Penensus

no koHKypca 3a nmpogecop B UDTT npu BAH no nanpasnenue 4.1 ®dusnvecku Hayku (JIazepna
¢dusuka, pu3uka Ha aTOMUTE, MOJICKYJIUTE U TuIa3MaTta U (U3UKa Ha BHITHOBUTE MIPOIIECH ), OOSIBEH B
JIB 6p. 61 ot 02.08.2019 r., cTp. 124, ¢ enuncTBeH kanauaat a1-p Kpacumup Anrenos Temenkos,
nouedt B UOTT-BAH.

buorpadpuunu njanHu

I'-n K. Temenkos e poaen npe3 1970 r. B rp. [lazapuxuk, bearapus. [Ipe3 1995r. 3apbpmiBa ¢
OTJIMYUE BUCLIETO CU 00pa3oBaHME KaTo MHXKeHep-(U3UK 1o crnenuiaaHocTTa KBanTosa
Enextponuka u Jlazepna Texuuka BbB @usndeckus ¢akynretr Ha Coduiickus YHusepcurer ,,CB.
Cs. KimumenT Oxpuncku‘. EmTHOBpeMEHO ¢ TOBa, U OT CHITOTO MACTO KaHAUIATHT MPUI00MBA U
BTOpa KBAIM(UKALUSA KAaTO YUUTEN MO0 (PU3KKaA ChC CHennanHocT ,,Ilenarorunka nHa OOy4yeHHETO 1Mo
Ousuka®“. Ilpe3 2000r., r-u TemenkoB 3amMTaBa JOKTOPCKA IUCEPTALMS MO CIENHAITHOCTTA
,»PU3uKa Ha BryiHOBUTE Nponiecu’ Ha Tema ,,VIMITyJICHH J1a3epy HA MEIHU aTOMU U HOHM Ha
CTPOHLIUH, XKUBAK, KaIMUI, HUHK U cpeOpo Bb30YKIAAHU C €JIEKTPUYECKa CXeMa C
B3auMoJeiicTBay KoHTypu“ B MHcTuTyTa no ®usuka Ha Teproro Tsno ,,Axazn. ['eopru
Hamxakos®, bearapcka Axkanemust Ha Haykute (MDOTT-BAH). Ot 2000r. 10 MOMeHTa paboTu
KaTo Hay4eH cbTpyAHUK (H.c.) B UDTT-BAH, kato nocreneHHo MOBUIIaBa HAy4YHATa CH
kBanudukamnus. B mepuona 2000-2004 . 3aema pbxHOCTTa H.C. || CT., mpe3 2004-2008 r. padoTu
karto H.c. | ct. [Ipe3 2008r., kanaunatsT ce xabunutupa B UOTT-BAH u 1o MomenTa 3aema
JUTBKHOCTTA JIOLEHT.

PLkxoBoaHA M megarorun4yHa aJeifHoCT

r-H TemenkoB mpuTexaBa OTIMYHU OPraHU3AlMOHHU U PHKOBOJAHU yMeHUs. bui e ppkoBoIuTEN HA
JBaMa yCHenrHo 3amuTin JoktopanTu (rpe3 2013-2014 r.) B UGTT-BAH kbM mabopartopusita
»Jlazepu ¢ metannu napu®. Ilpe3 2014r. HayuHus KOJIEKTUB pbKOBOAEH OT joul. A-p K. Temenkos
noy4yaBa nmovetHa rpamora ot UOTT-BAH 3a Hait-nobpo HayuyHno noctmwkenne. Kanauaarst
ydacTBa B pbKOBOJACTBOTO Ha HayuHu nipoektu B UDTT-BAH u ,,®onp 3a Hayunu Mscnensanus®.
PvkoBonuten e Ha maboparopusta ,,JIazepu ¢ Meranuu [lapu*, UOTT-BAH. 3amectHuk
npencenaren € Ha O6moTo cbOpanue Ha yuenure kbpM UOTT-BAH.

Hayuna neitHocT

3a yuyactue B KoHKypca 3a npodecop B UDTT-BAH, r-u TemenkoB npencraps 22 HaydHH
MyOIMKAIMK B PCHOMUPAHU HAyYHU CIIMCAHUS C UMIAKT (GaKTOp, €AUH MATSHT 32 M300peTeHHE Ha
na3zepHa TpbOa 3a uH(ppauepBeH CTPOHLIUEB Ja3ep ¢ Mapy Ha CTPOHIIMEB XaJIOr€HU/T, KAKTO U €THa
3asiBKa 32 MATCHT, KOUTO HE Ca MOJI3BaHU B XaOWIUTAIMOHHUS MYy TPY/ 3a JOLEHT. Te3n
myOJMKaIMy ca IuTapuad HezaBucumo 113 mbTu. B mpeacraBeHus CiuchbK OT IUTUPAHUS, BCUUKA
CTaTUU Ca [UTUPAHU 110 MAIKO OT 10 mbTH, U3KIIOYEHUE TIPABU €/IHA CTATUSI B ChAaBTOPCTBO,
nutupana Haj 20 nmeTH. Cpennust Opoit nuTupanus Ha ctatus € 5. OCHOBHO IIUTHUPAHUITA Ca B
PEHOMHpAHU HayYHH CIIUCAHUA C BUCOK UMITAKT (DaKTOp, KaTo MpaBu 100po BIeyaTieHHe, 4e OJI130
30% ot uuTUpaHusTa ca OT OBJATapCcKU aBTOpHU padoTteluu B bbirapus.



OcHOBHa TeMa Ha U3CJIEIBAHMATA Ca MOLHU UMITYJICHH JIa3€PH C MTapy HAa METAJIHU COJIH,
BB30YyXKJIaHU C HAHOCEKYH/ICH UMITYJICEH HaJUThXKeH pa3psal. B Te3u nazepu, reHepanus ce mocTura
MIPU CTUMYJIMPAHU MPEXOAU OT €IEKTPOHHO Bb30YACHHU ChCTOSHUS Ha METATHUTE aTOMU/HOHU KbM
S€HEPTUTUYHO 10 HUCKO-JIeKAIIN METaCTaOMIIHU ChCTOSHUA. JlazepHOTO U3IbUBaHE MPOIBIIKABA
JIOKaTO HaCceJIEHOCTUTE Ha ChOTBETHUTE KBAHTOBU ChCTOSIHUS ce U3paBHAT. PaboTaTta Ha ma3zepa
M3HCKBA BUCOKA pabOTHA TeMemnpaTypa Ha akTHBHATA CPEJIa 3a /1a Ce U3MAPSIT METATHUTE COJIH.
AKTHBHATa cpesia ce Ch3/1aBa B UMITYJICEH HAJUThKEH ra30B pa3psl B CMEC HA METAITHUTE COJIH C
MHEPTEH ra3 (Xenui uian HeoH). MosieKyaIuTe Ha METATHUTE COJIM AMCOLMPAT B aKTHBHATA Cpeia
Yype3 HeeJICTaTUYHU COTbCHIM C eIEKTPOHU OT pa3psna. PaboTHaTta TemMenparypa Ha akTUBHATa
cpela ce MoAIbprKa WK Ype3 BHHIIHO HArpsiBaHE WM BBTPEIIHO OT BJIOKEHATa EHEPrHUs Ha
BB30Y)KIAIIUTE TOKOBH UMITYJICH.

KoHkpeTHO ca pa3paboTeH! ¥ NaTEHTOBAHU UMITYJICHU JIa3€pHU C MTapH HA MEJEH U CTPOHLIUEB
Oopomuz. ONUTHO ca ONTUMHU3UPAHU MapaMETPUTE HA Ta30BUs pa3psil -

IUaMEThp HAa aKTHBHATA 30HA, HAJISITAHE HA METAJTHUTE [1apH, HAJISITAHE HA MHEPTHUA T'a3,
napaMeTpH Ha eJIEKTpHUYEcKaTa cxeMa 3a Bb30yK/JaHe, CpeiHaTa BXOIHA MOIIHOCT U YeCTOTa Ha
MIOBTOPEHUE Ha Bb30YKJalUTe TOKOBU UMMyscu. [lonydenara cpeqHa n3xoqHa ONTUYHA MOLTHOCT
€ Hal-BUCOKA B KJIaca JIa3epy ¢ METAIHU IIapU U € OT MOpsAAbKa Ha HAKOJIKO Bara. M3xogHus cHon
€ C BUCOKO KauecTBO (bIIIOBaTa Pa3XxoAUMOCT Ha JIBYHUTE € HAKOJIKO MUKPO-PaJNaHa).
Pazpa®oTeHusAT OT KaHIU1aTa UMITYJICEH JIa3ep C Mapy Ha CTPOHIMEB OpOMM] MMa OTEHIIMATHO
BaYKHU NPUJIOKEHHUS B MEIULIMHATA U XUPyprusaTa. Bucokara n3xoaHa MOIHOCT Ha TO3M JIa3ep 3a
IBJDKMHA HA BhJIHATA 6.45 1m, TI03BOJIOSBA MPUIIOKEHUETO MY KbM JIa3epHaTa abiaamnus Ha MEKH
THKaHHU U KOCTU C MUHUMAJIHU TOIUIMHHM YBPEXXJCHHsI HAa ThKaHTa. Pa3paboTeHure sazepu
HaMHpaT KOHKPETHU MPUIIOKEHUS 32 TEXHOJIOTUYHH IIeJIU, KaTO MOAU(UKAIUS Ha ONITUYHH,
CTPYKTYPHH M KaTaJINTUYHH CBOMCTBA HA BEIIECTBOTO.

CTpOHLIMEBUAT aTOMEH Jia3ep FreHepupa eJHOBPEMHHO HA HAKOJIKO CIIEKTPATHU JTMHUU B CPEIHUS
nH(payepBeH quana3oH, Karo noeue oT 90% OT onTUYHATa MOIIHOCT € KOHLIETpUpaHa Ha
TBJDKAHA Ha BbJIHATA 6.45 um. JlazepbT renepupa u B Oau3karta nHppadepBeHa oomact (1 um) 3a
7IBE CIIEKTPAJIHU JTHMHUU B IOJIOKUTEIIHO HATOBAPEHUs CTpOHIMEB HOoH. lpu paboTHa Temmeparypa
Ha aktuBHaTa cpena (Hag 1000 rpamxyca mo Llenswmit), cpenna Bxoana momHOCT 2.2 kW u yectora
Ha TokoBuTe umnysicu 19 kHz, e monydena cpenna nzxoaaa momrHocT 4 W. [TpoapkuTenHOCTTa
Ha eIMHUYEH JIa3epeH UMIyJc € okojo 150 ns, a eneprusita Ha UMmyJc € okojio 200 pJ.
[TpocTpancTBeHUAT NMPO(hUIT HAa HHTEH3UBHOCTTA HA JIA3EPHOTO JIbUeHUE € O0au3bK 10 ['aycos,
MOKa3Balll BUCOKOTO KadecTBO Ha cHona. [Ipu OIu3KH 10 ONTUMAIHUTE YCIOBHS Ha Ta30BUs
paspsn, Ja3epa ¢ napu Ha MeJieH OpoMu[ reHepupa B 6au3kara nHppauepBeHa oosacT (B paspsij ¢
XEJHMEB Ta3) U B IbJI0OKaTa YATPaBHOJIETOBA 00JacT (B pa3psj ¢ HEOHOB Ta3). B mociennus cimydaii
€ OTKPUT UHTEpeceH e(peKT Ha MoA0OpsBaHE HA YCIOBHUATA 33 Ch3/1aBaHE HA MHBEPCHA HACEJICHOCT B
aKTHUBHATa Cpefia ciie/l KaTo ce 100aBsT MpUMeCH Ha MoJieKyleH Boaopo. [lpu ¢ukcupana Bxoana
MOIITHOCT U BapHalus Ha MaplUaIHOTO HasraHe Ha Bojgopoja B obiacrra 0.02-0.04 Torr e
pPErUCTpPUpPaHO yBEIMUYaBaHE HA CPEHATA U3XO0/IHA MOIIHOCT Ha JIa3epHOTO JIbYEHHE OT 2 10 5
nbTU. ChIIO € YCTAHOBEHO Ue MpH 100aBsHE Ha IPUMECH OT a30T, KMUCIOPO WIH BBITIEPOICH
JIBYOKHC KbM aKTHBHATA Cpea, U3XOJHATa MOIIHOCT HaMassiBa. J{o0aBsSHETO Ha €TUIIOB aIKOXOJI (C
BHCOKO ChIbpKaHNE Ha BOJOPO/T) MaK BOJAU J0 YBEIMYaBaHE Ha U3XO/HATa MOILTHOCT, HE3aBUCUMO
OT ChABPKAHUETO HA BBIJIEPOJ] M KUCIOPO B MOJIEKYJIaTa Ha €TaHoJja.

C 1en u3scHsIBaHEe KMHETHKATA Ha JIa3epy C MMapyh Ha METAIHU COJIA Ca MOJICITMPAHH HAKOH (pr3nyHM
MIPOILIECH 3a KOUTO € TPENOTI0KEHO Ye OMPEIesIT U KOHTPOIUPAT JAeUCTBUETO Ha tazepa. 1o
KOHKPETHO, U3CJICABAHO € 1) BIMSHUETO Ha MPOIECH ¢ OOMEH Ha eJICKTPUYCH TOBAp B HECIACTUIHH
C6H’bC’bLII/I Ha MMOJIOKUTCIIHO HATOBAPCHU MOHU OT HHCPTHUSA a3 C MCTAJIHU aTOMU IIPU TOIIJIMHHHA
enepruu u 2) [leHMHTOBA HOHM3AIMS HA METATHA aTOMU B OWHAPHU COIBCHIIN C aTOMH OT
uHepTHH ra3. EqHoBpeMeHo ¢ ToBa ca U3CieBaHy U TPAHCIIOPTHHU €(peKTH B aKTHBHATA CpPEJa,



KaTo B3aMHa ,I[I/I(byi’al/lﬂ B 6I/IHapHI/I CMECH, KaKTO M IMMPEHOCA HAa TOIIJIMHA B €JHOATOMHH U I10
CJIOKHHM Ia30BHU CMECCH.

KonnenTpanusara Ha MHOXKECTBO €JIEKTPOHHO Bh30y/I€HU ChCTOSHUS HA METATHU MOHU B Ta30BUS
paspsin, mpearnosara ia ce pa3rienaT peakiii Ha aCHMETPUICH OOMEH Ha €JICKTPUYCH TOBap
B COIBCHIIM MIPU TOIUIMHHU €HEPTUM Ha METAIHU aToMH B B 0CHOBHO cherosinue ¢ Honu A* Ha
WHEPTHHS Ta3:

(AY+B-->A+(BY) +4
KaTo B KPaifHO ChCTOSTHUE ce 00pa3yBaT aTOMU A Ha UHEPTHHUS Ta3 B OCHOBHO ChCTOSIHUE H C€
CH3/1aBaT €NIEKTPOHHO BE30YAeHH ChCTOAHMSA Ha MeTanHus ion (BY)", Ae emeprerwunus nedexr 3a
peaKiuATa 3a1a/IeH OT Pa3IUKUTE B EHEPTHUTE Ha BBH30yKaaHe Ha ionute E(AY)-E(B*)".
Peaknusita vMa KBa3UpE30HAHCEH XapaKTep, T.€. MPOTHYA C TI0 TOJISIMA BEPOSITHOCT TIPU MaIIbK
eHeprerrueH aedext. [Topaau Ta3u npuyrHa, ACUMETPUIHUS 3aPsI000MEH € MHOTO CEJIEKTUBEH
MPOIIeC U MOXKE Jla BIIHsIe YyCTBUTEITHO HA KHHETUKATA Ha JIA3€PH C METAHU TIapH.

CeuenusiTa U CKOPOCTUTE 32 ACHMETPHUEH OOMEH Ha TOBap Ca OLIEHEHU MO TPU Pa3TU4YHU METOJIa!
1) MeTo Ha KJIaCHYHU TPAEKTOPUH, 2) MOIYKIACUYEH METOJI OT IIpexoau Ha JlaHnay-3eHep OKoJI0
TOYKM Ha IPECUYAHE Ha €JIEKTPOHHM TEPMHU Ha MOJIEKYIHHUs HOoH AB™, u 3) upe3 excriepuMeHTanHO
M3MEpBaHe BPEMETO Ha KUBOT HA Bh30Y/IEHUTE METATHU MOHU KaTo (DYHKIIMS HA HAJSTAHETO HA
Mmertanaute napu. Hanpumep 3a peakuuurte ¢ Mmeauu ionn (Ne*)+Cu, u3MepeHoTO ceueHue 3a
oOMeH Ha ToBap € B J0OpO Ka4yeCTBEHO ChITIACHE C OIICHKUTE MOJYYCHHU IO [BATa TEOPETUYHU
METO/]1a, KaTO U JABETE OI[CHKU HaJBHILABAT EKCIIEPUMEHTAIHUS pe3ynar (pu TemenpaTrypa Ha
aktuBHaTa cpena 2000 K). B cpaBHeHUS ¢ MOMYKIACUYHUS METO/I, OIIEHKATa [0 METO/1a Ha
KJIACUYHU TPACKTOPHUH € B MO-T00pO KOJIMUECTBEHO ChIIIacue ¢ ekcriepumenTa. Chlute
MIPEIIOJIOKECHHSI Ca U3IIOJI3BAaHU MPU U3YHCIISIBAHE HA CEUCHUsTA 32 OOMEH Ha TOBAp B HEEIACTUYHHU
cOMBCHLIM HA IOHU C aTOMH B MHOTO JAPYTY T'a30BH pa3psAu U akTUBHU cpeau. ChCTaBeHHU ca
Ta0JIUIN ChC CEYCHHSITA U TOTUTMHHO YCPEAHEHH CKOPOCTH Ha mpexo. [lomyuenoto 1o6po
KOJMYECTBEHO ChIIaCHe Ha TEOPETUUHHUTE PE3YATATH C JaHHUTE OT U3MEpPBaHUs HAa BpEeMEHa Ha
KUBOT Ha BH30yJICHUTE CHhCTOSIHHS HA METAJIHA HOHH, CBUJICTEIICTBA 32 PeaTUCTHYHOCTTA HA
MpHeTaTa XMIoTe3a 3a 3HaYMMOCT Ha Te€3H peaklliy B JIa3epHaTa KHHETHKA.

OcBeH peakuuuTe ¢ 0OMEH Ha eJIeKTPUUYEH TOBAp B OMHAPHU COIBCHLN NPU TOIUIMHHYU €HEPTHH,

€ IIPEIIOIOKEHO ue Iporeca Ha [[eHMHroBa HOHM3aus UMa ChIIECTBEHO 3HAYCHUE 3a JIa3epHaTa
KMHeTHKa. To3u mpolec mpoTuya, KOraTo eHeprusaTa Ha Bb30yK/1aHe Ha aTOMa OT MHEPTHMSI ra3
HAJBUIINM HOHU3ALMOHHUS ITIOTEHIMAJ HA METAJIHUS aTOM, KaTO EHEPIUsTa Ha IIPEXO0J ce IIpeaasa
Ha BAJICHTEH €JIEKTPOH, KONTO OMBa U3TbYEH B HENMPEKBCHAT CIIEKTHD OT eHepruu. IIpoueca e
MOJICTIPaH KaTo JIBY-€JIEKTPOHEH Iporiec (¢ AUpeKTeH 1 OOMEHEH KaHall 32 U3 TbYBaHE Ha
enekTpoHa). [IpeanonoxeHo e ue 0OMEHHUs KaHall JOMUHUpPaA cedeHueTo 3a [lennHrona
HOHM3aLus, T.€. €JIEKTPOH Ce U3IIbUBA OT aTOMa HAa HHEPTHHUSA T'a3, JOKATO e(EeKTUTE OT
uHTepEepeHIMs Ha ABETE aNTepHATUBU 3a AUPEKTHA U 0OMeHHa [leHnHroBa oHu3anus ce
npenedpersar. [Ipu Te3u npeAnonoxeHus, BeposTHOCTTA 3a [leHnHroBa HOHU3aIMs € OLIEHEHA Bb3
OCHOBAa Ha M3BECTHA MOIy-eMIupuyHa Gpopmyna. B ciydas Ha gasep ¢ MeHU Napy B Ta30B paspsij
C HEOH, WJI3bYBAIll B YJITPAaBUOJIETOBMSI IMANla30H HAa IbJDKMHA HA BbiaHaTa 248 HM, [leHnHrosara
HOHM3aLuUs BOJY JI0 HApaCTBaHE Ha HACEJIIEHOCTTa Ha METacTaOWIIHY HUBA HAa METHUTE HOHU, U
MOJTHCKAHE Ha paJMallMOHHU [IPEX0]] OT HUCKO JISKAIIUTE JIA3ePHU HUBA KbM T€3U METAaCTa0MIIHU
HUBA, U B KPallHa CMETKa 0 HaMaJIIBAHE HA MHBEPCHATA HACEJIEHOCT 3a Ta3H JbJDKMHA HA BBJIHATA.
[Tonmy4yeHuTe OLEHKH 3a cedeHueTo 3a [IeHnHroBa HoHM3aIMs, NoKa3Bar 4e J00aBsiHETO Ha OPOMHU
aTOMM B ra30BHs pa3psAl BOAM 1O ObP30TO pa3pylllaBaHE Ha METACTAOMIIHUTE ChCTOSHUS Ha
HEOHHUTE aTOMM, KOeTO HaMassiBa [IeHnHroBara HoHM3aNys Ha MEHU AaTOMHU U CbOTBETHO CE
yBEJIN4YaBa HHBEPCHATa HaceJIeHOCT. ExcriepuMeHTanHo ycTaHOBeHU (DaKT, ue U3XOJHUTE
IapaMeTpH Ha HOHEH JIa3ep ¢ MEAHM I1apH Ca Ha TPU NMOPsAIbKA M0 HUCKU OT TE3H 34 Ja3epa ¢ napu



Ha MeJIeH OpOMUJI, KOETO CBHJICTEIICTBA 3a IIPABJIONOI00HOCTTA Ha HallpaBeHATa XHUITOTe3a 32
BiusiHue Ha epekture ot [leHnHTOBa HOHM3AIMS BHPXY JIa3epHATA KHHETHKA.

[ToHexe CKOPOCTHUTE HA TE3W PEAKIINH 3aBUCAT OT TEMIIepaTypara Ha ras3a, € MOJICITHPaHO
MIPOCTPTAHCTBEHOTO pa3mNpeeiieHHe Ha TeMIlepaTypara B aKTHBHATA CpeJia Upe3 aHATUTUIHO
peliaBaHe Ha CTAIIMOHAPHOTO YpaBHEHHE HA TOIUIOMPOBOAHOCTTA. 3a Ta3W Ie] TeMerepaTypHara
3aBHCUMOCT Ha KOS(PHIIMEHTA HA TOIUIOMPOBOIHOCT Ha JIEKUSI HHEPTEH T'a3 U IPYT'H €AHOATOMHH
ra3oBc Ca OIMPCACIICHU KaTo CC (bI/ITI/IpaT ChbIICCTBYBAIIHU CKCIICPUMCHTAJIHU JAaHHU KBbM aHAJIUMTUYCH
MOJIEJI C IBa CBOOOJHH MapameThpa. [loHexke B onpenenieHn cirydau JTUICBAT eKCIICPUMEHTATHA
JaHHHU 3a TOILJIOIIPOBOAHOCTH, CC HaJlara U34YUCIIBAHCTO UM OT MOJCIIN 3a MCKAYATOMHHUTC
Ba3UMOCHCTBUsA (MOIeN HA TBHpAM cepu u Mmozen Ha Jlenapa-/xoync). TormmonpoBogHOCTHTE
Ha 6I/IHapHI/I U I10 CJIOKHHU I'a30BU CMECHU Ca OLICHCHU Ha 6a3aTa Ha CMIIMPpUYHU MCTO/IU.

JloKaTo TOIJIOMPOBOIHOCTTA HA HEOHOB T'a3 3aBUCH ca00 OT MOJIeNa Ha MEeX/TyaTOMHHTE
B3aUMOJICHCTBHS, M € HEUyCTBUTEIHA OT J0OABIHETO Ha OPOMHH aTOMH B Ta30BHUS Pa3psil, TO C
HapacTBaHe Ha Temnepatypara (Hax 1500 rpaxyca no Llensuit) ce HaOnr01aBa OBP30 yBETMUABaHE
Ha TOIUIOIPOBOIHOCTTA OT MPUCHCTBUETO HA MPUMECHU BOAOPOIHH aToMH. Pasrienannre
KJIACUYHH MOJIEJIM Ca HEHA/ICKHHU 33 N3YHCIIIBAaHE Ha TOTUIONPOBOAHOCTTA HA XEIUEB ra3, MOpau
KOETO KaHAWAATHT € MPEAI0KHI MOTU(HKALUs Ha ToTeHInana Ha Jlenapa-J[)xoyHc, Boaema 10
pa3yMHO chIJIacue ¢ ekcriepuMenTa. lIpu cMecBaHe Ha Ta30Be Ha XeNUil ¢ HEOH ca PErHCTpHpaHH
10 CHJIHM TeMIIepaTypHH BapHallH B TOILIONPOBOAHOCTTA, KOUTO OKa3BaT M MO YyCTBUTEIHO
BJIMsIHME Ha paboTHATa TeMIepaTypa Ha akTUBHATa cpelia. YNCIeHNnTe pe3yNTaTh ca U3MOI3BaHt 32
OIpeesIHE Ha PAJANAIIHOTO Pa3NpeelieHNe Ha ra30BaTa TeMenpaTypara 1o npoduia Ha TpbOaTa B
Pa3IUYHM Ta30BU PA3PSIM.

3a KMHETHUKaTa Ha JIa3epHu C Mapu Ha METAJIHH COJIM € BaXKHO U U3MEPBAHETO HA €JIEKTPOHHATA
IUTBTHOCT U TEMIIEpaTypa B Ta30BUs pa3psijl, MOHEXKE Bb30YKAAaHETO U CHEMaHe Ha Bb30yXkK/aHe 3a
HSIKOM JIa3€PHU MPEXO/IU € Ype3 COMBbCHIM Ha CBOOOTHH €JIEKTPOHHU C aTOMU. 3a Ta3u el €
OLIEHCHA CpeHaTa eIeKTpoHHa Temmeparypa (okoso 5000 rpamyca mo Kenasun) upe3 u3mepBaHe Ha
OTHOCHUTCIIHU MHTCH3UBHOCTHU HA ONPCACIICHU CIICKTPAaJIHU JIMHUU B XEJIUA U HEOH B
MOCJIECBETEHETO Ha ra3oBus pa3psia. HampaBenu ca BpeMesaBHceNd U3MEPBaHUS HAa TOKa U
HaIpEKEHUETO B pa3psiia, Ype3 KOUTO ca OLEHEHU U BPEME3aBUCEIIUTE €JIEKTPOHHA TeMIlepaTypa u
ITbTHOCT. ChIIUTE 3aBUCMOCTTH Ca OMPEJEIIEHN U TEOPETUYHO OT pellaBaHe Ha BPEeME3aBUCEIIOTO
ypaBHEHHE Ha TOILJIONPOBOAHOCTTA. TOIIONPOBOIHOCTTA HA CBOOOIHU EIEKTPOHU OIMpEIeTHA Upe3
3akoHa Ha Buneman-®paHIl He ce ChriacyBa ¢ eKCIIEpUMEHTATHUTE NaHHU. [Ipu npeanonoxenue
4e TeMIlepaTypHaTa 3aBUCUMOCT Ha TOILIONMPOBOJHOCTTA € 3HAYUTEITHO M0-c1ada, T.e. mojJaraiku
ke(T)=T? (cbc a< 1) ¥ B 3aBUCMMOCT OT XHMHYHHUS CHCTAB Ha aKTHMBHATA CPEJia Ce TojIydaBa J00po
KOJIMYCCTBCHO CHIJIACUC C CKCIICPUMCHTAJIHUA PC3YJITAT MMOJTYUYCH OT UBMCPBAHCTO HA
BpPEME3aBUCEIINTE XapaKTUPECTUKU Ha ra3oBus pa3psia. [loHexe GpuTupamnys crerneHeH nokasaren
<a> 3aBHUCH OT XUMUYHUS ChCTaB Ha aKTUBHATa CpeJla, HE CTaBa SICHO JaJly MOJydeHaTa OLICHKA 3a
€JIEKTPOHHATA TOILIONPOBOJHOCT MMa a/IeKBaTeH (PU3NUECKH CMUCHI.

PazpabotenuTe na3zepu HAMUPAT PEIHIIA TPAKTPHUUECKHU MPUIIOKEHUS, HAaIIpUMEp 3a U3MEpBaHe Ha
MoKa3aTessl Ha IpevynBaHe U KoeHIMeHTa Ha eKCTUHKIUS Ha KaTHuIeB (IyopHT OOIBYEH C
YIATPaBUIIETOBO U MH(pauepBEHO IbUEHHE. Y CTAaHOBEHA € MTPOMSHA B KaTaTMYHUTE CBOWCTBA HA
MOJTUMEPH (ChC CII0KEH XUMHUYEH ChCTaB) CJIe]] 00IbUBAHE C YATPABHUOJIETOBO Ja3epHO JTbUYCHHE,
T.€. yBeJIM4aBa ce CocOOHOCTTA 32 a0COPOIUS 1 KPUCTATH3AIMS HAa METAJIHU YaCTHIIU BBPXY
ob0npueHaTa MoBbpXHOCT. [Togo6eH edekT e perucTpupan U B pa3TBOp Ha CpeOBPHU HAHOUYACTHUIIH,
KOETO MOXE Jla C€ M3MOJI3Ba 32 U3TPaKAaHEe Ha MOKPUTHS U IOBBPXHOCTHH CIIOEBE C METAITHH
HAHOYACTHIIH.



3aKja4eHue

1) TeopeTnuHO MPEANOTI0KEHUTE OCHOBHU (PM3UYHU MPOLIECH B IIJIa3Marta ca MpasIornog00HU, HO
IIOpa/iv CJIOKHUS XUMHUEH ChCTAaB HA aKTHBHATA CpeJla € TPYAHO J1a ObJaT CHHTE3UPAHU B €MHHA
cXema IpaBella 04eBUIHA BPb3KaTa UM C KHHETUKATA Ha JIa3epUTe C IIapu Ha MEIHU COJIH.

2) MHOXeCTBOTO TaOJIUIM U TPAapUKHU ChAbPIKAIIN KUHETHYHH KOS(UIIMEHTH 32 Pa3JInYHU T'a30BU
CMEcCH, ceYeHHUs 3a OOMEH Ha eneKTpudeH ToBap U [lennHrosa oHu3anus MoraT 1a ObAaT MOJIE3HU
pu pa3paboTKaTa Ha MOIIIHY JIa3ePH HA METAJIHU TIapH U C IPYTU aKTUBHU CPEJIH.

3) Karto chliecTBeH HayueH NPUHOC Ha KaHUIaTa OTOEIsA3BaM PEruCTpUpaHUHS e(heKT Ha BOJOPO.
3a HOHEH Jla3ep ¢ Mapyu Ha MeJieH OpoMHu I, BOJEIL 10 3HAUUTENIHO yBEIMYaBaHe Ha CpeaHaTa
M3X0JIHA MOIIHOCT.

4) Cp3aaieHUTE UMITYJICHU JIa3epH € Tapy Ha METAJIHH COJIM, TeHEPHPAIlX B IbI0OKaTa
YATPaBUIIONETOBA, BUANMA U CPEeIHO-UH(PPaYepBEHHU 00JACTH ca ¢ Hal-BUCOKH U3XOJHU
XapaKTEPUCTUKU OT ChIIECTBYBAILIUTE TAKUBA.

5) BucokaTta cBETUMOCT M HHCKa pa3X0JMMOCT Ha JIa3€pHOTO U3IbUBAHE T IIPaBU NPUIIOKUMHU 32
TEXHOJIOTUYHU ¥ MEJULMHCKU 1IeNH - a0Janus Ha MEKU ThbKaHU U KOCTH, MOIUUKALMS U
HAaHOCTPYKTYpHpaHE Ha OBBPXHOCTH, KaTajalu3 Ha XUMUYHH PEAKLUU U JIp.

B®3 ocHOBa npeicTaBeHUTE B KOHKYpCa MaTepUaId U HAyYHU MMyOJUKAIUH U U30POCHUTE MO-TOpe
Hay4YHU ¥ HAYYHO-TIPUJIOKHU TIPUHOCH, HAMUPAM 32 OCHOBATEIHO Jla J1aM TOJI0KUTEIHA OIICHKA U
mpernopbuaM Ha yBaxxaeMoTo HaydHo sxypu 1o KoOHKypca 3a npodecop 1o nmpodecrnoHaIHOTO
Harnpasienue 4.1 ®usznuecku Hayku (JIazepHa ¢pusuka, pusznka Ha aTOMHUTE, MOJICKYJIUTE U
1azmMaTa u (pu3uKa Ha BHITHOBHUTE MPOLIECH) J1a TIOJKPENAT MPUCHKIAHETO HA aKaJeMUYHATa
JUTB)KHOCT ‘mipodhecop’ Ha goir. 1-p Kpacumup Anrenos Temenkos.

Jara Peniensent:
14.12.2019 1.
bosia [forkoB OOpemkoB
not1. 1-p npu UANUAE-BAH



Review
of the competition for professorship at ISSP-BAS in the field of 4.1 Physical Sciences (Laser
Physics, Physics of Atoms, Molecules and Plasmas and Physics of Wave Processes), announced in
the State Gazette no. 61 of 02.08.2019, p. 124, with the sole candidate Dr. Krassimir Angelov
Temelkov, Assistant Professor at IFTT-BAS.

Biographical data

Mr. Temelkov was born in the city of Pazardzhik, Bulgaria in 1970. In 1995, he graduated with an
excellent degree in higher education in engineering physics with subject Quantum Electronics and
Laser Technology in the Department of Physics at Sofia University “St. St. Kliment Ohridski”. He
also possesses higher educational degree in physics teaching with subject “Pedagogics of Physics
Teaching” from Sofia University. In 2000, Mr. Temelkov defends PhD thesis on ,,Pulsed lasers with
Cu atoms and Sr, Hg, Cd, Zn and Ag ions excited by an electrical scheme with interacting circuits*
at the Institute of Solid State Physics ,,Acad. Georgi Nadjakov*, Bulgarian Academy of Sciences
(ISSP-BAS).

Management and pedagogical activity

Mr. Temelkov has excellent organizational and leadership skills. He was the head of two
successfully defended PhD students (in 2013-2014) at ISSP-BAS in the laboratory of ,,Metal vapor
lasers®. A scientific team lead by Assoc. Prof. K. Temelkov recevied an honorary diploma from
ISSP-BAS for best scientific achievement of the year. The applicant participates in management of
scientific projects at the ISSP-BAS and the National Research Fund. He is the head of of the
Laboratory of ,,Metal Vapor Lasers* at ISSP-BAS. He is the vice-chairman of the general assembly
of the scientists at the ISSP-BAS.

Research activity and investigations

For participation in the competition for professorship at ISSP-BAS, Mr. Temelkov presented 22
scientific publicatiosn in reputable scientific journals with impact factor, one patent for the
invention of an infrared strontium laser tube with strontium halide vapor, as well as one patent
application, that are not used in his habilitation work for an associate professor. These publications
have been cited independently 113 times. In the list of citations, all papers are cited less than 10
times, with the exception of one co-authored paper that has been cited more than 20 times. The
average number of citations per article is 5. The citations are in reputable scientific journals with
high impact factor, it makes a good impression that nearly 30% of the citations are from Bulgarian
scientists working in Bulgaria.

The principal subject of investigations are powerful pulsed metal salt vapor lasers, excited in
nanosecond pulsed gas discharge. In the pulsed metal vapor laser, laser oscillation occurs in
stimulated transition between electronically excited energy levels and lower metastable energy
levels of the metal atom/ion. Laser oscillation continues until equilibration of the populations in the
upper and lower laser levels occurs. The laser requires relatively high working temperature of the
active medium, in order for metal salts to evaporate. The active medium is created in a pulsed gas
discharge in a mixture of metal salts with noble gas atoms (helium and/or neon). The molecules of



the metal salt dissociate in the gas discharge by inelastic collisions with free electrons. The
temperature of the active medium is maintained either by an external heat source or internally from
the power deposited by the excitation current pulses.

More specifically, the candidate has developed and patented pulsed copper and stronium bromide
lasers. He optimizes experimentally the parameters of the gas discahrge — volume of the active
zone, the metal vapor pressure, the noble gas pressure, the parameters of the electrical excitation
scheme, the average input power and repetition frequency of the excitation current pulses. The
average output power of few Watts is the highest reported for the class of metal vapor lasers. The
laser beam is of high quality (with beam divergence of few microradians). The stronium bromide
laser offers important applications in medecine and surgery.For instance the high output power at
6.45 um laser wavelength is considered as a most effective tool for soft tissue ablation and bone
ablation with minimal thermal damages. The lasers have been successfully applied for
technologically relevant problems, including modification of optical, structural and catalytic
properties of materials.

The strontium atom laser oscillates on several different spectral lines in the mid-infrared region,
more than 90% of the optical power is concentrated on the 6.45 um laser wavelength. Laser
operation is also obtained at two Sr* spectral lines in the near infrared region (1.03 and 1.09 pm
laser wavelengths). In the optimal temperature regime of the active medium (T gs > 1000 °C),
average input power 2.2 kW and repetition frequency 19 kHz of the excitation current pulses, a
multiline average output power of 4 W was reported. The single pulse duration is 150 ns and the
energy per pulse is 200 pJ. The spatial profile of the laser intensity distribution is nearly Gaussian,
demonstrating the high beam quality. The pulsed copper bromide laser oscillates in the near infrared
region (in the helium gas discharge) and in the deep ultraviolet region (in the neon gas discharge).
In the later case, an interesting effect of increase of population inversion of Cu” laser levels was
found after small concentration of molecular hydrogen was added in the gas discharge. Depending
on the input power, variations in the partial pressure of hydrogen in the range 0.02-0.04 Torr
resulted in two-to-five times increase in the average output power. The influence of small amounts
of nitrogren, oxygen and carbon di-oxide gases resulted in decrease of the laser output power.
However, admixtures of ethanol vapor (with high content of hydrogen) to the neon buffer gas
resulted in signifficant increase of the output power, regardless on the oxygen and carbon content in
the ethanol molecules.

With the purpose of rationalizing and understanding the kinetics of pulsed metal bromide lasers, the
candidate models theoretically selected physical processes in the gas discharge.

More specifically he investiagted the influence of 1) charge transfer in binary collisions of noble
gas ions with metal atoms at thermal collision energies and 2 ) Penning ionization of metal atoms in
binary collisions with noble gas atoms. At the same time, transport effects in the active medium,
such as mutual diffusion in binary gas mixtures, as well as heat conduction in monoatomic and
more complex gas mixtures were also investigated.

The concentration of many electronically excited states of metal ions in the gas discharge, supposes
that one considers asymmetric charge transfer in binary collisions of metal atoms B with singly
ionized noble gas atoms A™ in their ground state via :

(AN +B-->A+(B") +



reaction. In turn this selectivity of quasi-resonant charge exchange may sensitively affect the
kinetics of the pulsed metal bromide vapor lasers.

The cross-sections and rate constants for asymetric charge exchange at thermal collision energies
are estimated by three different methods: 1) classical trajectories method, 2) semi-classical method
involving Landau-Zener transitions near localized points of avoided crossing of electronic terms of
the molecular ion AB™ and 3) experimental measurement of lifetimes of electronically excited
states of metal ions as a function of the metal vapor pressure. For instance the measured cross-
section for charge transfer in (Ne®)+Cu collision at thermal energies (corresponding to gas
temeprature 2000 K) was found in good qualitative agreement with the theoretical estimates.
However in comparison to the semi-classical method, the method of classical trajectories is in
better quantiative agreement with the experiment. The same assumptions were made for calculation
of cross-sections and rate constants for asymmetric charge transfer in many other gas discharges
and active mediums. Numerical results were presented in tables. The demonstrated good quanitative
agreement with experimental data from lifetime measurements, testifies to the plausibility of the
accepted hypothesis of significant influence of asymmetric charge transfer on the laser kinetics.

Besides charge exchange in binary collisions at thermal energies, the influence of Penning
ionization on laser kinetics was examined. This process is energetically allowed, when the
excitation energy of metastable noble gas atom exceeds the ionization potential of the metal atom.
During the collision between the two atoms, the excitation energy of the noble gas atom is
transferred to an electron from the outer shell of the metal atom, which is subsequently ionized and
emitted as a free electron. The process is modeled as a two-electron process (with direct and
exchange pathways for electron emission). It was assumed that the exchange amplitude dominates
the Penning ionization at thermal collision energies, i.e. an electron is emitted from the noble gas
atom, such that the (quantum-mechanical) interference between the two alternative pathways (direct
and exchange) was neglected. With these assumptions, the cross-section for Penning ionization was
estimated based on known semi-empirical formula. In the case of copper vapor laser in neon gas
discharge, oscillating in the deep ultraviolet region at the 248 nm laser wavelength, the Penning
ionization leads to increase in the population of some metastable levels of Cu™ and suppression of
radiative de-excitation of lower lying laser levels to these metastable levels, which in turn causes
decrease in the population inversion for this specific laser wavelength. The calculated cross-
sections for Penning ionization make evident that addition of bromine atoms to the neon buffer gas,
leads to rapid destruction of the metastable states of neon, thus the Penning ionization of copper
atoms in lower laser levels decreases and consequently the population inversion increases. The
experimental fact, that the output power of the ion metal vapor laser is three orders of magnitude
lower than the output power of copper bromide vapor laser, makes evident the plausibility of the
hypothesis made for the relevance of Penning ionization in the ion laser kinetics.

Since rate constants for charge exchange and Penning ionization are gas-temperature dependent, the
applicant developed a theoretical model for the spatial distribution of gas temperature in the active
medium based on analytic solutions of the stationary heat conductivity equation. For this purpose
the temperature dependence of the thermal conductivity of the light noble gas atoms and other
monoatomic gases were obtained by fitting existing experimental data to analytic model with two
free parameters. Because in certain cases experimental data for thermal conductivies is lacking,
coefficients for heat conduction were calculated based on standard models for interatomic
interactions (repulsive hard sphere model and the Lenard-Jones model). Thermal conductivity of
binary and more complex multi-component gas mixtures were estimated with empirical methods.

While the thermal conductivity of the neon gas is only weakly model dependent and insensitive to
bromine atom additivities, rapid rise of the conductivity is observed at high temepratures (above
1500 °C) in a gas mixture of neon with hydrogen. The proposed standard models for interatomic



interactions fails to describe the thermal conductivity of helium, therefore the applicant proposed a
certain modification of the Lenard-Jones inetratomic interaction energy at short separations between
atoms that gives better agreement with experimental data. More sensitive temeprature variations of
the thermal conductivity were observed in He-Ne noble gas mixtures, which affect more sensitively
the working temeprature of the active medium. The numerical results were used for determination
of the radial gas temeprature distribution over the discharge tube.

Measurements of the electronic temperature and density in the plasma are of fundamental
signifficance for understanding the laser kinetics, primary because excitation and de-excitation of
certain laser tranistions is due to collisions between atoms and free electrons. For this purpose the
average electronic temeprature was estimated (nearly 5000 K) from measurments of the relative
intensity of specific spectral lines in He and Ne in the plasma afterglow. Time-resolved
measurments of the current exictation pulse and the tube voltage were made, through which the
time-dependent electron temperatures and densities were estimated. Simultaneously the electron
temperature and density distributions were obtained by numerically solving the non-stationary heat
conduction equation for electrons. The thermal conductivity of free electrons according to the
Wiedemann-Franz law does not reproduce the experimental data. An assumption was made that the
thermal conductivity of electrons exhibits weaker temperature dependence, i.e. by setting ke(T)=T?
(with a << 1)) good agreement between the theoretical result with experimental data obtained from
measurement of the time-dependent charactersitics of the gas discharge was found. However
because the scaling exponent <a> depends on the chemical compostion of active medium, the
physical meaning of this result remains obscured.

The developed pulsed lasers exhibit a number of practical applications, for instance the refractive
index and extinction coefficient of CaF; irradiated with UV and IR irradiation were measured.
Change in the catalytic activity of certain polymers (with complex chemical compostiton) was
found after the irradiation with UV laser irradiation, i.e. the increased ability for adsorption and
crystalization of metal particles on the irradiated surface of the sample. Similar effect of increase of
catalytic activity is observed in solution with silver nanoparticle, which may be used for coatings
with metal nanoparticles.

Conclusion

1) The theoretically assumed basic physical processes in plasma are plausible, but due to the
complex chemical composition of the active medium, it is difficult to synthesize them into a single
scheme making apparent their relationship with the kinetics of copper-salt vapor lasers.

2) The multiple tables and graphs containing kinetic coefficients for various gas mixtures, cross-
sections for charge transfer and Penning ionization may be useful in the development of high-power
metal vapor lasers in other active media.

3) As a significant scientific contribution of the applicant, | note the observed effect of hydrogen in
copper bromide vapor ion laser, leading to significant increase in the average output power.

4) The pulsed metallic bromide vapor lasers oscillating in the deep ultraviolet, visible, and mid-
infrared ranges have the highest output characteristics among the existing ones.

5) The high brightness and low divergence of the laser beam make these lasers applicable for
technological and medical purposes - soft tissue and bone ablation, surface modification and
nanostructuring, chemical reaction catalysis, etc.



On the basis of the materials and scientific publications presented in this competition, the scientific
and applied contributions listed above, | find it justifiable to give a positive assessment and
recommend to the distinguished Scientific Jury for the professor competition in the professional
field of 4.1 Physical Science (Laser physics, atomic, molecular and plasma physics and physics of
the wave processes) to support the awarding of the academic position of ‘Professor’ to Assoc. Prof.
Krassimir Angelov Temelkov.

Date Referee:
14.12.2019 .
Boyan Donkov Obreshkov
Assoc. Prof. at INRNE-BAS



