PELIEH3US

Ha JIICePTAIMOHEH TPY/ 3a MPUA00KBaHe Ha HAyYHATA CTEIeH ,,JIOKTOp Ha HayKHUTe" B
IPO(eCHOHANTHO HarnpasyeHue 4.1 , OU3HYeCKU HayKu*“, TI0 TIPOIie/ypa 3a 3alIKTa B
WucruTyTa 1o pusnka Ha TBBp0TO Ts10 — BAH.

ABTOp Ha AucepTanMoHHUs TpyA: BosiH ToHeB TopocoB, JOIEHT, JOKTOP.

Tema Ha pucepralMOHHUA TPYA: ,K8aHmo8 KOHMPOA ¢ NPUAONCeHUs 8 KBAHMOBUME
mexHono2uu”.

Perjensent: Xaccan [llamatu, 0KTOp Ha (PU3MYECKHUTE HAYKH, lIpodecop, MHCTUTYT 110
¢usKMKa Ha TBBHPAOTO TsUIO — BAH, WwieH Ha HAy4HOTO XKXypH, CHIVIACHO 3amoBern No
PJI-09-32 / 31.03.2026 r. Ha gupekTopa Ha MHCTUTYTA 110 GU3MKA HAa TBBPAOTO TSIIO —
BAH.

1. AKTyaJIHOCT Ha pa3paGoTBaHUS IP0GIeM B HAYYHO M HAYYHO-TIPHUIOXKHO OT-
HOIIEHUe

M3creyBanuvsita, Ha KOUTO Ce OCHOBABA JUCEPTALIMOHHUSAT TP/ Ha 1o1l. -p Topo-
COB, Ca TMIOCBETEHH Ha e/[MH OT Hal-aKTyaJIHUTE U CBIIEBPEMEHHO €/IMH OT HAl-UHTPH-
ryBaliuTe IPOOJIEMH Ha ChBPEMEHHATa HAayKa, & MMEHHO KBAHTOB KOHTPOJI IIOCPE/C-
TBOM €JIEKTPOMAarHUTHH UMITy/ICH. ToBa IM03BOJIABA /A Ce HAIIPABJISIBA U3MEHEHHUETO Ha
AMIUIATY/iaTa, (pasara v MoJaapu3alysaTa Ha CBETVIMHHKU UM MUKPOBBIHOBH I10JIeTa 3a
YIIPAaBJIECHHETO Ha KBAHTOBU CHCTOSHMSI M OTTaM YCBBBPIIEHCTBAHE HA OIPEZe/IeHU
KBAHTOBH IIPOLIECH, NpeMaxBaHe Ha TPEIIKM BCJICACTBHE HA IIyM W yIIpaBJeHHe Ha
IIPEXOAY MEeX/y CHEPrUMHM HMBaA 3a Pa3IWYHU MPAKTUYECKH 3aJaHUs KaTO KBAaHTOBHU
W34UCJICHUS, HalpaBJisiBaHE Ha XMMUYHU IIPOLIECH U CTIEKTPOCKONMsl. BHaHO e, ue oc-
BEH rOJIEMMAT MHTEPeC, KOMTO MpeACTaBisABa 3a (pyHAaMeHTaJHATA HAyKa, Ta3W TeMa-
TUKa € BaXKHa M 33 KOHKPETHH IMPHUJIOKEHUsI B KBAHTOBATA TEXHOJIOTHS, KOSITO IIPEIC-
TaBJIsIBA IPaHMIATA Ha (DU3MKATA C MATEMAaTHKATA U IPUGOPOCTPOEHETO.

OT LsJIOCTHOTO M3JIOKEHHE Ha MaTepHasia CTaBa sICHO, Ye KaHAWAATHT € MHOTO
A00pe 3aMo3HaT ¢ aKTyaJHOTO ChCTOSIHHE Ha MpO0JieMa, KAKTO B IT0-061I TeOpeTHYEH
IIJIaH, TaKa W OT IVIe/[Ha TOYKA Ha pa3paboTBAaHWUTE MOZENH U TEOPETHMYHM METOH 3a
W3CJIe/[BAaHETO MM. B TOBa OTHOIIEHHE TOH [T0Ka3Ba 3aBUAHO YMEHHE Jla U3II0JI3Ba U Ch-
4YeTaBa KaKTO AaHAJIMTUYHM, TaKa M Pa3sHOOOpA3HU YMCIEHH METOAM. J[OMbJIHUTETeH
apryMEHT B II0/IKpeIla Ha KayecTBaTa Ha JUCepTalMATa € 3HAYMTEJHUAT 6pOoii TuTepa-
TYPHH M3TOYHHIH, [T0AA0PaHU YMEJIO Cpesi H300HIMETO OT HAyYHH TPY/0BE 10 TeMAaTH-
Kara I1pe3 [10CJIEHUTE TOJMHHU.

2. Kparka aHa/IMTHYHA XapaKTEPHCTHKA Ha MaTepHaia

JlucepraliMOHHMAT TPy € HaNKCaH BbPXy 165 CTpaHUIM U ChABPIKA 7 ry1aBH, 73
¢urypu u 16 Tabauiu. IaBa IrbpBa jaBa KpaThK YBOJ B KBAHTOBUSI KOHTPOJI W IIPaBU
TPEIJIe/l Ha Pa3HOOOPa3HUTE MOJEJIM M METO/IM 3a OCBLIECTBSIBaHEeTO My. Tasy Iviapa 3a-
BBPIIBA C KPATKO ONHMCaHHWE HAa CBABPXKAHHMETO Ha OCTAHAJIUTE LIECT IVIaBy. M3caeqBa-
HUsATA M OPUTHHAIHUTE PE3YJITATH HA KAHJIU/IATa CA U3JI0KEHU B IVIABUTE OT BTOPA 70
mecra. I71apa ceziMa 000011aBa HAyYHUTE TIPUHOCH Ha KAHIAMIATA U IpejcTaBs Habop
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OT HEepelleHHW 3aJja4¥ KaKTO M IOTeHIHaa 3a MPOAB/KABAHETO Ha M3CJIE[BAHUATA B
Ta3u obsact. OcTaHasaTa 4acT OT JUCepTaluATa TpejcTaBisiBa oubauorpadus or 183
JIATEPaTyYPHH U3TOYHMKA U CIMCBK OT METHa/leceTTe IyOJIMKalMuTe, 3aJIeTHAJIU B OC-
HOBaTa Ha TO3U TPY/.

W3cnepBanusTa Ha Jio1l. A-p BosiH TOpocoB ca CBBp3aHU C yIIpaBjeHHe Ha KBAHTO-
BU CHUCTEMU IIOCPEACTBOM eJIEKTPOMATrHUTHU BBJIHU, B YACTHOCT JIA3ePHU JIBUH, C TI0-
MOIIITA Ha Pa3/IMYHY NOJAXO[W: KOXCPEHTHU TeXHUKH, afuabaTHU MeTOIU U TaKMBa Ha
0a3ara Ha ChCTABHU MMIIYJIICH MJIM ChUETAHUE HA T€3U METOLUKHU 3a MTOCTUTAaHE Ha T10-
no6pa epeKTMBHOCT Ha KBaHTOBaTa cucreMmara. Te MMatr IpeJuMHO (yHIaMEHTaJIEH
XapakTep U IeJIAT HaMUpPaHe Ha BE3MOYKHH IMPAKTHYECKHU TTPHUJIOKEHUST Ha IUHAMUYHN
IIpollecH OT KBaHTOBAaTa (PU3MKa B ONTHKATA, €JIEKTPOHUKATA U IIpeJaBaHe Ha UHAOP-
Marus.

Bropara I71aBa e 1ocBeTeHa Ha IpucrocobsaBaHe 1 06006111aBaHe Ha TeXHHMKATa Ha
CBCTAaBHUTE MMIIYJICH, ITbPBOHAYAJIHO pa3BUTa 3a IpeMaxBaHE Ha CHCTEMHM TIPEUIKH
IIPM AaHAJIU3 Ha CIIEKTPUTE OT SIIPEHO-MarHUTEH pe30HaHC. ChbCTaBHUTE UMITYJICH Chye-
TaBaT epeKTHBEH KOHTPOJI HaJl JMHAMHKaTa Ha CUCTeMaTa U YCTOHYHWBOCT IPHU U3MeHe-
HUS Ha ITapaMeTpuTe 1. MeTOABT e M3II0JI3BaH 3a HAMHUPAHEeTOo B afjiabaTHOTO MpHOIIH -
JKeHHMe Ha aHaJIMTWYCH, B 3aTBOpeHa ()opMa, U3pa3 Ha BEPOATHOCTTA HA IIPEXo/ia Ha
06006111eH MoJies1, ¢ [iBe HUBA, ¢ YecTtoTa Pabu, n3paseHa ype3 XxuIepOoIuYeH CeKaHC C
(ba30B CKOK IIpH CBOS MaKCMMYyM M YeCTOTHA pa3JjivKa (pa3cTpoiiKa) ¢ MTOCTOSHHA KOM-
MOHEHTAa M YeCTOTHO MOAY/IMpaH 4WieH M3paseH ¢ xunepboaudeH TaHreHc. Taka gedu-
HHpaH, MOZIe/IBT ChAbPiKa B cebe CH M3BECTHM B JIMTepaTypaTa IPaHUYHHU CJIydau: MO-
nen Ha JlemkoB-KyHuKe W HeroBuTe 4yacTHU ciay4yau (Posen-3eHep, AnbH-EOBpau u
Bam6uHH-BepmaH) npu HysieB ckoK. HanmuuueTo Ha HeHyJIeB CKOK BOZIM /10 TOJIEMH H3-
MEeHEHMS B TOBEJIEHMETO Ha BEPOSTHOCTTA Ha IMpeXofa, KOATO 3aBHCHU OT BHCOYMHATA
Ha ckoka. ITpe/iyioykeH e CHCTeMEH IIO/IXO0/ 3a FeHepHpaHe Ha MHOXXECTBO IVIaJKH, KaTo
(yHKI[US Ha BpEMETO, CbCTABHU MMIIYJICH 32 KBAHTOB KOHTPOJI C IIOMOIIITA Ha YJITPaKb-
CH HeIIPaBOBI'bJIHMU JIa3epHH UMITy/IcH. [Ioka3aHo e, 4ye IIpH pe3oHaHc, opmara 1 ¢a-
3ara Ha UMITyJIca HAMAT e(DeKT BBPXy ChCTaBHUTE CTPYKTYpH. Ta3y KOHcTaTaIys, ocra-
Ba BSIpHA M 32 ChbBKYITHOCTH, ChCTaBEHH OT JI0 MeT WAECHTUYHH eIMHUYHN UMIysca. Me-
TOJBT € e)eKTHUBEH 32 ONTHMU3AIMS Ha afyiabaTHHs IIPEX0Z Ype3 M3II0I3BaHe Ha ChC-
TaBHU CTPYKTYPH, KOUTO IIOTHCKAT HeaJuabaTHUTE OCLMJIALMM BbB BEPOATHOCTTA 3a
MPexoJl U Jia ce peylupa 0 MUHUMYM TpelllKaTa TPy KBAaHTOBHU M34YHCJIEHUS JIOPH U
npu Maynbk O6poif ummysicy. PazpaboTen e 1 ApyT MOJXOJ, 3a IIOCTPOsIBAHE HAa ChbCTABHU
VIMITYJICH C MaJIKa IUIOL, KOMTO y[OBJIETBOPSIBAT YCJOBHMETO 32 OITHMAJIHO pElIeHHe
MEX/1y IIJI0INTa Ha Npoduiia Ha BB30yx/1aHe ¥ TOUHOCT. HampaBeH e 06CTOEH aHaINu3
Ha ChCTABHU CTPYKTYPU OT WAEHTHYHH YITPAIIMPOKOJIEHTOBU M YJITPATICHOJICHTOBU
BB30YKAeHus. [TokazaHo e, ye IOCTPOEHHUTE CbCTaBHU MMIIYJICHM CTPYKTYPH IIPEBB3-
XOXKIAT CBOMTE KOHBEHIIMOHAIHM aHAJIO3H M Ca I10-HAIeXK/IHU OT a/ina0aTHUTE TEXHM -
ku. TIpe/yIoKeHH ca YCTOMYMBU Ha eKCIIePMMEeHTAJIHU I'PEUIKH ChCTABHH HMMITYJICHH
CTPYKTYPH, KOUTO T€HEPUPAT IIPOM3BOJIHHU IIPEBAPUTE/HO 3aJja/leHH 3aBbPTaHUs Ha
cucTeMa C JIBe€ ChCTOSTHUS BbPXY cepara Ha biiox. Ilosydenu ca JBa Kiaca CbCTaBHU
CTPYKTYpH: €IMHUYHHU U c/IBOeHHU. [ToKa3aHo e, 4ye BEpPOSATHOCTTA 3a IIPEX0J| Ha BCsKa
ChCTaBHA CTPYKTypa Ce M3pa3siBa B 3aTBOpeHA aHAJIMTHYHA (popma. M3BOUTE B Tazu
rJIaBa IOKa3BaT M3KJIIOYUTEHHS TOTEeHIIMaI Ha ChbCTABHUTE MMITYJICH B CBUYETaHHE C
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MPENU3HOCT U YCTOHYMBOCT Ha IPEIIKH.

Tperara ry1aBa pa3sBrBa IIpelM3Ha METOIMKA 33 KOXEPEHTHO yIpaBJIeHUe HA KBAH-
TOBH CHCTEMH C TPH HMBA. MaTeMaTHYeCKUST anapar ChuyeTaBa JBa U3BECTHU B JIUTE-
paTypata I10AX0/ia, 8 UMEHHO CTUMYJIMPaH paMaHOB a/{iabaTeH pexof U ChbCTaBHU M-
IYJICH, KaTO 110 TO3W HAYWH PeAynupa 10 MUHUMYM M34YMCIUTEIHUTE TPEUIKU U JjaBa
BB3MOXHOCT /1a Ce IIPECMETHAT ChCTaBHUTE (asu B 3aTBOpeHa aHAIUTHYHA (hopma. TTo-
Ka3aHO e, 4e Te3H (ha3u ca yHMBEPCAJIHU U HE 3aBUCST OT OCHOBHUTE YEpPTH Ha UMILYJI-
cure. lIpejiara ce Ch4eTaHNUE Ha ChCTABHM MMIIYJICH U OTPAXKEHUETO Ha XayCXOMabp U
€ ITOKA3aHO, 1€ Ta3H TEXHHMKA € IPELU3HA U € MHOIO II0JXO/sIIA 3a KBAHTOBO YIIPaBJIE -
Hye, 6J1aro/japeHre Ha YCTOIHYMBOCTTA 1 Ha M3MEHEHUsI Ha eKCIIePUMEHTaIHUTE apa-
MeTpu. Pa3paboTeH e IIoaxo/ 3a ITOCTPOsIBaHE Ha YCTOWYMBM M ITPELIM3HU KBAHTOBMU JIO-
TMYECKH reToBe ¢ PaMaHOBU KIOOMTH Ha (Gasara Ha CbCTABHU MMITYJICH. MI3MOI3BaHM
ca mpeoOpasysaHusita Ha Mopuc-Illop 1 MaifopaHa ¢ 1es1 CBexk/jaHe Ha paMaHOBa CHC-
Tema C TPY HHBA /[0 110[00Ha TaKaBa C JiBe CbCTOSIHUS. M3rpajieHu ca reiftoBere NOT,
AJllaMap ¥ pOTallMOHEH I'elT C IMOMOIITA Ha Npeodpa3soBaHMETO Ha Mopuc-Ilop. ITpe-
AMMCTBOTO Ha METOZA € T10Jly4aBaHEeTO Ha ChCTaBHM IeMTOBE, YCTOMUMBHU HA EKCIIEPH-
MEHTaJIHY 'PELIKHU.

I71aBa yeTBBpTA € MOCBETEHA Ha €KCIIEPHMEHTAJHO M3ydaBaHe Ha MOBEJCHUETO
Ha TI0CTIEIOBATETHNA ChCTABHH UMITYJICHM C IIOMOIITA HA KBAHTOB ITporiecop Ha IBM cbe
cBOGO/IEH oCThII. ITpOBe/ieH € rosisim Gpoit eKCIIepUMeHTH BbPXY UMITYJICU C Pa3JTUYHU
¢opmu. Tlomyuenu ca nmpodusre Ha B30y IaHe 32 PEAUIA ITHPOKOIEHTOBH, TACHO-
JICHTOBU U MPABOBI'bJIHU CbCTABHU MMITYJICH C IIPOU3BOJIHM BEPOSITHOCTH. M3BbpIlIEHH
Ca MSIHUTAHUSI U BBPXY YHUBEPCATTHU ChbCTABHU MMITYJICH M € TTOJIyYeHO MHOTO /106po
CBIJIACHE MEX/ly TEOPETUIHHUTE U EKCIIEPUMEHTaHUTE 11po(uan Ha Bb30yxane. To-
31 pE3y/ITaT JEMOHCTPHPA BUCOKATA IIPOU3BOJUTETHOCT HA ChbCTABHUTE UMITYJICH KATO
MOIIIEH MHCTPYMEHT 34 KBAHTOB KOHTPOJI, TAKA W HAZIEXK/[HOCTTA Ha KBAHTOBHSI ITPOIIe-
copa Ha IBM. C mes nopoGpsiBane Ha eKCIIePUMEHTATHUTE PE3YJITATH € TIPOBEIEHO U3 -
IIMTAHWE BbpXY ChCTABHA IOC/I€A0BATETHOCT OT 1001 umItysIca, 3a KOATO € IOTydeH sic-
HO U3pa3eH TSICHOJIEHTOB IPOdI Ha BB30YyK/IaHe.

[naBa nera pasriexza e(ekrty cCBbp3aHM ¢ HEEPMUTOBO KBAHTOBO YIIPaBJIEHHE.
IIpeasioxxHo e 06001IeHre Ha CTUMY/IMPAHUST PAMaHOB 8iMabaTeH MPexoy, C M3II0JI3Ba-
HE Ha HeePMHUTOB XaMHJITOHWAH 0e3 Hea[MabTHOTO B3aUMOJIEHCTBHE C 11eJT IIOBHUILABA -
HE Ha CKOPOCTTa M TOYHOCTTA Ha M34YMCJIeHusATa. [TokasaHo e, ue METOLBT MOXKeE Jja ce
TIPUJIOXKM 32 IIPEHOC Ha CBETJIMHA B TPH €BAHECLIEHTHO CBBP3aHHM OIITUYHH BBIHOBOJIA.
YCTaHOBEHO €, Y€ METOABT € HEMPUIOKHM 32 [IPOM3BOIHYU BUJI0BE UMITYJICH, CHJIHO 3a-
BHCH OT HAYa/THUTE YCJIOBHSI U € OrPaHMYEeH JI0 PeXXUM Ha pe3oHac. M3BeeHo e TOUHO-
TO pElICHHEC Ha ICEBAOEPMMTOBHSA XaMUJITOHMAaH Ha Jlanzaay-3enep-Iloken6epr-Ma-
HOpaHa ¢ BBHIIHO KOXePEHTHO 101, Pasmie/jaHu ca Bb3MOYXKHH TIPAKTHIECKHST TIpUJIO-
YKEHHS BbB BBIHOBO/IHA OIITHKA U HEJIMHEHHO YeCTOTHO IIpeoGpasyBaHe.

[naBa 1ecra npejiara MOIeH U ChIEBPEMEHHO JIECEH 3a U3ITBIHEHHUE METOJ 32
W/IeHTH(DUIMPaHe Ha XUPAIHU MOJIEKY/IM Ha 6a3aTa Ha TPH TI0CJIe/I0BATETHH UMIIyJICa
3a yNpaBJICHUE Ha 3aTBOPEHA KBAHTOBA CHCTEMA C TPU ChCTOSIHUS. Pa3KpUTH ca BaHa-
ACCET Pa3IMYHU MOPEANLIMA OT PE30HAHCHW MMIIYJICH C BUCOKO KOHTPACTHO XWPAJIHO
pasjessiHe v ca MCHTU(DUIMPAHU XapaKTePUMCTUKUTE HA UMITYJICUTE. MeTO/IbT e IpH-
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JIOXKEH 33 KOHKPETHHU CJIyYau 32 XUPAJIHO pasfiesisiHe ¢ IOMOINTA Ha ChCTABHU MMITYJI-
CH, KOUTO CJIy)KAT 3a OIITUMH3MpaHe Ha IlapaMeTpyTe Ha M3CyIeiBaHUs Mogiesl. BbB BTO-
paTa JacT ca npeJ/CTaBEeHH /[Ba METO/Ia, 32 OTKPUBAHE Ha XMPAITHH MOJIEKY/IH, 6a3upaHu
Ha T0CJ/IEIOBATEIHM €JUHUYHU W CABOEHH PaMaHOBH HMMITYJICH. MOJIEKYJIUTE IpefC-
TaBJISIBAT 32TBOPEHA CUCTEMA C TPU CHCTOSTHUS. B IIbpBUS CiIyyail ce M3I10/13Ba CHCTEMa
CbCTaBEHa ITOCJIEA0BATE/IHO OT EAMHHYEH UMITY/IC, PAMaHOB MMIIY/IC M €JUHHUYCH MM-
nysic. JlpyraTa cucteMa e CMec OT paMaHOB UMITYJIC M efuHU4YeH uMitysic. O6o01eHue-
TO Ha JIBETE CUCTEMH C 3aMsHATa Ha €MHUYHHUS U PaMaHOBHS MUMITYJICH CBC CHBKYII-
HOCT OT II0CJ/Ie/IOBATETHH CHCTABHU MMITYJICH BOAM [0 TT0-BUCOKO pasZie/isiHe Ha CUI'HA-
Jla ¥ 3HAYUTEHA YCTOMIMBOCT Ha eKCIIEPUMEHTATHU rpeuiku. ToBa 1okassa, ye Te Mo-
raT /ia Ce M3II0JI3BAT KATO ChCTABHU MMITYJICH C TIPOM3BOJIHO 3aBbpPTaHe ChC CBOU IIpe-
JAVMCTBA M HeJIOCTaTBIH.

[TocneaHaTa ce/iMa I1aBa OMMCBa MOAPOOHO HAyYHUTE IIPUHOCH BBPXY, KOMTO C€
3alMTaBa TUCEPTAI[UATA U HATIPABJICHUATA 32 BBJELIOTO Pa3BUTHE HA M3C/Ie/iBaHMATa
Ha KBAHTOBHSI KOHTPOJI B HAYyYHO M HAYYHOIIOIIPHUJIOMKEH acIIeKTH.

3. HayuyHu MJIHM HAYYHO-TIPUJIOXKHH IIPHHOCH

OT ropHMS aHATK3 Ce BIDK/IA, Ye HayYHHUTE IIPUHOCH B JIMCEPTAIMATA Ca TIPEUM -
HO OT pyH/IaMeHTaJIeH XapaKTep, HO MOraT Jia ce M3I10JI3BaT U B NIPAKTUKaTa 3a Halpe-
J'bKa Ha KBAHTOBUTE TEXHOJIOTMH. Te ca MHOTOOPOMHHU M ca CBBP3aHU C MU3SCHIBAHETO
1 060CHOBaBaHETO Ha BAYKHM TEOPETUYHH ITOCTAHOBKH, II0JyJaBaHE M JOKa3BaHE Ha
HOBM (DaKkTH B 06J1acTTa Ha KBaHTOBaTa (hU3MKa. IT0 KOHKPETHO, Te ca CBLP3aHHU C JI0-
pa3BHBaHe Ha KOHIIEIIIMU U TEOPETUYHM IOAXOAM B 00JIacTTa Ha KBaHTOBaTa (hH3MKa
Y TIPHJIOKEHUETO ¥ B ONITHKATA M KBaHTOBaTa MH(OpMaIys; pa3paboTBaHe Ha OPUIH-
HAJIHU TEOPETUYHH METOAM 3a pelllaBaHeTO Ha ompefiesieHH (U3WYECKHd I1pO6GJIEMH,
CBBP3aHM C YIIPABJICHHUETO HA KBAHTOBUTE CHCTEMHU C OTEHIIMA 32 YIIOTpe6a BB BajK-
HU MPAKTUYECKH TPUJIOKEHUs B KBAaHTOBaTa MH(OpPMAaTHKAa M KBAaHTOBMTE M34MCJIE-
HUSL.

4. TIpereHKa Ha MyOJIMKALIMHTE 110 JUCEPTALHOHHUSA TPY/, THYE€H IIPHUHOC

B cBosita pucepraius b. TopocoB cu e mocTaBWJI 3ajadarta 3a paspaboTBaHe M
npuJiaraHe Ha TEOPETHYHH ITOAXOAHU, KOUTO CIIOCOOCTBAT 3a ePEeKTUBHOTO YIIpaB/IeHHE
Ha JUHAMMKaTa Ha CJIOKHU MOJETHH cucTeMU. ToBa Ipe/icTaBisiBa HECBMHEHO MHOTO
TPY/IOEMKa, CJIOKHA M 6e3 ChbMHEHMe aKkTyasHa 3ajjada ¢ (yHJaMeHTaaHO 3HaYeHHE U
OrpOMEH TTOTEHIIMAJ 32 IpUJIoXKeH e, JlucepTanusaTa e HalKcaHa Bb3 OCHOBA Ha 15 Ha-
YUIHU TPYAa, IyOJIUKyBaHU B U3[jaHus, pedhepMpaHyd U MH/IEKCMPAHHU B CBETOBHOM3BEC-
THUTE 0a3u JaHHM 3a HayyHa uHpopmauusi (Web of Science m SCOPUS): Physical
Review A - 10, Physical Review Research - 2, Physical Review Letters — 1, Journal of
Physics B - 1 u Physical Review Applied - 1. BcHUKH Te3U CITMCaHMsI IIPUTEIKABAT KBap-
i Q1 3a roguHaTa Ha NMyOGJIMKyBaHe WM Hai-O/JM3KaTa [0 Hes TOAMHA ChIJIACHO
merpukara SIR (https://www.scimagojr.com/). ToBa oTroBapsi Ha OCHOBHOTO M3MCKBa-
He Ha Hayunwus cbBeT Ha UOTT, a uMeHHO ,MuHumym 15 nybaukayuu ¢ umnaxm pak-
mop, 8 Koumo kanoudamsm mpabea 0a uma godeuj NPUHOC, Kamo MUHUMYM 8 om msx
He mpsabea 0a ca Guau uznon3eanu 8 npeduwHU npoyedypu 3a npudobusame Ha HAy“ -
Hoo6pazosamenHu cmeneHu, KAKmMo U 3a 3aeMaHe Ha axademMuuHu dasicHocmu. Om
mesu 8 nybauxkayuu, none 4 mpabsa oa ca ¢ keapmua Q1, a ocmanaaume 4 ¢ keapmuan
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QI uau Q2.

CeIlacHO feKiapanysi, pe/icTaBeHa OT JJUcepTanTa, 11 ot 15-Te TPy/ia BKJIIOYEHU
B AMCEPTALIMOHHMSA TPY/| HE Ca U3IIOI3BAHH B IIPEAMIIHUTE IPOLIEAYPH 32 MPUI06HBa -
He Ha Hay4HaTa CTEIIEH ,,JJOKTOP" M 3a 3aeMaHe Ha aKaZieMUYHATA JUIBXKHOCT ,,JOLeHT".
Hayynure TpyzoBe ca MyO/JIMKyBaHU B TIPECTHXKHM MEKJYHAPOLHU CIIEIUAIU3UPAHM
M3/JaHMsA CJIeJ| KaTo ca OMiIu 06eKT Ha CTPOTH TpolLelypu 3a periensupane. Toa fokas-
Ba OPUTHHAIHOCTTA HA OTPA3eHUTE B TSIX HAYYHU IIPUHOCH, HA KOUTO € U3paboTeHa 1 -
cepranusTa. [le orGesiexa, Je 1pe/iBUJ, TOBA, Ye TIPeH IyOIUKyBaHe PBHKOIMCHUTE Ca
61 06eKT Ha IPOBEpKa 3a TUIArMATCTBO, M3KIIOYBAM BBH3MOXKHOCTTA 33 TAKOBA T10/,
KaKBaToO U /ia € (hopMa B IIpe/ICTABEHUTE 33 PELieH3UpaHe MaTepUasIu.

Hayunure TpymoBe ca pesy/iTaT Ha y4acTHETO HA KaHAW/ATA B KOJEKTUBU: 6 OT
TAX Ca C €IUH CHaBTOP U 8 C IBaMa ChaBTOPH. BHB BCHUKUTE TPYZOBE, A-p TOpOoCoB € Ha
MbPBO MSICTO B aBTOPCKHUST KOJIEKTUB, KOETO MU JIJaBa OCHOBAHME Jja CYMTAM, Ye TOi uma
BOZIEIA pOJIsi B Pa3pabGOTBAHETO HA HAyYHUTE IPUHOCH. B HayyHuTe TpyoBe Ha ja-p To-
pOCOB MMa CEPUO3HM HAyYHH IIOCTHOKEHUsI. PesyiraTuTe, 3aJerHajIM B TAX, ca nobGpe
MPU3HATH OT HAayYHAaTa OOGLIHOCT M Ca MPEACTABEHH KaTO I0OKAHEHH JOKJIaJi Ha PEHO-
MHUDPaHW MEX/YHAPOAHU HayYHU KOH(EPEHLMH U UIKOJW MM HAYYHU ceMHHapH. ITo
AAHHH, TIPEJIOCTABEHHU OT KaH/u/iaTa, OOIKAT 6poii Ha 3a6ess13aHHUTE HE3aBUCUMHU ITH-
TUPaHHs B MEXAyHapopaHuTe 6a3K JaHHM 3a HayuHa uHpopmauus (Web of Science u
Scopus) e 477. [Ty6nuKanumre 1o HoMepa 2, 3, 7, 11 1 12 uMaT Hal-roasaMm OT3BYK B
JmrepaTypara. Te ca HUTHPaHU, COTBETHO, 61, 98, 43, 65 U 66 bTH. Bosin TopocoB UMa
HayqHH CBTPY/AHUYECTBA KAKTO C UY)KJECTPAHHH, TaKa U C OBJIrapCKH YUEHH U € YYacT-
BaJl B PE/IMNa HAyMHOM3CJIE/IOBATEJICKHA IPOEKTH, (PMHAHCUPAHU OT HALMOHAIHU U
MEX/IYHAPOAHN OpPTraHU3aIlHH.

M311b/IHEHMETO Ha MMHMMAJTHUTE U3UCKBAHUS OT JIOLL. JI-P TopocoB 3a npu06m-
BaH€ Ha Hay4YHaTa CTeIeH ,,JOKTOp Ha HayKuTe" B IIPOECHOHAIHO HarpaBieHue 4.1
»PU3NUECKH HayKu“ ce 06061IaBaT B ciefHaTa Ta6IHUIA;

pyna or | Ilokazarenu [TpaBunnMK W3uckBanus JUCEpPTaHT
NPT 3PAC PB UOTT-BAH

A 1 50 50 50

b 2 100 100 100

B - - . 5

r 7 100 100 100

il 11 100 140 954

TyK C€ BMX/IA, Y€ KOJIMYECTBEHUTE T10KA3aTEJIU 10 BCUYKU T'PYIIH IIOKPHBAT KAKTO
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kputepuurte, 3aoxeHn B npueture U3WMCKBAHMWA, YCJIIOBUA, [TIPABUJIA U PE-
[ITEHWA na Hayuynus ceBeT Ha UOTT-BAH B monbiHeHue KbM IIpaBUIHMKa 32 yCII0-
BUSTA U peAa 3a npujo0MBaHe Ha HAyyHHM CTENEHM M 3a 3aeMaHe Ha aKaJeMHYHH
ITbKHOCTU B BAH, Taka 1 MUHMMaJIHUTE U3UMCKBaHUA Ha IIpaBuyiHMKa 3a npuiaraHe
Ha 3PAC PB.

5. AsTopedepar

ABTropedepaThT OTpa3siBa OCHOBHHUTE ITOJIOKECHUSI U HAyYHWUTE IIPUMHOCH HA J1-
CepTallMOHHUS TPY.
6. [Ipyru BBIIPOCH

B pucepraiusTa ce cpeuiaT M3BeCTHU €1a00CTH, KOUTO Ca OT YMCTO TEXHHUYECKO
€CTECTBO U CHBCEM HE OMAJIOBAYKABAT JO0OPOTO M HAYYHOTO KAYeCTBO.
7. 3axiIroueHue

CJie KaTo ce 3a1103Hax ¢ MpeJICTaBeHHUTe MaTepHaIN: JUCEPTALIMOHEH TPy, ABTO-
pedepar ¥ ocTaHaIMTE JOKYMEHTH, U Bb3 OCHOBA Ha HallpaBeHMs aHa/IM3 Ha TAXHATa
3HAYUMOCT U CBABPIKAIIM Ce B TAX HAYYHU M HAYYHO-TIIPHUJIOXKHU MPHUHOCH, MOTBBPXK-
JlaBaM, ue HaydHUTe MMOCTHXKeHUs Ha Jiol,. J-p b. bosan TopocoB oTroBapsiT Ha M3UCKBA-
HusTa Ha 3PACPB u [IpaBruIHMKA 3a IIpUJIAaraHETO My M CbOTBETHUTE IPaBUJIA, IIPUETH
ot Hayuynus ceBeT Ha UDOTT-BAH 32 npuo6rBaHe Ha Hay4YHa CTEIIEH ,,JJOKTOD Ha Hay-
KuTe®.

3ak/I09eHHE: Bb3 OCHOBA HAa IOPEU3JI0’KEHOTO, IIPENOPBbYBAM Ha HAYYHOTO XKYPH
Ja MPUCHANA HAYIHATA CTEIEH ,JOKTOP Ha HayKWTe" B NPO(ECHOHAHO HaIlpaBJIcHUE
4.1 ,,®usnuecky Hayku“ Ha jo1l. 4-p bosx Topocos.

Hara 29.05.2026r.

Periensenr:

/ ipog. fipu Xaccan [amat /
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EVALUATION REPORT

of a thesis submitted for awarding the scientific degree Doctor of Sciences in Physical
sciences according to the procedure pursued at the Institute of Solid State Physics, Bul-
garian Academy of Sciences.

Report prepared by Hassan Chamati, Doctor of Physical Sciences, Professor at the Insti-
tute of Solid State Physics, Bulgarian Academy of Sciences, in his capacity as a member
of the Scientific Committee appointed by order PII-09-32 / 31.03.2026 of the director of
the Institute.

Thesis Title: Quantum Control with Applications to Quantum Technologies

Author: Boyan Tonev Torosov, PhD, Assoc. Professor, Institute of Solid State Physics,
BAS.

1. State-of-the-art of the studied problem in scientific and applied terms

The thesis presented by Assoc. Prof. Dr. Torosov is based on research devoted to
one of the most timely and simultaneously one of the most intriguing problems of mod-
ern science, namely quantum control by means of electromagnetic pulses. This proce-
dure allows to control the variation in the amplitude, phase and polarization of light or
microwave fields for the manipulation of quantum states and hence the improvement of
certain quantum processes, such as suppression of errors due to noise and control of
transitions between energy levels for various practical tasks, including quantum calcula-
tions, control of chemical reactions and spectroscopy. Obviously, in addition to the great
interest that it represents for fundamental science, this topic is also important for spe-
cific applications in quantum technology, which represents the borderline of physics
with mathematics and engineering.

The resented material clearly shows that the candidate is very well acquainted
with the current state of the problem, both in a more general theoretical plan and from
the point of view of the developed models and theoretical methodologies used for their
study. In this regard, he shows an enviable ability to use and combine both analytical
and various numerical methods. An additional argument in support of the qualities of
the dissertation is the significant number of references, skillfully selected from the abun-
dance of scientific works on the topic in recent years.

2. General characteristics of the applicant’s achievements

The dissertation is built over 165 pages and contains 7 chapters, 73 figures and 16
tables. Chapter I gives a brief introduction to quantum control and reviews the various
models and methods for its implementation. This chapter concludes with a brief de-
scription of the content of the remaining six chapters. The candidate's research and orig-
inal results are presented in chapters two to six. Chapter seven summarizes the candi-
date’s scientific contributions and presents a set of unsolved problems as well as the po-
tential for continued research in this area. The rest of the dissertation is a bibliography
of 183 literary sources and a list of fifteen publications that form the basis of this work.
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The research of Senior Assoc. Prof. Boyan Torosov is related to the control of quan-
tum systems using electromagnetic waves, in particular laser beams, using various ap-
proaches: coherent techniques, adiabatic methods and those based on composite pulses
or a combination of these methods to achieve better efficiency of the quantum system.
They are mainly fundamental in nature and aim to find possible practical applications of
dynamic processes from quantum physics in optics, electronics and quantum informa-
tion.

The second chapter is devoted to the generalization of the composite pulse tech-
nique, originally developed to eliminate systematic errors in the analysis of nuclear mag-
netic resonance spectra. Composite pulses combine effective control over the dynamics
of the system and robustness to changes in its parameters. The method is used to derive
in the adiabatic approximation an analytical - closed-form expression - of the transition
probability of a generalized model, with two levels, with a Rabi frequency, expressed by
a hyperbolic secant with a phase jump at its maximum and a detuning with a constant
component and a frequency-modulated term expressed by a hyperbolic tangent. The
model contains in itself models known in the literature: Demkov-Kunike and its special
cases (Rosen-Zener, Allen-Eberly and Bambini-Berman) at zero jump. The presence of a
non-zero jump leads to interesting changes in the behavior of the transition probability,
which depends on the jump height. A systematic approach is proposed to generate mul-
tiple smooth, as a function of time, composite pulses for quantum control using ultra-
short non-rectangular laser pulses. It is shown that at resonance, the shape and phase of
the pulse have no effect on the composite structures. This finding remains true for a se-
quence composed of up to five identical single pulses. The method is effective for opti-
mizing the adiabatic transition by using composite structures that suppress non-adia-
batic oscillations in the transition probability and to minimize the error in quantum cal-
culations even with a small number of pulses. Another approach is also developed to
construct small-area composite pulses accounting for the interplay between the area of
the excitation profile and accuracy. A comprehensive analysis of composite structures
from identical ultra-narrow-band and ultra-wideband excitations is performed. It is
shown that the constructed composite pulse structures outperform their conventional
counterparts and are more reliable than adiabatic techniques. Experimentally robust
composite pulse structures are proposed that generate arbitrary predefined rotations of a
two-state system on the Bloch sphere. Two classes of composite structures are obtained:
single and paired. It is shown that the transition probability of each composite structure
is expressed in a closed analytical form. The conclusions in this chapter demonstrate the
exceptional potential of composite pulses combined with precision and robustness to er-
IOrS.

The third chapter develops a precise methodology for coherent control of three-
level quantum systems. The mathematical apparatus combines two approaches known
in the literature, namely stimulated Raman adiabatic transition and composite pulses,
thus minimizing computational errors and allowing the calculation of the composite
phases in a closed analytical form. It is shown that these phases are universal and do not
depend on the main features of the pulses. A combination of composite pulses and
Householder reflection is proposed and it is shown that this technique is precise and is
very suitable for quantum control, thanks to its robustness to changes in experimental
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parameters. An approach is developed for constructing robust and precise quantum
logic gates with Raman qubits based on composite pulses. The Morris-Shore and Majo-
rana transformations are used to reduce a three-level Raman system to a similar two-
state one. The NOT, Hadamard, and rotational gates were constructed using the Morris-
Shor transform. The advantage of the method is that it produces composite gates that are
robust to experimental errors.

Chapter IV is devoted to experimental study of the behavior of a sequence of com-
posite pulses using an open-access IBM quantum processor. A large number of experi-
ments have been conducted on pulses with different shapes. The excitation profiles for a
number of broadband, narrowband and rectangular composite pulses with arbitrary
probabilities have been obtained. Tests have also been carried out on universal compos-
ite pulses and a very good agreement between the theoretical and experimental excita-
tion profiles has been obtained. This result demonstrates the high performance of com-
posite pulses as a powerful tool for quantum control, as well as the reliability of the IBM
quantum processor. In order to improve the experimental results, a test has been per-
formed on a composite sequence of 1001 pulses showing a clearly pronounced narrow-
band excitation profile has been obtained.

Chapter V considers effects related to non-Hermitian quantum control. A general-
ization of the stimulated Raman adiabatic transition using a non-Hermitian Hamilton-
ian without the non-adiabatic interaction is proposed in order to increase speed and ac-
curacy of calculations. It is shown that the method can be applied to light transmission
in three evanescently coupled optical waveguides. It is found that the method is inappli-
cable to arbitrary types of pulses, strongly depends on the initial conditions and is lim-
ited to the resonance regime. The exact solution of the pseudo-Hermitian Hamiltonian
of Landau-Zener-Stiickelberg-Majorana with an external coherent field is derived. Possi-
ble practical applications in waveguide optics and nonlinear frequency conversion are
considered.

Chapter VI proposes a powerful and yet easy-to-implement method for identifying
chiral molecules based on three consecutive three pulses for controlling a closed quan-
tum system with three states. Twelve different sequences of resonant pulses with high
contrast chiral separation are revealed and the characteristics of the pulses are obtained.
The method is applied to specific cases of chiral separation using composite pulses,
which serve to optimize the parameters of the studied model. In the second part, two
methods are presented for identifying chiral molecules based on consecutive single and
paired Raman pulses. The molecules represent a closed system with three states. In the
first case, a system consisting sequentially of a single pulse, a Raman pulse, and a single
pulse is used. The other system is a mixture of a Raman pulse and a single pulse. The
generalization of the two systems with the replacement of the single and Raman pulses
with a set of consecutive composite pulses leads to higher signal separation and signifi-
cant resistance to experimental errors. This shows that they can be used as composite
pulses with arbitrary rotation with their own advantages and disadvantages.

The final seventh chapter describes in detail the scientific contributions lying in
the basis of the dissertation and the directions for the further development of quantum
control research in scientific and practical aspects.
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3. Scientific and applied contributions

The analysis above shows that the scientific contributions in the dissertation are
mainly of a fundamental nature, but can also be used in practice for the advancement of
quantum technologies. They are related to the clarification and substantiation of impor-
tant theoretical propositions, obtaining and proving new facts in the field of quantum
physics. In particular, they are related to boost the development of concepts and theoret-
ical approaches in the field of quantum physics and its application in optics and quan-
tum information; development of original theoretical methods for solving specific physi-
cal problems related to the control of quantum systems with the potential for exploita-
tion in important practical applications spanning quantum informatics and quantum
computing.

4. Evaluation of dissertation publications, personal contribution

In his dissertation, B. Torosov set himself the task of developing and applying the-
oretical approaches that contribute to the effective manipulation of the dynamics of
complex model systems. This is undoubtedly a very laborious, complex and timely prob-
lem with fundamental impact and enormous potential for application. The dissertation
is written on the basis of 15 scientific papers published in journals, indexed in interna-
tionally recognized databases for scientific information (Web of Science and SCOPUS):
Physical Review A - 10, Physical Review Research - 2, Physical Review Letters - 1, Jour-
nal of Physics B - 1 and Physical Review Applied - 1. All these journals have a quartile
Q1 at the year of publication or the closest year to it according to the SIR metric
(https://www.scimagojr.com/). This satisfies the main requirement of the Scientific
Council of Institute of Solid State Physics.

According to a declaration submitted by the candidate, 11 out of the 15 works in-
cluded in the dissertation have not been used in the previous procedures for acquiring
the scientific degree “doctor” and for occupying the academic position “associate profes-
sor”. The scientific works were published in prestigious international specialized publi-
cations after being subject to strict review procedures. This proves that the scientific con-
tributions in the dissertation are original. I would like to note that given that before pub-
lication the manuscripts were subject to a judicious plagiarism check, I exclude the pos-
sibility of such in any form in the materials submitted for review.

I mentioned above that the dissertation is based on 15 scientific papers, which are
the result of the candidate’s participation in teams: 6 of them have one co-author and 8
have two co-authors. In all the papers, Dr. Torosov is the first author, which gives me
reason to believe that he has a leading role in the development of the scientific contribu-
tions. There are serious scientific achievements in the scientific papers of Dr. Torosov.
The results contained in them are well recognized by the scientific community and have
been presented as invited reports at renowned international scientific conferences and
schools or scientific seminars. According to data provided by the candidate, the total
number of noticed independent citations in international databases for scientific infor-
mation (Web of Science and Scopus) is 477. Publications under numbers 2, 3, 7, 11 and
12 have the greatest number of citations in the literature. They have been cited, respec-
tively, 61, 98, 43, 65 and 66 times. Boyan Torosov has scientific collaborations with both
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foreign and Bulgarian scientists and has participated in a number of research projects
funded by national and international organizations.

The fulfillment of the minimum requirements by Assoc. Prof. Dr. Torosov for the
acquisition of the scientific degree “Doctor of Science” in Physical Sciences is summa-
rized in the following table:

Class of Indicators National rules ISSP-BAS Applicant
indicators

A 1 50 50 50

b 2 100 100 100

B 4 - - 1

I 7 100 100 100

il 11 100 140 954

The above table shows that the quantitative indicators in all groups cover both the
criteria set out in the adopted REQUIREMENTS, CONDITIONS, RULES AND DECI-
SIONS of the Scientific Council of ISSP-BAS in addition to the Regulations on the condi-
tions and procedure for acquiring scientific degrees and for occupying academic posi-
tions at BAS, as well as the minimum requirements of the National Regulations.

5. Dissertation abstract

The abstract reflects the main points and scientific contributions of the disserta-
tion work.

6. Other aspects

The dissertation has certain weaknesses that are of a purely technical nature and
do not at all detract from its good scientific quality.

7. Conclusion

After reviewing the submitted materials: dissertation, abstract and other docu-
ments, and based on the analysis of their significance and the scientific and applied sci-
entific contributions contained therein, I confirm that the scientific achievements of As-
soc. Prof. Dr. B. Boyan Torosov meet the requirements of the Law on the Scientific and
Technical Research of the Republic of Bulgaria and the Regulations for its implementa-
tion and the relevant rules adopted by the Scientific Council of the Institute of Technical
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and Technical Research of the Republic of Bulgaria for the acquisition of the scientific
degree “Doctor of Sciences”.

Conclusion: based on the above, I recommend to the scientific jury to award the
scientific degree “Doctor of Science” in Physical Sciences to Assoc. Prof. Dr. Boyan
Torosov.

Dated 29 May 2026

Reviewer:

/ Prof. Hassan Chamati, DSc /
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