CIIPABKA
3a IPUHOCHUS XapaKTep Ha TPyJl0BeTe

U TAXHOTO 3HAYEHHUE 32 PAa3BUTHETO HA HAyKaTa B bbharapus
HAa KaHJAM/IAaTa 32 yYacTHe B KOHKYPC 32 u300p Ha wieHoBe Ha BAH
YIeH-KOpeCOoHIeHT npod. Aekcanabp AJiekcanapos Jlpaiinry

[Ipod. [paiimy e aBrop Ha 270 HayuyHu myOJauKamuu, OoT KOouTo 88 cratum B pedepupaHu
MEXIyHApOJHU criMcaHus ¢ uMmnakt-paktop (1 — usnparena; 63 ot kBaptun Q1 u 24 ot kBapTun Q2),
39 cratum B pedepupaHu MEXKIyHAPOIHHU CIIMCAHHMS C UMMAKT-paHT, 4 cratuu B Bulgarian Journal of
Physics, 1 B l'onumnnka Ha Codwuiickus ynuepcuret, 1 B lokinanu na BAH, 2 0630pa, 135 nokiana Ha
MEXIyHapoaHu KoHdpepeHmuu (12 oT TIX - myOnMKyBaHM B IBJEH TEKCT M 123 — ¢ MyOJMKyBaHO
pasmmpeno pestome). Penaktupan e 2 toma Ha Proceedings of SPIE (CAILl) mo marepuanu Ha 1Be
MEXIYHApPOAHU KOH(EPEHLUMU U €JUH CATeIUTEH CUMIIO3UYM, OpraHu3UpaHu OT Hero B bwarapus.
W3nechn e 37 moKaHEHW AOKIana, 28 OT KOMTO-TUICHAPHH, KaKTO W peaulla TMOMYJISIPHU JICKIHUU 32
yuenun. IlyOnukanuure my ca uutupanu nosede oT 1974 mpru (aBromurature-uskitoueHu). H-
UHJIEKCHT Ha myOsiukamuure my ¢ h=22 (mo manau or Web of Science), h=21 — no npusnoxenus B
JOKYMEHTUTE CIIUCHK Ha [IUTUPAHUSATA.

[Ipod. Hpaiimy e crermanusupan o0mo Hax 6 roguHu B TexXHHUECKUs yHUBEpCUTET Ha ['pan
(I'pau, ABctpus; 1995-1996r.; npu npod. Bunaxomni), B Macturyr Makc [lnank mo kBaHTOBa OmnTHKa
(I"'apxunr, I'epmanus; HenpekbcHaTo — B nepuoga 1997-1998r. u exeronno - B nepuonaa 1999-2002r.;
Karo cruneHauaHT Ha Ponnanus ,,Anekcanabp pon XymOont” u Ha [pyxectBo ,,Makc [lnank™; npu
mpod. Xepbepr Bantep), B ABcTpamuiickus HanuoHaneH yHuBepcuteT (Kanbepa, ABcrpanus;
TpukpatHo B mepuona 2004-2007r., npu npod. Kusmap u npod. Hdparomup HemeB — OuBII HEeros
JUIJIOMAHT, KOTOTO € KOHCYJITUPaJ KaTo NOKTopaHT). [loHactosmem npod. Apaiinry numa miogoTBOpHO
HAYYHO CHTPYIHHYECTBO C mM3ciemoBatenn oT YuusepeuteT ,,Ppunpux Illnep” (Mena, epmanust; ¢
npod. I'epxapn Ilaynyc u mpod. Kpucruan Ilnunman), B yuuto naboparopuu € pabOTHII B OCEM
nepuoza ot 2009r. mo 2023r.

IIpog. [Apaiimy e cb3garel Ha nbpBara Hay4yHa rpyna B bbarapus B o0uacrra Ha
CHHTIYJISIPHATA ONTHKA M € Ch31aJ aKTMBHA Hay4yHa IIK0JIa B Ta3u obJact. 3aeqno c¢ npod. U.
XpucroB u aou. U. Credanos e eqxuH ot ocHoBareauTe Ha JlaGoparopusita mo (peMTOCEKyHAHA
¢poronuxka B Coduiickusi yHUBEepCUTET — MbPBaTa M MOHACTOsIeM (GYHKIMOHMpPAIIA KBa3u-365
JAHU ToAUIIHO eMTOCeKyHIHA Jadoparopus B bbarapus. Tasu naGoparopus, usrpagesa ot 2007r.
HacaM €JIMHCTBEHO C HAI[MOHAJIHO MPOEKTHO (pMHAHCHpaHE, MOHACTOSIIEM € 00eKT oT mpoekt ,,EJIN-
EPUK-BI™, ¢punancupan or MHHUCTEPCTBOTO Ha 00pa3oBaHMETO M Haykara no HamuoHanmHaTta mbTHa
KapTa Ha HayuHuTe uHppactpykrypu 2020-2027r. Bopewr naptusop B ,,EJIM-EPUK-BI™ e MucturyT no
enexktponuka-bAH. Ilpod. [paiimy e ppkoBoami 25 Hay4HH HPOEKTa, S OT TAX — C YYXKJIECTPAHHO
¢bunancupane. buin e uien Ha YnpaBurtenaHus cbBeT Ha LIeHTHp 3a BbpX0oBU nocTuxenus ,, Hanmonanen
IEHTBhp MO MexaTpoHuka u uuctu TexHomoruu” (HoroBop Ne BGO05M20P001-1.001-0008-CO1 B
NCVYH), B u3nbiHeHneTo Ha KoifTo, 1o kpas Ha 2023r., yyactBaxa 17 mapTHbopa, oT kouto 11 —
uHcTuTyTd Ha BAH. Ot mecen ¢eBpyapu 2024r. e wieH Ha YIpaBUTENIHUS ChBET Ha O(QUIIMATHO
peructpupanoro CapyxeHue ¢ HecTomaHcka Iieln ,,HanumoHaneH LEeHTHp 3a BbPXOBU MOCTHKEHHS I10
Mexatponuka 1 Yuctu Texnonorun”, B koiito CY u TY-Codus yuacTBat 3aeHO cbc criomeHaTure 11
nHctutyTa Ha BAH.

PbrkoBoana e moBeye oT 33 AUIIOMAHTH, 4 YCHENIHO 3AIMTHIM JOKTOpanTH M 1 —
OTYMCJIEH ¢ MPaBO HA 3alMTAa, U € KOHCYJTHPAJ celeM APYru AoKTopaHTH. EnuH ot Tax (a-p
Hparomup HerieB) nmonacrosimeMm € peaoBeH mpodecop B ABCTPATUICKUS HAIIMOHAIEH YHHUBEPCHUTET
(Kan6epa), a apyr (a-p Jlro6omup CtosiHOB) O€ YyIOCTOCH ¢ Harpajaara 3a Hal-IoObp Miaja Y4YeH Ha
Coduiickus ynusepcurer 3a 2020r., 6un e ctunenauant Ha Qonganus ,,Anekcanabp ¢pon XymoOont” u
MTOHACTOSIIEM € TJIABeH acCHCTEHT B Karenpa KBanToBa enexTtponnka Ha ®dusmdecku dakynrer Ha CVY.
Tpuma npyru HEroBM JOKTOPAHTH CBINO Cca INIaBHU acucTeHTH BbB Dusnyecku dakynrer Ha CY. Ilpod.
Jlpailllly CTpPUKTHO € OTJaBaJl ABDKUMOTO YBAXKEHME KbM IIPHMHOCAa HA CBOMTE MIIAAM KOJIETH —
TUIJIOMAHTH U JIOKTOPAHTH, BKJIIOUBANKHU T'M KaTO ChaBTOPH HA CbBMECTHU MyOJIMKALIUH.



Haxpatko (popMyMpaHu, HerOBUTE HAYYHH HHTEPECH M MOCTHKEHHS ca B o0J1acTuTe

/il HeauHeiiHa onTHKa (HCJIMHEHHU BB3IMPUEMYHMBOCTH OT TPETH TMOPSIIbK, (a3oBa
caMOMOJIyJanuss ¥ HWHIylUpaHa ¢Ga3oBa MOAyJAlMs, YCTHPUBBIHOBO CMECBaHE Ha YECTOTH,
uHTepdepeHIs Ha HEIWHCWHU MpPOIECH, CUMOMOTHUYHH JIa3epHU CHOIMOBE M HMMITYJICH, HAIThJIHO-
ONTHYHH B3aUMOJICHCTBHUS, €IHOMEPHH M JBYMEPHH TBMHH COJHMTOHH, THMHHU COJUTOHOIOMOOHH
BBJIHH, TIPOLIECH B HEJIOKAIHU U (POTOpe(HPAKTUBHH HETMHEHHH CPE/IN);

/ii/ OnTMka Ha CBPBXKBCUTE JIa3epHH MMIYJCcH (TeHepUpaHe, KOHTPOJ Ha IUCIICPCHSITA,
XapaKkTepu3upaHe Ha UMIYJICUTE, aallTUBEH KOHTPOJI, HAANPAaroBa HOHU3AIHMsI U TeHEPHpPaHe Ha BUCOKU
XapMOHHYHHU ¢ (PEMTOCEKYHIHH UMITYJICH, BKJIFOUMTEIIHO HOCEIH (Da30BH CHHTYIIIPHOCTH);

/iii/ CunrynsipHa JuHeliHAa W HeJIMHEeilHA ONTHKA (CHHIYJISIPHU CHOIIOBE, ONTHYHHU BHXPH,
MaHUMYJIAPAHE HA TOIMOJOIMYHM 3apsH, HEIMHEHHO mNpeoOpa3yBaHe Ha CTPYKTyPHpAHU JIa3ePHU
CHOTIOBE, BKJIFOUHTEIHO TeHepHpaHe Ha BUCOKM XapPMOHUYHHU C TSX, IPOCTPAHCTBEHO CTPYKTypHpaHE Ha
Ja3epHH CHOIOBE, BKJIIOYMTEIIHO TEHEpHpaHe Ha KBasu-Hemaupparupamm [ayc-BecenoBu cHorose,
CHOIIOBE C MOJIAPU3ALMOHHN CHHTYJISIPHOCTH);

/iv/ Xonorpadusi u unTepdepomerpusi (KOMIIOTHPHO-CUHTE3UPAHH XOJIOTPAMH, KOJHpPAHE Ha

(baSOBI/I CHUHTI'YJISIPHOCTH, (I)a30Ba JAUArHOCTUKA Ha CUHTYJISIpPHU CHOHOBG).

OCHOBHHMTE HAYYHH IPUHOCH M NMOCTHKeHUs1 HA mpod. [Apaiiuny ca 06001eHH M0-10.1Y:

1. B nopenuna paboTu € M3CI€ABAHO BIMSAHUETO HA PE3OHAHCHUTE HEJIUHEHHU BH3IPUEMYHBOCTH
OT TPETH MOPSAIBbK Ha aTOMapHU M HOHHU cpeau U edekTture Ha ¢azoBa camomoxayianus (PCM) u Ha
uHaynupana ¢azosa Moxyrnamus (MOM) B mporecuTe Ha mapaMeTpUYHO CMECBaHE Ha YECTOTH M Ha
pa3IMpsBaHe Ha CIEKTHPa C LEN MOCIEABANI0 KOMIIpeCHpaHe Ha Jia3epHU MMITyJicH. PabotuTe oT Tasm
rpymna ca uutupanu 31 mpTu.

1.1. Ypes popmanmusma na DaiiHMaHOBHMTE JMArpaMu, 3a pPeAMIa WHEPTHU Ta30Be M MOHH, €
IpecMeTHaTa JTUCIIEPCUITa Ha HEIMHEWHUTE BB3IPHEMYUBOCTH OT TPETH MOPSIBK 3a nporecute Ha PCM
u UOM B Oam3oct 10 eaHopoToHHU U AByPoToHHH pe3oHaHcu [Cl]. YcraHoBeHo e, e B OIU30CT JI0
IBY(HOTOHEH PE30HAHC Te ca Ha OPSIBIH ITO-BUCOKH M CHIIECTBYBAa BH3MOKHOCT 3a TIOJ0MpaHe Ha 3HAKa
UM, KaTo B CHIIOTO BpeMe ce N30srBa CHJIHOTO MOrTbIaHe Ha ibueHneTo. B [Al] e n3BeneH ananuTueH
u3pa3 3a HeJIMHEeiHaTa J00aBKa KbM Pa3CTpOiKaTa Ha BBIHOBHTE BEKTOPH, MOAM(UIMpaIia pexxuma Ha
CHHXPOHH3bM B HEIMHEHHHS TMPOIEC HAa TeHepHpaHe Ha CyMapHa 4YeCcTOTa, MPH HEMPEeHEOPEeKHMHU
npouecu Ha ®CM u UOM.

1.2. B ny6muxauuu [A28,A29] e uscnensano ausuero Ha ®CM u UDM BBpXy npoleca Ha

YEeTUPUBBIHOBO MapaMETPUYHO CMECBAaHE HAa YECTOTH C reHepanus Ha KoHW4YHa eMucus. [logpobHu

2



EKCTIEPUMEHTATHN JaHHU W CPAaBHUTEIHH YHCICHU CHUMYylaluu ca nyOnukyBanu B oO3opa [E2].
ExcriepuMeHTanHO ca YCTaHOBEHHM HEMOHOTOHHO BIVIOBO W CIEKTPAIIHO NPEHACTPOWBaHE Ha JKBJITaTa
KOHMYHA eMmucus okoio D-nuHuure Ha Na mpu mpeHacTpoilBaHe Ha Ab/DKMHATA Ha BbJIHATA Ha
BB30YXKaaIusl ja3ep Mnpe3 pe3oHaHca 325-4%p [A28]. AHATUTUYHUAT MOJEN, MOJKPENEH OT YUCICHUTE
OLICHKM, II0Ka3a, Y€ HEMOHOTOHHOCTTAa CJI€/IBA YCJOBMATA, NPU KOUTO (3a 3aJaJ€H MHTEH3UTET Ha
BBH30YyK/IaHETO) HeNMHEeHaTa 100aBKa KbM pa3ChIIaCyBaHETO HAa BBIIHOBUTE BEKTOPU OCTaBa MUHUMATHA
[A28]. HaGnromaBaHO ¢ BB3HMKBAHETO HAa HECTAOMJIHOCTH B TMPOCTPAHCTBEHOTO paslpeleiieHUue Ha
eMHucHsITa B OJM30CT 10 PE30HAHCUTE BCIEACTBUE Ha (PIYKTyallMd HAa KOHIICHTpaIUsATa Ha Mapure B
ktoBetata. [lomyuenute nanHu Ha 6a3ata Ha HeluHeHHOTO ypaBHeHue Ha lllppoaunrep ca B m06po
KaueCTBEHO ChIlacue ¢ ekcnepumeHTa [A28]. YcraHOBEHO € HacHIaHe B 3aBHCHUMOCTTA Ha bI'bJla Ha
KOHWYHATA €MHUCHS OT MHTCH3UTETa Ha BH30YXKJamarTa BbiIHA. Upe3 YUCIICHH CUMYJIAINK € TOTBBPACHO
[A29], ye TO ce OBJKM HAa HENMHEHHUTE JOOABKM KbM BBIHOBUTE BEKTOPHU B YCJIOBHUATA Ha BEKTOPEH
CUHXPOHHU3BM U B OJIM30CT JI0 PE30OHAHCH.

1.3. B [A2] e anamu3upaHa BE3MOKHOCTTA 3a T€HEpUpPAHE HA KBCH ((PEMTOCEKYHIHHU) HMILYJICH
IpU HEKOoJNMHeapeH ()a30B CHHXPOHM3BM HA YETHPHUBBIHOBHUS MPOLEC HA CyMHpPaHE Ha YECTOTH.
Pesynrarure nokazaxa CUIHOTO BIUSHUE HA PE30HAHCUTE BbPXY YCIOBUATA HAa CUHXPOHMU3MA U CUIIHO
M3pa3eHa MHTEH3UTETHa 3aBUCUMOCT Ha rpyloBaTa CKOPOCT Ha CUTHAJIHUS UMITYJIC, BCJIEICTBUE HA KOSTO
ce TeHepupa yJapHa BbJIHAa BbpXYy oOBHMBKaTa Ha To3u ummnyic [Bl]. B mopeauna pabotu [A3,A6,A7]
TEOPETUYHO € aHaTU3HUpaHa BH3MOXKHOCTTA JIa3epHU MMITYJICH OT KbCOBBJIHOBATA YacT Ha CHEKThpa Ja
ObJaT CKBCEHM JI0 MHUKO- U CYO-NIMKOCEKYHAHATa 00JIaCT Ype3 CIEKTPATHOTO UM pa3lIUpsIBaHE B pE3yJITar
Ha UOM ot HanmoMmBamy uMIysic B 01u30CT 10 ABypoToHeH pe3oHaHc [A3]. YcraHOBEeHH ca TPAHUIIUTE
Ha MPUIIOKUMOCT Ha METO/Ia B Cy0-IMKOCeKyHIHaTa obmact [A7].

1.4. B eano ot nocneHUTE eKCIEPUMEHTAIHN M3CIeABaHus B rpynara Ha npod. Jpaiinry cHONbT
Ha cy0-30-(heMTOCEKYHIEH Jla3ep KOHTPOJIMPAHO € MOAYJIHpaH 1o ¢a3a, MpH KOeTo, BbB (hOKaTHATA
paBHMHA Ha Jjemia, € mpeodgopmeHn B 6 muka. Cnex (dokamHata paBHHHA KOHTpoJMpaHaTa (a3oBa
MOJyNallks € MpeMaxHaTa ¢ BTopa ¢a3oBa Macka M € MOCTUTHATO KOXEPEHTHO PEKOMOWHUpaHe Ha 6-Te
¢doxanau nmuka B euH ['aycoB cHom. OmeparusiTa € ¢ 1eJl BbB (JoKaJIHATa PABHHHA TTHKOBUAT HHTCH3UTET
Ha CHOIMOBETE Ja OBjJe TOHMKEH, Taka Y€ CHEeKTpuTe Ha (PEeMTOCeKYHIHWUTE HMIYJCH Ja Obaar
KOHTPOJHMPAHO DPA3MIHUPEHH BCIEACTBHE Ha HENMHEWHU Tporecu, O0e3 3aryba Ha TPOCTPaHCTBEHA H
BpemMeBa KoxepeHTHocT. KpaifHara 1en Ha moaxoda € Ja ce JeMOHCTpupa pabOTOCIOCOOHOCTTa Ha
MPOCTPAHCTBEH aHAIOT Ha TEXHUKATa Ha YCUJIBaHE Ha ()EMTOCEKYHIHH MMITYJICH, KOUTO MPEIBAPUTEITHO
ca paslIMpeHH BbB BPEMETO U BIIOCIIEACTBHE ce CKbesaBaT (T.Hap. Texumka chirped pulse amplification
(CPA), 3a xosito XKepap Mypy u Jlona Ctpukinana noigyurnxa cBosta HobenoBa Harpana). [Tonydenute
PE3YNTaTH Ca ONMPEEICHO MOJOKHUTETHU. JIOKOIKOTO PHKOMUCHT MO TE3U PE3YNTATH € B MOATOTOBKA, HO

TE€ BCE OIlll€ HE ca M3MpaTeHU 3a MyOJMKyBaHe, TOW HE € BKJIIOYEH B CIHHCHbKa Ha MyOJUKalUWTE.
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[ToarorBeHuAT TeKCT W TrpaduUHHMAT MaTepuan ca B manka ,,Chast | - Rakopisi w podgotowka* na

MPUIIOKEHUST THPOPMALMOHEH HOCUTEI.

2. Tlonyuyenn ca OadaHCHU YCJIOBHS MEXIy [apaMETpPUTE HA CHONOBETE/MMITYICHTE H
XapaKTePUCTUKUTE HAa PE30HAHCHUTE HEJIMHEWHU Cpedu, MO3BOJSBALIM (HOPMHUPAHETO HA CUMOUOTHYHU
JBOWKM Jla3epHU CHOMOBE [A8] U Ha MPOCTPAHCTBEHO-BPEMEBH CUMOMOTUYHU JIBOMKHU CHOITOBE/MMITYJICH
[A11]. TTog cMMOMOTHYEH PEKUM ce€ pa3dMpa TaKbB HEIMHECH PEKUM HA PA3MPOCTPaHEHUE HA JIBE
BBJIHM, [P KOMTO €BOJIIOLIMATA HA BCSKA €HA OT TAX KPUTUYHO 3aBHCH OT €BOJIIOLIUATA HA CHbBMECTHO
pasIpocTpaHsBallaTa ce BTOpa BbhJIHA. Y CTAaHOBEHH ca yCJIOBHATA 3a pa3pocTpaHeHHe Ha IPOOHa BhJIHA
B 00eMHa HeNHMHEWHa cpella B PEKUM Ha ,,CBeTJIMHEH Kypumym* [AS]. ToBa omucaTtenHo o0o3HaueHUeE €
BBBEJICHO 3a IPOCTPAHCTBEHO-BPEMEBH  COJUTOHONONOOHW  (QopMHupoBaHUS. MeXaHW3MBT Ha
AHAJTM3UPAHOTO B3aWMOJICHCTBHE € HHIyHupaHaTa ¢a3zoBa MOJIYJalus OT CTpaHa Ha WHTEH3MBEH
cHor/umiysic. B aHanuTuueH BuA € H3BEICHO HEoO0XoaumoTo OanaHcHO ycnoBue. Hamepenu ca
KOHKPETHH HEIMHEHHU Cpequ U KOMOMHAIMU OT ABJDKMHHU Ha BBIHUTE, 32 KOUTO €(PEeKThT MOXe Ja ce
HabmroaBa ekcriepuMeHTanHo. OIEHEHO € BIMSHUETO Ha Pa3ChITIaCyBaHETO B TPYNOBUTE CKOPOCTH Ha
npoOHUS 1 HarmomnBamms umnyic [AS]. B [A4] ca u3cneaBaHu ycloBHATa 32 HMHIYIIMPAHO BOJICHE HA
pOOEH CHOII U € MOJIyYeH Pe3yNTaT 3a Bb3MOKHOTO €(EeKTUBHO HapacTBaHE HA KPUTHUYHATA MOIIHOCT 3a
uHAyIMpaHo (okycupane. OU3HMUECKUAT MEXAHU3bM € B M0-CJIabuTe IpaAMeHTH Ha (a3aTa, HUHAYLHPAHH
10 CEUYEHUETO Ha MPOOEH CHOII, KOraTo TOM ce pa3mpoCTpaHsBa 3a€HO C BTOPU MHTEH3UBEH U MO-ILHUPOK

cHom. Te3u pabotu ca nutupanu o610 Hag 145 mbTH.

3. MeXaHu3MBT HAa MHIYLHPAHOTO OTKJIOHEHHME Ha IPOOHA BBIHA OT CHBMECTHO U HECHOCHO
pasmpocTpaHsBallla ce, HHTEH3WBHA KOHTPOIHA BBIHA, C€ ChCTOM B WHAYIIMPAHETO HA aCHUMETPUYHA
¢dazoBa Monynanus MO CEYECHUETO Ha MPOOHMS CHOMN. AHAIUTUYHO € Moka3aHo [A9], ye MHIyIHpaHO
doxycupane u AeQoKyCcHpaHe Ha CHOMIOBE B HECHOCHA T€OMETPHUS MOXKeE J1a ce HaOJI0/1aBa B €IHA U ChIa
HEJTMHEHHa cpe/ia, B 3aBUCUMOCT OT T€OMETPHUATA Ha B3aUMOJCHCTBHETO. AHATU3HT HA MPOCTPAHCTBEHO-
BpeMeBara quHaMuka Ha mporeca [A10] mokasa chiecTBeHaTa pa3inKa MEXIy OTKIOHEHHE Ha CHOIIOBE
1 oTkIIoOHeHHe Ha uMmiyicu [A13]. [IporHo3upanu ca 1Ba METOJa 3a U3MEpPBaHE HAa MPOIBIIKUTEITHOCTTA
Ha UMMYJCH B KHCOBBIHOBATa O0JIACT HAa CHEKTHpA, CAUHUAT OT KOUTO MOXKE J1a Ce pas3riexkja KaTro
HaITbJTHO ONTHYEH aHajuor Ha cTpuiik-kamepa [Al10]. B [A16] e wu3BeneH aHanuTH4YeH H3pa3 3a
pasnpeesieHUeTo Ha MOJIETO Ha TpoOHa BBJIHA B JIaJieYHATa 30HA, KOTATO TS € MPEThPIisia aCHMETPUYHA
uHAynupana (azoBa Moaynaius. MHOTO J0OpOTO ChIIaCyBaHE HA TEOPETUYHHUS PE3yATAT C NaHHUTE OT
M3MEpBaHUsl B TEPMUYHA HeNMMHEWHA cpena [A16] mo3Bonuxa na ce cumynupa yucieHo [Al2] u ga ce
Ha0mroaBa ekcrepuMeHTATHO [A24] edekT Ha eTHOBPEMEHHO CKbCSBaHE M MpOMsiHA Ha (opmaTta Ha
HAaHOCEKYHIHHM uMmmyicu. [logxoabT ce ocHOBaBa Ha MHIYLIMPAHO OTKJIOHEHHE Ha CHOMA/UMIyJca U
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IpocTpaHCTBEHaTa My (uiaTpanus B naneyHara 30Ha. [loTBbpaeHa O0e Bb3MOXKHOCTTA Ja Ce TeHepupar
cymnep-I'aycoBu uMIyncu u TakuBa, OJIu3kH MO (GopMa 10 TPUBI'BIHU, KAKTO U MOPEAHIIM OT UMITYJICH,
BCEKH €IUH OT KOUTO € MO-KbC OT HauyanHusg. OUEeHEeHM ca KauecTBaTa Ha IeHepHUpaHUTE CHOIIOBE,
MPEAMMCTBATa U TPAHUIIUTE HA MPUIOKUMOCT Ha Metona [A24,B11,C4]. AHanu3upaH € MOTCHIIMATHUS
npobieM 3a BHAcsSHE HAa HAKJIOH BbB (DPOHTA HA UMITYJIICUTE IPU MPOCTPAHCTBEHATa MM (HITPAIHUS.
OuakBa ce TOH J1a € ChIIECTBEH MPU UMITYJICH C MIPOABIDKUTENHOCT 0K0JI0 U o 50 fs. ExciepumenTanno
€ IOKa3aHa BB3MOXKHOCTTA 3a NPAKO HHTEP()EPOMETPUYHO HM3MEpPBaHE Ha HAKJIOHA Ha (pPOHTA Ha
dbemrocekynauun wumnyiacu (HOUW) cnpsmo BwaHOBHS (poHT. [Ipemmoxkena e wMoaudunmupana
uHTEpPEepoOMETpUYHA  aBTOKOpENAllMOHHA  TEXHHKA, [I03BOJISIBAllla KOPEKTHO  HM3MEpBaHE Ha
IPOABJDKUTEIHOCTTa Ha CBPbXKbcH ummyincu [B5]. Pa3Buta e ananmurtuyHa Teopus 3a
UHTEPPEPOMETPHUYHHS aBTOKOPEIALMOHEH CUTHAII OT BTOPH MOPSAIBK B HHTEPPEPOMETHP C HHBEPTUPAHO
none [A58] mpu nHammume nHa H®DU, kosro e morBwpiacHa ekcrnepuMentanHo [A68,BB3]. B cwocha
reoMeTpHUs, B MUKOCEKYHIHATa 00JacT, € MPEeAoKeHa U eKCIEPUMEHTATHO AEeMOHCTpUpaHa TEXHUKA 3a
M3MEpBaHe Ha MPOIBIKUTENIHOCTH Ha ummyncu [A20], nHapuuana ,,T-ckenep®. Te3u pabotu ca uutupanu
o6mo 42 metr. Cpel ChIIECTBYBAIIUTE TEXHUKU 32 M3MEpPBaHE Ha MPOJBIDKUTETHOCTTa HA YITPAKbCH
UMITYJICH JIBaTa KJIACUYECKH MeToja - MHTepdepoMeTpUyHaTa U MHTEH3UTETHATa aBTOKOpENAIlUU - Ce
OTJIMYaBaT ChC CBOATa OTHOCHUTENIHA MPOCTOTa M BHCOKAa HajexxaHocT. B [84] myGnukyBaxme
eKCIIepUMEHTaJHa TEXHUKA, KOATO TII03BOJIsIBa 0€3 IpeHacTpoiiBaHe Ha ONTHYHATa CXeMa Jia ce
MPEBKJII0YBA MEXKIY TE3M JBa pEXHMHM Ha aBTOKopenamus. Ts ce ocHOBaBa Ha HMHTEPPEPOMETHP C
MHBEPTUPAHO I10JIe, HACTPOEH IO KOJMHEeapHa cxeMma, U Ha (pa3oBa IUIACTHMHKA C KOJUPAH €THO3aps/ieH
ONTUYEH BUXBP, KOATO ce J100aBsA/OTCTpaHsBa Ipe]l YCTPOMCTBOTO, 3a Ja C€ CMEHAT DPEXUMHTE.
ExcriepyMeHTHT U TEOPETUYHUAT MOJIEI MOTBbPXa pad0TOCIOCOOHOCTTa HA TEXHHUKATA B IMalla3oHa J10

10 bemrocekyHau.

4. B nopemuna paboTu ca MyOJIMKYBaHU TEOPETHYHU M €KCIIEPUMEHTAIHH PE3YITATH, OTHACSIIN CE
70 TEHEpUPAHETO U XapaKTePUCTUKUTE Ha €IHOMEpPHHU, KBa3uU-JABYMEPHHM M MCTHMHCKH JBYMEPHH
CHHTYJISIPHU ThbMHHU CHOTIOBE (ONTHYHHU BUXPH), KAKTO U HA ThMHH COJIMTOHU U COJIUTOHOMOZAOOHU BBJIHU.
[Tocnennute ce Qopmupar BcieAcTBHE Ha (pa3oBa caMOMOAyJalus B KyOMYHM HEIMHEWHU Cpenu C
OTpHILIATEIIHA HETMHENHOCT.

4.1. Ycnemno ca reHepupaHn NPLCTEHOBUIHM THMHH CONMTOHONOA00HU BB (ITTCB) or yetHn
HavyajHu ycioBus (upe3 aMrmuutTyaHu macku [A14,A15,A17]). [loka3zaHo e, ye HampeyHaTa UM CKOpPOCT
IIPEBUIIABA Ta3W Ha pa3XxoAsliaTa JABOHKAa CHBU €JHOMEPHU COJIMTOHU, F€HEPUPAHU IPHU CHIIOCTABUMHU
ycnoBus [A15,C5]. 3a mepBu mbT ca rerepupanu [ITCB upe3 BB3npousBexaaHe Ha KOMIIOTHPHO-
cuHTe3upanu xojorpamu [A25,B2]. Ilokasano e, uye HampeuHara ckopocT Ha IITCB, renepupanu

BCJICACTBUEC HA YHUCTO aMIUIMTyJHa MoAyJjaanusa, € I10-BUCOKa OT Ta3dh Ha TICHCPHUPAHHUTE UYPE3
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BB3Mpon3Bexaane Ha xomorpamu [A23]. [lopaau ChIIECTBEHOTO 3HAYCHHE HA aMILTUTyJaTa Ha (a3oBUs
CKOK 3a HalpeyHaTa CKOpOCT Ha ThbMHHUS MPBCTEH, OCOOCHO BHUMaHHE O€ OTIENCHO Ha KOJIMYECTBEHOTO
M3MEpBaHe Ha PErMCTPUPAHMTE 3a IbPBU BT Pa30Bu CKOKOBe [A17, A25]. Ilpu yeTHH HAYaATHH YCIOBHUS
ca MU3MEPEeHU Pe3KH M3MEHEHUs Ha (a3ara ¢ OKOJIO 7/2, MPU HEUETHU HAualHHU YCJIOBUS - CKOKOBE C
amruatyna, 6iauska g0 . Yucneno ca moaenupanu [A23,B7] u ca u3cienBanu ekcnepuMeHTaTHO [A38]
HSKOU OT BB3MOXHHUTE IIOAXOJIM 3a YIpaBICHHE Ha HAIpeyHaTa CKOPOCT Ha TE€3M THMHHU BBJIHU.
OTHOCHTENHO HaW-NIPOCTUAT IOAXOJ 3a HaMaJsBaHE Ha HANpEYHaTa CKOPOCT € YBEIMYaBAHETO Ha
paauyca U HaMallIBaHE HA IIMPHUHATA HA ThbMHHS NMPbCTeH [A23]. Hail-eeKTUBHUAT 0AX0/1 KOMOMHHUPaA
He3zaBHcuMara (asoBa mMoaynanus BbB BbTpermHocTTa M u3BbH [ITCB u B3aumMonelcTBUETO C BTOpHU
KOAKCHaJIeH TbMEH CHON (ChbOCEH ONTHYEH BUXPOB CONIMTOH WM KoakcuanHa IITCB ¢ no-ronsm paanyc)
[A23,A38,B7]. Pesynrarure oT uucieHoTo Mozenupane mnokazaxa [A31,C2], dye moHMkKaBaHETO Ha
HanpeyHata ckopoct Ha IITCB mnpu cunaHO Hacuilane Ha HENWHEHHOCTTa BOAM JI0 MO-BHCOKA
HECTaOUITHOCT U pas3lajaHe Ha MHOXECTBO JBOMKM ONTHYHU BHUXpH. [IporHozupana € BB3MOKHOCTTA
TakMBa BBJIHM Ja ObJaT reHepupaHu U B cpelu c KBajaparuuHa HenuHeiHocT [C3]. Cratuure OT Ta3u
rpymna ca uuTupanu Hag 125 meTH.

4.2. 1llupoko pasnpocTpaHeHa BbB (M3MKaTa € Je(UHUIMATA HA IOHATHETO ,,COJTUTOH” KaTo
BbJIHA, (JOpMUpPAHA B pe3yiTaT HAa JUHAMUYEH OajaHC MEX]y AMCIEPCUBEH W HEIMHEEH mporec. Ts
aJiekBaTHO omucBa (pakTa, ye mopaau AeQoKycupaHeTo Ha (JOHOBUS CHOI C KpallHU pa3MepH, ThMHUTE
CONUTOHHU Ca, B Hal-100pus ciydail, MeTacTaOUIHHU. 3a MBbPBU IBT €KCIIEPUMEHTAIIHO Ca TeHEpUPAHU
ontruuHu BuxpoBu coiutonn (OBC) c¢ rtomonmormunm 3apsmu m=1..4 [A34,A35B9], ¢ koero ca
MOTBBPJCHU TEOPETUYHUTE IMpelCKa3aHusl OT mpeaxoxnaamiara nyonukanus [A26]. Pemasamo 3a
YCIEIIHUS eKCIIEPUMEHT 0€ HACHILAHETO M HEJIOKAJIHOCTTa Ha HEJIMHEHHOCTTA, OBEIH JI0 TOITUCKaHE Ha
HECTaOMJIHOCTUTE. Y CTAaHOBEHO €, Y€ COJIMTOHHATa KOHCTaHTa Ha M-kpaTHo 3apeneH OBC e m-bTH no-
rojsiMa OT Ta3u Ha efaHokpatHo 3apeneH OBC [A26,A34]. OcoOeHO BHHUMaHUE € OTJEJNEHO Ha SICHOTO
pasrpaHnyaBaHe Ha MHOT'03apsIHOTO ChCTOSIHHE OT TOBA Ha CUJIHO MPUIIOKPUBAIIY CE, HO pa3MaiHaIH Cce
710 €THOKPATHO 3apenenu Buxpu [A34,A35]. HabmromaBan e yaCTHYEH pas3maj Ha MHOTO3apsICH ONTHYEH
BUXBp. XUIOTE3aTa, Y€ CTAOMIN3ALKATA € B Pe3yATaT Ha HACHIIAHETO HA HEMHEHHOCTTa, € MOTUBHpPAHa
oT a”anmuTu4eH pesyntar [A35, B9I]. Uucneno ca MoaenupaHu pa3UYHU CIEHAPHHM HAa Pa3BUTHE Ha
MoyJaanroHHaTta HectabmaHoct Ha MHorosapsgan OBC  [A35]. TeopetnuHo € aHaIM3MPaHO
B3alMO/JICHICTBUETO HAa ONTHYHU BHUXPOBU COJUTOHU, (HOPMUPAHH BBPXY pPa3IUYHU (OHOBU CHOIOBE
[A19]. IToka3zaHo e, 4e e Bb3MOXkKHO 1a ce popmupar Bektopau OBC [A19,C5]. HerpuBuanHusar pe3ynrat
€ Bb3MOXKHOCTTa B3auMo/ieiictBuero Ha HechocHU OBC, ¢popmupanu BbpXy pa3nuyHu (POHOBH CHOIOBE,
Jla ce KOHTpoJiMpa upe3 TonosiornyHute uMm 3apsau [A19,C5]. Karo normuyna crenBamia CThIKa ca
aHanu3upanu ancamOmu ot moapenenn OBC. YcraHoBeHa € cuiiHaTa 3aBUCHMOCT Ha HalpedHara

JUHaAaMHUKa Ha aHcaMOBlIa OT pasnopCaACJICHUCTO Ha TOIMOJIOTMYHHUTC 3apdaau. 3a IIbpBU BT Ca
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MPOTHO3UPAHU Ca CXeMM 3a crabuimsupaHe Ha noxapeneHu ctpykrypu or OBC [A30,B3]. B meano
ChIJIACHE C TEOPETUYHUTE PE3YyITATH 32 IbPBU IIBT €A MOJIYYCHH U EKCIIEPUMEHTAIIHU JaHHH 32 CTAOWITHH
ontuunu pemerkn ot OBC [A40,B13,A47]. Hemo mnoBeue: ExcrepuMEHTaIHO € JAeMOHCTpHpaHa
nudpakiys Ha TpoOeH Jla3epeH CHOIl OT MepuoanyHaTa (a3zoBa pemeTka (KBaJpaTHa M XEKCaroHallHa),
(dbopmHpaHa OT pelIeTKa, ChCTOAIIA Ce OT CTOTHIM onTu4yHKU BUXpu [A40,B13]. Te3u paboTu ca MUTHPAHH
Hazg 181 nbTH.

4.3. I'pyna mackopo my6mukyBanu [A66,A71-A76] ca HOCBeTEHM Ha MaHHUIIYIMPAaHETO Ha
TOMOJIOTMYHUTE 3apsiAM HA ONITUYHU BUXPH U MPOMSIHATA Ha CHOMOBETE B JlajieuHaTa 30HA (EKBUBAJICHT Ha
¢dokanHata paBHMHa Ha Jema). B [A66] myOnukyBaxMe €KCIIEPUMEHTATHU JAaHHU, MOTBBPIKIABAIIN
npejckazaHara TpaHcopmaius Ha Tomonoruunus 3apan (T3) Ha Bxomen ontuyeH Buxbp (OB) cien
BTOpa KOMITIOTHPHO-TeHepupaHa xonorpama: PezyntatHusat T3 na OB e paBen Ha T3 Ha mocThoBamius
CHOM IUTIOC AUGPaKIUOHHUSA TOPAIbK (C HEroBUS 3HAK), YMHOXEH mo T3, KoaupaH B Xojorpamara.
Pagnycure Ha cBeTuTe npbeTeHH Ha TpaHcopmupanute OB B manednaTa 30Ha 0sxa U3MEPEHU Ja ca B
MHOTO J00pO ChIJacHe C aHaJUTHYHATa Teopus. Pesynratute ca oT ocoOeHa Ba)XXHOCT B aKTyalHaTa
o0ract Ha (1e)MyNTUIUIEKCHPAaHETO Ha WH(OPMALIMOHHH MTOTOLM MO MOJOBA CTPYKTYpa Ha MOJeTo (T.Hap.
Mode Division Multiplexing; MDM). B uactHus ciy4aii Ha mbJIHO u3TpuBaHe (Hyaupane) Ha T3 Ha OB,
B JlaJieyHaTa 30Ha, KaKTO MpeCcKa3Ba TEOpHUsATa, c€ Bb3CTaHOBsBa Mpoduia Ha ['aycoB cHOm ¢ BUCOKO
KauecTBO. Pe3ynTatu mo cxofHus mpobOieM 3a MaHumynupane Ha (azoBute mpodunu Ha OB upes
€IHOMEPHM M KBa3u-JAByMEpHHU (Ha30BH aucCIOKaluu ca oTpazeHu B [A71,A73,A74]. Te morar na ce
0000IIAT KaTO TEOPETHUUHO MPE/ICKA3aHO U EKCIIEPUMEHTAIIHO MOTBbPACHO reHepupane Ha HoBU OB u Ha
noapeneHu cTpykrypu ot OB, dopmupamm craOuiHM TPOCTPAHCTBEHU CTPYKTYpU. MOTHUBUPAHH OT
pesynrata B [A66], HacounMxMe 3HAYMTENHA 4YacT OT EKCIIepUMEHTalHaTa paboTa U CPaBHUTEIHOTO
YUCJIEHO CHUMYJIMpPAaHE M B JIpyra IMOCOKa - KbM MAaHUIyJMpaHE Ha TONOJIOrMYHHUTE 3apsaun Ha OB,
CTPYKTYpPUPAHHU B ,,KPUCTAIHU perieTku’” c¢be cTotuii OB, u pe3ynTaTHata KOHTpoIMpyeMa MpoMsHA Ha
pasmpeneseHeTo Ha MHTEH3UTETa Ha CHOMa B JajeyHara 30Ha. [IbpBUTE MyONuMKyBaHU pe3yaTaTH 3a
KBaJ[paTHa BUXpOBa ONTHYHA perieTka [A72] m 3a XeKcaroHaJlHa BUXpoBa pemieTka [A75], kakTo u 3a
nudpakIuaTa Ha KBaJpaTHa OT XEKCaroHaJHa BUXpOBa pemierka [A76], moka3axa apaMaThdHa MPOMSHA
Ha (opmara Ha cHoma BBB (hOKaaHAaTa paBHHHA. TOBa IMO3BOJSIBA KOHTPOJHPYEM 3allMC HA ONTHYHH
BBJIHOBOJM B HeNWHEHHa (Hamp. (oropedpakTuBHA) cpema. Pesynrature OT YHCICHHWTE CHUMYJAIWH,
06asupanu Ha Dypue-onTuKara, ca B OTIIMYHO ChIJIaCHe C €KCIepUMEHTAlIHMUTE AaHHU. M3cnenBanusra
0sixa MPOIBIDKEHU B MOCOKa Ha ABOMHU [A76,A77] u TpoitHu cmecBaHus [A83] Ha TakuBa BUXPOBHU
pemretku. Te moBenoxa 10 3pENUIIHU Pe3yaTaTu 3a (OpMUpaHE HA MOJPEICHU CTPYKTYpU OT (HOKATHH
MMUKOBE C KOHTpoOJIMpyema apeOHOMamabHa W eapomMaimiadHa CTpykTypa. Pesynrarure Osixa BHCOKO
OIICHEHW W MyOJMKyBaHM B crnucaHue Scientific Reports Ha wusmarenckara rpyma Nature [A76].

JleMoHCTpHUpaHH OsiXa METOJH 32 JIOMBIHUTEIHO CTPYKTYpHUpPaHE Ha BCEKH OT T€3U (DOKATHU MUKOBE Ype3
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MMOMECTBAaHE B TSIX HA ONTHUYHU BUXPH, Ha €THOMEPHH M Ha KBa3H-ABYMEpHH (a30BU IucIOKarmu. Tyk
Oux oTOessI3all, ue Te3H U MHOTO APYrd coOcTBeHH pe3yatatu (Hamp. Te3u oT [A83]) Osixa BKIIOUCHU B
o030opHa crartus (37 CTpaHULM) C E€KCIepUMEHTAIHa HACOYEHOCT, MOJArOTBEHA ChC CHABTOPCTBOTO HA
npod. Jpaiimy. O630psT € o3ariaseH ,,Optical vortices in brief: introduction for experimentalists,, u e
nyOJMKYBaH B PeKHM Ha OTBOPEH JOCTHI OT cniucanue The European Physical Journal - Plus (EPJ Plus)
Ha EBporneiickoro ¢usuuecko apyxkectBo (EPS). Te3u oTHOCHTEIHO HOBU pe3ysiTaTH ca UTUPaHu Haj 70
nbpTU. B MOMeHTa ce paboTH 1O MPOEKT 3a KOHTPOJIIMPAHO CTPYKTYpUpPAaHE HA CHOIIOBETE HA CBPBXMOIIHHU
7mazepu BbB (OKalHATa pPAaBHHMHA, MOCIEABAHO OT KOHTPOJUPAHO TEHepHpaHe Ha QuiIaMeHTH (U
pasuIMpsBaHe Ha CHEKTbpa KMM), Clie[l KOETO Cy0-CHOMOBETe /a ObJIaT KOXEPEHTHO PEKOMOMHUpaHH B
IIPOCTPAHCTBOTO, @ UMITYJICUTE — CKbCEHU BbB BPEMETO, C L1€J1 IOCTUraHE HA EKCTPEMHO BUCOKHU IHUKOBU
MOITHOCTH/MHTEH3UTETU. JJOKOJIKOTO PHKOMHUCHT MO TE3U PE3YNITAaTH € B TIOJATrOTOBKA, HO T€ BCE OLIE HE ca
U3IPATeHU 3a MyOJUKyBaHe, OATOTBEHHUAT TEKCT U TpadMuIHUAT MaTepuai ca B mamnka ,,Chast I - Rakopisi
w podgotowka“ Ha mpuokeHus HH(HOPMALIMOHEH HOCUTEIL.

4.4. ExcnepuMeHTalIHO 0KA3aHATa BH3MOKHOCT 3a M3TPMBAHE HA €IMHMYHUTE TOIOJIOTHYHHUTE
3apsiau Ha ONTUYHU BUXpU [A66] moBene 10 pa3BUBAHETO HA AHAIUTUYEH MOJEI U 10 IBPBOTO YCIEIIHO
reHepupaHe Ha KBasu-Hemudparupamu [ayc-becemoBu cHomoBe [A79-A81] cbc cpencTBata Ha
CUHTYyJIsIpHaTa JuHeiiHa ontuka. becenoBute cHonose (BC) ca equH OoT YeTHpuTe U3BECTHHU THUIIA TOYHU
pellieHus] Ha ypaBHEHHETO Ha XeaMxoJji (B ciydas - B HWIMHAPUYHHA KoopauHath). Hemudparuparu
O3HayaBa, Y€ IEHTPAJHUTE IIMKOBE Ha TaKMBa CHOINOBE ca 3a0elIeKUTENIHO YCTOHYMBU KbM
mudpakiroHHo paszmmpsBade. [IpenmsHo kazano, BC umar Oe3kpaeH Opoil KoakCHadHU NPBHCTEHH,
Hocellu Oe3kpaiiHa eHeprus U, ClIeJJOBaTeIHO, HE MOrar Ja ObJaT reHepupaHd B TOUYHUS MAaTeMaTHYeH
cMHUCHI. [lypHUH U CHaBTOPH ca MOKa3alld, 4e 100pa TSIXHa anpoKCHUMAIlMs MOXKe Ja ObJie reHepupaHa ¢
["aycoB cHom, ako B 3a7HaTa (pOKaJHA PaBHHMHA HAa Jiella ce MOMECTH KpbroB mporen. Llenara Ha ToBa e
HUCKa eHepreTuyHa edexkTuBHOCT. Hue neMoHCTpupaxme eKCIEpUMEHTATIHO HOB JUPEKTeH |
BHCOKOe(peKTUBEH MeTO] 3a TeHepupane Ha ['ayc-becenosu cHomoe (I'BC) ot Hyner [A79] u oT mbpBU
nopsiabk [A80], moa3Baliku OTpakaTeIHM TEUHOKPUCTATHU (Ha30BH MOIYIATOpU. METONBT ce ChCTOM B
(a) renepupaHe Ha ONTUYHU BUXPH C BUCOKH TOTIOJIOTHYHU 3apaau (Hamp. 20 — 50), kouro (6) ce pa3nanat
U, B3auMoJieiicTBaiiku cu (OTOTbCKBAaKU ce) TpaHCc(hOopMUpAT CHOMA B MPBCTEHOBUAEH, MOCIEBAHO OT
(B) M3TpUBaHE Ha TOMOJOTMYHUTE 3apsSAU MPU BTOPO OTPaKEHHE OT MoAyhaTop U (T) 3aKJIIOYUTEIHO
(dokycupane Ha npbcTeHOBUAHUS cHoOm. Cren (okyca Ha nemara ce ¢opmupa [ayc-becenor cHom ¢
pasxoauMocT OT mo-Manko oT 40 prad, nokazaHo pa3mpocTpaHsABall c€ Ha ABDKMHM OT Haj 2.5m
[A79,A80] (BchurHocT — Hanm 15 merpa). ExcrepuMeHTamHO qoka3axme, ue KadeCTBOTO Ha Taka
renepupanute ['bC 3HaunTenHo nperw3xokaa ToBa Ha ['bC, reHeprupaHu ¢ aKCUKOHM ¢ MAJIKU BIIN (OIIIe
noBeye Mpu ,,Ab1004nHN” Ha Gokyca nmoj | cm, THIUYHU 32 KOMEPCHAIHUTE aKCUKOHU C TOJIEMH BIJIH).

Excnepumenrtanno Oe nokazano [A81], ue mo Ta3u cuHrynspHa texuuka ['bC moraT na ce renepupar B
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nojierara Ha (PeMTOCEKYHAHU MMITYJICH ChC CaMO €AMHHUIIM LIUKJIM Ha HOCEIIaTa YecToTa MoJi OOBUBKaTa
uM. B KoHKpeTHHs ekcriepuMmeHT, myomukyBaH B Optics Express (Optica, ouBme OSA), ToBa 0O¢
MOCTUTHATO B 1mojera Ha sub-8-pemrTocekyHmanm wuMmmyncu O0e3 3a0enexuM e(eKT BbpXY
MPOIBHKUTEIIHOCTTA UM, BBhIIpeku moseue oT 300 nm mupokus uM crekTbp. Pesynrature ot [A79] 6sxa
OLIEHEHHM 10 JIOCTOMHCTBO W MyOJMKYBaHM ChINO B criucanue Scientific Reports Ha m3garenckara rpyma
Nature. Te3su OTHOCHUTENIHO HOBM pE3yiTaTH ca HUTUpaHu 59 mbTH. bemie mocTUrHATO TOpPH TOBEYE.
WHTYyUTHBHO, MOXXE Ja C€ O4YaKBa, Y€ 3a BHCOKOMOIIHHU CBPBXKBCH UMIYJICH C IIUPOKU CIEKTPU
U3MOJI3BaHeTO Ha (a30BU IJIACTHUHH, TPOU3BEICHH 3a ONpe/esicHa Ab/DKMHA Ha BbJIHATA, HE € Bh3MOXKHO.
B [A87] mokazaxme eKCIIEpUMEHTAIHO, Y€ TOBA OTPaHUYCHHE MOXeE Ja O IPEOI0ISHO B MHOT'O IITHPOK
CIIEKTpaJICH HMHTEpBaJ OKOJIO TMpOEKTHAaTa JbDKMHA Ha BbIHaTa Ha (a3oBUTe IUIACTHUHHU.
PaboTtocnocoOHocTTa Ha cxemaTa Oe JOKa3aHa KaKTO MpPHU €AHONPOXOJHA, Taka M TPHU JABYIPOXOIHA
reoMeTpusi, B CHEKTpaJieH MHTEpBal ¢ mupuHa Hajx 350 NM, cboTBeTCTBAll Ha CyO-7/-(eMTOCEKYHIHH
umnyncu. Ksazu-nenudparupammsr xapakrep Ha becen-raycoBute CHOIOBE BeJlHAra MoBAWTHA BhIIpOCca
3a (pazata Ha ['yu Ha Te3u cHomoBe. M3BecTHO €, ue CBOOOAHO pasnpocTpaHsBail ce ['aycoB CHOIT HU3MTUTBA
TOMBIIHUTETHO (Pa30BO OTMECTBAHE T B CpaBHEHHE C IUIOCKA BhJIHA. ToBa (pa3oBO oTMecTBaHe, U3BECTHO
karo ¢aza Ha ['yu, uMMa cChlIeCTBEHH MOCIEIUIM HAmpuMep B HenuHeWHata ontuka. B [AS85]
pa3zpaboTuxMe aHanuTU4eH mozen 3a (azara Ha ['ym Ha awiarodokycHu becen-I'aycoBu cHormoge,
MIOJIYUEHU Ype3 aHUXWIMpPaHE Ha BUCOKO3apsiiHM onTHYHU BUXpH. Ilokazaxme, ue Ta3u ¢aza 3aBucu
NPUOIU3UTENHO JIMHEHHO OT pa3CTOSIHUETO Ha pasnpocTpaHeHue. Pe3yntaTsT O0e moTBbpIEH B COOCTBEH
excriepuMeHT [A85]. Oxka3a ce, ye ocBeH 3a ¢pyHaameHTanHus Epmur-I'aycoB M010B, KOHTO BCBIIHOCT €
I'aycoB cHom, 3a mo-sucmute Epmur-I'aycoBu MomoBe B nuTepaTypaTa JIMIICBAT E€KCIEPUMEHTAIHH
JAaHHU, TOTBBPIKIaBaIlld BCEoOIT0 MpueTHs aHanuTudeH pesynrar: dazarta Ha ['yu 3a Epmut-I'aycoB mon
C MOJIOBH MHJeKcH (m,n) € paBHa Ha (a3aTta Ha ['yu 3a ["'aycoB cHor, ymHOkeHa 110 (1+m-+n). [Ton3Baiiku
OTHOBO MHTEep(PEpPOMETPHUEH MOJX0/1, EKCIEPUMEHTAIHO YCIIEIIHO NOTBBPAUXME Ta3u MPUBUIHO MIPOCTA
3aBUCUMOCT [AS88].

4.5. HeoGxoaumo yciosre 3a GOpMHUpaHE Ha ThbMEH MpocTpaHcTBeH LIphoAMHIEPOB CONUTOH €
OTpULIATENIHA HEJIMHEHHOCT Ha onTuyHata cpena. CpaBHUTENEH aHalW3 Ha JAMHAMHUKAaTa Ha
B3aUMOJICHCTBUETO HA ONTHUYHU BUXPHU B YCIOBUATA HA MOJOKUTEIIHA U HA OTPUIIATEIHA HEIMHEHMHOCT OT
TpeTn mopsabk myonukyBaxme B [AS55,A60]. OCHOBHUAT pe3yaTaT €, Ye CIEHapuuTe Ha
B3aNMOJICHCTBUATA (MIPUBIMYaHE/OTONbCKBAHE, TPAHCIALMS/POTAllMsI IO OTHOLIEHHE Ha (POHOBHUS CHOM)
ca €IHU U ChIIU U B ABETE CPEAM IPU €IHU U CHIIM HadyaIHH PA3NPEEIICHUs Ha TONOJOTUYHUTE 3aps/iy,
HO B YCJIOBHSTA Ha caMO()OKycHpaHe IMHAMHKaTa Ha B3aWMOJICHCTBUETO CE BIMSE CHIIHO OT NMPOMsHATa
Ha CTpyKTypaTa Ha (oHOBUs CHON. B excriepuMeHT BBB hoTopedpakTrBHA caMOodOKycHpala HeJTnHeHHa
cpena [A64] HeaBYCMHUCIEHO, C TPH THUIA CUHTYJISIPHM CHOINA, JOKa3axMme, Y€ HAJMYUETO Ha ThMEH

CHUHTYJSIpEH CHON BBPXY (OHa MOXe Ja WHHUIMHpa caMo(doKycupaHe Ha CBeT/Us (OHOB CHOIN B
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MOJIeXKAIM Ha KOHTPOJIMPAHE MPOCTPAHCTBEHU CTPYKTYpH. Pu3ndeckara NpuyMHa 3a TOBa € BbB (akTa,
4ye IMOJIOKUTENTHATa HEIMHEHHOCT MoOKe JAa (OKyCcHUpa CBETIM CTPYKTYpH, HO HEITUHEWHO 3acuiBa
IU(PPaKIUOHHOTO Pa3IIMpPsBAHE Ha ThMHHUTE CTPYKTYpH, KOETO, B KpaiilHa CMETKa, JIOKAJIHO IMOBMIIaBa
MHTEH3UTETa Ha IIOJIETO U MOXe Ja JoBene 10 camodokycupaHe. OTHOBO BBB (oTopedpaKkTHBHA
HEJIMHEHAa cpefa ycHemHo Osixa reHepupaHu a3MMyTOHM M CHOmoBe OT Tun ,necklace” [A70]. Ilo
CBILIECTBO T€ Ca CHUHTYJSIPHH CHOIIBE C a3MMyTajHa MoJyJanus Ha (OHOBHs cHoOm. B pesynrar Ha
HEJIMHEHHOTO camMO(OKyCHUpaHe Ha TE3W ONTHYHU CHOINOBE M Ha 3alkca HA ONTHYHU BBIHOBOAMU B
KpucTaia, O€ eKCHEepUMEHTAIHO JI0OKa3aHO [apajieIHO HAalbJIHO-ONTHYHO BOJIEHE Ha NPOOHHU
CHOIIOBE/MMITYJICH OT THTaH-cal(upoB Ja3ep U NPEeKOHPUTrypupaHe Ha BBIHOBOJAHATA CTpyKTypa. Tes3u
OTHOCHUTEITHO CKOPOIITHU padOTH ca IUTHPAHU HAJl 22 TTBTH.

4.6. ®opMHUpaHETO HA CHHTYJISPHM CHOIIOBE B MOJIETATAa HA YJITPAKbCU MMITYJICH € HETPMBHAIEH
npo0JeM, pelmeHNneTo Ha KONTO HUE 3a MBPBH BT MocounxMe: KoMITIOThbpHO-CHHTE3MpaHaTa xojaorpama
(IBOMYHA aMIUTMTYIHA WJIM BB3MPOU3BEXKIaHA OT TEYHOKPHUCTAIEH (ha30B MOAYIIATOP) C KOAUPAHHS B HEsl
CUHTYIISIPEH CHOII TPsIOBa J]a ce HACTPOM KaTo elieMeHT oT Oe3aucrnepcHa cucrema [A44,BB2] (4f wu 21-
2f) WM Karo eNeMEeHT OT BBHIITHOPE30HATOPEH KOMIIpECOp Ha CBPBXKbCU uMmmyicu [A45,BB2]. Cnen
nyOJIMKyBaHETO WM, Te3W pe3ynTtaru Osxa m3Opanu B mperedaraHu BBB Vitrual Journal of Ultrafast
Science. Beauwbx (GopMHpaHH, ONTHYHUTE BUXPH B CBPBXKHCH HMMITYJICH IO3BOJIMXA Jia HM3CJICBAME
IpOIleCUTEe Ha TEHepUpaHe Ha BTOpa XapMoHHMYHa [AS52] u, 3a OBpPBU NIBT, TI'CHEPHUPAHETO Ha
cynepkoHTHHYyM [A54, otHoBO Vitrual J. Ultrafast Sci.,A57,A59] u Ha Bucoku xapmonuusu (19-ta, 21-
Ba, 23-Ta) ¢ (eMTOCEKYHTHH ONTHYHH BHUXPOBH CHOMOBE [A62]. Pesynrature oT excriepumenta B [A62]
0sixa myOnukyBanu B Nature Physics npe3 2012r. u npeau3Bukaxa CUIeH UHTEPEC, HE Ha MOCIETHO MSCTO
U 3apajJiil pa3KpUBaHUTE HOBU MPOOJIEMH, CBbP3aHH ¢ YMHOKaBaHETO Ha TOMOJOTHYHUS 3aps]] B MOpsIbKa
Ha XapMOHHWYHaTa. JlaHHM OT mbpBUS B bbiarapus ekcnepuMeHT, AOBEN 0 YCHEIIHO IeHepUpaHe Ha
BHUCOKHM XapMOHHUYHM B €KCTpeMHHs yiTpaBuosieT (oT 13-ta mo 31-Ba XapMOHMYHA) Ha JTBUYEHHETO OT
(dbemMToCceKkyHIeH TUTaH-candupoB jasep, ca myonukyBanu B [BB4]. Kondurypanusita Ha excriepumeHTa
BKJIFOUBAIIIC KAalMIIAPa, TbJIHA ¢ nHepTeH ra3 (Ar). B 10cThIHUS KbM MOMEHTA HA SKCIIEPUMEHTA PEIKUM
Ha OTHOCHUTEIIHO HHUCKU WHTEH3UTETU (I~1014W/Cm2) YCTaHOBUXME ONTHMMAJIHOTO HaJSTaHE Ha Tras3a 3a
reHepupaHe B Ta3u cuctema - 36 mbar Ar. 3a mocturaHe Ha TO-BHCOKH MHTEH3UTETH 4Ype3 IMO-KHCH
UMIIYJICH HAa OCHOBHOTO JIbYE€HHUE 0sXa aHATM3HPaHU METOH 32 MOAXOAI] KOHTPOJI Ha TUCIIepCHsITa Ha B
pe3onatopa Ha QemrocekyHauus jnaszep [B36]. B [A65], B mbBIHO CHOTBETCTBHE C OOCTOWHHU
MPE/IIECTBAIN YHCICHN CHUMYJAlWW, 33 IIbPBU ITBT JOKa3axme, 4e B KacKajJeH (IO TPETH IMOPSIBK)
napaMeTpuueH Ipollec Ha YeTHPHUBBIHOBO CMECBAaHE IpaBUiIaTa 3a TpaHC(hOpMAIHs HAa TOIOJIOTUYHUTE
3apsiid cienBaT Te3H 3a TpaHchopMaly Ha 4eCTOTUTE Ha uMiyiacure. [lon3Banara HenuHeiiHa cpena Oe

KBaplLoBa IJIaCTHHKA ¢ jAebennHa 3 mm. J(OOBJIHUTENEH TEOpPeTHYeH U EKCIEPUMEHTAJeH aHallu3,
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MOTBBPK/IABAIl Ka3aHOTO, € MyOnukyBam B [A69]. PabotuTe oT Ta3u rpymna ca muTupanu pocera Hag 350
II'BTH.

4.7. KpbcrocanuTe IOA MpaB BI'bI €IHOMEPHM ThMHH IpocTpanctBenu comutonn (TTIC) ce
pasmpocTpaHsBaT NPAKTHUYECKA HE3aBUCUMO €auH OT Jpyr u Qopmupar kBasu-nBymepen TIIC.
CpaBHHUTEIIHOTO U3MEPBAaHE HAa COJIMTOHHUTE KOHCTAHTH Ha €IHOMEPEH, KBa3u-IBYMEPEH U €AHOKPATHO
3apeneH ontudeH BuxpoB cosmtoH (OBC) mokasa [A33], ue KOHCTaHTaTa Ha KBa3W-JABYMEPHHUS € paBHA
Ha Ta3u Ha ABymepHus OBC, Ho auHaMukaTa Ha GOPMHUPAHETO i CHOTBETCTBYBA HA €HOMEPHHUS CKy4ail.
MonynanmoHHaTa HECTAaOMIHOCT B €IHOMEpHATa 4YacT Ha THMHHS CHOIN TIO3BOJHM Ja ce HaOIo/aBa
XapakTepHa MHTepdepeHuHa KapThuHA. YNCICHHUIT aHaIu3 MOKa3a, 3a MbPBU BT, HAJTMYUETO Ha (Da3oBa
JUCIIOKAIMsl OT CMECEH THIl, T€éHepHupaHa B pe3ylTaT Ha MoaylauuoHHa HectabumHocT [A33,B6]. Ilo-
HATaThK B JIMTEpaTypaTa ce YCTAHOBU TEPMHUHA "TUTIOJ C APOOEH TOMOJIOTUYEH 3apsl’.

4.8. Tpynata paboru [A48,A50,B8,A53] ca mnoceereHM Ha M3CIEABAHUSA HA JUCKPETHH
MIPOCTPAHCTBEHU COJUTOHU. TakuBa COMUTOHU ce (HOpMHUpAT B AUCKPETHU CTPYKTYPH OT BBJIHOBOJIU C
HEJIMHEEH OTKJIHMK. XapaKTepHO €, 4e ,,COJIUTOHHA € caMO OOBMBKAaTa Ha MOJETO, OOXBallama HIKOJIKO
JTUCKPETHH BBIHOBOMA. B [A48] ¢ n3cneaBaHO MOBEIEHUETO Ha MOJIMXPOMATHYHA KOXEPCHTHA CBETIIMHA
B OMM30CT 70 Kpas Ha NEpPHOAWYHA CTPYKTypa OT BBIHOBOAU. 3a NBPBH IBT € YCTAHOBEHO
eKCIIEPUMEHTATHO, B ChOTBETCTBUE C MPEAXOXKIAIIN aHAU3U, Y€ ce (popMHupaT HETMHEHHH MOJOBE Ha
MOBBPXHOCTTA Ha CTpykTypara. B [AS50] 3a mbpBH MbT J0Ka3axMe BB3MOXKHOCTTA 3a MPOCTPAHCTBEH W
CIEKTpajeH KOHTPOJ M JIOKAJIM3UPAHE HA ONTHYEH CYNMEPKOHTHHYYM 4Ype3 HEIMHEWHO B3aUMOJCHCTBHE
Ha CIIEKTPAITHUTE KOMIIOHEHTH C IBJTH MAaTPUIIM OT MapajiesIHd TUCKPETHH BBJIHOBOIU. Crincanue Optics
and Photonics News MmokaHu aBTOPCKHsS KOJIEKTHB Ja MyOJIMKyBa pe3tfoMe Ha JaHHUTe B cekius Solitons
Ha cnucannero [B8]. B [AS53] moka3zaxmMe TEOPETHYHO M EKCIIEPUMEHTATHO ChIIECTBYBaHE Ha
MOJIMXPOMATUYHA COJIMTOHU OT 3a0paHeHara 30HA, TEHEPUPANKU TM OT ONTUYEH CYNMEPKOHTHUHYYM B
Marpuila OT ONTUYHU BBIHOBOAU. CONUTOHUTE c€ (QopMHUpaT BCIAEACTBHE HA PA3bK MPEXOa OT
TUQGPAKIIMOHHO pPA3IMIUPSBAaHE W pa3JelissHe Ha CHEKTPATHUTE KOMIIOHEHTH KbM €IHOBPEMEHHA
CHEKTPATHO-POCTPAHCTBEHA JIOKATU3allMsl Ha CYMEepKOHTHHyyMa B 3a0paHeHara 30Ha Ha (hOTOHHATA
CTpyKTypa u (hopmupane Ha (a30BH CKOKOBE B MOJIMXPOMATHYHOTO CBETIMHHO TOJIE MEXKIY BCEKH JBa
BBIHOBOA. Te3u pabotu ca nutupanu Hag SO IbTH.

4.9. B [A46] e nyOnuKyBaH OCHOBHMAT MM IIPUHOC B 00JacTTa Ha €JHOMEPHHTE THMHH
npoctpanctBenu coiutoHu (1D TIIC) : HenokamHocTra Ha camojiedoKycupaliata HEJlIWHEHHa cpena
MOXE J1a JOBEJE J0 JApamMaTHdeH oOpar npu B3aumojaerctueto Mexay 1D TIIC, mpomeHnsiiku o oT
oTOJ'bCKBaHE KbM NpuBIn4ane. B [A46] e myOnuMKyBaHO IBPBOTO €KCIEPHUMEHTAIHO J0KA3aTeNCTBO 3a
TOBA, OJYYEHO B TEPMUYHA HENMHEHHA cpena. Pesynratute Osixa orieHeHH, n30paHu U IIpereyaTaHy BbB
Vitrual Journal of Ultrafast Science. B mocneasamm nyOnukanum [A48,A52,A55] dbopmynupaxme u
JTEMOHCTpHUpaxMe METOJ 32 M3MEpBaHe Ha GYHKIUATA HAa OTKIMK Ha HeJOKaTHOCTTa [AS2] 1 ch3aamoxme
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BapUallMOHHU MO Ha BIUSHHETO Ha ciiabaTa HENIOKAIHOCT Ha TOJOXKHUTEIHAa HEJIWHEHHOCT BBPXY
CBETJIH Jla3epHu cHonoBe [A48,A55]. PaboTuTe OT Ta3u rpyma ca UMTUpaHu gocera Haa 299 mbTH.

4.10. TeopeTuuHO € aHaIM3MpaHa BMCOKATAa HAIPEYHA JMHAMMKA HA €IHOMEPHH ThMHH CHOIIOBE
CbC cMeceHH (a30BH JAUCIOKAIMH OT CTBIIAJHO-CIHMpaJeH THI HJIM OT THIl ,,pbO-crimpana® [A32],
0003HaYaBaHM OOIIO KaTO BUXPOBH JUIONH C ApoOeH TonojoruyeH 3apsa. C nmomorira Ha KOMIIOThPHO-
CHUHTE3UPAaHU XOJIOIpaMM, IPHU KOHTPOJMPAHU HAYAIHU YCJIOBHUA, 3a IBPBH IBT EKCIEPUMEHTAIHO ca
T€HEPUPAaHU THMHHU CHOIOBE ChC CIHUPATHO-CTHIIAJICH TUN ¢a3zoBa auciokanus [A36]. [TokazaHo e, ue
HalpeyHaTa UM CKOPOCT HapacTBa ¢ HaMaJsiBaHE Ha JIbJKMHATA HA ThbMHUS CHONI U C INOHWXKaBaHE Ha
BUCOYMHATa Ha (a3oBHA CKOK. J[aHHUTE, IMONyYeHH MO EKCIHEPUMEHTAJICH IbT M Ype3 YHUCICHH
CHUMYJIallMM, ca B MHOTo J100po ckriacue. EqHOMEpHUTE ThMHU CHOMNOBE C AMCIOKALUS OT TUN ,,pbO-
cnypasia® UMaT IO0-BUCOKa HalpedyHa CKOPOCT, IbJDKAIlla ce Ha IpaJMeHTUTE Ha (a3aTa B HalpaBlICHUE,
NIEPIEHIUKYJIIPHO Ha €HOMEpHATa YyacT Ha Juciokauuara. M 3a qBata Tuna € BajqujHa TEHACHLIMITA Ha
MOHMYKaBaHe Ha JUHAMHUKATa MPH IMOBHINABAHE HA HACHINAHETO Ha HenuHeiHoctta [A36]. B [A56]
ny0JIMKyBaxMe II'bPBUTE €KCIIEPUMEHTAIHU U CPABHUTEIIHU YMCIICHU PEe3yITaTH, JOKa3BalllH, Y€ BUXPOBU
JMIIONIU C IpOOEH TOIOJIOTHYEH 3aps]] MOIaT /1a BOJAAT U PeHacoyBaT UH(OPMALMOHHU POOHU CHOIIOBE.
Pesynrarure 0sxa n3bpanu u npernedaranu BB Vitrual Journal of Ultrafast Science, koeTo e ornenka 3a
KauecTBOTO WM. B jBe mociensamm padotu [A61,A63] MoaenmupaHeTo Ha SBOJIIONHATA Ha MOAPEIACHH
CTPYKTYpU OT TMOJIy-O€3KpailHu BHMXpPOBH JAMIIONM TOKa3a (GOpMHpaHe Ha BBJIHOBOJHHM CTPYKTYpH,
MOJIXOMASIIM 32 Ch3/JaBaHE HA BBJIHOBOJHU CHEIUHMUTENIN U PA3KIOHUTENH, JOKAIU3UPAHU B paMKHUTE Ha
CEUEHHUETO Ha €/IMH Ja3epeH CHOI. Te3n pe3yaTaTu ca HUTHPaHU Hal 25 IbTH.

4.11. Karo cnempamo HMBO Ha MYINTHIUIEKCMPAHE HA CUTHAIATE B ONTHYHMTE KOMYHHKAIWH,
HQArpaXx/allo cera IOJ3BaHOTO MYJITHUIUIEKCHpAaHe IO Jb/DKMHU Ha BbIHUTE (TexHuka WDM;
Wavelength Division Multiplexing) B MoMeHTa ce u3cie/Ba MYJITUIUIEKCUPAaHE MO MOJAOBAa CTPYKTypa
(rexuuka MDM; Mode Division Multiplexing). [Tpu nemynTumiekcupaHeTo Ha CUTHaJIa KPUTUYHO BaXKHO
€ WISHTHU(ULIUPAHETO Ha TOMOJOTMYHHUTE 3apsAM Ha MYJITUIUIEKCUpaHUTE CHomoBe. B egHa oT
nocienHuTe HU pabotu [A78] mybnmukyBaxme TeXHHKa, Oa3upaHa Ha MHTEp(EpPOMETbp C WHBEPTUPAHO
noJjie, MpHU KOATO MOXeE Ja ce HIASCHTHUPHUIUpAa KaKTO abCOJI0THATa CTOMHOCT, Taka W 3HAKbT Ha
TOTOJIOTUYHHUS 3apsii Ha BUXpoB cHoml. Karo nombiHuteneH edekrt, 6€3 HUKaKBa NMPOMsSHA Ha cXeMmaTa,
YCTPOHCTBOTO MOKE /1a ObJIe MPUIIOKEHO 32 KOHTPOJ Ha OTMECTBAHETO MEXKAY (PEMTOCEKYHIHU UMITYJICH
B IPOCTPAHCTBOTO C pas/eluTesHa CIOCOOHOCT OT €IUHMIIM HaHOMETpU. MeToNbT pas3riiexkaaMe KaTo
0COOCHO TIOJIE3€H 3a MPEHU3HU pump-probe-eKCrepruMeHTH ¢ BHCOKa pa3JeiuTeNIHa CIIOCOOHOCT BBHB

BpemeTo. Tpu rofuHu ciiesl MyOIMKYBaHETO UM, PE3y/ITaTUTE ca LUTUPAaHU Haf 10 mbTu.
4.12. TlpeoGpasysaHeTo Ha UHppaYEPBEHH U300PAKEHUs 0 BUIUMATa 00JIacT € BaKHAa TEXHHMKA 3a

MHO’KECTBO MPUJIOKEHUSI, BKIIIOUUTEIHO 3a MPUOOpHU 3a HOILIHO BHXKJaHE, 32 aBTOHOMHA HaBUTallUsg Ha
MPEBO3HM CPEJICTBA, 3a ONTHYHA ToMorpadus U 3a KOHTPOJI Ha KauyecTBOTO Ha Xpanute. B [A82], kaTo
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4acT OT TOJISIM MEXIYHAPOJICH KOJIEKTUB, IEMOHCTPUPAXME KOMITAKTHA HAII'BIHOONTUYHA alITEepHATHBA 32
TakoBa IpeoOpaszyBaHe, MOJI3BAWKH METAOBBPXHOCT, ChCTABEHA OT MOTYIPOBOJHUKOBH HAHOAHTCHH HA
6azata Ha GaAs, ¥ M3MOJ3BAaKN HEJTMHEEH MapaMeTPUUCH IMPOoLieC Ha TeHepHpaHe Ha cymMapHa 4ecToTa.
Taka nzo0paxeHnero 0e MpeHeceHO OT MH(pPayepBEHUS CHEKTbP KbM BUAUMHUSI, U TO B YIATPATBHKO
HAHOPa3MEPHO YCTPOMCTBO 3a BU3yanu3anus. OKOJIO TPH FOJUHHU CIIe]] IMyOJMKYyBaHETO Ha pe3yaTara, T’

€ IUTUpaH noxue 34 mbTu.

5. YucneHo ca Moje/MpaHe Ha HAIBJIHO-ONTHYHU CXEMH 3a MapalieHO BOJEHE, NPEBKIIOUBAHE H
pa3KJIOHSBaHE HAa CHUTHAIHU CHONOBE. DU3MYECKUAT MEXaHU3bM Ha MPOIECUTE € MHAyIHpaHara (a3oBa
MOJIyJIalUS.

5.1. TMokasana e BB3MOXKHOCTTa 3a T'€HEPMpPAHE Ha JOIBIBALIA CE IBOWKHM OT CBETIIM U THMHHU
UMITYJICK 4Ype3 HapyllaBaHE Ha IIBJIHOTO BBTPELIHO OTPaXCHHE Ha TIpaHUIaTa MEXIy JMHEHHa U
HenuHenHa cpena [A18]. Cxemara € mpHBiIEKaTelnHa C TOBA, Y€ KbCU MMIIYJCH Ha €JHA ABJDKMHA Ha
BBJIHATa OTHOCUTEIIHO MPOCTO MOraT Ja ce M3MOJ3BaT 3a IeHepupaHe Ha JIBOWKU OT CBETHJI U ThMEH
UMITYJIC Ha Jpyra IbJDKMHA HA BBJIHATA, €BEHTYaJHO C MOHWXEHA MPOABIKUTEIHOCT U E€HepreTHYHa
e(EKTUBHOCT.

5.2. TlokazaHo e TeopeTnuHo [A21], ue IPHCTEHOBUAHN THMHH CONUTOHONOAOOHH BHIHU MOTar Ja
MPOBEXKAAT MApaJEeTHO HSKOJIKO CUTHAJIHU CHONA 0e3 MPEeXBBPJISIHE Ha IIYMOB CUTHAT MEXAY TSX.
YCTpoiicTBO, N3TPaZieHo Ha TO3W MPUHIUI, OM MOTJIO J1a C€ pa3riiexk/ia Karo ,,Hall'bJIHO ONTHYEH Kaben* ¢
MTOTEHIIMAIHO ITPUIIOKEHUE 32 BUCOKOCKOPOCTHO MAapaJIEIHO IIPEIaBaHe Ha JaHHU Ha KbCH Pa3CTOSIHUSA.

5.3. Teopetnuno e mokaszano [A22], 4e e BB3MOYKEH TapaieleH PeXUM Ha Pa3NpOCTPaHEHHE Ha
CUTHQJIHU UMMYJICH B T'PaJIMEHTHU, HEIMHEHHH BBJIHOBOAM, (POPMUPAHN MEX]y CBETIH cHomoBe. Te3n
KOHTPOJIHM CHOIIOBE CE pa3NpOoCTpaHsBaT NapajeilHO, B PEKUM Ha HEB3aUMOJIECHCTBYBAIHM CH €JTHOMEPHU
IIPOCTPAHCTBEHU COJMUTOHU. Cxemara MposiBsABa 3HAYUTENHA CTA0MJIHOCT MO OTHOUIEHHE Ha (PIyKTyaluu
B HMHTEH3UTETa Ha KOHTpoJIHUTE cHomoBe (£10%) M KbM OTKJIOHEHHS Ha CHUTHAJIHUTE CHOIIOBE OT
chocHOCTTA (£25%).

5.4, Ha ocHOBaTa Ha 4HCIEHH CHMyJalldd € II0Ka3aHo, Y€ KBa3W-JBYMEPHHTE THMHH
MIPOCTPAHCTBEHU COJMTOHM MOTaT Jia TpeAu3BUKAT paslielBAHE Ha BXOJAHM NPOOHM CHOIOBE B
KOHTpOJIpaH Opoii BropuyHu cHomose (0T 1:1 1o 1:9), eBeHTyanHo ¢ perynupyema eektuBHocT [A27].
Kontponupanero Ha pexxuMa ce U3BBpIIBA Upe3 MPOMsIHA Ha pa3lpeAeieHHeTo Ha ¢a3aTa Ha ThMHUTE
CHOTIOBE M Upe3 MHTEH3UTeTa Ha (poHOBUsI CHOII [B4].

5.5. B [A37,B10] unci€eHO € MOJEIMPAHO IPEBKIIOYBAHETO HA EMH BXOJIEH ONTHYEH KaHAI KbM

n30paH M3XOJEH KaHaj upe3 MpoMsHAa Ha TUla Ha (a3oBara AUCIOKAIUS M YIpaBlieHUE Ha TUHAMHUKaTa

Ha MHIYLHMpAHUS OT THbMHHUS CHON BBIHOBOA. IIpekoHdurypupanero Ha cxemara ce H3BBpLIBA Upe3

13



IpoMsiHa Ha TUMA Ha ¢a3oBara IUCIOKAIMs, BH3NPOU3BEXKIaHA OT CHHTE3UpaHa Xoyorpama. Msxonnute
KaHaJld, ChOCHH C BXOJHMTE, C€ aJpecupar C eIHOKPAaTHO 3apeleHU ONTUYHM BUXPOBU COJHUTOHH, a
HECHOCHHUTE — C €HOMEPHH THMHHU CHOIIOBE C KpaliHa IbJDKMHA M (Da30BH JHUCIOKAIMU OT CHOTBETHHS
CMECEH THII (T.€. C ONTUYHU BUXPOBU AMIIONH C APOOEH TOHOJOTHMYeH 3apsa). OueHeHaTa eHepreTHyHa
epeKTUBHOCT € Bucoka (Hax 56% B enHomepHa KoH(purypauus u Hag 47% B AByMEpHA) MPH MPUEMIIUBO

HHUBO Ha NPCXBBPJIAHUA MMAPA3UTCH CUTHA MCKAY KaHAJIUTC.

6. B Maxc ITnauk MuctuTyTa no xBanToBa ontuka (I'apxunr, [epManus) yyacTBax B pa3paboTkara
Ha (EMTOCEKYHJHa CHCTEMa TeHepaTOp-pereHepaTHBEH YCHIIBATEN, W3TbyBallla TPaHC(HOpPMAIIOHHO-
orpannyeHu 35-heMTOCeKyHIHU UMITyJIcH ¢ yectoTa Ha moBTopenue 100kHz u eneprust or Hax 6pul B
umnync [A41,B11]. Peanuzamusita Ha mpoekra oOeqUHHM YCHIMATAa Ha H3CIEIOBaTeNcKa rpyma oT 4
YOBEKa, 3a MEepUoJl OT HAJl TpU roJUHH. JIMUHUAT MU IPUHOC B IPOEKTA CE ChbCTOM B (a) ONTUMHU3MpPAHE Ha
(beMTOCeKyHIHHUS TEHEpaTop 10 PYTHHHO TOCTHTaHEe Ha CHEKTpalHa MIMpUHA OT 32nm B PEXHUM Ha
CHHXPOHH3AIlMs Ha MOJOBETE M CKbCsABaHE Ha mMmmyicute ao 24fs, (0) aHanu3 Ha aucmepcusra 10
YeTBBPTHU MOPSABK B pEreHEpATUBHUS YCUIIBATEN U B MOCIEABAIIMS MPU3MEH KOMIIPECOp U MOAOOp Ha
ONITUYHUS MaTepuaj 3a U3padoTBaHE HA MPHU3MHTE, (B) ITyCKaHEe B JeiicTBUE Ha Oe3mucriepcHa (B TpETH
nopsiibk) 4f-cucrema ¢ TeyHOKpHCTalieH (a30B MoayhaTop BB Dypue-paBHHHATA U pa3pabOTBaHE Ha
TeHETUYEH AITOPUTHM 32 aJalTHBEH KOHTPOJ Ha MPOABIDKUTEITHOCTTa HA KOMIIPECUPAaHUTE UMITYJICH, (T)
pa3paboTBaHE Ha aBTOKOpENATOp M Ha CXeMa 3a JBJITOBPEMEHHO CTAOMJIM3UpaHe Ha IMO3UIMATA Ha
Ja3epHUs CHON B MpocTpaHcTBOTO (Ha Oazara Ha CCD-kamepu u oryiegaia, MOHTHUPaHH BBPXY
nMe30KepaMuyHu npeodpaszyBatenn). C Ta3u yHHMKalIHA 3a BPEMETO CH CHUCTEMa, B €KCIIEPUMEHTH C MOE
y4yacTue, ca IOJIy4deHHU CIeAHUTE pe3yaTaTu, IUTUpaHu o010 Haj 371 mbTH:

6.1. MsmepeHo e BIioBOoTO pasnpesieieHHe Ha (DOTOETEKTPOHUTE, T€HEPUPAHH B pPe3yjITaT Ha
HajAmnparoBa HoHusauus, B oOnactra Ha Iuiaroto. [lpm enunTuyHa nNoONSpU3aLUs EIEKTPOHUTE Ce
TeHepupar MOJ| HEHYJIEB BI'bJI CIPSIMO JbJraTa OC Ha eluIcara. YCTaHOBEH € SICHO M3pa3eH e(eKT Ha
¢dbopmupaHe Ha BTOPO IJIATO, IPU MOCTOSIHEH BI'bJI OT NPUOIU3UTETHO 30° crpsiMo TepBoTO TiaTo [A39].
[Ipemnoxeno e o0sicHeHne Ha 6a3aTa Ha WHTEPHEPESHITUS MEXTY JIBa KaHAJIa HA HAAMparoBa HOHU3AIHUS.
W3cnenBaHeTo Ha CHEKTpUTE HAa JTUPEKTHUTE EJIEKTPOHM II0Ka3a OCIWIALWK, ObDKAlM ce Ha

uHTepdepeHIs Ha TPACKTOPUU HA TYHEIHMpaHe, KOraro HsiMa pa3celiBaHe OT MOTEHIManaa Ha aTOMHHUS
octatrbk [A40].

6.2. B mamaben ekcIepMMEHT C Ta3M Ja3epHa CHCTeMa M ¢ ycTaHoBka oT Muctutyt “Makc Bopn”
(bepnuH), mo3BoJIsIBaILIAa TPOCTPAHCTBEHA PETUCTPALINS HA IPOYKTUTE HA HOHU3ALUATA U, BIIOCIEACTBUE,
nbiieH kuHematndeH aHanmu3 (COLTRIMS - cold target recoil ion momentum spectroscopy) Oe
W3CIIe/IBaHa HETIOCIeI0BaTeNIHaTa ABoHa oHmn3amus Ha Ar u Ne. M3MmepBanusTa 0sxa MpoOBEICHH MPHU

HWHTCH3UTCTU, IIpU KOWUTO MOACIBT Ha pa3cey“IBaHeTo Ha CJIICKTPOHUTEC M MCXaHU3MBT Ha YyJdapHa
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HOHM3aLMs HA €HOKPATHO 3ape/ieHus] HOH ce OvyakBa Ja ca 3a0paHeHH OT €HepreTUYHU ChOOpaKEeHUS.
ITonyuenute nanuu nokaszaxa [A43, A44] npoTuyaHeTo Ha MpOIEC HA TUPEKTHA yAapHa HoHu3anus. B
paMKHUTE Ha KJIACHMUYECKUs MOJAENI TOoBa 0¢ O0OSICHEHO C IOHMKaBaHETO Ha MOMEHTHaTa CTOMHOCT Ha
MOHM3ALMOHHUS TOTEHLIHAl Ha €AHOKPATHO 3ape/ieHusl HOH OT CTpaHa Ha WHTEH3UBHHUS CBETJIMHEH
HUMITYJIC.

6.3. B [A67], B CHTPYIHHYECTBO C HEMCKHU €KHII, B MalabeH eKCIepUMEHT, BbBEJOXME HOB METO]
3a MPSAKO U TOYHO M3MEPBAHE Ha JUCIEPCHUATA Ha MoKa3aTels Ha IpeuynBaHe. MeToabT ce OCHOBaBa Ha
perucTpupaHe Ha mpoMsiHaTa Ha adcoMroTHATa (a3a Ha CBPBXKBC (DEMTOCEKYH/IEH UMITYJIC BCICACTBHE HA
pasznukara Mexay (azoBa M rpyrnoBa CKOPOCT B AMCIIEPCHBHA ONTUYHA cpeaa. M3mon3Bana 6e ycTaHOBKa,
Hanozo00sBala HHTepHEepOMETHp, U3rpajeH ¢ ABa (Ha30BU U3MEpUTENs Ha a0COIOTHA (a3a, BCEKU €IUH
paOorent Ha 6a3ara Ha HaauparoBa HoHuzanus. Beceku ot nBaTa (a3oBU M3MepuTens € B CbCTOSIHHE Ja
peructpupa m3MEeHEHHEeTO Ha (pa3ara Ha oOpaszen, KaTo €AMHUAT W3MEpUTeN Oe IOJ3BaH 3a ONOPEH,
BTOPHUAT — 32 U3MEPBaHE Ha BIMSHUETO Ha oOpasena. B To3u ekciepuMeHT [A67] TUPEKTHO € JOCTUTHATA
oTHOCHTeIHA Tpenika oT 10™. OuepTanu ca MBTHINATA 33 0-HATATBIIHO PA3BHTHE HA METO/A, KOETO IIe

II03BOJIN 6€3HpCHCHeHTHO yBCJINYaBaHC HA TOYHOCTTA MY.

7. B [E1] exciepuMeHTAHO Cca M3CIIEBAHM TIPOIECHTE HA YIapPHO MPEJaBaHe HAa EHEPTHs B MapH
Ha Sf ¢ BHCOKa ILTBTHOCT, IPU pPe30HaHCHO PamaHOBO nasepHO BB3OykmaHe. M3cienBaHo € BpeMEBOTO
noBefeHne Ha penuna emucuu B obmactra or 300 nm mo 800 nm. YcraHoBeHH ca MHKpPOCEKYHIHHU
3aKbCHCHUA Ha MAaKCUMYMHUTC Ha CMHUCHHTC IIPU B'B36y’)KI[aH€ C HAHOCCKYHAHH HUMITYJICH. Yucnenure
CHMYyJIalli¥ TI0Ka3axa, 4ye BEPOSTHUAT MEXaHU3bM € (POPMHUPAHETO Ha JTBJITOXKHBEEI] MOJEKYISIPEH HOH
Sr,". OcBeH ynapHHsS MeXaHH3bM Ha BH30YkKaHe Ha 0koJ0 30 HEBA Ha SI, pa3pabOTEHUAT UMCIEH MOIEN
BKJIFOYUBA TMPOIECUTE HAa 3axBalllaHe Ha JIBYCHHETO, AaCOIMaTHBHA MHOHHM3AaIUS M JIUCOLUATHBHA

pexoMOuHarms Ha Sry’ .

Codust, 27.05.2024r. [ mpod. Anekcanabp Jpaiimry /
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