Y3BEKUCTOH MUJUIMA YHUBEPCUTETHU XY3YPUJIATY ®AH
JOKTOPU WJIIMHNU JAPAKACHUHU BEPYBYM 16.07.2013.FM.01.01
PAKAMJIA WJIMHMM KEHT AL

YPI'AHY JABJIAT YHUBEPCUTETH

AXIINMYPATOB AJIMIIEP BEKYAHOBHNY

JIABPU KO ®OUITUEHTJIN JUDDPEPEHIIUAJI OTIEPATOPJIAP
YUYYH TECKAPU MACAJIAJIAP BA YJIAPHUHI TATBUKJIAPU

01.01.02 — quddepeHunal TeHrjIamMajgap Ba MaTeMaTuk Gusnka
(pu3uka-MmareMaTuKa (paHIaApPH)

JOKTOPJIMK JMCCEPTALIUACU ABTOPE®EPATHU

Tomkent — 2015



VIK: 517.957

JIOKTOPJIMK auccepTANUsICH aBTopedepaTH MyHIAPHKACH
Oraasienue apropedepara J0KTOPCKON AUCCePTAIMA
Content of the abstract of doctoral dissertation

SxmmmypatoB Anumiep bekuaHoBu4
Haspuit ko3pdunmentian nuddepeHiman oneparopiiap yuyH TeCKapH
Macanagap Ba YIAPHUHT TATOUKIIAPH. ....ccouverrernurenireenieeereeniaenireenseeseesneennees 3

SxmmmypatoB Anuiep bekuaHoBu4
O6patHbie 3a1auu 1151 AU EepeHIINATBHBIX ONIEPATOPOB C
NEePUOINYECKUMU KOIDPUIIUEHTAMU U UX TPUTIOKEHUS «.enveenneanneennnnnnn. 25

Yakhshimuratov Alisher Bekchanovich
Inverse problems for differential operators with periodical coefficients and
thelr apPlICAtIONS ......viiiiiiiiciie e e et 47

OBJIOH KWJIWHIaH HUIJIAp pyrhXaTu
Cnucok onyOJMKOBaHHBIX padoT
List of published Works...........oooiiiii 68



Y3BEKUCTOH MUJUIMA YHUBEPCUTETHU XY3YPUJIATY ®AH
JOKTOPU WJIIMHNU JAPA’KACHUHU BEPYBYM 16.07.2013.FM.01.01
PAKAMJIA WJIMHMM KEHT AL

YPI'AHY JABJIAT YHUBEPCUTETH

AXIINMYPATOB AJIMIIEP BEKYAHOBHNY

JIABPU KO ®OUITUEHTJIN JUDDPEPEHIIUAJI OTIEPATOPJIAP
YUYYH TECKAPU MACAJIAJIAP BA YJIAPHUHI TATBUKJIAPU

01.01.02 — Mud¢epenunal TeHrjIaMmagap Ba MmareMaTtuk Gpu3nka
(pu3uka-MmareMaTuKa (paHIaApPH)

JOKTOPJIMK JMCCEPTALIUACU ABTOPE®EPATHU

Tomkent — 2015



JIOKTOPJIMK AMccepTalMsicd MaB3ycH Y30ekucron Pecnybamkacn Basupaap Maxkamacu
xy3ypuaaru Ouuii arrectanusa komuccusicuaa 30.09.2014/B2014.3-4.FM91 pakam O0uian pyiixarra
OJIMHTaH.

JIOKTOPIIMK IUCCepTalUsICH Y PraHy JIaBJaT YHUBEPCUTETH 1A OakapHIraH.

Huccepranus aBTopedepatd yd Twiaga (Y30ek, pyc, uHriam3) Miamuii keHrain BeO-caxudacu
(http://ik-fizmat.nuu.uz/) Ba «ZIYONET» Tabium  axOopor TapMmoruma (Www.ziyonet.uz)
YKOWJIAIITUPUITaH.

HNiamuii MmaciaaxaTum: XacaHoB AKHa3ap bexkaypaneBuu
¢u3nKa-MaTeMaTHKa (paHIapu AOKTOpH, pod)eccop

Pacmuii onmoHeHT1ap: Taxupos Ko3ua OcranoBu4
¢uznka-MaTeMaTHKa (paHIapu JOKTOpH

Kacumos llaxkup6aii 'annapoBuy
¢uznka-mMaTeMaTHKa (paHIapu JOKTOpH

dypauer Aypaumypon Kanangaposuu
¢u3KMKa-MaTeMaTrKa (haHIapu TOKTOPH

ETakuyu TalIKUJIoOT: BOIHI(I/II)II AaBJaT YHUBEPCUTETHU

Jlucceprarms xuMmosicn Y30ekncTon Mummii yHuBepcuTern Xysypumarun 16.07.2013.FM.01.01
pakamiau MiMuil KeHralmHMHT «  » 2015 #inn coart Jard Makiuicuzaa Oymuo
yramu. (Mamswn: 100174, TomkeHnt 1., Onamaszop TymaHHu, YHUBeEpcUTET kydacH, 4-yil. Tem.: (99871)
227-12-24, daxc: (99871) 246-53-21, 246-02-24, e-mail: nauka@nu.uz.)

JIOKTOPITHK JMCCEpPTALMACH OMIaH Y36eKHCTOH MUIIHiI YHUBEPCHTETHHHHT AXGOpoT-pecypc
MapKa3uaa TAHUIIAII MYMKHH ( pakamu OuiaH pyiixarra onutras). (Manszun: 100174, TomukeHT .,
Onmazop Tymanu, Y HuBepcuTeT kydacu, 4-yit. Temn.: (99871) 246-02-24.)

Huccepranus aBropedeparu 2015 #nn « » KYHU TapKaTUJIIH.
(2015 #mm « » Jaru pakamiu peectp OaéHHOMACH).

B.A.lllouMKy10B
daH 10KTOpH WIMUIA NapakaciHu Oepysun Mnmmmii
KEHTalll pauc, ¢.-M.¢. 1.

A.X.Xynoiidoepauen
daH 10KTOpH WIMUIA NapakaciHu Oepysun Mnmmii
KEHTalll WIMHIA KOTHOH, {.-M.}.H.

M.C.CaoxuiiuHoB
dan 10KTOpH WIMUIA NapakaciHu OepyBun Mnmmmii
KEHTalll Xy3ypuJaru WiIMUi ceMuHap pauce, ¢.-m.¢. 1.,
aKaJeMUK



Kupum (10KTOpJIMK quccepTanusicCi AHHOTAMUSICH)

Jucceprauuss MaB3yCHMHHMHI [J0J3apOauru Ba 3apypatu. Crekrpain
aHAJIM3HUHT TECKapu Macajanapy TaOMaTHUHT TypJiu coXajapuja, MacajlaH, KBaHT
MEXaHUKacHuJa »HHEPrus caTxjlapy MabjiIyM OyiaraHuaa aroMJIapHUHT WYKU
KyWwIapuHU aHMKJIallja, paguo-TeXHUKajaa Oup >KUHCIAM OYaMaraH y3aTuiln
JUHUSUTAPUHUHT TapaMeTpilapuHu CUHTE3Jalla, 3JIACTUKIMK HazapusIcuaa Xoc
TeOpaHMILIap YacToTanapu Oyiinya OalKkaHUHT KYHJATaHT KECUMHUHM aHUKJIAIIAA,
reopu3nkana HMMIENAaHC XapakTepuUCTHKajnapu Oyinya Ep wuuku kaTiaammapu
AIEKTPUK XOCCATAPUHM aHUKJIAIA BY)KY/ra Kejaaau.

Caés cyBmaru y3yH rpaBuTauus TYJIKUHIApUHU TaBcuuaiinuran Kopreser-
ne ®Opu3 TEHTIaMaCHMHH aHUK €YWII YYyH COYMJIMIN HAa3apHWsCHHHUHT TECKapu
Macajacu yCyju sipaTWIraHugaH cYHr, nuddepeHinuan omnepaTtopiap CHeKTpal
HA3apISICHHAHT MYXUMJIMTH KeckuH optau. Oxubarna, (U3HKaHWHT TYpJId
coxajapuja Kyn COHJIM aMaluid TaTOWKKa »ra Oynran, Oy ycyijaa edusiaaura,
OOIIKa HOYM3HMKIIM HBOJIIOIMOH TEHTJIaManap tonwiau. Macanan, Oy TeHrjiaMmanap
ra3Majard MOH-TOBYII TYJIKWHJIAPUHM, HO3UK IUIa3Malld LMIUHApAA JleHrmiop
TYNKUHIAPUHN, TUAPOAMHAMHKANATH TYPJIU TYIKUHIAPHA TaXJIWI KHJIWIIIA
xocun Oynamu. Houmsuknu ontukana Byxkyara kemanurad llpenunrepHunr
HOYM3HUKJIM TEHIJIaMaCHMHU €YUl YYyH TECKapu Macaya yCYJIMHUHT KYJUTaHWIAIIN
ONTHUK COJUTOHJIAD HA3aPUSCUHUHT SPATWIAIIUTA ONUO KeJIIu Ba COJMTOHIIHU
Mojieliapra JOMp SIHTM MHUCOJUIApHU Tomuiira yn ounu. bynpan Tamkapu, Oy
yCcyd Tyna WHTErpajUlaHyBUYM TEHIJIaMallapra SIKUH TEHIJIamMaliap cHucTeMallapu
éprnamuna TaBcu(aHagUraH XoAMcCAlAp TaXJIWINIa SHrM  EHAAIIYBIApHU
PUBOKJIAHTUPUINTA UMKOH OEp.IH.

XaKkukui (GU3MK CcUcTeManap KIACCUK TEHIJIaMaJapHUHT MOJIudUKaIus-
napuaaH Oupu OyiraH MocjaHTaH MaHOalu TeHIVIamanap OuiaaH TaBcudIaHAH.
bynnan tamkapu, QU3MK cucTeMallapra TabCUp KHIYBYM Kyujap (akaT 4yeksiu
BaKT Opajufujia 4Yekiu OYyiaau, WIyHUHT Y4YyH XaKUKUid Mmojemnap (a3oBuit
y3rapyBun Oyiinua naBpuil Ba Jespaud JaBpuil (QyHKuusiap cuHdiapugarua
TEHIJIaMallapHu ypranuimra onaud kenuHaad. CrekTpan aHaJW3HUHT TecKapu
Macajanap yCyJuHU HOYM3UKIW ONTHKA, IJa3Ma (QU3MKacu, TUIPOJMHAMUKA Ba
OOIIKAa COXAJIAPHUHT TYpJIM Macajajapura TaTOMKIapu YCTyBOp MyHanuuuiapaaH
Ooupu 6YIuO KeIMOK/Ia.

Xo3upAa COJMTOHJIAP HOYM3BUKIW TYJIKUHIAD JHWHAMHUKACUHUHT KYNTryWHA
MyaMMoOJapuaa acocuid oObekTIapaan Ooupu O0ynub xonmu. Oxupru wuuiapaa
ONTUK  COJIUTOHJAP  TEJEKOMMYHHUKAIMS  TEXHOJOTHsAJapuaa  KYJUlaHuia
oouvtanau. ConuToHNap Ha3apUsCUIArH TAAKUKOTIAPHUHT MYXMM KHCMHUHU
PE30HAHCCU3 MYXMTIIapAa HOUM3UKIN TYJIKUHIAP TapKaJIMIINWTa OUJ TaAKUKOTIap
xocun Kuwiaau. by HazapusHunr Opoin O6YiiM MHUHTaKajapura Ouj SKOJOTHUSHUHT
TYypJu MyaMMOJIapUHHU €UUIITra UMKOH OepyBUM TMAPOJAMHAMUK Macajanap OuiiaH
OOFJIMKJIMIY JUCCEpTaIsl MaB3ycu OWiiaH OOFJIMK TaJAKUKOTIAPHUHT 3apypaTHHU
nudonananu.

TankuKOTHUHT pecnmyOjuka ¢aH Ba TEXHOJOTUSJIAPH PHUBOKJIAHUIIN-
HUHI YCTYBOPp HyHaJquuuiapura OOFJIMKJIMIA. Maskyp auccepranus
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pecnyOnuka ¢aH Ba TEXHOJOTHUsIIAp pUBOXKIAHUIIMHUHT P4 «MatemaTuka,
MeXaHHKa Ba UHPOpPMATUKa» YCTYBOp HyHaIuIura MyBohux 6akapuiras.

Juccepranus MaB3ycu OyiiM4a XOPWKHI MIMHUHI TaAKHUKOTJIAP IIAPXH.
Yexnu opanukaard Ba spuM Ykaaru auddepeHnuran Ba UYEKIM alupManu
omneparopiap y4yH TypJiM XWJI KYPUHUIIAATH TECKAPU CIEKTpall Macaiaiap €4uMu
ATOHAJIUTY Ba MaBXYAJIMTUHUHT UCOOTIApH, YIIapHU TOMMII YCYJUTAPUHUHT UILIa0
YUKWIMIIK XaMJa Typiau Xuil QyHKUusiaap cuHdiapuga OyTyH Ba SipUM YKaaru
HOYM3UKIN 3BOJIONUOH TEHIVIAMAIAPHU €UYWIIJA TECKAPU Macalajlap yCYJIUHHUHT
TaTOMKJIapu WYHANMIIApHUa €Takuyd MaMJakaTjJapHUHT WIMHA Mapkasziapu Ba
yHUBEpcUTeTnapuaa, xymiagad Oxcdopn ynusepcuretd (Anrnus), Ltyrrapr
yuuBepcutetn (I'epmanus), HIBeuus Kupommuk yuusepcutetun (IlBenus),
Hazapuit ¢usuka xankapo wmapkasu (Mramus), Bena yHuBepcuteTH, OpBUH
Mpenunrep uHcTuTyTH (ABCTpusi), P.Kypant HomMumaru martemaTtuka (daniapu
MHCTUTYTH, «KJIapKCOH KOJIEX» ONMI TEXHHKAa YKYB Japroxd, bpykKiuH
MOJIMTEXHUKA MHCTUTYTH, Orailo mraTu yHUBEPCUTETH, [[pUHCTOH yHHUBEpPCUTETH
Komuaaru Tuiazma ¢usukacu nabopartopusicu (AKI), Codus yHuBepcuteTn
(bonrapust), SnpoBuii TaAKUKOTIAp MHCTUTYTH, MOCKBa J1aBjlaT YHHUBEPCUTETH,
Cankrt-IletepOypr nmaBmar yHuBepcuteTd, CapaToB [aBlaT YHUBEPCUTETH,
[TynkoBo oOcepBaropusicu, Hazapuii reodusuka uHCTUTYTH, Bomkupsa nasnat
yauBepcutetu (Poccus), [lact xapopatnap ¢usuka-rexHUKa UHCTUTYTH, Y KpanHa
Qannap akagemusicu Maremaruka HHCTUTYTHAA (YKpamHa) KEHI KaMpOBIU
WIMUN TaJIKUKOTIap 0Ju0 OOpUIMOK/IA.

Cnexktpan aHaJIW3HUHI Teckapu Macananapu Ba Kopreser-ne @pus
TEHIJIAMACHUHM aHUK €YUl YCyJUJIapu o3acujiaH oJub OopwiraH WIMHNA
TaJKUKOTIAp HaTWXKacuja >KaXOH MHKEcuMaa Oup KaHuya J0Ja3apd Macanajiap
euwsirad OynuoO, »KymiaaaH, KyWuaaru WIMHAA HaTUXKajdap OJIMHTaH: SpuUM YKIaru
Ba OyTyH YKIaru KBaHT COYMJIMII Ha3apHUsCUHUHI TECKapu Macajlajapy e€4uiraH
(Oxchopn ynuBepcuret, «KiapkcoH koiuiex» ONUMN TEXHUKA YKYB J1aproxw,
bpyknun nonutexHuka uHCTUTYTH, [lact xapopatnap  (Qu3MkKa-TeXHHKA
uHctutytd, Cankr-lIlerepOypr maBnar  ynuBepcuretw); typm-Jlnysumn
ONEPATOPU YUYH TYPJIH XWJI KYPHUHHUIIJATH TECKapH CIIEKTpal Macaiajlap €4rMMHU
aroHanurn  ucbomnanran (IlynkoBo oOcepBaropuscu, IlBemus Kuposmauk
yHuBepcutetd, Hazapuii reodmusuka wuHctuTyTH, [lacT xXapopatnap ¢usnka-
TexHuka uHCTUTYTH); KopreBer-ge ®@pu3 TeHramacu «Te3 KaMaloBUU»
¢byukuusanap cuHpuga euwirad ([IpyHCTOH yHUBEpCHUTETHM KOLIMAArW IUia3ma
¢usukacu  nabopatopuscu, P.Kypant HoMugarm wmarematuka —GaniIapu
uHctutyt); KopteBer-ne @®pu3 TeHrnamacu JAesapid AaBpuil  (QyHKuMsIIAp
cunpuna euwitran (MockBa nasnat yHuBepcuteTd, Cankt-lIleTtepOypr nasnat
YHUBEPCUTETH ); IpenuHrepHuHT HOYM3UKJIN MoAU(pUIUpPIIAHTaH
TEHTJIAMACUHUHT  JIesIpiiM  JaBpuil euumiapu Tonuiradn (YkpaumHa ¢annap
Axanemusicu MaTtemaTuka HMHCTUTYTH); OYTYH VKJIard KBaHT COYMJIMII
Ha3apUsCUHUHI TECKapu MacallaCh CWDKUTWITAH YEKJIHW 30HAIM IMOTEHIMaJuIap
cunpuna eunnrad (Bena ynuepcuret, DpBuH lllpenunrep MHCTUTYTH); YEKIU
opanukna Beiin-Tutumapm ¢yHkumscu Oyiinya KOMIUIEKC KUHMaTIM Ba
MatpulaBuil  kodpduuuentin auddepeHman omneparopiap Y4YyH TeCKapu
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Macananap euwirad (CapaToB [JaBiaT YHUBEPCUTETH); IOKOPH TapTuOaaru
muddepeHnran oneparopiap y4yH peryjispialliTUPWIraH H3JIapHU XHCOOJIalln
ycyJulapu MU0 YMKWITaH, CHHTYJsIp Koddduuuentiu auddepenuuan
orepaTtopiap y4yH Teckapu macananap eunwiran (MockBa AaBiaT YHUBEPCUTETH);
aXpaJMaral 4erapaBWil IIapTJIA Ba 4YerapaBuid MIApTHUIA CIEKTpald mapameTp
Oynran nuddepeHman oneparopiap Y4yH TecKapu Macajajap euyuiraf
(bowikupn  nmasnatr  yHuBepcutetu); llTypm-JluyBuin omeparopu  qaBpuit
MOTEHIMAIMHUHT CWJUTMKIMK CUH(QU OWJaH JIaKyHalap Y3YHJIUKIAPUHUHT HOJIra
MHTWINII TapTUOM opacuaa OormuKiIuK ypHatuirad (Oraiio mrati YHUBEPCUTETH,
Codus ynusepcutetu, LITyTrapT yHuBepcureTu).

byryuru kyHna paBpuil MarpunaBuil koddduumentnun nuddepeHnuan Ba
YeKJIM ailupMalid oneparopiap yuyH xamjaa rpada Kapainaauran nuddepenunan
Ba YEKIHM AaWHpMaId ONEpaTopjap Y4YyH TECKapu CIEKTpal Macajiaiap
Ha3apusACUHU WNUIA0 YWk, (a3oBUil y3rapyBuMcH rpadra Teruuuiy OyiraxH
MaTeMaTuK (U3MKAHUHT HOYM3UKJIM HBOJIIOIUOH TEHIJIAMAJIApUHU €YUIl YYyH
TEeCKapu Macajlajap yCYJIMHM HWIUIa0 YUKHIL, TECKapu CIHEKTpaj MacajalapHu
COHJIM EYUIIHMHI TYPFyH QJIrOPUTMIIAPUHU TONUII KaOW YCTYBOp WIMUM-
TaJKUKOT MIIAPHU amajra OIIUPUIMOKIA.

MyaMMOHMHI YpraHwIraHJuk aapaxacu. J{aBpuil, yekiau 30Hanu Oynuiu
mapt 6yamaran, noteHiuamin Ltypm-JInyBust onepatopu y4yH TecKapu Macalia
N.B.CrankeBuu, B.A.Mapuenko, U.B.Octposckuii, X.I1.Mak-Kun Ba E.Tpy06o-
BulmapHuHr unuiapuaa yprauuwnarad. C.IL.Hosuxos, b.A.Jlyoposun, A.P.Urtc,
B.b.MartBees, I[l.Jlakc Ba OomIKaJapHUHT HILIApUAa, AaBPUH MOTECHIIMAILIN
Htypm-JInyBusuT onepatopu ydyH KyWUITraH TeCKapu Macana €paamuja, MaHOa-
cu3 Kopreser-ge ®@pu3 TeHrliaMacH, 4eKJId 30HAIM (yHKUUsIAp cUHGUIA TYIUK
MHTErpajuIaHyBYaHIUTH UCOOTIAHTaH.

Jlupak TeHrnamanap CUCTeMacu y4yyH Teckapu wmacananap M.I.I'acumos,
b.M.JIesutan, B.E.3axapos, A.b.Illabat umnapuma ypranwirad. B.E.3axapos,
A.b.Illa6ar, C.B.ManakoB unuiapuaa Jupak oneparopu yuyH KYyWHIIraH TeCcKapu
Macajna ycynd €paamuaa Te3 KamaioBum (yHkuusuiap cuHduma peaunrep
HOYM3UKIM TEHIJAMACUHUHI TyJa WHTErpPAJUIAHYBUYAHJIWIM YpHaTWirad. byHra
yXIam HaTvXaiap JaBpuil €ku yekiu 3o0Hanu QyHkuusuiap cuHbuna A.P.Utc,
B.IL.KotnsipoB, A.O.CMupHOB Ba OOIIKaJIapHUHT UIUIAPUIA OJTMHTaH.

[typm-JInyBuI ONEpaTOPIAPUHUHT KBAJAPATHUK JACTACH YYYyH TECKapH
Macajia, kamaroBuu kodhduimentinap cunduaa, sspum YKaa Ba OyTyH YKIa, COUU-
auimn Oepwirannapu Oyitmda, M.Jaulent, 1.Miodek, C.Jean unuiapuna euuniras;
Beiin-Tutumapm ¢pynkuuscu 0Vitnua B.A.JOpko uimmaa; yekiau KkecMaja, CreKkTp
Ba HOpMaJUTAIITUPYBUX conyap Oyinua M.I".I'acumoB Ba I'.I11.I'yceliHOB TOMOHU-
naH ypranwirad; 0yTyH ykna aaspuit norenuuan o6wnan [.1I1.I'ycelinoB nnuapuaa
TaJKUK KWIMHTAH; SpUM YKAa JaBpuil YEKIM 30Hajdd MOTEHUUan OwujaH
b.A.babGaxxanoB Ba A.b.XacaHOBIapHUHT UIIIApUAa YpraHUITaH.

Tez xamaroBunm ¢Qysknusnap cunpuna Kayn cucremacu J1.K.Kayn
TOMOHM/JIaH, YeKIu 30Hanu (yHkuusuiap cuHpuga sca B.b.Marsees, M.U.SBop,
A.O.CMupHOB Ba OOIIKATAPHUHT UIILJIAPHUIA €UUIITaH.



Spum yknarn yeknu 30Hanu noreHuuaum typm-JInyBunn oneparopu
yuyH Teckapu Macana H.M. Axuesep, X. Xoxmraar, B.I'onsn0epr, b.M.JIeBuran Ba
A.B.CaBuHnapHHUHT UIIapyaa ypraHwirad. SpuM ykaaru Teckapu macana OyTyH
YyKaaru teckapu macanajnaH OupmyHuya (apk Kuiaau. Apum YK Xonuaa, MmoTeH-
HUalaH TalllKapu CHEKTpan OepuiraHiiap OpKajdd dYerapaBuil IIAPTHU XaMm
TUKJIAUI Tajlad KUIUHAIH.

Juccepranus MaB3yCHHUHT JUcCCepTalus 02KAPUJIAETraH OJIMH TabJIUM
MYaCcCACACHHMHI WIMHH-TAAKHKOT MILIAPH OMIaH OOFIMKIMIH. TaaKUKOT
Ypranu JaBJIaT YHUBEPCUTETUHUHT OT-®1-002 «typMm-JInyBumn
ONEPATOPJIAPUHUHT KBAJAPATHUK JAacTaCM YYyH TYFpPU Ba TECKapU CIEKTpal
Mmacananap» (2007-2011 i1ii.) unMUR-TaAKUKOT pekacura MyBOpUK Oa>kapuiiraH.

TaaKuKOTHUHI Makcaaum naBpuil kodpduurentiu auddepeHuan omnepa-
TOpJIap Y4YyH TECKApU CIEKTpaJ MacalajlapHd €YUIl Ba YJIapHU HOYM3HUKIIH
HBOJIIOIIMOH TEHTJaMajapHU eduilnra TaToOuK Kuwiuil, {upak omepaTopu Xoiuaa
bopr Teckapum TeopeMacMHMHI aHAJIOTMHU HCOOTIAIll, SpUM YKIa JaBpuid
MOTEHIMAJUIN Itypm-JInyBusin orepaTropu Ba HITypm-JInyBuiun
ONEPATOPJIAPUHUHT KBaApaTUK JacTacH Y4YyH TeCKapu CHEKTpaj MacajlaHu
euMIlIaH uoopart.

TankukoTHUHT Bazudaaapu Kyiiugaruiapaan uoopar:

naBpuil ¢yHkuusiimap cuH@uaa mocinanran manOanu Kopreser-ne ®pus
TEHTJIaMacH TYJia MHTETpaJlJIaHyBYAHJIUTUHU UCOOTIIAI;

Jlupak cucTteMacu y4yyH KyWWIraH IaBpUM Ba aHTHUIABPUN Macajajiap XocC
BEKTOP-QYHKUUAJIAPH KOMIOHEHTAJIAPUHUHT KBaJpaTjiapyd Y4YyH alHUSTIAp
OJINILL;

napuil  yukuusiap cunduaa IlpenuHrepHuHr MociaHraH MaHOanu
HOYM3HUKJIU TEHIJIaMacu TYJa MHTErpajulaHyBUYaHIUT MHU UCOOTIIAILL;

typm-JInyBuin — onepaTtopiapd KBaJpaTHUK JAacTacd IOTEHIHAJIMHUHT
AHAMMTUKJINTYA OWJaH JaKyHalap Y3YHJIMKIAPUHUHT SKCIOHEHIMAN paBUIIAA
HOJITA UHTWIUIIMHU OOFJIOBUM T€OpEeMallapHU UCOOTIAI;

typm-JInyBuin onepatopiiapu KBaJIpaTHK AacTacu Xoymnaa bopr teckapu
TEOPEMACUHHUHT aHAJOTUHU UCOOTIAI;

naBpuil pyHkiusiiap cunpuna KaynmHuHr mocinanraH mMaHOanum cUCTeMacu
TYJla HHTErpaJUIaHyBUYAHJIUTUHU KCOOTIIALL.

TagkukoTHuHr odbexktTH llTyp™m-JInyBunn omneparopu, Jupak onepatopu
Ba llITtypm-JInyBrii1 onepaTopJapuHUHT KBaAPATUK JACTACHIAH UA0paT.

TagkukorHuHr mnpeameru Ilrypm-JInysunn, [upak omeparopiapu Ba
typm-JInyBui1 onepaTopiaapuHUHT KBAaJIPaTUK JACTACH YUYH TECKApHU CIIEKTPal
Macajajlap XaMJa YJapHUHT HOYM3HUKJIW JBOJIIOUMOH TEHIJIAMAJIAPHU WHTErpall-
Jamira TaTouKiIapuiad noopar.

TaagkukoTHUHr ycyjapu. Jluccepranusana maremMaTuk (usuka, QyHK-
MOHAJI aHAJIU3 Ba KOMIUIEKC Y3rapyBUMJId (YHKUUSTIAP HA3apUACH YCYIUIapu
KYJUIAHWJITaH.

TagKNKOTHUHT MIIMHUII SHTWIMIM Kyduaarmiapian uoopar:

naBpuil QyHkuusimap cun@uaa mocinanran wmanOanu Kopreser-ne ®pus
TEHTJIaMacH TYJla MHTEeTpaJJIaHyBYAHJIMTY UCOOTIIAHTaH;



Jlupak omnepatopu Xoiauaa bopr Teckapu TEOPEMACHHUHI  aHAJIOI'U
nCcOOTIaHTaH;

Jlupak cucTteMacu ydyyH KyWWIraH IaBpUM Ba aHTHUIABPUN Macajajiap XocC
BEKTOP-QYHKUUAIAPH KOMIOHEHTAJIAPUHUHT KBaJpaTjapyd Y4YyH alHUATIAp
OJIMHTaH;

napuil  yukuusiap cunduaa IlpenunrepHuHr wmocnaHraH MaHOamu
HOYM3HUKJIU TEHIJIaMacH TYJia MHTErpajulaHyBUYaHIUT Y UCOOTIaHTaH;

typm-JInyBuin — onepaTtopiapu KBaJpaTHUK JAacTacl IOTEHIHAJIMHUHT
AHAIMTUKJINIYA OWJaH JaKyHalap Y3YHJIMKIAPUHUHT SKCIOHEHIMAJ paBUIIA
HOJITA UHTWJIUIIMHU OOFJIOBUM TeopeMaliap UCOOTIaHTaH;

typm-JInyBuin onepatopiiapu KBaJpaTHK AacTacu Xojijaa bopr teckapu
TEOPEMACHUHHUHT aHAJIOTH UCOOTIIaHTaH;

naBpuil pynkiusinap cunpuna KaynmHuHr mocinanraH mMaHOanum cuUcTeMacu
TYJla HHTErpaUIaHyBYAHIUTH UCOOTIIAHTaH;

apuM yKaa paspui noreHuuaiid lItypm-Jlnysuwun oneparopu Ba ITypm-
JInyBunn onepaTopIapuHUHT KBAaJApaTUK J1acTaCH YUyH TECKapu CIEKTpaJl Macalla
€YMIITaH.

TagKMKOTHUHI aMajaMii HATHKACH HOYM3UKIN TEHIJIaMaiap e4yuMmiapu-
HUHT (pa3oBuil y3rapyBuM OYyilMua aHANUTUKINIA XaKWJa OJUHTAH XyJocalapu
COHJIM XHcoOnaniapaa KyJUIaHWIAIIYM MyMKAHIUTH]IaH noopar.

TaagKuKOT HATH/KAJAPMHMHI MINOHYWIMJIMIH JaBpuil K0d3PdULIMEHTIN
muddepeHnran onepatopiap ydyH TECKapu CIEKTpall MacajajlapHd €4YMIl Ba
yJIapHU HOYM3UKJIMA DBOJIIOIMOH TEHIJIaMaJlapHU €YuIlIra TaTOWK KWIMIIJIA
MaTreMaTuk (u3nkKa, GyHKIMOHAT aHAJIU3 Ba KOMIUIEKC Y3rapyBUMINd (yHKUIUIAD
Ha3apusCy yCYJUIAPUHHU KYJUTAIl XaMJla MaTEMaTUK MYJIOXa3aJIApHUHT KaThbUUIINTU
OuJIaH acoCIaHa/IH.

TagKUKOT HATH/KAJIAPUHUHI WIMHHA Ba aMajJuMd axaMUATH. TagKukoT
HATWKAJApUHUHT WIMUNA axaMUATH MIIAa OJUHIaH WIMUKA HaTWXKaJlaplaH
YU3HUKJIM OIepaTtopiap CHEKTpaJ Ha3apusACHIa, TUAPOJWHAMHUKANA Ba KBaHT
¢busukacuaa GpoigaaHuIll MyMKAHIUTY OUIaH U30XJIaHaIH.

Huccepranys TaIKUKOTUHHHI aMaJIMM axXaMHSITH MIIIA OJWHTaH WIMHA
HaTWXaJlapAaH MaTeMaThK (u3uMKaja HOYM3MKIM SBOJIOLMOH TEHIJamMalapHu
MHTErpajuialira TaTOuK KWl OusaH Oenruianaiu.

TagkKUKOT HATWKAJTAPMHUHI KOpUHA KWwiMHUM. [Irypm-JInyBuin
ONEPATOPIAPUHUHT KBaJAPATHK JACTACH XOJUAArW MNOTCHIMAIHUHT aHATUTUKIIATU
Ba JIaKyHajap y3yHJIUKIAPUHUHT SKCTIOHEHIIMA paBullla KaMaluIuHA OOFJIOBYU
Teopemanap, bopr Teckapu TEOpEeMacCMHUHI aHaJOrdM, MOCJIAaHTaH MaHOaIu
KopreBer-ne ®pu3 TEHINIaMaCMHM HHTETpajlalira OWJl HaTIKalap,  XamJa
CrieKTpall TmapamerpiapHu auddepennumamiam ycynu project MTM2010-
15314(Institute of Mathematics at the University of Santiago de Compostela,
Spain, 2015 #un 25 maigaru MabIyMOTHOMAacCH) XOPWIXKUWA TPAaHTHUIA MUKKUHYH
TapTHOnu nuddepeHnran TeHriaamatap ydyH ['puH (QYHKIUSCMHUHT HIIOpacu
XaKuJaru TeopeMajapHu MCOOT KWIMILIJA, MOCIaHTaH uHTerpan manOamu Tona
3aHKUPH TEHIJIAMACUHU €YU KYJUIAHWITAH.



TagKUKOT HATHKAJAPMHUHI anpofaumusicd. J(UccepTalMsHUHT acoCuid
Ma3MyHUd KyHuJard Xajgkapo Ba pecrnyOnuka MHUKECUAA YTKa3WiraH WIMHUN
amKyMaHjlapla MyxokamMa KWwidHrau: «Xycycuid xocuianu auddepeHuual
TEHIJIaMallap XamJa aHajiu3 Ba MHPOPMATUKAHUHT EHAOL MyaMMOJapu»
(Tomkent, 2004 i¥wi), «Marematuk (U3MKAHUHT Ba  WHQPOPMAIMOH
TEXHOJOTUAJIADUHUHT  3aMoHaBui  Myammonapu» (Tomkent, 2005  itun),
«Tarbukuii MaTeMaTUKaHUHT Ba MHOOPMAIIMOH TEXHOJIOTHSUIAPUHUHT 3aMOHABHIM
myammonapu — An-Xopasmuit 2009» (Tomkent, 2009 #un), «MarteMaTtux
aHAJTU3HUHT J013ap0 Myammonapu» (Ypranu, 2012 i#wn), «duddepeniuman
TEHTJIaMaJIapHUHT 3aMOHABUI MyaMMoOJIapu Ba yJaapHUHT TatOukiaapu» (TomkeHrt,
2013 i), «MatemaTuk (U3MKAHUHT HOKJIACCUK TEHIJIaMajapd Ba YJIapHHUHT
tar6uknapu» (Tomkent, 2014 ium). Maskyp wm  Y36ekuctoH Mummit
YHUBEPCUTETH Koluaaru MaremaTika HHCTUTYTHHUHT «XyCyCUH XOocuiaiu
mubdepeHnran TeHriamanap Ha3apUsACHUHMHI 3aMOHABHM MyaMMoiapu» Ba
«Omneparopnap  anrebpajapu Ba  yJdapHMHr  TaTOMkiIapu»  PecnyOnuka
CeMUHapJIapuaa, V36ekucron  Mummii YHUBEPCUTETUHUHI  «XHcoOiall
MaTeMaTUKach Ba MaTeMaTUK (U3MKAaHUHT 3aMOHABUH MyamMMoJlapu» Ba
«DyHKIMOHAT aHaJIU3 Ba YHMHI TaTOMKJapW» ceMuHapiapuaa, MockBa naBiar
YHUBEPCUTETH MaTeMaTUK aHanu3 Kadenpacununr «{uddepenuan oneparopiap
CHEeKTpal Haszapusch» Ba (YHKIMOHAN aHaiu3 KadeapacuHuHr «MartemaTuk
bu3ukaga omepaTopiad  MoJeUIap»  CeMUHapiapuia, bomkupa — JaBiaT
YHUBEPCUTETUHUHT «OrepaTopiap CHEKTpal Ha3apusICHd Ba YHUHT TaTOMKIapu»
CEMUHApHIa MyXoKama KUJIUHTaH.

TaaKuKOT HATHKAJAPMHHMHI 3bJOH KWIMHUIM. J[MccepTanus MaB3ycu
Oyiinya >xamu 31 Ta WIMHI M, )KyMJIagaH, MUJUIHN )KypHaiiapaa 7 Ta, Xajakapo
KypHauapaa 9 ta Makoja, WIMHIA aHKymaniapaa 15 ta Te3uc Haulp STUIraH.

JluccepTauMsAHMHT XAKMHM Ba Ty3Wwnmm. [luccepTaius KUpHUIL KUCMHU,
TyprTa 600, Xyjnocanap Ba dQoinanaHuwiran anabuériap pyWxaTuaaH TallKWUII
tonrad. Mmuunar ymymuit xaxmu 179 Oernman, amabuérnap pyiixatu 227 Ta
HOMJIaH ubopar.
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JINCCEPTAIIUSITHUHT ACOCHII MA3SMYHH

Kupum xucmuaa aumccepranus MaB3yCHHUHT J0J3apOMru Ba 3apypaTu
acocjlaHraH,  TaJAKUKOTHUHI  pecnyOivka  ¢aH  Ba  TEXHOJOTHUsJIApU
PUBOXJIAHUIIMHUAHT YCTYBOp WYHAJIMIILJIApUra MOCIUTH KypCaTWITaH, MaB3y
Oyiinya XOpPWXHUM WIMHH-TaIKUKOTIAp IIapXd, MYAMMOHHHI YPraHuUJITraHJIUK
Japakacu KeITHPUITaH, TAAKUKOT MakKcaau, Bazudanapu, oOObEKTH Ba MPEIMETH
TaBcU(JIaHTaH, TAAKUKOTHUHI WJIMUN SHTUJIUTH Ba aMajuil HaTwxanapu OaéH
KWIMHTaH, OJIMHIaH HaTWXXAJapHUHT Ha3apuil Ba aMaluid axaMHsITH O4Yu0
Oepuiras, TaAKUKOT HATHKAIAPUHUHT KOPUM KUIMHUIIM, HAIIpP STUJTAH UIILIap
Ba JIUCCepTalLMs TY3WINMIIN OYiinya MabIyMOTJIap Oepuira.

Hucceprauusaauar «byryH yxkaarm paspuit nmoreHuuanau  Hrypm-
JInyBmJ1 onepaTropu y4yyH TecKapu MacaJia» 1e0 HoOMJIaHTaH OupuHYM 000maa
naBpuii noreHruamu Ltypm-JInyBunn teckapu macaimacuHu Kyiutabd, gaBpuit
¢byukuusanap cuHpuga mocnanran ManOanu Kopreser-ne @pus TeHriamacu tyia
MHTErpajuIaHyBYaHIUTH UCOOTIIaHTaH.

bupunun OOOHMHT OMpPHHYM Ba WKKMHYM Maparpaduapuia, IuccepTanus
Ma3MyHUHH 04MO Oepula MUIUIATUIAAUTaH, OyTyH VKAaru AaBpuil MOTEHIMAILIN
[Itypm-JInyBuin onepaTopu ydyH KYyHHIITaH TECKAPU CIEKTpal macajiara OuJ
OYnraH MablyMOTIap KEJITUPUITaH.

Kyitugaru Itypm-JInyBuiin onepaTopuHu Kypud dukamus

Ly=-y"+q(x)y=21y, xeR', (1)
oynna q(x) e C'(R') — xakukuii 7 1aBpiu QyHKIHMSL.

c(x,A) Ba s(x,A) opkamu (1) tenrmamanuur c(0,A)=1, ¢'(0,4)=0 Ba
5(0,4)=0, s'(0,A)=1 OouulanFruy MmMapTIAPHA KAHOATIAHTUPYBYH CUMMIIAPUHU
oenrunaiimus. A(A) =c(n,A)+ s (7, A) ¢ynxumsra JlanyHoB (QyHKIUACH EKu
XWUT TUCKpUMUHAHTH Aerunanu. Kyiunaru

W (x.0) = c(x.2) + s'(m, A)—c(m, ) F /N (L) -4 S(x. )
B 2s(m, )
eunmHu (1) rerrnamanuar droke eunmu Ae6 aTam KabOysl KWIHMHTaH.
(1) omepaTopHUHT CIEKTPU KyHUIAry TyIuiaMaaH noopaT

E={leR: -2<A(A)<2}=R' \{(—oo, ) 0(12,,_1,12”)}.

n=1

Ymby (-0, 4,),(4,

&, n=12,... opkamu (1) TeHrnama y4yH Kyiuiaras /lupuxiie MacaniacuHUHT

1> A,), n=1,2,... UHTepBajIapra JaKyHajaap AcHnIaau.
Xoc Kuiimatnapunu Oenarunainmus. & €[4, ,A, ], n=1,2,... S5KaHIUTUHYU KYpUIll
KHUWHUH dMac.
Tavpup 1. &, n=1,2,... connap Owian o, = sign{s'(ﬁ,ﬁn) - c(ﬁ,ﬁn)},
n=1,2,... nmopanapra (1) MacaJaHuHT CHIEKTpaJl apaMeTpiiapy JAehuiaiu.
Tavpu¢ 2. Cnexrpuunr A, n=0,1,2, ... derapanapu Ba & ,0,, n=12, ...
cnekTpal napamerpiapra (1) macaiaHuHr criekTpan Oepuiraniapu Jedunaam.
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(1) macanaHuHr criekTpan OepuiraHiapyuHu TOMUII Macajacura TyFpu Macaia
aedwnany, cnekrpan Oepwiraniap OVyitmdya ¢(x) TOTEHUHWAIHA THUKJIAII

MacaJlacura 3ca Teckapu Macala Jeiniiaau.

bupunun G00HUHr yuyuHYM maparpaduga aaBpuil noreHruamum Typm-
JInyBuin Teckapu MacanacuHu Kyiiab, mocnanran manOanu Kopreser-ge ®pus
TEHIJIaMacH aBpuid GyHKUMsIap cuH(UIa UHTErpaJlIaHT aH.

Ky#tunaru mocnanran man6anu Kn® tenrnamacunu

ql = qxxx - 6qqx +
+2[ BA0)s(7, A0 (X, 4,0) -y (x,A,0)),dA, >0, xeR', (2)
0

yioy

q(xX,1)|_, =qo(x) 3)

Oouutanruy mapTt OwnaH Oupra kypub uumkamu3z. Ulynnait xakukuit g = q(x,t)

(GYHKIUSHYA TOTUIN Tajald KUJIWHAIWKHU, Y X Y3rapyBuu Oyiinuda r naBpiu 0Yiauo0,

ymoy

q(x,0)eC:(t>0)NC/(t>0)NC(t>0) (4)

CWUIMKJIUK IIapTIapuHu KaHoatinaHntupcuH. by epna B(A,t)eC ([O, ) x [0, oo)) -

Oepunran  Xakukuit  QyHkmus  6ymu6,  B(A,0)=0(1"), L >  Tekuc
acUMNTOTHKara ara, v (x,A,t) GyHKUusuap

L@t)yy=-y"+q(x,t)y=24y, xeR' (5)

HItypm-JInyBmwin tenrnamacuHuHr (y,(0,4,7)=1 mapt OuinaH HOpMalJaHTaH)

dnoke eunmiapu, s(x,A,t) Gyukuus (5) renrnmamanunr s(0,4,1)=0, s'(0,4,7) =1

OOIITaHFUY IIApPTIApHU KaHOATJIAHTHPYBUM euuMmu. A, , (kK =0) opkamu Ou3 (5)

TEHIJIaMa Y4YyH KYWWIraH JOaBpuid €KW aHTUAABPUUA MacajajJapHUHI  XOC
KUIMAaTIapuHu OeNruiaiMus.

bupunun 000 yuuHuM mnaparpadUHUHT acoCHM HaTWXacu KyWujaaru
TeopeMasia udoaanaHras.

Teopema 1. Arap (q(x,?), v, (x,4,1), w_(x,A,t)) yunuk (2)-(5) MacaJaHUHT

eunmu Oyica, y xonna q(x + 7,¢) norenunamuu typm-JInyBuin onepaTopuHUHT
CIEeKTpH T Ba { mapamerpinapra Oormuk smac, & (r,t), n=1,2,... coekrpai

napaMmerpiap 3ca JlyOpoBHH TeHrjaamajlap CHUCTEMacH aHAJIOTMHHU KAaHOATJIAaH-
TUpAIU:

aén —(_1\" _ _ v _ = (2“21\7—1 _én)(zﬂk _én) v
- 2D, CONCIEV N VRS \/(éfn io)g @ -£)

k#n

x {2Q(r,z‘) v4E, + T“”»i;»i)fw)

by epmaru o, (7r,t) unmopa & (7,f) choekTpan mapameTrp Y3uHUHT [A, , A, ]

di},nkl. (6)

JIAaKyHacH 4eTHUra KelraHuaa Kapama-KapIly hiopara y3rapaiu.
bupunuu uznap opmymnacunu
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Q00 = Ao + 3 gy + Aoy = 25,(5,0)), 7

Ba
s(m A t,T)= ﬁﬁfk(f;c#
k=1

éimnManu uiaTuo, (6) cucreMaHnu €MUK KYpUHUIIIA E3UIT MyMKHUH.
Hatuxa 1. (6) cucrema Ba OupuHuM uznap ¢gopmynacu (2)-(5) macanaHu
eunill ycyauHu 6epaau. bynunr yuyn aBBano Lltypm-JInyBumn TeHriaMacuHUHT

q(x +1,0) =¢q,(x +7) morennmanra Moc kenysun A, n>0, £'(r), o\ (r), n>1
criekTpan Oepunrannapau Tonamus. CyHrpa, (6) JyOpoBHH TeHTIamanap cHucTe-
mack yuyn &,(7,1)| =5, (), 0,(z,1)
(7) n3nap ¢opmynacu 6yinya ¢(r,t) Hu Tomamuis. lllynnan cyur, v, (x,A,?)

0
0=0,(1), n=21 Komu macanacunu euuo,

dii0Ke eyuMIapUHUA TONUII KUHUH HMac.

Haruxa 2. Arap ¢,(x) OonutanFud (QyHKIMS XaKUKUM aHaIUTUK Oyica, y
xonga q(x,t) GyHkuusa xam x Oyin4a XakuKUi aHAJIUTHUK OYIaau.

Harwmxa 3. Arap 7 /n conu ¢,(x) Oomutanrud QyHKIUSHUHT JaBpu Oyica, y
xonga 7/n conn q(x,t) GYHKIUSHUHT XaMm x OVitmda maBpu Oymamu. By epna
n =2 HaTypall COH.

bupunun 600HUHT TYpTUHYM naparpaduna o304 xaau (a3oBuil y3rapyBuura
oornuk O6ynmaran Kopreser-ne @pu3 TeHrinamacu AaBpuil GyHKuusIap cuHpuia
MHTErpajIaHraH.

HucceprauusaHuar «bByTyH VKaaru Jgapuii  noreHuuaaam Jlupak
onepaTopu YYyH TecKapu macaja» jeOd HOMJIaHTraH WKKUHUYM O0oOmma Jlupax
ornepaTtopu Xoiuaa bopr Teckapu TeopeMacHHUHI aHajorjapu HCOOTIaHTaH,
Jlupak TeHriamanap CHUCTEMacu Y4YyH KYWWIraH JOaBpuid Ba aHTUAABPUU
Macajanap XoC BEKTOp-(QYHKIMsUIApU KOMIOHEHTAJAPUHUHT KBaJApaTiapu y4yH
allHUsATIap OJIMHraH XamJa JaBpuil NOoTeHUHauIM Jlupak omepatopu Y4yH
KYHWIraH Teckapu MacajaHu Kysuial, naBpui pynkuusiiap cununa Llpeaunrep-
HUHT MOCJIAaHTaH MaHOaJIM HOYM3HMKJIW TEHIJaMacu Tyjia WHTErpajulaHyBUYAHIIUTH
UCOOTJIAHTaH.

WNxxunun 600HUHT OupuHuM naparpaduga OyTyH YKaa AaBpUi MOTEHIMAILIN
Jlupak omnepaTopu y4yyH KyWMWITaH TECKapHU macajlara OuJl 3apypud MabJIyMOTJIap
KEJITUPUIITaH.

byryn Ykna kyhiunaru J{upak TeHrinamanap CUCTEMAacUHU KYpuO YuKaMu3

Lyz(o 1}(%’}(1)(}6) q(x) j(ylj:i(ylj ceR.  ®)
-1 0\»;) a0 —p@\»,) ")’ ’

oynna p(x),q(x)e C'(R") —xakuxuil 7 naBpau QyHKIUANAP.

c(x,A) =(c,(x,A),c,(x,A)) Ba s(x,A)=(s,(x,A),5,(x,A)) opkamu (8)
teurnamaduar  c(0,4)=(1,0)" Ba s(0,4)=(0,1)" OGomuaHFUY mApPTIAPHU
KaHOATIIAHTUPYBYM  eunMiiapuau  Oenrwnaiimus.  A(A) =c (7, A)+5,(7, 1)

¢yukuusara (8) [upak omnepatopu yuyH JlanmyHoB QyHkmusicu €xu  Xuid
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AUCKpUMUHAHTH Jedwnagu. by xonna (v, (0,4) =1 mapr OunaH HOpMaJlaHTaH)
@droke eunmiapy Kyuujaaru KypyuHUIITra sra

2 — ey + 2D —amAF JN (L) -4 ).
2s,(m,2)

(8) omepaTopHUHT CIEKTPU KyHUIaru TymiamaaH noopat

E={AeR': -2<A(1)<2}=R \{ 0(/12”_1,/12”)}.

Yoy (4,, ,,4,,), n € Z uHTepBaNnapra JaKyHaiaap AeHUIa u.

&, neZ opkamu s,(w,A)=0 TeHIIaMaHMHI WIOU3JIApUHU OearuiaimMus.
&, €A, 4,1, n € Z myHocabatnap Oaxkapunaiy.

Tavpugp 3. & €[4,,,,4,,] connap Ounan o, =sign{s2(7r,§n)—cl(ﬁ,ﬁn)},
n € Z nmopanapra (8) MacaJaHUHT CTIIEKTpas mapameTpiapu JCHHUIaIu.

Tavpu¢ 4. Cnexkrpuunr A , neZ derapanapu Ba & ,0,, n€Z CHEKTpal
napamMetpiapra (8) MacaJaHUHT CIIEKTpall OepuiraHiIapy ACHHUIIaIH.

(8) MacamaHWHT cIEKTpall OepUIIraHIapUHU TOMHII Macajgacura TyFpy Macaa
nenunaau, crekTpan Oepunrannap Oyinua p(x) Ba ¢g(x) kodduiueHTIapHU
TUKJIAIl Macajgacura 3ca TeCKapy Macaja JeHuiaim.

Arap (8) macasana p(x) Ba g(x) ypuuna p(x +7) Ba g(x + 7) HU Kapacak, y
X0J/1a XOCWJ OYnaraH MacajaHUHI CHEKTpPU 7 Mapamerpra OOFJIMK Oyamanau:
A (t)=A,, neZ, cnekrpan mapaMerpiap 3ca 7T IapaMerpra OOFiIMK Oynanu:
& (t), o,(r), neZ. By cnekrpan napamerpiaap JyOpoBHH TeHIiIamasnap
CHCTeMAacH aHAJIOTMHU KaHOATIaHTHPAIH:

o ()"0, (O, o N, — ) Jkﬁ (o

k#n

AN
(ék B én)2

x[2&, + 2(2“21\7—1 + A, —28)], neZ.
k=—0

by epnaru o, (r) umopa & (r) cnekTpan napaMmerp Y3uHUHT [A, ,, A, ] 71aKyHacu

YyeTHura KeJraHuaa Kapama-Kaplily uiiopara y3rapaiu.
JlyOpoBHH TeHI1amanap CUCTEMAcH Xamja Kyluaaru usznap Ggopmynaiapu

0

p(t)= kzz_((lzk—l +A,)/2-&; (T))9
\/ ﬁ (;tzk—l B gn (T))(;L% B gn (T))

q(T) = Z (—1)”‘ o, (T)\/(gn (T) - /lzn—l )(A’Zn - gn (T)) . kkz_w (gk (T) _ g,, (T))2

n=—0
#n

TeCKapu CIEKTpal MacalaHu €YUl YCYJIUHU Oepaai.

Nkxunun O00OHUHT MKKUHYM maparpaduna Jupaxk omeparopu xonuna bopr
TEeCKapy TCOPEMACHHHUHT KyWHIard MKKHTA aHAJIOTH HCOOTIIaHTaH.

Teopema 2. 7/2 conm (8) TteHrmamamap cuctemacu p(x) Ba ¢g(x)

KO3 PUIMEHTIapUHUHT JaBpu Oynumu ydyH (8) cucreMa ydyH Kylwiraxn
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(¥(0)=—y(r)) anTugaBpU MacajJaHUHT Oapya XOC KUHWMaTiapu MKKA Kappaiu

OynuIyM 3apyp Ba eTapiu.

Teopema 3. Arap ( y(0) = y(x)) naBpuii MacaiaHUHT Oapya XOC KHHMaTIapu
WKKH Kappanu Oyica, y xonga n/2 conu (8) TeHrmamanap cucreMacu p(x) Ba
q(x) x0dpdULUMEHTIApUHUHT AHTUAABPU OVnanu, SbHU Kyluaaru adHusTIAp
oaxapwianu p(x+7/2)=-p(x), g(x+x/2)=—q(x).

NxxkuHun OOOHMHT yuumHuyM naparpadupga Jlupak TeHriiamanap cucTeMacu
yUyH KYyWHIITaH AaBpuid Ba aHTHIABPHI Macamajap XOC BEKTOp-(YHKIUSIapH
KOMIIOHEHTATApUHUHT KBaIpaT/Iapy YIyH allHUSATIAD OJMHTaH.

Teopema 4. (8) cucrema yuyn [0,7] kecmaga KyWWiaraH JOaBpuil Ba
aHTUAABpUil MacamamapHuHr ...<A , <A <A <A <4, <. Xoc KuiiMaTiapura
MOC KeJTlyBYH HOpMaJJIaHTaH XOC BEKTOP-QyHKIHSIIAPH

tte y—2 (X), y—l (X), J’o(x)o yl (X), y2(x)9
OyncuH. Y xonja Kyiuaaru aiHustiap Oaxxapuiaiu:

= c = c
Z akyzzk—l,l(t):_p(t)_'_aa 2 bkyzzk,l(t):p(t)+§9
k=—0 k=—c0

* C * C
Y a vy, O=pO+=, D by,(O)=—pt)+—,
2 k=—0 2

k=—o0

kZakka—l,l (f)J’2k—1,2 () =4q(), kZka’2k,1 (f)J’2k,2 () =—q(1),
OyHa

a, = ' ’ ' > c= i(i -4 —)’
¢ S Ay) ‘ g (Ay) fe=—c0 * 2

FA) =2 ]2t Ll
ok —k
s =r(- A2 At
R —k

NxxkuHun OOOHMHI TYpTHHYM maparpaduia naBpuil noreHuuamim [Jupak
OMepaTopu y4yH KyWwiraH Tteckapu Macananu Kymwiad, IllpenunrepHunr
MOCJIaHTaH MaHOaldM HOYM3UKIM TEHrjaMacu JaBpuil ¢GyHKuusuiap cuHdua
VHTETPAJIJIAHTaH.

HIpearHrepHUHT Kyiuaaru MOCJIaHraH MaHOaI HOYM3UKIIA TeHIIaMacuHU

u, = 2iuful —iu,, + [iBL0s, (20, 2,00; —iy)w; —iy;)dA, t>0, xeR' (9)

ymoy
u(x,0)],_, =ty (%), (10)
Oouutanfuy Iapt OwiaHn Oupra x OyiinMya 7 JaBpAM KOMIUIEKC-KUWMATIN
byHKuuanap cuHpuaa, Kyunaaru
u(x,t) e C2(t>0)NC'(t>0)nC(t>0) (11)
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CUIUTMKIIUK HapTiapu 6unan kypu6 uukamus. by epna B(A,t) e C(R' x[0, ©)) -
Oepunran  xakukuii  ¢yHkums — 6ymu6,  B(A,t)=0(17), A >+ Tekuc

acuMnToTukara sra, ¥ = (y; (x,A,1), v (x,A,t))" dyHkumsiap Kyiinnaru

(0 1 » p(x,t)  q(x,0) )y s !
L(t)yz(—l 0j(y£j+(Q(x,f) —p(x,f)j(yzj_l(yz} el

Jupak Ttenrnamacuruar (y; (0,A,/)=1 mapr Owiran HopMasutanran) OJoke
eunmiapu, OyHna p(x,t)=—-Re(u(x,?)), q(x,t)=Im(u(x,?)). s,(x,A,t) opkaunu,
(12) Tenrnamanunar s(0,4,¢)=(0,1)" GomanFuy mAapTIapHU KAHOATIAHTUPYBYH
s(x,A,t) €YUMUHUHT OUPUHYN KOMIIOHCHTACH OCJITMJIaHTaH.

NxkxkuHun 000 TYpTUHUM mMaparpa@UHUHT acoCUi HaTWXKacu Kylujaaru
TeopemMaaa upoaanaHraH.

Teopema 5. (u(x,t),y " (x,A,t),w (x,A,t)) yumuk (9)-(12) MmacamaHuHT
eYUMU Oy JICHUH. v X0J1a p(x +1,t)=—Re(u(x +7,t)) Ba
qg(x +1,t)=Im(u(x +7,t)) koapbunmrentnu Jupak onepaTOpUHUHT CHEKTPU T Ba
¢t mnapamerpinapra OofnuK smac, & (7,t), ne€Z CHEKTpal NapaMerpiap 3ca
JlyOpOoBUWH TEHIJIaManap CUCTEMAacH aHaJOTHHU KaHOATIAHTHPA/IH

aén_ 1\ _ _ . = (2’2k—1_§n)(z’2k_én)x
=2 =210, (0 0V(E, = Aoy ), —E,) Jﬂo Gty

]‘3 B(A,0)s, (7, A,t,7) i

k#n

(13)

by epnmaru o, (7r,t) unmopa ¢ (7,f) choekrpan mapamerp Y3uHUHT [A, |, A, ]

x{q* (@) +q, @) +[p.0)+&, 1 +& +

n

JaKyHAaCH YeTHUTa KeJTaHUIa KapaMa-KapIly uIopara y3rapaim.
Yoy

pen=3 (% - ékw)j, (14)

" 2 2
e e

k=—0

- ékz (Tat)j

uznap ¢popMmynagapuHu Ba

s\ (mAtT)="1 ﬁ ok =4

k=—0 ak

,(a,=1,a,=k, k#0)

éimnmanu umarcak, (13) cucrema €nuk KypuUHUILIA E3UIIATH.
Hatuxa 4. By teopema (9)-(12) macananu euuin ycyiauHu Oepaau. ByHuHr
ydyH BHI aBBal p,(x+7) Ba ¢,(x+7) xoddpdunuentiapra Moc kenysun A ,

E%(t), 0,)(r), neZ cnekrpan Gepuirannapau Tornamus Ba (13) cucrema ydyn

£, =¢,@), 0,0
Cymurpa, (14) Ba

0
,=0,(), neZ Komm mMacanacHHu e4amus.
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= (izk—l B én )(2“21\7 B én)
kHw (& —¢,)

uznap opmynamapunan p(x,t) Ba g(x,f) HA aHMKJIAWMM3, yiaap €paamuaa sca

a(w.0= Y ()"0, @0E T ), —E,)- J

k#n

u(x,t) Qynkumsan tysamus. lynpan cyur, w ™ (x,A,t) ®Dnoke edumiapuHu
TOIUILLI KUWUH 3Mac.

Harmxa 5. Arap (9)-(12) macanana p,(x) Ba g,(x) Oouutanruy (pyHKUMAIAP
XaKUKUM aHamuTuK Oyica, y xonna p(x,t) Ba g(x,t) ¢pyHKuusmap xam x Oyitnua
XaKUKUM aHAMTUK OYiaiu.

Harmxa 6. Arap 7/2 conu u,(x) Oounulanrud QyHKIUSHUHT AaBpu OYyica, y
xonma /2 conu u(x,t) QyHKIUIHUHT XaM x Oyinda gaBpu OViaau.

Hucceprauusaauar «byryH ykaarm paspuit nmoreHuuanau  Hrypm-
JInyBWJL1 onepaTopJIapMHUHI KBAJAPATHK JACTACH YYYH TeCKapH Macajiay
ne6 HomutaHran yuyuHun O6oOunma Itypm-JImyBuin omnepatopiapu KBaIpaTHK
JacTacy TMOTEHUUATUMHUHT AHATUTUKIUTH OWiaH JaKyHajap y3yHJIMKIAPUHUHT
HKCIIOHEHIMAJ PaBUIIJIa HOJITa UHTUJIUIIMHU OOFJIOBYM Teopemanap UCOOTIaHTraH,
Mtypm-JInyBuit onepatopjlapuHUHT KBaJpaTUK Jactacu xoiuaa bopr teckapu
TEOPEeMACHUHHUHI aHAJIOTH ucOoTiIaHrad, naBpuil koddpduuuentiu Lrypm-
JlnyBuin omnepaTOpJapUHUHT KBaJpaTHK JacTacu Y4YyH KYWWITaH TecKapu
MacaJlaH¥ Kyiial, paBpuit dynknusiap cuaduaa KaynauHr Mmocnanran ManOanu
CUCTEMAacH TYJia UHTeTpalslaHyBYaHJIUTU UCOOTIIaHTaH.

Yuunun G0OHMHr OupuHYM mnaparpaduaa OyTyH Ykna Oepuirad JIaBpui
noreHumain  [typm-JInyBuiin onepaTopiIapUHUHT KBaJIpaTHK JAacTacH y4yH
KYHWIraH TecKapu Macajara ouj] 3apypuil MabIyMOTJIap KeITUPHUIITaH.

Ky#ugaru teHrnamanu kypud 4uKaMus

T(A)y=—y"+q(x)y+2Ap(x)y-Ay=0, xeR'. (15)
By epna p(x)e C*(R') Ba q(x)eC'(R') — xakukuii 7 naBpmu QyHKIUAIAp
oymuo, y'(0)y(0)—y'(7r)y(xr)=0 Ba (y,y)=1 MmapmiapHd KaHOATIAHTHPYBYHU
6apua y(x) € W, [0,7] QyHKIMATAp ydyH YOy

(Py,y)" +(qy,»)+ (', ) >0
TEHICU3NIUK Oaxapunanu, OyHma (-,-) opkamu L,(0,7) ¢a3oHUHT CKajsp

kynaitmacu oenrunanrad. Oxupru mwaptau (A) mapt Aed araiMus.
by xonma T(A) mactaHuHT CHEKTpU y3iayKcu3 OYynub, Kylujgaru TyriamjaaH

nbopat 6ynaau
E={a:—2<a)<2}=R"\ UG, 2.
k=—c0

Byana A =0 HykraHum ¥y3 wumra oiyBuu JakyHa (0u3 yHu (4,,4,) opkamm
OenrmnaiiMus) Xammiia aiiHuMaran 6ymamm. By epma A(A) =c(m,A)+s'(w, L)
oymuo, c(x,A) Ba s(x,A) opkamu (15) tenrnmamanunr c(0,A)=1, ¢'(0,A)=0 Ba
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s(0,4)=0, s'(0,4)=1 Oomnutanruy MmAapTIAPHA KAHOATIAHTHPYBUH CUYUMIIAPH
OeNruiianras.

&, neZ\{0} opkaimu (15) Tenrnama yuyH Kyhuiaran Jupuxiie macanacu-
HHUHI XOC KuiiMarTinapuuu Oenrmnaiimus. & €[4, A'], ne Z\{0} sxaHnuruHn
KYpHIL KHWUH 3Mac.

Tavpudp 5. &, neZ\{0} connap Ounan o, = sign{s'(ﬁ,ﬁn) - c(ﬁ,ﬁn)},
n € Z \ {0} umopanapra (15) MacaiaHUHT CIIEKTpaj mapaMeTpiaapy AeHmiaam.

Tabpup 6. Cunexkrpuunr A, neZ wuerapamapu Ba & ,0,, neZ\{0}
cnekTpas rmapamerpiapra (15) MacagaHUHT CIIEKTpasl OeprIIraHIapy JCHUITa IH.

(15) macamaHuHT crnekTpan OepwiraHJapWHH TONHUIN Macajlacura TYFpU
Macajia aeiunaau, crekTpan Oepunrannap Oyinmua p(x) Ba ¢g(x) xoadduimeHt-
JapHU THKJIAII Macallacura 3ca TeCKapy Macaia JeHuaam.

Arap (15) macanana p(x) Ba g(x) ypuuna p(x+7) Ba g(x+7) HH Kapacak,
y X0JJa XOCWUJ OYJraH MacaJlaHWUHT CHEKTPU T MapameTpra OOFIHMK OYyimaiiau:
A (t)=A, neZ, cnekTpan mapameTpiap dca T mapaMerpra OORIMK OYnaju:
& (t), o,(r), neZ\{0}. by cnekrpan napamerpiaap yOpoBHH TeHriamasap
CUCTEMacCH aHAJIOTUHHU KaHOATJIAHTUPAIH:

% =2(-1)""sign(n)c, (T)\/(gn A4, —&,) X

. 11 G = A)E, = A4)
X -2 -2 . . , Z\{0}.
\/(5,, 0 )(S, °)k1;[,o E —C) neZ\{0;

By epnaru o, (r) umopa & (7) crmektpai mapamerp y3uHuHT [A , A ] JmakyHacu

YyeTHura KeJraHuaa Kapama-Kaplily uiiopara y3rapaiu.
JlyOpOoBHH TeHI1amanap cucTeMacu xamja Kyiuaaru uznap gopmynanapu

Q(r)+2p2(r)=(;t°) ;(%) +0§_ ((;t") ;(%) —ff(r)j,

TECKapH CIIEKTpaJl MacaJlaH! €YUl YCYIMHU Oepau.

YuyyHun OOOHMHr UWKKMHYM mnaparpaduna, JyOpoBUH TeHIiamanap
cucreMacu Ba uziap Qgopmynanapuau kymnad, Hltypm-JlnmyBunn onepatopiapu
KBaJIpaTUK  JacTacd NOTCHUUATMHUHI AQHAIMTUKIWTKM OWIaH JaKyHauap
Y3YHJIMKJIIADUHUHT  SKCIOHEHIMAJl paBHIJla HOJATa WHTWIMIIUHA OOFJIOBYU
KyHuJaru MKKUTa TeopemMa ucOOTIaHTaH.

Teopema 6. Arap p(x),q(x)e C*(R') — xakukuii 7 -1aBpiau (GyHKUUSIAP
0yam6, A, — A, nakyHanap y3yHJIMKIApU KCIIOHEHIMANl PaBHIIA HOJIT'a HHTHUIICA,

=bln|

spHU arap a >0, b>0 connap tommwmmod, A — A <ae ", neZ Gynca, y xonaa

p(x) Ba g(x) PyHkuusiap OyTyH VKJa XaKUKUI aHATUTUK OYaau.

18



Teopema 7. Arap p(x) Ba g(x) XaKuKHi aHAJTUTHK, 7 -AaBpiid QyHKUUSIIAP

Oyiaca, y xonga A — A JnaKkyHajgap y3yHJIHMKIApH SKCIIOHEHIMANl PaBHIIga HOJra

WHTUIA]IH.

Yyunun O0OHUHT yunmHuM mnaparpaduaa Lrypm-JlnyBuin omnepaTtopiapu-
HUHT KBaJpaTUK Jactacu xoiujga bopr Tteckapu TeopeMacHMHMHI Kyilujaaru
aHaJIOru UCOOTIaHTaH.

Teopema 8. /2 conu (15) Tenrnama p(x) Ba g(x) xKodpPUIHEHTIAPUHUHT
naBpu OYynmumm yuyH (15) TeHrnama ydyH KYWWITaH aHTUIABpUM MacajlaHUHT
Oapua Xoc KUAMAaTIapy UKKHU Kappaiu OYIUIIM 3apyp Ba eTapiu.

Yuunun 600HUHT TYpTUHYM naparpaduna naspuil koagounuentiaun typm-
JlnyBuin omnepaTOpJapUHUHT KBaJpaTHK JacTacu Y4YyH KYWWITraH TecKapu
MacanaHu Kymuia0, KaymHuHr wmocnaHraH MaHOaiau TEHIVIaMajiap CUCTEeMacu
naBpuil pyHKIuMsAIap CUH(UAA UHTErpaJlJIaHTaH.

KaynuuHr Kyituaaru Mocianradn ManOajau TeHrjiamanap CUCTEMacuHU

P, :_6ppx —-q,+ Tﬁ(/l,t)s(ﬁ,}t,t)(y/+(x,/l,t)y/_(x,/”t,t))xd/l, (16)

G, = Do —44p, —2pq, +2 [ BAD)s(m, 2,0 {=p, v, (X, A, _(x,A,1) +

+(A-2p)- (v, (x,4,0)y_(x,4,1)), }dA, (17)
ymoy

P30, = po(x),  q(x1)]_ =q,(x), (18)
Oouutanfuy mapT OunaH Oupra, x OYilM4a x JaBpPJIM XaKUKUM KUHMaTIu
byHKuuanap cuHpuaa, Kyunaaru
p(x,)eC:(t>0)NC/(t>0)NC(E>0), qg(x,t)eC'(t>0)NC(t>0)

CWUIMKIMK WIapTiapu Owian kypub umkamus. By epma p,(x)e C’(R),
q,(x) € C*(R) Gepwiran Xakukuif, 7 aaBpiu, (A) NIAPTHH KaHOATIAHTHDPYBYH
gynkuusanap, B(A,t) - GepunaraH xakukuii Qynkums 6ymu6, B(A,t)=0(17),
A — o0 TEKUC acUMNTOTHKAra ara, v, (x,A,t) QyHKIUsUIap KyWuaaru

—y"+q(x,0)y+24 p(x,t)y—-A’y=0, xeR' (19)
tenrnamanudr (y,(0,4,¢)=1 mapr Ounan HopMasulanran) Pioke eduMIIapH.
s(x,A,t) opkamn, (19) rtenrmamanunr s(0,4,£)=0, s'(0,4,/)=1 Oomuanruy
[IapTJIapHU KaHOATIAHTUPYBYM €YMMH OCNTHIIaHTaH.

YyyHun 600 yuMHUM mnaparpaMHUHT acOCUMM HATWXKacu KyWujaaru
Teopemaaa upoaanaHras.

Teopema 9. (p(x.1), q(x,0), . (x,A4,0), w_(x,A,1)) typramk (16)-(19)
MacaJlJaHUHT euuMu OyicuH. Y xonna p(x +7,t) Ba g(x +7,t) xKodbdumenTan

HItypm-JInyBuin omepaTopiapyu KBaApaTUK JAacTAaCHHUHT CIEKTpU 7T Ba !
napameTpinapra Oornuk smac, & (r,t), neZ\{0} cnekrpan mapamerpiap 3ca

HY6pOBI/IH TCHIJIaMaJlap CUCTEMACH aHAJIOTMHHW KaHOATJIaHTHUpadu:
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%, _,

o (=10, (z,0)- sign(n) - (&, = 2, N, —E,) X

X \/(én - i_] )(én - io)kHO (é” _ (jgk—l_)(éérsz_ 2“21\7) %

y {2p(z‘,l‘) vog + [P (’l’f)s(””l’t’f)dz}. (20)

by epnmaru o, (7r,t) unmopa & (7,f) chmekTpan mapamerp Y3uHUHT [A, ., A, ]

JaKyHAaCH YeTHUTa KeJTaHUIa KapaMa-KapIly UIopara y3rapaim.
Yoy

p(r,t)=

. 2

0#k=—o0

Mthy s (—* i —ém,r)j @)

u3nap GopMyacuHu Ba

s(m, A t,1)=r1 ﬁ ox — A

0#k=—00 k

b

éimnmManu umarcak, (20) cucrema €Nk KYpUHUILIA E3UIIATH.
Hatuxa 7. By teopema (16)-(19) macananu eunin ycynunu Oepaau. byHunr
yuyH oHr aBBan Llrypm-JlmyBumn omepaTopiapu KBaJpaTHK JaCTaCHHHHT

p,(x+7) Ba q,(x+7) xodpunmentnapura moc kenyeunm A, neZ, &)(1),
o (r), neZ\{0} cnextpan Gepwuiramiapuu tonmamus. Cyurpa, (20) cucrema

yqu gn (Tat) t=0 :gr? (T) b Gn (Tat)
euamm3. (21) Ba

o=0.(r), neZ\{0} Komm wMacanacunu

q(z,0)+2p*(r,0) = (1‘1)2;(%)2 + i (('12’“1)2 +(Ay)’

7 —ékz(f,f)j

uznap ¢popmynanapunad p(x,t) Ba g(x,t) Hu tonamus. lllynnan cyur, v, (x,A4,7)

0#k=—0

doke eyuMIapUHU TOTHUII KUAUH 3Mac.
Haruxa 8. Arap p,(x) Ba ¢,(x) Oouutanruy (QyHKOUSAIAD XaKUKUN

aHanuTUK OVyica, y Xonaa p(x,t) Ba g(x,t) dyHKUMsuIap xam x OYiinua XaKUKdH
aHAIMUTUK OYiaau.

Harmxa 9. Arap 7/2 conu p,(x) Ba q,(x) Oomutanrud GyHKIUSIIAPHUHT
naBpu Oyica, y xomma n/2 conu p(x,t) Ba ¢(x,f) QYHKIUSUIAPHUHT XaM X
Oyitnua naBpu Oyiaau.

Hucceprauusaauar  «fpum  ykaarm gaspuiit nmoreHuuajiam  Ilrypm-
JinyBuit oneparopu Ba IItypm-JIuyBuii oneparopjaapuHMHI KBaAPaTHK
JAacTacy YYyH TeCKapu Macaja» 1e0 HOMJIaHraH TYpTUHYM 000uaa spuMm VKia
naspuit  noreHuuainu - rypm-JInysuim  omepatopu Ba  LrypMm-JInyBusa
oIepaTopJIapUHUHT KBAJAPATUK IACTACH YUYH TECKApHU CIIEKTpaj Macaya equiraH.

TypTunun 600HUHT OUpHHYM Maparpaduaa spuM VKJa AaBpuil TOTEHIHUAIIIN
Mtypm-JInyBuin oneparopud ydyH TeCKapu CHEKTpal wacajia YpraHuira,
KyMJlaZiaH, yerapaBuil IIapTHU CIEKTpai OepuiraHiap opkaiu udomanaaurax
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dbopmyna Ba JlyopoBuH muddepeHyan TeHrjiaMajgap CHUCTEeMACHHUHT aHaJIOTU
KEeNTUpUO YUKAPUIITaH XaMJa NOTEHLUATHU Ty3UII aJITOPUTMU OepuiIraH.
Spum YKna 6Gepuiiran Kyinaaru yerapaBuii Macajianu Kypuo Yukamu3
Ly=—y"+qg(x)y=A4y, 0<x<o, (22)
y(0)cosa + y'(0)sina =0, ae(0,7), (23)
oynna g(x)eC'(R") — m naBpnu xakukuiit pynkims. c(x,1), s(x,A1) Ba ¢(x,1)
opkamu (22) tenrmamanuar c(0,4)=1, ¢'(0,41)=0, s(0,1)=0, s'(0,1)=1,
@(0,A)=—sina, @'(0,4)=cosa OoNUIAaHFUY MIAPTIAPHU KAHOATIAHTHUPYBUYU
€UMMJIApUHU OeNruIaiMus.
Oxopunaru (22), (23) macana yuyn Bein-Tutumapm QyHkuusicu Kyiuaaru
KYpHUHMIITA 3Tra

[s'(7,A) —c(m,2)]cos 20 —[s(7m, 1) + c'(7, A)]sin 2a — | A* (L) — 4 (24)

m, (A) = e - T
2s(rr,A)cos” o+ 2[s'(m,A)—c(m,A)]sinacosa —2¢'(w,A)sin”
Yoy udbonanan (22), (23) MacanaHUHT y3JIyKCH3 CIEKTPU KyHUIaru
Eess = Rl \ {(_ OO) A’O)U U(A’Zn—l > A’Zn )} (25)
n=1
KYpUHMILTA 3ra JKaHIuru keaub uukagu. (—o, 4,), (4, ,, 4,,), n=12,..

MHTEepBaiapra JaKkyHanap neiunamy. JlakyHamap ueTku Hykramapu A’(1)-—4
GYHKIMSTHUHT HOJUTapUAaH HOOopart.

&,n=0,1,2,... opkamu @(m,A)cosa +@'(r,A)sina =0 TenrmamanuHr ((24)
upoga MaxpakKMHUHT) WiIAM3IapuHu Oenrmnmaimus. & ,n=0,1,2,... map (22)
tenrnama yuyH Kyimiaran y(0)cosa + y'(0)sina =0, y(x)cosa + y'(7r)sina =0
yerapaBuii MacaJaHWHT XOC KWiMariapu OWiIaH yCcTMa-ycT TylIagd Ba
&, (=0, 4], &, €[4, ,4,,], n=1,2,... myHOocabaTiap Gakapunanu.

sina ¢(7,§,) >0
o(n,E) sina |

umopanapra (22), (23) macajiaHUHT CIEKTpaJl MapaMeTpiiapu AeHuIaau.
Tavpu¢ 8. Vamykcus cnexrtpuunr A,, n=0 derapanapu Ba & ,0,, n=0

Tavpup 7. & comnmap Ounan o, =sign{

criekTpan mapamerpiapra (22), (23) MacamaHMHT CHOEKTpaad OepuiraHiapu
JNEeUUIIaIN.

Oxopunarun (22), (23) MacajaHuHT CIHEKTpaj OepWIraHjJapuHU TOIHII
Macajacura TYFpu Mmacana Jedlunaau, crhekTpain Oepwirannap OVitmua ¢(x)

IIOTCHIHMAJIHU Ba CthC HH TOIIMII MacaJlaCura 3¢a TCCKapu Macalia JICUUIIa N,

Cnextpan Oepuiraniap Ba uerapaBuil ImapT opacujard OOFJIaHUIIHU
TeopemMa KypuHuiuaa udoaanainmms.

Teopema 10. g(x) e C'[0, ) — (22), (23) LLITypM-JInyBUIT MacalaCUHUHT 7T
JABPJIM XaKUKUH TTOTEHIIManu OVicuH. Y Xonaa Kyhiuaaru hbopmyiia YpuHiIn
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OyHa
) én _ i
A4 A)=2x(& - V][] pea
n=l
Ky#ingaru Teopema crieKTpas OeprIraHIapHUHT BOJIIOIMACH XaKUa.
Teopema 11. (22), (23) macanaHUHT Y3JIYKCU3 CIIEKTpH (25) OYaub, criekTpan
napamerpiapu &, ,0,, n=0 OyiacuH. Y Xonna ¢ XakUKUi mapaMeTpHUHI Oapda

KUKAMaTiapuaa Kynuaara Macasa
Lt)y=—y"+qg(x+t)y=4y, 0<x<wo
y(0)cosa + y'(0)sina =0, ae(0, ),

ailHaH my £, y3iykcu3 cnektpra sra Ba & (¢), o,(f) n=0 cnekrpan

ess

napametpiaap JyOopoBun quddepenunan TeHriaMmanap CHCTEMaCHHU

: 2 - (éo(t)_izk—l)(éo(t)_izk)
:2 2_, — X — X
éo(f) Go(t)\/ 0 éo(f) [éo(t) q(t) +cig al \/k|=|1 (ék(t)_éo(t))z

&, (1) =2(=1)"0,(D0(&, () = Aoy WA, = &, (1)) X[5,(6) = q(0) + cig” ] x
o 60— 4) : .ﬁ(én(f)—izk_l)(én(f)z— 2 s
(&, () =c ()" i (S (D) =5, (®)

b

Ba ymoy
gn(t)‘ﬁozgn’ Gn(t)‘z=020n9 nZO)

OONUTaHFUY MAPTIAPHU KaHOATIAaHTUpaAu. byHnaH tamkapu, Kyiiugaru ¢gopmysia
XaM YpuHiu 0ynaau

g(t) =2c1g 0 — Ay + 25, (1) —g(@k_l oy —2£,(0).

TypTunun OOOHMHI MKKMHYM Taparpaduga sSpuM  VKIard JaBpui
noteHuuamim typm-JInyBuiul onepaToOpjlapyuHUHT KBaJpaTUK AacTach y4yH
cnekTpan oepuiraniap tabpuduananad. TYpTUHYM OOOHUHT YUMHYH, TYPTHUHYU Ba
oemmHyn naparpadiapuna spuMm ykaaru aaspui noreHuuamiu rypm-Jinysusn
ONepaTopJapUHUHT KBaJpaTHUK JacTack Y4YyH H3jap ¢opmMmyralapu, yerapaBuii
IIAPTHYU CHEKTpal Oepuirannap opkaiu udonanaiiaurad ¢popmyna Ba JyOpoBuH
muddepeHnran TeHraamanap CUCTEMAaCUHUHT aHAJIOTH KEATUPUO YMKaApHUIIaIH.

Kyiinnaru IItypM-JInyBuiin TeHrIaMmanapuHUHT KBaJAPAaTUK JaCTaCHHU

T(A)y=—y"+q(x)y+2Ap(x)y—A1y=0, (0<x<o0) (26)
ymoy
y(0)cosa + y'(0)sina=0, ae(0,7), (27)
yerapaBuii 1aprt OunaH Kkypub uymkamus. by epaa  p(x)e C’[0,0) Ba
g(x) e C'[0, ) xakukuii 7 naBpau pyHKIUAIAD.

Yoy [y(0)cosa + y'(0)sin]y'(0) —[y(7r)cosa + y'(m)sina]y'(xr) =0 Tenr-
JIMKHU KaHOATJIAHTUPYBYM, HOJ OYnMaran, Gapua y(x)e W, [0, 7] ¢ynkuusnap
yuyH (L,y,y)>0 TteHrcusnuk Oaxapwnagu [ed0 xucoOnaiimMu3, OyHza
Ly=-y"+q(x)y.
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c(x,A), s(x,A) Ba ¢@(x,A) opxamu (26) tenrmamanunr c(0,4)=1,
c'(0,4)=0, s(0,4)=0, s'(0,4)=1, @(0,A)=-sina, ¢'(0,A)=cosa OorutaHFru4
HIAPTIAPHU KAaHOATJIAHTHPYBYM CUMMIIAPHHU OCITHIANMU3.

KOxopunaru (26), (27) macana yuyn Bein-Tutumapin ¢pyHkuuscu Kyiuaaru
KYpHUHMIITA 3Tra

1 (s'(m, A) —c(m, A)) cos 2a — (s(m, A) + c' (7, A))sin 200 — /A’ (1) — 4
e (A)= 2s(m,A)cos® o + 2(s'(m, A) — c(mr, A))cosasin o — 2¢' (7w, A)sin*
(28)

AA)=c(m,A)+s'(r,A) ynkumsara (26), (27) wmacananusr JIamyHOB

¢byHkuusacu éku XWUT TUCKPUMHHAHTH JeHUIanu, Y o ra OOFJIMK SMACIUTHHU

anTno yramus.
(28) nudbonanan (26), (27) macanaHUHT y3JIyKCHU3 CIIEKTPU YIIOY

E, =R\ J@A,2) (29)

n

KYPUHMIINTA 3Ta KaHIUTY Kenub ynkaau. byHna A =0 HykTaHu ¥3 Wuura oJyBUd
nakyHa (6u3 ynu (4,, A,) opkanu OeiruiaiiMn3) XxaMuila aiHumaras 0yinaau.

Kynaitnuk yayn Q={+0,x1,...} uHAekcrap TYIuiaMuHu KUPUTHO OJaMu3.
&, neQ opkamu @(r,A)cosa+¢@'(mr,A)sina =0 TeHINIaMaHUHT WIIU3IapUHN
oenrunanmms.

&, neQ map (26) tenrmama yayH kydwiaran y(0)cosa + y'(0)sina =0,
y(r)cosa + y'(r)sinae =0 dyerapaBuii MacaJaHMHI XOC KHHMaTiIapu OwiiaH
yctma-ycr tymamu Ba &, €[4,,0), &,,€(0,4,], &, €[A,,A], neZ\{0}
MyHocabaTiap Oakapuiaiau.

sin o o(r,&))
umopanapra (26), (27) macaiaHUHT CIIEKTpaJl MapaMeTpiapu AeHuIaau.
Tavpug 10. Y3nykcus cnexkrpuunr A, A', neZ wuerapanapu Ba & ,0,,

Taspud 9. £,, ne connap 6unan o, = sign{(o(ﬁ’é”) e }, nef)

n € cnekTpan napamerpiapra (26), (27) MacaJlaHUHT CHIEKTpall Oepuiraniapu
NeUnIaau.
Teopema 12. Kyitugaru gpopmynanap ypuHiu

PO ==+ 1)/2= & J() - £.,(0))— A +4)/2- &),

0#k=—o0

(40)” + (%)’

9(1)+ 29 (1) = 2etg’ - ELO+E D) -
0 i+ 2 i_ 2 5
- 3 (( ) ) —@(r)j.

by epna &, (), neQ opkamu p(x+¢) Ba q(x+t) xoddduunentiapra moc

KEJIyBUU CIEKTpaJ MnapameTpiap OeruIaHraH.
Teopema 13. Kyitugaru ¢opmyna ypuniu
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A -4
ctga = —; 5,, Sl A{((?)) >

OyHa

N () - d=—dn’ (-2 a- 1) [] LA A

0k =0 k*
0 i _
(=22 -E - E) TT 250

Teopema 14. (26), (27) macanaHUHT Y3JIYKCU3 CIIeKTpH (29) 6Y1ub, criekTpan
napameTpnapu &, ,0,, n€f) OyiucuH. Y Xonja { XakKuKWi apaMEeTpHUHT Oapua
KUKAMaTiapuaa Kynuaara Macasa

— V" +q(x+1)y+2Ap(x+1)y—-Ay=0, 0<x<oo
y(0)cosa +y'(0)sina =0, ae(0,r),
ailHaH my FE_ y3nykcu3 choekrpra sra Ba & (f), o,(f) nef) cnekrpan
napameTpiap Jlyoposun quddepeHnnan TeHrIaManap CACTeMacHHU

e AEX (1) - 28, (D) p(t) — q(1)) + cig>ale, (DA (&, (1) — 4 )
" A&, (1)) ’
Ba ymoy

e

b

gn(t)‘ t=0 :gnD Gn(t)‘lﬂ) :Gn7 nEQ
OolIaHFUY HIapTIapHA KaHOATIIaHTHPAIN.

XVYJIOCAJIAP

1. JdaBpuii @ynkuusnap cuHuaa mocinanran manoanu Kopreser-ge ®pus
TEHTJIaMacH TYJ1a MHTEeTpaJJIaHyBYAHJIMTY UCOOTIIAHTaH.

2. Jlupak omepatopu Xxonuaa bopr Teckapy TEOpPEMAaCUHHUHI aHAJIOTU
UCOOTJIAHTaH.

3. dupak cucremacu y4yH KyHWIrad JaBpuil Ba aHTHJABpHil Macajaiap XocC
BEKTOP-QYHKUUAIAPH KOMIOHEHTAJIAPUHUHT KBaJpaTjiapyd Y4YyH alHUSTIAp
OJIMHTaH.

4. JaBpuit ¢ynkuusuap cunpuna IlllpenuHrepHuHr Mocnanran MaHOaau
HOYM3HUKJIY TEeHIJIaMacu TYJia MHTErpajulaHyBYaHIUT U UCOOTIaHTaH.

5. lrypm-JInyBuiul omneparopiiapy KBaAPaTUK OaCTaCH MOTECHIUAJIMHUHT
AHAMTUKJINTKA OWJaH JaKyHalap Y3YHJIMKIAPUHUHT SKCIOHEHIMAN paBUIIAA
HOJITA UHTWJIUIIMHU OOFJIOBUM TeopeMaliap UCOOTIaHTaH.

6. llItypm-JInyBrin onepaTopiaapy KBagpaTHK Jactacu xoiauaa bopr teckapu
TEOPEMACUHHUHT aHAJIOTH UCOOTIIAHTaH.

7. MaBpuii pynkuusanap cuaduna KaynHUHT MociaHran MaHOau cUcTeMacu
TYJla HHTErpajUTIaHyBYAHIUTH UCOOTIIAHTaH.

8. Spum yxna naBpuii noreHunaium Lrypm-JInysunn oneparopu Ba LlTypm-
JInyBunn onepaTtopIapyuHUHT KBAaJApaTUK 1acTaCH YUyH TECKapu CIEKTpaJl Macalla
€YMJITaH.
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BBenenue (aHHOTAIMS JOKTOPCKOM TUCCEPTALIAN)

AKTYaJIbHOCTh M BOCTPeOOBAHHOCTH TeMbl auccepramuu. OOpaTHbIe
3aJaud  CHEKTPaJIbHOI'O  AaHaIW3a BO3HMKAOT B  Pa3IUYHbIX  00JacTAX
€CTECTBO3HAHHUS, HAIpUMEp, B KBAHTOBOM MEXAaHUKE IMPU ONPEAECICHUU
BHYTPUATOMHBIX CHJI IO W3BECTHBIM YPOBHSIM DJHEPIrUH, B PAJUOTEXHUKE IpHU
CUHTE3€ IapaMeTpoOB HEOAHOPOAHBIX JIMHUI NEpeaad, B TEOPUU YIPYTrOCTU IpHU
ONpEJICICHUH TONEePEYHbIX CEUYEeHH Oalkud MO0 3aJaHHBIM YacToTaM €ro
COOCTBEHHBIX KoJeOaHuil, B Treou3uKe TMpH ONpPEIEICHUU dBIECKTPUUECKUX
CBOMCTB BHYTPEHHHUX CJIOEB 3€MIJIH M0 XapaKTEPUCTHKAM HUMIIEAHCA.

BaxxHocTh cnekTpanbHOM Teopun AuddepeHlnanbHbIX ONepaTopoB Pe3KO
BO3pOCJa IOCJIE OTKPBITUS METoJa OOpaTHOM 3aJadyu paccesHus Uisi TOYHOI'O
pemieHus ypaBHeHus KopreBera-ne @puza, ONUCHIBAIOMIETOCS I'PABUTALMOHHBIC
JUIMHHBIE BOJHBI Ha MeEJIKOW Boje. BmocneacTBuu ObLIM OOHapy:KEHBI JApYrue
HEJIMHEWHBIE 3BOJIIOLMOHHBIE YPAaBHEHUS, PEIIAEMBIE ITUM METOJOM, KOTOpbIE
MMEIOT MHOTOYHUCJICHHBIE MPaKTUYECKHE NPUMEHEHHsSI B Pa3JIMYHBIX 00J1acTAX
¢usuku. Tak, Hampumep, 3TU YypaBHEHHUS BO3HUKAIOT MpPU aHaIU3€ HOHHO-
3BYKOBBIX BOJIH B IUIa3M€, JIEHTMIOPOBCKMX BOJH B TOHKOM IIJJa3MEHHOM
UWIMHAPE, Pa3IMYHbIX BOJH B ruapoauHamuke. [IpuMenenune meroga oOpaTHOU
3aa4u ISl PELIEHUs HENMHENHOTo ypaBHeHuUs LpeamHrepa, BOZHMKAIOLIETO B
HEJIMHEWHOW OITHUKE, MPUBEJIO K CO3JAHHUI0 TEOPUM ONTHYECKHX COJIUTOHOB U
MO3BOJIMJIO OOHAPYKUTh HOBBIE TPUMEPHI COIMTOHHBIX Moenel. bonee Toro, 3ToT
METOJ| MO3BOJWJI Pa3BUTh HOBBIE NMOAXOAbl K aHAIU3y SIBJICHUM, ONUCHIBAEMBIX
CUCTEMaMU ypaBHEHHM, OJIM3KUMU K BIIOJTHE UHTETPUPYEMBIM.

PeanpHpie  Qu3nMueckue  CHUCTEMbl  ONUCHIBAIOTCS  YPaBHEHUSIMU  C
CaMOCOTIJIACOBAHHBIMM ~ MCTOYHUKAMH,  KOTOpPBIE  SIBIIIOTCS ~ OJHUM W3
MoAU(UKALMIA KIacCUUYeCKuX ypaBHeHuUW. Kpome 3Toro, cuibl, JeHCTBYIOLIUE Ha
(bU3UYECKYI0 CUCTEMY, KOHEUHBI JIHUIIb B TEYEHUH KOHEYHOTO BPEMEHH, OITOMY
peanpHblE MOJENM CBOJATCS K PACCMOTPEHHIO YpPaBHEHMH B  KJaccax
NEePUOJUYECKUX M TOYTHU-TIEPUOJUYECKUX (PYHKUUMHA TIO0 MIPOCTPAaHCTBEHHBIM
nepeMeHHbIM. [IpunokeHuss MeToja OOpaTHBIX 3a7ad CIEKTPAJIbHOM TEOpUH K
pa3TUYHBIM 3a/ladyaM HEJIMHEHHOW ONTUKH, (PU3MKH IJIa3Mbl, THAPOJIUHAMUKU U K
JAPYTUM 00JIacTSIM SIBJSIETCS OTHUM M3 IPUOPUTETHBIX HAPaBIICHU.

Ceiiuac COJUTOHBI CTAJM OJHUM W3 OCHOBHBIX OOBEKTOB BO MHOTHX
npobiemMax JMHAMHKA HEIWHEHWHBIX BOJIH. B mocienHue roapl ONTHYECKUE
COJINTOHBI CTajy HCIOJb30BaThCA B TEIEKOMMYHHKAIMOHHBIX TEXHOJIOTHUSX.
BaxxHyr0 4acTb COBPEMEHHBIX HCCIIEIOBAHUN B TEOPUH COJTUTOHOB COCTABIISIIOT
HCCIIEIOBAHUS PACIPOCTPAHEHHS] HEIMHEHHBIX BOJIH B HEPE30HAHCHBIX CpENaXx.
CBs13b 3TOI TEOPUU C TMAPOJIMHAMUYECKUMH 3aJa4aMU, MO3BOJISIIOIIUMH PELIUTH
paznuuHble MpoOJIeMBbI FKOJIOTHH, Kacaroluecs pernoHam llpuapanes, onpenenser
BOCTPEeOOBaHHOCTH UCCJIEIOBAHUMN, CBA3aHHBIX C TEMAaTUKON JUCCEPTALIUH.

CBs13b HCCJICI0BAHNS K NIPHOPUTETHBIM HANPABJICHUAM Pa3BUTHS HAYKH
U TeXHOJI0rui pecnyOauku. /[aHHas nuccepranys BBIIIOJHEHA B COOTBETCTBUU C
IIPUOPUTETHBIM HANPABICHUEM Pa3BUTHUS Hayku U TexHosiorui @4 «Maremaruka,
MEXaHUKa U HHOOPMATHKAY.
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O030p 3apyl0exkHBIX HAYYHBIX HMCCJIEIOBAHMH MO TeMe auccepranuu. B
HAaIpPaBJICHUAX J0Ka3aTelbCTBAa EIWHCTBEHHOCTH U CYIIECTBOBAHMS PELICHUS
oOpaTHBIX CHEKTpPalbHBIX 3aJlay, pa3pabOTKE METOJOB HX HAXOXKIACHUS Ha
KOHEYHOM MPOMEXKYTKE M Ha TOJyocHu s Tud@epeHIHraNIbHbIX U Pa3HOCTHBIX
OIIEepaTOPOB B Pa3IWYHBIX MOCTAHOBKAX, a TAK)Ke MPUIOKEHUS METOoAa 0OpaTHBIX
3a71a4 JUIsl PEUICHUS] HEJTMHENHBIX YBOJIIOIMOHHBIX YPABHEHUN HA BCEU MPSIMOU U
Ha TIOJyOCH B PAa3IMYHbIX KiaccaX (YHKUUA BeIyTCsS IIMPOKHUE Hay4YHbIE
WCCIICIOBAHUSI B HAYYHBIX LIEHTPaX M YHUBEPCUTETAX BEAYIIUX CTpPaH, B TOM
yuciie B Oxcopackom yauBepcutere (Anrmms), HITyrrapTckom yHuUBepcuTeTe
(I'epmanus), [IIBeackoM KOPOJIEBCKOM YHUBEPCUTETE (IIBeuus),
WuTepHanmonanibHoM 1eHTpe Teopetudeckor @usuku (Mranus), Benckom
yauBepcutere, HWuctutyre Opsuna lllpenunrepa (Asctpus), Wucturyte
MaremaTuyeckux Hayk mMmeHu P.Kypanrta, B Briciiem TexHuueckom ydeOHOM
3aBeneHnn «KinapkcoH Komiemk», BpyKIMHCKOM MOTUTEXHUYECKOM WHCTUTYTE,
VYuuBepcutere mrara Oraito, B JlaGoparopuu ¢GuU3MKKM [JIa3Mbl  [IPU
[Tpuncronckom yuuBepcutere (CIIA), Coduiickom yauBepcutere (bonrapus),
NucTuTyTE  SOEpHBIX  MCCIENOBAaHUU, MOCKOBCKOM  TOCYyAapCTBEHHOM
yauBepcutere,  Cankr-IleTepOyprckoM  rocygapcTBEHHOM  YHUBEPCHUTETE,
CapaToBckoM rocynapcTBeHHOM yHuBepcurere, B O6cepBatopun Ilynkoso,
Wuctutyte  TeopeTudecko  reopusukd, bBamkKMpckoM — rocyaapcTBEHHOM
yauBepcutere (Poccus), OU3NKO-TEXHUYECKOM WHCTUTYTE HHU3KHUX TEMIIEpaTyp,
Nucturyte MaTtemaTuku AkajgeMun HayK YKpauHbl (YKpauHa).

B pe3ynbrate HaydHBIX HCCIEOBAaHUN MPOBEIECHHBIX MO OOPATHBIM 3aadam
CIIEKTPAJIbHOTO aHajn3a U METOoAaM TOYHOI'O pelieHus ypaBHeHUs: KopreBera-ne
®pusza B MUpPOBOM MacluTade pelIeHbl LEIbld psiJ aKTyalbHBIX 3ajady, B TOM
yuciie, ObUIM TOJIYYEHBl CIEYIOIIME HAay4YHbIE pPe3yJIbTaThl: PEIICHbl 0OpaTHbIE
3a7la4d  KBAaHTOBOM TEOPUM pACCEIHMS HAa BCEM IMpPAMOM HU Ha IOJIYOCH
(Oxcdhopackuit  yHUBepcUTET, Beiciiee TexHUyeckoe ydeOHOE 3aBejIeHHE
«Knapkcon xomnemx», BpPYKIMHCKHI MNOJUTEXHUYECKUA HWHCTUTYT, PU3UKO-
TeXHUYECKUN WHCTUTYT HM3KUX Temnepatyp, Cankt-lleTepOyprckuii rocymap-
CTBCHHBIM YHHMBEPCHUTET); JIOKa3aHbl E€IMHCTBEHHOCTH peIIeHUs O0OpaTHHIX
CIIEKTpaJbHbIX 3amay Jus oneparopa Ilrypma-JluyBwiuis B pas3inuyHbIX
noctaHoBkax (O6cepBatopus [lynkoBo, IlIBenckuil KOpOJIEBCKHUI YHUBEPCHUTET,
Nuctutyt Teopernyeckoir reodusuku, DOU3HKO-TEXHUYECKUM HWHCTUTYT HHU3KHUX
Temrepatyp); pemeHo  ypaBHeHue  KopreBera-ge ®puza B Kiacce
«ObicTpoyObIBaroux»  ¢yuknuit  (JlaGopatopus  ¢u3uMKuM  MIa3Mbl  TIPU
[IpuHCTOHCKOM  yHUBEpcuUTeTe, WHCTUTYT MaTreMaTH4YeCKUX HayK HMMEHHU
P Kypanta); pemeno ypaBuenue KopreBera-ne ®pusza B Kilacce MNOYTH-
nepuoandeckux GyHkiuii (MOCKOBCKHI TOCYIapCTBEHHBIN yHUBepcuTeT, CaHKT-
[TerepOyprckuit rOCyJapCTBEHHBIN YHUBEPCUTET); HANJCHBI [OYTH-
NEePUOJUYECKUE PEIICHHS MOIU(PUIIMPOBAHHOIO HEIUHEHHOTO  ypaBHEHHS
Mpenunrepa (MHCTUTYT MaTeMaTUKH AKaJIeMUU HayK YKpauwHbl), peHICHbI
oOpaTHbIe 3aJaud KBAaHTOBOM TEOpUU paccesHHUs Ha Bcel MNpsSMOM B Kiacce
BO3MYIIICHHBIX KOHEYHO30HHBIX MoTeHIManoB (Benckuit ynusepcurer, MHCcTUTYT
Opsuna lllpenunrepa); pemensl oOpaTHble 3agauu s AU depeHIrnaIbHbIX
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ONEepaToOpoOB € KOMJIEKCHO-3HAUYHBIMU M MAaTPUYHbIMU Kod(dduireHTamMmu Ha
KOHEYHOM mpomexyTke 1o ¢GyuHkuuu Beinsg-Tutumapma  (CapatoBckuit
rOCy/IapCTBEHHBI YHUBEPCUTET); pa3paOOTaHbl METOJbl BBIUMCICHUIN pPETyIIsIpH-
30BaHHBIX CHEoB s AuQdepeHInalbHbIX ONEepaToOpPOB BBICIIUX IMOPSIKOB,
penieHsl 0OpaTHble 3anauu i IuddepeHuanbHbIX OMEepaTopoB C CUHTYISP-
HbIMH Kod(hurrenTamu (MOCKOBCKHIA TOCY1apCTBEHHBIN YHUBEPCUTET); PEIICHbBI
oOpatHble 3amaun sl TUQGepeHIMaIbHBIX OMEPaTOPOB C HEpacnagaloIuMUCs
KpacBbIMH YCJIOBUSIMHM, a TakK€ TI'DAHUYHBIMM YCJIOBUSMH, 3aBUCSIIMMHU OT
cnekTpaibHoro mapamerpa (bamkupckuii TOCymapCTBEHHBIH YHUBEPCHUTET);
YCTAHOBJIEHBI CBSI3M MEXAY KJIACCOM IJIAJKOCTH NMEPUOAMYECKOrO MOTEHLIHAIA U
yObIBaHHEM JITUH JakyH Juist onepatopa typma-Jlnysumnsa (YHuBepcurer mrara
Oraito, Coduiickuit ynusepcurert, LLITyTraprckuii yHUBEpCUTET).

Ha cerogHsimHuii J1€Hb OCYIIECTBIAIOTCS NPUOPUTETHBIE HAYYHO-
UCCJIeI0BAaTENbCKUE PabOThl MO pa3paboTKe TEOpUU OOpaTHBIX CHEKTPAIbHBIX
3amay Ui AuddepeHnranbHbIX U Pa3HOCTHBIX ONEPATOPOB C MEPUOJAMYECKUMU
MaTpuyHbIMU KO3 duimentamu, 1 auddEpeHIHANBHBIX W PA3HOCTHBIX
OIIepaToOpOB, paccMaTpUBaeMbIX Ha rpadax; pazpadoTka MeToJla 0OpaTHBIX 3a7ad
JUISL PEIlIeHUs HEJIMHEWHBIX YBOJIIOIMOHHBIX YPaBHEHUN MaTeMaTH4eCKOl (QU3HUKH,
MPOCTPAHCTBEHHAsl TEPEMEHHAass KOTOPBIX MNPUHAIJICKUT rpady; HAXOXKIECHUE
YCTOMYMBBIX QJITOPUTMOB JJISI YUCIICHHBIX pealn3aliii 0OpaTHBIX CHEKTPaTbHBIX
3a/1ad.

Crenenp u3y4yeHHOCTH mpoOJembl. OOpaTHas 3agavya JUisl omeparopa
Mrypma-JluyBuiis ¢ NEepUOAMYECKUM, HE 00A3aTENbHO KOHEYHO30HHBIM,
nmoTeHIMaasoM  u3ydeHa B  paborax  U.B.CranmkeBuua, B.A.Mapuenko,
N.B.Octporckoro, X.I.Mak-Kuna u E.Tpy6GoBuma. C mnomoipio oOpaTHOU
3amaun s omneparopa Lltypma-JIMyBuiIs ¢ NEpUOAMYECKHM NOTEHIMAJIOM B
pabotax C.I1.HoBukoma, b.A.[lyopoBuna, A.P.Utca, B.b.MatBeeBa, Il.Jlakca u
Ip. JAOKa3zaHa ToJiHAs WHTerpupyemocTh ypaBHeHust Kopresera-ne ®pusza 6e3
MCTOYHHKA B KJIACCE KOHEYHO30HHBIX (PYHKIUH.

OOpatHas 3agauya nns cucreMbl Jlupaka Oblla u3ydeHa B paborax
M.I''T'aceimoBa, b.M.JleButana, B.E.3axapoBa, A.b.lllabata u ap. B paborax
B.E.3axapoBa, A.b.lllabata, C.B.ManakoBa, mMeTomOM OOpaTHOW 3ajadyu s
oneparopa /lupaka ObUIO ycTaHOBJEHA MMOJHAs WHTETPUPYEMOCTbh HEIUMHEHHOTro
ypaBaenus lllpenunrepa B kiacce ObICTpOyObIBaIOMIUX (PYHKIUNA. AHAIOTHYHbBIE
pe3ynbTaThl B KjaccaX NEPUOJUYECKUX WM K€ KOHEYHO30HHBIX (YHKUIUN
nostydensl B padborax A.P.Utca, B.I1.Kotisposa, A.O.CmupHoBa u Aap.

OOpatHas 3aa4a J1sl KBaJJpaTUYHOrO Mydka oneparopos Lltypma-JInyBusis
B KJ1acce yObIBalomUX KOA((UIIMEHTOB MO AaHHBIM PAaCCEsTHUS Ha MOJYOCH U Ha
Bcel mpsimoit pemieHa B paborax M.Jaulent, I.Miodek, C.Jean; no ¢pynkuuu Beiins-
Tutumapma B pab6ore B.A.JOpko; Ha KOHEYHOM OTpe3Ke IO CHEKTpy H
HOPMUPYIOUIUM 4YHUCJIaM, a TakKe IO JBYM CIHEKTpaM ObUIM HM3y4YeHbI
M.T'T'aceiMoBbIM 1 I'.I11.I'yCEHOBBIM; C NEPUOAUYECKUM IIOTEHIIMAJIOM Ha BCEU
npsiMor uccienoBana B paborax [.II.I'yceiiHoBa; ¢ KOHEYHO30HHBIM TEPHOJIU-
YeCKMM TIOTEHIIMAJIOM Ha TOJyocH wu3ydeHa B paborax b.A.baGaxxaHoBa wu
A.b.XacaHoBa.
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Cucrema Kayma B kiacce ObICTpOoyObIBalOIIMX (QYHKUMN Oblla perieHa
JH.K.KaynmoMm, a B Kiacce KOHEYHO30HHBIX [MOTEHIMAJIOB — B paborax
B.b.MartseeBa, M.1.fBopa, A.O.CmupHOBa U Ap.

OOpatHas 3amaya Ha mnoidyocu s omneparopa Irypma-JlmyBumig c
KOHEYHO30HHBIM MOTEHLIHAIOM u3yuyeHa B padotax H.M.Axuesepa, X.Xoxmraara,
B.I'onpnbepra, b.M.Jleeutana u A.B.CaBuna. OOpatHas 3agadya Ha IOJyOCH
HECKOJBKO OTJIMYaeTcsl OT OOpaTHOM 3amauuM Ha Bced mnpsmoil. B ciyuae
MOJIYIPSIMOM, KpOMe TOTEHIIMaa TPeOyeTCss BOCCTAHOBUTH U FPAHUYHOE YCIIOBUE
4yepe3 CIIEKTPaAIbHBIE TaHHBIE.

CBsi3b TEMBbI JMCCEPTALMM € HAYYHO-HCCJIEA0BATEJIbCKHMH PpadoTramMu
BbICIIET0 Y4YeOHOro 3aBeeHHS, B KOTOPOW BbINMOJHACTCH JAUCCEPTALHS.
HccnenoBanre BBINIOTHEHO B COOTBETCTBUM C IUIAHOM HAY4YHOTO MCCIEIOBaHUS
OT-®1-002 «IIpsiMmble U oOpaTHBIE CIEKTpajbHblE 3a7aud ISl KBaJPATUYHOTO
nyudka omneparopoB llrypma-JInysumis» (2007-2011rr.) Yprenuckoro rocynap-
CTBEHHOI'0 YHUBEPCUTETA.

Henabo uccaenoBaHus SBISETCS pelICHUE OOPATHBIX CIEKTPAJbHBIX 3a]a4
st udpepeHnanbHbIX OMepaToOpoB C MEPUOAUUECKUMH KO3 PUIIMeHTaMu U UX
MPUJIOKEHHE K PEIICHHI0 HEJIMHEWHBIX SBOJIOIMOHHBIX YPaBHEHUH B Kjacce
nepuoandYeckux (pyHKIMHI, J0Ka3aTeIbCTBO aHajlora oopatHoi Teopembl bopra B
ciydae ornepatopa [upaxa, pemenre oOpaTHON CIIEKTPadbHOM 3a/1a4i Ha MOJIyOCH
s oneparopa IItypma-JImyBwiuis M Ayisi KBaJpaTUYHOTO Iy4Ka ONEPATOPOB
typma-JInyBrsuIs ¢ IEPUOANYECKHAM MOTEHIIUATIOM.

3agaum ncciie0BaHusA, periaeMble B IaHHOM paboTe, cleayromue:

J0Ka3aTeNbCTBO MOJTHOW MHTErpupyeMoctn ypaBHeHus: Kopresera-ne ®pusa
C CaMOCOIJIACOBAHHBIM UCTOYHUKOM B KJIaCCE MEPUOANYECKUX (PYHKITHIA;

MOJIyYeHHE TOXKJIECTBA JUIsl KBAJpPaTOB KOMIIOHEHT COOCTBEHHBIX BEKTOP-
GyHKUMNA NEepUOJUYECKON U aHTUIEPUOAUYECKON 3a/1au sl CUCTEMbl YPaBHEHUM
Jupaka;

JOKa3aTENbCTBO IOJTHOM HWHTErPUPYEMOCTH  HEJIIMHEMHOTO  ypaBHEHHS
[IpenuHrepa ¢ €camMOCOrJaCOBAaHHBIM HMCTOYHHKOM B KJACcCE€ NEPUOIMYECKUX
GbyHKIU;

JOKa3aTENbCTBO TEOPEM O CBS3M MEXKIY AHAJUTUYHOCTBIO IMOTEHLHANIA C
HKCIOHEHIIMATbHBIM YOBIBAHUEM JUIMH JIAKYH KBaJPAaTUYHOTO IMy4YKa ONEpaTopoB
[Irypma-JInyBuis,

J0Ka3aTeIbCTBO aHajora oOpaTHoi Teopembl bopra B ciryyae KBaJIpaTUdHOTO
nmyuka onepatopos Itypma-JInyBumis;

J0Ka3aTeNbCTBO IOJHON HMHTETPUPYEMOCTH CHCTEMBI ypaBHeHHU Kayma c
CaMOCOIJIACOBAHHBIM MCTOYHUKOM B KJIacCE€ MEPUOIUUECKUX PYHKIUH.

Oo0bexT uccaenosanus. Oneparop lrypma-JInyBuis, oneparop Hdupaka u
KBaJpaTU4HbIN y4OK oneparopos ltypma-JIinysusis.

IIpeamer uccaenoBanus. OOpaTHbIe CHIEKTPaIbHbIC 3a7a41 JJIs ONEPaTOPOB
[Irypma-JInyBuinsa, [upaka W KBagpaTUYHOro Iydka oreparopos Illrypma-
JInyBunns, a TakkKe UX NPWIOKEHHS K HHTETPUPOBAHUIO HEJIMHEWHBIX
ABOJIIOLIMOHHBIX YPaBHEHU.
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Mertoasl ucciaexoBaHus. B auccepranMu  MCIOJNB30BaHBI  METOJBI
MaTreMaTuyeckod ¢u3uku, (GYHKUMOHAJIBHOTO aHallv3a, TEeOpuu (QyHKUIUN
KOMIUJIEKCHBIX IEPEMEHHBIX.

Hay4ynast HOBU3HA HCCJI€JOBAHUSA COCTOUT B CIIEAYIOLLEM:

J0OKa3aHa I[IOJHAas HHTErpupyemMocTh ypaBHeHHs Kopresera-ne ®pusa c
CaMOCOIJIACOBAHHBIM MCTOYHUKOM B KJIACCE MEPUOANYECKUX (PYHKITNH;

J0Ka3aH aHajor oOpaTHol TeopeMbl bopra B ciyuae onepatopa [{upaka;

MOJIYYeHbl TOXKJIECTBa JII KBaJIpaTOB KOMIIOHEHT COOCTBEHHBIX BEKTOp-
GyHKUMNA NEepUOJNYECKON U aHTUIEPUOAUYECKON 3a/1au JUIsl CUCTEMbl YPaBHEHUI
Jupaka;

JI0Ka3aHa I10JIHasi UHTETPUPYEMOCTh HEJIMHEWHOro ypaBHeHus Llpeaunrepa c
CaMOCOIJIACOBAHHBIM MCTOYHUKOM B KJIacCE€ MEPUOAUUECKUX PYHKINH;

JIOKAa3aHbl TEOPEMBI O CBA3M MEXKJAY AHAUIMTUYHOCTBIO IIOTEHIMAla C
HKCIOHEHIIMATbHBIM YOBIBAHUEM JUIMH JIAKYH KBaJpPAaTUYHOTO IMy4YKa ONEpaTopoB
[Irypma-JInyBuis,

J0Ka3aH aHajior oOpaTHOM TeopeMbl bopra B ciiydyae KBaJpaTHUYHOTO Iy4yKa
oneparopos LlItypma-JInysuis;

J0OKa3aHa TIOJIHAs MHTErpUPYEMOCTb CHUCTEMBbl ypaBHeHui Kayma c
CaMOCOIJIACOBAHHBIM MCTOYHUKOM B KJIACCE MEPUOANYECKUX (PYHKITNH;

peiieHa oOpaTHas CHEKTpajbHas 3ajJaya Ha MOJIYOoCH JUIs olepaTtopa
[Itypma-JInyBuiisg U 1U1d KBaApaTUUYHOrO Iydka oneparopos Lltypma-JInysuis
C IIEPUOJIUYECKAM ITOTEHLIUATIOM.

IIpakTHyeckue pe3yabTaTbl MCCJIEAOBAHMS COCTOAT U3 BO3MOXKHOCTH
NPUMEHEHUS TpPU YHCICHHBIX BBIUYMCICHUSAX TMOJYYEHHBIX CIEICTBHM 00
AHAIMTUYHOCTU PELICHUHA 110 IPOCTPAHCTBEHHOW IIEPEMEHHOW HEJIMHEHHBIX
YPaBHEHUM.

JloCTOBEPHOCTH Pe3yJbTATOB MCCIAEI0BAHMSI OOOCHOBaHa CTPOTOCTHIO
MAaTEeMaTU4YECKUX  PACCYXKAEHUM, a  TaKXKe  HCIOJIb30BaHUEM  METOJIOB
MareMaTtuyeckol (u3MKH, (YHKIUOHAIBHOTO aHaldu3a U Teopuu (QyHKIUH
KOMIUJIEKCHBIX NEPEMEHHBIX MPU PEHIeHUU OOpaTHBIX CHEKTPaNbHBIX 3a/ay s
muddepeHIranbHbIX ONEPaToOpoOB € MEPUOAMYECKUMH KOdPPULUMEHTaMH U HUX
MIPUJIOKEHUN K PELICHUIO HEIMHEHHBIX DBOJIOLUMOHHBIX YPaBHEHHUW B Kiacce
NePUOINYECKUX () YHKIIHMA.

Hayynass W npakruyeckas 3HAYMMOCTH Pe3yJabTATOB MCCIEI0BAHUSA.
Hayynoe 3HaueHHe pe3yJIbTaTOB MCCICAOBAHUSA 3aKIIOYAcTCs B TOM, 4YTO
MOJIy4YeHHbIE B pPabOTe HaydyHbIE pe3yJabTaThl MOTYT OBITh HCIIONB30BAaHbI B
CIIEKTPaJIbHOW TEOPUU JIMHEHHBIX OINEPaTOpPOB, B T'MIPOJUHAMUKE U B KBAHTOBOU
busuke.

IIpakTyeckoe 3HAUYEHHE ITUCCEPTALMOHHOIO HCCICAOBAHUSA OIPEACIISAETCS
MPUMEHEHUEM TOJIYYCHHBIX B pab0Te HAYYHBIX Pe3yJbTaTOB B MaTEeMaTUYECKOU
(bu3KKe TpU UHTETPUPOBAHUM HETMHENHBIX 3BOJIOLUMOHHBIX YPaBHEHUIA.

BHeapenue pe3yabTaToB HcciaeN0BaHUA. [[oKazaHHBIE TEOPEMBI, CBSA3BI-
BAOIIME AHAIMTUYHOCTh MOTEHIMAJIa C HKCIOHEHIMAIbHBIM YObIBAHUEM JIJIMH
JakyH W aHajnor oOpaTHOW Teopembl bopra B ciydae KBagpaTH4YHOIO Iy4Ka
onepatopoB Illtypma-JInyBuiuisg, pe3ysbTaTbl 10 UHTETPUPOBAHUIO YPaBHEHMUS
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Kopresera-ne ®pusza ¢ camMOCOrIacOBaHHbIM HCTOYHHUKOM, a TaKXKE METO]
b depeHurpoBaHUs CHEKTPATbHBIX MapaMEeTPOB HCIOIb30BaHbI B 3apy0eKHOM
rpante project MTM2010-15314(Institute of Mathematics at the University of
Santiago de Compostela, Spain, cnpaBka ot 25 wmas 2015 roma) npu
J0Ka3aTeIbCTBaX TeopeM O 3Hake ¢yHkuuu ['puHa mna auddepeHanbHbIX
YPaBHEHHI BTOPOro TMOpsAKa, JJIs pEUICHUS YpaBHEHHUs UENOoYkd Toabl C
MHTErpajJbHBIM CAaMOCOTJIACOBAHHBIM UCTOUYHUKOM.

Anpodanus  pe3yabTaroB  ucciaeaoBaHusa. (OCHOBHOE  COAEpKAHUE
JUCCEepTaLUU 00CYK/1aJach HA CIEIYIOUUX MEXAYHAPOIHBIX U PECyOIUKaHCKUX
Hay4HbIX KoH(pepeHumsx: «luddepenuuanbaple ypaBHEHUS C YaCTHBIMHU
MIPOU3BOJIHBIMU U POACTBEHHBIE MPOOJIEMbl aHaIu3a U UHPopMaTUKU» (TalIKeHT,
2004 r1.), «CoBpeMeHHble MpoOJieMbl MaTeMaTH4ecko (u3uku u HHPOP-
MaluuoHHbIX TexHonoruit» (Tamkent, 2005 r.), «CoBpeMeHHbIE MPOOIEMbI
MPUKIAAHON MaTEeMaTUKH W HMHGPOPMAIIMOHHBIX TEXHOJOTUM — AJb-Xope3Mu
2009» (Tamkent, 2009 r.), « AKTyaJIbHbI€ MPOOJIEMbI MATEMATUIECKOTO aHAIN3a»
(Yprenu, 2012 r.), «CoBpeMeHHble npodiembl quddepeHnnanbHbIX YpaBHEHUN U
ux npuioxenus» (Tawmkentr, 2013 r.), «Heknaccuueckue ypaBHEHHS
MareMatuyeckod (usuku m ux npunoxenusn» (Tamkenr, 2014 r.). Hacrosmas
pabora obcyxaanach Ha pecnyOIrKaHCKUX ceMuHapax «CoBpeMeHHbIe TPOOIeMbl
teopun guddepeHIrnanbHbIX YpaBHEHWH B  YacTHBIX TMPOU3BOJAHBIX» U
«Oneparopuble anreOpel M HMX MNpuioxkeHus» HMHcturyra Martematuku mpu
HanumonanbHoM yHuBepcutere VY30ekucTaHa, Ha cemuHape «CoBpeMEHHbIE
npoOiemMbl  BBIYUCIUTENBHOM MaTEMaTUKM W MaTeMaTHYecKoW  (U3UKU»
HanmonanbHoro yHuBepcutera Y30€KHCTaHa, HA TOPOJCKOM CEMUHape Kadeapbl
anre6psl W (yHKUMOHAJIBHOrO aHanu3a HanuoHalbHOrO  yHUBEpPCUTETA
V30ekucrana, Ha cemuHapax «CnekTpaiibHas Teopus AuQdepeHIuaIbHbIX
orepaTopoB» Kadeapsl MaTeMaTH4YecKoro aHaiuza u «OnepaTopHble MOJETU B
MareMatudyeckoil (usuke» kapeapbl (YHKIMOHAJIBHOTO aHajgu3a MOCKOBCKOTO
rOCy/IapCTBEHHOTO ~ YHUBEpCUTeTa, Ha ceMuHape «CrekTpanbHas Teopus
OIIEpaTOPOB U €€ MPHIIOKEHHs» balllkupcKoro rocy1apCTBEHHOI0 YHUBEPCUTETA.

Ony0JnKOBAaHHOCTH Pe3yJbTaTOB HcciaeaoBanus. [lo Teme nucceprauu
onmyOnnkoBaHo 31 Hay4HBIX paboT, U3 HUX 7 cTaTell B HAIMOHAIBHBIX )KypHaiax, 9
cTaTeil B 3apyO0exHBIX KypHajax, 15 Te3uCOB B HAyYHBIX KOH(EepEeHUIUAX.

O0bém U cTpyKTypa amccepramum. /[uccepranmusi COCTOUT M3 BBEICHUS,
YeTbIpeX TIJIaB, BHIBOJIOB, 3aKJIIOUEHHUS W CHUCKAa HMCIOJIb30BAaHHOW JIMTEPATYPHI.
O6mmit 06beM padboThl 179 cTpaHullbl, B CHUCKE HUTUPOBAHHON JAUTEpaTyphl 227
HaVMEHOBaHUM.

32



OCHOBHOE COIEPKAHUE JUCCEPTALIUAN

Bo BBemeHMm O00OCHOBaHa AaKTyaJbHOCTb U BOCTPEOOBAHHOCTH TEMBbI
JUCCEpPTAallUH,  OINPENEIEHO  COOTBETCBUE  MCCIENOBAHUS  MPUOPUTETHBIM
HaIpaBJICHUSAM Pa3BUTUS HAYKH W TEXHOJOTUH pecrnyOSMKH, MpUBEAEHBI 0030p
3apyOeKHbIX HAyYHbIX MCCIEIOBaHUA MO TEME JHUCCEepTallMd U CTEeNeHb
M3YYEHHOCTH MpoOsieMbl, CHOPMYIUPOBAHBI 1I€JIb U 3a7a4M, BBIABICHBI OOBEKT U
MpEAMET HCCIEIOBAHMUS, HW3JIOKEHBI HAay4dHas HOBH3HA M IPaKTHYECKHE
pEe3yAbTaThl UCCIEAOBAaHUSA, PACKPBITA TEOPETHUYECKAs] M NpAKTUYECKas 3HA4M-
MOCTh TMOJYYEHHBIX PE3YJbTATOB, JAaHbl CBEAEHHUS O BHEAPEHUU PE3YIHTATOB
UCCIeI0BaHUsl, 00 OMyOJIMKOBAaHHBIX padOT M O CTPYKTYpE AUCCEPTALIUU.

B nepBoil r1iaBe auccepranMu  Ha3BaHHOW «OOpaTrHasi 3agada  JIs
oneparopa ILlrypma-J/InyBuiuisi ¢ mepuoauYecKUM IMMOTEHIMAJIOM HAa BCel
ocu», mpuMeHss oOpatHyio 3amgauy lrypma-JluyBumig ¢ mnepuoIUyecKuM
MOTEHIMAJIOM, JO0Ka3aHa II0JHAsg HMHTETPUPYEMOCTh ypaBHeHHMs Kopresera-ne
®dpu3za c caMOCOIIaCOBaHHBIM UCTOYHUKOM B KJ1acce MePUOANYECKUX (PYHKITHIA.

B nepBom u BrOopoMm mnaparpadax mnepBoi IiiaBbl, AJs MOJTHOTHI U3JIOXKEHUS,
MPUBOJATCS U3BECTHBIE CBEACHUS, Kacarolluecss 0OpaTHOM CIEKTpajbHOM 3a/1auu
Ha Bced npamon i oneparopa Ilrypma-JImyBwiuia ¢ nepuoguyecKuMm
MTOTEHIUAJIOM.

PaccmoTpum cnenyromuii oneparop Lrypma-JIinyBusiis

Ly=-y"+q(x)y=2y, xeR (1)
rae g(x) e C'(R") — neificTBUTENbHAS 7 -IepHOMYECKas (YHKIIHUSL.

O6o3naunm  uepe3 c(x,A) wu s(x,A) pemenus ypaBHeHus (1),
yaoBiIeTBoOpsitore HadaabHbIM yeioBusaMm c(0,4)=1, ¢'(0,4)=0 u s(0,1)=0,
s'(0,A)=1. ®ynxuusa A(A) =c(r, L)+ s'(7r, A) naswiBaercs Gpynkuueit JlamyHosa
WM JUCKpuMHHAHTOM Xuiia. Cleayromue peleHus

v () = c(x ) + s'(m, A)—c(m, ) F /N (L) -4 s d)
: 2s(m,A)
HPUHATO Ha3bIBaTh peieHusaMu Dioke ypasaenus (1).
Cuektp oneparopa (1) COCTOUT U3 CIEIYIOMET0 MHOXKECTBA

E={leR: -2<A(A)<2}=R' \{(—oo, ) 0(12,,_1,12”)}.

n=1

Cnenyromue nunatepBansl (—o, 4,),(4,, ,,4,,), n=1,2,... Ha3bIBAIOTCs JJaKyHAMHU.

n—12

O6o3HaunMm uepe3 &, n=1,2,... cOOCTBeHHbIC 3HAaUCHUS 3amauu Jupuxie

nis ypasHenus (1). Hetpynno Bugers, uto &, €[4,, ,4,, ], n=1,2,....
Onpenenenne 1. UYwmenma &, n=1,2,... BMecTe cO 3HaKaMu
o, = sign{s'(ﬁ,ﬁn) — c(ﬁ,ﬁn)}, n=1,2,.. Ha3bIBAIOTCS CIIEKTPaJIbHBIMU
napameTpamu 3agauu (1).
Omnpenenenne 2. I'panunst cnextpa A, n=0,1,2,... U cHeKTpaibHbIE

napameTpsl &,,0,, n=1,2, ... Ha3bIBAIOTCS CIIEKTPAIbHBIMU JaHHBIMU 3aaauu (1).
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Haxoxnenue crnexkTpanbHbIX JaHHBIX 3afaud (1) Ha3biBaeTcss mpsMOM
3ajlayedf, a BOCCTAHOBJICHHE IMOTeHIManda ¢(X) MO CHEKTPaJbHbIM JIaHHBIM

Ha3bIBACTCsI 0OpATHOM 3a7aueii.

B TpeTheM naparpade nepBoi riaBbl, mpuMeHsst 00patHyro 3amady ltypma-
JInyBwiisi ¢ TEPUOJUYECKUM TMOTEHIUAIOM, IPOUHTETPUPOBAHO YpPaBHEHUE
Kopresera-ne ®puza ¢ €aMOCOIJIaCOBaHHBIM HCTOYHUKOM B  KJjacce
MEePUOANIECKUX (DYHKITUH.

Paccmotpum ypaBuenue Ka®d ¢ camocoriiacoBaHHbIM UCTOYHUKOM

ql = qxxx - 6qqx +
+2[ B(A,D)s(m, 2,0, (x,4,0) - v _(x,A,1)) dA, 1>0, xeR' (2)
0

C HaYaJIbHBIM yCJIOBHEM
q(x,0)| _, =q,(x). (3)
TpeGyetcs nHaiitTu neficTBUTEnbHYIO0 GyHKUMIO ¢ = ¢(X,t), KOTOpas SBISETCS 7 -
NEPUOAMYECKON 10 TIEPEMEHHOM X U YAOBIETBOPSET YCIOBHSIM TJIaIKOCTH:
q(x,0)eC:(t>0)NC/(t>0)NC(>0). (4)
3necy B(A,t)eC ([O, ) x [0, oo)) - 3aJlaHHas IeUCTBUTENbHAS (PYHKIIMSI, UMEIOIIas
paBHOMEpHYI0 acumnToTuky S(A,6)=0(1"), A >, w, (x,A,t) - pemeHus
®noke (HopmupoBaHHble ycinoBueM y, (0,A,7)=1) ypaBHenus Ilrtypma-
JInyBuss
Lt)y=-y"+q(x,)y=2y, xeR', (5)
s(x,A,t) — peuienue ypaBHeHUs (5), yIOBJIETBOPSIOIIEe HAaYaIbHBIM YCIOBUIM
s(0,4,6)=0, s'(0,4,¢)=1. UYepe3 A,, (k>0) mbl 0003Ha4UMM COOCTBEHHBIC
3HAYeHHWs] JHMOO TIEPUOAMYECKOW, IMOO AaHTUMIEPHOAMYECKONW 3amauu  JJis
ypaBHeHuUs (5).
OcHOBHOM pe3ynbTaT TpeTbero naparpada nepBoi riaBbl cHOpMYyIUPOBaH B
clenyromieit reopeme.
Teopema 1. Eciu (g(x,1), v, (x,4,1), y_(x,A,t)) — pewenue 3aaauu (2)-(5),
To crektp omepartopa Ltypma-JInyBumis ¢ moteHnuaioM ¢(x +7,/) HE 3aBUCHT
OT IapaMeTpoB 7 M f, a CHeKTpaibHble mnapamerpel & (7,t), n=12,..
yIOBJIETBOPSIIOT aHAJIOTY CHCTEMBI ypaBHEeHHIA [lyOpoBrHa:

21 0, (FOE o s, =) % (6~ [

ot
k#n

>< {2q(r,z‘) +AE, + T“””?’?f (4.5) d/l} n>1.

3Hak o, (T,f) MCHACTCA IIPpU KAXKIOM CTOJIKHOBCHHUHU CIICKTPAJIBHOTO IIapaMCTpa

A AN
(ék B én)2

(6)

&, (r,t) c rpaHunamMu cBoel nakyHsl [A, , 4, ].
Hcnons3ys popMyiy mepBoro ciena
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00 = Ry + 3 Aoy + Aoy = 25,(5,0) 7

" PA3JIOKCHUC

s(m,A,t,7) =7[ﬁ§k(7;€#)
k=1

cucreMy (6) MOXKHO TIepenucaTh B 3aMKHYTOH (hopme.

CnenctBue 1. Cucrema (6) u dhopmyia nepBoro ciiesia Aar0T METO PelIeHUs
3agaun (2)-(5). Jdns sToro, cHayana HaiA€M CHEKTpalbHble AaHHble A, n=0,
E%(t), o)(t), n>1 mna ypaeuenus Ilrypma-JIMyBWLISA, COOTBETCTBYIOIIHE
noreHuuany  q(x+7,0)=q,(x+7). Hanee, pemaem 3agady Kommu

gn (Tat)‘ t=0 :gr? (T) H Gn (Tat)

(6) u mo dopmyne cienos (7) mHaxonum ¢(r,t). Ilocme 3TOr0 HETPYIHO HAUTH

o=0.(r), n>1 ana cucremsl ypasHeHuii J[ybpoBuHa

pewenus dnoke v, (x,A4,7).
CnenctBue 2. Ecnu HadanbHass QyHKUUS ¢q,(x) SBIAETCS ACHCTBUTEIBHON
aHamuTU4YeCKOW (yHKIMen, To g(x,f) TOXKE SBISETCS JEHUCTBUTEIbHON aHAIUTH-

yecKoil pyHKIMEen 1Mo x .
CnenctBue 3. Ecnm unciao 7/n sBASETCS TEPUOJOM HAvanbHOW (QYHKIIHH
q,(x), TO uucno 7 /n ABIsAETCS MEPUOAOM Takxke QyHKIMU g(X,f) 1O IEepeMeH-

HOM X . 3J1eCh 1 =2 HATypaJIbHOE YHUCIIO.

B uyerBepTOoM mnaparpade nepBol INaBbl MPOMHTETPUPOBAHO YpaBHEHUE
Koptesera-ne @pusza co cBOOOJHBIM YJICHOM, HE 3aBUCAIIUM OT IMPOCTPAHCTBEH-
HOI MepeMeHHOH B KJlacce MEePUOIUYECKUX (PYHKIIHIA.

Bo Bropoli rmaBe nuccepranMu  Ha3BaHHOW «OOpaTtHasi 3agavya s
oneparopa /lupaka ¢ mepuogu4ecKMM NOTEHIHAJIOM HAa BceH OCH» JI0Ka3aH
aHanor obOpatHod Teopembl bopra B ciyudae omeparopa Jlupaka, MOIXy4YEHBI
TOXKJIECTBA  JIIi  KBAJpaToB KOMIIOHEHT COOCTBEHHBIX  BEKTOP-QYHKIUN
NEePUOJNYECKON U aHTUIIEPUOANYECKOM 3a/1ay JyIsl cucTeMbl ypaBHeHUM Jlupaka, a
TaK)Ke IpUMeHssi oOpaTHYIO 3adady JJisi omepatopa Jupaka ¢ mepHOIu4YecKUM
MOTEHIIMAJIOM, JO0Ka3aHa TMOJHAs MHTETPUPYEMOCTh HEIMHEHHOr0 ypaBHEHUS
Hlpenunrepa ¢ caMOCOrJacOBaHHbIM HMCTOYHMKOM B Kjacce MNEPHOJUYECKUX
GbyHKUUHA.

B nepBom maparpade BTOpoii Ii1aBbl IpUBEAEHBI HEOOXOAUMbIE CBEACHUS 00
oOpaTHoO# 3aiaue /uis onepaTopa Jupaka ¢ IeprUOJUYECKUM MOTEHIIMAIOM Ha BCei

IIPSMOM.
PaccmoTrpum cucremy ypaBHeHud /{upaka Ha Bcel npsiMoun
0 1Yy X X
Iy= y L[PG a) Yo CxeR.  ®
-1 0\ », qg(x) —px) )\, V2

rae p(x),q(x)e C'(R') — neiicTBuTeNbHbIE 77 -IEpUOAMYECKUE (DYHKIIUM.
O6o03HauuMm yepe3 c(x,A)= (cl(x, A),c, (x,/”t))T u s(x,A)= (Sl(x, A),8,(x, /l))T

peuICHUA YPaBHCHHA (8), YAOBJICTBOPAOIINC Ha4dYaJIbHBIM YCIOBUAM
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c(0,A)=1,00" u s0,1)=(0,1)". dysxkmua AL)=c,(7,A)+s,(7, 1)
HasbiBaeTcs (yHKIMeH JIsmyHOBAa MM JUCKpPMMHMHAHTOM XHJIa JJIs OIepaTopa
Jlupaka (8). B srom cnyuae, pemenus @noke (HOPMHPOBAHHBIE YCIOBHEM

v (0,1) =1) numeror Bux

A)— ) F AN (L) -4
l//i(x,i):C(x,i)‘Fsz(ﬂ-) ) cl(”) )+ ( ) S(x,i).
2Sl (7[9 j“’)
CrnexTtp oneparopa (8) COCTOUT U3 CIEAYIOLIET0 MHOXKECTBA

E={AeR': -2<A(1)<2}=R \{ 0(/12”_1,/12”)}.

Wnrepsansl (A,, ,,4,,), n € Z Ha3bIBAIOTCS JIAKYHAMHU.

Kopuu ypaBuenus s,(7,4A)=0 obGo3Hauum yepe3 & , neZ. BomonssawoTces
cootHomenus &, €[4, ,4, 1, neZ.
Omnpenenenue 3. Yucna &, neZ u 3HaKu o, =sign{s2(7r,§n) —cl(ﬁ,ﬁn)},

n € Z Ha3bIBAIOTCS CIEKTPAIbHBIMU MapaMeTpamMu 3aaauu (8).
Omnpenenenue 4. I'panunel cnektpa A, n€Z U CHEKTPaJIbHBIE IapaMeTPhbl

&,,0,, n€Z Ha3bIBAIOTCA CHEKTPAIbHBIMU JAHHBIMU 3a1a4H (8).

HaxoxneHne CHeKTpalbHBIX JaHHBIX 3amadd (8) Has3bIBaeTCs MPSMOM
3ajlayef, a BOCCTaHOBJIeHHWE Kod(puuueHToB p(x) U ¢(x) MO CHEKTPaJIbHBIM

JTAHHBIM Ha3bIBaCTCS 0OPATHOM 3aaucii.
Ecnu B 3amaue (8) BMecto p(x) u g(x) paccmotperh p(x+7) u g(x+17), TO

CIIEKTp TOJY4YEHHOW 3aJa4d He 3aBUCUT OT mapamerpa 7: A (t)=A, neZ, a
CIIEKTpaJIbHbIE MAapaMeTpbl 3aBUCAT OT nmapamerpa 7: & (), o,(r), neZ. Omu

CICKTpPaJIbHBIC IMapaMeTPhl  YIOBJICTBOPSIOT aHAJIOTy CHUCTEMbl ypaBHCHHM
JlyOpoBuHa:

o ()"0, (O, o N, — ) J}f{ P

AN
(ék B én)2

k#n

x[2&, + 2(2“21\7—1 + A, —28)], neZ.
k=—0

3Hak o©,(r) MEHsAeTcd Ha MPOTUBOIOJIOKHBIA IPU KaXIAOM CTOJIKHOBEHUU
CIIEKTpaJIbHOTO napameTpa &, (7) ¢ rpaHULlaMU CBOeH JakyHsl [A, 4, ].
Cucrema ypaBHenuit JlyopoBuHa, a Takxke cieayromue GopmyIibl clie0B

0

p(t)= Z((AZk—l +2,0)/2-¢, (T))9

_ S I ! _ _ . . (/lzk—l_gn(r))(/lzk_gn(r))
4(0)= X ()"0, @&, @) = A, ), —£,(0) \/H G-

n=—0
#n

JAr0T METOJ1 pelIeHNs1 0OpaTHOM CHEKTPaIbHON 3aJauH.
Bo BTrOpom maparpade BTOpoil IiaBbl JAOKa3aHbl CIEAYIOLIME JBa aHajora
obpatHoil TeopeMbl bopra B ciyuae oneparopa Jupaka.
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Teopema 2. Jlns TOrO, 4TOOBI YHCIO 77/2 SBISIIOCH IEPHOAOM KOIPPUITH-
eHToB p(x) u ¢(x) cucrembl ypaBHeHHH (8), HeoOXoauMa U JOCTaTOYHA
JIBYKpPaTHOCTb BCEX COOCTBEHHBIX 3HAYCHHN aHTUIEPUOJMYECKOW 3aJayu
(¥(0)=—y(r)) nns cucremsi (8).

Teopema 3. Eciu Bce cOOCTBEHHbIE 3HAYECHHsS] NEPUOJUYECKON 3a1ayuu
(¥(0)=y(r)) nByYKpaTHBI, TO HYHCIO /2 SBISICTCS AHTUIICPUOJIOM  JIJIS
koapdummentoB p(x) um ¢g(x) cucrembl ypaBHeHUH (8), T.e. BBINOJHAIOTCS
cienyromue Toxaectsa p(x+n/2)=—-p(x), gx+n/2)=-q(x).

B TpeTthem maparpade BTOpOIi TIaBbl MOJYYEHBI TOXKAECTBA JJIs KBaJApaTOB
KOMIIOHEHT COOCTBEHHBIX BEKTOP-QYHKIUNA MEPUOJUYECKOW W aHTUIIEPHOJIU-
YECKOU 3a/1a4 JJIsl CUCTEMBI ypaBHEHNH [[npaka.

Teopema 4. [Tyctb

ot y—2 (X), y—l (X), yO (X), yl (X), y2 (X),
HOPMHPOBAHHBIC COOCTBEHHEBIC BEKTOP-PYHKIIUN MIEPUOTNICCKOMN u
aHTUTIEpUOAMYECKOM 3amgaun 1 cuctemsl  (8) Ha otpeske [0, 7],

COOTBETCTBYIOIIME COOCTBEHHBIM 3HaueHus M  ..<A, <A <A <A <A, <...
Toraa BBINOIHAIOTCS CIIELYIOLINE TOXKISCTBA!

= C > C
2 akyzzk—l,l(t):_p(t)_'_aa 2 bkyzzk,l(t):p(t)+§9
k=—0 k=—0

= c = c
Z akyzzk—l,z(t):p(t)_'_aa 2 bkyik,z(l‘)=—p(l‘)+5,
k=—0

k=—0

kZakka—l,l (f)J’2k—1,2 () =4q(), kZka’2k,1 (f)J’2k,2 () =—q(1),

rac

a, = ' > ' > c= w(i -4 —)’
TG g0 e~

F(A) =7 = d [Pt Fa =2
i k —k
g =w(h— a2t fm =2
i k —k

B derBeprom maparpade BTOpo# TiiaBbl, IPUMEHsSI OOpaTHYIO 3adady s
omepatopa Jlupaka ¢ NEpPUOAMYECKUM MOTEHIMAIOM, MPOUHTEIPUPOBAHO
HenuHeitHoe ypaBHenue IllpenunHrepa ¢ caMocCOrjacoBaHHBIM HCTOYHHKOM B
KJ1acce MePUOINYECKUX QyHKIUMN.

Paccmotrpum  cnenyromee  HenuHelHoe — ypaBHeHue — lllpeaunrepa ¢
CaMOCOTJIACOBAHHBIM HCTOYHHKOM

u, = 2iulul —iu,, + [iBQL0s, (2, 2,00; —iy)w; —iy;)dA, t>0, xeR" (9)

C HAYaJIbHBIM yCIIOBHEM
u(x,t)‘l=0 =u,(x), (10)
B KJIaCCE KOMILIEKCHO-3HAYHBIX 77 -IIEPUOJTMYCCKHUX M0 X (PYHKITHH:
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u(x,t)eC:(t>0)NC!(t>0)N C(t>0). (11)
3neck B(A,t)e C(R' x[0,00)) 3amaHHas naeifcTBUTenbHAs (GYHKIMSA, HMEIONIas
PaBHOMEPHYIO ACUMIITOTUKY B(A,t)=0(17), A — +o0,
v =y, (x,A,0),w;(x,A,t))" - pemenne ®Pnoke (HOPMHUPOBAHHOE YCIOBHEM

v (0,4,1)=1) cnenyromero ypasHenus [upaka

(0 1 » p(x,t)  q(x,0) Yy s !
L(t)yz(—l 0j(y£j+(Q(x,f) —p(x,f)j(yzj_l(yz} el (12

rie  p(x,t)=-Re(u(x,t)), q(x,t)=Im(u(x,t)). Yepez s,(x,A,f) o0003HaUEHA
nepBasi KOMIOHEHTa peuieHust s(x,A,t) ypaBHeHus (12) npu HavyaabHOM YCIOBUU
s(0,4,0)=(0,1)".

OcHOBHOM pe3ynbTar 4eTBepTOoro naparpada Bropoit riaasbl chopmMyaupoBaH
B CJIEIYIOLIEH TeopeMe.

Teopema 5. Ilycts (u(x,t),w " (x,A,t),w (x,A,t)) SBISETCS pEUICHHEM
3amaun  (9)-(12). Torma cnektp onepatopa J[upaka c¢ koddduuueHtamu
p(x+rt,t)=—Re(u(x+1,t)) u gq(x+r7,t)=Im(u(x+7,t)) He 3aBUCUT OT
napamMeTpoB 7 W t, a CHEKTpajbHble napamerpsl & (7,t), n € Z ynOBIETBOPSIOT
aHaJIOTy CUCTEMBI ypaBHeHH JlyOpoBuHa:

%en 221 0, (WE, ~ Ty Ny~ J}ﬁ (ape

A AN
(ék B én)2

g @0+ 4, @O+ PED) P E+ | f’%f);l(_ﬂi&r,r)

rae 3Hak o, (r,t) MEHsAeTCs NpH KakIOM CTOJKHOBeHMH & (7,f) C IpaHUIAMHU

or

k#n

i}, (13)

CBOEH JIaKyHshI (A, ,, 4, ].
Hcnons3ys popmyity cienoB

pan=3 (w—ém)} (14)

k=—c0
" 2 2
e

k=—o0

- ékz (Tat)j

" PaA3JIOKCHUC

s\ (mAtT)="1 ﬁ ok =4
k=—c0 ak

cucteMy (13) MoxHO TIepenucaTh B 3aMKHYTOM dopme.
CnenctBue 4. Ota Teopema jgaeT meton pemieHus 3anadu (9)-(12). Ipexne

BCEro, HaljeM CHOeKTpanbHble gamEbe A, E(1), o,(t), neZ,

,(ay,=1,a, =k, k+0),

COOTBETCTBYMOIIME Kodppuuuenram p,(x+7) u ¢,(x+7), 1 pemaem 3anady

Koww &, (7,1)| _, = éf(r), o,(1,t)
dbopmynam cienos (14) u

=0, (r), neZ nna cucremsl (13). danee, no

t=0
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060 = 3 (070, 0N o ), —) - [ Sl o)

onpenensemM p(x,t) u g(x,t), ¢ TOMOIIBIO KOTOPBIX MocTpouM u(x,t). Ilocne
3TOro HETPyAHO HaiiTu pemenus dnoke y* (x,1,1).

Cnenctue 5. Eciu B 3agaue (9)-(12) HavanpHble QyHKIMH p,(x) U ¢,(X)
SIBJISIIOTCSL ICUCTBUTEIbHBIMUA aHATMTUUECKUMHU (DYHKIUAMH, TO p(x,t) u g(x,t)

TaKXKe SBJITFOTCS JCHCTBUTEIPHBIMHM AaHATMTUYCCKUMH (PYHKITUSIMH T10 X .

CnenctBue 6. Ecnmm ymciio 7/2 sBaseTcs TEPHOAOM IS HaYaJIbHON
bynkmu u,(x) 3anaun (9)-(12), To uncno 7/2 sABiIAETCA TaKXKe MEPUOAOM M IS
pemieHus u(x,t) 1Mo NepeMEeHHON X .

B Tperbeili rmaBe pgucceprauMu Ha3BaHHOW «QOpaTHas 3ajgada IS
KBaIPaTHYHOTO my4ka omepatopoB IItypma-JIMyBHIsI ¢ NMEePHOAHMYECKUM
MOTEHI[MAJIOM HA BCeil 0CH» OKa3aHbl TEOPEMBI, CBSA3BIBAIOIINE AHATTUTHYHOCTD
MOTEHIIMAJIA C KCIIOHCHIIHAJILHBIM YOBIBAHUEM JIJTUH JIAKYH KBaJPATHYHOTO MTyYKa
oreparopoB llItypma-JInyBuiis, Aoka3aH aHajnor oOpaTHOW TeopeMbl bopra B
ciydae KBagpaTuyHoro nmydka omnepatopoB llrypma-JlmyBumins, a Taxxke
npuMeHsss oOpaTHYIO 3adady Ui KBaJIpaTHYHOro Tydka omepaTtopoB LlTypma-
JlmyBuiis ¢ TepuoaMYeCKUMHU Kod(DUIMeHTaMu, JOKa3aHa TMOJHAs HHTETPH-
pYeMOCTh CHUCTEMBI ypaBHeHWH Kayma ¢ camMocoriacoBaHHBIM HMCTOYHHKOM B
KJ1acce NMePUOINYECKUX QyHKIUMN.

B nepBom naparpade TpeTheii riiaBbl MPUBEIECHBI HEOOXOIUMBIEC CBEICHHUS 00
oOpaTHOH 3amade JUIsi KBaapaTUIHOTO MMydka omepartopoB lltypma-JlnyBumis c
MEPUOTNICCKUM MTOTSHITUAIIOM Ha BCEH MPSMOM.

Paccmotpum ypaBHeHHE

TA)y=—y"+qx)y+2Ap(x)y—Ay=0, xeR'. (15)
3nece p(x)e C*(R') u q(x)eC'(R') nelcTBUTENBbHBIE T -NIEPHOANUECKHE
(QyHKIMH, yIOBIETBOPAIOIIME YCIOBUIO: s Beex Qynkmmit y(x)e W) [0,7],
yaosinerBopsiioriuM  yeaosusim  y'(0)y(0)—y'(m)y(x)=0 wu  (y,y)=1,
BBITIOJTHSCTCS HEPABEHCTBO

(py,y)" +(qy, »)+ (', ) >0,
rre (-, ) — ckalsipHoe npousBeeHue npocrpanctsa L, (0, 7). [locnennee ycnosue

OyJZieM Ha3bIBaTh yclioBUEM (A).
B sTom ciiyuae, ciektp nyuka 7(A) HEempepbIBEH U COCTOUT U3 MHOMXKECTBA

E={a:—2<a)<2}=R"\ UG, 2.

JlakyHa, conepkamas Touky A =0 (MbI ero o6o3Hauum uepes (4, 4,)), Bceraa
SIBIIICTCSL HEBBIpOKIeHHOM. 3aech A(A)=c(m,A)+s'(m,A), yepes c(x,A) wu
s(x,A) oOo3HaueHsl pemieHus ypaBHeHus (15), ynoBIeTBOpAIOIINE HAYAIHHBIM
yeaosusim ¢(0,A4)=1, ¢'(0,4)=0 u s(0,4)=0, s'(0,4)=1.
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O0o3naunm uepe3 &, , neZ \{0} coOcTBeHHbIC 3HaUeHUs 3a1a4u Jupuxie
nis ypaBaenus (15). Herpyauo Bunets, uro &, €[4, ,A'], ne Z\{0}.

Onpenenenue 5. Yucna s, ne Z\{0} u 3HAKHU
o, = sign{s'(ﬂ,ﬁn) — c(ﬂ,ﬁn)}, neZ\{0} HA3bIBAIOTCS  CHEKTPaJbHBIMU
napameTpamu 3aaa4u (15).

Onpenenenune 6. ['panunsl ciektpa A, n€Z W CHEKTPAILHBIE MAPAMETPHI
&,,0,, neZ\{0} Ha3pIBaIOTCS CHIEKTPaIbHBIMK JaHHBIMU 3a1a4H (15).

HaxoxneHne crneKkTpanbHBIX JaHHBIX 3amgaud (15) HaspiBaeTcs MPSMOi
3ajlayeif, a BOCCTaHOBJIeHHWE KOd(puuueHToB p(x) U ¢(x) MO CHEKTPaJIbHBIM

JTAHHBIM Ha3bIBaCTCS 0OPATHOM 3aaucii.

Ecnu B 3amaue (15) Bmecto p(x) u g(x) paccmorpets p(x+7) u g(x+7),
TO CIEKTP MOJYYEHHON 3a/1aun HE 3aBUCUT OT mapamerpa 7: A ()=, neZ, a
CIIEKTpaJIbHbIE MapaMeTpbl 3aBUCAT OT mapamerpa t: & (7), o,(r), neZ\{0}.

OTH CHEKTpaJbHBIC IMMapaMeTPhl YIOBJICTBOPSIOT aHAJIOTy CHUCTEMbI ypaBHCHHI
JlyOpoBuHa:

ds,
drt

_ 11 G —AE —A)
X - A - A , Z \{0}.
\/(5,, 0)(S, O)kl;[,o E —C) neZ\{0;

3nec5 3HaK O, (T) MCHACTCA HaA HpOTHBOHOJIO)KHBIﬁ, Ipu KaXXaA0M CTOJIKHOBCHHH

=2(=1)""sign(n)o, (D (E, — A, —&,) X

& (1) c rpanunamu cBoeii akyHsl [, A’ ].
Cucrema ypaBHenuit JlyopoBuHa, a Takke cieayromue GopmyIibl clie0B
f+I A+ A
T
po=irh 5 [Hth o)
(%) + (%)’ (%) + (%)
0 0 + z > k §k2 (T)
JAI0T METOJI peIeHHs] OOpaTHOU CIIEKTPaIbHOM 3a4a4H.
Bo BTOpoM mnaparpade TpeTbell TJaBbl, HCIOJB3Ys CUCTEMY YpaBHEHUH
Hy6poBuHa u (opmynbl CleloB, [0Ka3aHbl CIEAyIONIME JBE TEOPEMBI,

CBSI3BIBAIOIINE AHATUTUYHOCTh MOTEHIMANa C HKCIOHEHIMATbHBIM YObIBAaHHEM
JUTUH JIAKyH KBaJApaTHYHOrO Imydka onepatopos LlItypma-JInyBuiiis.

q(r)+2p*(r) =

2 0#k=—00

Teopema 6. Eciu p(x),q(x)e C*(R') nelicTBUTENbHBIE 7T -NEPUOJMUECKHE

GyHKIMM W JUIMHBL JaKyH A — A 9KCIIOHEHIMANbHO YOBIBAIOT, T.C. €CIIH
CYLIECTBYIOT MOCTOsiHHbIe uuciaa a >0, b>0 mis koropeix A —A <ae",
neZ, 10 p(x) u gq(x) SABIAIOTCS JEUCTBUTEIbHBIMU aHAIUTHUYECKUMU
GYHKIMSIME Ha BCeU TIPSIMOH.

Teopema 7. Ecim p(x) u ¢q(x) HAeHCTBUTENbHBIE AaHAIUTUYECKHE 1T -

nepuoandeckre QyHKIMHU, TO JUIMHBI JIJaKyH A — A yOBIBaIOT 9KCIIOHCHIINAIBHO.
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B tpeTtbeM maparpade TpeTbell IN1aBbl J0Ka3aH CIEAYIOIUN aHAJIOT 00paTHOM
TeopeMbl bopra B cinydae kBajgpaTuyHoro nyyka oneparopon Ltypma-JlnyBuis.

Teopema 8. Jlns Toro, uroObl uucio /2 SBISUIOCH TEPHOAOM
kodpdunrentoB p(x) u ¢q(x) ypaBHenus (15), HEoOXOIMMO M JOCTATOYHO
JIBYKPaTHOCTh BCEX COOCTBEHHBIX 3HAUYCHMM AHTUIEPUOAMYECKOW 3amaud st
ypaBHenus (15).

B uerBeprom maparpade TpeTbell riaBbl OOpaTHYIO CIEKTPAJIbHYIO 3aJady
st mydka ypaBHenuit Itypma-JlnyBuis ¢ nepuoanyeckumMu Kodduiuentamu
NpUMEHsieM JUJIs pelIeHHs] cUcTeMbl ypaBHeHuid Kayma ¢ caMocoriacoBaHHBIM
MCTOYHUKOM B KJIacCE MEPUOANYECKUX (DYHKITHIA.

Paccmotpum cnenyromyto cucteMy ypaBHeHui Kayna ¢ caMmocoriacoBaHHBIM
HMCTOYHUKOM

P, :_6ppx —q,t Tﬁ(/l,t)s(ﬁ,}t,t)(y/+(x,/l,t)y/_(x,/”t,t))xd/l, (16)

9= P — 49D, =214, +2fﬂ(?t Ds(, A0 =p, v, (GADY (x,4,0) +

+(A-2p)- (l//+(x 20y _(x,4,1)), }dA, (17)

IIPY HAYaJIbHBIX YCIOBUAX
P01, = o), q(x1)|_, =q,(x), (18)
B Kjlacce  JACUCTBUTENBHBIX, 7 -IIEPUOAMYECKHX IO X  (YHKUHH,

yJIOBJICTBOPSIOIINX YCIOBHSM TJIAIKOCTH
p(,)eC:(t>0)NC/(t>0)NC(E=0), qg(x,t)eC'(t>0)NC(t>0).
3necs p,(x) e C’(R), q,(x)eC?(R) 3anaHHBIE NEHCTBUTEILHBIE 7T -TIEPUOJIN-
yeckue (yHKIuM, ynaosiaeTrBopswonme ycnoButo (A), P(A,f) - 3amaHHas
JCHCTBUTEIbHAS HETPephIBHAS (DYHKITUSA, UMEIOIIAsi PAaBHOMEPHYIO aCUMIITOTHKY
BA,1)=0(17), A >+, w, (x,A,t) pemenus Droke (HOPMUPOBAHHBIE
ycnosueM v, (0,4,¢) =1) cnenyromiero ypaBHeHUs
— V" +q(x,t)y+2A p(x,t)y—A*y=0, xeR'". (19)

Yepe3 s(x,A,t) ob6o3naueHo pemieHue ypaBHeHus (19), ymoieTrBopsioiiee
HavaabHBIM yeroBusam s(0,4,1)=0, s'(0,4,¢) =1.

OCHOBHOW pe3ynbTaT TpPEeThero maparpada TPEeTheH TIIaBhI 3aKITIOYACTCS B
CIIEIYIOIICH Teopeme.

Teopema 9. Ilycts (p(x,t), q(x,t), w. (x,A,t), y_(x,A,t)) sBusgercs

pemenueM 3agauun (16)-(19). Torma criekTp KBaapaTUYHOTO ITydKa OMEPaTOpPOB
Mrypma-JInyBumist ¢ kodddunmentamu p(x +7,¢1) u g(x+7,t) HE 3aBUCUT OT

napamMeTpoB T MW ¢, a cCHeKTpaiubHble mnapamerpsl & (7,t), neZ\{0}
yJIOBJICTBOPSIOT aHAJIOTY CHCTEMBI ypaBHeHHH [[yOpoBuHAa:

85 =2(-1)"o,(z,t) - sign(n) - \/(f = ) Ay, —6,) X
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X \/(én - i_] )(én - io)kHO (é” _ (jgk—l_)(éérsz_ 2“21\7) %

x {2p(r,z‘) w26+ [P (i’zs(ff’f’f)dz}. (20)

3Hak o, (7,f) MEHAETCS IPU Ka)XIOM CTOJKHOBEHMM & (7,f) ¢ rpaHMLIAMU CBOEH

HaKkyHsl [A,, , 4, ].
Hcnonw3ys popmyity cienoB

p(z,0) :—/l" 4 + i (—/12"" A _ &, (r,t)j (21)
2 0#k=—o0 2
Y Pa3JIOKEHHE
_ - ék -4
s(m,At,t)y=m [] ,
0#k=—00 k

cucreMy (20) MOKHO TIEpenucaTh B 3aMKHYTOM BUJIC.
CnenctBue 7. Orta TeopeMa naer meroa pemeHus 3amgaun (16)-(19). s

O e 0 0
3TOr0, IpeXkae BCEro, HaAWAEM CHEKTpalbHble AaHHble A , neZ, & (v), o,(7),
neZ\{0} xBampatuuHoro my4ka ypaBHeHud Ilrypma-JlnyBusis, cooTBeT-
cTByrOIME Kodpdunuenram p,(x+7) u q,(x +v). lanee, pemaem 3anauy Komn

gn (Tat)‘ z=0:§r?(7’-)9 Gn (Tat)
Hy6posuna (20). ITo popmynam ciaeqoB (21) u

(A) 2+<zo> S ((z%_]) 2+<12k) . 55(%0}

HaxoauM Gyukuuun p(r,t), q(r,t). Ilocne sToro HeTpyAHO HaMTH petieHus Daoke
v, (x,A,1).

CnenctBue 8. Ecnum HavaneHble QyHKuMum p,(x) U ¢,(x) sBIAo0TCA

o=0(r), neZ\{0} mnA cUCTEMBI ypaBHEHHIl

q(t,t)+2p*(1,t) =

0#k=—0

JEUCTBUTENIPHBIMU AHAIMTUUECKUMU (QYHKIHUSAMU, TO p(x,f) u ¢(x,t) TaKxke

SIBJITFOTCS ICHCTBUTEIIBHBIMUA aHATUTHICCKUMH (PYHKITUSAMU T1I0 X .
CnenctBue 9. Eciu p,(x) u q,(x) umerot nepuox 7 /2, To QyHkuuu p(x,t)

u q(x,t) TaKxKe SBIAIOTCA 77 /2 -TIEPUOTUISCKUMHU 110 X .

B wuyerBepToil rnaBe aAuccepranMyd Ha3BaHHOM «OOpaTHasi 3agavya Is
oneparopa Itypma-JIuyBMiJII M KBaApaTHYHOI0 IMY4YKa ONEepaTopoB
HItypma-JIMyBUJISAA ¢ NEPUOAMYECKUM MOTEHUMAJIOM Ha MOJYOCH» pelieHa
oOpaTHas creKTpajbHas 3aja4ya Ha noxyocu Juis oneparopa typma-Jlnysumisa u
JUIsL KBaJpaTUYHOTro myyka omnepatopoB llTypma-JInyBuwiis ¢ mnepuoanuecKum
MOTEHIIMAJIOM.

B mnepBom maparpade ueTBepTOil TIaBhl M3yueHa oOpaTHas 3ajada Ha
nostyocu st oneparopa Lltypma-JInyBumis ¢ nepuoJu4ecKuM MOTEHLIUAIOM, a
MMEHHO, BbIBEJIeHbI (hOpMyJia, BhIpaXKarolas TPaHUYHOE YCJIOBHUE IO CIEKTPAJIb-
HBIM JIaHHBIM, U aHaJor cuctembl AuddepeHnnanbHeIX ypaBHeHuil JJyopoBuHa, a
TaK)Ke JJAeTCsl aIrOPUTM MOCTPOEHHUS MOTEHIMANA.
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PaccMoTpyM Ha MOJTYOCH CIENYIOUIYIO TPaHUYHYIO 33/1auy
Ly=—y"+q(x)y=4y, 0<x<ow (22)
y(0)cosa + y'(0)sinax =0, ae(0,7), (23)
rie q(x)eC'(R'") — m-nepuoauueckas jaelicTutensHas (GyHkius. O603HAUMM
gepe3 c(x,A), s(x,A) u @(x,A) pemenuss ypaBHeHus (22), yAOBJICTBOPSIOLINE
HavanpHeIM  yeaoBusam  c(0,A4)=1, ¢'(0,4)=0, s(0,4)=0, s'(0,4)=1,
@(0,A)=—sina, ¢'(0,A)=cosc .

Oyukius Beitnsa-Tutumapina muist 3agaun (22), (23) uMeer ciaeayomui BU
[s'(7,A) —c(m,2)]cos 2o —[s(7m, A) + c'(7, A)]sin 2a — | A* (L) — 4 ‘ (24)
2s(m,A)cos” o+ 2[s'(,A) —c(m,A)]sina cosa — 2¢' (7, A)sin” a

W3 3T0T0 BBIpaXKEHUSI CIIEIYEeT, UTO HEMPEPBhIBHBIM crekTp 3agaun (22), (23)
UMeeT BUJI

m, (A) =

B =R 020 Ul 12 @s)

n=l1
Hurepsans! (-0, 4,), (4,,,, 4,,), n=1,2,... Ha3pIBatOTCA JakyHaMmu. KoHIIbI
JNaKyH COCTOAT U3 Hyneil pynkuun A’ (1) —4.

O06o3naunm uepe3 & ,n=0,1,2,... kopHU (3HaMeHaTeNsl B BBIPAXKCHUU (24))
ypaBHeHus @(m,A)cosa +@'(w,A)sina=0. Otmerum, uro ¢ ,n=0,12,..
COBMAIAIOT C COOCTBCHHBIMU 3HAYCHHMSIMH 3aJla4yMl JIUIsd ypaBHEHUs (22) ¢ TrpaHnd-
HeiMu  yeaoBusimu  y(0)cosa + y'(0)sina =0, y(z)cosa + y'(r)sina=0 wu
BBINOJIHAIOTCS BKItoueHus &, € (—o, 4,1, & €[4,, ,4,,], n=1,2,... .

sina T,
o(r,,) sina
Ha3bIBAIOTCS CIEKTPAIBLHBIMU MapaMeTpamu 3a1auu (22), (23).

Omnpenenenne 8. I'pannnsl A, n=0 HENpepblBHOIO CIEKTpa U

Omnpenenenue 7. Uucna &, u 3HaKU O, =szgn{

CIEKTpallbHble MapaMmerpbl & ,0,, n=0 Ha30BeM CHEKTPalIbHBIMH JIaHHBIMU
3amaun (22), (23).

HaxokjeHue croekTpajdbHBIX JaHHBIX TIpaHWyHOM 3amaum  (22), (23)
Ha3bIBAIOT MPSIMOM 3ajaueil, a HaXOXJIEHUWE MOoTeHHHanta ¢(x) W ctga To

CHEKTpaJIbHBIM JJAHHBIM Ha3bIBAIOT 0OpaTHOM 3a1aueil.
CBsi3b MEXIy CHEKTpaJIbHBIM JIaHHBIM W TPAHUYHBIM yCIIOBUEM cdop-
MYJIMPYEM B BUJE TEOPEMBI.

Teopema 10. Ilycts g(x)e C'[0,), 7 -nepuoauueckuii neHCTBUTENbHBI
notenman 3aaaun typma-Jinyswwis (22), (23). Torma umeer MecTo cleayromias

dbopmyna
B A A
cligo =— , s
w0 A4(S,)
r7ie
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0 én _i
4@ =21, - D=7
n=1
Crnenytomas TeopeMa 00 BOJIIOLUN CIEKTPATIBHBIX 1aHHBIX.
Teopema 11. Ilycts 3agaua (22), (23) umeeT HenmpepbIBHBINA criekTp (25) u

CIEKTpajbHble mapamerpel &, ,0,, n=0. Torma mnpum Bcex 3HAYCHHUAX

JE€MCTBUTEIBHOIO NTapaMeTpa ¢, CIECAYyoNas 3a1aqa

Lt)y=—y"+q(x+t)y=4y, 0<x<ow

y(0)cosa + y'(0)sina =0, ae(0, ),
UMEET TOT K€ HENPEpbIBHBIA CHEKTp £, W CHeKTpalbHble mapamerpsl & (7),
c,(t), n=0 ynoBaeTBOpsOT cucreMe AU(QepeHINaNnbHbIX  ypaBHEHUI

Jy6poBuHa:
: 2 - (60 (t) - izk—l )(éo (t) - 2“21\7)
= 2 2_, — X — X
éo(f) Go(t)\/ 0 éo(f) [éo(t) q(t) +cig al \/k|=|1 (ék(t)_éo(t))z

&, (1) =2(=1)"0,(0(&, () = Aoy N Ao, = &, (1)) X[5,(6) = q(0) + cig” ] x
o 60— 4) : .ﬁ(én(f)—izk_l)(én(f)z— 2 st
(&, () =g ()" i (S (D) =5, (®)

d TAK)KC Ha4aJIbHBIM YCJIOBUAM
gn (t)‘ =0 — gn’ Gn (t)‘ =0 — Gn’ nz 09
KpOME TOTO CIIpaBe jIMBa cieayromas Gopmysia cieIoB

g(t) =218 — Ay + 25, (1) —g(@k_l Aoy —2£,(0).

Bo BropoMm maparpade yeTBepToi riaaBbl AaeTcs OonpeaeiaeHre CIEKTPaIbHbIX
NAHHBIX JUIA KBAaJApAaTU4YHOro Iyuyka omneparopos Ilrypma-JInyBumnsa ¢
IIEPUOJIUYECKAM IIOTEHIIMAJIOM Ha II0JyOCH. B TpeTbem, 4eTBEpTOM M ISATOM
naparpadax dYeTBepTOMl TJaBbl BBIBOASTCS (OpMyibl CienoB, ¢dopmyIa,
BBIpA)KAIOIasi TPAaHUYHOE YCIOBUE YEpE3 CIEKTpajbHbIC JaHHbIC, U AaHAJOT
cucteMbl ypaBHeHHM JlyOpoBuMHA [JIsi KBagpaTHYHOIO TIydykKa OIEPaTOpOB
[Itypma-JInyBuiLIs Ha IOJIYOCH.

PaccmoTrpuMm crnenyromuii KBagpaTUYHbIA Iy4OK

b

T(A)y=—y"+q(x)y+2Ap(x)y—-2y=0 0<x<o (26)
ypaBHenuii IIITypma-JInyBUILIS ¢ TPAHUYHBIM YCIOBHEM
y(0)cosa +y'(0)sina =0, ae(0,7) (27)

rie p(x)eC’[0,0) u g(x)eC'[0,0) neiicTBUTENbHBIE (DYHKINM, HMEIOIIHE
nepuoJ 77, a A KOMIUIEKCHBIN mapamMerp.
ByaeM Ipeanonarath, 4To [Js BCeX HEHyNeBbIX Qpynkumit y(x)e W} [0, x],
yIIOBJIETBOPSIIOIINX PABEHCTBY
[y(0)cosax + y'(0)sina]y'(0) —[y(7)cosa + y'(m)sina]y'(x) =0
BBITIOJIHSETCS HepaBeHCeTBo (L,y,y)>0,rme Ly =-y"+q(x)y.
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O6o3Haunm yepe3 c(x,A), s(x,A) u @(x,A) pemenus ypaBHeHus (26),
yaoBIeTBOpstomKe HavaiabHbIM ycioBuaMm c¢(0,4)=1, ¢'(0,4)=0, s(0,4)=0,
s'(0,A)=1, ¢(0,A)=—-sina, ¢'(0,A)=cosa.

Oyukius Beitnsa-Tutumapina st 3agaun (26), (27) uMeer ciaeayomui BU

1 (s'(m, A) — c(m, A)) cos 2a — (s(m, A) + c' (7, A))sin 200 — | A’ (1) — 4
e (4)= 2s(m,A)cos® a + 2(s'(m, 1) — c(m, X)) cosasina — 2¢'(m, A)sin® o
(28)
Oyukuus A(A) =s'(r,A) + c(x,A) HaszpBaeTcss GyHKIMeH JIsAmyHOBa WM

JTUCKpUMHUHAHTOM XWIa 3aaauu (26), (27), OTMETHM, YTO OHA HE 3aBUCHUT OT « .
W3 Boipakenus (28) cieayer, 4TO HENpPEpbIBHBIA criekTp 3anauu (26), (27)
UMeeT BUJT

E, =R\ J(A, ). (29)

n

JlakyHa, comepxamas Touky A =0 (Mbl ero o6o3Hauum uepe3 (4,,A,)) Bceraa

SIBJIICTCSI HCBBIPOJKICHHOM.
Jlns yno6cTBa BBEZIeM MHOXECTBO MHIEKCOB: Q={=£0,t1,...} . O603HaUNM

uepe3 &, , n€) KopHH ypaBHeHUs @(7m,A)cosa+¢@'(mr,A)sina=0.
Ormerum, uto &, ne() CoOBHAJAOT C COOCTBEHHBIMU 3HAUCHUSMU
pETYISIpHOM 3a/1auu )i ypaBHEHUS (26) ¢ TpaHUYHBIMHU YCIIOBUSMHU
y(0)cosa + y'(0)sinaa =0, y(r)cosa+ y'(r)sina =0,
a Takke BbINONHAIOTCA Bkmouenus &, €[4,,0), &,,€(0,4], &, €[4,,.4 1,
neZ\{0}.

sin o(r,&))
n € ) Ha3bIBAIOTCA CIIEKTPAJIbHBIMU NapameTpaMu 3anauu (26), (27).
Omnpenenenne 10. I'panmubr A, A', neZ HENpepblBHOTO CIEKTpa U

qo(ﬁ,afn)_ sin o }

Omnpenenenue 9. Uucna &, , n€ Q) u 3Haku o, = szgn{

CIIEKTpallbHble TapamMeTpsl &,,0,, n€() HAa30BeM CIEKTPAJIbHBIMU JAHHBIMU

3agauu (26), (27).
Teopema 12. meroT MecTo cieayrontue GopMyJbl

PO =%+ 1)/2=& J() - £.,(0))— (A +4)/2-&,(1)),

10+2p°0 = 2eg% - BIEED g2 -
0 i+ 2 i_ 2 5
- 3 (( ) ) —@(r)j.

3necy &, (), nel) chnekTpaiabHbIE MapaMeTpbl, COOTBETCTBYIOIIUE KO3 (duIu-

eHTaM p(x+t) u g(x+1).
Teopema 13. UmeeT mecto crneayromas popMmyina

45



A -4
ctga = —; 5,, Sl A{((?)) >

Tac

N () - d=—dn’ (-2 a- 1) [] LA A

0#k=—0 k2
) i _
A =27 ~£ )=, T ,f’f .

Teopema 14. Ilycts 3agaua (26), (27) uMmeeT HenpepbIBHBINA criekTp (29) u
CIeKTpallbHble napameTpel &, ,0,, nef). Torma mnpu Bcex 3HAYCHHAX

JEUCTBUTEILHOTO TMapamerpa ¢, Cleayromias 3a1aua
— V" +q(x+1)y+2Ap(x+1)y-Ay=0, 0<x<oo
y(0)cosa +y'(0)sina =0, ae(0,r),

HMCCT TOT KC HCHpCpBIBHBIﬁ CIICKTpP E N CICKTPAJBbHBIC IIapaMCTPhbI

ess

& (t),o,(t), nef) ynoBIETBOPAIOT cucTeMe AU(PPEPEeHINATbHBIX ypaBHEHUN
JlyOpoBuHa:
¢ (1) = 2AE (1) = 2£,(1)p(1) - q(0) + cig’alo, (DY A (&, (1) — 4 n
4;(E, ()
a TaKKe HAYaJbHBIM YCIIOBUSM
gn(t)‘l=0 =&, Gn(t)‘l=0 =0,, n€Q).

e

b

SAKTIOYEHUA

1. JlokazaHa monHasi MHTErpUpyeMocTh ypaBHeHHs Kopresera-ne ®pwusa c
CaMOCOIJIACOBAHHBIM MCTOYHUKOM B KJIaCCE€ MEPUOAUUECKUX PYHKIUH.

2. Jloxa3an anayor oopatHoi TeopeMbl bopra B ciyuae onepartopa upaka.

3. [omy4eHsl TOXIECTBA JJI1 KBaJAPAaTOB KOMIOHEHT COOCTBEHHBIX BEKTOD-
GyHKUMNA NEepUOJUYECKON U aHTUINEPUOAUYECKON 3a/1au JJisi CUCTEMbl YPaBHEHUM
Hupaxa.

4. JlokazaHa mTOJHAasg HMHTETPUPYEMOCTb  HEJIMHEHMHOTO  ypaBHEHMS
[IIpenquHrepa ¢ camMOCOrJaCOBAHHBIM HMCTOYHHKOM B KJAcCE€ NEPUOIMYECKUX
GbyHKUUHA.

5. Jloka3zaHbl TEOPEMBI, CBS3BIBAIOIINE AHAIUTUYHOCTh IMOTEHLIHAIA C
HKCIOHEHIIMATbHBIM YOBIBAHUEM JUIMH JIAKYH KBaJPAaTUYHOTO IMyYKa ONEpaTopoB
[Irypma-JInyBumis.

6. Jlokazan ananor oOpaTtHoi Teopembl bopra B ciydae KBaJpaTUYHOTO
nyyka oneparopos llItypma-JInysuiis.

7. Joka3aHa TIOJIHasE HMHTETPUPYEMOCTh CcHUCTeMbl ypaBHeHHil Kayma c
CaMOCOIJIACOBAHHBIM MCTOYHUKOM B KJ1acCe€ NEPUOIUUECKUX PYHKIUH.

8. PemeHa oOpaTHasl cleKkTpaslbHas 3ajada Ha IOJIyOCH Ui OIepaTopa
typma-JInyBusuis U AJig KBaApaTUYHOro mmyuyka onepatopos Lltypma-JInyBuiis
C IEPUOINYECKUM MOTECHIIUATIOM.
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Introduction (abstract of doctoral dissertation)

Actuality and demand of the theme of dissertation. The inverse problems
of spectral analysis meet in various fields of natural science, for example, in
quantum mechanics in determining interatomic forces using known energy levels,
in a radio engineering in the synthesis parameters of inhomogeneous transmission
lines, in the theory of elasticity in determining cross sections of the joist by a given
its own frequency of vibrations, in geophysics in determining the electrical
properties of the internal layers of the Earth via the impedance characteristics.

The importance of the spectral theory for differential operators increased
rapidly after the discovery of the inverse scattering method for the exact solution of
the equation of Korteweg-de Vries, which describes the gravitational long waves in
shallow water. Subsequently other nonlinear evolution equations were found, to be
solved by this method, which have numerous practical applications in various
fields of physics. For example, these equations occur when analyzing the ion
acoustic waves in plasma, the Langmuir waves in a thin plasma cylinder, the
different waves in hydrodynamics. Application of inverse scattering method for
solving the nonlinear Schrodinger equation, arising in nonlinear optics, led to the
creation of the theory of optical solitons, and allowed to find new examples of
soliton models. Moreover, this method has allowed to develop new approaches to
the analysis of the phenomena described by systems of equations close to those
completely integrable ones.

Real physical systems are described by equations with self-consistent sources,
which are one of the modifications of classical equations. Moreover, the forces
acting on the physical system are finite only for a finite time, therefore, the real
models are reduced to the equations in the class of periodic and almost-periodic
functions on the spatial variables. Applications of the method of inverse problems
of spectral theory to various problems of nonlinear optics, plasma physics,
hydrodynamics and other areas are one of the priority directions.

Now solitons have become one of the main objects in many of the problems
of the dynamics of nonlinear waves. In the last years optical solitons have been
used in the telecommunication technologies. An important part of the current
research in the theory of solitons comprises studies of nonlinear waves in non-
resonant environments. Relation of this theory with the problems of
hydrodynamics, allows us to solve a variety of environmental problems, which is
concern to the Aral Sea region, determine the demand of research related to the
theme of the dissertation.

Connection of research to priority directions of development of Science
and Technologies of the Republic. This dissertation was performed in accordance
with the priority direction of development of Science and Technologies F4
“Mathematics, Mechanics and Informatics”.

Review of foreign scientific research on the theme of the dissertation. In
the directions of proofs of the uniqueness and existence of the solution of inverse
spectral problems, of the development of methods of finding of solutions on the
finite interval and the half-line for differential and difference operators in various
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formulations, as well as applications of the method of the inverse problems for
nonlinear evolution equations on the whole line and the half line in various classes
of functions conducted extensive research in the research centers and universities
of the leading countries, including University of Oxford (England), University of
Stuttgart (Germany), Swedish Royal University (Sweden), International Centre for
Theoretical Physics (Italy), University of Vienna, Institute Erwin Schrodinger
(Austria), the Institute of Mathematical Sciences named after R.Kurant, Higher
Technical Educational Institutions “Clarkson College”, the Brooklyn Polytechnic
Institute, Ohio State University, Laboratory of Plasma Physics at Princeton
University (USA), Sofia University (Bulgaria), Institute for Nuclear Research,
Moscow State University, St.Petersburg State University, Saratov State University,
Pulkovo Observatory, Institute of Theoretical Geophysics, Bashkir State
University (Russia), Physical-Technical Institute of Low Temperatures, Institute of
Mathematics of the Academy of Sciences of Ukraine (Ukraine).

As a result of research carried out in the inverse problem of spectral analysis
and the methods of the exact solution of the Korteweg-de Vries equation on the
world level series actual problems were solved, including of the following
scientific results were obtained: were solved inverse problems of quantum
scattering theory on the entire line and on the half line (University of Oxford,
Higher Technical Educational Institutions “Clarkson College”, the Brooklyn
Polytechnic Institute, Physical-Technical Institute of Low Temperatures,
St.Petersburg State University); were proved uniqueness of the inverse spectral
problem for the Sturm-Liouville problem in various productions (Pulkovo
Observatory, Swedish Royal University, Institute of Theoretical Geophysics,
Physical-Technical Institute of Low Temperatures); was solved the Korteweg-de
Vries equation in the class of "rapidly decreasing" functions (Laboratory of Plasma
Physics at Princeton University, the Institute of Mathematical Sciences named
after R.Kurant); was solved Korteweg-de Vries equation in the class of almost
periodic functions (Moscow State University, St.Petersburg State University); were
found almost periodic solutions modified nonlinear Schrodinger equation (Institute
of Mathematics of the Academy of Sciences of Ukraine); were solved inverse
problems of quantum scattering theory on the entire line in a class perturbed finite-
gap potentials (University of Vienna, Institute Erwin Schrodinger); were solved
inverse problems for differential operators with the complex-valued and matrix-
valued coefficients in a finite interval by the Weyl-Titchmarsh’s function (Saratov
State University); were developed methods of calculation for regularized traces of
higher orders differential operators, were solved inverse problems for differential
operators with singular coefficients (Moscow State University); were solved
inverse problems for differential operators with non-separated boundary conditions
and boundary conditions depending from spectral parameter (Bashkir State
University); were established connections between the class of smoothness of
periodic potential and decrease the lengths of the gaps for the operator of Sturm-
Liouville (Ohio State University, Sofia University, University of Stuttgart).

In present time are carried out foreground scientific research work on
developing the theory of inverse spectral problems for differential and difference
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operators with periodic matrix coefficients; for differential and difference operators
on graphs; development of a method of inverse spectral problems for the solution
of nonlinear evolution equations of mathematical physics, spatial variable which
belongs to the graph; finding a stable algorithms for numerical realizations.

The degree of scrutiny of the problem. The inverse problem for the Sturm-
Liouville operator with a periodic, not necessarily finite-zone, potential was
studied in the works of I[.V.Stankevich, V.A.Marchenko, 1.V.Ostrovskiy,
H.P.McKean and E.Trubowitz. With the help of the inverse problem for the Sturm-
Liouville operator with a periodic potential in the works S.P.Novikov,
B.A.Dubrovin, A.R.Its, V.B.Matveev, P.Lax and others proved complete
integrability of Korteweg-de Vries equation without a source, in the class of finite
zone functions.

The inverse problem for the Dirac system was studied in the works
M.G.Gasymov, B.M.Levitan, V.E. Zakharov, A.B.Shabat and others. In the works
of V.E.Zakharov, A.B.Shabat, S.V.Manakov, the method of the inverse problem
for the Dirac operator, was established the complete integrability of the nonlinear
Schrodinger equation in the class of rapidly decreasing functions. Analogous
results in the class of periodic or finite zone functions were obtained in the works
of A.R.Its, V.P.Kotlyarov, A.O.Smirnov and others.

The inverse problem for the quadratic pencil of Sturm-Liouville equations in
the class of “rapidly decreasing” coefficients by scattering data on the half line and
whole line was solved in the works of M.Jaulent, [.Miodek, C.Jean; via Veyl-
Titchmarsh’s function in the work of V.A.Yurko; on the finite interval by spectrum
and normalization constants, also by two spectrum was studied in the work of
M.G.Gasimov, G.Sh.Guseinov; with periodical potential on the whole line
considered in the works of G.Sh.Guseinov; with finite zone periodical potential on
the half line is studied in the works of B.A.Babazhanov and A.B.Khasanov.

The system of Kaup, in the class of rapidly decreasing functions was solved
by D.J.Kaup, and in a class of finite-gap potentials in the works V.B.Matveev,
M.I.Yavor, A.O.Smirnov and others.

The inverse problem for the Sturm-Liouville problem was studied in the
works of N.I.Ahiezer, H.Hochstadt, W.Goldberg, B.M.Levitan and A.V.Savin in
the case of a finite-gap potential on the half-line. The inverse problem on the half-
line differs from the inverse problem on the entire line. In the case of the half-line,
in addition to the potential, one should reconstruct the boundary condition via the
spectral data.

Connection of the theme of the dissertation with the research works of
higher education, where the dissertation is carried out. The research was
performed in accordance with the plan of scientific research OT-F1-002 “Direct
and inverse spectral problems for a quadratic pencil of Sturm-Liouville operators”
(2007-2011.) of the Urgench State University.

The aim of the research is solution to the inverse spectral problems for
differential operators with periodical coefficients and their applications to solutions
nonlinear evolution equations in the class of periodic functions, proof of the
analogue of the inverse theorem of Borg in the case of Dirac operator, solving
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inverse spectral problems on the half line for the Sturm-Liouville operator and for
a quadratic pencil of Sturm-Liouville operators with a periodic potential.

Research problems of this work are following:

proof of complete integrability of the Korteweg-de Vries equation with a self-
consistent source in the class of periodic functions;

obtaining identities for the squares of the components of the vector
eigenfunctions of problems for Dirac’s system of equations with periodic and
antiperiodic boundary conditions;

proof of complete integrability of the nonlinear Schrodinger equation with
self-consistent source in the class of periodic functions;

proof of theorems about a relationship between analyticity potential with
exponential decrease of lengths of the gaps of a quadratic pencil of Sturm-Liouvill
operators;

proof of the analogue of the inverse theorem of Borg in the case of quadratic
pencil of Sturm-Liouvill operators;

proof of complete integrability of the Kaup’s system with self-consistent
source in the class of periodic functions;

The object of research. Sturm-Liouville’s operator, Dirac’s operator, the
quadratic pencil of Sturm-Liouvill’s operators.

The subject of research. The inverse spectral problems for Sturm-Liouville’s
operator, Dirac’s operator and quadratic pencil of Sturm-Liouvill’s operators and
their applications to integration nonlinear evolution equations.

Methods of research. In the dissertation the methods of mathematical
physics, functional analysis and the theory of functions of complex variable are
used.

Scientific novelty consists of the following:

complete integrability of the Korteweg-de Vries equation with self-consistent
source in the class of periodic functions is proved;

the analogue of the inverse theorem of Borg is proved in the case of Dirac
operator;

identities for the squares of the components of the vector eigenfunctions of
problems for Dirac’s system of equations with periodic and antiperiodic boundary
conditions are obtained;

complete integrability of the nonlinear Schrodinger equation with self-
consistent source in the class of periodic functions is proved;

the theorems about a relationship between analyticity potential with
exponential decrease of lengths of the gaps of a quadratic pencil of Sturm-Liouvill
operators are proved;

the analogue of the inverse theorem of Borg is proved in the case of quadratic
pencil of Sturm-Liouvill’s operators;

complete integrability of the Kaup’s system with self-consistent source in the
class of periodic functions is proved;

the inverse spectral problems for Sturm-Liouville’s operator and for quadratic
pencil of Sturm-Liouvill’s operators with periodic potential in half-line are solved.
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Practical results of the research is consist of the possibility of applying the
obtained corollaries about analyticity of the solutions of nonlinear equations over
the spatial variable to the numerical calculations.

The reliability of the research results is substantiated by the strictness of
mathematical reasoning and the use of methods of mathematical physics,
functional analysis and theory of functions of complex variables in solving inverse
spectral problems for differential operators with periodic coefficients and their
application to solving nonlinear evolution equations in the class of periodic
functions.

The scientific and practical significance of the research results. The
scientific value of the results of research is that the results obtained in the work can
be used in the spectral theory of linear operators, in the hydrodynamics and in the
quantum physics.

The practical significance of the research is determined by applying the
obtained scientific results in mathematical physics in the integration of nonlinear
evolution equations.

Implementation of the research results. Theorems relating the analyticity
potential with the exponential decrease of the lengths of the gaps and the analogue
of inverse theorem of Borg in the case of the quadratic pencil of Sturm-Liouville’s
operators, results of the dissertation about the integration of the Korteweg-de Vries
equation with a self-consistent source as well as the method of differentiation of
the spectral parameters used in foreign grant project MTM2010-15314 (Institute of
Mathematics at the University of Santiago de Compostela, Spain, Confirmation
dated May 25th, 2015) in the proofs of theorems on the sign of the Green’s
function for second order differential equations, for the solving Toda lattice with
integral self-consistent source.

Approbation of the research results. The main content of the dissertation
were discussed at the following international and republican scientific conferences:
“Differential equations with partial derivatives and related problems of analysis
and informatics” (Tashkent, 2004), at the international scientific conference
“Modern problems of mathematical physics and information technology”
(Tashkent, 2005), at the international conference “Modern Problems of Applied
Mathematics and Information Technology - Al-Khorezmy 2009 (Tashkent, 2009),
in the republican scientific conference “Actual problems of mathematical analysis™
(Urgench, 2012), in the republican scientific conference with foreign participants
from the CIS countries “Modern problems of differential equations and their
applications” (Tashkent, 2013), in the republican scientific conference with foreign
participants “Non-classical equations of mathematical physics and their
applications” (Tashkent, 2014). This work was discussed at the republican
seminars “Modern problems of the theory of partial differential equations” and
“Operator algebras and their applications” of the Institute of Mathematics at the
National University of Uzbekistan, at the seminar “Modern Problems of
Computational Mathematics and Mathematical Physics™ of the National University
of Uzbekistan, at the city seminar of Department of Algebra and Functional
Analysis of the National University of Uzbekistan, at the seminars “The spectral

53



theory of differential operators” of the Department of Mathematical Analysis and
“Operators models in mathematical physics” of the Department of Functional
Analysis of Moscow State University, at the seminar “Spectral theory of operators
and its applications” of the Bashkir State University.

Publications of the research results. 31 works are published on the theme of
the dissertation, from which there are 7 articles in national journals, 9 articles in
foreign journals, 15 abstracts in scientific conferences.

The volume and structure of the dissertation. The dissertation consists of
the introduction and four chapters with conclusions, general conclusion and
bibliography. The total volume of work is 179 pages, there are 227 names in the
list of references.

THE MAIN CONTENT OF THE DISSERTATION

In introduction the actuality and demand of the theme of dissertation is
verificated, connection of research to priority directions of development of Science
and Technologies of the Republic is stated, review of foreign scientific research on
the theme of the dissertation and the degree of scrutiny of the problem are
provided, the aim and problems are formulated, the object and the subject of
research are described, scientific novelty and practical results of research are
stated, the theoretical and practical significance of obtained results is revealed, the
implementation of research results in practice and date on published works and
dissertation structure are given.

In the first chapter of dissertation which named «The inverse problem for
the Sturm-Liouville’s operator with a periodic potential on the whole line», by
the method of inverse spectral problem for the Sturm-Liouville’s operator with a
periodic potential, complete integrability of the Korteweg-de Vries equation with
self-consistent source in the class of periodic functions is proved.

In the first and second paragraph of the first chapter for the sake of
completeness provides facts related to the inverse spectral problem on the whole
line for the Sturm-Liouville operator with a periodic potential.

We consider the following Sturm-Liouville operator

Ly=-y"+q(x)y=21y, xeR', (1)
where g(x) e C'(R") is the real function with period 7 .

We denote by c(x,A1) and s(x,A) solutions of equation (1) satisfying the
initial conditions ¢(0,4)=1, ¢'(0,A)=0 and s(0,4)=0, 5'(0,4)=1. The function
AA)=c(m,A)+s'(w,A) called as Lyapunov’s function or Hill’s discriminant of
equation (1). The following solutions

W (x.2) = c(xA)+ s'(m, A)—c(m, ) F /N (L) -4 S(x )
B 2s(m,A)

are called as solutions of Floquet of equation (1).
The spectrum of operator (1) has the form
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E={leR: -2<A(A)<2}=R' \{(—oo, ) 0(12,,_1,12”)}.

The intervals (-0, 4;) and (4,
We denote by &, , n=1,2,... the eigenvalues of the Dirichlet problem for
equation (1). It is not difficult to see, that £ €[4, ,4,, ], n=1,2,....
Definition 1. The numbers s, n=12,... with signs

A,,), n=1,2,... are called lacunas.

n—12

c,= sign{s'(ﬁ,én) — c(ﬁ,én)}, n=1,2,... are called as spectral parameters of the
problem (1).

Definition 2. Boundaries of the spectrum A, n=0,1,2, ... and spectral
parameters & ,o,, n=1,2, ... are called as the spectral data of (1).

Finding the spectral data of the problem (1) is called the direct problem and
conversely, restoration of the potential g(x) of the problem (1) by means of the
spectral data is called the inverse problem.

In third paragraph of first chapter the method of inverse spectral problem for
the Sturm-Liouville operator is applied to the integration of the the Korteweg-de
Vries equation with a self-consistent source in the class of periodic functions.

We consider the KdV equation with self-consistent source

ql = qxxx - 6qqx +
+2[ BA0)s(7, A0 (X, A,0) -y (x,A4,1)),dA, >0, xeR', (2)
0

with the initial conditions

q(xX,1)|_, =qo(x). (3)
Find the real function g = g(x,¢), which is 7 -periodic with respect to the variable
x and satisfies the smoothness conditions:
q(x,0)eC:(t>0)NC/(t>0)NC(>0). (4)
Here pB(A,t)eC ([O, ) x [0, oo)) is a given real function having a uniform
asymptotic behavior B(A,t)=0(1"), A >, w,(x,A,t) are the Floquet’s
solutions (normalized by the condition v, (0,4,7)=1) of the Sturm-Liouville’s
equation
L(O)y=-y"+q(x,0)y=Ay, xeR' (5)
s(x,A,t) 1s the solution of the equation (5) satisfying the initial conditions
s(0,4,6)=0, s'(0,A4,t)=1. We denote by A,, (k=0) the eigenvalues of the
periodic or antiperiodic problem for the equation (5).
The main result of the third paragraph of first chapter is included in the

following theorem.
Theorem 1. If (g(x,7), v (x,A4,t), v _(x,A,t)) is the solution of the problem

(2)-(5), then the spectrum of the Sturm-Liouville’s problem with potential
q(x +7,t) does not depend on 7 and ¢, and the spectral parameters & (7,t),

n=1,2,... satisfy the analogue of the system of Dubrovin’s equations:
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aén —(_1\" _ _ v _ = (2“21\7—1 _én)(zﬂk _én) v
- 2D, (CONE, = 2y, = &,) \/(éfn /”to)L[ @ -£)

k#n

ws(ﬂ,i,l‘,f)ﬁ(ial‘)a%} n>1 (6)

x {2q(r,t) +4E + £ S
The sign o, (r,t) changes in each collision of the spectral parameter & (7,#) with
the boundaries of its gap [4,, ;, 4,,].
Using the trace formulas

q(z,t) =4, +2(2“2k—1 + Ay —28,(7,1)) (7)
k=1
and the expansion

s(roat )= [2B0 =4 (T -

k=1
we can rewrite system (6) in closed form.
Corollary 1. The system (6) and trace formulas provides a method for solving
the problem (2)-(5). For this, in the first we find the spectral datas A, n=0,

E%(1), o) (r), n>1 of Sturm-Liouvelle’s equation, corresponding to the potential
t=0 :gr? (T) s
o=0.(r), n>1 for the Dubrovin’s system of equation (6) and by using
the trace formulas (7) we get ¢(r,t). After that, it is not difficult to find the
Floquet’s solutions v, (x,4,1).

Q(X + T,O) = qO

Corollary 2. If initial function ¢,(x) is real analytical function, then ¢(x,?)

also is real analytical function on x.
Corollary 3. If number 7 /n is period of initial function ¢g,(x), then number

7 /n is period of g(x,¢) on x. Here n>2 natural number.

In fourth paragraph of first chapter the Korteweg-de Vries equation with a
free term independent of the spatial variable is integrated in the class of periodic
functions.

In the second chapter of dissertation which named «The inverse problem for
the Dirac’s operator with a periodic potential on the whole line», the analogue
of the inverse theorem of Borg is proved in the case of Dirac operator, the
identities for the squares of the components of the vector eigenfunctions of
problems for Dirac’s system of equations with periodic and antiperiodic boundary
conditions are obtained, also by the method of inverse spectral problem for the
Dirac’s operator with a periodic potential, complete integrability of the nonlinear
Schrodinger equation with self-consistent source in the class of periodic functions
1s proved.

In first paragraph of second chapter provides facts related to the inverse
spectral problem on the whole line for the Dirac’s operator with a periodic
potential.

We consider the following system of equations on the whole line
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L (0 1}(%’}(1)(}6) q(x) j(ylj:;{ylj’ ceR.  ®
-1 0\y) (g(x) —p()A\», ¥

where p(x),q(x) e C'(R") are real functions with period 7 .

We denote by c(x,A)=(c,(x,1),c,(x,4)) and s(x,2)=(s,(x,1),s,(x,1))
the solutions of equation (8), which satisfy the initial conditions ¢(0,4)= (1, 0)"
and s(0,1)=(0,1)". The function A(A)=c,(7,A)+s,(x,A) is called as
Lyapunov’s function or Hill’s discriminant of operator (8). In this case, Floquet’s
solutions (normalized by condition v (0,4) =1) has the form

A)— ) FAJAN (L) -4
v =c(ra) + 2D @A TIEN =4 oy
2s,(m,A)
The spectrum of operator (8) coincide with the following set

E={AeR': -2<A(1)<2}=R \{ 0(/12”_1,/12”)}.

The intervals (4,, ,,4,,), n€ Z are called as lacunas.

Let &, neZ be the roots of the equation s,(7,4)=0. The following
inclusions &, €[4, ,,4,,], n e Z are fulfilled.

Definition 3.  The  numbers & €[4, ,,4,,]  with  signs

c,= sign{sz(ﬁ,ﬁn) — cl(ﬁ,ﬁn)}, ne Z are called as the spectral parameters of the

problem (8).
Definition 4. The boundaries of the spectrum A, neZ and the spectral

parameters &, ,o0,, ne Z are called as the spectral data of problem (8).

The finding of the spectral data of the problem (8) is called as the direct
problem and conversely, restoration of the coefficients p(x) u g(x) of the problem

(8), by means of the spectral data, is called as the inverse problem.
If in the problem (8) instead of p(x) and ¢g(x) we consider p(x+7) and

g(x + 1), then the spectrum of obtained problem does not depend on the parameter
t: A,(r)=A,, neZ, but spectral parameters depend from z: & (r), o,(7),

n € Z . These spectral parameters satisfy the analogue of the system of Dubrovin’s
equations:

o ()"0, (O, £ J,ﬁ (o

k#n

AN
(ék B én)2

x[2&, + 2(2“21\7—1 + A, —28)], neZ.
k=—0

The sign o, (r) changes in each collision of the spectral parameter & (7) with the
boundaries of its gap [4,, ,,4,,].
The system of Dubrovin’s equations and the following trace formulas
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0

p(t)= kzz_((lzk—l +A,)/2-& (T))9
\/ ﬁ (;tzk—l B gn (T))(;L% B gn (T))

T)= "o (z )—A4,, )4, —& (7)) -
q(7) ,Z‘w( )"0, (O, (0) = 2, )y, —&,(7) L eo-g )
provide a method of solving of the inverse spectral problem.

In second paragraph of second chapter two analogues of the inverse theorem
of Borg are proved in the case of Dirac operator.

Theorem 2. Number /2 is period of coefficients p(x) and g(x) of system
(8) if and only if when all eigenvalues of antiperiodical problem ( y(0)=—-y(7))
for system (8) are double.

Theorem 3. If all eigenvalues of periodical problem ( y(0) = y(7)) for system
(8) are double, then 7 /2 is antiperiod of coefficients p(x) and g(x) of system
(8), that is following identities p(x+7/2)=-p(x), q(x+n/2)=—-qg(x) are
fulfilled.

In third paragraph of second chapter identities for the squares of the
components of the vector eigenfunctions of problems for Dirac’s system of
equations with periodic and antiperiodic boundary conditions are obtained.

Theorem 4. Let

Tt y—2 (X), y—l (X), yO(x)9 yl (X), y2(x)9
be normalized vector eigenfunctions (of the periodic or antiperiodic problem for
system (8) on the closed interval [0,7]) corresponding to the eigenvalues

WSA, <A, <4, <A £, <.... Then the following identities are fulfilled:

= C i C
k_Z @Yy, () =—p(t) + 5 k_Z b,y () = p(t) + >
Z akyzzk—l,z(t):p(t)_'_aa 2 bkyzzk,z(l‘)=—p(t)+§,
f=—c0 k=—0

kZakka—l,l (f)J’2k—1,2 () =4q(), kZka’2k,1 (f)J’2k,2 () =—q(1),

where
—AN(Ay) A'(Ay) <
a,=— 525, b =—F o= YAy Ay
S Ay ) g'(Ay) =20
2> A=A Ay —A
f(i) — 71'(}, _ A—I)H 2k-1 L I=2k1
=k —k
2> Ay —A A, —A
gy =n(A-2)[[— —F—.
=k —k
In fourth paragraph of second chapter by the method of inverse spectral
problem for the Dirac’s operator with periodic potential the nonlinear Schrodinger
equation with a self-consistent source is integrated in the class of periodic
functions.

b
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We consider the following nonlinear Schrodinger equation with self-
consistent source

u, = 2iulul —iu, + [iBQL0s, (2, 2,00; —iy)w; —iy;)dA, t>0, xeR" (9)

coupled with the initial condition

o = U(X). (10)
We look for complex-valued solution that is 7 -periodic on the partial variable x
and satisfy the following regularity assumptions:

u(x,t)eC:(t>0)NC!(t>0)n C(t>0). (11)
Here B(A,t) e C(R' x[0, 0)) is a given real function having a uniform asymptotic
behavior B(1,1)=0(17), A >+, w' =y, (x,A1,0),yv,(x,A,t))" are the
Floquet’s solutions (normalized by the condition y (0,4,/)=1) of the Dirac’s

L(t)yz( 0 1}(%’}(1)(%0 q(x,1) j(ylj:;{ylj’ ceR (12)
-1 0\y,) \g(x.0) —px0)\y, Vs

where p(x,t)=—Re(u(x,t)) and q(x,7)=Im(u(x,?)). s,(x,A,t) 1s the first
component of the solution s(x,A,7) of the equation (12) satisfying the initial
condition s(0,4,7)=(0,1)".

The main result of the fourth paragraph of second chapter is included in the
following theorem.

Theorem 5. Let (u(x,t), v " (x,A,1) v (x,4,t)) be the solution of the problem
(9)-(12). Then the spectrum of the Dirac’s operator with coefficients
p(x+1,t)=—Re(u(x +7,t)) and g(x + 7,t) =Im(u(x + 7,t)) does not depend on 7
and ¢, and the spectral parameters & (r,f), neZ satisfy the analogue of the

equation

system of Dubrovin’s equations:

aé 2( 1) c (T l‘)\/(é 212,, 1)(2“2,, é ) H (1’21\7 1 é )(2"21\7 é )
LGy
AN+ a 0+ o)+, F g+ [ PADREALD gy gy

e &, —A
The sign o, (r,t) changes in each collision of the spectral parameter & (7,#) with
the boundaries of its gap [4,, ;, 4,,].
Using the trace formulas

peo= 3 (BB g o), (14)

o 2 2
FEn+q.mn=3 (%

k=—0

- ékz (Tat)j

and the expansion
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> & —A
Sl(ﬁ,l,t,r):ﬁngl‘ ,(a,=1,a, =k, k+0)
k=—c0 ak
we can rewrite system (13) in closed form.
Corollary 4. This theorem provides a method for solving the problem (9)-(12).

For this, in the first we find the spectral datas A, &'(z), o (t), neZ
corresponding to the coefficients p,(x+7) and ¢g,(x+7). Next we solve the

0
o =6, (1), 0,(7,0)
(13). After that, by using the trace formulas (14) and

a(w.0= Y ()"0, @0E ~ T ), —E,)- J

Cauchy problem &, (7,7) ,:o:O-r(z) (r), neZ for the system

b

= (izk—l B én )(2“21\7 B én)
kl:[—w (ék - én)2

we obtain the expressions of p(x,t) and g(x,¢). With their help, we construct a
solution of problem (9)-(12). Then it is not difficult to find the Floquet’s solutions

w*(x,A,1).
Corollary 5. If initial functions p,(x) and g,(x) are real analytical function,

k#n

then p(x,t) and g(x,¢) also are real analytical functions on x.
Corollary 6. If number 7/2 is period of initial function u,(x), then number
7 /2 will be period of u(x,z) on x.

In the third chapter of dissertation which named «The inverse problem for
the quadratic pencil of Sturm-Liouvill’s operators with a periodic potential on
the whole line», the theorems about a relationship between analyticity potential
with exponential decrease of lengths of the gaps of a quadratic pencil of Sturm-
Liouville operators are proved, the analogue of the inverse theorem of Borg is
proved in the case of quadratic pencil of Sturm-Liouvill’s operators, also by the
method of inverse spectral problem for the quadratic pencil of Sturm-Liouvill’s
operators with a periodic coefficients, complete integrability of the Kaup’s system
with self-consistent source in the class of periodic functions is proved.

In the first paragraph of the third chapter the necessary information about the
inverse problem for a quadratic pencil of Sturm-Liouville operators with a periodic
potential on the whole line are given.

We consider the equation

T(A)y=—y"+q(x)y+2p(x)y—-Ay=0, xeR'. (15)
Here p(x)eC*(R') and g(x)eC'(R') are the given real-valued = - periodic
functions such that for any function y(x)eW/}[0,7] satisfying the equalities
y'(0)y(0)—y'(7)y(r)=0 and (y,y)=1 the following inequality holds:
(py,y)" +(qy, »)+ (') >0,
where (-, ) 1s a scalar product of the space L,(0, ). The last condition we will

call condition (A).
In this case, the spectrum of the quadratic pencil (15) is continuous and
coincides with the set
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E={a:—2<a)<2}=R"\ UG, 2.

Lacuna which containing the point A =0 (we denote by (4,, 4,)) is always a non-
degenerate. Here A(A)=c(r,A)+s'(x,A), we denote by c(x,A) and s(x,A)
solutions of equation (15) satisfying the initial conditions ¢(0,4)=1, ¢'(0,4)=0
and s(0,4)=0, s'(0,4)=1.

We denote by & , neZ\{0} the eigenvalues of the Dirichlet problem for

equation (15). It is not difficult to see, that £, €[4 ,A'], neZ\{0}.

Definition 5. The  numbers <., ne Z\{0} with  signs
c,= sign{s'(ﬁ,ﬁn) — c(ﬁ,ﬁn)}, ne Z \{0} are called as spectral parameters of the
problem (15).

Definition 6. Boundaries of the spectrum A, ne Z and spectral parameters
&,,0,,neZ\{0} are called as the spectral data of problem (15).

Finding the spectral data of the problem (15) is called the direct problem and
conversely, restoration of the coefficients p(x) and g(x) of the problem (15) by

means of the spectral data is called the inverse problem.
If in the problem (15) instead of p(x) and g(x) we consider p(x+7) and

q(x + 1), then the spectrum of obtained problem does not depend on the parameter
t: XL (t)=X, neZ, but spectral parameters depend from z: & (7), o, (1),
neZ\{0}. These spectral parameters satisfy the analogue of the system of
Dubrovin’s equations:

% =2(-1)""sign(n)c, (T)\/(gn A, —&,) X

X\/(én e, - [T e e A 7 gy

eno (6, =&

The sign o, (r) changes in each collision of the spectral parameter & (7) with the
boundaries of'its gap [4,, A ].
The system of Dubrovin’s equations and the following trace formulas

RERGESIN (@_@mj,
Q(r)+2p2(r)=(;t°) ;(%) +0§_ ((;t") ;(%) —ff(r)j

provide a method of solving of the inverse spectral problem.

In the second paragraph of the third chapter, by using a system of Dubrovin
equations and trace formulas, the theorems about a relationship between analyticity
potential with exponential decrease of lengths of the gaps of a quadratic pencil of
Sturm-Liouville operators are proved.
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Theorem 6. If p(x),q(x)e C*(R") are r -periodic real functions and the gap
lengths 4] — A are exponentially decreasing, i.e., there exist constants a >0 and

b>0 such that &' -4 <ae_b‘"‘, neZ, then p(x) and g(x) are real analytic

functions on the entire real line.
Theorem 7. If p(x) and ¢g(x) are real analytic 7 -periodic functions, then the

gap lengths 1’ — A decrease exponentially.

In the third paragraph of third chapter analogue of the inverse theorem of
Borg is proved in the case of quadratic pencil of Sturm-Liouville operators.

Theorem 8. Number /2 is period of coefficients p(x) and g(x) of equation
(15) if and only if when all eigenvalues of antiperiodical problem for the equation
(15) are double.

In the fourth paragraph of the third chapter the method of inverse spectral
problem for the quadratic pencil of Sturm-Liouville’s equations with periodic
coefficients is used to solve of the system of Kaup equations with a self-consistent
source in the class of periodic functions.

We consider the system of Kaup equations with a self-consistent source

P, :_6ppx —-q,t Tﬁ(/l,t)s(ﬂ,/l,t)(y/+(x,/l,t)y/_(x,/l,t))xd/l, (16)

G, = Do —44p, —2pq, +2 [ BAD)s(m, 2,0 {=p, v, (x, A,y _(x,A,1) +

+(A=-2p)- (. (x,A,0)\w_(x,A,1)), }dA, (17)
with the initial conditions

pxt) = po(x),  q(x,0)]_  =q,(x), (13)
in the class of real-valued x -periodic on the spatial variable x functions
p = p(x,t) and g = g(x,t) which satisfy the regularity of assumptions

p(,)eC:(t>0)NC/(t>0)NC(E=0), qg(x,t)eC'(t>0)NC(t>0).
Here p,(x)eC’(R), q,(x) e C*(R) are given real-valued 7 -periodic functions
satisfying condition (A), [(A,t) is a given real-valued continuous function having
a uniform asymptotic behavior B(A4,f)=0(17), A —*w, y,(x,A,t) are the
Floquet’s solutions (normalized by the condition y,(0,4,7) =1) of the equation
—y"+q(x,0)y+2A p(x,t)y—-A’y=0, xeR'. (19)
We denote by s(x,4,t) is the solution of the equation (19) satisfying the initial
conditions s(0,4,7)=0, s'(0,A1,7)=1.
The main result of the third paragraph of third chapter is included in the

following theorem.
Theorem 9. Let ( p(x,?), q(x,t), v, (x,4,t), v_(x,A,t)) be the solution of the

problem (16)-(19). Then the spectrum of the quadratic pencil of Sturm-Liouville’s
operators with coefficients p(x +17,f) and g(x + 7,t) does not depend on 7 and ¢,
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and the spectral parameters & (7,7), ne Z \ {0} satisfy the analogue of the system
of Dubrovin’s equations:

e 210, (1) sign(n) €, — o, — 20 %

X \/(én - i_] )(én - io)kHO (é” _ (jgk—l_)(éérsz_ 2“21\7) %

y {2p(r,l‘) vog + [P (’l’f)s(””l’f’f)dz}. (20)

n

The sign o, (r,t) changes in each collision of the spectral parameter & (7,#) with
the boundaries of its gap [4,, ,, 4,,].
Using the trace formulas

p(z,0) :—/l" A + i (—/12"" Nl —§k(r,t)j (21)
2 0#k=—o0 2
and the expansion
_ = A
s(m,At,t)=m [] ,
0#k=—00 k

we can rewrite system (20) in closed form.
Corollary 7. This theorem provides a method for solving the problem (16)-

(19). For this, in the first we find the spectral datas A, neZ, &) (7), o, (1),
ne Z \ {0} of the quadratic pencil of Sturm-Liouville’s operators corresponding to
the coefficients p,(x+7) and ¢q,(x+7). Next we solve the Cauchy problem
E(T,0)| =) (1), o,(t,1)|, =00 (r), neZ\{0} for the system (20). After that,
by using the trace formulas (21) and

(A) 2+<zo> S ((z%_l) 2+<12k) . gz(mj

we obtain the expressions of p(r,f) and ¢(r,¢). Then it is not difficult to find the

q(t,t)+2p*(1,t) =

0#k=—00

Floquet’s solutions v, (x,4,1).

Corollary 8. If initial functions p,(x) and g,(x) are real analytical function,
then p(x,t) and g(x,?) also are real analytical functions on x.

Corollary 9. If number 7 /2 is period of initial function p,(x) and g,(x),
then number 7 /2 will be period of p(x,t) and g(x,?) on x.

In the fourth chapter of dissertation which named «The inverse problem for
the Sturm-Liouville’s operator and for the quadratic pencil of Sturm-
Liouvill’s operators with a periodic potential in the halfline», the inverse
spectral problems for Sturm-Liouville’s operator and for quadratic pencil of Sturm-
Liouvill’s operators with periodic potential in halfline are solved.

In the first paragraph of the fourth chapter the inverse spectral problem for the
Sturm-Liouville operator with a periodic potential on a half-line is studied; more
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precisely, we derive a formula expressing the boundary condition via the spectral
data and an analog of Dubrovin’s system differential equations and suggest an
algorithm for its construction.
On the half-line, consider the boundary value problem
Ly=—y"+g(x)y=Ay, 0<x<w (22)
y(0)cosa + y'(0)sina =0, ae(0,r), (23)
where g(x)e C'(R') is a 7 -periodic real function. By c(x,A), s(x,A) and
¢(x,1), we denote the solutions of equation (22) satisfying the initial conditions
c(0,4)=1, '(0,4)=0, s(0,4)=0, s'(0,A)=1 and ¢@(0,A)=-sina,
¢'(0,1)=cosa.
The Weil-Titchmarch function for problem (22), (23) has the form
[s'(,A) —c(m,A)]cos 2o —[s(7m, 1) + c'(7, A)]sin 2a — | A* (L) — 4 ‘ (24)
2s(m,A)cos” o+ 2[s'(,A) —c(m,A)]sina cosa — 2¢' (7, A)sin” a
Therefore, the continuous spectrum of problem (22), (23) is the set

Eess = Rl \ {(_ o0, A’O)U 0(12}1—1 > A’Zn )} : (25)
n=1
The intervals (-0, 4,) and (4,

the lacunas consist of zeros of the function A*(1) —4.

m, (A) =

1> M,), n=1,2,... are called lacunas. The ends of

By &,,n=0,1,2,... we denote the roots (of the denominator in the expression
(24)) of the equation @(7,A)cosa + @'(r,A)sinax =0.

Note that the & ,n=0,1,2,... coincide with the eigenvalues of the regular
problem for equation (22) with the boundary conditions

y(0)cosa + y'(0)sina =0, y(r)cosa + y'(x)sina =0
and the inclusions &, e (-, 4,], &, €[4,, ,4,,], n=1,2,... hold.
sinat w(n,én)}

p(n.&,) sina |’

n >0 are called as spectral parameters of the problem (22), (23).
Definition 8. Boundaries of the continuous spectrum A , n>0 and spectral

Definition 7. The numbers & with signs o, =sign{

parameters & ,o,, n =0 are called as the spectral data of problem (22), (23).
Finding the spectral data of the problem (22), (23) is called the direct problem
and conversely, restoration of the potential g(x) and ctga of the problem (22),

(23) by means of the spectral data is called the inverse problem.

The connection between spectral data and boundary condition we formulate in
the following theorem.

Theorem 10. Let g(x) € C'[0, o) is a & -periodic real potential of the Sturm-

Liouville problem (22), (23). Then the following formula holds

where
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»E -1
A =216, - DT
n=l1
The following theorem about evolution of spectral data.
Theorem 11. Let problem (22), (23) has continuous spectrum (25) and
spectral parameters & ,o0,, n=0. Then for any real parameter ¢, the following

Sturm-Liouville’s problem
Lt)yy=—y"+q(x+t)y=Ay, 0<x<o
y(0)cosa + y'(0)sina =0, ae(0, ),
has the same continuous spectrum £, , and the spectral parameters & (¢), o, (),

n >0 satisfy Dubrovin’s differential equations
ﬁ (60 (t) — izk—l )(éo (t) — 2“21\7)

. _9 1 — % _ 2 X
E,(1) =20, ()[4, — & () X [£,(1) — q(t) + ctg’a] \/ L] (& () - &, (1))

&) =2(=1)"0, (O, (1) = Ay WL, =&, () X[&, (1) = q(¢) + cig”a] x
o 60— 4) : .ﬁ(én(f)—izk_l)(én(f)z— b)) s
(&, () =5 (M) i (S (D) =<, (®)

and the initial conditions
gn (t)‘ =0 — gn’ Gn (t)‘ =0 — Gn’ nz 07
in addition, the following trace formula holds:

g(t) =218 — Ay + 25, (1) —g(@k_l oy —2£,(0).

In the second paragraph of the fourth chapter given definition of spectral data
for the quadratic pencil of Sturm-Liouville’s operators with periodic coefficients
on the half line. In third, fourth and fifth paragraphs of the fourth chapter for the
quadratic pencil of Sturm-Liouville’s operators on the half line we derive a trace
formulas, formula expressing the boundary condition via the spectral data and an
analog of Dubrovin’s system differential equations.

We consider the following quadratic pencil

b

T(A)y=—y"+qx)y+2Ap(x)y—Ay=0, 0<x<o© (26)
of Sturm-Liouville operators with the boundary condition
y(0)cosa +y'(0)sina =0, ae(0,7) 27)

where p(x)e C?[0, ) and g(x) € C'[0, ) are real 7 -periodic functions.

We assume that the inequality (L,y,»)>0, where L,y =-y"+¢(x)y, holds

for all non zero functions y(x) € W,’[0, 7], such that
[y(0)cosax + y'(0)sina]y'(0) —[y(7)cosa + y'(m)sina]y'(x)=0.

By c(x,1), s(x,A) and ¢@(x,A1), we denote the solutions of equation (26)
satisfying the initial conditions ¢(0,4)=1, ¢'(0,4)=0, s(0,4)=0, s'(0,A)=1 and
@(0,A)=—sina, ¢'(0,A)=cosc .

The Weil-Titchmarch function for problem (26), (27) has the form
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_(s'(m, A) = c(m, A)) cos 2a — (s(m, A) + ¢ (7, A)) sin 2a — YA (L) -4
2s(m,A)cos® a + 2(s'(m, 1) — c(m, L)) cosasina — 2¢'(m, A)sin® o
(28)
The function A(A) =s'(m,A) + c(x, A) is called the Lyapunov function, or the

Hill’s discriminant, of problem (26), (27). Note that it is independent of « .
It follows from the expression (28) that the continuous spectrum of problem
(26), (27) has the form

My (A)

E, =R\ J(A, ). (29)

The gap (4,,A,) containing the point A =0 is always non-degenerate.
For convenience, we introduce a set of indices: Q={+0,£1,...}.
By &,, n € Q2 we denote the roots of the equation
o(r,A)cosa+@'(r,A)sina =0.
They coincide with eigenvalues of the regular problem for equation (26) with the
boundary conditions
y(0)cosa + y'(0)sinaa =0, y(r)cosa + y'(r)sina =0,
and the following inclusions hold: &, €[4,,0), &,,€(0,4], &, €[4,,4 1,
neZ\{0}.
Definition 9. The numbers <., nel with signs
. {qp(ﬁ,én) sina
o, =sign : —
sin o o(r,&))
problem (26), (27).
Definition 10. Boundaries of the continuous spectrum A, ', neZ and

}, ne () are called as spectral parameters of the

spectral parameters & ,0,, ne€€) are called as the spectral data of problem (26),
(27).
Theorem 12. The following formulas hold

PO =%+ 1)/2=& J() - £.,(0))— (A +4)/2-&,(1)),

0#k=—o0

) ; )4 22 )+ 2,00

q()+2p°(t) =2ctg’a -

0 i+)2 + i—)Z
- 5 (EAY g
2
Here &, (t), neQ are the spectral parameters corresponding to the coefficients

p(x+t) and g(x+1).
Theorem 13. The following formula holds

ga—Y g, OIS ) 4

P 4/&,)

0#k=—00

b

where
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A*(A) = 4=—4n>(A—- 22— 25) T] (i—i;)(ft—%)’

0#k=—0 k2
) i _
A =22G=¢ ) ~Ea) TT If’f .

Theorem 14. Let problem (26), (27) has continuous spectrum (29) and
spectral parameters & ,o,, n€Q. Then for any real parameter ¢, the following

problem
— V" +q(x+1)y+2Ap(x+1)y-Ay=0, 0<x<oo
y(0)cosa +y'(0)sina =0, ae(0, ),
has the same continuous spectrum £, , and the spectral parameters & (¢), o, (¢),
n € Q) satisfy the system of Dubrovin differential equations:

£ (1) = (EX(t) = 2&, () pt) — q(t)) + ctg’alo, (t)\/A2 (&, (1)—-4 .

4/, @)
and the initial conditions
E,(t) 0 =&, 0,0, =0,, neQ.

e

b

CONCLUSIONS

1. Complete integrability of the Korteweg-de Vries equation with self-
consistent source in the class of periodic functions is proved.

2. The analogue of the inverse theorem of Borg is proved in the case of Dirac
operator.

3. The identities for the squares of the components of the vector
eigenfunctions of problems for Dirac’s system of equations with periodic and
antiperiodic boundary conditions are obtained.

4. Complete integrability of the nonlinear Schrodinger equation with self-
consistent source in the class of periodic functions is proved.

5. The theorems about a relationship between analyticity potential with
exponential decrease of lengths of the gaps of a quadratic pencil of Sturm-
Liouville operators are proved.

6. The analogue of the inverse theorem of Borg is proved in the case of
quadratic pencil of Sturm-Liouvill’s operators.

7. Complete integrability of the Kaup’s system with self-consistent source in
the class of periodic functions is proved.

8. The inverse spectral problems for Sturm-Liouville’s operator and for
quadratic pencil of Sturm-Liouvill’s operators with periodic potential in halfline
are solved.
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