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CHEKTPOM B JIMHEWHOU TUHAMHUYECKOU CUCTEME .
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Ha MHOT00OOPAa3UsX C JOMEHHBIMUA CTEHKAMU

HUsanos H.O. I'magkocTh ODOOINEHHBIX PEIIeHnil mepBoii Kpa-
eBoii 3a7a4un a1 udGepeHnnaTbHO—PA3HOCTHOIO YPaB-
HEHHS C IIEPEMEHHBIMU KO3 uimeHTamu

H36sx06 H.M. O pa3zpeKeHHBbIX TPUOTUKEHUAX PEIIeHUs JIn-
HEWHBIX CUCTEeM C OPTOrOHAJbHOI Marpuuei

Hszeapuna H.P. O6 311UNTHYIECKIX KOMILIEKCAX OMEPATOPOB B
rUIBOEPTOBBIX PACCIOCHUSIX

Hnoyyrasn T.C. Yucnennoe pernenve cucrem audhepeHmab-
HBIX ypPaBHEHHIl apo6Hor0 [OPS/IKA IIPOU3BOJIBHOIO HH-
JIEKCa

Kabanxo M.B., Mamomun K.T, Xa6u6yJumH B.H. O6 yTou-
HEHHOMH (byHKLu/H/I pocTta

Kabanyosa JI.FO. MoMeHnTHBIE (DYHKINH PEITEHNsT CTOXACTHYIe-
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HBIX TTPOU3BOHBIX
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Kasunun A.B., Twxmuna A.A., Bycasos A.A. Kpaesble u
HAYAJILHO—KPAEBbIE 38JaUN JIJIsT HEJTUMHEHHBIX CHCTEM TeO-
PHUU MEPEeHOCa U3JIyUYeHUs U CTATUCTUYECKOTO PABHOBECHS
B TJIOCKO—TIAPAJIIETEHOM CJIOE .

Kaaumeun B.A. O 4ucjieHHOM DEITIeHUN JTMHERHBIX U HEJTUHEeH-
HBIX YPABHEHUIl C YACTHBIMYM WHTErDAJIAMU .

Kamenckuti M.U., Obyzosckut B.B., llempocan I.I. K crek-
TPATBHON 3ajade s ,l'LI/I(b(l)epeHIlI/IaJ[beIX ypPaBHEHUit
nmpobroro mopsiaka a € (1,2)

Kanuywna T.B. HaanbHo—KpaeBas 3a7ada s BBHIPOXKIATO-
muXca MapabOTHIeCKUX YpaBHEHU B Kiacce Xapain

Kampazosa A.A., Kynuyos B.C. O eIUHCTBEHHOCTH PEIIEHUS
sagaan Jupuxse aisa B-snmunruaeckoro ypasHeHust BTO-
poro nopsika .

Kauxuna A.B. AcuMnroruyeckoe pasJiOXKeHue CIeKTpa aud-
depeHImaILHOrO omepaTopa, HITpraf.HI/IyBI/I.H.Hﬂ c rpa-
HUYHBIM yCJIOBUEM B HYJIE

Kawanos JI.H.,Kawanoe H.®., Yebarxosa B.FO). MeTO,H TOTO-
KOBO# TIPOTOHKWY JIJIs1 PEIIEHUsT YPABHEHUS TIEPEHOCA, KOM-
MTOHEHT JIEKTPOJIATA

Kawenro A.A. 3aBUCUMOCTD HEJIOKAJIHHON TUHAMUKHA MOJIEJIH
CBSI3aHHBIX OCIUIISATOPOB OT BHJIA CBA3H

Kay /[.B. KpaeBas 3amada Pumana Ha MIOCKUX HeCpsAMJIse-
MBIX KPHUBBIX

Kucenes E.A., Munun JI.A., Ywaros C.H. IByXKOMOOHEHT-
Has OKOHHAsl CUCTEMa Ha OCHOBE KOI'€PEHTHBIX COCTOSHUI
u Tera—QpyHKIAIT

Kupuuex B.A. 3agada ¢ mHTErpaJbHBIMU YCIOBHSMU TPETHETO
poaa s runepOboMYecKoro ypaBHeHust

Kaesuyosa FO.FO. Onna npenenbHas TeopeMa Ajst Moneu Jlo-
PEHIIA, BO3MYIIEHHON GE/IbIM LIy MOM

Kosxo A.U., Jlyocuna JI.M., Ilonos A.FO., qupcmm B.T.
q)yHKHI/IH HOTpe6HeHI/I5{ N KaIlluTaJia 1 X MOHOTOHHOCTH B
MOJIEJIAX IKOHOMUYIECKOTO POCTA, .

Koxypun M.M. CynepobpaTtHasi TeOpeMa 0 CKOPOCTH CXO/IH-
MOCTH WUTEPATUBHO PETYJIsPU30BAHHBIX MeTOJ0B l'aycca—
HrioTona
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Koxypun M.M., Baxywunckui A.B., Taspunrosa A.B., Kmo-
vwes B.B., Jleonos A.C. O BbIOOpE MHOXKECTB UCTOUYHUKOB
¥ JIETEKTOPOB MU PENIeHuN TPEXMEPHO 00paTHOI 3a/1a-
97 CKAJIAPHON aKyCTHUKHU .

Koxypurn M.M., IHaxmymos /1. A. I/I,ZLeHTI/I(bI/IKaHI/IH mapameT-
POB cTeHKW aprepuu 1mo JanubiM Y3 u aprepuasibHOro
JTABJICHUS C

Koxypurn M.FO. O6 ycTOWYUBBIX UTEPAIMOHHBIX MPOIECCax B
cxXeMe KBa3upelleHuit .

Koanecnurosa U.B. dxcrpemaiiu pearoabMoBa (pyHKIIHOHATA,
BOJIM3H yIJIOBOM TOYKH MHUHAMYMA C OMOMIHIECKOH OCO-
GEHHOCTHIO . .

Konenxos A.H. Pa3pemmMocTs epBoil KpaeBoii 3a1a4u ¢ Ipa-

BO# 4aCTHIO A1 YPaBHEHUSA TETJIONPOBOJHOCTU B KOHYCE .

Kownonaesa  U.B., 3naenxo H.C., Muponosa JI.B.
BepositHOCTHO—CTaTHCTHYECKTE METO/IbI peIeHs
podeCCHOHATEHO—OPUEHTUPOBAHHBIX 38124 .

Kopues B.B. O cxomumoctu (DOPMATBHOTO PEIIeHusT MeToIa
@ypbe B CMEIMIAHHON 3a7a9e Jijisi HEOTHOPOIHOTO BOJIHO-
BOI'O YPABHEHUS C PErYJISPHBIMU KPACBbIMU YCJIOBUSMH .

Koposuna M.B. IlocTtpoenne acuMOTOTHK perneHnit maudde-
PEHINANIBHBIX YPABHEHUN B OKPECTHOCTH UPPETYIISTPHBIX
OCODOBIX TOYEK B MPOCTPAHCTBE (DYHKITHIT IKCTIOHEHITHAb-
HOT'O POCTA e

Kocmaxosa M. T., Xamseeea A H ,ZLpo6H0 HarpyKeHHas 33,13~
4a JIisl yPABHEHUS TETLIOMPOBOIHOCTH B CJIy4ae U30TPOII-
HOCTH TIO YIJIOBOHW KOOPJWHATE

Kocmenxo E.W. Cnabas paspemmMocth cucrembl HaBbe—
Crokca Ha mosyocu .

Kocmepun /[.C. YcroituuBble pa3pbIBHBbIE DPEINEHUs] OIHOM
IPOCTPAHCTBEHHO—PACIIPEAEJICHHON KPAaeBOoi 3aa4u
Kyodpasues K.H. Ona uepapxudeckast Urpa mpu HEOIPe/1esIeH-

HOCTHU .

Kyoicaes A.D. HeHOJ'IHOTa CHUCTEMBbI KCITOHEHIINATTHLHBIX MOHO-
MOB C TIOYTH BEIECTBEHHBIMU TTOKA3ATEI MU

Kysenxos O.A. Kounnenius nagopMalii B CHCTEME KOMTIETEH-
it udpOBOit KYJIBTYPBI .

Kyanaes P. Y., Ypmaesa A.A. Meron, HlTpra JIJIsT KPAeBoii 3a-
a9y 9€TBEPTOTO MOpPsIKa Ha rpade

12

. 220

. 222

. 223

. 224

228

. 229

. 231

. 233

. 236

. 239

. 240

. 242

. 244

. 246

. 248



Kyauxos A.H., Kyauxos A, Dponros AT
Biusaue yuera 3ama3mbiBaHWS W MTPOCTPAHCTBEHHBIX
GakTOPOB HA JUHAMUKY DEIIEHHI B MATEMaTHIECKUX
MO/IEJISIX MAKPOIKOHOMUKH . .

Kypuna I'A., Xoatt H.T. O mpoeKTOPHOM HOIXOJE K TOCTPO-
€HUIO ACHUMIITOTHKU PEIIeHUs OJHOr0 KJIACCa JTUCKPEeT-
HbIX HAYAJIbHBIX 33/1a4 C MAJbIM IIArOM B KPUTHYECKOM
Caydae .

Jasapes H.II., E(ﬁwvwea EC OHTI/IMaJIbHoe yIIpaBJICHHE
BHEIITHUMH HATPY3KAMU B 33Jla9€ O PABHOBECHU COCTAB-
HOrO Tejia, KOHTAKTUPYIOIIErO YKECTKUM BKJIIOYEHUEM C
OCTPOI KPOMKOIt

Juvax E. M. K Bompocy aHAJIMTUYECKOTO BHIYUCECHUST MOIITHO-
ctu F—xpurepusi 0aH0(MAKTOPHOTO IUCITEPCUOHHOTO AHA~
m3a e

Joxyyuescxuti JI. B BbIHyKJ'[aH TPUTOHOMETPHUS W IIPUJIOIKE-
HUs K 33/a9aM C JIBYMEDPHBIM yIIPABJICHUEM

Jlomos H.C. AcuMnToTHYECKUE U CIEKTPAIbHbIE CBOWCTBA Pe-
MIEHU OJHOTO CHUHTYISPHOrO AudHepeHnuaaIbHOrO Ome-
paTopa Ha OTpe3Ke

Jlomosues @.FE. Pemnienne 1ByXCKOPOCTHOTO MOZIEIHHOTO BOJI-
HOBOI'O YDABHEHUsI HOBBIM «METOJIOM HESBHBIX XapaKTe-
PUCTHUK » R

Jyeosckosa FO.11. MaTeMaTI/IquKoe MOJIeTUPOBAHNE TOMEOCTa-
THYECKOM CHCTEMBI YIJIEBOIHOTO OOMEHA

Jaxos JI.H., Bysamos K).H. Awnanor ¢opmysibl HyaCCOHa
mutst ypasaenus: Jitnepa—Ilyaccona—/lapOy ¢ omeparopa-
mu Beccesist ¢ oTpunaTeIbHBIME TAPAMETPAMH .

Jaroe JILH., Kaaumeun B.A., Jlanwuna M.I. O 1pe-
O6pa3OBaHI/II/I ,ZLBOI/ICTBGHHOM K HpeO6paSOBaHI/IIO
Pamona—Kwunpusuosa . .

Jazxos JI.LH., Powynxun C.A. OFpaHI/I‘{eHHOCTb T*C,JIBI/IFa B
MPOCTPAHCTRE HEMPEPHIBHBIX (DYHKIUH e

Madpazumosa 3.C., Hczxaxosa /[.9. O06 amajore 3amadn
TpuroMu JJIsi BBIPOKIAIOIIETOCS yPABHEHWS Hapa6onof
SJUTUIITHIECKOTO THITA, .

Madpazumosa 3.C., Typcynosa HX O6 OIHOI  HeJO-
KAJIbHOW KpAeBOW 3amade [jisi ypaBHEHHs Tapaboo—
rUMepOOIMIECKOTO  THUMA  BBIPOXKIAIOIIErOCsS  BHYTPH
obsacTu
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Manromun K.I'., Kabanxo M.B. Ilepsoe ypasuenune [lemnese .

Mapxosckui A.H. O 3anaye Pukbe Iy OTUrapMOHUIECKOTO
ypaBHEHUS .

Mapwosckuii A.H., I'amaronosa . 1O. O BEIYUCTIEHUN HA, YACTH
IPAHMIBI BTOPOrO IPAHUYHOrO yCJIOBUS OUrapMOHIUYECKO
33344 .

Mawewsun U.B., Illemposcruti M.U. VccnenoBanue u paspa-
0O0TKa MPHUKJAJHLIX TEXHOJOIMH MCKYCCTBEHHOIO HHTEJ-
JIEKTa,

Mawmaxos A.IL, Cauxos FO.JI. 3anada GuicTpomeificTBus HA
IPYyIIE JBUKEHHH ILJIOCKOCTH C yIIPABJIECHAEM B KPYTOBOM
CEKTODE . . . . . . ..

Medsedes A.B., Kysenxos O.A. O600IIeHIE MOETN S3BIKOBO
munavun Abpamca—CrporarTu Ha cirydail HECKOJIbKUX 13-
KOB .

Meavnuxos H.B., Peszep B.J. Yder cuMMerpuu B MeTOE
Purna gyia ypasuenus Ilpenuarepa B kpucraiax ¢ 6a-
3UCOM

Mymorose M.B. O kpurepus yCTOWYUBOCTH HEKOTOPBIX TI'H-
OpHU/IHBIX CHCTEM

Myzcunos E.M. 3anaua upecienoBanus i OgHo# maudde-
PEHIHATBHON UTPhI HEHTPAJIBLHOIO THIIA B OAHAXOBOM IIPO-
CTPAHCTBE

Haumos A.H., Buwcmpeuyxuis M.B. O pa3spemumocru 1e-
PUOIMYECKON 3ajadm  JiJIss  CUCTEMbI  OOBIKHOBEHHBIX
nuddepeHImaIbHbIX  YPABHEHUE ¢ KBa3WOTHOPOIHON
HEJIMHEHHOCTBIO .

Hegedos H.H. CymecTBoBaHne, aCHMITOTHKA U YCTOWIUBOCTH
O JIAMYHOBY PEIIEHUHN MePUOIUUECKUX MapabOJInIecKux
KPAEBbIX 33144 JIJIsI CHCTEM THXOHOBCKOIO THUIA, .

Opaos B.II. O6 onHOit HEOTHOPOIHOM 3a/1a9e BA3KOYIPYTOCTH .

Hacmyzoe M.C., Pwzaose B.C. Paznoxenue uepBoii Kom-
MMOHEHTHI 1O COOCTBEHHBIM (DYHKIIHSM OJHOTO KBaJl-
paTugHOrO TydYKa JaudOEepeHnuaabHbBIX  OMepaToOpOB
BTOPOT'O TIOPSIIKA,

Hepeckoros A.B. O KBa3UKIACCUUECKONW aCUMIITOTHKE CIIEKTPA,
aToMa, BOJIOPO/IA B DJIEKTPOMATHUTHOM T0JI€ BOJIM3N HUAK-
HUX TPAHUI] CIEKTPAJIbHBIX KJIACTEPOB
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Hepexoduyesa 3.B. Texunosorusi aBTOMATU3UPOBAHHOTO [TPOTHO-
3UPOBAHUS CUJIBHBIX ITKBAJIOB U CMEpPUeii, & TAK¥KE CHUJIb-
HBIX W OMACHBIX OCAJKOB Ha Tepputopuu Poccum B THUE-
HHUE aHOMAaJIbHO TeIJIbIX JeTHUX ce30HoB 2020-2022 rr u
€ro pe3yabTaThl .

Ilempos H.H. I'pynmnoBoe mpeciegoBaHue B PEKYPPEHTHBIX
maddepeHnraaTbHbIX UTPAX

Iaues M. A OCKONMOYHO KOMITAKTHBIE W Y3KUE OMEPATOPbI

Iavwesckas C.II. JlokambHas TuHaMuka ypaBHenus Kana—
Xunnapaa . -

Hozpebmax M.A. Ouenka mapaMeTpoB B MOJEH aBTOMOOUIIb-
HOrO Tpaduka .

Hodobpses A.B. Ocecummerpudnas JIOPEHIEBA 3ajada Ha
rpymme .

Ionockos H.E. ypaBHeHHﬂ JUI KOBAPUAIMOHHBIX (DyHKIM
BEKTOpA COCTOSIHUS JIMHEHHON CHCTEMBI CTOXACTUYECKUX
b depeHInaNbHbIX YPABHEHNT ¢ KOHEIHBIMU COCPEI0-
TOYEHHBIMHU U PACIPEICTEHHBIMU 3aA3IbIBAHUSIMHA

Hoansxosa /I.A. O6 obpa3se omeparopa CBEPTKH B MPOCTPAH-
cTBax yabTpaanddepennupyeMbix QyHKITAH .

Hocmuos C.C. [-npobieMa MOMEHTOB B 33J]a9aX ONTUMATLHO-
IO yHIpaBJeHUsl W OIEHUBAHUS COCTOSHUS MHOTOMEDPHBIX
JIMHEHHBIX CUCTEM JPOOHOIO MOPSIKA .

Ilomepsesa B.A., Bybenwuwuxos A.M., By6ewum06 M A
J'[oxannsauna YACTUI[ BHYTPHU (’pymlepeHa

ITposomoposa JI.B. O6 omHOI TaHTEHINAILHON 3a1a9e¢ TEOPUN
TOJISE HA, TJIOCKOCTH .

Ipoxonvesa /I.B., 2Kyx T.A., Fom)eno HH AHaJH/I3 ypaBHe-

HU THTI, KonMoropOBaJlenMeHa ¢ muddbepeHnraIbHBIM
oneparopom Porkepa—Ilranka, HeHyIeBbIM KoM duIim-
€HTOM CHOCA, . e

Ilczy A.B. Kpaesble 3a1aun JJjis ypaBHEHHS ,ZLpO6HOI/I zm(bcby—
3UU C IPOU3BOIHON JImyBuILIs

Paeuyxasn E.B. AjropurM IOCTPOEHMS PeLIEHUs 3aJa4H IIPO-
IPAMMHOIO YIIPABJIEHUs JIJIst JUHAMUYECKON CHCTeMbl B
YACTHBIX MPOU3BOIHBIX .

Paeuyxuti K.A. Monenuposanue TpaeKTOpuil JuHeHHON InuHA-
MUYECKON CHCTEMBI ¢ KOHTPOJIBHBIMUA TOYKAMHU U YCJIOBU-
MU HA yIPABJIEHUE
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Paoicabos 2. M. O6 onHOit KpaeBoii 3a/1a4€ [1Jisi BbIPO2K 1Ar01Le-
rOCS YPABHEHUS SJITUITUIECKOTO TUIA CO CIIEKTPATBHBIM
mapaMeTpoM .

Pacynroe A.B. Bamaua tuna JIupuxje sl CHHTYISPHO BO3MY-
IIIEHHOTO ypaBHeHus Jlammaca ¢ CuIbHOM 0COOEHHOCTHIO B
MIaameM KoM uimenTe .

Pacyaoe A.B., ®edopos FO.C., Cepzeeea A M Ba,ZLaHI/I TH-
mna PI/IMaHa*FI/IIIb6epTa ans ypasuenns Kormm—Pumama
C MJIaJILIUM KOSd)(bI/IuHeHTOM AMEIOIUM OCODEHHOCTH B
OKPYKHOCTH .

Pacyros A.B., H%:ue"m%‘ H B Saﬂaqa PHMaHa I‘I/Inb6epTa
JJIst ypaBHeHm[ Kommm—Pumana ¢ cuibHBIMU OCOOEHHOCTSI-
MH B MJIQIIUX KO3 dunmenTax B 00JACTH C KyCOIHO-
DIAJKUMY TPAHUIIAMEA

Paymuan H.A. VcciemoBanue BOJIBTEPPOBBIX WHTETPO—
audepeHnnanbHbIX  YPABHEHWH  METOJAMU  TEOPHH
MOJIy TPy ..

Peiinos O.H1. O pacupejiesieHnn CODCTBEHHBIX YUCEIT sIIEPHBIX
OIIEPATOPOB . e

Pexsuawsuau C.II., Icxy A B KBaHTOBaﬂ AMa C 3apAJaMu
Ha, CTEHKAX .

Pooduxoea E.T. I/IHTepHOJH{uI/IOHHHe OCJIeIOBATETHHOCTH
TTOCKUX Kjaccos IIpuBasioBa .

Ponoicuna M.U., Manuma JI.A. .HorapmbMqu(:KHe CITUpAIN B
3a/1a9aX OMTUMAJILHOTO YIIPABJIEHUS C By MEPHBIM YIIPAB-
JIEHUEM Ce

Poxaos B.C. O000IMEHHOE perenne HadaabHO-TPAHNIHON 3a-
Jladu J1Jist BOJTHOBOT'O YPABHEHUsI CO CMEIIAHHON MPOW3BO/I-
HOW ¥ HEHYJIEBBIM MOTEHIUATIOM .

Cabumos K.B. Ilpsmbie u obpaTHbIE 3a/1a9U JJis BBIPOXK A0
IErocs ypPaBHEHUs TEIIOIPOBOIHOCTH

Casun A.F). Peryasgpu3oBaHHbIe CJejbl W HEKOMMYTa-
TUBHBIE  BBIUETHI  JJd  TCeBIOAUMdEpeHInATLHBIX
omepatopoB B R" e

Casuyrx A.M., Cadosnuuas U.B. ACI/IMHTOTI/I‘{eCKI/Ie OIIEHKU
JIS THHAMWYIECKOro ypasHenus /lupaka

Canvnurosa T.B., Kyeywee E.H. Ananurmdeckue OIEHKU B
3aJ1a9e TPex Tes

Cauros I0./I. CybpuMaHOBbBI ccbepbl SHrem{ u Kaprana .
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Cauxosa Eo., Cauxos 10.J1. CybpumanoBa
(2,3,5,8,14)3amaua

Cemenosa T.H). AnropuT™ mMOWCKA TOYHOTO 3HAYEHUS apry-
MEHTA MOJIYJisi HEMPEPBIBHOCTH B OIEHKE CXOJUMOCTHU Psi-
1a Oypbe HENMPEPBIBHON MEPUOAMIECKON PyHKITHN

Cepezuna E.B., Cmenosun M.A., @uaunnos M.H. O6 ucmnomis-
30BaHUM TPOEKIIMOHHOTO METOA JJIsi MATEMATHYECKOTO
MO/IEJIUPOBAHKS HECTAIMOHAPHOrO ypaBHeHus auddy3un
¢ IepeMeHHbIM KO3(hPHUIHEeHTOM .

Cudopenxo B.B. Pe3oHaHChl 1 Xa0oC B 33/1a9e TpexX Te

Coaues K).C. O KOHEUYHOMEPHBIX AIMMIPOKCHMAIUIX OCOOOTO
naTerpaia ['mapbepra mo JeicTBUTENLHON OCH

Cyamanos O.A. Pe3oHamncHbBIE DEIIEHUS B HEJTUHEHHBIX CHCTE-
Max € 3aTyXaIOIMMU OCIUJIIUPYIOMIUMU BO3MYIIIEHUSIMU

Cmaw A.X. Bonpocsl HEMpepbIBHOCTU TOKa3aTesneit Komaedie-
MOCTH H& MHOXKECTBE PeIIeHn JUHEHHBIX TuddepeHim-
AJIbHBIX CUCTEM

Tanbaxos @.M. O6 abCOMIOTHON CXOAUMOCTH JIBOWHBIX PSIIOB
Dypbe PABHOMEPHBIX IMOYTH-TIEPHOIAYCCKAX (PYHKIIHA .

Taxupos 2K.O. O kouKypeHTHOI Kpocc—aud dy3uoHHO cucre-
Me XUITHUK—KePTBa ¢ auddy3ueil, 3aBucCIei OT TI0T-
HOCTH

Tumapenkxo C.A. Pemenune cnekTpaabHON 331a90 «MOXKHO JIH
yeasimars ¢popmy bapadbanas

Trxauwesa C.A., Casuenxo I.B., Manywoecnaﬂ ur. KoppeKT—
HOCTBH HEJIOKAJIHHOM FpaHI/I‘IHOI/I 3a[a49u I CUCTEM JIU-
HeWHBIX Iu(PEepEeHITHATbHBIX YPABHEHUI C <«BECOBOii»
IPOU3BOIHOM

Taawee B.B., Ywzo /[.C. O6 oTCyTCTBUM TIPEIEIBHBIX IIHKJIOB
y OJIHOTO KJIACCA MOJMHOMUAJIBHBIX BEKTOPHBIX MOJIEH

Tomuesa 2K./[. Jluneapu3zoBanHas 1ByMepHas obparHas 3a/a-
43 TEPMOYIPYLOCTU C HAMATHIO

Tpycosa H.H. JlwnaeitHoe 4YaCTHO—MHTErpPAJbHOE YypaBHEHUE
®pearoabMa BTOPOrO Pojia OT CPEPUIeCKH CUMMETPHI-
HBIX QYHKITAH .

Typourn M.B.,  Yemuoowcanunosa A.C. Paszpemmmoctn
HaYaJIbHO-KPAEBOH 3ajaum s  Momean KegpbBuHa—
@oiirra KOHEYHOIO TOPSIKA .
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Typmun /1.B., Cmenosuyw M.A., Kaamanosuy B.B., Kapma-
noe A.A., Toroeansv B.JI. O 3aBUCHMOCTH OT BXOJHBLIX
JAHHBIX pernenns auddepeHnaaIbHOro ypaBHeHus qud-
dy3un B MOIYTPOBOIHUKE KOHETHON TOJIIUHBI .

Tycynbexrosa 9.E. VccnenoBannme u aHAIN3 MATEMATHYIECKOM
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O PECYPCHBIX CETSIX C MEHSIOIIENCSH
JJINTEJIBHOCTBIO ITPOXOXKJIEHUAI 110 AYIAM
C OPTOANYECKOU BCIIOMOTATEJIbLHOM CETHU

X.H. A6aynpaxman, H.C. 3agopoxuas
(Pocros—na—ony, PI'VIIC)
Abdulrahm.haidar@gmail.com

Paccmorpum pecypcuyio ceth (G, MpeaCTaBISIONIast coO0i CBABHYIO
OPMEHTUPOBAHHYIO CETh, C MEHAIOMIEHCA NJINTEJIbHOCTBIO MPOXOXK IeHU
Mo JyraMm, Ha KOTOPOH pa3pabOTaHbl METOIbI PACIPEICTIEHUs PECyp-
coB.CocTosiHEEM B CETU C MEHSMOMIEHCS IJIUTEJIbHOCTBIO IPOXOXK ICHU
1o ayraMm OyaeM CINTaTh CIAEeLYyIOInil BEKTOP

Q(t) = {Ch(t)a Q2(t)a T 7qn(t)}§

a0 @ () G~ (1)
R I e O GRS (e UN
O ORIl
rae qf(t) — BeJIMYMHA PECypCa BEPIIHHBI :L"f = (p1o fHW), i =

1 ,nt=0,1,---,D—1.

Pacemorpum ayry u (rae (prof)(u) =x,j=0,--- ,D—1), kKoropas
uMeer mpomyckHy crnocobnocrs (u®). Torma pecype qg (t) B momenr
BPEMEHN ¢ HAXOOWUTCA B CIEIYIONEM BUIE:

Qi(t):qi(t_l)_ Z F(uvt_1)+ Z F(u7t_1)v

vela! T+ vE[wi]t

rjie IOTOK, IIPOXO/LIIUA Yepe3 Jyry « B MOMEHT BpemeHu t — 1, umeer
BU: )

g/ (t) (v
Syt —1) e (V)

F(u,t—1) = X

D-1
X min{z it —1), Z r(v)}. (1)
k=0 ve[zd]+

Paccmorpuwm cayuaii, korga Beromoraresbhas ceth G/ (X', U’ F') nc-
xomuoii ceru G(X,U, f, D) , cocrout u3 D 3progudeckux U30JUPOBAH-
HBIX KOMIIOHEHTOB CHJIBHO CBSI3HOCTH, TJI€ W30JUPOBAHHAS KOMIOHEHTA

© Abgpynpaxman X.H., 3agopoxnas H.C., 2023
36



— 3Ta KOMIIOHEHTa, Ha KOTOPOi u3 110001 ee BepIIMHbL J0CTUKUMbI TOJIb-
KO BEPITUHBI ITOH K€ KOMIIOHEHTHI.

Teopema. Ecau das kaocdoli dyeu u epagpa G(X,U, f, D), sada-
nor daumesvrocmu d(u) = {D,D,---,D,D}, moezda ecnomozamens-
notti 2pagp G' cocmoum u3 D KoOMNOMEHMAT CUALHOT C6A3HOCTAU 6UIA
Gia(XS?aUga’fa); 2de o = 0,1,2,---,D -1, XE? = {:L’?,l’g,"- ,xf{},a
womnonenma G2 seasemea dybauramom uczodnoti cemu G 6es ozparu-
weHHOT 1A 00CTNUNCUMOCTIU.

JIoKa3aTeIbCTBO TEOPEMBI BOSHUKAET OT TOTO UTO, JJINTEILHOCTH Pa-
BeH IepHOJ MCXOJHOH CeTH, TaKuM 0Opa3oM, IIPOXOXKJIEHHUs IO JLyTaM
IIPOUCXOIUT KazK/Jblii [ TaKTOB Ha MCXOJHOH CeTH M 3TO 03HAYaeT, YTO
[IOTOK [POXOJUT 110 JyraM KakK Ha UCXOIHOI ceru Ge3 orpaHudeHus Ha
JTOCTHKUMOCTH, TOJBKO ¢ omo3aanmit D munyTh (TakTor). T.e. Ha Kaxk-
JIOi CJIOi BCIIOMOTATEIbHOMN CeTu OyIeT SProInIecKy0 KOMIIOHEHTY BUIA
GY, na koropoit cymmapmstit pecypc WP = >~ | ¢ pacupenensercs mo
dopmyne (1), rme Zf):z,l W = >y q(0) = W— cymmapusiii pecypc
ncxoxuoit cetn G.

Bamerum uTO, ecam Ha KOMIOHEHTHI G mveer mecto W =T | rne
T — noporosoe 3HadeHHe MCXOJHONH ceTu Oe3 orpaHudeHus Ha JOCTH-
JKHMOCTH, TO HPEIENbHOE COCTOSTHUE CYIeCTByeT u enuHcTBeHHO |1]. B
TPOTUBHOM CJIydae BCe 3aBUCUT OT HAYAILHOTO PACTPEICIeHUs pecypea
W na komnonentsr G . Tloporosoe 3navenue T' u NpeIeNbLHOE COCTO-
suue (Q* MOXKHO HalTH Kak B paborax [1] u [2].

JIureparypa
1. Cropoxomos B. A. 3amada HAXOXKIEHHS IOPOrOBOIO 3HAYEHUS B
sproauveckoil pecypcnoii ceru / B.A. Ckopoxomnos // Yupasienue 60Jib-
mumu cucremavu. — M. : UTITY PAH. — 2016. — Bei. 63. — C. 6-23.
2. Ckopoxonos B.A. Tloroku B cersix ¢ MeHSIOWIEHCS IJIMTEIbHO-
crbio npoxoxkzaerns / B.A. Ckopoxomnos// MNzeecruss BY3os. Cesepo—
Kaska3zckuit pernon. EcrecrBennbie Hayku. — 2011. — Ne 1. — C. 26-31.
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O CYIIECTBOBAHUUM U EAVMHCTBEHHOCTU
IHOJIOZKUTEJIBHOT'O PEIMITEHU A
KPAEBOM 3AJIAYM JJISI OJJHOI' O

OYHKIIMOHAJIbBHO—/IN®P®EPEHIIMAJIbBHOT O

YPABHEHU A JIPOBHOTO ITOPAJIAKA
I.9. A6agyparumoB (Maxaukaiua, II'Y)
gusen_ e@mail.Tu

PaccmarpuBaerca kpaesas 3a1a4da

Dgalt) + £ (4, (To) (1) =0, 0<t<1, )
z(0) = 2'(0) = 0, (2)
z(1) =2'(1) =0, (3)

rae a € (3,4] — meiticrsurensuoe uncio, D, — npobHAas IPOU3BOIHAL
Pumana—JIuysuans, T: C — L, (1 < p < 00) — suHeHHBIH IOT0KH-
TeNbHBII HEMPEPHIBHBIN omeparop, dbyHkuus f(t, u) HeOTpHIATEThHA HA
[0,1] x [0,00) u yaomnerBopsier ycaosuio Kapareomopn u f(+,0) = 0.

IIpu HEKOTOPBIX OrpaHUYeHUAX HA (DYHKIHUIO f CTEINEHHOIO XapaKTe-
pa ¢ momoIbio TeopeMbl [o—KpacHoCcemhCKOro moydeHsbl TOCTATOTHbBIE
YCJIOBHSI CyIIIECTBOBAHUS 110 MEHbIIEIl Mepe OJ[HOTO TIOJIOKUTEIHLHOIO pe-
menns 3aga4au (1)—(3). IIpn mononHuTeNbHBIX OOpeMeHeHUAX Ha f euH-
CTBEHHOCTDb TAKOI'O PEIleHUs TaPAHTUPYET MPUHIIAI CKATHIX OTOOparke-
awuit. [IpuBoguTCs npuMep, WITIOCTPUPYIONINH BBITOJIHEHUN YCIOBUH CO-
OTBETCTBYIOIIUX YTBEPIKICHUA.

IMonyyenuble pe3yibraThbl JOLOIHAIOT UCC/eA0BaHUus aropa [1,2,3]
10 JIJAHHOUW TeMaTuKe.

JIureparypa
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Wsnarensckuii nom BIY, 2023. — C. 5-6.

HEPABEHCTBA J1J1d HANJIYYIITIETO
IIPUBJIN2KEHUA «YTJIOM» 1 MOAYJIA I'NIAJIKOCTHA
OYHKIIVIN B ITIPOCTPAHCTBE JIOPEHITA
I'. Akumes (Acrana, KO MI'Y)
akishev _g@mail.ru

Iycts T = (21,...,2m) €ER™ ;T =[0,27) u I = [0, 1)™.

Yepes Ly, -(T™) obosmasmm mpocrpancTso JlopeHa Bcex BelmecT-
BEHHO3HAYHbIX U3MepuMbix 10 Jlebery dyukuumii f(T), KOTOpbIE UMEIOT
2T—TIepumom IO KaKI0H TTepeMeHHON 1 1T KOTOPHIX BEJIMINHA,

T

1 1/7
[fllpr = <p/(f*(t))rt;1dt> <oo, 1 <p<oo,l1<T <00,

0

rae f*(y) — HeBo3pacrawoias nepecraHoBka Gyukiun |f(277)|, T € I™
(em. [1], c. 213-216).
B caiywae T = p npocrpamcrso Jlopenna L, - (T™) coBmagaer ¢ opo-
crpanctsoM Jlebera L,(T™) ¢ mopmoit || f||l, = || fllpp (M. [2], c. 11].
Ly +(T™) — muowxectso Beex dynkmuit f € Ly, -(T™) Takux, 910

2

/f(@dxj 0 =1,

0

Bemnuuna
m
Yllv---alm(f)P,T = ljr,llf ||f - Zz—‘l] ||p,T ) l] = 07 1a 2a
J j=1

HA3BIBACTCA ~ HAWIYYIIAM  NPUOIMKEHHEM — «ymioM»  (byHKIum
f € Ly (T™) rpuronomerpuyeckumu nojunomamu, riae 1j, € Ly - (T™)
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TPUTOHOMETPHYECKHH  IOJIMHOM  HOpAJKa l; 10  IepeMeHHO
zj, j=1,...,m (B cryuae 7 = p cm. [3], [4]).

CwmermanHbIif MOYMh TIagKocTH nopsiaka k dyuknun f € Ly, - (T™)
omnpenensiercst 1o dopmyiie ( B caydae T = p cM. [3], [4])

wi(fotes e tm)pr = sup ”A%(f)”p,ﬂ
[h1|<ta, o hon [Stm

rne AFf(2rz) = Af;L(...Afllf(27Tf)) — CMeIaHHAs PA3HOCTL MOPSIIKA
k= (ki,....km), k; €N, j=1,...,m, c marom ¢t = (t1,...,t) .

B teopum npubnmkennsi (QyHKIINH, XOPOIIO HM3BECTHBI MPAMBIE U
oOpaTHBIE TEOPEMBI , B KOTOPHIX YCTAHABJIWBAIOTCA HEPABEHCTBA, MEK-
Jly HAWJIYYIIAMUA TPUOIVKEHUSIMA W MOIYJIAMHA TIAAIKOCTH (DYHKINA 13
HEKOTOPOro TpocTpaHcTBa (cM. Hampumep 6udanorpadun B [4], [5]).

B npocrpancrse Jlopenna mokazana:

Teopema. ITycms o = max{2,7}, ecau 1 < p < +o0 u2 < 7 < 00
w1l <p<2ul<7<2uf=mn{2r7} ecaul <p < +oou
1<7<2umu2<p<oo,2<7<00. Ecau f € L, -(T™), mo

m ni+1 nm+1 m 1/o
—k; kjo—1y,0
ATl (%S e e,
j=1 v1=1 vm=1 j=1
™ ™
<wﬁ(f777"'77)
ni Nom /7 p,7

ni+1 nm+1 m 1/B
(Do |

<efln(3 ST

vi=1 vm=1 j=1

2de C1, Cy nosogicumenvrole “wucaa nesasucaujue om n; € N.
B caydae 7 = p u3 310it Teopemsl caenyer Teopema 9. 1 B [4].
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Survey / M. K. Potapov, B. V. Simonov, S. Yu. Tikhonov // Surveys in
Approximation Theory. — 2013. — Vol. 8. — P. 1-57.
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5. Nsanos B. ., IIpsivbre u obparHbie TeopemMbl Teopun npubiinke-
Hust nepuoandeckux ¢yukiuit B padorax C.B. Creuknuna m mx paspu-
e / B. . Usanos // Tp. UMM ¥YpO PAH. — 2010. — T. 16, Ne 4. —
C. 5-17.

O IMMPEAEJIbBHOM ITOBEJIEHWN PEIIIEHUN
YPABHEHUSA ITEPEHOCA U3JIYUHEHUSA
ITPA CTPEMJIEHUU KOPPUIITNEHTOB

IIOTJIOIIIEHN A
1 PACCESHIA K BECKOHEYHOCTI!
A.A. AmocoB (Mocksa, HIIY M)
AmosovAA@mpei.ru

PacnpocTpanenne MOHOXPOMATHYIECKOTO W3IYUYEHUS B MOJYIPO3pad-
HOM [Ijisi u3jiydenus Tejie (G OMUChIBACTCS yPABHEHWEM TIEPEHOCA U3JIy-
qGeHUsT

1
w-VI+ (x+8) = szfl(w',x) dw' + %k*F, (w,z)€D. (1)
T

Uckomas dyukuus I(w,z) onpenenena na muoxkecrse D = Q x G, rae
Q={weR||w =1} — emnuunas chepa B R (cdepa nanpase-
Huil), u upejcrapiser coboil UHTEHCUBHOCTD U3Jly4eHus B Touke T € G,
PAaCIPOCTPAHSIONIEr0CsT B HATPABIEHUH w € ().

B ypasuenuu (1) w - VI — 310 npoussoguas Gynkuuu I mo Hampas-
smennio w. Kpome Toro, 0 < s — koaddunment paccesuus, 0 < 3 —
KO3 PUImeHT moriomenusi, F' — ImI0THOCTh U30TPOIMHBIX 00bEMHBIX HC-
TOYHHUKOB m3ayderus, 1| < k — KO3pPUIMEHT TPETOMICHAS.

IIpeanonoxum 410 K03hMUINEHTHI TTOTJIOMIEHUS 1 PACCESTHUS UMEIOT
Bun » = (1 —w)/e, s = w/e (tme w = s/(s + 8)) u crpemsTcs K
6eckoneuanoctu nipu € — 0. Torga ypasuenue (1) npunuMaer Bu,

wiffs(w’,x)dw’Jrl_kazF, (w,z) € D. (2)

1
w-VI,+ -1, = —
€ € 4rm

[Ipeamnonoxum, ¥to Tesio G npeacTaBsieT cODOil OrpaHuIeHHYI0 00-
nacts B R? ¢ rpanuneit 0G kmacca C'A, 0 < A < 1. O6o3mauuM uepes
TL((E) BHEIIHIOIO HOPMaJIb K I'DAaHUIIE B TOYKE X U BBEIAEM MHO2KECTBaA

I ={(w,2) € Q2 x0G | w-n(x) <0},
I'* = {(w,z) € QA x G | w-n(z) > 0}.

1 Pe3yﬂbTaTbI GBIJII/I IOJIYY€HBI B PaMKaX BBIIIOJIHEHUSA OCYJapPCTBEHHOTO 3a0a-
nusa MunoGpuayku Poccun (npoekt FSWF-2023-0012).
© Awmocos A.A., 2023

41



IMycrs dw u do(z) — mepbl, unayuupoBannbie Ha ) u G mepoit
Jle6era B R3. Beegem ma I't mepy dI't(w,z) = w - n(z) dwdo(z). Ue-
pes El(F+) 0603HAYNM TIPOCTPAHCTBO 33JaHHEIX Ha 't m3MepnMbIx oT-
HOCHTEJILHO MEpPbI dr+ (w,z) dyukuuit f(w,z), obrasaomuX KOHEYHOI

HOPMO# ||fHZ1(p+) = f |f|dF+-
r+

Homnonuum ypapuenue (2) KpaeBbIM yCI0BHEM BHYTpeHHErO Auddy3-
HOrO oTpazkenus u AudY3HOrO MPETOMIICHHUST TPUXOISIIErO U3BHE W3-
nydenus Ha rpanune 0G:

I€|F— =R~ (I€|F+) + (1 - 9)9*7 (wa LU) el , (3)

rae Ie|p- w I |p+ — caenpr pemenns ypasrenns (2) na '™ n T, a

R (L)@ ) =2 | Lip(@ho)e n(z)do,

T W n(x)>0

[ ORI )| W n(x)| do'

w’-n(x)<0

g«(z) =

N |~

Bmech 0 < 0 < 1 — koadduruent, xapakTepusyoIuil OTpazKaTeIb-
HBIe CBOHCTRA MOBEPXHOCTH, J, (W, &) — WHTEHCUBHOCTh W3y UeHUs], TPHU-
XOISIIEr0 W3BHE W MAJAMONIEro HA TOUKY + € OG B HANPABIEHUN W Ta-
KoM, 9TO w - n(z) < 0.

[Mycrs F € W} (G) u g, € LY(0G). Torna cupaseuBbl cieyiomnme
pesesbHble cBoiicTBa pernenust I, 3amaqn (2), (3) upu € — O:

I. - kK*F s LY(D),
Llps = $pg. + (1= Y)k*Floe 8 LYTY),
L|p- = Yogs + (1 — o)k’ Floc B L'(9G).
Bnech Flog — caen F ua G, 4 (w, ) = h(w - n(z),0) ans (w, ) €
't may = 20}1/1(;/,0);/ dy’ + 1 — 0, roe 1) — pemenue cienyomei
npOCTpaHCTBeHI({)o OJIHOMEPHO 3a/1a4u:

d
- “% +(u7) = % 7}1 s )dp!, e [=1,1]\ {0}, 7 >0,

1
P(p,0) = 29({1/1(;/, Op'dy' +1-0, pel-1,0),
W(p,+o0) =0, pe(0,1].
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SAJAYA MAPKOBA-IYBUHCA C YIIPABJIEHUEM
HA TPEYVIOJIBHUKE!
A.A. Apaenrtos
(Ilepecnasab—3anecckuii, UTIC um. A.K. Aitramazana PAH)
aaa@pereslavl.ru

PaccmarpuBaercst cienyioee OgHOTapaMETPUUIECKOe CEeMEHCTBO 3a-
Ja49 OIITUMAJILHOI'O praBJIeHI/IH Ha I‘pyHHe rHBI/I}KeHI/II./JI IIJIOCKOCTHU:

q:ule +u2X27 q:(x7y70)€RZ,yxsel7 uz(”ly“Q)GUa
X1 = (cosb,sin6,0), X2 =1(0,0,1),

Q(O) = (07070)7 Q(T) = ($1=y1791)7
T — min,

TJIe MHOYKECTBO YIIPABJIEHUN 331a6TCsT pABHOOEIPEHHBIM TPEYTOIHHUKOM

max

u —Uu
U= {(ul,uz) € R? ‘ uy = 17"LL2‘ < ulmaxll}
max _

co 3HaveHneM U —1 > 0, onpeenAIoNIuM BBICOTY Tpeyroabuuka. IIpe-
JeNbHBIH cay4ail u"®* = 1 0TOXKIeCTBIAETCA ¢ KIACCHIECKAM CJIydaeM
sagauun Mapkoa—/ly6unca [1, 2] upu

U= {(’ul,’LLg) S R2 ‘ up =1, "LLQ‘ < 1} (1)

K 3amade ObiCTpOmEiiCTBUS C yIpaBjeHWEM HA TPEYTOJbHUKE OBbLI
npumenén makcumyma Ilonrpsiruna (IIMIT) [3]. Herpusuanbubie anop-
MaJIbHBIE SKCTPEMAJIA OTCYTCTBYIOT. ONHUCAHDBI yCJIOBUS, OMPEIEIIONINe
0cobbIe 3KcTpeMasTH. PeseiiHbie SKCTpeMasIn OnpeIesieHbl Yepe3 3HaueHne
MakcuMu3upoBanHoro ramuabTonuana IIMII. /loka3amo, 4To cMmerriaH-
HBIE TPAEKTOPUH BO3ZHUKAIOT TOJIHKO MIPHU OMPEIEIEHHOM 3HAYEHUN YPOB-
Hsl TAMWJIBTOHUAHA. YCTAHOBJIEHO, YTO BJOJb KAXKION 3KCTpPeMaTbHON
TPAEKTOPUH IPOUCXOUT PEryJIsSPHOE IEPEKTIOUEHNE MEXKLYy TPeMs pe-
JKMMAMU OCTOSIHHBIX yIIPABJIEHUI (BEPLIMHAMY TPEYIOJIbHUKA, OLPEe/e-
JIAIOIIEr0 MHOYXKECTBO JIOMYCTUMbIX yrpasjenuii). C yaérom cummerpuii-
OTPAXKEHUH BBIIEIEHO TPU THUIIA SKCTPEMAJIHHBIX YIPABICHUH, I KaXkK-
JIOTO THUIA OMUCAHA XapPAKTEPHAs MOCTIEI0BATEIbHOCTh 3HAUEHUHN yIIpaB-
JIEHUI W ONpejiesIeHbl OIPAHUYEHUs] HA WHTEPBAJBI MOCTOSHCTBA ITUX

1 Wccnemoanue A.A. AppenTosa BBITOJIHEHO 3a cuer TpaH-

Ta Poccuiickoro HAyYHOTO donIa (npoekT Ne 22-21-00877,
https://rscf.ru/project/22-21-00877/) B UHCTHTYyTE NPOrPAMMHBIX CHCTEM
uMm. A.K. Aitnamazsana Poccuiickoit akaeMun HayK.

© Apgentos A.A., 2023
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sHadenuii. JIjig ABYX M3 TpPeX THUIIOB JOKA3aHO, YTO COOTBETCTBYIOIIAS
ONITHMAJILHAA TPACKTOPHUS MOXKET MMETh He 60Jee IBYX MepeKIIOueHNiA.
V onTEMaNbHBIX TPAEKTOPHUIl TPETHETO THUITA MOXKET BO3HWKATH IO He-
THIPEX TepeKIoYenuii. JIJIs KaxK10ro THIIa, BHIMACICHBI BBIPAKEHHAS IS
CY?KeHHs 3KCIOHEHIMATLHOTO OTOOPArKEeHHA Ha TPAEKTOPHUH, IIOJ03DH-
TeJIbHBIE HA OIITHMAJIbHOCTD.

Jlamee ONITHMAILHOCTH HANIEHHBIX 9KCTPEMAJIbHBIX TPACKTOPHIA WC-
CIIeIOBANTACH METOJAME COBPEMEHHOH FeOMeTPHYECKONR TEOPUU yIPaBIe-
Hus [4], 6epst B OCHOBY T€OMETPUYECKHIl MOIXOM, MPEIJIOKEHHBIA B Pa-
6ore [5] mist pewenus Kiuaccuveckoil 3auadu Mapkosa—/lybunca.

JIurepaTtypa
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NCKYCCTBEHHBIE UMM VYHHBIE CUCTEMBI
1 X IIPUMEHEHWUE 1JI51 PEINIEHN S 3AJAY
B PA3JINYHBIX OBJIACTSIX 3HAHUN
N.®. Acraxosa, }F0.B. Xunkosa (Bopounex, BI'Y)
astachova@list.ru

B Mumpe COBPEMEHHBIX BBICOKHX TEXHOJOTHH BCE 9AIIE W IAIE MOKHO
3aMETHTh, KAK AJITOPUTMBI U WJIEH, IPHU/IyMAHHBIE €IIE B MPOILJIOM BEKE,
Pean3yioTcs, Pa3BUBAIOTCA U UMEIOT OTPOMHBIH crpoc. Tak TOSBUINCH
" UMMYHHBIE CHCTEMBI [1-2].

© Acraxosa I1.®., Xunxosa 10.B., 2023
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ITenpio nauHOl PAGOTHI ABIAETCS UCCAELOBAHNE U PEATH3AHS A0
PUTMOB DeITIeHnsT 3a/1a9 Ha OCHOBE MCKYCCTBEHHON MMMYHHON CHCTEMBI.

NckyccTBEHHYI0 MMMYHHYIO CHCTEMY MOXKHO MPEJCTaBUTh KaK COBO-
KYIHOCTb CJIEIYIOIUX 37eMeHTOB [3]:

IIS = (L,G, A, . S),

rze:
11S — vckyccTBeHHAsT UMMYHHAs CUCTEMA.
L — mpocTpaHCTBO BCEX BO3MOKHBIX aHTHTE. B 3aBUCHMOCTH OT 331241
AHTHUTENIO MOXKET TIPEJICTABIIITH COOOH CTPOKY, CIUCOK KOOPJAWHAT, Jepe-
BO BBIPAXKEHWUS.
(G — MHOXKECTBO BCEX BO3MOXKHbBIX aHTUIE€HOB. B 3aBucuMoOcTH OT 331241,
MOXKET OBITH CTPOKOM, MATPUIIEH JIOTMIECKUX 3HAYEHIH, CIIMCKOM 3HATe-
Huil DYHKIUNA B U3BECTHBIX TOUKAX.
A: LxG — [0,1] — sagannag mepa abdUHHOCTH, KOTOpas KaxKIOMY
AHTHUTENy W KaXK/IOMY AHTHIEHY CTABUT B COOTBETCTBUE HYHCIIO U3 OT-
peska [0, 1], koropoe OKa3bIBAET, HACKOJIBKO XOPOLIO JAHHOE aHTHTEJIO
pearmupyeT Ha, MOJAHHBIN AHTHTEH.
i L — L — oniepaTop MyTaIuu, IpUMeEHsSIeMbIil K OT/IEJIbHOMY aHTHTEIy
C LEJIBI0 YIIyUIIeHUs ero CBOHCTB.
S:ACL — B C A C L - oneparop CelekIu#, OCTABJSIONAN B
TEeKyIIeil UMMYHHOI CHCTEME JIydIline aHTUTENA, MOIIEePKUBAs pa3Mep
ceru.
Torma aaropuT™M MOXKHO HPEJCTaBUTb B BUJE MOCJIEIOBATEIHHOCTH
CTIEIYTOIIUX IAr0B:
1. Beibpars Havanbuyto nomysisiiuio ImSystem C L.
2. Mopaerca g € G, VI € ImSystem : a; = A(l, g).
3. HaxonuTcst Hammty«diiee aHTUTEIO — TEKYIIee pereHune:
I* = argmax(ay).
4. K anTurenaM TpUMEHSIETCS ONepaTop MyTallun:
M = {u(l),l € ImSystem}.
5. st coxpanenust pa3Mepa CeTu MPUMEHSIETCS OIIEPATOP CEJIEKITUH, KO-
TOPBIH W3 TEKYHIero Habopa aHTHUTET W MHOXKECTBA MYTHPOBABIITUX aH-
Tures (MOJy4eHHOro Ha 4) CO31aeT HOBbIH 00pa3 CUCTEMBbI:
ImSystem = S(ImSystem U M).
6. Eciiu pemrenne [* yioBiieTBOpseT 38 [aHHOMY KPUTEPHUIO UJTU JIOCTUTHY-
TO MAKCHMAJIbLHOE YUCJI0 UTEPANUil — BBIXOJ], HHAYE — BO3BPAT K miary 2.
1t pa3aMaHbIX TEXHHYECKUX 33729 3Ta MOJIEIh W aJTOPUTM OyIyT
HE3HAUUTEJIbHO MEHSTHCS B 3aBUCHMOCTH OT DEIIaeMOil MpodIeMbl.
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PaccmarpuBaioTca cieayonmue 3a0a9m: 3a0a9a PACIO3HABAHUSA CHM-
BOJIOB [3]; 3a1a9a cMMBOIBHOI perpeccnn [3]; 3amada cbopa Mycopa pobo-
Tom [3]; paspaborka Momenn obydaroeli CHCTEMbl W aJITOPUTMOB OTTH-
Mu3anun ee GYHKIMOHUPOBaHUSA [4]; IpHMeHeHHe MeXaHU3MOB pabOTHI
MMMYHHO/ CHCTEMBI [T pelreHns 3a0a49n OOHAPYKeHUsT AHOMAJIHIA.

JLst KazKI0i 331891 COCTABIAETCS MOJEIb AHTUTEA, AHTHTEH, TIPe -
JIATAETCs OIepaToOpbl MyTanuu u apUHHOCTD, BIAUSIONIAS HA ONTHMU-
3ammio. PaspabarbiBaeTcs mporpaMMHOe 0OeCITeueHne M MPOBOIUTCS BbI-
YUCIUTEILHBIN KCTIEPUMEHT JJId KakJ10i 3amaqdu. [IpoBemeno cpaBHe-
HHEe NCKYCCTBEHHBIX UMMYHHbBIX CUCTEM H M3BECTHBIX METOIOB.

CpaBHeHI/Ie PE3Yy/IbTAaTOB IIO3BOJUJIO CAE/IaTh BBIBOJ O BO3MOXKHOCTH
IpUMEHEHUAd MMMYHHBIX CUCTEM IIpU PEHICHHUHN 3a1a4 B PA3JIMYIHBIX OT-
pacagax 3HaHUM.
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O IBYCTOPOHHUX OIIEHKAX VIIPABJISIFOIIIEI
®YHKIINN B IIAPABOJINYECKON
SKCTPEMAJIBHOW 3AJTAYE!
M.B. Acramosa', J.A. Jlammna?, A.B. ®umHoBcKmii>
(12Mocksa, 'MI'Y um. M.B. Jlomonocosa, PRY uwm. I.B. Iliexanosa,
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ast.diffiety@gmail.com, dalashin@gmail.com, finv@yandex.ru

PaccmarpuBaerca kpaesad 3a1a4a 1 1apaboIMIecKoro ypaBHeHus

Uy = (a(xvt)uz)z + b(xat)um + h(m,t)u, (1)

1 Pabora BBITIOJTHEHA, npu dbuHaHCOBOMK OAepPIKKe POOU

(npoektT PH® Ne 20-11-20272).
© Acramosa U.B., Jlamnnu J.A., ®mwiurosckuii A.B., 2023
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(:L’,t) € QT = (071) X (OvT)a

u(0,t) = o(t), u.(1,t)=9(t), 0<t<T, (2)
u(z,0) =¢(z), 0<z<l, (3)
¢ DI TKUMHA B Qr KO3 purmenramu a,b, h, e

0 < a1 < a(z,t) < a2 < 400, THE a1 Az — MOCTOSIHHBIE, & TAK¥Ke
rpannuabiME byHKIMAME @, € W4(0,T) u mauanbuoit byuKimeit
¢ € L2(0,1). Usyuaerca cieayiomas 3a1a4a yOpaBJIeHUs C TOYCTHBIM
HaOJIIOIEHUEM: YIIPABJIsisi TEMIIEPATYPOil ¢ TPU (DUKCUPOBAHHBIX & U Y,
crapaeMmcs ciejarb reMueparypy u(xo,t) B gannoil rouke xg € (0,1)
6m3Koil K 3asannoil Gyukuuu z(t) upu seex ¢ € (0,T). Dxrerpemans-
HblE 3aJaud JJIs TapabOIMYecKUX yPABHEHWH pPacCMATPUBAINCH B
paborax [1, 2], mpuyuém Hambosee M3ydeHbI 33a9u ¢ HUHAIBHBIM WK
pacmpemeéHHBIM HaOMIoAeHneM. B mammO#l paboTe MBI IPOIOIIKAEM
ucciaenoBanus pabor [3—5] u nosydaem OLEHKU HOPMbI YIPABJISIONIEN
dbyuKINN Yepe3 3HadeHne (pYHKIIMOHAIA KadecTBa. Panee HaMu ObLin
HOJTyIeHbI OleHKY cHu3y [8—10]. B HacTosimiei pabore moIydeHa OIEHKa
CBEPXY HOPMBI yTPaBJISONEel GyHKIUM, TPUMEHUMAasi, B TOM YHCJIEe, U
JUTSL TOKA3aTesbCTBA CYIIECTBOBAHUS PENIeHNs IKCTPEMATbHON 3a1a4n
HA HEOIPAHMYEHHBIX MHOXKECTBAX yIIPABICHWIA.

IIycrs Vzl’o(QT) — HaHAXOBO IMPOCTPAHCTBO (PYHKIWUH u € Wzl’O(QT)
€ KOHEYHOIl HOPMOii

[ullyogr) = S [u(@, )]l 20,1) + [[Uall L2(@r)

JIUIsl KOTOPBIX OTOOpazKeHue, JefcTByomee no npasuiy ¢ — u(-, t)
([0,7] — L3(0,1)) nenpepssuo ([6], c. 15), a Wi(Qr) — muneiinoe
noanpoctpancteo byukimit 7 € Wi (Q7), YIOBIETBOPAIONNX YCIOBH-
am n(z, T) =n(0,t) = 0.

Caaboim pewenuem 3amaqau (1)—(3) Oyaem HazbBaTh QyHKIUIO U €
VQLO(QT), yaossiersopsontyio ycaopuio u(0,-) = ¢ u mug Bcex n €
W; (QT) UHTErpaILHOMY TOXKIECTBY

/ (auzng — buzn — hun — ung) dx dt
Qr

1 T
- / (@), 0) da + / a1, (E)n(L, 1) dt.
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Teopema 1 [10]. Badaua (1)-(3) umeem eduncmeennoe caaboe pe-
wenue u € V %(Qr), npuuém daa nexomopoii xonemanme. Cy (ne 3a-
sucaweld om ¢, P u €) uMmeem Mecmo oyuenKa

||u||V21‘0(QT) < C(||‘P||W21(0,T) + \|¢||W21(0,T) + ||§HL2(0,1))-

[ycrs ® C W4 (0, T) — MHOMkeCTBO ynpassionmx GyHkuuit ¢, a Z C
Ly(0,T) — muOXKeCTBO 1iesieBbix pyHKIuii z. Paccmorpum dyHkimonas

T
Tepgl= [ (uglan.t) = 20Fp(0 1, o€, zez

roe u, — pemterne 3amadn (1) — (3) ¢ ympasasrommeit dyukuueir ¢, a
p € Loo(0,T) — BecoBast byHKuns (ess i(nfT) p(t) = p1 > 0), 3amamomas
te(o,

nopy [lgllza, = (7 @Opt)dt) " n Lo(0.7).

Teopema 2 [8-10]. E'mu at(z,t) = 0 w by(z,t) > h(x,t)
npu (x,t) € Qr, b(z,t) = 0 npu (z,t) € [0,z0] x [0,T] (xo € (0,1])
ub(1,t) <0 nput € [0,T], mo umeem mecmo oyenra

el 2y 0.1y = 2l 0, — (T, po 2] /1)

—zo(az|[¥ L, 0,r) + I§llL, 0,1)) /a1

CaencrBue. B ycaosuar meopemv, 2 npu ¥ = 0 = & cnpasedaueo
HEPABEHCTNEO

el zy0,m) = 2l o) — (T, 2 /1) ">

Teopema 3. Ecau ¢ = 0 = &, ¢ = yp1 + 2, 2de v € R u
le1llwio,ry =1, mo evnoansemesn oyensa

lellwio.ry < ((Jlz 00D + lua(@o, )l za,

+2lle2,)/ lur (zos )l Ls, + lle2llwy 0.7)5

2de uepes u; 0003naveno pewenue 3adavwu (1), (2) npu @ = @;.
Hnsa dbukcupoBanubix GyHKIUA 2 ¥ p pACCMOTPHUM 33,1249y MUHUMHU-
3annn

mlz, p, @] = ;relg Jlz, p, ¢].

Onpepnenenne. Muoxkectso ® C W (0,T) Ha3oBéM KoHeuHOMEPHO
AnNNPOKCUMUPYEMbIM, €CITU JJIs1 HEKOTOPBIX KOHEYHOl cucreMbl (yHKIumil
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©1, ..., PN € ® ukoncranrer M nrobas bynknus ¢ € ¢ npu HEKOTOPHIX
Y1, -; YN € R ynoBaeTBOpsieT HEpaBEHCTRY:

N
le = > vieilwiom < M.

Jj=1

Teopema 4. Ecau muoorcecmeo ® nenycmo, 3aMEHYMO, 8LNYKAO U
KOHEYHOMEPHO ANNPOKCUMUPYEMO, MO 0k 410001 dynkyuy z € Lo(0,T)
cywecmeyem eduncmeennan Pynkyus pg € O, das xomopot

m[z7pv CI)] = J[zvpv 900]
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O KAYECTBEHHBIX CBONCTBAX PEIIIEHU
YPABHEHU S PUKKATHI!
N.B. Acramosa, B.A. Hukumos (Mocksa, MI'Y)
ast.diffiety@gmail.com

PaccmarpuBaercs ypaBaenue

y' =y — o))y — az(2)), (1)
rae aq, ag € C(R), — orpanngennsie dyuxmuu, o (z) < az(z), z € R.
Jonomautenbuo (3a UCKIIOUEHHEM TeopeM 1 u 2) TpeAmoaaraeM, 9To
ai,ay € CH(R). Bysem roopuTh, 4TO peleHne y ONpeieseHo Ha po-
MeKyTKe A, ecu y ONpeZe/eHo B KaxKI0i Touke mpoMexyTrka A. U3
sgemumbr 4.1 [1] BoiTekaer ciemyoras

JIemma 1. Ecau xg € R u cywecmeyem pewenue (1), onpedeaennoe
Ha [0, +00), Mo cywecmsyem makoe pewerue Y. ypasuernus (1), onpe-
deaennoe na [xg, +00), wmo 0aa 4106020 pewenus y ypasuenus (1), onpe-
deaennozo Ha [Tg, +00), evnoaneno coommowenue y(x) < y«(z), © > xo.

Ounpegesnenne 1. Pemenve y, ypasuenus (1) u3 jieMMbl BbIIle Ha-
spiBaercd [1] zaaenvim na (g, +00).

Omnpenenenne 2. Pemenne y(-) ypasuenus (1) nazoém cmabusu-
upyrowumcs [2], eciu CylecTByIoT KOHEUHbIE PEe/eIbl

lim y(x) = eR lim y(zx)=y_ € R.
Jim y(z) =y eR lim y(z) =y

Teopema 1. Ecau pewenue y(-) ypasnenus (1) onpedeaero 6 mouke
xo € R, mo ono ozpanuveno cnusy npu npu x € [xg,b), 2de b — npaswiii
KOHEY, MAKCUMANALHOZ0 UHMEPEAAL CYULLCTNEOBAHUS PEUEHUS Y.

1 Pa6oTa mepBOro aBTOpa BLIMOJIHEHA NpH (DUHAHCOBOH mogmep:ke PODU
(npoekT Ne 20-11-20272).
(© Acramosa U.B., Hukumos B.A., 2023
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Teopema 2. ITycmov az(x) < M, x 2 xo u aq(x) = m, © < xg, 20e
m, M € R — nocmoannwe. Ecau pewenue y(-) ypasnenusa (1) ydosae-
meopaem ycaosuro y(xo) > M, mo cywecmsyem makoe r* > xg, 4mo
y(+) eospacmaem na (zg,x*) u

1
lim y(x) = +o0,

* < -
.’L' To + y(iL’Q) - M z— x*—0

a ecau — yeaosuro Y(xg) < m, Mo cywecmeyem makoe T, < Tg, 4MO
wmo y(-) eoapacmaem na (T, To) U

1
xo — < Ty, lim y(z) = —o0.

m — y(xo) T— 2. +0

Teopema 3. Ecau pewenus yz < ya < Y1 ypasnenus (1) onpedeaenol
6 MouKe Ty, 4 PeWenue Y1 Onpedesero na [To, +00), Mo PEUWeHUs Ys, Y2
NPOCOANCAIOMCA HA MOM, JHCE NPOMENCYMOK, NPUNEM HA HEM HYHKUUL
% > 1 ybweaem u umeem npu T — +00 KoHewHull npedes,
Komopoill 8 cayuae, K020a y1 — 2aasHoe pewenue Ha (Tg, +00), pasen 1.

Teopema 4. Ecau pewenus ya < y1 ypasuenus (1) onpedenenv 1a
[0, +00) u umerom pasnvie Konewnvie npedesvs NPy T — +00, Mo Yy —
anasnoe pewenue na (g, +00), U 6CAKOE pewerue Y, onpedesérnoe Ha
[0, +00), U omauwnoe om Y1, umeem npu T — +00 Mom dice npeden,
wmo u yo.

Teopema 5. Ecau pewenus ya < y1 ypasuenus (1) onpedeaenv 1a
[0, +00) u umerom Konewnsvie (603movcHo, cosnadarousue) npedens, npu
x — 400, mo awboe pewenue y co snaveruem y(xo) < y1(xo) npodos-
orcaemea na [To, +00) umeem npu x — +00 MOm dkce npedes, 4mMo u
Ya-

IIpumep 1. Ypasuenue

v =yly—1) (2)
umeer perienus y; = 1 u yo = 0, npudem y; — ruasHoe ua (0, +00).
Ecmun y(0) < 1, To lirf y(z) = 0.

Tr—r+00

Ipumep 2. Hycts az(r) = 16(x — n)*(x —n — 1) + 1, [n,n + 1],
n € Ny. Paccmorpum ypasuenne

y' =y(y — az(x)), (3)
Ecau y(0) < 0, 10 El}rl y(xz) = 0. Ho y (3) ecrbp nepuopuueckoe

pemenue, OTJIMIHOE OT KOHCTAHTDI.
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Iycrs nanee aq(z) < az(z), x € R u gua mexkoroporo a > 0 BbIIO-
HeHBI JIOTOJTHUTEHHbIE YCIOBUS
lim, 400 () = a;-t eR, j=12, )
af(z) #0# ah(x), zeR\[—aqa,a]

Torna [2] Bce orpanuuentbie pemenus (1) — crabuim3upyoLmecs, a Bce
CcTaOUMU3UPYIONIAECS PEIIEHNsT B OKPECTHOCTH OO MMEIOT He 0OpaIaro-
MIYIOCs B HYJIh TTPOU3BOIHYIO ¥ Pa30MBAIOTCS HA CIEAYIOININE TeThIPE TH-
mna:

Ioun: y_ =, y+ :af; IT run: y_ = a5, Y+ :af;
. — I . — — ot
IOl tam: y_ = a5, yy = a3 ; IV munm: y_ = oy, y+ = o3

Teopema 6. Ecau npu ycaosuax (4) ypasnenue (1) umeem cma-
buausupyroueeca pewenue II muna, mo cywecmsyom u eQUHCMEEHHb
peweHus Yyr U yrrr coomsememeenno I u I munos, npuuém das 1106020
pewenus y(-) umeem:

1) ecau yr <y < yrrr, mo y(-) — cmabuarusupyroweecs pewenue I1
muna;

2) ecau y > yrrr, mo cywecmeyem makoe r* € R, wmo y(-) npodoa-

orcaemes na unmepsan (—oo, r*) u y_ = oy, lim Oy(z) = 400;
T—x*—

3) ecau y < yr, mo cywecmsyem maxoe x, € R, wmo y(-) npodoa-
oicaemcea na unmepsan (T, +00) uyy = af, lim y(z) = —oc.
r—x,+0

Teopema 7. IIpu ycaosusz (4) dan ypasrernus (1) éepro poeno 0dno
U3 cAedYUUT Ymeeparcienui:

1) cywecmeyem cmabususupyroweecs pewenue II muna;

2) cywecmeyem eduHCcmMEEHHOe CMABUAUSUDYIOUWEECH DEWeHUE, U
ono omuocumes x IV muny;

3) cmabususupyrowuTcs pewenut nem.

IIpumep 3. Ilyctb a1 =1 € R, ag =3 € R, e ¢ > ¢;. Torma y
ypasuenus (1) cywecrsyer crabunusupyiouieecs pewenue I runa.

IIpumep 4. Boznmem

-1,z <0,

kox?(x —1)%2 — 1, 2 € [0, 1],

—(16(z — 1)%(z — 2)*)" — 1, z € [0, 2],
-2, x> %,

ay(x) =
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0,z <3,

(16(z — 1)*(z —2)%)" — 1, z € [3,2],
—koz?(x —1)%2 -1, 2 € [2,3],

-1,z >3,

as(x) =

Hawmu 6110 moKa3aHo, 910

1. cymecrBytor Takue kg € (0,16), ng € N, uro ypasuenue (1) ¢ coor-
BETCTBYIOIMMU (Y] U (¥3 HMEET €JUMHCTBEHHOE CTabUIM3HPYIOIIEeCct
perrrenne, n oHO oTHOCHTCA K IV Tumy,

2. cymecrBytor Takue kg € (0,16), ng € N, uro ypasuenwe (1) ¢ coor-
BETCTBYIOIIUMU (v] U (vy HE UMEET CTAOUIU3UPYIOIINXCS PENTeHuiA.

Bameuvanue. Teopemv. 1-2 donoansarom pesyavmamos pabomo [3].
Boaee mozo, meopema 2 onposepzaem ymeepocdenue meopemu, 5.7 [2, c.
150] 06 oepanunennocmu pewenus na 6ceti wuca080l npamot. Teopemo
6-7 donoanarom meopemos 2.1-2.4 [2].
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HEJINMHEMHOE UHTETPO- AN®PEPEHIINAJILHOE
YPABHEHUE TUIIA CBEPTKU TPETBHETO IOPSIJKA'

C.H. Acxab6os (I'posusiii, YT'ILY, YT'Y; Joaronpyxasiii, MOTN)
askhabov@yandez.ru

PaccmarpuBaercs nadasibHasg 3a7a49a BUIA

u(x) = /z Kz —t)u"(t)dt, a>1, x>0, (1)
0
u(0) = lim u'(z) = lim u’(x) = 0. (2)

IIpeanonaraercs, 9ro sapo K (x) yaoBieTBopsieT yCJI0BUIO
K € C°0,00), K©®)(z) ne y6uiBaer na [0, 00),

K0)=K'(0)=...=KW0)=0u K®0)=p>0. (3)

Peuienust nauanbuoit 3aua4u (1)—(2) pasbickuparorcs B Kiacce:
Q5 = {u(z) 1 u € C[0,00) NC*(00), u(0) =0, u(z) >0 npuz > 0}.

Hapsiny ¢ 3amadveit (1)—(2) nsyvaercss nHTErpajgbHOE ypaBHEHHUE

u®(z) = / K" (x —t)yu(t)dt, a>1, (4)
0
PelleHns KOTOPOrO Pa3bICKUBAIOTCS B KJIACCE:
Qo = {u(x) : v € C[0,00), u(0) =0, u(x) >0 mpu x > 0}.

JIemma 1. ITycmo o > 1 u ewnoaneno yeaosue (3). Ecau u € Qq
ABAAECMCA pewenuem ypasrwenus (4), mo u(zr) ne ybweaem wa [0,00),
mpusHcov, Henpepvieno dupdepenyupyema npu x > 0 u dasa a06020 T €
[0, 00) ydosaemesopaem nepasencmeam F(z) < u(x) < G(z), 2de:

Fle) = p-(a—1)3 23 1/(a=1) Gla) = o — 1K//( ) 1/(a—1)
T B3a(a+2)(2a+1) ’ T« '
1 Pabora BBITIOJTHEHA, npu (puHaHCOBOH MO IePXKKE PH®

(npoekt Ne 22-11-00177) u Muno6puayku P® (FEGS-2020-0001)
© Acxabos C.H., 2023

54



Ormerum, aro npu K () = 2° bynkmua F(z) asngerca pemenuem
ypasHeHus (4), 9TO CBUAETEILCTBYET O TOYHOCTH HUYKHEH anpUOpPHOl
OICHKH PEITEHNUs, MOJTyYeHHON B jeMme 1.

Jlemma 2. IMycmo o > 1 u evinoaneno ycaosue (3). Ecau u € QF
asasemes pewenuem 3adawu (1)-(2), mo u € Qo U ABAAECA PewEHU-
em unmezpasvhozo ypaswenus (4). Obpammo, ecau u € Qp ABAAEMCA
PEWEHUEM UHMEZPAALHOZ0 YPABHEHUA (4) U BLINOAHEHDL EULE YCAOBUSA

lim 22 / KO (z —t)[K" ()Y@ Ddt =0, (5)

x
: —-3(2a—1)/(a—1 4 " 1/(a—1
ilg%)x ( )/( )/K( )(x—t) (K" ()] /le=Dgt =0, (6)
0
mo u € QF u asasemca pewenuem nawasbroti sadawu (1)-(2).
Bamernwm, uto npu K (z) = x° ycnosus (3), (5) u (6) Beimosnsiorcs,
ecn 1 < a < 2,5, npudeM F(x) apnsgercs pernenneM 3amaqn (1)—(2).
Beenem krace P, = {u(x) : uw € C[0,b] u F(z) < u(z) < G(z)}.
Teopema 1. Ecau evnoanenv, ycaosus (3), (5) u (6), mo navaro-
nas sadana (1)-(2) umeem 6 Q3 (u 6 Py npu amobom b > 0) eduncmeen-
Hoe pewenue. MO pewenue MoAHCHO HATUMU 6 NOAHOM MEMPULECKOM
npocmpancmee P, memodom nocaedosamesbux npubsudcenuti nuKa-
POBCKO20 TMUNG CO CTOOUMOCTIDIO O MEMPUKE:

_o u(z) —v()| 1 KO -p
pb(uy’U) = Ozlizb 23/(a=1) . gBz’ 2de B = }; . Czlizb —

a wucao ¢ € (0,b) onpedeasemea uz yeaosus KO (c) < a - p.

Pamee amanorndmbie pe3yabTaThl A1 HHTErPo—auddepeHnuanbHbIX
yDaBHEHHI{ IIEPBOrO U BTOPOro NOpsAaKos Buaa (1) B CBA3M ¢ pa3ImIHbIMU
upuiioxKenusiMu ObLin nosydenst B paborax [1], [2].

JIutepaTtypa
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2. Askhabov S.N. On a second-order integro—differential equation
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O BBIPOXXKJIEHHBIX OPBUTAX B C*
BEIIIECTBEHHBIX 7-MEPHBIX AJITEBP JIN!
A.B. Aranos, B.B. Kpyrckux, A.B. Jlo6oaa
(Boponex, BI'Y, BI'TY)
atanov.cs@gmail.com, krutskihvlad@meail.ru, lobvgasu@yandex.ru

B cBs3u ¢ 3amadeii onucanus roJloMOPMHO OJHOPOIHBIX BEIIECTBEH-
HBIX THIepIoBepxHOCTeil mpocTpancTsa C! B coobmiennn o6cyRaa0Tcsa
opouThl 7T-MepHBIX ajaredp JIu B arom mpocrpancTee. OmHa W3 THIOTE3
COCTOUT B TOM, YTO ITPY HAJIMYUH H—MEPHOTO abejieBa nieasta B TaKOi aji-
rebpe eé 7-MepubiMu opburamu B C* MOTYT 6bITH TOMBKO BBIPOXK ICHHBIE
1o JleBu runeprnoBepxHOCTH.

Mb1 paccmarpubaem Huke 15 tunos anredp Jlu uz cuucka [1], 06-
JIATAIONINX 5—MEpHBIM abeJIeBbIM UIeaJoM. JIJIsT BCeX 3THUX TUIOB BbI-
CKa3aHHAs TUIOTE3a MTOATBEPKIAETCS. Y TOYHUM, YTO BCEro B crmcke [1]
comepKuTCA 593 THIa 7T-MEPHBIX PA3PEIMIMMBIX HEPA3IOKUMBIX aaredp
JIu; abeseBbl Maeasbl MAKCUMAJIBHON PA3MEPHOCTH 5 UMEoTCs y 59 u3
HUX.

O6cy2KeHUsT PACIAZAIOTC HA TPH MOJCHyYasd, CBA3aHHBIE C THIIOM
6-MepHOro HUIb—PaJuKaaa (MaKCAMAIbHOTO HUJILIIOTEHTHOTO WIeaa)
N[6,2], N[6,15] nan N[6,31], obuiero aysi 7-MepHbIX airebp JIn Kax-
JIOrO U3 TOJC/IyYaeB, HO IPOBOJAATCA B paMKaX OOIIEro moixoja. JTOT
HOJIXO/L CBSI3AH C COBMECTHBIM yIIpoleHueM (cM. [2, 3]) HeCKOIbKHX ro-
JIOMOP(QHBIX BEKTOPHBIX HOJEH, KACATEIbHBIX K IMIIOTETHIECKON HEBbI-
POXKIeHHOIT OpbuTe 00CY K IaemMoit 7-MepHoit anredpsr. s anredbp rosio-
MOP(HBIX BeKTOPHEIX Tojteit ¢ C*, mMmeromux 5-MepHEIT abeseB naead,
BO3MOXKHa, (JIOKaJIbHAsL) TOJOMOP(dHA 3aMEHa KOOPIAUHAT, BHIIPIMJIISIO-
Imasi Tpy DA3MCHBIX [OJIA Takoro nzaeana (cM. [3]).

Ilpeasoxenue 1. ITycms T-mepras anrzebpa JIu g7 2040mopdh-
HOLT BEKMOPHLIL NoAel Ha JIe6u—HesuporcIenHoll 2unepnosepTHOCMU
M C C* umeem 6-mepuviii nuav—paduxar Ng euda N[6,2]. Toeda (no-
KaAbHOT) 2040MOPPHHOT 3aMEHOT KOOPOUHAM NATG OAZUCHLLT Nosel U3

1 Pabora BBITIOJTHEHA, npu dbuHaHCOBOMK OAepPIKKe POOU

(npoekt Ne 20-01-00497) u PH® (mpoext Ne 23-21-00109).
© Aranos A.B., Kpyrckux B.B., JloGoga A.B., 2023
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Ng mooicHo npusecmu ¥ 00nomy u3 06Yxr 6udos

e1 = (0,0,0,1), e1 =(0,0,0,1),

es = (0,0,1,0), e2 = (0,0,1,0),

€3 = (0, 1,0,0), €3 = (0,0,63(21),d3(21)), (1)
€4 (O,b4(21)764(21),d4(21)), €4 = (0,0,64(2’1)7d4(2’1))7

€g — (0,b6(21)766(21),d6(21)), g — (0, 1,0,0)

¢ nexkomopumu Pyrryuamu b;(z1), ¢;(21), dj(z1) odnoti nepemennot.

AHajloruyuHbIe YIPOIIEHUS BO3MOXKHBI ¢ OA3UCHBIMHU IIOJSAMU 6-Mep-
HBIX HWJIBTIOTEHTHRIX anrebp N[6,15] u N[6,31]. Oanako yrouHenwe (3a
CYET KOMMYTAIIMOHHBIX COOTHOMIEHWI) BUIA OCTABIINXCA OA3UCHBIX TIO-
seit 15 06CyKIaeMbIX 7-MepHBIX ajarebp u3 [1]

7,[6, ],1,k], k€ {3,5,8,10,12},
[77[ ]’17k] k: e {2’3747576}7
7,[6,31],1,k], ke {3,5,13,14,24}

JIOCTATOYHO JIErKO MPUBOIUT B 060uX ciydasx (1) K cieiyiomemy BbIBO-
Ay

Teopema 1. Kommymayuonmusie coommowenus 0is 100020 u3 15
BLINUCAHHVIET MUN06 anzebp JIu He Jonyckarom cyu,ecmeosaHus Yy HUT
nesuposicdennus opoum e npocmparcmee CL.

3ameuanne. CrpaBeminBOCTh 0OCYKTAEMOI THUIIOTE3bI ObLIA paHee
YCTAHOBJIEHA IIPU HEKOTOPBIX YCJIOBHUAX OTHOCUTEILHO KOMM Y TAIlAOHHBIX
COOTHOIIEHUI MeXK/ly 3JIEMEHTOM JIOMOJIHEHUS K 5—MepHOMY abesieBy
ujeasy ¥ 3JeMEHTAMU CaMOrO HJeasia, & TaKxKe JOKA3aHa JJisd HUJIb-
MOTEHTHBIX 7—MepHBIX aarebp Jlu.
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IIIECTBEHHBIX TUTIEPTIOBEPXHOCTEN YETHIPEXMEPHBIX KOMTLIEKCHBIX TIPO-
crpaucts / A.B. Jloboma // Tpymer MUAH. — 2020. — T. 311. —
C. 194-212.
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KPAEBBIE 3AJIAYN JdJIsd HATPY2KEHHOTO
TUIIEPBOJIMYECKOTI'O YPABHEHU S
A.X. Arraes (Hanwsunk, ITIMA KBHIT PAH)

attaev.anatoly@Qyandex.ru

B noxirame GyayT 06Cy»XIaThCsT BOMPOCHI, CBA3AHHBIE ¢ KOPPEKTHOMN
MOCTAHOBKOM OCHOBHBIX KPAEBBIX 33744 JJist HAPY>KEeHHBIX [1] rumep6o-
JIMYECKUX YPABHEHUI C PA3IUYHBIMU BUJAMHU HAUPY3KH, B YACTHOCTH,
ypPaBHEHUSI BUIA

Uz + Uy = )\uy(iUan)a

0 0
e + 1y — A (ax - 8y) 4y (@0, — ),

Ugy — Uyy = )\uyy($07y)7

r7ie A, Lo — IPOU3BOJIbHBIE IEHCTBUTEIBHBIE YHCIIA.

Byner npoBenen anamn3 obmacreil €MHCTBEHHOCTH W CYIIECTBOBA-
HUS TOCTABIEHHBIX 33184 M MOKA3aHO CYIECTBEHHAS 3aBUCUMOCTH HX
oT BbIOOpA BH/IA HATPY3KHU U 3HAYEHUS TOIKH X(.

DTH UCCIIEOBAHNS SBIISTIOTCS TTPOIOJIKEHNEM pabOT, HAUATHIX B CTa-
The [2].
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OB OJTHO3HAYHOM PA3PEIINMOCTHI

HAYAJIbHO-KPAEBBIX 3AJIAY
JJ1d ITAPABOJIMYECKUX CUCTEM BTOPOTO
IIOPI/IKA B IIOJIYOI'PAHUYEHHO
IIJIOCKO OBJIACTH
C HEIJIAJKO BOKOBOW I'PAHUIIEN
E.A. Bagepko, C.I1. CaxapoB
(Mocksa, MT'Y nmenn M.B. JIomoHOCOBa)
baderko.ea@yandex.ru, ser341516Qyandez.ru

B nomnoce D = R x (0,T) Bbluensiercs moayorpaHudeHHas 0O1acTh
Q ¢ Hernagkoii 60koBoil rpanueil ¥ u3 kiacca Junu-Ténpuepa H/2T
(B wacTHOCTH, MOMyCKAIOIMIEH «KIIOBBI» ). B 3T0i1 objacTun paccMaTpuBa-
IOTCST TIEpBas W BTOPAas HAYAIbHO—KPAEBbIE 3aJa9U IJIsi HEOTHOPOIHBIX
napabosmyecknx 1o IleTpoBckoMy cmcTeM BTOPOTO TOpsaka ¢ Jluan—
HENPEPBIBHLIMA KO3(h(MUIMEHTAMYA NTPU HEHYJIEBbIX HAYANBHBIX yCIOBH-
ax. C ucnosb3oBanuem pe3sysbraros pabor [1-4] mokasbiBarorcsi Teo-
peMbr 00 OJJHO3HAYHOW KJIACCHMYECKON Pa3pelMMOCTH B IPOCTPAHCTBE
C10(Q) nocrapnenHBIX 3a4a4 TPU MUHHMATbLHBIX YCIOBUAX Ha TIaJl-
KOCTh HaYalbHbIX (yHKIUi. Kpome Toro, ¢ omopoii Ha pe3yabTaThl
[5] mokazano, 4TO B Ciy4Yae HEBbLIIOJHEHUs PACCMATPUBAEMOrO yCIOBHs
HA XapakTep HENPEePBIBHOCTH KPHUBOH Y peIleHne IepBOil HAYIATbHO—
Kpaepoii 3agaun u3 mpocrpancrsa C10(Q) mMoxer He CymIecTBOBATD.
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5. Kamprawa JI.U. Ilpunnun makcumyma u JIOKajIbHbE OleHKu JIui-
muia BOIM3W OOKOBOM TPAHUIILI JIJIST PETIeHuil mapaboInTeckoro ypan-
Henus 2-ro nopsaka / JI.U. Kambanu, B.H. Xumuenko // Cnb. MareM.
K. — 1975. T. 16, Ne 6. — C. 1172-1187.

YCTONYNBOCTD INEPNOJNYECKNX PEIIIEHNI
OJHOTO KJIACCA INMPPEPEHIIMAJIBHBIX
YPABHEHUM C 3AIIA3/IBIBAHUEM
A. 0. Baun (Spocnasib, ApI'Y)
danila.bain@yandex.com

Paccvorpum ypaBuenwme:
i+ bi + cu = sc-sign(u(t — 1)), (%)

rae b,c,s €ER, b> —4c >0, ¢c#0,u s = +1.

st ypaBHEHUs (*) OTHICKHBAIOTCS TIEPHOIMYECKUE DEITIeHusT, KOIeh-
JIOLTMECST OKOJIO HYJIsl. [PH 9TOM PACCMATPUBAIOTCS TOJBKO MEJAECHHO
OCYUNNUPYIOULUE PEWeEHUSA, T.€. HE TepeceKarolyue HOJb 00Jiee OHOrO
pasa Ha Iepuose 3anas3/bIBaAHMS.

C 1esibl0 HAXOXKJAEHHUS MEJJIEHHO OCUUJIIUPYIOIIMX [EePUOINIECKUX
pelennii pacCMaTPUBAETCH CIEAYIONEEe MHOKECTBO HAUAILHBIX YCJIO-
BUii, COCTABIEHHOE W3 HAYAJIBHBIX (DYHKIWI, K KOTOPBIM B APy MOCTAB-
JICHA UX IIPOU3BOAHAA B TOYKE HOJIb:

S1={ (¢ ¢(0) : peC-1,0]), @(t)<0nput<,

0(0)=0, $(0)eV }CC[a,b] <V,

rae V C Ryp — MHOXKECTBO HEOTPULATEJbHBIX HAYaJIbHBIX CKOPOCTEH,
BLIOpPAHHOE TaK, UTO PeIIeHne, COOTBETCTRYIONMee HA9a bHOMY YCIOBUIO
M3 MHOXKECTBa S1 He mepecekaer Houlb Ha nHTepBade (0, 1], Ho mepecekaer
HOJIb Ha uHTepBaje (1,400) (B IPOTUBHOM Cilydae pelieHue ypaBHEHUs
TOYHO He $IBJIAETCH MEIJIEHHO OCIUJIUPYIONIHM ).

Hanee na muOxkecrBe Sy onpezessiercss orodbpaxkenenue I[lyankape
IT: 51 — Cla,b] X Rsg, ¢ ceuennem {(u,u) : u = 0}. B orobparkenun
IT Boimensiercst orobpakenue p : V. — Ry, nmepesoxsmee ¢(0) B mpoms-
BOJHYIO PEIIeHusI B €ro CJIeAyIOIeM Iepecedennn Hyms. Jlamee orobpa-
2KeHune p ucCCjaeayercd Ha CYIeCTBOBaHUuEe 1 yCTOﬁ‘IHBOCTb HEIIOABU>KHBIX
¥ TIEPUOIAIECKHX TOYeK. JI0Ka3bIBACTCS, ITO YCAOBHUSI CyIIECTBOBAHUS U

© Baun JI.11., 2023
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YCTORYIMBOCTHU HEIOBUKHBIX U MEPUOINIECKUX TOUEK st OTOOPAXKEHMIT
IT m p SKBUBAJIEHTHBI, B CBA3U C UM TIOJIYHAIOTCSA JOCTATOYHBIE YCIOBUS
Ha KO3 UIUEHTHI YPABHEHUS I CYIIECTBOBAHUS U YCTOWIMBOCTH TIe-
PHUOIMYECKHUX PEIIEHUI MCXOJHOTO YPaBHEHU .

IMycrs A1, A2 — (BelnecrBeHHbIE) KOPHU XapPaKTEPECTHYECKOIO MHO-
rounena jeBoii wactu muddepenmmanbaoro ypasaenus (x). Ha cuemy-
OIIUX PUCYHKAX M300parKeHbl 00JIACTH 3HAYEHWH TMAapaMeTpoB A1 U Ao,
py KOTOPBIX ypaBHeHue (k) jubo He UMEET NMEePUOJUYECKUX DEIIeHuU,
ubO UMEET YCTOHIUBOE TMEePUOIUYECKOE DEIeHne, DO UMEET TOIbKO
HEYCTOWYHUBOE MEPUOIUIECKOE PEIIEeHIE.

(a)

A2 01 Az 04

Ha pucynkax m300paskeHbl 00JACTH B MPOCTPAHCTBE MapaMeTPOB
A, A2 B ciiydasx s-¢ < 0 u s-¢ > 0 coorBercrBenno: (a, b, e, g) —
yDaBHEHUE HEe UMEET IePUOJUYIeCcKUX peinenuii; (¢, d) — ypaBHeHnue ume-
er ycroiiunBoe nepuoauyeckoe peiienue; (f) — ypaBHeHue uMeer TOJLKO
HeyCTOHYINBOE MePHOIHICCKOe PeIleHue.
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OB OITHOM OBOBIIIEHUU CTPYKTYPbl KEHMOIILY
M.B. Banapy (Cwmonenck, Cmonl'V)
mihail.banaru@yahoo.com

Haubonee comepkaresbHBIME U BaXKHBIMH MPUMEPAMU MTOYTH KOH-
TakTHOI MeTpuyeckoii (almost contact metric, acm—) cTpyKTypbl sBJIs-
I0TCsl KOCUMILJIEKTUYECKAst CIPYKTYPa, CIPYKTYpa duio (uiu cjaabo Ko-
CUMILIEKTUYECKasi CTPYKTYpa), & Takke crpyKTypbl Cacaku u Kenmorry
[1]. 9T CTPYKTYDPHI BMECTE ¢ UX MHOTOYHCIEHHBIMU OOOOIIEHUSIMHU CIIY-
KAT MPEIMETOM PA3HOOOPA3HBIX MCCJIEIOBAHUN, MPOBOINMBIX KAaK Te€0-
MeTpPaMH, TAK U CIEIUATUCTAMA B ODJIACTH TEOPETUIECKON (DU3UKH.

HamoMaMM, 9TO TMOYTH KOHTAKTHOW METPUYIECKOW CTPYKTYpOil Ha
OPHUEHTHUPYEMOM MHOroodpasuu N HEYETHOH pPa3MEPHOCTH HA3BIBAIOT
4eTBepPKy TeH30pHbIX noseit { P, £, 1, g}, Koropas yuoBIeTBOPIET TaKUM
ycaoBusim [1]:

n€) =1®&) =0;no0®=0; ®* = —id+ £ @ n;

(DX, ®Y) = (X,Y) — n(X)n(Y), X,Y € R(N).

3aech uepes ® obosnaueno nosie rersopa tuna (1, 1), £ — BekTOpHOE
1oJ1e, 1) — KOBEKTOPHOe 1oJie, g = (-, ) — puMaHoBa merpuka, RX(N) —
MOZYJIb TJIQIKWX BEKTOPHBIX MOJeli Ha MHOrO0Opasnm N.

HamomuwmMm Tak»ke, 9TO BBEJAEHHYIO B PaccMOTpeHue B Hadase 70-x
rOJIOB IIPOLLIOrO BeKa crpyKTypy Kenmouy onpeuessier pasencrso [2]:

Vx(®)Y = (dX,Y)E—n(Y)®X, X,V € R(N).

IIaruaanars et Hazan B.®. Kupuuenko u .B. YckopeB BBenu B
PaCcCMOTPEHNE HOBBIN THUII IOYTU KOHTAKTHBIX METPAYECKUX CTPYKTYD —
CTPYKTYDY, HA3BAHHYIO UMU CTPYKTYPOI KOCUMILJIEKTHYECKOro TUIa, [3].
Ona onpenensgercs Kak acCmM—CTPYKTypPa ¢ 3aMKHYTOM KOHTAKTHON (Hop-
MO#t. OCHOBHBIM CBOMCTBOM TOYTH KOHTAKTHON METPHUYECKON CTPYKTY-
Pl KOCHMILJIEKTUYECKOTO THNA ABJIAETCA €€ MHBAPUAHTHOCTH OTHOCHU-
TEJIFHO TaK HA3BIBAEMBIX KAHOHWYECKUX KOH(MOPMHBIX MPEOOPA30OBAHUN
[3]. CaMbIM IPOCTBHIM HPUMEPOM CTPYKTYPbI KOCHUMILJIEKTHYECKOTO TH-
1a CJIy?KUT, pa3yMeeTcsd, KOCUMILIEKTUYecKas CTPYKTYPa, a BaKHeHIuM
HETPUBUAJIbHBIM IIDUMEPOM, BO MHOI'OM OIIpeJe/IdIonieM ee LEHHOCTb B
KOHTaKTHOH reomerpuu, — crpykrypa Kemmory [3], [4]. B nociennee

(© Banapy M.B., 2023
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BpeMs aCM—CTPYKTYPbl KOCUMILIEKTHYECKOrO THUIIA M3y9alOTCs M0J, Har
3BaHMEM CTPYKTyp Kwupmuaenko—Yckopema [5]. 3ameTrnm, 4T0 mocTpoe-
HBI TPAMEPHI TAKAX aCM—CTPYKTYP, OTJIAIHBIX W OT KOCHMILIEKTUIECKON
CTPYKTYDBI, U 0T cTpyKTypbl Kermorry [6], [7].

PaccMOTprM KOCHMILIEKTHYIECKYIO CTPYKTYPY W CTPYKTYypy Kenmo-
Iy, KOTOPBIE, KAK CKA3AHO BBIIIE, ABJISIOTC TPAMEPAMEA aCM—CTPYKTY PbI
Kupuuenko—Yckopesa. Kak uzsecrno [1],[4], paBencrsa

dwa:wg/\wﬁ,

Wa = —wg A wg, (1)

dw =20

dw”‘:wg‘/\wﬁ+w/\wa,
dwe = —wP Awg +w A wa, (2)
dw=0

ABJIAIOTCS TIEPBOM TPYMION CTPYKTYPHBIX ypaBHeHuit Kaprama xocmwm-
ILTIEKTUYECKON M KEeHMOIIEBOH CTPYKTYP, coorBercTBenHo. B.®. Kupn-
4YeHKO o0palliaji BHUMaHWe Ha TO, 4T0 uMeHHO yciosue dw = 0 (oHO
upucyrcrByer, Kak BuaHo u B (1), u B (2)) ckopee Bcero xapakrepusyer
aCM—CTPYKTYPhl KOCUMILJIEKTHYIECKOTO Tuma. OH CUuTaj, 94To 3TO yCI0-
BHE MOKeT OBITH BBIBEJIEHO M3 TIPOBEICHHBIX KM coBMecTHO ¢ M.B. Ycko-
peBbIM TuddepeHnnanbHO-TeoMeTpruaecKuX mocrpoenuit ([3], cTp.846—
847).

OKa3bIBALTCS, YITIOMSIHYTOE BBIIIIE YCIOBUE SIBJISIETCS KPUTEPUEM TIPHU-
HAJIJIEXKHOCTU TIPOM3BOJIBHON aCM—CTPYKTYPbI KJIACCY MOYTH KOHTAKT-
HBIX METPUYECKUX CTPYKTYP KOCHUMILIEKTUIECKOro Tuia. Mbl mpeacras-
Jd€eM CIIeAYIONNil pPe3ysIbTaT.

Teopema. Pasencmeo dw = 0 6 nepsoti epynne cmpyxmypHoLr Ypae-
HEHUT NOYMU KOHMAKMHOT MEMPULECKOT CIMPYKIMYPDL ABAAECTNCA YCAO-
euem, HeoOTOdUMBIM U QOCMAMOYHBM O0AA 020, 4MOObL IMA GCM—
cmpyrmypa asasnacy cmpykmypot Kupuvenko—Ycxopesa.
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AHAJIMTNYECKUWE OITEHKU/ TOYHOCTU
BOCCTAHOBJIEHU A TTPO®NJISA BETPA 110 JAHHBIM
JINJTAPHOT'O CKAHUPOBAHUA
H.A. Bapaunos (Mocksa,

Borancaurensabiit neatp um. A.A. JTopoxauipma OUIL Y PAH)
baranov@ians.aero

B npakTuke MeTeoposIornuecKux u3mMepenuii Bce 6oJiee MupOKoe pac-
IPOCTPAHEHHE IIOYyYalOT CPEJCTBA AMCTAHIMOHHOIO 30HIAMPOBAHMHA, B
YACTHOCTH, JIMJAPHbIE cpeicTBa udMepenus npoduis serpa [1, 2]. Oc-
HOBHBIM METONOM OINEHKH TOYHOCTHBIX XapaKTEPUCTUK W3MEPEHWii B-
JISIOTCS dKCIepUMeHTanbHble Merozpl [3, 4]. Teopernuecknm oreHKaMm
JIO TIOCJIETHETO BPEMEHN HE YIENIAI0Ch BHUMAHUS.

B pabore paccMarpuBaeTca 3aJa4a BOCCTAHOBICHUSA TPEX KOMIIO-
HEHT CKOPOCTH BEeTpa IO JAHHBIM M3MEDPEHUil PaJuasbHONH COCTABJIAIO-
meil BIOIh HANPABICHWH, PABHOMEPHO PACITOJIOKEHHBIX HA TIOBEPXHO-
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CTH BEPTUKAJILHOIO KOHYCA C yIJIOM nosypacrsopa € [2, 5]. Komunonen-
ThI CKOPOCTH U, ¥, W BBIYUCISIOTCS KaK perierve 3aa9u MUHUMW3aInn
dyuknronasa BUIA

n—1
J(u,v,w) = Z(V’“j —(u-cospj+v-sing;) - sine —w - cose)?,
§=0

riae V,; — n3MepeHHOe 3HAaYEeHNE CKOPOCTH B HAIPABJIEHHU C a3UMYyTOM
w; = j - Ap, n — ancno uamepenuit, Ap = 2 - 7/n.

ITpeanonaraercsi, 4ro OMMOKU U3MEPEHUIi BJIOIbL HAIPABICHUN He3a-
BUCHMbI U YIOBJIETBODPSIOT YCJIOBUIO

rae Vp; — UCTUHHOE 3HaueHHe Pa/MaIbHON CKOPOCTH.
B pabore nmomyueHs! caeayomnme OneHKy 171 MAKCUMATIbHBIX OMIHO0K
BOCCTAHOBJIEHHSI KOMIIOHEHT CKOPOCTH BETPA:

4

1 1+ x
max|ufu0|<§~,—';?,
s e 1—"_@

1 4
max |v —vg| <0 — - —,

sine =
1

cose’

max |w — wp| <0 -

B acumnrormueckom HpI/I6J'[I/DKeHI/II/I OI€HKH TOYHOCTH OIIpeaesieHndA
T'OPU30HTAJHBbIX KOMIIOHEHT CKOPOCTH OJIUHAKOBbBI U UMEIOT BU/L

4

max |u — ug|, max |v —vg| S0 ————.
m-sine

s cpeaHeKBaApaATHIEeCKUX OMIMOOK IOy 9€HbI ONEHKH BUIA

V2

Oy =0y~ ———0y
siney/n

1
ov,
Vn - cose

e oy — CPeIHEKBAIpATUYeCKas OMMUOKA W3MEpPEHuil paIuabHONU CO-
CTaBJIAIONIEN cKOpocTH BeTpa V..

Ow —
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O 3AJJAYAX TPAHNYHOI'O VIIPABJIEHUY
" OIITUMAJIBHOI'O YIIPABJIEHUYA
PACIIPEJIEJIEHHOI HEO/JHOPO/JIHOM
KOJIEBATEJIbHOM CUCTEMOW C PA3JIMYHBIMUI
IMIPOME>KYTOYHBIMHU YCJIOBUSIMU
B.P. Bapcersu (Apwmenus, Epesan, Uncruryr mexanuku HAH
Apmenun, Eperanckuii rocynapcTBeHHBINR yHI/IBepCI/ITeT)
barseghyan@sci.am

SagauaM ympaBjeHuss W ONTUMAJIBHOTO YIIPABIEHUS DPA3HOPOIHBIX
(KyCOYHO—OIHOPOIHBIX) PACIPEIETICHHBIX CACTEM IMOCBAIICHBI, B 9aCT-
HocTH, paborsl [1-4]. B [1, 2] u apyrux paborax moJo0HbIE 3313491 U3Y-
9eHbl U BBIBeIeHbI (popmynbl Tuna Jlamambepa. HeobxommmocTs mome-
JINPOBAHUS W YIPABJIECHUS PACIPEIETEHHBIX KOIEOATENbHBIX MPOIECCOB
COCTABHBIX CHCTEM € KyCOYHO—IIOCTOSHHBIMU XAaPAKTEPUCTUKAMEI BO3HU-
KaeT BO MHOTUX TEOPETUYECKUX W MPUKJIAIHBIX 00JIACTIX HAYKH U TEX-
aukn. OIHAKO HAYYHOE HAIPABJIEHNE TI0 YIIPABICHUIO W ONTHMATHHOMY

(© Bapcersn B.P., 2023
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YIIpaBJI€EHUIO HEOAHOPOIAHBIMUA KOIIe6aHI/IHMI/I IIOKa el1e HeJ0CTaTOYHO ucC-
CJI€IOBAaHO. HeKOTOpre 3aJa91 TPAHUYIHOTO ONTUMAJILHOTO YIIDaBJIECHUA
KYCOYHO—OJHOPOTHOMN KOJIEOATEIbHOM CHCTEMOI PACCMOTDPEHBI B [3, 4].

B npemyraraeMom JIOKJ1a/1€ PACCMOTPEHBI HOBBIE 334U TPAHUYHO-
TO yHIpaBJICHUA W ONTUMAJIBHOT'O yHIPAaBJICHUA HeKOTOpOﬁ HeO,ILHOpO,ZLHOfI
KOJ'[e6aTeJIbHOfI CHACTEMOH C 3aJaHHBIMHA PA3TUIHBIMA MHOTOTOY€YHBIMU
MPOMEXKYTOIHBIMA YCIOBUAMH HA, 3HAYECHUS (PYHKIIUN KOJIEOAHU U CKO-
pocreil To4eK B Pa3HbIE IIPOMEXKYTOYHbIE MOMEHTHL BDEMEHHU. ¥ [IPaBJIe-
HUE OCYMIECTBRIIACTCS KAK CMEIIEHNeM OJHOTO KOHIIA TIPH 3aKPerIeHHOM
JPYTOM KOHIIe, TaK W CMEIeHneM Ha JABYX KoHmax. [ljad 3amad onTwu-
MaJIbHOTO yHIpaBJICHUA KpI/ITepI/Iﬁ Ka49eCTBa 3a/JaH Ha BCEM ITPOMEXKYTKE
Bpemenu. PacrnpenenerHHas HEOTHOPOIHAS KOmebaTebHasd CACTEMA, OIIH-
cbiBaeMasi KyCOYHO—OJIHOPO/IHbIM BOJIHOBBIM YPaBHEHHEM, B YACTHOCTH,
OTMUCHhIBAET HE TOJILKO TOMEPEYHBIE KOJ'Ie6aHI/IH HeOﬂHOpOﬂHOI‘/’I CTPYHHI,
HO ¥ TIPOJOJIbHBIE KOJEOAHUST HEOZHOPOIHOTO CTEPIKHS.

ITpeanonaraercsi, YT0 PpacCCMOTPEHHBINH KOJIEOATEIbHBINA MTPOIECC CO-
CTOUT W3 JBYX YYACTKOB C PA3HBIMU (DUBUIECKUMHU XAPAKTEPUCTUKAMU
MarepuasioB. JIJIUHBI OJHOPOIHBIX YYIACTKOB TAKHUE, ITO BPEMS IIPOXOXK-
JE€HUA BOJIHBI I10 KaKI0OMY U3 HUX ABJIACTCA OJJUHAKOBBIM. B 3a/1a49ax OII-
TUMAJILHOTO YIIPABJICHUS KPUTEPHUAMHU KAYECTB SABIMIOTCA (PYHKITHOHA-
JIBI OT KBajpara QyHKIun cMemienus. IIpeanonaraercs, 9ro Bce HyHK-
OUN TaKWe, 9TO BBIMOJIHAIOTCA COOTBETCTBYIOINE YCJIOBUA COTJIACOBAHUA
" yCJIIOBUA CONPAXKEHUA B COCAMHEHUAX yIaCTKOB, a TaKZKe O6eCHeLH/IBa—
€TCsl CyIIeCTBOBAHUE KJIACCUYECKUX perenuii 3, 4].

JIst Bcex 33129 110 €IMHON CXeMe MPeII0KeH KOHCTPYKTUBHBIN TO/I-
XOZI MOCTpPOeHusT (PYHKIUKA TPAHUIHOIO YIPABJEHHS W ONTUMATLHOTO
IPAHUYHOrO yIIPABJIEHUS KOJIeOaHUSIME, 0OECIIEINBAIONIUX BBIIOJTHEHIE
MHOT'OTOYE€YHBIX TPOMEXKYTOIYHBIX yCHOBHﬁ. CXeMa TTOCTPOEHUA 3aKJIIO-
JaeTCd B CJISAYIONIEeM: NCXOJHbIE 3a/Ja91 C HECOAHOPOJAHBIMU IT'PDAHUIHBIMN
YCIOBUAMHA CBOOATCA K 3aJa9aM YIIPABJICHUA U OIITUMAJIBHOT'O YIIDaBJI€-
HUA pacClIpeaeTeHHbIMA BOS,HeI‘/JICTBI/IHMI/I C HYJIEBBIMHU I'DAaHUIHBIMHA yCJIO-
BUSIMH COOTBETCTBEHO. Jlajee, MCIOMB3yss METO/ pa3jeseHus IepeMeH-
HBIX, METOAbI TEOPUU YTIPABJIECHUA U ONTUMAJIHBHOTO YyIPABJIEHUA KOHEY-
HOMEPHBIMU CUCTE€MaMW C MHOTOTOYECYIHBIMU TPOMEXKYTOIYHBIMU YCIIOBU-
saMu [5, 6], 7151 TPOU3BOJIBHOTO YHCIIA TIEPBBIX FADMOHUK TOCTPOEHBI TPa-
HUYHDbIE YIIDABJE€HNUA U ONITUMAJIbHBIEC I'DaHUYIHbIEC YIIDABJICHUA.
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O BAJJAYE T'PAHUYHOTI'O VIIPABJIEHUST
PACIIPEJIEJIEHHOI HEO/JHOPO/IHOM
KOJIEBATEJIbBHO CUCTEMOU C 3AJAHHBIMU
IIPOMEXKYTOYHBIMHA YCJIOBUSIMN!

B.P. Bapceran', C.B. CoJonyma?

(* Apmenus, Epesan, Uncruryr mexanuku HAH Apmenun, ET'Y,
2Poccns, Upkyrek, UCOM CO PAH)
barseghyan@sci.am, solodusha@isem.irk.ru

IpesncrapneHubIii HOKIaM TpUMBIKaeT K padoram [1-4]. Ilycts co-
CTOSIHHE HEOIHOPOIHOTO KOJIe0aTeIbHOTO mpolecca 3a7aeTcs hyHKimeit
Q(x,t), =l <x <1,0<t< T, KOTOpas ONUCHIBAETCS yPABHEHUEM

2?Q(x,t) a%;’zgﬁ'”, L <r<0, 0<t<T, W
re@l _
ot 229 0<a<l, 0<t<T,
C KpaeBbIMI/I yCHOBI/IﬂMI/I
Q(—11,t) = pu(t), Q1) = v(t), 0 <t < T, 2)

I Uccnenosanme C.B. Conomynmu BEIIOJHEHO B PAMKAX I'OCYIAPCTBEHHOTO 3a,1a-
uus MuHHCTEPCTBA HAYKW U BHICIIEro 0Opasosanus Poccuiickoit Penepanun (IpoekT
FWEU-2021-0006, rema No. AAAA-A21-121012090034-3).

© Bapcersu B.P., Cononyma C.B., 2023
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1 C yCIIOBHAMHU COIIPDAZKEHUA B TOUKE T = 0 COoeIMHEHNA y1aCTKOB

0 0
Q0 —-0,t) =Q(0+0,t), a?mag le=0—0 = a%ang le=04+0 - (3)

B (1) u (3) obo3HaueHsl: a; = \/%, pi = const — MIOTHOCTD, k; = const
— moayis FOura, ¢ = 1,2. B (2) dyukuuu p(t) u v(t) — yupasisio-
mne BoszelicTus. [Ipezmnosaraercs, YTO BBITOJHSIIOTCS COOTBETCTBYIO-
IMe yCJIOBHs coryacoBanust [2, 4]. Iyuust [1 v | y4acTKOB BBIOPAHBI TaK,
YTO BBINOJIHAETCSA PABEHCTBO a1l = agly. 3asanbl Hadasbuble (ipu ¢ = 0)
u koneunble (npu t = T') yciaoBus

Q.0 = pole), T2 =wole), h<as<l (@
t=0

Qw.T) =pr(@), 52| =yr(@), h<a<l ()
t=T

IIycts B momentst Bpemenu 0 = tg < t1 < ... < tpy < typy1 =T
3aaHbI 3HAYEHUsT (DYHKIIUU COCTOSTHUS W €€ TTPOM3BOIHON B BUE

m

Qz,t;) =pi(z), -h<z<l, i=2a-1, a=1, .., > (6)
Q ) m
_— = - — g g 5 = 2 5 - 17 eey T
i, =wE) h<esi = r

B (6) n (7) mpeamnonaraercs, 9To (v — YETHOE YHUCIIO.

TpeGyercst HafiTH TaKue ONTHMATbHbIE TPaHUYHbIe yrpasyenus 10 (t)
u v0(t) u3 (2), nox Bo3zeiicTBHEM KOTOPBIX KojleGaTe/bHOe JIBUKEHHe
cucrembl (1) U3 33JaHHOIO HAYAIBHOIO COCTOsHU (4) MepexoauT B KO-
HeqHoe cocrosinue (5), obecnednsas BpinosHeHue ycaosuit (6), (7) u Mu-

2

T
mmvmsupyomye Gyrxmmonan | [ (p?(t) + v2(t)) dt
0

B pabore mpemioxKeH KOHCTPYKTHUBHBIH TOAXOJ MOCTPOEHUS (DYHK-
WY ONTUMAJIHHOTO IPAHUYHOrO ymnpasienus. [locTpoenue ocytiecTsiis-
ercs Mo CJeayforeil cxeme. 3ajada CBOAMTCI K 33aJade ONTHMATHLHOIO
yIIpaBJIeHUs PacCIpe/le/IeHHbIMU BO3/1eCTBUAMYU C HYJIE€BbIMU I'DAHUYHbI-
MU yesousiMu [2, 3], nanee ncmosb3yercst Meros, Pyphe U MeTOIbI Teo-
PHUHU ONTUMAJIBHOTO YIIPABJIEHNS KOHEYHOMEPHBIMU CUCTEMAMU C MHOT'O-
TOYEYHBIMHU TIPOMEKYTOUYHBIMH yCIOBUAME [4].
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OBb AJITEBPE MHTETPAJIBHBIX
OIIEPATOPOB C MHBOJIIOIINEN
A.T. Backakos, I'.B. I'apkaBenko, H.B. YckoBa
(Bopomex, BT'Y, BI'ITY, BI'TY)
anatbaskakov@yandex.ru, g.garkavenko@mail.ru, nat-uskova@mail.ru

IIycts L, = L,(R,C), p € [1,00), — 6aHaxoBO MIPOCTPAHCTBO
(K.HaCCOB SKBI/IBaHeHTHOCTI/I) U3MEPUMBIX U CyMMI/IpyeMbIX CO CTEIIEHBIO
p=[1,00) dbyukuumii ¢ HOpMOIt

lell, = ( [ letPdt)”. @€l peltoo.

Ilpu p = oo mpocrpanctBO Lo, — IPOCTPAHCTBO CYIIECTBEH-

HO OTPAHWYEHHBIX (KJIACCOB 3IKBUBAJEHTHOCTH) (GYHKIUI € HOPMOIi

|z]|coc = vrai sup |x(t)|. IIpocrparcTBo L siBasiercss 6aHaxXoBOM aare6-
teR

poit co cBepTKO# (DyHKITHIH
(F+9)0) = [ 19t =mydr fge Ly
R

B KQYECTBE ONEpalny yMHOXKeHus1. Uepes fo6o3HatH/IM IpeoOpa3oBaHme
Dypre Gyukuuu f € Ly (umu f € Lo).

© Backakos A.I', l'apkasenxo I.B., Yckosa H.B., 2023
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OrpanudenHnblit uHEHHBINA oneparop J HA3bIBAETCS WHBOJIONUEIT, ec-
am J? = I. B mpoctpanctee Ly, p € [1, 00|, cranmapTHOii WHBOMIOHME!H
siByisiercst oneparop orpaxkenns (Jx)(t) = x(—t), t € R.

g nroboii byukimu o € Ly (R) paccmorpum onepaTop ceeprku A,
OIIpeIeIeHHBIH (POPMYTOit

(Apz)(t) = (axx)(t) = /ROc(T)x(t —7)dr, a€ly, zeL, (1)

Paccmorpum oneparopst Ay g = Aq + Agd, o, f € L.
JIemma 1. Onepamopu. Ay g 0bpasyrom banazosy anzebpy M.
Henocpeacrsennstii mozcuer nokassiaer, 4o ||Aqy || < [lafli +1| 8]

u Aa”gAa/ﬁ/ = A&»E’ riae

a=axao +B*xJ3,
B=ax*xp +Bx*Jd.

OueBugno rakxe, 410 Ay € M, AgJ € M.

IMycts S omeparop capura dbyuxiwmii (S(s)x)t = x(t+ s), s, t € R,
xz € L,. Ormernum, uro dopmyna (1) ompenmenser va Ly, p € [1,00),
crpykrypy 6anaxosa Li(R)—Moaysisi, acCOLUMPOBAHHOIO C LIpe/CTaBIIe-
urem S (cm. [1-3]). O6o3naunm vepes A(x) cmektp Bepsnara [1-3] sme-
MeHTa T € Ly, p € [1,00).

Jlemma 2. Umerom mecmo caedyrowue c60lcmaea.

1. Onepamopwr A, a € L1, nepecmanogoumns, mescdy cobotl u ¢ one-
pamopamu ceepmru S(s),s € R.

2. Adpo Ker A, onepamopa A, cocmoum u3 maxuxr x € L,, p €
[1,00), wmo (supp @) N A(z) = &.

3. A(Aqz) C Alx) N (supp @), = € Ly,

4. Cnexmp o(A,) onepamopa A, coenadaem ¢ 3a.MbKaGHUEM MHOICE-
cmea Im a.

5. Ecau x € Ly, mo 6 Ker A, cocmoum u3 maxux © € Ly, wmo
(supp @) N (supp @) = @.
6. B npocmpancmee Ly onepamop A, camoconpagcen, ecau o —t) =
a(t), t € R.

Ormernm, 4TO oneparopsl Buuad A, g, JeiicrByiomue B Lo, udyda-
JIICh, Haupumep, B paborax [4-5].
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JNOPEPEHITMAJIBHO-PASHOCTHHBIE CUCTEMBI
C BECOBBIM ITAPAMETPOM B KJIACCE ®YHKIINN,
CYMMMPYEMBIX HA CETEIIOJJOBHOM OBJIACTH
C. A. BarasoBa (Bopouex, BI'Y)
s.sonya.batalova@gmail.com

Ceremnomobuas orpanndennas obmacrb & C R™ ¢ rpanuneit 0 co-
crout u3 obnacreit 3; ¢ rpanunamu 03 (I = 1, N), coequnennbix 58 M
Y3JIOBBIX MecTax w;. B kaxzaom y3nosom mecre w; (j = 1,M) dux-
CUPOBAHHOE YHUCJIO TOmobacTeit &; uMeroT obIue IPaHullbl, 00Pa3y0-
Inue HOBEPXHOCTb UX HpUMBIKaHus S; (measS; > 0). Y3710B0e MECTO wj
(j = 1, M) omupenesnsiercss CBOEIO IOBEPXHOCTHIO NMPUMBLIKAHUS S;, IJIS
KOTOPOIl Kazk/1asi MOBePXHOCTh S5 (s = 1,m;) TakKe ABJIAETCSA NOBEPX-
HOCTBIO NPUMBIKAHHA 7, K .

Iycrs Lo(2) (2 € R™) — ruanbepToBO MPOCTPAHCTBO JEHCTBH-
TeJbHBIX U3MepuMbix 1o Jlebery dbyukumit u(z), © = (r1,22,...,Tn),
CKANSIPHOE TIPOm3BeieAne W HOpMa B Lo(Q) ompemenenbr paBeHCTBAMA
(u,v) = [qu(@)v(z)de u ||lullg = v/(u,u). Janee, W3(Q) — cobones-
CKO€ NPOCTPAHCTBO 3jieMeHToB u(x) € Lo()), aig KOTOPBIX Uy, (T) €
Ly(Q), k =1,n.

ycrs CH(S) — muoxkecrso bymknmit u(z) € CH(T), mns KOTOPHIX
MMeeT MEeCTO COOTHOIIEHNUS (yCIOBUS MPUMBIKAHIS )

u(x)s; < u(v)s;
/S (#)s, 5t +;/S (@)s, “gprtds =0,

© Baramosa C.A, 2023



x € Sji; 1= 1,m]-

Ha moBepxHOcTaX Sj, Sj; (1 = 1,m;) Bcex y3moBbIx MecT wj, j = 1, M.

Omnpenenenne 1. 3ammrarnue C1(S) 6 nopme, nazosem npocmpan-

Tl _ _ - 1

emeom WH(S), || - Iy gy = II- ”W,j(%) = || |lg, xomopoe ucnoavzyemca
OAA USYNEHUA KPAEBVLT 36044 € 00UUMY KPAEGHMU YCAOESUAMU

Onpenenenne 2. amviranue C(S) 6 nopme, nasosem npocmpan-
emeom WE(S), komopoe ucnosvsyemcs 0as anaiusa kpaeswis 3a0ay ¢
yeaosuamy Jupuxie

B mpocrpancree  WE(S) (wm W) pacemarpusaiorcs
OTIEPATOPHO—PA3HOCTHBIE CXEMbI C BECOBBIMHU MapaMeTpamMu o, #u
02, OT BBIDOPA KOTOPBIX 3aBUCUT YCTORIUBOCTH U TOUYHOCTH CXEM.

Ha orpeske [0,7] BBemeM paBHOMepHYIO ceTky ¢ marom 7 = T/K:
wr={ty =k, k=0,1,...., K}.

Paccmorpum
a) JBYXCJIONHYIO OIIEPATOPHO—PA3HOCTHYIO CUCTEMY C BECAMU 01, 09
J1TsT TTapabOoIMIecKOi CHCTEMbI YPaBHEHU

yp + Ay = f(k), k=1K—-1, y(0)=go(z)

6) TPEXCIIONHYIO OIepaTOPHO—PA3HOCTHBIE CUCTEMY C BECAMU 01, 09
J7Isl THIEPOOINIeCKO CUCTEeMbBI yPaBHEHMIH

yio + Ay = f(k), k=T,K -1, y(0)=go(z), u:(0)=p1(x)

Hns xawxnoro dukcuposannoro k (k= 1,K —1) dynkmua
y(k+1) € WL(S) asnserca pemennem u yJI0BIETBOPSIET KPAEBOMY YCJIO-
BHIO

y(k + 1)|z€8F =0,

Omnpenenenne 3. Cosoxynnocmv dynxyut y(k) € WHS), k =
2, ..., K, nasvieaemca caalvim peuenuem Cucmembl, eCat Yooeaemeopsi-
10TNCA TodICoecmea

L v (@) + 6y ) = / fEm()ds  Vn(z) € WA(S),
73



k=1,K-1y(0) =po(z), u(0)=¢i(x),
oaa kastcdozo y(k);
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O PABPEIIIMMOCTU 3AJAYUN KOIIIN OJ1d CUCTEM
KOMIIJIEKCHBIX JUP®PEPEHIINAJIBHBIX
YPABHEHUI C YACTHBIMU IIPON3BOJIHBIMUI
B IIPOCTPAHCTBAX IIEJIBIX ®YHKIIUN
BEKTOP-3KCIIOHEHIIMAJIBHOT'O TUIIA!
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B pannoit pabore paccmarpuBaercst 3agada Koy st o0mmux Jiu-
HEHHBIX cucTeM MM dEpeHINAIBHBIX YPABHEHUH C YACTHBIMU TIPOU3BOJI-
HBIMU:

%(t, z) — A(t, z, D)u = h(t, 2)

u(to, z) = ¢(2),

B [IPOCTPAHCTBAX IEJIbIX [0 IEPEMEHHON Z 1 AHAJMTUIECKUX B KPyTe
[t — to| < & mo mepemenHoit t BEKTOP—DYHKIWMIT ¢ MHTETPATBLHBIMA MET-
pukamu. OyHKIUE U3 PACCMATPUBAEMBIX MPOCTPAHCTB MOTYT JIOMYCKATh
POCT KCIOHEHIINAJIHHOTO THUIIA TIPU 2 — OO.

IMony4ernbr HEOOXOAUMbBIE U JOCTATOYHbIE YCIOBUS KOPPEKTHOCTH 3a-
maan Komm B ykazaHHO#N 1mikaje (DyHKIMOHAJIBHBIX MIPOCTPAHCTB, T€M
CaMBbIM, TOYHO OMHMCAHA CTPYKTypa CUcTeM AuddMEepeHInaIbHBIX yPaB-
HEHUH, [JisT KOTOPBIX 3Ta KOPPEKTHOCTH mMmeeT mecTo. ObmacTh ompe-
JeJIGHUsT PeIeHnsi KOMILIEKCHOH 3amagn Kommu coBmagaer ¢ 001acThio
OTIpeJieIeHns TPABO YacTh cucTeMbl Aud(MepeHIInaTbHbIX YPABHEHUIH.

1 PaBoTa BBINOSHEHA IPH TOIEPKKe MUHUCTEPCTBA HAYKH M BBICHIEro 06pa3o-
Banud P® (mpoexr FSWF-2023-0012).
(© Buprokos A.M., 2023
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Panee B pabore [1] 10106HbIE 3212491 PACCMATPUBAIKMCH B KJIACCAX aHa-
JINTUYECKUX (PYHKIUH C CYyTPEMYyM—HOPMAMY U OBLIN TOJIYYE€HBI KPUTE-
pU¥ KOPPEKTHOCTH B 33/IAHHOI IMTKaJIe (DYHKIIMOHAIBHBIX MTPOCTPAHCTB.
OkasbIBaeTcsi, 9YTO YCJIOBWS, TPU BBIMOJHEHUU KOTOPBIX WMEET MECTO
KOPPEKTHOCTD 3a7a9u Kol B TPOCTPAHCTBAX C CyIPEMyM—HOPMaMU U
B [POCTPAHCTBAX C WHTEIPATBLHBIMU METPUKAMEU, COBIIAAIOT.

JIureparypa
1. Hy6unckmit FO.A. 3amaua Komm B kommiexcHo# obmacta /
F0.A. Oy6umnckuit. // M. : U3garenscrso MOU, 1996. — 180 c.

IMEPUOJUYECKUE IMNKJINYECKUWUE KOIINKJIBI
B AJITEBPE IICEBAON®PEPEHIINAJIBHBIX
KPAEBBIX 3AJAY!
A.B. Boaraues, A.JO. CaBun (Mocksa, PY/IH)
boltachevandrew@gmail.com, antonsavin@mail.ru

Paccmorpum Muoroobpasue M = R’} ¢ koopaunaramu (2, ,,) ¥ Kpa-
eMm X = R*" !, ompenmensemomy ypasHenmeM T, = 0. PaccMmorpuM aj-
rebpy cuMBoJioB oneparopos Byre me Mousens na M (cwm. [1]) Hymnesoro
nopsaka u tumna. HanoMauM, 4T0o sjnemeHTaMu ajarebpbl A sBJIgOTCH
1apbl

@ =(a,ax) € O(Ty M) @ O(Ty X, B(H, @ C)), (1)

rJie @ — OJHOPOMHBII CUMBOJ HYJIEBOI'O MOPSAIKA Ha KOKACATEJIbHOM pac-
cnoennn 1M 6e3 HyJIEBOrO CeueHUsI, HA3BLIBAEMBIH SHYMPEHHUM CUM-
6040M U YJIOBJIETBOPAIOIINI CBOMCTBY TPAHCMUCCHU.

Dyuxius ax B (1) HA3BIBACTCS 2PAHUYHOIM CUMBOAOM U ABJISETCS
ryaaKoil oneparop—dyukiueit va 15X Buga

, H+a|aTO*M—|—H’g C H+ H+
ax(z', &) = , e — @ . (2)
£, 0 v C C

3aech

o Hy = Fu ¢, (S(Ry)) — mpocrpancTso 06pa3os Pyphe npocTpan-
crea IIsapua S(R.) rmaakux dyuknuii va Ry, 6eicTpo yObIBaKo-
MuUX Ha OECKOHEYHOCTH;

1 Pabora BBITIOJTHEHA, npu dbuHaHCOBOMK OAepPIKKe POOU

(npoekT Ne 21-51-12006).
© Boaraues A.B., Casun A.IO., 2023
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° a|3TO*M c Cw(T5M|aM), S COO(TS(X),

o b € COO(T(TX7H:)7 (S CDO(TJX7H+)a g S COO(TO*Xa H+ ®H—)7
rae H_ = F(S(R-));

e ouneparopot 111 : Hy & H_ — H_ ABIAIOTCSA IPOEKTOPAMHE, IPUYEM
— (byHKIIMOHA CJTEIYIONIETO BUIA

I':H, ®H_ — C,

u(&n) — hr%Jr ‘Fﬁn%xn

(u(én))-

Mpbr ompejiesisieM SIBHbIE NePUOUMECKUE UYUKAUYECKUE KOUUKALL
(cm. [2]) na anrebpe cumposios oneparopos Byre jne Monsensa A. Taxk-
2Ke pacCMaTpuBaeTCd 3KBUBAPUAHTHBIN Cilydail — u3ydaercd AeicTBue
JUCKpeTHON rpynmbl [ Ha MHOT0OOpa3nu ¢ KpaeM ¥ acCOIMHPOBAHHOE
JeiicrBue Ha anrebpe A.

JIurepaTtypa
1. Boutet de Monvel L. Boundary Problems for Pseudodifferential
Operators / L. Boutet de Monvel // Acta Math. — 1971. — V. 126. —
P. 11-51.
2. Connes A. Noncommutative Geometry / A.Connes // Academic
Press, Inc. San Diego, CA, — 1994.

OBPATHBIE 3ATAYN
AJIAd INPOPEPEHIINAJIBHBIX OITEPATOPOB
C KOYPPUIINMEHTAMU-PACIIPEJEJIEHNAIMMI!
H.I1. Bougapenko (Caparos, CTY)
bondarenkonp @info.squ.ru

JIoKJ1a1, TIOCBSAINEH OOPATHBIM CIIEKTPAIbHBIM 3adaduaM 11 nudde-
PEHITHAIBLHBIX OIIEPATOPOB, MOPOXKIEHHBIX Au(depeHInATHLHBIMEA BhIPa-
KEHUSAMUI BUIA

m—1
L) =y + 3 (o) @)y ) )¢
k=0

m+7T—2

+ Z 522-:-;1) (k))(k+1)+( (12k+1)(l_)y(k2+1))(k))7

1 Pabora  BmimosmHena B CapaTOBCKOM  TOCYJIapCTBEHHOM  YHUBED-

curere npm (uHaHCOBOH nOommepkke PH®  (mpoexr Ne  21-71-10001,
https://rscf.ru/project/21-71-10001/).
© Bonpgapenxo H.II., 2023
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men=2m+7>2meN, 7=0,1,z¢€(0,T), T < +oo, (i,)'Zs —
IHeJIble YUCa, yAOBICTBOpAIone HepaseHeTBaM 0 < dgg; <m —k — 7,
j=0,1, (UV)Z;OQ — peryspHbie GyHKIUYU (B pA3HbIX CAyd4aax Tpedyercs
BBIMOJIHEHHE yCoBuit 0, € Lo(0,T) nnn o, € L1(0,T)), npou3BosHbie
al(f”) HOHMMAIOTCA B CMbIC/Ie 0000IeHHbIx DyHKuuii (pacnpepesenuil).
st paborsl ¢ auddepennuanbubiv BoipazkenueM £, (y) UCHOIB3yeTCs
peryisipu3anuoHHblil 1oaxozx, [1].

B [2,3] mokasaHBI TeOpeMBbl €IMHCTBEHHOCTH DEIeHNs OOPATHBIX
CMIEKTPAJILHBIX 3a7a4 /7151 ypaBHeHus £y, (y) = Ay Ha KOHEYHOM WHTEPBa-
ge (0,1) u va mosmyocu (0,+00) ¢ COOTBETCTBYIOIMIUME KPAEBBIMU YCJIO-
BusAMH. PaccmarpuBaemble 0OPATHBIE 3a/a9U COCTOAT B BOCCTAHOBIIE-
nuu bynxmmii (0,)"28 1 K03hHUIEEHTOB KPACBBIX YCIOBHI 110 MATDHIE
Beiina—FOpko M ()), ananormuanoii marpune Belins, ucnonb3oasmeiics
B [4] anst BoccTanoBIeHNS A depeHIHATBHBIX OIEPATOPOB BHICIITHX MO~

PAIKOB C peryasapHbiMu K03 durnmentamu. B ciyyae KOHEIHOrO WHTEDP-
n(n—1)

BajIa 37eMeHThl MaTpuibl M (A) OIHOZHAMHO OMpEENAIOTC Mo —

CIIEKTPAM.

B [5] paspaboran KOHCTPYKTUBHBIH MOAXOJ K PeIIeHHI0 0OpaTHBIX
3ama4 1s auddepeHInaabHbIX OMePATOPOB BBICIIUX MOPSIKOB € KO-
dunmeHTAMU—PACIPEICJICHIAMA HA, OCHOBE MJIEH METO/1a CIIEKTPAJIbHBIX
orobpaxkennii. [lomydennt opmysasl BoccTaHOBIeHUsST KOIDDUIMEHTOB
nuddepeHuanbHOro Bhipazkenus o, (y) B pas3iudHbIX Kjaccax (DyHK-
uwii. Baxkuyio posib B pafore [5] urpaior acUMITOTHKE CIEKTPAJIbHBIX
JIAHHBIX (COOCTBEHHBIX 3HAYEHHI W BECOBBIX YHCEJI), MOIyYeHHBE B [6].
B upempunre [7] upu nomouiy pazpaboTaHHOIO METOJA HOJLY YeHbl HE00-
XOAMMBIE U JOCTATOYHBIE YCIIOBHUS PA3PEINMOCTH 00pATHOI 3a7a4u 115
nuddepeHIuaibHOr0 ypaBHeHus TpeThero nopsaaka (n = 3,ig = 1,41 =
0,0, € L3(0,1),v =0,1).

JIureparypa

1. Mupszoes K. A. Iuddepennuaibable OnepaTopbl YeTHOIO MOPIIKA
¢ ko3 dunuenramu—pacupenenenusvu /| K.A. Mupzoes, A.A. Hlkauu-
koB // Marem. 3amerku. — 2016. — T. 99, Ne 5. — C. 788-793.

2. Bondarenko N.P. Inverse spectral problems for arbitrary—order
differential operators with distribution coefficients / N.P. Bondarenko //
Mathematics. — 2021. — Vol. 9, no. 22. — Article ID 2989.

3. Bondarenko N.P. Linear differential operators with distribution
coefficients of various singularity orders / N.P. Bondarenko // Math.
Meth. Appl. Sci. — 2023. — Vol. 46, no. 6. — P. 6639-6659.

4. FOpko B.A. Besenne B T€0pHio 0OPATHBIX CIIEKTPATBHBIX 321349 /
B.A. Opko // M. : ©UBMATJINT. — 2007. — 384 c.
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5. Bondarenko N.P. Reconstruction of higher—order differential
operators by their spectral data / N.P. Bondarenko // Mathematics. —
2022. — Vol. 10, no. 20. — Article ID 3882.

6. Bondarenko  N.P.  Spectral data  asymptotics  for
the  higher—order  differential  operators  with  distribution
coefficients / N.P. Bondarenko // J. Math. Sci. — 2023. —
https://doi.org/10.1007/s10958-022-06118-x.

7. Bondarenko N.P. Inverse spectral problem for the third—order
differential equation / N.P. Bondarenko // Arxiv.org. — 2023. —
https://arxiv.org/abs/2303.13124

SIBJIEHVE BU®YPKAIINY B HEJIMHENHON
KPAEBOW 3AJIAYE
E.3. Bopeuu (Caukr—IlerepGypr, CIIGI'9TY)
danitschi@gmail.com

PaccmarpuBaercst ciieyomas KpaeBas 3a1a4a,

E'"+EE=fH(E Ey), O0<z<]l, (1)
E(0) = E(1) = Ey, Ey >0,

rae f — nosnoxuresbuas koucranra, H(E, Ey) = G(E)—G(Ep), a byHk-
ms G(E) kaacca C? ynoBIeTBOPAET YCIOBHAM:

1) dyukuusa G(E) npu E > 0 umeeT pOBHO JIBE TOUKHU YKCTPEMYMA;
FEy — nokambHBI MakCUMyM, Ey — JOKaTbHBIIT MUHAMYM, pudeM [ <
Ey;

2) G'(E) >0 upu E € [0,E1) U (Ey,+0), G'(E) <0unpu E €
(E1, Es).

O6o3nauum E(z) = Ey + u(z), CéQ)([O, 1]) mpocrpancrso dyunxumii
u(z), HenpepwiBHBIX Ha [0, 1], ABaskabI HempepbiBHO AuddepeHmnpye-
mbix Ha (0, 1) u ymosaersopsromux ycaosuam u(0) = u(1) = 0, a uepes
C([0,1]) — upocrpancrso HenpepbiBEbIx dyukimii ra [0, 1]. Byzem pac-
cmarpuBaTh 3371349y (1) Kak HeJMHEHHYTO 33/ady HA COOCTBEHHBIE 3HA-
YeHUs, JIJIS 9€ro 3alluileM ee B BHJIE

{Lu+fK(E0)u+N(EO,f,u)O, (2)
u(0) = u(1) = 0,

rine Lu = —u” — Egu/ — nuneiinbiii oneparop, aeiicreytomuii uz X =

c([0,1)) Y = C([0,1]), K(Ey) = H'(Ey), a N(Eo, f,u) = —u'u +

© Bopesuu E.3., 2023
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f(H(Ey 4+ u, Ey) — H'(Ep)u) — HeqmHeRHbI omepaTop, AeficTByommit
m R? x X B Y. O6o3nauny wdepe3 S — 3aMBbIKaHNE MHOKECTBA BCEX
HeTPHMBHAJIBHBIX perennii (f,u) € R x X 3amaun (2), u mycTh S — Mak-
CUMAJTbHAS KOMIIOHEHTA, CBA3HOCTH MHOXKECTBA S, COMEPKAIAA TOUKY
(fx,0), tie fr = —K(Eo) Y (E3 /4 + m2k?), k =1,2,....

Teopema. [Iycmo Ey € (E1, Es), mozda das sadawu (2) cnpasediu-
8blL CALOYIOULUE YMBEPHCOCHUA:

1) das moboeo k € N mmooicecmeo Sy neoepanuveno 6 R X X ;

2) ecau (f,u) € Sk, mo pewenue u(x) umeem posno (k + 1) nysed
na [0, 1], npuvem 6ce nyau npocmoie;

3) oas moboeo k € N cywecmeyem xoncmanma si > 0, oxpecm-
noems Uy C R x X pewenun (fi,0) u déa Cr—omobpasicenusn fi,
(=sk,sk) = R, Gk 2 (=sp,s8) = X maxue, wmo fi(s) = fi + O(s),
r(s) = sug(x) +0(s?) npu s — 0 u SNU, = {(fr(s),r(s)) : |s| < sk},
2de up(x) = e~ For/2sin(rkx). Imu pewenus nazwearomea Gudyprayu-
onmvimy [1].

JIureparypa
1. Grandall M.G., Rabinowitz P.H. Bifurcation from simple
eigenvalues /| M.G. Grandall, P.H. Rabinowitz // J. Funct. Anal. —
1971. — Vol.8. — P. 321-340.

TEOMETPUS T'PVYIIIIBI JIX B I'PYIIIIOBOM AHAJIU3E
OJHOMEPHOTO KUHETUYECKOI'O YPABHEHU SI!
A.B. Boposckux (Mocksa, MI'Y umenn M.B.JIomoHOCOBA)
bor.bor@mail.ru

I[Iycts G — n—MepHas TpymNma, peaTM30BAHHAS KaK MHOXKECTBO
B R", cooTBercTByOIINE TEpPEMEHHbIE MbI OyaeM 0003HAYATH dYepe3
r = (z',...,2"); {24 = &,0;(z)}"_, — Gasuc cooTBETCTBYIONIEH 10
poXKmaroIeit aareopsol.

Teopema 1. Mnooicecmeo mempur g;j(x)dz'ds?, sadannns na G u
OCMANUWUTCHA UHBAPUGHMBLMU NPU 8eﬂcm(euu)3mmi 2pynnoi, 0bpasyem
n(n+1

AUHETIHOE NPOCTPAHCMEO PASMEPHOCTIU ——5— .

Teopema 2. Ilycmov G — epynna Jlu paszmepnocmu n, aszebpa Jlu
Komopoti umeem 6azuc =, = £ (2)0; u cmpyxmypuvie Koncmanmo. Cgﬁ.
Ha smoti epynne cyuecmeyem posHuo n aunetinnx duddepenyuasvnols
PopM, UHBAPUAHMHBLEL OMHOCUMENLHO IMOT an2ebDbL.

1 PaBoTa BeImosiHeHa mpu (PUHAHCOBOH mommep:kke MUHICTEPCTBA, HAYKH U BBIC-
mero obpasosanus Poccuiickoit ®enepanuu (corsmamenue Ne 075-02-2023-939).
© Boposeckux A.B., 2023
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Cuaencrsue. Bee mempuueckue hopmo, u3 Gopmysuposry meopemot
1, unsapuanmmsle OMHOCUMEALHO AA2E0PBL, UMENWT U KEAIPAMUYLHOU
dopmu, ds?=qapww? om aunetinuz Jubdepenyuarvnus dopm w® =
widr', a =1,...,n ¢ NOCMOANHVMU KOIPHUUUEHTIAMU Gap.

OGosnauum yepes w’, MaTpuIly, 0OpaTHYIO K MaTpHIe WS, 3a1aromiei
nnBapuantaeie muddepermuanbabie Gopybl W = wdr’. Torma nua
onepatopos Q, = w’ d; BbmomHEHO [Z4, Q5] = 0.

Onpenenenne. Anzebpy, o6pazosanuyo pewenuamu €2 cucmemot
ypasnenull [=,,] = 0, Mbl Ha30BeM IBOIMCTBEHHOW K ajrebpe, obpa-
30BAaHHON omepaTropaMu = .

3ameuanue 1. /[poiicTBernas anredOpa B MPUHIAIE HE COBIAIAET C
HMCXOIHOI.

Bameuanue 2. lHBapHAHTHBIE OTHOCUTETBHO =, GOpMBI w” aBiIs-
1orcsa dpopmamu Maypepa—Kaprana s anredpst ¢ 6a3ucom Qg. Anajio-
ruuno, popmbr Maypepa—Kaprana anrebpor ¢ 6a3ncom =, 0OKa3bIBAIOTCS
MHBAPHAHTHBIMU OTHOCHTEIbHO Pg, Tak 4TO 3i1€Ch JeHCTBUTENBHO Ha-
GJII0IAeTCs ONpeiesIeHHAas JIBONCTBEHHOCTD.

IIycrs

dx! _ _dx™ (1)
o' (x) o™ (x)
— ypaBHEHHE CeMeHCTBA KPUBBLIX, WHBAPUAHTHOTO OTHOCHUTEIHLHO TPYII-
bl G. YvuoxkenueM (1) Ha HOAXOAANIUI MHOKUTEIH MOXKHO JOOUTHCS,
9To0BI Wi’ OKasanuch KoHcTanTaMu. O603HAYMM UX Tepe3 A°.

T 11 060§t HHBAPHAHTHON MeTpukH ds’ = qagw"‘wﬁ €TMHUIHBIN Ka-

caTesbHblil BeKTOp T = (7%) K KpuBoil (1) UMeer Bu
1 7
Tz:dizsa(m)7 Q:(IQB)\Q/\ﬁ
ds VQ

1 [O3TOMY Ha KaCaTeJIbHOM BEKTOPE T COOTBeTCTBonmaH snmueiinas Gop-

A
Ma OKa3bIBAETCs MOCTOSHHOM: w Tt 7=
- VR

Bameuanue. Bekrop ¢! = \“w! apagerca juHeiHOR KOMOHHAIITCH
BEKTOPHbBIX HOJIEH, TOPOKIAAIOMIUX JBOWCTBEHHY IO ainrebpy @, mosromy
W3y4aeMble HAMU TPAEKTOPUU, WHBAPUAHTHBIE OTHOCUTEIHHO AJITe€OpHI
=, ABJISIOTCS TPAEKTOPUSIMHU OTHOMAPAMETPUIECKON TIOATPYIITIBI, TOPOXK-
JIEHHOM OIlepaTOpPOM W3 JBOMCTBEHHON ajreOphl.

O6o3naumm gepes Ty = (7%) penep @pewne, 3aHyMepOBaHHBII UHIeK-

J— [0 — a1
com N =1,...,n, 1, COOIBEICTBEHHO, \}; = w7y
Teopema 3. B mepmunar seauvwur Ny cucmema Ppene umeem eud

d)"y Y ya B _
7+H ﬁ)\ A = — XN -— 1)‘N 1+%N>‘N+1’

ds
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¥ .
2de H 5 — NOCMOANHDLE, onpedeasemovie Hopmyaot

Hoy = —é[qwquﬁ%‘é +Cop + "4 Chgl,
Cop — cmpykmyprvie Koncmanmor arzebpui ¢ bazucom Q.
Caencrsue. /s 6CeT UHEAPUAHMHBLT KPUGHLT 6CE KPUGUSHDL U 6CE
BEAUNUHDL NY ABAAOMCHA NOCTNOAHHBLMU.
IMojiyyeHHble pPe3yJbTaThl MO3BOJIMUIN JATH [€OMETPUYECKYIO HH-
TEPIEPTALMIO IPYIIOBOH KJIaCCU(DUKAIUKM OJIHOMEPHOI'O KUHETUYECKOIO
ypasuenns fi + cfy + (Ff)e. = 0.

OIIEHKUM COBCTBEHHbBIX U ITPUCOEJAMHEHHBIX
OYHKIIUN JJI11 BOSMVYIIIEHNSI OIIEPATOPA
BECCEJIA
J.FO. Bopoaunosa (Mocksa, MI'Y)
dashaborodinova@gmail.com

s omepaTopoB, COOTBETCTBYIOMUX AudHEePeHIMATLHBIM OTE€PAIIH-
AM:

42 21 dz2 21
- 1 __ 4
LO - dx2 + 22 ) Ll - dz2 + 72 + q(l.)
na unrepsane (0,1), rae ¢(r) — KOMIUIEKCHO3HAYHBIA ITOTEHIMAT U3

Lo (0,1), m3ywarorcst cucreMsl nxX KOpHEBBIX yHKIuit. COOGCTBEHHBIE 1
MpUCOeMHEHHBIE (DYHKIIUKA TOHUMAIOTCA B ODODIIEHHOM CMBICIIE, T.€.,
KaK MOYTH BCIOZY PeIlleHns ypaBHeHWH Loy, = ,u2yn +sgnn - Yn—1; 34€Ch
n=0,1,...,s(u), u € M,rne M C C — HEKOTOpOE CYETHOE MHOKECTBO.

WNuTepec K mOI00HBIM CHCTEMAM BO3HUKAET ITPU MCCJIECIOBAHUN CITEK-
TPAJIbHBIX PA3JIOKEHUN 71 OOMINX KPAEBBIX 33/a4, CBI3AHHBIX C aud-
dbepennmanbhoil onepanueit Lo u eé Bo3myinenuem Ly (cM., Hanpumep,
[1-2)).

Broima mocrpoena memoyka KOpHEBBIX (QYHKIHH oneparuu Lo ciemy-

TOIIEro BUJIA:
n

Ck *
Up(x, p) = Z Wuk(%u);
k=0

ug(, 1) = uo(z, 1) = ajy(px) + by (uw);
JV(Z) = \/EJV(Z% WV(Z) = \/EY,,(Z);

© Bopoguuosa [.10., 2023
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up (@, 1) = Exk(ajw-n(ﬂx) + Yyin ().

B ciiyuae Bo3myenHoit oneparmu L1 OCTpoeHa nHTErpajbHast (hop-
MyJIa «CIOBWUTA» JIJI KOPHEBBIX (DYHKIUIT, BUIA:

yn(z £t 1) =up(z £t p) ZW’“H (x £ )yn—r(x £1)),

roe Wy f(t) /Wxitxi 7)f(7)dT,

x — moboe durcupoBannoe unciao u3 uurepsana (0, 1).

JaHmble pe3y/IbTaThl MO3BOIUIN JOKA3ATh TAK HA3BIBAEMYIO AHTHA-
MIPUOPHYIO OIEHKY Jisi Lo—HOpPM KOpHeBBIX (byHKImil onepanuii Lo u
L;. Ouenkn Takoro Buza UrparoT GOJIBILYIO POJIb B H3yYEHHU BOIPOCOB
CXOIMMOCTH CIIEKTPAJIbHBIX PA3JI0oxKeHuil B Ciydae GECKOHEUHOrO Imc/a
NPUCOEMHEHHBIX (DYHKIIHIA.

Teopema 1. ITycmos 6 cucmemaz {un(z, 1)} u {yn(z, 1)} KopHESDIT
pynryud onepayuli Ly u L1 mmoorcecmso M ydosaemeopaem ycaosuio:
| Im o |< A u nopsdox s(pu) < B. Tozda evinosnena pasHoMepHas ouerKa
6 nopme Lo(0,1):

[[un (2, p)ll2 < (U + ) [[unta (2, @)l2,

lyn (2, )2 < e + (D) l[ynia (2, 1)l2-

JIurepaTtypa

1. Unbuu B.A. O 6e3ycoBHOI 6a3MCHOCTY HA 3aMKHYTOM WHTEPBAJIe
CUCTEM COOCTBEHHBIX U MPUCOeIMHEHHBIX GyHKIHiI nuddepennnaabHo-
ro omneparopa sroporo nopsaaka / B.A. Unbun // Joknaast AH CCCP. —
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NCCJIEAOBAHUE MHTETPO-AJITEBPANYECKUX
YPABHEHU TUIIA BOJIBTEPPA C IIEPEMEHHBIM
HUKHUM IIPEJEJIOM MHTETPUPOBAHUMA!
M.H. BoropoeBa, M.B. BymnaroB
(Upkyrck, UTY, UACTY CO PAH)
masha888888@mail.ru, mvbul@icc.ru

B moknaze OymayT paccMaTpuBaThCS CHCTEMbI HHTETPAJIbHBIX YPaBHE-
auit Bonbreppa I u IT pogos, oba npuaesna HHTErPUPOBAHNAS B KOTOPBIX
nepemennbie. PaccmarpuBaercs cirydait JInHEHHOrO OTHOCHTEIHHO IIepe-
MEHHOH T Hu2KHero npejesa suia at.

Takwue cucTemMbl CTaHEM HA3BIBATH WHTErPO—AJIT€OPANIECKIMHU YDPaB-
HEHUSIMU C TIEPEMEHHBIMU IPeIe/IaMU HHTEIPUPOBAHUS, OHU MOTYT OBITH
MPE/ICTABIIEHHBI B BUJIE

A(t)z(t) + /K(t,s)x(s)ds =f(t), 0<t<l,

rae A(t) mw K(t,s) — (n X n) MaTpHUIbl, 3J€eMEHTAMH KOTODBIX SIBJIs-
FOTCS 3aJaHHBbIe HEMPEPBIBHO auddepeHimpyemMble (QyHKIINA HA OTPe3-
ke t € [0,1] u B obmacru {(t,s) € R*lat < s < t} cOOTBETCTBEHHO,
f(t) — n—mepuas BekTOp—byHKIMs C U3BECTHBIMU, JOCTATOYHO IJIAIKHU-
MW 371eMeHTaMu, ¥ (t) — ncKoMast n—MepHast Bekrop—byHKuus. V3BecTHO
nocrosinaoe 3Havenne 0 < a < 1. Henynemasi marpuna A(t) sBiasercs
TOXKJIECTBEHHO BBIPOXK IEHHOIA.

ITocrasnennaa 33148, ABJIAETCH 00001IeHneM WHTErpo—
anrebpandeckux ypapuenuii (ITAY), B koroppix a = 0 u HUKHUI
Tpeie]l WHTErPUPOBAHNST CTAHOBUTCS TIOCTOSTHHBIM. VX wmccienoBamHe
HaIaJI0Ch ¢ paborsl B.®@. Yucraxosa [1].

HUccnenosanuio Apyroro 4acTHoro ciydas (npu n = 1) paccMarpu-
BaeMbIx cucreM nocesiiena monorpadus A.C. Anapruna [2].

B noknaze GyyT onucanbl OCHOBHBIE OTJIMYIHUS NOCTABIEHHOR 33,1891
OT YKA3aHHBIX BbIIIE YACTHBIX CJIy4aeB. By/lyT mpejcraB/eHbl yCJIOBUs
CYIIECTBOBAHUS €MHCTBEHHOTO HempepbiBHOTO perrenus LAY ¢ mepe-
MEHHBIM HUXKHUM IPEJIEIOM UHTErPUPOBaHUs at.

JIurepaTtypa

1. Ywucraxkor B.®. O CcuUHTYAAPHBIX CHCTEMAX OOBIKHOBEHHBIX

muddepeHIuaIbHbIX  YPaBHEHUH ¥ WX HWHTErpasJbHBIX aHajorax |

1 PaGora BrImonmena npu bUHAHCOBO momgepxKe Poccuiickoro mayuHoro (on-
na. [Ipoekt Ne 22-11-00173, https://rscf.ru/project/22-11-00173/.
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B.®. Yucrsakos // ®yukuuu Jlanynosa u ux npumenenus. — Hosocu-
ompck : Hayka, 1987. — C. 231-239.

2. Amapumu A.C. Hekjaccuueckue ypasuenusi Bosabreppa I poga:
reopus u ynciennbie Meropl / A.C. Anapumn. — HoBocubupek : Hayka
Cubupckas uzgarenbckas dpupma PAH, 1999. — 193 c.

O IIOCTPOEHUMU SKCTPAIIOJIAIIMOHHBIX
,HBVXCTAﬂHﬁHbIX MHOTOHLIIATOBBIX METOJAX
AJIAd YNCJIEHHOT' O PEIIIEHU A
NHTEIPO-AJITEBPANNYECKUNX YPABHEHUI!
O.C. Byauukosa, M.B. Bymatos (Upkyrck, UT'Y, TICTY)
osbud@mail.ru, mvbul@icc.ru

B noknazme mimaHmMpyeTcd pacCMOTPETh CHCTEMY B3aWMOCBA3AHHBIX
aIredpanvIecKnX YPaBHEHUN W WHTErDAJbHBIX ypaBHeHWU Tuma Bojb-
Teppa MepBOro U BTOPOTO POA, KOTOpas UMeoT (DOPMY yPaBHEHHUsT

A(t)z(t) +/K(t,s)x(s) ds = f(t), t € [0; 17, (1)
0

C HEHYJIEBOIl TOXKIECTBEHHO BBIPDOXKIEHHOI (n X n)-Marpuieii A(t). Ta-
KHe 33J1a91 B COBEPEMEHHOIl Jiureparype MpUHATO HA3BIBATH WHTETPO-
anrebpanyeckumu ypasuenusimu (MAY). Ilpeanonaraercs, 4ro siemen-
Thl BXOJIHBIX JAHHBIX JOCTATOYHO [JIAJIKHE.

PaccmarprBaembrit Kirace 3a/1a49 mMeeT BayXKHOE TTPAKTHIECKOe TTPIMe-
HEHVe MPU MOJIEJIMPOBAHNH CJIOXKHBIX THHAMWYECKUX CHCTeM [2], a mep-
Bble TyOJMKAINN TTOCBSIIEHHBIE MCCIEI0BAHNIO pasdpermumoctu VAY u
MOCTPOEHUIO METOJIOB UX YMCICHHOIO PEIeHus BBINLTH B KOHIE 80—X ro-
zoB [1].

Hust qucsennoro perienus 3aia4du (1) npejjaraercs CrpouTb HesiB-
HbIE IBYCTaANHHBIE MHOTONTATOBBIE MeTOIbI. B moKIaae OyayT mpeacras-
JIEHBI YCJIOBUSI HA BECOBBbIE KO3(DDUIMEHTHI, TPU KOTOPBIX Pa3padOTaH-
HbIE AJITOPUTMBI SBJISIOTCS YCTONIUBBIMEU U PE3YJILTATHI YUCJIEHHBIX PAC-
9YETOB TECTOBBIX TPUMEPOB [ WJLTIOCTPAIIMHA TEOPETHIECKHUX MTOJIOXKE-
HUIl ¥ BbISBJIEHUs] PEAJBHO [TOCTUTHYTOIO MOPSIKA TOIHOCTH.

[Ipencrasiisiembie pe3yabTATHL SABJISAIOTCS €CTECTBEHHBIM [IPOJIOJIZKE-
HUEM WCCIIeJIOBaHMUI HAUaTHIX B [3].

1 WMcenenosanme BHIMOIHEHO 3a CYeT rpamTa POCCMBCKOro HayaHOro homma
Ne 22-11-00173, https://rscf.ru/project/22-11-00173/
© Byaumkosa O.C., Bynaros M.B., 2023

84



JIurepaTtypa

1. Ywucraxkor B.®. O CcuHTYAAPHBIX CHCTEMAX OOBIKHOBEHHBIX
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3. ByauukoBa O.C. YwucseHHoe perrenne wuHTErpoasredpande-
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M.B. Bynaroe // 2KypH. BBIYMCJI. MATEMATHKN W MaTeM. (DU3NKA. —
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OBPATHBIE 3A/TAYY BAPUAITMOHHOTI'O
NCUYNCJIEHUS 1JIs1 YVPABHEHUN
C HEITIOTEHIIMAJIbHBIMU OIIEPATOPAMMA
1 HEKJIACCNYECKUE YPABHEHUYI TAMNJIBTOHA'!
C.A. Bygoukuna (Mocksa, PY/IH)
budochkina-sa@rudn.ru

N3BectHbiil B kKiIaccuyueckoit Mmexannke npuanun OCTporpaackoro Bbi-
JeJigeT JIeMCTBUTENIbHOE JIBUXKEHNEe CHCTEMbl M3 BCEX KMHEMATHYeCKH
BO3MOXKHBIX [IBI2KEHUU Tpu OOJIee MUPOKUX TPEIIOJIOKEHUIX OTHOCH-
TEJIbHO CHUJI TI0 CpaBHEHHUIO ¢ npuHnuinoM lamwuibrona. B mepsom ciy-
4ae CuJjbl, JeHCTBYIOIIMEe HA CUCTEMY, IIPEJIIOJaraloTca IIPOU3BOJIbHbI-
MH, BO BTOPOM — TIOTEHITMAJIbLHBIMU. Y PABHEHUSIMU JIBUKEHUS CHUCTE-
MBI, K KOTOPBIM TTpuBOAUT puHIHT OCTPOrpasCcKoro, ABISIOTCS yPaBHe-
mug Jlarpanzka BTOoporo poja. Ecian Ha cucTeMy OTHOBPEMEHHO JeHCTBY-
I0OT IOTeHIMAIbHbIe U HelIOTeHIINAIbHbIe aKTUBHBIE CUJIbL, TO YDABHEHUS
JBUKEHUS [IPUHUMAIOT CJIeyIOmuil BU;

oL d (0L
o — o\ a5 Pz: ) ‘:]—7 )
o dt <aqi) +Pi=0, i=1Ln

rne L = L(q, ¢,t) — narpanxuan cucremsl, P; = P;(q,q,t) — obobieH-
Had HeloTeHIUaJIbHas CHJIa, OTHeCeHHas K KoopAuHare ¢;. AHajormd-
HBle yPaBHEHNS B MEXaHWKe CHCTEeM ¢ GEeCKOHEUIHBIM HHCIOM CTereHeil

I [Iy6nukanus BoImosIHEHA B paMEax mpoexta Ne 002092-0-000 Poccuiickoro yem-
BepcuTeTa ApyxKObl Hapomos uM. Ilarpuca JlymymOsr
© Bygouxuna C.A., 2023
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cBOOO/IBI, TO €CTh yPABHEHUS BHJIA

5L d (6L
u di ( > +A=0, (1)

(5ut

rze depes §/du u 6 /duy 0603HAUEHBI (DYHKIMOHAIBHBIE TPOU3BOIHBIE 110
U M Uy COOTBETCTBEHHO, HA3BIBAIOTCA yPABHEHUAMH Jiinepa—dJlarpanxka
C HETMOTEHIUAIBHBIMA TIOTHOCTAME cunl (mpu A = 0 — ypaBHeHWsSMHI
Ditnepa—Jlarpanxa).

Bomnpocwkr mpeacrapuvoctn audpepeHaIbHBIX YPABHEHWH B BUAIE
(1), a Takke KAHOHMYECKUX M HEKAHOHMYECKUX ypaBHeHuil 'aMusibro-
H& TECHO CBSA3aHBI C OOPATHLIMA 331a9aMU BAPUAIMOHHOTO MCUYNCICHHS
(O3BU) B pasnnunbix nocranoBkax. Pemennio O3B nocesimens pa-
60Tbl MHOIMX y4eHbIx (CM., Haupumep, paborbl [1-6] u umernouyoocs B
Hux Gubarorpaduio).

OcHOBHBIE PE3yJILTATHI.

1. TToxy4yeHbl HEOOXOAMMBIE W JIOCTATOYHBLIE YCIOBUS MPEICTABAMOCTH
OIIEPATOPHOrO yPABHEHHUSA C IIEPBOI IPOU3BOMHOIN 10 BPEMEHH, T.€. yPaB-
HeHUs

N(u) = Pyus + Q(t,u) =0, (2)

B Buze (1), mocrpoen (YHKUMOHAJ — BapUAIMOHHBIA [IPUHIIUIL.
2. Joka3aHo, YTO [pHU BbIIOJHEHUH COOTBETCTBYIONMX  YCJIO-
Buii ypasmenue (2) wuMmeer CTPYKTYypy ypasHenuii Bupkroda,
OTKYyZa B YaCTHOM CJIydae TOJydeHA CTPYKTypa KJIACCHIECKUX
ypaBuenuii bBupkroda, a wu3 Gopmysbl i MOCTPOEHUS Ba-
pHAIMOHHOrO MpHuHIHNA — wu3BecTHbI dyukmmonan Ildaddda.
3. Ypasuenue (2) npeacrasieno B popme By, —raMUiIbTOHOBA yDABHEHUS.
4. OneparopHoe ypaBHEHNE CO BTOPOIl TTPOU3BOIHON 110 BpEMEHN!

N(u) = Poy iy + Pre iy + Pay i + Q(t,u) =0

npeacTaBaeHo B popme [aMuIbTOHA—TOMyCTUMBIX YPABHEHMUIA.
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MOAEJIN OXJIAXKITEHUSA 1 3BAMOPAXKUBAHUA
JKUBOW BUOJIOTUYECKOM TKAHU IJIOCKUM
JINMHENYATBHIM AIILJINKATOPOM
B.K. Bysgos (Haubuuk, TUIIPY KBHII PAH)
beslan.buzdov@yandex.ru

W3BecTHO, 9TO MpW OXJIAXKIEHUU OMOJIOTHIECKON TKAHU B KPUOME -
[WHE UCIOJIb3YIOTCS KPUOUHCTPYMEHTHI C PA3IUIHbIME (DOPMAMU OXJIa-
KJIaroIei moBepxHocTr. KpruonHCTPYMEHTHI MOT'YT PACIIONIAraThCs Kak
Ha MOBEPXHOCTU OMOTKAHU, TAK U MOJHOCTHIO BHEAPATHCs B Hee. C MOH#-
JKEHWEM TeMIEePATypPhl OXJaKJAIONIEl TOBEPXHOCTN B TKAHW BO3HUKAET
HECTAIMOHAPHOE TEMIIEPATYPHOE TOJIE, 3ABUCSINEE B OOIIEM CIydae OT
TpeX MPOCTPAHCTBEHHBIX KOOPJAWHAT W BpeMeHU. VIHTEpec mpeacTaBiis-
0T KaK paclpejie/ieHue TeMIIepaTypPHOro Iojd B TKaHU, TaK U Pa3Mepbl
30H KPHUOIOPAXKEHNs, 3aMOPAKUBAHUS U BJIUSHUS XOJIOAA B OMOTKAHW,
a TaKzKe BpeMg BbIXO/1a TeMIIePaTyPHOI'O 110Jid HA CTallMOHAD.

XapakTepHOii 0COOEHHOCTHIO MOJENIeNH OXJIAXKIEHUS U 3aMOPAYKUBa-
HUS KUBOH OMOJIOTMYECKON TKAHU SIBJISIETCS CYIIECTBOBAHIE CTAIMOHAD-
HBIX PEIleHUil U MPOCTPAHCTBEHHAA JIOKAJIW3AIAA TEeMIIepPaTypPHOro II0-
ss1. Ilomasmsioree GOIBITUHCTBO BCTPEYAIONINXCS B HAYIHOM JTUTEPATY-
pe MareMaTu4ecKuX MOjesiell 3aMOPaKWBAHUS JKUBOM OMOTKAHW OCHO-
BaHO Ha Mozeau [lenneca (MM ee HEBHAYUTEJIBHBIX MOJAMDUKALNAX ), U3
KOTOPOW BU/JIEH JIUHEWHBIN XapaKTep 3aBUCUMOCTHA NCTOYHUKOB TEIJIa OT
HWCKOMOTO TEMIIEpATypHOro moJjis. Takoil XxapaKTep 3aBUCUMOCTH He 103~
BOJISIET OMHUCATH PEATHHO HAOJIIOJAEMYIO MPOCTPAHCTBEHHYO JTOKAIM3a-
muio Terma. Kpome Toro, momens Ilemneca He yumThbiBaeT TOro (pakra,

© Bysunos B.K., 2023
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9TO 3aMep3aHre MEXKKJIETOYHON JKUJIKOCTH HTPOUCXOJUT TOPA30 PaHb-
e, YeM 3aMep3aHue BHYTPUKJIETOTHON JKUIKOCTH W COOTBETCTBYIOIIEE
9TUM JIBYM TIPOIIECCAM TEIJIO BBIAEISIETCS B PA3HBIE MOMEHTHI BPEMEHU.

B mpexmaraemoit pabore mocTpoeHbl HOBBIE MATEMATHUIECKHE MOJIE-
JIH OXJIAXK/ICHUS ¥ 3aMOPAXKUBAHUS KUBOH OHOIOIMYIECKON TKAHU TLI0C-
KUM, JIOCTATOYHO IPOTSKEHHBIM JMHEHYATHIM ANILIMKATOPOM, PACIO-
JlaraeMbIM Ha, €€ MOBEPXHOCTU. Hajmume MCTOYHUKOB TEILIa, CIEIHAb-
HOTO BHUA TO3BOJISIOT YY€CTh yKa3aHHbIE BbIe ocobennoctu. Momenu
[IPECTAB/IAIOT CODOM JBYMEpHBbIE KpaeBble 3a7add (B TOM YHCJIE TUIA
Credana) u uMeroT mpuiOkKeHue B Kpuoxupypruu. Meros 4ducieHHO-
IO MCCJIEOBAHUS MOCTABIEHHDBIX 3324 OCHOBAH HA CIJIA’KUBAHUU Pa3-
PBIBHBIX (DYHKIWH ¥ MPUMEHEHNN K «CIJIAYKEHHBIM» 33/1a9aM JIOKAJTBHO-
OJTHOMEPHBIX PA3HOCTHBIX CXeM 0€3 SBHOTO BbIJIE/IEHUsS TPAHUIIBI BJIUS-
HUsA Xosiozia u rpaxul dpazosoro nepexona [1,2]. IIposeeHuble UncieH-
Hble pacdeTbl Ha IBM mokazanu, 4TO CTAOMIM3AIUS TEMIEPATYPHOTO
MoJisi K MPEEbHOMY CTAIMOHAPHOMY COCTOSIHUIO HACTYHAET MPUMEp-
HO 4epe3 6 munyT. OOHAPYKEHA CBsi3b MEXK/ly IIAraMU [0 BPEMEHU U
MPOCTPAHCTBY, YTO YKA3bIBAET HA YCIOBHYIO YCTOHYHUBOCTH TOCTPOEH-
HBIX PA3HOCTHBIX cxeM. Kpome TOro, YncjeHHbIe SKCIEPUMEHTHI MTOKa-
3711 BO3MOXKHOCTH BbIGOpa «BOJIBIIOro» Iara no BpeMeHu (IpUMepHO
Ha JIBA 1OpsIKa GOJIbllle Iara 10 IPOCTPAHCTBY ), YTO CYIIECTBEHHO CO-
KPAI[aeT BPeMsi [IPOBEICHUST YUCICHHBIX PACYETOB, OCOOEHHO IIPH Peliie-
HUW MHOTOMEPHBIX 3a7a4. MeToanKa YNCIEeHHOTO WCCIeNOBaHUs ObLIa
JOCTATOYHO YCIEITHO OpOOOBAaHA aBTOPOM DPaHEe TIPHU PEIEHUHN JIPYTUX
JIByMEpHBIX 3a71a49 [3-5].
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5. Bysnos B.K. O6 oxnoit nBymepnoii kpaepoit 3agade tuna Creda-
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O BJIOYHBIX METOJAX
JIJII THTETPO-AJITEBPANYECKNX YPABHEHUI!
M.B. Bynaros, JI.C. ConoBapoBa, T.C. Uuaykas
(Upkyrck, MICTY CO PAH)
mvbul@icc.ru, soleillu@mail.ru, indutskaya.tat@Qyandex.ru

B mokiame paccMOTpeHbI JIMHEHHBIE CUCTEMbI HHTErPATbHBIX YPaB-
nenuit Bonbreppa Buga

At)z(t) + /Ot K(t,r)x(r)dt = f(t), 0 <7< 1,

rue A(t), K(t,7) — (nxn)—-marpuusl, f(t) — ussecrHas, x(t) — uckomas
n—MepHbIe BeKTop—dyHKIuu. IIpeamnoraraercs, 4o

detA(t) = 0.

Takue cucreMbl Oy/1eM Ha3bIBATH MHTErPO—AJIreOpaniecKiuMy ypaBHEHN-
avu (MAY).

Yucnennble MeTozbl crpositcs jyist TAY, miisi KOTOPBIX BBIMHCAHDBI
JIOCTATOYHBIE YCJIOBUs CyIIECTBOBAHUS U €JIUHCTBEHHOCTH DPEINCHUs B
KJiacce C[%,u [1]. Omucanbr 6109HBIE KOHEYHO—PA3HOCTHBIE AJITOPHUTMBI
JIJIsT pacCMATPUBAEMBIX 33/1a4, MTOCTPOEHNE KOTOPBIX OCHOBAHO HA W/Ie-
ax u3 [2]. IIpousseseHo uccie1oBaHre Ha YCTONYIMBOCTD TIPe/TaraeMbIX
Mero0B. OTMEYEHO, 9TO B Psijie CIy9YaeB JAHHBIE METOIbl MOTYT ObITh
HEYCTOMYUBbIMHU.
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2. Bynaros M.B. O 6109HBIX PA3HOCTHBIX CXEMaX BBICOKOIO HOPS/I-
Ka 7S XKeCTKUX JIMHEHHBIX AuddepeHnnaabHo—aaredpandecknx ypan-
Henwit / M.B. Bynaros, B.X. Jluus, JI.C. Comosaposa // 2KypHuan

1 WMcenenosanme BHIMOIHEHO 3a CYeT rpamTa POCCMBCKOro HayaHOro homma
Ne 22-11-00173.
© Byasaros M.B., Conosaposa JI.C., Ungynkas T.C., 2023
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BBIYHUCJIATEIHHON MAaTEMATUKU U Maremarundeckoir ¢usuku. — 2019. —

T. 59, Ne 7. — C. 1100-1107.

OIIEPATOP B_, B BECOBOU BUJINHENHON ®OPME
I0.H. Byaaros (Ejen, ETY um. I.A. Bynuna)
y.bulatov@bk.Tu

Hanmas paboTa mpomoKaeT ncciesoBanns Hadaree B [1] u [2]. Peus
UAeT O CHHrYAapHOM auddepeHnnaabHOM omeparope beccems

@ =y d

—_— — 0.
dz? z dx’ T<

B_, =
B obnacru x € R = {z : z > 0}. Panee cunrynapubiii auddepen-
nuaabHbIi onepatop Beccens ¢ mapamerpom —1 < —v < 0 mu3yyasca B
[1], uTO MPHBEJIO K MCCIIEOBAHUIO HOBOTO CIIENMAIBHOTO KIIACCa BECOBBIX
chepuueckux byHKINN.
Ormernm, 4o obiacru oupenenenus oneparopa Beccens B_. npu-
HAJJTE’KAT IeTHBbIE W HedeTHbIe OeckoHedHO muddepennupyembie QyHK-
1M, onpesesieHbie Ha [0, 00) M JIJIsi KOTOPBIX CIPABE/JINBA OIleHKA

2 Yu(z) =0(x) , x — 0. (1)

Brenewm cienyrornyro OutnHelny Ghopmy
oo
(u,v)y, = /u(x) v(x) 2¥ dx (2)
0

npu ycnosun w < () yKa3aHHAs BBIME OneHka (1) mpuHEMAaeT Buj
2¥u = 0(x), x — 0.

B kadecTBe OCHOBHOTO MPOCTPAHCTBA DYHKIHI PACCMATPUBAEM IO
npocrpanctso IIBapua Se, = Sey[0, 00), cocrosinee uz GuicTpo yObIBA-
FOIUX BMECTE CO BCEMU MPOUBBOMHBIME (DYHKIMH, YETHBIX O KAXKJIOH
KOOD/IMHATE API'yMEHTA.

Beemem BecoByto OunHeitHy0 GoOpMy, B paMKax KOTOPOH CUHTYJISIp-
meri nuddepennuanpHbIii onepaTop Beccena B_., MoxKeT OBITh He ca-
MOCOMPSIKEHHBIM. J[OMOTHATENBHO MOJIOKUM, 9TO

(RS 581)710:531)7“)[07 OO)7 eciau Iw<p(z) = O(aj)7 x — +0.

© Bysaros 10.H., 2023
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Oyuknnonan dupaka—Kumpusnosa onpenenmmm paBeHCTBOM
(6—77 @)7 = @(O)a VQO € Sev -

Teopema 1. ITycms v € (0,1), w — npouseosvroe deticrneumenvroe
wucao. Toeda dopmyaa

2

(B = (| B+ BEAE=D | 0)

cnpasedausa npu w > 0 daa ecex Pynkyuu u(x) u v(x), npunadiesica-
WUT OCHOBHOMY NPOCTPAHCMEY PYHKYUT Sep , = Sey [0, 00).

Ha ochose Gusuneiinoit ¢gpopmbl (2) BBemeM BECOBOE IMPOCTPAHCTBO
Jlebera—Kunpusuosa

L [0,00) ={f: a*f € Ly [0,00), w>—1}
CaencrBue 1. Onepamop

B (v +w)(w—-1) 3
o (3)
x

ABAACMCA CONPANCENHVLM K onepamopy B_., e L3 .

3aMerumM, 9TO MpU W = — oneparop B_. caMOCONPsKEHHBIN (CuM-

) ¥

merpuueckuit) B L, | s Beex GyHKumii w1 v 13 00/1aCTH OpeIeieHnst
omeparopa B_.,. B ciyvae w = 1 onepaTop (3) OKa3BIBAETCS COMPSAKEH-
HBIM omeparopy K B_,.

JIurepaTtypa

1. Jlaxos JI. H. Omneparop KunpusunoBa-BenbrpamMmu ¢ orpu-
[aTeIbHON Pa3MEpPHOCTHIO OmepaTopoB beccemst w cuHrymsipHas 3a-
naga upuxsne amns B-rapmonmveckoro ypasuenust / JILL.H. Jlaxos,
E.JI. Canuna // Hduddepenuunanbubie ypaBuenus — 2020. — T. 56,
Ne 12, — C. 1610-1620.

2. JIaxos  JI. H. [IceBmocasur u dbyHIaMEeHTATBHOE
pererne oreparopa Ap Kunpusnoa / JILH. JIsaxoB,
I0.H. Bynaros, C.A. Powmynkun, E.JI. Canuna // dud-
depennuanpubie  ypasamenms — 2022, — T. 58, N 12, —
C. 1654-1665.

3. Kunpusinop I.A. CuHryJspHble SJUINNITHYECKHE 33139/
N.A. Kurnpusnos // M.: Hayka. — 1997. — C. 199.
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IICEBAOJN®PEPEHIIMAJIbbHBIE YPABHEHN 1
B IIPOCTPAHCTBAX PA3JINYHON TJIAJKOCTN!
I10 IIEPEMEHHBIM
B.B. Bacuabes (Benropox, HIY «Benl'V»)
vbv57@inbox.ru

Muoromepuoe eBKIiI0B0 mpocrpanctso RM Mer npepcrasum B Buje
OPTOrOHAJIBHOI CyMMbI HOIIIPOCTPAHCTB [2], B KOTOPBIX TOJIBKO HEKOTO-
pbl€ U3 KOOPAUHAT X1, X2, ..., L) OTJIUYHBI OT Hysd. Bojee To4no, eciu
K C1,..., M — "menycToe MHO¥KECTBO, MBI TIOJIaTaeM

RK:{xERM:xz(xl,...,xM),xj =0,Vj ¢ K} cRM,

IMycrs Ky, Ks, ..., K, C {1,2,..., M} — HEKOTODBIE TIOJMHOXKECTBA,
TaK 9To

UK ={L2... M}, KinK;=2,i#j
j=1

Takum 06pa3omM, MBI IMEEM IIPE/ICTABICHUE
RM =RFE1 g RF2 ... @ RE |

obo3Ha4as Tf, 37E€MEHT HPOCTPAHCTBA RE,
Teneps wmbrt  oupemenum  upocrpancrso  (cm.  [1])  Cobosnesa—
Crobonernkoro H? (RM) xax ruan6epToBo MPOCTPAHCTBO ¢ HOPMOi

1/2

IFlls = /(1+\€K1|)251(1+|§K2|)232'“(1+|§Kn|)28"|f(f)|2df

M

Icesmomuddepennmanbubiii oneparop A onpenensiercs GpopmyJioi

w)(x :; PUCE IRy I
(@) = gy [ [ At

RM RM

B KOTODOii 3ajanHas u3MepuMas GyHKmus A(£) HA3BIBACTCH CHMBOJIOM
oneparopa A.

CumBon A(€) mpemonaraercst yIOBIETBOPSIONIAM  CIIELYIOMIEMY
YCIIOBUIO

n

ex TL(L+ 60 )™ < JA©)] < s TT (1 + I€x, ),

j=1 Jj=1
a; €R,7=1,2,...,n,

(© Bacuses B.B., 2023
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C HOJIOZKUTEJIbHBIMU ITOCTOAHHBIMHA Cq, C.
Iycts C K; C RE: — BBINYKJIBIA KOHYC, HE COAEPIKAIINNA I1eJI0N Mp4-
moii. TTomoxum

CZCKl XCK2 X"'XOKH-

Hac unrepecyer paspermnMocTsb CJIEYIONEero ypaBHeH s
(Au)(z) = v(z), ze€C, (1)

pertienre KOTOPOTO pa3bicKiBaeTcst B mpoctpanctee HS (C).

B npeanosioykennn HAINYIUS BOJTHOBOM (DAKTOPU3ANN CHMBOJIA fl(f )
orHocuTenbHo C' [3] B psAjZie CilydaeB MOXKHO BBITHCATH 0O0Iee pelleHne
ypaBuenus (1), KOTOpoe NPUBOJIUT K IIOCTAHOBKE KPAEBbIX 33,144, JOILyC-
KAIOIIUX €TMHCTBEHHOE PeIlleHne.

JIurepaTtypa

1. BouieBuu JI.P. O606menubie GpyHKiuuyu u ypaBHeHus B CBepTKax /
JI.P. Bonesuu, C.I. Twaanknu // M. : @usmarant. — 1994. — 336 c.

2. Nagel A. Algebras of singular integral operators with kernels
controlled by multiple norms / A. Nagel, F. Ricci, EM. Stein, S.
Wainger // Memoirs of AMS. — 2018. — V. 256, No 1230. vii, — 141 p.

3. Vasil’'ev V.B. Wave factorization of elliptic symbols: Theory
and applications / V.B. Vasil’ev // Dordrecht—Boston-London: Kluwer
Academic Publishers. — 2000. — 192 p.

JNCKPETHBIE AHAJIOTY OBIIIE KPAEBOM
SATAYUN OJId DJIJINTITUYECKOTI' O
IMCEBAONPPEPEHIINAJIBHOTO YPABHEHUS
B.B. BacuabeB, A.A. Mamunen, (Besropox, HIY «Beal'V»)
anastasia.kho@yandex.ru

IIycts Z? — 1mesOYHCIAEHHAS  PEIIeTKA HA  IIJIOCKOCTH,
K ={r € R’ : 2 = (v1,22),71 > 0,79 > 0} — mepsblii KBaJpaHT,
Kg=hZ*?NK,h>0,T? = [-m,7)>,h=h"1, uy(Z), T = (Z1,72) € hZ?
— (PYHKIUS TUCKPETHOTO APTyMEHTA.

BBogurcst  mmckpernbiii  amajor — mpocrtpancTtBa  CobosieBa—
Cnobonenkoro H*(hZ?) [1], B KOTOpBIX J€HCTBYIOT JIHCKPETHBIE
ncesouddepenanbHbIe OlepaToph.

[ycrs Ay(€) — nepuonudeckas dynkuus, onpeenennas Ha R? ¢ oc-
HOBHBIM KBapaToM nepuonos AT2. ITox JMCKPeTHBIM nceBaoauddepen-
IuaJIbHBIM oreparopoM Ay ¢ cumBosiom Agy(€) B AUCKPETHOM KBAJIPAHTE

(© Bacunbes B.B., Mammnen A.A., 2023
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K4 Mbl noHUMaeM CieyIoIuii onepaTop

(Aqua)(&) = > h? / ()T D Eq,(¢)de, T e Ky
yehZ? RT2

Mpur paboTaem B KJlacce CHMBOJIOB, Y/IOBJETBOPSIIONTNX YCIOBUIO
e (1412 < JAa(©)] < ea(1+ [P,

C2 _ h—?((eihfl o 1)2 + (eih-£2 o 1)2)

C TIOJIOZKUTEJIbHBIMU TTOCTOAHHBIMU Cip, C2, HE 3aBUCAIIIUMHA OT h STOT
KJIACC CHMBOJIOB 00O3HaUeH F, .

3mech m3ydaercs paspemmuMoCcTh W allIPOKCHMAIMOHHBIE CBOHCTBA
JIACKPETHOTO yPaBHEHU

(Adud)(i’) = 0, T e Kd, (1)

B npocrpancrse H*(K ;) B ormuue or pabor [1,2] , rae paccmaTpuBasics
cay4aii JUCKPETHOrO IOy IPOCTPAHCTBA.

Ipeanonaras, aro cumBon Agy(£) momyckaer nepuognvIecKyo BOJIHO-
Byt dakropuzarmio orHocurenbHo K [3,4] ¢ MHIEKCOM & TakuM, UTo
e—s=n+0,n € N,|§|<1/2, BBogsTCS CIeyIONIHe IPAHNYHbBIE YCIOBHS

(Ba jua)(%1,0) = ba (1),

_ _ . (2)
(Gd’jud)(ova) :gd,j(x2)7 J :071 N — 17

rine By j,Gq; — nuckpernsle ncesiaonuddepeniuaibHble OlepaTopsl C
cumpBonamn By j(§) € Eg,, G4 (&) € E,, cOOTBETCTBEHHO:

(Bugua)(@) = gz [ 30 e B©ia(e)as.

AT2 thZ2

(Cugu@) = Gz [ 2 SEDGu(ia(e)ae

AT2 thZ2

OnucaHsl ycaoBus OAHO3HAUHOI paspemumocTy 3a1a49u (1),(2) u no-
Ka3aHO, 9TO U3 PA3PEIIMOCTH HEIIPEPHIBHOIO AHAJIOrA STOH 3a1a4u CJie-
myer paspernmmocts 3aga4n (1),(2) npu gocTarouHo Manbx h.

OrmMeTnM, 9T0 aHAJIOTHYHBIH PE3YJIbTaT C TPAHUYHBIM ycjioBreM Heil-
Mama ObLT mosydeH B [4].
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VYCJIOBUSI PA3BPEIIIMMOCTHN OJHOM KPAEBOM
3AJAYMN B MHOTOMEPHBIX OBJIACTAX
C PABPE3AMU
B.B. Bacuases, H.B. 96epueita (Besropon, HIY «Beal'V»)
eberlein92@mail.Tu

IIycrs C1 u Co — konycbl B R™ u R™ cooTBeTCTBEHHO, HE COEPKA-
e 1enoit mpsmoit. OueBugHo, uTo C7 X Co — 3TO KOHYC B IPOCTPAHCTBE
R™+" ne comep:kamuii mestoit mpamoii B R™ T, Torma MBI MOKEM pac-
CcMaTpuBaTh ypaBHeHHE ¢ mceBnoauddepeHmaababiM oneparopom A B
kouyce (] X Cy npu HAIUYUU BOJIHOBOH (haKTOPHU3AIUU OTHOCUTEHHO
«6os1b10ro» Kouyca [1], craBuThb COOTBETCTBYIOLIME KPAEBbIE 331a4U U
WCCIE0BATH CUTYAIlNH, KOTIa TTapaMeTpPhl KOHYCOB CTPEMSITCS K CBOUM
TPEIEIbHBIM 3HAYECHUSM.

Bor npumep kpaeBoit 3ajau, COOTBETCTBYIOIIUN OIMMCAHHON BHIITE
CUTYAIUN:

(Au)(z) =0, xR\ (C4 x C%)
[ w(@r, o.x3, x4, w5)daodrs = g(x1, x5, 24) (1)
Rz
i ()
C? C R?,CY C R?,

Ci :{J,‘ERQZI‘Q >a/|$1|aa/>0}7

Ch = {2 € R®: 2 = (w1, 22, 23).23 > blwy| + d|za],b,d > 0},

(© Bacunbes B.B., 96epseiin H.B., 2023
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A — nceBnomuddepennuanbabii OMeparop ¢ CUMBOJIOM A(g),g € R?,
JIOTCKAIOMMM BOIHOBYIO dakTopusammio |1] orrocurensro C¢ x CY? ¢
MHJIIEKCOM &, TaKuM, 910 1/2 < & — s < 3/2. Pemenne nmercss B mpo-
crpancrse CoGosnesa—CioGoneuxoro H* (RS \ (C4 x C4?)), rpanuunas
bynxmus uz HTH(R3).

Meromamu, TTPEJIOKEHHBIMA B [2-4], KOHCTPYHPYETCsT pEIenne 3a-
maan (1), u 3aTeM U3ydaeTcs MOBEIEHUE PEIIEHNs, KOTIa HEKOTOPHIE Ta-
pameTpsl a, b, d crpemsres kK 0 wim co. IlokazaHo, 910 Takue mpemesib-
HBbIE PEIIEHUS MOTYT CYIIECTBOBATH, TOJBKO €CJIM TPaHAYHAA (DYHKIUSI
YJOBJIETBOPAET HEKOTOPOMY MHTEIPAJLHOMY yPABHEHHIO.
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K UCCJIEAOBAHUIO PASMEPHOCTNU
CIHIEKTPAJIBHOM ITPOEKIINN
CAMOCONPAXKEHHOT'O
KBA3BNINPPEPEHIIMAJIBHOT'O OIIEPATOPA
BTOPOI'O ITIOPAJIKA
M.IO. Baronkun (IMxesck, xI'TY um. M.T. Kanamuukosa)
vmyub6886@gmail.com

ITycts omepatop L ecth KBasmandGepeHnIuagbHbIi OnepaTop BTO-
POro TOPSAIKA, TOPOXKACHHBINA OOIIM CAMOCONPAKEHHBIM KBas3uudde-
PeHIHAIbHbIM BbIPakeHneM Broporo nopsuka Az(t) (t € (a,b), an
beR, a <b), rge P — unxkuag tpeyronbHas Mmarpuia (cM. [1]), u
'HByXTO'{e‘IHbIMI/I KpaeBbIMU yCﬂOBI/IHMI/I BUIa

pr(a) =0, pz(b) = 0. (1)

(© Baronxur M.IO., 2023
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He uckiouaerca ciayyaii, korga a = —oo wiu (1) b = +o0.

Omneparop L neiicTByeT meiicTByeT B MPOCTPAHCTBE (DYHKIWIA, CyM-
MUDYEMBIX C KBaJpPaToM Ha uHTEpBase (a,b), ¥ UMeeT B HEM MJIOTHYIO
00JIACTH OTIpeIesIeHNs.

Kpowme roro, nycrs ¥_(7y1,t) (1/1_ (v2, t)) €CThb PElIeHUEe YPABHEHU

Ar(t) + Apz(t) =0 (t € J = (a,b)) (2)

mpu A = 1 (A = 72), e y1 u Y2 € R, ynoBaersopsitoliee TEPBOMY U3
yeaosmit (1), To ects yenosmo Sz (a) = 0.

IMycts Wy (u, v) o3nadaer qucso ny/ei sponckuana W(u, v), cocras-
JIEHHOTO st DYHKIMH U 1 v.

IIpeanonarast TPOCTOTY W BENMECTBEHHOCTH COOCTBEHHBIX 3HAYEHUIA,
CKasKeM, UTO CrieKTpaibHas nmpoekmns RanP,, .,)(L) omeparopa L or-
HOCHTEILHO MHTEpBAasa (71, 72) BEIIECTBEHHON OCH — COBOKYITHOCTh CO0-
CTBEHHBIX (DYHKIHH ITOTO OMEPATOPA, OTBEIAIONTAX COOCTBEHHBIM 3HA-
yenusiM oneparopa L w3 unrepsana (vy1,v2) [2]-

Omnpenensiercss 9uci0 cOGCTBEHHBIX 3HAYEHUH onepaTopa L, Haxoms-
muxcs B uHTEPBase (71,7s), WIM, 9TO TO Ke CAMO€, PA3MEPHOCTD CIIEK-
TpaJIbHOI MPOEKIMH orepaTopa L oTHOCHTENbHO nHTepBaja (y1,Y2), KO-
Topas oboznadaercs Tak dimRanP(,, ~,)(L) = 0.

Nmeer mecTo cremyomas TeopeMa O HyJaX BPOHCKHAaHA (CP. C aHa-
JIOPUYHBIMU YTBEPXK IeHUusMu u3 [2]).

Teopema 1. IIycmwv ypasnenue Az(t) = 0 HEOCUUAIAUUOHHO Ha
(a,b) (cm. [1]) u uy,(t), a maxoce uy,(t), cymv dse cobcmeennvie
dynxyuu 3adawu (2), (1), omeeuwarowue coomeemcemeento cobcmeeh-
HOM BHAYEHUAM Ay, U Ny, . [Ipednosostcum, wmo mexcoy smumu YuUciaMU
A < Ay sakaroueno k cobemeennwnix snavenut 3adavwy (2), (1). Tozda
BPOHCKUGH

W (un, ux, ) (t) = pux, (t)pux, (t) — pus, (£) pua, (t)

umeem 6 mounocmu k nyseti 6 unmepeane (a,b).
Vreepxkaenue, ob6paruoe K Teopeme 1, Takyke CIpaBeJIuBo.

OCHOBHBIM YTBEpKIECHUEM HACTOAMIEH paboThl SABJISETCS Teopema, 2
(e mOKa3aTENLCTBO CYIIECTBEHHO MCIOJIb3YeT Teopemy 1).

Teopema 2. IIycmwv ypasnenue Az(t) = 0 HEOCYUAIAUUOHHO Ha
(a,b) uv1 < y2. Toeda aubo
dimRa’nP(’Yl v2) (L) = WO (’lﬂ, (’Y].a t)7 ’(/}* (727 t)) ) (3)
Aubo

dimRanP(y, ~,)(L) = Wo (Y- (71,1), - (72,1)) + 1.
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Ecau npu omom aubo dimRanP,, ., (L) = 0, aubo undexc dediexma
onepamopa L pasen (1,1) (b ecmob npedeavras MovKka OMHOCUMENLHO
onepamopa L), Mo uMeem mecmo pasencmeo (3).

Takum 06pazom, 31ech pesyibrar paborsl [2] pacupocrpanés Ha KBa-
sugnddepennnaabHbIi omeparop L, MOpOXAEHHBINA OOIINM CaMOCOTpSI-
JKEHHBIM KBa3u b hepeHIuaIbHbIM BHIPAXKEHUEM BTOPOTO MOpsAKa (TO
ecTb 3j1eMenTbl Marpuibl P, dyukimu pio(t) u pa(t), BoobIie roBops,
He PaBHbBI HYJIIO, B [2] 5Tu DyHKIMU PABHBI HYJIIO) M OJHOPOIHBIMU JIBYX-
TOYEUHBbIMU KpaeBbiMu ycjoBusimu Buga (1). Ilosromy B Hamem ciydae
meroy, paborsl [2], ocHoBanHblii Ha upeobpazosanuu [Ipodepa, ne po-
XOJIWT, YTO HE TIO3BOJISIET TIEPEHECTH TEXHUKY JT0KA3ATEIHCTBA OCHOBHBIX
YTBEPXKIEHUI HA pacCMaTpPUBAEMbIil Oojtee obmmmii ciry4ait. /Jlokazaresnb-
CTBO 3TOI TEOPEMBI TI0 CYIIECTBY OTJIHYAETCS OT JIOKA3aTETHCTBA AHATIO-
PMYHOrO yTBEPKIeHus PaboTh [2].

JIurepaTtypa
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2. Gesztesy F. Zeros of the wronskian and renormalized oscillation
theory / F. Gesztesy, B. Simon, G. Teschl // Amer. Math. Soc. — 1996. —
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O BBIBOPE IIPUBJ/JINKEHNU I YNCJIA 3JIEMEHTOB
KOHEYHO IIOCJIEJOBATEJIBHOCTU B METOJE
BECOBOTO PEIIIETA
E.B. Baxurosa, C.P. BaxuroBa (Bopouex, BI'Y)
algebraist@Qyandez.ru

Hacrosmas pabora mocssiiiieHa BBIOOPY NPHUOIMAKEHHUS <THUCIIa, dJIe-
MEHTOB KOHEYHOH TOCIEOBATEIHLHOCTA B METOIE BECOBOTO pEIeTa, aK-
THBHO pa3pabaThbIBAEMOTO B COBPEMEHHON TEOPUH YHCEIL.

IIpu oneHKe KOIMIECTBA 3JIEMEHTOB MOCIEeI0BATEIHHOCTH MEIbIX Yh-
cen A = {a, € Zla, < z} (n € N, z — gocraTo4Ho GOJBIIOE OO
JKUTEIBHOE YHCJI0), KOTOPbIE HE JEJIATCH HU Ha KAKOE IPOCTOE YUCIIO U3
JIAHHOI'O MHOXKECTBA IIPOCTBIX, KAK IIPABUJIO, IPUMEHAIOT METOJ, Pelera,
KOTOpPBIH CBOIWT 3Ty 3aJady K OIEHKE YMCJIA IJIEMEHTOB KOHEYHOH T10-
caesoBaresbHoCTH BUga Ag = {a, € A, a, = 0(mod d)} 1y1st pa3InaHbIX
d, tme d € N.

C 1enbio OLEHKM YMC/Ia SJIEMEHTOB MOCIEI0BATEBHOCTH Ay NIIETCs
JIOCTATOYHO TOYHAS AIIIPOKCUMAIMA IUCIA FJIEMEHTOB 9TOrO MHOKECTBA

(© Baxutrosa E.B., Baxurosa C.P., 2023
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B BUJIE @X , oie w(d) — HeKoTopas MyJIbTUIIMKATUBHAA (DYHKIUS, a

X — nekoropas nosioxuresibaas Gyakuus, X > 1 (nanpumep, X = 5( 5)
ang |Agl = m(z;d, 1), LEN, w(23d, 1) =3 2co<e 1)
p=l (mod d)
Bei6op dyukimit w(d) n X onpenensiercst yeaoBueM MUHUMU3AINN

R(X,d) = ‘|Ad| - “fjd)x‘.

OrmMerum, 94TO HE BCErJA YAAETCs MOy YUTh SBHYIO OLEHKY BeJIMYUHbI
R(X;d) B knacce npeanonaraeMbix GyHKIWA X; ¥ B 9TOM Ciiydae To-
Oomparor MYHKINUIO TaK, ITOOBI OCTATOYHBIN HWjIeH ObLT MaJl «B CPEIHEM >
B CMBICJIe TeopeMbl boMObeprn—Burorpagona.

ABropamMu mOyYeHbI CJIEIYTONINEe TEOPEMBI.

Teopema 1. [Iycmv nocaedosamesvnocms A onpedesena pasen-
ecmeom: A = [{®(p)|, p < z}|, daa nee svnoanenv, yciosus 6 memode

pewema, d € N, d < %, d ce0bodno om keadpamos, r — docmamou-
HO boAabwoe noaodicumesvhoe wucao. Tozda cywecmeyem Myibmuniu-
kamuenas Pynkyus w(d) makas, wmo %li T ABAAEMCA DOCMAMOYHO
MOYHBM NPUBAUNCEHUEM ONA YUCAG IAEMEHMOE 6 NOCAedOBAMENDHO-

cmu A, xkomopuwie deasmes wa d, 2de lix — unmezpasvrvill A02apudm:

lix = 9 e
2172

Teopema 2. Ilyemv d € N, d < o5, d ne deaumca na xead-
pamMm MPOCMO20 “UCAG, U NYCMb NOCALIO8aMEAbHOCTID A onpedessemesn
pasencmeom: A = {®(pq)| p # ¢, p < 2%,q < x17%}. Tozda cywe-
cmeyem myavmunaukemuenai dynryua w(d) makas, wmo %X(x),
ede X(z) = (li 22)2, A6AACMCA NPUBIUMNCEWUEM WUCAG INEMENTIIOE 6
nocaedosamenvrocmu A, komopuie deasames wa d, 2de 0 < o < 1.

Teopema 3. Ilycmv d — wHamypasvhoe wucro, c60b60dHoe
om xeadpamos, nocaedosamesvhocms A onpedesena PaBEHCMBOM:
A = {®(pq)|p # q, pq < x}. Tozda cywecmsyem MmysbMUNAUKGMUG-
naa Pynwyus w(d), makas, wmo wTd)X, 2de

X = Z 1, yo=-exp((Inlnz)?),

pgsT
P>Yo, 4>Yo

ABAAECMCA NPUBLUNCEHUEM YUCAL INEMEHMOE 6 NOCALI0S8AMENHOCTIU
A, xomopuwie deasmes na d. Ipuvem das X = X(x) ewnoaneno nepa-
6€HCMNE0:

X > ilnlnx
Inz
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oas docmamouno 6oALWUT .

Teopemsr 1-3 nokazansr B padorax [1]-[4].

OrmernM, 9T0 Mpu BHIOOpPE MPUOIMKEHUS YUCTIA FJIEMEHTOB B TOCTIE-
JIOBATEJIbHOCTH BayKHYIO POJIb UIPAIOT YCPEIHEHHBIE OIEHKHU YUCJIa TTPO-
CTBIX YUCEN B apU(PMETHICCKUX TPOrPECCUAX. DTHU OIMEHKU OCHOBAHBI HA
ucnosab3oBanuu uzei Gospbioro pertera FO.B. Jluaauka. OObI9HO 110J1b-
3ytores caenytomeii onenkoit: cymecrsyer nocrosanag C (0 < C < 1),
Takast, 9To TpH J1060# mocrosarol C’ > 0

li X X
> #¥(d) max |m(X:d.l)— @ =G
d<Xx° (1, d)=1 14 n
rae w(X;d,l) — uncsao npocrbix uncen p < X u p = l(modd), p(n) —
1, ecru n=1,

beHKHI/IH Me6ﬂyca, lu(n) = (_1)Sa €CAU N = P1P2...Ps,

0, ecau nEpQ,
n,s € N, p1,p2,..p3— MONAPHO PA3IUYHBIE TIOJOKHUTEIBHBIE MPOCTHIE
Ymcsa, p-mpocToe uncio, ¢(n) — bynkuus Jitnepa, p(n) = E( e<n 1,
o) =
li X — wmHTerpasbubiii jorapudm, X — JOCTATOIHO OOJIBIIOE MMOJIOXKH-
TEeJILHOE YHUCJIO.

Oty onerky M. B. Bapban mokazas mpu C' = %—5, A. 1. Bunorpaios
u A. BomGbepu ipu C' = % — ¢, rae € > 0 — IpoM3BOJIbHAS MOCTOSTHHAS.

Buibop npubinkeHns MOXKHO OCYIIECTBIATH TO—Pa3HOMY. UeM MeHb-
11e ocTaTo4HbI wien (110 KpaiiHeil Mepe, B CPeJiHeM ), TeM JLy Yllle Pe3YJib-
Tar.

ABropaMu I OCTATOYHOrO YJIEHA MOKA3AaHO, YTO OH JOCTATOYHO
MaJjI B TOM CMBbICJIE€, YTO BBITOJHEHO yCJIOBHE HA IMOCJIEI0BATEIHHOCTD:
cymecrBytor nocrosiaasie C4 > 1 u Cy > 1, Takue, 910

SRR DIR(X, )| < Ch—r,
/2 In® X

d< mCo x

rae v(n) — 9ACII0 TPOCTHIX JeIUTeNell HATYPaTbHOTO YHUCIA N.
JIureparypa

1. Baxurosa E.B. O6 omHoM HepaBecTBe, CBSI3aHHOM C TPHUOIIHIKE-
HAEM YHUCJIa JJEMEHTOB B KOHEYHOH MOCJIeI0BATEIbHOCTH CIENHaIbHO-
ro Buga / E.B. Baxurosa, C.P. Baxurosa // YeObiineBckuil ¢O0pHUK.
Tpyasr IX Mexayuap. koud. «Aaredpa u Teopust 4uCes: COBPEMEHHBIE
npobrleMbl U TpUJIOKeHusi» 22 — 26 ampens 2012 r. — Tyma: U3a—so
TTIIY. — 2012. — T. 13. Bom. 2(42). — C. 18-27.
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2. Baxurosa E.B. 06 oxnoit ouenke ocrarounoro diena / E.B. Baxu-
tosa, C.P. Baxurora // CoBpeMeHHBIE METOIBI TEOPHY KPAEBBIX 33144 :
MaTepuasibl BOPOHEKCKON BeceHHell MaTeMaTuIecKo TTKOIbl 3—9 mas
2012r. — Bopomnex: Uzg.—momurpad. mearp BI'Y. — 2012. — C. 39-42.

3. Baxurosa E.B. O BbiOope npubsivzkenusi 9UCIa 3JIEMEHTOB B 110~
CJIeOBATEILHOCTH 3HAYEHUN HEMPUBOIUMOTO TOJUHOMA OT apryMeHTa,
pq ¢ orpannyenusvu Ha p u ¢ / E.B. Baxurosa, C.P. Baxurosa // 13Be-
crusi Caparosckoro yamsepcurera. HoBas cepusi. Cepusi: Maremaruka.
Mexanuka. Muadopmaruka. — 2013. — T. 13. Bem. 1. Y. 1. — C. 3-8.

4. Baxuroa E.B. O Bbibope npubiankenusi 4uciia 3JIeMEHTOB B TIO-
cJeIoBaTeIbHOCTH criermaabioro Buja / E. B. Baxurosa, C. P. Baxuro-
Ba // Bectauk Boponexkckoro rocygapcrBeHHOro yausepcurera. Cepust:
®uzuka. Maremaruka. — 2016. — Ne 3. — C. 92-100.

OB YCJIOBUU TAMUJIBTOHOBOCTU B 3AJJAYE
O JIBUXKEHUNUN TBEPJIOI'O TEJIA C HEIIOJABUYKHO
TOYKOM B IOTOKE YACTMHI],
I'.A. BepéBkun (Mocksa, MI'VY)
verevkin_ g.a@mail.Tu

O06cy:xmaeTcst BOITPOC O TaMUJIBTOHOBOCTH 3314491 O JBUKEHUU TBEP-
JIOTO TeJia ¢ HEeMOABMKHOM TOYKON B mOTOKe dacTturl. Jis Tena mpous-
BOJIbHOM (DOPMBI 3Ta IUHAMUYECKAS CHCTEMa, HE TaMUJIBTOHOBA, OJTHAKO
[IPU BBIIOJIHEHUH HEKOTODPBIX YCJIOBHU Ha (OpMy Tejna U paciosiozke-
HUE TOYKY 3aKPEIJIEHUs CUCTEMa, MOYXKET OBbITh TaMUJIBTOHOBOM. [Ipume-
PBI TaKUX TeJ MOXKHO HaiiTu B pabore A.A.Byposa u A.B.KapanersiHa,
r7le TakKe OBLIN BBIMUCAHBI HEKOTOPBIE JOCTATOYHBIE YCIOBUS JIJISI TO-
ro, 9T0o0bl paccMaTpuBaeMas CHCTeMa ObLIa raMUIbTOHOBOM. Kak oka-
3aJI0Ch, 3TH yCJOBHS MOXKHO OCJIAOUTD, MMOJIy9UB TE€M CAMBIM KPUTEPUM
TaMUJIBTOHOBOCTH paccMaTpuBaeMoii cucrembr. Takske st 9TOH 3ama-
YU TIOJIYYEHbBI YCIOBUS Ha PACTIOJIOXKEHUE HETOJABUKHON TOUYKM B Kybe u
MPAMOYTOJIBHOM MApaJLIEIEHIE/Ie, TP KOTOPOM YPaBHEHUST IBUYKEHIS
Oy/IyT TaMUJIBTOHOBBI.

JIurepaTtypa
1. Gadzhiev M.M. On the Motion of a Rigid Body with a Fixed Point
in a Flow of Particles / M.M. Gadzhiev, A.S. Kuleshov // 2022.
2. Burov A.A. Some properties of commutative algebras, The motion
of a solid in a flow of particles / A.A. Burov, A.V. Karapetyan // 1993. —
Vol 57. — P 295-299.

© Bepéskur I'A., 2023
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JINMHEMHBIE MOJIEJIN HACJIEJJOBAHISI
OEHOTUIINYECKUX ITPU3HAKOB
B MATEMATUYECKON 3AJAYE CEJIEKIINN
FO.I1. Bupuenko, .A. Yepkamun (Benropoa, BI'TY)
virch@bsu. edu.ru

N3yuaercs 3amada reHETUYECKON OIMEHKU T.H. MAEMEHHOU UEHHOCTU
JHCUBOMHO20, UCIIOIH3YEMOl Tpy TLIeMEHHOM cesekiuu. IIpomecc cerek-
[V BBICTPAMBAETCS COTJIACHO PE3y/IbTAaTaM PEIeHWs TAKOW 3aa4u U
OH OIpEeJisieT PeHEeTHIEeCKUil MPOorpece B KUBOTHOBOJCTBE. B HACTOSA-
mmee BpeMsi OOIIEIPUHSATHIM SBJISIETCs TOJXO0J, K TEHETUYECKON OIEHKE
KUBOTHBIX METOJO0M HaWJIy4dIero JIMHEITHOTO HECMEIIEHHOr'0 1MpoOrHo3a
(BLUP) [1]. UrHOpnpoOBaHue MpuMeHeHNst 3TOr0 MEeTOIA MPUBOINT K T10-
TepssM B 9P DEKTHBHOCTH CEJIEKIAN, KOTOphIe MOTyT mocturarh 40% n
6osiee [2]. Meron pacuera BLUP dopmynupyercs B TepMuHaX croxa-
CTHYECKOro JinHeiiHoro npeobpasosanus [1]. B coobruenun npearaercs
MIOXO/, /IJIs OIIEHKH ILJIEMEHHOM 1MEHHOCTH, OCHOBAHHBIH Ha 0aiteCOBCKOM
OIEHWBAHNY, KOTOPOE TAKZKE MPUBOIUT K JIMHEHHON MOIEH.

Beenem ymopsizogeHHbIil HAOOP Yy PA3MEPHOCTH 1M TMPEICTABIISET CO-
60l COBOKYITHOCTDH YUCJIOBBIX MOKA3aTeseil, KOTOpasi OMUCHIBAET XapaK-
TEPUCTUKU KOHKPETHOI'O XKUBOTHOIO, IIPE/ICTABJISIONIAE SKOHOMUICCKUN
WHTEpEeC JIsi YKUBOTHOBOACTBA. [0 KaXKIOMy UYMCIOBOMY ITOKA3aTEJIto,
BXOIAIIEMY B 9TOT HAOOD, nMeeTcs nH(MOPMAIUS O €ro MJIEMEHHON IeH-
HOCTH, KOTOpas YMCJIEHHO BHIPAYKAETCS NHIEKCAMU TIJIEMEHHON IIEHHOCTH
(CeseKIMOHHBIMU UHIEKCAMU ).

[Inemennast IEHHOCTH — 3TO BHIPAYKAEMBIH UMCIEHHO MPOTHO3 TEeHe-
THUYECKOTO MOTEHITAAJIA, TIJIEMEHHOTO YKUBOTHOTO OTHOCUTEILHO BHIOOPOY-
HOT'O CPEIHErO 3HAYEHUS 10 MOy IAny. BenanHa maeMeHHoi IeHHOCTH
(reneTnyeCKOli) BiIMsIET HA HPOSIBJIIEHUE XO3AHCTBEHHO MOJIE3HOIO MPH-
3HAKA [IOTOMCTBA Y€pe3 AUCIIEPCUOHHYIO (CilydaiiHyIO) BeJIUYUuHY, KOI]-
durmenTa HaCJEAYEMOCTH [PU [E€PeAde IeHOTHIIA, }KUBOTHOI'O [OTOM-
KaM. DTO CBSI3aHO C TEM, UTO OXKWIAEMbIE PEe3YJIbTAThI MTPOBEICHUS Ce-
JIEKIIMOHHBIX MEPOIPUSITHN HE SIBJIAIOTCA TOYHO MPEICTKA3YEMBIMHU, TO
€CTh HA WX YHCIICHHBIE 3HAYEHUS OKA3BIBAIOT BIUSHUE PABIUYHBIE CITy-
qaiiabie pakTopbl. Torma ecTecTBeHHO TPUMEHUTD JIJIst OITUCAHUS PE3YJib-
TATOB CHAPUBAHUS [PEJCTABIEHNS] TEOPUU BEPOSITHOCTENA.

IIycTb, myisi TpOCTOTHI, HAOOP Y COCTOWUT W3 OMHON KOMIIOHEHTHI Y.
Obo3uaunM ocpeacTBOM A JIMHEITHOE CTOXaCTUYECKOe TPeodpa30BaHue,
OTIHMCHIBAIOIIEE MOSIBJICHHE 3HAYEHUs Y. DTO Mpeodpa3oBaHue JIeficTByeT

(© Bumpuenko 10.I1., Yepkamun [I.A., 2023
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Ha Bejuuuny h cesexuuonnoro uniekca, y = A(h). Ilo pesyabraram cra-
PUBAHUST CEJIEKIIMOHHBIN MHIEKC TEPEOIIEHNBAETCS aHAJIOTUIHO TOMY KaK
3TO Jie1aeTcs Tpu 0aeHiCOBCKOM OIIEHNBAHWN TaK, YTO €10 HOBOE 3HAYEHWE
h/ monaraercst paBHBIM

W=y A®R). (1)

Takum o6paszoM, 3a/1ada MATEMATHIECKOIO MOJIETUPOBAHUS, HA OCHOBE
KOTOPO#l TPOUCXOIUT TEPEOIEHKA TIIEMEHHOM [MEHHOCTH, CBOJAUTCS K IO~
CTpOeHMI0 peobpas3Banus A. 9TO MpeodPa30BAHNE COCTOUT U3 ABYX U~
creit. I[lepBast 9acThb OMUCHIBAET PETYISPHOE BIIUSHUE WHIMBUIYAIbHBIX
PEHETHYECKUX XAPAKTEPUCTUK HA MPOIECC CIAPUBAHUS COTJIACHO 3aKO-
HaMm MeHjiesis MOCPECTBOM TaK HA3BIBAEMOW MATPHIIBI POJICTBA, & BTO-
pas sBJjisieTcs croxacrudeckoi. CroxacTudyeckas 4acTb OLMUCHIBACT KAK
CaydJaiiHbIe eCTECTBEHHBIE OTKJIOHEHUST OT 3aKOHOB MeHesisi, CBsiaHHbIe
C TeM, 9TO OH BBIPAXKAET TOJIBKO JIUIIH CBSA3b MEXK/Yy CPEIHUMU T€HOTH-
MUYECKUMU 3HAYEHUSMHU, TaK U Caydaiinbie 3(pGeKThl BAuSHUS YCIOBUN
IPU KOTOPBIE TPOU3BOAUTCs cesiekiusa. CyIecTBeHHO, 9TO MPU pacdere
MaTPUIbL POACTBA UPUXOAUTCH yuuTbiBaTh 3hdexrsl umbpuuuura [3],
TO €CTh OTPUIATEIFHOE BJIMSHNE OJIU3KOTO POJICTBA. BiinsiHue ycioBuit
CpeIbl YIUTHIBAETCS CTAHIAPTHBIM METOIOM MATEMATHYIECKOM CTATHCTH-
KW HA OCHOBE HAOOPA CTATUCTUYECKUX JAHHBIX MO TOI MOMyJANNW, B
KOTOPOii poucxoaut cenekims. OHa MOJETUPYeTCs Ha OCHOBE GEpHYI-
JIMEBCKOT'O TPOIIECCA HE3ABUCUMBIX CIIyYafHbIX MCIBITAHUI, B IPUMEHe-
HUW er0 K (PUKCUPOBAHHOMY AKTY CIAPUBAHUS. ITOT OEPHYIIINEBCKUN
MPOIECC YMHOXKAETCS HA KO MDUIIMEHT, OIpeIesiseMblil CPETHUM KBaJI-
PATUYHBIM YKJIOHEHUEM TI0 CTy XAPAKTEPUCTUKH Y.

JIureparypa

1. Henderson C.R. Accounting for Selection and Mating Biases in
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3. Allaire F.R. Inbreeding Within an Artificially Bred Dairy Cattle
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OCOBEHHOCTU MHTEPBAJIBHOTO OIIEHVUBAHN A
B BAMECOBCKUX CETSX JOBEPUS
10.E. l'arapun, ¥.B. Hukurenko, M.A. CrennoBuu
(Kanyra, K& MI'TY um. H.9. Baymana, KI'Y)
gagarin_ ye@bmstu.ru

BaﬁeCOBCKI/Ie cern MOFyT UCIIOJIB30BAThCA AJId ONMUCAHUA TTPUYIUHHO—
CJIEJICTBEHHBIX OTHOIIEHWI MApaMeTpPOB MOIENN HA OCHOBE BXOISAIIAX
nHQOPMATUBHBIX CUTHAJIOB. B 0aifeCOBCKMX CeTsix MOBEpHs CJIydaii-
HbIE COOBITHSI COEIWHEHBLI MPUYIAHHO—CJIEJICTBEHHBIMA CBSI3SIMH, W Ta-
KHe CTPYKTYPBI XapaKTEPU3yI0TCs HACIEIOBAHHONW HEOIPEAETEHHOCTHIO.
Onmcanust curyanuii METOJOM HPUYUH U CJIEJACTBUI IIO3BOJIAET OLEHH-
BaTh BEPOSATHOCTH COOBITHIA.

Paccmorpum 6aifecoBCKyI0 ceTh [OBEpHsi, B KOTOPOIl BepIITHHAMUI
apngiorcd cobpirus Aj, j = 1,M. Cuyuaiinas Beju4uHa MOXKeT
WMETh HECKOJIBKO COCTOSTHHI W OMPEIeISeTCsl ATPpAOPHON BEPOSATHOCTHIO
P(A;). Bepiunnsr ceTu CBA3aHbI yCIOBHBIMHE IIJIOTHOCTSIME BEPOSTHOCTEH
P(z|A;), mapamerpudeckuii BHJ KOTOPBIX H3BECTEH M COOTBETCTBYIOT
HOPMAaJIbHOMY 3aKOHY C mapamerpamu (i;, 0]2).

NcxonHble gaHHBIE SBISAIOTCS PE3YJIbTATAMH KOHKDETHBIX KCIIEPH-
MEHTOB, M KaK JIOOble N3MEPEHUs COAEPKAT CIIydailHble OMMUOKH, KOTO-
pble HeOOXOMMO YYUTHIBATE. B efCTBUTEILHOCTH 3HAYEHHS [TPU3HAKOB
Ti, © = 1,1, COOTBETCTBYIONIUE OIPE/IETEHHBIM COOBITHIM HE SIBJIAIOTCS
MCTHHHBIMY W BKJIIOYAIOT B cebst CayvaiiHble ONMMOKH.

Ouenupanne napamerpos (ji;,03) YCIOBHBIX IIOTHOCTEH BEPOATHO-
creit P(z|A;) MeronaMu KOHMIOIHTHOIO AHAIM3A JAET BO3MOKHOCTD
yUecTh ONMMOKM B 3HAYeHHsX (DYHKIMH W apryMeHTOB, W TOIYYIUTh
HECMEITEHHbIE ONEHKN TapamMeTpos (i, 07 ). [lomMmvo omeHok mapamer-
POB HEOOXOAMMO OMPEIEeNATh U JIUCIEPCHN ONEHOK, MOCKOJIbKY 3HAUe-
HHS OIEHOK IIapaMETPOB B KaXKJOM KOHKDETHOM SKCIIEDHMEHTE MOLYT
OTINYATHCA OT 3HAYECHHI [IAPAMETPOB H, CJIEJOBATEIBHO, OCTACTCS €Ile
U3BECTHAA JIOJIA HEOLPEAETEHHOCTH, KOTOPYIO HY?KHO y4uTbIBaTh. Juc-
IIEPCUU OIEHOK MapaMeTpOB D(,uj),D(a]Z) OIIPEICNIAIOTCA U3 MaTPUIIBI
BTODPBIX TIPOM3BOIHBIX 11O COOTBETCTBYIONMM mapamerpam. C ygerom mo-
IPENTHOCTH MCXOAHON nH(bOPMAINK 3HAYEHHS TApaMeTPOB OyIyT u3Me-
HATBCA B Juaiasone: (i £ Aj, O'JQ» A

3HaueHUs] yCIOBHBIX ITOTHOCTeH BeposrHOocTedl P(z|A;), B Kaxk-
OM 3HAYEHNW [pU3HAKA &, TAKXKe HMEIOT HEKOTOPYIO HeOIpe-

© Tarapun I0.E., Hukurernko V.B., Crenosua M.A., 2023
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aenennocts P(z|A4;) £ A(P(z,Aj), T.e. U3MeHAIOTCA B Ipejesiax:
P(z|4;) < P(z|A;) < P(x]4;).

OCcoGEeHHOCTh UHTEPBAIBHOTO OIIEHUBAHUS YCJIOBHBIX IIJIOTHOCTEH Be-
positHOCTelt P(2|A;) 3aKII09a€TCs B TOM, UTO JIsl ONPEIEeHIs HUAKHAX
P(z|A;) n Bepxuux P(z|A;) HHTePBAJIbHBIX OLEHOK HEOOXOAUMO yUH-
THIBATh PA3HBLIE BAPUAHTBHI CMEIIEHMs OIEHOK mapamerpos. T.e. ompe-
Jle/igTh MHTepBaibible onenku P(z|A;) co ciaeayomuMy 3HAYCHUAME
mapamMerpoB: (u; + A, 0]2 +Aj), (1 — A4y, 0]2- —Aj), (1 + 4y, 0‘]2 - Aj),
(1 —A;, 0]2+Aj) U BBIOMPATH U3 3TOro Habopa Te 3HAYCHHS IIapaMeTPOB,
KOTOpBbIE 00ECIeduBA0T HAubOJIbIIKI UANA30H MHTEPBAJIbHBIX OUEHOK
YCJIOBHBIX IJIOTHOCTEH BEPOATHOCTEHN P(gc\Aj). Taxkoi#t moaxoa mo3BOIA-
€T IOBBICUTH TOYHOCTb HAXOXK/EHWs HHTEPBAJBHBIX OIEHOK P(x|A;) u
JIOCTOBEPHOCTh NPUHATHUS DEIIEHUl B 0ali€COBCKUX CETAX JOBEPUSI.
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PEIITEHUE BUTAPMOHUYECKOT'O YPABHEHU A
METO/JIO0OM IIOJIMHOMMAJIbHO
ATIITPOKCUMAIINU YEBBIIIIEBA

O.B. I'epmunep, B.H. IToios
(Apxanrensck, CA®Y umenn M.B. Jlomonocosa)
o.germider@narfu.ru, v.popov@narfu.ru

MHorze IpakTHYECKH 3HAYAMbIE HHKCHEPHBIE TPOOIeMbl, TAKHE KaK
JedopMaIysa TOHKOH IIACTHHBI M T€YCeHHe YKUIKOCTH, IPUBOIAT K OH-
rapmonuyeckomy ypasaenuto [1-8]. Ilocrpoenue ero perienus Bbi3biBaer
PAN TPYOHOCTEH, B 9ACTHOCTH, CBSI3AHHBIX C HAJINYAEM B 3TOM ypaB-
HEHWH TPOM3BOIHBIX TETBEPTOTO MOPSIKA, OKA3LIBAIOIINX CYIIECTBEH-
HOe BJIMSIHWE Ha, 00YCJIOBJIEHHOCTH MCXOJTHBIX KpaeBbIX 3a7ad [8]. Ilpm
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3TOM JOCTHKEeHue Tpe0yeMoil CTereHu AeTaau3anuu OOJIaCTh MHTErPu-
POBaHUS TIPEATIONATAeT peleHne CUCTeM JUHEHHBIX YpPaBHEHWH OYeHb
BBICOKOT'O TOPsiJIKA ¢ Hepa3pexkeHHoi marpuuei [7]. OgHuM n3 mepcerek-
TUBHBIX TTOIXOJ0B K PEIIEHUI0 TPODJIEMbl SIBJISETCS PA3BUTHE METOIIOB
MIOJITMHOMUAJIBHON aIlllIPOKCUMAIIUH.

IIpencrasiennast paboTa MOCBAIIEHA PEIIEHUI0 HEOIHOPOIHOrO On-
TAPMOHUYECKOIO YPABHEHUsI C HCIOJB30BAHUEM CUCTEMbI OPTOIOHAJIb-
HBIX MHOTOY/IEHOB ebObimmeBa mepsoro poja. Beibop B KauecTBe Gas3uc-
HBIX (DYHKIUI MHOTOWIeHOB YeObIeBa 00yCIOBIEH TEM, YTO TAKOE TTPHU-
O/MKeHre MUHUMHU3UPYET KOJIMIeCTBO YJIEHOB YCEYEHHOTO Psi/ia, He0OXO0-
JUMBIX Jist annpokcumarnuu perrerus [9]. Takoii moaxosn He ToJIbKO 06ec-
MEYUBAET TOYHOCTH MOCTPOEHHOTO PEIIEHUs IPU CPABHUTETHHO HEOOJIb-
IOM KOJInYecTBe 0a3uCHBIX (DYHKIUI, HO W COXPaHseT yCTONYUBOCTD
K omubkam okpymienus [10]. B mpencrasiennoii pabore mpemyiosKeHo
pPa3BHUTHE MeTOa MOJMHOMHMAIHHON amlmpoKcuMannu 1eObleBa myTemM
NIpeJICTaBJIeHNs B BHJIE yCEYEHHOTO Psijia 0 mosinHoMaM debblieBa mpo-
M3BOJHBIX YETBEPTOrO TMOPSIKA HCKOMOM (DyHKIMY Perliennsi ONrapMOHH-
YECKOro yPABHEHWS U WCHOJb30BAHUS B KAYECTBE Y3JI0B HHTEIIOIUPOBA-
HUS KaK TOYEK SKCTPEMYMOB, TaK 1 HyJei STuX MHOTOUIeHoB. [lokazano
JIOCTHYKEHHE BBICOKOI TOYHOCTH W TIOBBIIIEHHOTO MOPSIKA CXOIUMOCTH
PEIeHuil PN MCIOJIb30BAHUN MATPUIHOIO BAPUAHTA TOrO METOA.
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OB O/IHOM HEJIOKAJIBHOM 3AJTAYE
JJId YPABHEHU YA YETBEPTOT O ITOPSAJIKA
A.B. Tunés (Camapa, Camapckuii yHUBEpCHUTET)
toshqaaa@gmail.com

B nammnoit pabore paccMoTpeHa HeTOKaJ bHAas 3aJada B 00JacTh
Q= (0,a) x (0,3) ansa ypapHeHWs

Uyy — (a(zay)uz)z - (b(xa y)umyy)x + c(x,y)u = f(xay) (1)

CO CJIEIYIOMIUMU YCJIOBUSMU

uac(oa y) = h(y)v uy(l'v 0) = T(x)v (2)

ulz,0) + / K(€)u(€, 0)d = o)
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Y

u(0,) + [ Linu(0,n)dn = vly). 3)
0
VYpasuenue (1) MOKHO MHTEPIPETUPOBATH KAK HEKOTOPOE 0000ITICHIE
ypasuernus Byccunecka—J/IsaBa. MuOX)KecTBO pabOT MOCBSAIIEHO M3y Y€HUIO
HAYATHHO—KPAEBBIX 3314 /JIsi YPABHEHWH TIOTO0HOTO BH/IA, & TAKIKE HC-
CJIeIOBAJIUCh KAk obparHbie 3axa4u [1], Tak u HejsoKaiabHble [2—4].
Mb1 Gyuem nonumarb ypashenue (1) Kak ypaBHEHUE € JIOMUHUDPYIO-
meii CMeImanHoil MpON3BOIHOM, B ciaydae, koraa b % 0. Cuuras b = const,
zanuniem ypasaernne (1) B Buze

rae

Ay 1 o ewy) o @)
b b’ b’ b

Jnst momOOHBIX yPABHEHUH €CTECTBEHHO CTABUTH 339U C JTAHHBIME HA
XapaKTEPUCTUKAX, €My W TIOCBAIIEHDBI paboThI [5-7|. s uccaenosanus
Pa3PeIuMOCTH TTOCTABJIEHHON HEJIOKATBHON 33149, MbI CBEJIEM 33aTy
(1)—(3) k aByM 3aa4am /i ypABHEHUI BTOPOIO LIOPsiJIKA, OJIHA U3 KO-
TOPBIX OyIeT sABIATHCS OOBIKHOBEHHON 3amadueit ['ypca, a Bropas xe —
WHTETpaIbHBIM aHAJIOTOM 3aa4m ['ypca [1Ist HArpy>KeHHOTO YPABHEHHUS.

Ha ocuoBanuu uccienoBanus Obuia cOpMyJMpOBaHA U IOKA3AHA
CIIEIYIOIAST TEOPEMA,

Teopema 1. Ecau A, B,C,F € C(Q), a maxsice ecau
K € Cl0,al, L € C[0, 8], ¢(x),r(x) € C20,al, ¥(y),h(y) € C*[0,
u eunoanAtOmes yeaosus cozaacosarus h(0) = r(0), ¢(0) = 1(0), mo
cywecmeyem u npumom eduncineennoe pewerue sadavwu (1)-(3).
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O IIOCTPOEHUMU ITOCJIEAJOBATEJIBHOCTU
OPTOTI'OHAJIBHBIX MHOTO4YJIEHOB C IIOMOIIIBIO
METO/IA OBOBIIIEHHBIX CTEIIEHE BEPCA
FO.A. I'maapmmieB, E.A. JlomikapeBa
(Kamyra, KI'V um. K.9. IInonkoBckoro)
losh-elena@yandex.Tu

IMpumem, 9ro x,t mKeKapTOBbI KOOPAMHATHI Ha miockocTu. Cuuras
x,t mefiCTBUTEIbHBIMU HE3aBUCUMBIME IIEPEMEHHBIME, BBEIEM (DYHKIIAN
f(x,t),v(x,t),..., KOTOPbIE UMEIOT HEMTPEPHIBHBIE BTOPHIE MPON3BOIHBIE
no z, t. ®yurwn a; (), ag (), 3aBUCSIINE TOIBKO OT T, CINTAEM HEpe-
PBIBHBIME OT Z. BBemem omeparopbl

D.= 4 (020 £ (o1 (o) ) + ).
D, = 3 (a2 (2) 35 (a1 (@) 35) — oz)
Tpu pou3BOLHOM <. Ha ocHOBe omepaTopoB
D (1) =as (x) a% (a1 (x) a%) , D(2)= a%
BBesieM 06o6menusle cremenu [2]. Omeparopsr D (1), D (2) momyckaior

MOCTPOEHHUE alapara napaMerpudeckux 00600menubix creneneit (IIOC).
HeiictBurespbuo, ¢dbyHknus 0000IIeHHON KOHCTAaHTHI mMmeer Bug C =

T
Ci + XS)CQ, rie Xg) — ald(“;) u C1,Cy — nocrosinnbie (napamerpbi).
xr

ITpassiit o6parHbiil oneparop s D (1) MOXKHO B34Th B BHJE

x

&1
= f aldfalu / df&)

Zo o
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O6001eHHbIE cTeneHn HadigeM 1o hopmyIe
X @) (1) XP2) (2) C = py!po 1P (1) P2 C.

ITocrpoenne 0GOOIIEHHBIX CTemeHeli MOKHO HaiiTu B [2,3,4]. O606-
IIEHHBIE CTETIEHN 00JIaTAl0T CBOHCTBOM

D (1) X®1) (1) X#2) (2) C = p, XP1=1) (1) X#2) (2) C,
D (2) X(P1) (1) X(2) (2) C' = p, X P1) (1) X (P2=1) (2) C.

Beegem muorouwnen OC, mocTpoeHHBIH HA OCHOBE OHHOMA
ZMWe = (X (1) - y'C=> CiX"TH 1) X (2)C

¢ JIErKO IpoBepseMbM cojicrsoM D, Z"C =0, D,Z"C =nZ™-1(.
Hasiee cuuraem, uro a; () = zP,aq () = —aP . Iocse noacranoBku
OC umeem GECKOHEUHYIO HOCIEL0BATEILHOCTD ABTOMOIEIBLHBIX MHOIO-

YJIEHOB, KOTOPBIE TIOC/IE Mepexo/ia K epeMeHHOMY 1) = QL\/{ TPUMYT BT

ZMmMC = t"H (n). YpaBHeHue 115l MOJYYEHHBIX MHOIOYJIEHOB B IEpe-
MEHHBIX 7),t IpUMeT BuUJ,

d’H 1 0 OH
_ “ (P g _
i npe_xQ an (7] e ) an +2nH =0,

rae H (0) = 0.

Ucnonb3ysa dopmyay 'puna ays oneparopa D (1) ¢ koaddunuenra-
mu aq (z) = 2P, ag (r) = 7P , UpuseM K OPTOrOHAJIBLHOCTH IMOCJIEI0-
BarenbHocTd yHKIMU H,, , eciid onpeaenuTsb CKAJISIPHOE MPOU3BE/ICHIE
dyuxmuit H,,, H,, Kax

(Ho Hyy) = / e H,, (€) Hy, (€) de.
0
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JINHAMUKA JUCKPETHOM RCL-JIMHUN
C KYBUYECKOW HEJIMHENHOCTBIO!
C. d. I'npizun, A. 0. Koisecos (dpocunasib, dpl'y)
glyzin.s@gmail.com

PaccmarpuBaercs mernodka 1mociaenoBare/ibHo cBsa3adabix RC L—Kou-
TYPOB, K OJHOMY M3 KOHIIOB KOTOPO# IMO/ICOEINHEH HCTOYHUK OCTOSH-
HOTO HAMPSIXKEHUsI, & K IPYTOMY — TYHHEJIbHBINH TUO W MOCTOSTHHAS eM-
KOoCTh. MaTeMaTmaeckoil MOIE/IbIO TAKOM 1enoYKy u3 N 3JIEMEeHTOB CJTy-
KAT CUCTEMA OOBIKHOBEHHBIX M DepEeHITNAIBHBIX YPABHEHUT, KOTOPas
TIOCJIe HOPMUPOBOK IPUHUMAET BHU/T

U =—N(vy—v1), O =-—Nuy —evr,
Up = —N(vpt1 — vp),
Op = —N(tup —Up_1) — €V, n=2,...,N—1, (1)
. N 3
Uy = W(AWN —uy +UN),
Oy = —N(uy — un—1) — €V,

rue g, f, 1 — noaoxurejapuble napamerpol (cm. rakxke [1], [2]).

Hamu nokasano, 9ro B JAHHOH MOJEIN Deasu3yeTcs M3BECTHOE SAB-
nenue BydepHocTu. A MMEHHO, ¢ MOMOIIBIO COYETAHUA AHAIUTUICCKUX
M YNCIIEHHBIX METOJIOB YCTAHABIMBAETCS HEOTPAHWUEHHBIH POCT YNCIA
COCYIIECTBYIONAX ATTPAKTOPOB 3TOI CHCTEMBI TIPH YBEJINIEHNH KOJIHYe-
crBa RC L—KOHTYDPOB ¥ TIpH HAJJIEXKAIEM W3MEHEHHH OCTAJBHBIX Mapa-
METDOB.

1 WMcenenosanme BHIMOIHEHO 3a CYeT rpamTa POCCMBCKOro HayaHOro homma
Ne 22-11-00209, https://rscf.ru/project/22-11-00209/
© Tapzun C. 1., Kosecos A.10., 2023
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IIpuunna, MO KOTOPOH MPEACTABISET HHTEPEC UCCACTOBAHUE ATTPAK-
TOPOB cuCTeMBI (1), COCTOUT B TOM, UTO OHA SIBJISIETCST OTHOM U3 BO3MOK-
HBIX JUCKPETU3aINil COOTBETCTBYIONIE HEeIPEePBIBHOM MOIeIn

ou ov ov ou

o o o @

u‘xzo = O7 @ + ’U|:c=1 + (,UU - ug)le = O, (3)
Ox z=1

rme 0 < z < 1, ¢t > 0. 9ra MOo#enb B Pa3/IMYHBIX €€ BapUaHTaX Pac-
cMarpuBasach MHOMMMU aBropaMu (cM., Hanpumep, [3]). Paspaboranubie
B [4] acumuroTHYECKMe METO/bL II03BOJISAIOT U3YUUTh €€ JIOKAJIbHbIE aT-
TPAKTOPBI, Ou(yPIUPYIONINE U3 HYJIEBOrO MOJOKEHUS PABHOBECHS TIPU
Masbix £, . OmHako mpu g ~ 1 9TH MeTOIBI 3aBEIOMO He PabdOTaoT
M OCTAeTCs JINMIb OJWH CIOCOO AHATM3a ATTPAKTOPOB KPaeBO# 3ama-
qn (2), (3) — 4MCIIEHHOE HCCIIEIOBAHUE COOTBETCTBYIONIEH JUCKPETHOM
mozesu. B Hacrosmeit pabore B Ka4eCTBE TAKOH MOJEIU IIPEJIaraeTcs
cucrema (1).

Creayer OTMETHTH, 9TO B CAy4ae HETMHEHHBIX KPAEBbIX 3349 IH-
nepOOIMIeCKOr0 THIIA BO3MOXKHA QHOMAJIbHAS CHTYalus, KOUJA JMHA-
MUYECKUE CBOJCTBA HENPEPBIBHON MOAEIU U €€ AUCKPETH3ALUU 1O LIPO-
CTPAHCTBEHHBIM TIEPEMEHHBIM CYIIECTBEHHO pa3indHbl. [103TOMY K BbI-
6Opy OUCKPETHOH MOZENH CIIeLyeT MOAXOAUTL C HEKOTOPOHl CTEermeHbIo
ocTopokHOCTH. B Hameii curyanum BBIOOD B Ka4eCTBE JUCKPETH3AINA
sazaun (2), (3) cucremsr (1) mpecraBisiercst yAadHbIM, ITOCKOIBKY Ta-
Kas quckperusanus umeer pusnueckuil cMbIC1 HE TOIBKO npu N > 1,
HO W TIpH JII060M KOHEYHOM HaTypajbHoM N.

B cBs3u co ckaszaHHBIM, B KpaeBoii 3agade (2),(3) u B cucreme (1)
ObLJI BBIIOJIHEH CPABHUTEIbHbIN aHAIN3 JIOKAJIbHON IuHAMUKH. B 1dact-
HOCTH, IIOKA3aHO, YTO IIPU JOCTATOYHO MAJIbIX €, [t POXKIAETCd HADOP
JIOKAJTBHBIX ATTPAKTOPOB, YHUCJIO JIEMEHTOB KOTOPOTO PACTET C POCTOM
N B caydae JUCKPETHOW 33/a9¥ W DECKOHEYHO B CJIy9ae HEMPEPBIBHOM.
Haiinensr ycinoBusi yCcTORYHUBOCTH COOTBETCTBYIOMIMX pexkuMoB. Ha oc-
HOBE 3TOr0 aHAJIU3A JEJIAETCS BBIBOX O OJIM30CTH B HEKOTOPOM CMBICJIE
JUHAMUKA JUCKpeTHON u HenpepbiBHONH RC L—nunuit. 3arem npu € ~ 1,
it ~ 1 MCrmoab3yIoTCs YNCIeHHbIe MeTOIbl M u3ydaioTcs (a3oBwie mepe-
CTPOWKH, MPOUCXO/SAIMINE C JOKAJIHHBIME IUKJIAMHU TIPU U3MEHEHUH Ou-
GbypKaIMOHHOTO TapaMeTpa.
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PETVJISIPHASI IINKJINYECKA S MATPUIIA
N30JIMPOBAHHOMN OCOBOM TOYKN
O/THO3HAYHOI'O XAPAKTEPA YPABHEHUY
IIITYPMA-JINYBUJIJIA CTAHJIAPTHOI'O BUJIA
A.A. Touny6koB (Mocksa, MI'Y)
andrej2501Q@Qyandex.ru

Acumnroruka pemennii ypasuenus: Irypma—/Inysusisa
u’(2) +(Q(2) = A)u(z) = 0 (1)

¢ TrOOMOP(MHBIM MOTEHIHATOM () B MPOMU3BOJBLHOM BBIMYKJOH oOma-
cru G KommekcHoit wiockocrn C momHocThio u3ydeHa [1]. B gacr-
HOCTH, W3BECTHO, 9TO, €CJW § — MHHMAasd emuHuna, A = |\ exp(ipy),
Zf — 20 = |2f — 20| exp(igp.) # 0, TO B TOUKe 2§ € G HeMpepHIBHO Trdh-
dbepeniupyembie periennst u; U ug ypasuenus (1), yIoBIeTBOPSAIOIITE
YCJIOBHSIM

u1(z0) = 1, uj(20) =0, u2(20) =0, us(20) =1 (20 € G), (2)

ABJIAIOTCA TeILIME (DYHKIIAMH CIeKTPATLHOTO HapaMeTpa p = A2 pe-
IYJISAPHOTO pocTa mopsaaka 1/2 u Tuna |zy — zp| ¢ TPHCOHOMETPHIECKHM
HHIUKATOPOM |zf — 2o|| cos(px + ;)| (o menbix bymkmuax cm. [2]).
OnHaxo, eciu OTEHIMA IMeeT 0CcO0bIe TOUKY, U ypasHenue (1) pac-
CMATPWBAETCS B HEBBIMYKJIOH 06IaCTH aHAJIATHYHOCTH MOTEHITAAIA, TO
B 00IIEM CJIy4uae W3BECTHO JIUIIb, 4TO penienus (1), ya0BIeTBOPSIONITE
ycaoBusM (2), sSBIAOTCs nebiMu GyHKIugMU p nopsizika 1/2. B gokia-
JIe ¢ TIeJTBI0 DOoJTee TTOTHON XapakTepu3anun pemennii ypasaerus (1) kak

© Toxybkos A.A., 2023
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nesibix (pyHKIui napamerpa p B Caydae HeOJHOCBA3HON 061acTn aHaIn-
TUYHOCTHU MTOTEHIINAJIA UCCIIEJOBAHBI CBOMCTBA PEryIAPHON IUKINIECKONR
MaTPHUIILI é’(zo, Zs, p) ypaBHenus (1) st W30IMPOBAHHON 0CO00M TOUKN
Zs OJIHO3HAYHOIO XapakTepa moreHnmanta Q(z) (cMm. onpenenenue 2)

Onpenesienne 1. ITycms nomenyuan Q(z) 2osomopden 6 obaacmu
G C C, u ui(z),u2(z) — nenpepweno dugddepenyupyemvie pewenus
ypasnerus (1) edoav nymu v C G, ydosaemesoparowue yeaosuam (2).
Hazoeém nepedamounoti mampuueti ypashenus (1) mescdy mouxamu 2o
U 2 NYMU Y MAMPULY

P(y,2,20) = < ur(z) g

Onpepenenne 2. I[Tyemvs G C C — ozpanunenmas 8unyxiai 00-
AGCMb €O cnpamasemoti eparuuett 0G, codeporcausas posHo 00HY 0cCo-
6y mouky zs nomenyuase Q(z), u 6o ecer moukaxr IG nomenyuas
2onomopgen. Tozda nepedamoywnyro mampuuy ypasnenus (1) 6doav na-
YUHAIOULE20CA U KOHUAIOWE20CA 6 mouke zg € 0G nymu vy, 06T00aue20
eparuyy obaacmu G npomue wacosoli cmpearu, 6ydem Ha3veamd pe-
2YAAPHOU YUKAUYECKOT MamPuyel é(zo7zs,p) U30AUPOBAHHOT, 0c0bOT
mouku zs ypasuerus (1).

B noknazne mokazaHo, 9TO perynsapHas IUKJINIeCKas MaTPUIa 0coboii
TOYKH Zs MOXKET ObITH OIIPEIEIEHA /Il TOUKHU 29 AHAJIUTUIHOCTH [OTEH-
mrasia (Q(z) TorJa M TOJBKO TOTJA, KOraa 0cobasi TOUKa zs SBISETCS
M30JINPOBAHHON, U OTPE30K, COTUHSIONIMI TOUKN 25 U Zg, HE CONEPIKUT
0Cco0bIe TOYKY TIOTEHINAJIA, OTJIMIHbBIE OT TOYKH Zg. [lpu 3mOM 1151 (DUK-
CHUPOBAHHBIX TOYEK Zg U Z; MATPHUIA C’(zo, Zs, p) HE 3ABUCUT OT BbIOOpA
obnacru G, yIOBIETBOPSIONIEH yCIOBUSAM OIPEIEIEHUs 2 U CIPABE/IUBA
CJIEIYIONIAST TEOPEMA.

Teopema 1. ITycms z; — U30AUPOSAHHAA 0COBGA MOUKA 0OHOZHAY-
Hoz0 zTapaxmepa nomenyuara Q(z), zo # zs, 0MPe30x, coeQUHANOUUT
MOYKY 20 U Zs, He codeporcum ocobwux mouex (Q(z), omauunoz om
mouku zs, p = A2 = |N2exp(2ipy) u 20 — 25 = |20 — 25| exp(ipso)-
Tozda aubo pezyaspnaa yukiuseckas mampuua C(zo, zs, p) ypasHenus
HImypma—/Tuyeusrrs (1) pasna edunuunol mampuuye npu 6cexr 3Ha-
YEHUAT P, AUDO 6CE €€ INEMEHMbL ABAANOMCA UEALLMU GYHKUUAMU P
nopadka 1/2 ¢ 00uHAKOBBLMU MPUZOHOMEMPUUECKUMU UHOUKAMOPAMU
2| 25— 20| cos(pr+@s0)|. B nocaednem cayuae caed mampuyo. C(zo, 25, p)
ABAAEMCA Uerol PyrKyuet p nopadka 1/2 MUHUMAALHOZ0 MUNG, KOMO-
PAA HE 3ABUCUN O TLOAOHCEHUA MOUKY 2.
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B mokmane ¢ mcmonmb3oBaHmeM TeopeMbl 1 Tak:Ke MCCIIEIOBAHA, ac-
CUMIITOTHKA MEpeIaTOIHON MaTpuIlhl ypaBHuenus (1) 1715t KpUBOit 7y mpo-
M3BOJILHOI (POPMBI, KOTOPasi MPUHAIJIEKUT OTHOCBAIHON OrpaHTIEHHON
BBIITYKJION 00/IACTH, COMEPIKAIEH €IMHCTBEHHYIO OCOOYIO TOYKY OIHO-
3HAYHOrO Xapakrepa zs norenimana Q(z) (zs ¢ ).

JIureparypa
1. Basos B. Acumnrornyeckue pasioKeHus peneHuii 0O bIK HOBEHHBIX
nuddepenpanbubix ypapuenuit / B. Bazos. // M. : Mup. — 1968. —
465 c.
2. Jleeun B. 4. Pacnpenenenue Kopueii 1uenbx byHKuuii |/
B. 4. Jlepun. // M. : TUTTJI. — 1956. — 632 c.

IIOBBIIIIEHVE BHICTPOJAENCTBUSI AJITOPUTMA
OBOBIITEHHOTI'O METOJA HAMMEHBIIINX
MO/JIVJIEN 3A CUET YTOUYHEHUSI
OBJIACTU PEIIIEHUN
O.A. TonoBanos, A.H. Treipcun
(Exarepun0Oypr, Ypaabckuii dbegaepanbublii yHUBEPCUTET,
Nucruryr sxkonoMuku Y pasbckoro otaesenns PAH)
golovanov.oa@uiec.Tu

YcroitunBas OIEHKA BPEMEHHBIX PSI0B SABJISIETCS OIHOM U3 aKTyalb-
HBIX 33729 B CTATHCTHYIECKOM MOIEJNpOBaHMH mporeccoB. OaHako, Ha-
JINYKE CTOXACTUYIECKON HEOIHOPOIHOCTH MOXKET B 3HAYUTEILHOM CTeleHn
OTPA3UTLCS HA PE3YJ/IbTaTax OLEHUBAHUA BBHJLY HEBbIIOJHEHUS IIPEJIIIO-
coutku [aycca—MapkoBa 0 HEKOPPEIMPOBAHHOCTH MEXKIY OINTHOKAMY U
OOBACHAIOIIUME TIEPEMEHHBIMU. JTO MPUBOIUT K HEYCTOWIUBOCTH OIlE-
HOK C TIOMOIIHIO METO/I0B HAMMEHBIITNX KBAIPATOB U HANMEHBITUX MOTY-
neii. 171 mpeomoieHnst 3TOro HeAOCTATKA OBLT MPeII0KeH 0000IeHHBII
Meron HauMeHbiux Moxyneit (OMHM) [1]

Qa) = ZP(\% — (x4,a)]). (1)

rue p() — HEKOTOpasi MOHOTOHHO BO3PACTAIONIAs, BCIOLY JBAXKIIbI
HenpepbBHO—Tud QepeHnnpyeMas Ha MOJOKHUTEIbHON MOIyocu (PyHK-
must, mpudaeM p(0) =0 u Ve > 0 p/'(z) >0, p”(x) <0 .

AsropuT™ HaxXoXKJEHWs ONTHMAJBHOTO pertennsi [2] 3akiodaercs
B CIyCK€ IIO0 Y3JIOBBIM INPAMBIM K y3JIOBOH TOYKe, NAJbHEHINNN CIIyCK

© Tonosanos O.A., Teipcur A.H., 2023
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73 KOTOPO! HEBO3MOXKEH. ¥Y3JIOBOW IPSAMON M TOYKON HABJISIOTCH MECTA
nepecevennst (m — 1) m m runepmiockocreit Q; = Q(a,x;,y;) BUIA
y; — (x;,a) = 0, (i = 1,2,...,n) coorBercrBenHo. s HaleHHON y3-
JIOBO# TOYKH u* HEOOXOAWMO HAWTU (v OKPECTHOCTH, MPECTABIISIONIYIO
n3 cebs MHOKECTBO THIEPILIOCKOCTEH Hambomee NPpUOIMKEHHBIX K u* U
[PHU TIOMOIIY TOJHOTO TIepebopa OMpPeIeTUTh TOUKY, Ie IereBas QyHK-
[Usl IPUHUMAET HAMMEHbIee 3HAYCHUE.

[Tepebop y3710BbIX TOYEK BXOJAMAIUX B OKPECTHOCTH COBMECTHO C BbI-
YUCJIEHNEM 3HAYEHWsi IIeJIeBON (DYHKIMM TpeOdyeT BLIMOJHEHus V =~
O(C xmn) onepanuii, 970 MPUBOAUT K IKCIIOHEHI[HAIHLHOMY POCTY BbI-
9UCJIUTE/BHBIX 3ATPAT U BPEMEHU BBIYUCIEHUS C POCTOM YHUCJIa HAOJIIO-
Jernit n u koddduimenTtos m. Takum 06pa3oM, OIpeieIeHIe OMTHMATb-
HOI 00JIACTU PEIeHuil MO3BOJIUT 3HAYUTEHHO COKPATUTHh 3aBUCHMOCTD
OT N W M, & CJIeJ0BATEIHHO, PACHIUPUTH 00JACTh TPUMEHEHUST MOIETN
JJist OoJiee TPYTOEMKHUX 3a7a4.

YucaeHHble 3KCIIEPUMEHTHI OCHOBBIBAIOTCS HA METOJIE CTATUCTHUYE-
ckux ucnbrranuii Morre—Kapao [3]. Jus n = 50,100,...,500 1 m =
2,3,...,5 mpoBemem 1000 wmcnbrTanwit Ay BHIOOPOK, CreHEPHUPOBAH-
HBIX C 3acopeHueM u 6e3, 9TO MO3BOJIUT IOJIYyIUTh OTHOCHTEIHHO yHU-
BepCaJIbHYIO0 00JIaCTh PElIeHnuil BHE 3aBUCUMOCTH OT KCXOJHbBIX JIaH-
HBIX. B pe3ynbrare ObLIM TOJYYEHBI 3aBUCUMOCTH ¢ C KO(hDUIHEH-
ToM geTepmuHanmm R? > 0.99, a TakyKe IKCIHEPHMEHTAJLHO YCTAHOB-
JIEHO, YTO ONTUMAJBHBIM ITOAXOIOM K ITOWCKY peleHus Oymer IOImyc-
KaTb JIOJI0 OIUOOK C 3aJaHHoil BepoaTHOCTHIO (.95, yMeHbIWB TeMm
CaMbIM HCCJIElyeMYI0 OKPECTHOCTb IPUMEPHO B 2.5 pa3a OTHOCUTEJIb-
HO TOYHOTO PEIIEHUsI, 8 COOTBETCTBEHHO 3HAYUTETHLHO CHU3WB BBLIYNC-
JINTETFHYIO CJIOXKHOCTH aJIrOpUTMa 0€3 CTATHCTUYECKH 3HAYUMOM IMO-
Tepu TOYHOCTU. B KadecTBe KOHEYHBIX PE3YJIHTATOB OYIyT BBICTYIATH
YCPeIHEeHHbIE OIEHKHN OKPECTHOCTEH YeThIPeX BAPUAHTOB I'€HEePAIUH [TaH-
HBIX, YTO BO3MOYXKHO BCJIEJACTBHE WX OIHOPOIHOCTH, TAKAM OOpPa30M:
ags = 7.06/n%93 % mO57 g9 = 21.98/n0-84 5 m0-04,

JIurepaTtypa
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Hayunbix cemunapos IIOMI. // 2005. — T. 328. — C. 236-250.
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3. Epmakos C.M. Merog Monre-Kapio u cmexxubie BOLPOCHL: /
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OB MHTETPAJIAX OT IIPOU3BEJEHUI
IIOKA3ATEJIbHBIX 1 HEKOTOPBIX
TNIIEPTEOMETPUYECKHNX ®YHKIINI!
B.A. T'openoB (Mocksa, HIY «M3N>»)
gorelov.va@mail.Tu

O/1HUM U3 OCHOBHBIX METO/IOB B TEOPUU TPAHCIEHIEHTHBIX YUCEJT sIB-
astercst merog, 3urea-Iunnosckoro (em. [1]), nossonsmomuii 10Ka3bI-
BaTh TPAHCIEHIEHTHOCTh W ajredpandeckasi HE3aBUCHMOCTh 3HAYEHUN
.H. E-byuxnuii (nuddepennuanbuoro nogakosbua neabx Gyskmmii 1-
r0 TOPS/IKA, 3AMKHYTOIO OTHOCUTEHHO WHTEIPUPOBAHUS M 3aMEHBI ap-
TyMEHTa z HA oz Ipu « € A, rme A — MHOXKeCTBO BCeX ajiredpandecKux
qucen). Paccmarpusaembie E—QyHKuuy 10/2KHbL yA0BIETBOPATD JIMHEH-
HBbIM nuddepeHIanbHbIM ypasHernsM ¢ Kodddunmentamn u3 C(z) n
ObITh asreOpandecku nesasucumbimu Hag C(z). E-dynkuuavu, nanpu-
Mep, SIBJISIIOTCs rumepreoMerputieckue E—dyukunn ;p, (7 X azi™h, tme

z) _ f: W1)n - (W)n n
o A)n--An
<l<gq (Wo=1, V), =vw+l)...(ven-1), ¥ = (v1,...,1) € Q,
S (Q \ Zgo)q, a € A.

C momormeso meromna 3urens—LIuamoBckoro moaydeno 6oJIbIoe Iuc-
JIO Pe3y/IbTaTOB 00 ajIiredpandeckoil He3aBUCUMOCTY 3HAYEHUN TUIEPTE0-
merpuueckux GyHKuuil B anrebpandeckux Toukax (6ubauorpaduio cum.,
nanpumep, B [1]).

Ho nme Bce E—dynkiun, kak memapao nokazanu K. ®pesan u II.
ZKoccen [2], MoryT GbITh anreGpanvecKn BbIPAYKEHBI Y€pe3 THIepreo-
Merpudeckne E—byHakimm.

Apropom 6bL1u paccmorpensl E—dyakiun

1,V1,...7Vl

194 (¥ X,z) :l+1Fq< \ \
e Ag

0
A

z 1 22
_ _ az —at _ <
V(z) =Vaalz) =€ /0 e Yor(t)dt =z + (/\+1 +a) 5 +...,

a €A, \€Q\ Z.o, yI0BIETBOPSIOININE YPABHEHUIM
y'+ (—a =1+ X2y + (a—da/2)y = N/z,

1 Pabora wBbmonmena mnpu nojjepxke Munobpmayku P®  (mpoekr

Ne FSWF-2023-0012).
© Topenos B.A., 2023
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rae

o0 Zn
@A(z):1+;(>\+1)...(>\+n), A#E—-1,-2,....

B crarpe [3] aBropom nokazano, uto E-dynkumn Vi o(2) n Vy ,(2)
anrebpanyecku 3asucumbl Hag C(z) Torga u TONIBKO TOrIA, KOrua A =
0, « € Q, mubo A = 1/2, o = 2, mbo \ € Z>2, o = 1. Kpome Toro,
ObLIM HAIEHBI BCE CIIyIal BBHIPAXKEHHS V) (2) B BHJE MHOTOWIEHA OT
noKazaTembHbIX DyHKImit 1 QyHKImit BuIa ) (Q52).

B macrosiiiiee BpeMsi aBTOpOM JTOKa3aHa 60s1ee o0Imast

Teopema 1. I[Iycmv A\; € C\Z<y, a; €C, i=1,...,m, (Ai,q;) #
(Ayaq) mpui #1; py € C\Z, v € C\{0}, k=1,....n, up —u ¢ 2
npu Vi = y; wucaa B, ..., By, a makoce (1, ..., ; npunadasescam C u
aunetino nezasucumot #ad Q, ¢ € Q, ¢ € N, n,p € Zxg. Tozda daa
anzebpauneckoti 3asucumocmu 2m +n + p + q Pyruryui

V/\1,Oé1 (Z)’ V)&,al (Z)7 ceey V)\m7am (Z)’ V)im,am (Z)a

<pH1 (712)7 ctty @un (FYTLZ)v 6,312, cety eﬂpza ZClv L) Zcqv (3)

Had C neobxodumo u docmamowno Toms 0vl 00HO U3 CAEOYOULUL YCAO-
eull:

1. Ny —p; €Z, v; =1 daa nexomopuxr 1 <i<m, 1<j<n.

2. \i — A\ EZ 0na nexkomopwur 1 <i<l<m.

3. )\z = 0, 1e L{O&i,ﬁl, .. .,Bp}, Aubo )\z S Z;l, 1e L{ﬂl, e ,Bp},
Aub0 A € Lo, a; =1, daa nexomopozo 1 < i < m.

4doa;=1, i #Luaubo 1 €L{f1,...,0p}, aubo oy =1, N # 1,
oas nexomopunr 1 <1 <l < m.

5., =a;=2uaubo \i+ XN =1, aubo N, + N € Z\{1}, \i, N € Z,

1eL{p,...,0p}, 0aa nexomopuxr 1 <i<l<m.
JIureparypa
1. uanoBckwit AB. TpaHcieHIeHTHbIE qUCII /

A. B. IMunnosckuit. // M. : Hayka, 1987. — 448 c.

2. Fresan J. A non-hypergeometric E—function / J. Fresan,
P. Jossen // Ann. of Math. — 2021. — V. 194(3). — P. 903-942.

3. Gorelov V.A. On the Algebraic Independence of the Values of
Functions Associated with Hypergeometric Functions / V. Gorelov //
Axioms. — 2023. — V. 12(1), 36. — P. 1-7.
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OCKOJIOYHO KOMITAKTHBIE OIIEPATOPbBI
CVIIEPIIO3UITNM!
9.B. I'pumienko (Biagukaskaz, COTY)
elya. gris@gmail.com

Henmunelinbie onepaTopbl CyNepIO3UIMN, H3BECTHBIE TAK Ke KaK OIle-
paropsl Hembimkoro, o0pa3yioT OIMH M3 CaMbIX BAazKHBIX MOIKJIACCOB
orepaTopoB, BO3HWKAIONINX B HelnHeitHoM anamm3e [1, 2]. Teopus mpo-
crpancts Kere-Boxaepa criIbHO M3MEPUMBIX BEKTOP—(QyHKIAI N3JI07Ke-
Ha B [3]. IIpuBeem HeOOXOMUMBIE OIPEIETEHUSI.

ITycrs E(X) — mpocrpancrBo Kere-Boxuepa n' Y — BekTOpHOE PO~
crpancrso. Orobpaxkenue T: E(X) — Y HasbiBaercs opmozonasvho ad-
OUMUBHBLM ONEPATMOPOM, ECITH

T(f+g9)=Tf+Tg nnsa mobbix nusbionkTabix f,g € E(X).

MmuozkecTBO Beex ockonkoB ssementa f € E(X) obosnadaercs §y.

IIycts Y — nHOpMmumpoBanHOe mpocTpancTBO. OpPTOrOHAIBHO aI/Iu-
tuBHbIl oneparop T: E(X) — Y Ha3biBaercs 0CK0AOWHO KOMNAKM-
HbLM, eCIIH MHO2KeCTBO T (§Ff) OTHOCHTETIBHO KOMIAKTHO B Y MJIS JIIO-
6oro f € E(X). Ilycry renepp (A,X, 1) — mpoCTPAHCTBO ¢ KOHEYHOM
mepoii, F(X) — mpocrpancrBo Kere-Boxuepa wa (A, X, 1). @yHKIms
N : A x X — X na3biBaeTcs:

1. E(X) — cynep—usmepumot, eciu N (¢, f(+)) € E(X) ana moboro
snementa f € E(X);

2. Hopmasm3oBaHHO#, ecnin N (+,0) = 0 mst ;1 — mouTH Beex t € A.

C xaxnoit Hopmannsosannoit, E(X) — cynep-n3mepnmoii GbyHKIN-
eit N : Ax X — X cBsd3aH HeJIWHEHHBIH OMEpaTOp CYMEPIO3UIIUN
Tn: E(X) — E(X), 3agannbrii hopmyoit

Tn(f)() = NG f(), [ e EX).

CdopmynupyeM Tenepb OCHOBHOW pE3yJIbTaT, JOKA3AHHBIN B paboTe
[4].

Teopema 1. ITyemov (A, X, 1) — npocmpancmeo ¢ koneunol 6es-
amommot mepot, E(X) — npocmpancmeo Keme—Boxnepa ¢ nopadkoeo

1 Pabora BBITIOJTHEHA, npu dbuHaHCOBOMK OAepPIKKe POOU

(npoekT Ne 10-01-00000).
© TI'pumenko .B., 2023
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nenpepuenot mepoti u N : A x X — X — nopmaausosannas E(X) —
cynep—usmepumas gynkyus. Tozda dasn onepamopa Ty : E(X) — E(X
IKBUBAAEHMMHDL CALIYIOULUE 068G YCAOBUA:

1. TN — OCKOAOYHO KOMTNAKMEH,

2. N(, f(-)) =0 daa awboz0 sremenma f € E(X).

JIureparypa
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OB OTHOM CIIEKTPAJIBHOW 3AIAYE
AJIAd BUTAPMOHUNYECKOI'O OITEPATOPA
B IIPSIMOYT'OJIBHOM OBJIACTH!

M.T. H:xeunammes, M.I'. Epranues (Aavars;, UMMM)
muvasharkhan@gmail.com, ergaliev.madi.g@gmail.com

B mpsimoyrombroit obmactn Q, = {z,y] —1 < a2 <1, —a <y <

a, 0 < a = const < 1} ¢ rpanuneit 0§, MBI U3y4aeM CIHEKTPAIHHYIO
3a1ady:

Alw = N (—Aw), (z,y) € Qa, (1)

w=0, Ozw =0, (x,y) € 0%, (2)

e A =02+ 85 — oneparop Jlamraca, 7 — eIMHUIHBIN BEKTOD BHEITHEH
HOpMasH K 0§}y, UCKIIIOYAsl BEPIIUHBI IPAMOYTOJbHUAKA {1 .
Bo-mepBbix, MBI paccmarpuBaeM Cjaydail KBaJaparHO# obsactu ()i,
r.e. a = 1. B arom cayyae 3anaua (1)—(2) Gbuia npeaMeroM u3ydeHus
pabor [1, 2], a rakke monorpaduwmii [3, 4]. Ona Ha3Bana 3aua4eil ucciaeno-
BaHUs KOJIEOAHUI M3TMOOB 3aKATON KBAAPATHON MJIACTUHBI, B OTJIAYNE

1 PaGora Beimostnena mpu (urancosoi moggepxke KH MHBO Pecny6auxu Ka-
3axcrad (rpant Ne AP09258892, 2021-2023).
© xenasmmes M.T., Eprammes M.I., 2023
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OT 3a/a4u JJIs 3aKPeIJIeHHOM ILIACTUHBL, [Jle Bropoe yciosue B (2) 3a-
MeHseTcs Ha CJieaylolee:

Aw =0, (z,y) € 00, (3)

¥ [OCJIe/[HsAs Ha3BaHa DA30BOI crieKTpasibHOil 3aadeii. CrekTp 6a30BOM
3314497 AT HUKHIOIO OIEHKY COOCTBEHHBIX 3HAMEHUH MCXOAHOM 3a/1a49H,
KOTOpAast, BOOOIIE TOBOPSI, MOXKET OBITh U OCTATOYHO Tpy0oit. st ymyd-
MeHUsT ITOM ONEHKY HCMOJIB3YEeTCsl CeMEHCTBO CHelHUabHbIX MPOMEKY-
TOYHBIX 38/[a4, MOy YAEMBIX [TOCIEI0BATEBHBIM «yCUIEHUEM» YCIOBUN
(3) u nosyvyeHuem ycsaoBuii, aNIPOKCUMUPYOLIUX BTOPOe ycyosue u3 (2).
DTOT HOAXO/, HA3BIBAIOT METOJOM IIPOMEXKYTOUHBIX 3a/1a9 APOHIIARHA—
Baitnmreiina [3, 4]. OrmernM, uro B padorax [3, 4] Takxke ormeuaercs
BasKHOCTDH 3aza4n (1)—(2) Iyst cTPOMTENbHON MEXaHWKM, MEXaHUKH CY-
JIOCTPOEHUST U T.JI.

Mpur mpunzm K 3agade (1)—(2) (B TourocTH, He TPOBO/ST HUKAKUX WC-
KYCCTBEHHBIX TPe0OpPA30BaHuUil), U3yydasi BOMPOCHI YUCAEHHOTO PEIICHUST
NPAMBIX U OOPATHBIX 3324 JIJIsl JIMHEAPU30BAHHOTO JIBYMEDHOTO ypaB-
nenust Hasbe—Crokca. IIpu 310M MBI HCIIOIB30BaIU U3BECTHOE (U1 JBY-
MEpHOIo Ciydas) HOHsTHE (DYHKIMU TOKA.

Panee, cuexkrpanbhas 3aga4a (1)—(2) Obuta Hamu usydena B pabore
[5] nost cayuast, korga obsactb () mpeacrasiger coboil KPyr ¢ eJuHUY-
HBIM PaJIyCOM.

3AMEYAHME. B ([3], rmasa VII, n. 2) ykazano cienyoruee: «Ecan
3axKaTasd [JIaCTUHA nMeeT (opMy KBaJApaTa Wim JI00YI0 ApyTryo dhopmy,
OTJINYHYIO OT KPyTa, TO» ... COOCTBEHHDbIE 3HAYEHUS ... «HEJb3sl BbIPA-
3UTh TOYHO Yepe3 JIeMEHTAPHbBIE WU POTA0YIMPOBAHHBIE CHEMATHHBIE
dbyHkINN. >

Jnst popMymupoBKH 0a30BOM 3a7a9u MBI OyaeM 3aMeHATH BTOPDLIE
IDAHUYHBIE yCI0BHs U3 (2) TONBKO YACTUYHO. A, MMEHHO, BMECTO YCJIO-
Buit (2) Gyuem umern

(Ly) = d;w(l,y) =0,

(z,1) = Q2w(x,1) =0 @)

w
w
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Bo—BTopbIx, oTIeHHO paccMaTpuBaercs ciydait a # 1, r.e. Korga 06-
JacTh ), ABIAETCHd IPAMOYTOIbHIKOM. OTMEYaoTcs OTIMYHd HHZKHUX
OIIEHOK COOCTBEHHBIX 3HaueHwi 3amaun (1)—(2) ¢ MOMOIBI MPOMEKY-
TOYHBIX CIIEKTPAJIbHBIX 33Ja4 Kak B coorBercTBHH ¢ dopmyaamu (3),
TaK u — ¢ dhopmyaamn (4).
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BJINSIHU Y JIUMUTUPYIOIIEN CTAINITHON
PEAKIINNM HA BBIBOP YUCJIEHHOT'O METOJIA
HAXOXXJIEHUE KOHCTAHT CKOPOCTEN
MIPUSJIEKTPOJHBIX ITPOITECCOB!

M.C. Odmurpuesn, JI.H. Kamanos, A.J/l. KyapsasBsrii,
B.}O. YebakoBa (Kazaus, KOVY)
vchebakova@mail.ru

Kunernka TeTepOTEHHBIX MPOIECCOB WTIPAET BAXKHYIO POJH B Ca-
MBIX Pa3HOOOPA3HBIX O0OJIACTAX, TAKWX, KAK IJEKTPOJN3, IJIEKTPO—
XUMHUIECKOe OKCHIMPOBAHUE METAJIOB, MPOU3BOACTBA NMUTMEHTOB, BbI-
MEeIA9UBAHIE METAJJIOB. JJIEKTPO—XUMUYECKUE CTAMUNHBIE DEAKINU,
OLIMCBHIBAIOIINE BbLIEJIECHUS BEIIECTBA B IIPOIECCE 3JIEKTPOJIM3a, MOLYT
OBITH OMUCAHBI C MIOMOIIBIO CUCTEMbBI KMHETHYECKUX ypaHenwuit. Omna-
KO CTOUT OTMETUTH YTO, KOHCTAHTBI CKOPOCTEN 3JIEKTPOXUMHUYECKUX DPe-
aKIuit 3aBUCAT OT PAKTOPOB CBONUCTBEHHBIX TEXHUIECKUM MaPAMETPAM
KOHKPETHBIX 3jieKTposin3epos. [Ipm sToMm mporecc 3sekTposu3a OTHO-
CUTCH K IrereporeHHble rerepoda3HbiM PEAKIWH, I HUX XaPAKTEPHO

1 PaGora BBImOSHEHD HpH (PUHAHCOBOH momgep:kke PH® (mpoekt Ne 23-29-
00099).
© Omurpues M.C., Kamanos JI.H., Kyapsassiii A./l., Yebaxosa B.IO., 2023
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HaJM4YMe MCTHMHHOIO M KaxKylierocs nopsiiaka peakuuu [1] . Henocpen-
CTBEHHO JIEKTPOJIN3 MOXKHO OTHECTH K PEAKIUSM HYJIEBOTO TOPSIIOKA,
KOTJIA KOHIIEHTPAITNS JIMHEHHO YMEHbBIIAETCs OT BPEMEHHU U HADJII01aeTCst
JInHeHHAsS 3aBUCUMOCTh. KaxKyIuiics mopsiIOK — MOPSI0K PEAKIuu 3a-
BUCUT OT ycJioBHit 3kcnepumMenTa. CKOPOCTh 0bITel peakiuu 3aBUCUT OT
CKOPOCTHU JIMMUTUDPYIOIEH peakiuu (Camoil MeJJIeHHONW M3 CTaluilHbIX
peakuwmii). Tak naupumep, B pabore [2] naburogaercs juHelinas 3asu-
CUMOCTh BBIXOZIA BOIOPOJIA TIPW 3JIEKTPOIN3e, a B pabore [3] B Hauasb-
HOI cTajuu 00pa30BaHUs 3aPOIBINICH MUHKA, JTUHEHHOCTH HAPYIITAETCH.
B paGore [4] npezncraBineH 4ucIeHHbIH aJIrOPUTM, HO3BOJIMIONIEH HAXO-
JIUTH CKOPOCTU KOHCTAHT B MPUIJIEKTPOJHBIX MPOIECCAX B COOTBETCTBUU
€ 33JJAaHHBIMH IKCIIEPUMEHTATIbHBIMY JTAHHBIMU 110 BBIXOJLY, a TAKXKE pac-
CYNTHIBATH KOHIIEHTPAIINU BEIECTB, YYACTBYIOIIUX B MPUIIEKTPOIHBIX
MpOIeCCaX HA KOHKPETHBIE MOMEHTHI BpeMeHu. JlaHHBI ajaroputM oc-
HOBBIBAETCS HA MPUMEHEHUU MPSAMOT0 METOd UUCACHHON ONTHMU3AIAN
JIJIST perieruss OOpATHON 3a1a49u, TOL/IA KAK JJIs PEIIeHUs] CUCTEMbI KUHe-
TUYECKUX YPABHEHUIl, HEOOXOAUMOTO [t HAXOXK/IEHUS IEeJIeBOH (QyHK-
muu npoucxoaut meroaom Pynre—Kyrror. B mannoit pabore paccMoTpeno
BJINSTHEE BBIOOPA METOA PEIIeHUs CHCTEMBI, COCTOsAMIEelH u3 3ama4 Komn
11 OOBIKHOBEHHBIX MudDEpeHInaIbHBIX YPABHEHUH, B YUCTEHHOM aJl-
TOPUTME, PEATU3YIONIEM MOUCK KOHCTAHT CKOPOCTEH reTepOreHHbIX MPOo-
ueccoB u onmcanHoMm B pabore [4]. IIpoBeseno cpaBHenue pe3ysbraToB
[IPU UCHOJIb30BaHue siBHOro Merona Pynre—Kyrra derBeproro mopsijika
u He BHOrO MeTona Pyrre—KyTThbl, mpuMeHseMOoro [ pereHus JKecT-
KHUX CUCTEM ypaBHEHUH.
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OB YCJIOBUsAX OIITUMAJIBHOCTU
B BAJJAYAX C ®A30BHIMU
n CMEIITAHHBIMU OTPAHUYEHUSIMU
A.B. Imurpyk (Mocksa, II9MU PAH)
optcon@mail.ru

PaccmarpuBaerca 3amaga Jlarpamxka KB B morTpsrunckoit ¢popme

J = Fy(x(to), z(t1)) — min, (1)
Fi(z(to), z(t)) <0, i=1,...,d(F), 2)
o(t) = flz(t),u?), K(z(to),x(t1)) =0, (3)

¢ OTIOMHATEBHEMI DASOBBIMI H CMEIIAHHBIMH OPAHHICHHAMI
Oi(z(t) <0, i=1,...,d®), (4)
Gi(z(t),ut) <0, j=1,...,dG), (5)

rue x € AC™[to, t1], u € L [to,t1], orpe3ok Bpemenu [tg,t1] dukcupo-
BaH, d(a) ob03HaYaET PA3MEPHOCTH BEKTOPA .

Hac unTepecyer Bompoc 0 HEOOXOAUMBIX YCJIOBUSAX CJIA00TO MUHUMY-
Ma, T.e. JIOKAJIGHOIO MUHAMYMAa OTHOCHTEIBHO HOPMEL ||z||c + ||u|oo-

Bagada (1)—(5) ecrb gacTHbIA crydail aOCTPAKTHON 3aa9u BH/IA
FO(w) - mina F’L(w) € K’i7 g(w) = 07 (6)

rae F;, G, g — rmaaxue orobparkenus m3 6amaxosa mpocTpancTsa W B
HEKOTOpbIe DAHAXOBBI MPOCTPAHCTBA Z; , Y a K; — 3aMKHYyTbIE BBIMyK-
JIbIE KOHYCBI C HEIyCTOH BHYTPEHHOCTHIO B MPOCTPAHCTBAX Z; .

OTa MOCTAHOBKA BKIIOYAET OOJBIIMHCTBO KAK TEOPETUIECKHUX, TAK
M TIIPUKJIAJHBIX 3387189 ONTUMHU3AIUE, B TOM YHC/IE 38491 ONTUMATBHO-
IO ylpaBjleHUs C OUPaHUYEHUAMU HepaBeHCTBa (4-5), KOTOPbIE MOXKHO
TPaKTOBAaTh Kak mpuHamiaexuocts ®;(t,x(t)) n G;(t,x(t), u(t)) xomy-
caM HETOJIOKUTENbHBIX GyHKIUi B mpocrpanctBax C' u L, . Ecan Bee
Z; =R, a K; = R_, To noiy4aem OObIUHYIO 340Gy HeAUHETHO20 NpPo-
2pammuposanus ¢ Hepasencramu F;(w) < 0. B obuem ciayvae Bkirove-
nud Fi(w) € K; 3apai0r 66CKOHEYHOE YUC/I0 OIPDAHMYEHUIT HEPABEHCTBA.
Hammane 6eCKOHETHOTO YMCIa OTPAHWYEHW HEPABEHCTBA, €CTh OCHOB-
HOE OTJIMYNE 33189 ONTUMAJIBHOTO YIPABIEHUS OT 33049 KIACCUIECKOTO
Bapuaiontoro ucunciaenus (KBIT).

© dmurpyx A.B., 2023
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Heobxoaumoe ycsioBue JIOKaJIbHOIO MUHUMyMa B 3azade (6) MOkK-
HO TIOJIyYNTh W3BECTHBIM MeTonoM Jlybosuiikoro-Mumornna [1, 2|, on-
HUM W3 TJIABHBIX MYHKTOB KOTOPOTO SIBJISIETCS MEOPEMA 0 «MYALMU—
0MIeAUMOCTIUS KOHYCOS:

€CJIM B TOIOJOIrMYECKOM BEKTOPHOM NPOCTPAHCTBE X 33/1aHbl HEILy-
CThIe BBIMYKJIbIe KOHYCHI {21, ..., Oy, ppq1 , B3 KOTOPBIX TIEPBBIE 1M, OT-
KDBITHI, TO UX HEMEPECeueHrne IKBUBAIEHTHO CYIECTBOBAHUIO 9JIEMEHTOB
xf € QF (M3 COUpsIKEeHHBIX KOHYCOB), HE BCE U3 KOTOPBIX HYJIH, CyMMa
KOTOPBIX PaBHA HYJIIO.

ITpumensist 50T MeTO, MoIydaeM [3] 06obIeHre TpaBrIa MHOXKHTE-
seii Jlarpanxka (IIMJI): eciu wg ecTh TOYKA JIOKAJIBHOIO MUHUMYMa,, TO
CYIIECTBYIOT MHOXKHTENN g = 0, 27 € ZF, y* € Y™, me Bce = 0, Takne
gro (zF, K;) < 0, (2, Fi(wg)) = 0, u upu srom dyuxnus Jlarpanxka
L(w) = apgFo(w) + > (zF, Fi(w))+ (y*, g(w)) crannonapua B ToUKe wy ,
Te. L£'(wy) = 0.

Takum obpazom, MHOKUTEJNAMU 1IpU Oorpanudenusx F;(w) € K; saB-
JIAIOTCH 3JIEMEHTBI COLPAKEeHHbIX IIpocTpancTs 2, . g dha3oBbix orpa-
HU4eHnit 310 OynyT HeorpuiaTeabubie Mepbl Crurbeca du(t) > 0, co-
CPEJOTOYEHHBIE Ha MHOXKECTBE BBIXOJIA ONITHMAJILHON TPAeKTOpUH Ha (a-
30BYTO IPAHMILY, a /sl CMEIIAHHBIX OIPAHUYEHUH — 37IEMEHTHI TPOCTPAH-
crBa L , KOTOpOE, KaK M3BECTHO, ropasao mmpe "xopormrero" mpocrpan-
crBa L1, IOCKOJBKY COIEPIKUT Cun2ysaphoie (pyHKImuoHasabl. Pacimd-
POBKa abCTPakTHOTO ycjioBusi cranmonaproctn L'(wo) = 0 masa 3ama-
qn (1)—(5) mpuBoauT K ypasueruro Jisepa—/lazpansica MIN A0KAALHO-
MY npuRyuny marcumyma. Eciu camu cMerianHble OrpaHudeHus pezy-
ASPHDL, TO B MOJYYEHHOM ypaBHeHWH Jitnepa—/larpanka CHHTYISPHBIE
QYHKIMOHATBI yIA€TCA UCKIIOYUTD, U BCE MHOXKHTEIU [IPH CMEIIAHHbBIX
orpannveHusx oOyayT dpyukiusaymu u3 L1 . B obmem ciyvae Hamuyane cuH-
TYJASPHBIX 3JIEMEHTOB MCKIIOYATH HEIb35.

Cuemannbie orpanudenus (5) Ha3bIBAIOTC peryJspHbiMu [2, 3], eciu
B 1000 Touke w = (%,u) ux rpasumentsl no yupassienuio G (z,u),
rae ¢ TakoBbl, uT0 G;i(2,u) = 0, nosumueno Hezasucumbl (T.€. TUHEHHO
HE3aBUCUMbI [IPU HEOTPUIATE/IbHBIX KO dunuenTax).

Cury4aii HeperyJIsipHbIX CMENIAHHBIX OrPAHUYIEHUH JAIeKO HE K30TH-
YeH: HAIpUMep, TAKOBLIM gBjAeTca orpammdenne 2 4+ u? < 1 B Toukax
(z,u) = (£1,0). Kakumu OyayT ycJOBUs JIOKAJIBHOTO MHHUMYMa TPH
HAJIMIMA TAKAX OrPAHMYIEHUH !

Jns pemenust sroro wsompoca A.d. JIybosunkuit m A.A. Muro-
THH NPEeJIOKUIN CJIeAyIONLyo Moaudukammo cBoero merona [1, 2.
BmecTo TOro, 9To0GBI TOYHO «pa3fessaThby JAHHBIE KOHYCHI 3JIEMEHTAMHA
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CONPSIZKEHHOT'O MTPOCTPAHCTBA, MOXKHO PA3JIEIATH UX NPUOAUHCEHHO de-
MEHTAMHU NPedCONPANCEHH020 TPOCTPAHCTBA, €CJIN TaKOBOe nMeercs. (3a-
METHM, 9TO y TPOCTPAHCTBA Lo, — OCHOBHOTO MPOCTPAHCTBA TEOPHUHN OTI-
TUMAJIBHOIO YIIPABJIEHUS — IIPEJCONPSAKEHHOE €CTh, 310 L1 ). IIpu srom
BMECTO TOYHOro yciosus cranuonapuocru L'(wg) = 0 mosydum, pasy-
Meercs, Jmib npubmizkennoe yciosue ||L'(wp)l] < e.

IMonarast € = 1/n, n=1,2,..., HOjy4aeM LOCJIEAOBATEJLHOCTD Har
6OPOB MHOKWTEJIEH W3 TPEICONPSKEHHBIX KOHYCOB, CyMMa KOTOPBIX IO
HOpME CTPeMHTC K Hyi0. Jlamee HAIO Kak—TO TEpelTH K Npemeny B
caMHUX 3TUX MHOXHTENsX. Ecnm Bes mocmemnoBaTenbHOCTh L1 —MHOXKH-
Tesieil pABHOMEPHO MHTErpupyeMa (T.e. uMeeT o0LIuil MOLYJIb UHTErPUPY-
€MOCTH), TO MOXKHO CYMTATD e CJIab0 CXO/ALIeiiCs K HeKOTOPOH (hyHKIuu
n3 L1, m TOrma B Ipeesie Mbl TTOIy9aeM OOBIMHBIN JTOKATHHBIN TTPUHITATT
MaKCAMyMa, KaK ¥ JJIs1 PETYJISAPHOTO CJIydast.

B obmem crygae mocaenoBarebHOCTh Ly —MHOXKATEIEH MOXKHO pas3-
OUTH HA CyMMy PABHOMEPHO MHTETPUPYEMOI IIOCIEI0BATETHHOCTH U Tar
KO, KOTOpasi COCPEeIOTOMEHa HA MHOMKECTBAX MCUYE3AMONIEH MEDPHI, U ee
HOPMAa HA 3TUX MHOXKECTBAX OTJIEJEHA OT Hyssd. BOT 3TO BTOpoe cia-
raeMoe B IIpesiesie W MOPOXKIAeT CUHIYIAPHBIA dyHKIuoHa® u3 LY, . B
YCJIOBUSIX CTAIIMOHAPHOCTH BazKHO JIUIITD €T0 JEHCTBIE Ha (PA30BYI0 KOM-
noHenTy z(t), T.e. BaXKHA Ta Mepa, KOTOpas sBJAETCH NPOEKIUeH 3To-
ro cuHryaspHOro pyHkmmonana xa npocrpancreo C. [Tosromy orinmame
HEPEry/IsiPHOTO CJlydas OT PeryiaspHoro OyJer Juiib B yPABHEHUU JJIs
COTIPSTXKEHHOI TIepeMeHHOi 1)(t).

Hanpuwmep, eciiu orpanuyenuii (4) Her, a orpanndenue (5) CKaagpHOe:
G(z,u) < 0, pesyabrar Gyzer caexyionmm [1, 2, 4].

Bremem MHOXKECTBO (ha306br momex

N = {(z,u) e R"™™: G(x,u) =0, Gy(z,u)=0}.

ITycrs Z(t),u(t) ecrb onTumasibHas napa, I ectb rpaduk yHKIUHA
4(t). Ero samvikanuem no mepe Ha3bIBaeTCsi MHOXKeCTBO clm (i), cocTo-
Amee u3 Beex Touek (t,v) € R1T™ ) takux 4uro s mo6oit OKpecTHoO-
cru O 5 (t,v) upoekuusi ee nepecedenuss ¢ I' Ha KOMIOHeHTY ¢ uMmeer
HOJIOKUTEIBHYIO Mepy, U IycTh clm (%)(t) ecTb COOTBETCTBYyIOMIEe eMy
MHOTO3Ha4YHOE OoToOpazkeHue [tg,t;] — R™. BBemeM MHOXKeCTBO

D= {teto,tr]: (2(1),cm(@)(t)) NN #0}.
7 33/1a/lUM HA HEM MHOIO3HAYHYIO (DyHKIIHIO

S(&(t), clm (@) (t)) = { Gu(&(t),u) : weclm(a)(t), (&(t),u) e N}
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ComnpsizkeHHasi iepeMeHHasi ¥ ecTb (DYHKIUS OrPAHUIEHHON BapHAIi,
TIOTYMHEHHASA YPABHEHWIO

d’l/J = *wfm(iaﬁ) dt + )‘(t) Gm(‘iaa) dt + S(t) dna (7)

rae A € Lyfto, t1], A(t) = 0w A(t)G(Z(t), 4(t)) = 0, mepa dn € C*[to, 1]
cocpenoroyena Ha Muoxkecrse D, dn > 0, a dbyukuus s(t) usmepu-
Ma U CyIIECTBEHHO ODAHUYEHHA OTHOCUTEJILHO d1), u npu 3rom s(t) €
conv S(&(t), clm (@)(t)) 1w.s. no dn.

Ecmu ma mosepxuocrtu G(z,u) = 0 Bcerna Gy (z,u) # 0, 10 cMmernan-
HOe orpaHuyeHue peryiapho, muozxkecrsa N u D mycrol, u mepa dn = 0,
TaK 4To mocaeanuit wien B (7) ucuesaer.

VcioBre CTAMOHAPHOCTH O YIIPABIEHUIO B 00OUX CJIydasX OIMHA-
KOBO: ¥ [y, (&, 1) — NGy (&,%) = 0, Tak 2Ke OJMHAKOBBI U YCJIOBUS TPAHC-
BEPCATBHOCTH.

Takum 00pa3oM, OTIUYHE OT PEry/ISPHOTO CIydasi COCTOHT B TOM,
9TO B CONPSZKEHHOM yDABHEHWH NMPUCYTCTBYET NOTMOJTHUTENHHBIA HIEH,
COOTBETCTBYOIIMIT BO3MOXKHbIM CcKadkam ¢ (t) ma muoxkecrse D. Ha-
NPABJICHU:A ITUX CKAIKOB $(1) JIEZKAT B BBILYKJIOH 06OJI0UKE MHOKECTBA
S(&(t), clm (@) (t)); 3uatenns pynxunn s(t) BHe D HE UIPAIOT POJH.
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JIOKAJIbHBIN IIPUHIINII MAKCUMYMA
B BAJTAYE OIITUMAJIBHOTO YIIPABJIEHU A
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Paccmorpum mpocteitniyio 3a1a4y CO CMEIaHHBIM OTPDAHUICHUEM:
J(z(to),z(t1)) > min, & = f(z,u), G(z,u) <O, (1)

rae t € [to,t1], z € R", u € R™, byukuun J, f,G rnagkne, u Hac
UHTEPECYIOT HEOOXOIUMbIE YCAOBUA CIa0Or0o MUHUMYMa, Ha HEKOTOPOM
npouecce &(t), @(t).

Ecnu upu G(z,u) = 0 Beerna G (z,u) # 0, TO cMelIaHHOe OrpaHU-
YEeHUE Pe2YAAPHO, ¥ COIPSAKECHHAA MEPEMEHHAA JTOMXKHA, YIOBIETBOPATD
OGBITHOMY YPaBHEHMIO —1) = U fo (&, 1) — NG (&, 1) W yeI0BMIO CTAIIO-
HApHOCTHU O ynpasieHnio ¢ fo, (&, ) — AG, (&, 4) = 0, rme A € Lq[to, t1],
At) = 0u MNt)G(Z(t),a(t)) = 0 (cm. Hamp. [1]).

s obuieit 3a1a491 ¢ HePeYAAPHHLMY CMELIAHHBIMU OIPAHUYCHUAME
HEOGXOIUMBIE YCIOBUS CIa00T0 MUHAMYMa TToayderbl A. 4. JTyGoBumknm
n A.A. Mumornuev [2]. Jnst 3anadu (1) OHE COCTOAT B CIIEAYIOIIEM.
Beenem mmooicecneo gasosois movex

N = {(z,u) eR"™ : G(z,u) =0, Gu(z,u)=0}

IIycrs T' ecrb rpadux dyukuuu 4(t). Beuem ero 3ambikanue no me-
pe JleGera clm (@), cocrosmiee u3 Beex Todek (t,v) € RYF™ raxux uro
s o6oit okpectaoctu O S (t,v) npoekuus ee nepecedenus ¢ I wa
KOMIIOHEHTY ¢ MMEeT MOJIOXKHUTEJNbHYIO Mepy, u mycTh clm (4)(t) ectb co-
OTBETCTBYIOILIEE eMy MHOIO3Ha4YHOe oTobpaxkenue [to,t1] — R™. Beenem
3aMKHYTOE MHOXKECTBO

D:= {tefto,t1]: (2(@),clm(a)(t) NN #Q}.
W 33/18/TAM HA HEM MHOTO3HAYHYIO (DYHKIUIO
S(&(t), clm (a)(t)) :== { Gz(2(t),u) : u € clm (a)(t), (Z(t),u) € N'}.

Teopema. ITycmv npouecc &(t),u(t) docmasasem  caabouil
munumym. Toeda wmatdymes mmootcumesu: wucao o9 = 0,

© Omurpyx A.B., Ocmonosckuit H.II., 2023
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dynryua X € Lq[to, t1], maxas wmo n.e. A\(t) = 0 u A(£)G(&(t), 4(t)) = 0,
dynryua (t) € BV[ty,t1], mepa dn € C*[to,t1], dn = 0, cocpedomo-
wennas na muosicecmee D, u dn—usMepuMan 02panunennas GyHKGUL
s(t) € convS(2(t), clm (@)(t)) n.6. no dn, dan KomMOPwLT GvMOAHEHVL:

yeaosue nempusuasvrocmu oo + [[A|l1 + dn ([to, t1]) > 0, (2)
CONPANCEHHOE YPABHEHUE 8 MEPMUHAT MED:

dp = —fo(2,0)dt + \Go(,0)dt + sdn, 3)
YCcno6uA mpaHCEEPCANDLHOCTU
Y(to —0) = agdy, Y(t1 +0) = —aoda, (4)
u 006vIuHOE YCcAo6UE CMAYUOHAPHOCTNU O YNPABAEHUN
Gfuld, i) — AGu(#,8) = 0. (5)

OCHOBHOE OTJIHYIHE OT PEry/sSPHOrO CIydas COCTOUT B TOM, UTO TElepb

¥(t) a70 PyHKIMA OrPAHUIEHHON BADUAIMM, U B CONPIKEHHOM yDABHE-
HHMU IPUCYTCTBYET JONOJHUTEIbHBIA 9JIEH, COOTBETCTBYOIMI BO3MOXK-
HbiM cKaukaM t(t) na muoxkecrse D. Haupasienust s1ux ckauxos s(t)
JIe’KaT B BBIMYKJIOH 06oouke muoxectsa S(&(t), clm (4)(t)); 3Havenms
dyukuuu s(t) Bue D He urparot poJiu.

ITonpo6Hoe TOKA3aTENILCTBO TEOPEMBI TaeTcs B [3].
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YCPEAHEHUWE HECTAIIMOHAPHBIX
IMEPUONYECKUNX YPABHEHUN B OKPECTHOCTH
KPAY BHYTPEHHEM CIIEKTPAJIBHOM JIAKYHBI!

M.A. Oopoausiii (Cankr-IlerepOypr, CIIGL'Y)
mdorodni@yandex.Tu

Paccmarpusaercs aeiictByomuit 8 Lo (R) snmnruueckuii qudde-
peHIMATBHBIH oneparop A, = fd%g(m/s)% +e72V(x/¢e), e > 0. Bnech
g — usmepumasg Gyukuus takad, uro 0 < ap < g(z) < a1 < o0,
glx+1) =g(x),z e R,uV € L1(0,1), V(x + 1) = V(z), z € R.
Msr npeamostaraem, dato infspec A =0, A := A;.

XopoIIo U3BECTHO, YTO TPOLEAYPY YCPEIHEHUs IJjis orneparopa A.
MOXKHO PACCMATPUBATH KAaK MOPOroBbiil 3 dekT BOIMU3N HUKHETO Kpast
cnektpa. CoekTp omeparopa A, uMeer 30HHYIO CTPYKTYPY B MOXKeET
MMETH JaKyHbI. VIMeeT Jiu CMBIC/ CBA3BIBATH AHAJIOTY 33,189 yCPEIHEHUS
C KpasMu BHyTPeHHUX JakyH? Mbl u3ydaem 3TOT BOIPOC [ijisi HECTa-
nuoHapHoro ypasuenusi [IIpéaunrepa u runepOOINIECKOrO YPABHEHWS C
omepaTopoM A..

IMycts 0 > 0 — (HEBBIPOXKIEHHBII) JIEBbIHA Kpail 30HBI ¢ HEYETHBIM
HomepoMm s B cunekrpe oneparopa A. Ilycrs f,g € Lo(R). Paccmorpum
3aza4u Komu

ue (7, 0) = (Tef) (),

{6t2v5(x,t) = —(Av.)(x,t) + e 2o (. t),
ve(,0) = (Yef)(2), (Opve)(w,0) = (Yeg)(),

{i@tug(x,t) = (Acu)(z,t),

(Xe)(@) = (2072 [ @10 Y™y a/eschixg, ., (k) di

j=s

Baech {e*p;(x, k)}32, — GIOXOBCKME BOIHBI, OTBEYAIONINE CIIEKTPATTH-
HBIM 30HaM omeparopa A ¢ HOMepamu j > s,

Qj :(7].71'77(].7I)W]U((jil)ﬂ'vjﬂ-]? jENv

1 PafoTa BLIIOIHEHA IIpH (DUHAHCOBOH moagep:KKe MUHHCTEPCTBA HAYKH U BEIC-
mero ob6pazosanus Poccuiickoil ®enepanuun (cormamenme Ne 075-15-2022-287 ot
06.04.2022) u xoukypca «Mosogas maremaruka Poccums.

© Hopoarwtit MLA., 2023
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— 3oubl Bpuioena, a (®f) (k) — ®ypbe—o6pas dyukuuu f(x). Mbl 10-
Ka3bIBaeM CJICIYIONINE OLEHKU:
e (1) = €7 7 (- /o ()| Lagry < CL+ [HY2)eFll 2y,
fe H*(R),
[ve (1) — o (-/€)vo (- ) 1o (r)
<O+ [ )elfll morzcey + ol ey,
je H?(R), g€ H'(R),

TIe ug U vg — pemennsa d3p(MEeKTUBHBIX 3a,0a

{iatuo(x,t) = (Ah°omyg) (z, 1), {8,52v0(m7t) = —(Ahomyo) (z, 1),
Uo(l‘, 0) = f(x)a UO(x»O) = f(x)7 (8tv0)(x, O) = g(m),

Ahom — fb,,d—zz, by > 0 — K03 uIUEeHT B ACUMITOTHKE S—Oil 30HHOIM
byuknmn E(k) = Eg(k): E(k) ~ 0+ byk?, k ~ 0; a ¢, () = ¢s(z,0) —
NEPUOJIMIECKOE pEIIeHue ypasHeHuss Ap, = 0@,, HOPMUPOBAHHOE B
L5(0,1).

OTH pe3yabTAThl TOYHBI KAK 110 THITY HOPMBbI, TAK ¥ OTHOCHTEJILHO 3a-
BUCHMOCTH OT ¢. PacCMOTPEHBI TAKZKe CTydam APYTUX KPAEB CIEKTPAb-
HbIX 30H. Pesysnbrarsl onybiukosanbt B [1].

JIutepaTtypa
1. Dorodnyi M.A. High—frequency homogenization of nonstationary
periodic equations / M.A. Dorodnyi // Applicable Analysis. — 2023.
http://dx.doi.org/10.1080/00036811.2023.2199031.

JOMUMHAHTHBIE MHOXKECTBA AJIs1 MOAEJIbHBIX
IIPOCTPAHCTB B EAMHNYHOM IIIAPE!
E.C. Oy6uos (Caukr—Ilerepbypr)
dubtsov@pdmi.ras.ru

Ilycrs By — oTkpbiThiii eunmunsi map u3 C4 d > 1, u nycrs 0 —
HOpMUpOBaHHas Mepa Jlebera Ha eguaudHON cepe Sy = 0By.

Tonomopdnasa dyuxmusa I : By — By Ha3bIBaeTca enympermet, ecian
[lim, 1 I(r¢)| = 1 ana o-—n.B. ¢ € Sy. Hyers H? = H?(By) — cran-
JapTHOE MpOCTpaHcTBO Xapau. /s Buyrpenneir byuknuu [ B mape By,

! UccnenoBanne BeimosHeno 3a cuér rpanta Poccuitckoro Hayunoro ¢oma
Ne 19-11-00058.
© y6uoe E.C., 2023
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d > 1, monoxxum [*(H?) = H?(By) © TH*(By). Ecim © — BryTpenuss
byurmus B xkpyre By, To npoctpancTso O (H?(B1)) 06bIMHO Ha3LIBAIOT
MOJIEJIBHBIM, JIJIsi HETO WMCIIOJIb3yeTCsl CTaHIapTHOe obo3HaveHne Kg.

Onpegenenne. Uzmepumoe no Jlebery muoxectso £ C Sy, d > 1,
HaszbIBaeTcs JoMUHAHTHBIM s [*(H?), ecmu B(E) < 1 m

I £1132 < C/ \f|?do mns seex f € I*(H?) u xoucranter C' > 0.
E

OcCHOBHOII pe3yIbTaT — 3TO CIAEAYIONAd TeOPEMa CyIIECTBOBAHUSA, KOTO-
pyo mist kpyra By panee mokasan B.B.Kanycrun (cm. [1]).

Teopema 1. [Iycmos [ — snympennas GYHKUUL 6 eOUHUNHOM ULADE
By, d > 2. Cywecmeyem MHOHCECTNEO0, KOTMOPOE ABAAECTNC QOMUHAHITL-
nowm 0aq npocmpancmea 1*(H?).

Ki1o4eBbIiM HHCTPYMEHTOM J1J1s JI0Ka3aTe/lbCTBa TeopeMbl 1 aBiigercs
cemeiicteo Mep Knapka, nopoxkaéanoe dbyukmmeit I (COOTBETCTBYIOIINE
OIIpeJIeJIeHNsT TPUBENIEHBI B padore [2]).

JIutepaTtypa
1. Blandigneres, A. Reverse Carleson embeddings for model spaces /
E. Fricain, F. Gaunard, A. Hartmann, W. Ross // J. London. Math.
Soc. —2013. — V. 88, Ne 2. — P. 437-464.
2. Aleksandrov A.B. Clark measures on the complex sphere /
E. Doubtsov // J. Funct. Anal. — 2020. — V. 278, Ne 2. — 108314.

O CUHI'YJIAPHOM CJIEAE TPEXMEPHBIX
BEKTOPHBIX ITIOJIE 1 COOTBETCTBYIOIIINX
KPAEBBIX 3AJJAYAX!

IO.A. Oy6unckuit (Mocksa, HIY MDN)

Julii_ dubinskii@moail.ru

B nmokname OyayT mpeacTaBiIeHb! CIEAYIONINE Pe3yIbTaThL:

1. YcTaHOB/IEHBI ONEPATOPHI CHHTYISPHOrO CIEAA OCHOBHBIX OTEpa-
Wil TEOPHH TIOJIs IEPBOTO TOPSAIKA, & UMEHHO CHHIYJISPHBIE CJIEIbI
BEKTOPHBIX 1osieil [rotu, n], divu, du/0n u ux muneiinpix komMGbuna-
Wil Ha TpaHWIe 00JIACTH;

2. Haiinena dbopMmysia CBsS3u IDAHWYHBIX 3HAYEHUN TPATUEHT W PO-
TOpa BEKTOPHBIX MOJIEH;

1 PaBoTa BeImosiHeHa mpu (PUHAHCOBOH mommep:kke MUHICTEPCTBA, HAYKH U BBIC-
mero obpazosauusa P® (npoexr FSWF-2023-0012).
© y6unuckuit I0.A., 2023
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3. Ouucan oneparop pazsiudus (JeBuarop) OusmHedHbix (HopMm, or-
Bewalomux omneparopy Jlammaca B IWBEPTEHTHO-TPAIWCHTHOM W
pPOTOpHO—TpaineHTHOM mpencrasiennn (cu. [1], [2]);

4. PaccMoTpeHbl HECTAHAAPTHBIE KPAEBbIE 33J@4u T€OPUU HOJsd (Ha
ocuose 1it. 1-3) B ¢popme orobparkenuil B paMKax JBOWCTBEHHOCTU
npocrpancrs CoboeBa U UX COLPSI?KEHHBIX ITPOCTPAHCTB.

JIurepaTrypa
1. dy6unckumit FO.A. Teopema o cieme u €€ TPUIIOKEHUS.
/ FO.A. dy6uncknit // IIpobiembr Maremarndeckoro ananusa. — 2018. —
Bomr. 90. — C. 49-54.
2. Hyounckuit FO.A. 06 ommoit dpopmyne 3D—BeKTOPHBIX Mosel u
nosiesoit dopme 3amaun Heiimana. / FO.A. dy6unckmii // IIpobmemsr
MaTeMaTuIeckoro anammsa. — 2022. — Bemm. 117. — C. 67-73.

SAJAYA KOIIIN OJ151 ITIAPABOJINMYECKUX CUCTEM
HA IIJIOCKOCTH! B ITPOCTPAHCTBAX 3UT'MVYHJIA
A .T1O. Eroposa (Psszanb, PT'Y um. C. A. Ecennna)
an__ batseva@mail.ru

B momoce D = R x (0;7), 0 < T < 0o, paccMaTpHBaeTcst 3a1a4a
Komwu gns paBHOMepHO mapabosnmdeckoii B cmbicae V. I'. Tlerposckoro
CUCTEMBI C TTOCTOSHHBIME KOIhdurimenTamu

8t’ll, — A(92u = 0
T ’ 1
{ u‘t:O = 1/)7 ( )

rie u = (ug, Uz, ..., um)? . Onpesenenue MapaboOIMIECKUX MTPOCTPAHCTB
Burmynga H, (D), a € N momydaerca w3 aHH30TPONHBIX MPOCTPAHCTB
Jlummura myTem 3aMeHbI B HOpMax pas3HocTeit A f pa3HOCTIMHU BTOPOTO
nopska A2 f. HopMbI B BECOBBIX IapaboIMYecKuX IIPOCTPAHCTBAX SUI-
MYH/Ia H(gb)(D), a=0, b> — a, rme a, b — neable Yucaa, onpeaeseHb B
pabore [1]. Inzekc a yka3blBaeT Ha JIOKAIBHYIO MIAIKOCTh B mosoce D, a
nHjeke (—b) — Ha IIaJKOCTh B 3aMbIKaHnn obgacta D. PaspemmmMocTs
OHOTO MAaPAOOIHIECKOr0 YPABHEHHs C TEPEMEHHBIMA KOI(DDUITHEHTAMHI
B IIKaJIe IIPOCTPAHCTB 3UIMYH/IA YCTaHOBJIEeHA B padore [2].
Hnst mnoraoctn ¢ € Lo (R) o6o3nauny morenrman Ilyaccona:

Mp(x, 1) = / Z(z — 4. t)p(y)dy. 2)
R

© Eroposa A.I1O., 2023
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C nomoubio oueHok [3] s dyHIaMeHTaNIbHONR MATPULBL PelIeHuit
cucremsl (1) moka3pIBaeTCst

Teopema 1. ITycmo m,l — yeavie wucaa, makue, wmo m=1=>0. Toeda
onepamop 11 : o — Tlp aeasemcs ozpanuMEHHbLM U3 NPOCMPAHCNEA
H/(R) 6 H; V(D).

13 teopemsr 1 craemyer

Teopema 2. ITycms m=3, 0 <1 < m, ¢ € Hi(R). Tozda cywecmsy-

em eduncmeennoe pewenue sadawu Kowu (1) us Hffl)(D), npuuem

|0 < Clplir).

)
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3. JJapprkenckas O.A. / Jluneiiuble u KBa3uiuHeilHble ypaBHEHUS 1A~
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CUHI'VJIAPHO BOSMVYIIEHHAA 3AJAYA KOIIIN
AJI1d YPABHEHU A INTPEAVHTEPA
C Q(z) = X? IOTEHIIMAJIOM!
A.T. EnuceeB (Mocksa, MOI)
predikat@bk.ru

Janmas paboTa TOCBAIIEHA DPA3BUTHIO METOIA DPETYIAPU3AIAUA HA
CWHTYJIIPHO BO3MYIIEHHYIO 3amady Komm st ypasrerns IlIpemnarepa
C «CHJILHOH» TOYKOI MOBOpPOTA TIEPBOTO MOPSIKA Y MPeIeIbHOTO ONepa-
Topa. Meros peryigapusanun KaacCupUIUPYeT TPH TPYIIIBI TOYEK IMO-
BOPOTA:

1. «IIpocTast» TOYKA OBOPOTA — COOCTBEHHBIE 3HAMEHHUS TPEIETHHO-
IO OIepaTopa U30/IMPOBAHbBL IPYT OT JPYra, OJHO COOCTBEHHOE 3HAUEHUE
B OTJ/IEJIbHBIX TOYKax ¢ obpaiiaercs B uyib [1, 3.

I Pesynprarer A. T. Enuceesa 6urn mOMy<YeHbl B PAMKAX BBIIOJHEHHA TOCYIAP-
crBeHHOro 3ananusa Munobpuayku Poccuu (npoekt FSWF-2023-0012)
© Eumcees A.T'., 2023
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2. «Curabasi» TOYKa MOBOPOTa — XOTsi ObI O/HA Mapa COOCTBEHHBIX
3HAYEHUI MEPECEKAIOTCSA B OTIALIBHBIX TOYKAX ¢, HO MPU STOM TIPEIeh-
HBII OMEpPaTop COXpPaHSET AUArOHAJBHYIO CTPYKTYPY BILUIOTH 0 TOYEK
nepecevennsi. Ba3nuc n3 coOCTBEHHBIX BEKTOPOB OCTAETCs TJIAJIKUM IO ¢
[4].

3. «CusnbHasi» TOYKa MOBOPOTA — XOTs ObI IMapa COOCTBEHHBIX 3HA-
YeHUN nepecekaroTCd B OTJe/bHbIX TOYKAaX ¢, HO IPU 3TOM IIpeJesbHbIA
OTepaTop MEHSIeT JUATOHAJIBHYI0 CTPYKTYDPY HA YKOPJAHOBY B TOYKAX
nepecevenns. Basuc B TOYKaxX MepecedeHnst TepsieT MIAJAKOCTh 1o t [2].

ITocranoBka 3ajiaumn. Paccmorpum 3a1a4y

2
is% = —52% + 2%u + h(z,t),
u(z,0) = f(z),t € [0,T], —oo<a<+00

(1)

C YCJIOBHUAMU:
LY k¥ (2,t) € L1 N C(0,+00) x [0,T);
2.V k fF)(x) € LN C>®(0,+00) x [0,T]V(x,t) € (—o0, +00)x[0,T].

B ciyuae 3amaun (1) perynspusupyionias GyHKIIUs, OMUCHIBAIOIIAS BPE-
MEHHOI ITOrpaHWYHBIA CJIOW MMeeT BHUI:
2
i x 2tg2t
JIlONOTHATEbHBIE PErYIAPU3UPYIOIINEe CUHCYIAPHBIE ONEPATOPBI, CB-
3aHHBIE C TOYEYHON HEOOPATHMOCTBIO IPEJEILHOrO OIEPATOPa, CTPOATCS
¢ TOMOIIBI0 (PYHIAMEHTATLHOTO PENTennst. 3a1a49a, WX BIOKATH TIPABYIO
9aCTh ypaBHEHHsI B 00pa3 MpeaebHOro omneparopa. @yHIaMeHTanbHOE
pertrerne ypaBHeHust (1) mveer Bu:
1—14 .
K(z, &, t) = 7@)6@9 i ctg(2t)
t

24/ mesin

?+& x¢ ﬂ
2e esin (2t) ) |°

CuHrynIsIpHBIE WHTETPAJIbHBIE OMEPATOPHI JIs PEryIsSpU3aIUU IPABOi
9aCTHU 33/Ia9¥ TOJIyIUM, €CJIU IPOMHTErPUPOBATH (DYHIAMEHTATBHOE Pe-
menue 1o mepemenuoii . Torma momydnm:

t “+oo
ooz, t,e)f(t) = —i/f(T)dT / K(z, &t —7)d¢ =
0 —00

1 ix2 a, —T
:—i/f(T)ie_ g2 )dT,

2(t —
J cos2(t — 1)
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t “+ o0
al(a:,t,s)f(t):—i/f(T)dT / €K (2,61 — 7)dE =
0 —00

_iz>tag2(t—7)
= —ix f ———e 2e dr.

Vcos2(t — 1) t—T)

Perynsipuzosannoe pemienue 3aa4au (1) uniem B Buje

ix tg2t

u(z,t,e) = v(x,t,e)e”
+o1(z(t,€)) + w(z, t,e).

+UO( (tﬂs))+ (2)

IMoucrasus (2) B (1) u BblAeNUB cJjaraemble [PU PEryJisipU3UPYOLIUX
GYHKIUAX, TOTYYINM UTEPAITAOHHBIE 3a0a4H1 JIJIs OTTPEICICHUST STUX CJIa-
raeMbrx. [JIABHBIH 9I€H aCHMITOTHKHA UMEET BHI:

t
]_ h(0, ia2tg2(t—7
ug(z,t) = __hOr) - =y
\cos2(t —7)
t % ix2tg 2(t—7) 1 T
+x | —09 e T dr]+ -
/ cos 2(t — 7)3 | vV cos 2t [f(cos Qt)
0
¢ dho(0,7)
izltg 2t —_— izltg 2(t—T
(= g / o e,
cos 2t cos2(t — 7)

t

9%h dh
_x/ 5r05(07)  _sfwsen , h(zt) — h(0,t) — 25,(0,1)

3
cos2(t — 1) a?

0

- ok
rae ho(z, t)-rnankas byukuus ho(z,t) = h(z.t) h(og’c? 22: (01)

Teopema Ouenka ocmamowrozo wiena. 1IycTh BBITOTHEHbI:

LV k B (2,t) € Ly [ C*(0, +00) x [0, T];
2.V k f®)(z) € L1 [)C™(0,+00) x [0,7]
V(z,t) € (—o0,+00)x[0,T]Ve € (0,e0].

Torma 3C > 0|Ry(x,t,¢)] < CV(z,t) € (—o0,+00) x [0,T] Ve € (0,0].
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ACUMIITOTUYECKOE PEINIEHUE CUHITVJISIPHO
BO3MYVYIIIEHHO CMEIIIAHHOW 3AJIAYN
HA TI0JIYOCU AJId YPABHEHUS NIPEAVNHIEPA
I[MPY HAJINYUU CUJIBHOMN TOYKU IIOBOPOTA!
A.T. Esmncees, I1.B. Kupuuenko (Mocksa, HUY «M3I1»)
yeliseevag@mpei.ru, kirichenkopv@mpei.ru

TunuaabiMu HU3NIECCKUME TTPUMEPAMU CHHTYJISIPHO BO3MYIIEHHBIX
3a7a49 ABAAI0TCH ypapaenne Hasre—CTOKCa ¢ MasIoil BA3KOCTHIO U ypaB-
nenne Illpenwmarepa, ecmu mocrogaayio Ilnanka A camrarh Masoi Be-
smannoii. PopmasibHbIil npenenabHblil mepexon A — 0 B cooTHOIIEHU-
SIX KBAHTOBOW TEOPWH OCYIECTBIsSIET TEPEXO] OT KBAHTOBON K KJIac-
cudeckoii MexaHuke (cM., Hanmpumep, [1], §6), mosromy B Tex ciaydasx,
KOI/Ia I1e7IeCO00pPA3HO MCKATh NPHOINKEHHBIE (M0 MasoMy ) pereHust
ypasuenus [IIpeauarepa, roBOpAT O KBA3UKIACCHIECKOM IPUOIUKEHNN.
OnmcanHbIil KBA3UKIACCUIECKHI TEPEX0/1 B HECTAIMOHAPHOM yPABHEHUH
[Ipeaunrepa B KOOPAMHATHOM IPEJACTABJIEHUH HA [OJYOCH C FaMUJIBLTO-
ananom H (p, ) = P+ MOPOXKTAET CHHTYISPHO BO3MYIIEHHYIO 33,124y,

I Pesynprarer Esmceesa A. T'. 6butn mOTy<ueHbl B PAMKAX BBIIIOJHEHHA TOCYIAP-
crBeHHOro 3ananusa Munobpuayku Poccuu (npoekt FSWF-2023-0012).
© Eumcees A.T'., Kupuuenxo I1.B., 2023
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ACHMIITOTHYECKOMY HHTErpupoBanuio Meronom peryiaspusamnuu C.A. Jlo-
MOBA [2]| KOTOpPO#i TOCBSIIEHBI HAIM WCCIemoBaHus. PaccMmarpmBaercst
3aza4a (OymeM HCIOIb30BaTh OOO3HAYEHWE € BMECTO fi, UTO SIBJIAETCS
6oJiee eCTECTBEHHBIM B TEOPUM CUHTYJISIPHBIX BO3MYIIEHMUI):

ou

82
ie——i—aQ—Z—xu:h(Jx,t), 0<z<+oo, 0<t<T, (1)

w(z,0) = fz), u(0,) = (), $(0) = £(0),

TJI¢ BBINOJIHCHBI yCIOBAA:
DV kbR (z,t) € Ly N C>®(0,+00) x [0,T7;
2) V k fR)(x) € Ly (N C>®(0,+00) x [0,T].
s HATJISAMHOTO TPEICTABIEHUs] O BUIE OCOOEHHOCTH B ITOCTABJIEH-
HOIT 33/1a9e clIeIyeT mepeiTn K MaTPUIHON (opMe 3aIucCu:

5gu_()l'u_l,g()O'u_'_O
ozx\v) \z 0] \v %OU h|’

311ech BBeseHa 3aMena € - u/Ox = v. Torga Marpuna npeesbHOro ore-
paTopa mMeer BHI:

A =0 o) 2)

Tenepb JIErKO 3aMETUTH, YTO MATPUNA (2) JUATAHOJU3UPYEMA U MMEET
rnagakuit 6a3uc u3 COOCTBEHHBIX BEKTOPOB MpH = # 0, & B TOUKE Tiepe-
cedeHnst cOOCTBEHHbIX 3HadeHuil (T.e npu = 0) COOTBETCTBYIOIIHIA €t
IpeeIbHBIA OMePaTOp MEHSET AMATOHAJIBHYIO CTPYKTYDPY Ha KOPIAHO-
By u 0a3uC U3 COOCTBEHHBIX BEKTOPOB Tepser raakocrs no . Corac-
HO TpUHATON B paborax EsmceeBa A.I. m ero y4eHmWKoB Kiaccuguka-
1w (cM., HampuMep, pabors [3], [4]), Takas cnekTpasnbHas 0COOEHHOCTH
MPEICTABISeT CO0OI CHIBHYIO TOUKY TTOBOPOTA.

B obmem ciydae perynspusupyiomnme HYHKIIA HEOOXOIUMO CTPO-
WTh, OMUPasCh Ha KAHOHUYECKYIO (DOPMY TIPEIeTHHOrO OMepaTopa
(cm.,mampumep, pabory [5]) u coorBercByOmuii 6a3uc U3 COGCTBEHHBIX
BEKTOPOB, HO B MPEJIOKEHHOH 33/ade OmepaTop yiKe WMeeT KAHOHU-
9ecKyio (pOpMy M B COOTBETCBYIOIINX MOCTPOEHUSX HET HEOOXOIIMO-
ctu. Bosee Toro, HE0GX0IMMO IPOU3BECTH PETYIAPHUIANMIIO IPABOM 9aCTH
h(z,t) , .x. oneparop A(x) B Touke 2 = 0 HEOOpATHM, W OMWUCATH TO-
TPAHUYHBINA CJI0i 00yCJIOBIEHHON 3TOi TOUKO#. MOXKHO mMOKazaTh, 94TO
cchopMysimpoBaHHbIE 33/1a4H 110 PEryJIsiPH3AINKA COOTBETCTBEHHO PEIaeT
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peryisipu3upyiomas QyHKIHs

) t2
e_“"(x’t)/s, rae p(z,t) =t - (x + §>7

¥ ABa JOTIOJTHUTEIHHBIX PETYIAPU3NPYIONINX OMepaTopa

t

G2, t,)(-) = /dT(~)exp<— w)

e
0
. 1—1 / — T
X():Q\/% dT()( t_T+(tT)3/2>

R ST}

JeiicTBue ykazaHHbBIX ONEPaTOPOB HA POU3BOJILbHYIO (yHKuuio f(t) 3a-
MUNIYTCS KAK CBEPTKU:

S(50) = fywep (~ L (a1 1)),
—1 x it> i T\ 2
) =10+ (=L (Vi o) o (<0 + 2 (1)),

a OCHOBHBLIMH CBOfICTBaMPI, KOTOPbIEC MOZKHO yCTAaHOBUTH HETOCPEACTBEH-
HBIM BBIYUCJICHUEM, ABJIAIOTCA CJICAYIOIINEe:

Leo(f(1) =ief(t), Lex(F(1) =0, x(f(®)| _ =),
9,02 - (3)
rae LEEZEE—"_E @—l‘

Torma permenne 3amnaun (1) caeayer nckarh B BUE:

u(z,t,) = e~ B0/ i“k(l",t) ekt i &(zr(t)) - €4
Y = (4)
+ Z Xy (t) - e* + Zwk(l'vt) gk,
k=0

k=—1

Toncrasnss pan (4) B 3amady (1) u yuntsiBas cBoiicTBa (3) BBEIEHHBIX
OIIePaATOPOB, COOMPAEM CJIATAEMBbIE MTEPET PETYIAPU3UPYIoIiei dbyHKImrehl

139



u 6e3 meé. Takum 0Opa30M TMOMYUUM CEPUM HUTEPANMOHHBIX 337a9 IO
CTEMeHsMH €, pa3pelias KOTOpbIe, MOKHO HaiTH J000i uieH psa (4).
Teopema. O6 oreHke ocraTka (ACHMTOTHYECKAS CXOAUMOCTD ).
ITycmo dana cmewannasn 3adasa (1) u evinoanenv, yeaosus 1), 2).
Tozda sepra ouenra

n

u(a,t,e) — e DS (e, t) - = 3 a(a(t)) - F—

k=0 k=-—1
n n
— > X)) - =D wila, ) - <C- et
k=—1 k=0 C(Rx[0,T7)
2de C > 0 — xoucmawma, He 3a8uUCAULGA OM E, G

vi(x,t), 21 (t), ye (), wi (2, 1)  noaywens, u3 pewerus UMEPGUUOHHBLT
3adayw npu —1 < k< n+1.
InaBHbIA 9IeH AaCHMITOTHKH:

! 4(1,77')(:D+(t77')2/3)

Urn (7, t,€) = é [— /dT “h(0,T) et T e+
0

i(t—7)3

T
dr-e "3 - h(0,7) -ierfc | —=
T-e (0,7) - ier <2 Et)

Ch(eT) b)) e (ere?) |
z=0

h(t?,0) — h(0,0) h(z,t) — h(0,t
w0

+

: (f(tQ) +

xT

=0

¢
—i(t—1)3 —
—/dT P Ly h(z,7) — h(0,7)
0

€

] -ferfe (25;1) +

X
=0
it(z+t2/3 2 o
+e’(f/) A fla+tH) + h(z + tx73_)t2 h(O’O)) _
h(z,t) — (0, 1) VE
B T +0 (3:) ’

6 ‘orf ( x ) 2 / d iz2
3J€Ch BBEICHO OOO3HaUYeHUue 1€eric | —— = — zZ e .
: a 2 et VT

z/(2Vet)
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CUHTIVJIAPHO BOSMVYIIIEHHASA 3AJJAYA
HA T10JIYOCHU OJid ITAPABOJIMYECKOTIO
YPABHEHUS C Q(z) = X? IOTEHIIUAJIOM!
A.T. Eauceesn, T.A. ParaukoBa, /I.A. IIlanomHnkoBa
(Mocksa, M)
predikat@bk.ru, ratnikovata@mpei.ru, shaposhnikovda@mpei.ru

Hannasg paboTa TOCBAIIEHA DPA3BUTHIO METOAA DPETY/IAPU3AINUA HA
CHHTYJ/ISIPHO BO3MYIIEHHYIO 3aady Komu s mapabondeckoro ypas-
HEHHs C «CHIBHON» TOYKON MOBOPOTA MEPBOTO MOPSIKA Y TPEIETbHOTO
oreparopa. Meroa peryngpusanyum KaacCupuuupyeT Tpu TPYIITbl TOYEK
IOBOPOTA:

1. «IIpocTast» TOYKA OBOPOTA — COOCTBEHHBIE 3HAMEHHS TPEIETHHO-
T'O ONEPATOPA W30JMPOBAHBI APYT OT APYra, OJHO COOCTBEHHOE 3HATECHHUE
B OT/IEJIbHBIX TOYKax ¢ obpaiiaercs B uyib [1, 3].

2. «Cnabasi» TOYKa TOBOPOTA — XOTsI OBl OJHA MMapa COOCTBEHHBIX
3HAYEHWH TePECeKalOTCA B OTIAEJbHBIX TOYKAX f, HO TIPU 3TOM MPEIETh-
HBII OIEPaTOp COXPAHSET JUATOHANBHYIO CTPYKTYPY BILIOTH IO TOYEK
nepecedennsi. Basuc u3 coOOCTBEHHBIX BEKTOPOB OCTAETCS TJIAJKHUM IIO ¢

4]

I Pesynprarer A. T. Enuceesa 6urn mOMy<YeHbl B PAMKAX BBIIOJHEHHA TOCYIAP-
crBeHHOro 3ananusa Munobpuayku Poccuu (npoekt FSWF-2023-0012)
© Esmcees A.T., Paramxosa T.A., [lTanomuukosa [I.A., 2023
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3. «CusbHasi» TOYKa MOBOPOTA — XOTs ObI IMapa COOCTBEHHBIX 3HA-
qeHUil IepeceKaloTcsl B OTAEIbHBIX TOUKAX ¢, HO IPU 3TOM IpeJesbHbBII
OIlepaToOp MeHdAeT JUATOHAJIBHYIO CTPYKTYPY Ha KOPJAHOBY B TOYKAX
nepecevenns. Ba3uc B TOYKaxX MepecedeHnst TepsieT IAJAKOCTh 1o ¢ [2].

IToctanoBka 3amaun. Paccmompum 3adany

6%: g—u z?u + h(z,t),
u(z,0) = f(x), (1)
u(z,t) = $(t), £(0) = ¥(0), t€[0,T], 0<z< +oo

C YCAo8UAMU:

1)3IM > 0VE|A®) (z,t)] < M, h(z,t) € C=(0,400) x [0,T);
2)3M > OVE|f®) (z)| < M, f(x) € C>(0, +00).

B cayuae 3agauu (1) peryasipusupyionias QyHKIIMs, ONUCHIBAIOIIA BPe-
MEHHOW IOrPAHUYHBINA CJION UMeeT BUJ:

_ xz2th2t
e 2e

JlonoHUTeIbHBIE PEryNsIPU3NPYIOININe CHHTYJISPHBIE OMEepaTOphl, CBSi-
3aHHDIE C TOUEYHON HEOOPATHMOCTBIO IIPEIENBHOrO OIEPATOpPa, CTPOSIT-
¢t ¢ moMoInpio dyHIaMeHTaTbHOrO perenus [5]. 3ajada uX BIOKATH
npaBylo 4acTh ypaBHeHus B 06pa3 mpexesbHoro oneparopa. Oyngamven-
TasbHOe pemenue ypasaenus (1) cormacHo padore [5] umeer Bu:

exrp [— (ctthx2 +¢ + z& )} .

K t) =
(@.£1) 2¢ esh 2t

1
vV 2msh 2t

CuHrynspHBIE WHTETPAJIBHBIE OMEPATOPHI JIs PEryIsSpU3aIUU TPABOi
9aCcTU 33/a9H MOJIy9nM, €CJIM MPOMHTErpupoBaTh siapo Menepa mo me-
pemvennoit £. Torga momyanm:

t

+oo
ool ) (1) = / (f(r))dr / K6t — )dé =

0

1 22th 2(t—71)

= [0 e



+oo

o1 (. ,€)(f(1)) = / (f(r)dr / €K (2,6,t — 7)dE =
0

— 00

t

1 22th 2(t—7)
o |
0/ \/ch2(t — 7')3

CUHTyISpHBIN WHTEMPAJIBHBIN OTIepaTOp IJIsi OMUCAHUS TTapabOJIMIeCKO-
O TIOT'PAHUYHOTO €JI0d B Touke r = () nmeer BU:

5 7 qx(t—iln(uf—fb))e*fd

— z

VT V112 ’
NeETer

_ z2cth 2t
4x e 2

E x
S’b:2 2"
€T \/2sh 2t €z

zazauu (1) umem B Buje

rue Wz, t,e) = PerynsipuzoBannoe perreHue

22th 2t
€

u(amt, 5) = v(mvtvg)ei 2 + G(\Il(tvg)) + UO(?J(ta 5))+ (2)
+o1(z(t,€)) + w(z, t,e).

IMoxncrasue (2) B (1) u BbIIENUB CjlaraeMble MPHU PEryJIsAPU3UPYOMIUX
byHKIUAX, HOTyYUM UTEPANUOHHBIE 33Ja49U [JIs OIPEIEICHNS ITUX CJla-
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raemMbiX. [JIaBHBII Y4JI€H aCUMITOTUKH HMEeT BHI:

1 h(0,7) _w2th2(=7)
ugi(z,t) = —[G(V_1(t) + | ———=—=¢ PE dr+
€ h2(t —
IINCPIES
t On(0,7) .
+$/¢36_%dﬂ+
5 Veh2(t—7)
1 x x z2th 2t
Y ho(—— 0)]e” T2
+m[f(ch2t) O(Ch2t7 )]6 2
Oho(0,7)  2Zen2(e—m)

+ G(Vo(t)) —

#e e d7—_
Vch2(t —7)
0
L 9%h oh
. .T/ 67—82(077-)) e—%dT + h(l‘,t) - h(07t) - ﬂfa(o,t)

Jh2t—n) a? '

_ _poh
rue ho(z, t)-rnankas Gyukuus ho(z,t) = hiz.t) h(Og’;) 25, (01)

TeOpeMa (ou,ems:a ocmamov4Hozo "I,./LB'H,G). Hycmb 6OINONHEHDL.

1) yeaosua 1) u 2) dan 3adawu Kowu (1);
2) AM > 0|H(z,t,e)| < MV(x,t) € (—o0,4+00)x[0,T] Ve € (0,e0];

Tozda 3C > 0|Rn(z,t,e)| < CV(x,t) € (—o0,+00) X [0,T] Ve € (0,ep].
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ITOCTPOEHUE PEITIEHNS 3AJAYN
AJ1d QJIJINTITUNYECKOI'O JIN®PEPEHIIVMAJIBHOTI'O
YPABHEHUS C BbIPOK/TEHUEM
HEIIEJIOTO ITOPAJIKA!
H.II. EmeasaaoB (Mocksa, MI'Y uwm. Jlomonocosa)
emelianov@cs.msu.ru

B o6mactu Q = (0,1) x (0,b) paccmarpuBaeTcs CJeyoas Kpaesas
3agaqda Jupuxe

uly, +y"uy, + c(y)uy, —ay)u = f(z,y), (z,y) €, 1)
u(z,y) =0, (z,y) € 09,

rie m € (1,2), a a(y), c(y), f(z,y) € A(G) xak byHKINE aprymMenTa
y, [0,b] € G C C. TaksKe MBI IPEANONAraeM, YTO BBITOJIHEHBI YCIOBH
c¢(0) =0wu a(y) =0,y € [0,b] nHa ko3pDuLUEHTHI ypaBHEHUSI.

Jokazana caemyroniasi Teopema:

Teopema 1. ITycmo npasas wacmo f(x,y) € C;(Q), npu KaHcdom
Purcuposarnnom y € (0,b) npunadaesrcum xaaccy I'éavdepa kax gynryua
nepemennozo x. Toeda cywecmeyem kaaccuueckoe pewenue 3adaqu (1),
npedcmasumoe 6 eude caedyrowezo pada

oy ~wk,n(y)1 -sinmkz,  (z,y) € Q,

n=0

>

+o00 [+oo
k=1

Komopuiti cxodumea abcoaommo u pasromepno 6 O, Gynryuy Y ,(y)
anasumusno, 6 G, P 0(0) = 0, enympennuti pad cxodumes ¢ A(G \

{0}).

1 PaBora BeImosTHEHA mpu (DUHAHCOBOH mommep:kke MUHICTEPCTBA, HAYKH U BBIC-
mero obpasoBanust Poccuiickoit @egepanuu B paMKax peajim3aiuu nporpaMmbsl Moc-
KOBCKOT'O IIEHTPA (PYHIAMEHTAJLHON M NPUKJIATHON MATEMATHKH [0 COLJIAIICHUIO
NeQ75-15-2022-284.

© Ewmenssmos J1.I1., 2023
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O IIOTOKAX B CETAdX CO CBA3AHHBIMU JAYTAMU
A.M. Epycamumckuii, B.A. Ckopoxo/ioB,
B.A. PycakoB (Pocros—na—Hony, FODY)
ymerusalimskiy@sfedu.ru, vaskorohodov@sfedu.ru vrusakov@sfedu.ru

IMousiTre cBA3aHHBIX AyT OBIJIO BBEJIEHO CPABHUTEIHHO HEJABHO B [1].
HeHyCTOQ IIOAMHOZKECTBO AYI' CETU HA3bIBAJIOCH CBA3aHHBIM, €CJIA IJId
JIyT 9TOrO MOAMHOXKECTBA 33JIaHbI HE MPOIYCKHBIE CITOCOOHOCTH KaKI0i
u3 HUX, a ux obuias (cymmapHasi) upoiyckHas crnocobuocrb. Ceru co
CBSI3AHHBIMU JyTaMU BO3HUKAJN €CTECTBEHHBIM OOPA30M MPHU MOCTPOE-
HUU PA3BEPTOK cereit ¢ OIrPaHUYECHUAMU Ha JOCTHXKHMOCTH PA3JIMYIHBIX
tunos (cMm. [2], [3], [4])- B [5] 6b110 HOKa3aHO, 9TO B OOIIEM Cilydae 3a1a49a
IO CKa MaKCHUMAJIbHOI'O IIOTOKa B CE€THU CO CBA3aHHBIMHA AYyTaMU ABJIAECTCA
NP-nommoit. OHaKo, /15 HEKOTOPBIX THIIOB OIPAHUYEHUH HA JIOCTHKU-
MOCTh 33/1a9a HAXOXKIEHNST MaKCHMAJILHOTO TIOTOKA € TTOMOIIHIO TTOCTPO-
€HUA PAa3BEPTKU — BCIIOMOTATEJIbHONM CEeTH CO CBA3AHHBIMU AyramMmm —
ABJIsieTCs 33Jadeil mommHOMuanbHol cioxkuocrn ([5]). CymecrBoBanune
TaKWX 3a7a9 MPUBOIUT K BOIMPOCY O TOM, KAKHe CBOMCTBA CETH CO CBsI-
3aHHBIMH AyraM#W T'apaHTHUPYIOT IIOJHUHOMHUAJIbHYIO CJIO2KHOCTHb 3a/Jav1u
HaXO2K/ZIEHNA MaKCHUMaJIbHOI'O IIOTOKA.

B nammoit paboTe 1eMOHCTPUPYETCS BIWSTHUE TOMOJOTHN CETH CO CBSI-
3aHHBIMU JAyTaMW Ha BO3MOXKHOCTBH TMMOCTPOCHUA AJITOPUTMA MOJIUHOMMU-
aJIbHOI CIOXKHOCTH pemenud 3aa9u1 O MaKCHMaJIbHOM IIOTOKE. OHpeﬂe-
JIEHBI [IBA TIOJKJIACCA CeTei: MmapaJsieabHble W ApeBoBuaHbIe ceru. Ilo-
CTPOE€HDbI AJI'OPUTMBI IIPOBEPKH IIPHUHAJJICZKHOCTH CETH K OIIMCAHHbIM
KJIaccam.

Ha opuMepax pemeHud 3aJa91 0 MaKCUMAJbHOM IIOTOKE B CETAX CO
CBA3aHHBIMU AyTaMHW TOKa3aHO, YTO HE TOJIBKO TOIIOJIOTUSA CEeTHU B IIe-
JIOM BJIHAET Ha BO3MOZKHOCTDL IIOCTPOEHHA aJITOPUTMA OOJUHOMUAJILHOMN
CJIOZKHOCTH, HO U, B OOJIbIIEH CTEeHN, B3ANMHOE PACIIOIOKEHIE CBA3AH-
HBIX MEXKIY CO6OIO AYT. B kjraccmueckux moToOKOBBIX 3aJa9aX N3MEHEHUEe
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BEeJIMYUHDBI IIOTOKA II0 Jlyr'e OKa3bIBaeT BJIUAHUE JIUIIb HA 3HaYeHUe I10TO-
Ka Ha JOCTUKUMBIX U3 HeE ayrax (Takoe CBOMCTBO TOTOKOB MBI HA3BAJIN
JIOKaJIbHOCTHI0). Hanmune CBA3aHHBIX JyT B CETH BjedeT 3a COOOil more-
PIO CBO#CTBA JIOKAJIHHOCTHU. IlOCTpOEHBI MPUMEDHI, MOKA3BIBAIOIINE, ITO
oTepsd 3TOrO CBOHCTBA NPUBOAUT K HAJIUYUIO BO MHOXKECTBE JIONYCTH-
MBIX [TOTOKOB OJIOKHPYIOIIEro, HO HE MaKCHMAJIbHOTrO MOTOKa. CaMbIM
IIPOCTBIM KJIACCOM CeTell ABJIAIOTCA llapaJljlesibHble CeTu, HO U Jijid HUX
3a/1a9a HAXOXKJAEHWS MAKCUMAJIbHOTO TOTOKA TPU HAJUYNHN CBA3AHHBIX
JyT ABJIAE€TCH MOJMHOMHUAIBLHON TOJIBKO B CIydae, KOr/la KazK/Iblil U3 my-
Tell, BEAyNIIUX U3 UCTOYHUKA B CTOK COIEPXKUT He Oosee OXHON AyTu u3
Ka2KJI0r0 MHOYKECTBA CBS3AHHBIX MEXKIy COOOU IyT.
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ITPOBJIEMBI U ITEPCITEKTUBbBI CO3JAHWSI
QJIEKTPOHHOTI'O YYEBHUKA
KAK CPEJCTBA OBYYEHUA!
A.M. Epycanumckuii, U.A. IIkypaii (Pocros-ua—lony, FODY)
ymerusalimskiy@sfedu.ru, shkuray@sfedu.ru

AkruBHOe BHeIpeHMe UHMOPMAIMOHHBIX TEXHOJOTHH B 00pa3oBa-
TeAbHYIO chepy H3MEeHUTO TPEOOBAHN K YIeOHUKY KAK OCHOBHOMY CPe/I-
CTBY 00ydeHusi. JJIEKTPOHHBIN YICOHUK MOXKET U JOJIXKEH CTATh HE TOJIb-
KO HOCHUTEJIEM COJEPIKAHWS, HO U B3Th Ha ceOs HEKOTOpbIe (DYHKIINU, HE
CBOMICTBEHHBIE KJIACCUIECKOMY YUEOHWKY: KOHTPOJIb 33 YCBOEHHEM €r0
COZlep2KaHNs U OIEHWBAHWE YyCBOEHWUsI M3ydeHHOro. B noknane cpaBuwm-
BAIOTCs 30HBI «OTBETCTBEHHOCTH» JJIEKTPOHHOI'O U KJIACCHIECKOrO y4ed-
HUKA B TPOIECCe TPAHC/SINN 3HAHWI oOydarommuMcs. B cBsi3u ¢ Tem,
9TO 30HA, «OTBETCTBEHHOCTUY» JJIEKTPOHHOTO yIEOHUKA 3HAYUTETHHO IITH-
pe, TIPOIIeCC ero CO3JaHusl 3HAYUTENIHHO Oosiee TPYJIOeMKHil U Tpedyer
MapasIebHOl pa3paboTKH KOHTEHTA, W 3aJI0KEHHBIX B yI€OHHK 00-
pa30BaTeNbHBIX TEXHOJIOruil. Boijessiorcs ciemyionue TPYyAHOCTH, KO-
TOPbIE COLPOBOXKIAIOT IIPOLECC Pa3PAOOTKH JIEKTPOHHOIO y4eOHUKA.
Bo-miepBhix, B CO3IaHUN 3JIEKTPOHHOTO yUEOHUKA, 33IefiCTBOBAHO OOJIb-
110€ KOJIMYECTBO CIIEIUAJINCTOB, M aBTOP COMEPIKAHUS yICOHUKA, TOKEH
B3ATh Ha ce0s PYKOBOICTBO PAOOTOH BCErO KOMIEKTHBA W (PUHAHCHPO-
BaHUE €ro JesTeJbHOCTH, YTO IPEICTABISIETCH MOYTH HEBO3MOXKHBIM.
IIpeamonaraercs, 910 3T (PYHKIUH JOIXKHBI Oy/IyT BBIIOJHATH WU3/1a-
TeTHCTBA. BO—BTOPBIX, BO3HUKAIOT CEPhE3HBIE BOMPOCHI HE CTOJIBKO TEX-
HUYECKOr0 WJIM OPTaHW3AIMOHHOIO, CKOJBKO SKOHOMHUYECKOTO U TIPABO-
BOro xapakrepa. UTo ke oKumaeT B OJMrKaiilnee BpeMsa TPaIUITHOHHBII
yuebnuk? Ilpenmonaraercs, 4To 37€eKTpOHHBIE y4eOHUKU OyayT co3ia-
BATbhCHA KAK dJIEKTPOHHBIE BEPCHU JIyYIINX, XOPOIIO cebs 3apEeKOMEeH 10~
BaABIUX KJIACCUUIECKUX yUEOHMKOB. B 3TOM ciiyuae kiraccudueckuii yuaed-
HUK MOYKHO PACCMaTPUBATh W KAaK ampoOaINIo COMEPKATENHHON d9acTh
OyIyIIero 3JIeKTPOHHOTO yueOHuKa,. BausgHue ke 3/IeKTPOHHBIX yIeOHU-
KOB HA& TPAIUIMOHHBIE B OOJIbIIEHl Mepe CBA3aHO ¢ (DOPMOI M3I0KEHUsT
MaTepuaa.
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METO/ ITOJIEBBIX XAPAKTEPUCTUK
JJId ABTOHOMHBIX CUCTEM BTOPOTI'O ITOPAIKA
A.C. XKanykesuu (Besocrok, BI'Y)
den.zhal@yandez.by

Paccmorpum aBronomuyto cucremy 2-ro nopsizixa [1]:

&= Pzy), §=Q(y), (zy)eGCR”. (1)
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Bsenem obosnavenusa

7=T7F a=1v w=1a, (2)
> 2 e d d- 0 -
Huddepennupys cucremy (1 ) IO BPEMEHU, MBI TIOJIyIaeM CUCTEMY
'i.: = Fl(x7y7'i:?y)7 g: FQ(x7y7':i:7y)7 (3)
i ()
FL,=P=¢-VP, F,=0Q=17-VQ. (4)
Huddepenuupys cucremy (3) 110 BpeMeHH, MbI 110J1y4a€M CUCTEMY
‘i“:q>1(m7y7jjvyajay)v y :(1)2(xay7x.ayva'é7y’)7 (5)
i ()
O =F=P=3dVP+7-VF, ®=F=Q=a-VQ+7-VF,. (6)

Omnpenenuresnb TPOU3BOJBHOIO TOPSIKA MOYKET OBITH 3aIlUCAH dYepe3
ckoOku Ilyaccona

Jp = detAy, = —{P*~D Q=1 (7)

te PO = p, O — @, - = X P oy _ 4 1Q
3 Gk T
k=1,n.

Teopema 1. Jlas cmayuonaphozo naockozo noas cucmemos (1) ceasu

MedHCIY NePeuNHOT, MOPUNHOT U MPEMUNHOT MAMPUUAMIU UMENT, 610

Ay = A3 +7- VA, (8)
Az = A1As + Ay A1 +70-VAy+d-VA;. (9)

Beenem o6o3naueHMS
o, =TrA; =V -1, =TrAs =V -d, o3=TrA;=V -4, (10)

gL =V x 7= pik, ﬁQ:de:mE, gs =V x @ =psk, (11)

raoe TrAy, TrAs u TrAs 9BAgI0TCS ClIeJaMU TIEPBUYIHON, BTOPUIHON U
TPETUYHON MAaTPUII.
[ToToku v MUPKYJISAIUE TPOUZBOJIBHOIO MOPSIIKA CBA3AHBI BIPAYKEHUSIMHI
_ 1) _ (k) _ M) _ (k)
Ok+1 =0 " =01 Pk+1 = Py P1 (12)
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(k) dk)
k) Ao k) pL o,
e o, = 0] P = 7 Jk=1,n.

XapakTepucTuiecKrue ypaBHEHUs JJis TePBUYHOM, BTOPUIHON U Tpe-
TUYHOH MaTpul, UMEIOT BU/L

M) — oM\ + =0, Dy =o0f—4Jy, (13)

rme k=1,3,1=1,2.

Teopema 2. /laa cMayuonaprozo naockozo noat cucmemv (1) co-
OMHOWEHUA MENCIY NEPEUNHLMU, SMOPUNHOMU U MPEMUBHLMUY Ta-
DAKMEPUCTIUKAMU NOAA UMerom 6ud [2]

oy =07 —2J, +7-Voy, (14)
p2 =01p1 +T-Vpy, (15)
03 = 20109 — 2J1 +@- Vo, + - Voa, (16)
p3 =09p1 +01p2+a-Vpi +7-Vpo, (17)
rue '
Jo=o1J1+7-VJi.
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PEAYKIINA HEKOTOPBIX 9BOJIIOIITMOHHBIX
YPABHEHUN
A.C. XKanykesuu (Bemocrok, BI'Y)
den.zhal@yandez.by

PaccymoTrpum 3BOTIONIMOHHDBIE YPaBHEHNsT K—T0 mOpsaka:

k
Ut +A0(t,$,u) +2Ai(tax7u)uiw = 07 (1)
=1

0'u
g —2.3 4.
Oxt’

Obparumbie 1peobpasoBaHus JJls YBOJIIOIUMOHHLIX ypasHenuil (1) umeror
Bz, [1-4]

e Uiy =

,t\': @(t’xau)é‘)a %/:w(t’x7u)6)) a:X(t7x7u7€)7 (2)
rae € € R, nmpuuem
o(t,z,u,0)=1t, Y, z,u,0)=z, x(t z,u0)=mu. (3)

ITocTpoenne Tpynmbl CHUMMETPUY SKBUBAJIEHTHO OTPEIEICHUIO ee NHMU-
HATE3WMAJIbHBIX TTPE0Opa30BaHuit

t=t+4er(t,z,u)+.., T=zx+el(t,z,u)~+...,
u=u+ent,z,u)+..,

(4)

rje
T(t’ x7 u) — 890(t76x? u7 0) , £(t7 x’ u) — aw(t7a‘,'r7 u7 0) ,
(3 (> (5)
ox(t,x,u,0)
77(2‘:7 x, u) == T

Teopema 1. /[as ypasnenus (1) npeobpazosanus cummempuu (2)
umerom 6ud

t:Lp(t,E), 37:1#(%»”675)7 ﬁ:X<t,SL’,U,E), (6)

MO 03HAUGEM, HIMO MONHCHO UCKAML UHPUHUMESUMAALHBLE CUMMET-
puu 6 popme

X=T(t)%+§(t,z)%—I—n(t,x,u)%, (7)
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2de
n=>b(t,x)u+ c(t, ). (8)

Cpeau ypasuenuii (1) HaiiieHbl c1e1yIoNMe ypaBHEHNsI, KOTOPbIE MO-
ryT ObITh PEIYITUPOBAHHBIL:

ug + uug + f(6,x)ug, =0, neN, (9)

up +u"uy + (f(t,2)u)pe =0, n €N, (10)

up + uuy + [t ) Uze + g(t, T)Uzge + AL, 2)Ugpree = 0, (11)
u +u g + (f(t, 2))as + (9t )W) zea + (At )W) zaae = 0, (12)
(13)
(14)

ug + q(t, x)u"uy + uke =0, n €N,
Uy + (q(ta I)unJrl)w + Uge = 07 n € N.
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PEIIIEHUE AJITEBPANYECKUNX YPABHEHUN
METOJIAMM ®YHKITAOHAJIbHOIT TOJICTAHOBKH
A.C. XKanykesuu (Bemocrok, BI'Y)
den.zhal@yandez.by

Paccmorpum anrebpamdeckoe ypaBHeHue cremend n [1-3):
y:f(x):Zaixizo, an #0, a; €R, (1)

KOTOpO€ Ha IJIOCKOCTU 0TY 33/1aeT HeKOTOpbIi rpaduk (yHknuu, a pe-
MIIEHUEM €r0 eCTh HAXOXKIEHUE TOUEK Tepecederus rpaduka QyHKIUH C
OCHIO 0T WJIM HAXOXKJIeHHue Hysel dyHKunm.

Beenem 3amveny mepemeHHbIX © = ¢(t), KOTOpas IIpU IIOJCTAHOBKE B

© 2Kasmykesnu J1.C., 2023
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ypasuenue (1) upeobpasdyer nam rpadux byukuuu y = f(p(t)) = g(t).
IMepeiing B HOBOE IBYMEPHOE TIPOCTPAHCTBO € KOOPAWHATAMY t, i, PEIe-
Hue ypapsHeHns (1) GyJgem MCKaTh Tam.

3amMeHy mepeMeHHbIX BhIOEpeM Tak 9TOObI yPABHEHUE B HOBBIX MEPEMEH-
HBIX UMEJIO HOJTAHOMHAATLHBIA BUJI

k
y=g(t) =) bit' =0, by #0. (2)
=0

B mannoit pabore 6ymayT UCIOMB30BATHCA 3aMEHBI CJIEIYIOMIET0 BHIA:

1. TIosmuomMuanbLHaSA
m
T = Z cit’s (3)
i=0

2. Jlopana

= Z cit' (4)

1=—m

3. JIpobHo—pannoHaanLHast

ivgCit’
Yt dit'

Orciona BuaHo uro, ais 3amed (3) u (4) koadbdunmenrsl b; ypaBHeHus
(2) 3aBucar or k03 dUIHEHTOB a;, ¢;, a A 3aMenbl (5) or koahduy-
€HTOB a;, C;, d;.
Cdopmynaupyem mapy TeopeM KOTOPbIE B JaJibHeirmeM OyayT MOJIe3HbI
NIPY PElIeHnn anreOpamIecKux ypPaBHEHHH.

Teopema 1. Kosdduyuenmo, ypasnernus (2) 0as samens, nepemer-
HOLT

xTr =

(5)

x = ¢y + at, (6)
umerom eud " "
_ kf ’ (Co) (k) _ d f(Co)
by, = cf o [ eo) = W— (7)
Ap—1

Ecau noaoostcumo cg = — 6 (6), mo b,—1 =0.

n
Teopema 2. Kosfpuyuenmor ypasnenus (2), ade ¢g(t) =

_ k ;
t=2n 3 o bitt daa samenni nepemenois

r=c_1t '+ ¢, (8)
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umerom eud

(n—k) n—k
oy (co) (n—k) _d" " f(co)
b = 7 R f (co) = W- (9)
Ecau nosoocumsv co = _C:”:la_l 6 (8), mo by =0.
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ACUMIITOTUYECKUNI AHAJIN3 IIOPT®EJIBHBIX
MHBECTUIINNI IPU HAJINYUN
TPAHCAKIIMOHHHBIX U3/TEP>KEK
N.H. XKapkos (Couu, HTY Cupuyc)
zharkov.in@talantiuspeh.ru

MMycrs (2, F,P) BeposTHOCTHOE OPOCTPAHCTBO ¢ (buabTpaLueit
F = (Fi)t>0, nopoxkaéunoii suneposckumu nporeccamu Wi, W2 ¢ ko-
s durmenTom Koppeasun p. PaccMoTpuM phIHOK ¢ 0E3pUCKOBBIM U Oa-
30BbIM S; akTuBamu. Jlunamuka S; 33JaETCA ypaBHEHUSIMU

ds, )
? = /,Ldt + \/l/tth
t

dvy = k(0 — vy)dt + a\/ITtde

JUIl HEOTPUIATENbHBIX K, 0, 0 1 BbIIOMHEHO 2k0 > 02 (ycrnosue Oeme-
pa). Musecruumonnsiii noprdens X; cocrour usz cymmbl By Ha GaHKOB-
CKOM CYETy C MPOIEHTHOW CTaBKOi 7, u cymMbl A; = X; — B, Ha WH-
BECTHUIIMOHHOM CYEeTY, BJIOXKeHHOH B 6a30Bbiil aktus. Ilycts I(t) > 0 u
m(t) > 0 Bazalor cpeicrBa, HepeBefieHHbIE C GE3PUCKOBOIO CYETA HA

© »Kapkos U.H., 2023
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WHBECTUITMOHHBINA U C MHBECTUIMOHHOTO HA OE3PUCKOBBIII COOTBETCTBEH-
HO. 3a TEepeBoJ CyMMBI C OJHOTO CUETa Ha JIPYTrOil B3WMAETCS KOMUC-
cus (M31EP:KKMU), TPONOPIUOHAIBHBIE TIEPEBEIECHHON cymMmMe ¢ Koadbdhu-
muentoMm k > (. 3agaga ONTHMAJIBHOTO YIPABJIEHWS COCTOUT B Ha-
XOKJIEHUN CTPATETruun (lg,mg)se[t 7], MaKcuMusmpyiomei byHKInOHaI

J(z,b,v,t;1,m) = IEI[ft (Xs,vs)ds + F(X1)| X, = 2, B, = by = v
u V(z,b,v,t) = sup; >0 J (2, b,v,t;1,m). Tlpernonaraem, aro G u F
BO3pacTalollye U BOIHYTbLIe 110 T. PacCMOTpUM YaCTHLIA cilydail Ko-
TIa TPAHCAKIMOHHBIE M3IEPKKU OTCYTCTBYIOT. IIyCTh MAKCUMHU3WPYIO-
it bynkmmonan 1°(x,v,t;b) = E[ft (Xs,vs)ds + F(X7)| Xy =

T,V = y} u onrumym 3agaun VO(z,v,t) = sup, I°(z,v,t;b) nocrura-

ercst ipu b = b. Less MCCIe0BaHMs — U3y9UTh TOBEJICHHUE ONTHMATb-
HOTO pereHnst V B 3aBHCHMOCTH OT TPAH3AKIIMOHHBIX U3JAEPIKEK KO/
oun manbl, k < 1. Ilycts b = b+ k*B must HOBOH mepemeHHOH [ u
V(z, B, v, t) = V(z,b,v,t), tue b = b(t, x,v) — cymma Ha Ge3PUCKOBOM
cUeTy TIpH Maﬂblx k.
[Iycro EV =2 +(u:L'Jr(rfu)E)a—V+/£(071/)0—V+1u(x7b)26 14

pov(z —b)2 ay az + 1021/0 V. TIpu 5THX OPEJIIOIOKEHHSX BBIIOTHACTCH

Teopewma. /a4 pasaooicenus
V = Vo(x,v,t) + k23 Va(a, v, t) + kVa(z, v, t) + kY3Vi(x, B, v, t) +
8epHo ~

1) f/o =Vo0ub= B; ‘72,[73 — He 3asucam om f3;

2) Vi = VAR + V262 + VP — sasucum om 8 npu smom

~ 82V
V44 - _ 1 . 222 .
2, - 5 7\ 0b ob 52’
(0—0)2(22) +2p0(x—5) 32 2L 152 (E)
‘742 _ _ LV,

- 7z p— VAR
((Ifb)Z (%) +2pa(m7b)%%+02 (%) )l/
xopHu ypasuenua Vy = 0 ommnocumenvho 3 pacHvt

290 (-5 (8) +200(e-0) 8 407 (22)") \

92V,
ox2

By =Fi

JIureparypa
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S. L. Heston. // Review of Financial Studies — 1993. — T. 6, No. 2. —
C. 327-343.

2. Law S. L. Correlated multi—asset portfolio optimisation with
transaction cost. / S. L. Law, C. F. Lee, S. Howison, J. N. Dewynne //
https://arxiv.org/abs/0705.1949v3.

3. Muhle-Karbe J. A primer on portfolio choice with small
transaction costs. / J. Muhle-Karbe, M. Reppen, H. Mete Soner //
Annu. Rev. of Financ. Econ. — 2017. — T. 9 — C. 301-331.

4. Zariphopoulou T. A solution approach to valuation with
unhedgeable risks. Finance and Stochastics. / T. Zariphopoulou // —
2001. — T. 5, \e 3. — C. 61-82.

O PA3PEIIINMOCTU HAYAJIbHO-KPAEBBIX 3A/TAY
JJIsI HEOZTHOPOJHOM ITAPABOJIMYECKOM
CUCTEMBI C IMHN-HEITIPEPBIBHBIMU
KOS®PUIIMEHTAMMN!

N.B. 2KenakoBa, M.®. YepenoBa (Mocksa, HIY «M3U>»)
zheniakovaiv@mpei.ru , cherepovamf@mpei.ru

B mosnoce D = {(x,t) e R x (0,T)}, 0 < T < 400, paccMaTpuBaeTcst
paBHOMEpHO—TIapabondeckuii mo IleTpoBCKOMY MaTpWYHBIN OMEPATOP

2
Lu = O — ZAl(x,t)aiu, w=(Ug oo Upy), m =1,
1=0

Lym.
17 lle,5=1 )
Hble (DYHKIIMHU, ONPEIEIeHHbIE B [ W YIOBIETBOPSIONIAE YCIOBUSM:

a) CODCTBEHHBIC WHC/IA [i, MATPHUIBI Ay TIOTIMHSAIOTCA HEPABEHCTBY
Rep.(x,t) = §p ays mekoroporo dg > 0 u Beex (z,t) € D, r = 1, m;

6) dbyHkIMN aéj, i,j =1,m,1=0,1,2, orpanudens B D;

5) lal, (o + Az, t+ At) — b, (z,1)] < wo(|Aal + [AYY2), i,j = Tm,
1 =0,1,2, rme MOIyJIb HEIPEPBIBHOCTHU W YAOBIETBOPSIET IBAXKIbI YCIIO0-
Buto Junuu u mus svekoroporo g € (0,1) dynkuus wo(z)z7, z > 0,
noutn yobiBaer (cM. ompenesenus B [1]).

rue A; = |la — MAaTPUIIbI, 3JIEMEHTHI KOTOPHIX €CTh BeIeCTBeH-

B D BBIIEIISIETCS MIOJTyOrPaHUI€HHAS 006J1aCTH
Q = {(z,t) : z > ¢g(t),0 < t < T} c HernamKoii, BOOOIIE TOBODS,

I PesysmbraTsr paboTh TIONY<YeHB B PAMKAX BBHITIOJHEHHS TOCYJAPCTBEHHOTO 3a-
nauus Munobpuayku Poccun (mpoekt FSWF-2023-0012).
© 2Kensikoea I1.B., Yepenosa M.D., 2023
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Gokopoit rpanuneii ¥ = {(z,t) € Q : x = g(t)}. Uycrs ana byukruu g
BBIMIOJIHEHO YCJIOBHE

lg(t + At) — g(t)] < K|A 2wy (|AHY?), t,t+ At € [0,T], (1)

T7ie MOIY/Th HEMPEPHIBHOCTH Wi YIAOBICTBOPSAET yCIOBWIO JWHU M s
Hekoroporo €1 € (0,1) byukuus wy(z)z~ ¢, z > 0, mouTn yoObIBaET.

IIycTs P — rapaboanaeckas TpaHUIA
Q, 8(z,t) = inf  {|lz—&|+|t—7|"/?} — napaGommaeckoe paccrosmHme
(&r)epT<t

or touku (z,t) € Q no P, w — mozmynasb HenpepbisaocTu. O603HAYNM de-
pes C2 () npocTpancTBO HEMpPepbIBHBIX BekTOp—ynknuit f : Q — R™,
JIJIST KOTOPBIX KOHEYHA, BEJTMUNHA,

ot — [0 7
||f,ﬂ||3—sgp{[ GeDia] s ,t>}.

B obnactu 2 paccMoTpuM 33/1ady OTBICKAHUST KJIACCHYECKOIO perie-
HUA [IEPBOI Ha4YaJIbHO-KPAaE€BOi 3a1a4u:

Lu= f5Q, u(z,0) =0,z >g(0), ug(t),t) = ¥(t), t € [0, T].  (2)

IIycrb miist Bekrop—(yHKIMIE f 1 1) BBIIOJHEHbL YCAOBHS:

1) f € C%(£), rae MOLY/Ib HEPEPLIBHOCTH W YIOBJIETBOPAET JBAXKIbI
yenosuto duan n Jyisi Hekotoporo € € (0,1) dyukmus w(z)z¢, z > 0,
OYTH yOBIBAET;

2) f nokanbao JuHu—HenpepbiBHA 10 & B ) C MOJYJIEM HEIPEPLIBHO-
CTH, YZOBJIETBOPAOIUM yCaoBuio nnu;

3) e %’1/2[0, T] (cm. onpenenenue npocrpancrsa s [1]).

Teopema. Ilycmv das kospduyuenmos onepamopa L evinoarerst
Yyeaosus a)—6) u 0 00%060T epanuuybe Y. — ycaosue (1). Tozda das
aobvixr eexmop—pynkyut [ u 1, ydosiemeoparowux ycrosuam 1)-3),
cywecmeyem (eduncmeennoe) pewenue u € %'I’O(Q) 3adavwu (2) u 6bi-
NOAHEHG OUEHKE

Jlus QU < O QUG + 193 [0, TII?).

3ameuanme. Yreepxiaenue reopembl upu f = 0 wnosyueno B [1].
EANHCTBEHHOCTD pelenust 33 a4u (2) yCTaHOBJIEHA B [2].

Amnajioruunoe yTBep:KIEHUE CIPABEIJIMBO JJjisi BTOPOHl HAYaJIbHO—
KpaeBoil 3a1a4un
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Lu=f5Q u(z,0) =0,z >g(0), yu(g(t),t) =O(t), t € [0,T], ¢
rparnuHOil byHKINeH O € %’[O, T).

JIureparypa
1. Baderko, E.A., Cherepova, M.F. Dirichlet problem for parabolic
systems with Dini continuous coefficients /  E.A. Baderko,

M.F. Cherepova // Appl. Anal. — 2021. — Vol. 100. Ne 13, Pp. 2900-
2910.

2. Bagmepko E. A., Caxapos C. U. Epuncreennocrs perie-
HUil HAYATHHO—KPAEBBIX 3a7ad9 JJIsA  TapaboIudecKuX CUCTeM  C
Jnan—HenpepslBHbIMA KO3 dHUIMEHTAMH B IUIOCKUX obiacTsax [/
E. A. Bagepko, C. U. Caxapos // JAH. Maremarnka, abopmarnka,
nporneccot yupasiaenus. — 2022. — T. 503. C. 26-29.

9TA-MUHBAPUAHTHBI AJIsd OITIEPATOPOB
C IIAPAMETPOM, ACCOIITMMPOBAHHBIX
C JEVMICTBUEM JANCKPETHOW I'PYIIIIHI!
K.H. Xyiikos, A.}O. Casun (Mocksa, PY/TH)
zhuykovcon@mail.ru

B pabore wccieayorcs STa-—MHBAPUAHTHI 71 KJIACCA HEJIOKAJIbHBIX
OTIEPATOPOB € MAPAMETPOM, ACCOIUUPOBAHHBIX ¢ U30METPUUYECKUM Jeii-
CTBUEM JUCKPETHON I'PYIIBI CTEIEHHOTO POCTa HA IJIAIKOM 3aMKHYTOM
MHOI000Opa3nu.

IIycts  X—rimankoe  3aMKHYTOE  PHUMAHOBO  MHOTOODpa3ue,
a I'—moxarpynna rpymmsl u3omerpuii Mmuaoroobpasdus X. Byaem mpemmno-
Jarath, 9410 [ SBJISIETCS TPYNNON MOJTHHOMHUATBLHOTO POCTA B CMBICTIE
Ipomosa [1]. Yepes W' (X) 0bo3HAYMM HMPOCTPAHCTBO KIACCHICCKUX
ucesgonuddepentuanbubix oneparopos (IIJJ0) ¢ napamerpom p € R
(cm. mamp., [2]), mopsaka < m. Ha X paccmarpuBaioTcs cemeiicTpa
OIepaTOpPOB BUIA

D(p)= Y. Dyx(p)The*™*: C®(X) — C™(X), (1)
(v,k)ETXZ

rae Dy € UN(X), a Tyu(z,p) = u(y~'(x), p)—npeacrasienne Tpym-
mel ' omeparopamu caBura, WHAYIUpPOBaHHOe naefictBuem nHa X. Uc-
nonb3ys noxxon Menbpoysa, ananorudyno pabore [3], Mbl onpezesnsem

1 Pabora BHIIONHEHa IIPH YACTHYHOH (DWHAHCOBOH MHOAAEPXKKE KOHKYD-

ca «Mosogas wmaremaruxka Poccum», a taxke PO®OHW u Hemenxoro Hay4HO-
HCCJIEI0BATENIBCKOrO coobmmectsa (mpoext Ne 21-51-12006).
© 2Kyiixos K.H., Casur A.10., 2023
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7—MHBApUAHT 0OpaTUMOro cemeiicTBa oneparopos (1) Kak HEKOTOpPYIO
PETYISPU3AINIO YUCIIA BPAILIEHNUS U YCTAHABINBAEM €0 OCHOBHBIE CBO¥-
cTBa. B wacrHOCTH, TOKA3aHO, YTO 7j—MHBAPUAHT 00JIa1aeT Jiorapudmu-
YECKMM CBONCTBOM, & Tak¥Ke moJiydena (Gopmylia JJjis TPOU3BOTHON 17—
MHBAPUAHTA CEMEACTBA OEPATOPOB TI0 MAPAMETPY.

JIurepaTtypa

1. M. Gromov. Groups of polynomial growth and expanding maps /
M. Gromov. — Inst. Hautes Etudes Sci. Publ. Math. — 1981. — Vol. 53. —
P. 53-78.

2. M.A. IIy6un. IlceBmomuddepeHmaabuble ONepaTopbl U CIeK-
tpasbHas Teopust / M.A. Illy6un. — M. : Hayka, 1978. — 280 c.

3. K.H. XKyiikoB. DTa—mHBapUAHT Ijig CEMEHCTB C MapaMeTPOM U
nepuonuveckumu kodbdurmenramu /| K.H. Kyiikos, A.}O. Caun //
Ydumck. marem. xkypa. — 2022. — T. 14, Ne 2. — C. 37-57.

ACUMIITOTUKA PEIIIEHUSA 3A/TAYN KOIIIAU
JJId CUHTYJISPHO BOSMVYIIIEHHOTO
JANPPEPEHIINAJIBHO OITEPATOPHOTO YPABHEHU A
IIEPEHOCA C MAJIO JU®®Y3UNEN B CJIYUYAE
MHOTHUX ITIPOCTPAHCTBEHHBIX IIEPEMEHHBIX!
A.B. 3a6opcknii, A.B. Hecreposn
(Mocksa, POV uwm. I.B. Ilrexanosa; O6uunck, OO0 «PAINKO»)
andrenesterov@yandex.Tu

Crpoutca acumnroruka pemenus (AP) 3anaun Komm gy cunryisp-
HO BO3MYIIEHHOTO AuddepeHnnaabHO—0nepaTOPHOro YPaBHEHNU T

e*(Us + i Di(p)Us,) = LyU + eF(U,p) + € zm: Bi(p)Uszi, (1)
U(z,0,p) =w (fsfl,p) (2)

0 < e << 1, junmeitnnit oneparop L,, JgeiicTByomuit 10
TIEpEeMeHHON p, MMeeT OJHOKPATHOe HyJIeBOe COOCTBEHHOE 3Ha'eHWe

1 Jlammoe wccieqOBaHME BHITOJIHEHO B PAMKaX TOCYJAPCTBEHHOTO 3a aHMs
B cdepe Hay4dHOH gAesdrenpbHOCTH MUHHCTEDCTBA HAYKHW H BBICIIETO OOPAa30BaHUS
P® ma temy «Mogenu, MeTOmBI M AJATOPUTMBI MCKYCCTBEHHOI'O MHTEJIJIEKTa B 3a-
nagax SKOHOMHUKH JJId aHaJIu3a M CTWJIM3AIMH MHOTOMEDHBIX JIaHHBIX, IIPOTHO-
3UPOBAHUA BPEMEHHBIX PAOOB W I[IDPOCKTUPOBAHUA PEKOMEHOATE/IBHBIX CHCTEM»,
npoekT Ne FSSW-2023-0004.

(© Babopcknit A.B. , Hecrepos A.B., 2023
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A = 0VA # 0 Re\ < 0; HauasbHbIe YCJIOBUsSI MMEIOT BUJ Y3KOI «IIa-
TIOYKU »

lw®) (z,p)| < Ce“’”g”z,a > 0,Vk = 0,1,... . Hacroamasa paboTa
SIBJISIETCST TIPOJIOMKeHreM pabor [1], [2].

AP 3azmaqu (1)—(2) nocrpoeno B Buje

N

U(J_?,t,p, 6) = Zgi(si(évtvp) +p2(ga Tap)) +R= UN +R (3)
i=0

nepemennbie &, 7, ( BLIPAIKAIOTCS Yepe3 JaHHbIe 3334, [Loydens 3a-
Jlavu JIs ONpeJIeIeHns BeeX 4ieHoB pasioxkenus (3). Ilpu omnpenenen-
HBIX ycaoBuax Ha dyukuuu D;(p), B;(p), rnasubiii uien AP onucbiBaer-
¢ ypaBHEHHEM THIIa OO0OIIEHHOr0 Ha, MHOTOMEPHOE IIPOCTPAHCTBO yPaB-

nenus BKi®.

JIureparypa

1. Hecrepos A.B. O6 omgnom sddekre BausHus Majoil B3anuM-
Hoit jauddysun Ha npouecchl nepeHoca B MuorodasHoil cpexpe. [/
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T.61. Ne3. — C. 519-528.

2.3abopckuit A.B. O6 acuMnroruke pemenns 3ama4n Koy 11 cuH-
TYJISTPHO BO3MYIIEHHOTO JUbePeHIInaAIbHO—OMEPATOPHOrO YPABHEHUS TIe-
penoca ¢ Masoil quddysueit. / A.B. 3abopckuii , A.B. Hecrepos //
ZKypuasn Bbra. marem. u marem dusuku, — 2023. —T.63. Ne2. — C.
273-281.

3. Bacumbea A.B. CUHTYJSIPHO BO3MYIIEHHBIE YPABHEHWUS B KPH-
tnaeckux ciaydasx / A.B. Bacumabesa , B.®. Byrysos // M. : U3n—Bo
MIY. — 1978, — 262 c.

3AJTAYA O KOJIEBAHUU SJIEKTPOIIPOBO/JIAIIEN
KNJIKOCTHU B MATHUTHOM IIOJIE!
H.C. 3agopoxnas (Pocros—ua—/lony, PI'VIIC)
simon@sfedu.ru

Kak u3BecTHO, M3ydueHHe MArHAUTHO—IWHAMUYECKUX BOJIH B Treodu-
3uKe, acTpOodU3NKe, METAJUIYPIUHU, SAEPHON IHEPreTUKE MPEICTABIISIET
6osbimoit maTepec. Kak mpaBusio, B MOJIEISAX THAPOAMHAMUAKA XKUATKOCTH
OIIMCHIBAETC KAK CILIOIIHASA CPE/A, 6e3 ydyera MUKPOCKOIIMIECKOrO CTPO-
enus. PaccMOTpuM 1IOCTAHOBKY 33/1a4U JBUKEHUS JIEKTPOLPOBOILAIIE

1

© Bagopoxras H.C., 2023
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UAeaTbHOM KuaKocTr B MarauTHoM mmose. B MI'I »KuakocTh Ha3bIBAET-
cs WAeaNbHOM, ecin He 00J1aaeT BHYTPEHHUM MOJIEKYISIPHBIM TPEHUEM
(vp = 0, v — KuHEMaTHYECKasA BA3KOCTb JKUJIKOCTH, p = cost,p > 0 —
IJIOTHOCTD ), U KO3(bDHuueHT eé 371eKTpOonpoBOAUMOCTH 0 = 0O (COIpO-
TUBJIEHUE PABHO HYJI10). B naHHoli paboTe M3ydyaercs BMsSHUE HAJIOXKE-
HUS CTAMOHAPHON BEPTUKAJIBbHON KOMIIOHEHTHI.

Cucrema ypaBHEHU JIBUXKEHUS UI€AJTHHON KUIKOCTU ITPYU MTOCTOSTH-
HOIi TeMIepaType B IePEMEHHbIX Jiljepa uMeeT BUJIL:

il +(TV)T= lgrad(p); divt = 0.
ot P

OTH dYeThbipe YpPaBHEHUS MO3BOJIAIOT HANUTH YETHIPE HEM3BECTHBIE
byHKINT vy, vy, v, U p. JlJA permmeHns COOTBETCTBYIOMEH KpaeBoil 3a-
Ja9u MaTeMaTndeckoil (hu3mKu HeOOXOINMO 3HATH IPAHUYHBIE YCIOBUS
JJIsL CKOPOCTH W [IaBJIEHUS HA MOBEPXHOCTHAX, OIPAHUYUBAIOIINX 00bEM
xKugrocru. I'panudnoe ycioBue st 110/ CKOPOCTeH UI€AJIbHON KU/l
KOCTH 3aKJIOYAETCSd B TOM, UTO YKUJIKOCTH HE MPOTEKAET HYepe3 TBEp-
YO0 TTOBEPXHOCTD, T.€. HOPMAJIbHAS K MOBEPXHOCTH KOMIIOHEHTA, CKOPO-
CTH KHUJIKOCTHU U, PABHA HOPMAJBHON COCTABIAIONIEN CKOPOCTU TBEPHOI
nosepxuoctu V,, : v, = V,,. na HemOABUKHON MOBEPXHOCTH U, = 0 .
I'panu4noe yciioBue /jisi CKOPOCTH HA CBOOOIHON [TOBEPXHOCTH 3aKJII0Ya~
€TCsl B TOM, UTO HOPMAJIbHAST KOMIIOHEHTa, CKOPOCTU PAaBHA, HOPMAJILHOMN
KOMIIOHEHTE CKOPOCTH CBOOOIHOM TOBEPXHOCTH.

B pabore pemiena auHeiiHas 3aJava 0 CBOOOIHBIX IJIUHHOBOJHO-
BBIX KOJIEOAHWMSX UIALATBHON KUIKOCTH, OTPAHUYEHHOM CHU3Y abCOJIOT-
HO TBEPBIM IMJIEKTPUKOM, a CBEpXY BakyyMmom. Haiimernsr cobcTBeHHbIE
yucaa (4acTorbl) U cobcrBeHHble BYHKIMU (MOJbI) COOTBETCTBYOMIENT
HEKJIACCUYIECKOl CIeKTpaabHOl Kpaesoil 3amaan g OdY 4-ro nopsia-
Ka.

JIureparypa
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Co6opuuk Hayunbix TpynoB . T.1: TexHudeckue u eCTeCTBEHHbIE HAYKH.
— Pocros—na—/ony : PT'VIIC. — 2020. — C.225-229.

CVYIIIECTBOBAHUE KJIACCUYECKUNX PEIIIEHUN
HEKOTOPBIX MHOTOMEPHBIX TUITEPBOJIMYECKNX
JNO®PEPEHIINAJIBHO-PASHOCTHBIX YPABHEHU
H.B. 3aiiueBa (Mocksa, MI'Y umenu M.B. Jlomonocosa,
Poccwuiickuit ynusepcurer apyKObl HAPOJIOB)
n.v.zaiceva@yandez.ru

B monymnpocrpanctee {(x,t) : x € R", ¢ > 0} wcciaenoBan BOMpoC
CYTIIECTBOBAHUS KJIACCUIECKUX PEITEHUN ypaBHEHUT

utt(x,t)—a22umﬂj(a¢,t)+bu(x—h,t) =0, (1)
j=1

rue a # 0, b > 0 — 3anaunnble Bewecrsennpte yucaa; h:= (hy, ..., h,) —
3aJIJAHHBIHA BEKTOP C JeHCTBATEILHLIMEA KOOPAUHATAMH, JJIMHA, KOTOPOrO
HE paBHA HYJIIO.

Teopewma [1]. IIpu évnosnerus ycrosus

a®l€* +beos(h- &) >0
oas scex £ € R™, cemeticmeo pynryut
G(a,t;A,B,€) = Cre" O sin (t G2 (€) + ¢(6) + 2 - &)+

+Cy e N sin (t G2(€) — () — - €)

ydosaemeopsem ypashenuio (1) 6 KAGCCUMECKOM CMBICAE TPU A00bLT
3navenuar napamempos Ci o € R! v & € R™.
31ech DYHKIUY ONPEIEISIOTCS M0 (DOPMYyIaM

G1(§) = p(&) sinp(§),  Ga(§) = p(§) cosp(§),

0(6) = [(a?[¢[? + beos (h- ©)” + B2sin? (h- )]

1 bsin (h - &)
(&) = iarctga2‘§|2 +bcos(h-§&)

© Baiinesa H.B., 2023
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JIurepaTtypa
1. Baitnesa H.B. Iitasikue pernenus runepOoIndecKux ypaBHEHUH co
CIIBUTOM Ha TIPOM3BOJIBHBIN BEKTOD B cBoGOomHOM usene / H.B. Baiinesa,
A.B. Mypasruk // Ouddepenn. ypasuenns. — 2023. — T. 59, Ne 3. —
C. 368-373.

CMEIITAHHBIE 3ATIAYN C UTHTETPAJIbHBIMUA
YCJIOBUAMU OJId B-TUITEPBOJIMYECKUX
YPABHEHUM
H.B. 3aiiueBa (Mocksa, MI'Y umenu M.B. Jlomonocosa,
Poccuiickuit ynusepcurer apyKObl HAPOJIOB)
n.v.zaiceva@Qyandez.ru

K 100-nemuro Heana Aaexcandposuua Kunpuanosa

B upsimoyrombroii obnactu D = {(z,t) : 0 < x < 1,0 < t < T},
[,T > 0 — 3asannble JeHCTBUTENBHBIE YUCIA, PACCMOTPAM THIEPOOIH-
YECKOE yPaBHEHHE

0%u 0 ou
GO A (- (1)
ot? Ox Oz

rae Byu = 272 (2%9%) — muddepennmanbusiii oneparop Becceis,

k # 0 — 3amannOe MEHCTBATETHHOE TUCIO.

s B-runepbosnveckoro ypasuenus (1) (corsiacHo TepMuHoIOruu
N.A. Kuupusnosa [1, c. 5]) B upsimoyrosbuoii obiacru D ucciienoBanbl
HA KOPPEKTHOCTH CMEITaHHble MW HAYAJILHO-TPAHWIHBIE 33Ja9W C WH-
rerpanbabiMu yeaoBuaMu tuna Camapckoro-lonkuua (MHTErpabHBIE
YCJIOBHsI TI€PBOrO POJA) U C MHTErPaJIbHBIMU YCJIOBUSIMHU BTOPOTO PO-
Jla IPY Pa3/IuYHBIX 3HAYeHMsX napamerpa k B omeparope Beccens, a
WMEHHO, paccmorpenbl ciaydanm: k < —1; =1 <k <1luk #0; k > 1.
TTompoGHBIE Pe3yIHTATH OMYOIMKOBAHBI B MOHOTpadun [2].

JIutepaTtypa

1. Kunpusinos V. A. Cunryssipuble 3/ulMITHYECKIE KPaeBble 331a4u /
N.A. Kunpusinos. // M. : Hayka. ®@usmaranr. — 1997. — 208 c.

2. 3Baiiesa H.B. Cwmemmannbie 3amaum ¢ WHTErPAJbHBIMEA  yCJIO-
BUSIMH IS TUMepOOIMYecKuX ypaBHeHWil ¢ omeparopom Beccemst /
H.B. Baiinesa. // M. : U3n-Bo MockoBckoro yuusepcurera. — 2021. —
120 c.
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K BAJJAYE O KOJIEBAHUAX CMECU BA3KUX
C2KIMAEMBIX }KI/I,Z[KOCTEﬁ
J.A. 3akopa (Cumdeponons, KOV um. B.J1. Bepaasckoro)
dmitry.zkr@gmail.com

PaccmorpuM orpanmaernyio obmacts ) C R3 ¢ 6eckoHedno rmaaxoi
rpaunutei 0f), MOJTHOCTHIO 3AIOTHEHHY 0 TOMOI€HHOM CMEChIO 1 > 2 CXKH-
MaeMbIX KujKocreir. Beeném cucremy koopiaunar Ox1rexs, KECTKO CBsi-
3aHHYIO ¢ 00/1aCThIO ), TaKUM 00pa30M, ITO 0ch O3 HATPABIEHA TPOTUB
JeWCTBUs CUJIbI TIXKECTH —ges, g > 0, a Ha9aJI0 KOOPAUHAT HAXOIUTCS
B obmacru (). 3ajada 0 MaNbIX JABUKEHUSX CMECH B CHUMMETPU30BAH-
HOIT (popMe ONMMUCHIBAETCS CIEAYIONIEH CUCTEMON YPAaBHEHNH, TPAHMIHBIX
¥ HAYAJBHBIX YCJIOBUIL:

aui c}/?pi 1 n 1 n
=V ) — oo 2 Luw+ -3 ai(e —u) +
Pi0 j=1 Pi0 j=1

ot }
10
dpi V2
a[: = _L/Q div(piow;), (t,x) €[0,400) xQ, i=1,...,n,
Pio

w, - n=0, (Tin)xn=0, (¢z)e€]l0,+00)x I,
w;(0,z) = ud(x), pi(0,2)=pd(x), i=1,...,n.

(3

rie ui:ui(t,x):(uﬂ(t,x);uig(t,x);uig(t,x))T (x=(z1;22;23) € Q) —
TOJTe CKOPOCTEH i—0if KOMIIOHEHTBI CMeCH (CHMBOJIOM T O0O3HAYEHA OTe-
pauys TPAHCIHOHUPOBaHuUs), p; = p;(t, L) — WIOTHOCTD i—0if KOMIIOHEH-
THI CMecH, pio = Pio(0) exp(—gc;1x3), rae pio(0) — cranmoHapHasi TIOT-
HOCTb ¢—# KOMIIOHEHTHI CMeCH B Hadaje KOODIUHAT, a;; = aj; = 0 —
KO3 PHUIMEHTHI, OTBEYAIOINE 33 WHTEHCHBHOCTH OOMEHA HMMITY/IHCOM
Mmexkay cocrasisionumu cmecu, f; = £;(¢,x) — uzBecTHOE MasoOe 1O-
Jle BHELIHMX MACCOBBLIX CHUJI, HaJIO?KEHHOEe Ha I'PaBUTallMOHHOE I0Jie,
T; = T;(t,x) — Tensop Hanpskenuit, L;; := —1;; A—(p;;+Aij) Vdiv —
g depeHIraNIbHBII OepaTop TEOPUH yIPYTOCTH. MaTpHIIbl BAZKOCTEH
M = {Hij}?,jzl u A= {Aij}?,jzl MOTIUHEHBI CJIETYIOIIUM YCAOBUSIM:
M > 0, 2M + 3A > 0.

Ipusenénnas cucreMa € I'PAaHMYHBLIMU U HAYAJLHLIMU YCJIOBUAMU
TpakTyercs B BUAE 3amaq9n Komm ¢ 3aMKHYTBIM omepaTtopoM A B HEKO-
TOPOM THJILOEPTOBOM MPOCTPAHCTBE H:

dg

= A F@), €0 =¢".

(© Baxopa [I.A., 2023
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Onpenenenne. CyuwecmeeHHvim CNeKMpom 3aMKHY TOIO OLEPATOPA
A Ha3bIBAETCS MHOKECTBO Tegq(A), cocTosimmee n3 Tex A € C, myst KoTo-
poix oneparop A — AZ He aBisercs HpearoIbMOBBIM.

Tlonoxum P = {&ijci,{)io(.ﬁg)}zjzl, R := {51‘]‘/)1‘0(563)}?7]-:1.

Teopema. ITycms epanuya 0S) obaacmu ) He A6aseMCA NOGEPT-
nocmuio epawsenus. Cnexmp o(A) onepamopa A pacnoaoorcen na deti-
CMBUMENLHOT NONOAHCUMENLHOT NOAYOCU 30 UCKAIOYEHUEM, OBIMb MO-
oHCEM, KOHEWHO20 YUCAL KOMTACKCHO—CONPAHCEHHBLT COOCTNEEHHHLT 3HA-
yeHUll Koneunot anzebpauyeckoll Kpammocmu, a

Oess(A) = {A € C: det (A2M +A) — @) =0, =€ Q}.

Mnoorcecmso o(A) \ dess(A) cocmoum u3 usosuposarnsz cobemeen-
HOLL 3HAYEHUT KOHEwHOT aA2e6paueckots Kpammocmy u codepacum nood-
nOCALO08AMEALHOCTND € ACUMNINOMUNECKUM TOBEIEHUEM

A () = BB (1 4 0(1),  k — o0,

1 _1 1
C::W/Ccr(R 5(2M + A)R %)
Q

_3
2

+20(RTEMR ) ) e,

YrBepKAEHUE, AHAJIOIMYHOE [IPUBEJIEHHOMY B TEOPEME, JIJIst IDAHU Y-
Horo ycioeust npununanus (Jdupuxise) nokaszaHo B [1]. Ormernwm, duro
B [2] pemmaercst BOIPOC O CYIIECTBOBAHHUE CJIAOBIX OOOOIIEHHBIX perrre-
HUil HETMHEHHONH HAYATHLHO—KPAEBOH 3a7a49M, OMMCHIBAIOIIEH OAPOTPOI-
HOE JIBUKEHUE CMECH HECKOTbKUX CXKUMAEMbIX BI3KHUX KUJIKOCTEH.

JIureparypa

1. Bakopa [I.A. CrekrpasbHable CBOMCTBA OMEPATOPA B 33,1a49€ O KOJIe-
GaHusIX CMecU Ba3KUX ckumaeMbix kujkocreit / LA, 3akopa // dud-
dbepennmanbubie ypasuennsa. — 2023. — Ne 4. — (B neuaTn).

2. MamonTos A.E. Pa3permuMocTs HeCTAIMOHAPHBIX YPaBHEHUH MHO-
FOKOMITOHEHTHBIX BSI3KMX CXKHMaeMbIx kujakocreil / A.E. MaMoHTOB,
J.A. Ilpokynun // Uss. PAH Cep. marem. — 2018. — T. 82, Ne 1. —
C. 151-197.
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PEAJIN3AIINS PEKOMEHJIATEJbHON CUCTEMBI
IMOJIb30BATEJIbLCKUX ITPEJAIIOYTEHUN
HA OCHOBE CUHIVJIAPHOT'O PA3J/IO2KEHU A
MATPUI]
M.E. 3asasbiraeBa, /I.C. BypnamieB, O.. ITapdenoBa
(Boponex, Boponexkckuii rocy1apcTBeHHbI yHUBEPCUTET)
zalygaeva@math.vsu.ru

B nmammoit pabote pazpabaTbiBaeTCs U peansn3yercs Ha a3bike Python
AJITOPUTM PEKOMEHIATETLHON CHUCTEMbI HA OCHOBE CHHIYJISIDHOIO BEK-
TOPHOI'O PA3JIOKEHUsI, & TAKYKE OLPEJIEIIeTCs €r0 TOYHOCTD € HOMOIILIO
verpukn RMSE.

Uccnenyercs 3amaua 0 HaWIydeil PEKOMEHTAIUN IS OTPEIe/IeH-
HOI'O TI0JIb30BaTesIsi HEKOTOPOro npoaykra (obbekra). Pexkomengaresin-
Has CHCTeMa Ha OCHOBE CHHIYJISPHOrO passioxenus marpui (SVD pas-
JIOXKEHUSs!) LO03BOJIIeT LOJIy4aThb [l KAXkKJO0IO 10J1b30BATeJsl CUCTeMbl
CBOM JIMYHBIE PEKOMEHIAINY, TAKUE KAK MOUCK TPOIAYKTOB (0OHEKTOB),
CXOXKUX C TEMHU KOTOPBIE BHICOKO OIEHUJI TTOJIH30BATENb; PEKOMEH AN
npoayKToB (0OOBEKTOB) HA OCHOBE IIPECKA3aHUs PEHTHHIOB HE TPOCMOT-
DEHHbBIX IIPOAYKTOB (0ObEKTOB).

Tak>ke Omarogapsi CKOpoCcTH pabOThI MPOrPAMMBI PEIIAETCS BOIIPOC
TaK HA3BIBAEMOTO <«XOJOIHOTO CTAPTa». HOBOMY TMOJIB30BATENIO TIPEI-
JIaraeTCsl Ha BHIOOP JIMOO BBECTH B IOJIE MOMCKA JIIOOMMBbIE OOBEKTHI U
OIIEHUTDH WX, JUOO eC/id JIIOOMMBIX OOBEKTOB HET — BBIOPATH COOTBET-
CTBYIOIINH MYHKT B TPap)UIECKOM MEHIO.

[Iporpamma mocse mosiydenue JAHHBIX T00ABJSIET MOJIb30BATENS B
6a3y JaHHbIX U PACCUUTHIBACT MATPUILY PEKOMeHAauuil upoaykroB (06b-
extoB) u SVD pasnoxenne. Takxke SVD passiozkenue perraer mpodaeMy
Pa3pPEKEHHOCTH MATPHUIIBI OIEHOK MOJIH30BATEIEH.

JIureparypa
1. wupsectep C. NnnexkcupoBanme ¢ TTOMOIIIHIO
CKPBITOTO CEMaHTUIECKOTO aHaJIN3a. / C. Hwupsecrep,

C. [iome, T. Jlampaysp, [I. @®epnac, P. Xapmman //
ZKypuan Awmepukanckoro obmecra uadopmaruku — 1990. — V. 41.
P. 391-407.
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CPABHUTEJIbBHBI AJITEBPANYECKUI AHAJIN3
" ITIPOTPAMMHASY PEAJIN3AIINA ®VTHAHCOBBIX
MOJIEJIEVI MAPKOBMUIIA, TOBUHA U IITAPIIA
M.E. 3asmbiraeBa, A.A. 3oisiorapesn
(Boporex, Boponexkckuii rocy1apcTBeHHbIN yHUBEPCUTET)
zalygaeva@math.vsu.ru

B nmamnoit pabore paccMaTpUBAIOTCA MOIEIN (PUHAHCOBLIX MOpPTdhe-
seit Mapkosuna, To6una n IITapma [1] ¢ TOYKHM 3peHust yCIOBHOI ONTH-
MU3aIAU U METOJa MHOKHUTENEH Jlarpanka myist HaXOXK IeHNst MUHAMY Ma,
dYHKIMM pUCKa, a TaKyKe paspabarbIBAIOTCA alrOPUTMBI /I pealn3a-
LUK Tpex JIaHHBLIX Mojlesieil Ha A3blKe nporpaMmmuposanus Python.

Vcxonnble 3aady ONTUMM3AIMKE CBOAATCS K PEIICHUI0 CHCTeM JId-
HeJHbIX ypaBHeHUI U UCC/IeJI0BAHUIO BOILPOCA CyILECTBOBAHUS UX pelle-
HIil TIPY Pa3JIMYHLIX N3MEHCHUAX HAYAJILHLIX JTAHHBIX. JIaHHAA 3373494
TIPEJICTABIIACT AKTYAJbHBIA MATEMATUIECKAN HHTEPEC, T.K. MPeXKIe, T10-
BHIUMOMY, HE M3y9IaJIacCh.

JIureparypa
1. Rubinstein M., Markowitz’s Portfolio Selection: A Fifty—Year
Retrospective. / M. Rubinstein // Journal of Finance. — 2002. —
V. 57. — 1.3. — P. 1041-1045.

TEOPEMA EIVHCTBEHHOCTUA JJId OJHOTO
KJIACCA TICEBAO—/IN®PEPEHIIMAJIBHBIX
YPABHEHUN
10.B. Bacopun (Bopouex, BI'Y)
York-York-York-1960Q@Qyandex.ru

Iycts z, £ — Toukn R™, D = {D,...D,}, Dy = —id/0xy,
k=1,...,n. Obo3uagum uepe3 Z(R™) npocTpaHCTBO NPOOHBIX aHAJIU-
truaeckux GyHKIWi (), Taknx, 9ro ux Gypre—o6passr $(€) € CF(R™),
a gepes Z'(R™) — npoiictBennoe k Z(R™) mpocTPAaHCTBO TaK HA3bI-
BAaEMbIX GHasumuieckur gynryuonaros u(z) : Z(R") — C (cm.,
Hamp.,[1]). Yepes M oboznaunm kiacc mnceBno—auddepeHimanbHbIx
oneparopos P(D) : Z'(R") — Z'(R™), KOMMyTHUDYIOIIUX CO CABATAMU
U NefCTBYONHX TI0 TTPABHITY:

(P(D)u(z))(§) = P(&a(s),

© Bazasiraesa M.E., Bosorapes A.A., 2023
(© Bacopur 10.B., 2023
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rue P(€) € C°(R™) u, kak 0ObIYHO, HA3BIBAETCS CUMBOAOM OIEPATOPA
P(D) (B Tom cayvae, ecin P(§) sieasiercst mommaomom, P (D) mpezcrap-
JnsieT coboit OOBIUHBIN anddEepEHITNANIBHBIA OMepaTOpP C MOCTOSHHBIMHI
koaddunumentamu). Ilomoxum, nasee:

N(P)={{eR": P(§)=0}
— MHOKECTBO BCEX BEIeCTBEHHBIX Hyseil cuMBosa P(£).

Onpepnenenne. Ilycrs P(D), Q(D) € M¢. Ecmu N(P) C N(Q),
MBI GyieM TOBOPHTH, uTO oneparop P(D) nodwunen oneparopy Q(D) n
nucare nipu 3tom: P(D) < Q(D). Ecim xxe N (P) = N(Q), To MbI Gynem
roBoputb, 4o oneparopbl P(D) u Q(D) sxeusasenmmus, u nucarh npu
srom: P(D) ~ Q(D).

Taxkuwm obpazom, knacc Ilycrs M pasbubaercs: Ha KJ1acChl SKBUBaA-
nearaoctn Mo ((N)), rae muaoxecrso N = N (P) onpenensiercs KakuM—
mmbo mpencrasurenem P(D) knacca Mg (N).

Paccmorpum Teneph 1Ba Mpon3BoNbHBIX onepatropa P(D) u Q(D) u3
M (BO3MOXKHO, MPUHA/IIEKAIINX TBYM PAa3HBIM KJacCaM SKBHBAJIEHT-
HOCTH) ¥ JBa ypaBHeHus B Kiacce Z'(R™):

P(D)u(z)=0, x€R", (1)

Q(D)u(x) =0, zeR", (2)

rae u(z) € Z'(R™), n 706aBUM K KaXKJOMY W3 3TUX YPABHEHWI OHO U TO
JKe OrpaHnYeHue (YCao8ue PeeysapHOCIU PEWEHUR HA DECKOHEUHOCTNU,):

U(Du(z) = 0(|z|™*), 2 — oo, (3)

rae U(D) € Mg, A = 0, cumboa 0(-) moxer o3uadarh o) wim O(+), a
cama orenka 0(-) MoxKeT ObITh Kak PaBHOMEDHOIl, TaK U MPOCTOM OIeH-
KOIi 110 HECKOJIbKUM HAIpaBJeHUsM (MM BOOOIIE 110 OJHOMY HalpaBJie-
uuio). IIpu sToM orpanmvenwe (3) nonnmaercd B craboM cMmbicie (T.e.,
B cMbicjie Teopun pacupezesenuit). Hakonen, orpanudenue (3) moxer
LPEJCTABIATh CODOH KaK €JIMHCTBEHHOE OrPAHMYCHHUE, TAK U CHCTEMY
OT'pPAHUYEHU.
Jloka3bIBaeTCS CELYIONee YTBEPK ICHUE.

Teopema. Ecau P(D) < Q(D), mo us moezo, wmo 3adaua (2),(3)
umeem eduncmeentoe (MPUEUAALHOE) PeweHUe, CAOYem %Mo u 3a0a4a
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(1),(3) makorce umeem eduncmeennoe (MpueuarLHOE) pewerue, 6 u3
mozo, wmo 3adaua (1.3) umeem needuncmeennoe pewenue, caedyem,
wmo u 3adasa (2),(3) umeemn needuncmeennoe pewenue.

Ecau P(D) ~ Q(D), mo aubo obe sadawu (1),(3) u (2),(3) ume-
10M MOALKO MPUBUAALHOE Pewserue, Aubo obe 3adawu (1),(3) u (2),(3)
uMeNm HeeduncmeenHoe pewenue.

3ameuanme. bBosee mpocroit ciyuait quddepeHnuaabHbIX Onepa-
TOPOB € MOCTOSAHHBLIMA KO3(MDHUIMEHTaAMH, TEHCTBYIOIIAMA B IIBAPIEE-
ckom npocrpancrse S’ (R™) pacupezeseHuii yMEPEHHOIO POCTa OAPOOHO
pasobpan FO.B.3acopunbiv B pabore [2].

JIureparypa

1. Xépmammep, JI. K Teopun obmmx muddepeHnualbHbIX OIepaTo-
poB B uacTHbIX npousBogubix / JI. Xépmanzaep. // M.: U3a-Bo. unocrp.
aut. — 1959. — 190 c.

2. Bacopun FO.B. O reopemax eJMHCTBEHHOCTH I yPABHEHHUN B
YACTHBIX TPOU3BOMHBIX W YHUBEPCAIHLHOCTH YCIOBUSI PETYISIPHOCTH Pe-
mennsi Ha Geckoneunocrn / FO.B. Bacopun // Becrauk BopoHekcko-
ro rocymapctBennoro yumpepcuterta. Cepus: ®@usmka. Maremarwka. —
2021. — Ne 3. — C. 48-58.

SAJAYU TPAHUYHOT O YIIPABJIEHUSA
C HEJIMHEHBIM YCJIOBUEM!
M.B. 3BepeBa, M.!. Kamenckuii (Boponex, BI'Y)
margz@rambler.ru, mikhailkamenski@mail.ru

Ba1aun TPAHUIHOTO YIPABJIEHUS KOJI€OATETHHBIMY IPOIECCAMU JIJIsT
YIOPYTUX CUCTEM HA OTPE3KE B CJIydae JIMHEWHBIX TDAHUYHBIX yCJIOBUIM
uzydanuch B paborax B.A. Unbuna, E.J. Mouceesa u ux yueHukoB. B
JOoKMame OyayT o0CYyKAAThCA 3a74a9a IPAHUTHOTO YIPABIECHUSA KOIeOa-
HUASIMH CUCTEMBI CTPYH HA rpade — 3Be3/e C HeJIMHEHHBIM yCJIOBUEM B
y3Je, & TAKzKe 33/1a49a I'PAHUYHOIO yIIPABJIEHUA JIBY MEPHBIMU KOJIeOaHu-
SIMH CTPYHBI C HEJTMHEHHBIM KPAEBBIM YCJIOBUEM.

IIpuBenem 3amaqay Ha rpade — 38e31e. IIpenonokum, 4To B MOJIOKE-
HAW DABHOBECHS CHCTEMA M3 N CTPYH PACIOJIOXKEHA BIOJb IeOMeTpude-
ckoro rpada — 3Be31bI ¢ pebpaMu OJUHAKOBOI IUHBL. JIOMOTHITETHHO

1 Paora mepBoro aBTopa BHIIOJHEHa IpH (BUHAHCOBOH momgepskke MHUHHCTEp-
cTBa npoceemenus Poccuiickoit @enepanun B pAaMKaX BBIIIOJIHEHUS TOCYAAPCTBEHHOTO
3aaHusA B cdepe Hayku (HoMmep Tembl QRPK-2023-0002). PaGora BTOpOro aBTopa
BBINTOJIHEHA, npu (PUHAHCOBON moageprkke Poccuiickoro Haydnoro poHIa B paMKax
HAy4YHOTO IpoekTa Ne 22-71-10008.

© 3sepesa M.B., Kamencknit M.11., 2023
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B y3Ji€ yCTaHOBJICH OIPaHUYUTE/Ib HAa KOJe0aTeIbHbIH mponecc. B cBoio
ouepeib, OrPAHUYUTE> MOKET TIEPEMEIAThCA B MEPHeHIUKYISIPHOM K
IJI0CKOCTH rpada HANPABJIEHAW TAK, YTO €r0 JBUKEHHE 3a/IaHO OTOO-
paxenuneMm C(t) = [—h,h] + £(t). O6oznaunm depes u(x,t) onpeeseH-
HyIo Ha rpade QYHKIUIO, OMMCHIBAIOILYI0 OTKJIOHEHHE CTPYHHON CHCTe-
MBI OT HOJIO?KCHHs PABHOBECHSA B TOYKE ' B MOMeHT BpeMennu t. Cyzke-
nue u(x,t) Ha pebpa Gyaem obosnadarh uepes u'(z,t), i = 1,2,...,n.
Beenennas napaMeTpusalys CTaBUT B COOTBETCTBHUE Y3y Tpada TOuKy
x = [, a rpaEnYHBIM BepimmHaM cooTBeTcTBy0T * = 0. B x07€ KOIe0a-
TETBHOTO MPOIECCa Y3I0Bast TOUKA CTPYHHON cucrembl u(l, t) HAXOIATCS
BHyTpU orpanuuuress, T.e. u(l,t) € C(t). [Ipu 3rom npu conpukocHoBe-
HUM C PAHUIEH OrpaHMYUTE/NsS IPOMCXOJUT COBMECTHOE JBHXKCHHE y3-

JIOBO# TOYKU C OTPAaHUYIUTETIEM. Takum o6pa30M, BBITIOTHAETCA YCJIIOBUE

> %ix(l’t) € NC(t) (u(l,t)), Tae MHOXKECTBO
=1

New(u(lt) = {§ € RY:¢-(c—u(l,t) <0 VeeOt)}

obo3Havaer BHenmHWH HOpManbHbIH KoHYC K C(t) B Touke u(l,t). Mare-
MATHYECKASA MOJEIh 33490 NUMEET BH/T

0<z<l,0<t<T(i=12..n)

Tpebyerca naiitn byskmun p'(t) € Wa[0,T] (i = 1,2,..n) Takue,

4T0
ui(l-, T) = *! (SL‘), (ui)g('%T) =9 * (CC),

rae o' € W30,1], vx* € L?0,1] — 3ananubie Gynknuu. Bygem npemo-
narath, ato dynkmmn £(t) u ¢'(r) yaosaersopsaioT ycaosuio Jlummmina
Ha CBOUX OOJIACTAX OIPEICTCHHS.

Teopema. ns T < [ pewenue 3anauu (1) oupeneseHo eauHCTBEH-
HBIM 06pazoM. OyuKIHM (1) JOMKHBI UMETh BUJL

Hi(E) = 36 (0) ~ B (T — 1) o (T — 1),
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IIpu stom myst Beex ¢ = 1,2,...,n HadaJbHbIE W (PUHATHHBIE TAHHBIE
3a7a97 JTOJPKHBI OBITH CBA3aHBI MEXKTy cOOO0iT paBeHCTBAMU

w(z)fcp*i(x)+<pi(:c7T)z(), T<z<l,

bei(z)+ o (2) — '@ +T)=0, 0<a<I—T,
@(x)-ﬂp*i(x)—2gO(T+w—l)+¢i(2l—x—T)EO, I-T<z<l.

3nmech g Kazkmoro 1 = 1,2, ..., n epe3 Yt o003HaYeHa mepBoOOpasHasd
st QyHKIUK %", yIOBIETBOPAOIIAA PABEHCTBY

Pxi(ah) — ¢ *' (w) + @' (25— T) =0,

x} € [T,1] — ukcuposan. @yuknus go(t) — pemenue sweeping nporecca

~gh(1) € Noo (o) + = > (L= 1)t € 0,1
0(0) = (), o
o(l) = e1(l) = p2(1) = ... = pn(l).

PA3SPEIIIMMOCTbD 3AJAYU KOIIIN
AJIdd OBBIKHOBEHHOT' O IM®PEPEHIINAJIBHOT O
YPABHEHUNS ITIEPBOTO IIOPSAJKA B COBOJIEBCKUX
IIPOCTPAHCTBAX!
B.T. 3Barun, A.C. ApcearbeB, M.B. Typ6un (Boponex, BI'Y)
zvg_vsu@mail.Tu, arsenyandre@gmail.com, mrmike@mail.Tu

B runpoauHaMuke [1iist OnpeesieHus TPACKTOPUil IBUKEHUST KUITKO-
CTH HEOOXOMMO PEIIuTh CJAeAYIONTyio 3amady Kormmm:

0X
yr v(t, X), tet,T], X0)=20€QCR", n=23 (1)

W3 teopembr [Mukapa—/lunnenéda mssecrro, 9ro ecau QyHKIUI v
HEIPEPbIBHA 110 COBOKYIHOCTU MEPEMEHHBIX U YJIOBJIETBOPSET YCJIOBUIO
JIummwia mo mepeMenHoit X, TO CyIIEeCTBYET rII00aJIbHOE PEIeHne 3a,/1a-
qu (1).

1 WMcenenosanme BHIMOIHEHO 3a CYeT rpamTa POCCMBCKOro HayaHOro homma
Ne 22-11-00103, https://rscf.ru/project/22-11-00103/
© BBarmu B.I'., Apcenrbes A.C. Typ6un M.B., 2023
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IIpu 3TOM B peasibHBIX MPHUIOKEHUSIX BO3HUKAIOT 33/1a9H, B KOTO-
pBIX (QYHKIUA v TPUHAAIEIKUT TOJHKO CODOIEBCKUM TTPOCTPAHCTBAM.
Paspemmumocts 3amaun (1) B xmacce C([0,T], L,(Q)™) mns dbynkunun
v € Ly([0,T],W,()™) Buepssie Gbuia ycranosiena B paGore [1]. Ha
OCHOBE 3TOi PabOTHI B JaJabHeHIIeM ObLIa CO3IaHa TEOPHS PEryaspHbIX
JIATPAHKEBBIX ITOTOKOB, KOTOPas HMCIOJb3YeTCa BO MHOTUX OOJIACTSX, B
YaCTHOCTHU B 3aJa49aX I'MJIAPOJUHAMUKH.

B 1oknane paccMaTpHBAETCS DPA3PEIINMOCTE CJIEYIOMeH 3aJatn
6am3Koit K 3amade (1).

t

2(t, to, o) = o —I—/ v(s, 2(s, to, wo))ds. (2)

to

OCHOBHBIM PE3yJIBTATOM SBJISETCS CIEAYIOMAS TEOPEMA.

Teopema 1. ITycmo
v € Ly(to, T; WHP(Q)™), 1< p< o0,

dive € Ll(to,T; LOO(Q)) n=2,3.

Tozda 3adavwa (2) umeem eduncmeennoe pewenue z € C([tg, T]Ly(2)™).

s moka3aresibCTBa TEOPEMbI PACCMATPUBAEMAs 33349 ATMPOKCH-
MHPYETCs TAKOH Ke 331a49ei HO ¢ TIaAKOH (PYHKIMEH v, U yCTaHABIMBA-
€TCs PA3PeNIuMOCTb YTOM 3aJa4r. 3aTeM HA OCHOBE AIPUOPHBIX OLEHOK
YCTAHABJINBAETCA, YTO PEIICHUE ANITPOKCUMAIIMOHHON 3318491 CXOOUTCA
K DEIIeHuto 3a7a4u (2) Opu CTPEMJICHUY [MapaMeTpa allpOKCUMAIMA K
mymo. Ilocie gero moka3eiBaeTCa €IMHCTBEHHOCTD PEIIEHUA PACCMATPH-
BaeMOi 3aJla4y JJIg 4ero CyIIEeCTBEHHO HUCIOJIb3YeTCd OrPAHUYEeHHOCTb
divv 10 Hopme Lo ().

JIurepaTtypa
1. DiPerna R.J. Ordinary differential equations, transport theory and
Sobolev spaces / R.J. DiPerna, P.L. Lions // Invent. math. — 1989. —
V. 98. — P. 511-547.
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PA3PEIIIIMOCTDb HAYAJIBHO-KPAEBOW 3AJTAYN
JIJISI HEOJHOPO/JIHOM HECKUMAEMOM MO/IEJIN
KEJIbBUHA-®OWI'TA [IPU OTCYTCTBUN
OTPAHUYEHUA CHU3Y HA HAYAJIBHOE SBHAYEHUE
IIJIOTHOCTNI!

B.T. 3Bsarun, M.B. Typ6oun (Bopouex, BIT'Y)
zvg_vsu@mail.ru, mrmike@mail.ru

HeomHopomaubie HeCXKUMaeMble JKUIKOCTH, HA3BIBAEMbBIE TaKKE
HECXKUMAEMBIMU YKHUJIKOCTSIMU C MEPEMEHHON MIOTHOCTHIO, AaKTUBHO HC-
CTIEIYIOTCS € CEPEIUHBI TPOIILJION0 BeKa BILIOTH JI0 Hammwmx auei. Ilepas
MMOCTAHOBKA 33/1a49u O CJIabbIX perenusx s cucrembl Hare—Crokca ¢
[IEPEMEHHOM JIOTHOCTHIO ObLia npejoxkena A.B. Kaxkuxossim B pabo-
re [1]. B maHHOll MOCTAHOBKE MPEANOIAraeTCs, YTO HAYAIBHOE YCJIOBHE
Ha MJIOTHOCTH OTJEJIEHO OT HYJIS, TO €CTh CyIIeCTByeT KOHCTaHTa, 1m > 0
takas, 1410 p(z,0) = po(x) = m, po € Loo(2). Ilpu sToM mpennosozke-
arn KaXuxoBbIM B yKa3aHHON paboTe JOKA3aHO CYIIeCTBOBAHUE CJIa00T0
pelieHus JIjisi PACCMATPUBAEMON 3a/1a4u.

B patore Cnumona [2] myst c1aboit MOCTAHOBKY 331a4M JJIsT CHCTEMBI
Hasne-Crokca ¢ mepeMeHHOH MIOTHOCTHIO ObLIa MPEITPUHATA, TIOMBITKA,
OTKa3aThCs OT OTAECTUMOCTH OT HYJIsi HAYATBHOTO YCIOBUS HA MIIOTHOCTb.
ITpu aTOM BBOIMTCS IPYTOE, HA CAMOM JIejie HIN3KOE IO CMBICTY, OTDAHU-
genue po € Loo(2),1/po € Lg/5(£2). Jannoe yciosue obo3nauaer, 4ro pg
HE MOYKET 0OPAIATHCS B HOJIb HA, MHOYKECTBE MOJIOKUTEILHON Mephl. Ho
OTKa3 OT OTIAEJMMOCTH HAYAJIHLHOTO YCJIOBHUS OT HYJIs TPUBET K HEOOXO-
JMMOCTH 33/IaBaTh HAYaJIbHOE YCJIOBHE Ha MPOU3BEIEHUE TIJIOTHOCTH HA
CKOPOCTh pv B Gostee ciaabom cmbiciie. CTOUT OTMETHTH, 9TO PEIeHue,
nostydennoe CUMOHOM sIBJIsieTCs perierreM B cMbicie KaxkuxoBa.

C dusuyeckoit TOYKY 3peHUs TAKOE OIPAHUYEHIE HE UMEET CMbICIA U
00YCJIOBJIEHO UCKJIIOUNTEIHHO METOIaMU JI0KA3aTeIhCTBA. JIJIsl CHIIBHBIX
perernit Hecxknmaemoii cucrembl HaBpbe—CTOKCa € TepeMeHHOH MI0THO-
cTbio 6e3 Kakux—uOo orpanndenuit O.A. Jlagsokenckoit u B.A. Comno-
HHUKOBBIM B [3] OBLTIO JOKA3AHO CYIIECTBOBAHHME CHIBHBIX PEIIeHuit (rio-
GaJIbHBIX B JIBYMEPHOM CJIy4Yae M JIOKAJIbHBIX B TPEXMEPHOM CJIydae Wld
rI00AbHBIX B TPEXMEPHOM CJIydae, HO JJIs MAJIbIX JAHHBIX 3aa4H).
OcHOBOII JIJIs1 OTKa3a, OT YCJIOBUSI OTAETUMOCTH 3J€Ch SIBJISETCS HErmpe-
PBIBHOCTH MPOU3BEIEHUST PU TI0 BPEMEHHU B CIIy9Yae CUIbHBIX PEIeHuil u
OTCYTCTBHE TAaKOTO (pakTa M5 CIa0bIX PEIeHNUHH.

1 Wccnenosamme BEIIOJHEHO 33 cueT TparTa Poccmiickoro maydusoro domza Ne
22-11-00103, https://rscf.ru/project /22-11-00103/
© 3BBarmn B.I,, Typbun M.B., 2023
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B mnocnennee BpeMsi aKTUBHO HCCIAEAYIOTCS MOJETH HECKUMAEMON
HEOTHOPOIHON JKMIKOCTH [JIsi HEeHBIOTOHOBCKUX JKuAKocTeit [4,5,6]. B
ca0BIX MOCTAHOBKAX 33734 B 9TUX PAbOTAX MPEIMOJIAraeTcs, 9TO Ha-
9aJIbHOE YCJIOBHE HA TJIOTHOCTH OT/IEIEHO OT HyJsA. B aToM mokiaze pac-
CMATPUBAETCsl HAYATBHO — KpaeBas 3aJada I HECXKUMAEMOH MOJIETn
Kenbpuna—®@oiirra ¢ mepeMeHHO# II0THOCTHIO 0€3 YKa3aHHOIO YCJIOBHSI.

IIycrs 2 — orpammuennas obiacts B R, n = 2,3 ¢ J0CTaTO9HO
rimazkoii rpanuneit 0, [0,7],0 < T < o0 — MPOMEKYTOK BPEMEHH,
Qr = Q x [0,T). PaccmarpuBaercst HadaJlbHO—KpaeBasi 3a/ada:

0Av
pat +p2vz . — 11 Av — py 5
t
—/G(t,s)Av(s)derVp:pf, (2,1) € Qr; (1)
0
+Z 8331_ 0; divv=0, (x,t) € Qr; (2)

o) = a(e), phoola) = pola), TED don=0. ()
31ech v m p ITO CKOPOCTH U TUIOTHOCTH YKUIKOCTH, P — JABJIEHUE,
a f — mnorHOCTH BHemHUX cui. Oyuxmus G(t, s) mpencrasisier coboi
CyMMY 39KCIIOHEHT B OTpI/IILaTeJIbHOI'/'I CTEIIEHU N XaPaKTepUu3yeT MmaMATh
JKUJKOCTH, KOHCTAHTa fi3 > 0 XapakTepu3yer BpeMs 3ana3abiBanus. 0 <
po(x) < M, tne M — nonoxuTe/ibHasg KOHCTAHTA.
Bsenem mpocTpancTBa

Wi ={u:ueC(0,T], V')« € Ly(0,T; V") }

Ei={0:0€ Lo(Qr), 0" € L2(0,T; H () } -
Bynem npeanosnarats, ato a € VY, pg € Loo(Q), a f € Lo (0, T, VO).
Omnpenenenne 1. ITapa gynryui (p,v) € E1 X W1 nasweaemes caa-
OvLM peueHueM HawaALHO — Kpaesol 3adavwu (1)—(8), ecau daa a0boz20
0 € VY unpun.e. t€[0,T] ona ydosaremsopsem pasencmey

/pv wdx + Z /pvla <pjdx+u1/VU Vpdz

Q hi=1g

+u2/VU’ : Vgpdx+/G(t,s)/Vv(s) : Vpdzds = /pf(pdx,
Q Q
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daa mobozo b € HE(Q) u npu n.e. t € [0,T] ydosaemsopsem paserncmey

(') — Z/Pvi% dz =0,

i=1 ¢

a maxoice nauaavrum ycaosuam: v(0) = a, p(0) = po.

OCHOBHBIM DE3YJIbTATOM SIBJIAETCS CJIEIYIOIIAs TEOPEMA.

Teopema 1. Cywecmeyem xoms 6vt 00HO CAGOOE PEWEHUE HA%AAL-
no—xpaesot 3adavwu (1)—(3).

JokazareabcTBo IIPOBOJUTCS HA OCHOBE Al POKCHMAIMOHHO—TOIIOJIO-
MYECKOr0 MOJX0/AA K MCCJIEI0BAHUIO 33184 PUAPOJMHaMuUKy [7].

JIureparypa

1. Kaxuxos A.B. PaspemuMocTh HadaabHO-KpaeBO# 3aJadm I
YPaBHEHUN JIBUKEHUA HEOJTHOPOJHON BA3KON HEC2KUMAEMOI 2KHUJIKOCTHU /
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M.B. Typ6un // Ussecrus By3os. Maremaruka. — 2020. — T. 4. —
C. 93-98.

7. 3arun B.I. AnnpokcuMar@OHHO—TONOIOIMYECKUI TOAXOM, K
MCCIIEIOBAHNIO MaTeMaTHIecKux 3azad ruaponnHamukn /| B.I. 3Bs-
ruH // CoBpemeHHast MareMarnka. ®yHIaMeHTAIbHbIE HATIPABICHUS. —
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ACUMIITOTUYECKUE OIIEHKU IIJIOIITA AN
CUMMETPUYECKUX ®YHKIININ B MOJEJIN
KJIETOUYHBIX CXEM
B.C. Buzos (Mocksa, BMK MI'V)

128815 @Qgmail.com

Brepsoie mMozens kiaerounnsix cxem (KC) B «crammapTHOM» Gasuce
n3 GYyHKINOHATHHBIX W KOMMYTAIIMOHHBIX 3JIEMEHTOB, Te TIOJ CJIOKHO-
crpio KC mormmasiace ee miormaas, Obuta npesgoxena B 1967 romxy C.C.
Kpagmossim B [1]. B pabote [3] Gbiam moIydYeHsl yTOYHEHHBIE aCHMIITO-
TUYECKUe BepXHUe U HUXKHUE OLEHKHU JJId ILJIOMAIU CXeM, Peau3yIolux
JletndparTop HOpsJiKa 1, KOTOpble COBLIAJAI0T B LIEPBOM 4JIeHe pas3J/io-

JKEHUs, UMEIOT BUJ N2 - n MOryT CHUuTaThCA aCUMIITOTU-
, an2" 1 (1+0(2 y

YeCKUMH OIeHKaMHu BbICOKO# crenenn tognoctr (AOBCT).

Panee B pabote [4] nccienopanach MHINBUIYAIbHAS CIOKHOCTH CHM-
Merpudeckux dyHKImit. B wacTHOCTH, OBLT JOKA3aH PE3YIIBTAT, U9TO JIFO-
6ast cummerpudeckas GYHKIHA S MOXKeT ObITh peanu3oBana COD ¢ ox-
HUM BBIXOJIOM, CJIO2KHOCTH KOTOPO# ONEHWBAETCA JIMHEHHO OT YHCTIa, TIe-
pementbix L(S) = O(n) upu o1HOBPEMEHHOII OLIEHKE HA [JIyOMHY CXeMbl
D(S) = O(logn).

Ciietyer OTMETHUTh, 9TO AHAJIOIMYHBIN PE3YJIbTAT SBJISETCS TPIMbIM
caegcTBrueM paborsl Jlynanosa [5], B KOTOPOIi MCCI€10BAIUCH ACUMIITO-
THYECKU HAMJIydIIre MeTobl cuaTe3a ¢hopmy. Jlannas remaruka mosry-
qmia pa3suTHe B pabore [6], rae GbLIO MOKA3aHO, YTO BEPXHSST OIEHKA
CJIOXKHOCTH JIJist CUMMeTpudeckux byHKImii cocrasiusier 4, 5n+o(n). W3-
BECTHA TaKXKe W HUKHsS OIEHKA, paBHas 2, bn — ¢, ToKa3aHHas B paboTe
[7].

B nmacrosimeit pabore ucciaemyercs mioma/ib KJIeTOIHON CXeMbl, Pea-
JIU3YIOTIEH BCe BO3MOXKHBIE CHMMETPpHUIECKHe (PYHKITHH, T.€. KJIacC (PyHK-
mmit S, comepsamuit 2" GyHKIEN, KaxK1aa U3 KOTOPHIX OTpeieaser-
Cs1 OHO3HAYHO CBOMME 3HAYEHUS HA T.H. CIOAX OyneBa Kyba, T.e. BCex
TEeX MHOKECTBAX HAOOPAX, IMCIIO €MHAL, B KOTOPBIX MONAPHO COBIAIAET
MexK Ty coboii.

Onpepesienne. Cummerpudeckoii dyukmmein f(n) or n BII Ha-
3piBaeT OyseBa (DyHKIWSA, 3HAUEHWE KOTOPOW HE 3aBUCHT OT IIe-
PECTAHOBKM AapryMeHTOB. VIHBIMEH CJIOBAMH, I BCEX IIEPECTAHOBOK
T = transposition(zy,2s,...,T,) 3HaYeHHe (DYHKIUU HE MEHSETCs

f(@) = flxy,29,...,2,).

© 3Bmzos B.C., 2023
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Bseném gynryuoran naowadu KCP®KD, koropslii gajiee Oyaer ciiy-
JKUTh KPUTEPHEM UX CJIOKHOCTH. [Lmomansio A(X) KIeToaHoi cxemsbr 3
HA3BIBAETCS TUIOMIATH 66 TPSMOYTOIBHOM PEITeTKH,

AX) = (Z)h(X), tae I(X) u h(X) — ropu30oHTANBHBI W BepTH-
KAJIbHBIN JIMHEHHBIE PAa3Mephl PEIIETKU, HABBIBAEMbBIE JAUHOT U 6bLCO-
Mot CXeMbl COOTBETCTBEHHO. Bciomy smajee He orpaHWYIHMBas OOIITHO-
cru Oygem cuurars, 9ro h(X) < [(X). IIpu srom ma cucrempr PAJI
F = (f1,..., fm) 3 Pi*(n) onpenennm, Kak obbrano, Beanunny A(F),
paBuyio muaEMaIBHON oM KCPKD, peanusyomux F, KOTOPYIO
OyJeM Ha3bIBATH M.A0Wa0b10 (CI0KHOCTBIO) cucTeMbl F.

Teopema 1. [Inga mwromamun KCOKD 3, peanusyromeit cucremy
BCEX CHMMETPUYECKUX (DyHKIWH, BEPHA BEPXHss OIEHKA ILJIONMIA/INU:
A(X) < 2"t logn.
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ITAPAMETPU3AIINSA 3AJAY 11O AVNCIHUIIJIMHE
«TEOPUY BEPOSITHOCTEN I MATEMATUYECKA 51
CTATUCTUKA» HA TIJIAT®OPME MOODLE
C UCITIOJIb3BOBAHVEM MHCTPYMEHTAPUA
JUPYTER NOTEBOOK
A .XO. 3ounorapeBckuit (Mocksa, ®unancoBblil yHUBEpCUTET)
artyom@zolotarevskiy.ru

B coBpementoMm mupe obydenue crasio 6osiee JOCTYIHBIM OJIarogapsi
pa3BuUTHIO WHMOPMAUOHHBIX TexXHOJOoruil. OIHUM W3 Ba’KHBIX WHCTPY-
MEHTOB B 00/acT oOpa3oBanus saBasgercs miargopma «Moodles , koTo-
pas mO3BOJISIET CO3/1aBaTh U MPOBOAUTH OHJIAWH-KYPCHI 110 PA3IAIHBIM
gucruimmaaMm. OHOM U3 TaKuX JIUCHUILUIAH sBisgercs «Teopus BeposT-
HOCTEl ¥ MaTeMAaTHIECKas CTATUCTUKAY.

s noBbimenus 3HGHEKTUBHOCTH METOINIECKOr0 00ECTIeYeHNs U CO-
MPOBOXK/IEHUsT YKA3AHHON AUCIMILIMHBI ABTOPOM Pa3padoTaHa CHCTEMAa
«TaskGenerators KoTOpasi yIpoIIAeT MPOIECC MapaMeTPU3AIUN 33149
¥ 1OCJIEY FOILY IO MX HHTErPALMIO B CUCTEMY yipasienus o0ydenuem. Ho-
Basi CHCTEMa, TO3BOJISIET T€HEPUPOBATH 33A9M JIFO0OH CIOKHOCTH JIHC-
[UTIVHBL, BKJIIOYAs PA3JIHIHbIE PACIPEIE/ICHNsT KAK JUCKPETHBIX, TAK U
HEMPEPBIBHBIX CJIYYailHbIX BEJIMYNH, 8 TAKXKE BHIOOPKHU U3 MHOTOMEDPHBIX
pacupeesieHuil Ajid WX MOCIELYIONEro CTATUCTUIECKOTO aHAINA3A.

[Ipencrasmentoe perenne 0ObLEINHSIET B IUHOM KOMTLJIEKCE BCE TTpe-
WMYIIIECTBA CUCTEMbI KOMIBIOTEPHOM BepCTKY « TEX», BBICOKOYPOBHEBO-
T0 S3bIKa MPOrPAMMUPOBAHUS 001Iero HazHadenus «Pythons u cucrembr
BBIUUCJIUTEIbHBIX HOYTOYKOB «Jupyter Notebooks, npu 31OM HU B 4éMm
HE OIPAHWYMBAs II0Jb30BaTEeH.

Paspaborannasi cucrema MO3BOJISIET CO3/IABATh JK3AMEHAIHOHHBIE
OMJIeTHI, JIEMOHCTPAIIMOHHBIE BAPUAHTHI, IIPOBEPOYHBIE PAOOTHI, Pa3/ia-
TOYHBbIE MATEPUAJBI KaK B BUJIE OTJeJbHOTO «PDF'» mMOKyMeHTa, TaK U
C BO3MOKHOCTBIO MOCIEAYIOMeH nMILIeMeHTanun B cucremy «Moodles.
IIpu 3ToM web—Bepcruu BapHAHTOB MOJHOIEHHO HOAAEPKUBAIOT IEPEHO-
CBI CJIOB , & 33 HADOP MATEeMATHYECKUX CUMBOJIOB oTBeuaer «MathJaxs.

© Bonorapesckuit A.10., 2023

Odwnnansusrit catit LMS «Moodle> — https://moodle.org/

JomarmHsis ctpanutia npoekTta « TaskGenerators ¢ IOJIb30BATEIbCKUMU UHCTPYK-
nusAMHu — https://github.com/artyom-zolotarevskiy/taskgen. O6 omubkax ciemy-
eT coobmaTk B pazjeie «Issuesy, TuOO Ha MIOYTY aBTOPY.

Ilepenoc cioB paboTaeT mO TOMY K€ AJATOPUTMY, UTO HCIONbL3YeTCs B CHCTEME
<«TEX», koropslit npemoxkun M.JI. @paHKINH 1 OIUCaAJI B CBOel nuccepranuu « Word
Hy—phen—a—tion by Com—put—ers.
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[Mapamerpusarnuu MOJIEKUT HE TOJBKO YCJIOBHE 3aJa9d, HO W Ca-
MO DpeITieH#e, YTO CHJIHHO YIPOIIAET W YCKOPSIET MPOIECC MPOBEPKU pa-
6or. Ilpu 3TOM TIPOBEPKY YUCIEHHBIX OTBETOB OepeT Ha cebs cucrema
«Moodles ¢ BOBMOXKHOCTHIO HACTPOUKHM JOMYCTUMO ITOTPENTHOCTH.

ABTopckas cucrema npenocTapiser yaoOHbIH pabounii IpoLecc mo-
JIEPXKKH JIMCHUILUIAHBI. Bu3yajbHOE MPEJICTABICHUE 3aJaHWi OTIEEeHO
OT JIOMKH Hapamerpu3anuu. JJanHbie 3a/1a9 XpaHATCH B IAIKAX, KOTO-
pbleé MOYKHO CTPYKTYPHUPOBATh IO TeMaM u pasnaenam. Mepapxus mamok
OTIPEIeNIAeTCS TOJIb30BATEIEM U HUYEM He OrDAHUYIHUBAETCS. BO3MOKHO
HA3HAYEHWE BECOB, ONMPEIEIAIONINX BEPOITHOCTD BLIOOPA TON WM WHON
3a/1a91 B MOMEHT COOPKH BapPUAHTOB, YTO MAET COCTABUTEIIO JOCTATOYU-
HYTO TUOKOCTD JIjIst YCTAHOBJIEHUSI CJIOKHOCTU OHIIETOB.

Takke TMIaHUPYETCsT Peaan30BaTh TEHEPAIINI0 TAPAMETPU30BAHHBIX
daitnoB «Jupyter Notebooks. Takue mHTEPAKTHBHBIE HOYTOYKHM TO3BO-
JIAIOT O0BEIUHUTH TEOPETUYECKUN MATEpHUaJl U MPAKTUIECKHAE 33TaHU,
9TO [IEeJIAeT MPOIece o0ydeHus Oojiee MHTEPECHBIM 1 3P (PEKTUBHBIM.

B zakutiouenue, MOXKHO CKa3aTh, 9TO HAPAMETPUBAIUS 33144 SBIISTET-
cst 9P PEKTUBHBIM CITOCOOOM IPEIOTBPAIIEHNS CIUCHIBAHUS CO CTOPOHBI
CTYIEHTOB, KOTOPOE SIBJISIETCS CEePbE3HOM MpOoOIEeMOil HA TEKYIUil MO-
MEHT H€ TOJIBKO MIPY MIPEMOIABAHNN JUCITUTIINHBI « Teopust BeposTHOCTEH
¥ MATEMATHYECKas CTATUCTUKA», HO U B POCCUICKON cucreme 0Opa3oBa-
HUS B IIEJIOM.

JIureparypa

1. Bomorapesckuii A.FO. PythonTEX kak ocHOBa aBTOMaTHYECKOH CH-
crembl reHepanun 6anka 3axa4 / A.JO. 3onorapesckuit // CoBpemennas
MaTeMaTHKa W KOHIIEMINH WHHOBAIMOHHOTO MaTeMaTHIeCKOro 00pa3opa-
musa. — 2022. — T. 9, Ne 1. — C. 214-219.

2. Franklin M.L. Word Hy-phen—a-tion by Com-put—er:
dissertation / M.L. Franklin // Department of Computer Science,
Stanford University. — 1983.

3. Cervone D.P. MathJax: A Platform for Mathematics on the Web /
D.P. Cervone // Notices of the American Mathematical Society. — 2012.

4. Hoftich M. TgX4ht: BTEX to Web publishing / M. Hoftich //
TUGboat. — 2019. — Vol. 40, Ne 1. — P. 76-81.
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O HECTAHJIAPTHOW KPAEBOW 3AJTAYE
JIJId CUCTEMBI SJIJIMIITUYECKNX YPABHEHUI!
I1.B. 3y6koB (Mocksa, HIY «M3U»)
ZubkovPV@mpei.ru

PaccmarpuBaercs B orpanunuennoit obsactu G C R™, n > 1, ¢ rnaa-
Koit rpanurieii I kpaesasi 3a7a4a JIst CUCTEMbBI JITUIITUIECKUAX YPABHE-
HUHA BTOPOTrO IOPAIKA

"0 ou -
_ Z 37% (aij(m)ﬁo:i> =h(z), z€aG,

i,5=1

/F<ﬁ|p7¢>dv=o,

o .
—| =ag(y),yeTl.
ov |
3aech U — BEKTOP—KOHOPMAJDb, KOI(PUIUEHTDI G, () — CKaJIIpPHBIE

byHKINA, YI0BIETBOPSIONINE HEPABEHCTBAM

n

ij=1
MpH JTIOOBIX BEMIECTBEHHBIX &1, ...,&,. VICKOMBIMU BeTUIMHAME B ITOit
3agade saBidorcs Bekrop—byukuud @(z) = (ui(x),...,us(z)) u yucio

a € R'. Hanporus, GyHKimonas E(x) € (Wzl(G))* u rpanudHas HyHK-

- 1/2
s F(y) € WQ/ (T") 3amanbL.
OueBuuno, eciiu G(y) = 0 1oYTH BCIOLY, TO 331248 ABJAETCS KJIACCH-
veckoii 3anaqeit Heitmana. ITpeamnonoxnm, uro @(y) — HETPUBHAIBHBIH

1/2
3JIEMEHT MIPOCTPAHCTBA W2/ (D).
Pemenve 4(x) uierca B npoCTpaHCTBE

Wi, = {aw ewi@): [ (iepa =0},

SIBJISTOIIMMCS siTPOM (DY HKIIMOHATIA CJIea PyHKIMN 5(@ € WHQ) ra-

KOIf, 9TO 5($)’ =@(v),v €T
r

1 PaBoTa BBINOSHEHA IPH TOIEPKKe MUHUCTEPCTBA HAYKH M BBICHIEro 06pa3o-
Banud P® (mpoexr Ne FSWF-2023-0012).
© Bybkos IL.B., 2023
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Onpenenenne. Iapy (id(z) € W3, (G),a e RY) 6ydem masmeamv
craboim pewenuem 3adawu, ecau oas aobot dynkyuu U(z) € WHG)
CTPABEIAUBO UHMELPANLHOE PAEEHCTIEO

/G 2”: ag;(x) <§)Z7 882) dx — a/F (B, ¥lp) dy = <ﬁ’ g>’ (1)

2,j=1

2de <f_i,17> — 3HaYEHUE PYHKUUOHAAAD he (W%(G))* na Pynryuu (x).

ITpu BeIGOpe DyHKIME F(7), YAOBIETBOPAIOIIEH YCIOBUIO

/F(@E)dw:O ve, 2)

331498 WHBAPUAHTHA OTHOCHTEJILHO a/AUTHBHON MOCTOAHHONH BEKTOD—
bynxuun @ B Tom cmbicae, uro mapsay ¢ pemennem @(z) € Wa (G)
dbyuxims @(x)+ ¢ TakKe TPUHAIIIEKHUT TPOCTPAHCTBY Wi(p(G) U TaK¥XKe
SIBJISIETCS PEIIEHIeM JTOM 33/[a4u.

Bynem cumrars yenosue (2) Bbinosnnenusiv. Torma mosaras () = ¢
B ToxecTBe (1), momydaen, ar0 dbyHKIHOHAT A(T) T0JKEH yI0BICTBO-
PATH YCTIOBUIO

<ﬁ, 5> —0, (3)

KOTOPOE, CJIeI0BATENIHHO, SBJISETCS HEOOXOJMMBIM YCJIOBHEM pPa3periu-
MOCTH 33/1a4U.

CrpaBeyinBa ClEmYIONAs
Teopema. /Jlas moboli pynkyuu G(y) € W21/2(F), ydosaemeoparowet
yeaoswo (2), u awbozo dynkyuonara h(z) € (W;(G))*, ydos.aemeo-
parousezo yeaosuto (3), cywecmeyem eduncmeennoe (¢ MowHOCMBIO dO
addumuenoti nocmosannoti sexmop—dynryuu ¢) caaboe pewenue 3a0a4u.

JIurepaTtypa

1. Jlampokenckas O.A. JIuneitHple W KBa3WIWHEHHbIE ypaBHEHWS
snmmnrrdeckoro tuna [/ O.A. Jlagbokenckas, H.H. Vpambnesa. //
M. : Hayka, 1973. — 576 c.

2. Oy6unckuit FO.A. O anpax (yHKIHOHAIOB Clea W TPAHHIHBIX
3azadax reopuu 1o Ha wiockocru / FO.A. dy6uunckuii // Tpyapl ma-
remarudeckoro uucruryra um. B.A. CreksoBa. — 2021. — T. 312. —
C. 158-169.

182



PEINIEHUE 3AJJAYN VIIPABJIEHUSA CIIEKTPOM
B JINMHEMHON JIVMHAMWYECKON CUCTEME
C.I1. 3y6oBa, E.B. Paenkaa (Boponex, BI'Y, BIJITY)

spzubova@mail.ru; raetskaya@inbox.ru

YupassieHue ClieKTpOM B CHCTEME
z(t) = Ax(t) + Bu(t), t € [to,tx], (1)

xz(t) € R*, wu(t) € R™, A:nxn, B :nXm,OCylecrBisercs c
moMoIpio Marpunbl K obpaTHOil CBsi3u, TAKOi, ITO

u(t) = Kx(t). (2)

SaiaHbl IPOU3BOIBHO 1 3HaYeHu (; € C, KOMILIEKCHO YHOPSIOY€H-
HBIX.

Tpebyercs mocrpouts K, Takyo, 9T0 crekTp o marpunbl A + BK
COBIIQIA€T C MHOYKECTBOM [i; :

o(A+ BK) = {pi}isy- (3)

Perienvie Takoit 3a/1a41n 0COOEHHO aKTYAJIbHO TIPH MMOCTPOEHUH CTabu-
JIM3UPYIONUX YIPABJICHUS W COCTOSHUS JIUHAMUIECKON CHCTEMbI, KOT/a
Tpebyercsi, 4To0bl crabusmsupyroiee cocrosinue (t) ObICTPO CTpeMu-
JIOCh K HYJIIO C POCTOM T :

lz(@t)] <c-e ™, w>=0.

Ckopocrb ybbiBanus (t) 3aBUCUT OT PACIIOJIOKEHUS [i; B JIEBOH 110-
JIyILIOCKOCTH KOMILIEKCHOH 110cKOCTH. [103TOMY roBOpsAT 0 Ha3HAYEHUH
CTIEeKTPa, 00 yIPABIEHUN CIIEKTPOM.

Nssecrna [1]

Teopema. Jlaa paspewumocmu 3adavwy (1) — (8) neobrodumo u do-
cmamouno, wmobs napa (A, B) 6viaa ynpasasemot.

Oanako GOpMy/Ibl st IIOCTPOEHUS MATPUIBL K HOJIyYEHbBI I1032Ke
JIPYTUMHU aBTOPAMHU JIMIIb JJIsi YACTHOrO ciaydas m = 1.

Merox KacKaIHON JEKOMIO3HUINH, Pa3pabOTaHHbIH B [2]—[8] myst mu-
POKOrO Kpyra 3a/1a4, II03BOJISeT MOCTPOUTh K [Ijisi MIPOU3BOIBHOTO M.

JL1st 3TOTO ypaBHEHNE

(A+ BK)v =\,

© Bybosa C.II., Paeukas E.B., 2023
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C HeM3BeCTHBIMU K W v pPAaCIenisieTcs Ha IBa yPABHEHUS, B OIHOM W3
HUX W3BECTHO TOJBKO K, B Apyrom Toabko v. CHawasa ompeaensioTcs
v = v(\), IOACTABIAIOTCS ClOma A = u;, ¢ = 1,2,...,n, 3aT€M CTPOUTCS
K.

IIpuBomurcsa mpumMep mocTpoeHusi K i yIPaBIEHUS IBUKEHHEM
CILyTHHUKA TI0 9KBATOPUAJIBHON OpOUTE BOKPYT 3EMJIH.

JIureparypa

1. Kalman R.E. Topics in Mathematical System Theory /
R.E. Kalman, P.L.. Falb, M.A. Arbib // MC Craw Hill Book Company. —
New York. — 1969.

2. Zubova C.II. Solution of the multi—point control problem for a
dynamic system in partial derivatives / S.P. Zubova, E.V. Raetskaya //
Mathematical Methods in the Applied Sciences. — New York. — 2021. —
Vol. 44, Ne 15, P. 11998-12009.

3. 3ybosa C.II. Pewienne oOparHHbIX 3a/a4 /il JIMHEHHBIX JMHAMU-
Jeckux cucreM Kackaaueim Meronom / C.IL. 3y6osa // Hokmaxet PAH. —
2012. — T. 447, Ne 6. — C. 599-602.

4. 3yo6osa C.II. Perenne 3ajadu ynpaBieHus: Ijis JTUHEHHOU Je-
CKPUIITOPHON CHCTEMBI C TPSIMOYTOJIbHO—MATPUIHBIME KO DUIHEHTA-
mu / C.II 3y6osa // Maremarudeckue 3amerku. — 2010. — T. 88,
Ne 6. — C. 884-895.

5. Zubova C.II.Construction of Controls Providing the Desired
Output of the Linear Dynamic System / S.P. Zubova, E.V. Raetskaya //
Automation and Remote Control. — 2018. — Vol. 79, Ne 5, P. 774-791.

6. Paenkas E.B. UccieoBanue CHHIYISPHO BO3MYIIIEHHONW CHCTEMbI
ympaenenusi / S.P. Zubova, E.V. Raetskaya // Becruuk TamGoBckoro
yauBepcurera. Cep. :EcrecTBennbie u TexHndeckne Haykn. TamGoB. —
2018. — T. 23, N\e 122. — C. 303-307.

7. Zubova C.II. Algorithm to solve linear multipoint problems
of control by the method of cascade decomposition / S.P. Zubova,
E.V. Raetskaya // Automation and Remote Control. — 2017. — Vol. 78,
Ne 7. P. 1189-1202.

8. Zubova C.II.IlocTpoenne ynpaseHus JJjis MOJyYeHUS 3aaHHOTO
BeIxoga B cucreme HaOmonenust / C.II. 3ybosa, E.B. Paenxas // Bect-
muk TamboBckoro ymmpepcurera. Cep. :EcrecrBeHHble W TeXHUYECKHE

nayku. Tam6oB. — 2015. — T. 20, Ne 5. — C. 1400-1404.
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O CIIEKTPAJIbBHBIX ®VYHKIINAX OIIEPATOPA
JANPAKA HA MHOTOOBPA3UAX
C JOMEHHBIMI CTEHKAMMNI!
A.B. UsanoB (Caukr-Ilerep6ypr, IOMU PAH)
requll @mail.Tu

Teopema Arbu—3unrepa—Ilaromu 00 WHIEKCE CBA3BIBAET WHIEKC
omeparopa Jlupaka ®Ha MHOroobpaswy C TpaHUIEH C WHTErPAJIOM OT
mirorHocTu [IOHTpsIrMHA 1O BHYTPEHHEH dYacTu MHOrooOpasus u ¢ 17—
MHBAapUAHTOM BCIIOMOIaTe€bLHOrO oneparopa dupaka Ha rpaHuue. 1o
COOTHOILIEHUE BECbMAa IIPUMEYATE/bHO C TOYKHM 3PEHHMH TeOPeTHYeCKON
bu3UKY, MTOCKOIBKY MIOTHOCTH [IOHTpATHHA SIBJISETCS JIOKAJIHHOM aKCH-
asbHOM aHoMasmeit A njepa—besna—/Ixxekusa. [Ipu 370M MOKHO MOKa-
3aTh, 9TO 7)—WHBAPUAHT OMPEIEITeT AHOMATUIO Y€THOCTH.

OrHOCUTE/IBHO HEJABHEH 1 JOBOJILHO ILJIOJOTBOPHON uIeeil saB/isieTcs
pacupocrpaHeHye TeopeMbl 00 HHIEKCe HA KOH(PUIYPALMIO THUIIA, [IOMEH-
HOIM CTEHKHU, KOTOpAsl BCTPEYAETCS B PA3JIUIHBIX (DU3UIECKUX MPUIIO-
KeHusgx, Hanpumep, B dpeppomarueruke. COrjiacHO mMOAXOny u3 PabOTHI
[1] mOMeHHBIE CTEHKH ONPENENSIOTCS KaK HOMHOroo0pasne, Ha KOTOPOM
MPOUCXOIUT CKAIOK KoddumumerToB oneparopa Iupaka.

Janublit 10K1a/1 HOCBsIeH pe3ysibraram u3 pabor [2,3], B KOTOpbIX
JIOKA3bIBAETCsT 000DINEHNE TEOPEMbI Ha, CAydYail, KOrIa KOMITOHEHTHI PH-
MaHOBOI CBSA3HOCTH ¥ CBsA3HOCTH AHra—Mmiijica HCIbITHIBAIOT CKAYOK HA,
MOAMHOr0o00pa3nn Kopa3MepHocTu 1.

JIureparypa

1. Vassilevich D.V. Index Theorems and Domain Walls /
D.V. Vassilevich // JHEP. — 2018. — V. 1807. — 108 p.

2. Ivanov A.V. Atiyah-Patodi-Singer Index Theorem for Domain
Walls / A.V. Ivanov., D.V. Vassilevich // 2020 J. Phys. A: Math.
Theor. — 2020. — V. 53. — 305201

3. Ivanov A.V. Index Theorem for Domain Walls / A.V. Ivanov //
2021 J. Phys. A: Math. Theor. — 2021. — V. 54. — 095203

1 Pabora apTopa moameps:Kana MEHECTEPCTBOM HayKH M BBICIIETO 06DA30BaHHL
P®, rparr 075-15-2022-289, u ®oHgoM Pa3BUTHS TEOPETHIECKOH (DU3UKU U MaTe-
matuku «BA3UC», rpanr «Mosogas Maremaruka Poccuns.

(© Usarnos A.B., 2023
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IJIAJKOCTD OBOBIIIEHHBIX PEIIIEHUN
IIEPBO KPAEBOW 3AJJAYN
JJId JNPPEPEHIIMAJIbHO-PASHOCTHOT O
YPABHEHUS C IEPEMEHHBIMU
KOS®PUITEHTAMMN!
H.O. UBanoB (Mocksa, PY/IH)
noivanovl @gmail.Tu

Ha unrepsane Q = (0,d),d=N+6, N € N, 0 < § < 1 paccmarpu-
BaeTcd 3a7a9a,

—(Rov)' = f(z), ze€Q, (1)
0(0) = v(d) =0, )
f € Ly(Q) — KOMILJIEKCHO3HAYHAS byHKIHIA u

RQ = PQRIQ : LQ(Q) — L2(Q), rae IQ : LQ(Q) — LQ(R) —
ormepaTop TpomoKeHust Hylnem dyHkipn u3 Lo(Q) B R\ (Q),
Py : Ly(R) — Lo(Q) — oneparop cyzxenus pyunkuun u3 Lo(R) ma @, a
pasuoctabiii oneparop R : Ly(R) — Lo(R) onpexnesnen no ¢dpopmyie

Zbl v(z +1), (3)

I=—N

rae by(z) € C*(R) — xommzexcHosHaqHbIE DyHKIMN.
O6osnauum uepes R, = Ry(z), € @Q,, Marpuily LOpsIKa
N(a) x N(«), ¢ snemenramu

r%(m) =bj_i(z+i—1), zeR, (4)

roe i,j5 = 1,...,N(a), m a — HOMep Kjacca MOILIHTEPBAJIOB, MOy Yae-
MBIX BBIOPACHIBAHMEM OPOUT KOHIIOB HHTEPBAJIA (), MTOPOXKIAEMBIX TPYTI-
TO# TeJIOYUCIEHHBIX ¢ABUroB; a = lnpu = 1lua=1,2npu 0 < 0 < 1;
N(1)=N+1, N(2) = N.

IIpenmonoxkum, 4TO BBHIIOIHEHO YCIOBUE

Re(Ra(2)Y,Y)en = cllY [[Enc, (5)

aaaBcex T € Q,, a=1,2mY € CN(®) e ¢ > 0 He 3aBUCHT OT T 1
Y.

1 PaGora BBITIOJHEHS IpH HOLmepKKe MHHECTEPCTBA HAYKH M BEICIIErO 00pa30-
Banud Poccuiickoit ®enepanun (Merarpant coraamenue Ne 075-15-2022-1115).
(© Usaros H.O., 2023
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JlokazaHO CyIECTBOBAHMWE €IWHCTBEHHOTO OOODIIEHHOTO PEIeHHUsT
paccmarpuBaeMoit 3amaun. VccaemoBaHbl yCJIOBHSI Ha MPaBYHO YacTh
ypaBHEHU S, 00ECTIEINBAOIINE TJIATKOCTH ODOOIIIEHHOTO PEIIEHNS HA BCEM
unrepsajie = (0,d), a uMeHHO, JOKA3aHO, YTO B CIy4ae OPTOrOHAJIb-
HOCTH 1IPaBoil YyacTu B Lo((Q)) KOHEYHOMY YHCILy JMHEHHO HE3aBUCUMBIX
dyHKIH 0000IMIEHHOE pelleHne 330a4Md MPUHAIIEKUT ITPOCTPAHCTBY
Cobosnesa WZ(Q).

Amnasornunbie pe3yabTaThl Ijs TIepBO KpaeBoi 3amaun st Jud-
depeHnnaIbHO—PA3HOCTHOTO YPABHEHUS C MOCTOSHHBIME KOdDdUImen-
tamu GbLIM HOTyYeHbl B pabore [1], a B ciyuae Bropoil Kpaesoil 3a1a4u
Jnst audPepHITHATEHO—PA3ZHOCTHOTO YPABHEHUS C MEPEMEHHBIMEA KO3(]-
dunmenramu B padorax [2], [3].

JIureparypa

1. Skubachevskii A.L. Elliptic Functional Differential Equations and
Applications/ A.L Skubachevskii // Basel—Boston—Berlin : Birkh&user,
1997. — 298 c.

2. Ckyb6auesckuit A.JI. O6 0DODINEHHBIX PEIIeHUusSX BTOPOH Kpae-
BO#l 3asaum ayst auddhepeHnuaIbHO—PA3HOCTHLIX yPABHEHHN C Iepe-
MeHHBIME Kodbdunnentamu / A.JI. Ckyb6avesckuii, H.O. panos //
CM®H. — 2021. — T. 67, Ne 3. — C. 576-595.

3. CkybOaueBckuii A.JI. O6 00OOIEHHBIX PEIEeHUAX BTOPO KpaeBoit
zagaan ansa auddepeHnuarbHO-Pa3HOCTHBIX YPABHEHUN C MEPEMEHHbI-
mu kodddunpenramu Ha unrepsaie Heuesoi auuubl /A.JI. Ckybaues-
ckuit, H.O. UBanos // Marem. 3amerku. — 2022. — T. 111, Ne 6. —
C. 873-886.

O PABPE2KEHHBIX ITPUBJIN2KEHNAX PEIITEHN A
JINHEMHBIX CICTEM C OPTOT'OHAJIBHOM
MATPUIIEIN!

.M. U36sakoB (Camapa, Camapckuii ynusepcurer)
iliya-izbyakov@mail.ru

B macrosmee BpeMsi akTHBHO pa3pabaThIBAIOTCA HOBBIE METOIbI 00-
padorku mupopmaruu. [Ipu sToM [ co3manns OBICTPBIX AJTOPUTMOB
BOCCTAHOBJICHWST WH(DOPMAIMK [PENOYTEHHE OTIACTC BEKTOPAM, UMe-
oMM HaubOJIbIIee KOJIMYECTBO HYJIEBbIX KOOpJAuHAT. Takue perieHus
Ha3BIBAIOTCS PA3PEIKEHHBIMU.

1 PafoTa BBIIOJHEHA B PAMKAX PeaJH3alUH IIPOTPaMMbI pasBuTHA HaydmHo—
06pa30BaTEIbHOIO MATEMATHIECKOrO IeHTPa [IpuBoKCKOro henepaabHOTO OKPYTa
(cornammenue Ne 075-02-2023-878).

(© WU36akos U.M., 2023
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Paccmorpena npocreiiiinas MOeb MOy YeHHsT PA3PEKEHHOIO MPeJi-
CTaBJIeHUA BeKTOpa—curHaga B RP, ocHoBaHHas Wa cmcreMe JIMHEAHBIX
YPaBHEHWI ¢ OPTOTOHAILHON MaTpurieil. I3ydyaemasa Moaenab He MO3BO-
JISIeT U3MEHSATH PA3MEPHOCTh MCXOIHBIX JTAHHBIX, OJHAKO C €€ TIOMOIILIO
MOYKHO HCCEI0BATH 3aKOHOMEDHOCTH TOJIydeHust ux 0ojee pa3peskeH-
HBIX IIPEeJICTABICHUN.

Takue npencTaBiIeHds MOJTYYAIOT MyTEM MPONEAYPbl MUHUMUBAIUN
mesieBo#t (pyHKIuHU, codeTaromnieil B cebe BLIOPAHHDBIN (DYHKIIMOHAT U OT-
KJIOHEHWE OT TOYHOrO perienns. B kauecTse hyHKIIMOHAIA BHIOUPAIOTCS
KBasuHOpMA || - ||o, HOpPMA || - ||1, ¥ €BKINIOBA HOPMA, MOCIETHSIS U3 KO-
TOPBIX HE TO3BOJISIET YBEJIUYUBATD PA3PEXKEHHOCTD MPEICTABICHUS B TO
BpPEMsI KaK JBe JIPYTHe MO3BOIAIOT OATAHCUPOBKON HEBI3KH U TapaMeTpa
A mipr PYHKITHOHAJIE MOJYydIaTh 0OJiee pa3perKEHHbIE PEIleHus.

B pamkax mpoBeseHHOrO WCCJIEIOBAHUS YCTAHOBJIEHA 3aBHCUMOCTH
KOJIMYECTBA HYJIEBbIX KOOPJMHAT OT BHIOPAHHOIO IAPAMETPA A, & TAKIKE
JIaH OTBET Ha BOMPOC TPH BHIOOPE KAKOH 13 JIBYX HODM || - ||1 n KBa3uHOD-
MBI || - 0. TIPH OJITMHAKOBOM TapaMeTpe A MOXKHO MOoJydarh Gojiee pas-
pekenHoe npecrasienue. [IpuBeeHbl TPUMEDDI U TIOCTPOEHBI rpadbuKu
3aBUCHMOCTH 3HAYEHUH KOOPJAMHAT PA3PEKEHHOIO BEKTOPA OT MapaMer-
pa A.

JIureparypa
1. Elad M. Sparse and Redundant Representations: From Theory to
Applications in Signal and Image Processing / M. Elad. — New York:
Springer, 2010. — 396 p.

OB JIJIUIITUNYECKUNX KOMIIJIEKCAX OIIEPATOPOB
B T'MJIBBEPTOBBIX PACCJIOEHUAX
H.P. UsBapuna (Mocksa, PYIH)
izvarinanat@gmail.com

PaccmarpuBaioTCst KOMILIEKCHI OITEPATOPOB, NEHCTBYIOMINX B CEIEHU-
AX THIBOEPTOBLIX paccaoennii. Teopus nceBmonud pepeHmaaIbHbIX Ole-
paropos (II10) uyseBoro nopsiika Ha (QyHKUUAX, IPUHUMAIOIIUX 3HA-
YeHWs B TMIILOEPTOBBIX MPOCTPAHCTBAX, ObUIA TOCTpOeHa B padore [1].
IIycts X — xkomMmakTHOE MHOrOOOpasme. PaccMOTpuM KOMILIEKC Omepa-
TopoB JIIOK, ompemeéHHBIX Ha MHOrooOpasmu X .

0 — L2(X, Ho) 22 L2(X, Hy) 25 ... 5 L2(X, H,) — 0, (1)

(© WUssapuna H.P., 2023
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rae H; — runpbeproBel npocTpaHcTBa, a Pj(z, —i%) — 10 JTiok, x €
X. IlocenorarensHOCTh (1) SARIAETCS KOMIIEKCOM, TO €CTh, djy1d; = 0.
3anuineM CHMBOJIBHYIO MOCIEI0BATEILHOCTD /115t KoMItekca (1).

po(z,£) p1(z,6) Pm—1(2,§)

OHHO Hl

H, —0, (2)

rae p;(x, &) — cuMBon omeparopa P, (x,€) € T*X.
IMocnenoBarenbHOCTD (2), BOOOIIE FOBODSI, HE SIBJIAETCS KOMILJIEKCOM.
Onpenenenne. I[lapamempurcom CAMBOIBHON TOCTEIOBATETBHOCTH

(2) HasbIBaeTCs MOCIIEAOBATEILHOCTD

qo0(z,§) H, q1(z,§) qm—1(2,¢) H

0+«+— Hy m <— 0, (3)

IIe ¢j — CHMBOJIbI KOMIIAKTHON BapUAaIuu, 1
pj-1¢j-1 + q;p; — 1 =k,

rae k; — omeparopHosHadHad (DYHKIUA NOPAIKa —1, IPUHEMAOIIAL
3HAYEHUs B MPOCTPAHCTBAX KOMIIAKTHBIX JIMHEHHBIX OTODPAYKEHM, aeii-
cTByomux Ha Hj.
Onpepesienne. Kommieke (1) HA3BIBACTCH IAAUNMUYECKUM, €CITH
€r0 CHMBOJIbHAS TTOC/IEIOBATEIFHOCTD (2) obasaer mapamerpukcom (3).
Teopema 1. Ecau komnaexc (1) ssrunmuuen, mo on @pedzonrvmos.

JIutepaTtypa
1. G.Luke. Pseudodifferential Operators on Hilbert Bundles. /
G.Luke // Journal of Differential Equations. — 1972. — Vol. 12. — P.
566-589.

YU CJIEHHOE PEIITEHUE CUCTEM
JINOPEPEHIINAJIbBHBIX YPABHEHUI IPOBHOTO
IMOPSIIKA ITPON3BOJIbHOTO MHJIEKCA'

T.C. Uuayukaa (Upkyrck, MJICTY CO PAH)
indutskaya.tat@Qyandez.ru

Paccymorpum cucremy muddepeHnuanbHbIX ypaBHEHU IPOOHOrO Mo~
psaKa
D% (Au(t)) + Bu(t) = f(t),t € [0;1], 0 < a < 1, (1)

1 PaBora BEIIOIHEH] IPK (PHHAHCOBON mogaepxkke PoccuitcKoro Hayasoro pouga
(Ne 22-11-00173, https://rscf.ru/project/22-11-00173/).
© Ungpynkas T.C., 2023
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D (Au(t)) = ug, up € R™. (2)
t—+0
3aecs A, B nocrosuubie (n X n) marpuilsl, npudem detA(t) =0, a u =
u(t), f = f(t) — uckomas u 3a7aHHAS N—MepHbIE BEKTOP—(DYHKIMH, &
POU3BOJHASA TIOHUMAETCs B cMbicae Puvana—/Inysumna [1], T.e.

DUf(t) = ST () = ﬁ 2 / (t— )7 f(s)ds.

0

Hauanbuas 3amada (1), (2) TpaaunuoHHO Ha3bIBAETCH 3aa4ell TUIa
Komw [1]. TIox ee pemenuem 6yeM moHRMATh BeKTOP—QyHKIHIO u(t) €
Clo;1], KOTOpas obpamaer B TOXKIECTBO ypasHerue (1) u yroBneTBopsaeT
HAYAJILHOMY YCIO0BHIO (2).

HeiictBue omepaTropoM uHTerpupoBanus Pumana—J/luysunana [¢
npobuoro mnopsizika 0 < « < 1 ma ypasnenuwe (1) npeoGpasyer 3a-
nagy tuna Komum (1), (2) K uHTErpo—airebpanvyeckoMy ypaBHEHHUIO
tua AGesist

Au(t) + ﬁ

ugt ™«

(t —8)* *Bu(s)ds = I*f(t) + T1—a)

(3)

o

ChopMymupOBaHbl yCIOBHSA, NPU BBINOJTHEHAM KOTOPBIX 337444 THIA
Komm (1), (2) u ee unrerpanbHas ¢dopma (3) UMEOT eAUHCTBEHHOE
HEIPEPBIBHOE DELIEHKE.

ITpengioxken uucsentbiii Meros pernenus 3aaa4du Tuna Komu (1), (2)
NOCTPOEHHBI HA OCHOBe npencrasnenus (3). s Borawcienus uHre-
I'PAJILHOIO CJIAraeMOro MCIOJIb30BAHA KBaAPaTypHas (OpMy/Ia HPaBbIX
MPSIMOYTOJILHUKOB M METOJ, MHTerpupoBanus mponssesennii [2]. IIpuse-
JleM JAHHBIIA aJITOPUTM.

Bamamnm Ha orpeske [0; 1] paBHOMEPHYIO CETKY

. . 1
t; = ih, z:l,---,N,h:N7
u obozuauum f; = f(t;), u; =~ wu(t;), Torga upemaraeMblii MeTo.

UMEET BUJ:

X he &
A + v CBus = sy
U1+F(a+1);(&h,j Uj F(a+1);WZ,]f17
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B KOTOPOM BeCa KBA/IPaTyPHO (POPMYJIbI HMEIOT BHU/T
wij=((i=j+1)"= -4

IIpoBemen anau3 CXOAMMOCTH K TOYHOMY PEIIEHUIO Pa3pabOTaHHOTO
METO/Ia U MPEICTABIEHBI PE3YIbTATHI YNCTEHHBIX IKCIIEPUMEHTOB IIPOBe-
JIEHHBIX HA TECTOBBIX MMPHMEPaX.

JIurepaTtypa
1. Kilbas A.A. Theory and Applications of Fractional Differential
Equations / A.A. Kilbas, H.M. Srivastava, J.J. Trujillo. — Amsterdam;
Boston; Heidelberg : Elsevier Science Publishing. — 2006. — 541 p.
2. Weiss R. Product integration for the generalized Abel equation /
R. Weiss // Mathematics of computation. — 1972. — T. 26, Ne 117. —
P. 177 190.

OB YTOYHEHHOM ®YHKIINN POCTA!
M.B. Kabanko, K.I'. Mamtorun; B.H. Xabubynaun
(Kypcek, KITY; Yda, Uucruryr maremaruku ¢ BIT YOI PAH)
kabankom@gmail.com, malyutinkg@gmail.com, khabib-bulat@mail.Tu

B Teopun nenbix u cybrapMoHHYecKHX (DYHKIME OIHON U3 BarKHEH-
mux IpobsieM sBJSETCS MPOoOJeMa CBI3U MEXKIy POCTOM (DYHKIUU U
pacupeesieHneM HyJel IMe0i WU PaCIpeIeIeHHeM PUCCOBCKON Mepbl
cybrapmonnyeckoit ¢gpyuknuu. Mcropusi Bompoca BocxomuT K A. Ilyan-
Kape M U3BeCTHA Kak mpobisema Ajamapa [1]: npobsiema HaxoxKieHust
TAKWX Y3KUX IJIOTHBIX KJIACCOB (DYHKIHU, C IOMOIIBI0 KOTOPBIX MOXKHO
OIIICHIBATH POCT IEbIX U cyOrapMonmdeckux ¢pyukiuii. B nHacrosmem
WCCIEIOBAHUN MBI PACCMATPUBAEM KJIACCHI ITAJOHHBIX (DYHKIIWN, BBE-
JIEHHBIX B crarhe [2]. BBeleHHOE 311eCh MOHATHE MOJAENLHON (byHKINH
pocTa, OxXBaTbIBaeT OOIBINON Kiace ¢dbyHKnd. OyHKIUN KOHEIHOTO M0~
PSAIKA OTHOCUTENBHO MOJEIbHOM (DYHKITUU, MOI'YT UMETD MOPSIOK POCTA
B KJIACCHMYECKOM €r0 MOHUMAHUY PABHbBIN OECKOHEYHOCTH WJIU HYJIIO.

Onpenenenne 1. Cmpozo nosostcumesvHas Heo2panuvernas Gym-
kuyua M na omxpoimom nosoorcumenviom ayue (0,+00) nasweaemes
Mmodeavnoll Ppynryuet; pocma, ecau rM’'(r) > 0 npu ecex r > 0.

I Mccnenosanue BTOPOTO aBTOPa BBIMOIHEHO 33 CYET rpanTa PoCcHiiCKOro Hayd-
sHoro douga (npoekt Ne 22-21-00012, https://rscf.ru/project/22-21-00012/),
HccnenoBanue TPETHETO ABTOPA BBIIOJIHEHO 33 CI6T IPAHTa POCCHHCKOTO HaydHOTO
douna (npoekt Ne 22-21-00026, https://rscf.ru/project/22-21-00026/).
© Kabarnko M.B., Mamtorun K.I'.,, Xa6buGywmu B.H., 2023
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Onpenenenune 2. Cmpozo nososicumesvras duddepenyupyemas
dynxuyua V. na nexomopom ayye (a,+00) ¢ a > 0 naswieaemca ymou-
HEHHOT PGYHKYUET POCTNG OMHOCUMEALHO MOJeAbHOT PYHKUUY POCTNG
M, ecau cywecmeyem xomsa 0vi 00uH U3 PABHBLL MedHcdy cobol npe-

denos limwz imwz limM:
T7+;°,éW;(T)V(r) rotoo (IWM(r)) — rotoo (Inm(z))

ngloo m!(x)v(x)
aenuro 1 evnykaan na deticmeumensvnot npamot, a v: x — V(e*) dug-
depenyupyeman Ha {lnr: re (a7 +oo)}.

OCHOBHBIE PE3y/IbTATHI MCCIEA0BAHUSA — CJEIyIONIe JIBE TEOPEMBI.
Teopema 1. ITycmv M — modeavhas dyuryus pocma, V. — cmpo-
20 noaoscumenrvras JuPdeperuyupyemas, PYHKUUA Ha HEKOTNOPOM AYHe
(a,4+0) ¢ a > 0. Ixeusasernmmuo, dsa ymeepoicdenus: 1) Pynryus V
— ymounennas Gynryus pocma omuocumesvro gymnxyuu M. 2) Tz
dynryuu ppr(r) == InV(r)/In M(r), nasveaemots ymounenrom nopaod-
Kom Oas V. ommuocumenvro modeavroti pynrkyuu pocma M, cywecmey-
1om npedenvl

€ [0,400), 2de Ppynryus m: x — M(e*) no onpede-

. L InV(r)
1) 0= TLHJPOO pM(T) = TEIEOO m S [O, +OO) U
. M(r) , L InM(r) |, B
2) TEIEOO (1) In M (r)phy(r) = Tglfoo WPM(T) =0.
IIpu evinosnenuu 4106020 u3 IMULT 08YT YMeepsHcoenull Cnpasediussl
asencmea o = lim (r)= lim M
P e= r——+o0 pM T 54 M’(T)V(r) ’

Teopema 2. I[Tycmv M — modeavHasa pynkyusa pocma, A — 6o3pac-

MAWARL CIMPO2O NONOACUTIEALHASA PYHKUUL KOHEWHO020 NOPAJKG OTHO-
cumeavno M 6 mom cmwicae, wmo lLim M = 0 € ]0,400). Tozda
r—oo In M (r)

cywecmeyem ymounennas dynxyua pocma V: r —s (M(r))et¥ () om-

HOCUMEALHO MOJeabHOT Pynrkyuu pocma M, das Komopot
1) pu(r) = 0+9(r) — abcoarommo HenpepwvieHas MOHOMOHHASL PYHK-
- ()
. — Ar
2) Jim v(r) =0, Hm o5
3) Ecau ¢ # 0, mo dymsyuu ¢ u In> M — mornomonnvie npu
r = 1o, M(ro) = e, umernwue pasiusmHse HANPABAEHUS POCTA, U, 6
YACTNHOCTIVY,
=[S0 v | 2RI )
r—00 h M(r)In M (r)
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U 6 smom cayuae A(r) < V(r), a maxorce cywecmeyrom marxue nocae-
dosamenbrocmu Ty, — 00 Uty p, 4MO

lm g = 7p, lim A(tgn) =V(ry).
k—o0 k—o0
JIurepaTtypa

1. Hadamard J. Essai sur 1‘étude des fonctions données par leur
développement de Taylor / J. Hadamard // J. Math. Pure et Appl. —
1892. — Serie 4. — V. 8, — p. 154-186

2. Xabu6ymme B.H. O606imenne yrounenHoro nopsizka / B.H. Xa-
6ubysiun // Hoknaxbt Bamkupckoro yuusepcurera. — 2020. — T. 5,
N1, —C. 1-5.

MOMEHTHBIE ®YHKIINY PEIITEHW 1
CTOXACTUYECKOMN CUCTEMBI
JIN®PEPEHIINAJIBHBIX YPABHEHUN
B YACTHBIX ITPOM3BOJHBIX
JI.YO. KaGannosa (Boponex, BI'Y)
dlju@yandez.ru

Paccmorpum 3amauy Ko myist cucremsr qud dbepeHnnaabHbIX YpaB-
HEHUIT IepBOTrO NOPAIKA

& — A% 4oty + 001, 2), (1)
y(to, 2) = o(2), @)

rnet € T = [to, t1] C R, tg 3amano, y : T xR — Y — nckomoe orobpaske-
Hue, b : TXR — Y — ciaydaiiHbIii BeKTOPHBIIH MpoIece, A — MOCTOSHHBIH
orepaTop, AefCTBYOMUil B IPOCTPAHCTBE Y, Y — KOHEYHOMEPHOE T1PO-
CTPAHCTBO CO CKAJSIPHBIM IPOU3BEIECHUEM < -, - >, £1,E9 — CIydaiiHBIE
pouecesl, Yo(z) — cuaydailHplii BEKTOPHbIL 1IPOLIECC.

Bynmem cumrarh, 9TO MPONECCHT €1, 82 W b 3aJaHBbI XapaAKTEPUCTHIE-
ckuM QyHKIMOHATIOM, T.e. u3BecTeH ¥(v1, v2, v3) = Elexp(ife1 (v (9ds+

T

+if€2(s)v2(s)ds +1 ff< b(s1,82),v3(s1,82) >dsadsy)]. Buech < -, - > 0bo-
T TR

3HAYAET CKAJIpHOE MPOU3BejieHne B Y.

© Kabannosa JLIO., 2023
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C noMompio XapakTepUCTUIECKOro (hyHKIMOHAIA MOXKHO HAXOIUTDH
MOMEHTHBIe (DYHKINK CIydaitHoro mpomuecca [1], Hampnmep,

624p(v1, va,v3)

5p¢(”17 V2, U3)
5U1 (t)5U2 (7')

(5’[)1 (t) = iE[El (t)]7

v1=v2=0v3=0

= —Ele1(t)e2(7)]

v1=v2=v3=0

rae, Halpumep, % 0603HATAET YACTHYIO BAPUAIMOHHYIO IIPOU3BOJI-
HYIO TIO TIEPEMEHHOI v .

Uccnenyemas 3a1a1ua CBOAUTCS K J€TEPMUHUPOBAHHON cucTeme aud-
depeHInaIbHbIX YPABHEHU C YACTHBIMYU W BAPUAIMOHHBIMU TTPOU3BO/I-

e a7 5, 95 . & St
9 _ _ p Oy . 0p ~ . Op
ot ! dv1(t) 0z Zévg(t)y Z(51}3(75,z)’ ®)
g(t()v'z,vl)v?av:i) = E[yO(Z)]"(/}(Ul,’UQ,”Ug), (4)

JIJIST KOTOPOH yaeTcs MOIyYuTh ABHYIO (DOPMYJLy DeIreHus.
Onpepestenue 1. Mamemamuueckum oorcudarnuem Ely(t, z)] pewe-
nus 3adavu (1)—(2) nasweaemca y(t, z,0,0,0), 2de y(t, z,v1,v2,v3) pe-
wenue 3adavu (3)-(4) 6 nexomopotli oxpecmmnocmu mouxu vy = 0,vy =
0, V3 = 0.
Teopema 1. Ecau cayuatinbe npouecco, €1, u b HE3a6UCUMbL, MO~
2da

E[y(t’ Z)] = ¢E2(_iX(tOv t))Ffil(ql}a (_£X(t07 t)A)) * E[yO(z)]+

4 / ey (=i (5, 1) (e, (—EX(5, 1) A)) % E[b(s, 2))ds

ABAACTNCA MATMEMATNUNECKUM odtcudanuem pewenus 3adavwu (1)-(2).
3nech Y, , e, — XapakTepucTuHdeckue (PyHKITHOHAJBL JJIA €1,E2 COOT-
BETCTBEHHO, Fgl — obparnoe mpeobpazoBanue Pyphe, a * — CBEPTKA M0
MepeMeHHON 2.

Kpowme Toro, 6pL1u mosrydenbl sBHbIE (POPMYJIBI I CMEITaHHBIX MO-
MEHTHBIX (DYHKINH ¥ BTOPOW MOMEHTHOW (DYHKIMM PEIIEeHUs MYJIHTH-
IJIMKATABHO BO3MYIIIEHHOTO BEKTOPHOTO MubdhepeHnaibHOr0 ypaBHe-
HUS B YACTHBIX MPOW3BOJHBIX C NBYMS CIIydaiiHbIMEU KOdhdunmenramu
(1)-(2).

JIureparypa

1. Banopoxumit B.I Meroasl BapualnnMoHHOTO —aHajgwW3a |/

B.I". Bagopoxnwmii. // M.—Mxeck : PX/I, 2006. — 316 c.
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2. Bagopoxuuii B.I. MysibTUIJIMKATHBHO BO3MYIIEHHOE CJIy YaiiHbIM
mymoM uddepeHnuaabHoe ypaBHeHne B GAHAXOBOM MPOCTPAHCTBE |
B.I. 3amopoxuuit, M.A. Konosamosa // CM®H. — 2017. — T. 63,
Ne 4. — C. 599-614.

3. Bamopoxuunii B.I. O pemenunn nuneitabix cucrem muddepen-
LUAJIbHBIX YDABHEHWH B YaCTHBIX IIPOU3BOJHBIX [EPBOrO IOpsiJKa |
B.I". Bapopoxkuuii, JI.FO. Kabaunuosa // CM®H. —2021. —T. 67, Ne 3. —
C. 549-563.

4. 3amopoxunit B.I. O cucreme muddepennmaabHbIX ypaBHEHUI CO
caydaitneivu napamerpamu / B.I. 3anopoxunit, I.C. Tuxomupos //
CM®H. — 2022. — T. 68, Ne 4. — C. 621—634.

KPAEBBIE 1 HAYAJIbHO-KPAEBHBIE 3AJTAYU
J1JISI HEJIMHEMHBIX CUCTEM TEOPUUN ITEPEHOCA
N3JIYUYEHUSA I CTATUCTUYECKOT'O PABHOBECUSA

B IIJIOCKO-ITAPAJIJIEJIBHOM CJIOE
A.B. Kaguuuu, A.A. TioxtuHa, A.A. BycaJjyoB
(Huxuuit Hosropog, HHI'Y um. H.U. Jlo6agesckoro)

avk@mm.unn.ru

Mupokuit kjgacc GU3NIECKUX W TEXHUYECKUX 337a9 TPUBOIUT
K HEOOXOJMMOCTH HM3ydeHHs UHTerpo—anddepeHnuaibHbIX yPaBHEHMT
Teopuu repeHoca u3iaydenns. VMaremarndeckue OCHOBBI U BOIIPOCHI IUC-
JIEHHOTO DEIeHNsT COOTBETCTBYIOIINX JTUHEHHBIX 33734 0OCYKIATNUCH B
[1-4]. TIpu yuere B3aMMOIEHCTBUS M3IyUEHUs CO CPEJOii B OTCYTCTBHE
JIOKQJIbHOTO T€PMOINHAMUYECKOTO PABHOBECHUS PACCMATPUBAIOTCS HEJIU-
Helinble cucreMbl uHTErpo—auddepennuanbubix ypasuenuii [4-7]. Oc-
HOBHDIE ACIIEKTHI HEJMHEHHBIX 33734 MOIYT OBITHb OIUCAHBI CHCTEMON
yDaBHEHUIT lIepeHOCa U3/1y YeHHsl U CTaATUCTUYECKOro pasuosecus [6]. Bo-
OPOCHI MATEMATHIECKON KOPPEKTHOCTU U CBOMCTB PEIEeHNUil 3TOH cucTe-
MBI B OPPaHMYEHHBIX 00JIacTAX OB n3ydeHbl B pabdorax [8-11].

B macrosmeit pabore paccMaTpUBaIOTCH TMOCTAHOBKY CTAIMOHAPHBIX
[12-14] ¥ HecTanMOHAPHBIX 3a1a4 /s HEJMHEHHON CUCTeMbl UHTErpo-
muddepeHuatbHbIX YPaBHEHU [IEPEHOCA U3y YeHUs U CTATUCTUIECKO-
0 PABHOBECHS B MJIOCKO—TIAPAJIIEIHHOM CJIOE B KHHETHIECKOM U quddy-
3noHHOM [6] mpubankennsx. C HCMONB30BAHNEM METOJOB TEOPHUH YTIOPS-
JIOYEHHBIX MPOCTPAHCTB [15] M3y9aioTcs BOMPOCHI KOPPEKTHOCTH MOCTa~
HOBOK 33J1a4 W MCCIEAYIOTCs cBoiicTBa pemnternii. OGOCHOBBIBAIOTCS HTe-
PAIMOHHDbIE JIMHEAPU3YIOMNE AJTOPUTMbI PEIIeHUs] PACCMATPUBAEMBIX

© Kamunun A.B., Toxrura A.A., Bycanos A.A., 2023
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zazad. O6CyKIAI0TCS BOIPOCHI YUCTEHHON PEATUBAINN TPE/JIOKEHHBIX
AJITOPHUTMOB.

JIureparypa
1. Baagumupos B.C. Maremaruyeckue 3a1a4u OJHOCKOPOCTHOMR Teo-
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marem.pusukn. — 1964. — Ne 4. — C. 1078-1087.

6. Muxanac 1. 3se3uubie armocdepst / 1. Muxanac. // M. : Mup. —
1982. — 352 c.

7. HerBepymkuua B.H. Maremarudeckoe mMomenmpoBanue 3a1a49 Iu-
namuku usnydatomero raza / B.H. Yersepymkun. // M. : Hayka. —
1985. — 303 c.

8. Kamuuuna A.B. O6 oxHoll HeMHEHHONW KpaeBoil 3ajaue TeOPUH Tie-
penoca usaydenus / A.B. Kamunun, C.®. Moposzos // 2Kypuas Bbrauci.
MaremaTuku u mMarem.gusuku. — 1990. — T. 30. — C. 1071-1080.

9. Kamuaun A.B. O paspemmmvoctu "B nemom"HemuHeHo#M 3a1a49u
nepenoca usiaydenus / A.B. Kanunun, C.®. Mopozos // Juddepenuu-
asibuble ypaaenus. — 1985. — T. 21, Ne 3. — C. 482-494.

10. Kamumama A.B. Cumemannas 3azada i HeCTalMOHAPHON
CHCTEMbl HEJMHEHHbIX uHTerpoAuddepeHualbiblX — ypaBHeHuil /
A.B. Kaguuun, C.®. Mopozos // Cub. mar. xxypuaa. — 1999. — T. 40,
Ne 5. — C. 1052-1066.

11. Kamuama A.B. O nenuneiinoil 3amade /s CHCTEMBl HHTE-
rpoauddbepeHInanIbHBIX  yPABHEHNIT TEOpUH TepeHoca W3JyueHus: /
A.B. Kanmuun, A.A. TioxtrHa // ZKypHAa BBIYACI. MaTeMaTHKNA U Ma-
tem.puzuku. — 2022. — T. 62, Ne 6. — C. 95-106.

12. Kamuuua A.B. O6 ommoit HenmHelHO# KpaeBoil 3amade Teopuu
MepeHoca M3JIyYeHnst B IUIOCKo—TiapajuiesbioM cioe / A.B. Kannunw,
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O YMCJIEHHOM PEIIIEHUU JINHEMHBIX
" HEJINHENHBIX YPABHEHUN
C YACTHBIMU NMHTETPAJIAMMN
B.A. KanurBun
(JTunenk, JITITY umenn I1.II. Cemenosa-Tan-ITanckoro)
kalitvin@mail.Tu

Paccmorpum smmeiinoe ypaBHEHWE C 9aCTHBIMU WHTETPATIAME

¢ d
5) = fl(t,s,T)ac(T, s)dr + [ m(t,s,o)z(t,o)do+

+ff (t,s,7,0)z(t,0)drdo + f(t,s) (1)

Haittu pemtenue ypaBHeHI/IH (1) B SIBHOM BHJIE JIOCTATOYHO CJIIOXKHO,
MO9TOMY AKTYaJbHON 3a/a49eil ABJISeTCs pa3pabOTKa MPUOINKEHHBIX U
YHCJIEHHBIX CXEM DEIIEHUs U CO3/aHIE COBPEMEHHBIX IIPOrPAMM, Pean-
3yIOUX 91U anropuTMbl. OnepaTopbl ¢ YaCTHBIME HHTEIDAIAMU He sAB-
JISFOTCS KOMIAKTHBIMU Jlayke B CJIydae HEHYJIEBBIX HEMPEepPBIBHBIX siiep
I, m,n, TOITOMY NpPUMEHEHHe W3BECTHBIX METOJOB DEIeHUs JIMHEHHBIX
MHTErpaJibHbIX yPaBHEHHI K ypaBHeHUsM (1) TpeGyeTr OCTOPOKHOCTH.

Yacrublii ciaydail ypasaenus (1) umeer Bus
t

td
z(t,s) = [e(r,s)x(r,s)dr + [ [ k(1,s,0)x(r,0)drdo + f(t,s). (2)

a a c
snech t € [a,b],s € [¢,d], bynkuuu c(7,s),k(1,s,0), f(t,s) u f(t,s)
HEMPEPBIBHBI MO0 COBOKYHOCTH MEPEMEHHBIX, 8 WHTErPAIbI MOHUMAIOT-
cs B cmbicie Jlebera. OHUM U3 MOAXOIOB /IS TIOCTPOEHUS AJITOPUTMOB
IpUOJIMKEHHOTO U YUCJIEHHOrO DEIeHus ypaBHeHus (2) sBjisfeTcs mnepe-
XOT K 9KBUBAIEHTHOM 3ama4e Komm m1st mHTErpo—mud hepeHnnaabHOro
ypasuenus Bapbamuna (1IYB)

© Kasureur B.A., 2023
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9rlls) — (¢, 5)a(t, s) + fdk(t, s,0)x(r,0)drdo + fi(t,s)  (3)

C

x(a, 8) = f(aa 3)' (4)

Bagaga Komm (3)/(4) sxBuBasieHTHA HHTErPATBHOMY YPABHEHUIO:

td
= [[r(t,s,7,0)z(r,0)drdo + g(t,s) = (Rx)(t, s) + g(t,s), (5)

C Ha4YaJIbHBIM YCJIOBHEM

[ (&,5)d€
rae r(t,s,7,0) = effc ’ (1,8,0),
c(§,s)d, 5 (5,9)115
fe! 7,8)dT+ f(a, s)e{

IMony«ennoe ypaBHeHHe (5) — nmHeiiHOE WHTErpaJIbHOE YPABHEHHE C
HENpPEPBLIBHBIM siipoM 7 (¢, 8, T, 0') 1 HeNpepbIBHOH (byHKuneit g(t, s), nme-
et eauucTBenHoe pertenne B C(D) [2,3], unciaeHnoe pererne KOTOPOTo
MOXKeT OBITH HaiIeHO, HAIPUMEP, METOIOM MEXaHHIEeCKUX KBAIPATYP.

HOXO}K&H CXeMa MOzKeT 6I)ITI) HCIIOJIb30BaHa. JJ1d PEIIEeHUA HeJInHenl-
HOI'O ypaBHE€HHUA C YaCTHBIM HMHTErPaJIOM

t t rd
z(t,s):/ l(t,s,7)z(7,s)dr—|—/ / m(t, s, 7,0)n(r,0,z(r,0))drdo+

+f(t, ), (6)
raet € [a,b], s € [¢,d], byukunu [, m, n, f HenpepbIBHBI, QYHKIHS 1 Y10~
BJieTBOpsieT yciopuio Jlumuuua: [n(r, o, u) —n(r,o,v)| < nolu—v|, a pe-
LIeHWEM ypaBHeHUs cuuTaercd QpyHkuus u3 npocrpancrsa C(D) Henpe-
peBEBIX Ha D = [a,b] X [¢,d] dynknuit. Henmuneiinoe ypasuenne (6)
C YACTHBIM MHTETPAJIOM W C Oneparopom lammepinTeiina uMeeT €IuH-
creerHoe pemtenre B C(D) [3]. Ypasuenne (6) M0OKHO mpeoGpa3oBaTh
K 9KBUBAJIEHTHOMY HEJIMHEHHOMY JBYMEPHOMY MHTErPAJIbHOMY ypaBHE-
HUIO C HEIIPEpPBLIBHBIM SJIPOM, YIOBJIETBOPAIOIIUM yCIOBHIO JIMIIIUIA.
g TaKuX ypaBHEHHI 000CHOBAHME HCIIONB30BAHUSA METOA MEXaHHJe-
ckux KBazparyp gano .M. Baitnukko [4].

B C(D) ypasrenue (6) SKBUBAJIEHTHO HHTErPAIHLHOMY YPABHEHHIO

t pd
x(t,s)z// k(t,s,7,0)n(r,0,z(7,0))drdo+g(t,s)=(Kx)(t,s), (8)

rae k(ta S, T, O-) = (t,S,T U) - ft (t S Tl)m(TlaSaT)dTla T(ta SaT) =
SOt s, 1), 1®P)(t,s,7) f 1D (¢, s,u)l®V (u, s, 7)du, IV (t,s,7) =
p=1

I(t,7,8), a g(t,s) = f(t,s) — f(f r(t,s,7)f(r,s)dr.
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IIpu 9mCIeHHOM pereHny JIMHEHHOTO NHTErPAIBLHOTO ypaBHeHus (2)
U HEeJTMHEHHOTO ypasHeHus (6) ¢ YACTHBIMU WHTETPATIAME MOYKHO Mepeii-
TH K 9KBUBAJICHTHBIM By MEPHBIM WHTETPATHLHOM YDABHEHUSAM U PEIIATh
UX C MOMOIIIBIO U3BECTHBIX METOIOB YUCJIEHHOTO PEIICHUsl JINHEHHBIX HH-
TerpanbHBIX yPABHEHWI, HAIIPEMED, ¢ IPUMEHEHHEM MEeTOIa MEeXaHude-
CKUX KBaJparyp. JIpyrue aJropuTMbl YUCICHHOTO PEIIEHHS OCHOBAHBI
Ha IPUMEHEHUHM METOJA MEXaHHMYECKMX KBaJIPaTyp U UTEPAIMOHHBIX aJl-
FOPUTMOB K ypaBHeHusiM (2) u (6).

Jng peanu3anmy OTAEABHBIX AJTOPUTMOB YHC/ICHHOTO PEIIeHUs
ypasuenuit (2) u (6) paspaboranbl TpOrpaMMbl Ha, s3bike python, mo-
Ka3bIBAIOIINE JOCTATOYHO XOPOIIUE PE3YIbTaThI.

JIureparypa
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K CIIEKTPAJIBHOW 3AJTAYE
JJIs1 JN®PEPEHIINAJIBHBIX YPABHEHUN
JPOBHOTO MOPAJKA « € (1,2)!
M.A. Kamencknii, B.B. O6yxoBckuii, I'.I'. Ilerpocsan
(Boporex, BI'Y, BI'IIY, BI'VIT)
garikpetrosyan@yandex.ru

B pabore paccmMarpuBaeTcst BOIPOC O CHEKTPE MePUOIUIecKuil 3a1a-
au 11 aupdepeHIuanbHbIX YPaBHEHU APOOHOI0 IOpsiKa B OAHAXOBOM
mpocTpancTBe E, ciemyromnero Buaa

CDgu(t) = Mu(t), (1)

1 ViccnemoBanue BBIIOJHEHO Ipu (DUHAHCOBOM nojaepkke POCCUiiCKOro HayYHOTO
donga B pamMKax HaydHoro mpoexta Ne 22-71-10008.
© Kawmenckuit M.U., O6yxosckuii B.B., Ilerpocsan I'.I"., 2023
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u(0) = u(T), u'(0) = u'(T), (2)
rie CDS‘ — apobuas npoussognas Kamyro nopsaka « € (1,2), a yucio
reC.

Haxoxenue crnekrpa [isi CUCTeMbl OIUChIBaeMOil 3aiadeii (1)—(2)
LIPOU3BOAUTCS C MOMOLIBIO IporpaMmbl B cpese Python 3 u acumnrorn-
YECKUX METOIIOB.
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Anal. —2021. — V.5, Ne 1. — P. 155-177.

8. Kamenskii M. On a periodic boundary value problem for fractional
quasilinear differential equations with a self-adjoint positive operator
in Hilbert spaces / M. Kamenskii, G. Petrosyan, P. Raynaud de Fitte,
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and impulse conditions / V. Obukhovskii, G. Petrosyan, M. Soroka
(Afanasova) // Advances in Systems Science and Applications. — 2021.
— V.21, N 3. — P. 40-62.

10. Soroka (Afanasova) M. On controllability for a system governed
by a fractional-order semilinear functional differential inclusion in a
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HAYAJIbHO-KPAEBAA 3AJJAYA
JJId BBIPOXKJIAOIMIUXCHA ITAPABOJINMYECKUX
YPABHEHUI B KJIACCE XAPIUN
T.B. Kanunpeaa (Mocksa, HIY M)
kapitsynatv@mpei.ru

B mpmnaapraeckoit obmactr @ = Q x (0,T'), rae ocHoBanue ) sBJIs-
ercst 00JIACThIO C JISITYHOBCKOH I'DAHMIEH, pACCMATPABAECTCS BHIPOMKIa-
1onieecs napabo/InIecKoe ypaBHeHne BTOPOro HOPAIKa

6’& n n
ot Z (@ijug,)z; + Zaium +au=f
1,j=1 i=1

¢ koadbunmenramn a;;(z,t), a;(x,t) € CH(Q), a(z,t) € C(Q) n npasoit
gacTbio f(x,t) € Ly 10c(Q). IIpu 9TOM BBIpOXK AeHEe Ha GOKOBOH IpAHUIIE
IpeJinoaraercs TPUKOMOBCKOTO THUIIA, T.e. BBIIOIHAETCHA HEePaBEHCTBO

n
—1
c < Zw:l a;j(z, t)viv; <, x € 0Q,

C HEKOTOPOIl mocTosHuoM ¢ > 0, rue v(r) — BEKTOp BHEIHEl 10 OTHO-
mennto K ) eIMHIYHOM HOpMas K noBepxHocTu Jf) B TOYKE .

Broparca knaccer Tuna Xapau H,, pertenuit 3Toro ypasHeHus, s
KOTOPBIX YCTAHABAWBAIOTCS aHajorn TeopeMm Pucca un JIntinnsyna—IIsmm.
Jloka3piBaeTcs TeopemMa 00 OMHO3HAYHON pPA3PEIUMOCTH TEPBO CMe-
MAHHON 3a[a9¥ B CIydYae, KOrJIa PPAHUYHAS U HAYaIbHasd (DyHKIUA TPH-
HaJIJIe’KaT [IpocTpancTBaM runa Ly,

© Kamuumna T.B., 2023
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O EAMVHCTBEHHOCTH PEIIIEHUS 3AJAYN
JANPUXJIE OJIAd B-3SJIJINIITNYECKOT' O
YPABHEHUSA BTOPOTO ITOPAIKA
A.A. Karpaxosa, B.C. Kynuos (Boponex, B['TY)
avckuptsov@rambler.ru

B pabote paccmarpuBaeTcss cMmermaHHas KpaeBas 3aJada i CHH-
TyJISIPHOTO yPaBHEHUSI, COepIKAIIero ornepaTop Beccesns u mokasbiBaer-
Csl, YTO KJIACCUYECKOE DeIlleHre ITON 33/a4i COBIA/IAET ¢ ODOOIIEHHBIM
pellleHreM TIOYTH Beiony B obmactn Q1 mpocrpancTsa RT‘l = {z €

Rt = (21,29, ,Tn,Yy) = (:c/,y) . € R",y > 0,y € R}, xo-

TOpas OTpaHWYeHa IMHepIIocKocThio I @ ¢y = 0 U TpPOM3BOILHON MO-
BepxHOCTLIO Tuia Jlanyrosa I'H. IlycTs Q} — IMWJINHJIP B TPOCTPAHCTBE
Ri“; QF = QF x [0, 7). B unnunpe paccmMaTpuBaeTcs Kpaepast 3a/1a4a

0u
o =1t (1)
ou Su
uli=0 = 3 ah:o = 5 ulrox(o,r) = 0; @|r0x[o7T] =0 (2)

rae ¢ (z),0 (x) — nanubie byukuuu, f(z,t) dyHkuus 3a0aHa B 0u-
muEape QF cx € QF t € [0,7T).

P(DI/;By):Z?] 1a'7']6w8z +bB, +¢; By ay2+§Fy’k>OC 0

IIpennonaraercs, aro P (D, ; By) — oneparop B-snamnrudeckoro
uma [1].

Pamee B pabore [2] ObLIH MOy IeHBI PE3Y/IBTATHL KAUECTBEHHOIO aHA-
JIU3a IOCTATOYHBIX YCJIOBUI Ha IPaHUILy 00/JACTH, HAYaJbHbe (DYHKIUKT
M IIPABYIO YaCTh YPABHEHHUs, IPH KOTOPBIX CYMECTBYET KIACCHIECKOE Pe-
menne 33qa4an (1)—(2), mpencrasumoe B Buze psaga Pypoe, rae ¥,(x) —
cobcTReHHbIe GYHKINN, a Ay, COOTBETCTBYIOININE COOCTBEHHbIE 3HATEHNS
KpaeBoii 3a1a4un

Pu+ v =0;(xc Q) vlps =O,g—:|po=0 (3)

ITycrs xosdbdunuenrer a;j,b(i,j =1,2,---n) u kodsddumnuentr c
omeparopa P (D, ; B,) yZOBIETBOpSieT yCIOBUSM B-3JIMITHYHOCTH,

© Karpaxosa A.A., Kynnos B.C., 2023
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H
f(z) € Co,)(Q4), rae G(z,§) — rnapnoe dynmamenrTanbHoe perieHue
oneparopa. o(x) = [, G(x,€)f(x, €)' da.
B pa6ore [3] HamMu GbUTO JOKA3aHO, YTO JJIs TOTO, ITOObI (DYHKIHs
v(z) € HY L (QF) = Ly () 6buta 06oGrennbiv perrennenm 3anaun [n-
puXJie BUIA:

P(Dy;By)v = —f(x)(x € QF),v € H] ,(QF) (4)

HeoOXOIMMO U J10CTaTo4qHO, 4T0o0bl dbyHKuusa u(r) = v(z) — ¢(z) Obuia
ODODIIEHHBIM PeIleHrneM KpPaeBoil 3a1a4dmu:

Pu=0;(x € QF); (u+ ) € HY 1 (QF) (5)

ITo oupenenenuto, 06obuIeHHbIM DelnenueM 3a1auu (4) Ha3bIBaeTCs
takas QyHKIEA Ug(Z) , KOTOpas JOCTABJIAECT MEHUMYM (DYHKIHOHAIY

= Ov OJv ov? 9 &
J(U)_/Q+ Zaijihi(‘hj+b<@)_cv — fv| y¥dz  (6)

4,j=1

B ipoctpancree bynkuuit HY .
JlokaykeM, 9TO B 3TOM CIydae KJIaccudeckoe perenue 3agadn Jupn-
XJ1e

Po=—f(z); (z € Q) (7)
z%+:a§3m:o (®)

MOYTH BCIOAY B obmactu ()T coBmamaeT ¢ 0GOBIMIEHHBIM perIeHreM 3TOM
zagaun. OBO3HAYMM YEPe3 Uy, — KJACCHMYECKOe pelleHue a, COOTBeT-
CTBEHHO, U€PEe3 Ugg — 0000mennoe pemenne 3amaqan (7)—(8). Ipencra-
BUM MPOU3BOJIbHYIO byHKINIO o(x) € H(lj’k(Q"’), KaK Ipesesl IO HOpMe
LIPOCTPAHCTBA, H%k(ﬂ‘*) LOCJIE/I0BATEILHOCTY HEeIIPEPbIBHLIX (DYyHKIMI
©p () FETHBIX MO MEPEMEHHON Yy, PABHLIX HY/IIO B OKPECTHOCTH IIOBEPX-
nocru ['". Ipuvensisi Kk GyHKIUAM Uiy () B pp(z) mepsyro dbopmymy
Ipuna [4] u yunrbiBasi, 910 Puy,; = — f(x) TOJy4YnM TOXKIECTBO BH/A:

n 8UKH a@p 8'UK_H aﬁpp k / k
i - b - KJI d - d = 0
/Q+ Z a J 8l‘l 811]‘ + ay ay cv 9017 Yy ax o+ f@py X

ig=1
(9)
DOYHKIUSA Vgn(T) ABIAETCS YETHON TIO TIEPEMEHHOH ¥, KBAJIPATHIHO
uHTerpEpyemoii ¢ BecoM y* B obmactu QF, mosTomy B TORmecTBe (9)
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MOYKHO TE€peiiTu K mpejiesty p — oo. B pesysbrare mosyduM TOXKIECTBO,
COBMAIAIONIEE C MHTEIPATHHBIM BHIPAYKEHUEM, OTIPEIEISTIONTM 0600IIeH-
Hoe perierne 3aaa4n (7)—(8). B cuity eauHCTBEHHOCTH OGOGIIEHHOTO Pe-
LIEHUs, OTCIOA, CIIEAYET, UTO Uy (L) = Uog().
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A.A. Karpaxosa, B.C. Kyunos // Marepuasbr Mex/yHapoaHoii KoH-
depennuu. « CoBpeMeHHbIE METO/IbI TEOPUH KPAEBbIX 3a/1a4. [lonTpsrun-
ckne grennsa—X X XIII». — Wzxa. nom BI'Y. Bopomex. — 2022. — C. 137—
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ACUMIITOTNYECKOE PA3J/IO2KEHUE CIIEKTPA
JNOPEPEHIITNAJIBHOI'O OIIEPATOPA
IIITYPMA-JINYBMNJIJIA C TPAHUYHBIM
YCJIOBUEM B HVYJIE
A.B. Kaukuna (Mocksa, MI'VY)
alisa-kachkina@mail.Tu

Iopoxpennstit auddepennnanpubiv BoipazkenuneM Loy = —y” +
g(z)y omeparop L, naseBaercs omeparopoM Irypma—/luysumns, a
HEIPEPBIBHASA JIEHCTBATEIPHO3HAYHASA (DYHKIMS ¢ HA3BIBAETCS IMOTEH-
nuanom. D(L,) = {y € L2[0,+00) : ¥,y abCONIOTHO HENPEPbIBHLL HA
aobom [a,b] C [0,4+00) u y(0)cosa + ¢ (0) sinaw = 0} — obmacTs ompe-
Jenenus oneparopa L,. Taxoil omeparop XOpouIo U3ydeH U SABJIAETCA
CaMOCONPAYKEHHBIM I JeiCTBUTEIbHO3HAYHON (.

© Kaukuna A.B., 2023
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B nmammoit pabore OyayT paccMaTpuBaATBCA TOJTBKO IOTEHITAAJIBI,
OBICTPO pacTylIne Ha OECKOHEYHOCTH, TO eCTh CTEeKTp omepaTopa L, 6y-
JeT JUCKPETEH U MOXKHO 3aHYMEPOBATH COOCTBEHHBIE UUCIIA {/\”}n N
orepaTopa B Topsizike HeyObBanus (cm. [1]).

Beemem xiaccer 6eicrpo pacrynmx Gyukmuit Q = {q € C[0,+00) N

/
CH(0,4+00) : ¢"(2) 2 0, 3 > wo m Tim L) oy = fg e

z—oo ()

1
9 lim nq(@)
r—400 IHBI’
nosmHOMHuANBHBIM. D. Y. Turdmapit B pabotTe [2] momydmsI acCHMITOTHKY
ang q(x) =, k> 0.
B pa6orax [3], [4], [5] n [6] Obuin HaiimeHbI acUMITOTHKY JJis [ >
2, Be(3/2,2], Be(4/3,3/2], Be (5/4,4/3] u B € (6/5,5/4].
Teopema. Ilycmo q € Qg ., ¢, = (mn)?, B € (7/6,6/5], 6 = ;F%.
Tozda dasn cnexmpa onepamopa L, cnpasedrueo

= p}. Torma upu S = 1 pocr noreHumanos Oyuer

23— B
232

4125 — 1508 + 55432 — 63°
2434

3_
Ins 2cn—

2
An ~ Cp €XP (—25{lm13 Cn — gln%*l cn + (26)

8 — 64+
_(25)3T

_ 2 3 4
(257108 18054%{ﬁii 25433 + 213 1n2—5cn}+o(n), e

In® 3 cn +(20) In% ¢, —

Caencrue. [lonydyennas Teopema 0000IIaeT M3BECTHBIE PAHEE Pe-
sysnbrarel u3 pabor [3], [4], [5], [6] mia S u3 Apyrux npomeKyTKOB.

B 3aksrouenue Boipazkaio Osaromapuocts A.UM. Ko3ko 3a mose3nbe
COBETHI U 3aMEYaHUAd.
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JKEeHUsT», TIOCBSAIIEHHAsT CTOJIETHIO CO JHsT poKaeHust mpodeccopa Huko-
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6. Kaukuna A.B. Acummnroruka crmekrpa omeparopa Illrypma Jlu-
YBUJLIS C TPAHUYHBIM YCJIOBUEM B HYJI€ U OBICTPO PACTYIIMM MOTEHITH-
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puaasl X XI Mex 1yHapoaHoit KOH(MDEPEHIIHH, TOCBAIIEHHON 85—IeTnio co
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reoMeTpust M MHOTOMACIITabHOE MOJEIUPOPBAHWE: COBPEMEHHBIE TPO-
6eMbl, IpUJIOKeHUsT U 1pobsieMbl uctopums. — 17-21 mas 2022. — .
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METO/I, IOTOKOBOW ITPOTOHKMU J1J1sI PEIIIEHI S
YPABHEHU A ITEPEHOCA KOMIIOHEHT
SJIEKTPOJINTA'
JI.LH. Kamanos, H.®. Kamranos, B.}O. Yebakosa
(Kazanb, KOVY)
vchebakova@mail.Tu

B HaCTOAIIee BpeMdA HE TOJBKO OTKPBIBAIOTCA U PACCMATPUBAIOTCA
HOBbIE BO3MOXKHOCTHU TMPUMEHEHHUsI JIEKTPOJIU3HOIO 00OPY/IOBAHUS, HO
TaKKe YCOBEPIIEHCTBYIOTCS U CYIIECTBYIOIIME MOJIEN JIEKTPOTIU3EPhI
J7isi TIOBbIMeHusT 3(PPEKTUBHOCTH B TPAJUIUOHHBIX OOJTACTAX I WX
upumenenust. Tak B [1] paccmorpen wenounoi GeamemOpaHHbINR 3J1eK-
TPOJIM3€ep, TO3BOJNAIOIINI GecepeboitHO MoIydaTh BOZOPOI TOM BHICO-
KUM JaBiieHneM. B [2] paccMoTpeHbl TpH MoAXoJa B KOHCTPYHWPOBAHUH
6e3MeMOPAHHBIX IJTEKTPONIN3EPOB I PA3/IETCHNS BbIISTUBIINXCS Ta-
30B (BOZOpOmA u KUCIopona). Tak ke 3MEeKTPOXMMHYIECKHE TPOIECCHI
HCIIOJB3YIOTCS IIPH BBIMEIAYUBAHAE ODETHEHHBIX PYK, JIEKTPOXUMHU-
YEeCKOM OKCHIMpPOBaHWe MeTaysioB [3,4]. Maremarndeckoe MOIeTMPOBa-
HUE NPEJCTABIACTCA OJHAM M3 CIIOCOOOB MCCICIOBAHUA PA3HBIX MOIEC-
JIel 3JIeKTPOIn3epoB HA dPPEKTUBHOCTD. JJIEKTPOIN3 OTHOCUTCS K Te-

1 Pabora BBIIIOJIHEHA, upu duranCcoBOH oA JeprKKe PHO

npoekT Ne 23—-29— .
Ne 23-29-00099
© Kamanos JI.H., Kamanos H.®., Yebaxosa B.10., 2023
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TEPOreHHBIM PEAKIIMSIM, TJIe OCHOBHBIE [TPOIIECCHI TPOUCXO/ST HA IPAHUIIE
paszena MexIy MeTaIINIeCKUM 3JIEKTPOIOM M XKUJIKUM 3JIEKTPOJIATOM.
BryTperHre TPOIEeCcCchl B 3JIEKTPOJIUTAX PABTUIAIOTCA B 3aBUCUMOCTH OT
KHCJIOTHOCTH CPEJbl, TAK YHUCTAs BOJA ABJISETCs CJIAOBIM 3JIEKTPOJIATOM
¥ IUCCOIUUPYET ¢ 0Dpa30BAHUEM HOHOB TMIPOOKCOHUS U HOHOB THIPOK-
CHJIa, B IIETOYHBIX 3JEKTPOJUTAX BOAA AUCOIUUPYET ¢ 0DPA30BAHUEM
MOHA, BOJIOPOJIA ¥ MOHA MUAPOOKCHIA. TaK KaK Py 3TOM KOHCTAHTA JTUC-
COITMAITMHN BOJBI MaJia, TO 3a9acTYI0 JAHHBIM TPOIECCOM TTpeHebperaor,
OIHUCHIBAs TIepenec nOHOB ypasuenuem Hepucra—Ilnanka, BKIIO9a0mmm
B cebsa audy3noHHbIE U ApeiiPOBbIE TOTOKU B OTCYTCTBUH NCTOUHUKA U
croka. Takum 06pa30M MOy YAI0TCS CUITbHBIE IPAIHEHTHI KOHIIEHTPAIIUT
HWOHOB B IPU3JIEKTPOAHON obsactu. Ilpu permeHnu pasHOCTHBIX ypas-
HEHU BTOPOTO TOPSIKA, K KOTOPHIM CBOISTCS PA3HOCTHBIE CXEMBI IS
337249 B Caydae DOJBINUX TPAJUEHTOB PEIEeHUs UIn 3HaYeHn Kodhdu-
[MEHTOB ypaBHEHUsI, 10 (DOpMYyIaM OOBIIHON MPOTOHKHU W TOC/IELYIOIIee
WCIOIb30BAHUE YUCIEHHOTO 1 DEepeHIUPOBAHUS [IJTsl BBIYUCTEHUS] 110~
TOKA 9aCTO MPOUCXOJUT 3HAUUTESbHAS MOTEPsi TOYHOCTH, [IOITOMY JIJIst
PELIeHUs] TaKUX 3aJ1ad UCHOJb3YeTCs HOTOKOBOH BAPUAHT METOJA IPO-
roHku. JIaHHBIH crmocob6 MpUBOIWTCS B nuTeparype [5] asist ypaBHeHW
TEIJIOIPOBOIHOCTH 0€3 KOHBEKTHBHOTO CJjlaraeMoro. B maHmoi pabote
MPOJIEMOHCTPUPOBAHA TIPUMEHUMOCTD MOAM(DUIMPOBAHHOIO METO/A MO~
TOKOBOW MPOTOHKU JIJIsl PElIeHus] ypaBHEHNs] TPU Hajm4aue JpeitdhoBoro
ciaraemoro. IlpuBejieHHbIE IPUMEPBL TECTOBBIX U MOJEJbHBIX PACYETOB
MOATBEPKIAIOT 3(DPHEKTUBHOCTH HMCIOJH30BAHUS TTOTOKOBON MPOTOHKA
JIJIsT PACCMOTPEHHOr0 KJlacca 3a/1a4. B KavecTBe MO/IeTbHOMN 3a/1a4U pac-
CMOTPEHO MATEeMATHIECKOE MOJEIUPOBAHNE TTPOIECCOB BBIMIEIAINBAHUS
UHKOBOI py/ibl. Pe3yibrarhl pacdeToB CPABHUBAIUCH C JAHHBIME PABO-
7ol [6].
JIurepaTtypa
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THYECKOTO TIOJIyYeHNsI IINHKOBBIX TIOPOIIKOB U3 IIEJOYHBIX PACTBOPOB /
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composite coatings developed by plasma electrolytic oxidation for load—
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A. Hakimizad, G. Blugan, H.R. Salimijazi // Journal of Alloys and
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5. Camapckuii A.A. Meroipl pelieHusi CerodYHbIX ypaBHeHuil /
A.A. Camapckuit, E.C. Hukonaes — M. : Hayka,1978. — 592 c.

6. Zhang Y. The Electrowinning of Zinc from Sodium Hydroxide
Solutions /Y. Zhang, J. Deng, J. Chen, P. Yu, X. Xing //
Hydromettallurgy —2014 — T.146. —C. 5963

3ABHCHUMOCTDb HEJIOKAJIbBHON JVTHAMUKN
MOAEJIN CBA3AHHBIX OCIINJIJIATOPOB
OT BUOA CBA3M1!
A.A. Kamenko (fpocaasib, Apl'Y)
a.kashchenko Quniyar.ac.ru

B nokmane nsywaercs momeab Koabia u3 N CBSI3aHHBIX OCIUJLIATO-
POB, TIPEICTABJISIONIasA cob0it cucremy N HenuHeHHBIX nuddepeHInaib-
HBIX ypaBHeHI/Iﬁ C 3alla3JbIBAHHUEM:

Uj + U :/\F‘(’Lbj(t—T))-i-’}/G(uj‘,l,’LLj,’U,jJrl)7 j=1...,N (1)

C KPaeBBIMI YCJIOBHSIME Uy = UN, UN+1 = U1. 34ecb u; (j =1,...,N)
— neiicTBuTenbEbIE (DYHKIMHU, TapamMerpbl A u 1T IONOKUTENbHBIE, 7Y
— HenyJsieBoil napamerp, F' — dbunurnas byukuus (1. e. F'(z) = 0 Bue
HEKOTOPOTo OTpe3Ka & € [—p, p]), a GyHKIWs G ONMUCHIBAET CBSA3H MK Y
OCIWJLIATOPAMH.

B 10K18,1€ PACCMOTPEHDBI TPU PA3JIUYHBIX BHIA CBSI3H MEXKJLY OCIIHJI-
JIATOPAMMU:

L Guj—1, 15, ujy1) = ujyn — ug,
2. Gluj—1,uj,ujpn) = wjps + uj-1,

3. Guj—1,u5,uj1) = g1

1 PaGora BumonHeHa Ipu (PHHAHCOBON HOIJepyKKe COBETA IO rpaxTam llpesm-
nerta P® (mpoekr Ne MK-2510.2022.1.1).
© Kamenko A.A., 2023
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Jisi KasK70ro BHJA CBSA3M M3Y4asioCh IOBEJEHNE DPEIIEHHH MOJIEIH
(1) ma momnyocu t € [0, +00) npu yciosum A >> 1.

Haiinena acumnroruka pemienuii mozgesu (1) o 6osbuiomy mapamer-
Py A Ha momyocu t € [0,400) ¢ HAYAILHBIMA YCJIOBHIMHA W3 IMHPOKOTO
nomMHOKecTBa (hazosoro mpoctpancTsa Ci_q ) (RM).

IMokazamno, aro npu v > 0 HA HEKOTOPOM MHTEPBAJIE M3MEHEHUS Ia-
pamerpa 7y (rpanulpl MHTEpBaJa 3aBucdaT or MyHKimu () ¢ HEKOTOPOro
MoMeHTa BpeMeHn to(A, G) HabII0aeTcst CHHXPOHN3aIMs (T. €. COBIa,Ie-
HUE [JIABHON YaCTH aCUMIITOTHKH) BCEX OCHUILIATOPOB. Ecmu xe v < 0,
TO Ha HEKOTOPOM HHTEPBAJIE U3MEHEHHUs IapaMeTpa 7y (PPaHuIlbl UHTEeD-
BaJia 3aBucaT o1 PyHKimu G) 1pu YeTHOM KosmdecrBe N OCHUILISTOPOB
€ HEKOTOPOro MoMeHTa Bpemenu to(A, G) Moxer HaBJIIOJATHCH ABYXKJ1a-
CTepHAas CUAXPOHW3AINS.

KPAEBAA BAJJA9YA PUMAHA HA TIJIOCKHUX
HECIIPSIMJIIEMBIX KPUBBIX!
A.B. Kan (Mocksa, MOCKOBCKUIi TIOJIMTEXHUIECKUIT YHUBEPCUTET )
katzdavid89@gmail.com

Jokiam OCBAIIEH TPYIIe pe3yIbTaTOB, CBA3AHHBIX C UCCIIETOBAHMN-
eM KpaeBoil 3a1aun PuMana Ha HecHpsMJISEMbIX [IJIOCKMX KPUBBIX. Pe-
LieHue Toi 3a1a49u JJisd KYCOUHO—TJIAJIKUX KPUBBIX — OJIHO U3 00Liens-
BECTHBIX JOCTUKEHUi coBeTcKoil maremaruku. Kiaccuueckue pesysbra-
ThI B 910 obsactu nomydenst @.J1. Taxossim, H.W. Mycxenmumisuan n
yYaCTHUKAMU CO3JAHHBIX UMH HAy9HBIX IIKOJ. [IOCBsIIEHHbIE KPAEBOil
zagade Pumana monorpaduu [1] u [2] HeoqHOKpATHO Nepen31aBaiuch u
[epeBeIeHbl HA MHOIME $3bIKHM; B 9TUX (DYHIAMEHTAJIbHBIX TPYJaX I0-
JAPOBHO OLKMCAHA LIEPBOHAYANbHAS UCTOPUS JAHHOIO Da3/iesia aHaIu3a.
Pazinunbie acekThl TEOpUY KPaeBoil 3a1a4n PuMana u ee mpuIoKeHuit
orpaxkeHbl B KHHUTax [3-6] n muorux np. HoBble paGorsr B 3T0it obnacTn
TOSIBJIATIOTCS €2KeroHo. IIpuBeeM KIacCHYIecKyio TTOCTAHOBKY KPAeBOi
sagaun Pumana. Ilycrs npocras 3amkHyTas kpuBas [ Ha KOMILIEKCHOI
minockoctu C pa3buBaeT 3Ty ILIOCKOCTH Ha obsactu DT u D™, npuuem
OECKOHEYHO yIAJIEHHAsT TOYKA JIEKUT BHYTPUA BTOPO# 3 Hux. MbI ninem
anamutudeckue B C \ I dbynkiuu @(z), KoTopsie umeioT B Toukax t € I
npenenbable 3Hadernsa P (t) uw @ (¢) mpm 2 crpemsAmemcs K ¢ u3 o6a-
creit DT u D™ COOTBETCTBEHHO, U 3TH TIPEJE/bHbIE 3HAYCHUS CBA3AHBI

! Uccrenosanne BhImONHEHO 3a cueT rpamTa Poccmitckoro mHaydHOTo (DOHAA
Ne 22-71-10094, https://rscf.ru/project/22-71-10094/
© Kan J1.B., 2023
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KPaeBbIM yCJI0BUEM
H(t) = GH)2 (t) +g(t)

npu mobom ¢t € I'. 3necy G(t) u ¢g(t) — 3ansanupe na I' Gyukuuu. Me-
Tox GAKTOPU3AIMY TO3BOJIAET JJIf DEIeHns KpaeBoil 3amaam Pumana
pelIaTh COOTBETCTBYIONLYIO 3a1a4y O CKauke, korga G = 1.

O (t) — 27 (t) = g(t)

OnHo u3 ee perennii gaercsa waTerpasom tuma Kormm

@(z)*i/M, z2¢T

2m t—=z
r
XOpoLO U3BECTHO, YTO €CJM ILUIOTHOCTH ¢(t) 9T0oro uHrerpasa yioBsie-
TBOpsEeT ycyaoBmio [émbaepa

!
h,(g;T) := sup{'g(|tt)5|(f)| it et # t} < oo
¢ nokasarenem v € (0,1], To B ToUukax riamkocTw Kpueoii I' u B ee yr-
JIOBBIX TOYKaX oOllpeaesjdeMasd 3TUM HUHTErpajiomM (byHKL[I/IH @(Z) nMeer
npesenbHble 3Hadenus $T ¢ 06eMX CTOPOH, M PA3HOCTH STUX 3HAYEHMIH
paBHA 3HAYEHWIO TJIOTHOCTH ¢§. DTO TOKA3BIBAET CYIIECTBOBAHUE DeEIIie-
HU 33/Ja9M O CKAYKe HA KYyCOYHO-TJIAJKUX KPWUBBIX. B CBOIO ouepein
€IMHCTBEHHOCTD peleHns obecmevunBaercs TeopeMoit Ilennese.

Bazxno orMeruTh: TE€OpHUs rPAHUYHBIX 3HAYEHUT nHTerpasa tuna Ko-
i, TeopeMbl 00 YCTpaHEHUU OCODEHHOCTEl TOJIOMOP(MHBIX (DyHKIHUH 1
KJIacCUYecKuii Meron, (hbakTOpu3aIuu, CBOISAIINI KpPaeByo 3amady Pu-
MaHa K 33/Ja49€e O CKa4Ke, ITOIPAa3yMeBAIOT XOTs Obl KYCOYHYIO IJIQIKOCTh
KpUWBOIi, HA KOTOPOil paccMarpuBaercs 3ajaada. Bmecre ¢ Tem, 3amaga
“MeeT IIPABO HA CyIIECTBOBaHUE 0DE€3 TAKOrO CHJILHOIO OrpaHudenus. B
CBSI3U C OTUM BO3HWKAET MOTPEOHOCTH B OOODIIEHUN TEXHUKU WHTETPU-
POBaHUS HA HECIPSAMJISEMbIE KPUBBIE U MOy YeHNS aHAJIOTOB ITUX KJIAC-
CUYECKUX PE3YJIHTATOB.

Jns cupsamiasieMoit 3aMKHYTOH KpuBoit I crnpasemmumBa gopmyna

I'puna
/Pdm—l—Qdy:// 8—Q—8—P dz dy,
dr Oy
r D+

rme Dt — orpanmuennas I’ KomeuHas 06/1aCTh KOMILTEKCHOH IIOCKO-
cru, a P(z,y) u Q(z,y) — 3amannbie B DT HenpepbiBHbIE (DYHKIUH,
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HMeIOIIFe BHYTPH 3TO 06/1aCTH YaCTHBIE IPOU3BOJHbIC IIEPBOrO HOPS -
Ka. 37eCh TPeInoIaraeTcs, 9To 3TH TPOU3BOIHLIC MHTETPUpPyeMbl B DT,
Homycrum, uro 3amannas Ha I’ bynkuus u(t) nmeer npopomxenne U(z)
B obsacTs DT, mmeromee B Helf HHTerpUpyeMble YaCTHBIE IIPOM3BOIHbIC
nepsoro mopanka. Eciu kpusas I' xycouno-riagkasd, To mo ¢opiyiie

I'puna
/udz:/udx+iudy:f//a—gdzd2.
0z
r T

D+

Ecmu v umeer npomomkenre B D™ ¢ aHAJOrUYHBIMEU CBOICTBaMU, TO 0e3
OrpaHuYeHus ODITHOCTH MOXKHO CYUTATH HOCUTENb ITOIO MPOIOIKEHU
KOMIIAKTHBIM, U T€ K€ IIPeoOPa30BaAHUs AT

oU _
/udz—// gdzdz.
r D-

/(U+(z) — U™ (2))dz = —/ aa—gdzd?,
r c

Orciona

rae Ut (2) u U™ (2) — npenenbuble 3uavenns U B TOUKe z npu npub/m-
SKeHWN K Helt m3 obmacteit DT u D™ cooTseTcTBeHno. s cymecTBoBa-
HUS JIEBOIl 9aCTH 9TOr0 PABEHCTBA HEOOXOAMMA CIPAMJIIIEMOCTD KPUBOIL
I', HO mpaBas YacThb UMEET CMbBICJ, €CJIM 3T KPUBAS UMEET ILIOCKYIO
Mepy HyJb, a MPOU3BOIHAS %—g HHTErpUpPyeMa. JTO MO3BOJSET CIUTATH
IPaBy0 YaCTh ONPEIETEHIEM JIEBOH B CIydae, KOTJa Kpubas || Hecupsm-
JIsieMa.

Beeznewm ruraakuii anasor szapa Kommm. [Tpu dukcuposantom z € C\T'
obozraunM depes ca(w, z) dyuxnuio kracca C§°(C') (o nepemenHoit w),
copnagaomnyto ¢ (2mi(w—z))~! ma myre I' u B ee OKPECTHOCTH, U PABHYIO
HYJIIO B OKpecTHOCTH 2. Torma unrerpan Tuna Komm ¢ mioTHOCTHIO ¢ 110

Hectpamysgemoit gyre I' — 3o dbyukius

O(z) = /ca(w,z)u(w) dw,

TO €CTb PEe3yJIbTar IpUMeHeHus K aapy ca(w, z) dyHKImoHaTA f u dw.
r

HpI/I JOITOJTHUTEJIBHBIX ch'IOBI/IHX Ha I/IHTerI/IpyeMOCTb Ta (byHKL[I/IH
rosomopdua B C'\ T' u obpamaercs B Hyjb B GECKOHEUHO YAAJIEHHOI
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Touke. [Ipocrbie mpeobpa3oBaHus JAf0T

U dw dw
(b =
(2) 27m//8ww—z

rae U — MOJIHBIN WHTErpaToOp U.

I'panuunbie cBoiicTBa 0000IIEHHOrO MHTErpasa Kommu mo HecmpsM-
JITEMBIM TYyTSM 33AI0TCS CIEIYIONNM PE3yIbTATOM:

Teopema. Ilycrs I' ectp 3amknyTasi kpuBas, u Agg Jjoboro t € I’
BBITIOJTHSIETCS HEPABEHCTBO

1
nu>1-— gm(F;t).

Torna s moboit 3anannoil na I' dyakuuu v € H,,(I') cymecrsyer
noJnblii unrerparop U(z) rakoii 4ro 0606uenubit unrerpas ruia Kouu
omnpeesnsier rosomopduyo B C'\ T’ dbyHKIH0, MCIe3a0IyIo B GeCKOHed-
HO yIaJe€HHOI TOYKe W MMEIOIYI0 B KayKJI0i Touke t € [ HempepbIBHBIE
npejenbhble 3Hadenus O (¢) u &~ (¢) uz obnacreit DT u D~ coorser-
CTBEHHO, Pa3HOCTh KOTOpbIX pasHa u(t). Kpome roro, B obnacrax DV u
D~ sra dyaKIH yAoBAETBOpseT ycaoBuio ['énmepa ¢ mobbIM moKa3are-
JIEM, MEHBIITUM

2(1 — nu)

m(L;t)

3meck m — mokasaresnb MapnuHKeBrYa, KPUBOil, METPUUIECKAS XapaKTe-

PHCTHKA KPUBOH; HOIPOOHEE 0 HUX CM. B [7]. KOPOTKO OHU ONpeIesisoTcst
Kak

min{t € I': 1 —

2

H(;t) == sup{p: }1_1)1%) Ipi(t; r) < oo}
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JABYXKOMIIOHEHTHASYA OKOHHAA CUCTEMA
HA OCHOBE KOTEPEHTHBIX COCTOSIHU
N TETA-®YHKIINN
E.A. Kucenes, JI.A. Muuaun, C.H. Vimakos (Bopouex, BI'Y)
evg-kisel2006 Qyandez.ru, mininla@mail.ru, ushakowwwQya.ru

Cucrembl GyHKIMA BUIA

(r — wik)?

5 )eiwzm, k,m € Z, (1)

Jr,m () = exp <
rae wi,ws > 0 — HEKOTOpbIe (DUKCUPOBAHHBIE APAMETPBI, HAILIN IITH-
POKOEe IIpUMEHEHNE B PA3IUIHBIX OOJACTAX MaTeMATHKu U pusuku. B
KBAHTOBOW TEOPWUM OHU HOCAT HA3BAHUE KOTEPEHTHBIE COCTOSTHUSA, a TIPU
yCnoBuM wiwe < 27 00pasyoT (dpeiiM, HA3bIBaeMbIil Takke (peimom
Tabopa [1, 2]. OzxHa W3 mepBHIX MPHUKIATHBIX 3a7ad OblIa CB3aHA C
MOCTPOEHWEM KBAHTOBOM 3HTpoOmuu. TPYyJIHOCTD COCTOSIA B MOy YEHUN
oproHOpMupoBaHHOro 6a3uca npocrpancrsa Lo(R) ¢ paBHomMepHo orpa-
HUYEHHON KOHCTaHTO Heoupejuenénnoctu us cemeiicrsa Gyunkuumii (1)
TIPH YCJIOBUU wiwg = 27, 9TO B cuiy Teopembl Bambsaua—Jloy okasbiBa-
eTcst HeBO3MOXKHBIM [2]. MBI mipe/iaraem o6o#iTH yKa3aHHYIO MPOGJIeMy,
HCIOIb3ysi MHOPOKOMIIOHEHTHBIE OKOHHBIE CHCTEMbBI, TOPOXKIEHHBIE HE
OJTHOM, & HECKOJBKUME (DYHKIHAMU.

Paccmorpum cemeiicrBo dyukuuii (1) upu wiwe = 47. 113 Hero mox-
HO TIOJIyYNUTHh OPTOHOPMHWPOBAHHYIO CHCTEMY C PABHOMEPHO OTDAHWIEH-
HOI KOHCTAHTO! HEOIPeIeJIEHHOCTH, KOTOPAasi, OHAKO, He SBJISeTCs 10JI-
Hoit B mpocrpancTBe Lo(R) [3, 4]. HeiicrBuTesbHO, Kak CIEIyeT U3 pe-
3ysnbraToB crarbu [3], Habop dyHKuuit

U (%) = exp ((a - 1)22)93 (73"12 (Zj - ;) ,q) ¢

C mapaMerpaMu

2 S
q—exp<—7m)2 (l—wa>>,1<a<,3—w1w2>2ﬂ'.
w 27

© Kucenes E.A., Munun JI.A., Ymaxos C.H., 2023
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OPTOIOHAJIEH BCEM . m (), k,m € Z, ecim wiwg > 27. 3necsh O3(z, q) —
Tperhst Tera—yHkims Axobn [3]

oo
2 il
Os(z,q) = Y q" e |l < 1.

k=—o0

MpBbr miperaraeM pacCMOTPETh HEMOJIHYIO OKOHHYIO cuctemy (1) ¢ mapa-
Merpamu wi = 1, wy = 47, 10oN0JIHUB €€ ¢ nomoubio (2) npu o = 3/2 ¢
[IPUMEHEHUEM OIIEPAIUY CIABUra K caMoil GYHKIMK Uy (2) u K €€ obpasy
Oypne. B pesynbrare monydaercs AByXKOMIIOHEHTHAS OKOHHAS CHCTEMA
CJIEJIYTOLIEr0 BUJIA

(z — k)?

drma
) k’ e Z?
D) )6 m

Grem () = exp (—

Uk () = u(w — k) ™™,

x? 3rx .
u(zx) = exp (—4)93 (QaQ> €12maq = exp (—772)-

Eé nozncewmeiictsa gy m () # g, m () B3anMHO OpTOroHAMbHEL. TaxuMm 06-
pasom, As MOIy4YeHnust OPTOHOPMHUPOBAHHON CHCTEMBI, JOCTATOYHO OpP-
TOIOHATM30BATH OTHEIBHO G m (T) U Ukm(2). it ggm(x) 310 ObLIO
caenano pauee [4], a OPTOrOHATU3AIAS Uy, 4y, (T) TUCIEHHO BLIMOTHEHA B
paMKax JaHHON paboThl. Bompoc O MOJIHOTE MOCTPOEHHOM IBYXKOMIIO-
HEHTHOU OCTAETCSI OTKPBITHIM.
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3AJAYA C UHTETPAJIBHBIMU YCJIOBUAMUAU
TPETBETO POJA AJId TUITEPBOJIMYECKOT O
YPABHEHUSA
B.A. Kupuuek (Camapa, Camapckuii yHUBEpCUTET)
vitalya29@gnmail.com

B mokmane paccMarpuBaercs cleayiomas 3agada: Halitn B obmactn
Q1 = (0,1) x (0,T) pemienue ypaBHeHUsI

uge — (a(x, t)ug) s + c(x, t)u = f(z,1) ,
YIOBIETBOPSAIONIEe HAYATLHLIM JTAHHBIM

u(z,0) =0, wu(z,0)=0

" HEJIOKAJIBHBIM YCJIOBUAM

l l

a(t)u(O,t)—l—/Kl(x)u(x,t)dx=0, B(t)u(l,t)—l—/Kg(m)u(x,t)dx =0,

0 0

e a, 3 € C?[0,T), mpuaem o(0) = B(T) = 0.

Merox, pa3pabGoTaHHbI B [1] 1sT JOKA3ATENBCTBA PA3PEIIIMOCTH 3a-
JIavd ¢ HEJIOKAJIbHBIME ycaoBusMu Buja (1) mpu ycnosum, uro a(t), 5(t)
He oOparnaercs B Hy/Ib HE B 0nHO# Touke [0, 7], HENPUMEHUM B JaHHOM
caIydae.

B pafore nokazaana KBUBAJIEHTHOCTb MHTErPAJILHBIX yCaoBuil (1) u
JUHAMWYIECKUX HEJOKAIbHBIX YCJIOBHUif, UTO TIO3BOJIMIO O0OCHOBAThH CYy-
IIECTBOBAHNE €TMHCTBEHHOTO DEIeHNsl TTOCTABJIEHHON 3a1a4N.

OrmMeTrM TakzKe, 9TO /I MHOTOMEPHOIO TUIEPOOIHIECKOro ypaB-
HEHHUs CJIydail OZHOTO MHTErPATBHOTO YCAOBUS, ObLT PACCMOTPEH B [2].
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OAHA ITPEAEJIBHAS TEOPEMA 1JI14d MOJJAEJIN
JIOPEHIIA, BOSMVYIIIEHHOM BEJIBIM IITYMOM
10.10. KiieBuoBa
(Hosocubupck, Mucruryr cucrem undopmaruku um. A. I1. Epmosa
CO PAH, Cubupckuii rocy1apCTBEHHBIN YHUBEPCUTET
TEJIEKOMMYHUKAIMI U uHMOPMATUKH )
yy_ klevtsova@ngs.ru

B nmacrosmeit pabore paccMarpuBaercsi KBa3UCOJEHOUIATbHAS MO-
zesb Jlopenna 6apoksiunuoii armocdepst ¢ napamerpamu [1]. IIpasas
YaCcTh CUCTEMBI BO3MYINAETCS OEJIbIM TITyMOM. PaccMaTpuBaeTcs: CTalm-
OHapHasi Mepa [JIst 9TOi cucTeMbl. B [2] ObIIM MOy YeHBI: CYIIECTBOBA-
HU€ U eJWHCTBEHHOCTH CTAIMOHAPHON Mepbhl, 8 TAKKe OIEHKa, CKOPOCTH
CXOOMMOCTHU K 3TON Mepe pacupellesleHnil BCeX PeIlIeHuid U3 HEKOTOPO-
ro knacca npu t — o0o. Hacrosimmas pabora mocBsIeHa MCCIeTOBAHUIO
HEBS3KOI'0 IIPE/Iesia CTAIMOHAPHBIX MeP. XOPOIIO U3BECTHO, YTO KO-
bUNMEHT KUHEMATUYECKON BSI3KOCTH HA MPAKTUKE YPE3BBIYANHO MAI.
[IpuBoauTcs oqHA TEOpEMA O CYIIECTBOBAHUY HEBSI3KOIO MPEIEIa CTAIN-
OHAPHBIX MEpP M YKA3bIBAIOTCS Psi/l HHTEIPATHHBIX CBONCTB MPEAebHON
MepHI.
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OYHKIINA ITIOTPEBJIEHUSA NI KAIIUTAJIA
n X MOHOTOHHOCTH B MOZIEJIAX
9KOHOMMUYECKOTI'O POCTA
A .. Kosko, JI.M. Jlyxuna, A.1O. Ilonos,
B.T'. Yupckmuii (Mocksa, MI'Y umenn JlomoHOCOBA)
prozerpi@yahoo.co.uk, lluzhina@gmail.com, vgchirskii@yandez.ru

B momemn Pamces—Kacca—Kynmanca (cm. [1] — [6]), npumensiemoit B
TEOPHU IKOHOMHUIECKOTO POCTA, OLPEIesISAIOIyI0 POIb UIPAET CHCTEMA
IByX auddepeHuaabHbIX yPABHEHNH, KOTOPOil yIOBIETBOPSIOT (PyHK-
min K (t) — xanuran B mMoment Bpemenu ¢ u C(t) — morpebieHue B

© Kunesnosa 10.10. , 2023
© Kozko A.N., Jlyxuna JL.M., ITonos A.IO., Yupckuit B.I'., 2023
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MOMEHT BpeMeHu t:

K(t) = alc™(t) — bO(t) — 2K (1), "
C(t) = 0 aaK*1(£)C(t) — 220(t).
B cucremy BxomuT HabOp KOHCTAHT (a, b, o, 0, T2, T3), XapAKTEPU3YIOIINX
PaCCMATPHBACMYIO SKOHOMHYECKYIO CTPYKTYpy. HaMu mosryduen ps pe-
gysnbraTos o nosenenuu Gynukuuit K () u C(t). Chopmynupyem HekoTo-
pbl€ U3 HHX.

.. _ 0-1  f(Ko) —
Breném pemmaunnt A u H 1o dopmynam A = 5= - 7" -1, H =

f(K") . Monoxum F(y fz_l A+ 2)Pdz, tnep = £ — 1, R(y) =

H(1+ MNP+ pF(y) — (Ay +y)
JIemma Ilpu yeaosusr 0 > 1, H > 1, A >0, p < 1, dynryus R(y)
umeem Ha ayve 1 < y < 400 e&uucmeemﬂnu kopens y = yo(A, H,p,0),
NPUYEM

3
0 x

R(y) >0 unpu 1 <y <yo(A H,p,0),
R(y) <0 npu yO(A7H7p79) < ) < +o00.

Teopema 1. ITycmv 6 > 1, A >0, H>1,a € [%, 1). Honoorcum p =
_1
Loty =F((2) 0+ 1) (= = 1)), 6l =y (1+ #5%5) 7,

20e pynxyua F — obpamuas x F. Tozda émopas xomnonenma C(t) pe-
wenusa cucmemsvs (1) ¢ navarvrvmu yeaosuamu K (0) = Ky, C(0) = Cy
sadaémea gopmyaot C(t) = CoC(y(t)), t € [0,+00). Pynryua C(y)
eozpacmaem na ompesxe 1 <y < yo(\, H, % —1,0) u yowsaem na ayue
yo(A, H, i —1,0) <y < 40 (seaununa yo onpedesena 6 semme). Dymx-
yus C(t) sospacmaem na ompeske 0 < t < to(N, H, a,0) u ybueaem na
ayue to(A, H,a,0) < t < 400, 2de

1 pF(yo(\, H,p,0))
tolM, Hoa,0) = —1In (1 .
oA H, e, 0) P2 n( * H\+1)r
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CYIIEPOBPATHAYAd TEOPEMA O CKOPOCTU
CXOAMMOCTU UTEPATNBHO PETVJIAPN30OBAHHBIX
METOJOB T'AYCCA-HBIOTOHA'
M.M. Kokypuu
(1710H1Kap70na, Mapuiickuii roCyJapCTBEHHBIN YHUBEPCUTET)
kokurin@nezstmail.ru

U3syuarorca nesvHelinble oneparopubie ypasuenus suga F(x) = Oy ¢
omeparopom F': X — Y B runnbeproBbix mpocrpancTBax X, Y. Cyie-
CTBOBAaHUE M €IMHCTBEHHOCTH perrenus * € X npemmnosaraorcs. Kpowve
TOrO, MBI IIPEIIojaraeM, 9To omeparop F HenmpepbiBHO auddeperiu-
pyem mo @perrre, a ero nponsBonnas ®perie yIOBIETBOPSIET YCIOBUIO
Jlunmmuma. PaccMaTpuBaioTcst MTEpaTUBHO PETYJIsIPU30BAHHBIE METOJIbI
laycca—HpioTona [jist perennsi TaKuX ypaBHEHUN. DTU METOIAbI UMEIOT
BHUT,

Tpe1 =& — G(F/*(%L)F/(xn)vO‘n)F/*(zn)[F(xn) - F/(xn)(xn =9 (1)

1 PaGora BBImOSHEHD HpH (PUHAHCOBOH momgep:kke PH® (mpoekt Ne 22-71—
10070).
© Kokypur M.M., 2023

218



3xech g, € X ecTb HAYAIbHBIE TPUDJIUKEHUS JJIE KCKOMOT'O PEIIeHust
x*, {an} — mocaenoBaTeIHLHOCTH TAPAMETPOB PETYISPU3AINH, YIOBIIE-
TBOPSIONIAS YCIOBUSIM

0 < apt1 < ap, sup
n=0,1,... ¥n41

=r<+oo, lim «a,=0.

n—oo
DyuKIws or oneparopa B (1) MOHUMAeTCst B CMBICIIE HCYHMCIIEHUST CAMOCO-
MPSI?KEHHBIX OMMEPATOPOB B IUjibOEPTOBOM mpocTpancTse. Ha mopoxparo-
myto dyukimo O (A, o) HAKJIaABIBAETCs Psijl yCIOBUI, KOTOPBIM, B 4aCT-

m
HOCTH, yIOBJETBODPsTIOT GyHKImN O (A, a) = % (1 — ()\j%a) ), m € N.
NsgecrHo, uTo ms meTonoB (1) TP BBIMTOJTHEHUH YCJIOBHS HCTOKO-
upescrasumoctu z* — & = (F™*(x*)F'(z*))Pw, p € [3,p*], w € X u upu
HAJIOXKEHUH JTOTMOJTHATEILHBIX YCIOBHH Ha HadaIbHOE TPUOIMKEHHAE Tg,

napamerpbl o, ¥ BeJuuuHy ||w|| copaBeusa ounenka
|z — 2| < Caf, meN, C =const. (2)

Takum obpa3oM, IPU yBEIUIEHUH [TOKA3ATEs P B YCIOBUH UCTOKOIIPE I-
CTaBUMOCTH CKOPOCTb cxoiumMocTu Merona (1) pacrér, HO TOIbKO HOKA
3TOT TIOKa3aTeh He JOCTUTHET 3HAUEHUS HAChIIeHus p*. Beanuuna p*
Pa3/InvHa y pasHbIX MeTo0B Buja (1): Hampumep, JJid METOIOB C IO-
e
pox garonmu pyakuusimu O (A, o) = % (1 — (ﬁ) n), m € N cmpa-
BeamuBo p* = m. VI3BecTHA U OOpaTHAS TEOPEMA O CXOIAMMOCTH METOI0B
(1), ycranasyimparonias HeOOXOAUMOCTD YCJIOBUS KCTOKOIIPEICTABUMOCTH
¢ 106BIM TIOKa3aresieM 13 mpoMeskyTka (0, p) 1Jisi CIpaBeInBOCTH OIEH-
ku (2), cm. [1,r1.2].

B macrosmeit pabore moka3bIiBaeTCs cynepoOpaTHasi TEOPEMa O CXO-
aumoctu Meronos (1), ycunusaromas obparnyio Teopemy. A MMEHHO,
YCTaHABJIUBAELTCsL, 4TO OLEeHKa (2) ¢ 1oKa3aTeaeM p, IPEBbILIAIOIIKMM 110-
Ka3aTes b HACBIMIEHUS p*, BO3MOXKHA JIUIIH B Caydae, Korma ¢* = &.

JIureparypa
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O BHIBOPE MHO2KXECTB UCTOYHUMNKOB
" JETEKTOPOB IIPU PEIIIEHNUN TPEXMEPHOM
OBPATHOW 3AJIAYMN CKAJIAPHON AKYCTUKMN!
M.M. Kokypun', A.B. Taspuiosa', B.B. Kiroues!,
A.B. Bakymmncknii?, A.C. Jleonos?
(1210/IOHIKap*OJIa, Mapwuiickuii TOCyIapCTBEHHBII YHUBEPCUTET,
2Mocksa, 2Mu-1 cucremuoro anaiusa ®UIL IY PAH,
3Hanmona LHBIH HCCIeOBATETLCKI A IepHBIH YHUBEPCUTET
«MUDU»)

kokurin@nextmail.ru

Paccmorprm o6paTHyio 3a/ay aKyCTHIeCKOTO 30HINPOBAHNUS B CIIe-
JIyIOIIeli TTOCTaHOBKe. AKycTrdeckast HEOTHOPOIHOCTD, JIOKATN30BAHHAS
B orpanmdentoit obmactu D C R3, 30omaupyercss BOJTHOBBIME TOIAMH,
MOPOXKIEHHBIMUA TOYEIHBIMU MCTOYHUKAMHU, KOTOPbBIE DACIOJIOXKEHBI B
Toukax Mmuoxkecrsa Y C R3, rme Y N D = @. Axycruueckoe mose
u(z,t) = u® (2,t), Bo36yxmaemoe B MOMenT t = () HCTOYHUKOM B TOUKE
y € Y, onpenensercs perienuem 3aaa4qu Korm

c2%I) ug) (1'7t) = Ay (x,t) - 5(*7: - y)g(t), z e R3’ t20;
u® (x,0) =0, ugy)(%()) =0, zeR.

Bemmuuna c(z) > 0 ecTb ckopocThb 3ByKa B Touke x € R3. Ipeamonara-
ercs, uro pyHKuus ¢(x) KyCOUHO—HENPEPbIBHA U PABHA U3BECTHOIN KOH-
cranTe ¢y BHe obmactu D. Ha GyHKInio ¢ Tak:ke HAKJIAIbIBACTCI P,
yenosmii. PaccmarpuBaemast obpaTHas 3a7ada 3aKII0UAETCA B HAXOMXK-
nenun pyakouu ¢(x) npu x € D N0 JAHHBIM U3MEPEHUs PACCESTHHOIO
mons v = u¥(z,t), y € Y mpu t > 0 B Toukax z € Z, tne Z C R® —
MHOXKECTBO JEeTeKTOPOB, mpuiém Z N D = J.

UsBecrro, uro manHas o6paTHas 3a/a49a NPUBOAMTCA K yPABHEHUIO
JlaBpenThena

/4£@E£*_f%@a(%@erZ
D

o —ylle — 2]

orHOCUTEIbHO DyHKIWHY & () = % — c%, x € D. Mpbl I0Ka3bIBaeM eJIiH-
0
CTBEHHOCTD DEIIEHNs JAHHOTO YPABHEHUS B CJIydae, KOraa Z — 3aMKHY-

Tasi 0OJIACTD, JIeXKAIAsl B IJIOCKOCTH, HE IepeceKarorneii MHOKecTBO D,

1 Pabora BBITIOJTHEHA, npu (DUHAHCOBOMH MMOIIEPKKeE PH®

(mpoext Ne 22-71-10070).
© Kokypun M.M., Bakymmunckuit A.B., Taspunosa A.B., Kioues B.B.,
Jleomos A.C., 2023
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a'Y — uHTepBas, NPHHAIICIKAITMH HeorpaHndeHHoi Komnonente L\ D,
rme . — mpou3BoabHAd TMpsaMasd. Paree 3TOT pe3yabTaT OBLT M3BECTEH
TOJILKO JJIsT CJIydas, Korma mpsamas L me mepecekaer D. BwuimomHeHbr
YUC/IEHHBIE SKCIIEPUMEHTBI ¢ Pa3audHbiMu DyHKIMAMY ¢(Z), ONUCHIBAIO-
MIMA aKyCTHYECKYI0 HEOJTHOPOIHOCTD, MIPYU PA3HBIX MOJIOKEHUIX MHO-
2KECTBA MCTOYHUKOB Y M MHOXKECTBA JIETeKTOpoB Z. Kpome Toro, pac-
CMOTPEH BOILIPOC O €JMHCTBEHHOCTU PeIleHus] MHOIOMEPHOI'O yPaBHEHUA
JlaBpenThena.

Taxxke paccMaTpUBAETCs Apyrasi MOCTAHOBKA OOPATHO 3a/1a9m aKy-
CTUYECKOr0 30HAWPOBAHUS, B PAMKAaX KOTOPOH WCTOYHUK KOJEeOAHU
umeer Buz f(z)e™t) f(x) = Y. 6(x — x,,), T.e. COCTOUT M3 TOUEHHBIX

m

0—00pa3HBIX UCTOYHUKOB C KOOPIUHATAME Ty, U (DUKCUPOBAHHON 9aCTO-
TOi w. 3oHAUpyeMas 00JAaCTh U MHOXKECTBO JIETEKTOPOB B 3TOIl MOCTa-
HOBKE 3a/[a4H IPeICTABIISAI0T CODO0M IIOCKIE apaJlJIeIbHbIE CJION KOHEY-
HO# TommuubL. [l penenus JaHHOM 33/1a4u IPUMEHeTCH Pa3padoTaH-
HBIH aBTOPAMU OBICTPBIN YMCIEHHBIN aJITOPUTM, BKITFOYAIOIIHI perenme
CTIENMAIbHBIX OJTHOMEPHBIX ypaBHeHuit @penrombma 1 poma, TpuaéM B
cyvae HEOTHO3HATHOCTHU PEIIEeHUs TOCTeTHUX UMY TCS WX HOPMaJbHbBIE
pemerns. [IpoBoauTcs: cucTeMarnyeckoe YUCIEHHOE UCCIIEI0BAHUE BJIH-
SAHUS PA3JIMIHBIX [IAPAMETPOB B CXeMe PEeruCTPaluu JAHHBIX 00PATHON
3a/1a49K HA TOYHOCTD [PUOIMKEHHDBIX PELIEHUT, 101y YA€MbIX C IIOMOIIHIO
ajropuT™a. B acTHOCTH, M3yUaeTCS 3aBUCUMOCTD 3TOH TOYHOCTH OT TMO-
JIOYKEHUS TOYEIHBIX U COCTABHBIX MCTOYHUKOB, BBI3HIBAIOIIUX 3BYKOBBIE
KOJIeDaHusl, 3aBUCUMOCTD €€ OT MOJIOXKEHUsI CJIOS JIeTEeKTOPOB, OT YUCTA
ILTOCKOCTE#, B KOTOPBIX Jie2KaT JeTeKTophl. [lokazaHo, 910 npuemseMmyio
TOYHOCTD MPUOINKEHHBIX PEIIEHHI MOYKHO IIOJIyYUTh Y2K€ [IPU JIBYX Ta-
KX CJIOSIX. YCTAHOBJIEHO, YUTO JJIsi PETrYJISPU3aINU HEKOPPEKTHON 00-
PaTHON 3aJa9U pPENIeHnsT MHTETPATbHBIX YPABHEHWI TTPEMTOYTHTEIHHEE
WCIIO/IH30BaTh MeToq TuxoHnoBa, ueMm m3BecTHBI Meroq TSVD. Kpowme
TOTO, TPEJIOKEH MOAXO/T, K YUCTIEHHOMY HCCJIEIOBAHUIO HEOTHO3ZHAYHO-
CTH pelieHusi paccMarpuBaemoit obparmoit 3amaqu. [loaxon opuerTupo-
BaH HA CPABHEHWN HECKOJILKWX HOPMAJIHHBIX DENTeHUH, BBIYUCIIEMBIX
OTHOCUTETHLHO PA3MIHBIX 3JEMEHTOB, /I OJHOMEPHBIX WHTETPATHHBIX
YPaBHEHUI U3 3aJa49U.
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NAEHTUNOUKAIINA ITIAPAMETPOB CTEHKU
APTEPUUA 10 JAHHBIM ¥Y3U
1 APTEPUAJIBHOI'O JABJIEHUA!
M.M. Kokypun, A.A. ITaxmyToB
(Momkap-Oma, Mapuiickuii TOCyIaAPCTBEHHbI yHEBEPCHTET)
kokurin@nextmail.ru, dmitryaric@mail.ru

Ilensio paboThI ABJSIETCS PEIeHne OOPATHOM 3a7a9n MAeHTH(UKA-
[IUU TAPAMETPOB CTEHKU aPTEPUH 110 JIAHHBIM U3MEPEHUs APTEPUATHLHOIO
JaBJIeHnsT U JaHHbIM Bugeo Y3UW aprepun. B 310t 3amade n3BecTHHIMI
apysaioTca Gyaknug p(t), ONUCHIBAIONIAS APTEPUATLHOE JABJICHUE B JIU-
Hamuke, u pyHKuusg 7)(t), NOKa3bIBAIOIIAS PAJUabHOE CMEIEHUE apTe-
pHAIBHOM CTEHKHU U ToJIydaeMas HeiipoceTeBoit obpaborkoii Bugeo Y 3U.
st onucaHus TOKa KPOBU 10 apTEPUU HCIOJBb3YIOTCS JTUHEAPU30BAH-
uble ypasHennss Hapbe—CToKca, JOMOJHEHHBIE YPABHEHUSMU KOJICOAHWS
rUOKO# 000JIOUKH € YIETOM €€ aHM30TPOIHO# CTPYKTYDHI, cM. [1]. B pam-
Kax TOM MOJIEJIN BBIBOIATCS (DOPMYJIBI, yCTAHABIUBAIOIIIE CBI3b MEXK Y
koaddunmentamu pasnoxenus byuxiyii p(t) u n(t) B pag Oypoe. dru
GOpMyIIBL BKIIIOYAIOT B cebsl Psifl MApaAMETPOB, UMEIOIINX JHATHOCTHIE-
CKYIO TEeHHOCTh, B T.4. Moaysu FOura u Ilyaccona, xapakrepusyfomue
yOpyTrue CBOWCTBA CTEHKU apTepuh. B UMCI0 PEKOHCTPYUPYEMbIX Mapa-
METPOB MOYKHO BKJIIOUMTH U XaPAKTEPUCTUKU TOKA KPOBH, TaKWe KaK
BSI3KOCTD. 3ajada uIeHTH(MUKAIMH HHTEPECYIOUX MapaMeTPOB TPUBO-
JIUTCS K CHCTEME YPABHEHUl BHUIA

an(m)=a), by(r)=0b, 1<n<M

OTHOCHTEILHO BeKTOpa mapamerpoB m € R™. 3aecw al, b — roadbdu-
uuenTbl pana Pypwe uzmepennoit Gyukuuu n(t), a ap(m), by(w) — e
ke KO3 DUIMEHTDI, PACCUATAHHBIE M3 MATEMATUIECKOW MOJE/IU 110 U3-
BecrHOi dbyukimu p(t). Beumy merounoctu usmepenuii byHkimii p(t) u
n(t), JaHHAA CHUCTEMa ypaBHEHWH MOXKeT He MMeTh pemenuii. [losromy
MBI 3aMeHsIeM €€ Ha 3a/Ja49y MAUHAMU3anuu GbyHKIUN

M

Faa(m) =Y (Klan(m) = aj] + [ba(m) = b]).

n=1

Yucno K urpaer BeCOBYIO POJIb U ONPEIEIAETCA OIBITHBIM IIyTéM. BBumy
TOrO, YTO QYHKIUS f); HE SBISETCS TJIAIKON, I €€ MUHUMU3AINY HC-

1 Pabora BBIIIOJIHEHA, upu duranCcoBOH oA JeprKKe PHO

(npoekT Ne 22-71-1-0070).
© Kokypur M.M., ITaxmyros J.A., 2023
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MOJIb3YeTCsT MeTOs, 63 MCIOIb30BaAHMS TPOU3BOAHBIX — MeTo Hemnepa-
Mwuna.

JI7st TeCTUPOBAHUS TIPEIIaraeMOr0 METOIA PEIIeHnsT OOPATHOM! 3a,1a-
91 BHAYAJIE CTPOSATCS MOIEIbHBIE IIPUMEPDI C 3apaHee N3BECTHBIM pelle-
HHUEM 77, DTHU IPUMEPbI MbI [IOJLy 4aeM, PeLlasi COOTBETCTBY FOILY IO IPAMY O
3a/1a49y, T.e. 33/1aBast BEKTOD mapaMeTpoB m 1 dbyHKuuio p(t), a 3aTem pac-
CYNTHIBAs COOTBETCTBYIONIYIO UM (byHKIWIO 7)(t). Takke MOIeINPYIOTCS
TIOTPEITHOCTH BO BXOJAHBIX JAHHBIX OOpaTHOI 3amaqun. IIpuBomsaTcsa pe-
3yIBTATHI YNCIEHHBIX IKCIIEPUMEHTOB, MOKA3BIBAIOIIHE (P HEKTUBHOCTD
MIPeIaraeMoro MeTOa.

JIurepaTtypa
1. Tsangaris S. Pulsating blood flow in an initially stressed,
anisotropic elastic tube: linear approximation of pressure waves /
S. Tsangaris, D. Drikakis // Medical & Biological Engineering &
Computing. — 1989. — V. 27. — P. 82-88.

OB YCTOMYUBBIX NTEPAIIMOHHBIX ITPOITECCAX
B CXEME KBA3VPEIIIEHUN!
M.IO. Kokypun (Momkap-Ona, MapI'V)
kokurinm@yandex.rTu

PaccmarpuBaercs K1acc yCIO0BHO-KOPPEKTHBIX 3334, JJId KOTOPBIX
BBIIIOJTHEHA T€JIb/IEPOBA OIEHKA YCJIOBHON yCTOMYMBOCTU HA BBITYKJIOM
KOMTIAKTE B THIL0EpTOBOM mpocTpancTee. QmepaTop mpsiMoil 331a4u U
mpaBas YaCcTh ypaBHEHHUs 33JAHBI C TIOTPEITHOCTSIMU, OJU30CThH MPOM3-
BOJIHBIX TOYHOTO W BO3MYIIEHHOTO OIe€paTopa He mpeamnosaraercd. c-
CJIEYIOTCS CBOMCTBA BBIMYKJIOCTU U OJHOIKCTPEMAILHOCTH (DYHKITHOHA~
Jia HeBA3KH MeToa KBasupernenuit. s sToro dpynkimonana ycraHas-
JIMBAETCS, YTO KarK/las €ro CTAIMOHAPHAsS TOYKA HA MHOXKECTBE YCJIOB-
HOW KOPPEKTHOCTH, HEe CJUIIKOM JlajieKas OT MCKOMOTO PEITeHns MCXOJ-
HOI OOpaTHON 3a1a49u, JIEXKUT B MaJjIOil OKPECTHOCTH pernenus. Jlanbt
OIEHKN WaMeTPa yKa3aHHOM OKPECTHOCTH B TEPMHUHAX MOTPENTHOCTEH
BXOJIHBIX IaHHBIX. [IoKa3aHO, YTO 3Ta OKPECTHOCTDH SIBJISIETCH aTTPAKTO-
POM UTepanuii MeTOAA IPOEKINY IPAJUEHTA U IOJIYyY€HbI OIIEHKH CKOPO-
CTH CXOIMMOCTH nrepanuii K arrpaktopy [1, 2. IIpusoasiTcs pesyabraTs
YHUCJIEHHBIX SKCIEPUMEHTOB.

1 Pabora BBIIIOJIHEHA, upu duranCcoBOH oA JeprKKe PHO

(npoekT Ne 20-11-20085).
© Kokypur M.IO., 2023
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JIurepaTtypa

1. Kokurin M.Y. On the global minimization of discretized residual
functionals of conditionally well-posed inverse problems // Journal of
Global Optimization. — 2022. — V. 84. — P. 149-176.

2. Kokurin M.Y. On solution sets of nonlinear equations with
nonsmooth operators in Hilbert space and the quasi—solution method //
Journal of Mathematical Analysis and Applications. — 2021. — V. 500. —
P. 125-126.

9KCTPEMAJIN ®PE/ITOJIbMOBA ®YHKIIVIOHAJIA
BBJIN3U YIJIOBO TOYKU MUHUMYMA
C OMBUJINYECKO OCOBEHHOCTBIO
N.B. KosecuukoBa (Boporex, BI'Y)
kolinna@inbox.ru

K msyuennto mopegennst rmaakux (PYHKIIHOHAIOB BOJIU3U YIIOBBIX
0OCOOBIX TOYEK Kpas OaHaxoBa MHOTOOOpa3us MPUXOIUTCSI 00PAIIATHCSI
KAaK B IIPEJIEIAX «9HUCTOM» TeopuH OCODEHHOCTEH MIagKuX (DyHKIIMOHA~
JIOB, TAK W B PaMKax 33Jad MPUKJIAJIHON HAMPABIEHHOCTH — TEOPUU
yrpasjenus, Teopun (ha30BbIX MEPEXOIOB, Teopuu OGudypKammii mepuo-
JIMYECKUX BOJH U T.JI. B 9THX T€OPUIX eCTECTBEHHBIM 00Pa30M BO3HUKA-
0T HeJIMHEHHBbIE BAPUAIIMOHHDIE 33/Ia49U C MOJYyOrPAHUIEHUSIMA

V(z) —inf, gi(x) 20, zeM, k=1,2,...,m,

B KOTopbIx V (z), gr(r) — raaakue QyHKIMOHATBI Ha MIAAKUX OAHAXO-
BBIX MHOrooOpasusax. Takue 3a1a9u MPUBOIAT K BOIIPOCY O OudypKaIu-
AX IKCTpeMaJseil U3 yrioBOil TOYKK Kpas DAHAX0BA MHOTO0OPA3HUs.

IMycrs ruaakoe cemeiicrso raaaxux dynxuuonanos V(x, ) 3a1aHo
TIPY OTPAHWYEHUSTX HA OCHOBHOH apryMEHT B BHJIE IBYX HEPABEHCTR, 3a-
JAIOIIUX HEOCODO TepeceKaroIuecs riajKue MOBEPXHOCTU U BbIIEJISO-
mux 2—rpanssii yron: C = {z € E| g;(x) > 0, i = 1,2} (cayuaii
OrPAHWYEHHS B BUJE OJHOTO HEPABEHCTBA JAET TAK HA3LIBAEMYIO KPae-
BYIO OCOOEHHOCTD ).

Touka a € C Ha3bIBaeTCs YCJIOBHO KpuTmueckoit mmst V(xz, \), ec-
g gradyV(a, \) oproronasen rpanu C, comeprKameil a. Bce xpurn-
JecKne TOYKH a jendrcs Ha yriosele (gi(a) = gz2(a) = 0), KpaeBble
(91(@)g2() = 0, |g1(a)| + |g2(a)] # 0) u Bryrpenmme (g1 (x)ga(z) # 0).
MHOKeCTBO BCEX YIJIOBBIX TOYEK HA3LIBAETCs BEPIIMHHON I'PAHBIO yTria
i, 60Iee KpaTKO, BEPIITHHON YTJIa.

© Kouecunkosa U.B., 2023
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Ananuz nosepenus V(x, \) MOXKHO 1poBecru, nepeiiis K GyHKIUU

W) = i(ng gV(w) — 10 KaKOH—mb0 XeMe KOHETHOMEDHON peIyK-
z:g(z)=
mn [1]. 3aecs g(z) = (91,92,---59m) , {gx} — HAOOp HezaBHCHMBIX

riakuxX BYHKIMOHAIOB (KJIIOUEBBIX [IAPAMETPOB), BKJIIOYAIOIIUI B ce-
6s mapy orpanmumuTeneii { gy, gs }, 3a7a0MUX yrOI.

Dyukuuonansl  ¢;(r)  HOAYMHEHbI, KAK  I[PABUJIO,  JOLOJI-
HUTEJbHbIM  "TexHu4YecKuM'"  yCJIOBUAM:  IPEIOJaraercs,  4ro
grady, gi(r) € F Vo € E, npeanmonaraercs, B KaxjaoMm cioe g~ ()
cymecrByer (BOIM3M HyJs) €IWHCTBEHHAs (MOPCOBCKAs) IKCTPEMaJIb
x = ¢ m ra TommuorooGpasme N, cocroamee m3 Touek ¢(£),
Ha3bIBaETCs pemaymupyiomum. KiaodeBas GyHKIUs mpeacTaBiser coboit
cyxenue dynkimonana V Ha peaynupyomiee moaMHoroodbpasue.

Takum  obpaszom, wuccuemoBanue VB yrme C  CBOAUT-
csi K wucenenoBannio  byHRmmu W B KOODIWHATHOM  yIJi€
& > 0,6 > 0. KparHocTh [i YIVIOBOH KPUTHYECKOH TOY-
kn xo € C ompenensercs Kak pPasMepHOCTH bakTOp—anreGphl
QW,a) = R[¢ — a]]/A(W,a), tne o — obpa3 a B IPOCTPAHCTBE
KJII04YeBbIX HepemMeHHbiX, R[[€ — a]] — anrebpa dbopMasbHbIX CTENEHHbIX
panoB or £ — «, a ‘:’1(VV, a) — yryioBoii sakobues uumeasn B R[[{ — o],
TIOPOXKAEHHBIN CIETYIONAM HADOPOM d)yHKuHI‘/’I (Tquee, TeNJIOPOBCKU-

MU PA3JIOKEHUSIMU ITUX DyHKUuUiL): &2 851’ &2 852 , % s e %.
KpaTtHocTs 1 KpaeBoit KpPUTHYECKONH TOUYKW @, TPUHAJIIEKAIIEH
kpaio gi(a) = 0, ompesensercsa Kak pa3MepHOCTH (haKTop-aareGpht
Q(W,a) = R[[¢ — o]]/A(W, ), tae A(W, ) — KpaeBoii axobues ujeas
B R[[¢ — a]], nopoxnennbiit Habopom dyHKImiL: £ ‘g%, ‘g%, e gg—vyn )

AHaJIoruyHO onpeesserca KpaTrHocTh 0coboit Touku Ha Kpae ga(a) = 0.
KpatmHocTs BHYTpeHHEH TOYKH @ ONPEIeNseTcsa OOBITHOM 00pa3oM,
Kak pasmepHocTh akrop-anrebpsr Q(W,a) = R[[¢ — o]] /AW, a), rae

A(W, a) — sikoOueB upeas B R[[f /], MOPOXK AEHHBIN HAGOPOM TIEPBBIX
npomsBomaerx: 2 OW

Lo gy’ afm ’

IIyctse M € E x R — wmHOroobpaszme KaracTpod:
M = My U My U Ms, rtne Mk OHpe,lIe.T[HGTCH COOTHOILIEHUAMHA
fx,A\) =0, =z € C, dim Ker (m A) > 0. Baecs Cp — Bep-
mUHHAs rpaHb yriaa, Cp — Kpai yrna Co — BHYTPEHHOCTHL yIJia, a
) =y (V] )

k

Kaycruka ¥ dbyHKIMOHATA B YIJIOBOH 0CO0OI TOYKE OMpenessiercs
Kak 00pa3 MHOTOOOpa3us KaTacTpod OTHOCHUTEIHHO KAHOHUYIECKOHN Tpo-
exin 7 E X R™ — R%: ¥ = 7w(M).
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Ecmu 3apanee m3BecTHA OIEHKA CBEPXY YUCIOM d 3HAYUEHUH WHIEK-
coB Mopca Bcex 6udypIupyoOMUX IKCTpeMaaei, TO KaKIblii PacKIaI
6udyprupyonmx sxkcrpemadeit (bif-packiaj) onuchBaeTca MaTpuiei
L = (I]), B KoTOpOii 9;1€MeHT [ COBIAIAET C KOIMIECTBOM KPUTHIECKUX
Touek Ha Cl.

B ciyuae yriioBoit 0coOeHHOCTH ee BepcajibHAs PAa3BEPTKA OMPE/Ie-
agerca Kak byaxuusas W(x,A), mig KOTOPO# COBOKYIIHOCTH DPOCTKOB

byuKImit %(x, 0) (nauasnbHbIX ckOpocTeli nedopManyu) JaeT CUCTEMY
J

JIMHEHHDBIX 00Pa3yIONX B YIJIOBOM KOJIbIIE OCOOEHHOCTH QO(W). Ecsn
9Ta COBOKYIIHOCTD SABJISIETCS 0a3MCOM QO(W), TO jepopMaIysd HA3bIBA-
eTCsi MUHUBEPCAJIbHOU. ECin paccMOTpeTh B KOJIBIE POCTKOB TJIAJIKHUX
byHKINE MAKCUMAJIBHBIN Haeasl U MPOMAKTOPU30BATE €r0 M0 YTJI0BOMY
SKODUEBY WAy, TO TOJYYUM yCEYEHHOE YTIIOBOE JIOKATHHOE KOJBI0
QS(W) Hedbopuamua W (z, \), nna xoropoit W(x,0) = 0 u cosokyn-
HOCTH POCTKOB (DYHKIUI g—KZ(x,O) obpasyer 6azuc Q§(W), nasbiBaercs
OTPAHUYEHHON MUHUBEpCAILHOM medopmanueii. Kaycruka takoit medop-
MAally HAa3bIBAETCs [VIABHON M obo3Hadaercsd X (dalle BCero KayCTUKOl
0COBEHHOCTH HA3BIBAIOT [VIABHYIO KAYCTHUKY ).

OcranoBuMcs Ha ciaydae cuMMerpudHoil dyskiuun W aByx
EepeMeHHbIX, ee [IJlaBHas dacrb U  wWMeer CIeAylonmil  BU:

oy +eol+801+poroy+y o, o1 =2 +13, 09 =323
Ecim U — pasBeprka min—oCOOEHHOCTH IIECTOrO IOPSIKA, TO

p > —4.

Yepes L = (lo, 1, l2) obo3nauum bi f-packiang W (konudecrBa MUHU-
MYMOB, CeJleJl U MaKCUMYMOB).

Teopema.FEcau L — bif—packaad das min—ocobennocmu wecmozo
nopaAdka, Mo wa Kacdot u3 noayocet KooopouHaM U Ha OUAZOHAALHOLEL
NOAYOCAT cyulecmeyem ne bonee 06YT HEHYAEGHT KPUTMUYECKUL MOYEK.
Ecau na 00noti us smuz (60comu) noayocet uMeemcs napa HEHYALEbIT
KEPUMUYECKUT MOYEK, MO IMU MOUKU PASHOMUNHL (€ PAZAUNHbLMU 3HA-
wenusamu undexca Mopca). Ipu smom lo < 8. B cayuae makcumaibrozo
packaada lg 25 u Iy > 4.

Teopema. Ecau L — maxcumarvuoitd bif—packaad, mo ene duazo-
HAAOHBLE U KOOPOUHAMHBLEL 0CET HATOOAMCA AUWD CEIA06bLE KPUMUYE-
crue mouku (8 mouex).

[locie 3aMeHbl T3 = Y1, T3 = Yo NOMYYHM OMOHIMYECKYIO TOY-
Ky MUHUMyMa B Bepmmue yriua y; > 0, yo > o. MakcumajbHbie
bi f —packnamasr ocobennocTr B Hysne MyHKIWH W HCIEpIBIBAIOTCS pac-
kiagamu (9,12,4), (5,12,8).
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B nonspubix koopaunarax x; = rcos(p), xo = rsin(y) nomaydum
4
o1 =12, 03 = (1 — cos(4y)) u, crenoBaTEIBHO,

4
W=rS+ert4+6r2+ T—(p r2(1 — cos(4g)) + 7 (1 — cos(4¢))).

8
MHOXKeCTBO KPUTHUECKHX TOYEK SBJIAETCHA TepecedeHreM KPUBBIX
My n M,, onpenensgeMblx ypaBHEHUSIMHI % = 0 (kpuBas paguajIbHO

CTalMHAPHBIX TOYEK) U g—‘; = 0 (kpuBasi TAHIEHIMAJIHHO CTAIMHAPHBIX

Touek). Orciona cienyer, uro M7 3a/1aeTCsa ypaBHEHUEM , [TOCJIE TPUBEIE-
HUS MTOMOOHBIX CIATAEMbIX U COKDAIIEHUsT HA MHOXKUTEJIb T, yPABHEHUEM

(6 + %p(l — cos(4p)))rt + (4e + 27 (1 — cos(4¢)))r? + 26 = 0.
Kpusas M, 3anaercsa ypasueruem (p r2 + 7)sin(4p) = 0. U3 nocmen-
HEro ypaBHEHUS BHIHO, 4TO KpuBas My COCTOMT M3 KOODAUHATHBIX H
JIMATOHATLHBIX TPAMBIX JTHHUH W OKPY’KHOCTH 12 = —2.

Kaxpgomy Tuny nepecevenusi My N M7 cOOTBETCTBYeET ONpe e IeHHbII
THII CTPOEHWsI JIMHWI YPOBHs KJII04€BOH (DYHKIMH M CXeMa B3aMMHBIX
[IPUMBIKAHA KPUTHIECKUX TOYEK.

AHasorndHbI aHAIM3 MOMKHO OCYIIECTBHTb M B CIy4ae HECHMMET-
PHUHBIX KJIOYEBbIX DyHKIUI.

JIurepaTtypa
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Basg cepus. Cepusi: Maremaruka. Mexanuka. Undopmaruka. — Caparos:
CTy. —2009. — T. 9, Bemn. 2. — C. 25-30.

4. Konecuukosa U.B. Hapunckuit B.M., Canponos FO.U. Bersie-
Hre a3 KPUCTAJIA,0MPeIe/ITEMbIX TEPMOINHAMAYECKUM TTOTEHIINAIOM
mecroro nopsizika // CucreMbl ynpaByieHus: 1 WHOOPMAIMOHHBIE TEXHO-
goruu. — MockBa—BopoHnex. — 2009. — Ne 1(35). — C. 72-76.

227



PA3PEIIINMOCTS IIEPBO KPAEBOM 3AAYN
AJIAd YPABHEHU S TEIIJIOIIPOBOTHOCTHT
C IIPABO YACTBHIO B KOHYCE
A.H. KonenkoB (Pszaub, PTY)
a.konenkov@365.rsu.edu.ru

IIycts () — orpannuennas obsacts B R™, a ee rpanuna 0Q € C™.
B komyce

K={(tx,t)|z€Q, 0<t<T}, 0<T<o0, (1)

¢ 6okoBoit rpanuneit & = {(tz,t) |z € 0Q, 0 < t < T}, paccmarpuBaercst
TepBas Kpaepasd 3a7a4a

Ou—Au = fBK,
{ U|E 0. (2)

Kpaesble 3a1a4n j1j1g ypaBHEHHA TEILIONPOBOSHOCTH C OJHOM IPO-
CTPAHCTBEHHON IEpEeMEHHON B 00J1acTdX, BhIpOKgatomuxcsa npu t = 0,
HCCIIEZIOBATIMChL BO MHOIHX paboTax, c¢M. [1] ¥ HUTHPOBAHHYIO TaM Jiu-
Teparypy. B paborax [2,3] ans n = 2 paccmarpuBasach mepBasi Kpa-
eBas 3amada B KPYTOBOM KOHyce. B [2] mmst ommopomHOTO ypasHeHuS
TEILTONPOBOIHOCTH ¥ HEHYJIEBOH IPaHMYHON (DYHKIUH yCTAHOBJIEHO Cy-
MIECTBOBAHKE PENICHUsT B BECOBBIX NpOCTpaHcTBax. nsa 3amaunm (2) B
[3] mosyweHo cymiecTBOBAHNE W €IMHCTBEHHOCTh DEIEHHsT B HEKOTOPOM
rUIbOEPTOBOM MPOCTPAHCTBE (DYHKIUI, HOPMa KOTOPOrO COJNEPKHUT U U
3tu.

Mbr paccmarpusaem 3azady (1) ¢ upasoit wacrbio f, KOTOpas JO-
KaJIbHO MPUHAIIEKAT Lo, W MOXKET PACTHU ONMPENeIeHHBIM 06pPa30M TIpH
pUOIM>KEHU K BEPIIUHE KOHYCA.

O6osnaunm 1epes Ko = K\{0} samkuyTbIli KOHYC 6€3 BEepIIHHBL,
K™ = KN {t < 7}, n ana mapamMeTpa a MOIOKUM

fa(t) = vraisup, ek [f(, e 7.

Teopema. Jlas xonyca (1) cywecmeyem wucao v > 0 maxoe, wmo
€CAU NPABaAs 4acms [ usmepuma u yodosaemeopaem HepaseHcmey

[fl@,t)] < Mt (2,1) € K,

© Korenkos A.H., 2023
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mo cywecmeyem (obobuennoe) pewenue u € C(Ky) nepsoti kpaesots
sadawu (2), ydosaemeoparowee oyerke

lu(z,t)] < Cted f (1), (x,t) € K.

Imo pewenue eduHCMEEHHO 8 Kaacce Henpepuenuit 6 Ky dynkyui, ydo-
6AEMBOPANUUT YCAOEUIO
(111})20 e tu(z,t) = 0.
(z,t)eK
JIureparypa
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Opuscula Math. — 2022. — V. 42, Ne 8. — P. 75-91.

2. Jenaliyev  M.T. On the solution to a two—dimensional heat
conduction problem in a degenerate domain / M.T. Jenaliyev,
M.I. Ramazanov, M.T. Kosmakova, Zh.M. Tuleutaeva // Eurasian
mathematical journal. — 2020. — V. 11, N\e 3. — P. 89-94.

3. Jenaliyev M.T. On the Solvability of Heat Boundary Value
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V. 43, \e 8. — P. 2133-2144.

BEPOATHOCTHO-CTATUCTUYECKUE
METOAHBI PEIIIEHU A
IIPO®PECCHUOHAJIbHO-OPUEHTUPOBAHHDBIX 3A/TAY
1.B. KounomireBa, H.C. 3unaenko, JI.B. MuponoBa
(YabsroBck, YUTA)
konopleirina@gmail.com, znaenns@mail.ru, mironovad509@Qgmail.com

[IpuBeneHbl HEKOTOpPHIE MPUMEPHI HCIOJB30BAHUS BEPOSITHOCTHO—
CTATUCTUYIECKUX METOIOB PeIlleHus 33,129 aBUAMOHHOM Temaruku. Llesn
Takoil MeTonuKu — (hOPMUPOBAHKE y CTY/IEHTOB KOMIIETEHITH, HEOOXO-
JUMBIX JJIsT UX JaJIbHERTeil mpodeccnonaibHoi 1eaTeIbHOCTH.

B [1] npuBeseHbI ONTHMAIBHBIE TPAEKTOPUH MapIIpyTa nosera Gec-
muyiorauka (BIIJTA). ABTOpPBI NPUMEHSIOT PE3YJIbTAThL ITON CTATHU JIIst
COCTaBJIEHUS 337149 HA TEOMETPUYUECKYIO BEPOATHOCTH. Jljis HaxOXKie-
HUS BEPOSATHOCTH OIPE/IETIEHUS MECTA ABUAIIMOHHOIO IIPOUCIIIECTBUSI, €C-
JIM IIpeIoJiaraeMblil paiion umeer hbopMy KpPyra, KBaJApara WUiId IPAMO-
YTOJIbHUKA, OMPEIEISIIOTCS TPACKTOPUH 00J1eTa, TLIOMAIL 00CIeI0BaH-
noit BILJIA obsacTu 1 IIoma s BCEro paiioHa, IOUCKA.

© Konounesa 1.B., 3naenko H.C., Muponosa JI.B., 2023
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IIpu u3yvenun anreOPbLI COOBITHI PACCMATPUBAIOTCSA TUIIOBBIE 3313~
un:

IIpumep 1. CaMOTeT MOXKET BCTPETUTHCS ¢ ITAIIAME BO BPEMS B3JIE-
Ta (MOCAIKM) W BO BPEMS TOPH3OHTAIBHOTO TIOJIETa. | OPU30HTAILHBIH
noser cocrasasier 80% HPOIEHTOB OT BCETO BPEMEHW IOJIETA, & B3JIET
(mocagka) — 20%. BeposaTHOCTH HEe CTOJKHYThCS C MTUIAMU BO BPEMsi
rOPU30HTAJILHOrO TojieTa pasHa 0,9, a Bo Bpems B3jera (nocaaku) — 0,6.
HaiiTu BepogTHOCTD TOrO, 9TO BO3YIIHOE CY/IHO HE CTOJIKHETCS C IITUIIA-
vu. HaliTh BepOATHOCTD TOTO, 9TO CTOJKHOBEHHUE C TITHIIAME TTPOU3O0IILIO
BO BpeMsi B3Jiera (110CAIKN).

MeTo/1pl, H3I0KEHHBIE B [2], HCIIOIB3YIOTCS JJIs pACUeTa HAJeKHOCTH
TEXHUYECKUX CUCTEM (N MOCJIEA0BATELHO COEUHEHHBIX (DUIILTPOB Pa3-
HBIX THUIIOB W TEXHUIECKUX CPEJCTB ODECIIedeHMsT aBHAIIMOHHON 6e3-
onacuocry). Oupesensercs CrpyKTypa CUCTEeMbl, BEPOATHOCTh U BPeMst
ee 6e30TKa3HOIT paboThl. [IpuMeHeHe METOIOB MATEMATUYECKOTO MPO-
TPAMMUPOBAHUS TTO3BOJISIET HANTU OMMTUMAJLHOE KOJTMIECTBO PE3EPBHBIX
3JIEMEHTOB KazKJIOTO THUIIA NMPU 3aJaHHOU HAJIEKHOCTHU BCEH CUCTEMBI U
OrPAHUYEHUIX IO CTOMMOCTH. Takme 3aJaHus MOMKHO COCTABIATH KaK
TUIIOBOH pacyeT, COCTOAINI U3 IIPONOJIZKAIOIINXCA 10433124 PA3HOMI CTe-
IEHU CJI0?KHOCTH U BAPbUPOBATH UX B 3aBUCUMOCTH OT KOJIMIECTBA 4aCOB,
TpeIHA3HAYEHHBIX JJIA U3YYEHUST TEMBbI.

PerpeccrnonHo-KOPPENANMOHHBIN aHAJIN3 MPUMEHSIETCH JJis CTaTHU-
CTUYECKOI'0 aHa/IM3a Pacxo/la aBUaTOILINBA, KadecTBa AaBUAIIMOHHOI'O
Macsia B 3aBUCUMOCTH OT BPEMEHW, TPUYUH aBUAITPOUCITIECTBUI:

IIpumep 2. Ilo manHbIM HAOMIOIEHWI 34 ABUAIMOHHBIMH ITPOWC-
IIECTBUSAMHU B 7 adPOIOPTAX HU3YUYUTH 3aBUCHUMOCTH BPEMEHU IIPOBEJIE-
Hud aBapuiiHO—cuacarebHbiX pabor y (MUH) OT BpPeMEHU BAKyaluu
MACCAKUPOB W3 caMoyieTa Ip (MWH) ¥ BDPEMEHH MpUE3Ja aBapuitHO—
cracaTe/lbHOro pacuera xo (MuH) (UM BpEMEHU COODINEHUS Ha, MYJIbT
cayxk6b1 criacenus). IlocrpouTsh ABYX()aAKTOPHYIO JIMHEHHYIO perpeccu-
OHHYT0 MOZeb. OnpeaenuTs Criry BO3eicTBrsA (GaKTOPOB HA PE3YJIBTAT,
TECHOTY CBsI3H MexXK/ly (PaKTOPHBIMU MPU3HAKAME U Pe3yibTaruBHbiM. C
moMoIsio F—kputepus @urrepa mpu 33 JaHHOM yPOBHE 3HATUMOCTH OTIe-
HUTH CTATUCTUYIECCKYIO HAJAEC?KHOCTH YPaBHEHUA PETPECCUN.

Henpocro naiitu manHbIe A7 COCTABIACHHSA 33739 MPOQECCHOHATb-
HOIl HAIIPABJIEHHOCTH, T.K. HHMOpManus 0 pabore aBUAIPeANPUITUN OT-
CYyTCTBYeT B OTKPBITOM gocryme. OHM COOMPAIOTCS CTYIEHTAMU B XOJIE
BBITIOJIHEHUS MPOEKTOB. Takue WMCCIeIOBAHUS BBI3BIBAIOT OOJIBITION WH-
Tepec gaxke Ha 1 m 2 Kypcax. YMeHue HaiTH, 00pabOTaTh JAHHBIE, IPO-
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AHAJTM3UPOBATH PE3YIbTATHI, CIEJIATh BHIBOIDI, TIO3BOJISIET TOTYIUTD Ha-
BBIKY HCCJIEI0BATEIHCKON PADOTHI.

Pemrenne mpukiagHpix 3a7a9 MOTHBHPYET CTYIEHTOB TyOxKe H3y-
9aTh MATEMATHYECKHE METO/IbI, HCIIOJb30BATD UX [P HAIMMCAHUH KYyP-
COBBIX PabOT TIO CHenuaabHbIM gucimmanHam n BKP.

Cozpanne 6aHKa JAaHHBLIX HPOPECCHOHAIbHO—OPUEHTUPOBAHHBIX 3a-
a9 ¥ UCTIOJIb30BAHNE UX B YUIEOHOM MPOIECCe — OAUH U3 3(PHEKTUBHBIX
METOIMYECKUX TPUEMOB TOBBIMIEHUS KAYECTBA, MATEMATUIECKOTO 00pa-
30BaHusA. Pe3yIbTaTMBHOCTD TAKON METOIUKHU MOATBEPKIEHA MHOTOJIET-
HUMU HaOJIIOICHUAMU.

JIureparypa
1. Mesbaukos A.B. Ilocrpoenne onruMa/bHONR TPAEKTOPUHU IIOJIETA
GECIUIIOTHOrO JIETETEJIbHOIO AMIIAPATA DU BBIIOJHEHUN 33/1a91 IIOUC-
ka / A.B. Mesnnuuko, B.A. Taiigaii, E.A. Porosun // Becrauk Bopo-
nmexkckoro macturyra MB/I Poccun. — 2017. — Ne 1. — C. 51-62.
2. Tlosmoeko A.M. OcHosbl Teopun HagexuocTn | A.M. ITlosorxo,
C.B. I'ypos. // BXB — Cankr-Ilerep6ypr, 2006. — 702 c.

O CXOOMMOCTU ®OPMAJIBHOT'O PEIIIEHU A
METO/IA ®YPHE B CMEIITAHHOI 3ATAYE
JIJISI HEO/THOPO/THOT'O BOJTHOBOT'O YPABHEHU A
C PEIWYJIAPHBIMN KPAEBbIMU YCJIOBUAMMN
B.B. Kopues (Caparos, CI'VY)
KornevVV@sgu.ru

Paccmorpum cmermannyo 3agady

Ut (,1) = gy (x,t) + f(z,1), 0<a <], 0<t<o0; (1)

uz(0,1) + a1u(0,t) + Bru(l,t) =0,
Uz (1,t) + au(0,t) + Bou(l,t) =0

u(z,0) =0, wu(z,0)=0, (3)

rae byukunn, Bxomsmue B (1)—(3), kommiekcHo3Ha4yHble U f(x,t) €
€ L(Qr), Qr = [0,1] x [0, T, mpu sobom T > 0.

© Kopres B.B., 2023
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dopmaabHOE pererne 3Toi 3aga4n mo meroxy Pypbe npeacraBumMo
(cm. [1]) B BHOe psima

u(w,t) = = — / Z/ X /R)\(f(~,7'))snlp(;7_)d7' d,

A=r n>n0,y

rie Ry = (L — AE)~! — pesombsenta onepaTtopa L:
Ly =—y"(z), v'(0)+a1y(0) + Biy(1) = y'(1) + a2y(0) + B2y(1) = 0,

E — emummanniit oneparop, A = p2, Rep > 0, 7y, —3aMKHyTBIH# KOHTYD B
A-TLIIOCKOCTH BOKPYT N—T0 COOCTBEHHOrO 3Ha4YeHus omeparopa L, r > 0
JIOCTATOYHO BEJUKO M (PUKCHPOBAHO, 1o — TAKOW HOMED, UTO IIPU N >
> ng BHYTPH 7,, HAXOJUTCS 10 OJHOMY COOCTBEHHOMY 3HAYEHUIO U BCE
Yn TIPH 1 2> N HAXOISATCS BHE KOHTYDa |A| = 7.

Ormerum, uro psaj (4) uMeer CMBICH i JIIOGOH JIOKAJIbHO CyMMU-
pyemoii byuxiuu f(z,t).

Iycrs ¢(x) € L[0,1]. Oupenesum ee nponomzkenune () ¢ [0,1] na
Bce x € R 1o cienyomemMy mTpaBmiy:

(@), (1 +2)" = (p(x), p(1 — )"+
+2M / eME=D (o), p(1 —t))dt, = >0, (5)

rae ¢(x) = p(x) upn x € [0,1], T — 3HAK TPAHCIOHUPOBAHHUS,

aq B
M = .
(—042 —52)
B namsneiiimem wepes f(z,t) oGosnauaercs dbynkuus f(z,t), mpogon-
JKEeHHas TIPpU KaxkaoM (ukcuposanroM ¢ > 0 no npasuiy (5) ¢ x € [0, 1]
Ha Bce T € R.

Ormerum, 910 f(as, t) sokanbHO cymmupyema B R X [0, 00).
Onpenesnum QyHKITUIO

rx+t—T

/dT/ n,7)dn, 0<z<1l, 0<t<oo.

r—t+T1

Ormerum, 9uto ug(z,t) — HenpepbiBHAS (DYHKIUS.
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Teopema. IIpu awbom durcuposanmnom t > 0 psad (4) cxodumesn %
uo(z,t) pasromepro no x € [a,b] na mobom [a,b] C (0,1).

Bameuanue. YTBepKICHEE TEOPEMbI OCTACTCH B CHJIE W [T IPYTHX
KpaeBbIX ycjioBuii (2) mpu najgexamiem onpeaenenun Gyakuuu f(x, t)
IIPH YCJIOBHH, 9TO KPAEBble YCIOBUSA COOTBETCBYIOMIEro omneparopa L ab-
JIATOTCA PEryIspHBIMU.

JIutepaTtypa
1. Xpomos A.Il. Pacxonsmuecs psaapl B Merone Pypbe st BOJIHO-
soro ypasuenus / A.IL. Xpomos, B.B. Kopues // Tpyubt Uncruryra
maremaTuku u Mexaunku YpO PAH. — 2021. — T. 27, Ne 4. — C. 215-
238.

IIOCTPOEHUNE ACUMIITOTUK PEIIIEHU
JNO®PEPEHIINAJIbBHBIX YPABHEHUN
B OKPECTHOCTU UPPETVJIAPHBIX OCOBbBIX TOYEK
B IPOCTPAHCTBE ®YHKIIUI
9KCIIOHEHIINAJIBHOT'O POCTA
M.B. Koposuna (Mocksa, MI'Y)
betelgeuser@yandex.ru

3ajadua 0 TOCTPOEHNY PABHOMEPHBIX ACUMIITOTUK pertennii audde-
PEHIINAJIBHBIX yPABHEHMUI C TOJIOMOPMHBIME KOIDPUIMEHTAMU B OKPECT-
HOCTH UPPErYISIPHBIX OCOOBIX TOYEK, B TOM YUCJIE OECKOHEUHOCTH SIBIIs-
ercs KJIACCHYIeCKO# 3amadeil aHATATUIECKOH Teopuu auddepeHinaib-
HBIX ypaBHeHHil m B obmiem Buae Obuta copmymupoBana Ilyankape B
paborax [1], [2]. B naunHoi# pafoTe MBI MTOCTPOMM OOIIMI BUJT 3THX aCHMII-
TOTHK B MPOCTPAHCTBE (DYHKINN IKCIOHEHIIHAJIHLHOTO pocTa. be3 orpa-
HUYeHusT OOIHOCTH OyIeM CIUTATh, YTO OCODOH TOYKON ypaBHEHHS SB-
JISIeTCsT HOTIb.

Paccmorpum ypasuerue

an (z) (%)nu(x)—kan_l (2) (%) w(z)+ ...
+a; (z) (d%y u(x)+ ...+ ag(z)u(z) =0.

n—1

(1)

Baech a,, () — dysruuu ronomMopdHbe B HEKOTOPOH OKPECTHOCTU
HYJIS.

Hesibio HaIEro UCC/IEIOBAHNS ABJISAETCs IOCTPOEHUE ACUMIITOTHK Pe-
menuii ypasuenus (1) npu x — 0, B npeamonoxennu, uro x = 0 aBja-
€TCsi MPPeryIsspHoit 0coboit Toukoit. OOIuil B aCHMITOTUK B OKPECT-
HOCTHU PEryJISIPHBIX OCOOBIX TOYEK XOPOIIO W3BECTEH.

© Koposuna M.B., 2023
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Kak nokazano B pabore [3] ypasuenue (1) ¢ upperysusipuoit ocoben-
HOCTBHIO B HYJIE MOXKET ObITH 3ancano B BUIE

:( kT k“dﬁi) u(x )+Zrla ( )( kT kﬂdi) u(z) =0,

e k € N, af () — dynxuun ronomopduble B OKpecTHOCTH Hys. B
pabore [3] HailneHO MUHUMAJIBHOE HATYDPaJIbHOE K.

Ompenenenne. Cumeonrom 0u¢g‘5€peﬂuuaﬁbnoeo onepamopa H na-
sweaemca dynryus H (r,p) =p" + > i, af (r) p’,

Ocrosmvim cumsonom Onepamopa H nasweaemea noaurom

(2)

Ho(p) = H (0,p) =p" + Za? (0

Bompoc o Bume paBHOMEPHOI aCHMITOTHKYM B OKPECTHOCTH HPPETry-
JIAPHO# 0CODOI TOYKM TIPOINE BCErO PEIIAETCH B CJIydae, KOrJAd KOPHU
ocHoBHOrO cuMBona Hy (p) sBasiorcs npocreiMu. B paborax [4], [5] mo-
Ka3aHO, YTO ACHMIITOTUKHU B 3TOM CJIy9ae MMEIOT BU/L

oo
3 erit 3t
k=0
rae Pi(y) = \y® + o WPt L+ aly, 0y — wommiexcroe -

10, Y pe o AFzkF — acumnrormueckuit paa. Ipocromy j—My KOpHIO mO-
sunoma Hy (p) Gyaer coorBercrBoBaTb ACMMITOTUYECKUIl YJI€H BUAA
a0 Y Ak i =1,n

B ciydae KpaTHbIX KOpHEH 33/1a9a MOCTPOEHUS ACHMIITOTHK 3HAUM-
TeNbHO cyioKHee. B paborax [6], [7] mocTpoeHBI acCHMIITOTHKY pereHuii
B OKPECTHOCTN OECKOHEYHOCTH B MPOCTPAHCTBAX (DYHKIHH YKCITOHEHITH-
aJIbHOTO pocTa st ypaBHeHus (1) B caiydae, Korga a, (z) = 1. 3amerum,
970 HECKOHETHOCTH BOODITE TOBOPSI SABJISETCSA UPPEryIsipHOiT 0c000it TOU-
Koit. B obmem ciaydae Ha BOIPOC O BHIE ACHMITOTHK B OKPECTHOCTH
MIPOU3BOJILHON HPPEry/IsiPHOil 0COOOI TOYKHA OTBEIAET

Teopema. Jliobas acumMnmomuka coomeemcmeyouLta HYie80MY
KOPHIO OCHOBHO20 CUMBOAG Ypashenus (2) 6 mpocmpancmee @yrxyud
IKCNOHEHYUUANBHO20 POCTA NPEICMABUMA 8 GUIE CYMMDL ACUMNIMOMAUL-
YECKUT 4AeH08 6Uda

ui(x)zexp(Pi(x %>) i zt ,i=1,...,n,

k=0
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2del; € N, 0; — komnaekcuvie wucaa, P; () aeasemes nosunomom cme-
nenv Komopozo e npesvwaem 2, S oo, air' — acumnmomuueckud
pAd.

3ameTnM, 9T0 KOpeHb OCHOBHOTO CUMBOJIA p; # 0 CIBUraeTCs B HOJb
¢ HOMOMIBIO YKCIOHEHIMATLHON nofcTanosky u (z) = exp (&) u; (x).

Teopema JoKazaHa ¢ HOMOIIBIO IPUMEHEHHS METOJ0B PECY PreHTHOrO
AHAJIM32 ¥ METOJa IIOBTOPHOI'O KBAHTOBAHU:A, OCHOBOH KOTOPOI'O sIBJlst-
eTcst MHTerpasbHoe mpecrasienne Jlamnaca Bopens [8].
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Press. — 1995. — 288 p.
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JAPOBHO-HATPY>KEHHA ST 3AJAYA
AJId YPABHEHU A TEIIJIOIIPOBOHOCTU
B CJIYUHAE N30TPOITHOCTU
I10 YIJIOBOM KOOP/JIMHATE!

M.T. KocmakoBa, A.H. Xam3eeBa
(Kaparanga, Kapy um. E.A. Bykerosa)
svetlanamir578@gmail.com, aiymkhamzeyeva@gmail.com

B cenbcKOX03sCTBEHHOM CEKTOpPE SKOHOMHKH JTI000M CTPAHBI IPO-
6s1eMOil gBJIsIETCs 3aD0IAYMBAHIE U 3ACOJICHHUE TIOJMBHBIX 3€MeJIb B CBsl-
3W C MOJbEMOM TPYHTOBBIX BOJ TIpW oporiennu. U3BecTHO, UTO 3a71aum
PEryJIMpOBaHusl YPOBHS TPYHTOBBIX BOJ| IpW oporennu [1] mpuBomsT K
HEOOXOMMOCTH MUCCIETOBAHNS KPAEBBIX 3314 JIJIs HATPYKEHHBIX TTapa-
6onmueckux ypashenuii. HeycranoBusieecs: maoCKOMapasiebHOe JIBH-
JKEHWE I'PYHTOBBIX BOJ, CO CJIa0OM3MEHSIONMENcst CBOOOIHON MOBEPXHO-
CTHIO ¥ C HEMMPOHWIIAEMBIM TOPU30HTANIBHBIM BOJOYMOPOM OMUCHIBAETCS
ypaBHenueM ByccmHecka, KoTopoe JuHeapu3anneil Toxke CBOIUTC K Ha-
IPY’KEHHOMY MapaboIMIecKOMy ypaBHEHHIo [2].

B pabore nccienyercs nBymepHas KpaeBasi 3a7ada 1O MPOCTPAH-
CTBEHHBIM TIEDEMEHHBIM B 00JIaCTH, BBIPOKIAMOIEHCS B HAYAIHHBINA MO-
MEHT BPEMEHH

G = {(x;y,t) cat 4yt <ttt > O}
JI71S TPOOHO—HATPYKEHHOTO yPABHEHNUS

ou(x, y, t)

5t = a’Au(z, y, )+)\{RLD0tU (z,y,t H

\/TUZ t/2 (LL' Y, )7
(1)

C yCJI0BHEM OI'DAHUYEHHOCTU DPelleHUudd

im  ue,y.t) =0, (2)

224y2—00

¥ C ycjaoBueM Ha OOKOBOI IIOBEPXHOCTH KOHYCA

U(ZE, y7t) \/W:t = g(t)’ t>0, (3)

1 D10 uccnemosamme punancupyercs Komurerom Haykn MunncTepcTBa 06pa3o-
Banud u Hayku Pecrny6nuku Kaszaxcran (Grant Ne AP09259780, 2021-2023).
© Kocmakosa M.T., Xamzeesa A.H., 2023
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rue g(t) — 3anannas GyHkuys,

d [* .Y,
Dot = 5y |, (@

— mpou3BomHad B cMbiciae Pumana—/luysuang mopsaaka 8, 0 < 8 < 1.
Bagaga (1)—(3) ucciemyercsa B ciaygae oceBoit cummerpun. ITocse BBe-
JIeHUS] TIOJIAPHBIX KOOPIUHAT TOJIYYUM CJIEIYIOMLYIO 33/1a9y.
B o6nacru Qo = {(r,t) : r >0, t > 0} naiiTu peiieHue ypaBHeHUs

Ow(r, t) 0a? 0 ( Ouw(r,t) 3
— =t T /\{ D ,t} F(r,t) (5
) =L (P e {mDfutr 0} +F00) )
C YCJIOBMEM OI'DAHUYEHHOCTU PEleHUst
rlggo w(r, t) =0, (6)
U C HAYAIBHBIM YCJIOBHEM
w(r, )| = g(0). (7)

t=0

Baech: w(r, t) = u(rcosp,rsing,t), F(r, t) = ®(rcosp,rsinp,t) B
cJly4ae U30TPOIHOCTH 10 YIJIOBOH KOOpJMHATE.
Ucnonsays [3], Beimummem npeacrapienne perierns 3ana4an (5)—(7)

w(rt) = /O G €1 g(0) de+A /O /O 7 G t—7) dgdr+ (),
(8)
rie

() = { rL DGl )}

r:t/27
t )
Frt) = /0 /0 G(ret—7)F (¢, 7) dédr, )

2 ¢2
6.0 = gz (- ey ) 0 (52

3aecn: Io(z) — mogudunuposannas Gpyukuus Beccess.
ITockonbky

/OOO Glr&, 1) de = 1,
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TO mpejcrasienue (8) npumer B

w(r,t) = g(0) +)\/O /O°° w(r) dr + f(r,t). (10)

IMpumenus x (10) oneparop apobHOro muddepennupoBanus mo Gop-
mysie (4), moacraBuB r = t/2 u yuurbiBas obo3HadeHue (9), mMOIyUNM
MHTErPATbHOE yPABHEHHE

rae dyukuua fi(t) onpenensercs Gopmyioit

fi(t) = {RLDgtf(T> t)}

. (12)
r=t/2

Pemienve ypasuenus (11), mosyuenHoe ¢ mOMOIIbIO IPEOOPA30OBaHs
Jlamaca, nmeer Bux:

0] (t) = g(O) tiﬁ El—B,l—B ()\tliﬁ)+f1 (t)+)\fl(t)*t7ﬁ El—ﬁ,l—ﬁ ()\tliﬁ) R

rae B, 4(2) — dynkuus Murrar—Jleddiepa, * — omeparusi CBepTKH.
Torna, ¢ yuerom npencrasienus (8), mosyuum penienue 3aaadu (5)

- (7)
w(r,t) = g(0) Bi_g (M) + Af1(t) * Big (MF) + £ (1),

snech E, 1(2) = Eq(z), u dyuxnun fi(t) u f (r,t) onpenensiorcss cooT-
BercTBeHHO dopmynamu (12) u (9).

ITockonbKy paccMaTpuBaercs Crydail H30TPOIHOCTH MO YIJIOBOR KO-
opaunare, To w(r, t) = u(rcosp,rsinp,t) = u(x, y, t) — pewenue uc-
xonuoit 3amaun (1)—(3), F(r,t) = ®(rcosy,rsinp,t) = &(z, y, t) —
mpaBasi 9acTh B ypaBHeHun (1).

JIurepaTtypa

1. Kounna H.H. Bompocsl perynnpoBanusi ypOBHS I'PyHTOBBIX BO/,
mpu nosmBax / H.H. Kounna // Hoka. AH CCCP. — 1973. — T. 213,
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CJIABAS PA3BPEIIINMOCTDb CUCTEMBI
HABBE-CTOKCA HA IIOJIYOCU!
E.N. Kocrenko (Bopouex, BI'Y)
ekaterinalarshina@mail.Tu

BQ=(—00,T|xQ,rueT >0,a CR" n=23— orpanuuennas
obsacrb ¢ rpanuneit 02 C C? paccmarpusaerca 3a1a4a,

ov -

5+ > ”iaTZ —plv+Vp = f(t,x), (L) €Qr; (1)
div o(t,z) =0, (t,z)€ Qr; (2)
V |(—00,T)x00= 0. (3)

Baech v(t,x) u p(t, r) KCKOMbIE CKOPOCTb U JABJIEHUE PACCMATPUBA-
emoii cpespl, f(t, ) — WIOTHOCTH BHEIIHUX Cul, (4t > 0.

Pa3zpemmmMocTh paccMarpuBaeMoil 330a4u JOKA3bIBAETCS C TOMOIIBIO
METO/Ia, OCHOBAHHOTO HA ANNPOKCHMAIMU JTOH 3ajaqdu 0osee mpocToit
3a7a9€il ¥ MCIOIB30BAHUE TEOPHUH CTENEHU OTOOPAYKEHUI BEKTOPHBIX 110~
Je.

Beeném dpyHKIIMOHATBHOE IPOCTPAHCTBO, B KOTOPOM OyIeT JoKa3aHa
cnabast pa3permmMoCTh PACCMATPUBAEMON 3a1a4M:

W ={v:ve Ly(—o0,T;V),v' € Li(—00,T;V~1)},

rne V. — ruapbepToBO IPOCTPAHCTBO — COJIEHOMJAIBHBIX BEKTOP—
bynxmuii: V = {v € WHQ) : v [r= 0,div v(t,z) = 0}, V- — mpo-
CTPAHCTBO, COMpPsi>KeHHOe K V.

Omnpenenenne 1 ITycmv f € Lo(—o0, T; V1), Caabvim pewenuem
sadawu (1)—(3) naswvieaemes pynkyua v € W, ydosaemeoparouas npu
moboti p €V u n.s. t € (—oo0,T) moscdecmey

- 0
(v’,@—/vaa—jdx—F,u/Vv:Vgodxz<f,g0>.
Q =1 ! Q

Teopema 1 ITycmn f € La(—o00,T; V1), Tozda sadaua (1)—-(3) ume-
em no kpatined mepe 00no caaboe pewenue v € W.

1 PaGora BBImOSHEHD HpH (PUHAHCOBOH momgep:kke PH® (mpoekt Ne 22-11—
00103).
© Kocrenko E.I., 2023
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ma  Haspe—Crokca. / B.I. 3psarun, B.T. Imwurpmenko. //
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YCTOMYUBBLIE PASPBLIBHBIE PEIIIEHI ST O,Z[HOﬁ
HPOCTPAHCTBEHHO—PACHPE,Z[E.T[EHHOI‘/’I
KPAEBOI 3AJJAUYN!
A.C. Kocrepun (dpocnasib, Apl'Y uwm. II.T. demunosa)
kosterin.dim@mail.ru

Paccmorpum cucremy ypaBHeHUIT

2m
d 1
ditb = (A + cA)u+ Fo(u,u) + F3(u,u,u) + 5D02— /u(t, x)dx (1)
T
0
C TIEPUOUYECKAM KPAEBBIM YCIOBUEM
u(t,z + 27) = u(t, ). (2)

Bmech u = u(t,xz), t =2 0, x € [0,27], Ao, A1, Dy — n X n—MaTpwuIH,
Fy(x, %), F3(x, *, x) — quneiinble 110 Kaxka0My aprymenty dbyuximu. Can-
TaeM, 4TO MaTpula Ay UMeeT mapy 4hCTO MHUMBIX COOCTBEHHBIX 3Ha-
4eHuii, BCe OCTa/IbHble COOCTBEHHbIE 3HAYEHHS MMEIOT OTPULATEILHYIO
BEILECTBEHHY0 YaCThb.

Permienvie kpaeBoit 3a1a4uu OymeM UCKaTh B BUIE

u(t,z,e) = e'/?(af(r, ) exp(iwt) + a&(, x) exp(—iwt)) + & (uzo|& (7, ) >+
g £2(7, x) exp(2iwt) + ﬂgng(T, x) exp(—2iwt)) + ..., T =¢t.
Iloacrasus ero B ypasrenwe (1) m npupasass K03bUITHERTH TP

€32 momyunM Kpaesyio 3a1ady

9

2m
G =+ (Lt ioneleP + L [eraidn, (3
0

! Mcenenosanne BLIONHEHO 3a cder rpanTa Poccuiickoro mayunoro domnma Ne
22-11-00209, https://rscf.ru,/project /22-11-00209/
© Kocrepun [1.C., 2023

240



C IIEPUO/INYECKUM KDPAaeBbIM YCJ/IOBHEM

&y + 27) = €(7, ), (4)

KOTOPYIO OyIeM HA3bIBATh KBA3WHOPMAJIBHON (DOPMOi.

Pemrennst kBaznHopManbHON (HDOPMBI ONPEIENSAIOT JHHAMUKY Derre-
HU MCXOIHOW KpaeBON 3a/la4M B HEKOTOPOH JOCTATOYHO MAaJION U HE
3aBUCHAIIEN OT € OKPECTHOCTH HYJIEBOTO perienusi. B wHacrosmei pabore
HCCIIeIyeTCs MOBe/IEHUe PEIIeHni KBasuHOPMasibHoi ¢opmbl. Crpases-
JUB CJIEAYIONMNI pe3ysIbTarT.

Teopema 1. Kpaesas 3adava (3), (4) npu~y > —1 umeem odnopodnoe
1o T u nepuoduyeckoe no t pewenue uda

E(r,x) = £4/1+ yexp((Mo + oo(1 +7))ir).

Jannoe pewerue A6AAEMEA 0OPOUMAALHO GCUMNMOMUNECKY YCMOTYU-
6VLM.

PaccMoTpum BOTIPOC O CYIIECTBOBAHUN KYCOUHO—TIOCTOSTHHBIX TO &
perrennii. IIpegcrasum perrenne 3ama4n (3), (4) B Buge

fra)= 4P VST (5)

pge“”, a<x<2m.

IMoxcrasus ero B ypasuenue (3), nojydum cucremy aarebpanvecKux
ypaBHeHUN

p1— P} = —Llaps + (21 — a)py cos ],

2
—wp1 + Aop1 + oop} = —%(27 —a)pzsing,
v
p2 — p3 = —5-lapicosg + (27 — a)pa),

—wp2 + Aop2 + ooph = %am sin @,

YucneHHO TOKA3aHO Hajw4due perneHuit 3toit cucrembr. CiemoBa-
TEJIbHO, CYLIECTBYIOT KyCOYHO—IIOCTOSHHBIE PEIIEHHs KBA3UMHOPMAJIbHON
dbopmbl Buga (5). HucsieHHO HOKA3aHO, 4TO HEKOTOPbIE U3 PELIeHUH KBa-
BUHOPMAJIHHON (DOPMBI SIBIASIOTCSA YCTONIUBBIMH.

JIureparypa
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HUS B MOJIEJIN ONITHKO—JIEKTPOHHOTO OCIMILISITOPA C 3aMa3IblBaHieM / /
Hoknaasr Akagemun Hayk.— 2019. — T. 484, Ne 1. — C. 21-25.
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OJHA MEPAPXNYECKAMA UTPA IIPN
HEOIIPEAEJEHHOCTHI!
K.H. KyapsiBueB (Yensounck, FOYpI'Y (HITV))
kudrkn@gmail.com

PaccmarpuBaercs nepapxudeckast urpa JIBYX JIAI TPW HEOTIPEIETeH-
HOCTH ', KOTOpAst aCCOIMMUPYETCS C KOPTEXKEM

({12} {Xtizr2, Yo {fil@, y) bz 2), (1)

rue {1,2} — nopsiakoBbie HOMepa UrpokoB, X; C R™ — muo)kecTBO
qucrbix crpareruil i—ro urpoka (¢ = 1,2); Y € R™ — mHOXKeCTBO MH-
TEPBAILHLIX HEOTpeneaeHnocTei y. [Tapbl BRIOpAHHBIX HTPOKAMA CTPa-
Teruii 00pasyior curyamuu x = (Z1,Z3), MHOXKECTBO BCEX CHTYyalluUil
X = X; x Xy € R™*"2_ Ha muoxecTse Bcex nap (,y) € X x Y onpe-
JIeJIEHbI CKaJIPHbIE (DYHKIUK BHIUTPBINA UTPOKOB f1(x,y) u fo(x,y).

B urpe I" npeanmonaraerca cieayomas cxema HHGOPMAITMOHHOTO B3a-
HUMOIENCTBUSI:

HA IIEPBOM IIAre UT'PhL, UTPOK 1, SABIAIOMMANCS JTUIEPOM, TTIEPEIACT T~
POKY 2 mH(MOPMAIHIO O MHOXKECTBE CBOUX IHCTBIX cTparernit X;. Ha oc-
HOBe 3TOMH uadOopManmu, urpok 2 GoOpMUpPYyeT CBOIO CTpATeruio o1, y)
KaK GYHKINIO To : X1 X Y — X TaKy0, 9TO

fo(z1,22(21,9),y) = max fo(z1,22,y) V1 €Xy, yeY.
x2 2
Ha BTOpOM mrare, urpok 2 mepemaeTr mepBOMY UTPOKY WHGMDOPMAIIIIO
O BBIOPAHHOW WM CTPATETrHH xg(xl,y). ITocnme wero urpox 1 BBHIOHMpaeT
CBOIO cTpareruio xr € X U3 yCJIOBUA

fi(@], z2(27,y),y) = max fi(x,z2(1,9),9)-

z1€X1

! McenenoBanue BLIOTHEHO 3a cuer rpamTa Poccuifckoro may4noro dbouga
Ne 23-21-00539, https://rscf.ru/project/23-21-00539/.
© Kyapsasues K.H., 2023
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[Ipu sToM, B mporecce NPUHATUS PEIIeHUsi, UTPOKH BBIHYKIEHDI
PACCYNTHIBATH HA BO3MOYKHOCTH PEATTN3AINY JII000I HEOTpeIeIeHHOCTH
y € Y, 0 KOTOpPOii OHU HE UMEIOT HUKAKOM CTOXaCTUIECKON MHMOPMAITUH.

Ncnonb3ys uueosornio, Ha3BaHHYIO B [1] «aHAIOrOM CeIOBOI TOY-
Ky, (popMauzyem Jiist urpsl [ ciegyiomiee MOHATHE PENeHs.

Omnpenenenne. Cumyayuro x*8 = (x5t 25') € X 6ydem nazveamo
2aparmuposanmsim no Ilapemo pasnosecuem no Ilmaxenvbepey 6 uepap-
zuyeckol uepe I', ecau cywecmsyrom neonpedeaennocmv Yy, € Y u
pynryua o 1 X1 X Y = Xo makrue, wmo:
60—NEPEDIL,

fa(wr, 22(21,¥p), yp) = max fa(wi,22,yp) Va1 € Xy;
zo€Xo
60—6MOPHBLT

fl (xita x§t7 yp) = fl (xit7 xQ(xita yp)7 yp) = $r1n€a))((1 fl (Jf‘l7 1‘2(.1?1, yp)v yp)7
6-TPEMBUL, Yp — MUuHUMAALHAA No ITapemo asvmepramusa (2] 6 dey-
KpumepuarbHoti sadaue

<Y7 {fi($5t7 y)}i:1,2>;

noayuennot us (1) npu durcuposarnnol cumyayuu x© = 5.
IIpu smom, zaparnmuposarmvie no Ilapemo pasHosecnve no Illma-
Keavbepay 6uuzpuuY 0NPeIeNAIOMCA 6EKMOPOM

fSt = ( 18t7 St) = (fl(xitﬂ$§t7yp)7f2(xit=$§t7yp)'

IIpu «OOBIMHBIX> JJIsT TEOPUH UTP OTPAHUIEHUSIX, MOJTYIEHBI JOCTA~
TOYHbIE YCJIOBUA CYIIECTBOBAHHUA IIPEIAJIOZKEHHOI'O PAaBHOBECHUA. B kaue-
CTBE MOJEJIHHOTO TPUMEpa, PACCMOTPEHA MOJENb II€NH IIOCTABOK IIPU
ydeTe MMIIOPTA, /Jisi KOTOPOM MOCTPOEeHO rapaHTupoBaHHoe 1o Ilapero
pasHoBecue 110 llTakennbepry.

JIurepaTtypa

1. 2Kykosckuii B.I1. YpasHoBemmuBanre KOH(MDIAKTOB IPYU HEOMIPEIE-
sennocru. 1. Anasor cemmosoii rouku / B.M. Kykosckuit, K.H. Kyu-
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HEIIO/JTHOTA CUCTEMBI 9KCIIOHEHIINMAJIBHBIX
MOHOMOB C IT1OYTHU BEIITECTBEHHBIMN
IIOKA3ATEJISIMNA
A.®. Kyxaes (Yda, YYHuT, YTHTY)
arsenkuzh@outlook.com

IIycts A = {Ap,np}32, — MOCIETOBATEIBHOCTD PABIHIHBIX KOM-
IUIEKCHBIX 9UCeNl A\, U nX KparHocreii ny. Cuanraem, aro [Ag| < |Agp41]
A — 00, k — oo.

O6osnaunm E(A) = {zler=}72> 71”; o- D10 cucrema byHKIHiT HA3bIBA-
eTCsl CACTEMOI IKCIIOHEHT (B PAJIE MCTOYHUKOB — CHCTEMON IKCTIOHEHTIH-
AJTbHBIX MOHOMOB), KOTOPAsi COOTBETCTBYET TIOCJIEI0BATENLHOCTH A.

BBeaém pasl reOMETPUYECKUX XapAKTEPUCTHK MOCIEA0BATETbHOCTH
A. CumBomnom n(r, A) 0603HAYNM YHCIO TOYEK Ay (C yIeTOM UX KPATHO-
creil ny), nonasmux B oOTKpbIThil kKpyr B(0,7), u mycrb

A(A) = Tm MnA)

r——4o00 r

Benmunna 7(A) Ha3bIBaeTCs BepXHEH MIOTHOCTHIO MOCIEI0BATEIBHOCTH
A.

Caenys  pabore [l], Oyaem  roBopurb, 4YTO  HOCJIEIO-
BarenbHOCT A sBJIsieTca nowmu  eeuecmeennot, ecsu
ReXp >0 (k > 1), ImAg/Re);, — 0, k — 0.

Iloso:xum erre
Nk

m(A) - kll}-&r-loo |>\k|

oa(r) = max Z R Z R
[Ak|<r, [Ar|<r,
ReA >0 ReX, <0
IToMrMO yKa3aHHBIX BBINIE XapPAKTEPUCTHK, MTUPOKOE MTPUMEHEHNE B
pflie BOIPOCOB, CBA3AHHBIX C (HE)NOJHOTONW CUCTEMBI KCIIOHEHT WJIU
IpEeNCTABICHAS PAJAMH, HAXOOUT CBOE IPHMEHEHHE HMHICKC KOHIEHCA-
uuu Sy nocseposareabHoctu A, BBeleHHblil B pabore [2]:

— Nk
Sx = lim lim iln H <236/\):>

5—0+
MO0 M N €B (A 0 Am) kM

© Kyxaes A.D., 2023
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CpoiictBa mHIEKCA Sp M PsAJl IPUMEPOB HA €r0 BHIYUC/IEHUE UMEETCS B
pabore [3].

Teneph BBEIEM B paccMOTpeHme (DyHKIMOHAIBHOE MPOCTPAHCTBO.
ITycrs p > 0. CumBosom €2y, 0603HAYNM MHO?KECTBO HEOTPHIIATETHHBIX
BbIIyKJIbIX byHKImA Ha ocu R takux, uro w(0) = 0, w(t) < plt|,t < 0,
tiigrnoow(t) /t = 400, 1, KpOMe TOro, BBILIOJIHEHO HEPABEHCTBO

+/°°w<2oA<t>>

2 dt < +o00

1

PaccmarpuBaerca Tak:ke BeCOBOE MPOCTPAHCTBO KOMILIEKCHO3HAY-
HBIX HEIPEPBIBHLIX (DYHKIWI HA BENIECTBEHHON TMPIMOit

O = {f :sup |f(t)e D | < +00}.
teR

Cumsonom WO(A,w) obo3HaunM 3aMbIKaHue TUHEHHON 000T0YKH CH-
crembr £(A) B npocrpancTse C.

Teopema 1. ITycmo p > 0, nocaedosamesvrocmv A = {\g, ni} a6-
AAEMCA NOYMU Beusecmeennoli u makod, wmo Sy > —oo, m(A) < oo,
n(A) < 00, w € Q. Tozda cucmema E(A) ne noana 6 npocmpancmee
cv.

JlanubIit pe3ysabTar sBiIsfeTCS O0OOOIIEHWEM COOTBETCTBYIOIIETO pPe-
3ysibraTa B pabore [4].
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KOHIEIIIINA MHPOPMAITAN B CUCTEME
KOMHETEHHI/Iﬂ HI/I(I)POBOﬁ KVYJIBTYPHI
O.A. Kyzenkos (Huxuuit Hosropon, HHIT'Y)
kuzenkov_ o@mail.ru

TlorpebHOCTH COBpeMeHHOIT TTH(MPOBOI IKOHOMUKHA JUKTYIOT HOBDLIE
3a/1a4U JIJTsl CHCTEMbBI 00pa30Banusi. BaykHeiieit u3 3Tux 3a/1a4 siBJIsIeTCs
dopmupoBanus KoMmmereHuit udpoBoit Kyabrypbl. OCODEHHO aKTyasb-
Ha, OHA JJIst TIOATOTOBKHU CIEIIUAJINCTOB B 0OJIACTH WH(MOPMAIMOHHBIX U
TEJIEKOMMYHUKAIIMOHHBIX TexHOJIOoruil. B cucreme nudpoBbIX KOMIIETEH-
nuit 6a30BBIM, CHCTEMOODDPA3YIOMIUM MOHSITHEM SIBISETCS MOHITHE WH-
dopmanuu. Bmecte ¢ TeM B mporpaMmax u yIeOHHKAX 10 WHPOPMATHKE
dyHIaMerTaTbHOE NOHATHE HH(MOPMAIIUU U €€ CYITHOCTH 3a9aCTyI0 pac-
KPBIBAETCS HEKOPPEKTHO. OTUaCTH OOBSICHIETCS ITO TEM, YTO B HACTO-
dIee BpeMs OTCYTCTBYET HAYYHBIA KOHCEHCYC OTHOCHUTEIHHO CTPOTOrO
ompenenenus: nadopmarmu. B T0 ke BpeMsi CO3MaeTcs SBHAS METOIuYe-
ckasg mpodiema B oOydennn. M3ydernue mudpoBbIX TEXHOJIOTHH TpedyeT
dopMaTbHON CTPOrOCTH, JIOTHIECKOH MOCIE0BATEIbHOCTH U 0OOCHOBAH-
HOCTH, HO IIPU ITOM CaMO 0Dy YeHHEe HAYMHACTCS C PA3MbITBIX, BHY TDEHHE
MPOTUBOPEYNBHIX, MHTYUTUBHBIX TOHSITHI. JTA TPOOIEMa BIIOJHE OCO-
3HAETCs pa3paboTIYNKaMu YIE€OHBIX TPOTPAMM, MPEIITPUHUMAIOTCS HO-
BBbI€ IOMNBITKH JATh Oosee 3(pPEeKTHUBHOE Pa3bsCHEHNE KOHIEIIINN WH-
dopmarnm.

Ilean HACTOSAIIETO MCCAEIOBAHUSA COCTOMT B BBIPAOOTKE TOIXOIA K
KOPPEKTHOMY TMOHUMAHWIO TE€PMUHA, <«UH(MOPMAIWA> MIPHU MOATOTOBKE
CTIEIUAJINCTOB B 001aCTH HHGMOPMAIIMOHHBIX TEXHOJIOTHIA.

IIpenmaraerca mornManne nHGOPMAIUN KaK Pe3yabTara OToOpaXKe-
HUsi, IPU KOTOPOM BbIJIEJIEHUE [TOJIMHOYKECTBA U3 OJIHONO MHOXKECTBA [IPH-
BOJUT K BBIJIEJEHUIO COOTBETCTBYIOIIETO TOIMHOYXKECTBA B IPYTOM MHO-
xecTBe. Kak ciieayer w3 Takoro moaxo/1a, KJIYeB5IM MOMEHTOM B ITOHU-
MaHWU WHMOPMAIUU SBJISETCSA MPOIEAYPA BbIIEICHUs TTOIMHOXKECTBA, —
COKPAITEHUs] YUCIIa BOSMOXKHBIX aJbTePHATUB, YMEHBIIIEHHE KOTHIECTBA
JIOILYCTUMBIX COCTOSIHHI. DTO JIA€T BO3MOXKHOCTH COIEPKATEIHHOIO 110~
HUMaHUsS WHGOPMAIWY, B OTJIUYHE OT €€ KOJMIECTBEHHOTO W3MEPEHWUsI,
KOTOpPOE DPAaCCMATPUBAETCS B KJIACCHUIECKOH Teopuu uHbOpManun. Boi-
JIeJIEHUE TTOIMHOKECTBA ABJISETCS YaCTHBIM CJIy9aeM MPOIECCOB 0TOOPA,
JIJIsT OTIMCAHUST KOTOPBIX CYIECTBYET W3BECTHBIM MATEMATHYECKUH ar-
napar. Boiaenasemoe moMHOKECTBO MOKHO (OPMATHLHO MATEMATHIECKA
OIIPEJIEIUTD € IOMOIIBIO TIOKA3ATEN s IPUCYTCTBUS JIEMEHTA BO MHOXKE-

© Kysenkos O.A., 2023
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cree. OH paBeH HyJIIO, €C/IM 3JIEMEHT HE BXOIUT B BbLJE/IAEMOE MHOXKE-
CTBO, W CTPOTO TMOJIOKUTEJIEH B MPOTUBHOM CjIydae. B KadecTBe Tako-
T'0 MOKA3aTeJIsi MOYKHO MCITOJIbh30BATH BEPOATHOCTD PEATU3AINN TON MIIN
WHOH aJIbTePHATUBBI. BTOPBIM MPUHIIMNHAJILHBIM MOMEHTOM B TIpE/IJjIara-
€MOM IIOJXO0/IE K IOHUMAaHUI0 HH(MOPMALINK ABJISETC IIPOILECC 0TOOpazKe-
nus. OrobpaxkeHue siBjseTcs (POpMaJIbHON OCHOBOM Il KOAUPOBAHMSI,
[epeadn 1 C2KATHA MHPOPMALMH.

IIpenmaraemoe oObsACHEHE NHAOPMAIIMH TTO3BOJISET CAEIATH 3TO T0-
HATHE JOCTATOYHO CTPOTHM, UTO JAET BO3MOXKHOCTH PEITUTh METOIUYIe-
CKHUe 3aTpyJHeHns npu (POPMUPOBAHMM HUMPOBBLIX KoMiereHmui. I1o-
JOOHBIN TTONX0/ K MOHUMAHUI0 WH(OPMAIUN ObLT MCIOIH30BAH IIPH MO-
Jeprusanuu yuebuoii qucuuniaunbl « Teopusi uadopmanuu» (u3ydaemoit
Ha BTOPOM Kypce 0OakajJaBpuaTa 1Mo HANpasieHnio «DyHIaMeHTATbHAS
uHbOpMATHKA ¥ MH(DOPMAIMOHHBIE TEXHOJIOTUHY ).
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METO/ IIITYPMA IJI1 KPAEBOU 3AJTAYN
YETBEPTOTO ITIOPIAJKA HA TPA®E!
P. Y. Kynaes, A.A. VYpraesa (Biaaukaskas, FOMI BHII PAH)
kulaevrch@mail.ru; urtaeva-96@mail.Tu

B mokmage oOCyKmaroTcs CBOMCTBA COOCTBEHHBIX 3HAYEHWI U COOT-
BETCTBYIOIMNX COOCTBEHHBIX (DYHKIHI CIEKTpaTbHOW KpaeBoil 3amadun
9eTBEPTOrO MOpsaKa Ha rpade I':

d? d?u
Lyu= T2 (p(a:)dFQ) = \p(z)u,

ulor = (Bu” —Iu") |ar =0,

(1)

rae OI' — muOXkecTBO rpanndHbix Bepiiud ['. [lpu arom, oz auddepen-
UaJIbHBIM ypaBHenueM B (1) Mbl oapasymeBaeM HAOOP OOBIKHOBEHHBIX
muddepeHnuanbHbIX ypaBHEeHUiT HAa pedpax rpada

(pi(x)u)” = Npi(z)ui, x €~ C E(D), (2)

v HAOOP YCJOBUI COITIACOBAHWS B KAaXKJOW BHYTPEHHEH BepIIuHE a4 €

J(I)
ui(a) =u(a), Bi(a)ui(a) = Vi(a)uj,(a) =0, i€l(a),  (3)

Y (i) (@) = Ap(a)u(a), a e J(I). (4)

i€l(a)

Bazaga (1), nopoxaennas coorHoumenusamu (2)—(4) mozemupyer ma-
sibie 1ebOpMAIUU CTEPIKHEBOH CUCTEMBI C YCIOBUSMHU YTIPYTO—IIIAPHUD-
Horo coexmuennsi (cm.[1]). B srom cayuae pasencrsa (2)—(4) moxkHO
TPAKTOBATh CJEAyIonmM 00pa3om: u(x) 0003HAYAET CMEINeHUe DasKu
[IPY BBIXOJIE U3 COCTOsIHUsI PABHOBECHST; YCJI0BUs (3) ONUCHIBAIOT KJIACCH-
YeCKue JIOKaJIbHbIE YCJIOBUS B y3/aX rpada — IepeMeleHus BCeX CTepxK-
Hell CUCTeMbL ABJIAIOTCH HELPEPbIBHBIMU U UMEETCsl YLDPYIO—LIAPHUPHOE
COuJIeHeHNE B y3JI0BO# BepHe a (cM. [2, § 5.18]). Tlocmennee ycmosme
— 9TO YCJIOBHE JMHAMUYECKOTO PABHOBECHUS.

Bcerony manee Mbl HCIOTB3yeM TEPMHUHOJIOTHAIO B 00O3HAUEHUs padoT
[1, 3]. Ha nporsazxkenun seeii crarbu I' C RY o6osnavaer casubiit n Ko-
HeuHblil zeomempuyeckull epagd 6e3 neresn, ¢ Muoxecrsom sepiuun V (I7)

I PaBora bmosmena npu (GpuHaHCOBOH MUHHCTEPCTBA HAYKH W BBHICIIErO 00pa-
3oBanus P® (cornamenne Ne 075-02-2023-939)
© Kynaes P.Y., Ypraesa A.A., 2023
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u MHOKecTBOM ToueK pebep rpada F(I'). Pebpo rpada — 310 unrepsas
KOHEUHOH IJIMHBI, 8 6epuwuta Tpada — 3TO KOHIEBAas TOYKA OJHOTO WJIU
HeCcKOMbKUX pebep. Pebpa rpada obo3nauarorcs -y;, BEpIMUHBI 0003HA-
qatores a,b u .. s mo6oit a € V(T') gepes I(a) obo3HAYNM MHO-
JKECTBO MHJIEKCOB Debep, MHIMIEHTHBIX BepiiuHe a, u depes |I(a)| obo-
3HAYUM KOJIMYECTBO 3jieMeHTOB MHOxKecrBa I(a). DiieMeHTbl MHOXKECTB
JIO)={ac VD) : |I(a)| 22} udl ={a e V() : [I(a)] =1} naser-
BAIOTCS GHYMPEHHUMU U 2PAHUYHLMU BEPITHHAMYE COOTBETCTBEHHO. MbI
npeanosnaraem, uro I' = E(T') U J(T') u OI' # @&. ObGparuM BHUMAaHHUE,
9TO IpaHUYHBIE BEPIIWHBI HE BKIIOYEHBI B rpad. Ilodzpagom rpada I’
HA3BIBAETCS 000 CBA3HOE MOAMHOKECTBO I

ITponssonnas dyskmuu v : I' = R (unn u : E(I') — R) onpenenser-
ca B Toukax pebep F(I'), kKak npou3BojHas N0 HAIPABJIEHUIO pebpa.

Beenem dynkiponanbusie mpocrpancrsa: C"[I] (wmm C™[E(T)]) —
npocrpanctBo byskimi v : ' = R (wm v : E(I') — R) paBHOMepHO
HENPEPBIBHBIX BMECTE C IIPOM3BOJHbIMU HA Kaxkiom pebpe v; C E(T);
C(T') — npocrpancrso yukmmit n3 C['] HanpepbIBELIX HA BceM Tpade;
c™(T) =C(()nC™T.

Hasiee cauraem, 4TO BBIIOJIHEHbI YCJIOBUS ILIOC—PErYJIsiPHOCTH (CM.
[1]), obecueuuBaronme HEBLIPOKAECHHOCTD b hEPEHIUANBHOIO Onepa-
Topa Ly pu A = 0:

9 A

e p € C*[E()], Lo P

e Si(a) = 0, ¥(a) = 0 m Bi(a) + Fi(a) > 0 mas Beex a € V(T),
i€ I(a);

e st Jir0boro pebpa v; = (a,b) nosoxkuTesbHA 10 KpaiiHell mepe
OfIHa, U3 BETMMH MaxX lgcx)|, ¥i(a), V:(b).

() >0mureC[l], r(z) >0 onT;

Huddepenmanbubiii oneparop Ly, kpaepoii 3agauu (1), sBiser-
cs camocoupsizkentbim [4]. Hac unrepecyor ocuuuisiontbie cBoicTBa
COOCTBEHHBIX 3HAYEHNMTT 1 cOOCTBEHHBIX hyHKIW 331241 (1). OCHOBHBIM
UHCTPYMEHTOM WCC/Ief0Banus apiserca meror IIITypma HakauuBaHus
HyJIeil. DTOT METOJ MO3BOJISET OTC/IEIUTH IBOJIIONUIO HyJIell y cemeiicTBa
pellenuii, 3aBUCSIIEr0 OT CIEKTPAJILHOro napamerpa (perienust Beitist)
M OTOXKJECTBUTH COOCTBEHHbBIE 3HAYEHUsT KAK MOMEHTBI BXOXK/IEHUSI O4e-
PEJIHOrO HyJisl Yepe3 I'PaHMYHYI0 BepiuuHy rpada.

Paccmorpum muddepennmanbhoe ypasuenune Lyu(z) = 0, z € T,
HOpOXKIeHHOE ycioBuAME (2)—(4). Obo3HauuM 4epe3 m KOIUIeCTBO pe-
Gep I'. dns kaxmoro pebpa v; C E(I') nuddepenunansHoe ypasre-
Hre (2) uMeeT UeTHIpe JHUHEHHO He3aBUCHMBIX perreHust yg;(z, ), 1 <
J < 4. IpogomxkuM kaxayo Gysxnuio y;;(z, A) Ha E(T') ToK1ecTBeHHO
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uysem. Tlomygaem dyniamenraibiyio cucremy permennit {17 (2, \)}i
oxuopoaroro auddepentmanbioro ypasuenns (2) na (T).

O6o03naunm gepes {lj(')}?ﬂl HabOp JUHEHHBIX (PYHKIUOHAJIOB, OIpe-
JIeJIATOLIME HOJIHbIHA HAbOD yC/I0BUil coryiacoBanus (2) U 'PAHUYHBIX YCJIO-
Buii u3 (1).

Sadukcupyem npousBosbHYIO Bepimny ag € O' u 0bo3nadum depe3
Yao COOTBETCTBYIOIIEE IDaHWYHOE PeOpo. Be3 orpanmuenus: oGUIHOCTH

MOKHO CIHUTATD, ITO (BYHKIMOHAILL {/; }im zamymepoBaHBI Tak, 4TO

lLi(u) = u(ag), l2(u) = Blao)u”(ao) — V(ao)u, (ao).

Paccmorpum dbynkumio (pewenue Betiasg)

Mz, \) Pl (z, \) U SLICDY
LWEN)  LEPEN) o @ N)
w,\(x) = 13(1:0[1](’/\)) l3(1/)[2](7)‘)) 13(1/)[47”](,)\))

L @A) L@ N) o L@ 0))

OO6cy:xmaercss BosONMs HyJeil perienus Beiiag npu m3meHenun
crmekTpanbHoro mapamerpa A. Iloka3biBaeTcs, 9TO MpHM YBETUIEHHH N\
uynu byukiuu wy (x) Bxogar B rpad I' uepes rpaHuyHyIO BEPIIUHY dg.
Suavuenus A, npu KOTOPHIX w)(x) OymeT ymIOBJIETBOPATH NPABBIM Kpa-
€BBIM YCJIOBUSM, SIBJISIOTCS COOCTBEHHBIMY 3HAYEHWSME IJIST WCXOMHON
3azaun, a GyHKIUA wy () , COOTBETCTBYIOIIME ITUM A, — COOCTBEHHBIMU
dbyuknusavu. Kpome toro, mpu A — +00 KOJTHYIECTBO HYJIEH yBETHINBA-
€TCS ¥ CTPEMATCS K +00. DTOT NPUHIUI OTCJIEXKUBAHUS Hy el (pyHKImAn
wy () nazbiBaerca memodom IlImypma. Jst peasuzanuu cxembt [Typ-
Ma TTOKa3bIBAETCST, UTO PACIONOKeHHbIe BHYTpH I Hyan GyHKImMN w) ()
MOHOTOHHO 3aBUCAT OT \, CIBUTAsICh OT BePIIMHBI ag BHYTPb rpada 1npu
yBenndernu \. [Ipu srom Hynmn wy (x) He CIUMAIOTCS U HE PA3/[BANBAIOT-
cd npu usMeHenun A. Takxke joka3bIBaercs, YTo HyJIM penieHus wy ()
HE MOryT HOKMHYTb rpad ' 4epes rpaHuYHBbIE BEPIIMHbI, OTJIHYHBIE OT
ap € OI.

Iycrs J54(T') = {a € J(T') : |I(a)| > 3}. IIpeamonoxum, 4ro rpad
I' saBnsierca nepesom. st s1060ii Bepuuubl a € Js4 (I') obo3nauum ue-
pe3 I';(a) Berssb T', comepxariyio pe6po v;, ¢ € I(a). Yepes A;(a) mbr
0003HaUaeM CIEKTD KpaeBoii 3a1auu

Lyu=0, zeTla),

ulor, (@) = (B — 90 )|or,(apna =0, Bi(a)u (a) — Vi(a)uj,(a) = 0.
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Jamnee npeamnosiaraercs, 9To [’ gBasieTCst AePEeBOM U JJist JTI000i Bep-
mmabl a € J34 (') cnektpst A;(a), i € I(a) monapHo He TIEPECEKAIOTCS.

Yepes Z(\) obosnagaem uncio Hymeid wy B .

Teopema 1. Cuedyroujue c60lcmea 36UBAAEHIIHOL:

(i) Z(A) < oo;
(ii) wy ue mmeer Hymeit B J34(T);

(i) ¢ U U  Aia)
a€Js (T) i€l(a)
aggdr;(a)

Teopema 2. Ecau A\* € A, mo cywecmsyem € > 0, makoe 4mo
Z(A) = Z(N)+ 1 daa ecex A € (M, X" +¢) u Z(N\) = Z(X*) daa scex
Ae (N —g, M.

Teopema 3. ITycms A*, \** € A u X\* < \**. Ecau (Mg, App1) NA =
&, mo Z(A\) = Z(M\g) + 1 das scex N € (Mg, Apt1] \ Ao-
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BJIIMAHUE YUYETA 3AITA3BIBAHU S
" ITIPOCTPAHCTBEHHbBIX ®AKTOPOB
HA JUHAMMUKY PEIIEHUN B MATEMATUYECKUNX
MOJEJIIX MAKPOSKOHOMUMKMN!
A .H. Kyaukos, /I.A. Kyaukos, /I.I'. ®poJjoB
(dpocnasab, Apl'Y um. ILT. Jemunosa)
kulikov_d_a@mail.ru

O1HO U3 OCHOBOMOMATAIOMIX MATEMATHIECKUX MOJETIeH MaKpOIKO-
HOMUKH [TPUHATO CYNTATH MOJIEIb «CIPOC—TIPE/JIOKEHHEe» (MO PhIH-
Ka oznHOro Toapa). OHa MOXKeT ObITH 3anucana B Buje [1-3]

p= D(p) — S(p), (1)

rae p = p(t) > 0 — uena B moment Bpemenu ¢, D(p) — dynxnusa copoca na
ToBap, S(p) — npengoxkenne. Pyukuun D(p), S(p) onpeseseHsbl u qocTa-
TOYHO TJIa/IKO 3aBUCAT OT P, ecan p € (0,00) (p € [0, 00)). IIpu 3Trom D(p)
— yObiBatomasa HyHKIKUSA apryMenTa p, T.e. nenbl, S(p) — Bo3pacraorias
Jyukmusa p. Hakonern, pl_i}erO D(p) = 0o uim JocrarodHo 60JIbIoil 10CTO-
aunofi, lim D(p) = 0, lim S(p) = 0, lim S(p) = oo wam mocraroano
p—o0 p—+0 p—00
6onbIoit mocrosguuoit. Ilpn Takux mpeamonoxkennax auddepeHInaib-
Hoe ypaBrenue (1) uMeer euHCTBEHHOE [OJIOKUTEJIbHOE COCTOSTHUE PAB-
HOBecus p = Py > 0, KOTOPOE B MAKPOIKOHOMMKE HA3BIBAIOT COCTOAHUEM
SKOHOMHYECKOTO paBHOBeCHs. [I0q9epKHEM, 9TO COCTOSHNE PABHOBECHS
p = po ypasHenus (1) Bcerga acCUMOTOTUYECKU YCTOHYKMBO U ITO ypaB-
HEHWE HEe MOMKET HMETh NMEePUOAMYECKUX PEIIeHHiH, 9TO MPOTUBOPEUNT
SKOHOMMYECKOH MPAKTHUKE, JJIs1 KOTOPOH XapaKTEPHA IUKJIMIHOCTD.
DTy cuTyanMio MOXKHO UCIIPABUTH, €CJU MOAM(PUIMPOBATL MOIE/b
(1) u yuectd 3dbdeKTsI 3ana3IbIBaAHUA W BIWSHUAS MTPOCTPAHCTBEHHBIX
$axkTOpOB Ha pasBUTHE SKOHOMHUYECKOH nuHaMuKh. BMecTo ypaBHenws
(1) 6yzmem usydarb ypaBHEHHE C YACTHBIMU IPOU3BOAHBIMY, JIONOJTHEHHOE
YCJIOBUSIMHA HEMPOHUIAEMOCTH

pi(t, ) = D(g(t, x)) = S(g(t, x)) + depga(t, ), (2)

Pz (ta O) =Pz (t’ 7T) =0. (3)

Pafora BmImOMHEHA B paMKaxX pPeAJIH3AIUH NOPOrPAMMEBEl PA3BUTUS pe-
FHOHAJIBHOTO HAydIHO-06Pa30BATENILHOrO MaTeMaTudeckoro uexrpa (HApl'Y) mnpu
dbunancosoit moxmepkke MunucrepcTBa HAyKH U BbICIIero oOpa3oBanua PO.
(npoekT Ne075-02-2023-948).

© Kynuxos A.H., Kymukos [I.A., @ponos I.I'., 2023
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Kpaesas 3amaua (K3) (2), (3) mpusesena B HODMHDOBAHHOM BHJE,
d> 0,e€(0,e0),0 < g9 << 1. Hakower, g(t,z) = p(t — h,x), h € R,.
Awnanus nenuneitnoii K3 (2), (3) mokasast, uro:

1) cymecrByer Takas nocroguuas hy > 0, 9To npu h > h, cocrosHue
PABHOBECHS P = Py TEPSIET YCTOUINBOCTD;

2) npu gocrarodno Manbix € 1 h = h,(1+ve), v = £1 y K3 (2), (3)
MOTYT HOSBUTHCS TPOCTPAHCTBEHHO OJHOPO/HBIE IEPUOUIECKUE Pelie-
HUS, & TAK’KE MPOCTPAHCTBEHHO HEOJHOPOIHBIE IUKJIBI (IEPUOANIECKUE
IO ¢ peleHus, KOTOPbIE 3aBUCAT OT IPOCTPAHCTBEHHO TIEPEMEHHOI!).

O6ocHOBaHUE PE3YABTATOB MPENOIATAeT UCIOIB30BAHIE METOIOB
Teopur GECKOHETHOMEPHDBIX JUHAMUYIECKUX CUCTEM U B TOM YHCJI€ METO-
Jla MHTerpajibHbIX (MHBAPMAHTHBIX) MHOrooOpasuii. Ha srom nyru ana-
JIN3 CTPYKTYPBI OKPECTHOCTH COCTOSTHWSI paBHOBecust p(t, ) = po OBLT
cBeneH K m3ydennio K3 1151 m3BeCTHOTO B HEJWHEHHON (hU3NKe ypaBHe-
Hus 'uusOypra—/langay.

B namem ciaydae umeeM CIIeIyONAi BADHAHT TOrO yPABHEHUsI

zs = (a+iB)z + (Iy +ila)z|z|* + (b1 + ib2) 24s,

_ 2amv 5= 4dav b 4d by 27d
a_4+7r2’ d+x2 P T 4y T 4y
_ 204 _ _
= A (2(12(4 117) 1571'(1(13),
_ 2
b=t (15aa3 +2a2(11 + 77))7
e a = —F'(pg),as = F"(po)/2,a3 = F"'(po) /6, F(p) = D(p) — S(p).

JIureparypa

1. Zhang W.B. Synergetic economics. Time and change in nonlinear
economics / W.B. Zhang. — Berlin. : Springer—Verlag, 1991. — 246 c.

2. Kynukor A.H. Martemarnueckast MOIeIb PhIHKa U 3 derT 3amas-
meanns /[ AH. Kymukos, I.A. Kynuxos // Maremaruka B fpocnas-
CKOM yHHUBepcuTere: COOpDHUK OO30pHBIX cTaTeil K 40—J1eTHio MaTeMaru-
geckoro daxynbrera. — 2016. — C. 132-151.

3. Kynukos JI.A. Dddexr 3ana3apiBanus 1 9KOHOMUIECKUE [UKJIIbL /
H.A. Kysukos // Uroru nayku u rexu. Cep. CoBpem. mar. u ee 1upui.
Temar. 063. — 2023. — T. 217. — C. 132-151.
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O IMTPOEKTOPHOM ITOAXOJE K ITIOCTPOEHUWIO
ACUMIITOTUKU PEINTEHUN A OJHOTO KJIACCA
JUCKPETHBIX HAYAJIBHBIX 3A/TAY C MAJIBIM
IIIATOM B KPUTUYECKOM CJIYYAE!

T.A. Kypuna, H.T. Xoait
(Bopouex, BI'Y, Mocksa, ®UII «Uudopmaruka u yupasaenue> PAH;
Xawnoit, Yuusepcurer nayku, BHY)
kurina@math.vsu.ru, nguyenthihoai@hus.edu.vn

PaccMmaTpuBaeTes clefylomas TACKPeTHAS 3a7]a9a ¢ MaJbIM IIaroM
2t +€%,6) = Ba(t,e) + ef(a(t,),1,2), o)
r=x(t,e) € X, dimX =m, t=0,%2 ..(t<T),

z(0,¢) = 2°. (2)

3aech n nasnee € > 0 o3HAUAET MBIl MTapamMeTp, m X m—marpuna B(t)
u m-MepHas BekTop—dyukuusa f(x,t, &) IpeanosarajoTcs J0CTATOIHO
TJIAJIKAME TIO CBOMM apryMEHTaM.

Ipennonaraercs, uro mias kaxzgoro t € [0,7] cobcrBeHHblE 3HA-
qeHus A1(t), Aa(t), ..., Am(t) Marpunpt B(t) yZOBIETBOPSIOT YCIOBHSIM:
N(t) =1 ana j =1,..,k, k < m, k cobcTBeHHBIX BEKTOPOB, COOT-
BETCTBYIONUX 3TOMY COOCTBEHHOMY 3HAYEHUIO, JIMHEHHO HE3ABUCHMBI U
INi(t)] <1mmaj=k+1,..,m.

Hust paccmarpusaemoii 3aga4u 8 [1] Obul LpeIJIOKEH aJIrOPUTM 110~
CTPOEHUsT ACUMIITOTHYECKOTO PA3JIOYKEHUST PENICHWS, COIEPIKAIIEro To-
rparrdHble (DYHKIUU JBYX THIOB, TIPU 3TOM OBLI MPEACTABICH SABHBINA
BH/JI 33J1a9 TOJBKO /I HAXOKJIEHUS ACHMIITOTHIECKOTO PENICHUS IEP-
BOTO IOPsiAKa. B HacTosAmEelh pabore aCHMIITOTUIECKOE PEIIEHNE 3aa9H
(1), (2) crpourcs € HOMOLIBIO OPTOIOHANBHBIX LIPOEKTOPOB. DTOT HOBbI
TIOIXOM, TIOJIE3EH IJIsi MOHUMAHWS AJTOPUTMA, TOCTPOEHNST ACUMITTOTHK.
On mosBosister, B ormgre oT [1], MOMy4YUTh 3aJa9u [JIsT HAXOXKIEHUSI
YJIEHOB ACHMITOTHKH JIIO0OTO MOPSIKA B ABHOM BHJIE, 9TO OYEeHb yI00HO
JITsSL ICCIIEIOBATENEH, TPUMEHSIONMX ACAMIITOTHYECKNE METOIBI JIJIst Pe-
[IeHNs MPAKTUIeCKX 3a1a4. bomee Toro, 6maromaps aBHbIM GpOpMyIaM,
MOYKHO HAMMCATH KOMIBLIOTEPHYIO MPOTPAMMY IIJIST HAXOXKICHUS ACHMII-
TOTHYECKOTO PEIIEHNS JII000TO TTOPSIIKA.

I PaGota mepporo apropa mojyiepxkana PH® (mpoekt Ne 21-11-00202).
© Kypuna I''A., Xoait H.T., 2023
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Acumuroruyeckoe peuienue 3ana4u (1), (2) umercs B Buje

2

z(t,e) =T(t,e) + Z Iz (7, €), (3)

=1

vie F(te) = X200 &T;(t), Wa(ry,e) = Y72 e a(n), 7 = t/e,
1=1,2m Hijx(ns — 0 mpu 73 — +00.

OOBIYHBIM B TEOpWH CHHTYISPHBIX BO3MYINEHUI 00Pa30M, MOICTAB-
sast paznoxenue (3) B (1) u packiaipiBas MOJIyYEHHbIE COOTHOIICHUS
N0 HEOTPHUIATE/ILHBIM IIEJIBIM CTENEHAM €, TT0CJIe NPUPABHUBAHHUS KOI(D-
(bUIMEHTOB NpU OAMHAKOBBIX CTENEHHAX €, OTIEIbHO 3ABHCALUX OT ¢ U
Ti, © = 1,2, HaxXOmATCS ypaBHeHWs J7isi KO3 DUIMEHTOB Pa3IOKEHHsT
(3). Anasorn4no mocsie MOACTAHOBKU (3) B (2) M NpPUpABHUBAHUS KO-
3bOUINEHTOB TPY OAMHAKOBBIX CTENEHSX € MOy YAI0TCs PABEHCTBA JIJIs
HAYaTIbHBIX YCAOBHI WIEHOB pa3ioxeHus (3).

IMonoxum A(t) = B(t) — I u pasnoxum npocrpanctso X B OPTOro-
HAJIbHBIE CyMMbL

X = kerA(t) @ imA(t)" = kerA(t)’ ® imA(t).

31ech MTpUX 03HAYAET TPAHCIOHUPOBaHUE. OPTOrOHAILHBIE TIPOEK-
TOpBI TIpocTpancTBa X Ha noanpocrpancTsa kerA(t) u ker A(t)’ obosna-
qum uepe3 P(t) u Q(t) coorBercrBeHHO.

Ucnoub3ys upoekropbt P(t) u Q(t), upu HEKOTOPBIX JOILOJIHUTE b
HBIX YCJIOBUSX JIOKA3LIBAETCS

Teopema 1. IIpu nomouwsu opmozonasvrolr npoexmopos P(t) wa
kerA(t) u Q(t) na kerA(t)” mooicno natimu 6 aenol gopme 6vipasice-
HUs 3a00% 0As ONPEdeAeHUS ACUMNMOMUNECK020 pewenus 3adavy (1),
(2) suda (3) mobozo nopadka. IocaedosamerbHocms HATONCIERUA dne-
nos j—20 nopadka caedyrowan: (I — P(t))z;(t), (I — P(0)z(m),
(I — P(O))H2j$(7'2), P(O)ng%(Tg), P(t)fj(t), U P(O)Hljl‘(Tl), ] 2 0.

Xorsa ucxopnas 3amada (1), (2) aucKperHast, TOJIBKO YIE€HBI ACHMII-
ToTHKHA [loX HAXOMATCA W3 JUCKPETHBIX yPABHEHHIA.

JIureparypa

1. Byry3os B.®. O6 oxnoii 3a/ma4e T€OpUN CHHTYIISIPHBIX BO3MYIIE-
uuii / B.®. Byrysos, H.H. Hedenos // duddepenn. Ypasua. —1976. —
T. 12, Ne 10. —C. 1736-1747.
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OIITUMAJIBHOE YIIPABJIEHUE BHEIITHUMU
HATPY3KAMMU B BAJJAYE O PABHOBECUU
COCTABHOTO TEJIA, KOHTAKTUPVYIOIITETO
JKECTKUM BKJIFOYEHUEM C OCTPOU KPOMKOIT!
H.II. JIazapes, E.C. Ebumosa (fkyrck, CBDY)
nyurgun@ngs.ru

Paccvorpena meknaccudeckasi TpexMepHas MaTeMaTHIeCKasi MOIEb
PAaBHOBECHS, ONUCHIBAIONIAA BO3MOXKHBIHM MeXaHNIeCKUil KOHTAKT COCTaB-
HOTO Tejia ¢ ¥ecTKnM BKiodenneM [1]. Heanneiinocts Momenn o6yciion-
JleHA yCJIOBHSAMHU HEIIPDOHWKAHUA THNA HepaseHCTB. IIpeanomaraercsa, aro
COCTABHOE TEJIO B UCXOJHOM COCTOAHMH KacaeTCs HellOJBUKHOIO IIPensT-
CTBHUS KJIMHOBUIHOW (DOPMBI B €IMHCTBEHHON TOYKE KOHTAKTa. 1€so co-
CTOUT U3 yUPYIrOil MaTPUIbL U KECTKOIO BKJIO4YeHusd. B 3T0M Ccity4ae me-
peMeleHns Ha MHOYKECTBE, COOTBETCTBYIOIIEM KECTKOMY BKJIIOUEHUIO,
HMEIOT 33JaHHYI0 CTPYKTYPY, OINUCBIBAIONUIYI0 BO3MOXKHBIC HAPAJIIECIIb-
HBIE TIEPEHOCHI U TOBOPOTHI BKJIO4YeHUsI. 2KECTKOEe BKIIIOUYEHHE PACIIOJIO-
JKEHO HA BHEIIHE!l I'PAHUIE U UMEET eOMeTPHIEeCKyio (OpMy KOHYCA.
Ha ocnose 310it Mozen paccMarpuBaeTcsd MH/YITUPOBAHHOE CEMEHCTBO
BapHAIMOHHBIX 33144, 3aBUCATIINX OT PA3INIHBIX (DYHKIHH BHEITHUX Ha-
rpy3ok. IIpu 3TOM MHOMXKeCTBa JOMYCTUMBIX TI€pEMEeIeHI MOryT ObITh
HEBBINYKJbIMEU. Jlyis1 3a1aHHOTO MHOYKeCcTBa (DYHKIHi, OIUCHIBAIOIINX
JOIyCTUMbIE BHEIHWE HATPY3KH, (popMyaupyercs 3a7ada ONTHMATIbHO-
IO yIpaBJieHUs, I/i€ YIPABJIEHHEM CJIy2KaT (DYHKIUU BHENIHUX HArPy-
30K. OYHKIIMOHAJ Ka9eCTBA 337]a€TCS € TMTOMOIIBIO TPON3BOIBLHOTO CI1a00
TTOJIYHENTPEPBIBHOTO CBEPXY (PYHKIIMOHAIA, OMPEIeIEHHOTO Ha, MPOCTPaH-
ctBe CobosieBa JlonycTHMbIX peniennii. Jloka3aHa pa3pemmMocTh 33/a-
91 ONTHMAJILHOTO yrpasiexus. Kpome Toro, misi mocaenoBaTerbHOCTH
pellennii, COOTBETCTBYIONIE MAaKCUMU3UPYIOLIEH NOCJIeI0BATEIbHOCTH,
JOKa3aHa CU/lbHag CXOJAUMOCTb B IIPOCTPAHCTBE UCKOMbBIX pelleHui.

JIureparypa

1. JTazapes H.II. Tpéxmepras 3amada tuna CHUHBOPUHU TSI KOM-
MO3UTHBIX TEJ, KOHTAKTUPYIOMIUX OCTPHIMU TPAHAMHE KECTKUX BKJIOYE-
uwit / H.IL. Jlazapes, E.[l. ®eporos // Heusb. bus.—marem. xKypH. —
2022. — T. 7, — Ne 4. — C. 412-423.

1 PaBora BeIIOMHEHS IpH PHHAHCOBOH moxaepkKke Munobpuayku Pd (corsame-
Hue or 16.02.2023, npoekt Ne 075-02-2023-947).
(© Jlazapes H.IL., Edunmosa E.C., 2023
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K BOITPOCY AHAJIUTNYECKOTI'O BBIYUCJIEHUN A
MOIOTHOCTU F-KPUTEPUA OJHOPAKTOPHOTO
JAVNCIIEPCUOHHOT' O AHAJIN3A
JInuak E. M. (Mocksa, ®UHAHCOBBIIl YHUBEPCUTET )
lichakegor@yandezx.ru

OO axkTOPHBINA MUCIIEPCUOHHBIN AHAIU3 CIIYXKUT JJIsd TPOBEPKH
CTATUCTUIECKON 3HAYMMOCTHA PA3HOCTU TEHEPAJBHBIX CPEIHUX ITPOM3-
BOJIHOI'O KOJIMYECTBA BLIDOPOK U3 HOPMAJIBHBIX COBOKyITHOCTEH. B KHUTe
[1] 6bLI0 3aMeEY€EHO, YTO «BBIYUCIEHUE MOIIHOCTU CTATUCTUYECKOrO KPH-
Tepud 4ABJIdA€TCA I'NIaAaBHBIM TEXHUYECKUM l'[pI/IéMOM7 IPEAJIO?)KEHHbIM CTa-
TUCTUYIECKON Teopueil [y Ompene/IeHusT HyKHOTO YHC/Ia HADIIOIEHUN> .
Hesp mHacTositieit pabOThI COCTOUT B BBIBOAE SIBHON (POPMYJIBI MOITHO-
CTHU KPUTEPUsi, KOTOPasi UCIOJIb3YeTCs B JTaTbHEHIIeM JITsl HCCIeI0BAHUS
CBOWCTB KPUTEPHs HA HECMENIEHHOCTb M COCTOSATETbHOCTD.

CrpaBemyinBa TeOpeMa.

Teopema. Awnarumuueckoe swvipasicenue mouwpocmu F-rxpumepus
00HoParmMopHo20 JUCTEPCUOHHO20 aHAAU3G 3adaemcs 6 sude caedyroulet:
Ppopmyavt

WZl_F(fa(k_17n_k))7 (1)

2de N — KOAUMECNBO IAEMENMOE 6 0bsedunennoli evbopke, k — Koauue-
€Meo 6u00Pok, o — Yposens snauumocmu, fo(k—1,n—k) — npoyenmman
mouka pacnpedesenus Puwepa ¢ k —1 un —k cmenenamu c60600v, a
F - ¢ynxyua neuenmpasvbho20 pacnpedesenua Duwepa ¢ memu sHee
cmenenamu c60600b. U NAPAMEMPOM HEUCHMPANLHOCTIU

k o an
Zj:1(ﬂj - Fow) . 2)

A:

g

B dopmyne (2) p, = %Z?:l njit; ODO3HATAET HECMEULEHHYIO OUEH-
KY MAMEMATNUNECK020 0XHCUIGHUA OObeTMHEHHON BIOOPKH, 0 — OOIIY IO
JIUIsSL KazKJIOrO Psifia HAabJIIoneHuii ducnepcuto u Z?:l n; =n.
HoxkazareascrBo dopmysbl (1) ucnonmb3dyer teopemy @uinepa s
pacmpese/ieHus: CyMMbl KBaJIPATOB 346UCUMBLL HOPMAJIBHBIX pacIpee-
JIECHU# ¥ OCHOBAHO HA CBOWCTBE, OMUCAHHOM CJIEAYIOIIEH JIeMMOA.
Jlemma. Cymma keadpamos omriorenuti 8HYMPU 2pynn Habaro-
denuti SSE/0? npu ycaosuu cnpasedau6ocmu aabmepHamuenots 2uno-
mesv, umeem x> — pacnpedesernue ¢ n—k cmenenamu c60600, G CYMMa

© JImgax E. M., 2023
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Keadpamos mearcdy 2pynnamu nabamodenuti SSTR/0? — neuenmpano-
noe x2-pacnpedenenue ¢ k — 1 cmenenamu c60600v. U NapPaMempom
Heyenmpasvrocmu (2).

CrarucTuyeckuii Kpurepuii 0qHOMAKTOPHOrO IUCTIEPCUOHHOTO AHA-
JIN3a peajin30BaH B BHUJIE MPOrPAMMHOIO MOJIYJIS C UCTIOIb30BAHUEM WH-
crpymenrtapust Jupyter Notebook. OrmuanrenbHON 0COGEHHOCTHIO TIPE/I-
JIO?KEHHOTO TPOTPAMMHOrO MOJLYJIsI, KPOME CTaHJAPTHOrO BBIBOJA Tab/IH-
ubt ANOVA, sasasercs uMmiieMerTanus (GpopMyJibl MOIIHOCTH KPUTEPHs
(1). ®opmyna (1) cormacyercsi ¢ mpUMepaMH, KOTOPbIE PACCMOTDEHBI B
[1], [2], [3]- dast mccnenoBanusi CBOWCTB KpHUTEDPHs MPEIJIOXKEH Tpadu-
qeckuil mHTEPQEC, MO3BOIAIOMINY HAIVISIHO HJIIOCTPUPOBATH TAaKWE
CBOICTBA KPUTEPHUsI, KAK €r0 HECMEIEHHOCTb U COCTOSATENBHOCTD.

JIureparypa

1. Kengann M.. Crarncrudeckne BeiBozabl U cBsi3n / Kenmamn M.,
Creroapr A. // Teopusi pacupenenennit — M.: Hayka, 1973. — T. 2. —
896 c.

2. IMledde I. Iucnepcnonnsrii anamms / . Mledde. // M.: Hayka. —
1980. — 512 c.

3. Douglas C. Montgomery. Applied Statistics and
Probability =~ for  Engineers / Douglas C.  Montgomery,
George C. Runger. // New York, NY: John Wiley & Sons, Inc. —
2002. — 706 p.

BBITIVKJIAYA TPUTOHOMETPUA U ITPUNJIO2KEHU A
K 3ATAYAM C ABYMEPHBIM VYIIPABJIEHUEM
JI.B. JlokyiueBcKuit
(Mocksa, Maremarudeckuii uncturyt um. B.A. Crekmosa PAH)
lion@mi—ras.ru

Ha nokmame st pacckayKy O HOBOM YIOOHOM METO/E OTNMCAHWS JIBY-
MEPHBIX BBIMYKJIBIX KOMIIAKTHBIX MHOXKECTBAX W UX TOJIApPaX. STOT Me-
TOZ, 0000IIAET KJIACCHIEeCKNEe TPUTOHOMETprdeckre (DYHKIMK COS U Sin u
MPUMEHNM B IMHPOKOMY KPyry 3amad. 7 mokazky, KaKuM 0OpPa3oM 3TOT
MeTOJ, MOKET ObITb KCIIOJIb30BaH, YTOObL 10 MHOXKECTBY §) OIIPe/Ie/InThb
JiBe napbl QYHKIHA cosq, Ssing u €osy, sing, KOTOpble HACIEAYIOT MHO-
JKECTBO CBOWCTB KJIACCHYIECKUX TPUTOHOMETPUUIECKUX (DYHKIWIA B CIIyUIae
CIVMHUYIHOTO KpPYyTa.

DTOT TOAXOM OKA3AJICs OYEHb IOJE3HBIM B 337a9aX yIPaBJICHHS
1 HEKJIACCHYCCKHX H30INEPUMETPHYCCKHUX HEpaBEHCTBaX CBA3aHHBIX C

© Jlokynuesckuii JI.B., 2023
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KaKUM—JIU00 MJIOCKMM BBIMYKJIBIM JBYMEPHbIM MHOXKecTBOoM. Hampu-
Mep, 3TOT METOJI TIO3BOJIUJI HAWTH N30MEPUMETPUIECKOEe HEPABEHCTBO HA,
@uHCIepoBOit mIocKoCTH JI06aUEBCKOT0, Oy YUTh sIBHBIE (DOPMYJIBI It
reojie3uveckux B cepuu cyo—PuHCIEPOBHIX 33/1a49 HA Oosee yem 10 rpym-
max Jlu u permmTh HEKOTOPbIE APYrue APYTHUe KIACCHIECKWe 3aJa9u C
JIBYMEDHBIM yIIPABJICHHEM.

ACUMIITOTNYECKUE N CIIEKTPAJIBHBIE
CBOJMICTBA PEIIEHUNI OJHOI'O CUHIVJISIPHOI'O
JNPPEPEHIINAJIBHOI'O OIIEPATOPA HA OTPE3KE
N.C. JlomoB (Mocksa, MI'Y)
lomov@cs.msu.rTu

Wccnenorana nmepBas KpaeBas 3a1a4a, 1471 auddepeHunaabHoro ome-
paTopa BTOPOTO MOPSIIKA C CHHTYISPHBIM KOI(DMUIMEHTOM HA OTPE3KE
C YCJIOBHUSIMH COMIPS2KEHUsI BO BHYTPEHHe# TO4Yke orpe3ka. llomydensb
acuMIITOTHIecKrne (POPMYJIBI IJisI COOCTBEHHBIX (DYHKITHH ¥ COOCTBEHHBIX
3HAYEHUN KaK IPAMOrO, TAK U COLPS2KEHHOI'O OIIEPATOPOB. YCTAHOBJIE-
HBI TIOJTHOTA 1 6e3yCcI0BHASA HA3NCHOCTH CHCTEM COOCTBEHHBIX (DYHKIINH
9THUX OMEPATOPOB B MPOCTPAHCTBE CYMMUPYEMBIX C KBAAPATOM (DYHKITAN
Ha orpe3ke. [Ipumenen meron Unbuna u ycaosusa Unbuaa 47181 yCTaHOB-
JIeHUsI CIIpaBe yInBOCTA HepasencTBa Beccens.

Paccvmorpena ciezyromas MonenbHast 3a/1a4a:

—y"(2) + q(@)y(z) = My(z), = €(0,1/2)U(1/2,1),

y(0) =y(1) =0, y[1/2] =0, ¥'[1/2]=1y"(0),
Ha MHOXKeCTBE DYHKIHH y(x), aBCOMOTHO HEMPEPHIBHBIX BMECTE C TIEp-
BON MPOM3BOAHOI Ha KayKIOM KoMmmakTe w3 wuHTepBaioB (0,1/2) u
(1/2,1), u mpunamnexamux kiaaccy L£2(G), G = (0,1), — dbynxnmi,
HHTEIPUPYEMBIX ¢ KBAJAPATOM Ha MHOxKecTBe (.
Bmecw y[1/2] = y(1/2+0) — y(1/2 — 0) — ckauok yukuun y(z) B
rouke & = 1/2, ¢(z) — xoMmnexkcuo3naunast PyHKIMs U3 BECOBOIO KJIAC-

1
ca L1__(GQ) = {f(x) s [2l e f(2)] de < oo} JiIsT HEKOTOPOTO YHCTIa
0

e € (0,1].
JIureparypa
1. Benaunes O.B.; Jlomos U.C. O cBoiicTrBe 06a3uCHOCTH KOPHEBBHIX
GYHKITHH OTHOTO CHHTYJIAPHOrO Au(MEpeHnraIbHOTO OIepaTopa BTO-

© Jlomos 1.C., 2023
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poro nopszaka // Huddepenu. ypasuenus. — 2012. — T. 48, Ne 8, —
C. 1187-1189.

2. ZKopuunkas JI.A., Cepos B.C. O6 oH0it Teopeme e THHCTBEHHOCTH
ais oneparopa IItypma—/InyBrins Ha OTpE3Ke € MOTEHIMATIOM, MMe-
0IUM HeuHTerpupyemyio ocobennocrb // Huddepenu. ypaBnenus. —
1993. — T. 29, Ne 12. — C. 2125-2134.

PEINTEHUE JIBYXCKOPOCTHOTO MOJAEJIbBHOTO
BOJIHOBOTO YPABHEHU A HOBBIM
«METOA0M HESBHBIX XAPAKTEPUCTUK»
®.E. JIomoBueB (Munck, BI'Y)
lomovcev@bsu.by

Pemeno omHoMepHOe JBYXCKOPOCTHOE MOJEILHOE BOJTHOBOE ypaBHE-
Hue B BepxHeii nosyisockoctu G = Rx]0, +oo[, R =] — 00, +00],

uge(x,t) + (a1 — a2)ue (2, 1) — a1agugy (x, t)—

—a;l(ag)tut(x,t) —ay(ag)zuz(x,t) = f(z,t), (x,t) € G, (1)

rae f, ay, as — 33JaHHBIE BEHIECTBEHHBIE (DYHKINU TTEPEMEHHBIX T W t.

UuCa0 HUKHAX UHIEKCOB (DYHKIU — MOPAJIKA YaCTHBIX MPOU3BOIHBIX.
Iycrs CF(Q) — muoxecTso k pa3 OrpaHHYeHHO U HEIPEephIBHO -

depennupyembix bynkiuit Ha nogmuoxectse  C R? u CO(Q) = C(Q).
VYpapuenuio (1) COOTBETCTBYIOT XapaKTEPUCTUUECKUE YPABHEHUSI

dr = (—1)as_i(x, t)dt, i =1, 2, (2)

KOTOpbIE UMEIOT HesiBHbIe obwue unrerpaist g;(x,t) = C;, C; € R, i =

1, 2. Eciu B ypasuenun (1) k03D HUIHEHTBI ¢3_; CTPOTO MOJIOKUTETHHBI,

T. €. a3_;T,t) > ago)

2.>0, (z,t) € G, To B cuiny (2) mepemenHas ¢t Ha Xa-
paktepucrukax ¢, (z,t) = C1, C; € R, cTtporo yObIBaer, Ha XapaKTepu-
crukax ga(x,t) = Cy, Cy € R, cTPOro BO3pACTaeT BMECTE C POCTOM Iepe-
mennoii x. [Tosromy nesBubie byukiuu y; = g;(z,t) = Ci, x € R, t > 0,
00J1a1aI0T CTPOr0 MOHOTOHHBIMU HESBHBIMH OOpPATHBIMHU (DYHKITASIMEI
x = hi{yi,t}, t >0, ut =hD[z,y], z € R, i = 1, 2. Tlo onpeenennio
0OpaTHBIX 0TOOpaXKEHUil Ha BEPXHEN MOJYIIOCKOCTH (G OHU YIOBJIETBO-
PAIOT CIEAYIOMMM TOXKAECTBaM obparienns u3 [1]:

gz(hz{yz,t}7t) = Yi, t 2 Oa hl{gl(mat)at} =T, Tc Ra L= ]-7 27 (3)

© Jlomosues @.E., 2023
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gi(z, h@[x yil) =i, v € RihOD [z, gi(z, )] =t,t20,i=1,2, (4)
hilyi, ROz, 4]} = =, @ € Ry RO [hi{ys, th,ys) =, t >0,i=1,2. (5)

Ecnu kosdpdunuenrst ag_;(x,t) > ag )1 >0, (z,t) € G, az_; € C*(Q),
10 HesiBHbIE (PYHKIHE §5, Ry, h(?) 1BasK /bl HELPEPBHIBHO U OIPAHUYECHHO
muddepentupyemsr no , t, y;, ¢ = 1, 2, Ha momymaockoctn G [1].

Ounpegnesnenne 1. Kaaccuveckumu pewenusmu ypapuenus (1) na-
spsatores Gyakman v € C?(G), yaosrersopsiomue ypasaennio (1) B
KaxKJI0i1 BHyTpeHHeil Touke (x,t) € G BepxHeil nmomxymiockoctu G.

U3 oupenenenus 1 caenyer neobxopumocrs npasoit yacru f € C(Q).

Teopema 1. IIyemo as_;(z,t) > ago)z >0, (z,t) € G =] — o0, +00[X
x[0,4+o00|, as_; € C*(G), i = 1, 2. Tozda 06u4um UHMEZPANOM YDaBHE-
nus (1) 6 eepxneti nosynaockocmu G ¢ xKpumepuem 2aadkocmu

t
fe C(G),/ f(hi{gi(z,t), 7}, ) dr € CHG),i=1,2, (6)
0
waaccuneckur pewenuti u € C?(G) aeasomes dynryun

w(w,t) = Fi(g1(@,1) + Folga(m,t) + Flawnt), (1,) €G,  (7)
Pt n f(0,7)
Flz.1) /‘” /h{} 0 (,7) + 20, 7)

o g1 (2, t) a3 (a1/asz)s — ay (@1/02)
X exp /glm, ) {al(é,%) +az (9, )} (gl(a,%))g

2de arobvle Pyrryuu fi € C*(R), fo € C?(R) om & un umeom 6ud
f1(&) = f1(&) + f2(92(0,0)), fa(n) = f2(n) — f2(92(0,0)).

Ha ocrose (3)—(5) «MeTOmOM HEABHBIX XapaKTEPUCTHK» u3 [1] Haxo-
JIIM | 107CTaHOBKOI B (1) U ero KaHoHWYecKuil Buj nposepsiem (8).

Caencrsue 1. Ecau npasas wacmo f ypasnenus (1) sasucum moas-
K0 om T uau t u menpepwena no t usu T, mo meopema 1 eepua bes
unmezparvhur mpebosarnutds eaadkocmu na f us (6).

CaencrBue 2. B (6) npunadiescnocms UHmMe2paios MHOMCECTEY
CY(G) sxeusarenmmua ux npunadaescrocmu muoscecmsy C 10 (G) uau
COD(@), 20e CHON(G) uau CON(G) — mnosicecmea nenpepuisro dug-
peperyupyemuz no T usu t, nenpepuenuix no t uru r Gynryul na G.

3ameuanne. O0mumit unrerpas (7), (8) 0MHOCKOPOCTHOrO MOIEIHHO-
ro ypasuenus (1) npu ai(x,t) = az(z,t) = a(z,t) umeercs B [1].
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1. JlomosBues ®@.E. IlepBas cmemanHas 3aja4da JJis OOIIErO Tejie-
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yauepcurera. Maremaruka. Muadopmaruka. — 2021. — Ne 1. — C. 18-
38.

MATEMATUYECKOE MOAJEJINPOBAHUE
TOMEOCTATNYECKOIN CUCTEMBI
YTJIEBOJHOTO OBMEHA
10.I1. JIyrosckoBa (Opeuntypr, OT'Y)
wlia—lugovskova@inbox.Tu

B pabore Ha OCcHOBe COBpEMEHHBIX (DU3MOJOTHIECKUX ITPEICTABIIE-
HUIl O CHCTEMe PEryJIsiIUU YTJIEBOJIHONO OOMEHA BBIMOJHEHO TTOCTPOCHHE
MATEeMATUYECKON MOJE/Id M3MEHEHWs YPOBHS IJIMKEMUHM U YIPABJIEHUS
€e HK30M€HHBIMU UCTOYHUKAMU y OOJIbHBIX CAXapPHBIM JAMabeTOM [EPBO-
T0 THIA C IEJIbI0 CTAOMIM3AINY YPOBHS TJIIOKO3bI B KPOBU B MPEIEIAX
nokKas3aTeseil HOPMBI.

Jlnst u3ydeHus 3aKOHOMEPHOCTEH MOMeOCTATHIECKON CHCTEMbI yTiie-
BOJIHOTO OOMEHa B OpTaHu3Me YejIOBEKa PACCMOTPEHA MaTeMATHIeCKast
MOJI€JIb LIEPEMEHHBIX cocrosuuil — roko3bl G = G(t); ecrecrBeHHOro
I = I(t) n uckycreennoppesennoro K = K (t) wHcyanHa Ha BpeMEeHHOM
orpeske [t, T| B e IMHCTBEHHOM KPOBEHOCHOM KOMTIAPTMEHTE, MPeJICTaB-
JIEHHAS HETJIQIKOW CUCTEeMON HeJIMHEHHBIX M PEepPEeHITnATBHBIX YPABHE-
HUIl ¢ 3aMa3/IbIBAIOIIM apTyMEHTOM, 3AIUCAHHBIX B HOPMATBHOU dopme
Kormmu:

U (G = GG — o) — BGI
it
% — (G~ )G — G) — 0GI — nGK (t — 7)—
- ,U(G - GCT)G(G - Gcr) + S(t)
K
e (1 —a)ud(G — Go) — B1GK (1)

C HaYaJIbHBIMU YCJIOBUAMU
te[-nt] 1t =1° G(t°) =G°, K(t°) = K (2)

© Jlyrosckosa I0.I1., 2023
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u (Hpa3OBBIMHU OTPAHUIECHASIMHI
I(t) >0, G(t) >0, K(t) >0t e[t T]. (3)

Dyukiys v = u(t) ONUCHIBAET MOCTYILJIEHUE UCKYCCTBEHHOIO UHCY-
JINHA W3BHE U YJOBJIETBOPSET OIPAHUYEHUIO, YIUTHIBAIOMEMY (hu3nosio-
IUYEeCKHU JIOIYCTUMYIO JI03y BBOJIMMOI'O UHCYJ/IUHA

0<u(t)<Btelt’T). (4)

B mozene (1) napamerp 1 — @ — CKOPOCTH BBEJIEHUS UCKYCCTBEHHOIO
WHCYJHHA, TJe (v B JAHHOM CJaydae — BecoBOil Ko3ddduiment, ompe-
JeJISIONINI CTENEHb BJIUSIHUSI €CTECTBEHHOTO W UCKYCCTBEHHOTO WHCYJIH-
Ha; T — BpEMeHHas 3a/eprKKa Havdaja JAefCTBHUS WHCYJINHA C MOMEHTA
BBEJIEHUsI, OIIPEE/ISAIONIas TUIl BBOAMMOro uucyuua; 6(x) — dynkuus
Xesucaiizaa, onpeensaronas HerIaIKOCTh CUCTeMBI AudpepeHnuatbHbIX
ypaBuenuit; S(f) — SK30reHHbIl UCTOYHUK IIOCTYILJIEHUs [JIIOKO3bI 33
CYer [pueMa IuIiy.

Cucremy ypasuenuii (1) ¢ HaYaIBHBIME YCAOBUAMU (2) U OrpaHude-
HusAMH (3), (4) HA30BEM MATEMATHYECKON MOJEIBIO BINSHUS WHCYJIHMHO-
Tepanuy Ha JUHAMUKY TJTHKEMUYIECKOrO TPoduiist y HOMBHBIX CAXapPHBIM
Jaua0eTOM MEePBOro TUma. [nKeMudecKuil TpOpUIb ONPEIeITeTCs THHA-
MUKOIl KOHUeHTpauuu ioko3bl G = G(t) B Kposu vesioBeka. B cBsusu ¢
9TUM B paAMKaX IaHHON pabOThI BHIOEPEM B KAYUECTBE IEIU YIIPABJICHUS
obecriedenrie 6JU30CTU TAHHONW XapPAKTEPUCTUKU K OMIOPHOMY PEIIEeHHUIO,

KOTOpPO€ COOTBETCTBYET TOAACPZKAHUIO HOPMAJIBHOT'O YPOBHA TJIFOKO3BI

Go.
T

- /(G — Gy)2dt — min. (5)
t0

IIpoBeneHHOE MATEMATHYECKOE MOJEIMPOBAHUE YTIIEBOJHOTO OOMEHA
npu caxapHoM guabere, OCHOBAHHOE HA HEOOXOMMMOM yC/IOBMU HPUHIIUIIA
maxcumyMa [lonTpsiruna /uis pemenus 3a1a4 OUTUMAJIBHOIO yLDABJIE-
uust (1)—(5) ¢ HermaaKoi MpaBoii YacThIO M 3aNMa3IbIBAIOIINM apryMeH-
TOM, O3BOJIMIIO OMOOPATH CXeMbI BBEJICHHS HHCYIUHA C IIEJIBIO Y1y qIlie-
HUA KOMIEHCAMn 3a00meBanns. MareMaTnaecKuil aHAIN3 Pa3IHIHBIX
METO/JI0B yNPABJICHUs JUHAMHUKONH HHCYIMH-TJIIOKO3a, moKazan dbdek-
TUBHOCTb BCEX IIOJIyY€HHDBIX CXEM BBEAEHUs MCKYCCTBEHHOIO MHCYJIMHA
Ha CTAOMIN3ANNIO YTJIEBOIHOTO OOMEHA, & CJIeI0BATEIbHO HA WX TPUME-
HUMOCTb K TIPEJJIOXKEHHON B paboTe 3a/[aue ONTHMAIBHOTO YIIPABICHHUS
caxapHbIM 1HabeTOM [EepPBOrO THUIIA.
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AHAJIOT ®OPMVYIJIBI IIYACCOHA 1J1d YPABHEHUSA
SMJIEPA-IIYACCOHA-JIAPBY C OIIEPATOPAMMU
BECCEJIA C OTPUIATEJIBHBIMU ITAPAMETPAMU
JI.H. JIaxos, FO.H. BymxaTos
(Bopouex, BI'Y; Enen, EI'Y um.J1.A. Bynuna)
levnlya@mail.Tu , y.bulatov@bk.ru

ycts —y < 0u v = 2u+1. OgHO U3 TUHEHHO HE3ABUCUMBIX PEIEHU
CHHIYJIApHOro ypasHenus Beccena B_,u + A2y = 0 umeer BuL,

_ Y & (D) T4 ) (M)
Tulhw) = I+ w2 ()" Julhw) = 7;:0 m! T(m+ 1+ p) 22m

Hockombky J,(Az) = O(z*"), x — 0, TO IPUCYTCTBHE KOHCTAHTHI
I'(1+ p)2* me 06A3aTEABHO W CBAZAHO TOJIBKO € YI00CTBOM OTIPEIEIEHHST
T-nceBmocasura:

Py jenf(ey)
i/

)T (52 (% y )+t

sin"*t! a da.

TV f(x)=

e (2 5 y)=+/22+y2—2xy cos . B [1] nonyuena ciepyiomas meopema
caoocenus TV, (Ax) = I, (Ax)J . (Ay).
@Oynkmum J, 00pa3yioT CHCTEMYy OPTOrOHATBHEIX C BeCOM T~ ) (yHK-

1
it {J,(\p2)}or e [Ju(Anz) Ju(Akz) 27 7dz =0, m # k.
0

n=1 7

(© JIsxos JIL.H., Bymaros 10.H., 2023
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Teopema 1. Ecau dsasrcov, nenpepoieno duddepenyupyemasn wemmas
dynryua f(x) npedcmasiena pasHOMEPHO CTOOAULUMCA PAOOM
@ypve—Becceasn, mo B_. ,TYf(x) = B_, ,TY f(z).

*

Omnepatop TY f(z) = 27 2#TY f(z). Gynem Ha3bIBATH T—CABUTOM.

N
Teopema 2. Onepamopw T—ncesdocdsuza u T—cdeuza KOMMYMUPY-
tom ¢ cuneyaaproim Jupdepenyuanvrvm onepamopom Becceas B_ .

* *
13 sroii Teopemsr BeiTekaer B, , TY f(x) = B_,, TY f(z).
Bagaua Komu mist ypasuenune ditnepa—Ilyaccona—/lapby ¢ omepa-
Topamu Beccensa ¢ mapamerpamu —vy < (0 uMmeeT BUJ

B_, wu(x,t) = B_, yu(x,t). u(z,0) = f(z) , w(x,0)=0. (1)

Teopema 3. ITycmo f(x) — npoussosvhas 08axHcov, HENPEPLLEHO
dugppepenyupyemasn wemuaa no Kunpuarnosy gynrxyus. Tozda pewenue
3adavwu Kowu (1) onpedeseno caedyrowets gopmyarot ITyaccona

ity [
0

Perenue, onpeseinsiemoe dbopmysioii (2), eMHCTBEHHO.

Dopmasibho peinenue (2) couauaer ¢ dpopmyqoit Ilyaccona pernenus
samaun Kormn gysa DI1/I-ypasHenns B [2] Ha ocHOBe omepaTopa 0606IIeH-
uoro casura Ilyaccona.

Jloka3arebCTBO TEOPEMbI BLITEKAET U3 TEOPEMBI 1 1 TEOPEMBbI CJIOKE-

*

wa,t) =T f(x) = FF(

HE, TJIe HaJI0 BOCHOJIL30BAINCH obozHadernem Tt= t~2* T!. Be3 Tpyna
[IPOBEPAETCS BBINOIHEHUE ycyioBus (2):

«
w(z,0) =T* f(z)| = f(2).
t=0

Enuncreennocrs pemienust I I-ypaBuenus B Bujie dpopmyuibt [Tyac-
cona (3) 04eBUIHA, TOCKOJIBKY PA3HOCTH TPEJNOIAraeMbIX perrnenuii (3)
JoJKHA yaoBjersopar 3amade Komwu (2) ¢ f(x) = 0. Ho rorma u3 (3)
BBITEKAET, ITO 3TA PA3HOCTH PABHA HYJIIO.

Ormerum, uro dyukuus v(x,t)=T!f(z), rne f=f(x) — upousson-
Has ABaxK/bl HelpepbiBHO auddepennupyemas ernas (110 Kuupusino-
By) yHKIMs TOXKE yIOBIETBOpsAET ypaBHeHuio (1), HO OHA HE MOXKET
YJOBJIETBOPATh HAYAJILHOMY YCJIOBHUIO (2) IpU MpOM3BOJILHON (hyHKIUN
f, k. v(z,0) =0
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O IIPEOBPA30OBAHUNN, IBOMCTBEHHOM
K IMTPEOBPA3OBAHUIO PAJTIOHA-KUIIPNAHOBA
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Onucanve npeobpazosanusg Pagona moxkno maittu 8 [1], [2] u [3].
B pa6ore I.A. Kunpusinosa u JI.H. Jlsxosa [4] GbIIO BBEJEHO «CIre-
nuaghbHOe» TpeobpaszoBanus Pagona, KOTOpoe B JATbHEHIIIEM MOy 9HII0
Ha3BaHUe npeobpasosarue Padona—Kunpuanosa (K., —npeobpasosamue).
B mamnoit pabore maaum ompeaeseHne TpeodpPa3OBaHNA, IBOHCTBEHHOTO
(compstzkennoro) x K., —mmpeobpasoBanuio.

[ycrs R eBKIMIOBO MOTYMPOCTPAHCTBO TOYEK T = (T1, T3), £1>0.

Yepes 6(P) ob603naunM 0600IIEHHYIO0 d—(DYHKINIO, COCPETOTOYEHHYIO
Ha (n — 1)-mepnoii nosepxuoctn P(x) = 0 B Ra. Ilpeobpasosanuem
Padona—Kunpusanosa dyukuuu f, cienys [5], OyueM Ha3bIBATDH CJeLy-
OIIEE BBIPAKEHHE

f(Ep) = /f VI3, 8(p — (x,€)) a7 day drs (1)

rae cumion 117 obosnauaer neficteue oneparopa Ilyaccona no .

o xoopaumate r; aprymenta dbynxmun f=f(z), v€RJ] mocrponu
ynkumo ot spamenust f(z)=f(z1, 22, x2)=f (\/zf—i—z%, x2) pOCTpaH-
crBa Ry ma yron m. B momyueHHOM eBKJIHIOBOM IPOCTPAHCTBE TOYEK
2=(21, 22, 72)ER} pacemorpum momymaocKocTs {(2, >—p}+ 29>0, rre

£ _(51, 0, &2) — eZIMHUIHBIN BEKTOP HOPMAJIH, a |p| — PACCTOSTHHE OT TIIIO0C-
KOCTHM J0 HaJasa KOOPIWHAT. B 3Tnx obo3nadennsax mpeobpaszosanne K

© JIsxos JL.H., Kamureun B.A. Jlammmea M.T., 2023
266



(1) upumer Buz

rae dI' — cOOTBETCTBYIONINT 3JIEMEHT TIJIOCKOCTH.

BaxxHO OTMETUTBH, ITO paBeHCTBOM (2) mpeobpas3osanue K., [f] cBeme-
HO K CIIEIHaJIbHOMY BECOBOMY IpeobpaszoBanmuio Pamoma B R;‘, TOPOXK-
JIEHHOMY WHTErPUPOBAHUEM 110 I[JIOCKOCTH, HAPAJIETHHON KOOpAMHAT-
"ot ocu Ozg.

Dopmyny (2), crenys [3], 3anuineM B BHIE WHTErpaja Mo OTHOH W3
MJIOCKOCTEN KacaTeJIbHOIO PaCCIOCHUS HaJT cd)gpof/i B R3, omnpenesnsio-
YO TJIOCKOCTh, MEPIEHIUKYISPHYI0 BEKTOPY &:

~ ’H_l
Kﬂﬂ@mw=rfl/f§p+y Cay, @)

rae dy — JeMEeHT yKa3aHHOM IJI0CKOCTH.

Teopema.llycmos gynryuu f(z) u g(x), © € Ry npunadaesicam nod-
npocmpancmey npocmpancmsa JI. Ilsapya, cocmosuemy u3 Pynrkyud,
wemmneiz no nepemennoli x1. Umeem mecmo caedyrousee pasencmeo

/K sz/f ) K#[g)(z,€)a] da, (4)

2de deolicmeenHblll ONEPamop Kff umeem 6ud

K¥[g)(z,&) =11, g((x, £)) .

Kpowme Toro, cipaBeayinBa cieayioliee yTBepKIeHNE.
CaencrBue. Imeer MecTo paBeHCTBO

| [nEnawi= [ 1e) [ Ktoepas ds.

S1(2) R Ry 51(2)
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267



2. l'enpdpanm .M. Uarerpanbaas reoMeTpus U CBA3aHHBIE C HEl BO-
mpocst Teopun npencrasnennit /| .M. Teandang, M.J. I'paes, H.4. Bu-
geakwH. — M.: TT®MJI, 1962. — 656 c.

3. Harrepep @. Maremarmdyeckue acmeKThl KOMITBIOTEPHOM TOMOTPa-
dbuu / ®. Harrepep. — M.: Mup, 1990. — 279 c.

4. Kunpusnos, 1.A. O npeobpazopanusx @ypbe, Pypbre—beccens u
Pagnona / U.A. Kuupuanos, JI.H. Jlaxos // JAH. — 1998. — T. 360. N
2. — C. 157-160.

5. JIsaxos JI.H. ITpeo6pazosanne Kunpusrosa—Panona / JI.H. JIsxos
// Tpyaet MUAH.  2005. T. 248. C. 153 163.

OTPAHUYEHHOCTDH T-COBUTA B IIPOCTPAHCTBE
HEIIPEPBIBHBIX ®YHKITUN
JI.H. JIaxos, C.A. Pomgynkuua
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B.M. JleBurtan B psme pabor cepeauubl 20-TO BEKA BBEJ TOHSTUE
«omeparopa 0600IEHHOrO CIBUTA», COIVIACHO KOTOPOMY TaKOii OIEPATOP
JIOJKEH yJ0BJIeTBOPsATH 4—M ycioBusm (cM. kuury [1], c. 17-18). Capur,
TMOPOXKIEHHBIH chepudecKoil CHMMETPHE, CIeIYIONEro BUIA

(%) 2 2 gy —1
T (3) o (VE2+r2=2tr cosa) sin” ' a da, >0
2
0

orkpbiT B paborax A. Beiinmreiina u 2K. Henbcapra u Ha3sBaHHBIH
My 0600weHHbl cdeuz, ynoBieTBopsiet ycaorusm B.M. JleButana npu
~v > 0. On oxasajcs BeCbMa BOCTPEOOBAH B TEOPUH CHHTYJISPHBIX JIHHE-
HBIX auddepeHnnaabHbIX YPABHEHN, COIepKAIINX OepaTopbl beccess
C IOJIOKUTEJIbHBIMU NapamMerpamu (Hampumep, cM. KHury [2]).

B pabore [3] mus paborbl ¢ cunryiasipubivu guddepeniuanbHbIMu
OIIEPATOPAMH, COIEPZKAIIUX OLEPATOPbl Beccess orpunaresibHOro 1no-
PsIKa MCIOJIB30BAH ncesdocdsus

sin"t o day;, (1)

i o (22 () 7+ /7T f (xz = yl)

0 (z = y; )H!

Xy =224y — 2zycosa,

© JIsxos JL.H., Pomynkun C.A., 2023
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KOTODBbIIl HE MPUHAJIEKUT Kjaaccy 0bobimenuprx casuros b.M. Jlesura-
Ha, HO 00JIaTaeT BAYKHBIM JIIS TTPUIOKEHWH CBOMCTBOM — OH KOMMYTH-
pyer c omeparopoM Beccesist ¢ OTpUIIATETBHBIM HHIEKCOM.

Oueparop (1) He yaosiaerBopser yciaosuam 2° u 4° u3 310l KHUrH |
nosromy HasbiBaercs (Kak u B [3]) T-ncesgocasurom. Ho sror oneparop
cummerpuden: T% = Ty, uro BaxKHO npu uccienosanuu cseprok B.A.
Kakunuesa na ocuose T-ncesnocasura (cm. [4], [5]).

OcuoBubIM cBoiicTBOM T—TICeBIOCIBHTA, NCTTOIB3YEMBIM B 3TO# pabo-
Te, ABIAeTca pasenctso B, TY f(x) = T B_,, f(x).

Bonee BocTpebOBaHHBIM B TEOPHUH CHHTYIAPHBIX IuMPepeHInaIb-
HBIX yPaBHEHWIT OKA3AJICS OIepaTop

" n
TY= 27Tt T¥ (F,ZLB 2T = Haz?ﬁl, Y +1> 1),

=1

OIIpEJIeJICHHBIA PABEHCTBOM

sin" oy doy;. (2)

*
Omneparop T HE CHMMETPUYEH, HO YIOBJIETBOPSET YCJIOBHUIO 2°, Tre
POTb «eAUHUYHOTO» 3JIEeMEeHTa WrpaeT Touka x; = 0, T.e. IMEHHO s

"
510l ToukM BhINOIHEHO pasencTso TY f(0) = f(y). Hdokasarenbcrso

JIOCTATOYHO LPOCTO CJleiyer u3 oupeiesnenusd (2).
*
Ycaosue B.M. Jlesurana 4°, B onpenesienun oneparopa T B Hamieit

pabore 3aMeHeHO 60Jiee IPOCTBIM B JJOKA3ATEJNbCTBE yCJIOBUEM OrPAHU-
YeHHOCTW MHTerpupyemoii byukunu: ecan f(x;,z") € C(x; € [0,00) n

eCIM MaX,, cjo,00) f(2) = M, TO maxgep,o0) TV f(z) = M.
OrmeruwMm, uTo B bostee paruux paborax B.M. Jlesurana 4°—m ycaoBu-
eM OBLITO UMEHHO YCJIOBHE «OTPDAHUYEHHOCTH B JIEOErOBBIX KJIaCCax (DyHK-
uuii> (cM., Hapumep, padory [8]).
JIurepaTtypa
1. Jlesuran B.M. Teopusi oneparopos o6obiientoro cupura |
B.M. JleBuran. — M. : Hayka, 1973.

TIpusesem 3tu gsa ycnosusi. Yemoswe 20: f € C u cymecTByer <«equHmt-
HBIH 3JIEMEHT So» Takoi, uro T°0 f(t) = f(t). YemoBue 4°: dyuxknusa fEC, roraa
F(s,t)=T* f(t) HeupepbIBEA IO COBOKYIIHOCTH TOYEK (S, 1).

Jlnsa 06obIeHHbIX CABUIOB, omnpeseiseMbrx ¢opumynoit Ilyaccona [6], 310 cBOH-
cTBO nokazano B kuure [2| (dpopmyna (1.8.5)) u B obwewm cayuae B padore [7].
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2. Kunpusinos I1.A. CunrynspHble 2JUIMITHYECKIE KPAeBble 33141 /
N.A. Kunpusnos. — M. : Hayka. ®u3marant, 1997. — 208 c.

3. Jlaxoe JILLH. IlceBmocasur wu &yHIAMEHTAJBHOE DENIeHHe
Ap-oneparopa Kunpusiwopa / JI. H. Jlaxos, FO. H. Bymnaros,
C. A. Pomynkun, E. JI. Canuna // Huddepennmanbubie ypas-
menmsa. — 2022, — T. 58, N 12. — C. 1654-1665. — DOI
10.31857/5037406412212007X.

4. Kaknuer B.A. O cBepTkax Jyisi MHTErpaJbHBIX TPEOOPA30BAHMI /
B.A. Kaknues. — U3s. AH BCCP. Cep. duz—wmar. nayk. — 1967. —
N2 C.48 57.

5. Bpursuna JI.E. Ilomucseprku npeobpazosanus Xankens u aud-
dbepennpanbubie oneparopst / JI.LE. Bpursuna // Hokiansr Axajgemun
mayk. — 2002. — T. 382, Ne 3. — C. 298-300.

6. JIsxos JI.H. Oneparop Kunpusunosa—bBenbrpamu ¢ orpunaresib-
HOIT pa3MepHOCTHIO oreparopa beccess n cunrysspras 3ana4da Jdnpux-
ge s B-rapmonuueckoro ypasuenus / JIL.H. Jlaxos, E.JI. Canuna //
Huddepennmanpubie ypapaenus. — 2020. — T. 56, Ne 12. — C. 1610-
1520.

7. Jlesuran B.M. Paznoxenne o dbyukusay Beccesst B psapr u wH-
rerpasibl @ypre / B.M. Jlepuran // YMH. — 1951. — T. VI, Bbi. 2
(42). — C. 102-143.

8. Jlesuran B.M. Ilpumenenwe omeparopoB 0OOOIIEHHOIO CaBUTA
K JiHeHHbIM audepeHuaibHbIM  yPABHEHUSIM BTOPOLO LOPsAKa |

B.M. Jlesuran // YMH. — 1949. — 4:1(29). — C. 3-112.

OB AHAJIOTE 3AJTAYM TPUKOMUN
JJId BBIPOXK TAIOIITETOCAd YPABHEHU A
ITAPABOJIO-JIJINIITUYECKOI'O TUIIA
3.C. Magpaxumosa, .9. UcxakoBa (Tamkent, HYVY3)
zilolazonmadrahimova@gmail.com; dilyaiszakova98@gmail.com

B mamnoit pabore n3ydaercd KpaeBas 33a49a TUMA 330291 T PpUKOMI
JITsl ypaBHEHHsT TapabOI0—3 ITUITHIECKOIO TUIIA C BHIPOXKICHUEM THUIIA
¥ TIOPSIZIKA, BHYTPU OOJIACTH.

Paccmorpum ypaBuenmne

0= { TUgz + 01Uy —nuy, z>0, y>0, (1)
—ZUgy + (—2)" Uyy + a2u,, <0, y>0,
rze

1_
O<a1<1,n>17Tn<a2<1. (2)

(© Magpaxumosa 3.C., Ucxakosa [.9., 2023
270



IIycts D — obsacts orpanuvennas npu £ < 0, y > 0 HOpMaIbHOI
Kpusoit o : (y — %)2 + ﬁ (=)™ = 1 ¢ xonnamu B Toukax O (0,0)
nA,1),ampuz >0, y>0mnpambimun y =0, x =1, y = 1.

Brenem oboznavenns: Dy = DN (x>0, y > 0),

Dy=Dn(z <0, y>0),

I={(z,y):z=0, 0<y<1}.

B obmactu D nyist ypasrerus (1) uccmemyeM CIeaytonyo 3aIady.

Bagaua Ty,. Haiitu dyuakuuio v (z,y), 061a0aI0NIYI0 CIEAYIONUMU
CBOWCTBaMN:

Du(z,y) € C(D);

2) u(x,y) € C, (D1) NCP2 (D2) u ynosnersopsier ypasrenmio (1)
B obmactax D;(j =1,2);

3) (=) u, € C(DyUI),(—2)* uy € C(DyUI) u na uarepsage I
BBITIOJIHAETCS YCIOBUE CKJICHBAHUSI

lim (—2)* ug (z,y) = lim (—2)*u, (z,y);

z—+0 r——0

4) u(z,y) yIOBIETBOPSIET KPAEBBIM YCIOBUSIM
u(x,y)|y:0 = (pl(l'),o <z <l ’U'(x’y)lz:l = 902(3/)’0 <y <,

u(z,y)|, = (2, y), (v,y) €0

rae o1 (2),02(y),0(x, y) — 3anannbie GyHKIMU, TpITIEM

901( ) ( )7901( ) %ZJ(O,O)

Y1 (f) € C[O’ 1] n C2(Oa 1)7 (3)
ea(y) e C(I)nC'(1), (4)
¥ (z,y) € (—2)" (2, y),9 (z,y) € C(5),e > 0. (5)

Teopema. Ecau svnoanens, ycaosus (2)-(5), mo e obaacmu D cy-
wecmeyem eduncmeennoe pewenue 3a0a4u Thq .

EnnucrBennocts penteHus 3aJaqu 11, JOKa3bIBAETCS C HOMOIIBIO
LPUHIKIA 3KcTpeMyMa [1], a cyliecrBoBaHne — METOAOM HHTErPAJIbHBIX
YPaBHEHMUIA.

JIureparypa
1. CmuproB M.M. Ypasuenue cumermansoro tuna / M.M. CymupHos //
M. : Beicirag mkosa. — 1985. — 304 c.
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OB OJITHOM HEJIOKAJIbBHOM KPAEBOW
3AJJAYE AJIdd YPABHEHUA
ITAPABOJIO-TUITIEPBOJINMYECKOT O TUITA
BBIPO2KJJAIOIIIETOCSA BHYTPU OBJIACTU
3.C. MagpaxumoBa, H.X. TypcynoBa (Tamkenr, HYY3)
zilolazonmadrahimova@gmail.com; nafisatursunovad1@gmail.com

B namHoit pabore u3ydaercs O/lHA HEJIOKAJTbHAS 3312494, JIJId yPaBHe-
HUST CMEITAHHOTO THTA, B CAyYae, KOTIA TUMEePOOTNIECKAs YaCTh UMEET
BBIPOXK JCHUE.

Paccmorpum ypaBuenmne

0= Ugy — Uy, T >0, y >0, (1)
T #Uge + ()" uyy + quy, <0, y >0,
rue
1—
n>L—5ﬁ<a<1. (2)

IIycts D1 — obsacrb orpanuvenHass orpeskamu AB, BBy, ByAy,
ApA upambix y = 0, z = 1, y = 1, x = 0, coorBercrBento, a Dy —
XapaKTEPUCTHIECKUI TPEyroJbHUK, OTPAHUYEHHBIN oTpe3koM AAg Ha
ocu Oy u IByMs XapakTepucrukamu ypasuerus (1)

2 ntl 2 ntl
— =0,A40C : o =1
n+1( z)® oC:y+ (—z)

AC : y—
Y n+ 1

npu x < 0, y > 0, Beixoggaimumu u3 rodek A, Ay U nepecekaromuMucs B

Touke C (— ("—H)"%l l).

7] 2
Beenem o6o3HaUEHUS:

I={(z,y): 2=0,0<y<1l}, D=DyUDyUI

B obnacru D s ypaBuenus (1) uccienyem cieyroniyio 3aady.
Bagava T,. Tpebyercs Haittu bynkumio u (x, y), obiaagamouyyio cie-
AYIOIUMU CBOUCTBAMMU:

Du(z,y) e C (D) ;

2) u(z,y) € Chy (D1) N C22 (D2) u ynosnersopsier ypasuenuio (1)
B obmactax D;(j =1,2);

(© Magpaxumosa 3.C., Typcynosa H.X., 2023
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3)u, € C(DyUI), (—x)* u, € C(DyUI) u na unreppase | BbIoJ-
HACTCA YCTOBHE CKICHBAHTS

lim wu, (z,y) = lim (—2)%u, (z,y)

x——+0 x——0

4) u(x,y) yaoBIeTBOPSET KPAEBbIM YCJIOBUAM
u(@,y)|ap = p1(2),0 <z < L u(r,y)|gg, = p2(y),0 <y < 1

a(y)DL, w0y ()] = b(y) Dy ulby (y)] +c(y), (0,y) € 1,

m , mpudem 0 < 3 <

Oo(y) = (— <n+1 m g)
91<y>=(— (“ra-n)™ )

— TOYKW TIePECEUeHNs] XapaKTEePUCTHUK ypaBHeHus (1), BHIXOOAMINX U3
roukn (0,y), ¢ xapakrepucrukamMn AC u AgC, v1(z), p2(y),a(y),b(y),
¢ (y) — 3amannple dbyaknun, npuaeM ¢1(1) = ¢2(0),

3mech 23 =

¢1(z) € C0,1] N C?(0,1), (3)

p2(y) € C(I) nCH(I), (4)

a(y), by), c(y) € C(I) N C*(I). (5)

a D! [] — uaTerpo—muddepenmanbHbii omepaTop ApoOGHOTO MOPAIKA

[1].

Jlokazama CIemyiomas TeopeMa.

Teopema. Ecau ewunoanensvs (2), (8)-(5), mo 6 obaacmu D cyue-
cmeyem eduncmeennoe pewerue 3a0auu T, .

JIureparypa
1. CmuproB M.M. Ypasuenue cumernansoro tuna / M.M. Cymuptos //
M. : Beicrag mkosa. — 1985. — 304 c.

273



IIEPBOE YPABHEHUE IIEHJIEBE!
K.T'. Manrorun, M.B. Kabauko (Kypck, KI'V)
malyutinkg@gmail.com, kabankom@gmail.com

IMycrs C — komiuiekcHas 1w0cKocTh, yepe3 C(a,r) obo3nadum o1-
KPBITBIA KPYr' ¢ HEHTPOM B TOYKE ¢ KOHEYHOro paamyca r. Paccmarpu-
Baercs nepsoe ypapuenwue I1. ITernene [1]

w” = 6w? + z, (1)

rae w — YHKIMA KOMIUIEKCHOTO MepeMeHHoro z. B pabore [2] ncce-
JIYIOTCSI CBOWCTBa peIIeHuil mepBoro ypaBHenusi llensieBe Ha OTpHIlA-
TeIbHON BEIeCTBEHHON ocu. B Harmmeil pabore M0Ka3bIBAETCA HECKOIHLKO
YTBEP2K/IeHUN, KacaTeJbHO KOMILIEKCHBIX PelleHuil.

JIemma 1. ITyemv w — zosomopdroe pewenue ypasnenus (1), nep-
680HA%AAbHO onpedeaérnoe 6 obaacmu G Komnaexcnot naockocmu C, u
nycms mouka zg npunadaestcum obaacmu G. Tozda, ecau dymxyua w
He mpodoasicaemcs 00 mepomopdrozo pewenus 6o eceti naockocmu C,
mo cywecmeyem kpyz C(z9, R) ¢ yenmpom 6 mouke zy KoHeuroz0 padu-
yca R, 6 xomopwu pynkyus w npodoascaemea xax mepomoppuas. Ha
okpyoicnocmu L = {z 1 |z — 20| = R} ecmwv ocobas moura (o dyrryuu
W, KOMOPasA He ABAAEMCIA NONMOCOM.

JIemma 2. ITycmoe dynryua w, mouka 2o, kpyz C (29, R) u mouxa g
maxue xax 6 Jlemme 1. Tozda

T (jw(z)| + o' (2)]) = oo.

z€C(zq,R)

JIemma 3. ITycmo dynrxyus w, mouka zo, kpye C(z0, R) u mouka g
maxue xkax 6 Jlemme 1 u nycmv v — unmepsas (omrpoimolli ompe3ox),
aeorcawuti 6 kpyze C(20, R), 00HuM U3 KOHUOE KOMOPO2O ABAAEMCH MO~
xa (o. Tozda

}LIEJ lw(z)| = oco.
zey

Beeném obosnauenue. Ilycrs S((y, ) — OTKPBITBIA Yroy ¢ BEPIUIUHON

T
B TouKe (y, OrccekTpucoit (2o, (), pacTBopa 2a, a € (O, 5) (cm. Puc.1)

I WccnenoBarue BLITOJIHEHO 32 cuer rpanTa Poccuitckoro nayunoro dbowmga (po-
ekt Ne22-21-00012, https://rscf.ru/project/22-21-00012/).
© Mamornr K.I'., Kabanko M.B., 2023
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Puc. 1. S(¢o, o).

Nmeer mecto ciemyiomast Teopema.

Teopema. Jasa a10b020 o € (O, g)

lim w(z) = 0.
z—¢p
#€5(¢0,@)NC (20, )

JIurepaTtypa

1. Painlevé P. Mémoire sur les équations différentielles dont l'intégrale
générale est uniforme / P. Painlevé // Bull. Soc. Math. France. — 1900. —
V. 28. — P. 201-261.

2.Long W.-G. Real Solutions of the First Painlevé Equation with
Large Initial Data. / W.—G. Long, Y.-T. Li, S.—Y. Liu, Y.—Q. Zhao //
Studies in Applied Mathematics. — 2017. — V. 139. — P. 505-532.
https://doi.org/10.1111/sapm. 12171

O SAJJAYE PUKBE
AJIA ITIOJINTAPMOHUMYECKOI'O YPABHEHU A
A.H. Mapxkosckuii (Kpacuonap, Ky6I'V)
mrkvsk@yandex.Tu

1. IIycte @ C R™ orpanmyennas 00JaCTh C JOCTATOYHO TJIAIKON
rpanuneit S = 0Q (mampumep, ¢ asmyHoBCKoit S € C1T). O6o3Haunm

em(Q) = {Emn(z—y) |z €QyeR\Q}, m>1

(© Mapkosckuii A.H., 2023
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MHOKECTBO CJABUTOB (DYHIAMEHTAJTLHOrO PENIEHUS 1M~TapMOHHYECKOrO
ypaBHeHus B n—MepHOM TipocrpancTee R™ |1, ctp. 520] n G, (Q) 3ambI-
KaHWe JInHeHoi 0600ukn span {e,,(Q)} B Hopme Lo(Q). IonyuenHoe
G (Q) Gyzem HA3BIBATDH MOJUTAPMOHUYECKUM IIOAIIPOCTPAHCTBOM.

2. Paccmorpum pasnoxenne Lo(Q) = G1(Q) ® N1(Q). O6o3uatumnm
A : Ly(Q) — N1(Q) coorBercrByloniee paciiupenue oneparopa Jlara-
ca, a A7l N (Q) — L2(Q) coorsercTBeHHO 0GPATHBI OIEpaTop.

Teopema 1. Ecau | € G, (Q), (m = 1) mo cywecmsyrom zapmonu-
weckue u3d G1(Q) Pynryuu go, g1, -y Gm—1, MAKUE ¥MO

f=g+A7 g+ .+ AN (1)

u makoe npedcmasaerue eJUHCMEEHRHO.

B pabore [2] nonyyen wacrHbiil ciaydail pasnoxkenus (1) ajis mosu-
aHasmruieckux Gynkuuii B equnuunom kpyre. IIpencrasienue (1) sB-
JIsleTCs TJ00AJIbHBIM IIPEJCTABJIEHUEM [OJUAHAIUTHIECKON (DyHKIUU B
obnactu (Q B oTaIMume OT pasznoxkenusi Asbmancn [1, 3] Koropoe, Kak u3-
BECTHO, SIBJIAETCS JIOKAJBHBIM TIPEJICTaBIeHreM. Bojiee Toro, B OTJIMYuu
or pasznoxkenus Anbmancu, passioxkenue (1) gBIS€TCS OPTOrOHAILHBIM.

3. Badurcupyem HATypaIbHOE YUCIO M > 1 U paccMorpum 3adany
Puxve B caenymoueii 1nocraHoBKe (KJIacCUYeCKYIO LOCTAHOBKY CM., Ha-
mpumep, B [3, crp. 30]) Tpebyercs: HANTH MOANTAPMOHIYECKYTO (DYHKIINIO
u € G (Q), Taxyto, ato AFu € Loy(Q) qna k=1,..,m —1mu

Aku(x)|ssz(x), k=0,1,...,m—1. (3)

rae fr € La(9).

Cornacuo Teopeme 1, perierue MpeICTABISIETCS B BUIE

u=go+A g+ ..+ A Vg, (4)

[Ipumerum omepatop A™"! k peipakennto (4), ToTyuUM

A™"ly = g,,_1; ucnonssys (3) npu k = m — 1 mMeeM TpaHHIHOE
YCJIOBHE:

gmfl(x)ls = fim—1(2), (5)

¥ TAKUM 00PA30M ¢, 1 OIPEIEISeTCS OHO3HAYHO KaK PeIlleHne KPAaeBoi
3a7a4u Jyis ypaBHeHus Jlamiaca ¢ rpanudHbiM ycsosueM (5). Anasoruy-
HO, UM€eeM IDAHUYHOE yCJioBue /i MYHKIUN g:

m—k—1

a@)ls = fil@) = Y Alg@)|g. k<m-1.  (6)
=1
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CuteroBarenbHO, rapMOHUYecKre (DYHKIUH i, 00Pa3yIOIe PeleHne
(4) mocnemoarenbHo pu k = m — 1,...,0, OMHO3HAYHO OIMPEIENSIOT-
Cs perieHreM TPaHWYHbIX 33/1a9 71 ypaBHeHus Jlammaca ¢ ycaoBueM
Hupnuxie (6).

Takum obpasom, u3 Teopembl 1, s 3amadu Pukbe, BbITEKaeT
CYIIECTBOBAHUE ¥ EIUHCTBEHHOCTh HE TOJIBKO KJIACCUYECKOTO DEIe-
HUA C HEIPEPLIBHBIMU Ha S CclIeJaMi HUTEPHUPOBAHHBIX JIallJIaCUaHOB
AFu, k = 1,..,m — 1, 5o m ob6obmenHOro pemenns u3 G, (Q). 0606-
IIEHHAs [TOCTAHOBKA, IJIT OMTAPMOHHYIECKOrO CIydasi pacCMAaTPHUBAJIACD,
HampuMmep, B [4, crp. 290, n. 276].

MoxKHO TOKa3aTh, CIPABEIINBOCTD AHATOTHIHOTO PE3yabTaTa st
s3agaqn Pukpe—Heifimana; cymecTBoBaHue U €IUHCTBEHHOCTH KOTOPOil B
KJIACCHYECKON MOCTAHOBKE JOKA3aHHBI B pabore [5].

JIureparypa

1. Cotomer C.JI. Bpemenne B Teopuio KyGaTypHbIX Gopmyn /
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3. Kapaunk B.B. Merog HOpMupOBaHHBIX cucreM yHKIu /
B.B. Kapauuk. // Yenabuuck : M3x. uearp FOYpI'Y. — 2014. — 451 c.
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O BBIYUCJIEHUN HA YACTU I'PAHUITBI BTOPOTO
TPAHUYHOTO YCJIOBUA
BUTAPMOHMNYECKOMN 3A/TAYN
A.H. Mapxkosckuii, I.}O. F'amaronosa (Kpacuozap, Ky6I'Y)
mrkvsk@yandex.Tu

1. O6o3naunm () OrpaHUYEHHYIO OJHOCBSA3HYIO 00JACTH C KyCOYHO
raafKoit rpanuneit S = 0@ KOTOpasi COCTOUT W3 JABYX dacreit S; u S,
Tak 910 S = 571 U Sy U pacCMOTPHUM CJIEAYIONIYIO 33,129y

Au(z) =0, z € Q, (1)

(© Mapkosckuit A.H., T'amaronosa [1.1O., 2023
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0

u(@)ls,us, =0, poul@)] = ela), (2)

Sa
Ha rpanHuile S Tpedyercs onpeaenuTb GOyHKIIUIO

F@) = )

S

TaKyIo 4To

18u@l0 = | /Q Buta)| R (1)

rue infimum Gepercsd 10 BceM GynkumsaM u3 Lo(Q)) yaoBieTBopsrommx
yenosusam (1) u (2). Bamaqy (1)—(4) Gyaem Ha3bIBATH OUAPMOHUYECKOU
6apayUOHHOT 3adavel, TAHHASA 337a9 PACCMATPUBAIACH B KOPOTHOM pa-
Gore [1].

[e]
2. Paccmotpum cobomerckoe mpoctpanctso H? (Q) dynxumit v(z) ¢
06O00IIEHHBIMY TIPOM3BOIHBIMA 13 Lo ((Q)) 10 BTOPOTO MOpsifiKa BKIIOUN-
TeJIbHO, OOPAIAIOIIUXCS B HYJIb Ha S, C HOPMOIl HU||;?2(Q) = |1Av]1,(0)-

o
Paccmorpum nogmuokectso B H2 (Q)

B(yp) = {v(m) 0 A%v(z) =0,

U Ha HEM COOTBETCTBYIONLYIO BAPUALMOHHYIO 3a1a1y.
Bamaga V(yp). Hatmu

= inf [jv|l .
we) = ant Il

U MUHUMUSUPYIOWYIO Gyrkyuo v, makyro wmo u(p) = ||110Hﬁ2(Q).

JloKaszbIBaeTcs CIEAyIOIIee yTBEPK JICHHE.

Teopema 1. /Jasn scarol gynkyuu ¢ u3 Lo(S2) pewenue sapuau-
onnot 3adavu V(@) cywecmeyem u eOuHCMEEHHO.

Takum ofpasoM, eciau vy pelleHre BapuanuoHHON 3agadu V (),
TO pellieHne paccMarpuBaeMoil GurapMmonuyeckoii 3anauu (1)—(4) ecrob
flz) = a%vo(m){sl.

3. Takke B pabore OymeT pacCMOTPEH AJTOPUTM DPEIEeHUs BapHha-
IMOHHON Gurapmonunueckoii 3amauu (1)—(4), TO ecTh ajaropur™ ompe-
nesiennsi YHKIIUKA Uy U COOTBETCTBEHHO, (byHKInu f Meromom Oasmc-
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HbIX HoTeHiuanos (QyHiamenTanbubix pemenuii) [1—3]. Aaropurm pe-
IIIEHNS CTAHJAPTHON OGUTapMOHNYIECKO 3a1asw paccMoTrpeH B [4]. Tlommo-
Ta ¢IBATOB (DYHIAMEHTANIBHBIX PEMeHnil B ONTapMOHIYIECKOM MPOCTPaH-
CTBe JOKa3aHa B [5].
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METOAbI NTCKYCCTBEHHOT'O NHTEJIJIEKTA
B SBAJJAYAX KOMIIBIOTEPHOM BE3OIIACHOCTU
N AHAJINM3A TEXHOJIOTUYECKUX ITPOIIECCOB

N.B. Mameukun, M.U. ITerpoBckuii (Mocksa, MT'VY)

mash@cs.msu.ru,michael@cs.msu.Tu

Ha ceropmsititamii JIeHh aKTyaTbHBIM SIBJISIETCS UCCJICIOBAHUE U Pa3-
paboTKa TeXHOJIOTU#l MCKYCCTBEHHOTO WHTEJJIEKTA JIjisi PEIIeHUs MPH-
KJIQJIHBIX 3a1a4. Vcnob30BaHue MaTeMaTuIeCKuX U IBPUCTUYCCKUX Me-
TOJOB TIO3BOJIIET OOHAPYKHUBATH MOJIE3HBIE 3AKOHOMEPHOCTH B TAHHBIX
MyTeM TIOCTPOEHUS OMUCATEbHBIX U MPOTHO3HBIX MOIEIEH MaIMHHOTO
obyuenus. OIHUMY U3 OCHOBHBIX HAITPABICHUH MPUKIATHBIX UCCIEI0BA~
Huit kadeapsr UHTEIIEKTYaTbHBIX HHAOPMAIMOHHBIX TEXHOJIOTHH ¢a-
kynbrera BMK MI'YV um. M.B. Jlomonocosa sBiisiercda pa3paborka mH-
TeJIEKTYaIbHBIX METOJIOB M CPEICTB 0DECIeUYeH s KOMIbIOTEPHOH 6e3-
OTMACHOCTH, & TAKXKe CO3JaHne «Iu(POBBIX JBONHUKOB» TEXHOJIOTHUIE-
CKHUX MPOIECCOB.

(© Mawmeuknn 1.B.,Ilerposckuit M.11., 2023
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B obaactu nndopManuoHHoit 6€30IaCHOCTH PENIaeTCs 33,/1a9a AHAIN-
3a W MOJETNPOBAHNS TTOBEJEHHNS TOJH30BATENEH W TPOIECCOB KOMIHIO-
TEPHBIX CUCTEM JJIsi PAHHETO OOHAPYKEHUsI BHYTPEHHUX BTODIKEHWH U
MIPEIOTBPAIEHNs yTedeK KOH(MUIEHITNAIbHON nHbopMarmu. Bxoaubivu
JIAHHBIMHY SBJISIOTCSH KOHTEKCTHBIE (IIOTOKU COOBITUI B CHCTEMHBIX U [IPH-
KJIA/IHBIX YKYPHAJIAX) U KOHTEHTHbIE (IIOTOKU JIEKTPOHHbBIX JIOKYMEHTOB )
JaHHbIE 00 AKTUBHOCTH 110Jib30Baresieil u nporeccoB. CyTb HOAXOIA 3a-
KJIFOUAETCS B MOCTPOEHUU MOJENel MAITUHHOTO ODydYeHHUs JJIsi PACIo-
3HABAHUS TUIUYHOIO MOBEIEHUS MOJH30BATEsEH M MPOIECCOB C MEJIHIO
PACIIO3HABAHUSA OTKJIOHEHWH OT CIIEHAPUEB HOPMAJTBHOTO TIOBEIEHNST KAK
MOTEHIIHAIBHO onacHOil akTuBHOCTH. OHONW M3 BAYKHBIX TEXHUIECKHUX
3a/1a4 ABJIAETCS Pa3paboTKa (DOPMAJIBHBIX MOJIETeH IPe/ICTaBIeHus 10~
TOKOB PA3HOPOJHBIX CJIOKHO—CTPYKTYPUPOBAHHBIX JAHHBIX. [[JjIs1 9TOTO
OBLITH TTPEIIOKEHBI HOBBIE MTOIXOIbI Ha, OCHOBE KJIACCHIECKOTO JIATEHTHO—
CEMAHTUYECKOTO aHAJIN3A, MATPUIHBIX PA3IOKEHUN 1 COBPEMEHHBIX Heli-
pPOCeTeBbIX MOJIEIeil, MO3BOISIONIHE eUHOODOPAZHO OTOOPAKATH CJIOKHO—
CTPYKTYPUPOBAHHBIE U TEKCTOBBIE JAHHBIE B IPOCTPAHCTBO CKPLITHIX T€-
MATHK ¥ IIPEJCTABJIATH HOTOKM TAKUX JIAHHBIX KAK MHOIOMEDHbBIE Bpe-
MEHHBIE PSIZIbI BECOB CKPBITHIX TeMaTuk [1, 2]. Hasee st perennst 3a1a4
BBISIBJICHUS ¥ PACIO3HABAHNS TUTIOBBIX CIIEHAPUEB MTOBEIEHNUS TI0JIH30Ba~
Tesieil ¥ MPOIEeCCOB MPUMEHSIIOTCS KakK TPAJIUIIHOHHBIE METO/IbI HA OCHOBE
kiaccuaeckux ARIMA 1moxo/10B, METOIOB OMOPHBIX BEKTOPOB, OInKaii-
UX cocelieil Tak U COOCTBEHHBIE yYHUKAJIbHBIE METO/bI HA OCHOBE Hefi-
pocereit T1yOOKOTO 00y UeHUs 1 KOMOMHUPOBAHHBIX METOJIOB, MCIOIb3Y-
IOIINX HEYETKNE MHOXKECTBA W sifepHbIe (DYHKIIWUHN.

Takzke B paMKaX JaHHOTO HAIIPABJICHHS YyYACTHUKAMHU KOJIJICKTUBA
PaspabaThIBAIOTCA METONBI TIOBEICHIECKOW OMOMETPUN IJIST WHTEJLIEK-
TyaJabHON ayTeHTH(DUKAIMA W HENPEPBIBHONH MICHTH(MUKAIAN TOIH30-
BaTeNeil KOMIBIOTEPHBIX CHCTEM M MOOMJIBHBIX YCTPOWCTB. BXOmHbIMA
JAHHBIME [ TAKUX METOJIOB ABJIAITCA TaKyKe BBICOKOYACTOTHBIE II0-
TOKHU COOBITHI, CONEPIKAILIEE XaPAKTEPUCTUKHA PAbOTHI IIOJIb30BATEN C
YCTPORCTBAME BBOJIA—BBIBOJIA: TUHAMUKA KJIABUATYPHOTO BBOJA (BpeMs
HAYKATUH U yIepKaHWUs KIABUII KJIABUATYPBI), THHAMAKA PAOOTHI C KOM-
[BIOTEPHO MBIIIBIO JUO0 TAYCKPUHOM (KOODIMHATHI Kypcopa U COObI-
THS HAXKATHS KJIABWII BO BPEMEHW), JAHHBIE C CEHCOPOB MOGHILHBIX
ycrpoiicTs (Hampumep, akcejepoMerpa) u T.u. 3ajadeli MCCieI0BaHUS
ABJIAETCA IOCTPOCHUE MOJIENN IIPeodpasoBanue (pparMeHTOB IOTOKOB CO-
ObITHI B BEKTOPBI MPU3HAKOB (CTATUCTUKU HAYXKATHIH KJIABUII KJIABUATY-
PhI, XapaKTEPUCTAKN TPACKTOPHN JBUKEHHS Kypcopa, KoM ummenTsr
BeiiByieT—1peobpa3oBanus i JAHHBIX JATYUKOB U T.J.) U pa3paborka
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O/IHOKJIACCOBBIX (B CJIy4ae eC/id MHOXKECTBO 10JIb30BaTe/ell «OTKPbITO»,
T.e. TMOTEHITNAIBHO KOMITBIOTEPOM WJIM YCTPONCTBOM MOYKET BOCIOJIb30-
BaThCA KTO yTOJHO) U MHOTOKJIACCOBBIX (€C/M MHOXKECTBO IMOJIb30BATE-
Jieli pU3MIECKH OrPAHUYEHO, HAMPUMED, COTPYIHUKAMY OPraHU3AINM,
UMEIOIIUMHU JIOCTYII K 00OPYJOBAHUIO) METOIOB MAIIMHHOIO O0YYEHHUS.
Corpynaukamu Kadenapbl ObLIH MPEJIOKEHBI COOCTBEHHBIE 3D DEKTHB-
HBIE TOAX0/bI (DOPMUPOBAHKS PU3HAKOBBIX IIPOCTPAHCTB, & TAKIKE COO-
CTBEHHBIE METOIbI PACTIO3HABAHUS HA OCHOBE HEUETKUX MHOYKECTB, SIep-
HBIX (DYHKIUI, OMOPHBIX BEKTOPOB W HEHPOCETEN [IjIsi PEIeHus 330a4
JIBYX(pAKTOPHOH 1 6€CIapoIbHON ay TeHTH(OUKAINHT, & TAKXKE HEIIPePhIB-
HOIT (POHOBOI HIAEHTU(DHUKAINY MOJB30BATEIEH O TAHHBIM UX PaOOTHI
C yCTPOMCTBAMHU BBOJIa—BbIBOJIA KOMIIBIOTEPHBIX CHCTEM U MOOHJIBHBIX
ycrpoiicrs [2, 3].

Crenyromeit 3aadeil, permaeMoil KOJJIEKTUBOM B PAMKAX HAIPaBJIe-
Hust nHGOPMAIMOHHON GE30MaCHOCTH, SIBIISETCs UCCIEeI0BAHIE U pa3pa-
60TKa METO/IOB ITOUCKA U MOHUTOPUHIA UCTOYHUKOB KPUMUHATIBLHONW HITH
3KCcTpeMucTcKoit nudopmamuu B ceru arepruer. Bouin peasu3oBanbl u
9KCIIEPUMEHTAJIHHO ANMPOOUPOBAHBI COOTBETCTBYIOIINE METOMNBI MAIITHH-
HOro 00y 4eHns [4], KI0UeBbIMU XapAKTEPUCTHKAMI KOTOPBIX SBJISIOTCS:
CTATUCTUYIECKUE SI3BIKOBO—HE3ABUCUMbIE METO/bI U3BJICYEHUS KITIOUEBHIX
CJIOB ¥ AHHOTALWI U3 JOKYyMeHTa—00pa3ia (IpruMepa KpUMUHAJIbHON Uiin
9KCTPeMUCTKON undopmanuu); GOPMUPOBAHUE C UX LOMOIIBIO LIOUCKO-
BBIX 3aIPOCOB C WCIIOIH30BAHUEM CTAHIAPTHBIX MOUCKOBBIX MHTEpdEii-
COB B COITMAJIBHBIX CETAX HJIM MOUCKOBBIX CHCTEMAax; ‘oboramrenue”’ Haii-
JEHHBIX JIOKYMEHTOB ¥ COOOINEHWI 33 CYET PACKPBITHSA U aHHOTHPOBA-
Hust uHGOPMAIMKA U3 WX CCHUIOK W XJIITErOB; PAHKHUPOBAHUE U (DUJIb-
Tparys HAlJIEHHBIX JOKYMEHTOB HA OCHOBE CEMAaHTHYECKOM OJIm30CTH K
JOKYMEHTY—00pasIly ¢ UCTOJH30BAHNEM COOCTBEHHBIX AJTOPUTMOB U Me-
TOJOB HA OCHOBE MATPUYHBIX PA3TOXKEHUM.

Tlox «nmudpoBbIME ABOWHUKAME > TEXHOJOTHIECKHUX ITPOIECCOB MOHM-
MaeTcsa KOMILJIEKC MOesiell ICKYCCTBEHHOTO WHTEJJIEKTA, TTO3BOJISIONINX:
OIIPeIENIATh Ka4eCTBEHHbIE U KOJIMYEeCTBEHHBbIE 3aBUCUMOCTH MEZKYy Ia-
paMeTpaM# TPOIEeCCa; MPOTHO3UPOBATH 3HAYEHUS KOHTPOJUPYEMBIX M
Ha0JII0IAEMBIX TTAPAMETPOB B JIMHAMUKE B 3ABUCUMOCTH OT MTPEIBIIY IIAX
COCTOAHUN TPOIECCA U YIPABIAAIONIUX BO3AECUCTBUN; BBIABIATH CKPBITHIE
3aBUCUMOCTH, COCTOSAHHUSA U (PAKTOPBDI, BAUAIOMMUX HA TEXHOJOTMIECKHI
MPOIECC; PEATH30BBIBATH BHIOODP ONTHMAJIBHBIX YIIPABJSIONIAX BO3IE-
CTBUI B 3aBUCUMOCTH OT IieJIeii n orpannyennii. Bxommoit mudopmarmeii
JUIS TAKUX MOJiesield ABJIAI0TCA MHOTOMEPHBIE BDEMEHHBIE PAIbI MOKA3a-
HUH TATYUKOB NPOU3BOJCTBEHHON CUCTEMBI, OCYIIECTBJIAIONIEH TeXHOIIO-
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ruveckuii mporecc. Takrke BayKHBIM 3JI€MEHTOB (M POBU3AINN TEXHOJIO-
TUYECKUX TPOIECCOB SIBJISIETCS MOCTPOEHUE «BUPTYAIbHBIX JATIHKOBY.
CyThb mpoOJEeMBI 3aKII0YAETCS B TOM, YTO DSl KJIIOUEBBIX XaPaKTEPHU-
CTUK TEXHOJIOIMYECKUX IMPOIECCOB, OCOOEHHO CBA3AHHBIX C KAYECTBOM,
MOXKET OBITH U3MEPEH PEIKO U PECYPCO3ATPATHO, HAIPUMED, C UCIIOTIb30-
BaHueM JJa0OPATOPHBIX UCCIIEIOBAHUMN, a /I ONTHMAJIBHOIO YIIPABJIEHUS
[IPOIECCOM KpallHe KeJIaTe/IbHO 3HATH 3HAYEHHUS ITUX XAPAKTEPUCTUK
HEMPEPBHIBHO BO BpeMeHwu. [[Jisi 9TOro MCHoOab3yI0TCS METOIbI MAIMHHO-
10 00ydYeHusI, MO3BOJIAIONINE MPOrHO3UPOBATH JAHHBIE «BUPTYAJIHHBIX>
JaruukoB (1ab0paTOPHBIX UCC/eJI0BaHU) KAaK (DYHKIMUA OT HOKA3AHUI
APYTUX CEHCOPOB, MOCTYHAOMNX HempepbiBHO. KosrekTuBoM Kadeapst
ObLIH Pa3pabOTAaHbL M BHEAPEHbI WHTEJIEKTYAJIbHbIE TEXHOJIOIUH, 103~
BOJIMBITIAE CO3JATH AIeKBATHBIN <«IM(POBOi JIBOWHUKY» TMpoIlecca Kpe-
kuHra HedH [5]. KioueBbiMr KOMIIOHEHTAMHU Pa3pabOTaHHBIX TEXHOIO-
Uil SIBJIAIOTCS: KOMILJIEKCHBIE METO/IbI CTATUCTUIECKOTO aHAIN3a, BU3Y-
aM3anuN ¥ mpeaoOpabOTKN JAHHBIX, BKIIOYAsd PEIIeHus 3a1a49 BEIOOpa
MIEPUOIOB CTAOUIBHON PAOOTHI YCTAHOBKH, BLIIBICHHUS apTe(PaKTOB, BbI-
O6pocoB u cO0eB pabOThI JATIYNKOB; U3BJIEUCHUE [IPU3HAKOB IIyTEM IIPHU-
MEHEHUs] TPAJUIIMOHHBIX METOIOB CTATHUCTUYECKOTO AHAJN3A, & TAKIKE
METOOB MAIITUHHOTO O0ydY€HUsI HA OCHOBE I'PAJUEHTHOTO OYCTHHTA; MO-
crpoenne auddepeHpPyeMbIX aBTOPETPECCHOHHBIX MOJIesell Ha OCHOBE
TPAIUIMOHHBIX HEHPOCTeNl MPAMOro PACIHPOCTPAHEHUS] W COBPEMEHHBIX
PEKYyPPEHTHbIX HEUPOCTEN /i IIPOrHO3a 3HAYEHUN «BUPTYaJbHbIX JAT-
YUKOB» W KOHTPOJUPYEMBIX MAPAMETPOB B 3aBUCHUMOCTH OT TEKYIIETO
COCTOSIHVMSI W yIpaBJeHWs; npuMeHenne auddepeHnpyeMbix Heipoce-
TEBBbIX aBTOPErPECCUOHHBIX MOJEJIEl B Ka4eCTBe OIPAHUYEHUN, 11eJIeBOi
GbyHKINY U ypPABHEHUsI COCTOSHUS I PEIeHus 3a0a9U OMTUMAIBHOTO
YIIPaBJIEHUS C UCIIOJb30BAHUEM IOXO0/I0B 00yUY€Hus C MOAKPEIJIEHUEM U
KJIaCCHIecKoro Meroza mpuctpenkn (shooting method).
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3AJ/TAYA BBICTPOJIENCTBUSA HA I'PYIIIIE
JBU>KEHU IIJIOCKOCTU C VIIPABJIEHUEM
B KPYTOBOM CEKTOPE!
A.I1. Mamrakos, FO.JI. CaukoB (Ilepeciasib—3anecckuii,
NTIC nvenn A.K. Aiinamazsna PAH)
alexey.mashtakov@gmail.com, yusachkov@gmail.com

PaccmarpuBaercs 3a/1a9a HAMCKOPERIIIETO TIEPEMEIIEHUST MOETH MO-
6ubHOrO poboTa (MAIUHbI) HA [JIOCKOCTU, KOTOPbBI MOXKeT JABUIAThCs
BTEpE, ¥ TIOBOPAYMBATL C 33JaHHBIM MUHUMAJLHBIM DPAIUYCOM TIOBO-
pora. CocTosiHue CUCTeMBI 3aaeTCs TIOJIOKEHUEM IEeHTPAIBLHON TOUKN
OCH KOJIECHOH TIaphl ¥ yTJIOM OPUEHTAITUU OCH Ha, TJIOCKOCTHU. Y MPABJISAA
JIMHEHAHON W YTJIOBOIl CKOPOCTBHIO, TPEOYEeTC sl MEPEeBEeCTH CHCTEMY W3 3a-
JIAHHOTO HAYAJIBHOIO B 33 ]AHHOE KOHEYHOE COCTOSHUE.

Bagaua dopMyaupyercs Kak 3a/1a9a ONTUMAJILHOTO YIPABIECHUS HA
rpynne Jlu SEy 3 (2,y,6) cOOCTBEHHBIX €BK/IMIOBBIX JIBUXKEHUH IJI0C-
koctu, tae (z,y) € R? 3amaer menTpaibHyio TOUKy, a yroa f € St —
ODHMEHTAIMIO MAIIKMHBbl Ha ILUIOCKOCTH. Yupasienus (ui,us) € U cyrb
JIMHeHas U yIJI0Basg CKOPOCTH MalluHbl. MHOXKeCTBO 3HAYEHWH JOIy-
cTUMBIX ympasjaenuii U ecTh KPyroBo# CeKTOp.

Jna npoussonbuoro yraa « € (0, 5] pacrsopa cekropa U paccmar-
pUBaeTcs ClAeayomas yupasisgeMas CHCTeMa;

% = uq cos 0, (z,y,0) = q € SEo,
Y = upsiné, u? +ul <1, (1)
0 = us, lus| < ug tga.

1 Pabora BBIIIOJIHEHA, upu duranCcoBOH oA JeprKKe PHO

(npoekT Ne 22-11-00140).
(© Mamrakos A.IlL., Caukos 10.J1., 2023
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st 3alaHHBIX TPAHWYHBIX YCJIOBUH qo, ¢1 € SEo Tpebyercs Haiitu
yupasienust ui(t), usz(t) € L°([0,T],R), Takue, 9TO COOTBETCTBYIONIAS
tpaekTopusi v : [0,T] — SEs mepeBoauT CHCTEMY M3 HAYAIBHOIO COCTO-
SIHWS o B KOHETHOE COCTOSTHHE ¢ 3a MUHUMAJIHHOE BPEMsI:

¥(0) =q0, (T)=q, T — min. (2)

B pabore o6obiiaercs gacTHbIil ciydail yupasieHus B oaykpyre [1]
Ha CEKTOpP ¢ yrjiom pacrsBopa ue 6osibmie 180 rpamycos. 3ajada umMeer
MPUJIOKEeHNe B 06paboTKe M300parkeHwil [2], TPaeKTOpUHM CHCTEMBI WC-
TTOJIB3YIOTCST 7151 TIONCKA, BBIIEJISIONTNXCSA KPUBBIX.

Teopema 1. B sadaue 6ucmpodeticmeusn (1), (2) scezda cywecney-
em ONMUMANLHAA MPALEKMOPUS, NEPEBOJAULAS CUCTNEMY U3 NPOU3BOND-
HO 3a400HHOT HAUANBHOT KOHPUYPAUUY (o 8 NPOU3BONBHO 3a0AHHYI KO-
HEYHYNW KOHPu2Ypayuto q .

K 3amade mpumenen nmpuwaIiun mMakcumyma [lonrpsaruna. Ilomydeno
OIIMCAHNE PA3JINYHBIX TUIIOB IKCTPEMAJIBLHBIX TpaeKTopuil cucrembl. [1o-
Ka3aHOo, 4TO JJId MOYTH BCEX TPAEKTOPHUI CYIIECTBYIOT MOMEHTHI BpeMe-
HU, KOT/I3, JIMHAMHUKA CUCTEMbI IEPEKTI0IAETC MEXK /Ty IBYMS BO3MOYKHbI-
MU BH/IAMU: JBUKEHUE 110 OKPYKHOCTH U JBUKEHHUE BJO0JIb CyOpUMaHO-
BOIt reosiesndeckoii [3]. Haiizen sBHBIH BUJ] SKCTPEMATIBHBIX yIIPABIEHHUH
7 TIOJIyYeHa MapaMeTpH3alys KCTPEMAJbHBIX TpaeKTopuil. Yactu4aHo
WCCIIeZI0BAH BOMPOC ONTUMAJIBHOCTH SKCTPEMAaJei.
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OBOBIIIEHUE MOJIEJIN SI3BIKOBOW JUHAMUKNI
ABPAMCA-CTPOTATTHU HA CJIYYAN
HECKOJIBKUX A3BIKOB
A.B. Measenes, O.A. KysenkoB (Huxuuit Hosropog, HHI'Y)
a.medvedev. unn@gmail.com, kuzenkov_o@mail.ru

Metropr MATEMATHYIECKOTO MOJETHPOBAHAS [IUPOKO IPUMEHSIOTCS
JULA U3yYeHHs A3bIKOBOI JIMHAMUKHE, HCC/IEIOBAHUAM KOTOPOIl 1OCBHIIe-
HO MHOro pador [1-7]. UccienoBamue sI36IKOBOI TMHAMUKY ¥ IPOIHO3H-
poBamme e pe3yJbTaTOB CTAHOBSTCH BCE 0OJee aKTYAJbHLIMH B CBSI3H
¢ pa3suTHeM OU(DPOBBIX W TETEKOMMYHHUKAIIMOHHBIX TEXHOJIOTHIT, TJI0-
Ganbuoit cern Internet [8]. IlenTpanbHoil 3aqa4eil ABIsdeTCs BbIABICHAE
TEHJEHIUH, KOIJA OJUH #A3bIK BBITECHAET OCTAJIbHbLIE, T.6. CTAHOBUTCS
JOMIHUDYIOINM, ¥ TEM CAMBIM OKA3bIBAET BIIMSHUE Ha BCe CGEpHI CO-
IIHUAJTHHON YKU3HU.

Ilens HacTosImel pabOTHI 3aKII0UAETCS B IOCTPOCHNH H HCCIIEI0BA-
HEn 0600IEHHON Maremarndeckoii momenun AGpamca—CrporarTu (AS)
JULS OLIMCAHUS UHAMHUKE HECKOJIBKUAX COCYIIECTBYIOMIUX A3bIKOB.

PaccmarpuBaemast MOJE/Ib UMEET BUJL:

i (S5 et - me(Som) 0

J#i J#i

N N
Zmizl, Zsi:L a>1. (1)
i=1 i=1

Da30BEIMH MEPEeMEHHBIMA T;,i = 1, N, ABJIAIOTCA JOJM HOCHTEJei
Pa3HBbIX A3BIKOB B coobmiecTse. IlapamMerp s; UMEeT CMBIC IPECTUKHO-
CTH i-TO A3BIKA, IOCTOAHHASA BETMINHA, (v IMEET CMBICTT BOJIATUIBHOCTH B
coorsercrBuH ¢ runoresamu A6pamca—CrporarTu [9]. 3aech ¢ — HEKOTO-
pas nocrosiaaas BeamauHa. ®a3oBbiM npocTpancTsoM mis (1) aBagercs
cTaHmapTHBIH cuMruieke [10]. AHamuTndeckoe WCCIe0BaHUE TPOBOJIH-
JIOCh Ha OCHOBE MaTeMATHUYECKOTO AlNapara, pa3spabOTaHHOTO JJIs CH-
creM auddepeHnanbHbIX ypaBHEHHH Ha CTaHZAPTHOM cHMIUTeKce [10—
14], KOTOPBIi UCTIOMB3OBANCS JJIsT MOJIETAPOBAHUS TIPOIECCOB TEPETATH
IeHETHYECKH HEe3aKPeIUIEHHON mHdopManuu. B pesyiabrare mpoBeaéH-
HOTO MCC/IEI0BAHUSA ObLIa TTOCTPOeHa (DYHKINS KOHKYPEHTOCIOCOOHOCTH
s3bika [15, 16] B BHzE:

Ji = esizdH0).

© Megsenes A.B., Kysenkos O.A., 2023
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JloMUHUPYIOMUM SBIALAETCA TOT A3bIK, JIJIs KOTOPOTO PyKIMs KOHKYPEH-
TOCTIOCOOHOCTH MMeeT Haubosbiee 3HadeHne. CTOUT OTMETUTH, YTO HA
KOHKYPEHTOCITOCOOHOCTh BJIMSIET HadYaJIbHOE pacIpejiesieHre HOCUTesen
IO ST3BIKAM.

B pabore 0ObLia mpoaHaIu3upOBaHA TECATHIETHsIST CTATHCTUKA WC-
[I0JIb30BAHUS BOCHBMH CaMbIX IIOIYJISPHBIX $3bIKOB B ceru Internet:
AQHTJIMIACKUM, PYCCKHIT, HEMENKNH, WCIAHCKWUI, KUTANUCKW, ATOHCKHI,
dbpanmysckuii u rypenkwuit [8]. Ha ocHoBe 3T0r0 GblM HAeHTHMDUINPO-
BAHHBI TTAPAMETPBI MOJIEJIA METOJ0M HANMEHBINNX KBAAPATOB. BbLIO mMo-
Ka3aHO, 9TO [IPU HEU3MEHHBIX YCJIOBUAX AHTVINACKUN sI3bIK Oy/1€T BHITEC-
HATDH U3 TJ100a/IbHO ceTn Internet ocrabHbBIE SI3bIKH C TEIEHHEM BpeMe-
HU.
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YYET CUMMETPUU B METOJE PUTIIA
JJ1d YPABHEHU S IIPE/IMHTEPA
B KPUCTAJIJIAX C BA3COM!
MeabaukoB H.B., Pezep B.1N.
(Mocksa, MT'Y; Exarepuntypr, U®M YpO PAH)
melnikov@cs.msu.ru, reser@imp.uran.ru

SﬂeKTpOHHbIe COCTOAHNA B KPUCTaAJIJIaX TMOJIyIalOTCA U3 YPaBHEHUA
Ipémuurepa
Ap+(e=V)p =0, (1)

rae € = e,(k) m 1) = x(r) — cobcrBeHHOe 3HAYEHMWE W COOCTBEH-
Hag byHkiys (N — WHIEKC SHEPreTUYecKOl 30HbI, K — BOJIHOBOI Bek-
Top), a V — Kpucramnuydeckuil norexnuai. Vcmoib3ys 1epuogudaHOCTb
MIOTEHIHAIA U TeopeMy DBiioxa, MOKHO OIPAHUYUTH 3339y HA SIEiKy
Burnepa—3eiiria (dws, HAJIOXKUB CJIEIYTOMIUE "PAHUYHBIE YCIOBUS:

wnk(ra) = eierwnk(r) ’ M = _eierM ) (2)
On On
[Jie I U Iy — CONPsKEHHDIE TOYKK HA Ipanule Aveiiku Burnepa—3eiirua,
R, — BeKTOp MeX/y 3THMH TOYKAMH, II — BEKTOP BHEITHEH HOPMAJIN K
TPAHUIE AYEUKH.
Bazaga Ha cobcTBeHHbIe 3HadeHns (1) u (2) cBOAMTCS K BapUAINOH-
HOIT 33/1a4e MUHUMU3AIMNA HHTErPATbHOTO (DyHKIMOHATA

] = /z/J*(”H—a)wdr, H=—A+V, 3)
Qws

Ipu AOIMOJTHUTETbHOM OI'DAHHYCHHUN

[ par=1 (4)

Qws

B KJ1acce (hyHKIHUiA, YI0BIETBOPSIONAX TPAHUYHBIM yCIOBUAM (2).
Haubosnee pacmpocTpaHEHHBIM METOIOM TOJYUEHUS TPUOIUKEHHO-

ro perreHnst BapuanuoHHOi 3amaun (3) u (4) aBasiercs meron Pur-

na. Vckomas GpyHKIHUA 1) ammpOKCHMUPYETCs JTHHEHHOW KOMOWHAITHE

1 PaBora BLIIONHEHA B pAMKaX IOCYIapCTBEHHOTO 3a,IaHig MUHICTePCTBA HAyKH
n BeICIIEro obpasosanus Poccmiickoit Pemepanun (TeMa «DIEKTPOH», HOMEP roCpe-
rucrpanuu 122021000039-4).

(© Meusnukos H.B., Pesep B.11., 2023
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PpV) = >~ CuXp HEKOTOPBIX KoopauHarTHbIX byHkuuit x,. Kosdduru-
o

€HTbI B 9TOM PA3JIO2KEHUU C,, HAXOAATCA U3 CUCTEMbI ypaBHeHI/Iﬁ

Z(H,uufgsuu)cu:o (/L,l/:].,...,N), (5)
e
H,, = / X, Hxy dr, Sy = / X X dr. (6)
Qws Qws

CoOTBETCTBYIOIINE BEJIMYWHBI £ HAXOAATCH W3 ODOOIIEHHON 3aJa9u HA
CcOOCTBEHHDBIE 3HATECHUSA

det(H —eS) = 0. (7)

Meron, Purna (5)—(7), ucmonb3yionmii B Ka4eCTBE KOOPAUHATHBIX
bynxmuit x,, nuHeliHble KOMOMHAIME ATOMHBIX OpOHTasIel, Ha3bIBACTCA
METOJOM CHJIbHO# cBsi3u (cM., Hamp., [1, 2]). Ilapamerpsr meroga MoryT
OBITH OIPEJIENIEHBI C OMOIIBI0 PACYIETOB B TOYKAX BBICOKOW CHMMETPHH
B 30He Bpusosna.

B nokname mpencraBiaeH OO TEOPETUKO-TPYIIMTOBON TTOIXOJ, KO-
TOPBI Ta8T MATPUIHBIE KOMIIOHEHTHI TAMAJILTOHUAHA B METOJIE CAJILHON
CBSI3U, MCIOJB3YsT MPOCTPAHCTBEHHY0 CHMMETPHIO 331891, CAMMETPHIO
obpalnennsi BpEMEHH W 3PMUTOBOCTD FAMHUJIBTOHHAHA. [/ KpUCTAILIOB
C ZByMsi aTOMaMK B JIEMEHTAPHOI suefiKe COOTBETCTBYIONIAS MaTEMa-
THYeCKasi Teopwsi Oblia paspaboraHa B padore [3] (cm. Takke [1, 2] n
ccolnky TaM). B mameit pabore [4] mocTpoeno o6obIeHne st KPHCTAT-
JIOB C HECKOJIbKMMH aTOMaMM B 3JIEMEHTApHOU A4eiike.
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4. Melnikov N.B. Treatment of symmetry in the tight—binding
method for crystals with several atoms per unit cell / N.B. Melnikov,
B.I. Reser // Phys. Scr. — 2023 (in press).

289



OB YCTOMYNBOCTU HEKOTOPHIX
TUBPUJIHBIX CUCTEM!
M.B. Myarwkos (Ilepmb, IITHITY)
mulykoff@gmail. com

HenpepbiBao—auckpeTHoii (rubpuaHoii) cucreMoil (pyHKIMOHAILHO—
muddepeHnnalbHbIX YPABHEHNN HA3BIBAETCS CHUCTEMA yDPABHEHWH, CO-
JieprKalas Kak HelpPepbIBHbIE, TAK U JUCKPETHBIE KOMIOHEHTBI.

UccnenoBanue yecrofi9uBOCTA THOPUIHBIX CUCTEM — AKTYaJbHOE Ha-
TIpaBJIEHNEe COBPEMEHHOI Teopnn ycroitunsoctn [1], [2].

PaccunrniBarh Ha MOIyUYeHnE HEOOXOIUMBIX U JTOCTATOYHBIX TTPU3HA-
KOB YCTOMYMBOCTH MOYKHO JIJIsi CDABHUTEHHO Y3KOTO KJIACCA JIMHEITHBIX
ABTOHOMHBIX THOPHUIHBIX CHCTEM (PYHKIIHOHATHEHO— (D epeHtnaaTbHbIX
YPaBHEHUM.

Eciu nopcucrema ¢ HepepbIBHBIM BpeMeneM umeer (popMy cucreMbl
OOBIKHOBEHHBIX M hEPEHITNATBHBIX YPABHEHUH, TO 33a49a YCTONIUBO-
CTH CBOIAUTCS K BOIPOCY 00 YCTORYMBOCTU CHCTEMBI PA3HOCTHBIX yPaB-
HeHwuit [3].

Paccmorpum cucremy

i(t) + Aa(t) = Ba([t]) + Cy([1]).
y([t] + 1) + Dy([t]) = E=([t]),

e A € RF>*k B ¢ RF¥kE ¢ ¢ RFX™ D ¢ R™*™ E ¢ R™*Xk
cumBosioM [.] obo3HaveHa Tenas Jacth uncia, k,m € {0,1,2,...}.
Cucrema, (1) paccmorpena Ha cerke maroMm 1. Macmrabuposanuem
OCH BpeMEHH MOXKHO /IO6I/ITBCH TOro, I‘ITO6])I CeTKa uMeJjia HpOI/I3BOHbHI)Iﬁ
MOJTOKHUTENbHBII 1ar h > 0.
Cucrema (1) HA3BIBAETCA GCUMNMOMUYECKY YCMOTUUEO, eCu ISt

t>0 (1)

JTIOOBIX HAYMAIBHBIX JAHHBIX limtﬁooHsc(t)H = limnHOOHy(n)H =0.
Paccmorpum 6/109HYIO MATPHILY
_e—A _ _ 1
M = e_ESB ]L_S;C}’ rie S:/Oe*Asds.

Teopema 1. Cucmema (1) acumnmomuyecky ycmoinwuea 6 mom u
MOALEO MOM CAYUGE, ecau cobcmeennve wucaa mampuyse M aesxcam
8HYMPU eJUHUYHO20 KPY2q.

1 WMcenenosanme BHIMOIHEHO 3a CYeT rpamTa POCCMBCKOro HayaHOro homma
Ne 22-21-00517
(© Myuroxos M.B., 2023
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B kagecTtBe npumepa paccMOTpUM ypaBHEHHE BTOPOI'O IOPSIIKA

§(t) +w?q(t) = bg([t] — 1), t=>0. (2)
rae b,w € R.
Nmeem )
—cosw 3« 7717:35‘%
M= |wsinw —cosw 0 ,
-1 0 0

Ypasrenwue (2) aCHMITOTHYECKN yCTORYUBO B TOM U TOJBKO TOM CJLy-
vae, ecmn b # 0 ucosw € {—1,1/2,1} u

1+ cosw
0<b<w2+7, ecm  cosw < 0,
1 —cosw
1—2cosw 1
0<b<w?—""= ecmm coswe |0,= ],
1 —cosw 2

91 —2cosw

1
<b<0, ectm coswée | =,1].
1 —cosw 2

Ecam menpepniBHAS 9acTh TUOPHIHON CHCTEMBI SIBJISIETCS CHCTEMOI
muddepeHEaIbHBIX YPABHEHUI ¢ 3ala3JbIBAHAEM, TO HCCICIOBAHME
YCTONYHMBOCTH B PAE CAy4aeB MOXKET ObITh CBEJIEHO K M3Y4YEHHIO CIIeK-
Tpa ouneparopa I'puna BcuomoraresnbHOil Kpaesoil 3axaqu [4].
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3AJAYA IIPECJIEJOBAHUIS JAJIsI OHOM
JIN®OEPEHIINAJILHOM UTPHI HEMTPAJIBHOTO
TUITA B BAHAXOBOM IMPOCTPAHCTBE
E.M. Myxcuunos (r.Xymxaunn, TTYIIBIIL, PT)
yodgor.mukhsinov@gmail.com

B cenapabenbroM u pediiekcuBHOM GaHAXOBOM MPOCTPAHCTBE X pac-
CMATPHBAETCS PA3PEIINMOCTh 33/1a9H TIpecieoBanus [1] s auHeilHo
g depeHnuanTbHON UTPhI, OIMUCHIBAEMAasT CHCTEMOIT

{ :k(t):kd.c(tfl)t(y(t)Jrﬁ(t)

: 1

§(t) = - (t) @

re @] € o, |7 € B8, k=0 =z(t), yit) € X, M =

T T kK 0

{<y>||x||\l Ecim z (y) (0()), A
0 1 _ (0 — (7 To wrpa (1) 3amuceiBaercst
0o0) ““\a o p

B BHJE £ (1) = C’z(t—l)—l—Az u+v

_ OynmamenTanbHOE pemeHHe CID(t), ans koroporo @ (t) =
Co(t—1) + AD(t), ®(0) = I u ®(s) = 0 mpu s < 0 mmeer

BUI:

n—1 N\ L -n n i
q)(t):<é t+ >0y (n—z)k[—i—(t )i k ),

n<t<n+1, n=0,1,... .
IIycrs

n—1

T—|—Z n—i) k' + (T —n Zkzl

(1—Fk)xo+

=1

rae

_ LN ) e
R(T)a<2+;k>T + |

© Myxcuros E.M., 2023
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Teopema.
1. Ecau

n—1 n 2 n
a(Z(n—i)ki—nZki>—ﬂ1 —4<;+Zki>al<0,
i=1 i=1

i=1

d:

Lo

mo u3 A0l Mmouky 2o = y
0

) 603MOIHCHO 3a6EPUEHUE npecmfdoea—

HUA 30 ONTNUMANLHOE 6PEMA
To=min{T > 0: daa Komopux evnosnsemca nepasencmeo (2)} .

2. Ecau d > 0, mo u3 a10601 mouxu zy € P, 2de

o
(%]
N

B

=

\Y%
=
|

—

603MOINCHO 3A6EPUEHUE NPECACIOBAHUA 34 ONMUMALbHOE 8pema T
Korma X = R™ u k = 0 mosiyuuM COOTBETCTBYIOINIUIT KOHETHOMEPHBII
pesyabrar JI.C. Iourpsaruna [2], rae urpa 3ajgaercs cucremoi

{ () =y () +T(0)
() =-u()

To
Yo
HO 3aBepinenue npecienosanus. Korma d > 0 u ¢ = 0 muOXKecTBO Py
COBIIQIA€T C MHOXKECTBOM, KoTopoe ykazano B pabore H. Carumosa [3].

Ecim d = 82 — 2al < 0, 10 u3 m060# TOUKH 2y = ( ) BO3MOXK-

JIureparypa
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O PA3PEIIINMOCTU IIEPUOJNYECKOM 3AJTAYN
AJIdd CUCTEMBI OBBIKHOBEHHBIX
JANPOPEPEHIINAJIBHBIX YPABHEHUMN
C KBA3MO/JHOPO/JHOM HEJIMHEMHOCTBIO !
A.H. Haumos, M.B. Beicrpenkmii (Bosorza, Bol'Y)
naimovan@uvoguds.ru, pmbmuv@bk.ru

Paccmorpum mepuoandeckyo 3a1a9y CIeAyIONEero Buaa:
a'(t) = P(x(t) + f(t,2(t), «(t) ER", te(0,w), (1)
2(0) = z(w). (2)

Baecb n > 2, w > 0, P = (Py,...,P,) : R* — R"™ — uenpepbiBHOE
oToGpazkKeHue, y10BJIeTBOPSIONIee YCI0BAI0 KBA3UOTHOPOIHOCTH

Pi(A"yy, . A%y, = AT Py, yn) YA >0, i=1,n,

rme yncaa «; > 0,1 = 1,n mw v > 0 ¢durcupoBanbl. OTobparkeHmne
f=(fi,..., fn) : R = R"™ menpepbIBHO, W — MEPHOANTHO MO t
YIOBJIETBOPAET yCIOBHIO

lim p~ @) max  |fi(t, pM Y1, 0% Yn)| =0, i=T1,n.
p—rtoo 0<t<w,

lyl <1

MmuozkecTBO Takux orobpazkenuit f obo3uaunM depe3 R, (e, V), Loe o =
(a1,..., ). Orobpazkenue P Ha3biBaeM IJIaBHON HEJIMHEHHO 4acTbIo,
a [ Ha3bIBAEM BO3MYLIEHUEM.

Pemenvem mnepmommyeckoit 3amaum (1), (2) HasbiBaeM BEKTOp—
byuxmuio € CH([0,w]; R™), KoTOpas yI0BIETBOPSET CHCTeMe ypaBHe-
Huit (1) u ycaoeuio nepnonunanoctH (2). Takoe pereHne w — MepHOIIIHO
u rajko npogomxumo Ha R = (—oo, +00).

1 PaGora BBIIIOIHEHS, IPK (PHHAHCOBOM IOLIePKKe rPaHTa, POCCHICKOro HayIHOTrO
donna (npoext Ne 23-21-00032).
(© Hauwmos A.H., Beicrpenkuit M.B., 2023
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Paspemmmocts 3a1a4u (1), (2) uccaenyem B ciepyroieil nocTaHoOBKe:
KaKUM YCJIOBHSM JIOJIKHO YIOBJIETBOPATH OTOOparkeHue P, 4ToObI MpHu
moboM f € MRy, ,(a,v) cymecTBOBaIO XOTsT GBI OJHO PELICHHE 337a4n
(1), (2)

B paborax [1, 2] 3amaga (1), (2) uccienoBana B ciiydae noJOKUTEILHO
OTHOPOIHOTO OTOGpaxkenus P, T.e. a; = 1, i = 1,n, IpAMeHAS METOILI
AIIPUOPHON OLEHKHU U METO/Ibl BbIYMC/IEHUS BPAIIEHUS BEKTOPHBIX HOJIEH.
Paccmorpenne KBa3mOIHOPOIHOTO OTOOpakeHusi P O3BOJISET YTOYHUTH
7 0DOOIIUTH PE3yIbTATHI YKA3AHHBIX pAbOT cieayionum obpaszom. Eciu
JUTSL TIOJIO?KUTENBHO OJHOPOIHOTO OTOOparkeHust P HEU NpU BCEX BO3MY-
mieHusX f MMeer MecTo anpuopHas OleHKa pernenuit 3amadu (1), (2),
TO KJIACC BO3MYINEHHH MOXKHO Cy?KaTb TaK, 4TO IVIABHAsl HEJMHEHAs
YacTh CUCTEMBI ypaBHeHHH (1) OKaykeTcsi KBa3UIHOPOIHBIM OTOOpasKe-
uuem. Kpome Toro, k cucreme ypasuenuii Buza (1) ¢ KBa3uOIHOPOIHOI
HEJIMHEHHOCTHI0 P MPUBOAATCA MHOTHME CHCTEMBI HEJIMHEHHBIX OOBIKHO-
BeHHBIX MU dEPEHINATHHBIX YPABHEHHH C TPOM3BOIHBIMU BBHICOKUX TI0-
pankoB. PaccmoTpenne Takux CUCTEM MPEJICTABISET HHTEPEC TP UCCIIE-
JIOBAHMM HEJIMHENRHBIX KPAEBbIX 33134 /ist aud depeHuanibHbIX ypaBHe-
HUl B 9aCTHBIX TIPOM3BOIHBIX C TpUMeHeHneM cxembl @ asno-Tanepkuna

[3]-
[2].

CupaseyiuBa ciefyomias TeopeMa, 0000IAnIas pe3yabTaT paboThl

Teopema. ITycmv 045 3a606HH020 HENPEPHIEHO20 U KEA3UOIHOPOIHO-
20 (¢ noxasameasmu o u v) omobpadcenus P : R™ — R™ cucmema
ypaeHerul

2'(t) = P(2(t)), =z(t) €R", te€ (—o0,+0),

HE UMEET HEHYAEGHIT 02PanudeHnvis pewenut. Tozda das paspeusumo-
emu sadavwu (1), (2) npu mobom | € R, (o, V) neobrodumo u docma-
mowho, wmobvl ne 06pausarocy 6 noav epausenue y(P) eexmoprozo noas
P :R"™ — R" na edunusnot cpepe |y| = 1.

JIurepaTtypa

1. Myxamaaues 9. K Teopun mepuogundecKkux pemennii CucTeM 00bIK-
HOBeHHBIX rbdepeHnuaapHbIx ypasrennit / 9. Myxamaanes. // JTokL.
AH CCCP. — 1970. — T. 194, Ne 3. — C. 510-513.

2. Myxamaaues 3., Hammos A.H. O paspermumocTu nepuoudaeckoit
33797 JJ1si CHCTEMbBI OOBIKHOBEHHDBIX ] DepeHnanbHbIX yPABHEHNH C
TJIABHOU MOJIOXKUTEIHHO OJTHOPOTHON HEJTMHEHOCTHIO / 9. Myxamaues,
AH. Hanwmos // Iuddepenn. ypas. — 2023. — T. 59, Ne 2. — C. 280-
282.
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3. JInonc ZK.JI. Hekoropbie MeToibl penieHus HEJIUHEHBIX KPAEBBIX
zagaq / 2K.JI. JInonc. // M. : Mup, 1972. — 588 c.

CYHIECTBOBAHUE, ACUMIITOTUKA
1 YCTOMYUBOCTD IO JIAIIYHOBY PEIIEHUN
KPAEBBIX 3AJAY OJId CUCTEM
TUXOHOBCKOT'O TUIIA!
H.H. Hedbeno (Mocksa, MI'Y nm. M.B. JIomonocosa)
nefedov@phys.msu.ru

PaccvmorpuBaercs CHHTYISIPHO BO3MYINEHHAS 3312498 BUIA:

%u  Ou
82(@ - a) *g(u,v,x,t,g) =0,
2
% - % *f(u,”U,fE,t?E) :07 T e (0, 1), te R7
8'& 0 au o
5,0 te) =u’(t), o-(Lt.e) =ul(t), tE R,

U(Oata 5) = vo(t)v ’U(l,t,&) = Ul(t)a te Ra
u(z,t,e) =u(z,t+1T), v(z,t,e) =v(z,t+Te),

rae € > 0 — masbiii mapamerp. Takue CHCTEMBI €CTECTBEHHBIM OOPa30OM
BO3HHKAIOT IIPH MOJEJTNPOBAHAU ObICTPBIX OMMOJIEKYIAPHBIX PEAKIUI B
caydae, KOrJa OMH U3 UCTOYHUKOB (PEaKIys, HeJWHEHHbIH MCTOYHUK,
B3aMMoleiicTBIe) HHTeHCHBHLIH (opsaka 1/62), a BTopoit nopsaIka eiu-
HUIBL. 33Ja49a PAcCMATPUBAETCS MPH JOCTATOYHO MAJIBIX € U BBINOJIHE-
HUS yCJIOBUS

VYeaosue 1. Oyuknuu g(u,v,x,t,¢), f(u,v,z,t,¢), u(t), ul(t),
v0(t), v1(t) aBAAIOTCA MOCTATOYHO TIAKUMHU B CBOUX 06JIACTSIX OTpe/ie-
JICHWS.

s BeIpoK eHHoil cucrembl (auddepennpaibHo—anredbpandeckail)

g(u7v7x7t’0) :O7
0? 0
T;;—%—f(u,v,x,tﬂ) =0,z€(0,1),teR

noTpedyeM yCJIOBHUSI PAa3pernuMoCTh

1 PaGora BBImOSHEHD HpH (PUHAHCOBOH momgep:kke PH® (mpoekt Ne 23-11-
00069).
© Hedepnos H.H. , 2023
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VYcioBue 2. Ilycrb BoipoxaenHoe ypasuenue ¢(u, v, x,t,0) = 0 ume-
et pemmenne u = (v, x, t) Takoe, uto g, (¢ (v, z,t),v, x,t,0) > 0, a 3a7aua
v Ov
a2 ot
v(0,t,e) = 0°(t), v(1,t,e) = v'(t), t € R,
v(z,t,e) =v(x,t+T)

—f(U,U,,I,t,E) :O7 (S (0’1)7 teRv

umeer peutenue v = 0(x,t). Oupenennm a(z,t) = o(v(x,t), x,t).

Omnpenemnm byukuno g, (x,t) = g, (a(z,t),a(x,t),x,t,0). Anano-
rudHble 0003HAYEHUs Oy/IeM UCIOJIb30BATh U JJIs APYTUX MPOU3BOIHBIX
dyukuuit g u f, Beraucienubix B rouke (u(x,t),v(x,t), z,t,0). Obo3Ha~
YUM TaKKe @y (x,t) = @, (0(x,t), 2, t).

Ounpenenum byukumio k(z,t) = f,(z,t) — @y (z,t)gu(,t) . Torpeby-
€M BBITTOJTHEHWS YCIOBUSI

YcaoBue 3. IlycTs BBITOIHEHO HEPABEHCTBO

ki(x) > =72, x € [0,1], tie ki(z) = min k(z,t),
te[0,T)

nJjIn
T

/k:g(t)dt > 0, rae ko(t) = min k(x,t).
z€[0,1]
0

YesioBue 3 06eCeduT pa3pernmMoCcTh 33144 115 TIOCTPOEHUST ACHMII-
TOTUYIECKOTO MPUOIUKEHUS PEIeHUs PACCMATPUBAEMON 3aa9M, a TaK-
JKe MOCTPOEHNE BEPXHUX U HUKHUX PEIeHn 3a/1a9u IyTeM MOIuduKa-
WU TOCTPOEHHOM ACUMITOTHKH.

OCHOBHBIM pPE3yJILTATOM PAOOTHI SBJISIETCS TEOPEMa O CYIIECTBOBA-
HUU U QCUMIITOTHYECKON yCTOWYMBOCTH 1O JISATYHOBY MEpUOINYIECKOrO
peleHnd 3318491 KaK PelleHnd COOTBETCTBYIOIIeH Ha9aJIbHO—KPaeBOi 3a-
Jlaau JiJis Tapaboandeckoil cucreMbl. [TokazaHo, 9TO MIABHBIM YJIEHOM B
npubIUKEHUN ITOTO PEIIEHUs SIBJISIETCs PEIIeHne BhIPOXKICHHON ChucTe-
MbI, ompeje/leHHoit B YesaoBum 2. Pacemorpen ciydaii, KOria BEKTOP
dbyuxims (g, f) yaoBreTBOpsieT yCIOBHIO KBA3U—MOHOTOHHOCTH:

YciioBue 4. Bekrop-byukimsa (g, f) ABAgeTcs KBa3U—MOHOTOHHO
uepo3pacraomeii no (u,v) npu x € (0,1), t € R u £ 10CTATOYHO MAJIBIX.

[Ipu mepedncieHHbIX BBIIIE YCJOBUAX TOCTPOEHBI ACHMITOTHIECKUE
upubnuzkenus petenus Uy (z,€), Vy (2, €). Jokasana reopema:

Teopema 1. ITycmsb svnoanaomes Yeaosue 1— Yeaosue 4. Tozda
npu docmamouro Masom €, cywecmsyem pewenue u(x,e),v(x, ) sada-
YU € MOZPDAHUYHBIM CA0EM, 0k Komopozo dynkyuu U, (x,¢€),
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Vi(x,€) asanomes pasHomepHvm aCUMNMOMUYECKUM TPUOAUNCEHUEM
¢ mounocmuvro e" L. Omo pewenue aokasvno eduncmeenno Kax peuie-
Hue nepuoduveckot napabosuseckolt kpaesot 3a0a4U U ACUMNMOMUYNE-
cku ycmotvwueo no JIlanynoey kak nepuoduveckoe peweHue Coomeem-
cmeyouets HawaLbHO—KPaesoll 34044 8 HEKOMOPOT E—0KPECMHOCMU Pe-
WeHUA 8bPOAHCIEHHOT cucmemst, onpedesennott 6 Yeaosuu 2.

JIureparypa
1. Hedenos H.H. PazBuTne MeTom0B aCHMITOTHIECKOTO AHAIN3A TIe-
PEXOJIHBIX CJIOEB B ypaBHEHUsX peaknusa—1uddy3us—a Berus: Teopus u
upumenenue / H.H. Hedenos // 2K. Boruuci. marem. u marem. ¢pus. —
2021. — T. 61, Ne 12. — C. 2074-2094.

OB O/THOM HEO/IHOPO/IHON 3A/TAYE
BA3KOYIIPYIOCTU!
B.IIL. OpusioB (Boponex, BI'Y)
orlov_vp@mail.ru

Ilycts orpammuennas obmacts 2 € RN, N = 2,3, momy4aercs
yAATeHHeM W3 OTPAHHYEeHHOH o0macTu (g IMOMapHO HelmepeceKaronnX-
ca obmacreit Q;, i = 1,..., K, rme obmacru §; C Q. Takum ob6pazom
Q=Q\ (UE,Q,;). IIpu stom rnankas rpanuna I' = UK T obmactu Q
TaKOBa, Y4TO MOBEPXHOCTH [ OrpaHUYIUBAET 00JIACTh ) U3BHE, & OCTAJb-
HbIE CBA3HbIE KOMIOHEHT®I 1, ¢ = 1,..., K, ee rpanunst (I'; = 0Q;)
3aKJII0UEHBl BHYTpU 3T0i nosepxuoctu. B Qr = [0, T] x  paccmarpusa-
ercs 3ana4a (3amaua A) 0 JBUIKEHUM BA3KOYNPYIO XKUIKOCTU OJIAPOWi-

JOBCKOI'O THUIIA:
N

ou/ot + Zuﬁu/@xi — poAu + grad p—

i=1
t
juDiv / exp((s — )A) E(u)(s, 2(s5t,)) ds = f,
Tu (t,x)
div u(t, z)=0, (t,m)EQT;/p(t,x) dx=0; t€[0,T];
Q

u(0,2) = u(z), © € Q,u(t,z)|sa = p(z), t € [0,T).

Baeco u(t, x)=(u1(t,z),...,un(t,z)) u p(t,r) HCKOMBIE CKOPOCTDH JIBU-
xerus u fapienne xugkoctn, Marprna & (u)={E;(u)}N;_;, Eij(u) =

1 PaGora Brimonmena npu (huHAHCOBOH momaep:kke Poccuiickoro Haywmoro
Donpa (rpant Ne 22-11-00103)
© Opaos B.IL., 2023
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1(0u;/0x; + Ouj/Ox;) — rensop ckopocreil nedopmaruit. Juseprenus
Div £(u) MaTpuIBI OMpeessieTcsi KaK BEKTOP ¢ KOMITOHEHTAMW — [TH-
BEPTeHIUSAME CTPOK, KOHCTAHTHI g > 0, 1 = 0, A > 0, u® u ¢ 3aman-
HbI€ HAYAJIbHOE W TPAHWIHOE 3HadeHus (yHKIun u. BekTop—dyHKImsa
z(7;t,x) onpenenserca Kak peryJspHbiil garpanxkes norok (PJIIT), no-
pox ennblit 3aua4eit Komw (uim, uro 1o ke, GyHnkuumeii u)

2(t;t,x) = —|—/ u(s,z(s;t,x))ds, T,t€[0,T], x €.
t

Dyukupst z(7;t,x) ONpENeNsieT TPAEKTOPHIO JBHUKEHUS YaCTUIIBI
JKUJIKOCTH, KOTOpPast B MOMEHT BPEMEHU ¢ HAXOIUTCS B TOUKe T € ().

Dynkuus 7, (t, ) = inf{r : z(s;t,z) € Q,s € (7,t]} o3nagaer mo-
MEHT BXOXKJIEHUsI B () 9ACTHUIBI KUIKOCTH, KOTOPasg B MOMEHT BPEMEHHU
t maxomurca B TO4ke x € ().

Ipennonaraercss, uro rpaundHas (yHKIEs () yIOBIETBOPSIET
HEOOXOIUMOMY YCJIOBUIO

/aQ o(z) -n(x)de = g/ﬂ o(x) - n(z)dx

(n(x) — BHemHss HOpMaTb K JS)), U sBJIsieTcs caeoM Ha 0S) HenpephIB-
o nuddepenuupyemoit ua Qg cosenonpanbuoit Gyuxiuu a(z). Ipen-
craBuM YHKIMIO U B BUJE U = ¥ + q.

Mycre W1 = {v : v € Ly(0,T;V), v € Li(0,T;V~1) (ompe-
nesienne npocrpancte H m Vo Ha Q cm. B [1]). Hycrs b(u,v,w) =
Ef\szl Jo uiOv; /dxsw; dx, vie u,v,w € V.

Mycrs f € Lo(0,T;V 1), v € H. Cnabbiv pemennem 3amaan A
HazbiBaercs Gynkua v € Wi, ynosnaersopstomias yeaosuio v(0) = u’—a
U TOXKJIECTBY

N

d(v, ) /dt — Z(Uﬂ}, 9p/0zi) + po(E(v), E(p)) +

Ml(/ exp((s —t)A)E(v + a)(T, 2(s; t,x)) dT , E(p)) =
Tota(t,z)

<fv <,0> - b(U, a, 90) - b(a’ v, 90) - b(a7 a, QO) - Mo(g(a)’ 5(90))

npu moboit p € V uw .. t € [0,7].
[Tpu HEKOTOPBIX OTPAHUYEHUAX HA TPAHUIHYIO (DYHKIIUAIO (0 YCTAHAB-
JINBAETCs CyIIEeCTBOBAHUE CJIA00T0 pereHus 3a1adqu A.
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Pesynbrar nony4en copmectro ¢ B.I. 3Barunbim.

JIutepaTtypa

1. Temam P. Ypasuenue HaBoe—Crokca. Teopusi u ducyieHHbBIH aHAa-
sz / P. Temam. — M. : Mup, 1987. — 408 c.

2. Kopobkoes M.B. 3amaua mporekanuss s ypaHenuit Ha-
Bbe—Crokca / M.B. Kopo6kos, K. ITurenkac, B.B. Ilyxuaués, P. Pyc-
co // YMH. — 2014. — T. 69, Bom. 6(420). — C. 115-176.

3. Barun B.I. O6 anpuopHBIX ONEHKaX CJa0bIX peIeHud OIHON
HEOIHOPOTHOM 3a/1a4M JJMHAMUKYU BA3KOYNPYI'Oi CIUIOIIHON Cpeapbl C na-
msarsio / B.I. 3ssarun, B.II. Opsos // 3Bectus By3os. Maremarnka. —
2021. — Ne 5. — C. 43-54.

PA3JIOXKEHUE IIEPBOM KOMIIOHEHTBI
I1IO COBCTBEHHBIM ®YHKIIWAM OJHOTO
KBAJIPATUYHOTO IIYYKA ITU®PEPEHIINAJIBHBIX
OITEPATOPOB BTOPOTO ITIOPAJIKA
M.C. ITacryxos, B.C. PeixJsioB (Caparos, CI'Y)
ritson67@outlook.com, RykhlovVS@Qyandex.ru

Paccmorpum B mpocrpancTBe Lo[0, 1] kBampatuanbnii mydok L())
OOBIKHOBEHHBIX TUQ(DEPEHIINATBHBIX OMEPATOPOB BTOPOTO MOPSIIKA:

Wy, \) ==y" +dp1y’ + Npay, y(0)=y'(1)=0 (p1,p2€R). (1)

O6o3HaunM 4Yepe3 wi,ws KOPHU XAPAKTEPUCTUYECKOTO YPABHEHS
w2 +prw+pe = 0 myuka (1) u MycTh BHIMOTHSAETCA yeaoBue wy < 0 < ws.

Uccnenyerca cxom@uMOCTh Pa3IOKeEHNs TIEPBOH KOMIIOHEHTBI B PSIJI
no cobereenubiM GynkuusM nydka (1). Psan ags Bropoii KOMIIOHEHTbI
MOKET M PACXOUTCS.

Hasee ncrionbyem onpeenenus n (hakThl U3 [1], He oroBapuBasi 5T0-
ro ocobo. yst cobcrBeHHBIX 3HadeHwil (c.3.) mydka (1) cnpaseniuBa
dopmyna

L el @k mi
w2 — w1 w2 w2 — w1

A = , kel (3)

Jluneapmsyem 3amawy (1) Tak, kak »3TO0 CcaemaHo B [2].
Iycts 27 = y, 22 = Az1, TOrma MOIYyYIWM KpaeByio 3amady L2 = AZ
yKe Ijid JIMHEHHOro omeparopa L, B MPOCTPAHCTBE BEKTOP—(YHKIIAN

Z = (z1,22)":
0 1
AZ = 1 d? p1 d 27
T p2da?  padx

© Iacryxos M.C., Prxsios B.C., 2023
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D ={Z= (2) 27,25 € L1[0,1], 21(0) = 21 (1) = 0}.

Haiinem pesonbsenty Ry = (R — AE)~ L. Jlna sroro pemmm 3aj1a-
uy LZ — \NZ = F, tne F = (fi1, f2)T. Tleprast kommonenta Z = Ry\F
ABJIAETCA PeIleHueM CJeayIommeil KpaeBoil 3a/1a4n:

2{ + Ap12) + Npaz = fa,  2(0) = 2/(1) =0, (4)

rze fx = —pafo — p1fi — Ap2fo.
Hna dbyaknus Tpuna 3amaun (4) cnpasemiusa dhopmyna

1

G 6N = 3= A

(wzexmzwz(lf@)f

@6 | Awarter(1-6)) _ wlemwzmg))) _

v
)\(u)g — wl)

1

Awi (z—§) _ - -

2y (g —x)  (5)
e A(N) = wee??2 — wi1e1 | a x(x) ecrb bynkuusa Xesucaiiia.
O6o3raunM

1

2mi

I(x) = - / n / G, 0) fr(€)déd,

rue I'y, (n € N) ecrb KycOUHO—KPYIOBbIE KOHTYPbL, OTCTOALIUE OT C.3. \j
Ha (DUKCUPOBAHHOE TOCATOUYHO MasIoe § > (), MEXKIy COCETHUMU KOHTY DA~
MH JIEZKAT POBHO OIHO C.3. M uMeioT Mecto ornenku Cin < mi. Iy, < Con
(0 < Cy < Cy < +00). B cuny (3) Takue KOHTYPBI CyHIIECTBYIOT.

C ucuosnbzosanuem (opmydbt (5) aHajsorudto [2] MerosoM KOHTYD-
Horo maTerpana Komun—Pumana gokasana ciemyormias TeopeMa.

Teopema 1. Ecau fi € W)[0,1] , fa € Ly[0,1], f1(0) = fi(1) =0
(p > 1), mo I,(x) = fi(x) + on(1), 2de 0,(1) — 0, pasromepro no
n—oo
z € [0,1].
Kak u B [3], Teopema 1 mcrmoab3yercss MpH JOKA3aTEIbCTBE TEOPe-

MBI CYIIECTBOBAHUA M EJWHCTBEHHOCTU KJIACCUYECKOI'O DelIeHUdA COOT-
BETCTBYIOIIEH Ha4ya/IbHO—T'PAHUYHON 3a/1a4u Jijid BOJIHOBOI'O yPaBHEHU.

JIureparypa
1. Haiimapk M.A. Jluneitnble auddepenipaibibie onepaTopsl |/
M.A. Haitmapk. — M. : Hayka, 1969. — 528 c.
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2. PoixsioB B.C. Paznoxenue 1o cobcTBeHHBIM (DyHKIMSIM KBAIPa-
TUYHBIX CUJIHLHO HEPEryIApHLIX MyuKoB InuddepeHInaabHbIX OnepaTo-
pos Broporo nopsigka / B.C. Peixsos // 3. Capar. yu—ra. Hos. cep.
Cep. Maremaruka. Mexanuka. Undopmaruka. — 2013. — T. 13, Ne 1,
Y. 1. — C. 21-26.

3. PoixsioB B.C. Perenne nHadagibHO-IPAHUYIHON 3a/a49u B IOTYIIO-
Jjoce Jyis rubepboJIMuecKoro ypaBHeHUs: CO CMEIIAHHON LPOU3BOAHOM /
B.C. Peixsio // Maremarnka. Mexannka: ¢6. Hayd. Tp. Beim. 24. — Ca-
paros: U3a-Bo Capar. ya—ra, 2022. — C. 53-58.

0O KBA3UKJIACCUYECKOM ACUMIITOTUKE
CIIEKTPA ATOMA BOJIOPOJIA
B 9JIEKTPOMATHUTHOM IIOJIE BBJIN3N HUKHUNUX
T'PAHUII CIIEKTPAJIbBHBIX KJIACTEPOB!
A.B. IlepeckokoB (Mocksa, HIY BIIID, HIY M3N)
pereskokov62@mail.Tu

PaccmorpuM HepensaTUBHCTCKAN TaMUIBTOHHAH aTOMAa BOIOPOIA B
OJIHOPOJIHOM 3JIEKTPOMAI'HUTHOM I10JI€

H = Hp + eM3 + eeyz; + &2W, (1)
rae
0 0 22 4 a2
Hy = —A — |z} Ms = izg— — iz — wW="1"2
0 ‘$| ) 3 1T2 3171 (21 axza 4

Bnech wepes & = (21, T, T3) 0003HATEHBI EKAPTOBBI KOOPAUHATHI B R3,
A — oneparop Jlamiaca, MarHUTHOE MOJIe HAIPABIEHO BIOJL OCH T3,
a 3JEKTPHYECKOE IOJIe — BJOJbL OCH T1. dmcno e; > 0 — HaIpasKeH-
HOCTBb 3JICKTPHYECKOrO mojd u € > (0 — maubii mapamerp. Hammame
B r'aMHJIbTOHHAHE OJHOBPEMEHHO 3JIEKTPUYIECKOI'O 1 MarHuTHOI'O Hoﬂeﬁ,
OPTOrOHAJIBHBIX APYT JAPYTLY, HIPHUBOAAT K OOPA30OBAHHUIO PE30HAHCHBIX
CIIEKTPAJIBHBIX KJIACTEPOB OKOJIO CO6CTBeHHBIX 3HAYCHUN HeBOBMyHleH—
HOTO aToMa Bojopoza [1].

B nmammoit paboTe paccMOTpeHbI COOCTBEHHBIE 3HAYCHNS BOTU3N HIK-
HUX I'DAHUL, CIEKTPAIbHBIX KaacTepoB. JJokazano [2], yTo BO/u3U HUXK-
HUX I'DaHUL, UMEercsd cepusi COOCTBEHHbIX 3HaveHuil omneparopa (1) c

1 Pe3yﬂbTaTbI IIOJIy4Y€HBI B PaMKaX BBIIIOJIHECHUA I'OCYJaPCTBEHHOT'O 3aJaHUA Mu-
nobpuayku Poccun (nmpoexkt FSWEF-2023-0012).
(© Ilepeckokos A.B., 2023
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ACHMIOTOTHUKOMI

1 2,.,4,.2
Er = 2T Sm\/er : n2 U (—170% 1 3m%)+

2,2
7
+%(—10n26§ + §n2 +m? 4 (n? —m?)b) + 0(e?n®) + 0(e3n'0), (2)
mpu € — +0, tme k = 0,1,2,..., wucna n € N, m € Z yIoBIeTBOPSIOT
yeaosmsam 1 < n < e Y6 1 < |m| < n. Yrobsr onpegenuTs dmucia
b="br, k=0,1,2,..., B (2), paccCMOTpUM HOBOE MOJIEJIbHOE YDABHEHUE
d*Y 1
—2 0 —
= —ﬂ(z—&-%—i-b)Yo:Q z€C. (3)
3necy koucranra 3 > 0 umeer Bup,
_a—1
~ 36ae?’
& 2
a= n >1

Yucna b = by, ompenensioTcsa Kak yIOPsIOUEeHHbBIE TI0 BO3PACTAHUIO 3Ha-
4YeHusl mapamerpa b, Ipu KOTOPbIX ypaBHenue (3) uMeer pelieHus C
ACUMIITOTHKAMHU

Yo(2) = z'/4e2VBVZ (1 + 0 (1)) . 2] = oo,
VZ

Yo(2) = Az¥/4e—2VP/VZ (1 +0 (\6)) , |z —o.

31ecb A = A\ — HEKOTOPbIE KOHCTAHTHI.

Dopwmyia (2) ouuceiBaer paciielvienue cuekrpa (r.e. abdexr 3eema-
na — IllTapka) st aToMa BOJOPOIA B OPTOrOHAILHBIX 3JIEKTPUUECKOM
u MarauTHOM mojie. [lockobKy ramuabronuad (1) comep:KuT napaMerp
€1, BOBHHKAET OJHOIAPAMETPUIECKOE CeMeRcTBO ypaBHenuii [ oiiHa, K KO-
TOPBIM CBOJUTCH YCPEIHEHHAS 33/1a9a B HEIPUBOAUMOM IIPEICTABJIEHUN
auredbpnl Fyuant Kapacesa — HoBukoBoi#l ¢ KBajparuiHbIMU KOMMYTa-
IMOHHBIMHU cooTHommerusMu [1], [2]. Acnmnrornka permennii ypaBHeHwui
Toiina cTpouTcs ¢ momormnikio KomriekcHoro merona BKB u merona co-
TJIACOBAHUS ACUMITOTHIECKAX PABJIOKEHMUIHA.

JIureparypa

1. Kapaces M.B. Asre6pa ¢ MOJIHHOMUAILHBIMA KOMMY TAITHOHHBIMH

coorHomenusivu i dbderra Seemana — IItapka B arome Bomopoa /
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M.B. Kapaces, E.M. Hosukosa // Teop. mar. du3z. — 2005. — T. 142, —
Ne 3. — C. 530-555.

2. Pereskokov A.V. Semiclassical asymptotics of the spectrum of the
hydrogen atom in an electromagnetic field near the lower boundaries of
spectral clusters / A.V. Pereskokov // J. Math. Sci. — 2021. — V. 259, —
Ne 2. — P. 244-263.

TEXHOJIOTNA ABTOMATU3NPOBAHOTO
ITPOTHO3UPOBAHUSA CUJIBHBIX IITKBAJIOB
n CMEPquI, A TAK2KE CUJIbHBIX N OITACHBIX
OCAJIKOB HA TEPPUTOPUUN POCCUU B TEUEHUE
AHOMAJIBHO TEIIJIBIX JIETHUX CE30HOB
2020—-2022TT 1 ETO PE3YJIBTATHI
9.B. Ilepexoauena (Mocksa, PTY MUPIA)
elvperekhod@mail.ru

Jleraune cezonbr 2020-2022rr, KaK W3BECTHO, HA €BPOIEHCKOIl dacTu
Poccuu 6b11u B cpenem anomasibao Temwtbivu. Ilonoxkurenbabe anoma-
JINW CPeJHel CyTOYHON TeMIepaTypbl COCTABJISIN WHOTAA 5—7 TPAIyCoOB
u 6oJjiee, 9YTO CBSA3AHO C OOMIMM MOTemJieHneM Kiaumarta. [lpu sTom anTu-
[WKJIOHBI, OOECTIEYNBAIOIINE OYEHD TETJIYIO MOTOAY CMEHSJINCh HA/IBUTa-
omuMucs n3 EBPOMbI I0KHBIMA ITUKJIOHAMU, TPUHOCAIIAME TOCTATOY-
HO TeIIbIf BJIaXKHBIH BO3ayX. Ilopoil oHM TPWHOCHIM OY€Hb CHUIbHBIE
OCAJIKU, KOTOPBIX TAK¥Ke OBLIO JOCTATOYHO MHOTO, KAK W B IIEHTPAJb-
woit Esporne. IIpu 3TOM TemmepaTrypa B POCCHICKOM DErvOHE MOHKAa-
JIaCh BEChMa HE3HAYUTE/IBHO, B CPETHEM COXPAHSIACH €€ TIOIOKUATETHHA
anomanusa. 91 (HaKTOPbl HAPSLY € U3MEHEHHEM W HEKOTOPBIX JIPYTHUX
napamerpoB armocdepsbl, npeuoxenabix [lepexoanesoit 9.B. mis npo-
HO33 CUJIbHBIX IIKBAJIOB U CMepYeil, 1 BKIIOYEHHbIX B I'UPOIUHAMUKO—
CTATUCTUIECKYIO MOJIEJb MPOrHO3a, MPUBEIH K TOMY, 9YTO 00JaCTh BO3-
MOKHOTI'O BO3HUKHOBEHUS OY€Hb CHIIbHBIX ITKBAJIOB CO CKOPOCTHIO 25M /¢
(90kM/4) u naxke cmepdyeil NPOTsHYIACHh HA ceBep 10 65—oro rpajyca ce-
BepHOil mupoThl. Panee Takue siBienns HAOIIOAAINCHh TaM KpailHe pej-
KO (B 2020-2021rr romsy 6buin oTMedeHbl). BoIbIIMHCTBO 9TUX ABICHUIT,
HECMOTPSI Ha, HEOOBIYHY O TeOTpAMUI0 X BOSHUKHOBEHWS, OBLIN YCITEIITHO
TPeIyIPEeK IEHBI C 3a01arOBpeMEHHOCTHIO 12, 24 u nake 364 B OmiepaTuB-
HOM PEXKWMEe Ha OCHOBE HAIleil Ir'iIpOIMHAMUAKO—CTATHCTHIECKON MOIE/IN
MPOTrHO3a ¥ TE€XHOJIOTHH TPEICTABJIEHUs IBETHBIX KAPT aBTOMATH3IUPO-
BAHHOI'O NPOrHO3a CUJIbHBIX M OIACHBIX SIBJIEHUN MAaKCAMAJbHOIO JIeT-
HEro BETPA M CUJIBHBIX W OMACHBIX JHEBHBIX U HOYHBIX OCAIKOB. KapThr

© Ilepexomnesa 9.B., 2023
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Ha OCHOBE MOJEJIH I'H/IPOJIHAMUKO—CTATHCTHYECKOrO IPOrHO3a PAa3PHUCO-
BBIBAIOTCS C BBIJIEJIEHUEM [IBETHBIX 00JIACTE TPOTHO3a, SIBJIEHUI CUIILHO-
0 BETpPA W CHJIBHBIX OCAJIKOB PA3HONW WHTEHCUBHOCTH B TpadhUIeCcKOM
nakere «U3orpad» (aBrop—Asdepos FO.B.) B onmeparuBHOil cucreme
ACOOMU Tunpomernentpa Poccun. Kaprer mporrosa ¢ 3abiraroBpemeH-
HOCTBIO 12, 24, 36 m 4849 BBIKJI/IBIBAIOTCS JBa Pa3a B CYTKU Ha CalT
I'masroro Beraucauresnoro Ienrpa ['ockomumpomera, OTKya uX MOLYT
OpaTh CHHONITUKY JJIs UCIIOJIL30BAHNS B ONTEPATUBHOI MTPAKTHKE, T.K Me-
TOBI OBLIN PEKOMEHIOBAHBI KAK BCIIOMOTATE/IbHBIE TIOCTIE TTPOXOXK ICHUST
OTepATUBHBIX ucHbITanni. Kpome TOro, cuHONTHKAM HEKOTOPBIX PErro-
HaJbHBIX YTpaBieHuil mo rujgpomerciyxkbe EBpomeiickoii Teppuropun
Poccun npornocruyeckme Kaprhbl OMACHBIX SBJIEHUN €2KETHEBHO IE€pe-
CBHIJIAIOTCS TIO JIEKTPOHHON mouTe. B 2021 roxy ObLIN TpemynpeskIeHbI
CHJIBHBIE TIKBAJIBI CKOPOCTHIO 25M /C W BHIIIE Jlaxke Ha CeBepe pecryOiru-
ku Komu, Ha ceBepe Kuposckoit u ApxaHrenbckoil objiacreil Ha ypoBHe
63-65 rpajyca ceBepHOIl MUPOTHI, HA CeBepe Ypaja, I/e PaHee TaKue
CHJIbHBIE IIKBAJBI U TeM Oojtee cMepum He Habmomanch. B Gosee 10xK-
HBIX PaflOHAX OHU TOXKE, KOHEIHO, HAOMIoHamch. Jlazke moa MockBoit B
ITTepemeTheBo HABIIONATNCH TIOPHIBBI BETPa, CKOPOCTHIO 26M/c 1 28M/c,
KOTOpbIE ObLIN YCIIEITHO MTPEIyTPEXK IeHbI OMEPATHBHBIM MPOrao3om. He
O0OIILTH CTOPOHO# TU onacHble siBeHus TeppuTopuio [loBomxkbsa u Ce-
Bepuoro KaBkasa, r/ie ux nmoBropsgemMocTh HECKOJIBKO BbIle. Beero rakux
ABJIEHUH 110 IOHECEHUIM CO CTAHIHUHI Ob110 HacuyuTaHo B 2021 romy OKoJ0
54, HECKOJILKO 6OJIbIIe, YeM B TPEeAbLAyIHe roabl (cMepun Hal depHbiM
MODPEM HE YYUTHIBAIUCH). B 2022 roay Takux gBjeHuii ObLIO CyIIeCTBEH-
HO MeHbIe. HeokuganHubiM ObLJI0 BOSHUKHOBEHUE JOCTATOYHO CHIBHOTO
cvepua B centsbpe 2022 roga B JIbrosckom paitone Kypckoii obracTu.
I'uapomaamMuko—cTaTrcTHYECKU TPOTHO3 HA 3TOT AeHb 9.09.2022r masast
BO3HUKHOBEHHE OIIACHOTO BETPA CKOPOCTHIO 25M /¢ 1 Gosee. Hu cumonTu-
KW, HU OJHA THIPOIMHAMHUYECKAsT MOIE/h TAKOrO MPOTrHO3a HE TABAJIA.
Pa3zpyurenus okazaanch 09e€Hb 3HAYUTETBHBIMY, CKOPOCTH BETPA, IO IITKa-
se Bordopra cocrasuna 26-28m/c. Ilpu srom Hu ogHa u3 Giaussexamx
MereoCTaHIMil He OTMeTHJIa CKopocTu Berpa Bbime 14m/c. Jlerom 2022
rosia ropas o 60sibiie 6bLI0 OTMEYEHO CUJIbHBIX, OY€Hb CUJIbHBIX U JIa2Ke
OTACHBIX OCAIKOB, B YACTHOCTHU, JIUBHEBBIX OCAIKOB. B WIOHE marke HA
€BpOIeiicKoil YacTu ObLIN OTMEdYeHbI O4YeHb cuiabHbe ocaaku. B Capa-
ToBcKOit obsactu B 1. Epmose 6.06.2023r Obuin OTMEYEHBI OCAIKU KO-
sugectBoM 44—46mm, 7.08.22 B n.Uepkaccor Camapckoit obmactu—42mm,
22.06.2023r — B Boponexckoii obsractu — 44mm, a B noc. Kamennas
crermb 3a 1049 Bhmaso 70MM ocaakos, a 24.06.2023r. — 33MM B TOiT XKe
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Bopomezxckoit obractu. Takoe KOTM9ecTBO 0CAIKOB MHIPOINHAMAIECKHE
MOJIETTN HEe TTPOTHO3UPYIOT, CHHOTITUKY TaKyKe B MPOTHO3€E JABAJY JTUBHE-
BBIE OCAJIKV U MPOCTO CUJIBHBIN JTOXKIh. ITU U MHOTHE JIPYTUE TPUMEDDI
TIPOTHO30B OY€Hb CUJIbHBIX MKBAJIOB M OUE€Hb CUJIBHBIX OCAJIKOB B TeHUe-
Hue JerHux ce30H0B 2020-2022r OymayT npuseneHsl B pokaazge. Omepa-
TUBHBINA OIPOrHO3 3TUX ABJIECHUN OCHOBBIBAJICA HA CTATUCTUYECKONH MOJEIN
PAaCIO3HABAHUS METEOPOJIOIUYECKUX CUTyalluil ¢ TAKUMU dBjeHuaMu. B
CaMoi CTATUCTUIECKON MOJIEIN PACTO3HABAHUS W TTPOTHO3a, UCTIOTH30Ba-
JINCh OTOOPAHHBIE PAHEE MO ABTOPCKOMY aJIrOpUTMy Hambosee uHGOP-
MaTHBHBIE U CJ1a00 3aBUCHUMBIE MapaMerpbl aTMOCHEPHI OTAETHHO [T
CHJIbHBIX [IKBAJIOB U OTAEJIBHO JJis CHJIbHBIX 0CaIKOB. C 1ebio OTHON
aBTOMATHU3AIUYU IPOrHO3A UCIIOJIb30BAJIMCH BBIXOAHbIE IIPOIHOCTHIECKHE
TIOJIsT OTIEPATUBHOM permoHaabHoi Momenn I'mapomerienTpa Poccun. Ko-
TOpbIe OE3YCJOBHO COMEPIKAT CUCTEMATHYECKHE W CJIyUIAiHBIE OIMTHOKH,
9TO BeJIET B HEKOTOPOH CTETeHN K MOHUYKEHUIO PEe3YIHTATOB YCIENTHOCTH
nporuo3os. Temepb B paMKax HOBOW TEXHOJIOIMYECKOW JIMHUM MTPOTHO3a
TaKWe KapThl BBIKJIAJBIBAIOTCA Ha caiit u jjs reppuropun Cubupu, u
ans reppuropun Janbaero Bocroka, IIporuossr, 0cOGEHHO OY€HD CHIIb-
HBIX OC3/IKOB, TaK¥Ke JIOCTATOYHO ycnemrnbe. [1o oduruanpHol orerke
J1ab0PATOPUHU UCIBITAHUN YCIEITHOCTh MTPOTrHO3a, OYEHb CHJILHBIX ITKBa-
JIOB U cMepueil co ckopoctbio Berpa V>—=25m/c na ETP no kpureputo
yenermaoctr [Tupecn—O06yxoBa oKa3anach JOCTATOYHO BBICOKOM, MPEBbI-
MIAIOMIEN OIEHKM YCIEMIHOCTH IIPOrHO3a ITUX ABJIEHUIN 110 BCEM T'HJIPO-
JUHAMAYECKUM MOJEJISIM, BKJII0Yast ¥ ME30MAaCIITabHYI0 MOJe b I 'uapo-
MetrtienTpa. I[lo manmasivm 2021 Toma MpeaymTpekIeHHOCTDh aJbTepHATUBR-
HOT'O MPOTrHO3a SBJIEHU CO CKOPOCTBHIO 25M/c cocraBmia 63CHHONTHKY
WCIIO/IB3YIOT HAINW IIBETHbIE KAaPThI IPOCHO3a B OMEPATUBHON IMPAKTHU-
K€ ¥ MPOCAT YBEJHYUTh MAKCUMAJIbHYIO 320/1ar0BPEMEHHOCTh IIPOIHO3a
C JBYX CYTOK JI0 TPeX CYTOK (724) ¢ 1EebI0 3a0IarOBPEMEHHOTO TIPe-
JYTPEXICHUST HACETIEHUS O BO3MOXKHOM OTIACHOM SIBJIeHWH. Takast BO3-
MOXKHOCTBb TE€Ieph UMEETCS B CBA3U C pabOTOil B OMEPATUBHOM DEKUME
YCOBEPIIEHCTBOBAHHON IMOJTy/TArPAHKEBOI TTOOATBHON MOIETH CpeHe-
cpounoro nporuosa (aBrop—Toscrbix M.A.), npornocrudeckue moJs Ko-
TOPO# MO2KHO ObILI0 ObI HCIIO/IHL30BATH B KAYECTBE BXO/JHBIX [1APAMETDPOB
B Hallleit CTaTUCTUYIECKON MOJIEIN.
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T'PVIIIIOBOE IMTPECJIEJOBAHVE B PEKYPPEHTHBIX
JNO®PEPEHIINAJIBHBIX UTPAX!
H.H. ITerpoB (MxeBck, Yal'V)
kma3@list.ru

B npocrpancrse RF(k > 2) paccmarpusaerca auddepeniuaibaas
urpa I'(n,m) n+m aui: n npecnenosaresneit Py, ..., P, nm yGeramomnx
Fq, ..., E,,, onucbiBaeMasa CHCTEMON BHUIA

. 0
Zij = A(t)Z” + u; — Vj, U,y Vj S V, Zij(to) = Zij’
e zij,u;,v; € R¥, V — crporo Beimykisiii kommaxt R¥, A(t) — menpe-
pBIBHas Ha [tg,00) MarpwdHas (QyHKIms mOpsaAka k. 31ech um gasee
iel={1,...,n}jeJ={1..,m} Cuauraem, uro z{; ¢ M;j,
rae M;; — 3aJaHHbIe BBIIYKJIbIE KOMIAKTEL

Beeznewm crienyromme obo3nadenus. $(t) — dbynmamenraabHas MaTpu-
ua cucrembl w(t) = A(t)w(t), w(ty) = E, IntX, coX — coorBercrBeHHO
BHYTPEHHOCTD, BBIMYKJas 00009Ka MHOXKeCTBA X,

)\(hij,v) = sup{/\ >0: —A(hij — M,") N (V — U) #* @},
Q) ={(1,...,4) :ip e K,p=1,...,l 1 DOmApHO pPA3IUIHLI},

rae K — KOHEeYHOe MOJAMHOXKECTBO MHOXKECTBa HATYPAJbHBIX IHCE.

Onpenenenne 1. B urpe I'(n,m) upoucxoaur r—kparnas HOMMKA
y6erarommero Eg, ecan ays moboro € > 0 waiigercs moment T’ > ty, 91O
JIst TI060T0 IOIyCTUMOro yupasienus vg(t), t € [tg, 00) yberaomero Eg
HallLyTCs A0y CTUMbIE yIpaBJienus w; (¢, z?j, v (t),t € [to, 00)) mpecmemo-
Bareneil P; muoxkecrso A € Q(r), momentTbl Bpemenu 7, € [tg, T],1 € A,
qar0 z18(7;) € Mig + D.(0) nnsi Bcex | € A, tae D:(0) = {z: ||z|| < €}

IIpeanosnoxkenue 1. Oynnamenranbaas marpuia P sapisercs pe-
KyppeHTHO# 1o 3y6oBy dyHKImeii [1], a ee mpon3BogHash PaBHOMEPHO
orpaHudeHa Ha [tg, 00).

Teopema 1. ITycmb 6vinoaneno npednoaoscerue 1 u

min max minA(z2;,v) > 0.

veEV AeQ(r) a€EA

Tozda 6 uzpe I'(n, 1) npoucrodum r—Kpamnas noumxa.

1 PafoTa BBINONHEHa TpPH HOAAepXKKe MHHHCTEpCTBAa HayKH H BLICIIEro

obpa3oBanusi P® B pamkax rocymapcrBeHHOro 3aganmsa N (075-01483-23-00,
npoekt FEWS-2020-0010.
© Ilerpos H.H., 2023
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Teopema 2. Ilycmv sevinoaneno npednososicenue 1, V. — cmpozo
BUINYKABLT KOMNAKM ¢ 2400K0( 2panuyels u 0aa Kastcdozo s € {0,...,q—
1} sunoaneno caedyrowee ycaosue: dasn awbozo mmoscecmea N C 1,
|N| =n — sr natidemesa mmoorcecmeo M C J, | M| = q— s, wmno

0e m Intco{zgﬁ — Mug,oc € A} daa ecex € M. (1)
AEQN (n—r+1)

Tozda 6 uzpe I'(n, m) npoucrodum r—kpamuaes noumkae ne menee q ybe-
2010UUL.

CaencrBue 1. ITycmo A(t) = 0 das ecex t > to, V. — cmpozo
BHNYKABLT KOMNAKM, ¢ 2400K0T 2panuyed u ebnoaneno ycaosue (1).

Tozda 6 uepe I'(n, m) npoucxodum r—kpammas noumxka me meree ¢
ybe2a10UUT.

Onpepesienne 2. B nurpe I'(n,2) mpoucxoanT noumka, eciu CyIe-
creytor mMoment Ty = T(2°), kasmerparerum Uy, ..., U, mpeciero-
Bareneit Py, ..., P,, Takue, 4ro 1Jis Jiio0oi uzmepumoil dyukuuu v(-),
v(t) € V, t € [0,Tp] masinyrca momepa I,m € I, (m # 1), j € {1,2},
MOMeHTbL T1, T2 € [0, Ty] rakue, 410 21;(71) = 0, 2m;(72) = 0;

Teopema 3. Ilycmv ewnoaneno npednososicenue 1, m = 2, M;; =
{0} dasa scex i, j, ybezarousue ucnosb3yM 00HO U TOHCE YNPABALHUE U
cywecmeyem Io C I, |Ig| = n — 2 maxoe, wmo das xascdozo | € I

0 € Intco{zy;,j € {1,2},i € In \ {I}}. (2)

Tozda 6 uzpe I'(n,2) npoucrodum noumxa.

CaencrBue 2. [Tycms A(t) = 0 das ecext > tg, m =2,V — cmpozo
BONYKALLT KOMNAKM ¢ 24a0K00 epanuyel, yoezarousue ucnosb3yom oono
U TNOJICE YNPABAECHUE U BBINOAHEHO Ycaosue (2).

Toz0a 6 uepe T'(n,2) npoucrodum noumxa.

JIureparypa
1. 3y6os B. I1. K reopun pekyppentabix ¢hyukmus / B.J. 3y6os //
Cubupckuit mar. xkypuan. — 1962. — T. 3, Ne 4. — C. 532-560.

308



OCKOJIOYHO KOMIIAKTHBIE 11 Y3KUE
OIIEPATOPHI!
M.A. Ilaues (Bnamukaskas, KOMIU BHIT PAH)
plimarat@Qyandez.ru

JluneitHble y3kue omnepaTopbl B pocTpaHcTBax Kere mnpescraBisioT
coboit XopoIio pa3paboraHuyio 0baacTb HYyHKIMOHAIBLHOrO anauusa [1].
CylecTBeHHY IO 9aCTh TEOPUH y3KUX OMEPATOPOB YIAJIOCH [IPOIOJIZKUTD
JIJIST HEJIMHEHHBIX OPTOTOHAJILHO aJUTUBHBIX OMEPATOPOB B BEKTOPHBIX
perrerkax [2]. Teopusi mpoctpancTs Kere-BoxHepa CHIBHO W3MEPUMBIX
BeKTOp—byHKIHi u30xkeHa B [3]. Bce meobxomumble cBemenust 06 op-
TOTOHAJIBHO A/IMTUBHBIX OrepaTopax B mpocrpancrBax Kere-Boxuepa
MOKHO Haiitu B [4].

IMycts E(X) — npocrpancrso Kere-Boxuepa u Y — BeKTOpHOE PO~
crpancrso. Orobpaxenue T': E(X) — Y nasbiBaercs opmoz0nasvho ad-
JUMUBHBLM ONEPAMOPOM, ECITH

T(f+9)=Tf+Tg nns mobbix au3bloHKTHEIX f, g € E(X).

MmuozxecTBO Beex ockonkoB dyementa f € E(X) obo3nadaercs §y.

IIycts Y — HOpMupoBaHHOE TpPOCTPAHCTBO. OPTOrOHAIBHO aIIHu-
TuBHbIH omeparop T: E(X) — Y Ha3bIBaeTcs 0CKOAOYHO KOMNAKM-
HbUM, €CITH MHOZKeCTBO T (§ §) OTHOCHTEIBHO KOMIIAKTHO B Y /711 JIF0GOT0
f € B(X).

Cdopmyaupyem Temeph OCHOBHON pe3yJabTAT, JTOKA3AHHBIN B
pabore [4].

Teopema 1. ITycmo (A,3,n) — npocmpancmeo c¢ konewnotd 6es-
amommol mepot, E(X) — npocmparncmeo Keme—Boxnepa u'Y banaxoso
npocmpancmeo. Tozda kancIul AAMEPAALHO—TLO—HOPME HENPEPBLEHBLT
C'—xomnaxmmnorli opmozonasvno addumuenst onepamop T: E(X) —» Y
ABAALMCA Y3KUM.

JIutepaTtypa
1. M. Popov, B. Randrianantoanina. Narrow operators on function
spaces and vector lattices/ M. Popov, B. Randrianantoanina. //
De Gruyter. — 2013. — 356 p.
2. M. Pliev. Narrow orthogonally additive operators / M. Pliev,
M. Popov // Positivity. — 2014. — Ne 4. — Pp. 641-667.

1 Pabora BBITIOJTHEHA, npu dbuHaHCOBOMK OAepPIKKe POOU

npoekT Ne 10-01— .
Ne 10-01-00000
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3. P. K. Lin. K6the-Bochner function spaces / P. K. Lin. —
Birkh&user. : 2004. — 352 p.

4. M. A. Pliev. Narrow orthogonally additive operators / M. A. Pliev,
F. Polat, M.R. Weber // Results Math. — 2019. — Ne 4. — 19 p.

JIOKAJIbBHASA ITUHAMUKA YPABHEHUSA
KAHA-XWJIJIAPIA
C.II. ILibimesckas (Cumdepouois, KOY)
splyshevskaya@mail.ru

PaccmarpuBaerca ypaBHeHHE, KOTOPOE SABJSETCH MOmupuKaIueit
(paciupenuem) mmpoko ussectHoil Mozgenu Kana—Xunapa,

U = (—QUgzy — u + bu? + u?’)m,

ug(0,8) =0, uz(1,8) =0, Ugpea(0,8) =0, wuzee(l,8)=0 (1)

. Takoro Buuna Kpaesble 3a/1a4u uzyvauucsh B [1].

st M3ydueHust pereHnii u3 Majioii OKPeCTHOCTH COCTOSTHWSI PABHO-
Becus ug(t,z) = ¢ B (1) npousseném 3ameHy u = ¢ + v U nepeiizeMm K
KpaeBoil 3a1a4e

Vg = (*avmx - 6” + Pyvz + Ug)zz7

V:(0,8) =0, wvy(1,8) =0, 024(0,8) =0, vUzez(1,8) =0,
1
B=1-—2bc—3c? v=0b+3c, M(v) :/v(x)dx:O. (2)
0

IIpu ycnosun
3cg +2bcy — 1+ =0 (3)

JIJIST HEKOTOPOIO Co B 3aa4e 00 yCTOWYMBOCTU KpaeBoil 3aiadu (2) BO3-
HUKAET KPUTUYECKUN CJIydaii.

PaccmarpuBaercss Bompoc 0O JIOKAJBHOM JUHAMHKE KPAeBOH 3a/a4u
(2) mpu ycmoBum ¢ = ¢ + £¢1, TAE ¢o ABIAETCS KOPHEM ypaBHeHus (3),
c1 # 0 — Kak—TO (DUKCUPOBAHO, & € — MaJIbI MOJIOXKUTEILHBIN Tapa-
Metp, 0 < e K 1.

Beeném B paccMOTpeHHME CTAHIAPTHBIA s METOJA HOPMAJBHBIX

dopwm ps:

v(t,x,e) = e/2¢(7) cos(mx) +evy (1, )+ 2us(1,2)+..., T =ct. (4)

© Ilabimesckas C.II., 2023
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IMoncrasum (4) B (2) u 6ynem cobuparb KOI(MUIUMEHTHI IPU 01U~
HAKOBBIX cTemneHdaX €. Ha Tperbem mrare, cobupast KoahdUIMeHTs mpu
€3/2, nomyuum ypasrenue 11 v3(7, x). I3 yCI0BUA €0 pa3pemnmmmMocTH
B yKa3aHHOM KJjiacce QyHKIWH TTOTydaeM PAaBEHCTBO

£ =06+ 0%, (5)
rae
§=2m%(b+ 321, o= —%71’2 — 2 (6a)7 L.

Teopema. IIpu ycaosusxr 6 # 0, o # 0 u npu ecex docmamouno
MaABT € noeedenue pewenud (2) uz nekomopol docmamowno manol
U He3aBUCAUET OM € OKPECTNHOCTNU HYAEB020 COCMOAHUSA DPAEHOGECUS
onpedeanemcs ypasnenuem (5):

19 IIpu 6 > 0, 0 > 0 6 9moti OKPECTNHOCTNU He CYULLCTEYem am-
mpaxmopa;

20, Mpu 6 > 0, 0 < 0 ny.recoe pewrenue Heycmotinueo U Cyu,ecmeyem
06a YCmotUvuBsT COCOAHUL pasHosecus U (T, €);

30, Ilpu § < 0, 0 > 0 nyaesoe pewenue ycmotivueo, a v (z,€) —
HeYcmoluuuesl;

49 IIpu 6 < 0, 0 < 0 6ce pewenus us paccmampueaemots oxpecm-
HOCTNAU CPEMANCA K HYM0 Npu T — 0.

JIurepaTtypa
1. Kamenko C.A. Budypkarnuu B ypasaennu Kypamoro — CuBamius-

ckoro / C.A. Kamenko // Teoperngeckas u MareMarndeckas Gpusuka. —
2017. — Towm. 192, Ne. 1. — C. 23-40.

OITEHKA TTIAPAMETPOB B MOJEJIN
ABTOMOBMJIbBHOTO TPA®UKA'!
M.A. ITorpe6usak (fpocaasis, ApIl'Y)
pogrebnyakmaksim@mail.ru

Pabora mocssiena oreHke mapamMerpoB B MATEMATHIECKON MOIETH
CTTeTOBAHUs 3a JINIEPOM, KOTOpas OMUCHLIBAET ABUKEHHME aBTOMOOMJIEH.
Ouna siBisiercs yJjydlleHHON Bepcueil Mouesu, UpeiioKeHHoit B [1], u
UMeeT CIAeayIOmuii BUI:

1(t) =R1 (a1 (Vmae,a — 21(1))] + (1 = Ry) [Hida (2)]
Zn(t) =Ry [an (Pn — n ()] + (1 — Ry) [Hndn(t)], (1)
Tp(t) = An, &n(t) =v,, uputée [-71,0],

1 HccnemoBanue BLIDOJHEHO 3a cuer rpanTa Poccmiickoro may<amoro hommga
Ne 21-71-30011.
(© Torpebrsax M.A., 2023
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rue T — BpeMms peakuuu Boguress; A, (6, 7) = xp—1(t — T7) — x5 (t) —
PACCTOSTHIE MEXKIy cocemHmMu aBromobmnsmu (zo(t — 7) = L, tme L —
Joboe paccrosuue); a, > 0 — koaddunuent vyscrBurenbuoctu; P, —
aorucrudeckas Gyuknus Buna: P, = (Vymaz,n— Va)/(1+explkn(— Az, +
So)) 4 Vi Umazn > 0 — MakcEManbHas KeaaeMasi CKOPOCTh; Vi, —
dbyuxius suga: V,, = min (£,_1(t — 7), Vmaean) wpun > 1, Vi =0;
k, > 0 — cKOpOCTb JIOCUCTHYECKOIO pocTa; S, — Lapamerp JOorucTude-
ckoit kpuBoit Buma: S, = (7 +tp)in () + 22 (1) /2ng + 2 exp[l/VEn] + ln;
H, — dyuknus Xesucaiiaa Buma:

A N Vo — on(t
dn N -Tn( )a ecin gn R xn( ) > —lg,
- Az, — 1, Az, — 1,
=
Vi — Zn(t)
— 19, ecnn g < —Hg,
Az, — 1,

KOTOpasi OLUCHIBAET TOPMOXKeHHe aBroMobuiis, xkodddunuent ¢, > 0
TpU 3TOM TMOKA3BIBAET WHTEHCUBHOCTH TOPMOXKEHUS; [, — cymma 06e3-
OTACHOTO PACCTOSTHUST MEXKIY IBYMsI COCETHUMHU ABTOMOOUISMU U JIJIU-
HBI BIepequ uaymmedt Mamusel [, = lsqfe + lyehn—1 (lueno = 0); tp
BpeMsi cpabaAThIBAHUS TOPMO3HON CHCTEMBI; A, — HAYATBHOE MMOJIOXKEHIE
aBTOMOOUJISA; U, — HAYaJIbHAS CKOPOCTH aBTOMOOWJH, (1 — KO3 bumm-
€HT TPEeHUST CKOJIbYKEHHUsI, § — YCKOpEHNe CBODOIHOTO majenus, a R, —
peneitnas GyHKIUS BUIA:

1 (T + to)in (t) + 22 () /2019 + In,

, ecimu Az, (t,7) >
0, ecin Axy, (t,7) < (T + tp)Zn(t) + i‘i(t)/Q,ug + 1,

R, =

KOTOpas ONMUCHIBAET MEPEKJIOUEHNEe «PA3TOH—TOPMOXKEHUE>.

OmnwurieM 171 TpUMepa ONpeJie/ieHre THATA30Ha, 3HAYEHUH TTapaMer-
pa a,. s ero onpesenerus qOCTATOYHO PACCMOTPETH PA3TOH TOJIHKO
O/IHOI'O TPAHCLOPTHOIO cpeicTsBa Mogenu (1) , Tak Kak OH HE 3aBUCHUT OT
KOJIMYECTBA ABTOMOOWJIEH U PACTIOIOKEHUS X B TIOTOKE.

a:(t) =a (Umax - J,‘(t))

z(0) =0, #(0)=0. @

st MomenmpoBaHus pa3roHa aBTOMOOM/TS ObLITA HAMMCAHA KOMIIBIOTED-
Has IIPOrpaMMa, KOTopasi, pelaer ypaBuenue (2) npu pa3sHbIX 3HAYEHUAX
KO3 purmenTa a u 3amMepsieT BpeMsi Pa3rOHa aBTOMOOUISA H0 CKOPOCTH
Umaz = 100 KM / 4. B cpennem BpeMst pa3roHa, JISTKOBOTO aBTOMOOMIIST 0
TAKON CKOPOCTH HAXOIWTCS B MPOMEXKYTKe OT 5 10 15 cexyHnz [2]. 3Ha-
qenust KO3 dUIMEHTa a TP ITOM HAXOAUTCHA B CAEAYIOIMIEM IAATa30HE
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a € [0.31,0.92], uro BumHO Ha pucynke 1. JIpyrume mapamerpsr ompese-
JIAIOTCA aHAJIOTHIHO.

JIureparypa
1. ITorpebusak M.A. MomeaupoBaHnue IBUKEHUAS TPAHCIOPTHOrO IO~
roka / M.A. Ilorpe6usik // Maremarndaeckoe MoiesnpoBanne. — 2022, —
T. 34, Ne 10. — C. 95-109.
2. Toxkunmaes C.II. Ouenka BpemeHu pa3roHa asromobuseil /
C.II. Moxunaes // Uzsecruss Openbyprckoro rocyjapcrBeHHOIO arpap-
Horo ynupepcurera. — 2014. — Ne 5(49). — C. 74-76.

OCECUMMETPUYHA4A JIOPEHIIEBA

3AJAYA HA T'PYIIIIE SU, ;!
A.B. IlogobpsieB
(Tlepecnasmn—3amecckuit, UTIC um. A. K. Aiinamazsana PAH)
alex@alex.botik.ru

PaccmarpuBaercsa cepus 1€BOMHBAPUAHTHBIX JIOPEHIIEBBIX 3389 HA

yHuBepcasbHoil HakpoiBamomeil G = SU; | rpymmsr

su = {(5 ¥ ) [1eP - = 1} = sta@)

— i,/ 2
SUllﬁRXCB(C,w)l—) € 17+|U)| . w ESUll.
) W e—i¢ 1+ |w|2 )

B kacarespHoM npocrpancrse K rpymne G 3ajaHa HEBBIPOXKIEHHAS
kBagpaTnyaHas dopma curHaryps! (1,2), MHBApHAHTHAS OTHOCHTEIHHO
neiictBust rpymnmbl SOy, CTaBuTcs 3a/1a49a MOUCKA, IIMHHEHIITHX KPUBBIX
B CMBICTE 3TOi KBaaparnvHOi dopmel. Ha rpymme SU; ; cymecTsyior
3aMKHYTbIE BPEMEHUIO00HbIE KPUBBIE, TOITOMY 33/1a9y MOUCKA, JTTHH-
HEWIIUX eCTeCTBEHHO CTaBUTb HA YHUBEPCAJIbHONH HAKPBIBAIOLICH 3TON
rpynnbl. OMHUCAHBI JTOPEHIEBL JauHHeimme. B acTHOCTH, HANIEHBI J10-
PEHIIEBBI TEO/IE3UIECKIE, MHOXKECTBO JTOCTHUKUMOCTH, TOKA3AHO CYIIE-
CTBOBAHUE JJIMHHEHITUX HA MHOXKECTBE JOCTUXKUMOCTH, OMUCAHO MHO-
JKeCTBO M BpeMs paspesa.

IIycrs e1, ez, €3 ecrb Ga3uc anredpsl JIu g = su; 1, coryacOBaHHBIH €
pasnoxkenunem Kaprana g = €@ p, rae € = span{e; }, a p = span{es, es}.

! Hcenenopanue BHIIONHEHO B MHCTHTYTe mporpaMMHEIX cucTeM M. A. K. Aitra-
mazsgna Poccuiickoit akagemun Hayk 3a cueT rpanrta Poccuiickoro mayumaoro donga,
(Ne 22-11-00140 https://rscf.ru/en/project/22-11-00140/).
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Paccmorpum cirenyronyo 3a1a4y ONTUMAaILHOIO YIIPaBJIE€HUs CO CBOOO/I-
HBIM BDEMEHeM 1;:

g € Lip([0,t1], G), u = (uy,us,us) € L>=([0,t1],U),

g(0) =1id, g(t1) = g1, g = Lg«(ures + uges + uszes),

t1
/\/Ilu% — Iu3 — Izu3 dt — max,
0

rje Muoxkectso ynpasaenuit U = {u € R3 | [u? > Lu3 + I3u3, u; > 0},
id ecrb eguuuia rpymnsl, a Lg ecTb J€BbIil cABUT Ha 31eMeHT g € G.

MpbI paccMaTpuBaeM OCECUMMETPUYHBIM caydait o = I3. BBemgem 060-
3HaYeHue 1) = f—?’ —1.

Teopema 1. (1) Jlopenuesn, zeodesuueckue ABAANOMCH 0POUMAMU
odnonapamempuueckus nodepynn epynnos udomempuli G X SOs, a umeH-
HO 2€00€3UYECKAA ¢ HA¥aANbHbLM Kosekmopom h = hie1+hoea+hses € g*
umeem 6uod:

¢ tnh
g(t) = exp (‘I(h1€1 + haea + h363)> - eXp (— 1 163),
3

I3

2de ; = (e;, -) € g*, i = 1,2,3. B wacmnocmu, zeodezuseckutl nomox
UHMEZPUPYEMCA 68 MPULOHOMEMPUMECKUT U 2UNEPOOAUECKUT PYHKUU-
AL.

(2) Ecau mouka g1 € G docmuorcuma us mouru id, mo cywecmeyem
AOPEHUEBA OAUHHETULAA, COCOUHAOULAA FMU MOYKL.

(3) Mmnoorcecmeo paspesa umeem sud {(c,0)|m(n—1) < ¢} npu —1 <
n <0, {(=m,0)} npun=0u{(c0)|r(n—1) <c<a(y/nvn+I-1)}
npu 1 > 0, a epema pazpesa 2e00e3uneckoti ¢ HAYAALHBM KOBEKMOPOM

h € g* paeno % npu Kil(h) < 0 u pasno +oo npu Kil(h) > 0, zde

Kil ecmv popma Kunanrunea.

Samerum, 9TO TIpU 1] — — 1 reome3utuecKue, MHOKECTBO U BpeMs pa3-
pe3a CXOAdaTCs K COOTBETCTBYIONIMM 00beKTaM B CyOPMMaHOBOH 3ajade,
uccaenosannoii B paborax [1,2,3]. Ilpu n = 0 (r.e. Iy = Iy = I3) nopen-
1eBa crpyKTypa 3agaercs ¢gpopmoit Kuianra, a rpynna G uzomerpudsa
npoctpancTBy antu—1e Currepa. Takas JTOpeHIEBA CTPYKTYPa PACCMAT-
puBajiack B padore [3].

JIurepaTtypa

1. Boscain U. Invariant Carnot—Carathéodory metrics on S3, SO(3),
SL(2), and lens spaces / U. Boscain, F. Rossi // SIAM J. Control
Optim. — 2008. — V. 47, Ne 4, — P. 1851-1878.
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2. DBepecrosckuit B.H. Teomesmuyeckme wu Kpardaiimme ciie-
mranbHOi  cyOpuMmaHOBOit Merpmkm mHa rpymme JIlm  SL(2) /
B.H. Bepecrorckuit, I.A. 3y6apesa // Cub. marem. xxypu. — T. 57,
Ne. 3. — C. 527-542. C. 70-71.

3. Grong E. Sub—Riemannian and sub—Lorentzian geometry on
SU(1,1) and on its universal cover / E. Grong, A. Vasil’ev // J. Geom.
Mech. — 2011. — V. 3, Ne, 2. — P. 225-260.

YPABHEHUS 1J1d KOBAPUAIIMMOHHBIX ®YHKIINN
BEKTOPA COCTOSHUS JINMHEMHON CUCTEMBI
CTOXACTUYECKUX IUOPPEPEHIINAJIBHBIX
YPABHEHUN C KOHEYHBIMU
COCPEJJOTOYEHHBIMUI U PACIIPEJIEJIEHHBIMU
3AIIA3BIBAHUSIMU
N.E. INonockos (Ilepmb, ITHITY)
polosk@psu.ru

JunaMuveckue cucreMbl ¢ HaIU4ueM 3anaddvieanus (Lociaeneicr-
BuUs, Jlara, 3aJ€PXKKH, Perapialii) LIUPOKO LPEJCTABIEHbl B TEXHUKE,
npupoge u obmectee. OHM BCTPEYAIOTCS B CAMBIX PA3HOOODPA3HBIX (HU-
3UYECKUX, XUMUYECKUX, HHKEHEPHBIX, IKOHOMUYECKUX ¥ OUOJIOTUICCKUX
cucreMax u T.J1. MOXHO MPUBECTH MHOT'O MPUMEPOB, KOTIA 3AIMA3/IbIBa-
HUEe UIPAeT BayKHYIO pouib [1, 2].

Hapsiny ¢ nerepMuHUPOBAHHBIMU CHCTEMAMH B TIOCTIETHEE BPEMST aK-
THBHO PAa3BUBAIOTCS KAYECTBEHHBIE U KOJUYECTBEHHDBIE METObI AHAJIH-
3a CHCTEM C 3alla3/IbIBA€M C YYETOM BJIMSHUS CJIy4JaillHbIX BO3MYIIECHUI,
a Kak CjencTBue, oOpallleHne K CmoTacmuieckum ouddepenuuarbHbim
ypasHeHuAM C PA3NIUIHbIME bopMaMu TocseseiicTeust [3, 4].

PaccmarpuBaercs nwHeiiHas CHCTEMa CTOXACTUYECKUX OOBIKHOBEH-
ueix auddepennuanbabx ypasaenuii (COLY) UTo ¢ KOHEUHBIMEA CO-
CPEIOTOYCHHBIMU W PACIIPEIETIEHHBIMY 3aNa3/bIBAHUSAME CJIETYIOIIETO
BUJIA:

dX(t) = .A(t)X(t)+]:X(th)+/T(@)X(G)dF)Jrc(t) dt+

FHE) AW (), t >t =10+ T, (1)

© Iousockos 1.E., 2023
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rue t —Bpems (fp < t < T < o0); X = (Xl,Xg,...,Xn)T € R" -
BeKTOp cocrtosinus; W = (Wl,Wg,...,Wm)T € R™ — BekTOp He3aBU-
CHMBIX CJIyYalHbIX CTAHJAPTHBIX BHHEPOBCKUX Iporeccos; 0 < 7 < oo
— 3amazapiBanue; n,m € N; T — CHMBOJI TPAHCIOHUPOBAHUS BEKTOPOB
n marpur,. [Ipm 3TOM mpexnomaraeTcs, 4ro Ha ToaynHTEpBade (to,t]
caydaiiabiii BekTop cocrosguus X (t) yI0BIeTBOPSET CUCTEME YDABHEHU
Hro 6e3 3anasapiBanud:

dX (t) = [Ao(t) X(t) + co(t)] dt +Ho(t) dW (), X(to) = X", (2)

npudeM B cucremax ypasrenuii (1) u (2) A(t), F(t), T(t), H(t), Ao(t),
Ho(t) u c(t), co(t) — u3BecrHble HELUPEPLIBHBIE MATPUYHBIE U BEKTOP-
wbie pyuxnun. Kpome Toro, cauraercsi, 9T0 M3BECTHHI BCE HEOOXOINMBIE
YHCIIOBBIE XAPAKTEPUCTHKY CIydaiiHoro sektopa X, wacTHocTH, B Ha-
4YaJIbHbI MOMEHT BpeMmenu to i Bekropa X (t) 3aJaHbl BEKTOD MarTe-
MATHYECKUX OKHIaHuil M u Marpuna xosapuanuit Ky y .

st anaim3a paccMaTpUBAEMOll CHCTEMbL UCIOIB3YeTCsl MOApDUKA-
st o01mei cxeMbl [5], MpeHA3HAUEHHOM /st aHAJIN3a CUCTEM C 3aras-
JBIBAHUSIMUA ¥ OCHOBAHHON HA COYETAHUN PACITUPEHUS MTPOCTPAHCTBA, CO-
CTOSHUN ¥ WIE0JIOTUU KJIACCHIECKOrO MeToa maroB. B momudukamio
ob1Ieil cxeMbl, Kak U B IPYyIruX ciydasx [6], Kpome paciupocTpaHeHus Ha
HOBBII KJIACC MOJIEJIeil, ONpeIesIeHus OCIeI0BATEIbHOCTH TIPOCTPAHCTB
COCTOSIHUI YBEJIMYMBAIOIIEHCS PA3MEPHOCTU U COOTBETCTBYOIIUX BEKTO-
POB COCTOSTHWSI, BXOJUT COOTBETCTBYIOIIAST MOIEIN TPOIEIYPa MOCTPOE-
HUS 00bEIMHEHHOH CHCTEMbI OOBIKHOBEHHBIX MU PEPEHITHATBHBIX YPAB-
uenuit (OY) aisa nepBbIx MOMEHTHBIX (DYHKIMH CTOXACTUYIECKOIO BEK-
rTopa cocrosinus X (t) 6e3 3anaszupiBanus, Koropas Briodaer QY mis
KOMITOHEHT IOCJIEI0BATEIbHOCTH BEKTOPOB (DYHKIUH MATEeMATHIECKOrO
oxnpanus my (t), marpur Gbyukumii kopapuammn Kx x (t) n Marpuiy Ko-
BapualoHHbIX byHKuii Cx x (t, $) paCIIUPEHHBIX BEKTOPOB COCTOSTHUS
(to<s<t<T).

JIurepaTtypa
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oM / IL.E. Tlonockos // ABromaruka u renemexannka. — 2002. — Ne 9. —
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6. Poloskov I.LE. New scheme for estimation of the first and senior
moment functions for the response of linear delay differential system
excited by additive and multiplicative noises / L.E. Poloskov. // Journal
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OB OBPA3E OIIEPATOPA CBEPTKU
B ITIPOCTPAHCTBAX
YIIBTPAINPPEPEHIINPYEMBIX (I)VHKHI/Iﬁ
I.A. IToaskoBa
(Pocros—na—ony, FO®Y; Braxukaskas, KOMI1 BHII PAH)
forsites1@mail.ru

Iycte w — Becoras dymkuus, ¢f(y) == {zy —w(e”) 1z > 0}, y €
(0, 00). ITpocrpancTBOM yanpa,aH(bcbepeHquyeme (byHKLU/H/I (VI1D)
Bepuunra nopmasibraoro tuna p € (0,00), 3a7aBaeMbiM BECOM w, HA3bI-
BaeTCs IPOCTPAHCTBO

€ (R) = {f € C®(R) : Vr € (0,p), Ve (0,00)

f9) ()]
|f|w7‘l ‘= Sup sup <OO}.
j€ENy |z|<I €XP T(pw(j/'l’)

B 5&)( ) Oyzem paccMaTpuBaTh onepaTopbl ceptkn 1),. CuMBomaMu
oneparopos T), ciyxar nensle GyHKUUU {1, yI0BIETBOPSIOLIUE YCIOBUIO:

(=)
Ve € (0,00) 3l € (0, :
e € (0,00) (0,00) ilelg exp {ew(z +l|Imz|}

B kadvecTBe JaCTHBIX CIydaeB omepaTopsl 1), BKAIOUAOT B ceba qudde-
pPEHIHATbHBIE YPABHEHUsI C MOCTOAHHBIMU Kodddunumerntamu, mudde-
PEHIMATIBHO—PA3HOCTHBIE U HHTErPO—AudPEepeHnalbHbe YPABHEHUS .
Pamee B [1] 6bL1H yCTAHOBIEHLI HEOOXOANMBIE U JTOCTATOUHBIE YCIIO-
BHS HA3 CHMBOJ [, IPH KOTOPBIX 1), CIOPBEKTHUBEH, T. €. IPH KOTOPBIX

© Ioasxosa [.A., 2023
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BBIIOJIHAETCS. paBeHcTBo 1), (Sg’w)(R)) = Efw)(R). B nacrosmeii paGore
JUIST HECIOPBEKTUBHOTO oreparopa 1), MCCIeLyeTcs 3a1ata 0 TOM, TIPH Ka-
KIX YCJIOBUSIX NMEET MecTO Bioxkenne 1), (S(I’M)(R)) > 8(‘10) (R), rme 0 —
HekoTopast Jipyras BecoBas dyHKuus, ¢ € (0,00).

IlenTpaibHbIMU pe3y/ibraTaMmi paboThl ABJSIOTCA JIBE CJIeJyIOoNue
TEOpEMBbL.

Teopema 1. ITycmv w,0 — secosve Pynkyuu; p,q € (0,00); pw <
qo; T), — onepamop ceepmKu ¢ cumeorom i, delicmeyouud 6 E(I)W) (R).
as mozo 4mobvt uMeso Mecmo 6.a0dcenue Tu(g(pw)(]R)) D& )(R)

HEOOTO0UMO, 40O BHINOAHALOCD YCAOBUE

J

(A) Vre(0,p) V§ € (0,00) Is € (0,q) IRy >0|Vz e R ¢ |z| = Ry
FweC :|jw—2z|<do(z) u |p(w)]>exp {rw(w) —so(w)}.

Teopema 2. ITycmo w,0 — secosve Pynkyuu; p,q € (0,00); pw <
qo; T, — onepamop ceepmru ¢ cumeorom fi, deticmeyrouuts 6 S(I’w) (R).
Ecau 0as ueaoti Gynkyuy (b 6biNOAHEHO YCAOBUE
(B) V¥r € (0,p) 3s € (0,q) | Y6 € (0,00) TRy > 0 : xascdyro
mouky z = x + iy € C ¢ |z| = Ry u |y| < do(x) moocno nozpysumo
eHympb oxpysicnocmu S, ¢ diam S, < do(x), daa ecex mouex ¢ Komopoi
CNPasediusa 0UEHKa

|1(C)| = exp {rw(¢) —so(¢)},

mo umeem mecmo eaooicerue T), (wa)(R)) D E(qg) (R).

Herpyauo Bugers, uTo B ciydae 0 = w, p = ¢ yciaosusa (A) u (B)
TeopeM 1 M 2 COBMAJAOT C COOTBETCTBYIOIIUME yCIOBUSIMH KPHUTEPHS
CIOpBeKTHBHOCTH omeparopa 1), u3 [1] u, 3HAYNT, S9KBUBAIEHTHBL

Cileyer 3aMeTUTh TAKXKe, YTO PE3yJIbTAThl, YCTAHOBJIEHHBIE B TEO-
pemax 1 m 2 ams omepaTopoB CBePTKM B mpocTpaHcTBax YD wHop-
MAaJIHOTO THIA, KOPEHHBIM 00pPA30M OTJIMYAIOTCS OT TOJYYEHHBIX B [2]
AQHAJIOTUYHBIX PE3YJIbTATOB JJid IPOCTPAHCTB SE’;’) (R) YV1® Bepsunra
MaKCUMAaJIbLHOrO THna. Vmenno, B [2] GbLIO mMOKa3aHO, YTO BJIOXKEHUE
T, ( ) (R)) D &) (R) mmeeT MecTo TOr/a 1 TONBKO TOL/A, KOLJA Olepa-
Top T}, CIOpPbEKTUBEH Ha S(O;’) (R). B nacrosiueii pabore CTpouTCs IPUMED
BECOB W U 0, YHCEJ P U ¢ U 1esoi ByHKuuu (1(2) TaKUX, YTO BJIOKEHUE
T, (Eg’w) (R)) D &(,(R) Brimosmeno, 1o onepatop T, 1e ABIATCS CIOPD-
eKTHBHBIM Ha, EEZG) (R).

[Tomydensl Tak>ke HEKOTOPHIE TPHJIOKEHHS K OEPATOPAM CBEPTKI B
npoctpancTBax Pymbe Y/ 1D HOpMAJBHOTO THTIA.
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JIurepaTtypa
1. AGanun A.B. Teopema JejieHusT B HEKOTOPBIX BECOBLIX MPOCTPAH-
crBax nesblx Gyukiumit / A.B. Abanun, /1.A. AGanuHa // Biagukaskas.
mar. xx. — 2010. — T. 12, \e 3. — C. 3-21.
2. Bonet H. The range of non—surjective convolution operators on
Beurling spaces / H. Bonet, A. Galbis // Glasgow Math. J. — 1996. —
V. 38. — P. 125-135.

[-ITTPOBJIEMA MOMEHTOB B 3A/TAYAX
OIITUMAJIBHOTO VIIPABJIEHUSA 1 OITEHUBAHUSA
COCTOSIHNSI MHOTI'OMEPHBIX JINMHEMHBIX CUICTEM
JAPOBHOTI'O ITOPSIKA
C.C. IToctaoB (Mocksa, UITY PAH)
postnov.sergey@inbox.ru

B macrosieit pabore paccMaTpUBAIOTCA MHOTOMEPHDBIE IHHAMUYIE-
CKHE CHCTeMbl JIPODHOIO MOPsJKA, HOBEJIEHHE KOTOPBIX OMUCHIBAETCS
YpaBHEHUEM CJIeIYIONIEr0 BUIA:

0D qi(t) = aij(t)q;(t) + bij()u; () + fi(t),i=1,...,N, (1)

rne oD — omeparop apobuOro muddepeHnupoBaHus MOPAIKa ; €
(0,1), ¢;(t) — KOMIIOHEHTBI BEKTOPA COCTOSIHUS CHCTEMBI, U;(t) — KOM-
MOHEHTBI BEKTOPA yrpasjenus, f;(t) — KOMIIOHEHTHI BEKTOPA BO3MYIIE-
Hus, a;;(t) u b;;(t) — xoadbduruenTs!, B 00mEM ClIydIae 3aBHCAIIITE OT
Bpemenu. [To nopropsiiomumes unekcam B popmydie (1) noxpasymesaer-
cst cymmuposanue. Qneparop apobHoro auddepennupoBanus B GOpMy-
se (1) mouumaercs nubo B cmbicae Pumana—JInyBuiis, mu6o B CMBICTE
Kanyro. CooTBeTCTBEHHO, HAYAIBHbIE YCJIOBUS M1t CUCTeMBI (1) cTaBsT-
cs b0 B HEJIOKAJILHOM BHIE,

lim [0} “g(t)] =sV,i=1,...,N,

t—0+ v

b0 B JIOKAJIbHOM BHJIE,
(0)=¢)i=1 N
ql —qi,Z— LI )

rme I'™® — omeparop apOOHOTO HHTEIPHPOBAHHS B CMbICIIE
Pumana—Jluysumimns.

© Ilocruos C.C., 2023
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Hust cucremst (1) paccmarpuBaercs 3a1a4a OHTUMAJIBHOIO YIPABJIE-
HUS ¥ 33,198 ONMTUMAJHHOTO OIIEHUBAHUST COCTOSTHUST CHUCTEMBI TIO HAOJTIO-
JIEHUSIM B YCJIOBUSAX HaJu4anst Bo3Mytenuii. Q0e 3ama4qm, mpu OrpeaeiéH-
HBIX YCJIOBUSAX, CBOASITCS K KOHEIHOMEPHON [—1pobireMe MOMEHTOB, [IJIst
KOTOPO# BBIBOJAATCS YCIOBUS PA3PEIIMMOCTH U CTPOSITCS AHATUTHICCKIE
pemrenus. Panee mogobmHbie 331241 OBLIN PACCMOTPEHDI /I OTHOMEPHOIT
cucremsl tuna (1) ¢ nocrogrubIME KO3(dunuenTaMu a;; u b;; U 1
HEKOTOPBIX IBYMEPHBIX M MHOTOMEDHBIX CHCTEM YacTHOro Buza [1-3]. B
HACTOsIIel paboTe aHAJOTUYHOE WCCJIEIOBAHNME MPOBOAUTCS s Oosiee
obuiero ciaydas cucrembl (1) OpOM3BOJILHON KOHEYHON Pa3MEPHOCTH C
KO3 puImenTaMu, 3aBUCAIIIAMA OT BPEMEHH.

JIurepaTtypa

1. Kybermkun B.A. 3amada onTuMabHOrO ylpaBJIeHUs! JIHHEHHOM
CTAIMOHAPHON CHCTEMOI APOOHOrO MopsiaKa B (popMe mpobIeMbl MOMEH-
ToB: mocraHoBka u ucciaegosanue / B.A. Ky6pmukun, C.C. ITocraos //
Apromaruka u resemexanuka. — 2014, — Ne 5. — C. 3-17.

2. MMoctaos C.C. 3amadun oNTUMATBLHOTO YIPABIECHUS JJIsi HEKOTO-
PBIX JIMHEHHBIX CHCTEM JAPOGHOIO MOPS/IKA, 33JAHHBIX yPABHEHUSIMHU C
upoussouuoit Xuibdepa / C.C. [ocruos // IIpobiemsbt yupasienust. —
2018. — Ne 5. — C. 14-25.

3. IToctros C.C. O6 mcnonb30BaHMM METOJA MOMEHTOB JJis OITH-
MaJIbHOI'O OLEHMBAHMS COCTOSIHUSA CHCTEM JPOGHOIrO HOpsIKa C BO3MY-
mennem ummyiabceHoro Tumna / C.C. Tlocrros // TIpoGiembr MaremMaTnde-
ckoro ananm3a. — 2023. — Beim. 121. — C. 93-102.

JIOKAJIN3AIINS YACTUIL BHYTPU ®VYJIJIEPEHA!
B.A. TlorepsieBa, A.M. BybeHunkKoB,
M.A. By6enuukos (Tomck, HI TT'Y)
valentina.poteryaeva@gmail.com

CrpyKTypa MOJEKyJabl Qy/iepeHa CIoco0Ha HAKAILIMBATH BHYT-
PU aTOMBI ¥ JayKe HEOOJbINHEe MOJEKYJIbl (HApUMep Tesuii, BOIOPOJ
nm MoJstekysibl Bozbl)[1,2]. PaspabaTsiBaiorcst ciocoObl CO3IaHus TAKAX
CTPYKTYD, & TaKyKe UCCIeMyIOTCsS UX CBOACTBAa. B mamnoii pabore mpe-
CTaBJIeHa TEXHOJIOIMs HAXOXK/IeHHd 0DacTell JoKaIu3aluyl 4acTHll, Xa-
PAKTEPU3YIOIMXCA YMCAaMu 1, M U k,, BHYTpU MOJIEKyJibl (pysiepena

Céo-

1 PaGora Bbimosnena mpu (unancosoit momgepxke PH® (mpoexr Ne 19-71-
10049).
© IlorepsieBa B.A., ByGenuukos A.M., ByGenunkos M.A., 2023
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BeposiTHOCTD HAXOXKAEHUST YACTHUILI B 33JaHHOW TOYKE HAXOIUTCS
KaK KB3JIPAT MOMIYJIs BOJHOBOM (DYHKINU 1), KOTOPAS HAXOIUTCS U3 pe-
menus ypasuenus lllpenunarepa B cepuiecKkux KOOPIMHATAX:

L0 (aO0) (LD (00 L DY
r2 0r (T 87“) + r2 (sin@ 00 <sm6’ 80) + sin20 Jp2 +E5p =0, (1)

e k? = i—’z‘ (wh —=U(r)), h — nocrogunas Ilmamka, p — Macca
YaCTHUIIBL,W — YacTora Kosebanuit Gyukiwn ¢ u U (1) — moTeHImas cuiio-
BOTO TIOJIS. DHEPTHUS B3aMMOIEHCTBAs (DyJIepeHa ¢ pacCMaTPUBAEMbIMA
gactunamu U (1) MOmETUpyeTCs pACIpeIeTeHHOH paBHOMEPHO TI0 c¢depe
COOTBETCTBYIOMIETO MOJIEKYJIE Pa3Mepa.

Ypasuenue (1) pemaercs MerooM pasjesenus nepeMentbix. [Ipes-
crasuM ¢ = R(r) - G(0,¢).

Pemenve qyis dyukuuu G(6, ) BRIMIAIAT CIEAYIONMM 00pa30M:

G(60,¢) = PP (cos(8)) - €™, 0<m<n, (2)

riae P (x) — upucoenunenunie yukiuu Jlexkanapa, n = 0,1,2... u
m = 0,1,2... — napaMeTpbl, BO3HUKAIOIINE U3 YCIOBUS OIPAHUIEHHOCTH
U HenpepbIBHOCTH petnenusi|3].

Dyukuus R(r):

1 20
R(r) = T Ty (kr) k(r) = \/kg +53 (U@ =Ur)  (3)
rue J, 41 (p) — byskuns Beccesst ¢ MOIyeabM HHIEKCOM, kg — KO-
peub byuknun Beccens, a — paauyc MoJeKybl ysepeHa.
Tora BepOsITHOCTH HAXOXKEHUST YACTHUIIBI B COCTOSHUU, OMPEIeisie-
MOM YHCJIAMH T, M, ky, ABISETCS KBAIPATOM MOy (DYHKIIAH 1):
J2

n_;,_% (kﬁ?”)
kr

Takum 06pa3oM, 33JaF0TCSA TPYU YUCIA: 1, M, Ky, KOTOPBIE XAPAKTEPHU-
3YIOT COCTOSIHUSA KBAHTOBOI cucTeMbl. C moMoribio hopMysast (4) MOKHO
HaiiTu 00/1aCTH, B KOTOPBIX OYIyT HAXOIUTHCS YACTHUIILI C OITPEIETIEHHON
BEPOSITHOCTHIO.

)% = - (P™(cos8))?,0 < 6 < . (4)

JIurepaTtypa
1. Poteryaeva V.A. State of the Helium Atom Inside a Fullerene /
V.A. Poteryaeva, M.A. Bubenchikov, A.M. Bubenchikov, A.I. Potekaev,
D.S. Kaparulin // Russian Physics Journal. — 2022. — V. 65. — P. 169-
178.
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2. Mamone S. Theory and spectroscopy of an incarcerated quantum
rotor: The infrared spectroscopy, inelastic neutron scattering and nuclear
magnetic resonance of Ho@Clg at cryogenic temperature / J.Y.—C. Chen,
R. Bhattacharyya, M.H. Levitt, R.G. Lawler, A.J. Horsewill, T. Room,
Z. Bacic, N.J. Turro // Coordination Chemistry Reviews. — 2011. — V.
255, No. 7-8. — P. 938-948.

3. Beitrmen I'. Boiciime tpancuengenTabie dyuknun / I. Beiitmen,
Opaeitn A. // M.: HAVKA, — 1973. — 205 c.

OB O/IHOM TAHTEHIIVMAJIBHOW 3A/TAYE TEOPUN
I10JId HA IIJIOCKOCTN!!
JI.B. IIpoBoropoBa (Mocksa, HUY M)
prolubov2000Q@yandex.Tu

B nannoit paboTe paccMarpuBaeTcsl HeJIOKAJIbHAS KpaeBasi 33/1a9a

—Au(z) = h(z),z € G, (1)

—Ir = aTt el 3
Cle=ar(y),y €T, 3)
rie G C R? — orpammuennas objaacTb ¢ Junmunesoil rpamuneii I,
T = (71,72) — KacareabHblii BekTOp K rpanune I'. B sroii 3azade

u(r) = (u1(z),uz(r)) m a € R — nckompie sesmuunnt, h(r) — 3a1anHas
BEKTOp—(yHKITHS.

Tpebyercs HaliTu cinaboe pelleHune MOCTABIECHHON 3a7a<d1M, TO €CTh
BeKTOP—bYHKINIO u(Z) M KOHCTAHTY «, YIOBJIETBODSIOIINE WHTErPAIIh-
HOMY TOXKJIECTBY, 9KBUBajIeHTHOMY 3a1a4e (1) — (3). C 31oit nesbio mpo-
BEPUM, UTO IIOCTABJIEHHAsS 3372498 KBUBAJIEHTHA WHTErPAIHHOMY TOXK-
JIECTBY

/G(vu,vu) do —a/F(T,mp)ch :/G(h,v) da, (@)

rie u € W3(G) ynoBaeTsopsaer ycioBuro Jo(ulp,7)dy =0, a upoGubie
bynkmun v € W3 (G) nponsBobHBL.

1 PaBora Boimonmena npu puHAHCOBOH mogaepx ke PH®D (mpoexT Ne 19-11-00033
https://rscf.ru/project/19-11-00033/).
© IIposoroposa JI.B., 2023
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Beegem mpocrpanctso bynkmmuit u € Wi (G), yaoBieTBopsaionmx
yenosmio [ (ulp, ) dy = 0:

W31 -norm (G) = {u W@ [ (ulr. )y = o} .

Cdopmynupyem ompesesienne caad0ro pereHns IOCTABICHHON 3a,/1a-
am.
1
Onpenenenne. Pynxyus u € Wy, 0.0 (G) u Konemanma o €
R! naswearomea caaboim pewenuem sadavwu (1) — (3), ecau das amoboti
v € Wi (G) evinoansaemea unmezpavhoe moscdecmeo

/G(VU:VU)dJT —Oé/F(T,fU\r)d'y :/G(h,’u)dm.

OCHOBHBIM pPE3yJIbTATOM PAOOTHI SABJISIETCS TEOPEMa O CYIIECTBOBA-
HUM U €IMHCTBEHHOCTH CJIaBOT0 PeIeHws.

Teopema 1. Jaa moboii h(x) € La(G) maxoii, wmo [, h(x)dr =
0, cywecmsyem eduncmeennoe caaboe pewenue (u(x),w), u(xr) €
W217L2_mrm(G), Jou(@)de =0, o — wucso, 3adawu (1) — (3). Ipu
IMOM CIPABEIAUBE OUEHKG

lellwza) + lal < MlA] Ly,

M > 0 - nocmoannaa, ne 3asucausas om u(z).

JToKazaTebCTBO TEOPeMbl TPOBOJIUTCH B HECKOJIBKO 3TAIIOB.

Ha nepBoM 1are Onpejiejisercs 110C/1e0BaATeIbHOCT HPUOJIMKEH-
HEIX permennii MmeronoM Lajepkuna. Ha BTOpOM rmare mpou3BOIATCS TTpe-
JesbHbI epexon. Ha TpeTheM mare ompeenseTcss 9uciao o | JOKA3b-
BAETCSA €IUHCTBEHHOCTH CJIA00TO PEIeHHS.

JIureparypa

1. dybunckuit FO.A. O sgpax onepaTopoB Cjie/la ¥ KPaeBbiX 3aJad9ax
reopuu oy // IIpobsiembl MaTemMarndeckoro anaausa : Boimyck 106. —
2020. — C. 73-89
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3aJadax Teopun noss Ha miaockocru [ FO.A. Tybunckuit // Tpyast Ma-
tem. mHCTHTYTa WM. B.A. CrekmoBa — 2021. — Ne 312. — C. 158-169.

3. Koamoropos A.H. DiemenTsl Teopun yHKIHUH 1 (DYHKITHOHAb-
noro anaimusa. / A.H. Koamoropos, C.B. ®omun // M. :Hayka, [1aBnas
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AHAJIN3 YPABHEHU TUIIA
KOJIMOTOPOBA-YEIIMEHA
C INOPEPEHIIMAJIBHBIM OITEPATOPOM
DPOKKEPA-TIJIAHKA, HEHYJ/IEBBIM

KO9®PUIMMEHTOM CHOCA

.B. IIpokonwseBa, T.A. 2Kyk, H.!. T'osroBKO

(Bariagusocrok, TOBBMY, Haubpsibsrys, JIBOY)

prokopievad@Qyandex.ru, Tatyana_ zhukdv@mail.ru,golovko.ni@duvfu.ru

MogenupoBanue WHPOPMAIMOHHBIX CeTel U WX JTEMEHTOB SBIISeT-
Cd AKTyaJIbHOM TEXHMYECKON M HAydIHON MpOOJIeMO# Ha CTAaIuSX IIPO-
€KTHPOBAHMS M dKcIayaTarwn ceti. CrcTeMbl MaccoBOTO OOCITYKUBa-
st (CMO) sBASAIOTCS aHATNTHYECKUMN MOJEISME WH(MDOPMAIMOHHBIX
cereii. CTaTncTUYeCKNii aHAJIN3 IOTOKOB 3asIBOK, MOCTYHAOIINX Ha web—
cepBephl M00ATBHBIX KOMITBIOTEPHBIX CeTeil, ToKa3biBaeT muddy3noH-
HYIO WHTEHCHUBHOCTH BXOJIHOTO MyaCCOHOBCKOTO TIOTOKA.

g CMO ¢ auddy3noHHON MHTEHCHBHOCTHIO BXOIHOTO MOTOKA C
HYJIEBBIM U HEHYJIeBbIM KO3 duimenTom cuoca B [1, 2] npexcrasien Bbi-
Box ypasaenuit Tuma Kommoroposa—Yemnmena ¢ oneparopom Pokkepa—
[Tnanka OTHOCHTENIBHO BEPOATHOCTHBIX XAPAKTEPUCTUK UHUCJA 3a5BOK.
B [3, 4] nokazaHo HEOGXOIMMOE YCIOBHE CYIIECTBOBAHKS CTAIIMOHAPHOTO
pPEeXKHMMa CHCTEMbI MacCOBOro obOciaykuBaHus ¢ auddy3noHHON MHTEH-
CHUBHOCTBIO BXOJHOTO TIOTOKA U HYJIEBBIM KOI(D(MUIMEHTOM CHOCA, HEOT-
PHUIATEIBHOCTh XaPAKTEPUCTUK YUCTA 3a5BOK.

B namHoit paboTe NMpMBOANTCS AHAIN3 HEOOXOIMMOTO YCJOBUS CY-
mecTBoBaHus crarmuoHapHoro pexxkuma qius CMO, B KoTopoit nHTeHCHB-
HOCTh YHCJIA 3asBOK SIBJISIETCs CJIy9aliHbIM ¢ DY3UOHHBIM IPOIECCOM
¢ HEHYJIEBBIM KO (PUIUMEHTOM CHOCA.

PaccmarpuBaercs cumcremMa MaccoBOrO OOCTYKHUBAHHSA C OECKOHEU-
HBIM HAKOIIUTEIEM, OJHUM OOCIYZKUBAIOIIAM MPUOOPOM U HKCIIOHEHITH-
aJIbHbIM ODOCIIyKUBaHKeM ¢ uHTeHcuBHocTbio . Ha Bxogq CMO nocry-
MaeT MBaXKIbl CTOXACTUYECKWI TMyaCcCOHOBCKWII MOTOK, WHTEHCHBHOCTH
KOTOpOro A(t) m3MeHsieTcst Ha IPOMEKYTKe [«, 3] u mpeacrasisier coboii
Juddy3UOHHBIH Tporiece ¢ HeHyneBbiM Koaddurmentom cuoca a # 0,
ko3ppunmenrom muddy3uu b U yupyrumMu rpaHuiaMu o, 3.

O0603HaYNM B CTAIIMOHAPHOM PEXKWMME: GHUCJIO 3asIBOK U€pe3 I/, WHTEH-
CHBHOCTD BXOJHOTO IOTOKA depe3 \. Ilycern qr(z)de =P{v =k,x < A<
x+dzx}, rae U — auciio 3assok B CMO B crauuonapuom pexume, g (z) —
CTAIMOHADHBIE XaPAKTEPUCTUKY UCIa 3a8B0K, k > 0; f(z)dx = P{x <

© Ilpokomsera /1.B., 2Kyk T.A., Tonosko H.H., 2023
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A < z+dz}, f(z) — cTanMOHAPHAS ILIOTHOCTD HHTEHCHBHOCTH BXOJIHOIO
noToKa, x € [, 8]. Uarerpan ff qr(x)dx = pg, k > 0, mpeacrasasier co-
Goit cranuonapHOe pachpeenente uncaa 3aaBok. f(z), qx(z) € C?|a, A].

CranuonapHble XapakTepucTuku qx(x),k > 0, yI0BIE€TBOPSIOT CJie-
JyIOIAM yPaBHEHUSM:

1) Bo BHyrpenHux Toukax x € (a,[) CralMOHADHBIM yDABHEHHU-
am tuna KommoropoBa—YUenmena ¢ anddepeHnuaibHbIM OIEPATOPOM
Ooxkepa—Ilmanka

b

—qo() + pq(w) — agy(z) + 540 (z) =0, (1)

ra1(2) — (& + p)a(e) + Haesa (2) — o (2) + Sal(0) = 0.k > 1, (2)

2) B TPAHUYHBIX TOYKAX (v, 3 KPAEBBIM YCIOBUAM

dh(0) ~ aan(0) =0, S () —an(H) =0,k >0, ()

NS

3) YCIOBUIO HOPMUPOBKH

> aila) = f(@). (4)

k>0

Cucremy muddepennuanbubix ypasaenuii (1)—(2) Bo BHyTpeHHUX
Toukax z € («, 8) BMecTe ¢ KpaeBbIMU yCAOBUAME (3) U yCJIOBUEM HOD-
mupoBku (4) HazoBeM nepBoil Mozenbio cranuonapuoii CMO.

ITnornocrs pacupenesnenus f(x) umeer Bui:

2

2a er’”
)= ——r——-
I =5 & _cwe
Baejem npoussosmyto byrkmmo R(x,2) = Y. qn(z)z", c obmactbio
k>
ompenenennst D, = {(x,2) 1 x € [a, B, |2] £ 1, z € C}.
Teopema 1. Ilpousseodawas Pynruyus R(x,z) ydosaemeopaem
dudpdepenyuarbhomy YpasHeHUI0

R(z,z2) [x22 —(x+p)z+ u} —azRl(x,2)+ 22R! (2, 2) = (1—2)pgo(z)

C KpaesbtMu YCA08UAMU

SR;(a, z) —aR(a,z) =0, gR;(,@’, z) —aR(B,z) = 0.
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Bamerum, 4TO € y4eroM ycJOBUs HOPMUPOBKU (4) BBILIOJIHAETCH Da-

BEHCTBO
R(z,1) =Y qi(z) = f(x).
k>0
O6ozHAIIM A\ = ff xf (x)dx — cpegHee 3HAYEHHE WHTEHCHBHOCTH

BXOJIHOI'O IIOTOKA B CTAIMOHAPHOM PEXKUME.

Teopema 2. Heobrodumoe ycaosue cyu,ecmeosaHiLs peutenus nep-
601 modeau cmayuonaproti CMO ¢ duddyzuonnoti unmencusHocmsro
6T001H020 NOMOKA ¢ HEHYAEGbLM KoIPPuyuernmom croca a # 0 u neom-
puyamesvrocmu rapakmepucmuk qi(x), k > 0, umeem eud

A< p,

npuvem eepoamnocms npocmos pg CMO ydosaemeopaem ycaoeuro

B B
O<p0:/qg(x)dx:/(lfz/u)f(:c)dz<1.

@ (e
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KPAEBBIE 3AJTAYN JJI YPABHEHIS JPOBHOM
JANPDPY3INUNU C HPOI/I3BO,Z[HOI7I JIMYBUJILJIA
A.B. Ilcxy (Hanpuuk, UTIMA KBHII PAH)
pskhu@list.ru

PaccmarpuBaercs ypasuernue n1pobmHoii auddy3un

<§; _ ;;) ul(w,y) = 0. (1)

C IPOU3BOIHON aa? JPOOHOTO TOPsAIKA IO BPEMEHHOH MepeMeHHoit, o €
(0,1). dpobroe muddepeHnEpoBaHue 3aJaeTcs C MOMOIIIO TPOU3BOJI-
woit JluyBuiis, onpe/ie/ieHHON HA OECKOHEYHOM WHTEPBAJIE W MMEOIIEH

Havaso B Touke y = —oo [1]:

;;U u(z,y) = F(ll—or)(‘fy /y u(z, t)(y —t)~7dt.

— 00

Kak usBecrno [2, 3], oueparopsl apobuoro puddepeHiupoBanus ¢
HAYAJIOM B OECKOHEYHO YJAJEHHOH TOYKE MOPOXKIAIOT 33Ja4M, B KOTO-
PBIX POJIb HAYAIbHBIX YCAOBHUI BBIMOIHIET 33aBAEMOE ACUMIITOTUIC-
CKO€ TIOBEJIEHNE MCKOMOTO perennst (B JaHHOM Ciiydae Iph § — —00).
B mokmazme m3ydaerca 0COOEHHOCTH IMOCTAHOBOK, BOIPOCHI Pa3PeIIuMO-
CTH, a TaKzKe CBOMCTBA PEIIeHUH KPAEBbIX 3a/a4 JIJI PacCMATPUBAEMOTO
YPaBHEHH.

JIurepaTtypa
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AJITOPUTM IIOCTPOEHUS PEINIEHUSA 3ATAYN
ITIPOTPAMMHOTIO YIIPABJIEHNA
JIJISI IUHAMWYECKOIN CUCTEMBI
B YACTHHIX ITPOU3BOJHBIX
E.B. Paenkas (Boponex, BIVITY)
raetskaya@inboz.ru

PaccmarpuBaercs mosgHOCTHIO ypaBiisieMast CUCTEMa, B YACTHBIX IIPO-
U3BOJHbIX

Oxo(t,s)  , Oxolt,s) Oup(t, s)
o P TPy (L)
C YCJIOBUAMHI
$0(07 S) = a0(8)7 xO(Ta S) = b0(8)7 (2)

rne ¢ € [0,T], s € [0,S]; zo(t,s) € R™; uo(t,s) € R™; B, D —
MaTpUIbl COOTBETCTBYIOIIUX pa3MepoB. Periaercs 3a/1a4a IOCTPOEHU B
aHAMTHIEeCKOM Buze (DyHKUmi ynpasienus ug(t,s) W, yAOBJIETBOPSIO-
mieit yenosusiM (2), hyHKIUM COCTOAHUSA B BUJIE

zo(t,5) = Y won(s) - Yon(t)- (3)
k=1

IMpumenserca meron Kackaauoi gekomnosuiuu (K/I), 6asupyrommii-
sl Ha CBOCTBAaX NpsAMOyrosbHOi Matpuubt Dy ([1] — [6]). Pacmemnnenus
npocrpanctB R™ u R™ B mpsiMble CYMMbI TOIIPOCTPAHCTB OOYCIABIIH-
BAIOT paciiemnyieHus (PYHKIUU COCTOSHUSI HA KOMIIOHEHTHI U3 IOJIPO-
CTPAHCTB HA KAXKIOM Iare JeKOMIO3UIIAN

xi—1(t,8) = x;(t, s) + ui(t,s),s = 1,p. (4)

IIepsbiM 3Tamom aaropurma KJI aBisiercss mosTamubrit p — mMaroBbIit
nepexoz ot cucremsl (1) ¢ ycaoBusiMn (2), K peLyIHpPOBAHHON CHCTEME

Oxp(t,s) Oxy(t,s) Oup(t, s)
ot P g TP g, (5)
C YCJIOBUSMHU
ajx t,S D t,S .
%\t:o = ap;(s), %h:T =byi(s), j=0,p. (6)

© Paeukas E.B., 2023



YcraHaBiuBaOTCA HEOOXOAMMbIE U IOCTATOYHBIE YCIOBUS CYIIECTBO-
BaHWS OAa3MCHON (DYHKITNN BUIA

2(p+1)

zp(t, s) = Z Pp(8) - Ypr(t), (7)
k=1

yaoBJaeTBOpsifomeit Bcem yciousim (6) u onpenessitoeii hpopmy dyHK-
1uii cocrosiuus u ynpasjenus cucrembl (1). B pesynbrare peanmsanuu
00paTHOTO X018 JEKOMIIO3AIINHA BOCCTAHABIMBAETCA (DyHKIIUS COCTOSTHHS
xo(t,s) Buga (3) u coorBercrByoiias byHKIMs ynpasienus ug(t,s),

J=0,p.
yCTaHOBIIeHO MHUHHMAQJIbHOE KOJHUYECTBO JIMHEHMHO HE3aBHUCHUMbIX
dbyukuuit B BhIpaxkenun (3) — TOYHOE 3HAUEHHE 7', KOTOPOE DPABHO

2(p + 1), p — KOJIMYECTBO WIATOB JEKOMIO3UNUH, D, — CIOPBHEKTUB-
nag marpuna. [IpuBogsgrcsa dbopmynbr 1j1s Hax0XK AeHns K03bduimeHTon
vor(s), k=1,2(p+1).
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6. Zubova S.P. Algorithm to solve linear multipoint problems
of control by the method of cascade decomposition /S.P. Zubova,
E.V. Raetskaya // Automation and Remote Control. — 2017. — V. 78,
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MOJEJINPOBAHUE TPAEKTOPUI JINHENMHON
JIMHAMUWYECKON CUCTEMBI C KOHTPOJIbHBIMU
TOYKAMU U YCJIOBUAMU HA YIIPABJIEHUE
K.A. Paeuxuii (Boponex, BI'Y)
kraetsky@moail.ru

g rpaekropuil (t) € R"™ nuHaMUYECKON CHCTEMbI
z(t) = Az (t) + Bu(t) + f(¢), (1)

rne A:nxn, B:nxm, f(t)€R"; tE€ lo,tx] 3axanp MHOrOTO-
YEUHBIE yCIOBHST

Ot yupaBJIeHUA ’U,(t) TaK>Ke Tpe6yeTCH BBIIIOJIHEHUE yCJIOBI/Iﬁ
u(ti) = U4, i:O,l,...,k, (3)

HAIPUMED, 3TO MOI'YT ObITh YCJIOBHS HA CKOPOCTH IMPOXO0KI€HUS CUCTEMbI
4epe3 KOHTPOJIbHbIE TOYKHU.

Tpebyercs BbIIBUTH MHOXKECTBO TPACKTOPHI, YIOBJIETBOPAIONIUX 32~
JAHHBIM YCJIOBHUSIM JIJIST TIPEIbSABICHUS UX «3aKA3UUKY ».

OHUM M3 METO/IOB pEITeHNsT TOCTABIEHHON 3a/1aUN ABISETCA MEeTOJ,
HeompeiesileHHbIX KoabGUIneHToB, pa3padarsiBaemblii B padorax [1-4].
Merox cocrour B dbopmupoBanuu x(t) u w(t) B BUIE JUHEHAHBIX KOM-
OmHAIMiT JTHHEHHO HE3ABUCHMbBIX CKAMSIPHBIX (PYHKIWI C BEKTOPHBIME
Koa(purnmenTamMmu, u onpeneseHun Ko3(GPUINEHTOB KaAKUM—Iu00 CIIO-
cobom. Akamemnk H.H. Kpacorckwuit [5] mpemmoxkuia BekTOp—byHKINIO
u(t) ucKaTHL B BHIE

T
u(t) = Zci -ti, ¢ € Rm, (4)
i=1
a BekTop—bynkuuio z(t) crpours 1o QopmyJe
t r
x(t) = e'ay + etA/ e_SAB(Z ¢i - si)ds. (5)
0 i=1

OpHako, Takoe permeHre BO3MOXKHO JIAIb JJId JBYXTOYETHON 3a1a9u
(k=1).

© Paenxuit K.A., 2023
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Ilonunomuasnbubie BeKTOP—(YHKIIUU HMIIOIB30BAJIA U JAPYTrUA€ aB-
TOPBI JJIsi HEKOTOPBIX 33Ja4 ympaBjenus. HemocTtarkom 3Tux (QyHK-
nuii ABJISETCS WX POCT MO HOpMe ¢ pocToMm t. B HeKoTOpBhIX paborax
TIPU PEIIeHNN 33144 YIIPABJIEHNs IPUMEHSIIOTCS IPOOHO—pAIMOHATIbHBIE
BEKTOP—(YHKINH, TO €CTh JIMHEHHbIe KOMONHAIINN CKATAPHBIX JIPOOHO—
PATMOHANBHBIX (PYHKIUI C BEKTOPHBIMU KOI(PDUITMEHTAMH.

Panee 6bu10 npemniozkeno dhopmuposanue z(t) u u(t) B Buge

I ™
x(t) = Z a; - cosjt+b; -sinjt, wu(t) = Z ¢j-cosjt+d;-sinjt (6)
j=1 j=1

JJIS TOCTPOEHUS TIEPUOINIECKUX TPACKTOPHIA.

OpHako, pererre TPaKTUYECKUX 337ad MOKA3BIBAET, 9TO HaubOJjee
«yZla4Hble> TPAEKTOPUM TOJydatorcs, eciau x(t) u u(t) dbopmupyorcs B
BHUJE JuHEHbIX KOMOnHauil HyHKIMI nx pasHbix KiaccoB. Hamnpumep,
€CJIN 9aCTh CJIAraeMbIX — IPOOHO—PAIMOHAIBHBIE (DYHKIINK C BEKTOPHBI-
Mu KodhduImenTaMu, a 4acThb — SKCIOHEHIINAIbHBIE.

Jlokj1a ] IOCBAIAETCST PACCMOTPEHUIO PA3JIMIHBIX BAPUAHTOB BUIOB
x(t) u u(t).

JIureparypa

1. Zubova C.II. Algorithm to solve linear multipoint problems
of control by the method of cascade decomposition / S.P. Zubova,
K.A. Raetskiy // Mathematical Biosciences and Engineering. — 2021. —
Vol. 18, Ne 6, — P. 7861-7876.
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OB OJTHOM KPAEBO! 3AJJAYE
JJId BBIPOXKJAIOIITETOCS YPABHEHU A
QJIININIITUYECKOT O TUITA
CO CIIEKTPAJIbHBIM ITAPAMETPOM
2K.M. Paxa6oB (Tamxkent, HYVY3)
jahongirrajabov19970507@gmail.com

B mannoit pabore nsyuaercs Kpaenast 3aada JJis BEIPOXKIAIONIEr0Cs
YPABHEHUS SJUTMIITHIECKOrO THITA CO CIEKTPAILHBIM TAPAMETPOM.
Paccmorpum ypasaeHue

YUy + Y Uz + oy — N2u=0, x>0, y>0 (1)

rie

1—
n>1,Tn<oz<1,)\€(fOO,+OO) (2)

IIycts Q — obmacts orpanuvenHas npu x > 0, y > 0 HOpMATbHOI
KpuBoit 0 : (x — %)2 + (nfl)z y"t = 1 ¢ xonmamm B rouxax O (0,0)n
A(1,0), a upu y = 0 orpeskomO A.

B o6nacru Q ayia ypashenus (1) ucciemyem caeayroniyio 3aaady.

Bagaua. Tpebyercsa naiitu dyukuuro u (z,y), obrasaoiyio ciery-

IOIMAMH CBOMCTBAMMU:

Du(z,y) € C(Q);

2) u(z,y) € C%2(Q)u ynosnersopsier ypasuenuio (1) B obmacru €

Yy
4) u(z,y) yooBIETBOPSET KPAEBBIM YCIOBUSM

u(z, y)l, = ¢(@,y), (2,y) €0,
a (x) uy(x,0) + b () u(z,0) = ¢ (z), a®(z) + b2(x) # 0, ¥z € [0,1],
saecs (2, y), a(z),b(z), c(z) — 3a1ammbe bYHKIIT, TPHIEM
p(z,y) =y oiz,y),  ei(a,y) € C@), >0, (3)
a(z),b(x), ¢ (z) € C (OA) N C2(0A). (4)

JlokazaHa CIeIylomas Teopema.

Teopema. Ecau evnoanenw, ycaosus (2)—(4), mo 6 obaacmu Q) cy-
wecmeyem eOUHCMEEHHOE PEWeHUe NOCMASACHHOT 30004,

HokazaresbcrBo TeopeMbl OCHOBaHbI Ha, Meroiuke pabor [1-2].

(© Paxabos 2K.M., 2023
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SAJAYA TUITA JUPNXJIE AJISd CUHTYJIAPHO
BOBMVYIIIEHHOTI'O YPABHEHWUS JIATIJIACA
C CMJIbHOM OCOBEHHOCTBIO
B MJIAAIITEM KO®PUITMEHTE
A.B. Pacynos (Mocksa, HIY M9I)
rasulzodad5@gmail.com

B  macrosmieit  pabore  anropuTM = METOIA  Peryaspu3aIun
C.A. JlomoBa [1] upumensiercsi Jid pellleHHs] CUHIYJIAPHO BO3MY-
EHHOr0 ypaBHenus Jlamnaca ¢ miammuM KO3MDOUIMEHTOM C CHJILHON
OCOOEHHOCTHIO B Hadaje KOOPAWHAT, KOTOPOE WCMOJb3YeTcs JJIst WC-
crmemoBanus Kpaeoit 3amaum Tuma Jwpwmxime. IlocramoBka 3amaqun
amanormana padoram 11.C. Jlomosa [2] m B.JI. Kauasnosa, rae BIepBbIE
MPUBOIATCA HEOOXOJUMBIE ¥ JOCTATOYHBIE YCJIOBHUS CYIECTBOBAHWS
AHAJIMTUYECKUX PEIIEHUN I CHHIYJISPHO BO3MYIIEHHBIX YPABHEHUI.
VpaBHEHUST B YACTHBIX MPOU3BOIHBIX C MAJIBIM MAPAMETPOM TIPU MPO-
U3BOJHBIX PACCMATPUBAINCH U Apyrumu asropamu (B.®.Byry30BbiM,
Hedenoseim  B.®.Cadonorbiv, A.A.Bo6omxkanosbiM) [3].  Oxaako
OHM pa3pabaTbIBAIA B OCHOBHOM AJITOPUTMBI MOCTPOEHUS ACHMIITO-
THYEeCKUX perreHuii . Bompockl mocTpoeHust CXOAANUXCS B OOBITHOM
CMbBICJIE TIPUOJIMZKEHHDBIX PELIEHUHl B HUX HE 3aTParuBajuch. B Ha-
crosimieil paboTe 3THM BOMPOCHI, B TOM dHCHIE 3ajada Tuna Jlupuxie,
BIIEPBbIE CTABATCS W PEIIAIOTCA C MOMOINBIO METOIa DeryJspu3amun
C.A. JlomoBa [jisi CHHTYJISIPHO BO3MYIIEHHOTO SJLIAINITHYECKOTO YpaB-
HEHHWs C CHJIbHOH OCOOEHHOCTBHIO B MaamuM Kodddurumenrte. s
HAIJISIHONO W KOMIIAKTHOIO W3JIOKEHUs WMCCIIEJIOBAHUE TIPOBOIUTCSH
B obnactn D = {z : |z] < R} crpanunneit I' = {z : |2 = R} u B
naspreiimeM Do = D\ 0.

Bosiee Touno, B crangapTHbIX 0003HadeHuAX 207 = Oy +i0,, 20, =
0,—10y, 403, = A c y4erom Toro, 4ro u = u; +ius B obsacru Dy pac-
CMOTPpUM CJIYIOIIee CUHTYJISPHO BO3MYIIEHHOEe ypaBHenue Jlarmiaca ¢

© Pacynos A.B., 2023
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MJTAQIIIAM KOI(MDPUIUEHTOM € CHIBHON 0COOEHHOCTHIO B HAYAIE KOOPIH-
HaT:

ez|2|" ! (uzz — buz) — au, + abu = 0, (1)

e € < 1 — Maurplii mapamerp, n > 1, a — AefiCTBUTeIbHAS TTOJIOKUTETb-
Hag TocTosiHHEAS, T.e. a € RT, u dynxmua b(z) € C(D) u anamurndna B
obnactu D.

Bamgaua D (3agaua Tuna Jdupuxie): natimu pewenue u(z,e) €
C(D)NC>(Dy) ypasnenusa (1), ydosaremeoparousee na xonmype I 2pa-
HUYHOMY YCAOBUIO

Reu(t) = go(t), t €T,

Re[(9, — b)u](t) = e~ 7 g(t), t €T, (2)
u(z;) =0, uz(z1)=0,5=0,1,

2de go(t), g(t) € C(T') — 3adannvie Pynkyuy, c— NOAOAHCUMENLHAA NO-
CMOAHHAA, 20, 21 — NPOU3EOALHBLE GUKCUPOSAHHBIE MoKy 0baacmu D.

B macrosimeit pabore enmHCTBEHHOE peleHne KpaeBoil 3amaqm D,
T.e.330a9u (2) Haiigeno ¢ nomobio Merona peryaspusanuu C.A. Jlomo-
Ba JJIf CHHTYJISPHO BO3MYIIEHHOrO ypasHenus Jlammaca (1) ¢ cuibHOI
OCOOEHHOCTBIO B MJTa/IieM KodghuiineHTe.
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2012. — 414 c.
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3AJAYUN TUIIA PUMAHA-TUJIBBEPTA OJId
YPABHEHUSA KOIMIN-PUMAHA C MJIAJITINM
KO9®PUIMMEHTOM MMEIOIIINM OCOBEHHOCTD
HA OKPY>XKHOCTU
A.B. Pacysos, }10.C. ®enopoB, A.M. CepreeBa
(Mocksa, HIY M9U)
rasulzodab5@gmail.com,fedorovUS@mpei.ru, HmelevsA M@mpei.ru

IIyctn 001acTh D COIEPIKUT TOYKY z = 0,
okpyxkHOCTh | = {2z : |z| = R}, orpaHWYeHa NPOCTHIM JISAMYHOB-
CKHM KOHTYpOM I, OpHEHTHPOBAHHBIM IPOTHB YAaCOBOH CTPEJIKH,
u Dy = D\ {l}. Kpome Toro, mjis CBS3HBIX KOMIIOHEHT OTKDPBITO-
ro muoxkecrsa Dy ucnosnbdyem obosmauenua Di = {z : |z| < R},
Dy =Dn{lz| > R}.

B orkpbrrom MHOKecTBe Do = D\ ({0} Ul) paccmorpnm ypaBHeHwe

Ju zap(2) " bo(2)
0z = |2(ll = R) 2™

= f(2), (1)

(1) voe dbyskimu ag, by HenpepbiBHLL 1 OorpanuydeHbl B Do u 0 < m < 1.

OrHOCHUTENTBHO TIPABOi YacTu f IpPEnoaraeM, 9T0 OHA TPUHAJIe-
xkur knacey LP(Go), p > 2, B kaxkzaoii nogobnacru Gy C Dy, nexaueit
BHE HEKOTOPOH OKPEeCTHOCTH TpaHuilbl dDg. 3mech u BCIOLY HUKE WC-
TIOIB3YIOTCA CTAHIAPTHBIE 0O03HaYeHNs 205=0, + 10,.

B macrosimeit padore s 06001eHHoM crcrembr Tuna Komu—PrMana
(1), koadbdurment KOTOPOit NPU U JOIMYCKAIOT 0COBEHHOCTH IEPBOIO T10-
psAAKA HA OKPYXKHOCTH [, UCCIEAyeM KPaeByio 33/ady, 00beIuHSIONY 0
asieMeHThI 3371a9 Pumana— winbepra Ha [ n tuHEiHOTO conpsizKeHus Ha
1 [2],[3]-

Paccmorpum ypasuenus (1) ¢ by = 0, ¢ koaddurpenrom

AsZ

A= e m

+ Ao(z), a.=-const e C, Ay(z) € LP(D),p > 2.
IIpu mocTpoernn obmero permenus ypasuenus (1) m ero onmcanus Cy-
LIECTBEHHYIO POJIb UI'paer uHrerpasibublii oneparop 11.H. Bekya [1]:

L1 f(Qd

™ JD C—Z

)

(THz) =

¢ uorHoctwio f € LP(D), p > 2. Bnech n HIKe do( O3HAYAET IJIEMEHT
TLJTOIIATH .

© Pacynos A.B.,®egopos 10.C.,Cepreesa A.M., 2023
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Cuenytomuil pe3ynbTar, ONMUCHIBAET OJHO M3 TAKMX PeleHuil ypas-
wenust 2; = A, Ha OCHOBE KOTOPOTO MOCTPOWTCS PEIIEHUST YPABHEHUST
(1).

Jemma 1. ITpu ag € C(D) u by = 0 0dnum us pewenuti ypasHenus
Qs = A 6 muooicecmee Dy cayorcum @yrxyus

Q(z) =2a+In||z| — R| + (T'Ao)(2), =z € Dy. (2)

Teopema 1. ITycmo dynryua Q(2) umeem eud (2) u e *f € LP(D).
Tozda obwee pewenue ypasnenus (1) c by = 0, 6 xaacce C(D\l) daemca
Ppopmyrot

u=e?lp+T(e f),

2de ¢ € C(D\l) — npou3eoavnas aHAAUMUNECKAA GYNKUUA 6 OMKDDL-
mom mmuoorcecmse D\{l}).

Bagaua R. Hatimu peeyaaproe pewenue u ypasrenus (1) ¢ Koogd-
puyuenmom by = 0 6 xaacce

e Yue H(D;), j=1,2,
no Kpaeswvim YCcAo8UAM
Re G(t)u|F =g(t), teT; (4)

(e )" (t) = Ga(t) (e Pu)~ (t) = u(1), tel, (B)

20e 3HAKU + U — YKA3BLBAI0M HA 2DAHUNHBIE 3HAYEHUA CO CMOPOHs, Dy
u D2.

9Ty 3a7ady paccMaTpWBaeM TpH CIEAYIOMNX TPeOOBAHWSX Ha, ee
JTaHHBIE:

1) e=2f € LP(D);

2) kosbbummentsr G(t) € H(T'), G1(t) € H(l) u BCIOLY OTIHYHBI OT
uysst, upudem In Gy € H(1);

3) upasble gactu Kpaesbix ycaosuit g(t) € H(T), ¢1(t) € H(I).

B pabore momydeno sisHOe perrerusi COOPMYIMPOBAHHON 33,/1a4H.

JIureparypa

1. Bekya W.H. O6oOmenuble anangntudeckue GyHKunm. |/
N.H. Bekya // M. : Hayka. — 1988. — 510 c.

2. Mycxemumpuiau H.M. Cunrysnspuble uaTerpajibible ypaBHeHus /
H.J. Mycxemumsunun // M. : Hayka. — 1968. — 511 c.

3. Conmaror A.Il. OHOMEpHBIE CHHTYISIPHBIE OTIEPATOPHI U KPAEBbIe
sagaun teopun byukumii. / A.Il. Conmaros // M. : U3n—Bo Beicuias
mkosa. — 1991. — 206 c.
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SAJAYA PUMAHA-TUJIBBEPTA AJ1d YPABHEHU A
KOIIIN-PUMAHA C CUJIBHBIMUN OCOBEHHOCTAMMN
B MJIAAIIINX KOPPUIITNEHTAX B OBJIACTI
C KYCOYUHO-TJIAIKVMU TPAHUITAMUN
A.B. Pacynos, H.B. dkuBunk (Mocksa, HUY M)
rasulzodad5@Qgmail.com, YakivchikNV@mpei.ru

Henpio HacTosmeil paboThl SIBJISIETCS TOCTPOEHNE OOIIEro pPerieHust
ypasuenus Komu-Pumana ¢ cuibHBIME OCOOEHHOCTSMY B MJTAIIIIAX KO-
a¢pdurmenTax B 00aCTH C KyCOTHO-TIAIKAME IPAHUIIAMHI, KOTOPOE UC-
[OJIb3YeTCs JIJisi IPABUILHON OCTAHOBKH U MCCJIEJOBAHUS KPAEBbIX 3a-
nad Pumana—T'unnbepra u 3a1a9u JTUHEHHOTO COMPSIXKEHUST B 00JIACTIX
€ KyCOYHO-TJIQJIKUMU TDAHUIIAMH.

Ilycts ommocBsizHAasi obsacTs [ OrpaHwdeHa MPOCTHIM KYCOYHO—
TJIAJKUM JISITYHOBCKUM KOHTYPOM [, COCTABIIEHHBIM W3 DIAJKUX JIyT
I',Ts,..., T}, 1 OpHEeHTHPOBAHHBIM IIPOTHUB YACOBOH cTpesku. MHoKe-
CTBO KOHIIOB ITHUX JyT, KOTOPOE COCTOMT U3 1M PA3JINIHBIX TOYEK T,
j = 1, m, obo3zmaunm uepes F. IIpu mocrarouno MamoMm 7 > ) mepecede-
uue S; = DN{|z—7| < r} npexacrasiser coboii KPUBOIHHEHHBIIT CEKTOD
pactBopa mar, 0 < . < 2 ¢ BepmuHOi T € F' 1 OOKOBBIMU CTOPOHAMU,
KoTOpbie 0bo3HaunM [';19. 3HAKK 37€Ch BBIOMPAIOTCI TAK, YTO OTHOCH-
TEJIbHO OpUeHTanuu, onpeiensemoin kourypom I ayra I'; o BeIxOAuT 13
TOYKY T, a ayra [';_o BXOOUT B Hee.

Mycrs dyukmus G € C(T \ F) kycouno-uenpepbiBHa Ha I, T.e. cy-
mecTByIOT oxHocroponnue npeaenbl G(7+0) dynkuuu G(t) npu t — T,
t € I's19 B Toukax 7 € F. Ilpenmosaraercsi, 910 3T1a QPyHKIUS BCIOLY
OTJMYHA OT HyJlsl, BKJIIOUYas ee npejesbibie 3uadenusd G(7 £ 0).

Knaccuueckas 3amaa Pumana-Tuns6epra [1] cOCTOUT B OTBICKAHNH
anamutudeckoit B D dyukiuu ¢ € C(D \ F) 110 KpaeBoMy YCIOBUIO

ReGy™ = f, (1)

rje ¢ o3Hauaer rpaHMYHOE 3HaYeHue o Ha I
st 33/TaAHHOTO0 MHOYKECTBA YIJIOBBIX TOYeK T € F' 910 pemrenune moi-
YUHSAETCS TOBEJEHUIO

o(z) =0(1) npu z—T. (2)

Bagaua (1) xopowo uzydena B monorpacduu H.J. Mycxenuumsuin
([1], c. 133, 260) kak B mpocTpancTBax [81baepa, Tak U B BECOBBIX TENIb-
JIEPOBBIX MPOCTPAHCTBAX (DYHKIWHA, OTPAHUIEHHBIX B OKPECTHOCTH TOYEK
7 € F unm 10omycKaomux B HIX OCOGEHHOCTH MOPSA/IKA MEHBIIE €MHUIBL.

© Pacynos A.B., dxusunk H.B., 2023
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Knaccuueckas 3anaua Pumana—Tunbbepra (1) u 3amava suneitnoro
COTIPSTZKEHUsI B OMHOCBSI3HON 00JACTH, OTPAHUIEHHON KyCOYHO-TIQ KM
KOHTYPOM, BO BCeil IKajie BECOBBIX MPOCTPAHCTB Lé/blepa u3ydeHa B
pabore A.IIl. Commaroa u E.C. Memepsikosoit [2]. Knaccuueckas 3a-
Jada JuHeiHOro conpsikenns (cM. [1], c¢. 146-163) nyist aHATHTHYECKHX
byHKIHE HA KyCOYHO-TJIQAKON KPHUBOH BO BCEil IIKaje€ BECOBBIX IIPO-
crpanct [énpaepa uccnenosana B paborax A.Il. Conparosa u I.H. Age-
pbsiHOBa (cM., Hampumep, [3]), a TakyKe MoJydeHa sIBHAS CTEMEHHO—
JiorapuMudecKast aCUMITOTHKA, PEIeHusl 9TOi 3a1a49u B YIJIOBBIX TOY-
KaxX KPUBOH B MPEJIONOKEHAN, 9TO AHAJTOTHIHYI0 ACUMITOTHKY JOMYC-
KAaeT mpaBasi 9acTh 3a/a49u.

Paccmorpum B obmactu D \ {0, F} obobmientoe ypasuenune Kormi—
Pumana

Ozu —a(z)u = f(z) (3)
¢ KoaddunuerTamu
Ag z
a(z) :a0(2)+ |Z|1'OL+17 (4)

rae ag € LP(G), p > 2, Ag € C, n > 1, a byHkumsa f NpuHALIEKNAT
kiaccy Li (D,0), r.e. LP(D.) nas mo6oro € > 0, rae D, = DN{|z| > ¢,
|z — 7| > ¢, j=1,m}.

B nacrosmeit pabore HaliIeHO WHTErPAIbHOE MPEICTABICHNAE Pelle-
Hus ypaBuenus (3) B BbleyKazanHO# obiacru D ¢ KyCOUHO-TUIAKUMU
IPAHUIIAMHU ¥ UCCIeI0BaHa 3aa4a Tuna Pumana—Tunnbepra (1) B Ki1ac-
ce dyHKIUiA, yI0BIETBOPAIOIIUX YCJIOBUIO OrpaHUYeHHOCTH (2) Ipu 2 —
TekF.

JIureparypa

1. Mycxenumsuiu H.W. Cunrynsphbie unTerpaibHble ypaBHeHus |
H.. Mycxemumsunau. — M. : Hayka, 1968. — 511 c.

2. MermmepsikoBa E.C. Bamaga Pumama-I'minbepra B cemeiicTBe Be-
cosbix npocrpancts [énpaepa / E.C. Memepskosa, A.II. Congaros //
Hudd. ypasuenus. — 2016. — T. 52, Ne 4. — C. 518—527.

3. Asepnanos ['H. Acumnrorrka permenuii 3a0a4u JINHEHHOTO COMpsi-
JKEHHUs1 B yrJIOBbIX Toukax Kpusoii // I H. Apepbsuos, A.Il. Congaros //
Hudd. ypasmenua. — 2016. — T. 52, Ne 9. — C. 1150-1159.
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NCCJIEAOBAHUE BOJIBTEPPOBBIX
NHTETPO-IN®PEPEHIINAJIBHBIX YPABHEHU
METOJAMM TEOPUMA IIOJIVIPYIIIT!
H.A. Payrnaun
(Mocksa, MT'Y umenu M.B.JIomonocosa,
Mockosckuit Henrp dbyHnmamenTanbHOR U IPUKIAIHON MATEMATHKY )
nrautian@mail.Tu

Pabora mocBsmieHa  UCCIEIOBAHUIO  BOJBTEPPOBBIX  HUHTEIPO—
g depeHnuanTbHbIX YPABHEHUHI ¢ OMEePATOPHBIMEA KO3 PUITHEHTAMA B
rUIBEOEPTOBBIX IPOCTPAHCTBAX. [JIaBHASA 9aCTh PACCMATPUBAEMbIX YPaB-
HEHHl mpecTaBiser coboi abCTpakTHOE IUIepOOJIMIECKOe yYpaBHEHHE,
BO3MYIIIEHHOE CJIATAEMBIMU, COIEPKAIIUMY BOJIHTEPPOBHI HHTErPAJTHHBIE
OTepaTOPHI. Y Ka3aHHBIE WHTErpO—auddepeHInaIbHble YPABHEHUST MO-
ryT OBITh peaJM30BaHbI, KAK MHTErPO—audPepeHInaJIbHble yPABHEHUS
B YACTHBIX MPOU3BOJHBIX, BO3HUKAIOIINE B TEOPUU BI3KOYIIPYTOCTH,
TEOPHUH PACIHPOCTPAHEHUS TeILla B CPEJAX C IMaMAThb U UMEIOIIne Psif
JPYTUX BAYKHBIX MPUJIOXKEHUIA.

15t TIMpOKOTo KJacca siIep MHTErpabHBIX OTIePATOPOB yCTAHOBIIE-
HBI PE3YJIbTATHI O CYIIECTBOBAHUN W €JUHCTBEHHOCTH KJIACCUIECKUX Pe-
[MeHnd yKA3aHHBIX yPABHEHWI, MOJyYeHHbIE HA OCHOBE IMOJIXO/A, CBs-
3aHHOIO C TPUMEHEHHEM TEeOpHH MOJyrpymn omneparopos. IIpoBomut-
Csl CIEKTPAJIbHBIA AHAJIU3 DEHEPATOPOB MOJIyIPYII OIEPATOPOB, MO-
POXKIAEMBIX YKA3aHHBIMU WHTErPO—Iu(HEPEHITHATBHBIMA  YPABHEHN-
avu. Ha OCHOBE MMOJIy9e€HHBIX paHee pPe3yJIbTaTOB, yCTaHABIMBAETCS
CBA3b MEXK/Iy CIEKTPAMHU OMepaTop—(yHKIINN, SABIAIOMINXCSA CAMBOJIA-
MU yKa3aHHBIX WHTErpo—audHepeHuaabHbIX YPABHEHUI U CIIEKTPa-
MU [EHepaTOpPOB MOJyTPYHI omeparopoB. Ha ocHOBe cCHekTpaabHO-
TO aHajn3a TeHepaTOpPOB TOJYTPYTI OTMEPATOPOB W COOTBETCTBYIOIINX
ornepaTop—hyHKIWI Oy YEHbI TPEJICTABICHUsT PEIIEHI PACCMATPUBA-
eMbIX HHTerpo—nuddepeHnuaIbHbIX ypasaenuii (cM. [1]-[4]).

JIutepatypa
1. Bnaco B.B. Ilpumenenwe Teopum TOJYTPYNI K HUCCIETO-
BaHWIO BOJIBTEPPOBBIX HHTErpo—aubdepeHuaIbHbIX ypaBHEHHH /
B.B. Baacos, H.A. Payruan // Huddepennuanbubie ypaBHeHus. —
2022 — T. 58, Ne 4. — C. 568-572.

1 PaBora BeimomHeHa Ipu GPHHAHCOBOH moxgepxEe MOCKOBCKOTO I€HTPa QPyHIa-
MEHTAJBbHOU U MPUKJIAJHON MaTeMaTHKH
(© Payruan H.A., 2023
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2. Payruan H.A. DkcrnoneHnuaabHasi yCTOWYUBOCTD HOTYTPYIIIL, HO-
POKIAEMBIX BOJBTEPPOBBIMU HHTErPO—IUM(EPEHIIHATLHBIMA  yPaBHE-
ausavn / H.A. Paytwan // Ydumcknii MareMarnueckuii »KypHaja. —
2021. — T. 13, Ne 4. — C. 65-81.

3. Rautian N.A. On the properties of semigroups generated by
Volterra integro—differential equations with kernels representable by
Stieltjes integrals / N.A. Rautian // Differential Equations. — 2021. —
V. 57, No. 9. — P. 1231-1248.

4. Payrnan H.A. Tlonyrpymnmsl, IOpoxKaaeMmble BOJbTEPPOBLIMU
unrerpo—uuddepentpanbubivu ypasuenusivmu [ H.A. Payruan // dud-
depennuanpubie ypasaeruns. — 2020. — T. 56, Ne 9. — C. 1226-1244.

O PACIIPEAEJIEHUN COBCTBEHHBIX YN CEJI
SAOEPHBIX OITEPATOPOB
O.U. Peiinos (Caunkr—IlerepGypr, CIIGIY)
oreind1@mail.Tu

IMoka3sbiBaeTCst, KAK HEKOTOPHIE HOBBIE PE3YJIBTATHI B TEOPUU JETEP-
MUHAHTOB W CJEIOB MOTYT OBITH MPHMEHEHBI JJIS TOJy9IeHUS HOBBIX
TEOPEM O PACIPEJE/IEHUN COOCTBEHHBIX YHCE/I sIJIEPHBIX OIEpPaTOPOB B
GaHAXOBBIX MPOCTPAHCTBAX W O COBNAJECHUN CIEKTPATBHBIX W SIEPHBIX
CJIEJIOB TAKUX OIEPATOPOB. B KayecTBe NpUMEPOB PACCMATPUBAIOTCS HO-
BbIe KJIACCHI OMEPATOPOB — O00OOIIEHHBIE AepHbIe OmepaTophl Jlampecre
(Laprest? e).

1. Ms1 Oyzem paccMarpuBaTh ODAHAXOBBI mpocTpamcTBa X,Y u 060-
3HaYaTh 4Yepe3 1 TOXKJIECTBEHHBIA Oneparop Ha 0AHAXOBOM NPOCTPAH-
cre. g komeunomeproro omeparopa 1' B X depes trace T' obo3Haxa-
ercst cen oneparopa T, a gepes det (1 —T) — meTepMHHAHT OrMepaTopa
1-T:det (1-T) = [[;(1—p;), rae (u;) — nomsbtit HAGOP COGCTBEHHDIX
gucen oneparopa T. B aTom cinyuae, ecrectBenno, nmeem trace—hopmymy
trace T'= ), ;.

2. JleTtepMUHAHT U CJE].

IIpennoxkenne 1. ITyems A — K6A3U—HOPMUPOBAHHBLT ONEPAMOP-
Hovll udeas, X — 6aHATO60 NPOCMPAHCME0, 0% KOMOPOZO MHONCECTNEO
KOHEYHOMEPHBLT ONePamopos naomuo 6 npocmpancmee A(X).

1). IIpednoaosicum, wmo cmandapmmsil Gyrryuonan trace oeparu-
wen (no xeazu—nopme u3 A(X)) na nodnpocmpancmee 6cex Koneurnomep-
oz onepamopos u3 A(X) (u, maxum ob6pazom, modscem bvimov npodoa-
otcen do nenpepuienozo caeda na éce npocmpancmeo A(X)). Toeda coom-

© Peitnos O.11., 2023
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6eMCeMEYUWUT 0eMePMUHGHT PABHOMEPHO Henpepbieen (no A—Keasu—
HOpME) HG HeKoOmopom A—wape nodnpocmpaHcmes 6Cex KOHEUHOMED-
nox onepamopos uz A(X). Boaee mozo, cyuecmeyrom makue nocmo-
annvie 7 € (0,1) u ¢ > 0, wmo das wonewnomeprnoxr T,U € A(X), ecau
IT||la <7ruwl||U|ja<r,mo|det(1—-T)—det(1—-U)<cl||T—Ul|a.

2). Ipednoaootcum, wmo cmandapmuodi gynryuonan det (1 + u) do-
NYCKAEM HENPEPHLEHOE NPOJOAHCEHUE ¢ NOINPOCNPAHCNEA BCET KOHEY-
nomepunz onepamopos u3 A(X) na ece A(X) (no xeasu—mopme u3
A(X)). Tozda coomsemcmeyrowul Pynkyuonan trace ozpanuyven (no
A-K6a3u-nopme) Ha NOINPOCMPAHCIMBE 6CET KOHEUHOMEPHBIL ONEPATO-
pos us A(X) u, maxum 06pasom, npodosdCAemes No HENPEPLIEHOCTIU
(eduncmeennvim cnocobom) na ece A(X).

3. Cmekrpaspubiii Tun u dopmyna ciaena. llycte o — kBa3mHODP-
Ma Ha ceMefiCTBe BCeX MPOEKTHBHBIX TEH30PHBIX Mpon3seieHnii X XY,
JIJIsT KOTOPOH JOIMYCKAIOTCA 3HAMEHUSA +00, U TaKas, 9TO s Beex OaHa-
x0BbIX npocrpancts X,Y nomupocrpancrsa X ®@aY 3J€MEHTOB KOHed-
HO# KBa3WHOPMBI (v TPOCTPAHCTB X @Y MOJIHbI O KBA3WHOPME (v, IPH-
gem (X ® Y)a = X®,Y u roxmecrBenHoe Biaoxenue X®,Y — X®Y
HenpepwiBHO. [ToTpebyeM Tak:ke, 9TOOBI BOSHUKAIONIIIT HIXKE 00BKT N,
OBbLTT KBA3MHOPMHUPOBAHBIM OIEPATOPHBIM maeaaoM. Mbl roBopuM, 910 X
obuianaer cpoiicrom (amupoxcumanuu) AP, eciu juis soboro Y ecre-
CTBEHHOE OTOOPAIKEHNE jo : Y* R0 X — L(Y, X) B3aNMHO OIHO3HAYHO.

st mpomM3BOIBHBIX OAHAXOBBIX IpocTpaHcTB X, Y o0o3HaYuUM de-
pe3 No(X,Y) obpas orobpawenus j, B L(X,Y), re. No(X,Y) =
Ja(X*®,Y) C L(X,Y). Oneparopsr u3 N, (X,Y) Gyaem nazwmars o
adeprovimu. TIpocrpanctso N, (X,Y), cHabKeHHOe eCTeCTBEHHO! KBa3u-
HOPMOii TIpu (PAKTOPOTOOPAIKEHUN Jo, ABISIETCSI KBA3MOAHAXOBBIM IIPO-
crpancrBoM. MubiMu cioBamu, N, €CTh KBa3nbOAHAXOB ONEPATOPHBIM
unean. B caydae, Korma mpocTpaHcTBO Y obiagaer ¢cBOCTBOM AP, , MbI
oroxaectsisieM No(X,Y) ¢ Tem3opubM mponssegerueM X *®, Y.

B kagecTBe mpuMepa BBEIEM B pACCMOTPEHUE HOBBIN KJIACC AIEPHBIX
OTIepaTOPOB.

Onpepesienne 1. Oneparop T : X — Y wHazwBaercs ((r,s),p,q)—
Adeprovim onepamopom (uau 0OOOIIEHHBIM OrnepaTopoM Jldmpecte), ec-
mu o npeacrasuM B Bune T(z) = Y oo Mexh(z)yr o z € X, rae
0 <nrs<1,1<pqg< oo, (M) € s (mpocrpancrso Jloperna),
(yr) € L4e**(Y), mre. uns Besikoro y' € Y* pan Y Iy (yx) [P exomures
u (z},) € 1Y°*F(X*). Ipocrpanctso N, ) »q(X,Y), cnabmennoe ecre-
CTBEHHOI KBa3MHOPMO# (COOTBETCTBYIONMI WHGMUMYM), ABJIAETCI KBa-
3nbanaxoBbiM. COOTBETCTBYIOIIME TEH30PHBIE MPOM3BEICHUS BBOIATCS
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10 aHajoruu (Kak JMHeHHbIe HOAIPOCTPAHCTBA B IIPOEKTUBHBIX TEH30D-
HBIX TPOU3BEIEHNSIX).

Huzke MBI paccMOTPUM JIMIND CJIy4aii, KOTJIa ¢ = 00, U 0DO3HAYUM
Nir.5),p,00 1€pe3 N(;. 5y p. OOmmit ciyuait mogBuTCA B IOAPOOHO CTAThHE.

Teopema 1. Ilycmv 1 < p < 00, & — Kak ewwe; F — HeKkomo-
poe cemelicmeo GaHATOBVT NPOCMPAHCME, 3AMKHYMOE OMHOCUMEALHO
83amua cuemuus l,—cymm. Ecau das aobozo npocmpancmea X € F
npocmpancmeo No(X) umeem cnexmpasvuod mun L, 2de t,u > 0,
mo cywecmeyem maxas nocmosunas C > 0, wmo das 6caxozo X € F u
dns mobozo onepamopa T € No(X) |[{p(T)}Hi,.. < C||T||n, (30ecw
{p(T)} — noanwd nabop cobemeennur snavernut onepamopa T). B
wacmuocmu, ecau t = u = 1 u kaocdoe uz npocmpancme X € F 0b-
aadaem ceoticmeom AP,, mo mo daa ecarxozo X € F u das 1100020
onepamopa T € N, (X) ezo adepuwii caed trace T enoane onpedesen u
coenadaem ¢ ezo cnexkmpanvrbim caedom, m.e. trace T =37 | g (T).

4. Ilpumepnl MpUMEHEHUS.

Ipennoxenue 3. Fcau 1 < p < 2,1/r = 1/p+ 1/2, mo ecaxoe
banazroso npocmparcmeo obaadaem ceoticmeom AP, 1) ,. Ecau, xpome
mozo, 0 < s < 1, mo udean N, ), umeem cnexkmparvholt mun I ).

Ocraercst iepenucaTh yTBEPIKICHHE TeOPEMbI 1 It 9TONH CUTYaIUN:

Teopema 2. ITyemv» 0 < r < 1,1/r = 1/p+1/2 u0 < s < 1.
Cywecmeyem maxas nocmoaumnas C > 0, wmo das 6carxozo bana-
zosa mpocmpancmes X u das awbozo onepamopa T € N(T’S),p(X)
I{ue (T, . < ClT N, (30ect {ux(T)} — noawwi nabop cob-
cmeennus snavenut onepamopa T). B wacmuocmu, noansil nabop co6-
cmeennunr 3navenut onepamopa T abcoatommo cymmupyem, e2o adep-
Howli caed trace T enoane onpedeser u coenadaem ¢ €20 CNEKMPANLHbIM
caedom.

YHacTabre cydan TeopeMbl A71A Ny o), (4719 GOpMyIIB! crea):

a) r=1,s=1,p=2:B.B. Jlugckuii (1959), A. Piesch (1980).

b) r=2/3,s=2/3,p=1: A. Grothendieck (1955).

c) r=2/3,s=1,p=1: A. Hinrichs & A. Pietsch (2010) u, He3aBn-
cumo, O. Reinov (2016).

d) 0<r<1l,s=r1/r=1/241/p: O. Reinov & Q. Latif (2013).

Teopema 2 coemunger B omuol mkame N, 1), ONEPATOPOB TaCTHBIE
CJlydau C) u a).

Bce pesynbrarst, npusejienubie J0 Teopembl 2 00 N, g) p, To4HbL Teo-
pema 2 TOUHA JjIs CaIydaes, Korga r = s. s r # s mpobieMa BOSHUKAET
ye B qacTHOM ciay4ae N(z/31)1- Bor mpobnema us crarbu A. Hinrichs
& A. Pietsch (2010) B narmeii GbopMyIHPOBKE: BEPHO JM 9YTO B IITKAJE
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npocrpancTs Jlopenna [, s pe3ynbrar «a1060e 6GHAT060 NPOCMPAHCMEO
obaadaem ceoticmeom APF(3/3 1y,1> €CTh HamTydImuii pe3yrpraT?

KBAHTOBAMA SIMA C 3APIAJIAMU HA CTEHKAX
C.IT1. PexBuammBuau, A.B. Ilcxy
(Haspuuk, ITIMA KBHIT PAH)
rsergo@mail.Tu, pskhu@list.ru

JIoK a1, TIOCBSIIIEH PEIIeHuI0 330a<du 00 3IeKTPOHEe B OJHOMEPHOIt
KBAHTOBOH siM€ C HEIPOHUIIAEMBIMU CTEHKAMHU, HA KOTOPBIX COCPEIOTO-
YEHBI HEIO/[BUKHBIE MMOJIOZKUTEJIbHDBIE 3apsi/ibl. PaccMarpuBaercs ciery-
IOITast CIIeKTPAaIbHASA 3312494,

a2 §
e e | UL RS URUI
2mFEa? 2
S T

roe h — mocrosiuuas [lmamka, ag — OOpPOBCKMI pamuyc, a — IIUPUHA
KBaHTOBOMN sIMBI, ¢ = 1(y) — BosHOBasi byHKIMs, y — Ge3pasMepHast
(oTHECEHHAs K @) KOODJAMHATA 3JIEKTPOHA, F — 9HEPrus 3JeKTPOHA.

Haiinersr BoHOBBIE DYHKIUN U CIIEKTP SHEPTUU DTEKTPOHA 3aTa4N
(1). [TokazaHo, 4TO HEPIUsi MOKET UMETH M OTPULIATEIbHbIE, M [OJI0K K-
TeJIbHbIC 3HAY€HNA B 3aBUCUMOCTH OT IIUPUHDBI KBAHTOBOH AMbI, KOTOpad
KOHTPOJIUPYET PEKUMBI CJTA00r0 U CHJIBHOTO KOH(bailinMmenTa. B pexxnme
cnaboro koHdaiinMenTa (¢ > ap) dHEPrus JEKTPOHA OTPULATESIBHA,
9TO AHAJOTHYHO ATOMY BOJOPOIA WK SKCUTOHY Bannbe—MorTa u 03HA-
qaeT CBA3AHHOE COCTOSHEE 3apAnoB. B pekuMe CHIBHOTO KOH(pAKHMEH-
Ta (@ < ap) BO3pACTAET HEONPENENEHHOCTh UMITYJIbCA JIEKTPOHA, 9TO
TIPUBOJUT K BO3PACTAHUIO €r0 KWHETWUeCKo# 3nepruu. [losromy smep-
THUsl SJIEKTPOHA MPUOOPETAET MOJOKUTETLHBIN 3HAK.

DHeprus 3JIeKTPOHA PABHA HYJIIO, €CIu a, = aply,, tne T, = 1,3,6...
— TPEyroJbHbIE YHCJIA. DTO YKA3BIBAET HA BO3MOMKHOCTH CYIIECTBOBA-
HUA CBEPXIIPOBOANMOCTH B KBAHTOBBIX AMaX C 3apddaMi, 9TO KOCBEHHO
TOITBEPKIAETCS HAPUIECKOM 3aBUCUMOCTHIO TEMTIEPATYPBI CBEPXIIPOBO-
JISAIIErO Tepexo/ia B THIPUIAX CO CIOXKHON CTPYKTYpOii [1].

JIureparypa

1. Drozdov A.P. Conventional superconductivity at 203 kelvin at high

pressures in the sulfur hydride system / A.P. Drozdov, M.I. Eremets,

© Pexsuamsuuun C.II. Ilcxy A.B., 2023
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I.A. Troyan, V. Ksenofontov, S.I. Shylin // Nature. — 2015. — V. 525. —
P. 73-76.

VMHTEPIIOJIAIINOHHBIE ITOCJIEAJOBATE/IBHOCTN
IIJIOCKUX KJIACCOB IIPUBAJIOBA
E.l'. PogukoBa (Bpsuck, BI'Y umenu akan. I1.I. Ilerposckoro)
evheny@yandex.ru

IIycts C — koMmIekcHasi MIOCKOCTh, DD — emuuugHbiil Kpyr Ha C,
H(D) — mHOXKeCTBO BceX (DYHKIUI, aHATUTHIECKUX B D, Z; — MHO-
JKECTBO BCex KOpHeil nerpusuasibhoil byukuuu f € H(D). dua noboro
B > —1 oboznauum g (z, ) 6eckoneunoe npoussenenue M. M. Txp-
Gawsina ¢ nyaamu {ax} C D 6e3 k—ro daxropa (cum. [1]).

IIpm Bcex 0 < ¢ < 400 BBEIEM B PACCMOTPEHNUE KJIACC

1 =«
,=1{ fecHD): // (In* |f(rei9)|)qd9dr < 400
0 —m

Bynem mazsBaTh ero mnockum kiaccom I1.U. IIpuBanora. Kmace ﬁq AB-
JIIeTCss 000OIIEeHneM XOPOIIO W3BECTHOTO MJIOCKOTo Kiacca P. Hepamanm-
Hbl U npu ¢ = 1 coBuagaer ¢ uum (cMm. [2]). OTmerum, 4To npoCTpaH-
CTBa I:Iq BO3HUKAIOT €CTECTBEHHBIM OOPA30M IIPH HCCIIEA0BAHUE BOITPOCOB
nuddepennuposanus B kiaaccax U.U. IIpusasosa (cm. [5]).

B pabore wuccieayioTcss WHTEPTIOJSAINOHHBIE TOCIEIOBATEIHLHOCTH
KJIaCCOB ﬁq mpu Bcex 0 < ¢ < 1. Chopmynupyem 33739y WHTEPIOJIS-
MY HAa MHOXKECTBE IIPOCTBIX y3JIOB B KJIACCE 1:Iq: nycrb {a;}° C D u
{wy}5° C C; mpu kakux ycnoBusix Ha {oy} u {wy} MOKHO HOCTPOHUTE B
ABHOM Bume GyHKIHUIO f € ﬁq, TaKyIO ITO

f(ak) = Wk, k= 1,2,...? (1)

CrpaBeIuBLI CIEAYIONNE YTEEPIK ICHUST
Teopema 1. [3] ITycmv {ay} C D, n(r) = card{ay, : |og| <7 < 1},
0<g<1. Ecru {ar} = Z5 das nexomopoti f € Il,, mo

—+oo

D (1= |ag])¥? < +oo.

k=1

© Pogmumkosa E.I'., 2023
344



Obpamuo, ecau mouku nocaedosamenvrocmu {ay} pacnoaosicens 8 xo-
1

newnom wucae yzaos IImoavya u [(1—r)ni(r)dr < 400, mo natidémes
0

Ppynrkyus f € I:Iq, makas wmo Zy = {oy}.
Teopema 2. ITycms 0 < ¢ < 1, {ax} C D nazodumca 6 xoneurom
wucae yanoe Llmoavua. Ecau

1. [(1=r)ni(r)dr < +o0;

okn—t

—u(k)

2. |mpx(ar, )| = exp =,
(I—-|akl) e

2de 3 > % =2, u(k) >0, u(k) = o(1), k — 400, mo das 4060 nocae-
dosameavnocmu {wy}, maxod wmo

In™ |wg| =0 ((1 — |ak|)_2/q> , k— +oo,

MOHCHO nocmpoums Pynryuto f € ﬁq, ABAAOULYIOCA Peweruem 3a0a-
wu (1).

OTMmernM, 9TO 33/1a9a WHTEPIIOIAIINE HA MHOXKecTBax Kapiecona B
iockux Kjaccax IlpusasioBa pemasach B pabore asropa [4].

JIureparypa

1. Txpb6amsaa M.M. K mpobiieme npeacTaBUMOCTH aHATHTHYIECKIX
dyukuuit / M. M. Txpbamsu // Coobur. ncruryra MmareMm. u Mexanu-
ku AH Apm. CCP. — 1948. — T. 2. — C. 3-40.

2. Hepannmuna P. OpHosHaunble aHasgwrTndeckwe byHKunm /
P. Hesanmuuna — M.—JI.: TUTTJI, 1941. — 388 c.

3. PomukoBa E.I. O cBoiicTBax KOpPHEBBIX MHOXKECTB (DYHKITHI U3
wrocknx Kiaaccos 1I.U. Ilpusanosa / E.I'. Ponukosa // ¥Ydbumckas ocen-
Hesd MaremMarudeckas mikosa — 2021: mar. MexayHap. HaydH. KOHD.. —
Yéa, 2021. — C. 158-160.

4. Poamkosa E.I. O6 mnrepmossiiinn Ha MHOXKecTBax KapJjecona B
mwrocknx knaccax V.1 Ilpusasnosa B kpyre / E.I. Porukosa // Yd4eHble
3anucku BpsHckoro rocymapcrBenHoro yumsepcurera. — 2022, — Ne 4
(28). — C. 13-15.

5. Rodikova E.G., Shamoyan F.A. On the differentiation in the
Privalov classes // 2Kypu. Cub. den. yu-ra. Cepust Mmarem. u puz. —
2020. — T. 13(5). — C. 622-630.
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JIOTAPUOMUYECKUE CIIUPAJIN
B BAJTAYAX OIITUMAJIBHOTO YIIPABJIEHU A
C ABYMEPHBIM YIIPABJIEHUEM
M.N. Pouxuna, JI.A. Manura (Mocksa, PI'VHI;
Mocksa, HanmonanbHbBIH HCCIEI0BATEbCKUN YHUBEPCUTET
«Bbicinas 1mKosa 5KOHOMUKM» )
ronzhina.m@gubkin.ru, lmanita@hse.ru

lamuapronosa cucrema npuaiuna Makcumyma [lonTpsaruna

OH oOH
7 = — ) - — 1
i=%, P R (1)

U 33749 ONTUMAJIBHOTO yrpasienus, ah@dUHHBIX MO IBYMEPHOMY
yupasienuio u = (u1,uz), AMEET raMUIBTOHUAH BUJIA

rae q(t) € R, p(t) € (R™)*. YnpapieHne BHIONPAETCS W3 YCIOBUS MaK-
CUMyMa Ha OTPAHUYUBAIOIEM MHOXKECTBE ympasieHuii U

u’ = arg max (H1 (g, p)ur + Ha(g, p)ua) (3)

Hnsi cucremsrt (1)—(3) xapakTepHO HajW4me OCOOBIX TOYEK BTOPOTO
MOPSANIKA W CJIOKHOE TIOBEJICHUE DEIeHu B OKPECTHOCTH TAKHUX TOUEK
[1]-[7]. O6o3naunm (adH;)H; kak ckobky Ilyaccona dyuxunit H; u H;.

Touky (gs,ps) € R*™ Gysem HasbBaTL 0c060T MOuKOT 6MOP0O20 NO-
padka cucrembl (1)—(3), eciu BBIMOTHEHBI yCIOBUS:

1. Oyuknum

H;, (adHy)H;, (adH,)(adHy)H;, (adH;)(adH;)(adHy) H;,

i=1,2, 5,k 1 = 0,2, obpamaiorcss B Hyjib B TO4Ke (¢s,ps). Habop ux
nmuddepeHnmanos B ToUke (¢s, Ps) UMEET MOCTOSTHHBIH DAHT.
2. Bunmneitnas gpopma

b

Bij = adHi(adHo)gHj}(qs,ps) Li,j=1,2

WMeeT PaHT 2, CAMMETPUIECKAS W OTPUIATETHLHO OMPEIe/ICHHA.
3. Ocrasnbuble (HE3aBUCUMBbIE OT TIEPEYUCIEHHDBIX) CKOOKHU IISATOrO MOPSI-
ka or dyukmuit H;, j = 0,2 obpamaiorcs B Hylb B TOUKe ((s, Ps)-

© Pomxuna M.U., Manura JL.A., 2023
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Hns cucrem (1)—(3) pasmeprocru He muke 32 (n > 16) u ay1g orpanu-
IMBAIOIEr0 MHOXKeCTBA U B BHE KPyTa JOKA3aHO [3], ITO B OKPECTHOCTH
0Cc000i1 TOYKHM BTOPOTO MOPSIKA CYIIECTBYET CEMENCTBO perennii B hop-
Me JIorapudMHUYIEeCKUX CIUpaseil, KOTOpbIe MONaJAl0T B OCOOYI0 TOUYKY
3a KOHEYHOE BpEMsl, IIPH 9TOM YIPABIEHHE COBEPIIAET CYETHOE UHCIIO
000POTOB IO TPAHUIE KPYTa.

B ciy4ae, korja pasMepHOCTb PAMHJIBTOHOBOII CUCTEMbI MeHbLIe 32,
pellieHnsi B BUJE JOTapuMMUYECKUX CIUpaseil HafiJIleHbl TOJBKO st
HEKOTOPBIX KOHKPETHBIX 3a/1a4 ONTHMAaJbHOrO yrnpasienus [1], [4]-[6].

B noknaze 6ymyT paccMOTPEHbI JOCTATOYHBIE YCIOBHS CYIIECTBOBA-
HEA 9KcTpeMastel B hopme orapudMUYecKuX cnupasieil A 3a1ad oi-
TUMAJIBHOI'O YIPABICHAS PA3MEPHOCTH N = 4 ¢ raMUJIBTOHHAHOM BHJIA
(2) m ynmpaBnennem u3 Kpyra.

JIurepaTtypa

1. Zelikin M.I. Theory of chattering control with applications
to astronautics, robotics, economics and engineering / M.I. Zelikin,
V.F. Borisov — Boston : Birkh&user. — 1994. — 244 p.

2. Benmukua M.U. Tunwaaocts GhpakTaTbHO—XAOTHIECKON CTPYKTY-
Pbl MHTEIPAJIBHBIX BOPOHOK B MAMUJIBTOHOBBIX CHCTEMAaX C Pa3pPbIBHON
upasoit yacrbto / M.M. Benukun, JI.B. Jlokyuuesckuii, P. Xuuabue-
6pany // Coep. maremarnka. @yuu. nanp. — 2015. — T. 56. — C. 5-128.

3. Pomxkuna M.M. OxkpecTHOCTH 0OCOOOTO pPEXKHUMa BTOPOTO TIO-
psiAKa B 3ajadax C ynpasieHwmeM wu3 kpyra / M. Ponxunwna,
JI.A. Manura, JI.B. Jlokyuuesckuit // Tpyapr MUAH. — 2021. —
T. 315. — C. 222-236.

4. Manita L. A. Optimal spiral-like solutions near a singular extremal
in a two—input control problem / L.A. Manita, M.I. Ronzhina // Discrete
Contin. Dyn. Syst. Ser. B. — 2022. — V. 27, No. 6. — P. 3325-3343.

5. Ronzhina M.I. Spiral-like extremals near a singular surface in a
rocket control problem / M.I. Ronzhina, L.A. Manita // Regular and
Chaotic Dynamics. — 2023. — V. 28, No. 2. — P. 148-161.

6. Ronzhina M. Singularity of optimal control for a Timoshenko
beam / M. Ronzhina, L. Manita // J. Phys.: Conf. Ser. — 2021. —
V. 1740, Pap. 012068.

7. Zhu J. Minimum time control of the rocket attitude reorientation
associated with orbit dynamics / J. Zhu, E. Trélat, M. Cerf // SIAM J.
Control Optim. — 2016. — V. 54, No. 1. — P. 391-422.
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OBOBIIEHHOE PEIIIEHUE HAYAJIbBHO-TPAHUYHON
3AJAYN [JI1dd BOJTHOBOT'O YPABHEHU A
CO CMEIITAHHOM IPON3BO/IHON
" HEHYJIEBBIM ITIOTEHIITTAJIOM
B.C. PrixaoB (Capatos, CI'Y)
RykhlovVSQ@Qyandex.ru

1. Paccmorpum OOOOIIEHHYIO HEOIHOPOIHYIO HAYAIbHO-TPAHUIHYIO
3a/1a49y JJ1d BOJITHOBOT'O YPABHEHUS CO CMEIIaHHOU IPOU3BOJHOIT IPOCTEN-
11ero BU/JIa

Uz + P1Uzt + P2lsr = f(l',t), (1)
w(0,6) =0, wu(l,) =0, )
u(z,0) = ¢(z), uy(x,0) =0, (3)

rae (z,t) € Q =[0,1] x [0,4+00); p1,p2 € R; ¢(x) € L1[0,1], f(z,t) aB-
nsieTcs GpyHKIMeit Kiaacca ) u 06e 3TH DYHKINN SIBISIOTCS KOMTIIEKCHO-
3HAYHBIME. 3JIECh U jajee cuutaeM, 9ro dyHkima f(x,t) mepeMeHHbIx
(z,t) € Q ectb dynkiua knacca @, eciu f(x,t) € L1(Qr) npu mobom
T >0, e Qr = [0,1] x [0, T].

JIii BOTHOBOTO ypaBHEHH# BBINOJIHAETCA yCjioBue pr — 4py > 0,
TO €CTh KOPHU W1, Ws XaPAKTEPUCTUIECKOIO MHOIOUYJIEHA, BEIIECTBEHHBDI.
IIpeamonoxum

w1 <0< ws. (4)

O6o6mmgnnoe pemenue 3aaa4u (1)—(3) onpezensaercs aHAIOTUIHO TO-
My, Kak 370 caenano B [1-2]. B srux xe paborax Jaercs ucropusi BOIPO-
ca.

C ucuosib3oBaHueM MeTO/a, IPeIoKeHHoro B [1-2] k upocreiimeit
CMEIIAHHON 3329 [IJIf YPABHEHUS KOJeDAHUS CTPYHBI, KOTOPBIA OCHO-
BaH Ha PE30JIbBEHTHOM M AKCHOMATHYECKOM (AKCHOMBI PACXOIAIIUXCS
PAIOB) MOAX0JIAX, JI0KA3aHa CJIAYIONasd TEOPEMa.

Teopema 1. Ecau o(x) € L1[0,1], f(z,t) ecmv dpynxyus xaacca
Q u evnoanaemes yeaosue (4), mo dan 0606wénnozo pewenus u(x,t)
HAUaAbHO—2panuHot 3adawu (1)—(8) cnpasedausa popmyaa

o n(B@i-m)
w(,t) = un (o, t) + — / dr / fer)de, ()

Wy — W1
0 n(a(x,t—r))

© Poixnos B.C., 2023
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20e

w(e.t) = ——— (Bl{ate.0)) - S({5@. 1)),
56 = wgap(;)_g ecau € € [0,a);
w1¢<ﬁ), ecau € € [a, 1].

() = Lo - (o) + () - ),

t+ wox t+wix
a(z,t) = ———,  Ba,t) = ———
w2 — W1 w2 — Wl
a= L, x(z) ecmv gynryus Xeeucaiida, {x} obosnawaem dpobuyro
Wy — W1

wacmo wucaa T € (—00, +00).

HpI/IJIO}KeHI/IeM 3TOM TEOPEMBI ABJIACTCA cnyqaf/’l 3aJa491 C HEHYJIEBbIM
moTeHIHAJIOM B Aud depeHna bsHOM yPABHEHIH .

2. PaccMoTpuM ClIeAyIONIyI0 OJHOPOIHYIO ODOOIEHHYIO HAYATHHO—
TPAHUIHYIO 33/I1a9y C HEHYJIEBBIM MOTEHIIHATIOM

Ugg + Prige + pouy = q(z)u(z, ), (6)
u(0,t) =0, wu(l,t) =0, (7)
u(x,0) = p(z), u(x,0) =0, (8)

rje KoMmiutekcHosHaduble dyukmmu ¢(z) € L1]0,1], ¢(x) € L1[0,1] =
q(z)u(z,t) knacca Q.

IIpumenum K pelieHuio STOH 3aJadu METOA, IPEJIOKEHHDIH B CTa-
Thax [1-2]. Tak xe, kak u B [1-2], B 3a1a1e (6)—(8) Gymem paccMaTpuBaTh
npaByo dactb ¢(x)u(z, t) B ypaBHeHun (6) KaK HEOJHOPOTHOCTH B 3a7a4e
(1)—(3). Torga na ocHoBanuu dopmynst (5) ot 3aza4du (6)—(8) mpuxoxnm
K MHTErPaJbHOMY yDABHEHHIO

¢ B("cf T)

u(z,t) = u(z,t) + w2_w1/dT / T)de. (9)

a(a: t— T)

EcrecTBeHHO HA3BATH 0606WEHHbIM PEUEHUEM HATATTBHO-TDAHITHOM
zazaun (6)—(8) pemienue uHTErpaILHOrO ypaBHenus (9).
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Ypasuenue (9) pelnaercs METOJOM [OCJIEI0BATENbHBIX OICTAHOBOK.
Beenem omeparop, neicreyrommnii n3 C(Qr) 8 C(Qr),

¢ n(B@i-)
1
Bf= 0/ dr( / )q(&)f(ﬁm)dﬁ-
nla(z,t—7)

JIemma 1. Qynxyus aq(x,t) = (Buy)(z,t) asasemes dynryued ua
npocmparcmea C(Qr) u cnpasedausa ouenra

a1 (z,t)lo@r) < Crlla@)llz, 0.l 0,1

2de nocmosannas Cr ne sasucum om q(x) u p(x).

Jlemma 2. Onepamop B seasemca Aunelinblm 02PaHUNEHHDLM OTLe-
pamopom u3 C(Qr) 6 C(Qr) u npun > 1 umeem mecmo ouyenka

Tllqll Lo, )” 1

B" < ,t s )
15" llotan < 17 Olleen (amgi s

nl’

Obpasyem psif

Az, t) = Z(B”al)(a?,t).
n=1
Teopema 2. Ecau ¢(x) € L1[0,1], q(x) € L1[0,1] u evnoansem-
ca yeaosue (4), mo sadaqa (6)-(8) umeem eduncmeennoe 0606wénroe
pewenue u(x,t) u 0aa Hezo cnpasedsusa Gopmyse

u(z,t) = up (z,t) + A(z, t),

npudem psad A(z,t) cxodumcs abcorrommuo u pasromepro 6 Qr He med-
AEHHEE IKCTOHEHUUAALHOZ0 PAIG.

JIurepaTtypa

1. Xpomos A.Il. Pacxopsiuecs: psijbl 1 0000IIEHHAS CMELIAHHAA 3a-
nmada st BosHoBoro ypaeHenusi / A.I1. Xpomor // CoBpemeHHBIE TIPO-
OsteMbl Teopuu (BYHKIUH U WX TPUIOKEHUS: MATepUaIbl 21— MEKIyH.
Caparosckoii 3umueit mkoabl. — Caparos: CapaToBckuil yHUBEPCUTET,
2022. — C. 319-324.

2. Xpomos A.Il. Pacxonsinpecs psiabl u 00001IEHHAS CMELIAHHAA 3a-
Jlada Jijisi BOJITHOBOTO ypasHeHwust mpocteitniero suna / A.II. Xpomor //
N3B. Capar. ya—rta. Hos. cep. Cep.: Maremaruka. Mexannka. Nudop-
marmka. — 2022. — T. 22, Ne 3. — C. 322-331.
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ITPAMBIE 1 OBPATHBIE 3A/TAYUA
JAJId BBIPOXKJAKOIITETOCA YPABHEHU S
TEIIJIOITPOBOJHOCTHA
K.B. Caburos (Yda,
Nucruryr Mmaremaruku ¢ BoraucaurTeabbiv enrpom ¥ ®UIL PAH)
sabitov_ fmf@mail.ru

B cBsa3u ¢ u3ydeHmeM KpaeBbixX 3aJa4 JJis yPABHEHUN CMEITaHHO-
IO THUIA, B YACTHOCTHU, 3a/1a9u TPUKOME, BOSHUK HHTEPEC K M3yUEHUIO
SJLTUTITHYECKUX, TTAapabOIMIeCKUX W TUMEPOOJNYIECKUX YPABHEHUH, BbI-
POKIAIOIIUXCS HA YACTU TPAHUIIBI OOJIACTH 3aJaHUsT TAKUX YpPABHEHUI.
Crarea M.B. Kennpima [1], ony6iukoBanuas B 1951 rogy, mosmozkuia
HAYAJIO [EeJIOr0 HAPABICHWUS U3YYeHUs KPAEBBIX 3aa9 JJIs BBIPOXK 1A~
forruxcst 1udGepeHuaTbHbIX yPABHEHUI B YACTHBIX IIPOM3BO/HBIX BTO-
poro mopsinka u Beime. B monorpadwusx [2], [3] mpusenen mocraTodHo
TOJTHBIH 0030p paboT, MOCBAIMIEHHBIX U3YYEHUIO TPAHUYHBIX 3aaa4 (u-
puxiie, Heiimana u 1p.) ajsa auddepeHnuanbubix ypaBHEHUH ¢ 9aCTHBI-
MH TIPOM3BOIHBIMHU C HEOTPHUIATETHHOM XapaKTEePUCTHIECKOH (HOPMOii,
zagaqn Ko a1 BhIPOXKIAIONINXCSA THIEPOOINIecKuX u mapaboantde-
ckux ypasaenuii. B paborax [3, c. 16], [4] ormedenbl u HepenieHHbie 1po-
Osiembl. OIHOM M3 HUX SABJISETCA U3YUYEHHE HAUAJHHO-TPAHUYHBIX 33124
JIJIST BBIPOXKTAIONIUXCSA TAapa0OIUIeCKUX ypaBHEHWI, B YACTHOCTH, JIJIs
YPABHEHUST TEILIOMPOBOJHOCTH.

PaccmorpuM ypaBHEeHME TEIIOMPOBOJHOCTH C TIEPEMEHHBIMU KO-
dunuenTamu

" Upy — 2™ up = 0,

TIe n U M — BEIIECTBEHHBIE MOCTOSHHbIE W OJHOBPEMEHHO B HYy/bh HE
obpamarorcs. /lobaBuM K 3TOMY ypPABHEHWIO BO3MYIIIAIOIIEE CIATAEMOE
bx™t™u, 31ech b — MPOM3BOJIbHAS TOCTOSTHHAS, U TPUPABHAEM K (DYHK-
uuu ™ F (x,t), T.e. Gyuem uzydarhb cieiyloniee napabosinueckoe ypas-

HEHHUE:
Lu=t"ugy — 2™ up — b t"u = ™ F(z,1) (1)
B obmacta D = {(z,t)[0 <x <, 0<t<T},tmel>0,T>0— 3a
JIAHHBIE BEIECTBEHHBIE OCTOSHHBIC, U TOCTABUM CJIE/LYIOIINe HAYaAIbHO—
IDAHUYHBIE 33a4U B 3aBUCUMOCTH OT 3HAYEHWI MapaMeTpoB n U M.
3amava 1. [Iycts n > —1, m > —2. Haittu B obnactu D dbynHKnmio
u(z,t), yAOBIETBOPSIOLIYIO YCIOBUSIM:

u(z,t) € C(D)NCHD)NC2{(D), tpe,us € L[0,1]; (2)

© Caburos K.B., 2023
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Lu= 2™ F(a,), (3,1) € D; 3)
u(0,t) =u(l,t) =0, 0<t < T; 4
u(z,0) = p(z), 0<w <, (5)
rae F(xz,t) n p(x) — 3amannsie qocratouno rnaakue dbyaxumn, ¢(0) =
e(l) = 0.
3anuch Uy, ur € L[0,1] o3HaUaET, 9TO TPOU3BOTHbIE Uy, U Uy WHTE-
rpupyembr 110 x Ha [0,!] npu sobom t € (0,T).
3amayga 2. [Iycts n > —1, m < —2. Haittu B obnactu D dbynknuio
u(z, ), ynosaersopssomyio (2), (3), (5)

~—

u(l,t) =0, 0<t < T.

OTMernM, 9TO B TIOCTAHOBKE 3amaum 2 rpanuna x = 0 obmactn D
ocBoboxkmaerca or rparugroro ycjiosus u(0,t) =0, 0 < ¢t < T, KaK B
pabore [1].

B nanbreitmmem pu n > —1 1 m > —2 cTaBATCA CIEYOIIHE 33,/ Ia9H.

Bagava 3. Haiitu dyukuuo u(x,t), y1oBierBopsoyo yCjaioBUsLM
(2) -4 m

w(z,0) —u(z,T) =¢(z), 0 <x <1, (6)

rne F(xz,t) w ¢ (z) — 3amannrbie gocrarouno raankue dbyukumn, 1(0) =
¥(l) = 0.

Bagaua 4. Haiitu napy dynkuuit u(z, t) u ¢(z), yI0BI€TBOPSIONIUX
yenosusum (2) — (6), tae F(x,t) u ¢(z) — 3agaHHble JOCTATOYHO [VIAJKHe
dyHKITAN.

B sroit obparnoii 3amade yciaoue (6) ABIAETCA JONOTHUTETHHBIM
JUIst HaXOXK AeHnst byHKInm ¢(x).

Bagaua 5. Ilycrs F(z,t) = f(x)g(t). Tpebyercs Haiitn napy byHK-
mwit u(z,t) u g(t), ynonerBopsiiomux ycaousM (2) — (5), KpoMe Toro,

g(t) € C[0, 17,
u(zo,t) = h(t), 0 <t < T, (7)

rue f(x), () u h(t) — 3amansble 7O0CTATOIHO Tyajkue MYHKIMU, To —
3asaHHas Tovka u3 narepsana (0,1), ¢(xg) = h(0).

3mech ycaosme (7) ABISETCS MTOMOJHATENLHBIM YCJIOBHEM JJIS OIpe-
nenenns Gynxmyn g(t).

Bagaua 6. Ilycrs F(z,t) = f(x)g(t). Tpebyercs Haiitn napy byHK-
wwii u(z, t) u f(x), ynosaersopsiomux ycaosuam (2) — (5),

f(z) € C(0,1) N L(0,1);
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u(z,to) = po(z), 0 <z <, (8)

rae g(t), p(z) n po(x) — 3amaHHBIE JOCTATOYHO TIAAKHE (DYHKIUN.

B sroii 3a1aue ycaosue (8) ABJIETCS MONOJHATENLHBIM I HAXOXK-
Jennst GyHkiun f(x).

Ormerum, uro B pabore [5] usydeHbl oOpaTHbIe 33a4a49u MO ONpPe/Ie-
JICHUIO IIPABOM 9aCTH BBIPOXKIAIOIIETOCA 1O HEPEeMEHHOH X mapaboinde-
CKOI'O yPaBHEHHUS.

B pabore permenust mocTaBIeHHBIX 3319 1 — 6 TTOCTPOEHBI B SIBHOIT
¢dopMe ¥ IPHUBEIEHBI TOKA3ATEIHCTBA TEOPEM €INHCTBEHHOCTH W CyIIe-
CTBOBAHUA DEIIECHUN.

JIureparypa

1. Kengpim M.B. O HEKOTOpPBIX Caydasix BBIPOXKIEHUS ypPaBHEHUN
snmanTrdeckoro Tana / M.B. Kengpmr // JAH. — 1951, — T. 77, Ne 2. —
C. 181-183.
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weckue ypasuennss / M.M. Cmupuos. // M. : Hayka, 1966. — 292 c.

3. Ogeitauk O.A. YpaBHEHUS ¢ HEOTPUIATETHHON XapaKTepUCTHIe-
ckoit dpopmoit / O.A.Oneitnuk, E.B. Pagkesuu. // M. : MI'V, 2010. —
360 c.

4. Kohn J.J. Degenerate elliptic—parabolic equations of second order /
J.J. Kohn, L. Nirenberg // Comm. Pure Appl. Math. — 1967. — V. 20.
— P. 797-872.

5. Kampraua B.JI. O koppekTHOCTH pa3peimnMocTy 00paTHON 3a1a49u
OTIpe/ieIeHUs TPABOIl YaCTU B BBIPOXKTAIOMIEMCS TAPAbOTUIECKOM yPaB-
HEHHU C ycj1oBueM uarerpaibaoro zadsoenns / B.JI. Kavbiaun // Ma-
Tem. 3amerku. — 2015. — T. 98, Bem. 5. — C. 710-724.

PETVIIAPN30BAHHHBIE CJIE/BI
N HEKOMMYTATUBHBIE BHIYETHI
JJId IICEBAOJN®PEPEHIINAJIBHBIX
OIIEPATOPOB B R"
A.JO. CaBun (Mocksa, PY/TH)
a.yu.savin@gmail.com

PaccmarpuBaercss  anrebpa A 0omepaTopoB  BHJA — KOHETHOl
cyMMbr (cMm. [1])

D= ZRgTwA,
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peiicrBytomux B npocrpancrse IllBapua B R™, rue oneparopsr A — Kiac-
crveckune mceBaoand pepeHnaibabie OTepaTophl Ie10ro mopsaka B R,
omepaTopsl T, w € C™ paBHBI

Tou(x) = e** %/ 2y(x —a), w=a—ik,

HaKOHeIl, oIeparopsl Ry, g € U(n) — HOQHATHA YHUTAPHBIX OIEPATOPOB
na C" ~ T*R"™ 1o 371eMeHTOB KOMILJIEKCHOMW METAIIEKTHIECKOI TPYTITHI
L?(R™). Bnech ucnombayercs otoxkaectsiaenue T*R™ u C" suga (x,p) —
p—iT.

Qurcupyercss BCIOMOTATENbHBIN 3JuthinTHYecKuii oneparop H mo-
JIOXKUTEJIHOIO  1IOPsi/IKa  (HALpUMED, IapMOHUYECKUH OCLUJLIATOD
Hy = 3(|z|> — A)), ans xoroporo pesomseenta (H — A)~! cymectsy-
eT JiJist 6OJIBINNX A B CEKTOPE, COAEPIKAIIEM OTPHUIIATEIHHYIO BEIeCTBEH-
Hyto ock. s oneparopa D = R,T,, A xax Boime oneparop D(H —\)~
Oymer mmeTh cien npu boabmmux K. Bomee Toro, ator ciaemx 6ymer romo-
MopdHOI (yHKIHEH mepeMeHHoil A. MbI moKa3bIBaeM, 9TO Ipa A — 0O
B CEKTOPE UMEET MECTO ACUMIITOTHIECKON PA3JI0KEHUE

TI‘(RgTwA(H—/\)7 ZC] 2m+ordA j)/ordH— K_|_
7=0

+Z ¢jIn(— —|—c;')(—)\)7j7K
7=0

¢ Hexkotopeivu Koaddummentamu c;, ¢, ¢, j = 0,1,.... 3necy ordA un
ord H — nopsiaku oneparopoB A u H, COOTBETCTBEHHO, a 1M — KOMILIEKC-
Hasl PA3MEPHOCTh MHOXKECTBA HEIO/IBUYKHBIX TOYEK OTOOPAXKEHUS (.

B 3TOM pazoxenn ¢; ¢; ABIAOTCA JTOKATHLHBIMH B TOM CMBICTE, 9TO
OHU OTPEIE/ISIOTCS KOHEYHBIM YHCJIOM YJIEHOB aCHMIITOTHYECKOrO Pa3-
JIOXKEeHUsT CuMBOJIOB oreparopoB D u H coorBercrBenuo. CienoBareib-
HO, OHH MOTYT OBITH BBIYHMCJIEHBI SBHO, IO KpaiiHeil Mepe B MPUHIUIE, B
TO BpeMs# Kak €] ABJIAIOTCA «IJI0BATbHBIMEY ; TAK KAK HE OLPEIe/Ar0Tes
KOHEYHBIM YHCJIOM KOMIIOHEHT CHMBOJIA.

W3 3Toro pesysbraTa Mbl TaKKe MOIyIaeM aCUMITOTUKN (—DYHKITNI
OIIePATOPOB ¥ CJIEIOB TEILIOMPOBOIHOCTH. TakKe MbI MOKA3BIBAEM, UTO
KOI(DDUIMEHT ¢} NrPAeT 3aMedYaTebHyI0 POIb. A MMEHHO, [OCIe yMHO-
KeHns Ha mopanok ordH OH CTAHOBUTCS HE3aBUCAIIAM OT omeparopa H
u, Gosiee TOro, MO3BOJISIET OLPEJIEJUTh AHAJIOL 3HAMEHUTOrO HEKOMMY-
TATHUBHOTO BhIYera Bomsunkoro [2] ans wamieit amre6pst. ITpn cyxennn
Ha mojasnredbpy mceBaoauddepenimaababix oneparopos lyowra Hamm
HEKOMMYTaTHBHBIII BHIYET MEPEXOANT B BbIUET, BBEJEHHBIH B padore [3].
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Pesynbrarsr nosmydenbl B coBMecTHO pabore ¢ diabmapom 1Ipos u
ObUIN aHOHCHPOBAHBI B pabore [4]. Pabora mposoauiacs B paMKax mpo-
ekta, PODU 21-51-12006.

JIureparypa
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N 108624. — 37 p.

2. Wodzicki M. Noncommutative residue. I. Fundamentals. /
M. Wodzicki. // Lecture Notes in Math. — 1987. — V. 1289. — P. 320-
399.

3. Boggiatto P. Non—commutative residues for anisotropic pseudo—
differential operators in R™ / P. Boggiatto, F. Nicola. // J. Funct.
Anal. — 2003. — V. 203(2). — P. 305-320

4. Savin A. Trace expansions and equivariant traces on an algebra of
Fourier integral operators on R / A. Savin, E. Schrohe. // Proc. Symp.
Pure Math. — 2023. — V. 105. — P. 457-476.

ACUMIITOTUYECKUE OITEHKN
JJIAd JUHAMUYECKOI'O YPABHEHUSA JINUPAKA
A .M. CaBuyk, 1.B. CagoBunuaa (Mocksa, MT'VY)
savchuk@cosmos.msu.ru, ivsad@yandez.ru

IIycTs
Ly = By' + P(x)y,
we v (300 - (B0 - ().
x € [0,7], H = (L[0, 7T])2, kpaesbie ycaosus U perynspabl no Bupkro-
dy. Omneparop JInpaka Lp; onpenener Ha obaacTn
D(L) ={y € W}[0,7]: Ly € H, Uy = 0}.

Oynkims P(x) koMIulekcHas n cymmupyemasi, T. €. p; € L1[0, 7]. Pac-
CMaTpUBAETCS TUHAMAYICCKOE ypABHEHUE

i.w = Bu+ Pla)u, teR, u(x,0)= (Zgé;f;) .

© Casayk A.M., Canosruuas I.B., 2023
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WNubivu ciioBaMu, paccMaTpuBaeTcs BOIPOC O MOCTPOEHUU K OLEHKAX
CUJILHO HENPEPBIBHON ONEPaTOPHOI I'PYMIIILI

T(t) = exp{itﬁp,U}, teR.

Jlokazano, 4T0 9Ta rpyia onpeenena s npocrpancrse H = (L[0, 7])2,
B npocrpancrax HY,, 0 € [0, 1], mocTpoernbix 1o oneparopy L. B wact-
noctu, HY, coBmagaer ¢ KaccuueckKuM MPOCTPAHCTBOM GeccesieBbX To-
remmuanos H? mpu § € [0,1/2). TIpoctpancrso HY, — 310 kmaccude-

2

cxoe mpoctpancteo Cobomesa (W3[0, 7])”, cyKennoe Ha Kpaesbie ycio-

Bust Uy = 0. AHAJIOTUYIHBIE PE3YJIBTATHI TIOJIYUYEHbl U B MPOCTPAHCTBAX
2

(Lu[0,7])?, 1 € (1, 50).

Teopema 1. ITyemov Lpy — peeyasaprwtd onepamop Jupaxa ¢ cymmu-

DYemvim 8HedUA2OHAAbHUM nomenyuarom. Tozda onepamop iLpy ae6-

AAEMCA 2EHEPAMOPOM CUABHO HENPEPLIEHOT onepamoprot epynnv T'(t),

t € R 6 npocmpancmee H%) das abozo 0 € [0,1]. Kpome mozo,

IT(®) e, < O+ [tP)e,

20e

B= sup |[Im)]|,

Xeo(Lp,u)

a4 OUEHKU HEYAYUULALMDL.
Teopema 2. ITycmov Lpy — peeyasapnwt onepamop Jupaxa ¢ cymmu-
DYembm 8HeJUA2OHAAbHUM nomenyuarom. Tozda onepamop iLpy ae6-
AAEMCA 2EHEPAMOPOM CUABHO HENPEPLIEHOT onepamoprot 2pynnv T'(t),
t € R 6 (Lpy[0,7])* daa amobozo p € (1,00). IIpu smom cnpasedausn
oueHKU 6Uda

IT@) < Cexp(88) [ To(t)]],

Ty — epynna, NOPoOHCOEHHAA ONEPAMOPOM C HYAEBBLM NOMEHUUAAOM.
Yueaa B u C 3a6ucam moavko om ||P|p, u ozpanusens na xasxcoom
wape || P, < R.

Bompoc o cymecTBoBaHWM TPyNNbl B TpocTpancTBax L1 u Lo, ocTaercs
MTOKA, OTKPBITHIM.

Oboznaaum 4epe3 wpy(d; f) HHTErpagbHBI MOLYJIb HEIPEPBHIBHOCTH
byuxmuu f nopsaka p € (1,00). Oupenenum KiaccuaecKue TPOCTPAH-
crBa Becosa Bg’q[O7 7], TOTpeGOBAaB BHITIOIHEHNE OEHKN

™ dé 1/q
151 = 1, + ([ entoi i) <oe
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Yepes Bg, q,u 0003HaUMM npocrpancrsa becosa, yuuTbiBatomue kpaesble
YCIIOBHS.

Teopema 3. Teopema 2 NOAHOCIBIO COTLPAHACTCA NPU 3aMeEHE TPO-
empancmea (L,[0,7])? na (Bg)q)U[O,ﬂ'])Q oas mobwx p, g € (1,00),
6 €10,1].

Teopema 1 u Teopema 2 B CIy4ae NEPUOJMUECKUX KPAEBBIX YCIOBHIA ObLIN
LIOJIy YeHbl aBTOpaMu paHee B padore [1].

JIureparypa
1. Caruyk A.M. O cymecrBoBaHWM ONEPATOPHON TIPYMIBI, TO-
POXKIEHHOH ogHOMepHbIM omeparopoM Jupaka / AM. Casuyk,
.B. Cagosuuuas // Tpynpt mock. mar. obm—sa. — 2019. — T. 80, Ne 2. —
C. 275-294.

AHA/INTNYECKUWUE OITEHKU B SAJTAYE TPEX TEJI
T.B. Casnbaukona, E.FI. Kyrymes (Mocksa, MI'Y)
tatiana.salnikova@gmail.com

Knaccndukamusa dunanbabix apuxkennit 3aga4an tpex rea lx. [la-
3M WMeJIa, CHMMETPHIO B TPOIJIOM W B Oyaymiem. ucjeHHbIe TpuMe-
PBI, TOSIBUBIIIHECS TIO3KE Yy PsAa aBTOPOB, YTBEPKIAIU BO3MOKHOCTH
obMeHa U 3axBaTa B acuMMeTpudHoM caydae. Hakonen, B.M.Anekcees
Ka4eCTBEHHBIMHU METOJAMU JOKA3aJI, YTO CyIIeCTBYeT OTKPBITOE MHOXKe-
CTBO HA4YaJIbHbBIX YCJIOBUIl IOJIO2KUTEIBHON MEPbI, IPUBO/AIIEe K 0OMe-
HY [ CUCTEM KaK C MOJIOXKUTEJILHON, TaK U C OTPUIATEIBHON MOJIHOM
SHEprueil: runepObOJIO—-3JIIUITHIECKUE IBUKEHNS NMEIOT PA3HbIE TEa,
yaaJsronmecs Ha OECKOHEYHOCTh B MPOILIOM U B Oymyiem. Brepsoie k
npobyeme dunaTbHLIX ABuKeHuit B.M.Asekcees obparmics B 1954 r.,
korga Anapeit Hukonaesua KonMmoropos npesjioxuii emy B KadecTBe
TeMbI KypCOBOI pabOThI PACCMOTPETH BOMPOC 006 0OMEHe B 3a/a4e Tpex
ten. O HEHyJIEBOI BEpOATHOCTH OOMEHa B ODINEM CJIydae CJIeIyeT TOBO-
PUTH OTJEIbHO B KOHKPETHBIX PEATBHBIX CHUTYAIUIX.

B macrosimem uccaenoBaHus pacCCMOTPEHA KPAeBas 331a49a, TPEX Te,
WCCIIeI0BAHA BO3MOKHOCTD CYIIIECTBOBAHUS PEIIeHNs ITOH 3aa49u U M0~
JIy9eHbl YCIOBUs (PUHATBHOM rUnepOOI0—3IunTuIHOCTH ABuKeHus. C
[IOMOIIIHIO IPUHIUIIA HAUMEHbInero aeiicrsus B ¢popme lamuiprona s
PEryJISIPHOTO CJIydast — TJIQIKOM OrpaHMYeHHON (DYHKIIUU TTOTEHITHATb-
HOI1 sHepruu, u B dhopme AKoOU /1151 CHHTYISAPHBIX TOTEHIINAJIOB, TOKa-
3aHO CyIIECTBOBAHUE JBUKEHUSI, IPU KOTOPOM TOYKHU CHUCTEMBI U3 JII000-
r'0 33]AHHOT0 HAYAJIBHOIO TIOJIOKEHNS ePeiyT MPU COOTBETCTBYIOIMIEM

Causibaukosa T.B. KyrymeB E.N., 2023
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BBIOOpE HAYAIBHON CKOPOCTH B JII00OE 33 IaHHOE KOHEYHOE IOJIOXKEHHE,
g dbuHATBHON THTIEPOOTO—3IIUTITUYHOCTH B 33/1a9e TPeX TeJl TOJIy-
YeHBbI JOCTATOYHBIE YCJIOBUS YCTOWIMBOCTY (DUHAIHHOM KOHMUrypamun
— €CJI1 B HeKOTOprfI MOMEHT BPEMEHN a6COJIIOTHbIe BeJINYUHBI NU3MEHE-
HHUS OCKYTHPYIOMKX MapaMeTPOB OpPOUTHI HANMEHBIIIErO Teja, KOTOPOe
M3HAYATHHO JBUTAJIOCH IO 3JLTHITHIECKON 0pOUTe BOKPYT IIEPBOrO TETA,
YAOBJIETBOPAIOT IIPUBEACHHBIM YCJIOBHAM, TO OHO OCTAaHETCA Ha SJIJIAII-
TUYECKOIH OpOUTE OTHOCHTEIHLHO BTOPOro Teja. Ilpm 3ToM mepBoe Tejo
yAAJASeTCs OT BTOPOrO MO TUIepOOJNnIeCcKOl TPAEKTOPUH.

B kauecTse IPUIOZKEHUA PACCMOTPEHA BO3SMO2KHOCTD 3aXBaTa U JaJIb-
HeHRIIero ABU?KEHNA KOCMHYECKHUX O6’beKTOB B OKOJIOIIJTAHETHOM IIPO-
CTPAHCTBE, & TaKXKe IMPEJI0KEHa MATeMATHIeCKasd MOJe/b (POPMHUPO-
BaHWs HeNpaBuJIbHBIX (Tnma Pofoca) CIyTHUKOB TITaHeT.

JIureparypa
1. Ausekcees B.M. Jleknum 1o HebecHoil MexaHwke |/
B.M. Aunekcees. — Wwxesck. // UxkeBckas pecnyGJIuKaHCKas TH-
norpadus. — 1999. — 160 c.
2. Mapman K. 3amaua tpex men / K. Mapman. — Mocksa—

NxkeBck. // MHCTUTYT KOMITBIOTEPHBIX nccienoBannii. — 2004. — 640 c.

CYBPUMAHOBEI C®EPHI SHTEJII 1 KAPTAHA!
10.JI. CaukoB
(Ilepecnasmb—3anecckuii, ITIC um. A.K.Ainamazsana PAH)
yusachkov@gmail.com

Onucana CTpyKTypa Mepecedenus CyOPUMAHOBBIX cep Ha TpyTIre
Dwuresis u Ha rpynne Kaprana ¢ HHBApHAHTHBIM MHOr000pa3WeM OCHOB-
HBIX CHMMETPHUIl KOPA3MEPHOCTH 2.

Anrebpa Kaprana — 310 ¢BOGOHAS HUIBIIOTEHTHAS anrebpa g ¢ 2—

Ms obpazyoomumvu rryouasl 3. B meit cymecrsyer 6asuc Xi,..., X5, B
KOTOPOM HEHYJIEBbIE CKOOKM UMEIOT BHI,
(X1, Xo] = X3, (X1, X3] = Xy, (X2, X3] = X5.

Anrebpa Kaprana nmeer rpaIyupoBKY

g=gV ®g?® @g®,

g =span(X1, Xy), ¢P =RX3, ¢ =span(Xy, Xs),
[g(l),g(i)] — g(z‘+1)’ g(4) — {0}7

1 WMcenenosanme BHIMOIHEHO 3a CYeT rpamTa POCCMBCKOro HayaHOro homma
Ne 22-11-00140, https://rscf.ru/project/22-11-00140/.
© Caukos [0.J1., 2023
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moromy oHa siisiercs airedbpoit Kapro. CoorBercTByfoinas CBS3Has OF1-
HOCBsi3Has rpymnmna Jlu G HaswiBaercs rpynmnoii Kapraxa.

Ha mpocrpancTse Ri,y7z,v,w MOXKHO BBECTH 3aKOH YMHOXKEHUs, TIpe-
BPAIAIONINI ITO MPOCTPAHCTBO B rpynmy Kaprana: G = Ri)lm’v,w TaxK,
9TOOBI JIEBOMHBAPHUAHTHBIE MTOJIsI, TOpOoXK aaforue anrebpy Kaprana, mme-

JIA BU,

Kparuaiimue 1j1st CyOpUMAHOBO#M CTPYKTYPBI C OPTOHOPMUPOBAHHBIM
penepoM (X7, X5) CyTh pellleHus: 331a4u ONTUMAJIBHOIO yIIPABJICHUS

q:ule(Q)+u2X2(q)7 q:(m7yvz7vyw)6G:R5a
q(0) =qo, q(t1) = a1,

t1
l:/ u? +u2 dt — min.
0

B cuily mnsapuaHTHOCTH 3TOM 3a/a4M OTHOCHTEILHO JIEBLIX CABUIOB Ha
rpynne G MOXKHO cuuTarh, 9to go = Id = (0,...,0).
i 970l 3aa9u paHee MOJIyY€HbI CIIEAYIONME PE3YIIbTATHL.

e AnopMmaJjibHbIE TPAEKTOPUH (COOTBETCTBYIONIME AHOPMAILHOMY
caydaio v = 0 npunnuna makcumyma IloHTpsaruna):

+t(ug X1+uzX2)
)

— OJHOIapaMeTpU4YeCKHhe IOArPYIIBI e Us;
const,

— TMPOENUPYIOTCS HA TIIOCKOCTH (,y) B TIPSIMBbIe,

— IO3TOMY ONTUMAJIBHBI,

— HECTPOTO AHOPMAJIBHBI, TO €CTh OJHOBPEMEHHO SBJIAIOTCSA
HOPMAaJIbHBIMU.

e HopMasbHBIE SKCTPEMAJH YIOBIETBOPSIOT FaMHIIBTOHOBOM CHCTe-
Me npuHnuna MmakcuMmyma [lonrpsaruna ¢ ramusbronuanom H(\) =

2 2\ /o).

(A X1)2 + (A, X2)%)/2:

6 =c, ¢ = —asin(f + B), a=p8=0, (1)
q = cosf X1+ sin 0 Xs.

e B dazosom numngpe ypasuenus masTauka (1) BBEIEHBI KOODIH-
HaTbl (¢, k), B KOTOPBIX 9TO YPABHEHWUE BIIPAMJIAETCS:

o =+/a, k=0.
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] Honyqua ImapamMerpu3anud reoJe3nIeCKUX 3IKCIIOHEHIIHAJIbHBIM
OTOOpasKeHNeM:

Exp : C xRy — G, Exp(\,t) = mo e (\) = ¢(1),
C=g"NnH(1/2).

e Omucana rpymnmna CHMMETPHH SKCIIOHEHITHATHHOTO OTOOPAYKEH ST
Sym = SO(2> X ZQ X ZQ,
0 0 0

X 0
SO(2) ={e!f*o |teR Xo=—4yYy— + 20— —wW— +v—
(2) =A{e [t ER}, 0 yax x@y wav U@w’

Zox Ty ={c"]i=1,...,4},

1.2
JUCKpeTHAs MOArpynmna Zo X Zo TOPOXKIEHA OTPAKEHUIMHA £, €
MasgTHHUKA B 0CsX 0, c:

el (x,y,z,v,w) = (z,y, —2,v — x2,w — Y2),
g2 . (z,y,z,v,w) — (T, —y, z,—v+ x2,wW — Yz).

e SIBHO ommcaHo BpeMs paspesa teyy : C — (0, 400].

Cy6pumanoso paccrosiuue (Merpuka Kapuo—Kapareomopu) ecthb

t1
d(qo,q1) = inf {/ u? +uddt
) MRACRA |

yrpasienne (ug,us)(t) mepeBoanT gy B ql} )

Cyb6pumanosa cdepa paguyca R ¢ meHTpOM g €CTb

Sr(q0) = {q € G | d(qo,q) = R}.

B CUJIy THBAPUAHTHOCTU METPUKU OTHOCUTEJIHHO JIEBHIX CIABUTOB HA

rpynne Kaprana L, : ¢ — q¢/,

d(qqo0,9q1) = d(qo, q1),
Lq(SR(QO)) = Sr(qqo)-

B cuny Toro, aro rpynna Kaprana ects rpymnmna KapmHo, 1eBonHBapuant-
Has CyOpMMaHOBA CTPYKTYPA COTJIACOBAHA C TUJIATAIINSIMU:

dg : (z,y,2,v,w) — (Bz, By, Bz, B3v, BPw), 8 >0,
d(Id,d3(q)) = Bd(1d, q),
33(Sr(1d)) = Ssr(Id).
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ITosToMy mOCTATOYHO MCCIEIOBATH AUHAIHYIO cepy
S=51(Id) ={q € G|d(g,Id) =1}.

Ejunuunas cdepa S napamerpusyercs 3KCIOHEHIIMAIbHbIM 0TOOPa-
KEeHUeM:

S ={Exp(\,1) | A€ C, tew(A) = 1}

CyGpumanoBa cTpykTypa u cdepa HWHBAPDHAHTHBI OTHOCHTEIHLHO
rpynnbl cummerpuii Sym = SO(2) X Zg X Za:

g(S)=5,  ge€Sym.

B moxmazme 6ymer omncaHo cedenne cepbl TPEXMEPHBIM HHBAPUAHT-
HBIM MHOroo6pa3sueM OCHOBHBIX cuMMeTpuil 1, £2:

S={geS|elg) =) =a} =SN{z=V =0},
V(g) = 2v +yw — z(2? +y?)/2,
a Takke ero (bakTop IO pyIIle BpaIleHuit
S =5/50(2).
ByayT npencrasienbl ciemyionye pe3yibTaTbl:

e Onmcanue CONIPSIKEHHBIX TOYEK, AHOPMAJbHBIX TOYEK, U TOYEK
Makcsesuia Ha S,

e Kparnocts Touek dakropa S ,

e Perynsproctb SusS ,

e Ananurudeckue cBoicTBa haKTOPA S ,

e [Ipunammexuocts dhakToOpa S exp—log kareropuu,
e Crparndmukanus YuTHn GpakTopa, S.

Amnaymornunnie pe3yanbTaThl OyIayT MPeaCTaBICHbI IJisi CyOPUMAHOBON
cdepsl Ha rpymne Jurens (4-MepHOW HUIBIOTEHTHON rpyrme JIu).
JIureparypa
1. Agrachev A. A Comprehensive Introduction to sub—Riemannian
Geometry from Hamiltonian viewpoint / A. Agrachev, D. Barilari,
U. Boscain. // Cambridge Univ. Press, 2019. — 745 c.
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2. Arpaues A.A. Teomerpuueckas rTeopus yupasienus |/
AA. Arpaues, I0.JI. Caukos. // M. : ®usmaranr. — 2005. —
391 c.

3. Cauxkos FO.JI. JleounBapuaHTHbBIE 33]a90 ONMTUMAIHHOTO YIIPAB-
JileHusl Ha rpynnax Jlu, uHTerpupyeMble B 3JIMITHYECKUX DYHKIUAX |
10.JI. Caukos // Ycmexu mar. mayk. — 2023. — T. 78(469), Ne 1. —
C. 67-166.

AHOPMAJIBHBIE TPAEKTOPUUA
B CYBPUMAHOBOM (2,3,5,8,14)-3AJIAYE!
E.®. CaukoBa, FO.JI. CaukoB
(ITepecnapnb—3anecckuit, MIIC nm. A.K.Aiiramazsna PAH)
efsachkova@mail.ru, yusachkov@gmail.com

PaccmarpuBaerca seBonHBapuanTHas CyOpMMAaHOBA CTPYKTypa Ha
cB0oOOnHOM HusbnOTeHTHON rpymne JIu panra 2, ruybunst 5. Hus sroit
CTPYKTYPBI UCCIIEAYIOTCS aHOPMAJIbHBIE TPAEKTOPHUH.

CybpumaHOBa, CTPYKTypa Ha TJIQJAKOM MHOroobpaswm M ectb pac-
npenenerane D C T M, cuabkeHHOE CKaJSIPHBIM ITPOU3BEAeHHEM. Bark-
HEUITUM WHBAPUAHTOM CyOPWMAaHOBOW CTPYKTYPbI SBJISIETCH ee TIyOu-
HA — MUHHAMAJIbHBIN MOPAIOK CKOOKHU JIu, HEOOXOAMMBIHN st TIOPOXKIe-
HUST KACATEJIbHOTO TMPOCTPAHCTBA K MPOCTPAHCTBY COCTOSTHUI M3 OPTO-
HOPMHUPOBAHHOTO pernepa CTpyKTypbl. CyOpuMaHOBBI CTPYKTYPBI TIyOu-
bl 1 pumanoBbI. IMeeTcss TOBOJIBHO JeTAIbHAS TEOPUS CyOPUMaHOBBIX
CTPYKTYpP TIyOMHBI 2, & TaKKe HEKOTOPbIE Pe3yJbTaThl s TIyOuHbI
3, 4. Cayuait cnenyromeil TiyOUHBI 5 TPAKTUYECKH HE HCCJIEIOBAH, B
JAHHOI paboTe PacCMaTPUBAECTCH IPOCTENIIas CyOPUMAHOBA CTPYKTYPa
9TOH TUIyOUHBI.

Paccmorpum ¢BOOOIHYIO HUIBIOTEHTHYO aaredpy Jlu pamra 2, riry-
OUHBI 5:

g = span(Xy, ..., X14),

[X1, Xo] = X3, [X1, X3] =Xy, [Xo, X3]=X5, [X1, X4]=Xe,
[Xo, Xa| = [X1, X5] = X7, [Xo, X5] = X5,

(X1, X6] = Xo, [Xo, Xo] = X10, [Xo, Xv7] = X11, [Xo, Xg] = X9,
[X5, X4

[X1, Xs]

13— X0, [X3, X5] = Xuu — X1, [Xy, X7] = Xu3,

1 WMcenenosanme BHIMOIHEHO 3a CYeT rpamTa POCCMBCKOro HayaHOro homma
Ne 22-11-00140, https://rscf.ru/project/22-11-00140/.
© Caukosa E.®., Cauxos 10.JI., 2023
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Ha npocrpancrse R pacemorpum crpyxrypy rpyunst JIu G, mis
KOTOPO# Tomst X1, ..., X14 CAY)KAT JIEBOMHBAPUAHTHBIM PETIEPOM.

Kparuaiimue cyOpuMaHOBOi#l CTPYKTYPBI C OPTOHOPMUPOBAHHBIM De-
nepoM (X7, X5) CyThb pellienus 3aa4u ONTUMAJBHOIO YIIPABJICHNS

i=u X1(z) + usXo(z), z€G, u= (uy,us) €R?
z(0)=2°=1Id = (0,...,0), xz(t;) =a',

1 [n
J:§/0 (u? + u2) dt — min .

Ha ocmoBe mpumnmumna makcuMyma IIOHTPATHHA TOIYYEHO ONUCAHHE
AHOPMAJILHBIX 3KCTPEMAJILHBIX TPACKTOPHI.
O6o3nauum pacupenenenue D = span(Xi, X2) u ero crenenu:

D? = D+ [D, D] = span(Xy,..., X3),
D3 = D? + [D,D?] = span(Xy,..., Xs),
D* = D 4+ [D, D?*] = span(Xy,..., Xg),

a TaK»Ke UX aHHYJIATOPBI
(Dk)L:{)\ET*G|</\,Dk>:O}) k=1,...,4.

Nmeercst oyeBnanas crparudukanms COMEpPKAIIEro aHOPMAIbHbBIE JKC-

Tpemasm MuorooGpasma S = (D?)
5= (09" \ (0 ) u (0% \ (09 ) u (Y
AnopMasibHBIE 9KCTPEMAJIN MCCIEIYIOTCS COTJIACHO 3TOH cTparnduka-

IUH.
AnopmasibHasi dKCTpeMaJib Ha3bIBaeTCs Xoporieil (nice), eciu oHa

MIPUHAITIEIKUAT (Dz) J'\ (DS)J'. B noksame OyayT ommcaHbl CBOMCTBA 3TUX
sKCTpeMadieil (11aJIKOCTh, OINTHMAJIbHOCTb, I€OMETrpPUs COOTBEICTBYIO-
IIeif TAMUJIBTOHOBON CUCTEMBI), & TaK¥Ke TIOAMHOKECTBO B (G, 3aTOIHEH-
HOE XOPOLIMMHU AHOPMAJIbHBIME TPACKTOPUAMHU (CTpaTudUIupyeMocTh,
Pa3MEPHOCTh CTPATOB). DTH PE3Y/IbTAThl CBA3AHbI C JBYMsl OCHOBHbBI-
MU rpobjieMamMu CyOpUMaHOBOR IeOMETPHH: IJIaJKOCTHI0 aHOPMAaIbHBIX
Kparyaiimmx u cybpumanopoii rumnore3oit Capaa.
JIurepaTtypa

1. Agrachev A., A Comprehensive Introduction to sub-Riemannian
Geometry from Hamiltonian viewpoint / A. Agrachev, D. Barilari,
U. Boscain // Cambridge Univ. Press. — 2019. — 745 c.
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2. Arpaue A.A., Caukos FO.JI. Teomerpudeckasi Teopusi yrpasiie-
uust / A.A. Arpaues, FO.JI. Cauxos. // M. : ®usmaranr. — 2005. —
391 c.

AJITOPUTM IIOUCKA TOYHOTO 3HAYEHNI A
API'YMEHTA MOAVYJIsd HEIIPEPBIBHOCTU
B OOEHKE CKOPOCTU CXOAMMOCTUN PAJA ®YPBE
HEIIPEPBIBHO! ITEPNONYECKO ®YHKIINN
T.}O. CemenoBa (Mocksa, MI'Y)
station@list.ru

Paccmorpum mpoctpamctso Co,; HEMpephIBHBIX Ha R aeficTBATETL-

HOBHAYHBIX 27—Teprnoandeckux dbyHKuuii ¢ HopMmoit || f|| = max. |f(z)].
—r<a<T

IMycrs w(f, v) — Mmomysb nenpepbisaoctd dyukimu f, a Sy, (f, ©) — n—«a

yacrudHag cymma ee psjga Pypoe. Dy, (t) = sinnt0.5):¢ anpo dupuxie

rn 2sin(t/2) ’

™
L, =2 [ |D,(t)|dt — xoncranra JleGera.
—T
Mtuorme aBrops! ([1]-[3]) ycramaBamBaiu OIEHKH BHIA

Hf(l') - Sn(fa ZL’)” < Kn‘”(fa’Yn)a Vf € C27r,

rme v, > 0 — HeKoTOpas TOCIeJOBATENHLHOCTh APTYMEHTOB MOIYJIS
HenpepbiBHOCTH, a Besmuuna K, = K, (v,). Boree obmas 3ama4a Obuia
ormedeHa B [4]. OHa 3aK/TI0YaETCA B MCCIEIOBAHUN XapAKTEPUCTHK

1f(x) = Su(f, )|l
w(f, ) ’

rae sup 6epercst no muoxkecTBy f € Con, f # const. Ussectro ([5], [6]),
aro K (v) = (Ln + 1)/2 agst mo6oro v > 0. Tomoxum

K, (v) =sup

) . L,+1
v =inf {7 >0, Ki(r) = =1
B pa6ore [4] mokazano, uTO
L,+1 o

I7) = ulf, Dl < 25— (f 50 Tomy ) WECH O

IIPDXU 3TOM BBIIIOJTHEHO HEPABEHCTBO

27 _ w2 At e 27
3(n+05) 4n+05)3 S 3m105)

© Cewmenosa T.10., 2023

Vn € N. (2)
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Takum 00pa3oM, 3Ha4YeHHE AapryMeHTa MOJIYJIS HEIPEPBIBHOCTH B
orerke (1) TakoBO, 9TO TpPHM GOJBIINX 3HAYEHMSIX 7L €M0 HEJB3sT CyIIe-
CTBEHHO YMEHBINNTh. B TO 3Ke BpeMsi u3 (2) nMeeM HepaBeHCTBA

0.665181... <~ < 1.396263...,
0.679844... < v3 < 0.837758...,
0.540849... < 75 < 0.598398...

[TosToMy TIpM KOHKDETHBIX HEOOJBINMUX 3HAYCHUSX T JJIS YJIydIIeHUsT
OIIEHKYM CKOPOCTHU CXOIUMOCTH psifa Pypbe eCThb CMBICI HANTH TOYHOE
3HAYEHUE ). ¥ 3aMEHUTh UM apryMeHT MoJyJis HenpepbiBHocTH B (1).

B mamno#l pabore IpeIoKeH aJIrOPUTM I BBIYUCIEHHA 7, , & TaK-
’Ke TIOJIy4eHbl V), Y5, V3. 3aMeTUM, 9TO 3aMEHHTHb apryMeHT ?)(Tﬂ;).ii) B
MOJIyJIe€ HeIIPePLIBHOCTH HA BEJIHYUHY 7y, MOYKHO TaKKe B OIIEHKE HOPMBI
ocraTtka paga Pypne

If(x) = Su(f, 2)]| < (% lnw(fV(fQ)ﬂ) + 1.303)w(f, ﬁ)
' 3(n+0.5) )

JIOKa3aHHO} B pabore [7] [j1s1 MPON3BOILHON HEMOCTOSHHON QyHKIMN f
u3 Cyy, MMeroLIell OrpaHuYeHHy0 Ha oTpe3ke [—7, 7| Bapuarmio V (f).

JIureparypa

1. Kum O. Ouenka OTKJIOHEeHHMsI 4YaCTHbIX cymM psza DPypbe /
O. Kumr // Acta math. Acad. sci. Hung. — 1971. — T. 22, Ne 1-2. —
C. 173-176.

2. laBpumiok B.T. IIpubnmxkenne HENPEPHIBHBIX MEPUOTHICCKUAX
dyukuuit rpuronomerpuyeckumu nojmHomamu / B.T. Taspuiiok // Teo-
pust npubsmxkenus yaknuit. M.: 1977. — C. 101-103.

3. Miloradovi S. Aproksimacije funckcija Fourier-ovim sumama i
gorns granica Fourierovih koeficijenta / S. Miloradovi // Beograd: Ma-
gistarski rad, 1977.

4, Taspwmiok B.T. IlpubiukeHne HEIPEPBIBHBIX IIEPUOSHICCKUX
dbyuxmmit cymmamn ®@ypne. / B.T. Tappumok, C.B. Creuknn // Tp.
MMAH CCCP. — 1985. — T. 172. — C. 107-127.

5. Hayraser I.K. O6 onnoM CBOMCTBE BIIOJIHE HEIPEPBIBHBIX ONEPa-
topos B ipocrpanctie C. / I.K. Tayraser // Ycn. mar. Hayk. — 1963. —
T. 18, \e 5. — C. 157-158.

6. Creukun C.B. O mpubIMKEHUN HEMPEPBIBHBIX MMEPUOIUIECKUX
dbyuxmmit cymmamu @apapa. // Tp. MIIAH CCCP. — 1971. — T. 109. —
C. 26-34.
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7. oo A.FO. YrouHenue OIEHKH CKOPOCTH PABHOMEDHOW CXOJIHU-
Moctu psaga Oyphbe HeNPEpbIBHON MePUOINIECKOH (DYHKIUNA OrPAHUICH-
moit Bapuaruu / A.}O. ITonos, T.}O. Cemenosa // Marem. 3amerku. —
2023. — T. 113, Ne 4. — C. 544-559.

OB UCIIOJIB3OBAHUMU ITPOEKITMOHHOT'O METOJA
JAJId MATEMATNYECKOTO MOAEJINMPOBAHU S
HECTAIIMOHAPHOTI'O YPABHEHUS JUN®D®Y3UN

C IEPEMEHHBIM KO3®PUITUEHTOM!
E.B. Ceperuna', M.A. Crenosny?, M.H. ®uiunmnos
(123Poccus, Kasyra, !MocKoBCKuil TOCYIapCTBEHHBIH TeXHUYCKUI
yuusepcuter um. H.9. Baymana, Kangyxckuit dumman,
2Kany»xckuit TocynapcTsennbiit yausepenter um. K.D. Ilnonkosckoro,
3Mocksa, HCTHTYT 00MmEil 1 HEOPTAaHMIECKOH XUMUH )
Levfs@yandex.ru, 2m.stepovich@mail.ru, 3 fil@igic.ras.ru

3

1t MaTeMaTHIecKOro MOIEJTMPOBAHUS IBYMEPHOIO HECTAIIMOHAPHO-
ro ypaBHenus aud@y3un ¢ mepeMeHHbIM KOI(DMUIUEHTOM MPE/ITOKEHA
s derTrBHAA BBIUUCIUTEIBHAS CXEMa C HCIOIB30BAHUEM MPOEKITHOH-
Horo meroga [anepkuna. Panee [1] noka3anbl HEKOTOPbIE BO3MOXKHOCTH
HCIOJIB30BAHMSA ITOTO METOIA JIJIS PEIICHNs CTAMOHAPHOIO yPABHEHHA
anddy3un 1 mosrydeHa mopsiIKOBas OIEHKA MOTPEITHOCTH HEBS3KH, CO-
OTBETCTBYIOIIEH NpubinzkeHHOMY ypaBHeHuio gauddysun. Hacrosmas
paboTa TPOIOIKAET TAKHE UCCIeIOBaHNs. PaccMoTpenne mpoBeieHo Ais
HECTAIMOHAPHOTO ypaBHenus Auddy3un, OMUCHIBAIOIIETO 3aBUCUMOCTD
OT BPEMEHH KOHIIEHTPAIMHA HEPABHOBECHBIX HEOCHOBHBIX HOCHTETEH 3a-
pana (HH3), renepupoBaHHbIX BHEITHUM BO3AEHCTBHEM B OITHOPOIHOM
TTOJIyITPOBO/IHUKE, TOCJIE TPEKPAIEeHUsl IefCTBUAST BHEIIHErO HCTOYHH-
Ka [2]:
oc(z,y,t)
ot

C 'PAaHUYIHBIMHA YCJIOBUAMU

c(xz,y,t)

= DAc(z,y,t) — 0

c(x,y,0) = n(x,y), c(+00,y,t) = 0, c(x, +00,t) = 0, ¢(x,y,+00) =0,

—oco<x <00, —o0o<y<oo, 0Lt <oo.

1 MWccnemobanme BBHIIOAHEHO 3a cd9eT TrpanTa  Poccuifickoro  Hayd-

woro <¢ouma u Ilpasurenscra Kamyxkckoit obmactu  Ne  23-21-10069,
https://rscf.ru/project/23-21-10069/.
© Ceperura E.B., Crenosna M.A., ®ununnos M.H., 2023
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Baecy c(x,y,t) — zaBucumocrb kouuenrpauuu HH3 or Bpemenu,
n(z,y) — xonnenrparyst HH3 B crammonapHoM ciiydae, 10 BHIKIIOUEHHST
BremHero Bo3aeficrens, A = 9% /9% + 0% /0y® — nBymepusrii oneparop
Jlamaca, D = const — koaddunuent muddysun u 7 = 7(t) — 3aBucu-
MocTh Bpemenu kuzan HH3 or BpeMenu mociie BBIKIIOYEHNST BHEIITHETO
ucrounnka HH3. B macrosmieit pabore paccMoTpeHa MareMaTHdecKast
MO/IEJIb, OLUCHIBAIONIAA J[BA MEXaAHM3Ma PEKOMOUHAIIMU HEPABHOBECHBIX
HH3 npu BHIKIIOYEHUN BHEITHETO BO3IEHCTBUS, IPU 3TOM 3aBUCUMOCTH
qucya HepaBaoBecHbix HH3 or BpeMeHu omuchbiBaeTcs AByMsl 9KCIIOHEH-
Tamu [2].

Pemrenue ObLIO TOIYYEHO B BUJIE YACTUIHON CYMMBI Psijia 110 MOIH-
dbunupoBanubiM (yHKIUAM Jlareppa ¢ mapamMerpoM, YCKOPSIOIIEM CXO-
JIMMOCTH PsifIA.

JIureparypa

1. Makarenkov A.M. The projection Galerkin method for solving
the time—independent differential diffusion equations in a semi-infinite
domain / A.M. Makarenkov, E.V. Seregina, M.A. Stepovich //
Computational mathematics and mathematical physics. — 2017. —
Vol. 57, N\e 5. — P. 802-814.

2. Seregina E.V. On a mathematical model of the diffusion of
excitons in a semiconductor taking into account their variable lifetime /
E.V. Seregina, M.A. Stepovich, M.N. Filippov // Journal of Surface
Investigation: X-ray, Synchrotron and Neutron Techniques. — 2023. —
Vol. 17, No 2. — P. 376-380.

PE3OHAHCHI I XAOC B 3AJAYE TPEX TEJI
B.B. Cugopenko (Mocksa, ITIM nm. M.B. Kenzpia PAH)
vusidorenko@list.ru

Eciu B HEKOTOPO#I IJTAHETHON WU CIIyTHHKOBOH CHCTEME OTHOIIEHUE
TIEepUOIOB OOPAIEHUsI IBYX TeJl BOKPYT OCHOBHOTO Tesa (3BE3MbI W/
[JIAHETHI) TPUOIU3UTETHHO PABHO OTHONIEHUIO JBYX MAJIBIX HEJIbIX Uh-
CeJI, TO TOTJA TOBOPSAT, YTO ITU TEJId HAXOAATCH B PE30HAHCE CPEIHUX
neukenuit (PC). Tlpu pe3onatce cpeHuX JABUKEHUI BJIUAHUE B3AUM-
HBIX BO3MYIIEHUN yCHIMBAETCs. B ONHUX CIydasix 3TO [eJIaeT CUCTEeMY
HEYCTOIUNBOI, B JIPYTUX, HA0OOPOT, YCUIWBAET YCTONYNBOCTDL (B YacT-
HOCTH, TpeJOTBpaInaer TecHbie cOmmkenus). Ocobyo CI0KHOCTH MPH
ucciaenoBanuu PCJI mpencTaB/isiioT CUTyallnu HEEIUHCTBEHHOCTHA PE30-
HAHCHBIX PEXKUMOB ABMKEHUH. B 3TOM ciydae HEOOXOIMMO BBIIEIUTH
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obsiactu (a30BOro TPOCTPAHCTBA 33/1a491, B KOTOPOM MOTYT COCYIIIECTBO-
BaTh pa3Hble PE3OHAHCHBIE PEKUMBI JTBUKEHUS, CDABHUTEH BEPOSITHOCTH
3aXBaTa B 3TH PEKUMBI U YCTAHOBUTH, BO3MOXKHBI JTU B PE3YIbTATE IBO-
JIFOTIUU JIBUZKEHUS TIEPEXOIbl U3 OTHOTO PEXKMMA B APYTOM.

B OosbumHCTBE CilydaeB COBpEMEHHbIE AHAJIUTHYECKNE HCCIIeI0Ba-
Hus pesonancoB cpexnux apuxkenuii (PCJI) B pamkax orpaHudeHHOIt
WJIH HEOIPAHUYEHHON 33/1a9U TPEX TeJI OMUPAIOTCA HA PABTUIHBIE MOIH-
dbuxanuu «Bropoii dyniamenTanbHoil Mojesu pezonancay [1]. Januas
MOJIEJTb TPUMEHUM, TOTIA, KOTIA SKCIIEHTPUCUTETHI U HAKJIOHEHWST OPOUT
TeJ, ABUXKYIIUXCA B PE30HAHCE, JOCTATOYHO MaJIbl — TOPSIKA HEKOTO-
pOii CTENeHN MAJIOro MapaMerpa 3a,/1a49u, KOTOPHIM SBJISETCS OTHOIIEHUE
MACCBI 3TUX TEJl K MACCe TMEHTPATBLHOTO Tea.

Hpyroit noaxoxn k usydennto PCJI 6ot npemyioxkern B 1985 1. ame-
PHKAHCKUM CIENuaIucToM 110 HebecHol Mexanuke k. Yuzmomom [2].
Omucanne PCJI B mogxome Yu3aoMa MOJIHOCTHIO SKBUBAJIEHTHO TOM Kap-
THHE PE30HAHCHBIX 3P (DHEKTOB, KOTOPAs MPUBOIUTCS B PYKOBOACTBAX IO
COBDEMEHHOM TeOpPHH FraMUJIBTOHOBBIX CHCTeM (CM., Hanpumep, [3]). Ioa-
X0/, YU310Ma TIPeosaraeT AByKpaTHoe ocpeiienue (1o OpouTaIbHOMY
JIBUKEHUIO ¥ 110 KOJIeOAHUAM / « BDALIEHUsIM» BCIOMOIATe/IbHOMN epeMeH-
HOI — pe30HaHCHOl (a3bl) /Jlst HOCTPOCHUS IBOJIIOLMOHHBIX yDABHEHUIT,
OTHUCHIBAIONINX JUHAMUKY CHCTEMBI HA JJINTEIBHBIX BPEMEHHBIX WHTEP-
Basiax. IlpumMedaTesibHO, YTO MOAXOM, Y U3/I0Ma MPUMEHUM B MAJIOUCCJIE-
JOBAHHOM CJTydae PE3OHAHCHBIX JBUKEHUH ¢ OOIBIIMMU HAKJIOHEHUSIMI
u 3kcreaTpucureramu. Kpome Toro, moaxox Yusmoma mo3BOJsgeT y94ecThb
Pl MEXAHM3MOB XaOTU3AIMH JIBUXKEHNAA B 3a7a9€ TPeX Tesl.

B nmoknaze OyayT npencraBjeHbl Pe3yJibTarbl IPUMEHEHHsI 1101XO0-
ma Yuzgoma Ay m3ydeHus BekoBbix dddextor mpu PCJI 1:1 B pam-
KaX OTpaHWYEeHHOW 3aJaun Tpex Ted. B [4] ObuM yCTaHOBIEHBI YCIO-
BUs (DOPMUPOBAHUS W PA3PYIIEHUsS KBA3UCITYTHUKOBBIX PEKUMOB JIBH-
»Kenus HebecHbix Teil. B [5] ¢ momouipio moaxona Yusmoma ucciemoBasa
BO3MOXKHOCTD IIPpe0Opa30BaHKsA Y aCTEPOUIOB—«TPOSHIEB» JABUXKEHUS B
OKPECTHOCTH TOYKM JuOpanuu L, B IBUKEHUE B OKPECTHOCTU TOUYKI
mubpammu Ls (u waobopor). B [6] paccmarpuBanach curyarmsi, Koraa
IUTAHETA W ACTEPOU] ABUKYTCSA MO OJU3KUM OpOMTaM, HO B IPOTHBOIO-
JIOXKHOM Hamnpapiennu. Kparkuii 0030p 3THX HCCJIE€IO0BAHUNA IIOCTYKHUT
yoeauTenbHOi AeMoHcTparmeii 3 (MEKTUBHOCTH MOAX0Aa Y U3I0MA.
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O KOHEYHOMEPHBIX AIIIIPOKCUMAIIMAX
OCOBOT'O NHTEI'PAJIA TNJILBEPTA
10 JEVMICTBUTEJILHOM OCHU
10.C. CoummeB (Mocksa, MAJII)
sul951@mail.ru

Paccmorpum 0cobbrit mHTErpaIT

—+oo
L
Agif=Agr(fir) == | —LY _grs=0,1,2,..., 1
af= Ao = [ 7 s )
TTOHUMAaEMBbIif B CMBICJIE TJIABHOT'O 3HAYEHUS IO KOH_H/I (S = 0) nJIn B

CMBICJIe KOHETHOro 3HadeHus o Aamapy (s > 0), rae f(z) — m1oTHOCTS
MHTErpaja, OrpaHHYeHHAs. HA BEIIECTBEHHON ocu R dyHKuus.
IIycts L,(R) — mpocTpaHcTBO BeeX u3MepuMbIx Ha R yHxnumit f ¢

nopuoit ||f], = |If]l, < oo, e
1

+o00 P
1£1l, = (flf(t)pdt> ;1 <p<oossup|f(t)],p=o0,p,
5 teR

wi(f,t)p = we(f,t)r, — Momymp rmagkoctu k-to mopanka f B Ly(R),
L, (R) — nommpocrpancreo dynxmmit f € L,(R), 118 KOTOPBIX TPOU3-

soxuas ("1 aBcomoTHO HenpepbiBEA Ha R 1 ||f(’") ||p = Hf(r < 00,

Iz,
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By, — MHO2KECTBO 11e/1bIX (DYHKIMI SKCIOHEHIMaIbHOro Tula < o < 7,
npuHaaexanmx L, (R).
Beenem nHTEpTIOIANMOHHBIN onepaTop (cp. ¢ [1])

N

Lyf=Ln(f;2)= Z f(kh)sinc%(x — kh), sincx =
k=—N

sin x

,h > 0.
(2)
Annpokcumupysi mwiorHocth uaTerpasia (1) Boipaxkenuem (2), mosy-
quM KBazaparyphyio dopmyiy (cp. ¢ [2])

N\ N s (_1)s+j
Asi1f = Asi1(Ln; @) + Bnsf = (ﬁ) Z f(kh)27x
k=—N

=
T j T s—j+1 . (s—v)m
cos (T fknr+%) J sin ="~
X T 1 + . T +RN5f7 3
( (5F — km)s—it1 ; (s—j+1—-v)I(FF —kﬂ')”) 3)

rue Rysf = Rys(f;x) — ocrarounblii diieH.
Teopema 1. Ilyecmv f € Ly(R),r = 0,1,..., 1 < p < 00,0 > 1.
Toz0a

—rTs T 1
1BNs ll < Crpos N wr (£, 5

2de Cyp s — NOCMOAHNGA, 306UCAULAA TMOALKEO OM T, P U S.
CaencrBue. IIycmo 6 ycaosuaxr meopemor wi(f,0), = 0(6%),0 <
a < 1. Tozda

IBNsfll, = ONT"= ) r o — 5> 0.

C momomipio pe3ynsraTroB pabor [3], [4] moxasbiBaercs
Teopema 2. IIycmo f € LT (R),r = 1,2,...,0 > 1, wg(f,d), =
0(0%),0 < a < 1. Tozda

In N
[Bnsflloo = [IBNsfllc = O <Nr+as> T +a—s>0. (4)

Yepes HY(R) oboznaunm kaacc byukunii f(z), € R, yIoBIeTBO-
PSAIOIUX «TI06asbHOMY > yctoBnuio Lesbaepa [5]

|21 — @a|®
(T4 |z1 ) (14 |o|)”

[f(z1) = fz2) < A

r1,22 € R.

Jamnee, momoxxum H™t(R) = {f : f")(z) € H*(R)}.
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Teopema 3. Ecau f(z) € H*(R),r =0,1,..., 0 < a <1, mo dan
0CMAMOYHO20 wALHA K8a0PamypHol dopmyav, (8) cnpasediusa ouerka

(4)-
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PE3OHAHCHBIE PEIIIEHN S B HEJIMHEMHBIX
CUCTEMAX C BATYXAKOIIIMMUA
OCINJIJIMPYIOIIIVMU BOSMVYIIITEHN AMMN
O.A. CyaranosB (Yda, UMBII YOUIT PAH)
oasultanov@gmail.com

PaccmarpuBaercs Kaace CHIbHO HEIMHEHHBIX CHCTEM OOBIKHOBEHHBIX
muddepeHnuaibHbIX yPaBHEHH Ha IIJIOCKOCTH C OCIUJLIUPY FOIIUME BO3-
MylleHusaMH. [Ipeamonaraercs, 900 HHTEHCUBHOCTD BO3MYILIEHHH 3aTy-
XaeT CTeIeHHbIM 00Pa30M CO BPEMEHEM, & YaCTOTa IOJMHOMUAJILHO Pac-
Ter. OOCYKIaeTCsd TUHAMUKA BO3MYIIEHHOW aCUMITOTHIECKH ABTOHOM-
HOI CHCTE€MBI BJAJN OT paBHOBeCHs. I[[0Ka3bIBAETCs, 9TO B 3aBUCHMOCTH
OT CTPYKTYPHhI U IAPAMETPOB BO3MYILEHUH CHCTEMa MOYXKET HAXOAUTHCS B
OJIHOM M3 JIBYX PEXKHMOB: B PE;KHMME CUHXPOHHU3AIMHA WU B pexkume ¢a-
308010 sipeiida. Jloka3pIBaeTCs, YTO B IIEPBOM CJ1ydae CyIIECTBYIOT Pe30-
HAHCHBIE PEIeHUs C HEOTPAHWYEHHO PACTYIIEeH SHeprueil, y KOTOphIX ¢ha-
3a moacTpanBaeTcs o (asy Bo3MyInenus. Vccmeayercss yCTORInBOCTh
¥ ACHMIITOTHIECKOE TIOBEIEHNE TAKUX PEIIeHNH Ha JAJEKUX BPEMEHAX C
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MIOMOIIHI0 KOMOMHAIINY TEXHUKHU ycpeanenus u Merona dbyHkuun Jlsmy-
HoBa. IIpeokennast TeOpust IPUMEHSETCS JJIsi OMMUCAHNUS PE3OHAHCHBIX
pexkumMoB ocruiaTopa dyddunra ¢ 3aTyxamomuMy SupIUpOBAHHBIMA
Bo3myIrenusivu. [losrydennbie pe3yabTaThl YKA3bIBAIOT HA BO3MOKHOCTH
3¢ HEKTUBHOTO UCHOIB30BAHUS 3ATYXAONUX CO BPEMEHEM BO3MYIIEHUH
JIJIsl YIPABJIEHUS] TUHAMUAKON HEJIMHEHHDBIX CHCTEM.

JIureparypa
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BOITPOCHI HEIIPEPHIBHOCTU IIOKA3ATEJIEN
KOJIEBJIEMOCTHU HA MHO>XECTBE PEIIIEHUN
JINMHEMHBIX JU®PEPEHIINAJBHBIX CUCTEM
A.X. Cram (Maiikom, AT'Y)
aidamir.stash@gmail. com

B pa6orax [1, 2] 1. H. Cepreepa Ha MoIynpsiMOii BBOIUJINCH W UCCTIE-
JIOBAJINCh PA3JIMYHBbIE XaPAKTEPUCTUKN JIATYHOBCKOIO THUIA HEHYJIEBBIX
pemrennit nuHEHHBIX AudpepeHnuaIbHbIX ypaBHeHu# u cucreM. B Ha-
crosieil pabore OygIeM PacCMATPUBATL GEPTHUE U HUNCHUE CUAbHBLE T
caabbie TTIOKA3aTe N KOIebIeMoCT HyAetl, KopHeti U euneprophed. Panee
CUJIbHBIE MTOKA3ATEIN KOJIEOJIEMOCTH HA3BIBAIUCH TOJHBIMUA YaCTOTAMHU,
a cjabble TTOKA3aTeIn — BEKTOPHBIMU YaCTOTAMH.

s 3agannoro n € N obo3HaunM depe3 M™ MHOXKECTBO JTUHEHHBIX
cucTeM

z=A(t)zx, zeR", teRy=][0,+c0),

¢ nenpepuenvimu oneparop—dyukimuamu A : Ry — EndR"™ (kaxunyio
U3 KOTOPBIX OyJleM OTOXKAECTBJIATH C COOTBETCTBYIOMIEH CHCTEMOI).
CrekTpoM Kakoro—anbo mokKasaress KoIeOJIeMOCTH HA30BeM MHOXKe-
CTBO €r0 PA3JINYHbIX 3HAYEHUI HA HEHYJIEBBIX pernenusx auddepeniim-
aJIbHOM cucTeMbl. TOYHYIO HUKHIOIO ¥ TOYHYIO BEPXHIOIO I'DAHU CIIEKTPA
KaKoro—1nbo moka3aTesst KoiebaeMocTn Oy1eM Ha3bIBATh KPAitHUMA 1O~
KazaTeasaMu KojedbaeMocTn auddepeHnuaabHoi CHCTEMbI 1 PACCMaTPH-
BaTh WX KaK (DYHKIIMOHAJIBI HA MHOXKeCTBe M" ¢ eCTeCTBEHHBIMU [IJIst
byHKINY JTUHEHHBIMU ONepanusaMy U paBHOMEPHOH HA R, Tomosmoruei,
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3aJlaBaeMOil METPUKON

p(A, B) = sup min{|A(t) — B(t)|,1}, A,Be M".
teR

IMozxcuer moOCAEIHUX MPOMCXOAUT IIyTEM YCPEJHEHUs 4ucia Hysei (uau
KODHeli, ujin runepkopHeii) npoekuuu perienus « auddepennuanbHoil
CHCTEeMbI HAa KaKy0—JIU0O0 MPSIMYIO, IPUYEM 9T MPIMasi BBIOMPAETCs TAK,
9TOOBI TI0JIyYEHHOE CPE/JHEe 3HAYEHUE OKa3aJI0Ch MUHUMAJBHBIM: €CJIN
yKa3aHHas MUHUMW3AINs TPOU3BOIUTCS TEPEJ], YCPEIHEHUEM, TO TIOJIY-
JAIOTCs CIa0bIe TIOKA3ATEH KOJIEOIEMOCTH, a €CJIN TOCJIe, TO — CHJIbHBIE
nmokazaresu Kojedbiemoctu. IIpu 3T0M 171t BBIYUCIEHUST STUX XapaAKTePH-
CTHUK DeIlleHus] Y JIMHEHHOTO YPABHEHUS N—TO TOPAIKA OCYIIECTBIISIETCS
nepexos K BekTop—dyukuun © = (y,7,...,y" 1),

U3 pesysbraros pabor [1, 3, 4] sbirekaer, 410 cyKenue Jr000# u3
KpaifHUX moka3areseii KomebaIeMOoCTH Ha TOMOJOTHIECKOe TIOAMPOCTPAH-
ctBo C™ C M™ aBroHOMHBIX auddepeHInajibHbIX CHCTEM €CTh Helpe-
pbiBHAS (DYHKITHS.

Kpowme Toro, HempepbIBHOCTH KpafiHUX IMOKa3aTerei KOaedJIeMOCTH
HaOJIIOIAETCs U Ha TOLOJIOTHYeKOM moanpocrpancrse £2 C M2 nBymep-
HBIX CUCTEM, OTBEYAIOIIMUX YPABHEHUAM BTOpOro nopsaxa (cm. [1]).

B pabGore [5] na muoxecTse M? GbLTH HaifleHbI He TOMBHKO TOUKH
pa3pbiBa, HO U TOYKW HEMHBAPUAHTHOCTH KPAWHUX MOKa3aTesel Kojied-
JIEMOCTH THIIEPKOPHEH OTHOCHTEIHHO BO3MYIIEHHUIT, MCIE3AI0IINX HA Oec-
konegHOoCTH. OKA3aJI0Ch, 9TO 3TOT PE3YJIBTAT MOXKHO EPEHECTH HE TOJb-
KO Ha, OCTAJIbHBIE TMOKA3ATE N KOJIeOJIeMOCTH, HO U ODOOIUTh HA N—bIit
caydait.

Teopema 1. Jlaa 406020 n > 2 6 npocmpancmee M"™ cyuecmeyem
mouka, 6 Komopol Hu 00UH U3 KPAUHUL noka3amenel KoaeOAeMOCTIU
Hysael, KopHel U 2unepropHet He ABAACTCA HU HENPEPOLEHbIM, HU TOo-
AYHENPEPBLEHDBLM, CBEPLY, HU NOAYHENPEPBLEHBLM CHUZY, HU dadice UHBA-
PUAGHMHBLM OMHOCUMEALHO DECKOHEUHO MAABLE B03MYULEHUTL.
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OB ABCOJIIOTHOM CXOAMMOCTHU JABOMHBIX
PA10B ®YPBE PABHOMEPHBIX
IIOYTU-IIEPNOANYECKHUX q)YHKHI/Iﬁ
®.M. Tanbakos (dyman6e, TTITY um. C.Ajinu)
talbakov 90@mail.ru

IMycrs dynkuus f(z,y) € B ¢ KonedHoii Hopmoii

1f(x,y)lls = sup |f(z,y)l,
z,yER

au1st Koropoit pag, @ypbe umeer Bu/1

[l y) ~ i i Ag et Orrti),

k=—oc0l=—0c0

1 /T T N
— 1 —t( Aty
AkJ TIE;I;O 4772 /;T /,T f(x)e dxdy’

rae {A}, {\} — nokasarenu Dypbe, KOTOpble UMEIOT €JUMHCTBEHHYIO
LIPEJIeJIbHYIO TOYKY B HyJe, TO ecrb (cMm. Haup. [2—4] )

Ak > O(k > 0),)\_k = =g, |)\k+1 < Ak'(k =1,2, ),klglolo |/\k| =0,

p> 00> 0), poy = —pu, [ | <l = 1,2,..), lim [ = 0.

IIpuBoauM 1OCTATOYIHBIE YCIOBUAS CXOAMMOCTH P

ST 1A PR (v>0,0<B<q). (1)

k=—o00l=—00
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Hous dyukuuun f(z,y) € B paccMOTpUM MHTErPajbHOE IIPEICTABIIE-
HUE

F(z,y) = 9192/ / ~OrtatOata) £ 1)y — to)dtydts

ITo reopeme o HeompemeseHHOM WHTErpase [1, c. 29| anst paBHOMep-
HBIX TOYTU—TIEPUOANIECKUX DyHKImit, F (a:) TaKKe ABJIAeTCd paBHOMED-
HO# oaru-nepuoanydeckoit. [Ipu 6 > 0 BBegeM B pacCMOTPeHME BETHIH-
ny

(f 01792
= 01021 Ma{| / / 61t1+92t2)f(37 — 11,y — tz)dtldtﬂp}}l/p =

T e} 0 ® Oat)
— H —(01t1+02t2
= 010>{ i /_T /_T |/o /0 ‘ -

X flx —t1,y — t2)dt1dt2|pd$dy}l/p-

Pesynbrarbr manHO# paboOThI SIBIISIETCST AHAJIOTUMH HEKOTOPBIX Pe3YJib-
taroB pabor [2,3] mig Kiacca MOYTU—IIEPHOIMUYECKUX B CMbicjie Bopa
byHKIIHIIT.

Teopema Ecau dan gynryuu f(z,y) € B, cnexmp xomopot ydo-
eaemeopaem ycaiosuam (1), cxodumes paod

o0 oo
v a=8 — =8
73 20 DO DO DI £ A ),

v=0 pu=0

2de 1 <p<2 1—|—7—10<B<q7>0 moeda pad (1) cxodumcs.

Ina d)yHKuHﬂ f(z y) € B npu mekoroporo yucia a (0 < a < 1)
HMEET MECTO

| / f(x — t,y)dt] < Clu['®, / f(,y — t)dt]| < Clu]=*.
0 0
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10.X. Xacanos, ®.M. Tanbakos // JAH PT. — 2018. — T. 61, Ne 1-
2. — C. 813-821.

4. Xacanmor HO.X., TangbakoB ®.M. O6 abCOMIOTHON CXOAUMO-
cru psgoB Pypee nourn-nepnogudecknx byHkuuii Besukosnua |/
10 .X. Xacanos, ®.M. Tanbakos // JAH PT. 2016. T. 59, Ne 1
2. — C. 11-18.

O KOHKYPEHTHOW KPOCC-IN®®Y3MOHHOM
CUCTEME XUIITHUK YKEPTBA C IN®®Y3UEMN,
3ABUCHIIEN OT IIJIOTHOCTHU
2K.O. Taxupos (Tamkent, Mncruryr Maremarnkn AH PV3)
prof-takhirov@yahoo.com

JlnnaMuKa KOHKYPEHIMN MEKIY XUIITHUKOM U YKEePTBO TITUPOKO M3y-
qajJach B IOCHEJHUE TOJbl N3—3a WX MOBCEMECTHOrO CyIIeCTBOBAHUA U
BaXXHOCTH B MaTEMATHYIECKO# Omosornm m dKojoruu. lIpm B3ammomeii-
CTBUU XUITHUK—KEPTBA, ITIOMUMO CIIyIAalHOTO PACTPOCTPAHEHUS XUATITHU-
Ka U KEPTBbI, XUIHAK UMEET TEHJICHINIO [IEPEMENAThCA B paon ¢ 60-
Jlee BBICOKOH TMIIOTHOCTHIO TIOMYJSIIAK >KepTBbI. B [1] aBTOpHI BrepBhIe
MPEeAJIOKUIIA CIIEAYIONIYI0 MOJIEb ¢ OJHUM XUITHAKOM U OJTHOI *KepTBOit
, ITOOBI OOBSCHUTH, 9TO MOMCK HA OTPAHWYEHHOW TEPPUTOPUU CO3IAET
CJIeyIoNIee SBAEeHNe CKOILIEHUs XUTTHIKOB

ug = V- (d(w)V(u) — V- (ux(w)Vw) + Gy (u, w),
wy = DAw + Go(u, w),

rae D > 0 — koapdunment muddysuu xeprs, d(w) — GyHK-
Lys IOABUXKHOCTU XUIMHUKOB, X(w) — KO3(DdULUEHT 4yBCTBUTENbHO-
CTH JKEPTBBL K Takcucy, a 4wietd —V - (uyx(w)Vw) obo3nagaer TeHaeHIs
XWIMTHAKA, JBUTATHCS B HAMPABICHUN YBEJIWYCHUS TPAJUEHTa, YKEPTBHI.
Dynkiyn Gp(u,w) 1 Go(u,w) ONMUCHIBAIOT B3ANMOAEHCTBHUS XUIIHUK—
JKepPTBa, BKIIOYAIONIAE KAK BHY TPUBHIOBbIE, TAK W MEXKBHIOBBIE B3AMMO-
geiicreus. C Tex mop ObLIN MPEIIOKEHBI PA3TUIHBIE MOJEU PEAKIHA—
audpdy3un mist uarepuperanuu penomena «xeprsa—rakcucy [2]. Ou-
HAKO MHOTO MCCJIEJOBAHWH TOCBAIMIEHO M3YYEHWIO MOJIeNel «KepTBa—
TAKCHC» C ONHWAM XWITHWUKOM W OJHON >KepTBOH. B mocmemmee Bpems

© Taxupos 2K.O., 2023
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6OJIBIIIOE BHUMAHKE TPUBJIEKAIOT MOJIEIU C AByMs XUIIHUKAMU W OJHON
JKEPTBOIT C «JKePTBa—TakCuC» (Hamp.[3—4]).

B mammoit 3amMeTke MbI n3ydaeM Kpocc—audPy3uOHHYI0 CHCTEMY, MO-
JIeJTUPYIONIY 0 IUHAMUYECKOE MTOBEIEHNUE JIBYX XUITHUKOB U OJHOM XKepT-
BbI

up = V- (d1(w)Vu) = V- (ux1(w)Vw) + byugy (w) — uhy (u), z € Q,t > 0,

vy = V- (d2(v)Vv) = V- (vx2(w)Vw) + bavga(w) — vha(v),z € Q,t > 0,
wy =V - (ds(w)Vw) + f(w) — ugi(w) — vga(w),z € Q, >0,
Ovy = vy = Ovyy = 0,2 € OOt > 0,
u(z,0) = uo(x),v(x,0) = vo(x), w(z,0) = wo(x),r € Q,

rae € R*(n > 1) — orpanudennas o6jacTb ¢ DIaAKoil rpaHunei
o, % — HpOU3BO/HAS 10 BHEMHEH HopMau oT 082, u, v U W — IJIOT-
HOCTH [IBYX XMIIHHKOB U OJHON 2KEePTBBI, COOTBeTCTBeHHO. Ko3ddunu-
eHTHI by, b TipennonaraiTcs nonoxkureabubiMu. Yienst Ve(dy (w)Vu) n
V- (da(w)Vv) onuceisaror muddy3uio AByX XUITHUKOB ¢ KO3dduimenTa-
sut d;(w)(i = 1,2) coorsercrsenno, Ve(ds(w)Vw) muddysmo xeprsp
¢ koaddunuentom dsz(w).

-V - (ux1(w)Vw) n =V - (vx2(w)Vw) OpeacraBisior MeXaHU3-
Mbl 2KepTB Takcuca ¢ Koddduuuenramu x;(w) pua i = 1,2. @ynk-
uun ugi(w) u vge(w) YYUTHIBAIOT MEXKBHJOBbIE B3aMMOJEHCTBUS,
dbyuxmn uh (u), vhe(v) 0603HAYAIOT BHYTPUBHIOBIE B3aNMOIEHCTBHSI.
hi(u), he(v) — dynkIws cmepTHOCTH XUIIHUKOB, f(w) — dyHKIUSA poO-
CTa, >KEePTBHI.

Cravana Mbl JOKAXKEM I0OAJbHYI0 OrPAHMYEHHOCTD KJIACCHYECKUX
pemennii. CyTh 3TOi CHCTEMBI B TOM, 9TO TIPOCTPAHCTBEHHO—BPEMEHHBIE
BapHaluyi CKOPOCTH XHIHAKOB ONPEIESIOTCs rpagaeaToM g00bran. Cy-
MECTBOBAHKE B IMIODATBHOM MACIITAGE M € JAHCTBEHHOCTD KJIACCHIECKAX
pelIenunii 3Toi CuCTeMbl JOKA3bIBACTCA IPUHIUMIIOM HEIOABUXKHOU TOYKHA
¢ HCIOMb30BaHueM oneHoK L, n onenok tuna laynepa nnsa mapabon-
yeckux ypapsHenuii. Ha OCHOBE yCTAHOBIEHHBIX Pe3yIbTaTOB TJIOOAIH-
HOH OrpaHWYEHHOCTH WCCIEAYIOTCS HEKOTOPhIE Ka9eCTBEHHBIE CBOHCTBA
perenuii.

JIutepaTtypa

1. Kareiya P. Swarms of predators exhibit preytaxis if individual
predators use area-restricted search / P. Kareiya, G.T. Odell //
Amer.Nat. — 1987. — Ne 130. — C. 233-270.
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2. Ainseba B.E. A reaction—diffusion system modeling predator—
prey with prey—taxis / B.E. Ainseba, M. Bendahmane, A. Noussair //
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PEIIIEHUE CIIEKTPAJIBHOW 3AJJAYN
«MO2KHO JIN YCJIBIIITATbD ®OPMY BAPABAHA»
C.A. Turapenko (Cankr-IlerepOypr, TTIII CII0)
titarenko.sa@gmail.com

Banaga;
_AUn = EnUna U, |8Q: O,SPCC(Q) = {0 <Ey <E;<. ~~}7

paccMaTpuBaeTcs B OOPATHON MOCTAHOBKE: HAWTH HEM3BECTHYIO OOJACTD
Q 110 ee 3aaHHOMY ClIeKTPY Jalliacuana Spec(€)). Akycrudeckuil cMbICJ
9TOl 3amaun 0 Konebanuax memOpansbt () ucnonb3osan M. Kam (1966)
J1s 00pa3Hoil (hOPMYJIMPOBKH IOCTAHOBKY (IIUTATa B HA3BAHUU JOKJIA-
na). Hamnpumep, Kpyrible U OpsMOyroJibHbie «bapabaHbly> OJHO3HAYHO
ONIPENIENSAIOTCA CBOMM CHEKTPOM. VI3oMeTpuYHbIE 00JaCTH M30CHeK-
TPaJIbHBI (CIEKTPbI = KAK CYETHbIE MHOXKECTBA), HO 0OpaTHOEe HeBep-
HO: HaﬁﬂeHO HEMAJIO ITIPUMEPOB HEU3OMETPUIHOCTU—U3O0CIIEKTPAJIbBHOCTHU
— cum. 0030p O. 2Kupo, K. ITac, Rev. Modern Physics, 82, 2010 u puc.1.
Hossrit «meroz nzocnekrpuns [Turapenko C.A., IIpenpunt Ne2020-04
CII6 Marem. O6uw1.] mo3BOIMII 10KA3ATD:

Ecau m3socmekTpajgbHble 00JIaCTH HEM30METPUYHBI, OHH M—
KJI€TOYHBI, M > 4, M CBsI3aHBI MHOTO3HA4YHOH m3omerpueit. (1)

Hpuwmep puc.l u 2: 7-knerodnste ) i () HEU30METPHUUHLL, HO CBA3AHBI
Kyero4qHo# nzomerpueit T— 7-3naqnoii B knerkax ¢ C (2 u oxHO3ZHAUHOM
npu cyxennn Ha kiaetku ¢ C 2. Kierka — cBa3uas momobisacts ¢ C (2,
cuektp Koropoit Spec(®) C Spec(?). IlonsTue Kierku mpoiie BCero s
1-wmepwnoii 3anaun: —U) = E,U,, U,(0) = U,(7) = 0,Q = (0,7), tae
Un(x) = \/2/msinnx u Spec() = {12,22,...}. Unrepsan ® = (0,7/m)
€CcTb KJIETKA, T.K. cyxkemus {+/2/msinmkz}??, |o (m = 3 ma puc.

© Turapenxko C.A., 2023
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3) pasubl Hynio Ha konuax ® u gmator BCE ero cobersennbie yHK-
mm = Spec(®) = {k?,(2k)?,...} C Spec(Q)). Heuernoe mpomomKene
9THUX Cy’KEHWil Yepe3 TPAHMIBI KIEeTOK Jaer ucxomuble U, (z) aus m—
KJIeTo9HoM (2. AHajormyHas KapTWHA I 2—-MEpHBIX oOjacTei puc.2:
3/1€Ch KJIETKU M UX COOCTBeHHbIE (DYHKIMH OTPAXKAIOTCA OTHOCHTETHHO
OTPE3KOB Ha IPAHUIE KJIETOK.

«Meroz u3ocnekTpun»: 1) cobereennsre dbyukunn {U, 15, ectsb op-
TOHOPMUPOBaHHbIH 6a3uc B Lo(£2) 1 OpTOroHaIbHbBI, HO HEHOPMUPOBAH-
ubiit 6azuc 8 H () (=cobosesckoe npocrpancTso byHKIMIA ¢ uHTErpUpy-
embIM KBagapaToM rpaamenta n myaem wa 0Q) : (Upn, Un)p) = 1+ Ey.
Jna mobbix obmacreii ) u Q crangaprubiii uzomopdusm T : Ly(2) —

Ly(Q), comocrapisis OpTOHOPMUPOBaHHBbIE B Lo coOGCTBEHHBIE GA3KUCHI
U, =TU,, coxpanser ux OPTOHOPMHUPOBAHHOCTh U B COOOJIEBCKUX TIPO-

CTPAHCTBAaX TOJLKO €CJIL: ﬁ;/\/ 1+ E; =TU,/V1+ E,=\/1+ E;L =

v1+E, = E, = E,,Vn = V30cneKTpaibHOCTh < JIBOWHOMY
nzomopdusmy T : TH(Q) = H(Q) ATL2(Q) = La(R2), coxpansirorme-
My 00a CKaJspPHBIX NPOU3BEIEHUdA. 2) DTOT U30MOPMU3M UHIAYIUPYET
I1s1 KaekIoi momobiactu w C € ¢ coberBenubM 6aszucom {ug(w) 2, ee
orpaxkenne Tw := (Jro | int suppTug(w) C Q) = KpuTepwuii JOKAIb-
HOI M30CTMEKTPAIHHOCTH:

Spec(w) = Spec(Tw) & TH(w) = H(Tw) & TLa(w) = Ly(Tw). (2)
Bosmoxubsr TP ciayuas: 1. (2) HeBepHOo Yw # () = mpuBoauTCA K
cay4daio IT 6o IIT nopbopom cornacopanHbIx coOcTBeHHbIX Gazucos. I1.
(2) BepHo Vw C 2 = Teopema uzomerpuu: 2 u 2 msomerpuunsi. [11.
(2) BepHO 1151 HEKOTOPBIX, HO He Beex w C §) = Teopema kjerodHocru:
Q 1 € ABIAIOTCH KJIETOYHBIMU ¢ OAMHAKOBOI KJIETKOH u orpasxetue T
€CTh WX KJIeTOYHas N30MeTpHs.

Eciin © u Q nensomerpuunbl, II neposmoxkuo u u3 I ciemyer ux m—
KJIETOUHOCTh: M = 1 MCKII0UAeTCsl HeM30MeTPUUIHOCTHIO, KaK U M = 2 —
0061aCTH MMEIOT OCh CHMMETPUH C OJWHAKOBBIME KieTKamu. s m = 3
JIBa OTParKeHUs KJETKU JAI0T TOJbKO u3omerpuunbie  u Q = (1).

Hnsg Yw C ) kimeroyHast u3oMmerpus ymnporrnaer nocrpoenne Tw u
obparroro orpaxenns T !Tw, KOTOpble BCErna M30CHEKTPAIBHBI —
cM. puc.4: W = YEPHBIH KPYr BHYTPH K/JICTKM U W = 3aIITPUXOBAH-
HBII KPYT Ha TPaHuUNe AByX KiaeToK. Kommonentsl HecBs3Hbx Tw C )
umeior HE reomerpuueckyio, a @U3NYECKYIO cBsizHoCTb: npocrpan-
cTBa (DYHKIMIT HAJl HUMH «TIepernyIeTeHbl» OXBATLIBAIONIM (hDU3MIeCKIM
noseM {U,}22 ¢ MOMOIIBI0 HEKOTOPO OPTOTOHAJIBHOM CHMMETPHYHOM
marpuiipl. Ilomobnacru w : Spec(w) = Spec(Tw) obpasyior anrebpy
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— T UX TepecedeHuii, JOMOJHEHUN U OObeIMHEHul COXpAaHIeTCsa pa-
BeHCTBO (Ipyrux!) CMEeKTPOB, TO3BOJISAST TEHEPUPOBATH KOHTHHYYM HO-
BBIX MPUMEPOB M30CIEKTPATbHBIX—HEM30METPUIHBIX Toa00 acTeir. Ha-
npuMep, Ha puc.4 HApsAILY € mapoit u3 7 KPYyros JmbO mapoit u3 2 «ba-
Go4eK» ¢ 3 KPyTrOBBIMHU CEIMEHTaMH M30CHEKTPATbLHBI M MX JIOTIOTHeHUS:
nmapbl MHOIOCBA3HBIX obsracreit  u ) ¢ 7 qmubo 5 «aplpKaMu» COOTBET-
CTBEHHO.

Spec()=Spec()
Puc.1

Gordon C..Inv.Math,110,1,1992

Spec(Q)=Spec())

sin3x

MAS,
ANl )

Puc.3
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KOPPEKTHOCTbDb HEJIOKAJIbHON 'PAHNYHON
3AJTAYN JJI9 CUCTEM JINMHEMHBIX
JIN®PEPEHIINAJIbBHBIX YPABHEHUN
C «<BECOBO1» ITPOU3BO/JTHOI
C.A. TkaueBa, I''B. CaBuenko, I.I'. ManykoBckasa
(Boporex, BI'Y)
svtkach@mail.ru

Paccmarpusaercsa cucrema muHEHHBIX auddEepEeHITNATBHBIX YPaBHEe-
HUl ¢ YACTHBIME TPOU3BOIHBIMHE CJIETYIOIIErO BHUIA

Dyt — B(—iDy)u = f(t,x), 0<t< T,z eR™ (1)

Nckomast Bekrop—byukunsa u = u(t, z) = (u1(t, z), uz(t, ), ..., un (¢, 2))
YIOBJIETBOPAET IPAHUYHOMY YCJIOBHIO

Blﬂ(t, I)|t=0 = Bgﬂ(t, $)|t=T (2)

Dy; = a(t)% a(t) — muddepeniuanbhpiii oneparop, € <«Be-
coBbiMH» Tpou3BoaHbIMU 110 nepemenuoit € [0,T], rme «(t) npocra-
Touno rnagkas wa [0,7] dynkmma, obpamanmasca B HyJIb TIpH
t=+0:a(+0) =0,a(t) > 0, rue t € [0,T].

Oyuxmus  f(t,x) = (fi(t,z), f2(t,2), ..., fult,z)) — B3ananmas
KOMILJIEKCHO3HAYHAS BEKTOP — (DYHKIWs, ONpENETCeHHAs B CJIOe
(0 <t < T,z € R"). B(—iD,) — muddepeHuuaabuplii onepaTrop mno
x € R™. CumBou ouneparopa B(—iD, ) — aro marpuna

bir(I) -+ bip(d)

B(I) =
boi(I) - byn(I)
s71eMeHThl KOTopoit b;j(l) = > bLIIY — momMHOMBI ¢ TOCTOSTHHBI-
mu  kodbdunuenramu, rae v = (v1,V2,...,Upy) — MYJIBTUUHIEKC

|v] = vi+vat...tvm, i, = 1,2,...,n. Biu(t,x), Bou(t, x) — nuddepen-
[EaJIbHbIe oneparopsl 1o € R™, cumBosst koropsix By (1), B2(I) — no-
JTUHOMUATHHEIE MATDHUIIBI N-TO TIOPS/IKA, TpHueM ompeemutens By (1)
ornmden or Hysns. Ha rmanknx dbyukuusax u(t, ) € Lo 3amaamum omnepa-
Top G, 110 dhopmysam (cm. [1])

G.[u)(r,t) = Va)ult,x)|i=r = 0(1, x).

© Txauesa C.A.,Casuenko B, Manykoeckas WU.I., 2023
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Buaech t = t(1) — dynkuus, obparnas GyHKIUM

T

T
d d
T=1(t) = —p70<t<T,0<T<%7= —p<oo
a(p) a(p)
t t

Teopema. Ilycmo f(t,x) € La([0,T] x R™) u mampuya B(I) maxosa,
YMO CYWeCMByem nosodHcumesvnas nocmosnnas C > 0 u eeuecmeen-
nasn dynkyus (1), wmo

lexp(TB(I))|| < Coexp(Te(I)), (7| < T),

a TAKZKE BBINTOJITHAIOTCA yC.TIOBI/IH

Hglg) —exp(TB(I H (VI € R™),
Bi(I)
|70 < s
mpn o(I) = Ks, tme w,K;, Ky — TNOJOKNWTENbHBIE MOCTOSTH-

HbIe. Tom:La samada (1)—(2) paspemmmva mpu m060it TpaBoit YacTh
f(t,z) € La(]0,T) x R™) u crpaBeijinBo HEPABEHCTBO:

1 1
/ (e, )2, gyt < / F(t, 2)|12, gyt (3)
0 0

¢ KoHCTaHTOI ¢ > 0 , He 3aBucdmeit or s € R™.
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OB OTCYTCTBUU IIPEJEJIbHBIX ITNKJIOB
Y OHOTO KJIACCA TTOJIMHOMUAJIBHBIX
BEKTOPHBIX ITOJIEN!
B.B. Tuasues, J.C. Yuixo (Maiikon, ATY)
tlyachev@adygnet.ru

ITpn Ka4eCTBEHHOM WMCCJIEIOBAHWH JTUHAMHYECKON CHCTEMBI BayKHO
3HATH, MOTYT JIM B KAKAX—TUOO0 0OIACTSX CONEPIKATHCA 3AMKHYTBIE TDa-
€KTOPUH, B 9ACTHOCTH, IPeAebHbIe uKbl. K coxanennto, obmmx Kpu-
TEPUEB CyIIECTBOBAHUA WJIM OTCYyTCTBHS TPAEKTOPUil TAKOrO POAA HeT,
€CTh JINIITh TOCTATOYHbIE YCIOBHS, TAPAHTUPYIOIINE OTCYTCTBIE 3aMKHY-
THIX TPAEKTOPHil B HEKOTOPOIl 00JacTH, HANpHMeD, Kpurepnu Benauk-
cona u [ljonaka, u CyIIecTBOBaHHUs TAKOBBIX (mprHIHUN Koubia) [1]. Pac-
CMOTDHM CHCTEMY

% = Zﬂ(m7y) = P(z,y),
W i=0 (1)

7t = ZQZ(JZ',:U) = Q(l‘7y)a
i=0

rae Pi(z,y) = Y anz®y, Qi(zy) = Y buz*ylaw,bu € R,
k=i k=i

(P,Q) = 1,deg(P? + Q%) = 2n.
ITpeanonaraercs, uro cucrema (1) obiagaer CieayOMMMU CBORCTBA-
MU:

1. Nmeer xoTst OBI OJHO COCTOSTHWE PABHOBECHST;

2. IIpaBble 9acTW 3TOI CHCTEMBI OJHOBPEMEHHO HE SBJIAIOTCS OITHO-
POJHBIMU TIOJIMTHOMAMHU CTEIIEeHU 7;

3. Bce paccmarprBaeMble COCTOSHUA PABHOBECHUS CHCTEMBI PACIIOJO-
JKEHbI B OTPAHUIEHHOW 9acT (PAa30BOil IITOCKOCTH.

Eciu tgp = m, rue ¢ — yros HakJIOHA KACATEJbHBIX K TPAEKTOPU-
M aBTOHOMHON muddepeHnnaabHOi CHCTEMBI B TOYKAX W30KJIWHBI L,
OTJINYHBIX OT COCTOSIHUIT PABHOBECHs, TO M OyIeM Ha3bIBATH HAMPABIIE-
HUEeM, THIYIINPOBAHHBIM HA M30KJIUHE L.

1 Pafora BBIIOAHEHA IPH YACTHYHOM (puHAHCOBOH mommepxkke POO «DOPA»
(npoekt Ne 02-01-2023)
© Tnsges B.B., Ymxo [.C., 2023
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CumBosiom l:.nj Oyzem 0003HAYATH MPAMYIO U3OKJIUHY [;, HA KOTOPOIi
UHYIUPOBAHO HATPABJICHHE 1.

JIBe mpsiMble W30KJIUHBI l;ﬂj , 17" ©yoeM CYUTaTh HECOBIIAIAIONUTMMU,
ecnu |m; —my |+ |i —s| > 0.

Bsenewm crnemyrormue o003HATECHST:

Z — MHOXKECTBO BCEX MPAMbIX M30KJUH cucrembl (1);

Z™ — NOIMHOXKECTBO MHOXKECTBA 7, 9JIEMEHTAMU KOTOPOI'O SIBJIAIOT-
Cs1 IPSIMbIe W30KJIMHBI, HA KOTOPBIX WHIYIIMPOBAHO HAPABJIEHUE 171.

Teopema. ITycmo cucmema (1) umeem 2n NPpamovLE USOKAUH, NPU-
nadaeorcawur  mnoscecmey Z™M ) Z™2, npuuem 6ce npamvie 9mo-
20 MHOIICECTBA, 3G UCKAOMEeHUEeM (S5, napasiesvrv, mexncdy cobod,
m1 # ma. Eeau ece npamvie mnoorcecmsa Z™?, kpome 1SS, A6AA0M-
CA UHBAPUGHMHBLMU TPAMBLMU, ™o cucmema (1) ne umeem npedesvhois
YUKA08.

CutencrBue. Y KBAIPATUYIHON CUCTEMBI, MMEIOMIEH TPU MaPAJLIeb-
HBIX MPSIMBIX W30KJIUHBI, O/THA U3 KOTOPBIX SBJISI€TCH WHBAPUAHTHOMN MPsi-
MOi#1, OTCYTCTBYIOT IIPeIeJIbHbIE [TUKJIbI.

3amevanue. KBajparudnasi cucrema He UMEET IPEIEIbHBIX IUK-
JIOB TIDY HAJINYUU y HEe JIBYX MMEePECEKAIONINXCS MHBAPUAHTHBIX MPSIMBIX.
Cu. taxxe [1, 2].

JIureparypa
1. Bayrun H.H., Jleonrosuy E.A. Meroab! u npueMbl KaueCTBEHHO-
IO HCCIIeIOBaHNs JUHAMAYECKUX cucreM Ha mtockocru / H.H. Bayrum,
E.A. JTeonrosuu. — M. : Hayka. — 1990. — 486 c.
2. Bayrun H.H. O nepuouyeckux perieHusix OIHONW CUCTEMbI JTud-
dbepennnansunix ypasuennit / H.H. Bayrun // Ipuknagnas MmatemaTu-
Ka u mexanmka. — 1954. — T. 18, Ne 1. — C. 128.
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JINMTHEAPN30BAHHAA IBYMEPHAZf OBPATHAZI
3AJAYA TEPMOVYIIPYTOCTHU C ITAMATBHIO
2K./1. ToruneBa
(Bragukaska3, FOxubiit maremarudeckuii uacruryr BHIL PAH)
jannatuaeva@inbox.ru

Hus (z,2),z € R,z > 0,t € R paccmarpusaercs cucrema ypaBHeHuii
TEPMOYTPYTOCTH € MaMAThio [1,2]:
) ) H(z,z,t)
0%u *u 0 ou
PoE = L[h( t), Moz T o, {()\ + 2u)8— —(3X+2u) / a(s)ds”,

OH
E = kAH7 H |t<0E 07 U |t<0E 07 (2)
ou 5(t)
Lz, 1), 22 =2
{ (=) az] o X0+ 20(0)

3A(0) + 2.(0)
A(0) + 2.(0)

(52 = 4H) lomso= —+(Ts - Toro(o), (@

rae u(x,z,t) — cmemenne, H(x,z,t) — npupainenne temmeparypsi, A
— omeparopa Jlamaca 1o TepeMeHHBIM Z, z; §(t) — menbra—hyHKIUs
Jupaka; Ty > T, ’y > 0 — wuekoropble mocrosHube, O(t) — QyHK-
s Xepucaiina, R(s fo 7)dT, onepaTop L onpenenen mo dhopmyste
L [h(x,t),u(z,2,t)] fu(:n,z,t +f0 x,t — 7)u(x, 2, 7)dT.

B cucremy ypasuenwuit Bxoxsar k = const > 0 — koaddunuent rem-
MepaTyporpoBoIHOCTH, p(z) > 0 — miIoTHOCTH cpeabl, A(z), u(z) — ma-
pamerpsl Jlame, a(z) — k03bOUINEHT TEMIOBOrO PACIINPEHUST CPEJIBL.
Cumraem, uro p(z) > 0, A(z) + 2u(z) > 0.

Bamady ompeneneHust BEKTOpa CMemeHust u(x, z,t) W TPUPAIIEHUsS
remueparypsl H(z, z,t), ynosiersopsiomux (B 06OOIIEHHOM CMBICJIE)
pasencram (1)—(4), npu 3amarnbix dyakuuax «(s), h(t), p(z), w(z),
A(z) ® 3amaHAEBIX TOCTOSHHBIX k, 7y, To, 1) GyaeM HA3HBATH TPSMO
3aJaveit.

ITpeanonaraem, uro aapo h(x,t) MoxHO npeacraButh B Buie (dop-
MAaJIbHO BBOJUTCSA MAaJIBIi mapameTp € > 0):

h(z,t) = ho(t) + ehy(z,t), (5)
© Toruesa 2K./., 2023

Lh(z,t), R(H(0,%))],
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rue byukuus ho(t) sBagercsa 3agannoil, a hi(z,t) — HeusBecrHas, MaJas
o abCoTIOTHOM BenunHe, qobaBKa. TpeboBaHMe MAIOCTH TOOABOYHOTO
spa TMOHNMAEeTCs KaK MAJOCTh MO HOPMe, COJEpIKallell TPOM3BOIHbBIE
s7ipa 710 HEKOTOPOTO MOPS/TKA.

O6parnas 3aga4qa: naiitu s1po hi(z,t) € C}([0,0); La(R)), t > 0,
€csu M3BECTHA JOMOJHATENbHAS MHMOPMALHS O PEIIeHnN IPAMON 3313
qau (1)—(4):

u(z, 2,t)| =40 = g(z, ), t >0, (6)

g(x,t) — 3amanHas QyHKIWS.

Bysem cumrars, uro mus T > 0 hy(v,t) = Fy[hi](v,t) (obpa3
®ypoe)e A(w,T) Toraa u Toabko Torua, koraa hi(v,t) € CHR x Ry) u
v buxcuposannoro t € [0,T] supp hy(v,t) C [~w,w]. Coorsercrsento,
hi(z,t) € A(w,T) Toraa i TombKO Toraa, Korma hy (v, t) € Alw, T).

Teopema 1. Ilycmv w > 0, T > 0 durcuposano.. ra cy-
WECMBOBAHUA U eOUHCMEEHHOCTY peutenud obpammot 3adavy (1)-(6)
hi(x,t) € AMw,T) neobrodumo u docmamouno, wmobw. ho(t) € C3[0,T],
g(v,t) == Flgl(v,t) € C3R x [0,T]), §(v,0) = 0, uV $urcuposannozo
t€[0,7T] supp g(v,t) C [~w,w].

Teopema 2. I[lycmo hgl)(m,t), h§2) (x,t) € Aw,T) — pewe-
nua o6pammnoti 3adawu (1)-(6), omsewarouue ungdopmavuam g (x,t),
g (x,t) coomsememeenno. Tozda npu 6vnoANEnUL YCAOBUL MeEoperbl
1 umeem oyenka ycmoGuusocmu

1 2 ~ ~
/ 1A — BP0y do < C / 150 = 52 |2 0.4, d.
R —w

2de C' — HeKOMOPaA KOHCMAHMG, 3G6UCAULGA OM eAunuH w, T U 3Ha-
wenutl gynryud p(z), A(z), p(2), ho(t).
JIutepaTtypa

1. Kosanenko A.J. Tepmoyupyrocrs / A.JI. Kosasenko. // Ku-
eB :Bwuma mkoma, 1975. — 216 c.

2. Toruesa 2K.JI. Bagagua 06 onpeesieHUN OJHOMEDPHOTO AIpa YPaB-
Henus TepmoBsiskoynpyroctu / ZK.JI. Toruesa, J1.K. dypaues // Ma-
remarndeckue 3amerku // 2018. — T. 103, Ne 1. — C. 118-132.
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JINMHEMHOE YACTHO-MHTEIPAJIbHOE YPABHEHUE
®OPEJATI'OJIBMA BTOPOT'O POJA OT CPEPUYECKU
CUMMETPUYHBIX ®YHKIIUI
H.U. Tpycosa
(JTumenk, JITITY umenn I1.II. CemenoBa-Tan-IITanckoro)
trusova.nat@gmail.com

BecoBbim wacTHO-MHTErpaibubiM oneparopom (Y- oneparopom) ¢
nHTerpasibHoi Mepoii Jlebera—Knunpusinosa 2 dt,, [1] B R, Ha3bIBaeTCs
BBIPAKEHHE

fQ (ta, xg) t1e dty,
mex:(xa,xa)eR an " Q ER

IIycrb obuiactb €2, ecrb Wap ¢ HEHTPOM B HAYaJ/le KOOPJAUHAT Iepe-
MeHHOTO paguyca p € [0; R]. Becorbim U-U omeparopom, MpuMEHEHHBIM
K yHKIHH 0T ¢hepruvecKoil CHMMETPHHN, HASHIBAETCS BBIPAKEHHE

(Iaf)(lxa‘v Tg) = f|m”<R k(|xa|a Ta; ta) f(ta, xﬁ) 3o dig
Cdepuueckoe npeobpaszoBanue KOOPAUHAT to, = pO HPUBOIUT ITOT
orepaTop K BUILY
(Laf)(|zal, 27) = [S1(m |'Yoz fo (|zal, 2@ p) f(p, za) p™tHI=1 dp,
rae |Y| =Y Va, u |S1(m)|,, — "naomazns marpyxenHoi chepnr".
1

JluneitnpiM BecoBbiM U—U1 omepaTopom oT cepuyeckn cuMMeTpud-
HBIX (DYHKIMIT HA3BIBAETCS BHIPAYKEHUE

JIuneiinoe wyacTHO-MHTErpanbHOe ypapHeHne Dpearonbma BTOPOTO
poza ¢ uHeliHbIM BecoBbiM oeparopoM (1) umeer Buj

p(|zal, 2a) = Mp(|2zal, 2a) = [(|2al, 27), = € R, (2)

Ilycre p = (p1,p2,p3), 7 = (11,72,73), 7% > —1. Omeparop
(If)(|zal, zz) paccmarpuBaercs B BECOBOM aHU30TPOIHOM [IPOCTPAHCTBE
Jlebera—Kunpusuosa L) (D), D = (D1 x Dy x D3), D; = (0,b;), nHopma
KOTOPOTO OTIPEJIE/IEHa PABEHCTBOM

||U||Lg(D) =

p2/p1 P3/p2 1/ps
= < f( f[ [ |u(z)|Pr ﬂfldgcl] x;Qdm) zg3dz3) .
D3

D> L Dy

© Tpycosa H.H., 2023
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Teopema. Ilyemv v = m + |y — 1, v > -1 w
ko € LL(D), k € LI (Daw; L") (D)) s ki,n € L4 (Dy; LY(D,))

(»',p)
u o0

||f||PL?p1w) = sup {||f|\L;;il(DW;Lg(Dp))}Zzl <00,

2de |\ QH < 1, 2de Q = s%p{ (Do )77, [u(D)]77 ,}H :

H= maX{HkOHm yllkall s (p, LD Dy 7||k‘1,...,n||L;,(DPL;(DT))}-

Tozda 6 LZP,OO)(D) = LI (Dyy; Ly(D,)) cywecmeyem npedea
® = lim O, Pynryuonarbrot nociedosamesbHocmuy
vV—00

0, f =" (|zal, 27) ZA" I'f)(|7al, 72)-

Onepamop & deticmeyem ozparunenno u3 Lz’p OQ)(D)BL;(D) u

v py < limy=sss|| Py . Pewenue ypasnenus eduncmeen-
@]y Dy <1 1ollLy (D) P y (2) ed
HO U cyusecmeyem 6 eude
< 71,
o(|zal, z7) ZZZ:OA‘(I Mzal, zz) , npusem (o]l Ly < Wg?})-

YacrHo—unrerpaibubie ypaBuenns @pearonbma BTOPOro poga Ro
paccMorpensl B [2], a B R, usywanucs B [3].

JIurepaTtypa

1. JIaxor JI.H. Oneparop KunpusaoBa—benbrpamMu ¢ OTpuIiaTeib-
HOIT pa3MepHOCTHIO oneparopa Beccesns n cunrynspras 3ama4da Inpux-
ae nnst B-rapmonndeckoro ypasuenus / JI.H. Jlaxos, E.JI. Camuna //
Huddepennuannbie ypapaenus. — 2020. — T. 56, Ne 12. — C. 1610-1620.

2. Jlaxos JI.LH. O6 ypaBuenusix @penrosbma Jjis 9ACTHONO HHTErPa-
aa B Ry / JL.H. JIsaxos, A.M. Nnozemues, H.I. Tpycosa // IIpobiuembt
MareMaTudeckoro anagmsa. — 2020. — swmr. 107. — C. 59-67.

3. Jlaxos JI.LH. O6 ypaeuenwmun ®@pearospbma € BECOBBIM YaCTHO-
MHTErpaJibHbIM OIEPaTOPOM HosiozkuTeabuoro nopsaka / JILH. Jlaxos,
H.U. Tpycosa // Becrauk BopoHe:KcKOro rocyjapCTBeHHOIO yHIUBEPCHU-
rera. Cepusi: @usuka, Maremaruka, Ne3. Boponex: N31-80 jom BIY. —
2021. — C. 91-105.
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PA3PEIIIIMOCTD HAYAJIbHO-KPAEBOW 3AJTAYN
JJIs1 MOJEJIN KEJIbBUHA-®OWI'TA
KOHEYHOTIO IIOPSIJKA'
M.B. Typ6un, A.C. Ycrroxkanunosa (Boponex, BI'Y)
mrmike@mail.ru, nastyzhka@gmail.com

Mogenn apuxkenus x)Kuakoctu Kenbpuana—PoirTa KOHEYHOTO MOPS/I-
Ka SBJISETCS OHON U3 MOjesiell ¢ KOHEYHBIM 9HUCJIOM JUCKPETHO PacIpe-
JeJIEHHBIX BPeMEH pesakcanuu u perapianuu. VccienoBanue momenn
asuzkenns Kugkoctu Kenbpuna—Poiirra KOHEYHOIO MOPSIKA C 9aCTHOM
MPOU3BOIHON B PEOJIOTHYECKOM COOTHOIMEeHUH Ob110 HauaTo A.IT. Ockos-
KOBBIM (CM. ozpoGHee ero o63opHyto padory [1]). JanbHeiimee nccieno-
Banue mojeneit Kenbpuna @oiirra ¢ 4acTHO#N MPOU3BOIHOM 1TO BpDEMEHH B
PEO0JIOrUYeCKOM COOTHOIIIEHUH ITPOBOUIIOCH PSAIOM ABTOPOB, B TOM YHCJIE
u aBTOpaMu 3Toro nokjaaza (cM. 0630p [2]). B nacrosiiiee Bpemst ak THBHO
WCCIIETYIOTCA PA3IMIHbIe 3amaun Aad Mojeneit Kenbsuna—Doiirta n nx
momudukanuit (cM., HanpumMep, [3,4]).

IIpu stom mns yuéra mamsTé BIOJIb TPAEKTOPUI [BUKEHUS YKU/I-
KOCTH B PEOJIOTMYeCKOM COOTHOIIEHUU BMECTO YACTHON IPOU3BOIHON
paccMoTpeHa CyOCTaHIIMOHAIbHAS MPOW3BOAHAs. [Ipm 3TOM mOIyUaer-
cd CHCTeMa yPaBHEHWIH, COAepzKallasd WHTErPaJbHbBIH 9jIeH BJIOJIb TPa-
€KTOpUH JIBUKEHUS YKUJIKOCTH. A WMEHHO, B OTpAHWYEHHON objactu
Q C R",n = 2,3 na npomexxyrke ppemenu [0,7],T < oo, paccmar-
puBaeTcs CiieyIolnas CUCTeMa yPaBHEHU:

v " v A . IE(v)
= AU+ Y Vs — pp—— — 25D -
at M ”+i=1 Vg, Mo TPV (”’“ ) )

i Tk

t L
—2Div/ > e TIE () (s, 2(s, t,x)) ds + Vp = f; (1)
0 =1
divoe =0, (t,z) € Qr=1[0,T] x € (2)
rae  z(rit,x) == —|—/ v(s,z(s;t,x))ds, 0<t,7<T, xze€f (3)
¢

3mech v W p CKOPOCTH W JABJIEHWE B YKUIKOCTH, [ — TJIOTHOCTH
BHEITHUX CHJI, (i1, g > 0 — BA3BKOCTH JKUJIKOCTU W BPEMS PETAPIAIINH.

I Pa6ora Bemosaena 3a cudr Poccuiickoro Hayunoro ®onma (rpamr Ne 23-21-
00091).
© Typbur M.B., Ycrroxamunosa A.C., 2023
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E(v) = 1/2(Vv + (Vv)") — zemsop ckopocreit nedopmanyii. Hemssect-
HBIMW SIBJISTIOTCST CKOPOCTh IBUYKEHWST U M TABJIEHNE KUIKOCTH P, & TaK-
JK€ TPAEKTOPWH JIBUKEHWs YaCTHI XKUIKOCTH Z, OTpeJeisieMble ToJeM
CKOPOCTE.

st 9TO# cucTeMBl yPABHEHUI PACCMATPHBAETCA HAYATLHO—KDPAEBAs
33,1498 C HAYAJIbHBIM M IPAHUYHBIM yCIOBUAMU

vli=o = a(z), = €Q, v|aaxjo,r = 0. (4)

OCHOBHBIM DPE3YILTATOM SIBJISIETCS CJIEAYIONIAs TeopeMa:

Teopema 1. Cywecmeyem xoms 6v. 00H0 CAGOOE PEWEHUE HA%AAL-
Hno—kpaesot sadawu (1)—(4).

st TOKa3aresbCTBa PacCMATPUBAETC AMMPOKCUMAIIMOHHAS 3313~
49a, Pa3peIuMOCTh KOTOPOW YCTAHABIMBAETCS MPHU IOMOIIA TEOPEMbI
Jlepe—Illaynepa o HemomBwKkHO# Touke. Ilocie Wero ma OCHOBE ampu-
OPHBIX OIEHOK PEIIeHNH MOKA3BIBAETCS, UTO U3 MOCIEI0BATEITHHOCTH Pe-
IMEHUH anmpOKCUMAIIMOHHON 3a/1a91 MO2KHO U3BJI€Yb IMMOAIOCIIEI0BATEIb-
HOCTB, C/1ab0 CXOIANIYIOCS K C1abOMy PeIIeHni0 HadaIbHO—KPaeBoO# 3a-
nauu (1)—(4) upu crpemsieHuy napamerpa anipoOKCUMALMU K HYJIIO.

JIurepaTtypa

1. Ockonkop A.Il. HaganmbHo—KpaeBble 3aJa49u JJisi yPABHEHU
aBuzkenus xujkocreil Kenppuna—®@oitrra u kuakocreil Ouiapoiira /
A.TI. Ockomkor // Tp. MUAH CCCP. — 1988. — T. 179. — C. 126-
164.

2. 3earua B.I'. MccnenoBanne HAYaIbHO-KPAEBLIX 33a49 [JI Ma-
TeMarudeckux wmozesieil nspuxkennda xKuakocreil Kenpsuna—®oiirra /
B.I". 3ssarun, M.B. Typ6un // CM®H. — 2009. — T. 31. — C. 3-144.

3. Ustiuzhaninova A. Feedback Control Problem for Modified Kelvin—
Voigt Model / A. Ustiuzhaninova, M. Turbin // J. Dyn. Control Syst. —
2022. — V. 28. — P. 465-480.

4. Turbin M. Pullback attractors for weak solution to modified
Kelvin—Voigt model / M. Turbin, A. Ustiuzhaninova // Evolution Equa-
tions and Control Theory. — 2022. — V. 11, Ne. 6. — P. 2055-2072.
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O 3ABUCHUMOCTHU OT BXOJHBIX JAHHBIX
PEIMTEHU A JUNPPEPEHIIMAJIBHOTO YPABHEHUSA
JNPPY3UUN B IMTOJIYIIPOBO/IHUKE

KOHEYHOM TOJIIIINHBbI!
J.B. Typrun', M.A. Crenosnu?, B.B. Kanmanosuu?,
A.A. Kapranos®, B.JI. TonoBann?
! (UBanoso, UsL'Y, 2Kamyra, KI'Y um. K.9. Iuonkosckoro,
3000 «KAMUH-Knaccux»,
4Mocksa, MI'Y um. M.B. Jlomonocosa)
Lturtin@mail.ru, ?m.stepovich@rambler.ru, 2v572264 @yandex.ru,
3kartanovartem@gmail.com, *v_ glog@mail.ru

Huddysus HepaBHOBECHBIX HEOCHOBHBIX HOocureseil 3apsaaa (HH3),
TreHePHUPOBAHHBIX IMMPOKUM BHEIIHUM HCTOYHUKOM B OJHOPOIHOM IIOJIY-
nposoznuke (cM. [1-3] u sureparypy ram xe), onucsisaercs auddepen-
IUATHHBIM YPABHEHNEM

— ——= = —p(z); D, = counst. (1)

Jlna MuUIIeHr KOHeYHOH TOIIMUHLL | FPAHNYHBIC YCIOBHA 3aIAIICM B
Buzie [4-6]

d

D ];(22) - = Uslp(o)a Vg1 = const,
d

D Z(ZZ) _ = —vgp(l), vsa = const.

ITomy4densr cnemyromme ONEHKH 3aBUCHMOCTH OT BXOJIHBIX JAHHBIX
pemienuii nuddepenuanbHoro ypasuenus (1):

1) Tpu HAJIMYWM BHENTHUX BO3JEHCTBUI HA M3Y4aeMBbIi MOJIYTPOBO/I-
HUK B mpaBoii yactu auddepenimanbuoro ypasuenus muddysun (1)
OyzeM uMerh pasindHble byHKUHM p1(z) u p2(z) U, COOTBETCTBEHHO,
JIBA PA3IWYHBIX ero pertenus py(z) u pa(z). Ecnn |p1(z) — p1(2)] < g,
rJie € — IHOJIOXKUTEIbHAS KOHCTaHTa, T0 Vz € [0,]]

Ip2(2) — p1(2)| < Ce, C = [ch(ly/o) — 1] /Do, 0 =1/Dr;

1 WcenepoBanme — BLIOJHEHO 33 CY4eT TpaHTa  POCCHHCKOrO — Hayd-

"Horo <¢donma wu llpaBuresnbctBa Kanyxkckoit obmactu  Ne 23-21-10069,
https://rscf.ru/project/23-21-10069/.

© Typruu I.B., Crenosua M.A., Kanmanosud B.B., Kapranos A.A.,
T'osioBans B.JIL., 2023
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2) eciu p1(z) — peutenue ypasuenus (1), a po(z) — peienue 31oro
JK€ yPaBHEHWsl, HO C TIPABOif YacThio —p (2) —& M € TeMU Ke TPAHUIHBIMU
YCJIOBUSIMH, & € — TOJIOKUTEIHHOE YHCII0, XapaKTePU3yIolee CIIyvaiiHoe
BHeIlIHee BO3/eiicTBre, To Vz € [0, ]

Ip2(2) — p1(2)] < Cexp(v/oz) + e, 0 = 1/D7, C = const.

[Mony4ennnie OIEHKYM UCIOJb30BAHBI TTPU MATEMATHYIECKOM MOJIEIIU-
pOBaHWY BJIMSIHUS BXOJHBIX JTAHHBIX HA perrenus auddepeHnaaibHOro
ypasuenus quddys3unn HH3 B o1y mpoBOHUKOBBIX MATEPUATAX MUKPO—
, HaHo—, onrroaekrporukyu 1 CBY—rexnuku.
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M.A. Crenoeny, /1.B. Typrun, B.B. Kanvanosu4 // CoBpeMeHHbIE HH-
G opMAaIMOHHBIE TEXHOJOTUU B OOPA30BAHUY U HAY YHBIX UCCIIEIOBAHUSX
marepuasibl VII mexxiynaponnoit Hay9HO-TeXHIHIeCKON KOH(bepeHnnu. —
Hownenk : JoaHTY, 2021. — C. 22-25.

5. Typrur J1.B. O KOPpPEKTHOCTH MATEMATHYECKUX MOJEsel JTud-
dbysun u karomomomunectenunn |/ JI.B. Typrun, M.A. Crenosuy,
B.B. Kanvanoenu, A.A. Kapranos // Tappuuecknii BecTHUK HHOOD-
maruku u marematuku. — 2021. — Ne 1 (50). — C. 81-100.

6. CrenoBud M.A. O KOPPEKTHOCTH MaTEMATUYECKON MOJIENN KOJI-
JIEKTUBHOM M Py3un HEOCHOBHBIX HOCHUTENEH 3apsga B OTHOPOIHOM
[OJIYyIPOBOHUKOBOM Mutienu KouewHoil Tosumubl / M.A. Crenosuy,
J.B. Typruu, B.B. Kanmaunosuu // Hayunbie Tpyubt Kasyzkckoro rocy-
mapcreennoro yausepcurera uMm. K.9. [lnoakosckoro. Cep. : EcrecTren-
Hble n Texuundeckne Haykn. — Kasmyra : KI'V nm. K.9. [nonkosckoro,
2021. — C. 219-225.

392



N CCJIEJOBAHUE I AHAJIN3 MATEMATHUYECKO
MOJEJIN «JIEC-BUOMACCA»
9.E. Tycyunbekosa (Mocksa, MT'VY)
elmira.tussupbekova@gmail.com

Jlec — BaxkHeitmmit KOMIoHeHT Onocdepbl, OCHOBHOW UCTOYHUK IKO-
Jlorudeckoii 6e3omacHocTu desoBeka. B jecax comeprxkurca okoino 60-70
NPONEHTOB Bcero armocdepHoro 3amnaca yriekucaorsl — 400-500 mupa,. .
ITommMmo GHOTOTMYECKOi TIOIL3BI JIeca TPUHOCAT OTPOMHBIH BKJIAT B pa3-
BUTHE YKOHOMUKN MHOTHX POMBIIIJIEHHO PA3BUTHIX CTPAH MUDPA.

B nannoit pabore mpoBOIMTCS MCCIEIOBAHWE W AHAU3 JUHAMUAYE-
CKOM MOJIeJIH JIJIsi COXPAHEHUS JIECHOIO XO35AHCTBA, KOTOPOE MUCTOMIAETCS
n3-3a BbIPYOKU JIECOB, POCTA JIECHO! IPOMBIILIEHHOCTH, KJITUMATHIECKUX
daxTopos. PaccmarpuBaercss Bo3pacTHast CTPYKTypa JIeCHOH GroMacch
yepe3 gesenue Ha Mosoape (P) u 3pensie (M) nmonynsuu. s npo-
MbIIMLIEHHBIX npeanpusTuii (1) HaK/IaAbIBaeTCsl OrpaHuYeHNEe HA BbIPYO-
Ky MOJIOJBIX TOMyasAnmii. B KadecTBe ajbTEPHATHUBHBIX PECYPCOB [JIst
MPOMBIILIEHHBIX IPEeANPUATHIl BBOAUTCA MOAuUIMOBaAHHASA (DYHKIIUAA
Jlecnu—Toyspa. B pabore n3y1daercs cucremMa HeTUHEHHBIX TuddepeHIn-
AJbHBIX YPABHEHUH, NCCIEIYeTCA yCTOWYUBOCTD PEIICHUI CUCTEMBI, JO-
IIyCKaIoIel THHeapu3aIlnio B OKPECHOCTH MOJIOXKeHn# paBHOBecud. B3a-
umomeiicreue Mexay Benununnamu P, M, I onuceiBaeTcs auHaMudeckoit
CHCTEMOW:

dP P
M
ddT = BP — uEM — d\ M, (2)
dl asl
(-2 )T —doI
dt <a1 a3+M> 2 )

rae P(O) = OaM(O) P OaI(O) P 07 ar, ﬂa ka Vs 41 Ea dl; d2 a1, g, (3
— JelicTBUTeIbHbBIE ITapaMeTpsbl. Jljis 10Ka3aTesbCTBa OJI0ZKUTEIbHOCTH
¥ OIPDAHMYEHHOCTHU PelneHuil cucrembl ucnosbdyercs Jlemma Yena. Teo-
pus auddepeHnnansbHbIX HePABEHTCB UCITOIB3YeTCsT s IOy Y€HHST 10~
CTATOYHBIX YCJIOBHI CyIIECTBOBAHUA NPEIEJIbHBIX 3HAYCHUN BBEICHHBIX
IepeMeHHBbIX.

Uccnenyercss ycrofiauBOCTb IOJIOXKEHUSI PABHOBecusi cucreMmbl. Pac-
CMaTPUBAIOTCs YeTbIpe OMOJIOIMYEeCKH BO3MOXKHbIX 1I0JI02KEHUsI PABHOBE-
cust cucteMbl. B Xoze paboThl BBISBIEHBI YCIOBUS TTPH KOTOPHIX TIOJIOKE-
HUSI PABHOBECHUS TIPE/ICTABIISAIOT CO0O0i YCTOWYIUBBIN y3€s1, HeyCTONUNBBINA
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y3eJ, yCTOHYUBBIA CeljI0y3esl, HeyCTOMYUBBIA CelJloy3eJ, yCTOHYUBbIA
JVaKPUTHIECKWH y3es, HeyCTOHUNBHIN Auakputndecknii y3eia. CTposT-
cs1 ¢a3oBble MOPTPETHI B MPOEKIUU 1O JBYM TEPEMEHHBIM MPHU TOMO-
mm BeG-tpusoxkernus PhaPl [2]. Ias nocrpoennst (ha3oBbIX TpaeKTOPHii
B TPEXMEPHOM IPOCTPAHCTBE KCIIOIH30BAIIUCEH CJIEIYIONe OubamoTekn
nurona: matplotlib.pyplot, mpl toolkits.mplot3d, scipy.integrate.

B xome paboThl mpoaHAIN3UPOBAHO KAXK/I0€ yPABHEHUE CHCTEMBI 110
oTaenbHOCTH. Peltiennst ypaBHeHMit BhIpaXKeHbI B KBaJpaTypax. Mccie-
JIOBAHO TIOBE/IEHIE DEIeHNs TePBOT0 ypaBHEHHs Ha OeckoHedyHocTH. B
pe3ynabraTe aHAIW3a HU3Yy9IaeMOl MOjenu ObLIA JOKA3AHBI CIIEIYOIIHe
TEOPEMBI.

Teopema 1. ITycmo (r — +) # 0. Tozda pewenus cucmemovt (1)
(3) umerom caedyrowuti 6ud:

r—B+y
P(t) = r—B+~y Y\, —(r— t r’
(T@ —F)e (r=B+mt v
r— B84 elarE+di)t 1y ~
M(t) - ﬁ((thEﬁdl);y)/ r—B+y "o (r—B+y)t 1 T +C,
¢ S T T
(Oél*d2)t
e
I(t) = X
(=
e(al—dg)t d C 1
% (/a _’_(/B(T*ﬁJrV)f ela1B+d1)tdy + N) L+
8T \ela Bt J (T Ta) ==ty g
rjie 5, C eR.
Teopema 2. ITyems (r — 4+ v) = 0. Tozda pewenus cucmemol

(1)-(8) umerom caedyrowuii 6ud:

1
P(t) = T, 1
Tt &
8 / elmBE+d)tgy =
M(t) = C
( ) e(q1E+d1)t %t—'— PLO +
((Xl—dz)t (a1—d2)t
I(t) B : (/ B : (q1 B+dy) = dt—l—C)_l,
(e ela Vtd ~
2 asg + (e(q1E+d1)t f %H‘p%) t oy C)
rae 6’, C eR.
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B pesysnbrare qncieHHOr0 MO/IEIMPOBAHAS IOCTPOEHBI I'PadUKH, CO-
OTBETCTBYIOIINE MOJYYEHHBIM B paboTe pe3yabTaTaM TPU Pa3THIHBIX
KOMOWHAIMAX 3HAUEHWI TapaMeTpoB.
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ABJIEHUVE IIOTPAHCJIOA
B AJITEBPO—/IN®PEPEHIINAJIBHOM
YPABHEHUMU ITEPBOTO ITOPSAJIKA
B.A. YckoB (Boporex, BIVITY)
vuml@yandez.ru

PaccmarpuBaerca 3amada Korm:

(A—EB—EQC)% = (D +eE + 2F)u(t,e), (1)

u(to, ) = u’(e), (2)
rne A, B,C,D,E,F — 3aMKHyTble JIMHEHAHBIE ONEPATOPBI, JIEHCTBYTO-
mue m3 OaHaxoBa TPOCTpaHCTBA X B 0AHAXOBO MPOCTPAHCTBO K,
dom A = dom B = domC = domD = domE = dom F = X, u%(e)
— rosoMopdHas B OKpecTHOCTH TOUKK € = 0, t € [to; tmaz], € € (0;&p).
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3aech oneparop A ¢pearosbMOBCKUil € HyJI€BbIM MHIEKCOM (zaJiee,
dp—omepaTop), MMEIINil OTHOMEPHOe siapo. PaccmarpuBaeTcs ciydaii
KOHEUYHO yInHBI D—KOPIaHOBOH IEMOYKU oneparopa A.

fBeHne MOTPAHCION M1 YPABHEHUST

ade

o (B+eCu(t,e)

n3ydasuock B pabore [1] B ciyuae Pp—oneparopa A ¢ OZHOMEPHBIM /-
pom u B |2]| B ciyuae A, obmagarommM cBORCTEOM WMeTh () HOPMATBHBIM
COBCTBEHHBIM YHCJIOM € N—MEPHBIM SAIPOM.

B nacrosimeil paGore ornepaTopHble IIy9YKu 00Jiee BBICOKOIO MOPsIIKa
1o . Ilenb paboThl: BHIABATH YCIOBHUA, IPH KOTOPHIX BO3HAKAET ABJCHAS
norpanciog B 3azade (1), (2) — OHU HA3BIBAIOTCH YCAOBUAMY PE2YAAD-
HOCTNU GBLPOAHCOCHUA,

Hamomunm, 4ro B 3amade (1), (2) nMeeT MECTO A6AEHUE NOZPAHCAOA
66au3u mouky t = tg, eciau pelieHue IpejcTaBuMo B Buze [3,4]

u(t,e) = a(t) +v(t, e),

rue u(t) — perenue npenesbHOR 3aga4u, a v(t, ) — byHKIM TOrpaHc-
J1os1 BOJIM3U TOUKH t = tg.

Jlyis pemennst 3a7a9M BBIBEJIEHO YPABHEHWE BETBJICHWS, MO3BOJISIO-
Iee ONpeIeNnTh BrL (GDyHKIU TOTPAHCION C TPUMEHEHNEM JAArPAMMBI
Heiorona [5].

PesynpTaT B 9aCTHOM CIIy9ae MILTIOCTPUPYETCS TTPUMEPOM.
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IIEPBAYA KYPCOBAA PABOTA
ITIEPBOKYPCHUKOB HAIIPABJIEHU A
OYHIAMEHTAJIbHAA NTH®POPMATUKA
1M NTHO®OPMAIIMOHHBIE TEXHOJIOT' N
0.®. Yckosa, O./1. T'op6enko, H.A. Kansmesa (Bopouexk, BI'Y)
sunny.uskova@list.ru

DakyapTeT MPUKJIAJAHON MATEeMATUKU, WHPOPMATUKU U MEXAHUKHU
Bopomnesxkckoro rocymapcrsentoro yausepcutera (IIMM BIY) obpaso-
BaH B HAIEHl CTpaHe OJHUM U3 MEPBBIX (PAKYIBTETOB MOI00HOTO TPOdU-
sisi. OIHOI W3 OCHOBHBIX JUCIUILIMH DAaKaJIaBPOB, 00y IaIOIINXCS M0 Ha-
paBaeHno GyHIAMEHTAIbHAS HHPOPMATHKA 1 HHPOPMAIMOHHBIE TEX-
uwonoruu (®UNT), asnserca «Vudopmaruka u mporpaMmMupoBaHues,
W3yYeHne KOTOPOil HAYMHAETCS C MEepBOro Kypca. 1lo 3Toi aucnuninae
YUTAIOTCS JIEKIINN, TPOBOISATCS MTPAKTHYECKUE 3aHITHS U JTADOPATOPHbBIE
paboTHI.

Hauwunas ¢ 2019 roga o aucruniune «Uudopmaruka u mporpamMmmu-
poBaHues i IePBOKYPCHUKOB, 0Oy Iafonuxcs mo Hampasiaerauio OUNT
(02.03.02) yuebHbiM 11AHOM LIpELyCMOTPEHa KypcoBas pabora. OcHos-
Has IeJIb KypCOBO pabOThl 3aKPENUTh W MOKA3aTh 3HAHUS S3BIKA MPO-
rpammupoBannss C++ B objacTu 6a30BBIX CTPYKTYD JAHHBIX W pPa3pa-
OOTKe MporpamMM C UCIOIb30BaHuEM (DYHKITHIL.

Kypcosas pabora Boinosinsiercs camocrosTenabno ¢ 1 mo 30 ampesist BO
BHEAYIMTOPHOE BPEMsl, 3aBEPIIAECTCs MPEJACTABICHHEM OTYETa 110 yCTa-
HOBJIEHHOM (hopMe u cODeCeTOBAHNEM C PYKOBOIUTEIEM KYyPCOBOi pabo-
THI [2].

Oruer cTyzeHTa JJOJIZKEH COCTOSATDH U3 CJIELyIOIINX YacTeil.

1. ITocraBka 3aa4n.

2. Onucanue JaHHBIX W AJTOPUTMAa PelleHus 3aaadu. Biok—cxema
aJIrOpUTMA.

3. Ommcanne CTPYKTYPHI TPOrPAMMBI.

4. Pe3ynbTaThl TECTHPOBAHNUA.

5. CucoK MCIMOb30BAHHBIX HCTOYHUKOB.

6. ITonublil Teker nporpaMMbl Ha s3bike C++.

ExxeneiesibHO B TedeHHe alpess Mecsiia PyKOBOJIUTESb [IPOBOIUT
KOHCYJIBTAIIAU 10 BBIMOJHEHUIO 3aJaHuil u 0OPMIIEHUIO0 KYPCOBOI pa-
OOTHI.
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st KypcoBoit pabOThI IEPBOKYPCHUKOB pa3paboran OaHK 33 aHuii,
comepxkammuit 80 paznuuHbx npuMmepos 3azad [1]. [Ipueegem mpumepsr
TTOCTAHOBKHU 33aH.

Ipumep 1. C xy1aBuaTyphl BBOAUTCS HHGPOPMAIK 00 UTOTAX TOCIE-
Hell 9K3aMEHAIMOHHOI ceccun. dra uHdOPMalms BKIOYaeT B cebs: 1)
LIEJI0e YUCJIO 7 — KOJMYECTBO CTYAEHTOB; 2) N 00bEJUHEHHBIX B CTPYK-
TYPY JAHHBIX:
<mMmsa> <damMuana> <OIeHKa > <OIeHKa > < OIeHKa > < OIeHKa >,
rme <mMmsi> <(paMuansa> — CHMBOJIbHBIE CTPOKH, COEpsKaIIye He 6ojee
20 cUMBOJIOB, OIEHKA 3a 3K3aMEH  JIeCaTUYIHas Mudpa U3 JIuamna3oHa
<2>..<5>.

Tpebyercs chopMupoBaTH MACCUB CTPYKTYP, B KOTOPOM KaXKIbIit
9JIEMEHT MACCUBA COMEPKUT (hAMUJIUIO CTYAEHTA U TUCJIO YCIEIITHO CIaH-
HBIX UM YK3aMEHOB, MPUYIEM BHAYAJE PA3MEIIAIOTCS TAHHBIE O CTYIEH-
Tax, cpemHuit 6aJI KOTOPBIX BbIME 3, 3aTeM 00 OCTaJIbHBIX CTY/IEHTAX,
MPU 3TOM HOPSJIOK CJIEJOBAHUS JAHHBIX B KAXKIOH 9aCTH 3aMEHsIeTCs
Ha 00pATHBIM 0 OTHOMIEHUIO K TOMY, KOTOPbI ObLIT OIPEIesieH BBOJOM.
BoiBecTu 9TOT MACCUB HA SKPAaH, BHIBECTH TAKXKe (DAMUJIUU U OIEHKHU
CTYJIEHTOB, UMEIONTUX HANOOBIINYI0 CyMMY OAJLIOB.

Ipumep 2. ChopMupoBaTH IMEJOYUCTCHHYIO KBAIPATHYIO MATPHUILY
A u3 m crpok. ChopmupoBaTh Tak:Ke MACCHB B W3 m HETbIX YHCe.

Tpebyercs HaliTu CKaIIpPHOE MPOU3BEIEHNE BeKTOpa B u moboit u3
CTPOK MATpPHIbl A, 3JIEMEHTBI KOTOPOU yIOPsIOYEHBI 110 BO3PACTAHUIO,
¥ YOAJIUTH 9Ty CTPOKY W3 MATPHUIIHI A.

CocraBuTh MPOrpaMMy C UCIOIb30BAHUEM (DYHKITHIA, TBY MEPHOTO -
HAMWYECKOT0 MACCUBa U yKasareseil. VlcxoaHyo Marpuiy A oCTaBUTH B
namsaTu 6e3 u3MeHeHui.
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IIPUMEPBI PA3JIOXKEHUI SJIEMEHTAPHBIX
OYHKIINN 110 PPEIMAM TABOPA,
IOPOXK/IEHHBIM ®YHKIIUEN TAYCCA
C.H. Ymakos, B.JI. Boakos (Boponex, BI'Y)
ushakowww@yandex.ru, madara2008@mail.Tu

Bonbmryio posb B pa3numdHbIX 0071aCTAX (DU3UKHA U MATEMATHKH, Ta-
KWX KakK, HAITPUMED, KBAHTOBAasI MEXaHWKa U 1udpoBast 00paboTKa Cur-
HAaJIOB, UTPAET CUCTEMBI (DYHKIUI BUIA

(x — kaq)?

. >ea abeR (1)

Grm (T, a1, a2) = exp <—
CTouT OTMETHTD, YTO JAHHOE CEMEHCTBO MPU PA3TUIHBIX COOTHOIIEHUSIX
apaMeTpoB (i ¥ (ry MOYKET OKa3aThCs Kak HenoJIHoi cucremoil B Lao(R)
(a1-ag > 27), Tak ¥ MMEOLIEit JIMITHUE SJIEMEHThI, HAIIPUMED, OJIUH, €CJIU
a1 - g = 27, 1 6ECKOHETHO MHOTO TIpH (1 - (g < 27. B mocienuem caydae
cucrema (1) obpasyer dpeiim, nmeryemsbrii ppeiimom T'abopa, m1st KOoTO-
pPOro CyLIECTBYET PA3BUTHIN MaTeMaTudecKuii annapar. B cnenuajanHOM
ciayudae npu oy - ag = ©/N, N € N Obuiu 1osyueHbl aBHbIE (POPMYJIbI
I71s1 ABOICTBEHHOrO dbpeiima Ji ,, Aucennom B crarbax [1], [2]:

§k7n ($7 g, 042) -

1 XX — (z — ay (K'N + 2k))
= W kl;m Ck/(2N 0[1) exp ( B X

+oo
X Z em' (2Naz) exp (i ag(2m + Nm/)x) ,
rae
1 Ew?\ - (r+0.5)%w?
= -1 TR W
cx(w) K@ exp( 1 ) z}:c( ) exp( 1 )

= r40.5)° w?
K (w) = Z (4r + 1) exp <(2+i5)>

r=—00

Ocobennocru Bbraucienus KO3GQUIUEHTOB (W) OTPaXKeHbl B CTa-

Thax [3], [4].
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B nmammoit pabore mpu moMOIMHU sIBHBIX (POPMYJ i TBOACTBEHHOTO
dpeiiMa TOIyYeHbl AHAJTUTHYECKH PA3JIOKEHUST HEKOTOPHIX DJIEMEHTAP-
HBIX (DYHKIUI ¥ TMPOBEIEHBI YNCIEHHBIE YKCIEpUMEHThI. HecMoTpst Ha
10, uro cemeiicTBo (1) gaBisercsa dpeiimom B Lo(R), ayis pasioxenus
Opanuch GyHKIEN n3 607ee MHUPOKOro KIacca, MOCKOIbKY B CHIY OBICT-
poro yobmBanus ¢yukmun Laycca, momydaembre KO3 OUAIHEHTHI U PIbI
SIBJISITOTCS CXOJIATIIMUCS.

[TpuBeném HUXKE B KAYECTBE TPUMEPA OTHY M3 MOJTYyIEHHBIX (POPMYI

phA Qv - Qi = T:
+oo
2
15{( Z ck(2a1)> X

k=—o00
400 +o0 " (z— (11]{3/)2
x Z Z (—=1)™" @y (a2)cos(m’ asx) | exp ]
k'=—o0c0 \m/=—oc0
e
—+oo
Ay () = Z em(2 ) exp (—a%(?m + m’)z) .

Paznorkenne equHUIBI UTPAET BAyKHYIO POJIh B KBAHTOBON ONTHKE,
rae cucreMbl pyuknuit Buga (1) HA3BIBAIOTCS KOMEPEHTHBIMU COCTOSHHU-
amu[5]. Bamucannas Boime GOPMyIIa IO3BOJAET UCIOIb30BATL JEJIbTa-
dyukuuio (06paz @ypbe OT eAuHUIBI) B BUIE PsJIOB, B KOTOPBIX CYyM-
MUPYIOTCs (DUBUYECKH OCMbBIC/IEHHBbIE ODecKoHedHO nuddepeHupyembie
dyHKITN.
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OBb OTCYTCTBUMU IIPEAEJIbHBIX ITNKJIOB
JJI51 OAHOTI'O KJIACCA IIJIOCKUX KYBUYECKUX
JNOPEPEHIINAJIBHBIX CUCTEM!

A D, Ymixo (Maiikom, AT'Y)
uschho76 @rambler.ru

IIpu uzyvyennn cxembl moBeeHusi (PAZOBHIX TPAEKTOPHUIl CUCTEMbI

3
dz
E == Z Q5 =S5 P3(xay)7
P (M)
o Z bi,j = Qs(x,y),
i+j=0

rae a;j,bi; € R, (P5,Q3) = 1, uMmeromeil nHBapHAHTHLIE IPSMbIE, BO3-
HUKAET BOIPOC O CyNIECTBOBAHUU WM OTCYTCTBUAU IIPEIETbHBIX IIUKJIOB.
B 3T0it cBsI3U yMeCTHO OTMETHUTH, uTO cucrema (1) He uMeeT Mpenesh-
HBIX I[KJIOB, €CJIM U3 e TPAEKTOPHii cocTosAT msaTh npsiMbix [1]. Oxnako
CYIIECTBYIOT cucreMbl Bua (1) ¢ 4eThipbMsi MHBAPUAHTHBIMU OPIMbBIMU
W NIPEIETbHBIM IAKJIOM.

IIpumep 1. IIpu gobom i € R cucrema

W4~ D[+ ) — 4y,

gt (2,)
z‘z = (y+1)(y +2)(4z — 2y)

nmeeT nHBapuaHTHble IpsMble T —1 =0, 2+1=0,y+1=0,y+2 =0.

Touka (0,0) cucremsr (2,,) sBISETCS COCTOSTHMEM paBHOBecHst. s
cucTembl (2¢) 9Ta TOYKA CyTh HErpyObiil dokyc. B camom Jese, xapak-
TEPUCTUYECKHUE YUCJIA COCTOSIHUS DABHOBECHUS CUCTEMbI YUCTO MHUMbIE,
a MMEHHO, A 2 = ++/7i. Hemocpe/ICTBeHHbIe BHIMUCICHAS TIOKA3BIBAIOT,

1077
1120/7

rpacduu [2] rouka (0,0) — ycroituussiii Herpy6biii Bhokyc cucrembr (2p).
IIpn mepexone K CKOJIb YTOTHO MAJBIM MOJOKATEIHLHBIM 3HATCHUSM [

410 TpeThst GoKycHas Besmuuna az(0,0) = < 0. Cornacuo MOHO-

1 Pafora BBIIOAHEHA IPH YACTHYHOM (puHAHCOBOH mommepxkke POO «DOPA»
(npoekT Ne 02-02-2023)
© Ymxo A ., 2023
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HerpyobIit (pokyc mpespaiaercsa B rpyOblii IPOTHBOIIOIOXKHON yCTONIN-
BOCTH, IOPOXKIAA YCTONUYUBLIN NPEIEIbHBIA IIUKJI, OKPYZKAIOIIUNA TOUYKY
(0,0).

YcaoBuMcst 0003HAYAT:

Z — MHOXKECTBO BCEX MPIMbIX M30KJUH cucrembr (1);

Z™ — MOJMHOXKECTBO MHOXKECTBA, 7, COCTOSIIEE U3 MPAMBIX H30KJIUH,
Ha KOTOPbIX MH/YIUPOBAHO HAIPABJICHUE 170

Z3(k) — NMOIMHOXKeCTBO MHOYKECTBa Z, COCTOsIIee M3 TPeX Tapajl-
JIEJIbHBIX MEXKIY CODOH MPSAMBIX W30KJINH C YTJIOBBIM KO3hdumnmenTom
k, HA KOTOPBIX WH/YIIUPOBAHBI MOMAPHO PA3TMYHbBIE HADABICHUST;

1] — npsivas n30KaAMHA [;, Ha KOTOPOii HH/IYITHPOBAHO HATIPABJIEHHE
mj.

Teopema. Ecau mmooicecmeo Z 6cex NPAMLIL U30KAUH KYOUYECKOU
cucmemor (1) umeem mpu nodmnoocecmea Zs(k1), Zs(ks), Zs(ks), ede
(k1 — ko) (k1 — k3)(k2 — k3) # 0, npuvem 60 muoocecmee U?Zl Z3(k;)
CO0ePIHCAMCA MPU UHBAPUGHIMHBLL TEPAMBLET, MO IMA CUCTNEMA He UMEETT
BAMEHRYTIOLL TPAEKMOPUT, 8 YACTNHOCTIU, TPEJEAbHBL YUKAOS.

ITpumep 2. Cucrema

dx
T =@--(-a—y+1),
HMeEeT TPH HOJAMHOKECTBA, IPAMbIX H30KJIUH
Z3(o0) ={x=0,2—-2=0,2 — 1 =0},
Z3(0)={y—2=0,y =0,y — 1 =0},
Zs(-1)={-z—-y+1=0,—c—y+3,—z—y+2=0}
NuBapuadTHBIMYE ~ JIJI 9TOW  CHUCTEMBI  ABJISIOTCA  IIPAMBIE
x=0,y—2 =0, —z —y+ 2 = 0. Cucrema mMeer HeyCTOW4N-
Bblii gukpurndeckuii yzen N(0,2), ycroituussie dokycsr S(2,1), u
Q(1,0), wmpocrsie cemma M(1,2), P(0,1), R(0,2), ymosrersopser
YCJIOBUSIM TEOPEMBI, TO €CTh AIUKIUYHA.

JIureparypa
1. Topby3os B.H. YacTuble nHTErpaibl OOBIKHOBEHHBIX anddepeH-
uuasibhbix ypasaenuii / B.H. Topb6y3sos, B.}O. Teuuenko // Maremaru-
geckuii coopuuk. — 1992. — T. 183, N\e 3. — C. 76-94.
2. Augpornos A.A. Teopus Oudypkaimii IHHAMUYECKAX CHUCTEM HA
miockocrn / A.A. Annponos, E.A. Jleonrosnu, N1.1. Topmon, A.T. Maii-
ep.. // M. : Hayka. — 1967. — 488 c.
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OBb ACUMIITOTUYECKOM PA3JIOKEHUN
" OITEHKAX KO®PUIIMEHTOB
B CIHEKTPAJIBHO 3A/IAYE POBEHA'
A.B. ®uimnosckuit (Mocksa, MI'TY um. H.9. Baymana,
MI'V um. M.B. JIomonocosa)
filnv@yandex.ru

B orpanuuennoii obnactu @ C R™, n > 2, ¢ rpanuueii I' € C? pac-
CMOTPHM CIIEKTPATHHYIO 337134y Pobena

Au+u=0, ze€, (1)

(au i )
— +au
ov

vV — eIWHUYHBIH BeKTOp BHemHe# HopMmann K . Ilyctn )\{%(a) — TIepBoe
coberrennoe 3nauenne 3amaun (1) — (2), a uff(xr) — coorsercryomasn
nopmupoBannas B Lo () cobcrsennas dbyuxius. Hac uarepecyer cyie-

CTBOBAHUE, €JJMHCTBEHHOCTh W OIEHKW PENIeHW 3aa9l «Ha CIIEKTPE» C
— 1 .
MAaJIbIM IapaMerpom € = — > 0:

=0, a>0, (2)
zel’

AR A = f 2 eQ, (3)
o't R
(=5 +v")

Ilpn f € La(Q), g € Lo(T') B mpeamonokeHnu

1
/uf‘fdx—f/ufgds:O
Q €Jr

JI0KazaHo cymiecrsosanue caaboro pemenus v € HY(Q) sanaun (3)
— (4). TIpu 3TOM MOKA3aHO, YTO PEINEHUE, YIOBICTBOPSIONIEE YCIOBUIO
Jo viulldz = 0, eauHCTBERHO, M A7 HETO MOTYYEHBI OLEHKA B COOOIEB-
CKPX MPOCTPAHCTBAX, PABHOMEPHBIE TIO TTapaMeTpy . B 9Toii ke obmactn
() paccMOTpPHUM CIEKTPaJbHYIO 3a1a4dy Jupuxie

=g (4)

zel

Au+Iu=0, z€§,

u|x€F = 01

1 PaBora BEIIOIHEH] IPK (PHHAHCOBON mogaepxkke PoccuitcKoro Hayasoro pouga
(npoekT Ne 20-11-20272).
(© ®uumnosckuit A.B., 2023
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obosnadas "epes AP eé nepsoe cobeTBennoe snadenue, a gepes ul’ (r) —

COOTBETCTBYIOIILYI0 HOPMUPOBAHHYI B Lo({)) cobeTBeHHYIO (BYyHKINIO.
HUccnenosansl yeaoBust CyIIECTBOBAHUS, €IUHCTBEHHOCTH W JIOKA3AHBI
OLIEHKM pellienuii «upeneabuoii npu € — 0 + 0» s 3azauu (3) — (4)
Kpaesoii 3amaqan upuxie (paspermuMocTh KOTOPO# TAKXKe UCCITETyeTCs
«Ha CeKTPe» ). VCmomb3yst NOTyYeHHbIe PE3YIBTATHL U ONEHKH OIH30CTH
peluenuii Kpaesbix 3axa4d Pobena (3) — (4) u Jupuxue upu € — 0+ 0,
MBI YCTAHABJIMBAEM CJIEIYIOIIEE YTBEPIKICHUE.
Teopema 1. Cnpagediu6o acumMnmomuiecrkoe pasionceHue

M) =AP —agjat —aa? 40 (@?), a— +ox, (5)

ouP 2 ouP ov
a/l—/r<ay> dS7 as = Fﬁgds,

2de pynxyua v € H(Q) — pewenue xpaesoti sadavu

2
AU+>\DU—/<M> dsuP, ze€Q (6)
1 - r v 1> )
ouP
Vlzer = — “ou I€F7 (7)

ydosaemesopatousee Yca08u0

/ vuPdz = 0. (8)
Q

3adava (6) — (8) umeem eduncmeenroe pewenue.
IMosnyuensr Takxke (cM. [3]) ouenku Koadduimenros pasnoxenus (5).

JIurepaTtypa

1. @unmunosckuii A.B. O ko3 dunpmenrax acCHMITOTHYIECKOTO MPE/I-
CTaBJIeHUs 11E€PBOro cOOCTBEHHOrO 3Hadenus 3ajadu Pobena // dudd.
ypasuenus. — 2020. — T. 56, Ne 11, — C. 1564-1565.

2. Filinovskiy A.V. On some bounds for coefficients of the asymptotics
to Robin eigenvalue // International workshop on the qualitative
theory of differential equations, QUALITDE-2020, December 19-21, —
A. Razmadze Mathematical Institute of I. Javakhishvili Thilisi State
University Thilisi, Georgia, — P. 75-77.

3. ®uunoBckuit A.B. Onenku k03P HUIMEHTOB ACUMITOTHICCKUX
passozxeHnil cOOCTBEHHBIX 3HadeHuil 3amadn PobGena // CoBpeMeHHbIE
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METObI IPUKJIAJTHON MATEMATUKU, TEOPUH yIPABJIEHUS U KOMIIBIOTED-
weix texuonoruit (IIMTVYKT-2022): c6opuuk Tpymnos MekyHApOIHOM
Hay4HO KoHepenunn, Boporex, 13-16 nexkabpsi 2022 r. / mox pen.
B.B. IIposoroposa. — Boporexk: BoporexkcKuit Tocy/1apCTBEHHDBIN TIe/1a-
roruveckuii yausepcurer, 2022. — C. 83-84.

OB n~-KOMIIOHEHTHBIX OIIEPATOPAX
B.I1. ®omunu (Tambos, TTY um. I.P. epxaBuna)
vasiliyfomin@bk.ru

IMMycts E, H - BemecrBennbie 0GaHaxoBbl mnpocTpancTsa; L(FE),
L(H) — BemecrBeHHble GAHAXOBBI aNre€Opbl OMPAHAYEHHBIX JIHHEHHBIX
OIIEPaTOPOB, IEHCTBYIOMIMX COOTBETCTBEHHO B MpocTpaHcTBax F, H,
L(E, H) — BeuwecrBeHHOe 6AHAXOBO IPOCTPAHCTBO OIDAHUYEHHBIX JIU-
HEHWHBIX OMEepaTopoB, AeiictBytonwx u3 E B H;n € N, n > 2, n dbukcu-
poBano; {X;}i_,, {Yi},_, — cemeiiCTBa BemECTBEHHBIX GAHAXOBBIX IPO-
CTPAHCTB; AJd KaxkA0ro ¢ = 1;n I; — ToXAeCcTBeHHBIH omepaTtop B X;
L (X;,Y;) — BemecrBennoe 6aHaXOBO IPOCTPAHCTBO OPAHUYEHHBIX JIU-
HelHbIX o1eparopos, jeicrByomux u3 X; B Y;; L (X;) — Beuwecrsennas
GaHaxoBa anrebpa OrpaHUIEHHDBIX JIHHEHHDBIX OEPATOPOB, AEHCTBYIONIX
u3 Xi B Xz

M3gecrro ([1, c.124]), 4ro mpsMoe mpousBeneHne GAHAXOBBIX MPO-

CTPAHCTB sABJsgeTCS HaHaxoBbiM mpocTpancTBoM. CrenoBarensHo, X =
X1 X Xo X oo X Xy, Y = Y] x Yy x ... xY, — Bemecrsennble ODaHAXOBbI
MPOCTPAHCTBA N-KOMIIOHEHTHBIX BEKTOPOB C TTOKOOPINHATHBIMU JINHET-
HBIMH onepantuaMu 1 Hopmoit: || 7] ¢ = (|21 x, + 22l x, + - + lznllx,
1705 = lonlly, + lwally, + - + lgnlly.
B wactooctu, nmpu X; = F, Y; = H, i = 1,n, nonydaeM BeleCTBEHHbBIE
6anaxoBbl npoctpancrBa K" = FE X E X .. x E, H* =H x H x ... x H.
ITo ompemenennio, N-KOMIIOHEHTHBIN OMEPATOD F:X 5 Y — a0
omepatop, F = (F1, Fa, ..., Fy), tne F; € L(X;,Y;), F; dukcnposansr,
1 = 1,n, 1efCTBYIONM N0 CIEAYIONEMY 3aKOHY:

ﬁf: (lel,F2$2, ,anlin) (1)

2t Jioboro ssiementa & = (1,22, ..., Tn) € X.
PaccMOTpUM MHOXKECTBO TAKHAX 1—KOMIOHEHTHBIX OIEPaTOPOB:

c ()217) - {ﬁ = (F\,Fy,... F) : Fy € £L(X;,Y}) i = 1,n}.

© ®ommu B.H., 2023
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JIro6oit omeparop F' = (Fy, F, ..., F,) € L (X,Y) SABJIAETCS JTAHE-
HBIM (3TO CJIeyeT U3 JIMHEHHOCTH ero KOMIOHEeHT Fj, i = 1,n).
Beeném B muONKECTBE L (X ,Y ) ecrecTBeHHDbIE JIMHEWHBIE OTIEPAITIH:

ﬁ+é) Z=Fi+ éf, (aﬁ) = oF 7. Ucnons3ys dopmyay (1),
morydaém

F+G=(F+G1,Fy+ Gy, ... Fy+Gy),aF = (aFy,...,aF,). (2)

—

Kaxxapiit oneparop F € L (X , }7) OTPaHUYeH W [JIs €r0 eCTECTBEH-

HOI HOPMBbIL

e el canemety o
(%.7) inf § ¢ Z» < cf| @] g, V7 (3)
ClIpaBe/IMBa OLEHKA HFH[:()??) < fgflganFi”L(XiMY

MuozxkectBo L (X , Y), CHAOXKEHHOE JIMHeHHbIMY onepanuaMu (2) u
HOPMOIi (3), ABJIAETCS BEIECTBEHHBIM HOPMUPOBAHHBIM TIPOCTPAHCTBOM.

.
0603Ha9UM ITO POCTPAHCTBO TEM K€ CUMBOJIOM L (X Y ).

Ussecrro ([2, ¢.91]), uro mopmuposanuoe npocrpaucrso L (N, B)
OrPAHUYEHHBIX JIMHEHAHBIX OIIEPATOPOB, 0OTOOPAXKAIOIIMX HOPMUPOBAHHOE
npoctpancTBo N B 6AHAXOBO TPOCTPAHCTBO B, ABIsAETCS OAHAXOBBHIM

npocrpancreoM. CienoBarensro, L (X , Y) — DaHaxoBO TTPOCTPAHCTRO,

n6o X,Y — 6aHaxoBBI MPOCTPAHCTBA.
Takum obpazom, L (X , Y) €CTb BEIIeCTBEHHOe DAHAXOBO IIPOCTPAH-

CTBO OIPAHWYEHHBIX JINHEHHBIX N—KOMIIOHEHTHBIX OTIEPATOPOB, JIEHCTBY-
fonwx 13 X B Y mo 3akony (1).

B cayaae Y = X, re. Y; = X;, i = 1,n, OIpocTpancTso L ()_(',}7)
IPUHAMAET BUJI

c ()?X) =L ()Z) - {ﬁ: (F1, Fy, ... Fy) : Fi € L(X,),i :1,7}.

Oneparus yMHOXKEHHsI 3JIEMEHTOB MPOCTpaHcTBa L (X ) BBOJIUTCH

€CTECTBEHHBIM 00Pa30M: (ﬁé) i=F (éf) Ucnoub3ys dbopmyay (1),
TOJTy 9aeM

ﬁG: (F1G17F2G27"'7FTLG7L)' (4)
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Ouepanust ymuoxkenus (4) nexkommyrarussa. s snemenra
I'=(L,I..1,) € L(X) ameem: [F = FI = F pna moboro F' € L(X).

Samerum, aro (|1 ‘E L. = 1. dnga snob6bix F.G € L:(X) CIIPABE/TTHBO
X

KOJIBIIEBOE CBOMCTBO Hﬁé” P gHﬁH H H )
x F G_",ﬁ e L
)ﬁ ﬁ(é+ﬁ) =

Gzﬁ(aé).

Henocpeacreenno HpOBepHeTCH qTO IS JII0ObI
a € R crmpaBeaIuBLI paBEHCTBA, F (GH) = (
FG+FH, (ﬁ+é)ﬁ:ﬁﬁ+éﬁ, a(ﬁé) = (

Takum obpasom, GaHAXOBO MPOCTPAHCTBO L ()? ), cHabOKEHHOE OTIe-

pauueit ymuoxkenus (4), ecrb BeuiecrBenHas 6aHaxoBa aurebpa OrpaHu-
YEHHBIX JITHENHBIX N—KOMIIOHEHTHBLIX OonepaTopos, ,ILeI./’ICTByIOHII/IX B IIPO-
crpancree X 1o 3akony (). O6o3nauum 3Ty aarebpy TeMm Ke CUMBOJIOM

L (X' ) Anrebpa L ()Z' ) HEKOMMYTATUBHA, €IUHUICH B Hell ABJIAETCS
omepatop I = (I1,Is,...,I,).

B caywae n = 2, re. X = X1 X Xy, nonsTue ABYKOMIOHEHTHOIO
oneparopa F = (Fy, Fy) € L(X) npuseneno B [3, c. 63].

B cayuae X = E", re. X; = E, i = 1,n, anrebpa £ (X) OPUHAMAET
Bun £ (E™) = {ﬁ = (F1,Fy,..,F,): F; € L(E),i= ﬁ}

B cayuae X =E" MPOCTPAHCTBO L (X, }7) NIPUHIMAET BUJ,
L(E",Y) - {ﬁ: (Fy, Fy, .., Fy) : F € L(E,Y;),i=1 n}

B cayaae Y = H", re. Y; = H, i = 1,n, npocrpanctso L (E",}?)
IPUHUMAET BUT

L(E", H") = {ﬁ — (F\,Fa,., F)) : Fy € L (B, H) i = ﬁ}

- -

B caydgae Y = H" MPOCTPAHCTBO L (X , Y) MPUHUMAET BU]
c (X’H”) - {ﬁ = (F\,Fo,.., ) Fy € L(X;, H) i = ﬁ}

Ecm F = (F1,Fy, ... F,) €L (X:7 H”), TO JIJIsi KOMIIOHEHT 3JIEMEHTA

F i = (Fixy, Foxo, ..., Fyx,) cupaBegyusbl Brouenusa Fyx; € H, i =
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1,n. CnenoBaresbHO, KOMIIOHEHTBI 3JI€MEHTA F & MoxHO CYMMHUPOBATD.
DTO TO3BOJISIET BBECTH CJIEIYIONIEe TTOHSITHE.

Ilo ompenenennio, N—KOMIIOHEHTHBIN OMEPATOD F:X — H— 50
onepatop F = (Fy,Fy, ... F,), tae F; € L(X;, H), F; duxcupopambr,
i = 1,n, AeficTBYIOmHMIl IO CIAETYIOMEMY 3aKOHY:

ﬁf: lel +F2.’L'2++Fn.'1}n (5)

Jist I06oro snementa T = (o1, Ta, ..., Tp) € X.
MHOKECTBO TaKUX N—KOMIOHEHTHBIX OLIePATOPOB OGO3HAYUM CUMBO-

aom L (X JH )

JIioGoit oneparop F = (Fy,Fs,....F,) € L ()_(' JH ) SIBJISIETCST JIMHEH-
HBIM.

Beens B muOX)ecTBe L (X ,H ) eCTeCTBEHHbIE JIMHEHHBbIE OTepalnu
u ucnonb3ysa Gopmyny (5), momydaem st JTHOOBIX FGer ()Z' JH ),
a € R, pasencrsa Buza (2).

Kaxawrit oneparop Fer (X JH ) OTPAHWYEH W JJIsT €70 eCTeCTBEH-

HOit HOPMBI CTIpaBeIINBa OLEHKA < max ||Fin:(X. H)-

L(X,H) 1<i<n
.
MuoxKecTBO E(X ,H), cHabKEHHOE €CTECTBEHHbIMA JIMHEHHBIMA

onepanmudamMmu  u HOpMOfI, ABJIAETCA BEIIECTBEHHBIM HOPMHPOBaAHHBIM
IPOCTPAHCTBOM. O6o3HaUUM 3TO IIPpOCTPAHCTBO TEM K€ CHMBOJIOM

c ()? H)
IIpocrpancreo L (X' JH ) ABJIAETCs OAHAXOBBIM IIPOCTPAHCTBOM, UOO

X , H — 6aHaxoBbI TPOCTPAHCTBA.

Takum obpazom, L (X JH ) €CTH BEIEeCTBEHHOE 0AHAXOBO POCTPAH-
CTBO OTPAHWYEHHBIX JIUHEHHBIX N—KOMIIOHEHTHBIX OMIEPATOPOR, NEHCTRY-
ronwx u3 X B H no 3akony (5).

YacTHBIM CIy9aeM MpocTpaHcTBa L ()? H ) SIBJISIETCST TPOCTPAHCTBO
L(E™ H). B cayaae H = E, nonydaem npocrpancteo L (E™, E)

JIureparypa

1. P. Dasapac. Pyuxuuonanbubiii anamus / P. Dasapac. // M.:
Mup, — 1969. — 1072 c.

2. Canoeununii B.A. Teopust oneparopos / B.A. Canoruuwnii. // M.:
Tpodba, — 2001. — 384 c.
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3. C.I. Kpeiin. @yuknuuonaabHbiii anain3. CopaBodHas MaTEMATH-
4eckas oubmmoreka. / C.I. Kpeita. // M.: Hayka, — 1972. — 544 c.

O MAJIOM CTABUJIN3UPVYIOIIIEM BOBMYIIIEHNUA
BEKTOPHOTI'O YPABHEHU Y SMUJIEPA BTOPOI'O
IIOPAIKA C OTPAHNYEHHBIMU OIIEPATOPHBIMU
KO®PUITMEHTAMMI B BAHAXOBOM
ITPOCTPAHCTBE B CJIYVUHAE HETATHBHOTO
OITEPATOPHOTO INCKPUMWHAHTA
B.U1. ®omun (Tambos, TTY um. I.P. [IepxkaBuna)
vasiliyfomin@bk.ru

B 6anaxoBom mpocrpancrBe E paccMarpuBaercs BBIPOXKIAIOIIEECs
YDaBHEHUE BHUIA

22" (t) +tA2' (t) + Bx(t) = f(t), 0<t< oo, (1)

rne A,B € L(E); L(E) — 6anaxoBa anre0pa OrpaHHYEHHBIX THHEH-
HBIX OLIEPATOPOB, JeiicrBytouux B npocrpancrse E; f(t) € C([0,00); E);
C([0,00); E) — nmueiitHOE MPOCTPAHCTBO HEMPEPBIBHLIX (byHKIUiA, mefi-
creytromux n3 [0,00) B E.

B panbreiimem ucnons3yiores cieayiomnime obo3nadenus: I, O — co-
OTBETCTBEHHO TOXKJICCTBEHHDIA W HYJIEBOH ONEparopbl B IPOCTPAHCTBE
E;GL(E)={Q € L(E) :3Q7" € L(E)}; Crex>3 = {A € C: ReX > 3};
miast H € L(E) o(H) — criekrp oneparopa H, pug =
min {ReX: A € 0(H)}, vy = max{ReAX: A € o(H)}; npu dbukcuposan-
HoMm H € L(F) ngna moboro t € R

Xtk prk
N~ P H

kO
k=0
e t2k+1H2k+1
in Ht = |
S kZ:O< Ty
e 2k 112k
t*"H
cos Ht = (—=1)* .
2 (D

ITpu JoKa3aTeIbLCTBE IPUBOAUMOI HUYKE TEOPEMBI HCIONb3YETC s CIe-
aytomuit daxr: C(t) = cos Ht saBiigercs KocuHyc—oneparop (QyHKuuei,

© ®ommu B.H., 2023
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caeoBarensro ([1,¢.26]), cymecrsytor takue nocrosinusie K = K(H) >
0, w=w(H) >0, uro

cos Ht|| < Ke*™', teR,
||cos Ht|| < Ke!!! R

B 4aCTHOCTH,
|cos Ht|| < Ke*', 0<t< oo. (2)

Paccmorpum crabuinsupyromnee, T.e. yCTPAHSAIONIEE BIPOKIEHHOCTD,
Bo3mylienue ypasHenus (1) masbiv napamerpom € € (0,e], €9 = const,
go > 0:

(t+e)a(t)+ (t+¢) Az (t) + Bao(t) = f(t), 0<t<oo, (3)

z:(0) = 2.0, xls(o) = CC/e,o' (4)
BeisicarM BOPOC 00 yCIOBHSX CXOIMMOCTH pelneHust 3a1a49u (3), (4)
upu € — 0 kK orpanuyensomy npu ¢t — +0 pemenuro ypasaenus (1).
Bamenoii epemeHHoilt ¢ = ce® — € 3ama4a (3), (4) cBomuTCs K 3ama4e
BUJA

u!(s)+ (A= I ul(s) + Buc(s) = g.(s), 0<s<oo, (5
we(0) = 2o, ul(0) = eal . (6)

rie u.(s) = ze (ee® —€), ge(s) = f (ee® —&).

Buy perenus 3anauu (5), (6) u xapakrep ero nosejuexus upu € — 0
olpeIeNIaoTCs cBolicTBamu oneparopa D = (A — 1T )2 — 4B, koTopbrit
HA30BEM ONEPATOPHBIM JUCKPUMUHAHTOM ypaBhenus (1).

Cnysan D = O u D = F?, F # O, usyuenst B paborax [2,3].

IIycTn

1) D= —F? rne F € GL(E) (B 3T0oM Cyuae onepaTopHbIil TUCKPH-
MUHAHT D HA3bBIBAETCs HEIATUBHBIM );

9) AF = FA,

3) llzeoll < Loe®, ||lzlo|| < Li€”, rme Lo, L1 > 0 — komcrantsr
Q, / — HOCTOSIHHbBIE, YJIOBJIETBOPAIOIIUE YCIOBUIM (¢ > Vp +w, B > vp +
w—1 (3mecb A = =271 (A —I), w = w (F}) — KOHCTaHTa W3 HEPABEHCTBA
(2) mpu H = Fy, e Fy = 271F);

4) g > 3, re. 0(A) C Crerss;

5) w< —1— 271 (1 — py).

Teopema. IIycmo ewnoanenss ycaosus 1) — 5). Toeda 3adaua (3),
(4) umeem pewenue

t+e t
x:(t) = ehin t{ |:COS (Fl In —’—Eﬂ Te,0F
€
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t
+ [sin (Fl In —:;E>} Ffl (8.’13/6’0 — Axgo) }-i—

t
t+e F_l
—l—/eAl“Tis{Sin <F1 In t+8)] L f(T)dT;

0

T4+ ¢ T+¢€

cnpasedaus npedesvruili neperod lin})xe(t) =z9(t), t € (0,00), rae
E—

t —_
xo(t) = /eAln% {sin <F1 In tﬂ wdr;
0

T T

npedesvran Gynkyus xo(t) asasemes pewenuem ypasnenus (1); amo
pewenue ozpanuveno npu t — +0; ecau dynkyua f(t) oepanuvena na
[0,00), mo xo(t) oeparuueno na (0,00).
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O KOMIIJIEKCHOM OIIEPATOPHOU
®OPMVYJIE MJIEPA
B.I1. ®omunu (Tambos, TTY um. I.P. [epxaBuna)
vasiliyfomin@bk.ru

IIycts E — BemectBennoe OanaxoBo mpoctpanctso; I,0 — coot-
BETCTBEHHO TOXKJECTBEHHDBIN W HYyJIEeBOI omeparopsl B nmpocrpancrse F
L(FE) — BeuiecrBennas 6aHaxoBa airedpa OrpaHUYeHHbIX JIUHEHHBIX Olle-
paTopos, neficreyionmx u3 E B By B2 = {w = (2,y) : ,y € E} — 6ana-
XOBO MPOCTPAHCTBO KOMIIJIEKCHBIX BEKTOPOB HAJI TOJIEM BEIIECTBEHHBIX
qmcen ¢ uHefHbIME oneparusaMu (11, Y1) + (T2, y2) =

© ®ommu B.H., 2023
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(z1+ 22,91 +¥2), a(z,y) = (az,ay) u nopuoit |[(z,y)|| = =] + [ly||
(11, c. 102]); £C (E2) = {Z=(A,B)=A+JB: A, B€ L(E)} — Be-
IeCTBeHHAsT DAHAXOBA aIredpa OrpaHUYEHHBIX JIMHEHHBIX KOMIJIEKCHBIX
OIepaToOpPOB, JIEUCTBYIONINX B IPOCTPAHCTBE ED% 10 3aKOHY: W =
(A+IJB) (z,y) = (Ax — By, Ay + Bx), ¢ JuHEHHbIMYU OllepAIUIMY
(Al +JB1) + (A2 +JBQ) = A1 + A2 + J(Bl +BQ), OL(A-FJB) =
aA + J(aB), onepanueit ymuoxenus (Ay + JBy) (As + JBy) = A1 Ay —
BBy +J (A By + B Ag) n nopwoit | Z]) = (A, B) | = [|A]| + B (i2)).
3aecs J = (O, ) — MHUMAag OIEPATOPHAs €IUHUIA.

Anrebpa L (Eﬁ) HEKOMMYTATHUBHA, AWHUIIEH B HEl sIBJISIETCS OTTe-
parop I = (1,0).

Kowmmiekcabie oneparopubie (DyHKIIAH €
cst na LY (EZ) cranjaprubiv obpasom:

Z sin Z, cos Z onpemensior-

2k+1
v Z

Z2=3""; sinZ= )= Z= -1k =
“ =2 3 o kz:o( P arrr o kzzo( el

Jnsa dysxnun e cnpaBeMBO OCHOBHOE CBOMCTBO KCIIOHEHIIHAb-
HOI PYHKITHN: JI151 JTIOOBIX £, Zo € Eﬂg ¢ (ED%), YIOBJETBOPSIONIAX YCI0-
BUIO /1o = Z9Z1, CIPABEIINBO PABEHCTBO

eZlJrZ2 _ 621622. (1)

Oyukuus e? nepuopuuna: ns mobbix Z € LIC (EH%), m &€ Z,m # 0,

CIIpaBEIJINBO PABEHCTBO
6Z+2ﬂ'mJ _ €Z. (2)

Teopema. /s awbozo Z € LY (EH%) CNPABEOAUBHE KOMNAEKCHAA
onepamopHas Gopmysa isepa:

e’? =cosZ +JsinZ.
CaencrBue. s mobozo Z € Eﬂg‘c (ED%) CNPABEIAUBHL PABEHCTNBA
sinZ =—-2"'J (e’ —e7?), cosZ=2""(e7+e 7). (3)

C momompio coornomenuit (1), (3) mokazambr ciaempyonme GopMy-
JIBI KOMTIJIEKCHO# OTIepATOPHON TPUTOHOMETPHHU: OCHOBHOE KOMTIJIEKCHOE
OTIePaTOPHOE TPUTOHOMETPUIECKOE TOXKIECTBO: sin?Z 4cos2Z =1 TS
Joboro Z € Lﬂ(g(t (ED%); bOpPMYIIBL CIOKEHUS: [JIsA JIIO0bIX /1, Zo €
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Eﬂg ¢ (EH%), Y/IOBJIETBOPSIOIIUX YCIOBUIO Z1 Loy = Z3 /1, CIIPABE/IJIUBBI Pa-
BEHCTBA
sin (Zy + Z3) = sin Zy cos Zs + cos Z1 sin Zs, (4)

cos (Zy + Zy) = cos Zy cos Zy — sin Zy sin Zs. (5)

N3 coornomenwnit (1) — (3) caenyer mepnomuasocTh byHKIHi sin Z,
CoS Z: st MIOOBIX Z € ,ka?(c (ED%), m € Z, m # 0, cupaBeJIUBbI paBEeH-
cTBa

sin (Z + 27rmf> =sinZ, cos (Z + 27rmf> = cos Z.

HUcnounb3ys pasencrsa (4), (5), nosydaem GopMyJibl IPUBEIEHUSI:
sin (Z +7rf) = —sin Z, cos (Z + Trf) = —cos Z, sin (Z + gf) = cos Z,

cos (Z+ gf) = —sinZ.
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N:={1,2,...}, RuR" := {z € R | 2 > 0} — muoxecrsa coor-
BETCTBEHHO HAMYPAALHHILEL, GEULLCTNEEHHDIT U NOAOHCUMENDHOLT YUCEN.
Esraudosy naowado muOKECTBA S B Komnaerchol naockocmu C 06o-
suauaeM depe3 area(S). CMewaHHY0 NA0WA0s NAPbL GLINYKABLL KOMNGK-
mos K C C n S C C moxHo onpenenurs (cM. [1, 2]) kak ancio

area(K, S) := 2area<%K + %S) - %(area(K) +area(S)). (1)

1 Wccnenosamme BEIIOMHEHO 33 CuéT rparTa Poccmiickoro maydusoro domza Ne
22-21-00026, https://rscf.ru/project/22-21-00026/ .
© Xabubynnmu B.H., 2023
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IToaMHOXKECTBO BEKTOPHOTO TOITOJIOTHIECKOTO MIPOCTPAHCTBA NOAHOE, €C-
W 3aMBbIKaHWE ero JHWHEHHON ODOJOYKW COBIMAIAET C TPOCTPAHCTBOM.
Pacnpedeneruro mouex Z wa C COMOCTABIAEM 3KCTIOHEHUUGADHYN CU-

cmemy Exp? = {w ﬁc wP~ e | N3 p < Z(z)} ¢ pacnpedeaenuem
we

nokazamenet Z, vae Z(z) — uucio sxoxueuuit z € C B Z. Mbl npumens-
€M [OHsATUE CMelaHHOH miomaiu (1) uist 1osyYeHus Kbl yCJI0BUil
noHoTH cuctembl Exp” B Gamaxosom mpocrpanctee C(S) () Hol(int S)
dbyuknmii f, HeMpepbIBHBIX Ha BBIMYKJIOM kommakrte S C C wu omHO-
BPEMEHHO TOJIOMOP(MHBIX BO BHYTpPEHHOCTH intS KOMMakKTa S, ¢ HOpP-
moit ||f|ls = sup{|f(z)| | z € S}. g 21 —nepuoduveckots Pynkuyuy
5: R = RY cuumaroweti paduarvhoti ynxyueti das pacnpedesenus mo-
weK Z ¢ 8eCOM S NO ap2ymenmam Ha3bIBaeM (PyHKIHIO

724y = Z(0)||sllg + s(argz) > 0, sl|lg := sup|s(0)]. (2
s ()TER+ (0)[Isllm ze; (arg 2) [[sll= 96§| 0] (2
0<|z|<r

Onopryro pyHryuro HEmycToro Beimykaoro kommakta S C C obo3nagaem

kax spfg: 0 — supRese™ @ € R. Yepes S obGo3HauaeM MHOXKECTBO,
0ER sc5
3epkaabHo cummerpudnoe S C C oTHOCHTENBHO BerecTBeHHOM ocn R.
Crenytomuii OCHOBHOM Pe3ynbTaT HAIIETO MCCIEIOBAHUS TOYEH, Cy-
IECTBEHHO PA3BUBAET M 000OOIIAET M3BECTHBIE JIOCTATOYHBLIE YCJIOBHS
noanorst cucrem Exp? B npocrpancrsax (byHKIuil Ha KOMIAKTAX C PAB-
HOMepHO# HOpMO#i (cM. [3-7]) m maér HOBBIE PE3yJBTATHI O TIOJHOTE B
TEPMUHAX NEPUMEMPA, e6KAUI0B0T NAOUAIU, WUPUHDL 6 HANPABAEHUL,
WUPOTNIBL, UTTA TMOAUUHB, JuaMempa O0IaCTH OTpeesennst hyHKIni.
OcuoBHasi Teopema. Ilycms Z — pacnpedenenue movwex Ha C u das
nexomopozo wucaa o > 0 dynxyus f: [rg,+00) — RT ewmnyxaes u
ltlgl-i}g)f f(t)/t = 0. Ecau S — nenycmoti swnykavid xomnaxm 6 C, evi-

nykant Komnaxm K C C codeporcum 0 € K, m.e. onopras Pyrnkyus
spf = 0, a daa cuvumarowets paduarvrolti GyrKyuU Zgg?K oasn Z us (2)
¢ 6ecom spf e o apzymenmam umeem Mecmo coomHoueHue

Rzrad t K Q R t2
“up / L()f(ﬂ) dt_area(ﬂ- ,S)/ f(t )dt — too,

2
ro<r<R<+oco t

mo cucmema Exp® noana 6 npocmpancmee C(S) () Hol(int S).
Bo3MoxkHBI Bepcuu OCHOBHOM TeopeMbl U st KoMmmakToB S C C™.
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OB OJTHOM 3AJTAYE OIITUMAJIBHOI'O
VIIPABJIEHISI B MATEMATUYECKO MO/JIEJIN
AJTATITUBHOM TEPAIIMU MEJIAHOMBI
E.H. Xaiinos, 9.B. I'puropsesa (Mocksa, MI'V;
Henron (CIITA), Texacckuii »KEHCKUil yHUBEPCUTET )
khailov@cs.msu.su; krasavizha@yahoo.com

CoBpeMeHHbIE TAPIEeHTHBIE METO/bl JIEYCHUs MEJTAHOMbI OCHOBAHBI
Ha HEPePBHIBHOM WCIIOJIF30BAHUN MaKCHUMAJIbHO TIEPEHOCUMOI TallieH-
TOM 1103b1. IIpym 3TOM OHEH OBICTPO YCTPAHSIOT YyBCTBUTEIHHBIE K JI€-
KapCTBEHHBIM TIpenapaTaM paKoBble KJIeTKU. B pe3yibrare, Takoe jete-
HHE U3MeHdeT KOHKYPEHIUIO MeXK/Ty JeKapCTBEeHHO—1YBCTBUTEIbHBIMUA U
JIEKAPCTBEHHO—yCTORYUBBbIMU PAKOBBIMHU KJI€TKAMU B I10J1b3Y [IOCJIEJHUX.

(© Xaitnos E.H., I'puropsesa 3.B., 2023
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ITosToMmy nekapcTBEHHO—yCTOWYNBbIE PAKOBbIE KJIIETKU HAYMHAIOT JOMHU-
HUPOBATh B OPTaHM3Me TAIlMeHTa W TTPUMeHAeMoe JledeHne MOXKeT OKa-
3arbcd HedMGeKTUBHBIM. HOBBIM HATIPABIEHUEM B JIEUEHUU MEJIAHOMBI
sABNsieTcs afanTuBHas repanus [1]. OHa MO3BOsIsieT BBIKUTH 3HAUNTEIb-
HOMY KOJINYECTBY JIEKAPCTBEHHO—4yBCTBUTEILHBIX PAKOBBIX KJIETOK OJ1a-
ro/iapsi HMCIOJIb30BAHUIO MUHUMAJIBHO 3(MMEKTUBHBIX 103 JIEKAPCTBEH-
HBIX IIPENaparToB WM BPEMEHHBIX IIEPEPBLIBOB B uX npueme. B pe3ysib-
TaTe 3TU KJIETKW TO/IABJSIIOT PA3MHOMKEHNE JIeKAPCTBEHHO—YCTONINBBIX
PAKOBBIX KJIETOK 33 CYeT KOHKYDEHIINH 33 OOIIre OrPAHUYEHHbBIE PECYP-
cbl. JIIs yCmentHbIX pe3yabTaToOB AJAIITUBHOM Tepamuy KpaiftHe BaKHO
HaWTU ONTHUMAJIbHBIE MOMEHTBI IEPEKJIIOYeHUd C dTalla ee aKTUBHOIO
[IPOBEJIEHNUs Ha JTAIl €e OTCYTCTBHUSA U HA0DOPOT C y4eToM OCOOeHHOCTel
TTAITNEHTA.

B macTogmem moKjaaae Ha 33JaHHOM BPEMEHHOM OTPE3Ke, SABJIAIO-
MEeMCsT OOIIUM TIEPHUOJIOM JIEIEHUST MEJAHOMBI, PACCMATPUBAETCS MaTe-
MaTuyeckas Mozesb KOHKypeniuu Jlorku-Bosbreppnt [2], 3a/aBaeMad
cucremoit nudpepeHnuaIbHbIX yPABHEHNH, KOTOPAsi OIMUCHIBACT B3aH-
MOﬂeI'/’ICTBI/Ie MEXKIY KOHIEHTPAIUAMA JIEKAPCTBEHHO—TYBCTBUTE/ILHBIX N
J'IeKapCTBeHHO*yCTOI./’ILII/IBbIX PaKOBBIX KJIETOK IIDH IIPOBEJACHUU AJAITUB-
HOIt Tepanuu. JTa MOJEb TAKXKe COAEPIKUT JIMHEHHO BXOMAIILYIO YIIPAB-
JIATOTLYT0 (PYHKITAIO BPEMEHH, OTBEYAOILYIO 3a TIEPEX0 ] OT ITAIa, AKTHB-
HOT'O IIPOBEICHUS /IANTUBHON TE€PAINU K dTAIly €€ OTCYTCTBHUS U HA00O-
POT. ,ILHH HaXOXKJIEHUA OINMTHMaAJIbHBIX MOMEHTOB NEPEKJJIIOYCHUA MEXK-
Iy 9TUMU dTAlaMy CTABUTC 3a7a9a MUHUMHU3AINN I1eJI€BOil DyHKINH,
[IPECTAB/IAIONIEH CO00M B3BEIIEHHYIO CyMMY DaKOBOil HAarpys3ku (Cym-
MBbI KOHHeHTpaHI/Iﬁ JIEKaPCTBEHHO—1YBCTBUTE/IbHBIX M JIEKADCTBEHHO—
YCTOMYUBBIX PAKOBBIX KJ'IeTOK) B OpraHu3Me IMaIieHTa KaK Ha BCEM 00-
IieM nepuoe JedeHud MEJIaHOMbBI, TaK U B €T0 KOHEYHBIH MOMEHT.

Takas 3aja9a MUHUMA3AINA UMEET HEBBITYKJIYIO 00JIaCTh yIpaBJe-
HUsl, YTO MOYKET [IPUBECTU K OTCYTCTBUIO ONTUMATLHOIO PENIeHNs B MO~
CTABJIEHHON 3a/ia4e MUHUMU3ANWKA B TPAJMUIIMOHHBIX JJIs MPUIOKEHUN
KJIaCCaX JOIMYCTUMBIX PEKUMOB. UT0ObI M30eKaTh 3ToM mpodieMbr, He-
peTcst BhITTyKJast 0b60o09YKa 0bacT yrnpasieHus. B pesyabrare BO3HE-
KaeT ocjiabiieHHast 3a/a4a MUHUMU3AINN, B KOTOPOH ONTHMAJIbHOE pe-
[eHre y¥Ke CYIEeCTBYeT. AHATUTHIECKOE UCCIIEIOBAHUE STOM 3aIaTH MU~
HUMU3AIUI OCYIIECTBIIeTCs OIaromapsi IPUMEHEHUIO TPUHITAIIA, MAKCH-
myma [oarpsaruna. Aunanus GyHKIuN nepexIrodenuil, Koropas ornpeje-
JIsieT TIOBeJIeHNe OMTUMAJILHOTO YIIPABIEHNS B OCTADIEHHON 3a/1a9€ Mu-
HUMW3AIH, TIOKA3BIBAET, 9TO 3TA (DYHKIIH 00PAIAETC B HYJIb TOJIHKO
B OT/IEJIbHBIX TOYKAX OTPE3KA, BPEMEHU, SIBJISIOMIETOCS OOIIMM TEPUOIOM
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Jedenusi 3a00ieBanusi. A IOTOMY, COOTBETCTBYIOIIEE ITOH DYyHKIMH TIe-
PEKJIIOUEHNH ONTUMAIBHOE YIPAaBJIeHNe OyIeT MPUHUMATH TOJIBKO JIBA
3HAYEHUsI, OJHO W3 KOTOPHIX OTBEYAET ITAIMY AKTUBHOIO TTPOBEICHUS
AIANTUBHON TEpaIuu, a JAPYyroe OTPAXKAET ITAM €€ OTCYTCTBUS. DTOT
daKT 03HAYAET, ITO ONTHMATHLHOE PEIleHne B OCTAOIeHHONR 3a7a19€e M-
HAMW3AIUU OJHOBPEMEHHO BBICTYIIAET B POJIM ONTUMAJILHOIO PEIeHUs U
B UCXO1HOH 3aa4e MunuMusanuu. [locaenyromuit ananu3 GyHKIun 1e-
PEKJIIOUEHU OMpeIessieT BO3MOKHBIE BUIHI ONMTUMAJIBHOTO YITPABJICHUST
B 3aBHCUMOCTH OT TTaPaMETPOB MCXOmHON moaenu Jlorku—Bosbreppsr, a
TaKKe BECOBBIX KOIDPUIIMEHTOB Te1eBOH (DYHKIUH. 3aTeM TPUBOIAATCS
pe3yJIbTaThl YUCIEHHBIX PACUYETOB i 3HAYEHUIl MapaMeTpoB PACCMAT-
puBaeMoOil MOJleId U €€ HAYaJIbHbIX YCJIOBUN, B3ATHIX U3 PEAJIbHOU KJlu-
HUYecKoi npakTnkn [1].
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OTCYTCTBUE PEIIIEHUNI
KOMILJIEKCHO3HAYHBIX ITOJIVJINHENHBIX
DJIJIJINIITUYECKNX HEPABEHCTB!

A. Xanan (PYIH)

1042205064 Qpfur.ru

Crarbsi HOCBSIIEHA PACIIUPEHUIO PE3YJIBTATHL IPOOJIEMbI OTCYTCTBUS
peITeHus 1T TOJTyJIMHEHHBIX HEPABHCTB C OTPAHWYEHHBIMU KOI(DDUIH-
€HTaMU OT N—MepHOT'O BEIIeCTBEHHOTO IIPOCTPAHCTBA 0 N—MEPHOI'O KOM-
ILJIEKCHOT'O IIPOCTPAHCTBA.

Bynem paccmorpers siunTrdeckue 3a1a9u BUIA:

n 62
—ak,;(z,u) = |ul?, z e C". (1)
- szaz]
k,j=1
1 Pabora BBITIOJTHEHA, npu dbuHaHCOBOMK OAepPIKKe POOU

(npoekT Ne 10-01-00000).
© Xaman A., 2023
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3Baech a; : C"xC = C, 4,5 =1,..,n, CyTIb Kapareoiopuesbl
GYHKIINN, YIOBIETBOPSIONINE:

lak,j(z,u)| < aolul?, (z,u) € C" x C, (2)

¢ ocTosHHOM ag > 0 u mekoroposim p > 0 u ¢ > p. Yrobbl cpaBHUTD JBA
KOMTIJIEKCHBIX YHCJIA, Y HAC €CTh CJIEIYIOIIee OTpe/IeIeHne:

Onpepesienne(1): Ecin 21, 2o HEKOTOPbIe KOMIJIEKCHBIE YHCJIA BbI-
TIOJIHSIIOTCSI CJIe/IyfOIINEe PABEHCTBA:

Re(z1) 2 Re(z2); Im(z1) = Im(z2).

Tae: 21 = 22

Vesi0Bus OTCYTCTBHA PEINEHUH KOMILIEKCHO3HAYHBIX MOy THHEHHBIX
HEPaBEHCTB BTOPOro HOPAIKA ¢ OTPAHHYEHHBIME KO3(DPUIMEHTAME IPHU-
BeJIeHbl B CJIeYIOLEed TeopeMe.

Teopema(1). 3anata (1) He mMeer rI06AIBHONO HETPHBHAILHOIO
c1ab0T0 pereHusi, KOraa

n
q< —p, q>p
n—4

Joxasamenvcmeo: Ilycts z = x + iy, tae x = pecos(6),y = psin(f) € R,
u iyerb u(z) = R(p)e® @),

Tenepn, u3 onpenenenns (1) MBI MOKEM JIETKO 3aITACATH HEPABEHCTBO
(1) B Buge:

—ReL(Re(ai ;) +ImL(Im(a; ;) > RY, 3
{ —ImL(Re(a; ;) — ReL(Im(a; ;) > 0, (3)

re

—~ 9*f(2)
L(f(2)) = Y 7——=> = ReL(f) +ilmL(f).
— 021,07
k,g=1
Teopema TOKA3LIBAETCS HA OCHOBE ONPEIEIEHUs CJIAOBIX PEreHuil n
MeTozoM pobHOit dbyrkumii (cm.[1]).
O06o0061eHne TPeabIAyIeil TeopeMbl Ha 00JIee BHICOKMIT MTOPSII0K, TMe-
€T BUI;:
- Z (=D D%y (z,u) > u? zeC, (4)

k<|al<m
Teopema(2): Banaua (4) He nMmeer rIOOATLHOIO HETPUBHAIHLHOIO
caboro pereHusi, KOraa

q< D,q > p-

S n—2al
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O CXOIMMOCTN 1 CYMMHUPYEMOCTHA
PAJ0OB ®YPbHE
}O0.X. XacanoB (yumaun6e, PTCY)
yukhas60@mail.Tu

IIycts B, (1 < p < 00) — eCTb JHHEHHOEe IPOCTPAHCTBO, COCTOIIEE
n3 byukuuii f(x), nas koropwix | f(z)|P (1 < p < 0o0) WHTErpUPYEMa 110
JlebGery B mpocrpanctse R ¢ HOpMOIi

T 1/p
I5@)la, = {Tl_{gle /. If(w)”dx} <o,

Ona dyukuun f(z) € B, paccmorpum psy Pypoe

Zso )An® (0<B<2), (1)

rue @(n) — derHas, 1o0KUTE/IbHAS DYHKIMS, OLPEJEJICHHAsT HA, MHO-
KEeCTBE TIeJIbIX YHCes, a

T
A, = lim 1 f(x)exp(—ipz)da.
T—o0 2T _T
— ko3 durnmentsr Pypoe, A\, — nokazarenmu Pyphe WU CIEKTP Pac-
cmarpusaeMoit byukmuu f(x) € B,.

Uccnenyrores kpurepuil abcosornoil cxopumoctu psigioB Buma (1),
korga mokazarenn Pypbe MMET €IMHCTBEHHYIO NMPEJeIbHY0 TOYKY B
GECKOHEYHOCTHU UJIHM B HYJIE, T.€. KOIJIA BBIIOJHEHbI COOTBETCTBEHHO, CJIE-
JIYIOIINE YCJIOBUS

X =0, Ay ==Xy, | M| <|Ans1l, 1i_>m [An| = o0, (2)

© Xacanos 10.X., 2023
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=0, A, ==X, |An] > | Antal, li_>m [An| = 0. (3)

Korna mokazarenn ®@yphe yIOBIETBOPSAIOT YCIAOBUAM (2) W TIpH
0<p<2

Z(ﬂ)kﬁw (2")w (f )\QU 1) B, < 00,

rue wi(f; h) — MOLyJb HELIPEPBIBHOCTU LHOPsAKA K, &

2V +1

52 =1 Y [pm)]=7 )5,

n=2v-1

To psif (1) cxommres.
Awnayioruuno, nipu BbinosHeHus yciaosuii (3) u 0 < 8 < 2, u3

Z’(/)ﬁ 2” W’B(f /\21/ 1)32 < o0

caepyer cxoxumocthb pszga (1). 3aech Beauunna

Wk(f;H)Bz = 5up HfT’"( )HBQ (H> 0,k € N)’

ltI>H

1 z+T t1+T tr_o+T tr—1+T
fTr (SL’) = — / dtl / dtz . / dtr,1 / f(tr)dtr
D) Joor t—T tp_o=T tr1—T

r

HA3BIBAETCS MOZYJIEM ycpeAHeHus mopsiaka k dbyukmuu f(z) € B, (cM
nanp.[1]).

SamMerumM, 9T0 TPU3HAKKA AOCOTIOTHON 9e3aPOBCKOM CyMMUPYEMOCTH
panoB @ypbe moYTH-IIEPUOANYIECKUX B cMbIcae Be3umkoBuua (ynKmmit
f(z) € B, (p > 1), B 3aBECHMOCTH OT LOBeJeHHs HOKa3aTesell Pypbe,
paccMoTpeHsl B paborax [2]-[4].
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3. Xacano FO.X 06 abcomiornoit cymmupyemoctu psijioB Pypbe
nourn-tiepuoantde cknx dyurumit / FO.X. Xacanos // Ykp. mar. xyp-
majg. — 2013. — T. 65, Ne 12. — C. 1716-1722.
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B myne / FO.X. Xacauos // ¥Ydumcknit. Mar. xypuaa. — 2016. — T. 8,
Ne 4, — C. 147-155.

HEKOTOPBIE CBOMCTBA CTAIIMOHAPHBIX
CJIVUAMHBIX IIPOIIECCOB
C HEYETKNMM COCTOSIHUSIMMN!
B.JI. XankeBuu (Bopouex,
BVYHII BBC BBA uwm. npod. H.E. 2Kykosckoro u F).A. Tarapuna)
vlkhats@mail.ru

Heuerkoe MomenmupoBaHme B HOCHEIHHAE IECATUICTHS AKTUBHO HC-
HOJIB3YETCs IIPU PEIICHUU Pa3IHYHBIX NPUKIAJHBIX 3339, KOLJa HC-
XOZIHBIE NTAHHBIE HEMoJHbe uin ciaabo dbopmamnsosanube [1]. C mpy-
roif CTOPOHBI, [IPU UCCICAOBAHUA AUHAMUYECKUX TIPOIECCOB B YCJIOBUU
OIPAHUYEHHONW MCXOAHOH MHGMOPMAIMU OUH U3 BO3MOXKHBIX IIOIXO/I0B
3aKJII09AETCA B TPAKTOBKE X IIAPAMETPOB KAK PEATH3AIMH HEKOTOPBIX
CJlydaiiHbIX IPOLECCOB [2].

B nannoil paboTe COUETAOTCS YHOMSAHYThIE TIOAXObI, 8 UMEHHO KC-
CTIEIYIOTCSA HEPEPBIBHBIE CJIyYaiHbIE TPOIECCHI ¢ HEYETKHIMHU COCTOAHU-
svu (HEIeTKO — Corydafinbie mpomecchl). TouHee, MbI CINTAEM BPEMsl W
MHO?KECTBO BO3MOKHbIX HEYETKHUX COCTOSHMIA HernpepbiBHLIM. [Ipu amom
CeYeHre HEMPEPHIBHOTO HEYETKOTO CJIYUYANHOTO MPOIEecca B JII00OH MO-
MEHT BPEMEHHU IIPEJICTaBJisgeT cO0Ol HEYEeTKO — Ciydaiinyio Bejuduny. B
CBOEM HCCIICIOBAHUM MBI OIIMPAEMCs Ha M3BECTHBIE PE3Y/IbTATHL IO TEO-
pPUM HEYeTKO — CilydaiiHbix Bejauuus [3,4] u Kiaccuueckue pe3ysibrarbl
TEOPUU BEILECTBEHHBIX CJIy4allHbIX IIPOLECCoB [2].

IMycrs [tg, T] paciumpensbiii oTpe3ok uucsioBoii ocu, (2, %, P) Bepo-
ATHOCTHOE IIPOCTPAHCTBO, IIe ) MHOXKECTBO 3JIEMEHTAPHBIX COOBITHIA, 3
— o—ajrebpa, COCTosIIas U3 IOJMHOXKECTB MHOxKecTBa (), P — Beposr-
HOCTHas Mepa. HempepbIBHBIM CIydaifiHbiM TIPOIECCOM ¢ HEYETKUMHU CO-
CTOSIHHSIME WJIH HedeTKo—cirydaiinsiv mporeccom (H.C.IL) X (t) 6ynem
HA3BIBATH CIydaiinyio byukmmo X (t) = X (w,t) , 3HAUeHHsIME KOTOPOI
upu Vt € [tg, T| aBasiorcs Heverko — caydaitabie Besauuaunbl (H.C.B.).

1
© Xanxkeenu B.JL., 2023
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Unrepsanst « — yposusi X (w,t) upu duxcuposauubix t € [to,T)
onpenensior gpopmynamn Xo (w,t) ={r € R: pg, ,(r) > o} a € (0,1],
Xo(w,t) = clfr € R : pg,»(r) > 0} tae pg, y(r) — dynxuua
IPUHA/TEXKHOCTH HEYeTKOro 4ncia X (w,t) , a ¢l ofo3Hadaer 3aMbi-
kanue MHOX)ecrBa. nrepsan X, (w,t) npejacrasum B Buge X, (w,t) =
(X7 (w,t), X} (w,t)]. Ero rpamumpr X (w,t), X1 (w,t), mpencrapisio-
e coboil CKaJIAPHbIE CJIyYaliHbIe MPOIECChI, HA3BIBAIOT JIEBBIM U, COOT-
BETCTBEHHO, IPABBIM (v — HHEKCaMu 11t X (w, t).

Huxke Oymem paccmarpusars H.C.IL., amnd Koropbix (DYyHKIHA
XF(w,t) kBaspaTHIHO CyMMHEpPYEMBI 110 COBOKYIIHOCTH IIEPEMEHHBIX HA

Q x [0,1] x [to, T].
Omnpenenum Hewerkoe oxumanue M (X'(t)) =M (X'(w,t)) H.C.IL

XF(w,t) mpu Vt € [ty,T] Kak HeYeTKOe OKHITAHEE COOTBETCTBYIOTIE
H.C.B. ¢ o — nngexcamn

. +
v (x)] ::/XfawﬂdP(VQe[mlu
R
Osxumammem H.C.IL X () HAa30BeM CpeJHEe HEYETKOrO OYKIIAHMSL,

T.e. 9UCJIO T (f( (t)), onpenensiemoe hopMyIIoit

1 - ot
2/< @H[Mumﬂ(@)m.
0
Koppensmuonnoit dyukmueii H.C.II. X (t) nazosem Beuauny

K (t,s) = cov (X(t)

l\D\»—l

/1 (t,s) + K (8, s))d

Bneco Ky-(t,s) u Ky+(t,s) — Koppensiuonnsle GyHKIHMH CKaIAP-
HBIX cnyanHbIX nponeccoB X, (w,t) m X1 (w,t). ducnepcus H.C.IL.
X (t) pasna Dy (t) = K¢(t,t).

K cranmmonapabiM (B MIIPOKOM CMBICIIE) CITy9aHBIM IPOLIECCAM OTHO-
csrest rakme ([2], ri. 8), MaremMaTnveckue OXKUIAHNST KOTOPHIX He 3aBUCSIT
OT BpPEMEHHW, a KOPPEIANMOHHBIE (DYHKIMN 3aBUCAT JIUIIb OT PA3HOCTH
apryMeHTOB.
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Hazosem H.C.II. X () cranuoHapHbIM, €CiIM €r0 HEYETKOE OrKHJa-
uue M (f( (t)) u oxunanne m ( X (1)) mOCTOSHHBI, a KOPPe/IAIHOHHAS
dbynkmms K ¢ (t1,t2) 3aBUCAT OT PA3HOCTH apryMeHTOB ty —t; = 7. VMme-
€T MeCTO

Teopema 1. ITycmo o — undexce. H.C.I1. X (t) npu Vo € [0, 1] A6.aa-
0MCA CMAYUOHAPHUMY CAYUaTHRuMU npoyeccamu. Tozda H.C.II. X ()
ABAAECNCHA CINAYUOHAPHOIM CAYUATHBIM TPOUELCCOM.

Teopema 2. ITycmv o — undexcw, H.C.II. X (t) npu Vo € [0,1] do-
NYCKAM CNEKMPANLHBLE PASAOHCEHUA

XE(w,t)=mE + Z ;coswit + (n3); sinwgt)

npunem npu Yo € [0,1] daa cayuatinnr eeaunun (€5);, (€X); evnoane-

nw yeaosus: E(E5) = B(ny)i = 0 (i = 0,1,2,..); E((€3)i(63);) =

E((n)i(ma);) = 0 # ) E((€)i(m2);) = 0(vij = 0,1,2,...).

Iyemy duenepcuu D(EX); = D(nt); = (DI);, npuuem Y (DE);, <
i=1

[e3
00, Yo € [0, 1].
Torma X (t) — crammonapusriii H.C.IL.: ero HeweTKoe OXKMIaHNE TO-

CTOSIHHO M MMEeT O—WHJEKCHI M, W mJ, a KOppeasnuoHHas (byHKIUs
H.C.II. X (t) umeer Bug,

%Z/ ((D3)i + (DY):) dacosw;T.
0

=1

ITpn STOM muenepenss H.C.IL. X (t) ompenensiercss  opmyoit
=3 Z f + (DF):) dav.
i=10
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O IIOYJIEHHOM MHTET'PUPOBAHUU
OYHKIIMOHAJIBHBIX Ps/10B
A.TI. Xpomos (Caparos, CT'Y)
KhromovAP@info.squ.ru

1. Paccmorpum Ha [0,1] pan @ypee dyukmmn ¢(x) € L[0,1] mo cu-
HyCaM, T.€. P

ZQ(cp,Sinmrf) sinnmz, (1)

rae (f,9) fo x)dz. Bynem nckars cymmy psina (1) cpean byHK-
mwit u3 L0, 1], HpI/IBJIeKaH AKCHOMY:

- 2)

IIycrs cymma psaga (1) ects g(z) € L[0, 1]. Torma B cumy (2):

/ Z 2(p, sinnwf) / sinnrt dt. (3)
n 0

ITo Teopeme 3 [1, ¢.320] psix (3) cxomuTes B KayKIOH TOUKE M €0 CyM-
ma ects [ p(£)d€. Hosromy m3 (3) momyuaem, uro g(x) = ¢(x) nourn
BCIOTTY.

Tem cambim (2) B npumenenuu K psay (1) maer ananor Meroma cym-
muposanus Qeitepa. B camom mesne, B cayvae cxoqumoctu psaga (1) noarn
BCIOZIy TIOJIy4YaeM, 9To 1 Tenepb cymma psina (1) ectsb ¢(x) (peryasipHocTh
merona). B ciaygae pacxomumocru psia (1) TakKe Kak U Mpu CyMMUDPOBa-
uuu o @efiepy nosydaem, uro (2) maer cymmy pgaia (1), pasayio p(x).
OCOGEHHOCTE HAINEr0 METOAa B TOM, UTO y HAC COBCEM HE YYIaCTBYIOT
yacruduble cymMmbl paga (1).

2. 3rech MBI TTOKayKeM, Kak akKCHoMa (2) TTO3BOJISIET OTPEIeSTUTh CY M-
MY DaCXOSIIErocst psifia U3 KOCHHYCOB:

Z cosnwx, (4)
1

© Xpomoe A.IL., 2023
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He gBisomerocs psagoM DPypoe.

JIemma. Psin (4) mpu x € [0, 1] He nmeer cymMMBI cpean DyHKII 13
L[0,1].

HoxkazareabcTrBo. JlomycTuM TpPOTHBHOE, T.€., MyCTh 3Ta CyMMa
ectsb g(x) € L[0,1]. Torma B cuy (2):

o0

£ = [ sinnrx
t)dt = tdt = . 5
/o g(t) Z /0 cos Z — (5)

1 1

Pan

nm

> sin nrx
> (6)
1

cxomured [2, ¢. 124] mpu Beex x, u ero cymma o(x) npu z € [0, 1] ecrn
1
11-2), ze(0,1]
= {2 we
0, z =0,

T.€., pa3pbiBHag QyHKiusdA. Tem cambiv (5) HE umeer Mecra.

Xors MbL U HE HALLIM CyMMbL Psta (4), HO 3aT0 B Pe3yJ/Ibrare 104YJIeH-
HOTO WHTErpupoBaHus npunnin K psaay (6). Paccmarpusas cymmy ps-
na (6) Ha [—1;1] kak 0606IIeHHYI0 DYHKIWMIO TToyYaeM [cM. 3, c. 33].

Teopema. Cymma pada (4) na [—1;1] ecmo —3 + 5(z), 2de §(z) —
deavma—pynryus Jupaka.
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HEKOTOPHBIE ®OPMVJIbl IPOBHOT'O
MHTETPUPOBAHUY OT OJHON ®YHKIINUN ®OKCA
C YETHIPBMS ITAPAMETPAMU
®@.T. Xymroa (Hampaux, UITIMA KBHII PAH)
khushtova@yandez.ru

B pabore paccmarpuBaercs dynkmus Pokca € UETHIPbMS TTapa-
MeTpaM®, KOTOpash BO3HWKAET TPW PEIEHWM KPAeBbIX 3a1a9 s B—
MapaboIMIeCKOTO YPABHEHU C TPOU3BOIHON JAPOGHOTO TIOPSIIKA MO Bpe-
menu [1], [2]. Jns Heé nosydennbr Gpopmysibl JPOOGHOO MHTErPUPOBAHUS
Pumana—JIuysunnsg u dpaeiin—Kobepa.

IIycts ¢(x) € L(a,b), Rea > 0.

Ompenenenne 1. Onepamopwv, dpobrozo unmezpuposanus Pumara—
JTuysuans opsizika o ot byHKIuM @(x) onpenensiorcs mo dhopmyaam [3,
c. 9|

x

Drep(t) = ﬁ / (z — )" o(t) dt,

a

b
Deg(t) = ﬁ / (t — ) \(t) dt.

Ompenenenne 2. Onepamopv. dpobHozo unmezpuposanus Ipdetiu—
Kobepa or dyurimn ¢(x) onpeneinsiorcs mo dopmymnam [4, c. 246], [5,
c. 105]:

T

a 2 s o
1542 p0(7) = @x 2ath) /(332 — %) e () dt,
0
2 o0
I% 4 go(x) = () z /(t2 — 2221220 (1) dt.

x

Mycrs 0 < p < 2, p,omnv € C, (04v)/2 ¢ Z. Paccmorpum byHKINIO
OT KOMILJIEKCHOTO MEPEMEHHOTO 2

51—0/2,1)7 (u—pa/Q,p)
v/2,1), (1=0/2,1), (- v/2,1) |’

rae Hg;[} — H-¢gynryua Doxkca [6, c. 528].

e =33 | (3)

© Xywrosa @.I'., 2023
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Nmetor mecTo cremytomue (popMyabl IPOOHOTO HHTEIPUPOBAHMUS.
CsoiictBo 1. ITycms Rep > 0. Tozda cnpasedausa dopmyara

D%z — c|u—pﬂ/2—1k75,u,a <|x _ c|—P/2> —

= |{E _ C|H+05—PU/2—1L75,M+a,U (|£E i C|—p/2> .

CsoiicTBo 2. ITycmv svnoanaromesa ycaosus —1 < Rev < 2— Reo,
aubo 2 — Rev < Reo < 4 + Rev. Tozda cnpasedausa dopmyra

BT, o BT TER (@) = 2T (2).

CsoiictBo 3. ITycmv Re (v + 0)/2 > Rea. Tozda cnpasedausa dop-
MYAQ

B TR (@) = 20T ().

Hokazaresberso npuseséuubix GopMys MOKHO Haiftu B pabore [7].
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IIPUBJINKEHU A JIOKAJIBHO AIITIPOKCVMMATWUBHO
KOMIIAKTHBIMUI MHOXKECTBAMMI!
N.T. apskoB
(Mocksa, MI'Y, mexaHuko—MareMaTuieckuii ¢haxysibrer,
MockoBckuii nentp dbyHIaMEHTATbHON U MPUKJIAJIHON MATEMATUKH)
tsar@mech.math.msu.su

Onpenesenne 1. [Tyems X = (X, ||-||) — aunetinoe nopmuposarmoe
npocmparncmeo, M C X, mouka v € X wHasdvieaemcsa moukol annpok-
CUMATNUBHOT KOMTAKMHOCTIY Oad MmHuoocecmea M, ecau ecarxas mu-
HUMUBUPYIOWas nocaedosamenrvrocmsv {y,} C M (m.e. maxas, wmo
|z — yn| = o(z, M) (n — o0)) umeem nodnocaedosamenvrocms {yn, },
crodawyroca x nexkomopot moywke y € M npu k — oo. Ecau 6ce mouku
r € X ABAAOMCA MOYKAMU GNNPOKCUMAMUCHOT KOMNAKMHOCU A
Mmuoorcecmea M, mo mmoorcecmeo M Haszvieaemces annpoxcumamueHo
KOMNAKMHHLM.

Teopewma 1. ITycmov X — pasromepHo 6uinyr.roe baHaro8o npocmpan-
cmeo, M C X — webviwesckoe mmootcecmaso, npedcmasasiowsee cobot
He bosee, wem cuemnoe obsedunenue aANNPOKCUMAMUEHO KOMNAKIMMHBLL
mroorcecms. Tozda mmoorcecmeo M asasemca 4eObUEBCKUM CONHYUEM.
Ecau donoanumenvno X — znadkoe npocmpancmeo, mo M — evinyr.aoe
MHONHCECTNEO.

Omnpenesnenne 2. I[Tycms X = (X, ||-||) — aunetinoe nopmuposanroe
npocmpancmeo, muostcecmeo M C X Ha3vl6aemcs A0KAAHO GNNPOKCU-
MAMUBHO KOMNAKMHbM (AOKAABHO CAGOO KOMNAKIMHbIM), €CAU OAA 410~
60t mouku x € M cywecmesyem ee samrnymasn okpecmmnocme U C X,
o Komopot muooicecmeo M NU sAsasemes annpokcumamueéHo Kom-
naxkmuolm (CA600 KOMNAKMHbIM).

OrmMerum, 9T0 €J1a00 KOMIIAKTHOE MHOXKECTBO B PABHOMEDPHO BbIILY K-
JIoM 0GaHAXOBOM TIPOCTPAHCTBE SIBJISETCS ANMMPOKCHMATHBHO KOMITAKT-
vbIM. [loaTOMy JIOKAJIBHO C/1ab0 KOMITAKTHOE MHOYKECTBO SIBJISIETCS JIO-
KAJIbHBIM AMMPOKCHMATUBHO KOMIIAKTHBIM B PABHOMEPHO BBITYKJIOM 6a-
HAXOBOM IIPOCTPAHCTBE.

Teopema 2. ITycmv X — pasnomepHo 6binyr.roe baHaro80 NPpocmpa-
cmeo, M C X — cenapabesvroe A0KGADHO ANNPOKCUMAMUBHO KOMNAKM-
Hoe yebviuesckoe mroocecmeo. Toezda muoorcecmeo M asasemcs “eboi-
wesckum connyem. Ecau donoanumenvrno X — eaadroe npocmpancmeo,
mo M — evinyk.aoe MHONHCECNBO.

I Uccnemopanue Beimosnzeno B MI'Y um. M. B. Jlomonocosa 3a cuer rpanTta Poc-
cuiickoro Hay4Horo donga (npoexr 22-21-00204).
© Lapbkos .., 2023
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Jlasee MbI paCCMOTPHUM MHOKECTBa 0O0OIEHHBIX Apodeit U mpon3Be-
JIEHWI W TTPUMEHWM K 3TUM MHOMKECTBAM TMOJyYEeHHBIE BBITIE PE3yIhTa-
ThI. IIpm 3TOM MBI OyZeM HCIONb30BATH W3BECTHBIH (DAKT, YTO BCAKOE
3aMKHYTOE BBIMYKJIOE HEITYCTOE MHOYKECTBO SABJISETCS ANTPOKCUMATHBHO
KOMIIAKTHBIM B PABHOMEPHO BBINMYKJIOM MPOCTPAHCTBE. 3/I€CH TAKXKE Har
JIO OTMETHTH, 9TO GOJBITMHCTBO KJIACCHIECKMX HEJMHEHHBIX 0ObEKTOB,
MCIIOJIb3Y FONUXCsL /ISl AIIIPOKCUMAIIUY, SIBJAIOTCSA HEBDIILY KJIBIMU.

IIpumep. IIpubausicenue npoussederusamu. Ilycrs G — Hemycroe
OrPAHMYEHHO KOMIIAKTHOE MOAMHOXKECTBO Loy = Loo(Q,p), V; C L, =
L,(Q,p) sBolmykiaoe 3aMkHyTOe MHOXKeCTBO (1 < p < 00, j € N). Pac-
cmorpuMm MHOKecTBa G; = {9 € G | ||gllz.. < j} (j € N). Ilycrs
V.= U Vi,

J

M:={gv|geG, veV}

Muozkecrso M ne gpiisiercs 4eOblIIEBCKUM MHOXKECTBOM B Ly, eciu ne

ABIAETCA BRIMYKIbIM. OTMeTHM, 9TO B MPOCTPAHCTBaX L, BCAKOE BBI-

TyKJI0e W 3aMKHYTOe MHOYKECTBO ABJIAETCH JEOBITEBCKNAM, TIPH 3TOM 3a-

MKHYTOCTb MHOKECTBA fBJIAETCA TAKzKe U HeOOXOIUMBIM yCJIOBUEM.
IIpumep. Ilpubarusicenue o0b60b6wennvimy dpobamu. Ilycrs G

UGj, V= UV}, Go C Lo, 1€

J J

Gj={9€ Gy |1/j < g(-) < jnouru Bcromy}
— HemycToi KOMIakT B L (j € N),
V; C L, — BBIIyKJIOe 3aMKHyTOe MHOXKecTBO (1 < p < oo, j € N).

Yepez R ob6o3na4MM MHOKECTBO ApoDdeit
{v/glveV, geG}

Taxk ke, KaK U B TPEIBIAYIIEM TTPUMEPE MOXKHO MOKA3aTh, YTO MHO-
JKeCTBO R ABJIAETCA 9eOBIMEBCKIM MHOXKECTBOM B Lj, TOTZIa W TOJBKO
TOr/1a, KOTJIa OHO SIBJISIETCS] 3AMKHYTBIM U BBIILYKJIBIM.

IIpumep. IIpubarusicenue pudsc—pyuryusmu. Ilycrs A — nonmuoxKe-
crBo B R™, joiyckarouiee ucyepianue KOMuakramu (T.e. IPeJCTaBiIsdio-
mee coboii cueTHOoe O0BHLEIUHEHNE KOMITAKTOB). PacCMOTPUM MHOKECTBO
dbyuknmit u3 L,(R™) (1 < p < c0)

N = {f((a,x)) | f€L,(R), ac A, xeRm}

(B BBINIENTPUBEIEHHBIM 0003HAYEHNH (-, ) — CKaJISIPHOE TPOU3BE/ICHNE B
R™). Tak ke, KAK U B IPEABIAYIIUX MPUMEPAX I0KA3BIBAETCH, YTO JIJIs
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TOro, 9T00bI MHO2KeCTBO R ObLI0 debbimeBckuM B Ly, (R™) Heobxonumo u
JIOCTQTOYHO, YTOOBI OHO OBLTO 3AMKHYTHIM H BBIMYKJIBIM. AHAJIOTUYTHOE
YTBEPKIEHNEe MOXKHO IOJIYIHTD U JIJI MHOXKECTB BHJIA

= { > fullar2) | fi € Ly(R), ay € A, 2 €R™},
k=1
uina gazke 6osee o0IIero BUA
= {3 fil(ans2) + ) | fi € Ly(R), ax € A, e €€, w e R™Y,
k=1

rae C — mHOKecTBO U3 R, momyckaoiee ucaeprianie KOMITAKTaMHI.

K PABHOMEPHON HABJIOJIAEMOCTU JIMHEMTHOM
CHHI'VJISIPHO BO3MVYIIIEHHOM CUCTEMBI
C KBABUIUP®PEPEHIIVIPYEMbBIMUI
KODO®PUITMUEHTAMMN’!
0.B. Lexan (I'pomuo, I'pl'Y)
tsekhan@grsu.by

Ha Bpemennom muTepBase T = [tg,t;] paccMarpuBaeTcs JIMHEHHAsS
HECTAIMOHAPHAS CHHTYJISAPHO BO3MYIIEHHAS CHCTEMA, C BBIXOIOM

Ht)=A(t,p)z(t), 2= (z,y) €ER", z e R,y cR™ t T, 1
’U(t) ( ) (t), RS R te T Z(to) =z e R" , 20 = ((E(],y())/, ( )

rie u — wmameii mapamerp, g € (0,10, u® < 1, n = ny + no,
Alt,p) =A%)+ AND), A% (1) = (g o ( ) AN () = (D) huw) ) s
c(t) = (ei(t), e2(t)), Ai(t),1,4, ¢;(t),j = 1,2, — nenpepbIBHBIE HA
T marpuanbe GyHknum nomxonamux pasmepos. Cucremy (1) oToxme-
CTBUM ¢ mapoit marpuuanbix byakunit A (¢, 1), c(t) n 6ymem obo3HaUATH
(A ).

ITycts B cucreme (1) peanns3oBaanch HEKOTOPbIE (PUKCUPOBAHHOE [t €
(0, u°] m HemsBeCTHOE HAYATHLHOE COCTOSHUE Zg, UTO HOPOIMIIO TIPOIECe
z(t,p, z0) (t € T) u Boxomuyto byskuuio v(t, i, z9) (t € T).

Hust uesioro m > 0 o603uauum gepes3 U, (1) COBOKYIHOCT BCEX HUZK-
HETPEYTOJIBHBIX ((m +1)x (m+ 1))7M&TpI/IH P(t) ¢ HempephIBHBIMU HA

1 PaGora BeImoaHeHa mpu (GUHAHCOBOH mOImepkke MUHECTEPCTBA 06Pa30BAHKS
Pecy6siuku Benapycs (I'TTHU «Kouseprennua—2025s», 3aganue 1.2.04).
© Lexan O.B., 2023
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T ssemenramu py;(t) (k,i=0,1, ..., m), yAOBIETBOPAIOLMMYU YCJIOBUIO
pee(t) £0 (teT), (k=0,1, ...,m). IIycrs P(t) € Ux(T).

Ounpenesnenne 1 [1]. IIpu gurcuposanmom p > 0 cucmema (1) ume-
em P-xaacc k (3anucwsaem (A,,c) € {P,k}), ecau scaxan ee 6uixodnasn
dynkyua v(t, p, 20), (t € T), umeem nenpepuisHsie KEAZUNPOUIEOIHVIE
[2] omuocumenvro mampuyw, P(t) do nopadka k exarowumenvro.

Eciin mapamerp p IpuHEMaeT BeeBo3MoxkHble sHadenus u3 (0, u°],
10 cucrema (1) 3amaer p—napamerpudeckoe cemeiicrso {A%, Al ¢} 0 cn-
CTEM, OITPEIEIAEMbIX TPONKON MaTPUIHBIX (DYHKIIHIH A Al c. Cunraen,
aro {AY, A, c},0 € {P, k}, ecm {A,, ¢} € {P, k}Vu € (0, u°].

IMycrs (A,,c¢) € {P,n — 1}. Torga ompezesiena n-BeKTOp CTPOKa
Ve(t, 1, 20) = (ot p,20)  bo(t pyz0) .. 5 o(t p,20)) , tae B f(2)
— KBasunpousBozaHas nopsaka k [2] dbyukuuu f(t) ornocurenbHo MaT-
puubt P(t) .

Ounpenenenne 2. Ipu @uxcuposarnnom p € (0,u°] (Au,c) €
{P,k} P-pasnomepno nabaodaema na T, ecau Vzg € R™ omobpasice-
nue z(t, pu) = Vp(t, 1, 20) unsexmueno daa xascdozo t € T. Cemeticmeo
cucmem {A° At c},0 € {P,n — 1} P—pasnomepro nabmodaema na T,
ecau aobas (A, c) € {A°, A, c} 0 P—pasromepro nabarodaema na T.

C cucremoii (1) cBasansl [3] He3aBucsAIEE OT HApaMeTPa, (i HECTAIY-
onapHas BbIpoxkaennas cucrema (BC) pasmepHocTu ny u t-TapameTpu-
YECKOE CEMEHCTBO CTAIMOHAPHBIX OBICTPBIX MOJCUCTEM PA3MEPHOCTH N,
cBazaHHbIX ¢ cucremoil morpancios (CII). Ilycrs mua 3amannoit P €
U,_1(T) marpura P ecTh ee BepxXHUI BBl 610K pazmepa (ny X nq).

Teopema 6. ITycmv A;(t),i = 1,4 nenpepvisno duddeperyupyemol
na T u ReX(A4(t)) € —a < OV € T. Ecau BC' P-pasnomepho na-
omodaema na T u Kaoscdas cucmema ud t—cemeticmea 6vLCMPHIT NOICU-
cmem noarnocmuto nabarodaema na T, mo natidemes maxoe pu* € (0, ],
wmo cemeticmeo {A°, A, c},,~ (1) P-pasromepro nabarodaemo na T npu
kaorcdoti P € Uy,,_1(T), daa xomopoti P ecmwb eeprnuti aeevidi (ng X ny)—
6aox, u (6 cayuae n >2) {A% Al c}, € {P,n—1}Vu € (0, u0].

JlokazaTeJIbcTBO WCIOIb3yeT KpUTEpWii P—paBHOMEpHO# HabIo-
JIAeMOCTH HECTAIMOHAPHBIX CHCTEM [2], paciiemnisioniee mpeobpa3oBaHne
cucrembr (1) [3], uccienoBanue cTpyKTYpBI U CBOMCTB MaTpul HABIIO1a-
emocru noxacucreM BC u CII paciienieHHoil cHCTeMbl, HHBAPHAHTHOCTD
upunajgiexknocru cucrembl (1) P—xnaccy n — 1 [2] orHocuresnbo pe-
ATM30BAHHOTO PACHIEIIAIONIEro MpeoOpa30BaHUs, & TaK¥Ke COXPAHEHUE
TIOJTHOTHI PAHTa MATPHUIHI HAGIIOJAEMOCTH TPA MAJIBIX aJJIATUBHBIX W
HEBBIPOKICHHBIX MYJIbTHIIMKATABHBIX TPE0OPA30BAHUSX.
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3ameuanwue. YciioBus, npu KOTOPBIX BEPHO

{A% At ¢}, € {P,n— 1}V € (0, 4], m3noxenst B [1].
JIureparypa

1. lexan O.B. 06 ycnoBusix kBasumnddepeHITUPYEMOCTH BBIXOI0B
OJTHOU JIMHEIHON HEeCTAllMOHAPHON CUCTEMBbI, 3aBUCAIIEN OT mapaMerpa
/ O. B. llexan // CoBpemennbie MeTonbl Teopud (HDYHKIMHA U CMEXKHBIE
mpobaembl : Marepuaibl Mexaynap. koud. : Boponexckas 3uMuss ma-
TemaTrmdeckas 1mkojga — Boporex : BI'Y, — 2023. — C. 346-348.

2. Acrporckuit AWM. Jluneitnbie cucrembl ¢ KBaszuauddepeHmpy-
eMbiMu KO3 DUITUEHTAME: YIPABISEMOCTh W HAOJIOLAEMOCTD JIBUXKE-
uwii./ AWM. Acrposekuii, U.B. Taiimiyn // Munck: Beaapyc. nayka, —
2013.

3. Kokotovic P.V. Singular Perturbations Methods in Control:
Analysis and Design / P.V. Kokotovic, H.K. Khalil, J. O’Reilly. —
NY : Academic Press, 1999. — 371 p.

OB YHUBEPCAJIbLHOU BBICTPOU
TPUTOHOMETPUYECKON MHTEPIIOJIAIINN
A.1. Yepubunos, C.®@. Kysueunos, B.B. T'opsiinos,

0O.10. Hukudoposa, U.I'. Pykun (Bopouexx, BIYUT, BI'TY)
sfs134@mail.ru

IIycts HEKOTOpas HeMepuonIecKast byurIMa
f(z) € L§[—a < x < a] u3 npocrpancrBa [mibbepra paccmarpu-
BaeTca Ha orpeske [—a < x < a]. Beicrpeiv paznoxkenunem f(z) HazoBEM
CyMMy HEKOTOpOi# rpanmunoit dyukiun M,(z) u psaza ®ypbe s
pasuocru f(z) — My(z), T e.

f(x) = Mp(z) + ao + mio:lam cos mwz + by, sin mﬂg,
ap = QL J(f(z) = My(z)) de,
pa o (1)
A = a j;(( ( ) Mp(l’))) CObmﬂ'g d.]?,
b = % f (f(z) — Mp(m))sinmwg dz.

Ppanuanas dyukuus M,(x) B (1) yBeauduuBaeT CKOPOCTb CXOAUMO-
cru pajga Pypee gy pasnocru (f(t) — Mp(t)), 4ro Jaer BO3MOKHOCTH

© Yepubimos A.JI., Kysuenos C.®., *Topaiinos B.B., Hukudoposa O.1O.,
Pyxun N.I'., 2023
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€ro MHOTOKPATHOrO AuddepeHnnpOBaHus U OIPEIEIsIeTCs CyMMOi

= APy (), 2)
q=0

rae A, HEKOTOpbIe HOCTOsIHHbIE, & Py() GbICTPbIE MOJIHHOMBI.
Kosdpdunuentsr A, onpenemnsrores mo dopmyie [1]

Ag = 1 9(a) = f9(~a), (3)

a P, () MOMMHOMBI YeTHOH W HEYEeTHOI CTereHell 3amniieM peKyppeHT-
HBIME (HOPMYJIAMHU Yepe3 OMpeIeIeHHbIE MHTErPAJIbI

8

Py(z) = 2 s Pog—1(x) = [ Pog—2() dx,

[}
—~
=~
~—

qu fPQq 1 ) t—*fpgq 1 )d]} q=1,2,...

Hnst onpenenennst Ko3GMUINEHTOB Ag, Ay, by TCTONIB3YEM THCKPET-
HYIO CHCTEMY
KoopaumaTs: 2N pacueTHEIX TOUEK T; 33Ja1uM (OpMYIoi

zj =ja/N, j=—-N-+N -1 (5)

Koadbduruentsr ag, amy, by, pasnoxenns (5)HaXOAATCs B ABHOM BU-
Jie:

| N1
ap = 9N (f(t5) — Mp(t;)) (6)
j=—N
1 Nl
m = N (f(z;) = Mp(z;)) cosmm—> =1+N-1 (7)
j=—N
1 = x;
bmzﬁ (f(:z:j)—Mp(xj))Sinmﬂ;], m=1+N-1. (8)
j=—N

IMoxacrasmsas ag, Gy, by 13 (6), (7) 1 (8) B (1), moayuum dbopmyity st
[OJIHON TPUIOHOMETPUYECKON uHTepnojanuu f(r) Ha orpeske [—a,a)
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npu f(2) 33JaHUN AUCKPETHBIMA 3HadeHuaAME f(x;):

1 N-1

fo) = gy X () = Myle) +
1 N=1 N—1 J== . )
N = (f(zj) — Mpy(x;)) cos mr; cos mrg_|_ o)

1 N* N-1 T T
N > Z (f(z;) — Mp(a:j))sinmr;jsinnﬂ'a—|—Mp(sc),

f(z) € L5 (x € [~a,a)).

JIureparypa

1. Chernyshov A.D. Universal fast expansion for solving nonlinear
problems / A.D. Chernyshov, D.S. Saiko, E.N. Kovaleva // Journal of
Physics: Conference Series. — 2020. — 1479. — 012147.

2. Yepubimos A.Jl. YuuBepcajbHbIE OBICTPHIE TPUTOHOMETPHUYE-
CK¥€ WHTEPIOJISINE JJIg UHTerpo—audOepeHIinalbHbIX 3a0ad Pa3/Ind-
noro nopsizka / A.JI. Yepubinos, O.}O. Hukudoposa, B.B. Topsiinos,
C.®. Kysneuos, II.T". Pykun // Becruuk HyBaiickoro rocy1apcrBeHHOIO
nejarorudeckoro yuusepcurera um. U.91. dkosiesa. Cepus: Mexanuka
mpenensLHoro cocroguusa. — 2022. — Ne 4 (54). — C. 57-70.

O IIOJAXOOJAX K YNCJIEHHOMY
PEIIIEHUIO JINHEMHBIX
JNOPEPEHIINMAJIBHO-AJITEBPANYECKUX
YPABHEHUM C IPSIMOYTI'OJIbHBIMU MATPUIIAMMI
KO®PUITMEHTOB I OCOBBIMU TOYKAMU
B OBJIACTU OIIPEOEJIEHU !

B.®. Yucrakos, E.B. Hucrakosa (Upkyrck, MJICTY CO PAH)
chist@icc.ru, elena.chistyakova@icc.ru

B nokname paccMaTpuBAIOTCs CHCTEMbBI OOBIKHOBEHHBIE duddepen-
uuasibhble ypasaenus (OY)

Agx = ZA D)= f(t), teT, (1)

1 PesyapraTel HOJydeHb B paMKax roc3ajanms Muno6pHayknm Poccuu mo mpo-
CeKTY «Teopn;[ U METOAbl UCCJI€JOBAHUA IBOJIIOIIMOHHBIX ypaBHeHI/Iﬁ U yIpaBJIg€MbIX
cucTeM ¢ ux npuioxkeHuamuy (N roc perucrpanuu: 121041300060-4).

(© Yucrsixos B.®., Yucrakosa E.B., 2023
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rue A;(t) — (v x n) — marpunpl, z(t) — uckomas u f(t) — usBecrnas
sexrop—dynkmm, () (t) = (d/dt)'z(t), (O (t) = z(t), n BemMoTHEHO
COOTHOIIIEHHE

rank Ag(t) < min{v,n} Vt € T, (2)

SKBUBAJIEHTHOE TIpH v = n paBeHCTBY det Ay (t) = 0 V¢ € T. Takue cu-
CTEMBI TIPUHATO HA3BIBATE AudDEPEHITNATbHO—-AIre0PanIeCKUMU yPaB-
Herusamu (JTAY).

ITocraBum B coorBercrBre cucreme (1) SKBUBAJEHTHYIO CUCTEMY TI€P-
BOT'O MOPSIIKA,

sosepox= (7 o) s (i w) = () @

teT, x=(d/d)x,

rae

m=(k—1)n, A(t)=(Ai(t) As(t) ... Ap_1(1)),
x=(z" &7 .. (Q:(k’l))T)T ,

T — cumBou TpancnonupoBanus. Crenys [1], KpaeBble ycaoBus 331a10T-
cst B Buzie uaTerpaita Cruiabrbeca

B
w(x) = / [do(5)|C(5)x(5) = a, (4)

rae o(s) — 3asaHHas MaTPUIA OTPAHMWYEHHON TOJHON BapHWallii Ha
T, C(s) — zamannas (p x m)-marpuna n3 C(T), m = kn, p < m,
a—3aJaHHbIH BeKTOp n3 RF.

YacTHbIME CIydasMu ycjoBuii (4) gaBIMIOTCA HAYaJIbHAS U MHOIOTO-
deqynas KpaeBas 3amaqu [1]. OcobeHHOCTHIO 0c00BIX TOYeK JTAY sBis-
ercd Takoe O0CTOATENBCTBO: OHM MOLYT HE COBIAJATDH C TOYKAMH H3Me-
HeHusi paHra marpuibl Ag(t). B noknajse uznararorcs METOAMKY 110MCKA
0COOBIX TOYEK € Y9IETOM STOTO OBCTOATENHCTBA. HEKOTOpHIE KPUTEPHN
MIPUCYTCTBHS 0COOBIX TOUeK Ha T comeprKarcs B crarbe [2]. Mbl mpuBo-
MM IPHMEPHI IPIMEHEHU PA3HOCTHBIX METOIOB Iid pemennsd JTAY, ko-
I'ZIa MBI IIOJIy9a€M HEBEPHBIE CBEICHUS O PACIIONIOKEHIH OCOOBIX TOYEK Ha
T . Ilosromy B KadecTBe 6a30BOr0 METO/A PelleHust Kpaesbix 3aia4 (1),
(4) mpegiaraercs UCNOIB30BATH METOJ HAMMEHBIINX KBAJIPATOB, KOTIA
MCXOMHAA 3a7a9a CBOIUTCA K MOWUCKY MUHHMyMa (DyHKIMOHAIA HEBS3-
ku B npocrpancrBax Cobosesa. g JAY nepBoro nmopsjika HEKOTOPbIE
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BAPHUAHTHI METO/[A HAUMEHBIIINX KBAJ/IPATOB PACCMATPUBAIUCH B CTATHAX
3], [4]
JIurepaTtypa

1. Bosipunnes FO.E. Perynsgpubie u CHHIYJISSPHBIE CUCTEMbI JIMHEHHBIX
OOLIKHOBEHHBIX nudbdepentmanbubix ypasaennii / FO.E. Bospunies. —
Hosocubupck: Hayka, 1980.

2. Yucrakos B.®. O peryagpusamuun auddepeHnuantbHo—
anrebpanyeckux ypasaenuii /| B.®. Yucrakos // ZK. Bbramci. marem.
u marem. ¢pus. — 2011. — T. 51, Ne 3. — C. 2181-2193.

3. Uucrsakor B.®. [Ipumenenne MeToqa HAMMEHBITUX KBAIPATOBR IS
pertiennst TuHeRHbIX auddepeHimanibHO-anrebpandeckux ypaBHeHHH /
B.®. Yucrskos, E.B. Yucrakosa // Cub. »KypH. BbIYHCI. MaTeM. —
2013. —T. 16, N\e 1. — C. 81-95;

4. Chistyakov V.F. Evaluation of the Index and Singular
Points of Linear Differential-Algebraic Equations of Higher Order /
V.F. Chistyakov, E. V. Chistyakova // Journal of Mathematical
Sciences. — 2018. — V. 231, Issue 6. — P. 827-845.

OBPATHAS BATAYA ITMITYPMA-JINYBMJIJIA
CO CIIEKTPAJIBHBIM ITAPAMETPOM
B KPAEBBIX YCJIOBUAX!
E.E. Yuropkun (Camapa, Camapckuii yuusepcurer; Caparos, CTY)
chitorkin.ee@ssau.ru

Jlannass pabora mocssmeHa obparuo#t 3amade [rypma—/luysuiis
L= L(Q7p17p27 fla fQ) CJIelyIoniero Bu/jas

—y"(z) +q(x)y(z) = My(z), =z € (0,m), (1)
pr(N)Y'(0) + p2(Ny(0) =0,  fi(N)y'(m) + fa(A)y(7) =0, (2)

rae (1) — ypasuenue IIrypma—JIuyBusis ¢ KOMIIEKCHO3BHAYHBIM I10-
rernuanioMm ¢ € Lo(0,7), A — cnekTpasbHbLi napamerp, KpaeBoe ycJio-
Bue (2) B Touke & = ( COOEPKUT B3aUMHO IIPOCTbIE MHOIOUYJIEHEI Pj(A),
7 = 1,2, KpaeBoe ycjIOBHE B TOYKE T = T — MPOU3BOJIbHBIE (DYHKIUN
[i(A), j = 1,2, anaanTudeckie BO BCeil A\-TIJIOCKOCTH.

ITycts Ny, Ny — crenenn MHOTOUIEHOB p1(A) 1 p2(A) cooTBeTCTBEH-
1o, a {a; )\, u {b;} 12, — xoacbburmentsr mpu A\ 9THX MHOTOHIEHOB.

1 Pabora  BmimosmHena B CapaTOBCKOM  TOCYJIapCTBEHHOM  YHUBED-

curere npu (puHaHCOBOH OAOePIKKe PH® (mpoekT 21-71-10001,
https://rscf.ru/project/21-71-10001/).
(© Yuropkur E.E., 2023
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Bsenem obosnavenusa:

1 /7 w—>bn,, Ni=DN
wzi/ q(t)dt, w=< wHan,, N1 =Ny—1
0 w, Ny # Na, N1 # No — 1

O6parHas 3aga4a 1. IIpednoaooicum, umo cmenenu N1, No mMHo20-
wnenos u Pynryun f1(N), fo(N) ussecmuor anpuopu. Ilo danromy nod-
cnekmpy { A, }22, u wucay w natimu nomenyuan q(x) u MHO20%AEHDL
p1(A), p2(A).

st mccseioBanust 3a1a9n ObLI HCTIOIB30BAH TOAX0/ paboTst [1]. To-
Ka3aHa eJUHCTBEHHOCTh BOCCTAHOBJICHUS MTOTEHIINAJIA U MHOIOYJICHOB B
KPAeBbIX YCJIOBUAX 110 9aCTU CrieKTpa. JLoKa3aTesbCTBO IPUBEIEHO B [2].

Tak>ke pacCMOTPEHbI MPUIOKEHUS TOCTPOCHHON TEOPUU JIJIst Perrie-
HEUS 337249 Tua Xoxmraara—/lubepmaHa ¢ MHOrOYI€EHAME B KPAEBbIX
VCIIOBUSAX W B YCJOBUSX CKJICHKM BHYTpHW mHTepBasa. st arux 3amad
Tak¥ke CHOPMYTUPOBAHBI U JOKA3AHBI TEOPEMbI €IUHCTBEHHOCTH PeIle-
HUsl, IPUYEM JIJIsT PA3JIMYHBIX COOTHOIIEHUHN CTemeHell MHOMOYJIEHOB UC-
MOJIb3yeTCsl BECh CEKTP JinOOo ero dacrh. JlokazareabcTBa OCHOBAHBI HA
CBEJEHUM JAHHBIX 3324 K 3a1a4e L ¢ koukperubimu pyHkuusmu fi(\)
n fo(\) m mocsenyoIEei TPOBEPKE BHITIOIHEHNUS YCIOBUH TEOPEMBI €I1H-
CTBEHHOCTHU DEIeHUsT JJjis 3TON 3ama4n. /loka3areJbcTBa MPUBEIEHBI B
[2]-

JIureparypa

1. Bondarenko N.P. Inverse Sturm—Liouville problem with analytical
functions in the boundary condition / N.P. Bondarenko // Open Math. —
2020. — Vol. 18, no. 1. — P. 512-528.

2. Bondarenko N.P. Inverse Sturm—Liouville Problem with
Spectral Parameter in the Boundary Conditions / N.P. Bondarenko,
E.E. Chitorkin // Mathematics. — 2023. — Vol. 11. — Article
number: 1138.
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O HEKOTOPOM PEIITIEHUUM 3AJAYU
OIIEHUBAHUA ITAPAMETPOB
TEHEKOMMVHHKAHHOHHOﬁ CUCTEMBI
E.I. 9y6 (Pocros—ua—/ldony, PT'VIIC)
elenachubl11@gmail.com

Henbio uccrenoBanuii siByisierca pa3paboOTKa MeTOZa COBMECTHOTO
OllEHNBAaHUs BEKTOPA COCTOAHUSA TEJIEKOMMYHUKAIIMOHHON CHCTEMbl U
naeHTHdUKAINYA [1ADAMETPOB €€ BEKTOPA COCTOAHUS B PEAJIHHOM MAac-
mrabe BPEMEHW B YCIOBUSX JEHCTBUS MOMEX DPa3NIWIHON (bU3ndeckoi
mpupobl. TemeKOMMYHUKAITMOHHAS CUCTEMA OTMUCHLIBAETCS CTOXACTUIE-
CKOM MOIEIbI0 B popMe «O0bHEKT—HAOIIOMATETb> :

Y=Y, t)+U (Y1) + fo(Y,0) Vi,

rae Y — ¢dasosas mepemennas; f;, ¢ = 0,1 — u3BeCTHbIE HeJIMHEHHBIE
dbyukmn, ynosnersopsiomue yeaosuto Jlunmmna VY, t; U (Y, t) — Hens-
BecTHasi DYHKIHs, OmnpeneisieMas (PU3MIECKUMU CBOUCTBAME OOBHEKTA
¥ Ioiexkammaa HIeHTH(GUKAIMA 110 TOKA3AHAAM H3MEPHUTENS;V; — IIyM
TEJIEKOMMYHHUKAIIMOHHONR CHCTEMBI, HAOIIOLAETCA ¢ MOMOIIBIO HeJIMHedH-
Horo nabuogarens suna Z = h(Y,t) + Wy, rue Z — BbIXOUHOI curHad
Habmonaresns, h(Y,t) — u3Becrnas Henmueitnas dyukmms, Wy — mym
n3Mepennii. Hem3BecTHBIE MapaMeTphl BEKTOPA COCTOSTHHUS TEJIEKOMMY-
HEKAIIMOHHOH CHCTEMBI OIPEIEIAIOTCA U3 YCAOBAS MUHUMYyMa (DyHKITH-
OHAJIA, XaPaKTEPHU3YIOIIEro KadeCcTBO (DYHKIUOHUPOBAHUSA TEJIEKOMMY-
HUKAIMOHHON CHCTEMBI:

T
J:—//pZ(Y,Z,t)det-l-/ U? (Y, t) dt,
TJY to

rue pz (Y, Z,t) — anocrepuophas 1JI0THOCTb BEPOATHOCTH.

Ha mepBoMm 3Tame amocrepuopHas ILIOTHOCTH BEPOATHOCTH JAHHO-
T0 TPOIECCa ANMMPOKCUMUPYETCA CHCTEMON aNOCTEPUOPHBIX MOMEHTOB.
Crenannoe fajiee JOMyIIEHNE O BO3MOKHOCTH ANMPOKCUMAIIAN TIJIOTHO-
CTH BepOATHOCTH KJIACCOM pacmupefenennii [lmpcona mo3Bosser momy-
9UTh 3aMKHYTYIO CHCTEMY ypaBHeHmit momenToB. Ha ciemyiomem srarme
OpuMeHeHne MPUHONIIA MAKCAMyMa /1aeT BO3MOXKHOCTH IepedTH K pe-
MMEeHNI0 ABYXTOYETHON Kpaero#t 3amaun. Ha mociemmeM stame mMeToaun-
K& CHHTE33 MPUOJIMKEHHOTO PEIeHus JBYXTOUEYHOW KPAEBO# 3a1a4un

© 4y6 E.I., 2023
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Ha OCHOBE METOJ[a, WHBAPUAHTHOIO MOrPYKEHUs MO3BOJsieT CHOPMUPO-
BaTh MPUOIMIKEHHOE 3HAYEHNE BEKTOPA COCTOSHUSI KAK PEIIEHNE CUCTE-
MBI OOBIKHOBEHHBIX Iu(DepeHITnaaIbHbIX YPABHEHUH

IIpenmoxkeHHbBIH MeTOm OOECIIEINBAET pEeIleHre 3a0a4MN OINCHUBAHUS
BEKTOPA COCTOSTHUST TEJIEKOMMYHUKAIMOHHON CUCTEMBI B YCIOBUSX Jeii-
CTBUs MOMEX DPA3JIM4dHON (hbu3udecKoi mpupozsl. Peanusarus mpeo-
JKEHHOT'O METO/IA B COBPEMEHHBIX TEJIEKOMMYHUKAIIMOHHBIX CUCTEMAaX HE
MPEIbSABIISIET JOMOJHUTEIHHBIX TPEOOBAHUN K BBHIYUCIUTEIO, 9TO JIeJ1a-
€T BO3MOXKHBIM €r0 MHUPOKOE TPUMEHEHNE.

JIureparypa

1. Xyropres B.B. CoBpemeHHble TPUHIUILI yIPABJICHUS W (DUIb-
Tpanuu B croxactudeckux cucremax / B.B. Xyropues, C.B. Cokosos,
I1.C. Oleuyk // M. : Paguo u cBass. — 2001. — 808 c.

2. Mit’kin A. Using the Pearson Distribution for Synthesis of the
Suboptimal Algorithms for Filtering Multi-Dimensional Markov Proces—
ses / A. Mit’kin, V. Pogorelov, E. Chub. // Radiophysics and Quantum
Electronics. — 2015. — V. 58, No. 3. — P. 224-232.

3. Sinicyn I. Filters / I. Sinicyn, N. Kalmann , N. Pugachev //
M: Publ Logos. — 2006. — 640 p.

O HEKOTOPHBIX CBOMCTBAX COBCTBEHHHIX
S3HAYEHUM O/THOM CIIEKTPAJIBHOW 3AJIAYN
C HETJIAAKVUMU PEIITEHUSIMNU
C.A. IITa6poB, Aa—Tapaiixoqu NBaun Ab6aynakapuum Xy3am
(Boporex, BI'Y)
shabrov_s_a@math.vsu.ru

1
PE

o0
B pa6ore monyueHsl HEKOTOpbIe cBOficTBa byHKImEH 0(s) = >
n=0

rIe A, — COOCTBEHHBIE 3HAUYEHUs CIIEKTPAJILHOM 3a7a9n

— (puy)g +qu = AMgu;
{ w(0) = ul) =0, (1)

rJie A — CIeKTPaJIbHBI mapaMeTp.

Pemenne (1), kak u B paborax [1]-[3], Oyaem nckars B knacce £ —
abcomorHo HerpepbiBHbIX Ha [0; ¢] dbyukumii u(x), nepsas 1pousBoIHAs
KOTOpBIX U, () — o—abcomoTao menpepbisaa Ha [0, £].

B roukax £, nprHaIIesKaINX MHOKECTBY TOUEK Pa3phiBa o (L), ypas-
Henve B (1) moHmMmaercss Kak paseHcTBO —A (pul) (§) + w(§)q(§) =
AM! (&u(§), rme Au(§) — nomubrit ckadok dyHKIuM u(x) B TOUKE &.

© Ula6pos C.A., An—Tapaiixonu Usan Abnynkapuum Xysam, 2023
439



B pabore mpeanonararorcsi BBIIOJHEHHBIME CJIELYIOLIUE YCIOBUSL:
dynkunm p(z) m M(z) o-abeomorno nenpeprbsrb Ha [0; g, (omm-

canue nocrpoenns Muoxecrsa [0;€]g,y em. [1-3]),  min  p(z) > 0,
z€[0:] 5,y
q(z) — o—cymmupyema, g(z) > 0.
JIureparypa

1. duddepennpaapable ypaBHEHHs HA TeOMeTpUYecKux rpadax /
10. B. Iokopwstit u ap. // M. : @uzmariaur. — 2004. — 272 c.

2. Ocumnsinponnstit mMeron Irypma B crekTpasibHbIX 3aiad /[
1O. B. Iokopusiit, 2ZK. 1. Baxtuna, M. B. 3sepesa, C. A. Illa6pos. //
M. : ®uzmaraur. — 2009. — 192 c.

3. Hokopuwiit, FO. B. Ocupusiuonnas reopus [lrypma—/TuyBuiis
mast mMmmynbeHbix  3amad / FO. B. Tlokopwsrii, M. B. 3pepena,
C. A. IlTaGpos // Ycmexu maremarmdeckux Hayk. — 2008. — T. 63,
Ne 1. — C. 111-154.

OB MHTET'PAJIbBHOM OBPATMIMOCTU
MATEMATUYECKOM MOJIEJIA ITIECTOT'O IIOPSIJIKA
C ITIPOU3BO/JHBIMU 110 MEPE
" MMEPUOANYECKUNUMU YCJIOBUSIMU
C.A. IITa6pos, T.B. I'puaseBa, ®.B. I'osioBaHneBa,

M.B. JassimoBa (Bopouex, BIY)
shabrov_s_a@math.vsu.ru

B pabore noka3biBaeTcs HHTErpabHas OOPATUMOCTDh TPAHUIHON 3a-
Jaxu

12
Lu = — (pulfhy) p, + (rilfe)g, — (), + Qu = Fy;

u(0) = u(f);

ug (0) = i, (0);

Uy (0) = uiz, (0); (1)
U (0) = Uiy, (£);

u;ilv)uw (O) = u;?p:v (E)a
U(xic)uxx (O) = U:Scsz)u:vz (6),

C IPOU3BOIHBIMHE IO MeEpe.
Pemenne (1) mbr GymeM ucKaTh B Kiaacce F — IBasKIbl HEMPEPBIBHO
muddepermupyembrx GyHKIUi u(x), y KOTOPBIX: U, (1) — p1—abComoTHO

© Ula6pos C.A., I'pugsesa T.B., lonosanesa ©.B., Jasbinosa M.B., 2023
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nenpepbisna na [0, £]; puly, , (r) — nsaxpr nenpepbiso auddepennupy-

1
ema; (pug;lt)m (x) — p—abcomorHO HenpepbiBHA Ha [0; 4.

B roukax &, npuHajiexKamux MHOXKECTBY TOYEK paspbiBa u(z),
ypauenme B (1) mOHMMaeTcs Kak paBEHCTBO —A (puggu);/l & +
A, ), (€) — A (gu) (€) + u(E)AQ(E) = AF(E), rae Au(é) — Hommi
ckadoK DyHKImH u(xr) B TOUKE &.

Bynem npeanonarars, aro dbyukuuu p(x), r(x), g(z), F(x) u Q(x) pu-
abcomorno nenpepbisubl Ha [0; g,y (Onucamue IOCTPOCHUA MHOKECTBA

[0; gy oM. [2]),  min  p(z) >0, Q(z) ne yOpiBaer.
:L’E[O;E]Sw)

ITony4eHbl JOCTATOYHBIE YCIOBHSA CYNIECTBOBAHASA U €IUHCTBEHHOCTH
(B ka1acce nenpepbiBHbIX Ha kBaapare [0;¢] x [0; 4] dyukuuii) byukimuu
BiMsiHus 3aja4u (1).

JIurepaTtypa

1. Ta6pos C.A. O HEOOXOAUMOM yCJIOBHM MUHUMYMA OJHOIO KBaJl-
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tuka. Mexanuka. Undopmaruka. — 2012. — T. 12, Ne 1. — C. 52-55.

2. ITa6pos C.A. O6 oxHOM MaTeMaTHIECKON MOme T Maibx Jedop-
Mauuii crepkHeBoi cucreMbl ¢ BHyTpeHaumu ocobennocrsmu / C.A. Illa-
6por // Becrn. Boponex. roc. yu—ra. Cep. : ®usnka, MaremMarnka. —
2013. — Ne 1. — C. 232-250.

3. Borodina E.A. Nonlinear sixth order models with nonsmooth
solutions and monoton nonlinearity / E.A. Borodina, S.A. Shabrov,
M.V. Shabrova // Journal of Physics: Conference Series. Applied
Mathematics, Computational Science and Mechanics: Current
Problems. — 2020. — P. 012023.

VMHBAPUAHTHBIE JTN®PEPEHIINAJIbHBIE ®OPMBbI
JVHAMUWYECKUX CUCTEM C KOHEYHBIM YU CJIOM
CTEIEHEI1 CBOBO/IbI
M.B. ITamonun (Mocksa, MI'Y nmenu M. B. JIomoHocOBa)
shamolin@rambler.ru, shamolin@imec.msu.ru

Kak uzBecrho [1], HaxoxK/IeHU€e 10CTATOYHOrO KOJIMYECTBA TEH30PHbBIX
UHBAPUAHTOB (HE TOJIbKO LEPBLIX UHTErPAJIOB) II03BOJISIET TOYHO IIPO-
WHTErpupoBaTh cucremy auddepeHinaaibHbXx ypaBHeHuii. Hampumep,
HaJIM4re WHBAPWAHTHON auddepeHunaabaoii (popMbl (pa3oBoro odome-
Ma IIO3BOJIAET yMeHbH_II/ITb KOJINYECTBO Tpe6y€MbIX IIEePBLIX HHTErPaJIioB.

(© Ulamonuu M.B., 2023
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st KOHCEPBATHBHBIX CHCTEM 3TOT (DAKT €CTECTBEHEH, HO JIJisi CHCTEM,
00JIATAOIINX TPUTATUBAOIIAMA WA OTTAJKUBAIOIIAMHA MPEIETHHBIMA
MHOXKECTBAMHU, HE TOJIBKO HEKOTOPBIE TIEPBHIE WHTErPAJIBI, HO U KO3 dhu-
[WEHTHI UMEIONINXCST MHBAPUAHTHBIX AuddepeHnnaabubix (DOpM TOIK-
HBI, BOODIIE TOBOPsI, BKIIOYATHL (DYHKIINH, OOIAIAIOIINE CYIIECTBEHHO
ocobbiMu Toukamu (cM. Takzxke [2—4]).

B kauecTBe mMpuMepoOB TEH30PHBIX WHBAPUAHTOB MPUBEIEM, MPEIKIE
BCE—TO, CKAJIIPHBIE WHBAPUAHTBI — JTO MEPBHIE WHTErPAJIBI CHCTEMBI.
NuBapuaHTHBIE BEKTOPHBIE 110/ — I10JIsd CUMMeETpUiil (OHU KOMMYTHUDY-
10T ¢ BEKTOPHBIM II0JIEM paccMarpuBaemoii cucrembr). @azosbie moroku
cucreM udHEepEeHIUATbHBIX yPABHEHWI, TOPOXKIAEMbIX ITUMHU HOJISIMH,
[EPEBO/AT PEIIEHUS PACCMATPUBAEMOIl CUCTEMbL B PELIEHUs TOM 2Ke CH-
crembl. MuBapuanTubie BHemnue muddepernuanbabie GopMbl (TIOUCK
KOTODPBIX, B OCHOBHOM, ¥ MPOBEJEH B JaHHOI paboTe) MOpPOXKIAIOT MH-
TerpajibHble HHBAPUAHTHI CHCTEMBI. [Ipy 3TOM, OYEBUHO, CAMO BEKTOP-
HOE TIOJIe PACCMATPUBAEMON CHCTEMbI SIBJISIETCS OJHUM M3 WHBAPUAHTOB
(rpuBuasibHbI MHBAPUAHT). 3HAHUE TEH30PHLIX MHBAPUAHTOB CHCTEMbL
nudepeHnnaNIbHbIX YPABHEHNH 00/IEMrYAeT U €€ WHTErPUPOBAHNE, U Ka-
9eCTBEHHOE NCCIeaoBanue. Harr moaxom COCTOUT B TOM, 9TO JIJIst TOYHOTO
WHTErPUPOBAHUS aBTOHOMHOM crcTeMbl u3 m auddepeHnaIbHbIX yPaB-
HEHUI TOMUMO YIIOMSHYTOTO TPUBHAJBHOIO HHBAPUAHTA HAJIO0 3HATH €I11e
m — 1 HE3aBUCHMBIX TEH30PHBIX HHBAPUAHTOB.

Kax nokazano pamee, 3a/1a4a O ABIZKeHUH (N + 1)—MepHOro MasTHU-
Ka Ha 0DOOIIEHHOM C(epHIecKOM IIAapHUPE B HEKOHCEPBATHBHOM ITOJIE
CHJI, KOTOPBIH MOXKHO OOpPa3HO OMKCaTh, KAK «IIOTOK Haberaromei cpe-
Jibl, 3aI0JiHsoel oobemitoriee (n+ 1)—MepHOe IPOCTPAHCTBO», IPUBO-
JIT K JUHAMUYECKON CHCTEMe Ha KaCaTeJIbHOM PACCIOCHUH K N—MEPHON
cdepe, Tpu ITOM METPHUKA CHENUAIHLHOTO BUIA HA Hell WHIYIUDPOBAHA
JIOTIOTHATENIEHBIMU TPyInamMu cummMerpuii [5, 6]. Innamudeckne cucre-
MBI, ONKCHIBAIOIINE JIBUKEHNE TAKOTO MASITHUKA, 00JIaJAI0T 3HAKOIEpe-
MEHHOW JUCCHITAIUEl, MOJHBIA CIIUCOK MNEPBBIX MHTErPAJIOB COCTOUT U3
GYyHKIMIA, UMEIONUX CYIECTBEHHO 0CODBbIE TOYKM, BBIPAKAIOIIUXCS de-
pe3 KOHEUHYI0 KOMOWHAIIUIO 3JIeMeHTapHbiXx (yHKImi. To xe da3oroe
MPOCTPAHCTBO €CTECTBEHHO BO3HWKAET B 33Ja4e O JBUKEHWN TOYKH TI0
n—MepHoit cdepe ¢ UHIYIUPOBAHHON METpUKOil obbemiromiero (n + 1)—
MEPHOro npocrpancrea. OTMETUM TaK¥Ke 33Ja9U O ABUKEHUU TOUYKH 110
6oJtee OOIIMM N—MEPHBIM TOBEPXHOCTSIM BPAIIEHUs, B IPOCTPAHCTBE JI0-
0a4yeBCKOro U T. JI.

Baskubie cirydam WHTErPUPYEMBIX CHCTEM C 71 CTEIEHSME CBOOOIBI B
HEKOHCEPBATUBHOM TI0JI€ CUJI PACCMATPUBAJIUCH B JPYTHUX pabOTax aBTO-
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pa. Hacrosiee uccieoBanue pacupoCTpaHsier pe3yabTaTbl ITUX PaboT
Ha 0oJIee MUPOKUI KJIACC TUHAMUIECKUX CHCTEM.

B mamnoit paborte 171 paccMaTpPUBAEMOroO KJacca TMHAMAIECKUAX CH-
CTEeM IIPEeIbsIBJCHBI IOJTHbIE HAOOPHI MHBAPHAHTHBIX MU(dEpPEeHIIATD-
HbIX (DOPM JIJIs OJHOPOJHBIX CUCTEM HA KACATEJIbHBIX PACCIOCHUAX K
[JIQIKUM KOHEYHOMEDPHBIM MHOr000pasusaM (00 aHAJOTMYHBIX HUCCIIEI0-
BaHWSAX JIJIsi CHCTEM MEHBbIIe pa3MepHOCTH M. [2, 3, 5]). Iloka3aHa cBsi3b
HAJIWYHUsl TAHHBIX HHBAPUAHTOB U MOJTHBIM HAOOPOM MEPBBIX HHTETPAJIOB,
HEOOXOAUMBIX [ MHTETPUPOBAHUS T€0/IE3UIECKUX, MOTEHIINATHHBIX U
JIMCCUIIATUBHBIX cucreM. [Ipyu 3TOM BBOAMMBIE CHJIOBBIE TOJS BHOCAT B
CUCTEMBI JUCCUTIAINI0 PA3—HOTO 3HAKA W O0DODIIAIOT PaHEe PACCMOTPEH-
HBIE.

Cuadasia u3ydaercs 3a/a9a reoje3n9eCKuX, BKIIOYAIONAs, B 4aCT-
HOCTH, reoie3ndeckue Ha cdepe u JApyrux MOBEPXHOCTIX BPALIEHUSs, KO-
HEYHOMEDPHOTO TPOCTPAHCTBA, JI06a4EeBCKOTO. YKA3BIBAIOTCS ITOCTATOY-
HBIE YCJIOBUS WHTEIPUPYEMOCTH YPABHEHUI M€0Je3MIECKUX. 3aTeM B CH-
CTEMBI JODABISIETCS MOTEHIIHATBHOE TIOJIe CUJI CIENHATBHOIO BH/IA, TAK-
JKe YKa3bIBAIOTCS JOCTATOYHbIE YCJIOBUS WHTETPUPYEMOCTH PACCMATPH-
BAEMbIX yPABHEHUH, HA KJIACCAX 33a/1a4, AHAJOIMYHBIX PACCMOTPEHHBIM
panee. 11 B 3aKkjI0UeHNe CTPOUTCS YCIOKHEHUE 33JAYU, BO3HUKAIOIIEE
B pe3ysbTare JI00aB/IEHNsT HEKOHCEPBATUBHOIO IMOJIS CHJI CO 3HAKOIEPE-
MEHHOM JuCCHUTIaIueil. Y Ka3bIBAIOTCH JOCTATOYHBIE YCJIOBUSA WHTEIPUPY-
€MOCTH.
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depennmanbubix ypasuenuit / B.B. Koznos // Ycnexu mar. Hayk. —
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THKA, Tporecchl ynpasierusa. — 2020. — T. 495, Ne 1. — C. 84-90.
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roo6pazus / M.B. Hlamonun // Hoknanst PAH. Maremaruka, undop-
MaTHKa, mporecchkl ynpaejenus. — 2021. — T. 497, Ne 1. — C. 23-30.

6. Kozmos B.B. Pammonanbuble HHTErpaJjbl KBA3WMOIHOPOIHBIX JTWHA-
muueckux cucreMm / B.B. Kosznos // Ilpuki. Marem. u Mexan. — 2015. —
T. 79, Ne 3. — C. 307-316.

BOITPOCHBI OBPATIMOCTU B AHAJINMTNYECKUX
ITPOCTPAHCTBAX T'EPITA
P.®. IlITamosnu, J1.C. EpmakoBa (Caparos, CT'Y, Bpsuck, BI'Y)
rsham@mail.ru, darya.sergeevna.guseva@yandex.Tu

B 3amerke jaHbl HEKOTOPBIE OOOOIEHWST HEJABHUX DPE3Y/IbTATOB U3
[1] u [2] o cmaboit obparmMocTu B mpocTpaHcTBax Beprmama ma Gosee
obmme mpocrpamcTsa I'epma. Beemem HeoOXOauMbBIE OIIPeIeICHNST.

IMycrs U™ equHUYHBIH NOMUANCK KOMILIEKCHOrO npocrpanctsa C™,
B™ — enurnuHb map koMmekcHoro npocrpanctea C. B" = {z € C™ :
lz| <1}, U" ={z € C" : |z] < 1,5 = 1,...,n}. Ilyctb dv u dma, —
HOpMHUpOBaHHbIe Mepbl Jlebera va B™ u U™. Ilycrs {ay} — r-pemerka B
B" u U™ (cm. [1] - [2]). IIycrs B(z,7) — map Beprmana 8 B™, a U(z, 1)
— map Beprmana B U™ (cm. [1,2]). Oupenenum npocrpancrsa [epua:
IIycrs H(B™) — kjaacc Bcex ananurudeckux byakuuii 8 B, H(U™)
— KJIACC BceX aHanmuTwdeckux byurumit B U". Amamurudeckne Kiac-
col lepria onpenesnm ciaeayfomum obpasom. Ilycrs ¢ — momokuTenpHast
dbyuxus wa (0; 00).

q/p
Dhi =S feH(B"): 3 < J If(Z)I”dva(Z)> <o,

k=0 \B(ax,r)

q/p
D, = feH(B”)¢f< J If(Z)Ipdva(Z)> dv(z) < oo o,

B \B(z,r)
rae dvy(z) = ¢%(|z|) dv(z), 0 < p,q < 400, @ > —1.

q/p
Bl =4 feHU"): kgo (U(f | |f(z)pd17a(z)> <00y

rae dig(z) = [ ¢*(|z]) dman(2), 0 < p,q < +00, @ > —1.
j=1

q/p
Bre, = (feHU"): [ (U(f If(Z)Ipdf}a(Z)) dv(z) < oo o,

un z,T)
rae 0 < p,q < 400, > —1. Bamerum, 4T0 B €JMHUYIHOM KDPyre, ecjiu

© Ulamosn P.®. Epmaxosa [.C., 2023
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p=gq, 0 BR? = DbP = AL rne AL, — KJlacCHYECKOEe IIPOCTPAHCTBO
tnna Beprmana, 0 < p < 400, @ > —1 X0Opommo m3y4eHHOe B paboTax
Pa3IMYHbIX aBTOpoB (cM. [1,2]).

ITpeanonoxum, uro X noampocrpancTso npocrpancrsa H(B;,) B KO-

TOPOM MHOYKECTBO BCEX MHOTOYIEHOB J OT z1,...,2, BCIOAY ILIOTHO.
IIpu srom omeparopsl (0:f) = [f(2); s;f(2) = (z) - f(21,...,20),0 =
1,...,n,2=(z1,...,2n) € B, HenpepnBHBI B X.

Onpepesienne 1.(cm [2]) QPynryua f € X, f(2) # 0,z € B, nasvi-
eaemcsa caabo obpamumoti 6 npocmparncmee X, eCAU CYULECTBYEm no-
caedosamenvrocms mnozounenos { Py} Py € Jym = 1,2,... maxas,

ymo lim P, f = 1, npuuem cxodumocmsd umeem mecmo 6 monos02uu
m—00

npocmparcmea X .
Ilycts ¢ — mosoxkuTeabHas MOHOTOHHO pAaCTyINas HepepbIBHA
dyukuua va Ry = (0;00). Craxkem, uro ¢ — BecoBaga na (0;400) ec-

au lim 2@
r—+oo DT

Mpbr popMyaupyemM HaIl pe3yIbTaT:

= 4-00.

Teopema 1.:[Tycmv ¢ — secosan dynryua uz C(Ry), :’%((?) N

0, — 400 u cywecmeyem lim A G - ay, 0 < a, < +o0,

T —400 »(x)

+o0 1/2

J (%) / dx = +00. Tozda, ecau [ caabo obpamuma f € DP9(p) ;
1

uau f € Dp’q(cp) f(z) #0, z € By, 1 < p,q < 400, mo f caabo obpa-
muma 6 npocmpancmee DP7 (o) (DP4 (¢)) npu scex 0 < p' < p < oo,
0<q <q<oo.

3ameuanme: Ilpu p = ¢ Teopema 1 0000IIAET HEKOTOPBHIE PE3YJIHTA-
o1 [1,2].

AHaJlOrHYHBIE Pe3yJbTaThl HAMH IIOJyYeHbI B IPOCTPAHCTBAX B IIOJIHU-
JIUCKE, BBEJCHHBIX BBILLIE.

JIureparypa

1. ITamosin ®.A. Kpurepuii cinaboii obparumoctu B BecoBbix LP-
MTPOCTPAHCTBAX aHAINTHUYeCKnX B mape dyukmmit / @.A. MamosH. //
Cub.mar.xypuaa. — 2009. — T. 50, Ne 6. — C. 1115-1132

2. IMlamosit ®.A. O moJMHOMHAILHON AMPOKCHUMAIIMH B BECOBBIX
AHU30TPOIHBIX Kiaccax rojgomopdubix dyukiuii /| .A. [MMamosu //
Complex variabl. and operator theory. — 2015. — T. 9. — C. 1135-1156
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K IIPOJOJI2KEHNIO MHBAPNAHTHOCTH
OBOBIIIEHHHBIX PEIIIEHUI YPABHEHUN
C AHAJINTNYECKUMUI KOSPPUIIMEHTAMMUI
H.A. INTanasun (Mocksa, I'VY)
nashananin@inbozr.ru

IIycts 2 C R™ — OTKPHITOE MHOKECTBO W

10
P= E ao(T)D* 2 €Q, Dy = ~—, > = —1, (1)
1 6:ck
lal<m
— muddepennua bHbII OIEepPaTOp MOPSIKA 1M 2> 1 ¢ BEIECTBEHHO aHAJIH-
THYECKUMHE, KOMILIEKCHO3HAYHBIME KOI(DPUITMEHTAME, ONPE/IETEHHBIA B
orkpbirom Muoxkecrse 2. Ipeanonoxum, uro saupo Kp(P) C TFQ cum-

MEeTPUIECKOU Mm—IuHeHOH GHOopMbI

1 - a™p
1 .2 m 1
fx(n,n,m,nm):ﬁ > 9E 06 (x,Emj, ---njr,
.j1>j27---1jm:1 Ji ot Jm
HOpO}KﬂeHHOI‘/JI CTapUIuM CUMBOJIOM, YAOBJIETBOPSAET YCIIOBUAM:

(1) U (z, K. (P)\ {0}) = Char(P);

e
(2) xopasmepuoctb K, (P) He 3aBucur or = € ) u pasHa k.

MHuoxectBo Ugzeq(z, K5 (P)) B KacarenpHoM pacciaoenunn 1) mHIy-
HEPYeT TIaK0e k—MEepPHOE IIOAPACCAOCHHUE:

L(P)={(z,7) €eTQ|z € Qué&(r) =0V € K,(P)}.

Yepes L(P) ob6o3nauum cooTBeTCTBYIONLY0 JubhEPEHIUATBHY O CHCTe-
my. Juddepenuuansuas cucrema L(P) nopoxupaer B C*°—mouyne T§)
cedennii KacareabHOro paccioenus duibrpanuio C™ — noxmoyeit HY,
B KOTOpPO# TepBBIil syeMent H! = L(P), a nocieayromme moIMOILYIN
H7*! noposkaatoress BekTOpHBIME Tosavu U3 L(P) m KomMMyTaTopamn
BeKkTopHBIX noneit Buaa [L(P), H7]. Iuddepertmanbuyio cucremy L Ha-
3bIBAIOT HEIOJIOHOMHOM, €CJIM HalJIeTCd TaKoe 4YUCJ0 T°, YTO

_yyl C 2 C C yr _ yr+1 C
L=H GHG..GH =HT STQ.
IIpeamonoxxum, 91O
(3) muddepenmmanbuasg cucrema L(P) HEroJOHOMHA M IIOAIIPO-

crpauctBo H) C T, umeer pa3MepHOCTH M, HE 3ABHCAIILYIO OT
Touku x € (), nmpuuem k < m < n.

(© Ulananun H.A., 2023
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B srom caygae nmommonyns H' sBisiercs rosoHoMuoi muddepeniiu-
aIBHOMN CUCTEMOI 1 B cuiry TeopeMbl @pobenmyca depe3 KazK/Iyio TOUKY
20 € ) mpoxXoaUT MAKCHMAJILHOE CBA3HOE HHTErPATLHOE TIOAMHOr000pa-
sue Myr yo.

TosopsaT, uTo pocTkn 0606mennbx Gynkmmit u'(z) u u?(x) € D'(Q)
pasubl B Touke ¥ € Q u mumyr ul, = u?,, eciu cymecrsyer OTKpbi-
tag okpecraocts V. C € Toukn 2°, B koropoit ul(z) = u?(x). lycrs
x: Q = Q —mnbdeomopbusm u g, : D'(Q) — D'(Q) —auneitnoe
orobparkeHre, yJOBJIETBOPSIONIEE YCIOBHIO JIOKAJIBHOCTH: SUpPP ¢, (u) C
»(supp u). Bynem rosopurs, uro dbyukuus f € D'(Q) g, unBapuanTHa
B Touke 20 € Q, ecmu (g,.(f))z0 = fro. Bymem rosoputb, 4uro muc-
dbepennmanpuiit oneparop P(x, D) : D'(Q) — D'(Q) g, uaBapnanTen
B Touke ' € Q, ecrm aa moboit Gynknum u € D’'(§)) BemMoOTHSAETCS
(95 (P(2, D)u)yo = (P(z, D)gse(t))0-

Teopema 1. Ecau onepamop P euda (1), ydosaermnesopaowutds ycao-
suam (1), (2) u (3), asasemca g, uneapuanmmsLm Ha 2, MO U3 PaseH-
eméa (g, (1)) g0 = uzo 6 mouxe x° € Q caedyem, umo (g,.(u))z = u, 60
ecex mowkax v € My 0.

B uacrHoctn, ecam cucrema L£(P) BriosHe HEroJoHOMHA (M = n), TO
(g5.(u)) = v Ha MHOXKeCTBE ().

JIureparypa
1. Xepmangep JI. Ananus nuneitubix auddepeHmaibHbIX OnepaTo-
POB ¢ acTHbIME Tpou3BoaHbIMA. (1. 1) / JI. Xepmanzep. // M. : Mup. —
1986. — 464 c.
2. MMananun H.A. O mpoposkeHun pernenuil TUHeRHbIX yPABHEHWI C
aHannTrdecknMn kKoaddurmentavn / H.A. IlTanannn // Marewm. 3amer-
ku 111:6 (2022), C. 921-928; Math. Notes, 111:6 (2022), — P. 954-960.
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SKCTPEMAJIBHBIE 3A/TAY, BOSHUKAIOIIINE
IIPU OIIEHUBAHUN TOYHOCTU ITOKA3ATEJIbBHOM
ATITIPOKCUMAIINN J1JIs1 PACIIPEJIEJIEHUN
TEOMETPUYECKUNX CJIYYANHBIX CYMM!

N.T. llleBuoBa, M.A. ITeauinen
(Mocksa, MI'Y umenu M.B.JIomonocosa)
ishevtsova@gmail.com

B nokmaze obobiaercs ompeaesieHre CTaImOHAPHOIO PaCIIpe/iesie-
HUST TPOIECCA BOCCTAHOBJIEHWS, TAKYKE M3BECTHOE IOJ WMEHEM DPABHO-
BecHoro npeobpasosanus (equilibrium transform) pacnpeenenus meor-
PULATENABHON CIyYalHOU BEJIWYUHBI UM IPOUHTETPUPOBAHHOIO XBOCTA
(integrated tail) na pacnpejesienus ¢ IPOU3BOJIBHBIM HOCHTEIEM U KO-
HEYHBIM HEHYJIEBBIM IIEPBBIM MOMEHTOM, & TAKXKe JIOKA3bIBAEM TOYHYIO
MOMEHTHYIO OIIEHKY PACCTOSIHUsI B MeTpuKe KaHTOpOBMYA MEXIy Tpe-
00pa30BaHHBIM PACIPEIETIEHNEM W HWCXOJHBIM, PACCMATPUBASA COOTBET-
CTBYIOIIYIO 9KCTPEMAJIbHYIO 33849y YCJIOBHON OMTUMI3AINN.

C LOMOLIBIO BBEIEHHOIO IIPpeo0Pa30BaHus U 110/1y YeHHON OLIEHKH Me-
Togom CreifHa MBI UCCIEAyEM CKOPOCTH CXOAMMOCTH B Teopeme Pewnbn,
00OCHOBBIBAIOIIEH a€KBATHOCTDL TMOKA3ATEIHHON AINMPOKCAMAIINH JIJIst
pacnpeseseHuii CyMM HE3aBUCUMBIX CIyIalHBIX BEIUYNH C KOHEIHBIMU
HEHYJIeBbIMU [IEPBBIMU MOMEHTAMM, B KOTODPbIX (CJIydaiiHOe) YuciIo CJia-
raeMbIX UMeeT TeOMETPUYECKOe pacupeesieHue U He 3aBUCUT OT CJjiarae-
MBIX, TPA HEOTPAHUIEHHOM POCTE CPETHEr0 YUCIa caaraeMbrx. Mbr moka-
3bIBAEM MOMEHTYIO OIIEHKY PAcCTOdHUs B MeTpuke KanTtoponda Mex Ty
pacupejiesieHueM HOPMUPOBAHHON reOMeTPUYIeCKON Ciyd9aiiHOl CyMMBI 1
MOKA3aTeIbHBIM 3aKOHOM 0€3 OTpAHUYeHHI HA HOCUTEIb PACIIPEIEeTCHIS
CJIaraeMbIX, He TOJTBKO OOODIIAIOINIYI0, HO U YTOIHAIOMIYIO OIEHKY U3 pPa-
6orer [1]. Kpome TOro, MBI M3y9¥aeM TOYHOCTH TTOIYY€HHOTO HEPABEHCTBA
C TIOMOIIBIO ONPEEJIEHNA ACUMITOTHYECKN HAMJIYYIIAX KOHCTAHT, JJIS
KOTOPBIX CTPOMM HU KHUE OIIEHKU, IOKA3bIBasd TEM CAMbBIM, YTO IOy 9eH-
Hasd OIEHKA TOYHOCTHU MOKA3aTEeTHHON AMIPOKCUMAIINT UMeeT He TOJTHKO
OPABUJIBHBIA MOPSAIOK MAJOCTU IPU HEOTPAHUIEHHOM POCTE CPEeTHErO
9HCJIa CJIAraeMbIX, HO U HE MOXKET yTOYHeHa 6ojiee 9eM B 4eThbIpe pasa.

IIpescraBiieHHbBIE PE3YIbTATHI Oy OINKOBAHBI B [2].

1 PaGora BBImOSHEHD HpH (PUHAHCOBOH momgep:kke PH® (mpoekt Ne 22-11—
00212).
© Ulesuosa U.I., Hemmmes M.A., 2023
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JIurepaTtypa
1. Pekoz E.A. New rates for exponential approximation and
the theorems of Renyi and Yaglom / E.A. Pekoz, A. Rollin. //
Ann. Probab. — 2011. — Vol. 39, P. 587-608.
2. Shevtsova I.G. New rates for exponential approximation and the
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OB OJ/ITHOM IIPUKJIA/THOM 3AJIAYE
JINMCKPETHOM OIITUMMN3AIINN!
A.N. SramoB (Humxnuuit Hosropox, HHI'Y)

albert810@yandex.ru

B mecrom cemectpe obyuenmsi 1o Hampasiaenmio DOUUT
(02.03.02) B HukeropoAckoM  roCysapCTBEHHOM  YHHBEPCUTETE
nm. H.J.JIobauesckoro crymentsl wusydaior upeamer «Bbraucsu-
TelbHbIE METOAbl» B paboueil mporpaMme IUCIUIIINH 3aMUCAHO, YTO
UM HEOOXOIMMO BBITTOJIHUTH J1ab0paTOpHYI0 paboTy MO OJHON—IBYM
MPOIIEHHBIM T€MaM HA YCMOTpPEHWe mpernogaBaresis. B mocieanee Bpe-
M OCOOBIM MHTEPECOM Y CTYAEHTOB IOIb3yeTcs JiabopaTopHas pabora
no reme «Pemierre TpUKIAAHON 33/1a9U JUCKPETHOW ONTHUMHU3AIUAU.
B meit mocrapiena 3amada 0 epepabOTKe CaxXapHON CBEKJIBI — B BUJE
MaTEeMATUIECKON MOIe n mepepadoTKu (DUKCHUPOBAHHOIO KOJUIECTBA,
MapTUil CKOPOTMOPTAMIETOCcs ChIpbs. [l pemenms 3TON BayKHON TpH-
KJIQTHOM 3312491 HEOOXOIUMO NTyOOKOe 3HAHUE AJITOPUTMOB JUCKPETHON
ONITUMU3AINK, BJIAJEHUE COBPEMEHHBIMHU IIPOrPAMMHBIME CPEJACTBAMU
U CHOCOOHOCTH OLEHUBATH IOJIyYEHHbIE IIyTEM YUCJIEHHBIX DPACYeTOB
pe3yabTaThl C TOYKH 3PEHWs WX TMPUKJIAIHON 3HAYUMOCTH. Takum
0oOpa3oM, JaHHAsA MPOOJIEMa COYETaeT BCE HEOOXOAMMBIE KOMIIOHEHTHI
JIJIsT  BBIMIOJHEHUST JTADOPATOPHBIX PABOT W TIPEJICTABISIET XOPOIIHH
Marepuas ajisa obydenuns: crymeHToB B obmactu UT B pamMkax y4aeOHOI
guctuimabl.  [IpeaaraemMmyio 3ajady MOXKHO CBECTH K HM3BECTHON
3a/a9e JUCKPETHOH omTuMu3aimn: 3a1ade o HazHaueHmsx [1]. Hmxe

1 PaGora Beimosmena mo gorosopy N CC3-1771 or 22.04.2021r. Ha BBLIHOJHE-
ane HUOKTP na temy: «Co3ganue BBICOKOTEXHOJOTUYHOTO MTPOM3BOACTBA CaXapa
na 6aze AO «Ceprauckuil caxapHbIii 3aBOJ», B pamkax peasusanyuu CorjalmeHus
0 mpejocTaBiIeHun u3 deaepaabHOro bGoaKeTa CyOCUIUN HAa Pa3BUTHE KOOIEPAITUH
poccuiickoii 06pa30BaATENBHON OPraHU3aIUuu BHICIIEro 00pa30BAHUS U OPraHU3AIUKA
PeaJIbHOTO CEKTOPa KOHOMUKU B IEJISAX PeasIn3alii KOMIIJIEKCHOTO IIPOEKTa IO CO-
3QHUI0 BBICOKOTEXHOJIOMUYHOr0 npouspoacTBa Ne 075-11-2021-038 o 24.06.2021r.
(UT'K 0000005407521QLA0002).

© Dramos AN, 2023
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MPUBOJIATCA HECKOJIBKO MPUYUH, [0 KOTOPBIM 110 MHEHHWIO aBTOPA 3Ta
JaboparopHas paboTa MPUBIEKAET K cebe WHTEPEC CTYIEHTOB.

1. Meronpr perienns 33390 OJU3KH K TIIKOJBHOMY aIMapaTry MaTe-
MaTHUKH.

2. Tlpu 9UCTEHHOM pEeIeHn: 33/]a91 OCHOBHASI TPYJAHOCTH B HAIHCA-
HHUK nporpaMmbl "cupsarada" B OubjMOTEKe IOMIIPOrPaMM, UCIOJIb3ye-
MBIX JITOpUTMUIecKOM a3bIKOM «Pythons. B crammaprabix 6ubimore-
KaX MOANPOrpaMM «scy.py» u «Munkress mmeercs moamporpaMma «BEH-
TE€PCKOT0 AJITOPUTMAY.

3. IlpaBusibHOCTH PAOOTHI MPOTPAMMBI U MCTUHHOCTH TTOJIY9IE€HHBIX
PEe3yIBTATOB HETPY/IHO MPOBEPSIETCs, B TOM YHCJIE, TPOBEPKA OCYIIECTB-
JIIeTCs BU3YaJbHO 10 rpadukaM yHKITHIL.

4. 3a/a9a OTHOCUTCs K HIPUKJIAJHBIM 33/1a9aM, KOTOPbIE HALPAMYIO
MOKA3BIBAIOT CBSI3b TEOPETUYECKON M MPATUIECKON MATEMATHKH.

ITocranoBky 3amadn u TPOOJIEMbBI, BO3HUKAIONINE B CBS3W C €€ pe-
nieHreM MOXKHO Haiitu B [2-5]. B cBoux paforax CTYAeHTBI UCCIEAYIOT
HOBBIE IBPUCTHIECKUE AITOPUTMBI ITIEPEPAOOTKH, OIEHUBAIOT (P PHeKTrB-
HOCTH IBPUCTUYECKUAX KBAZHONTUMAJIbHBIX AJITOPUTMOB IIEPEPAOOTKH Ca-
XapHOM CBEKJIBI 0 OTHOIIEHUIO K TEOPETUIECKN PACCUNTAHHOMY MAKCH-
MaJIbHO BO3MOYKHOMY BBIXOIY Caxapa.
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kosternst: A.O. Ipynaunckuit [u ap.] // Huxnawit Hosropox : HHI'Y .
H.1. JTobagesckoro. — 2022. — C. 99-104.

ON THE INTEGRO-DIFFERENTIAL VOLTERRA
EQUATION WITH DELAY TERM
K. Haddouche, S. Segni, W. Merchela, H. Guebbai
(Guelma, Algeria, Laboratoire de Mathématiques
Appliquées et Modélisation, Université 8 Mai 1945,
Université Mustapha Stambouli de Mascara)
khawlahaddouche@yahoo.fr; segnianis@gmail.com;
segni.sami@univ-guelma.dz; merchela.wassim@gmail.com;
wassim.merchela@univ-mascara.dz; guebaithamza@yahoo.fr;
guebbai.hamza@univ-guelma.dz

Recently the mathematical researches on the nonlinear
integrodifferential equations of Volterra have known a great interest
[1,2]. Since they allow a better approach to deal with dynamic systems
resulting from modeling in physics and engineering. In the other hand,
the class of Volterra equations with a delay term plays an important
role in the modeling of microbiological phenomena [3].

In this work, we treat an integro—differential Volterra equation of
the second kind with a regular kernel and a delay term on the
integration interval with the following form:

a(t)
Vit e [0,T], u(t) = /0 Kk (t, s,u(s),u'(s)) ds + f(t),

where, f € C1[0,T], u to be found in C*[0,T] and « the delay term
is assumed to be differentiable and V¢t € [0,T], 0 < «(t) < t. Our
goal is to build hypotheses that ensure the existence and uniqueness of
the solution u, then we proceed to the numerical approximation using a
Nystrom method adapted to our equation.
References
1. Segni, Sami; Ghiat, Mourad; Guebbai, Hamza. / New
approximation method for Volterra nonlinear integro—differential
equation. Asian—European Journal of Mathematics. — 2018.
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2. Guebbai, Hamza; Aissaoui, Mohamed Zine; Debbar, I.; Khalla,
B. / Analytical and numerical study for an integro—differential nonlinear
Volterra equation. Applied Mathematics and Computation. — 2014.

3. Sekar, R.C.G., Murugesan, K. / Single Term Walsh
Series Method for the System of Nonlinear Delay Volterra
Integro-Differential ~ Equations  Describing  Biological  Species
Living Together. Int. J. Appl. Comput. Math. — 2018.
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CLASSICAL SOLUTION OF THE THIRD MIXED
PROBLEM FOR THE TELEGRAPH EQUATION
WITH A NONLINEAR POTENTIAL
V.I. Korzyuk, J.V. Rudzko
(Minsk, Institute of Mathematics of the National Academy
of Sciences of Belarus)
janycz@yahoo.com

In the domain @ = (0,00) x (0,00) of two independent variables
(t,z) € Q C R?, consider the one—dimensional nonlinear equation

Du(t,:c) - f(t’xau(tvm)) = F<ta (E), (1)

where O = 97 —a?9? is the d’Alembert operator (a > 0 for definiteness),
F is a function given on the set @, and f is a function given on the
set [0,00) x [0,00) x R and satisfying the condition of the Lipschitz—
Carathéodory type in the third variable; i.e. there exists a function k
of the class LY°(Q) such that |f(t,z,21) — f(t, 7, 22)| < k(t,z)|21 — 22|
Eq. (1) is equipped with the initial condition

u(0,2) = p(x), Ou(0,z) =v(x), z€][0,00), (2)

and the boundary condition

Ou(t,0) + B(t)u(t,0) = u(t), te0,00), (3)

where ¢, 1, p and g are functions given on the half-line [0, 00).
Theorem 1. Let the conditions f € C1(Q xR), F € CHQ), ¢ €
C?([0,)), ¥ € C([0,00)), u € C*([0,00)) and B € C([0,00)) be

© Korzyuk V.I., Rudzko J.V., 2023
452



satisfied, and let the function f satisfy the condition of the Lipschitz—
Carathéodory type in the third variable. The third mized problem (1) —
(3) has a unique solution u in the class C*(Q) if and only if conditions

B(0)(0) = p(0) +¢'(0) = 0,
£(0,0,9(0)) + F(0,0) + a (¢(0)5(0) + £(0)(0) — p'(0) + 9'(0)) = ?4

)
are satisfied.

If the given functions of problem (1) — (3) do not satisfy the
homogeneous matching conditions (4), then the solution of problem (1)
— (3) is reduced to solving the corresponding matching problem in which
the matching conditions are given on the characteristic x — at = 0.

The following conditions can be taken for the matching conditions:

()™ — (w)7)(t,z = at) = CWD,
[(Opu)T — (Opu) " )(t, @ = at) = —a[(O,u)T — (Opu) 7] (t,z = at) =

= 0 (u(0) ~ BO)R(0) ~ /(0) + 5)
2at
VG Gd) s s o G d)) e

where C(M) is some arbitrary preset real constant.

Here by ()* we have denoted the limit values of the function and
its partial derivatives calculated on different sides of the characteristic
x —at = 0; ie., (OPu)*(t,r = at) = 51irgl+ O u(t,at +6).

Now problem (1) — (3) can be stated using the matching conditions
(5) as follows.

Problem (1) — (3) with matching conditions on characteris-
tics. Find a classical solution of Eq. (1) with the Cauchy conditions (2),
the boundary conditions (3), and the matching conditions (5).
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zyuk, J.V. Rudzko // The Bulletin of Irkutsk State University. Series
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NONLINEAR ELLIPTIC VARIATIONAL INEQUALITIES
WITH VARIABLE BILATERAL CONSTRAINTS
IN VARIABLE DOMAINS!
A.A. Kovalevsky (Yekaterinburg, IMM UB RAS and UrFU)
alexkvl71 @mail.ru

In this talk, we consider a sequence of continuous strictly monotone
coercive operators Ag: WHP(Q,) — (WLP(,))* in divergence form,
where {0} is a sequence of domains in R" contained in a bounded
domain Q C R™ (n > 2) and p > 1. Along with this, we consider the
sequence of sets

Ve={ve WP(Q,): ps <v <, ae. in Q.}, (1)

where ¢, and 1, are functions in W1P(€) such that ¢ < 1, a.e.
in 5. We describe conditions for the convergence of solutions ugs € Vi
of variational inequalities

Vv € Vs, <~Asus — fsrus — v> <0, (2)

where f, € (WHP(£,))*. These conditions concern the involved domains,
operators, and constraints.

As for the involved domains, we assume that the embedding of
WLP(Q) into LP(2) is compact, the sequence of domains Qg exhausts
the domain € and the sequence of spaces W1 (€),) is strongly connected
with the space W1P(Q). We also assume the G-convergence of the
sequence {A,} to an invertible operator A: W1P(Q) — (WLP(Q))*. As
for the constraints ¢, and s defining the sets V, we assume that they

I The research funding from the Ministry of Science and Higher Education of
the Russian Federation (Ural Federal University Program of Development within the
Priority—2030 Program) is gratefully acknowledged.
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converge in a weak sense to functions ¢ and 1 in W1?(92), respectively,
and
meas{y, — s < a} =0 (3)

for a positive measurable function a: Q — R. It is also assumed that,
for every sequence of measurable sets Hy C €2, such that meas H; — 0,
the integrals of |Vps|P and |Vs|P over Hy tend to zero.

The listed conditions and a strong convergence of the functionals f; to
a functional f € (W1P(Q))* imply that the solutions of the variational
inequalities (2) converge in a weak sense to the solution of a similar
variational inequality with the operator A, the functional f, and the
constraint set defined by the lower obstacle ¢ and the upper obstacle 1.

For the notions mentioned above and the proof of the described result,
see the recent paper [2].

In this connection, we note that the weak convergence of solutions
of nonlinear elliptic variational inequalities with G—convergent operators
and sets of constraints of the form (1) was previously established in [1]
in the case where p,, s € Wl’p(QS), the functions @5 and s converge
in a strong sense to functions ¢ and ¢ in W1P(Q), respectively, and
s — s = o a.e. in Qg for a positive number o. It is easy to see that
the latter requirement is significantly stronger than condition (3). In the
talk, we give an example where condition (3) and other conditions on
the constraint functions ¢, and 15 in [2] are satisfied but the mentioned
condition on the difference of i, and ¢, in [1, Theorem 2.3] is not
satisfied.
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STOCHASTIC LONGITUDINAL OSCILLATIONS
VISCOELASTIC ROPE WITH MOVING BOUNDARIES,
TAKING INTO ACCOUNT DAMPING FORCES
V.L. Litvinov, K.V. Litvinova (Moscow, Moscow State University)
vladlitvinov@rambler.ru

At present, reliability issues in the design of machines and
mechanisms require more and more complete consideration of the
dynamic phenomena that take place in the designed objects. The
widespread use in technology of mechanical objects with moving
boundaries necessitates the development of methods for their calculation.
The problem of oscillations of systems with moving boundaries is related
to obtaining solutions to integro—differential and partial differential
equations in time-variable domains [1-10]. Such tasks are currently
not well understood. Their peculiarity is the difficulty in using the
known methods of mathematical physics, suitable for problems with fixed
boundaries. The complexity of the solutions obtained is explained by the
fact that up to now there has not been a sufficiently general approach
to the analysis of the features of the dynamics of such systems. In
connection with the danger of resonance, the study of forced oscillations
is of great importance here. Attempts to investigate this process have
been made, but the results obtained are limited mainly by a qualitative
description of dynamic phenomena [1-4]. In addition, it is recognized
that deterministic modeling of systems cannot be adequate for some
types of problems, so it is necessary to switch to probabilistic—statistical,
where there are random variables, stochastic fluctuations. When solving
here, mainly approximate methods are used [5-9], since obtaining exact
solutions is possible only in the simplest cases [10]. If the damping of
transverse vibrations is mainly due to the action of external damping
forces, then in the case of longitudinal vibrations, the damping is mainly
affected by elastic imperfections in the material of the vibrating object
[5-10]. The study of viscoelasticity includes the analysis of the stochastic
stability of stochastic viscoelastic systems, their reliability, etc. The
paper considers stochastic linear longitudinal oscillations of a viscoelastic
beam with moving boundaries, taking into account the influence of
damping forces. The case of a difference kernel makes it possible to reduce
the problem of analyzing a system of stochastic integro—differential
equations to the study of a system of stochastic differential equations. To
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estimate the expansion coeflicients, it is proposed to apply the statistical
numerical Monte Carlo method [11].
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MIXED PROBLEM FOR INHOMOGENEOUS WAVE
EQUATION OF BOUNDED STRING
WITH NONSTATIONARY NONCHARACTERISTIC
SECOND DERIVATIVES IN BOUNDARY MODES
V.V. Lysenko, F.E. Lomovtsev (Minsk, BSU)
valery.sholomitskaya@gmail.com, lomovcev@bsu.by

We find an explicit classical solution and an Adamard correctness
criterion to the linear mixed problem for forced bounded string vibration
equation with noncharacteristic second derivatives in nonstationary
boundary modes. These results are obtained using the method «auxiliary
mixed problems for wave equation on a half-line» [1]. The correctness
criterion consist of necessary and sufficient smoothness requirements and
two matching conditions, which give unique and stable solvability in set
of twice continuously differentiable functions. Global correctness theorem
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is derived from the explicit classical solution and correctness criterion for
an auxiliary mixed problem on the half-line in [2].

Noncharacteristic auxiliary mixed problem on the half-line

In the set Guo =]0,d[x]0, +00] it is investigated the mixed problem

wg (2, 1) + (a1 — a2)ug(x,t) — arasug,(z,t) = f(x,t), (z,t) € G, (1)

ul,—g = (@), utl,—g = P(2), >0, (2)
L(t)u = [C(t)upe + E(t)uar + 0(t)ugs + a(t)uy + B(t)us +y(t)ul,_, =
=u(t), t >0, Goo =10,d] x [0, +00], (3)

where f, o, ¥, u, ¢, &, 0, o, 5, v are given real functions of variables x
and t, a; > 0, az > 0. Let C*(Q) be a set of real k times continuously
differentiable functions on a subset Q C G, C°(Q) = C(Q).

Critical characteristic x = aqt, a; > 0, divides the set G into two
sets G_ = {(x,t) € Goo : © > art, t > 0}, G4 = {(2,t) € Goo : <
ait, > 0}. From classical solutions u € C%(G4) of equation (1) and
conditions (2), (3) obvious necessary smoothness requirements follow

f€C(Gao), ¢ € C?[0,+00[, ¥ € C[0, +o0[, p € C[0,+00].  (4)

Assuming ¢t = 0 in the boundary mode (3) and calculating the values
of the traces of the terms using the initial conditions (2) at = 0 and
equation (1) at ¢t =0, x = 0 we find the necessary matching condition

CO)[£(0,0) + (a2 — a1)¥'(0) + araz¢" (0)] + £(0)¢"(0) + 0(0)” (0)+
+a(0)1(0) + 8(0)¢"(0) + 7(0)¢(0) = 1(0). (5)

In the following theorem, we use the notations:

t xta(t—T)
F(z,t) / / (s,7)dsdr,
a1 + aso
0 z—ai(t—7)
1 r4azt
O(x,t) = a1o(z + ast) + asp(0) + / Y(s)ds p , Fi(z,t) =
a1 + as
0
ti(z) z+az(t—7) t ataz(t—r)
= )dsd ,T)dsdt|, (6
o f s / / (s, 7)dsdr + / / f(ST)ST] (6)
x;(t,7) ti(z) x—ai(t—T7)
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ti(z) = (-1)° (t - x) st ) = {1 —(-1)’ (Zj - 1” (z—ayt)—ayT,

ai

i= 1,2, P(t) = u(t) — D(0)(@(x, 1) + Fu(a, 1)),

b
=expl —ay | o(s)ds o(t) = BlE) — o)
x(a,b) = p{ 1/ (s)d } , o(t) ar12¢(t) —ar1&(t) +0(t)°

a

The particular classical solutions Fy, Fy € C?(Go) from (6) to the
equation (1) are obtained by the correction method in [3].

Theorem 1. Let functions ¢, &, 6, a, 3, € C[0, +o00[ be continuous,
the boundary mode (3) be not characteristic: a1?C(t) — a1&(t) + 0(t) #
0,t € [0,4+00[, and there is a classical solution v € C?[0,+oo, v(p) #

v'(p) £ 0, p € 0,400], to the ordinary differential equation

[a1*¢(p/a1) — ar€(p/ar) + 0(p/a1)]v" (p)—

—[B(p/a1) — ara(p/a1)]v'(p) +v(p/ar)v(p) = 0.

The problem (1)—(8) in Goo has unique and stable on f, o, 1, p classical
solution u € C?(G) if and only if the conditions (4), (5) are true,

E/fx+a2t—7) 7 dr € CH(Ga), (7)
0

ai

Jipi(@,t) = [1 — (~1)’ (“2 + 1)} ti/($)f(x,-(t,7'),7')d7'+
0

¢
+ / flx—ai(t—7),7)dr € CY(Gy), i =1,2. (8)
()

t;

The classical solution to the mized problem (1)-(3) serves functions:

x+ast
u(z,t) = P {algo(x + ast) + asp(x — art) + / w(s)ds} +
x—aqt

459



u(z,t) = v(a1t — x) x v2 (@15) /a 200 a17'_ alsf T))P( )( )des—i—

0

a1v — asy’ t2(2) (s
10(0) hﬁfol e (0)] i 3<2< G’IOS)) ds}+F2(x,t)+¢>(m,t)»(m,t) € G,
(10)
Corollary 1. If the right—hand side f depends only on x ort and is
continuous on x or t, then the statement of the theorem 1 is true without
the integral smoothness requirements (7)-(8) on f.
Basic noncharacteristic mixed problem on a segment
In the half-band G =]0,d[x]0, 400 a basic mixed problem for the
wave equation with noncharacteristic second derivatives is solved:

(2, 1) + (a1 — a2)uqze (2, t) — a1agug (2, t) = f(a,t), (z,t) € Goo, (11)

ul,_g = (@), utl,_g =v(z), z€0,d] (12)
Diu =[G (O)ue + & (E)uae + 0; (D) uwe + i()us + Bi()us +vi(t)ul g =
= pi(t), t>0,d; = (i —1d,i=1,2,G=1[0,d] x [0,400[,  (13)

where f, @, ¥, wi, ¢, &, 6, g, Bi, Vi, @ = 1, 2, are the given bounded
functions of their independent variables x and ¢, a; > 0, as > 0 are
the real constants. We replace the upper half-band G of the plane with
a time—expanding by ¢ set of closed rectangles @, = [0,d] x [0, dn 1],
where d,, = (n—1)d/(a1 +az2), n =1, 2, ... We divide the rectangles Q,
into smaller rectangles Gy = [0,d] X [dg, dk+1], k = 1, n.

Divide rectangles Gy, by the critical characteristics on triangles:

Agk_g = {(lL’,t) 1T 2 artg, 4 asty < d S [0 d} te [dk,dk+1]},

Asp_1 = {(x,t) rx < aytg, T € [O,aldg]7 te [dk,dk+1]}7
Asp ={(x,t) : &+ asty > d, x € [arda, d], t € [dg, dr11]},

tk=t—dg, k=1,n,n=1,2, ..

The formulas of solutions and the necessary and sufficient Adamard
correctness conditions to the mixed problem (14)—(16) are given in the
following theorem, in which we use the functions and notations:

1
(et =
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ta(z) x4az(t—T) t  wtaz(t—T7)

1
= ,T)dsdT + / / ,T)dsdr | |
@t an / f(s,7)dsdr f(s,7)dsdr

de  az(ta(z)—T] ta(z) z—ay(t—7)
T d—x

tyx) =t ——, tj(x) =t — ——, Fy)(x,t) =
ai as ’

t5 () d—ax[t; (z)—7] t atas(t—7)

1
/ f(s,m)dsdr + / / f(s,T)dsdr | ,
dj; z—ay(t—7) t5(z) x—ay (t—7)

Ttazty

Pgp—1(z,t) =

{awk(fﬂ + axty) + azpr(0) + W(S)dé‘} ;

ai + as

d
Dy (2, 1) = ! {aggok(x —arty) + a1ok(d) + / 1/Jk(s)ds} ,

ay + as
r—arty

0

Psp—oyi(t) = pi(t) — Ti(t) (q>3k72+i($,t) + Fg(,i;l(x’t)) s k=1,n,

b
( )H_lﬁl(t _azaz( )
i(a,b) =exp( —a; [ oi(s)ds p, oi(t) =
xila,b) p{ /<>} 0=

Theorem 2. Let the coefficients (;, &, 0;, «i, Bi, vi € C[0,dps1[, @ =
1,2, be continuous, boundary modes (13) be not characteristic: a;>¢;(t) +
(—1)’a;&(t) + 0:(t) # 0,t € [0,dpi1[,i = 1, 2, and there are solutions
vi € C?[0,dp 1], vi(p) # 0, vi(p) #0, p € [0,dy+1], to the equations

[a:*Ci(p/as) + (—1)'a:i&i(p/a:) + 0i(p/a:)]vf (p)+

+ |(=1)'Bi(p/ai) + aici(p/a) | i (p) + vilp/ai)vi(p) = 0, i =1, 2.

The mized problem (11)-(13) has a unique and stable classical solution
u € C%(Q,,) if and only if the smoothness requirements are true:

f € C(Qn)a "2 € 02[07d]7 w S Cl[ovdL M1, K2 S C[Ovdn-i-l[a

Jl(f’lz(x,t) = /f(x —(=1)Pas_p,(t —7),7)dT € CHGr),p=1,2, (14)

dp
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ti(x)+(2—i)2dy
== (2e)] [ e

ay
dy,

t
+ / f(l‘—al(t—T),T)dTECI(A3]€,2UA3]€,1), (15)
t; () +(2—1)2dy

(—1)"t3 (m)+(2—4)2dy

O gty = [1— (1) (& x L (t, 1), T)dT
TS0 (@, 1) [1 (1) <a2+1>} d[ [y, (t,7), 7)dT+
+ /t f(x+ag(t—7),7)dr € C*(Azp—2 U Asy), (16)

(=1)"t5 (x)+(2—1)2dx

and the matching conditions are true:
GO)[f(ds, 0) + (=1)"(as — az—i)d'(d;) + ara2" (d;) + & (0)9' (di) +
+60:(0)¢" (di) + i () (di) + Bi(0) (di) +7i(0)p(di) = pi(0), i = 1, 2.

Here x; 4(t,7) = {1 — (=1 ((ag/ay) + 1)} (x — a1ta—s)K) — a2T(2—i)k,

xip(t,7) =d+ [1 — (-1)" (a1 /a2) + 1)} (z + agte—iyr — d) + a17(2—i)k-
Classical solution u € C%(Q,) to mized problem (11)—(18) is a function

ugk—2(z,t) = {alwk(fﬂ + asty) + azpr(x — arty)+

a1 + as

xtasty t ztaz(t—T)

+ f wk<s>ds}+ co [ fendsin e € dua,

a1 + as
T—aity dy z—aq(t—7)

(17)
ush-1(2,) = g (2,8) + Fy)(2,)+

. 5
= ﬁ a% V1 (alp)X1 ((5, p)P3k—1(P>
walt_x){ U s | B et choed
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arv(ardy) [Ye(0) — and’, (0)] 731 x1(9, di)
dé t Asp_
+ aj + as e ’U12(CL15) ) (.TJ, )6 3k—1;
(18)

usk(z,t) = Pai(e,t) + Fyp (2, 6)+

_d—w 8
R Ty T VLY, LT R

Toaleat =d )y It | @600 + aza(o) + 6a0)

_d—=
agva(azdy) [Yr(d) — a1, (d)] = xa(6, di)
+ 5 s p,
a1 + as dy V5 (agé)

(2,t) € Agp, k=1,n,n=1, 2, ... (19)

Here d, = (k — 1)d/(ay + a2),tx = t — dg, usk—; are restriction of the
classical solution u € C*(Q,,) of the problem (11)—(13) to Azi_;, | =
0, 1, 2, and the intermediate recurrence initial data are equal to

901(:8) = QD(:L')? 1)[)1(.%) = %/1(95), T e [Oad}a

o(T) = usktj—ali_g,, Yr() = Orusksj—al—y, ,
S [.ja/ld27 (al +ja2)d2]a j = Oa 1) k :277"% n= 27 37

Corollary 2. If the right-hand side f depends only on x ort and is
continuous on x or t, then the statement of the theorem 2 is true without
the integral smoothness requirements (14)-(16) on f.

Remark. If the right-hand side f depends on x and ¢, then for
f € C(G}) the integral smoothness requirements that the integrals (14)—
(16) belong to the spaces C1(£);), where the sets () are respectively
equal to the sets G, Azp_o U Azr_1 and Asp_o U Asg, are equivalent
to their belonging to the spaces C9)(Q,) or COV(Q), k =T, n.
Here C(19) () or C(%1) () are respectively the spaces of continuously
differentiated on x or ¢, continuous on t or x functions in subsets .
The fairness, correctness of the classical solutions (9), (10) and (17)—(19)
was verified by us on a personal computer in Mathematics.

The work on GPNI No. 11, «Convergence—2025», NIR 1.2.02.3.
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GLOBAL CORRECTNESS THEOREM TO THE SECOND
MIXED PROBLEM FOR THE MODEL WAVE
EQUATION AT VARIABLE RATE ON A SEGMENT
F.E. Lomovtsev, Liu Zhenhai, E.S. Cheb (Minsk, BSU)
lomovcev@bsu.by, zhhliu99@163.com, cheb@bsu.by

ITt is proved the global correctness theorem to the second mixed
problem

Ugp — aZ(x,t)um - ail(:z:,t)at(:z:,t)ut —a(x,t)a,(z, t)u, = f(z,1),
(2,t) € Qn =]0,d[x]0,dps1[, dp = (n — 1)RP[d/2, 2(0,0)], (1)
uli=0 = p(x), utli—o = Y (z), = € [0,d], (2)

uz|w:0 = Ml(t), U’JJ‘(L‘:d = M?(ﬂ) te [Ovdn—i-l]a n=1,2,.., (3)

where the coefficient a and the mixed problem data f, ¢, ¥, p1, pe are
given real functions of their corresponding variables x and t¢.

Let C*(2) be the set of k times continuously differentiable functions
on the subset Q@ C R2, C%°Q) = C(Q2). The characteristic equations
dr — (—=1)'a(x,t)dt = 0 give characteristics g;(z,t) = C;,i = 1, 2. If
a(z,t) = ag > 0, then they decrease strictly in ¢ at ¢ = 1 and increase
strictly in ¢ at ¢ = 2 with increasing x. Therefore, the functions y; =
gi(z,t) have inverse implicit functions = = h{y;,t}, t = hD [z, y;]. If
a € C%*(Q,), then g;, h;, hY) € C? to variables z, t, y;, i = 1, 2 [1].

© Lomovtsev F.E., Zhenhai Liu, Cheb E.S., 2023
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The set @, = [0,d] x [0,d,41] is divided into rectangles G =
[0,d] X [dg,dk+1], each of which is divided by the critical characteristics
92($,t) = 92(05 dk)a gl(xvt) =91 (d7 dk)a k= 1,2,..m, into trianglesz

Agp—2 = {(x,1) : g2(z,t) = 92(0,dx), 91(x,t) < g1(d, dy), = € [0,d]},
Agkfl = {($7t) :gg(.’li,t) < gg(O,dk), T € [0,d/2], te [dk,dk+1]}7
A3k = {(1’775) : gl(xvt) = gl(da dk)v S [d/Qad]v te [dk,dk—&-l}}

A following global correctness theorem is derived from [1] by «the
method of auxiliary mixed problems for wave equation on a half-lines».

Theorem. Let be a(x,t) > ag > 0, (z,t) € Qn, a € C*(Q,,). For the
existence of a unique and stable with respect to ¢, Y, f, u the classical
solution u € C%(Q,) to the problem (1)~(3) in Q,, it is necessary and
sufficient the smoothness requirements and matching conditions:

® € Cg[ovd]a 1/1 € Cl[O,d]a M1, M2 € Cl[O,dn%*l}a f S C(Qn)v

t
/f(|hz{gl(l’,t),T}|,T) dT S Cl(Agk_Q U Agk_l), 1= 1, 2, (4)
d

t
/f(d— ‘d— hi{gi(l',t),TH,’T) dr € Cl(Agk,Q U Agk), = ].7 2, (5)
dp

k=Tn,n=1,2,..,¢(d) = p(0),¢' (d;) = pi(0),d; = (i—1)d,i =1, 2.
This solution to the second mized problem (1)—(3) in Q, is the function
ei(ho{g2(z,t), di}) + pr(ha{gi (@, 1), di})

ugk—2(z,t) = 5 +

hi{g1(z,t),dx} () ) t hl{gl(w,t)ﬁ}f((s )
k\V s T
- dy—+=
3 a(v, dy) ”+2/ a(5,7)
ha{g2(x,t),di} di h2{g2(=,t),7}

h t),d h 0,0 )]),d
ng;,l(.’ll',t) — SO]C( 1{91(‘T7 )7 k}) + Sok( ;{gl( ) [ 392($> )])7 k})+
hi{g1(z,t),di} h1{g1(0,h?[0,92(x,1)]),dx }

i (v) 1 Y (v)
/

Ju—y

dddr, (z,t) € Aszp_a,

dv+

1

e dv+ =

+2 a(v, dy,) v 2 a(v, dy)
0
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t hi{gi(z,t),7} h[0,92(z,t)]

f(d],7) /
— dodT — d
+ 9 / CL(‘(5|,T) T a(oﬂp):ul(p) p+
di ha{gz2(z,t),7}

k

h2[0,g2(x.0)] p
1 f(|h1{91(0,,0), T}|7T) 8h1{91(07p)7 T}
* 2 / / [a(|h1{91(07p)’ T}, 7) dp -

dy, dy,

F(|h2{g2(0, p), T}, 7) Oha{g2(0, p), T}
+a(\h2{92(0,9), T}, 7) dp ]dep’ (z,t) € Agg—1,

(2.1) = pr(ha{gz(z,t), di}) + or(ha{ga(d, A V[d, g1 (2, 1)]), di})
U3\, = B +

d

1 wk(V) 1 1/Jk(l/)
- d -

+2 / a(v, dy) v 2 a(v,dy) vt
ha{g2(z,t),dx} h2{g2(d,hV[d,g1 (z,t)]),dx}

) t d*h2{92(957t)a”'}f(d |6| ) R [d, g1 (x,t)]
— T
- " cdédr — d dp—
+2 a(d—|5\,7') T / a( ?p)MQ(p) 9
dr d—h1{g1(z,t),7} dp,

h) [d,91(z:t)] p

[ﬂd—w—hﬁmwm%T%Tﬁ%ﬂwwm%T}

+
4 F a(d— |d_h2{g2(dap)77—}|77—) 8p

f(d—|d—hi{g1(d,p), T}, 7) Ohi{g1(d,p), T}
a(d—|d —hi{g1(d, p), T}|,7) dp ]dePv (z,t) € Agg,

for k = 1,2, ...n,n = 1,2, ... Here the functions usp_; are the
restrictions of the solution u € C%*(Q,) to the mized problem (1)—(3)
on triangles Asi_;, 1 =0, 1, 2, and recurrent initial data are equal

@1(95) = 90(1')7 1/)1(I) = 1/)(1‘), T € [O’dL @k(z) = u3k+j—4(x7dk>7

n(e) = Busisj—ale,di), @ € [j(d/2), (G +1)(d/2)], 5 = 0,1, k =T,

Corollary. If the right-hand side f depends only on x or t and is
continuous on x or t, then the assertion of this Theorem is true without
integral smoothness requirements (4) and (5).
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Remark. The global correctness theorem with explicit formulas of
the classical solution to the first mixed problem for the model telegraph
equation (1) with rate a(x,t) has been deduced in [2].

Work is supported by BRFFR (project No. F22KI-001 of 05.11.2021).
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ONE RELATION OF QUASI-NORMS OF HIGHER
DERIVATIVES OF RATIONAL FUNCTIONS
V.R. Misiuk (Grodno, GrSU)
misiuk@grsu.by

Let T, D4 and D_ be respectively the circle |z| = 1, the circle |z| < 1
and the domain |z| > 1 in the complex plane. For 0 < p < co we denote
by L, (D) the Lebesgue space of complex functions on Dy with respect
to the flat Lebesgue measure with the usual quasi-norm ||f||z,p,)- By
Rn, n=0,1, 2, .., we denote the set rational functions of degree
at most n with poles only in D_. It is known that r,, € R, () Leo(D+)
satisfies the estimate ||}, | z,(p,) < V7 0 [|rallL (D, ), received by E.P.
Dolzhenko from geometrical considerations. At present, various types of
it are known in the theory of rational approximation. Thus, in particular,
its generalizations were obtained for the Lebesgue spaces L,(D.) with
respect to a flat measure, to higher derivatives and to fractional order
derivatives, and the corresponding inverse theorems were given [3],[4].

For o € Rand 0 < p < 00, 0 < g < oo, denote by By the Hardy
space — Besov(see, for example, [1],[2]). Namely, f € By if for some

B > «a the function (1— |z|2)57a7% - (J°f) (z) belongs to Ly (D),
where J? f is the Weyl derivative of the function f. Quasi-norm (norm
at 1 < ¢ < 00) in the space By is defined as follows

© Misiuk V.R., 2023
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1l = [0 12" - (775) )

Lo(Dy)

1

q

/\ SR () () dmate) | < oo

It is well known that the definition of the space By does not depend
on 3: for different 8 the corresponding quasi-norms are equivalent. for
the sake of convenience tends to take 8 = a + 1.

Theorem 1.[3] Let r € R,,, « >0, p>2 and 1/q = o+ 2/p. Then

IrllBe < ele, p)n™VP||rl L, 0. 5

where ¢ > 0 and depends only on o u p.

We further assume that a rational function r of degree n + m has
no poles on T, and n poles lie in Dy and m — in D_. Then r(z) =
ry(z)+r_(1/z), where r; and r_ are rational functions of degree n and
m, respectively, with poles only at D_. From Theorem 1 we immediately
obtain.

Theorem 2. Let o >0, p> 2 and 1/¢ = a+ 2/p. Then
Ir4llBe < el p)n® 7|7l L, 0,y

Ir— s < cle, p)m* M 2\Irl| L,y ) »

where ¢ > 0 and depends only on o u p.

Applying the standard Bernstein method, it is easy to obtain the
corresponding application in the form of inverse theorems, where the
technical apparatus for solving them is the relations given here for
derivatives of rational functions.
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ON THE NEUMANN (P,Q)-EIGENVALUE PROBLEM
IN ROUGH DOMAINS!
V.A. Pchelintsev (Tomsk, TSU)
va-pchelintsev@yandez.ru

We study the following Neumann (p, ¢)—eigenvalue problem:

ou
% =0on 3Q.y,

—div(|Vu[P~2Vu) = /\||u|\’;(qm)|u|q72u in Q,,

in bounded domains €2, C R" with anisotropic Holder y-singularities,

1 <p<n,1<q<pl, where pX =yp/(y —p).
Define domains €2, with anisotropic Holder ~-singularities
(introduced in [1]:

Qy={zeR*":0<2, <1,0< 2z <gi(zp),i=1,2,...,n—1},

where ¢;(t) = t7, 7, > 1, 0 < t < 1 are Holder functions and for the

n—1
function G = [] ¢; denote by
i=1

log G(t
_ 108Gl gy
logt
It is evident that v > n. In the case g1 = g2 = ... = g,—1 we will say that

domain (2, is a domain with oc-Hoélder singularity, o = (y —1)/(n — 1).
In the case of the Lipschitz domains 2 C R™ we put v = n.

Our approach is based on the theory of composition operators on
Sobolev spaces and their applications to constant estimates in the
corresponding Sobolev-Péincare inequalities and leads to the following
result [2]:

Theorem 1. Let

Qy={r=eR":n>230<2,<1,0<2; <a),i=12,...,n—1}

I The research was supported by RSF (Grant Ne 23-21-00080).
(© Pchelintsev V.A., 2023
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v = 1, v =1+ Z?;ll i, be domains with anisotropic Hoélder v—
singularities.
Then for 1 < s <p <+ and 1 <q <p}, we have

n—1 2
- < infait —1)24+n—-1+a®| BP.(Q
Moa(@y) S aer, " <;(a% ) +n—1+a” | B(Q),

where I, = (n/v,p(n —s)/s(y—p)) and s < n is chosen such that

Pl < 7. By s(Q) is the best constant in the (r,s) — Sobolev-Poincaré
inequality in the Lipschitz domain ), 1 < g <1 < oo.
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ON AN INTEGRAL OPERATOR
FOR QUASI-MONOTONE FUNCTIONS
A. Senouci (Algeria, University of Tiaret)
kamer295@yahoo.fr

In 1993 Shanzhong Lai [3] considered weighted norm inequalities for
general integral operators of the form

Sgaf(x) = Am L)‘7(‘1”7y)f(y)dya (p(CL‘, ) >0, p(x, ) € L1(0700>7$ € (0700)

on monotone functions f : Ry — Ry. In [3] weight functions w,v were
characterized for which the inequality

I1So L, w0000 < ClfllL, .00,00)

holds for monotone functions f, 1 < g < p < 00, 0 < ¢ < p < 1, where
C > 0O isindependent of f. Here and almost everywhere in the sequel w, v
are positive Lebesgue measurable functions on (0, 00). Moreover other
integral inequalities where obtained for a different range of parameters
D, q, in particular for p < 0, ¢ < 0. (See [1].)

In this work, we exend the results of [3] for quazi-monotone functions.

(© Senouci A., 2023
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Definition 1. [2]. We say that a non-negative function f is
quasimonotone on |0, 00|, if for some real number «, z*f(z) a is a
decreasing or an increasing function of x. More precisely, given 8 € R,
we say that f € Qp if 2f =P f(z) is non-increasing and f € Q7 if 2*P f(z)
is non—decreasing. Let

‘P(I,T)/Orw(x,y)dy, q)l(x,r):/oo o(z,y)dy,

T

where o : Ry xRy = R;.
Theorem 1. Let 1 < g < p < oo, C; > 0.
1. If f € Qg such that

I m(xﬁf)ﬂwf <[] g 1)

UOOO xﬂpwr <G UOOO @(x,r)qv} ; (2)

for all v > 0, where S, g = fooo o(x, )y P f(y)dy.
2. If f satisfies (1) and f € Q°, then

(/mxﬁpw]p < [/Ooq)(a:,r)qv}q (3)
T 0
for all r > 0,

Theorem 2. Let 0 < g <p <1, Cy > 0.
1. If f € Qg such that

then

then

for all v > 0.
2. If f satisfies ({) and f € QP, then

{ /0 T (e, r)pw] "o ( / h x—ﬁqv] i (6)
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for all r > 0.

Remark 1. If we put § = 0 in Theorem 1 and 2, we get the rezsults
of [3].
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INITTAL-BOUNDARY VALUE PROBLEM
FOR GENERAL 1D INHOMOGENEOUS WAVE
EQUATION WITH NONSTATIONARY
CHARACTERISTIC SECOND DERIVATIVES
IN BOUNDARY MODE
K.A. Spesivtseva, F.E. Lomovtsev (Minsk, BSU)
ksenia.spesivtseva@gmail.com, lomovcev@bsu.by

In set G an initial-boundary value (mixed) problem is posed [1]

(5,5 — agﬁz + b2)(8t + alﬁr + bl)u(x,t) = f(l‘,t),

(z,t) € Goo = (0,400) x (0,400), (1)

u(z,t)]i=0= ¢(x), w(z,t)]t=0= (), x € (0, +00), (2)
L(t)u = [C(Hue + €@zt + 0(t)ues + a(t)ur + B(t)us+

+Y(t)u]la=0= pu(t), t € (0,+00). (3)

Let C*(Q) be the set of all k times continuously and boundedly
differentiable functions on a subset  of R? and C°(Q)) = C(), t1(x) =
T —t>0inG_, to(x) =t — F >0in G4.

Definition 1. The classical solution to the problem (1)—(3) is the
function u € C?(G ), Goo = [0, 4+0) x [0, +00), satisfying equation (1)
on G in the usual sense, but the initial (2) and boundary (3) conditions

(© Spesivtseva K.A., Lomovtsev F.E., 2023
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in the sense of the limits for the corresponding expressions from its values
u(, i) and its derivatives at interior points (&,7) € G tending to the
corresponding boundary points (z,t) indicated in them.

Theorem 1. Let in the boundary mode (3) the coefficients be ¢, &, 0,
a, B,y € CH(R,), first partial derivatives are noncharacteristic: aja(t)—
B(t) # b1[2a1¢(t)—&(t)], t € R4, and second partial derivatives are taken
along the critical characteristic of equation (1): a3((t)—a1&(t)+0(t) = 0,
t € Ry. Then characteristic mized problem (1)—(3) in set Goo has a
unique and stable on o, ), f, pu classical solution u € C*(Gs,) for those
and only those @, 1, f, u, which are u € CY(Ry) and

Y E 02(R+)7 IZ) € Cl(R-‘r)v f € O(Goo>7 e O(R+)7 R+ = [O,—FOO),

/0 F@+ as(t — 1), 7)dr € CH(Gav), ()

[1 — (=1) (aQ T 1)} /Oti(z) f(zi(t,7),7)dr+

ai

+/t flz—ai(t—71),7)dr € C'(Gx),i=1, 2, (5)
ti(x)

zilt,) = [1- (-1)%’(2—? +1)|(@ — art) — @z,

O(t) = [(az — a1)¢(t) + £(1)] " (azt),
U(t) = [(az — ar)C(t) + £(B)] ¢ (azt) € CH(Ry),

() = ase(t g[/fagt—r )dr]
+0(t) {“1 —a2 0 = UO Flas(t — T),T)dT} - f(O,t)} e CY(R,)

and satisfy the matching conditions:

¢(0)[£(0,0) + (brag — baaq)¢'(0) + araze” (0) + (az — a1)y'(0)—
—b1b2g(0) = (b1 + b2)(0)] + [a1€(0) — aT¢(0)]"(0)—

—a(0)¥(0) + B(0)¢' (0) + 7(0)¢(0) + £(0)¥'(0) = p(0),
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C(0)[ = (b1 +52) £(0,0) + biba(b1 + b2)p(0)+
+(2(a1 — a2)bibs + a1b3 — azb?) ¢’ (0) + [a1 (a1 — 2a2)bo+
+az(az — 2a1)b1] " (0) + (b7 + biba + b3)1p(0)+
+[(2a1 — az)by + (a1 — 2a2)bz |1 (0)] — £(0) [b1b2¢’ (0)+
+(braz — baa1)e” (0) + (b1 + 62)1//(0)] +a19'(0) — ay [(ag —a1)¢’'(0)+
+€'(0)]¢"(0) + ¥'(0) — [(az — a1)¢’(0) + €(0)] ¢/ (0)+
+(¢'(0) + (0)) [£(0,0) — brba(0) + (brag — baar )’ (0)+
+araze” (0) — (br + b2)y(0) + (a2 — a1)y'(0)] +
/(0)[1//(0)+0190 ( )] ai¢'(0)¢" (0)+
+(/(0) +(0))(0) + B(0)¢'(0) + B'(0)¢"(0)+
+7'(0)¢(0 )+|| /|| f5(0,0) = 1/ (0).

This classical solution to the problem (1)—(3) on G is the function

u_(z,t) = {alebztgo(:c + agt) + age U1t o(x — apt) 4 BT

t x4az(t—7)

x+ast
L [ e aets) + viotas+ |
—aqt 0 z—aq(t—7)

(z,t) €G-,

eATBs £ (s, T)de’T‘| },

eB:cfAt

uy(z,t) = are” BT oz + ast) + azp(0)+

a1 + as

x+ast
+ / e[ Ap(s) + (s))ds | +

t2(1) Ap M
+a163$ﬂ4t/ - a(ath( x), p) [ M( ) (p) dp + Fy(z,t),
0 1

]
() = B(p) = al2ar¢(p) —£(p)]
( )E G-‘ra

474



to(z) xtaz(t—T)

eBz—At
eAT_Bsf(s, T)dsdT+

Fg(l’,t) = aj + as

0 2 (t,7)
t  ztas(t—T1)

+ / / eAT B f (s, T)deT‘| )

to(xz) z—ai(t—7)

Corollary 1. If the right-hand side f depends only on z or ¢, then
the statement of the theorem 1 is true without the integral smoothness
requirements (4), (5) on f.
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