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OBIIASA XAPAKTEPUCTUKA PABOTbBI

AKTYaJbHOCTh TeMbl. Mbl Oy/ieM KCIOJIB30BaTh CIAEAYIONIUME 0003HAYE-HUSL:
Y - mudbdepennmansuoe ypaBuenue; OJlY - ob6eikHoBenHoe AY; AYUIL - AV c
YaCTHBIMU MPOU3BOJAHBIMU; ...-R, -C - ... C BEIIECTBEHHbIM (COOTBETCTBEHHO
KOMILUIEKCHbIM) aprymeHToMm; CB... - CHHTYJSIpHO BO3MYIIEHHOE ... (C MajbIM
napaMeTpom & > ()) ; BeIpaKeHHUE «I10 &» O0yaeT 0003HauaTh, KaK MPUHSITO B TEO-PUU
BO3MYULIECHHM, «TIpu & — O». t = t; + it, — KOMIUIEKCHAasI MEpEMEHHasl, Tae t; =
Ret, t, = Im t — neACTBUTEIbHBIC IEPEMEHHBIE.

HccnenoBanre MHOTUX (PU3UYECKUX, MEXAaHUYECKHX U JAPYTUX SBICHUU B
TEOPUU BO3MYIICHUM, KoJieOaHUM, TEOpUH AaBTOMATUYECKOIO PpEryJIHpOBaHMUS,
YIPaBIICHUS, JICKTPOTEXHUKE, PATUOTEXHHUKE MpUBOAUTCS K cucteMam CBJIY.

B nauane XX Beka MOSBUINCH MEpPBbIE PaOOTHI, MOCBSIICHHBIC JTUHEHHBIM
CBOJY-R. Hauunas ¢ 50-x roJioB, MpoILIOTrO CTOJETHS, BEIETCS CUCTEMa-THYECKOE
uccinegopanue CBOJIY-R, mno3xke Hawanoch wucciaenoBanue CBJIIYUII-R. Mel
OTPaHUYMMCS HaYaJbHBIMU 331a4aMU JIJI1 TAKUX YPABHEHUM.

A.H. TuxoHOB BIiepBbIC HallleJl JAOCTAaTOYHBIE YCIOBUSA U (HOPMYIHPOBKY
cxoaumoctu pemenniit CBOJIY-R no ¢. JI.C.IlonTpsarun, E.®.Mumenko, H.X. Po3zoB
oOHapyxunu siBieHue cpeiBa pemenuit cucteM CBOAY-R mo & A.b.Ba-cunbena,
B.®.byry3oB, M.M.MMananueB MNOCTPOWIM  aCUMIOTOTUYECKOE  pa3sIOKe-HUE
pemeanii CBO/[Y-R no ¢ npu AONOJHUTENBHBIX YCIOBUSX TIIAJKOCTH 3aJIaHHBIX
¢bynkiuii, M.W.NMananueB mnepeHec Takue pe3yidbTaTbl HA ypaBHEHUS C
uHTerpanbHbiMu wieHaMu. C.A.JIOMOB cHCTEMATU3UPOBAJI 3TOT METO MTPU MOMOIIU
«repexoja B MPOCTPAHCTBO OoJiblei pazMepHOCTHY. K. AJBIMKYIJIOB MepeHeC Takue
pe3yJIbTaThl HA ypaBHEHUA ¢ ToukaMu noBoporta. K.Kakumos pacnpoctpanun ux Ha
CIy4dail pa3pbIBHBIX PEIICHUN BBIPOXKICHHOrO ypaBHeHus. M. WM. Bumuk u JLA.
JIrocTepHUK MoOyunau aHamoruuynele pe3ynbratel s CBIYUII-R. M.M.Mmananues,
I1.C.ITankoB, I''M.KenenbaeBa cucTeMaTU3UPOBAIM ITOMCK HOBBIX SIBICHUM JJIs
CBOJ/IY-R 1o &

[IpumenuTenbHO K TeMaTuke Hactosie padotel, JI.C.IIoHTparuH 0OHAPYKUIT
ABJICHUE 3aTATUBAHUI-3aJEPKKH yxoaa Tpaekropuil cucteMbl CBOJY-R no ¢ ot
HEYCTOMYMBOTO  TIOJIOXKEHUSI  PABHOBECHUSI  CHUCTEMbl  OBICTPHIX  JBUIKEHHI,
M.A.IllumkoBa mNOCTpOWIAa KOHKPETHBIM mnpumep Takod cuctemsl. C.Kapumos,
M.A.A3umbaeB, I".M.AnapOaeBa pacmipuiii 3TOT pe3yJbTaT Ha OoJiee HIUPOKHUE
knaccel CBOAY-R, A.W.Heitmtanr - Ha Oojee IMIHUPOKUE MPEANONOKEHUS O
noBesieHUH coocTBeHHbIX 3HaYeHuil, [I.A. Typcynos - na CBIUII-R. K.C. Anbi-OaeB
¢ nomomso nepexona or CBOAY-R xk CBOAY-C u meTrona NMHUN YPOBHS IOJTYYHII
3HAUUTENIbHO Oonee oOmue pe3ynbTaThl. CoBmecTtHo ¢ M.P. HapOaeBpiM oH B
KOMILIEKCHOM 00JIacTh U3MEHEHUSI apryMeHTa OOHapyKUJ KpUBYIO B popMe METIH,
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OMpEeNIEIAIONIYI0 00JIACTh 3aTATUBAHUS MOTEPU YCTOMYMBOCTH Ha BEIIECTBEHHON OCH.
Ona Oblla Ha3BaHa «IPOCTUPAIOIIUNCS TMOTPAaHUYHBIN CION» W JOKa3aHO, YTO
pemenust paccmarpuBaembix  CBOJIY-C  Bmonb Takux JUHUKA — OCTAIOTCS
OTPAaHUYEHHBIMU [0 MOAYJI, M HE CTPEMATCS K PEUICHHUIO BBIPOXKIECHHOTO
YpPaBHEHUA 1O &.

JIns OnmpeneneHHOCTH TAaKHWE JIMHUM HAa30BEM MOTPAHCIOWHBIMU JIMHUSMHU
(I1CJn).

HccnenoBanue CyiecTBOBaHUS MOTPAHCIONMHBIX TUHUN JIJIs1 OOIIETO ciayJas He
npoBoauianch. He paccmarpuBaics BOONpOC O B3aUMOCBSI3U SIBJICHUSA 3aTSITUBAHUSA
MOTEPU YCTOMYMBOCTH M TOTPAHCIOWHBIX JHHUK. CleIoBaTENbHO, pEIICHUE
YIOMSIHYTBIX U IPYTUX 33Ja4 SIBJIIETCS aKTyaJlbHOM 3a/1a4€il U COCTaBIJISIET OCHOBHOE
coJiep>KaHKe TaHHOUW paOOoThI.

CBs13b TeMbI AUCCEPTALMU C HAYYHO-UCCJIEA0BATEILCKMMHU padoTamMu:

Juccepranys BBITONHSJIACH B CBSA3M C TEMATUKOW HAy4YHBIX HCCIIEIOBaHUN
kadenpel «Bpicias MatemMaTuka W TEXHOJOTHS 0O0yudeHus MaremaTuku» JKaman-
AOBaJICcKOro TOCYJJapCTBEHHOTO YHUBEPCUTETA.

Hesun uccaenoBanmsi.
I. Bectu cootBerctBytomue onpenenenus IICJI m apyrux mNOHATHH, CBS-
3aHHBIX C HUMH.
2. CHaTtp orpanuyeHHs Ha mnpaBble yacTu paccMmarpuBaeMbix CBOJY, panee
HAJIOKEHHBIE JIJISI aHAJIOTUYHBIX KJIACCOB YPABHEHUIA.
3. Hns ob6mero ciuyvass noka3ath cymectBoBanue I[ICJI ¢ MuHUMalIbHBIMU
OTPaHUYECHUSAMU HA UCXO/IHBIEC TaHHBIE.
4. VYcTaHOBUTH B3aMMOCBS3b paHee nosydeHHbIX sBiaeHud ¢ IICJI m npyrumm
nousituamu 1yist CBOAY-C ¢ ananutndyeckumu GyHKIUSIMU.
5. DBBbIsIBUTH HOBBIE SIBICHUSI HA OCHOBE BBOJAMMBIX HOBBIX ITOHATHH.
MeTtoauka ucciae10BaHUs.

1. Tomosormyeckue METOJbI OMNpEJeIeHUs 00JacTeil yCTOWYMBOCTH W
HeycrornunBocTy pemeHnid CBOJ[Y-C, ocCHOBaHHbBIE Ha CBOMCTBAaX FapMOHHYEC-KHUX
byHKIUH.

2. llonsiTHE pUMAaHOBOM MTOBEPXHOCTH.

3. Merton paBHOMEpPHOIO crycka (MoAabema), CHelUaIbHO pa3pabOoTaHHBIM
s nokazarenbcTBa cymectBoBanusa [ICJI pemennit CBOAY-C.

4. Meroxa koHbopmHoro otodpaxkenus I[1CJI.

5. Meroa xapakTepu3yromux GyHKIUN U GYHKIIUN aMIUIUTYTHBIX CKOPOCTEN
st ko puuuentoB B CBOAY-C.

6. Meron  mocienoBaTeNbHBIX  OPUOMMXKEHMM  JUIsl  JOKa3aTesbCTBa
CYIIECTBOBAHHUS PELICHHUI.



7. Meton HMHTETpajdbHBIX ypaBHEHHM € BbIOOPOM MYyTE€W WHTErpUPOBAHUS,
WHTETPUPOBAHUE TI0 YACTSIM.

8. Metoa npuOIMKEHHBIX BEIYUCICHUH.

9. OO0o0061IeHue 1 UCTIOIB30BaHUE MHOTOUJIeHa Jlarpanxa.

Hay4ynasi HoBu3Ha padoThbI

1. BBeneHbl HOBbIE TOHATHUS: TOTPAHUYHbBIE 00JIACTH, MOTPAHCIONHBIC JTUHUU,
pEryJsipHbIE M CHUHTYJISIPHBIE 0O0JIACTH, MPOMEKYTOUHBIE MOTPAHUYHbIE OOJACTH U
MPOMEXKYTOUHbIe norpaHcinoinele JuHun CBOJY-C ¢ aHanuTH4ecKu-mu
GyHKIUSIMU.

2. lloka3zaHO, 4YTO CyIIECTBOBAaHHWE IMOrPAHCIOWHBIX JIMHUW  SIBISIETCA
cnenuduueckum croiicteoM CBOLY-C ¢ ananutnueckuMu QyHKIHSIMU.

3. Haiinensl paznuuyHbie (QOpMbI TOTPAHCIONWHBIX JUHUM M YCTaHOBJIEHA
3aBUCUMOCTb TMOTPAHCIIOWHBIX JIMHAM OT HaydajJbHBIX 3HAYECHUN HE3aBUCHUMOU
MIEPEMEHHOM.

4. OOHapy»XeHO HOBOE SBJICHHE - MPOCTUpAIOIIUECS 10 OECKOHEYHOCTH
MOTPpaHUYHbIE 001aCTH.

5. Pa3zpabotan MeTOJl pABHOMEPHOTIO CITycKa (MoAbeMa).

6. CdopmynupoBaHbl HIMPOKUE JOCTATOUHBIC YCIOBUS BO3HUKHOBEHUS
SABJICHUSl 3aTATUBAHUS MOTEPU YCTOWYMBOCTH, SIBIAIONIUECS OOOOIICHUEM paHee
MOJIYYEHHBIX IPYTUMHU aBTOPaMU PE3yJIbTaTOB.

7. O006men mHorowieH Jlarpanxa. C moMonipl0 MHOrowieHa Jlarpanxa u
00001IeHHOr0 MHorowieHa Jlarpanka J0Ka3aHO CYIECTBOBAHHUE MOTPAHCIONHBIX
JUHUN, TPOXOAIIMX Yepe3 3aJaHHbIe TOYKH U UMEIOIINX B HUX BETBJICHUS.

8. HaiimeHnbl [O0OCTaTOYHBIE YCIOBUS CYIIECTBOBAHUSA IPOMEKYTOUYHBIX
MOTPAaHUYHBIX OOJIACTEW U MPOMEKYTOUHBIX MOTPAHCIONHBIX JIMHUM JJIsI pelIeHU
CBOAY-C c ananutnyeckuMu (GyHKIIUSIMH BTOPOTO MOPSJIKA.

TeopeTnueckas U NpakTHYECKAsk HEHHOCTb.

B pabGore BBeleHBbI HOBBIE MOHSITHUSA: NMOTPAHUYHAST 00JIACTH, MOTPAHCIOWHAS
JUHUS W pEryjsipHble, CUHTYIApHble oOnactu s pemenuid CBOAY-C ¢
AHATTUTUYECKUMU (DYHKITUSIMH.

JlokazaHo CyIleCTBOBaHME TaKUX JIMHUN W 00JIacTeil, 4TO OHHU SIBISIOTCSA
crenu(PUYecKuM CBOMCTBAMHU TaKUX YpPaBHEHUH, B TOM 4YHCIE Ha PUMAHOBBIX
noBepxHocTsx. [loctpoenHoe o0000meHue MHorowieHa Jlarpanxka MOXKeT
UCIIONBb30BaThCA M JIJIS J10KA3aTeNbCTBA CYIIECTBOBAHUS JIPYTHMX OOBEKTOB C
3aIaHHBIMU CBOICTBaMH. Pa3zpaGoTaHHble B JHUCCEpTAllMM METOJBI M aJTOPUTMBI
MOTYyT OBITh TPUMEHEHbl B JaJbHEUIIHUX KCCIEAOBAHUSAX JIS BBIYUCICHUS
acumnToTukun pemenns CBOJIY Ha NOrpaHCHOWHBIX JUHUSIX W MOCTPOEHHS
PETYJISPHBIX U CUHTYJISIPHBIX 001acTel.



[TpakTrueckas LIEHHOCTh OUCCEPTALHOHHOTO HMCCIEIOBAHUSA COCTOUT B TOM,
YTO TOJIyYECHHBIE PE3YJbTAaThl MOTYT OBbITh NMPUMEHEHBI B TEOPUH BO3MYIICHUM,
KOJIeOaHU, TEOpUU aBTOMATUYECKOTO peryJivpoBaHusl, yIpaBJICHUS,
ANEKTPOTEXHUKE, PAJUOTEXHUKE U B JIPYTUX OTpACIAX HayKH. Pe3ynabTaThl Takxke
MOT'YT OBITh UCITOJIB30BAHBI MPU YTEHUH JIEKIIMOHHBIX KYPCOB 10 TEOPUU CUHTYJISIPHO
BO3MYIIIEHHBIX OOBIKHOBEHHBIX JU(PPEepeHINaNbHBIX YpaBHEHUM, CHElUaTIbHBIM
KypcaM JUisi TOJATOTOBKA OakaJlaBpOB ©  MAarucTpoB IO  HAaMpPaBICHUSAM
«Martematukay, «lIpuknaaHas wMaremaTuka W HMHGOpPMATHUKA», KpPOME TOTO,
CrielManyMcTaM B 00JJACTH MAaTeMaTUKH JJI PELICHUM IPYTUX TEOPETHUECKUX 3ajiad,
CBsI3aHHBIX ¢ KadecTBeHHOM Teopueri CBO/LY.

OcHOBHbBIE N0JI0:KEHN S, BBIHOCMMbIE HA 3aIIUTY.

HoBbie mnoHSATHS, HEOOXOAUMBIE JJIsI CUCTEMATUYECKOTO HCCIEeI0BAHUS
acuMnrotuueckoil ctpyktypsl pemenuit CBOAY-C ¢ ananuTudeckumu (QyHKIIHS-
MHU: TIOTPAHUYHBIE O0JACTH, MOTPAHCIOWHBIC JUHUU, PETYJSIPHbIE U CUHTYISIPHbBIC
00JacTH.

Bo3HHKHOBEHHE MOTPaHCIONHBIX JTUHUN s upokux kiaccoB CBOAY-C ¢
AHATTUTUYECKUMU (DYHKITUSIMH.

3aBHCUMOCTb OTPAHCIONHBIX JIMHUW OT Ha4aJIbHbIX 3HAYEHUN ApTyMEHTA.

HoBoe siBieHue - morpaHuyHble 00JIACTH, MPOCTUpArONIUEecs a0 OeCKOHEeY-
HOCTH.

HoBblit MeTO1 paBHOMEPHOTO CITycKa (IMObeMA).

[Ilupokue n0CTaTOYHBIE YCIOBHUSI BO3HMKHOBEHHS  SIBICHUSI 3aTATHBAHUS
MOTEPU YCTOMYUBOCTHU, SIBIAIONIUECS OOOOIIEHHEM paHee IMOJYYCHHBIX APYrUMU
aBTOpPaMH PE3YJIbTATOB.

CymectBoBaHue norpancionnbix auanil pemenuid CBOJY-C, mpoxo-agmmx
4yepe3 3alaHHbIe TOYKU U UMEIOIIUX B HUX BETBIICHUS.

Anpobanus padorsl. Pe3ynbTaThl pabOThl JOKIAABIBAIUCH U 00CYKIATUCh HA
CJIEAYIOIMNX CeMUHapax U KOH(EpEHIUsX.

- Ha cemuHape kadeapsl anreOpsl u ananuza XKanan-AOaJIckoro rocyaap-CTBEHHOTO
yHUBepcuteTa mnoja pykoBojctBoM mnpodeccopa K.C.Anbibaea (r. XKanan-AGan,
2012-2015 rr.);

- Ha MEXPETHOHAIIBHOM CEMHHApe MaTeMaTUKOB koKHOro Keipreizcrana
«AxTyanpHble TPOOJIEMBI MATEMATUKUA U UHPOPMATUKW IO PYKOBOJICTBOM UJICHA-
kopp. HAH KP, npodeccopa K. Ansimkynosa (r. Om, 2013-2017 rr.);

- Ha cemuHape Nucturyra marematnku HAH KP nox pykoBoaCTBOM akageMuka
A.A.bopyb6aesa (r. bumikek, 2017 r.);

- Ha IV MexnayHaponHod HayyHOW KOH(EpeHIUH «ACHUMIOTOTHYECKHE, TOIOJO-
TUYECKUE M KOMIBIOTEPHBIE METOJBI B MATEMATHKE», IMOCBSIIIEHHOW §0-IeTuto

akanemuka M.M.Mmananuesa (c. bo3tepu, centsaops, 2011 r.);
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- Ha Il MexayHapoaHOUW HaydyHOU KOH(pEpeHIMU «AKTyallbHbIE MPOOJIEMBbI TEOPUU
YIPaBIICHUSI, TOMOJIOTUA W OINEPATOPHBIX YPABHEHUI», MOCBIIMIEHHOW 20-JIETHIO
obpazoBanus KPCY wu 100-metuto ocHoOBaTels MaTEMAaTHYECKOM IIIKOIBI B
Ksiprescrane npodeccopa A.B.beikosa (c.bynan-Cororry, centsiops, 2013 r.) [5,
26];

- Ha V KOHIpecce BCEMUPHOTO MAaTEMaTHYECKOTro OOIlecTBa TIOPKOS3BIUHBIX CTPaH
(c. bynan-Cororry, Ksipreizctan, utons, 2014 r.) [27-28];

- Ha Hcceik-KynbckoM MexayHapoJHOM MateMmartudeckoM ¢opyme (c. bosrepw,
Ksipreizcran, utons, 2015 1.) [29];

- Ha V MeXAyHapoJHOW HaydyHOW KOH(EpeHIUU «ACUMITOTUYECKHUE, TOIMOJIO-
TUYECKUE€ U KOMIIBIOTEPHBIE METOJIbl B MaTEMaTHUKE», IMOCBSIICHHON §5-TeTuro
akanemuka M.M.Mimananuesa (r. buiikek, ceHTs16ps, 2016 1.) [30-31];

- Ha MeXIyHapoJgHON HayuHOU KoH(pepeHiuu «MHbOpMaANMOHHBIE TEXHOJOTHH U
MaTeMaTH4eCcKoe MOJEIUPOBaHUE B HAyKe, TEXHUKE U 00pa30BaHUUY, MOCBSIIICH-HOM
75-netuto akanemuka A.XKaiinakoBa (r. bumkek, Keipreizctan, oktsaOpb, 2016 1.)
[22];

- Ha MEXIYHApOJAHOW Hay4yHO-MpaKTUYeCKOW KoH(epeHun «HHOBAIlMU B HayKe
(r. HoBocubupck, Poccus, utonb, 2016 1.) [15-16];

- Ha MEXIYHAapOJHOW Hay4dyHO-NpakTHYeckod  KoHpepeHuun «lHHOBaMU B
coBpemeHHOM Mupe» (T. Mocksa, Poccust, centsiops, 2016 1.) [18-19];

- Ha MEXJIYHapOJHOW Hay4dHO-NpakTHdeckol KoHpepeHuu «EcTtecTBeHHBIE U
MaremaTuueckue Hayku» (r. HoBocubupck, Poccust, okta0ps, 2016 1.) [13-14];

- Ha MEXIYHAapOJHOM Hay4YHO-NPAKTUYECKOU KOH(pepeHIun «AKTyallbHbIE
npoOJieMbl TEOPUM  YINPABICHUS, TOMOJOTMU M ONEPATOPHBIX YpPaBHEHUI»,
npuypodeHHoi k 70-netuto npodeccopa A.Kepumbekona (r.buiikek-Honmon-Arta,
Ksipreizctan, utons, 2017 r.) [32-33].

Iy6aukanuu. OCHOBHBIE pE3yJbTaThl AUCCEPTAIlMU OMYOJIMKOBaHBI B 25
ctathsax [1-25], u3 Hux - 12 pabot B coaBTOopcTBe. Bo BCex 3Tx paborax coaBTOpam
MIPUHAJJICKUT TOCTAHOBKA 3aJlay, a aBTOpPY - UX peiienue. Beero omy6iaukosano 20
pa6ot B cucreme PUHII: u3 aux B PUHIL] Ksipreizctana — 12; B PUHIL] Poccum — 8.
B pexomennoBannbix BAK KP — 4; B gpyrux umsmanusix — | pabora. Takxke
onyOJIUKOBaHbI 8 TE3UCOB JOKJIA0B MEXKIYHAPOIHBIX KOH(pepeH-1ui. B npunsaToii
BAK KP mkane moacuera 6aioB Mo pe3ylibTaToM IyOnukanuii HaOpano - 430
OaJyIoB.

Ctpykrypa n o0bemM auccepranmu. Pabota cocToUT W3 OraBieHUS, CIHCKA
YCJIOBHBIX O0O3HAYEHUM U OMpEACNICHUM, MOHSATUH W HUCIHOJB30BAHHBIX KPATKUX
MaTeMaTU4YeCKUX 3aluCei, COKpalleHU, BBEICHUS U MSATU TJIaB, KOTOPbIE pa3OUTHI
Ha maparpadbl, BBIBOJIOB, CIUCKA HCIOJb30BAHHBIX HMCTOYHUKOB u3 109

HAaUMEHOBAHUU U MPUIIOKEHHUS - TEKCTAa MPOTPAMMBbI Ha sI3bIKE pascal U pe3yabTaToB
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pacuera KOHTpOJbHOro mnpumepa. OOmmuii o0vem guccepraruu 218 cTpaHul
MaIllMHOMUCHOTO TekcTa. Bcero B pabore 54 pucynka. Hymepairuss pucyHKOB
NBOWHAs, MEPBasl yKa3blBaeT IJaBy, BTOpas - HOMEp pucyHka. Hymepamus riaB -
CKBO3HAas, a HOMep mnaparpada cCOCTOUT U3 ABYX IU(pp, oTAeIeHHbIX Toukou. [lepBas
urdpa o3HavaeT HOMEp TiaBbl, a BTOpasi - HoMep naparpada.

Hymepanust teopem, nemMm u Qopmyn - tpoiHas. IlepBas nudpa o3Hauaer
HOMEp TJaBbl, BTOpas - HoMep maparpada, a TPeThsi - HOMEP TEOPEMBI, JIEMMBI,
dbopmynel. Pan maparpadoB paszaeneHbl Ha MOAMYHKTHL. Hymepanuss moANyHKTOB
TpoiiHasi: TmepBasi yKa3blBa€T HAa HOMEp TIJaBbl, BTOpas Ha maparpad), a TpeTbs
03HAYAET HOMEP MOIITYHKTA.

OCHOBHOE COAEPKAHUE PABOTbI

B mepBoii riaBe nmaetrcs KpaTKuid 0030p paHHUX PadOT MO CHHTYJSIPHO
BO3MYIIIEHHBIM YPaBHEHUSIM, UMEIOIIUX B3aMMOCBSI3b C JaHHOU pabOTOM, Takke
MOMEIIEHb HEKOTOPBIE MAaTEPHUalbl, UCIOJIb3YyEMBbIE NAJIEE U KPATKOE COJEpPKAHUE
paboTsl. [lepBast rmaBa coCcTOUT U3 YETHIpEX maparpados.

[lepBoiii maparpad oxBaThIBa€T MaTepUalibl KCCIEIOBAHUN O MpeAeIbHOM
MepexoAe, ACMMNOTOTHYECKUM PA3JIOKEHUEM pEIICHUH N0 MajoMy Mnapamerpy,
penaKcaloHHbIE KOJeOaHUs.

Bo BTOpOoM maparpade uznararorcs CBEIIEHHS O SBJICHHUSX, OOHAPYKEHHBIX B
teopuu CBO/LY.

B Ttpethem maparpade paccmarpuBaroTcsi 0000IIeHUsT MeToAa morpaH(yHK-
UMA  Jisi OUMCHUHTYJSIPHBIX YpPAaBHEHUM, KJIACCHYECKHM MeToJ mnorpaH(yHKIUN
MPUMEHSETCS 11 TOCTPOEHUS ACHMIITOTUKM PELICHUs, NpU HAPpYLICHUU
AKCMOHEHIIMAIBbHOW ACHUMIITOTUYECKOM YCTOMYMBOCTH PELICHUS YPAaBHEHUS IO
OBICTPOI IEPEMEHHOM, T.€. IPU HAPYILIEHUH YCIOBUS TEOPEMbl TUXOHOBA.

UetBepThlii maparpad COASPKUT MaTepHajbl, Kacalollhecs CBOMCTB
rapMOHUYECKUX (PYHKLUN, KOTOpbIE OYyT HCIOIb30BaHbl B JAHHOW padoTe.

Bo BTOpOI ri1aBe BBOASATCS MOHATUA MOTPAHCIOWHOW JUHUM, MOTPAHHUYHOMN
o0NlacT, peryisipHOM W CHUHTYIApHOW obnactu, u 1as JuHeitHeix CBOJY
JIOKA3bIBAECTCS CYLIECTBOBAHUE MEPEUNCICHHBIX TOHATHI.

Bropas rmaBa coctoutr u3 uerbipex mnaparpadoB. B mepBom mnaparpade
MPOU3BOAUTCS TOCTAHOBKA 3aJ1a4H.

PaccmarpuBaercs nuneitnoe Heognopognoe CBOAY-C:

ez'(t,e) = a(t)z(t,e) + f(t),te Q, a(t), f(t)eQ (), (1)
u JuHerHoe ogqHopoaHoe CBOLY-C:
ez'(t,e) = a(t)z(t,e),te Q, a(t)eQ(Q),a(t) #0 ()
C HAYaJIbHBIM yCIIOBUEM
z(to, &) = 2°, (3)

T7ie to — BHyTpeHHss Touka obmactu (), z° € C.
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[TycTh mpu onpenieneHHbIX TPeOOBAHUAX HA MPaBYIO YacTh ypaBHeHUs (1)
cymectByer pemrenue z(t,e) 3amaun (1)-(3), npunamiexamee Q(Q,) (Q;c Q) mo
NEPBOMY apryMEHTY U HETIPEPBIBHOE IO BTOPOMY API'YMEHTY.

Brogsrcs cnenyromue onpenenenus. 1lycts 3anqano mHOkecTBO {1y C C.

Onpenesnenue 1. Ecnu

. VteQy (|z(t, )| — orpannyeHo 1o &);

2. VteQy (limg_gz(t, &) — He cymecTByeT ).

TO MHOXECTBO (), HAa3bIBA€TCS MOTPAHCIONHBIM MHOYKECTBOM, a TOYKH, NPHHAJ-
JeXKaIIue eMy, - MOrpaHUuYHBIMU TOUKAMHU.

Omnpenenenne 2. Touku, s kotopwix lim,_q|z(t, )| cymectByer, Ha3bI-
BAIOTCS PETYJISIPHBIMU TOYKAMH.

Omnpenesenne 3. MHOXECTBO, COCTOSIIEE TOJBKO M3 PETYISPHBIX TOYEK,
Ha3bIBAIOTCSl PETYJIAPHBIM MHOXECTBOM. PeryisipHble MHOXECTBa 0003HAYaroTCs
CHUMBOJIOM {),..

Omnpenenenune 4. Touku, i1 KOTOPHIX NPU KAKOM-HUOYIb HadadbHOM
3HAYeHUH z) QyHKIMs |z(t, €)| He orpaHUYeHa 1O &, HA3BIBAIOTCS CHHTYJISIPHBIMHU.

Onpenenenne S. J[ro00e MHOXKECTBO CHHIYJISIPHBIX TOYEK Ha3bIBAETCS
CUHTYJISIPHBIM MHOXECTBOM. CHHIYJIIpHBIE MHO)XECTBa 0003HA4YarOTCd CUMBOJIOM
Q.

Omnpepesienue 6. IlorpancnoiiHOE MHOKECTBO, SIBJISIOIICECS HEMPEPHIB-HBIM,
JIOKaJIbHO-B3aUMHO OJIHO3HAYHBIM 00pa30oM OTpe3Ka, HA3bIBAETCS IOIPaH-CIONHON
munuen (IICJI). TICJI, mpoxoasimiasi depe3 TOYKY t,;, 00O3HAYAETCS CHUMBOJIOM
(Lo(to))-

Onpepenenune 7. J{na norpancnoiiHoil Touku ¢ € C uucno 0 € C, |0 |=1
Ha3bIBAETCS IMOTPAHCIONHBIM HampaBle€HUEM, eciid Uil Vo >() CyllecTByeT Takoe

Mainoe 6 >(), uto MHOXeCTBO {t € C | |Arg(t—t;) —Arg0| <o, | t—t;| =0}

COAEPKUT MOTPAHCIONHBIE TOUKH.

Pemenune 3anauu (2)-(3) MOKHO IPEACTaBUTH B BUJIE

ReF(t) ImF(t) . . ImF(t)

z(t, ) = ZoexpT(cos + i sin g

), F(t) = fto a(7)dr.
Onpenenenue 8. Oynkius Re F(t) Ha3piBaeTcs XapakTepu3yromend (yHK-
nuei (XOD).

&€

Re F(t .
Onpeneaenne 9. Dyukuus V(t, &) = exp eF(t) Ha3bpIBaeTCs  (yHKIHEH

aMIuTyaHou ckopoctu (ACOD).

Bo BTOopoMm maparpade paccmaTprBaeTCs B3aMMOCBSI3b IMOTPAHCIOMHBIX JIMHU M
U PEryJspHBIX, CHHTYISpHbIX oOsacTeil.  Jloka3piBaeTcs  CYIIECTBOBAaHHE
MOrPaHCIONHBIX HAIPABJICHUM.

B cuny ycnoBus a(t)#0, CymieCTByeT TaKO€ 1IeJI0€ HEOTPULATENBHOE 11, UTO
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a(t) = (t = to)" an(t),an(t) € Q(Q), an(ty) # 0. (4)
[Tocne npeoOpazoBanuii U MOACTAaHOBOK (1) mpuHUMAaET BU
W) (s, &) = w™ta, (ty + ws)s"W (s, &) + wF,(s), s €R,. (5)
Bribupass w=w, (camoe MeHblliee IBYMsI cloco0aMu) Tak, YTOObI ObLIO Re
(""" a,(ty)) = 0, monydaeM MOrpaHCIONHOE HAIIPABICHHUE.
[Tockonbky Broisb [ICJI pelienre ypaBHEHUS UMEET ObICTpbIEe KOJIeOaHUs, st

ypaBuenus (2) sBogurcs Gyukims U(s, &) = z(T(s), &) (Z(T(S), g))*, seR,.
C LENbI0 — Tak mogo0path ¢pyukuuto T(s) (T(0)=0), utoosl 66110 U'(S, £)=0.

Takum nytem nonydeHo ypaBaenue [ICJI B muddepenumansuoit popme

Re(a(T(s)) T' (s)= 0 u B uHTErpaIBHOM HOpME fga(r)dr = +is,s €ER,.

[TocTpoensl alropuTMbl TpuOIKeHHOTO pemieHus ypaBHenuit s [ICJIL
CocraBniena mporpaMma Ha si3bike pascal. JlokazaHbl T€OpeMbl O Pa3pelIUMOCTH
ypaBHeHuu [ICJI. [Tonyuena acumnrotuka pemennit CBOY na IICJL

B TpetheM mnaparpade o0000meHO mOHSATHE MHOrouwieHa Jlarpanxa - ¢
3aIaHHBIMU 3HAYEHUSIMU (YHKIMHA U OPOU3BOAHBIX, C €r0 MOMOIIBIO MOCTPOECHBI
[ICJI, ynoBneTBOPSIONIME YCIOBUSIM MPOXOXKIACHUS dYEpe3 3aJaHHble TOYKH W
BETBJICHUSI.

Teopema 1. Jlns nrob6oro HaGopa pa3muyHbIX To4ek {zi:k =1..n}, n>1,
cymiecTByeT Tako mHOorowieH a(t), uro IICJI pemenus 3amaum (2)—(3) mpoxomsr
4yepe3 BCE 3TU TOUKH.

Teopema 2. Jlis m0o60oro Habopa pa3auyHbIX TOUEK {t:k =1..n}, n > 2, u
uncen {oy:k =1..n}{f,:k=1.n} cymecrByer Takoii muorounen Dy (t), uTo
Dn(ty) = oy, Dp(ty) = Bk =1..n

Teopema 3. /[t mro060ro Habopa pa3nmuyHBIX TOUeK {z;: k =1..n}, n =1,
cymecTByeT Takoir MHorowieH a(t), uro IICJI pemenus 3amaunm (2)—(3) mpoxoasr
4yepe3 BCE 3TU TOYKU U BO BCEX ITUX TOYKAX UMEET MECTO BETBJICHUE.

Tperns r1aBa cCOCTOUT U3 JAEBATH Naparpados.

B nmnepBom maparpade BBOAUTCA TOHATHE: GYHKIMS pacHpeacieHHON
aMIUIATYJTHOW CKOpPOCTH U ¢ ucnojb3oBanneM X® u ACO miss CBOLY Bbruuc-iaeHsl
[1CJI u nocTpoeHbl MOrpaHUYHbIE 00JIACTH, PETYIISIPHBIC U CUHTYJISIPHBIE 00JIacTH.

Takke BBOJATCS OMpEAETCHUs: MPOCTUPAIOLIUECS MOrPaHUYHbIE 00JIACTH,
nepexoubie o0nactu. CylllecTBOBAHHE BCEX BBOJAUMBIX MOHSATUM MOATBEPXKICHO
pUMEpaMH.

Bo BropoM maparpade B TOMOJOrMYECKOW YACTH C HCIHOJB30BAHHEM
XapaKTEepU3YIOMMNX (YHKIHI MOCTPOEHBI 00JIacTH, T/I€ pacCMaTPUBAIOTCS 3aJaHHBIC
CBOJY-C. Ycnosue nns Beeit rnasel: U2. Ve € Q (a(t) # 0).
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Hns  ¢yukuu  F(t), onpenenennoit B maparpade 2,1, obGozHaueHbl XD
Re F(t) = Fi(ty,tp), Jm F(t) = F,(ty,ty).

B cuny ycnosus U2 o06macte Q HOJMHOCTBIO MOKPBHIBAETCS CETHIO B3aHMHO
OpPTOrOHANIBHBIX JIMHHM ypoBHeW (yukimii Fi(ty,t,)(k = 1,2). Yepes mpowus-
BOJIBHYIO TOUKY B ) IPOXOJMT €ANHCTBEHHAs! TMHUS YpoBHS QyHKiun Fy (t,,t,) .

Jemmal. V¢t € Q(ZqutOvaFl;to) (ZFZ;tO V ZFZ;tO)
1 2 1

Jlemma 2. ®dynkuus F;(ty,t,) CTporo MOHOTOHHA BIOJb JMHUH YPOBHS
byukuun F,(tq,t,), a pyakuus F,(t;,t,) CTpOro MOHOTOHHA BIOJb JIMHHHM YPOBHS
dyrxumm Fy(ty, t;).

ITocTpoena pemierka jauHuil ypoBHs (2, (t,), KoTopas nuHuel ypoBHS L (t,)
pas3aessieTcsl Ha ABE 4acTu 2; u (.

Jlemma 3. Vt € Q (F;(ty,t;) >0 V F (t,t,) <0).

B TperheM maparpade B aHaJMTHYECKOW YaCTH JAHHOW TJIABBI COJAEPIKATCS
JI0Ka3aTeIbCTBA: CYIIECTBOBAHUS M €IMHCTBEHHOCTH PEICHUI HaYaIbHBIX 3a1a4 JIs
CBOAY-C, cymectBoBanuss I[ICJI, mocTpoeHUss PETYJISIPHBIX H CHHTYJSPHBIX
obnacreit. [Ipusenen npumep [1CJI Ha puMaHOBOI MOBEPXHOCTH.

st ACD  V(t, &) = exp ke ()

TOPOH OPHEHTHPOBAHHOM KpI/IBOI/I p(ty,t), coemuHsIOmIEd TOUYKH to Ut € Q.

¢byuxrus V(t) paccMaTpuBaeTcs Ha HEKO-

V(te) Re F(t)—Re F(7) o o
OTtHomeHue Ve - ex . HA3BaHO OTHOCUTEIBLHOW aMILTUTYTHOMN
ckopocTbio (OACD).

Teopema 4. Eciu 1) cymectByer nyth p(ty,t), COETUHSIONMNA TOYKH t, H
t € Q0 (t— nmnpousBoidbHas Touka oOsacth (1) U OH MOPEACTABISIETCS
napamerpuuecku t = @(0),0 <o <&, npuuem @(0) = ty, ¢(6) =tuVvo,, o, €
[0,6] v 0y # 0,(p(0y) # (p(az)) u?2)VteQ Fl(fp(a))’ < 0 wau F;(t) = const,

ToVteE Q(F(t) <0) us e ;

Oxun u3 npumepos. ITycts a(t) =

OrpaHUYEeHa 10 &.

, teQ=C\{0}, t, € Q.

N

tl +t2

3nech F(t) = 2 Ln— =2(In |—| +iArg —) Orciona Re F(t) =

O tZO

OKpYXHOCTH C IleHTpoM B Touke (0; 0) u panuyca r = +/tZ, + tZ, 6ymer IICJIL.

z(t,e) = z%exp (% i Arg ti ) JIBmwxenue mo okpyxHoct IICJI mepeBoawT B Apyrue
0

JUCTHl PUMaHOBOWM MOBepXHOCTH. B panHom cinydae PO Oyner MHOroJucTHOU
00nacThio |z|< |zo|, CO Oyner MHOTOIMCTHOM 00JIacThIO |Z|> |Zo).
s 3amaun (1)-(3) monydeHo cieayroiiee aCUMITOTHYECKOE MPECTaBIIe-HHIE

nput € Ly(ty) € Qy (ty):
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4 () +0(e),

z(t,e) = (ZO - f12(t0)) exp

&€

if11(ty)

ERTRE Orcroma cuexyer, 4ro mus jroborot € Ly(t) npenmen

rae fip (t1) =

lim,_, z(t, €) He cymectByet, HO |z(t, €| — orpaHmucHa.
Jlanee, 1oKa3aHo, YTO JUIS JFOOOM TaKOW TOYKH CYIIECTBYIOT €€ OKPECT-HOCTH,

COJZCPIKAIIUEC KaK PCTYJPHBIC, TaK W CHHIYJIPHBIC TOYKH, IIPUHAIJIC-KAIIHC

Qo (To) -

Paccmotpena 3aBucumocts [ICJI OT HavanbHOrO 3HA4YEHUS apryMEHTa U €€
(bopmBbI.

B uyerBeproM maparpade MOIYYEHO ACUMIITOTHYECKOE IPECTaBICHHUE
petenus 3agauu s oomiero muaeriHoro CBOJY-C (1)-(3).

F(t
Tiat € 0 z(t8) = (2° — fia(to))exp =2 + fop (£2) + 0(e),
_ _f@®
rae fzz(tz) = Tal 31ech penieHue 3aJadyd CTPEMHUTCS K PEIICHHIO BBIPOXK-

JEHHOTO YPAaBHEHMUS.

Jont € 0p2(t,€) = exp ™22 |(2° ~ fia(to))exp 2 + foa(t2) + 0(5)],

Orcrona umeeM z(t, €) = o 10 &.

B msarom mnaparpade nokaseiBaercs cyuiectBoBanue I[ICJI,  perynspHbIX,
CUHTYJISIPHBIX oOnactel 11s oduiero cinado HenuHeitnoro CBOJY-C

ez'(t,€) = a(t) z(t, ) + eg(t,z(t,€)), t € Qc C (6)

C HaYaJIbHBIM yciioBueM (3), eciu

U2 vt € Q(a(t) #0).

U3 g(t,z) € Q(H),H ={(t, z)|t € Q,|z| <6 > 0}.

U4vz,Z €{lz| <8}(|gt. D) — g(t,D)| < M|z —Z|,0 < M — const).

Teopema 5. Eciu Bemonustorcs yeiaosus U2-U4, to Vt € Ly(t,) Pemenne
sampaun (6)—(3) z(t, €) cymectByerT; |z(t, €)| — orpannyeHa.

Teopema noka3bIBaeTCsi METOJOM MOCIEI0BATEIbHBIX TPUOIMKEHH.

Teopema 6. Ecnm sBwmonmsiotrcs yenosus U2-U4, To  VE € Ly(ty)
CYILIECTBYIOT €€ OKPECTHOCTH, COJIepKalllue TaK PEryJsipHble, TaK U CUHTYJSPHBIC
TOYKHU.

B mectom maparpade ¢ npumeHeHreM KOH(GOPMHOTO OTOOpakKeHusl 3alaHHbIE
CBOJY mnpuBoastcs k 0ojiee MpOCTOMY BUIY M JOKa3aHa Teopema CYIEeCTBOBAHUS
MOTPAHCIIONHOW JIMHUM.

Teopema 7. Ecnu Boemmonsstores yciaoBus U2-U3, To oToOpaxeHue,
OCYIIIECTBIIIEMOE rapMOHUUecKo mapoii Fy (t;, t,)(k = 1,2) u ypaBHeHUSIMH
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Fk(tli tz) = U, (7)
KOH(GOpMHO W OHO ortoOpaxaer PJIY Q,(t,) B HEKOTOPHIH NPAMOYroiabHUK I,
mwrockoctu nepemennbix Uy (kK =1, 2).

JInst moka3aTenbCTBa MCHOJIB3YEeTCsl TOT (DAKT, 4TO AKOOMaH A OTOOpaKeHUS

(7) oTnMYeH OT HYJSL:
oF, OF,
at, dt,| _ 9F OF, OF, 0F, _ (6F1)2 (6F1

2
— - - 4 ___ £ _ - = —_ ) 2
A= 0F, 0F|  at, at, oty ot at, atz) ()" # 0.

at; dt,

B cenbmom maparpade paspaboTaH METOJ paBHOMEPHOTO CIycKa (IobemMa)
MOCTPOCHMSI TIOTPAHCIONHBIX JIMHUM W PETYJSIPHBIX, CUHTYJSIPHBIX OOJlacTe s
CBOY-C c aHaIUTUYECKUMH (PYHKITUSMU.

Teopema 8. Ilycte BeImonHsercs ycimoue U2. Torma cymiecTByeT KpuBas
(k(to,t)), ompenensemas ypasnenuem Fi(ty,t;) = dty; + b,rned u b 3aBucsar ot
to, t , Ha KoTOpOU pynkius F; (t;,t,) CTPOro MOHOTOHHA.

B BocbMoM maparpade uccieayercs aCUMITOTUYECKOE MOBEACHUE pellle-HUi
CBOAY-C mnepBoro mopsiika C HCIOJb30BaHUEM pa3pabOTaHHOTO MeEToAa
PaBHOMEPHOTO cITycKa (Tmoabema).

Teopema 9. Ilycte Beimonusatorcs ycnosuss U2-U4. Torma Vi € () pemieHue
3amaun (6)—(3) cylecTByeT, EAMHCTBEHHO U OIPAHUYEHO.

[ToaTBepxkAaeTcsi, YTO ACUMITOTHYECKOE MOBEJCHUE PEIICHUM HaYalbHBIX
3amad s CBOIY-C ¢ ananutudeckuMu (YHKIIUSIMH XapaKTepPU3yeTcs HEKOTO-
PBIMU JIMHUSIMU B 00JIACTU U3MEHEHHS apryMEHTa.

YerBepTasi rjiaBa IOCBSIICHA UCCIEIOBAHUIO CBSI3U SIBJICHUS 3aTATUBAHUS
MOTEPU YCTOMUMBOCTH U TMOTPAHUYHBIX 00JacTed, MOTPAHCIOWHBIX JHUHUU W
PEryJspHBIX, CHHTYJISIPHBIX 00JacTel U COCTOUT U3 1IeCTU naparpados.

B nepBoMm maparpade naercs KpaTkuil 0030p SIBICHUS 3aTSITUBAHUS MOTEPHU
YCTOMYMBOCTH, BBOJUTCS TMOHSATHUE: O00JIACTh TMPUTHKEHUS HEYCTOMUMBOU TOYKH
MOKOsI U cPOpMYIMpPOBaHA TMOCTAHOBKA 33 a4H.

[1ycTh BBIMOTHSAIOTCS CAEAYIONTUE YCIOBUS
Ul Rea(t)<Ompu ty <t <TyRea(Ty,) =0; Rea(t)>0mnpu Ty <t<T.
U2 a(t), f(t)e Q(Q),[t,, T] < Q.

U3 VteQ (Jm a(t) + 0).
BripoxxneHHoe ypaBHeHUE, COOTBETCTBYOIIEE (1), MMeeT TOUKY MOKOs

)
5(0) = —L3 ®)

YCTOWYUBYIO Ha HHTEpBaie [ty, Ty) u HeycTOWunBYIO Ha mHTEpBaje [ Ty, T).

13



Bo BTOpom maparpade B TOMOJOTHMYECKON YacTU MPUBOJATCS HEKOTOPHIC
MpUMEPHI I ONPEACIICHUS] YCTOWYMBBIX W HE YCTOMUMBBIX HMHTEPBAJIOB TOUYKHU
MOKOSI U 00J1aCTh MPUTSKEHUS HEYCTOMUHUBON TOYKH MOKOSI.

Jlemma 4. Ilycte Bemonsstores ycnoBus Ul-U3, Torma CymecTByrOT TOYKH
(to1;0),(Tp1; 0)(tg < tg1 < Ty <Tp1 <T) m munust ypoBus (Lg), cCoeaMHSAIOMIAN
9THU TOUKH.

OO6macth, OrpaHUYCHHYIO OTPE3KOM |[ty, T| MEHCTBUTEIBHOW OCH U IKCTpe-
MaJbHOW U3 TakuX JTUHUNA YpoBHS (Lgg), 0003HauMM (), C ().

B Ttpetbem maparpade chopMynupoBaHbl JOCTATOUYHBIE YCIIOBHS CYILECTBO-
BaHMS 00JIaCTU MPUTSKEHUS U JJOKa3aHa COOTBETCTBYIOIIAS

Teopema 10. Ilycts Bemomustorcs ycnoBuss Ul-U3. Torma mnsa pemieHus
3amaun (1)—(3) cymecTByeT 00aacTh NPUTKEHUS (g, C (.

B uerBepTroM maparpade Ha OCHOBE CpaBHEHHUSI PE3yJIbTAaTOB, IMOJYYEHHBIX B
I'maBe 3 u B § 4.3, ycTaHaBIMBAETCS CBSI3b MEXKIY SIBJICHHEM 3aTSATHBAHUS TIOTEPU
YCTOMYMBOCTHU U norpaHudHbIiMu oonactsamu, [ICJI, peryiasipHbIMU U CUHTYJSIP-HBIMU
obnactamu. PesynbTaThl 3TOr0 mnaparpada o000IIAIOT BCE paHee IMOJTy4YeH-HbIC
pe3yAbTaThl B JAHHOM HaIpaBJICHUH.

JI1s1 acMMOTOTUYECKOTO MPEICTaBICHUS pelleHus 3aauu B obnactu )y 23Ta
o0JiacTh pasjielieHa Ha JABE YacTU JUHUEH YPOBHS

(L) ={teQy | Re F(t) = —¢ Ine}.

Yactp, orpanuucHHas JauHAAMEH ypoBHS (Lgg) M (Lg;) ®  OTpe3kamu
NEUCTBUTENBHONM OCH, 3aKkmoueHHbIME MeXTy (Lgg) ¥ (Lgq), o0o3HaueHa 4,
a ocTaBIasicst 4acTh (), o003HaUeHa ().

Pe3ynbpratel cpaBHeHMs mokasbiBaroT, uto 3amaun Ha [ICJI, perynspHbie u
CUHTYJISIpHBbIE OOJIACTH SIBISIOTCS Oosiee OOIIMMM IO CPAaBHEHHUIO C 3aJadamMH Ha
3aTSTUBAaHUE MOTEPU YCTOMYUBOCTH.

B nsatom maparpade npuBoAsSTCS NPUMEPH TPOCTUPAIOIINXCS TOTPAHUY-HBIX
obOnacteit 110 OeckOHEUHOCTH. I[IpOU3BOJBHBIE TOUKM MOTPAHCIOWHBIX JUHUM
SBJISIIOTCSI BHYTPEHHUMH TOYKAMU TOTPAHUYHBIX 00JaCTEeH.

Kak moka3bIBatoT MpoOBEJIEHHBIE HCCIEA0BaHUSA, CYIIECTBYET MOTpaHCIOHAas
JUHUS, TNPOXOAsIIas 4Yepe3 HauyalbHYI) TOUYKY fy) W JTa JIMHHUS OKpYKEeHa
norpancionHo  ob6nactero. llorpancnoiinas o0JacTe MPOCTUpAETCSs  BAOJb
MOTPAHCIONHONW JMHUM M HAa3BaHA MPOCTUPAIOIIAMCS MOTPAHUYHBIM CIIOEM. DTOT
CJIOM B 3aBUCUMOCTH OT fy MOKET MPOCTUPATHCA 10 OECKOHEUHOCTH.

IIaTas raaBa cocTouT M3 NATH THaparpa@oB U OOBEKTOM HCCIETOBAHUS
JNaHHOM riaBsl sBIsIOTCS JuHEeHHbIe CBO/[Y-C BTOpOro mopsaka.
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B nepBom maparpade BBOAATCS MOHATHSA: TOTPAHCIOWHBIE U IPOMEXKYTOUY-HBIE
obnactu (JIMHUM), pEeryisipHble U CUHTYsipHble oOnactu mns CBOJY-C Broporo
MOPsIIKA U MPeJIaraeTcsl MOCTaHOBKA 3a/1auu.

Uccnenyrores nunerinsie CBOY-C BTOpOro nopsiaka

ez'(t,e) = A)z(t,e)+ f(t), t € Q cC 9)
C Ha4YaJIbHBIM YCJIOBHEM
z(to, &) = z° = colon (2°4, 2°,), (10)

rne tg € Q cC, A(t) = (@, (t):mk =1,2),
z(t, &) = colon (zl(t, £), z,(t, e)), f) = colon(fl(t),fz(t)).

[TycTh BBIMTOTHSIOTCS CIEAYIOIINAE YCIOBHS:

UL ami(t) € Q(Q), fm() € Q).

U2. Marpura-¢pyuakius A(t) uMmeer pasauyHble COOCTBEHHBIE 3HaueHHs A (t),
A, (t).

U3. vVt € Q(det A(t) # 0).

O6o3naunm U(t,€):=||z(t,¢)|| (omna u3 HOpM B C°).

Crnenytoue onpeaeieHus: HECKOJIbKO OTJIMYAIOTCS OT ompenaesieHuil ['nassl 2
B CHJTY CIIeIU()UKU BEKTOPHOTO CITyJasl.

Onpenenenune 10. Ecmum U(t,g) He orpaHuyYeHo MO & TO Touyka (&L
Ha3bIBACTCSl CUHTYJISIpHOU 1i71st 3aaaun (9)—(10).

Omnpenenenune 11. Ecnu U(t &) orpaHuyeHo, HO HE CTPEMUTCS K HYJIIO TIO &,
TO TOUKa €2 Ha3bIBACTCS «IIPOMEXKYTOUHOM» 1iist 3aaaun (9)—(10).

Onpenenenne 12. Ecim U(t,g)—» 0 1o & TO TOUYKa te€() Ha3bIBacTCA
perynsipaoit aust 3anaqu (9)—(10).

Onpepnenenne 13. Touka, B 11000 OKPECTHOCTH KOTOPOW CYIIECTBYIOT Kak
pETYISIpHBIE, TaK U HEPETYJIAPHBIC TOYKH, HA3bIBACTCS MOTPAHCIOWHON TOUKOM.

Ipumeuanune. JlaHHBIC ompeneneHUs BBEACHBI, IIOTOMY YTO B JIBYMEPHOM
clly4ae, B OTJIMYHE OT OJHOMEPHOTO, €CTh PA3INdUs MEXKIY «IIPOMEKYTOUHBIMI» U
MOTPAHCIIOWHBIMU TOYKAMH.

Onpenenenne 14. Jlro00e MHOXKECTBO MPOMEXKYTOUHBIX TOYEK, B JIFOOOU
OKPECTHOCTH KOTOPBIX CYIIECTBYIOT TOJBKO HEPETYyJIspHBbIC (CHHTYJISPHBIC) TOYKH,
HA3BIBACTCS MMPOMEKYTOUHBIM MHOKECTBOM.

Onpepenenune 15. J[ro0oe MHOXECTBO MNPOMEXYTOUHBIX TOYEK, B JHOOOM
OKPECTHOCTH KOTOPBIX CYIIECTBYIOT pEryJspHbIE TaK W CHHTYJSPHBIE TOYKH,
Ha3bIBACTCS MOTPAHCIONHBIM MHOKECTBOM.

Omnpenenenune 16. [IpomexyTouHoe (MOTPaHCIONHOE) MHOXKECTBO, SIBIISIO-
mieecs HEMNpPEepbIBHBIM, JIOKAJbHO B3aMMHO-OJHO3HAUYHBIM 00pa3oM  OTpe3Ka,
Ha3bIBAETCS MPOMEKYTOUHOU (MTOTPAHCIOWHON) TUHUEH.
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Omnpenenenne 17. Jlnsg npomexyTOuyHOU (MOTPAHCIOWHON) TOYKU f; €L
yucio @€ ®; Ha3bIBAE€TCS MPOMEKYTOUHBIM (TIOTPAHCIONHBIM) HAMpPABICHUEM, €CIIH
st moboro Majoro o > 0 cymecTByeT Takoe Majoe § > 0, 9To MHOXKECTBO

{t e Q||Arg(t —t,) —Argl| <o,|t—t;| =6}
COJICPKUT MPOMEKYTOUHBIE (TOTPAHCIONHbBIE) TOUKHU.

Omnpenenenue 18. Eciiu B nmpomMexxyTouHOM (IOTPAHCIONHOM) TOYKE UMEIOTCS
JIBa TMPOMEXKYTOUHBIX (TMOTPAHCIONHBIX) HAMpaBICHUS, COCTABISIOIINE YTOJI,
OTJIWYHBIA OT 1800, TO OHA HAa3BIBACTCI TOYKOM BeTBiIeHHI. KoamdecTBO Takux
HAaIMpPAaBJIEHUM, KaXI0€ U3 KOTOPBIX COCTABISIET YrOJ, OTJIUYHBIA OT 1800, C KaKuM-
aubo ApYruM HampaBieHUEM, OyJeM Ha3bIBaTh KOJIMYECTBEHHBIM IOKa3a-TEIeM
BETBJICHHUS.

[IpuBenensl npumepsl, pasbicHsomue ocodbennoctu CBOJY Btoporo
nopsiaka mmo cpaBHenuto ¢ CBOJ1Y nepBoro nopsuaka.

Bo BTopom maparpade onpeaenensl moHsaTus X, ACD u cMeKHBIX 007IaCTeH.
ITpuBenensl npumepsl HAa XD u ACD. B oTanune oT BBeAEHHBIX B I1aBe 3 XD u
ACO® B nannoM naparpade XD u ACD onpenensitorcsi Kak BEKTOpHbIE (DYHKIUU.

3necs gns Berumcinenuss [ICJI  momyuuTs oOliee ypaBHEHUE BHAA

ftz Re a(t)dt = 0, xak 6s10 B omHoMepusix CBOMY, He ymaercs. ITostomy 00-

o6muensl mousatus X u ACO. Bekrop-pynkius F;(t): = (Re ftt M(Ddt: k=1,2)
0

HazBana X®. Bekrop-dynkuus V(t, €): = (eXp Fll(t), exp _Flzs(t))

€

Ha3zBaHa ACO.

B tperbem maparpade uccienorana nuneitnas CBO/lY Broporo mnopsijika, y
KOTOpOoM wmaTpuna-QyHKIUs TpPU HEU3BECTHOM (PYHKIMM UMEET TMOCTOSHHbBIC
coOcTBeHHbIE 3HaueHMs. [[1s BbIOOpa MyTell MHTErpUPOBAHUS U OLEHKU PEIICHUU
CBOY BBoautTcsa moOHATHE (QYHKIMU OTHOCUTEIBHONW aMIUIUTYJIHOU CKOPOCTH.
Pemarorcs 3amaun  METOOM PAaBHOMEPHOTO CITycKa. JIns pelieHus mOCTaBICHHOU
3agaun npuMeHseTcs XD u ACOD.

B uerBepTrom maparpade paccmarpuBaetrca auHediHas CBOJY, y kortopoit
Matpuna-QyHKIUS UMEET JUHEHHbIE COOCTBEHHbIC 3HAUEHUsS (JUMHEWHbIC (PYHKIUU
OTHOCHUTEJIbHO He3aBUCHUMOU mepeMmeHHo#). [lpuBeneHbl mNpuMepbl U JOKa3aHO
cymectBoBanue [1CJI.

B nsitom maparpade ¢ uCmosib30BaHHEM PEIIETKH JTUHUM YpOBHS U METO/Aa
PAaBHOMEpPHOI'O CIyCKa JIOKAa3bIBA€TCSl CYIIECTBOBAHMS TOTPAHCIOWHBIX JUHUU B
oOmiem ciyvae. [IpuBoasiTCS nMpuMephl HAa MOCTPOCHHUE PEIIETKU PA3IUUHBIX (POPM.

Halimensl  gocTaTouyHble  YCIOBUS  CYIIECTBOBAHUS ~ IPOMEXKYTOUYHBIX
MOTPAaHUYHBIX 00JIaCTeH U MPOMEKYTOUHBIX TOTPAHCIONHBIX JIMHUIA.

BbIBO/IbI
B nuccepranronHoit paboTe MoJIydeHbI CIeAYIOIINE OCHOBHBIE PE3yJIbTAThI:
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10.

1.

12.

BBenieHbl HOBbIE MOHATHUSI: MOTPAHCIOWHBIE OOJACTH, MOTPAHCIOWHbBIC JIMHUM,
MIPOMEKYTOUYHBIE TTOIPAHCIONHBIC IMHUU U PETYJSPHBIE, CUHTYIISIPHbIE 0071aCcTH
st CBOAY-C ¢ ananutuaeckumu ¢ yHKITUSIMH.

JlokazaHo, YTO CYIIIECTBOBAHHWE MOTPAHCIOWHBIX JMHUM SIBIETCS crnerudu-
yeckuM cBoiictBoM CBOJIY-C ¢ ananutnuueckuMu pyHKIUSIMHU.

JInsi BBIUMCIICHUS TOTPAHCIONWHBIX U JPYrux oOJacTeld BBEJEHBI MOHITHUSA
Xapaktepusywomass QyHKIUs, QYHKUHUS aMIUIUTYJTHOM CKOPOCTH U (YHKIUs
OTHOCHUTEJIBHOW AMIUIUTYTHOU CKOPOCTH.

BBengeHo moHSATHE pEIIETKH JUHUM YPOBHS M TIPUBEACHBI MNPUMEPHI s
MIOCTPOCHHUSI PEIIETOK PA3TUUYHBIX (HOPM.

[Ipumensist xapakTepusyromue (QyHKIHUHU, aMIUIUTYAHYI0 CKOPOCTh M TOIOJIO-
TUYECKUE METOJ/bl, BBIBEJICHO YpaBHEHHE U pa3paboTaH METOJ BBIYUCICHUS
MOTPAHCIONHBIX JIMHUM M MOCTPOEHUS PETYJSPHBIX, CUHTYJISPHBIX oOJacTei
st CBOAY-C ¢ ananutuueckumu ¢ yHKITUSIMH.

O0600111eH ¥ MPUMEHEH ISl TOCTPOEHUS MOTPAHCIOWHBIX JUHUNW MHOTOYJIEH
Jlarpanxa.

BBeneHbl MOHSATHS: TPOCTUPAIOLIMECS MOTPAHUYHBIEC CIIOW, MEPEXOAHbIE CIIOU
MOTPaHUYHON 00IaCTH.

Pa3pabotan MeTon paBHOMEPHOTO cIycka (moabema) Mg KCCIeI0BaHUs
acumrnroruyeckoro mnoseAeHust pemeHnid CBOJIY-C ¢  aHaIuTHYECKUMU
GyHKIUSMU.

HccnenoBana B3aMMOCBSI3b MEXKAY SBJICHUEM IMOTEPU YCTOMUYMBOCTU U
MOTPAHCIIONHBIX 00JIacTe!, PEryasipHbIX, CUHTYISIpHBIX oOnacteit s CBOY -
C aHaMUTUYECKUMU () YHKIUSIMHU:

- Jlns pemieHus 5TOM 3aaud BBEAECHBI MOHSTHUS: YCTONYUBBIE, HEYCTONYUBBIE
MHTEPBAJIBI U O0JACTh MPUTSHKEHUS HEYCTOMYMBOM TOYKM MOKOS U JIOKa3aHO
CYILIECTBOBAHUE 00JaCTH MPUTSIKEHUS;

- Janee, cpaBHEHHEM TMOJYYEHHBIX PE3YJIbTATOB JOKa3aHO, YTO 3aJayd Ha
MOTPAHCIIONHBIE JIMHUU SABJISIIOTCS 00Jiee OOIIMMU MO CPABHEHUIO C 33/1auaMy Ha
3aTSTUBAHUE MOTEPU YCTOMUYUBOCTH;

- O0001IeHBI paHee MOJYyYeHHBIE PE3YIbTaThl HCCIENOBAHUN MO 3aTSITUBAHUIO
IIOTEPHU YCTOMYUBOCTH.

[IpuBeneHsl MpUMEpPbl MPOCTUPAIOLIETOCS  TMOTPAHUYHOTO  CIOST  JI0
OECKOHEUHOCTH, COJEepKalllero B cede MOTrpaHCIONHYIO JIMHHIO, MPOCTHPAIO-
IIErocsi IOTPAHUYHOTO CII0S1 HA PUMAHOBOM MOBEPXHOCTH.

CocraBlieHO ypaBHEHHUE MOTPAHCIOWHBIX JUHUM U MOKAa3aHa BO3MOXKHOCTb €ro
MPUOMKEHHOTO PEIICHUSI.
Pe3ynbraThl HMCCIEAOBAaHUN MOKA3bIBAIOT, YTO ACUMIITOTUYECKOE IOBEJCHUE

pemienus CBOJY-C ¢ aHanutuueckuMH (YHKIUSMH BIIOJHE OIpEeseTcs
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JUHUSMHU YPOBHS, KOTOPBIE€ TOJHOCTHIO 3alOJIHSIIOT PACCMATPUBAEMYIO
KOMILUIEKCHYIO 00JIaCTh, U HMX MOXHO PAacCMaTpuBaTh KaK YacCTHbBIE Cilydyau
nuanil CToKca.

ABTOp BbIpa)kaeT rI1yOO0KYIO0 MPU3HATEIBHOCTh M UCKPEHHIOIO OJ1aroap-HOCTh

HAyYHOMY KOHCYJIBTAaHTY JOKTOPY (PU3UKO-MATEeMaTUYECKUX HayK, mpodec-copy

AabidaeBy KypmanOexky CapMaHOBHMYY 3a IOCTOSSHHOE BHUMAHHME W IIOJIE3-HBIE
COBETHI IPHU 0OCYKIEHUU PAOOTHI.
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PE3IOME
Tamnarapos Kymrapoex bekmyparouu

«DyHKUHSIIAPBl AaHATTUTUKAIIBIK OOJITOH CUHTYJISIPAYY AYYIYKKOH KaJUMKH
g depeHunanablK TeHIEMeIepArH TEOPHUIChIHIa YETKU KATMAP/BbIK ChI3BIKTap»
nered Temanarsl 01.01.02 — nuddepenuumanapik TeHaAEMENEp, TUHAMUKATIBIK
cUCTeMaJap ’aHa ONTUMAJABIK OalIKapyy aJucTUru 00roHYa (hHU3UKa-
MaTEeMaTUKAJIBIK WIMMAEPIUH JOKTOPY OKYMYIUTYYJIYK JapakachblH alnyy Y4yH
CYHYILITAJITaH AUCCEepTalus

Ypyurryy ce3nep: kaauMmkd Aud@epeHIuanablK TEeHAEME,  CUHTYIAPAYY
TYYJTYKKOH TeHAEME, aHAIUTUKANBIK (DYHKIMs, OallITalKbl Macese, YeTKA KaTMapAabIK
CBI3BIK, JEHID3J CHI3BITBI

Kommiekceryy aiiMakTa, aHAIUTUKAIBIK (YHKIUSATYY, CHI3BIKTYY *aHa Hadap
CBI3BIKTYY 3M€C KaJUMKHU AU PepeHIHaNIBIK TEHAEMENEp KaHa CUcTeMaapbl YUyH
TOMOHKY JKaHbl TYIIYHYKTOpP KHPTU3WITEH: 4YETKM AaWMakTap, YETKH KaTMmap
CBI3BIKTAp, PETYyJSPABIK aHA CHUHTYJSIPJBIK aWMaKTap, YETKH apajblK KaTMmap
aliMaKTap: apaJIbIK YETKU KaTMap ChI3BIKTAp, AEHIIAII ChI3BIKTAPBIHBIH TOPYOJIOPY.

YeTku KaTMap ChI3BIKTapJIbIH TYPAYYU® TyCHeJaepy TaObUIraH jkaHa ajap.blH
apryMEHTHHHUH OallITanKbl MaaHWICPUHEH KO3 KapaHbUIbIThI TaUIACHTeH.

Yekcusre co3yiraH YeTKH KaTMap aiMak SKEHIWTMHUH JKaHbl KyOylylry
TaOpuirad. PuMaHABIK MEWUKWHIMKTE 4YETKH KaTMapra 53 OOJrOH ChI3BIKTYY
TEHJEMEHUH MUCAJIbl KEITUPUJIITEH.

bup xamemrarel  Tymyy (KeTepylyy) YCYJIYH KOJJAOHYY  apKbUIyYy,
TYPYKTYYAYKTYH Oy3YyJyIIYHYH Y3apThUIBIIIBI KyOYyTyIIYHYH KEHUPHU >KETHUILNTYY
mapTrapbl alblHTaH. AJIBIHTaH IIaptrap Oya Me3ruiare 4YeMuHKHA aBTOpJIOp
TapaObIHAH aJIbIHTAH KBIMBIHTHIKTAP/AbI KAJTBUIANT.

JlaHTpaHXXIbIH KOl MYYOCYH JKaHa aHbIH JKaJIIbUIAHBIIBIH KOJIOHYY
apKpU1yy, OCpUIreH YEKUTTEP apKbUIyy ©TYYUYy JKaHa ajl YeKUTTEp/e OyTaKTaHyy4y,
YETKHU KaTMap ChI3BIKTAP/IbIH YKAIlIAIlIbl TAJIWIIICHT€H.

OKUHYU  TapTUITETH, AHAIUTHUKAIBIK  (QYHKUUSULYY — TEHJAEMEIepAuH
CHUCTEMACBIHBIH YbITapbUIBIIITAPBl YUYH apaliblKk YETKM KaTMap alMaKTapJblH YKaHa
apajblK YETKM KaTMap ChI3BIKTApAbIH JKAIIAIIBIHBIH JKETUIITYY [IApPTTAPbI
KEJITUPUITEH.
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PE3IOME

Tamnarapos Kymrapoex bekmyparouu

Huccepranus «IlorpancioiiHble TUHUKA B TEOPUHM CUHTYJISPHO BO3MYIIEHHBIX
OOBIKHOBEHHBIX TU((DHEepeHIINANTbHBIX YPABHEHHUI C aHATUTUYECKUMU ()YHKITUSIMHU
MpeACTaBIeHA Ha COMCKAHUE YYEHOM CTeNeHU JOKTOpa GU3UKO—MATEMATUUECKUX
Hayk 1o crnenranbHocT 01.01.02 - nuddepennmranbabie ypaBHEHHUS,
JTMHAMHUYECKUE CUCTEMbBI U ONITUMAJIBHOE YIIPABICHHE

KiioueBble  cioBa:  00bIKHOBeHHOE — AudepeHImaIbHOe  ypaBHEHHE,
CUHTYJIIPHO BO3MYIIIEHHOE YpaBHEHHE, aHATUTUUYECKas: (DYHKIMA, HaYaIlbHas 3ajay4a,
MOTpaHCIIONHAs JIMHUS, JIMHUST YPOBHS

Jlns perieHUi HavYalIbHBIX 3a7a4 JJIsl CUHTYJISIPHO BO3MYIIEHHBIX JIMHEUHBIX U
c1ab0 HETUMHEWHBIX OOBIKHOBEHHBIX IU(P(EepEeHINANBHBIX YpaBHEHUU W CHUCTEM
YpaBHEHUM B KOMIUIEKCHOW OOJIaCTM € aHaJUTUYECKUMU (YHKIIUSIMH BBEJCHbI
HOBBIE TIOHSATHS: MOTPaHUYHBIE O0JACTH, MOTPAHCIOWHBIC JIMHUHU, PETYISpPHBIE U
CUHTYJIIpHBbIE 00JIaCTH, TPOMEKYTOUHbIE MTOTPAHUYHbIE 00JIACTH U MPOMEKYTOUHbBIE
MOrPaHCIONHBIE TMHUU, PEIIETKU JUHAN YPOBHS.

Halinensl paznuunbie  (OpMBI  MOTPAHCIOWHBIX JIMHUM U yCTaHOBJIEHA
3aBUCUMOCTb MOTPAHCIOWHBIX JINHUN OT HAaYaJIbHBIX 3HAUCHUN apTryMEHTa.

OOHapyXeHO HOBOE SBJICHUE - MPOCTHPAIONIMECS [0 OECKOHEUYHOCTH
MOTPaHUYHbIE 00IaCTH.

[locTpoeH mpumep ypaBHEHHUS C MOTPAHCIOMHBIMHU JIMHUSMH Ha PUMaHOBOMU
MOBEPXHOCTH.

C mnoMoIlbI0 HOBOTO METOJIa PABHOMEPHOTO cHycka (MoAbeMa) HalIeHb
IIUPOKUE JIOCTAaTOYHBIE YCJIOBHUSI BO3HUKHOBEHHS  SIBIICHHS 3aTATUBAHUSI TOTEPU
YCTOMYMBOCTH, SIBISIONIMECS 0000IIEHHEM paHee MOJYyUYeHHBIX APYTUMH aBTOPAMU
PE3YIBTATOB.

C nomompto MHOrowieHa Jlarpanxka u 0000lIEeHHOrO MHOroujeHa Jlarpanxka
JI0OKa3aHO CYIIECTBOBAHUE IMOTPAHCIOMHBIX JUHUN, MPOXOIAIIMX YEpe3 3aJaHHbIC
TOYKU U UMEIOIIUX B HUX BETBJICHUS.

Halimensl  gocTaTouyHble  YCIOBUS  CYIIECTBOBAHUS  IPOMEKYTOUYHBIX
MOTPAaHUYHBIX O0JIACTEM U MPOMEKYTOUHBIX MOTPAHCIONHBIX JIMHUM IS pelIeHUM
CHUCTEM YPaBHEHHI BTOPOrO MOPSIIKA C AaHATUTUYECKUMU (DYHKIIUAMMU.
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SUMMARY

Tampagarov Kushtarbek Bekmuratovich
Dissertation “Boundary-layer lines in the theory of singularly perturbed
ordinary differential equations with analytical functions” submitted for the scientific
degree of doctor of physical-mathematical sciences on specialty 01.01.02 -
differential equations, dynamical systems and optimal control

Key words: ordinary differential equation, singularly perturbed equation, analytical
function, initial value problem, boundary-layer line, level line

For solutions of initial value problems for singularly perturbed linear and weakly
nonlinear ordinary differential equations and systems of equations in complex
domain with analytical functions, some following new notions are introduced:
boundary domains, boundary-layer lines, regular and singular domains, intermediate
boundary domains and intermediate boundary-layer lines, grids of level lines.

Various forms of boundary-layer lines are found and dependence of boundary-
layer lines on initial values of the argument.

The new phenomena of boundary domains stretching up to infinity is
discovered.

An example of equation with boundary-layer lines on a Riemann surface is
constructed.

With assistance of the new method of uniform descent (ascent) there are found
broad sufficient conditions of arising of the phenomena of prolongation of loss of
stability generating results obtained by other authors previously.

With assistance of the Lagrange polynomial and the generalized Lagrange
polynomial there is proven existence of boundary-layer lines passing across given
points and branching at them.

There are found sufficient conditions of existence of intermediate boundary
domains and intermediate boundary-layer lines for solutions of systems of equations
of the second order with analytical functions.
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