpUii TOCTUKEHUST EJIH.

s MaTeMaTudIeckol JIesTeNIbHOCTH OOBEKTAMU SBJSIOTCS MaTeMaTUIeCKue
00beKThI (Ompejie/ienne, TeopeMa, 3aJada, MarTeMaTHYecKuii Tekct u ap). Kpure-
pUeM JTOCTUKEHUsI 1e/Id B MAaTeMATUIeCKON JIesITeIbHOCTA SBJISIETCS MPaBUILHOCTD
MaTEeMATUYCCKNX JIeHCTBWIA.

[TockombKy yumuTes o Tak:kKe HeoOXOAUMa MPABUIBHOCTH CBOUX MATEMATUIECKUX
JIEeHCTBU, 00BEKTAMI €r0 METOIAUIECKON JeITEeTbHOCTH SIBISIIOTCS MAaTeMaTHIeCKe
00bexThl. HO OCHOBHBIM OT/INYMEM METOIUYECKO TedATeTbHOCTH OT MaTeMATHIECKO
SIBJISIETCSI HAJIUYINE B JATETHHOCTH YIUTE IS METOANIECKUX 3a/1a4, CBA3AHHBIX C IPY-
UM 9eI0BEKOM, a He ¢ camuM coboii. [locranoBke mMeToamdeckux 3a7ad MOMOTAIOT
Bompochkl «Kak m00HuThCA, ITOOBI 00y IAIOIIHECH . . . 7.

Boeigesmv Tpu MeTOIUYECKTE 33 1aNN:

1) KaK T0GUTHCS YCIEITHOCTH 00y IaOIUXCsT B IPUMEHEHUN MATEMATHIeCKUX 3HA-

HUiT;
2) KaK JOOUTHCS YCIENTHOCTH OOYYAIONMXCA B MOMCKOBOI (MCC/IeI0BATEIBLCKOM
WJIN TBOPYECKOit) JeaTe/IbHOCTH;
3) Kak JIOOUTHCS YCIENTHOCTH 00y IAIONIUXCS B TIPOSBICHUN YMEHU «TO3HABATD,
JIeflaTh, KUTh, XUTh BMecTey, HazBaHHbix OHECKO npuanumamu obpazoBaHust

XXI Beka?
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Ob603HAYMM TPHU COBPEMEHHBIX HAIPAB/IECHUSI, BEAYIIUX K PEITeHUI0 ITUX 3a/1a9:
JIeSITe/IbHOCTHBIN MOIX0]; JIMYHOCTHO OPUEHTUPOBAHHOE O0OydUeHUe; ryMaHWTapu3a-
[Hst 00PA30BaAHUsI. DTH HAIPABJIEHNST CBA3aHBI CO CTPYKTYPOIi MeIarormdeckoro mpo-
necca 1o . E. Cenbkunoii [1]. Kpome Toro, Ha ee 0CHOBe OTIpeIeIsieTcst MeTOIMIecKast
eATeIbHOCTh YAUTEIsT MATEMATUKNA KaK JeATE/THHOCTH 0 OPTaHU3AIUK e1aroru-
YECKOTO TPOIIECCa, HATPABIEHHAsT Ha MTOJTHOIEHHO Pe3y/IbTaTUBHOE OCBOEGHUE YUAIIIN-
MHCsT MaTeMaThKu [2].

Yro gesarh MpenogaBaTesio, OTBEIAONIEMY 38 METOINIECKYIO MTOATOTOBKY YUHU-
resisi? [lpemaraemM y9uTh TOMY, 9T0 HEOOXOANMO Ha, KaXKJIO0M YPOKE; MMOKa3hIBATH 00-
Pa3Ibl pean3aluy TeXHOJIOTUI; PA3BUBATH METOINIECKOE MBIILIEHNE Yepe3 pa3pa-
OOTKY CTyIEHTAMU JUAJIOTOBBIX KOMITBIOTEPHBIX MPE3EHTAIMI 0 BOIIPOCAM ITKOThb-
HOTO KypCa MaTEMATHKHN; OPTaHU30BLIBATH JIEKIINA W 3AHATHsI TaK, 9TOOBI HA COO-
CTBEHHOM OITBITE CTYIEHTHI MOHSIN TOCTONHCTBA YKA3AHHBIX HAPABICHUIA.

NucrpymentaMu pean3aiiun gedaTeIbHOCTHOTO TOIX0/a ABISIOTCA TOHITUS: MO-
TWUB, 1IeJib, OPUEHTUPOBOYHAS OCHOBA, MESITEJBHOCTH; [IJIsT PeaJU3aluu JTUIHOCTHO
OPUEHTUPOBAHHOTO O0yYeHUsT JO0ABISIETCH yYIeOHBIN IUAJIOT; st OCYIIECTBICHUS
TYMAHATAPU3AIUN OOyUIEHUS MATEMATHKE T0OABJISIOTCS MPUEMbBl MeTarlpeaMeTHOM
eATeIbHOCTH. BbIIe MM HEeKOTOPhIE MPUeMbl KOHCTPYUPOBAHUS U AHAIN3A yPOKA.
IIpuemsbr motuBamun: «MoTuBarnus naTepecomy; «MotuBamus onbiToMs; «MoTuBa-
IS yCIIEXOM ».

[Tpuembr moctanoBKY 1esieit ypoka: «llenn kak utorus; «llemn kak mrany; «Ilean
KaK TpUaga: JeaTeIbHOCTh-MATEMATHKA-CIIOCO0 TOCTUKEHUSS.

[Tpuembl BBegeHUsT OpUEHTUPOBOYHBIX OCHOB gestenbrocTn (OO): «3Bamaqa-
obobmenne 3tanoB-O0/1»; «OO/L u mocieaytormas peanusarusy; «OO0d u mapas-
JmenpHas peanm3aiusy. [Ipuemsr anaam3a ypoka: «[logemy yuamrens. .. 7s; «Ilogemy
YUAIHECs . . . Ty ; «MeHsieTcs 11eib — MEeHIeTCs STAll».

JIuteparypa

1. AmnmyxamberoBa (Cenpknna) I. E. Teopust memarornveckoro mporecca Kak OCHOBa (op-
MHUPOBaHUs TOTOBHOCTH TIKOJHLHUKOB K TTO3HABATE/ILHON JesaTeIbHOCTH.—Amarsr: Ibiasim
Apkambik, 1994.—131 c.

2. MamoBa H. E. HenpepblBHasg MeTOZUYIECKAA MOATOTOBKA YUIUTEJS MATEMATUKHU C ITO3UITIA
cybbekTHOI coryacoBanuocTr: Monorpadwus.—Bpsamck: 13ga-sBo Bpsuck. UITKPO, 2006.—
164 c.
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SEMANTIC READING IN MATHEMATICS EDUCATION

A. Kh. Naziev
(Russia, Ryazan; RSU S. A. Esenin, Ryazan Institute ED)

The author already published several papers about semantic reading in
mathematics and mathematics teaching (see References). The first paper contained
a short instruction on what semantic reading is, and several examples of its
application to school algebra, geometry, probability theory, and calculus. The second
paper is dealing with problem-solving with the help of equations. In the third
paper, a more instructive definition of the semantic reading given, and several more
complicated examples collected. The fourth paper is wholly devoted to the semantic
reading in the context of the history of mathematics. In the proposed article, we
intend to give a survey of our previous work and add some new considerations.

References

1. Naziev A. Semantic reading in mathematics teaching // Merogmaknu Acnextu Hacrase Mare-
maruke [II: 36opauk pagoBa ca Tpeher MenyHapOIHOI Hay4YHOr CKyIa ofpzxkaHor 14-15 jyna
2014 romume ma QPaxynTery Iemaromkux Hayka YHuBep3urera y Kparyjesmy.—Jagodina:
Yuusepsurer y Kparyjesmy, 2014.—P. 107-119.

2. Naziev A. Descartes and Newton on Problem Solving with the Help of Equations //
EDULEARN 17 Proceedings. 9th International Conference on Education and New Learning
Technologies, July 3rd—5th, 2017.—Barcelona: IATED Academy, 2017.—P. 4149-4155.

3. Naziev A. Semantic Reading in Mathematics and Mathematics Teaching // BRAIN — Broad
Research in Artificial Intelligence and Neuroscience.—2018.—Vol. 9, Ne 4. —P. 100-114.

4. Naziev A. Semantic Reading in the Context of the History of Mathematics // BRAIN — Broad
Research in Artificial Intelligence and Neuroscience.—2019.—Vol. 10, Ne 2.—P. 174-184.
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CIIEKTPAJIbHBIE CBOMCTBA BEKTOPHBIX ITOJIEN KIJIJIMHTA
IIOCTOSHHON JIJINHBI

FO. I'. Hukonopos
(Poccust, Bragmkaskas; FOMU BHIT PAH)

DTOT JOKJIAJL OCHOBAH Ha HeJTABHUX paborax (1| m 2|, KOTOpBIE MOCBAIIEHB! HC-
CJIEIOBAHUIO CBOMCTB BEKTOPHBIX TMOJeil KWaanHra MOCTOSTHHOW IINHBI W WX eCTe-
CTBEHHBIX ODOOIEHUT HA PUMAHOBBIX MHOr00Opa3usax. HamoMHUM, UTO BEKTODHBIE
oyt Kuauara Ha 3aJaHHOM PUMAHOBOM MHOTOOOPA3UHN XapPaKTEPU3yITCS TEM, UITO
MOPOYKTAIOT OJHOMAPAMETPUIECKUE TPYIIIbI M30METPUl 3TOT0 MHOTO0Opa3Ws.

[Tonpo6ubIit 0630p W3BECTHBIX PE3YIBTATOB, CBSI3aHHBIX C KUJIJIMHTOBBIMU BEK-
TopabiME noMu tocTossauol aymabl (KBIIIT/I) wa pumanOBBIX MHOT00Opa3wsiX,
MOXKHO HaiiTu B pabortax [3, 4]. Baxkuble CBOICTBA KUIJHHIOBBIX BEKTOPHBIX IT0O-
Jieii TOCTOSTHHOM JJIMHBI Ha KOMITAKTHBIX OJHOPOAHBIX PHUMAaHOBBIX IIPOCTPAaHCTBAX
ycranos/iensl B pabore [5|. Mnrepecusie pesyabrarsr 0 KBIIII/T Ha HEKOTOPBIX Crie-
[MATBHBIX PHMAHOBBIX MHOTrO0Opa3usIX MOJIyYeHbl HeJaBHO B paborax [6] u [7].

PaceMoTpuM mpou3BOJIbHOE CBA3HOE pUMaHOBO MHOrooGpasue (M, g) u HEKOTO-
pyto rpynny JIu G, neiicrytontyio sacbdexrusro Ha (M, g) nzomerpusimu. OToxjie-
crBuM aareopy Jlu g rpynmer Jlu G ¢ coorBercTBytoteii aarebpoit JIu BeKTOPHBIX
nosteit Kunmara wa (M, g) cremyronmv obpazom. s mpoussoasaoro U € g pac-
cvorpum exp(tU) C G, t € R, onromapamerpuyeckyto rpymimy nsomerpuit (M, g),
u ompeaeauM BekTopHoe noje Kumauura U cranmapTHoit (hopMyaoit

Uz) = — exp(tU)(x)
dt =0
slcuo, uTo orobpaskenne U — U JMHEHHO I HEBEKTHBHO, HO [(7, ‘7] = —[U, V], tme
[-,:]g — crobka JIu B g u [+, -] — ckobka JIu BekTOpHBLIX TOT€l Ha M.

Kax et X € g onpesensier nureiinsiii omeparop ad(X) : g — g (omeparop mpu-
COeJIMHEHHOrO JieiicTBus ), neiicrByiomuii corsacio dopmyie Y — [X,Y]. Ecin pac-
cmorpers X Kak BekTopHOe moje Kummunra na (M, g), To pa3audHble OrpaHuueHnst
reOMETPUIECKOro copra Ha X BJIEKYT ClenuajbHble (B 9aCTHOCTH, CIEKTPAIbHBIE)
cBoiicTBa cooTBeTCTBYMOIMEro omeparopa ad(X).

B srom gokiazge mMbr cpokycupyemcst Ha cBoiicTBe X MMETh MOCTOSTHHYIO JIJTUHY,
a TakKe Ha Hojiee 00IIEM CBOMCTBE UMETh OTPAHUIEHHYIO JIUHY ([OC/IeHee O3HATa-
€T, ITO JJIMHA BEKTOPHOIO ToJig X OrPAHWYeHa HEKOTOPO#l YHUBEPCAJIHHON KOHCTAH-
TOH Ha BCEM PACCMATPUBAEMOM MHOrOOOPA3WM, WM, IPYTHMHU CIOBAMM, (DYHKIIUS
x € M — g.(X, X) orpannvena).

[IpuseemM OJMH U3 OCHOBHBIX Pe3yJbTaToOB pPaboThl [1].

Teopema 1 [1|. /Liust kaxkgoro nosst Kumwimara nocrosauoii mimabl X € g Ha
pumanoBoM MHOroobpasuu (M, g) cnektp omeparopa ad(X) : g — g aBszercss 4HcTO
MHHMBIM, T. €. J€XKuT B iR.
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9TOT pe3yabTaT ABJIAE€TCA HOBBIM JIUIIH 151 HEKOMITAKTHBIX a.}'[l"e6p ﬂI/I g " JIUIITb
Jutst X, He JiesKaIux B 1ieHTpe g. /lelicTBuTe1bHO, M1 KaXK 0 KOMITAKTHOM aarebphbl
JIu g cymecTByeT CKaJagpHOE TPOU3BEAEHNE, OTHOCUTEILHO KOTOPOrO BCE OMEPATOPEI
[IPUCOETMHEHHOTO JeHCTBUST KOCOCUMMETPUYHBL (3TO CBONCTBO BJISIETCST XapaKTepH-
CTHYECKUM JIJIT KOMIAKTHBIX are0p JIn), mosromy crnekTp Jr060ro Takoro oneparopa
qexut B iR. Takxke ormernm, uto oneparop ad(X) TpuBnaseH st KazKJI0T0 BEKTO-
pa X u3 mentpa aarebpsl Jlu g. C npyroii cropons!, ussectHbl npuMepbl KBIITT/T
X € g g mekoMmakTHEIX ¢ [1]. B wacTHOCTH, COOTBETCTBYIONTHIT TUHEHHBIH Omepa-
Top ad(X) : g — g MoxKeT ObITh HETPUBHUAIBHBIM M HUJIBIIOTEHTHBIM.

Teopema 1 6bi1a cyrecrBenHo 06001IeHa B HeqaBHei pabore [2]. Mbr orpanuanm-
cd 37IeCh PACCMOTPEHUEM JIUIb OTHOTO Pe3yJibTaTa U3 3TOH PabOTHI.

Teopema 2 [2|. /Lra kaxgoro orpanmderroro mos Kummmora X € g Ha pn-
maHoBoM MHoroobpasun (M, g) crekrp oneparopa ad(X) : g — g saBasercs 4ucro
MHHMBIM, T. €. jie;KuT B iR.

B paborax [1] u [2] mosydensr 6o/ee meTanbHBIE PE3YIBTATHL O CIIEKTPE OMEPATO-
POB TPUCOCTUHEHHOTO ﬂeﬁcTBHH, TTOPOKAEHHBIX KUJIJIMHT'OBBIMU ITOJIAMN TIOCTOAHHOMN
JUTUHBI WA OTPAHUIEHHBIMU KUTMHIOBBLIME MOJsIMEI. OOCYKIEHUIO 9TUX CBONCTB
MOCBAIIEHA OCTABIIAACA 9ACTh JOKJIA/IA.

Jlureparypa
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®OPMYJIA CJEJIOB /I ®YHKIINIT OT ITAP
HEKOMMYTHUPYIOIINX OIIEPATOPOB

B. B. Ileanep
(CHIA, Ucr-Jlancunr; Yuusepcurer mrara Muduran)

Teopust BO3MYIIEHUT ONIEPATOPOB B MMIBOEPTOBBIX MPOCTPAHCTBAX ABJISIETCS O/I-
HUM W3 TIEHTPAJbHBIX Pa37e/0B COBPEMEHHOTO aHAJIN3a, UMEIOIUM BayKHbIe (hU3u-
geckue npuioxkenns. B pamaux padorax M. M. Jlupmmma u M. I' Kpeiina B cBa-
3U C 33j[@9aMy KBAHTOBOW CTATUCTUKU BO3HUK/IA TEOPUs TAK HABBIBAEMON (DYHKITHH
criekTpaabHoro casura (. . ¢.). Tecabiv ob6paszom ¢ d. c. c. cBs3ana hopmya ciemos
Jludpmua — Kpeitra. B nacrositiiiee BpeMsi TaHHAst TEMATHUKA aKTUBHO pa3BUBAET-
cst (em. [1-3]). B moksiaze peds nier o BO3MOXKHBIX 000011eHNsIX (DOPMYJIbI CJIEJI0B
JIudpruma — Kpeiina:

trace(f(B) - f(4) = [ FO&(0)

rne A mw B — caMOCOTIPSIZKEHHBIE OTIEPATOPHI C AAEPHOI Pa3HOCTHIO, f — J0CTATOYHO
xoporras GYHKIWA, a £ — QYHKINS CIeKTPATBLHOTO CIBUTa, KOTOPAS OMPEIeSIeTCs
oneparopamu A u B.

Paccmarpusaerca cremyromas 3aa9a; BO3ZMOXKEH JH AHAJJOT (DOPMYJIBI CIAEIO0B
JIupimmna — Kpeiiaa qis (pyHRIUE OT Map HEKOMMYTHPYIOIIHX CAMOCOIPSI)KEHHBIX
OrrepaTopoB.

Jokmam ocnoBan Ha copMmecTHO# pabore ¢ A. B. Amekcannpossim u 1. C. Tlora-
noBbIM [4].

JIuteparypa

1. Coine C., Le Merdy C., Potapov D., Sukochev F.,Tomskova A. Peller’s problem concerning
Koplienko—Neidhardt trace formulae: the unitary case // J. Funct. Anal.—2016.—Vol. 271,
Ne 7.—P. 1747-1763.

2. Carey A., Gesztesy F., Potapov D., Sukochev F., Tomilov Y. On the Witten index in terms
of spectral shift functions // J. Anal. Math.—2017.—Vol. 132, Ne 1.—P. 1-61.

3. Peller V. V. The Lifshits—Krein trace formula and operator Lipschitz function // Proc. Amer.
Math. Soc.—2016.—Vol. 144.—P. 5207-5215.

4. Aleksandrov A. B., Peller V. V., Potapov D. S. On a Trace Formula for Functions of Non-
commuting Operators.—arXiv:1901.09495v1.
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APPROXIMATION OF STABLE MANIFOLDS
FOR FRACTIONAL EQUATIONS!

S. I. Piskarev
(Russia, Moscow; MSU)

We consider the approximation of well-posed Cauchy problem

(Diw)(t) = Au(t) + f(u(t)), =0, )
u(0) = u°,
where D¢ is the Caputo-Dzhrbashyan derivative, the operator A generates analytic
and compact resolvent family S, (-, A) and function f(-) is smooth enough in both
arguments.

The fractional integral of order o > 0 is defined by

(J¥)(t) == (ga * @)(t), t>0,

where
a—1

ga(t) =< T'(a)’
0, <0,

t>0,

and I'(«) is the Gamma function. The Riemann-Liouville derivative of order a > 0 is

o = () a0,

and the Caputo—Dzhrbashyan fractional derivative of order o > 0 is defined by

Do Do A () N

t) = =y — 7L ke
(DF0 = (D)0 = 3 oy

We consider the discretization of semilinear fractional equation (1) on a general
approximation scheme [1]. Under compact convergence of resolvents we establish the
semidiscrete approximation theorem for the smooth function f(-) like in [2]. Then
we are developing a general approach to establish a semidiscrete approximation of
stable manifolds in the vicinity of hyperbolic equilibrium points as in [3].
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3. Siegmund S., Piskarev S. Approximations of stable manifolds in the vicinity of hyperbolic
equilibrium points for fractional differential equations // Nonlinear Dynamics.—2019.—
Vol. 94, Ne 4 —P. 3150-3161.
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OIMEPATOPHOE PABEHCTBO TPEYT'OJIbBHUKA

M. A. Ilaues
(Poccust, Bragmkaskas; FOMU BHIT PAH)

Mmuorue kjaccuieckKue HEPABeHCTBA aHAJIN3A, CIIPABEIUBLIE /I Iuce U (hyHK-
[nit, TOMyCKAOT 0000IIeHre it HEKOMMYTATUBHBIX MATPHUIL U Orneparopos. B mo-
CJIeTHUE TOMBI OTIEPATOPHBIE AHAJIOTH PA3TUYHBIX K/TACCHIeCKUX (hOPMYJT ObLIN yCTa-
HOBJIeHbI B psizie pabor (cm. [1-3]). Crour ormernTh, 4T0 B NPsAMOfi HEpeHOC u3-
BECTHBIX (DOPMYJI 7T HEKOMMYTATHBHBIX MTEPEMEHHBIX YaCTO OBIBAET HEBO3MOXKEH.
Tax obCcTOUT JIe0 C XOPOIITO U3BECTHBIM HEPABEHCTBOM TPEYTOJTBHUKA JIJI MO/
|z 4+ y| < |z| + |y|, cupaBemmmBeIM Kak B umciaoBbix mossix R u C, tak u B KJiac-
cuvuecKnX (pyHKIIMOHAIBHBIX MTPOCTPAHCTBAX HEMPEPBIBHBIX W U3MEPUMBIX (DYHKITHT
C0,1] m L,[0,1] (0 < p < 00). lannoe HepaBeHCTBO B OOIIEM CIIy9ae HAPYIITAeTCs
y¥Ke B mpocreiimeii HekommytaTusHoii anredpe Mo (C) KBagpaTHBIX 2 X 2 KOMILIEKC-
HBIX MaTpuil. B mokaame Oymer nmpeacTaB/eH CAedyIONuil pe3y/IbTar.

Teopema. Ilycte A — nokanpaas C*-aarebpa, M — runbbeproB A-Momyib,
x,y € M. Torna caenyroliie yCJI0BHs S5KBUBAICHTHEIL:

(1) |z +yl = |zl + [yl;

(2) (@,y) = |z[yl.

JIuteparypa

1. Ando T., Hayashi A. A characterization of the operator-valued triangle equality // J. Ope-
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ACUMITOTUYECKUE @OPMVYJIBL [IJ151 COBCTBEHHBIX SHAYEHUIT
TEITJINITEBBIX MATPHUIL BOJIBIIINX PASMEPOB

B. A. Crykonuu
(Poccust, Pocros-na-lony, JIT'TY; Braankaskas, KOMU BHIT PAH)

JlaHHBII JOK/TAJ] SIBJISETCST 0030POM PE3Y/ILTATOB, MOy YeHHBIX aBTOPOM COBMECT-
mo ¢ A. Barampmukosbim, C. Tpymckum, C. 3omoreix, C. Heuaessim u K. TTosmos-
HUKOBBIM U TIOCBSIIEHHBIX ACHMIITOTHKAM COOCTBEHHBIX 3HAYEHWH W COOCTBEHHBIX
BEKTOPOB TEILIUIEBBIX MATPHIL OOIBITHX PA3MepOB. YCJIOBHO 3TH PE3y/IbTaThl MOXK-
HO pa30buUTh Ha CJIEIYIOIINe YeThIPe TPYIIIIbL:

1) pe3ysnbraThbl, MOCBSIEHHBIE ACUMIITOTHYECKUM (DOPMYJIaM 1T COOCTBEHHBIX
YUCeST U COOCTBEHHBIX BEKTOPOB JIEHTOUHBIX HECAMOCIPAXKEHHBIX TEILIUIEBBIX MaT-
PHUII C CHMMEeTPUYeCKUM cuMBOJIOM [1, 2];

2) pe3ysbTaThl, CBA3AHHBIE C OMMCAHUEM MPEIEJBHOTO CIIEKTPA M HAXOXKJIEHUIO
ACHMIITOTUK COOCTBEHHBIX (DYHKIHIT HECAMOCOMPSIZKEHHBIX JIEHTOUHBIX TEMIUIEBHIX
MAaTPHIT C CAMBOJIOM CITEIUAJTBHOTO BUIA, MMEHHO SIBJISIONIAMCSI CTETIEHBIO TOJTMTHOMA,
Jlopana nepgoii crenenn ([3-5]);

3) pe3ysbTaThl 06 ACUMITOTHKE CIEKTPA TEILTUIEBBIX HECAMOCOMPSIZKEHHBIX CHM-
MeTPUYECKUX TEIINIEBBIX MATPUIL C CUMBOJIOM ociabseHHoil ragkocrn [6];

4) busmIecKue MPUIOKEHUS.

Kpome Toro, MOXKHO yHOMSIHYTH PE3Y/AbTATHI, OTHOCAIINECT K PACIPEeIeIeHIIO
COOCTBEHHBIX 3HAYEHUN TEIJIMIEBBIX MATPUI] C CHMBOIOM Xapreura — QPuirepa, a
TaKXKe pe3y/JbTAaThl, OTHOCSIINECS K T€OMETPUM TPEIeIbHOTO CIeKTPa JIEHTOUHBIX
TEMJINIEBBIX MATPHUIl. Pe3y/bTaThl, OTHOCSIIHECS K PaCIpeseeHni0 COOCTBEHHBIX
grces |7|, HeIB3s, CTPOrO TOBOPsI, CUUTATH HOBBIME, HO BO3MOXKHO IIDEICTABIISI-
€T WHTEpEeC, UCIOJIb3yeMblil TPY MOJy9YeHUN OCHOBHOTO pe3ysbTara, (hakT O CBI3U
TEMJIUIEBBIX W TUKJIMIECKUX MaTpuil. B ompesesieHHO#l cTemeHn CKa3aHHOE BBIIIE
OTHOCHTCSI M K PEe3y/IbTaTaM MeOMEeTPUH MPEeeIbHOro crekrpa [8, 9] — sru pesyiib-
TAThl HE ABJSIOTCS B MOJHON Mepe 3aKOHUYEHHBIMHU, HO MOTYT OBIThH IMOJIE3HBI TPHU
JTajIbHENeM uCCae0BaHuu. Bee 9Tu pe3ysibraThl YaCTUYHO OMyOJIMKOBAHBI B MIPH-
BEJIEHHBIX HIKe paborax [1-9], yacTwdHO TOTOBATCS K IyOIMKAIMU WJIN SBJISTFOTCS
TeMOIl TeKyIIero 1 He3aKOHYEHHOIO MCCieoBanusi (IMyHKT 4).

TénnmieBsl MATPUIIBI SIBJISIOTCS aKTyaIbHOM TEMOI MCCAeJOBAHUS YIKe Ha TPO-
TSKEHUM TOYTHU IIEJI0TO CTOJIETHS, BBICTYIAIOIINE B KAYECTBE MPOCTOTO, BAXKHOTO
1 TJIyDOKO HETPUBHAIBHOIO TPUMEpPA, JIEXKAIIEr0 Ha, CThIKE JTHHEHHON aaredphl, Criek-
TpaJbHO TEOPUU OMEepPATOPOB, KOMILIEKCHOTO aHAIN3a U MATEMATHIECKONW (DU3UKU.
[Teperie pesynbrarsl B 3T0i 06JIACTH MOSBUINCH B HadaJsle MPOIILIOr0 BEKa U OTHOCH-
JINCh K Teopun GECKOHEYHOMEPHBIX TEIJIUIEBBIX omeparopos. B mHagase 50-x rr. mpo-
IIIJIOT0 BEKA, MOSIBUJINCH CTAaBINMe 3HaMeHUThIMU paboThl Ceré, oTHOCSIIECS K PYHK-
[USIM PACTIPEIESIEHUST U TPEIeJTHLHOMY CIIEKTPY CAMOCOIPSIKEHHBIX TEILTAIIEBBIX MaT-
puIL GOIBIUX Pa3MepoB. DTu paboThl OBLIN BRI3BAHBI HEODXOJUMOCTHIO MCCIEI0BA-
Hust Mojiesu V3uHra, BBIYUC/IEHNE CTATHCTUYECKON CYMMbBI KOTOPOI OBLIO CBEIEHO
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K BBIYKCJIEHUIO OIPEIE/IUTENs TEIINIEeBO MaTpulbl 60/bimoro pasmepa. Cobersen-
HO C 9TOI'0 MOMEHTAa U HAYAJIOCh MCCJIEJOBAHNE CIIEKTPAJIbHBIX CBONCTB TEILIAIIEBHIX
MaTpuI; 60IBIIX (CTPOTO FOBOPST PACTYIINX ) PA3MEPOB € 33JJaHHBIM CUMBOJIOM. Han-
boJlee TOHKHE C aHAJUTHYECKON TOUYKM 3PEHMS 3aJa9l B TOH 00JACTH OTHOCITCS
K HAXOXKJIEHUIO aCHMITOTHIECKUX (DOPMYJI JJisi COOCTBEHHBIX UNCET W COOCTBEHHBIX
BEKTOPOB TEILINIEBLIX MATPHUIT OOJIBIINX PA3MEPOB C PABHOMEPHBIMHE OITEHKAMHI OCTa~
TOYHBIX 4jieHoB. B paborax [1, 2| Buepsbie GbLin 1101y 9eHbl (DOPMYJIBI, JIOMYCKAOIINE
PABHOMEPHYIO OIIEHKY OCTaTOYHOTO UAeHA, JJIs COOTBETCTBEHHO COOCTBEHHBIX UH-
CeJl U COOCTBEHHBIX BEKTOPOB HECAMOCIPSIKEHHBIX JIEHTOUHBIX TEILIUIEBBIX MATPHIL
Bosbmmx pazmepoB. B pabore [6] Takoro pozga OneHKM ObLIN MOJIy9eHbI JJIs Heca-
MOCOIPSIKEHHBIX TEIINIIEBBIX MAPHUIl C CHMBOJIOM OCJIA0IEHHOM TJIaIKOCTH. Takoro
poma hOpMYJIBI UMEIOT BayKHBIE TPUIOYKEHUs B (DU3MKE, B TACTHOCTH OHU TTO3BOJISIIOT
BBIYHUCISITH XayCIOp@OBY pasMepHOCTH MPOCTPAHCTBA KOH(MOPMAIMA OTHOMEPHOI
MOJIe/IM PA30MKHYTOM IICIIOYKU B3aUMOJIEUCTBYIOIIUX MOJICKYJI, B3AUMOJEICTBUE KO-
TOPBIX YOBIBAET II0 CTEIIEHHOMY 3aKOHY. Borunciienne xaycmopdoBoii pa3MepHOCTH —
9TO B HACTOSIIIEe BPEMsI HE3AKOHUEHHBIN MPOEKT COBMECTHO ¢ A. BaTaabIInKOBBIM,
C. I'pynckum, C. Heuaessim u K. IlosoBaukoBbiM. [IpenBapurenbubiii pe3yabTar co-
CTOUT B CyIIECTBOBAHUU XayCHopdOBOil pa3MepPHOCTH MPOCTPAHCTBA KOHMOPMAIHit
U SBHOM BBIYMC/ICHNN 3HAYEHHI pa3MepPHOCTH B 3aBUCHMOCTH OT KJIACCA PaCCMATPH-
BAEMBIX CHMBOJIOB COOTBETCTBYIOIINX TEILINIEBBIX MaTpuIl. VIHTEpECHO! U BO3MOK-
HO HOBOM 3aJadeil MpeaCcTaBIsIeTCs MOMBITKA CBA3aTh aCUMITOTHYECKHe (DOPMYJIBI C
reoMeTpureii MpeIeIbHOTO CIEKTPA HeCAMOCIPSIKEHHBIX TEIJINIEBLIX MaTpHIl. Takoro
poJia pe3yJibTaraM MOCBSIIeHbl paboThl [3-5]
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9. Bomorsix C. A., Crykonuna B. A. O BblumC/IeHUN TIPEIEIHHOrO CIEKTPA JIEHTOYHBIX TEILIN-
nesbix marpur // Mar. dopym. T. 7. Uccnen. mo mar. anam3y.—Braamkaska3: KOMIT BHIT
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3ATAYA KOIIN 17151 YPABHEHIUS KPYTUIBHBIX
KOJIEBAHIII CTEP?KHY B BA3KOVYIIPYI'OI1 CPEJIE

X. I'. ¥Ymapos
(Poccus, I'posueiit; AH UP)

st menuneitroro mquddepeHnuaIbHOr0 ypaBHeHusT COD0IEBCKOTO THUIIA, MOIE/IN-
PYIOITETr0o KPYyTUIbHBIE KOJIe0aHUsT OECKOHETHOTO CTEPXKHS, C YIETOM CHJT JUCCUTIAIIT
U JUCTEPCUU B BAIKOYIIPYTOil Cpejie:

72 aor \“asa T Poza T ara V0o

+@_@+ —)\g @ ’
ozt 0Ox2 pu = Ox \oz /) ’

9%u *u ( o*u O d%u 8u> N

rne «a, 3,7, §, i, A — 33TaHHBIE YNCJIOBBIE TTAPAMETPDI, HCCIETOBAHA PA3PEINMOCTh
zagagan Kormmm B mpocTpaHcTBe HEMPEPHIBHBIX (DYHKIINI HA, BCEH YMCIOBOM OCH.
Haiiren aBHBII BUI pellleHnsT COOTBETCTBYIONIETO JTUHEHHOTO ypaBHEHU.
YcraHoBjieH BPEMEHHOI OTPE30K CYyIIeCTBOBAHNS KJIACCUYECKOTO PEIIeHns 3a/a-
un Kormn 1y1s HeTnHeiHOTO ypaBHEHNS U MOy IeHa OTeHKA HOPMBI 9TOTO JIOKAJILHOTO
perrenus.
PaccmoTpens! yemoBust CyIiecTBOBaHMS IJI00AIBHOTO PEIIeHNs U PA3PYIIeHUs pe-
IIeHUS Ha KOHEYHOM OTpe3Ke.
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3ATAYA KOIIN 71T OJJHOTO K/IACCA
ABOJIIOIINOHHBIX YPABHEHNIT PACTIPEJIE/TEHHOTO OPSITKA

B. E. ®enopos
(Poccus, Yenabuuck; Yenal'V)

[Tycrs Z — Ganaxoso mpocrpancrBo. O6osnaunm uepes A (6, ap) MHOKECTBO
BCEX JIMHEHBIX 3aMKHYTHIX IIJIOTHO OIPEJETeHHBIX B Z OMepaToOpOB, JAEiiCTBYOMIINX
B MIPOCTPAHCTBO Z, JjI KOTOPBHIX

(i) mpu Bcex A € Spy a0 := {1 € C: |arg(—ao)| < 6o, 1o # ag} mmeem X\* € p(A);

(ii) myst m06wIx 0 € (7/2,00), a > ag naiigercs takoe K = K (0,a) > 0, uro mis
BCex [t € Spq

K(0,a)
R (A < —.
IRy Alez) < s
Paccmorpum ypaBHeHUe
/w(a)Df‘z(t) da = Az(t) +g(t), t>0, (1)

b

rae DY — npobuas mpomssonnas lepacmvosa — Kamyro, ¢ € (1,2), b € (0,¢),
w: (bc) = C, Ae A%y, a0), g: Ry — Z, Ry := Ry U{0}, n 3amaay Komm mrs
HEro

2B0) =2, k=0,1. (2)

Bsenem o6o3HaueHnd:

WhN) -

h
/w(a))\“ do, by := max{b, 1},
d

20(0) = 5 [ W) (e — 4)an,

A
0S6,q
1 We N -1
Z(t) =5 M ?2 (WEWT — A)~ld),
859,&
1 c -1
2(t) = 5 M (WENT — A) ™ dA
0S6,q

npu Hekorophix 6 € (7w/2,6p), a > ag. lIpu K > 0, f > 0 oboznaunm uepes
E(K,3; Z) mmoxecrso taxux dbynkmmit z : Ry — Z, uro [|2(t)]|z < KeP* npu
Bcex t € Ry . Kpowme Toro, ucmosib3yem 0b03HAUECHIE

E2):=J |JEK 52

K>0 =0
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Teopema 1. ITycrs ¢ € (1,2), A € A%(0o, a0), Wy () m Wi () anammraans B
cexTope Sy, 4, Ipu HeKOoTOpEIX 61 € (7/2,6p], a1 > ap H yI0BIETBOPSIOT yCIOBHIM

c 1/c
(VA € Sorar) (WEO) € So.00,

(3C1,Cy > 0)(3e € (0,¢— 1)) (VA € Sp,.ay) CoINE < [WEN)| < CalAS,
(3C5>0) (VX € Sppay) [WPH (V] < C3lA,
20,21 € Dya, g € C(K+;DA) NE(Dy).

Torma yuKIIS
t
z(t) = Zo(t)zo + Z1(t)z1 + /Z(t —3s)g(s)ds
0

sBJIsIeTCsl euHCTBeHHbIM perrienneM 3agaqn (1), (2) B E(Z).

Hnst ¢ € (0,1] Mmoxker BbITH TI0JyYeH aHAJOTMYHbIH PEe3yJIbTaT, IIPK 9TOM 33a/a4a
Kommu comepxut oxmo yeaosue z(0) = zp. AHATOTHYHBIE 337249l C OrPAHUYEHHBIM
onieparopom A uzyuens! B [1, 2].

O6mme pe3yIbTaThl HCIOIB30BAHbI IIPH NCCISI0BAHAN OJHOZHATHON PA3pEeIInMO-
CTH HEKOTOPHIX HavaIbHO-KPaeBbIX 3aJad Jjis yPaBHEHMI B YACTHBIX TPOM3BOJHBIX
PACIIPEIC/IEHHOrO TTOPSAIKa MO BpeMeHu. [IpocTefimuy mpuMepoM 3aJadu, yaoBJIe-
TBOPAIOIIEH YCIOBUSAM TeopeMbl 1, aBjsieTcss HadaabHO-KpaeBas 3aja4a, s yIbTpa-
meyierHof anddysun [3] nwian 3amaua

; 2 2,, 4y
/w(a)Df‘ (2 + 8—) u(s,t) da = gu (s,t) + % (s,t), (s,t) € (0,7m) x Ry,

0s? 0s?
b
0%u 0%u
u(oat) :u(’”at) = @(Oat) = @(ﬂvt) =0, teRy,
u(s,0) = uop(s), % (5,0) =ui(s), se.
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HYPERBOLIC B-POTENTIALS AND SINGULAR WAVE OPERATOR

E. L. Shishkina
(Russia, Voronezh; VSU)

Suppose that R™ is the n-dimensional Euclidean space,
" ={r=(r1,...,2n) €R", 1 >0,...,2, >0},

v = (71,---,7) is a multi-index consisting of positive fixed real numbers ~;,
i=1,...,n,and |[y| =y + -+ -
We consider fractional powers of the hyperbolic expression with Bessel operators

B
Z_ax? .1‘2‘8.%'2"

L,=B,—B,—---—B,, B, v>0i=1,...,n. (1)

Negative real powers of L, we will call hyperbolic B-potentials.
Hyperbolic B-potentials I3, . are defined by formulas

eiinflghl‘iﬂ
ICM . = -
( PizO,'yf)(x) Hn,'y(a)

where

fresr(s)

- 2n,a1—1(n+|'2y|7a) ’

Y =02m)y Y =rttm Hoy(a)

7Ty is multidimensional generalized translation (see [1]), (P + i0)2 are weighted
generalized functions generated by quadratic form P = 22 — 23 — ... — 22 (see [2]).
Boundedness and inversion of (2) was obtained.
The theory of fractional powers of elliptic operators with Bessel operator
d

B,=D*+%p, D=2
T dx

A
v

acting instead of some second derivatives in A was developed in [3].
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LESLIE PREY-PREDATOR MODEL IN DISCRETE TIME

S. K. Shoyimardonov
(Uzbekistan, Tashkent; TUIT)

We consider (as in [1]) the discrete time Leslie’s prey-predator model, which has
the following form

W) =z(a—1— bz — cy)
(1)
ym) :y<d—1—ay).

T

Vo

where R? = {(z,y) € R?> : z > 0,y > 0} is a domain of the operator V and a > 0,
b>0,¢c>0,d>0,a>0.
The set M is called an invariant with respect to operator V if V(M) C M.

Theorem 1. The following sets are invariant with respect to operator V:
(1) My = {(z,y) € R} |y = 0}.
(2) If 1 <d<2,1<a<?2 then

ala—1) (d—1)x
My =40 —— 0y —— ;.
2 { ST bated—c Y a

The restriction of the system (1) on Mj is topologically conjugate to the famous
quadratic family (see [2]).

DEFINITION [2]. Let f : A — A and g : B — B be two maps. f and g are
called topologically conjugate if there exists a homeomorphism h : A — B such that,
hof=goh.

In the system (1), if y = 0 then (1) = f,;(2) := z(a — 1 — b).

Proposition 1. Two maps F,(x) := px(l — x) and f,p(x) are topologically
conjugate for 4 = 3 — a.

Theorem 2. Let 2 < a < 4.

(i) fap(z) = x(a — 1 — bz) has an attracting fixed point pg = %32 and repelling
fixed point 0.

(i) If 0 < @ < %52 then

lim fo'y(z) = po.

n—oo

Consequently, the dynamical system on Mj is reduced to a well-known system.
The following theorem gives the limit points of the system on invariants M;, ¢ = 2, 3.
Theorem 3. Let (:c(o),y(o)) € My be an initial point and 1 < d < 2.
(i) If 1 < a < 2 then
lim (:c("),y(")) = (0,0).

n—oo

(ii) If 2 < a < 4 then

lim (x(”),y(”)) =)\ = (a— 2, 0).

n—oo
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HAWJIYHIIEE BOCCTAHOBJIEHUE PEINIEHUSA 3AJTAYN JIUPUXJIE
1O HETOYHBIM U3MEPEHUAM!

E. B. A6pamosa (Poccusa, Mocksa; HIY «M3W»),
E. O. Cuskosa (Poccus, Mocksa; MIII'Y)

PaccvarpuBaercs 3amgada JIupuxie

Au(z,y) =0, (21,...,7q,y) € R y >0,
u(z,0) = f(z), mam e zeRY f() € Ly (RY),

3aKJ/II0YAMOMIASICS B HAXOXKIEHUN TaKOil rapMoHnYeckoii dyHKmun u(-, ) B BEpXHEM
nosympocrpancTse, uto u(-,y) € Lo(RY) mma moboro y > 0, u(-,y) — f(-) npu
y — 0 B merpuxe Ly(RY) u sup, [u(,9)| L, (rey < 00. B sr0it curyanun pemrenne
[OCTABJIEHHO{! 33/1a4n eINHCTBeHHO [1].

[Tycrb npubINKEHHO W3BECTHBI 3HAYEHUST FApMOHUYECKON (yHKIWN u(-, ) HA N
(n € N) runepmiockoctsix y = y;, i = 1,...,n, t1e 0 < y1 < y2 < ... < Y. Tounee
roBopst, u3sectubl dynkmun z;(-) € Lo(R?) Takue, uro

[uC90) = 2|y gy < 85 T =1o000im,

rned; >0,i=1,...,n.

ITo sToit mudoOpMammu MBI XOTHM BOCCTAHOBHUTH peleHne 3aaadu Jlupuxie Ha
rumeprIockoct iy = Y > 0 B Merpuke Lo(R9).

Tounast MOCTAHOBKA, 3aJa49M TaKoBa. JII0OOH MET0J] BOCCTAHOBJIEHWs COTOCTAB-
nger mabmomaemomy Habopy (21(:),. .., 2n(") € (L2(R%))™ dbymkmmio u3 Lo(RY) u
TeM camMbIM ecTh HekoTopoe orobpaenne ¢: (La(R))™ — Lo(R?). IMorpemrocTsio
JIAHHOTO METOJ[A  HAZ0BEM BEJMUNHY

e(Y, Y, ga 90) = sup Hu(’Y) — QO(E('))HLQ(RUI)’
F()EL2(RY), Z(-)€(La(RH))™,
”u('ayi)_Zi(')||L2(Rd)<6i,’iil,...,n

e = (Y1, Yn), 0 = (61,...,0,) mZ(-) = (21(:), ..., 2n(")).

Benmmanmy

E(Y,3,6) = infe(Y,5,6,0),
®

TJle HUKHSS Ipamb bepercs 1o Bcem orobpaskenusm ¢ (Ly(RY))™ — Lo(R?), nazo-
BEM T02PEWHOCTIBI0 ONMUMAALHOZ0 B0CCTNAHOGACHUA, & T€ METOABI f, HA KOTOPBIX
HIZKHSISI TPAHb JOCTUTAETCS — ONMUMAALHOMU MEMOOAMU 60CCTNANOBACHUA.

'PaGora BeimonHena npu dunancoBoil momuepxke Poccuiickoro dbonma GyHIaAMEHTATBHBIX HC-
cremoBanmii, mpoekT Ne 17-01-00649.
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[Tepen dpopmyaupoBKOit TEOPEMBI TTPUBEIEM HEKOTOPBIe ompesenerus. Ha miroc-
KOCTU C KOOPJIMHATAMU Y U ¢ pacCMOTPUM MHOYKECTBO

M = co{(yi, n(1/8;)), i =1,...,n} + {(y,0) : y = 0},

MpeJcTaB/IgoIee coboit aaredpandeckyo CYMMY BBITYKJIOH ODOJOUKM KOHETHOTO
9uCJIa TOYEK U MOJIYIIPAMOIA.

Ompenermum byakmuio 0(-) Ha [0, +00) o npasmry: 0(t) = max{y : (t,y) € M},
npuueM 0(t) = —00, eciim MHOXKeCTBO B (DUI'YPHBIX CKOOKax mycro. flcho, uro 6(-) —
BOTHyTas JIOMaHas Ha [t1,+00). IIycrs 5, < ... <t — ee TouKu m3I0Ma (CIUTaEM,
9TO t] — TaK¥Ke TOUKA U3JI0MA, T. €. t1 = tg, ).

[ycre Y € (Ys;,Ys;01), 1 < J < k — 1. Tlonoxnwm

~2(Y —ys;) 2(ys;y,—Y)

A — y5j+1 -Y < (55]- )y5j+1ys]- A — Y_ij < 55]’ >ysj+1ysj
1= (5 9 2 = 5 .

Ysjrr = Ys; \Osjna Ysjrr = ¥Us;j \O%sjn

Iycts F — mpeo6pasosamme ®ypoe B R? u a(-) € Lg(R%). Omeparop
A: RY — R? onpenenennbiii B o6pazax Oypwe ast moboro g(-) € RY u m.s. £ € R?
o dopmyne F[Agl(§) = a(§)Flg](§), apnsiercs TUHERHBIM U HEIPEPBIBHBIM.

Teopewma. ITycrs Y € (ys;,Ys;,1), 1 <j < k—1. Toraa
B(Y,5,8) ="M,

QyukIms £ — )\1672%7 q + )\2672?”57'*1 €l _ g=2v¢] HEOTpHITATeIbHA JIs Beex £ € R,
u gt mro6oit pynxnmn a(-) € Loo(RY) Taxoii, uro st m. 5. € € RY

AoV =05, )IE

a(§) —

<

Ale(ysj+1 _ys]')‘g‘ + )\26_(ij+1 _ys]')‘g‘

/ Ys, ‘5‘
< Jitec Il \/)\16_2%3]"5‘ + )\26_2%7’“'&' — e~ 2YIel

= Ale(ysj'.t,_l*ysj)‘g‘ + )\267(?!5]'-&-173/5]-

mMeror Pq: (La(RY))™ — Lo(R?), Koropsiii B o6pasax Pypbe JeficTByeT mia II. B.
£ € R o ¢popmyire

Fla(z()](§) = (77 — a(g)e™ @700 80) Pl ](€) + a(€) Pz, )(6),

ABJIAEeTCdA OIITHMAaJIbHBIM.

()TMGTI/IM7 9TO BCe Haﬁﬂ;eHHbIe OIITUMAAJIbBHBIE MeTO,D;BI HHHeﬁHbI U 9TO OHU HUcC-
MOIBL3YIOT HHMOPMAITIIO 00 M3MEPEHNIX TOJIBKO Ha, JABYX THUIEPILIOCKOCTIX, IPUIeM
He 00g3aTe/qbHO Omxkaiimnx K Y .

JIuteparypa

1. Creiin H., Beric I. BBesiernue B rapMOHUYECKUI aHAIU3 HA €BKJIUIOBBIX MPOCTPAHCTBAX.—M.:

Mup, 1974.—331 c.
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AJIJTMTUBHOCTD MOPTAHOBHIX *-OTOBPAKEHII
HA AJW-AJITEBPAX

A. A. Anusos
(Y36ekucran, Tamkent; TYIUT)

B pa6orax [1, 2| 66110 BBEZEHO NOHSITHE fopgaHoBa *-orobparkenust mexay AJ-
asredpaMu KaK B3aWMHO-OJHO3HAYHOTO OTOOpPAaYKEeHUs, COXPAHSIONIET0 WHBOJIIOIUIO
U IOPIAHOBO MPOW3BEJICHUE X - Y = %(my + yz). Beuio mokazama, uro eciu A u B —
aaredbprl dpor Heiimama m He comepykar abesleBBIX TPSMBIX CJIAraeMbiX, TO BCSIKOE
ffopmamnoBo *-orobpaxkenne A u B JTUHENHO, T. €. IBJISIETCS HOPIAHOBBIM M30MOPMU3-
moM. B paBore [1] 6plta nocrapiena 3ajada — MOJIYyYUTh aHAJION ITOIO Pe3yJIbTaTa
st AJW-anrebp, pererne KoTopoii mosydena B paborax [3, 4, 5|. B pabore [6]
. M. Tonmuar BBes u uzyqus nouasitue AJW-anrebpbl B paMKax KJracca HopaaHo-
BBIX ajredp CaMOCOMPSI)KEHHBIX OMEPATOPOB B TMJIBOEPTOBOM MPOCTpaHCTBE. B pa-
6orax ®@. H. Apsukynora |7, 8] nousitne AJW-anrebpbl BBOANTCS U UCCIIELYETCST B
pamkax kjacca J B-aarebp. 9Tu ajredphl siBIAIOTCS BENIECTBEHHBIMU HEACCOITUATHB-
e anasoramun AW *-anre6p (aberpakrabix anrebp don-Heitvana), BBegeHHBIX
. Kammanckuwm [9]. Takum obpaszom, kmacc AJW-aarebp gBISIeTCST TPOMEKYTOU-
HBIM MEXKJy JIBYyMsI U3BECTHBIMU K/IACCAMU ajreop:

JBW C AJW C JB.

CremoBaTeIbHO, BOBHUKAET BOMPOC MOJYIUTH AHAJTOTUUHBIA Pe3YIBTAT IS CJIydast
AJW -anrebp, perrennio KOTOPOro MOCBSIIAETCS HACTOSIIAsT PaboTa.

B pabore [7] maa AJW-anrebp moka3aHa SKBUBAJIEHTHOCTH CJIEAYIONINX YTBEP-
KIICHWIA.

(A) s Besikoro mommuoxkectBa S C Ay cymecrByer mpoektop e C A Takoii,
aro ST = U.(A), rne (Va,b € A) Usb = 2a0(aob) —a?ob, St :={a € A:
(Vs e A) Uye =0}, tme Us(A) ={U(A) : a € A}.

(B) st Besixoro nopmuokectsa S C A cymecrsyer npoektop e C A Takoii, aro
18, =U(Ay),*S:={z €Ay : Ux=0,ac S} nU(A) = {U(A) : a € A}.

(C) Bemosrens! cregyomme asa ycaosust: (1) B 4aCTHIHO yIOPSAI0IEHHOM MHO-
JKEeCTBE MPOEKTOPOB JTI0H0E TIOAMHOXKECTBO TTOTIAPHO OPTOTOHATBHBIX 9JIEMEHTOB NMe-
eT TOYHYIO BEPXHIOI0 IPaHb B 9TOM MHOXKeCTBe; (2) jrobas MaKCHMAabHAST CHIBHO
ACCOIMATHUBHASI TTOAIreOpa MOPOXKIAETCS CBOMME MTPOEKTOPAMH.

ONPEAEJNEHUE 1. JB-anrebpy A, yI0BIETBOPSAIONIYIO OJHOMY (@ 3HAUMT, W JIIO-
6omy) m3 sKkBuBaeHTHBIX yTBepKaenuii (A)—(C), 6ymem naspiBars AJW -amrebpoii.

OUNPENEJIEHUE 2. BranMuO-01HOZHATHOE 0TODpaskerHne p Mexay A u B HazoBeMm
HOpIAHOBBIM OTOOpAsKEeHNEM, eCIM OHO MYJIbTHILIMKATHBHO, T. €. ¢(ab) = ¢(a)p(b)
JUTst BCex a,b € A.

Cpazy ormeTum, 4TO HOpPJAHOBO OTOOPaKEHWME B ODIEM CiIydae He aJIIUTHBHO.
B kauectBe mpumepa MOXKHO B3sith A = B = R — moJjie JeliCTBUTEIbHBIX THCET;

o4



(a) = |ala, a € R. Ounaxo, ecin paccmorperb AJW-anrebpbr 6e3 abesieBbix IeH-
TPAJILHBIX WIEMIIOTEHTOR, TO Kak U B caydasx AW*-aaredop u JBW-anrebp, Besakoe
HOpIaHOBO OTOOparKeHue aUTHBHO, T. €. UMEET MECTO CJIeIYIONINil Pe3ysIbTar, J0-
Ka3aTeIbCTBY KOTOPOTO MOCBAIIEHA HACTOAIIAS paboTa.

Teopewma. ITycrs A u B — AJW -anre6psol, npudem A He CONEP>KUT MEHTPATBHBIX
abesieBbIX MIEeMIIOTeHTOB. Torma Beskoe HOpIaHoBO oTobparkeHme @ Mexay A m B
SIBJISIETCST HOPAAHOBBIM H30MOP(DHIMOM.
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INDIVIDUAL ERGODIC THEOREM
IN NONCOMMUTATIVE ATOMIC SYMMETRIC SPACES

A. N. Azizov (Uzbekistan, Tashkent; NUUz),
V. I. Chilin (Uzbekistan, Tashkent; NUUz)

The study of noncommutative individual ergodic theorems in the space of
measurable operators affiliated with a semifinite von Neumann algebra M equipped
with a faithful normal semifinite trace 7 was initiated by F. Yeadon. In [1], he derived,
as a corollary of a non-commutative maximal ergodic inequality in L'(M,7), an
individual ergodic theorem for the linear positive L' — L —contraction acting in
the non-commutative L'-space L'(M, 7). The study of individual ergodic theorems
beyond L'(M,7) started much later with another fundamental paper by M. Junge
and Q. Xu [2], where, among other results, individual ergodic theorem was extended
to the case with a positive Dunford-Schwartz operator acting in the non-commutative
LP-space LP(M,7), 1 < p < oo. In [3] and [4] an individual ergodic theorem
was proved for a positive Dunford—Schwartz operator acting in a non-commutative
Lorentz and Orlicz spaces. In the case when an algebra M is an algebra B(#) of all
bounded linear operators, acting in Hilbert space H, the individual ergodic theorem
was obtained in [5] for arbitrary Dunford-Schwartz operator (not necessary positive)
acting in fully symmetric ideals J C B(#H) of compact operators. In this note we
consider the case, when an algebra M is an atomic von Neumann algebra.

Let M be a semifinite von Neumann algebra with a unit 1, let 7 be a faithful
normal semifinite trace on M, and let LY(M,7) be an *-algebra of all 7-measu-
rable operators affiliated with M. For each #* = x € L°(M,7) we denote by
ex(z) = {x < A} the spectral projector corresponding to the interval (—oo, A], A € R,
where R is the field of real numbers.

Let L,(M) be the %-subalgebra in L°(M, 7) of all operators x € L°(M, ) such
that 7(1 —ex(]z])) < oo for some A = A(z) > 0. If z € L(M), then a non-increasing
rearrangement g (z) of an operator x is defined by the equality

pe(z) =inf {A>0: 7(1—ey) <t}, t>0.

A non-zero linear subspace £ C L;(M) with a Banach norm || - || is called a
fully symmetric space if the conditions

S S

x€E, ye L (M), /,ut(y) dt < /,ut(x) dt, forall s>0,
0 0

imply that y € E and ||y||g < ||z]|&-
It is known that LY(M,7)NM C E C LY(M,7)+M for any symmetric space E,
where

LY(M,T) = {x €L;(M): |z|hp = /,ut(x) dt < oo}.

0
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A linear operator T' : LY(M,7) + M — LY(M,7) + M is called a Dunford—
Schwartz operator (writing: T € DS), if

IT(2)|; < |lz]li forall z € LY(M,7) and ||T(z)|m < |zl for all z € M.

It is known that, T(E) C E and |T||g—»g < 1 for all T € DS and for any fully
symmetric space E.

The following theorem is the variant of the individual ergodic theorem for fully
symmetric space (E, ||-||g), in the case when M is an atomic von Neumann algebra.

Theorem 1. Let M be an arbitrary atomic von Neumann algebra with a faithful
normal semifinite trace 7, and let (E, || - ||g) C L-(M) be a fully symmetric space,
1 ¢ E. Then for any operator T € DS and for any x € E there exists ¥ € E, such
that the sequence {n#“ Y r—o Tk(a:)} converges to T almost uniformly, that is, for
given € > 0 there exists a projection p € M, such that 7(1 — p) < € and

(e s)

As mentioned above, in the case when an algebra M is an algebra B(H) of all
bounded linear operators, acting in Hilbert space H, the statement of the Theorem 1
was obtained in [5].

Now we give application of Theorem 1 to non-commutative atomic Orlicz spaces.

Let @ be an Orlicz function, that is, ® : [0,00) — [0,00) is left-continuous,
convex, increasing function such that ®(0) = 0 and ®(u) > 0 for some u # 0.

Let LP(M,7) = {z € L,(M) : ®(aYz|) € L}(M,7) for some a > 0} be the
non-commutative Orlicz space, and let ||x||¢ = inf{a > 0: ||®(a~|z|)|]1 < 1} be the
Luxemburg norm in L®(M, 1) (see [4]). It is well-known that (L®(M,7),| - |le) is a
fully symmetric space and 1 ¢ L*(M, 7).

As corollary of Theorem 1 we obtain that for any atomic von Neumann algebra M
with a faithful normal semifinite trace 7, and for each T € DS, x € L®(M, 1) there
exists 7 = Z(T,z) € L®*(M, ), such that the averages {n#“ i oT*(x)} converges
to  almost uniformly. This statement significantly strengthens [4, Theorem 3.2| in
the case when M is an atomic von Neumann algebra.

—0 as n — oo.
M
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THE SURJECTIVITY OF CONVOLUTION OPERATORS ON HOLOMORPHIC
WEIGHTED SPACES IN BOUNDED CONVEX DOMAINS!

T. M. Andreeva
(Russia, Rostov-on-Don, SFEDU; Vladikavkaz, SMI VSC RAS)

Let G be a domain in C and H(G) the space of all holomorphic functions in G.
For a continuous function (a weight) v : G — R define the Banach space

H(G) = {1 € HG): |f]l = sup f(z)}e™") < oo},

For an increasing sequence of weights V' = (v,,) define the inductive limit VH(G) =
ind H,,, (G).

Let p be an analytic functional on C carried by a convex compact set K. With
some restrictions on weight sequence which are equal to those used by V. V. Napal-
kov [1] we study the continuity and surjectivity problem of the convolution operator

px f(2): = pf(z4 w)

that maps VH (G + K) into (onto) VH(G). We establish the surjectivity criteria for
convolution operator in terms of its Laplace (Fourier-Borel) transform /i(¢) := p.e'*?
via the appropriate description of functional weighted spaces that are conjugated to
VH(G + K) and VH(G).

The main results are the following:

1) we obtain a criterion of continuity for the convolution operator

px: VH(G + K) — VH(G);

2) we establish a functional criterion of surjectivity for convolution operator in
terms of the closure of an image of the multiplication operator f +— ff that is
conjugate to px;

3) for the case v,(z) = n|z|% a > 0 we find out the criterion of surjectivity
for convolution operator in terms of regular growth of f (the lower estimate on ||
outside some exceptional sets).

Similar research was presented in [2] for the spaces of functions that are
holomorphic in convex domains and have a polynomial growth near the boundary
(the weight sequence v, (z) = nln(1 + |z|)).
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JIMHENHBIE JEOOPMAIIUN A®PUHOPHBIX CTPYKTYP
1 OJHOPOIHBIE ®-TPOCTPAHCTBA!

B. B. BaJjaiieako
(Bernapycs, Munck; BI'Y)

AddunopHoit cTpyKkTypoil HasbiBaioT TeHzopHoe nosie tuna (1,1) Ha raagkom
MHOT000pa3uu, peajim30BAHHOE B BUJIE TIO/Is SHAOMOP(MU3MOB, JIeUCTBYIOMINX B Kaca-
TEJIbHOM PACCAOEHUN K JaHHOMY MHOTO00Opasmio. K duciy kinaccuaecknx adduHOp-
HEIX CTPYKTYP TPaIHIIOHHO OTHOCAT MOYTH KOMILTEKCHEIE CTPYKTYpHI J (J2 = —id),
cTpykTyphl noutn nponseenernst P (P2 = id), f-crpyxrypst K. SIno (f3 + f = 0)
U psj Apyrux. B To e Bpems mMmeeTcd HeMaJo0 paboT, B KOTOPBIX M3yYaloTCs ad-
bUHOPHBIE CTPYKTYPBI, OMPEIE/IsIeMble MHBIMU MTOJTUHOMUAILHBIMY yCioBuaMu. Ha-
npumep, B paborax |1, 2| BBeJeH B pacCMOTpeHHe KJIacC TaK HA3BIBAEMBIX <30.0-
mury cmpykmyp, KOTOpbIie 3aJaf0Tca mocpeacTBoM addunopa F', yaoBIeTBOPSIIO-
mero ypasaennio F2 = F 4 id. Taxkoe ycjoBHe HHUIIIPOBAHO KBAJIPATHLIM yDaBHe-

2 1+T‘/5 = ¢ ecTh M3BECTHOE

nueMm r° — x — 1 = 0, MOJIOKUTEJIBHBIN KOPEHB KOTOPOTO
3ost0T0€e cedenne (ancao Oums).

[Tozanee B pabore [3] paccmorpen Gosee obmmmii kiace adPUHOPHBIX CTPYKTYD
TaK HA3bIBAEMOTO MEMAAIUUECKO20 CEMETCMEa, IS KOTOPOro WHAITUUPYIOTIee KBa/I-
paTHOe ypaBHenue umeeT Bug r2—pr—q = 0 (p M ¢ — HATypaJbHBIE YHCIA), & ero 1M0-
JIOKUTEJIbHBI KOPEHb 0y , HA3LIBAETC (D, ¢)-MEMAAIUeCKuM THCIOM. JacTHBIMI
CJLydasiMU SIBJISTIOTCST: 30J10T0€ unciio (p = g = 1); cepebpsinoe uncio (p =2, ¢ = 1);
6ponszoBoe unciao (p = 3, ¢ = 1); meanoe unciao (p = 1, ¢ = 2) u ap. Addunop-
Hasg cTpyKTypa F Ha MHOroo6Gpasum M Ha3BIBAETCS MEMAAAUECKOT cmpyKmypot,
ecii OHa y/0B/eTBOpsieT ypasHernio F2 = pF + ¢l, rje p u ¢ — HATYpaJIbHbIE UHC-
na, I = id [3]. Takue cTpyKTYpBI 0000IIAIOT CTPYKTYPBI «30JI0TOTO THIAY (CIIydail
p =q = 1), BXOZAT B CBOIO OYEPE]H B MMPOKHIl KIACC TOJINHOMUAILHBIX CTPYKTYD
HA [JIAJKAX MHOTOOOPa3MsaX W WMEIOT CTeleHb 2, a MOTOMY OOJIAIAl0T PSIOM IIPHU-
MedaTeJbHBIX CBOMCTB. Hpe?K'B;e BCEro OTMETHUM, YTO CTPYKTYPBI METAJLINIECKOTO
CeMeliCTBa, TEeCHO CBA3AHBI CO CTPYKTypaMu modt mpomssedenus P (P2 = id) ma
MHOT000pazun M ciegyromum 0O6pa3oM.

Jliobasgs CTPYKTypa MOYTH MpPOU3BEIeHUS P TOPOXKIAeT JIBe MeTajLIndecKue
CTPYKTYpPbI HA MHOTOOOpasunu M :

2 — 9 _
F=214 (722 P)p p=L1- (T22=P)p
2 2 2 2

'PaBora BBIMOIHEHS, TP YACTHYHON MOIEPIKKE TOCYIaPCTBEHHOM TIPOrPaMMbI HAY IHBIX UCCIIE-
nmosaruii Pecrry6nmku Benapycsh «Konsepreanua-2020» (2016-2020), nommporpamma «MeTompr ma-
TEeMaTUYIeCKOTO MOJIEJIUPOBAHUs CJIOKHBIX CHUCTEM», MPoekT «[eomerpudueckue CTpyKTypbl Ha aJ-
redpanvecKnx, TOMOJOTHIECKUX, TJIAJKUX MHOTN000pa3udax u rpymmax JIms.

29



Ob6parno, nrobast MeTajIndeckasi CTpyKTypa F Ha M ompenensier JBe CTPYKTYPBI
[MOYTHU TIPOU3BEIEHUS:

2
Pzi( o — 1>.
20p9 — D 20pq — D

Paccemorpum obrmmii crrocod moctpoenus ahOUHOPHBIX CTPYKTYP, KOTOPBIE 0000-
IAIOT CTPYKTYPhl METAJLJINYECKOI'0 CEMECTBA 1, B TO YK€ BPEMs, COXPAHSIOT OCHOB-
HBIE CBOICTBA U XapaKTEPUCTUKU STUX CTPYKTYP.

[Iycts ma rmaakom muOroobpa3uu M 3amaHa CTPYKTYpPa MOYTH Mpou3Benenns P.
Addunopnyto crpykrypy F suma F = F(a,b) = aP + bl, rue I = id, a,b € R,
a # 0, 6ymem Ha3BIBATH Aunelnot dehopmayueti crpykrypel P. Takas crpykrypa F
SBJISETCS TIOJIMHOMMAJIBHOM, TOCKOIBKY yI0BIeTBOPAeT ypasuennio: F2 —2bF + (b% —
a®)I = 0. O4eBHIHO, UTO BCe CTPYKTYPHI METATIHUECKOTO CEMEHCTBA SBJITIOTCS
YaCTHBIM ClydaeM JuHelHbIx jgedopmannii F' = F(a,b), a umenHo:

RERCEITI )
2 2

Bonee Toro, ocHOBHBIE MOHATMS W yCTAHOBJIEHHBIE B cepmum paboT (haxThbi, OT-
HOCSIINECS K CTPYKTYPaM METAJLINYECKOTO CeMeiicTBa, MOXKHO 0DOOIINTH Ha KJIACC
crpykryp Buga F' = F(a,b).

[Monyweno ommcanue Bcex JuHeiHbIX medopmanuit F' = F(a,b) KaHOHHYECKUX
CTPYKTYP MOYTH MPOU3BeJeHus P Ha OJHOPOJHBIX k-CHMMETPUYECKUX MPOCTPAH-
crBax (ogHopomaabix P-npocrpancreax mopsizka k [4]). Tlockoabky K Hacrosimemy
BpEMEHU UMeeTCs 3HAUYUTeIbHAs HHMOPMAIA 0 KAHOHUIECKUX CTPYKTypax P u co-
OTBETCTBYIOIIAX KAHOHWYECKNX PACTIPEIAETEHUTX HA, OMHOPOIHBIX Kk-CHMMETPUYECKIX
npocTparcTBax (cM. [5]), TO HeCIOXKHO amanTUpoBaTh U MEepedOPMYIUPOBATE ITH
YTBEPK/IEHWsI B TEDMUHAX KaHOHW4YeCKuX crpykryp F' = F'(a,b).

Hakomerr, oTMeTHM OJMH Pe3yIbTaT OOIIEro XapakTepa.

Teopema. Ilycte Ha rimagkom mHOroobpasmm M wumeercs CTPyKTypa MIOYTH
npomspenenns P. Torma temzop Heienxerica Np ee jamHeiHOH mgedopMmariin
F = F(a,b) = aP + bl nponopunonasen rerzopy Herienxerica Np acconunpoBaHHOI
crpykrypsl P. Bomee Touno, Np(X,Y) = a?Np(X,Y) a1g Bcex BEKTOPHEIX o€t
X nY na M. Orciona ciexyer, uro crpykrypbl F' = F(a,b) n P unrerpupyemsr
JIHOO HEHHTErpUPYeMbI OJJHOBPEMEHHO.
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O YCJIOBOI OBJIACTU 3HAYEHU MOJIEJIA ®PUAPUXCA
C IBYMEPHBIM BO3MYIIEHUEM

B. 1. Baxponos (VYz6ekucran, Byxapa; ByxI'V),
T. X. Pacynos (Ysbekucran, Byxapa; ByxI'V)

st onepaTopor B rusib0EPTOBOM TTPOCTPAHCTRE B PA3INYHBIX TIPUJIOKEHUSX OKa-
3BIBAETCS BAYKHBIM MOHATHE %UCA0600 00aacmu 3naverutds (W noad 3Ha4eHull).

IMycrs H — kommekcHoe ruhbepToro mpoctpanctso u A : H — H — nmneitanii
omeparop ¢ obacteio onpenenenns D(A) C H. Muoxectso

W(A) == {(Az,z) : z € D(A), |lz] =1}

HA3BIBAETCSA YUCA0B0T 004aCcMBI0 3HA%enul oniepaTopa A.

B obmiem caygae muoxkectBo W (A) He gB/IsIeTCsT HU OTKPBITHIM, HU 3aMKHY ThIM,
naxe ecan oneparop A 3amkuyT. VI3 onpezesnennst uno, uro muoxkectso W (A) sis-
JISIETCST TIOAMHOYXKECTBOM KOMILJIEKCHOM TIJIOCKOCTH U T€OMETPUYIECKHe CBOHCTBA MHO-
xkecrea W (A) naer Hekoropwie nadopmaiun 06 oneparope A.

[MousiTre Ync/I0BOI OGJACTH 3HAYEHUIT BIEPBBIE BBEJIEHO B padore [1]| mms mar-
PUIl U JTOKA3AHO, YTO YMUCJIOBas 00JIACTH BHAYEHWIT MATPHUIHI COIEPKUT BCE ee Cob-
crBenHble 3HaueHns. amee, B pabote [2| mokaszano, 4To 4ncaoBasg 00IACTH 3HAYEHIH
ormeparopa sBJISeTCs BBIMYKJI0ii. Bemen 3a stuM B pabore 3] moka3aHo, 9To CIIEKTD
JIF060TO JIMHEIHOT0 OrPAHUYIEHHOTO OMEePATOPa COAEPKUTCI B 3AMBIKAHUU UHUCJIOBOIT
obsacTu 3HaueHuit 3Toro omeparopa. B pabore [4] mag 2 X 2-omepaTopHOii MaTpu-
nel H, acconmummpoBaHHO C cucTemMoil He Oojee ¥eM ABYX KBAHTOBBIX 9acTwIl Ha d-
MEpHOII peleTke, n3ydeHa ee IucaoBast obactb 3uadenuit. Oneparop H jeiicTtByer
B IPSIMOIl CyMMe€ HOJIb-YACTUIHOTO U OJHOYACTHUIHOTO MOAIPOCTPAHCTB (HOKOBCKO-
ro mpocrpancrBa. CTpyKTypa 3aMbIKaHWUs IUCI0BOI obmactu 3uadenwii W (H ) sto-
ro omeparopa MOAPOOHO WMCC/IEOBAHO B TEPMUHAX €r0 MATPUYIHBIX IJIEMEHTOB IIPHU
Bcex pasmeprocTsx Topa T9. Beieens! ciywan, Koraa MEOKECTBO W (H) 3aMKHYTO.
Haiinensr HEOOXOAMMBIE U TOCTATOIHBIE YC/IOBUS JIJIT TOTO, YTOOBI CIIEKTP OIIepaTo-
pa H cosmanana ¢ muoxkecrsom W (H). st mompobHoit nHMOpMAINT O IHCTOBOM
06JIaCTH 3HAYEHWH JIMHEHHBIX OTIEPATOPOB U MATPUIL CM. [5].

B nmammoit pabore paccmarpuBaeTcs OrpaHUYEHHAS CAMOCOIMPSIKEHHAT MOIEb
Opunpuxca A ¢ IBYMEPHBIM BO3MYIIEHHEM U YCTAHOBIEHO COOTHOIIEHWE MEXKTy
CITEKTPOM W UHCIOBOHM 007aCThi0 3HAYEHW 3Toi Momenn. HaiimeHbl mocTaTodHbIE
YCJIOBUSI [IJTst TOTO, 4TOOBI CIieKTp omeparopa A coBmasan co muOKecTBOM W (A).

Oycts T3 = (—m7)?
CTPAHCTBO KBAJIPATUIHO-MHTETPUPYEMBIX (KOMILIEKCHO-3HAYHBIX) (DYHKITHIL, Ompe-
nenennbix Ha, T3, PaccMOTPUM OrpaHUYeHHLINH U CAMOCOIPSIKEHHbIH Moens Opu-
apuxca A, peiicTeyrommii B THanGeproBoM mpocTpancTtse Lo(T3) mo dbopmyme
A= Ay — 1 V1 + peVa, tae oneparoper Ag n Vo, a = 1,2, onpenensrorcs mo Ghop-
MYyJIaM:

— tpexveprbiii Top u Lo(T3) rumnbeprosa mpo-

(Aof)(D) = u@) @), (Val)(®) = valp) / e f () dt, =12

T3
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Buech piq > 0, @ = 1,2, — napamerps! B3anmogueiictust, u(-) u va(-), @ = 1,2, —
BellleCTBeHHO3HAUHBIe, HenpepbiBHble dbynkmmm ua T3, [lpmaem, dymrkmms u(-) mie-
eT eJMHCTBEHHBIl HEBBIPOXKIEHHBII MUHHMYM B Touke p; € T2 u eJIMHCTBEHHBIH
HEeBBIPOKICHHBI MAKCHMyM B Touke py € T3, a byHKIMA v, (-) MMeeT Hempephis-
HbIE YACTHBIE MPOU3BOJHBIE J0 TPETHErO MOPSIKA B OKPECTHOCTH TOUKH P, € T3.
[Ipexmonoxknm takxe, aro mes(supp{vi(-)} Nsupp{va(-)}) = 0.

Omneparop Bozmymenns —u1 Vi + o Vo oneparopa Ay ABASETCA CAMOCOTPSIYKEH-
HBIM ortepaTopoM paura 2. CienoBaTeibHO, U3 U3BECTHOM Teopems 1. Beiiisg o coxpa-
HEHUN CymeCTBeHHOFO CIIeKTpa 1Ipn BOBMymeHHﬂX KOHEYHOT'O PaHTa BBITEKaeT, 9TO
CYWIECTBEHHBIN CIEKTP omeparopa A coBmamaer ¢ CyIeCTBEHHBIM CITEKTPOM OTepa-
topa Ag. U3BecTHO, uTO 0es(Ag) = [E1; Es], rne uncna Ey u Ey ompeensiorcs
caepytonmy obpasom: Ey := min,eqs u(p), E2 = max,eys u(p).

U3 nocienanx GhakToB CIAEIYeT, UTo Oess(A) = [F1; Ea].

Jlist bOpMyIUPOBKY OCHOBHBIX PE3Y/IBTATOB MOJIOMKIM

-1

2
0._ a+1 v, (t) dt _
= (=1 e’ =1,2.
T3

OuH U3 OCHOBHBIX PE3Y/ILTATOB JAHHON PabOThI ABJISIETCS CJIEIYIONIAsT TEOPEMA.

Teopema 1. Ecimm iy = 112, o = 1,2, 10 omeparop A He mveer co6CTBEHHEIX 3Ha-
YeHMIH, JIEXKAIIIX BHE CBOETO CYMECTBEHHOro criektpa. CiaenoBaTeapHo, T CIEKTPa
omeparopa A nmeer mecro paserncrso o(A) = [Eq; Es).

Cireyrommast Teopema, OMUCBIBACT CTPYKTYPY YUCI0BOI obmactu 3uadenuiit W (A)
oneparopa, A.

Teopema 2. ITycts g = pd, a = 1,2. BepHrr cienyiomme yTBepskenmne:

a) ecan vo(po) =0, a = 1,2, o W(A) = [Ey; Es;

b) ecmm v1(p1) = 0 m va(p2) # 0, o W(A) = [Eq; Es);

c) ecmm vi(p1) # 0 mwva(p2) =0, To W(A) = (E1; Ea;

d) ecn vo(pa) #0, a = 1,2, o W(A) = (E1; E9).

Hasio otvernts, uto [4] ecint pi = pd m va(pa) = 0 mpu mexoropom o € {1,2},
TO 4nCi0 z = E, € 0egs(A) sBISIETCS TOPOTOBBIM COOCTBEHHBIM 3HAYEHHEM OTe-
paropa A; ecmnr g = pd u v4(pa) # 0 mpw mexoropom a € {1,2}, To [mcio
2z = Ey € 0ess(A) siBAIETCS BUPTYaIbHBIM yPOBHEM oreparopa A.
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O IMTPUMEHEHNU KPUTEPUEB ITOPAIKA
I[TPU ITOCTPOEHUN BEPTUKAJIBHOI'O R-IEPEBA

A. . Bynabirun
(Poccusi, Apxanrensck; CADY)

B pabore mokazano, 9T0 Ha MHOXKecTBe X MOXKeT OBITH BBeAeHa MeTpuKa d, 1o
OTHOIIEHUIO K KOTOpoit X siBsercsa BepTukaabHbIM R-1epeBom. [Ipu qokazareascree
OCHOBHBIX T€OPEM, Ha BePTUKAJIHLHOM R-IepeBe 3a/1aeTcsd OTHOIIEHNE YaCTUIHOIO 10~
PAJIKA.

[TepBorit mpuMep MOCTpOeHUsT BeCbMa HeTpuBHaabHOro R-7gepeBa ObLT mpemcTan-
nen II. C. Vpsiconom B 3amerke [1]. Camo nousitue R-zgepesa 66110 BBegeHo 2Kakom
Turcom B 1977 romy. 3HAUUTETHLHYIO POJIb R-/I€peBbst UTPAIOT B Psijie YTBEPK ICHMUIA,
KACAIOIIUXCS ACHMIITOTHIECKON reoMeTpun rurnepOoInIecKnx MPOCTPAHCTB.

[Tpumepsr nmpumenenust R-gepeBbes mpusesensl B pabore |2]. Tlomesnsrit kpure-
puit R-iepeBa B TepMuHAX METPUYECKHUX MOJIyPeIneTok jokasaH B crarke [3]. IIpo-
61eMa TIOCTPOEHNST BEPTUKATBLHOTO R-1epeBa paccMoTpeHa B cTaThe aBropa [4].

ONPEAENEHUE 1. HerpuBuaabHoe reoesndeckoe mpocTpancTso (X, d) Ha3biBa-
ercs R-depesom, ecin obbennnenne Jobbix aByX oTpe3koB [xy| u [yz] B X, nepece-
JeHrne KOTOPBIX eCTh UX OOIMUil KOHeIl ¥, SB/ISeTCS BHOBb OTPE3KOM [xz].

OnPEAENEHUE 2. [Tycrs (X, d) — j10KaabHO MOJIHOE 1M0106HO OJIHOPOHOE HEO -
HOpOIHOE R-1epeBo. OHO HAZBIBAETCS 6EPMUKAALHbLM, €CJTH HA KaXKIOM OTPe3Ke [zy],
apaMeTpu30BaHHOM HATypPaJdbHON mnapamerpusanuei vy : [a,b] — Y tak, [uro
v(a) =z u y(b) =y, byHKIWMa paguyca TOJHOTE ¢(Y(t)) ABAFETCS TII00OPA3HOIA.

ONPEAENEHUE 3. Ilycrs wa merpudeckom mpocrpancrse (X, d) 3amaHo OTHO-
[MeHe YaCTUIHOTO MOpsiaka =. [IpeamosoKum, 9To yIopsiIOIeHHOe MHOXKECTBO
(X, X) asngercst V-noaypewemxot (A-nosypewemxoti), T. €. JJisi JTHOOBIX TBYX TO-
gek x,y € X CyIIeCTByeT WX TOYHAsS BEPXHsAA (COOTBETCTBEHHO, HUKHSIS) I'DAHb
x Vy (cooTBeTCTBEHHO, T AY). YIOPSIOUeHHOe MeTpruIeckoe mpocTpancTso (X, d, <)
HA3BIBACTCA Mempuueckol V-noaypeuemxot (COOTBETCTBEHHO, MeMpPuseckots N\-no-
aypewemxot), ecan napa (X, =) sBisiercs BepxHeil (COOTBETCTBEHHO, HUXKHEIT) 1Mo~
JIy PEIIeTKOMH.

Jtst mocTpoeHusT TpruMepa, BePTUKAILHOTO R-mepeBa MHOXKECTBO X TIPEICTABJIsI-
ercs KakK JJAOUPUHT, UMEOIINii eTUHCTBEHHBIN BXOI U OECKOHEYHO MHOTO BBIXO/IOB.
ITpu sTom Kaxxmas Touka B X OTOXKIECTBISIETCI C MGPULPYMOM, BEIYIIINM B HEe u3
Bx0/a. Tak:ke BBOAUTCS TOHSITHE 9K3UM-MGDWPYMA, KOTOPHI BEJET K OJHOMY U3
BBIXOZ0B JIAOMPWHTA.

Kaxk tp1ii MaprpyT (9K3UT-MapIipyT) HAa MHOXKECTBEe X 3a/1aeTcst mapoii by K
M = (f,¢). UIx cmbica cocrout B TOM, 4T0 f CBsi3aHa C PAJMyCOM MOJHOTHI Ha X,
a ( 33J]aeT BETBJIEHUE.

B mepsyto odepenb Ha X ompenensercsa YacTHIHbIL NOpAnoK. Bygem rosopurs,
gro mapmpyr M = (]/”\, @) aamebl @ npeamecrsyer Mapmpyty M = (f, ) nmHbl a
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u oboswadars M = M, ecmu @ < a, flpa = f, byaxmun ¢ n @ onpenenens Ha
muokectBax A u A coorsercrsenno, npudem A C A u |3 = §. Ha sa3pike 1abu-

punTta otHoiernue M =< M o3zHavaer, UTO OO0 MAPIIPYT OT BXOAa 10 TOYKU M
o0s13aTeIbHO TIPOiteT Yepe3 Touky M.

Teopema 1. Yacruuno ynopsigodentnoe MmuoxkectBo (X, =) sIBISIETCS HUXKHE-110-
JIYJIHHEHHOHR /\-IIOJIY DeIIeTKOMH.

[Ipu goKA3aTETBLCTBE TAHHON TEOPEMBI Jist JTIOOLIX 1ByX MappyToB M = (f, ¢),
M = (f, ) onnosnauno onpeessiercs MapmpyT My, yIOBIETBOPAIONIH OTHOTITE-
auaam My = M u Mg < M. Orciona nomydeno, uro (X, <) — 5T0 A-TIOJIypemTeTka.

Hanee na muOXKecTBe X 3a/1aeTCs METPUKa, d, KOTOpas JJIs IIPOU3BOIBHBIX MapIIl-
pyroB M, My € X onpenesnsercsa paBeHCTBOM

d(Ml,MQ) = d(Ml,Ml AN MQ) + d(Ml A\ M2,M2).

@yukimst d yIOBJIETBOPSIET aKCHOMAM METPHKH, a mpocTpaHcTBo (X, d) aBisiercs
METPHUIECKOit A-TIOJIyPeNTeTKOH 10 OTHOIIEHWIO K TMOPSAKY =.

Jlemma 1. IIpocrpancrso (X, d) siBjsiercss reoesndeckum.

Ecnu maa mapmpyros M; nun a;, i = 1,2, Bemmoaaeno M7 < Ms, To oTpesok
[M1 Ms) 3amaercst orobpaxkennem v : [0, a2 — a1] = X,

v(t) = M2|[O,a1+t}'

Ecmm xxe mapmipyTel My My He cBA3aHBI MOPIAKOM <, TO COETMHSIONTNI NX OTPE30K
eCTh

[MlMQ] = [MlMo] U [M()MQ],
roe Mo = My A Ms.

N3 teopemsr 1 n temmbl 1, moygaem
Caencrue 1. IIpocrpancrso (X, d) sasasercs R-gepeBom.
Jlamee B pabore J0Ka3aHO, UTO

Teopema 2. IIpocrpanctBo X sBISIETCS JIOKAJIBHO MOJHBIM TTOZ00HO OJHOPOI-
aerM HeogHopoaubiM R-gepeBom. Ilpm sTom X BepTHKAJIBbHO, HO HE CTPOTO BEPTH-
KaJIbHO.

JIuteparypa

1. Vpsicon II. C. Tlpumep METPUIECKOrO MPOCTPAHCTBA, HUTJE HE Y/IOBJIETBOPAIONIErO BTOPOM
akcuome cuerroctu // Tpyzpt o Tonosoruu u apyrum obsacrsam maremaruku. T. IT M.—JI.:
TFocrexmsmar, 1951.—C. 778-780.

2. Bestvina M. R-trees in topology, geometry and group theory // Handbook of Geometric
Topology / Ed. by R. J. Daverman, R. B. Sher.—Amsterdam: Elsevier Sci., 2002.—P. 55-91.

3. Anzgpees II. I. ToysuHelHBIe METPUYECKHE TOIyperreTkn Ha R-nepesbsix // VI3B. By30B.
Maremaruka.—2007.—Ne 6.—C. 3-13.

4. Andreev P. D., Bulygin A. I. On the vertical similarly homogeneous R-trees // Lobachevskii
J. Math.—2019.—Vol. 40, Ne 2.—P. 127-139.
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HACJ/IEJOBAHUE TVIATKOCTHU SKCTPEMAJTLHBIMI OYHKITISIMUI
B [IPOCTPAHCTBAX BEPTMAHA 4,, 0 < p < oo

X. X. Bypuaes (Poccug, I'posusrii; YI'Y),
I. FO. Pa6wix (Poccust, Pocros-na-dony; T'TY)

IIycts D = {2z € C: |2| < 1}, do — nockaa mepa Jlebera; 0 < f < 1, AgA =
As NLip (8, T = 0D) (xnaccer Jlunmmumna); I, € (Ap)*:

W=7 [ 1@ fea,
D

Oynknuio JF Ha3BIBAEM IKCMPeMasvhot 1yt byHKIuonana lg, ecm F € Ay,
lg(F) = ||lg]| m || F|| = 1. Yepes B obo3uauaem mpousseaenue Bisanike, H — BHeNHsS
byHKITHS.

Teopema 1. Ecin 1 < p < oo u gD ¢ AgA, n > 1, o F = BH, rze
(IH@)[")"~Y € Lip (8, T).

Teopema 2. Ecim 1 <p <2 mge AgA, ro F =BH, H € AgA.

Teopema 3. ITycrs 2/(m +1) < p < 2/m, m > 2 u g2 € AgA, B =
2/p—m+v <1, v>0. Torna F = BH, rne Fm=2) ¢ AgA.

Teopema 4. Ecim 0 < p < 0o u g — mosuHOoM, 10 GyHKIus F(z) aHauTHd-
ra B C.

Meronbr mokazareascts TeopeM 1, 2, 3 u 4 (em. [1-5]) paborator u B mpocTpaH-
creax Xapam H,, 0 < p < oo.

Jlureparypa

1. Baxaprora B. II., FOnosma B. H. O6muit Bup smueitaoro dynknuonana 8 H, // Yemexu mar.
mayk.—1964.—T. 19, Ne 2 (116).—C. 139-142.

2. Bypuaes X. X., Pa6prx B. I. O0muit Bu TUHEHHOr0 OrpaHnaeHHOro (hyHKIMOHAIA B METPH-
geckom mpocrparcrse H,, 0 < p < 1 // Cub. mar. xypr.—1975.—/len 8 BUHUTH 17.03.75,
730-75.

3. Beneteau C., Khavinson D. A survey of linear extremal problems in analytic functional
spaces // Complex Analysis and Potential Theory.—2012.—P. 33-46.—(CRM Proc. Lecture
Notes; Vol. 55).

4. Duren P. L., Romberg B. W., Shields A. L. Linear functionals on H), spase with 0 <p <1 //
J. Reine Angew Math.— 1969.—Vol. 238.—P. 32-60.

5. Bypuaes X. X., Ps6oix B. I., Pabeix I FO. O6 ogmmoit 3kcTpemasbHOil 3amade B Hp,
0 < p< oo // Cub. mar. xypn.—2017.—T. 58, Ne 3.—C. 510-525.

lPaGora BemomHena mpu dunancoBoil mommepxke Poccuiickoro bomma byHIAMEHTATBHBIX HC-
cremosanmii, mpoekT Ne 18-01-00017.
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O MAYKOPUPOBAHHOM MPOJOIKEHUN JIMHENHBIX OITEPATOPOB!

A. A. Tenuesa (Poccusi, Bnagmkaskasz; COT'Y),
3. A. Kycpaesa (Poccus, Bnagukaskas; FOMIU BHIT PAH)

Omneparopbl, TeACTBYIONNE W3 BEKTOPHOM PEIIeTKN MIN BEKTOPHOTO MPOCTPAH-
crBa X B BEKTOPHYIO PEIIETKY Y , 0018/ Taf0T XOPOITNMU CBOMCTBAMY, KOTIa Y TOPSII-
KOBO mosTHA. [IprMepoM MOXKeT CIyKNTH TeopeMa Xana — Bamaxa — KanTopoBnua
O MazKOPWPOBaAHHOM IIDOJOJIZKEHUN JINHEHHBIX OorIepaTopoB, CIpaBeajIinBasd B TOM M
TOJIBKO TOM CJIy4ae, KOTJa OMepaTophbl JeHCTBYIOT B MOPSAKOBO IOJHYIO BEKTOP-
HYyIO perieTky, cM. [1, § 1.4]. B HEKOTOPBIX CIydasx BO3MOXKHO OCJTAOUTh TPeOOBAHIE
HOpH'B;KOBOI‘/’I IIOJIHOTHI Y 3a CHET TIpeAbABICHUA K X HEKOTOPBIX JOIMMOJITHUTE/IBHBIX
tpeboBanuii. AGpamosnd u Bukcres [2] Hamm rakoe B3anMOIeiiCTBIE YCIOBHT cema-
pabenbHOCTH X W O-WHTEPIOJIAINOHHOTO CBOMCTBA Y B 3a1a9e 0 MaKOPWPOBAHHOM
MPOIOIKEHUH JIMHEHHBIX OMepaTopoB. [IpuBeneM HEOOXOIUMBIE OMPEIETCHHS.

CkaxkeM, 9T0 yrIopsiIOYeHHOE BEKTOPHOE TIPOCTPAHCTBO Y 00/1a1aeT o-UHMEPNOo-
AAYUOHHBM ceoticmeom (unu ceoticmeom Kanmopa), eciu jjist 11060 BO3pacTaro-
1mieil mocse[0BaTeIbHOCTH (Zy,) U st J1I0007 yOBIBaIOIIEil TTocIe0BaTeIbHOCTH (2, )
B Y, YIOBIETBOPSIONINX HEPABEHCTBY T, < 2y, IS Beex n,m € N, cymecrByer
y € Y Takoii, uro z, < y < z, s Bcex n € N, cum. [3, onpenenenne 146.6]. Ecin B
9TOM OIPEJIEJIEHUH OMYyCTUTh TPEOOBAHWS O BO3pACTAHUU (Z,,) U yObIBaHUU (Z,), TO
TOBOPSIT, UTO Y OOJATAET CUAbHM O-UHMEPNOAAUUOHHDM CEOTICTNEOM.

ITonoxkurenbublii KOHYC Yy yHOPSA0YE€HHOTO TOMOJIOIMYECKOr0 BEKTOPHOI'O TPO-
cTpaHCTBa Y HA3BIBAIOT HOPMAALHBIM, €CTH B Y CYIIECTByeT 6a3uc OKpPeCTHOCTel
HYJIsI, COCTOSIMIT n3 Y -HACBIEHHBIX MHOXKeCTB, cM. [3, crp. 271 u [4, crp. 48].
Hamomunwm, uro muOXKecTBO A C Y nmenyior Y, -uacwiwennom, eciu [A] = A, tie
[A]:= (A+Y)N(A-Y,) —sro Yi-nacvwernnas 060a04xKa, CoBIaatomast ¢ 00be/iu-
HeHue nopadkosur unmepsanos [a,bl:= (a+Y,)N(b—-Y ):={yeY :a<y<b}
mo BceMm a,b € A. IlonoxxuTenbHbI KOHYC Y4 Ha3BIBAIOT 80CNPOU3EO0AULUM, €CITN
Y — Y+ - Y+.

Paccvorpum cenapabenbHOe W METPU3YEMOe TOMOJOMHIECKOE BEKTOPHOE TPO-
CTPaHCTBO X, TIOAIPOCTPAHCTBO 3TOrO mpocrpancTBa Xog C X, HeMpepbIBHLIH CyO-
quneitHbrit oneparop P : X — Y u smmeitawrit omepatop 1y @ Xg — Y Takoii, uto
Tox < P(z) nyst Beex x € Xo. Byzem roBoputh, 910 yHOpsiI09eHHOE TOTIOJOTTYE-
CKO€ BEKTOPHOE MTPOCTPAHCTBO Y 06JIATAET cuemmviM C80TLCMEOM MANCOPUPOBAHHO20
npodosscenus, ecan st a00beix X, Xo, Ty u P, yI0BIETBOPSIIONINX TTEPEIUCTIEHHBIM
BBINIIE YCJOBUSIM, CYIeCTBYeT JuHeiinnlii omeparop 1': X — Y, mpogomxkarommii 1
¢ nognpocrpancrea Xo Ha Bce X u yjosierBopsitonmii HepaseHcTBy Ta < P(x) mus
Bcex x € X.

'Pafora BeImOMHEeHO TIpY bHHAHCOBOH mogmepxke Poccmiickoro domnma byHIAMEHTATLHBIX HC-
cremoBanmii, mpoekT Ne 18-31-00205.
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Terepb nMeroTCst BCe cocTaB/IAoOIIe, YT00BI CHIOMYINPOBATH OCHOBHOM PE3yJib-
TaT.

Teopewma. Ilyctp Y — ceKBeHIIHAJILHO MOJTHOE TOMOJOTHIECKOe BEKTOPHOE IIPO-
CTPDaHCTBO, YIHNODPAJOYCHHOE BOCIIPDOU3BOAAIINM, 3aMKHYTBIM W HOPDMaJIbHBIM KOHY-
com Y, . Torma paBHOCHIBHBI CJETYIONTHE YCIOBHSI:

(1) Y obnamaer cuibHbIM O-HHTEPIOJISIIHOHHBIM CBOHCTBOM;

(2) Y obramaer cueTHbBIM CBOIHCTBOM MazKOPHUPOBAHHOTO IIPOJIOJIKEHHS.

3aMeTnM, 9TO B BBINIEYKA3AHHON TeopeMe TIPEIMOIATAeTCs CeKBEHINATHHAS TIOJI-
HOTa TTPOCTPAHCTBA Y U BOCIIPOM3BOAMMOCTDL TOJIOKUTENILHOTO KoHyca Y, . IlepBoe
MPEOIOKeHne HeOOXOIMMO, TaK KakK B JTOKA3ATEIHCTBO MPUXOIUTCS MCIOIH30BATH
KOHCTPYKITHIO MTPO/TIO/IZKEHHUE TI0 HEITPEPBIBHOCTHU OMEPATOPA, OPEIEIEHHOTO Ha, LJIOT-
HOM TOJIIPOCTPAHCTBE, 9TO0BI M30eKaTh MTPUMEHEHN AKCHOMBI BBHIOODA B MTOJTHOM
obbeme. Bropoe mpe/mosioxkeHne CyIecTBEHHO W3-3a TOTO, UTO MPU JOKA3ATETHCTBE
(2) = (1) ucnosb3yercst G-MHTEPTIOJISAIMOHHOE CBOMCTBO JIUIIH JIsT TIOPSIKOBO OI'Pa-
HUYIEHHBIX [I0CJIeJ0BATEILHOCTEN, a B ToKa3aTeascTse (1) = (2) — cmibHOe o-UH-
TEPIOJIATIOHHOe CBONCTBO B MOJIHOM OObeMe, HO 9TH JBa CBOWCTBA PABHOCHILHBI B
TOM CJIy4ae, KOrja Yy — BOCIPOU3BOALAININN KOHYC.

JIuteparypa

1. Kycpaes A. I'., Kyraremazgze C. C. Cyomuddepennmanbaoe ucunciaenne. Teopus u MpHIo-
xeruss.—M.: Hayxka, 2007.

2. Abramovich Yu. A., Wickstead A. W. The regularity of order bounded operators
into C(K). II // Quart. J. Math. Oxford.—1993.—Vol. 44, Ne 3.—P. 257-270.

3. Zaanen A. C. Riesz Spaces, 2.—Amsterdam: North Holland, 1983.

ITTepep X. Tomonoruvueckme BekTOpHBIE MpocTpancTsa.—M.: Mup, 1971.

5. Wong Y. C., Ng K. F. Partially Ordered Topological Vector Spaces.—Oxford: Clarendon
Press, 1973.
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OB OIIEPATOPAX CBEPTKMU
HA BECKOHEYHON ANSJIPAJIHLHON I'PYIIIE

B. M. Heyuask (Poccust, Pocros-na-/lony; FODY),
A. A. Cenuykosa (Poccusg, Pocros-ua-/lomy; FODV)

PaccmoTrpum 6eckoHEUHYIO JAW3/IPAIBHYIO TPYIITY
Do = {(z,6)| v € Z, e = +1}.

Ha st1oii rpynme 3aaanM aToMapHyIo Mepy, KOTopas dBjsgeTcs Mepoir Xaapa. [Iycts
a € L1(Dy). Oneparop ceprku

(Caf)(we) =Y aly,8)f((w,2)(y,6) ")

(y,6)

SIB/ISETCS JIMHEHHBIM OTPAHIIeHHBIM B mpocTpancTBe Ly(Dy), 1 < p < oo.
[Iycts g — HEnpepbIBHAST OrpanndeHHas (pyHKIWs, onpenenenras Ha Dy, OyHK-
IUsT ¢ HA3BIBAETCS €00 OCIULIUPYIOIIEi, ecan

(VD € comp(Dy)) tlim sup {|g(t) — g(toh)|} =0,

rae comp(Ds,) — MHOXKECTBO BCEX KOMITAKTHBIX MOAMHOXKeCTB rpymibl Do, [1]. O6o-
suaunM depe3 U(Dy,) C*-anrebpy Beex ¢1abo OCHUIUPYIONUX (DYHKIUH HA TPYTI-
e Do. Ipocrpancrso M(Ds) MaKCHMAIBHBIX HJIEAJIOB 3TON ajreGphl sIBJISETCS
KOMIAKTH(MUKAIAEH TPOCTPAHCTBA [y, & MOMIPOCTPAHCTBO

m(Doo) = Djt(Doo) \Doo

HA3BIBAETCSA KOPOHON KOMIAKTU(DUKAIINN.
B pab6ore nccienyiorcs C*-anredpsb

V(DOO):A—lg({Ca}aeLl(Doo)) n W(Doo):A—lg(V(Doo)aQ(Doo))

Hna C*-anrebpsl V(Dy) TOCTPOEHO CUMBOJIHYECKOE UCUUCIEHUE, B TEPMUHAX
KOTOPOT'0 HalIeHbl HeOOXOAMMBIE U JOCTATOYHBIE YCIOBUS 00PATUMOCTHU OIIEPATOPOB
3 V(D).

Hnst anrebpol W (D) Ha ocHOBe npumenenust jokasabHoro meroga . B. Cumo-
HeHko |2| u pesynsraroB B. f1. Ireiinbepra [1| mocTpoeHO CHMBOMYECKOE MCUUCTE-
HUE W HAlIeHBl HEOOXOIMMbIE U JOCTATOYHBIE YCI0BUST (DPEAr0IBMOBOCTH OIIEPATO-
poB u3 W (D). Huig 9roit anrebpsl mocTpoeH n30Mophu3M MoI00usT Ha MATPUIHY O
arebpy OmepaTopoB CBEPTKHU HA rpytie Z co ca1abo ociuumpyommmu Ko3dduin-
€HTaMU, PACHIIUPEHHYIO HEKOTOPHIM WHBOJIIOTUBHBIM OIIEPATOPOM.

Jlureparypa

1. Hlretinbepr B. $I. O6 omeparopax TWIa CBEPTKH HA JIOKAIHHO KOMIIAKTHBIX IPyMIax //
Oywukr. anaan3 u ero mpmi.—1981.—T. 15, Ne 3.—C. 95-96.

2. Cumonenko U. B. JIokanbHBIA METO B TEOPUU WHBAPUAHTHBIX OTHOCUTEIHLHO CBUTA OlEpPa-
TopoB u ux orubatomux.—Pocros v/ /.: U3a-so IIBBP, 2007.—120 c.
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ITOPOT'OBBIE Y®®EKTHI B CIIEKTPE OJHOI'O CEMENCTBA
2 x 2-OITEPATOPHBIX MATPUIL

9. B. Junmyponos (Ysoekucran, Byxapa; ByxI'V),
T. X. Pacynos (VYsbekucran, Byxapa; ByxI'V)

Iycts T3 := (—m;7]> — Tpexmepnbiii Top, Ho := C — oaHOMepHOE KOM-
nekcHoe mpoctpanctBo, Hi = Lo(T3) — rumsbeprToBo MpOCTPaHCTBO KBaJIpa-
THYHO-HHTErPUPYEMBIX (KOMILTeKCHOBHAYHEIX) (DYHKIIHIL, OmpefeTenHsx Ha To u
H:=Ho D Hi.

Paccmorpum ceMeiicTBa OrpaHUYEHHBIX W CAMOCOIPSIKEHHBIX 2 X 2-0TepaTOPHBIX
varpuit A, (k), 1> 0, k € T3, peficrsyomux B rubbeprosoM npocrpancTse H Kak

_ (Aow(k) pA
A = (o ).

e omeparopsl Ag(k) : Hy — Hi, i = 0,1, k € T3, uw Aoy : H1 — Ho onpenensiorca
o popmyam

Aoo(k) fo = wo(k) fo, Aorfi= /U(t)fl(t) dt, (An(k)fi)(p) = wi(k,p)f1(p).
TS

Baecwy f; € Hiy i = 0,1, p > 0 — mapamerp B3auMojeiicTBus, v(-) BEIECTBEHHO
amanTdeckast bynkmus #a T2, a byrxmua wo(-) w wi (-, ) uvMeroT Bu

wo(k) :=e(k)+v, wi(k,p):=ce(k)+e(k+p)+elp),

rae v € R n dyukuuns aucnepunu £(+) onpejeneHa Ceayommm 06pa3om:

3
e(k):=> (1—cos k), k= (ki ky ks)€T>

i=1

[Iycts A = {k = (ki1, k2, k3) : k; € {—27/3,27/3},i = 1,2,3}. Tak xkax MHOXKe-
cTBO A cocTonT M3 BockMH ToUek, mst ypobersa momokmm A = {kM) k3 kO],

MoO2KHO JIerKO TIPOBEPUTD, UTO (hYHKITHS W1 (-, ) UMEET eIMHCTBEHHBIN HEBBIPOK-
mennbrit mymesoit MurmMyM B Touke (0,0) € (T3)2, 0 := (0,0,0), w HEBLIPOYK TCHHBIIH
makcnvym B Toukax (K@, k®) € (T%)?, i = 1,8, pasmeiii 27/2. 13 stux dbakTon
HOJIYyYUM, 9TO CJIEJYIONINE WHTErPAJIbI SIBJISIOTCS KOHEIHBIMU:

U2(t) dt U2(t)dt -
/wl(O,t)’ /wl(k?(i),t)—27/2’ 1 =1,8.

T3 T3

[Iycrs C (']I‘3) — 6aHAXOBO MPOCTPAHCTBO HEIPEPBIBHLIX (DYHKINIA, OIIpeIeIeHHBIX
3
Ha T°.
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OnpPEJEJNEHUE 1. ITycrs v # 0. ToBopsr, aro oneparop A, (0) mmeer Bupryans-
HBIl ypOBeHDb B TOUKe z = () (PE30HAHC C HYJIEeBOil sHeprueii), ecim duciao 1 apisercs
COOCTBEHHBIM 3HAYEHUEM HWHTETPAJJIHHOTO OIepPaTopa

_ 1) [o(t)y(t) dt
Ga) =5, T/ I veo(m)

1 110 Kpaiiueit mepe ogHa (C TOYHOCTHIO 0 KOHCTAHTBI) COOTBETCTBYIOMIASA COOCTBEH-
wag dyurnug ¥(-) yaosaersopser yeaosmio ¥ (0) # 0.

ONPEAENEHUE 2. [Tycts v #9u i € {1,...,8}. ToBopsar, uTo omepaTop Au(k(i))
MMeeT BUPTYaJbHbIIl YPOBEHb B TOUKe z = 27/2, ecjim 4uciio 1 siBjisiercst COOCTBEHHBIM
3HAUYEHNeM WHTErpaJbHOTO OMepaTopa

: “v(p) vu(t)g(t) dt
G :’“)p/ : . @ eC(T?),
(ClOW) =25 | Gt nrep-9 ¢<CT)

T3
1 10 Kpaitaeit Mepe ogHa (¢ TOYHOCTHIO 10 KOHCTAHTHI) COOTBETCTBYIOIIAs COOCTBEH-
nas Gynxims ¢(-) yrosaersopser yeaosmo (k) #£ 0.

TTostoxxum
-1/2
v2(t) dt
() = /2y / () mpn -y > 0;
e(t)
T3
) —1/2
@) () = /9 = / ve(#) dt 9, i=1,8.

1 () v 90— (k0 +1) — (1) npu 7y <9, 1 )

T3

Cremyromas TeopeMa 0 HEOOXOJUMBIX U JOCTATOYHBLIX YCJOBHSX JJIS TOTO, 9TO-
661 6o uncao z = 0 sABasI0CH cobcTBeHHBIM 3HAdMeHmeM omeparopa A, (0), mmbo
omepatop A, (0) nmes pesoHaHC ¢ Hy/IeBOi SHEpPTHEii.

Teopema 1. Ilycts v > 0.

a) Oneparop A, (0) nveer Hysesoe cobcTBeHHOE 3HAUEHHE TOIA H TOJIBKO TOLJA,
xorxa 1= pu(y) 1 v(0) = 0.

b) Oneparop A, (0) mmeer pesonanc ¢ HymeBoii SHeprueii TOrAa u TOJIBKO TOIJA,
xorma p = () 1 v(0) # 0.

Amnasormamnas Teopema sepua s ormeparopa A, (K@), i € {1,...,8}.

Teopema 2. Ilycts v <9 mi € {1,...,8}.

a) Omeparop Aﬂ(k(i)) HMeer coOCTBEHHOe 3HadeHue, paBHoe z = 27/2, rormga u
TOJILKO TOTJa, KOTJa [L = ,ug) (y) mo(k®) =0.

b) Omeparop Au(k(i)) HMeeT BUPTYaJbHBIH ypOBEHb B TOUKe z = 27/2 Torjga u
TOJIBKO TOIJa, KOLJa L = ,ug) (y) mo(k®) £ 0.

[ycrs ;== (), i = 1,8, te v; € (0;9) — eMHCTBEHHOE pellleHne ypaBHEHUA

w(y) = /M(»i) (7). Torma u3 reopembl 1 u 2 cieyer Caeaylone yTBEPK IEHWSI.
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Cnencreue 1. Ilycrs v € (0;9) mi € {1,...,8}.

a) Omeparop A, (0) mMeer HymeBoe cOGCTBEHHOE 3HAYEHHE, a ONePATOD Au(k(i))
nmeer co6CTB¢HHoe 3HaveHne, papHoe z = 27/2, Torja u TOJbKO TOTJa, KOIJa (L = [i;
m v(0) = v(k®) = 0.

b) Omeparop A,(0) mmeer pesonarc ¢ HymeBoii SHEpTHEi, a oIepaTop Au(k(i))
HMeeT BUPTYa/IbHEL YPOBEHb B TOUKe z = 27/2 Torna H TOIbKO TOLAA, KOLIA [1 = [,
v(0) # 0 mv(k®) # 0.

c) Omneparop A, (0) nmeer HyneBoe coOCTBEHHOE 3HAYEHHE, a ONEePATOD Au(k(i))
HMeeT BUDTYaJIbHbI yDOBEHDb B TOUYKE 2 = 27/2 rorga u TOJIBKO TOIIA, KOTJA [t = [,
v(0) = 0 mv(k®) # 0.

d) Omeparop A,(0) umeer pesoHaHC ¢ HymeBoii SHEprHed, a OIepaTop Au(k(i))
nmeer cobCcTBEHHOE 3HaUYeHne paBHoe z = 27 /2 Torja u TOJbKO TOrja, KOrjaa [t = [i;,

v(0) # 0 mv(k®) = 0.
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ACUMIITOTUYECKHUE CBOICTBA ®YHKIINN,
IIOPOKJIEHHBIX OVHKIISIMU JIATEPPA!

P. M. Tagxxkumup3aeB
(Poccus, Maxaukama; JTHI] PAH)

[Iycrs o € R m p(x) = 2% *. Yepes LY (z) = /p(x) 1§ (x) (I&(x) — oprorHopmu-
poBanubIii mosmuOM Jlareppa, n = 0,1,...) 0603Haq1/1M (1)yHKH;I/H/I ﬂareppa, KOTOPBI®
npu « > —1 OPTOHOPMUPOBAHBI OTHOCUTEIHHO CKAJIAPHOTO MTPOU3BEICHUST

(Lo, L7) /L’a VL5 () dx.

B pa6ore [1] mus 3agannoro r € N 6bu1a BBegeHa cucrema dyHKIMi

T

1 )
gm(x):m/(x—t)r L@ dt, m= 0,1,
0
n
)\%n(x):%, n=0,1,...,r—1,

oproHOpMupoBaHHas Ha [0, 00) OTHOCHTEIBHO CKassipHOro npoussenenusi tuna Co-
0oJIeBa

r—1 o0
(F9) = 3 £ g0 + [ 1) g7 (@) do
v=0 0

U IOpoXKaeHHas cucremoii dbynkmuit {L£5(x)}02 .
B macrosieit pabore Mbl PACCMOTPUM YaCTHBIN CJIydail CHCTEMBI {)\ffn(x) w0
npu r =1una=0:

)\0(.%') - )\(1)0(‘1.) = 17

OCHOBHBIME pE3yIbTATAMU HACTOSIIEH pa60TbI SABJIFIOTCS TeopeMbl 1-5H, mpuBe-
JIEHHBIE B CJAEYIONIUX TTyHKTAaX.

'PaGora BeimonHena npu dunancoBoil momuepxke Poccuiickoro dbonma GyHIaAMEHTATBHBIX HC-
ciemoBanwmit, mpoekT Ne 18-31-00477 mon_ a.
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1. IIpexncraBienust Aiist GYHKOUHA Aj 4, (x)

Teopema 1. lmeer mMecTo paBeHCTBO

R LF (2)
AMn (@) = e~ x/2 Sl (AN
* kzl 2k=1(n 4 1)y

B KOTOPOM PsIJT CXOAUTCSI K A4y (%) paBHOMEpHO Ha jI060M oTpeske [0, Al.

Teopema 2. Ilycrs n > 1. Torma umeer MecTo Caeayroiiee PaBeHCTBO:

n—1
_ n —x/2 —x/2 meon—m [ T x
Min(@) = (—1)"2 = 2672 Ly () + 2¢7"/ m§_30<—1> 2 (m>an1 (3):

2. Acumnroruydeckue cpoiicrBa byHKumii A\, ()

[IpencraBum Aj 14y () B Buge

B KOTOPOM

.,L.efz/Q

Aven(®) = n+1

Ly (@) + Ra(z),

T

Ry (z) = ﬁ/te—t/%}l(t) dt.

0

Teopema 3. IIycrs x € [0,00),0 < b < 1,0 = 4n+4. Torna i senmanusr Ry, ()
CIIPABEJINBBI CJIEJIYIOLIHE OIIeHKH:

1 1
O(_z)a O<$<_,
n n

Rn(x) = 273/4 1

Teopema 4. ITycrs 6 — /3 < 2 < (1+6)0, 0 = 4n + 4, § — gocrarouno ma-
JIoe nojioxkuTepHoe ancao. Torma s Benmanunl R, (x) cpaBeauBbl CJIeLyIOIIe

OIIeHKH:

;

1/4Tpl/4 _ (p _ .\3/4
O(1+x o ) ]> 0—0Y3 <<,

g1/2
1/4 /=—— 7
O(1+m057/f20>, 0<z<0+03
0(1), 0+ 03 << (1+6)0.

Teopema 5. ITycrs x € ((1 + 6)0,00). Torma nmeer MecTo acHMITOTHYECKAS

¢opmyira

AMan(z) = (—1)"2 + 1y,

B KOoTOpOH 1y — 0 IIpm n. — 00.
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N3 reopem 3—5 1 BECOBBIX OIEHOK J/IsT TTOJTMHOMOB Jlareppa BeITEKAET CJIeIyIOIIee
yTBEpXK/IeHNE.

CaencrBue. Hmeror MecTo CaexyroIne OIeHKH:

n n
1/4
Aan(z) = n3/ n 2
nl/4 0
—<z< g1/3
o\asam) 27<0
o(1), 0—0'3<x
JIuteparypa

1. Gadzhimirzaev R. M. Sobolev-orthonormal system of functions generated by the system
of Laguerre functions // Issues Anal.—2019.—Vol. 8 (26), Ne 1.—P. 32-46.
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BOOLEAN VALUED ANALYSIS
IN MODERN MATHEMATICAL FINANCE

J. M. Zapata
(Germany, Konstanz; University of Konstanz)

In the last decade, some problems in mathematical finance have motivated
a number of apparently new developments in functional analysis. However, as shown
recently, these functional analytic tools turn out to be particular instances of Boolean
valued analysis. We will see how Boolean valued analysis brings a powerful technology
that can be applied to duality theory of dynamic risk measures, financial arbitrage
theory and stochastic optimal control.

References

1. Avilés A., Zapata J. M. Boolean-valued models as a foundation for locally L°-convex analysis
and conditional set theory // J. Appl. Logics.—2018.—Ne 5 (1).—P. 389-420.

2. Jamneshan A., Kupper M., Zapata J. M. Parameter-Dependent Stochastic Optimal Control
in Finite Discrete Time.—2018.— arXiv:1705.02374v3.—(Preprint).

3. Zapata J. M. A Boolean Valued Analysis Approach to Conditional Risk.—2017.—arXiv:
1711.09833v1.—(Preprint).

4. Zapata J. M. A Boolean-valued Models Approach to L°-Convex Analysis, Conditional Risk
and Stochastic Control: PhD Thesis.—Murcia: Universidad de Murcia, 2018.
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K CIIEKTPAJIbHBIM CBOIICTBAM
OJJHOI TPEXJIMATOHAJILHOI MATPUIIBI

I'. B. l'apkasenuko (Poccus, Boponex; BI'TIY),
H. B. VYckoBa (Poccus, Boponex; BI'TVY)

Paccmarpusaerca Tpexamaronaabaaa OeckoHewnas marpuna A Buzga

_52’2 —2a -0,

—,8,1 —a 0
. 0 0 Bi... ...
B a %

% Qaﬁ—é

Baeck a € C, a # 0, — nocroganaa u nociaenosarensnoctn $: Z — C, /1 72 — C
OTPAHUYEHHbIE, T. €. SUP, ez |Bn| < ¢ 1 sup,cz |B] < ¢, ¢ > 0.

Marpuna A ompeznensier B mpocrpaHcTse lo = lo(Z) suHelHbIH omepaTop
A: D(A) C ly — g, neiicrBytomuii 110 dbopmy.ie
_ /Bn 7,1+1
(Az)(n) = anz(n) + —x(n — 1) + ?x(n +1), n#0, n#—1,
n n

(Az)(0) = prz(1), (Az)(-1) = —az(-1) — f12(-2),

¢ 0BJTACTBIO OTIPeJIe/IeHNUsT

D(A) = {x €ly: Z |nx(n)‘2 < oo}
nez

[pexncrasum oneparop A B Buge A = Ay — B, rne Ag: D(Ayg) = D(A) C
lo — la, (Apz)(n) = anz(n) m B = Ap — A. CumBosom Endly obo3nauena Ga-
HaxXOBa, ajarebpa JIMHEINHBIX OTPAHUYEHHBIX OMEPATOPOB, MEHCTBYIOMNX B lg, & CHUM-
BosioM o2(l2) C Endly umean omeparopos I'mibbepra — Illmuara. OueBuHo, 9TO
B € Endly u, 6osiee Toro, B € oa(ls).

IIycTn

Py =P({ai}, Ao), i€ Z, Pyy=> P, ke
li|<k
C nomortipio MeTosa mogobHbIX oreparopos [1-4] qokaszaHb! C/ieyIome TeOPeMbI.

Teopema 1. CymecrByer rakoe k > 0, uro oneparop A momober 6109HO-HATO-
HAJILHOMY OIIEPaToOpy

A— Py XPg— > PXP=A -V,

[i|>k
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e V€ o9(ly) n npeobpasosanne 1onobusi ocymiecrsisier omeparop U € Endly
raxoii, aro U — I € oa(la).

Teopema 2. CoOCTBEHHBIE 3HAYEHHS OIEPATOpa A HMEIOT ACHMITOTHYECKOE
TIpecTaBIeHNE

A =ai+ &, |’L| >k,
e nocienosarenbaoctb (&, |i| > k) npunagmexxur 1.

Teopema 3. CobcrBenHble BEKTODHI €, |i| > k, yaoBreTBOpSIIOT O1[eHKe

& —eil| <&, & —e —wi <&

/ '
yi:{"')o) &)0) haoa"'}a

ai a(i+1)
rae mociegosarenbrocts {E, il > k} npunamrexxur ly, nociaeqoBaTesbHOCTD
{&!',i| > k} npunamnexwur ly, e;, i € Z, — crangaprHsli 6a3uc B ly. BekTopsr €,

i € Z, obpaszytor B lo(Z) 6asuc Bapu, B yacrHoctn, 6asnc Pucca n p-6asuc npu p > 2.

Ormernm, uro ykaszaHHast marpuiia A omeparopa A MpeacTaBiser WULIIOCTPa-
TUBHBIH MHTEpeC C TOUYKHM 3PEHHsS MOTOIa MOJOOHBLIX OIIEpATOPOB, IMOTOMY YTO IS
Hee MOYKHO MOCTPOUTH MHOIO PAa3/IMYHBIX JOIyCTHUMBIX TPOeK [2, 3] ¢ pasHbiMu 1po-
CTPAHCTBAME JOIIYCTUMBIX BO3MYIICHUIA.

JIuteparypa

1. T'apkasenko I. B., Yckopa H. B. O CHeKTpaJbHBIX CBOWCTBAX PA3HOCTHOTO OMEPATOpPa C
PACTYIIMM 9€THBIM NOTEHInaaoM // AKTyanbHbIE TPOGIEMbI TPUKIAIHON MATEMATHKA, WH-
dopmaruku u mexanuku.—Boponex: Hayu.-uccien. my6u., 2015.—C. 14-16.

2. T'apkasenko I. B., YckoBa H. B. Meron mogo0HBIX OIIEPATOPOB B MCCJIEIOBAHUYN CIIEKTPAIh-
HBIX CBOHCTB OJJHOTO KJIACCa PA3HOCTHBIX oreparopos // Bectn. Bopomex. roc. ya-ta. Cep.
®usmka. Maremarnka.—2016.—T. 16, Ne 3.—C. 101-111.

3. I'apkasenko I. B., YckoBa H. Bb. CriekTpasibHBIA aHAJIN3 OJHOTO KJIACCA PA3HOCTHBIX OITe-
paropos ¢ pactymmm norerarmaaom // 3. Capar. ym-ta. Hosas cep. Cep. Maremaruxka.
Mexanuka. Uudopmarmka.—2016.—T. 16., Ne 4.—C. 395-402.

4. T'apkasenko I. B. O cucreme IpPOEKTOPOB, IMOCTPOEHHON MO CIEKTPAJIHHBIM MHOMKECTBAM
BO3MYIIEHHOTO omeparopa // AxryanpHble HampaBiaeHus HaydHbIX mccaemoBanmii XXI Be-
Ka: Teopusd U HNpakTuKa.—Bopouex: Boporex. roc. mecorexn. yH-T uM. I. @. Mopo3sosa,
2018.—C. 77-80.
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TOITOJIOTMTYECKUE AJITEBPHI 1 OITEPATOPHBI CBEPTKU

O. A. Banosa
(Poccust, Pocros-na-/lony; FODY)

B noknane umer peub 06 anrebpax JUHEHHBIX HEMPEPBIBHBIX (DYHKITMOHAJIOB HA,
CUYETHBIX WHIYKTUBHBIX Tipenenax F BecoBwerx mpoctpancts Dperrre 1enbix QyHK-
1uit 1 006 omepaTopax CBepTKU B HUX. Y MHOYKEHUE B TOTOJIOTUYIECKOM COIPSIZKEHHOM
npocrpanctee E' k E 3ajaercs onepaTopaMy CABHIa Jjisi HEKOTOPHIX ONEpaTopoB,
neiicrByrorux B E. IIpocTpancTBO

E = ind proj E,, i,
ok

omnpejie/igeTcs IOCPeICTBOM HelPePhIBHLIX (DYHKIHN vy, : CN — R Takmx, 4TO
Unktl < Unk < Untt ks k,n € N Ilpu sTom

Epoi= {F € H(CY) : | fllng = sup |F(2)] exp(~va4(2)) < +00 |
zeCN

— 6aHaxoBO MPOCTPAHCTBO ¢ HOPMOit || - ||nx; H(CY) — mpocTpancTso Beex membrx
B CV dyuxmmit. Beca Up k YIOBJIETBOPSIOT CTAaHJIAPTHBIM TEXHUYECKUM YCJIOBUSIM.
Hycrs T := {T, : z € CN} — MHOXKecTBO OHepaTopoB CABUIA /I CHCTEMBI JIH-
HeiiHbIX HenpepbiBHBIX B E oneparopos Aj, 1 < j < N. Ceeprka ¢ ® ¢ € E’
dbyrkmmonasnos p, 1 € E' onpenenserca Tax:

(@ ¥)(f) = e:(¥(T:(f))), z€CY, fekE.

Cumsostom K(A) obosraumm komMmyTanT cucremsl {A; : 1 < j < N} B Kosbliie (aared-
pe) Bcex JIMHEeHHBIX HeNpPephIBHLIX oreparopos B E. Vccnenosanbl ase mapst (A, T):

D) A; = 0;, 1 < j < N, — omeparopbl 9acTHOTO Iud bepeHnupoBanns,
T.(f)(t) = f(t + z) — obbrunble cupury;

P) N =1, Ay = Dy, — omepaTop 0600IEHHOr0 0GPATHOrO CABUTA (OIEPATOD
IMommbe) (g9 — dynkims u3 E takas, aro go(0) = 1).

B cnyuae D) dyHKunm vy, j; yAOBIETBOPSIOT JOMOJHATEILHOMY YCIOBHIO, GIM3-
KOMY K TTOJYaJJIUTUBHOCTHU.

Hns ¢ € E' seesem onepatop ceeptku Ay (f)(2) = ¢(T:(f)), z € CV, f € E.
Ces3pb (F',®) n K(A) mokasbiBaer

Teopema 1 [1, 2|. B curyanusx P), D) orobpaxkenne w : (E',®@) — K(A),
w(p) == Ay, sBIseTcs anredpamdecKuM n30MOP(U3MOM «HA».

Uzy4ennbr Takzke TONMoJOrnUeckne coiicrsa anredper (E', ®) n nzomopdusma w
B TeopeMe 1, a UMEeHHO, YCTAHOBJIEHBI YCI0BUs TOrO, uTo (E’', ®) sBjsiercs TOmo1oru-
9eckoii anrebpoii, a w — rornosorndeckumM uzomopduzmom (cum. [3, 4]). Morusarmei
TAKOTO MCCJIETOBAHUSA ABISETCS TO, YTO TOIOJOTHYECKUE AIreOphl, HE ABISIONNECS
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0aHaXOBBIMHY, JOBOJILHO IITUPOKO UCIOIH3YIOTCS [IPY U3y 9eHUH OIIepaToOpoB 00001eH-
HOTO WHTEIPUPOBAHUS, B CIEKTPAIbHON TEOPUH B MPOCTPAHCTBAX AHAJIUTUIECKUX
bYHKIITMOHAJIOB, B TEOPUHU OIIEPATOPOB ODOIIEHHOTO CABUra, Tpymd u aaredp Jln.

OrmeTum ciemyroline TPUMEHEHNS OMUCAHHBIX PE3Y/IBTATOB.

1) [JokazaHbl yCJIOBHSI TOTO, 9TO MHOXKECTBO MHOTOYIEHOB OT ONEPATOPOB Aj,
1 < j < N, mwioruo B K(.A) ¢ HEKOTOPOIi 0OMEpaTOPHOii TOMO/IOTHElH, B 9aCTHOCTH, TO-
ro, uro Besikuii oneparop u3 K(A) siBasiercst A-onepatopoM 6eCKOHEYHOTO MOPSIJIKA.

2) Jokazana teopeMa Tuma Turdamapiia o6 OTCYTCTBHU JIeJUTENeH HYJIS B ajl-
rebpe (E', ®).

JIureparypa

1. Hsanosa O. A., Mesuxos C. H. O6 oneparopax, mepecTaHOBOYHBIX C oneparopoM tura [lom-
Mbe B BECOBBIX IIPOCTPAHCTBAX IeJbix (pyHKImit // Amrebpa n ananmn3.—2016.—T. 28, Ne 2.—
C. 114-137.

2. Hanosa O. A., Memuxos C. H., Memuxos FO. H. O xommyTanTe oneparopos quddepeniu-
POBAHMUS ¥ CBUTA B BECOBBIX IPOCTPAHCTBAX Hesbix dyukimit // Ydbum. mar. :kypu.—2017.—
T. 9, Ne 3.—C. 38-49.

3. HBanoBa O. A., Memuxos C. H. O6 anrebpe anasmTudeckux (pyHKIIMOHAJIOB, CBA3AHHON C
omeparopom ITommbe // Biaaamkask. mat. xypH.—2016.—T. 18, Ne 4.—C. 34-40.

4. HBanosa O. A., Memuxos C. H. O Tonosiorudeckux ajrebpax aHaIMTUIECKUX (DYHKIIMOHATIOB
¢ ymHOXKeHmeM, onpexaensgembim casuramu // Becrm. Cam. yu-ra. EcrecrBennonayw. cep.—

2018.—T. 24, Ne 3.—C. 14-22.
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HETIPEPBIBHBIE JIMHENHBIE OIIEPATOPHI 13 ABCTPAKTHBIX
BAHAXOBBIX ITPOCTPAHCTB I'OJIOMOP®HBIX ®@YHKIINIT
B AHAJIOTUYHBIE IPOCTPAHCTBA C PABHOMEPHOII HOPMOII

FO. B. Kopabuuna
(Poccust, Pocros-na-lony; FODY)

PaccmaTpuBaercs 3a/1ada 0 HEIPEPBIBHOCTH JIMHEHHBIX OMEPATOPOB, JAEHCTBYIO-
mrX W3 abCTpakTHOTO DAHAXOBA MTPOCTPAHCTBA TOJTOMOP@HBIX B 00IACTH KOMITIIEKC-
HOI TIJIOCKOCTU (DYHKITHIT B BeCOBOe HAHAXOBO MPOCTPAHCTBO TAKWX Ke (DYHKITHI C
sup-nopmoii. Panee ona paccmarpusanack B crarbe H. Bopbocka [1] mist exurnanoro
kpyra D u paguanbubix BecoB. g sToro ciydas B [1] 61T mOyUen abCTpaKTHBIH
KpuTepuit u ykaszaHa (pOpMy/Ia Jjist BEIUYUC/IEHUT HOPMBI OIEPATOPa, & TAKXKe pas3pa-
OOTaHbI TPUIOKEHNS K KOHKPETHBIM MTPOCTPAHCTBAM U OMEPATOPAM.

OcHOBHOII 11€/1bI0 PADOTHI, KOTOPOIi IMOCBAIIEH JOK/IaJL, ABIsIeTcs 0000IIeHne pe-
3yabraroB u3 [1] Ha ciayuqail obracreit n (nin) BecoB obIIEro BUJIA.

[Iycrs G — obsactsb B KomiutekcHoit mnockoctu C, H(G) — mpocTpaHCTBO BCeX
dyuKIMii, aHaIATHIeCKuX B (G, ¢ TOMOJIOTHENH DPAaBHOMEPHON CXOIAWMOCTH Ha, KOM-
makTax 3 (G, v — Bec Ha (G, T. e. HEMpEPBIBHAA MOJOXKUTETbHAS HA G (DyHKIHS.
[Mopoxk aerHOe 3THM BeCcOM DAHAXOBO MPOCTPAHCTBO C SUP-HOPMOI 3a/1aeTCst CIeIyIo-
M 00pa3oM:

H,(G) = {f € H(G), ||flv :sug% < oo}.

Bcerogy mamee X — GaHaXoBO MPOCTPAHCTBO ¢ HOPMOIi || - ||, HempepwbiBHO BIOXKEH-
Hoe B H(G). Yepes X* oboznadaercsi conpsikenroe ¢ X NPOCTPAHCTBO JIMHEHHBIX
HEMpPepBIBHBIX (DYHKIMOHATOB Ha X C CONPSKEeHHON HOpMOit || - [|*, a depe3 §, —
nenbra-byaknus dnpaka jist bukcuposanuoit toukn z € G, 1. e. 0, : f — f(2),
feHG).

Crepyromasi reopema siBJsieTcst 06061enneM abcTpakTHOrO Kpurepust [1, Teope-
Ma 2.1| Ha cayvaii npomsBo/bHOI obactn G BMecTo enuHUIHOTO Kpyra D u sio6oro,
He 06A3aTeNbHO PaanagbHOro, Beca v. OTMETHM, 9TO I8 €€ JOKA3ATEIhCTBA, WC-
MOJTB3YETCsS. METOJT, OTJIMYHBIN B Psifie MeCT OT JOoKa3aTeabcTBa Teopembl 2.1 B [1].

Teopema 1. Ilyctp v — mnpousBosbHbE Bec Ha (. JluHeidHblii omepaTop
T : X — H,(G) KOppekTHO ompejaeseH W OrpaHUYeH TOTJa H TOJBKO TOTJA, KOIJa
BBITIOJIHEHBI CJIEAYIOIIHE YC/IOBUS:

a) 0,(T) € X* npu Beex z € G;

*
16-(T)l
6) sup ———— < 00
zeG U(Z)

Hwmxke npuBomgTcsa mosiydeHHbIE C TOMOIILI0 TEOPEMbI 1 KPUTEPUU HEITPEPHIBHO-

CTU OMEepaTOpOB BeCOBOI KoMmmo3unuu u Bojbreppa.
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Ipenaoxenue 1. ITycre v — Bec Ha G, u U ¢ — PUKCHPOBAHHBIE (DYHKIIHH
3 H(G), onpuiem p(G) C G. Omeparop Becopoii kommosummn Wy, 2 f — u - f(p)
aeficrByer HenpepbisHo n3 X B Hy(G) B TOM 1 TOJIBKO B TOM CJLydae, KOIja

@ e _

z€G v(z)
B cuyqae, korna Wy, : X — H,(G) orpanmden,
|u(2)] 19,0 I
%% =sup ————.
Wl = sy L

[Mpemnoxkenne 1 o6o6maer nyskr (i) caexcreust 2.1 crarbu [1], B KoTOpoMm Ji0-
HOJTHUTEIHLHO TPeBOBAIOCH, 9TOOB v OBLT paJIlaJbHBIM BECOM Ha, €JUHIIHOM KpyTe.

IIpensnoxkenue 2. [Iycre G = D, v — paguanbubiii Bec Ha D, yaoBaeTBopsroruii
JIOTTOJIHUTE/IBHOMY YCJIOBHIO

_ / _ /
0 < timint LY g LNV
r—s1- v(r) rs1- v(r)

g — ¢urcupoBannas ¢ynknusa u3 H(D). Oneparop Bosbreppa

< 00,

Vg : fb—>/f(w)g'(w)dw
0

aeficrByer menpepbiao n3 X B H,(D) morma m Tosbko Torga, Korja BBITOJIHEHO
cJIeyroIee yCaI0BHe:
1-— ! oL
sup L= DTG

z€eD U(Z)
OTmeTnM, 9TO NP AOKA3ATEILCTBE MPEIIOKEHNsT 2 CYHMIECTBEHHO MCIOIb30Ba-
JIICh HEKOTOPBIE PE3y/IbTaThl CTAThU [2].

Cnencrsue 1. Ilycrs

1\’ 1
G =D, U(T):<1—7“> lnp<m), B8>0, p=0,

n g — ¢urcnpopannas Gyukuus n3 H(D). Oneparop Boawreppa Vg : X — H,(D)
HENPEepbIBEH TOTJAa H TOJBKO TOIJa, KOTJA BBHIOJHEHO CJEIYIONIee YCIOBHE:
1,/
(1= [P g/ ()18
sup > < 00
zep InP(1/(1—12]))
[Tpr p = 0 moayuyaeMm OTCIOJA B KAa4eCTBE YACTHOrO Ciaydas myHKT (iii) coen-

crust 2.1 u3 [1]|, a umenHO, KpuUTepHii HEMpepLIBHOCTH omepaTopa Bosibreppa n3z X
B KJIaccmueckoe npocrpancTBo Beprmana Hg. Hamomunm, 410 OHO 3a/iaeTcst Becom

v(z) = (%M)B

Jlureparypa

1. Zorboska N. Intrinsic operators from holomorphic function spaces to growth spaces // Integr.
Equ. Oper. Theory.—2017.—Vol. 87, Ne 4.—P. 581-600.

2. Abanin A. V., Pham Trong Tien. Differentiation and integration operators on weighted spaces
of holomorphic functions // Math. Nachr.—2017.—Vol. 290, Ne 8-9.—P. 1144-1162.
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ATIITPOKCUMATHUBHBIE CBOIICTBA
CPEJHUX BAJIJIE ITYCCEHA CIIEHIUAJIBHOT'O PAJA
MO YVJIBTPACOEPUYECKUM ITOJINMHOMAM AKOBU
C ITIPUJINITAIOIINMU YACTMYHBIMI CYMMAMUI

M. I'. Maromen-Kacymos
(Poccus, Bragukaskas; FOMU BHIT PAH)

ycts a > 0, p®(z) = (1 — 22)% — Bec, P* = {P¥(z),n = 0,1,...} — cucrema
MOJIMHOMOB, OPTOHOPMUPOBAHHBIX OTHOCHTEJIHHO CKATAPHOTO MPOU3BE/ICHMUST

1
/ 10 (2) B2 (2) B2 () dir = b, (1)
1

Crenmanbabiit psag, onpenensierca as dbyukuuii f(x) € C[—1,1] cremytommm o6pa-
30M:

f@) ~ U f)@) + (1=2%) Y (PP (), a>0, (2)
k=0

rae I(f)(z) — upavasg jmHWs, coenmHsIomas 3HadeHnst GyHKunn f(r) HA KOHIAX
orpeska [—1,1]:

F(z) = %ﬂg)(z) u ¢ (F) — xosdbdunuent Oypre — Axobu dyskmun F:
1
&P = [ (r0 - 1D@) (1~ )" B (o). Q
21

YacTuuaHbIe CyMMBI CHEIUaIbHBIX PAIoB (2) Oyaem 0603HaIATH

o) = 1) (a) 4 (L— 2 S () Bo(o) (4)
k=0

CrenpasnbHblil psiji Obl1 BIIEpBbIe BBegeH B pabore [1] kak obobinenne mpeesib-
HOTO pana. B Toil ke paboTe OBLIM MCCIeAOBAHLI AIPOKCHMATHBHEIC CBOHCTBA da-
cruanbix cymm oo (f). B gacrrHocTH, GbLI0 MOKA3aHO, 9TO

Sa

l\-'JIOJ

, fel[-1,1],

N | —

|f(:6) - Ug(f,:c)‘ < c(@)En(f)(1+In (14ny1-22)),

rae E,(f) — senumunna Hammydiero npubanxkenus (QyHKuun f agreGpandecKuMu
MOJIMHOMAMU CTETeHU He BBIIIE N.
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B pabore [2] usyuennl anmnpokcumaruBHble cBoiictBa cpexnnx Basie ITyccena
CIIEIUATBHOTO PSJIA

1

VCM
m+1

i (f) = Vie (f, ) =

a fo
[O-n(gazc) +o +O_n+m(gax)] (5)
B CIydae o = % un < gm, TIe ¢ — TPOU3BOJBHOE MOJOKUTETHFHOE (DUKCUPOBAHHOE
9UCJI0, & UMEHHO, ObLIa MOIy9IeHa OIMeHKa,

F(2) = Vitm(f2)| < c@Ea(f), f€C[-1,1].

B mammoit pabore ykazaHHBIN Pe3y/IbTAT MPHU YCJIOBUH C1M < N < CoM PACIPO-
CTpaHdeTcd Ha caydai % <a< %

Teopema. /I Gyuaknuii f € C[—1,1] cnpaBegmuBa ciaenyromast OeHKa 0CTATKA
npu npubmmkennn cpeaauvu Basne Ilyccena Vi, (f, @):

1 3
‘f(x)_vnc‘:m(fax)‘ gCEn(f)’ Clm<n<62m) 5 <C¥<§

Jlureparypa

1. ITapamymamuaos . 1. HekoTopsie cienuasibHbIe PSIBI [0 yIHTPACHEPUISCKAM MOJTHHOMAM 1
nx anmpokcumarusnbie coiictsa // 3. PAH. Cep. mar.—2014.—T. 78, Ne 5.—C. 201-224.

2. ITapamyauuos V. . AnmpokcuMaTuBHBIE CBOMCTBa cpenuux Tumna Peiiepa n Bamme — ITyc-
CeHa YaCTHYHBIX CyMM CIENHaJIbHOIO psifa o cucreMe {sinzsin kz}72, // Mar. ¢6.—2015.—

T. 206, Ne 4.—C. 131-148.
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OB YMHOYKEHINN PACHPEIEJIEHNN

C. H. Meauxos
(Poccus, Pocros-na-/lony, FODY; Bragukaskas, KOMIU BHII PAH)

Kaxk wmssectno, B npocrpanctee D’ pacrnpeenenuii Ha R HeIb3s BBECTH acco-
[MUATUBHYIO OMHAPHYIO OMEPAIlNio TaK, YTOOBI OHA MPOJOJIKAIA YMHOXKEHNEe Ha Oec-
koneuno mguddepennupyemvbie pyuxmuu. [Ipegmaraerca onwH U3 MOIXOM0B K OMpe-
JIEJIEHUIO YMHOYKEHUST PACIIpe/Ie/IeHnil, NCTIOMB3YIONHi pe3yabTaTsl padbot [1, 2| mist
ayrebp aHAJIUTUIECKUX (DYHKIIMOHAIOB. [lycTh () — WHTEpBaJ BENIeCTBEHHON Mpsi-
moit, D(2) — mpocrpancTBo Beex Geckoneuno auddepennupyembix B R dbyHKImit
C KOMITaKTHBIM HOCHUTEJIEM B Q HO6y,ZI;I/ITe.HBHI)IM MOTUBOM WHUCIIOJIB30BAThH IIpEjIa-
raemplil B IJAHHON CTAThe MeTOoJ TpeBpalienns B anrebpy npocrpancrsa D/ () pac-
npenenennit Ha () sBagercd caemyromiee coobpaxenue. [Ipeobpazosanne Pypbe —
Jlammaca F siBjistercst TomosiormdeckuM nzomopdusmom D(§)) Ha CUETHBIH WHJYK-
TuBHBIH Tpenen Aqg Becosbix npocrpancts @perre nesbix dbyakmuit. B D'(Q) moxk#o
BBECTHU TPOU3BEICHUE

uFv = F((F) 7w & (F) ' (v)).
e CBEpTKa @ 331aeTCs TaK:

(e @) (f) = v:(ee(f(t+2), fE€ Aq.

Omna onpezenena He Jyisi BCex map ¢, € Ag: aias npoussoibHoro ¢ € Ay u ¢
takoro, uto JF' () 3amaercs Geckoneuno muddepentupyemoii B Q dynknueit. [Ipu
STOM U * U COBIAJAET C OOBLIYHBIM MPOM3BeaeHneM uv Oeckonedno auddepeHmmpye-
MOit (DYHKIMM %, N PACHPEIETCHUT U U * HEJb3s MPOJOIKATE 0 KOMMYTATHBHOTO
U accolMaTUBHOrO yMHOXkenus B D’ (). Bosuukaer ecrecTBEHHBIN BOIPOC, & MOXK-
HO JI OOBIYHBIE CABUTH 3aMEHHUTDH Ha JPYroe CeMefCTBO OMepaToOpOB, TO3BOJISIIOIINX
OIIMCaHHBIM CHOCO6OM BBECTU aCCOIMUATUBHOEC U KOMMYTATUBHOE YMHOXKEHUE BO BCEM
npocrpancTee pactpesenennii. Takas omeparus * B mpocrpanctse D' () BBomuTCS
¢ TOMOIIIBIO onepaTopoB casura 1, z € C, miga oneparopa 06001IIEHHOTO 06PATHOTO
casura, (oneparopa [Tommbe). Mbr mosraraem

UV 1= f’((f’)fl(u) ® (.7-"’)71(?))), u,v € D'(Q),

rae
(P @U)(f) = @(V(T:(f))), ». ¥ € Aq.

C omeparueii * npoctpanctso D’'(2) cTaHOBUTCS YHUTATBHON aCCONMUATUBHOMN U KOM-
MyTaTuBHO# anrebpoit. Ona n3oMopdHa KOMMYTaHTY oreparopa [loMMbe B KOJIBIE
BCEX JIMHEWHBIX HEMPEPBIBHBIX ormeparopoB B Aq. [logyuena aHaInTHIECKAsT Peasi-
3a0Ud YMHOXKEHUA *; IPABOJATCA KOHKPETHBIE TPUMEPHI.

YacTh MOJIyYeHHBIX PE3YJIbTATOB OIyOIMKOBaHA B [3].
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JIureparypa

1. Hsanosa O. A., Meauxos C. H. O6 oneparopax, mepecTaHOBOYHBIX C oneparopoM tura [lom-
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C. 114-137.

2. Hanosa O. A., Memuxos C. H., Memuxos FO. H. O xommyTanTe oneparopos quddepeniu-
POBAHUS U CABATA B BECOBBIX MPOCTPAHCTBAX metbix GyHkmmit // Ydum. mar. Kypu.—2017.—
T. 9, Ne 3.—C. 38-49.

3. HBanoa O. A., Meauxos C. H. O6 yMHOXKeHWU pacIpese/IeHuil, TOPOXKIAEMOM OIEPATOPOM
IMommbe // Mar. 3amerkn.—2019.—T. 105, Ne 4.—C. 632-636.
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O ITPOBJIEME PEI'VJIAPU3AIINN IBYMEPHBIX
OIIEPATOPOB TEII/INIIA B HEKOTOPBIX
CYHETHO-HOPMUPOBAHHBIX I[TPOCTPAHCTBAX

A. 3. ITacenuyk
(Poccust, Pocros-na-/lony; FODY)

Iycts I' — eaummamyHAs OKPYKHOCTH KOMILIEKCHO# miockoctu C, T2 — Top.
O603maum: W (I'?) — 6amaxoBo MPOCTPAHCTBO BHHEPOBCKHX dymkmit, W0 (T'2),
Wo0:%°(T'2) — cueTHO-HOPMUPOBAHHBIE TTPOCTPAHCTRA NTaAKNX dbyHKImit. Byiem 3na-
KaAMHU «+» U «—» BHH3Y 0003HAYATH MOAMPOCTPAHCTBA YKA3AHHBIX MPOCTPAHCTB, a
COOTBETCTBYIOIIIE OTIePATOPhI poeKTupoBanus PT+ coorsercrenno (Toumbie ompe-
nenenust cM B [1]).

O6ozuaunm T, = PTa(¢,n)I oneparop Témmmia

To: Xoq = Xiq, a(én) € X,

e X — ommo m3 mpoctpancts W (T'?), Wee0(T'2), Wee°(I'2). HamboJree moHO 3TOT
omepaTop M3ydeH B GAHAXOBLIX IPOCTPaHCTBaX, B wacTHocTH, B W (I'2). 1. B. CmMo-
HEHKO [2| mostyvyen Kpurepuii KOTOPbIH MOKET ObITh 1epedOPMyIMPOBAH CJIeLY FOIINM
obpazom: omeparop Ty, : Wy (I'?) — W, (I'?) merepoB Toraa n TOIBKO TOTIA, KOTTIA
ero cuMBoJl a(&,n) JOMyCKaeT KAHOHUYECKYIO (DaKTOPU3AINIO G = A— Ay Q4 Q|
B anre6pe W (I'?). D10 o3madgaer, 4TO KarKIblii COMHOXKITETb B STOM IIPEICTABIC-
HAW CUMBOJIA TOPOXKTgaerT obparumbrii omeparop Témmuma. [Ipu srom perynspusa-
TOp MOXKET OBITH MOCTPOEH METOJOM YACTHIHONH PEryJIsIpPU3AIUH, TPEII0KEHHBIM
B. C. Inanau [3]. Tlokazano, 9T0 3T0T pe3y/braT COXPAHSIETCs B CIydae MPOCTPaH-
cTBa WfJ;O(FQ) u He nMeeT MecTa Jytst npoctpanctsa W™ (I'?). Hanpumep, cumsos

=& =(01-& ) (1+¢ )

MOPOKIAeT omepatop T, -1_g¢-1,, UMeOMUl OECKOHEYHOMEPHOE /PO, HECMOTPS
Ha TO, 49TO Kaxablil m3 omepatopo Ti_g -1, Tii¢-1, o0paTnM B TMPOCTPAHCTBE

WL (T2).

JIuteparypa

1. IMacenuyk A. 3. JINCKpETHBIE OMEPATOPHI THUIA CBEPTKHU B KJIACCAX TMOCJIEIOBATEIHHOCTEH CO
CTeIeHHBIM XapaKTepOM IoBeeHust Ha beckoneurnocru.—Pocros 1/ /1.: 3x-Bo FODY, 2013.

2. Cumonenko H. B. Oneparopsl tuna ceeprku B Komycax // Mar. ¢6.—1967.—T. 74, Ne 2.—
C. 108-112.

3. IHumuan B. C. O MHOroMepHBIX GucuHTY/sipHBIX oneparopax // Hoka. AH CCCP.—1971.—
T. 201, Ne 2.—C. 787-789.
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YPABHEHUE ®AI/TEEBA I BETBU CYHIECTBEHHOI'O CIIEKTPA
OJJHOT'O CEMEICTBA 3 x 3-OITEPATOPHBLIX MATPUIT

T. X. Pacynos (¥Y36ekucran, Byxapa; ByxI'V),
H. A. Tomesa (VY36exkucran, Byxapa; 2-it juneii npu ByxI'MIN)

B pa6ore paccmarpusaercs cemeiictBo 3 X 3-oneparopubix marpun, H(K), K €
(—m; 7], accomuUpPOBAHHBIX TAMITLTOHHAHOM CIHCTEMBI C He GoJIee 4eM TpeMs 9acTi-
mamu za d-mepuoit perrerke Z4. TTocrpoeno ypasuenne Pajmeesa jijisd COOCTBEHHBIX
dbyukumit oneparopa H(K) u onncan ero CymecTBeHHbIH CIIEKTP. YCTAHOBJIEHO, U4TO
€ro CyIeCTBEHHBIN CIeKTpP COCTOUT u3 o0bequHeHusi He H60jiee 4emM TPex OTPE3KOB.

Oycte TY := (—mna]® — d-mepumpiit Top, Ho = C — ommHOMepHOE KOM-
nyekcroe npoctpanctso, Hi = Lo(TY) — ruanbeproBo mpocTpaHcTBO KBapa-
TUYHO WHTErPUPYEMBIX (KOMILIEKCHO3HAUHBIX) (DYHKIWIA, ONPENEJeHHbIX HA T4,
a Hy = Ly ((T)?) — rumpbepToBo MpOCTPAHCTBO KBAJIPATHYHO HHTETPHPYe-
MBIX (KOMILIEKCHOBHAYHBIX) CHMMeTpHUHbIX ynkimii, onpenerennbix wa (T2, u
H:=Ho D H1 D Ho.

Paccmorpum cemeiicTBO 3 X 3-0mepaToOpPHBIX MATPHIL

Hoo(K) Hoy 0
H(K) = Hg, Hy(K) Hys :H—H, KeTd,
0 H, Has(K)

C MaTPUYHBIMU dJIEMEHTaMN

Hy(K) fo = wo(K)fo, Hoif1 = /vo(t)fl(t) dt,

Td
(H11(K) f1)(p) = wi(K;p) fi(p),  (Hizf2)(p) :/Ul(t)fz(P,t) dt,
Td
(H22(K) f2)(p, q) = wo(K5p,q) fa(p,q),  fi€HMiy 1=0,1,2.
Bueck wo(+), vi(-) (i = 0,1), wi(+;+) m wa(+;+,+) — BEUECTBEHHO3HAYHBLIE HEIPe-

peBape bynrknun ma T (T2 u (T3, coorsercrsenno. [IpmdyeM mpu KazkIoM
dbukcupopanrom K € T dbynximusa wy(K;-,-) ecTs cuMmMerpuanas GyHKIHS, T. €.
wo(K;p,q) = wa(K;q,p) mist mobeix p,q € T4 B srux npenonoxkenusx 6109HO-
oneparopras marpuiia H (K) gBsercss orpaHUYIeHHO U caMOCOTpsizKeHHoi B H.
[pn xaxgom dburcuposanaom K, p € T4, ompenennm perysipayio B obmactn

C\ [Ek(p); Ex(p)] dyuknuro

1 vi(t) dt
Ar(n:2) e wi(Kon) — »— L [vi®)dt
k(pi2) =wi(K;p) -z 2/w2(K;p7t)_z’
Td

rae uncina Ex(p) n Ex(p) onpenensiorcs cjepyomuM o0pasom:

Ek(p) := minwy(K;p,q), Ex(p):=maxws(K;p,q).
q€eTd q€eTd
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[Tycrs Ag — MHOXKecTBO Tex Touek z € C, mist Koropeix paBeHcTBO A (p;2) =0
FMeeT MeCTO XoTs 05l st oxmoit p € T4, u

mg = min wy(K;p,q), Mg = max wa(K;p,q), Xk :=AgU[mg;Mg].
p,qeTd p,qeTd

Ipn kaxgom K € T9u 2z € C \ Xk BBOAUM 0JIOYHO-ONEPATOPHYIO MATPUILY
T(K; z), neiicrytontyio B mpoctpanctse Ho @ Hi:

e [Too(K;2) Tor(K 2)
T(K’ Z) T (Tlo(K; Z) TH(K; Z)) ’

e onepatopsl 1j;(K;2) : Hj — Hi, 4,5 = 0,1, onpesieisroTcss paBeHCTBAMI

Too(K; 2)g0 = (1 +wo(K) — 2)go,  Ton (3 2)g1 = / vo(s)ga (s) ds,
']I'd

(Tho(K52)g0)(p) = —Ma (T11 (K5 2)g1)(p) = . (p). / vl(s),gl(s) ds :
Ak (p; 2) 2A K (p; z)Td wa(K;p,s) — z
3nech g; € Hi, i=0,1. Bamernm, uro npn kaxgom K €T u z € C\ Yx oneparops
Too(K;2),To1 (K; z) u Tho (K z) omaomepHst, a 111 (K'; z) npura uiexuT Kiaccy '
6epra — Ivuara, ciegosarensho, T(K; z) siBIsieTcst KOMIIAKTHBIM OIEPATOPOM.

Crenyromasi TeopeMa yCTaHABINBAET CBA3b MEXK/y COOCTBEHHBIMU 3HAUCHHSIMUI
oneparopos H(K) n T(K; z).

Teopema 1. Ilycts K € T4, Yucmo zx € C \ X sBisiercsi coDCTBEHHBIM 3Ha-
gennem omneparopa H(K) rorma m Toabpko rorma, korga omeparop T(K; zx) umeer
cOOCTBEHHOE 3HAYEHHE, PABHOE eJMHHUIe, H X KPATHOCTH COBIAJIAIOT.

Ormernwm, aro oneparoproe ypastenne T(K;z)g = g 0ObIYHO HA3bIBAETCS aHa-
qorom ypasuenus @ajneesa mjsg cobcTBeHHbIX (byHKIHIE onepatopa H (K).

Cuaiestyrorasi TeopeMa OMUChIBAET MECTOTOJIOKEHNE CYIIECTBEHHOTO CIIEKTPa Ore-
paropa H(K).

Teopema 2. IIycrs K € T9. Cymecrpennrri criektp oess(H(K)) omeparopa
H(K) coBmazaer ¢ MHOKeCTBOM Y, T. €. HMEET MECTO PABEHCTBO Tess(H (K)) = Y.
Bojtee Toro, MHOXKECTBO Y.y TpeICTaBIAIET cob0i obbequHeHue He boJiee 4eM TPEeX
OTPE3KOB.

Teneph BBEIEM HOBBIE TIOMHOYKECTBA CYIIECTBEHHOTO crieKTpa oreparopa H (K).

ONPEAENEHUE 1. MuoxectBa Ax u [my; M| Ha3pIBaOTCS ABYXYACTHYHON 1
TPEXUYACTUIHON BETBSIMHU CYIIECTBEHHOrO criekTpa oneparopa H (K), coorBercTBeH-
HO.

Oxno n3 BaxkubIx npumenennii ypasuenus Pajgeesa T(K;z)g = g MOXKHO BU-
JIeTh TIPH JI0KA3aTeIbCTBE BKIIIOUEHUS Oess(H (K)) C X, cM. mampmmep [1]. A cum-
METPU30BAHHBII BAPUAHT 3TOTO yPABHEHWS MMPOKO MPUMEHAETCS MTPU NCCIETOBAHUN
JIMCKPETHOTO crekTpa omeparopa H(K), TouHee, Tpu JOKA3ATEIBCTBE KOHETHOCTH
wiin GECKOHEYHOCTH JMCKPeTHOro crekrpa orneparopa H (K).

JIuteparypa

1. Jlakaes C. H., Pacysnos T. X. Monens B TeOpuy BO3MYIIEHUI CYIECTBEHHOIO CIEKTPA MHO-
rOYaCTHYHBIX omeparopos // Mar. 3amerkn.—2003.—T. 73, Ne 4.—C. 556-564.
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I[MTOJINMHOMBI, OPTOT'OHAJIBHBIE B CMBICJIE COBOJIEBA
1 ITOPOZKJAEHHBIE [TOJIMHOMAMU YEBBIIITEBA BTOPOI'O POIA

M. C. Cyaranaxmeaos
(Poccus, Maxaukasa; JTHI] PAH)

B pabore U. U. IlapamyauroBa [1| paccMOTpeHBI MOJHHOMBI, TTOPOKIEHHBIE
KJjlaccuueckumu nosimHoMamu debbimesa mepsoro popa T, (x) = cos(narccosz) u
optoronaabubie 10 CobOIEBY B CMBIC/IE CIEIYIONIETO CKAJIIPHOTO MTPOU3BEIEHNUS:

r—1 1

(fo0) =3 F(=1) g (-1) + / FO) g0 (1) p(t) dt, (1)

v=0 1

1
V1—z2'

XapakTepHOit 0CODEHHOCTHIO CKAIAPHBIX Tpom3pemennit Tuma CoboseBa Takoro

Koryia BecoBast byHKIHA p(x) =

BUJIa SIBJISIETCS HAJUYUNE OCOOBIX TOYEK, B OKPECTHOCTH KOTODPBIX «KOHTPOJUDYET-
cst» mioBejieHmre (byHKIHiT, oproronaasHbx 0 CoboseBy. Biaromapst sromy yaaercs
KOHCTpyUpOBaTh psijibl Oypbe mo momHOMaM, opToroHaabubiM Mo CobosieBy, coBma-
JTaoIye ¢ mpub/ImKaeMoit (DyHKIMel Ha KOHIAaX OTPe3Ka OpToroHaJ bHocTH. Takme
PAIBI OKA3BIBAIOTCS YA0OHBIM WHCTPYMEHTOM /IS IPEICTABICHUST PEIeHnil 33, 1a9u
Kormn myist mudpdepennuaabHbIX ypaBHEHUIA.

C apyroit croponbl, B [2, 3| Hamu ObLIM TPOBEIEHBI MCCIEAOBAHUS AITPOKCH-
MAaTHUBHBIX CBOMCTB CIEIUAJBHBIX BEIBJIETOB HA OCHOBE KJIACCUYECKUX TOJUHOMOB
YebrImmieBa, BTOPOTO POIA

sin (n + 1) arccos

Un(z) =

sin arccos x

Takke 00J1aJaf0IIX CBOMCTBOM COBITIEHNUs C TPUOIMKAEeMOil (pyHKIHEH Ha KOHIAX
OTpe3Ka OPTOTOHATBLHOCTH (B TOYKax +1).

B mpomoszkenme STHX WCCIENOBaHWI HAMH PACCMOTPeHbI MOMHHOMBI Uy ()
(n=0,1,...), nopoxjgerusie nojuaoMaMu debwimesa Broporo poma U, (z) u opro-
HOPMUPOBAHHBIE OTHOCUTENHLHO CKaIpHOro npoussenenns tuma Coboresa Bua (1)
npu p(z) = V1 — x2. Ilo/rydeHsl sIBHBIE BBIpaXKeHUs /s MOJHHOMOB U, (), ¢ 1mo-
MOIIHIO KOTOPBHIX MTPOBEIACHO MCCIeA0BaHNE NX aCHUMIITOTUYIECKUX CBOICTB.
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STRUCTURE OF ESSENTIAL SPECTRUM AND DISCRETE SPECTRUM
OF THE ENERGY OPERATOR OF FIVE-ELECTRON SYSTEMS
IN THE HUBBARD MODEL. DOUBLET STATES

S. M. Tashpulatov
(Uzbekistan, Tashkent; INP AS RUz)

The structure of essential spectrum and discrete spectra of the energy operator
of three-electron and four-electron systems in the Hubbard model were investigated
in [1, 2]. We consider the energy operator of five-electron systems in the Hubbard
model and describe the structure of essential spectrum and discrete spectra of the
system in the doublet states. The system Hamiltonian

H=A Z a;tw my + B Z a;tw Umirny +U Z a:w At a;tw am,|

m7’y m7T7’y m

acts in the antisymmetric Fo’ck space H,s, where A is the electron energy at a lattice
site, B is the transfer integral between neighboring sites, and 7 denotes summation
over the nearest neighbors, U is the parameter of the on-site Coulomb interaction of
two electrons, ~y is the spin index, and a;rw, am are the respective electron creation
and annihilation operators at a site m € ZY. In the five-electron systems exists
five type doublet states. Let ¢y be the vacuum vector in the space H,s. The first
: : 141/2 I P P e
doublet state C(?Vrresponds the basis functions “dinnp.gr = Gy, |G, 10540, 40, 0.
The subspace 17—[? /25 corresponding to the first doublet state is the set of all vectors

~ 1 2 -~ .
of the form ! f/Q = mmpareze (M1,0,4,7) 1dm/,n,p,q,r, f €15°, where 15° is the

subspace of antisymmetric functions in the space lo((Z")?).

Theorem 1. The subspace 171‘11/2 is invariant with respect to the action of H, and

the restriction "H f/Q of H to the subspace 171‘11/2 is a bounded self-adjoint operator.

In the quasimomentum representation, the operator 1??/2 acts in the Hilbert
space L$*((T)®) as

(MELT ) (i 7,6.m) =
= {5A +2A Z[cos Ai + cos p; + cosy; + cos 0; + cos n,]} ~()\, w7y, 0,m) +
i=1

+U/ {f(saﬂ,)\‘F’Y—S,Hﬂ?)+f(5,ﬂa%)\+‘9—5,77)+f(5aﬂa7,9a)\+77_5)+
TV

+f()\,S,H+W—5,‘9,77)+f()\,8,%ll+9—5,77)+f()\a5’%‘9’ﬂ+77—5)] ds’

where L$® is the subspace of antisymmetric functions in Ly ((T)%), and A, u, v, 6, n
are the quasimomentums of electrons.
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_Theorem 2. Let v = 1 and U < 0. Then the essential spectrum of operator
1Hf/2 is the union of four segments and the discrete spectrum is empty.
Let v=3,U<0,A1 =X+~ Ay =p+6,and A; = (A, A),AD), i =1,2.
Theorem 3. (a) If
6B cos A AY

WQ’ cos

6B cos ATS
W M

A9 A9
U < >cos72, or U< — —L

0
cos < cos 72 ,

then the essential spectrum of operator 571 f/Q is the union of four segments and the

discrete spectrum of operator 70 f/Q is empty.

(b) If

A9 A9
6B cos 5+ 6B cos = A(f Ag
2 < 2 1 2
i <U< T cos > > cos 5
" 6B cos A 6.8 cos A AY A9
2 "2 1 2
TR <U< T cos 5 < cos 5

then the essential spectrum of operator 1I:Tf/2 is the union of two segments and the

discrete spectrum of operator 70 f/Q is empty.

(c) If
A9 A9
6B cos 5+ AY A 6B cos = AY A
2 1 2 " 2 < 1 2
W \U<0,cosz<cosz,or W \U<0,C082>COS2,

then the essential spectrum of operator 70 f/z
d

spectrum of operator 1ﬁ1/2 is empty.

is the single segment and the discrete

Let Qdiﬁw,q,r = a;7¢a:7Ta;¢aITa%¢0 be the basis functions corresponding to the
second doublet state. The subspace 2Hf /20

: 1/2

is the set of all vectors of the form 21/)f/2 = D mnpareZ f(m,n,p,q,r)2dn{,n,p,q,r.
Denote 2Hf/2 the restriction of operator H to the subspace 27—[‘11/2. Let Ay = A+ p,
A2 =5+ 0.

Theorem 4. If v = 1 and U < 0, then the essential spectra of the operator
QHf/z is the union of seven segments and the discrete spectrum of operator QHf/Q is
consists of no more one point.

Let v=3,U<0,A3=A+pu, Ay =~v+6,and A; = (A?,A?-,A?), j=3,4.

Theorem 5. (a) If v = 3 and

corresponding to the second doublet state

3B Ay 1 A9 A}
U W cos?q’ < 2 00873 > cos 74,
or 0 0 0
3B A 1 A A
U W cos?4 < 2’ 00873 < cos ?4,
or A0
68 cos =2 0 1 AO A0
U<—T2, cos73>§, C0873>COS74,



then the essential spectra of operator QHf/Q is the union of seven segments and the
discrete spectrum of operator QHf/z is consists of no more one point.

(b) If v = 3 and
A9

3B 6B cos Ay 1 A9 A9
—WgU —TQ, 00873 < o 00873200874,
or A0
6B cos =2 3B Ay 1 A9 9
BT 2 <U<—W, 00873>§, c0573>00574,
or A0
6B cos 3B A} 1 AS 2
2 (U< - i 3 4
i < W cos2>2, 0052<0082,
or A0 A0
6B cos = 6B cos =* A 1 A9 A9
—T2<U<—T2, (:‘0873 > 5, COS73>C0874,

then the essential spectra of operator 2Hf/2 is the union of four segments and the

discrete spectrum of operator QHf/z is empty.

(c) If
0 0
6BCOS%< - 63008% Ag<1
i < W , COS 5
or
AO
3B 6B cos =2 | A9 0
—W<U<—T2, 00873<§, c0573<00574,
or
AO
6B cos 5 3B A? 1
2 U< = 4 _ -
i < T CoS 5 < 5

then the essential spectra of operator QHf/Q is the union of two segments and the

discrete spectrum of operator >H f/z is empty.

(d) If
AO
6B cos 5t A 1 A9 A
72 < U <0 24 3 4
W <0, cos 5 < 5 08 > cos 5
or
6BCOSA—g Ay 1 A9 A9
—TQ<U<O, 00873<§, c0573<00574,
or 0 0 0
3B A A A 1
—W<U<O, cos?3>00874, 00874>§,

then the essential spectra of operator 2Hf/2 is single segment and the discrete

spectrum of operator QHf/Q is empty.
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O/ITHOBPEMEHHOE BOCCTAHOBJ/IEHUE OTIEPATOPOB PA3/IEJIEHHOI
PA3BHOCTU HETOYHO 3AJAHHOIT IIOCJIEJJOBATEILHOCTH
B CPEJIHEKBAIPATUYHOI HOPME

C. A. Yuyuek
(Poccust, Mocksa; MAU (HITY))

[Mycrs Iy j,(Z), h > 0, — TPOCTPAHCTBO MOC/IEA0BATENLHOCTEH & = {T;} ez TaKwX,
2 .
9TO ) seq |71 < o0, ¢ HOpMOiL

1/2
Iz, (2) = (hZ\ij) .

JEZL

Omepatop pas3eseHHbIX PA3HOCTEH OMpeeIsIeTCs PABEHCTBOM:

Ape = Apr =TT ATy — AL (A7),
h JEZL

I[IpeobpazoBannem Pypbe nociaesoBarenbHocTn & = {;}jecz € lop(Z) aBasgerca
dbyHKITHST
(Fa)(w) =hY_zje " € Ly([~m/h,7/h]),
JEL
a olepaTopa pasJIeaeHHol Pa3sHOCTH MEPBOTO MOpsaaKa — (YHKIN

eihw -1

— (Fz)(w),

1 _ Lj+1 —Xj —ijhw _
(FALz) (w) hz E— .

J€EZ
npeobpazosanrem Pypobe orepaTropa pa3maeieHHON PA3HOCTH MOPIAKA 1M — MYHKIHST

eihw _1\m
(Fag) @) = o (payw),

IIycte n € N. Paccmorpum KJj1acc mMoOCIeq0BATEILHOCTEH C OTPAHUYEHHON n-it
pa3zeeHHol Pa3HOCTBIO

Wiy = {z €lan(Z): HAZ:CHQ,,L(Z) <1}

Crasurcsa 3a7a9a OJHOBPEMEHHOTO ONTUMAJIBHOTO BOCCTAHOBJIEHUS OMEPATOPOB
Beex paznocreit (Alz, A2z, ..., Azflx) nocyie1oBaTeIbHOCTH & € Wi, TIpH yCIoBuN,
9TO TOC/IE0BATEIBHOCTh & 3ajiaHa HeTo4YHO [1], T. e. n3BecTHa T0C/IEOBATEIBHOCT
y € lop(Z) raxas, uro |z -y, ,(z) < J, 6 > 0.

B kauecTBe METOIOB BOCCTAHOBJIEHNST PACCMOTPHUM BCEBO3MOKHBIE OTOODAKEHMSI

e(y) = (1(y), 02(y), - - -, on-1(Y)), YY) : lop(Z) = lopn(Z), 1 <k <n—1.
[Monoxum A = (A1, Ag, ..., Ap_1).
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ITorpemninocThio MeTOIA (0 HA30BEM BEJIMYHHY

n—1
W RA.6.0) = Ak — 2
eWsh ) xewghsvgle)m(z), ;pkH e s%(y)HzM(Z)

=yl 5, (2)<S

rie p = (p1,p2,---,Pn-1), Pk = 0, 1 < k < n — 1, — Becoble KOIDDUIMEHTDI,
BapbUPYs KOTOPHIE MOYKHO OTAABATH MPEANOUTeHIe 60/Iee TOYHOMY BOCCTAHOBJICHUIO
oneparopa Kakoh-mb0 pPa3sHOCTH.

[TorpermHoCcThI0 ONTUMATBLHOTO BOCCTAHOBICHNUST HA30BEM BEJIMUNHY

E(WQJL’ = 5) B @ l2,h(Z)1£1>f12,h(Z))n 6(W27h, A, 9, (‘0) )

MeTOﬂ; (57 Ha KOTOPOM JOCTUTAECTCA HUKHAA T'DaHb, HA30BEM ONTUMaAJJIBHBIM METO-
oM [2, 3.
Teopema 1. IIycts k,n € N, 1< k<n—1mud > 0. Torma

n-1 2(n—k) 1/2 R\
k=1
1/2

n—1 2 2k h "
5 - d - .

£n(i) ) <)
Ilpr § < (%)n meror P(y) = Afy apngerca omrmvampmpm. Ilpm § > (%)n BCE
merorsr P (y) = AFF =Y ay(w)Fy(w)), re

_ /)\\1+9k(w) o) — 4Sin2w7h
A+ )\Qtn(W)’ h? ’

ag(w

a O (w) st mouTH Beex w yIOBI€TBOPSIIOT YCJIOBHIO

n—1 n—1
2 o~ ~ ~ ~
D prtF (W) [0k(w)]” < M Xt (w) [ A+ Aot (w) = ) pet*(w) |,
k=1 k=1
B KOTOPOM
n—1 . k n—1 k .
A\ = 25 (12 Ny = A
= me (12 8) R= Y e
k=1 k=1
SABJIAKOTCA OINITUMAJIBPHBIMHA.
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2-LOCAL ISOMETRIES ON NON-COMMUTATIVE LORENTZ SPACES

V. I. Chilin
(Uzbekistan, Tashkent; NUUz)

Let M be a von Neumann algebra on Hilbert space H equipped with a faithful
normal semifinite trace 7 (see, for example, [1]), and let 1 be the unit in M. A linear
operator x : ®(x) — H, where the domain ©(z) of x is a linear subspace of H, is
said to be affiliated with M if yz C zy for all y € M’, where M’ is the commutant
of M. A linear operator x : ®(x) — H is termed measurable with respect to M if
x is closed, densely defined, affiliated with M and there exists a sequence {py}>>
in the lattice P(M) of all projections of M such that p, 1+ 1, p,(H) C D(x) and
1 —p, is a finite projection (with respect to M) for all n. The collection S(M) of all
measurable operators affiliated with M is a unital x-algebra with respect to strong
sums and products.

Let = be a self-adjoint operator affiliated with M and let {e”} be a spectral
measure of z. It is well known that if x is a closed operator affiliated with M with
the polar decomposition = = wu|z|, then u € M and e € M for all projections
e € {el*l}. Moreover, x € S(M) if and only if z is closed, densely defined, affiliated
with M and el®l(\, 00) is a finite projection for some A > 0.

An operator z € S(M) is called 7-measurable if there exists a sequence {p,}>>
in P(M) such that p, T 1, p,(H) € D(z) and 7(1—p,,) < oo for all n. The collection
S(M, 1) of all T-measurable operators is a unital x-subalgebra of S(M). It is well
known that a linear operator x belongs to S(M,7) if and only if z € S(M) and
there exists A > 0 such that 7(el*l(), 00)) < oo0.

The generalized singular value function p(z) : t — p(t; ), t > 0, of the operator
x € S(M, ) is defined by setting

p(t; z) = inf {||lp|| : p € P(M), 7(1 —p) <t} =inf {s>0: 7(e"(s,00)) < t}.

Let ¢ be an increasing concave continuous function on [0, co) with ¢(0) = 0, and
let

Ap(M.7) = { € S(M7) s [l = [ e dott) < oo}
0

be the corresponding non-commutative Lorentz space (see, for example, [2]).
It is known that in the case 7(1) < co every surjective isometry

Vi Ap(M, 1) = Ap(M,7)

has the form
V(z)=u-®(x)

for all x € A,(M,7), where v € M is an unitary operator and ® : M — M is
a Jordan isomorphism [3, Theorem 5.1].
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Let (X, ]|-||x) be an arbitrary complex Banach space. A surjective (not necessarily
linear) mapping 7: X — X is called a surjective 2-local isometry [4], if for any
z,y € X there exists a surjective linear isometry V., on X such that

T(x) - Vx,y(x) and T(y) = Vm,y(y)'

It is clear that every surjective linear isometry on X is automatically a surjective
2-local isometry on X. In addition,

T(Az) = Vyaz(Az) = AV () = NT'(2)

for any x € X and A € C. Thus, in order to establish linearity of a 2-local isometry T',
it is sufficient to show that T'(z +y) = T'(z) + T'(y) for all z,y € X. Since

IT@) = TWx = Ve @) = Ve Wl x = 2 =l

for any x,y € X, it follows in the case a real Banach space X (see Mazur—Ulam
Theorem [5, Ch. I, §1.3, Theorem 1.3.5]) that every surjective 2-local isometry on
X is a linear. For complex Banach spaces, this fact is not valid.

Using Theorem 5.1 [3] and repeating the proof of Theorem 5.3 [6], we obtain
the following description of surjective 2-local isometry on non-commutative Lorentz
spaces.

Theorem 1. Let M be an arbitrary von Neumann algebra with a faithful normal
finite trace 7, and let (A,(M,T),| - ||,) be a non-commutative Lorentz space. Then
every surjective 2-local isometry on A,(M,T) is a linear isometry on A,(M,T), that
is, there exist an unitary operator v € M and a Jordan isomorphism ® : M — M
such that

V(z) =u-®(x)

for all x € A,(M,T).
In the case when an algebra M is an algebra B(#) of all bounded linear operators,
acting in Hilbert space H, the version of the Theorem 1 was obtained in [6].
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O PABHOMEPHOI OT'PAHUYEHHOCTU CYMM ®YPbBE — SIKOBU
B BECOBBIX ITPOCTPAHCTBAX JIEBETA
C IIEPEMEHHBIM ITOKABATEJIEM

T. H. IITax-9mupos
(Poccust, Maxauxana; JTHIT PAH)

[Iycrs p = p(z) > 1 — usMepumas CyIIeCTBEHHO OrpaHuYeHHast (DYHKIWsI, 3a-
manmas ma mMuoxectse E = [—1,1], u(z) = p(z, o, B) = (1 — 2)*(1 + 2)? — Becosas
dyukmums. Crexysa pabore [1], gepes Lﬁ(x)(E) 0003HAMNM IPOCTPAHCTBO (DYHKIMIA,
n3MepuMbIX Ha F u Takux, 9T0

f(2) p(z)

(07

Hf”p(-),u(E) = inf {04 >0: / ,u(x) dr < 1} < 00.

E

Hamee, qepe3 P(FE) 0603HAYMM KJIaCC MEpEMEHHBIX MoKasareseil p = p(x), s Ko-
TOPBIX BBITOJTHEHBI CJIETYIONIAE YCIOBUS:
1) ycnoue duan — JIummwma:

Ip() — p(y)] < ——2

1
<————, |lz—y|<5, d>0, z,ycE;
—In|z —y| 2

2) p([=1,1]) = minge—1 qp(x) > 1;

3) miast p HafigyTcs TakMe MOJIOKHUTeNbHBbIE (CKOJIb YIOAHO MaJble) YUC/Ia
0i = 0i(p) (1 = 1,2), uro p(z) = p(—1) mpu = € [—1,—1+ &1] u p(z) = p(1l) npn
T € [1 — 09, 1]

Oyukuun f € Lﬂ(x)(E) conocrapnM psag Pypre — Axobm:

fo Y PP (), (1)

k=0

rie
1
£ = [ 1P wnte) .
1
Yacruunyio cymmy psna (1) oboznaunm gepes

SeO(f) =3 1P PP (),
k=0

B paGore [2] npu o, 8 > —% 6BLIO MOKA3aHO, UTO NOJMHOMBL AK06u P B obpaszyroT

)

. B macrosimieit pabore MbI uccaeayeM 3agady O Oa3mc-

HOCTW CHCTEMBI TTOJMHOMOB IK0OM B Lﬁ(x)(E) ost corydast, kKorga —1 < a, 8 < —%

p(x
6asmuc B mpoctpaHcTBe Ly,
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u p(x) € P(E). OCHOBHBIM Pe3yJIbTaTOM HACTOsIIEH PabOThI SBIAETCS CJIeLYIOIIAsT
TeopeMa.

Teopema. Ilycts

<< g, ple) = plr0,8) = (1- )1+ 2)’,

peEPE), 1<p(l)<oo, 1<p(—1)< 0.

Torma

Hss’ﬁ(f)Hp()’u(E) < C(avﬁvp) Hf”p()uu(E)

JIuteparypa

1. IMapamymuros H. . O Toromoruu mpocrpanctsa LP™M ([0,1]) // Mar. 3amerku.—1979.—T. 26,
Ne 4. —C. 613-632.

2. ITapamymuuos U. H., Illax-Ovupos T. H. Cxomumocts psagos @Pypbe 1o mosmaomam Akobu
B BECOBOM TIpPOCTpaHCTBe Jlebera ¢ mepeMeHHBIM MoKazaresaeM // JlarecTaH. 3JeKTPOH. MarT.
u3B.—2017.—Bpm. 8.—C. 27-47.
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ITopsaakoBelii aHaIN3 U CME>KHbIe BOIIPOCHI MAaTEMAaTUYECKOro MOJAEJIUPOBAHUS:
Te3uchl MOKIa0B XV Mex mynapoanoit mayanoii kordepernun (c. Lleir, 15-20 mioms 2019 r.)

[MOYTN MHBEKTUBHBIE PACIHINPEHUSA ITPOCTPAHCTB ®PEIIE

M. A. Illy6apun
(Poccust, Pocros-na-nony; ODY)

1. [Tycts K — xareropusi, 00beKTaMu B KOTOPOU SIBJISTIOTCsT TpocTpancTBa Pperire
u MOpduU3MaMu — TPOU3BOJIBHBIE JIMHEHHBIE HEITPEPBIBHBIE OEPATOPHI, AEHCTBYIO-
mue B 9Tux npocrparcTBax. O0bekT sroit kareropun X wazweBaior [1, ¢. 14] (o Tep-
muHosiorun A. TTuaa [2, n. C.3.1] aTo npocrpancTBo 0bs1aaer CBORCTBOM paciinpe-
HIsT) THbEKTUBHBIM OOBEKTOM B KaTeropuu K, eC/Ii BBIMOTHSIETCS CIeIYIOIIee YCI0-
BUWE: IIJIsT TPON3BOIBHON mHbeknnn J : By — E u 1106010 mpon3BoIbHOTO MOPMU3MA,
So : By — F cymecrByer jimHeitHbIil omeparop S : E — F takoii, uto Sy = SJp.

[IpocrparncrBo ®@pemte X HA3BIBAIOT WHBEKTUBHBIM PACIIMPEHUEM MTPOCTPAH-
crBa Xq, eciin Xy m3omopdrOo moampocTpancTBy B X u X ABISIETCHS WHBHEKTUBHBIM
obbekToM Kareropun K. Hakower, roBopsit, uTo B Kareropuu X MHOIO WHbHEKTHB-
HBIX 00BEKTOB, €C/IU KAXK I 00HeKT 9TOH KaTeropuu n30MopdeH MOAITPOCTPAHCTBY
B UHBEKTUBHOM OOBEKTE STO¥ KATETOPHUH.

[TpuMEP 1 [2, . C. 3.1]. Ilycrs K — kareropus 6aHaxoBeix mpocTpancTs. [IycTs
X — 6anaxoso mpoctpancTBo. Yepes X := [, (U°) 0603HaUNM MHOMKECTBO OTa-
HUYEHHBIX (DYHKIWIL, OnpeaesieHHbIX Ha mosiape U° equuanunoro mapa U B X. Hopma
B X" onpenensiercss pasencreom: |[ul| := sup{|u(z’)| : 2’ € U°}. Tocrpoernoe mpo-
CTPAHCTBO SIBJISIETCS MHBbEKTUBHBIM paciiupenne npoctpancrsa X . CremoBaTebHO
B KaTeropmmn 6aHa.XOBbIX TTPOCTPAHCTB MHOTO MHBEKTUBHBIX O6'])€KTOB.

[TpuMEP 2 [1, §4]. Ilycrs K — kareropus npocrpancts @perne B [1] gokasbiBaer-
Csl, 9TO B TOIl KATErOpHn MHOTO MHbHEKTUBHBIX 00beKTOB. Bosee roro, B [3| maercs
IIOTHOe ONMCAaHWEe MHBLEKTUBHBIX O00BLEKTOB B 3Toil KaTeropmu. CienyeT OTMeTHTS,
9TO B MHBHEKTHBHBIX pacimmpennsx npocrpancrs @perrre, nocrpoennsix B [1, 3|, Her
HelpepLIBHBIX HOPM.

2. B pmokmame paccmarpuBaioTcs mpocrpaHcTBa Ppeirie, 0b6agar0MIMe PIIOM
CBOMCTB MHBEKTUBHBIX lf)aCH_[I/Ilf)eHI/II‘/’I7 HO HE ABJIAIOINNECA TAKOBBIMH. 9TI/I TpOCTpaH-
CTBa peain30BaHbl KAK BECOBBIE MPOCTPAHCTBA (DYHKIHI, ONpeIeseHHbIe B 06/1acCTh
" Ha3BaHHBIE aBTOPOM (B CJIy9a€ BBIITIOJIHEHUA PLATa JOIMOTHUTEIbHBIX yC.}'IOBHfI) «TIO-
YTH WHBEKTUBHBIMU PACIHIUPEHUSIMU TpocTpancTBa Pperies.

[Tycts D — obnacrs B GamaxoBoMm mpoctpanctBe n F = (F,) — cuerHoe ce-
MeiicTBO HempepsIBHBIX dyukimit F), : D — R. Yepes C(D,F) 0603HaIAM MHO-
JKeCTBO HempepbiBHBIX dyHKIUA f : D — R, 179 KOTOPBIX KOHEUHBI BCE HOPMBI
|FIC(D. F)llp := supyep | (z)]e= ).

OTHOCUTETBHO TOMOOHBIX MPOCTPAHCTB MPECTABISET WHTEpEC HANUTH OTBET HA
CJIETYTOTIIIE BOTTPOCHI.

1) Ilpu Kakux yCaoBHAX TPOCTpaHcTBO Pperre m30MOPGOHO MOIIPOCTPAHCTBY
B C(D,F). D1u yciosusi GOPMYINPYIOTCs B TEDMUHAX OTHOCUTEILHOTO TIOMOTHEHUST
npoctpancTBa Pperre.
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2) Kakue MHTEPIOIAIMOHHBIE CBOWCTBA MpocTpancTea Pperre HACTEAYIOTCS €ro
MOYTH WHBHLEKTUBHLIME PACITUPEHUIMU. B IOKIaje MpearnosaraeTcs pacCMOTPeHne
YCJIOBHI IPUHA/JIEKHOCTH TTOYTH WHHbEKTUBHOTO pacIIupenust npoctpancTea Pperre
Kaaccam mpocrpancts (Dj) u (), j = 1,2.

3) IIpu KAKWX yC/IOBUSAX BBIMOJHSAETCS CJIEIYIONIEe YCJIOBUE: JIIS MTPOU3BOIBLHO-
ro mpoctpaHcTBa (perie Y wu j0boro gumHeiHoro omeparopa Sp @ Xo — Y cy-
mecrByer JmHelHbIi orneparop S : C(D,F) — Y rakoit, uro Sy = SJy (31ech
J : Xog = C(D,F) — msomopdusm mpocTpancTsa Xo U MOAXOSIINErO TPOJIIPO-
crpancrea B C(D, F)).

JIureparypa

1. ITanamomos B. II. T'omosormeckue METOABI B TEOPUH JIOKAIHHO BBIILYKJIBIX IIPOCTPAHCTB //
VYemexu mar. mayk.—1971.—T. 26, Ne 1 (157).—C. 3-65.

2. IImg A. Oneparopusie naeaas.—M.: Mup, 1982.—536 c.

3. Teitrep B. A. O npoeKTUBHBIX 0OBEKTAX B KATETOPUH JIOKATHHO BBITYKJIBIX TPOCTPAHCTB //
Oywukr,. anaan3 u ero mpmi— 1972.—T. 6, Ne 2.—C. 79-80.
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ITopsiakoBeIii aHAIN3 U CME>KHbIe BOIIPOCHI MAaTEMATUYECKOro MOJEJIUPOBAHUS:
Te3uchl MoKIa0B XV Mex mynapoanoit mayanoit kordepernun (c. Ileir, 15-20 mioms 2019 r.)

O IUJTATAIONN KOBAPMAHTHBIX
BITOJIHE IIOJIOKUTEJBHBIX OTOBPAYKEHUI

4. B. Dabcaes
(Poccust, Bragmkaskas; FOMI BHIT PAH)

Brionre momoxuTenbHbBIE OTOOPAaXKEHUST B OMEPATOPHBIX aaredbpax W MOIYIIX B
[OCTIeZIHIE TOJBI BCe OOJIBINE NMPHBIEKAIOT BHUMaHWe nccienosareneii (cm. [1-3]).
[Tpuunna sToro denomeHa COCTOMT B TOM, UTO JAHHBIN KJIACC OTOOPAKEHU wuC-
MOJTH3YETCS B TEOpUM KBAHTOBON WHMOpMAINU U KBAHTOBBIX BhIYUCIeHUit. B j0-
KJIaJIe PACCMATPUBAIOTCS IOy TOPAINHEHHbIE (DOPMBI, OTIPEIeIeHHbIe Ha, TeKapTO-
BOM KBajpare ruiabbeproBa C*-momyns M nag C*-anrebpoit B u npurmMaonine
suadenne B aaredpe B. MuoxkecTBO Takmx MOJIyTOpaanHEHHBIX (HOpM 00603HATALT-
et Sp(M). PaccmarpuBaioTcss KOBapUaHTHBIE, OTHOCUTENIBHO JIEHCTBUS HEKOTODPOW
TPYIIBI CAMMETPHN, BITOJIHE TOJIOKUTETHFHBIE 0TOOPAYKEHNsT, 33/ TaHHbIE HA YHUTAb-
HO#t JioKaabHO C*-anrebpe A n npuanmaromme 3nadenvie B Sp(M). Janubiii kiace
0TODpaKeHMT MOXKHO WHTEPIPETUPOBATH KaK 0D0DOINEeHWe KOBAPUAHTHBIX KBAHTO-
BBIX WHCTPYMEHTOB, IMHPOKO MPUMEHSIEMBIX B COBPEMEHHO KBAHTOBON MEXaHWKe 1
KBaHTOBOII Teopuu 1mojig. B mok1aje npecTaBaeH pe3yabTaT O JUIATAIUN I YKa-
3aHHOTO KJIACCA OTOOPAYKEHMUIA.

Teopema. ITycts A — yauraabuas jgokanbaas C*-aarebpa, M — ruapbeproB
C*-monynw Hajg yauTaapaoi C*-aaredbpoit B, G — rpynmna, n — xeiicreue G Ha A,
U — mpencraBienne G B M nu ® : A — Sp(M) — (n,U)-koBapuanTHOe, BroIHE
noioxkuTebHOe oTobpaskenne. Torna cymectsyitor ruabbepros C*-moxyns N nas
anrebpoii B, mumeiinsrii omeparop D : M — N, npeacrapiaenme U : G — Up(N)
n #-romomoppusm ™ 1 A — Lp(N) rakwme, uro mma moberx u,v € M, x € A
BBIIOJTHAIOTCS YCJIOBHUA:

DN = [x(A)DM)];
2) @, (u,v) = (Du,n(x)Dv), u,v € M, x € A;

) @
3) DU(g) = U(g)D st moboro g € G
4) U(g)m(z) = (m on(g)(x)U(g) mra mobrix g € G, x € A.

Jlureparypa

1. Kammanyenko A. B., Mammes U. H., ITimes M. A. MomayabHble Oy TOpaIHENRHBE (HOPMBI
u o6obmentoe mpezcrasienne Crafincnpunra // W3s. By3os. Maremaruka.—2018.—T. 62,
Ne 12.—C. 50-59.

2. MaJsmes U. H., ILmues M. A. O npeacrasiennu tuma CTaffHCIPUHTA /IS OMEPATOPOB B THJIb-
GepTOBBIX MOIY/IAX HAJ JoKaabHbIME C~-anreGpamu// 3s. By3os. Maremarnka.—2012.—
T. 56, Ne 12.—C. 51-58.

3. ILmmes M. A., ILlorranos U. /I. O npencrasnaennn tumna CraiiHCIpUHTa 17151 n-HAGOPOB BIIOJIHE
OJIOKUTENBHBIX 0TOOpaXkeHuii B rubbeproseix C*-moxynsix// 13s. By3os. Maremarnka.—
2014.—T. 58, Ne 11. C. 41-49.
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Ceknusga 11

JndpdepennuajabHbIe
11 MHTerpaJjibHble YpaBHEHUS



IlopsiAKOBBIN aHAJIN3 U CMEeXKHbIe BOIIPOCHI MAaTEMaTUYECKOTr'0 MOJIeJINPOBaHMS:
Te3uchl Mokaam0B XV Mex nynapommoit mayanoit kordepermnuu (c. e, 15-20 uona 2019 r.)

XAPAKTEPUCTNYECKAS 3AJAYA J1JI51 HATPY2KEHHOT'O
IMIMEPBOJIMYECKOT'O YPABHEHUW A

A. X. ArraeB
(Poccus, Hambunk; UTIMA KBHIT PAH)

Jlok/ia MOCBSIIIEH WUCC/IEIOBAHUIO HATPYKEHHOTO TUIepOOIMIecKoro ypaBHe-
Hust [1, 2] ¢ oHOMEPHBIM BOJIHOBBIM OTIEPATOPOM B IIaBHOI vacTi. Harpyska pacrpo-
CTPAHSIETCS BIOJIBb Maphl IEPECEKAIONNXCI XapaKTEPUCTUK C IIOCTOTHHOM CKOPOCTBIO.
Haiinensr ycmoBust ogHO3HATHON pa3pemumoctn 3aaadu Ko ¢ manabivu Ha J1I000#
13 XapaKTepUCTUK W TMTOCTPEHO TBHOE MPEICTABIEHNe PEITIeHNs NCCIeTyeMOil 3a/Tad.

JIuteparypa
1. Haxymes A. M. Harpy»eHuble ypaBHeHus n ux npuiaoxenns.—M.: Hayka, 2012.—232 c.

2. Ixemammes M. T., Pamazamos M. H. Harpyxemnnbre ypaBHeHUs KaK BO3MyTIeHus audde-
pennmababx ypasHeruit. —Amarer: Feuibiv, 2010.—334 c.

103



ITopsiakoBeIii aHAIN3 U CME>KHbIe BOIIPOCHI MAaTEMATUYECKOro MOJEJIUPOBAHUS:
Te3uchl MoKIa0B XV Mex mynapoanoit mayanoit kordepernun (c. Ileir, 15-20 mioms 2019 r.)

OB O/IHOI HEJIOKAJIbHOITI KPAEBOI 3AJTAYE J1J1s1 HATPYKEHHOT'O
YPABHEHUSI BJIATOIIEPEHOCA JIPOBHOI'O IIOPSIJIKA

M. X. BemrTokos
(Poccus, Hambunk; UTIMA KBHIT PAH)

1. IlocTaHOoBKa HEJIOKAJBHON KpaeBoil 3aaavuu

B samxryrom mammHape Qp = {(x,t) : 0 < 2 < 1,0 <t < T} paccMoTpum HeTo-
KAJbHYI0 KPAEBYIO 33/[a4y JJIsT HATPYKEHHOTO MCEB0MNapaboInIeCKOTO YPaBHEHUS
¢ apobmoii mpomnspoanoii Kamyro mopsaaka a:

o« 0 ou 0 ou ou
= 5 (K5 ) + 86 5 (o) 5e ) + 1ot

—q(z, )u(xo, t) + f(z,t), 0<z<l, 0<t<T,

I1(0,t) = B(t)u(0,t) — 1 (t), 0<t<T, (2)

!
O, [ule.t)de = a0, 0<i<T, (3)

0
u(z,0) =up(z), 0<z <, (4)

e

0 <eo <Kz, t),n(z) <er, gz, Ol [r(, 0], [rz(z, 0], [ke(2,8)] < 2, (5)
g = 1 ) Io ! ug(ﬁ)Ta dT — npobnas nmpon3soanaa B cMeicTe I'epacnvona — KamyTo

TTOPSAIKA, a O<a<l, ¢,i=0,1,2, — mosokuTeIbHBIE TOCTOIHHBIE UNCJIA.

B nanbreiiem 6y;[eM npesmnosararh, 9to 3agada (1)-(4) nmeer egmHCTBEHHOE
perrenne, 00/1aIA10IEe HY KHBIMU 110 XOJy M3/I0KEHUs] MPOM3BOJAHBIMU. Byzem Tak-
K€ CUUTATh, 9TO KO(DDUITMEHTH! yPABHEHUST ¥ TPAHUIHBIX YCJIOBHH YIOBIETBOPSIOT
HEOOXOMMBIM T10 XOJIy U3JIOKEHUS YCJOBUSAM [JIAJIKOCTH, OOECTIETMBAIONINE HY JKHBII
MOPSAJIOK ATMPOKCUMAIIAN PAZHOCTHON CXEMBI.

2. AnpuopHag olieHKa B auddepeHnnaabHoii popme

g mony4uenust anpuopHoii onenku pemenns 3agaqan (1)—(4) B muddepentmars-
HOIT (hbopMe BBeJieM CKaISIPHOE MPOM3BEIEHNE U HOPMY B CJIEAYIOIIEM BHJIE:

07

l
(a,b) = /abdx, (a,a) = Ha| 2
0

rae a, b — sazannbie Ha [0, 1] dyHKIMA.
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YmuoxkuM ypaprerue (1) ckajasipHO Ha u:

(05w, u) = ((kug)z,u) + (95 (Nua)e, ) + (rus,w) — (qu(zo, t),uw) + (f,u).  (6)

[Monp3ysick HepasencToM Komu ¢ ¢ [1, ¢. 100], semmoii 1 u3 2], mocte HECT0K-
HBIX npeobpazosanuii u3 (6) ¢ yaerom (2), (3) nHaxomum

iy oy + e llg < Mallully o) + M2l £ (7)

e 2y . = Il + s 2
[Ipumenss k obenm wactam (7) omeparop jgpobHOro mHTErprpoBanua D", Ha-
XOAUM

el 0.+ Dor sl < M5 D5l 0.0+ M (D15 + o @) g0 ) (8)

rae Ms, My — 1oaoKuTeIbHBIE YACTA, 3aBUCAIINAE TOJIBKO OT BXOJHBIX JAHHBIX 3a-
masn (1)-(4), Dg,%u = ﬁ f(f (t_zi% — apobusbiit maTerpan Puvana — JInysuiis
nopgaaka «, 0 < a < 1.

Ha ocrosannu [2, nemma 2| u3 (8) HaXoAuM AlPUOPHYIO OIEHKY

2 _ 2 _ 2 2
HUHW21(0,1) + DOtaH“zHo S M(DOtaHfHo + H“O($)ng(o,z))’ )
roe M — monoKXuTeabHAas MOCTOSHHAS, 3aBUCAINAA OT BXOAHBIX JAHHBIX 3a7a-
an (1)—(4), Dy “u = ﬁ fg % — JipobHbBIi mHTerpas Pumana — JInysuiaa

nopsaka o, 0 < a < 1.

Teopema. Ecmn k(x,t) € CY9(Qr), n(x) € CY0,1|, r(x,t),q(x,t), f(x,t) €
C(Qr), u(x,t) € CCO(Qr) N CHNQr), dsu(z,t) € C(Qr) u BHITOMHEHB YCIO-
Bus (5), Torna ams pemenns 3agaqn (1)—(4) copasemqnsa anpuopHast onenka (9).

3 anpuopmoii onenkn (9) Caeayl0T eIMHCTBEHHOCTH W HENPEPHIBHAS 3aBHUCH-
MocTh pemnternst 3aa9u (1)—(4) or BXOAHBIX JAHHBIX B CMBICJIE HOPMbI

llly = lwllg 0. + Dol

JIuteparypa

1. Camapckmii A. A. Teopus pazHocTHBIX cxem.— M.: Hayka, 1983.
2. AnmxanoB A. A. AupuopHble OIEHKU DENIeHWI KPAeBbIX 3329 JJjid yPaBHEHWH JIPOOHOrO

mopsinka // dud. ypasrenns.—2010.—T. 46, Ne 5.—C. 658-664.
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ITopsiAKOBBIl aHAIU3 U CMEXXHbIe BONPOChl MATEMATUYECKOTO MOJEJTUPOBAHUS:
Te3uchl mokaam0B XV Mex nynapommoit mayanoit kordepermnun (c. e, 15-20 uona 2019 r.)

0O KOOOUIMEHTHBIX OBPATHBIX 3AZTAYAX TEILJIOITPOBO/IHOCTHA
JJId ©YVHKIIMOHAJIBHO-TPA/IMEHTHBIX MATEPUAJIOB

A. O. Baryusbsin (Poccusi, Pocros-na-/lony; FODY),
C. A. Hecrepos (Poccusi, Brannkaskas; KOMI BHII] PAH)

CrioucTbie KOHCTPYKIUH TUPOKO TTPUMEHSIIOTCS B PA3JIMIHBIX 00JIACTIX TEXHUKMA.
OOBIYHO CIOMCTHIE KOHCTPYKIMH U3TOTOBISIOT U3 OMHOPOSHBIX MaTepraaoB. OgHAKO
B IIOCJIeHEe BPEeMs s 3aJaHs KOHCTPYKITHN HeOOXOINMBIX CBOMCTB OIUH U3 CJIO-
€B BCE Jallle N3roTaBIMBAIOT 13 (DYHKIMOHATBHO-TPaneHTHbIX Marepuaaos (OT'M).
[Ipu 5TOM B CHIY CJA0:KHOCTH M3TOTOBJIEHHS, KOHCTPYKITUN B COCTaB KOTOPBIX BXOIAT
OI'M, HEoOX0IMMO HCC/IeM0BATH HA COOTBETCTBUE TOJIYIEHHBIX U TPEOYEMBIX 3aKO-
HOB M3MEHEHMS TeIIO(MU3UIECKUX CBONCTB. B caydae HEOTHOPOIHBIX MATEPHAJIOB
TeTIOPU3NIECKIE XAPAKTEPUCTUKNA MOYKHO OMPeIeInTh TOIBKO W3 PEerTeHust Koad-
dunmentreix 06parHBIX 3amau (KO3) remmonposoguoctu. VneHTuduKaImio Temmo-
GUBUIECKUX CBOWCTB CJIIOUCTHIX U (PYHKIMOHAIBHO-TPAIUEHTHBIX MaTePHUAJIOB WC-
ciaemoBaan BO MHOrmX paborax. Hambosiee pacmpocTpaHeHHBIH MOAXOM K PEIIeHIIO
KO3 remnonpoBogHocT Jjisi HEOLHOPOAHBIX MAaTEPUAJIOB OCHOBAH Ha IMPUMEHEHUH
XOPOIIIO cebsT 3aPEKOMEHIOBABIINX NTEPAIMOHHBIX aJIrOPUTMOB. B TOXe Bpems pas-
pabaTHIBAIOTCA M aJbTePHATUBHBIE METOIbI PEIICHMU.

[Tocrapmena kKoadduimeHTHasT 0OpaTHasT 33/1a9a TETLIOTTPOBOIHOCTA 00 OnpeIe-
JIEHNH TeII0(U3NIECKAX XaPAKTEPUCTHK (DYHKIMOHAILHO-TPAINEHTHON YaCTH JBY-
COCTABHOTO CJ10s1. Bxo 1m0 nHbOpMAaImeil CayKarT TaHHbIe U3MEPEHNT TEMIIEPATY PhI
Ha BepxHeil rpamn ciod. ITocae mpeobpasoBanns Jlammaca u obe3pasMeprBaHUS IPsi-
Mas 3a/1a9a, TeIJIOIMPOBOIHOCTH PENIaeTCsd Ha OCHOBE TMPOEKITMOHHOrO MeToma Lasrep-
kuHa. 1 perennst oOpaTHOM 3a1a9n MPUMEHSIOTCA aBa moaxoaa. IlepBeiil moaxom
OCHOBaH Ha TIPUMEHeHWN ajredpamn3aimn. BTopoit momgxom siBIsSieTCsT PAa3BUTHEM pa-
Hee pa3pabOTAHHOIO UTEPANMOHHOTO MOIX0a, HA KayKIOM IITare KOTOPOTO PeIraeTcs
nnarerpaJpHoe ypasueane @pexronsma 1-ro posa.

[IpoBeeHbl BHIYNCINTEIbLHBIE SKCIEPUMEHTEI TI0 BOCCTAHOBICHIIO PA3IHIHBIX 32~
KOHOB M3MEHEHNS TeILI0(MU3NIECKAX XapPAKTEePUCTHK. [aHbl MPaKTHIECKNe COBETHI
10 BEIOOPY BPEMEHHOTO MHTEPBAJIA IO CheMy JOMOJTHUTEIbHON nHpopMarmu. [Ipose-
JIEHO CpaBHEHHE NBYX MPEIJIOKEHHBIX MTOJXO0I0B. BBISICHEHO, YTO B CAy4ae MOHOTOH-
HBIX (DYHKIUIT MeTOT aarebpan3amiy MO3B0JIsIeT TPOU3BOAUTD UICHTU(MUKAIIIO TEell-
JOPU3NIECKUX XAPAKTEPUCTUK C MEHLIIMMI BO MHOTO pa3 3aTpaTaMy MAaIlHHHOTO
BPEMEHU 10 CPABHEHWIO C UTEPAIMOHHBIM MOAXOAOM. JIIsT HEMOHOTOHHBIX (DYHKITHIT
OJIy9EHHOE METOMOM AJreOpam3alinyd PeIleHne MOXKeT CIyKHATh HAYaJIbHBIM IIpH-
OTMKEeHNEeM B WTEPAIMOHHOM TTPOIECCE.
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ITopsaakoBelit aHaIN3 U CME>KHbIE BOIIPOCHI MAaTEMAaTHYECKOro MOJEJIUPOBAHUS:
Te3mchl MoKIa0B XV Mex mynapoanoit mayanoit koudepernun (c. Lleir, 15-20 uioms 2019 r.)

O ITOYTHU NEPUOINYECKNX HA BECKOHEYHOCTU PEINIEHUAX
JUOOEPEHIINAJIBHBIX YPABHEHUIT

. A. Boicoukas
(Poccust, Boporex; BI'VY)

[Iycrs Cy(J, X) — 6aHaX0BO MPOCTPAHCTBO HEMPEPBIBHBIX OTPAHUIEHHBIX (DYHK-
HHﬁ, OTIpeICJICHHBIX Ha q]] CO 3HAQUYEHUdIMU B KOMIIJIEKCHOM 6aHa.XOBOM TpOCTpaH-
cre X.

BaMKHyTOE MOAMPOCTPAHCTBO PABHOMEPHO HEMPEPHIBHBIX OMPAHNYICHHBIX (DYHK-
it obozmatmm wepe3 Cp o, (I, X). Yepes Cy(J, X) obosmaumm (3aMKHYTOE) MOAIPO-
crpanctso byukimii © € Cy(J, X), ucuesaronmx Ha HECKOHETHOCTH, T. €.

lim |[z(t)] =0, z € Cy(J,X).

[t|—o0
B npocrpancree Cy(J, X) paccmorpum oreparopsb! caBura
S(t): Cp(J, X) = Cp(J, X), (S@t)x)(r) =x(r+1t), 7€l tel, xe€Cl,X).

Oyukmmio z n3 Cp, (R, X) nazosem unmezpasvhio ybuisatowets na beckonewno-
cmu, ecJn

a—o0 (X tel

lim 1 Sup/ |z(t + s)||ds =0,
0

u 6ymem o6o3uataTs cuMBOIOM Cp int = Cp, int (J, X).

OnpeEAENEHUE 1. Janee cumsosiom Cyp = Co(R, X) o6o3naunm 3aMKHyTOE MOJI-
npocrpanctso dbyukuit u3 Ch, (R, X), obragaomnux cBoiicTBaMI:

1) S(t)x € Cp, t € R u so6oii dbyukmuu x € Cop;

2) Cy C Cy C Co,int;

3) ext € Co, A € R, e ey (t) = e, t € R.

OnpEAENEHUE 2. ®yukuust « € Cp (I, X) nassisaercs medaenno menaoueica
Ha beckoneunocmu GYHKINEH oTHOCUTENLHO ToanpocTpancTBa Co, eCan s KaxkK-
noro « € J seimosneno S(a)x — x € Co.

Ormernm, uro A. I. Backakos [1] maBas onpejesenne MeIeHHO MeHSIOMIENCst
dbyukiyn ¢ ucrnonsszosannem noanpocrpancTea Co(R, X). Croiicrea MeajeHHO Me-
HAIOmMuXCa PYHKIUA OTHOCHTEILHO moanpocTpancTsa C) TaKXKe M3yJaanch B pabo-
Tax [2-4].

OnPEAENEHUE 3. [Iycth € > 0. Uncno w € R nazbiBaercs e-nepuodom Gymnryuy
x € Cpy(R, X) Ha GeckoHeuHOCTH OTHOCHTEIBHO moampocTpancTsa Co(R, X) ncesa-
oM Ha 6eCKOHEeTHOCTH (DYHKIHI, ec/in cyiecTeyer QyHKIUA g € Cy Takasi, ITO
IIS(w)x — 2z — || < e.
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OnpEAENEHUE 4. @yukuns x € Gy, (R, X) naseiBaercss nowmu nepuodueckod
na beckonewHocmu OTHOCHTEIBHO moampocrpamctsa Cp, ecan aas moboro € > 0
MHOYKECTBO €€ £-IIEPHOJIOB Ha GECKOHEYHOCTH OTHOCUTEIBHO MmI0THO [1] Ha R.

Paccmorpum ypasuenwne
z(t+1) = Az(t) + f(t), teR,

rae [ € Cop(R,X) u A € End X. Cupasejynsa ciejyromias Teopema.

Teopema 1. ITycrs gst oneparopa A € End X Boinosneno yciaosue o(A)NT =
vi,72, s mb, e v = €™, 1 < k< NuT={\e C: |\ =1}. Torza
paBHOMEDHO HelpephbIBHOe orpaHmdeHHoe perenue T : R — X pasHoCTHOro ypas-
HEHHS IBJISIETCS HOYTH MEePHOJHICCKONH Ha OECKOHEYHOCTH (DYHKIHEH OTHOCHTEIHLHO
nognpocrparctia Co w nmeer s x(t) = S 0 x;(t)e ! t € R rre x;, 1 <i < n, —
MeieHHo MeHsouecs yaknuu [1] ornocurensuo npocrpancrsa Cy.

JIuteparypa
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TPOM H3 OJTHOPOTHBIX TPOCTPAHCTB U CTAOMIM3aNnys PenreHunii mapaboInIecKnx ypaBHeHnit //
Mar. 3amerku.—2012.—T. 92, Ne 5.—C. 643-661.
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pemennst auddepeHnaabHbIX yPABHEHUN ¢ HEOTPAHUIEHHBIMU OIePATOPHbIMU K03b durim-
earamu // Cub. mar. xypua.—2018.—T. 59, Ne 2.—C. 293-308.
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HEJIOKAJIbHAST KPAEBAS 3ATAYA /151 TUHENHOTO
OBBIKHOBEHHOI'O YPABHEHU$ C OIIEPATOPOM JIPOBHOI'O
JNCKPETHO PACIIPEJEJIEHHOTO JUOOEPEHIIMPOBAHU A

JI. X. I'ag3oBa
(Poccus, Hambunk; NUTIMA KBHIT PAH)

B unaTepBane 0 < x < 1 paccMoTpuM ypaBHEHUTE
m
> Bidhiu(x) + Au(z) = f(z), (1)
j=1

e o € )1,2[, \, 35 € R, B4 >0, a1 > ... > auy, Iy, u(z) — npomssopnas Karmy-
To [1, c. 11]:

/u(") t)(x—t)" 7 ldt, n—1<~vy<n.
0

1

dpzu(z) = m

B mammnoit pabore wccmemyercss 3aJada: HATH PEryIsipHOE DEIEHne ypaBHE-
uust (1) B uaTepsase |0, 1], yIoBaeTBopsioliee yCJIOBHIM

uw(0) = up, u(l)— Zaku(xk) =uy, zx€(0,1),
k=1

TIe ug, U1, G — 33TAHHbIE TelCTBUTETbHBIE TUCIA.
Jlokazana Teopema CyIeCTBOBAHUS W €IMHCTBEHHOCTH PEIIeHNsI, TIOJIYIeHO IBHOE
IpeJICTABIEHNE PeleHns MTOCTABIeHHON 33/ a4M.

JIuteparypa

1. Haxymes A. M. [Ipo6GHoe ucunciaenne u ero npumenenne.—M.: @uzmaraut, 2003.—272 c.
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NCCJIEJOBAHUE ITPOLIECCA TEITIOMACCOIIEPEHOCA
B AHU3OTPOIIHBIX [TPOCTPAHCTBAX CTEITAHOBA'!

B. A. TopJos (Poccusi, Boponex; BYHII BBC «BBA»),
A. B. Makaposa (Poccusi, Bopornex; BYHIL BBC «BBA»)

C mesibio CryTa)kKuBaHus N300paKeHUsT U OJHOBPEMEHHO VJIYUIIEeHUST BAXKHBIX JJI€-
MEHTOB, TAKNX KAK T'PAHUIGI, TpuMeHseTcsd audy3noHHBI MPOIEcc, B KOTOPOM
b dysust ynpaBageTcst TPOU3BOAHBIMU (hOPMUPYIOIIErocst n300pazkenust [1].

Teopema. YpaBuenme

Ju(t, )

= di D
5 div(DVu(t, z)),

u(z,0) = ¢(x)

paspemnyo B ipoctparcTax Sy (R") m mmeer mecto orenka
b

H“(tﬁ)HEﬁj(Rn) S HSOHEN—(R")'

JIuteparypa

1. Kocrur A. B. K rteopnmn ¢yuknuonansabrx mpocrpancts Cremanoa / A. B. Kocrun,
B. A. Kocrua.— Boponex: U3za-so BI'Y, 2007.—259 c.

lPaGora Bemommena mpu dumancoBoit mommepxke Poccmiickoro mHaydaroro (GoOHIA, TPOEKT
Ne 18-01-00048.
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OB O/IHOI OBPATHOI1 3AJIAYE
C HEJIOKAJIbHBIMI KPAEBBIMI YCJIOBUSAMUI
JIJI1 YPABHEHU A YAILJIBITMHA B IIPIMOYTOJIbHUKE!

C. 3. I>xamaJjioB
(V3bexucran, Tamkenr; M AH PV3)

B mporiecce nccemoBanns HETOKATBLHBIX, WHTETPATHHBIX KPAEBBIX 3a7a9 OBIIA
BBISIBJIEHA, TECHAsl B3aUMOCBSI3b C OOpaTHBIME 3ajadamu. K HacTosdiemy BpeMeHu
JTOCTATOYTHO XOPOITIO M3YUEHbl 0OPATHBIE 3aa4N I YPABHEHUI MapaboInIecKoro,
JTMITHYECKOTr0 M rurepboamdeckoro Tunos [1|. 3HauuresbHO MeHee M3ydeHHBIMU
SIBJITIOTCST OOpAaTHBIE 334U JJIs YPABHEHUI CMEIAHHOTO THUIA, KaK MepBOrO, Tak
1 BTOporo poza [2-4]. HacTuaHO BOCIOIHNUTE MOCIeAHNI TPOOET MBI U MOMBITAEMCS
B paMKax 39Toil pabornl. B mammoii pabore m0Ka3aHO KOPPEKTHOCTHL HEKOTOPOH 00-
PaTHOI 3329 C HEJIOKAJILHBIMU KPAEBBIMU YCIOBUSIME JIJIsl yPaBHEeHWsT JaribruHa
B MIPSMOYTO/TLHUKE.

B obnactu Q = (—a, 5) % (0,T) = {(z,t) : —a <z < B, 0<t<T} paccmorpum
ypaBHeHus Yarabiruaa

Lu = K(x)uy — Ugy + a(z, t)uy + c(z, t)u = f(z,1), (1)

rne 2K (z) >0mpux #0, z € (—,5), 0 < a < B.

[Tpeamonoxum, uro koaddunuentsr ypasuenus (1) mocrarouno riaagakue QyHK-
ITUN.

[Mycrs f(x,t) = g(x,t) + h(x)Y(z,t), rae g(z,t) n (x,t) — 3amannbe GyHKIWHA.

JIuneitnas o6parnast 3amaua. Haiitn dbyskumn u(z,t), h(zr), Bxogsmue B
ypasuenne (1) B obmactu (), yAOBIETBOPSIONINE HETOKATBLHBIM KPAEBBIM YCIOBHUSIM:

VDY, _y = Diul g, (2)
u‘ = u|$:B =0, (3)

mpu p = 0,1, v = const # 0, U TOMOJTHUTESTHLHOMY YCIOBHIO

r=—«

'Yutt‘tzo = Utt|t:T, (4)
7 OpUHAJJIeXKaIe KIacCy

U={(uh): ueW3Q),heWs(—a,pB)}.

lPaGora BemomHena mpu dbuHamcoBoit mommepikke mpoekta Ne OT-®4-88  Hay<wHOro rpamTa
MRU-OT-1/2017.
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CIIEKTPAJIbHBIIT AHAJIN3 OIIEPATOPHBIX ITOJIMHOMOB
N INOOEPEHIINAJIBHBIX OITEPATOPOB n-ro ITIOPAJIKA

. B. Tunenko
(Poccust, Boponex; BI'Y)

[Tycrb X — koMmILIeKCHOe GaHaxXOBO NPOCTPAHCTBO ¢ HOPMOIL || - ||, End X —
OaHaxoBa aJredpa JUHEHHBIX OIPAHMIEHHBIX OMEPATOPOB, AEHCTBYIOMUX B X .

OnpPEAENEHUE 1. ITycrs B : D(B) C Y — Z — 3aMKHYThII JMHEHBIN onepa-
Top. PaccMoTpuM ciiemyromuye yCIoBus:

1) stmpo Ker B = {y € D(B) : By = 0} oneparopa 3 — HyJsieBoe M0/IIPOCTPAHCTBO
u3 ) (omeparop B MHBEKTHUBEH);

2) pasmepnocts dim Ker B = n sapa Ker B oneparopa B momoxunrenbaa u Ko-
HEYHA;

3) Ker B — 6eckoneuanomepnoe nognpocrpanctso n3 ) (dim Ker B = 00);

4) Ker B — nonosusgemoe nognpocrparctso B D(B) (D(B) paccmarpuBaercs Kak
GaHaxOBO MPOCTPAHCTBO ¢ HOpMOil rpaduka ||z|g = ||z| + ||Bz||, z € D(B));

5) obmacts sradenwit Im B onpearopa B zamkmyta (Im B = Im B), uTo sxBuBa-
JIEHTHO TIOJIOXKUTEIbHOCTH BEJTMUUHBI (MUHUMATLHOTO MOJYJst onepaTopa 1)

_ _ Bl ]
v(B) = inf - = - ,
zeD(B)\Ker B dist(z,Ker B)  y=Bz,z¢KerB dist(z, Ker B)
rae dist(z, Ker B) = inf, cker 8 ||z — Zo||;
6) ImB # Im B (ImB — He3aMKHYTOE TOAMPOCTPAHCTBO);
7) Im B — 3amkHyTOE M0MOHSIEMOE B Z MOANPOCTPAHCTBO;

8) omeparop B pasHOoMepHO WHBeKTHBeH (koppekreH), T. e. KerB = {0} u
v(B) > 0;

9) ImB — 3amMKHYTOE JOMOJHSEMOE TIOIIPOCTPAHCTBO U3 Z KOHEYHOH KOpas-
meproctr (codimIm B = m < 00);

10) ImB — 3amMKHYTOE JOMOIHSIEMOE MOANPOCTPAHCTBO M3 Z GECKOHETHOMH KO-
Pa3ZMEPHOCTH;

11) ImB = Z, 1. e. B — CIOpbEKTUBHBII OnepaTop;

12) ImB # Z;

13) omepartop B mmeer messrit obparabii omeparop (B71); € Hom (Z,)), T e.
(B~Y),Bxz = x ana moboro x € D(B);

14) omeparop B mMeer mpaselit obpaTnbii oneparop (B71), € Hom (Z,)), . e.
B(B™Y), = Iz — Toxmectsennniit oneparop B Z u Im (B™1), = D(B);

15) oneparop B (memnpepsiBHo) obparum, 1. e. Ker B = {0}, Im B = Z (u, cremo-
BaTebHO, 110 Teopeme Bamaxa B~1 € Hom (Z,))).

Eciu gma omeparopa B BBIIOJHEHBI BCE YCJIOBUS W3 COBOKYIIHOCTH S HEIIPOTH-
BOPEYMBBIX YCJIOBUMI n3 MHOXKecTBa yciopuit Z = {1,2,...,15} (S C Z), To Gyuem
rOBOPUTD, 9TO omeparop B Haxomurca 6 cocmoanuu obpamumocmu S. MHOKECTBO
cocrosianii o6parumocTu orneparopa B 0603HaIMM CHMBOJIOM Stipny (B).
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ONPEJEJNEHUE 2. Jluneitubiii 3amMkHyTHIi oneparop B: D(B) C Y — Z na3biBa-
ercs pedzoavmosvim, eciu ero sapo Ker B xoneunomepno, obpa3 Im B 3aMkHyT 1
nMeeT KoHeuHyIo KopazMmeprocTh codimIm B. Yucno ind B = dim Ker B— codim Im B
HA3bIBAETCSA WHIIEKCOM (bPenrobMOoBa omneparopa .

Takum obpasoMm, (dpearoabmMos omneparop B HaXOAUTCA B OJHOM W3 COCTOSIHUIA
obparumocrn: {1,9}, {1,15}, {2,9}, {2,15}.

B 6anaxosom npocrpancrse F(R, X') (paccmarpusaercst ogHO n3 byHKIMOHAIb-
HBIX MTPOCTPAHCTB OMpejeneHHbix B [1]) ompenennm mud depennnaabublii omeparop
BTOPOTO TOPSIIKA

L=DYN+B,DV ' +...4By_1D + By,

¢ obmacreio onpenerenns D(L) = FN) ¢ F(R,X) — F(R,X), rae cuvsor D
obozmagaer muddepeHnuanbHbIi onepaTop, AeiicTBytonmii mo npasuay Dr = 2’ ¢
obacTbio onpenerernst F) = {z € F : x — abconorHo HenpepbiBHas DyHKIWS,
x' € F}, tne omneparoput By, Bo, ..., By mupunammexar amre6pe End F. Tax
e paceMoTpuM caemyrommmit guddepenmuamsabii omeparop L: FO(R,AN) ¢
F(R,XN) = F(R, XN), saganmerii ¢ MOMOTIBIO OMEPaTOPHOil MATPHIIET

D 1 0 0 0
0 D 1 0 0
0 0 D 0 0
L~
0 0 0 ... D 1
-By —-By-1 —By—2 ... —Bs D-B

ONPEJENEHUE 3. JIBYyCTOPOHHSS MOC/IEN0BATETLHOCTD (ty,) wmcen u3 R Ha3bI-
Baercsa donycmumoti, eCIV BBITIOJIHEHBI CICAYIOMAE CBOHCTBA:

1) tp—1 < t, mag moboro n € Z;

2) limy, 400 ty, = £00;

3) cymecrBytor uncia i > 0 u ly > 0 Takue, 9aro I <ty —tp—1 < lo Jyist TH060T0O
n € Z.

[Iycrs (t,) — momycTwMasi MOCTEIOBATENBHOCTh (B KadecTBE IMOCTIEI0BA-
TesbHOCTH () MOYKHO pacCMaTpUBaTh II0CIEI0BATEIBHOCTh b = n, n € Z)
u Fq=F(Z,X) — UpoCTpaHCTBO ABYCTOPOHHHX TMocienoBarenbHocTeir (cMm. [1]).

Onpejyiemum pasuocTrblil oneparop £,y € End Fy, 3anaunnbiit pasencrsom
(Leyza)(n) = xq(n) —U(tn, th-1) xa(n — 1), x4 € F4, n € Z,

rae U4 — SBOIOIMOHHOE CEeMENCTBO OMEePATOPOB, TTOCTPOEHHOE 0 aDCTPAKTHON 3a-
ngage Kormm.

Teopema 1. Muoxecrsa cocroguuii ooparumoctu onepatopos L, L m £y cos-
majgaror, T. €.

Stinv([') = Stinv(L) = Stinv(g(tn))

J1st JTE000F 1o1ycTuMoii 1mocsiegoBarenabHoCTH (ty,).
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Teopema 2. Oneparopnr L, L u £,y obiagator cpofictsom peironsmMosocTn
OTHOBPEMEHHO, IIPHYEM HX HHJEKCHI COBIIAJJAIOT, T. €. CIIPABEIINBBI CAEIYIOIIHE Pa-
BEHCTBaA.:

ind £ =indL =ind £,

J1st J1E000F j1orycTuMoii mocsaegoBareabHOCTH (ty,).

JIureparypa
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A PROBLEM OF DETERMINING A SPECIAL SPATTIAL PART
OF 3D MEMORY KERNEL IN AN INTEGRO-DIFFERENTIAL
HYPERBOLIC EQUATION

U. D. Durdiev (Uzbekistan, Bukhara; BukhSU),
Zh. D. Totieva (Russia, Vladikavkaz; SMI VSC RAS)

In this paper, using the method of the work [1], we focus on the inverse problem
of recovering a spatial part of a kernel in the integral term of hyperbolic integro-
differential equation. The presented results give a convenient approach for numerical
solving the inverse problem.

Consider the integro-differential wave equation for (z,y,t) € Ri

t

—Au = /k:(:c, y, Tu(z,y,t —7)dr (1)
0

Pu
ot?

with the initial and boundary conditions

ou

= =80, 2)

u|t<0 = O’

where A = aa—; + 88—;, R3 = {(z,y,t) € R® : = > 0}, &(t) is the derivative of
the Dirac function.

In view of the fact that boundary condition in (2) is generalized function and,
therefore the solution to the problem (1), (2) is understood as a linear functional over
the space of infinitely differentiable functions with compact support (test functions),
i. e, u(z,y,t) € D'(R3).

We assume that the kernel in equation (1) is represented in the form

]’C(CC,y,t) = kO(t)p(‘T’y)a (3)
where ko(t) is known function and ko(t) € C'0,00), ko(0) # 0, without loss
of generality, we set ko(0) = 1. The function p(x,y) is unknown and it can be

represented in the form of a finite Fourier series

N

p(x,y) = Y ps(w)e (4)

s=—N

with a fixed integer N > 0. Let Q (N, X, P) denote the set of functions p(x,y) for
which the coefficients ps, |s| < N, are continuous functions on the interval [0, X],
X > 0 and satisfy the conditions of boundedness:

lps(z)| < P, x€[0,X], =N <s<N.
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We note that for p(z,y) € Q (N, X, P) the solution of problem (1), (2) is a 27-periodic
function of y and can be represented by the Fourier series

[e. 9]

u(z,y,t) = Z ug(x,t)e’Y. (5)

S§=—00

Substituting functions v and %k in (1), (2) by their presentations in accordant
with (3)—(5), we make sure that the coefficients u; satisfy the following equations

2 o . t
(@ — W + m2> ’U,m(-%', t) = Z ps(x) / kO(T)um_s(x’ t— T) dT’
s=—N 0

(z,t) € RZ = {(z,1) eER?: z > 0};

ou,

U, =0, o = domd'(t), m=0,£1,£2, ..., (6)

=0

where dg,, is the Kronecker symbol.

For given functions ko(t), ps(x), s = 0,4+1,+2+, ... we call the direct problem
the problem of finding the functions u,,(z,t), m = 0,£1, £2,... that satisfy (in a ge-
neralized meaning) the relations (6).

In the present paper was studied the following inverse problem: find the coeffici-
ents pp,(x), m = 0,£1,4+24+, ..., by using the conditions

um(0,t) = fm(t), teRy, Ry={teR:t>0}, m=0,+1,4+2,... (7)

DEFINITION. Functions p,,(z) € C[0,00), m = 0,£+1,£2,..., are called a solu-
tion to inverse problem (6), (7), if the corresponding solution to direct problem (7)
U (z,t) € D'(R?%) (from the class of generalized functions, i. e., distributions) satis-
fies equalities (7) for f,,(¢t) € D'(Ry), m = 0,+1,£2,...,£N.

Theorem. Let presentation f,(t) = —0omd(t) + 0(t)gm(t), t € R, Im| < N be
valid. Moreover, let data vy, (0,t) = gn(t), t > 0, |m| < N satisfy the following
conditions:

gm(t) € C*0,T), gm(0) =g, (0) =0, m=0,£1,42,... , £N
and

G = 7N12?,nx<N Hg;/n(t)HC[O,T] '

Then there exists a number Ty € (0,T) such that the inverse problem (6), (7) has
a unique solution, belonging to the set Q(N,Ty/2,2G).
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OBPATHAS 3AJTAYA /I CUCTEMBI YPABHEHIUN BA3KOYIIPYTOCTH
B OJTHOPOJIHBIX AHN3O0TPOIIHBIX CPEJAX

V. . dypaues
(Y3b6ekucran, Byxapa; ByxI['V)

Paccmorpum cucremy maTerpo-muddepennnaabHbIX yPaBHEHUIT

“z 28”+fxt) i=1,2,3, (1)

s o = (21, T2, 23) € R3, ¢t € R, ¢ HAUaTBHBIME YCTOBUAMIE

Ui, .o =0, i=1,2,3 (2)
3nech wi(z,t) sIBASIOTCST KOMIOHEHTaMM BeKTOP-DYHKIMN cMmeriennst u(z,t) =
(w1 (z,t), ug(z,t),uz(x,t))*, * — 3HAK TpaHCHOHMPOBAHUHA, Yepe3 T;; 0603HAUEH TeH-
30p HAMPSYKEHUN, CBA3AHHBIN C BABKOYIPYTOil cpemoii. Tounee, Mbl nMmeeM

3

t
z] SC t Z {Cukl OUk IE t +/KZ Cz]kl ZUI; (:Cat_T) dT}a (3)
0

k=1

f(z,t) = (fi(z,t), fa(z,t), f3(x,t))* — BHEmHAs cuia, p > 0 — MIOTHOCTH CPEJIbI.

B pasenctBe (3) K03DOUIUEHTDI ¢;ji; ABIAIOTCS MOJIYISMU YIPYTOCTH CPEJIbL.
K(t) = (K1, Ky, K3)(t) — dynkius penakcamuu cpegabl. Mogynn ynpyrocru yao6H0
OIUCHIBATH B TepMUHAX 6 X 6 MATPHUIBI B COOTBETCTBUHU CO CJIEIYIONIAME COTJIAIIE-
HUSIMU, KaCAIOIIMMUCS 3aMeHbl T1aphbl (i, j) MHIEKCOB 4, = 1,2,3 OIHUM MHIEKCOM
a=1,2,...,6:(11) = 1, (22) — 2, (33) — 3, (23) = (32) — 4, (13) = (31) — 5,
(12) = (21) — 6. D10 COOTBETCTBHE BO3MOXKHO OJIarojapst CBOMCTBAM CHMMeT-
pun Cijrl = Cjikl = Cijlk- ILOHO.}IHI/ITGJ‘[I)HOG CBOMCTBO CUMMETPUN Cijkl = Ckglij TOI-
pazymeBaer, 4To Mmarpuna Mmoayieii C = (cag)ex6 CHMMeTpuuHa, rae a = (ij),
B = (k). Ipeamomoxkum TakzKe, 910 p > 0, ¢jjk ABIAIOTCS MTOCTOSHHBIME 1 MATPHIIR
C = (Cap)6x6 TOJOKUTENBHO OIpPE/IeIeHA.

B pabote [1] ncciemopana rnobanbHasi pa3pernmmMocTb U yCTOHYUBOCTE PeIeH st
0OpATHOI 3aJ1a9K JIJIsl ONPE/IEICHNUS AIpa, U3 CACTeMbI HHTerpO-a1ud depeHua bHbIX
ypaBuenunit Makcsesia.

Mubr pacemorpum 3agaqy (1)—(2) masg ciydasi, KOrga HCTOYHUK BO3MYIIEHUS CO-
cpesoToUeH B (PMKCHMPOBAHHONW TOYKE MPOCTPAHCTBA, HO PACIPEIeTeH 10 BPEMEHM,
T. e. dyukus f(z,t) nmeer Bu

[l t) = &6(x) 0(t) fo(t), (4)
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rae € = (el,eg,eg)* — 33 aHHBIA €JUHUYHBIA BEKTOP, KOTOPBIA oLpenelder Ha-
npasienne cuibl, 0(t) — dyuxmus Xesucaiina; 0(z) = d(z1)d(x2)d(x3) — menpra-
dyukiua upaka, cocpegorodentas B Touke npoctpauctsa r1 = 0, xo = 0, x3 = 0;
fo(t) — samannag roagkas GyHKIHS.

Bazava, B KoTopoil BekTOp u(x,t) = (u1,us,us)(x,t) H0aKeH OBITH ONpPEIEIeH
m3 (1)—(4) ana sagammerx vatpur K (t) = diag(Ky, K2, K3)(t), C = (cap)(6x6)
ancia p > 0, 6ymer HAa3BIBATHCT NPAMol 3adayed.

[Iycrs U(v,t) = (Up,Usz,Us)*(v,t) ects mpeobpasoanne Pypbe or (hyHKIUH
u(w,t) = (u1,uz,u3)*(z,t), x = (v1,22,73) € R, T e.

Uj(v,t) :/uj(x,t) OV dr, v = (v1,v0,13) € K3, (z,v) ijyj, j=1,2,3,
R3

rie v — mapamerp npeobpasoBanus. [loctaBum ciremyrontyto oOpaTHyIO 3a0ady: Hall-

i marpuunyio ¢yakmmio K(t) = diag(Ky, Ko, K3)(t), t > 0, BXOAAIILYIO B paBeH-

creo (1) mocpencrBom dopmynst (3), ecam orHOCHTETHHO TpeoOpazoBanus Dyphe

pemrenns npsamoii 3agaan (1)-(4) ansa v = vy, ¢ > 0 u3BeCTHA JOMOJHUTETbHAS

nHMOPMAITHS:
Uvo,t) = g(t), g(t) = (91,92, 93)" (1) ()

OnPEAEJEHUE 1. Pemennem ob6paTHOi 3a1adn sIBJISIETCS MaTpudHasi (hyHK-
mast K (t) = diag(Kq, Ko, K3)(t) Takasi, 970 COOTBETCTBYIOIIEE eii pelleHre 3a/1a-
un (1)—(4) ynosnersopsier yciaosuio (5).

OCHOBHBIME pe3yJIbTaTaMy HACTOSIIEN pabOThI ABJISIIOTCS CJIETYIOIIIEe TE0OPEMbI.

Teopema 1. @urcupyem npomssosbroe T, T > 0. IIpexmonoxkum, aro g(t) €
C°[0,T], fo(t) € C%[0,T] u BEITOHEHBI CTEAYIOMHE COOTHOICHHS:

g(0)=0, g0)=0, fo(0)#0, g"<o>=§fo<o>, g’"<o>=§fa<o>,
g<4><o>:%§)€fo<o>+§fa'<o>, 40, i=1,2,3

Kpowme Toro,

3
ZQz‘j(VO) € =: qi(ck, V0, ex) 70, v # 0,
—

e
Qu Q2 Q3
Q)= Qa1 Q2 Qa|, (6)
Q31 Q32 Q33

Qij (v), 1 <i<3,1 < j < 3, gaBasgiorcss paBHOMEDHBIMH MHOTOYJIEHAMH BTOPOTO
nopsaaka v :
Quv) = C11V12 + 2c16V1V2 + CopV3 + 2015V1V3 + 2056V2V3 + Ca513;
Q12(v) = c16vi + (c12+ co6)viva + coar3 + (c1a+ c56)v1v3 + (C52 + Coa ) Vavs + Csavd;
Q13(v) = c15vF + (c14+ co5)v1va + coavs + (13 + 55 )1 V3 + (Co3 + C5a ) Vav/3 + 0531/32;
Q21 (V) = ce1vF + (a1 + co6)V1va + capls + (a1 + ces ) 1V3 + (a5 + Cag ) Vavs + ca5v3;
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2 2.
= 5615 + (Ca + C52) V1V + Cagli + (c5a 4 €36 ) V1 V3 + (€32 + Caa ) Vo3 + €345 ;

2 2 2
Q33(V) = cs517 + 2ca511V2 + caavy + 2350103 + 20340003 + C33V3.
Torna obparnast 3anada (1)—(5) mmeer equHCTBEHHOE pereHne

K(t) = diag(Kl,Kz,Kg)(t) S C[O,T]

[Iycrs G(vy) — muoxkectBo dyukiwmii g(t), fo(t), YIOBIETBOPSIIONINX YCIOBUIM
TeopeMbl 1, u max{maxlgigg Hgi(t)HC5[O,T]7HfO(t)HCQ[O,T]} < v <oo,t € [O,T],
1 =1,2,3, v — 3aJaHHOE YUCIO.

Teopema 2. Ilycrs K™(t) = diag(K{"(t), K3'(t), K§'(t)) aBasercs penrennem
obparnoii 3azaam (1)—(5) ¢ (g™ (t), fi*) € G(v), m = 1,2, coorsercrerno. Toraa
cymectByer nosoxkureapuas nocrosaaas Cy, 3asucsiast ot aucen T, p, y u 31eMeH-
ToB Matpunpl Q(Vy) Tak, 4TO CHpABEIHBA CJAELYIOMAT OI[EHKA YCTOHIHBOCTH:

3 3
Z e Ki2HC[O,T] < Co Z lg: — 9i2||c5[o,T] +|fo - f02HC3[0,T} : (7)
i=1 i=1
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KPAEBBIE 3AJTAYN /150 YPABHEHI A 1V ITIOPAIKA
C HEJIOKAJIBHBIMU YCJIOBUAMN

A. B. [lioxkeBa
(Poccus, Camapa; Cam['TV)

B orpamnuennoit obractn Qr = (0,1) x (0,7") paccmarpmBaercs 3aJada JIst
ypaBHEHWS

uy — (a(z, t)ug) e — (b(x, ) ugy)r + (d(2, 6)Ugs ) za + c(x, t)u = f(x,1) (1)

C Ha49aJIbHBIMHA

u(z,0) =0, wuy(z,0)=0 (2)
U TPAHMYIHLIME YCJIOBUSIMIE
Uz (0,8) =0, ugy(l,t) =0, (3)
l
/ud:c =0, (4)
0
d(Ov t)uaca:a:(ov t) - a(Ov t)ul’(ov t) - b(Ov t)umtt(ov t) =0. (5)

Meron pemrenns 3a7ad C TAKUMU YCJAOBUSIMHU IPEINOJIATAET TEPEX0[] OT yCJIOBHU
[ePBOTrO POJIa K YCJIOBUIM BTOpOro poga [2]|. [IpuMensis 5T0T MeTos, moIydnm

l l
AL, )t (1, 8) — (L, Dt (1 £) — all, tyua(l, £) + / cud = / fdo.  (6)
0 0

[Tycrs renepsb u(x,t) yposaersopsier ypasuenuto (1), yeaosusiv (2), (3), (5), (6).
ITponnTrerpuposas pasenctso (1) mo (0,1) n yunteag (5), (6), mmeem

l

d? /
/utt der =0, orkyma 2 /udm =0.
0 0

U3 maga/bHBIX YCIOBUIA CJIeTyeT

l l

/u(m,O) dz = 0, /ut(az,O) dz = 0.

0 0

B cnny emmuCcTBeHHOCTH pemienust 3agadn Komm oTHOCHTENBHO (DYHKIWMN fé udz,
ybexqaemcst B BoinosiHennn yciaosusi (4). Takum obpaszom, yciosus (4) u (6) sxkBu-
BAJIEHTHBI, M03TOMY BMecTo 3ajgaqn (1)—(3) Oymem paccmarpusarsh 3amady (1)—(3),

(5), (6).

121



O60snauum W (Qr) = {v(z,t) : v € WE(Qr),v(z,T) = 0}.

Cremys m3BectHoit mporeaype 1], w3 ToxKaecTBa MOJYYNM PABEHCTBO

T 1
/ / ( — WUy + QUL V; — bUgpVyr — by (X, ) Ugp Uy + dUgr Vg + cuv) dx dt +
0 0
i 7)

—i—O/Tv(l,t)O/lcudxdtO/To/lfvdxdt—i—/v(l,t)o/lfdxdt.

0

ONPEAENEHUE. O606menuniv pemennem 3agaqan (1)-(3), (5), (6) Gymem nasb-
Bath byaxmmo u(z,t) € W2(Qr), yIOBIETBOPSIONY0 HATATBHLIM TaHHBIM (2) T
ToxectBy (7) mst moboii dyukuuum v(x,t) € W(Qr).

Bynem mpesmonarars, 9ro koadg dunuents! ypasaenns (1) yaoBIeTBOPAIOT yCI0-

BUAM

CL(SC,O) + btt(xao) = ap > Oa b(CC,T) = bO) d(SC,O) = dO > 0.

Teopema. Ecmr f € Ly(Qr), a,c € CYHQ7), b,d € C*(Qp), To cymecrByer
equHCTBeHHOE 0000IeHHOe perenne 3agaqn (1)—(3), (5), (6).

JlokazaTebcTBO TeOPEMbI TPOBOUTCS B HECKOJIBKO STANOB. EMHCTBEHHOCTD 10~
Ka3bIBAETCsl OT MPOTUBHOIO, MPEINOJaras, 9TO CYIIEeCTBYeT Ba PEIIeHUsT MOCTaB-
JeHHOM 3ajaun. s qoKa3aTe bCTBa CyIeCTBOBAHNS CHAYAIA METOI0M Lamepkuna
CTPOUTCST TTPUOINKEHHOE PEIeHne 3aJatdn, 3aTeM BBIBOASITCS AMPUOPHBIE OIEHKM,
MO3BOJIAIONINE BBIJEIUTE CIa00 CXOAIILYIOCS TTOCIeI0BATELHOCTD, U TIOKA3BIBAETCH,
9TO ee mpeses u ecth 0600mennoe pemenne 3amaqan (1)-(3), (5), (6).
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SAJTAYA OIIPEAEJIEHNA 4/1PA B MHOT'OMEPHOM
VHTEI'PO-JUPPEPEHIINMA/IBHOM YPABHEHUN
TEITJIOITPOBOJHOCTU

K. K. XKymaesn
(V36ekucran, Byxapa; ByxI['V)

Paccmorpum 3agaay Kommu gia ypaBuenns

t
ut—aQAu:/K(T)u(x,t—T)dT, x=(x1,29,...,2n) ER", >0, (1)
0

C HAYAJIBHBIM YCJIOBHEM
u‘t:o =¢(x), xe€R"™ (2)

Baech ¢(x) — 3amannas riaakas hyHknug, a > 0 — u3Bectroe uncyio. O6paTHyro 3a-
nady chopMyspyeM cJepyommumM obpasom: Hafitn sapo k(t), t > 0, B uHTerpajibHOM
wrere (1), ecan 3amano perrenne 3agaan (1), (2) ma z = 0:

ul _,=f(t), t>0, (3)

rae f(t) — nocrarouno rmaakast dyuxnus u f(0) = p(0).

Jjist mccsiejoBatust 3a/1a9i BBOJUTCS B PACCMOTpeHne HoBag (byHKIud w = Auy
u obparnas 3ama4da (1)—(3) nepenmceiBaercs orHOCHTENbHO QyHKIMHA w(x,t) u k(t)
B CJIEJIYIONIEM BH/IE:

wi — a’w = k(t)Ap(x) + / E(t)w(z,t —7)dr,x € R", >0, (4)
0

wl,_p = a®A%p(z), = €R", (5)

wl,mp = %f”(t) - %k(t)w(o) - % /k(T)f'(t —7)dr, t>0. (6)

0

OTHOCUTETHLHO PEIEHnsT NPMOI 331291 CIIPABEJIIUBO CJIE/IYIOIIEE Y TBEPIK ICHHE.

Jlemma. Iycrs (Ap(x),A%p(z)) € B(R"), k(t) € C(0,T). Torna B xracce
dbymxmit B (Dr) cymectsyer equmrcrsennoe penrerme 3agawnm (4), (5) (B*Y(Dr) —
JIBa pa3a 110 & U OJUH pa3 1o t ¢ IPOU3BOJHBIMU HEIIPEPHIBHO TH(PDEPEHITUDYEMbIX U
orpaHndeHHbIX B obactu Dy krace pynknuii, B(R™) — kmacc orpanndenasix B R™
bynukmii [1]).

OCHOBHBIM PE3yJbLTATOM HACTOAIIEH pabOThI ABISETCS CJAETYIOMAT TEOPEeMa, O
r100aIbHON Pa3permMOCT 00PATHON 3a1adH.

Teopema. Ilycrb BbIIOJHEHBI yCI0BHSI JeMMbI, yciaoBue cornacopanmns ¢(0) =
f(0) m |p(0)] > 0. Torma gra moboro T > 0 obparHas 3azada (1)—(3) umeer equn-
CTBEHHOE DEIEeHHE.

Teopema MOKET ObITH JOKA3aHa [0 METOUKE, UCIOIb30BaHHOi B [2].
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ON RECONSTRUCTION OF DISTRIBUTIONS BY SPHERICAL MEANS

I. A. Ikromov (Uzbekistan, Bukhara; BukhSU)
A. A. Rahmonov (Uzbekistan, Bukhara; BukhSU)

We consider a solution of the problem about reconstruction unknown function
on a domain and we get an explicit formula for the unknown function.

Moreover, we solve the problem of existence and uniqueness of the solution. Also,
we investigate class of representation formulas and indicate the optimal with respect
derivative formula.

This type of problem had been considered [1], but there wasn’t construct an
external body.

Motivation of the problem. From the following Lamé equations

0%u

P o

where u(z,t) is the displacement vector, p is density, A and p are known as the Lamé
constants, F is an external body force, we can get system (2).

If divu = 0 on (1), then we can get the momentum equation. After that, we
make some changes for the momentum equation and for ¢ = 1 we get initial Cauchy’s
problem. First of all, we look at the stationary case, i. e., the external body does not
depend on t.

= pF + (A + p) grad divu + pV2u, (1)

Proposition of the problem and main results. We consider system of inte-
gral equations given by

ui(z) = [ v(z —n)dn=Tv,
o (2)
ug(z) = { v(x —n)dS, = Tho,
S
where Bjand S? are the unit ball and the unit sphere on R? centered at the origin
respectively, uj, ug are given distributions from the space D'(R?) [2]. We consider
the problem on construction v by u; and us.

Note, that Thv = xp, * v and Thv = Jg2 * v, where dq2 is the Dirac “delta”
on S2. Since the distributions defined by xp, and dg2 have compact support the
convolutions in (2) are well-defined.

We will consider the problem on construction v in the class of distributi-
ons D'(R3). Note that system (2) is overdetermined. We consider necessary and
sufficient conditions on existence and uniqueness for v.

The main results of this work is the followings.

Theorem 1. The following statements hold:
1) There exist distributions Ay, As supported on the unit sphere centered at the
origin such that the following identity
1
~ 1672

holds for any given distribution v € D'(R?).

1
v A * (Tﬂ}) + W Ag % (TQ’U) (3)
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2) If ui,us € D'(R3) are distributions satisfying the conditions Tius = Thuy,
then there exists a unique distribution v € D'(R3) such that Tyv = u; and Tov = us.
Theorem 2. Let A1, As be distributions satistying the following conditions:

a) v = 16% (A1 x T (v) + Ag x Tr(v));

b) supp (4;) = 5%, j =1,2;

c) order (A1) < 3, order (Ag) < 2;

d) {A;}j=1,2 are spherical symmetric functions. Then there exists a € R such
that Ay, Ay can be written as

Ay(z) = A%xp, (z) + (1 — a)Adg2 (),
Az(7) = —Adg2(x) + dg2(z) + (a + 1)Axp, (2).

Corollary 1. If ve C3(R?), then uy :=T;(v) € C3(R?) and ug :=Ty(v) € C3(R3).
Moreover, the following formula

1 A A 1
() 9Au, dsn—/Aqusn—2/8 22 s, +—/u2d5n (4)
S1

~ 1672 on on 872
St S1 S1

holds.

Proposition 1. Let L and Ly be pseudodifferential operators in R3 with a sym-
bol of the form

nq

Li=Y ¢ le" i=12
k=0

Then there exists an analytic function v # 0, such that

Ll(Tlv) + L2(T2’U) =0.
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O HEKOTOPHBIX 3AZTAYAX C PASHOTEMITOBBIMU
BBICTPBIMU ITEPEMEHHBIMI!

M. A. Kasamraukosa (Poccus, Boponex; Aroc AiiTu Cosomenc su Cepsuces),
I'. A. Kypuna (Poccusi, Boponex, BI'Y; Mocksa, ®UIL Y PAH)

BoabminacTBO paboT B TEOpUM CUHTYJISPHBIX BO3MYINEHUN, BKJIOUAT 33290
YOPaBJICHUS, UMeEeT JeJ0 C 3aJadyaMU, XapaKTEePUIYIOIMNMACA HAJUYUEM I[epeMeH-
HBIX CO CKOPOCTSIMU W3MEHEHWsI JIBYX MOPSIIKOB (MEJJIEHHBIE U OBICTPBIE MepeMeH-
ubie). Cm., Hanpumep, 0630psl [1, 2]. OgHAKO NPU MAaTEMATHYECKOM MOJEINPOBAHUN
MPAKTUIECKUX 33129 BOZHUKAIOT 339U C PA3HOTEMITOBBIMU OBICTPBHIMY TIEPEMEHHBI-
MU (MOJIE/TH TIETTHBIX XUMUYECKUX PEAKINl, 9IEKTPUIECKUX METelt, IeTaTeIbHbIX all-
MapaToB U JAPYTUe MEeXaHUIECKUe MOJIEIN, a Tak:Ke OMOMOJIEKY/ISIPHBIE U COIUATBHO-
9KOHOMMUYECKHE MOJIEIN TPAHCHAIIMOHAIBHBIX KOPHIOPAIIHii).

Hacrosarmumit mokia mpejcrasisger coboit KpaTkuit 0630p paboT, CBSI3aHHBIX C
CHCTEMaMU C PA3HOTEMITOBBIMU OBICTPHIMU MEPEMEHHBIMU. V3ydeHne Takux CHCTeM
UMEeT OCODEHHOCTH MO0 CPABHEHWIO C OJHOTEMIIOBBIMU OBICTPHIMU TEPEMEHHBIMHU.
B wacrHOCTH, TIpU 00OCHOBAHUU MPEIEIBHOTO MEPEX0/ia PEIIeHUs UCXOTHON BO3MY-
IIEHHOH 3a/Ja49i K PEIICHUIO BbIPOXK/ICHHOH, IIOIyYaloeiicsd U3 UCXOQHON 1Ipu HyJle-
BOM 3HAYEHNN MAJIbIX mapamerpoB, A. H. TUXOHOBBIM paccMaTpHUBaINCh MTPUCOEIN-
HEHHBIE CUCTEMbI PA3HBIX MOPAIKOB.

[TepBbie paboThI, TOCBSIIEHHBIE TOCTPOEHUIO METOJOM MOTPAHUYIHBIX (DYHKITHT
ACHIMITOTUKM DEIICHUS CHHTYJISPHO BO3MYIIEHHBIX 33Ja9 C HECKOJBKAMH MaJIbIMU
mapaMeTpaMu TpH TPOU3BOAHBIX, mpuHaTexkar A. B. Bacuasesoii. [Ipn HeKOTOPHIX
YCJIOBUAX ACUMITOTHYECKOE PEIIeHne CHHTYJIAPHO BO3MYIIEHHBIX 3329 ITOCTPOEHO
B [3] m1st cucremMBbl ABYX JIMHEHHBIX YPABHEHUN ¢ HE3aBUCHMBIMU MAJIBIMU TTAPAMET-
paMu Tepej MPOU3BOAHBIMU, & B [4] 1uIst cucTeMbl IBYX yPaBHEHUIi ¢ 9aCTHBIMU PO~
M3BOJHBIMH IIEPBOTO MOPAIKa U MaJIbIM apaMeTPOM B PA3JINYHBIX CTENeHAX Mepes
mpou3BOAHBIME. B [5] /1t mOCTpoOeHMsT ACUMITOTHKN PEIeHNs] TIPUMEHSIETCST METOT
MHTErPAJIbHBIX MHOTO00pa3uii.

B ocnoBHOM acmMnTOTHUECKUIT aHATN3 PEITIEHNH 33189 YIIPABIEHNS TPOU3BOINT-
Cd HAa OCHOBE QCUMIITOTHKHU PEIIeHNs KPAaeBbIX 3a/1a49, BBITEKAIOINX U3 YCJIOBUHA OI-
TUMAJIBLHOCTH yIpaBieHnsd. pyroit momxom, Ha3bIBAEMbBIil MPIMOIl CXeMOli, COCTOUT
B HEMOCPEJICTBEHHON IOJCTAHOBKE B YCJIOBUE 334a9U IMOCTYJIUPYEMOTO aCUMITOTAYE-
CKOI'0 PA3JIOXKEHUd PeIleHUsd U ONPEeIeJICHUN CepUU 3a/1a4 JIjId HAXOXKICHUA YICeHOB
ACUMIITOTUKHN. DTUM METOJOM B [6] mOsIyueHo acHMITOTHYECKOe pPeleHre JIMHEeHHO-
KBa/IPATUYHON 3a/1a4i ONTUMAJILHOIO YIIPaBICHUI C TPEXTEMIOBLIMU IIepEeMEeHHBIMUI
cocTosiHMsI, a B 7] moCcTpoeHa acCMMITOTKA PeIeHns JIMHeHHO-KBaIPATUIHON 3a1a9m
C JIETEeBLIMU YIIPABIEHUIMI PA3HBIX TMOPAIKOB. [Ipm 3TOM 1oKa3amo, 9To 3HAYEHUST

!PaGora BrOpOoro aBropa 6blLIa HOmAEpiKaHA PoccuiicKuM HAydHBIM (DOHJIOM, IIPOEKT

Ne 17-11-01220.
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MUHUMA3APYEMOTO (DYHKIMOHAIA HE BO3PACTAIOT MIPY UCIIOIHL30BAHUU CJIEILYOIIEr0O
IpUOIMAKEHUs ONTUMAIBHOTO YIIPABIEHUS.

B mokame paccMarpuBaroTCa TakKe MyOJUKAIINN, MOCBANIEHHBIE YCTOWIMBOCTH,
YOPaBISIEMOCTH, CTAOUIN3UPYEMOCTH CHUCTEM C PA3ZHOTEMIIOBBIMU OBICTPBIMU TIepe-
MEHHBIMU, 33,a9aM ONTHMAJIBLHOTO YIIPABICHUS TAKUMU CHCTEMaMU Ha HECKOHETHOM
UHTepBaJ/e, aCUMITOTUYECKNI aHAN3 KOTOPBIX OCHOBAH HA aCHMIITOTHUKE ajrebpa-
nueckoro ypasaennst Pukkaru [8], 3aiauam onTruManbHOrO yIpaBieHus ¢ OrpaHnde-
HUSMU Ha yIIpaBJeHAEe TUNA 3aMKHYTBIX HEPABEHCTB, /IJIS KOTOPBIX CTPOUTCS aCUMII-
TOTUKA TOYEK MePEKJIOYEHNST YITPABIEHNS, NTPOBBIM W CTOXACTUIECKUM 3aJa9aM.

Hanpuwmep, B [9] paccmarpusaiachk 3aja4a MUHUMU3AMMN Ha GECKOHEYHOM IIPO-
MEXKYTKE MATeMaTUIeCKOro OXKUJIAHUS OT KBAJPATUIHOTO (PYHKIIMOHAIA HA TPAEK-
Topusax cucrembl guddepeHnnaaIbHbIX YPABHEHUN W TO I TPEXTEMIIOBBIX Mepe-
MeHHBIX. OTMeTUM, UTO B OTJIUYHUE OT JETEPMUHUPOBAHHOTO CJIYUas CHCTEMa aJired-
pamyeckux ypaBHeHuii PUKKaTH MeHbIeil pa3MepPHOCTH, UTPAIOIIAS OCHOBHYIO POJIb
B aCUMNOTOTUYECKOM aHaJIn3e, He TOJYyYaeTCd 3/7eCh U3 BO3MYIIEHHOI'O ypaBHEHUdA
Pukkartu mpu Hy/I€BBIX 3HAYEHUSX MAJIBIX TaPAMETPOB.
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CTOXACTUYECKUN MPU3HAK MUHUMAJIbHON IIOBEPXHOCTHU

. C. Kiiumenros
(Poccust, Pocros-na-/lony; FODY)

B paborax [1, 2] 6bL1 moTydeH CTOXaCTUIECKUIT aHAIOr OCHOBHOI TE€OPEMBI TeO-
pHHU TIOBEPXHOCTElH [T MOBEPXHOCTEl TOI0KUTeIbHON 1] u HeHymeBoit cpeaueit [2]
kpusu3H. llenpio HacTOsIEH PabOTHI SABISIETCS BBIBOJ CTOXACTUIECKOTO MPU3HAKA
MUHUMAJIBHON TOBEPXHOCTH (T. €. MOBEPXHOCTH C HYJIEBOI CpejHeli KPUBU3HOM) C
MCIIOIH30BAHUEM TEXHUKHU, PA3BUTON B YKA3aHHBIX paboTax.

[Iyctes F' — nBymepHas MOBEPXHOCTH B TPEXMEPHOM €BKJIMIOBOM MPOCTPAHCTBE
kracca C3, omHocBsa3Has, KOH(OPMHO SKBHBAJEHTHas Kpyry. Kpome Toro, cpej-
Hslsl KpUBU3HA, 1oBepxHocTH F paBHa Hysro. [lepByro, BTOPYyIO U TPETHIO KBaJIpPa-
TrgHbIe (POPMBI HmOBepxHOCTH F Oymem obozHauaTh I = gijdxid:cj, 11 = bl-jd:cidxj
n Il = fl-jdxidxj COOTBETCTBEHHO, Te &', x2 — JoKaJIbHbIe KOODIMHATH Ha Ha-
el moBepxHOCTH. He orpammumBas obIIHOCTH, OYyIeM CYUTATH, 9TO Ha F' BBEIEHDI
M30TePMUYUECKIe KOODJUHATEI, B KOTOPHIX mepBas dopma nmeer Bujg I = ds? =
)\(dazlz + deQ). [Iycte ma moBepxmocTm F' 337aHbl TpU CAyYafiHBIX mporecca X
¢ reneparopom Ax = g% 0;0;, Y; ¢ reneparopom Ay = bt 0;0; m Z; ¢ reHepaTopoM
Az = f99,;0; . llepexoamyto II0OTHOCTD mpolecca Xy oboznadnm pt(, z,y), mporecca
Y;f - pQ(tv €T, y): nporecca Zt T pg(ta €L, y)

Nwmeer mMecTo caemyrommast TeopemMa.

Teopema. Ecin mepexogHble IJI0OTHOCTH P1 U P3 YAOBIETBOPSIOT COOTHOIIEHUSIM

Op? Op?
2Ap! Aln 2Apt

Ap? oep! o' Ap!
- = n -
Op3 2Ap! 2Apt Opl’

TO IIOBEPXHOCTDb ABJIAETCA MHAHAMAJBHOI
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I'-CONVERGENCE OF FUNCTIONALS ON SOBOLEV SPACES
WITH RESPECT TO FUNCTION SETS DEFINED
BY IMPLICIT CONSTRAINTS

A. A. Kovalevsky
(Russia, Yekaterinburg; IMM UrB RAS, UrFU)

Let {Q} be a sequence of bounded domains in R™ (n > 2), and, for any s € N,
let Ug = {v € W'P(Qy) : a(sv) < 0a.e.in Q4}, where p > 1 and a: R — R is
a periodic function. In connection with the study of the convergence of minimizers
and minimum values of functionals Js: W1P(€,) — R on the sets U,, we consider a
suitable notion of I'-convergence of these functionals and give some related results.
We note that, in contrast to more or less standard situations where I'-limit functionals
are defined on the corresponding Sobolev spaces, the specificity of the definition of
I'-convergence in the case under consideration is that this definition refers to the
convergence of functionals Js: WHP(,) — R to a function 8: R — R.

As for the domains €, and the function a, we assume that the following conditions
are satisfied:

(C4) for any s € N, the embedding of W1P(Qy) into LP(€2) is compact;

(C2) there exist my,ms > 0 such that, for any s € N, m; < meas Qs < mo;

(C3) the set {t € R : a(t) < 0} is nonempty and closed;

(Cy4) the set {t € R: a(t) > 0} is nonempty.

In view of properties (C1)—(Cy), the following assertions hold:

(i) for any s € N, the set Uy is nonempty, sequentially weakly closed, and included
in L>°(Qy);

(ii) for any ¢ € R, there exists a sequence zs € Us such that [|zs — t||r(q,) — 0;

(iii) if we have a sequence vy € Uy and a number ¢ € R, then the convergence
lvs — tllzr(q,) — O is equivalent to the convergence [|vs — t[| oo (q,) — 0.

DEFINITION 1. Let Js : WHP(Qs) — R for any s € N, and let 8 : R — R.
We say that the sequence {Js} T'-converges to the function [ with respect to the
sequence {U,} if the following conditions are satisfied:

(a) for any ¢ € R, there exists a sequence w; € Us such that [[ws — t||rr(q,) — 0
and Js(ws) — B(t);

(b) for any ¢ € R and any sequence vs € Us such that |lvs — ¢||zp(q,) — 0, we
have liminf J,(vs) > B(1).

5—00

Further, for any s € N, let I, : WP(Q,) — R be a weakly lower semicontinuous
functional such that Is(v) — 400 as |[v|lw1eq,) — +oo. It is easy to see that,
for any s € N, there exists a function belonging to the set U; and minimizing the
functional I, on this set.
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Theorem 1. Let ¢ : R — R be a strictly convex function, and let the sequen-
ce {I;} I'-converge to the function ¢ with respect to the sequence {Us}. For any
s € N, let us be a function in Us; minimizing the functional I on the set Us. Assume
that the sequence of norms ||us||zr(q,) is bounded. Then |us — tol|p=(q,) — 0 and
Is(us) — ¢(to), where tg is the unique minimizer of the function ¢ on R.

The next theorem concerns the convergence of minimizers and minimum values
of functionals consisting of two components with certain properties.

We denote by H the set of all sequences {v,} such that:

(a) for any s € N, we have vs € Ug;

(b) llvsl|zr(q,) — 0. This set is nonempty.

For any s € N, let F,,Gs : W'P(Q,) — R be weakly lower semicontinuous
functionals such that (Fs + Gs)(v) — +oo as [[v]|wis(q,) — +00.

We define

A= {vf}iﬂ hsrgggf Fy(vs).

Theorem 2. Assume that A\ € R and the following conditions are satisfied:

(%1) if s € N, v € Ug, and t € R, then Fs(v +t) = Fs(v);

(x2) there exists a function ¢ : R — R such that, for any t € R and any sequence
vs € Us with the property |[vs — t|1p(q,) — 0, we have Gs(vs) — ¢(1).

For any s € N, et us be a function in Ug minimizing the functional Fs+ G on the
set Us. Assume that the sequence of norms |usl||z»(q,) is bounded. Then there exist
an increasing sequence {s;} C N and a number ty € R such that to is a minimizer of
the function ¢ on R, |lus; — tOHLOO(QSj) — 0, and (Fy, + Gs;)(us;) = A+ o(to)-

REMARK. It is easy to see that if condition (x9) of Theorem 2 is satisfied, then
the sequence {Gs} I'-converges to the function ¢ with respect to the sequence {Us}.
We now state a I'-compactness theorem for the sequence of functionals Fy + G.

Theorem 3. Assume that A € R and conditions (1) and (x2) of Theorem 2
are satisfied. Then there exists an increasing sequence {s;} C N such that the
sequence {st + st} I'-converges to the function A\ + ¢ with respect to the
sequence {Us}.

We give consequences of Theorems 2 and 3 for the case where meas Qs — o > 0
and Fy and G are integral functionals with the integrands providing the inclusion
A € R and the fulfillment of conditions (*;) and (x3) of Theorem 2. For details
concerning the above results and their consequences, see [1]. We also discuss some
other results on the convergence of solutions of variational problems with variable
implicit constraints in variable domains. They were established in [2] using the
notion of I'-convergence of functionals on variable Sobolev spaces to a functional
on a Sobolev space.
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YPABHEHUE CUHYC-TOPAOHA 1 YT'OJI ITAPAJIJIEJIBHOCTU

A. B. Kocruu (Poccusi, Enabyra; E1 KOVY),
E. A. Kocruna (Poccusi, Mocksa; MIT'V)

V1o Mex Iy aCHMOTOTHYECKUMU JIMHUSAMHA Ha [MOBEPXHOCTAX MOCTOSHHONW OTpPHU-
L[a.Te.TIBHOfI KPUBU3HBI B TDEXMEPHOM €BKJIMJOBOM ITPDOCTPAHCTBE TPAJUIIMOHHO TPAK-
TyeTCsl KaK perierne ypaBHenus cunyc-lopmona [1]:

0%z
0xdy

= sin (2).

st TOBEpXHOCTE IMOCTOSTHHON TIOJIOXKUTENIHHON KPUBU3HBI B TPEXMEPHOM ITPO-
crparncTBe MUHKOBCKOTO MMeEETCS aHAJTOTHYHAA aHAJTUTUIECKAas WHTEePIPeTAllnd yT-
JIOB MEXKJy ACHMIITOTHYECKHMHU Kak perrennii nuddepeHimaababiX yPaBHEHW C
YACTHBIMU TPOU3BOIHBIMU BTOPOTO MOPSIKA, B YACTHOCTH, ypaBHenus sinh-Topona.
s nceBmocdep eBKIMIOBA W MCEBI0EBKJINI0BA MPOCTPAHCTB YIUIy MEXKJIy aCHUMII-
TOTUYECKUMU JIUHUAMHI MOXKHO JaTh IIPOCTOE reOMEeTPUYIEeCKOe UCTOIKOBAHUE.

Teopema. Yroa MeXIy aCHMOTOTHIECKHMH JTUHUSIMU Ha mceBochepe BeapTpa-
MU — MI/IH,ZU/IHI‘& PaBEH YABOEHHOMY YTIJIy HapaJji€JIbHOCTH IAJUHDBI JIYyTH aCHMIITOTH-
YeCcKoi 0T pebpa BO3BpaTa IICEBIOCHEDHI.

AHasormIHBIM 00PA30M CBSI3aHBI YIVIBI MEXK/ly aCUMITOTHYECKUME JIMHUSIMU Ha
JIByX THIIAX ICEBIOEBKJIMIOBLIX aHAIOrOB mceBaocdepsl Benbrpamn — Munaus-
ra [2, 3] ¢ ymramu mapasutensrocT B Merpuke je Currepa.
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Ob OJHOM ITOJAXOJE K YCTAHOBJIEHNIO KOPPEKTHOCTU
1 PEHTEHNIO KPAEBBIX 3AJTAY /1/14 IPOBHOT'O
JNODOY3NOHHO-BOJTHOBOT'O YPABHEHU A

M. O. MamuyeB
(Poccus, Hambunk; UTIMA KBHIT PAH)

B obmactun Q = {(z,y): 0 < x < 1,0 <y < T} paccMoTpuM ypaBHEHHE

Uz (2, y) — D u(r,y) =0, «a€(0,2), (1)

e DJ, — omeparop apo6uoro (B cmbiciae Pumana — Jlnysuiist) uarerposudide-
peHIMpoBaHus mopsaka 7y [1].

B macrosmeit pabore, Ha OCHOBE TOJIyIEHHBIX HEOOXOMMMBIX HEJIOKAJIBHBIX YCJIO-
Buii (2] st ypasrenusi (1), KOTOPBIM YJIOBJIETBOPSIIOT BCE DEryJsiDHBIE DeIleHus,
IPEJIOKEHBI CIIOCO0 OMPEAEIeHIsa KOPPEKTHOCTA MOCTAHOBOK M MOIXOJ, K PEIIeHIO
KPAEBBIX 337149 JIJIsT UCCIIEAYEMOrO yYDaBHEHMWS.

Pemmenne v = u(x,y) ypaBuenns (1) Ha3pIBAETCS PErYASIPHBIM B 0bsacTu 2, ecym
Uz, Diyu € C(Q), D‘Oj‘y_kue CQ),1<k<n,tmeneN:n—1<a<nl3

Teopema. Ilycrb u = u(x,y) peryasproe B obiacru ) penrenne ypasraernns (1),
YZIOBJIETBOPSIIOIIEE YCIOBHIO

lim Da u(z,y) =7(x), 1<k<n 0<z<l, (2)
y—0

ugy € C([0,1] x (0,7)) muy(0,9),u:(l,y) € L[0,T]. Torna dpynkmnus u(z,y) yroBie-
TBOPSIET HEJTOKATBHBIM YCIOBHSIM:

u(0,) + Do, e (0, 5) = 2RY; (u(l, s) + Dy, ux (1, 5)) + N(y), (3)
u(l,y) — Do ua(l, s) = 2R (w(0, 5) — Do, us (0, 5)) + N'(y), (4)

rje

_22 5 k+1,0,y ]g(t), _22 B k+1ly t),

Noi™w(t) =

DO | —

l
/ v(t)y' o (= B,0;—|x — tly ") dt,
0

Ry 1(s) =

DN =

)
/ )y — ) 16( = 8.5 —lal(y — 5)~?) ds,
0

B =a/2, ¢(p, p; z) — dynkuus Paiira [4].
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[Tycrs Tpebyercs HaiiTu pentenne ypasaenus: (1) B obmactu (2, yoBIeTBOpsIONEe
YCJIOBHIO (2) ¥ KPaeBbIM YCIOBHSIM

B; [u(0,y),u(l,y),us(0,9), us(l,y)] =0, 0<y<T, i=1,2, (5)

riae B, — oneparopsl, cBsi3bIBaolne rpanryaHble 3HadeHns B yciosusx (5) (i = 1,2).
Yenosus (3), (4) BMecTe ¢ 33/TaHHBIMI KPAEBBLIMHI YCJIOBHAMHE (5) 00pa3yroT CHCTEMY
9eThIPEX yPABHEHWH OTHOCUTENHLHO YEThIPEX HEM3BECTHBIX — CJIEJIOB PENICHUs U €ro
npom3BOAHON Ha Tpanunax obmactu. Paspemmmocts kpaesoit 3amauam (1), (2), (5)
9KBUBAJIEHTHA PA3PEIINMOCTHU MOy IeHHO cucTeMbl ypasHenwuii. /laiee kpaeBas 3a-
Jlada PeLyIMpPYeTcs K OTHON M3 OCHOBHBIX JIOKAJIBHBIX KPAEBIX 33189 JI/Ist IPOOHOTO
b Py3nO0HHO-BOJTHOBOTO YPABHEHUSI.
U3 ycnoeuit (3), (4) jierko BueThb, 9T0 yCI0BUST

U(O, y) + Dayﬁuz(o’ S) = ¢1(y)’ u(la y) + D(;yﬂux(l’ S) = ¢2(y)’ (6)

HE MOTYT OBITH 33aHbI HE3ABUCUMO JIPYT OT JPYTa, TaK K€ KaK U yCJIOBUS

u(0,y) — Do, ua(0,5) = 1 (), u(l,y) — Do ux(l, s) = va(y). (7)

Taxum obpasom, 3amaqan (2), (6) u (2), (7) ara ypasuernst (1) aBisroTcst mepeorpe-
JeJIEHHBIMU.

B To ke Bpewms, mpu ycaosun |a| # 1, |b] # 1, KoppekTHA CIeyIONIAst KpaeBas
3a/1a4a.

BAJAYA. Haiitu pemmenne u(x, y) ypasuenns (1) B obactu , yoBiersopsioriee
ycmoBuaM (2)

au(0,y) + Do_yﬁux(o, s) =11 (y),
bu(l,y) + Do ua(l, ) = ta(y).

e 7r(x) (k= 1,n), Y1(y) m ¢2(y) — sananmsre Gynxmm.
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2. Mamuye M. O. HeoGxomumble HelOKa/IbHbIEe ycaoBus st Auddy3n0HHO-BOTHOBOIO ypaB-
uenus: // Becrr. CamI'V. EcrecrBennonayy. cep. —2014.—Ne 7(118).—C. 45-60.
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SAITAYA JIMPUXJIE I OBOBITEHHOTI'O YPABHEHI A JIATIJTACA
C ITPOU3BOJIHOI PUMAHA — JINYBUJLJIS

0. X. MacaeBa
(Poccus, Hampunk; UTIMA KBHIT PAH)

Pacemorpum B o6nactn D = {(z,y) : 0 < z < a, 0 < y < b} ypasuenune
ua:x(xa y) + Dgyu(xa y) =0, (1)

rae 1 < a <2, D, — oneparop apoGuoro puddepennuposanns Puvana — Jlnysu-
ng mopganka « [1|. Ilpu ov = 2 ypasuenne (1) coBnajaer ¢ ypasuenuewm Jlammaca.

Huddepenrmaibibie ypaBHeHUsT IPOOHOTO MOPSIKA BOZHUKAIOT MPU MATEMATH-
YECKOM MOJIE/TUPOBAHUN PA3TUIHBIX (DU3NIECKUX MPOTIECCOB U siBjeHuit 1], B wact-
HOCTH B COIMAJIbHO-9KOHOMUYECKHUX crcTeMax [2].

B paborax [3, 4] 6buta uccienoBana 3amada JIupuxiie st ypaBHEHHUi ¢ Tpou3-
BozHbIMK B cMbiciae Kamyro. B pa6ore [5] paccmarpusanack 3agada Jupuxie st
ypaBHEHUs C omepaTopoMm apobuoro muddepennupoBanng Puvmana — JluyBumns c
HAJaJI0M B TOYKe, He JIeyKalllell Ha, rpanuiie obactu. B mammoit pabore mcciemyercs
CTIETYTOTIAS 33Ta9a:

Haiitu B obmactu D perynsipaoe perenne ypapuens (1), yaoBiaerBopsiroree ycio-
BUAM

u(0,y) =0, wu(a,y) =0, 0<y<b, (2)
. —9 o . —9 o
lin DG, “u(w,y) = (@), lim DG, u(w,y) = é(z), 0<z<a. (3)
JIuteparypa
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O CTOXACTUYECKUX CUCTEMAX
JUOOEPEHIINATIBHO-AJITEBPATYECKOI'O THUITA!

E. FO. Mauikos
(Poccus, Kypek; FO3IY)

PaccvarpuBatorcst BRIPOXKIEHHBIE CHCTEMBI CTOXACTUYIECKWX auddepeHiinaib-
HBIX ypaBHeHuit B (popme MTo, B KOTOPBIX B JIEBOH U MPABON YaCTIAX CTOAT MPSIMO-
YyTOJIbHBIE MATPHUIIBI, B O0OIIEM C/Iydae 3aBUCSIIE TOJIHLKO OT BpeMeHu. Kpowme 3Toro,
B MPABOI YaCTU UMeeTCs BeKTop-(YHKIINs, 3aBUCIIas oT BpeMenu. [Ipeamoaraer-
Cs1, YTO MATPWIA B JIEBOI 9acTH, B CIydae C KBAJIPATHBIMU MATPHUIAMU, HE UMEeT
00paTHOIt, a JIJIsT CHCTeM C MEPEMEHHBIMU MATPUIIAMU 00 MATPHUIHI CUCTEMBI UMEIOT
MMOCTOSTHHBIN paHT. B inTeparype paccMaTpuBaeMble CUCTEMBI HA3bIBAIOTCS aaredpo-
nuddepeHInaIbHBIME, JECKPUTTTOPHBIMU, CUCTEMaMU JIEOHTHEBCKOTO TUTA. Ha, si3bi-
Ke 3TuX ypaBHeHuii B paborax A. JI. [llecrakosa, I. A. Cupumioka n A. B. Kes-
nep [1] uzyuaercs quHaMUYECKOe MCKaXKeHHNEe CUTHAJIOB B pajuoycrpoiicreax. B pa-
6orax JI. A. Biacenko, A. I". Pyrkaca, M. C. @ununkosckoii [2], a Takzxke O. Schein,
G. Denk, T. Sickenberger, R. Winkler [3| paccmarpuBaembie cucTeMbl BO3HMKAIOT
MpU MaTEMaTUIECKOM MOJEJUPOBAHUE KoJebaHuil u 3mekTpudeckux remeit. Croxa-
CTUYECKUE YPaBHEHWUs JIEOHTHEBCKOIO THITa, BO3HMKAIOT B paborax JI. A. Bacenxko,
FO. T. Jlbicenko, A. T'. PyTkaca mpum MaTeMaTHIECKOM MOIETUPOBAHUN JTHHAMUKI
KOPITOPAIUU TPEJNPUATHI TPU UCIOJIb30BAHIUN WHBECTUPOBaHUs. OTMETHM TaK»Ke
paborsl 0. E. Bosipuanesa n B. @. Yucrsikosa [4], I. B. demuuenko, A. B. Kes-
qmep u M. A. Carazeesoii, C. M. Uyiiko, A. A. Besos, A. I1. Kypmiokos, A. Alabert,
S. L. Campbell, B KOTOpPBIX 0YeHBL 0OCTOATEIHLHO U3y UeHbI JuddepeHnaIbHbIe YpaB-
HEHUSI JIEOHTHEBCKOTO THUIIA.

st wcemeoBaHus JAHHBIX CTOXACTHYECKUX CUCTEM C MaTPUIIAMU KOIDEUIim-
eHTOB, 3aBUCSIINMHU OT BPEMeHH, B pabore 5] mOCTpOeHbI pasIndHble MOAUMDUKAIINT
0/X0/10B, oncanubix B paborax FO. E. Bosipunnesa, B. @. Yucrsikosa [4] npu uzyve-
HUU COOTBETCTBYIONIUX OOBIKHOBEHHBIX nudepeHInajibHbIX ypaBHennit. B pe3yib-
TaTe TOJIyYeHbl YTBEPXKIEHUs, B KOTOPBIX I PACCMaTPUBAEMOI CHCTEMBI C JaH-
HBIMU HAYAJIbHBIMU YCIOBUAME TPUBEJIEHBI HEOOXOIMMbBIE U JOCTATOUYHBIE YCIOBUS
CYIIECTBOBAHUS PEIIEeHNi, JTOCTATOYHBIE YCIOBUS CYIIECTBOBAHUS PENTeHUl, a Tak
JKe TIPUBeIeHbI (POPMYJIBI [T HAXOXKIEHUS ITUX PEIeHMUil.

LS cTOXaCTUYeCKUX CHUCTEM C MOCTOSTHHBIMU MaTpUiiaMu K03 UIMeHToB, 00-
Pa3yIoIINX PEryIAPHBI WU CUHTYJISPHBIN My9IKHW, MOJYIEHBI YTBEPXKIECHUS O UX
[PUBEJIEHUN K KaHOHWYeCKoMy Buiy [6]. I3BecTHO, 9TO 1Ij1 MCC/TEI0BAHNS KAHOHU-
YECKUX CHCTeM TPeOYETCsT paCCMOTPEHIE TTPOU3BOIHBIX JOCTATOYHO BHICOKUX TTOPSI/I-
KOB OT IpPaBOil YaCTH, a 3HAYUT U BUHEPOBCKOTrO mporiecca. Tak Kak MpPOU3BO/IHBIE

"Yacrs nccimemoBanit, TIPEICTARIEHHBIX B JOKJIA/E, BHITIOIHEHBI TIPH MOMAEPIKKe PoCCHiiCKOTO
douma byHIaMeHTATBHBIX uccaemoBanmit, mpoekT Ne 18-01-00048.
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BUHEPOBCKOTO MPOTECCa CYIIECTBYIOT TOJBKO B CMBIC/IE 0000IMEHHBIX (DyHKIWiT, KO-
TOpble KpaiiHe TPYIHBI Mg MpUMeHeHUsd B WCCJIeIOBAHNN KOHKDETHBIX YpPaBHEHWII,
IpeIozKeH HOBBI METO HCCIEIO0BaHUA YPaBHEHW, OCHOBAHHBIA Ha TTPpUMEHEHUN
ammapara TPOU3BOHBIX B cpejiHeM 1o HeabcoHy or ciydaiiHbIX mpoteccos |7|, mis
ONMCAaHUS KOTOPBIX HE MCIOJIB3YI0TCst 06001enHbie PyHKmyun. OTMETHM, 9TO MOHS-
THe IPOM3BOIHLIX B cpemHeM ObLI0 BBemeHo 3. Hembcomom B 60-x romax XX Beka st
HYy?K/| [TOCTPOEHHOI MM CTOXACTHYECKON MeXaHWKN (BapUaHT KBAHTOBON MEXaHWKM).
A uMeHHO, TPUMEHSIOTCS CUMMETPHYECKHe TMPOU3BOIHBIE B CPETHEM (TEKYIIHe CKO-
pocTi) BUHEPOBCKOTO Tporecca. Texyimme cKopocTn, B COOTBETCTBUM C 00IIeil nieo-
Jiorueit TeoOpun TTPOU3BOAHBIX B CpeaHeM II0 I‘Ie.)'[I)COHy7 ABJIAIOTCA €CTEeCTBEHHBIMU
aHaioraMu (PU3UIECKOil CKOPOCTH JIeTePMUHUPOBAHHBIX MpoteccoB [7]. B pesyibra-
T€ TTOJIYI€HbI @OpMyﬂbI JJIA BBIYUCJIEHUA CUMMETPUYECKNX ITPOU3BOJAHBIX B CpeJaHEeM
BBICIIUX MOPSIIKOB OT BUHEPOBCKOTO mporiecca [6]. Tlomyuensr amanmutnaeckue ¢hop-
MyJBI 114 PENIeHuil ypaBHEHNIT B TePMUHAX CUMMETPUYECKIX ITPOU3BOJHBIX B CPE/I-
HEeM BHHEpPOBCKOro mporecca [6]. Takke ¢ mpuMeHeHWeM MPOU3BOJHBIX B CPEIHEM
HCCIEA0BAHBbI CTOXaCTUYECKNE CUCTEMBI C MOCTOAHHBIMU MaTPpUIAMW U MMITY/JIbCHBI-
MU BO3/eifiCTBHSAME B mpaBoil gactn [§].

Paccmorpen mHOBBIN KJytacc ypaBHenmit — croxacTmwdeckue muddepeHnnaabHbie
YPABHEHHUS JIECOHTHEBCKOIO THIIA B TeKYIMX ckopoctax [9, 10]. s srux ypaBHeHmii
KaK C IMOCTOSTHHBIMU UNCTOBBIMY MATPUIaMu K03MMUITMEHTOB, TaK U C TEPEMEHHBIMEI
MaTPUIAMU, TOJTYIeHbl YTBEPKIEHNUSI O CYIIECTBOBAHWHI PEITEHMIA.
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OBPATHAA 3AJJAYA OIIPEAEJIEHNA AJPA JJId OJHOT'O
MOJEJ/JIBHOI'O UHTEI'PO-ANO®PEPEHIINAJIBHOI'O YPABHEHI
[TAPABOJIMYECKOI'O TUITA

III. b. MepaxxkxoBa
(V36ekucran, Byxapa; ByxI['V)

B maunoit paboTe TPUBOANTCS MOCTAHOBKA 0OPATHOM 334U /ISl OJJHOTO MOIETh-
HOTO WHTErpO-IudepeHITnaj bHON0 YPABHEHUS MapaboInIeCKOTO TUTIA.

UccrenoBanme ob6paTHbIX 33124 A/ TapaboIndecKnX HHTErpo-auddepeninaib-
HBIX YPaBHEHWI C MHTErPATBLHBIM UJIEHOM THUIT, CBEPTKU MPEICTAB/ISIET DOJIBITION WH-
Tepec KakK B MPAKTUUECKOM, TAK W B TEOPETHIECKOM OTHOIeHnn. OOpaTHBIM 331a-
JaM OTIpeIe/IeHNnsT TTPABO TacTh JAn0O0 OTHOTO M3 KOI(MMUIIMEHTOB MapadbOIMIeCKOTO
YPaBHEHUS C ITOTMOJHUTEbHON nHpOpPMAIHei pa3HbIX BUIOB MOCBAIIEH Al paboT.

Paccmorpuy 3asiady ompesietenns dbynxmuit u(x,y,t) w K(z,t), (z,y) € R?,
t > 0, u3 ypaBHeHHU

up — Au+ c(x,y)u = /K(m,T) u(z,y,t —7)dr, (1)
0
u‘t:() = @(«T,y), (2)
u‘y:() = g(z,1), (3)
02 02

rae A = 5o + ByF c(z,y) € C(R?) — zamanmag dbynxmnug. Bymem mpeamomarars
aro p(z,y) € C*(R?), |p(z,y)| = const > 0, g(z,t) € C22(RL), 0<t < T,

(,0(.1‘,0) :g(.I',O), (4)
1 9T (DPYHKIIAA OTPAHUIEHBI TI0 X, .
R} = {(z,y,t)| (z,y) eR*, 0<t <T}, T >0.

BamernM, 9To JOMOJTHUTETHHOE YCI0BHE (3) 3a/1aeTCs HA MJIOCKOCTH, OPTOTOHAh-
HOiI TOii MepeMeHHOli, 0T KOTOpOil f1p0o WHTerpajbHOro uieHa B (1) He 3aBucHT.
D10 crenuaabHOE 33JaHNe JOMOJTHUTEIFHOM NH(MOPMAIMH TTO3BOJISIET IOy YUTh st
UCKOMBIX (DYHKITHI 3aMKHYTYIO CHCTEMY WHTErPAJbHBIX YpaBHEHUI BTOPOrO pOJa.
Heobxoanmo ormernTsh, 910 MeTO pabOThl OCHOBAH HA MOJIYIEHUHN BHAYAJIE BCIOMO-
raTebHON 3aJa4N, B KOTOPOI B JOMOTHUTETLHOM YCIOBUN COMEPKUTCI HEM3IBECTHAST
dbyuxims u sipo K (x,t) [1].

B nmammoit pabore mosiyueHa Teopema, XapaKTepU3yIoIas OJHO3HAUHYIO pa3pe-
IIAMOCTh TTOCTABJICHHOW 33,a%H.

JIuteparypa
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BUNOYPKAIIMN KOPASBMEPHOCTU 2
B JMHAMUYECKUX CUCTEMAX C CUMMETPUEI

. B. MopiiaeBa
(Poccust, Pocros-na-/lony; FODY)

PaccmarpuBatorcs 6udpyprarum KOpa3MepHOCTH 2 B JUHAMUIECKUX CHCTEMAX,
MHBAPUAHTHBIX OTHOCUTEIHHO JIMHEHHOTO OPTOTrOHAJIBHOTO JeicTBust rpymmbl O(2).
ITpumepsr cucrem ¢ Takoit cumMmerpueil Jar0T 3aa9u O BO3HUKHOBEHUN KOHBEKTHB-
HBIX TeYeHUN BA3KON HECXKUMaeMOU KUJIKOCTU U KUJKOCTU C IPUMECHIO, PACIIOJIO-
JKEHHOI B GECKOHEYHOM TOPU30HTAIBHOM WM BeprTukaabHoMm cioe [1]. das ucce-
JIOBAHWS UCIOJIB3YEeTCsT METO/T CBeJIeHUs Ha IeHTpaabHOe MHOTOOOpasue. [locTpoenbl
BCE BO3MO2KHBIE PE30HAHCHIEC aMIIJINTYAHbIE CUCTEMBI B OKDECTHOCTHN 3HAYEHU mapa-
METPOB, TIPU KOTOPBIX HEATPATHHBII CIIEKTD JUHEIHHOTO OMEPATOpPa COCTOUT U3 JABYX
map 9MCTO MHUMBIX CO6CTB€HHI)IX 3HAUYEHUA. BHepBI)Ie CUCTEMBI aMIJIUTYJAHBIX ypPaB-
wennit 1y 3amaau Kystr — Teitopa, obJragaroreil MuinapuIecKoil CiMMeTPHeii,
6pLtn octpoensl B paborax B. U. FOmosuua [2], P. Chossat, Y. Demay, G. Iooss [3].

[IpoBemeno wcciieoBanme AMILIATYIHBIX CHCTEM HA, WHBAPUAHTHBIX IOIIIPO-
crparcTBax. [lokazaHo, 9To B yCIOBUSX OOINErO MOJIOXKEHUsT BO3MOYXKHO BO3HUKHO-
BEHHE TIEePNOANYICCKUX peH_[eHI/Iﬁ TUIIQ 6erH_[I/IX BOJIH U WX HEJWHENHBIX cyrneprio-
3UIU, & TaKXKe BO3HUKHOBEHHWE KBa3WIepuogndeckux pertenunii. [loyuersr sBHbIE
BBIPDaKEHNUA IJId aCUMITOTUK BO3HUKAIOIINX peH_[eHI/Iﬁ n OJid BEJIMYWH, OIPEIe/IAI0-
[IUX XapaKTep WX BETBJIEHUS W YCTONYUBOCTB. IIpMBOAATCS MpUMEHEHUs TeOpuu K
3aJa9aM KOHBEKIIUH.
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Taylor // Arch. Rational. Mech. Anal.—1987.—Vol. 99.—P. 213-248.
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OMNPEIAE/TEHUA AJIPA CITEIIUAJIBHOTI'O BUIA
N3 UHTEI'PO-JUPPEPEHIIMAJ/JIBHOI'O YPABHEHU
TEITJIOIIPOBOAHOCTU

K. 3. HypuaauHos
(Y36ekucran, Byxapa; ByxI['V)

Pacemorpum 3a1aay onpejgenenns dyukuuii u(z,t) u K(a',t), x = (', x,) € R™,
t > 0 u3 ypaBHeHU

t

up = a(t)Au — /k:(:c’,T) u(z,t —71)dr, (z,t) € R, (1)
0

ul,_o = (), (2)

u‘xnzo = f(a',t), 2/ eRL, (3)

rae a(t) € CH0,T], |a(t)] = ap > 0, a9 — 3amannoe uucio, R%: = {(x,t) |z =
(@' zp,) €R™, 0<t <T}, T > 0. Byaem npesmosarars 4To

o(z) € CHR™), |p(x)] > const >0, f(a',t) € C*2(Ry ),
Ry = {(@ t)|2 e R 0<t< T}, o(@,0)= f(2',0),

v oTi yHKIEE orparwmuensr mo , mpocrparcta C(Q), C¥#(Q) n wopma B Hux
ompeseseHsr B [1].

Nmeer GosbImioit wHTEPEC KAK B MPAKTUIECKOM, TAK W B TEOPETUIECKOM OTHO-
IIEHWUsIX MCCIEI0BAHNEe OOPATHBIX 3a/a4 JJIs MUIepOOJHIecKUX U MapabOInIecKux
nHTErpo-ud HepeHIMaTbHBIX YPABHEHNIT ¢ WHTErPAIBHBIM UJIEHOM THIIA CBEPTKH.
K takuM ypaBHeHUsiM B Cirydae 11apaboimyeckoro ypaBHeH!sl IIPUBO/AT 3a/1a91 pac-
IPOCTPAHEHNsl TeIIa B CPEJIaxX, IJie COCTOSTHUE CPE/Ibl B TAHHBI MOMEHT BPEMEHH 3a-
BUCHUT OT €€ COCTOAHMA BO BCE IPEABIAYIINEe MOMEHTHI BDEMEHU. I/IHTeraﬂBHbII;'I oIrre-
parop B (1) onuceiBaer BJIMSIHAE TPEIBICTOPUE HA TIPOIECC PACIPOCTPAHEHHST TEILIA,
B3BaHHOIO HAaJaJIbHOI Temieparypoit cpeanl (2). B manuoit crarbe obparHas 3aa-
ga (1)—(3) nccremyercs Ha OCHOBE METOJIA, MCIOJB30BAHHOTO B pabore [2]. Bamernm,
9TO JIOMOJIHUTEIbHOE yCIoBHe (3) 3a/1aeTCs Ha TIJI0CKOCTH, OPTOrOHAJILHOI TOl repe-
MEHHOIi, 0T KOTOPOIi siipo WHTerpagbHoro uiena B (1) He 3aBucuT. D10 CrenuaIBHOE
3a/[aHMe JOMOJTHUTEILHON WH(MOPMAIINY MO3BOJISIET MOJIYIUTh s HICKOMBIX (DYHK-
it 3aMKHYTYI0 CHCTEMY WHTerpaJbHbIX ypaBHEHH BTOporo pojxa. Heobxomumo oT-
METHTB, YTO MeTOJ] paboThl [2] OCHOBAH Ha MOJyYEHHM BHAYAJE BCIOMOTATEILHOI
3329, B KOTOPOil B JOTOJJHUTEIHHOM YCJIOBUH COJAEPXKUTCS HEM3BCTHAS (PYHKITHUS,
T. e. aapo k(a',t).
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JIemma. Bazaqa (1)—(3) skpuBasenrna 3anade onpegenenns yuxunii (w(x,t),
k(2 t)) u3 caexyromux ypaBHeHmii:

—Aw = 2(0) /k:(:c',T) v(z,t —7)dT —
", (4)
1 1
— —— | == k(@ t) pru, (@) + [ k(@ T)w(z,t —T)dT|, (3,t) € RY,
ko 0/ |
wlmg = Aoy, (2), © ERT, (5)
1 1 o d(t) |
w‘anOZEftt_@izl 8x2ft 2(1) /k fa' t—7)dr+
t ’ (6)
+$ mk(gg 1) f(a,0) - %/k(;ﬂ'ﬁ) i@yt — 1) dT}, (@, 1) € RE.
0

ITo X0y JOKA3aTEIBCTBO TOM JIEMMbI, MBI TIOKA3bIBAEM SKBUBAJEHTHOCTH 3a/1a-
un (4)—(6) cucreme MHTErpabHBIX yPABHEHNIT OTHOCHTEILHO HEM3BECTHBIX (yHKINI
w(zx, t), k(2 t).

asee, pecTaB/isst CHCTEMY WHTETDAJIbHBIX YPaBHEHUIl B BHJE OINEPATOPHOIO
yPaBHEHUs, MPU TTOMOIIN CKATHIX OTOOPAKEHUIT JTOKA3BIBAEM €JIUHTCBEHHOCTH HO-
CTaBJIEHHOI 3aa4U.

Taxum 06pa3oM, TOKA3AHO CAEAYIONIAs TEOPEMA.

Teopesa. Tycrs () € CHR™), o(z) > po > 0, f(z',1) € C22(RT), f(a',0) =
o(2',0). Torma cymecrByer gocrarouno masoe gucao T takoe, uro 3amada (4)—(6)
nmeer eguHCTBEeRHOE pemtenne w(x,t), k(x' t) B cmoe x € R, 0 <t < T.

Jlureparypa

1. Jlagppkenckas O. A., Conounnukos B. A., Ypanbuesa H. H. Jluneitnble v KBa3uauHeHbIe
ypaBHeHust apaboamueckoro Tumna.—M.: Hayka, 1967.

2. Besnomenko H. 5. O6 onpenenenun kosbdunnenta B mapabonndeckom ypasrenun // Tud.
ypasuenns.—1974.—T. 10, Ne 1.—C. 24-35.
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O CIIEKTPE JNO®OEPEHIIMA/IBHOT'O OIIEPATOPA
TPETBETO TMOPIOKA!

. M. Ilongakos
(Poccust, Bragmkaskas; FOMU BHIT PAH)

[TIycrs Lo[0,w] = La2([0,w],C). HacTosmmuii 10KIa/] MOCBSIIEH OMMCAHNIO aACHMII-
TOTHUKW COOCTBEHHBIX 3HAYEHNH AuddepeHnnaIrHOr0 OmepaTopa TPEThero mopsiaKa,
Ly : D(Lg) C Lo[0,w] — La[0,w], 6 € [0,1], KOTOPBIil OMpeneIseTcst CJIeTy OMIM
muddepeHnraaIbHBIM BEIPAKEHUEM:

l(y) = iy™ () —ia(t)y () — b(t)y(t),
rie K03 PUIHEHTHI @, b SIBJISIIOTCS KOMILJIEKCHO3HAUYHBIMY 1 npuHaiexar Lof0, w].
O6macts onpenenenus D(Lg) = {y : y € W3([0,w],C)} 3amaercss xBazumepuosnde-
CKUMU KPAEBBIMU YC/IOBASMU y(j)(O) = e”ey(j)(w), 0 €[0,1], 7 = 0,1,2. Ormernm,
uro mpu § = 0 KpaeBble YCJOBUSA OYIYT TMEPUOIUIECKUME, a Tipu § = 1 — anTumepu-
OJINIECKUMU.

MuTepec K m3ydeHWIo JAHHOTO OTMEpPaTopa CBA3aH C TEM, 9TO OH BO3HUKAET B
PABIUYHBIX 331a9aX MEXaHWKW W (DU3NKKU. B 9acTHOCTH, MPU HUCCTETOBAHINA MOJIE-
JIefl TTOTOKa, TOHKOI TIJIEHKW BS3KON JKUAKOCTH MWW MOIeIeil KoiebaHnst 3JIaCTUIHON
Gamku (cMm. [1]). Kpome Toro, omepaTopbl TpeThEro MOpsIKAa BO3HUKAIOT B METOIE
00paTHOW 33Ja9M WHTETPUPOBAHWS HEIUHEHHOTO 3BOJIOIMOHHOTO ypaBHeHWs Byc-
cunecka [2|. CnekTpasibHBIN aHAIN3 BEIECTBEHHOTO CAMOCOTIPSZKEHHOTO OMEpaTopa
TPeThero Mnopsijika ¢ Heragkumu Koaddurnpentamn OblI paHee nposejieH B [3].

s mcemenoBanns omepatopa Lg TPUMeHSIeTCST HOBas TEXHUKA, KOTOPas Pa3BU-
Baer nien u3 [4] u [5]. Dra TexHUKA 03BOJISIET YTOYHUT, & B PSIJIE CIyYaeB yCHIUTh,
M3BECTHYIO paHee aCHMITOTHKY COOCTBEHHBIX 3HadeHmii (cM. [6]).

Teopema. Tupdepennnanbusii oneparop Ly, 0 € [0,1], apasercs oneparopom
¢ JUCKPETHBIM CIHEKTpoM. Bosee Toro, Haiizercsa Takoe JOCTATOYHO GOJIBIIOE THCIO
m € Z.., uro criekTp oneparopa Lg npexcraBum B BHJE

o(Lg) = 0y U { gy In = m 41}, (1)
rae O(py) — KOHEYHOe MHOXKEeCTBO C YHCIOM TOYeK He IPEeBOCXOJAIIM 2m + 1.

CobcTeernble 3HAYCHUST N g ABIAIOTCS OJHOKDATHBIMH U JIOIYCKAIOT CI€TYIOUIYTO

ACHMIITOTHKY:
w
/ b(t) dt —
0
w

w 1 N N
O/a )(a * hy,)(t) dt — h2 by O/a(t)(a*hn)(t)dt—hg +

)‘né’:

)

CL

EIH

w3

~ 7r3(2n+0) 2n+0 /w
0

'PaGora BeimonHena npu dunancoBoil momuepxke Poccuiickoro dbonma GyHIAMEHTATBHBIX HC-
cremoBanmii, mpoekT Ne 18-31-00205.
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e

—_
wol| B

"6 2n 1 0) !a@“*%ﬂﬂﬁ+!@@w*nxnw+

+ [ax fOb - g~ 212 ) + O(n72), ol > mt 1
0

fult) = i (ﬁ e ewvwwn) |

w
_ T mvili—VB)E/(2w) | moi(iV3)(—t/ (2w)+1/2)
gm(t) =35 (e te )
hn(t) - __" (2 _ (1 _ Z‘\/g)ei%rat/w o (’L\/§+ 1)67i27rﬁt/w) 7

~ ot 1 .
B () = % (eﬂzwm/w _ elzmt/w)

b

@%(271—%9), B:i\/%%g@nﬂ-@), v=13(2n+0),

m f, g&, RO, %% — cpenune 3Hadenust GyaKmi a * (b* f,), a* (b*gy), a* (a*hy),
a * (a * hy,), coorBeTCTBEHHO:

fa=[laxOxf))0)dt, go= [ (ax(b*ga))(t)dt,

StY~—c¢
St~

hg:/(a*(a*hn))(t)dt, n (a* (a* hyp))(t)dt.
0

Il
Ot~

Jlureparypa
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O MOMCKE OIITUMAJIbHBIX YIIPABJIEHNN
B K/JIACCAX UHTEI'PUPYEMBIX I CYMMIPYEMBIX ®@YHKIII
JJId CUCTEM JIPOBHOT'O TTOPAIKA

C. C. IlocTtHOB
(Poccust, Mocksa; UTTY PAH)

Pamee mis nccaemoBaHms 3339 ONTUMAILHOIO YIIPABIEHUS CHCTEMAMI JPOOHO-
TO MOPAIKA 6]31.)'[ TPpUMEHEH MEeTOJ MOMEHTOB, KOTOprﬁ TTO3BOJIAET CTPOUTH B ABHOM
BHUJIe ONTUMAJbHBIE YIIPABIEHUs U WCCIeJI0BaTh X cBoiictBa [1-3]. B arom ciywae
3apaHee He IMPEeJII0JIaraeTCsd HENPEePhIBHOCT muin AudOepeHnpyeMoCcTs yupaBiie-
HII, a TaKKe 33aI0TCI ABHBIE OTPAHNYEHNST Ha HOPMY ONTHMAJILHOIO YIIPABICHUSI.
B macrosimieit pabore paccMaTpuBaercs MPUMEHEHNe MeTOIa MOMEHTOB ISt CHCTEM
JPOOHOr0 TMOPSIKa C COCPEeNOTOYEHHBIME mapamerpamu. OTaeabHOe BHUMAHUE yie-
JIZETCA OCODEHHOCTSM PEIeHnil 3329 ONTUMAILHOIO YIPAaBJICHUT B CIydae, KO
yhupaBJIEHUA ABJIAIOTCA CYMMHUDYEMBIMU Ha OTPE3KE (byHK]_[I/IﬂMI/I

B obmem caydae cucrema IpoOHOr0 MOPSIKA C COCPEIOTOUEHHBIMHI TapaMeTPpaMu
MOKeT OBITh 3a/aHa HAOOPOM ypPaBHEHWUI CJIEIYIOIIEro BUIA!

tODfiqi(t) = aijqj(t) + bijuj(t) + fi(t), i,7=1,..., N, (1)
rie bynkymn §t) = (qi(t),...,qn (), @t) = (ui(t),...,un(t) u f(t) =
(f1(t),..., fn(t)) onpenessitor cocrosiHme, yrpaBjieHne u BO3MYIIEHHE COOTBETCTBEH-

Ho; t € (to,T], T > to = 0; a;j u bj; — KoddduUNUEHTEI, KOTOPbIE, BOOOIIE TOBOPH,
MOTYT OBITh (DYHKIIUSIMU BPEMEHW; 10 TOBTOPSIOMIMMCSA WHIIEKCAM TOPa3yMeBaeT-
ca cymmuposanue. Onepatop apo6uoro muddepennuposanus ¢, DY B dbopmyme (1)
nonnvaercst B cvbicie Xuibdepa 0D, Anavapa {{ D{* nim Dpaeitn — Kobepa
%K DI a wunnekc p; aBngerca B O0IIEM CTydae COCTABHBIM W MOYKET BKJIOUATDH JI0
Tpex MmoKa3aTesed.

Paccmarpusatorest ynpasierns, apisomuecs: dbynknuamu Ly(0,7T], 1 < p < oo.

Hauanbasie ycnosust st cucremsl (1) 3a1a10TCs, Kak TPABUIO, B HEJTOKATHHOM
BUJTE

lim [, 17 qi(t)] = Y

Jm i 1=1,...,N, (2)

rjie omepaTop JAPOOHOTO MHTErPUPOBAHUS 4[] MOHMMAETCS CIIeLYIOmUM 06Pa30M:
B cmbiciie Pumana — JluyBumnsg, eciu omepartop apobHOro audepeHmpoBaHus
B bopmyste (1) normmaercs B cmbicte Xunbdepa; B cmbicae Axamapa nmm dpueiin —
Kob6epa, ecin oneparop apobuoro muddepennuposanust B opmyse (1) monnmaercs
B cmbicae Anamapa niam Opaeiin — Kobepa coorsercrsenno. Ilokasarens o; Tak:ke
SIBJISIETCS B ODIIIEM CJIydae COCTaBHBIM.

Koneunnie ycnosust st cucremsr (1) 3amaiorcest B Bujie

@(T)=¢q/, i=1,...,N. (3)
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Uccnenytorcst jpe 3a7a491 ONTUMAIBLHOTO YIIPAB/IEHMNST:

1) 3ajava moMCKa yIpaBJIeHUs, TepeBojdiiero cucremy (1) m3 HavaIBLHOTO CO-
CTOSTHWSI, OTIPEJIENISIEMOr0 yCaoBusiMu (2), B KOHEIHOE cOCTosiHue (3) M MMEIoImero
MUHAMAJIbHYIO HOPMY TIPU 3aJaHHOM BpeMeHu yrpasjenus 1

2) 3aj1a4a 1IONCKa ylIpaBJIeHNsI, epeBosiiiero cucreMy (1) n3 HaYaJIbHOTO COCTO-
SIHUS, OIPEJIeNISIeMOro yCaoBusaMu (2), B KOHETHOe cOCTOsHME (3) 33 MHHIMAJIbHOE

—

BpeMsl [IPK 33]aHHOM OrpaHuYeHnn Ha HOpMy ynpasienus, |u(t)|| <, 1 > 0.

O6e 3aatu CBOAATCS K [-TTpobJjieMe MOMEHTOB, it KOTOPOil MCCIETYIOTCS YCII0-
BUsI, ONPE/IE/ISIONIIe BO3MOKHOCTh TI0OCTAHOBKK U paspermmmocts [1-3]. B cayuasx,
KOT/Ia 9TH YCJIOBUS BBIMOJHEHBI, NpW p > 1 TOJyYeHBI U UCCIETOBAHBI AHAJIUTHU-
YecKue DereHusi MOCTABIEHHbBIX 3a/@d ONTUMAaJ/IbHOrO yrpasienus [1-3]. B ganHoii
paboTe paccMOTpEH OTHEeIBHO Ciaydail p = 1, KOrga aHAIUTUIECKOe DEIleHue 3a/1a-
U ONTUMAJIFHOTO YIIPAB/IEHUS CYIIECTBYET U BHIPAKACTCA CYMMUPYEMOil HA OTPE3Ke
dyHKIHE, HO MOYXKeT OBITh HeeWHCTBEeHHBIM. Vlcc/ieT0BaHbI CBOCTBA TAKOTO perire-
HUSI.
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uue // ABromaruka u renemexanuka.—2014.—Ne 5.—C. 3-17.
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OYHKIINS I'PUHA IIEPBOII KPAEBOII 3AJIAUI
T TNOOY3MOHHO-BOTHOBOI'O YPABHEHUS!

A. B. Ilcxy
(Poccus, Hampunk; UTIMA KBHIT PAH)

Paccmorpum ypasuenwne
80’
8—yU_Ax u(x,y) :f(xay) (0<0<2)7 (1)

rue (%0 — IpobHast mpousBojgHas mopsaka o [1], Ay = >0, aa—;% — omeparop Jla-
I1aca 1o mepeMentoit © = (x1, o, ..., Ty).

B moxkmame obcyxkmaerca Bompoc mocTpoerus yHKIuM ['puHa MEepBO KPAEBOi
sajaun i ypaBaerus (1) B IUINHIPHYIECKOl 00/1aCTH, B OCHOBAHUH KOTOPOIi Jie-
JKUT OTpaHUYeHHAs WM HeOTPpaHUYEHHAs II0 IPOCTPAHCTBEHHLIM IIePEeMEHHBLIM IIPs-
MOYTOJIbHASA 00JIACTD.

JIuteparypa

1. Haxymes A. M. [Ipo6Hoe nucunciaenne u ero npumenenne.—M.: @uzmaraut, 2003.—272 c.

lPaGora BemomHena mpu dunancoBoil mommepxke Poccuiickoro bomma byHIAMEHTATBHBIX HC-
cremoBanmii, mpoekT Ne 18-51-45005.
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3AIAYA OIPEJEJEHUSA IBYMEPHOI'O SPA
VYPABHEHUYA BA3KOVIIPYT'OCTU CO CJIABON 3ABUCUMOCTBIO
OT TOPU30OHTAJIBHOV TTEPEMEHHOI

2K. ITI. Cadapos
(Vabexucran, Tamkenr; TYUT)

Paccmarpusaercst aBymeproe nuddepeHnnaapHoe ypaBHeHne BI3KOYIPYTOCTH B
orpaHnveHHoit 1o nepementoii x obsactu D = {(z,t): 0 <z <I,t > 0}

t
Uy = um—i—uzz—i—/k(t—T,x)(um—i—uzz)(T,x,z)dT, teR, xeRy, z€(0,1), (1)
0

C Ha49aJIbHBIM U T'DaHUIHBIMU YCJIOBUAMU

u‘t<0 =0, (2)
% (u + / k(t — 7, z)u(T, 2, 2) dT> = 6(z)d(1),
0 z=0
5 t
B (u + /k(t —7,2)u(T, T, 2) dT) . = 0. (3)

0

O6parHyto 3aJady MOCTABAM CJIEIYIONMM 00pa3om: Tpebyercs Haiitu siapo k(t,x),
t > 0, x € R, uarerpansroro wirena B (1), ecin N3BECTHBI 3HAYEHUST PEIEHUs 331~
an (1)—(3) mpm z = 0, 1. e. 3amana GyHKINT

u(t,z,0) =g(t,z), t>0, x€R. (4)

[Tpu sToMm mpexamosaraercs, 9To siapo k(t, ) ciabo 3aBHCUT OT TOPU3OHTATHHOMN TIe-
peMeHHOW I:

k?(t,.’E) = k‘o(t) + 5$k1(f) + ..., (5)

e € — MaJIblid I1apamerp.

OnmomepHast obpaTHast 3ajada JIsl YPABHEHHUS BSI3KOYIPYTOCTH B PA3JIMIHBIX
obsracTsix mcciaegoBana B paborax [1-3].

Pemenne npsmoit 3aaqan (1)—(3) 6yaem HCKaTh B BUJE psiia 10 CTEIEHsM &, T. €.

u(t, z,x) = up(t, z,x) +eui(t, z,x) + ... (6)

[Moxcrasnsig (6) B ypasHenue (1) u mpupaBHUBas BBIPDAYKEHUST IPU OJMHAKOBBIX CTe-
NeHsIX €, MOJIy9rM, B UTOTre, PeKyPPEHTHYIO CHCTEMY NPAMBIX 3aJa4, W3 KOTOPBIX
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HaXOJATCS Ug, U1 U T. . Torma, oueBnno, cormacuo dopmyse (5) dyukiys g(z,t)
OyJeT UMeTh TaKylo e CTPYKTypY:

g(t,x) = go(t,z) +eqi(t,x) + ...

Ucnonw3ys paznoxenuns dyakmmn u o dopmyne (6), dynknuu k mo dopmy-
qe (5), maxoauM, uro obparHas 3amaqa (1)—(4) pacmagaerca Ha CIeIYONMe 33, a4
MOCIeIOBATEIHLHOTO onpenaenenns ko, ki, ... :

t
UQtt = Uz + U0z —f—/k:o (t — 7)(uoze + vozz)(Tyx, 2)dr, tE€R, x € Ry, z € (0,1).
0

uolt<o = 0,
5 t
B +/k:0 (t — T)ug(T,x,2) dr = §(x)o(1),
z 0 z=0
t
0
P u0+/k0t—7'u0(7'3:z)d =0,
0 z=l

uO‘z:O - go(x,t), (CC,t) S R2;

¢ n

Unptt = Ungz + Unzz + /Z :Cjk:j (t - T)(u(n—j)xx + u(n—j)zz)(T’ €, Z) dr,

o J=0
un|t<0 = 0)

t
0
5 up + [ kj(t — T)un (7,2, 2) dr =0,

0 z=0

t
0
5 ki(t — T)un (T, 2, 2) dr =0,

z=l
teR, xeRy, 2z€(0,1).
u”‘z:o = gn(z,t), (2,t) €R? n=1,2,...

OCHOBHBIM pe3y/IBTATOM JAHHON PaOOTEL ABJISAETCS TO, 9TO YIAJI0Ch IOCTPOUTEH METOJ
raxoxkaennst ko(t) w ki(t) ¢ TounocThio 10 Bemamabr opsaka O(g2).

JIuteparypa

1. Adypames /1. K., Toruesa 2K. JI. 3amada 06 OmpemesleHUN OJHOMEDHOTO spa yPABHEHUS
Baskoynpyroctu // Cub. xypu. maaycrp. marem.—2013.—T. 16, Ne 2.—C. 72-82.

2. Hdypaues /1. K., Cacgapos 2K. III. O6parnasa 3amada 06 ONPEIEIEHUA OJHOMEDPHOTO 1P
yDPaBHEHUs BSI3KOYTIPYTOCTH B OrpaHndeHHoit obractu // Mar. 3amerkn.—2015.—T. 97, Ne 6.—
C. 855-867.

3. Cadapos 2K. III. Onaomepnas obparHas 3ajad9a /i yPaBHEHUs BA3ZKOYIIPYIOCTH B OIPAHU-
uennoit obmacrtu // 2Kypu. CpenmeBosx. mar. o-a.—2015.—T. 17, Ne 4.—C. 44-55.
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ITopsiAKOBBIl aHAIU3 U CMEXXHbIe BONPOChl MATEMATUYECKOTO MOJEJTUPOBAHUS:
Te3uchl mokaam0B XV Mex nynapommoit mayanoit kordepermnun (c. e, 15-20 uona 2019 r.)

O ITOAKJTACCAX 3BE3JIHBIX 11 CITMPAJIEOBPASHBIX OYHKIINAX

M. O. Cynarsiros
(Poccusi, Marac; Uurl'V)

[Iycte m, n — npousBosbHBIE (PUKCHUPOBAHHBIE BEIECTBEHHBIE UHUC/IA, YIOBJIE-
TBOpsomue ycaosuio (m,n) € G* = G1 U Go, e

1
G1={(m,n)2§<m<1,1—m>”>m}’ (1)

Go={(m,n): m<1l,m—1=n2>m}, (2)

a TakxkKe [ ¥ v — JeiicTBuTe/bHbIE dncia Takue, 910 0 < p < 1 u |v| < /2.

B 1971 r. fxyGosckumit [1] BBen kmacc Sy (4, v) perynapuprx byHkrmit
f(2) =2+ Y3, arz® B enmmmanom kpyre E = {z : |z| < 1}, ymosaersopstioninx
YCIOBHIO

eiv;(,:)(z) —isinv — pcosv

- <M 3
(1 —p)cosw " 3)
JJII BCceX Touek z € K.

Teopema 1. Anannrnueckasi pynkusi f(z) € S Oyaer npuHaIeKaTh KJIACCY
Gbyuknuii S*(«v, B) Torma m TOJBKO TOTJA, KOTJIA

)
/) <1 (4)

—a) - (E-1)

JIIST BCeX JMedcTBUTEebHBIX o U 8 Taknx, 9ro 0 < a< 1m0 < /<1

28 (Zf:é;)

Teopema 2. Anannrnyeckast pyukius f(z) € S Oyaer npuHaIeKaTH KJIACCY
Gbyuknmii Sy(o, p, 1) TOTIA H TOJBKO TOTJA, KOTJA

ixzf'(z)

IO

COS A

—gsin A

—a—p|<p (5)

mpu A <7/2,0<a<luma+p>1
Teopema 3. Hmeer mecro:

§*(0, 8) = Sig (0,00 M = 1/(2(1 - B)).

SMe, B) = 1+M mlaA); M = =28%/(1 - B%).
M(a, B) = Sy, 1(0,0); m = (1+af?)/(1 - a?8%) 0 M = (1 +a)B/(1 - a??).
Sx(a, p, p) = MM(a A M =p/(1-a).

149



Teopema 4. Byjem rosoputs, uro anaanrtndeckas yukuus f(z) € S Oyuer
HOpHHAITEXKATh Kaaccy ¢yaknmit S) (i, v, a,t) Toraa u ToabKo TOIAa, Koria

e“’zf/(z) e _
7f(z) 7181 v M COS U

—m—a—it| <M
T )cosn m— o —it| < M, (6)

e m, «, t, M — neficruresnbHble dnciaa rakue, 9ro |v| < w/2, —co < a < 1, p < 1,
m > 0,5, —co<t<oo, M>=1+2(m+a—ma)—m?—a?—1t2>0, M > 0.

Teopema 5. @yuxnua f(z) € S ,;(p,v,a,t) Torga u TonbKO TOrZTA, KOIZIA
CYIIECTBYET HEKOTOPAsT PETYJISIPHAS B E = {z 1 |z| < 1} ¢pysrnms w(z), w(0) =0 u
lw(z)| < 1 rakas, aro

zf'(2) _ 1+ [e ™ (A+ B)(1 — p)cosv — Blw(z) (7)
f(2) 1 — Bw(z) ’
e A+ B >0, A= [M?-m?+m(l—2a)+a(l —a)+it—t’]/M nuB =
(m+a—1—1it)/M.

JIuteparypa

1. Jakubowski Z. J. On the coefficients of starlike functions of some classes // Bull. Acad. Polon.
Des Sci., Ser. des Sci. Math., Astronom. et Phys.—1971.—Vol. 19.—P. 811-815.

2. Juneja O. P., Mogra M. L. On starlike functions of order a and type 8 // Key. Rum. Math.—
1978.—Vol. 23.—P. 751-765.

3. Mogra M. L., Juneja O. P. Coefficient estimates for starlike functions // Bull. Aust. Math.
Soc.—1977.—Vol. 16.—P. 415-425.

4. Mogra M. L. On a subclass of starlike functions in the unit disc I // J. Indian Math. Soc.—
1976.—Vol. 40.—P. 159-161.

5. Lakshminarasimhan T. V. On sub-classes of functions starlike in the unit disc // J. Indian
Math. Soc.—1977.—Vol. 41.—P. 233-243.
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ITopsaakoBelii aHaIN3 U CME>KHbIe BOIIPOCHI MAaTEMAaTUYECKOro MOJAEJIUPOBAHUS:
Te3uchl MOKIa0B XV Mex mynapoanoit mayanoii kordepernun (c. Lleir, 15-20 mioms 2019 r.)

SAJTAYA KON JIJIA OBBIKHOBEHHOT'O
JNOOEPEHIIMA/IBHOI'O YPABHEHIA C OITIEPATOPOM
HEITPEPBIBHO PACITPEAE/JTEHHOI'O JN®PEPEHIINPOBAHUA

b. . 9denaues
(Poccus, Hambunk; UTIMA KBHIT PAH)

B unteprasie 0 < x < I paccMoTpuM ypaBHEHIE

1
/ 1) DG, u(x) da + Au(z) = f(z), (1)
0
rje
o 1 d u(t
DOxu(SC)— I —a) @/ —ta’ O<a<l,
0

— omeparop jpobuoro muddepennuposanus Puvana — Jlnysmwiig mopsaka o [1],
') — ravma-dyrakuns Ditnepa, u(a), f(xr) — 3amanubie dbyHKImM, A — 3a1aHHas
MTOCTOSTHHASI.

HuddeperrmanbHblit 0IepaTop BUIA

B8
[ aete) D u(w) de

o

ObLT BIEpBBIE BBEJeH B pabore 1], a B [2] u3yvens! ero cpoiicTsa.

B namnoit pabore mocrpoeno dbyHIaMEHTAILHOE pelerne ypasHeHus (1) u m3y-
gennl ero cpoiicrsa. Haiineno pemenne 3amauan Komm nnust ypasuenns (1) B aBHOM
Busie. Jlokasama TeopeMa eJMHCTBEHHOCTH U CYIIECTBOBAHUS PEIIEHUS NCCIIeLyeMOil
38/t

JIuteparypa

1. Haxymes A. M. O uenpepsiBHBIX nuddepeHInaibHbIX YPABHEHNUIX U WX PA3HOCTHBIX aHA-
gorax // Hokn. AH CCCP.—1988.—T. 300, Ne 4.—C. 796-799.

2. Haxyme A. M. O 10/10:KUTEIBHOCTH OIEPATOPOB HEIIPEPBHIBHOIO U AUCKPETHOTO auddepen-
[OMPOBAHUS W MHTEIPUPOBAHIS BECHMA BAXKHBIX B IPOOHOM HMCHUNCIIEHUN U B TEOPUU yPABHEe-
Huit cMamansoro tumna // dud. ypasaenns.—1998.—T. 34, Ne 1.—C. 101-109.
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ITopsiAKOBBIl aHAIU3 U CMEXXHbIe BONPOChl MATEMATUYECKOTO MOJEJTUPOBAHUS:
Te3uchl mokaam0B XV Mex nynapommoit mayanoit kordepermnun (c. e, 15-20 uona 2019 r.)

OB OJIHOI KPAEBO! 3AJIAYE JIJId CUHIYJIAPHOTO
TUIIEPBOJIMYECKOT'O YPABHEHNS C MHTETPAJIbHBIMI
VCJIOBUAMU 1 CIIEKTPAJIBHBIM ITAPAMETPOM

T. K. FOxngarien
(Poccus, Kpacuostipek; Cubl'VY)

MaremaTndyeckoe MOJETIUPOBAHNE MHOTUX IIPOIECCOB, MPOUCXOMSAIINX B pPeab-
HOM MUpE, NMPUBOJUT K WU3YyUEHUIO CMEIMAHHBIX, KPAEBBIX W OOPATHBIX 3aad st
ypaBHEHNII B YaCTHBIX MPOM3BOJHBIX. 1€0pHs CMEITAHHBIX M KPAEBBIX 33744 B CH-
JIy ee MPUKJIATHON BayKHOCTU B HACTOAIIEE BPEMS ABJISIETCS OJHUM U3 BAYKHEUITHAX
pasnenos Teopun auddepeHmaIbHbIX ypaBHeruil. IIpeacraBigor 6061100 MHTe-
pec ¢ Touku 3perus (PU3NIECKUX MPUIOKEHNNH U CHHTY/IsIpHbIE TuddepeHnabHbIe
ypaBHeHNd. B caydasx, Koraa rpaHuia 00JaCTH IPOTEKAHNS (PU3UIECKOrO IPOIIECCa,
HEJIOCTYIIHA, J/TsT U3MEPEeHUil, B Ka4eCTBe TOTOJHUTEIbHON WH(MOPMAINH, JOCTATOY-
HOIT 711 OJHO3HAYHOM PA3PENIMMOCTH 33a9M, MOTYT CJIYKUTH HETOKAJTbLHBIE YCJIO-
BUsI B MHTErPaJIhHONI (hopme.

B macrosmeit pabore m3ydaercs: OqHO3HATHAST PA3PEIIMMOCTD HETOKAIBHONW Kpa-
€BOIl 3a0a4N /I CUHTYISIPHOTO AnddepeHInaIbHOr0 YPpaBHeH THIEPOOINIeCKOro
THUIIA.

BAJAYA. Haiitu B obmactn Q = {(t,z) : 0 < t < T,0 < z < l} dynkuuio
U(t,x), yIOBIETBOPSIOIIYIO YPABHEHUIO

k
Ut = AUsy + — Uy = 0
7 CJACIYIOMINM YCJIOBUAM:
Ult,z) € C(Q)NCHQU{z =0} u{z =1}) NnC*(Q),

Ut,0)=U(t1)=0, 0<t<T,

T

T
/U@@ﬁ:wu% /muwmﬁ:w@,ogxga
0 0

rae T w | — 3a/aHHBIE MOJIOKATEIbHbIE IeHCTBUTENbHBIE Yncaa, k # 0 — n3BecTHas
[IPOM3BOJIbHAST TOCTOSTHHASI, A — TIOJIOXKUTEIbHBI CIIEKTPasIbHBIN mapaMerp, ¢(z) u
Y(x) — 3amamnble gocrarouno rmajgkne dbyskmun, ¢(0) = ¢(I) = ¥(0) = ¥(1) = 0,
Q={(t,x): 0<t<T,0<z <}

PaccMoTpeHbl BOIPOCH! KJIACCHYECKON Pa3PENIMMOCTH U HOCTPOEHHS PEIIeHNUsT
HEJIOKATBHOM CMEITAHHON 33/[a4H JI7IsT OTHOPOIHOTO CHHTYIAPHOTO IuddepeHImaib-
HOT'O YpaBHEHUA FI/IHep6OHI/IquKOFO THUIIA. HCHOHBSOB&H CHeKTpaJ’IBHbH‘;I MeTO[, OCHO-
BAHHBIN HA Pa3/ieIeHne IepeMeHHbIX. 3/1eCh TeTKO BBIPAZKAETCS POJTh CIIEKTPATBHOTO
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napaMmeTrpa B U3yUIeHUHU BOIIPOCOB PA3PEIIMMOCTHU U MOCTPOeHus perrenwii. Boraunciis-
IOTCsI 3HAYEHWS CIIEKTPAIBHOTO MapaMerpa A, MpU KOTOPBIX UCC/IEIYeTCs pa3pernin-
MOCTBb PACCMaTPUBACMON 334391 1 CTPOATCA COOTBETCTBYIOIINE PEIICHUA B CIyYdae UX
CYIIECTBOBAHNS. YCTAHOBJIEH KPUTEPUl OHOZHAYHON PA3PEITIMOCTH MOCTABIEHHOM
3a/1au’ 1 JJOKa3aHa COOTBETCTBYIOIIAA TEOPEMa I CIIydas PeryJIdpHBbIX 3HAYCHUI
CIEeKTpaJIbHOrO mapamerpa A. lamuas paboTa ABsSeTCsS TAJbHEHINNM DPA3BUTHEM
pabor [1-3].

Jlureparypa

1. FOngames T. K. O6 ogHoll KpaeBoii 3a1a4e s TpeXMepHOro anaJjora auddepeHnuanabHoro
ypasHenus Byccunecka // Yuen. 3am. Kazan. yu-ra. Cep. ®u3.-mar. Haykn.—2016.—T. 158.—
Ne 3.—C. 424-433.

2. FOagames T. K. O pa3pemmumoctu omHON KpaeBoil 3amaquu 1yid auddepennuaabsHoro ypas-
Henust tuna Byccunecka // Tud. ypasuenus.—2018.—T. 54.—Ne 10.—C. 1411-1419.

3. FOngames T. K. O6 omuoit kpaeBoil 3amatie Ijist WHTErpo-aud GepeHnaaIbHOTO Y PABHEHUS
B 9aCTHBIX MMPOU3BOIHBIX IE€TBEPTOTO MOPAIKA C BHIPOXKACHHBIM aapom // Teomerpma u me-
xaunka. torn maykm m texu. Cep. Cospem. mart. u ee mpmit. Temar. 0630psr. T. 145.—M.:
BUTHUTU PAH, 2018.—C. 95-109.
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ITopsaakoBelit aHaIN3 U CME>KHbIE BOIIPOCHI MAaTEMAaTHYECKOro MOJEJIUPOBAHUS:
Te3uchl ToKIa0B XV Mex mynapoanoit mayanoit kordepernun (c. Lleir, 15-20 uioms 2019 r.)

MOJIE/IN COLUAJIBHOI HATIPSIX KEHHOCTU
B3ANMOJIENCTBYIOIINX COIIUAJIBHBIX TPYIIIT

E. K. Bacaesa (Poccusi, Bragukaskasz; COT'Y),
E. C. Kameneukwnii (Poccuga, Baagukaskas; FOMU BHIT PAH)

Buermranm mpossienreM 60pbObI SJUTHBIX TPYIIT ABISIIOTCA MOJAUTHIECKAE KPH-
3UCHI, B HEKOTOPBIX CIyYasdX MPUBOILAIINE K CMEHE BJIaCTU. KaK mpaBuio, MpUInHOM
KOH(DJIMKTA 3JUTHBIX TPYIII ABISIOTCA COMMOdIKOHOMUUecKne hpaKkTopbl. B xome mo-
JINTUYIECKO OOPBOBI S/IUTHAST TPYIINA, CTPEMSINAACT K 3aXBATy BJIACTH, MOYKET WC-
MMOJI30BATh MACCHI JIJII YYACTHA B aKIUIX MPOTECTA M, BO3MOYKHO, BOODPYKEHHOTO
COTIPOTUBJIEHUS CUJIAM MPABONOPsiIKa. Bhicokas BO30OYIMMOCTH HAPOIHBIX MaCC SIB-
JISETCA HEOOXOMMMBIM YCJIOBHEM OBICTPOrO POCTa COMMAIBHON HAMPSIKEHHOCTH. JTO
B CBOIO OYEPE/Ib TMO3BOJSIET KOHTPIJIUTE HMCIOIb30BATH UX B CBOUX IMOJHUTHYECKUX
EJISIX.

B pa6ore [1]| mpuBeseHa MaremMaTHUeCKash MOJEThb, OMHUCHIBAIOIIAS B3aMMOJIEi-
CTBUE JBYX COIWAJIHHBIX TPYII C UCIOIB30BAHUEM CHUCTEMBI ABYX auddepeHnab-
HBIX ypaBHeHwmiti. B mammoii paboTe B KadecTBe B3aMMOJIEICTBYIOIIMX COIHMAILHBIX
CPYII PACCMATPUBAIOTCS /IUTA U HAPOI. [IpemmoioxKum, 9TO COCTOSTHUE DJINTHI HE
3aBUCUT OT IPEILICTOPUN W OSHO3HATHO OIpPemesaseTcs AByMs (hbaKTOpaMu: 3K30-
TEeHHBIM — YKOHOMWYECKOH CHUTyaIneil,  SHIOTEHHBIM — HAIIPIZKEHHOCTHIO HAPO/Ia.
B sToM ciyuae HaAIPsSKEHHOCTh HAPOJA ABJIFETCS MapaMeTpoOM IMOpsIKa.

Taxkum obpazom, HAMPSKEHHOCTH HAPOIa OMUCHIBaeTcd anddepeHInaIbHbIM
ypaBHEHNEM, & HAIPAKEHHOCTH JIUTHI — ajrebpamueckuM. MareMarmdeckas MO-
JIeJIb, OMUCHIBAIONIAS TAKYIO COMUATBHYIO CUCTEMY, IMEeT BUI:

U1 - P)+ P

mP+ (1= —m)P+ 3 W
dPs P P}
=2 = Pl —~y—cy—— ) Py + U 1 2
a <62772 1= 621—P1> 2+ 2+621_P1 (2)

Bueck P; = Pi(t) u Py = Py(t) — HANPSZKEHHOCTH SJINTHI U HAPOJA COOTBETCTBEHHO,
Uy = Uq(t) m Uy = Us(t) — dbyuKnum, onpegensionue BInIHIe SKOHOMUIECKO Ch-
ryaruu Ha saury u Hapox (P, P, U, Us € [0;1]); v, i € [0, 1], ¢1 u co — napamerpsi
MOJIEJH.

B kagecTBe mpuMepa mpuUMeHEHUS MOJIETN PACCMOTPEHBI Tportecchl B Vnmonesnn,
I'pysun u wa Ykpanwre nepen csepxkenumem pexkumoB Cyxapro, Illesapananse u
SAHYKOBUYA COOTBETCTBEHHO. JKOHOMHUYECKOE TOJIOKEHNE HAPOIA OIEHUBAJIOCH TIO
BBII na aymy wmacenenus. OTmernm, 9to B ypasHeHuu (2) napamerp 7). 3aBUCHT
OT TIPEILICTOPUY CTPAHBI W YBEJIUUIMBAETCS B TOJBI, KOTJA B CTpaHE NMEET MECTO
MOJTUTHYECKOe HACHUIINE.

Bepudwummposarh pe3yabTaThl pacdeToB MO MOJETN I P MOXKHO C TIOMOIIHIO
TAKWX MHITKATOPHI COIMAIBLHON HAPSXKEHHOCTH, KaK 9UCJI0 yOuiicTB 1 caMoyOuiicTB
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ua 100000 gesoBek. CTaTrCTUYECKNE WHINKATOPBI COIMMAIBHON HATTPSIXKEHHOCTH 311~
ThI HAM HE M3BECTHBHI. B CBA3M € 3TUM BO3HUKAET OOpATHAs 3a/ada ONPE/IETEeHUS
HENM3BECTHBIX MTAPAMETPOB, BXOAAMUX B ypasaerne (1).

[IpenBapuTebHBIN aHAIN3 TOKA3LIBAET:

— COCTOSTHUE 3JINTHI TIEPeJ] PEBOJIIOIMOHHBIMU MTOTPSCEHUSIMUA XapPaKTEePU3yeTC st
BBICOKMMU 3HAYEHUSIMU [TAPAMETPOB 1) U €1, ITO COOTBETCTBYET DOJIbINEN BO3OY K-
JIEHHOCTH 3JIUTHI W 3aBUCUMOCTHIO BHYTPUIIUTHON OOPHOBI OT HANPSIXKEHHOCTH Ha-
POJTHBIX MAcCC;

— Yepe3 HECKOJIHKO JIET TI0C/IE CMEHbBI PEKMUMA 3HAYEHHE TTaPAMeTPOB 1)1, €] YMEHb-
[IAETCH, T. €. DJINTA, YCIOKAWBACTCSA U BHY TPUIIUTHBIE TTPOIECCHI MIEPECTAIOT 3aBUCETH
OT HAMPSAKEHHOCTH HAPOJA.

JIureparypa
1. Bacaesa E. K., Kamenenkuii E. C., Xocaea 3. X. Maremarudueckoe MOJEIMPOBAHKE COTUATb-
HO HANPSYKEHHOCTH B3aMMO/IEHCTBYIONINX COMUAJIBHBIX TPYI // AHAIN3 U MOIEINpOBaHe

MUPOBO# W CTPAHOBOH [WHAMWKH: SKOHOMUYECKme W mosmrmdeckme mporeccst / OTs. peg.

C. 10. Maskos, JI. E. Tpunun.—M.: Uzn-Bo «Yuuresnb», 2016.—C. 130-144.
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ITopsiakoBeIii aHAIN3 U CME>KHbIe BOIIPOCHI MAaTEMATUYECKOro MOJEJIUPOBAHUS:
Te3uchl MoKIa0B XV Mex mynapoanoit mayanoit kordepernun (c. Ileir, 15-20 mioms 2019 r.)

JIOKAJIBHO-OJTHOMEPHA ST CXEMA ITEPBOIT KPAEBOIT 3AIAYUN
JI7IST TAPABOJIMYECKOTO YPABHEHUS B CPETIAX,
OBJIATTAIOIINX «[TAMSATBIO»

3. B. Bemrokosa
(Poccus, Hampunk; UTIMA KBHIT PAH)

1. IlocTanoBKa mepBOii KpaeBoil 3amavu

B mmmmape Qr = G x [0,7], ocHOBaHIeM KOTOPOTO SBJISETCS MPAMOYTOILHEIL
mapawtenennnes G = {z = (x1,22,...,2p) : 0 < 24 < lo, = 1,2,...,p} ¢ rpann-
meit I',G = G UT', paccMoTpuM TepByiO KpaeByio 33,129y

% = Lu+ f(z,t), (x,t) € Qr, (1)
t
ulp=0, 0<t<T, (2)
u(z,0) = up(z), = €Gq, 3)

rie

t
p
1
Lu:Z:ILau, Lau:%(ka( a—%l)—]—)/KmtT (z,7) dr,
a= 0

0 <co < kolz,t) <c, |[K(x,t,7)| < ¢, o, C1,Cy — TONOKUTETHHBIE TIOCTOSTHHBIE.

2. JIokaJbHO-OAHOMEpHasi cxemMa

[lermouka p OJHOMEPHBIX PA3HOCTHBIX ypaBHEHWI, annpokcuvupyiomux (1)-(3),
uMeeT CJICLYIOIuil BUI:

ite gt o
%:Aay]‘Fp—i_@i p’ 0421,2,...,]9, (4)
yj+_ =0, a=12,...,p, (5)
Yh,a
y(z,0) = uo(x), (6)
Aaijr% = (aa Yz, ) ——ZK L1, T2, .., Tpit, b )y(:c,tjur%)T,
o = ko (x(7050) 1) 3 (=050a) — (g1 wy 1,20 —0.5ha, Tag1, .-, Tp), T = /2,

")/hva — MHO2KECTBO I'DaHUYIHBIX 10 HAIIPABJIEHUIO T, Y3JI0B.
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g pemennst (4)—(6) pasHOCTHON 3a1a4M CIIpaBeTMBa

Teopema 1. JlokaibHo-onHomepHast cxema (4)—(6) ycroifunsa 1m0 HadagabHBIM
JIAHHBIM H TIPABOH 9aCTH, TAK 9TO I penterns 3agaqn (4)—(6) cnpaBeginBa omeHka

J D
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ITopsiakoBeIii aHAIN3 U CME>KHbIe BOIIPOCHI MAaTEMATUYECKOro MOJEJIUPOBAHUS:
Te3uchl MoKIa0B XV Mex mynapoanoit mayanoit kordepernun (c. Ileir, 15-20 mioms 2019 r.)

OB OCOBEHHOCTSIX OIPEAEJIEHNA HEOAHOPOIHBIX ITOJIEN
IIPEJIBAPUTEJJIBHBIX COCTOSHUI B BA3KOYIIPYTUX TEJAX!

. B. Boraues
(Poccust, Pocros-na-/lony; FODY)

Ma.TeMa.TI/ILIeCKOG MOZEJIMPOBaHNE HOBBIX (byHK]_[I/IOHa..)'H)HO-FparD;I/IeHTHI)IX MaTe-
puasoB (PI'M) ¢ yderom HajIu4wst B HAUX MOJEll MPEIBAPUTENBHBIX HAMPIKEHU
u nedopmammit (ITH/I) siBasiercs HOBOI AKTMBHO DPa3BUBAIOIIEHCS OTPACTBIO Me-
xaunuku. [IpakTudeckunit nHTEpeC K TaKUM MaTepuajiaM OObSICHSIETCS TeM, UTO WX
CBOMCTBaA SBJIIIOTCA TEepeMeHHbBIMU OTHOCHUTEJIHBHO ITPOCTPAHCTBEHHBIX KOOPAWHAT M
MOTYT 3HAIUTETHHO U3MEHAThCA 10 00beMy Tein. Ormernm moakaacc PI'M, obmama-
FOIUX PEOJIOTUIECKUMU CBOMCTBAMHU, JIJIsT KOTOPBIX XapaKTEPHBI MTPOTECCHI O3y de-
CTU U peIaKCaIlii, TPOTEKAOIINEe B MPOIECCe UX IKCILIyaTaluu. Tak, Mpu W3roTOB/Ie-
HUU BA3KOYIPYTUX MOJUMEPHBIX KOMIIO3UTOB UCIO/IB3YETCs] TEXHOJIOTUS aBTOKJIABA
¢ TOCJIEYIOIIM OTBEPAEBAHNEM IOy YEHHOT0 MaTepruaa, 9To MO3BoJIseT n3beKarh
MOSIBJIEHUST MUK POIEDEKTOB, TPEIUH U OTCA0eHUi B KoMmmo3uTe. Ho Takast TeXHOI0-
TUsT TPUBOANT K 00PA30BAHWIO OCTATOTHBIX HAMPSIKEHNH W gedOpMAaInii, KOTOpbe
CYIIIECTBEHHO BJIUSIOT HA MEXaHUIECKWe XAPAKTEPUCTUKU KOMIIO3UTa. IDTU (DPAKTO-
PBI BBI3BIBAIOT HEOOXOAUMOCTH PA3pabOTKN HEPA3PYIIAIOIINX METOANK ONPEIETeHUST
yposus u pacupeaenenns [TH/IC mo obbemy uzmenus.

C wucrnosk3oBaHmeM 00IIel JTMHEapU30BAHHON MOCTAHOBKYU 330a9d O JBUMKEHUN
MpeIBAPUTEILHO HAPSXKEHHO-1e(DOPMUPOBAHHOTO YIIPYTOr0 aHU30TPOITHOTO TEJA, B
JIaHHON paboTe mpejcTaB/eHa MOCTAHOBKA 337a49u 00 YCTAHOBUBIIUXCS KOJIEDAHUIX
HEOHOPOIHOTO TPEIBAPUTEIHHO HAMPS)KEHHO-1e(POPMUPOBAHHOTO TeJIa, C YIeTOM
PEeoJIOTHH, 3aIUCAHHASA C UCIO30BAHUEM TEOPUU KOMILIEKCHBIX MOJY/IEH U MPUHIIN-
ma cooTBeTcTBHUA. Ha ee 0CHOBE paccMOTpeHa 3a7ada 0 KOJIeDAHWIX HEOTHOPOTHOMN
BA3KOYIIPYTOil TPYyOBI B CIyUae MIOCKO# gedopMaliuu u npemnosiarasocsk, uro [THIC
U MEXaHWYeCKre CBOWCTBA 3aBUCAT OT PAJUAJILHON KOOpauHaTh. [IpoBesen cpaBHu-
TeJIbHBIN aHAIN3 BAUSHUS (PAKTOPOB MPEIBAPUTEIHHBIX HAMPSKEHUNH U OCTATOUHBIX
nedopmanyii Ha aMILIMTYIHO-9acTOTHBIe Xapakrepuctukn (AUX). Amanmms nokasas
CYIITECTBEHHO Oosiee 3HaunTebHOe Biaugnme Ha AYX ocraTounsix gedopMmartuii, dem
NpeIBAPUTENbHBIX HANpPsKennit. B cBa3m ¢ 9TUM, C TPAKTUYECKON TOUYKNA 3PEHUS
HUHTEPEeC BBI3BIBAET UCC/IEIOBAHUE 331a4 O KOJIeDaHUIX OOBEKTOB C YIETOM TOJBKO
dyuknun ocrarounoit nedpopmarmu. CdopmyaupoBana u perreHa obpaTHas 3a7a-
9a uOeHTU(UKAINA YPOBHS W BUIA OCTATOYHON medopmaruu B Tpybe HA OCHOBE
maHabix 06 AUX B OKpecTHOCTH ee MaKCHMYMOB. BBHIY CyIIeCTBEHHON HeJInHei-

'PaGora seimoaHena pu uHaRCOBOI MomAepKKe Poccmiickoro nayuroro ¢homga, mpoekt Ne 18-
71-10045.
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HOCTH CHOPMYJIMPOBAHHON 3aa49n ObLIa MOCTPOSHA MUTEPAIMOHHAS CXEMa PEIeHus
Ha OCHOBE MeTOJIa JTUHEAPW3AINN W PelleHns WHTerPAIbHBIX ypaBHeHuit Ppearos-
Ma 1-ro pojia ¢ TOMOIIIBIO PEryIAPU3aINOHHBIX MeTOI0B. IIpencTaBieHnbl pe3yIbTaTh
BBIUNCIUTE/HHBIX SKCIEPUMEHTOB B CIyUasaX, KOT/IA HAJTUIHE OCTATOUHBIX Jedopma-
Wit SIBJIIETCS CJEJACTBUEM KaK YIIPYTOro WU IIACTHIECKOTO AepOPMUPOBAHUS, TAK
u Koryia JedopMalii MOTJIH BO3HUKHYTH B Pe3yJbTaTe TEePMUYIECKOTO BO3/EHCTBUS
U 3aKOHBI WX W3MEHEHUS MOTYT ObITH ITPOU3BOILHBIMH.
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ITopsaakoBelit aHaIN3 U CME>KHbIE BOIIPOCHI MAaTEMAaTHYECKOro MOJEJIUPOBAHUS:
Te3mchl MoKIa0B XV Mex mynapoanoit mayanoit koudepernun (c. Lleir, 15-20 uioms 2019 r.)

MOJIEJJIMIPOBAHIUE PACIIPOCTPAHEHIS TA3BOOBPA3HBIX
BATPA3HAIONINX BEIIIECTB B IIEIIEXOJIHON 30HE Y/INIIHI
C JTOMAMU PA3HOI BBICOTHI

M. B. Boauk
(Poccus, Bragmkaskas; Bnagukaskasckuii dumman OV, KOMIU BHIL PAH)

B macrosimee Bpems OleHKa KOHIEHTpaIn 3arps3usiomux semects (3B) B Bos-
Jlyxe BHE TIOMEIEHNiT sIBJITeTCS OJHON M3 aKTYaJbHBIX JKOJOTHIECKUX 33/a4d. Boi-
OPOCHI TPOMBIIIIEHHBIX MPEANPUATHN, aBTOMOOMIEH U MOKAPOB HEraTUBHBIM 00pa-
30M CKA3BIBAIOTCS HA IKOJOTHIECKONW CUTYAIIUUd TOPOJIOB, 3MOPOBhE IO, KIMMa-
Te U T. 4. PemenneM 3TuxX aKTyaJbHBIX 3339 SBJISIETCS WCCJIEIOBAHUE TEPEHOCA,
BPEJIHBIX MPUMECEil C UCIOJB30BAHUEM METOJ0B MAaTEMATHIECKOTO MOIEJTUPOBAHUS
" COBPEMEHHBIX L[I/I(prBI)IX TeXHO.)'[Ol"I/H‘/'I7 TTO3BOJIAIOIIINX COKPATUTH HE TOJIBKO BPE-
MeHHBIe, HO U MaTepuasbHble 3aTparsl [1-3].

B nanwnoit pabore wmcciieayercst pacupocTpaHenre Ta3o00pasubix 3B, mocryma-
IOmMUX C OKPpaWHbI TOPOJa WJIN OT aBTOTPAHCIIOPTa, Ha YPOBHE NEMIEXOJ0B BHYT-
pU YAHUIBI C JOMAMU PA3HOM BBICOTHI. MaTeMaTHIecKoe MOIE/TUPOBAHUE TEUEHUS
BO3JyXa U PACIpOCTpaHeHus ra3000pa3ubix 3B mpoBOAMIOCH ¢ TOMOIIBI0 CBODOIHO
pacmpoctpansiemoro makera OpenFoam u ymaseHHOTO J0OCTyna K CYNEPKOMITBIOTE-
py Web-na6oparopun UniHUB (www.unihub.ru) no nporpamme «YHUBEPCHTETCKUI
kacTepy (www.unicluster.ru). /Is mpoBeIeHNs BEIYUCIUTETLHBIX SKCIIEPUMEHTOB
MCIIOIB30BAJICA CTAHIAPTHBIN permarens pimpleFoam mia TypOyneHTHOrO TedeHus
JKUJKOCTU U COOCTBEHHBIN perrarens myPimpleFoam, koTopsiit mo3BosisieT pemats B
fe3pa3mMepHOM BHJle ypaBHEHUe Jijisi onpejenennsi KorienTpanun 3B [4-6]. Boraunc-
JINTE/TbHbIE SKCIIEPUMEHTHI MMPOBOMUINCH B JIBYMEDPHO# MOCTAHOBKE [JIsT WHTEPBAJIA
Bpemern ot 0 mo 2000 cek. ¢ marom 0.001 cex. Mcnonbp3oBamack paBHOMEpPHAsT pac-
YeTHAsT CeTKA B MPAMOYTOJIBHON PacIeTHON 00J1aCTU C MIaroM mo mpoCTPAHCTBY 1 M.
UccmenoBannch BApuaHThI, KOTJA JTOM MEHBINEH BBICOTHI PACIIOIOXKEH HA HABETPEH-
HOI MJIU IIOBETPEHHON CTOPOHE YJIUIIBL.

B pesyabrare pacueroB mojiydeHo, YTO 00pa30BABIINECS BUXPEBbIE CTPYKTYPHI B
Pa3HBIX KOH(MUTYPAITUAX YIUITHEI OKA3bIBAIOT 3HAYUTEILHOE BAUTHIE HA PACIPOCTPA-
HeHUe 3arpS3HAONINX BEIeCTB U UX HAKOIJIEHWE B TEIMeXOTHON 30He (HA HABETPEH-
HOIT nm moBeTPEHHOi cTopone). Pacmooxkenne 6osiee BHICOKOTO JIOMa HA TOIBET-
PEHHOI CTOpOHE Y/IUIBI MPUBOIUT K SKPAHUPOBAHUIO OT MOCTYMIAIIUX C OKPAUHBI
roporma 3B. OgHako, MakcuMaIbHOE MPOBETPUBAHNE OT aHTPOTOTEHHBIX BBIOPOCOB
ABTOTPAHCIIOPTa HADJIIOAETCSI B CAydae PaCIoIOXKeHusi 0ojiee BBICOKOTO JOMa, HA
HaBeTpeHHOI cropone. Takoe pacrnpenenrenne 3B Ha ypoBHE TeNnexomsoB 00yCIOB/Ie-
HO CKOPOCTBIO UM HallpaBJIEHNEM TE€YCHUA BO3JyXa BHYTPU YJIUIIHI.

161



JIureparypa

. Abaesa 3. B., Amab6okos B. A., IlIxanykos-Jla¢pumen M. X. JlokanbHO-0qHOMEPHAST PA3HOCT-
HAad CXEMa JIJIf yPABHEHWs MEPEHOCA MACCUBHBIX puMeceil B armocdepe // W3s. Kabapmuro-
Bankapckoro mayw. mearpa PAH.—2016.—Ne 1 (69).—C. 12-19.

. Kpamomrua M. B., Camosapos O. ., Crpuxak C. B. Ocobennocru peasm3zamuu WEB-a-
bopaTopuy MEXaHWKHU CILIONIHON cpeibl Ha 6a3e TeXHOJOrHYecKol ImaaTdOopMbl IIPOrpaMMbl
«¥Yuusepcurerckuii kiaacrep> // Hayud. cepsuc B cern HuTepHer: sx3adioncuoe Gymyiiee.
Tp. Mexayuap. cynepkombioreproit Koad.—2011.—C. 473-475.

. Camoxuna A. C., Ceryxa A. B., Kupskun B. FO., Mapuesckuii U. K., IIlernos I'. A. mura-
[MOHHAS MOJIeJIb PACIIPOCTPAHEHUsI OPAYKAIOIIEro areHTa B TOPOJCKOl 3acTpoiike // Yupas-
sierue 6onbmmmu cucreMamu: 6. p.—2008.—Ne 20.—C. 77-94.

. Kawmenenxwnii E. C., Boauk M. B., Tarupos A. M. MaremMaTn4yeckoe MOIEIUPOBAHNE PACITPO-
CTPAHEHUsI 3arPSI3HSIONIIX BENIECTB, BEIOPACKIBAEMBIX aBToTpancioproM // 3s. KabapauHo-
Bankapckoro nHayu. nenrpa PAH.—2014.—Ne 6 (62).—C. 23-31.

. Bosmk M. B. UcciienoBanvie BINSTHUS TIMHBL YJIUI] HA TeUeHUe Bo3ayxa B Hux // Tp. Uucru-
TyTa cucTeMHOTO TporpammupoBanus PAH.—2014.—T. 26, Ne 5.—C. 201-212.

. Bosmmk M. B. YuciienHoe MOIe/IMpOBaHUE PACIPOCTPAHEHUS 3arPA3HAIONIUX BEIEeCTB, BbI-
OpachlBaeMbIX HHU3KO DACIIOJIOXKEHHBIMU WCTOUHWKaMu, BHyTpu yiaun // U3s. KabapauHo-
Bankapckoro mayw. mearpa PAH.—2016.—Ne 1 (69).—C. 20-27.

162



ITopsiAKOBBIl aHAIU3 U CMEXXHbIe BONPOChl MATEMATUYECKOTO MOJEJTUPOBAHUS:
Te3uchl mokaam0B XV Mex nynapommoit mayanoit kordepermnun (c. e, 15-20 uona 2019 r.)

MATEMATUYECKOE MOJIE/IMPOBAHUE TEILTOBBIX
N KOHIOEHTPAIIMOHHBIX 9@PEKTOB B MUKPOTEYEHUNAX
SJIEKTPOJINTA TIOJ, AEMICTBUEM BHEIITHETO
SJIEKTPUYECKOI'O I1OJIs!

I. C. Tanuenko (Poccusg, Kpacuonap; JI9T'MuH),
H. }O. T'anuenko (Poccus, Kpacuomap; Ky6I'V)

UccaemoBanns smekTpruaecknX 3P MEKTOB B XKUIKOCTIX HATATIOCH JOBOJIBHO TaB-
HO, erme co BpeMen pabor [eapmrosbia [1], Tem He MeHee Ha MPAKTHKE OTKPBITHIE
SIBJICHUS JI0JITO€ BpeMs ObLIn HEe BOCTPEOOBAHBI W TOJHKO B IMOC/IETHEe BPEMS Ha-
YA/ BHEJPSITHCS B PEATbHBIE YCTPOUCTBA. DTO CBI3aHO, B TIEPBYIO O0UYEPEib, C TeM,
91O dIeKTpuvdeckne (PeHOMEHBI B YKUIKOCTIX, KAK IPABUIO0, OCHOBAHBI HA, MIPOIECCAX,
NPOUCXOJANMX B TOHKUX (mopsizka 10 M) TBOWHBIX 3JIEKTPUIECKUX CI0SX, W TAKUe
deHOMeHBI eIBa JIM CIOCOOHBI 3HAYNMO IIOBIUATL Ha IIOBEJEHHE B OOJIBIIOM 00be-
Me a1ekTposuTa. C Apyroit CTOPOHBI, B MUKPOMACIITa0ax MOBEPXHOCTHBIE 3 DEKTHI
HAYMHAIOT UTPATH MMEPBOCTEIEHHYIO POJib, I UMEHHO B MUKPOKAHAJAX OHU HAXOJAT
0COOEHHO WHTEpPECHBbIE MPUMEHEHUs! JJIsl YIPABICHUS KUJIKOCTIMUA. DJIEKTPODU3N-
YeCKHUe TIPOIECCHl B KUIKOCTIX MOTYT OBITH HCIIOJB30BAHBI [ TPOEKTUPOBAHUS
nabopaTopuii Ha YuTe, /1€ B MUKPOKAHAIAX OyIeT MPOMCXONTE yIpasaenue (TpaHc-
[OPT, MepeMeInBaHie, pa3jeaeHie) KUIKOCTed ¢ TIOMOIIBIO SJIEKTPUIECKOTO MOJIS.
Maremarmaeckoe MOIEIMPOBAHME TTIO00OHBIX TPOIECCOB KPaifHe BaXKHO, TaK KaK 103~
BOJISIET HE TOJBKO M30€KATh JOPOTOCTOSIIIX IKCIEPUMEHTOB, HO U CIIOCOOCTBYET OT-
KPBITUIO HOBBIX 3(D(hEKTOB, TAKMX KaK 3JIEKTPOKOHBEKTHBHAS HEYCTONYMBOCTH [2],
KOTOpasi OblLia CHadYa/a MpefcKa3aHa TEeOPETUYeCKH U TOJIBKO MMOTOM ObLia OOHA-
py2KeHa SKCIIepUMeHTAIbHO. JaHHbII MoK/ MOCBSIIEH MOIEIUPOBAHUI0 I'DABUTA-
IUOHHBIX 3MMEKTOB U WX BIAWIHUIO HA MOBEACHUE /IEKTPOIUTA B PACIOI0KEHHOM
TOPUBOHTAIBHO OTHOCUTEIBHO CHJIBI TIXKECTU MUKPO3a30pe MEXKJY JABYMsl MOHOCE-
JIEKTUBHBIMU TMOBEPXHOCTIMU TIPU HAJUYUN PASHOCTU IJIEKTPUIECKUX MOTEHIINATIOB
MEXKTy HUMU. DJIEKTPOJUT MOJEJTUPYETCs JIUITEKTPUIECKON KIIKo# (pazoit mpu Ha-
JINYUU B HEll HOHOB PACTBOPEHHBIX B HEU COJIeil, KOTOPbIE U CO3/4a0T 3JICKTPUICCKUNA
TOK 4epe3 KuakocTh. CocTaB/isieTCs ypaBHEHUE TPAHCIOPTA UOHOB B KUIKOCTHU MO,
JIeiCTBUEM BHEITHErO JJIeKTPUIECKOro moJisd, ux auddy3un u KouBekuu. Kuakast
daza MomesmpyeTcs Kak BsI3Kas HECKUMaeMas YKUJIKOCTH B mpubmxerun CTOKCA
¢ nobaBjieHNeM CHJIOBOTO CJIAraeMOTO, COOTBETCTBYIOMIEro cuiae KysioHna u 3ak/Irova-
IOIIEr0oCsl B TOM, 9TO MMOTOK MOHOB YBJEKAaeT 3a coboit kuakocTh. [lox moHoCe eK-
TUBHBIMU TTOBEPXHOCTSIMU MOHUMAIOT TaKU€ TPAHUIIBI, KOTOPHIE TPOITYCKAIOT TOJIBKO
OJIVH TUTI MOHOB (TI0JIOKUTEIBHBIE WM OTPUIATEIbHBIE). B KauecTBe TaKnX TOBEPX-
HOCTeil MOTYT BBICTYIIATh HOHOOOMEHHBIE MeMOPAHbI, KOTOPbIE XapaKTePHBI TEM, UTO

'PaGora BBmOMHeHa mpm (umancoBoit mommepikke Poccmiickoro Gorma (byHIAMEHTATH-
HbIX ucciemoBannii, mpoexkTsl NeNe 18-58-15004-HITHU a, 19-48-233009-p momn_a, 19-48-233010-
p_wmon_a, 18-38-00611-mon_a, m Cosera no rpantam IIpesunenta Poccumiickoit @enepamun (MK-
5302.2018.1).
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OKOJI0O HUX CKAIJIMBAETCHA CYIIECTBEHHO OOJIBINUI 3apsi], 9eM OKOJIO OOBITHBIX 3a-
PSI?KEHHBIX JACTHUI], UTO YCUJIUBAET JIEHCTBHUE 3JIeKTPOKHHeTHIecKuX 3hderTon [3].
B momenn yuuteiBaerca [[ykoysieB HarpeB 37€KTPOJINATA, KOTOPBIA BAWSET HA ILIOT-
HOCTH 3JIEKTPOJINTA, B mpubamkenHnn Byccuuecka. [LT0THOCTE 3/1€KTpOSUTA TaKXKe
3aBUCUT OT KOHIIEHTPAIMHU COJIM B PA3IUIHBIX 00/ TACTIAX KAHAIA, ITO MbI U HA3BIBAEM
KOHIIEHTPAIMOHHBIMI 3P PEKTAMI.

Hammm nccienoBannst mokazasin, 910 y9eT TakuX 3P(OEKTOB HE TOIBKO KOJIMIe-
CTBEHHO BJIUSIET HA XAPAKTEPUCTUKU MUKPOTEUEHUS, HO U MPUBOIUT K BO3SHUKHOBE-
HUIO HOBOTO BH/Ia TEIIOBOi HeycroitunsocTn [4, 5], KoTopasi Ka4ecTBEHHO OTINYAETCs
ot meycrotianBoctu Panes — Benapa. B 1o ke Bpems B cucreme BO3HUKAET KOHBEK-
TUBHAsI HEYCTONYMBOCTH, KOTJA 0OJIee KOHIEHTPUPOBAHHBIN 3JIEKTPOJIUT 3aHUMAET
TOJIOYKEHUE OKOJIO BepxHeil rpanuribl. THTEpecHbIM OKa3asicsd (pakT, ITO MEXK/y Tell-
JIOBOI U KOHIIEHTPAIIMOHHON HEYCTONIMBOCTSIMU MTPOUCXOIUT KOHKYPEHIINsI, TaK KaK
JIJIST HUX HEYCTONYINBBIE TTOTOXKEHUST TTPOTUBOIOI0KHBI OTHOCUTEIHHO CUJIbI TIKECTH:
mpu moBopore 3a30pa Ha 180 rpaaycoB JAecTabuIM3UPYIONUi U CTAOUIU3UPY IOt
daKTOPhI MEHSIIOTCST MECTAMU.
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YUCJIEHHOE MOJEJ/IMPOBAHUE SOOEKTOB JINODY3UN
B ITIOJIE CIJIBI TAZKECTU

H. ®. /Tumurpuena
(Vkpanna, Kues; IT'M HAHY, KIIN)

B meogmHOpOHO# KUIKOCTH 9aCTUIBI IPUMECH TEPEMEITAIOTCS IT0 BEPTUKAJIN IO,
JIeiiCTBUEM CHJI TLIaBy9decTd U (DOPMUPYIOT yCTOWIUBYIO cTpaTudukanuio. V3vene-
HUSI TJIOTHOCTH OOBIYHO MAJIbl, OJTHAKO UX T'PAIUEHTHI MOTYT OBITH OOJIBIITMMEU, UTO
OKa3bIBAET 3aMETHOE BJINAHUE HA JUHAMUKY MPOTEKAIOIIUX MTPOIECCOB.

B cuny cioxHOCTH M3ydaeMoro siBJIeHWUs W ONUCAHUS HEeJIMHEWHBIX dPMOEKTOB
OJTHMM W3 OCHOBHBIX WHCTPYMEHTOB aHA/IN3a, TAKUX TUIPOJUHAMUIECKUX 33129 CTa-
HOBUTCS IUCJEHHOE MOojenupoBanre. COBpeMEeHHbIE BBIYUCIUTETHBIE METObI T03-
BOJIAIOT UCC/I€J0BAaTh XaPAKTEPUCTUKU TE€YCHUS B [IOJIHOU HEJIUHEHHONU ITI0OCTAHOBKE U
€CTeCTBEHHBIX MepeMeHHbIX. OIHAKO, yIeT MHOTMOMACIITAOHOCTH POIECCOB TPeIb-
SIBJISIET BBICOKME TPEOOBAHWSA K BBITUCIUTE/IHHBIM PECYPCAM W METOJAM UHC/IEHHOTO
MOJETUPOBAHUS.

[Tocko/IbKY CKOPOCTH HCCIEAYyEeMbIX TEUEHUI MaJIbl IO CPABHEHUIO CO CKOPOCTHIO
3ByKa, MATEMaTUIECKAT MOE/Th TaHHBIX (PU3UIECKUX TPOIECCOB OCHOBAHA, HA, CUCTE-
Me GasaHCHBIX Aud depeHnnaabHbIX YPaBHEHNN HEOTHOPOTHON MHOTOKOMITOHEHTHOI
JKUIKOCTH B mpubymmkennn Byccumecka, npenebperas sdpdexramu C2KuMaeMOCTH:

0 1
A (vW)v=——VP+vAv —sg, divv=0,
ot P00
0s v,
5t +vVs = rsAs + NPT poo(exp(—z/A) + s),

Ux’a:,z—)oo = U, vz‘x,z—)oo = O, S‘x,z—)oo = O, V‘E - Oa

as|  0s 10z 0
dn|y on|y Aon
Baecy S = Sy(z) + s(x, z,t) — obmas coeHOCTDb, BKJIOYas K03hMUIIEHT coe-
BOTO CXKATHsA, S — BO3MYIIEHNE COJIEHOCTH, So U Py — COJIEHOCTH U TIJIOTHOCTH COOT-
BETCTBEHHO Ha HYJIEBOM YpPOBHE (TOPH30HTE HEHTPAbHON MIaBYUYECTH), V — BEKTOD
ckopoctr, U — CKOpPOCTh BHEITHEro MOTOKa, P — maBjeHne, vV U Kg — IMOCTOSH-
HbIe KO3 DUIUEHTH KHHEMATHIECKOH BA3KOCTH U AudDy3un CONU COOTBETCTBEHHO,
t — BpeMd, ¢ — yCKOpeHHe cBODOJHOrO majeHus, V, A — omeparopbl ['aMmIbLTo-
na u Jlammaca coorsercreenno, A = (dlnp/dy)~' mw N = \/g/A — wmacmrab w
YaCTOTa IJIABYYECTH COOTBETCTBEHHO, N — BHEIIHSS HOPMaJjb K IIOBEPXHOCTH Te-
Ja Y. B kKagecTBe HAYAIBHBIX YC/IOBWil 3a/7a9i OOTEKAHWS TEJIa BHEITHUM MOTOKOM
HCIIOJIL30BAIICH PaHee pacCUNTaHHLIe MO/ (DU3UYECKUX IePEeMEHHBIX TeYeHMs, NH-

ayruposaHHOro anddysueil, Ha HemoABIXKHOM KinHe [1].

YucreHHoe MOJEINPOBAHIE [TOCTABICHHON 3a1a4l PeaJIn30BaH0 B BLIUHC/INTE b
HOM IakKeTe ¢ OTKPBITHIM nCcXogHbiM KogoM OpenFOAM. Tlpeioxkennass MeToanKa
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OCHOBaHa Ha CTAHIAPTHOI uncaeHHoit Momenn icoFoam, xKoTopast JOTOJIHSIET CTaH-
JIAPTHBIE KOJbI TTAKETa MPOTPAMMHBIMY MOIYJISIMU, YIUTHIBAIOIIIME 3(PPHEKTHI CTpa-
rudukaiyn n auddysun [2]. Pacuernas cerka 1mo3BoJisieT pasperiarh caMble TOH-
KI€ 3JIEMEHTBI MMOTOKA B BBICOKOTPAIUEHTHBIX O0JACTSX IMTOTOKA, OCODEHHO BOJIU-
3U TOBEPXHOCTH TPEnsTCTBUs. llapajjiesbHble BBIYNUCIEHUS TPOBOLUINCH B BED-
maboparopun UniHUB (www.unihub.ru).

B pamkax macrosieit paboThl OBLIH TTPOBEIEHBI PACIETHI O0TEKAHWS KJIWHA, 110~
TOKOM CTPaTudUIUPOBAHHON Kunkoctu. CyIecTBeHHOE OTINYNEe OOTEKAHUsT CTPa-
TUOUITPOBAHHON YKUIKOCTHIO OT OJHOPOIHOM HADJIIOZAETCS B TIOJIE OMEPEIKAIOITIX
Bosmymennii (puc. 1 (a)). Yeesndenne CKOPOCTH JBUKEHUS MPUBOIUT K ITPONOPIIU-
OHAJILHOMY YBEJUYUEHUI0 JIJINHBI TPUCOSTUHEHHON BHyTpeHHe# BoJHbI. [Ipm 60/1b-
IMTUX CKOPOCTSIX OOTEKaHWsI, MPEBBIIMIAININX XaPaKTEPHbIe CKOPOCTH WHIYITUPOBAH-
HbIX guddysueit Tevennit, 3¢ exkTh cTpaTuUKAINT TPOSIBIAIOTCS B MEHbIIEl cTe-
nern. IIpu ckopocrsix gpuxkennss U > 1 cM/c B ciefe 3a KanHOM (HOPMUPYIOTCS
BuxpeBble Bo3Mmymienns (puc. 1(6)). Ha rpanunax pasiesia BHYTPEHHUX MTPHCOEIN-
HEHHBIX BOJIH W BUXPEBOrO Cjieja (DOPMHUPYIOTCs BBICOKOrPajneHTHbIe obractu [3].

z,¢

-2

5 0 5 10 15 xcm 5 0 5 10 15 xem

Puc. 1. ITose 3aBuxpennoctu: (a) U = 0.1em/c; (6) U = 10cm/c.
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ITopsaakoBelii aHaIN3 U CME>KHbIe BOIIPOCHI MAaTEMAaTUYECKOro MOJAEJIUPOBAHUS:
Te3uchl MOKIa0B XV Mex mynapoanoit mayanoii kordepernun (c. Lleir, 15-20 mioms 2019 r.)

O KOJIEBAHUSX ®YHKIIMOHAJIbHO-TPAJINEHTHOI'O [IWJINHIPA®

B. B. lynapes
(Poccus, Bragukaskas, FOMU BHIT PAH; Pocros-ua-/lomy, FODOY),
P. M. MuyxuH
(Poccust, Pocros-na-/lony; FODY)

Bo3moxkmoCTH COBpeMEHHBIX TTPOW3BOICTBEHHBIX TEXHOJIOTUI MTO3BOJISIOT CO3/Ta-
BaTbhb (byHKL[I/IOHa.J'[I)HO—Fpa,HI/IeHTHI)Ie MaTepHruaJibl C TIEpEMEHHBIMNT CBOI‘/'ICTBa.MI/I7 KOTO-
pble U3MEHSIOTCS M0 MPOCTPAHCTBEHHBIM KOOpAWHATaM. Takne MaTepuaJbl UCIOTh-
BYIOTCSI B PA3JIMIHBIX O0/IACTIX: MEIUINHE (CoszgaHI/Ie MHANBUAYAJIbHBIX WMILIaH-
TOB), A3POKOCMHWYECKON M TSIXKEJONH TMPOMBINIEHHOCAX (MOKPBITHS 9acTell JieTaih-
HBIX AIMAPATOB U OTJEJbHBIE CTPYKTYpPHBIE 3jeMeHThI). OCHOBHOE MPEMMYIIECTBO
(byHK]_[I/IOHa.J'[I)HO—I‘pa,HI/IeHTHI)IX MaTepuajioB — CYIIECTBEHHOE CHUXKEHNE BEPOATHO-
CTU TOABJIEHNA TPEIUH WU OTCJI0EHUH.

B pabore ma ocmoBe 00ImIeil MOCTAHOBKW 331a9i O IBWKEHNUN HEOIHOPOIHOTO
YIPYroro W30TpOIHOro resia 1] paccMorpens: aBe 3aa4um 06 yCTAHOBUBIIUXCS KOJTe-
OaHMSIX TOJIOTO MWJANHIPA C MEPEMEHHBIMI TI0 PASUaILHON KOOPANHATE MaTePUaIb-
HBIME cBoOiicTBaMu (mapamerpsl Jlame u mi1oTHOCTH). TopiieBbie TOBEPXHOCTH HAXO-
ISITCST B COCTOSTHUUW CKOJIB3SIIINX 337e0K. B mepBoit 3amave Ko1ebaHnst BHI3BAHBI
MEPUOUIECKON HOPMAJIBHONW HATPY3KOH, MPUIOXKEHHOW HAa BHeNHeil O0KOBOM IMmo-
BEPXHOCTUA U U3MEHHAIOIENCA BJO0JIb IPOJOJJIBHON KOOPAMHATHI II0 YETHOMY 3aKOHY.
Bo BTOpOit 3amade Ha HOKOBOI MOBEPXHOCTH MPUIOKEHA KACATE/IbHAA HAIPY3Ka, Ha-
MpaBJeHHAs BJ0Jb 00PA3YIOIIeil MUINHAPA U U3MEHSIIOMIASICS 110 HEIeTHOMY 3aKOHY.
Ucnonb3yst MeTos pa3jeieHus mepeMeHHbIX, perenre 00enx 3a/1ad CBEeJeHO K UnC-
JIEHHOMY PeIeHuI0 HAabOpa HEe3aBUCUMBIX cucTeM AnddepeHInalbHbIX ypaBHEeHUI
MepPBOTO TIOPSIIKA C TIepeMeHHBIME KoadduimenTamn. Permenne KaXXIoit CHCTeMBbI
OCYIIIECTBJIEHO C TIOMOIIBLIO MeToIa mpucTpenku. VlceaenoBano BAUIHNE Pa3TUIHBIX
3aKOHOB M3MEHCHHWA TTapaMeTPOB .HaMe Ha SHaYEHUA KOMIIOHEHT BEKTODa IIepeMele-
HUM W TeH30pa HANPSKEHUHN, aMITHTYIHO-9aCTOTHONW XapaKTEPUCTUKN. AHAIN3 T0-
JIYIEHHbBIX PE3Y/JIbTATOB MOKaA3aJ/J 3HAYNMOCTD YYI€Ta MEPEMEHHBIX CBOICTB JJIA HEeO -
HOPOJIHBIX MaTepHaJsioB.

Jist mceemoBanmst TepBoit 0OpaTHO Koad buImeHTHOI 3amaun 00 ompeaeTeHnn
3aKOHOB M3MEHEHUs MEPEMEHHBIX CBOMCTB CHOPMYyIMPOBaHa, Caabasi MOCTAHOBKA 3a-
magn. Ha ee ocHOBe C TOMOTIIHIO METO/TA JIMTHEAPU3AIIHN 0Ty IeHO HHTeTPaIbHOe COOT-
HOIMIEHNE, CBA3BIBAIONICE HEM3BECTHLIC CbYHKL[I/II/I TTOTIPAaBOK 1 JaHHBIE 06 AMILJIATYIHO-
YACTOTHON XapaKTepuCTuKe, N3MEpPEHHO! B 0b/1acTu HarpyKenusi. Perienne BTopoit

'PaGora seimoaHena pu uHaRCOBOI MomAepKKe Poccmiickoro nayuroro ¢homga, mpoekt Ne 18-
71-10045.
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obparHOit 3a7a4un 00 ONpejeeHr 3aKOHOB U3MEHeHnsT mapaMeTpos Jlame mo jaH-
HBIM O 3HAYEHUSIX KOMIIOHEHT BEKTOpPa CMEIIEeHNs, N3MEPEHHBIX BHYTPHU IINHIPA,
ocHOBaHO Ha obpariennn guddepeHnraIrHoro omeparopa. as kaxmoit n3 3amad
OCBEITEHBI ACIEeKTHI HanboIee TOUYHON MPOIEeayPhl PEKOHCTPYKITUH.

JIuteparypa
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IlopsiiKOBBIN aHAIN3 U CME>KHbIE BOITPOCHI MATEMATHYECKOTO MO/IEJIMPOBAHUS:
Te3uchl MoKIa0B XV Mex mynapoanoit mayanoit kordepernun (c. Ileir, 15-20 mioms 2019 r.)

N3YYEHHUE ITPOILIECCOB I'MJIPO®N3NKNI B I'EJEHIKNKCKON
BYXTE HA OCHOBE MATEMATUYECKOI'O MOAEJIMPOBAHI !

A. U. 3abanyesa (Poccusi, Pocros-na-Tony; FODY),
B. H. JIurBunos (Poccust, 3epuorpay; AHNI),
A. B. Hukuruna (Poccus, Pocros-ua-/lony, KO®YV; Taranpor, HUIL C3 n HK),
A. A. ®unun (Poccus, Taranpor; HUIT C3 u HK),
A. E. Yucrakos (Poccusi, Pocros-na-/lony; II'TY)

OyukImoHnpoBanre [eeHIKIKa KaK MPUMOPCKOT0 KypOpTa HEBO3MOXKHO 6e3
MCTIOIHL30BAHNS €r0 TPUPOJHOTO TMOTEHIMAA, B PE3YJIbTATE 9e€ro yHUKAJIBHBIN MPH-
POJHBIN KOMILIEKC HAXOIUTCS TIOM BO3IEHCTBUEM psifa aHTPOMOTEeHHBIX (DAKTOPOB,
S3HAYWTENIHHO YXYAITAIOIINX SKOJOTMIECKYI0 00CTanoBKy. MaremaTndeckum Moje-
JINPOBAHWEM TPOIECCOB THAPOMUINKN U GHOJOTHIECKON KUHETUKN | eIeH IKUNKCKOM
6yxrel 3anumMasucsk 1. A. Hukudopos, H. M. [Ipusajosa, A. . Cyxunos u ap.

B kauecTBe BXOTHON WHMOPMAIINN I MOIEIUPOBAHUS THIPOMDUINTIECKUX TTPO-
neccoB [eeHKUKCKO# OyXThI HCTIOIB30BAIACH KapTa rioyoun (puc. 1).

vapein. g
Aduispaa Apyupean
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» 29rF R

Puc. 1. Barnmerpuueckas kapra [esleHIKNKCKOM Oy XTHI.

lPaGora Bemonsena npu duuancoBOil mOMIepxkKe Poccuiickoro HaydHOro (GOHJA, IPOEKT

Ne 17-11-01286.
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Ucxomubivn ypapraenusivu rugpodusnku [esenprukcekoii 6yxTol sipysiiorest [1]:
— ypaBrenus apmxenus: (Hasee — Crokca):

/ / / !
Up + Uy + VU, + WU, =

- _%p; + (HU;); + (,uu;); + (yu’z); +2Q(vsinf — wcos ),

1 .
vt + uvy, + o, + wul, = —;p; + () + (uv’y); + (vol)) —2Qusing, (1)
wy + uwy, + vwy, + wwl, =
1
= —;Plz + (Mw;); + (Mw;); + (Vu/z)/z +2Qucost+ g (% — ) :

— ypaBHeHUE HEPA3PBIBHOCTH:

pi + (pu), + (pv);, + (pw)’, =0, (2)

rae u = {u, v, w} — KOMIOHEHTHI BEKTOPA CKOPOCTHU; P — TIPEBLIIIEHNE ABICHNs HAJL
TUAPOCTATUYECCKUM JTaBJIEHUEM HeBOBMyLLLeHHOI?'I KUAKOCTU; P — TLJIOTHOCTD; Q — yr-
JIOBasi CKOPOCTH BPAIIEHUS 3eMJIM; § — yTOJI MEXKIy BEKTOPOM YTJIOBOIl CKOPOCTH U
BEPTUKAJIBIO; (4, V — TOPU3OHTAJIbHAA W BEPTUKAIbHAS COCTABJIAIONNE KO3 duIm-
eHTa TypOyIeHTHOTO ObMeHa.

K cucreme ypasuennii (1), (2) mo6aBum ypaBHEHUs /ISl TEMIIEPATYPBI U COJEHO-
cru [2| n coepyroyme rpaHUYHBIE YCIOBUSI:

—na Bxoje (yerbs peku Cy-Apan u pyubes, crekaomux ¢ MapKoTXckoro xpeora):
w =g, , = 0:

— GokoBast rpanuna (Geper u JHO): p,uly, = —T, Uy = 0, pl, = 0;

— BepxHag rparnna; ppu(ur ), = —7, w = —w — p;/pg, pl, = 0;

— nHa BeIxozie (BomoobMmen ¢ Yepubiv Mopem) pl, = 0, ul, = 0,
rae T = {7, Ty} — BEKTOD TaHTeHIMAILHOTO Hampsikenns (3akon Ban-/lopra); n —
BEKTOpP HOPMAJH K TIOBEPXHOCTH, ONUCHIBAIONIEH TPAHUILY PACIETHON 00JIaCTH; p, —
IIJIOTHOCTH B3BECU.

BeKkTOp TaHreHIuaIBLHOTO HAIPSKEHNS I CBOOOJHON MOBEPXHOCTH OyeM pac-
CUNTBIBATH 10 (hOPMYyJIe

T = p,Cds |W| w,

rle W — BEKTOP CKOPOCTH BETPA OTHOCUTEJHHO BOIBI, P, — IJIOTHOCTH aTMOC(he-
pol, C'ds — GespazMepHbIil KOhUIUEHT TOBEPXHOCTHOTO COMTPOTHBIEHUSI, KOTOPBI
3aBHCUT OT CKODOCTH BeTpa; I JHA C ydeToM jaBukenus Boael 7 = pCdy |ulu,
Cdy, = gk?/ RY/3, tne k — rpymnmnoBoit KoaddunmenT mepoxoBaTocTu B HopMyIie
Mbsuuunra; h [M| — riybuHa akBaTopum.

JocToBepHOCTh pa3zpaboTaHHON MOme/n 00yC/JIaBIUBAETCI YIETOM OIIPEIIEIsIIO-
mux dusndecknx HakTopoB (TypOyIeHTHBIN 0OMEH, CI0XKHAS TeOMEeTpUs THa U Oe-
peroroii sinann, ncraperue u np.). TOIHOCTH MOAEIUPOBAHNS JIOCTUTAETCA UCTIO b=
30BAHMEM TIOJPOOHBIX PACUYETHBIX CETOK, YUNTHIBAIONINX YACTUIHYIO 3aMOJTHEHHOCTh
PACUYETHBIX STYEEK, & TAKYKE OTCYTCTBHEM HEKOHCEPBATHUBHBIX JMCCUTIATUBHBIX CJIATA-
eMbIX U HeDU3MIHBIX CTOYHUKOB (CTOKOB) [3].
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VCJIOBUS [JIOBAJTBHOI OTPAHIYEHHOCTY PEITEHNI YPABHEHIS
CTITIOTITHOM COIIMAIBHON CTPATU®UKAIINN

A. B. KazapHukoB
(Poccust, Bragmkaskas; FOMI BHIT PAH)

PaccmarpuBaercs ypaBHeHUe CILIONIHON COMMATbHOi cTrparudukanmm |1, 2|

or

5 = U(z,t) — P+ ,u(x)P2 + g (C(:c) k(P) 6P> , (1)

ox ox

rae P = P(x,t) € [0,1) — nokazaresns corpaapHoil Hanpsizkennoctn (3], z € (0,1) —
nepemennast crparndukannm, p(x) — GyHKIms camMoBo3bykaenus cucremsl, k(P) —
ko3 dunment HenmHeHO Mepesaun HampszkeHuoctn, U(x,t) — BHeIIHee BO3/Iei-
creue, C(x) — crparndukannontas nepejada HanpsikeHHoct, v > 0 — koaddu-
[IUEHT YCIIOKOeHUsI CUCTeMbl, t > 0 — Oe3pasMepHoe BpeMms. [Ipesmosaraercs, 4To

dbyuxiys k(P) umeer Buj
P

KP) = .

u Ha rpanure orpeska (0, 1) 3amaner ogHOPOIHBIE KpaeBbie ycioBus Heiimama

oP
= = 0. 2)

z=0,1

[Monoxue B (1) U=Uy > 0,C=Cy>0wu pu=pg >0, nomyanm ypaBaeHue

%—f = Uy — P + poP? + Cy a% (k:(P) g—];) : (3)

Bynem cunrtars koaddurments! v, o u Cy dukcupoBanubivu, a Uy — n3MeHs -
FOIIIUMCST YITPABJISTIOIIM TTaPAMETPOM.

Henwsio manno#l paboThI IBISIETCS MOJIYUEHIe JOCTATOUYHBIX YCIOBUH TIOOATBHOMN
OrPAHUYEHHOCTH PenteHnii ypaBHeHus (3) Mpu Pa3IMdHBIX 3HATEHUSIX YIIPABJISIONIE-
ro mapametpa Up.

[Ipegmomoxkum, aro Uy < %. Torma cymecTByeT mapa MPOCTPAHCTBEHHO-
OJIHOPOJIHBIX CTAIMOHAPHBIX Pertennii ypasaennst (3)

VA2 = AU — /72 = 4ol
P01:’Y+ v toUo POQZ’Y Y #obo

240 ’ 2410

Hcnonb3yst TeopeMbl CpaBHEHHUsT JJisi HEJMHERHBIX Tapaboimyecknx ypapHenuii [4, 5],
B paboTe TOKA3aHbI CJIEIYIONINE YTBEPIK IEHNUSI.

Vreepxkaenue 1. ITycrs U < Uy n P(x,t) — kiaccuueckoe perrieHne 3ajia-
an (2)—(3), nmpuaem 0 < P(z,0) < Pg. Torna P(z,t) — P? npu t — +00.
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Vreepxkaenue 2. ITycrs U < Uy n P(x,t) — kiaccuueckoe perrieHne 3ajia-
un (2)—(3), mpuwem P(z,0) > Pg. Torna maiinercs t* > 0 Taxoe, aro P(z,t) — 400
npu t — t*.

Vreepxkaenue 3. ITycrs U < Uy n P(x,t) — kiaccuueckoe perrieHne 3ajia-
an (2)—(3), npuuem Hy = fol P(z,0)dx > P3. Torma maiinercsa t* > 0 taxoe, uTo
P(z,t) — 400 npu t — t*.

[Iycte U > Uy. Torma crnpaBeinBO yTBEPKIEHUE.

Vreepxkaenue 4. Iycre U > Uy m P(x,t) — KJIaccHdeckoe pereHne 3aja-
an (2)—(3). Torma mafigercs t* > 0 rakoe, uro P(x,t) — 400 npu t — t*.

[Tpeamooxkum, 9T0 B ypaBHeHUU (3) OTCYTCTBYET BHEIIHEE BO3JEHCTBUE HA CHU-
cremy, T. e. Ugp = 0. Onpenenum Bcomorarenbuyio dbyukmio 1y(x, ¢g) mo dhopmyiie

Acos?(B(x — ¢p)), |B(x— o) <

To(z, do) = ’
T, Ble - ¢0)| >

)

ol o

3a°
st To(x, ¢o) MOXKeT OBITH MCIOJIB30BAHA ISl TIOJYyUeHUsT YCAOBHUIi CTpaTi(hUKaII-
OHHOII JIoKam3anuy HanpskeHHocTr. CrpaBeinBO YTBEPK IEHUE.

e A = & B = 2\/%, ¢o € (0,1) — durcupopannas mocrosinHas. DyHK-

Vreepxkaenue 5. IIycre Uy = 0 u P(x,t) — kumaccmyeckoe pernenne 3ajia-

an (2)—(3), mpuaem Cy < Cop = g 1 P(2,0) < %. Torna T'(x,t) — 0 mpu
t — +o00.
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CUCTEMA TOJJAEPYKKI IPUHATUS PEIMIEHNI B MOJIEJISAX
COIJTACOBAHUSA YACTHBIX 1 OBIIECTBEHHBIX UHTEPECOB

9. B. Kopabauna
(Poccust, Pocros-na-/lony; FODY)

B coepemennom mupe B j11060i1 cucTeme ynpas/ieHus B TON wim uHO# dhopme BO3-
HUKAET 33J[a4a COTJIACOBAHUSI YaCTHBIX U OOIECTBEHHBIX MHTEpecoB. Kaxgast cucre-
Ma, yIPAaBJIEHUS SBJIAETCA MEPAPXUIECKOI, T. €. COCTOUT U3 CyObEeKTOB yIIPABICHUS
pasHbIx yposHeii [1]. OTHomenus Mexkty CymepBaif3epoM W areHTaMu CTPOATCS Ha
ocHOBe mepapxun. Bce cyObeKThl PacCMaTpPUBAEMONl CUCTEMBI UMEIOT CBOW IACTHBIE
IIeJIU, KOTOPBIE PACXOSITCS C ODIIECUCTEMHBIMU EASIMU. B CBI3U C 9TUM BO3HUKAET
HEOOXOIMMOCTh B COIVIACOBAHUU YACTHBIX W OOIMECTBEHHBIX mHTEpecoB. Paccmarpu-
BaeMas MOJIENb SIBJISIETCS JIOTUYIECKUM TPOJIOJIZKEeHIeM paboT [2—4|, B KOTOPBIX pac-
CMOTPEHBI PA3HBIE ACIEKTHI MOIEINPOBAHNS NEPAPXUIECKN OPTaHU30BAHHBIX CUCTEM
yIPAaBJIEHUA U MOJEICH COrJIACOBAHUST YaCTHBIX U ODIIECTBEHHBIX MHTEPECOB.

B pabore paccmarpuBaercs MOneb B3AUMOIEHCTBUS CYOHLEKTOB MPU PACIpPE/Ie-
JIeHnHu HeKOTOporo pecypca. llenesbie dpyHKINN CyOHEKTOB UMEIOT BUI:

— cynepBaiizepa:
Yy = <1 -> az-) c(q) — max, (1)
ieN “
— al'€HTOB:
Y; = aic(q) + Q(ri — pi) — max, (2)

rie
¢=> pi, Q)=2" clg=q". (3)
iEN

OI‘paHquHHH Ha yIIpaBJ/JICHHA ar'€HTOB:
ngigri, i:1,2,...,N. (4)

Henbro HACTOsIIEN PADOTHI ABJSIETCST TIOCTPOEHNE PABHOBECUIT pacCMaTPUBAEMOi
cucrembl: pasuoBecue Hsmra u pasuosecue Illtakennbepra. PaccmarpuBatorcs asa
crocoba B3aMMOJIEHCTBUSI: B MIEPBOM CJIYUIAE UCCIEIYETCS MOJEIb C OTCYTCTBUEM CY-
mepBaiizepa, BO BTOPOM — HepapxwdecKas Mojeb. VcciemoBanne JAHHBIX CACTEM
NPOU3BOUTCA KaK AHAJATUIECCKUM ITyTeM, TaK U C IIOMOIIBI0 MMHUTAIIMOHHOIO MO-
JesnmpoBanus. B pabore jan aHa/n3 PaBHOBECHBIX MCXOJOB B KayK/JOM CiIydae, pac-
CMOTPEH pAJ IPUMEPOB.

3aBepIieHneM JaHHOi paboThl ABIAETCS co3aaHne MHMOPMAIMOHHO-aHAIUTHYe-
CKOI CHCTEeMBbI HA OCHOBE TIOJIY9YeHHBIX JAHHBIX. Bbia pa3paboraH moIb30BaTEIbCK A
rpadudecknii nuTEpdeiic, TO3BOSIONIII 33/1aBATh TAPAMETPHI CUCTEM, KOPPEKTUPO-
BaTh TOYHOCTH BBIYUCJ/IEHUN 1 HEIMOCPEeJACTBEHHO ITPOU3BOANTH PACYEThI pa.BHOBeCPIfI.
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VJIBTPA-IITOJIEMEEBBI METPUYECKUE IIPOCTPAHCTBA'!

M. B. Kypkuna (Poccusi, Xanre-mancuiick; FOTY),
B. B. Cuasckuii (Poccus, Xaursr-Mamcniick; FOI'Y)

Teopema 1. ITycrs f : S™ — R — nonoxurensnas ¢ynxuns, 3amgannas
Ha equHIIHON chepe (n + 1)-MepHOro epxmaoBa mpocrpancra R, Onpenemmu
paccrostHre Mexky Todkamu x,y € S™ mo ¢popmyire

ly — |
pla,y) = w7+, 1)
f(x)f(y)
rae ||y — x| — eBxmmaoBo paccrogmme mexkmy Toukamm x,y € R, Torma ¢pymk-

st p(z, y)
® yioBJIeTBOpsIeT HepaBeHCTBY lIToremest

p(z,y)p(z, w) < p(z, 2)p(y, w) + p(z,w)p(2,y)

JUIST JTIOOBIX X, Y, z,w € S™;
® VIIOBJIETBOPIET HEPABEHCTBY TPEYIOJIbHHKA,

p(x,2) < p(z,y) + p(y, 2)

JIsT JIIOOBIX X, Yy, 2 € S™ B TOM W TOJBKO B TOM CIydYae, ecan (pyHkmnus f — KoH-
hopMHO-BBITYKIasT B CMbICTIE€ paboThI [1].

S3AMEYAHUE 1. Hepagerncrso [lrosemest apromMaTndecku Ciaegayer u3 00Jee Ciib-
HOT'O HEpaBEHCTBA

pla,y)p(z,w) < max {p(z, 2)p(y, w), p(z,w)p(z,y) } (2)

JUTST JTIOOBIX X, Y, Z, W, KOTOPOe eCTECTBEHHO HA3BATH YJIBTPO-TITOJEMEEBBIM 10 aHA-
JIOTUH C YJIBTPOMETPUYECKIM HEPaBeHCTBOM. B pabore [2] 6b110 j0Ka3aHO, 9TO eciiu
{E, p} — abcTpakTHOE KOHETHOE MHOYKECTBO, CHAOKEHHOEe METPUKOM p, 06/ 1aaromeit
CBO¥CTBOM (2), TO OHO M30METPUIHO BKJIAIBIBAETCS B HEKOTOPYIO ChHEPY C METPUKOM
suza (1).

OnPEJAEJNEHUE 1. Hazosem merpuueckoe npocrpancrso {X, p} yasrpo-nrose-
MEEBBIM, €CJIU METPUKA p YIOBJIETBOPSIET HEPABEHCTBY (2).

Teopema 2. ITycrs {X,p} — KOMHakTHOE YJIBTPO-IITOJEMEEBO HPOCTPAHCTBO.
Torma za equnuunoii cpepe S C H ruapbeproBa npocrparcrsa H onpenenena kKoH-
opmHO-BBITYKTasT oI0KATEIbHAA PyHKIUA f S — R rmakas, aro { X, p} mzomer-
PHYHO BKJIaJ[BIBAETCSI B cepy, cHabeHHyto MeTpukoii (1).

'PaGora BeimonHena npu dunancoBoil momuepxke Poccuiickoro dbonma GyHIAMEHTATBHBIX HC-
cremoBanmii, mpoekT Ne 18-01-00620.
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Jloka3arepCTBO OCHOBAHO HA CBOWCTBAX YJIbTPAMETPUIECKUX ITPOCTPAHCTB U
CBSI3AHHBIX C HUMU THIHOEPTOBBIX MPOCTPAHCTB 3.

[TpumeP 1. Ilycts f : S — R — KOHMOPMHO-BBIMYK/IAs MOJOKUTEIbHAS (DYHK-
ung Ha eguHUYHON cdepe S C H ruanbeprosa upocrpancrsa H, X C S — mpo-
U3BOJILHOE YIBTPO-METPUYIECKOE KOMITAKTHOE TIOAMHOYXKECTBO, TOTAa X , CHAOKEHHOe
Merpukoit Buga (1), Oyger yaIbTpo-nToIeMeesbiM.

SAMEYAHUE 2. [Iycts f : H — R — moJioxKuTe bHAST OJHOPOJHAS CTermenn 1
bynxmus, 1. e. f(Ax) = Af(x) mpr A > 0, kmacca C?(H \ {0}). Ecim oma yyosie-
TBOPSIET YCJIOBUIO
d’f
g2
utst io6oro © € S u J10boro equHUIHOrO BekTopa & € H, mepueHguKyIspHOro K
BeKTOpY & € S, 10 byukiwa [ : S — R — koudopmuo-BhITyKIas [1].

K1/2(f)x)£):f _%|Vf‘220
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PABOTA COBEPIIIEHHOI CKBAYKIIHBI B AHU3OTPOITHOM
HEOJAHOPOJHOM CJIOE I'PYHTA CO CTEIIEHHBIM 3AKOHOM
N3MEHEHIA ITPOBOANMOCTU TIPU s = 6

. I. JIekomiieB
(Poccusi, Opesr; OTY)

Kak moOKa3bpIBAIOT KCIEPUMEHTAJbHBIE JaHHBIE, peajbHble HehTEHOCHBIE (BO-
JIOHOCHBIE) IJIACTHI JEMOHCTPUPYIOT aHM30TPONHIO [1] M HEOZHOPOIHOCTH CBOMX
cBoiicTB. PaccMOTpmM TOPM30HTANBHBIN AHU30TPOTHBIN W HEOTHOPOIHBIN TIJIACT.
CxBaxknna mebuta () — COBepIeHHAs SKCILUIYaTAI[MOHHAS, KOHTYD CKBaYXUHBI —
OKPYKHOCTE 0¢ pajanyca Reo. JlaBienuns Ha KOHTYpe CKBAYKUHBI ¢ W KOHTYpe THTa-
HUA TTOCTOAHHBIC, PA3HOCTH 'Z[aBJ'[eHI/H‘/’I PaBHa eJnHuIle, X KNJKOCTh HEeC2ZKUMaeMad 1 ee
TEeUEHNE CTAIMOHAPHOE, KOHTYDP MUTAHUA yIadeH B 6eCKOHETHOCTE. JIByMepHoe Teue-
HI€ B aHW30TPOITHO-HEOJTHOPOIHOM MOPUCTOM CJioe (IJIACTe IPYHTA) MPOBOAUMOCTH
P = (P;j) = H(K;;) (H — rommuna cnost, (K;j5), i,j = 1,2, — Tensop ero mpomHn-
[[AEMOCTH) OMHCHIBAEM OOOBIIEHHBIM TIOTEHIMATIOM ¢ U (DYHKIMed TOKa ¥; ¢ u P —
dbyHKIMK eKapTOBBIX KoOpAWHAT (,Yy) MJIOCKOCTH 2z BCIoAy B obsacru D 3a uc-
KJIIOYEHNEM M30JUPOBAHHBIX OCOOBIX TOUEK ITUX (DYHKITHIA, YIOBIETBOPSAIOT CHCTEME
ypaBHeHwuit [2]

0 0 0 0 0 0

Ypapuenus (1) orHOCSITCS K S/munTudeckomy Tumy |2]. Pacemorpum cion ¢ pas-
JIEJILHOI aHU30TPONHUE 1 HEOHOPOJHOCTHIO, €r0 TEH30DP MPOBOJAUMOCTH MOJIETAPY-
ercs crenenHoit dbyHKueit oqaoro nepementoro P(z) = ky® (P = kijy®, 4,5 = 1,2),
T7le CTenenb § — MOJIOKNTeTbHAsT KOHCTAHTa, Jajee MonoxnM s = 6, k = (k;;) —
IIOCTOSAHHBIA TEH30D.

TpyAHOCTE peINIeHns TOCTaBIEHHO 3334 00YCIOBIeHa CIOKHBIM BrgoM (1).
Nccnenosanme CymecTBEHHO yIIPOIMIAETCs, ecm npeobpa3osarh (1) K KaHOHUYECKO-
My Buy. JI7Ig 9TOro OCYIECTBASeTCs Mepexo] ¢ (pU3NIECKOil MIOCKOCTH 2 = T + iy
HA BCIIOMOTATEILHYIO MI0CKOCTh ¢ = & + i1 ¢ ucnoap3oBannem romeoMopdubx (ad-
bunHBIX) TpEobpazoBanmii (MPAMOro 1 0OPATHOrO) 2], W3 KOTOPOTO CJIEIYeT MpsIMOoe
npeobpa3oBaHue JEKaAPTOBBIX KOOPAMHAT TIOCKOCTEH 2 1 &:

E=1+a)x+by, n=bxr+ (1—a)y,

e po = a +ib, a® +v* < 1, a = (kao — k11)/(kaa + k11 + 2¢/D(ks)),
b= (k12 + ka1)/ (ka2 + k11 + 2¢/D(ks)), D(ks) = ki1kaa — (k12 + k21)?/4.

Cunras cioit oprorponabiM (k12 = ko), TOJdy9YMM Ha MJIOCKOCTH (, a 3aTeM Ha
mnockocth ¢! = &'+in', koTopag cBazaHa ¢ IWIOCKOCTBLIO ( TTPeobpa30BaHueM ITOBOPOTA
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wa yros Uy (tgdo = b/(1 4+ a)). Ha numockoctn ¢’ mposogumocts siBasiercs dyHKImei
ozHoro mepemennoro ' [2]:

(1 + a)cosdg + bsindg|°
1—a2—-102 ' 2)

P& = kgn™ | ko = ko

XapaxTepHoit 0COGEHHOCTHIO CJIOS TIPOBOAMMOCTH (2) SIBJSETCS HAJIUYUE CHHIY-
napHoit muann og: 1 = 0, ma xkoropoit P = 0, ecmm s > 0. Haxomum dopmyay,
ONpeIeJISTIONLY 0 1e0UT CKBasKUHBI [2]:

_ 27kgd"®(C — Cy)

Qs—1(w)
Baech @, (w) — dbyurmusa Jlexkanapa BTOPOro poja CTEMeHH UV apryMeHTa w =
1+ RZ/2d?, d = d(1 — p?)/\/(1 — a)? + b? — paccrosiHie OT IeHTPa CKBAXKHHBI
oC 10 CHHrYIsSIpHOil maun 0o, Ry = Roy/1—p?, C =1, Cy = 0. st uccieso-
BaHUS BIMSHUS aHU30TPOIMK IPYHTA Ha JeOUT CKBAYKUHBI BBEJIEM OTHOCHTEIbLHBIN
nebut (3] e = Q/Qo—1, rae Qo — nebur ckBaknHbI pajuyca Re, PaciooKeHHON Ha
paccrostHun d OT CHHTYISAPHON juHuu y = 0 B CIydae M30TPOIHOrO HEOJHOPOIHOIO

IPYHTa CO CTENEeHHBIM 3aKOHOM M3MeHeHus MpoBojumocTy npu s = 6. I3 nosyden-
HBIX AHAJUTUIECKAX COOTHOIIEHWI MOXKHO KaK YaCTHBIN Ciaydail moyauTtsb popmy-
JIBI, OMHUCHIBAIONINE PAOOTY COBEPIIEHHON CKBAYKUHBI B AHM30TPOITHOM OHOPOTHOM
caoe rpyHTta [3|. Pemenne nopobubx 3aa4 [4, 5] MokKeT oKazaThCsl aKTyaabHON B
KadecTBe TECTOBOU MPU MPOBEPKE UYUCAEHHBIX MaTeMaTHUYeCKUX Mojesieil, OMUChIBa-
fonx 6ostee c0KHBIe 331241 [6]. AHN30TPONNST IPYHTA MOYXKET CHJILHO CKA3bIBATHCS
Ha, jebure () (MOXKET ero yBeIMYHBATEH WJIH YMEHBIATH 10 OTHOIIEHUIO K JIeOUTY B
CJlydae M30TPOIHON HEOMHOPOAHON cpeabl (), HEOMHOPOJAHOCTh TPYHTA OKA3bIBAET
Ha J1eOUT MeHbIllee BIWSHME, OOIINiIl XapaKTep X0[a KPHUBBIX AHAJOTHYEH CJIYIaI0
AHM30TPOITHOW OMHOPOAHON cpeapl. C yBeandeHreM OTHOTIEHNS HeNAarOHATBHBIX K
JIMATOHATBLHBIM KOMIOHEHTaM TeH3opa k = (k;j) BANSHNE aHU30TPOINH yMEHbIIAET-
csl.

JIuteparypa

1. A6pocumon A. A. Ilpumenenue perrrenoToMorpaduu s n3ydenns (HPUALTPAIMOHHO-EMKO-
CTHBIX CHCTeM KOJIJIEKTOpOoB Hedrn u raza // Tp. PI'Y nedrn u raza num. 1. M. I'y6kuna.—
2015.—T. 281, Ne 4. —C. 5-15.

2. ITusenp B. ®@. Maremaruueckue momenu dbunbrpanun kuiakoctu.—Open: 3a-Bo Opiaosek.
roc. yH-Ta, 2015.—408 c.

3. Ilusens B. @., /lekoumres /I. I. Maremarundeckoe MoieinpoBaHue paboThl COBEPITEHHON CKBa-
JKWHBL C TIPAMOJIMHEHHBIM KOHTYPOM TNHTAHUA B AHU30TPOITHOM ILTACTE TPYHTA // YdeHbre
zamucku Oprosck. roc. yu-ta.—2012.—T. 47, Ne 3.—C. 69-74.

4. JlekowurieB /I. I'. Pabora coBepiieHHO# CKBAXKWHBI B AHH30TPOITHOM HEOIHOPOIHOM CJIO€ TPYH-
Ta C KBaIPATUIHBIM 3aKOHOM H3MeHeHus npoBoauMocTu // [IopsankoBbiii anams u cMexKHbIe
BOITPOCHI MAT. MOJIEIMPOBAHUS: Te3. MOKJI. XIV Mexaynap. nayd. koud. (c. Leit, 3-8 momns
2017 r.).—Bnammkaskas: FOMU BHIT PAH, 2017.—C. 156-157.

5. Jlekommen /I. I. Pafora CKBaXKWHBI B aHU3OTPOITHON HEOIHOPOIHON Cpeie CO CTermeHHBIM
3akoHOM mpoHunaemoctu // Cospemennsie npobiemsr us.-mar. Hayk.—Opemr: U3n-Bo Op-
JIOBCK. roc. yH-Ta, 2018.—C. 141-145.

6. ITusennr B. @., Jlekommues /I. I AHajiuTHYECKOE M YMCIEHHOE MOJEJINPOBAHME PAOOTHI CO-
BEPIIEHHOI CKBAYKMHBI B AHU30TPOITHOM OJHODOIHOM IIacTe rpyHTa // BhramcimrensHast
MeXaHuKa ciiomHubix cpem.—2016.—T. 9, Ne 4.—C. 389-399.

179



ITopsiakoBeIii aHAIN3 U CME>KHbIe BOIIPOCHI MAaTEMATUYECKOro MOJEJIUPOBAHUS:
Te3uchl MoKIa0B XV Mex mynapoanoit mayanoit kordepernun (c. Ileir, 15-20 mioms 2019 r.)

HEJIMHENHBIE MATEMATNYECKUE MOJIE/IN
[IPOJTOJ/IBHO-TIONEPEYHBIX KOJIEBAHIUI OJJHOMEPHBIX
MEXAHUYECKUX OB bEKTOB C ABMXKYIIIUMUCHA 'PAHUITAMUI

B. JI. JIutBuHOB
(Poccust, Mocksa, MT'Y; Ceizpans, CO CamI'TV)

L1 obbekTa BBEIEHBI CIIEIYIONTNE 0003HAUEHUS: p — 00 bEMHAS MJIOTHOCTH MaC-
Chl; S — MJIOIIA/Ih TIOEPEYHOrO cedenust; | — 0CeBOit MOMEHT WHEPIUH MOTEPETHOTO
cedeHns o0bekTa; K — MOMy/b yIPYroCTH MaTepuasia 00beKTa; (4 — KO3 PUIMEHT,
XapaKTEPHU3YIONINii CBOWCTBO BA3KOYIIPYTOCTH 00'bEKTA; €9 — HAYAJIbHAS TTPOIOIbHAS
nedopmarsa 0bbekTa, co3atomnas Hatskerne 1 = ESeq; © — paccrosHue or Jje-
BOI TPAHUIIHI O TOYKN 00HEKTA, HAXOISIIETOCT B HemedOPMUPOBAHHOM COCTOSTHUN;
L(t) — nymna Hemed>OpMUPOBAHHOTO B TIPOJOJIBHOM HAMPABICHUN 00bEKTA CJIEBA OT
IBUKYIEiicd rpanuipl; t — Bpems; Ly — obmas mimHa 00bekTa.

Jl1st XapaKTepUCTUKN OKPYKeHUsT 00beKTa BBEIEHBI C/IeAYIOIUe MapaMeTpPh:
ko — KeCTKOCTh MOJJIOXKKH, Ha KOTOPOi JeKuT 00bexT; V(t) — OKpy:KHasd Jiu-
HeliHas CKOPOCTHh POJIMKOB; A — KO PUIUMEHT, XapaKTePU3yOMnil 1eifiCTBAE CHUJI
COTIPOTHUBJIeHUsT BHemHeil cpenbl. Ha 00beKT B HAIpaB/IeHUHW BEKTOpa €2 JIEHCTBY-
er pacnpezesnennas Harpyska f(x,t). Ha gsukyuiyiocst rpanuily JgeiicTByer cua
F(t) = Fi(t) - &1 + Fa(t) - ea.

JIBMKyIIasiCs TPAHUIla COCTOUT U3 KECTKOCOEIMHEHHBIX POJIUKOB MACCOH mMo.
Macca cucTteMbl pOJIMKOB U KapKaca paBHA mq. lIpyKuHa KecTKOCTH ko pearupyer
Ha TTIOTIepeYHOe CMenIeHe CUCTEMBI DOJINKOB. B TPOJOJIBHOM HallPpaBJICEHUN MMEeT Me-
CTO JKECTKOE COeIMHEHUE MEXKy CUCTEMOI POJIMKOB u KapkacoM. Mexay pomKamu
n 06'beKTOM TTPOCKAJIb3bIBAHNE OTCYTCTBYET.

B pesynbrare mosyuena cucrema maudepeHnnaabHbIX YPABHEHUM, OMUCHIBAO-
IIUX TTPOJIOTHHO-OTIEPEYHbIE KOebansa 00beKTa;

oS =35 (B (Vs = 1) + 0 G ) Jas) =
pSus.n — 55 (B (Ve — 1) + pltaet ) e ) + @

+ I (Eu2,xxxx + ,U'u2,xxxxt) + )\UZ,t + k}oUg - f(xa t) =0.
I'pannunbie ycaoBwusi:
ui(0,t) =0;  wz(0,t) =05 u244(0,1) = 0; (2)

uj(Lo,t) =0; wa(Lo,t) =0; woga(Lo,t) =0; (3)
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d—2u1(L(t), t) 4+ pS (w1 (L(t) — 0,t) — uy ¢ (L(t) 4+ 0,¢)) L' (¢) +

+ <ES wj.o(L(t) — 0, s o (L(t) — 0, ) — 1> +

wj o (L(t) = 0, )15 0¢(L(t) — 0, 1) ) u1 o (L(t) — 0,t)
V(L) = 0,t)ujo(L(E) — 0,t) ) \/uje(L(t) — 0,t)u;(L(t) — 0,1)

—(EBs <\/uj,x(L(t) + 0,810 (L(t) +0,8) — 1> +

i (L(t) + 0, 8)u; 2e(L(t) + 0, 1) > y

Vo (L(t) + 0, t)u; . (L(t) + 0,1)

y ut(L(t) +0,1) B
Vg (L(t) + 0, t)uj . (L(t) + 0,t)

+ uS

Fi(t) =0;

d2
mng(L(t), t) + Elug gy (L(t) + 0,t) + plug gupt (L(E) + 0,1) —

— Elug 400 (L(t) — 0,t) — plug peat (L(t) — 0,t) + koua(L(t),t) — Fa(t) = 0;
wr(L(t) = 0,8) = w (L(t) + 0,8);  ua(L(t) — 0,8) = ua(L(t) + 0, 1);
UQJ(L(t) - 0, t) == 0; UQ@(L(t) + 0, t) = 0.

Haganwpuble ycioBud:

(5)
(6)

ui(z,0) = ¢1(x);  ure(x,0) = ga(w); 7
uz(z,0) = ¢3(x);  ugt(w,0) = ga(w).

Takum 06pa3oM, MOJIE b, OMUCHIBAIOIIAS KOebanus: 00beKTa n300paykeHHoro, Ha,
puc. 1, onpenensiercs cucremoii mudpdepennmanbabix ypasuenuii (1), rpannaabivm
yeaosusamn (2)-(6) n HagaapHbIMu yeaoBusMu (7).

[Tosyuennble MaTeMaTHIECKHE MOIETN TIO3BOJISIIOT OMUCHLIBATH KOJIEOAHMST HOTH-
II0H WHTEHCUBHOCTH CUCTEM C JIBUXKYIIUMUCS TpaHuramu [1].

aL Y

e _ - F(1)=F,(1)e, +F,(1)e,
a 7() g
ﬁ p.E.S.u 1] Z
o—h L(t) fx
H ] 0
)mzl
f(x,t),ko,i kz
oz 4

Puc. 1. O606mennas cxema o0bEKTA.

Jlureparypa

1. Anucumos B. H., Jlursunos B. JI., Kopnen H. B. Ilpumenenue merona Kanroposuua —
Tanépkuua 1y pemenns KPAeBbIX 337a9 C yCAOBHAMH HA IBUKYyIMUXCA rpanmnax // U3s.
PAH. Mexannka tBepgoro teaa.—2018.—T. 2.—C. 70-77.
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ITopsiakoBeIii aHAIN3 U CME>KHbIe BOIIPOCHI MAaTEMATUYECKOro MOJEJIUPOBAHUS:
Te3uchl MoKIa0B XV Mex mynapoanoit mayanoit kordepernun (c. Ileir, 15-20 mioms 2019 r.)

CTATUCTNYECKOE NCCJIEJOBAHUNE KATACTPO®

M. A. Meabauk (Poccus, Pocros-ua-/lony; JIT'TV),
O. B. IIpucruuckas (Poccus, Pocros-na-/lony; IT'TY),
I. }O. Ps6bix (Poccusi, Pocros-ua-Jomny; AI'TY),
H. B. ®posioa (Poccust, Pocros-ua-domuy; AI'TY)

PaccmarpuBaercsa 3aqata nCCae0BAHNS 3aBUCUMOCTH MEXK Ty INCIOM aBUAIMOH-
HBIX, YKEJIE3HOJOPOXKHBIX U ABTOMOOMIBHBIX KATaCTPOd U HEKOTOPHIX BAMIIONIAX HA
HuX dakTopos. Cpemu BAMSAOMNUX (DAKTOPOB BBIIEJIEHBI CIEAYIONUe: IUCa0 Bojb-
da (xapakTepucTHKa COJHEYHOIl aKTHBHOCTH), MECSI] IIPOUCIIIECTBHUS KATACTPOMHI,
BO3PACT MUJIOTA.

Apropamu ObL1a cobpaHa u nepepaboraHa WHAGOPMAIMS O MPOUIOIIEIINTNX KaTa-
crpodax B mupe 3a noceaane 100 jger [1-3]. DTu maHHBIE UCCIETOBAHDBI C TOMOIIBIO
METOJI0B MaTEMATHIECKON CTATUCTUKU, & TAKXKe MeTOI0B IudPOBOil 06pabOTKH.

UccnegoBanus mokasaju, UTO CBI3b MEXKJIy KOJUIECTBOM KaTacTpod ¥ TOKa-
3aTesieM COJIHEYHO! aKTUBHOCTU HE3HAUMTENbHA (K03 dunmenT koppensnnu pasen
0,39, 0,42, 0,34 cOOTBETCTBEHHO IS ABUAITMOHHBIX, *KEJIE3HOTOPOKHBIX W aBTOMO-
OumbHBIX KaTtacTpod), npuueM 3a mocaeqane 20 JIeT 3Ta 3aBUCHMMOCThL CTAIa eIle
cnabee.

3aBUCHMOCTH KOJIMIECTBA KATACTPOMd OT BO3pACTa MAJIOTA, OUEHb HE3HAUUTETHHA.

[Ipu paccMoTpeHNU CTATUCTUKU KATACTPOQ MO MECSIaM OKa3aJ0Ch, UYTO CAMBIM
OTIACHBIM BPEMEHEM JIjIsl IPOUCITIECTBUS TPAHCIIOPTHON KATACTPOMbI ABJIAETCA TIEPHU-
OJT C WIOJISI TT0 CEHTAOPb.

PazubiMu MeTomamu cesian mporHo3 Ha bimkaiiniue roabl. Haubosee goctoBep-
HbII IPOrHO3 mostyder Merozgom [Iponm [4].

JIuTteparypa

1. Crarucruka asuakaractpod B Mupe.—URL: http://www.planecrashinfo.com.

2. Crarucruka xene3H0m0poxkabIx KaracTpod.—URL: https://ec.europa.eu.

3. Crarucruka aBrokaracrpod B mupe.—URL: https://data.oecd.org/transport/road-acciden-
ts.htm.

4. Mapmr-ma. C. JI. lTudposoii ciekrpanbubiii anaaus u ero npuioxkenus.—M.: Mup, 1990.—
584 c.
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ITopsaakoBelii aHaIN3 U CME>KHbIe BOIIPOCHI MAaTEMAaTUYECKOro MOJAEJIUPOBAHUS:
Te3uchl MOKIa0B XV Mex mynapoanoit mayanoii kordepernun (c. Lleir, 15-20 mioms 2019 r.)

MATEMATUYECKOE MOAEJIMPOBAHINE CEJTEKTUBHOT'O
BOJIO3ABOPHOTI'O MTPOIIECCA B TPEXCJIOMTHOM
CTPATNO®NINPOBAHHOM BOJOEME ITP1 3ABOPE BO/IBI
13 BHYTPEHHEI'O ITPOCTPAHCTBA

n. 1. My3aeB
(Poccust, Bnagmkaekas; Biagukaskasckuit buaman @Y, IO BHIT PAH),

H. 1. My3aeB
(Poccus, Bragukaskas; @1 BHIL PAH)

K. C. XapeooB
(Poccus, Bragukaskas; '@ BHIT PAH)

[Ipu pertiernu BOIIPOCOB, CBSI3AHHBIX C BOJOCHAOKEHUEM PA3IUIHBIX TPOMBIIII-
JIEHHBIX HpeﬂHpHﬂTHﬁ, B TOM YHUCJIE€ TEIIJIOBBIX U aTOMHBIX 3.}'IeKTlf)OCTa.H]_];I/II‘/JI7 B paae
caydaeB OBIBAET IeeCO00pa3HO 3a0UpaTh BOAY W3 BHYTPEHHErO 00beMa MpPOMexKYy-
TOYHOTO CJIOS TPEXCJOWHOrO CTPATU(MUIMPOBAHHOTO BOI0EMa, — WCTOYHUKA, BOJO-
cuabxxenus. Bo BHyTpeHHEM 00beMe MPOMEKYTOTHOTO CJIOST BOJIA OBIBAET UHUIIE, UEM
B HU2KHEM MYTHOM CJIOe, U XOJIO/IHee, 9eM B BepxHeM cJjoe. [Ipu 3roMm nmpoekTupoBa-
HIE U KOMIBIOTEPHOE MOJIETUPOBAHNE TAKOTO BO03aD0OPHOT0 YCTPOICTBA U MPOIECCA
3ab0pa BOJIBI JIOJIYKHBI UCKJIIOYATEH MOMAAHNEe BOJBI U3 BEPXHEIO W HUYKHETO CJIOEB
B BOI03a00pHYIO TPyOy, TOJABEIEHHYIO K TTPOMEKYTOYHOMY CJIOIO. B CIpaBOYHBIX
JINTEPATYPHBIX UCTOYHWKAX U B CTPOUTETBHBIX HOPMAX U MPABUIAX TPEICTABIEHBI
pa3/IMYIHbIE SMIUPUIECKUE PACIeTHBIE (DOPMYJIbI, TPEIHASHAUCHHBIE JJIsT TPOEKTHU-
POBaHUS CEIEKTUBHBIX BOJ03a00PHBIX YCTPOUCTB, KOT/A BOJA 3a0UpaeTcs u3 JBYX-
CJIOWHOTO CTPAaTUMUIUPOBAHHOTO BogoeMa. CelIeKTHBHBIN BOM03a00PHBIM MTPOIIECC,
KOT/Ia BOJ[a 3a0MpaeTcs U3 BHYTPEHHETO MPOCTPAHCTBA MPOMEXKYTOUHOTO CJIOST TPeX-
CJIOWHOTO CTPATU(MUIMPOBAHHOTO BOJOEMa, J0 HACTOSIIEr0 BPEMEHW He W3y4eH, U
B JINTEPATYPHBIX UCTOYHUKAX HE MPEICTABIEHA COBOKYITHOCTh PACUeTHBIX (hopMyI,
MO3BOJISIIOIINX PACCYUTATH W MPOEKTHPOBATH BOI03aDOPHBIE YCTPOCTBA, 00eCTevn-
BaloOIe BOMO3a00Op W3 BHYTPEHHETO OObeMa MPOMeKyTOUHOro cjios. [lpu Br/roue-
HUU BOJ03a00PHOI CUCTEMBI TEPBOHAYAIBHO TOPU30HTATBHBIE TOBEPXHOCTH pa3JIe/ia
CJI0EB BO3MYIIAIOTCS W HA HUX 00Pa3yloTCsl BHYTPEHHUE TPaBUTAIMOHHBIE BOJIHBI.
OTMeTKy HUYKHETO KOHIIA, BOJ03a00PHOT0 TPYOOIIPOBOIA U PACXO/T 3a0UPAEMOil BOBI
HaJ0 TO00PaTh TAKUM 00Pa30M, 9TOOBI MOBEPXHOCTH PAa3esia BEPXHEr0 U MPOMEKY-
TOYHOTO CJIOEB HE OMYCTU/IACH 0 OTMETKHU HUXKHEr0 KOHIA TPYOOIpPOBOIA, W OHO-
BPEMEHHO MOBEPXHOCTH pa3jesa MPOMEXKYTOUYHOTO U HUXKHErO CJIOEB He MOIHSIIACH
JI0 OTMETKH HHUKHEr0 KOHIA TPYDOIpoBOma. DTO ODECIEYNT CENTeKTHUBHBIN BOIO3a-
00p MCKJIIOYUTE/IHFHO M3 MPOMEXKYTOTHOrO CJI0sd BojoeMa. Bogo3abop u3 BHyTpeHHe-
IO TMPOCTPAHCTBA MPOMEKYTOUHOTO CJIOS CMOJIEJUPOBAH B BUJE 00BEMHOTO CTOKA C
6EeCKOHETHO MAJION TOJIIMHON 1 KOHEYHBIM CTOYHBIM pacxogoM. CoracHo JTUHEHHOH
TEOPHUU TTOBEPXHOCTHBIX U BHYTPEHHUX T'PABUTAIMOHHBIX BOJH B UEAJBHON HECKU-
MaeMoil KUIKOCTH MaTeMATUIeCKy0 MOJIETh BBIIIEOMNCAHHOTO BO03a00PHOTO TPO-
mecca OyIer mpeCcTaBIsaTh CAeAYOlas KOHTAaKTHAs HavYaIbHO-KpaeBash 3a/1a4a;

A®y(z,y,2,t) =0 mupun — Ho <z < Hy + Hy; (1)
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t
A(I>2(:Cayazat) = q( ) f(x)y) Z) opn 0<z< HQ;

. @)
Ads(x,y,2z,t) =0 npu Hg < z < 0; (3)

O, =P, =0 uput=0; (4)

®;, =0 npumz=0wunpux=Ly; (5)

@, =0 npuy=0unpny= Lo (6)

&, =0 nupnz=H + Ho; (7)

1.=0h., 7(P149%).) =72(P2+gPh,) mnpuz= Hy; (8)
b= D5 va(bo+g®h.) = va(ds +gP5.) npuz=0; (9)
<1>;/37Z =0 unpuz= Hs. (10)

B sTux BRIpaskeHUAX MPUHATHI cieayionme obo3uauerus: ®1, Po, P53 — moremu-
aJIbI CKOpOCTeﬁ B BEPXHEM, TPOMEXKYTOIHOM U HUZKHEM CJIOAX BOJBI COOTBETCTBEHHO;,
Z, Y, 2 — MPOCTPAHCTBEHHBIE KOOPUHATHI KUIKON TOUKM; t — BpeMsl; § — YCKOPEHUE
cuel TskecTd; A — nuddepernuraabHbIil omeparop Jlamaaca mo mnpocTpaHCTBEHHBIM
koopauuaTtaMm; Hy, Ho, Hs — TOJIIIUHBI BEPXHETO, TPOMEXKYTOTHOTO W HIKHETO CJI0EB
COOTBETCTBEHHO; Y1, Y2, Y3 — Y/e/IbHbIe Beca BOAbI B ciiosx; ¢(t) — pacxoj 3abupa-
eMoii BOJIBI; 2a, 2b, h — pasmepsr obbemuoro croka; f(x,y,z) — BCmoMorarebHas
dyukiums. [locraBierHas KOHTAKTHAST HAYAILHO-KPAEBas 33/1a9a PEIeHa IuCJIeHHO-
AHATUTUIECKUMHU MeTOoJaMu MaTeMaTrudeckoit dpusuku. Bomozabop m3 BHyTpeHHe-
0 TPOCTPAHCTBA MPOMEXKYTOIHOTO CJIOST CMOJIEINPOBAH B BUIE 00HEMHOIO CTOKA C
6EeCKOHETHO MAaJION TOJIIWHON M KOHEYHBIM CTOUYHBIM pacxogoM. OKOHUATETBHO s
yPaBHEHUST BOJTHOBBIX MTOBEPXHOCTEH pasjesa CJA0eB MOJIyIaeTCs COBOKYITHOCTh PAaC-
YETHBIX @OpMyﬂ, C TIOMOIIIFIO KOTOPBHIX Ha KOMIBIOTEPDE MOXKHO PACCINUTATH AUAMETP
BOJ/I03200PHOI TPYOBI, PACXO/T Uepe3 Hee, BBIYUC/IUTh OTMETKY IIYOMHHOTO pPacIojio-
JKEHUsT KOHITA BOA03abopHO#t TpyOsl. Buibop sTrx mapameTrpoB obecrieamBaeT Cejek-
TUBHBIH BOJ03a00D MCKJIIOUNUTENIHHO U3 MPOMEYKYTOTHOTO CJIOS.
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ITopsaakoBelit aHaIN3 U CME>KHbIE BOIIPOCHI MAaTEMAaTHYECKOro MOJEJIUPOBAHUS:
Te3mchl MoKIa0B XV Mex mynapoanoit mayanoit koudepernun (c. Lleir, 15-20 uioms 2019 r.)

CIABUTOBBIE CENICMUYECKUE KOJIEBAHI S
JIEJJTHUKOBOI'O MACCUBA HA CKJIOHE

n. 1. My3aeB
(Poccust, Bnagmkaekas; Baagukaskasckuit duaman @Y, IO BHIT PAH),

B. I'. Co3zaunos
(Poccust, Bragmkaskasz; COT'Y)

CrBurossie ceficMmaeckye KOTeOAHMs JTeISTHOTO MacCuBa, 6e3 ydera BHYTPEHHEro
COIIPOTUBJICHUA MOJEJUPYeTCcd CJaeAyIoell HadaJlbHO-KpaeBOl 3ajgadveil mMareMaru-

TecKOit PUBNKM:
0w 0w )
2 azw = g(sin®) — pcosvp),

_ 9 it Ow _
UJ(.’L',t)‘t:O—Ksﬁezw, E z:H—Oa
ow (1)
w(x,t)‘tzo = wo(z), n - =0,
G
a=4/—,
)

e IPUHSITHI Caeylonpe obo3Hadenus: w(x,t) — CABUTOBbIE MEPEMEIIEHNsT B Mac-
cuBe, 00YCTIOBIEHHBIE CEHCMUYECKUM 36MIETPSICEHNEM, ¢ — BpeMsl, & — TOTepedHast
KOOPIMHATA, 10 TOJIIINHE Jbja, p U G — MJIOTHOCTH U MOYJ/Ib CABUTA, JIbJIA, W — KPY-
roBas YacTOTa MPOIOJBHOTO CEHCMUUECKOTO KOTEOAHUS TIOICTUIAIONIEH TOBEPXHOCTH
negauka, H — romunaa (MOIIHOCTB) MaccuBa, wo(r) — CABUIOBOE TepeMelleHne —
B MaccuBe, 00YCJIOB/IEHHOE CUJION TsxKecTH, k — K03 PUIUeHT ceiicMruIecKoro yCKo-
peHmns.

B pesysbraTe perenuns MOCTaBAEHHO HAYaIbHO-KpaeBoil 3amaun (1) u komae-
CTBEHHO# OIEHKU TIOJIY9IEHHBIX PACIETHBIX (DOPMYJI JOKA3AHO YTBEPKIEHUE O TOM,
YTO HA PE3OHAHCHOW YACTOTE CEHCMUIECKOTO KOJEOAHUS CKJIOHA BO3HUKAIOIINE Ka-
caTeIbHbIe HAMPSYKEHWsT Ha, MMOBEPXHOCTH KOHTAKTA JIETHUKOBOTO MACCUBA C TIOJICTH-
JIAJOIIEl MOBEPXHOCTH BBIYUC/ISIOTCS 10 CAEAYIONIel dhopMmyJe:

dpksgH (am . aw an
T:T ﬁtslnﬁt—QCOSﬁt . (2)

Borancinm kacaresbHbIE CABUTOBBIE CEMCMOHAIPSIKEHNS 0 3TOM (popMysie Ha Tpu-
Mepe Jsenanka Komka, KoTopsrit copaica B 2002 r. B BepxoBbax peku [emanbiaon
co ckjoHa Topbl /xkmMmapaxox. BxoaHubie mapaMerpsl Ijis HErO WMEIOT CJIeIyIOIne
YUCTIOBBIE 3HAUCHUS:

— mMomuocTh (Tommunaa B cpeanem) H = 108

— MOIY/Ib CABUTA I JIeAHHKOBOro jbaa G = 0,34 - 1010 H/M2;

— TIOTHOCTD Jha p = 915 xr/m3;
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— K03 DUIUEHT CeHCMUIECKOTO YCKOPEHUS It CJIabbIX 3eMJIeTPSICEHUl MHTEH-
CUBHOCTBIO He Oojiee 3 6asmoB mo mikase Puxrepa — Mepkamu kg = 0,01.

JLIst CKOPOCTH pacIpOCTpaHEeHUsT TOTIEPETHON CABUTOBOI BOJIHBI TIOJTYYa€TCsI CJIe-
JIYIOITee UNCI0BOE 3HAUEHUE:

[¢  [034-1010
2 =2 199765 wi/e.
“=A\ 915 /65 w/c

B pesyabrare BBIYMCIEHUS NOPU TPeX YHCIOBBIX 3HAUYEHUSIX BpPEMeHU: t; =
8,01 cek, to = 15,3cek, t3 = 21,7 cek moy4deHbl CJAEIYIONINE YUCIOBBIE 3HAYEHUS
KacaTeJIbHOTO HAIIPSIXKEHUS:

t; = 8,01 cex, 7 =8,7-10° H/m?,
ty = 15,3 cex, 1 = 16,8-10° H/m?,
t3 = 21,7 cex, 73 =23,9-10° H/m>

W3 nmureparypHBIX HCTOYHIUKOB W3BECTHO, YTO pa3pyIiaiolnee HAMPsKeHe st JIbIa
npu Temmepatype —5° C W BBIME COCTABIAET Tpas = (5 — 5,5) - 10° H /M2, makcu-
MaJIbHasl CUJIa CMep3aHus JIbJa C MOBEPXHOCTHIO mpu Temreparype Hmke 20° C He
IPEBOCXOUT Tey = 21 - 10° H /M2

HpI/IBeﬂ;eHHbIe BBIYUC/IUTEIbHBIC DE3YJIbTATHI PA3bACHAIOTCA TaK: €CJIN IMTPONCXO0-
nutT ciaboe 3eMJIeTpsICeHNEe CUToi He 6ojiee 3 GAJIIOB, TIPOIOIKUATETHLHOCTHIO 10 ce-
KYH/T U 9aCTOTON Kosiebauust 6,in3Ko# K vacTore mepBoit (hopMbl COOCTBEHHBIX CIIBU-
TOBBIX KOJIEDAHUI JIeJHUKA, TO CIABUTOBBIE CEHCMOHAMPSIKEHUS HA MOJCTHUIAOIIEH
MMOBEPXHOCTHU TpeBocxonaT B 1,58 pa3 paspymraroiee HAPsizKeHne JIbAa. Kcanm ke
3eMJIETPSICEHUE TPOJI0IKAETCS B TeueHne 16 CEKyHJ, TO CIpaBOIUPOBAHHBIE CIBU-
rOBBIE CECMUYECKUe HAMPSIKEHNWs B TPU C JIMITHUM Pa3a MPEBOCXOISIT Pa3PyIIako-
mee Hampsizkenne. Ecin xKe Takoe caboe 3eMJIeTPSICEHNE TTPOIOIKACTCS B TEUCHUE
22 cexyHI, TO CIIPOBOITMPOBAHHBLIE CABUTOBLIE HANpSXKeHWT B 4,35 pa3 mpeBOCXOIAT
Pa3PYIIAONIEr0 HAIPIKEHUS .

B pacuernoii dhopmyse (2) He ydTeHO BHYTpEHHEe BSI3KOE COMPOTHUBIICHUE. YUer
3aTpar II3Jarolleid Ha MacCCuUB CeCMO3HEpruu Ha BHYTPEHHEE COIPOTUBJICHUE B
KAKOM-TO KOJIMYECTBE MOYKET yMEHBIIUTH BBHIMIETPUBEICHHbBIE 3HAUEHUST HAIPSIKE-
HUA, HO HE HaCTOJIBKO, LITO6I>I B pa3bl YMEHBIITUJINCH. Ha OCHOBaHHWUW TIPUBEICHHO-
0 MEXaHUKO-MaTEMATHIECKOTO aHAIN3a, CEHCMUIECKOTO KOTEOAHUs U CECMOHAITPSI-
JKEHHOTO COCTOSTHWS JIEJHUKOBOTO MACCHBA MOYKHO CAEIATH CJIeIYIOIne 3aKII0qe-
uusi. Cyabbie 3eMyeTpsiCeHusT CUION 710 3 OaJIIOB, KOTOPBIE YeJIOBEKOM HE OIILYIIa-
IOTCsI, MOTYT CIIPOBOIIMPOBATH HA MOACTUIAIOIIEH TTOBEPXHOCTH JIEHUKA CIBUTOBHIE
ceiicmonanpsizkenusi, B 1,58—4,35 paza mpeBOCXOIAIINE PA3PYIINAIOIIEe HATPIKEHIE
JIbJA B 3aBUCUMOCTH OT MPOJIOIKUTEIBHOCTH BpeMeHu 3emjerpsicerus. [las sToro
OCTATOYHO, YTOOBI YACTOTA TAJAOIIEl Ha MACCUB CEHCMWYECKON BOJIHBI COBIAIa-
Jia, C 9acTOTOW OCHOBHOI (POPMBI COOCTBEHHBIX CIBUTOBBIX KOJIEDAHUN JIETHUKOBOTO
maccuBa. g nenanka Konka v = 4,46 repir.

Cnaboe ceitcMutieckoe 3eMjeTpsiCeHIe CUION He Oojtee 3 6ALIOB, TPOIOIKUTE b=
HOCTBIO BpeMmenu 8—22 cexkyu u 9actoroit 4,4—4.5 repiy CMOIJIO CBITPATH POJIb CITYC-
KOBOT'O MEXaHU3Ma [JIsI MTOJABUKKHU JIETHHKOBOTO MACCUBA, KOJIKA.

186



ITopsiAKOBBIl aHAIU3 U CMEXXHbIe BOMPOChl MATEMATUYECKOTO MOJEJITUPOBAHUS:
Te3uchl Mokaam0B XV Mex nynapommoit mayanoit kordepernun (c. e, 15-20 uona 2019 r.)

IMCTEPESUCHBIE OITEPATOPHI KAK OITPEJEJIAIOIINE
COOTHOLIEHUA AJTI4 ITOJIMKPUCTAJT/IMYECKUX
CETHETORJIEKTPTYECKINX MATEPUAJIOB!

B. B. Hanpacuukos (Benopycs, Munck; BHTY),
A. C. Ckasmyx (Poccusg, Pocros-ua-/lomy; FODV)

Jl1st KBa3UCTaTUIECKUX MPOIECCOB TOIAPU3ANUYE U 1eOPMUPOBAHUS TOJTUKPU-
CTAJIMIECKUX CETHETOIEKTPUIECKUX CPeNl U3yUYeHbl HeJUHEHbIe HeoOpaTuMble 3a-
BUCHMOCTHU MEXK/Ty UCKOMBIMU ¥ OTIPEIeTAomuMu mapamerpamu. VckoMbre mapamer-
PbI, K KOTOPBIM OTHOCSITCSI BEKTOD MOJISIPU3AINE U TEH30D IedOpMalin, MPeICcTaB-
JIEHBI B BUJIE CYMMBbI ODpaTUMBIX U HeoOpaTuMbix udacteit. [lia obparuMbix dacreit
BBIBEEHBI JIMHEHHBIE aJredpandecKne OmepaTophl, B KOTOPHIX TEH30PhI MaTePUaIb-
HBIX KOHCTAHT, 3aBHCAT OT OCTATOYHBIX MApAMETpPOB JHHEHHBIM obpaszom [1]. s
HEODPATUMBIX JACTEll C UCITOIH30BAHUEM 3JIEMEHTOB JOMEHHOW CTPYKTYPhI, (hu3nde-
CKUX 3aKOHOB MX MEPEK/TI0UEHNs U CTATUCTUIECKUX 3aKOHOB TTOCTPOEHBI TUIJIEKTPHU-
Jeckre n aedOPMaIMOHHRBIE TEMITOHE3ABUCHMbBIE THCTEPE3NCHBIE OTTEPATOPHI, MPE-
crapJistione coboit cucremy ypasHenwii B nuddepennuanax [2|. dns awuciaensoro
peITeHnst TPEII0KEeH MEeTOJ, MOC/IeSoBaTe/IhLHBIX mpubamkennii. [lokazano Takike,
YTO B TPEXMEPHOM CJIyYae 3TH YPABHEHUST MOKHO CBECTH K CHCTEME JIEBITH OOBLIKHO-
BeHHBIX qudDepeHnranibHbIX YPABHEHUN IEPBOTO MOPSAIKA, [IJId PEIIeHns KOTOPBIX
MIPE/IJIOYKEHBI INCIEHHBIE METOIbI Ha 0CHOBE MeT010B Pynre — KyTTo 4-ro mopsiika.
[IpoBeensr uncIeHHBIE SKCIIEPUMEHTHI U MTOCTPOEHBI OOJIBINNE U MaJjble TIETIU JIU-
9JIEKTPUTIECKOTO ¥ TeOPMAIMOHHOT0 THCTEPe3nca. YCTAHOBIEHO, UTO MapaMeTpPhl
MOJIESIN MEHAIOT (POPMY U HAKJIOH TMCTEPE3UCHBIX KPUBBIX, UTO MO3BOJIAET PACIOPSI-
ANTHCA UMW TakK, LITO6I)I PaCCIUTaHHBIE N IKCITIEPUMEHTAJIbHbIE KPUBBIE COBITa A/ I HE
TOJIBKO KaYeCTBEHHO, HO W KOJUYECTBEHHO. Pe3ybrarsl nccae oBaHuil NCIoab3y0T-
Csl IPU TIOCTPOEHUU ONPEJIEISIONINX COOTHOIIEHU ! MTPU MOJAEIUPOBAHUN HEJIMHENHBIX
U HEOOPATUMBIX TPOIECCOB MOJUKPUCTAJINIECKUX CETHETOITEKTPUIECKUX MaTepu-
asios [3].

JIuTteparypa

1. Ckammyx A. C. ®yHKIMOHAIbHAS 3aBUCUMOCTH (DUBUIECKUX XAPAKTEPUCTHUK OT HEOOPATH-
MBIX [IAPAMETPOB IPH JIEKTPOMEXAHUIECKOM BO3IEHCTBHE HA CErHETOdIEKTPUYIECKIE Kepa-
muku // Becrn. Tomck. roc. yu-ra. Maremaruka u mexanuka.—2019.—Ne 58.—C. 128-141.

2. Bejokonn A. B., Crkamuyx A. C. MareMaTudaeckoe MOIEJIMPOBAHNE HEOOPATUMBIX MTPOILIECCOB
nongpuzanun.—Mocksa: PU3MATJINT, 2010.—328 c.

3. Ckammyx A. C. KonegHo-3jieMeHTHOE MOJEIUPOBAHUE HEOOPATUMO IIPOIECCA O PU3AIUN
CErHETOIEKTPHIECKNX KepaMuK // Maremarnka W Mar. Momenuposanme.—2019.—Ne 5.—
C. 1-16.

'PaGora BeimonHena npu dunancoBoil momuepxke Poccuiickoro dbonma GyHIAMEHTATBHBIX HC-
craemoanwii, mpoekt Ne 17-08-00860-a.
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MATEMATUYECKAA MOJE/Ib HEPABHOBECHOT'O ®A30BOT'O
[MNEPEXOJA ITPU TBEPAEHNN ITOJIYBOJIHOT'O I'IIICA

B. B. Hapoxwuos (Poccusi, Hanwunx; UITIMA KBHIT PAH),
C. . PexsuamBunu (Poccus, Hamsuuk; UIIMA KBHIT PAH)

B pabore mpoBesieHbl HATYypHBIE SKCIEPUMEHTHI O WCCAEIOBAHUI KUHETUKU
TBEPJIeHUsT TTOJTYBOIHOTO THTICA, OCHOBAHHBIE HA W3MEDPEHWN N Sttt FTEKTPUIECKOTO
COTpOTUBJIeHUsT. [JisT omucanust KOAryJ sy JacTUIl BSIXKYIIEro HA pPaHHEN CTajguu
TBEPIEHUsT PACTBOPA HAMU TMPEJIaraercsl UCIOIb30BaTh (POPMaIIM3M TEOPUU KaTa-
crpod [1, 2]. B coorBercTBun ¢ 310ii Teopuei (DYHKINS, OMMCHIBAIOIIAST HEKOTOPYIO
ABTOHOMHYIO TPAINEHTHYIO JUHAMUYECKYIO CUCTEMY, ABJsieTCs perenueM gudde-
PEHITNAJILHOTO YPAaBHEHUSI TIepBOro mopsnka. JLjas ommcaHus HEPABHOBECHOTO TIPO-
mecca BO/IM3M TOYKHU (HAZOBOTO MEPEXOA MCIOJIb3yeTcss KaracTpoda Tuma cOopKu.
YpaBHEHUE MOJEIN C HAYAJBHBIMU YCJIOBUSAMU PEIIAIOCh UUCACHHO MeToaoM PyH-
re — Kyrrer 4-ro nopsinka ¢ ¢purcuposantabiM maroM. CoryracHO TpecTaB/IeHHOM
MOV, OCHOBAHHOW Ha TEOPWUH KATACTPO®, TOUKA (DA30BOTO MEPEX0ia SIBISIETCS
TOUYKOM OmdypKaIny IMHAMIYIECKON CHCTEMBI.

Jlureparypa

1. ITocrou T., Crioapr H. Teopus karacrpod u ee npunoxkenns.—M.: Mup, 1980.—607 c.
2. I'mnmop P. Tlpuknanmast Teopusi karactpod: B 2-x xumrax / Ilep. ¢ anrm.—M.: Mup, 1984.
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MOJEJINPOBAHUE OTCJIOEHIA TEPMOBAPHEPHBIX TTOKPHITHIIT!

C. A. Hecrepos
(Poccust, Bragmkaskas; FOMU BHIT PAH)

SamuTy jgeraseit, paboTalIUX B YCJIOBAIX KOMOUHUPOBAHHOTO TEPMO-CUATOBOTO
Harpy>KeHusi, BCe Jallle 0DEeCIeYnBaiOT MyTeM HAHECEeHUsI Ha TOBEPXHOCTH eTasei
bYHKIMOHATTBHO-TPATMEHTHBIX (HEOJHOPOJHBIX) MOKphITHil. HacTo mox meficTBuem
pPa3IUIHBIX (DAKTOPOB, HEJOCTATOTHON aJre3Wn B CHCTEME <ITOKPBITHE-TTOITOKKAY
BO3HUKAIOT HEDOJIBINNE yIacTKu oTcyoerus. [lpu Harpese, eciu KodpOUITUEHT Ter-
JIOBOTO PACIIUPEHUsI TOKPBITUS BBIIIE, YeM KOI(MDMOUITUEHT TEIJIOBONO PACIHIUPEHUS
TOJJIOKKHW, B TIOKPBITUMW BO3HUKAIOT CXKUMAIOIIINE HAIIPAXKEHWA, TIPU JOCTUKEHUN
KOTOPBIMU HEKOTOPOTO KPUTUUYECKOTO 3HAUEHUS CUCTEMA TepsieT YCTOWUNBOCTH, OT-
CJIONBIIAACA TaCTh MOKPBITUA I/I3FI/I6&€TCH. HOSTOMy BaKHBIM YABJIAE€TCA BOIIPOC Ha-
XOXKJIEHUS KPUTHIECKUX MTAPAMETPOB C yIeTOM HEOTHOPOIHOCTH TOKPHITHs. Bompo-
CaM OTCJIOCHUS MMOKPBITUH W TTOTEPU YCTONIMBOCTHU MOCBAIIEHO DOJIHITIOE KOJIUIECTBO
pabot. OaHAKO B 9THX pabOTaX CHCTEMa «ITOKPBITHE-IOI0KKA» COCTOSIA TOJIBKO U3
OJITHOPOJIHBIX MaTepPUAJIOB.

PaccvoTpum mOmIOKKY, MOJAEJIUPYEMYIO BBITSIHYTHIM MPSIMOYTOJBHIKOM, K T'Da-
HUIE KOTOPOTrO MPUMBIKAET TTOKPBITHE C OTIMYAIOMINMUCA OT TIOAJIOZKKHA CBOMCTBaMU.
[Tomnoxkka u MOKPHITHE MMEIOT IMOTHBIN KOHTAKT BCIOY, 33 UCKIIOUEHUEM YyJacT-
Ka HEeDOJIBIION JIMHBI, BJOIb KOTOPOTO MPOW3OIIIO OTC/I0eHNe. BOKOBBIE CTOPOHBI
IPpAMOYTOJ/IBHUKA TEIJION30IUPOBAHBI U CBO60,ZI;HI)I OT MEXaHN4YECKUX Ha.HpH)KeHHfI.
Huxugas cropona KecTKO 3aIleM/IeHa U TMO/epKUBASTCA PU 3aIaHHON TeMIepary-
pe, a Ha BepxHEil CTOPOHE MEICTBYIOT TEILIOBAT W MEeXaHWJIeCKas HArpy3Ku. Bymem
CYUTATH, UYTO TEPMOMEXAHUIECKIE XaPAKTEPUCTUKY TOKPBITUA TPEICTAB/ISIOT CODO0it
GYHKIINK OT KOOPAUHATHI. 3a/a9a COCTOUT B OTHICKAHUU KPUTHIECKUX TTAPaMeETPOB,
MIPU KOTOPBIX MTPOUCXOUT MOTEPS YCTONIMBOCTH.

OrctouBITIUICS yIaCTOK MOKPBITHSI, CBOOOIHBIN OT TEMJIOBOTO HAIDYKEHUsT, HOP-
MaJIbHBIX U KACATEIbHBIX HAIPSKEHUI MOIEUPYETCs ABYMEPHBIM O0BEKTOM B paM-
Kax MOAUMUIMPOBAHHON Teopuu TOHKHUX MIacTuH. ChOpMyIUpPOBaHBI THIIOTE3BI O
pACIIpeIeSICHIH TEMITEPATYPhI U TIEPEMEITICHIH 7T TOKPBITUS U MO/JTOKKU U TPUMe-
HEH BaPUWAIMOHHBIN NpuHIU TepMoynpyroctu. ChopMyIupOBAHB! YCIOBUS CKICHKI
peH_[eHI/Iﬁ JLJIA OTCJIOMBHIEHCST ITLJIACTUHBI 1 JJIg TIJIACTUHBI Ha YIIPYTOM OCHOBAHWMN.
[Tonydeno BhIparkeHue Jjig KPUTHIECKOTO HampszkeHus. [IpoBemeHno cpaBHeHue pe-
[IEHUsT 10 TPEJIOKEHHON Momen 1epOPMUPOBAHNSA C PEITEHNEM, IOy 9eHHBIM Me-
TOJOM KOHEUYHBIX 3jeMeHTOB. Ompese/ieHbl TPAHUITBI TPUMEHUMOCTH MPEIaraeMoil
METOJINKU.

lPaGora BeImOaHEHA TTpU huHARCOBOIT TOMAEepKKe Poccmiickoro mayuroro dgomga, mpoexkt Ne 18-
11-00069.
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MOJEJIMPOBAHUE BUBPOKHUITAIIIETI'O CJIOA
KPYIIHBIX YACTUIL CUJINKATEJIA

H. C. OpJsoBa
(Poccus, Bragukaskas; FOMU BHIT PAH)

B mammoit pabore paccMarpuBaercss BUGPOKMUIIEHNE OTHOCUTETHHO TOHKHUX CJIOEB
KPYIHBIX 9acTUI cuaukaress (quamerp gacrur 4 mm) [1-4|. TpexmepHbie Boranciu-
TEJIbHBIE KCIIEPUMEHTBI OCYIIECTB/ISIUCH C MCIOJIb30BAHUEM CBOOOJIHOTO OTKPBITO-
ro nporpammuoro koga LIGGGHTS [5]|, B KoTopoM peanmm30BaH METOJ AUCKPETHBIX
ssiemenToB [6]. B merone auckperHbix ssevenTos ypasHennsi Heiorona u Ditiepa
UCIOIB3YIOTCSA IS BHIYMCIEHNsT HOBBIX IOJIOKEHHH, CKOPOCTEHl M yCKOpeHMit Bcex
gacrur (1), (2) [2, 6]:

dv _
-V Fc —mg; 1
m2 = F. g )
dwo —
I,— =T, (2)

dt
rje m — Macca KaxKJ10i# JacTuilel, I, — MOMEHT MHepIUH KazKJI0i JaCTHUIIbI, v I W —
CKOPOCTM NOCTYNATEJbHOTO W BPAIATEIBHOTO JABUXKEHUSA KaKJONH YaCTHIBl COOT-
BeTCTBEHHO, F, — pe3y/JbTupyIoniasa Cuaa KOHTaKTa, CBI3aHHAI C B3AMMOIeHCTBIEM
JacTul, Apyr C OApyrow, Tp — CyMMa BHEHNIHETO KPYTAIIIEro MOMEHTa, CBA3aHHOTO
€ KOHTAKTHBIM B3aMMOENCTBIEM YACTHUIl, I MOMEHTa COMPOTUBJIEHNST KAYeHUIO.

ﬂ.}'[?{ OIINCaHNd KOHTAaKTHOI'O BSaHMO,D;efICTBHH MEXKAY YaCTUullaMu B METOAE IHNC-
KPETHBIX 3JIEMEHTOB MCIIOJIH30BAIACh MOe b ['eprta — Munmimaa, B KOTOPOil TIpeT-
[IOJIATAETCs, ITO JYACTUIBI IPU KOHTAKTE HE AePOPMUPYIOTCS, & MEPEKPHIBAIOT APYT
JIpyra Ha ONpEeIeIeHHYI0 BeTUINHY, 00pa3ysl IITHO KOHTaKTa. BoJee moapobHoe onu-
caHUe yCJIOBUIl BBIYMC/IEHUI MTPEICTABIEHO B padbore [2].

Haganpuas Tonmmaa ciog cocrasisiaa oT 6 MM 10 20 mm. Pesynbprarer pacueron
OBLIN MOJIYYeHbl NIPU aMIIUTyAe Kojebauuit 1,5 MM—2,5 MM U 3HAMEHUSX YACTOTHI
kosiebannit B nmamnasone or 24T mo 36 I'm. Pesynabrarer pacdueTroB CpaBHUBAINCH
C 9KCIIEPUMEHTATBHBIMA JAHHBIMU, TOJTyYeHHbIME B padore [1].

[Tonyueno, aTo cpemHee MO BpeMeHW pacmpejeaeHne 00beMHOW 0 TaCTHUIL,
IOTyIeHHOE B pe3y/abTaTe PAaCUeTOB, YIOBJIETBOPUTETHLHO OIMUCHLIBAET SKCIEPUMEH-
TaJIbHbIC JTaHHBIC. B BBIYUC/INTE/IBHBIX 3KCIEPUMEHTaX B IIpOIiecce BI/I6pOKI/IHeHI/IH
HA0JTI0ATIACH BOJIHOOOpA3HAsT MOBEPXHOCTh U OTIEIbHBIE BCILIECKW HAJ| TTOBEPXHO-
CTBIO CJiof. Busyanu3arumsa JTaHHBIX OCYIIECTB/ISLIACH C WCIOJIH30BAHMEM CBODOIHO
pacmpoctpangemoro nakera ParaView v.5.5. B umkneii n BepxHell 4acTu CJIOA IO
pe3yabTaTaM pacdeToB 3HAUEHUsS 00BEMHOM JOJU JACTHI] 3aHUKEHBI IO CPABHEHUIO
C JKCIIEPpUMEHTAJIbHBIMU JaHHBIMU, B Cpe,ﬂ;Heﬁ YaCTU CJIOA — 3aBBIIIIEHBI. B caMoit
BepXHell JacTu C/I0g HaBIOMAI0TCA eJIUHUYHBIE JACTHUILI (B STHX 30HAX 3HAYECHUE
obbemuoit o gacrur He npesbimaer 0,1). Thiomans obractu, orpannaeHHoii pac-
YeTHO# KPHUBOil, MPUMEPHO COBMAAET C IJIOMAIBI0 00IaCTH, OFPAHUYEHHON JKCITe-
PUMEHTAJIbHOI KPHUBOH, YTO CBUJETEIBCTBYET O KQYECTBEHHOM COBHIAJICHUM DE3Y/Ib-
TaTOB. B 11e;10M MOXKHO 3aKJII0YUTL, UYTO PE3YILTATHI PACIETOB YIOBIETBOPUTETHHO
OTMMCBHIBAIOT IKCIIEPUMEHTAJIbHBIE JaHHBIC.
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Briio nmpoBeneno ncciemoBanue BIMAHUS HAYAIBHON TOJIIIAHBL CJIOS, AMILIUTYIbI
U 9aCTOTHI KOJIEOAHWI HA CPETHIOK CTENeHb PACIIUPEHNs] BUOPOKUMIAIIEro ciost (0T-
HOTIIEHUST CPEHE BBICOTHI BUOPOKMIIAIIErO C/I0S K ero HadaabHOi BeicoTe). Vcmon-
30BaJsicg Ge3pasMepHbIil mapamerp |3, 7|, yUUTHIBAIOMINIT HAYATHHYIO BBICOTY CJIOS.
[Tonyueno, aTo ¢ yBenudenweMm 3HadeHus 0€3Pa3MEPHOrO MapaMerpa CPeIHsst CTe-
[E€Hb PACITUPEHNUS BUOPOKUIIAIIETO CJIOST PACTET.
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[MPUMEHEHUE TEXHOJIOTUI NHTEJIJIEKTYAJILHOTI'O
AHAJIM3A OBPABOBATEJIBHBIX JAHHBIX /14 MOAEJIMPOBAHUA
YYEBHOI'O ITPOLHECCA BBICHIEI'O YYEBHOT'O BABE/IEHI ¢

A. ®. Ocbkun (Berapycs, [omomk; III'Y),
. A. Ocekun (Berapycs, Munck; BI'9V)

BI)ICOKH.?{ AMHAMUKa PA3BUTHA IKOHOMHWYCCKUX CUCTEM WM MHTEHCUBHOCTH WHHO-
BaI[MOHHBIX IIPOIECCOB, XapaKTepHble g Hadaga XX Beka, mpuBen K W3MeHe-
HUO 9HC/Ia CyObEKTOB MHHOBAIMOHHOW IeATEIbHOCTH U PACHIUPEHUIO UX (OYHKITUIL.
Bozpacraer 3nadenre yHHBEPCHTETOB, KOTOPHIE MOMHUMO CBOEH TPAJUIMOHHON WH-
CTUTYIMOHAJBHON MUCCHM HAYUHAIOT UTPATh BCE OOJBIIYIO POJb B (DOPMUPOBAHUT
HOBO# SKOHOMWKM, OPUEHTUPOBAHHOW Ha 3HAHWA. MOmes b Takoil SKOHOMUKH XOPO-
III0 OMUCBLIBACTCH C MOMOIIBIO KOHIICIIINNA TPOMHON CIIUpaJid, IPe/IOKEeHHON B Hada-
Jie TekyIero Beka rnpodeccopom Crendopickoro yausepcurera lenpu Nnkosudem.
CoCTaBASIOMUME CIUPAJIN SIBASIOTCS TpU CyObeKTa HHHOBAIMOHHON cucTeMbl — [0-
cynmapctBo, Busnec m YHuBEpCUTETHI.

Henbro Harmeit paboThl ABASETCA U3ydeHre POJTH Y HUBEPCUTETA B MOJEIN TPOii-
HOM CIIipaJin, a TaK>Ke CL[eHa.pHI)IfI aHaJIN3 €r0o BJIWAHWA Ha WHHOBAIIMOHHBIE IIPO-
mecchl. st TOCTUXKeHs MOCTaBIEHHON e TM HAMU ObLTa MOCTPOEHA UMUTAIMOHHAS
MOJIe/Ib PA3BUTHsT Y HUBEPCUTETA C UCIIOIH30BAHUEM TOX0/1a, OMUCAHHOTO B PaboTax
. @oppecrepa u moayduBIiiero Hazpauue «CucreMHas TUHAMUKAY.

Ucrounnkamu wHMOpPMAIUN /s ONPEIETCHUS TapaMeTPOB MOJEJN MOTYT CIIy-
KUTH 3HAHWA, U3BJIEKaEMbI€ N3 MHOTOYNCJICHHBIX YHUBEPCUTETCKUX 68.3 JaHHBIX C I10-
MOTIIBIO TEXHOJIOTUN HHTE/JIEKTYAJbHOr0 aHaIn3a 00pa3oBaTe/bHbIX maHHbIX. K co-
JKAJIGHWIO, 9TU JaHHBIE UMEIOT Pa3HbIil (hOpMAaT, HE BCEraa MOJIHBI, YaCTO 3aCOPEHBI
U TIOJIJTEYKAT CEPbEe3HOM TMpeaBAPUTEIHHON 00paboTKe, TPEXK e IeM MOTYT OBITH HC-
TOJIH30BAHBI.

B nmoksaje paccMaTpuBarOTCS BCE ITABI MHTEIEKTYATHLHOTO AHAIN3A U IPUBO-
IATCA Pe3yAbTATH UACHTU(MUKAINH CUCTEMHO- TMHAMAIECKON MOJEIN yIeOHOTO TTPO-
IIeCCa BBICIIEr0 yIeOHOTO 3aBEJCHU.
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MOJIEJIMPOBAHUE OCHUJIJIAIMOHHOI BCIIBIIIEYHON
AKTUBHOCTHU EJIOBOI1 IUCTOBEPTKII!

A. HO. TlepeBaproxa
(Poccus, Caukr-Ilerepoypr; CIINVPAH)

Enosag mucroseprka ( Choristoneura fumiferana) — menkast 6abo9Ka, HO OIUH U3
CaMBbIX OIACHBIX BpejuTeseil eHHoro jeca [1]. AKTUBHOCTE JIMCTOBEPTKU TIPeCTaB-
Jsger g 6opeaJbHBIX JjiecoB CeBepHO AMEPHKH CEPHE3HYIO OMACHOCTL. BCIbIII-
KV IUCJIEHHOCTH 6A00IKN MPUBOIAT K AedOIUAIlnd W THOEIN MUJLINOHOB TeKTapoB
IIEHHOT'0 XBOMHOTO Jieca B odarax MmoparkeHus — B TpeX mpoBuHIuAX Kanasas: Hbio-
Bpayuceuk, Ksebek, Ourapmo.

Lenn mameit paboTbl — pacCMOTPEHMe MOJAEILHBIX CIIEHAPUEB JHHAMUKI OCITHLI-
JINPYIOIIEl aKTUBHOCTH BPEINTENS C HEIPEPLIBHBIM BpeMeHeM. Benbimkn 6ab0ukm-
JINCTOBEPTKA OTAUHAIOTCA JOCTATOYHO WHTEPECHOW W HETPWUBUAJBHON JWHAMWKON
JIOJICOBPEMEHHON TIepeMerKafoIeiicss aKTUBHOCTH U IEPUOI0B MAJJOUYNCIEHHOIO CO-
crogHus. BembIka 00BITHO TE€HEPUPYeT HECKOJIHKO PA3HOBEIMKHUX MHUKOB, KOTOPHIE
[OJICYUTHIBAIOT TI0 TLIOMAJN MOPaXKeHHOro Jjeca |2]|. OCIuiIgannonnas akK THBHOCTD
MOXKET PACTIHYTHCS HA TPHU JECATUICTHS W 3ABEPIMTUTHCI CIOHTAHHBIM 3aTyXaHU-
eM. /JIluHAMMKa BCIOBIIKY pasjndaercsd ajs npopunnuii Kamano: u cepepa CIIIA, roe
Pa3IUYIAIOTC KJIUMATHYECKUE YCJIOBUS U PEry/sSPHO MPOBOIATCS WHCEKTUIIHTHBIE
MeponpuaTus. MBI pacCMOTPUM MOJEIN HA OCHOBE YPABHEHHUI C OTKJIOHAIOIIIMCS
apryMeHTOM.

Momndukarmio mepexona OBLICTPO Pa3MHOXKAIOIIEHCS MOMY/IAINA HACEKOMBIX B
COCTOSIHUN JIUTENIHHON JEIMPecCun MOXKHO IPEII0KNATDH C UCIOJb30BAHIEM (OYHKITIN
v(N) =In(K/N), uo ¢ perynsmueit or N(t — 7):

dN K

— =rN(t)In m

o (1)

VpaBHEHHE ONMUIIET aKTYaJbHBIN IS Pa3BUTHS BCIBIIIKNA Ty>KEPOJTHOTO BHUJIA CIIe-
Hapuil pa3BUTULA €JUHUYHOU BCIIBIIIKYU YUCJIEHHOCTU OT MCXOAHOU MaJjIOi I'DYIIIBL.
IIepBoHAYATBLHBIN CTPEMUTEIBHBIN POCT MPU MCUYEPIIAHUU PECYPCOB CTOJb Ke CTpe-
MWUTEIBHO MPUBOANAT BUJ K MAJIOYUC/IEHHOMY COCTOdHWIO. /laee TpaexkTopus mes-
JIEHHO aCHMITOTHYECKH IPUXOIUT K HE BO3IEHCTBYIONIEMY Ha cpemy Oasamcy K.

[Ipemao:KuM BapuaHT COETMHEHNUS C IPEIbLIyINeil Hameil MoanduKaIyeil MoIe
JJI 9KCTPEMAJIbHON JTUHAMUKNA MOPCKMX WHBA3WBHBIX TPOIECCOB M3 PADOTHI [3] B
dopme ypaBHEHHS C T > T, HO TOJILKO HE HA OCHOBE YpaBHEHHA XATUNHCOHA, a
JIOTUCTUIECKO# KpuBoit ['ommepria:

% =7rN(t)In <N(tL—7)> Y(N(t—m)—L). (2)

'PaGora BeimonHena npu dunancoBoil momuepxke Poccuiickoro dbonma GyHIAMEHTATBHBIX HC-
cremoBanmii, mpoekT Ne 17-07-00125.
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B mammom BapumanTe mapamMeTpwYecKuil JAuMAa30H CYIIECTBOBAHWA KOJJIEOAHWI BU-
JTa CJUIIKOM Y30K. AJBTepHATHBHBIN U GoJlee OUEBUIHBIN CIOCOD OMMCATH Terpa-
Januio — 06aBUTh B NIPaBYIO 9acTh rapamerp HesaBucuMmoii yobuim —gN(t — 7).
Tax oTpazuM IeeHAPABIEHHOE U3bATHE, HATPUMED UHCEKTHUITUIHYIO 00pabOTKy B
mesistX 0OphOBI ¢ HEXKEMATETIBHBIM HACEKOMBIM:

% = N(t)rln (%) —gN(t—7). (3)

TyT MBI IOJlyIUM OYEHb WHTEPECHOE pellenne ABoitHoi Bembimku. B (3) mocre mep-
BOI BCIBIMNKKA TPW WHBA3UU CJEAYeT CJIEAYIOIIasi, AeHCTBUTENHHO KaTacTpodute-
CKagl, TTOCJe Jero BCIBIeYHasd aKTUBHOCTD 3aBEPITAeTC .

Vdarem HelWHEIHO IeiCTBYOMMi (GAKTOP COMPOTUBJICHUST OMOTUIECKOTO OKPY-
JKEHUS IPe3MEPHO PA3MHOYKABITIEMYCS BPEIUTEIO JIECA:

dN K ik
WO (5 ) BN e @

Tax B (4) MBI TIOTyYInNM CIEHAPUIT MTPOXOKIEHNST KPUTUIECKOTO MUHUMYMa 9UC/IEH-

HOCTH, TIOC/I€ KOTOPOTO CJIeTyeT pe3Kas eTMHUIHAS BCIBIIIKA C KOJEOFOINMCS 3a-
TyXaHUeM y PaBHOBECHS.

Jlureparypa

1. Royama T. Population dynamics of the spruce budworm // Ecological Monographs.—1984.—
Vol. 84, Ne 4. —P. 429-462.

2. Perevaryukha A. Y. A model of development of a spontaneous outbreak of an insect with
aperiodic dynamics // Entomological Review.—2015.—Vol. 95, Ne 3.—P. 397-405.

3. Iepesapioxa A. FO. Cuenapuii HEBBIHYKIEHHON MECTPYKIAN TOMY/ISIUA B MOAUDPUKAIIUT
ypasrermns Xaramnacona // Bmagukask. mart. xypa.—2017.—T. 19, Ne 3.—C. 58-69.
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O B3AIMO/IEICTBUN IIY3BIPBKOB B KINIKOCTSIX
CO CJIOYKHOU PEOJIOTUEI

A. A. Paguounos
(Poccus, Bragukaskas; FOMU BHIT PAH)

Ananusupyercs IBUKEHNE, BOIHUKAIONIEE B KUJIKOCTIX CO CJIOXKHON pPeosormeit
(B xuakocTsix Makcsesia u Bunrava) npu mebosbmoii gedopmanmm oHOrO U3 my-
3BIPHKOB, PABHOMEPHO COIEPIKAIIUXCSA B XKUIKOCTH. DTU HANPSIKEHUsT TeiCTBYIOT Ha,
OKpYy2Katolue MaJible cheprudecKrue my3bIpbKY ra30Boit ha3bl U MOTYT BBI3BIBATH UX
mepeMeInennst B KUAKOCTU. [loIydeHHbie peIlierrst MOTYT ObITh UCIOJIB30BAHBI JIJIst
0o0bscHEHUS 00pa30BaHUs KPYIHBIX My3bIpeil B OETOHHBIX TeJIX.

PaccmoTpum KUJIKOCTH, PABHOMEPHO 3aIOJTHEHHYIO CHEPUIECKUMEI Ty3bIPhKa-
MU OJIMHAKOBOTO pa3Mepa, COAEpKAIUMHU ra3oByio a3y, He B3aUMOIEHCTBYIOIIei
¢ xuakocThio. s npumepa (GMHTaMOBCKON KMJIKOCTH) MOXKHO cebe MmpecTaBuTh
HEKOTOPBI 00beM, 3aTOTHEHHBI OETOHHBIM T'ejieM, KOTOPBIi MOYKET COJAEPXKATh 10
2% (0ObeMHBIX) My3BIPHKOB BO3/yXa MPUOIM3UTEIHLHO OJMHAKOBOrO pasmepa. JIpy-
UM TIPUMEPOM (MAKCBEJIOBCKON YKUKOCTH) SIBJISIETCS MArMAaTHIECKUH PACILIaB, CO-
JIeprKAIAscad B KOTOPOM BOa 00pa3yeT my3bIPbKHU, PABHOMEPHO 3ATOJTHAIOININE KU T-
KOCTh. [IpumMem, 9T0 00bEMHOE COMEPIKAHNE MY3BIPHKOB MAJIO U HE MeHsieT usude-
CKHIX CBOICTB KUJIKOCTH.

[Mpu medopMUpPOBaHUN BHENTHUMU HAMPSXKEHUSIMU YKUIKOCTU Ha My3bIPEK JIeii-
CTBYET CUJIa, KOTOPasi MOXKET BbI3BATh ero npmKenne. CKOPOCTh ABUKeHUs chepute-
CKOTO Ty3bIpbKa B OCHOBHOM OIPEIEISIETCS TPEMsT CUJIAME: CHUJION MPUCOEeIMHEHHBIX
Mace, cunoii conporupienna Crokca, cunoii Apxumesma. /IBuKerHune my3sIpbKa MOM-
quHsieTcst ypaBHeHuo [1]:

dv, 9 L 3p dv
<1+L>_p:#(v_vp)+_/’_, (1)
2p,) dt 2a°p, 2pp dt

rae t — BpeMsi, p — IJIOTHOCTh JKUJKOCTH, pp — IUIOTHOCTH BKJIIOYEHNs (ITy3bIPhb-
Ka), U = (u,v,w) — CKOPOCTb XKHUJIKOCTHU, U — CKOPOCTb Iy3LIPbKA, 4 — DPAJHLYC
My3bIPbKa, (I — BA3KOCTh XKUIAKOCTH, fg — Oe3pasMepHblii K03 MOUIIHEHT.
Benmunna dv/dt HasbBaercsa cuioit ApxuMena u CBA3aHA C [OJEM BHEITHUX JIe-
dopmanmit. g ciaygas gedopmalium KuIKOCTH BOKPYT CHEPUIECKOr0 BKIIOUCHUS
MOXKHO HAfTH aHAJUTHYECKOE BBIpaKeHHe Jjis 3Toil Beamunbbl. [logobmas 3amada
JJIsT CJIydasi PEOJIOTHH TBEpJOro Teja paccMorpena B [2, c. 34|. B caywagx Hbio-
TOHOBCKO, MaKCBE/LJIOBCKON W OMHTaMOBCKOIT »KUIKOCTH AHAJIOTHIHAS 33a9a MO-
’KeT OBITh PacCMOTpEHa B JMHEApHM30BAHHOM Npubamxennn. Beemem cdepudaeckyio
cucremy koopzuuar (1,60, ¢), HEHTP KOTOPOH COBMECTHM C IEHTPOM C(heprIecKoro
BKJIIOUEHN, U OYIeM CUMTAThL BO3HUKAIOIIEE IBUXKEHNE HE 3ABUCAIINM OT YIJIOBBIX
KOOPZMHAT U JOCTATOYHO MaJbIM, >KUJKOCTH ITPUMEM HEC:KUMAEMOIl.
Peonornueckoe ypaBHEHHE, CBA3LIBAOIIEE TEH30D HAMNPSKEHUNH ¢ 1 TEH30p CKO-
pocreii gedopmanuii € st MaKCBeJIOBCKO xkujgkoct: Ado/dt + o = ue, tne A —
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BpeMs pestakcaluu. Peosiornyeckoe ypaBHeHUe [1/1s1 HbIOTOHOBCKOM »KMJIKOCTH TOJIy-
qaercst orciofa mpu A = (. Peosorudeckoe ypaBHeHune /1jisi OMHIAMOBCKO# KUJIKOCTH
MOYKHO 3alucaTh B BUJe 0 = 2ue + Tg, T/Ae Ty — 3HAYEHUE MUHUMAJIHHOTO HAITPH-
Jkerns. KoMOUHUDYs ypaBHEHUsI IBUKEHUS U PEOJOTHYECKUe YpaBHEHUs, MOXKHO
MOJIY9UTh ypaBHEHNE

Ayt + U = % (urr + - (2)

2u, 2u) 270
Baech u(t,r) — CKOPOCTH JBUZKEHUs KUJIKOCTH BI0Jb paauyca. [lpu A =0u 79 =0
(2) coorBeTCTBYET YPABHEHUIO /11 HBIOTOHOBCKOM skuakocTn, mpu A = 0 u 79 £ 0 —
6uHraMOBCKOM KugkocTh, pu A # 0 u 79 = 0 — MaKCBETOBCKON KUJIKOCTH.

JI/11 MaKCBEJIOBCKOI KUJIKOCTH JIUHEHOE ypaBHeHue (2) runepOognaecKoro Tv-
ma, Jig HBIOTOHOBCKOM YKUIKOCTH — MapabOJMYIecKOr0 THIIA, g OMHIaMOBCKO
JKUIKOCTH — HEOIHOPOIHOE ypaBHeHue mapabondeckoro tuma. Permenus stux ypas-
HeHnil m3BecTHHI [3].

Bymem maTEpecOBATHCS HEKOTOPHIM BO3MYIIEHWEM JIABICHUSI B OJUHOYHOM ITy-
3bIpbKEe, KOTOPBI HA30BEM IEHTPOM BO3MYIIEHHS. DTO MOXKET OBITH CAUSHNE IBYX
O/IM3KO PACIIOIOKEHHBIX MY3bIPHKOB WM 0OPA30BAHME IMy3bIPpbKa BCJIEICTBHE yCal-
K1 6eTOHHOTO Tesst (1y1s1 GUHraMOBCKMX JKUJKOCTEd ). BeegcTsue Takoro coObITust
My3BIPEK PACIIUPSETCS, TIPU STOM BeJIMYMHA U (T = @) B HAYAJBHBIA MOMEHT Bpe-
MEHW MMEET MOJIOKUTEILHOE 3HAYEeHNe, KOTOPOe C TeYeHUEM BPEMEeHU OBICTPO CTpe-
MHUTCS K HyJI0. DTO JKe MOXKHO CKa3aTh W mpo Benumumuy u(r = a). B kauecrBe
HAYAIbHBIX YCJIOBUI MOXKHO MPUHATEH PABHBIE HYJIIO HAYAIbHBIE CKOPOCTH CMEIEHUS

u(t=0,7) =0, u(t =0,r) =0.

JIuteparypa

1. Hurmarymuua P. . [Tnnamnka muorodasusx cpex.—M.: Hayka, 1987.
Jlaumay JI. /1., JIu¢pmur E. M. Teoperudeckast ¢pusmka: Yueb. mocob.: Iist By3os. B 10 T.
T. VII. Teopus yupyroctu, 5-e u3m., crepeorurn.—M: @uzmarant, 2003.—264 c.

3. Tuxonos A. H., Camapckmii A. A. YpaBaenus maremarndeckoit dmsukn.—M.: Hayka, 1966.—
724 c.
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MOJE/JIMPOBAHUE BO3/IYIIHBIX TEYEHUIT
1 PACITPOCTPAHEHU A 3ATPA3HAIONINX BEIIECTB
B IT'OPHBIX VIIEJIbSX CEBEPHOII OCETUN

A. A. Papguonos (Poccug, Bnagukaskasz; FOMU BHIL PAH),
O. C. ITanasroBa (Poccus, Bragukaska3; FOMI BHIL PAH),
B. 0. Tumuenko (Poccus, Bnagukaskaz; FOMU BHIL PAH)

MonennpoBaHne a3poaInHAMUAKNA BO3IYXa B TOPHBIX YINEAbAX SIBIAETCI AKTya/Ib-
HOIl M JIOCTATOYHO KOMILIEKCHO# 3ajadeil. 3aKOHOMEPHOCTH PACIPOCTPAHEHUs 3a-
rpa3ugomux Bemects (3B) oT MCTOYHUKOB, PACIIONIOKEHHBIX B TOPHBIX VIIETIbIX
(TakMX Kak XBOCTOXPAHWJIUINA, TOPHO-T00BIBAIONINE MPEANPUATUSA, TPAHCITIOPTHHIE
apTepun), OMPeJIeISIIOTCA TPEUMYIIECTBEHHO MEePEeHOCOM BO3/YIIHBIMU MOTOKAMU U
MOTYT CYIIECTBEHHO OTJIMYATHCSI OT W3BECTHBIX JJIsI PABHUHHBIX TEPPUTOPHIl.

Cozmana W MPOTECTHPOBAHA MATEMATHUIECKAsT MOJEJb, OMICHIBAIOIIAS APOIN-
HaMUKY BO3JYIIHBIX MOTOKOB B arMocdepe TOPHOTO YINE/Ibsl, BKIIOYAIas B cebst
MOJIe/Ib PACIPOCTPAHEHNS Ta3000pa3HbIX MACCHBHBIX 3B M B BuIe MeIKORl MIBLIN.
Monens mpuMeHsIeTCa s pacdera BBIOPOCOB 3B M3 XBOCTOXPAHWIHUINA, PACIOIO-
JKEeHHOT'O B yIlesbe pekn ApnioH, B paitone cenennst Yuaa B Ceseproit Ocerun. [Ipu
peam3anuy MOJENIN HCIOIL30BAICA CBOOOMHO PACIPOCTPAHSIEMBINH OTKPBLITHINA BbI-
qncanrebablii maker OpenFOAM.

JLIst TeCTUPOBAHNS MOJIEJN, IPOBEPKH MPABIILHOCTH ITOCTAHOBKY 3aa4N M T'Pa-
HUYHBIX YCJIOBUIA, 8 TAKyKe ITOOBI MUHUMU3UPOBATH KOJMIECTBO BJIMSIOMINX (DAKTO-
POB, JOMOJHUTEILHO PAaCCMATPUBAINCH YINEAbd HaeaIn3upoBanuoii (¢popmel. TecTn-
POBaHME MOTJIO OCYIIECTBISITHCS 663 yueTa BJIUSTHUAST COJTHETHOM PaIUallii ¥ W3MeHe-
HI TEeMIIEPATypPhbl C BBICOTON BIOJb YIIeabsd. Takas CHTyarus MOKET HaOIIOMATHCS
[pU CILIOITHOM 00/IAYHOCTH.

B pesyabrare pacueroB moka3amo, 9To 3B MOryT mepeHOCHTHCA BO3AYIITHBIMI 10~
TOKAMH Ha CKJIOHBI YIeIbs, TOCTATOYHO yIadeHHbIe OT XBOCTOXpaHuInia. 3B mpak-
TUYECKN HE MOKWIAIOT BUXPEBOE TEUYeHWe, KOTOpOoe 00pa3yercs B MOMEPEeIHOM Ce-
YEeHNN YINEIbsd, BMECTE C HUM MOJHUMAIOTCA BBEPX IO CKJIOHAM VINEIbsd, OOJIBIIEH
YACTHIO TIEPEHOCSTCS BIOJIb OCH VINEhsl U 3aIOTHSIIOT BETBU YIIEbsI, KOTOPHIE NMe-
IOTCA B BEPXHEil 9acTH apAOHCKOrO yIeabsa. BuxpeBoe Teuenne, BO3HUKAOIIEE B yIIe-
Jibe, MOXKET OBIThH TOCTATOYHO GOJIBIITUM, CPABHUMBIM TI0 BBICOTE C BBICOTOW CKJIOHOB
yIeabs. 3B yacTu4uHO BBHIHOCATCS B JOJIUHY, TIe PACIOIOXKeH ropod Ajarup.
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JJIMHHOBOJIHOBAS ACUMIITOTUKA ABTOKOJIEBAHIIT
BA3KON HECKIMAEMOI YKIIIKOCTHI

C. B. PeBuna
(Poccusi, Pocros-na-/lony, FODY; Bramukaskas; KOMI BHII PAH)

B pabore paccmarpuBaercss IByMepHOE IBUKEHUE BA3KOW HECKMMAEMON YKUTIKO-
cru nog feficterem 1oust BHemHuX cust F'(a, 1), meprnoauaeckoro mo npocrpaHCTBeH-
HBIM I[IepEMEeHHBIM T1, To ¢ nepmomamu f1 u fo coorBercTBeHHo. Iloe ckopoctu u
JlaB/IEHUE YIOBJIETBOPsIOT cucreMe ypasuennit Happe — Crokca:

v .

5 + (v,V)v —vAv = —Vp+ F(x,t), dive =0.
Cpenasist 10 MPAMOYTOJBHUKY MTEPUOIOB CKOPOCTh cumTaercs 3aaanuoit. [Ipemmosa-
raeTCsl, 9TO OJUH W3 MPOCTPAHCTBEHHBIX MEpuoioB fo = 27/ cTpemMuTcss K GECKO-
HEYHOCTH, KOTJ[a BOJTHOBOE uncjao o — 0.

Bymem nnrepecoBarbesa budypKareil poxK IeHUs UK CTAIMOHAPHOTO PEIIeHIs
JAHHON CHCTEMBI ODIIEro BHIA,

V=(0.V(@), (V)#0,

KOTOPOE HA3bIBAETCST OCHOBHBIM.

[Iycrs So — 3ambikanue B Lo({)) MHOXKECTBA TIaJKUX COJEHOUIATBHBIX BEKTOD-
dyHKINI, TEPUOIUIECKUX M0 TMPOCTPAHCTBEHHBIM MEPEMEHHBIM X1, L9 C MEPUOIa-
mu {1 u ly coorsercreenno, II — oproronasbHbiil npoekTop B Lo(£2) Ha mommpo-
CTPAHCTBO Sy (TUAPOAMHAMUYECKUH TPOEKTOP). Jluneapusys ypasuenns Hasbe —
Crokca Ha OCHOBHOM TEUYEHWH, MMOJIYyINM JIMHEHHYIO CIEeKTPAJbHYIO 3a4a9y B Sa:

, , Op
Ap +iwgp =0, Ap =—vIlAp +1I |1V (z1)es + V(azl)é)—x2 ,
rIe e, ez — KoopamHaTHLIe OpThI. [IpmMmennm cxemy meroma JIamynoBa — mm-
Ta, npegnoxkennyio B. . FOposuuem. CrHauasa paccMaTpuBaeTcs: JUHEHHAsT CITeK-
TpasbHast 3a7a49a [1, 2|, Ha BTOpOM Imare HaXoIsTCs COGCTBEHHBIE BEKTOPDI JIMHEHHOM
conpsizkennoit 3aaun [3]. Ha kaxzgom mare meroga Jlsnynosa — IIvuara npume-
HSIIOTCST PA3JIOKEHNS B PAMBI IO MAJIOMY MAapaMeTpy .
[Monarast st sioboro perennst ypapaeanit Hasre — CTokca

v=u+V,

MpUIEM K HEJIMHEHHOMY YPABHEHWIO BO3MYIIEHUI B MPOCTPAHCTBE So:

W 4 A= K(u,w),
re K(u,u) = —Il(u,V)u, A(v)u = A. Yepes €2 = v, — v 0603HAINM HATKDPH-

TUYHOCTH, B YPABHEHWHW BO3MYIIEHUN clelaeM 3aMeHy T = wt, I/le w — Hen3BeCTHAs
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[UKJINYECcKasi 9acToTa, BO3MYIIEHNsI CKOPOCTH 1 jaBienust (u, P) n sacrory w Gygem
Pa3bICKWBATL B BUJIE PANIOB IO CTeMeHIM apaMerpa €. Torma Bo3MyIeHne CKOPOCTH
B TIEPBOM TIOPSIJIKE TI0 € UMEeT BU/I,

u; = n(pe’” +pe '),

IJIe (p SBJISIETCS PEIeHneM JIMHEeHHOM CIeKTpaJbHOil 3a1aun u HaiigeHo B |1, 2|, am-
IJIATY/1A, 1) OIPE/IEISIeTCS U3 YCIOBUS PA3PEIINMOCTH YPABHEHNST BOZMYIIEHMit pu 3.
Bo3MyIenie CKOpOCTH MPH €2 NMeeT CJIeLYIONLyI0 CTPYKTYPY:

Uy = 772(117 + ,Uei27' +§67i27)’
IJle W U U SIBJSIOTCS PENeHnsIMI JTUHEHHBIX HEeOJHOPOIHBIX YpaBHEHU B So
Aw = K(p, ) + K(@, ), 2iwgv+ Av = K(p,¢).

[lepBoe m3 3TwxX ypaBHeHHii paccmarpuBaaoch B [4]. B macrosmeit pabore mpu
BBITIOJTHEHUY HEKOTOPBIX YCJIOBUII HEBBIPOXKIEHHOCTH HAMAeH OOIMuil “jieH B Pa3Jio-
JKEHUS B PAIBI IO MaJIOMY TIapaMeTpy < HeJTMHEHHO# MOMpaBKU ¥ U aMIIUTYIA 7).

ITokazamo, uTo Kak W B JAWHEHHOI CHEeKTPaJILHON 3aade OOINil UJIeH aCHMITTO-
THKHI aBTOKO/I€0aHMI BBIPAXKAETCS Uepe3 MHTEerpajbHbIi oneparop Tuma Boabreppa
I : H — H, neiicrytomuii n3 nognpocrpancrsa dyukuuit H uz Ly(0, 41 ), oproro-
HaJbHBIX €JIMHUIIE

Ifzjf(s)ds— /xf(S)ds ,
0 0

u ckobku [Tyaccona dbyukuuit f(x) u g(zx):

W(f,9) = fj—g —g%-

JlokazaHbl YTBEPXKIEHNS O KAUeCTBEHHOM IMOBEIEHUN PEIeHnil HeJnHeHHON 33 a4n
B YJACTHOM CJIydae, KOTJA OTKJIOHEHWe OCHOBHOTO IOJSI CKOPOCTH OT €ro CPeIHero
3HA4YEHNUSA HEIETHO.

JIuteparypa

1. Pesuna C. B. PexyppenTtable (pOpMYIIBI JIUHHOBOIHOBON aCHMIITOTHKY 331a9N YCTONYINBO-
ctu casurosbix redennii // 2K. Boramcit. marem. u marem. ¢puz.—2013.—T. 53, Ne 8.—C. 1387—
1401.

2. Pesuna C. B. Ycroitumsocth Teuenusi Komvoroposa u ero Momudukanmit // 2K. Berauci.
marem. u marem. ¢pus.—2017.—T. 57, Ne 6.—C. 1003-1022.

3. Pepuna C. B. K 3amade yCTONYMBOCTH CABUTOBBIX TE€YEHUI OTHOCHTEIHHO JIMHHOBOJIHOBBIX
Bo3Mymennit // Brammkask. mar. xypr.—2016.—T. 18, Ne 4.—C. 50-60.

4. Pepuna C. B. O6 ycTroHYmBOCTH NByMEPHBIX TeUeHWiI BA3KOW x)makoctu // Mar. dopywm.
T. 12. Uccien. nmo maremaruke u mar. obpasoBanuio.—Bnamukaska3: FOMU BHIT PAH,
2018.—C. 86—94.—(roru nayku. FOr Poccun).
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NCITOJIb3OBAHUNE NMUTAIIMOHHOTO MOJAEJIMPOBAHUA
JJId AHAJIN3A JEATE/JIBHOCTU KOMITAHUN

A. B. Cianosa

(Poccus, Brannkaskas; Biaagukaskazckuii dpummaan DY)

Vrpas/ieHue B COBPEMEHHOM MEUPe CTAHOBUTCSI BCe 0oJiee TPYIHBIM JEJI0OM, IT0-
CKOJIbKY OpPTaHUBAIMOHHBIE CTPYKTYPBI MOCTOSIHHO YCIOXKHSIOTCA. DTa CJI0KHOCTD
O6’]>HCHH€TC${ XapaKTepoM B3aMMOOTHONIEHU MEZKAY PA3IUNIHBIMU JJIEMEHTAMU KO-
HOMUWYECKUX CUCTEM U (PUINIECKUMU CUCTEMAMU, C KOTOPBIMU OHU B3ANMOIEHCTBY-
oT. VI3menenne oHOM W3 XapaKTEPUCTUK CUCTEMBI IPUBOIUT K M3MEHEHUAM B JIPY-
X YaCTSIX CHCTEMbBI, UYTO TPUBEIO K PA3BUTHUIO METOIOJOTUN CUCTEMHOTO AHAIM3a
[1-3]. Onpun 3 Hanbosiee BaXKHBIX W M10JE3HBIX OPYIU aHAIN3a CTPYKTYPHI CIIOK-
HBIX TIPOTIECCOB M CUCTEM SIBJISIETCS UMUTAIMOHHOE MojeupoBanne. Cpean MeTo0B
MPUKJIAJTHOTO CUCTEMHOTO aHAIIN3a UMUTAIMOHHOE MOJIEIUPOBAHUE SIBJISIETCS HANOO-
Jie€ MOIIHBIM MHCTPYMEHTOM MCCJACJOBaHUA CJIOKHBIX CUCTEM, YIIPAaBJIEHNE KOTOPBI-
MU CBSI3aHO C PUHATHEM PeIleHnii B yCa0Buax Heonpeaeaennoctu. [lo cpaBaenuio ¢
JIPYTUMHU METOJAaMU TaKOe MOJIEINPOBAHNE TTO3BOJISIET PACCMATPUBATH DOJIBIITOE TUC-
JIO AJIbTEPHATUB, YJIYUIIATh KAIECTBO YIPABICHIECKUX PEIIEHUl U TOUHEEe MPOTHO-
3upoBaTh UX nocjaejacreust (4, 5.

CoBpeMeHHBIM WHCTPYMEHTOM HMUTAIIMOHHOTO MOJEJUPOBAHUS JUCKPETHBIX U
HEMPEPBIBHBIX MTPOIECCOB ABJIsieTcst cpefa moaeanposanust GPSS World. C nomorsio
9TOo# cucTeMbl 3(PEKTUBHO MOIETUPYIOTCS TPOM3BOCTBEHHBIE U HEITPOU3BOICTBEH-
HBIE TIPOIECCHI, B TOM YHUCJIE CHCTeMbI MaccoBOro obciayxupanusi. Cucrema GPSS
World npencrasiser coboit 6o/biioit HabOp KOMAaHJ YIpPaBIEHUS MTPOIECCOM MO-
JleIUpoBaHusi. Pe3ybraThl MOIEIUPOBAHUST BU3YAJIU3IUPYIOTCSI, B TOM YHUCJE C UC-
0JIb30BaHNEM MeTO/0B My/abruiimkanuu [6, 7]. B pabore ncciemyercs nvmranm-
OHHAs MOJIEb OOCTYKUBAHNA KJIMEHTOB TOPTOBO# KOMIAHWUU, B KOTOPOW YUUTHIBA-
JINCH CJaeayronue MCXOAHbIe JaHHBIE: BpEMA ITPUXO/Ja KJIMEHTOB, BpEMA O6C.)'[y)KI/IBa—
HUsT KOHCYIbTaHTOM-KaccupoM. Umutuposascs 10-Tu gacoBoit pabounit 1eHb 0JHOTO,
ABYX, TPEX WJIN YE€ThIPEX KOHCYJIbTaHTOB. B pe3yabraTe UMUTAIIUOHHOTO MOIE/IN-
POBAHUS OTPEIE/ISIIOCh KOJUIECTBO MPHUIIEIINX, 00CTYKEHHBIX 1 HEOOC Ty KEHHBIX
KJIMEHTOB, BpeMA Hpe6I)IBaHI/IH KJIMCHTOB B OKUJTaHUN OCBO60)K,ZI;€HI/I${ KOHCYJ/IbTAHTa~
Kaccupa, JjIuHa odepenu. B BBIUUCIUTETHHOM SKCIEPUMEHTE I CIydas OTHOTO
pabodero gHS, KOTAA HET OOJIBIIOTO HAIILIBA KJIWNEHTOB, BPEMsl MPUX0a KJINEHTOB
cocrapaser 15-25 mumyTt uan 10-20 munyT. s obciay:KuBaHs KaxKJI0rO KJIMEH-
Ta KOHCYJbTAHTY-Kaccupy oTBogutTca 20-40 munyt. B pesyabrare MMUTAITMOHHOTO
MOJEC/INUPOBaHUA TIOJIy9YE€HO, 9YTO B TE€YCHUU pa6oqero JHA KOHCYJIbTaHT-KaCCUP 6])1.}'[
sauar 96% pabodero BpeMenn u 06CTyKUI 19 KIUEHTOB, CpeiHee BpeMs 00CTy K-
BaHUA KaKX/JI0T'0 KJIMEHTa COCTaBHUJIO 30 MUHYT, MaKCUMaJIbHOE KOJINYIECTBO KJINEHTOB
B ouepeau 13-12 wesoBek, B KOHIE pabodero JHsS B OUYEper OCTAJOCH 12 deoBex,
BpeMs peObIBaHUsT B 0YePean — OKOJIO IBYX 9acoB. 1. e. He 0K IABIINCH 00CTy KU~
BaHUS M3 Maras3wHa yiiner 12 HeZOBOJIBHBIX YeJ0BEK, KOTOPhIE, BO3MOXKHO, HUKOT/IA
HE CTaHYT KJIMEHTAMMU.
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Takum 00pa3oM, MPOBEIEHHBIN BBIYUCIUTEILHBIN SKCIEPUMEHT [MOKA3aJ, 9TO
KOMITAHUY HEOOXOIUMO COBEPITEHCTBOBATH OU3HEC-TIPOIIECC 00C/TYKUBAHUS KJIHEHTOB
yTeM YMEHBIEHU BPEMEHU UX O0C/IYKUBAHUST
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RR-MHOT'OTPAHHUKI C OJHOI POMBNYECKO! BEPIIINHOI1

B. . Cy66oTun
(Poccust, Hosouepkacck; FOPTIIY (HITN))

B pabore paccMoTpeH OJuH TOIKIACC TaK HA3BIBAEMBIX R R-MHOTOIDAHHUKOB
B FE3. RR-MHOrOrDaHHHKOM HA3BIBAETCSH BBINYK/IbI 3aMKHYTHIH MHOIODAHHIUK,
y KOTOPOT'O CYIIECTBYIOT CUMMETPUUIHBIE POMOMYECKHE BEPITUHBI U CYIIECTBYIOT I'Pa-
uu F;, He mpuHAaIeKAINe HU OHOHN 3Be3/1e POMOMYEeCKUX BEPINUH; MPU STOM TPa-
Hu Fj 9BASIOTCA TPaBUIBLHBIMU.

[Togkmacc, pacCMOTPEHHBIN 371€Ch, SBJIAETCA COBOKYITHOCTHIO Bcex R R-MHOTO-
TPAHHUKOB C OJTHONW POMOMYECKO#l BEPINWHOI, a OCTAJbHBbIE T'DAHU TPEICTABJISIOT
c000i1 MpaBUIbHBIE MHOTOYTOJBHUKN OJHOT'O THUIIA.

Hamomunm, aTo Bepmmuaa V' MHOrOrpaHHUKA HA3BIBAETCI CUMMETPUIHON 1-POM-
Ouveckoit, ecu ee 3Be3/1a MPEeJCTaBasgeT co00i COBOKYITHOCTD 7 pABHBIX, OJIMHAKOBO
pacroJioKeHHBIX POMOOB ¢ obmreit Beprmuoit V'; mpuduem, V' pacrmosokeHa Ha OCH
Bpalenns mopsaka n [1].

B pabore mokazana

Teopema 1. Kiracc RR-MHOrOTpaHHHKOB C OZHON CAMMETPHIHON POMOHIECKOT
BEPIINHOH HUCUEPIBIBACTCS CAEAYVIONUMH IeThIPhMS MHOTOTDAHHUKAMHA:

1) 7-rpaHHHK ¢ TPEYroJbHBIMH I'PAHSIMH H 3-DOMOMYECKOMH BEPIIHHO;

2) 12-rpaHHHK ¢ TPEYrOJbHBIMH TDAHIMH H 4-pOMOHYECKOl BEPIIHHOM;

3) 15-rpanunk ¢ 5-poMOMYECKOli BEPITHHOT;

4) 13-rpaHHHK ¢ TPEYTOJBHBIMH TPDAHSIMH U TYMOYTOJIBHONH 3-pOMOUYIECKOi BeEp-
IITHHOI.

Takum 0O6pa3oM, yCaO0BHE CHAMMETPUIHON POMOWIHOCTH BEPIIMUHBI MPUBOIUT K
KJIACCY MHOTOTDAHHUKOB, KOTOPBI HE MOYXKeT ObITH MPOCTO TOJIYUIeH U3 KIaCCa Mpa-
BUJILHOTPAHHUKOB, & TPpebyeT CIeruajIbHOr0 MeTO/Ia.
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MATEMATUYECKOE MOJIE/INMPOBAHUE JUOOPEPEHIIMATINN
OBIIIECTBA C COLIMAJIbHON HAIIPIXKEHHOCTBIO

3. X. XocaeBa (Poccus, Bragukaska3; BHIL PAH),
B. I. Hu6ynun (Poccus, Pocros-ua-/lomry; FODY)

Mogenmupyercss pa3BuTHe BO BPEMEHW ¢ MOJWTHYECKON CHCTEMbI, COCTOSAIIEH u3
n rpynn win naptuii. Ilyers ui(t) — monst i-oii maprum (rpymmsr), ug(t) — moms
NapTUITHO HEOTIPEIe/IMBINNXCS TPAXKIAH, TaK 9TO Ug + U1 + - - + u, = 1. 3mene-
HIe KayKJION TAPTUHU MPOMOPIUOHAIBLHO TPOU3BEICHUIO €€ TeKYIIero 3HaYeHus (1011
HACEJIeHNsI) W MHOXKUTEJIsI, YIUTHIBAIOIIEr0 COMYTCTBYIOMUE (haKTOPHI:

dul-
dt

=u; |a;f(ug) + Zuzjug‘ — B . (1)
i

Oyukrust f(up) XapakTepusyer MPUPOCT 3a CUET JIOjei, He BOBIEYEHHBIX B Map-
TUM, (¢; — COOTBETCTBYIOIMIT mapamerp pocta. Caaraemere ¢ KO3hOUIUEHTAMI 1]
MO3BOJIAIOT YYECTh MeXKMapTuiiuble mepeToku. [locieinee coaraemMoe XxapaKkTepu3yeT
M3MeHeHWe JI0JIN MapTHH 33 CYeT COIMANLHON HanpsizkeHHocTn v(t).

flug) = uo(1 —ug), wo=1-">) u. (2)
i=1

s kosbDUImenToB fi;;, NCIOAL3YEMBIX HPH OMUCAHUN MEKIAPTHHHBIX Hepe-
TOKOB, IPUHUMAIOTCA CICAYIOMUe YCAOBUL: [lij = —[Lj;, 4, ] = 1,...,n. DTo ycnoBue
O3HAYAET, UTO MPH HYJIeBON HampszkeHHoCcTH (v = 0) U HyJeBOM UuCe «Ge3pajmd-
HBIX» (uo = O) CyMMa IIaPTUMHBIX J0JICH PaBHA €IUHUIIC B KaXK/IbIi MOMEHT BPEMEHU.
Cnaraembie ¢ kKoaddurmentamu B; yIUTHIBAIOT CHUMKEHNUE WU YBEJIUYEHUE UNCIEH-
HOCTH TIAPTHUU IIPU POCTE HANPsKeHHOCTH. Moj1eb J0mycKkaer, 9To B pe3yabrare po-
CTa HAMPSI)KEHHOCTU YACTh HACEJEHUS MEPECTAET IMOIEePKUBATH COOTBETCTBYIOIIY IO
MapPTUIO W CTAHOBUTCS 0E3Pa3TUIHON.

N3venenne HANPSI)KEHHOCTH PEryJUPYETCT MHOMXKHUTETEM, BKJIOUAIONINM KO3(]-
durmenT peslakcalu Yy W CaaraeMble TPUPOCTA, KOTOPBIE MPOMOPIMOHAILHBI BECY
mapTuii ¢ mapaMerpamu o;

dv -

E:U —’)’—FZ(S]"UJJ‘ . (3)
=1

B obmem cirygae mapaMeTpsl pocTa, PeIaKCAlluy U APYTHEe MOTYT ObITh (OyHKITUSI-

MU BPEMEHH, TOTIa CHCTeMa, Oy1eT cocTosaTh u3d n+1 auddepennuajisHoro ypaBHeHU T

MEPBOTO TOPSIJIKA C TepeMeHHbIMI K03 pUuiineHTamu.
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[Ipu orcyTcTBUM TIEPETOKOB (Mz‘j = 0) Mo/ie/Ib aHAJIOMMYHA PACCMOTPEHHOI B [1],
rjie OBLIN YCTAHOBJIEHBI YCJIOBUs, TIPU KOTOPBIX COOTBETCTBYIOIIASA CHCTEMa Tud-
depeHImaIbHBIX YPABHEHUT KOCUMMETPUYHA U BO3MOYKHO BO3SHUKHOBEHUE CEMeiiCTB
PaBHOBeECHUIA.

Paccmorpuwm 3amagy mist n = 2 B caydae TApTUWHBIX TEPETOKOB, IPU 9TOM OCTa-
ercs oauH Kodbdurment (p1o = m). s uccienoBanus paspyuenns ceMeiicTB paB-
HOBECHUI UCIIOJIb3yeM MOCTPOEHNE KOCUMMETPUIHOTO j1eeKTa u CeIeKTUBHON (DyHK-
uu B. N. FOnosuva. Hanmu4ane mepeToKoB IPUBOAUT K TOMY, UTO CeJIEKTUBHAs (DYHK-
[IAsT UMEeT TPU HYJId: IBA COBIAJTAIOT C PABHOBECHSIMH, COOTBETCTBYIOIIMM TT00OEIEe
OJTHOI W3 TAPTUil IPU HY/IEBOI HAPSIKEHHOCTH. T peThe perrenrne He NMeeT CMbICIIA,
TaK KaK JAeT YUCAEHHOCTH TApTHil pa3HbIX 3HAKOB. Takum oOpa3oM, Mpu HATUIUU
NapTUIHBIX MEPETOKOB, HE3aBUCMMO OT WX Hampasiaenus (m # 0), kocummerpust
pa3pyIiaercs.

3 \
|

03 1 2 : -3 1
|
|

O fffffffffffff ‘ 77777777777777
|
|
|

—03} 4 5 -6 A
|

L Il L
-0.2 0 0.2 m

Puc. 1. Obmacrn peanm3anuy pa3aMdHBIX PENIeHNI CUCTEMBI B 3aBUCHMOCTH OT K0dbduIimenTa
WHTEHCUBHOCTH IIEPETOKOB 1 U PA3HOCTH ImapamerpoB pocra § = b — a,
JIMHAA KOcuMMeTpun (IyHKTHD).

[Ipu durcupoBanubix mapamerpax a; = 1 = 1, ag = a = 1.5, v = ¢ = 0.6,
01 = di1 = 0.5, 09 = dy = 1.4 nuHAMMKA CUCTEMbl aHAJIU3UPOBAJIACH B 3aBUCUMOCTH
ot mapamerpoB m u § = b — a. Ha puc. 1 gama KapTa s mapamerpos m, § = b — a.
[TyHK THpPHBIE TIPSIMBIE COOTBETCTBYIOT 3HAYEHUSIM TaPAMETPOB, TTPU KOTOPBIX CHUCTE-
Ma sBJsieTcs kKocumMerpuanoii: m = 0u § = 0 (b = a). Mex 1y CIIomHoii Kpusoii u
npsamMoit m = 0 HaxomsaTcs 06JIaCTh 3HAMEHUI TapaMeTPOB, TIPU KOTOPHIX CYIIECTBY-
0T PABHOBECHUsI C HEHYJIEBBIMU KOOPJIWMHATAME U1, U2, U, T. €. UMEETCS CTAIIMOHAPHOE
COCTOSIHUE C HEHYJIEBBIMU UUCACHHOCTSIMHU OOEUX MapTuii U HANPSIKEHHOCTHIO. DTHU
paBHOBecust ycroituuBel ipu m < 0 u meycroiauwssl npu m > 0. g 3navenunii ma-
paMeTpoB u3 00/1acTH, MOMeYeHHON 1udpoit 5, HAOIIOLALTCA MYIBTUCTAOUIBHOCTD.
B Tom ciaydae, Korga 3HaueHus mapamMeTrpoB m, 6 = b — a bpasuck BHe obsacTu B,
YCTORYIUBBIM OKA3BIBAJICS OIUH pekuM. [l 3nadeHuit mapamerpoB u3 objactu 6
0Ty 9aJI0Ch PABHOBECHE, XaPAKTEPHOE ITPY MOHOIIOIUU OTHON TMapTHU.

Jlureparypa

1. Enuganos A. B., IMubysmua B. I. O puHaMuke KOCUMMETPUYIHBIX CHUCTEM XUIIHUKOB U
xkeptB // Kommbrorepasie uccrenosanns n momenmposanne.—2017.—T. 9, Ne 5.—C. 799-813.

204



Cekmuga IV

CoBpemenHbie ITPOOJIEMbI
MaTeMaTH9IeCcKOro oopa3oBaHU4



IlopsiAKOBBIN aHAJIN3 U CMEeXKHbIe BOIIPOCHI MAaTEMaTUYECKOTr'0 MOJIeJINPOBaHMS:
Te3uchl Mokaam0B XV Mex nynapommoit mayanoit kordepermnuu (c. e, 15-20 uona 2019 r.)

MATEMATNYECKOE MOJAE/IMPOBAHIE B OBYYEHUU YYAIIINXCH:
MHOTOSTAIIHBIE MYJIBTUANCIUIT/IMHAPHBIE 3AJTAHUA

B. C. Abaryposa (Poccusg, Bragukaskas; FOMU BHIT PAH),
B. H. dy6posckuii (Poccus, Mocksa; CYHIL MI'Y),
E. . Cmupnos (Poccus, Apocnasnan, ATTIY; Baagukaskas, FOMU BHIT PAH)

O ol 13 aKTya bHBIX TTPOOJIEM COBPEMEHHOTO MKOJIBHOT0 00PA30BAHUS ABJISIET-
cst bOpMUPOBAHNE Y yYAIUXCS MTPEJICTABAEHUS O MATEMATHKE KaK O MeTOJe TMO3Ha-
HUSI eHCTBUTETFHOCTH, TO3BOJISIIONIEM OMUCHIBATH U N3yYaTh PEAJTbHBIE TTPOIECCHl U
siBjierusi. OCHOBOW JIJIST 3TOTO SIBJISIETCS] pa3BUTHE 3HAHWI W yMeHWi B 001aCTH Ma-
TEeMaTUIEeCKOTO MOJIEINPOBAHNS O0bEKTOB, sIBJICHNI U CUTyaIuil OKpYKAoIIei meii-
CTBUTEIHLHOCTH.

Bakuyto posib B pernieHnu JaHHOW TPOBJIEMBI MOTYT CHIIPATh MHOTOITAITHBIE
MYJIBTUIUCITUIIINHAPHBIE 33/IaHUs, JIJIsT PENeHus. KOTOPBhIX HEOOXOAMMbI 3HAHUS 10
Maremaruke, HHGOPMATUKE W OJHOW WM HECKOJHKUM €CTECTBEHHO-HAYIHBIM HC-
muminaaM. [IpumMepoM Takux 3ajaHuit MOTYT CTaTh 3aJaHUsl HA MOCTPOEHUE U WC-
CJIe/I0BaHNE MATeMaTUYeCKON MOJeJn W3 PealbHOi Ku3uu, a GopMoii OpraHu3amyun
peIlieHnsT TaKuX 3389 — IKOJbHBIE WHTE/JIEKTYAJbHbIE MYJIbTHIUCIUILINHADHBIE
KOMAHITHO-JINIHBIE COPEBHOBAHUS IO MaTeMaruke, (pusnke, nHHOPMATUKE, KOTOPHIE
y2Ke boJjtee ABAJIIATH JIET C YCIIEXOM MPOBOJISITCS B pa3HbIxX cTpanax. B Kurae, k npu-
Mepy, B TAKUX KOHKypcax exeromuo npuaumaer ydacrtue 6osaee 40000 mrkoIbHUKOB,
a TpeMeT «MAaTEeMAaTHIeCKOe MOJIe/IUPOBAHNEs BBEJEH B IIKOJBHYIO 00Ie00pa3oBa-
TeJILHYIO TTPOrPaMMy, IIPUYeM TaM yKe pa3paboTaHbl METOJNKN ODyueHus Marema-
TUIECKOMY MOJIE/TUPOBAHUIO YUAIIUXCA CTAPIINX KJIACCOB HE TOJIBKO B CIEIUAJINAZHU-
POBaHHO#, HO U B MaccoBoii 1mkoje. B Poccun Bmepsoie B HOsiOpe 2018 1. K.(b-M.H.
B. H. Iy6posckum 8 CYHIL MI'Y 6511 opranuzoBan [ Mex myHapogHblii KOMaHHO-
JINYHBIN TYPHUP MKOJIHHUKOB 8—10 KJ/IACCOB MO0 MATEMATHIECKOMY MOJIEJTUPOBAHUIO.
OcHoBHOIT 9TalT KOHKYPCa — PeTieHne peaJTbHOi TPON3BOACTBEeHHOM 3amadn « Kamrnb-
POBKa aKCeIepoOMeTpOBy, MpeokenHoit pupmoit Huawei, KOTOpy0 MOXKHO CUUTATH
MHOTO9TAITHON MyJILTUINCIUILINHAPHON 3a1a9eil (C yCJIoBreM 3aa9u MOXKHO O3Ha-
KOMUTECS B [1]).

Yuacrauku koukypca (Baouast komangy BITHMO, cdhopmuposannyio u3 yua-
muxcst 7-8 Kyaccos mkos r. Biaagukaskaza — POMJIN, rumuazus Ne 7, COLLL Ne 42)
OIIEHMJIN yPOBEHb CJIOXKHOCTH 3TOT0 3aJ[aHus W JPYIUX 33l TYPHUPA U Olpe/ie-
JINJIN yPOBEHb COOCTBEHHBIX 3HAHUN W yMEHHil B 00JIACTH MATEMATHIECKOTO MOJe-
JINDOBAaHWA, & UX HACTABHUKU CMOTVIH OOCYIUTH C KOJJEraMu MpOO/eMbl 00yUeHus
MaTeMaTHYECKOMY MOJIeJINPOBAHUIO MKOJIHHIKOB B CITEIINAIM3UPOBAHHON 1 MacCOBO#
obrmeobpasoBaresbHOil mKoIe. [lompobHee o TypHUpe U ero Typax (KpoMe yKa3aH-
HOTO KOHKYPCa B TYPHUPE OBLIN TPOBEIEHBI OJIMMITAAIA 110 TPUKJIAIHON MAaTEeMATH-
Ke, onmmmmaa «Maremarnka peaqbHOCTH, KOHKYPC « ONTHMI3AIMOHHBIE 3a/1at1 )
MOXKHO y3HATh B [2].

Konkypc mokazas, 9To Jiydiime yMeHus B 0071aCTH MaTeMATHIECKOTO MOIETNPO-
BAHUS TTOKA3BIBAIOT yUAIIMECS CIEINATU3UPOBAHHBIX MATEMATUIECKUX IITKOJI, U 9TO
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CBSI3AHO C XOPOIIUM YPOBHEM IOATOTOBKY YUAIMXCsl B 00JACTH MaTeMaTuku, (u-
3UKY, WHPOPMATHKHI, TIOITOMY JAHHBIH KOHKYPC MOXKET JATh XOPOIIHE Pe3yIbTATHI
JIAIITG JJTsT HEOOJIBITION 9aCTh POCCUICKIX MKOIBHUKOB. OIHAKO, 9T0 00CTOSTETHCTBO
CTABUT HOBYIO 3aJady: a KaK BOBJEUYb B YKA3aHHBIH KOHKYPC YUAIIUXCS MacCOBOM
mKkobI? OTBET OYeBUIEH — HEOOXOAWMO TOBBICUTH YPOBEHB KOMIIETEHIUI B 00.1a-
CTU MaTEeMATUYECKOTO MOJIETUPOBAHUS Y ITKOJBHBIX YUNTEEH, pabOTAIOIINX B Mac-
COBOIT 001IIe00pa30BATENIHLHOMN TITKOJIE, pa3paboTaTh aJalnTHPOBAHHBIE 00pa30BATETh-
HbIe TIPOTPAMMBI TT0 MATEMATHIECKOMY MOJIETHPOBAHUIO JIJIT OPTAHM3AUNA ITKOJIb-
HBIX KPY’KKOB, CIENKYPCOB u/win (akyJbTaTHBOB M CEPUU MHOIOITAIHBIX MYJlb-
TUAVCIATIMHAPHBIX 33JaHWii, a TaKyKe BHEIPUTH B MaCCOBOE IIKOJLHOE 00pa3oBa-
HUE 3JIeMEHTHI MATEeMATHIECKOTO MOIEINPOBAHUS KaK OCHOBY MEXKIUCITUTIIMHAPHOTO
MOJIX04a B OOYUYEHUHN IKOJBHUKOB MPEIMETaM €CTeCTBEHHO-MATEMaTHIeCKOTO IIHK-
Ja. BaxXHbIM (DaKTOpOM perennst yKazaHHONH TPOBIEeMbl SIBISIETCS HEOOXOIUMOCTh
MPUBJIEUEHUs] K JTaHHON paboTe CIenuaaucToB MPOMUILHBIX BY30B U HAyJIHBIX Op-
FaHu3aIni, KOTOpOe MOYKHO OPTaHU30BATH B PAMKAX PEAM3AINN CETeBBIX MOesreit
B3anmozeiicteus «IIIkona—BY3-HNI»: mogenn «AxkajgeMudeckuii Kjaccy, «Omop-
uble mkogsl PAH» u mp.

FOxxubrit maremarnaeckuit nwacrurytr BHIL PAH 8 2018-2019 yuebHOM TOIY COB-
MecTHO ¢ CeBepo-OCeTHHCKUM pPErmoHATBHBIM OTae eHneM MeXpernoHaabuoit Ac-
connarpeit yuuresneit maremarnkn B 2018-2019 ygebroMm rojy oprann3oBaJi HayYHO-
MPaKTUYIECKUH CeMUHAp I yunTeseii «MareMaTndaeckoe MOTETUPOBAHNE ITKOJIb-
HUKAM», B X0J/Ieé KOTOPOTO ObLIN pa3pabOTaHbI U PEAJTU30BAHBI OTKPBITHIE PECYPCHBIE
ypoku yunreneit maremarnku (@. K. T'ycamosa (8 ., reomerpusi), E. A. Kauyp
(8 k1., reomerpust), T. B. TTacryxosa (10 k1., asre6pa)) mo 06yUeHUIO YUIAIIUXCS Pe-
[MEHWIO TPAKTUKO-OPUEHTHPOBAHHBIX 33Ja4 W3 00s13aTe/IbHOIN TIKOJIBHON 00pa30Ba-
TeILHO TporpaMMbl. [ToJiyueHHbIe TIPOMEKYTOUHBIE PE3YILTATH MOKA3BIBAIOT, UTO
mpobjieMa 00yUIeHusl MIKOJIBHUKOB METOIY MaTeMaTHIeCKOTO MOJIETUPOBAHUS SIBJISI-
eTCST aKTYAJTbHOW ¥ e PelleHre CMOXKET OTKPBITH HOBBIE BO3MOXKHOCTH B Pa3BUTHU
MEK IUCITUTIINHAPHOTO MOIX0/Ia B ODYYEHUN TITKOJIHLHUKOB.

Jlureparypa

1. URL: http://internat.msu.ru/wp-content /uploads/2018/10/zadacha_ KMM2018.pdf.
2. URL: http://internat.msu.ru/educational-projects/turniry-i-konferentsii/turnir-mm1/.
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ITopsiAKOBBIl aHAIU3 U CMEXXHbIe BONPOChl MATEMATUYECKOTO MOJEJTUPOBAHUS:
Te3uchl mokaam0B XV Mex nynapommoit mayanoit kordepermnun (c. e, 15-20 uona 2019 r.)

COBPEMEHHBIE METO/bI N3/IO?KEHUA KYPCA
BBICIIEII MATEMATUKIM B TEXHUYECKUX BY3AX

®. C. Abaynnaesa (Ys6ekucran, Tamkent; TYUT),
2K. II1. Cadpapos (VY36ekucran, Tamkent; TYIUT)

B nmammoit cTaThe paccMaTpPUBAIOTCS HEKOTOPBIE BOIIPOCHI MPETIOIABAHMUS BBICIIIEH
MaTeMATUKHU, B YaCTHOCTH, IUCKPETHOI MaTeMaTuku B Texuudeckux BY3ax. U3y-
YeHMEe IUCKPETHON MATEeMATHKN JOJI2KHO CIIOCOOCTBOBATHL BBHIPADOTKE y CTY/IEHTOB
HABBIKOB Pa3pabOTKN U PEAM3AINY aJITOPUTMOB PeIIeHust 33/1a4, JOBEIeHU UCCIIe-
JIOBAHUI 10 KOHEYHOTO PE3y/IbTATa.

B Texrumyeckux By3ax MaTeMaTWKa 3aHUMAET JTBOHCTBEHHOE MOIOXKEHUE: C OHOMN
CTOPOHBI, 5TO 0cobast 001eobpa3oBarTe/bHas IUCIUILINHA, TOCKOIBKY 3HAHUS TI0 Ma-
TeMaTuKe ABJSIOTCS (DYHIAMEHTOM I U3ydYeHusd IPyTruX 00I1eodpa3oBaTeIbHbIX,
a TakyKe OOIIMENHXKEHEPHBIX U CHEIUAJbHBIX JUCIHUIINH, C JPYTOil CTOPOHBI, s
OOJIBIITMHCTBA CIENUAIBHOCTEl TEXHUIECKNX BYy30B MATEMATHUKa HE SBJIAETCS IMIPO-
dunmupyromum npeamerom. CTYIeHThI BOCIPUHUMAIOT €€ KaK HEKYI aOCTPaKTHYIO
MUCIUILINHY, KOTOPas HE BJIUAET Ha YPOBEHb KOMIIETEHTHOCTH OYIYIIEro WHKeHepa.
Taxoe BocnpusiTre 00yCJIOBIEHO TEM, UTO, BO-TIEPBBIX, BY30BCKUN KyPC MATEMATHKI
3HAYUTEIBHO JUCTAHIIUPOBAH OT MPAKTUICCKUX MPUIOKEHU, 8 BO-BTOPBIX, CTY/IEH-
THI €Il He MMEIOT 3HAHUN IO CHEIUAJbHBIM JUCIUAIINHAM, KOTOPBIE MOKA3BIBAIOT
CBsA3b MaTeMaTuku c Oymymeit mpodeccueii. Takum obpazom, odeBuIHA HEOOXOIN-
MOCTB OTIpPEIeIeHHON WHTErpaluu Kypca MaTEMATHKH C ITUKJI0M TPO¢ECCHOHATBHBIX
MUCIUILINH, 3TO TeM 0oJjiee O9EeBUIHO B HAIK JIHU, KOTJA MATEMATUIECKHEe METOIbI
BCe TIIMpe MPUMEHSIIOTCS B WHKEHEPHO-TeXHUIECKOH JedaTebHOCTH. Takas mHTerpa-
s, TIOC/IEIOBATEHHO PEATN3YIONIAsd KOMIIETeHTHOCTHBIN TIOIXO0/T, OCYIIECTBIISIETCS
npuaHueM 00yIeHUIO MaTeMaTHKe mpodeCCHOHAIBHON HAITPABIEHHOCTH, ITO TI03BO-
JISTET HAXOUTH TIYTHU PeIleHust Mpob/IeMbl 00y IeHIST MATEMATHKE BO BCEX YKa3aHHBIX
aCIIeKTaX: COMEPKAHMS, MOTUBAIMH, CPEJICTB U MeToauk obydenus. [lox mpodeccu-
OHAJILHOH HAIPABIEHHOCTHIO OOyUYeHNMST MATeMaTUKEe MbI MOHUMAEM TAKOe CO/epKa-
Hre y4ebHOro Marepuasia W OPraHU3AIMI0 ero YCBOEHWsT B Takux (popMax um BHUIAX
JIeSITe/IbHOCTH, KOTOPBbIEe COOTBETCTBYIOT CUCTEMHOI JIOTHKE MOCTPOEHUS KYpCa Ma-
TEMATUKU U MOJEMUPYIOT (MMUTHUPYIOT) MO3HABATENLHBIE W MPAKTHYECKUE 33191
podbeCCHOHANBHON eI TeIbHOCTH Gy/IyIero crernuascta [1].

TpagumoHHbIl KypC BBICIIEHl MAaTEeMAaTHKNA, OCHOBY KOTOPOTO COCTaBJsSIET Iudd-
depeHInaIbHOE U UHTETPAJTHHOE UCUNCIEHNE, B TEPBYI0 OUepeh ObLT pacCInTaH Ha
nHkeHepoB-pu3nkoB. CerogHs OH yKe He MOYKeT B TOJIHOW Mepe Y/IO0BJIETBOPUTH
MOTPEOHOCTH BBICITEH IMKOJIBI B MaTeMaTWIecKnX 3HaHmax. laske B Tex dmsmde-
CKUX 33J[a9ax, I7e HelpepbIBHBIE MOJIE/IN COXPAHIIOT CBOE 3HAUEHUE U JIJIsT OTTUCAHUS
dbuznIecKux MPOIECCOB MPUMEHSIOTC auddepeHuajIbHble YPABHEHNsT B IaCTHBIX
MPOU3BOIHBIX, TP MTPAKTUIECKOM UX PEIIEHUN HA KOMIIBIOTEPE MCIOIb3YeTCS MEeTO.
CETOK; TTPOU3BOIHBIE 3aAMEHSIIOTCA KOHEIHBIMUA PA3HOCTIMU.

C pazBuTHEM KOMIIBIOTEPHBIX TEXHOJIOTUN BO BTOPOIi moioBuHe XX B. POJIb JIHC-
KPeTHOI MaTeMaTnKN pe3ko Bospocia. VHTepec kK OBICTPOit 0O6padboTke mHMOPMAITAN
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W aHajIn3y JAHHBIX W CTUMYJIUPOBAIA CO3JAHUE KOMIBIOTEPOB, MEPBOHAYAIBLHO WC-
MOJTH30BABIIUXCS JIUITH B KAYECTBE MOIMHBIX KAJBKYJISITOPOB, HO BCKOPE COBEPIINB-
X TIEPEBOPOT B 001acTn nHMOPMAIMOHHBIX TexHoaorni. Ho, xoTs mosiBiennst Kom-
MBIOTEPOB U JAJT MOIIHBIN TOTIOK PA3BUTHIO JUCKPETHON MATEMATHKY, OHA, POIUIACH
3aJ10JITO 70 €ro TosABJeHUdA. /IBe BETBM MATEMATWKW, JUCKPETHAST W HEMPEPHIBHAS,
BO3HUKJIN, KOTJIA JIIOAM CTAJTH CIYUTATH U M3MEPSTh. CEeromHs MOKHO CKa3aTh, UTO
JIMCKPETHOCTH W HEMPEPBIBHOCTH SBISIOTCA TAKUMU K€ HEPA3PBIBHO CBABAHHBIMU W
B3AWMHO JIOTIOTHSIONIIME JIPYT JPYTa KOHIEMIUAMNA B MaTeMaTHKe.

CoBpeMenHas AMCKPETHAS MATEMATHKA PACCMATPUBAET INCKPETHBIE CTPYKTYPHI
caMoil pa3aInaHOM MPUPOILI W pa3pabdbarTkiBaeT 00IINe MeTOAb PAbOTHI C MOTOOHBIMMT
CTpYKTypaMu. Bce GOBINYI0 poJib B Heli WrpaioT MPOoOJeMbl, CBSI3aHHBIE C aJro-
PUTMUYECKON CI0KHOCTHIO PENIeHUst 3a7a9 TOMCKA, W ONTUMW3ALNN HA KOHEIHBIX
MHOXKecTBax. Kimaccumpuranmss mOmo0HBIX 33/1a4 10 CJOKHOCTH CTAIA B MOCTETHIE
rOZBI MPUOPUTETHHIM HAMPABJIeHUEM. [IPU 3TOM HEKOTOPHIE CTAPBIE MPOOJIEMbI BHOBh
OKA3AJINCH B IIEHTPE BHUMAHUS.

[TosTomy BO3HMKaET HEOOXOAMMOCTH U3YUEHUST OCHOB JINCKPETHOH MATEMaTUKH B
rexHIIecKX BY3ax (B 0COOEHHOCTH CBSI3aHHBIX ¢ WH(DOPMAIMOHHBIME T€XHOJIOTH-
SMM), KaK OT/Je/NbHBIN Kypc. B HameM yauBepcuTere 3TOT Kype unraercsa kak Mare-
MaTWKa 2 M COCTOUT m3 4 Jacreii:

1) ocHOBBI TeOpuM MHOXKECTB [2[;

2) kombunaropuka [3];

3) smemenTsl OyseBoii anrebpoI|4];

4) ocuoebl Teopun rpabos [5, 6].

Kypc noarsepani cBoio 3¢ heKTUBHOCTD, TOCKOJIBKY TpH TecTupoBanun [ocymap-
CTBEHHBIM TECTOBHIM IIEHTPOM CTYAEHTHI, TPOTIEANIE 00yIeHNEe M0 MPEIJIaAraeMOoMy
KypCy, TMOJOKUTETHFHO OTBETHJIM HA BOTPOCHI, KACAIOIINECS PACCMOTPEHHBIX Pa3fie-
soB. [Ipenogasanme QMCKPETHOM MATEMATUKN B MPEIIATAEMOM KOHTEKCTE BBIZHIBAET
HHTEpeC y CTYIEHTOB 1 OBJIerdaer yCBOEHHe yIeOHOTO MaTepuaa

JIuteparypa

1. BepOunknii A. A. AkTuBHOe 00y9YeHMe B BBICIIEH TTKOJIe: KOHTEKCTHBIN moaxoa.—M.: Beicimas
mKosa, 1991.—207 c.

2. Kosmoropos A. H., ®ovun C. B. DyiemenTts! Teopun GyHKIUHA 1 GyHKITMOHAIHHOIO aHAJIA3A:
Vaeb. ayst By30B, 6-e u3n., ncup.—M.: Hayxka, 1989.—624 c.

3. Cygomnaros C. B., OpunanukoBa E. B. Dyementsl muckperHoi maremaruku: ¥ ue6.—M.:
MH®PA-M; Hosocubupck: Uzn-so HI'TY, 2002.—280 c.

4. Illesenes FO. II. Boicurast maremarnka 5. Inckpernas maremaruka. q.1: Teopust MmHOMXKECTB.
Bynesa anre6pa (mas aBromMaru3upoBaHHOM cucreMbl 0Gydenus): Yueb. mocobue.—Tomck:
Towm. roc. yH-T crucTeM yrpaBiieHus U paauodaekTponukn, 1998.—114 c.

5. Ememmuen B. A., Mensuukos O. H., Capsaros B. H., Teimkesny P. H. Jlekuun 10 Teopun
rpados.—M.: Hayxka, 1990.—383 c.

6. Bepbuikunii A. A. AxTuBHOE 00yUeHue B BBICIIEH IIKOJIe: KOHTEKCTHBIN moaxoa.—M.: Beicmas
mkoma, 1991.—207 c.
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ITopsiakoBeIii aHAIN3 U CME>KHbIe BOIIPOCHI MAaTEMATUYECKOro MOJEJIUPOBAHUS:
Te3uchl MoKIa0B XV Mex mynapoanoit mayanoit kordepernun (c. Ileir, 15-20 mioms 2019 r.)

MATEMATUKA J1JIA CTYIEHTOB-OUJIOJIOTOB

K. K. Beraauuosa (Kazaxcran, Anvarer; KasHY),
H. H. Kocruna (Poccusi, Enabyra; ET KOVY)

B noxnaze Gymer mpeicTaB/ieH aHAIN3 MPENOJABAHUS MAaTEMATUKU HA, T'yMaHU-
TapHbIX (DAKYIBTETAX, M, B YACTHOCTHU, OyIeT paccKa3aHo 00 ombiTe paboThl MaTeMa-
TUKOB Ha dusosorndeckoM dakyabrere Emadyx)ckoro nucturyTa Kazanckoro ge-
JiepaabHOro yHuBepcuTera. Jlo/irre romapl mpenoaBaBIiasacs Iyt Ty MAHUTAPUEB [TIC-
[ATIINHA, «MaTeMaTHKay B MOCTeJIHNE BpeMsl TPAHC(HOPMUPOBATIACH B JTUCIUILIAHY
«MaTeMaTHKa ¥ OCHOBBI MaTeMaTu4IecKoii obpaborku nadopmaruny. Kak u 1em mo-
TUBUPOBATH CTYIAEHTOB-(PUIOJOTOB K U3YUEHUIO JAHHOW auciuraiuabl! OmgauM u3
BO3MOYKHBIX (DAKTOPOB MOTUBAIINU K U3YUIEHUIO JUCIUATLINHBI SIB/ISIETCS OPUEHTAIUS
Ha, CB3b MPEIOIaBaeMOil TUCIUILINHBI C TPO(ECCUOHAIBLHON 06/1aCThIO0 00y IaoNnX-
cs. Maccy mpuMepoB Jjist STOTO JTaeT M033usi HOOEJIEBCKOTO JlaypeaTa 1Mo JINTEpaType
1. Bpoxckoro [1]. AukernpoBanue CTYJIEHTOB HA MPEJMET MOHMMAHUS CMBICIA [[H-
TAT U3 €ro MOdTUYECKUX [IPOU3Be/IeHN B HAYaJ/Ie U B KOHIIE MATEeMAaTUIeCKOro Kypca
MOKA3aJI0 CYIIECTBEHHOE YJIydIlleHne TMOHUMaHusS MeTadOop U MHOTOMIAHOBBIX IO3-
TUYECKUX 00pa30B, CBI3AHHBIX C MATEMATUUECKUMU W MCTOPUKO-MATEMATHICCK M
daxTamn.

Jlureparypa

1. Bpozgckuii H. A. NI36pannbie cruxorsopenus.—M.: [Tanopama, 1994.—496 c.

210



ITopsiakoBeIii aHAIN3 U CME>KHbIe BOIIPOCHI MAaTEMATUYECKOro MOJEJIUPOBAHUS:
Te3uchl MoKIa0B XV Mex mynapoanoit mayanoit kordepernun (c. Ileir, 15-20 mioms 2019 r.)

METOJNKA PABOTHI C 3AJTAYAMU SKOHOMNYECKOIT
HAITPABJIEHHOCTU B ITPO®UNJIbBHBIX KJIACCAX

T. B. Beruena

(Poccus, Bragnkaskas

; COILL Ne 27)

B nmammoit crarhe mpuBOANTCA OOOCHOBAHNIE MaTEMATHYIECKONR MOIENM I pe-
MMTeHWsT 330291 TTOTAIEHNsT KPEANTOB MO cxeMme AudPepeHImpOBaAHHBIX TIATEKeH
(B TaKMX 3a/a9ax MPOIEHTHl HAYUC/ISIOT Ha OCTATOK JOJITA,).

CocraBuM MaTeMaTUYeCKre MOIE/H, TO3BOJIAIOIINE OIUCATH esKEeMEeCAIHbIA 10JIr

II0 KpeJauTy n eXKeMeCSIYHBIN IIJIaTexkK II0 IIpOIleHTaM.

[Taru Boranciierme o0ra Mo KpeauTy | Bhramcienne BBITIIATHI MO TPOLIEHTY
B KOHIE i-r0 Mecara (b;) B i-oM mecane (a;)

ITouck 3ako- | IIycte = = % — exemecgunaga | Ilycts p% — mpOnEHTHAS CTaBKA

HOMEPHOCTH BBIIJIATA O KpeauTy, rae S — | GaHka.
cymma kpegmra, N —amcno me- | a1 = (S —0-x) - ﬁ = b - ﬁ,
CAIeB, HA KOTOPBIE B34T KpeauT | az = (S —1-x) - 155 = b2 - 155,
bh=5S—-0-z=25,
bngfl-x:blf:v, biZ(Sf(ifl)'l')-lg;O:bi'%,
bi:S—(i—l)-m:bi_l—x,

BoIBoIB! (b;) — apudmernaeckas (a;) — apudmernueckast
mporpeccus, rae by = 5, IPOTPECCHs, TIe a1 = %,
(—z) — pasmocTh mporpeccun ~oi. — DPA3HOCTH IPOTPECCHH

C mOMOIIBIO MOy YeHHBIX MOJIeJIe MOYKHO PEIaTh 33Ja4Ui, B KOTOPBIX TPEDYETCs:

~ BBIYHUC/IUTD BBHIILJIATY 32 i-if MeCAl KaK CyMMY BBILIATHI 110 KPEJUTY H II0 TIPO-
nenaram (x 4 a; wam % + a;);

— BBIUUCJIUTE MPEJIOILIATY 328 «i» Mecdales (S;) KaK CyMMy MEpBBIX 4IEHOB apud-
MeTHYecKoil nporpeccun (a;);

— 0BIIYI0 CyMMy BBIILIAT 32 «i» MeCANeB KaK CyMMY BBIILIAT IO KPEJUTY 33 «i»
mecsitieB (x;) n S;.

Boraucsimy mepemiaTy 3a «i» MeCAIeB KaK CyMMY «i» MepBBIX WIEHOB apudMe-
THYEeCKOit porpeccun (a;):

2 d-(1—1
S — a1+2(z )-i,
rie
LS w
' 100 100’
s . 25 S . -
,_QW% %'(2_1),~ A_Wg_loch (2_1)_~ _Sp _%_~
S; = i, S;= i, = 1.
2 2 100 2
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Boimmarsr 3a «i» Mmecsies:

. S . Sp Fm .
x-z+5izﬁ-z+%-%-z.
Cnencreue: ecim ¢ = N, TO
g Sp i+1 . S
;= — - i, = —.
‘w0 20 i

CocraB/ieHHBIE MOJEIN TO3BOJIAIOT pPeIaTh oOpaTHbIe 3aadn. dalme Bcero B 00-
paTHBIX 3a/1a9aX TPUMEHSIeTCs aaredpandecknii Mero (pemenne ypaBHenuii, Hepa-
BEHCTB HJIM MX CHCTEM).

[IpuBemennble TpUMEPHI MOYKHO HCIIOIB30BATH HA YPOKAX B MPOMPUIBLHBIX KJIaC-
cax KOHOMHUYIECKON HAIMPABIEHHOCTH, & TAKXKEe MPH MOJATOTOBKE YUAIUXCS CTapIieii
crynern k EI'D 1o maremaruke npoduiabaoro yposss [1].

Jlureparypa

1. Vmakxos B. X. [oBy3osckas maremarwka: 4. III. IIporpeccunm. TectoBwie 3amaum: ¥Ywueb.
mocobme.—M.: Dronommuecknit dbaxymprer AHX, 2010.—228 c.
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ITopsiakoBeIii aHAIN3 U CME>KHbIe BOIIPOCHI MAaTEMATUYECKOro MOJEJIUPOBAHUS:
Te3uchl MoKIa0B XV Mex mynapoanoit mayanoit kordepernun (c. Ileir, 15-20 mioms 2019 r.)

KBECT-ITPOEKTHI KAK ITEJATOIMYECKAS TEXHOJIOI'A
[MPM N3YYEHUN ANCHUILINH MATEMATNTYECKOTI'O ITNKJTA
B S KOHOMUYECKOM BY3E

M. B. Boauk
(Poccus, Branukaskas; Biaagukaskaskuii dbuananr @Y, FOMU BHIT PAH)

B nacrosiee Bpems HACYIIHON mpodIeMoii 00pa30BaHUs SIBJIAETCS CHUMKAOITIIA-
Cs1 MHTEPEC 00YJAIOIINXCs K 00pa30BaATEILHOMY MPOIECCY. DTOT haKT yCyryodJIsiercst
[0 OTHOIIIEHUIO K €CTECTBEHHBIM U TOYHBIM HAYKAM MPU OOYIEHUU IKOHOMUUIECKUM
crernuaabHOCTIM. B CBA3M ¢ 3THM 11e/1ec0006pa3HO COBEPINEHCTBOBATH IMEIAr0OTuve-
CKHMe TEeXHOJIOTMH, HAIlPABJIEHHble Ha aKTMBU3AIMIO MHTepeca obydwarommxcs [1-4].
OpiHO# M3 TOMY/ISIPHBIX U MEPCIEKTUBHBIX MWHTEPAKTUBHBIX MEIATOTHYECKUX TEXHO-
JIOTWIT sIBJISIETCSI pa3pabOTKa W UCIOJb30BaHre KBecT-poekToB. O6pasoBarebHbBIE
KBECThI MOTYT OBITH OPTraHU30BAHBI B PA3HBIX MPOCTPAHCTBAX KAK yUeOHOrO 3aBejie-
HUdA, TaK 1 JJId CaMOCTOATEJIBHOTO BBITTOJTHECHUA. KBeCTI)I MOTYT BKJ/IIO9AaTH B ce6${
CIOXKETHBIE UJIU OTEPEeKAOIINEe 33 AHU 110 UCCAETOBAHUI0 TEOPETUIECKUX OCHOB U
pemrenrne MpPpaKTUKOOPUEHTUPOBAHHBIX 3a/a4, a TaK2Ke C MCIIOJIb30BaHUEM CETEBbIX,
00JTasHBIX, MOOMJIBHBIX TeXHOJIOTHIA |5, 6].

B 3aBUCUMOCTH OT CIO?2K€Ta KBECTHI MOT'yT 6bITB HHHeﬁHbIMH, IMTYPMOBBIMU, KOJIb-
1eBbIMU. B JinHEHHBIX KBECTaxX BBITIOJHEHNE 3aIaHUil TPOUCXOIUT IO IEMOYKe: Pas-
rajjaB OJHO 3aJaHWe, YIACTHUKHU MOJYUIAIOT CAEAYIOoInee, U TaK JO0 TEX MOp, MOKa
He TpoiayT Bech MapripyT. LIITypMOBBIE MPEANO/IArafoT MOJIyIeHNe UTPOKAMEU OC-
HOBHOTO 33JIaHUS W TEPEYHd TOYEK C MOJCKA3KAME, HO MPH STOM CaMOCTOSTETHHO
BBIOMpaloTCs myTu perrenns 3amad. KoJbIeBble KBECTHI MPEICTABIAIOT COOOM TO-
CJe0BATEIBHOCTD 33JIaHUil, HO 3AMKHYTBIX B KPYyT: KOMAH/bl CTAPTYIOT C PA3HBIX
TOYEK, KOTOPbIE OYIyT /Jig HUX (DUHUIITHBIMHA.

Takum 06pazoM, HeCTaHIAPTHBIE MOAXOIBI K M3YUYCHWIO JUCIUILINH MaTEeMAaTH-
YECKOTO IWKJIA, YIUTHIBAIOIINE WHTEPECHl 00YIaIONIUXCs, OCHOBAHHBIE HA CaAMOCTO-
SITEJIBHON MCCTIeI0BATENbCKON AeITeTbHOCTH, CTUMYIUPYIOT (DOPMUPOBAHNE TTO3HA-
BaTeJIHLHOTO mHTEepeca K obydenuio. B obpasoBaresbHOM mpOIEcce SKOHOMUYIECKOTO
BY3a Ttakue KBeCT-poeKThl MOT'YT CTATh OCHOBOII [IjTsl TIOBBIIIIEHUS YPOBHS (POPMU-
pPyeMbIX TPogeCCHOHATBHBIX KOMIIETEHITHA.
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HEKOTOPBIE ITOJIESBHBIE ®AKTHI
JJIg PEITEHUA MATEMATUYECKUX 3ATAY

P. M. Tazapsan

(Poccust, Hasbunk; Jlumeit fist ojapeHHbIX jeTeii)

I[Ipu pemternu 3a/1a4 9acTo B €€ YCIOBUH €CTh IPH3HAKH, KOTOPBIE MOTYT HATOJIK-
HYTH Ha UJCI0 DEIEHNA. Ymenue BUJIETH UX OOBIYHO IOSIBJISIETCS C OIBITOM. B HACTOSI-
meit paboTe IPUBOAUTCA P/l TAKUX IPU3HAKOB. /7151 HEKOTOPBIX U3 HUX MPUBO/STCS
1 pa3bUPAIOTCst COOTBETCTBYIOIIIE 33/1a4H, JeMOHCTPUPYIOIINE CUTYAINNA U TeXHUKY
UX [OPUMEHEeHUs. 3aJadn B3AThl U3 33JaHuil 3a09HON (DU3HKO-TEXHIIECKON KO
MOTHU (3OTII MPTU) [1], ¢ caiira «Penry EI'D» [2], a Takxke ecTb aBrOpcKme
3a71a9m.

JIuteparypa

1. URL: http://www.school.mipt.ru/g/.
2. URL: https://ege.sdamgia.ru/expert?task=6.
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O BBEJEHUU I[MTOHATUA ITPEJIEJIA
B KYPCAX BBICIIENI MATEMATUKI

C. A. /1oBOsbirI
(Poccusi, Mocksa; CYHIL MI'Y, MI'TY uwm. H. 9. Baymana)

Msr ocTanaBIMBaEMCS Ha, BOITPOCAX, CBIBAHHBIX C BBEIEHUEM OCHOBOITO/IATAOIIE-
ro MOHATHS Tpejesa (MOCTeI0BaATebHOCTH U (DYHKIMN) B KYypCaX BBICIIEH MaTeMa-
TUKW, MPEMOIABAEMBIX B By3aX, Jejas OCOObI aKIeHT Ha KypcaX C yIyIyOJeHHBIM
n3yuenneMm maremarnku. Ha ocnoBe ananu3a 6osee 40 yaeOHUKOB 1 y4eOHBIX MOCO-
Ouit pa3HOTO YPOBHS yIaJ0Ch BBISBUTH HEKOTOPBIE TUIUYIHBIE HECOBEPITEHCTBA MHO-
rUX KyPCOB, KOTOPBIE HE CIOCOOCTBYIOT YCBOEGHWIO CTYACHTAMH IOHSITHS IIPEIesia,
a TakKe crenuduieckue MoaxX0abl U 0COOEHHOCTH HEKOTOPBIX KYPCOB, MPU3BaHHBIE
YIPOCTUTEH €r0 U3yUIeHue.

Tak, B yuebnuke B. A. Wnbuna u 9. I. [To3HsKa COBHATETLHO TIPUHATA «KOHIIET-
ST TIOCTPOEHUS TEOPUU MIPeIeTbHOTO 3HAUEHNST U HEMTPEPBIBHOCTU (DYHKIINY TOJIBKO
HA OCHOBE OTpejeseHus mpejena pyHKIun mo Leiiney, a «BBeJeHNE BTOPOTO SKBU-
BAJIEHTHOTO OTpejeenus npejaena dyukiun mo Kormm, 9acto TpyaIHO BOCIPUHIMAE-
MOTO CTYIAEHTAMU TEPBBIX KYPCOB, OTKIAJIBIBAETCI JI0 TJIABBI», MTOCBIIIEHHON OCHOB-
HBIM TeOpeMaM O HelpepbIBHBIX 1 nuddepeHimpyeMbix pyukiusax. OmupeaeaeHne mo
leiie ouenb ymoOHO I T0KA3aTEILCTBA, OCHOBHBIX TEOPEM O IMPeIe/ax, XOTs OHO
B MEHbINell CTelmeHn OTpaKaeT CYTh Ipenena, dem ompexnenenme mo Kommm. Heko-
TOPBIE ABTOPBI CPa3y JAI0T OmpeieseHne mpeaend (MyHKIUA M0 MHOXKECTBY W YIKe
Ha €ro OCHOBe BBOIAT omgHOcTOpoHHWe mpenensl. JI. JI. KynpaBmes mcmosn3yer Ta-
Koe obIiee orpejiesieHne, HO TIPW 9TOM He HAKJIAbIBAET JIOTOJHNUTEIHHOE YCIOBUE,
YTO pacCMaTpUBaeMble 3HAUYEHWS TEePeMeHHON OTIMYHBI OT ee IMPeIebHOTO 3Have-
HUST @, — BMECTO 9TOr0 JOCTATOYHO BBIKOJIOTH TOUKY M3 PACCMaTPUBAEMOrO MHO-
JKeCTBA; OH MOAPOOHO 0OOCHOBBIBAET TE3UC, UTO TAKOE OIIPEIe/IEHUE, COEePKAIIee Ha,
O/THO YCJIOBUE MEHbIIe, UMEeeT MHOI'O MPEUMYIIECTB 10 CPABHEHWIO C KJIACCHIECKUM
ompeiesIeHNeM, UCIOIbL3YIONIM MPOKOIOTHIE OKPECTHOCTH.

OcHoOBHBIE K€ U3 YIOMSIHYTBIX HETOCTATKOB CJIEIYIOIIIE:

1) Onpegnenenust narorcs popmantbHO, 6€3 Pa3bIACHEHUS HA, HATVISTHOM YPOBHE WX
CyTH; B 3HAYUTENBHON (¥, MO-BUINMOMY, GOJIBINEli) 4acTH yIeOHUKOB OTCYTCTBYIOT
rpacdudeckre muroctparun. [IpegcraBiasgercd TakzKe MOJJIE3HBIM TPOULIIOCTPUPO-
BAaTh JBA-TPU KOHKPETHBLIX TPUMepa BBIUUCIEHUS Tpeesa, MOJb3YdACh TOJIBKO ero
MHTYUTUBHBIM TOHSATUEM W HAVISIHBIMUA PACCYKICHUAMHU. TAKON MOIXOMI MPUCYT-
CTBOBAJI B CTAPBIX YUEOHWKAX, & HbIHE OH B 3HAUUTEJHLHONW Mepe W3rHaH, XOTs MOpOoit
U BCTPEYAETCsI, OCODEHHO B yUeOHUKAX JIIsT BY30B C HEOOJIBION MPOrPaMMOil M0 Ma-
TemaTuke. B pe3yibrare CTyIeHTAM 3a9acTyiO MPEeIaraeTcs U3ydaTb (opMaIbHO
MOJIAHHBIA MaTepuaJl.

2) TTocKOBbKY CyTh MOHSTHS TIPEIeNIa He MPOsICHEHA, TO OCTAETCS HEMPOSICHEHHOMN
U CBSI3b MEXKJIy OTpee/IeHusiMU Tpejieia (pyHKIUN [/IsT PA3HBIX CAYYaeB 3HATEHUS
npezena (KOHEIHOE IMCI0 UM GECKOHEYHOCTh CO 3HAKOM WJIM 0€3 3HaKa) W PAa3HBIX
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CIy9aeB CTPEMJIEHUsI TepeMeHHo. B pesysbrare CTYIEHT OKa3bIBAETCS] BBIHYKIEH
3ayIUBATH MHOXKECTBO OTpeeeHuil mpejesa pyHKINT — KayKJ0€e OIpPeIeIeHue st
KazKJ0T0 CjIy4dasd — BMECTO TOTO, LITO6I)I TTOHATH, 9TO BCE 3TN ONPEACJIEHUA CTPOATCA
10 OJHOI cxeme. XOTs BO MHOTUX YIeOHHKAX TOBOPUTCS 00 9TOM 001Ieii cxeme, 1 9TO
JIeJIaeTCst 9acTo rmocje pa3bopa KOHKPETHBIX CAy4YaeB 3HAYEHUN MPEJe/IOB U CTPEM-
JIEHUI TIepEMEHHOI, HO JAJIeKO HE BCEra YeTKO PA3bICHIETCs, B UeM OHA COCTOUT, U
YUTATESIO PUXOAUTCS OCMBICJINBATH €€ /[0 ONPE/IEeJIEHHON CTeeHn CaMOCTOSTETBHO.
B GosibiinHaCcTBE YIEOHUKOB HE TOBOPUTCSI, UTO TOHSITHE MPEIEIa CBI3aHO C MOHSITH-
eM <<6.)'[I/130CTI/I>> TOYEK, a BbhIPpa>KE€HNEeM TTOHATUA <<6JTH3KI/I€ TOYKMN» ABJIACTCA ITOHATUE
0KPECHOCTU, KOTOPOE T03BOJIsTeT COPMYIUPOBATH 0DIllee OIpejeeHre Mpe/iena
DYHKITHH.

3) Pagencrro lim,_,, f(z) = A o3nauaer, uro 3navenne dbyuxun f(z) crpemnr-
¢ K A, KOTJIa epeMenHast T CTPeMUTCS K a. [1o cyTu mesa, v i 3HaYeHns] (DY HKITNT
(3aBUCHMOlT IEpeMeHHOI), 1 11 (HE3aBUCUMOIT) TIEPEMEHHOTT NCTIOIBL3YETCS TOHATHE
«IepeMeHHas BEJTNINHA CTPEMUTCS K IPEJIETY », a MOHATHE Tpeieia (PYHKIUT OKA3bI-
BaeTCd MTPOU3BOAHBIM OT TTOHATHA TIPEIesIa HepeMeHHOﬁ BEJINYUHBI. Ka.K OKa3aJ10Ch,
B OosibIHCTBE cTapbix yuebuukos (9. Uesapo, . [ypca, II1.-2K. Bajre-ITyccen,
B. I'psueuas uw H. H. Jlysun, 1. . 2Keraakua u M. . Cnynckas, I'. M. @ux-
reraronwil, B. . Cvmupnos, A. . Xuwuwn, B. B. Hembrguit n ap., A. J. Mbrmr-
kuc, H. C. ITuckynos, mepBbie Tpu mw3ganus yaedbuoro mocobdbust B. A. Kynpsisuesa u
B. II. lemumoBuua) maercs 0OCYZKIEHHE STOTO MOHSTHsI BHAYAIE HA WHTYUTHBHOM
YPOBHE, a MOTOM, B psJjie KHUT (HO JajeKo He BO BCeX) U B 60jiee CTPOrMX TePMUHAX
JUTST KayKIOTO0 KOHKPETHOTO CJIy9asi CTPEMJIEHH. DTOT MOIXO/ JYUINe CIOCOOCTBYET
MOHUMAHUIO CYTHU TOHSITUS MPEJesa, a TAKXKe CJIe/lyeT BOSHUKHOBEHUIO U MCTOPUUE-
CKOMY DPa3BUTUIO ITOTO TMOHATUA. HO HBIHE OH M3 COBPEMEHHBIX yqe6HI/IKOB I1o49Tn!n
COBEPIIIEHHO W3THAH.

I/IHTepeCHO OTMETUTH, 9YTO CaM KOH_[I/I BBOAWJI TIOHATHE TIpeJela MMEHHO B Tep-
MUHaX HEKOHKDETH3UPOBAHHON epeMeHHo# Beuunnbl, a He pyukiuu. H. H. Jly3un
MOTIEPKUBAET, UYTO «ITOHSATHE BPEMEHU, KOTOPBIM CJIEMKa, OKPAIIIEHO 9TO ONPEIeIeHNE,
HE UTPAET HU MAJICUIEl POJIN: TAKOE «BPEMsi» MOYKET OBIThH HE TOJBKO «PEAHHBIM »
BpEMeHeM, HO Jayke W HeapXWMeIOBBIM. .. .3dCcceHnneil onpenenennss Komm gaBISIOT-
Cd KaKhe YrOJHO OTBJIEUEHHBIE YIOPSIOUEHHbIE MHOXKECTBA, COCTOSIIUE U3 JTFOOBIX
9JIEMEHTOB, HA3bIBAEMBIX «MOMEHTaMu» (T. €. «MCHOBEHUSIMEY ), JIUIIb ObI 9TH MHO-
JKeCTBA 3aBEJIOMO He MMeJin caMoro mnocjefHero sjnementas. Takxke H. H. Jlyzun
OTIPE/IeJIEHHO BBICKA3BIBAETCSA B IMOJIB3Y «CAMOTO IMUPOKOTO BBEIEHUSI», B MEIArOTHU-
YECKUX IMEJIAX, «U3SMEHEHUA BEJINYUHY» U IIPU 3TOM OTMETALT «YIPEK B HECTPOT'OCTU »,
TeM CaMbIM TOJIEPXKUBAsT OMUCAHHBIN Moax0A. OH OTMEYAeT MpU 3TOM, UTO TAKOE
«M3JI0YKEHIE MATeMaTHIeCKOro aHaJIN3a, . . . OJIM3KO CJIe/IyeT NCTOPUYECKOMY ero pas-
BUTHUIO».

4) BonpoC 0 MOCTPOEHWU TEOPHU TIPEJEIOB B YYEOHBIX KypCaX SIBJISETCS BarK-
HeiIelt 9acThbio O0IIell W MIUPOKOI TPOBIeMbl TPEMOIABAHNS BBICIIEH MaTeMaTH-
KI. 37€eCh MOABJISIOTCS 0DIIUE CUCTEMHbBIE HEJOCTATKHU, B YACTHOCTH, (POPMAILHOE U
HEMOTHWBUPOBaHHOe n3yiokKenne, o dem nucana H. H. JIyzum eme B 1935 1., a B Hegas-
uee BpeMs — B. W. Aproaba. O HeoOX0IUMOCTH IOIX04a, OCOOEHHO B IIPEOTaBAHIN
MHXKeHepaM u (pU3WKaM, KOT/[a MePBOHAYAIBLHO M3/IArAi0OTCA UIEN U HECTPOTUe MOHSI-
THS, & 32Te€M MPOUCXOIUT WX «JIOTHIecKoe yTounerue u ouniiernes (M. . Beiroma-
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cKuii), CaeayIoee nX UCTOPUHYECKOMY DA3BUTHIO, a MATEeMaTWKa He m300parKkaercs
«KaK Hen30e:KHOe pa3BepThIBAHME TOJION JeIYKIUNUy, HO BOCIPUHUMAELTCA «KAaK Jiei-
crBUTENBHOE No3HaHWE BHemHero mupay (A. H. Koamoropos), B KOTOpoM BaxKHYTO
POJIb UT'PAIOT HAIVISIHOCTH U WHTYHUIUS, & BOBCE HE UUCTAs JIOTMKA, TOBOPUIU Pa3-
HBIE aBTOPBI MPOIILIOTO. DTU BOMPOCH MOAPOOHO 0bcyKaamch eme A. [lyankape B
pabore «Hayka m MeTomr», cxoxme MBICIN BhicKazbiBaanch @. Koreitnom u A. Jleberom
B M3BECTHBIX KHUTaX, MOCBAIIECHHBIX BOIIPOCaM IIDENOJaBaHUA CEPHE3HbIX Pa371e/I0B
MaTeMaTHKU B cpejaHeil mkose, moaxoa A. Jlebera OBLT TOATEPKAH PETAKTOPOM €ro
kuauru A. H. Kosmoropossiv. OmHako, eiBa Jin HE eJUHCTBEHHONW KHUTON M0 Mare-
MaTUIeCKOMY aHAJIN3y, MOC/IeI0BATE/IFHO HAMUCAHHON B TAKOM CTHUJIE, IPUYIEM C ero
obcTosiTe/TbHOI MOoTHUBaIMEl, siBysiercs yaebuauk M. 4. Beironckoro «OcHoBBI ucunc-
nennst GeckoneuHo-maabixy (1931 ., 1933 1.), nmpuaem akTuIecKn HE3aBEPITEHHBII.
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HECTAHJAPTHBIE HEPABEHCTBA

Hxk. A. KapaeBa
(Poccust, Bnagmkaekasz; COIIT Ne 30)

Peanmzarnusa KOHIENIINM MaTeMaTHIecKoro obpasopanmsa Poccumiickoit Pemepa-
nnu, yreepxKaeHnoil npukazom Mwunobpazosarus Poccun ot 24.12.2013 r. Ne 2506-p,
HampasseHa Ha 6osee 3PEKTUBHYIO MOATOTOBKY BBIITYCKHUKOB ITKOJIBI K OCBOEHUIO
MpOTrpaMM BBICIIIET0 MpOodeccroHa bHOro obpasoBanus. B pabore paccmMaTpuBaert-
Csl MCTOJIB30BAHUE HEKOTOPBIX CBONCTB (byHKmuit (006/1aCTh ONMpee/Iennss, OrpaHu-
YEeHHOCTb, MOHOTOHHOCTB) MPH PEIIeHnN HeCTAaHIAPTHBIX HepaBeHcTsB [1-3|. Ha ps-
Jie PEIeHHBIX TPUMEPOB MMOKA3BIBAETCS, UTO Jjid 0DECIedeHns yCTONINBOrO MTOBbBI-
[IeHNsT YPOBHS YCIEBAEMOCTH YUAIIUXCsT HEOOXOIUMO OOpATUTH BHUMAHUE, MPEeK-
Jie BCEro, Ha PA3BUTHE TAKUX CTPYKTYP WHTEIEKTA, KAK MAaTEMATHIECKas WHTYU-
1st, (POPMaTBHO-TOTUIECKOE MBILIEHNE, OTIepATUBHAST JIOTHIEeCKast TaMsiTh. OTHIM
u3 myreit bopMUpOBaHUS yHUBEPCATLHBIX yaeOHbx geficteuii (YY) moxer crarh
BKJIIOYEHHE TAKUX 33JAHWH B COJEpKAHIe 00yIeHHsT MaTeMaTuKe (HAIpUMep, B paM-
KaX 3JIEKTUBHOIO KypCa).

Jlureparypa

1. Hukoabckuii C. M. Anrebpa u madasa mMaremMarudeckoro ananmsa. 11 kmacc: Yaeb. mis
obmreobpa3oBat. yupexkaeHuit: 6a30Bbiii n mpodwui. yposum, 10-e m3x.—M.: IIpocBemenne,
2014.—430 c.

2. Tkauyk B. B. Maremaruka — aburypuenty / 15-e m3m.—M.: MITHMO, 2008.—1024 c.

3. Ceprees H. H., ITaugepos B. C. EI'9-2014. Maremaruka. 3amgaga C3. YpaBHeHus u Hepa-
Berctsa / Ilox pexn. A. JI. Cemenora u U. B. SImenko.—M.: MITHMO, 2011.—72 c.
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O ®OPMINPOBAHUN SKOHOMNYECKOI'O MBIITJIEHU A
CTAPHIEKJ/TACCHUKOB C ITIOMOIIBIO MATEMATNYECKX METOZ0B
TPV PEINTEHNN S5KOHOMUYECKIX 3AJTAY

H. . Jlo6anoBa
(Poccus, 3emenokymck; MYIO «IIBP»)

WzBecTHO, 9TO MaTeMaTHKa — 3TO CTPATETHYECKUIT PECYPC, OT KOTOPOTO 3aBUCUT
pa3BUTHE SKOHOMUKM JE000# cTpaHbl. V3yueHne MaTeMaTHKU UTPAET CHCTEMOOOpa-
3YIOIILYIO POJIb B 00pa30BaHWM, W TTOITOMY Pa3BUBATH MATEMATUIECKOE 00Pa30BAHUE
HEODXOIUMO BO B3AUMOCBSI3U C (PU3UKOM, XUMUeH, OMOorneil U IpyruMu mpeMeTa-
mu [1].

OueBusina 0cobasi poJib MATEMATHIECKOTO 0OPA30BAHUS B PEATU3AIUU CTOSIITIX
nepen, Poccueit 3amaq, onpemgensiembix «CTparerneii Hay THOTEXHOJIOTHIECKOTO Pas-
Butnga Poccumiickoit @emepanumy, IIporpammoit «Iludposas 10 sxomommka Poccmii-
ckoit Penmeparnuuy U APYTUMU TOCYLAPCTBEHHBIME JIOKyMeHTaMu. Takke 6e3 kade-
CTBEHHOT'O MaCCOBOTO MAaTEMATHYECKOTO 00Pa30BaHUsT HEBO3MOXKEH Tepexof K Iud-
pogoii s3xoHOMIKe. CKOPOCTh M XapaKTep Pa3BUTHS HAYKU W TEXHOJIOTHUIA, 33 a0IIHe
HAIPABJIEHUs] PA3BUTHUS WHHOBAITMOHHOW SKOHOMUKM, W3MEHEHUsI, TPOUCXO/ISIIIE B
JKU3HU OOIIECTBA, OTPAXKAIOTCI HA CUCTeMe 00pa30BaHWSA, B YACTHOCTHU, HA €r0 CO-
JIEp’KaHWK, W Ha, IIEeJIEBhIX yYCTAHOBKAX IIMKOJHHUKOB W WX poaureneit. Tpebyrorcs
MPUHITATNATHLHO HOBBIE aKIIEHTHI B COIEPKAHUY U METOOJOTUN TIKOJHHOTO MATeMa-
THYecKoro obpasosanus [3].

OHuM U3 caMbIX PACIPOCTPAHEHHBIX CPEJICTB BOCIUTAHUS SKOHOMUIECKON Tpa-
MOTHOCTH Ha 3aHATUAX MO MaTeMaTUKe ABJIAIOTCA 3ada49U1, cba,6ym>l KOTOPBIX CBA3a-
HBI C TPOU3BOJCTBEHHOM WJIH JIPYTUMU BUIAMU SKOHOMUYIECKOH JesareabHocTu. Takme
3aJla9” UCIOJIb30BAINCH B IKOJIaX W3JaBHA. Tak, 3aJaqHUKNA 110 MaTEeMaTHUKe BTO-
poit mosioBuHbl XIX B. u mepBoit mojoBuHE XX B. M300MI0BAIN 331a9aMU KYILIA-
IPOJAXKM: KyTer, KyInjI, Kyner IpoJgal | T. II.

B yuebuukax mo MareMaTHKe MOXKHO HAWTHU 33Ja4M, B KOTOPBIX HCIOJIb3YIOTCS
Takne MaTeMaTWdecKue MOHSTHUs, KaK ceDeCTOMMOCTh, TPHUOLLIb, PEHTAOEJTHHOCTD,
J10x071, 00BEM MTPOU3BOCTBA PoAyKImHu (pabor n ycayr). Ho mkogmpHUKKM 9acTo Bu-
JISIT B 33Ja9e TOJBKO MOBOJ J/Is MaTeMaTUIeCKUX JeicTBuil. e skoHOMuvueckoe co-
IeprKaHre TTPOXOAUT MUMO BHUMaHmUs. [lepen pemrermeM TakwxX 3339 HEOOXOINMO
YACHUTH BCTPEYAIONINECT SKOHOMWIECKUE TOHSITHS U TO, KAK OHU CBSI3aHBI MEXKTy
co0Oii, T. €. MOHSITH SKOHOMUYECKYIO 1pobJiemy [2]. B Hacrosiee Bpemsi pa3BuTie SKo-
HOMUKWY (Ha JIIOOOM U3 BO3MOXKHBIX YPOBHElT) CYIIECTBEHHO 3aBUCUT OT JIeHCTBYIOIEl
CUCTEeMbI KDEeJINTOBAHNA. HOSTOMY BJIaJIeHEe METOJaMU DPEeIIeHnd 3aJa9 O KpeanTax
OYeHb aKTyabHO. B pabore paccMOTpeHb! 3341, B KOTOPBIX MOXKHO HCITO/IH30BaTh
Pa3JIn9IHbIEC CXeMbI (MaTeMaTI/IquKI/Ie MO,D;G.HI/I) BBITIJIATHI KPEanuTa 6aHKy CO CTOPOHBI
3aEMIIUKA.

[IpumensaTh MaTEMATHIECKIE METOIbI IIPHU PEIEHUN SKOHOMUIECKUX 33,7129 — ITO
3HAYUT OCBOUTH CJIEIYIOIILYIO MOCIeI0BATEILHOCTh YMEHUI: YeTKO U OJHOZHATHO
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e GOpMYyIMPOBATH SKOHOMUIECKYIO TTPODIEMY;

® CTPOUTDH AJEKBATHYIO MATEMATHIECKYIO MOIED;

® IPABUILHO BBHIOMPATH PAIMOHAJILHBIN METO/ PEIeHNUsT;

® OCYIIECTBJIATHL TEXHUKY PeIleHNd;

® OCYIIECTBJIATH QHAJIN3 ITOJIyYeHHBIX DENIeHWil M IPAMOTHO UX WHTEPHPETHUPO-
BaTh.

B mokstage 6ymyT mpecTaBaeHb SKOHOMUYECKHE 33190 HA IBE HANDO/Iee N3BECT-
HBIE CXEMBbI KPeAUTOBAHN: TuMPEPEHITNIPOBAHHOrO M aHHYUTETHOTO, ITOKA3AH AJTr0-
PUTM COCTABJIEHUS COOTBETCTBYIOIINX MaTEeMAaTHYEeCKHX MOZeJIell, TIPOBeJeH CpaB-
HUATEIbHBIN AHAIN3 MOJOKUTEIBHBIX U OTPUIATEIbLHBIX 3(MMEKTOB MPU PABTUIHBIX
YCIOBHUSIX KPeIUTOBAHUSI.
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DIGITIZATION OF EDUCATION
AND MATHEMATICS TEACHING

A. Kh. Naziev
(Russia, Ryazan; RSU S. A. Esenin, Ryazan Institute ED)

Fyodor Dostoevsky once said that beauty will save the world, meaning spiritual
beauty. In our time, these words are not so popular. Nowadays, it seems, most people
think that digitization will save the world and with it education.

Here is a typical statement expressing this thought, randomly snatched from the
Internet.

Our old educational system lacks the capability to stand a chance in the
21st century. So we are compelled to use digitization in our educational
system. [1]

Where did this remarkable “So” come from? And what does it mean? The author
of the passage does not tell about this explicitly but implicitly she suggests us “to
guess” that digitization will allow solving many old problems of education with the
help of new instruments.

Not will allow! Moreover, almost surely, it will create a lot of new problems.
To understand this is sufficient to remember the conglomerations of absurdities, dirt,
and lie, overfilling the Internet. Thus, moving towards the digitization of education,
we must also seriously think about its negative consequences. We must also think
how to teach our pupils to distinguish good and bad, to accept good and reject bad,
and so on. All these problems are as old as the world and important regardless of
digitization. Moreover, they constitute the main problem of education: as Aristotle
said,

“education” consists in the ability to judge correctly. [2]

Now, the question arises naturally, “how to judge correctly?” Our answer to this
question sounds, “with the help of proof.” Remembering the words

Since the Greeks, who says “mathematics” says “proof,”

opening the many-volume treatise “Eléments de mathématique” by N. Bourbaki [3],
we realize that the role of mathematics in the digitization era increases many times.
(Somebody, maybe, hoped, that in this era mathematics is not needed, because
“computers will count?”)

The author intends to devote his full paper to all-rounded consideration of the
problems connected with the adoption of the above answer.
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CTYJEHYECKUNE HAYYHBIE KOHOEPEHIINN
KAK OJHA U3 COCTABJIAOIMNX YYEBHOI'O TTPOITECCA

FO. C. Hanbanasu
(Poccust, Pocros-na-lony; FODY)

B 1915 r. B Pocros-ua-Zlony 6bL1 3BakyupoBan Bapmrasckuit VmmepaTropckmii
yuusepcuTer. MHOrOKpaTHO PedOPMUPOBAHHDBIN U TIEPENMEHOBAHHBIN, 3aBOEBABIIIIIT
MupoBoe Tpu3HaHme Kak PocroBckuit rocymapcreenubiit, B 2005 r. craBmmuii «6a-
3oity FOxHOTO (bejepalbHOrO YHUBEPCUTETA, OH CyMeJI COXPAHUTH MHOIHE TPa/Id-
IUU KJIACCHIECKOTO POCCHUUCKOro obpazoBanus. OMHON W3 HUX SIBJISIETCS aKTUBHOE
BOBJIEUEHHUE CTYAEHTOB B HAy9IHYIO pabory. Cpenn Tex, KTO BCIYECKH CITOCOOCTBOBA
9TOMY, OBLTM MHOTHE MPEICTABUTEIN MATEMATHIECKO MIKOJIHI.

Eme B 1888 r. 8 Bapmase 0b110 yupexkaeno OOBIIECTBO eCTeCTBOUCIBITATEIENH,
00beIMHUBIIIEE B CBOUX PsAaxX MpernojaBaTesieil (pu3nko-MareMaTudeckoro u Me/Iu-
IMUHCKOTO (aKy/aIbTeTOB. B JOKyMeHTax, periaMeHTUPYIONNX JAedATeIbHOCTh 00IIe-
CTBA, HE Pa3 MOAYEPKUBAJIOCH, ITO CEKIIMOHHBIE 3ACEIaHUs JOIKHBI CIyKUTH Me-
CTOM eJMHEHNd YBJIeYeHHBIX HAYKOH MOJOILIX JIIOAell W MpernomaBaTeTbCKOTO CO-
craBa. U melicTBuTeIbHO, HA HUX HE Pa3 00CYKIATUCH PE3YIBTATHI CTYICHIECKUX
UCCJIeIOBAHUI, KOTOPBIE TMPEJCTABIAIN JUOO CAMU ABTOPBI, OO UX HAYUHBIE PY-
kopoguTesu. Jlanabie 00 3TOM MOXKHO HaliTu B cOopHmkax <« 'pymsr Baprmasckoro
00IIECTBA €CTECTBOUCITBITATE/TEH .

Pa6ora Obmecrsa ecrecTBoucnbITaTe/eii OHICTPO BOCCTAHOBUIACH TIOC/IE MIEPees3-
na yaueepcuteta B Poctos, a B 1917 1. ObLIO yUpe:KI€HO OTE/eHNE UYUCTON U Mpu-
KJIaJIHO MaremaTnku (B HEMaJIoi crenenu Omarogapst npodeccopy Amurpuio JTIvut-
puesnay Mopyxaii-BoaroBckomy, KoTopselii u ctas ero mpeacesaresnem). B 1920
1921 yuebHOM TOIy AKTUBHU3UPOBAIACH NESITENIHHOCTH CTYAEHUYECKOrO HAyJIHOrO Ce-
muHapa (kotopeim pykosogma takxke 1. JI. Mopmyxait-Borrosckoit). B 1935 r. npu
aKTHUBHOM mojaep:kKe perkTopa Hukomas Amapeesnmua [lepHoBa m3maercs cOOpHUK
CTYIEHIECKUX HYYIHBIX PadOT 1o pemakmueil Buimyckauinsl dpusmar JI. M. Tamonen.
OpnHako HAOMpAOIIEMY CUIy HAyIHOMY OOBEJIMHEHUIO CTYIEHTOB MEIIAIN PA3Iud-
Hble peopranmsamnuu. A moroMm Hadajaach Bennkass OredecTBennast BOVHA, . . .

[Toce Bo3BpaIennsa U3 3BaAKyAIWH IPUIIOCH 3AHOBO HAJTAKUBATHL HOPMATHHYIO
JKU3HB YHUBEpcUTeTa. Ero pekrop, maremaruk, npodeccop Cemen FKdumosnu Be-
JI03epOB, OTJAUYHO TOHUMAJ, UTO HEOOXOIUMO BCSUECKU CTUMYJIUPOBATH HAYIHYIO
JlesiTeJIbHOCTh He TOJILKO Ipero/iaBaresieil, Ho u cryaenTos. [Tosromy B 1946 . mpoxo-
JINT TIepBasi YHUBEPCUTETCKAs CTYJeHIeCcKas: HaydIHas KoHpepenus. Brnocieacreun
OHU CTAHYT €XKErOJHBIMHU W OUYEHBb YJAYHO BIUIIYTCS B 0Opa30BATEIbHBIN TPOIIECC,
CITIOCOOCTBYSI CTUMYJIAIME HWHTEPeCca K TBOPIECKOMY OCMBICIEHUIO N3y IAeMbIX TUCITH-
IJINH, aKTUBU3UPYS CTPEMJIEHNE K TTOTYIeHNI0 HOBBIX 3HAHWI W HAYIHBIX PE3yJIbTa-
TOB, Pa3BUBasd YMEHUE TPAMOTHO ODOPMUTEH U MPEICTABATH HAYIHBIE PE3YIbTATHI.

Ha mnporskennn 6ojee wem 70 JjieT pyKOBOACTBO YHUBEPCUTETA W €r0 TOAPA3-
JIeJIEHU BCSIIE€CKU COMMOCODOCTBOBAJIO YCIENTHON OPraHmW3aIuu CTYIeHIEeCKUX KOH]Ee-
peHIuil pa3HOTO YPOBHS. YHUBEPCUTETCKNE KOHMEPEHITNN MPOXOIUIN B JIYUIITUX [O-
POACKMX TIOMEIIEHNSTX B TeUYeHne HEeCKOJbKWX AHei, ¢ 1973 1. craam mpoBOANTHCS
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yuusepcurerckue «Hemenn maykwus, ¢ 1980 1. BeayT CBOIO MCTOPHIO «HAYYHBIE CEC-
CUU» YHUBEPCUTETA, B PAMKAX KOTOPBIX «HEJE/JN HAyKW» OPTaHU3yIOTCS Ha KAXKIOM
daxyaprere. B mokaze mranupyerca pacckas3arh 00 0CODEHOCTIX YHUBEPCUTETCKUX
(1 06/TACTHBIX) CTYAEHUYECKUX KOH(MEPEHIwii, 0 TOM, KaK yJacThe B HUX CKA3bIBa-
JIOCh Ha Cy,Z[])6aX JOKJIQJYMKOB, MHOTME M3 KOTOPBIX CTaJIW BUJIHBIMU COBETCKUMU U
poccuiickumMu yueHbIMU. B dacTHOCTH, BHUMaHUME OYIeT OOpAIEHO Ha, CJIeIYIONINe
daxThI.

1. ITepBag crymernueckas HaydHasa KoHdepennua B PocroBckom-aa-/lomy rocymap-
crBerHoM yHuBepcurere nmenun B. M. Mosorosa nporia 17-19 mast 1946 r. Orkpsi-
THe COCTOsIIOCh B 3aje Tearpa Kpacuoit Apvun, mocsie T0KIaa PEKTOPa YHUBEPCH-
tera C. E. BenozepoBa yuacTHukam ObLT TTOKa3aH CHeKTak/ab «OmacHbBI BO3pACT».
Paboranm 7 ceknuii, n3 KOTOPHIX JABE — MO OOMECTBEHHBIM HaykaMm (buaoaorus u
ucropus). PU3NKO-MaTeMaTHIeCKas CeKINs OKa3aIach camMoii Maorooauoi (15 mo-
KJIQTIUKOB, D W3 KOTOPBIX MaremMaTukm). Bropyio koudbepeniuio nocsarumm 30-it
rogopiuie Benukoit OxTabpbekoit CoruanincTudeckoil peBoJIONNN, TPOBEIN €e B
okTsabpe 1947 r. IurenpHoCTh pabOTHl yBEIUYUIACH 0 D JIHEH, OCHOBHBIM TOKJIA/I-
YMKOM Ha TteHapHOM 3acemannu Obin Cepreit Asnekcamaposnd 3axapos (cu. [1]),
a WTOIH Ha 3aKJII0YATEHHOM 3aCeJaHui MOIBes OJuH u3 ocHoBareseil PocToBckoii
MaremMaTudeckoii mko bl mpodeccop . /1. Mopayxait-BoaTosckoii.

2. 20 oxTsabpsa 1947 r. magaga cBOIO PabOTy mepBasi HaydHAs KOH(EPEHIINA CTY-
JIEHTOB BBICIINX y4eOHBIX 3aBeqenuii Pocropa-ua-lony, ee orkpweiBam C. E. Be-
JI0O3epoB U JeiicTBuTeNbHLIH wien Axamemun memuiumHckux Hayk CCCP Huxosait
Anonnmmrapuesna Poxanckuii (ero qoun, Huna Hukomaesna Poxanckas, Obuta ax-
TUBHOW yIACTHUIIEH STUX KOH(EPEHINit, & BCIO CBOIO TOCIEYOIIY 0 KU3Hb TOCBSITH-
na poxaomy dusmary-mexmary ). Menee uem uepes rog dusmarosen b. 1. Texr, une
BBICTYILIEHIE OBIJIO TPU3HAHO «OJIECTIIMUM KakK 1Mo (ropMe, TaK U O Oy ICHHBIM
pesynbraramy (Locymapersennsiit apxus Pocrosckoit obmacru, .46, om. 1, Ne 220,
J1.27), cramer jaypearoM TepBoii mpemun Munucrepcra Beicirero o6pasoBanus
(MBO) CCCP. B 1950 r. rpamoroit MBO CCCP Gyser Harpaen 9eTBepOKypPCHUK
mexmata FO. @. Kopobeitauk, mpeicTaBUBIINIil CBOIO pabOTy HA YHUBEPCUTETCKON U
ropoyickoii kKoudepenmusx 1949 r. [2].

3. Cpefu BBICTYIABIINX C HAYYHBIMU JOKJIAJAMU HA, MPOTSIKEHUN BCEl NCTOPUU
HaygHbIX KoHMepenuit PI'Y 6b110 HEMaAIO OyAyIIuX mIpernogaBaTeieil yHUBEPCUTeTa
u apyrux Beicmmx yaebunix 3seaenuax (C. 1. Oxyns, M. A. Kpamaun, M. M. [Ipa-
runes, B. B. Usanos, C. B. 2Kak, 1. B. Cumonenko, B. U. FOmosuq, I'. C. Jlut-
BUHYYK W MHOTHE JIDYTHE), a TaKyKe TeX, KTO CBSKeT CBOI0 KHM3Hb C paboToil B
mkosiax Pocrosa-ua-/louy u napyrux pernonos CCCP (cpeau HUX OTJIHYHUK MPOCBE-
mennst CCCP A. 4. Pyrapesa, H. I1. Camopykosa, 3acayxennsrit yanteas, PCOCP
9. I. dkyba, A. @. Epeiruna).
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[MPOBJIEMBI U ITEPCIIEKTUBBI PASBUTHUA 9/ TEKTPOHHOT O
OBYYEHNA CTYJEHTOB TEXHUYECKIX BY30B

10. B. Hukonoposa
(Poccust, Bonromonck; BUTW HUAY MUDN)

B macrosiiee BpeMs B yUeOHYIO JIeATEILHOCTD BBICIITUX YIEOHBIX 3aBEJIEHUN aK-
TUBHO HAYWHAET BHEIPSITHCS 3JIEKTPOHHAsT (GopMa 00ydeHus. DIEKTPOHHOE 0Dy Ue-
HUE OTIUYAETCS OT IUCTAHIIMOHHOTO, OHO ITUPe, TIOCKOJIBKY MPeIIoIaraeT akKTHBHOe
NCIIOJIB30BaHE KOMITBIOTEPDHBIX TeXHO.}'IOl"I/H‘/JI7 BBIUYUC/INTEIBHON TEXHUKU U CpeacTB
mepeadu JaHHBIX. JTa GopMa HeceT B cebe YeTKuil KOHTPOJIb 3a IPOIECCOM 0Dy 1e-
HUS HA BCEX 3TAMAaX, BHICOKYIO MOTHUBAIIIO ODYUAIONIUXCS W TIPU 3TOM OTHOCUTETHHO
HU3KWE 3aTPATHI HA OPTaHU3AIMI0 caMoro mporecca. st opragmsanum takoir dhop-
MBI TI0 KaXKJI0# JTUCIUIIINHE HEOOXOMNMO HAJIUYNE CIAETYIONINX 3JTIEMEHTOB CHCTEMBbI:
yuaebHbIX T0cobmit, 60IbIIOr0 6aHKA TECTOB PA3HBIX BUIOB, 33IaHUIN, JEKTPOHHBIX
TPEHAYKEPOB, CUCTEMBI JJIEKTPOHHOTO JOKYMEHTOODOPOTA W CUCTEMBI, OOECTIETNBAT0-
el BUpTyaIbHOE WHTEPAKTUBHOE B3aMMOJEHCTBIE BCeX CyOHEKTOB 00pasoBaTeh-
HOT'O TIPOIECCA, CETH ¢ BBIXOAOM B UHTEpHET.

K mocrommcTam Taxoit popMBI OPTAHU3AINN 00PA30BATEIHLHOTO MPOITECCA MOYK-
HO OTHECTH CJIyIee: yAOOHbIE TEMII, BpEMS U MECTO OOyYeHUs; BOSMOXKHOCTH pe-
AJINB0BBIBATH WHIMBUIYAIHHYI0 00pa30BATEIBLHYI0 TPAEKTOPHIO, BO3MOXKHOCTH pe-
AMM30BATh KOHIIEMIIIO HEPEPLIBHOTO 0Opa30BaHUsI, OTCYTCTBHE OTPHIBA OT pa-
6OTBI OOYJAIOIINUXCSI, OTCYTCTBUE OTPAHUYEHUH HA UX KOJUYIECTBO; BO3MOXKHOCTH
dbopmupoBaTh yuebHYIO MPOrpamMMy ©W3 KypPCOB-MOIYJIEHl B COOTBETCTBUU C 3asB-
JIEHHBIMU MTOTPEOHOCTSME; COBMECTHOE DeIlieHre 33139 (CTYAeHT—CTY/IeHT, CTYIeHT—
NPENOIABATEND ), BO3MOXKHOCTH Pab0OTATh B PEKMME PEAJTbHOrO BDEMEHW Ha, OHJIAH
JIEKIUSAX W CEeMUHAPaX, MMUPOKHEe KOMMYHUKAIMOHHBIE BO3MOXKHOCTH, BBICOKAS 3(-
dEeKTUBHOCTE PabOTHI TPEoIaBaTe e, SKOHOMUSI Ha, PACXOIaX [0 OPTaH3aI[Uu TPO-
recca (CoepKaHUU TOMEIEHNil, 3aKyTKe yIeOHUKOB, TPAHCIIOPTHBIX pacxoax) [1].

O'ZI;HO "3 MMEPCIHEKTUBHBIX HaHpa.B.HeHI/Iﬁ QJIEKTPOHHOTO O6yquI/IH — 39TO HUCIOJIb-
30BaHME BUPTYaabHON obydarommeil cpeast Moodle (mepeBogurcs Kak MOmyIbHAS
00bEKTHO-OPUEHTHPOBAHHAS JIMHAMUYIECKasa oOydJaromas cpena). Cucrema mo3sosis-
€T CO3/IABATH JJEKTPOHHBIE YUIEOHBIE MATEPUATDI, 33]aBATh MOCIETOBATETHHOCT WX
N3YUYEHUS, & TAKKE OPTAHN30BATH UX C TIOMOIIBIO SIPJIBIKOB, TETOB W TUIEPTEKCTOBBIX
ccrutok. ObpazoBaTeIbHAs CPejla UMEET TaKie HHCTPYMEHTHI KakK: IJIoccapuil, 6J1orH,
GOPYMBI, TPAKTUKYMBI, UATHI, PACCHLIKHN, & TaK¥Ke MOJIepKUBaeT oOMeH daiigamn
066X popmator. Crucrema MO3BOJISIET 0O6CYXKIATH U3YIAEMbIil MaTepuajl B TPYIIIe
U JINYHO C TIpernogaBareseM. Bee 33 aHns aBTOMATHIECKH BBICHITAIOTCS MTPETOIaBa-
TeJIeM BCEM CTyJEeHTaM. Be'ﬂ;eTCﬂ CTAaTUCTUKA aKTUBHOCTHU KazKJO0TO Y4YaIllerocsd: BCe
BBITIOJTHEHHBIE PAOOTHI XPAHITCS B CHCTEME, OTCIEKUBACTCS BpeMsl yIeOHON paboThl
00yJaoNNXCsa B cHCTeMe. Biarogapst 9TOMy y MperomaBaTesist TOSBIIeTCS BO3MOXK-
HOCTH HYKHBIM 00pazoM (hOPMUPOBATH MATEPUAJT B 3aBUCHMOCTH OT PabOTHI TPYIITHI
npu OTCYTCTBUM PYTUHHON TPOBEPKHM 33 aHnii. B KagecTBe MOMOIHEHNN K yIeOHBIM
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nmporpaMMaM MOYKHO UCIIOJIB30BAaTH CCBLJIKW Ha HY?KHBIE MHTEPDHET-PECYPChI, MOXKHO
OpPTraHU30BBIBATH BUICOKOH(EPEHITNN.

Y 37IeKTPOHHOIO 00yYEHUs eCTh U PsiJi HEJOCTATKOB. A MMEHHO: HEOOXOIUMOCTE B
MMOCTOSTHHOM JTocTyiie B VIHTEpHET CTYIEHTOB U MpernofaBaTeseil; Xoporias TeXHuIe-
CKad OCHaIleHHOCTDb yqe6HOFO 3aBeeHUd; BHICOKAadA MOTUBAIWA W CaMOJWUCIUILINHA
00y JaIOIIUXCST; CJIOKHOCTD B OMPEIETICHIN CAMOCTOSITE/IbHOCTY BBITTOJTHEHUST 33/ TaHU
ydamuxce; BbICOKasd CTOMMOCTH BHEJAPEHUA CUCTEMbI Ha HAYAJIbHOM 3ITalle, BHICOKaAA
TPYA0EMKOCTb U CTOMMOCTH pa3pabOTKN KyPCOB 3JIEKTPOHHOTO 00YIeHUsI, CJI0KHOCTD
B OIpeJIeJIeHNH CTOMMOCTH 3TOi pa3paboTku u nociaeyoniero obrosenns [1]. Cy-
[IIECTBEHHOI SIBJIsTETCsI Tpob/IeMa 0becedeHrst Ka9eCTBa, 9JIeKTPOHHBIX YIeOHBIX Ma-
TeprajoB. Takke UMEOTCS U MPOOJEMBI B MIPABOBOM IT0JI€: BOZHUKAIOT BOIPOCHI 110
3allliTe WHTEIEKTYaJIbHON COOCTBEHHOCTH W aBTOPCKOTO MPaBa, B 3JIEKTPOHHOM MU-
pe. Camoii ryiaBHO# mpobJieMoit siBseTcst KaapoBas. OueHb TPYIHO MOA00paTh mpe-
o/aBaTe e, KOMIIETEHTHBIX OJHOBPEMEHHO U B MPEJIMETHO 001acTu, u B 00aCTH
MPUMEHEHUsT KOMIIBIOTEPHBIX TEXHOJOTHil, a TaKyKe UMEIOIUX KejlaHue paboTraThb
C O6yqaeMbIMI/I B pexmnmMme OHJIAH 1 TIOCTOAHHO O6HOBH${TI) JIEKTPOHHBIE yqe6HbIe
Marepuasbl. [IpaMbiM CIeICTBHEM STOTO SIBJISETCS MpodeMa pa3zpaboOTKUA TOCYAap-
CTBEHHBIX CTAHIAPTOB, 00ECIEYMBAIONINX EIWHBIN 0D0IIEerocyIapCTBeHHBIN YPOBEHD
TpeboBaHUil K MOATOTOBKE CIIENUAIINCTOB B ¢hepe 3JIeKTPOHHOr0 obpasoBanus [2].

Ucxonst w3 mepevncaieHHoro, Ha COBPEMeHHOM 3rare passutust Poccuiickoro o06-
Pa30BaHUS MOXKHO TPEIIOKUTH TOAXO/I, TPU KOTOPOM 3JIEKTPOHHOE 00ydJeHUe MOKa
OyIeT MOTOJHSITh TPAJAUIINOHHOE. Kro MOXKHO aKTHBHO UCIOJB30BATH MIPU O0OYIe€HUN
CTYJEHTOB, HE MMEIOINX BO3MO2KHOCTH TOCEIIATH 3aHATUA TI0 Ka.KI/IM-.)'[I/I6O npuYamn-
HaM. B gactaoctn, B BUTU HUAY MUDU nyisd cTYIeHTOB TEXHUYECKUX CITEITHATb-
HOCTel 3JIEKTPOHHOE 00YUYEHNEe B HACTOSIIEE BPEMST BHEAPSIETCS TOJBKO IS 3a09THOMN
1 BedepHeil (popM 00yUeHNS W HAXOAUTCS Ha, CTAINN AIpOOAIU.

Pazsurne Poccutickoro obpa3oBaHust MOKa3bIBAET CJIEIYIOILYIO TEHIEHIINIO: SJIEK-
TpOHHOE OOydYeHUMe HAYMHAET AKTUBHO BHEAPITHCI B YHUBEPCUTETAX, TAKXKE KaK
MaCCOBBIC OTKPBITbIC OHJIAMH KYPChl ABJIAIOTCA CaMOU aKTyaJsbHONW TEHJICHIUECH B
e-learning. Bcemupno u3sectubie yuuepcurersl: ['apsapa, MIT, Caltech, Bepkian u
[Tpuncron akTuBHO BHEAAIOT 3Ty dopmy obpazosanus [3]. ITosromy nemecoobpas-
HO JIeJIATh WHBECTUIINU B DJEKTPOHHOE 00yUeHUe, KOTOPOe MPUOOpeTaeT ITHPOKYI0
MOTYISTPHOCTD BO BCEM MUPE.

Jlureparypa

1. Tpynosa JI. B. Bueapenune B 06pa30BaTeIbHBIN IPOIECC AUCTAHITUOHHBIX TEXHOJIOTHN C HC-
[OJIB30BAHUEM JIOKAJIBHBIX CPEZCTB PAa3pabOTKM SJIEKTPOHHBIX KYyPCOB // Mostozoi y4eHsrit.—
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2. Boakynos U. A. Dnekrponnoe oby4uenne: mpobaeMbl, mepcnekTussl, 3amaaau // TaBpuaeckuit
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METOIVUKA OBYYEHUA PEINIEHNKO TEKCTOBBIX 3AJTAY
HA TTPUMEPAX 3AJTIAY I'TA

JI. II. OxBar
(Poccus, Bragukaskas; COILL Ne 1 ct. Apxonckast)

WzBecTHO, 9TO pellieHne TEKCTOBLIX 33724 MPUBOAUT K (POPMUPOBAHUIO Y 00Y-
YAIOTIUXCS JIOTUIECKOTO MBIILIEHUs, COOOPA3UTENHLHOCTH, YMEHUsT CaMOCTOSITETHHO
OCYIIECTBJISITH HEOOJIBINIOE UCCAeAOBaHNe U T. T. [109TOMY pPenteHnio TeKCTOBBIX 3a-
Jlad yaensiercs: DOJIbIToe BHUMAHNE Ha MPOTIKEHUN BCEro IKOIbHOrO Kypca. CHava-
Jia, BBOJIUTCS apupMETUIECKUI METO/ PEIeHNsI, & 3aTEM JeTH YIaTCs PEIaTh 3190
ayredpanmdecku, T. €. C IOMOIIBIO YpaBHEHNU, HEPABEHCTB, CUCTEM YpaBHEHU U Hepa-
BercTB. [Ipu Bceil ycIOBHOCTHU fiejIeHWS MOXKHO BBIJICJINTH [IBA BUJA 33a9: 3aIa9H
«Ha JBUKEHNEe» (CIO[a MOYKHO BKJIIOUUTE 33[a4d HA pabOTy U 33/aud, CBSI3aHHbBIE C
HAIIOJIHEHUEM DPEe3epByapa) M 3a7a9u Ha MPOIEHTHI, 9aCTH, KOHIEHTPAIINIO.

Cnemyer oTMETHTBH, UTO TEKCTOBBIE 334U BKJIOUEHBI B KOHTPOJBHO-U3MEPU-
resibHbIe Marepuaabl [MMA mo maremaruke. B 9 wacce ato 7-e 3ajaHue ¢ Kpar-
KUM OTBETOM U 22-e 3aJiaHue ¢ onmcanueM perienns. B 11 kmacce (Ha mpoduabHOM
ypoBHE) 370 3ajanug ¢ Kparkum orBerom Nel, Ne1l u Tak HasbiBaeMasi SKOHOMUIYIE-
ckast 3aaa49a Ne 17 ¢ onmcanvem perrrennst. 3agaanst N0 7 B 9 kimacce u Nel B 11 kjmacce
HAIPABJIEHbI HA MPOBEPKY YPOBHS BJAJEHUsT OA30BBIMU YMEHUAMU. JTO TAKHUE dJIe-
MEHTBI COAEPKaHUA, KaK MPOIEHTHI U 10JIN, OKPYTJIEHUE C I/136])ITKOM 1 HEJOCTATKOM
u 1. m. 3aganusg Ne22 B 9 kimacce m Nel1l, Ne17 B 11 xyracce HampaBjieHHBIE HA, TTPO-
BEPKY BJIaJCHUA MATEPUAJIOM Ha MMOBBIIMIEHHOM YPDOBHE. HpI/I pemennn 3TuxX 3aJda4v
YYACTHUKM dK3aMeHa JIOJIKHBI CMOJEIUPOBATH PEATHHYIO CHTYAIIUI0 HA SI3bIKE aJi-
reOpbl ¥ UCCIEI0BATH TIOCTPOEHHYIO MOJIEIb C UCIOIL30BAHUEM alllapaTa ajredphl.

ITo pesynbraram 'MA 2017 8 PCO-Ananus 3agaun 6a30BOr0 YPOBHS BEpHO BbI-
nosHsioT B 9 knacce 64% , a B 11 knacce — 91%. C zaganuem Ne22 crnpasisiiorcs
b 3,8% neparukiaaccuukoB. C anamorngnoil 3amadeit B 11 xkmacce — 52% [1].

KakoBbl nmpuanHbl HU3KUX MOKA3aTe el MPaBUIbLHOCTH BBITIOJHEHUST TEKCTOBBIX
zagau’? Ha Moit B3MIsia, UX MOYXKeT ObIThH JBE: HEJOCTATOYHOE BJIAJEHUE YIUTEJIEM
METOIMKOM OOYUIEHUsT PEIIeHNI0 TAaKOr0 TUIA, 33Jad U, KOHEYHO, apudMeTUIECKHe,
JIornyeckKue OH_[I/I6KI/I Y49aCTHUKOB FI/IA I HEBHUMATE/IBHOE TTPOYTEHNE MMU yCJIO-
BUA 33/Ia4N.

41 mocrapasack pa3obparhcst ¢ TEPBOI TPUYINHONW Ha TPUMepax 3aaad Ha, JBUKe-
HI€ U TMPUIILIA K BBIBOAY, UTO 33J[a4l «HA JIBUXKEHHe» (B TOM UHC/Ie 33[a9d HA JIBU-
KEHUNE 110 OKPY2KHOCTU, Ha JABU2KEHUE 60.}166 ABYX TeJI, Ha ABUZKEHNE TPOTA?KEHHBIX
TeJT), BBI3BIBAIOIINE 0CO00E 3aTpy/THEHNe, M0 Pe3yJbTaTaM OMpoCa yUUTeIel Mare-
MaTuku, npoxoauBinux B 2018 1. Kypchl TOBBIMEHNST KBAJIMMUKAIINN, PENTaioTCs M0
OJHOIT cxeMme.
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1. Dram anammsa ycaoBus 3aa4H.

HeobxomuMo mpoBecTr aHAIM3 YCAOBUSA 33Ja49M W OTPA3UTL JAHHBIE 3a7a9d B
Kparkoii 3amucu. B manHoM ciaydae npeggaraio opOpMUTEH yCIOBUE, 3AMOJTHUB Tab-
JTHILY.

2. Dran noucka penienust u ero opopMIeHHE.

B0o3MOXKHBI [1Ba CIIOCODA TIOMCKA PEIIEHUs 33/Ia4n: CHHTE3 (UTO MOKHO HAfiTH 110
JAHHBIM 3aa4n?), anamm3 (aro Tpebyerca ysmarh B 3ajgade?). B mamnom ciayuae
OCTAHOBUMCS Ha 1epBoM criocobe. Ecim Ha Bonpoc «UT0 MOXKHO HANTH 110 JTAHHBIM
3a/1a917» MOYKHO OTBETHTb, TO BHIYUC/ISIEM 3HAYEHNE HEM3BECTHONM BEJIMINHBI U OTIATH
3a/1aeM TOT K€ BOMPOC, TTOKA HE OTBETUM Ha, BOMPOC 3a/a4n. FCam ke He J0CTaToq-
HO JAHHBIX JIJIsI OTBETA HA MOCTABJEHHBINH BOIPOC, TO HY’KHO COCTABUTH ypaBHEHHE
(mepasencTBo, cucremy ypasuenuii). [Ipu 3TOM Ciemyer paccMOTPETh BCE HEM3BECT-
HBbIE BEJUIHMHBLI, KOTOPBIE MOTYT OBITH 0003HAYEeHbI OYKBOI, U BCE JAHHBIE 3aa4M,
KOTOPbIE MOTYT OBITH OCHOBAHUEM JIJIsi COCTABJIEHUsI ypaBHeHWsl (HEPABEHCTBa, CH-
creMbl ypaBHeHuii). U wa srame oO6ydeHus! PEIIEHHIO 33/1a9 ¢ MOMOIILIO YDABHEHNUS
COCTABUTHL BCE BO3MOKHBIE ypaBHEHUs. [Ipu pernennn 3a/1a9 Ha 9K3aMeHe st COBETYTO
JIETSIM, €CJTH 3TO BO3MOXKHO, 0003HAYATH OYKBON MCKOMYIO BEJUIHUHY.

3. Dran NpOBEPKHU DEITeHUsI.

4. Dram moxBeeHNns UTOTOB. |2]

JIuteparypa
1. URL: https//www.egelb.ru.

2. Mamosa H. E. MarepuaJbl JeKIuil TeTHeH MaTeMaTHIeCKOHN MKOJIbL JIJIs yInuTeaei mpoduib-
ubix kiaccoB B PCO-Amanus.
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TYPHUP 10 SKCIIEPUMEHTAJIbHOII MATEMATUKE
JJId MKOJIBHUKOB: NTOTU U IMTEPCITEKTUBHBI

M. A. IassioBa (Poccusi, Apxanrensck; CADY),
M. B. IITa6auosa (Poccus, Apxanrennck; CADY)

Typaup 10 SKCIIEPpUMEHTATBHOM MaTeMaTUKe ObLT YIPEXKJIEH D JIeT HA3A C TeJIHIO
BOBJICYEHUA MUPOKOTI'0 KPYyTra YIalllUXCAd B AeATEIbHOCTh ITPUMEHEHNA PYYIHBIX, KOM-
MBIOTEPHBIX U MBICJIEHHBIX SKCIEPUMEHTOB K PEIIEHUI0 MAaTeMaTUIeCKuX 3aad, MO-
HATOPWHTA, yPOBHsT CPOPMUPOBAHHOCTH Y YUIAIUXCsT OCHOBHOMN ITKOJIBI YHUBEPCAIb-
HBIX HMCCJICJOBATECIbCKUX ,Z[el‘/’ICTBI/II‘/JI MATEMATUKA-IKCIIEPUMEHTATOPa B COOTBETCTBUN
¢ tpeboBarnamu PI'OC OO0 u TeopeTuvecKuMu MpeICTABACHUSIMEI O PE3YIbTATaX
MCCJIEIOBATETHLCKOTO 00YUeHUsT MaTeMaThuKe ¢ KoMmbioTepoM. Jlokmam mpegscraBis-
er creruduKy TYPHUPHBIX 33aHU, TUHAMUKY W3MEeHeHUsl reorpaduu yIacTHUKOB
TYPHUPA U UX PE3yJIbTaTOB, a TaKyKe PACKPBIBACT MEPCIEKTUBBLI PA3BUTUASA TYyPHUPA.

Tpebosarusvu PT'OC OO0 [1] onpezenena HEOOGXOAUMOCTH (HDOPMUPOBAHUS Y
yd9amunxCda HaBBIKOB HCIHOJIB30BaHWYA TOTOBBIX MPOTPAMMHBIX TIPDOAYKTOB [IJIsA TIO0I-
JIEPKKHU JIeSITeIbHOCTA TI0 PEIIeHruI0 MaTeMaTudeckux 3ajad. Ha mpaktuke ¢op-
MHPOBaHUE ITUX HaABBIKOB HaI/I60.Hee TJaCTO OCYIIECTBJIACTCA TMyTEM BKJIIOYEHUA B
CUCTEMY CPEJICTB yIeOHO JeaTeTbHOCTH CIeNnaTu3nPOBAHHBIX MPOTPAMMHBIX TPO-
JIYKTOB, OTHOCAIIMXCSA K KJIACCy CUCTeMbl nuHammdeckoit maremarukn (GeoGebra,
1C Maremarnveckuii kKoncrpykrop, 2Kusas maremarnka, Cabri u ap.). Saganus Ha
UCIOJIB30BAHIE 3TUX MPOrPaMM y2Ke BKJoUeHbl B Y MK psiloM aBTOPCKUX KOJLIEK-
THBoB |2, 3].

TypHUD MO SKCIIEPUMEHTATBHON MaTeMaTuke [4] mpemcraBisier coboii MaccoBoe
MaTeMaTU4IeCKoe COPEBHOBaHUWA, B XOJ€ KOTOPOTO YYEHUKU MOTYT UCILBITATH CBOU
BO3MOYKHOCTH B MOCTAHOBKE W PEIIEHUU 3339 C UCIOJb30BAHUEM CUCTEM IMHAMU-
9eCKOW MaTEeMaTWKH, a TaKKe TeX 337ad, PelleHre KOTOPLIX TPedyeT MPUBJ/IeUIeHUsT
PYYHBIX W MBICJIEHHBIX SKCIEPUMEHTOB.

TypuupHOe 3ajaHre COCTOUT W3 TMECTH 3a/ad, KayKI0€ M3 KOTOPBIX MMEeT CBOIO
JMATHOCTUYIECKYIO (DYHKITUIO: IPOBEPKA YMEHU TEOPETUIECKN OCMBICUBATD PE3Y/Tb-
TaTHI YKCIIEPUMEHTAIHLHBIX P00, MPOBEPKa YMEHUH IaHUPOBATH W TPOBOIUTEH MBIC-
JIEHHBIE M PY4YHBbIE 3KCHEPUMEHTHI, NPOBEPKa yMEHUN KOHCTPYMNPOBATH JTUHAMHUYE-
CKUE MOJEJ MAaTEMATHIECKUX OOBEKTOB KOMIIBIOTEPHBIMU WHCTPYMEHTAMH, TPO-
BEPKa yMeHI/Iﬁ KOMIIJIEKCHOT'O MCITIOJIB30OBaHWA TECOPETUYICCKUX N IKCIIEPUMEHTAJIBHBIX
METOJIOB, TTPOBEPKA YMEHWiT CTABUTh HOBBIE 331a4u HA 0a3e PeIeHHoON MyTeM Bapbu-
POBaHUS JIMHAMUYECKOU MOJIEJIN.

B typaupe npunumaior yuactue yuarmuecs 7, 8 u 9 K1accoB, reorpadus KOTOPBIX
MMOCTENEeHHO pacimpsiercst. [[epBOHAYAIBHO TYPHUP MBICJUICA KakK 00JIaCTHOE MEPO-
MpUsITAE JIJIsI TOJABEIEHUST UTOTOB PAOOTHI IKCIEPUMEHTATbHBIX ILIOMAI0K, HA KO-
TOPBIX ATPOOUPOBAIACHE METOINKA 00yUeHUsT MaTeMaTHKe ¢ KoMIbioTepoM. Ceroaust
reorpadust yIaCTHUKOB BBIILIA YK€ 32 MPEJebl He TOJBKO PeruoHa, HO U CTPAaHBI:
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Apxanrenbckast obactsb, Mocksa, Kpacuosipek, Ilomonbek, Kazaxcran. Pacmmpe-
HIIO reorpadur BO MHOTOM CIOCOOCTBYET BO3MOXKHOCTBH 3apPErUCTPUPOBATH JIFOOYIO
IMTKOJIy KaK TIJIOIIAAKY TPOBEACHNA TYPHUDPA, a TaKXKe IMOJABEJCHUA NTOTOB OTAECIHBHO
Ha KaXKIO0U TMJIOIIAIKE.

OcHoBHast 1eJIb TYPHUPA CErOJHST — 3TO MOMYIAPU3AIUs Well, MeTOJ0B U
CPEJICTB IKCIEPUMEHTATBHON MATEMATHKN CPEIU YIUTETeH W ydalnmxcs, a He peii-
THUHTOBad OIICHKa yMeHI/Iﬁ y49amunxcs. yqpe,ZI;I/ITeIII/I TypHUDa TOHUMAIOT, 9TO OJHU
yUaIluecs: BIEpBble CTAJKUBAIOTCS C CHCTEMON JUHAMUYIECKON MaTeMaTuke Ha TYp-
HUpE, APYyTUe UMEIOT OOTATHIN OMBIT ee UCIoIb30BaHus. VIMeHHO Mo3TOMY OBLIO TTPHU-
HATO PEIreHne O BOBMOXKHOCTHU TTOJABEACHNA MTOTOB Ha Ka.)K,ZI;OI‘/JI IO /JKe OTICJIHHO.

loroBuThCa K TypHUPY yUAIIMECTd MOTYT KaK CAMOCTOSTEIBHO, TAK W MO PYKO-
BOACTBOM yumresd. s sTux 1meseit Ha caiite pa3MeIeH BeCh apXWB TYPHUPHBIX
3aJlaHuil ¢ pa3b0pOM WX PEIeHU, UMEIOTCsS CChIIKU Ha CAlT KPYXKKa [0 SKCIEPHU-
MEHTAJIBHOA MaTeMaTUKe.

B nepcrnekTrBe miaHuUpyeTcs JAOMOJTHUTH WHAWBUIYAJIbHBIE TYPHUPHBIE 33 TAHUST
IPYIIIOBBIMHA, & TaKKe PACHIMPUTH BO3PACTHBIE I'PAHUIBI, BKJIIOYUB YUCI0 yIaCTHU-
KOB U yYAIIUXCs CTAPIINAX KJIACCOB.

JIuteparypa

1. TIpmka3z MwunucrepcrBa obpazoBanms u mHaykum P® or 17.12.2010 r. Ne 1897 «O6 yrmep-
XKJIeHnn (eepabHOTr0 TOCY/IaPCTBEHHOTO 00Pa30BaTEIFHOTO CTAHAAPTAa OCHOBHOTO 00IIero
ob6pasosanusi>.—URL: http://base.garant.ru/55170507 /ixzz5qF gkvems.

2. Mypasuna I'. K., Mypasuna K. C., Mypasunoii O. B. Anre6pa n Haua/ia MaTeMaTHIeCcKOro
ananmsa (10-11): YMK.—URL: https://rosuchebnik.ru/kompleks/umk-liniya-umk-muravin-
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METOJUKA MHHOBAIIMOHHBIX TEXHOJIOTUI NHKJIIO3UBHOI'O
OBYYEHUA MATEMATUKE 141 JIUL C OTPAHUYEHHBIMU
BO3SMOZKHOCTAMN 310POBBA I1O CJIVXY,
[MPUMEHAEMAS{ B KHUTY UM. A. H. TVIIOJIEBA

A. A. Ceprees (Poccusi, Kazans; KHUTY-KAIT),
E. B. CrpexueBa (Poccug, Kazans; KHUTY-KAN)

OnHa n3 aKTya bHBIX 33/1a9 TOCY/IaPCTBEHHOI MOJIUTUKU COBpeMeHHoi Poccuu B
obyracTi 0O6paz30BAHMS — CO3MAHNE MHKIIO3WBHOM cpeanbl. B Tekcre PemepaanHOTO 3a-
koHa «06 obpazosanuu B Poccuiickoit @eneparumy ot 29 mexabps 2012 r. Ne 273-03,
CT. 2, IyHKT 27 TEPMUH «WHKJIIO3UBHOE 00pa30BaHMey OMPEIesIsieTcs Kak «obecrede-
HIE PABHOTO JOCTYTAa K 00PA30BAHUIO [I/IsT BCEX ODYUAIOIIMXCS C YIETOM Pa3HOOOpa-
3ust 0COOBIX 00pPa30BATEIBLHBIX MOTPEOHOCTEH M WHIAWBUIYATbHBIX BO3MOYKHOCTENS.
Peanmuzanus uukao3uBHOTO obpasoBanus B P® craBuT BOIPOC O HEOOXOIMMOCTH
CMEHBI METOJIOJIOTUHU BHEIPEHUS WHTEIPAIMOHHBIX WHHOBAIWI B CUCTEMY 00pa30Ba-
HUst. Y JIUI C OrPAHUIEHHBIMUA BO3MOKHOCTAMEI 3I0POBb MO CAyXy (DOPMUPOBAHUE
KOMITETEHIINI CBSI3aHO C OMpefe/ieHHbIMU TpyaHocTaMu. Kpome (yHIaMeHTaIbHBIX
3HAHWI, HEOOXOUMBIX B TAHHOI 00/1aCTH, OMPEJAEIAeMOil CIeMaIbHOCTHIO, 8 TaK XKe
YMEHU ¥ HABBIKOB, TPEOYeTCsI CO3aTh ONPEIeIeHHbBIN COMUAIbHBIN TudT, 00eCcrevn-
BAIOIIHUI JIFOIAM C OCODBIMY TIOTPEOHOCTSIMU aKTUBHOE OCBOEHUE TTPOCTPAHCTBA, COITH-
yMma. Heobxoanmo copMupoBaTh y HUX CIIOCOOHOCTH OPUEHTHPOBATHCSI B HHAPOPMA-
OMOHHBIX IIOTOKaX HOBBIX CBe,ZI;eHI/II‘/’I7 HAYy49IUTH UCKATH U OT6I/Ipa.TI> 3HaHUI, HeO6XO,Z[I/I—
MBbI€ JIJIsI PeleHnsi KOHKPETHBIX TTpobjeM. B ¢Bsi3u ¢ 93TuM BOZHUKAET HEOOXOIUMOCTD
AKTHUBHOTO IMOWCKA HOBBIX PE3EPBOB HE TOJBKO KAYECTBEHHOM MPOdECCHOHATBLHOM
MOJITOTOBKY CIENUATUCTOB, HO W COIUAJU3AINN 00YIaeMbIX, UX MEXKJUIHOCTHOTO
B3aMMO/IEHCTBUST B IPyNIAaxX WHK/TIO3WBHOTO THUIIA.

Meromuka opranm3anuu 3aHaTHil 0 guciuiinae «Maremarnkay CO CTyIeHTA-
MU C OFPAHUYEHHBIMU BO3MOXKHOCTSIMHU 3JI0POBBS 10 CAYXY, peaaudyeMas B MHO-
ronpouIbHOM CenuaaIbHOM yaeOHOM ToApaseaeHn Ka3aHCcKoro HaIMOHAIBEHOTO
uccyiegoBaTesbckoro rexumaeckoro yampepcurera (KHUTY) mv. A. H. Tynonesa—
KAW: Kazanckom yuebno-uccaenoBarenbckom n meroamaeckom nearpe (KYUIMIT),
HAMPABJIEHA HA PA3BUTHE UX JIOTUIECKOTO MBIIIJIEHHUS, TBOPUYECKUX CIIOCOOHOCTEI,
YMEHUS CAMOCTOATEIBHO M3yJaTh yaeOHBIN Marepuast; GpOPMUPOBAHNE BHYTPEHHUX
MOTHUBOB JaJIbHEIIell To3HABATEIbHOM IesTenbHocTu. Pazpaboranubiii Ha Kadeape
cienmaababIX Texuosornii B obpazosanun (CTBO) mpu KYUMIL eaunbiit kommiekce
METOJMIECKOr0 O0eCrevdeHnss U TeXHOJOTUI WHKJIFO3UBHOIO OOpa30BaHUS BKJIIOYA-
eT KypC aIallTAIMOHHBIX JIEKIUI U TPAKTUIECKUX 3aHSTUI, 3aMUCAHHBIN HA 3JI€K-
TPOHHBIX CJafifjax, BUAEOMaTepua/ax, HAOOp WHIWBUIYAIbHBIX 33AHUI W TECTOB.
s peasm3anuu caMOCTOATEIBHOW pabOThI CTYIEHTOB Ha OCHOBE pa3pabOTAHHOTO
KOMIIJIEKCA, MCIIOJIH3YIOTCS CIEIHaJIbHO 000PY/IOBAHHBIE C YYETOM MYJIbTUMEINHHBIX
TEeXHOJIOTHH Kaacchl. Ha mepBoM 3Tame mpoBOAATCS TUATHOCTUYECKUE CPE3bl B paM-
KaX MOHUTOPHWHTA yPOBHSI 3HAHWI MOCTYMUBIIUX abDUTyPUEHTOB I MOC/IEIYIOIIei
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mudpdepennuanum u WHIUBAAyAIH3anN mporecca o0yuenus. [Ipu opranuzammu 00-
Pa30BaATEIHLHOTO TPOCTPAHCTBA Ay AUTOPHON 1 BHEAYIUTOPHO JIeATeIbHOCTH, HAPSITY
¢ TpagunmoHHbIME (hopMaMu 00yueHnst (JIEKIUAMU U TPAKTUIECKUME 3aHATHSIMMN)
C CYp/IOTIEPEBOIOM, CTYAEHTaM MEPBOTO KypCa MPEIaraeTcs CaMOCTOSITeTbHOE U3Y-
JeHne y4uebHOro Marepuasa B 3JeKTPOHHOI o6pasosaresnnHoii cpene Blackboard [1].
3aTeM CTYJEeHTBI MPOXOIAT TECTUPOBAHUE C TOMOIIBI0 KOHTPOJIBHO-U3MEPUTETBHBIX
marepruaior [2|. Counosiorndeckuii onpoc CTyAeHTOB, U3y YaloMnX PEIMET Ha rep-
BOM 3Tale, moKa3bsIBaeT, 9To 3¢ dexTuBHOCTH Blackboard ma mepsowm sTame oueHn Ma-
na: 78% OmMpOIMeHHbIX OTBETUIN, YTO yUeOHBINH MaTepHuasl, TPEACTABICHHBIN B /1eK-
TPOHHOM BapWAHTE, HE BOCIPUHUMAETCS WUMU W3-33 CA0XKHOCTH HAYIHBIX (DOPMYJ/IU-
POBOK ¥ KPATKOCTHU W3JI0KEeHWs. B CBI3W € 5TUM BeIUKA POJIb MPENoIaBaTEessd, KO-
TOPBIN Ha, JIEKITUAX W MPAKTHICCKUX 3AHATUIX AJANTUPYET yIeOHBIN MaTepuas st
6osee serkoro Bocrupusitusg. DMHPEKTUBHOCT 3aHITHI C MPENoIaBaTeIeM OIeHUBA-
ercsa cryzearamu B 93%. Kpowme Toro, cormacho ompocy 81% crymenTos nmoarsepauim
3 hEKTUBHOCTE MPOBOAUMBIX HA 9TOM 3Tare TPaHC(HOPMAINOHHBIX TPEHUHTOB [3].
Tpenunarn TPOBOAATCS C MIPUMEHEHUEM MY/IBTUMEIUITHOTO 000PYI0BAHUS C UCIIO/Ih-
30BaHIEM KOMMYHUKATHBHBIX TEXHUK COBMECTHOTO PENIeHUs TPYIIIOi TOCTABJIEHHBIX
3agad. Ha Bropom srame cTymeHThl He TOABKO 3pdekTuBHO paboTaioT ¢ yuebHo#t u
HAyYIHOU JIUTEPATYPOil, SJEKTPOHHBIMU PECYPCAMHE, HO YK€ MOTYT JIEJUTHCA OMBITOM
C ApyrumMum mn O6yanb CTYJAEHTOB MJIQAIMUX KYPCOB. OHI/I TOTOBBI K CaMOCTOATEIb-
HOIT paboTe ¢ W3ydaeMbIM MarTepuajoM u 52% ydaCTBYIOIIUX B ONPOCE CTYIEHTOB,
moarBepanin 3G GEeKTUBHOCTE AUCTaHITMOHHOTO obpazoBanus B Blackboard mpu op-
TaHU3aIllun BHeayrD;I/ITOpHOI‘/JI pa6OTI)I. Ha TPEThEM ITalle CTYAEHTHI CaMUW MOTYT BbI-
CTPaWBATh TAKTUKY U CTPATETHUIO MOJYyUYeHUsT HOBOM WHMOPMAIINN, CTAHOBATCST CAMO-
CTOATE/IBHBIMU, CHOCO6HI)IMI/I K CaMOpeaJin3annn, OTKPBITBIMU IJId OIIbITA. O“IeBI/Iﬂ;—
HO, 9T0 3 HEKTUBHOCTH 06pA30BATEIBHBIX TEXHOJJIOTHI PA3INTHA HA KAXKJIOM JTalle,
UTO MOATBEPXKIAIOT JAHHBIE COIMOJIOTHIECKOro ompoca. OQHAKO, KaxK as U3 WHHO-
BaI[MOHHBIX TEXHOJIOTUN HEOOXOAMMA, TaK KAK BHOCUT CBOI BKJIaJ B (popMuUpOBaHUE
KOMITETEHIINI OYIYIIero WHKeHepa, CIOCOOHOr0 K CAMOPA3BUTHIO, WIET MPOIECC MO~
CJIe0BATEIBHOTO CTAHOBJIEHUS JIMTHOCTHU, COIUATN3AINISA U COIUATbHAS AATITAIIS.

JIuteparypa

1. Japaran M. A., CrpexxueBa E. B. Vcrionb3oBanne yuebHoit cpenst BLACKBOARD nipu nzy-
YEeHUU MATEMATHKH Jjid CTYIAEHTOB, O0ydalomuxcs mo Hanpasiaeauio «udokommyHuKamm-
OHHBIE TEXHOJIOTHH M CUCTEMBI CBaA3u» // [IpoBieMbl TEXHUKH M T€XHOIOTHI TeIeKOMMYHUKA-
umit [ITuTT-2014; Onrudeckne Texnomaorun B rese-kommyHukamusx OTT-2014 Marepuasist
Mexaynap. nayuno-rexsa. kKond.—Kazann, 2014.—C. 401-403.

2. Hpryranosa 9. A., Haceiposa E. B., SIkynos 3. 5I. O TecTupoBaHuu B CUCTEME IIPETIOIABAHMS
€CTeCTBeHHOHAY IHBIX JAUCIUILIMH B BOeHHOM nHctuTyTe // Bectn. Kazanckoro roc. Text. yH-
ta um. A. H. Tymnonesa.—2001.—Ne 2.—C. 72-77.

3. Haparan M. A., CrpexueBa E. B. Tpauncdopmarnmontbie TpeHUHTH IPpU 00y YeHUH MaTeMa-
THKE CTYJEHTOB MJIAJIINX KYPCOB B MHCTUTYTE PAJMOIEKTPOHUKY U TEJEKOMMYHUKAIWMIA //
TIpuknamguas snekrpoguHaMuka, poronnka u xkusble cucrembl.—Kazanb, 2016.—C. 313-315.

232



CIINCOK COKPAIIIEHU

2-ii uneit npu ByxI'MMW — 2-it ['mxknyBanckuit akaJIeMU9IeCcKuil nreit
npu ByxapckoMm rocyIapCTBEHHOM MEIUIMHCKOM WHCTUTYTE
nmvenn A6y Amm ubn Cumo
BukhSU — Bukhara State University
EIU — Eastern Illinois University
IMM UrB RAS — Institute of Mathematics and Mechanics, the Ural Branch
of the Russian Academy of Sciences
INP AS RUz — Institute of Nuclear Physics, Academy of Sciences of Uzbekistan
METU — Middle East Technical University
MSU — Lomonosov Moscow State University
NUUz — National University of Uzbekistan
RSU S. A. Esenin — Ryazan State University named for S. A. Yesenin
Ryazan Institute ED — Ryazan Institute of Education Development
SFEDU — Southern Federal University
SMI VSC RAS — Southern Mathematical Institute — the Affiliate of Vladikavkaz
Scientific Centre of the Russian Academy of Sciences
TUIT — Tashkent University of Information Technologies named
after Muhammad al-Khwarizmi
UrFU — Ural Federal University (Institute of Mathematics and Computer Science)
VSC RAS — Vladikavkaz Scientific Centre of the Russian Academy of Sciences
VSU — Voronezh State University
AYUUN — Azoso-Uepnomopcknii umkenepusrii wacturyr @IBOY
BO Houckoit TAY
AH YP — Axkamemug nayk Yeuernckoit Pecrmy6mkm
BI'Y — Bpgancknit rocy1apcTBEHHBIN YHUBEPCUTET UMEHU
akagemuka U. T Tlerposckoro
BI'DY — Benopyccknii rocy1apCTBEHHBIN SKOHOMUYECKUN YHUBEPCUTET
BI'Y — Besiopycckuii rocyapCTBeHHbI yHUBEPCUTET
BHTY — Benopycckuit HaITMOHAIBLHBIN TEXHUYECKNUM YHUBEPCUTET
ByxI'V — Byxapckuil rocy/1apCTBEHHBI YHUBEPCUTET
BI'IIY — BopoHexXcKuit rocy1apCTBeHHBIN MeJarorndecKnii YHUBEPCUTET
BI'TY — Boporexcknit TOCyTapCTBEHHBINT TEXHUIECKUI YHUBEPCUTET
BI'Y — BopoHexXcKuit rocy/1apcTBeHHBI YHUBEPCUTET
BUTU HUAY MUDPU — BoiromoHckuii WHKEHEPHO-TEXHUIECK U
uacTuTyT (hrmman) HarmoHaIsHOTO HCCTeI0BATEIBCKOTO FIEPHOTO
yauBepcutera « MU »
Baanukaskasckuit duanan @Y — Biaaankaskazcknit dunmman OuramncoBoro
yuuBepcutera npu [IpaBurenscrse Poccniickoit @emepamnmn
BHII PAH — BragukaBka3ckuit Hay4IHbIN 11eHTp Poccuiickoit akajgemMun HayK
BYHII BBC «BBA» — Boenublit yueOHO-HAyIHBINA ITEHTP
Boenno-so3gymabix cui «BoeHHO-BO3IyIITHAS aKaIeMUs HTMEHN
mpodeccopa H. E. 2Kykosckoro n FO. A. Tarapunas
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I'on BHIL PAH — lNeodusuvecknuit nacturyt — duman PegepasbHOTO
rOCYIapCTBEHHOTO OIO/PKETHOTO yupexkaeHnsa Hayku DempepasbHOTO HAYIHOTO
nmenTpa «BiajgukaBka3ckuit HaydHBIN 1eHTP Poccuiickoit akageMun HAyK»

JAT'TY — JloHCKO#T rocyTapCTBeHHBIN TEXHUYECKUH YHUBEPCUTET

JHIT PAH — /larectanckuii Hay9IHbIN 11eHTD Poccuiickoil akageMun HayK

EN K®Y — Enaby:xckuii uacruryT (buanan) Kazanckoro demgepaabHoro
YHUBEPCUTETA,

UT'M HAHY — WucturyTt rugpomexannku HarmonaabHOM
aKaJIeMUN HAyK YKPanHbI

MM AH PV3 — Nucruryr maremarnkn nmenn B. V1. Pomanosckoro
akagemMun Hayk Pecrnybnmku Y30ekucrtan

UM CO PAH — Uncruryt maremarnkn nmern C. JI. Cobomena
Cubupckoro otnenenus Poccuiickoit akajeMun HayK

Nurl'V — Unrynicknii rocy1apcTBEHHBIN YHUBEPCUTET

UIIMA KBHII PAH — UucTuTyT NpUK/IAHON MATEMATHKU U aBTOMATH3AIIAN
Kabapauno-Baakapckoro mayanoro mearpa Poccuiickoit akageMun HayK

NITY PAH — Uucturyr npobsem yrnpasienns nMenn B. A. Tpamnesnnkosa
Poccuiickoit akajiemMmnn Hayk

UT® um. JI. . Jlangay PAH — ucturyT TeopeTndeckoil (pu3nkm
nmenn JI. 1. Jlangay Poccuiickoit akamgemMun HayK

KasHY — Kazaxckuii HalmoHaIbHBIN yHUBepcuTeT nMenn Ajn-Dapabu

Kanyxkckuit pununan @Y — Kanyxckuit punmnans CPUHAHCOBOTO YHUBEPCUTET
npu [Ipasurenscree Poccniickoit @emeparun

KHUTY-KAW — Ka3auckuii HaIlMOHAJILHBIA NCC/IeT0BATEILCKIA TeXHUISCKU
yuusepcurer nvenn A. H. Tynonesa (Kazanckwuit apmannonnsiii macTHTYT)

KIIN — Hamuona bHBIN TEXHUYIECKNN YHUBEPCUTET Y KPAMHBI
«Kuepckuit momurexandecknii nactutyT umeru Urops Cukopckoros

Kyol'Y — Ky6amckuii rocyapCTBeHHbBI YHIBEPCUATET

Jluneit nasa omapeHHbIX gereit — [ocymapcrBennoe KazeHHOe 00pa30BATEIHLHOE
yupexjieHne «JIureit 1as ofapeHHbIX JeTeils

JI9T'MuH — Jlaboparopnst 371eKTPo- 1 TUAPOIANHAMUKNA MUKPO- W HAHOMACIITADOB
Kpacuomapckoro dpumunana PunancoBoro yuusepcurera mpu llpaBurenbcrse
Poccuiickoit @eneparnun

MAWU (HNY) — MockoBcKuii aBUaIlMOHHbI MHCTUTYT (HAIMOHAJIBHBII
HCCIIeZIOBATEIbCKUN YHUBEPCUTET )

MI'TY uMm. H. 9. Baymana — MockoBcK#Mii rocy1apCTBEHHBIN TEXHUYECKH
yuusepcurer nmenn H. 9. Baymana (HanmoHa bHbIH UCCTEI0BATETbCKU
yHUBEPCHUTET)

MTI'Y — MockoBckuii rocymapcTBernbiiit yanepceuteT umenu M. B. Jlomonocosa

MIITY — MockoBcKkuii meIarornaeckuii TOCyIapCTBEHHbBIN YHUBEPCUTET

MYJO «IIBP» — MyaunumaabHoe yIpexkaeHre JTOTOIHUTETHLHOT0 00pa30BaHus
«IlenTp BHEMIKOILHOW pabOTHI I. 3eieHOKyMCcKa COBETCKOrO paiioHa»

HNMY «M3UW» — HanuoHaabHBIN UCCIET0BATEIbCKAN YHUBEPCUTET
«MocKOBCKUiT SHEPTeTHIECKUIT WHCTUTYT»

HUII C3 u HK — O6miecrso ¢ orpaHudeHHO OTBETCTBEHHOCTHIO
«Hayuno-uccienoBarenbekuii menTp cymep-9BM u HeitpokoMIIBIOTEpOB»
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OI'Y — OpJosckuii rocygapcreersbiii yausepcurer nmenn . C. Typrernesa

00O «ATtoc AitTu Couromniernc 3ua CepBuce3s» — OO0111eCTBO € OTrpaHUIECHHON
orBercTBeHHOCTHIO «AToc AiiTu Cosnomenc suy Cepsuces»

IIT'Y — Ilosonkuit TOCYIapCTBEHHBIN YHUBEPCUTET

CamI'TV¥ — Camapckuii rocyTapCTBEHHBIH TEXHUIECKUH YHUBEPCUTET

CADY — Cesepubiit (Aprruueckuii) dbeaepaabHbIii YHUBEPCUTET
nmernn M. B. Jlomonocosa

COr'yY — Cesepo-OceTuHcKuii TOCY/IapCTBEHHBIN YHUBEPCUTET
nvernn K. JI. Xeraryposa

COIII Ne 1 ct. Apxouckast — MBOY Cpeunsist obmeobpasoBareabHast
mkosa Ne 1
nmvenn lepost Coserckoro Coroza I1. B. Macaerrukosa cr. ApxoHCKast

COIMI Ne 27 — MBOY Cpegusisa obiieobpasoBaresibhaas mkosa Ne 27

COIII Ne 30 — MBOY Cpennsis obmeobpazopareabaas 1mikoJa Ne 30

CIIMUPAH — Cankr-lIlerepbyprekuit nHCTUTYT WHMOPMATUKY
n aBToMarn3anun Poccuiickoil akajgemMun HayK

CYHII MT'Y — Crernuaan3npoBaHHbIH yaebHO-HAyIHBIN 1IeHTD (dhakynabrer) —
mkosa-uarepaar umenn A. H. Kosmoroposa MoCKOBCKOTO TOCYIapCTBEHHOTO
yuuBepcutTera nMmenn M. B. Jlomonocosa

C® CamI'TV — Ceispanckuit puanas CaMapcKoro ToCyIapCTBEHHOTO
TEXHUYIECKOTO YHUBEPCUTETA

TYUT — TamkedaTckuili yHUBEPCUTET UHGOPMAIMOHHBIX TEXHOJIOT U
nmern Myxamvaaa aab-Xopa3muit

OUITL NY PAH — @enepaibHbIil UCCIEIOBATETBCKUN TIEHTD
«Nudopmaruka n ynpasiaennes Poccuiickoit akagemMnn HayK

YUTI'ITY — YeueHcKuii rocyapCTBEHHBIN TEIarOTMIeCKUi YHUBEPCUTET

YTI'Y — Yedencknii rocy/1apcTBEHHBII YHUBEPCUTET

HYeal'V — Yensabunckuii rocy1apCTBEHHBIN YHUBEPCUTET

FOT'Y — FOropcknit TOCyIapCTBEHHBIN YHUBEPCUTET

FO3I'Y — HOro-3ama bl rocy1apCcTBEHHBIN YHUBEPCUTET

FOMU BHII PAH — HOxubIi MaTeMaTnIecKnii WHCTUTYT — (DUaInas
DeiepaabHOTO TOCYIAPCTBEHHOTO OIO/IKETHOTO YUPEXKIeHUs HAYKN
DeepaabHOr0 HAyUHOTO IeHTpa «BjalnKaBKa3CKuii HaydYHLBIH IEHTP
Poccuiickoit akajiemMnn HayK»

IOPTIIY (HIIN) — HOxno-Poccuiickmii rocy1apcTBEHHBLI TOJTNTEXHIIECKHIT
yuusepcurer nmenn M. U. Tlnarosa (Hosouepkacckuii nmomurexanaeckuii
UHCTHUTYT)

FODY — HOxublii denepabHbIil YHUBEPCUTET

ATIIY — dpocraBckuil TOCyTapCTBEHHLIN TTeTarOTUIeCKUil YHUBEPCUTET
nvernn K. JI. VmwumrCKOTrO
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