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«/HBapuaHTBI TEH30POB U UX MPUJIOKEHUS B KBAHTOBOW TEOPUU UHPOPMAIIH».

OO0mas xapakrepucTuka padorbl. B 1anHoi#l Auccepraluu CUCTEMaTUYECKU
U3y4aeTcsl CTPYKTypa HMHBAapUAHTHBIX IIOJIMHOMOB TEH30pPOB (MHOTOMEPHBIX
0000111eHHI JETEPMUHAHTOB U3 KJIIACCUUECKOU JINHEWMHOMN anreOpbl), pacKphIBAIOTCS
pa3IuYHbIE CBOMCTBA, CIOCOOCTBYIONIME O0Jee riTyOOKOMY NOHUMAaHHUIO UX POJIU B
KBaHTOBOM Teopuu uWHGPOpMaluu. 3HAYUTEIbHOE BHUMAaHHUE  YJAENAETCS
VMHBAapUAHTHBIM IIOJIAHOMaM MHMHHUMAJIBHOW CTEINEHHU, I KOTOPBIX IOIy4YeHa
TOYHAsl HWKHSS TpaHWLA, 4YTO JAeT HOBOE ITIOHMMAaHUE BBIYMCINUTEIBHOU
CJIO)KHOCTH, CBA3aHHOU ¢ 3TUMHU nojauHoMaMu. Kpome Toro, B paborte pazpaboran
HOBBIM QJITOPUTM BBIYUCIICHWS WHBAPUAHTHBIX IIOJIMHOMOB, IIpE€AJIararolni
3¢ (EeKTUBHBIN MOAX0J, KOTOPBIA YJIy4dlIaeT Kak TEOPETUYECKHH aHaiHu3, Tak U
NPaKTHYECKHUE MPUIIOKEHUS B KBAHTOBBIX BBIUMCICHHUSIX U CMEKHBIX 00J1aCTAX.

AKTyaJIbHOCTh TeMbl HCCJIeI0BaHMsA. bbIcTpoe pa3BUTHE KBAaHTOBBIX
BBIYMCIICHUA M KBAaHTOBOW TEOpUHM HMHQPOpPMALMU BBIIBHIO HEOOXOAMMOCTH B
NEPEJOBbIX MATEMATHYECKUX CTPYKTypax, KOTOpbIE MOTYyT OIIMCHIBATH U
MaHUITyJINPOBaTh  CIOXHBIMA  KBAaHTOBBIMM  COCTOSHMsSMH.  lloHmmanue
(yHIaMEHTaJIbHBIX CBOMCTB TEH30POB M WX HHBApUAHTOB MMEET peEIlIaollee
3HaUYE€HHUE B ATUX 00nacTsAx. VHBapUaHTHBIE MOJUHOMBI CIY>KaT MHCTPYMEHTaMHU
JUI KJacCU(PMKAIMU KBAHTOBBIX COCTOSIHMA M W3MEPEHHs 3allyTaHHOCTH, YTO
JeJ1aeT UX HEOOXOAMMBIMU JIJIs1 pa3padOTKH O€30MaCHBIX KBAHTOBBIX IPOTOKOJIOB U
3¢ ()EeKTUBHBIX KBAaHTOBBIX aJrOPUTMOB. boisiee TOro, mu3-3a BBIUKUCIUTEIHHOU
CJIOKHOCTH TE€H30PHBIX 3a/1a4 BO3HUKAET MOTPEOHOCTh B M3yUEHUU U BHIYUCIICHUH
MHBAapUAHTHBIX [TOJIMHOMOB HAaMEHBILIETO pa3Mepa.

Heab ucciaenoBanmus. OCHOBHAA 11€JIb 3TOT0 MCCIEAO0OBAHUS — pa3padoTaTh
BCEOOBEMITIONLYIO CTPYKTYPY JUIsl U3YUEHUs] MHBAPUAHTHBIX IMOJMHOMOB TEH30POB,
OCOOCHHO  COCPEAOTOYMBIIMCH HA IOJMHOMAax MHHHMAJIbHOM  CTENEHH.
HccenenoBanue CTPEMUTCS  YCTaHOBUTH CHCTEMAaTHYECKHE METOJbl aHaIu3a
CTPYKTYpPbl M CBOWCTB 3THX IIOJIMHOMOB C LEJBI OINPENEICHUs] MHHUMAJIbHO
BO3MOJKHBIX CTENIEHEH HWHBAPUAHTOB JUIA PA3JIMYHBIX TEH30PHBIX IMPOCTPAHCTB.
Kpome Toro, uccienoBaHue HalpaBlI€HO HAa PEIICHUE BBIYMCIMTEIBHBIX 3a1a4
nyTeM pa3paboTku 3((EKTUBHBIX AJITOPUTMOB [JIsi F€HEpPAUUU U BBIUKCICHUS
WHBAPUAHTHBIX IOJIMHOMOB, TEM CaMbIM IPEIOCTABIISII WHCTPYMEHTBI, KOTOPbIE
ABJISIFOTCSA KAK TEOPETUYECKU 3HAYMMBIMM, TaK U NPAKTUYECKH NPHUMEHUMBIMH B
KOHTEKCTE KBAHTOBOM Te€Oopur MHGOPMALIMK U CMEKHBIX 00J1acTsIX.

Metoabl ucciaenoBaHMs. PemieHue IMOCTaBIEHHBIX 3a1ad  IMOJYy4YEHO
anreOpanyecKuM U KOMOWHATOPHBIMU MeTojamH. JlokasaTenbCcTBa IIMPOKO
UCTIONB3YIOT  JaBOoMCTBeHHOCTH  lllypa-Beins, Teopuro  npencraBicHUU
CUMMETPUYECKON Tpymnmbl U anreOpandeckyro KomMOMHaATOpuky. lIpakTmyeckue
pe3yabTaThI MOIYYEHBI C UCIIOIB30BaHUEM sA3bIKa MporpaMMmupoBanus C++. Takxke



JUTs1 Berurciienus Tabnui kodddummentoB KpoHekepa rcrnonb3oBaigach OMOIMOTEKA
Sage na Python.

Hay4ynasi HOBU3HA U 001IIHe M10JI02KEHN I, BLIHOCHUMBbIE Ha 3ammuTy. Hayuynas
HOBH3HA IMpEIaraéMoro HMCCIEIOBaHMS 3aKIIIOYA€TCS B BBIBEJCHUM H3YyUYECHUS
WHBAPUAHTHBIX TIOJIMHOMOB Ha 00Jiee CHUCTEMHBIH M IIMPOKUNA YpPOBEHb.
MexIUCIUIUIMHAPHBIN ~ XapakTep  MCCJEAOBaHUS  CO3/JacT  OMNpEJICJICHHbIC
TPYIHOCTH TIpU Pa3pabOTKe TaKUX CUCTEM U TPeOyeT MCIOJIh30BAHHS METOIOB U
MOJIXO/IOB U3 pa3HbIX 00JacTel 3HAHUM.

B nuccepranuu BrepBbie MOJYYEHBI CIEAYIONINE PE3YIbTAThI:

1. Cucremarnyeckoe HCCIIeJOBaHHE WHBAPUAHTHBIX MOJMHOMOB TEH30POB,
KOTOPOE MpeJyiaraeT eIuHy0 KOMOMHATOPHYIO OCHOBY JIJIsl U3yYEHUSI MTHBAPUAHTOB
A000#  cTenmeHu. OTO BKIIIOYAET: BBIBOJ KOHKPETHOW (opMysbl  OOIIETo
WHBAPUAHTHOTO TIOJMHOMA, BBIBOJI OXBATHIBAIOIIETO MHOXECTBA WHBAPUAHTOB
(UKCUPOBAHHOUN CTETEHH, YCIOBUS HCUYE3HOBEHHS, OOINME CBOICTBA M Ba)KHBIC
KOA(DPUIIUEHTHI.

2. BplunciieHMe  HWXKHEW  TpaHUIBl I8  MUHUMAJIbHOW  CTENECHU
WHBAPUAHTHBIX MOJMHOMOB 33JaHHOTO TEH30PHOr0 MPOCTPAHCTBA, KOTOpas, Kak
MIOKA3aHO, SIBIISIETCS TOYHOU B (PyHIaMEHTAIbHBIX CIy4asX.

3. Paspaboran »(dPexkTUBHBIN aJIropuTM i1 BBIUKCIEHUS ~ Oa3uca
WHBAPUAHTHBIX MMOJTMHOMOB (DMKCUPOBAHHOW CTENIEHU, KOTOPBIN SKCIIOHCHITMAIHHO
ObICTpee BCEX HAMBHBIX MOIXO/IOB.

4. Bpluucnenue ©Oa3uca HMHBAPUAHTHBIX MOJUHOMOB (DMKCHUPOBAHHOM
CTEMEHU BO BCEX JOCITAEMBIX CIydasiX: CTENeHb 4 U cTeneHb 6 s 3 KyOuTOB,
CTENeHb 6 U crenenb 9 g 3 KyTpUTOB, CTENEHb 4 U CTENEHb 6 Mg 5 KyOUTOB,
cTeneHb 6 u cTeneHb 9 nis 5 KyTpUToB, cTeneHb 4 st 7 KyOUToB.

O00CHOBAHHOCTL M  HAJEKHOCTH  Pe3yJbTATOB M  BbIBOJOB.
OOOCHOBAaHHOCTh W HAJIKHOCTh PE3YJIHTATOB M BBHIBOJOB B ITOM JUCCEpTAITUU
00€eCIeunBalOTCS  MOCPEJICTBOM ~ CTPOTUX  MaTEMaTHYECKUX JOKa3aTeIbCTB,
OOIIMPHBIX  BBIUYMCIUTEIBHBIX  JKCIIEPUMEHTOB W COIJIACOBAHHOCTH  C
CYUIIECTBYIOIIMMH TEOPETHUUECKUMH paMmkaMu. [IpeniokeHHble METOAbl U
AJITOPUTMbl BBIYMCIICHUS WHBAPUAHTHBIX IOJIMHOMOB IPOBEPEHBI C MOMOIBIO
MHOECTBA TECTOBBIX CIIyYaeB, BKIIOUAOIIUX TEH30PbI pa3IUYHON pa3MEPHOCTHU U
CJIIO’KHOCTH, JEMOHCTPUPYIOUIUX HX A(PPEKTUBHOCTh W TOYHOCThb. OTCYTCTBHUE
AQHAJIOTUYHBIX BBIYMCICHUM B HEKOTOPHIX CIydasX MOATBEPKIAECT HOBHU3HY
BBIUNCIICHUN.

IIpakTHyeckass HEHHOCTh U peaju3anus pe3yJbTaTOB. Pe3ynbTaThl 3TOM
JUMCCEepPTALMK UMEIOT 3HAUYUTEIIbHYIO MPAKTUYECKYIO IEHHOCTh B KBAHTOBOM TE€OpUU
uH(GOpMAIINK, BBIYUCIUTEIBHOW MAaTeMaTHKE M TEOPETUYECKON HHGOpMATHKE.
PazpaboTtanHbie alrOpUTMBI T€HEPAIIMU U BEIYMCIICHUS! MHBAPUAHTHBIX MOJTUHOMOB
MOBBIIIAIOT  BBIYUCIUTENbHYIO 3(PQGEKTUBHOCTh, TMO3BOJSSA  AHAIU3UPOBATH
MHOT'OMEpPHBIE TEH30pbl B KBAHTOBBIX BBIYMCICHUSX W aHAIU3€ JAHHBIX. OTHU
ITOPUTMBI PEATM30BAHBI B BHIYMCIUTENbHBIX IIAaTHOpPMax, TAKUX Kak OUOIMOTEeKa
Sage Python u nonws3oBaTenbckue mporpaMmbl C++, 4TO JeiaeT UxX AOCTYIHBIMU
JUIS UHTETPpallMy B UCCIIEI0BATEIHLCKUE U TPOMBIIIUIEHHBIE TPUIIOKEHHUS.



Pe3ynbTaThl BHOCAT BKJaJ B KBAaHTOBBIE BBIYMCIIEHUS, YIydllas METOJIbI
KJaccu(UKAMU KBAHTOBBIX COCTOSIHUM W W3MEpPEHHUs 3allyTaHHOCTH, KOTOpbIE
HEO0OXOAUMBI JIJIs1 pa3pabdO0TKU 0€30NaCHBIX KBAHTOBBIX aJITOPUTMOB U MPOTOKOJIOB
cBs3u. Kpome Toro, pe3yinbTrarbl IEHHBI B OOpPa30BaTEIbHBIX YUPEKIACHUSX,
oOoraiasi Kypchl M0 KBAHTOBBIM BBIYMCIICHUSIM W TMPOJIBUHYTOM MaTeMaTHKe, a
TaK)Ke CIocoOCTBYS Mepeaaye 3HaHUM OCPEACTBOM O0yUEHHUS U CEMUHAPOB.

Kpome Toro, pabota uMeeT NOTEeHIMAIbHbIE TPOMBIIIIJIEHHBIE TPUJIOKEHUS B
Kpunrorpaduu, TeICKOMMYHUKAIMUSIX U O€30MaCHOCTU JaHHBIX, IJie TTOHMMAaHHE
TE€H30PHBIX HUHBAPUAHTOB MOXKET YIYUYIIUTh NPOEKTUPOBAHNE OE30MACHBIX CUCTEM.
B umenom, »3Ta aMccepranus CBS3bIBAET TEOPETUUYECKHUE HCCIEHOBAaHUS C
MPAKTUYECKUM TPUMEHEHUEM, PEIOCTABIIAS HEOOX0IMMbIE MHCTPYMEHTHI U UJIEH,
KOTOPbIE TIPOJBUTAIOT 00JIACTH KBAHTOBOW MH(DPOPMATUKU U 3a €€ MPEEIbl.

Anpobanuss padorbl. OCHOBHBIC TOJIOKEHUSI U PE3YyJIbTaThl pabOThl ObUIH
MPEICTABICHBl U OOCYXICHBI B CICAYIONMX IMyOJHKAIUAX B MEKIyHAPOIHBIX
KypHaax:

1. Forum of Mathematics Sigma, Tom 11, 2023, crares €63 (Web of Science
Q).

2. International Mathematics Research Notices, rom 2023, Beimyck 20, 2023,
ctpanunbl 17552-17599 (Scopus Q1, Citescore 2023 nepueHTuib 76).

3. Linear Algebra and its Applications, Tom 656, 2023, cTpanumbl 224-246
(Web of Science Q1).

4. Proceedings of the American Mathematical Society, Tom 150, 2022,
ctpanubl 4113-4128 (Scopus Q2, Citescore 2022 neprieHTHIb 62).

5. Becrauk Kazaxcko-bpuranckoro Texnuueckoro YuuBepcutera, Tom 21
Ne2, 2024, crpanuns 95-105 (pexomennoBano KKCOH).

6. Bectauk Ka3zaxcko-bpuranckoro Texnuueckoro Yuuepcutera, ToM 21
Ne3, 2024, crpanuiis 58—65 (pexomennoBano KKCOH).

7. Becrauk Kazaxcko-bpuranckoro Texnudeckoro YHuBepcutera, Tom 21
Ne3, 2024, crpanuus 128-136 (pexkomengosano KKCOH).

Taxke pe3ynbTarsl pabOThl OBUTM TPEACTABICHBI HA  CICAYIOIINX
KOH(MEPEHIUAX U CEeMUHApaXx:

1. HuBapuaHTHBIE MOIMHOMBI M UX IPUMEHEHHE B KBAHTOBBIX BBIUMCIICHUSX,
2024 1EEE AITU: Digital Generation, Actana IT University, 2024.

2. (DyHIaMEHTAIbHbIE WHBAPWUAHTHI, TEeMaTHYECKas WCCIeA0BaTeIbCKas
nporpaMma "TeH30pbl: T€OMETpPUs, CJIOKHOCTb M KBAaHTOBas 3allyTaHHOCTH',
Bapmagckuii ynusepcutet, MHHIIMaTHBa 10 COBEPIIEHCTBY — MccaenoBarenbCKui
ynuBepcutet, ong Cumonca, [lonbckas akagemus Hayk, 2023.

3. Hekortopple yHHMMOJanIbHBIE TOCIEIOBATEIBHOCTH  KOI(PPUIIMEHTOB
Kponekepa, cemMuHap 10 TeOpUH pa3zOUEHUN, q-psiAbl U CMEXKHBIE TEMBI,
Texnonornyecknii yausepcurer Muunrana, 2024.

4. @dyHnameHTaJdbHbIE WHBapUaHThI, ceMuHap l[lombckol akageMuu Hayk,
bennneso, ITonpmia, 2023.

5. Crarucruka MakMaxoHa Jyisi MHOTOMEPHBIX pa30oueHui, cemuHap ADA
University, 2022.



6. KoMOuHATOpHBI TUNEPACTEPMUHAHT ¥  MYJIbTUIUIAHAPHBIC  CETH,
TPaJAUIIMOHHAS MEXIYHApOJHAas arpeibcKas MaTemMaTudeckas KoHpepeHUus,
nocsinieHHass [lHio pabotHukoB Hayku PecnyOomuku Kaszaxcran, MHcTUTYT
MaTematuku, Kazaxcran, 2022.

IMyoankanuu. ITo Teme ariccepranuu oOrmyoJIMKOBaHO 7 MEYaTHBIX padoT, B TOM
yucie 3 cTaThu B xKypHanax Scopus win Web of Science Q1 u 1 ctaThs B xKypHaine
Q2, 3 craTbu B )xypHaie, pekomeHgoBanHHOM BAK, 1 akT BHenpeHus u 1 aBTopckoe
CBUJIETENIBCTBO.

Crpykrypa u 00beM aucceprauuu. Jluccepranus COCTOUT U3 BBEACHUS U 3
riaB, coaepxkut 116 crpanui, 13 pucynkoB u 11 tabnuil, 7 TUCTUHTOB, CHUCOK
MCIIOJIb30BAHHBIX NCTOYHUKOB U3 69 CCBHUIOK U MPUIIOKEHU.



AHHOTAIUA
MaMaH/IbIFbI OOMBIHIIIA KaHAUIATTHIK JUCCEPTALIUS
8D06101 — UudopmaTrka, ecenTey TEXHUKACHI )KaHE OacKapy
AmanoBa O.H. TakpIpbin OoiibIHIIA:
«TeH3op MHBapUAHTTAPHI ’KOHE OHBIH KBAHTTHIK
aKmapar TeOpUsChIHA KOJIaHBLTYBD).

KyMbBICTBIH KajJmbl cunarramacbl. byn auccepranusi TeH30piapibIH
MHBAPUAHTTHIK KOINMYUICTIKTEPIHIH KYPBUIBIMBIH JKYHENl Typae 3epTTenl,
ONapIblH KBAHTTHIK aKMapaT TEOPUSACHIHIAFBI POIIH TEPEHIPEK TYCIHyre BIKIall
€TeTIH OPTYpJi KACHETTEepiH amaabl. MUHUMaNIbl JOpEKeIeri WHBAPUAHTTHI
KOIMYIIeJaepre Kem KoHIT OejiHedl, oJlap YIIIH OChl KONMYIICIiKTepMEH
0ailIaHBICThI €CENTEY KYPAEIUIIT TypaJlbl )KaHa TYCIHIKTI KAMTaMachl3 €TETIH KaTaH
TOMEHT1 1ekapa anbiHaabl. CoOHBIMEH KaTap, Makajgaja WHBAPUAHTTHIK
KOeNMYIIIeJep/l €CeNTEY/IiH KaHa aJlTOPUTMI YCHIHBUIFAH, OJ1 TEOPHUSIIBIK TalAay bl
71a, KBAaHTTBIK €CENTeyJiep/ie )KOHe OHBIMEH OailsIaHbICTHI cajaap/ia MPaKTUKAIbIK
KoJITaHOamap bl 1a KETITIPETIH TAIMII TOCUI1 YChIHAIBI.

3eprTey TaKbIPBIOBIHBIH 03€KTiJIiri. KBaHTTBHIK ecenteyyiep MEH KBaHTTBIK
aKmapar TEOpPHUSACHIHBIH KapKbIHIBI JaMybl KypJedi KBaHTTBIK KYWJIepai
CUNATTaWTBIH  >KoHE  Oackapa  ajarTblH  OSKETUINIPUITeH  MaTeMaTHKaJIbIK
KYPBUIBIMAAPJBIH ~ KQXKETTUNTNH KOPCETTi. TEeH30pJapAblH JKOHE  OJIap/blH
WHBAPUAHTTAPBIHBIH 1preiii KaCHMEeTTepIH TYCIHY OChl cajaiapjia eTe MaHBI3bL.
MHBapuaHTThl KONIMYILLIETIKTEP KBAHTTHIK KYIJIEP/I1 )KIKTEY AKOHE I1aTacyabl OJIIIey
KYpaJsibl peTiHE KbI3MET €Te/I1, OYJ1 01ap bl Kayirci3 KBAHTTHIK XaTTaMarap Ibl ’KoHe
TUIMJ1 KBAHTTBHIK aJTOPUTMIIEPl 93ipiiey YIIiH MaHbI3Abl erefi. OHBIH YCTIHE
TEH30PJIBIK €CENTEP/iH €CenTey KypAeNuIirine OaIaHbICThl €H KIIll eJIIeM/Ierl
MHBapPUAHTTHI KOTIMYIIETIEP/Il 3€PTTEY JKOHE €CeNTey KaXEeTTUIT1 TybIHIAIbI.

3epTTeyain MakcaTbl. byn 3epTreyaiH Herisri Makcarbl - HWHBapUAHTTHI
TEH30PJIBIK KOIIMYILEIEP Il 3ePTTeYAIH KaH-KaKThl KYpbUIbIMBIH d31pJiey, acipece
MUHHUMAaJJIbl A9PEKEIl KONMYILIEIepre Ha3ap ayaapy. 3epTrey opTypJii TEH30PIbIK
KEHICTIKTEp YIIIiH UHBAPUAHTTAPABIH MYMKIH OOJIATHIH €H a3 JOPEeKeNIepiH aHBIKTAY
YIIIH OCHI KOINMYIIeNepAiH KYpbUIbIMbl MEH KACHUETTEpiH TalJayablH Kyienl
omictepin Kypyfra ymrbutagel. COHBIMEH KaTap, 3€pTTey HWHBAPHAHTTHIK
KOMMYIIIENEepal Kypy KOHE €CENTey YIIiH THIMII aJrOpUTMAEPAl 931piey apKbLIbI
€cenTey MoceleNiepiH Ienryre OaFbITTaliFaH, OChUIAWIla KBAHTTHIK akKmiapar
TEOPHSACH MEH OANITaHBICTHI OPICTEp KOHTEKCTIH/E TEOPUSITBIK TYPFBIIAH MaHbI3IbI
’KOHE MPAKTUKAIBIK TYPJE KOJIAHBUIATBIH Kypajaap/bl YCHIHAIbI.

3eprTey onicrepi. Ecentepaiy memrimMi anreOpayblK KoHE KOMOMHATOPIIBIK
omictep apkbuibl anbiHAbl.  Jonmenmemenep Schur-Weil nyanusmin, ycbhiHY
TEOPUSICBIH JKOHE alreOpajblKk KOMOMHATOPUKAaHbl KEHIHEH MaiianaHajbl.
Toxipubenik nHotmwxkenep C++ Oarmapiamanay TUTI apKbUIbl anbiHABL. Python
TutiHzaeri Sage kitanxaHacel Kronecker koaddunmreHTTEepiHIH KECTEIEPIH ecenTey
YIIiH Je Tmai1amaHbUIIbl.

Koprayra YCHIHBLJIFAH FBUIBIMH JKAHAJBIK 3KOHE JKAJNbl epexkeep.
¥ CHIHBUIBINT OTBIPFAH 3€PTTEY KYMBICBIHBIH FBHUIBIMU KAHAIBIFbl MHBAPUAHTTHI



KOMMYIIIENEepal 3epTTeyal JKYHWell opl KEeHIpeK JIeHrelre >KEeTKI3yle IKaThIp.
3epTTeyAiH MOHApalbIK CHUMAThl MyHAAW Kyilenepai o3ipieyne Oenriti  Oip
KUBIHJIBIKTap TYFbI3aJbl >KOHE OUTIMHIH OpTYpJl callaapblHAAFbl OJICTEP MEH
TOCUIAEPl KOIAAHyIbI Tajall eTe/Il.

JHuccepranusiaa OipiHII peT Kelaeci HOTHKEEP aJIbIH/IbI:

1. Ke3 kenren popexxeneri WHBApUAHTTAPIbI 3€pTTEy VIIIH OipTyTac
KOMOWHATOPITBIK HET1311 YCBhIHATBIH TEH30pJIapbIH WHBAPUAHTTHIK
KOMMYIIIENIKTEPiH xKyieni 3eprrey. OraH MbIHANAP >KaTaJbl: Kbl HHBAPUAHTTHI
KONMYILECHIH  apHailbl  (QopMyJacklH  IIbIFApY,  TYPAKTbl  JOpeKeeri
WHBAPUAHTTAP/bI ka0y JKUBIHBIH IIBIFAPY, OIITY >KaFdaiiaphl, Kalmbl KaCHETTEP
MEH MaHBI3/bI KO PUImeHTTep.

2. bepiaren TeH30p KEHICTITIHIH HWHBAPUAHTTHIK KOIMMYIIETIKTEPIHIH €H
TOMEHI1 JI9peXkecl YIIIH TeMEHIl MIEKTI €eCEeNTeHI3, o1 (yHIaMEHTaJIbI
Karaaniaapaa 101 00Iasbl.

3. bapabIk aHFan Tocuaepre Kaparanaa SKCIOHEHIIMAIIBI TYPJIE KbLIIaMbIpaK
TIPKEJTeH AOPEKel MHBAPUAHTTHIK KOMMYIIEIEP/IH HEri31H €CEeNTeyAlH THUIMII
ANTOPUTMIH KYDPY.

4. bapnplk MYMKIH JKaraaijapaa TIPKEITeH JopeKelll WHBAPUAHTTHIK
KOeINMYILIEJEepAiH HEeT131H ecenTey: 3 KyOuT yIIiH 4 Jopeke xoHe 6 qopexke, 3 Kyout
YIIiH 6 mopexe xoHe 9 mopexe, 5 KyOuT yiriH 4 xoHe 6 gopexe, 6 mopexe xoHe 9
JIOpEKe 5 KBUT YIIIiH, 7 KyOUTTIH 4 1opexeci.

Hotuxesiep MeH KOPBITHIHABLIAPABIH HEri3aijairi MeH cenimuijiri. by
JTUTIIOMBIK SKYMBICTaFbl HOTHXKEJIEP MEH KOPBITBIHIBLIAPABIH HETI3AUIIN MEH
CEHIMIIIIT KaTaH MaTeMaTUKAIIBIK JOJIENIEP, ayKbIMIBI €CETTEY IKCIIEPUMEHTTEP1
KOHE KOJIJIAHBICTaFbl TEOPHUSUJIBIK HETI3/Iepre COMKECTIK apKbUIbl KaMTaMachl3
eTineni. VHBapHaHTTBl KeNMYyIIeJepAl €cenTeyJlH YChIHBUIFaH 9MicTepl MeEH
ITOPUTMACP] ONAPJBIH TUIMAUINI MEH JONIITIH KOpceTe OTBIPBIN, OpTYpl
eJIIEMJIEp MEH KYPJACJIUINKTErl TEH30pJapJbl KAMTHUTBIH KOITEreH ChIHAK
KargauiaapblH KOJJaHy apKpUibl chiHaiFaH. KeiOip karmaiinapna ykcac
ecenreyepaiH 00JMaybl ecenTeyIep/IiH KaHAIBIFbIH PACTA/IbI.

HoTu:xesiepiH NpakTHUKAJBIK MOHI JKOHe 3Ky3ere achIpbLIybl. by
JUTUIOM/JIBIK SKYMBICTBIH HOTHOKEJIepl KBAHTTBHIK akKmapaT TEOPHSICBHIHJA, €CENTey
MaTeMaTHKAaChIHAA KOHE TEOPHUSIBIK WHGPOpPMATHKaAa MaHbBI3Abl MPAKTUKAIBIK
MoHTe ue. MIHBapmMaHTTHI KONMYyIIENep Al KYpPy JKOHE eCenTey YIIH J31pJICHreH
QITOPUTMJIEP KBAHTTBHIK €CENTEYJIEp/e KOHE JNEpEeKTepAl Taljay/a Kell eJIemM
TEH30pJaap/pl TalgayFa MyMKIHIK O€peTiH ecenTey TUIMIUITH apTThipaasl. by
anroputMmaep Sage Python kitamxanackl xoHe perrteneriH C++ Oarmapiamanapbl
CUSIKTBI ecenTey IiaTdopMaliapbiHIa JKy3ere achIpbUIaibl, OYJI oJlapabl FHUIBIMU
YKOHE OHEPKICINTIK KojgaHOanapra O1piKTipy YIIIH KOJDKETIMI1 eTe/l.

Hormxenep KBaHTTBIK KYHJIEPJIl KIKTEY SIICTEPIH XKETUIAIPY KOHE Kayilci3
KBAHTTBIK aJTOPUTMJIEp MEH OailIaHbIC XaTTaMajapblH 931pJiey YIIIH MaHbBI3IbI
00JbIN TaOBLIATHIH TYHICHIENEP/Il OJIlIey apKblUIbl KBAHTTHIK €CeNTeyJiepre bIKIal
ereni. COHBIMEH KaTap, HOTIIKEJEp KBAHTTHIK €CENTeyJep MEH TEepPEHACTUITeH
MaTemMaThka OOWBbIHIIA KypcTapAbl OalbITy, COHJAl-aKk TPEHHHITEP MEH
CEMUHAapJIap apKbLUIbI O1T1IM Oepy i )KSHUIIETY YIIIiH OKY OpbIHIAPBIHIA KYH/IbI.



CoHbIMEH KaTap, >KYMBICTBIH KpuNTOTrpadus, TEICKOMMYHHUKAIUS >KOHE
JePEKTEep KayIICI3/iri callachIHAAFbl QJICYETTI OHEPKOCINTIK KoJiaHOanapel Oap,
MYH/Ia TEH30pJbIK WHBApUAHTTApAbl TYCIHY Kayilci3 >KyHenepliH Iu3aiiHbIH
XKaKcapTyFa MYMKiHIIK Oepeni. Tyracrail anranga, OV JuccepTaius TEOPHSIIBIK
3epTTeysiepal MpaKTUKAIbIK KojjaHOanapMeH OaislaHbICThIPaAbl, KBAaHTTHIK
aKmapaTrTaHy CcallaChlH jKOHE OJIaH THIC JKEepJIep/Al JaMBITaThIH MaHBI3AbI Kypajiaap
MEH UesIap/ibl YCHIHAIBI.

KymbicTbl anpobdanusiiiay. JKyMBICTBIH HETI3T1 epekesiepl MeH HOTHKeIepl
XalbIKapalblK JKypHalJapaa Kejeci KapusjaaHbIMIapAa YCBIHBUIABI  KOHE
TaNKbLIAH/IbL:

1. Forum of Matematics, Sigma, 11 tom, 2023 x., €63 kara3sl (Web of
Science Q1).

2. International Mathematics Research Notices, Tom 2023, 20 mibIFapbuIbIM,
2023, 17552-17599 6errep (Scopus Q1, Citescore 2023 naitb3abIk 76).

3. Linear Algebra and its Applications, Tom 656, 2023, 224-246 6ettep (Web
of Science Q1).

4. Proceedings of the American Mathematical Society, Tom 150, 2022, 4113-
4128 oerrep (Scopus Q2, Citescore 2022 naiibi3abIK 62).

5. Kazakcran-bpuran TeXHUKaJIBIK YHUBEPCUTETIHIH Xxabapuibichl, 21 Tom No
2, 2024 x., 95-105 6errep (KKCOH ycrwiaran).

6. Kazakcran-bpuran TexHUKaIbIK yHUBEPCUTETIHIH Xabapuibichl, 21 Tom No
3, 2024 x., 58—65 6errep (KKCOH ycoinFan).

7. Kazakcran-bpuran TeXHUKaJIbIK YHUBEPCUTETIHIH xabapuibichl, 21 Tom Ne
3, 2024 x., 128-136 6etrep (KKCOH ycrinran).

Conpaii-aKk KyYMbIC HOTHXeEJepl Keyecl KOHPEepeHIHsIap MEH cCeMUHapap/a
OastHIaIabL:

1. VHBapuaHTTBl MOJMHOMJAP >KOHE OJIAPJBIH KBAaHTTHIK €CENTeyepe
konnanbltybl, 2024 IEEE AITU: Digital Generation, Astana IT University, 2024.

2. Herisri unBapuanttap, «TeH3opnap: reomeTpus, KypIETUTIK >KoHE
KBAaHTTHIK TYHICY» ©3€KTI 3epTTey Oarmapiamachl, BapiiaBa yHUBEpCHUTETI,
Excellence Initiative — 3eprrey yauBepcuteti, Simons Foundation, [Tonbiia euibiv
akagemMuscel, 2023 x.

3. Kponekkep koappuimeHTTepinin Keibip yHuMoaanbasl Tiz0ekrepi, bemy
TEOpUsIChl OOMBIHINIA CEMHHAp, (-CepUsUiap KoHE OalIaHBICTHI TaKBIPHITITAP,
Muuuran TeXHOJIOTUSUIBIK YHUBEpCUTETI, 2024 XK.

4. Heri3ri uHBapuantTap, [loyblia FHUIBIM aKaJEMUSCBIHBIH CEMHUHAPHI,
bennneno, I[loapmia, 2023 x.

5. Koraps! exmemuai 6emmaepre apHanran MakMaxoHn cratuctukacel, ADA
YHUBEPCUTETIHIH ceMuHapsl, 2022 x.

6. KomOuHATOpJBIK TUNEPACTEPMUHAHT JKOHE MYJIbTUIIAHAPIBIK KENILIep,
Kazakcran PecmyOnukachl FBUIBIM KbI3METKEpPJIEpl KYHIHE apHaliFaH ICTYpIil
XaJIBIKAPAJIBIK COYIp MaTeMaTUKaIbIK KOHpEpeHIuschl, MareMaTuka UHCTUTYTHI,
Kazakcran, 2022 x.

Kapusnanbimaap. [uccepramusi TakpIpplObl OOWBIHIIA >KapusIaHFaH 7
KYMBbIC, OHBIH 1mniHAe Scopus Hemece Web of Science QI >xypHanmapbiHga 3



Makana xoHe Q2 xypHanbiHga 1 makana, BAK yceinran xxypHanaa 3 Makana, |
OpbIH/AY aKTiCl )koHE 1 aBTOPJIBIK KyoiK.

JluccepTauusiHbIH KYPbLIBIMBI MeH KoJieMi. J{uccepTarus KipicreneH xKoHe
3 rtapaynan Typanbel, 116 Oerren, 13 cyper men 11 kecrenen, 7 Ti3iMHeH, 69
naiiaJaHbUTFaH 91cOUeTTEP Ti31MI MEH KOChIMINIAIAp/IaH TYPAIbI.



ANNOTATION
of the dissertation by the doctoral student of PhD
on specialty 8D06101 - Computer Science, Computer Engineering and Control
by Amanov A.N. on the thesis:
"Tensor invariants and their applications to quantum information theory."

General characteristics of the work. This dissertation systematically studies
the structure of invariant polynomials of tensors, revealing various properties that
contribute to a deeper understanding of their role in quantum information theory. A
significant focus is placed on invariant polynomials of minimal degree, for which a
sharp lower bound has been obtained, providing new insights into the computational
complexity associated with these polynomials. Additionally, the work presents a
novel algorithm for the calculation of invariant polynomials, offering an efficient
approach that enhances both theoretical analysis and practical applications in
guantum computing and related fields.

Relevance of the research topic. The rapid development of quantum
computing and quantum information theory has highlighted the need for advanced
mathematical frameworks that can describe and manipulate complex quantum states.
Understanding the fundamental properties of tensors and their invariants is crucial
in these fields. Invariant polynomials serve as tools to classify quantum states and
measure entanglement, making them essential for the development of secure
guantum protocols and efficient quantum algorithms. Moreover, due to
computational hardness of tensor problems, there is an urge to study and calculate
invariant polynomials of smallest size.

The aim of the research. The primary aim of this research is to develop a
comprehensive framework for the study of invariant polynomials of tensors,
particularly focusing on those of minimal degree. The research seeks to establish
systematic methods for analyzing the structure and properties of these polynomials,
with a goal of determining the minimal possible degrees of invariants for various
tensor spaces. Additionally, the study aims to address computational challenges by
developing efficient algorithms for generating and calculating invariant
polynomials, thus providing tools that are both theoretically significant and
practically applicable in the context of quantum information theory and related
fields..

Research methods. The solution to the given problems were obtained by
algebraic and combinatorial methods. The proofs extensively use Schur-Weyl
duality, representation theory and algebraic combinatorics. Practical results were
held using programming language C++. Also, Sage library on Python were used to
compute tables of Kronecker coefficients.

Scientific novelty and general points for the defense. Scientific novelty of
the proposed research is to extend the study of invariant polynomials to a more
systematic and broader level.. The interdisciplinary nature of the research creates
certain difficulties during the development of such systems and requires the usage
of the methods and approaches from different areas of knowledge.

In the dissertation there were firstly obtained the following results:



1. Systematic research of invariant polynomials of tensors, which offers
unified combinatorial framework to study invariants of any degree. This includes:
derivation of concrete formula of generic invariant polynomial, derivation of the
spanning set of invarants of fixed degree, vanishing conditions, general properties
and important coefficients.

2. Calculation of the lower bound for the minimal degree of invariant
polynomials of given tensor space, which is shown to be sharp in fundamental cases.

3. Design of efficient algorithm for calculation of the basis of invariant
polynomials of fixed degree, which exponentially faster that all naive approaches.

4. Calculation of the basis of invariant polynomials of fixed degree in all
feasible cases: degree 4 and degree 6 for 3 qubits, degree 6 and degree 9 for 3 quitrits,
degree 4 and degree 6 for 5 qubits, degree 6 and degree 9 for 5 quitrits, degree 4 of 7
qubits.

Validity and reliability of the results and conclusions. The validity and
reliability of the results and conclusions in this dissertation are ensured through
rigorous mathematical proofs, extensive computational experiments, and
consistency with existing theoretical frameworks. The proposed methods and
algorithms for calculating invariant polynomials are validated through multiple test
cases involving tensors of varying dimensions and complexities, demonstrating their
effectiveness and accuracy. The absence of similar calculations in some cases
confirms the novelty of calculations.

The practical value and implementation of the results. The results of this
dissertation have significant practical value in quantum information theory,
computational mathematics, and theoretical computer science. The developed
algorithms for generating and calculating invariant polynomials enhance
computational efficiency, allowing for the analysis of high-dimensional tensors in
guantum computing and data analysis. These algorithms are implemented in
computational platforms like Python’s Sage library and custom C++ programs,
making them accessible for integration into research and industrial applications.

The findings contribute to quantum computing by improving methods for
guantum state classification and entanglement measurement, which are essential for
developing secure quantum algorithms and communication protocols. Additionally,
the results are valuable in educational settings, enriching courses on quantum
computing and advanced mathematics, and fostering knowledge transfer through
teaching and seminars.

Furthermore, the work has potential industrial applications in cryptography,
telecommunications, and data security, where the understanding of tensor invariants
can enhance the design of secure systems. Overall, this dissertation bridges
theoretical research with practical application, providing essential tools and insights
that advance the field of quantum information science and beyond.

Approbation of work. The general points and results of the work were
presented and discussed in the following works published in international journals:

1. Forum of Mathematics Sigma, Vol. 11, 2023, article e63 (Web of Science

QD).



2. International Mathematics Research Notices, Vol. 2023, Issue 20, 2023,
17552-17599 (Scopus Q1, Citescore 2023 percentile 76).

3. Linear Algebra and its Applications , Vol. 656, 2023, 224-246 (Web of
Science Q1).

4. Proceedings of the American Mathematical Society, Vol. 150, 2022,
4113-4128 (Scopus Q2, Citescore 2022 percentile 62).

5. Herald of the Kazakh-British Technical University, Volume 21 No. 2,
2024, Pages 95-105 (recommended by the Committee for Control of Education and
Science).

6. Herald of the Kazakh-British Technical University, Volume 21 No. 3,
2024, Pages 58-65 (recommended by the Committee for Control of Education and
Science).

7. Herald of the Kazakh-British Technical University, Volume 21 No. 3,
2024, Pages 128-136 (recommended by the Committee for Control of Education
and Science).

Also, the results of the work were reported at the following conferences and
seminars:

1. Invariant polynomials with applications to Quantum computing, 2024 IEEE
AITU: Digital Generation, Astana IT University, 2024.

2. Fundamental invariants, the Thematic Research Programme "Tensors:
geometry, complexity and quantum entanglement”, University of Warsaw,
Excellence Initiative—Research University, the Simons Foundation, Polish
Academy of Sciences, 2023.

3. Some unimodal sequences of Kronecker coefficients, Seminar in Partition
Theory, g-Series and Related Topics, Michigan Technological University, 2024.

4. Fundamental invariants, Polish Academy of Sciences seminar, Bendlewo,
Poland, 2023.

5. MacMahon's statistics on higher-dimensional partitions, ADA University
seminar, 2022.

6. Combinatorial hyperdeterminant and multiplanar networks, Traditional
international April mathematical conference dedicated to the Day of Science
Workers of the Republic of Kazakhstan, Institute of Mathematics, Kazakhstan,
2022.

Publications. According to the topic of the dissertation there were published 7
printed works, including 3 articles in Scopus or Web of Science Q1 journals and 1
article in Q2 journal, 3 articles in journal recommended by WAC, 1 act of
implementation and 1 author’s certificate.

Structure and scope of the dissertation. The dissertation consists of an
introduction and 3 chapters, contains 116 pages, 13 figures and 11 tables, 7 listings
a list of used sources of 69 references and applications.



