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HALIMOHAAEH KOHIPEC
MO ®PU3NYECKN HAYKMA

07-09.10.2024 T.

MHTEPEKCITIOLIEHTHP, CODMNA

MNCHUA:

YETBBPTMAT HALLMOHAAEH KOHIPEC 11O ®M3MYECKIM HAYKM MMA 3A LIEA AA
HAITPABM AKTYAAEH TIIPETAEA HA HAYHYHWMTE M3CAEABAHWMA B OBAACTTA HA
OM3MNYECKMTE HAYKM HA EbATAPCKMTE OM3MLLN, A CbIIO 11 HA MHOBALLMMNTE
B MHAYCTPUATA, TIPOM3TUYHALLM OT HAYYHWMTE PE3YATATI [1O OU3NMKA.
KOHTPECHT TPMBYHA 3A PEUIABAHE HA TIPOBAEMUTE, WM3ACHSIBAHE HA
[TEPCITEKTMBUMTE M 3AAAYMNTE TIPEA OM3MKATA B CETALLIHWMA TTEPMOA OT
PABBUTUETO HA bbBATAPMA. LLE CE OBCBXAAT TIPOBAEMIM, CBBP3AHM C
[MTPMHOCA HA FbATAPCKATA HAYKA B MHOBALIMOHHMA TTPOLIEC M HEMHOTO
[TOTIYASAPM3MPAHE B b'bATAPUA.

OCHOBHATA LIEA HA KOHIPECA E AA HACBHPYM KOHTAKTUTE MEXAY YUYEHMN,
PABOTELLUM B PASAMYHWM OBAACTM HA OM3MKATA, 3A AA PA3STTPOCTPAHABAT
HAM-HOBATA MH®OPMALIMA 3A HATIPEABKA B TEXHUTE CITELIMAAHOCTM, AA
[TOAYHAT BMAMMOCT 3A TEXHWMTE M3CAEABAHIA, AA HAKAPAT MAAAMTE
M3CAEAOBATEAM AA CU B3AMMOAEMCTBAT CbC CBOMTE BPHLCTHMLM M C
YTBBPAEHM YYEHM M AA CE PA3BMBAT TTPODPECMOHAAHO. KOHTIPECDHT LIE
OBEAMHWM YTBBPAEHWM YYEHM N MAAANM M3CAEAOBATEANM, KOWMTO TbHPCAT
Bb3MOXKHOCTU 3A OFMEH HA 3HAHMA M OTIMT, KOUTO TIPECUYA TPAHMIIMTE
HA TPAAMUMOHHWTE OU3MYECKM AMCUUIIAMHWM M MM TTO3BOAABA AA
PA3PEIHABAT MYATMAMCLUUMIIAMHAPHIWM  TIPEAM3BMKATEAHIM  TIPOBAEMI,
KONTO CAMO ®OPYM OT TAKOBA ECTECTBO MOXE AA TIPEAAOXKMN.

BTOPMAT KOHIPEC TTO OUM3MYECKIM HAYKM CE TIPOBEAE TIPE3 2013 T. 1 AAAE
HMPOK TTPETAEA, HA HAYYHWTE M3CAEABAHIMA, OBPASOBAHMETO TTO OM3MKA
M TIPUMAOXKXEHMATA HA OM3MKATA B MKOHOMMKATA 3A EAMH ABABI TTEPMOA
OT 30 TOAMHN.

TPETMAT KOHIPEC CE TIPOBEAE TIPE3 2016 T. CETA HAMEPEHMATA HA
YIPABUTEAHMA CHBET HA CbHHO3A HA OUM3ULIMTE B BbATAPMA (CDB) CA CAEA
8 TOAMHM OTHOBO AA TIIOCTABMM HA OBIIECTBEHOTO BHWMMAHME
[TOCTVCKEHMATA, TIPOBAEMUTE M TTEPCITEKTMBUTE B BBATAPMSA HA HAIIIATA
OCHOBHA TTPMPOAHA HAYKA - OM3MKATA.
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YETBBPTMAT HALLMOHAAEH KOHIPEC T10 OUM3MYECKM HAYKM LIE BbAE
MAIIABEH HAYYEH ®OOPYM 110 OM3MKA. B 12 CEKLMM, TIPEACTABASIBALLLN
OTAEAHN CUMITO3MYMWM, LIE BbAAT AOKAAABAHWM 1 OBOBLILEHWM PE3YATATMTE
OT HAYYHWMWTE WM3CAEABAHMA T10 OM3MKA Y HAC, A CblIO TAKA M
M3CAEABAHMA C YHYACTME HA BBATAPCKM YYHYEHWM, PABOTELIM B YY>KEMHA
NM/MAM B CBbTPYAHMYECTBO C YY>KAECTPAHHM YYEHMN.

KOHTPECHT 1IE OTKPOM  HAM-BAKHMUTE HACOKM HA  FbAELIMTE
M3CAEABAHWMA Y HAC, B MEKAYHAPOAHMTE HAYYHWM OPTAHM3ALMKN 1 T10
MEXAYHAPOAHM TIPOEKTWM. BbB BPB3KA C TOBA YC HA CODb B3E PEIUEHME AA
PASLIMPUM TPAAMLIMOHHMA OBXBAT HA KOHIPECA, KATO BKAIKOYM B
[TPOTPAMATA MY M AEKLMWM OT CBETOBHOWM3BECTHW BbbBATAPCKIM YYEHMN,
PABOTELINM TTO CBETA, ITO AKTYAAHWMTE BBITPOCM HA CbBPEMEHHATA HAYKA.
KOHTPECHT LIE E HAM-TOAAMOTO CbBMTME TIPE3 2024 T., OPTAHM3MPAHO OT
CbIO3A HA OUM3MLIMTE B DbBATAPMA. TO HIE BbAE TIOCBETEHO HA
[TPOBB3TAACEHOTO OT OBIIOTO CBEPAHME HA OOH C PE3OAIOLIMA
A/77/L100 MEXAYHAPOAHO AECETMAETME HA HAYKUTE 3A YCTOMYMBO
PABBUTUE (2024T. - 2033 T.). OBABABAHETO HA TOBA AECETMAETUME TTOCAEABA
[TPOBEAEHATA T1O TTPEAAOXEHME HA MEXAYHAPOAHMSA CbHIO3 T1O YMCTA M
T[TPUAOXHA OM3MKA (INTERNATIONAL UNION OF PURE AND APPLIED PHYSICS
- I[UPAP) M OBABEHA HA TIAEHAPHA CECMSA HA OBLIOTO CbBPAHME HA OOH,
2022 T. 3A MEXAYHAPOAHA TOAMHA HA OYHAAMEHTAAHMTE HAYKM 3A
YCTOMYMBO PA3BUTME (THE INTERNATIONAL YEAR OF BASIC SCIENCES FOR
SUSTAINABLE DEVELOPMENT - [YBSSD2022). CbrO3bT HA OUM3MLUMTE B
BbATAPUA (CDOB) B KAYECTBOTO CWM HA TIPEACTABMTEA HA PEMNYBAMKA
BbATAPUA B ITUPAP, TIPEACTABEH OT YTIPABUTEAHWSA CBBET HA CODL, CUYMUTA, YE
KATO OBEAMHABALLL CITELIMAAMCTWM B EAHA OT OYHAAMEHTAAHWMTE HAYKWM,
TPABEBA AA TIOEME AHTAKMMEHTA AA TIPOBEAE TIOPEAMIIA OT CbBEMTWA,
[MTOCBETEHM HA AECETMAETMETO HA HAYKMUTE (2024T. - 2033 T.). ECTECTBEHO,
TE TPABBA AA CA CBbBP3AHM C IMOBMIHABAHE HA HWMBOTO HA HAYYHWMTE
M3CAEABAHIMA B OBAACTTA HA ®M3MKATA M ACHO AA OYEPTABAT BAXKHOCTTA
HA ©OM3MKATA 3A PASBUTMETO HA OBLLECTBOTO.
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OPTAHM3ALUMOHEH KOMMTET:

[TOYETEH
[TPEACEAATEA:

[TPEACEAATEA:
3AM.-TIPEACEAATEAN:

[AABEH
KOOPAMHATOP:

KOOPAMHATOPWU:

OPTAHM3ALUMOHEH
CEKPETAP:

YAEHOBE:

BPB3KIM C
OBLILECTBEHOCTTA:

%KAA. AAEKCAHADBP [TETPOB| - [TOYETEH TTPEACEAATEA HA
COb

AKAA. ANEKCAHADBP APAMILY - TIPEACEAATEA HA CDb

AKAA. AHTEA TTOTTOB - 3AM.-TTPEACEAATEA HA CDb

MPOd®. AOH EBTEHMSA BbAYEBA - 3AM.-[TPEACEAATEA HA CDb
MPO®. A-P 2KEAA3KA PAMKOBA - 3AM.-TTPEACEAATEA HA CDb
[MPO®. AGH VMIBAH AAAOB

[MPO®. A-P MMUTKO TAMAAPOB

[TPO®. A-P LIBETAHKA BABEBA, ITPO®. AOH XACCAH LLIAMATIA
[MPOO.AOH AHA TEOPTMEBA, UPB@PHYS.UNI-SOFIA.BG

A-P MMAEHA AAMSIHOBA - TTIPEACTABMTEA HA MOH,
AMNPEKTOP HA AMPEKLIMA ,HAYKA"

KA CMABMSA CTOMYEBA - TAABEH EKCITEPT B OTAEA
,METOAMYECKA TTOAKPEITA; AMPEKLIMA ,CbABPKAHUME HA
[MPEAYYMANILLHOTO U YYUANILHOTO OBPA3OBAHUE, MOH
AOLL A-P MAPMST KOAAPOBA (HIMMX)

AOLL A-P BACUAKA TTEHYEBA (ME-BAH)

[A. AC. A-P AMIAMST ATAHACOBA (MY-CO®MA)

TA. AC. A-P MAS 2KEKOBA (P3D-CY)

KA TTEHKA AA3APOBA (COb)
AOLL A-P BAAAMMUMP BOXMAOB (P3D-CY)
AOLL A-P PAAOCTUHA KAMBYPOBA (MOTT-BAH)
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CEKLINMA:

1. ATOMHA OM3MKA, AAPEHA
ON3NMKA N1 ®DH3NMKA HA
EAEMEHTAPHUMTE YACTM LM

2. ODU3MKA HA
KOHAEH3MPAHOTO
CbCTOAHWME, HOBI
MATEPMAAN, KPMOTEHHA
ON3NMKA

3. PAAVMIO®M3VIKA,
EAEKTPOHMKA N OMN3NKA
HA TTAA3MATA

4. ®OTOHMKA

5. OUM3MKA HA 3EMSATA,
ATMOCOEPATA M1 OKEAHWTE

6. ACTPOHOMMA U
ACTPOOM3MKA

7. MEAMLIMHCKA OM3MKA N
BMOOM3NKA

[TPEACEAATEA: MTPO®. AOH HMKOAAM MMHKOB
(MAWAE-BAH)

KOOPAMHATOP: AOLL. A-P BEHEAMH KOXYXAPOB,
(D3D-CY)

[TPEACEAATEA: TTPO®. AOH EBTEHWMS BBbAYEBA
(DP3D-CY)

KOOPAMHATOP: TIPO®. AOH MOPAAH MAPMHOB
(MOTT-BAH)

[TPEACEAATEA: AOLL A-P LIBETEAMHA TTAYHCKA,
(D3D-CY)

KOOPAMHATOP: AOLL. A-P TATAIHA KYLIAPOBA,
(ME-BAH)

[MTPEACEAATEA: YA.-KOP. HMKOAAM HEASAKOB
(ME-BAH)

KOOPAMHATOP: TTPO®. AdH ACEH TTALLOB
(D3D-CY)

[TPEACEAATEA: YA.-KOP. EKATEPUHA BBUBAPOBA
(bAH)

KOOPAMHATOPU: AOLL. A-P EAMCABETA TTEHEBA,
(D3D-CY)

AOLL. A-P MAPUSA KOAAPOBA (HMMX)

[TPEACEAATEA: TIPO®. EBTEH CEMKOB (MA-BAH)

KOOPAMHATOPU: T-KA CBEXKMHA AMUMUTPOBA
(OBCEPBATOPMS BAPHA)

AOLL A-P TOAOP BEAYEB (P3D-CY)

[TPEACEAATEA: AOLL A-P AKOBOMMP TPAMKOB (MY-
Coouns)

KOOPAMHATOP: TTPO®. Ab MMPOCAAB KAPABAAMEB
(TPAKMMCKIN YHUBEPCUTET, CTAPA 3ATOPA)
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OUBNKOXMMUNA 1N dUMBUNKA
HA >KMBATA MATEPMA

TEOPETMYHA 1
MATEMATMYHA ON3MKA

MCTOPMS HA OUM3MKATA

OUMBMYECKMTE HAYKU,
MHOBALMMNTE N
MHAYCTPUATA B bbATAPMSA

OBPA3OBAHMETO T10O
ON3NMKA

[TPEACEAATEA: TIPO®. A-P TAASL CTAHEBA
(MBbbIM-BAH)

KOOPAMHATOP: TTPO®. A-P BUKTOPMSA BMTKOBA
(MOTT-BAH)

[TPEACEAATEA: AKAA. HMKOAAM BUTAHOB
(DP3D-CY)

KOOPAMHATOP: TTPO®. AOH HEASIAKA CTOMAOBA
(MAWAE-BAH)

[TPEACEAATEA: TTPO®. AOH VIBAH AAAOB
(D3D- CY, COb)

KOOPAMHATOP: T-KA [TEHKA AA3APOBA (CDb)
[TPEACEAATEA: TIPO®. A-P [1. BUTAHOB (CDb)

KOOPAMHATOP: AOLL. A-P CTEDAH BBAKOB
(ME-BAH)

[TPEACEAATEA: AOLL. A-P MAS TAMAAPOBA
(D3D-CY)

KOOPAMHATOP: AOLL. A-P MIBAH BOAYPOB (ITY)



[V-TM1 HALLMOHAAEH KOHTIPEC IO ®UN3MYECKIM HAYKIN
7 OKTOMBPM 2024 I. (MIOHEAEAHUK)

830-9.30 | PETMCTPALMA
3AAA ,MYCAAA“ - ETAXK 11

9.30-10.00 | OrKPHBAHE - A. APAMINIY (ITPEACEAATEA HA C®B)

10.00 - 10.30 TIETPOB|: ,[TOCTVMKEHMS HA BBATAPCKATA ®M3MKA CAEA TPETUA
KOHTPEC 1O ®U3MYECKM HAYKIN®

10.30 - 11.00 KA®E I[TAY3A

11.00 -11.30 | H. CbBBOTMHOB: ,50 TOAMHM OT Cb3AABAHETO HA AA3EPA CUBR"

11.30-12.00 | U. IIETPOB: “KOHTPOA HA CbCTABA, MMKPOCTPYKTYPATA N
CBOWMCTBATA HA AMUBOPMAM HA TTPEXOAHMTE METAAM, HAHECEHW C
PA3ITPALLIBAHE"

12.00 - 13.00 | OBEAHA MOYUBKA

13.00 - 13.30 | K. KO3APEB: , MOAEPHM3ALLMSTA HA TEAECKOTIA LOFAR 1
CTAHLIMSATA LOFAR-BG: TEKYLLO CbCTOSIHME M BbAELLLO PA3BMTUE"

13.30 -14.00 | E. TATAPOBA: ,VERSATILE PLASMA-BASED MACHINE FOR A SYNTHESIS-BY-
DESIGN OF GRAPHENE AND DERIVATIVES AT A GRAM-SCALE"

14.00 - 14.30 | P. AMMOBA: ,MEMBRANE REMODELING IN ARTIFICIAL CELLS: WHEN A
MEMBRANE MEETS A DROP"

14.30 - 15.00 | I1. BAAXOBCKA: ,AKTMBHW CYCITEH3MM OT MOABMKHM KOAOMAM®

15.00 - 15.30 KA®E INAY3A

CEKIIMA 3
PAAMO®U3MKA, EAEKTPOHMKA M ®U3MKA HA TTAASMATA

15.30-15.50 | E. BAAAKOB: ,6G-TIPEAM3BMKATEACTBATA HA TEXHOAOTMSTA"

1550 -16.10 | LI. TTAYHCKA: ,PA3PSIAV C TTAB3TALLLA CE ABTA TTPU ATMOC®HEPHO
HAASITAHE 3A TTPEOBPA3YBAHE HA BbIAEPOAEH AMOKCUA®

16.10-16.30 | K. KPEXKOB: ,bA3MPAHM HA OKCMAHM KATAAMBATOPM BE3BBIAEPOAHM
MOHOAUTHW BUOYHKLIMOHAAHM TA30BU AMDOY3IMOHHW EAEKTPOAM
3A LMHKOBO-BBb3AYLLIHM AKYMYAATOPHM BATEPUIN®

16.30-16.50 | T. KYLAPOBA: , XEKCAD®EPUTU-MOHODAZHN MATHUTOEAEKTPULLA®

CEKLIMA 10
MCTOPMS HA DM3MKATA

17.00 - 17.20 | C. AAEKCAHAPOBA: ,CTTMCAHUME ,CBETHT HA ®U3MKATA" - MUCTOPUS,
ABTOPU, AYAUTOPUS"

1720 -17.40 | I1. AABAPOBA: ,[1PO®. [TETHP [TEHYEB - [TMOHEP B M3CAEABAHMSITA HA
PAAMOAKTMBHOCTTA Y HAC”

17.40 - 18.00 | M. TIETPOB: ,BOXECTBEHATA EMMAM - KEHA, OTAAAEHA HA HAYKATA U1

OUAOCODUATA"
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3AAA ,PYEH“ - ETAX 11

CEKLIMA 2
OM3MKA HA KOHAEH3MPAHOTO CbCTOSSHME, HOBM MATEPMAAM,
KPMOTEHHA ®U3MNKA

12.00 - 13.00 | OBEAHA ITOYUBKA

13.00 - 13.20 | 1. AAAOB: ,OPEHKEAOBM EKCMTOHM B CITMPAAHW ABYBEPVDKHI
PETYASIPHUM CTPYKTYPU (ITO MOAEA HA AHK)“

13.20-13.40 | 1. ABPAMOBA: , I3CAEABAHE HA MEXAHM3MA 3A CbXPAHEHME HA
3APSIAA HA CYTTEPKOHAEH3ATOPU: IN SITU/OPERANDO XPS TTOAXOA

1340 - 14.00 | T. MMAEHOB: ,HKOW HOBW PE3YATATU, [TOAYYEHM B PAMKUTE HA
[MPOEKT KIT-06-KOCT/10-07.08.2023¢

14.00 - 1420 B. TOHYEB: ,KAKBO E OBLLIOTO MEXAY TPYTIMPAHETO HA CTBITAAA
BBHPXY BULLMHAAHWM KPUCTAAHUM TTOBBPXHOCTM M TYPBYAEHTHOCTTA?

14.20 - 14.40 | E. AHTEAOBA: ,CITEKTbP HA EAEMEHTAPHM BB3EY>KAAHS B
MATHUTHWM MATEPMAAM

14.40 - 15.00 | B. AOHYEB: , | 13CAEABAHE HA MMKPO-OCTPOBYETA OT GASB,
OTAOXEHWM BBPXY SI [TOAAOKKM®

15.00-15.30 | KA®E ITAY3A

15.30-15.50 | b. HAMOAEOHOB: ,ETTMTAKCMAAEH PACTEX HA 2D MOS2 3A
OTTOEAEKTPOHHM TTPUAOXEHMS: METOAM M XAPAKTEPUCTMKM"

15.50 - 16.10 | A. AMMMTPOB: ,[1EPCITEKTMBI HA ABYM3MEPHUTE MATEPMAAM 3A
CMOS MPHMAOXEHMA"

16.10 - 16.30 | P. XAPM3AHOBA: ,[TOAYYABAHE 1 XAPAKTEPM3MPAHE HA HOBM
CTbKAOKEPAMMYHI OKCMAHWM MATEPMAAM C KOHTPOAMPYEMIN
AMEAEKTPMYHWM M1 MATHUTHWM CBOMCTBA"

16.30-16.50 | K. BYYKOB: ,AC MATHMTHA Bb3TTPMEMYMBOCT: YHMBEPCAAEH METOA.
3A M3CAEABAHE HA BMXPOBATA AMHAMMKA HA CBPBXITTPOBOAHMLIM®

16.50 -17.10 | T. BAAXOB: ,[ bBBKABM ®MAMM OT HAHOKOMITO3MTHM EAEKTPOAUTU

PEO-5CB-NAIO4+SWCNTS: CTPYKTYPHM M EAEKTPMYECKM
M3CAEABAHMA HA MOHHATA TTPOBOAMMOCT"

10
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3AAA ,BUXPEH - ETAXK 11

17.00 - 18.30 [IOCTEPHA CECHUA N¢e1

CEKLIMA 2
OUM3MKA HA KOHAEH3MPAHOTO CbCTOSSHME, HOBM MATEPMAAM,
KPMOTEHHA ®M311MKA

I. XAAJKMXPUCTOB: ,HAHOKOMITO3MTHA KEPAMMKA ZNTIO3/RGO: EQEKTHT OT
PEAYLIMPAHWMS TPAOEHOB OKCMA (RGO)“

Y. MAPMHOB: ,JM3CAEABAHE HA TbHKM TTAAHAPHN ®MAMM OT HEMATHMYEH TEYEH
KPMCTAA 5SCB, AETMPAHI CbC 3AATHIM HAHOC®EPK TTOCPEACTBOM GAEKCO-
AMEAEKTPMYHA CITEKTPOCKOTINA®

U. MAPMHOB: ,LANGMUIR-BLODGETT FILMS OF METAL-ORGANIC FRAMEWORK (MOF)
MIL-101(CR) FOR SENSING VOLATILE ORGANIC COMPOUNDS (VOCS) BY ELECTRICAL
IMPEDANCE SPECTROSCOPY*

A. CTOAHOBA-UBAHOBA: ,ELECTROCHEMICAL BEHAVIOR OF B(PB)SCCO 2212
DOPPED ZN ELECTRODE"

X. [TOMOBA: ,OOPMMPAHE M XAPAKTEPM3MPAHE HA MEAHAPVIPAHE HA CTBITAAA
BbHPXY BMUMHAAHWM ITOBbPXHOCTWM: M3CAEABAHE HA MOAEA HA KAETBYEH
ABTOMAT"

B. TEOPTMEBA: ,I3CAEABAHE HA YACTMYHOTO 3AMECTBAHE HA AL* BbPXY
CBOMCTBATA HA Y-TUIT BAo.sSR.sMGNIFEj2ALQO2 XEKCADEPUTIN®

E. BAATAPEBA: , |'13CAEABAHE HA MOPOOAOTMATA M CbCTABA HA TBBPAO
MMOKPUTUE TI/TIN/ALTICRN, HAHECEHO YPE3 PASBAAAHCVMPAHO MATHETPOHHO
PA3TPALLIBAHE B 3ATBOPEHO MATHMUTHO TTOAE®

K. KMPHUAOB: ,MEXAHM3bM HA EAEKTPMYECKM TPAHCITOPT B TPAGEHOBI
KOMITAKTMU"

B.TEOPTMEBA: ,TEM M3CAEABAHE HA OBPA3YBAHETO HA SIC BBbPXY SI TTOAAOXKKA
M BAMSIHMETO HA HATMBHMSA S1O,”

10

C. BOTOEBA: ,®YHKLMOHAAM3MPAHE HA HAHOCAOEBE OT ZNO AETMPAH C AL
YPE3 TTOBBPXHOCTHA MOAMDUMKALINA®

11

. AMOHUCHEB: ,[ [IPOMSAHA HA AATEPAAHUAT PABMEP HA 2D CAOEBE OT WSE;
CAEA MEXAMIHHO TPETMPAHE HA TAC CMHTE3A"

12

K. BMKOB: ,PEHTTEHOBA ABCOPELIMOHHA CITEKTPOCKOITMA HA MEAHW LIEHTPOBE
B 3EOAMTHM CTPYKTYPU U TAXHOTO B3AMMOAENCTBME C ABOTEH OKCMA'

13

T. KAPAAMMOB: ,MATHUTHW CBOMCTBA HA HECTEXMOMETPUYHMN,
HAHOKPUCTAAHWM MAHTAHOBW GEPUTA"

14

A. KAAMEBCKM: ,[1PEABAPUTEAHI PESYATAT OT M3CAEABAHE HA PAMAHOBMS
CITEKTbHP HA TPMCAOEH TPADEH"

15

I. KOTAAPCKM: , DOPMMPAHE HA 3ABAPBYHM LLUEBOBE 1O BPEME HA TTPOLLECA HA
ABTOBO AAUTUBHO M3TPAKAAHE HA AETAMAM OT AAYMMHMIM BbPXY MEAHA
OCHOBA"

11
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CEKLIMA 3
PAAMODON3NKA, EAEKTPOHMKA 1 ON3MKA HA TTAABMATA

16 | C. MAPMHOB: ,MOAEAMPAHE HA M3TOYHMK HA MUMKPOBBAHOB IMTAASMEH GAKEA"

17 | K. PAMKOB: ,PA3PAFOTKA HA TA3OPA3PSIAHA TPBEA C ITOCTOSIHHOTOKOB PA3PSA B
MATHMTHO TTOAE"

18 | A. TOCKOBA: ,BAUSSHME HA TTOTEHLIMAAA HA TIAASMEHWS EAEKTPOA. BbPXY
ACUMETPUSATA HA PA3PSIAA B OBAACTTA HA M3BAMYAHE HA ABYKAMEPEH BY
M3TOYHMK HA OTPMLIATEAHM BOAOPOAHM MOHM"

19 | U. UBAHOB: ,MI3CAEABAHE HA CBOMCTBATA HA KEPAMMYHWM MATEPMAAM C
[PAQEH"

20 | T. MAAAKOBA: ,ANOPAKLIMOHHWM M3CAEABAHMS HA TA3OAMDY3MOHHM
EAEKTPOAM 3A LMHKOBO-Bb3AYLLIHWM BATEPUIN®

CEKLIMA 4
OOTOHMKA

21 | A. AMKOBCKA: ,[TMKOCEKYHAHO AA3EPHO OTAATAHE HA TbHKM CAOEBE N1
HAHOYACTMLM OT NITI*

22 | C. IMIIKOB: ,OTTPEAEASIHE HA CITEKTPMTE HA CEYEHMSATA HA YB-AETMPAHM
HETMOAPEAEHW KPMCTAAM 3A MOAEAMPAHE HA CBPBXEbP3M PETEHATMBHM
YCUABATEAN®

23 | M. JKEKOBA: [1PEHACTPOMBAHE HA ®EMTOCEKYHAEH AA3EPEH OCLIMAATOP YPE3
[TPOMSHA HA TTAPAMETPUTE HA BbTPELLIHOPE3OHATOPEH TTPM3MEH KOMITPECOP

24 | H. TOPYHCKM: EXPERIMENTAL VERIFICATION OF THE GOUY PHASE FOR HIGHER-
ORDER HERMITE-GAUSSIAN BEAMS

25 | T1. KOAEB: CITEKTPAAHO MOAYAMPAHA TTOASIPUMETPMS 3A M3MEPBAHE HA
MATHUTHOTO TTOAE

CEKLIMA 8
OUMBMKOXMMIMSA 1 ®UM3MKA HA XKMBATA MATEPIS

26 | B. BUTKOBA: ,HOBIM AHAAO3 HA TEMITOPMH: B3AMMOAEMCTBUME C
BMOMUMETUYHIN AMTTMAHWM MEMBPAHU"

27 | O. IIETKOB: ,AMTTMAHWM MEMBPAHW B [TPMCBHCTBME HA HMCKOMOAEKYAHM
3AXAPU

28 | B.MBAHOBA: ,OLIEHKA HA CBOEOAHATA EHEPTIMS HA CBBbP3BAHE HA TTE[NTMAHU
KOMITAEKCH YPE3 MALLUMHHO OBYYEHME®

CEKLIMA 11
OUINMYECKMTE HAYKM, MHOBALIMMTE M MHAYCTPUMSTA B BBATAPUS

29 | M. TOPAHOBA: ,M13CAEABAHE HA MICAAHACKM LUTIAT OT BbATAPMS 3A
[TPUAOKEHUME 3A OTTTUYHM EAEMEHTM

30 | C. BBAKOB: ,[TOBbPXHMHHA MOAMOUKALIMA HA BUCOKO-AEMITOEPMPALLLM
CITAABM YPE3 CKAHMPALL EAEKTPOHEH CHOIT"

CEKLIMA 12
OBPA3OBAHMETO 10O ®U3MKATA

31 | P. APATAHOBA-XPUCTOBA: ,Bb3AMOXXHOCTM HA OBPA3OBATEAHMS AM3AMH 3A
[TPOEKTMPAHE HA STEAM BA3MPAHO OBYYEHME 1O ®U3MKA 11 ACTPOHOMMS VII
KAAC"

32 | E. TIMCAHOBA: ,AM3AMH HA KOHLIE[TTYAAHA KAPTA 3A MAEHTUOULIMPAHE U

KOPHUTMPAHE HA MMCKOHLLETTLIMM HA YHALLM OTHOCHO KOPITYCKYASIPHO-
BbAHOBMSA AYAAM3BM HA CBETAMHATA"
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IV-TU HALLMOHAAEH KOHTPEC 1O ®UN3MYECKM HAYKM
8 OKTOMBPM 2024 I. (BTOPHMK)

3AAA ,MYCAAA“ - ETAX I1

CEKLIMA 6
ACTPOHOMMSA M ACTPODM3MKA

9.30 - 9.50 P. MUTEBA: ,MATHMTHATA CTPYKTYPA HA CAbHYEBM AKTMBHM
OBAACTU M1 HEMHOTO BAMSHME BbPXY KOCMMYECKOTO BPEME®

9.50-10.10 B.TEOPTMEB: ,OBICHEHME HA ®EHOMEHWMTE, TbBMHATA EHEPIMS U
TbMHATA MATEPMS, C TTIOMOLLTA HA TEOPUSTA 3A MHBAPMAHTEH
BAKYYM"

10.10 -10.30 | A. EHM®AHOB: ,OTPEAEASIHE HA TTOTTYAALLMSITA HA CBPBXTEPMAAHM
MOHM 3A MOAEAMPAHETO HA TAOBAAHMS TPAHCITOPT HA
BMCOKOEHEPTUTMYHM YACTULIM C [TOMOLLITA HA M3MEPBAHIMS HA
PARKER SOLAR PROBE"

10.30 - 11.00 | _KA®E IIAY3A

11.00 - 11.20 | O. CTEDAHIOK: ,CETMEHTMPAHE M [TPOCAEASIBAHE HA EPYTITUBHU
CABHYEBM ABAEHMA C KOHBOAKOLUIMOHHWM HEBPOHHM MPEXI®

11.20 - 11.40 | LI. LBETKOB: , TAMHMTE HA 3ATbMHEHOTO CABHLLE"

11.40 - 12.00 | A. MAMEB: , KAACMYECKATA BE-3BE3AA [TAEMOHA B HEMHATA
[TOBTAPSLLIA CE AKTMBHA ®GA3A"

12.00 - 13.00 | OBEAHA NOYUBKA

13.00 - 13.20 | C. AOHKOB: ,AOKAAEH M TAOBAAEH CKAAMPALLL 3AKOH 3A MACOBATA
[MABTHOCT B MOAEKYASIPHI OBAALLM®

13.20 - 13.40 | P.KEAEBA: ,CEHKIM HA BbPTSLL CE [TPOCTPAHCTBEHO-BPEMEBM TYHEA
C TOTTOAOTMYEH 3APSA"

1340 - 14.00 | B. MMXOB: ,DOTOMETPMYEH AHAAM3 HA CUINOBPTOBUTE TAAAKTMKM
IRAS F17141+3115 1 IRAS F17389+0350“

14.00 - 14.20 | A. CAABYEBA-MMUXOBA: ,AKTMBHM TAAAKTUYHI SAPA B POAUTEACKM
TAAAKTUKI OT PAHEH TUIT

1420 - 1440 | A. KUPMAOBA: ,KOCMOAOTUYHM OTPAHMYEHMS BbPXY HEYTPMHHATA
®UM3MKA OTBBA CTAHAAPTHMS MOAEA®

14.40 -15.00 | M. MAHYIIIEBA: ,KOCMOAOTMYHM OTPAHMYEHMS BBPXY
HEYTPMHHUTE OCLUMAALLMIN®

15.00-15.30 | KA®E IIAY3A

15.30-15.50 | E. YMKOB: , KOCMOAOTMYHWM OTPAHMYEHMS BbPXY KMPAAHM
TEH30OPHM YACTMLIN®

15.50-16.10 | H. TAKYYEB: ,[AOBAAHOTO 3ATOIASIHE-ACTPOHOMMYECKM GEHOMEH

BE3 BPB3KA C MAPHMKOBMTE TA3OBE B 3EMHATA ATMOC®OEPA?"

13




IV-T1 HALMOHAAEH KOHIPEC [TO OMN3NHYECKIN HAYKMN

CEKIIMA 11
OU3MYECKUTE HAYKM, MHOBALIMMTE M1 MHAYCTPUATA B BbATAPUA

16.30 - 16.50

. BBYBAPOB: ,[IPEOAOASIBAHE HA TEXHOAOTMYHWMTE BAPUEPM B YB-
AABEPHW YCMABATEAM HA CBPBX KbCHM MMITYACKM 3A HAYYHWM N
TEXHOAOTUYHW TTPUAOXEHMA*

16.50 - 17.10

M. TAHYEB: ,AM3AMH M MHXEHEPMHT HA TTEPOBCKMTHM
GOTOEAEMEHTM

17.10 - 17.30

H. BECEAMHOB: ,MI3KYCTBEH CITbTHMK HA 3EMSTA - KOCMMYECKMN
XABUTAT®

17.30 - 17.50

C. CITACOBA: ,OTAATAHE M M3CAEABAHE HA ThHKOCAOMHM
HEOPTAHMYHWM MATEPMAAM OT BUAA HA MEAHMTE XAAOTEHMAM-
BEPOMMA, MOAMA. (CUBR, CUI) 3A TIPMAOKEHME B IMTEPOBCKMTHM
OOTOBOATAMYHM TMPEOBPA3YBATEAIN®

17.50 - 18.10

B. CTABPOB: ,HOBA TEXHOAOTWS 3A YCKOPEHO TTPOM3BOACTBO HA
[MPOTOTUITMN HA MME3OPE3MICTUBHM MMKPOCEH3OPIN*

14




IV-T1 HALMOHAAEH KOHIPEC [TO OMN3NHYECKIN HAYKMN

3AAA ,PYEH“ - ETAX 11

CEKIIMA 1
ATOMHA ®U3NKA, SAPEHA ®UM3MKA U
OUM3NMKA HA EAEMEHTAPHUTE YACTM LM

9.00-9.10 OTKPMBAHE -H. MMHKOB, B. KOXXYXAPOB

9.10 - 9.30 B.TEOPITMEB: ,BIG-BANG NUCLEOSYNTHESIS WITHIN THE SCALE
INVARIANT VACUUM PARADIGM®

9.30 - 9.50 M. KALIAPOB: ,HOB [TOAXOA 3A M3CAEABAHE HA M3OCKAAAPHMS
TMTAHTCKM MOHOTIOAEH PE3OHAHC"

9.50-10.10 K. APYMEB: ,OTTMCAHME HA HNCKOAEXALLIA KOAEKTMBHA CTPYKTYPA
B YETHO-YETHM SIAPA B PAMKMTE HA OBOBLLEH AATEEPMYEH
MUKPOCKOTITMYEH MMOAXOA B CAOECTMSA MOAEA"

10.10 - 10.30 | A. MMXAMAOB: ,M3YYABAHE HA ®EMTOCKOTIMS M KOAAECLLEHLIMS C
ALICE @ LHC"

10.30 - 11.00 KA®E TAY3A

11.00 - 11.20 | P. XAAJKMMCKA: ,MIOOHHA CMCTEMA HA EKCITEPUMEHTA CMS-PABOTA
MPE3 TEKYLLUMS HABOP HA AAHHWM RUN 3 1 MOAEPHM3ALLMA HA
CUCTEMATA 3A TTPEACTOSLLIATA ®A3A HA BUCOKA CBETUMOCT HL-LHC*

11.20 - 11.40 | P. CUMEOHOB: ,THE NEW FORWARD CALORIMETER OF THE ALICE
EXPERIMENT"

11.40 - 12.00 | 1. PYCHMHOB: ,[IPOTPAMMPYEM MOAYA 3A M3IMMTBAHE HA
XAPAKTEPUCTUMKMTE HA AMITAUMTYAHUTE AHAAM3ATOPUM HA MMITYACU®

12.00 - 13.00 | OBEAHA ITO9YMBKA

13.00 - 13.20 | T. UBAHOB: ,M13CAEABAHE HA XAPAKTEPMCTMKMTE HA PA3ITAAA BY =
MM

13.20-13.40 | A. TIETPOB: ,RPC MMOACMCTEMATA HA EKCITEPUMEHTA CMS*

13.40 - 14.00 | M. ITEXAMBAHOBA: ,ABTOMATM3MPAHE HA ITPOLLECA HA OTTPEAEASIHE
HA PABOTHOTO HATTPEXEHME HA KAMEPUTE CbC CbITPOTUBMTEAHA
[MAOCKOCT HAEKCITEPMMEHTA CMS"®

14.00 - 14.20 | K. AMUMMTPOBA: ,PEKOHCTPYKLIMSA HA CUTHAAM B
EAEKTPOMATHUTHWMS KAAOPMMETBP HA EKCITEPMUMEHTA PADME YPE3
MALLMHHO OBYYEHME"

14.20 - 1440 | C. UBAHOB: ,SEARCHING FOR X17 WITH PADME"

15.00-15.30 | _KA®E IIAY3A

CEKUIMA 7
MEAMUMHCKA ®M3MKA M BUODPUIMKA

15.30 - 15.50 | M. KAPABAAMEB: ,EAEKTPOXMMMYHO M3CAEABAHE HA CTABMAHOCTTA
HA [TOANOOCDOOXOAMH-KOHOTPAHM AMTTIO30MM"

15.50-16.10 | T. IOMOB: ,CTPYKTYPA M EAEKTPUYHWM CBOMCTBA HA 3AELLIKM U
YOBELLIKM ACE2“

16.10 -16.30 | A. TPAMKOB: ,BMOMEXAHMYEH OTTOBOP HA EHAOTEAHMTE KAETKM
[P METACTABMAHWM MMKPODPAYMAHM KPBBHWM MMOTOLIM B IN VIVO U
IN VITRO YCAOBMSA®

16.30-16.50 | B. ITBPBAHOBA: ,CI[TEKTPO®OTOMETPMYHMAT METOA ,REAL-TIME

HEMOLYSIS ASSAY“ M1 HETOBM Bb3MOXKHM TTPUAOXKEHMNA®
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IV-T1 HALMOHAAEH KOHIPEC [TO OMN3NHYECKIN HAYKMN

3AAA , ITAHOPAMA“ - ETAXK VII

CEKLIMA 8
OUBMKOXMMUA M DN3MKA HA KMBATA MATEPUA

9.30 - 9.50

A. UBAHOBA: ,13560P C MOAEKYAHA AMHAMMKA HA AMTAHAM-BEKTOPU
3A HACOYEHA AOCTABKA HA AOKCOPYBMLIMH"

9.50 - 10.10

. AECUTAPCKA: ,MOAEKYAHO-AMHAMMYHW CMMYAALLMM HA
KOMITAEKCM HA AHK-TMPA3A OT MYCOBACTERIUM TUBERCULOSIS 3A
M3CAEABAHE HA TTOTEHLIMAAHA TTPOTMBOTYEEPKYAO3HA AKTMIBHOCT
HA TTPMPOAHM TTPOAYKTU OT BUAOBE RUBIA®

10.10 - 10.30

I1. ITETKOB: ,CAMOOPTAHM3ALLMA HA AHTUMWMKPOBHW TTETTTMAM B
PA3TBOP*

10.30 - 11.00

KA®E TIAY3A

11.00 - 11.20

E. AMAKOBA: ,PALIMOHAAEH AM3AMH HA MHXMBEMTOPU HA TTIPOTEMHI
HA BMPYCA SARS-COV-2¢

11.20 - 11.40

I1. CMPAKOBA: ,IN SILICO OTBOP HA MOAEKYAHWM MATPULIM 3A
TPAHCITOPT HA MEMNTUMAHM ATTTAMEPA®

11.40 - 12.00

A. MMAYEB: ,BAMSAHWE HA AAMMHAPHMS TTOTOK BbPXY HAAMYHIN
Bb3AM B ITPOTEMHU 1 TTOAMMEPHM MAKPOMOAEKYAM"

12.00 - 13.00

OBEAHA NOYUBKA

13.00 - 13.20

b. PAHTEAOB: ,[IPEMMHABAHE HA BE3MKYAM T1PE3 TECEH TTPOLLEIT [TOA
AEMCTBME HA ®PAYMAEH MOTOK-CKEMAMHTOBM OTHOLLIEHMA"

13.20 - 13.40

B. BUTKOBA: ,PEOAOTMYHI M3CAEABAHMSA HA KOHLLEHTPMPAHM
EPUTPOLLMTHWM CYCITEH3MM"

13.40 - 14.00

AA. AMUMUTPOB: ,KAIOYOBA POAS HA EAEKTPOTEHHWTE TPAHCITOPTEPA
B TTOAAPBXKKATA HA CbCTOAHMETO HA IMOKOWM HA XKMBATA KAETKA®

14.00 - 14.20

C. XPUCTOBA: ,MEXAYMOAEKYAHW EAEKTPOCTATUYHM
B3ZAMMOAEMCTBMA B MOHOCAOM OT LIMTOXPOM C BbPXY
MOHTMOPMAOHNTOBA AAYMOCHMAMKATHA TTOBBbPXHOCT:
[TOAOXMTEAEH KOOTTEPATMBEH EPEKT®

14.20 - 14.40

A. MOPAAHOBA: ,BBAMUMOAENCTBME HA AEHAPUMEPU C AOKA3AHM
BAKTEPMLIMAHWM CBOMCTBA C MOAEAHW AMTTMAH MEMBPAHHM
CUCTEMM"®

14.40 - 15.00

A. BEHKOBA: , XMTO3AH-BA3MPAHIN XMBEPMAHWM HAHOMATEPUAAM:
B3AMMOAEMCTBME C BUOMMMETMYHM MEMBPAHM"

15.00 - 15.30

KA®E TIAY3A

15.30 - 15.50

P. AHTEAOBA: ,bMOTEHHM XXEAE3HM OKCMAM N KAAB®HWM CTPYKTYPU
OT LEPTOTHRIX SP. 3A TIPMAOXKEHME B HAHOTEXHOAOTUMTE,
BMOTEXHOAOTUMTE M1 BUOMEAMILIMHATA"

15.50 - 16.10

P. XABAPOCOBA: ,PE3BEPATPOABT [TOBAMABA AMDEPEHLIMPAHO
AMTTMAHATA TTOAPEAEHOCT M OPTAHM3ALIMA B MOHOHEHACMTEHWM N
[MTOAMHEHACHUTEHN ®OCOATNANMAXOANH-CHABPKALLLA
BMOMMMETMYHM MEMBPAHM"

16.10 - 16.30

B. ﬂOPAAHOBA‘ ,BAMAHME HA BUOAOTMYHO AKTMBHIN OKMCAEHM
ATTVAM BbPXY CTPYKTYPHATA OPTAHMB3ALIMA 1 AKTMBHOCTTA HA
OOCPOAMTIIA3A A2 BbB POCDATUAMAXOAMHOBM MOAEAHIN MEMBPAHM"

16.30 - 16.50

A. HEIIEBA: ,BAMSAHWME HA KOHBEHLIMOHAAHWM LUMTOCTATULIM U
PACTMTEAHWM EKCTPAKTIM BbPXY KAETbYHATA MEMBPAHA B MOAEA HA
PAK HA I'bPAATA®
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IV-T1 HALMOHAAEH KOHIPEC [TO OMN3NHYECKIN HAYKMN

16.50 - 1710 | I. CTAHEBA: ,bMO®U3MYHM TTOAXOAM 3A M3CAEABAHE HA

B3AMMOAEMCTBMETO HA AMUAOUMA-BETA OAUTOMEPM C YOBELLIKM
EPUTPOLLMTU"

1710 -17.30 | I1. AOAALLKA: ,3EAEH CMHTE3 HA AHTUMMKPOBHW CUONPS OT CAY3

OT I'PAAVMIHCKI OXAKOB CORNU ASPERSUM M ACKOPEMHOBA KMCEAMHA"

3AAA ,BUXPEH“ - ETAX 11

17.00 - 18.30 IIOCTEPHA CECHA N22

CEKIIMA 1
ATOMHA OU3UKA, SAPEHA ON3MKA 1 ON3MKA HA EAEMEHTAPHUTE YACTMLLA

. MHUTEB: ,C1CTEMA 3A PAAVIALIMOHHO HABAKOAEHWME HA GEM KAMEPUTE HA
CMS*

P. TEHYEBA: ,CMYAALLMS HA XUTTOTETMYHA HAATIPOEKTHA ABAPMS B MMP C
KOMITKOTBHPEH KOA ASTEC®

CEKLIMA 5
OU3MKA HA 3EMATA, ATMOC®EPATA 1 OKEAHUTE

X. KMPOBA: ,[IPEHOC HA MYCTUHEH IMPAX — AHAAM3 HA TTPOAETEH EIMM30A"

H. HEMKOBA: ,BPb3KA HA KOHLIEHTPALIMMTE HA HAKOW ATMOCOEPHM
3AMDBPCUTEAN M1 METEOPOAOTUMYHUTE YCAOBMSA B COPUA®

I. LLEKOB: ,I3MEPBAHE HA KOHLLEHTPALLMSATA HA YEPEH BBIAEPOA. B
ATMOCOEPEH TPAHMYEH CAOM"

C.I'EIIEB: ,CPABHEHME HA METEOPOAOTMYHW TTPEITPOLLECOPU 3A
AMCITEPCMOHHWM MOAEAN®

B. MAHEBA-TIETPOBA: ,BAAMAALLMS HA METOAM 3A OTTPEAEASIHE HA
KOMITOHEHTMTE HA CADHYEBA PAAVMALIMA TTO MOAEAHIM AAHHW OT MOAEA
WRF 1 CITbTHMKOBM AAHHM"

L. AMMUTPOB: ,AHAAM3 HA CMHOTITUYHUTE M METEOPOAOTMYHUTE YCAOBIMA
M CUMYAALIMA HA TTIOAETO HA BATDBPA IO BPEME HA ABE CMAHW BYPU B HA-
BMCOKMTE PAMOHWM HA LIEHTPAAEH BAAKAH"

L. AMMUTPOB: ,MMKPOKAMMAT HA APXMBOXPAHUAMLLETO B HALLIMOHAAHMA
MHCTUTYT IO METEOPOAOTUSA N XMAPOAOTMA TTPE3 TOTIAOTO TTOAYTOAME®

10

B. TEOPIMEBA: ,BAPVALIMI B TEMITEPATYPATA HA MOPCKATA BOAA KPA LLIABAA®

11

A. KOAEBA: ,[OAMIIEH M CE3BOHEH XOA HA YECTOTATA HA MbAHMMTE HAA
BbATAPCKOTO YEPHOMOPCKO KPAMBPEXME"

12

C. [IEHYEB: ,AMAAP HA AMDEPEH LIMAAHA ABCOPBLIMA 3A COHAMPAHE HA
[TAPHMKOBI I'A3OBE C IHMPOKOCIIEKTbPHWM AA3EPHM AMNOAM 1 METOA HA
KOPEAALIMOHHA CITEKTPOCKOTTMA"

13

LI. EBTEHMEBA: ,|IHAMKALIMIN 3A TIPEMMHABAHE HA TTPAX OT CAXAPA HAA TPAA
COPMA Bb3 OCHOBA HA AHAAM3 HA TTPM3EMHMTE MACOBM KOHLIEHTPALIMIN HA
OUMHM TTPAXOBM YACTULIN®

14

E. TOHYEBA: ,OOTOMETPMYHO M3CAEABAHE HA AEPO3OAHATA KAMMATOAOTUA
M TUTTOAOTUA HAA TPAA CODUA B TIEPMOAA 2020-2024 T.°

15

A. BBAKOBA: , KOMITAEKCHO M3CAEABAHE HA ATMOC®EPHUTE AEPO3OAM HAA
IPAA CO®MA 11O BPEME HA 3MIMEH TTPEHOC HA ITYCTMHEH TTPAX OT CAXAPA"

16

C. AOCEB: ,AMMCTAHLUIMOHHO COHAMPAHE HA AUM OT KAHAACKW TOPCKM
[TOXAPU B ATMOCOEPATA HAA TPAA CODUA”

17

E. [TAHAYPCKA: , TEKYLLIO CbCTOAHME HA CEM3MIMYHATA MPEXA HA
COPUMIMNCKM YHUBEPCUTET"

17




IV-T1 HALMOHAAEH KOHIPEC [TO OMN3NHYECKIN HAYKMN

CEKLIMA 6
ACTPOHOMMSA 1 ACTPODPMINKA

18

P. 3BAMAHOB: ,[IOBTOPHWTE HOBM RS OPH M T CRB, M1 TEXHMS MMHMUMYM
[MTPEAM M3BYXBAHE®

19

M. TOMOBA: ,M13CAEABAHE HA BF CYGNI MO BPEME HA M3BYXBAHETO M T1PE3
2017 1.1

20

M. AEYEB: ,CbBMECTEH HAYYHO-M3CAEAOBATEACKM MPOEKT "ACTIVE EVENTS
ON THE SUN. CATALOGS OF PROTON EVENTS AND ELECTRON SIGNATURES IN X-
RAY, UV AND RADIO DIAPASON. INFLUENCE OF COLLISIONS ON OPTICAL
PROPERTIES OF DENSE HYDROGEN PLASMA"®

CEKLIMA 7
MEAMUMHCKA OU3MKA 1 BUODPNIMNKA

21

LI. HTIAAAMAHOBA: , AKYTHW EQEKTM TMPU LLEAOTEAECHO OBABYBAHE C
BMCOKO-YECTOTHM M HUCKO-MHTEH3MBHWM EAEKTPOMATHUWUTHIM TTOAETA T1PU
XOPA"

22

C. ®EAEPYEB:  AHTMOKCMAAHTEH TTOTEHLIMAA HA TIOAMAOTIAMMHOBI
HAHOYACTULN: EQEKT B CUCTEMM C AKTUBHM ®OPMIM HA KMCAOPOAA"

23

B. MAAAP PAAKELLL: ,MOAEKYAHM MEXAHM3MM HA 3APABHOCTTA HA
MHAMMCKMA BAPUAHT HA SARS-COV-2¢

24

M. KOHCTAHTHMHOBA: ,AYMMHECLLEHTHM METOAM KATO CPEACTBO 3A
M3CAEABAHE HA Bb3AEMICTBMETO HA PETYAATOPHUTE GOTO3ALLMTHM
MEXAHM3MM B XETEPOOPUAHO PACTEHWME: HEDERA HELIX L. (BPBLUAAH)

25

A. BEAKOBA: ,bMMOAKTMBHWM KOMITOHEHTUM OT OXAKOBM MAM HOBO
[MTOKOAEHME AHTUMMKPOBHI TEPATTEBTU LIS

26

M. KAAAAHOB: ,HEBPOBMO®OU3IMYEH [TOAXOA 1P M3CAEABAHE HA
CTPYKTYPHO-OYHKLIMOHAAHMTE [TPOMEHM B OBAACTTA HA CAUDATE PUTAMEN
HA MO3BKA HA TTABX — B YCAOBMATA HA AOKAAHO MHXMBMPAHE HA
AOTIAMMHEPTMYHWTE PELLEITTOPU®

27

A. KAMEHCKA: ,HEBPOBMO®UM3IMYEH TTOAXOA. [P M3CAEABAHE HA
CTPYKTYPHO-®YHKLIMOHAAHWM TTPOMEHWM B TTAPUMETAAHMS AOB HA MO3BbKA HA
[MABX TTPM AOKAAHO MHXMBUPAHWM GLUT PELIEIITOPU®

28

b. AHTOHOBA: ,TEPMOAMHAMMYHIN TTPOMEHW B AMKBOPHWMSA TTPOTEOM B XOAA
HA MEHWMHTEAAEH PELIMAMB HA OCTPA AMUM®OBAACTHA AEBKEMMA®

29

M. UBAHOBA: “IlPOMEH B TEPMOAMHAMMYHMTE XAPAKTEPUCTMKM HA
[MTPOTEOMA T1PU TTALUMEHT C MMACTEHEH CMHAPOM CAEA TIPMEM HA
[TEMBPOAM3IYMAB”

30

A. UICAAKMANC: ,CPABHMUTEAEH AHAAM3 HA TIPOMEHWMTE B CITEKTPAAHMTE N
TEPMOAMHAMIMYHI XAPAKTEPMCTMKI HA TAMKMPAH 11 HETAMKIMPAH YOBELLHKI1
CEPYMEH AABYMMH®

31

M. CTE®AHOBA: ,AHTUBAKTEPMAAHA AKTUBHOCT HA HAHOTITOKPUTUSA OT AZO
1M ZNO*

32

A. HEHYEBA-TOHMHM: AMP C MHOTO HNCKO MATHMUTHO TTOAE 3A
HEAOHOCEHW BEBETA"

CEKIIMA 10
MCTOPMS HA ®U3MKATA

33

I'. KAMMIIEBA: ,AATUPAHE APEBHATA MCTOPMSA HA BbATAPUTE"
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IV-T1 HALMOHAAEH KOHTPEC TTO OMN3MNIYECKIN HAYKMN

9 OKTOMBPHU 2024 I. (CPSIAA)

3AAA ,MYCAAA“ - ETAXK 11

CEKLIMA 4
OOTOHMKA

9.30-9.50

K. TEOPIMEB: ,TEPMIMYHWM CBOMCTBA HA HETTOAPEAEHW AA3EPHM
KPMCTAAM, AETMUPAHI C YB 3A TIPMAOXEHMS C BUCOKA TTMKOBA U
CPEAHA MOLLIHOCT"

9.50 - 10.10

A. HEAEAYEB: ,A30TTOAMMEPHI 1 ABOTTOAMMEP-BA3MPAHIN
HAHOKOMITO3MTHIM MATEPMAAIMN 3A TIPMAOXKEHWA B
MOAAPU3ALIMOHHATA XOAOTPA®UA 1 POTOHMKATA"

10.10 - 10.30

T. APAHIIY: HALIMOHAAEH KOMITAEKC ACTRIS B MIHCTUTYT I10O
EAEKTPOHMKA-BAH: 50 TOAMHWM M3CAEABAHMSA HA ATMOCOEPHINTE
AEPO3OAM B AABOPATOPUSA ,AABEPHA AOKALIMA®

10.30 - 11.00

KA®E ITAY3A

11.00 - 11.20

K. TEMEAKOB: ,MOLIHWM AABEPHM CMCTEMI C METAAHI TTAPU
TEHEPMPALLLM AASEPHO ABYEHME C BUCOKO KAYECTBO B CPEAHATA
MHOPAYEPBEHA, BUAMMATA N YATPABMOAETOBATA CITEKTPAAHWN
OBAACTU"

11.20 - 11.40

T. TEHEB: ,OITPEAEASIHE HA OTTTMYHIM KOHCTAHTM HA TbHKM
OTTUYHM CAOEBE C LLEA TIPOEKTMPAHE HA MHOTOCAOMHW OTITUYHM
MOKPUTUA"

11.40 - 12.00

B. MAPMHOBA: ,OYHKLIMOHAAHN HAHOMATEPUAAM 3A TIPMAOXEH WA
BbB ®OTOHMKATA N OTNTTOEAEKTPOHMKATA"

12.00 - 13.00

OBEAHA MOYUBKA

13.00 - 13.20

A. APAMIILY: , DOPMMPAHE HA AA3EPHM CHOTITOBE YPE3 [TOAXOAM OT
CUHIYAAPHATA OTTTUKA®

13.20 - 13.40

A. AAEKCAHAPOB: ,BAVMAHME HA WO3 BbPXY CTPYKTYPATA N
AYMMHECUEHTHUTE CBOMCTBA HA LIMHK-BOPATHM CTbHKAA®

13.40 - 14.00

K. TEOPTMEB: ,CMANLIMEBI METATTIOBBPXHOCTW 3A HATTBAHO
OMNTUYEH KOHTPOA HA CBETAMUHHI CUTHAAM"®

14.00 - 14.20

A. CTOAHOB: ,EKCITEPMUMEHTAAHO AEMOHCTPUPAHE HA
KOHTPOAMPAHO PA3LLEINBAHE HA ®EMTOCEKYHAEH AA3EPEH CHOIT,
CITEKTPAAHO PA3LUMPEHME HA MMITYACUTE M KOXEPEHTHO
PEKOMBMHWMPAHE HA CHOTIA"

14.20 - 14.40

H. AMMMUTPOB: ,[IOAYYABAHE HA KBA3WM-HEAMDPATMPALLL CHOTT YPE3
HEAMHEMHO TMPEOBPA3YBAHE HA OTTTUYHI BUXPU B KOPEAATOP C
MHBEPTMPAHO TOAE"

15.00 - 15.20

KA®E MTAY3A

CEKLINMA 12
OBPA3OBAHMETO T10 ®M3MKA

1520 - 15.40

M. DUAMITOBA: , KBAHTOBMTE TEXHOAOTVIN M M3KYCTBEHMAT
MHTEAEKT. [IPEOBPA3YBAHE HA STEM OBYYEHMETO M 3HAYEHMETO HA
KBAAMOUKALIMATA HA YYUTEAUTE"

15.40 - 16.00

M. TAMAAPOBA: ,KOMITETEHTHOCTHMSAT MTOAXOA. B OBYYEHMETO 10O
DUMBUNKA"
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IV-T1 HALMOHAAEH KOHTPEC TTO OMN3MNIYECKIN HAYKMN

16.00 - 16.20 | C. KOCTAAMHOBA: ,VIHTEPAMCLUTTIAMHAPHM YPOLIM 1O OUINKA U
MATEMATMKA: OCHOBHW AEOMHULIMM, METOAM 1 TTOAXOAM®

16.20 -16.40 | H. CTAMEHOB: ,HAYKA B PYAO TOAAETHA XAPTMA®

16.40 - 17.00 | ®. KYHMC: ,YCbBBPLUEHCTBAHE HA OBYYEHMETO 1O ®M3MKA YPE3
M3KYCTBEH MHTEAEKT: HACTOS LM TTPUAOXKEHMS M BbAELLLA
XOPU3OHTU"

3AAA ,PYEH - ETAX 11
CEKLIMA S
OUM3MKA HA 3EMATA, ATMOCHEPATA M1 OKEAHMTE

9.30-9.50 E. BBUBAPOBA: ,METEOPOAOTMYHM YCAOBMS N1 KAMMAT B IPAACKM,
KPAMBPEXHIM 1 APKTMYECK PAMOHI"

9.50 - 10.10 E. IIEHEBA: ,[IPOMEHI B PEXXMMA HA BAAEXXUTE HAA BAAKAHCKMSA
[TOAYOCTPOB 3A TTEPMOAA 1901-2021¢

10.10 -10.30 | A. BOYEBA: ,KAMUMATMYHW BAPMALLMM M OLLEHKM HA EKCTPEMHM
METEOPOAOTMYHWM SABAEHMS: TOPELLLM BBAHM 1 TTIOPOMHI BAAEXIN®

1030-11.00 | KA®E MAY3A

11.00 -11.20 | X. YEPBEHKOB: ,OLIEHKA HA TEXKECTTA HA TOPELLIMTE BbAHM B
FOTOM3TOYHA EBPOTIA YPE3 ®AKTOPA HA M3AMLLIHATA TOTTAMHA"

11.20-11.40 | H. HEMKOB: ,KBAHTUAHM M AAMUTMBHM MOAEAM HA AHEBHATA
MMHMMAAHA 1 MAKCVMMAAHA TEMITEPATYPA B BbATAPMSA C
ATMOCOEPHATA LIMPKYAALLMSA®

1140 -12.00 | A. CTOMYEBA: ,[IPOTHO3ATA 3A BPEMETO B HMMX - CbBPEMEHHO
CbCTOAHWUE U TTPEAM3BMKATEACTBA®

12.00 - 13.00 | OBEAHA IOYUBKA

13.00 - 1320 | X. YEPBEHKOB: ,[IPOEKTHO BBAELLO 3ATOIASIHE HAA FOTOM3TOYHA
EBPOTIA B KOHTEKCTA HA TMTAPMXKKOTO CITOPA3SYMEHME HA UNFCC"

1320 -13.40 | A. CTOMYEBA: ,[TYCTMHEH [1PAX - [TPOTHO3M 3A CTPAHATA U1
METOAMKA 3A OLLEHKA HA BAMSSHMETO MY BbPXY ATMOC®EPHMS
BB3AYX"

1340 - 14.00 | E. XPMCTOBA: ,13CAEABAHE CbABP>)KAHMETO HA BBIAEPOA M HSAKOM
3HAYMMM BBIAEBOAOPOAM BBB OITY2.5 B TPAACKA CPEAA”

14.00 - 14.20 | A. BBAYEBA: ,XMMMYECKM CbCTAB HA BAAEXXMTE B PAMOHA HA
FOXKHOTO YEPHOMOPUE HA BBATAPUS — HAKOWM PE3YATATM 3A
[TEPMOAA 2011-2020¢

1420 -14.40 | T. UAMEBA: ,[IPOYYBAHE HA TTPOMEHMTE B CE3OHHMS LIMKbBA HA
[TOBBPXHOCTHATA TEMITEPATYPA B FOTOM3TOYHA EBPOTIA"

14.40 - 15.00 | TIPEACTABSIHE HA [TOCTEPUMTE B CEKLIMSA S

15.00 - 1520 | _KA®E IIAY3A
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3AAA , ITAHOPAMA“ - ETAXK VII

CEKLINA 9
TEOPETMYHA N1 MATEMATMYHA OM3MKA

9.30 - 9.50 B. AOBPEB: , KAHOHMYHA KOHCTPYKLIMSI HA MHBAPMAHTHM
AMOEPEHLIMAAHM OTTEPATOP®

9.50 - 10.10 L. BELLOB: ,TEPMOTEOMETPMYHA OITTUMMBALIMS HA ADS YEPHMU
AYTIKM"

10.10 - 10.30 A. CTAMKOBA: ,[IPOYYBAHE 3A HAPYLLIABAHE HA
MHBAPMAHTHOCTTA HA AOPEHLL B AOMMHWMPAHATA OT PANTHEON
PLUS KOCMOAOTMA®

10.30 - 11.00 KA®E NAY3A

11.00 - 11.20 X. IHAMATHM: ,METOA HA TOYHA AMATOHAAM3ALLMS 3A MATHUTHMN
MOAEKYAM"

11.20 - 11.40 B. OBPEMIKOB: ,[EHEPMPAPAHE HA BUCOKM XAPMOHMYHU B
TBBPAM TEAA"

1140 - 12.00 A.TUTOB: ,COEPM HA XAAAEMH"

12.00 - 13.00 OBEAHA IOYUBKA

13.00 - 13.20 I1. AAHEB: ,Y1CAEHO MOAEAMPAHE HA TTPEXOA HA MFOOHM OT
BOAOPOA. KbM KMCAOPOA"

13.20 - 13.40 A. BOPAAJKMEB: ,BAMSIHME HA BUBPALLMMTE M POTALLMMTE HA
KIMCAOPOAHMTE MOAEKYAM BbPXY CKOPOCTTA HA TTPEAABAHE HA
MIOOHM OT MIOOHEH BOAOPOA KbM KMCAOPOA'

13.40 - 14.00 B. [IABAOB: , KBAHTOBA METPOAOTMSI B AMICUTIATUBHA
KOAEKTMBHA CITMHOBA CUCTEMA®

14.00 - 14.20 M. YOPBAASKMMCKA: ,KBAHTOBA MH®OOPMALIMSA HA OUILLIEP B
EPTOAHW KBAHTOBM CMCTEMM-TTIOAXOA CbC CAYYAMHIN MATPULIN

14.20 - 14.40 X. TOHYEB: ,CPABHEHME HA CTABMAHOCTTA HA AATOPUTMMTE 3A
TBbPCEHE HA TPOBEP M KTCP I1PM ITOA3BAHE HA MHOTO-®A30BO
CBbIAACYBAHE"

14.40 - 15.00 X. TOHYEB: ,bbP31 M BUCOKOKAYECTBEHI KOMITO3MTHM
[EMTOBE B CBPBXITPO-BOASLLM KIOBMUTH®

15.00 - 15.20 KA®E MMAY3A

3AAA “MYCAAA” - ETAXK 11
17.00 BAKPMBAHE HA KOHTPECA
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HALIMOHAAEH KOHIPEC
MO ®PU3NYECKMN HAYKMA

07-09.10.2024 T.

Cexknus 1
ATtoMHa (pU3HKa, sAIpeHa Pu3uKa u

(1)I/IBI/IKa Ha CJICMCHTAPHUTC YaCTHULN

[Ipencenaren: npod. ndhu Huxonait Munkos (MANUAE-BAH)

Koopaunarop: nou. n1-p Benenun Koxyxapos, (P3D-CVY)
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YeTHU noxinaan

B. I'eoprues: ,,Big-Bang nucleosynthesis within the scale invariant vacuum paradigm*

N. Kanapos: ,,HoB noaxo 3a u3cieBaHe Ha N30CKaJIAPHUS TUTAHTCKU MOHOIIOJIEH pE30HAaHC
K. Jdpymes: ,,Onucanue Ha HUCKOJEXAlla KOJEKTUBHA CTPYKTYpa B UYETHO-YETHH spa B
paMkuTe Ha 000011IeH anredpruyeH MUKPOCKOITUYEH MOIX0/T B CIIOECTUSI MOAET

J. Muxaiijios: ,,/I3ydyaBaHe Ha (hemMTOoCKOTHsI u KOAJIECLICHIIN C
ALICE @ LHC*

P. Xamxmiicka: ,,MiooHHa cucrema Ha ekcriepumenTa CMS-paboTta mpe3 TeKyus Habop Ha
nanHu Run 3 u MoziepHu3anis Ha cuctemara 3a npejcrosiiara (asza Ha Bucoka ceetumoct HL-
LHC*

P. CumeonoB: ,,The new forward calorimeter of the ALICE experiment™

HN. Pycunos: , IIporpamupyeM Mo/ Tys1 3a U3NUTBAHE HA XapaKTEPUCTUKUTE HA aMILIUTYTHUTE
aHaJIM3aTOPU Ha UMITYJICH

T. UBanos: , M3cienpade Ha XapakTepucTUKuTe Ha pasnana Bls — '
A. IletpoB: ,,RPC noacucremara Ha exciepumenta CMS*

-€¢

. M. [lexammBanoBa: ,,ABTOMaTH3MpaHE Ha MPOIECa HA ONPEICIITHE Ha PAOOTHOTO HAIIPEKCHHIE

Ha KAMEPUTE ChC ChIIPOTUBUTENHA IJIOCKOCT Haekcrepumenta CMS

K. JJumutpoBa: ,PEeKOHCTpYKIMSI Ha CHUTHAIM B ENEKTPOMATHUTHUS KaJOPUMETBD Ha
excnepumenta PADME upe3 mammaHO 00y4eHne

C. UBanoB: ,,Searching for X17 with PADME*

[Tocrepuu mokmanu

I'. Mures: ,,Cucrema 3a paguanoHHo Haomoaenne Ha GEM kamepure na CMS*

P. I'enyesa: ,,Cumynanus Ha XUNOTETUYHA HAJIIpoeKkTHa aBapusi B MMP ¢ koMItoThpeH Koz
ASTEC*
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Big-Bang Nucleosynthesis within the Scale Invariant Vacuum
Paradigm

Vesselin G. Gueorguiev'?, Andre Maeder?
!nstitute for Advanced Physical Studies, Sofia, Bulgaria
Ronin Institute for Independent Scholarship, Montclair, NJ, USA
3Geneva Observatory - chemin des Maillettes 51, CH-1290 Sauverny, Switzerlan

The Scale Invariant Vacuum (SIV) paradigm [1,2] is applied to the Big-Bang
Nucleosynthesis using the known analytic expressions for the expansion factor «a» and the
plasma temperature T as functions of the SIV time 7 since the Big-Bang when a(t =0) =0 [3].
The results are compared to the known standard BBNS model as calculated with the PRIMAT
code [4]. Overall, we find that smaller than usual baryon and non-zero dark matter content, by
a factor of three to five times reduction, result in compatible to the standard reproduction of
the light elements abundances [5].

Teopusta 3a naBapuanTHuA BakyM (SIV) [1,2] e npuinoskeHa KbM HYKJICOCHHTE3HCA
cien lomemust B3pWB, W3MON3BAiiKM WM3BECTHHUTE AHATMTHYHM WH3pa3u 3a ¢akropa Ha
pasmmpeHne «a» U TeMmIieparypara Ha miasmara T karo ¢yHkuumu Ha SIV BpemeTro T OT
Tonemus B3puB, koraro a(t = 0) = 0 [3]. Pesynrarute ca cpaBHH CbC CTaHAAPTEH MOJEN Ha
HyKjeocuHTe3uca uzuucienu ¢ koga PRIMAT [4]. Karo wsuio pesynaraTure mokasBar I0-
MaJIKO OT 0ONYaifHOTO KOJIMYECTBO OApHOHU M ChABPIKAaHHE Ha TBMHA MaTepus, ¢ GakTop Ha
HaMaJIeHWe OT TPH 10 IeT IBTH, BOAHM IO CHBMECTUMO CbC CTAaHIAPTHUS MOJEN 3a
BB3MPOU3BEKAAHE HA KOJIMYECTBATA OT JIEKUTE eeMEeHTH [5].

[1] Maeder, A., Gueorguiev, V. G, Action Principle for Scale Invariance and Applications
(Part I), Symmetry Vol 15, Issue 11, p. 1966 (2024).

[2] Gueorguiev, V. G., Maeder, A., The Scale-Invariant Vacuum Paradigm: Main Results and
Current Progress Review (Part II). Symmetry Vol 16, Issue 6, p. 657 (2024).

[3] A. Maeder, Evolution of the early Universe in the scale invariant theory, arXiv e-Print:
1902.10115 (2019).

[4] Pitrou, C., Coc, A., Uzan, J.-P., Vangioni, E. Precision big bang nucleosynthesis with
improved Helium-4 predictions, Physics Reports Vol 754, pp. 1-66 (2018).

[5] Gueorguiev, V. G., Maeder, A., Big-Bang Nucleosynthesis within the Scale Invariant
Vacuum Paradigm, arXiv e-print 2307.04269 (2023).
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A new approach for studying the isoscalar giant monopole resonance

Mitko Gaidarov'?, Martin Ivanov', Yordan Katsarov!, Anton Antonov!

!Institute for Nuclear Research and Nuclear Energy,
Bulgarian Academy of Sciences, Sofia, Bulgaria
2South-West University “Neofit Rilski”, Blagoevgrad, Bulgaria

A systematic study of the isoscalar giant monopole resonance (ISGMR) in spherical
and deformed nuclei from various isotopic chains is performed within the microscopic self-
consistent Skyrme HF+BCS method and coherent density fluctuation model. The calculations
for the incompressibility in finite nuclei are based on the Brueckner energy density functional
for nuclear matter. The good agreement achieved between the calculated centroid energies of
the ISGMR and their recent experimental values for various nuclei demonstrate the relevance
of the proposed theoretical approach. The latter can be applied to analyses of neutron stars
properties, such as incompressibility, symmetry energy, slope parameter, and other
astrophysical quantities.
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HoB nmoaxo/ 3a u3ciaeBaHe HAa H30CKAJIAPHUS THTAHTCKH MOHOIMOJIEH
pe3oHaHc

Mumxo T'aiidapos’?, Mapmun Heanos', Hopoan Kayapos', Aumon Aumonos!

! Unemumym 3a Aopenu Hcnedsanusn u SAopena Enepeemuxa,
Bvreapcka Axademus na Haykume, Cogusi, bvreapus
2F0z03anaden ynueepcumem "Heogpum Puncku” , Brazoeszpao, Bvnzapus

B pamkuTe Ha MUKPOCKOIIMYHUS CaMOChIIacyBaH MeTo Ha XapTpu-Pok ¢ OTYNTaHE
Ha KOpelalMh Ha CIBOsBaHEe M e(peKkTHBHHM cuiu Ha CKUpPM M MoJella Ha KOXEPEHTHH
(ITyKTyamuu Ha IUTBTHOCTTA € INPOBEJCHO CHCTEMATHYHO H3CJEBaHE HAa W30CKaIApHUS
THT'aHTCKH MOHOIIOJICH pe30HaHC B chepndHu 1 JeopMHUpaHy sipa OT Pa3InIHU H30TOIIHYHI
Bepuru. IlpecMmsaranusTa Ha acMMETpUYHATa HECBUBAEMOCT B TE3U sipa C€ OCHOBaBaT Ha
eHepreTnyHNs (YHKIMOHAT Ha IUTBTHOCTTa Ha bBpakHep 3a sapena marepus. JloGporo
chrilacHe, MOCTUTHATO MEXAy MOTyYeHHTe EHEepPruM Ha BB30yKJaHe HAa TUTAHTCKHUS
MOHOMOJIEH PE30HAaHC M TEXHHTE HACKOPO M3MEPEHU EKCHEePHMEHTAHH CTOWHOCTH 3a
pa3NUYHHTE spa, TOKa3Ba MNPABIIIHUA HM300p HA MPEIOKEHUS TEOPETHUCH IOJIXO/.
IMomyuennTe pe3ynraTu MOraT Ia ce MPUIIOXKAT 32 aHAIM3H Ha CBOWCTBATa HA HEYTPOHHUTE
3BE3/1M, TaKUBa KaTO HECBUBAEMOCT, CHEPrus Ha CUMETpUs, IIapaMeThp Ha HAKJIOHA U JPyru
acTpO(U3NYHH BENUIHHH.
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Description of Low-Lying Collective Structure in Even-Even Nuclei
within a Generalized Algebraic Microscopic Shell Model Approach

Kalin P. Drumev'
!Institute of Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences, 1784
Sofia, Bulgaria

We present results for the low-lying collective structure, and more specifically, for the
excitation spectra and the energy eigenstates in even-even nuclei obtained in a mixed-mode
basis set of the pairing and the rotational eigenstates treated as symmetry-related modes of
possibly equal importance for the system. The Hamiltonian consists of the harmonic oscillator
as a simple mean field and the (isoscalar and isovector) pairing plus the quadrupole-
quadrupole terms as the most important short- and long-range part of the residual interaction.
The possibility that the existing symmetries of the nucleus imply a more universal truncation
scheme for the successful description of the low-lying structure will be revealed and
explained. We also discuss the possibility for and the degree of success in the use of the two
modes for the microscopic description of various important collective modes of excitation as
their simple combination.
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Onucanue Ha Huckoaexama Kogektusaa Ctpykrypa B UetHo-UeTHn
SAnpa B Pamkute Ha O006men Anredopuued Mukpockonuden Ioaxon
B Cioectust Moaea

Kanun IT. [lpymes’
"Hnemumym 3a Sopenu Hscredesanus u Aopena Enepeemuxa, Bvneapcka Axademus na
Hayxume, 1784 Cogus, Bvrcapus

IIpencraBeHu ca pe3ynTaTu 3a HUCKO PA3MONIOKEHATa KOJIEKTHBHA CTPYKTYpa H IO-
CIICIHATHO 3a CIIEKTPHTE Ha BB30Y)KIaHE M CHEPIHHHHTE COOCTBEHW CBHCTOSHUS B UCTHH-
YeTHH S7pa, MOJy4YeHH B 0a3lc Ha CMECEHUTE MOJM Ha COOCTBEHHTE CBHCTOSHHS Ha
C/BOSIBAHETO W POTAIIMOHHHUTE COOCTBEHW CBCTOSHUS, TPETHPAaHH KaTO CBBP3aHU ChC
CUMETpPHATa MOJAU C Bb3MOYKHO €JHAKBO 3HAYCHUE 3@ CUCTeMaTa. XaMHJITOHUAHBT C€ ChCTOU
OT XapMOHHYHHS OCIHJIATOP KAaTo MPOCTO CPEIHO IMOJE U CABOSBAHETO (M30CKAaIapHO H
M30BEKTOPHO) IIIIOC KBAAPYIONHO-KBAJIPYNOIHATE WICHOBE KAaTO Hal-BaKHATa 9acT OT
OCTaThYHOTO B3aMMOJCHCTBHE Ha KbCH M JanedHu pascrosHud. llle Obme paskpura u
00sICHEHa BB3MOXKHOCTTA CBHIIECTBYBAIIUTE CHMETPHM HA SAPOTO Aa MpearonaraT eaHa mo-
YHHUBEpCaJIHa CXeMa Ha OpsI3BaHe 3a YCIEIIHO OMCaHKIe Ha HUCKO Pa3IoyIo)KeHaTa CTPYKTypa.
Caiio Taka me 6b/1e 00ChIeHa BE3MOXKHOCTTA 32 U CTENEHTa Ha yCIIeX IPH U3I0JI3BaHETO Ha
JIBETE MOJM 32 MHKPOCKOIIMYHO OIMCAaHWE HA PA3IMYHU BAXXHU KOJCKTUBHH MOAM Ha
BB30yIK/IaHEe KaTo TSAXHA IPOCTa KOMOWHALIMSL.
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Femtoscopy and coalescence studies in pp collisions using the ALICE
detector

Dimitar Mihaylov!?
ISU St. Kliment Ohridski, Bulgaria
°TU Munich, Germany

Understanding the formation and stability of matter in our Universe is a central goal
of modern physics. This broad topic interconnects multiple fields of physics, including
nuclear, particle, and astrophysics. For example, indirect searches for dark matter rely on
measurements of anti-nuclei fluxes in low Earth orbit or the upper atmosphere. These searches
require a comprehensive understanding of the existing background related to cosmic ray
collisions with the interstellar medium. Estimating the amount of antideuterons produced in
the interstellar medium is an active research area, achievable through coalescence models.
This necessitates a realistic antideuteron wave function and the coalescence probability based
on the relative distances and momenta of the constituents. Femtoscopy, a method relating
particle correlations to the strong force and the hadron emission source, can provide these
ingredients. Moreover, a detailed understanding of the hadron source is crucial for precision
studies of the strong force, particularly relevant for the nuclear equation of state (EoS) and
modelling of neutron stars.

This presentation will introduce the femtoscopy and coalescence methods, and show
the latest experimental measurements from the ALICE collaboration. The impact of these
results and future measurements will be discussed.
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@DeMTOCKONNS U KOAJeCUeHUUs B pp cOJbCHIU U3MOI3BAKH
nerexktopa ALICE

Jumumvp Muxaiinos’?
ICY Knumenm Oxpuocku, Bvneapus
’TY Mionxen, I'epmanus

Pa3zbupanero Ha opmupaHeTO W cTAaOMIHOCTTAa HAa MaTepusATa B Hamata Bcenena
3aeMa IEHTpalHa pojs B MoaepHaTa ¢u3uka. Ta3u MMpOKa TeMaTHKa CBbP3Ba MHOXKECTBO
chepu, kaTo sApeHa Gpusnka, pruznka Ha eITeMEeHTapHUTE YacTHLH U acTpodusuka. Hampumep,
HETIPSIKOTO ThPCEHE Ha ThMHA MaTePHsl pa3dnTa Ha H3MEPBAHETO Ha ITOTOKA Ha JICKH aHTHAAPa
B HHCKa 3eMHa opOWTa WM B TOpHATa 4acT Ha atMocepaTa. Te3u n3cieBaHMs M3HCKBAT
I'BJIOOKO pa3OupaHe Ha ChIIECTBYBAIIHS ()OH, CBBP3aH ChC COMBCHIM MEKAY KOCMHUYHH JIbUU
¢ MeXay3Be3IHaTa cpena. MoaenupaHeTo Ha KOJMYECTBOTO aHTHICYTEpPOHH, 00pa3yBaHH B
MeXIy3Be3JHaTa cpella, MOKE Aa ObJe IMOCTHIHATO upe3 KoanecHeHuus. ToBa H3MCKBa
peaCcTHYHA BhJIHOBA (DYHKIMS Ha aHTHCYTEPOHA, KAKTO M BEPOSTHOCTTA 33 KOAJIECLCHIIHS,
U3YHCIICHA KaTO (QYHKIMS HA OTHOCHTEIHUTE Pa3CTOSIHUE M UMITYJIC Ha ChbCTABHUTE YaCTHIIH.
Te3u BeJIMYMHK MOTaT Ja ObJaT M3YMCIICHH, M3MO3Baiiku gemrockonus. ToBa e TeXHUKa,
KOSITO MOXK€ Jla M3pa3u KOpeNlaluuTe MEXIy YacTHIM 4pe3 T. Hap. aApoHEH HM3TOYHUK W
CHJIHOTO B3amMojeiictBue. OCBEH TOBa, AaIpPOHHMAT W3TOYHUK € BaKEH €JIEMEHT 3a
MOCTHTaHEeTO Ha IPEIN3HHU U3CJICIBAHMS CBBP3aHH ChC CHIIHOTO B3ammopeicteue. OT cBos
CTpaHa, TOBa € BaXHO 3a OIpENeNITHETO Ha SIAPEHOTO YPAaBHEHHWE Ha CBHCTOSHUETO H
MOJICTUPAHETO Ha HEYTPOHHHU 3BE3/IH.

Tasu nmpeseHTalus Ie [PEAOCTaBH BBbBEACHHE BBB (emrockomusTa U
KOQJICCIICHIMATA U IIe TOKake MocieqHuTe AaHHH oT koiabopanumsata ALICE. Ille 6bme
JHMCKyTHpaHa 3HAYMMOCTTA Ha TE3H PEe3YJITAaTH, KAKTO U ITAHOBETE 3a O'bJICIIN M3MEPBaHMI.
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Muon system at the CMS experiment — performance during the
ongoing Run 3 data taking and system upgrade for the future HL-
LHC phase

Roumyana Hadjiiska', for the CMS Collaborationc
!Institute for Nuclear Research and Nuclear Energy,
Bulgarian Academy of Sciences,

Sofia, Bulgaria

The Muon system of the CMS experiment is composed by four redundant detector
subsystems, providing robustness of the system performance and high quality of the muon
reconstruction and triggering. During the ongoing Run 3, CMS is collecting data from proton-
proton collisions at center-mass energy of 13.6 TeV and instantaneous luminosity of above 2
x 103 cm?s7, delivered by LHC. In parallel, the CMS experiment, and in particular the Muon
system, are preparing for the next High Luminosity phase of LHC — also called HL-LHC. The
upgrade project is already ongoing and will continue during the next Long Shutdown — LS3.
Its successful completion will guarantee the CMS operations at challenging instantaneous
luminosity of 5 — 7 x 103 cms™! and collection of data in an amount of 3500 — 4000 fb!. In
this report, a brief summary of the CMS Muon system performance during Run 3 will be
given. Details related to the muon upgrade projects will be presented, with a focus on the
Bulgarian participation.
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MioonHa cuctemMa Ha ekcnepumMedTa CMS — padoTa npe3 TeKymus
Ha0op Ha naHHN Run 3 1 MogepHHM3anus Ha cucTeMaTa 3a
npeacrosmara ¢gaza na pucoka ceetumoct HL-LHC

Pymsana Xaoxcuiicka', 3a konabopayusma CMS
! Hncmumym 3a adpenu usciedéanus u A0pend enepeemuxa,
Bvacapcka akademus na naykume,
Cogus, bvreapus

MrooHHaTa cucteMa Ha excriepuMeHTa CMS e chcTaBeHa OT YeTHPHU B3aHMHO JJOITBJIBAIIH Ce
MOA-CUCTEMH, KaTO 110 TO3W HAUMH OCUTYpPsiBa CTAOMIIHOCT Ha paboTaTa Ha CHCTeMaTa i
BHCOKO KauecTBO Ha II0A00pa Ha ChOMTHS M PEKOHCTPYKIMS Ha MIOOHHHUTE Tpekose. [Ipes
TeKyImus Habop Ha naHHU Run 3, CMS perucrpupa ¥ 3anucBa JaHHH OT IPOTOH-IPOTOHHH
B3auMoieiicTBus, npenocraBern o LHC, ¢ eneprus B cucremMara Ha HEHTHPa HA MACHTE OT
13.6 TeV 1 MOMEHTHa CBETMMOCT OT okoso 2 X 103* cm?s™!. Tlapanenno ¢ Tosa,
excriepuMeHTHT CMS, U B 4aCTHOCT MIOOHHATa My CHCTEMa, Ce IIOATOTBA 3a CIeABaIaTa
(haza na Bucoka ceerumoct Ha LHC, 1.H. HL-LHC. [1nanupanute neiiHocTr o
OOHOBSIBAHETO Ha EKCIIEPUMEHTA Bede 3a 3aIl0YHAaNIH, KaTo IIe MPOABIDKAT U Ipe3
ClIe/IBAIYSL IBJIBT TIepro] 32 MoaepHu3anus, T.H. LS3. YcmemHoTo 3aBbpiiBaHe Ha
oGHoBsiBaHeTo Ha CMS 1m1e rapanTipa HeroBaTa paboTa Ipy MOMEHTHA CBETUMOCT OT 5 — 7
x 103 cm™?s™! |, kakTo M 3anKcBaHeTO Ha AaHHU B 00eM oT 3500 — 4000 fb™!. B To3u moknaz
e Ob/ie mpesIcTaBeHo KpaTko 00001meHne Ha paboTaTa Ha MrooHHaTa cucremMa Ha CMS 1o
BpeMe Ha Tekymus Run 3. Ille 6paat npeacTaBeHH U JETaWINTE, CBBP3aHU C
MOJIEPHU3ANUATA HAa CHCTEMATa, ¢ (oKyc Ha OBIrapcKOTO y4acTHE B TO3U MPOEKT.
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The New Forward Calorimeter of the ALICE experiment

Radoslav Simeonov
Sofia University ,,St. Kliment Ohridski*

A new forward calorimeter (FoCal) is planned to be installed for the upgrade of the
ALICE detector system during the LHC Long Shutdown 3. FoCal consists of a high-
granularity Si+W electromagnetic calorimeter and conventional copper—scintillating fiber
hadronic calorimeter. This new detector will cover the pseudorapidity region of 3.2 <1 <5.8
and will provide unique capabilities to probe the gluon distribution in protons and nuclei at
small-x. FoCal is in development phase and performance studies are ongoing by exposing
detector prototypes to charged particle beams at CERN..
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The New Forward Calorimeter of the ALICE experiment

Paoocnas Cumeonos
Couiicku ynusepcumem ,, Ce. Knumenm Oxpuocku

Hog xanopumersp 3a manku sriu (FoCal) e wacT or mumaHupaHoTo moxoOpeHne Ha
nerextopHara cucreMa Ha ALICE mo Bpeme Ha Tpetoto cimpanero Ha LHC. FoCal ce csecTon
OT YyBCTBHUTEIHO CerMeHTHpaH Si+W eJIeKTpOMarHuTeH KaJOpUMEThP W KOHBEHIMOHAJICH
aJIpOHEH KaJOPHUMEThp HAIlPaBEH OT MeJ M CUMHTHIIAIIMOHHH BlakHa. TO3M HOB JETEKTOP I
MOKpUBa 30HaTa Ha NceBAOOBp3MHA B WHTepBaia 3.2 < 1 < 5.8 mpeaocTaBsiiKi yYHUKATHH
BB3MOKHOCTHU 3a U3CJEIBAaHE Ha ITyOHHOTO pasNpeelieHHe B MPOTOHH U sApa NMPH MaKH
ctoitHocT Ha bropken-x. FoCal e B mporec Ha pa3paboTka, KaTo B MOMEHTa CE U3BbPILIBAT
TECTOBE C IIPOTOTHIHU M3JI0KEHH Ha HOHM3Mpalo Jb4eHue B komiuiekca CERN.
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IIporpaMmupyem MoayJi 3a U3NIMTBAHE HA XaPAKTEPUCTUKHUTE HA
AMIUIMTYAHHTE AHAJIU3ATOPH HA HMILYJICH

Unxo Pycunos
Codputicku ynusepcumem ,, Ce. Knumenm Oxpudcku

B cnextpomerpuyHaTa amapatypa Ha SApeHO-(QU3UYHH M APYTH €KCIIEPUMEHTH ce
U3MOJI3BAaT AaMIUTUTYJHM aHaJIM3aTOpH Ha HMITYJICUTE OT MAETEKTOPHUTE, ChAbpKallH
aHAJIOroBO-1M(POBH NpeoOpasyBaTeay. PasriIex1aHuAT MOYJI 1aBa Bb3MOYKHOCT 32 OLICHKA
Ha JIMHEHHOCTTa Ha MpeAaBaTeIHaTa XapaKTepUCTUKa Ha Te3H yCTPONCTBA U 3a U3BbPIIBAHE
Ha HSAKOM HEOOXOJMMH HAcCTpPOMKH. MOIynbT ce ChCTOM OT aHaJoroBa M IUdpoBa HacT,
paborela B pa3JIMYHU PEXUMHU. B aHanorosara yacT e peaM3upas reHepaTop Ha IepHOIHIHO
JMHEHHO M3MEHSIO ce HanpexeHue. Lludposara yacT ce ocHOBaBa Ha IPOrpaMUpyeMa cxema
C BUCOKa cTelleH Ha uHTerpanus ot tun FPGA. 3a onucanue u cuMyiupaHe Ha U3rpakaHaTa
noruka ce u3nomsBa e3uksT VHDL. B emun or pexxumure Ha pabora ce H3MOI3Ba
KOHQUTYpHpaHUSIT B IporpaMupyeMaTa CcXeMa TeHepaTop Ha IICeBJOCIydaiiHa
MOCIIE0OBATEIHOCT OT JIOTHYECKH CBCTOSHHA. B chueTaHme ¢ aHajoroBara dacT Toif
peanu3upa reHepaTop Ha UMITYJICH C PAaBHOBEPOSTHO PasNpeieieHNe Ha aMIINTyAaTa UM B
oIpeJieIeH AUana3oH OT CTOIMHOCTU. OT CIEKThpa Ha TE3U UMILYJICH, IOJTy4€EH OT aMIUIUTYIeH
aHAJIM3aTOP C TOJAMa CTAaTHUCTHKA, MOTaT Jla Ce OLEHAT MHTerpajiHaTa U AudepeHuaiara
HEJIMHEIHOCT, XapaKTepu3upaliy Ipeodpa3yBaHeTO aMITUTYAa-KO, KAKTO H []a Ce U3CIeABaT
JoKaidHU AedeKTH B IpejaBaTelHaTa XapaKTePUCTHKAa Ha aHaim3atopa. B paborara ce
KOMEHTHpPa NPUHIUIIBT HAa TeHEpHpaHe Ha IICEBJOCTydYalfHa JIOTMYecKa IOCIEJ0BATEIHOCT
Yype3 M3MOI3BaHE HAa MPEMECTBAINM PETHUCTPU C MOAXOAAIIa oOpaTHa Bpb3Ka. M3MepeHu ca
eKCTIEPUMEHTATHN CHEeKTPH Ha MMITYJICH ¢ (pUKCHpaHa aMIUIHTyJa U PaBHOMEPHH CIIEKTPH.
HampaBeHo e cpaBHeHHE ¢ TaknBa MOTy4EHH Ype3 KOMITIOTBPHO MOAENNpPAHE.
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M3caeaBane HA XapaKTePUCTHKUTE HA pasnaga B%— pp

Tooop Heanos' om umemo na xonabopayusma CMS

ICogpuiicku Ynusepcumem ,, Ce. Knumenm Oxpuocku

Penxure B-Me30HHU pa3snany mpenocTaBAT BaKHA WH(POPMAIUS 32 M3yYaBaHETO Ha
aHOMaJIMUTE TIpH Tpexoau oT tuma b — s 1'. Pasmama B%— p'p, B wacthoCT, €
HM3KITFOYHUTETHO JOOBp MPUMEp 3a MPOIeC ¢ MPEIU3HA TCOPECTHYHH MPEICKA3aHUs U ¢ YHCTa
eKCIepUMEHTAIHA CHUTHATypa, KOETO T0 MpaBH HACaleH KaHAWAAT, KaTro IpoLec 3a
n3cnenBanuss B oOmactra Ha @usukara UW3pH Cranmaptaus Mogen. C  Tekymara
IPE3EHTALNS HUE IPEACTABIME M3MEPBAHE HA MapIUalHaTa BEPOATHOCT pasnaz Ha Bls— piy
1 e(EKTUBHOTO BpEME Ha XHUBOT, Kato B ca monydeHu npu cOIbChbIM Ha IPOTOH-POTOHHM
CHOIIOBE C €HEePrus B IEHTHP Ha MacuTe Vs =13 TeV. 3a HM3MEPBAHETO Ca U3IOJI3BAaHU JaHHU
cpOpanu ¢ nerekropa CMS Ha 'onemust Anporen Komaitnep (LHC) npe3 BTopus IuKbI Ha
HaOop Ha nmanHW B nepuoaa 2016-2018 rogwna. JJaHHHWTE CHOTBETCTBAT HA WHTETPUPAHA
ceetumoct or 140 fb~!. PesynaratuTe OT M3MEPBAHETO MOKA3BAaT CHBMECTHMOCT C
npenckaszanute oT CTaHIapTHHUSA MOJEN CTOMHOCTH.
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Measurement of Bs— p*p-- decay properties

Todor Ivanov' on behalf of the CMS collaboration
"Univeristy of Sofia ,,St. Kliment Ohridski

Rare B meson decays provide important input for studies of anomalies inb b — s 1*1-
transitions. The B%— p'u is an example of a process with theoretically clean predictions and
a clear experimental signature making it a perfect match for BSM physics searches. Here we
present a measurement of B%— - branching fraction and effective lifetime in proton-proton
collisions at \'s = 13 TeV using data collected with the CMS detector through years 2016-
2018, corresponding to an integrated luminosity of 140 fb~!. The measurement results are
found to be consistent with the SM predictions.
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CMS RPS System

Anton Petrov!, Anton Dimitrov!, Leandar Litov'!, Borislav Pavlov', Peicho Petkov!, Mihaela
Pehlivanova' , Elton Shumka’
!Univeristy of Sofia ,,St. Kliment Ohridski

The CMS experiment, located at the Large Hadron Collider (LHC) in CERN collects

data at record energies of 13.6 TeV and high instantaneous luminosities (above 2 x 103* cm™s”

1. Identifying and measuring muons as well as triggering on them is crucial for variety of
physical analysis and is performed with different detector technologies.

The Resistive Plate Chambers (RPC) system covers both the barrel and endcape parts
of the CMS experiment and provides measurements with an excellent timing, covering
pseudorapidity |n| < 1.8.

The CMS RPC system provided complementary information for robust muon
triggering, reconstruction, and identification. To ensure stable data taking RPC system is
maintained regularly during technical stops. During data taking dedicated calibration and
performance studies are performed. In this presentation, the overall performance of the CMS
RPC system during the Run-3 period is summarized.
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RPC noacucremara Ha ekcnepumenta CMS

Anumon Iempos', Aumon Jumumpos', Jleanovp Jlumos', Bopucnas Iasnos', Ieiiuo
Ilemxoe’, Muxaena Ilexnusanosa’ , Enmon Ilymxa’
!Coputicku Ynusepcumem ,, Ce. Knumenm Oxpudcku “, @usuuecku Daxyimem

ExcnepumentsT CMS cr6upa nanau Ha yckopurens LHC B LIEPH npu pexkopaau
eHepruu ot 13.6 TeV 1 BUCOKH MOMEHTHH cBeTMMOCTH (Hax 2 X 10%* cm?s™!).
Wnentudumnypanero 1 ©3MEPBaHETO HA MIOOHH, KaKTO U TPUI'€PUPAHETO HA MIOOHH € OT
pelraBamio 3Ha4eHHe 3a pa3HOOOpa3HH (PM3NYECKH aHAJM3U U CE U3BBPIIBA C Pa3IHIHN
JIETeKTOPHH TEXHOJIOTHH.

Cucremara ot Kamepn cbse cenpoTuurenta miockoct (RPC) o6xBama kakTo
LWIMHIPUYHATA, TaKa U KpaiHaTta 4acT Ha ekcriepuMenta CMS ¥ ocurypsiBa n3MepBaHHUs C
OTJIMYHA BPEMEBA Pa3JIeNUTeNHa CIIOCOOHOCT, MOKPUBAWKU PAHOHBT OT IICEBAOOBP3UHN 10
Inl<1.8. RPC cucremara Ha CMS npenocraBst JOMBbIHATENHA HHOPMAIKS 32 HAZEKIHO
TpUTEpUpaHE, PEKOHCTPYKINS U HACHTU(HUKAINSA HA MIOOHH.

CrabunHara paboTa u 6e3mpoOIIeMHNs HA0OP Ha JaHHH CE MTOCTHUTra C PEAOBHH
npodunaktuku Ha RPC cuctemara mo BpeMe Ha TEXHHYECKHUTE CIUPaHUS Ha yckopurerst. ITo
BpeMe Ha Habopa Ha JaHHU ce MPOBEKAAT CIEIHAINU3NPaH KATHOPOBKH, a CBIIO Taka U
aHaNM3 HA JaHHHM 3a TapaMeTpuTe Ha cucremara. llle OpmaT npencraBeHH pe3yiTaT 3a
ocHoBHHTe TapameTpu Ha RPC cucremara npes nocieaHus nepuo Ha Habop Ha TaHHH (Taka
HapedyeHus Run-3).
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ABTOMATH3HpaHe Ha MpoLeca HA onpeaessiHe HA palOTHOTO
HalnpeKeHue HA KaMepHTe CbC CHIPOTUBUTEIHA MJIOCKOCT HA
ekcnepumenta CMS

Anmon Jlumumpos, bopucnas Ilasnos, Enmon [llymka, Jleanovp Jlumos,
Muxaena Ilexausanosa, [letivo Ilemkos
Coghuticku ynusepcumem ,, Ce. Knumenm Oxpudcku “

3a j1a ce ompeneNsIT ONTHMAIHUTE PAOOTHN TOYKH Ha KAaMEPHUTE ChC CHIPOTUBHUTEIIHA
mwiockocT (RPC) B ekcmepumenta Kommakren mrooneH conieHoun (CMS) na IIEPH, B
HayaJoTO Ha TOJWHUTE 3a ChOMpaHe Ha JAaHHU C€ MPOBEXIA Cepusi OT TECTOBE, KOHTO
u3MepBar eheKTUBHOCTTA M pa3Mepa Ha KITbCTEPUTE B 3aBUCHMOCT OT paOOTHOTO HAIIpEXEHUE
Ha KaMmepuTte B quamnazoHa ot [8600, 9800]V. Ta3u nponenypa rapanTipa HaaexaHara padbora
Ha RPC perexropute. YacTi OT cTaHOApPTHUS aHAIW3 HA JaHHUTE BCE OINE CE M3BBPIIBAT
PBYHO, KOETO 3HAYMTENIHO YIBIDKaBa BpeMeTo 3a obpadorka. Hacrosmoro n3cnenBane nemu
Ja aBTOMaTH3Mpa aHajh3a Ha JaHHHU 3a OlpeleisHe Ha paborHure Touku Ha RPC upes
MHTETpUpaHe Ha AJITOPUTMH OT MalIMHHOTO o0yuenue (ML).

Upes m3non3BaHeTo Ha ML TeXHHMKH, TOBa HM3CJIEIBaHE CE€ CTPEMHU Ja ONTHMHU3Mpa
paborata Ha RPC nerekropute, OCHUTYpsSBailkd MMO-OBbP30 B3EMaHE Ha PpEHICHUS W
CBOEBPEMEHHHU KOPEKIMU Ha HACTPOUKHUTE C I[eJT ONITHMAIHO ChOMpaHe Ha IaHHU 10 BpeMe Ha
pabota Ha ['onemus anponen komaiizep (LHC). Hamara meromonorus ce ¢pokycupa BEpPXY
TapaMeTPU3HPAHETO Ha KPUBUTE HA ePEeKTUBHOCTTA, 3a J1a Ce JaJie Bb3MOXKHOCT 32 OIICHKA Ha
e(eKTHBHOCTTA Ha ABOIHHUTE npouenu Ha RPC npu pa3nuyau CTOHHOCTH Ha HAaPEKEHUETO.
3a 1a MoCTUrHEM TOBa, U3Moy3BaMe HeBpoHHa Mpeka (ANN), KosTo MOXke Ja OTCTpaHsIBa
OTKJIOHEHHsI OT CUTMOHMJAJIHaTa KpWBa M Ja Mpe]CcKa3Ba IOBEICHUETO Ha e(EeKTUBHOCTTA
JIOpY TIPH JIUIICA HA JIJAaHHU B IUIATOTO Ha e()eKTUBHOCTTA.

Paspabotuxme criermanes aBroenkoaep ANN, koiiTo paboTu B pOCTPaHCTBOTO Ha
Dypue, 3a 1a anmpoKCHMHpPa 3aBUCUMOCTTa MEXTy €(pEKTHUBHOCTTA M HAIIPEKEHHETO 32 BCEKH
npouen. To3u aBTOSHKOAEp aHANN3Upa U3MepeHara e(eKTHBHOCT IPH Pa3INIHI CTOHHOCTH
Ha TI01aBaHOTO HAIPEXEHUE U OLleHsIBa e()eKTUBHOCTTA Ha JeTeKTopa B mHTepBaia ot 8.0 1o
10.5 kV. Crex ToBa mpeacKa3aHUTEe NaHHU CEANMPOKCHMHUPAT C JOTHCTHYHA (QYHKIHA, a
MOJyYeHUTE TapaMeTpu ce W3MOJI3BaT 3a olpejelsHe Ha paboTHuTe Touku. Clien Karo
paboOTHOTO HaNpeKEeHHE 32 BCEKH JIBOCH MPOLET € YCTAaHOBEHO, Ce MpHiara Crenuain3upaHa
ONTHMU3ALMOHHA NPOIIEypa 3a OLlEHKa Ha paOOTHUTE TOUKU HA BCEKH BUCOKOBOJITOB KaHAJ.
Teit KaTO HSAKOJIKO JBOWHHM MpoLEeNna CIOJETIT €JWH M ChII BHCOKOBOJTOB KaHal,
HaIpeXeHNETOo ce KOPUTHpa Taka, 4e 1a OTrOBaps Ha M3UCKBAHMUATA 32 €PEKTUBHOCT U pazMep
Ha KITbCTEPUTE, KaTO OCUTYpPsIBa HEOOXOJMMHUTE pe3yITaTH 3a aHAIH3a.

bnaromapenne Ha HOBHTE TEXHOJIOTMH WM MPWJIOKEHATa METOJONOTHS, BPEMETO,
HEoOX0ANMO 32 aHAIN3 Ha KaTMOPAIIMOHHAUTE aHHY 32 ONpE/IeNsTHe Ha ONITHMaTHaTa paboTHa
touka Ha RPC B CMS, Mosxe 1a Ob/1¢ HaMaleHo OT Hal 3 Mecella Ha TI0-MaJIKO OT CEIMHMIIA.
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Machine Learning approach to CMS RPC data analysis

Anton Dimitrov', Borislav Paviov', Elton Shumka', Leandar LitoV',
Mihaela Pehlivanova', Peicho Petkov'
Sofia university ,,St. Kliment Ohridski “

The HV scan is a crucial sequence of calibration runs typically conducted at the onset
of each data-taking year with the initial collisions of the CERN Large Hadron Collider (LHC)
at nominal luminosity. This procedure ensures the proper functioning of the Resistive Plate
Chamber (RPC) detectors at the Compact Muon Solenoid (CMS) experiment at CERN by
establishing correct working points. In the past, aspects of the HV scan analysis were
performed manually, leading to timeconsuming procedures. This study endeavors to
revolutionize the analysis of RPC HV scan data by integrating machine learning (ML)
algorithms. The primary objective is to automate and expedite manual steps in the analysis
process, thereby enhancing the efficiency and speed of task deliverables.

Through the application of ML techniques, this research seeks to optimize RPC
detector performance analysis, facilitating quicker decision-making processes and ensuring
timely adjustments to detector settings for optimal data collection during LHC operations. The
HV scan measures efficiency and cluster size as functions of operating voltage for each RPC
double gap, within the effective voltage range of [8600, 9800]V. Our methodology prioritizes
parametrizing efficiency curves to enable the evaluation of RPC double gap efficiency at
arbitrary voltage values. To achieve this, we employ an artificial neural network (ANN)
capable of discarding outliers and approximating efficiency behavior, even in cases when data
is missing within the efficiency plateau.

We developed a dedicated autoencoder ANN that operates in Fourier space to
approximate efficiency vs. HV curves per double gap. This autoencoder takes measured
efficiency at various supply voltage values and estimates detector efficiency within the voltage
interval of 8.0 to 10.5 kV. Subsequently, the refined curve undergoes sigmoidal function
fitting, and resulting parameters are utilized in the working point definition procedure. Once
the working HV point per double gap is established, a specialized optimization procedure is
employed to evaluate working points per HV channel. Multiple double gaps share a single HV
supply line, and voltage adjustments are made to fulfill efficiency and cluster size
requirements, providing the necessary output for analysis.

Thanks to novel technologies and the applied methodology, the time required to
analyze the calibration data of the CMS RPC HV scan can be reduced from over 3 months to
less than a week
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Machine learning reconstruction of signals in the PADME
Electromagnetic calorimeter

Kalina Dimitrova on behalf of the PADME Collaboration
Sofia University ,,St. Kliment Ohridski

Machine learning methods have a long-standing history in data analysis in high energy
physics experiments and recently, they also face increased exploitation for data reconstruction.
A modified version of a convolutional neural network with autoencoder architecture was
developed, successfully reconstructing the pulse arrival time and amplitude in the PADME
experiment detectors. A 2D version of the method is under development, aimed at
reconstructing cluster energies and coordinates and attributing them to particles entering the
detector. The network architectures and training are discussed, as well as the performance on
real and synthetic data.
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PexoHCTPYKIMS HA CHTHAJIM B €1eKTPOMATHUTHUA KAJOPUMeETHDP Ha
excnepuMmenTta PADME ype3 MmamuHHO 00y4eHHe

Kanuna /lumumposa om umemo ua xoarabopayusma PADME
Codgpuiicku Ynusepcumem ,, Ce. Knumenm Oxpuocku

MeroauTe, OCHOBaHHM Ha MalIMHHO O0yYeHHe, IMaT JIbJra UCTOPHS NIpU aHaIH3a Ha
JAHHU BBB (PU3MKATa Ha BHCOKUTE CHEPIHHU, a OTCKOPO ce HaOllloJaBa BCE IO-4ECTOTO MM
U3II0JI3BaHEe NPH PEKOHCTPYKLMATA HA NaHHM. PaspaboTeHa e MoamduimpaHa BepcHs Ha
KOHBOJIIOLIMOHHA HEBPOHHA MpeXa C apXUTEKTypa Ha AaBTOEHKOJEp, KOSATO YCHEUIHO
PEKOHCTpyHpa BpEMETO Ha HACTBIIBAHE M aMIUIUTYJAaTa Ha CHIHAINUTE B JETEKTOPUTE Ha
excriepumenta PADME. 2D Bepcus Ha MeToz1a € B IIpoliec Ha pa3paboTka, KaTo LeNTa 1 € 1a
PEKOHCTPYHpa CHEPIHUTE U KOOPANHATHTE HA KI'BCTEPH, OT KOSTO JIa M3BIMYa HHPOpMaLUs
3a yacTULUTE, TONAaJHAIU B JAeTeKTopa. PasrienaHu ca apXUTEKTYpUTE Ha MpPEKUTE U
TAXHOTO TPEHHpaHE, KaKTO U Pe3yJITaTUTE OT NPHJIAraHeTO UM BbPXY pealHi U CUHTETUYHU
JTaHHHU.
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Radiation monitoring system for the GEM chambers at CMS

Georgi Mitev!, Roumyana Hadjiiska', Milena Misheva', Plamen laydjiev!, Lubomir
Dimitrov!, Ludmil Ratchev!
! Institute for Nuclear Research and Nuclear Energy,
Bulgarian Academy of Sciences,
Sofia, Bulgaria
Abstract

The Compact Muon Solenoid (CMS) is one of the two general purpose detectors at
the Large Hadron Collider (LHC). In order to evaluate the radiation environment inside its
tightly packed volume the CMS collaboration relies heavily on detailed simulations of the
interactions of the produced particles with the materials of the detector. Some Total Ionizing
Dose (TID) detectors have also been placed in available spaces before the LHC runs and
measured afterwards. Unfortunately the first method provides an indirect estimation and the
latter an offline snapshot of the radiation dose absorbed in different parts of the detector.

Our group from the Institute for Nuclear Research and Nuclear Energy (INRNE)
developed an online Radiation Monitoring (RadMon) system compact enough and capable of
working inside the challenging environment inside the detector. It has been integrated inside
some of the Gas Electron Multiplier (GEM) chambers of the muon system of CMS in 2019-
2020. It relies on sensors based on Radiation-sensitive Field Effect Transistors (RadFETs) for
measurement of the total absorbed dose and p-i-n diodes for IMeV neutron equivalent (neq)
non-ionizing energy losses (NIEL).

We present the radiation readout system structure and some data obtained since the
start of LHC Run3 in 2021. We discus some of the challenges we faced running and supporting
remotely the RadMon system. We also present some planned future upgrades.
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CucreMa 3a pagualMoOHHO HAOTI0IeHU e
Ha GEM kamepute Ha CMS

Teopeu Mumes', Pymana Xaoxcuticka', Munena Muweesa’, ITnamen iidxcues!, Jlrobomup
Jumumpos’, Jlroomun Paues!
! Unemumym 3a Aopenu Uscnedsanus u Aopena Enpeemuxa,
bwvreapcka Axademus na Hayxkume,
Cogus, bvreapus
Pesrome

KomnaktHusT MiooHeH coneHoun (CMS) e enuH oT 1Bara JAeTeKTopa ¢ 0O0IIo
npeaHa3HauYeHHe Ha royieMus aapoHeH yckopuren (LHC). 3a na onenu pagnannoHHara cpena
B HETOBHS IUTBTHO 3ambiHeH obem, CMS komabopamusTa pazyuTa CHIHO Ha MOAPOOHHU
CHMyJalMF Ha B3aMMOJAEHCTBHUATA HA TPOM3BEXKIAHUTE YACTHIM C MaTepHAINTE Ha
nerexTopa. Ilpenn na ce BKIOUH yCKOPHUTEINST, B HATMIHUTE CBOOOJHM NPOCTPAHCTBA CHIIO
Taka ca IOCTaBSIHU ITACHBHU JO3MMETPH, YHSATO CTOHHOCT CE€ OTYHMTAa BIOCIEACTBHE. 3a
CHXaJIeHUe IBPBHUAT METO NPEAOCTaBsl HHANPEKTHA OLCHKA, a BTOPHAT - SIMHNYHA KpaiHa
CTOMHOCT Ha J]03aTa, OTJa/IeHa B pa3JIMYHUTE YaCTH Ha JIETEKTOPA.

Hamara rpyna, or Mucturyra 3a Snpenu M3cnensanus u Snpena Enpreruka
(UAUSAE), paspaboTH aKkTHBHa CcHUCTeMa 3a paauaiuoHHo HabOmogenue (RadMon),
JOCTaThYHO KOMIIAaKTHA U yCTOIUMBA Ha BIMSHUATA Ha paboTHaTa cpena B aerekropa. Ilpes
2019-2020r. Ts1 6e MHTErpUpaHa B 4acT OT KAMEPUTE C Ta30B0 yMHOkeHue Ha 3apsina (GEM)
Ha MIooHHaTa cuctema Ha CMS. Cucremara 3a paJialliOHHO HaOJIIOJICHNE U3IT0NI3Ba CEH30pH
C paauaoHHO YyBcTBUTENHH nojeu TpaH3ucropu (RadFET), 3a onenka Ha morbiHaraTa
o3a, W p-i-n AMOAM, 3a OLCHKAa Ha EHeprusra, OTAaJeHa OT HEHOHMW3UpAIM YacTHIN
IIPUBEJICHA KbM €BUBAJICHT HA HEYTPOHU c eHeprus 1MeV.

Ipencrasena e crpykrypara Ha RadMon cuctemara U 4acT OT JaHHHUTE, CbOpaHU OT
Hayamoto Ha Run3 nHa LHC mpe3 2021r. OGcwxaaT ce HAKOM OT NPOOJIEMHUTE IIpH
JMCTaHIIMOHHATa paboTa M MO/APBKKA Ha cucTeMaTa. [loka3aHu ca miaHoBe 3a OBJENIOTO U
HaJTrpaxIaHe.
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Cumysanus Ha XUNOTeTHYHA HaANpoekTHAa aBapusi B MMP c
koMnThpeH kog ASTEC

Pocuya I'enuesa’, Hasnun pyoee!, Ilems Bpswkoea’
! Hnemumym 3a sopenu uscredsanus u sopena enepeemuxa — bvneapcka axademus na
Hayxkume

B nmemHO Bpeme pa3BUTHETO Ha HOBHTE SIAPEHHM TEXHOJIOTHH OOpBINA CIEIHATHO
BHUMaHHE Ha pa3padOTBaHETO HAa MHTETPAIHU MaJlKu MoxyiaHH peakropu (MMP). Te ca mo-
€BTUHH, II0-JIECHO C€ MOHTHPAaT M KaTo YHCTH EHEPIrMHHM HW3TOYHMIM MoraT ga ObaaT
JOIbIIHEHHE KbM €HEPTHIHNS MUKC Ha BCsIKa cTpaHa. ETo 3a1110 € MHOTO BaXKHO O€30T1acHOCTTa
Ha MMP na 6wae mpoydeHa u MOTBBPAEHA U Aa OBJAT W3IMBJIHEHH BCUUKH M3HUCKBAHUS 3a
6€30MacHOCT 3a TAXHOTO MPUIIOKEHHUE.

B mpoexrure Ha MHOro MMP ca mpenBuIeHN pa3iuuHM W HE3aBUCUMH IACHBHU
cucTeMH 3a 0e30I1aCHOCT, KOWTO 3HAYUTENHO IIOBHINABAT OE30IIaCHOCTTAa Ha TsIXHATa
eKCIUTOATalysl, HaMaJsiBalkM 3aBHCHMOCTTAa OT 3aJelCTBaHE HAa AKTUBHHTE CHCTEMH 3a
0e30MacHOCT, KOUTO M3MCKBAT peaklys Ha omnepaTwBHHs nepconan Ha SLI. HesaBucumo ot
TOBA, B HIKOU CHTYAIU{ 9acT OT Te3U ITACUBHU CHCTEMH 3a 0€30IaCHOCT MIJIM BCHYKH T€ MOTaT
Ila ce MOBPEIAT, KOETO Ja IOBEIE 10 HAIIPOCKTHA aBapHsl WK JAOpH 10 Texkka aBapus (TA).

Ta3zu crarus wu3cnenBa HaanpoekTtHa asapus B MMP. Pasrnexnanust MMP e
HWHTETPAJICH PEakTOp ¢ BOJAA IMOJ HalAraHe W enekrpuyecka mMomHocT 300 MB (TomnmuuHa
morHoct 1000 MB). HacrostioTo u3cienBane e HarpaBeHo ¢ KoMioTbpeH ko ASTECv3.1.1
B pamkute Ha mpoekta SASPAM-SA (Ananu3 Ha Oe3omacHoctta Ha MMP ¢ macuBHH
CTpaTerHy 3a CMEKYaBaHE Ha IOCJICJICTBUsTA OT aBapuu - Texxku aBapum). M3ciexBanero
nokasBa peakuusta Ha MMP, B ciydait Ha aBapus ckc 3aryba Ha torutoHocuten (LOCA) B
JMHUATA 33 TUPEKTHO TOIHTaBaHe Ha peaktopa (DVI) u moBpena Ha MOYTH BCHUKH MACHBHU
cucremn 3a Oe3omacHOCT. be3 cucremm 3a Oe3omacHOCT aBapusta eckaimupa B TA ¢
pa3TomnsABaHEe M MpEMecTBaHE Ha aKTHBHATA 30HA B JIOJHATA YAaCT HA KOPITyca HA PEaKTopa,
TIOCJIE/IBAHO OT pa3KbCBaHE HAa KOPITyca HA peakTopa. BeposTHOCTTa OT TakaBa KPUTHYHA
CHUTYaIMs TIPH TO3M JU3aiiH € XUIIOTETHYHA, HO MPEJH JIa Ce MPUIOKN KaKbBTO M JIa € IPOSKT
Ha MMP, nosenennero My npy NpoeKTHH, HaanpoekTHH U TA TpsOBa na ObJe aHATUTHIHO
W3CIIE/IBAHO ¥ aHATU3HPAHO.

LlenTa Ha TO3HM aHAJIM3 € CHILO TaKa Ja AEMOHCTPUPA Bb3MOKHOCTUTE Ha KOMIIOTHPHHUS
kox ASTEC na cuMynmupa BCHYKM Tpouecw W sBieHus B MMP oT mHuMImMmpaHero Ha
MIBPBOHAYAIHOTO CHOUTHE 0 Pa3pylIaBaHETO Ha KOPITyca Ha peakTopa.
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Simulation of a hypothetical BDBA in SMR with ASTEC computer
code

Rositsa Gencheva', Pavlin Groudev', Petya Vryashkova'
!nstitute for Nuclear Research and Nuclear Energy — Bulgarian Academy of Sciences

Nowadays the development of new nuclear technologies pays special attention to the
development of integral small modular reactors (SMRs). They are cheaper, easily established,
and as clean energy sources could serve as a supplement in each country’s energy mix. That’s
why it is very important the safety of the SMRs to be studied and confirmed and that all safety
requirements for their use are met.

Many SMR designs are supplied by different and independent passive safety systems,
which increase significantly the safety of their exploitation reducing the dependence of
actuation the active safety systems that require the reaction of the operational staff of the NPP.
Nevertheless, in some situations part of these passive safety systems or all of them could fail
leading to beyond design based accident (BDBA) or even to a severe accident (SA).

This paper investigates a BDBA in a generic design of SMR. This design is an Integral
Pressurized Water Reactor (iPWR) with dry containment and electrical power 300 MW
(thermal power 1000 MW). The investigation has been done with ASTECv3.1.1 computer
code in the frame of SASPAM-SA project (Safety Analysis of SMR with PAssive Mitigation
strategies - Severe Accident). It concerns the response of the SMR in case of an LOCA at the
Direct Vessel Injection line (DVI) and failure of all passive safety systems. Without safety
systems the accident escalates in SA with melting and relocation of the core into the lower
head of the vessel followed by reactor vessel rupture. The probability of such a critical
situation is hypothetical, but before applying any SMR design, its behavior under extremely
critical conditions should be analytically investigated and analyzed.

The purpose of this analysis is also to demonstrate the capabilities of the ASTEC
computer code to simulate all processes and phenomena in the generic SMR design from the
beginning of accident to the failure of the reactor vessel.
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Iloxanenu noxinaau

1. K. HerpoB: “KoHTpon Ha chcTaBa, MHUKPOCTPYKTypara M CBOMCTBaTa Ha JUOOpHIM Ha
NPEXO/IHUTE METAIN, HAHECEHHU C pasIipaliBaHe’

YcTHM foKIIaau

1. . JlanoB: ,,OpeHKENOBU EKCUTOHU B CIIMPAITHU JIBYBEPYOKHH PETYJISIPHU CTPYKTYPH (110 MOZIEN
Ha JIHK)*

2. W. ABpamoBa: , J[3cnenBaHe HA MEXaHW3Ma 3a CbXPAaHEHUE Ha 3apsiJia Ha CYNEPKOH/IEH3aTOpU:
in sitw/operando XPS moaxox

3. T. Muaenos: ,,Hsxon HOBH pe3ynTaTy, Homy4deHu B pamkute Ha poekt KI1-06-KOCT/10-
07.08.2023

4. B. Tonues: ,,KakBo € 001110TO MEXy IPyIUPAHETO Ha CThIala BbPXY BULMHAIHU KPUCTATHU

MIOBBPXHOCTHU U TypOyJIeHTHOCTTA?*

E. Anrenosa: ,,CrieKTbp Ha eJIeMEHTapHH BB30YKIaHUsI B MATHUTHH MaTepUaIn‘®

B. [lonues: ,,MI3cnenBane Ha MUKpO-0ocTpoBueTa oT (GaSb, OTI0KEHH BBPXY Si HOATO0XKKU

7. b. HamoJieonoB: ,,Enutakcuanen pacrexx Ha 2D MoS2 3a ontoeneKTpOHHU NPUIIOKEHHUS:
METO/Y U XapaKTEPUCTUKH

8. . Ammutpos: ,IlepcriektuBu Ha AByn3MepHUTE Marepuany 3a CMOS nputoxenus:

9. P. Xapusanoa: ,,[lony4yaBane u xapakTepu3rpaHe Ha HOBU CTbKJIOKEPAMUYHU OKCHTHU
MaTepHaIy C KOHTPOJIMPYEMHU JUEIIEKTPUYHU U MATHUTHU CBOMCTBA™

10. K. Byukos: ,,AC MarHuTHa Bb3IPHUEMUMBOCT: YHUBEPCAJIEH METO/1 38 U3CJICBAHE HA
BHUXpOBaTa JMHAMHUKA HA CBPBXIPOBOJHULIN

11.T. BiaxoB: ,,I 'bBkaBu (prsiMu 0T HaHOKOMIO3UTHU enekTposuT PEO-5CB-NalOs-SWCNTs:
CTPYKTYPHHU U €IEKTPUUYECKU U3CIICIBAaHNS HA IOHHATA ITPOBOJUMOCT

SN

[TocTtepHu noknaau

1. I'. Xampxuxpucros: ,,HanokommosutHa kepamuka ZnTiO3/rGO: edexTsT OT pemyrmpanust
rpadenos okcun (rGO)

2. W. MapuHoB: , JI3cneaBane Ha ThHKY IUTAHAPHU (PUIIMK OT HEMATH4eH TedyeH kpucrtai SCB,
JIETUPAHH ChC 31IaTHU HAHOC(EPH IOCPENCTBOM (DIIEKCO-IMENTEKTPUHA CIIEKTPOCKOIHS ¢

3. W. Mapunos: ,,Langmuir-Blodgett films of metal-organic framework (MOF) MIL-101(Cr) for
sensing volatile organic compounds (VOCs) by electrical impedance spectroscopy*

4. A. CrosinoBa-HUBanoBa: ,,Electrochemical behavior of B(Pb)SCCO 2212 dopped Zn electrode*

5. X. ITonoga: ,,dopMupane u xapakTepr3upaHe Ha MEaHIpUPaHEe Ha CThIIaa BbPXY BUIIMHAIHU
ITOBBPXHOCTH: W3CJIC/IBAaHE HAa MOJIEN HA KJIIEThYEH aBTOMAaT

6. B.Teopruesa: ,/3cienpane Ha 4YaCTAYHOTO 3amecTBane Ha Al*" Bbpxy cBoiicTBara Ha Y -THIT
Bao.sSri.sMgNiFei2AlO2 xexcapepuru

7. E.3narapesa: ,/3cnensane Ha Mopdosorusita u creraBa Ha TBBpA0 nokputre T1/TiN/AITiCrN,
HaHECEHO Ype3 pazdaaHCUPaHO MarHETPOHHO pa3MpaliBaHe B 3aTBOPEHO MArHUTHO Tosie’

8. K. Kupuios: ,MexaHu3bM Ha eJIeKTPUUECKH TPAHCTIOPT B Ipa)eéHOBU KOMITAKTH '

9. B.T'eopruesa: ,,TEM u3cnenpane Ha oOpazyBaneTo Ha SiC BbpXy Si OJJIOXKKA U BIMSIHUETO Ha
HatuBHUA Si0x

10. C. boroesa: ,,OyHkioHamM3upane Ha HaHocnoese oT ZnO nerupad ¢ Al upe3 HOBbpXHOCTHA
MoM(UKAIHS

11. . imonucues: ,,IIpoMsiHa Ha 1aTepamHusT paMep Ha 2D cioese ot WSe; ciiet MEKIMHHO
tperupane Ha TAC cunte3a™

12. K. bukoB: ,,PentrenoBa abcopOIMOHHA CIIEKTPOCKOITHS Ha METHU LIEHTPOBE B 3€0JTUTHU
CTPYKTYPH U TSIXHOTO B3aUMOJICHCTBHE C a30T€H OKCUIL

13.T. KapagumoB: ,,MarHiuTHy CBOMCTBA HA HECTEXMOMETPUYHH, HAHOKPHUCTATHA MaHI'aHOBU
bepuru

14. 1. KamueBckn: ,,I IpenBapurenHy pe3ynraTy OT U3C/IEIBaHE HA pAMAHOBUS CIIEKThP HA TPUCIIOEH
rpagen’

15.T". Koraapcku: ,,opMupaHe Ha 3aBapbiHU IIEBOBE [0 BPEME Ha IMPOLIECca Ha TbIOBO aJUTUBHO
W3rpaXIaHe Ha IETAIN OT ATyMHUHUHN BBPXY METHA OCHOBA“
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KOHTPOJI HA CbCTABA, MUKPOCTYKTYPATA U
CBOUCTBATA HA JUBOPU/IU HA ITIPEXO/HUTE METAJIU,
HAHECEHMHU C PA3IIPAIIIBAHE

Hesan Ilempos
Materials Research Laboratory and Materials Science Department, University of lllinois at
Urbana Champaign, Illinois 61801, USA
Department of Physics (IFM), Linképing University, SE-581 83 Linkdping, Sweden
petrov@illinois.edu

Jubopunure Ha npexomuure Metamun (TMB:2) kpucramusupar B XeKcaroHallHa
crpykrypa ot tunma AlB2 (P6/mmm, SG-191), xbaero aromure Ha OGopa oOpasyBaT
rpadeHOo100HU JIMCTOBE MEXKY IUTPTHOONAKOBAHUTE CIOEBE OT MeTaianute aromu. TMB2
TIpUTeXaBaT yHUKaJHA KOMOWHAIMS OT CBOWCTBA, KaTO BHCOKA TOYKA Ha TOINEHE, OTJIMYHA
TBBPIOCT, J00pa yCTOHYMBOCT Ha KOPO3WSl M M3HOCBAHE, BHCOKA TEPMHUYHA M XHMHYECKa
CTaOWITHOCT U J0Opa eNeKTPONpPOBOANMOCT. Te3n CBOMCTBA TH MPaBAT HOAXOISIIY 32 MHOTO
NPUIOKEHHST B €KCTPEMHH BHCOKOTEMIIEPAaTypHH M KOPO3WpALIM CPEeAH, KaTo KOCMHYECKH
JIBUTATENH, SIAPECHN PEAKTOPH, PA3IMYHH 3alIUTHH TOKPUTHUS ¥ APYTH.

TMBx cioeBe, HaHECEHH ¢ MArHETPOHHO pa3IpaliBaHe, 0ONKHOBEHO ChIbPXKAT IOBEUE
60p ¢ x = B/TM B unTepBana 2.4-3.5. M3numHOTO Kom4yecTBO B cerperupa mo rpaHuIMTe HA
3bpHaTa U 00pa3yBa HAHOKOJIOHHA CTPYKTYPa, KOSITO BOAH JI0 BUCOKA TBBPJOCT Ha HOKPUTHATA
(nmpesumasama 40 GPa), Taka HapedeHaTa cynepTBEpAocT. HancrexuoMeTpuaHuTE THOOPUIN
ce OKCHIMpAT JIECHO, ThH KaTO KHUCIOPOABT M Bojara aTakyBaT B ¢aszara. CienoarenHo,
crocoOHOCTTa Ja Obae KOHTPOJIMpaHo oTHomeHneTro B/TM mo Bpeme Ha M3pacTBaHETO Ha
CJIOEBETEe Upe3 paslpallBaHe € OT 0COOCHa BaKHOCT KaTo IThpBAa CTHIIKA KBbM CHHTE3 Ha
SMUTaKCHANHKU IIOKPUTHS M ONpEIENsSHE Ha TEXHUTEe cBoiicTBa. Hue M3mon3Bame THTaHOB
mubopun, TiB2, karo MofenHa cucTeMa ¢ IIe W3CIeBaHe Ha BIMSAHUETO HA HAIATAHETO Ha
paspsiia M IUTBTHOCTTA Ha IUIa3MaTa, MPOMEHSHH B IIMPOKU TPaHHIH, BbPXY OTHOLICHHETO
B/Ti mo BpeMe Ha MOCTOSTHHO-TOKOBO MarHETPOHHO paslpaliBaHe Ha MumeHa oT TiBa2, karo
MO TO3M HA4YMH JEMOHCTPHpaMe BB3MOXKHOCTTa Ja OBJAaT CUTHE3HPaHH EMHUTAKCHATHU
crexuomerpuunn qubopumu. Ilpu HiPIMS (High-Power Impulse Magnetron Sputtering)
pasmpaiiBaHe, Hiue JeMOHCTPUPaMe Bb3MOKHOCTTA J1a ObJie KOHTPOJIMpaHO oTHOIIeHHeTo B/Ti
B TiBx cioeBe u 1a Ob/ie MOCTUTHAT CTEXHMOMETPUYCH ChCTAB Ype3 MOAOUpaHe Ha TUIBTHOCTTA
Ha MeTaJTHUTEe HOHM B IU1a3Mara o kTS Ha MPOMSIHA Ha MUKOBHS TOK Ha MuieHata. [1o To3u
HAa4YMH HUE CHHTE3MpaMe CTEXHMOMETPHYHH M CYyOCTEXHOMETPHYHH CJIOEBE W PErHCTpHpaMe
aTOMHHTE CTPYKTYpH, 0Opa3yBaHU B pe3yJiTara Ha HEAOCTUTa Ha Oop — OOpHHUTE BaKaHIHH
o6pasysar npusmatraan [11700] medekTn Ha OmaKoBKaTa, KOMTO Ca OOOTATEHH ¢ METAIHH
aroMu. Te3u HaAHOCTPYKTYPH MOBHIIABAT TBHPAOCTTA Ha CyOCTEXHOMETPUUYHUTE JUOOPHIHU
CJIOEBE, KOUTO CBIIEBPEMEHHO IPUTE)KABaT IMOBUIIEHA YCTOWYHBOCT KbM OKCHIMpaHE B
CpaBHEHHUE C HAJICTEXUOMETPUIHHE TOKPUTHSI.

CHHTe3UpaHH ca peAnla MeTacTaOWIHH HaHOCTPYKTYPH, BKIIOUUTENHO ZrixTaxBz,
Zr1xCrxBa, Ti1xAlxB2, and TiixHfxB2, kouTto nmpurexasat mogo0peHn CBOMCTBA KaTo 3al[UTHH
TOKPUTHS, HOTEHIIMAIHO BOJCIIH JIO CIIECTSIBaHE Ha MaTepHAIHU U CHEPIHilHU PeCypCH IpH
MIPOMHIIIICHU IPHIIOKEHHS.
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DpeHKeJOBH €eKCUTOHHM B CIIMPAJIHM IBYBEPUKHH peryJisipHu
cTpykTypH (mo moxea Ha JJTHK)

Ipog. Hsan Jlanos
Quszuuecku gpaxynmem, Coguiicku ynusepcumem, 1164 Coghus

EnextpoHHUTE BB30YXKIaHHA B ABAa MOJIeJIa Ha CIIMPAIHU PETYISIPHU CTPYKTYPH C JBE
BEpUTH ca U3y4aBaHU B cTaTusATa. Karto ocHOoBa Ha MojenuTe HHe u3nona3BaMe B gopma Ha
JHK c aBe aHTHmapaienHu BEpUTrH OT NepPeKTHO NOAPEACHU ABOUKU OT 0a3u OT eOUH THUI
(mampumep, AT).

A. TpetupaHeTo Ha IBPBHS MOJEN € OUEBUAHO, KaTO C€ M3MONI3BAT PE3YNTATUTE OT
nposiBuTe Ha (ppeHkenoBy ekcuToHH (FEs) B eTHOBEpIDKHI 0-XEIIMKCH B JIMHEHHO ITOTIIBIIaHe
U B Kpbroeus quxponssM (CD). B monena exnara Bepura cpabpika camo 6asza A, a apyrarta —
camo 6a3a T. /IBa Tuna ot FEs Bp3HHMKBAT: a) ¢ TpaH3UTEH AMIOJIEH MOMEHT yCHOpPEAEH Ha
MOJIEKyJIHATa Oc, TIO00HO Ha n—7" B 6a3a A unu T; 6)c TpaH3UTHY JUTIONK B paBHUHATA Ha
0asuTe M NEPHEHIUKYJIAPHH Ha ocTa (T—m mpexoau). Te3d pe3yiTaTd ChBIAAAT ChC
3aKIIIOYCHUATA 33 O-XEJIUKC C BI'BJI Ha pOTalms (=36° U MHTEpBaJ Ha TIOBTOPEHUE IO OCTa
a=3,4 nm.

b. BB BTOpHsS MOnen BCsiKa BEpHTra ce MpEAIoiara, 4e ChIbpika aaTepPHATHBHO
noxapenenu 6asu A-T-A... (M BCSIKO CTBIIANO Ha JBOWHATa cIiupaia chIbpka aBodka AT).
Taka BI'eJIBT Ha POTALUS M MHTEPBAIBT Ha IIOBTApsIHE ce yIBOsBAT, a TpaHcdepute Ha FEs ce
peann3upar, KakTo MEXIy CBIIMS TUII 0a3UC B CHOTBETHATA BEPHIa, Taka U MEXIy 0a3u OT
paznmunn Bepurn. CrnektspbT Ha FEs ce pasmenBa u BE3HUKBAT 1Ba KJIOHA, HO OT TSX CaMO
CIMHUAT € aKTHBEH B JHHEHHOTO moribpmiane u B CD. Ilpecmernatu ca TpaHcdepHHUTE
mapameTpu Ha gaBara tuna FEs (Bmwk A). KommoneHTnTe Ha JHMHEHHAaTa ONTHYHA
BB3NPHEMYNBOCT M Ha TEH30pa Ha XXHUPALUITA ca MOTydeHH, KaTO Ce M3I0JI3Ba a/leKBaTeH
XaMHITOHHAH 1 MeToaa Ha ['puHoBuTe dyHKumu npu T=0 (T- Temmeparypa). Pesynrarure
MoraTr aa ObJaT NMPUIOKEHU 3a JIECHU ¥ JIEBH JBOWHH CIUPANIM, a CBIIO — 3a MapajeilHu
Bepuru. Te MoraT 1a ObAaT MoJie3HH (IIOHE YaCTHYHO) NPU MHTEPIpETAUsATa Ha CIICKTPUTE
Ha JuHelHo noriabiade 1 CD Ha pealHu JBOMHO CIMPAJIHU CTPYKTYPH.
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Frenkel excitons in helical two-chain (DNA-like) regular structures

1J. Lalov
Faculty of Physics, Sofia university, 1164 Sofia

The electronic excitations in two models of helical two-chain regular structures are
studied in the paper. As a basis we use B-form of DNA with two antiparallel chains of
regularly ordered pairs of bases of one type only (e.g. AT).

A. The treating of first model is obvious using the results of manifestations of Frenkel
Excitons (FEs) in one-chain a-helices both in linear absorption and in Circular Dichroism
(CD) spectra. In the model one chain contains A basis only and the other chain — T basis. Two
types of FEs appear: a) with transition dipole moment parallel to the molecular axis, like n—n*
transitions in the basis A or T; b) with transition dipoles in the basis planes and perpendicular
to the axis (n—n" excitations). These results coincide with conclusions of a-helix with angle
of rotation =36° and interval of repetition along the axis a=3,4 nm.

B. In the second model each chain is supposed to contain alternatively ordered A-T-
A ... (and each step of double helix contains the pair AT). So the angle of rotation and the
interval of repetition are doubled and transfers of FEs are produced both between the same
basis of the chain and between the bases of different chains. FEs spectra split and two branches
appear but only one is active in linear absorption and CD. The transfer parameters of both
types of FEs (see A) are calculated. The components of linear optical susceptibility and of
gyration tensor are obtained using adequate Hamiltonian and Green functions method at T=0
(T-temperature). The results can be applied both for right and left double helical structures
and for parallel chains also. They can be useful (at least partly) in interpretation of linear
absorption and CD spectra of real double helical structures.
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Investigation the charge storage mechanism of supercapacitors: in
situ/operando X-ray photoelectron spectroscopy approach

Ivalina Avramoval, Dimitar Dimov2, Teodor Milenov2, Sefik Suzer3
1institute of General and Inorganic Chemistry, BAS, Akad. G. Bontchev, str. Bl. 11,1113
Cogpus, iva@svr.igic.bas.bg
2Institute of Electronics, BAS, 72, Tzarigradsko chaussee blvd, 1784 Sofia
3Department Chemistry, Bilkent University, Ankara, Turkey

The rapid development of Super capacitors (SCs) has attracted increasing interest from
the scientific community, and numerous high performance novel electroactive materials and
architectures have been proposed. A detailed understanding and/or study of the correlation
between the electrode material and electrolyte and the charge storage mechanism of SCs
during electrochemical processes are required. Among the various X-ray-based operando
techniques, XRD, XAX and XPS are getting significant attention due to their indispensable
qualitative data analysis and data acquisition. X-ray photoelectron spectroscopy (XPS) is an
elemental analysis technique that can be used to quantitatively study atom/ion concentrations,
chemical composition, and bonding conditions of various materials by exciting the sample
with X-rays and measuring the kinetic energy of the emitted photoelectrons. XPS provides
surface-sensitive detection, with the photoelectron escape depth typically ranging from a few
to tens of nanometers. XPS, also should be well-suited for explaining the EDL structures,
whose thickness falls into the same scale allowing the observation of different ionic species
and providing a better understanding of the EDL structure at the molecular level. The increase
in Electrical Double Layer capacitance with applied potential due to the desorption of the
positively charged ion-species and ion reorganization are dominated by the double-layer
charging during positive and negative polarizations. Certain properties of this process can be
elucidated within appropriate time windows with XPS by recording shifts in core level binding
energies upon application of DC and/or AC biases, specifically using a Square Wave (SQW)
with varying frequencies on a model symmetric capacitor devise. For the measurements we
constructed the symmetric capacitor device -a separator (paper) is used to allow the IL(PF6)
to pass but prevent shorting of the both GO-like electrodes. Analyses were conducted in-
operando, allowing simultaneous XPS and current measurements. A broad spectrum of
frequencies was employed to study the effects of rapid polarization and slow migratory
currents, with 10 kHz and 0.1 Hz representing the upper and lower frequency limits. Local
electrical potential variations were determined at different locations on the device. The newly
observed results have the potential to significantly advance our fundamental understanding of
various electrochemical concepts, thereby enhancing the utilization of electrode/electrolyte
systems for energy harvesting and storage purposes.

Acknowledgments: This study is funded by TUBITAK, BIDEB, 2221-Fellowship
program for visiting scientists and scientists on sabbatical leave (2023/6)
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H3caenBaHe HA MeXaHM3Ma 32 CbXpPaHeHUe Ha 3apsAia Ha
cynepkoHaen3aTopu: in situ/operando XPS nmoaxon

Heanuna Aspamosa’, Jumumuvp JJumos?, Teodop Munenos’, Llegux Crosep?
! Unemumym no obwa u neopeanuuna xumus, BAH, 6n. 11, ya. ,,Axoo. I'. Bonues“, 1113
Cogus, iva@svr.igic.bas.bg
2Hucmumym no enexmponuxa, BAH, "AKAJEMHUK EMUJI JDKAKOB" 6ya. "ILapuzpadcko
woce" 72, 1784-Cogus
SKameopa no xumus, Bunkenm Ynusepcumem, Ankapa, Typyus

Bbwp3oTo pa3sutne Ha cynep konaensaropure (SCs) npuBiInda Bce MO-TOISIM HHTEPEC
OT CTpaHa Ha HaydyHara OONIHOCT. 3a IenTa Ceé M3HMCKBa IOAPOOHO pa3bupaHe H/MIN
n3clie/[BaHe Ha KOpeIalusITa MeX/Iy eJIeKTPOIHIS MaTeprall H eISKTPOINTA U MEeXaHH3Ma 3a
cbxpaHeHne Ha 3apspa Ha SCs. Cpen pa3IUMYHHTE OINEPAHIO TEXHUKH, Oa3upaHW Ha
pertrenoBu b4, XRD, XAX n XPS mnoiy4aBaT 3HAYMTENHO BHUMAHUE MOPAAH TCXHHS
HE3aMEHMM KadecTBEH aHalW3 M ChOMpaHe Ha JaHHU. PeHTreHomatra ()OTOEIEKTPOHHA
cnekrpockonus (XPS) e TexHuKa, KOSITO MOXKE /1a Ce M3II0JI3BA 38 KOJIMIECTBEHO U3CICABAHE
Ha KOHI[CHTPAIlMUTE HAa aTOMW/HOHM, XMMHYHHSA CBCTAB M YCIOBHSTa HAa CBBP3BAHE Ha
pa3IMYHKA MaTepHalli 4pe3 Bb30yxkIaHe Ha mpobara ¢ PEHIICHOBH JBYM U H3MEpBaHE Ha
KHHEeTHYHATa eHeprusl Ha H3Tb4BaHuTe POoTOeNeKTpOHH. XPS € MOBBPXHOCTHO-1yBCTBUTEICH
Meron. XPS cpmio 6u Ol MOAXOASAIT MEeTo[ 3a OOSICHEHHE Ha JBOMHHUSAT EIEKTPUUCH CIION
(EDL), unsito neGennHa momaja B ChlaTa ckaja, HO3BOJISIBAHKY HaOIIOAeHHE HA Pa3IMIHATE
BUIOBEe HOHM W MmO-70Opo paszdbmpane Ha EDL cTpykTypaTa Ha MOJIEKYJISIPHO HHBO.
VYBennyaBaHeTto Ha Kamamureta Ha EDL mpu noreHmman mopagm aecopOuusra Ha
MOJIOKUTENHO 3apefeHUTe HOHM ¥ pEopraHM3alMATa Ha HOHM ca JOMHHHPAaHH OT
JBYCIIOWHOTO 3apeXIaHe IO BpeMe Ha IOJIOKHUTEIHUTE U OTPUIATEIHUTE IMOJSIPU3ALUHM.
IIponiecute Morat na 6bIaT U3ACHEHH B paMKUTE Ha NOIXOIAIIU BpeMeBU npo3opiu ¢ XPS,
MOCPE/ICTBOM NPOMEHHTE Ha CHEPrUHUTE Ha CBbpP3BaHE Ha (HOTOCNEKTPOHHUTE IIPH NpHIIaraHe
Ha DC n/unn AC noteHumany, ¢ kBagpatHa BbiHa (SQW) ¢ pa3nuyHu 4eCTOTH Ha MOJICITHUAT
KOHJICH3aTOp. 3a IeJHMTe Ha W3CIeABaHETO O KOHCTPyHpaH MOJAEN Ha CHMETpHUYeH
KOHJICH3aTOp - C XapTHEH JHEJCKTPUK, KOMTO 1a TM03BOIM Ha HOHHUAT enekrponut IL(PF6)
la TIpeMHHaBa, U Ja MPEJOTBPAaTH KbCO ChenuHeHne Ha nBata GO-momoOHHM eneKTpona.
Anammsute Osxa mpoBeneHn upe3 operando XPS, 3a emHoBpemenHn XPS u TOKOBH
n3MepBaHus. M3momsBan 6e MIMPOK CIHEKThP OT YECTOTH 3a M3CIeqBaHe Ha e(eKTHTe oT
Obp3aTa moJsipu3anys W OaBHWTE MHUTPAIlMOHHUM TOKoBe, B mHTepBama 10kHz m 0,1Hz.
JloxayHuTe Bapuanuy Ha eNEeKTPHYECKHUs MTOTEeHIHal OsiXxa ONpe/IeNIeH! Ha pa3iIndHi MecTa B
MOJIETTHOTO yCTPOWCTBOTO. Pe3ynraTute 3HAYMTENHO IMOJOOpsABAT HameTo (HyHAaMEHTATHO
pa3bupaHe  Ha  €JIEKTPOXMMHYHHTE  KOHLENIWH, 32  yChbBBPUIGHCTBAHE  Ha
€JICKTPOIHN/ENEKTPOIMTHU CUCTEMH 32 ChbOMpaHe U ChXpaHeHHE Ha CHEepIusl.

Baaropapuoctu: Mscnensanmsara ca ¢unancupann ot TUBITAK, BIDEB, 2221-
Fellowship program for visiting scientists and scientists on sabbatical leave (2023/6)
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Our research within this project is focused on theoretical studies of the reactions of
primary carbon clusters with each other as well as with other small molecules in space and so
far include:

- our first objective was to study assembling carbon clusters and nanophases from
carbon aggregations in space. Geometry optimizations and density-functional-based tight-
binding (SCC-DFTB) dynamics methods were employed to predict carbon clusters, their time
evolution, and their stability. Aggregates with sufficiently low initial density yielded clusters
with an approximately equal prevalence of sp and sp? hybridized states and almost missing
sp® ones. The increase in the initial density resulted in sp>-dominant molecules that resemble
the carbon skeleton of polycyclic aromatic hydrocarbons (PAHs). Larger initial aggregations
with tetrahedral interatomic orientation resulted in sp>-dominant multi-dimensional polymers.
Such materials are highly porous and resemble axially bound nanotubes. Some resultant
clusters resemble fullerene building blocks. Spheroid nanoparticles resembling improper
fullerenes were predicted by metadynamics, aimed at inter-fragment coupling reactions. One
such structure was found to have the lowest binding energy per atom among the studied
molecules. The theoretical IR spectrum of the clusters closely resembles that of fullerene Cro.
Therefore, such imperfect structures may be mistaken for known fullerenes in experimental
infrared (IR) telescope studies.

- chemical interaction of primary carbon cluster and ammonia in space: we studied a
model of the reactivity between a primal carbon cluster and ammonia in space. The initial
processes are simulated with tight-binding dynamics while metadynamics is used for the final
calculations. The characterization of the reactions includes barriers, topology and changes in
the electronic structure. The transition state structures have been described. The chemical
changes yield both quaternary ammonium groups and primary amino groups. The final
product is C2sH2(NH3)2(NHa)a.

Acknowledgments: The authors gratefully acknowledge the Scientific Research Fund

for the financial support of the project "Ab initio simulations of the interaction of single carbon
atoms and small hydrocarbon molecules in space", KP-06-KOST/10 from 07.08.2023
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Hammre n3cneBaHus B paMKUTE Ha TO3U MPOEKT ca ()OKYyCHPAaHH BBPXY TEOPETHIHN
CHMYJIALUH Ha PEAKIIMUTE MEXKTY ITbPBUYHHUTE BBIVICPOTHN KIIBCTEPH, KAKTO U C IPYTH MAJIKH
MOJIEKYJIH B KOCMOCA U JOCETra BKIIIOYBAT:

- H3CeABaHE Ha PEAKIUHTE HA ITbPBUYHHM BBIVIEPOJHH KIBCTEPH B KOCMOCA.
Wznon3Bat ce reomerpuyHa ontumm3anus U density-functional-based tight-binding metoau
(SCC-DFTB) 3a nporHo3upane Ha BBIJICPOIHH arperaty, TAXHATa €BONIOLHUS BbB BPEMETO U
CTa0MIHOCTTa WM. BBrilepogHM arperaté ¢ IOCTaThYHO HHCKa HayajHa IUTBTHOCT JaBaT
KIIECTEPH ¢ MPUOIM3UTENHO €HAKBO PA3IIPENCICHHUE Ha SP U SP> XMOPUIANU3UPAHU CHCTOSHUS
U TIOYTH JIMIICBAIIM SP° XUOPHAMZUPAHU ChCTOSHMS. YBEJIWYABAHETO HA MPBOHAYATIHATA
IUTBTHOCT BOJH JI0 SP>-IOMUHUPAILH MOJIEKYJIH, KOMTO NIPHJIMYAT HA BHIJIEPOJHHUS CKEJET Ha
MOJMULIUKINYHUTE apoMaTHU BbrieBogoponu (PAH). Ilo-ronemure mbpBOHAYAIHH arperaTu
C TEeTpaeJpUYHA MEXTyaTOMHA OPHEHTAIMS BOJAT JO SP’-JIOMMHHPAHH MHOTOU3MEDHH
nonmuMmepu. TaknBa MaTepHanu ca CHJIHO ITIOPECTH W IPWINYAT HA aKCHAIHO-CBBP3aHU
HaHOTPHOM. HsAKOM OT mModydeHH KIBCTepH NPHINYaT Ha (YyJIEpeHOBM YacTHIH, KaTo
(dhopMupaHeTO MM ce TpelncKa3Ba OT MeTaAnHAMHUKATa, HACOUYEHa KbM PEAKIHH MEXIy
ocHoBHHTE QparmenTH. TeopernunusaT nHppadepseH (M) cnextrsp Ha pynepeHo-nogoOHUTE
HAHOYACTHIM MHOTO Hamojo0sBa To3u Ha ¢yiepen C70 U ClIeAOBaTeHO Morar jga ObaaT
00BpKaHU ¢ U3BECTHHU (yJiepeHn B eKCriepuMeHTanHu u3ciensanus ¢ Y Teneckomnu.

- XMMIYHO B3aUMO/IEHCTBHE HA ITbPBUYCH BBITIEPOJICH KIIBCTEP U aMOHSK B KOCMOCA:
MPOYyYNXME MOJEN Ha PEaKTUBHOCTTa MEXIY IBbPBHYEH BBIVIEPOJICH KIBCTEP M aMOHSK B
kocMoca. [IspBoHavamHuTE Mpoiecu ce cuMyimpar ¢ density-functional-based tight-binding
METO/I, JOKaTO MeTaJlHaMHKAaTa Ce U3II0JI3Ba 3a KpalfHNTE M3UNCICHNUs. XapaKTepU3UPaHETO
Ha pEeaKknuUTe BKIIOYBA OapuepH, TOMOJOTHS W IPOMEHH B EJIEKTPOHHATa CTPYKTypa.
OnucaHu ca CTPYKTYPUTE Ha NPEXOAHHUTE ChCTOSHHSA. XUMHUYHUTE MIPOMEHM JIaBaT KAaKTO
KBaTePHEPHU aMOHHMEBH TPYIHM, Taka M IBPBHYHH aMHHO TpynH. KpalHUWAT mpomykr e
C2sH2(NH3)2(NH2)2.

BbaaronapHocTu: Apropute Omaromapst Ha ®HU 3a ¢uHaHcOBaTa moakpena Ha
MPOEKT ,,A0 HHHINO CUMYJIAIIMUH Ha B3aNMO/IEHCTBIETO HA eIMHUYHH BBIIEPOJHI aTOMH I
MAaJIKH BBIIIEBOAOPOIHU MoJieKy i B kocmoca”, KI1-06-KOCT/10 ot 07.08.2023.
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The first part of the talk “meets the step bunching (SB) on vicinal crystal surfaces and
the turbulence on the ground of the Dimensional Analysis (DA). Here, we present first an
expression for the minimal distance in the bunch as function of the number of steps N in the
bunch as obtained numerically by Stoyanov and Tonchev [1] and then we show how from it
to obtain an yet unidentified length scale /o — a composite parameter reflecting the balance
between two opposite tendencies — the step-step repulsions and emerging attractions. It is also
the /min When N = 2. Same lengthscale appears in the DA of a continuum equation for the time
evolution of the crystal surface [1] as a “quantum” for a length along the horizontal direction.
At the end of this part we draw the analogies with the Kolmogorov scales [2] resulting in a
Reynolds number of 1. In the vicinal case there is another complication coming from a
competing length scale — the initial vicinal distance /o and it is imposible to have /min> /o thus
one can define an onset of the scaling mentioned above.

In the second part the analogies between SB and turbulence go deeper with using the
monitoring protocol used in the numerical modelling of SB, see for example [3], in the re-
analysis of the equations used in the description of the so called puff jamming [4].
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KakBo e 00110T0 MexkaAy IPYNHPaHeTO HA CTHNAJA BbPXY BUIHMHAJIHH
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[IpBara yact ,,cpema‘ rpynupaneto Ha crbnaia (I'C) BbpXy BULMHAIHA KPUCTATHU
MOBBPXHOCTH MU TypOyJIEHTHOCTTa B IOJIETO Ha aHainu3a Ha pasmepHocTtute (AP). Tyk e
NPECTaBeH U3pa3 32 MMHUMAJIHOTO Pa3CTOSIHUE B TpyINara CThHANa /min KaTO (QYHKLHSA OT
Opos cThIana B IpymaTa, moiay4ex uucieHo oT CtosHoB U Tonues (1998) [1] u e mokazaHo
Kak OT Hero Moxe Ja ObpJe MoJydeHa eqHa HeHJeHTH(UIHMpaHa N0 MOMEHTa CKaja 3a
IBIDKMHA [Q — ChCTaBeH NapaMeThp, OTpassiBall OajlaHca MEXIy MapaMeTpHUTe, ONMHCBAIIN
OTOJNILCKBAHETO W €()EKTUBHOTO MPUBJIMYAHE MEXKAY CThhanara. Toi, OT Apyra cTpaHa, €
MHHUMAJIHOTO PA3CTOSIHUE B TpyIlaTa CThIIaNa, KOraTo W OposST MM € MHHHMAIHHAT — 2.
IMoka3zHo e kak /g ce mosBsBa B AP Ha y-HHETO B YaCTHU MPOU3BOIHH 32 BpEMEBATa €BOJIOLUS
Ha KpUCTaTHaTa MOBBPXHOCT, MOJIYYCHO B CBHIIOTO m3cieaBane [1] ot cucremara OY, no
€/IHO y-HHE 3a CKOPOCTTa Ha BCAKO CTHIIANO OT BHIMHAJATa — KAaTO ,,KBAHT" 3a JBJDKHMHA IO
xopu3oHTanHarta oc. OOCBOeHH ca W JBe HOBH (OPMH Ha CKEHIIMHTa 32 /min KaTO IO-
WIIOCTPATHBHU B 00paboTKaTa Ha JaHHU OT TeKymH ekcrepuMeHTH 1o ['C B pasnuuHH
MaTepHalHU cucTeMu. B kpas Ha Ta3u yacT ca pasrienanu ckauute Ha Koiamoropos [2] B
OINMMCaHMNeTO Ha TypOyJIeHTHOCTTa, moiyueHu ¢ AP n xak Te BoasT no yucio Ha Pelinonnc 1.
BbB BUNMHANHUS Ciy4ail KapTHHaTa € JOPH IO-CJIOXKHA, 3aIOTO BHIIMHAIHOCTTA BHACS
JOIBITHUTENHA CKaJla 3a JBJDKUHA /o — HA9aTHOTO BUIIMHAIHO Pa3CTOSHHUE U HAMA KaK /min™> /o,
KOETO Hajara OrpaHHueHHE BbPXY PEXHMa Ha CKEHIIMHT CIIOMEHAT B HA4aJIoTo.

B®B BTOpara yact anamorumute Mexnay ['C m TypOyneHTHOcTa ca 3aqblI00YEHH C
M3I0JI3BaHE HA CXEMUTE 3a HaOIIIo/IeHNe, U3II0I3BaHU IPH YHCiIeHo Moaenupane Ha ['C, Bx.
Hampumep [3], mpu pe-aHANIW3 Ha y-HUS, TPEAJIOKCHH 3a OmMHcaHHeTo Ha T.Hap. puff
jamming [4]
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Spectrum of elementary excitations in magnetic materials
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In the framework of the project, we had planned to calculate and to analyze spectra of
elementary excitations known as phonons and magnons in a magnetic solid. The methods used
to reach these goals are molecular dynamics and Monte Carlo algorithms, comparative
analysis, numerical and statistical techniques of data processing. As the object of our research,
we choose atomic Fe because of its well — defined magnetic properties under the Curie point.

Initially, we had computed both the trajectories of the iron atoms and their spin
behavior with the aid of LAMMPS software for molecular dynamics. Every 100 fs, we write
the coordinates and the projections of the velocities and the spins for all 8192 iron atoms
entered the iterations into a dump file. The length of the whole trajectory was chosen to be 0.5
fs. The time step we used is as small as 1 fs to preserve the full energy and the magnetic
moment of Fe atoms during the calculations.

Then, with the use of the special software, we had calculated the static structure factor,
the intermediate scattering function and the dynamical structure factor of iron atoms in bec
lattice at room temperature on the basis of the data from the dump file. Also, we had computed
the spectrum of the elementary excitations as phonons and magnons in Fe within the first
Brillouin zone [1,2] with the aid of Chamati potential [3].

The new low-energy spin waves are discovered. Their use in modern spintronics and
phonontronics looks very promising because of both their origin from longitudinal elastic
waves and magnon — phonon interaction.
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ITocraBeHnTE M3CIEIOBATEICKH LIENU B pAMKHTE Ha IPOEKTA Ca N3YHCIICHAE U aHAIH3
Ha CIIEKTPH Ha eJleMeHTapHH Bb30yXKIaHus KaTo QOHOHU U MarHOHW B MAarHUTHY MaTepHalu.
H3nomn3BaHuTe METOAM ca MOJIEKyNHAa AuHaMUKa B MonTe Kapno anroputmu, cpaBHHTENCH
aHaNu3, YHCICHH M CTaTUCTHYECKHM METOAM 3a oOpaboTka Ha naHHU. Kato obOekr Ha
U3CIIEBAHETO € M30paHO aTOMHO JKEJsI30, KOETO MPHUTEXaBa CHUIIHO M3pa3eHH MarHUTHH
CBOICTBA IIPH TEMIIepaTypa 1oJ| Toukara Ha Kropu.

[TepBOHAYATHO TPAEKTOPUUTE HA aTOMUTE Ha XKEJSI30 U MOBEICHUETO Ha TEXHUS CIINH
0s1Xa U3YKCIICHU C U3IOJI3BaHETO Ha codTyep 3a MoJekysapHa nuHamuka LAMMPS. Bceku
100 fs B dump ¢aiin ce 3anucBaT KOOPIUHATUTE, MPOCKIUUTE HA CKOPOCTUTE M MarHUTHUS
MOMEHT Ha BcuukH 8192 aToMa Ha JKeis30, y4acTBAIIUTE B UTEPALUUTE, IPU AbDKUHATA HA
tpaekropuute 0.5 ns. M30panara BpemeBa cThiKa € 1 fs, KOATO MO3BOJIM [1a 3a11a3UM ITBJIHATA
€Heprus ¥ MarHUTHHUSA MOMEHT Ha Fe aTomuTe B mmponeca Ha H34UCICHUETO.

Pazpaboten e codryep m M3BBPIIECHN ca NMPECMITAHHUS HA CTATUYHUS CTPYKTYPEH
(hakTOp, MEXKIMHHA pa3ceiiBamma QyHKIHA 1 AMHAMHYHUS CTPYKTYpeH (pakTop Ha aTOMHTE Ha
XKeJA30, TPYNUPAHH B 0OEMHOLICHTPUPAHa pelIeTKa, IPK CTalfHa TeMIlepaTypa, olepupaiku
¢ panHuTe or dump daiina. V3uncinen e CIeKTHPHT Ha €JIEMEHTApHU BBH30YKAaHHS KaTo
(hOHOHM ¥ MarHOHH B JKeJIsI30 B paMKHTE Ha ITbpBa 30Ha Ha bpuimoen [1,2] ¢ u3non3BaneTo Ha
norenuuan [lamaru [3].

OTKpUTH ca HOBH HHCKOCHEPTeTHYHH CIHHOBM BBJIHH, YHETO H3ION3BAHE B
CIMHTPOHHKA U (JOHOHTPOHUKA € MHOTOOOEIIABAIIO 3apafy TEXHUS MPOM3X0 OT HA/UTHKHH
(hOHOHHM MOJU ¥ B3aMMOJEHCTBHETO C TAX.
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Study of GaSb micro-islands deposited on Si substrates
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We report our investigations of the properties of GaSb islands grown on Si substrates
by the thermal evaporation method using Ag nanoparticles as catalysts. The size and shape of
the grown structures have been determined by atomic force microscopy and scanning electron
microscopy measurements. GaSb islands varying in size from 0.5 to 2.0 pm are formed at an
evaporation temperature of 800°C. The X-ray diffraction curves reveal that the islands are
single crystals with (111) crystallographic orientation. The Raman spectra show sharp GaSb-
like TO and LO peaks confirming the crystalline nature of the GaSb islands. The
photoluminescence peak is blue-shifted relative to the bandgap of GaSb because of the
compressive strain of the islands. Surface photovoltage spectroscopy combined with Kelvin
probe force microscopy provides information about the energy band alignment at the interface
between Si and GaSb.
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JloknazBaHu ca u3clieABaHUS Ha cBolicTBaTa Ha GaSb ocTpoBH, U3pacTHATH BBHPXY Si
MOAJIOKKK Ype3 METOAa Ha TePMUYHO H3MapsiBaHe, M3MON3BAHKM Ag HAHOYACTHIM KaTo
KaTanuzatopu. PasMepsT m ¢dopmaTa Ha H3pacHaIUTe CIPYKTYPHU ca ONpENeNICHH dpes3
AQTOMHO-CHJIOBA MHUKPOCKOIMSI M CKaHHWpAlla eJIeKTpoHHa Mukpockomus. GaSb octpoBu ¢
pasmepu ot 0.5 mo 2.0 um ce obpasyBar mpu Temmeparypa Ha usnapenue ot 800°C.
PentreHoBuTe nu(pakuMOHHM KPHBU IIOKa3BaT, Y€ OCTPOBUTE ca MoHOKpucTamu ¢ (111)
KpucTajorpadcka opueHTanys. PamanoBute cnekrpu mokaszsat octpu TO m LO mmkose,
xapakTepHH 32 GaSb, NOTBBbpKIaBaIlM KpUCTaTHAaTa mpupona Ha GaSb octposurte. [IUKbT Ha
(OTOTyMUHECHIEHIII € W3MECTeH KbM IIO-TOJIEMHTE €HEpPrUH CIpsSMO IIMpUHATa Ha
3a0paHenata 30Ha Ha GaSb mopagum Hampe)kKeHHETO Ha CBHUBAaHE Ha OCTPOBUTE.
IMoBBpxHOCTHATA (HOTOBONTANTHA CIIEKTPOCKOIHS, KOMOMHUPAHA ChC CHIIOBA MUKPOCKOITHS
cbe conna Ha KenBuH, npenoctaBs MH(GOpPMAIKs 32 Or'bBAHETO HAa €HEPreTHYHHUTE 30HH Ha
unrepdeiica mexxay Si u GaSb.
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Molybdenum disulfide (MoSz), a two-dimensional transition metal dichalcogenide
(TMDC), has emerged as a highly promising material for optoelectronic applications due to
its distinct electronic and optical properties [1]. This study focuses on the epitaxial growth of
MoS: layers and their comprehensive characterization. The MoS2 layers were synthesized
using the chemical vapor deposition (CVD) method on sapphire substrates. To enhance the
quality and uniformity of the synthesized layers, various optimizations of the synthesis process
were explored, including pre-annealing of the sapphire substrate and the use of sodium sulfide
(NazS). Furthermore, experiments involving the re-evaporation and deposition of MoS2
monolayers were conducted. The characterization of the synthesized layers was carried out
using atomic force microscopy (AFM), Raman spectroscopy, and transmission electron
microscopy (TEM), which confirmed the successful synthesis of MoS2 monolayers with high
crystallinity and uniform coverage. The resultant MoS: layers demonstrate significant
potential for optoelectronic applications. These findings contribute to the scalable synthesis
of high-quality MoS: layers, paving the way for the integration of this material into next-
generation optoelectronic devices.
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Enurakcuanen pacre:xx Ha 2D MoS; 32 onToe/IeKTPOHHU MPUJIOKEHUS
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Momonenosust qucyiadun (MoS:2), kKaTo IByH3MepeH JUXaIKoreHH] Ha TPEeXOTHUTE
Metanu (TMDC), ce yTBBpkAaBa Karo ofemiaBam| MaTepHal 3a ONTOCICKTPOHHHU
NPWIOXKEHUs OllarojapeHne Ha CBOUTE YHUKAIHM EJICKTPOHHHM M ONTHYHHU CBodcTBa [1].
HacrosmoTo n3cnenBane ce KOHIEHTPUPA BEPXY SMUTaKCHAHUS pacTex Ha cioese MoS: u
TAXHOTO MOJAPOOHO XapakTepu3upaHe. 3a CHHTe3a Ha cioeBeTe MoS:2 € H3MOoI3BaH METOABT
Ha XHMHYEeCKo oTinaraHe oT razoBa (aza (CVD), Bepxy candupeHH NOANOXKKH. 3a
noaoOpsiBaHE Ha KadyeCTBOTO W EAHOPOTHOCTTa HA MOJYYCHUTE CJIOEBE ca H3CIEABaHU
pa3MMYHA BB3MOXKHOCTH 3a ONTUMH3AlMA HA TIpolleca Ha CHHTE3, BKIIOYHTEIHO
NpeIBApUTEHO OTrpsiBaHE Ha carnupeHaTa MOJJI0KKA W U3IOJI3BaHEe Ha HATPHEBA COJI Ha
cepoBogopoaa (NazS). OcBeH ToBa ca MPOBEICHH SKCIICPUMEHTH C MOBTOPHO W3MapeHHE U
oTnaraie Ha MoHocinoeBe MoS;. XapakTepusanusara Ha IOJYyYCHHUTE CJIOEBE € U3BBbPLICHA
4ype3 aTOMHO-cHiIoBa Mukpockomnus (AFM), PamaHoBa CreKTpOCKONHS M TPaHCMHUCHOHHA
enekrpoHHa Mukpockonust (TEM), KOUTO MOTBBPKAABAT YCIEUIHUS CHHTE3 HAa MOHOCIIOEBE
MoS:2 ¢ BHCOKa KPUCTATHOCT M PaBHOMEPHO MOKpUTHE. Taka momydeHute cioese MoS:
JIEMOHCTPHPAT 3HAUUTENICH IOTEHIHA 3a TMPWIOKEHHE B ONTOENIEKTpOHHWKaTa. Te3n
W3CIeBaHMs JONPUHACAT 3a Hamnpeabka B MamabUpyeMus CHHTE3 Ha BHCOKOKAYeCTBEHHU
MoS: crnoeBe, kKato OTBapsAT HOBH MEPCIEKTHBU 32 MHTETPUPAHETO HA TO3U MaTepHal B
OMNTOCJICSKTPOHHU YCTPOIICTBA OT CJIEBAIIO TOKOJICHHE.

[1]1Z.Ye, C. Tan, X. Huang, Y. Ouyang, L. Yang, Z. Wang, M. Dong, Emerging MoS2 wafer-
scale technique for integrated circuits, Nano-micro letters, Vol. 15, Issue 1, p. 38 (2023).
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Since the advent of integrated circuits (ICs) in 1958, their technological advancements have
been driven by the relentless progression of Moore's Law [1]. The development of silicon-based
complementary metal-oxide—semiconductor (CMOS) technology, from the inception of the
first CPU, Intel 4004 to the advent of FinFET-based circuits, has played a pivotal role in driving
the advancement of the semiconductor industry and information technology. However, as
transistor dimensions have reached the nanoscale, various physical phenomena, such as
thickness-fluctuation-induced scattering [2], quantum tunneling, and other short-channel
effects (SCEs) [3], have emerged in silicon-based devices, causing severe performance
degradation and posing challenges to the continuous advancement of Moore's law. The
conventional CMOS technology, which relies on size reduction for enhanced integration
density, is now facing significant obstacles, but the demand for more powerful computing
systems remains driven by rapid advances in applications like high-performance computing,
Internet of Things (IoT), and artificial intelligence. To surmount the limitations of silicon
materials and advance the development of post-Moore era, there is a need to explore novel
semiconductor materials that can sustain stable and exceptional electrical properties even at
reduced dimensions. 2D materials, characterized by their atomic-scale thickness, have garnered
significant attention. Two-dimensional (2D) materials have emerged as highly promising
candidates for the post-Moore era, offering significant potential in domains such as integrated
circuits and next-generation computing.
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IMepcnexkTBN Ha AByu3MepHuTe MaTepuaau 3a CMOS npunoxenus
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Ot nosiBara Ha uHTerpanauTe cxeMu (IC) nmpes 1958 1., TEXHUAT TEXHOJIOTHYEH HaIPEIbK
ce JIBIKM OT HENPECTaHHOTO pa3BUTHE Ha 3akoHa Ha Myp [1]. Pa3Buruero Ha Gasmpana Ha
CHJIMLIMI KOMIUIEMEHTapHA TEXHOJIOTUS MeTal-OKCUA-TIoaynpoBoaHUK (CMOS) oT ch3naBaHeTo
Ha mepBust CPU, Intel 4004 o mosiBata Ha 6a3upanu Ha FINFET Bepury, u3urpa Kir04oBa posist
B CTUMYJIMPAHETO Ha HAlpeabKa Ha MOJYNPOBOAHMUKOBATA MHIYCTPHS M MH(OpMAlMOHHUTE
TEXHOJIOTHH. BhIpeku ToBa, Thii KaTO pa3MepUTe Ha TPAH3UCTOPHUTE JOCTUTHAXA HAaHOMAIaoH,
pa3nmyuHu (HU3UYECKU SBICHHS, KaTo pasceiiBaHe, IIPEAN3BUKAHO OT (uIyKTyamus Ha aeOenrHaTa
[2], xBaHTOBO TyHENMpaHe u ApyrH Kbco-kaHarHu epektu (SCE) [3], ce mosiBuxa B 6azupanute
Ha CWIMLUHA YCTpOMCTBa, NPUYMHABANKM CEPHO3HO BIOIIABAHE HA IIPOU3BOJUTEIIHOCTTA M
MOCTaBsIMKU TpEIU3BUKATENICTBA IIPEAl HENPEKbCHATHUSA HaNpegbK Ha 3akoHa Ha Myp.
Konsenmmonamnara CMOS TexHOmorws, KOSATO pa3udTa HAa HaMmajsBaHe Ha pa3Mepa 3a
noi00peHa IITBTHOCT Ha MHTETPALis, Cera € M3MpaBeHa IpeJ] 3HAYUTENHU IIPEYKH, HO ThPCEHETO
Ha TI0-MOIIHH M34YHCIUTEIHH CHCTEMH OCTaBa BOACHO OT OBP3Hs HANPEIbK B MPHIOKEHHS KaTo
BHCOKOIPOM3BOAUTENHY H34ncaeHns, IaTreprer Ha Hemara (IoT), 1 M3KycTBeH HHTENEKT. 3a 1a
ce IPEoJI0NIeST OTPAHNYCHHUATA Ha CHIIMIIMEBUTE MAaTEPUAIH | JIa C€ YCKOPH Pa3BUTHETO Ha epaTa
cien Myp, ¥Ma Hy’kza Jia ce U3CieiBaT HOBU IIOJIYIIPOBOJHUKOBU MaTepUay, KOUTO MOrat Ja
HO/UTbPIKAT CTAOWITHY M U3KIIFOYHUTENTHH eJICKTPHIECKN CBOMCTBA IOPHU IIPU HAMAJICHH Pa3MepH.
2D marepuannTe, XapaKTepuU3HpaIly ce C TAXHATa JeOenuHa B aTOMEH Maiad, MPUBISIKOXa
3HAYMTEHO BHHUMaHwue. J[Bym3mepuurte (2D) Marepwanu ce odepraxa Kato oOelaBariu
KaHIWAaTH 3a epara cieq Myp, npetaraiiky 3HA4MTENeH IOTEHOMAT B OOJACTH KaTo
HHTETPAJIHA CXEMH U KOMITIOTPU OT CJIC/IBAILO ITOKOJICHUE.
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The synthesis of new dielectric and magnetic materials with controllable properties
and potential for application in electronics, sensor technologies and biomedicine is an
important task nowadays. Its successful implementation requires the coherent selection of
appropriate initial compositions and strict control over the synthesis conditions as well as a
thorough investigation of the structure, phase composition, physico-chemical, electrical and
magnetic properties of the obtained materials.

The present work reports on the synthesis of bulk glasses and glass-crystalline
materials in the systems NaxO/CaO/SiO2/Fe203 and Na2O/BaO/Ti02/B203/Si02/Fe20; by
applying the melt-quenching technique aiming to prepare from them glass-ceramics with
controllable dielectric and magnetic properties.

The thermal properties of the obtained glasses are investigated by differential scanning
calorimetry. The phase composition of the glass-ceramics, obtained from the glasses by
applying the method of controlled crystallization, is studied by X-ray diffraction. Information
on the structure of the glasses and the glass-ceramics, as well as on the valence and
coordination of the iron ions is gathered by utilizing the methods of Infrared, X-ray
Photoelectron and Mdssbauer spectroscopies.

The magnetic properties of the prepared materials, as well as the occurring phase
transitions are investigated by using a vibration magnetometer and SQUID magnetometer.
From electrical impedance measurements data is gathered on the dielectric properties, the
conductivities and the phase transitions observed in the glass-ceramics.
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Generation EU, through the National Recovery and Resilience Plan of the Republic of Bulgaria,
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ITosy4aBaHeTO Ha HOBH JHEICKTPUYHH W MArHUTHH MaTEepUaH C KOHTPYJIHPYEMH
CBOMCTBa M NOTCHLHAN 3a NPUIOXKCHHE B €JICKTPOHHMKATa, CEH30PHUTE TEXHOJIOTMU U
OGuoMenMIMHATA € Ba)KHA 3a/laya 3a ChbBPEMEHHAaTa Hayka. HeifHOTO ycremHo u3nbiHeHue
M3UCKBa KAaKTO MOAOOP Ha MOIXOMSIIM W3XOJHH CHCTAaBH M KOHTPOJ BBPXY YCIOBHSTA Ha
CHHTE3, Taka ¥ 3aJblI0OYCHO H3ydyaBaHe Ha CTPyKTypara, (a3oBHs CBCTaB,
(U3UKOXUMUYHHTE, CICKTPUYHUTE K MATHUTHH CBOMCTBA Ha MOJYYCHH MaTepHAIIH.

Hacrosmara  pabora  AOKIanBa  CHHTE3UPAHETO  C  M3MOJ3BaHE  Ha
BHCOKOTEMIEPATYPEH CHHTE3 M IIOCIIE/IBAIIO 3aKaJsBaHE HAa CTOIMIIKA HA OOCMHH OKCHIHH
CTBKIa H CTHKIOKpHCTamHu Mmartepuanu B cucremure NaxO/CaO/SiO2/FexO; wu
Na20/Ba0/Ti02/B203/Si02/Fe203 ¢ ornen moimydaBaHETO OT TSAX HAa CTHKIOKEPAMHKH C
KOHTPOJIUPYEMH AUEICKTPHYHU U MArHUTHH CBOWCTBA.

IlpoBeneHO € wm3cielBaHe Ha TEPMHYHHTE CBOWCTBA HA IOJYYCHHTE CTBKIA C
mudepeHnaNHa ckaHupama KajgopuMmeTpus. (Da30BHAT CHhCTaB Ha CTHKIOKEPAMHUKHTE,
HOJIy4eHH OT CTBKJIaTa upe3 MpHIaraHe Ha KOHTPOJIMPAHA KPUCTAIM3ALMA, € YCTAHOBEH C
pentresoBa qudpakuus. Madopmarus 3a CTpyKTypaTa Ha CTBKIATa M CTHKIOKEPAMUKUTE,
KOOpJMHALUATA Ha )KEJIEe3HUTE HOHH 1 BAJICHTHOCTTA UM € TIOJy4eHa C U3I0I3BaHE METOIUTE
Ha MHbpagepBeHa, PentrenoBara ¢poroenexrpornHa 1 MbpocbayepoBa CIIMKTPOCKOIIHH.

MarHuTHUTE CBOICTBA Ha IOJYYCHHUTE MAaTEPHajd, a ChUIO HACTBIBALIUTE B TAX
(hazoBH mpexou, ca U3CIEeIBAHN Ype3 H3Mo3BaHe Ha BuOpannoneH n SQUID MarHUTOMETBD.
Ot u3MepBaHUsiTa HA EIEKTPUYHUS MUMIIEAaHC € ChOpaHa MHpOPMAIKs 32 IUEIESKTPUIHHUTE
CBOMCTBa, MPOBOJAMMOCTHUTE M HACTHIBAIINTE ()a30BU MPEXOJHU B CTHKIOKEPAMHUKHTE.
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The AC magnetic susceptibility is a universal magnetometric method for investigation
of complex electrodynamic processes in superconducting materials. The strong accuracy and
sensitivity of the fundamental and higher harmonic (odd and even [1]) components of the AC
magnetic susceptibility depending on a broad set experimental degrees of freedom as:
temperature, AC magnetic field amplitude and frequency and, imposed DC magnetic field
reveal a detailed information for the mixed state and vortex matter in unconventional
superconductors. In this report, we present the experimental and phenomenological basics,
recent results and investigations of main superconducting parameters (critical current and
pinning force) and the influence of the non-linear processes on the vortex dynamics.
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IMpomenmuBorokoBara (AC) MarHMTHa  BB3NPHEMUYMBOCT €  yHUBEpCaJeH
MarHUTOMETPUUYEH METOJ 3a U3CJIeJBaHEe Ha KOMIUIEKCHHUTE €JIEKTPOAMHAMUYHM IPOLIECU B
CBPBXIIPOBOJMMH MaTepuaii. Brcokara TOYHOCT M YyBCTBUTEIHOCT Ha (yHIaMEHTAHATE U
XapMOHWYHY (4eTHH M HedyeTHH [1]) xommoHeHTH Ha AC MarHMTHa BB3IPUEMYHBOCT B
3aBHCHMOCT OT IIMPOK HaOOp OT eKCHEepHMEHTAlHH CTENeHH Ha cBoOOJa: TeMIepartypa,
aMIUIMTYAa W 9eCTOTa HAa MPOMEHIMBOTO MAarHHUTHO IIOJIE, WHTEH3UTET Ha IPUIOKECHO
MOCTOSTHHO MarHUTHO MOJIE, pa3KpuBaT AeTailnHa nHopManus 3a MpUpoAaTa Ha CMECEHOTO
CBCTOSIHME M BHXpOBaTa MaTepus B HEKOHBEHIMOHAIHU CBPBXNPOAHHIHU. B Hacrosmara
Npe3eHTaNus, IPEICTaBIME SKCIIEPUMEHTATHUTE H (PEHOMEHOJIOTHYHN OCHOBH M HOCJICIHH
pe3yJNITaTé M M3CIeBaHUs Ha OCHOBHH CBPBXIIPOBOMSIIN HMapaMeTpH (KPUTHYEH TOK U CHJIa
Ha [TMHUHT) ¥ BIMSHUETO Ha HeIMHEHHH IPOLECH BEPXY BUXpOBaTa AMHAMHKA.
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Susceptibility as a Tool for Exploring Nonlinear Magnetic Phenomena and Pinning
Properties in Superconductors, Materials, Vol. 16, Issue 14, pp. 4896 (2023)
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Flexible films of PEO-5CB-NalQ4-SWCNTs nanocomposite
electrolytes: structural and electrical ion-conducting studies

Todor E. Vlakhov, Georgi B. Hadjichristov, Yordan G. Marinov, Alexander G. Petrov
Georgi Nadjakov Institute of Solid State Physics, Bulgarian Academy of Sciences, 72
Tzarigradsko Chaussee Blvd., BG-1784 Sofia, Bulgaria

The subject of the presented study is the ion-conducting polymer electrolyte PEO-
5CB-NalO4-SWCNT synthesized from polymer polyethylene oxide (PEO), liquid crystal
penthyl-cyanobiphenyl (5CB), sodium methaperiodat (NalO4), and single-walled cabon
nanotubes (SWCNTs). Flexible films with a thickness of 50 pum this of nanocomposite were
synthesized by solution casting. The weight (wt.%) ratio of the soft components in this ionic
material was PEO:5CB = 70:30%, the concentration of the salt NalO4 was 5 wt.%, and that of
the SWCNTSs was 0.025; 0.12, and 0.24 wt.%. The main goal is to determine the effect of the
addition of SWCNTs on both the structural properties and ionic conductivity of the produced
PEO-5CB-NalOs-SWCNT films, and to find the optimal concentration of the SWCNTSs for
the ion-conductive performance and other characteristics of the studied materials. The
structural modification of the PEO-5CB-NalO4-SWCNT films due to the incorporation of
SWCNTs at various concentrations was investigated by polarizing microscopy, SEM
microscopy and X-ray diffraction. Electrical study was performed by means of complex
electrical impedance spectroscopy in the frequency range from 0.1 Hz to 1 MHz of the applied
electric field. The ion conductivity of PEO-5CB-NalOs-SWCNT nanocomposites and its
relationship with the structural properties of the films was determined. The obtained results
will be presented at the conference.
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nanocomposites for applications in photonics, sensors and biomedicine*, No. KP-06-
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I'bBkaBH GpUJIMHU OT HAHOKOMIIO3UTHH ejieKTPoJIuTH PEO-5CB-NalO4-
SWCNTSs: CTPYKTYPHH U eJIeKTPUYECKH U3CJIeABAHUA HA iHOHHATA
NPOBOAUMOCT

Tooop E. Braxos, I'eopeu B. Xaoaucuxpucmos, Hopoan I'. Mapunos, Anexcanovp I'. Ilempog
Huemumym no gusuxa na mevpoomo msano ,, I eopeu Haoxcarxos* , BAH
oyn. Lapuepaocko woce 72, 1784 Cogus, bvreapus

IIpenmer Ha HACTOSIIOTO H3CIEIBaHE € HOH-NPOBOAUMHUAT MOIHUMEPEH €NeKTPOIUT
PEO-5CB-NalOs-SWCNT, nonydeH ot cMecaHe Ha moiuMepa nomuerwieH okcun (PEO),
TeueH KpucTtan neHTHiI-maHooupenmn (5CB), natpmeB wmeramepiionat (NalOs4) wu
€IHOCTEHHH BBINIepogHH HaHOTPBOMUKH (SWCNTSs). I'sBkaBn Guimu ¢ nebenmra 50 um ot
TO3M HaHOKOMIIO3UT 0sXa TONyYeHH 4Ype3 TeXHWKAaTa Ha OTJIMBaHE OT pa3TBOP.
CBHOTHOLIEHUETO B TEIJIOBHU % Ha MEKUTE ChCTaBKU B TO3U HoHeH marepuan ¢ PEO:5CB =
70:30 %, xonueHTpauusita Ha conra NalO4 e 5 Tern.%, a tazu Ha SWCNTs e 0.025; 0,12 u
0,24 tern.%. OcHOBHaTa Lien € Aa ce ompenenu e@eKkThT OT HOOaBSHETO HAa €AHOCTCHHH
BBIJIEPOJHH HAHOTPBOUYKHU, KAKTO BBPXY CTPYKTYpPHUTE CBOMCTBA, TaKa M BBPXY HOHHATa
nposoaumocT Ha ¢unmu PEO-5CB-NalOs-SWCNT u nga ce HamepH ONTHMAalHAaTa UM
KOHI[CHTpAIlMsl 3a MOCTHTaHe Ha HOHHANpPOBOJMMOCT M JAPYTHM XapaKTEpUCTHUKH Ha
n3cnenBannTe Marepuanu. CtpykrypHara moxudukanus Ha ¢mimure PEO-5CB-NalOs-
SWCNT, npmxania ce Ha BkmouBaHero Ha SWCNTs B pa3nuuyHM KOHIIEHTpaluu, Oemre
n3Clie/IBaHa Ype3 MOJIPU3AlMOHHA MUKPOCKOIIHUS, CKaHUpAIa eIeKTPOHHA MHUKPOCKOIHS U
PEHTTEHOCTPYKTYpeH aHanu3. [IpoBe/ieHo e u3ciieIBaHe Ha eJISKTPHYECKUTE XapaKTePUCTUKU
Ype3 KOMIUIEKCHA eJIeKTPUIecKa NMIEJaHCHA CIIEKTPOCKOMHUS B YECTOTHUS Auamna3oH ot 0,1
Hz o 1 MHz Ha npuiio)eHOTO eeKTpU9HO moiie. benie onpenenena ifoHHAaTa MPOBOIUMOCT
Ha HaHokommo3uTuTte PEO-5CB-NalOs-SWCNT wu HelfHata Bpb3Ka ChC CTPYKTypHHTE
cBoiicTBa Ha (unmure. [TomyuernTe pesynraTu me ObJaT MPEACTAaBEHN HA KOH(EpeHIHATA.

BaaropapuocTu: Ta3zu pabota e nmoakpeneHa oT MUHHCTEPCTBOTO Ha 00pa30BaHUETO U
Haykata (MOH), upes ®OHJI HAYUHU U3CJIEJIBAHUS (u3cnenoBaTenckud MpOEKTH
»CTPYKTYpHH M (QYHKIMOHAIHU H3CIIEABaHUS Ha TEYHOKPUCTAIHH HAHOKOMIIO3UTH 3a
MpUJIOKeHUs BbB (OTOHMKaTa, ceH3opukara m Omomenmuuuata“ , No KII-06-HS58/6 u ,,
OO0sicHeHWEe W pa3BUTHE HAa OTKPHUTUTE OT HAc HOBH €(PEKTH B HAHO THHKH NOAPEICHU
OpraHWYHU (PUIMH 3a pa3paboTBaHe HA HAHOKOMITO3MTHH XHMHYECKH CEH30pH 3a Obp3H, B
peanHo BpeMe, B ITOJIEBU yCIOBHS H3MEPBaHMS HA Ta30BE€ M MOHUTOPUHT Ha HOBOBB3HHKBAIIN
OpraHMYHU 3aMBpPCHUTENN B nuTeitHaTa Boxa (AkponuM — NanoSense)®, Ne KI1-06-H68/3 ot
03.07.2023r.) T. BnaxoB Omarogapu 3a monkpenata Ha MOH, Hanuonannara mporpama
»,MIlaau y9eHu u moctaokropantu-2“, DCM 206 /07.04.2022 r. (3a 2024 r.).
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ZnTiO3/rGO nanocomposite ceramics: the effect of the reduced
graphene oxide (rGO)

Georgi B. Hadjichristov, Yordan G. Marinov, Todor E. Viakhov

Georgi Nadjakov Institute of Solid State Physics, Bulgarian Academy of Sciences, 72
Tzarigradsko Chaussee Blvd., BG-1784 Sofia, Bulgaria

We present an experimental study on electrical conductivity and dielectric properties
of a series of samples of nanocomposite ceramics ZnTiO3/rGO. This material was produced
from zinc titanate ZnTiO3 with incorporation of nanoparticles (NPs) of reduced graphene
oxide (rGO). The rGO NPs were in the form of nanosheets (mean thickness ~ 2 nm). Their
concentration of the ZnTiO3/rGO ceramics was 2; 4; 5; 6; 8 and 10 wt.%. The measurements
were conducted by complex electrical impedance and dielectric spectroscopy in the frequency
range 0.1 Hz— 3 MHz. The effect from the inclusion of rGO NPs was established. It was found
that the values of the electrical conductivity and dielectric permittivity of ZnTiO3/rGO can be
considerably increased upon the addition of the rGO NPs we have used. The observed effect
shows that the prepared ZnTiO3/rGO nanocomposites are promising materials for electrical,
electronic and dielectric applications, e.g., in the field of energy storage devices. The obtained
results will be presented at the conference.
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HanokomnosutHa kepamuka ZnTiO3/rGO: edpekThT OT peqyuupanus
rpagenos okcupa (rGO)

Teopau B. Xaoocuxpucmos, Hopdan I'. Mapunos, Tooop E. Braxos
Hucmumym no gusuxa na mespoomo msiio ,,I'eopeu Haoocaxos, BAH
oyn. Lapuepaocko woce 72, 1784 Cogus, bvreapus

Hue npescraBsiMe eKCIIEpUMEHTAIHO M3C/IEABaHE Ha €IEKTpUUIecKaTa MPOBOIUMOCT
U JUEIEeKTPUYHUTE CBOMCTBA Ha cepus OT 00pa3snM OT HAHOKOMIIO3UTHA KepaMHKa
ZnTiO3/rGO. To3u MaTepuan € MpOU3BEACH OT IMHKOB TUTaHaT ZnTiO3 ¢ BKiIOYBaHEe Ha
nanoyactuud (HY) ot peayuunpan rpadesos okcun (rGO). HU-te rGO 6sxa mon popmara Ha
HaHOJIIOCIH (cpenHa nebenuHa ~ 2 nm). Tsaxuarta kornenTpamust B ZnTiO3/rGO kepamukara
e2;4;5;6;8u 10 TernoBuu %. M3amepBaHusaTa ca mpoBeICHN Ype3 KOMIUIEKCHA eJIEKTpUIecKa
UMIIEJaHCHA U JMENEKTpUYHA CIEKTPOCKONUs B yecToTHUs auanasoH 0.1 Hz — 3 MHz.
VYcraHoBeH e epeKThT OT BKIroYBaHeTo Ha rGO HaHOYAaCTHIU. Y CTAHOBEHO €, Y€ CTOHHOCTHUTE
Ha eJIeKTpHYecKaTa MPOBOJUMOCT M AWENEeKTpryHaTa mpoHunaeMmoct Ha ZnTiO3/rGO morar
na OpmarT 3HaYMTENHO yBeiamdeHd npu nobassHe Ha HY-u rGO. HaGmogaBaHuST eexT
MOKa3Ba, 4e mnoiydeHnTe HaHokommo3utd ZnTiO3/rGO ca obemaBamy MaTepuand 3a
eJIeKTPUUECKH, €IEKTPOHHH W AWCNCKTPUYHU INPHUIOKEHMS, HAlpHMep B o0iacTra Ha
YCTpOWCTBATa 3a ChXpaHCHHE Ha eHeprusl. [lonydeHuTe pe3ynTaTy me Obaar npeCTaBeHN Ha
KOH(epeHIusITa.

Baaromapuocru: T. BnaxoB Onaromapu 3a mojakpernara Ha MHHHCTEPCTBO Ha
obOpaszoBaHHeTo U HayKkaTa, HarmonanHarta nporpaMa ,,Miaan y4eHH U IOCTIOKTOPAHTH-2,
DCM 206/07.04.2022 (32 2024 1.).
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Flexo-dielectric spectroscopy studies of thin planar films of SCB
nematic liquid crystals doped with gold nanospheres

Yordan G. Marinov, Alexander G. Petrov, Georgi B. Hadjichristov
Georgi Nadjakov Institute of Solid State Physics, Bulgarian Academy of Sciences, 72
Tzarigradsko Chaussee Blvd., BG-1784 Sofia, Bulgaria

We have studied the flexoelectrical behaviour of planar thin films of nematic liquid
crystals pentylcyanobiphenyl (5CB) doped with gold nanoparticles (AuNPs). Polymer-coated
nanospheres of AuNPs with a mean diameter of 20 nm were homogeneously dispersed in 5CB
at a concentration of 0.5 wt%. AuNPs/5CB nanocomposite films with a thickness of 25 pm
were investigated mainly by flexo-dielelectro-optical spectroscopy, and additionally with
complex electrical impedance spectroscopy, both in the frequency range from 0.1 Hzto 1 MHz
af the applied electric field. The flexoelectrical response and the electro-optical modulation in
AuNPs/5CB nanocomposite nematic system were correlated. To study the effect from AuNPs,
our reserch interest was focussed on the first harmonic electro-optical flexo-dielectric spectra
of the inspected AuNPs/5CB films. The effect from the AuNPs was elucidated. The flexo-
electric properties of the AuNPs/5CB nanocomposites have a potential for uses in
mechatronics.

Acknowledgements: This work was supported by the Ministry of Education and Science
of Bulgaria, through the National Research Fund of Bulgaria (research projects ,,Liquid crystal
nanocomposites for applications in photonics, sensors and biomedicine*, No. KP-06-
N58/6/2021.
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H3cienBane HA TBHKHU IVIAHAPHM (PUIMH OT HeMaTH4€eH Te4YeH
kpuctajg 5CB, jJierupanu cbc 3J1aTHH HaHOcGepH MOCpPeICTBOM
(piexco-guesieKTpUYHA CIEKTPOCKONUS

Hopoan I'. Mapunos, Anexcanowp I'. ITempos, I'eopeu 5. Xaoxcuxpucmos
Hucmumym no gusuxa na mewpoomo msio ,,I'eopeu Haoscaxos “, BAH
oyn. Lapuepaocko woce 72, 1784 Cogus, bvreapus

H3cnenBaHo € (reKCOeTeKTPUYHOTO MOBEJICHHUE Ha IUIAHAPHU THHKM (QUIMU OT
HEeMaTH4eH Te4eH KpucTal neHTmwiuanoonpennn (SCB), merupan c¢be 31aTHA HAHOYACTHIIH
(AuNP). Hanocdepu ot AuNPs, mokpuru ¢ nmoiammep, csC cpelieH quamersp oT 20 nm Osixa
XoMoreHHo aucneprupanu B SCB mpu xoHnenrpanus ot 0,5 tern.%. Hanoxommno3surHure
¢unmu AuNPs/SCB ¢ nebenuna 25 pm 6s5xa U3CIeBaHA OCHOBHO 4pe3 (ICKCO-TUENICKTPO-
ONTHYHA CIIEKTPOCKOMUS, KAKTO U JOMBIHUTEIHO C KOMIUIEKCHA eJIeKTPHUYECKa UMIIeaHCHA
cnekTpockonus. J[Bere m3cnenBaHus ca MPOBEACHH B YecTOTHHA Auana3oH ot 0,1 Hz mo 1
MHz Ha npuiaoXeHOTO NMPOMEHIUBO €JIEKTPUYHO Moje. DIeKCOETEKTPUUHUAT OTIOBOP U
€JIEKTPOOINITHYHATAa MOy Iallisl B HAHOKOMITO3UTHaTa HeMaTnyHa cucteMa AuNPs/5CB 6sixa
KopenupaHu. 3a ma mpoydnM edekra ot AuNPs, m3ciemoBaTenckusT HU HHTepec Oeme
(okycupaH BBPXy IbpBaTa XapMOHHYHA Ha EJIEKTPO-ONTHYHUTE ()IIEKCO-IUETICKTPUIHU
cnekTpu Ha m3rorBeHuTe AuNPs/5CB dunmu. UsscHen Gemie epeKThT OT HAHOYACTHIIUTE
AuNPs. Onekco-eneKTpHYHNATE CBOICTBA Ha NOydeHNTe HaHOKoMIo3uTH AuNPs/SCB umat
MOTEHIMAJ 32 H3MI0JI3BaHE B MEXaTPOHHKATA.

Baaronapuocrtu:
Tasu pabora e noakpenerna oT MUHHCTEPCTBOTO Ha 00pa30oBaHUETO U HayKara Ha bearapus,
upe3 Harmonanuus ¢onx 3a HaydHM w3cnenBaHus Ha bwirapus (M3cimenoBaTeICKH MPOEKT
,» [€YHOKPHUCTAJTHA HAHOKOMIIO3UTH 32 TPHJIOXKEHHS BBHB (OTOHHMKATA, CEH30pUTE H
ouomemuimuara“, Ne KI1-06-H58/6/ 2021 r.
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impedance spectroscopy
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Langmuir-Blodgett (LB) films of Metal-Organic Framework (MOF),
Cr3F(H20)20[benzenedicarbox-113 ylate]3.nH20 (MIL-101(Cr)) (Figure 1), were tested for
detection of vapors of volatile organic compounds (VOCs). The MOF LB sensing monolayers
were deposited on Surface Acoustic Wave Resonators (SAWRs) that have interdigitated
electrodes [1]. The frequency-dependent electrical response of the films was studied by
complex electrical impedance spectroscopy (EIS) in the frequency range from 0.1 Hz to 1
MHz of the applied electric field. The electrical conductivity of the produced MOF LB films
significantly increases when the films were in contact with vapors of VOCs, such as acetone,
methanol, hexane, chloroform, ethanol, toluene, and petroleum ether, at concentrations up to
0.3 g/dm3. The dependence of the complex electrical impeadnce of the films on the
concentration of the VOC gas was measured and analyzed. EIS demonstrates that the
impedimetric response of the studied MOF LB monolayers to vapors of VOCs can be
efficiemtly used for their detection.

Figure 1: Structure of MIL-101(Cr) metal-organic framework
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financial support by the MESB under the National Research Programme ,,Young scientists
and postdoctoral researchers—2“ approved by DCM 206/07.04.2022, for the year 2024.
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Jlearmionp-bJiomxeToBH PUIMH OT METAJIO0PTaHUYHA CTPYKTYypa
(MOF) MIL-101(Cr) 3a perucTpupaHe Ha JeTJHBU OPraHUYHH
coeaqnHenust (VOC) upe3 enekTpuyecka UMNEJaHCHA CIIEKTPOCKOMUS
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Jlenrmionp-brnomkeroBute ¢uiamu 0T MeramoopranuuHata ctpykrypa (MOF),
Cr3F(H20)20[benzenedicarbox-113 ylate]3.nH20 (MIL-101(Cr)) (durypa 1), Osxa
TECTBAHM 3a OTKpUBAHE Ha MapH oT JieTauBu oprannyau cbeanHenus (JIOC). JIb censopHu
MoHocoese oT MOF 6s1xa 0T/10)KeHH BBPXY pe30HATOPH 32 IIOBEPXHOCTHH aKyCTUYHH BBJIHU
(SAWR) ¢ unTepauruTanau exektpoau [1]. UecTOTHO 3aBUCHMHUSAT SICKTPUIECKH OTKIIMK Ha
¢unmuTe Oemie W3CIEABAaH Upe3 KOMIUIEKCHA €IEeKTPHUYECKa MMIIEAAaHCHA CIIEKTPOCKOIHS
(EIS) B uectoTHms nuamnaszoH ot 0.1 Hz 1o 1 MHz Ha npui0XeHOTO IPOMEHIIMBO €IEKTPHYHO
nosne. Emexkrpuueckara mpoBogmMoct Ha momydeHure MOF JIb ¢unimu 3HauuTenHo ce
yBeJIM4aBa, Korato (uiamure ca B KOHTAakT ¢ m3naperus Ha JIOC, xato aneTroH, METaHOI,
XeKcaH, XJIOpoopM, eTaHoJI, TOJYeH H IETPOJIeB eTep, NpH KoHueHTpanuu 10 0, 3 g/ dm3.
3aBUCHMOCTTa Ha KOMIUIEKCHHUS €JIeKTPUYECKH UMIIeJaHC Ha (HUIMHUTE OT KOHIEHTpAIUATA
Ha JIOC ra3oBere Oemre n3mepeHa u ananusupana. EIS nemoHcTpupa, 4e UMIeqUMETpUIHUAT
otkiuk Ha u3cnensanure MOF JIb MmoHocoese kbM u3napenus ot JIOC moxke Ja ce u3nosi3sa
e(peKTUBHO 3a TIXHOTO OTKPHBAHE.

®urypa 1: Meranoopranudsa cTpykrypa Ha ceeauHeHneTo MIL-101(Cr).

Baaromapuocru: PaGorara e dunancupana or @OHU, mnpoekt ,,O0scHeHHE U
pa3mmpsiBaHe Ha OTKPUTHTE OT HAC HOBH €(EKTH B HAHOTHHKU CTPYKTypHPaHU OPraHUYHU
¢unmu 3a pa3paboTBaHEe HA HAHOKOMITO3UTHH XUMHUUECKH. .. (AkpoHrnM—NanoSense)®, Ne KP-
06-N68/3/2023. T. Bnaxos 6naronapu 3a ¢punancoBata noakpena or MOH no Hanmonamsara
mporpaMa 3a Hay4YHH H3CJeOBaHHA ,,Miagm ydeHH W IOKTopaHTH—2“, omoOpeHa ¢ [IMC
206/07.04.2022 1., 32 2024 1.
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This study is focused on the electrochemical behavior of Zn electrode active mass,
used in Ni-Zn batteries, produced from composites of nano-sized ZnO and conductive cuprate
ceramics Bi1.7Pbo3Sr2CaCu20x (B(Pb)SCCO 2212) during the electrochemical treatment [1-
3]. Pure zinc electrodes (without additive) and electrodes containing additive conductive
ceramics were compared. The ceramics were added at concentrations of 5%. Electrochemical
cells assembled with anode prepared using active mass made by the addition of these
composites were examined by Cyclic Voltammetry (CV) starting in the positive direction from
the open circuit potential at a rate of 2 mVs™ or 5 mVs™ in electrolyte (7M KOH) and range
1.2 — 1.8 V. It has been found that ceramic content in the electrodes is reduced during the
charging process. The reduction products are different oxides and hydroxides. Their presence
probably improves the overall conductivity of the electrode and the contact between the
particles of the negative active mass. On the other hand, the Ca- and Sr- products decrease the
solubility of ZnO in the electrolyte, reducing shape change, dendrite growth, and suppressing
hydrogen evolution of the electrode.
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Hucmumym no gusuxa na mespoomo msiio ,,I'eopeu Haoocaxos , BAH
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ToBa n3cnenBane € POKyCHPAHO BbPXY CICKTPOXUMHUYHOTO IIOBEACHHE HAa AKTHBHATA
Maca Ha Zn enekTpon, u3noisBaH B Ni-Zn OaTepuy, HOIy4YEHH KaTO KOMIIO3HTU OT
HaHopasMepeH ZnO u mpoBoauMa KympaTHa kepamuka Bii.7Pbo.3Sr2CaCu20x (B(Pb)SCCO
2212) mo BpeMe Ha eNeKTpOXUMHUYHO Tpetupane [1-3]. CpaBHABHEHH ca €IEKTPOIH OT YHCT
muHK (0e3 mo0aBka) M eNeKTPOAM, CHIBPXKAIIM Jo0aBKa OT IPOBOAAIIA KepaMHKa.
Kepamukarta e nobGaBeHa B KOHUEHTpanus oT 5%. EnexkTpoXMMHYHHTE KIIETKH, KaKTO ca
CriI00€HH C aHOJI, TPUTOTBEH C ITOMOIIITA HA aKTHBHA Maca, IoJy4eHa upe3 1o0aBsHe Ha Te3H
KOMIIO3UTH, 0s1xa uscieaBanu B enekrpout (7M KOH) upe3 nuknnyna Bontamerpus (CV),
3al04YBaiiKy B MOJIOKUTENHA TTIOCOKA OT MOTEHIMANa Ha OTBOPEHA BEpHra IPH CKOPOCT OT 2
mVs-1 i 5 mVs-1, B auanaszona 1,2 — 1,8V. YcraHoBeHO e, 4e ChIbpKAHUETO HA KepaMHKa
B EJIKTPOANTE HaMaJsiBa 110 BpeMe Ha Ipolieca Ha 3apexaane. [IpoayKkTuTe Ha pegyKIus ca
pa3NMYHA OKCHIAM M XHUIPOKCHAW. TAXHOTO NPHCHCTBHE BEPOSTHO IMOJOOpsiBa oOIiaTta
IIPOBOJMMOCT Ha €IEeKTPOJa U KOHTAKTa MEKAy YaCTUIUTE Ha OTpHULIaTeIHaTa aKTUBHA Maca.
Ot gpyra crpana, Ca- 1 Sr- IpoJyKTUTE HaMallsiBaT pa3TBOpUMocTTa Ha ZnO B €IEKTPOIINTA,
HaMaJsIBaiKy MpoMsHaTa Ha GopMmara, pacTexa Ha JASHIPUTUTE U MOTHCKAHKH OTAEISIHETO
Ha BOJIOPOJ OT €JIEKTPOo/a.
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Self-organized surface morphologies resulting from various kinds of crystal growth
processes remain a subject of large scientific interest through the years. Pattern formation of
well-defined and ordered crystal structures is essential for technological evolution. Vicinal
crystal surfaces can exhibit a number of different morphological instabilities, including the
most widespread step bunching and step meandering, which appear as suitable templates for
the growth of various nanostructures playing an important role in device manufacturing. The
present study is focused on the step meandering instability obtained in the presence or absence
of Ehrlich-Schwoebel barrier acting as an additional diffusion barrier at the step edges. Using
a two-dimensional atomistic scale model of vicinal surface growth based on cellular automata
and combined with Monte Carlo diffusion, the surface evolution during the crystal growth
process is explored and its dependence on various parameters such as height of Ehrlich-
Schwoebel barrier, depth of the potential well in front of steps, adatom diffusion rate, initial
adatom concentration and initial vicinal distance. The resulting surface morphologies show
the emergence of step meandering which further evolves into regular finger-like structure of
meanders. The presented analysis of the height-height correlation function allows for
quantitative description of the surface morphology by extracting the proper characteristic
length scales such as wavelength of meanders and amplitude of fingers. It is demonstrated that
for a regular, well-ordered structure the correlation function calculated in direction along steps
has an oscillating behavior which repeats regularly at a distance equal to the meander
wavelength. Therefore, the oscillation period can be properly related to the meander
wavelength (or finger width), whereas the oscillation amplitude corresponds to the finger
height. Using these quantities, the evolution of step meandering process is traced, the time
scaling analysis of meander characteristics is performed and their scaling dependences on
various parameters are also presented. In addition, diagrams of meander wavelength as a
function of different parameters are built. This study allows establishing the proper growth
conditions to obtain surface patterns with regular step meandered structure that may serve as
appropriate templates for nanotechnology.

Acknowledgments: This study was supported by the project for bilateral
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@opMupaHe H XapaKTepu3MpaHe HA MeaHIpPHpPaHe HA CThIAJIAa BBPXY
BHIMHAJHU NOBBPXHOCTH: U3ciienBaHe HA MOeJ HA KJIeThYeH
aBTOMAT
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CamoopraHu3ipannTe HOBBPXHOCTHH MOP(OJIOTHH, MPOM3THYALIM OT Pa3IUIHH
BHUJIOBE IPOLIECH Ha KPHCTAJIEH PacTeX, ca 0OEKT Ha TOJIsIM HaydeH HHTEpeC Ipe3 TOANHHTE.
O6pazyBaHeTo Ha MoJeNH Ha 1o0pe neUHUpaHH ¥ MOAPEICHN KPUCTAIHU CTPYKTYPH € OT
CBIIECTBEHO 3HAUCHHME 3a CBOJIOLMATA B TEXHOJOTUHTE. BuIlMHAIHMTE KpHUCTaIHU
MOBBPXHOCTH MOTAT J[a Pa3sBHAT PA3IHIHU MOP(OIOTMYIHM HECTAOMIHOCTH, BKIIOUUTETHO
TpynupaHe ¥ MEeaHIpUpPaAHE Ha CTHIIANA, KOUTO Ce ABABAT IMOAXOAAIIN MIA0J0HH 32 PACTEX Ha
pa3numyHH HaHOCTPYKTypu. Hacrosmoro m3cnensane € (GOKycHpaHO BbPXY MEaHIPHPAHETO
Ha CThIIada, NMOIY4YEHO B TNPUCHCTBHE MM OTcheTBUEe Ha Epmux-IlIBroOenos OGapuep,
JeWCTBaIl KaTo JONBJIHHTENeH udy3noHeH Oapuep mpu crbmamata. C momomra Ha
JBYMEpEH aTOMHCTHYCH MOJISJI Ha PacTeX Ha BULIMHAJIHA TOBBPXHOCT, Oa3uUpaH Ha KICTHYHN
aBTOMaTH M cbyeTaH ¢ andysus or Monrte Kapio Tum, e M3cieaBaHa €BONIONMATA Ha
MOBBPXHOCTTA 110 BpeMe Ha IIpolieca Ha KPUCTAJIEH PacTeX U 3aBUCUMOCTTA U OT pa3InuHU
napaMeTpu kato BucounHa Ha Epnux-11IBroOenoBus Gapuep, 1b1004nHa Ha MOTEHIMATHATA
sMa TIpeJ] CThIalaTa, CKOPOCT Ha AU(Y3Us HAa aJaTOMHUTE, HadalHa KOHLEHTPAIHs Ha
aJlaTOMHUTE ¥ HAYaJHO BHIMHAIHO pa3cTosHUE. [loiydeHnTe MOBBPXHOCTHH MOP(OIOTUH
MOKa3BaT IOsfBaTa HA MEaHJIPUpAaHE HAa CTHIANa, KOETO II0-HAaTaThK C€ pas3BuBa B
LIIPBCTOBUAHA® CTPyKTypa OT MeaHapu. llpencraBeHusAT aHanu3 Ha KOpeJalloHHATa
(yHKIMS, OITMCBAIA PA3/INKATa BbB BUCOYMHUTE Ha TOBBPXHOCTTA, TI03BOJISIBA KOJMYECTBEHO
omucaHue Ha MopdoyorHiTa Ha IOBBPXHOCTTA 4Ype3 U3BIMYAHE HA IOJXOJSIIH
XapaKTepUCTUYHU IBDKUHM, KaTO ObJDKMHA Ha BBJIHATA Ha MEaHIpPUTE U aMIUIUTyJa Ha
dbopmupanute ,npbetu. [lokazaHo e, 4e 3a mpaBWiIHA U J00pe MOApEACHA CTPYKTypa
KOpelanuoHHaTa (YHKIWS, NpecMsITaHa B HANpaBlICHHWE YCIOPEIHO Ha CThIAgaTa, uMa
OCITHJIMPAIIO MTOBEIEHHE, KOETO Ce MTOBTaps HAa pa3CTOSHHE PAaBHO HA JB/DKHHATA HAa BBIIHATA
Ha Meanzapure. CremoBaTeNHO INEPHOABT HA OCHWIAIIMUTE MOXe Ja ObIe CBBP3aH C
IBDKMHATA Ha BBIHATA HAa MEAHIPUTE, a aMIUINTYAaTa Ha OCIMIAIMHATE ChOTBETCTBA Ha
BUCOYMHATa Ha npbcrure. C moMmolTa Ha Te3W BEIMYMHU € MPOCIIe[eHa €BOMIOLUATA Ha
Ipolieca Ha MeaHJIpHUpaHe Ha CTbhlaja, IPOBEAEH € CKEHIMHIOB aHalM3 C BPEMETO Ha
XapaKTepUCTUKUTE Ha MEAHJIPUTE U Ca NMPEJICTABEHU TEXHUTE CKEIJIMHIOBU 3aBUCUMOCTH OT
pa3IUYHU apaMeTpHu.

Baaropapuoctu: M3crnexBaHeTo € TOAKPENEHO OT TMPOEKT 3a JABYCTPAHHO
CchTpynHHYecTBO Mexny bwarapcka m Iloncka Axamemun Ha Haykure (mpoext IC-
PL/07/2024-2025). X.I1. 6maronapu 3a ¢uHancoBara monakperna Ha ®HU (mpoexr KII-06-
J1002/2/18.05.2023 r.) B pamkute Ha nporpama ,,EIG CONCERT-Japan”.
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This study concerns the influence of partial AI** substitution of the magnetic Fe**
cations on the magnetic properties of Y-type hexagonal ferrites with the general formula
Bao.sSri.sMe2Fe12022, where the Me?* site is occupied by non-magnetic Mg?* and magnetic
Ni?* cations. The Bao.sSr1.sMgNiFe12xAlxO22 (x = 0.08, 1) powder materials were synthesized
using a citric acid sol-gel auto-combustion method followed by thermal annealing at 1180 °C
in air, thus ensuring phase purity as confirmed by X-ray diffraction (XRD) analysis. To clarify
the magnetic phase transitions, we performed zero-field-cooled (ZFC) and field-cooled (FC)
magnetization measurements under applied magnetic fields of 50 Oe, 100 Oe, and 500 Oe
over the temperature range of 4.2 K to 300 K. These measurements were complemented by
hysteresis loop analysis at selected temperatures. Additionally, ac magnetization studies were
conducted in an alternating magnetic field with an amplitude of 10 Oe and a frequency of 1000
Hz, providing further insight into the dynamic magnetic behavior. Our results reveal a
complex magnetic phase transition from a spiral magnetic order to a conical spin arrangement
at low temperatures, accompanied by multiple metamagnetic transitions within the 4.2 K to
300 K temperature range, particularly pronounced in the x = 0.08 composition. The reflection
losses in the 1-20 GHz frequency range of Bao.sSri.sMgNiFei2xAlxO22 (x = 0.08, 1) powder
materials, uniformly dispersed in a silicon rubber polymer matrix, were systematically
examined in both the absence and presence of an external magnetic field. The microwave
properties of the composite material demonstrated a pronounced sensitivity to the applied
magnetic field, as evidenced by the appearance of new maxima in the reflection loss spectrum,
thereby highlighting the material's responsiveness to magnetic influences.
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postdoctoral students-2” approved by DCM 206/07.04.2022. This work was supported by the
Bulgarian National Science Fund under contract KP-06-N48/5, and by a joint research project
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H3cieaBane HA YaCTHYHOTO 3aMecTBaHe Ha Al3 BLPXY cTpyKTypHHTE
U MHUKPOBBJHOBH cBoiicTBa HA Y-Tull Bag.sSri.sMgNiFe2.xAl, 022
xekcadeputu
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Hacrosmoro wn3cnenBaHe pasriexja BIMSHHETO HAa YaCTHYHOTO 3aMECTBaHE Ha
marautHuTe (Fe’™) katnonu ¢ AI** BEpXy MarHuTHUTE CBOCTBa Ha Y-TUIl XeKca)epuTH ¢
o6ma ¢opmyna Bao.sSri2Me2Fei2022, kbaeTo nozunusata Me?* e 3aeTa oT HeMarHuTHu Mg?*
u marautHd Ni>* katuonu. [Ipaxosute 06pasuu or Bao sSri.sMgNiFei2 xAlO2 (x = 0.08, 1)
ca TMOJNy4YyeHM 4pe3 30j-rel  camousrapsHe U cuHresupanu 1pu 1180 °C.
PeHTreHOCTPYKTYpHUAT aHalu3 NOKa3Ba NPUCBCTBUETO HA XapaKTepPHUTE IHKOBE,
CHOTBETCTBALIM HA CTPYKTypaTa Ha Y -THH XeKkcadepuTuTe. 3a oNpeaessiHe Ha TeMIIepaTypHUTe
Ha MarHUTHO-()a30BU NPEXOAH, KOUTO 00yciaBAT HaOMIOJaBaHETO Ha MAarHUTO-EIEKTPUICH
edexr, Oerre M3MepeHO H3MEHEHHETO Ha HAMarHUTEHOCTTa C IIOBUIIABAHE HAa TEMIIepaTypara
B uHTepBana 4.2 — 300 K B npucscTBre Ha MarHuTHO 1moJie oT 50 Oe, 100 Oe u 500 Oe (ZFC
n FC — mporokom). W3mepena e TemmepaTypHaTa 3aBUCHMOCT Ha MarHMTHATa
BB3IPUEMUUBOCT OT TeMmieparypara (4.2 — 300 K) npu mpunarane Ha MarHUTHO IIOJe C
ammumutyaa 1 Oe u 10 Oe u yecrora 1 kHz. HabGaromaBan e MarHuTeH (a3oB Mpexona OT
CIHMPAJOBHIHO KbM KOHHYHO TOJIPEXKJaHe Ha CIIMHOBETE MPH MO-HHUCKHU Temueparypu. [Ipu
mpobata che cheTaB X = 0.08 ce HAOMOAaBAT M HIAKOJIKO METAMAarHUTHH (ha30BH Mpexojia.
3ary0urte oT oTpakeHHe B yecToTHHA Auana3zoH 1-20 GHz Ha mpaxooOpa3HuTe Marepuanu
Bao.sSr1.sMgNiFei2xAlxO22 (x = 0.08, 1), paBHOMEpHO AUCTIEPTHPAHH B MOJMMEpPHA MAaTPHIIA,
0sIXxa CHCTEMAaTHYHO M3CIEABAHM KAaKTO IPU OTCHCTBHE, TaKa M HPH HAJIMIHE HA BBHHIIHO
MarHuTHO Iojie. MUKPOBBIHOBHTE CBOMCTBA HA KOMIIO3UTHHS Marephal JIEMOHCTpHpaxa
n3pa3eHa YyBCTBUTEIHOCT KbM MPUJIOKEHOTO MarHUTHO I0JIe, KOETO Ce JI0Ka3Ba C MosiBaTa
Ha HOBH MaKCHMYMH B CIIEKTHPa Ha 3aryOHTe OT OTpakeHHE.

Baaronapuoctu: b. TeoprueBa e mnomyuuna mnojakperna OT MUHUCTEPCTBOTO Ha
obpa3oBaHueTo M Haykata Ha P. Bweirapus no Hamuonannara nporpama ,,Mnaan y4eHu u
noctaokTopanTu-2“, omobpena ¢ PMC 206/07.04.2022 r. W3cnenBaHeTo € HM3BBPLICHO C
¢unancoBara noxakpena Ha ®onn ,,Hayunu nzcnenpanus™ mo gorosop KII-06-H48/5 u ot
CBhBMECTEH M3CIEI0BATENCKH NMpoeKT Mexkay BAH u MHcTuTyTa 32 HUCKM TeMmepaTypH H
CTPYKTypHHU u3cnensanus koM [TAH.
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Ti/TiN/AITiCrN coating was deposited by Unbalanced Magnetron Sputtering in a
Closed Magnetic Field (UBMSCF) in UDP 850 equipment (Tear Coatings, England). The
coating morphology was studied by a Scanning Electron Microscope (SEM) SU5000 (Hitachi,
Japan). The surface observations using a secondary electron detector at an accelerating voltage
of 5 KV and magnitude of x6K indicate a homogeneous surface with single uniform oval-
shaped defects. The measured diameter of the defects was between 760 and 937 nm. A detailed
examination of the surface at an accelerating voltage of 15 KV and magnitude of 30K
identified a granular structure with predominantly oval densely packed grains of similar size
and shape. However, individual grains with different geometries were also visible on the
surface. The ratio of the elements of the coating was confirmed by energy-dispersive X-ray
analysis (EDS, Thermofisher Scientific, USA). The following coating composition was
determined: Al - 27.6 at. %, Ti - 24.6 at. %, Cr - 6.5at. %, and N - 41.4 at.%. The results
showed that the ranges of change of individual elements do not change their ratio. The Al/Ti
ratio was close to 1, with the content of Al being the leading one. The Cr content was
significantly lower. The range of variation of the nitrogen content was close to the optimal
content for this type of hard coating (45-50 %). The uniform element distribution was
confirmed by the composition analysis in seven separate points on the surface. A standard
deviation of Al - 0.45 at. %, Ti-0.61 at. %, Cr - 0.16 at. %, and N - 1.14 at. % was calculated.

The obtained composition and morphology of the coating surface led to a roughness
of the coating Sa =99.3 nm, measured by an optical confocal microscope Axio CSM 700 (Carl
Zeiss, Germany).

The presented results show that the hard coating Ti/TiN/ATiCrN with a predominant
content of Al and Ti and an optimal amount of N is characterised with a smooth and dense
surface with an evenly distributed granular structure and a homogeneous composition - a
prerequisite for achieving the necessary mechanical and tribological properties for improved
performance of the tools.
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Haneceno e moxputue Ti/TiN/AITiCrN wupe3 pasbanaHcupaHO MarHETPOHHO
pasmpaiiBaHe B 3aTBOPEHO MarHUTHO mnoje Ha ycraHoBka YII 850 (Tumsp Koyrtunre,
Anrnus). Mopdonoruara Ha TMOKpUTHETO € uscienBaHa cbc CkaHupany EnextponeH
Muxkpockon (CEM) CY5000 (Xuraum, Smonwms). HaGmoneHusta Ha MOBBPXHOCTTa 4Upe3
JIETEKTOp 32 BTOPUYHH €JICKTPOHHU IPHU ycKopsiBao Hamnpexenue S KV u yBennuenue x 6K
MOKa3BaT XOMOTEHHA IMOBBPXHOCT C EIWHUYHHM CIHOTUIHU Ae(eKTH ¢ oBaiHa (opma.
W3mepenusr quamersp Ha nedektute e Mexay 760 m 937 nm. [leraiiaHoTo M3cieqBaHe Ha
MOBBPXOHCTTA NpHU ycKopsiBamo HampexeHue 15 KV n ysenmuenne x 30K npeHTndunupa
3BPHUCTA CTPYKTypa C MpeodianaBamio OBalHH, OJNM3KM HO pasMmep M (Gopma, IUIBTHO
noapeaenu 3ppHa. OTAETHU 3bPHA C Pa3IN9Ha TEOMETPHS ChIIO Ca BUIMMHU Ha MOBBPXHOCTTA.

CBOTHOLIEHHETO HA €JIeMEHHTe Ha IMOKPUTHETO € MOTBBPACHO UYpe3 CHePrHifHO
nmucniepcuoner penreHoB ananus (EJIC, Tepmodumep Caentudux, CAILl). OmnpenencH e
CIICJIHUAT ChCTaB Ha mokputuero: Al-27.6 at. %, Ti-24.6 at. %, Cr-6.5at. % u N-41.4 at.%.
Upe3 nHHEWHO CKaHWpaHe HA MOBPHXHOCTTA HA IIOKPUTHETO Ca ONpPEENeHH I'DaHUIM Ha
HM3MEHCHUE Ha ChAbPXKAHUETO Ha erneMmeHTute Al-25-29.8 at. %, Ti-22.1-27.3 at. %, Cr-5.2-
7.8 at. % u N -35.1-45.8 at. %. Pesynrarure nmokaspar, ye Juarna3oHUTE HA U3MEHEHUETO HA
OTJEITHUTE €JIEMEHTH HE MPOMEHSAT TAXHOTO choTHOIIeHHe. CroTHOmeHneTo Ha Al u Ti e
omu3ko 10 1, kato ceabpxkanneTo Ha Al e Bomemo. CrappikaHento Ha Cr € 3HAYUTEINHO I10-
HHUCKO. JlMama3oHBT Ha W3MEHEHHE Ha KOIM4ecTBOTO N € ONM3BK [0 ONTHMAaIHOTO
CBIBPKAHUE 32 TO3H BUJI TBHPAN MOKpUTHS (45-50 at. %). PaBHOMEpHOTO pasmpeneneHne Ha
€JIEMEHTHTE € MOTBHPJICHO YPe3 aHAIN3 Ha ChCTaBa B CE/IeM OT/JEITHH TOUKH [0 HOBBPXHOCTTA.
W3uucneno e ctanaapTHo oTkioHeHue otT: Al - 0.45 at. %, Ti- 0.61 at. %, Cr-0.16 at. %o u N
- 1.14 at. %.

IMomyuyennte chctaB U MOpQOJIOTHS HAa MOBBPXHOCTTA HA IOKPUTHETO BOIAT JIO
rpanaBoCT Ha MOKpUTHETO Sa = 99.3 nm, n3MepeHa ¢ onTuieH KOH(POKaIeH MUKPOCKOI AXio
CSM 700 ( LIAWC, Tepmanns).

[IpencraBenure pesynrtaru mokasBaT, 4e TBBpAOTO mokputue Ti/TiN/ ATiCrN c
npeobnanaBamo ceabpkanne Ha Al u Ti n onTumanHo KoimmyecTBo N IpHUTekaBa Tiaagka u
IUTBTHA HOBBPXHOCT C PABHOMEPHO Pa3IpeieeHa 3bPHUCTA CTPYKTypa U eHOPOIEH ChCTaB.
Toma ¢ npeanocraBka 3a INOCTUTAaHETO Ha HeO6XOﬂI/IMI/lTe MCXaHUYHU U TpH6OJ’lOFH'—lHI/I
CBOMCTBA.
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Carbon-based 2D materials, graphene being the most outstanding of them, attract a
vast research interest, both fundamental and application oriented, and produce an impressive
number of scientific reports, e.g. [1, 2]. This is provoked by their extraordinary overall
characteristics, including electrical transport properties such as high conductivity and charge
mobility. Many applications (e.g.: supercapacitors, batteries, nanocomposites) require
production of free-standing graphene sheets consisting of a few atomic monolayers. Usually
graphene powders used as fillers in composite matrices and compacts produced by
compression are investigated. Published research shows that the bulk conductivity depends
not only on the intrinsic material properties but also is strongly affected by the number of
particle contacts, the packing density and matrix composition. The transport mechanisms in
such inhomogeneous media are not examined in detail and conclusive explanation is missing.

In this work we address, the current flow mechanism of compressed free-standing
graphene compacts. Temperature dependence of resistivity/conductivity studied at low
temperatures (10-300 K) reveals unusual insulating behaviour. The results are explained by
modeling the influence of the quasi-two dimensionality of the compacted graphene and
presence of disorder on their transport properties leading to localization effects and electron-
electron interactions [3]. The charge transport exhibits a transition between thermally
activated near—neighbour hoping at relatively higher temperatures and variable range hopping
(VRH) at lower temperatures via 2D localization. The observed charge transport mechanism
is typical for partially disordered systems like nanocrystal arrays.
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MexaHH3BbM Ha CJIECKTPHYECCKH TPAHCIIOPT B rpa(l)eﬂoml KOMIIAKTH
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basupannute Ha BBriaepox 2D Martepuanm, MexIy KOUTO Hal-3a0elieXUTeNeH e
rpadeHbT, IPUBIMYAT OTPOMEH H3CIEeJOBATEICKH MHTEpeC, KakTo (yHJaMeHTalleH, Taka U
OpPUEHTHUPAH KbM MPHUIIOKEHUS, U BOIAT O BIeYATIsIBAL] Opoil Hay4HH AOKIaau, Hamp. [1, 2].
ToBa KaTo IUI0 € TPOBOKUPAHO OT TEXHUTE U3KITIOUUTEITHN XapaKTEPUCTHKHY, BKIIOUUTEITHO
eJIeKTPUUECKH TPAHCIOPTHU CBOICTBA, KaTO BHCOKAa IPOBOAUMOCT M TOJBIDKHOCT Ha
3apsiauTe. MHOTO NPWIOXKEHUs (Hamp.: CYNEpKOHAEH3aTOpH, Oarepuu, HAHOKOMIIO3HTH)
U3HUCKBAT IPOU3BOJICTBO HA CBOOOIHO CTOAIIHU I'pa)eHOBH JINCTOBE, CHCTOAILH CE OT HAKOJIKO
aTOMHM MoHocnod. OOGHMKHOBEHO ce H3cienBaT Ipad)eHOBH IIPAaXxOBE, H3ION3BAHU KaTo
IOBJIHATEIM B KOMIIO3UTHH MATPUIM M KOMIIAKTH, HPOM3BEACHH 4Ype3 KOMIIpECHsl.
[Ty6nukyBaHUTE M3CICOBAHMS IIOKAa3BaT, 4ye oOEMHATa MPOBOAMMOCT 3aBHUCH HE CaMoO OT
COOCTBEHUTE CBOMCTBA Ha MaTepHaa, HO CBIIO Taka € CHIIHO MOBIHAHA OT Oposi Ha KOHTAKTH
MEX/y JaCTHIUTE, OT KOUTO C€ ChCTOM MaTepHaa, INIbTHOCTTA HA OITAKOBKATa U ChCTaBa Ha
Marpuiara. TpaHCIIOPTHUTE MEXaHU3MH B TaKMBa HEXOMOTCHHHU CpPEIU HE ca H3CIIeABAaHU
moapoOHO U JIUTICBa OKOHYATEIIHO 00sSCHEHHE.

B Ta3u pabora HHe pasriexgaMe MexaHHW3Ma Ha IPOTHYAHE HA TOK B rpadeHOBH
KOMIIaKTH H3TPaJeHH OT KOMIIPECHPaHH CBOOOJHO CTOSIIM TI'pa)eHOBH JIHCTOBE.
TemneparypHaTa 3aBHCUMOCT Ha CHIIPOTHBICHUETO/TIPOBOANMOCTTA, U3CIIEIBAHA IPH HUCKHI
temmeparypu (10-300 K), paskpuBa HeoOM4aliHO NOBEICHWE, XapaKTEpHO 3a H30JIaTop.
PesynratuTe ca 00sCHEHM 4Ype3 MOJeNMpaHe Ha BIMSHHETO HA KBa3H-JABYMEpHOCTTA Ha
rpadeHOBUTE KOMITAKTH M HAINIHETO Ha Oe3MOPSIbK BbPXY TEXHHTE TPAHCIIOPTHH CBOWCTBA,
KOETO BOAM 10 e(eKTH Ha JIOKaJH3alHs U eJNeKTPOH-EIeKTPOHHH B3amMmoneictus [3].
Tpancnopra Ha 3apsa MPOSBSBA MPEX0] MEXKALY TEPMUYHO aKTUBHPAHO MPECKATaHE MEKIY
ONM3KH CBhCEIW, NMPU OTHOCHTENHO BHCOKH TEMIEpAaTypH M IpecKadaHe Ha IPOMEHIIHBO
pascrosinue (variable range hopping, VRH) mnpu mno-nuckm temneparypu upe3 2D
nokanu3anus. HaGmogaBaHusAT MeXaHN3bM Ha TPAHCHOPT Ha 3apsiiv € THUIIMYCH 32 YaCTHYHO
HEToJpe/IeH! CUCTEMH KaTO HAaHOKPUCTAIHH MacHBH.
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The current work aims to shed light on the influence of native SiO2 on the formation
of SiC by direct carbonization of (111) Si substrates. Here we present initial results on the
formation of different phases, products of reactions occurring on the surface of Si- substrates
during thermally stimulated chemical vapor deposition (CVD) processes associated with the
decomposition of a hydrocarbon precursor CHs4 at about 1150°C and the remaining small
amounts from natural SiO».

The CVD processes were carried out by decomposition of methane (CHa) at pressure
0f 300 mTorr in a gas mixture of Hz (500 sccm) and CH4 (20 sccm or 10 scem) for 3 min or 20
min, respectively, at temperatures about (1130-1140)°C. In order to determine the
microstructure and phase we used Transmission Electron Microscopy (TEM) with the
Conventional TEM and Selected Area Electron Diffraction (SAED) modes. The in-depth
elemental analysis of the films was determined by X-ray Photoelectron Spectroscopy (XPS),
and the material of the films was successively removed by sputtering. IR spectroscopy was also
used in order to study the phase composition of the deposited thin films.

The results for ~15 nm thick films obtained by TEM and SAED demonstrate a
polycrystalline structure of the films and the presence of SiC, SiO2 and mixed oxide Si-O-C
phases. The XPS data reveal the formation of two consecutive layers on the Si surface: a 5-7
nm thick film of practically pure SiC, and a 5-7 nm region containing a mix Si-O-C glass and
SiC. The synthesis of different phases in the CVD processes is definitely associated with the
influence of native SiO: on the reactions during the synthesis.
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H3caenBaHe ¢ TPAHCMHCHOHHA €J1EKTPOHHA MUKPOCKOIUS HA
oopa3yBaHeTo Ha SiC BbpXy Si 10AJI0:KKA U BJIUSHUETO
Ha HaTUBHHA SiO>
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Hacrosimara paboTa uma 3a el 1a XBBPJIM CBETIMHA BBPXY BIMSHHETO HA HAaTHBHHS
SiO2 mpu obpasyBanero Ha SiC upe3 aupektHa KapOonmsammsi Ha (111) Si mommoxka.
INpencraBenu ca MbpBOHAYAIHN PE3YJITaTH 32 (POPMUPAHETO HA PA3IHYHH (asH, MPOIYKTH OT
peaKnuy, MPOTHYALIM HA MOBBPXHOCTTA HA Si-MOIOKKA II0 BpeMe Ha IPOLECH Ha TEPMHYHO
CTUMYJMpaHO xXumudecko omnarane Ha mapu (CVD), cBbp3aHm ¢ pasjgaraHeto Ha
BBITIEBOAOPOJIEH IpeKypcop - MeTaH (CHa) mpu okoino 1150°C u octaHanmTe Manky KOIUIeCTBa
ot HatueH SiOa.

CVD nporecure ce npoBexaaT upe3 pasnaranero Ha CH4 npu mansrane ot 300 mTorr B
razoBa cmec oT Hz (500 sccm) u CHs (20 scem wm 10 scem) cboTBeTHO 32 3 min win 20 min npu
temmeparypu okosio (1130-1140)°C. 3a ma 6bae ompezeieHa MUKPOCTPYKTypaTa U ¢asara, €
M3I0JI3BaHa TPAaHCMHCUOHHA eleKTpoHHa Mukpockonust (TEM) ¢ KOHBEHIIMOHAIHUTE PEXKUMU
ceernonioiieBa TEM (BF TEM) wu enexktponna mudpakims ot m3bpana obmact (SAED).
3aapI00YCHUAT €JIEMEHTECH aHalu3 Ha (UIMHTE € MpPOBEIEH C PEHTreHOBa (OTOETEKTPOHHA
cnekrpockorust (XPS) karo mMarepuanbT Ha (QHUIMHTE TOCIEAOBATETHO € OTCTPAHSABAH Upe3
pasmnpamBare. beme m3non3Bana u nH(ppadepBeHa CIIEKTPOCKONHS 3a W3CIeABaHEe Ha (a3oBHs
CBCTaB Ha OTJIOXKEHUTE THHKH (prmu.

Pesynrature 3a ¢uimu ¢ npebemmna ~15 nm, momydenn upe3 TEM u SAED,
JIEMOHCTPUPAT MOJMKPUCTAIHA CTPYKTypa Ha (unmure n Hammuuero Ha SiC, SiO2 U cMeceHH
okcunun Si-O-C dasu. XPS manHHMTE paskpuBaT 00pa3yBaHETO HA J(BA IIOCIIEIOBATEIHH CIIOS
BBPXY MMOBBPXHOCTTA Ha Si: (huiM ¢ nedemna 5-7 nm ot npakruyecky yuct SiC u 5-7 nm obnacr,
cbabpxaiia cmec ot Si-O-C crbkio u SiC. CunTe3sT Ha paznuyau ¢asu B CVD mporecute
OTIPEJIEIIeHO € CBBP3aH C BIMSIHUETO Ha HAaTHBHUS SiO2 BEPXY peakIuTe M0 BpeMe Ha CHHTE3A.
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The integration of highly transparent and conductive thin films into functional
structures and devices plays an important role in the advancement of next-generation
technologies. Aluminum doped ZnO (AZO) thin films synthesized on sapphire
(AZO/sapphire) using the atomic layer deposition (ALD) method were investigated. The effect
of post-deposition UV-ozone treatment on the properties of the films was also investigated.

X-ray diffraction (XRD) analysis revealed a polycrystalline wurtzite structure with a
preferred (100) orientation. AFM analysis of AZO/Sapphire thin films before and after UV-
ozone treatment provides information on the effect of treatment on film morphology.
Photoluminescence spectra were obtained under excitation wavelengths ranging from 300 nm
to 530 nm. UV-ozone treatment was found to significantly increase the fluorescence emission
intensity, causing a shift of about 48 nm to the high-energy part of the spectrum when excited
at a wavelength of 359 nm.

The effect of UV-ozone treatment on the electrical parameters of AZO/Sapphire was
determined using the Hall effect by applying a magnetic field with an induction of 0.67 T.
UV-ozone treatment was found to improve the electrical and optical properties, without
causing significant changes in the polycrystalline structure and surface morphology of AZO
films, which provides prospects for various practical applications.
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WHrerpupaHero Ha BHCOKO TIPO3PaYHH M NPOBOJUMHU TBHHKM (GHIMH BBB
(YHKIIMOHAIHYU CTPYKTYPH U YCTPOMCTBA UTpae BaXKHA PO 3a HAIIPpeAbKa Ha TEXHOJIOTHHTE
OT cJeBaIo MnokoyieHne. M3ciaensanu ca ThHKM QWIMH OT IUHKOB okcup ZnO, nerupaH ¢
anymuHuit (AZO) cunTe3upanu Bepxy candup (AZO/sapphire) upe3 usmon3BaHe Ha MeTOA
Ha aTOMHO TocoiHo otiarane (ALD). M3cnenBaHo ¢ u BausgHUETO Ha oOpaborkara ¢ UV-
030H CIIeJ OTJIaraHe BbPXY CBOMCTBaTa Ha (PHIMHTE.

AHanmu3bpT ¢ MeTona Ha peHTreHoBa audpakuus (XRD) paskpuBa moJaukpucTaiHa
BIOPIIMTHA CTPYKTYpa ¢ npeanouyutana (100) opuentanus. AFM anann3a Ha ThHKUTE HHUIMHU
AZO/Sapphire npenu u ciex obpadotka ¢ UV-030H naBa mHbDOpMAaIMs 3a BIUSHHETO Ha
TpeTHpaHeTo BBPXYy Mopdoiorusata Ha ¢unma. Crexrpure Ha (OTOIYMUHECHECHIMs ca
MOy4YeH! IIPU BB30yKIaHe ¢ IBDKHHA Ha BBIHATa B auanasoHa oT 300 nm mo 530 nm.
VYcranoBeno e, de obOpaborkara ¢ UV-030H 3HAauMTENTHO yBEJNMYaBa HHTCH3WTETa Ha
(dayopecueHTHa eMHCHsS, MPEOU3BUKBAKM OTMECTBaHE OT OKoJo 48 nm KbM
BHCOKOCHEPTUIHATA YacT Ha CIEKTHPa, KOraTto ce Bh30ykIa ¢ AbDKMHA Ha BBIHATA OT 359
nm.

Bnusinueto Ha oOpaborkara ¢ UV-030H BBPXY CICKTPUUCCKUTE MapaMeTpu Ha
AZO/Sapphire e omnpezencHa ¢ moMoinTa Ha edekra Ha X0oa upe3 MpujaraHe Ha MarHUTHO
nmone ¢ wHayknus ot 0,67 T. YcranoBeno e, ye obpabotkata ¢ UV-030H momoOpsiBa
CJIEKTPUUYECKUTE M ONTHUYHHTE CBOWCTBA, KaTO He NPEIU3BUKBA 3HAYMTEIHHM NPOMEHH B
MOJIMKPUCTAITHATA CTPYKTYpa U MOP(OIOTHATa Ha MOBBpXHOCTTa HAa AZO duiamure, KOeTo
MIPEOCTaBs MEPCIEKTHBH 32 Pa3IMYHH MPAKTUIECKH TPUIIOKEHHS.
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Two-dimensional (2D) materials have been the subject of intense research in recent
years, motivated by their enormous potential to revolutionize various technological fields.
Among them, transition metal dichalcogenides, particularly tungsten diselenide, stand out with
unique electronic and optical properties, promising applications in flexible electronics,
optoelectronics, photovoltaics, and more. Despite its potential, the widespread application of
WSe: is hindered by the difficulties in synthesizing high-quality 2D layers required for mass
production.

This study focuses on optimizing the Thermal Assisted Conversion method for the
synthesis of WSe> with large lateral dimensions. The effect of intermediate treatment of the
tungsten layer on the morphology and properties of the synthesized layers is investigated. The
synthesis process involves three main stages: deposition of a tungsten (W) layer by magnetron
sputtering, ozonation of the W layer to oxidize it to WOx, and selenization of the WOx layer
under controlled conditions. The morphology of the synthesized WSe: layers is analyzed by
atomic force microscopy, and their crystal structure and chemical composition are confirmed
by X-ray photoelectron spectroscopy and Raman spectroscopy. Comparative analysis of
ozonized and non-ozonized samples reveals the key role of ozonation to WOx in obtaining
WSe: clusters with large lateral dimensions, leading to the formation of a more uniform and
denser WSe: layer.
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JBymepnute (2D) wMaTtepmanum ca 0O0E€KT Ha HWHTEH3MBHH H3CICOBAHHA MpeE3
MOCJIETHATE TOAWHY, MOTUBUPAHN OT TEXHHS OTPOMEH IOTCHIIMAJ 332 PEBONIOIMOHU3NPAHE
Ha pa3JINuHK TeXHONOTrMYHH obmactu. Cpen TsIX, IMXAIKOTCHUINTE Ha TIPEXOAHUTE METallH,
U no-crenuanto BojdpamousT nuceneHuy (WSez), ce OTKpOSBAT C YHHKAIHH €JIEKTPOHHU
U ONTHYHU CBOMCTBa, 00eNaBally IPIIOKEHHS B I'bBKaBa eJIEKTPOHHKA, ONTOCIEKTPOHUKA,
¢doToBoNTAaMKa M ApPYrH. BeIpexn moTeHIWana cu, MUPOKOTO NpuilokeHune Ha WSez e
BB3MPEMATCTBAHO OT TPYJHOCTUTE IPU CHHTE3a Ha BHCOKOKadecTBeHH 2D cioese,
HEOOXOIMMH 3a MaCOBO IIPOM3BOACTBO.

Hacrosimoro u3cnensane e ¢pokycupano Bepxy ontuMusupane Ha Thermal Assisted
Conversion (TAC) meton 3a cuaTe3 Ha WSe2 ¢ rosiemu narepaiHu pasmepu. Vsciensan e
e(eKTHT OT MeXXANHHA 00paboTKa Ha BOJI(PaMOBHS CIIOH BEPXY MOP(OJIOTHsATa H CBOWCTBATA
Ha CHHTE3HMpaHuTe cioeBe. [IpomechT BKIIIOYBA TP OCHOBHU €Tara: OTjaraHe Ha BOJ(paMoB
(W) cioif ¢ MarHeTpoOHHO paslpaliBaHe, 030HUPaHEe Ha clos ¢ 1en okcuaupane 10 WOx u
cesieHM3anys Ha o30HUpaHus WOx cloi MpH KOHTPOJUpaHH yciaoBUsS. Mopdoiorusra Ha
cuHTe3upanuTe WSez cioese € aHaIU3MpaHa C aTOMHO-CHIIOBA MHUKPOCKOMHS, a KpHCTaTHATa
UM CTPYKTypa M XHMHYEH CBHCTaB ca IOTBBPACHHM UYpe3 pPEHTreHoBa (DOTOETEKTPOHHA
cnektpockomuss M PamanoBa cnexrpockomus. CpaBHUTETHHSAT aHAIN3 HAa O30HUPAHU U
HEO30HHpaHU 00pa3ly pa3KpHBa KIIOYOBATa POJIl HA O30HUPAHETO 3a MojydaBaHe Ha WSe2
KITBCTEPH C TOJIEMH JIATEPATIHU pa3MepH, BOJEIIO 10 00pa3yBaHETO Ha MO-PABHOMEPEH U IO-
msTeH W Se2 croit.
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Copper ion species in high silica zeolites, e.g. ZSM-5, can be stabilized in different
oxidation states as well as in polynuclear forms. It has been known for long that some of these
spices are capable of catalyzing nitric oxides decomposition, selective reduction of NO,
selective binding of small molecules like H2, N2, CO, NO and others, with a varying affinity
to the guest molecule largely affected by the oxidation state as well as the particular
coordination environment of the active species. It has been for long accepted that nitric oxide
binds preferably to divalent isolated copper species, in contrast to carbon monoxide which
binds most strongly to the monovalent forms [1, 2], for instance. While this opinion has an
important impact on various application-oriented research like catalysis, nanomedicine and
purification of gases, breathing mixtures, etc., it is also interesting from a fundamental point
of view regarding the modelling of interactions between open/closed shell atomic/ionic
species, in different coordination environments on one side, and paramagnetic molecular
species like NO, on the other. Our present studies are focused on elucidating the preferential
zeolite framework site sitting of isolated Cu-ion species, mono- and divalent, and their
reactivity towards nitric oxide(NO). To limit the number of possible configurations inside the
zeolite host framework, we work on relatively low level of Cuexchanged ZSM-5 materials,
with two different Si/Al ratios, namely 12 and 25. The analyses of our EXAFS/XANES in situ
experimental data show clear preference of the copper species to 5- membered -SiO4- rings
were it undergoes facile autoreduction under mild conditions, and consequent re-oxidation
upon NO adsorption, characterized by moderate binding strength at the onset of the
chemisorption regime.
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PentrenoBa adcopOUMOHHA CIEKTPOCKOMUA HA MeITHH EHTPOBE B
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OKCH]

Koncmanmun Buxoe!, I'voy ILyxk?, Ilemvp A. T'eopeues’
'Kamedpa: ,, Pusuxa na KoHOEH3UPAHMa Mamepust u Mukpoenekmponuxa “, Qusuyecku
Daxynmem, Cogpuiicku Ynusepcumem ,, Ce. Knumenm Oxpuocku
’Helmholtz-Center Berlin for Materials and Energy, Berlin, Germany

Meanurte HOHHM B 3€0JIUTH C BUCOKO ChIbpXKaHHE Ha CUIUIMHA, kato ZSM-5, Morar na
OBIaT OTKPUTH B Pa3JIMYHH CTEIICHN Ha OKUCIICHUE IIPH PA3JIMIHH MOJIOKSHUS Ha IEHTPATHUS
Me/leH HOH B 3€0JIUTHaTa CTPyKTypa. M3BecTHO e, ue MEIHUTE LIEHTPOBE B 3COJMTa Ca
OTTOBOPHHU 3a KaTaJlM3UpaHETO Ha IpolecH Karo pasznaraHero Ha NO, CeleKTHBHOTO
CBBp3BaHE Ha Majku Mojekyiau kato Hz, N, CO, NO u apyru, kato B3auMoJeHCTBHETO
MEXIy MEJHUS LEHTBP M MOJIEKyJIaTa-TOCT IO TojsiMa CTEHEH 3aBUCH OT CTEHEeHTa Ha
oxucnenne Ha Cu ¥ HEroOBOTO KOOPIMHAIIMOHHO 0O0KpBkeHue. [Ipuero e, e a30THUAT OKCH]
ce CBBbP3Ba CHIIHO NMPEUMYIIECTBEHO C M30JIMPAHH MEIHU IIEHTPOBE OT BTOpA BAJEHTHOCT,
JIOKAaTO BBIVIEPOJHUAT MOHOOKCHJ OCBIIECCTBSABAa CHJIHA BpPb3Ka C CIHOBAJICHTHH MEIHU
neHrpose [1,2]. JlokaTo Ta3u Hay4Ha XUIOTe3a UMa 3HAYUTEIHO BIMSHUE BBPXY Pa3JIU4HU
[IPUI0KHO-HACOYECHU U3CNEBaHMS KAaTO KaTajlu3aTa, HAHOMEIUIMHATA, IPEUYUCTBAHETO Ha
razoBe W IPYIH, TS € MHTEepecHa W oT (yHAaMEHTaJ Ha IJeJHa TOYKa, ThH KaTo 3acsara
MOJICJIUPAHETO Ha B3aMMOJEHCTBUA MEXAYy MEIHU aTOMU B PA3IMYHU KOOPAMHALIMOHHU
OOKPBKEHHUS ChC 3AITBIIHEHN M HE3abIHEHH BAJICHTHU CIIOEBE U NapaMarHUTHU MOJEKYIH
kato NO. HacrosimeTo m3cienBaHe nMa 3a 1€ 1a HaMepH OHE3H IIOJIOKEHHS B 3€0IUTHATA
CTPYKTYpa, KOMTO IPEUMYIIECTBEHO C€ 3aeMaT OT MeAHHTe HOHHW (€AHOBAICHTHH H
JBYBAJICHTHH) U /1a C€ YCTAaHOBH KaK T€ B3aNMOJIEHCTBAT C a30TeH okcu. C 1el 1a OrpaHnaInM
BBH3MOXKHHUTE MOJIOKEHUSI HA MEJHHUTE HOHM B alyMHHOCHJIMKaTHATa MaTpHla HUE paboTHM
cbC 3e0auTh ¢ Si/Al CHOTHOIICHUS CHOTBETHO 12 1 25, B KOUTO KOHIICHTpAIUATA HA MEH €
CPaBHHUTEIHO HHCKA. AHAIM3BT HAa EKCHEPHMEHTAIHHTE PEHTIeHOA0COPOILMOHHH JaHHU
nocpenctBoM EXAFS/XANES cniekTpockomnust Hoka3Ba, ue MeTHUTE HOHH NPEUMYILECTBEHO
ca JIOKAJM3UPaHH B TeTWIEHHH -Si04- IPBCTEHH, KBAETO Te IPETHPIIBAT J€KA aBTOPETYKIINSI
IPU YMEPEHH yCIOBHSA C ITOCIEBAIIO TOBTOPHO OKHCIEeHHE IpH ancopommara Ha NO, KosTo
ce XapaKTepH3Hupa ChC Cpe/lHA CHUJIa Ha CBbP3BaHe, THIMYHA 32 HAYATHUS €HEPTHEH JHana3oH
Ha XeMHCOpOLUsATA.
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Magnetic Properties of Non-stoichiometric Nanocrystalline
Manganese Ferrites

Todor Karadimov, Milena Georgieva, Peter Georgiev, Dimitar Tzankov,
Sofia University “St. Kliment Ohridski,” Faculty of Physics

This study investigates the magnetic properties of laboratory-synthesized single-
domain nanoparticles of non-stoichiometric manganese ferrite, obtained with varying ratios
of manganese and iron. This material was selected due to its good biocompatibility, relatively
simple synthesis process, and the ability to control magnetic properties and structural
parameters depending on the synthesis conditions. The aim is to achieve control over the
microstructure and magnetic properties of these nanoparticles, with potential applications in
biomedicine, such as magnetic hyperthermia, drug delivery, and more.

The examined samples differ in the amount of iron used during synthesis. The
synthesis method used is sol-gel. The microstructure of the samples was determined by powder
X-ray diffraction (XRD) and Transmission Electron Microscopy (TEM). All investigated
samples were proven to be nanocrystalline, with crystallite sizes between 10 and 15 nm. The
magnetic properties were measured using a vibrating sample magnetometer. The
magnetization dependence on the applied magnetic field was measured at room temperature.
The values of the maximum magnetization (in a maximum magnetic field) and the coercive
force were determined, which are key magnetic parameters defining the material's magnetic
properties. The observed dependence of the maximum magnetization on the amount of iron in
each sample is approximately linear, with magnetization increasing as the amount of iron rises.

Due to the small size of the nanoparticles, practically all samples are in a
superparamagnetic state at room temperature. This is experimentally confirmed by the
magnetization curves, which show a negligibly small coercive force and approximately zero
remanent magnetization. Such nanocrystalline superparamagnetic particles with zero coercive
force but significant magnetization (49 emu/g) are very suitable candidates for biomedical
applications.
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MarHuTHH CBOHCTBA HAa HECTEXHOMETPHYHU HAHOKPHCTAJIHH
MaHraHosu ¢epurtu

Tooop Kapaoumos, Munena I'eopeuesa, [lemvp ['eopeues, Jumumuvp [ankos,
Couiicku ynusepcumem “Ce. Knumenm Oxpuocku”, Qusuvecku paxyimem

B mHacrosimata paboTa ce uU3CieABaT MarHUTHUTE CBOWCTBA Ha J1abOpaTOpHO
CHHTE3UpPaHU €JHOJAOMEHHH HAHOYACTHUIM OT HECTEXMOMETPHYeH MAaHTaHOB (epHrT,
MOyYeHN B Pa3jIMYHU CHOTHOIICHUS HAa MaHTaHa M JKeIsI30TO. To3M MarepHwaia € moadpaH
3apagu jgobpara My OHOCEBMECTHMOCT, CPaBHUTEIHO IIPOCTHS HAuMH 3a CHHTE3 U
BB3MOKHOCTTA 332 KOHTPOJIUPAHO BB3/IeHICTBIE BEPXY MarHUTHUTE CBOHCTBA M CTPYKTYpHHTE
mapaMeTpH B 3aBUCHMOCT OT YCJIOBHATa Ha CHHTe3. LlenTa e 1a ce mocTUrHe KOHTPOJ BBPXY
MHUKPOCTPYKTypaTa M MAarHUTHHTE CBOWCTBa Ha TEe3M HAHOYACTHILH, KOWTO 1Oa HAMEPAT
MOTCHIIMATHA NPWIOKEHUsT B OHOMEAMIIMHATA- MAarHTUHTA XHUIIEPTEPMHUsS, NPEHOC Ha
JICKapCTBEHH CYyOCTAaHIINH U JIp.

W3zcnensanute 00pas3uu ce pa3innyaBar 1o 3aJ10KEHOTO KOJIMUECTBO KEIA30 B TAX IPU
cHHTe3a UM. MeTola Ha CHHTE3 € 30JI-Tell. MUKPOCTPYKTypaTa Ha M3CIIeABaHUTE IPodu e
ompezeseHa upe3 mpaxoBa peHTreHoBa nudpaknus(XRD) n Tpancmucnonen Enexrponen
Mukpockon (TEM). Beuuku uscnensanu o0pasiy ca JOKa3aHO HAHOKPUCTAIHH C pa3Mepu
Ha Kpuctanutute Mexay 10 u 15nm. MarHuTHUTE CBOMCTBA ca ONpeesIeHH ¢ IIOMOIITa Ha
BUOpAIIMOHEH MAarHUTOMETHp. l3MepeHa € 3aBHCHMOCTTa Ha HAMarHUTEHOCTTa OT
MPUI0KEHOTO MAarHUTHO TOJIe MPH CTaifiHU TemiiepaTypu. OmpeneneHn ca CTOHHOCTUTE Ha
MaKCHMaJHaTa HAMarHUTEHOCT(B MaKCHMAIIHO MarHUTHO I0JI€) U Ha KOCPLUTHUBHATA CHIJIA,
KOHTO Ca OCHOBHM MAarHWTHH IIapaMeTpH, OMNpEeNeNsIM MarHUTHUTE CBOICTBa Ha
Matepuanure. IlomydeHaTa 3aBUCUMOCT Ha MaKCHMaJHAaTa HAMAarHUTEHOCT OT 3aJI03KE€HOTO
KOJIMYECTBO JKENSI30 BBB BCAKA OT MpOOUTE € TNPHONM3UTENHO JIMHEHHa, Karo
HaMarHUTEHOCTTa HapacTBa C MOBUILABAHETO HA KOJIMYECTBOTO JKEJA30.

IMopaan mMankus pa3Mep Ha HAHOYACTHIIUTE, HA MIPAKTUKA BCUYKU M3CIIEABaHH POOH
ca B cymepHapamMarHWUTHO CBHCTOSHHE NpH CTaliHa Temmeparypa. ToBa ce MOTBBbpIKIaBa
ONUTHO OT KPUBHTE Ha HAMAarHWTBaHE, IPU KOWTO ce HaOJrolaBa MpeHEOpeXMMO Majka
KOepIUTHBHA CHJa W TPUOIM3UTETHO HyJIeBa OCTaThbuHA HaMarHUTEHOCT. TakuBa
HAaHOKPHCTAIHHU CyleprapaMarHUTHU YacTHIM C HyJIeBa KOEPIUTHBHA CHJIA, HO 3HAYUTEIIHA
HaMarHUTEeHOCT (49emu/g) ca M3KIIOYUTENHO MOAXOJSIINA KaHIHIATH 32 MPHJIOKCHUS B
OuoMenuIMHATA.
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Initial Results of a DFT Study of the Raman Spectrum of Three-
layered Graphene

D. A. Kalchevski', D. V. Trifonov!, S. K. Kolev!, V. N. Popov?, H. A. Aleksandrov’ and T. 1.
Milenov'
“Acad. E. Djakov” Institute of Electronics, Bulgarian Academy of Science, 72 Tzarigradsko
Chaussee Blvd., Bulgaria
2 Faculty of Physics, Sofia University, 5 J. Bourchier blvd., Sofia 1164, Bulgaria
3 Faculty of Chemistry and Pharmacy; University of Sofia; 1, James Bourchier Blvd, 1126
Sofia, Bulgaria
e-mail: tmilenov@ie.bas.bg

We present some initial results of the simulation of the Raman spectrum of three-layer
graphene using density-functional-based tight-binding (DFTB) molecular dynamics
calculations. Two structures of three-layer graphene were modelled and studied: the first is
without defects, while the second has sp? defects in the form of vacancies in some atomic
positions. Both of them were modelled using periodic boundary conditions. The most
characteristic Raman modes were determined using displacements of the atoms from
equilibrium. The changes in the Raman activity were ascribed to the defects in the second
structure. The fundamental vibrational modes were determined.
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IIpeaBapuTe HH pe3yaTaTH OT U3cCJieJBAHE HA PAMAaHOBHS CIEKThP HA
TPHCJIOeH rpaden

H. A. Kanuescxu', JI. B. Tpugponos!, C. K. Kones', B. H. I[Tonoe®, X. A. Anexcanopoe® u T. U.
Munenos!

1, Axao. E. [Incaxoe“ Mncmumym no enekmponuxa, bvieapcka akademus na naykume, 6yi.

Lapuepaodcko woce 72, bBvaeapus
2 @usuuecku gaxyamem, Couiicku ynueepcumem, 6yi. Ioc. Bayuvp 5, Coghus 1164,

bvneapus
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1126, bvreapus
en. nowa: tmilenov@ie.bas.bg

IIpencraBsaMe HAKOM MPEABAPUTEIHU pe3yiITaTH OT CHMYyJAlUsATa HAa paMaHOBHUS
CIIEKTBP Ha TPHUCJIOEH rpadeH C METoJa Ha MOJICKyJIHaTa AMHAMUKa, U3IOJ3Balll MOJIeNa Ha
CHUJIHAaTa Bpb3Ka, OCHOBAH Ha TEOpHATA Ha (yHKIMOHAJA Ha IUITHOCTTA. VI3cinenBaHu ca qBe
CTPYKTYpM Ha TPHCIOEH rpadeH: mbpBaTa OT TAX € Oe3ne(eKTHa, JOKATO BTOpaTa UMa Sp°
nedextd nox GopMara Ha BaKaHIMM B HAKOM aTOMHHM MO3UIUH. M 1BETe ca MOACIHPAHH C
HaJaraHe Ha NEPHOJMYHM TPaHWYHM ycioBus. Hali-XxapakTepHHUTE paMaHOBH MOJIOBE ca
oIpezieleHH Ype3 OTMECTBAHHS Ha aTOMHUTE OT PaBHOBECHUTE MM MOJIOKeHus. [IpomenuTe B
IpecMeTHaTaTa paMaHOBa aKTHBHOCT ca IPHUITUCAaHH Ha JieeKTHTe BbB BTOpaTa CTPYKTypa.
OrmpeziesieHN ca OCHOBHHUTE BUOPALMOHHH MOJIOBE.

Baaropapuaoctu:
Astopure Onaromapar Ha ®HU 3a ¢unancoBata moxkpemna mo gorosop Ne KIT 06-
H58/2 o1 16.11.2021 rox.
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Weld bead formation during WAAM of aluminum on a copper
substrate

Georgi Kotlarski', Maria Ormanova’, Stefan Valkov'?
! Institute of Electronics, Bulgarian Academy of Sciences, 72 Tsarigradsko Chaussee, 1784
Sofia
2 Faculty of Mathematics, Informatics, and Natural Sciences, Technical University of
Gabrovo, 4 H Dimitar Str., 5300 Gabrovo, Bulgaria

In the present work the formation of aluminum layers using WAAM on top of copper
substrates was investigated. The layers were deposited using a MIG method in the cold arc mode
with and without pulses. Additionally, the wire feeding rate was also varied in order to gain as
much data as possible on the correlation between the technological conditions and the structure
and mechanical properties of the layers. The shape and size of the last were studied. The structure
was investigated using optical microscopy and X-ray diffraction (XRD) and the mechanical
properties, particularly the microhardness was also studied. The necessity of production of
bimetallic copper and aluminum components, the challenges during the welding process, and also
potential improvement of the process were discussed.
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(I)opanaHe Ha 3aBapbiHH HICBOBE IO BpEeMeE Ha Npoieca Ha AbroBo
AJUTUBHO M3rpaKiaHe HA JeTaiu oT aJIyMl/IHHﬁ BBPXYy Me€IlHA OCHOBA
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B Hacrosiara pabora Oemre u3ciaenBaHO (HOPMUPAHETO HA aTyMHHUEBH CIOEBE Upe3 ABIOBU
AIUTUBHH TEXHOJIOTHU BBPXY MEIHU NOUI0KKH. CrioeBere Osixa HaHeceHu ¢ nomoinra Ha MUT
(MeTar HHepTeH ra3) MeTox B pexxuma ,,cold arc® ¢ u 6e3 mysncarmu. JJOIbIHATEHO, CKOPOCTTa
Ha TeJIOIOJaBaHe ChILO Oellle BapupaHa, 3a J1a ce chbOepaT Bb3MOXKHO Haii-MHOTO JaHHH, 4pe3
KOUTO @ Ce YCTaHOBH KOpENalusiTa MEXIy TEXHOJOTMYHUTE YCIOBHS M CIPYKTypaTa U
MEXaHHYHUTE CBOWCTBa Ha cioeBere. M3ydenn Osxa ¢opmara U pasMepbT Ha IOCIEIHUTE.
CrpykTypaTta Oelie 3cieiBaHa ¢ IOMOLITA Ha ONITHYHA MUKPOCKOIIUS U PEHTIeHOBA AU(paKIHs
(XRD), a MexaHWYHHUTE CBOWCTBA, MO-CHECHHATHO MHKPOTBBPIOCTTA, CBHINO OsXa MPOYUYCHH.
Beme obchaeHa HE0OXOOMMOCTTAa OT IMPOM3BOACTBO Ha OMMETATHH MEIHH U aTyMUHHEBH
KOMITOHEHTH, TPeIU3BUKATEIICTBATA 110 BpEME Ha 3aBapbUHMUs POLEC, KAKTO U MOTCHIUAIHNATE
nogoOpeHus Ha mporeca.
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Versatile plasma-based machine for a synthesis-by-design of graphene and

derivatives at a gram-scale
Elena Tatarova
Instituto de Plasmas e Fusdo Nuclear, Instituto Superior Técnico, Universidade de Lisboa,
Lisboa, 1049, Portugal

As graphene and derivatives penetrate the industry, it becomes crucial to develop the
means to mass produce high quality across all related product segments. Even considering the
recent developments in the graphene market, with about 250 companies offering graphene and
derivatives in different forms, applications that rely on large-scale production have not
experienced a take-off due to the very low quality of the commercially available graphene and
derivatives. The development of a novel method providing high quality graphene and
derivatives products, customized for specific applications and at a gram-scale, while ensuring
repeatability, constant quality of the end-product in an environmentally friendly manner and
competitive cost is a big challenge and it is crucial to boost large-scale applications.

In this report we demonstrate a disruptive plasma technology and corresponding
laboratory prototype of a versatile microwave plasma-based machine for a gram-scale
fabrication of high-quality graphene and derivatives (N-graphene, Graphene/N-graphene-metal
oxides). Plasma based machine is a versatile, simple to use, provides high level of
customization. It enables conversion of cheap carbon-based precursors (ethanol, CHs, COz,
biomass slurry, etc.) into high-valued, high-quality graphene derivatives with tailored
properties. Using the same machine different structures, can be fabricated, such as pure
graphene sheets, N-graphene, hybrid nano-materials using graphene as a highly conductive
matrix to incorporate metal oxides nanoparticles. Controllable, continuous fabrication of
graphene/N-graphene at a gram scale ensuring high-level single layer selectivity (~50 %), high
production rate (~30 mg/min) and repeatability while using ethanol, methane, acetonitrile as
starting materials has been achieved. The fabricated graphene/N-graphene sheets possess high
quality as evidenced by comprehensive physicochemical analyses made (for pure graphene C/O
ratio: > 50; sp”% ~ 70%; for N-graphene C/O ratio: > 40; sp>% >60%).

The main advantage of the used approach is the achievement of a very high and
extremely controllable energy density in the plasma reactor, which allows effective control over
the energy and material fluxes towards growing nanostructures at the atomic scale via proper
reactor design and tailoring of the plasma environment in a synergistic way. The method allows
synthesis-by-design and represents a significant leap from the state-of-the-art methods that rely
on cumbersome batch procedures involving harsh chemistry and energy intensive processes. It
is cost-effective because the free-standing N-graphene sheets and derivatives are assembled
through a single-step process in readily dispersive form, without the need for cleaning or any
other post processing. The end-result is a high-quality product, obtained in a reproducible
manner, with the desired morphological, structural, and functional properties.
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6G — challenges of the technology

Emil Viadkov'
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Unlike previous developments in the field of communication technology, the sixth
generation of communication networks also known as 6G, makes a request to penetrate all
spheres of life, transforming them radically [1]. Unprecedented data rates reaching 1Tbps,
extremely low latency in the order of 1 microsecond and high reliability as well as global
scalability and massive machine type communications deployment opportunities, even precise
localization, sensing and THz-imaging will definitely lead to a completely new type of
services [2]. This will facilitate the mass adoption of virtual and mixed reality, digital twins,
telemedicine, as well as the realization of autonomous vehicles and new industrial
applications, all relying on IoT sensor networks and Zero Energy Devices (ZED). However,
for all this to happen and to make the Ubiquitous Wireless Intelligence Paradigm possible, it
is necessary to address many essential problems concerning the THz-frequency range used,
the availability of adequate device-technology and modulation techniques, the energy
efficiency and the security of 6G communication channels [3]. It is these topics that are
addressed in this scientific report-presentation.

Rosie Bradbury, “6G will hit the market around 2030 amid the expansion of the ‘industrial
metaverse’, NOKIA CEO says”, Business Insider, 24 May 2022.

MTC Megatrends Towards 2030., “White Paper on Critical and Massive Type
Communication Towards 6G.”, 6G Research Visions, No. 11, June 2020, pp. 9-12.

6G Spectrum and KPI Targets., “Key Drivers and Research Challenges for 6G Ubiquitous
Wireless Intelligence”, 6G Research Visions, No. 1, September 2019, pp. 14-17.
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6G — Npeanu3BUKaATEJACTBATA HA TEXHOJOIUATA

Emun Braokos
Qusuuecku gparxyimem, Copuiicku Ynusepcumem, oyn. ocetime bayuep 5,
bvaeapus“

3a pa3nmmka OT TNPEeIUNIHATE pPa3paboTKM B 001acTTa HAa KOMYHHKAIIMOHHHTE
TEXHOJIOTHH, IIECTOTO ITOKOJICHHE KOMYHUKalMOHHH MPEXH, II03HaTo 1 kato 6G, naBa 3asBKa
Jla TIpOHWKHE BHB BCHYKH c(epH Ha >KMBOTA, KaTo TH TpaHchopMHpa pamukaimHo [1].
BesnpeueneHTHUTEe CKOPOCTH Ha 0oOMeH Ha maHHH, gocturamy 1Tbps, H3KIIOUUTETHO
HHCKaTa JIATEHTHOCT OT IMOpsAAbKa Ha 1 MHKPOCEKYHJa M BHCOKATa HaJEKIHOCT, KaKTO H
rnobaiHa MamadbupyeMoCcT ¢ Bb3MOXKHOCTH 3a MAacoBO NpHJIaraHe Ha yCTpoiicTBa Ha Oa3a
uHTepdeiic MallMHA-MallMHA, JOpPU TOYHOTO OINpPEACNIiHE Ha MECTOIOJIOKEHHUETO,
JETEKTHPAHeTO Ha NPUCHCTBUE W IMojydaBaHeTo Ha THz-n3o0pakeHWs! ompeneneHo Ine
JIOBEAAT JI0 HambiHO HOB TuUn yciuyru [2]. ToBa me yiecHH MacoBOTO HaBJIM3aHE Ha
BUpPTyaJIHaTa M CMECEHaTa pPEeaJHOCT, HU(POBHUTE ONHM3HAIM, TeJIeMeIWLNHATa, KAaKTO H
peanu3upaHeTo HAa aBTOHOMHH IIPEBO3HM CPEACTBA M HOBU WHIYCTPHAIHHU IPHIOXKEHHS,
BCHYKH Te pasunTamy Ha loT-cen3zopau Mpesxu u Zero Energy Devices (ZED). 3a xa ce ciryun
o0aye BCHYKO TOBA M J1a CTAaHE Bb3MO)KHA KOHIICIIIIUATA 32 TOBCEMECTHHS OE3)KUUCH HHTEICKT
¢ HeoOXOIUMO 1a ce pelaT MHOTO ChIIECTBEHH NpoOJieMH, 3acsraiy uinonspanus THz-
gecToTeH OOXBaT, HAIMYMETO Ha aJeKkBaTHa TexHojorus 3a 6G ycrTpoiicTBaTa W Ha
HOAXOJSIIM MOJAYJIALMOHHU TEXHHWKH, €HEepruilHaTa eeKTHBHOCT M CUTypHOCTTa Ha 6G
KOMYHUKallMOHHHUTE KaHamu [3]. VIMEHHO Te3u TeMH ca pasriielaHH B HACTOSIIMS HaydeH
JOKJIa-NIpe3eHTalNs.

Coghua-1164,

Rosie Bradbury, “6G will hit the market around 2030 amid the expansion of the ‘industrial
metaverse’, NOKIA CEO says”, Business Insider, 24 May 2022.

MTC Megatrends Towards 2030., “White Paper on Critical and Massive Type
Communication Towards 6G.”, 6G Research Visions, No. 11, June 2020, pp. 9-12.

6G Spectrum and KPI Targets., “Key Drivers and Research Challenges for 6G Ubiquitous
Wireless Intelligence”, 6G Research Visions, No. 1, September 2019, pp. 14-17.
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Gliding Arc Discharges at Atmospheric Pressure for CO;
Conversion

Tsvetelina Paunska', Svetlana Lazarova', Veselin Vasilev', Khrito Tarnev?, Snejana
lordanova, Stanimir Kolev'
IFaculty of Physics, Sofia University, 5 James Bourchier Blvd., 1164 Sofia, Bulgaria
’Department of Applied Physics, Technical University of Sofia, 8 Kliment Ohridski Blvd.,
1000 Sofia, Bulgaria

The control and utilization of polluting greenhouse gases, mostly with carbon dioxide
(COy) is one of the most significant problems of humanity. Plasma technologies are promising
in the search for of its solution [1,2]. Therefore, one of the topics of the Plasma and Gas
discharges Physics Group at the University of Sofia “St. Kliment Ohridski” is the investigation
of different modifications of a low current gliding arc discharge (GAD) for CO2 conversion to
CO at atmospheric pressure.

This work presents our latest experimental results. The aim of the research is to improve
two quantities: the conversion rate of CO2 to CO and energy efficiency of the process. The
influence of the different parameters like discharge current (50 — 210 mA), CO2 gas flow rate
(2 = 12 L/min) and electrode material (Cu, Al, Stainless Steel) on the discharge operation is
explored.

Three constructive modifications of GAD are studied: classic GAD, magnetically
accelerated GAD (MAGAD) and magnetically retarded GAD (MRGAD). In the latter two,
permanent magnets sustain a magnetic field that either accelerates or retards the discharge
downstream. In contrast with [3], an active cooling system is used to improve the cooling rate
of the discharge and the gas in the afterglow. The gas flow is confined between two dielectric
quartz plates (sidewalls) and the electrodes. The cooling rate is varied either by changing the
distance between the quartz walls (channel thickness d=1 — 4 mm) or by changing the material
of the electrodes.

[1] A. Fridman, Plasma chemistry. Cambridge University press, Cambridge. (2008)

[2] R. Snoeckx, A. Bogaerts, Plasma Technology — a novel solution for CO2 conversion,
Chem. Soc. Rev. Royal, Vol. 46, pp. 5805-5863 (2017)

[3] V. Ivanov, Ts. Paunska, S. Lazarova, A. Bogaerts, St. Kolev, Gliding/glow arc discharge:
Compering the performance of different discharge configurations, J. of CO: Util., Vol. 67,
pp. 102300-0 (2023)
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Paszpsinm ¢ Ilab3rama ce Ibra npu arMocepHo HaJIITaHe 32
npeodpasyBaHe Ha BbIJIePOJdeH AHOKCHU/

Llsemenuna Iayncka’, Ceemnana Jlasaposa’, Becenun Bacunee!, Xpucmo
Twpres?, Crexcana Hopoanosa', Cmanumup Koneg'
! Pusuuecku Ppaxynmem, Couticku Ynueepcumem, 6yn. [oicetive bayuep 5, Cogus-1164,
bvneapus
2[lenapmamenm no Hpunoxcna @usuxa, Texnuvecku Yuusepcumem-Cous, 6y Knumenm
Oxpuoxcu 8, Cogusa-1000, bvreapus

KOHTpOIBT 1 OIOT30TBOPSIBAHETO Ha 3aMBpPCABAINTE IAaPHUKOBH Ta30Be, Hal-Bede ¢
Borieponuus auokcnx (CO2), e exuH OT Haif-BakHUTE NPOOJIEMH HAa YOBEYECTBOTO.
[TnazMeHUTE TEXHOJOTUU ca OOemaBamlyd B TBPCCHETO Ha HeroBo pemieHue [1,2]. B Ta3u
obmact e u eqHa oT TeMuTe Ha ['pymarta mo ®usnka Ha [Inasmenure u ['a3oure Paspsaan kem
CY "Cs. Kimmment Oxpuzacku". W3cnensar ce pa3nuuHd MOIM(PHUKAIMA HA HHCKOTOKOB
paspan c wrs3rania ce xora (PI11) 3a mpesppmane Ha CO2 B CO npu aTMOCQepHO HaJsTaHe.

Tasm paborta mpencraBs Hail-HOBHTE HU EKCIIEPUMEHTANTHU pe3yiratu. llenra Ha
M3CIIEIBAHETO € Jla e MOJoOPAT CcTerneHTa Ha mpeodpasyBane Ha CO2 B CO u eHepruiiHaTta
e(eKTUBHOCT Ha mpoleca. V3ydeHo e BIMSHUETO Ha Pa3iMYHH HapaMeTpH, KaTo paspsilicH
Tok (50 — 210 mA), notok Ha raza CO2 (2 — 12 L/min) u marepuain Ha enekrpona (Cu, Al,
HephKIacMa CTOMaHa) BEpXy paboTaTa Ha paspsja.

Wzcnensanu ca Tpu KOHCTpYKTHUBHH Moaudukanuu Ha PII/]: xmacuuecku paspsn, ¢
YCKOpeHa U ChC 3a0aBeHa Ibra BCIeACTBHE Ha JIopeHIoBa CHuia Ch3AaBaHA OT MOCTOSHEH
MAarsHuT. 3a pas3iuka oT [3], B KOHCTpYKIHATA Ha PAa3psANTE, € 100aBeHa CUCTEMa 3a aKTHBHO
OXJIaJKAaHe, YUATO el € Ja MOoJ00pH, KaKTO CKOPOCTTa Ha OXJaXKJaHe Ha pa3psja, Taka U
OXJIQJKaHEeTO Ha rasza ciej Hero. [IoOTOKBT Ha rasa e OrpaHH4eH MEXIy JIBE JUEICKTPUIHH
KBapLOBH IJI0YX (CTPaHUYHU CTEHM) U eekTpouTe. CKOpOCTTa Ha OXJaXJaHe Ce MPOMEHS
WK Ype3 IPOMSHA Ha Pa3CTOSHUETO MEKIy KBaplOBUTE CTeHHU (nebenrHa Ha kaHama d =1 —
4 mm), UM Ype3 NpoMsHaA Ha MaTepUaa Ha eJIeKTPOIUTe.

[17 A. Fridman, Plasma chemistry. Cambridge University press, Cambridge. (2008)

[2] R. Snoeckx, A. Bogaerts, Plasma Technology — a novel solution for CO2 conversion,
Chem. Soc. Rev. Royal, Vol. 46, pp. 5805-5863 (2017)

[3] V. Ivanov, Ts. Paunska, S. Lazarova, A. Bogaerts, St. Kolev, Gliding/glow arc discharge:
Compering the performance of different discharge configurations, J. of CO: Util., Vol. 67,
pp- 102300-0 (2023)
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Oxide catalyst-based carbon-free monolithic bifunctional gas diffusion
electrodes for zinc-air storage batteries

Kiril Krezhov!, Gergana Raikova?®, Elena Mihaylova-Dimitrova?, Tanya Malakova!, Peter
Tzvetkov’, Tatyana Koutzarova’
!nstitute of Electronics, Bulgarian Academy of Sciences
2Institute of Electrochemistry and Energy Systems, Bulgarian Academy of Sciences
3Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences

In this review, we highlight the progress in implementing the recently developed novel
design of a “monolithic” gas diffusion electrode (GDE) with improved mechanical stability in
which both the gas diffusion layer (GDL) and the catalytic layer (CL) are fabricated from one
and the same material, applying hot pressing technology. The approach of replacing the noble
metal catalyst (e.g., Ag) with bifunctional transition metal oxide catalysts and protecting
against corrosion by removing the carbon component in GDE was successfully exemplified.
Of the various catalysts attracting attention to date for high battery performance through
enhanced both oxygen reduction reaction (ORR) and oxygen evolution reaction (OER),
transition metal oxides (TMO) with spinel and perovskite-like structure were selected owing
to their intrinsic catalytic activity and structural flexibility for acceptance of a wide range of
cation substitutions. The oxidation states of the constituent cations and their distribution over
the two kinds of metal sites in the structure strongly affects the TMO properties. By using
polytetrafluoroethylene (PTFE) as a hydrophobic binder and spinel (Co304, NiC0204) or
perovskite (Lao.sSr02MnO3.5, (LSM) and Lao.Sr04Co003.5 (LSC)) as catalysts, hot pressed onto
a stainless steel mesh, which works as a current collector, we produce the so-called "monolithic"
carbon-free GDEs, where the traditional GDL made of carbon-based material is avoided and
thus the corrosion rate is reduced. The electrochemical characterization involving volt-ampere
characteristics, charge/discharge tests and electrochemical impedance measurements at room
temperature was carried out. Sensitive techniques such as neutron and X-ray diffraction
combined with scanning electron microscopy (SEM) and EDX-analysis were also applied to
improve the understanding of structural stability and recharge-related properties as an important
step in the development of an innovative design of rechargeable zinc-air cells with high
performance carbon-free reversible GDEs. Acceptable coulombic and energy efficiencies were
obtained. Comparison with state-of-the-art carbon-based GDE (teflonized carbon blacks,
Ag/Co0304 catalyst, PTFE) confirmed that the implemented catalysts can successfully replace
the classic catalysts containing precious metal and carbon support.

Acknowledgments. The study was partially supported by the Bulgarian National
Science Fund under contract KP-06-N48/5. E. M.-D. thanks the Ministry of Education and
Science for financial support under the National Program “Young Scientists and Post-Doctoral
Students-2".
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Ba3upaHu Ha OKCHIHH KaTaJIU3aTOPH 0e3BBbIIePOAHH MOHOJIUTHH
OM(pYHKIHOHAIHA ra30BH IHQY3HOHHHU eJeKTPOAH 32 IUHKOBO-
BB3AYIIHU aKyYMYJIaTOPHU 0aTepuu

Kupun Kpeocoe!, I'epeana Paiikoea?, Exena Muxatinosa-Humumpoea?, Tans Manaxosa’,
Hemvp IJeemxoe’®, Tamana Kyyapoea’
"Hnemumym no Enexmponuxa, Bvazapcka Axademus na Hayxume
2 Uncmumym no Enexmpoxumus u Enepeuiinu cucmemu, Boneapcka Axademus na Hayxume
3 Unemumym no Obwa u Heopeanuuna Xumus, Bvazapcka Axademus na Hayxume

IIpencraBsmMe Hampeabka B IPIIAraHeTO HAa HACKOPO pa3paboTeHHs HOB JU3alH Ha
»,MOHOJIUTEH ra3o-mudysuonen enexrpon (GDE) ¢ momoOpeHa MexaHHYHA CTaOMIHOCT, B
KOWTO KakTo ra3o-mudy3uoHHuAT cinoii (GDL), taka m katammruyamsar ciuoii (CL) ca
n3paboTeHH OT eIUH M CHII MaTepuall 0 TEXHOJOTUs Ha ropenio mpecoBane. [logxoasT 3a
3aMsHa Ha KaTaau3aTropa oT O6JaropojeH Metal (Hamp. Ag) ¢ OnyHKIIMOHATIHA KaTalu3aTopu
OT MPEXOAEH MeTaleH OKCHI U 3alIUTa CPelry KOpo3us 4pe3 MpeMaxBaHEe Ha BBIIIEPOTHHS
kommoHeHT B GDE Gemre yenemHo uiroctpupad. OT pa3IHyHUTE KaTaTH3aTOPH, IPUBINYAIIN
BHIMaHHETO KbM JHEIIHA J]aTa 3a BUCOKA MPOM3BOAUTEIHOCT Ha OaTepusaTa upe3 nogodpeHa
KaKTO peaknus Ha peaykuus Ha kuciaopon (ORR), Taka u peakuust Ha OTIeIsIHE HA KHCIOPOL
(OER), 6s1xa n30paHn OKCHIM Ha MPEXOAHU METAIH ChC HIMUHENTHA U MEePOBCKUTOINON00HA
CTPYKTypa, OjarojapeHHe Ha INpHCHIIaTa MM KaTaJUTHYHAa AaKTHBHOCT M CTPYKTypHa
I'bBKABOCT 32 IPHEMaHe Ha [MIMPOK JAUAIla30H OT KaTHOHHHM 3aMecTBaHMs. Upes n3mnoss3BaHe Ha
nonuterpaduryoperminer (PTFE) kato xunpogo6Ho cBbp3Baimo BeniecTBo 1 mmuHel (Co304,
NiC0204) wmmm mepoBckuT (LaosSrooMnOss, (LSM) u LaoeSro4CoOss (LSC)) kato
KaTaJIU3aToOpH, C TOPEIO MPECOBaHE BBPXY MpeXa OT HephKJaeMa CTOMaHa, KOSTO paboTH
KaTo KOJEKTOp Ha TOK, HHE NpoM3BexkAaMe Taka HapedeHure "MoHonuTHH' GDE 6e3
BBIIIEPO]T, KbAeTO Tpaanuimonuute GDL, HanpaBeHHN OT MaTepHall Ha OCHOBATa Ha BBIIEPO]I,
ce M30sArBaT W IO TO3M HAauWH ce HaMmalsBa CTeNeHTa Ha Kopo3us. bemnre u3BBpIIEHO
CJIEKTPOXMMHYHO XapaKTepHu3npaHe, BKIIOYBAIIO BOJIT-aMIEPHU XapaKTEePHCTHKH, TECTOBE 3a
3apekJaHe/paspexJaHe M W3MEpBaHUs Ha eNeKTPOXUMHYHUS HMMIEJaHC IIpU CTaliHa
Temreparypa. UyBCTBUTEITHH TEXHHUKU KaTo AU(MPAKIK HA HEYTPOHU U PEHTI€HOBH JIBYH,
KOMOWHHpaAHH ChC CKaHUpala enekTpornHa Mukpockonus (SEM) u EDX-anamu3, cpio 0sxa
MPUIOKEHHU 3a TOA0OpsiBaHEe HA pa3OMpaHETO Ha CTPYKTypHATa CTAaOMIIHOCT W CBOWCTBATa,
CBBP3aHU C NMpe3apekIaHeTo, KaTo BayKHA CTHIKA B pa3pab0TBAaHETO HA MHOBATHUBEH JIH3aiH
Ha AaKyMyJaTOPHH IMHKOBO-BB3AYIIHH KIETKH C BHCOKOC(GEKTUBHH OE3BBITIEPOAHHI
obparumu GDE. CpaBHenuero c¢ Haili-ceBpemeHHHss GDE Ha ocHOBaTa Ha BBIUIEPOJ
(redonusupanu caxan, Ag/Co304 katammuzatop, PTFE) moTBbpan, 4e HOBHUTE KaTann3aTopu
MOTaT YCIEIIHO Ja 3aMEHAT KJIAaCHYEeCKUTEe KaTaln3aTopH, ChIbPIKallK OIaropoaeH MeTai 1
BBIJIEPOJIHA [10JIOKKA.

bnarogapuoctu. M3cnensaneto e yactuuno nojaxperneno or ®HU no gorosop KII-06-
N48/5. E. M.-/1. 6narogapu Ha MOH 3a ¢unancoBaTa nogkpena nmo HammonanHa nporpama
,»,MIaau yuyeHu U JOKTOpaHTH-2*.
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Hexaferrites — single-phase magnetoelectric materials
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The modern technologies require miniaturization and efficient functioning of magnetic
materials when used in various devices that are compatible with semiconductor technologies.
There is a need to create new materials with qualitatively new properties, such as multiferroics,
where a magnetoelectric effect is observed. In recent years, there has been an increased interest
in research on M-, Y- and Z-type hexaferrites, as some of them possess a large magneto-
electric effect at room temperature, which is related to the presence of conical and helical
magnetic structures. The magnetic structure in the hexaferrites and, especially, the particular
magnetic spin ordering are key factors in observing magneto-electric phases in hexaferrites.
Some of the magnetoelectric phases are metastable, making it difficult to transfer them to
applications. But a large variety of non-collinear stable magnetic phases can be realized by
chemical substitution of the magnetic and non-magnetic cations in the systems. As the
magnetoelectric effect is related to the magnetic spin ordering, it is very important to
investigate the influence of cation substitutions on the magnetic phase transition temperature.
Here we present the results from the study of magnetic phase transitions in M-, Y- and Z-type
hexaferrites.

Acknowledgements: The work was supported by the Bulgarian National Science Fund
under contract KP-06-N48/5. Borislava Georgieva was supported by the Bulgarian Ministry
of Education and Science under the National Research Programme “Young scientists and
postdoctoral students-2” approved by DCM 206/07.04.2022. Part of the research were done
under a a joint research project between the Bulgarian Academy of Sciences and the Institute
of Low Temperature and Structure Research, Polish Academy of Sciences and in scientific
cooperation between IE-BAS and the Greenmat, Chemistry Department, University of Liege,
Belgium.
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MogepHuTE TEXHOJIOTUH H3UCKBAT MUHHATIOPH3AIMsA U €(QEKTUBHO NEHCTBHME Ha
MarHUTHHTE MaTepHalud HpH H3ION3BAaHETO UM B PA3IWYHU YCTPOICTBA, KOUTO Jda ca
CBBMECTUMHU C TIOJNyIPOBOJHHKOBUTE TeXHONOrHH. IlosBsiBa ce HEOOXOAMMOCT OT
CH3JIaBaHETO HA HOBH MaTepuall C KauyeCTBEHO HOBH CBOWCTBA, KaKBHTO cCa
MyATH(EpOUIHTE, IPU KOUTO ce HabIroaBa MaruuToenekTpudeH edekr. [Ipes nocneaanre
TO/IMHY MIMa 3aCUJICH HHTEPEC KbM HM3CIeiBaHuATa BpXy M-, Y- u Z-tun xekcadeputd, Thit
KaTO HSKOH OT TSIX MPUTEXKABaT IOJSIM MarHUTO-eJIEKTPHUYeH e(eKT IIPH CTaifHa TeMIeparypa,
KOWTO € CBbp3aH C NPUCHCTBUETO Ha KOHUYHH M CIIUPAIHH MarHUTHU CIIMHOBU CTPYKTYPH.
MarHuTHaTa CTPYKTYpa B XeKcad)epuTHTE U 0COOEHO MarHUTHOTO CIIMHOBO IOJPEXkKIaHe ca
KITFOYOBH (haKTOpH 32 HAOJIOIEHUETO HAa MATHUTOENEKTPUYHHU (a3u B xekcadepurute. Haxon
OT MarHUTOENEKTPUIHHUTE a3y ca MeTacTaOIMIIHN, KOETO OW 3aTpyJHHIIO TPHIOKEHHETO Ha
TE3W MaTepHajy, HO TOJSIMO Pa3HOOOpasue OT HEKOJHMHEapHU CTaOWIIHH MarHUTHH (a3u
MOXe JIa C€ peali3upa 4pe3 XMMUIECKO 3aMECTBaHe Ha MArHUTHUTE U HEMATHUTHU KaTHOHH
B cUcTeMuTe. Thil Karo MarHUTOEJEKTPUYHHAT e(PEeKT € CBBp3aH C IOAPEKJAHETO Ha
MarHWTHHS CITMH, € MHOTO Ba)XHO J]a C€ W3CJie[[Ba BIMSHUETO HAa KATHOHHUTE 3aMECTBAHHS
BBbpPXy TeMIlepaTypara Ha MarHUTHHs (Ha3oB npexon. Tyk HHe TNpeincTaBsMe HalINUTe
pe3yJITaTh OT U3CJIeIBAaHETO HA MarHUTHUTE (a30BH npexoau B M-, Y- u Z-tum xekcahepurH.

Bnazooapnocmu: ToBa n3cnenBaHe € U3BBPIICHO ¢ pUHAHCOBATA MoAKpena Ha DoHp
,Hayuan wmscnensanmsa™ mo moroop KII-06-H48/5. BopucnaBa I'eoprueBa e monryuymnia
nmogkpena oT MUHHCTEPCTBOTO Ha 00pa3oBaHMETO W Haykata Ha PemyOnmka Beiarapus mo
Hammonannara mporpama ,Mimagm y4YeHH W TIOCTIOKTOpaHTH-2“, omoOpeHa c
PMC 206/07.04.2022 r. Yact OT mNpOBEIEHHUTE W3CICIBAHMSA Ca IO MPOEKT MEXKIY
bearapckarta akagemMus Ha Haykure W MIHCTUTyTa 3a HMCKM TEMIEpPAaTypu U CTPYKTypHH
n3cnenBanus kpM [lonckara akajgemust Ha HayKuTe U B chTpyaHHdecTBo Mexay ME-BAH u
Jc€napTaMEHTa 110 XuMHus Ha JInexkus YHUBEPCUTET, benrus.
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Modeling of a microwave plasma torch source

Simeon Marinov!, Ivan Ivanov’, Stanimir Kolev! and Zhivko Kiss'ovski!
'Faculty of Physics, Sofia University, 5 James Bourchier Blvd., 1164 Sofia, Bulgaria

2D axially symmetric simulations of a cylindrical microwave plasma torch source in an
argon (Ar) medium at atmospheric pressure were performed using specialized software. The
processes in the plasma, the heat transfer to the neutral gas, the gas flow and the electromagnetic
fields of the surface wave supporting the discharge were modeled. Results were obtained for the
distribution of electron density ne, gas temperature 7 and electron temperature 7e. The obtained
results show a good agreement with the values of the plasma parameters measured in the plasma
source during experiments.
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Mone.lmpaﬂe Ha U3TOYHUK HA MUKPOBBHJHOB IJIa3MEH (l)aKe.l'l
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W3nomsBaiiky crieramiupan coryep Osixa HampaBeHHM 2D akcHamHO CHMETpUYHI
CHMYJIAllVY Ha IVJIMHIPHYIEeH MUKPOBBITHOB M3TOYHHK Ha IUIa3MeH (akel B aproHosa (Ar) cpena
npu atMoc(hepHO HamsraHe. MoJenipaHy ca IPOIeCUTe B IUIa3Mara, TOIUIONPEIaBAaHETO KbM
HEyTpaJHUsA Ta3, Ta30BHS MOTOK U ENEKTPOMAarHUTHUTE IIOJeTa Ha MOBBPXHMHHATA BBIHA
noambprkama paspsna. [lomydeHn ca pe3ynTaTu 3a pa3npeeIeHUETO Ha eEKTPOHHA ITBTHOCT
ne, Ta30BaTa Temmneparypa T U elekTpoHHa Temneparypa Te. [lomydenure pe3ynraTu mokaspar
J00po chIacue CbC CTOMHOCTUTE HA HM3MEPEHUTE B eKCIIEPUMEHTA MapaMeTpy Ha Iia3Mara oT
W3TOYHUKA.
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Development of DC gas discharge tube with magnetic field
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The research in this project is focused on the application of the probe methodology for
measurements in plasma with a magnetic field. The goal is to use it for diagnostics in various
experimental devices - from high-tech magnetron discharges for material processing to plasma
for thermonuclear fusion reactors. A DC gas discharge tube with a Helmholtz coil was
designed for this purpose. The coil will allow the achievement of a homogeneous magnetic
field with an intensity up to 1000 Gauss. The presented gas discharge tube consists of seven
cathodes and a grid shaped anode. The setup allows studying the plasma in the presence of
magnetic field with different intensities, gas pressures and discharge current values, using a
single probe (parallel and perpendicular to the magnetic field lines) as well as a retarding field
analyzer (RFA). All measurements will be performed with continuous gas flow through the
tube, in order to avoid gas discharge contaminations. The use of different working gases is
envisaged.
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Pa3paGoTka Ha razopa3psitHa Tpb0a ¢ IOCTOSHHOTOKOB pPa3psii B
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W3cnenBanusiTa B TO3M MPOEKT ca (HOKYCHpPaHU BBbPXY MPHIATAaHETO Ha COHIOBATA
METO/IOJIOTHsI 32 U3MEPBaHHs B IIa3Ma ¢ MarHuTHO moje. Llenra e s aa Obie U3MoI3BaHa 3a
MUArHOCTHKA B pa3lUYHH EKCIEPHMCHTATHH YCTPOWUCTBA - OT BHCOKOTEXHOIOTHIHU
MarHeTpOHHO pa3psAHU HHCTAJAlUK 3a 00paboTKa Ha MaTepHaiHy, 10 IIa3MEH! PEakTOpH 3a
KOHTPOJIMPAH TEPMOSAPEH CHHTE3. 3a IeJITa € IPOSKTHpaHa MOCTOSIHHOTOKOBA ra3opaspsiiHa
TppOa ¢ HamMOoTKa Ha Xenmxoin. HamoTkara Iie mo3BojsBa NMOCTUTAHETO Ha XOMOTEHHO
MarHuTHO moie ¢ uaTeH3uTeT 10 1000 Iayca. [IpeacraBeHara razopa3spsaHa Tpbh0a ce ChbCTOU
OT cefieM KaToja u o0mr aHoa o(OpMeEH KaTo pelleTKka. Y CTaHOBKaTa I03BOJIIBA U3ydaBaHe
HA IUIa3Mara B MPHCHCTBHETO HA MArHUTHO IMOJIE C Pa3iMYeH MHTCH3UTET, HAJATaHUs Ha
paboTHHUS ra3 U CTOMHOCTH Ha Pa3psiIHUS TOK, C IOMOIITA Ha €HHNYHA COH/Ia (apaieHa u
MepIeHANKY SIPHA HA MATHUTHUTE CHJIOBH JINHKUH), KAKTO M aHAIN3aTOp Ha 3a0aBsIOTO MoJie
(A3II). 3a ma 6paaT U30ETHATH 3aMBPCABAHUATA HA TA30BHUA Pa3psd, BCHUKH U3MEPBaHUS LIe
OBJaT NPOBEXKNAHM NPH HEMPEKbCHAT Tra30B NPOTOK Impe3 Tphbara. [IpexBumeHo e
W3I0JI3BAaHETO Ha Pa3IMYHU pabOTHHU Ta3oBe.

Baaropapnoctn
Tas3u pabota e¢ ¢punancupana o gorosop Ne KI1-06-N68/2 mexny Poun ,,Hayunu
n3cnenBaHus u IHCTUTYTa 1O eNeKTpOoHUKa KbM bbirapcka akagemMus Ha HayKHTe.
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Influence of the plasma electrode potential on the discharge
asymmetry in the extraction region of a two-chamber RF negative
hydrogen ion source

Ani Toskova', Stiliyan Lishev!
Faculty of Physics, Sofia University, 5 J. Bourchier Blvd., BG-1164 Sofia, Bulgaria

The research is related to the optimization of the sources of negative hydrogen ions
(H ) with a discharge configuration similar to the base prototype for the injector systems of
ITER [1]. In them, the regions of inductive radio-frequency (RF) power deposition and
extraction are separated by a transverse magnetic field — magnetic filter (MF). The potential
of the first electrode of the extraction system — plasma electrode (PE) — determines the
extracted current, while the MF provides conditions for minimal H™ losses [2], but leads to a
spatial asymmetry of the plasma [3], for which systematized data are missing. In this work,
probe diagnostics technique was applied to study the influence of the PE potential on the
degree of asymmetry in the plasma parameters profiles (plasma potential, electron temperature
and density), in the extraction region of H source, scaling the base prototype in ratio 1:5. The
measurements were carried out with movable Langmuir probe, located at 2 cm from the PE in
parallel, at pressure 0.3 Pa and absorbed RF power 200 W. The MF had maximum induction
8.4 mT, at the position of the probe. The PE potentials cover the main areas of its ampere-volt
characteristic. The obtained results show that without MF, as the PE potential increases, the
profiles of the plasma potential and density shift to higher values, while those of the electron
temperature remain unaffected. In the presence of MF, all profiles have a pronounced
asymmetry, with values lower than those without MF. PE potentials below float do not affect
the plasma. At a potential in the region and above saturation, all profiles shift to higher values,
accompanied by a change in the slopes of their asymmetry. Moreover, all three parameters
change the slopes of asymmetry, in a narrow region of about 5 V, around the PE saturation
potential.

[1] R. Hemsworth et al, Status of the ITER heating neutral beam system, Nuclear Fusion, Vol.
49, Number 4 (2009)

[2] U. Fantz et al, Physical performance analysis and progress of the development of the
negative ion RF source for the ITER NBI system, Nuclear Fusion, Vol. 49, Number 12
(2009)

[3] L. Schiesko et al, Magnetic field dependence of the plasma properties in a negative
hydrogen ion source for fusion, Plasma Physics and Controlled Fusion, Vol. 54, Number
10 (2012)
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BiansiHue Ha MOTEHIMAJA HA TJIA3MEHUS €JIEKTPO BbPXY
acHUMeTPHUATA HA pa3psjia B 00/1aCTTa HA U3BJIMYAHE HA IByKaMepeH
BY u3TOYHHMK HAa OTPUIATEJHU BOJAOPOIAHH HOHU

Anu Tockosa!, Cmunusan JTuwes!
' @usuuecku paxyrmem, Copuiicku Ynueepcumem, 6yn. Joicetive Bayuep 5,  Codpus-1164,
bvneapus

H3cnenBaHeTo € CBBP3aHO C ONTUMM3MPAaHE HAa HM3TOYHMIUTE HA OTPUIATENIHH
Bomopoauu Honu (H) ¢ koudurypanus Ha paspsna, nogo6Ha Ha 0Ga3oBHS NMPOTOTHII 32
nmkekropaute cucremu Ha WTEP [1]. Ilpm Tsx oGmactuTe Ha MHAYKTHBHO BHACSHE Ha
BHCOKodecToTHaTa (BU) MOIIHOCT M Ha N3BIMYaHe ca pa3/ieHH OT HAIIPEYHO MarHUTHO I10JIe
— marauTeH ¢punTep (M®). [loTeHIMaTbT Ha TBPBUS SJIEKTPOA Ha W3BIMYAINATA CUCTEMA —
wiasmeH enekrpox (ITE) — onpenens m3BieueHns Tok, nokato M® ocurypsiBa ycioBus 3a
MHUHHAMaIHU 3aryoun Ha H B oGnacrra Ha m3BaMyase [2], HO BOAM 10 NMPOCTPAHCTBEHA
acuMeTpus Ha Iura3Mara [3], 3a KOSTO JIMICBAT CHUCTEMATH3MPAaHU JAaHHHW. B Hacrosmiero
u3Cle/[BaHe € MPHIOKEH MEeTOoJa Ha COHAOBA JMArHOCTHKA Ha IUIa3Marta, 3a H3CIeABaHe
BIMsSHHETO Ha moreHnuana Ha [IE BepXy cremeHHa Ha acumeTpust B Ipoduiamnre Ha
IUTa3MEHUTE ITapaMeTpH (IIa3MeH ITOTEHIIHA, eJISKTPOHHA TeMIlepaTypa ¥ KOHIIGHTpanus), B
o0yacTrTa Ha W3BJIMYAHE HA JBYKaMepEeH M3TOYHWMK Ha H , ckamupamn craHmapTHus 6a3oB
IPOTOTHII B OTHOWIeHHe 1:5. M3mMepBaHusATa ca ¢ MOJBIKHA eIMHUYHA JIeHrMIOpoBa COHJa,
pasnosoxxeHa napainenso Ha 2 cm oT [1E u ca nposenenu npu Handrane 0.3 Pa u npunokena
BY momnoct 200 W. M® e ¢ MakcumyM Ha uHAykius 8.4 mT, npu no3unusTa Ha COHAATa.
INoTeHnmanuTe Ha MIa3MEHHs €IEKTPOJ MOKPUBAT OCHOBHUTE OOJACTH HA aMIep-BOJITHATA
My XapakTepucTuka. [lomyueHuTe pe3ynraTh moOKaszBaT, ye 0e3 M®D, c HapacTBaHe Ha
noteHnuana Ha [1E, npodunanTte Ha mia3sMeHUs MOTEHIUAN U IITBTHOCTTAa C€ OTMECTBAT KbM
MO-BHCOKH CTOHHOCTH, a T€3W Ha €JIEeKTPOHHATa TeMIepaTypa OCTaBa HempoMmeHeHH. IIpm
HanmuureTo Ha M@, BCHYKM IUIa3MeHM NapaMeTpH MMa M3pa3eHa acUMeTpHsi B IpouiuTe,
KaTO CTOMHOCTHTE MM ca 1mo-Hucku ot Te3u 6e3 M®. [Torennuanu Ha [1E mox raBamms He
BJIMSAT HA IUIa3MEHMTE mapamerpu. [Ipu moTeHnuan B o0JlacTTa M Haj HACHIIAHe, BCHUYKH
npoduIIM ce OTMECTBAT KbM I10-BHCOKH CTOWHOCTH, KaTO TOBA € CHIPOBOJICHO C IIPOMSHA Ha
HaKJIOHUTE Ha TSIXHaTa acuMeTpus. [Ipu ToBa U TpuTe mapaMeTbpa CMEHST HAKJIOHUTE CH Ha
acHMeTpus, B TACHA 00JacT OT OK0JIO 5 V, OKOJIO MoTeHInana Ha HacumaHne Ha [1E.

[1] R. Hemsworth et al, Status of the ITER heating neutral beam system, Nuclear Fusion, Vol.
49, Number 4 (2009)

[2] U. Fantz et al, Physical performance analysis and progress of the development of the
negative ion RF source for the ITER NBI system, Nuclear Fusion, Vol. 49, Number 12
(2009)

[3] L. Schiesko et al, Magnetic field dependence of the plasma properties in a negative
hydrogen ion source for fusion, Plasma Physics and Controlled Fusion, Vol. 54, Number
10 (2012)
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Investigation of the properties of graphene containing ceramic
materials

1. Ivanov, S. Marinov, J. Kiss ovski
Faculty of Physics, Sofia University, 5 J. Bourchier Blvd., BG-1164 Sofia, Bulgaria

Using a low-pressure microwave discharge, graphene nanostructures on ceramic
materials were produced by plasma-enhanced chemical vapor deposition (PECVD). The
deposition process takes place at substrate temperatures of the order of 600—700°C.

A thin amorphous carbon layer is deposited at the base of the structures. The
homogeneity of the applied structures is influenced by the diffusion processes on the surface
of the substrate. SEM (scanning electron microscope) results show the presence of graphene
layers and nanotubes, with a Raman spectrum characteristic of graphene. Additionally, the
obtained layers were enriched with nitrogen in order to increase the conductivity.
Subsequently, the conductivity of the obtained N-graphene (nitrogen-doped graphene)
ceramic composites was measured. A change of the total dielectric permittivity was found, as
a consequence of the increased conductivity. The obtained composites correspond to modern
models for metamaterials with negative permittivity (& < 0).
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HN3caeaBaHe Ha cBolicTBaTa Ha KepaMHUYHU MaTepHuaJii € rpaq)eﬂ

Hean Usanos, Cumeon Mapunos, Kusxo Kucvoscku
Qusuuecku gpaxynmem, Coguiicku Ynueepcumem, oya. Joceiime bayuep 5, Cogpus-1164,
bvneapus

C momomra Ha MHKPOBBJIHOB pa3psii IPH HHUCKO HaisraHe, OsXa MONydYeHH dpe3
IUIa3MEHO YCHIEHO XMMHUYHO oTiIarane ot rasosa ¢asza (PECVD), rpadeHoBH HaHOCTPYKTYpH
BBpPXy KepamMuuHH MaTepuanu. IlporechT Ha oTigaraHe HpoTHYa NPH TEMIEpaTypu Ha
cyOctpara ot nopsabka Ha 600—700°C.

B ocHoBarta Ha CTpPyKTypUTE€ € OTJOXKEH TbHBK aMOpP(EH BBIJIEPOAEH CIIOH.
XOMOT€HHOCTTa HAa HaHECEHUTE CTPYKTYPH € MOBIHAHA OT AU(PY3UOHHHTE MPOIECH BBPXY
MOBBPXHOCTTAa Ha cyOctpara. Pegynrature ot SEM (ckaHHpaiml eIeKTpOHEH MHUKPOCKOI)
MOKa3BaT HAJIMYMETO Ha rpa)eHOBHU CIOEBE U HAHOTPHOHU, C paMaHOB CIEKTHP XapaKTEepeH 3a
rpadeHa. JJOMbIHUTETHO TTOJyYeHHUTE ClI0eBe 0s1Xa 000raTeHH ¢ a30T C LeJ yBeNnJaBaHe Ha
pOBOAMMOCTTa. B mocnencTBue 6e M3MepeHa NMPOBOAMMOCTTA Ha MoiydeHnTe N-rpadeH
(oborareH ¢ a30T rpadeH) KepaMUYHU KOMIO3UTH. be yCTaHOBeHa MpoMsiHa Ha oOmara
JIMeJIeKTpUYHA TPOHMIIAEMOCT, B CIIEACTBHE Ha yBeJIW4YeHaTa IpoBogumMocT. [lomydeHure
KOMIIO3UTH OTTOBapsAT Ha CHBPEMEHHHTE MOJAENIM 3a MeTaMaTepHald ¢ OTpHIATENHa
IUeNeKTpuiHa mpoHuIaeMoct (£<0).



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Diffraction studies of gas-diffusion electrodes for zinc-air batteries

Tanya Malakova', Kiril Krezhov', Svetoslav Kolev'" 2, Tatyana Koutzarova', Gergana
Raikova’®
!Institute of Electronics, Bulgarian Academy of Sciences, 72 Tsarigradsko Chaussee, 1784
Sofia, Bulgaria
°Neofit Rilski South-Western University, 66 Ivan Mihailov Str., 2700 Blagoevgrad, Bulgaria
3Institute of Electrochemistry and Energy Systems, “Acad. Evgeni Budevski”, Bulgarian
Academy of Sciences, Acad. Georgi Bonchev, Block 10, 1113 Sofia, Bulgaria

Zinc air batteries are reputedly known as a reliable option for sustainable energy
storage due to their high energy density, low cost, high efficiency and environmental
friendliness. Indeed, some problems are encountered in practice and need to be overcome with
the eventually slow oxygen evolution reaction (OER) and oxygen reduction reaction (ORR).
The integration with an oxygen electrocatalyst was identified as the most critical component
inevitably determining the operation of a rechargeable Zn-air battery, as its performance
depends on the cathode material. Spinel-structured base metal oxides have attracted attention
for long time due to their satisfactory electrochemical performance and stability for OER in
alkaline solution. Herein, we report the performance of the recently developed carbon-free
gas-diffusion electrode (GDE) - a mixture of -catalyst (Co30s, NiC0204) and
polytetrafluoroethylene (PTFE) hot-pressed onto a stainless-steel mesh that works as a current
collector. X-ray and neutron diffraction combined with scanning electron microscopy were
applied to improve the understanding of structural stability and recharge-related properties as
an important step in the development of an innovative design of rechargeable zinc-air batteries
with high performance carbon-free reversible gas diffusion electrodes.
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JAudpakunoHHH U3CaeIBaAHUA HA Ta301u(y3HOHHHU eJIeKTPOAH 32
NMHKOBO-BB3AyIIHA faTepuu

Tana Manaxoea!, Kupun Kpeacos!, Ceemocnae Kones!?, I'epzana Paiikosa’®
! Unemumym no enexmponuxa, Boieapcka akademus na naykume, 6ya. Llapuzpadcko woce
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3 Unemumym no enexkmpoxumus u enepautinu cucmemu, “Axaod. Eszenu Byoescku”,
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bvneapus

[{uHKOBO-BB3AYIIHNTE OaTEepUH ca U3BECTHH KAaTO HaJEKAEH BapHaHT 33 YCTOWYHBO
ChXpaHEHHE Ha eHeprus Iopaay TAXHATa BUCOKA €HEeprHiiHa IUTBTHOCT, HUCKA [[EHa, BUCOKA
e(peKTUBHOCT 1 €KOJIOTHYHOCT. HancTruHa HAKoM poOIeMH ce cpemar Ha MpaKTHKa U TpsOBa
na ObaaT NMPEoJ0NIeHN C eBeHTyaHo OaBHaTa peakius Ha oTxaeisiHe Ha kuciopon (OER) u
peaknmATta Ha penykuus Ha kuciopoma (ORR). HuTerpupaneTto ¢ KHCIOpOAEH
eJICKTPOKATANU3aTop Oelre HACHTUGUINPAHO KaTO Hall-KPUTHYHUAT KOMIOHEHT, HEN30€KHO
ompenemsn; paboTara Ha aKyMyJaTopHa Zn-BB3AyIIHA Oarepus, THh KaTo HeHHara
HPOM3BOUTEIHOCT 3aBUCH OT MarepHana Ha katoja. [IINMHENHO CTPYyKTypHpaHUTE OKCHUIH
Ha HeOJaropoJHW MeTajdM IPHBIMYAT BHUMAHUETO OT MABJITO BpeMe IOpagd TEXHUTE
3aJJ0BOJIMTEITHN EIEKTPOXUMHYHH XapaKTepUCTUKH 1 cTabuiHocT 32 OER B ankaneH pa3TBop.
Tyk moxianBame epeKTHBHOCTTa Ha HACKOPO pa3paboTeHus ra3nudy3HoHEeH eneKTpoxa 6e3
Bbrirepos (GDE) - cmec ot karammszarop (Co3Os, NiCo0204) m momuterpadiryopoeTHieH
(PTFE), ropemo mpecoBaH BBPXY Mpeka OT HEpbXKJaeMa CTOMaHa, KOSTO paboTh Kato
TOKOIPHEMHHUK . PEHTreHOBa M HEYTpPOHHa IM(pakius, KOMOMHHpaHa ChC CKaHHpalla
CJIEKTpOHHA MUKpPOCKOMHUs, Osfxa MPHIOKEHH 3a TomoOpsBaHe Ha pa30MpaHEeTO Ha
CTPYKTypHaTa CTAa0MIIHOCT U CBOWCTBATa, CBBP3aHH C IPE3aPEeKIAHETO, KATO BaKHA CTHIIKA B
pa3pabOTBaHETO HAa WHOBATHBEH AM3AiH Ha aKyMyJIATOPHH LMHKOBO-BB3IYIIHH OaTepuu C
BHUCOKOE(EKTUBEH O€3BBIIIEPOJIeH 00paTuM ra3 An(y3uOHHH eJEKTPOAN.
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Iloxkanenu nokiagu
1. H. Cx00TMHOB: ,,50 roguHM OT Ch3/1aBaHEeTO Ha j1azepa CuBr*

YcTHU IOoKiagn

1. K. TI'eoprues: ,,TepMudHM CBOKCTBA Ha HETIOPECHH JIA3E€pHH KPUCTAJIH, JISTUPaHu ¢ Yb 3a
MIPUJIOKEHUS] C BUCOKA ITMKOBA U CPEIHA MOITHOCT

2. JI. Henesues: ,,A30M0IMMEPHH U a30II0JIMMEP-0a3upaHi HAHOKOMITO3UTHH MaTepUali 3a
TIPUJIOKEHUSI B MTOJISIPU3AIIMOHHATA Xomorpadwust 1 OoTOHHKATa™

3. T. Apaitmy: Hattmonanen komrmuieke ACTRIS B MucTuTyT 1o enekrponnka-bAH: 50 ronuau
u3cleiBaHus Ha arMocdepHuTe aepo3oiu B Jlaboparopus ,,JIazepHa mokarms‘

4. K. TemenkoB: ,,MOIIHY JTa3€pHU CUCTEMH C METAJIHU [TAPY TEHEPUPALLH JTA3€PHO JTbYECHUE C
BHCOKO KauecTBO B CpeiHaTa HH(padepBeHa, BUANMATA U YJITPABUOJICTOBATA CIIEKTPATHI
obmactu

5. T. Tenes: ,,OnpenensHe Ha ONTUYHY KOHCTAHTH HA THHKHM ONITUYHU CJIOEBE C LIEJT IPOEKTUPAHE
HAa MHOT'OCJIOMHYU ONTUYHU ITOKPUTHA

6. B. MapunoBa: ,, OyHKIMOHATHY HAHOMATEpHAIX 3a PUIOKEHNS BbB (JOTOHUKATA U
OITOEJIEKTPOHUKaTA

7. A. Apaiiiy: ,,0opMupaHe Ha JJa3€pHU CHOIIOBE Ype3 MOAXOAU OT CUHTYJISIpHATa ONTHKA™

8. JI. Anexcanapos: ,.Bimsinue Ha WO3 BEpXY CTpyKTypara U JJyMUHECLICHTHUTE CBOMCTBA Ha
LIMHK-OOPaTHH CTHKIA™

9. K. TI'eoprues: ,,CHiMLMEBU METAIOBBPXHOCTH 32 HAITBJIHO ONTHYEH KOHTPOJI HA CBETJIMHHU
CUTHaJIA

10.JI. CtosiHOB: ,,EKCIIEpUMEHTAIHO IEMOHCTPUPAHE HA KOHTPOJIMPAHO pa3LENBaHE Ha
(eMTOCeKyH/IeH JIa3epeH CHOI, CIIEKTPATHO pa3IIMPEHHE Ha HMITYJICUTE U KOXEPEHTHO
pEKOMOMHUpAaHE Ha CHOMa'

11. H. IumutpoB: ,,[lomy4yaBane Ha KBa3u-Heau(pparupail CHOI Ype3 HEIMHEWHO TpeoOpa3yBaHe
Ha ONTUYHU BUXPH B KOPEJIATOpP C MHBEPTUPAHO TOIe™

[Tocrepuu mokmagu

1. A. lnkoBcka: ,,[IMKOCEKyH/IHO JIa3epHO OTIIaraHe Ha ThHKH CJI0€BE M HAHOYACTHIIM OT
NiTi*

2. C. lIumkoB.: ,,OnpenensHe Ha COSKTPUTE HAa CEYEHUATA Ha Y b-JIeTupaHu HEMOAPEACHU
KpHUCTAJIM 3a MOJIEJIMpaHe Ha CBPBbXObP3U pEreHaTUBHU yCHUJIBAaTENN

3. M. JKexkoBa: [IpenactpoiiBane Ha (heMTOCEKYH/ICH Ja3epeH OCLIIATOP Ype3 MPOMsIHA Ha
napaMeTpuTe Ha BETPEITHOPE30HATOPEH MPU3MEH KOMITPECOP

4. H. TI'opyncku: Experimental verification of the Gouy phase for higher-order Hermite—
Gaussian beams

5. II. KoseB: CriekTpajtHO MOAyIMpaHa Mo pUMeTpus 32 U3MepBaHe Ha MarHUTHOTO T0JIe
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Thermal properties of Disordered Yb:doped Laser Crystals for High Peak
and Average Power Applications

Kaloyan Georgiev* 13, Lyuben Petrov'3, Stephan Shishkov' , Nina Danchova?, Dimitar
Velkov' , Anton Trifonov*?, Xiaodong Xu? , Ivan Buchvarov'”

!Faculty of Physics, Sofia University, 5 James Bourchier Blvd., 1164 Sofia, Bulgaria
’Faculty of Chemistry and Pharmacy, Sofia University, 1 James Bourchier Blvd., 1164 Sofia,
Bulgaria
3 IBPhotonics Ltd., Plovdivsko pole 194, Sofia, Bulgaria
4 Jiangsu Normal University, Xuzhou 221116, China
3 John Atanasoff Center for Bio and Nano Photonics (JAC BNP), 1164 Sofia, Bulgaria
*kalojancg@uni-sofia.bg

The introduction of ytterbium as a laser material has enabled a substantial progress in the high
peak power, high-energy, low-cost laser technology in the near infrared range of the
electromagnetic spectrum. Compared to other ultrafast laser materials, such as Ti-Sapphire, the
main limitation for Yb-materials is the difficulty in simultaneously achieving high-energy
pulses with short durations of sub-100 fs using chirped pulse amplification (CPA). The
amplified pulse durations for single Yb-crystal CPA systems have, until recently, been limited
to 200-300 fs [1]. To overcome this limit many broadband ytterbium host crystals have been
developed. Among them the newly rediscovered CaGdA104 (CALGO or CGA) and CaYA1O4
(CALYO or CYA) are the most promising ones with a very broad emission spectrum of 60 — 70
nm. Unfortunately, these laser media are still in the process of being fully characterized and the
literature lacks reliable data on their thermal properties [2]. Which is important as the thermal
lens plays a crucial role in construction of laser resonators, their power scaling and stability. To
correctly determine the thermal lens, however, it is necessary to know the coefficient of thermal
conductivity of the laser crystal. Here, we report measurements of thermal conductivity of Yb:
CALYO and Yb:CALGO laser crystals via Long-wave infrared (LWIR) thermography. To
estimate the thermal conductivity, we use a thermal camera following the approach introduced
by Didierjean, J., et al. [3]. The method consists in imaging the temperature distribution on one
of the faces of the investigated crystal, using a thermal camera with the required resolution. The
obtained data are numerically approximated by finite element analysis (FEA), from which the
required thermal conductivity coefficients can be extracted, as well as quantitative and
qualitative evaluations of the effectiveness of the cooling system of the active medium, the
thermally induced lens, the mechanical deformations due to temperature, etc. To the best of our
knowledge this is the first study where this approach has been used to estimate the thermal
conductivity for Yb3+ doped CALYO and CALGO disordered crystals.

1. L. S. Petrov, et al., Optics Express 31, 18765-18772 (2023).

2.Li, D, etal., JOSA B, 2011. 28(7): p. 1650-1654.

3. Didierjean, J., et al., Optics Express 16, 8995-9010 (2008).

80

TepMU4YHHU CBOIiCTBA HA HENOAPEACHH JA3CPHN KPUCTAJIM, Jerupanu ¢ Yb
32 NPUJIOKEHHsl ¢ BUCOKA MMKOBA M CPeIHA MOLIHOCT

Kanosn F'eopaues™ ', Jioben Ilempoe’, Cmegpan [Lluwxos’, Huna Januoed’, Qumumuvp
Benkoe! , Anmon Tpugponoe®> , llluaoone I1ly* , Hean Bvrusapos'
! Pusuuecku paxynmem, Couiicku ynusepcumem, bvazapus
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*Ynusepcumem ¢ J{zancy, Xyocoy 221116, Kumaii
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*kalojancg@uni-sofia.bg

BawBexnanero Ha utepoust (Yb), kato akTHBHA cpefja 1a/ie Bb3MOXKHOCT 32 3HAUUTENICH
HaIpeIbK B Ja3epPHUTE TEXHOJIOTUH C TOIIMa UMITYJICHa MOIITHOCT U €HEPIUsl Ha IOCThITHA [IeHa
B OJM3KHWs MH(padepBeH uana3oH. B cpaBHeHMe ¢ Opyru cpeny, U3ION3BaHK 3a TeHepHpaHe
Ha CBPBXKbCH uMmyiach, karo Ti-Camdup, OCHOBHOTO OTpaHHuYeHHE 3a Yb-cpeaute e
TPYAHOCTTA IIPU E€IHOBPEMEHHOTO IIOCTHI'aHE Ha BHCOKOCHEPIUITHM HMITYJICH C KpPaTK{
npoxbiukuTenHoctd oz 100 fs, u3non3Baiiki TeXHUKATa 32 YCHIIBaHE HA YHPIIOBAHU UMITYJICH
(CPA). IlpoawsmkuTemHOCTHTE Ha yCcHiIcHUTe ummyicd 3a Yb-CPA cucrtemu ¢ eIMHHYCH
KpHcTal, Jockopo Osixa orpanudern 1o 200-300 fs [1]. 3a ga ce mpeononee ToBa OrpaHHYCHHUE,
ca pa3pabOTEeHH MHOTO LIMPOKOJIEHTOBH KPUCTAIHHM MATpPUIM, TOIAXOMSNIM 3a JIETUpAHEe C
ntepouii. Cpen 1sax HOoBooTKpuTHTEe CaGdAlO4 (CALGO) m CaYAlO4 (CALYO) ca Haii-
oberaBany ¢ MHOTO ITUPOK EMUCHOHEH CIIEKTHP OT 60—70 nm. 3a chkajeHue, Te3U Cpean Bce
olIe ca B IPOLeC Ha XapaKTepU3UpaHe U B JINTEpaTypaTa JIMIICBAT HA/ISKIHH JaHHH 32 TEXHUTE
TepMUYHH cBo¥cTBa [2]. KoeTo e BaskHO, Thil KaTo TepMUYHATA JICIIa UTpae pelaBalia pois B
KOHCTPYHpPAHETO Ha JIa3epHH pPE30HATOpH, MallabMpaHeTo WM [0 MOLIHOCT M TAXHara
cTabMITHOCT. 3a MPaBIITHOTO U OTIpeZeTsTHe 00ade € He0OXOAUMO Ja ce 3Hae KOe(DUIIMEeHTHT Ha
TOIUIONIPOBOAMMOCT ~ Ha  JIa3epHUs  Kpuctal. Tyk JoKjIajgBame M3MepBaHHMsS Ha
TOIIONPOBOAMMOCTTAa Ha JasepHuTe Kpuctamu Yb: CALYO u Yb: CALGO wupe3
neiaroBeiHOBa MHppauepBeHa (LWIR) rtepmorpadmus, m3mon3Baiiké mopxona, BbBEAEH OT
Didierjean, J., et al. [3]. MeToasT ce CbCTOM B 3aCHEMaHe Ha KapTHHATA Ha TEMIIEPAaTyPHOTO
pasmpesielieHre BEPXy €JHO OT Yenara Ha U3CJIeABaHUs KPUCTAJ C IOMOIITa Ha TepMOKaMepa ¢
Hy)KHaTa pasfenuTenHa crnocoOHocT. [lomydeHuTe MaHHM ce anmpoOKCHMHpPAT YHCICHO Ype3
aHanmu3 Ha kpaitauTe eneMeHTH (FEA) oT koiiTo MOXe 112 ce U3BJIeKaT ThPCEHUTE KOSHUITMESHTH
Ha TOIUIONPOBOAMMOCT, KaKTO M J]a CE€ HAIMpaBAT KOMMIECTBEHH M KAYECTBEHU OICHKH Ha
e(eKTHBHOCTTA HA CHCTEMAara 3a OXJaXIaHe Ha aKTHBHATA CPela, TEPMHYHO MHIYIMpaHaTa
Jemnia, MexaHHYHUTE AedopMaliy B CJIEACTBHE Ha Temmeparypara W Ap. J[OKOIKOTO HU e
W3BECTHO, TOBA € ITBPBOTO IPOYYBAHE, NMPU KOETO TO3M ITOAXOJ € M3ION3BaH 3a OIEHKA Ha
TorutonposoanMoctta 3a Henoapenenu kpucranu CALYO nu CALGO, nerupanu ¢ Yb3+.

1. L. S. Petrov, et al., Optics Express 31, 18765-18772 (2023).

2.Li, D, etal., JOSA B, 2011. 28(7): p. 1650-1654.

3. Didierjean, J., et al., Optics Express 16, 8995-9010 (2008)
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Azopolymers and azopolymer-based nanocomposite materials for
applications in polarization holography and photonics

Lian Nedelchev!?, Georgi Mateev'?, Blaga Blagoeva', Nataliya Berberova-Buhova'?,
Ludmila Nikolova!, Dimana Nazarova'?
!nstitute of Optical Materials and Technologies, Bulgarian Academy of Sciences, Acad. G.
Bonchev Str, BL. 109, 1113 Sofia, Bulgaria
2University of Chemical Technology and Metallurgy, Kliment Ohridski 8 Blvd,
1756 Sofia, Bulgaria

Photoanisotropic materials, most commonly azopolymers, have numerous
applications in the field of conventional and digital polarization holography: for inscription of
tunable and custom-made polarization-selective diffractive optical elements, complex surface
relief structures, supramolecular chiral structures, etc. [1,2].

Their anisotropic response can be enhanced even further by doping with nanoparticles
with various size, chemical structure and morphology. We present the results from our
extensive studies on azopolymer-based nanocomposites and in particular on the influence of
the concentration, composition, shape and size of the embedded nanoparticles on their
photoanisotropic characteristics — birefringence as well as diffraction efficiency and surface
relief amplitude in case of polarization holographic recording. Potential applications of these
advanced materials will also be outlined as well as the mechanism of enhancement due to the
incorporation of nanoparticles [3].

Acknowledgments. The authors gratefully acknowledge the funding provided by the
European Union-NextGenerationEU, through the National Recovery and Resilience Plan of
the Republic of Bulgaria, project Ne BG-RRP-2.004-0002, "BiOrgaMCT". Research
equipment of Distributed Research Infrastructure INFRAMAT, part of Bulgarian National
Roadmap for Research Infrastructures, supported by Bulgarian Ministry of Education and
Science was used in this investigation.
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A30M0JMMepHH U a30M0JUMep-0a3UPaHU HAHOKOMIIO3UTHH
MaTepUaJd 32 NPHJIOKEeHHUS B MOJSAPU3ALMOHHATA Xoaorpadus u
dpoTonukara
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@DOTOAHU30TPOIHUTE MaTepHaid, Hai-4eCTO a30MOJIMMEPH, MMAaT MHOTOOPOIHU
NPHJIOKEHHS B 00JacTTa Ha KOHBEHIMOHAIHATA M LU(POBA MOJISIpU3ALHOHHA XOJorpadust:
3a 3alKC Ha crieu(UYHH U IPEHACTPONBACMH MOJISIPU3ALHOHHO-CEIICKTHBHHU TU(PPAKIIMOHHN
ONTHYHU €JIEMEHTH, CI0KHH IIOBbPXHOCTHH pesieHU CTPYKTYPHU, CYHPAMOJICKYTHU XUPATHI
CTpYKTYpH H ap. [1,2].

TexHUAT aHU30TPOICH OTKINK MOXe 712 ObJe MOZ0OpEH ollle oBeye Ype3 AOTUPAHE
C HAHOYACTHIH C Pa3jInieH pa3Mep, XUMUYHA CTPYKTypa U Mopdoiorus. Tyk 1ie npeacTaBum
pe3yJTaTuTe OT HAIIUTE 3aBJIOOYCHH TPOYYBaHHsS BBPXY HAHOKOMIIO3HTH Ha 0a3ara Ha
a30II0JIUIMEP W TO-CICHHATHO BHPXY BIMSIHHETO Ha KOHICHTpALUATA, ChCTaBa, GopMara u
pa3Mepa Ha BHEJPCHUTE HAHOYACTHIIM BbPXY TEXHHUTE POTOAHU3OTPOIHH XapaKTEPUCTHKH —
JBYJIbYCIPEUYNBAHE, a CBIIO Taka M JIUPPAKIHOHHA EPEKTHBHOCT M aMIUIUTyJa Ha
HOBBPXHOCTHHS peied) B cilydyail Ha MoJspu3alioHeH xonorpadceku 3amuc. Pasrienanu ca u
MOTCHI[MATHUTE NPUIOKEHUsS HA Te3W CHBPEMEHHH MaTepHaid, KaKTO U MEXaHH3MbBT 3a
moao0psiBaHe Ype3 BKIOYBAHETO HA HaHOYACTHIH [3].

Baarogapnoctu: ABTopure ca OnaromapHu 3a (pUHAHCHPAHETO, IMOIYYEHO OT
EBpomneiickust cpio3 — NextGenerationEU, upe3 HaryoHanHus TuiaH 3a Bb3CTAHOBSIBAHE U
ycroitunBocT Ha Peny6nuka Bearapus, nmpoekt NeBG-RRP-2.004-0002, ,,BiOrgaMCT*. B
TE3W U3CJIeJ[BAHUs € M3IOJI3BaHO obopyaBaHe Ha PasmpeneneHnara HayyHa HHQpacTpyKTypa
NH®PAMAT, uact ot Hanimonasnnata mbTHa kapTa Ha beiarapus 3a Hay4Ha HHPPACTPYKTYpa,
mojKkperneHa (GUHAHCOBO OT MHUHHUCTEPCTBO Ha 00pa30BaHUETO U HAyKara.
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The Laser Radars Laboratory of IE-BAS was established in 1974 with the main aim
of developing the scientific basis of techniques and systems for remote lidar sensing of the
atmosphere by measuring its major optical and meteorological characteristics, together with
lidar methods of remote monitoring of atmospheric pollution. At the time, the Laboratory was
the only one of this kind on the Balkan Peninsula. In 2002, the Laboratory was included in the
European Aerosol Research Lidar Network (EARLINET), which initiated systematic remote
atmospheric monitoring by means of lidar equipment designed and built at IE-BAS and
certified by EARLINET. A significant step in the Lidar Station development was the [E-BAS
becoming a partner in the pan-European research infrastructure ACTRIS (Aerosol, Clouds and
Trace gases Research InfraStructure) as early as the latter’s inception in 2011.

In 2018, as ACTRIC-BG had become a part of the National Roadmap for Research
Infrastructure, a substantial modernization of the Laboratory was initiated in order for it to
comply with the ACTRIS standard operation procedures.

This report presents the Sofia Aerosol Remote Sensing Station of the Laser Radars
Laboratory of IE-BAS by delineating its configuration, the equipment used (a Raymetrics
LR332-D300 multi-channel aerosol lidar, a Lufft CHM-15k automatic lidar ceilometer, a
Cimel CE318-TS9 sun/sky/moon photometer, to mention the main ones only), together with
the techniques employed. Through the years, various events were objects of analysis, e.g.,
transboundary transported Saharan dust and volcanic ash plume, forest-fire particles
originating in Bulgaria, Europe, North America, etc. All remote sensing measurements are
being carried out in compliance with the ACTRIS requirements, as well as with those of the
major ground observation networks of which the Sofia (IE-BAS) Station is part (EARLINET,
AERONET, E-profile), in view of building a long-term harmonized and statistically relevant
database of climatologic research measurements. Detailed results will also be presented of
complex studies on and characterization of the atmospheric aerosols over the city of Sofia.

The present research is supported by the Ministry of Education and Science of
Bulgaria (support for ACTRIS BG, part of the National Roadmap for Research Infrastructure)
and by the European Commission under the Horizon 2020 — Research and Innovation
Framework Program, Grant Agreement No. 871115 (ACTRIS IMP).
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Hanuonanen kommiekec ACTRIS B UnceTuTyT 1o esexkrponuka-bAH:
50 ropunu u3sciaeqBanus Ha atMocepHuTe aepo3onau B JlaGopaTopus
»JlazepHa Jokanmusa

Tans JJpaiiwy, 3axapu [lewes, [leemuna Eeéeenuesa, Jlroawn I'vpoes, Hsan I pucopos, Jlunus
Bwaxosa, Eneonopa Tonuesa, Opaun Banxos, Cmegan [oces, Jliobomup Ilonos, Bacunka
Ienuesa, Cmosan [lenues, Huxonaii Kones, Kpym Lllymanos, Amanacka /lenesa, I'eopeu
Konapos, [Jumumvp Cmosnos
Hnemumym no enekmponuxa, bvicapcka akademus na naykume

JlaGopatopwus ,,Jlazepna nokamms™ Ha UE-BAH e ocroBana npe3 1974 r. ¢ ocHOBHa
nen pa3pabOTBaHE Ha HayYHHTE OCHOBHU 3a Ch3JaBaHe Ha METOAM M CHCTEMH 32 Ja3epHO
JIMCTAHIIMOHHO H3CJIe/IBaHe Ha aTMoc(depaTa upe3 u3MepBaHe Ha HeHHUTE OCHOBHH ONTHYHHU
U METEOPOJIOTHYHHM XapaKTePUCTHKH, KAaKTO M Ha JHAAPHH METOIHM 3a IUCTAaHIMOHEH
MOHHTOPHHT Ha aTMOC(epHuTe 3aMbpcsBanus. I1o ToBa BpeMe T € eAMHCTBEHA MO Poja CH
Ha bankanckus momyoctpos. [Ipe3 2002 r. maGoparopusita ce BkiIouBa B EBpomeiickara
aeposonna nmunapHa mpexxa (EARLINET) u ce crapTupa mpoBeXKAaHETO HA CHCTEMAaTHYEH
JMCTaHIIMOHEH aTMoc(epeH MoHUTOpuHT ¢ paspaborenn B ME-BAH u ceprudunupanu B
EARLINET nupapau cucremu. BakHa cThIka B pa3BUTHETO Ha JIMJapHaTa CTaHIUSA €
BritouBaHeTo Ha ME-BAH xato maptHeop B maH-EBponeiickara HayuHoM3cIenoBaTencka
nadpactpykrypa ACTRIS (Aerosol, Clouds and Trace gases Research InfraStructure), u o
oT caMoTo i ch3aaBane npe3 2011 r. [Ipe3 2018 r., cnexn BrimouBanero Ha ACTRIS-BG karo
o6exT B HanmonanmHaTa mbTHa KapTa Ha HAyYHUTE HHOPACTPYKTYypH, CTApTHpa 3HAUUTEIHA
MOJIEPHU3AIMsl Ha U3CIeJOBaTelCcKaTa amapaTypa Ha JaboparopusTa, OTroBapsia Ha
CTaHJapTHHUTE onepaTuBHU npoueaypu Ha ACTRIS.

To3wm qoKIaz MpeAcTaBs CTAaHIMATA 3a JUCTAHI[MOHHO M3CIIe[BaHE Ha aTMOcdepara B
naboparopus ,Jlazepna nokaums va ME-BAH - Sofia (IE-BAS), xato ouepraBa HeliHata
KOH(Urypanus, H3MOJ3BaHaTa amaparypa (MHOTOKaHaJeH aepo3ojieH Jmaap Raymetrics
LR332-D300, aBromaruueH numapeH ceinomersp Lufft CHM-15k, cnbHYeB/HEOeCceH/TyHEH
¢doromernp Cimel CE318-TS9 u np.) u MetonuTe 3a u3cnensane. [Ipe3 roquHnTe 00EKT Ha
aHAJM3UTE ca OWJIM pa3HOOOpa3HM - HANp. TpaHCTPaHWYEH MpeHoc Ha mpax oT Caxapa U Ha
BYyJIKAaHUYEH TIPax, HAa MPEHOC HA YaCTHIH B pe3yJITaT Ha TOPCKH MoxkapH B benrapus, Espora,
CeBepHa Amepuka W J1p. Bcwuku mpoBeXJaHM TUCTAHIMOHHM H3CJIEABAaHHSA ca B
cpoTBeTcTBHE ¢ m3uckBaHusaTa Ha ACTRIS u Ha 0OCHOBHUTE Ha3eMHH MPEKH 3a HaOIIOIeHHE,
B kouto craniusra yyactBa (EARLINET, AERONET, E-profile) ¢ men cb3naBaHe Ha
IBITOCPOYHA, XapMOHM3UPAHa M CTaTHUCTHUYECKH 3HayMMa 0a3a JaHHM OT M3MEpBAHHUS 3a
KJIMMaToJIOTHYHU wu3ciensanus. Ilo-meTtaiiiHo e ObJAT MPEACTaBEeHH pe3ysNTaTd OT
KOMIUIEKCHHU M3CJIeBaHMs U XapaKTepu3upane Ha atmocdepHu aepo3onu Hax rpag Codust.

Hacmoswemo uszcnedsane e punancupano om MOH (nooxkpena 3a ACTRIS BG, uacm
om HIIKHH) u om Esponeiickama komucus, [Ipoepama Xopuzoum 2020, dozcosop No. 871115
(ACTRIS IMP).
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Record-high average laser power of 29 W and laser pulse energy of 2.9 mJ are
achieved by a Strontium (Sr) vapor laser at a multiline operation at several Sr atomic (2.60,
2.69,2.92, 3.01, 3.07 and 6.45 um) and two Sr ionic (1.03 and 1.09 um) lines. Diffraction-
limited laser radiation with a total average output power of 14 W is obtained through a master
oscillator — power amplifier (MO—PA) Sr vapor system. Precise microprocessing of optical
grade fused quartz, sapphire, stainless steel, hard biological tissues and polymers is
accomplished. Using a parabolic mirror for the laser beam focusing, spherical aberrations are
overcome and a crater diameter and a channel width of around 5 pm are achieved.

A record-high average laser power of 151 W is achieved via a copper bromide (CuBr)
vapor laser at the two atomic Cu lines of 510.6 nm and 578.2 nm. A MO-PA CuBr vapor
system, delivering diffraction-limited laser radiation with a maximal average output power of
50 W, is developed and applied in precise micromachining of silicon, optical grade fused
quartz, stainless steel and various ceramics. Using an aspheric 2-cm lens for the laser beam
focusing, spherical aberrations are overcome and a crater diameter and a trench width of
around 1 um are achieved. An average laser power of 0.975 W is obtained by a Cu vapor laser
with an active volume of 0.377 ¢cm’, i.e. a record specific average power of 2.6 W.cm™ is
achieved for lasers oscillating at the two atomic Cu lines.

Comparative investigation on ultraviolet (UV) laser radiation produced by a gold (Au)
vapor laser, oscillating at the atomic Au 312.2-nm line, and by nonlinear frequency conversion
of the laser emission of a MO—PA CuBr vapor system is carried out.

By means of an innovative bipolar high-power high-voltage excitation scheme, an all-
solid-state power supply is developed and used for the development of compact mobile 10-W
Sr vapor and 20-W CuBr vapor lasers. A compact mobile Cu and Au vapor laser, operating at
three laser lines, namely the two atomic Cu lines of 510.6 nm and 578.2 nm and the second
atomic Au line of 627.8 nm, is also created. The Cu and Au vapor laser is utilized in an applied
study on the microplastic pollution in the aquatic environment.
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Momnu Jlazepuu Cuctemu ¢ Metaanu Ilapu I'enepupamu Jlazepuo
JIbuenne ¢ Bucoko Kauectso B Cpennara Undpauepsena, Bupumara
u YarpaBuoJjeroBara Cnektpananu Ob6gactu
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., Akademux I'eopeu Haoowcakos *, Bvaeapcka Akademus na Hayxume

JlocTurHaté ca PeKOpAHO BHCOKH CpelHa JiazepHa MomqHocT 29 W u eHeprus Ha
nazepHus umiryic 2.9 mJ ¢ nazep ¢ mapu Ha CTpoHIUH (Sr) pu eTHOBpEeMEHHA reHepays Ha
HSKOJIKO St atoMHH (2.60, 2.69, 2.92, 3.01, 3.07 u 6.45 um) u nse Sr iionHn (1.03 u 1.09 pm)
muaud. IlomydeHo e AM(PaAKIMOHHO OrpaHUYEHO JIA3€pHO JTBUCHHE CHC CPEAHA M3XOAHA
momrHocT 14 W cbe cucrema reHeparop — ycmiBaten (MO-PA, cekpareHo oT master
oscillator — power amplifier) cec Sr mapu. OcbliecTBeHa € Mpenn3Ha MHKpooOpaboTka Ha
ONTHYEH TOIEH KBapl, candup, HepHKAaeMa CTOMaHa, TBBPAM OHMOJOTMYHU THKAHU H
nonuMmepu. M3nonsBaiiku mapabonudyHo orienano 3a (OKycHpaHe Ha JIa3epHHsl CHOII, ca
npeoosieHn cepuyHuTe abepaluu M ca JOCTHTHATH JUaMeThp Ha Kparepa M IIMpUHA Ha
KaHajia OT OKOJIO 5 pm.

JlocTurHara e pekopZHO BUCOKa CpeiHa ja3epHa MouHocT 151 W ¢ nasep ¢ napu Ha
MmeneH 6pomua (CuBr) Ha aBere aromHn Cu nuHuE Ha 510.6 nm u 578.2 nm. Pa3paborena e
MO-PA cucrema ¢ CuBr mapu, uznpuBama AuppakIuOHHO OTPAHUICHO JIa3€PHO IBYCHHE C
MaKCHMalHa CpeIHa M3XOoAHa MoIMHOCT oT 50 W, KosATO € mpuiIokeHa 3a Ipenu3Ha
MHKpOOOpaboTKa Ha CHIMIMH, ONTHYEH TOIEH KBapll, HEPHKAaeMa CTOMaHa M pPEAMIa
kepamuky. V3nomsBaiiku achepudna sema ¢ GoKycHO pascrosHue 2 cm 3a GoKycupaHe Ha
Ja3epHUsl CHOI, ca INPEoJOoJeHH cepHyHuTe abepalMd W ca JOCTUTHATH THaMEThp Ha
KpaTepa M IIMpHHA Ha KaHajia oT okosio 1 um. [Tomyuena e cpeana nazepna Momnoct 0.975
W ¢ nasep ¢ Cu napu ¢ obem Ha aktuBHaTa cpeaa 0.377 cm® | T. €. JOCTUrHATa € PeKOpAHA
crneuuduyHa cpeaHa MOIHOCT OT 2.6 W.cm ™ 3a J1a3epuTe, FreHepupally Ha aBete aToMuu Cu
JIMHUH.

[IpoBeneHO € cpaBHUTETHO W3CIECABAHE Ha yNTpaBruoieToBo (YB) maszepHo npueHwme,
TEeHEepHpaHo OT Jla3ep ¢ Mapu Ha 37aro (Au), H3TpYBAIl HA aTOMHaTa Au nuHug 312.2 nm, u
MIPY HEJNIMHEWHO mpeoOpa3yBaHe Ha YECTOTa Ha JIa3epHOTO u3npuBane Ha MO-PA cucrema ¢
CuBr napu.

Upe3 wHOBaTHBHA OHIOJSIPHA MOIHA BHCOKOBOJITOBA CXeMa 3a BB30OYXKAaHE e
CH3JIaJICHO W3IPUI0 TBBPAOTEIHO 3aXpaHBaHEe, KOETO € WM3II0JI3BaHO 3a pa3paboTBaHe Ha
KOMIaKTHU MOOMIIHH J1a3epu ¢ Sr 1 CuBr mapu c¢bc cpeHa U3X0JHa MOIHOCT CHOTBETHO 10
Wu 20 W. Ce3nazieH e chIo Taka KOMIakTeH 1 MoOwieH nasep ¢ Cu u Au nmapu, reHepupania
Ha TpH Ja3epHH JINHUH, 2 UMEHHO BeTe aToMHU Cu imHun Ha 510.6 nm u 578.2 nm u Bropara
atomMHa Au juHHS Ha 627.8 nm. JlazepsT ¢ Cu W Au mapu € H3MOJI3BAaH 3a TPHIOKHO
n3ydaBaHe Ha 3aMBPCIBAHETO C MUKPOIUIACTMAcH HA BOAHATA CPefa.

Baarogapuoctu
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Modern optical systems consist of many elements with different functional purposes
(magnification, deflecting and scanning, filtering, separating and combining different channels,
matching, etc.) and almost all of them need multilayer interference coatings. Coating structures
can contain from 1-2 to over 50-100 layers of different materials. Most often in practice these
structures are made of 2 or 3 materials with a low, high and sometimes medium refractive index.
In addition to the value of the refractive index, many other requirements are placed on the
properties of the layer, such as adhesion, strength, compatibility, hardness, etc. With the
development of laser technology, the need for materials for layers resistant to high-intensity
radiation is increasing.

Technologies and systems for the deposition of layers and multilayer structures are very
heterogeneous (vacuum electron beam vaporization - PVD, vacuum electron beam vaporization
with ion assistance - IAD PVD, magnetron sputtering, various methods using a chemical
reaction in a vacuum chamber - CVD and others). With all this variety of technologies, systems,
manufacturers, sizes and construction of cameras, the characteristics of the obtained layers of a
given material are different (vary sometimes by more than 10%). And in order to design and
manufacture a multi-layer optical coating with specified properties and parameters, it is
necessary to determine in advance (in each specific case) the optical constants of the deposited
layer.

Here we present a study, on the example of the deposition of single layers in a vacuum
technological system Syphony 9 (Tecport Optics), in which, by means of spectrophotometric
measurements, the optical constants of some materials in specific deposition conditions were
determined. These constants have been used in the design and realization of described
multilayer optical structures. This sequence of actions can also be used in the operation of other
materials and other technological installations.

Acknowledgments: The research was supported by the National Fund of Investigation, grant
No. KP-06-H57/5 (2021).
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Onpez[e.ﬂﬂﬂe HAa ONITHYHU KOHCTAHTH HA TBHKH ONITUYHHU CJ0€BE C 1€
MPOEeKTHPaHe HA MHOT0CJIOMHU ONTUYHH MOKPUTUA

Tuxomup Ternes, Hnxo Munywes, Kpacumupa Aumonosea, Enena Cmosrnosa, Anexcanowvp
Tenes
Hnuemumym no guzuxa na mevpoomo msino, bvieapcka akademus Ha HayKume
Hapuepaocko woce 72, Cogpus 1784, bvaeapus

CBBpEMEHHUTE ONTHYHH CHCTEMH C€ CBCTOSIT OT MHOXECTBO €JIEMETH C DPAa3IHYHO
(DYHKIIMOHATHO TIpeHA3HAYCHHE (CHIIOBH — OMPENCIAIIN yBEIHYCHUETO, OTKIOHSIBANIH H
CKaHMpaIH, (QUITPUPAIIH, pa3ieiHA U O0CIHHSABAIIN Pa3IUYHA KaHAIH, ChIVIACYBAIIU U
T.H.) ¥ TIOYTH HA BCUYKH TSAX € HY>KHO JIa CC HAHACAT MHOTOCIONHH HHTeP(HEPEUHHU TOKPUTHS.
CTpyKTypHUTE Ha IMOKPUTHUATA MOraT Jia chabpxar oT 1-2 no Hag 50-100 ciost oT pa3nuvHu
MaTepuand. Haif-gecTo B mpakTHKaTa ce MpaBsT CTPYKTYPH OT 2 WIK 3 MaTepHaja ¢ HUCHK,
BHCOK U MOHSKOTA CPe/ieH IoKa3aren Ha npedynsaHe. OCBEH KbM CTOHHOCTTA Ha IOKa3aTels
Ha TpedYynBaHe KbM CBOWCTBATA HA CJIOS CE MOCTABAT M MHOXKECTBO JAPYTH M3UCKBAHHUSA, KaTO
aaxes3us, 3JpaBHHA, CBbBMECTHMOCT, TBHPAOCT H Ap. C pa3BUTHETO HAa JIa3epHATa TEXHHKA
HYJKJIaTa OT MaTepUali 3a CJIOCBE, YCTONYMBH KbM BUCOKOMHTCH3MBHU JIBYCHUS HAPACTBA.

TeXHOJIOTMHTE U CHCTEMHTE 33 OTJIaraHe Ha CJIOeBEe M MHOTOCJTIOHHH CTPYKTYPH Ca MHOTO
pa3HOpOAHH (BaKyyMHO €JIEKTPOHHOJIBYEBO U3NapeHne - PVD, BakyyMHO €lIeKTpOHHOIBYEBO
u3napeHue ¢ HoHHO acuctrpane - IAD PVD, MarHeTpoHHO pasmpaliBaHe, pa3IndHH CIIOCOOH
C M3MOJI3BAHE HAa XMMHUYECKa peakins BbB BakyyMHa kamepa - CVD u apyru). [Ipu BcHukoTO
TOBa pa3sHOOOpa3ue Ha TEXHOJIOTHH, CHCTEMH, IIPOU3BOIUTENH, Pa3Mepu M KOHCTPYKIUS Ha
KaMepuTe, XapaKTePUCTHKUTE Ha MOJy4YaBAaHUTE CIOEBE OT HaJeH MaTepHal ca Pa3udHU
(Bapupar moHsikora ¢ moede oT 10%). A 3a ma ObAe NMPOEKTHPAHO U IIPOHU3BEACHO
MHOTOCIIOWHO ONTHYHO IOKPUTHE CHC 3aIaJeHH CBOWCTBA W TMapaMeTpH € HeoOXOIMMO
MPEBAPUTEIIHO Ja ObJaT onpenesicHr (BbB BCEKH KOHKPETEH ClyYail) ONTHYHUTE KOHCTAHTH
Ha HaHACSHUS CJION.

Tyxk mpeacTaBsiMe H3CleIBaHe, C KOETO Ha IIPUMepa Ha OTJIaraHe Ha eAMHUYHY CIIOEBE BHB
BaKkyyMHa  TEXHOJOTMYHA  CHCTEMa Syphony 9 (Tecport Optics) cMe
MIPEIOKIIN TIOCIIEIOBATEHOCT OT ACHCTBHS, C KOUTO IMTOCPEICBOM CIIEKTPO-(hOTOMETPHUIHHI
n3MepBaHKuA OsXa ONpEeNeTICHH ONTHYHHTE KOHCTAHTH Ha HAKOH MaTepHald B KOHKPETHH
ycloBHs Ha oTyiaraHe. Te3n KOHCTaHTH ca M3IIOJI3BaHHM NPHU MPOEKTHPaHE W pealn3upaHe Ha
HSKOH TIPEJICTaBEHH MHOTOCIIOIHN ONTUYHHU CTPYKTYpH. Ta3u mocne10BaTeTHOCT OT JeHCTBHSA
MOKe Ja ObJie H3MOJI3BaHa U IIPH YCBOSIBAHETO HA APYTYM MaTePHATIH M HA PYTH TEXHOJIOTHYHH
YCTaHOBKH.

BbaaromaprocTu: Uscnenpanero e moakpeneHo ot Hamwonamen ¢owm ,,Hayunm
m3cnensanus’, rpant Ne KI1-06-H57/5 (2021).
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Functional nanomaterials for photonics and optoelectronics

Vera Marinova

Institute of Optical Materials and Technologies Acad. Georgi Bonchev. Str. Bl. 109, Sofia
1113, Bulgaria

Here, we report the controlled synthesis and characterization of nanolayers (in form of two-
dimensional (2D) materials and transparent conductive oxides (TCO)) and their intergation in
optoelectronic and photonic devices. 2D materials have attracted intense potential for
miniaturized (atomically thin) optoelectronic devices due to their layer number-dependent
properties (strong intralayer covalent bonding and weak interlayer van der Waals interactions).
In addition, they demonstrate extremely high optical anisotropy which gains an enormous
interest for integration in ultrathin optics that allow light control at the subwavelength scale.

Another type of materials of interest are TCO layers, that prove superior performance
indicating a growing demand for the next generation indium tin oxide (ITO)-free technology,
including advanced display devices and dynamic flat-panel functionalities. For example, they
can play multifunctional role in Liquid Crystal Spatial Light Modulators (SLM )
configurations as transparent conductive layer and as alignment layer allowing vertical
alignment in LC molecules. Besides excellent phase modulation repeatability over the large-
scale area, TCO’s exhibits great potential for future integrated photonic devices including
flexible strctures and bio-oriented technologies.
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(I)ymcunmlamm HaAaHOMAaTEepPHAJHA 32 NIPUJIOKCHUA BbB q)OTOHl/IKaTa u
ONITOCJJCKTPOHUKATA

Bepa Mapunosa

Huemumym no Onmuuecku Mamepuanu u Texnonozuu, ya. ,,Axao. I'eopeu bonues. 61. 109,
Cogus 1113, Fvaeapus

IIpencraBeHuTe wu3CNEIBAHUS Ca HACOYEHM KbM KOHTPOIHpAH CHUHTE3 U
XapaKkTepH3HpaHe Ha HaHocIoeBe (1o opMara Ha AByH3MepHH (2D) maTepuany u npo3padan
npooguMu  okcumu (TCO)) m TAXHOTO TPWIOKEHHE B ONTOENEKTPOHHH U (OTOHHU
ycrpoiicTBa. 2D MaTepuanuTe. MOpaand yHHUKAJIHUTE MM CBOWCTBA, 3aBHCEIIM OT Oposi Ha
ciioeBeTe (XapaKTepU3Mpally ce ChC CHITHO BBTPEIIHOCIOHHO KOBAJICHTHO CBBP3BaHE U ClIabn
MEXIyclIoiHU BaH Jep BaancoBu B3ammopeiicTBHs) MpejnaraT MHTEH3UBEH MOTEHIHAN 3a
MHUHHUATIOPU3UPAHN (aTOMHO TBHKH) ONTOENEKTPOHHM YycCTpolcTBa. B mombnHenme, Te
JEMOHCTPHPAT W3KITIOYUTENHO BHCOKA ONTHYHA aHU3OTPOIHS, KOSTO NMPEAN3BUKBA OIPOMEH
MHTEpEC 32 HHTETPUPAHETO UM B yATPAaThHKATA ONTHKA, TO3BOJISIBAINA KOHTPOJI Ha CBETIMHATA
B CKaJlaTa Ha JIbJDKMHA Ha BBJIIHATA.

Jlpyr THI MaTepuaiM OT MHTEpeC ca MPO3payHUTE MPOBOJUMHU OKCHIHH CIIOEBE, KOUTO
MOKa3BaT INPEBB3XOJHA (YHKIMOHATHOCT W HApacTBAallo THhpPCEHE 3a TEXHOJIOTHHUTE OT
clienBamio ITIOKONeHHe Oe3 wW3noimsBaHe Ha wuHaud-kamaeH oxcunx (ITO) wmarepmanw,
BKJIIOYHTETHO YCHBBPIICHCTBAHM YCTPOWCTBA 32 JTMHAMUYHH (DYHKIIMOHAJIHOCTH Ha IUIOCKO
nmaHenmHW puciuien. Hampumep, Te MoraT jga HrpasT MHOTO(YHKIMOHAIHA pOISL B
KOH(QUTYpauy OT THNA MOIYJATOPH Ha IIPOCTPAHCTBEHA CBETIHHA HAa OCHOBAaTa HA TEYHU
kpuctany (SLM) kato mpo3padeH MpoBOIUM CJIOH U KaTo CJIOH 3a MoApaBHIBaHE, TO3BOJISABALL
BEePTHKAIHO MOApaBHsABaHe B TeyHO KpucTamHure LC Momekymn. OcBeH oTiInMdYHATa
MOBTOPSIEMOCT Ha (pa3oBaTa MoOIynanus B Imupoka no mrony obmact, TCO mokas3Ba romsim
MOTEHIHAN 33 ObACIIN UHTerpUpaHu ()OTOHHU yCTPONCTBA, BKIFOYUTEIHO I'bBKABU CTPYKTYPH
1 OMO-OpPHEHTUPAHHU TEXHOJIOTUH.

bnacooaprocmu:

Tasu pabora e u3BbpIIeHa ¢ puaaHcoBaTa mogkpena Ha ®HU morosop KI1-06-H 68/1, xakTo
W Ha pasmpezeneHara HaygyHa nHppactpykrypa MHOPAMAT, gact or Hanmonanxara meTHa
KapTa Ha bearapus 3a HayYHa HHOPACTPYKTypa, MOAKpeneHa GuHaHCOBO 0T MHUHHCTEPCTBO
Ha oOpa3oBaHueTo M Haykata. B.M. Gmaromapu Ha mpoekt BGO05M20P001-1.001-0008
HanmoHaneH LeHTBhp MO MeXaTpOHHMKa W YHCTH TEXHOJOruH ¢uHaHcupaH ot OmepaTHBHA
nporpama ,,Hayka u oGpa3zoBanue 3a nHrenureHtex pacrex 2014-2020 cpdpuHancupana ot
EBpomneiickust cpto3 upe3 EBponeiickust (oHA 3a perHOHAIHO Pa3BUTHE.
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Laser beam sculpting using approaches from singular optics
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!Department of Quantum Electronics, Faculty of Physics,
Sofia University "St. Kliment Ohridski", Sofia, Bulgaria
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Informatics, Sofia University "St. Kliment Ohridski", Sofia, Bulgaria
SInstitute of Optics and Quantum Electronics,

Friedrich Schiller University, Jena, and Helmholtz Institute Jena, Jena, Germany

Optical vortices (OVs) are singularities in a laser beam where the phase of the light
wave spirals around a central point, creating a doughnut-shaped intensity profile with a dark
core [1]. The topological charge of an optical vortex, an integer representing the number of 27
phase windings around the vortex core, determines the amount of orbital angular momentum
carried by the beam [1]. These vortices can be generated using devices such as spatial light
modulators and spiral phase plates, which imprint the required phase structure onto the beam.
The unique properties of the OVs make them valuable in applications such as optical tweezers,
quantum information processing, high-resolution microscopy, mode-division multiplexing of
information, just to mention a few.

In the first part of this talk we will discuss the possible ways of creating hundreds of
OVs into stable arrays of OVs. We will show two characteristic shapes of such OV lattices —
square-shaped and hexagonal. Moreover, we will demonstrate the beauty of the Fourier optics
by analyzing the reshaping of these lattices in the focal plane of a focusing lens. Results
showing the rich possibilities for controllable generation of ordered focal structures of bright
peaks and the possible additional structuring of each peak with other singular beams [2] will
be discussed as well.

Further, we will describe a method based on singular optics for the generation of high-
quality quasi-non-diffracting long-range Bessel-Gaussian beams (BGBs) [3]. We will extend
this approach and go even further showing the generation of BGBs in a few-cycle laser field
with a large spectral bandwidth [4], and even the creation of ordered structures of BGBs.

This work was partially supported by the Bulgarian National Science Fund (project
KII-06-H78/6) and by the Ministry of Education and Science (ELI-ERIC-BG, National
Roadmap for Scientific Infrastructure).
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dopMupaHe HA J1a3ePHHU CHOIOBE Ype3 MOAX0AH OT
CHHIYJSIDHATA ONTHKA
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Ontrunute Buxpu (OB) ca CHHI'YJISIDHOCTH B JIa3€pHUTE CHOIIOBE, IPH KOUTO (hazaTa
Ha CBETJIMHHATa BBJIHA CE IPOMEHS CIHPAJOBUIHO OKOJO LEHTpaJTHA TOYKA, Ch3AaBalKH
npodu Ha HHTEH3UTETa ¢ JopMaTa Ha MPBCTEH U ¢ THMHO spo [1]. TonosoruuHusT 3apsiz
Ha OB e 1151710 uncIo, npeacraBisBamio 6pos Ha (pa30BUTE IUKIHM OT 27T OKOJIO OCTA Ha BUXBpa
U ompenens OpOUTaTHMS BIIOB MOMEHT Ha cHoma [1]. OB MoraTt ma ObIaT reHepupaHu C
MOMOIIITa Ha YCTPOHCTBA, KOMTO OTIEYaTBaT HeoOxoaAnuMara (a3oBa CTPYKTYpa BbPXY CHOIIA,
KaTo IIPOCTPAHCTBEHU MOYJIATOPH Ha CBETIIMHA U CIIUPATHU (Ha30BU IUIACTHHH. Y HUKATHHUTE
CBOMCTBA Ha BUXPHUTE I'M MPABST LIEHHU B NPHJIOKCHHUS KaTO ONTHYHH NMUHLETH, 0O0paboTka
Ha KBaHTOBa MH(OpMAIMs, MHUKPOCKONHMSA C BHCOKAa pa3JelUTelIHa CHOCOOHOCT,
MYJITHILIEKCHpaHe Ha HHPOPMAaIHs ¢ pa3esssHe 110 MOJOBE H JIp.

B mbpBara wact nmoknama me oOCHAMM BB3MOXKHUTE HAUYMHM 33 Ch3/laBaHE Ha
cTabuian MacuBy ot ctotui OB. Ile mokaxeM 1Be xapakTepHU GOPMHU Ha TAKMBA MAaTPHII
ot OB - xBagpaTHa u xekcaroHanHa. llle nemoHcTpupame Kpacorata Ha DypHe-ONTHKATA,
KaTo aHaJIM3MupaMe npeoopMsIHETO Ha Te3H MaTPHLM BbB (OKaIHATa paBHUHA Ha Jema. [lle
Oboar oOCHAEHH W pe3yNTaTH, IMOKa3Balll OOTraTUTe BB3MOKHOCTH 3a KOHTPOJIHPAHO
TeHepHupaHe Ha pa3iIM4HH HOAPEACHU (POKATHH CTPYKTYPHU OT CBETIIH TMKOBE M BH3MOXXHOTO
JOIBJHUTEHO CTPYKTYpUpPAHe Ha BCEKU TaKbB MUK C APYTH CUHTYJIIPHU CHOMOBE [2].

OcBeH TOBa I1I€ ONUILIEM METOJ, OCHOBAH Ha CHHTYJISIpHATAa ONTHKA, 3a TeHepHpaHe Ha
BHUCOKOKa4eCTBEHH IBIro()oKycHH, KBasu-Heaudparupamm becen-I'aycosu caomose (BI'C)
[3]. Llle pa3mupuM TO3M NOAXOJ, NOKa3Balku reHepupaHeTo Ha BI'C B cBpbXKbCH Jla3epHU
UMITYJICH C €IBa HSIKOJIKO IIMKBJIa HAa HOCEIIaTa BBIIHA oA OOBUBKATA CH [4], M Ch3/1aBaHETO
Ha (okanau ctpykrypu ot BI'C.

Tazu paboTa € yacTHYHO nojiKperieHa oT HaunonanHus GoHL 32 HAYYHH M3CIIe[BAHHS
Ha Pemy6nuka Bearapus (mpoekt KII-06-H78/6) m or MOH (ELI-ERIC-BG, Hanmonanna
IBTHA KapTa 32 HayYHa HHPPaACTPYKTypa).
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Zn0O-B20s glasses have been attracting a continuous scientific interest as a host for
luminescence applications because of their good chemical and thermal stability, high
mechanical strength, low dispersion and relatively low melting temperature. They possess
high transparency (up to 90%) from the visible to near infrared region of the spectrum.
However, homogeneous binary zinc-borate glasses are formed in a very narrow range of
compositions because of the existence of a very large region of immiscibility of two liquids in
Zn0-B:203 system. The addition of WOs3 to zinc borate glasses leads to an expansion of the
glass formation region, without appreciable influence on the physicochemical parameters of
the base glass compositions. A main characteristic of rare earth ion (Re) doped crystalline
tungstates is the non-radiative energy transfer from the tungstate groups to the active Re3*
ions, which leads to an improvement in the emission properties of the active ions. This
provoked us to check whether the same effect could be observed in glasses containing WOs3.

Glasses with the compositions in mol % of 50Zn0:(50 — x)B203:0.5Eu203:xWO03, x =
0, 1, 3, 5 and 10 were obtained by applying the melt-quenching method and investigated by
infrared and Raman spectroscopies, thermal analysis, and photoluminescence (PL)
spectroscopy. The spectral data revealed that tungstate ions incorporate into the base zinc
borate glass as tetrahedral [WO4]?>~ groups, and octahedral [W@40:]>" species with four
bridging and two non-bridging oxygen atoms. There are also metaborate, [B@20]" and
pyroborate units, [B20s]*, in the glass networks. The glasses are characterized by good
transmission in the visible region, at about 80%. PL spectra show that WO3 is a suitable
modifier of zinc borate glass structure and improves the luminescent properties of Eu** doped
glasses. The obtained results indicate that the investigated glasses can be used as active
elements for the construction of red LEDs.
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Bausinue Ha WQO3 BbpXy CTPYKTypaTa M JyMHHECHIEHTHUTE CBOlicTBa
HAa NUHK-00PAaTHHU CTBHKJIA

Jlobomup Anexcandpos’, Anenus Hopoanoea!, Mapeapuma Munanosa’, Penu Hopoanoea’
! Unemumym no obwa u neopeanuuna xumus, Bvreapcka akademus na naykume, yi. Axao. I
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JIByKOMIIOHEHTHH LIMHKOBO-0OPATHH CTHKJIA ca 00EKT Ha MOCTOSHEH Hay4eH HHTEPEC
KaTo MaTpUIM 3a JIYMHUHHCIIEHTHHM HPHJIOKECHHUS IOpaad TAXHAaTa NOOpa XUMHUYECKa |
TEPMHUYHA CTAOMIIHOCT, BUCOKAa MEXaHHYHA SKOCT, HUCKA JMCIIEPCHS U CPABHUTEIIHO HHUCKA
TeMIlepaTypa Ha TomeHe. Te3u CThKJIa MPHUTEXaBaT BHCOKA MPOIMyCKIUBOCT (10 90%) BBB
BuanMara W Onm3ka MHQppadepBeHa oOylacT Ha CreKTbpa. TpsOBa na ce oTOeNexH, de
XOMOT€HHH OWHAapHM IMHKOBO-OOpPAaTHM CTBKJIAa Ce€ TIIOJ[ydyaBaT B MHOIO TeCceH
KOHIICHTPAIIMOHEH MHTEpBaJl OT CHCTaBH, IOPaaN CHIIECTBYBAHETO Ha rojsMa obiacT Ha
TeuHo-(ha30Bo pasciosiBaHe B cucremara ZnO-B20;. Jlo6aBsHeTto Ha WO3 KbM IIUHKOBO-
OopaTHHTE CTBKJIa BOAM 70 pa3lIUpsBaHe Ha oOjacTTa Ha CTBHKIOOOpaszyBaHe, Oe3
3a0eNeKUMO BIMSHUE BBPXY (DM3HKOXUMHUYHMTE MapaMeTpH Ha 0Aa30BUTE ChCTABH CTBHKIA.
OcHOBHa XapaKTEpUCTHKA HA JOTHPAHUTE ¢ peako3eMHu Houu (Re) kpuctamau Bondpamati
¢ MPOTHYaHEeTO Ha Oe3M3IbYBATENICH IPEHOC Ha CHEPrus OT BosppaMaTHHTE IPYNH KbM
aktuBHUTE Re*" HoHM, KOETO BOIM J10 TON0OPABAHE HA EMUCHOHHUTE CBOWCTBA HA AKTUBHUTE
Honn. ToBa HE NPOBOKMpA Ja MIPOBEPHUM JAIIM CBHUIMAT eeKT MOXKe Ja ce HaOIIogaBa U B
CTBKIA, chabpxamm WOs.

Crbria cbe cberaBu 50Zn0:(50 — x)B203:0,5Eu203:xW03, x =0, 1, 3, 5 u 10 mon%
0sXa MOJy4YeHH IO METoJa Ha IpeoxJaJeHara CTONMHIKA M 0sxa H3CICABaHU 4Ype3
nH}ppauepBeHa 1 PamaHOBa CIIEKTPOCKONNHU, TEPMHUUYCH aHAMN3 U QoToryMuHecHeHTHa (PL)
criekTpockonus. CreKTpalHUTe JaHHU TOKa3axa, 4e BosppaMaTHHTE HOHM Ce BrpaJar B
OCHOBHOTO IIMHKOBO OOPAaTHO CTHKIO KaTo TeTpaeapuddu [WO*|*” rpynu M OKTaeApu4HH
[W@402]> rpynu ¢ 4eTMpH MOCTOBHU M [[Ba HEMOCTOBHM KHCJIOPOAHM atoma. B amopdHara
Mpexka IMpPUCHCTBAT CbIO MerabopatHu, [BO20]" u nupobopathu eaunumu, [B20s]*.
[MomyuyennTe CTBKIA Ce XapaKTepH3MpaT ¢ A0Opa MPOMYyCKIMBOCT BbB BHAMMAra o0JacT,
okouo 80%. ®oToyMHHECIEHTHHUTE CIIEKTPH JoKa3Bat, ue WOs e moaxoasn Moaudukarop
Ha CTPYKTypaTa Ha IIHHKOBO - OOPATHOTO CTHKIIO M MOA0OPsBA JTyMHUHECIICHTHUTE CBOHCTBA
na Eu’* jotupanure crekia. [TonydeHnTe pe3yITaTh TOKA3BaT, Y€ U3CIEIHATH CTHKIIA MOTAT
na ObJaT W3MOJI3BAaHHM KaTO aKTHBHH €JIEMEHTH 32 KOHCTPYMpaHE Ha CBETOJHOIM C YepPBEH
LIBSAT.
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Silicon metasurfaces for all-optical control of light signals

Kaloyan Georgiev!?, Anton Trifonov!?, Kohsro Kamali® , Dragomir Neshev!?,
Giulia Crotti?, Giuseppe Della Valle? , Lyuben .Petrov' ,Ivan Ch. Buchvarov’?"
! John Atanasov Center for Bio and Nano Photonics (JAC BNP) 1164 Sofia,Bulgaria
’Physics Department, Sofia University, 5 James Bourchier Blvd., Sofia , Bulgaria
3ARC Centre of Excellence for Transformative Meta-Optical Systems (TMOS),
Australian National University, Australia
“Department of Physics - Politecnico di Milano, 20133 Milano, Italy

Nanostructuring of a thin layer of semiconductor material is a powerful modern
method for obtaining specific new properties that are not characteristic of the material itself
in macrodimensions. When the dimensions of the nanostructures are smaller than the
wavelength of light, they can effectively interact with the electromagnetic field in a
predetermined way, according to how we design the structure's topology. On the one hand, we
can create a periodic nanostructure with specific resonances of the electromagnetic field,
which inevitably interacts strongly with the external fields when they are in the resonance
frequencies. In this way, we developed a surface with new properties regarding the interaction
with light, called an optical "meta"-surface. Novel optical switching and wavelength
conversion based on optical-metasurfaces have shown a lot of promise for ultra-fast
modulation of light. However, the total transmission modulation in such all-optical processes
has remained low so far, ranging from a few to several percentages [1]. High-quality factor
metasurfaces made of robust materials are necessary to boost the modulation contrast to the
levels (70-95%) necessary in practical use for efficient all-optical control of light signals Here,
we show an incredibly high-contrast and quick-responding transmission modulation of the
silicon optical metasurface. In our metasurface design, the interference of a radiative electric
dipole and a non-radiative, asymmetric bound state in the continuous (BIC) channel results in
a stepwise transmission/reflection shape in spectral space [2]. We will present an all-optical
control of light based on crystalline silicon metasurfaces.. We will discuss how carrier
injection in the crystalline silicon metasurface results in an efficient transmission modulation
with a temporal response of less than 100 ps. Acknowledgements: This work is part of the
METAFAST project (no. 899673) funded by the European Union’s Horizon 2020
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CuannueBr METANMOBBbPXHOCTH 32 HAIIBJIHO OIITUYCH KOHTPOJI HA
CBCTJIMHHU CUTHAJIA
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HaHoCTpyKTypupaHeTo Ha TBHBK CIOW MOJYNPOBOJHHKOB MaTepHal € MOIICH
ChBPEMEHEH METO/T 32 MMOJlydyaBaHe Ha Creln()UIHN HOBU CBOICTBA, KOUTO HE Ca XapaKTEepHU
3a caMusl MaTepual B Makpo pa3mepu. Korato pasMepure Ha HAHOCTPYKTYPHUTE Ca MO-MaJIKH
OT ABDKMHATA HA BBJIHATA Ha CBETJIMHATA, T€ MOrarT e(eKTHBHO Ja B3aMMOJCHCTBAT C
€JIEKTPOMAarHUTHOTO IIOJIE IO TPEIBAPUTEIHO ONPEACICH HAUWH CIOped TOBa Kak cMe
MIPOEKTHPAIH TONOJIOTHATA Ha cTpykTypara. OT eqHa cTpaHa MepHOANYHATA HAHOCTPYKTypa
MOJKE J1a ce Ch3IaJe ChC CIeUU(PHIHN PE30HAHCH HA EIEKTPOMArHHUTHOTO IIOJIE M 10 TO3U
Ha4YMH TS HeM30€)KHO B3aMMOJEHCTBA CHIIHO C BRHITHUTE I0JIeTa, KoraTo Te ca B 00XBaTa Ha
pe3oHaHcHHTE 4ecTOoTH. [lo TO3M HauWmH Ch3gaBaMe IMOBBPXHOCT C HOBH CBOICTBa IIO
OTHOIICHHE Ha B3aMMOJICHCTBUETO ChC CBETIIMHATA, HApeyeHa ONTHYHA "MeTa" MOBBPXHOCT
Hamocienpk onTHYHO NPEBKIIIOUBAHE U IIpeoOpa3yBaHe Ha ABJDKHHA HA BbIIHATA, Oa3uMpaHo
Ha ONITUYHU METAITOBBPXHOCTH, IIOKa3BaT MHOTO OOPH pe3yiTaTh 3a yaTpadbp3a MOy IaIus]
Ha cBeTyIMHaTa. Bempeku ToBa, oOmiata Opa00YMHA HA MOIYJAIMS OCTaBa HUCKA JIOCEra,
Bapupama OT HIKOJIKO J0 HAKOJKO mporeHrta [1]. HeoOxoammu ca BHCOKOKaueCTBEHHU
(hakTOpHH METANOBBPXHOCTH, M3pabOTEHH OT MPO3pauyHU MaTEepHaly, 3a Ja Ce YBEIHYH
MOJTyJTAIIMOHHUAT KOHTpacT 10 HuBaTa (70—95%), HeoOX0oMUMH TP MpPaKTHUECKa yroTpeda
3a e()eKTUBEH W3ILUIO ONTHYEH KOHTPOJ Ha CBETIMHHM CHTHaIWM. TyK HHE IOKa3BaMe
HEBEPOSITHO BUCOK KOHTPACT M CIIOCOOHOCT 3a yiTpa-0bp3a MOAYyJIalus Ha CBETJIMHA 4pe3
CHJIMIIMEeBATa ONITHYHA METAlOBBPXHOCT. B Hamms nu3aiiH Ha METaoBbPXHOCT, HaMecara Ha
paZuaIoHeH eNeKTPUIECKH IO U HepaIuallioOHHO, aCHMETPUYHO CBBP3aHO CHCTOSHIE B
HenpekbeHaTHA (BIC) xaHan Bogm mo cremanoBuaHa (GopMa Ha NpenaBaHe/OTpaXEHHE B
CHeKTpanHoTo mpocTtpaHcTBo [2]. Ilo TO3W HAYMH HUE NEMOCTpUpPaMe H3ISIO ONTHYCH
KOHTPOJ Ha CBETJIMHATA, 0a3WpaH Ha CHIIMIUEBH METAIIOBBPXHOCTH. B mokmama ce o0chxaa
KaK WH)KEKTUPAHETO Ha eJIEKTPOHHH HOCHUTENN B ONTHYHA METAIIOBBPXHOCT MOXKE J1a TOBEIE
110 e(eKTHBHA MOYyJIAllKs HA CBETJIMHEH CUTHAN C BpeMeBa peakifus oT mo-majiko ot 100 ps.
Acknowledgements: This work is part of the METAFAST project (no. 899673) funded by the
European Union’s Horizon 2020
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Demonstration of experimental coherent beam recombination after
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femtosecond pulses by using vortex arrays
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Ultra-short laser pulse generation, as well as extreme nonlinear processes like high-
harmonic generation, are extensively studied and still actively developing fields of modern
photonics. Ever since the discovery of ultra-short pulses and high-harmonics, people are
dealing with problems like spectral broadening, filamentation, pulse/beam diagnostics, pulse
amplification, and coherent beam recombination. On the other hand, singular optics is still a
rapidly developing field in which subject of interest is the sculpting of a laser beam by nesting
phase singularities in it.

The aim of this work is to implement known objects from the area of the singular
optics, like optical vortex lattices in the field of ultra-short laser pulses. One application,
deserving special attention is the spectral broadening of high-energy femtosecond pulses
needed for their subsequent compression in time. At high beam/pulse intensities, the beams
are prone to instabilities (see e.g. [1]), which could be suppressed by controllable splitting of
the beam into sub-beams. This makes sense only if there is a reliable way to coherently
recombine the sub-beams after their spectral broadening for pulse compression prior entering
the interaction zone.

Here, we essentially exploit this technique to coherently recombine the peaks from the
focal region after a nonlinear process of filamentation in its vicinity resulting in a spectral
broadening of the involved femtosecond laser pulses. Results for the experimental realization
of controllable beam break-up into six peaks, filamentation and coherent beam recombination
using specific optical vortex lattices/arrays in ambient air and in a glass substrate (as nonlinear
media) will be presented and discussed.

This work was partially supported by the Bulgarian National Science Fund (project
KII-06-H78/6) and by the Ministry of Education and Science (ELI-ERIC-BG, National
Roadmap for Scientific Infrastructure)
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EKCHepl/lMeHTaJIHO ACEMOHCTPUPAHE HA KOHTPOJJIMPAHO pasuenBaHe HA
(l)eMTOCCKyH)IeH JIa3epeH CHOII, CIeKTPAJHO pa3smiupeHue Ha
HMIIYJICUTE U KOXEPEHTHO peKOMﬁanpaHe Ha CHoIla

Jhobomup Cmosnos!, Iepxapo I'. [Taynyc>3, Anexcanovp Hpaiiuy !
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I'enepupaHeTo Ha CBPBXKBCH JIa3epHU HMITYJICH, KaKTO M €KCTPEMHU HEIMHEWHH
NpOLECH KaTO TeHepHpaHe Ha BHCOKH XapMOHWYHH, ca IIMPOKO H3CJIEABAHM W BCE OLIC
aKTUBHO pa3BUBAIIM ce 00JIACTH Ha ChbBpEMEHHaTa JiazepHa ¢usnka u ortoHuka. Ome oT
OTKPHBAHETO HA CBPBXKBCUTE UMITYJICH U BUCOKHTE XapMOHHYHH, XOpara ca e 3aHMMAaBaJIH
¢ mpobieMH KaTo pa3lIMpsBaHe Ha CHEKTbpa, (QUIAMEHTAIMs, [JUarHOCTHKAa Ha
UMIIyJICa/CHOIIA U MMITYJICHO YCHJIBaHE M PEKOMOMHHMpaHe Ha KoXepeHTeH cHom. Ot apyra
CTpaHa, CHHTYJSIpHATa ONTHKA BCe OIle € Obp30 pa3BHBalla Ce HOBAa 00JACT, B KOSATO OOEKT
Ha WMHTepec ¢ Mpeo(OpPMSHETO Ha JIa3epHH CHOIOBE 4Ype3 KOIMPaHeTO Ha (a3oBH
CHHTYJISIPHOCTH B TSX.

Wpesita KOSITO IIle IPEACTAaBU TYK, € Ja Ce W3MOJI3BAT U3BECTHH OOEKTH OT o0JlacTTa
Ha CHUHTYJIpHATa OINTHKA, KaTO ONTHYHHM BUXPOBH pemieTkH [1-3] mpeHeceHu B MoJeTo Ha
CBPBXKBCHUTE JIA3EPHHU UMITYJICH. ETHO KOHKPETHO NPHIIOKEHUE, KOSTO 3aCITy’KaBa CIICLIHATHO
BHHMaHHE, € CIIEKTPAIHOTO Pa3IIUPsIBaHE Ha BUCOKOCHEPTETUYHU (HPEMTOCEKYHJHU UMITYJICH,
HE00X0AUMO 3a TAXHOTO HOCJIEABAI0 KOMIIPECHPaHe BbB BpeMeTo. [Ipr BUCOKH HHTEH3UTETH
Ha CHOIIOBETE/UMITYJICUTE, T€ Ca CKIOHHH KbM HecTaOWIHOCTH (BIkTe Hamp. [4]), KOUTO
Morar aa ObJaT MOTHCHATH Ype3 KOHTPOJIMPAHO pa3/ieNssHe Ha CHOMa Ha IoJicHonoBe. ToBa
OM MMaJl0 CMHUCBJI CaMO aKO MMa HaJIeKJEeH HAyMH 32 KOXCPEHTHO PEKOMOWHHMpaHe Ha
MOJICHOIIOBETE CIIe]] TAXHOTO CIIEKTPAIHO pa3IIMpsiBaHE NpEau HaBiM3aHe B 30HATa Ha
B3aumozeiicteue. llle mokakeM eKCHepHMEHTAIHH pe3yiTaTH 3a pealu3alnusTa Ha
KOHTPOJIUPYEMO pa3lajiaHe Ha CHOIA Ha IIECT CBETIH NMUKa, (HHIaMEHTAlUs U IoCcie/Balla
KOXEPEHTHa PEeKOMOWHAIMS Ha CBHINMS CHOI, M3MOJ3BAKi CHEH()UYHN ONTHYHH BUXPOBH
peruerku/mMaTpuiy. ITomyueHnTe pe3ynTaTy ca AEMOHCTPUPAHH B [Ba BUJIA HEJIMHEHHH Cpean
- BBB BB3/IyX U B 3 mm febena CThKICHA MITaCTHHKA.

Ta3u paboTa e yacTHyHO NoakpeneHa ot Harronanuus Gpony 3a HayuYHH H3CIIeIBAHHS
Ha Peny0Onuka Bwarapus (mpoekt KII-06-H78/6) u or MOH (ELI-ERIC-BG, Harnuonanna
'bTHA KapTa 3a Hay4Ha HHPPACTPYKTypa).
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Obtaining quasi-non-diffracting beam by nonlinear conversion of
optical vortices in an inverted field autocorrelator.
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In this work, we study the behavior of an inverted field interferometer/autocorrelator when
femtosecond Gaussian laser beam/pulses carrying optical vortices are propagating trough.
Two aspects of interest are studied, namely, /i/ How the beam transverse intensity profile is
transformed at the output of the device, and /ii/ how the autocorrelation signal looks like.

We find the results of both analyses intriguing and non-trivial. As far as one arm of the
interferometric part of the autocorrelator is “inverted” (i.e. flipped in space) with respect to
the second one, we let two identical vortex beams with opposite topological charges interfere.
The newly formed singular beam, the so-called “necklace” beam, has a transverse intensity
profile consisting of bright sub-beams (petals) arranged along a ring centered on the beam
axis. Its phase does not carry any spiral phase dislocation, but contains radial & phase jumps
separating the mentioned bright intensity petals. In the autocerrelator part following the
interferometric part of the setup, we additionally use a focusing lens (mirror) and a nonlinear
crystal. If the beam is carrying a © phase jump, an even-order nonlinear process like second-
harmonic generation (SHG) is “erasing” that jump (since doubling its magnitude to 2x). In our
case, the SHG followed by diffraction is effectively “smoothing” the intensity profile of the
harmonic signal [1]. When the nonlinear crystal is placed just before the back focal plane of
the lens, a converging, ring-like SH beam with a smooth phase is passing through that plane.
This scenario provides the sufficient condition for SH Bessel-Gaussian-like beam formation
[2]. All described processes will happen, however, only if the laser pulses in the correlator’s
arms are temporally overlapped. This means that Bessel-Gaussian-like beam generation signal
is time-delay dependent. In fact, we proved that it behaves similar to the well-known intensity
autocorrelation. Another remarkable feature of this type of intensity autocorrelation is that it
is achieved in a collinear alignment of the beams in the interferometric part of the setup, which
is usually used for obtaining an interferometric autocorrelation. The reported experimental
results are in a very good agreement with these from an analytical model.

Acknowledgements: We acknowledge funding of the Bulgarian Ministry of Education and
Science as a part of National Roadmap for Research Infrastructure (DO1-351/13.12.2024) and
by the Scientific Fund of Sofia University (80-10-17 / 8.4.2024).
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HonyuyaBaHe Ha KBa3u-Heauparupaml CHON Ype3 HeJUHeiiHO
npeodpasyBaHe Ha ONTHYHU BUXPH B KOPEJATOP ¢ HHBEPTHPAHO MoOJe

H. Jlumumpos, K. Xpucmos, M. )Kexosa, A. /[patiuy
Dusuuecku gpaxynmem na Cogpuiicku ynusepcumem ,, Ce. Knumenm Oxpuocku

B HacrosimaTa paboTa m3ciiefBaxXMe IMOBEICHHETO Ha HHTEeP()EepoOMeTHp/aBTOKOPEIaTop C
HMHBEPTHPAHO II0Jie, KOraTo Ipe3 Hero mpemuHe (emrocekyHaeH [aycoB mmimyic/cHom,
HOCEII ONITHYEH BUXEP. J[Ba acnekra Ha ()u3MYHATa KapTHHA HYU 3aMHTPHUTYBaxa Hai-MHOTO -
/i/ xak ce TpaHC(OpMHpa HANPEYHOTO pasNpeneieHHe HAa WHTEH3WTeTa IO M3JIH3aHe OT
yCTpOicTBOTO M /ii/ KaK M3IJIekJa aBTOKOPENALMOHHUAT curHaji. Ilo Hamie MHeEHWe,
MOTy4eHUTE PE3YNTaTU ca HHTEPECHU U HETpUBHANHHU. Thif KaTO CHOIIBT B €JHOTO paMoO Ha
uHTEppepoMeTpUYHaTa dYacT OT aBTOKopesnaropa € ,uHBepTHpaH‘ (oObpHAaT B
MPOCTPAHCTBOTO) IO OTHOIIEHHE HA TO3H B APYrOTO pamo, MHTephepupar aBa UACHTUIHH
BUXPOBH CHOIIA, HO C IIPOTHBOIIOJIOKHY TONOJIOTHYHH 3apsiiu. Kato pesyntar, hpopMupanusT
CHHTYJISIpEH CHOII € OT Taka HapeueHus TUI ,,orbpiuia’ (“necklace”). IIpu Hero HanpeyHusT
WHTEH3HUTETEH NMPOQHI € ChCTABEH OT CBETIIM HOA-CHOIOBE, PA3MOJI0KEHH MO OKPBIKHOCT,
LEHTpUpaHa 10 ocTa Ha pasnpocTpaHeHwe. Pazara My He ChIbpKa CHUPAIHH (Pa3oBH
JUCIOKAlUK, a Ce ChCTOM OT pagWanHU T (a30BH CKOKOBE MEXIy CIIOMEHATHTE CBETIIH
cHomoBe. B aBTOKOpemaTopa, cien uHTepdepoMeTprIHaTa JacT, U3Moa3BaMe (GoKycupama
nema (WM Orjeao) U HeIMHEeEH KpHUCTal. AKO CHOITBT HOCH ()a30BH T-CKOKOBE, HEJTMHECH
Ipolec OT YeTeH MOpAAbK (B KOHKPETHHS CIydail — IeHepHpaHe Ha BTOpPAa XapMOHHYHA
(I'BX)) ,,u3TpHBa“ CKOKOBeTEe (JIOKOJIKOTO T yaBosiBa 10 2m). IIpu Hamara cucrema I'BX,
mocjeBaHo oT Jaudpaxius, eQeKTUBHO ,,3ariaxaaT® WHTeH3uTeTHUS npodur Ha BX [1].
Koraro HenMHEWHHAT KpHCTal ce IOCTaBM TOYHO INpeIM 3anHara (oKalHa paBHMHA Ha
Jemiara, IMojydaBaMe CXOJSI, IPBCTEHOBHAEH CHOI, C TIagbk (a3oB mpodwmii, KOHTO
IpeMHHaBa paBHUHATA. Ta3u (pH3UIHA KApTHHA OCUTYPsIBa YCIIOBHS 3a reHepupaHe Ha becen-
laycoBo-nmogoben cHonm Ha BX [2]. Taka omumcaHuAT mpolec € BB3MOXKEH CaMoO aKo
UMITyJICHTE B ABETe paMEHa Ha KOpeIaTropa ca BpeMeBO NPHNOKpUTH. C Ipyru IDyMH,
noiy4yaBaHeTo Ha becen-I"'aycoBo-mojoOHMS CHOI 3aBUCH OT 3aKbCHEHHUETO MEXKIY Tsax. Hue
MoKa3zaxme, 4e Ta3u BpPEMeBa 3aBUCHMOCT € MoJo0Ha Ha no0pe W3BecTHaTa MHTCH3WTETHA
aBToKopenanus. Jpyra 3abenexuTentHa oco0eHOCT e, ye paboTHM B KOJIMHEapHa cxeMa Ha
HacTpoOBaHe, KOETO € XapaKTepHO 3a HHTepdepoMeTpruyuHa Koperaiys. ExcnepumenTanHuTe
pe3yJTaTy ce ChIVIaCyBaT OTJIMYHO C IPOTHO3UPAHUTE OT Pa3pabOTEHUs aHATUTHYEH MOJIEI.

Baarogapuoct: Asropute OnaromapsaT 3a moakpernata Ha MOH mo Hammonanmnara mpTHa
kapra (DO1-351/13.12.2024), cpmo va ®HU ma CY (80-10-17/8.4.2024).
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Picosecond laser deposition of thin films and nanoparticles of NiTi
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NiTi (Nitinol) alloy exhibits unique shape memory and superelastic properties due to
its reversible transition between martensitic and austenitic phases depending on temperature
and stress effects. NiTi alloy has found many applications in the bulk form, while their
potential application in the form of thin films or nanostructures/nanoparticles is still being
developed. The nanoscale realization of NiTi alloy is interesting due to the unique properties
offered by the large surface-to-volume ratio, as well as the possibility of exhibiting novel
properties not observed in the bulk counterpart. However, nitinol alloy is difficult to synthesize
in thin film or nanoparticle form due to the extremely tight composition and strong chemical
reactivity of the two metals, nickel and titanium. In general, it cannot be obtained by
evaporation processes and sputtering techniques because it is difficult to realize the
stoichiometry of nitinol.

We present fabrication of NiTi thin films and nanostructures using picosecond (ps)
laser ablation. The experiments were carried out in vacuum and N2 at atmospheric pressure,
respectively. Increasing the pressure from vacuum to atmospheric transforms the thin-film
morphology normally obtained in vacuum into a highly porous structure composed of
nanoparticles that forms at atmospheric pressure. The phase composition, microstructure,
morphology and physicochemical state of the surface of the samples were studied. Laser
ablation performed by ps pulses results in the production of nanoparticles independent of
ambient pressure. Moreover, with the use of ps-ablation, a pronounced bimodal size
distribution of the produced nanoparticles was obtained. The nanoparticles with smaller sizes
in the range of 2—4 nm were found to be composed of Ni or NiO, indicating that during the
ps-ablation process, separation of the metals in the NiTi alloy and their further oxidation took
place.

The authors acknowledge the use of the research equipment supported by National

Roadmap for Scientific Infrastructure, financially coordinated by the Ministry of Education
and Science of the Republic Bulgaria under project D01-351 (ELI-ERIC BG).
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CmnaBta NiTi (HalTHHOI) TOKa3Ba YHUKAIHA TaMeT Ha opMaTa U CyIep eNacCTHIHH
CBOJCTBa, MOPaaX OOpAaTUMUS CH MPEXOJ MEXIy MapTeH3HTHA M ayCTEHHUTHa (asa, KOHTO
3aBHCH OT TeMIepaTypara H MPUJIOKECHOTO MEXaHUYHO HampekeHue. Ts e Hamepusia MHOTO
NpWIOXKEHUs oA GopMata Ha 0OEMEH MaTepHal, JOKATO MOTCHIMAIHUTE i NPHUIOKEHUS B
TBHKOCJOIfHA (opMa WIM HAHOCTPYKTYPH/HAaHOYACTHIM BCE OLIe CE pa3BUBAT.
Hanopa3smepnara peanu3anus Ha criiaBta NiTi e HHTepecHa, MopaIu TOJIIMOTO ChOTHOIIICHHE
MOBBPXHOCT KBM 00eM, KaKTO ¥ BH3MOXKHOCTTA 3a IIPOsIBa Ha HOBU CBOWCTBA, Pa3IMUHH OT
Te3W Ha 00eMHHs MaTepual. ThHKHTE cIoeBe W HaHO4YacTHIHM OT cruiaBa NiTi ca TpyaHu 3a
HOJIy4aBaHe 110 TPAJIUIIMOHHUTE METO/N, KATO TEPMUYHO M3MApEHHUE U paslIpaliBaHe, HopaIu
CHJIHaTa XMMMYECKAa PEaKTHBHOCT Ha [BaTa MeETala M TPYIHOCTH INpPH 3ama3BaHe Ha
CTEXHOMETPUYHOTO CHOTHOLICHHE MEX/y HUKEJa U TUTAHA

B Ta3u pabora npeacrassMe ch3aBaHETO Ha THHKH CI0EBE U HAHOCTPYKTYpHu oT NiTi
C ImoMoLITa Ha IIMKOCEKYHAHa (ps) JazepHa aOmarus. 3a LenTa, eKCIepHMEHTUTE ca
NpPOBEJIEHH BHB BaKyyM M B cpeia Ha N2 mpu atMocdepHO HaisraHe. YBeJIMUaBaHETO Ha
HaJSITAaHETO OT BaKyyM JI0 aTMoc(epHO TpaHC(HOpPMHUpa THHKOCIOHHATA MOP(OIIOTHS, KOSTO
ce MoJTyyaBa BbB BaKyyM, B CHJIHO [IOPECTa CTPYKTypa, ChCTaBEeHa OT HAHOYACTHIH, KOSTO Ce
obpasyBa npu atmochepHo Hansrane. M3cnenBanu ca Gpa3oBUAT ChCTaB, MUKPOCTPYKTypara,
MopdororusaTa 1 GU3NKOXUMHYHOTO CHCTOSTHHE Ha TOBBPXHOCTTA Ha oOpasuurte. JlazepHara
ps-abnanus BOAM 10 Ch3JaBaHETO HA HAHOYACTHIIM, HE3aBHCHMO OT HAISITraHETO Ha OKOJIHATa
cpena. CpIo Taka, IpH U3NOI3BAHETO Ha ps-ablamus ce Moydasa sICHO U3pa3eHo OMMOIaTHO
pasmpezieseHue no pa3mMep Ha Ch3/1a/ICHUTe HAHOYACTHIM. Y CTAHOBEHO €, Y€ HAaHOYACTUIUTE
C MO-MaJIKK pa3Mepu B auamnazoHa 2-4 nm ca ckeraBenn oT Ni win NiO, KkoeTo mokaspa, ue
[0 BpeMe Ha Ipolieca Ha ps-abianus € Bb3MOXKHO pa3felsiHeTo Ha MeTtanuTe B cruiata NiTi
U TAXHOTO IT0-HATaThIIHO OKUCIISIBAHE.

ABTOpUTE H3Ka3BaT OJIaroAapHOCT 3a MPEOCTaBeHaTa Bb3MOKHOCT 3a H3MIOJI3BaHe Ha
M3ClIeIoBaTeNICKO o0opyaBaHe, BKIIoUYeHO B HammoHamHa mbTHa KapTa 3a HaydHa
nH(pacTpyKkTypa, (UHAHCOBO KOOPAWHHpaHA OT MHHHCTEPCTBOTO Ha OOpa30BaHUETO M
HaykaTa Ha PenyOnuka brarapus no mpoext D01-351 (ELI-ERIC BG).
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Determining Cross Section Spectra in Yb-Doped Disordered Crystals
for Development of Ultrafast Regenerative Amplifiers

Stephan Shishkov', Kaloyan Georgiev'? , Lyuben Petrov'?, Dimitar Velkov' , Anton
Trifonov'?, Xiaodong Xu? , Ivan Buchvarov!?
!Physics Department, Sofia University, 5 James Bourchier Blvd., Sofia, Bulgaria
2 John Atanasov Center for Bio and Nano Photonics (JAC BNP), Sofia, Bulgaria
3 Jiangsu Normal University, Xuzhou 221116, China

The introduction of Ytterbium as a laser material has enabled substantial progress in the
high-power, high-energy, low-cost laser technology in the near infrared range of the
electromagnetic spectrum. Yb lasers have achieved unprecedented power scaling levels,
surpassing kW, thanks to the high thermal conductivity of Yb3+ ion host matrices and new
developments in laser media geometry. However, amplified pulse durations in Yb-crystal
chirped pulse amplification (CPA) systems have, until recently, been limited to 200-300 fs,
prompting the search for new materials with broader emission cross-sections [1 — 3]. We present
a comprehensive study of the spectroscopic properties of Yb:CaLnAlO4 (Ln =Y, Gd) quasi-
three level disordered crystals and their performance in CPA. Even though their transition cross-
section spectra serve as fundamental laser characteristics, the reported data lacks consistency
across different studies. To describe and understand the regenerative amplification of these
crystals, we need to determine their correct cross-section spectra and the real Yb3+ dopant
concentration. The latter is measured directly by inductively coupled plasma mass spectrometry
(ICP-MS). Then, we calculated the absorption cross-section from the dopant concentration and
linearly polarized transmission spectra and determined the emission cross-section using the
integral reciprocity method [4]. Based on our developed model for regenerative amplification
and our determined concentration and cross-section spectra values, we have obtained excellent
matches with the experimental results. We discovered a significant discrepancy between the
ICP-MS method-determined Yb3+ concentration and the initial atomic concentration in the
melt for both crystal types [5]. This is one of the reasons we explain that there are strong
inconsistencies in the literature. Finaly, we have shown that CALYO and CALGO crystal host
can be used to generated ultrashort pulses with sub-100 fs durations at 1 um, which is a few
times shorter than demonstrated up to now for Yb CPA laser systems. Acknowledgement:This
study is financed by the European Union — Next Generation EU through the National Recovery
and Resilience Plan of the Republic of Bulgaria, project Ne BG-RRP-2.004-0008-C01
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Onpenesisine HA CIEKTPUTE HA cedeHUsiTa Ha Yb-jerupanu
HelnoJpeleH! KPUCTAJIM 3a MoJeTUpaHe HA CBPbX0ObP3H pereHATUBHHU
ycH/IBaTe I

Cmegpan Huwxos!, Kanosn eopeuee’? , Jlioben Ilempos'? , Qumumwvp Benkos'
Anmon Tpugponos®? , llaooonz I1y* , Hean Bvrusapos'?
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BwBexaaneTo Ha uTepOMs KaTo Ja3epeH Marepuan Aajfe Bb3MOXKHOCT 3a 3HAUUTENICH
HampeabK B 007acTTa Ha MOIIHUTE, BHCOKOGHEPIMHHM M €BTHHHU Ja3epHH TEXHOJIOTHH B
Onm3Kkus MHQpaYepBeH IMAra3oH Ha €JIeKTPOMArHUTHHS CIIEKTHp. Yb JlasepuTe DOCTUTHAXa
Oe3mperneIeHTHH HUBA Ha MaladbupaHe Ha MOIHOCTTA, HauxBbpisimu kW, Omaronapenue Ha
BHCOKaTa TOIUIONPOBOIMMOCT Ha MaTpULIUTE M HOBHTE pPa3pabOTKH B TEOMETpHATA Ha
nazepHute cpenu. [IpoabHKUTENHOCTTa Ha YCHIICHUTE UMITYJICH B CHCTEMUTE 32 YCHUJIBaHE Ha
yuprioBaHu umItyincd Ha Y bkpucramu (CPA) nockopo 6sixa orpanuuern 10 200-300 fs, koeto
CTHMYNIHpPa THPCEHETO HAa HOBH MAaTEpHAld C MO-IIMPOKM CEYCHHUs Ha m3nbpuBane [1 — 3.
[IpeacraBsiMe IsTOCTHO U3CIEIBAHE HAa CIIEKTPOCKOIICKUTE cBolcTBa Ha Yb:CaLnAlO4 (Ln =
Y, Gd) xBa3u-TpUHHUBHH, XaOTHYHH KPHCTAIU U TAXHOTO npexactassHe B CPA. Bompeku ue
CIIEKTPHUTE Ha TPEXOAHHTE UM CEUCHHUs CIY)KaT KaTO OCHOBHM XapaKTCPHCTHKH Ha Jia3epa,
JOKJIaJIBAaHUTE [AaHHU B JIUTEpaTypaTa HsAMaT IIOCIENOBATENHOCT. 3a Ja Mojeiaupame
pereHepaTHBHOTO YCHJIBaHE Ha TE3W KPHUCTAIH, TPAOBA Jja ONpENeINM TEXHUTE CEUCHHUS U
peayHara KOHIIGHTpanus Ha JerupanusaT Y b3+ . KoHneHTpanusra ce n3mepsa JUPEKTHO Upe3
MacCHEeKTPOMETPHSI ¢ HHAYKTHBHO cBbp3aHa Imasma (ICP-MS). CnenoBarenHo, H34ncInxMe
CEYEHHETO Ha IONIBIIAHE OT KOHIEHTPALUATa W JIMHEHHO MONSPH3HPAHUTE CIIEKTPH Ha
nporyckane. OnpenennxMe CEUeHNEeTO Ha M3TbYBaHe MPIIaraiki METOa Ha PEeIIUIIPOYIHOCTTA
[4]. C HammaT TeopeTHUeH MOZAEN 3a PEreHEPATHBHO YCWIIBAHE M OIpPEIENICHUTE OT Hac
CTOMHOCTH 32 KOHIEHTpalMsATa ¥ CEYCHHS IOJMy4YHXMe OTIMYHO CBhIVIACHE C
eKCIIepUMEeHTATHUTe  pe3yntatd. OTKpUXMe  3HAUUTENHO  HECHOTBETCTBHE  MEXIY
onpenenenara mo meroaa ICP-MS koHneHTpaiust Ha Yb3+ 1 HavaHaTa aTOMHA KOHIICHTPAIHs
B CTONMJIKAaTa M 3a JBata Bujpa kpuctanu [5]. ToBa e eaHa OT NMPUYMHHKTE, MOPAIM KOHTO
mpexronaraMe, 4e B JIATEpaTypaTa HWMa CIJIHH HECHOTBETCTBUS MEXIY pPa3IHYHHUTE
nscnenoBarencku Trpynu. [lokasaxme, de kpucrtamure CALYO m CALGO wmorar ma ce
M3IOJI3BAT 32 TEHEPHPaHe Ha CBPBXKBCH HMIYICH ¢ poabkuTenHocty nox 100 fs Ha 1 pm.
ITo mpoexr ot EBpometickusa cpro3 — crnenamo nokonenne EC upe3 Hammonanaus muan 3a
BB3CTaHOBsABaHE U ycTounBocT Ha Pbbarapus, Ne BG-RRP-2.004-0008-C01
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Fine-tuning of femtosecond laser oscillator by changing the
parameters of in-resonator prism compressor

Maya Zhekova, Nikolay Dimitrov, Nikola Kazlachev, Alexander Dreischuh
Faculty of Physics, Sofia University “St. Kliment Ohridski”

Ultrashort (femtosecond and now attosecond) pulses are some of the most difficult to
analyze in terms of pulse duration and shape, as the response time of standard measurement
devices is too slow. With the increased interest in this field, a number of techniques such as
FROG/GRENOUILLE, interferometric autocorrelation (IA) and SPIDER have been
developed in recent decades. The dispersive broadening is usually compensated with
dispersive elements, either a set of two prisms with a mirror (most commonly used in the in
resonator) or with chirp mirrors (both in and out of the resonator). In both cases, this element
compensates for the dispersion of the pulse. We vary the measured femtosecond pulses using
these three techniques by varying the prism penetration, and accordingly obtain different pulse
durations, group velocity dispersion, third-order dispersion, and slight shifts of the central
wavelength and spectral width. Comparing the results with the theoretical model [1,2], the
behavior of the listed parameters is confirmed. Using 16 reflections from 8 chirp mirrors
between the oscillator and the analyzing elements, we were able to compare the pulse
extension [3] with and without them and further measure the GDD (given by the
specifications).

Acknowledgements: This work was supported by projects 80-10-17/8.4.2024r.
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IIpenacTpoiiBaHe Ha GeMTOCEKYH/IeH Jia3epeH OCIHJIATOP 4Ype3
NMpPOMsIHA HA MapaMeTPHUTe HA BbTPEIIHOPEe30HATOPEH MPU3MeH
KOMIIpecop

Mas XKexosa, Huxonaii Jumumpos, Huxona Kaznaues, Anexcanowp /patiuty
Qusuyecku Qaxynmem, Couiicku ynusepcumem ,, Ce. Knumenm Oxpudcku

CBpbxkbeutTe (eMTOCEKYHIHH, Bede M aTOCEKyHIHH) UMILYJICH Ca €IHHM OT Haii-
TpyAHHUTE 3a aHAJIM3MPaHE 0 OTHOIIEHHE Ha MPOIBIDKUTEIHOCTTa U JopMaTa Ha UMITyJICa,
TBHH KaTO BPEMETO 32 peaknyus Ha CTaHJapTHATE U3MEPBATEIIHU yCTPOHUCTBA € TBhpAE OaBHO.
C HapacTBaHeTO Ha HMHTepeca KbM Ta3H O0JacT Ipe3 IOCICTHHTE AECEeTHIeTHS Osxa
pa3paborern pemmma TexHukH kato FROG/GRENOUILLE, wunTepdepomerpnaHa
aBtokopenanys (IA) u SPIDER. [lucnepcnoHHOTO pa3UIMpeHye Ha MMITyJica OOMKHOBEHO Ce
KOMIICHCHpA C AMCIEPCUBHU €IEMEHTH - HabOp OT J[BE NMPHU3MHU C OIJIenano (Hai-uecto ce
U3I0/I3BaT BBTPEUTHOPE30HATOPHO) HIM C YHPH ornejana (KakTo B, Taka U H3BBH
pe3onaropa). M B 1BaTa ciydas TO3M €IEMEHT KOMIIGHCHPA €CTEeCTBEHATa AHCHEepPCHATa Ha
ummyica. M3mepenure GpeMTOCEKyHAHN UMITYJICH C TIOMOIITA HAa Te3M TPU TEXHHUKH, MOTaT J1a
ObaT NPOMEHSIHY Upe3 ABJIOOYNHATA Ha IPOHUKBAHE HA IPH3MaTa B IPU3MEHHS KOMIIpecop,
U CBOTBETHO Ja OBJAT MOJTYYCHH Pa3IMYHH NPOIBIDKUTEIHOCTH HAa MMITYJICHTE, AUCTICPCHS
Ha TPyHoBaTa CKOPOCT, JUCHEPCHs OT TPETH IOPSAIABK M JEKO OTMECTBaHE Ha IIEHTpajHaTa
IBJDKMHA Ha BBJIHATA M CHEKTpanHara mupuHa. CpaBHABaWKM pe3yNTaTUTE C TEOPETHIHUS
Mozen [1,2], noBeneHneTo Ha M3OPOCHUTE MapaMeTpu ce NoTBhpxkaaBa. C moMomra Ha 16
OTpaXEeHHs OT 8 YHPII oriiefana Mex/ Iy OCHMIATOpa U aHATU3UPAIIUTE EIIEMEHTH YCIIXMe Ja
CpPaBHUM yABIDKaBaHETO Ha uMmyscute [3] cbc u 0e3 TAX U AOMBIHUTEIHO Aa U3MEPUM
JUCTIEpCUsATa Ha TPYIOBATa CKOPOCT (aeHa 1O CIieHU(pHUKALUUTE).

Baaromapaoct: ABTOpHTe OJaromapsAT 3a moakpenara Ha mpoekt 80-10-17/8.4.2024r..
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Experimental verification of the Gouy phase for higher-order
Hermite—Gaussian beams

Nasko N. Gorunski, Lyubomir 1. Stoyanov, Maria T. Mincheva,
Petko P. Drenkov, Edmon E. Lazarov, Alexander A. Dreischuh
Department of Quantum Electronics, Faculty of Physics,
Sofia University "St. Kliment Ohridski", Sofia, Bulgaria

It is known that any focused light beam experiences an axial phase shift with respect
to a reference plane wave when passing through its focus. This phase anomaly was first studied
by Gouy and is named after him [1]. Let us denote by Lp and z the Rayleigh diffraction length
of a Gaussian beam and the longitudinal coordinate, respectively. Then, the Gouy phase for a
Gaussian beam is given by @g=arctan(z/Lp). For a higher-order Hermite—Gaussian (HG) mode
with mode indices (/,m) this phase is multiplied by a factor of (1+/+m) [2]. Even though the
cases of a fundamental Gaussian beam are relatively well studied, we are not aware of any
experimental data published in the literature confirming this dependence for higher-order
HGim modes.

The Gouy phase has important consequences in, e.g., nonlinear optics. In general, the
n-th order nonlinear polarization will experience a phase shift that is n times larger than that
experienced by the pump wave. It is natural to expect that the Gouy phase also has profound
consequences in highly nonlinear processes like above-threshold ionization and high-
harmonic generation.

The main result from this study [3] is shown in the graph below. The hollow circles
denote data retrieved from the experiment, whereas the solid curves present the theoretical
approximations. The horizontal bars on the right, outside the graph mark theoretical
asymptotic value for the respective HGim mode. The greyscale frames show calculated
intensity distributions of the discussed HG modes.
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As seen, the reported results are in very good agreement with the theory.

Gouy phase (n/2 units)
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ExcnepumenTajna npoBepka Ha ¢a3zata Ha ['yu 3a
Epmur-I'aycoBu MOA0Be OT MO-BHCOKH NOPAABIH

Hacko H. I'opyucku, JTw6omup H. Cmosnos, Mapus T. Munuesa,
IHemkxo I1. [Jpenxos, Eomon E. Jlazapos, Anexcanowp A. /lpatiuy
Kameopa Keanmosa enexmponuxa, Qusuuecku gaxynmem,
Couiicku ynusepcumem "Ce. Knumenm Oxpuocku”, Coghust, bvaeapus

H3BecTHO €, 4e Bceku (OKycHpaH CBETJIMHEH CHON M3MUTBAa aKCHANHO (ha30BO
M3MECTBAHE 110 OTHOIICHHE Ha pe)epeHTHA IIJIOCKA BbJIHA, KOTaTo MPeMHUHaBa mpe3 Gokyca
cu. Tasu ¢a3oBa aHOMamMA € H3CIeaBaHa 3a MBPBH BT OT [’y 1 € HapeueHa Ha HETOBO UMe
[1]. Hexa na o3HaumM ¢ Lp ¥ z ChOTBETHO IH(pPaKIOHHATA TBDKHHA Ha Pelinn Ha [aycoB
CHOII M Ha/UThXHaTa koopanHara. Torasa ¢a3ara Ha ['yu 3a 'aycoB cHom ce ompeznens Kato
@g=arctan(z/Lp). 3a Epmut-I'aycou (HG) Mo0Be OT O-BHCOK NOPSIBK C MOJIOBH NHIEKCH
(I,m) ta3u ¢a3a ce ymHOXkaBa ¢ koeduuuent (1+/+m) [2]. Boempeku dbe ciaydasT Ha
¢ynmnamenTanen [aycoB cHON € cpaBHHTENHO A00pe WH3ydeH, HE ca HHM W3BECTHH
eKCIIEPUMEHTAIHN JaHHW, ITyOIMKYBaHM B JINTEPaTypaTa, KOMTO Ja MOTBBPXKJIABaT Ta3d
3aBucuMOCT 32 HGim MOOBE OT 1O-BHCOK MOPSIBK.

®azata Ha ['yu MMa BaXKHU IOCIIECTBYS, HAIpUMep B HEIMHEHHATa onTHKa. B oOmus
cilydyail HelTMHeHHaTa HOJIIpU3alys OT #-TH MOPSIIBK THPIHU (a30BO U3MECTBAHE, KOETO € 711
ITBTH [IO-TOJISIMO OT TOBA Ha BB30YXkaamiara BejiHa. EcTecTBeHO € na ce ouaksa, 4e (azata Ha
I'yn wma aBIOOKM TOCIEACTBUS M NPH CHIHO HENIMHEHHM IPOLECH KaTo HaAIparoBa
HOHM3aIMs U TeHepUpaHe Ha XapMOHHYIHU.

OCHOBHUAT pe3ynTaTr OoT TOBa m3cienBaHe [3] e mokazaH Ha rpadukara mo-mory. C
OTBOPEHH Kpbruera ca 0003HAYCHHU JaHHNUTE, TOIYyYCHU OT eKCIIEPUMEHTA, JOKATO IITbTHUTE
KPHUBU MPEACTABAT TEOPETUYHHUTE 3aBUCUMOCTH. XOPHU3OHTATIHUTE JTHHUH BJSICHO, W3BBH
rpadukaTa, oTOCIA3BaT TEOPETUYHATA ACUMITOTHYHA CTOMHOCT 3a chOTBETHHA MOA HGim.
Kazpute B ckanaTa Ha CMBOTO NOKa3BaT NPECMETHATH pas3lpeiefieHus] Ha MHTEH3UTEeTa Ha

oo6cwxaannte HGim MosioBe.
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TIOJIETO HA BATHPA 110 BPEME Ha JIBE CUJIHM OypH B Hall-BUCOKHUTE paiionu Ha [lenTpanen bamkan®
. . JumMuTpoB: ,,MUKPOKIMMAT Ha apXUBOXPAHWIMILETO B HallMoHaIHs MHCTUTYT 110
METEOPOJIOTHSI M XHIPOJIOTHSI IPE3 TOIIOTO MOIYTroaue’

. B.Teopruesa: ,,.Bapuaruu B Temiieparypara Ha Mopckata Bojia kpaif [11abma“

. . Konesa: ,,l'onuiiieH 1 ce30HEH X0/1 Ha YECTOTaTa Ha MBJIHMUTE HaJl OBJITapCKOTO
YepPHOMOPCKO Kpaitopesxue’*

10. C. Ilenues: ,,JIunap na mudepeHmamTHa abcopOITHst 3a COHIMpPaHE Ha TAPHUKOBH Ta30BE C

IMUPOKOCIICKTBPHH! JIA3CPHU IUOAU U METOI Ha KOpEJIalTMOHHA CHCKTpOCKOHI/IH“

11.11. EBrenmena: ,,lnmikarim 3a ipeMrHaBaHe Ha rpax ot Caxapa Haj rpajx Codust Bb3 OCHOBA

Ha aHaJIM3 Ha IPU3EMHUTC MACOBH KOHLICHTPAIIUHU Ha (I)I/IHI/I MpaxoBU ‘{aCTI/IH,I/I“

12.E. Tonuesa: ,,00TOMETPUYHO U3CIIEABAHE HA a€PO30JIHATA KIIMMATOJIOTUS M TUTIOJNOT WS HaJl Tpajl

Coous B nepuozaa 2020-2024 r.*

13.J1. BeakoBa: ,.,KomiuiekcHo u3cneiBaHe Ha arMocgepHuTe aepo3onu Haf rpajx Codust o Bpeme

Ha 31MeEH IPEHOC Ha ITyCTUHEH npax oT Caxapa‘

14.C. Joces: ,,JIiicTaHIIMOHHO COHAMPAHE Ha TMM OT KaHaJICKU TOPCKH MOXkapy B arMocdepaTa HaJl

rpan Codust

15. E. ITanaypeka: ,, Teky1o cbCTosiHIE Ha ceusMUuHaTa Mpeska Ha Coduiicku yHUBepcuTeT™
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IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Meteorological conditions and climate in urban, coastal, and Arctic
regions

Ekaterina Batchvarova
Climate, atmosphere and water research institute at
Bulgarian Academy of Sciences

More than half of our planet’s population lives in cities. Many cities are located in
coastal regions. More and more the possibilities for economic and social activities in the Arctic
are considered. The meteorological conditions and climate in these regions differ from those
in homogeneous flat areas. The weather forecasts are often less accurate in such regions. These
facts define the need for more accurate models for the energy and substance exchange between
the surface and the atmosphere and the vertical structure of the atmospheric boundary layer.
The more accurate description of these processes is the basis for further development of the
weather and climate models. Comparing the methods for observations and theoretical studies
at the end of the XX and the beginning of XXI century an overview of the specific
meteorological conditions in urban, coastal, and Arctic regions is made.
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MeTeopoJIOTHYHH YCJIOBHS U KJIMMAT B I'PaJCKHU, KpaiOpe:KkHU 1
APKTHYCCKH PAHOHH

Examepuna bvusaposa
Hncmumym 3a uzcnedsanus Ha Kiumama, ammocghepama u 6ooume npu
bwvacapcka akademus na nayxume

IloBeue oT mMoIOBHHATAa HACENCHHE HA HAIlaTa IJAHETa XXHMBee B IpajoBe. MHoOro
rpajoBe ca pa3loJIoKEHH B KpailOpe:kHH 30HH. Bce moBeue ce MHCIM M 3a IOBEYe
MKOHOMHYECKA U COI[MATHa aKTUBHOCT B ApKTHKA. METeOpONIOTHYHUTE YCIOBUS U KINMaTa
B M30pOEHHTE pallOHH Ce pa3NuyaBaT 3HAYUTEIHO OT TE3H HaJ PaBHA XOMOTCHHA OBBPXHOCT
1 4ECTO IIPOTHO3UTE Ha BPEMETO 3a TSIX ca I0-HeTOuHU. ToBa ompenens HyXaTa oT Bce I0-
TOYHH MOAeIM 3a oOMEHa Ha EHeprusi M BeHmIeCTBA MEXIYy 3EMHATa IOBBPXHOCT U
aTMoc(epara, KakTo ¥ 3a BEpTUKAIHHS CTPOEXK Ha aTMOC(epHHUs I'paHUueH ci1oil. VIMeHHo 1o-
TOYHOTO OIIMCAHKE Ha Te3H NPOLIECH € B OCHOBATA Ha yChBBPIIEHCTBAHETO HA KIMMAaTHUHUTE
MOJIETIM U TE3M 3a MPOTHO3a Ha BpeMeTo. Upe3 cpaBHEHHE MEXIy METOAUTE 33 HaOIIOAeHHE
U TEOPETHYHU H3cienBaHus B Kpas Ha XX u Hadanoro Ha XXI e HampaBeH mperjen Ha
crenu(UIHNTE METEOPOTIOTUIHH YCIIOBHS B IPAJCKH, KpaHOpe:KHU U apKTUIECKH PaiOHH.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Changes in the Precipitation Regime over the Balkan Peninsula in the
period 1901-2021

Elisaveta Peneva, Mirna Matov and Milen Tsekov
Sofia University St. Kliment Ohridski,
Department of Meteorology and Geophysics

The Balkan Peninsula is a geographical region under various large-scale climatic
influences, one of the most significant being the Mediterranean Sea in the southwest and the
continent in the northeast. The interannual variation of the border between the zones with
prevailing maritime or continental climate conditions is studied taking into account the month
with the highest precipitation during the year. We use the gridded data product TS _4.06 of the
Climatic Research Unit for monthly precipitation to identify the timing of the maximum
rainfall at different locations. The grid boxes with highest precipitation in the cold part of the
year (October to March) are considered to be under prevailing Mediterranean influences and,
on the contrary, the ones with the highest precipitation are in the warm part of the year (April
to September); these are climates with prevailing continental characteristics. In general, this
border separates the zones with Cs/Ds and Cw/Dw types of climates. Its spatial variability at
a decadal time-scale is discussed for the period from 1901-2021 and a general weakening of
the Mediterranean influence over the Balkan Peninsula is found. However, for the last three
decades, from 1991-2021, the tendency is the opposite. A periodicity of ~20 years in the
annual precipitation is identified, suggesting that during the decade of 2020-2030, the
Mediterranean influence in this region will dominate.
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IIpomMenu B pe:xxuMa Ha BajiexkuTe HaJ bBajakaHCKUA MOJIyoCTPOB 3a
nepuoxa 1901-2021

Enucasema Ilenesa, Mupna Mamoes u Munen Llexoe
Cocpuiicku ynusepcumem ,, Ce. Knumenm Oxpudcku “,
Kameopa ,, Memeoponoeus u eeogpusura

BankaHCKHAT MOJIyOCTPOB € reorpadcKu peruoH, NOJI0KEH Ha Pa3IMYHU MaIlaOHU
KIMMAaTHYHU BIUSHUSA, cpell KOUTO Hal-3HaunMmuTe ca Cpenu3eMHO MOpe Ha [orosamaj u
KOHTUHEHTHT EBpasus Ha ceBepoms3TOK. B Tasu paboTa e u3cieqBaHO MEXIYTOAUIIHOTO
HM3MEHEHHE Ha TpaHuIlaTa MEXAy 30HHTE C IpeoliagaBamiy MOPCKH WIM KOHTHHEHTAJIHU
KIMMaTHYHU YCJIOBUS, KaTO CE€ OTYHTa MECEIbT C Hai-MHOTO BaJeXu Ipe3 TOJHHATa.
WsnomsBan e mnponykr TS 4.06 nHa Cekuuara 3a KIMMaTHYHU H3CIEABaHHUS Ha
VuusepcutersT B KOkHa AHINIMS: JaHHUTE ca 3a MECEYHM BAJEXKH B IPAaBHIIHA Mpeka C
pasaenutenHa criocoOHocT 0.25 rpanyca. TOYKUTE ¢ HAi-MHOTO BaJIC)KH MPE3 CTyACHATA YacT
Ha roxuHaTa (OKTOMBPH JI0 MapT) C€ CUUTAT 3a MPpeodiiaiaBalliy CPEeIU3eMHOMOPCKHY BIHSAHUS,
a Te3W C Haif-BUCOKH BAJIC)KH B TOIUIATA YAaCT OT TOAMHATA (allpwil JO CETITEMBPH) ca KIIUMATH
¢ mpeoOnagaBall KOHTHHEHTAJIHH XapaKTepUCTUKU. KaTo 1o Tasu TpaHdna pasmens
3orHTE ¢ Cs/Ds u Cw/Dw tumnose ximmar. 3a nepuona 1901-2021 r. ce pasrinexxaa HeliHaTa
MPOCTPAHCTBEHA M3MEHYMBOCT U C€ YCTAHOBSBA O0OIIO OTCIa0BaHEe HA CPEIU3EMHOMOPCKOTO
BIMAHUE Haj bankanckus noxyoctpos. Ho 3a mocaennure tpu necerunerus, ot 1991-2021
r., TeHAeHIusATa e oOpaTHaTta. VmeHTndumupana e meprHomudHocT OoT ~ 20 TOAWHH B
TFOJMUIIHUTE BaJeXH, KOETo mpenmnojara, e mnpe3 pgeceruneruero 2020-2030 r.
CPEIM3eMHOMOPCKOTO BIMSHHIE B TO3U PETHOH M€ JOMHHHPA.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Climate variation and assessments of extreme weather events: heat
waves and torrential precipitation

Lilia Bocheva, Krastina Malcheva
National Institute of Meteorology and Hydrology

A number of studies in Europe, including our country, confirm the increasing trend in the
frequency and intensity of extreme weather events due to changing climate. Since the beginning
of the century, torrential rains, hailstorms, convective storms, heat waves, droughts and floods
have caused significant economic damage and sometimes human casualties every year. The
present study analyzes two of the most frequent and dangerous meteorological phenomena in our
country: torrential rains and heat waves. The climatic variations of these phenomena have been
evaluated over the period from 1961 to the present. The spatiotemporal characteristics, as well as
trends in the distribution of days with potentially dangerous precipitation (> 60 mm/24 h) and hot
days (with maximum temperatures above 32 °C), were examined. An increasing trend in the
frequency of hot periods has been established, and in some regions of the country, almost all cases
of prolonged heat have been registered after 1985. The phenomenon is characteristic of July and
August, but its relative frequency in June and September has increased in recent decades. As for
torrential rains, their frequency is highest in the Rhodopes and Strandzha, followed by the rest of
the mountainous regions and the most northeastern part of the country. In almost all of Bulgaria,
except the most southwestern part, there was a statistically significant increase in the number of
days with potentially dangerous precipitation during the period 1991-2020 compared to 1961-
1990, as in the Rhodopes and Strandzha, the increase was 32%.

Based on these analyses, climate assessments of the two most significant extreme events
in the last two years are presented - the flood in Tsarevo in September 2023 and the heat wave in
the summer of 2024, which, according to preliminary estimates, is the hottest summer since 1930.
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KauMaTuuHu BapHallMi U ON€HKHA HA €EKCTPEMHHU METCOPOJOTrUYHH
SIBJICHUSA: TOpelId BbJIHA U HOpOﬁHH BaJICKHN

Jlunust bouesa, Kpvcmuna Manuesa
Hayuonanen uncmumym no memeoponozaus u Xuopono2us

Penuria m3cnenanns B EBpona, BKIIIOYNTENHO M Y HAC, MOTBBPIKAABAT HapacTBAIaTa
TCH/ICHIIWS B YECTOTaTa M MHTEH3UTETa HA eKCTPEMHUTE METCOPOJIOTUIHH SIBJICHUS B yCIIOBHATA
Ha TpoMeHsI ce kauMaT. OT HaJaloTo Ha BeKa MPOJIMBHU BANIEXH, IPATyIIKH, KOHBEKTUBHU
OypH, TOpely BbIHH, CyIId 1 HABOJIHEHHS €KETOJHO MPHIMHABAT 3HAYUTETHU MKOHOMUYECKI
IIETH, a OHAKOTa U YOBEIIKU epTBU. B HacTosIeTO H3ceaBaHe € MPeACTaBeH aHAIN3 Ha JABE
OT Hal-4eCTHTE U ChC 3HAYUMH MOCIEINIIN OTTACHH METEOPOJIOTUYHU SBJICHHS B HalllaTa CTPaHa:
TIPOJTMBHY BaJIe)KU U ropeniy BIHKA. OeHeHH ca KIMMAaTHIHATE BapUalliy Ha Te3U SBIICHUS 3
nepuona ot 1961 r. no cera. Pasrienanu ca mpocTpaHCTBEHO-BPEMEBUTE XapaKTEPUCTHKU U
TEH/ICHIIMH B pa3Npe/IeieHNeTO Ha JTHUTE C MOTCHINAIHO OIacHU Baiexu (> 60 mm/24 h) u Ha
ropenure JHU (C MakcuMaiHu Temmeparypu Haj 32 °C). YcTaHOBEH € HapacTBall TPEH] B
YeCTOTaTa Ha FOpeIInTe MepPUOIH, KaTo B OT/EIHH PaifoHN Ha CTpaHAaTa IOYTH BCUYKH CITydad Ha
MPOIBDKUTENIHA TOPEUIMHE Ca perucTpupanu cien 1985 r. SIBneHmero e XapakTepHO 3a
MECeIHTe I0JIN U aBTyCT, HO OTHOCHTEIHATa My YeCTOTa IIpe3 IOHM M CENTEMBPHU HapacTBa Ipe3
nocieanuTe aecermeTus. 1o ce oTHacs 10 MPONMBHUTE BaJeXH, TO TAXHATA YECTOTA € HaM-
Bucoka B Pomomnre u CrpaHmka, cielBaHH OT OCTaHAIUTE IUIAHMHCKU PAifOHH M KpaiHUTe
CEBEPOM3TOYHH YacTH Ha crpaHata. [loutw B 1psima Beirapus, ¢ mskiroyeHHe Ha KpaidHUTE
I0r03aIalHy YacTH, € HAIMIE CTATUCTHYECKH 3HAUMMO HapacTBaHE Ha JHHUTE C MOTEHIHAIHO
oracHM Banexu mpe3 nepuoaa 1991-2020 r. B cpaBuenue ¢ 1961-1990 r., kato B Pogonure u
Crpanmka yBenumaeHueTo e 32%.

Ha 0a3ata Ha Te3u aHamM3M ca NpEJCTaBEeHH KIMMATUYHM OLECHKH U Ha JBETe Haii-
3HaYUMHU €KCTPEMHH SIBIICHHS Tpe3 IOCIeIHNTE BEe TOJUHH — HaBoAHEeHHeTo B LlapeBo mpe3
cenrreMBpu 2023 T. ¥ TopeniaTa BbIHa Ipe3 JIATOTo Ha 2024 T., KOETO MO MPeABAPUTEITHHA OLIEHKH
e Haii-roperoro JjisiTo ot 1930 r. Hacam.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Evaluation of Heat Wave Severity in South-East Europe through the
Excess Heat Factor

Krastina Malcheva, Hristo Chervenkov
National Institute of Meteorology and Hydrology

The analysis of extreme climate events, due to their significant socio-economic and
ecological impact, is a key aspect of present-day climate change research. According to the
World Meteorological Organization, more than 90% of deaths and more than 5% of economic
losses from natural disasters in Europe in the period 1970-2021 are related to the extreme heat
waves since the beginning of the 21st century. According to climate scenarios under moderate
and high greenhouse gas emissions, a significant increase in the frequency and severity of heat
waves is expected in the Mediterranean and Eastern European countries by the end of the
century.

The present study aims to analyze the spatiotemporal variation of extreme heat events
in Southeast Europe over the period 1961-2024 through the excess heat factor (EHF) using
daily air temperature data from the reanalysis of the European Center for Medium-Range
Forecasts ERAS Land. Although originally developed as an operational index to assess heat
waves in Australia, the EHF has been successfully used to study the frequency, intensity and
duration of heat waves on a regional and global scale. It is accepted as a more uncomplicated
but sufficiently effective tool for analyzing adverse temperature conditions than bioclimatic
thermal comfort indices.

In the more southern regions of Europe, sustained hot weather is a typical summer
phenomenon and rarely poses a significant risk to human health. The EHF analysis confirms
this, indicating that heat waves from 1961 to 2024 were mostly moderately severe. However,
in recent decades, there has been an increasing trend towards more prolonged and intense heat
waves. Changes in the characteristics and spatial distribution of heat waves reveal "hot spots"
in the region, mainly along the Aegean coast, the Aegean region of Turkey, and the central
part of the Balkan Peninsula.

The study provides strong evidence for the EHF's suitability as an indicator of
heatwave severity in studying the spatiotemporal evolution of extreme heat events in
Southeast Europe.
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OuneHka Ha TeKecTTa Ha ropemuTe BbJaHu B IOrouzrouna EBpona
ype3 ¢pakTOpa HA U3JIUIIHATA TONJUHA

Kpvemuna Manuesa, Xpucmo Yepsenkos
Hayuonanen uncmumym no memeoponozaus u Xuopono2us

AHanu3bT Ha EKCTPEeMHHUTE KJIMMATHYHH SBICHHS, MOPAagH TIXHOTO 3HAYUMO
COLIUAJIHO-UKOHOMHYECKO U €KOJIOTHYHO Bb3ACHCTBHE, € OCHOBEH aCIEeKT Ha ChBPEMEHHUTE
U3CIIe/[BaHUS BBPXY M3MEHEHHEeTO Ha knumara. Ilo qanHn Ha CBeTOBHATa METEOPOJOTUYHA
opranuzamusa Hajg 90% OT CMBPTHHTE clIydan U Haa 5% OT MKOHOMHUYECKHTE 3aryou oT
npupoanu OenctBus B EBpoma mpes mepuoma 1970-2021 r. ca cBbp3aHH ¢ €KCTPEMHHTE
TOpEIMHHU, PETUCTPUPAHU OT HauanoTo Ha 21-Bu Bek. Cropes KNIMMAaTHUHUTE CIIEHApHH TIPH
YMEpeHH M BHCOKH €MHCHH Ha NApHHKOBH Ta30Be CE€ OYaKBa 3HAYWTEIHO HapacTBaHE Ha
YyecToTaTa U TeKECTTa Ha ropeluTe BbIHU B cTpaHuTe oT CpeauseMHoMopueTo u M3rouna
EBpomna 1o xpas Ha Beka.

Hacrosimero uscieaBaHe uMa 3a L€l Jla aHalIM3Mpa IIPOCTPAHCTBEHO-BPEMEBUTE
BapHaliy Ha eKcTpeMHuTe ropemund B FOronsrouna Espomna B mepuoaa 1961-2024 r. upe3
(hakropa Ha m3numrHata TorwmHa (EHF), kaTo m3mon3Ba exxeJHEBHU JaHHU 3a TeMIIEpaTypara
Ha BB3JlyXa OT peaHain3a Ha EBpomelickus meHTsp 3a cpenHocpounu nporao3n ERAS Land.
Benpexn uwe e paspaboTeH KaTo OmMepaTHBEH MHICKC 3a OLEHKAa HA TOPEIIUTe BBIHH B
Agcrpanusa, EHF ce usnonssa ycnemHo 3a u3ciefBaHE Ha YeCTOTaTa, MHTEH3UBHOCTTA U
NPOJBDKUTEIHOCTTA Ha TOPELINTE BBIHU B PEerHOHAJICH M riiobalieH Mamad U ce onpeess
KaTo I0-ONPOCTEH, B CPAaBHEHUE C OMOKIMMAaTHYHATE WHIEKCH 3a TOIUIMHEH KOM(OpT, HO
JOCTaTbYHO e(eKTHBEH HMHCTPYMEHT 3a aHalIW3 Ha HEOJaronpusTHUTE TEMIepaTypHH
YCIIOBHSL.

B mno-toxxnute paiionn Ha EBpomna ycTOHYMBOTO 3aIbpKaHE Ha TOpEIIO BpeMe €
THIAYHO JIATHO SIBICHHE U PSIIKO NPECTaBIIsIBA 3HAUNTEIICH PUCK 3a YOBEIIKOTO 37pase. ToBa
ce MOTBBpKJaBa OT npeacraBeHus aHanu3 Ha EHF, kolito moka3Ba, ue ropemure BbIHU B
nepuoga 1961-2024 r. ca npeUMHO yMEPEHO TEXKH, HO IIPe3 MOCIETHUTE JECETUIIETHs ce
YCTaHOBSIBa HapacTBallla TeHICHIMS KbM HO-TIPOABIDKUTEIHN U MO-MHTEH3UBHU TOPELIMHH.
[IpomeHnTe B XapakTEpUCTUKUTE U MPOCTPAHCTBEHOTO paslpe/ielieHHe Ha TOpeIUTe BbJIHH
pa3KpuBar ,,LOPEIIH TOUKH " B pErHOHa, r1aBHO 10 EreiickoTo kpaiibpexue, Ereiickus pernon
B Typuus u eHTpajiHaTa yacT Ha bajlkaHCKus MOIyOoCTpOB.

[IpoyuBaneTo mpenocTaBs yOeAUTEIHN JOKa3aTeNCcTBa 3a mpuroguocrra Ha EHF kato
WHJIIKATOp Ha TeXECTTa Ha TOPEIINTe BBIHYU 32 M3CIeJBaHe Ha MPOCTPAHCTBEHO-BpEeMeBaTa
€BOJTIOINS Ha eKCTpeMHHTe ropemunu B FOronsrouna Esporma.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Generalized Additive Quantile Regression Models of Daily Minimum
and Maximum Temperatures of Bulgaria Conditional on Atmospheric
Circulation

Neyko Neykov, Anastasia Stoycheva, Nadya Neykova
National Institute of Meteorology and Hydrology

Trend analysis of climatic variables plays a critical role in many climate change impact
studies. Typically, trends are modeled using time series regression of the mean (expectation)
of the climatic variables. However, changes may occur not only in the mean but also within
higher or lower quantiles of the distribution. To address this drawback, the quantile regression
[1] models combined with time series methods is used to examine changes in daily minimum
(Tmin) and maximum (Tmax) temperatures. These temperatures are linked to historical data
by quantile autoregressive models conditional on precipitation occurrence and atmospheric
circulation derivatives using different prespecified quantiles. To account possible
nonlinearities between the temperature predictand and predictors the generalized additive
regression methodology is adapted for fitting time series data to different quantile models.

The data available for the study are daily Tmin, Tmax and precipitation totals at Kneja
and Sadovo stations, the North Atlantic Oscillation (NAO) and Arctic Oscillation (AO)
anomalies records for the period 1960-2000. The widely used atmospheric derivatives of
NCEP-NCAR Reanalysis data within a window closely surrounding Bulgaria (from 20° W -
30°E, 40° N - 45° N latitude-longitude grid) taken at 15 grid points from the above period [2]
such as sea level pressure, specific humidity at 2m, wind component at 10m, precipitation rate
and precipitable water, geopotential height at standard levels from 200-1000 (hgt.200 -
hgt.1000) hPa (pressure levels), air temperature, relative and specific humidity at standard
levels, and wind components at the same pressure levels are also included in the study.

A comparison between models based on quantile and standard multiple regression
models is performed using standard tests of statistical significance. The results offer a more
comprehensive understanding of temperature trends by capturing variability across the entire
distribution, particularly in extreme quantiles.

References
[1] R. Koenker, Quantile regression, Cambridge University Press, London (2005).
[2] N. M. Neykov, P.N. Neytchev Development of stochastic daily weather generator
conditional on atmospheric circulation, part 2: Daily minimal and maximal temperature
models. Bulg. J. Phys. vol. 44(2), pp. 35-50 (2017).
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KBaHTH/IHN aANTHBHH MOJAEJH HA JHEBHATA MUHUMAJIHA U
MaKcHMaJHa TeMnepatypa B Briarapus ¢ atMmocdepHaTa nupkyJanus

Heitixo Hetixos, Anacmacus Cmoiiuesa, Haos Hetixosa
Hayuonanen Uncmumym no Memeoponoeus u Xoponoeus

OmnpenenstHeTo Ha MIPOMEHHUTE B KIMMAaTUYHHUTE BEIMYMHY Urpae pelnraBama posisi B
MHOT'O U3CJICABAaHHUS, CBbP3aHH C H3MEHEHHETO Ha KIMMaTa. 3a OLCHKa Ha 3HAUYMMOCTTa Ha
M3MCHEHHMSATA Ha KIMMATHYHHUTE BEIMYMHY CE M3II0JI3Ba MOJIE] HAa MHOKECTBEHA perpecus Ha
OYaKBaHEeTO (CpeAHaTa CTOMHOCT) Ha pasmpezesieHHeTo. [[poMeHH Morar aa HacTBIST BbB
BHCOKHUTE WJIM B HUCKUTE KBaHTHJIM HAa Pa3NpeeICHUETO Ha KIMMAaTHYHUTE BETMYMHHM, HO Ja
He ce HaOIoaaBaT B MOZAENNTE HA OYaKBaHETO. 3a a ObJie IPEOJOIISIH TO3H HEOCTAaThK, 3a
n3clieBaHe Ha mpoMeHHTe B nHeBHHTe MuHUManHH (Tmin) m makcumanuu (Tmax)
TEeMIIepaTypy € U3MOoJI3BaHa METOJIONIOTHATA Ha KBaHTHIIHATa perpecus [1], komOuHMpaHa ¢
METOJHTE Ha BpeMEBHTE peioBe. KBaHTHIIHN aBTOPETPECHOHHY MOJISIN Ha TE3H TEMIIepaTypH
ca ONPE/CIICHH 110 APXUBHU JAHHHU C JOIIBIHUTEIIHO BKJIOUSHH IIPEAUKTOPH B MOJICIIUTE KATO
HosiBaTa Ha BAJIGKM W NPOM3BOJHM Ha atMoc(epHaTa LMPKYJIALMs, NPU IPEABAPUTEIHO
n30paHy KBAaHTWIM Ha pasmpeaeneHuero. Meroponorusta Ha o0oOmieHaTa agUTHBHA
KBaHTHJIHA PErpecHs € aJanTHpaHa 3a OLCHSABaHE Ha MOJEJIUTE MO JAHHHTE, 3a Ja ObIar
OTYETEHU BB3MOXKHUTE HEIMHEWHOCTH MEXIy IpeIuKTaHTa M Ipeaunkropute. JlaHHHTE,
KOWTO Ca BKJIIOYEHH B M3CJIEABAHETO, Ca JHEBHUTE CTOWHOCTH Ha Tmin, Tmax u AHEBHHTE
CyMH Ha Bajiexute B craHiunTe Kuexxa u CanoBo, aHomanunte Ha CeBepHOATIaHTHYECKaTa
(NAO) n Apkruueckara ocumtanus (AO) 3a nmepuona 1960-2000 r. IlInpoko n3non3BaHuTe
atmocdeprn npomsBogHu oT NCEP-NCAR peananu3 naHHHTE B paMKHTE Ha IPO30peEL,
BKITIIOUBaN] TepuTopuata Ha bearapus ot 20° W - 30° E, 40° N - 45° N reorpadcka mupuHa 1
I'BJDKHAHA, B3ETH B 15 TOUKM Ha MpekaTa OT TOpenocoueHus nepuo [2], KaTo HaylsiraHe Ha
MOPCKOTO paBHUIIE, CIeNU(PUIHA BIAKXHOCT Ha 2 m, KOMIIOHEHTa Ha BATHpa Ha 10 m,
KOJIMYECTBO Ha BAJEKUTE U BaJIS)KHA BOJIA, TEONOTEHIIMAIHA BUCOUMHA Ha CTaHAAapPTHU HHUBA
ot 200-1000 (hgt.200 - hgt.1000) hPa (HrBa Ha reomoOTEHIMAN), TEMIIEPATypa Ha Bb3AyXa,
OTHOCHTEJIHA U crielu(UYHa BIAXHOCT HAa CTaHAApTHH HHBAa U KOMIIOHEHTH Ha BATHPa Ha
CBIIMTE HMBA HAa TEONOTEHIMAN, CBIIO Ca BKIIOYEHU B M3cieaBaHeTo. CpaBHEHHETO MEXTy
MO/IEJTUTE, OCHOBAaHH Ha MOJICJIH Ha KBAaHTHJIHATA M CTaHIapTHATA MHOXKECTBEHA PErpecus e
U3BBPIICHO C MOMOIITA Ha CTAaHJAPTHH TECTOBE 3a CTATHCTHYECKA 3HAUYMMOCT. PesynraTute
mpejuiaraT 3aaIbI0049eHo pa3dupane 3a TpeHaoBeTe B Tmin u Tmax, karo oOXBamar memus
CIIEKTBP OT JIAaHHH Ha TEXHUTE Pas3NpeIeNeHHs.

Jlutepatypa

[1] R. Koenker, Quantile regression, Cambridge University Press, London (2005).
[2] N.M. Neykov, P.N. Neytchev Development of stochastic daily weather generator
conditional on atmospheric circulation, part 2: Daily minimal and maximal temperature
models. Bulg. J. Phys. vol. 44(2), pp. 35-50 (2017).
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Weather Forecasting at NIMH — Current State and Challenges

Anastasiya Stoycheva, Boryana Markova, Krasimir Stoev
National Institute of Meteorology and Hydrology (NIMH)

Weather forecasting at national meteorological services plays an important role among
activities provided for the government, society and the individuals. Weather forecasting at
NIMH is an operational activity based on scientifically based methodology, in which computer
technology is gradually implemented. Recognized as important and useful by both institutions
and people, forecasting in meteorological services carries responsibilities and challenges
scientists and experts.

In the last methods of forecasting at NIMH, new challenges appear, which will be
demonstrated with an analysis of the synoptic situation in Bulgaria in the second half of
August. In addition, the challenges resulting from the extreme weather events and its
forecasting in the context of changing climate will be discussed. The evolution of a cyclone
from the Central Mediterranean to the Balkan Peninsula for 18-21.08.2024 period leads to a
change in circulation features and brings the first precipitation in Western and Central Bulgaria
after a long hot and dry period. Significant amounts (operational data) were reported on 20.08
in Belitsa (45.6 mm) and Polena (40.9 mm), on 21.08 - in Razlog (40.7 mm), Shiroka Laka
(39.7 mm), Barutin (31.2 mm). The temperatures in Western and Central Bulgaria decrease
and their daily values remain below 30 °C, while in the east part of Bulgaria the heat persists
and the maximum temperatures are around and above 35 °C. Mild cooling and precipitation
are the first signal of the approaching autumn. A blocked cyclone over Eastern Bulgaria and
the Western Black Sea area brings significant precipitation to the Bulgarian Black Sea coast
at the end of August. NIMH issues a warning of the highest degree (red code) according to the
European MeteoAlarm system [1] for expected significant precipitation in south part of the
coast.

References
[1] MeteoAlarm, EUMETNET, https://www.meteoalarm.org/en/live/
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IIporno3ara 3a Bpemeto B HUMX — cbBpeMeHHO CHCTOSIHUE H
npeau3BUKATEJCTBA

Anacmacus Cmouuesa, bopsina Mapxosa, Kpacumup Cmoeg
Hayuonanen uncmumym no memeoponoeust u xuoponozus (HUMX)

IIporuo3ara 3a BpeMeTO B HAIIMOHAIHHTE METEOPOJIOTHYHH CIyXKOHM 3aeMa Ba)KHO
MACTO cpell JeHHOCTUTE, MPEJOCTaBIHU B yCiIyra Ha obOmiectBoTo W xopara. B HUMX
MPOTHO3MPAHETO Ha BPEMETO € ONepaTHBHA JEHHOCT, MOYMBAIlAa Ha HAayYHO-0OOCHOBAaHA
METOJMKA, KOATO C pPa3BUTHETO Ha KOMIIOThPHAaTa TEXHHMKA, OaBHO, HO CHUTYpHO ce
emannumnupa. [lpunosHaBaHa 3a BaxkKHa U MOJIE3HA, KAKTO OT JbP>KaBHUTE WHCTUTYLIHH, TaKa
U OT OOMKHOBCHHUS YOBEK, IIPOTHOCTHYHATA paboTara B METEOPOJOTHUHHTE CITyKOM HOCH
OTrOBOPHOCTH ¥ IPE/ICTABISIBA IIPEIU3BUKATEIICTBO 32 YUCHHUTE U EKCIICPTHTE.

B ceBpemennus npouec Ha mnporHosupaHe B HHMMX Bb3HuKBaT peguna
NpEeN3BUKATEIICTBA, KOMTO INe OBJaT JAEMOHCTPHUPAHH C NOMOINTa Ha aHalu3 Ha
CHHOINITHYHATa 00cTaHOBKA B bharapus npes BTopara MojgoBHHA OT aBrycT. B nomenHeHue me
ObHaT IUCKYyTUPAaHH M TPEAU3BUKATEICTBATA, PE3yNTaT OT EKCTPEMHHUTE IPOSIBH Ha
aTMoc(epHHUTE NTPOLECH B KOHTEKCTa Ha MIPOMEHSIIHA ce KIuMaT. EBomoIusaTa Ha IUKIIOH C
npemecTBaHeTo My oT LleHTpamHoro CpeamseMHOMOpHE KbM balkaHCKUS IOIyOCTPOB B
nepuona 18-21 aBrycr 2024 r. Boau 10 poMsiHA Ha IIUPKYJIAIIMOHHUTE 0COOCHOCTH B palioHa
W JIOHacs IbPBUTE BAJIESKM CJIeI INPOABIDKUTENIEH Topel] M CyX Iepuox B 3amajHa |
LlenTpanna Bbarapus. 3HaYMTENTHM KOJWYECTBA IO ONEPATUBHM JAHHU Ca OTYETCHU Ha
20.08.2024 r. B benuua 45.6 mm u Ilonena, binaroesrpaacko 40.9 mm, Ha 21.08 - B Pa3nor
40.7 mm, upoka mpka 39.7 mm, bapyrur 31.2 mm. Temmeparypute B 3amagHa u
Henrtpanna bearapus ce moHmkaBaT U JHEBHUTE UM CTOWHOCTH octaBat mox 30 °C, mokxaro
Ha M3TOK TOPEIIUHATE Ce 3aAbpKaT U MaKCHMAIHUTE TeMIIepaTypH ca okosio u Hayg 35 °C.
ToBa e u mpenroauATa KbM CHIIECTBEHA IPOMSHA Ha BPEMETO B caMHA Kpaii Ha aBryct 2024
r., Korato OJlokupaH UMKIOH Haja V3touna Benrapus n 3anagnara YepHoMopcka akBaTopHs
JIOHAcsl 3HAUUTEIHU BaJieXku 1o Obirapckoro YepHomopue. OnepaTHBHOTO IPOrHOCTHYHO
3seH0 B HUMX wu3naBa mpenympexaeHHe OT Hal-BUCOKa CTeNeH (YepBeH KOJ) IO
EBpomneiickara cuctema MeteoAlarm [1] 3a ouakBaHM 3HAYMTENHH BaJe)XXU B Hal-IOKHHUTE
paifoHH OT KpaitOpeKueTo.

Jlutepatypa
[1] MeteoAlarm, EUMETNET, https://www.meteoalarm.org/en/live/
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Projected Future Warming over Southeast Europe in the UNFCC
Paris Agreement Context

Hristo Chervenkov, Kiril Slavov
National Institute of Meteorology and Hydrology

Nowadays there is a strong degree of agreement that the ongoing and projected future
climate change is the defining challenge of our time. Rising temperatures pose significant risks to
the ecosystem, biodiversity, and human health and well-being. In December 2015, the Paris
Agreement was approved by nearly 200 countries at the United Nations Framework Convention
on Climate Change (UNFCC) 21st Conference of the Parties (COP 21). The Agreement’s central
aim is to strengthen the global response to the threat of climate change by keeping a global
temperature rise this century well below 2°C above pre-industrial levels and to pursue efforts to
limit the temperature increase even further to 1.5°C. At the same time, the IPCC has accepted an
invitation to prepare a special report on the 1.5°C target in 2018.

Previous studies regarding the 1.5°C and 2°C global warming levels have evidenced that
land areas warm substantially faster than the oceans. The eastern Mediterranean region, which
includes Southeast Europe (SEE), is also proving to be a *hotspot’ of climate change.

Utilizing the observation-based dataset HadCRUT and the SSP scenario-driven
simulations for the projected future climate from CMIP6 NEX-GDDP, the study evaluates the
period when the regional warming threshold, +2°C, was crossed and, second, the field
distributions of the essential climate variables air temperature and precipitation sum as well as
their long-term changes regarding the reference period.

The study reveals spatially dominating warming, indicating minor scenario dependence
in near-term projections, while the precipitation projections, both in magnitude and distribution,
are more complex.
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IIpoexTHO 0Baemo 3aToMsiHe HaA FOrousrtouna EBpona B KOHTeKCTa
Ha [Tapu:kkoro cnopasymenune Ha UNFCC

Xpucmo Yepsenxos, Kupun Cnagos
Hayuonanen uncmumym no memeoponozus u Xuopoaozus

INonacrosimieM ChIECTBYBa ToisiMa CTENEH Ha CBIVIACHE, Y€ IPOABDKABAIIOTO U
MPOEKTHOTO OBJEIIO M3MEHEHHE Ha KIMMaTa € ONPEAEIIIIOTO MPeI3BUKATENCTBO HAa HAIIETO
BpeMe. IloBuimaBammuTe ce TeMIepaTypH Ch3laBaT 3HAUUTEIIHH PUCKOBE 3a €KOCHCTEMHTE,
Onopa3Ho00pa3NeTo U 3APaBETO HA XOpaTa, KakTo U OnarocbeTostaueTo uM. [Ipes nexkemspu 2015
r. [TapmkkoTo ciopazymenue 6eiiie ogoopeHo ot 6mu3o 200 pppxasu Ha 2 1-Bata Kondepenrms
Ha ctpanute (COP 21) na PamxoBata konBeHnus Ha OOH mo m3menenne Ha kimumata (UNFCC).
OcHOBHara IeJ Ha cropasyMeHHero Oe ma ce 3acmid Ijo0aiHaTa ChIPUYACTHOCT KBM
OIIACHOCTTAa OT W3MEHEHHETO Ha KIMMaTa, KaTo ce MOAIbprKa ITOBHUIIABAHETO Ha Iio0aiHaTa
TeMIlepaTypa npe3 To3W Bek 3HauuTenHo nox 2°C HaJ HMBaTa OT MpEeNUHIyCTpUaTHaTa eroxa,
MOJTaTaiiky yCUIHS 3a OrpaHnYaBaHe Ha ToBa mosuierue nopu nox 1,5°C. B cemoro Bpeme IPCC
MpUe TIOKaHaTa Jla U3TOTBH CIICIHANICH I0KIa ] OTHOCHO Tipara oT 1,5°C mpe3 2018 1.

[penuman mpoy4BaHusl OTHOCHO HMBaTa Ha riobamHo 3arorusiHe ot 1,5°C m 2°C
JIOKa3BaT, 4e CyIaTa ce 3aTOIUI 3HAUMTENHO MOo-0bp30 OT okeaHHTe. PernonsT Ha M3TOUHOTO
CpenuzemHOMOpHE, KoiiTo BKirouBa IOromsrouna EBpomna (FOUE), cwimo ce okas3ea ,,ropemia
TOYKa" Ha H3MEHCHUETO Ha KJIMMaTa.

W3nomsBaiikn 6a3upanust Ha HaOmonenus: Haoop ot maHHm HadCRUT u cumymarmm,
ocHoBanu Ha SSP crienapuu 3a npoextaus 6pae kimmmMar ot CMIP6 NEX-GDDP, npoyuBaneto
OLICHsIBA TIEPUOA, KOTaTO IparbT Ha PETMOHANHOTO 3aToIuiiHe, +2°C, e mpeMHuHaT U, BTOPO,
pasmpeneneHusTa Ha II0JIeT0 Ha OCHOBHUTE KIMMATHYHU IIPOMEHIINBY TEMIIEpaTypa Ha Bb3IyXa
U CyMa Ha BAJIKHUTE, KAKTO U TEXHUTE ABITOCPOYHN H3MEHEHHS 110 OTHOIICHHE Ha pe)epeHTHHS
HEePUOS.

ITpoyuBaHeTO pa3kpHuBa MPOCTPAHCTBEHO JOMHHHPAILO 3aTOILISIHE, KOSTO IIOKa3Ba Majka
3aBHCHMOCT OT CLIEHAapHsl B KPAaTKOCPOYHHUTE CUMYJIAIINH, IOKAaTO H3MEHEHHUSTa HA KOJIMYECTBOTO
BaJIeK, KAaKTO II0 TOJIEMUHA, TaKa ¥ 110 pasnpeielieHHe, ca MO-CII0KHH.
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Desert Dust Forecasts for Bulgaria and Methodology for Assessing Its
Impact on Ambient Air

Anastasiya Stoycheva, Hristina Kirova, Emilia Georgieva, Viktoriya Kleshtanova, Rozeta
Neykova, Iliyan Gospodinov, Andrey Kulishev
National Institute of Meteorology and Hydrology
The World Meteorological Organization defines sand and dust storms as a natural
hazard and encourages research and forecasting on both a global and regional scale. In recent
years, the National Institute of Meteorology and Hydrology (NIMH) has initiated issuing
operational forecasts for the transport of desert dust over the country, as well as the
development and application of a methodology for assessing the contribution of desert dust to
the observed concentrations of fine particulate matter (PMio). We outline the types of
operational forecasts of NIMH: a) based on expert synoptic analysis for the transport of air
masses containing aerosols of desert origin; b) forecasts by chemical transport models, within
the framework of the Copernicus Atmosphere Monitoring Service (CAMS) [1], accessible
from [2]. The days with forecasted dust transport over Bulgaria (divided into four regions) are
summarized on monthly and yearly basis in the corresponding hydrometeorological bulletins,
issued by NIMH [3]. For example, in April 2024, the total number of days with circulation
leading to the transport of desert dust from the Sahara over Bulgaria is 16. In 2023, the total
number of days with circulation leading to the transport of desert dust over Bulgaria or parts
of it is 143.
We present further the main elements of the methodology for assessment of
exceedances of the daily limit value for PM 1o concentrations (DLV=50 pg/m?) attributable to
desert dust. The methodology, developed upon request by the Executive Environment Agency
(EXEA) of the Ministry of Environment and Water [4], is used for reporting to European
institutions. Results from the application of the methodology for 2023 show that 121
exceedances of PM1o DLV, observed at 37 stations, were attributable to desert dust influence.
References

[1] CAMS - The Copernicus
https://atmosphere.copernicus.cu

[2] Air quality and desert dust forecasts using CAMS models, https://airquality.meteo.bg/

[3] Annual and monthly bulletins of NIMH, https://bulletins.cfd.meteo.bg/

[4] Methodology for assessing exceedances of PM 1o limit values attributable to natural sources
— desert dust,
http://eea.government.bg/bg/legislation/air/Metodika pustinen prahl.pdf

Atmosphere Monitoring Service,
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IIycTrHeH npax — NPOrHoO3M 32 CTPAHATA U METOJHKA 32 OLIEHKA HA
BJHSHHETO MY BbPXy aTMOchepHUs Bb3AYyX

Anacmacus Cmotuivesa, Xpucmuna Kuposa, Emunus I'eopeuesa, Bukmopus Knewanosa,
Posema Hetixosa, HUnuarn I'ocnoounos, Anopeii Kynuwies
Hayuonanen uncmumym no memeoponoaus u Xuopono2us
CBeTOBHaTa METEOPOJIOTHYHA OPTaHW3alMsl ONpEeAeNs ISICHYHHUTE M HpaIlHH OypH
KaTo TPUPOAHA OMACHOCT U CTUMYJIHpA U3CIEIBAHHUATA U IPOTHO3UPAHETO UM B TII00aeH U
peruoHaneH acmekT. IIpe3 mocnenHHTe HAKOIKO TOAWMHM B HamuoHanHHA HHCTUTYT 1O
Mmeteoposiorust u xuzaponorus (HUMX) 3amounaxa QeHOCTH MO M3JaBaHE Ha OINEPAaTHBHU
MPOTHO3M 3a NMPEHOCca Ha IIyCTUHEH MPaxX HaJ CTpaHaTa, KaKTO U MO U3TOTBSHE U IIpUIaraHe
Ha METOJIMKa 3a OIIeHKa Ha IPHHOCA Ha IyCTHHHMS IIPaxX KbM HaOII0gaBaHUTE KOHIICHTPauN
Ha ¢uHU npaxoBu yactui| (PI1Y0).
B noxiana ce nmpencraBsT BUIOBeTe onepaTuBHH nporHo3n Ha HUMX: a) 6azupanu
Ha eKCIIePTeH CHHONTHYCH aHAJIN3 3a PEHOCa Ha BB3IyIIHN MacH, ChIbPIKAIH aepO30JIU OT
IYCTHHEH NMPOHU3X0/[; 0) MPOTHO3H OT YHCICHH MOJEINH 3a aTMOC(epHa TUHAMHUKA 1 XUMHS, B
paMKHTe Ha yciayrara 3a MOHHUTOpUHT Ha atMocdepara (CAMS) na nporpamara Komepauk
[1], mocTeoHE oT [2]. Yka3zanu ca mzmanmara Ha HUMX, kpaeTo meproanuTe ¢ MPEeHOC Ha
MYCTMHEH INpax HajJ CTpaHaTa (pas[eleHa B YEeTHPH PErHOHA) ca CHUCTEeMaTH3MPaHH Ha
MeceyHa W rojumHa 6aza [3]. Hampumep mpes ampun 2024 1. oOmust Opoll THU C
LUPKyJalys, BoJeIla 10 IPeHoC Ha ImycTuHeH mpax oT Caxapa Hax bwarapus, e 16. Ilpes
2023 r. o0O1mMAT Opoii THH ¢ MUPKYIIAIs, BOJCIa 10 MPSHOC Ha MMyCTUHEH npax Hajx brirapus
WM HaJ JacT OT Hesd, ¢ 143.
IIpencraBeHa e HaAKPaTKO METOAMKATa, pa3paboTeHa 3a menuTe Ha M3mbaHuTenHaTa
areHiust no okonHa cpena (MAOC) ma MOCB [4], KosTO ce W3MoN3Ba 3a ONMpeesIHe Ha
MPEBHIIECHUsTa HA CPEJHO-ICHOHOIIHN KOHIEHTpanuyu Ha ¢uHU npaxosBu dactuim (CIH
®IMYyp = 50 pgm’>), ABDKAM Ce Ha BIWSAHWE HAa IyCTHHEH aepo3on. Pesymratm ot
mpuiaraHero Ha Mertoaukara 3a 2023 r. mokasBar, 4ye 121 mnpeBumenus Ha CJIH,
HabmoxaBany B 37 cranuun Ha MAOC, ce nbmKar Ha IPEHOC Ha ITyCTHHEH Hpax.
Jlutepatypa

[1] CAMS - The Copernicus
https://atmosphere.copernicus.eu

[2] IporHo3u 3a kayecTBO Ha aTMOC(EpHHS BB3AYX H IyCTHHEH Mpax C U3IMOJI3BaHE Ha
moznemn oT CAMS  https://airquality.meteo.bg/

[3] Fopumran u meceunn Oronetrran Ha HUMX, https://bulletins.cfd.meteo.bg/

[4] Mertonmuka 3a ompenensHe Ha MPEBUIICHUATA HA TPEIEITHO JOMYCTUMHTE CTOMHOCTH Ha
OI1410, KOUTO Ce ABIKAT HA EMUCUH OT MPUPOJHH U3TOUYHHIN — ITyCTHHEH Ipax,
http://eea.government.bg/bg/legislation/air/Metodika_pustinen_prahl.pdf

Atmosphere Monitoring Service,
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Study of the BC and some significant polycyclic aromatic
hydrocarbons in the PM2.5 in an urban environment

Elena Hristova', Lenia Gonsalvesh?, Blagorodka Velewa', Stela Naydenova?, Nady Neykova',
Anife Veli?, Zilia Mustafa?, Emilia Yordanova', Rozeta Neykova!, Emilia Georgieva', Anton
Petrov!

INational Institute of Meteorology and Hydrology, Sofia
2University ,, Prof. Dr Asen Zlatarov - Burgas “

Urban air pollution is the 10th most important risk factor for human health in medium-
and highly-developed countries according to the World Health Organization (WHO, 2019). One
of the most significant air pollutants is fine particulate matter (PM). The harmful effect of PM on
human health mainly depends on their size (total dust, PM10, PM2.5, PM1), concentration and
chemical composition. PM easily enters the respiratory tract, where it causes a range of
inflammations and diseases of the respiratory and cardiovascular systems. Research on the
chemical composition of PM in urban environments has been extensively developed in global
practice over the last decade, mainly related to the study of health effects, the identification of
potential sources and the development of measures to reduce their concentrations. In Bulgaria,
studies of the chemical composition of PM are extremely relevant, as so far such studies have been
carried out only for the city of Sofia and do not cover a significant class of pollutants: carbon and
carbon-containing compounds.

In the framework of the CARBOAEROSOL project, the concentrations of Black carbon
(BC) and polycyclic aromatic hydrocarbons (PAHs) in PM2.5 were investigated for the first time
in Bulgaria. They are emitted during incomplete combustion of organic substances (traffic,
domestic heating, industrial processes, forest fires). BC is a pollutant that affects not only human
health but also the climate. PAHs are a very important class of organic compounds and, despite
their low concentration, pose a serious problem for human health.

The present work focuses on the study of concentrations of PM2.5, BC and PAHs in two
Bulgarian cities: Sofia and Burgas. This study is based on parallel experimental campaigns in
NIMH and Prof. Dr. Asen Zlatarov University conducted in different seasons in the period 2020-
2023. The correlation between PM2.5, BC,and PAHs concentrations and selected meteorological
parameters were obtained. Source identification of BC and PAHs in both cities was also
performed.
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H3cienBaHe cbAbp:KAaHMETO HA BBIJIEPO] U HAKOU 3HAYMMHU
BbIriaeBogopoau BbB ®IIY2.5 B rpajacka cpeaa

Enena Xpucmosa', Jlens I'oncansew?, Bnazopooka Benesa!, Cmena Haiidenosa’, Haos
Heiixosa’, Anugpe Benu?, 3uns Mycmaga?, Emunus Hopoanosa’, Posema Heiixosa’, Emunus
Teopeuesa’, Anmon Ilempoe!

!Hayuonanen uncmumym no memeoponoaus u xuoponoaus, Cogus
2Ynusepcumem ,, llpogh. 0-p Acen 3namapoé - Bypeac“

3ambpcsaBaHeTO Ha atMocdepata B TPaAcKH ycioBus € 10-T MO 3HAYMMOCT PHUCKOB
(haxkTop 3a YOBEUIKOTO 37]paBE B CPENHO- U BHCOKO-Pa3BUTHTE CTpaHU cropen CBeTOBHaTa
3apasua opranmsanust (WHO, 2019). Equu ot Hali-3HaYMMUTE 3aMBPCUTENN Ha aTMOC(EpHHUS
BB3IyX ca ¢uHuTe npaxoBu yactumu (PITY). Bpemanar edexr ma OITY BBpXy 3xpaBeTo Ha
YOBEKa 3aBUCH IJIABHO OT TEXHUs pa3Mmep (o6my npax, GITH10, ITY2.5, GITY1), koHIeHTpaus
n xuMudecku cberaB. OITY secHo nomasar B ANXaTeIHUTE ITBTHINA, KBASTO MPHYMHSIBAT PEANIA
BB3IAJICHNS U 3200 IBaHMS HA JUXaTelIHaTa U ChPJICYHO-ChI0BaTa cucTeMa. V3cieaBanusiTa Ha
xumuaeckust cbetaB Ha OITY B rpazcka cpena ca IIMPOKO Pa3BHBAaHU B CBETOBHATA MPAKTHKA
Ipe3 MOCIEIHOTO AECEeTUIETHE KaTo ca CBBP3aHM OCHOBHO C M3ydaBaHE Ha €(EKTHUTE BBPXY
37paBeTo, C HACHTH(UIPAHE Ha HOTEHIMATHN H3TOYHUIIN U Ch3/laBaHe Ha MEPKH 33 HaMaJIsIBaHe
Ha KOHLEHTpauuutre uM. B bbiarapus uscnenBanusTa Ha XuMmMuuHHMA cbeTaB Ha PDIIY ca
M3KITFOYMTETHO aKTyalHH, Thil KaTo JI0 MOMEHTa TakuBa ca mpaBeHu camo 3a rp. Copus u He
00XBaILaT eIMH 3HAYUTEIICH KJIac 3aMBbPCUTEIIH: BBITIEPO]] M BBIJIEPOJI ChABPIKAIIN ChEANHEHHSL.

B pamkure Ha npoext ,,CARBOAEROSOL* 3a nbpBu 06T B bbirapus ca uscinegsanu
koHIeHTpanuute Ha Black carbon (BC), wnu Taka HapeueHH ,,CXIU“ W TOJUIUKIAYHH
apoMatHu BbriieBogopoau (PAHs) BeB ®ITH2.5. Te ce oTAEnAT npu HEMBIHOTO U3TapsHE Ha
OpTaHWYHH BelecTBa (Tpaduk, ONTOBO OTOIIEHHE, TPOMUIILICHH MPOLIECH, TOPCKH moxkaph). BC
€ 3aMBPCHTEI, KOMTO OCBEH BBPXY YOBEIIKOTO 3/ipaBe Biwsie 1 Ha kumMara. PAHs, ca equa MHOTO
BaKEH KJIAC OPTaHWYHH CHEIWHEHHS W BBIIPEKW HUCKATa CH KOHIIEHTPAIHS, MPECTaBISBAT
CEepHO3€eH MPOOIIEM 3a 3/IpaBeTO Ha YOBEKa.

Hacrosiimara pa6ota ce ¢okycupa BbpXy H3clie[BaHe Ha KoHIeHTpanunuTe Ha OITY2.5,
BC u PAHs B aBa 0nirapcku rpaaa: Codus u Byprac. Tosa uscnensane ce 6a3upa Ha MapajieHu
excriepuMenTaiany kamnanuu B HUMX u Yausepcurer ,,IIpod. 1-p Acen 3naTapos npoBeneHN
B pa3n4HU ce30HH B iepuoa 2020 -2023r. [TomydyeHn ca KOpeTalOHHUTE 3aBUCHMOCTH MEKITY
koHueHTpanunte Ha GI1Y2.5, BC u PAHs u n3dpanu MeTeoponornyay napamerpu. Hampasen e
OTIUT 3a ompeielisiHe Ha rpynuTe u3tounniy Ha BC u PAHs B nBara rpana.
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Precipitation Chemistry at the Southern Bulgarian Black Sea coast -
some results for the period 2011-2020

Lora Valcheva, Hristina Kirova, Emilia Georgieva, Elena Hristova
National Institute of Meteorology and Hydrology

Pollutant deposition is a complex and interrelated process involving pollutant
emissions, chemical transformation and uptake, and subsequent impacts on the land surface.
The chemical composition of precipitation has a significant effect on environmental systems,
including soils, surface waters, coastal zones, and various ecosystems. It also has an impact
on the condition of vegetation, infrastructure and heritage sites. The long-range transport of
pollutants is of global significance. The aim of this study is to present the variations in the
physico-chemical composition of precipitation along the southern Bulgarian Black Sea coast.

This study summarizes the results obtained from the entire NIMH precipitation
chemistry network from 2011 to 2020, and the variation of the concentrations of basic
acidifying and alkalizing ions (SO4-, NO3-, Cl-, NH4+),and macro and microelements (Na,
K, Mg, Ca, Fe, Si, Zn, Cu) it precipitation at Ahtopol for the period July 2017- December
2018. The influence of the amount of precipitation on the pH values is investigated. In
addition, a joint analysis of the physicochemical parameters of wet atmospheric deposition
and atmospheric circulation for selected periods was performed.

The main conclusions of this study can be summarized as follows: more than 50% of
the measured pH values at Ahtopol are in the acidic range; the percentage distribution of
chemical elements in precipitation samples followed the order Cl > nssSO4> Na> NO3 > Ca
> $sS04 > NH4 > Mg > K > Si > Zn > Fe > Cu; the backward trajectory analysis of the air
mass shows local and regional influence.
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XuMH4YeCKH ChCTAB Ha Baje:xkuTe B paiiona Ha FO:xHoTo YepHomopue
Ha Bwarapus - Hsakon pe3yaraTtu 3a nepuoga 2011-2020

Jlopa Bvnuesa, Xpucmuna Kuposa, Emunus I'eopeuesa, Enena Xpucmosa
Hayuonanen uncmumym no memeoponozus u Xuopoaozus

OTJlaraHeTo Ha 3aMBPCHUTEIH € YacT OT MHOTOOPOWHHU B3aUMOCBBP3aHH IMPOIECH,
CBBP3aHU C EMHCHHUTE HA 3aMbPCHUTENH, TAXHATA XUMHUYHA TpaHCHOPMAIIHS U MOTIBIIAHUS,
KakTO M TAXHOTO BB3JCHCTBHE BBHPXY 3eMHATa MOBBPXHOCT. XHUMHYECKHSIT ChCTAaB Ha
BaJISKUTE BIUsIC BbPXY CHhCTaBa HA MOYBUTE, TIOBBPXHOCTHUTE BOJAHU, KPAaOPEIKHUTE 30HHU,
pa3INYHUTE EKOCHCTEMHU, ChCTOSHHETO Ha PACTUTEIHOCTTAa, BBPXY Ch3AaJACHHUTE OT YOBEKa
crpamd u WHOPACTPYKyTpa U BBPXY KYITYPHO-HCTOPHYECKHTE MaMETHUIM. EnuH oT
OCHOBHHTE MPOIIECH, KOMNTO MPOJBJDKABa J1a € aKTyaliecH B CBETOBEH Malad, ¢ JajJcyHHAT
MpeHoc Ha 3aMmbpcutenu. [lenTta Ha Ta3u paboTa ¢ a ce MPECTaBAT BAPHAIUUTE BB (PH3HKO-
XUMHYHHS ChCTaB Ha Baexute o OxxHoTo bhirapcko YepHomopue.

IMpencraBeHn ca 0600IICHU PE3yITaTH OT IsLIATa MPEXKATa 10 XUMHUS Ha BAJISKUTE Ha
HHUMX 3a mepuoma 2011 — 2020 1. 1 3a U3MEHEHHETO HAa KOHLEHTPAIMUTE HA OCHOBHU
BKHCEJISBAIIN U alKaIH3upanii iHoHu (ocHOBHU aHHioHU - SO47, NO3", Cl°, aMoHHEBH HOHH
(NH4"), makpo u mukpo enementr (Na, K, Mg, Ca, Fe, Si, Zn, Cu) BbB Bajie:)KuTe B AXTONOJ
3a niepuoya o 2017- nekemBpu 2018 r. M3cieaBaHo € BIUSHUETO HA KOJIMYECTBOTO BAJICK
BBpPXY CTOMHOCTUTE Ha pH Ha Bajexute. B mombliHeHHE ¢ HANPaBEH ChBMECTEH aHAIU3 HA
(HDUBUKO-XMMUYHHUTE TIApaMETPH Ha aTMOC(EpHUTE OTJaranus (Bajiexxd) M arMmocdepHara
MUPKYJIAIHS 32 U30paHH MEePUOIH.

OCHOBHUTE U3BOJIU OT TOBA U3CJIEIBAHE MOTaT Jia c€ 00OOUIAT KaKTO ClIeaBa:

(a) IoBeue ot 50% oT m3MepeHure croiHocTn Ha pH B craHmms AxTtomon ca B
KHCEeIWHHATa 00JIacT.

(6) IlpoueHTHOTO pa3mpeneeHHe Ha XMMUYHUTE ESIEMEHTH B MPOOHUTE OT Ballek
cnenra pena: Cl > nssSO4 > Na > NO3 > Ca > ssSO4 > NH4 > Mg > K > Si > Zn > Fe > Cu

(B) AHAIM3BT HA OOpPATHUTE TPACKTOPUH HAa BB3MYNIHUTE MACH TOKa3Ba JIOKAIHO U
PETHOHAIHO BIHMSHUE



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Desert dust intrusion — preliminary results for a spring episode

Hristina Kirova, Anastasiya Stoycheva, Emilia Georgieva, Viktoria Kleshtanova
National Institute of Meteorology and Hydrology

The processes of transport and deposition of desert dust (DD) impact ecosystems, melting of
glaciers, socio-economic activities, and human health. NIMH issues forecasts for the DD
transport towards the country and performs studies on DD effects on the air quality. This study
focuses on a significant Saharan dust intrusion episode observed in Bulgaria during the spring
of 2024 (from March 30 to April 2). Dust from North Africa was transported towards the
central Mediterranean and Europe since 18™ of March. Due to favorable synoptic conditions
initially the impact was for countries in central Europe, while the dust loaded air masses
reached Bulgaria by the end of March. Meteorological data and satellite images were
employed to study the movement of the dust air mass from North Africa across the
Mediterranean towards Bulgaria. The origin of the air mass was confirmed through back
trajectory analysis at selected points in the country. In situ observations of particulate matter
(PM10) at multiple stations across the country (managed by the Executive Environment
Agency) showed elevated concentrations, resulting in 38 exceedances of the daily limit value
(DLV=50 ugm=). The highest daily mean concentrations were recorded on April 1, with
values up to 2.5 times above the DLV. The satellite images from various instruments indicate
higher aerosol content over the country, but the presence of clouds hinders the accurate
detection of the affected regions. Results from atmospheric chemistry models allow to identify
better the spatial distribution of the desert dust. The regional ensemble model (CAMS-ENS),
available through the Copernicus Atmosphere Monitoring Service (CAMS), well-reproduced
the event in terms of duration and affected regions. The CAMS-ENS data were able to simulate
some exceedances; however, observed daily mean concentrations above 60 pugm= were
underestimated. This study highlights the importance of integrating various sources of
information (modelling, observations and synoptic analysis) for comprehensive study of dust
intrusion episodes.
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Hpeﬂoc Ha MYCTHHEH NMpax — aHAJUu3 HA MPOJETEH €Inu301Q

Xpucmuna Kupoesa, Anacmacua Cmotiuesa, Emunus ['eopeuesa,
Buxmopus Knewarnosa
Hayuonanen uncmumym no memeopono2ust u Xuopoiozust

Iponecnte Ha npeHoc u oTiarane Ha myctuHeH npax (I1I1) oxa3Bar BIHsHHE BBPXY
€KOCHCTEMHUTE, COLUATHO-UKOHOMHYECKUTE JEHHOCTU M 4YoBewmKoTo 3apase. B HUMX ce
U3TOTBAT NPOTHO3H 3a npeHoca Ha [T kbM cTpaHara, 1 ce MpaBsIT U3CIEABAHHS 3a BIUSIHUETO
MY BBPXY Kau€CTBOTO Ha aTMOC(EpHHUs Bb3AyX. ToBa uscieiBaHe ce GOKycHupa BbPXY €IMH307
Ha MHTEH3HBHO HaxXJIlyBaHEe Ha caxapCKH Mpax, HaOmofaBaH B bwirapus mpes mpoJjierTa Ha
2024 r. (ot 30 mapr mo 02 ampun). Ilopagu creuuUYIHUTE CHHONTHYHH YCIOBUS
IIBPBOHAYAIHO ca 3acerHaTH cTpaHute B Llentpanna EBpoma, mokaro BB3AyHNIHHTE MacH,
HAaTOBapeHW C Mpax, jJocturar beirapus B Kkpas Ha MapT. MeTEOpOJIOTHYHHM HaHHH WU
CaTeJINTHU M300paKeHMs ca M3MOJI3BAHU 3a NPOCIEAsBaHe Ha JBIKEHHETO HA BB3AYyIIHATA
npamrHa Maca ot CeBepHa A¢puka npe3 Cpean3eMHO MOpe KbM CTpaHara.

IMpon3xoxbT Ha BB3AYIIHHTE MacH € aHAIM3UPAH 4Ype3 OOpaTHH TPAEeKTOPUH B
n30paHu TOYKH. B MHOTO CTaHIMM 332 MOHUTOPUHT Ha Ka4eCTBO HAa aTMOC(EPHUS BB3AyX KbM
W3menHUTENHATA areHIus M0 OKOJIHATA Cpela ca M3MEPEHU 3aBUIICHH CTOIHOCTH Ha (pUHU
npaxoBu gacturm (PI1U10): 38 npeBumenns Ha cpenHoeHoHomHATa HOpMa (CAH=50 pgm-
%). Haii-Bucokure CpeJHOACHOHOIIHH KOHLEHTPAMU Ca PETUCTPHPAHM Ha | ampui, cbC
croitHoctH 10 2.5 metu Hax CAH. CarenurHuTe M300pakeHHs OT Pa3IMyHH MHCTPYMEHTH
MOKa3BaT I0-BHCOKO ChABPKAHHE HA aepO30JIM HaJl CTpaHaTa, HO HaJMYHMETO Ha o0Jlany He
MO3BOJISIBA J]a CE MOJYdYM sICHAa IIPEACTaBa 3a 3acerHaTHUTe TEPUTOpUH. Pesynrature OT
YHUCIICHHTE MOJENH 3a CbCTaBa Ha arTMoc(depaTa MO3BOJIBAT IO-AETAHIHO nJa ce
uaeHTHUIUpaT 3acerHatute paiionn. Ancam6nosus moxen (CAMS-ENS), nocTeneH upes
VYemyrata 3a moHuTopuHr Ha armocgepara (CAMS) Ha mporpamara KomepHuk,
BB3IPOU3BEKAAT €MHM30/1a KAaYeCTBEHO MO OTHONICHHE Ha MPOIBDKHTENHOCT M 3aCeTrHATH
peruorn. CAMS-ENS cumynupa 3aZ0BONUTENTHO HSAKOM NPEBUIICHHS, HO IOIICHIBA
HaOIOaBaHUTE CpPEIHOACHOHOIIHM KOHLeHTpanun Haxg 60 pgm=. Uscnensanero
MoAYepTaBa Ba)KHOCTTa HA CBHBMECTHOTO H3MOJI3BAHETO Ha pa3JIMUYHM HM3TOYHMIM Ha
nHdopmarys (Moenupane, HaOIIOICHNS U CHHONITHYCH aHaJIM3) 3a ISUIOCTHO M3yYaBaHe Ha
€MHM30IUTE C IIPEHOC Ha IyCTHHEH Mpax.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Relationship between concentrations of some atmospheric pollutants
and meteorological conditions in Sofia

Nadya Neykova, Rozeta Neykova, Blagorodka Veleva, Elena Hristova
National institute of meteorology and hydrology

A key indicator for assessing air quality is the concentration of fine particulate matter
(PM) in the atmosphere. After being emitted, PM undergoes various chemical and physical
transformations under the influence of atmospheric processes with different spatial scales. For
the first time in Bulgaria, the concentrations of Black carbon (BC) in PM2.5 were studied within
the framework of the "CARBOAEROSOL" project. It is a product of incomplete combustion
of fossil fuels, biofuels, and biomass. Black carbon contributes to global warming due to its
ability to effectively absorb sunlight as heat, and its measurement and study are important
because of the harmful effects it has on human health and climate.

Three PM2s sampling campaigns were conducted at the Central Meteorological
Observatory (CMO) of NIMH, Sofia in the period 2022 - 2023. The analysis of the BC content
was carried out with the MABI instrument (Multi-wavelength Absorption Black Carbon
Instrument) at NIMH, Sofia. In addition, data for the atmospheric pollutants such as PMio,
NOz2, CO, and benzene, measured at the Automatic Measurement Station - Mladost of the
Executive Environmental Agency were also used. The relationships between the atmospheric
pollutants and meteorological parameters such as wind speed and direction, temperature and
precipitation from CMO were studied. For graphical analysis and presentation of the results
time plots, calendar plots, violin plots, correlation matrices and two-dimensional pollution
roses (polar plots) were used. High correlations between BC and PM2.s as well as with the
other atmospheric pollutants were observed. The influence of the precipitation amount and
wind speed on the concentrations of all pollutants was investigated. Furthermore, the synoptic
conditions for the days with high PM2 s and BC concentrations were examined and discussed.
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Bpb3ka Ha KOHIEHTPALMHUTE HA HAKOH aTMOC(EPHH 3aMBbPCUTEJIH H
MeTeopoJIornyHuTe ycjaosusa B Copus

Haos Heiixosa, Pozema Heiikosa, bnacopoora Benesa, Enena Xpucmosa
Hayuonanen uncmumym no memeoponozaus u Xuopono2us

EnvH OT OCHOBHUTE ITOKa3aTel! 3a OIleHKa Ha Ka4eCTBOTO Ha aTMOC(hEpHHS BB3IyX €
KOHIleHTparmaTa Ha ¢uau npaxoBu vactuim (PIIY) B atmoctepara. Cnen xaro Obaat
emutupand, OIIY nperbpnsBaT pa3nuyHU XUMHYHM M QU3HYHH TpaHcHOpMALMU MOA
BB3JICHCTBHETO HAa aTMOC(EPHH IIPOLIECH € Pa3IMUCH IIPOCTPAHCTBEH Malad. 3a IIbPBH IIBT B
Brirapust koHuentpauuTe Ha Bhriaepoanu dactuiu (Black carbon (BC)) BeB ®ITU2s ca
n3cnenBaHu B pamkute Ha npoekT ,,CARBOAEROSOL®. Te ca KOMIIOHEHT OT ChCTaBa Ha
OITY, mosy4eHH NMpH HENBIHOTO M3rapsiHe Ha M3KOIaeMH rophBa, OHoropuBa u OHoMaca.
V3amepBaHeTO U U3CIIEIBAHETO MY € Ba)KHO, 3apajy BPETHOTO Bb3/EICTBIE, KOETO IMa BBPXY
YOBELIKOTO 3/[paBe U KJINMaTa.

B nepuona 2022 — 2023 r. B llentpanna Mereoposnoruuna odcepparopus (IIMO) Ha
HHUMX, Codust ca mpoBeneHU 3 eKCIIEPIMEHTAIHN KaMIIaHUH 10 mpoboHabupane Ha Iz 5.
AHnamu3bT Ha cpappkanuero Ha BC e m3BppmieH 8 HUMX, Codust ¢ uacrpymerra MABI
(Multi-wavelength Absorption Black Carbon Instrument). B ToBa nscnensane ca n3non3BaHu
u naHHM 3a koHIeHTpauunte Ha PI1Y10, NO2, CO, Gensen, usmepenu B cranuus Codus -
Munanoct Ha MAOC. U3crenBanu ca B3aMMOBPB3KUATE MEXKTy aTMOCHEPHHUTE 3aMBPCUTEIH U
METEOPOJIOTHYHUTE MapaMeTPH CKOPOCT M MOCOKA Ha BATHpa, TEMIlepaTypa M KOJIUYECTBO
Baiex oT [IMO. 3a rpapuuHus aHamU3 W MPEIACTaBIHE HA PE3YJITATHTE Ca W3MOJI3BaHHU
BPEMEBH IIOTOBE, KaJCHAAPHH IUIOTOBE, INIOTOBE THII LIUTYJIKA, KOPEITAMOHHU MAaTPUIH U
JIBYMEpHH po3u Ha 3ambpcsaBaHeTo. BC n @IIY25 uMaT BUCOKH KOpETALUH KAKTO ITOMEXITY
cH, Taka U ¢ atMochepHuTe 3aMmbpcutenr. CpaBHEHHU ca JaHHHUTE B THHUTE C BaJex U Oe3
BaJIeXk, KAKTO M TE3U ChC clad U Mo-CujieH BATHP. B mHUTE ¢ BHcoku croitHocTH Ha PI1Yz5 1t
BC e pasrnegana u 00ChlIeHa CHHONTHYHATA 0OCTaHOBKA B CTpaHaTa.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Results on measurement of Black carbon concentration in the ABL by
aerological sounding

Georgi Tsekov, Elena Hristova
National Institute of Meteorology and Hydrology

Black Carbon, is a component of air particulate matter. It has significant effects on
climate, in both directions, as cooling and warming agent. The relevant particle size fraction
can include known carcinogens and other toxic species. It is typically formed through the
incomplete combustion of fossil fuels, biofuel, and biomass and is emitted by anthropogenic
and natural sources. BC stays in the atmosphere for periods varying from days to weeks. Despite
its properties and the effects over the environment and human health, there is neither specific
standard for threshold concentration, nor prescriptions for mandatory monitoring in the most of
the countries.

The National Institute of Meteorology and Hydrology is the only institution in Bulgaria
which conducts research and measurements on BC concentration. The portable acthalometers
allows measurements to be provided in specific locations, as well to be attached to a lifting
device as drone or aerostat, in order to be estimated the vertical concentration of the pollutant.

This work presents the results from first experimental campaign on BC measurement
in 60 meters layer above the surface over. The measurement is conducted with portable micro
aethalometer MA200 in Central Meteorological Observatory, Sofia on 20" of November, 2023.
The results show a high correlation in the dynamics as well as similar values of Black Carbon
concentration in the studied layer. This indicates the homogeneous distribution of the pollutant
under the given synoptic situation. In addition, comparison of the measured BC concentrations
with portable MA200 and stationary aethalometer AE33 are also presented.
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Pe3yaraTu oT H3MepBaHe HA KOHLIEHTPauusaTa Ha Yepen Buriepon B
NMPU3EeMHHS TPAHHYEH CJIOM, Ype3 aepoJIOrHYeH COHAAK

Teopeu Llexos, Enena Xpucmosa
Hayuonanen Hnemumym no Memeoponozus u Xuoponoaust

UYepnusar serinepoq (BC) wm 1. H. ,,caxau” e gact oT arMocdepHus aepo3oin. Te ce
OTACNAT MPU HEMBJIHOTO H3rapsHe Ha OpraHH4YHU BeliecTBa (Tpaduk, OUTOBO OTOILICHHE,
MIPOMHUIICHN MPOLIECH, TOPCKH moxkapu). BC e 3ambpcuTel1, KOUTO OCBEH BHPXY HOBELIKOTO
3IpaBe BIHse U Ha kuMara. [Ipu onpezneneH pa3Mep 4acTUIUTE MOTaT Jja ca KaHI[EpOTeHHH U
tokcnuHu. BC Moxe 1a octaHe B aTMocdepara 3a HepUoH OT AHH 10 CEAMHIH. Bbrpeku
HETOBUTE IpeodiIajaBalio HETaTUBHYU e()eKTH BBPXY OKOJIHATA Cpelia U YOBEIIKOTO 37paBe, B
MOBEYETO CTPAaHM HE € YCTAaHOBEH OINpENeNeH CTaHAapT 3a IparoBa KOHIEHTpPALWs.
Hamwonanausat MHctutyT mo Meteoposorus M XUIpoIoTHs € eIUHCTBEHAaTa UHCTUTYIHS B
Bearapust, kosTO HMpOBEXAA M3CIEABAaHMS M M3MEpBaHUS Ha KoHUeHTpanusTa Ha BC BBB
BB3AyXa. [IpeHOCHMUTE aeTaloMeTpu MO3BOJIIBAT Oa OBJAT HM3BBPIUBAHH W3MEPBAaHHS B
pa3sHOOOpa3HU M KOHKPETHH MECTOIIOJIOKEHHUS, KaKTO U 1a ObIaT 3aKpeIsHH 3a M3IUTaIlH Ce
BBB BHCOYMHA yCTPOICTBA, KaTO OE3MUIOTHY JICTATSITHH anlapatu (IpOHOBE) WM aepOCTaTH C
el 1a Obae onpeesieH BepTHKATHUS PO Ha KOHIIEHTpaluATa Ha 3ambpeutens. Llenta Ha
HACTOSILETO W3CIeIBaHe € Ja ObJaT MPEACTaBeHU PE3yNTaTH OT ITbPBHUS EKCIIEpPUMEHT 3a
n3MepBaHe Ha KoHueHTpanusTa Ha BC npu 3emsara u B mpuzemHuss 60-MeTpoB cioil Hal
3eMHaTa HOBBPXHOCT.

N3mepBanero e mnpoBeaeHo ¢ mnpeHocuM aeranomersp MA200 B LlentpanmHa
Merteoponornyna O6cepsaropust Ha HUMX, Codus ma 20™ HOemBpH, 2023 1. Pesynrarute
MIOKA3BaT rojsiMa KOopealus B TMHAMUKATa, KaKTo ¥ OJTM3KU CTOMHOCTH B KOHLICHTPALUATA Ha
BC B wuscmexBanmst cnoif. ToBa e mOKa3aTeNTHO 3a XOMOTEHHOTO paslpelelieHne Ha
3aMBPCHUTEIS IPH Ja/IeHaTa CHHONITHYHA 0OCTaHOBKA. B TOMbIIHEHNE € HAallpaBeHO CpaBHEHHUE
Ha M3MEPEHUTE KOHIEHTpAIlMM C TaKMBa W3MEPEHHM OT CTalMoHapeH aeranomerbp AE33
HaMuparj ce B OJM30CT 10 eKCIIepUMEHTATHATA TUIOIIA/IKa.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Comparison of Meteorological Preprocessors for Dispersion Models

Sevdalin Geshev, Orlin Georgiev, Dimiter Atanassov
National Institute of Meteorology and Hydrology

Atmospheric dispersion models are widely used in air quality assessments. An
important element in these models are the meteorological preprocessors (MPP), which serve
as a link between the models and the input meteorological data. The MPP calculates
parameters such as mixing layer height, stability conditions, etc., that are usually not measured
but determine the pollutant dispersion. At the National Institute of Meteorology and
Hydrology (NIMH), two MPPs have been developed and are used. These are based on
similarity theory but include different parameterization. MPP1 uses semi-empirical
expressions and classical schemes [1-2], while MPP2 is a modified version of the
meteorological preprocessor of AERMOD [3]. An analysis of the results of the two MPPs for
2022 is presented. The input data are from the weather station Sofia. Heat flux, dynamic
velocity, vertical velocity scale, Monin-Obukhov scale, mixing layer are considered.

For the all considered parameters, MPP2 predicts well-defined diurnal variations, in
contrast to MPP1. The height of the "convective" mixing layer PBLc, generated by the
convection mechanism has a weak diurnal trend, ac-cording to MPP1. Its values are lower
than the daily maximum layer's height reached according to MPP2. The height of the
"mechanical" mixing layer PBLm, generated without the contribution of convection, is
significantly higher, according to MPP1 in comparison to that calculated by MPP2. The
mixing process at a given moment takes place up to the higher of the two heights — that of
PBLc and that of PBLm. It turns out that this resulting height is significantly greater according
to MPP1 compared to MPP2.

A comparison of the mixing layer height calculated by the MPP with the
experimentally determined one from aerological soundings in Sofia was made. The monthly
average height calculated by MPP2 shows a good match with the experimentally determined
one, but regarding daily values both preprocessors do not give good results. The conclusion is
that it is advisable to use more complex and adequate approaches to determine both the height
of the mixing layer and to determine the other parameters characterizing the turbulent
diffusion of atmospheric pollutants.
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Techniques, and Available Databases and Software, Volume I — Fundamentals, ISBN 0-
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CpaBHeHHe HA METEOPOJOTHYHH MPe-NPOIECOPH 3a TUCTEPCHOHHHU
MO e

Cegoanun 'ewes, Opaun ['eopeues, Jumumvp Amanacos
Hayuonanen uncmumym no memeoponoaus u xuopoio2us

JlucriepcHOHHHUTE MOZENHM 3a pas3lpOCTPAaHEHHETO Ha HpPHMECH B arMmocdepara ca
IIMPOKO M3MOJ3BaHM IPH OLIEHKA HAa KaueCTBOTO HA aTMOC(EpHHUs BB3IyX. BaxeH enemMeHT B
Te31 MOZEIH ca MeTeoposoruuHute npe-nporecopu (MIIIT), kouTto ca cBBp3BAILIO 3BEHO MEKIY
MoJenuTe M BXomHHTe Mereopojoruynu naHHu. C MIIII ce u3umcnsBaT mapameTpu Karo
BHCOYMHA HA CJIOSl HA CMECBaHE, YCIOBHsA Ha YCTOHUYMBOCT U JIp., KOUTO HE C€ U3MepBaT MpH
CTaHIIAPTHUTE HAOJIOICHHUS, a ca ONPECIAIIN 3a ucnepcusiTa Ha 3pMbpenten. B HUMX ca
pazpaboTenu u ce u3nonsear qea MIIII, ocHOBaHM Ha TeOpHs Ha MOAOOMETO, HO BKJIFOYBAIIH
paznmuHu napaMerpuzaoHHu cxemu. MIIII1 n3nomn3ea nosy-eMIMPUYHA H3pa3H U KIIaCHYECKH
cxemu [1-2], MIIII2 e momuduimpaH BapHaHT Ha METEOPOJOTHYHHS IIpe-TPOoIecop Ha
AERMOD [3]. IIpeacraBen e ananus Ha pesynaratu ot asara MIIII 3a 2022r. mo BXOIHH JaHHU
ot cu”onTraHa cTaHnus Codus. Pasriexxaar ce moTOK TOILUIMHA, AMHAMHUYHA CKOPOCT, Mamad Ha
BEpTHKAIHA CKOPOCT, Mamabd Ha MoHnH-OO0yXO0B, CIIO Ha CMECBaHe.

[pu Bcnuxwu pasrienanu napametrpu MIII2 npeackasBa 1oOpe U3pa3eH AEHOHOIIEH X0
3a paznmka ot MIIII1. Bucounnara Ha ,,kOHBEKTUBHHUS“ cioi Ha cMecBane PBLc, renepupan ot
MexaHn3Ma Ha KoHBeknws, criopex MIIIT1 nma ciaGo mu3paseH IeHOHOIIEH X0/ ¥ CTOIHOCTH T10-
HUCKU OT MakCHMallHaTa BHMCOYMHAa Ha cios, gocturaHa cropen MIIII2. Bucouunara Ha
,MEXaHIMIHUA " cioit Ha cMecBaHe PBLm, renepupan 6e3 nprHoc Ha KoHBeKIws, criopex MIIIT1
3HAYUTENTHO MpEeBUIaBa Ta3u m3uucisaBana ot MIII2. [IpoueckT Ha cMecBaHe B TaleH MOMEHT
ce OCBINECTBSABA JI0 MO-TOJISIMATa BUCOYMHA OT JBeTe BHCOYMHU - Ha PBLc 1 Ha PBLm. Oxka3Ba
ce, 4e Ta3W pe3yJITaTHa BUCOYMHA € 3HaYuTeNHO No-roysma ipu MITIT1 B cpaBHeHne ¢ MIIII2.

HanpaseHo e cpaBHeHHe Ha BUCOUYMHATA Ha CJIOs HA cMecBaHe u3uucisiBana ot MIIII ¢
eKCIIepUMEHTAJIHO OIpeJieieHa TakaBa OT aeponornuHu coHpaxu B Codwus. Ycpenuenara 3a
Mecel, BUCounHa, n3uncieHa ot MIIII2 moka3a He JIOMIO CHBHAJEHHE C EKCIIEPHMMEHTATHO
oIpesieNieHaTa TakaBa, HO OTHOCHO JJHEBHHM CTOMHOCTH W JBaTa Ipenpoliecopa He IaBaT JoOpu
pesynraru. Hanara ce n3Boja, ue € npenopbuuTesHO Ja ce U3MO0J3BAT IO-CI0XKHU U aJleKBaTHU
TIO/IXO/IM 32 OTIpeJIeNIsTHe, KAaKTO Ha BUCOYMHATA HA CJIOS Ha CMECBAHE, Taka U 32 ONPEIeNsIHe Ha
OCTaHANIMTE TMapaMeTpH XapakTepusupamm TypOylneHTHaTa naydy3us Ha arMocdepHH
3aMBPCUTEITH.
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Validation of methods for determining solar radiation components from
model data from the WRF model and satellite data

Vanya Maneva-Petrova
National Institute of Meteorology and Hydrology

In Bulgaria there are only four actinometrical stations, which means the actinometrical
network is poorly developed in our country. For this reason, it is necessary to be developed
solar radiation component evaluation methods, for regions without direct measurements. This
paper examines the possibility to use data that is modeled with WRF model and satellite data
information to determined solar radiation for regions without direct measurements. The errors
of both methods are estimated by comparing the obtain results with real data measurements,
that are measured in National Institute of meteorology and hydrology actinometrical network.

The WRF model utilizes data provided by the GFS while satellite data is sourced from
NASA database.

The used in this paper data are 2 types — modeled data, for solar radiaotion, and satellite
measured solar radioation data. Satellite data are corrected with specific coeficients that are
calcilated for the specific place. The results from both methods are comparesed with real data
measurements.
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Banupanusi Ha MeTOIH 32 onpe/e/isiHe HA KOMIIOHEHTUTE HA CIbHYEBA
paauanus mo MoaeJHU AaHHH 0T Mofes WRF W cibTHUKOBM JaHHU

Bans Manesa-Ilemposa
Hayuonanen uncmumym no memeoponozusi u Xuopoaozus,

AxTHHOMeTpHYHATa Mpeska B beirapns e crabo pa3BuTa — H3MepBaHUS Ce TIPOBEXKIAT
caMo B YETHpPHU CTaHUUH B cTpaHata. [lo Tasu mpudrHa e HEoOXOAUMO Ja ce pa3paboTBaT
METO/IY 32 OIICHKA Ha KOMIIOHEHTHTE Ha CIIbHUEBATa PaAuaLus 3a PaifoHn, KbJIETO HAMA IPEKH
u3MepBaHHsA. B HacTOSIIOTO M3Cle/BaHE ce MpPOBEpsSBa BH3MOXKHOCTTA 3a M3ION3BAaHE Ha
JaHHU, Mojenupanu ¢ Moaen WRF 1 cmbTHHKOBa nH(OpMaIHs, 3a ONpeeisHe Ha CTbHYEBA
pamuanys, B MecTa 0e3 npexu n3MepBanus. OIeHsBa ce TpelkaTa Ipy IpuaraHeTo Ha JBara
MeToJa, KaTo IIONYyYEeHHTE pe3yJNTaTH ce CpaBHABAT C peajJHH JaHHW, H3MEPEHH B
aKTOHOMETpUYHA CTaHIUsA, T Mpexatra Ha HUMX. Jlannute 3a 3axpanBane Ha Moaen WREF ca
B3eTH OT Oasara ganuu Ha GFS a cneTHHMKOBUTE nanHu oT Oa3ara gqanuu Ha NASA.

W3nomsBanute B pazpaboTkaTra AaHHU, ca JBa BUAA — MOJEIHHU JAHHH 3a CIBHYEBA
panmanus (noxydeHu ot moxen WRF) u manHu 3a cipHYeBa paauanus, oT 0azaTa JaHHH Ha
NASA. IlomyueHure OT ABaTa METOAa NAaHHHU, Aa CPAaBHEHH C JJaHHU, OT aKTHHOMETpPHYHA
craniust. Mogen WRF (meton 1) e ,,3axpanen’ ¢ nanau ot GFS.

Merox 2 — naHHHTE 3a CI'BHYEBA pajgualis OT CIHBTHUKOBUTE H3MEpBaHMS, ce
KOpOTHPAT, C IPEIBAPUTEIHO OIpe/IeIeHH KOeQUIIMEHTH U ce IPEU3IHCIIIBAT, 32 KOHKpETHATa
TOYKa, Ha u3cienBaneTo. [IpaBu ce cpaBHEHNE MKy MTOJTyYSHUTE PE3yNITaTH U H3MEPBaHATA
OT NpeJCcTaBUTEIHATa CTaHINS.
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Analysis of the synoptic and meteorological conditions and simulation
of the wind field during two sever wind storms in the highest regions
of Central Balkan

Cvetan Dimitrov, Dimitar Nikolov, llian Gospodinov
National Institute of Meteorology and Hydrology

Two severe wind storms happened in November 1964 and December 2012 in the
highest regions of the central part of the mountain Stara planina — the Central Balkan. They
caused heavy damages on the technical equipment along the ridge of the mountain — in 1964
the roof of the main TV building was removed and the TV tower was broken and in 2012 a
smaller radio tower collapsed. The area of the damages spread over 30 km.

The purpose of this study was to evaluate the meteorological conditions during these
events with focus on the wind and ice severity. We have analyzed the synoptic condition at
different pressure levels in order to estimate the main dynamic of the atmosphere over the
Balkan Peninsula and we have used WindNinja version 3.8.1 for simulation of the wind field
in a smaller region. Finally using simple icing model we have estimated also the possible ice
load.

WindNinja is a numeric aerodinamicall diagnostic model developed for analysis of
forest fire behavior. It is developed by the Missoula Fire Sciences Laboratory, Forest Service
U. S. Department of Agriculture. In this research daily meteorological data from Botev peak
and station Mazalat has been used for the time of respective extreme event (November 1964
and December 2012).
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AHAaJU3 HA CHHONTHYHUTE H METEOPOJIOTHYHHUTE YCIOBUS U
CHUMYJIAalMs HA M0JeTO HA BATHPA 10 BpeMe HA /iBe CUJIHU OypH B Haii-
BHCOKHTe paiionn Ha LlenTpanen bankaun

Leeman JJumumpos, Jumumsp Hurxonos, Unuan I'ocnoounos
Hayuonanen uncmumym no memeopoio2usi u Xuopoio2ust

[pe3 HoemBpu 1964 r. u nexemspu 2012 1. B Haif-BUCOKHUTE pallOHU Ha LIEHTpAIHATA
yact Ha Crapa miaHuHa — LlenTpanen bamkan ce cmyumnxa nBe cuiHu Oypu. Te HaHacsaT
TOJIEMH IIETH Ha TEXHUYIECKOTO 000pyABaHe M0 OMJIOTO Ha IUTaHWHATa — 11pe3 1964 1. e cBajeH
MOKPHBBT Ha OCHOBHATa TEJIEBU3MOHHA CTpaja M € CUylleHa TeJIeBH3MOHHATA Kyia, a Ipe3
2012 r. ce cpyTBa no-Maika paauo Kyna. [Inomra Ha merute e Hag 30 kM.

Llenta Ha ToBa Ipoy4YBaHe Oelle Aa ce OIEHIT METEOPOJIOTMIHUTE YCIOBHUS IO BpeMe
Ha Te3W €KCTPEMHH CHOUTHUS C aKICHT BBPXY TEXKECTTa Ha BATHPA U JeJa. AHaIU3UpaxMme
CHHONITHYHHUTE OOCTAaHOBKM IPH Pa3lMYHM HUBA HAa HaIATaHE, 32 Ja OLEHUM OCHOBHATa
IUHaMUKa Ha atMocdeparta Hag bankanckus momyoctpos u u3nonzBaxme WindNinja Bepcus
3.8.1 3a cuMynamys Ha TOJIETO Ha BATHPA B O-MaIbK PETHOH OKOJIO INIaHUHCKUS BpBbX boTes.
Hakpasi, n3moi3Baliki OIPOCTEH MoJel Ha oOjedsBaHe, HM3YHCINXME M BB3MOXKHOTO
HaTOBapBaHe OT JIe/.

WindNinja e 4yucieH aepoJuHaAMHYeH JUArHOCTHYEH MOJeEIN, pa3paboTeH 3a aHaIu3
Ha TOBEJCHUETO Ha FOPCKH Tokapu. Paspaboten e ot JlaGopaTropusita 3a IpOTUBOACHCTBHUE
Ha noxapute B Mucyna, Ciyx6ata mo ropure Ha MHHHCTEPCTBOTO Ha 3eMeEIENIMEeTO Ha
CAILL. B ToBa u3cnenBane ca U3MOI3BAaHU CPOYHU METEOPOJIOTHYHH JTaHHH OT BPBX boteB n
cTaHus Maszajar 3a BpeMETO Ha ChOTBETHOTO EKCTPEMHO chOuThe (HoemBpu 1964 r. u
nexemBpu 2012 1.).
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Microclimate within the National institute of meteorology and
hydrology archive repository during the warm half-year

Cvetan Dimitrov
National Institute of Meteorology and Hydrology

Climatic changes observed in the recent decades have an adverse effect on
microclimatic conditions within premises of libraries, art gallery repositories and museum
storages, as well as into archive repositories within governmental and public institutional
buildings. The registrated outdoor air temperature increase leads to increasing of indoor air
temperature, too. More and more frequently internal air temperature overreaches the
appropriate values for safe and sustainable storaging of archive collections. Because of that
maintaining of suitable and stable temperature and air humidity conditions are of crucial
importance for longlasting and correctly archive units storing within storage rooms. In
contrast, any disturbance of stability at microclimatic conditions within premisses leads to
more rapid structure deterioration of stored archive units.

Based on an experiment carried out in the premise of meteorological archive of the
National Institute of Meteorology and Hydrology (NIMH) the temperature and humidity
conditions during the warm half-year (19.05-30.11.2003) were investigated. Peculiarities in
the diurnal course (by hourly values) and monthly one (by the average diurnal values) of air
temperature, relative humidity, moisture content and enthalpy in the NIMH archive repository
on the background of those of the environment were investigated. Dependencies between
average daily values of the outside air parameters and those inside the NIMH building (air
temperature, relative humidity, air moisture content and enthalpy within the premise) were
obtained as well.
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Ml/leOK.]'l](lMaT HAa apXUBOXPAaHUJJIHIILETO B Haunonanuus HHCTUTYT
0 METEOPOJIOTruS U XUAPOJIOIrus Mpe3 TOIJIOTO 1moJyroaue

Ljgeman /Jumumpos
Hayuonanen uncmumym no memeopono2ust u Xuopoiozust

Knumatnunute mnpomeHH, HaONIOZaBaHM IIpe3 IOCIEIHUTE NECeTHUNIETHS OKa3BaT
CBOETO HEONAroNnpUATHO BIUSHHME BBPXY MHUKPOKIMMATHYHHUTE YCIOBHS B XPAHUIHIIATA HA
O6nbnmorexy, (QoHAOXpaHMIMIIATA HAa  XYNOXKECTBEHH Talepud M My3eH, B
apXMBOXPAHMIINILATA HA JBPKaBHU U OOIIECTBEHM MHCTUTYLHM B OOIECTBEHHUTE CTPajU.
PeructpupaHoTo moBUIIaBaHE Ha TeMIIepaTypaTa Ha BHHIIHUS BB3IyX BOJM IO HapacTBaHe
Ha TeMIlepaTypara Ha BB3JyXa B IIOMEIICHUATA, KaTo TS BCe I0-UECTO HaIBHINaBa
HOPMaTHBHHTE CTOHHOCTH HEOOXOIMMH 3a MIPABUITHOTO ChXPAaHEHUE Ha apXUBHUTE SIMHUIIH.
IMopagn TOBa MOIIBPKAHETO Ha IOIXOMAIIM W CTAOWIHM TEMIIEpaTypHO-BIAKHOCTHU
YCIOBUSL B XpaHWIMIIATa € OT KIIOYOBO 3HAYCHHE 32 MPaBIIIHOTO M JBITOTpaitHO
ChbXpaHsBaHE Ha apXUBHUTE KOJEKIMH. B mpoTHBOBeC, HapylIaBaHETO HA CTAOMIIHOCTTa Ha
MHUKPOKIMMAaTHYHHUTE yCIOBHS B IOMEICHUATA BOAH 10 YCKOPEHO BIOIIABAHE B CHCTOSIHUETO
Ha apXMBHHUTE €IUHHIN.

B®3 ocHOBa Ha eKCHEpPUMEHT, MPOBEAEH B IMOMENICHHETO HAa METEOPOJIOTHUHHAT
apxuB Ha HanpoHamsust HHCTUTYT 1o MeTeopoitorus U xuapoiorus (HUMX) npes 2003 r. ca
W3CIIeIBAaHN TEMIIEPaTypPHO-BIAKHOCTHUTE YCIOBUS Mpe3 Torutoto moiyroaue (19.05-30.11)
B noMenieHuero. M3ciensanu ca 0coOEHOCTHTE B ICHOHOIIHHS X0/ Ha YaCOBHUTE CTOIHOCTH
U MECEYHHsI XOJl OT CPEIHOJCHOHOIIHHTE CTOMHOCTH Ha TEMIIepaTypaTa, OTHOCHTEIHATa
BJIQ)KHOCT, BJIarochIbpKaHUETO U SHTAJIUATA Ha Bb3/lyXa B apxuBoxpanunuiero Ha HUMX
Ha (poHa Ha Te3u Ha OKosIHaTa cpeja. [TomydeHn ca 3aBHCHMOCTH MEXIy CPETHOACHOHOIIIHUTE
CTOMHOCTH 3a MapaMeTpuTe Ha BBHIIHHUS BB3AyX U Te3u BBTpe B crpagara Ha HHUMX
(TemmepaTypa, OTHOCHTENHA BIAXKHOCT, BIArOChAbP)KAHWE W CHTAINHSA Ha BB3AyXa B
MIOMEIIEHUATA).
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Variations in the sea surface temperature near the coast of Shabla

Viktoria Georgieva
National Institute of Mteorology and Hdrology — branch Varna

An upwelling process happens along the Bulgarian Black sea coast during certain sea
and weather conditions. The sea surface temperature decreases significantly in short time in
this phenomenon. It is the result of the simultaneous action of various physical forces — the
wind stress, the Coriolis force, the Ekman transport etc.

Wind currents, Coriolis force, Ekman spiral

The movement of the sea surface waters is driven mostly by the winds and the large
sea currents and the waves are a result of the wind stress. The force of the wind does not affect
the inner water layer directly but is balanced by the Coriolis force in a relatively thin layer
between 10 and 200 m. below the surface. This is the Ekman layer and the motion in it is
called Ekman transport [1]. Due to deflection caused by the Coriolis force, the Ekman
transport direction is not the same as the wind direction but is 90° to the right in the Northern
Hemisphere. The vertical motion driven by the Ekman transport is called Ekman pumping [2].
This motions can be convergent or divergent. The Coriolis force continues to deflect the
current in depth because the transport is transferred to the subsequent layers. At the bottom of
the Ekman layer, the current flows in the opposite direction to the surface current. This shift
of current directions with depth, combined with the decrease in velocity, is called the Ekman
spiral.

Actual data about the variations of the sea surface temperature near coast of
Shabla, analysis of the weather conditions

Local significant drops of the sea surface temperature were detected via buys located
near coasts of Shabla and Shkorpilovtsi in the summer months of 2023 and 2024. We
discovered that this anomaly is caused by the phenomenon upwelling.

References
[1] B. Cushman-Roisin, J. M. Beckers, Introduction to Geophysical Fluid Dynamics,
International Geophysics, (2011).

[2] Encyclopedia of Ocean Sciences (2001).
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Bapuanuu B Temnepatypara Ha MopckaTta Boaa kpaii lllaona

Buxmopus I'eopeuesa
Hayuonanen uncmumym no memeoponoaus u xuoponozus — ¢uruan Bapua

Mo Benrapckoro YepHOMOpCKO KpaOpexue Ipu onpeneIeHH CHHONTHIHI 1 MOPCKHI
o0CTaHOBKY ce HabJroaBa T.Hap. ,,00pbIiane Ha Bogara“ (upwelling) — siBieHHe, IPU KOETO
3a KpaTbK IEpUOJ OT BpeMe TeMIlepaTypara B IOBBPXHOCTHHS CIIOH Ha MOpCKaTa Boja ce
MOHIKaBa YyBCTBUTETHO. To € pe3ynTaT OT €IHOBPEMEHHOTO [CHCTBHE Ha pa3lIUYHU
(hU3HMYHM CHIM — CHUJIaTa Ha BATHpA, cuiata Ha Kopuomuc, npeHockT Ha Exman u ap.

BeTrpoBu Tedennusi, cuia Ha Kopuoanc, cnupana na Exman

JIBIKEHHETO Ha MOBBPXHOCTHUTE MOPCKH BOJIU c€ IPEIU3BHKBA Haif-Bede OT
BETPOBETE M PE3yJITAT OT TAXHATa CHJIa Ca TOJIEMUTE MOPCKH TeueHHs U BhyiHHUTe. CrlaTta Ha
BATHPA HE BB3JEHCTBA IUPEKTHO BHPXY BHTPEUIHOCTTA HA BOAATA, a ce OajlaHCHpa OT CHIaTa
Ha Kopromnyc B OTHOCHTEIIHO THhHBK MOBBPXHOCTEH clloi Mexkay 10 n 200 m gein6ounna. Toit
ce Hapuya cinoil Ha Exman, a nBuwxeHusta B Hero — npeHoc Ha Exman.[1] Ilopaau
OTKJIOHEHHETO, IPHYHHEHO OT cuiaara Ha Kopuonmc, npenocsT Ha ExMaH He e 1o mocokara
Ha BATBHPa, a HAa 90° BICHO OT HEA B CEBEPHOTO MONYKBIOO. BepTHKalHUTE ABHKCHHS,
MPUYMHEHH OT mpeHoca Ha ExMaH, ce Hapuyat m3nomnBaHe Ha Exman.[2] Te morat na ca
KOHBEPTeHTHU WJIN JHMBEpreHTHU. Thi KaTo ABMKEHHETO ce IpejaBa Ha MOCIEIOBATEIHH
cloeBe B AbI00UNHA, cuiaTa Ha Kopronuc npoasikaBa 1a OTKIOHABA TedeHneTo. Ha npHOTO
Ha cios Ha EkMaH TedeHHEeTO Tedye B MPOTHBOIOJIIOXKHA IIOCOKAa HAa TEYCHHETO Ha
MOBBPXHOCTTA. TOBa W3MEHEHHE Ha II0COKaTa My B JIBJIOOYMHA, CBIICBPEMEHHO C
HaMaJICHHETO Ha CKOPOCTTa My, ce HapHuya criupaia Ha Exman.

dakTHYeCKH TaHHH 32 BADHANMHTE HA TeMIepaTypaTa Ha MOpcKaTa BoJa Kpaii
II1a6.a1a, aHAIN3 HA CHHONTHYHHUTE 00CTAHOBKH

[pe3 neraure mecenu Ha 2023 1. 1 2024 . upe3 cucrema oT OyloBe, COOCTBEHOCT Ha
HUMX u Hucruryta mo Oxeanonorust kbM BAH, 3akoTBeHM B KpallOpe)XHHUTE BOAM Ha
Ma6ma n HxopnmnoBuu, 65Xxa OTYSTEHHN 3HAYUTENHH JIOKATHHU CIIaJ0OBE Ha TEMIIepaTypara
Ha TMOBBPXHOCTHUTE MOPCKM BOIY. belmie ycTaHOBEHO, 4Ye aHOMAJMATa CE€ IBIDKH Ha
siBeHreTo upwelling.

Jlutepatypa
[1] B. Cushman-Roisin, J.M. Beckers, Introduction to Geophysical Fluid Dynamics,
International Geophysics, (2011).

[2] Encyclopedia of Ocean Sciences (2001).
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Annual and seasonal lightning variations over the Bulgarian Black
Sea Coast

Doroteya Koleva', Savka Petrova ?
!National Institute of Meteorology and Hydrology — Varna
’Department of Meteorology and Geophysics, Faculty of Physics, Sofia University

With the development of lightning detection networks, the so-called "climatology
thunderstorms” began to be discussed in scientific literature. Lightning activity varies across
different geographical locations and is highly variable on various timescales (annual, seasonal,
monthly, and daily). The coastal area is a unique region, transitional zone between land and sea,
characterized by diurnal wind circulation. Lightning variations over the Bulgarian Black Sea
coast for a 10-year period are presented. Lightning data provided by ZEUS system.

Seasonal and diurnal flash densities (number of flashes/km?) over Bulgarian Black Sea
coast and the entire the Black Sea coast are compared. The analysis reveals that in spring and
summer, flash density is higher over the Bulgarian Black Sea coast compared to the entire Black
Sea coast, while in autumn, the situation is reversed. During winter, the values of flash density
are the same over both coastal areas. The annual-diurnal variation in flash density shows that
the maximum lightning activity over the Black Sea coast occurs between 0900-1200 UTC,
while over the Bulgarian Black Sea coast, it occurs between 1200-1500 UTC. The minimum
flash density is observed during the same interval, 2100—2400 UTC, over both coastal areas.

Additionally, the work presents the distribution of lightning across four equal-sized
areas (0.5° x 0.5° degrees) into which the Bulgarian Black Sea coast has been conventionally
divided. These areas are named after cities located in each respective region: Shabla, Varna,
Sunny Beach, and Primorsko. The focus is on: (a) identify the seasonal maximum and minimum
in lightning activity for each specific coastal zone; (b) Determine which of the four coastal
zones has the most pronounced thunderstorm activity; (c) reveals the diurnal variation of
lightning over.

Acknowledgments: This study is financed by the European Union-Next Generation EU,

through the National Recovery and Resilience Plan of the Republic of Bulgaria, project
SUMMIT BG-RRP-2.004-0008-C01
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I'oguiueH M ce30HEH X0/ Ha YeCcTOTaTa HAa MBbJIHMHNTe HaJ Bbarapckoro
YepHoMoOpcko kpajidpexue

Jopomes Konesa', Casxa Ilemposa’
!Hayuonanen uncmumym no memeoponozus u xuopoioaus — Bapna
2@usuvecku paxyamem na Cogpuiicku ynueepcumem "Ce. Knumenm Oxpuocku”

C pa3BUTHETO Ha MpPEXHUTE 3a PETUCTpAIMs HAa MBJIHHMTE, B Hay4HaTa JUTepaTypa
3amoyBa Jia ce TOBOPH 3a TaKa HapeuyeHaTa ,,KJIMMAaTOJIOTHS Ha TPBMOTEBHYHUTE OOmarim’.
YecToTa Ha MBJIHUUTE Bapupa B 3aBUCUMOCT OT reorpad)cKoTo MECTONOJIOKEHUE 1 BPEMEBHUS
uHTepBad (TONUILIECH, CE30HEH, MecedeH M AcHOHOUIeH). KpaiiOpexHata 30Ha ce sBsBa
IpexoJHa 00JIacT MEXIy CyIllaTa ¥ MOPETO M Ce XapaKTepH3upa ChC CHelu(UIHA H SICHO
n3pa3eHa JHEBHA IUPKyJIalys HA BAThpa. [lopaan Ta3u nmpuyMHA B HacTosmiaTa paboTa ce
n3cleBa 4ecToTaTa Ha MBIHMHTE Hax bbiarapckoro UepHOMOpcko Kpaiibpexue, kato ca
W3I0JI3BaHu 1aHHU 32 10-roaumen nepuox (npenocraenu ot 3EYC mpexara 3a perucrpanus
Ha MbiaHUHM). CpaBHSABaT ce Ce30HHAaTa M JCHOHONIHATa YecToTa Ha MBJIHHHTE (Opoii
Mbaaur/km?) Hang Bwarapckoro UepHoMopHe M Hai LSAI0TO UepHOMOPCKO KpaiOpexwe.
AHanmM3BT MOKa3Ba, Y€ Mpe3 IpoJIeTTa M JATOTO YecToTaTa Ha MBJIHHMTE JOMHMHHPA HaJ
Brarapcko YepHOMOPCKO Kpaibpeskue cpsMo Tasu Hal HenusiT YepHOMOPCKH Opsr, JOKaTo
npe3 eceHTa e oOparHoTO. [Ipe3 3mmara dYectoTa Ha MBJIHUHMTE € €QHAKBA W B J[BETE
KpaiOpe)xHu 30HU. ['OIMIIHO-IEHOHONIIHMAT XOJX Ha YecTOoTaTa Ha MBJIHHUTE IIOKa3Ba, 4ye
MaKcHUMayHara 4ecToTa Haja YepHomopckus Opsr e B uatepBaia 0900-1200 UTC, nokaro Hax
BrarapckoTo kpaiiOpexxue € B cieipamiust BpeMeBH 3 dacoB auanazon 1200-1500 UTC.
MunumMymuTe U HaJl 1BeTe OPEeroBU 30HU ce HaOmMogaBaT B €IMH U chIny nHTEepBai 2100-2400
UTC.

Pasmpenenenuero Ha MBIHWUUTE Han bearapckoto YepHOMOpcko kpaitbpexwue ce
pasriexaa nogpoOHO, KaTo YCIOBHO TO € pa3ieneHo Ha 4eTHpH 30HU (¢ pasmep 0,5 0x 0,5 0
rpaayca, CbC ChOTBETHH HUMeHa: ,,I11abma“, ,,Bapna®, ,,CipHueB Opsare u ,,IIpumopcko’) kato
ce: (a) YTOYHSBAT CE30HHHTE MAaKCHMyMH M MHHHUMYMH B 4YeCTOTa Ha MBJIHUHTE 32
KOHKpPETHUTE 001acTH Ha KpaibpexueTo; (0 )ompeaesnecHo € B KOs OT YETHPUTE 00JIaCTH Ha
OperoBara JIMHUSI Haif-0ce3aeMo ca ce MPOSIBIBATH MBIHUNTE; (C) pa3KpUBa ce JEHOHOIIHHS-
CEe30HEH X0/ Ha MBIIHUUTE BbB YETHPHUTE paiioHa.

Baarogapuoctu: M3cnensanero e puHancupano ot EBpomeiickus cbio3 - NextGenerationEU,
upe3 HanmoHamHus 1i1aH 3a Bb3CTAHOBSIBAHE U YCTOMUMBOCT Ha PemyOnmka beirapus, mpoexT
SUMMIT BG-RRP-2.004-0008-C01
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Differential absorption lidar of greenhouse gases implementing
broadband laser diodes and correlation spectroscopy

Stoyan Penchev, Vasilka Pencheva, Tanja Dreischuh
Emil Djakov Institute of Electronics
Bulgarian Academy of Sciences

The greenhouse effect of humidity and methane in the low atmosphere a few kilometers above
Earth’s surface is important for the ecology and weather forecasting. A lidar (laser radar) is advantageous
for obtaining continuous real-time data of high temporal and spatial resolution. Particularly, a differential
absorption lidar (DIAL) is advantageous for retrieving range- resolved data on atmospheric scattering and
simultaneous measurement of the resonance absorption by the atmospheric gas content. Author’s original
contribution to pioneer studies advancing an effective DIAL by replacement of narrowband lasers with
their broadband counterparts is reported [1]. The method is based on spectroscopic correlation technique
developed for powerful, pulsed laser diodes of selected wavelengths that match confined segments of the
molecular absorption spectrum. Such broadband lidar detects the monitored integral absorption spectrum
of the gas instead of an isolated resonance line that depends on pressure broadening.

DIAL hygrometer on complementary powerful, pulsed laser diodes utilizing the properties of the
strong absorption band of water vapor of 0.86-0.91um unperturbed by the resonance spectra of other
atmospheric gases is developed. The detected DIAL signal calibrated by the theoretically-derived
absorption function for the detected radiation of broad laser line is immune to the variable atmospheric
pressure and temperature. The lidar is comparable to the other lidars of microjoule range based on MOPA
(master oscillator/ power amplifier) optical configuration and is approbated in series of test measurements.
[2].

An original method of differential absorption for detection of the atmospheric content of methane
in the near infrared range of the absorption spectrum of second combination overtone is developed. The
absorption functions are derived and an effective solution is found eliminating the interference of water
vapor by multiplexation of the lidar signal of determined ratio in the detector system [3]. The optimal
wavelengths are selected in a spectral window centered at 1.667um using calculated parameters of the
absorption function on the basis of HITRAN (high-resolution transmission and molecular absorption
database).

Acknowledgement: The present research is supported by the Ministry of Education
and Science of Bulgaria (support for ACTRIS BG, part of the National Roadmap for Research
Infrastructure).
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Jlupap Ha nudepeHnuajHa adbcopOIus 32 COHAUPaHe HA
NapHUKOBHU ra3oBe ¢ MUPOKOCHEKTHPHH JIa3ePHU AHOIU U METO/ HA
KOPeJAllMOHHA CIIEKTPOCKOMUA

Cmosn Ilenues, Bacunka [lenuesa, Tana [paviuy
Hucmumym no enexmponuxa axao. Emun J[pcaxos, BAH

W3crnenBaneTo Ha ChIBPXKAHHUETO Ha ITAPHUKOBHTE Ta30BE € BAYKHO 32 POrHO3MPaHE Ha BPEMETO
1 IIPEBEHIMSATA Ha KIIMMATHYHHTE NpoMeHHU. BotHHTE Tapy ca OCHOBEH ITApHHKOB a3, HA KOWTO TBIDKAM
YMEpEeHHs 3eMeH KIIMMarT, a METaHbT YMeTo (JOHOBO HHBO CE € yABOWIO 3a IOCIICIHHTE JIBECTA TO/IUHH,
urpae KIH040Ba poiisi B YCKOPSIBAHETO Ha MapHUKOBHS eekt. Vi3nomseanero Ha mmnapy (light emission
and detection) 3a conmmpane Ha aTMOCc(epHH HESTHOPOIHOCTH TI0 JIJAPHOTO TPACE CE XapaKTEPH3HPa C
BHCOKO MPOCTPAHCTBEHO M BPEMEBO Pa3pellicHHE Ha MOJTyHYEHNTE JJAHHU B peaiHo BpeMe. KoHkpeTHo,
nmnapute Ha mudepennranHa adbcoporms (AMAJI) peructpupar oOpaTHO-pa3CcessHi CHTHATM Ha JIBE
ITBIDKVHY Ha BBJIHATA 33 M3MEPBaHe Ha Ia30BOTO ChABKaHHe. B 10KiIana e mpesicTaBeH OpHriHaieH
ABTOPCKM TIPHHOC KBbM METO/a Ha KOpENalMOHHA CIEKTPOCKONWS, HMPU KOMTO JasepHTe C TSCHA
W3ThYUBATENTHA JIMHKS Ca 3aMEHEHH C JIa3epH C IIMPOKOCIIEKTHPHO JTBYCHNE B HHTETTIAPHH 00JIACTH OT
a0COpOIMOHHNS CIIEKTHpP BMECTO OT/IENHH 3aBHCHMY OT HALITAHE 1 TEMIIepaTypa JMHuH [ 1].

Pazpatboren ¢ IMAJI XurpoMeTsp ¢ KOMIDIMMEHTApHA JBOWKA MOIIHN MMITYJICHH JIa3epHU
JIMO/IH, B 00JIacTTa Ha aOCOPOLMOHEH CIIEKTHP Ha BOAHWTE Mapy HA THDKUHM Ha BhiHata 0.86pm-
0.91um, KOWTO € M30JMpaH OT CIEKTpUTE Ha Apyrure arMocdepru razoBe. Peructpupanmsat AUAJT
CHTHAJI, KaIMOpUpaH MO TEOPETUIHO-W3BEACHA a0COPOLMOHHA (DYHKIMS 33 IIMPOKOCTIEKTHPHOTO
JIA3ePHO JTbUCHHE, € HE3aBUCHM OT NPOMEHJIMBHTE aTMOC(EPHO HAIITaHe M TeMreparypa. JIumapst e
CBIIOCTABHMH T10 CHEPTHITHH XapaKTEPHCTHKH C JIMAPH OT MUKPO-/DKayJIOBUS JIUAITa30H U € anpoOUpaH
B CepHsl KOHTPOJIHH M3MEpBaHH [2].

[pencraBeH e opuruHaieH MeToA Ha audepeHIMarHa abcopOIWs 3a COHOUpaHE Ha
aTMOC(hepHOTO ChIIBPIKAHIE HA METaH B 00J1acTTa Ha abCOPOIIMOHEH CIIEKThpP Ha BTOPH KOMOUHAITMOHEH
00epToH B Omi3kus vH(ppavepBeH auanasoH. M3seneHn ca abcopOIMOHHITE QYHKIMH U € HAMEPEHO
pellleHHe 3a eIMMHMHMpaHe Ha Iapa3WTHOTO TONNTBII[AaHE OT BOJHHMTE IMapH, IOCPEICTBOM
MYJITUIUICKCUPAHE Ha JIMJAPHUTE CHTHATM B OMpE/ETCHO CHOTHOLICHME B INPHEMHATA CHCTEMA.
3anaieHy ca ONTHMAIHH CTOMHOCTH Ha JIb/DKMHUTE HA BBHJIHATA B CIEKTPATHHS MPO30pEL] OKOJIO
1.667um Ha ocHOBaTa Ha anpriopHa criektpanHa uH(opmarmst HITRAN [3].

Baarogapuoctn: Hacrosmero wscnenmpane e (uHaHCHpano OT MUHECTEPCTBOTO Ha
obpazoBanmneTo U Haykarta (moakpena 3a ACTRIS BG, gact or HITIKHU).

[1] B. Thomas, G. David, C. Anselmo et.al., Remote sensing of atmospheric gases with optical
correlation spectroscopy and lidar: first experimental results on water vapor profile measurements, App.
Phys. B, Vol. 113, pp. 265-275 (2013).

[2] S. Penchev, V. Pencheva and T. Dreischuh, Advanced portable DIAL hygrometer on powerful
pulsed laser diodes with fibre- optical cascade collimator. J. Physics: Conference Series, p.1859 (2021).

[3]S. Penchev, V. Pencheva and T. Dreischuh, DIAL sounder of methane insusceptible to variable
humidity based on broadband laser diodes, Compt. rendus de I’Acad. Bulgare des Sciences, Vol. 76, Issue
3, pp- 352-358 (2023).



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Indications of Saharan dust passages over Sofia City based on analysis
of near-ground PM mass concentrations

Tsvetina Evgenieva, Ljuan Gurdev, Elena Vakareeva, Tanja Dreischuh
Institute of Electronics, Bulgarian Academy of Sciences

The main purpose of the present report is to describe and discuss the possibility of
recognizing Saharan dust situations over Sofia using data on the ground-level particulate-
matter (PM) mass concentrations PM1o and PMz5 from a background automatic measuring
station (AMS) and an urban AMS of the National Automated System for Environmental
Monitoring of the Ministry of Environment and Water. Additional validation data were also
employed from an AERONET-involved sun/sky/lunar photometer Cimel CE318-TS9, the
HYSPLIT and MONARCH models, the FIRMS satellite system and the National Institute of
Meteorology and Hydrology. They concerned, respectively, the optical and microphysical
characteristics of the aerosol field over Sofia, the back trajectories of the air masses ending
over Sofia, the Saharan dust load, the fire activity worldwide and the weather conditions.

It was shown that: (1) significant increases of the daily-mean PM o mass concentration
(above 50 ug m~ or 70 ug m~3) measured at the background AMS were due in 74% and 86%
of all cases, respectively, to intense Saharan dust events, with dust load DL > 0.05 g m; (2)
peak values of PM 1o above 25-30 ug m~ along with simultaneous deep declines in the ratio
R =PMa2.5/PM1o down to around and below 0.1-0.2 were as a rule indications of Saharan dust
events with DL > 0.15-0.20 g m2; (3) high PMio above 40-50 pug m™ at DLs < 0.05 g m2
were due to smoke of fires in the summer and domestic heating in the winter, or mixtures of
smoke and marine aerosols and small amounts of desert dust; and (4) PMio measured by the
background AMS correlated mainly with PM 1o and to a lower extent with PM2.s measured by
the urban AMS.

Thus, using the peculiarities established in the behavior of the near-ground in situ
measured mass concentrations PMio and PM2s under conditions of intense Saharan dust
intrusions, with a high degree of confidence one can identify and confirm the occurrence of
such intrusions over the region of Sofia City.

This work has been carried out in the framework of the ACTRIS BG, part of the
Bulgarian National Roadmap for Research Infrastructure, and in the framework of the
National Science Program "Environmental Protection and Reduction of Risks of Adverse
Events and Natural Disasters” (Agreement No. D01-27/06.02.2024), both supported by the
Ministry of Education and Science of Bulgaria. The research has been also funded by the
European Commission under the Horizon 2020 — Research and Innovation Framework
Program, Grant Agreement No. 871115 (ACTRIS IMP).
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Nuaukanuu 3a npemuHaBane Ha npax ot Caxapa nag rpaa Cogus Bb3
OCHOBAa HA AHAJIM3 HA NPU3eMHHUTE MACOBU KOHLUEHTPALUU HA (PUHH
NPaxoBU YacTUIH

Lleemuna Egzenuesa, Jloan I'vpoes, Enena Baxapeesa, Taus [patiuy
HUncmumym no enexmponuxa, bvaeapcka akademus na naykume

OcHOBHA IleJl HAa HACTOSAINMS JOKJIAX € Ja Ce aHaINW3UpaT BBH3MOXKHOCTHUTE 3a
pa3no3HaBaHe Ha HAJIMYHETO Ha IPEHOC Ha caxapcku npax Hax rp. Codus, M3mon3Baiiku
JTaHHMY 32 IPU3EMHNTE MAaCOBH KOHIIEHTPAIIMH HA aepO30JIHN YacThIM (particulate matter, PM)
¢ pasmepu < 10 um (PMio) u <2.5 um (PMzs), usmMepeHu oT eHa (OHOBA aBTOMATHYHA
n3MepBarenHa cranuus (AWC) u emgna rpagcka AMC na Hamumonannata aBTOMaTH4HA
CHCTEMa 3a MOHUTOPHHI Ha OKOJHaTa cpefa Ha MMHHCTEPCTBOTO Ha OKOJHATa cpeja M
BoxuTe. M3moa3BaHM ca W JOMBIHUTEIHU JaHHU OT: CIbHYEB/HEOECEH/IyHEH (OTOMETHD
Cimel CE318-TS9 (uact or AERONET), mogenute HYSPLIT 1 MONARCH, ciibTHUKOBaTa
cucrema FIRMS n HannoHanHus HHCTUTYT IO METEOpOJIOrHs U Xxuaposorus. Te ce oTHacsAT
JI0: ONTHYHUTE M MHKPOQHM3MYHHTE XapaKTePUCTHKH Ha aepo30JHOTO MOJe; oOpaTHUTE
TPaeKTOPUH Ha BB3AYIIHUTE MacH, NPUCTHUrAIM HAJ Ipaja; HAIMYUETO Ha ITyCTHHEH Mpax B
aTMoc(epara Haj Ipaja; HoKapHUTE OTHHIIA TI0 CBETa M MeTeoapaMeTpHurTe.

[okazano e, we: (1) 3HAUMTENHH HapacTBaHWSA Ha cpenHoAHEBHUTe PMio mMacoBm
koHUeHTpauuu (Hag 50 ug m= unn 70 ug m->), usmepenu BuB ponoBata AUC ce nbakar B
cb0TBeTHO 74% 1 86% 0T ciIyuanTe Ha HHTEH3UBHH HAaXTyBaHUS Ha CaXapCKH Mpax, C IpaxoB
toBap (dust load, DL) > 0.05 ¢ m™2; (2) nukoBu cToiiHocTd Ha PMio Hax 25-30 ug m=>, npu
CIHOBPEMCHHU JIBJIOOKH CIa0BE Ha OTHOMEHHETO 2 = PM2.5/PMio 10 okoso u oz 0.1-0.2
Ca KaTo IpaBUJIO MOKa3aTell Ha HaJIu4YKe Ha caxapcku npax ¢ DL > 0.15-0.20 g m™%; (3) npu
PMio nax 40-50 pg m= u DL < 0.05 g m™2, BHCOKAaTa KOHLEHTPAIMS CE IbJDKM HA UM OT
MOXKapy IMpe3 JITOTO M OUTOBO OTOIUICHHE Npe3 3UMaTa, WIM Ha CMECH OT AWM ¥ MaJKH
KOJINYECTBAa MOPCKH aepO30JIM M CaXapcKu mpax u (4) ¢uykryamuure Ha PMio oT ¢oHOBaTa
AMNC xopemupat ocHOBHO ¢ urykryanuute Ha PM 1o 1 B mo-Manka cTereH ¢ Te3u Ha PM2.s ot
rpagckara AUC.

W3nom3Baiiki yCTaHOBEHUTE 0COOCHOCTH B IOBEJICHNETO HA MPU3EMHUTE, H3MEPEHH
in situ PMio 1 PM2.5s MacOBM KOHIIEHTPAIMH B YCJIOBUSTA HAa MHTEH3UBEH aTMOC(EpeH MpeHoc
Ha caXxapcKy Ipax, C BUCOKa CTETIeH Ha JOCTOBEPHOCT MOJKe J1a ce MACHTH(HUINPA U HOTBBPIH
HAJIMYMETO Ha TakbB npeHoc Hax rp. Codus.

Hscnedsanemo e nposedeno 6 usnvinenue Ha pabomHama npoepama Ha KOHCOPYUym
ACTRIS BG, wacm om Hayuonannama nvmua Kapma 3a HAYYHA UHGpacmpykmypa, u Ha
Hayuonannama nayuna npocpama ,, Onaseéane na okoiHama cpeoa u HAMAiaeaHe Ha pucka
om HebrazonpusmHu A6leHus U npupoonu oOeocmeus’ (Cnopasymenue Ne J[01-
27/06.02.2024), ¢unancupanu om Munucmepcmeomo na obpazosanuemo u Haykama.
Dunancosa nookpena e nonyiena u om Eeponetickama komucus, Ilpoepama Xopusoum 2020,
0doeoeop No. 871115 (ACTRIS IMP).



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Photometric studies of the aerosol climatology and typology over the
city of Sofia in the period 2020 — 2024

Tsvetina Evgenieva, Eleonora Toncheva, Ljuan Gurdev, Tanja Dreischuh
Institute of Electronics, Bulgarian Academy of Sciences

The aim of the work reported is studying the climatology and typology of the aerosol
fields above the city of Sofia in a period extending from 05.05.2020 to 29.02.2024. The
research is based on analyses of optical and microphysical characteristics as obtained
following algorithms of AERONET (NASA’s AErosol RObotic NETwork) using data
collected by measurements of solar irradiance and sky radiance performed by means of a
Cimel CE318-TS9 sun/sky/lunar photometer. The photometer is a part of the research
equipment of Sofia Aerosol Remote Sensing Station at the Institute of Electronics, Bulgarian
Academy of Sciences, which is a member of the Pan-European Research Infrastructure
ACTRIS (Aerosol, Clouds and Trace gases Research InfraStructure) and of the European
networks EARLINET (European Aerosol Research Lldar NETwork) and E-profile.

The data analyzed concern two two-year subperiods, as well as the entire period. The
analyses demonstrate that the frequency distribution of the AODas40 and AEasos70 are
respectively bimodal and trimodal with close peak and mean values. The AE440/870 — AODa440
diagrams of these parameters’ daily mean values show similar climatology and typology
during the different subperiods. The classification of the aerosol types (urban, desert, mixed
and biomass burning) made based on these diagrams is confirmed by additional AERONET
data, by forecast models for desert dust transport, by the back trajectories of the air masses
arriving over the city of Sofia, and by satellite images of active fires across the world. The
relative occurrence of the different aerosol types varies weakly during the two subperiods,
with the urban aerosols’ relative part dropping in the second subperiod, while that of the
mixed, desert and biomass burning aerosols is rising.

The results obtained indicate that the annual aerosol circulation over the city of Sofia
is rather stable from statistical, typological and climatological points of view; however, each
year is characterized by specific features reflecting occasional phenomena of local or global
nature.

This research is funded by the Ministry of Education and Science of Bulgaria (support
for ACTRIS BG, part of the Bulgarian National Roadmap for Research Infrastructure) and by
the European Commission under the Horizon 2020 — Research and Innovation Framework
Program, Grant Agreement No. 871115 (ACTRIS IMP).
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®oTOMEeTPUYHO H3CJIeABAHE HA A€PO30JHATA KIUMATOJNOTUA U
Tunosgorust Hag rpag Cogus B nepuoaa 2020 — 2024 r.

Ljeéemuna Eszenuesa, Eneonopa Tonuesa, Jlroan I'vpoes, Tawns [patiuy
HUnemumym no enexmponuxa, bvaeapcka akademus na naykume

LlenTa Ha HacTosmIaTa paboTa € Aa ce U3ciaeaBaT KIMMATOJIOTHITa U THIIOJIOTUATA Ha
aeposonuute monera Haxy rp. Codus B mepuoma ot 05.05.2020 r. mo 29.02.2024 r.
W3cnenBaHusTa Ce OCHOBaBAaT BbPXY aHAJIW3 HA ONTHYHHUTE M MUKPOGHU3HYHHTE
XapaKTEepUCTUKH Ha aepo3onuTe, nmoaydenu mo amroputmu Ha AERONET (NASA’s AErosol
RObotic NETwork), u3nonsBaiiki JaHHE OT W3MEpBaHUS Ha CI'bHYCBaTa W HebecHara
panuanus, HampaBeHH CbhC chObHYEeB/HeOecen/nyHeH ¢ortomersp Cimel CE318-TS9.
doToMeTEPBT € YacT oT mHcTpyMeHTapuyma Ha CoduiickaTa CTaHIMS 32 JUCTAHIIMOHHO
COHIMpaHe Ha aepo3oiuTe KbM MHCTUTyTa Mo enekTpoHHKa - BAH, KosATO € wieH Ha maH-
EBpomneiickata Hayuna nappactpykrypa ACTRIS (Aerosol, Clouds and Trace gases Research
InfraStructure) u va EBpomnetickute mpexu EARLINET (European Aerosol Research Lldar
NETwork) u E-profile.

JlaHHWTE ca aHANM3UpAHM 32 JBa JBYTOAWIIHH IOJIIEPHUONA W 3a LENUS IEePHO.
AHanu3bpT NOKa3Ba, 4ye YeCTOTHUTE pasmnpeneieHus Ha peanusanunte Ha AODaso u AE440/870
ca CbOTBETHO JIBYMOJOBH M TPUMOJIOBH C OJIM3KH IIMKOBH M CPEAHU CTOIHOCTH. J[narpamuTte
AEu440/870 - AOD440 Ha CpeHOZHEBHHTE CTOMHOCTHM Ha TE3W IapaMeTpH IIOKa3BaT CXOIHA
KIMMAaTOJIOTUS U TUIIOJIOTHS Mpe3 pa3inyHuTe moaneproau. Knacupukanusara Ha THIIOBETE
aepo30iu (TpajcKy, IyCTUHHY, CMECEHHU H OT M3rapsHe Ha Ormomaca), HalpaBeHa Bb3 OCHOBA
Ha Te3W Ouarpamu, ce NoTBbpkaaBa oT mombiaHuTeHH AERONET nmannu, ot mMomenu 3a
MPOTHO3MpaHe Ha Pa3NpOCTPAHEHHETO Ha IyCTHHEH Mpax M Ha OOpaTHUTE TPACKTOPHU Ha
BB3AYNIHNTE MacH, npucturamy Hag rp. Codus, KaKTo U OT CaTEeIUTHU HU300paKeHUS Ha
aKTHBHHTE MokapH nmo ceera. OTHOCHTENHATa MPOsIBa HAa aepO30JIM OT Pa3JIMUHHUTE THUIIOBE
Bapupa ci1abo mpe3 JBara MoJIepuoa, KaTo npe3 BTOPHs MOANEPHO OTHOCUTEIHUAT AsI Ha
IPaJCKUTE aepO30JIM HaMaJIsIBa, a TO3M HAa CMECEHUTE, ITyCTHHHUTE U OT U3rapsiHe Ha Onomaca
aepo30JIU ce yBEIIMYaBa.

IMomyuennte pe3ynTaTH MOKa3BaT, Ye TOJUIIHATA aepO30JHA MUPKyJAmus HAX TP.
Codust € OTHOCHTETHO yCTOWYMBA OT CTaTHCTHCTHYECKA, THIIOJIOTHYHA U KIMMAaTOJIOTHIHA
TJIeHA TOYKA, KAaTO BCSIKA TOJMHA C€ XapaKTePU3HUpPa U ChC CIIEINGUIHA 0COOSHOCTH, TTOpagn
W3BBHPEIHU SBICHUS OT MECTEH M TI100aJIeH XapaKTep.

Hacmosiwyemo uscnedsane e punancupano om Munucmepcmeomo na o6pazosaruemo
u naykama (nookpena 3a ACTRIS BG, uacm om Hayuonarnama nvmua xapma 3a HAyYHa
ungpacmpykmypa) u om Eeponeiickama komucus, Ipoepama Xopuzoum 2020, dozoeop No.
871115 (ACTRIS IMP).
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Complex study of atmospheric aerosols over Sofia during winter
outbreak of Saharan desert dust

Liliya Vulkova, Zahari Peshev, Tsvetina Evgenieva, Atanaska Deleva, Tanja Dreischuh
Institute of Electronics, Bulgarian Academy of Sciences

The severity and frequency of Saharan dust outbreaks during the winter have increased
recently, making them a crucial part of the global dust cycle and a difficult problem to
understand in the context of ongoing climate change. The distribution and properties of desert
aerosols have to be thoroughly analyzed by multi-aspect analyses and systematic multi-
instrument observations throughout the entire duration of dust events in order to provide
sufficient monitoring and characterization.

Our study presents findings from a multi-sensor combined analysis of the Saharan dust
load event that was detected in the atmosphere above Sofia, Bulgaria, in February 2021. A
blocking synoptic pattern that lingered over the Mediterranean basin, resulting in clear skies
and stable measurement conditions, was the cause of the event, which was part of a strong
dust episode that affected all of Europe.

To accomplish this study, real measurements and data (re)analysis were performed
using a variety of remote sensing techniques (lidar, satellite, and radiometric), in situ particle
analysis, and modeling/forecasting resources. Many columnar and range/time-resolved
parameters (optical, microphysical, physical, topological, and dynamical) of the detected
aerosols, which are dominated by desert dust, were obtained and profiled with high accuracy
and reliability by combining the applied approaches and instruments in terms of
complementarity, calibration, and normalization.

Based on the results, it is possible to significantly improve the verification and
enhancement of theoretical models aiming at comprehensive aerosol/dust characterization by
combining and using a number of pertinent techniques, instruments, and data in an interactive
manner.

The present research is supported by the Ministry of Education and Science of
Bulgaria (support for ACTRIS BG, part of the National Roadmap for Research Infrastructure)
and by the European Commission under the Horizon 2020 — Re-search and Innovation
Framework Program, Grant Agreement No. 871115 (ACTRIS IMP).
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KoMmtekcHo n3ciieqBane Ha aTMOC(epHUTE aepo30JH HAA TPaj
Codus no BpeMe Ha 3MMeH NMPEHOC HA MyCTHHeH npax ot Caxapa

Jlunusa Buvaxosa, 3axapu Ilewes, [leemuna Eecenuesa, Amanacka /enesa, Taus /patiuy
Hnemumym no enekmponuxa, bvieapcka akademusi na naykume

3UMHHUTE EMHCHM Ha CaXapCKu Npax, HapacTBALM [0 WHTCH3UTET M 4ECTOTa Ipe3
HOCJIEAHOTO ACCETHIICTHE, CE IPEBPBIAT BbB BayKEH KOMIIOHEHT Ha MIIOOATHHS NPaX0B LIUKbII
U B TIPEIU3BHKATENICTBO 3a M3ACHSIBAHE Ha BPB3KaTa C IPOIBIDKABAIIOTO W3MCHEHHE Ha
KIMMara. 3a TAXHOTO aJeKBAaTHO H3CJIeABaHE M XapaKTepu3WpaHe ca HeOoOXOIUMHU
CHCTEeMaTHYHH HAOIIOJNCHUS C MHOXECTBO HMHCTPYMEHTH M MHOTOACIIEKTHH aHAJM3H Ha
paslpenielIeHHeT0 W CBOMcTBaTa Ha IIYCTHMHHHTE aepo30yi, OOXBaIlamy IsjaTa
HPOABIDKUTETHOCT Ha TIPAXOBUTE ChOUTHS.

B Ta3u paboTa mpeacTaBsiMe pe3yJITaTH OT H3CJICABaHUS Ha aTMOCHEPHUTE aepO30JIH
Haj rpax Codus mo BpeMe Ha HHTCH3MBEH MPaxoB eMu30 HaJ msiia EBpomna npes3 ¢peBpyapu
2021 1., O0OyCcIOBEeH OT TIOCTOSHEH OJOKUpAaIll METEOPOJIOTHYECH MOZIEN  Haj
CpeIM3eMHOMOPCKHUS OaceifH, ocurypsBan sICHO HeOe M IIOCTOSIHHH YCJIOBHSI 32 H3MEpBaHe.
Te3u wm3cnenBaHWs ca M3BBPIICHM C MOMOINTA HAa PAa3IMYHM METOAM 3a JHCTaHI[HOHHO
HaOmoneHne (JIMIapHH, CATEIUTHY, PaJHOMETPIYHH), JIOKAIHH (in Sifu) ©3MEpBaHHs, KaKTO
U METOIM U PECYpCH 3a MOJAEIUpPaHe/IPOTHO3MPaHe C N3IMOI3BaHE HA PEATHH H3MEPBAHUS U
(pe)ananus Ha JaHHH.

Ype3 KOMOMHHMpaHE HA MPUJIOKEHUTE MOJAXOIN U HHCTPYMEHTH B aCIeKT Ha B3aHMHO
JOTIbJIBaHE, KaMMOpUpaHe M HOpPMaJH3UpaHe, ca MOJYYCHH M BEPTHKAIHO MPOGHIMPAHHU C
HOBMIIICHA TOYHOCT M HAASKIHOCT pEIUla ONTHYHH, MHUKPOGHU3NYHM, (GHU3UYHH,
TOMOJIOTHYHH ¥ AUHAMUYHH XapaKTePUCTHKH Ha ACTEKTUPAHUTE aepO30JIH. AHAIM3UPAHH ca
KaKTO OCpPEeIHEHH IO Ipiiata arMocdepa (KOJOHHH) IapaMeTpH, Taka M TaKHBa C BHCOKa
HPOCTPaHCTBEHA Pa3/IeIMTEIHA CIIOCOOHOCT.

IIpencraBennTe pesyiTaTd MOKa3BaT, 4Ye HMHTEPAKTUBHOTO KOMOWHHMpaHEe W
W3I0JI3BaHEe Ha PA3JIMYHU PEJIEBAHTHH IMOJXOJH, HHCTPYMEHTH W JaHHHU UMAaT 3HAYUTENIeH
cHHepru4eH eekT U MOTEHIHAT 32 Bepru(HUKALMsA U MOJ00psBaHEe Ha TEOPETUYHHU MOIENH,
HACOYCHH KBbM IO-IIBJIHO XapaKTepH3MpaHe Ha aTMOC(EpHUTE aepo30Jd, B TOBA YHCIO H
MYCTHHEH Mpax.

Hacmosiwyemo uscneosane e punancupano om Munucmepcmeomo na o6pazosanuemo
u naykama (nooxkpena 3a ACTRIS BG, wacm om Hayuonannama nvmua xapma 3a Hay4yHa
ungpacmpyxkmypa) u om Eeponetickama xomucus, [Ipoepama Xopuzonm 2020, doeoéop No.
871115 (ACTRIS IMP).



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Remote sensing of Canadian forest fire smoke in the
atmosphere over the city of Sofia

Stefan Dosev, Tsvetina Evgenieva, Ljuan Gurdev, Zahari Peshev, Liliya Vulkova, Eleonora
Toncheva, Lyubomir Popov, Orlin Vankov, Tanja Dreischuh
Institute of Electronics, Bulgarian Academy of Sciences

Forest fires are of considerable importance in forming the solar energy distribution in
the Earth’s atmosphere due to biomass burning smoke’s strong light absorption. Being a
significant air pollutant, smoke is a major factor in the occurrence of adverse climate changes,
besides causing severe health problems. Thus, the necessity has arisen of global scale
monitoring of the intensive forest fires smoke spread, together with studying the smoke
aerosol specifics. The modern in situ and remote (active and passive) research techniques
provide a wide range of experimental data related to the optical and microphysical
characteristics of the atmospheric aerosol field and its dynamics.

According to the World Meteorological Organization, 2023 was a year of record-
breaking air temperatures and, respectively, of extreme fire activity on a worldwide scale. This
resulted in a substantial societal and scientific interest in studying the atmospheric aerosol
content.

The present work provides results of active and passive remote sensing of the aerosol
field over the city of Sofia in early October 2023, thus revealing the effect of smoke aerosols
originating from close and distant forest fires. Using lidar, ceilometer, and sun-photometer
data, the stratification of acrosols together with their optical and microphysical characteristics
were determined.

The data analyses indicate that during the period in question the atmosphere above the
city of Sofia was dominated by aerosol particles released from biomass burning, prevailingly
in Canada and partially in Europe, mixed with lesser amounts of anthropogenic, marine and
desert aerosols. These results were supported by satellite mapping of active fires across the
world, model data on the Saharan dust transport and on the air masses back trajectories, as
well as by meteorological data.

This research is funded by the Ministry of Education and Science of Bulgaria (support
for ACTRIS BG, part of the Bulgarian National Roadmap for Research Infrastructure) and by
the European Commission under the Horizon 2020 — Research and Innovation Framework
Program, Grant Agreement No. 871115 (ACTRIS IMP).
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JUCTAHIMOHHO COHAUPAaHe HA JUM OT KaHAJACKH FOPCKHU MOKAPH B
atMocgeparta Haa rpaa Copus

Cmecgpan Jloces, [leemuna Eecenuesa, Jloan I'vpoes, 3axapu [lewes, Jlunus Bvixosa,
Eneonopa Tonueesa, Jlwbomup Ionos, Opaun Bauxos, Taus /[patiuy
Hnemumym no enekmponuxa, bvicapcka akademus na naykume

lopckure moxapu HrpasT 3HaYUTENHA POJII B PaslpeieeHHeTO Ha CIbHUYEBaTa
eHeprus B aTMocdepara, ThH KaTo AMMBT OT H3rapsHe Ha OHOMaca CHJIHO TIOTNTbINA
CBeTNIMHATA. buaeliku chIOIeCTBEH 3aMbpPCHTEN HA BB3AyXa, TOH € BakeH (akTop 3a
HACTBIIBAHETO Ha HEXENaHH KIUMAaTHYHUA MPOMEHHM, a ChINO TaKa MPUUUHABA U CEPHO3HH
3/[paBOCIIOBHU IpoOiieMu. ToBa o0yciiaBsi HEOOXOIUMOCTTa OT IPOCIEAsSBaHE B TI00aNeH
Manab Ha pPa3NpOCTPAHEHHETO Ha JMMa OT MHTCH3WBHH TOPCKH IOXKapy U W3y4aBaHETO Ha
cnenudukara Ha AUMHUTE aepo3osy. ChBpEeMEHHHTE in Situ W JTUCTAHIVOHHU (aKTUBHU U
MACHBHH) U3CJIE0BATEIICKH METOIM IIPEIOCTABAT MIMPOK HAOOP OT eKCIICpUMEHTAIHY JaHHH
OTHOCHO ONTHYHUTE U MUKPO(DU3UIHHUTE XapaKTEPUCTHKN Ha aTMOC(HEPHOTO aepPO30THO T0JIe
U HEroBaTa AWHAMUKA.

CerioacHo CBeTOBHATa METEOPOJIOTHYHA opraHmu3anus, 2023 r. e roguHa Ha PEKOPAHO
BHCOKH TEMIEpaTypH Ha BbB3IyXa H, ChOTBETHO, EKCTpeMaJHa IOXapHAa AaKTUBHOCT B
CBETOBEH Mamad, koero oOyciaBsi 3HAYMTENHHS OOIIECTBEH M HaydeH HHTEpPeC KbM
U3CIIeABaHE Ha aepPO30JIHOTO ChABbPIKAHUE HA aTMOCc(epara.

B Hacrosmara paboTa ca NPEACTaBEHH PE3yJNTaTH OT AaKTUBHO M MACHBHO
JMCTAaHIMOHHO COHJMpPaHe Ha aepo30yIHOTO moie Hax rpaj Codus B HAYaJOTO HAa Mecell
okxToMBpH 2023 T., pasKpUBaiiKu BIMSTHUETO HAa TUMHH a€PO30JIH OT NO-OJU3KU U T0-1aTCTHN
ropcku  moxapu. OmpegeneHH ca aepo3ojHATa CTpPAaTH(UKAOMS U ONTHYHHTE U
MHUKPOGU3HYHH a€PO30JIHH XapaKTePHCTHKH 110 TAHHW OT JINUAApP, CEHIOMETHP M CITBHUEB
dhotomeTnp.

AHanu3bT Ha JaHHUTE MOKa3Ba, 4e Mpe3 pasriiekIaHus Nepros B atMocdepara Haj
Codust ToOMUHHpPAT aepO30JIHU YaCTHLM OT M3rapsiHe Ha Ouomaca, npeaumHo ot Kananma u
qacTHYHO OT EBpoma, mpuUMeceHHM ¢ MO-MaJKH KOJHYECTBa AHTPOIIOTCHHH, MOPCKH M
MYCTHHHM aepo3ony. [lodydeHuTe pe3yiaraTH ca HOTBBPACHH M OT CATEIMTHH KAapTH Ha
AKTHBHUTE MTOXaPH 0 CBETa, MOJIEITHH JJaHHU 3a MpeHoca Ha Caxapcku Impax u 3a 00paTHUTE
TPaeKTOPUH Ha BB3AYIIHUTE MACH, KAKTO U OT METEOPOJIOTHIHHU JaHHH.

Hacmosuyemo uscnedsane e hunancupano om Munucmepcmeomo Ha 06pa3oeanuemo
u naykama (nooxkpena 3a ACTRIS BG, wacm om Hayuonannama nvmua xapma 3a Hay4Hd
ungpacmpyxkmypa) u om Eeéponetickama xomucus, [Ipoepama Xopuzonm 2020, doeoéop No.
871115 (ACTRIS IMP).
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Current State of the Seismological Network of Sofia University

L.Dimova, E. Pandourska, R. Raykova
Dept. Meteorology and Geophysics, Faculty of Physics, Sofia University ,, St. Kliment
Ohridski

The Bulgarian University Seismic Network (BUSN), established in Faculty of
Physics, Sofia University ,,St. Kliment Ohridski®, aims to support specific research topics and
experiments in seismology. Currently, the network consists of two stations: SOFSU and
SRKO.

Station SOFSU, located at the Faculty of Physics, SU (42.67304°N, 23.32938°E,
elevation 609 m), began operations in September 2023 and includes a 3-component Geophone
(4.5 Hz) with a PSN-ADC24 digitizer. There are several publications using the records from
this equipment [1]. Later, the modern Velbox system including a SS02 seismometer (0.2 Hz)
and a SLO6 seismic recorder was added. The mobility of the Velbox system enables the short-
time measurements of the seismic noise in various points by detecting resonance frequencies
of the soil and buildings.

Station SRKO, located in Sredni Kolibi (42.91834°N, 25.73967°E, elevation 424 m),
became operational in August 2024. It is equipped with a broad-band SS08 sensor (50 Hz to
120 s) and digitizer SLO6BB, capturing a wide range of seismic signals and possibilities for
complex seismological studies. Presently, the SRKO station records are used to obtain the
focal mechanisms of earthquakes in Bulgaria and its surroundings by INPAR method. The
wide frequency range of SRKO instrumentation allows the good-quality registration of local
and teleseismic earthquakes and continuous record of seismic noise.

The BUSN is registered with code “B” through the FDSN system (DOI: 10.7914/tawk-
rh33), and soon the records of SOFSU station will be freely available allowing collaboration
with global seismological networks.

Acknowledgements: This study is financed by the European Union-NextGenerationEU,
through the National Recovery and Resilience Plan of the Republic of Bulgaria, project No
BG-RRP-2.004-0008-C01 - ,, Investigation of the FMs of earthquakes with magnitude M>4 in
the territory of Bulgaria and its surroundings*, 70-123-265/19.02.2024.

References
[1] L. Dimova, L. Dimitrova, R. Raykova, First station from the Sofia University Seismic
Network. Rev. Bul. Geol. Soc., Vol. 84, Issue 3, pp. 337-340 (2023).
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Texkymo cbCTOsIHME Ha ceM3MUYHATa Mpeka Ha Coduiicku
YHUBEPCUTET

JI. /lumosa, E. Ilandypcka, P. Paiikosa
Kameopa ,, Memeoponoeus u eeogpuzuxa*, @usuuecku paxyrimem, Coghuiicku yrusepcumem
,, Ce. Knumernm Oxpuocku

Bbwirapckata yHumBepcureTcka cemsmmuHa Mpexka (BUSN), cp3mamena BbB
Ousnuecku pakynrer, CY ,,Cs. Kiument Oxpuacku®, 1eiu a MOAMOMOTHE CrenuduyHu
U3CIIEIBAHUS U €KCIEPUMEHTH B CEH3MOJIOTHATa. B MOMeHTa MpexaTa ce ChCTOM OT J[BE
cranuuu: SOFSU u SRKO.

Cranmusa SOFSU, pasnonoxena BbB Pusmuecku daxynrer, CY (42.67304°N,
23.32938°E, nammopcka BucoumHa 609 m), 3amouBa pabora mpe3 centemBpu 2023 . U
BKJIFOYBa 3-KoMmroHeHTeH reodoH (4.5 Hz) ¢ mururaiizep PSN-ADC24. 3amucute oT Tasu
armaparypa ca W3MOJ3BaHH B HIKOJNKO myOmukanuu [1]. ITo-xbcHO e moGaBeHa MonepHaTa
Velbox cucrema, BrimoyBamia cem3momersp SS02 (0.2 Hz) u cemsmuuen pekopaep SLO6.
IMomemxHocTTa Ha Velbox cucTeMara MO3BOJNISIBA NPOBEXKAAHETO HAa KPAaTKOBPEMEHHH
U3MEPBAaHUsI HA CEM3MHUYHUS IIyM B Pa3INYHM TOYKH U PETHCTPUPAHETO HA PE30HAHCHU
YEeCTOTH Ha II0YBaTa U CTPAAUTE.

Cranmusa SRKO, pasmonoxkena B c¢. Cpennun Kommubu (42.91834°N, 25.73967°E,
HaJIMOpCKa BHcounHa 424 m), 3amouBa pabota mpe3 aBryct 2024 r. Tsa ¢ obopynsana ¢
mpokosieHToB cerzop SSO08 (50 Hz mo 120 s) u mururaiizep SLO6BB, ynapsin mmpok
IMana3oH OT CEM3MHYHU CUTHAJIHM W JaBalll BE3MOXKHOCT 33 KOMIUIEKCHH CEH3MOJIOTHYHU
n3cnensanus. Ilonacrosimem 3anucure ot craHuus SRKO ce usnonssat 3a noiaydaBaHe Ha
(hoxamHITE MEXaHU3MHU Ha 3eMeTpeceHus B buarapus m okomHoctute mo merona INPAR.
upoxusT yecToTeH nuama3oH Ha amaparyparta Ha SRKO no3BonsBa peructpanus ¢ 1006po
Ka4ecTBO Ha JIOKAJHH U TEJIEeCEH3MHUYHH 3€METPECeHNs, KaKTO M HEMpeKbCHAT 3alHC Ha
CEM3MHUYHHUSA IITyM.

BUSN wmpexara e peructpupaHa ¢ kox “B” mpe3 cucremara FDSN (DOI:
10.7914/tawk-rh33). 3anucure ot crannus SOFSU e 6b1aT cBOOOIHO TOCTHITHU B OJIU3KO
BpeMe, TI03BOJISIBAHKH CHTPYTHHYECTBO C TII00ATHH CEU3MHYHH MPEKH.

Baaropapuoctu: 7Tosa u3scredsane e ¢unancupano om  Esponeilickus cvioz —
NextGenerationEU, upe3 Hayuowannus naan 3a 6b3CmMAHO6A6AHEe U YCHMOUYUBOCH HA
Penybnuxa Bvaeapus, npoexkm Ne BG-RRP-2.004-0008-C01 — ,, U3crneosane na gpokarnume
Mexanusmu Ha 3emempecenus ¢ macnumyo M>4 wua mepumopusma na buvieapus u
oxoanocmume*, 70-123-265/19.02.2024.

Jlutepatypa
[1] L. Dimova, L. Dimitrova, R. Raykova, First station from the Sofia University Seismic
Network. Rev. Bul. Geol. Soc., Vol. 84, Issue 3, pp. 337-340 (2023)
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Iloxanenu noxinagu
1. K. Ko3zapes: ,, Moaepuuszauusra Ha teneckona LOFAR u cranmmsta LOFAR-BG: Tekyo
CBCTOSTHHE M OBJICIIO pa3BUTHE

YcTHU noKiagn

1. P. MureBa: ,,MarauTHara CTpyKTypa Ha CITbHUEBH aKTUBHU 00JIACTH M HEHHOTO BIIMSHUE
BBbpPXY KOCMHUYECKOTO Bpeme**

2. B.T'eoprues: ,,O0s5icHeHHE Ha ()eHOMEHHTE, ThMHATA €HEPrUs U ThMHATA MaTepysl, C IOMOILTA
Ha TeOpHsATa 32 UHBAPUAHTEH BaKyyM

3. A. Enudanos: ,,OnpenensHe Ha NOMyIaysaTa Ha CBPbXTEPMAIHU HOHU 332 MOJIEJIMPAHETO HA
I7100aJTHUS TPAHCTIOPT Ha BUCOKOEHEPIUTUYHH YAaCTHILM C TIOMOLITa Ha u3MepBaHus Ha Parker
Solar Probe*

4. O. CrenaHmok: ,,CerMeHTHpaHE U IIPOCIIEAsABaHE HAa EPYIITUBHU CITbHUEBH SIBJICHUS C
KOHBOJTIOLIMOHHU HEBPOHHU MPEXKH

5. II. IlBerkoB: ,, Taiinute Ha 3aTbMHEHOTO CITBHIIE

6. JI. Mames: , Knacndeckara Be-3Be3na [1neliona B HeifHaTa oBTapsiiia ce akTuBHa (aza‘

7. C. JloHkoB: ,,JIokaneH u riodaneH cKaaupall] 3aK0H 3a MacoBaTa ILTBTHOCT B MOJIEKYJISIPHU
ooOmarm*

8. P.7Kenesa: ,,CeHkr Ha BBPTALL CE IPOCTPAHCTBEHO-BPEMEBH TYHEJ C TOIOJIOTMYEH 3apsia’

9. Bb. MuxoB: ,,®otomerpudeH anami3 Ha CuiidpproBute ramaktuku IRAS F1714143115 u IRAS
F17389+0350°

10.JI. CnaBueBa-MuxoBa: ,,AKTUBHU FaJIaKTUYHU S1pa B POAUTENICKYU IATaKTUKU OT paHEH TUI'

11. 1. Kupuitosa: ,, KocMOJIOrHUHY OrpaHUueHus BbPXY HEyTpUHHATa (DM3HKA OTBB/L CTaHAAPTHUS
Mozen

12.M. Manywesa: ,,KocMOJIOrMYHY OrpaHUYEHUS BbPXY HEYTPUHHUTE OCLIAIALNN

13. E. Unskos: ,,KocMOJIOrMYHY OrpaHUYEHNS BbPXY KUPAJIHU TEH30PHU YaCTHLH

14. H. Takyu4es: ,,I 106a71HOTO 3aTOIISIHE-aCTPOHOMUYECKH (peHOMEH 0€3 Bpb3Ka C TAPHUKOBUTE
ra3oBe B 3eMHarta atMocdepa?*

[TocTtepHu nokmaau
1. P.3amanos: ,,I[loBropaute HoBU RS Oph u T CrB, u TexHust MUHUMYM I1peiu n30yxBaHe
2. M. Tomoga: ,U3cnenane Ha BF Cygni o Bpeme Ha m30yxBanero i ripe3 2017 1.
3. M. Jleues: ,,CpBMecTeH HayuHO-U3cnenoBatescku mpoekt "Active Events On The Sun. Catalogs
Of Proton Events And Electron Signatures In X-Ray, Uv And Radio diapason. Influence of
Collisions on Optical Properties of Dense Hydrogen Plasma
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The LOFAR Telescope Upgrade and LOFAR-BG Station - Current
Status and Future Developments The LOFAR Telescope Upgrade and
LOFAR-BG Station - Current Status and Future Developments

Kamen Kozarev', Rositsa Miteva', Antoaneta Antonova', Asen Mutafov', Momchil Dechev’,
Vergil Yotov!, Mohamed Nedal', Evgeni Semkov!, Dragomir Marchev?, Nikola Petrov',
Zhivko Tenev', Oleg Stepanyuk!, Dimitar Sotirov', Vladimir Bozhilov’, Evgeni Ovcharov’
!Institute of Astronomy and National Astronomical Observatory, Bulgarian Academy of
Sciences, Sofia, Bulgaria
’Department of Physics and Astronomy, Faculty of Natural Sciences, University of Shumen,
9712 Shumen, Bulgaria
3Department of Astronomy, Faculty of Physics, Sofia University “St. Kliment Ohridski”, BG-
1164 Sofia, Bulgaria

Over the past 20 years, low-frequency radio astronomy has opened a newwindow on
the Universe. Distributed array telescopes, capable of fastinterferometric imaging observations
and electronic pointing havecompletely changed the technical and scientific approaches to
studyingvarious aspects of cosmic phenomena at frequencies between 20 and 300MHz. Among
them notable is the Low-Frequency Array (LOFAR) — the largestand most sensitive low-
frequency radio telescope in the world, with itscore in the Netherlands and observing stations
throughout Europe. Bulgaria has been working towards building its own observing
stationthrough the project LOFAR-BG. The Bulgarian station will be theeasternmost and
southernmost of the array, and will significantlyincrease the angular resolution of LOFAR. It
will function as part ofthe interferometric array of LOFAR, but will also be capable ofstand-
alone observations. We provide an overview of the scientific goalsof the LOFAR-BG station,
as well as a report on the current technicaldevelopments and preparations for its rollout in 2025.
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Moaepuusanusta Ha Tedeckona LOFAR u crannusata LOFAR-BG -
TeKYU0 ChCTOSIHUE U Ob/eI0 pa3BUTHE

Kamen Kosapes'!, Pocuya Mumesa', Anmoanema Anmonosa’, Acen Mymacpoe!, Momuun
Heues!, Bepaun Homos!, Moxameo Heoan', Eszenu Cemxos’, Jpazomup Mapues?®, Huxona
Ilempos’, Kusxo Tenes', Onez Cmenaniox!, Jumumovp Comupos’, Braoumup Boycunos’,
Eezenu Osuapos®
! Hnemumym no acmponomus ¢ HAO, Bwazapcka axademus na naykume, Cogus, Bvizapus
’IIlymencku ynueepumem En. ,, K. Ipecraecku“, Ilymen, Bvnzapus
3 Kameopa Acmponomus, @usuuecku paxynmem, Coguiicku ynusepumem ,, Ce. Knumenm
Oxpuocku “, Cogus, Bvreapus

IIpe3 mocnemaure 20 TOAMHM HUCKOYECTOTHATa PATHOACTPOHOMHS OTBOPH HOB
npo3oper; kKbM Bcenenarta. Tenmeckomure ¢ pasmpeneneHa pelieTka, CHOCOOHM Ha Obp3u
HHTEpHEPOMETPUYHN H300paKCHUs M EJICKTPOHHO Haco4yBaHe, HAITBJIHO IPOMEHHXA
TEXHUYECKUTE W HayYHHTE MOAXOAU 32 M3ydaBaHE Ha PAa3IMYHU ACIIEKTH Ha KOCMHYECKUTE
siiieHus pu yectotu Mexay 20 u 300 MHz. Cpen 1ax 3abenexwurencH ¢ Low-Frequency
Array (LOFAR) — Haii-roneMusT ¥ Hali-4yBCTBHTEJICH HUCKOYECTOTEH PaJUOTEJICCKOI B
CBeTa, ¢ Aapo B XOJaHIUsA W HaONIONATeIHU CTaHUUHU B Isu1a EBpomna. beirapus pabotu 3a
u3rpaxkaane Ha coOcTBeHa HaOmrogarenHa ctaHuus ype3 npoekta LOFAR-BG. Bearapckara
cTaHmus e ObJe Hali-M3TOYHATa M HaW-IO)KHATa OT MacHBa M 3HAYUTEIHO I YBEINYH
prioBara pasgenutenHa crnocobHoct Ha LOFAR. Ta me ¢yHKnnoHmpa kato 4acT oOT
nHteppepomerpuynnsi MacuB Ha LOFAR, HO cpmo Taka me MoXke Ja H3BBPIIBA
caMocTosiTeNHl HaOmoneHus. IlpenocraBsiMe mperiie] Ha HAay4YHUTE L€ HA CTaHIHUATA
LOFAR-BG, kakto M OOKIan 3a TEKYIIOTO TEXHHYECKO pa3BUTHE W IOATOTOBKaTa 3a
MoCTposiBaHeTo 1 mpe3 2025 1.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

On the magnetic structure of solar active regions and their space
weather impact

Rositsa Miteva!, Mohamed Nedal’, Astrid Veronig®, Werner Potzi’
!nstitute of Astronomy and National Astronomical Observatory, Bulgarian Academy of
Sciences, 72 Tsarigradsko Chaussee Blvd., 1784 Sofia, Bulgaria
’Dublin Institute for Advanced Studies, Dunsink Observatory, D15 XR2R Dublin, Ireland
3Institute of Physics, University of Graz, 8010 Graz and Kanzelhéhe Observatory for Solar
and Environmental Research, Austria

The study presents the first results on the investigation of magnetic properties of solar
active regions in terms of the SHARP parameters provided by the SDO/HMI instrument [1]. In
total 16 SHARP parameters together with those of the solar (i.e., solar flare class and helio-
location and coronal mass ejection speed and angular width) and geomagnetic phenomena
(disturbance storm index) are used in our comprehensive statistical study. The finally selected
66 events are the magnetic signatures of all solar activity cases during solar cycle 24 and the
ongoing 25, which eventually led to geomagnetic storms (using data from the Kyoto database
[2]). Both Pearson and Spearman correlation coefficients have been used for the quantitative
assessment. The work summarizes the methodology, steps of the analyses, results, and finally
provides a generic interpretation for their space-weather relevance [3]. This research is
completed under the Bulgarian-Austrian project “Joint observations and investigations of solar
chromospheric and coronal activity” [4] supported by the Bulgarian National Science
Foundation project No. KP-06-Austria/5 (14-08-2023) and Austria’s Agency for Education and
Internationalisation (OeAD) project No. BG 04/2023.

[17 http://jsoc.stanford.edu/doc/data/hmi/sharp/sharp.htm (1 September 2024)

[2] https://wdc.kugi.kyoto-u.ac.jp/dstdir/index.html (1 September 2024)

[3] R. Miteva, M. Nedal, A. Veronig and W. Poetzi, Parameter study of geoeffective active
reg

4]

[

ions, Atmosphere, 15, 930 (2024)
https://astro.bas.bg/project-sun (1 September 2024)

125

MarnuTHaTa CTPYKTYpa HAa CITbHYC€BU aKTUBHU 00J1aCTH ¥ HEHHOTO
BJINAHUE BBPXY KOCMUYE€CKOTO BpeMe

Pocuya Mumeea', Moxameo Heoan’, Acmpuo Beponu®, Bepuep IToomyu’
Unemumym no acmponomusi ¢ HAO - BAH, 6yn. Llapuzpadcko woce Ne 72, 1784 Cogpus,
bvneapus
2Dublin Institute for Advanced Studies, O6cepsamopust Dunsink, D15 XR2R Jlv6nun,
Hpnanous
SUncmumym no gusuxa, Ynusepcumem I'pay, 8010 I'pay u Obcepsamopus Kanzelhéhe,
Aecmpus

W3cnensanero mpeacraBs IbPBUTE Pe3yiNTaTH OT aHAJIM3a HA MarHUTHATa CTPYKTypa
Ha CITbHYEBM aKTHBHHU 00yacTh, a mMeHHO 4pe3 T.Hap. SHARP mapamerpu mo maHHH OT
coptHka SDO/HMI [1]. B cratuctuyeckara pabora ca msmonsBaHu obmo 16 SHARP
MapaMeTpH, 3aeHO C TE3H XapaKTePU3UPAIH CIIBPHIEBATA AKTHBHOCT (KJIAC U XEITHO-TIO3UIIHS
Ha CITbHYEBUTE M30yXBaHMS, CKOPOCT M BITIOB AMAMETHDP Ha KOHOPATHUTE M3XBBPILSIHUS Ha
Maca) u reomarauTHATe cMmyIneHus (Dst - disturbance storm index). M36panu ca 66 crouTH
OT CITBHYEB IIMKBJI 24 W HACTOSIIMS 25-TH, 32 KOUTO ca HAMEPEHH JTaHHHU U KOUTO Ca CBBP3aHU
¢ reoMarHuTHU Oypwu (110 1aHHM OT 6a3aTa nanuu Ha Kyoto [2]). Kopenanponnu xoeduipeHTn
(Pearson, Spearman) ca W3MON3BaHM 32 KOJMYECTBEHATa oOleHKa. Hayunara pa3paborka
IpesacTaBsl W30paHaTa METOJOJIOTHs, OCHOBHHTE CTHIIKM NpPH aHAIN3a Ha JaHHUTE W
nomydeHuTe pesynratd. IlpemioxkeHa e HWHTepHIpeTalys 3a BIMSHHETO Ha MAarHUTHATa
CTPYKTypa Ha aKTUBHHUTE 00JIaCTH BBPXY KOCMHUYECKOTO Bpeme [3].

ToBa wu3cnenBane e (¢uHAHCHpaHO OT bbarapo-aBcTpuiickuss npoekt “Joint
observations and investigations of solar chromospheric and coronal activity” [4] Ha ®oHA
Hayunn uzcnenBanust ¢ mpoekt No. KP-06-Austria/5 (14-08-2023) u Austria’s Agency for
Education and Internationalisation (OeAD) project No. BG 04/2023.

[17 http://jsoc.stanford.edu/doc/data/hmi/sharp/sharp.htm (1 September 2024)

[2] https://wdc.kugi.kyoto-u.ac.jp/dstdir/index.html (1 September 2024)

[3] R. Miteva, M. Nedal, A. Veronig and W. Poetzi, Parameter study of geoeffective active
regions, Atmosphere, 15, 930 (2024)

[4] https://astro.bas.bg/project-sun (1 September 2024)
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Explaining the Dark Energy and Dark Matter phenomena within the
Scale Invariant Vacuum (SIV) Paradigm

Vesselin G. Gueorguiev'?, Andre Maeder?
!nstitute for Advanced Physical Studies, Sofia, Bulgaria
Ronin Institute for Independent Scholarship, Montclair, NJ, USA
3Geneva Observatory - chemin des Maillettes 51, CH-1290 Sauverny, Switzerlan

The phenomenon of Dark Energy (DE) is generally viewed as a place holder for the
energy that drives the accelerated expansion of the Universe. The non-zero Einstein
Cosmological Constant Ak is one possible DE manifestation as a constant energy density of
the vacuum that does not seem to gravitate. Here we utilize the non-zero Ag wintin the idea of
scale invariant cosmology and re-derive the relevant scale factor A and its defining equations
within the Scale Invariant Vacuum (SIV) paradigm [1,2]; then, we address the problem of the
missing mass at galactic and extra galactic scales by deriving a MOND-like relation g2 < aogn
within the SIV paradigm [3]. The corresponding values for Ar and the MOND fundamental
acceleration ag are shown to be at the correct order of magnitude as observed, that is, ap~ 10"
19 m/s? and Ae = 1.8x1052 m2[4]. A new early-dark energy term Ty ~ kH due to the SIV

theory is introduced that is relevant for the Hubble tension problem.

[1] Maeder, A., Gueorguiev, V. G, Action Principle for Scale Invariance and Applications
(Part I), Symmetry Vol 15, Issue 11, p. 1966 (2024).

[2] Gueorguiev, V. G., Maeder, A., The Scale-Invariant Vacuum Paradigm: Main Results and
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Oobsicnenue Ha ®eHomenuTe, TbmMuaTta Eneprusi u Tomuara Martepus,
¢ nomoma Ha Teopusita 3a UnBapuanten Bakym

Becenun I'. I'eopaues’?, Anope Maeoep?
!nstitute for Advanced Physical Studies, Sofia, Bulgaria
2Ronin Institute for Independent Scholarship, Montclair, NJ, USA
3Geneva Observatory - chemin des Maillettes 51, CH-1290 Sauverny, Switzerlan

TpMHaTa eHeprus OOMKHOBEHO C€ BB3NpPHEMa KaTo MPUYMHA 32 YCKOPEHOTO
pasmupenue Ha Beenenata. He-HyneBara kocMonornyHa koHcTaHTa Ha AifHinaiiH AE e enno
BB3MOXKHO IPOSIBIICHHE Ha Ta3u ThMHa €Heprus, KaTo MOCTOSHHA CHEPruifHa IUNITbTHOCT Ha
BakyMma. He-HyneBaTa KOCMOJIOTMYHA KOHCTAaHTa € H3IIOJI3BaHA B TEOpHUATA 3a CKaJlapHO-
WHBAapHaHTHa KocMoJiorws. [IpencraBeHM ca ypaBHEHHsTa 3a CKamapHUs Qaktop A,
OTIpeNICIICH! B pAMKHUTE Ha TEOPHUsATA 3a CKajla MHBapuaHTeH BakyMm (SIV) [1,2]; mpoGiema 3a
JMIICBAIaTa BUIMMA Maca Ha TaJakTHYHHM M M3BBH-TAJIAKTUYHHM Malladu e aHaJu3upaH U
BpB3ka nogoona Ha MOND, g2 < a0OgN, B pamkute Ha SIV Teopusra e m3BeneHa [3].
IMoka3zano e, ye croTBeTHUTE cTOiHOCTH 32 AE 1 ¢pynnamenTannoro yckopenne Ha MOND
a0 ca B mpaBWIIHHUS TOPSAIBK, KakTo ce HabmomaBa, a uMeHHO, a0 ~ 10-10 m/s2 and AE =
1.8x10-52 m-2 [4]. U3BeneH e HOB WieH 3a paHHA ThMHA eHeprus Tpv < kH, nponstudans ot
SIV Teopusita, KOMTO € OT 3HAUYCHHUE 3a Pa3pelaBaHeTo Ha XBOBICKOTO IPOTUBOPEUNE.

[1] Maeder, A., Gueorguiev, V. G, Action Principle for Scale Invariance and Applications
(Part I), Symmetry Vol 15, Issue 11, p. 1966 (2024).

[2] Gueorguiev, V. G., Maeder, A., The Scale-Invariant Vacuum Paradigm: Main Results and
Current Progress Review (Part II). Symmetry 16 (6) p. 657 (2024).

[3] Andre Maeder, MOND as a peculiar case of the SIV theory, Monthly Notices of the Royal
Astronomical Society, Volume 520, Issue 1, pp. 1447-1455 (2023).

[4] Gueorguiev, V. G., Explaining the Dark Energy and Dark Matter phenomena within the
Scale Invariant Vacuum (SIV) Paradigm, ResearchGate talk slides DOI:
10.13140/RG.2.2.24684.99202 (2024).



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Constraining the SEP Source Population in Global Transport Modeling
Using Parker Solar Probe Measurements

Artem Epifanov', Kamen Kozarev'
!Institute of Astronomy and National Astronomical Observatory, Bulgarian Academy of
Sciences, Sofia, Bulgaria

The source population of particles is a crucial yet very poorly constrained parameter
in global solar energetic particle simulations. This is due to the lack of in situ measurements
close to the Sun, where the suprathermal particle populations have not yet been modified by
acceleration and transport effects in the interplanetary environment of the heliosphere. The
two main identified populations of SEP particle sources are ambient coronal suprathermals
and suprathermals impulsively pre-accelerated in flares. In this work, we investigate the
former. We have employed quiet-time in situ suprathermal ion measurements by the Parker
Solar Probe, taken during its fourth solar perihelion encounter (Jan-Feb 2020), as inner
boundary input source populations for an SEP global transport simulation with the EPREM
model with a solar wind description given by a MAS heliospheric model simulation. We
compare the EPREM results to in situ measurements near 1 AU in order to optimize the model
transport parameters. The goal is to investigate how quiet-time suprathermal ion populations
are modified in a realistic heliospheric environment during a relatively quiet period, and to
assess the applicability of such a diagnostic approach in near-real time space weather
forecasting simulations.
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OnpeaessiHe HA MONMYJANUATA HA CBPBXTEPMAJIHH HOHM 32
MO/IeJTHPAHETO HA IJI00AJHUSI TPAHCHOPT HA BUCOKOECHEPTUTUYHH
YacTUIM € MOMOIITAa HAa u3MepBanus Ha Parker Solar Probe

Apmvom Enugpanoe’, Kamen Kosapes'
!Hnemumym no acmponomus ¢ HAO, Bvreapcka akademus na naykume, Coghus, Bvieapus

W3TOYHHMKBT Ha MOMyJays OT YacTHLH € pellaBall, HO MHOTO c1ab0 OrpaHuyeH
MapaMeThp B TNOOANTHUTE CHUMYJAlMM Ha CIBbHUEBM BHCOKOCHEPTUTHYHH dYacTulu (solar
energetic particles - SEP). ToBa ce npmku Ha JuIcara Ha W3MepBaHMs in situ 6130 1O
CipHIIETO, KBICTO HOMynanuuTe Ha cBpbxTepmanau yactuim (E =[50 keV, 2 MeV]) Bce orie
He ca MOAMGHIMPAHU OT YCKOPEHHE W TPAHCIIOPTHH ePeKTH B MEXIyIUIaHETHATa cpela Ha
xenrocdepara. J[BeTe 0OCHOBHH MICHTH(GHUIMPAHH NOMyJIAalnK Ha n3TouHnuy Ha SEP wactunm
ca aMOMEHTHN KOPOHAJHU CBPBXTEPMAIHU YaCTUIIN, ¥ CBPBXTEPMAIHH YaCTHIU, HMITYJICHBHO
MpeIBapUTEIHO YCKOPEHH ITIPH HM3pHIBaHHMsA. B Tasm pabora Hue u3cieaBaMe IIBPBOTO.
H3nom3BaxMe n3MepBaHus Ha CBPbXTEPMAaIHH HOHH B THXO BPEME in Situ OT cIrbHYEBATA COHIA
Parker, B3eTw mo Bpeme Ha 4YeTBBPTUSA U mepuxenuil (sHyapu-gpespyapu 2020 r.), Kato
MOMyJAys Ha BPTPENIHATA TPAHNIA 32 CUMYJIalus Ha riobaneH TpaHcropt Ha SEP ¢ monena
EPREM cbc ommcaHue Ha CIBHYCBHSA BATHP, NaaeHO oT Xemuochepen MHD wmopen.
CpasusiBame pesynratute or EPREM ¢ um3mepBanms in situ 6om3o no 1 AU, 3a na
ONTHMHU3MpaMe TPAHCIHOPTHUTE IapaMeTpu Ha Moxena. llenra e na ce m3cienBa Kak
NOMyJNANMUTE OT HAaATepMAIHN HOHM B THXO BpeMe ce MOAM(HIMPAT B PEATHCTHYHA
xenrocepHa cpesia 1o BpeMe Ha OTHOCUTENHO THX MEPHOJ U J]a Ce OLIEHU MIPUIIOKHUMOCTTA Ha
TaKbB JHATHOCTUYEH ITOJX0]] B CHMYJIAINH 32 IPOTHO3UPaHE Ha KOCMUIECKOTO BPEMeE B ITOUYTH
peanHo BpeMme.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Segmentation and Tracking of Eruptive Solar Phenomena with
Convolutional Neural Networks

Oleg Stepanyuk!, Kamen Kozarev'
!Institute of Astronomy and National Astronomical Observatory, Bulgarian Academy of
Sciences, Sofia, Bulgaria

Over the last several decades a large amount of remote solar observational data has
become available from ground-based and space-borne instruments. This has required the
development of software approaches for automated characterisation of eruptive solar features.
Most current solar feature detection and tracking algorithms have restricted applicability and
complicated processing chains, while complexity in engineering machine learning (ML)
training limits the use of data-driven approaches. Recently, we introduced Wavetrack - a
general algorithmic wavelet decomposition-based method for smart characterization and
tracking of solar eruptive features. In this work we present the natural evolution of this
approach within the ML paradigm. We trained Convolutional Neural Network (CNN) image
segmentation models using feature masks obtained by the Wavetrack code. We present the
application of pre-trained models for segmentation of solar eruptive features and demonstrate
their performance on a set of coronal eruptive events observed with the SDO/AIA instrument.
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CerMeHTnpaHe H npoc/jeasaBaHe HA EePYINTHBHHU CIBbHYECBHU ABJICHUSA C
KOHBOJIIOINIUOHHHU HEBPOHHHU MPEKHU

Onez Cmenaniox !, Kamen Kosapes'
! Unemumym no acmponomus ¢ HAO, Bvneapcka axademus na naykume, Cous, Bvreapus

IIpe3 mocnemHuTe HAKOIKO AECETHIIETHS CTaHAaXa IOCTBITHH TOJISIMO KOJMYECTBO
JTAaHHU OT AWUCTAHIIMOHHO CIBbHYEBH HAOMIOACHUS OT Ha3eMHH U KOCMHUYECKH MHCTPYMEHTH.
ToBa HanoXH pa3paboTBaHETO HAa COPTYEPHH MOAXOAN 32 ABTOMATU3UPAHO XapaKTepu3UpaHe
Ha EpYNTUBHH CI'bHYEBH chOUTHA. IloBeueTo HACTOSIM AITOPUTMH 32 OTKPHUBAHE H
MpOCIe/IsBaHe Ha CITbHYCBH (DEHOMEHH HMAT OTpaHHYCHA MPUIOKUMOCT U CIIOKHU BEPUTH 32
00paboTKa, OKAaTO CIOXKHOCTTAa Ha OOYYEHHETO 3a MH)KeHepHO MammHHO oOydenme (ML)
OrpaHrYaBa M3IIOJI3BAHETO HA IOAXOAW, YIPaBIIBaHM OT JaHHW. Hackopo cb3mamoxme
Wavetrack - 00111 anropuTMUYEH METOI, 0a3UpaH Ha yEUBIIET JCKOMITO3UIIHS 32 HHTCIIUTCHTHO
XapaKkTepu3upaHe M MNpOCIeIsBaHe Ha CIIBHYEBH epyniuu. B Tasm paborta mpencraBsMe
€CTEeCTBEHATa EBOJIOLUS HA TO3M MOAXOI B PAMKUTE Ha NapagurmMara Ha MalIMHHOTO
oOyuenue. Hue oOydnxme MoOJeNnu 3a CErMEHTHUpaHe Ha M300pa)KCHHMs Ha KOHBOJIOIMOHHA
HeBpoHHa Mpexa (CNN), M3M0/13Baiiku MacKH Ha U3PUTBAHMUs, TIOJIYUYCHH OT Kojma Wavetrack.
Hue npexacraBsiMe MPHIOKEHUETO Ha MPEABAPUTEIHO O0YIEHH MOJEIH 32 CETMEHTHPaHEe Ha
CIIBHYEBH ePYNTHBHU XapaKTEePUCTHKU U IEMOHCTPUpPAMe TAXHATa e()eKTHBHOCT BEPXY Habop
OT KOPOHAIHY CPYNTUBHH CHOUTHS, HaOM01aBanu ¢ uHcTpymenTa SDO/AIA.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

The Secrets of the Eclipsed Sun

Tsvetan Tsvetkov!, Nikola Petrov!, Milen Minev', Yovelina Zinkova’
!Institute of Astronomy and National Astronomical Observatory, Bulgarian Academy of
Sciences, Sofia, Bulgaria

Total solar eclipses provide unique opportunities to study both the Sun's outer
atmosphere and the accompanying phenomena occurring in the atmosphere of our planet. This
presentation summarizes research conducted during five research expeditions to observe total
solar eclipses in 2006 (Turkey), 2017 (USA), 2019 (Chile), 2023 (Australia) and 2024.
(Mexico). These expeditions are focused on revealing the structure and properties of the solar
corona in white light, analyzing the parameters of the polarized corona, and recording the
"shadow bands" and meteorological changes during eclipses. Combining data obtained during
the observation of different eclipses allows not only to trace the improvement of experimental
methods over the years, but also to summarize the results, based on statistically significant
amount of data.
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TajinuTe Ha 3aTbMHEeHOTO CIaBHIE

Leeman IJeemros’, Huxona Ilempoe’, Munen Munes', Hoeenuna 3unxoea’

Hnemumym no acmponomus ¢ Hayuonanna acmponomuuecka obcepeamopus, bvazapcka
axademus Ha naykume, Cogus, bvreapus

[TenHUTE CABPHYEBH 3aThbMHEHHS IIPEJOCTaBAT YHHKAIHA BB3MOXKHOCTH 3a
n3clie/[BaHe KaKTO Ha BBHIIHATa arMocdepa Ha CIBHIETO, Taka M Ha CHIBTCTBAIIHUTE '
sBIeHus B arMocdeparta Ha 3emsra. Hacrosimarta mpeseHrarms 060011aBa U3CIeIBaHUITA,
HPOBEJCHH 110 BpEME Ha MET HayYHOU3CIIEOBATEICKH CKCISAMIIMH 32 HAOIIOACHNE Ha ITBJIHU
crpHuYeBH 3aTbMHEHUS mpe3 2006 r. (Typuws), 2017 r. (CALL), 2019 r. (Ynmm), 2023 r.
(ABctpanust) u 2024 r. (Mekcuko). Te3n ekcrienuiuu ca GOKyCHpaHHU BbPXY Pa3KpUBaHETO
Ha CTPYKTypaTa ¥ CBOMCTBAaTa Ha CIbHUEBAaTa KOPOHA B Osla CBETJIMHA, aHAJIM3HPAHETO Ha
napaMeTpuTe Ha IOJSIpU3HpaHaTa KOpOHA M PETHCTPUPAHETO Ha ,,05ralfure CEHKU H
METEOPOJIOTHYHATE TPOMEHH IO BpeMe Ha 3aTbMHeHusATa. KoMOMHMpaHeTO Ha JaHHH,
MOJTyYeHU P HAOJII0ICHUETO Ha Pa3JIMYHU 3aThMHEHHS [T03BOJISIBA HE IPOCTO MIPOCIIesIBaHe
Ha YCHBBPIICHCTBAHETO HA EKCIIEPUMEHTAIHUTE METO/IM IIPe3 TOMHUTE, HO U 00001I[aBaHETO
Ha pe3yJITaTUTE OT TSIX, OCHOBABANKH CE HA CTATHCTUYECKH 3HAYMM HaOOp OT JaHHH.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Classical Be-star Pleione in its recurrent active phase

Lubomir Iliev!
!Institute of Astronomy and National Astronomical Observatory, Bulgarian Academy of
Sciences, Sofia, Bulgaria

Pleione is an example of classical Be and shell star. Recently it underwent long
anticipated spectral phase transition accompanied by variety of other smaller scale activities.
The star is supposed to be a binary system with Be-star as a primary and sdB star as compact
secondary component. In recent research an outburst of H-alpha emission was reported. It was
connected with periastron passage in the above mentioned binary system. In the present
research are discussed different activities that take place in the circumstellar environment of
Pleione primary component. They reveal development of structure elements in unknown before
details. There are also evidences for a presence of third and more distant component in the
system of Pleione. Influence of this third body is responsible for the large time-scale variations,
observed in the star. Interference between long and short-time activities in Pleione presents
interesting challenge for the modeling the evolution of the whole class of Be and shell stars.
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Knacuueckara Be-3Be3na IlieiioHa B HeliHaTa MOBTapsIIA ce AKTHBHA
(daza

Jhobomup HUnuee!
! Unemumym no acmponomus ¢ HAO, Bvneapcka axademus na naykume, Copus, Bvreapus

[Ineiiona e xmacuuecku mpumep 3a Be-3Be3ma ¢ obocobena oOBuBKa. B mocnienno
BpeMe 3Be3JlaTa MPeThpIlsl OYaKkBaHa CMSHA Ha CHEKTpajiHarta (asa, MPUAPYKEHA OT pei Io-
MaJIKH 110 Maiab npoMeHu. 3a 3Be3/iaTa ¢ U3Ka3aHa XUIIoTe3ara, ue ¢ JIBOiHa cucreMa ot Be-
3Be3/1a KaTo ITbPBUYCH KOMITIOHEHT M KOMIIakTHa sdB 3Be3na kato BropuyeH. B HeoTaBHaIIHO
n3cnenBane 6e cbo0IEeHo 3a m30yxBaHe Ha H-anda emucusra B criekrbpa Ha [Tneifona. To 6e
CBBP3aHO C NpEeMHHABaHE Mpe3 IepHacTpOH B CIOMEHaraTra Ho-Tope IBoifHa cucrema. B
HACTOSIIETO M3CIeBaHe ca pasrile[laHd Pa3InYHH MPOSBU Ha aKTUBHOCT B OKOJIO3BE3/HATA
oOBHBKa Ha 3Be31aTa. Te AeMOHCTPHpAT pa3BUTHE Ha €IEMEHTH Ha CTPYKTypa B OOBHUBKaTa B
HEU3BECTHU Jocera jerainy. ChbIIECTBYBaT ChIIO Taka NMPH3HALM 32 CHILICCTBYBAHETO Ha
TPETO, I0-0TAAJICYEHO TAIIO, B cucTeMara Ha Ilnefiona. BiausHuero Ha ToBa TAI0O € OTTOBOPHO
3a JIBITOBPEMEHHHUTE IPOMCHHM, HAONIONaBaHU NPH 3Be3Jara. B3aMMOACHCTBHETO MEXIY
IBITOBPEMEHHUTE M KPAaTKOBPEMEHHHTE IPOSIBU Ha  AKTUBHOCT  IIPEACTABISABA
NPEeTU3BUKATEICTBO IIPeJ ONHMTHTE 32 MOJEIHpPAHE Ha IPOLECUTE NpH LeNUs Kiac oT Be-
3Be3UTE ¢ 000COOEHH OOBHBKH.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Local and global scaling law for the mass density in molecular clouds

Sava Donkov', Valentin Kopchev?, Ivan Stefaov?, Todor Velchev>?
!Institute of Astronomy and National Astronomical Observatory, Bulgarian Academy of
Sciences, Sofia, Bulgaria
’Technical University-Sofia, FPMI, Faculty of Applied Physics, “St. Kliment Ohridski" No. 8,
Sofia 1000, Bulgaria
3Department of Astronomy, Faculty of Physics, Sofia University "St. Kliment Ohridski”, Sofia,
Bulgaria
“Universitat Heidelberg, Zentrum fur Astronomie, Institut fur Theoretische Astrophysik,
Albert-Ueberle-Str. 2, 69120 Heidelberg, Germany

In this work, we investigate the mass density - size scaling law in molecular clouds (MCs).
This relation reflects the fractal nature of MCs and plays a key role for understanding the physics,
structure and evolution of these objects. We make use of the notion "ensemble of MCs",
introduced in our previous work (Donkov, Veltchev & Klessen, 2017), in which all MCs with the
same probability density function (PDF) of mass density and effective size are represented by an
abstract spherical cloud with the same PDF and size. In this spirit, the model is built on the base
of abstract scales of the clouds' substructures (which are simply the radii of the spherical object).
We consider two forms of the mass density - size scaling law: local (or differential) and global (or
integral), which in turn reveal the local and the global fractal clouds' structure. Both scaling
functions are characterized by their scaling exponents, which can be explicitly expressed by the
PDF of mass density, in the general case. Moreover, we derive a first order linear differential
equation connecting the two scaling exponents and obtain its exact solution. As examples, we
apply this abstract construction to two PDFs: the so called power-law tail and the log-normal. Both
have great importance for MC structure and evolution, as the latter corresponds to the earlier stages
of clouds' evolution, when supersonic turbulence dominates the physical processes, while the
former describes the latest stages of evolution, when star-formation takes place. The obtained
results for the scaling exponents in both examples are qualitatively and numerically consistent
with respective observations and simulations of MCs.
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JlokaJjieH u rjo6ajieH cKaJdupanl 3aK0H 3a MacOBAaTa MJIBTHOCT B
MOJIEKYJISIDHH 00J1a14

Caea Jlonxos', Barenmun Konues’, Hean Cmegparnoe’ , Tooop Benues>*
Unemumym no Acmponomus ¢ HAO, Bvneapcka Axademus na Hayxume, 6ya.

., Lapuepaocko woce “Ne72, Cogpus 1784, Bvaeapus

’TY-Cogpus, DIIMH, x-pa ,, [punoxcro Pusuxa“, 6yn. ,, Ce. Knumenm Oxpudcku “Nes,

Cogus 1000, Fvreapus
3CY,, Cs. Knumenm Oxpuocku “, Quzuuecku gaxyrmem, k-pa ,, Acmponomus *, 6yi.
., Horceums bBayuep “Ne5, Cogpus 1164, Boaeapus

“Universitat Heidelberg, Zentrum fur Astronomie, Institut fur Theoretische Astrophysik,

Albert-Ueberle-Str. 2, 69120 Heidelberg, Germany

B Tta3u pabora HUe m3cieaBaMe 3aBUCHMOCTTA (T.H. CKaJMpall 3aKOH) Ha MacoBara
IUTBTHOCT OT pa3Mepa B MouieKyssipau obiarm (MO). Tasu penammst orpassiBa (pakraiHara
npupoga Ha MO W urpae KI0YoBa poyisi 3a pa3OUpaHeTo Ha (H3MKaTa, CTPyKTypara H
€BOJIIOLMATA Ha Te3u 00ekTH. Hre n3mnon3Bame MOHATHETO ,,ancaMOb1 0T MO, BbBEICHO B Hallla
npenumaa padorta (Donkov, Veltchev & Klessen, 2017), ceriacuo, koero Bcuuku MO ¢ eqHa u
chlIa QyHKIHS Ha BEPOSTHOCTHO pasnpenerieHre Ha mrbTHocTTa (PBPII) Ha Macara u enauH u
chlM e()eKTUBCH pa3Mep ca MPEACTaBeHH OT aOCTpakTeH cheprucH 00iak che chinute PBPIT u
pa3mep. 1o TO31 HAYMH MOJETBT € IOCTPOSH Ha OCHOBATa Ha MOHSATHETO 32 aO0CTPaKTHH CKaJIH,
M3rpaKIamy objlayHaTa CTPyKTypa (ToBa ca NpOCTO paguycute Ha cdeprdanus odext). Hue
pasriexaame J1Be (GOpMH Ha CKaJMpanys 3aKOH: JIOKaIHa (WM AudepeHranHa) 1 riodanHa
(WM MHTETpalTHA), KOUTO Ha CBOH pejl pa3KpHBart JOKaJIHATA U TIIo0aHaTa hpakTajaHa CTPyKTypa
Ha obnaka. W nBete ckanuparyl GyHKIMHI Ce ONPEEIIsIT OT CBOUTE CTEIIEHHHU MOKA3aTeNN, KOUTO
Morar ia Obp1at u3pasenu upe3 PBPII Ha macara, B o0mus ciryyaid. OcBeH TOBa, HUE MOTydaBamMe
O0OMKHOBEHO JIMHEWHO M()EepeHIIHATHO YpaBHEHHE OT IIBPBU pell, CBHP3BAI0 /1BaTa CTETICHHI
MoKa3aTellsl ¥ IoJy4aBaMe HErOBOTO TOYHO pelleHue. Kato mpumep, Hue npuiarame Tasu
a0CTpaKkTHa KOHCTPYKIusI 3a Be KoHKkpeTHH OBPII: T.H. ,,cTeneHHa omaika‘“ ¥ jJor-Hopmana. 1
JIBET€ ca OT ToJisiMa BaXHOCT 3a CTpyKTypara W eBoionusara Ha MO. Bropust ciyuait
CHOTBETCTBA Ha paHHUTE €Talmd OT CeBONIOIMATAa Ha o0Jlaka, KOraTto CBPBX3BYKOBaTa
TypOyJIEHTHOCT JTOMHUHHpA (HU3MUYECKUTE IMPOLIECH, JOKATO IMBPBHUAT CIydaidl OMHCBA KHCHHUTE
eTanu Ha eBOJIOIMS, KOraTo NpOTHYa 3Be3q000pasyBaHeTo. l[lomydeHHTe pe3yiaratd 3a
CTENICHHHUTE TMOKA3aTeN W B J[BAaTa CIydas ca B KAYECTBEHO M KOJIMYECTBEHO CHOTBETCTBHE C
HaOmoeHns u cumynanui Ha MO.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Shadow of topologically charged rotating wormholes

Radostina Zheleva', Galin Gyulchev’
!Institute of Astronomy and NAO, Bulgarian Academy of Science ,Sofia, Bulgaria
’Department of theoretical physics, Faculty of physics, Sofia University,
Sofia, Bulgaria

This paper explores the shadows cast by a rotating traversable wormhole known as the
topologically charged Schwarzschild-Klinkahmer wormhole spacetime. We derive the equation
of motion for photons, utilize a numerical ray-tracing algorithm based on the Hamiltonian
equation, and visualize the shadows produced by this rotating wormhole for an observer located
at specified Boyer—Lindquist coordinates within the domain of outer communication.
Additionally, we present visualizations of the shadows across various values of the metric
parameters and compare our findings with those obtained in the Kerr case.
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CeHKH Ha BBPTHII ce MPOCTPAHCTBEHO-BPEMEBH TYHEJ ¢ TOMOJOTHYEH
3apsna

Paodocmuna JKenesa', Fanun I'orue’

! Unemumym no acmponomus ¢ HAO, Bvaeapcka akademus na naykume, Cous, Boneapus
2Cogpuiicku yrnusepcumem ,, Ce.Knumenm Oxpuocku “, Kameopa Teopemuuna ¢usuxa,
Quszuuecku @axynmem, Cogus, bvreapus

B Tasu cratus u3cieiBaMe CEHKHUTE Ha BBPTSIIM CE MPOXOJUMH HMPOCTPAHCTBEHO-
BPEMEBHU TYHENH, U3BECTHU KaTo TyHenu Ha lIBapiimmna—KinHkaMep ¢ TOMOIOTHYCH 3apsii.
U3Bexname ypaBHEHHATA 33 JBIKCHHETO Ha (OTOHUTE, M3IOJI3BAME YHCICH aJTOPHTHM 3a
HHTETpUpaHEe Ha YPaBHEHHSATA HA M30TPOIHUTE TEOPE3NIHH JIMHUH, Oa3HpaH Ha ypaBHEHHUATA
Ha XaMWIThH U BU3yalM3UpaMe CSHKAaTa Ha BBPTSIIMS CE TYHEN C TOIMOJOTHYEH 3apsii 3a
nanedeH HaOJoaTen B oTipaBHa cucreMa Ha boitep—JIunmksuct. [IpencraBsiMe CEHKUTE 3a
Pa3IMYHU CTOMHOCTH HAa MCTPHUYHHTE MapaMETPHU M CPaBHABAME PE3yJTATUTE CH C TE3U 3a
yepHa aynka Ha Kep.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Photometric analysis of the Seyfert galaxies
IRAS F17141+3115 and IRAS F17389+0350

Boyko Mihov!, Lyuba Slavcheva-Mihova'
!nstitute of Astronomy and NAO, Bulgarian Academy of Sciences, Sofia, Bulgaria

We present the results from the photometric analysis of the Seyfert galaxies IRAS
F1714143115 and IRAS F17389+0350. We perform an isophotal analysis and a surface
brightness decomposition of the galaxies, thus, estimating the 2D light distribution parameters
of their individual structural components. We study the galaxies intra-night and long-term
variability. We build and fit the galaxy spectral energy distributions and discuss the galaxy
star formation histories derived on the base of the fits.
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®otoMeTpryeH aHaau3 HAa CuilPpbPTOBUTE rATAKTUKH
IRAS F17141+3115 u IRAS F17389+0350

Boiixo Muxos', JTroba Crasuesa-Muxoea’
! Unemumym no acmponomusi ¢ HAO, Bvneapcka Axademus na Hayxume, Coghus, Bvazapus

IIpencraBenn ca pesynrature OT (oroMerpuuyHus aHanu3 Ha CuiidpbproBHTE
ragaktiuku IRAS F17141+3115 u IRAS F17389+0350. U3Bbpuienu ca n3odhoTalieH aHaIu3 1
JICKOMIIO3MLMS Ha TOBBPXHUHHATA IPKOCT HA TAJIAKTHKUTE, KATO IO TO3M HAYMH CME OLICHUIIH
HapaMeTpUTe Ha ABYMEPHOTO pa3lpe/ie]IeHHE Ha CBETJIMHATA B OT/ACIIHUTE TEXHHU CTPYKTYPHH
KOMIIOHEHTH. [3y4eHa € NPOMEHJIMBOCTTA Ha TaJaKTUKUTE B PAMKHTE Ha HOIITa U B
IearocpodeH BpeMeBn Mamab. [locTpoeHm ca m ca ¢uUTHpaHM pasnpenelieHHsTa Ha
CIIeKTpajHaTa CeHeprusi Ha TajJakKTUKHUTE M ca OOCHICHM TEeXHUTE KCTOPUH Ha
3Be31000pa3yBaHeTo, OIYyYeHH Bb3 OCHOBA Ha ()UTOBETE.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Active Galactic Nuclei In Early Type Host Galaxies

Lyuba Slavcheva-Mihova', Boyko Mihov'
Institute of Astronomy and NAO, Bulgarian Academy of Sciences, Sofia, Bulgaria

Low-luminosity Active Galactic Nuclei (AGNs) have been well known for residing in
early-type host galaxies. There have been no definitive correlations between activity and
perturbations of the gravitational potention — large-scale bars, interactions, or asymmetries.
We have selected early-type galaxies from a Seyfert sample previously studied by us with the
aim to explore the activity vs. host galaxy relation. Various techniques for unveiling features,
as tails, arcs, ripples, bridges are applied. We perform 2D structural decomposition and discuss
the output parameters. The incidence of pseudo-bulges is discussed in the context of nuclear
activity feeding by secular evolution. We analyze the preference af AGNs for early-type host
galaxies in the framework of the revised parallel-sequence morphological classification of
galaxies.
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AKTHBHM TaJJAKTUYHH sA/Ipa B POAUMTEJICKH TAJAKTHKH OT PAHEH THII

Jlio6a Crasuesa-Muxosa’, Boiiko Muxos!
THuemumym no acmponomus ¢ HAO, Bvieapcka Axademus na Hayxume, Copus, Bvneapus

AxrtuBHUTE TanakTHuHH siapa (AT'SI) ¢ HHCka CBETHMOCT ca 9ecTO CpellaHd B
POAMTEICKH TaJaKTHKH OT paHeH TUIl. HsiMa yOenureHu Kopeslaiuy MeXIy aKTHBHOCTTAa 1
nepTypOanuuTe Ha TPaBUTAI[MOHHYS IOTEHIHMAN 1o GopmaTta Ha OapoBe, B3aUMOJACHCTBHSA
unu acumetpu. IlogOpaxme paHHu 00eKTH OT U3Baaka Ha CUI(PBPTOBH aKTUBHU T'aJaKTUKH,
00EKT Ha MPEIHIIHO Halle M3CIeBaHe, C LeN Aa MU3yYUM BPB3KaTa MEXIy aKTHBHOCTTA H
poauTenckata ranakTuka. [IpunoskeHHM ca TEXHMKM 3a H3sBIBaHE Ha Pa3NUYHU Clabu
CTPYKTYpHU, HPEIUMHO OT MNpUIMBEH XapakTep. M3pwpiieHa e 2D-mekoMmosunus 4 ca
JUCKYTUPaHU W3XOJHUTe napamerpu. CiyuauTe Ha ICEBHO-OBJIKOBE ce pPasIIeKAaT B
KOHTEKCTa Ha 3aXpaHBaHE Ha sJpeHaTa aKTUBHOCT. AHalM3HpaMe M0-BHCOKAaTa 4ecToTa Ha
cpemane Ha AI'S] B pOIUTENCKM TaJaKTHKH OT PaHEH THII B PaMKHTE Ha peBH3MpaHara
napasenHa Mop(oIoruuHa KiIacu(UKaIys Ha TalaKTHKUTE.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Cosmological constraints on beyond Standard model neutrino

Daniela Kirilova', Emanuil Chizhov', Mariana Panayotova’
nstitute of Astronomy and NAO, Bulgarian Academy of Sciences, Sofia, Bulgaria

We present a short review of recent cosmological constraints from cosmological
nucleosynthesis on the models beyond Standard Model physics. The constraints are
derived on the basis of precise determinations of the primordial He-4 and D. In
particular, we discuss cosmological constraints on the number of light particle types in
the early Universe, on the lepton asymmetry, on neutrino oscillations parameters, the
freezing temperature of sterile neutrino.

[1] D. Kirilova, M. Panayotova, E. Chizhov, BBN Constraints and Indications for Beyond
Standard Model Neutrino Physics, Symmetry, 16, 53. (2024)
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Kocmonornynm orpaHuyeHusi BbPXy HeyTPUHHATA (PU3HKA OTBB/
CTAHIAPTHUS MOJE]

Hanuena Kupunosa!, Emanyun Quocos!, Mapuana Ianatiomosa’
Unemumym no Acmponomus ¢ HAO, Bvneapcka axademus na naykume, Cous, Bvreapus

Hue mpencraBime KpaTbk 0030p Ha CBBPEeMCHHHTE KOCMOJOTHMYHH
OrPaHHMYCHUS CIEABALIM OT KOCMOJIOTMYHHS HYKJICOCHHTE3 BBPXY MOJICIH OTBBI
Crammaptans mozen. OrpaHddeHHUsTa ca TONy4YeHH Ha Oa3ata Ha NpEIHu3HUTE
omperneneHns Ha ThpBHYHOTO obmmme Ha He-4 m D. B wactHOCT, 0OCHXkIame
KOCMOJIOTHYHHTE OTpaHMYEHHs BBPXY Opos Ha (paMIIIMKTE JIEKH YacTULM B paHHATa
Bcenena, KOCMOJIOrMYHHMTE OIpaHUYCHMsS BBbPXY JIENTOHHATA ACUMETPUS, BBPXY
HEYTPUHHUTE OCLIJIAINHY, TEMIIepaTyparTa Ha 3aMpbh3BaHe Ha CTEPUITHOTO HEYTPUHO.

[1] D. Kirilova, M. Panayotova, E. Chizhov, BBN Constraints and Indications for Beyond
Standard Model Neutrino Physics, Symmetry, 16, 53. (2024)



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Cosmological constraints on neutrino oscillations

Mariana Panayotova', Daniela Kirilova'
!Institute of Astronomy and National Astronomical Observatory, Bulgarian Academy
of Sciences, Sofia, Bulgaria

Big Bang Nucleosynthesis offers an impressive agreement between the theoretically
predicted and observationally obtained abundances of the primordial light elements, and it is
therefore used as a reliable tool to probe physics beyond the Standard Model. Nowadays,
primordial Deuterium and Helium-4 are determined with good precision and this allows to
update and strengthen the BBN constraints on Beyond Standard Model physics.

We have numerically analyzed models of primordial nucleosynthesis with neutrino
oscillations. We have determined more stringent primordial nucleosynthesis constraints on the
electron-to-sterile neutrino oscillations, corresponding to a 1% uncertainty in the
determination of primordial He-4, for the cases of initially empty and initially partially
populated sterile neutrino.
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Kocmogiornunu OTrpaHHY€C€HMA BbPXY HCYTPUHHHUTE OCHMJIAIIUHA

Mapusna anaiiomoea’, Januera Kupunosa’

Hnemumym no acmponomus ¢ Hayuonanna acmponomuuecka obcepeamopus, bvazapcka
axademus Ha naykume, Cogus, bvieapus

KocMonoruuHusT HyKJIE€OCHHTE3 B TeopusTa 3a loiemus B3pUB Ipejuiara
BIICUATJIABAII0 CBOTBETCTBUE MEXKIY TEOPETUYHO MPEACKA3aHUTE U IOJydeHUTE I10
Ha0MogaTeNeH TbT OOMIMS Ha IbPBUYHO MPOU3BEICHNUTE JICKH €IEMEHTH U MOPaay TOBa Ce
U3I0J13Ba KaTO HAAEXKICH HHCTPYMEHT 3a IPOBepKa Ha pu3ukaTa oTBb1 CTaHAApPTHUSA MOJE.
B cwpBpemeHHaTa GuU3MKa MBPBUYHNUTE ACyTEpUi U Xenuii-4 ce ompeAeNnaT ¢ U3KIIOYHTENHA
TOYHOCT M TOBa IO3BOJSIBA Ja C€ aKTyalu3HUpaT M MpPENu3upaT OrpaHUYEHHATA Ha
HYKJIEOCHHTe3a OTBB] pu3nkaTa Ha CTaHAApTHHUS MOJEIL.

IIpoBesnu cMe uuClleH aHaJIN3 Ha MOJEJIU HAa II'bPBUUYEH HYKJICOCUHTE3 C HEYTPUHHU
ocumnanuy. Onpenenwin cMe No-CTPOrd OrpaHUUYCHUS Ha IbPBUYHUS HYKJIEOCHHTE3 BBPXY
OCI[MJIALIUHUTE Ha EIEKTPOHHO B CTEPUITHO HEYTPHUHO, CHOTBETCTBAILIM Ha 1% HeonpeaeneHoCT
IIPH OMpeJieNsiHe Ha IbPBUYHMS XeNUii-4, KaKToO 3a CiIydas Ha IbPBOHAYAIHO MPA3HO, TaKa U
3a HEHyJIeBO HAYaTHO 3aIbJIBAHE HA CTEPUIIHOTO HEYTPHHO.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Cosmological Constraints on Chiral Tensor Particles

Emanuil Chizhov', Daniela Kirilova'
!Institute of Astronomy and National Astronomical Observatory, Bulgarian Academy
of Sciences, Sofia, Bulgaria

We study a cosmological model with Chiral Tensor Particles (CTP). By using modern
cosmological constraints on additional particles, that follow from the cosmological
nucleosynthesis, we obtain stringent constraints on the freezing temperature of sterile
neutrino. We use those constraints to derive constraints on the interaction strength of CTP.

137

Kocmoaoruunu OrpaHU4Y€HUdA BbPXY KHPAJHH TECH30PHHU YaCTUIIH

Emanyun Yuocos', Januena Kupunoea’

Hnemumym no acmponomus ¢ Hayuonanna acmponomuuecka obcepeamopus, Bvaeapcka
axademus Ha naykume, Cogus, bvieapus

Pasrnexxname kocmomormueH wmoxaen ¢ Kupamam Tensopam Yacturmm (KTY).
W3non3Baiiku ChBPEMEHHUTE KOCMOJIOTUYHU OTPAHUYEHUS BBPXY AONBIHUTECIHH YaCTHLU
cleBamy OT KOCMOJOTHYHHUS HYKJIEOCHHTE3 H3BEHOXME MO—CTPOTH OTPAHUYCHUS BBHPXY
TeMIlepaTypaTa Ha 3aMph3BaHe Ha CTEPIIIHUTE HEYTpUHA. Te3u orpaHUYeHUs H3MO0I3BaMe 3a
MoJy4aBaHe Ha OTPaHUYEHHS BHPXY CHJaTa Ha B3aiiMoneiicTeue Ha KTU.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Global warming — astronomical phenomenon without connection with
greenhouse gases in Earth's atmosphere?

Nikolay Takuchev'
!Trakia University, Stara Zagora, Bulgaria

The now generally accepted paradigm points to greenhouse gases as the source of global
warming, a significant part of which is anthropogenic — from the extraction and burning of fossil
fuels and intensive agricultural production. The hope is that it is within humanity's ability to limit
this biosphere-threatening process by regulating the mentioned activities. This report argues that
processes on the Sun have partly or entirely caused global warming in the Earth's atmosphere over
the past 70 years. Global warming is likely a consequence of streams of positively charged, high-
energy particles emitted by the Sun mainly during the “rise” phase of solar activity when the
phenomena on the Sun's surface associated with the growing magnetic field increase. Part of the
flows of high-energy radiation reach the Earth, and penetrate deep into the Earth's atmosphere,
creating an increased content of ions that serve as condensation nuclei around which water vapor
forms drops. Condensation nuclei increase cloudiness in the lower atmosphere. The upper surface
of clouds and fog partly reflects electromagnetic solar radiation into space. It does not reach the
Earth's surface, which leads to a certain decrease in the temperature of the surface, and hence in
the temperature of the ground air, which is heated by the surface. When the solar activity
decreases, as observed in the last 70 years, the reverse process occurs — the high-energy fluxes of
corpuscular radiation decrease, the ionization of the air in the Earth's atmosphere decreases, the
cloudiness decreases, more solar electromagnetic radiation reaches the Earth's surface and
increases the temperature. An additional argument for the presence of high-energy radiation that
penetrates deep into the Earth's atmosphere and even reaches the Earth's surface is the high
statistically significant correlation between the fluxes of such radiation recorded by the GOES
series satellites in geostationary orbit (36,000 km above the Earth's surface) and human mortality
from the deadliest diseases. The bad news is that if the described mechanism is the main cause of
global warming, there is not much humanity can do to protect itself and the biosphere. Efforts
should be redirected towards increasing the planet's reflectance for solar electromagnetic radiation.
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I'no6anHoTO 3aTONJIAHE — AaCTPOHOMUYECKH (peHOMEH 0e3 BpBb3Ka ¢
NMAapHUKOBUTE ra3oBe B 3eMHaTa atmMocdepa?

Huxonaii Taxyues'
!Tpaxuticku ynuseepcumem, Cmapa 3azopa, Bvieapus

O6monprerara B HallM JHU TapagurMa BbB BPb3Ka ¢ OOXAHAIOTO IUIAHETaTa HU
r100aJIHO 3aTOILISIHE, COYM KaTO M3TOYHHMK Ha IVIOOATHOTO 3aTOIUIHE NAPHUKOBHTE ra3oBe,
3HAYHMTENHA YacT OT KOUTO Ca aHTPOIOTeHHH — OT 100¥Ba M M3rapsHETo Ha U3KOIaeMy ropuBa U
MHTEH3UBHOTO 3EMEJIENICKO NPOU3BOACTBO. Hazmexaara e, ye € B paMKUTE Ha YOBEIIKHTE
BB3MOXKHOCTH TO3M 3acTpaiiaBai ouocepara npouec na Obae OrpaHUUCH Ype3 PeryJpaHe Ha
CIIOMEHaTHTe AefHOCTH. B HacTosmms nokiaj ca NMpUBEAEHU NMOAKPENEHH OT HaOIoJeHMITa
apryMeHTH, 4e IJI00aIHOTO 3aTOIUIIHE B 3eMHara aTMocdepa npe3 nocnegnure 70 TroIuHH e
NPHYMHEHO YaCTHYHO WM M3IIUI0 OT ponecy Ha CirbHIIETO. [laHHUTE TOKa3BaT, Ye IJI00aTHOTO
3aTOIUIIHE BEPOATHO € CIEACTBHE OT IOTOLH OT IOJIOKMUTENHO 3ape/ieHH, BUCOKOSHEPIHHHU
YacTULH, U3TbuBaHK 0T CITBHIIECTO IVIABHO IO BpeMe Ha (asaTa ,,HapacTBaHE  Ha CIIbHYCBATA
AKTHBHOCT, KOTaTO SBJICHMSTA Ha MOBBPXHOCTTa Ha CIIBHIETO, CBBP3aHM C HAPACTBALIOTO
MAarHMTHO I0JIe, Ce YBeINYaBaT. HacT OT MOTOLMTE BUCOKOCHEPTHIHY JTbYEHHUS JOCTUTaT 3eMATa
U TIPOHUKBAT ABJIOOKO B 3eMHara aTMocdepa, Ch3JaBailki MOBHILICHO ChIbp)KaHUE Ha HOHH,
KOUTO CIIy’)KaT KaTo KOHJICH3ALMOHHM S/Ipa, OKOJO KOWTO BOJHHUTE MapH o0pa3yBaT KallKH.
KoHzeH3alMoHHNTE s1/ipa yBeM4aBaT 001a4HOCTTa B HUCKUTE clIoeBe Ha arMocdeparta. ['opHaTa
MOBBPXHOCT Ha oOJIalUTe M MBIJIATa YAaCTHYHO OTpa3siBa eJeKTPOMarHWTHAaTa CIIbHYEBA
pamnanus B Kocmoca. Ts He mocTrra 3eMHaTa OBEPXHOCT, KOGTO BOJIH 0 U3BECTHO ITOHIKABAHE
Ha TeMIlepaTypara Ha IOBbPXHOCTTA, & OTTaM M Ha TeMIIepaTypara Ha IPU3EMHHUS Bb3IyX, KOHTO
ce HarpsiBa OT MOBBPXHOCTTA. [Ipy HaMaJsiBaHEe Ha CITbHYEBATA aKTUBHOCT, KaKTO ce HaOJIIo1aBa
npe3 nocneaHutTe 70 TOAMHH, MPOTHYA OOPATHHUAT MPOLEC — HaMAJSIBAT BUCOKOCHEPIHIHHUTE
HOTOLIM HA KOPIYCKYJPHOTO JIbYCHHE, HaMmalsiBa HOHM3aIMATa Ha Bb3IyXa, HaMaisiBa
00J1a4HOCTTA, 10 3eMHaTa IIOBBPXHOCT JIOCTUTa ITOBEY€E CITbHYEBA €IEKTPOMAarHUTHA Pagnalys u
MOBHILIABA TeMIleparypara. JIOMbIHUTENEH apryMeHT 3a HAJMYHEeTO Ha BHCOKOCHEPrHiHA
pazmanysi, KOSTO TPOHHMKBA IBIOOKO B 3eMHaTa arMocdepa W JOpPH JOCTHTA 3eMHATa
MOBBPXHOCT, € BHCOKAaTa CTaTHCTHYECKH 3HaYMMa KOpenalus MeXIy HOTOLMTEe OT Takasa
pamuanusi, perucTpupanu ot catenautute oT cepusita GOES B reocranmonapna op6ura (36 000
KM HaJl 3eMHaTa [IOBbPXHOCT) M YOBEIIKaTa CMBPTHOCT OT Haif-cMbpTOHOCHHUTE OostecTu. Jlomara
HOBHHA €, Y€ aKO OIMCAHUAT MEXaHW3bM € OCHOBHATA NMPHYMHA 3a TJIOOATHOTO 3aTOILIIHE,
YOBEUECTBOTO HE MOXKE Ja HalpaBH MHOTO, 3a Ja 3aIluTH cebe cu u Ouocdepara. Ycunmsara
TpaOBa ja OBIIAT MPEHACOYECHN KbM YBEIMYaBaHE Ha OTpa3siBallara CiocoOHOCT Ha TUIaHeTaTa 3a
CITbHYECBATA €JIEKTPOMATHUTHA PaJIHALIHS.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Pre-outburst dip of the recurrent novae RS Oph and T CrB

Radoslav Zamanov!, Viadislav Marchev!, Joan Marti’, Kiril Stoyanov', Krasimira
Yankova®, Georgi Latev’
!Institute of Astronomy and National Astronomical Observatory, Bulgarian Academy of
Sciences, 1784 Sofia, Bulgaria
’Departamento de Fisica, Universidad de Jaen, 23071 Jaen, Spain
3 Space Research and Technology Institute, Bulgarian Academy of Sciences, 1113 Sofia,
Bulgaria

The recurrent novae stars are those classical novae that have been observed to undergo
outburst more than once. RS Oph is observed to erupt in 1898, 1933, 1958, 1967, 1985, 2006
and 2021. T CrB is a famous recurrent nova having recorded eruptions in 1787, 1866, and in
1946 and a new outburst is expected during the next months. These binary stars consist of a
near-to-Chandrasekhar-limit massive white dwarf accreting from a red giant mass donor.

Pre-outburst dip (a decrease of the optical brightness) just before the outburst is
clearly detected in the observations of the T CrB obtained before the 1946 outburst. A similar
decrease is also visible in the light curve of RS Oph during the 2021 outburst. We suppose
that this is due to formation of a thick, dense envelope around the white dwarf, and we estimate
its size (1000 - 2000 km), mass (5.10% — 6.10”7 Mqun) and average density (5-16 g cm™).

Key words: stars (novae, cataclysmic variables) — stars: symbiotic - stars individual
(RS Oph, TCrB)
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HoBTopHuTe HOBU RS Oph u T CrB, n Texuust MUHUMYM npeau
usdyxBaHe

Paoocnase 3amanoe’, Braoucrae Mapues!, Xyan Mapmu?, Kupun Cmosanos!,
Kpacumupa Anxosa’, eopeu Jlames!
Unemumym no acmponomus ¢ Hayuonanna acmponomuyecka obcepeamopus, bvnzapcka
axademusi Ha Haykume, 1784 Cogus, Boreapus
2Deparmmem‘o de Fisica, Universidad de Jaen, 23071 Jaen, Spain
3 Unemumyma 3a kocmuuecku uscnedéanus u mexronoauu, bvizapcka axademus na naykume,
1113 Cogus, bvreapus

[ToBTOpHWTE HOBH 3BE3/IM Ca TAKHBa KIACHUYCCKH HOBH, HA KOMTO CME HAOJIIOaBaH
moBeye oT enHo u3byxBane. RS Oph uma peructpupanu u30yxsanus npe3 1898, 1933, 1958,
1967, 1985, 2006 u 2021. T CrB e u3BecTHa moBTOpHA HOBA ¢ U30yxBanus npe3 1787, 1866,
1946, kato ce 04akBa HOBO H30yXBaHe Mpe3 CIICABAIINTE HAKOJIKO Mecena. Te3u IBOHHM 3Be3TU
Ce ChCTOAT OT MAacHBHO 0510 [DKY/DKe ¢ Maca OJm3ka 10 rpanuiarta Ha Yanapacekap, KOETO
aKpeTHupa Maca TOHOPA - YepBEH TUTaHT.

[pu T CrB mpenu mocnexnoro n3byxBane mpe3 1946 ce HabOmromaBa XapakTepeH
MHHHUMYM Ha CBETUMOCTTA B ONITHYHH ceKTHP. [107100eH MUHUMYM ce HaOJi0/1aBa U B KPUBHUTE
Ha Oisicbka Ha RS Oph npenu uz6yxsanero npe3 2021. Hue mpeamonarame, 4e ToBa ce IbIDKA
Ha QopmupaHeTo Ha nebena M IUIbTHA OOBUBKA OKOJO OSUIOTO JUKYIUKE, KaTo OmpenessiMe
Heitnure  pasmepu  (1000-2000 kM), maca (5.10%-6.107 Man) M cpeaHa IIBTHOCT
(5-16 g cm™).

KitouoBu nymu: 3Be3au (HOBH, KaTaKIM3MUYHH) — 3Be3aAu: cUMOHoTHYHH —RS Oph,
TCrB



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

High resolution investigation of BF Cygni during its burst in 2017

Mima Tomova!, Radoslav Zamanov!, Nikolai Tomov'

!Institute of Astronomy and National Astronomical Observatory,
Bulgarian Academy of Sciences, Sofia, Bulgaria

The last active phase of the eclipsing symbiotic binary BF Cygni began in 2006 and
continues up to now. During this period its light is modulated by the orbital motion and shows
photometric minima with a variable depth and shape. In 2009 Balmer satellite components
indicating a bipolar collimated outflow with a variable velocity and intensity appeared in the
spectrum.

In 2015 and 2017 a new activity developed and 1-mag bursts were observed. The
satellite components of some lines disappeared during the optical maximum and appeared
again.

On the basis of high resolution spectral observations we examined the behaviour of
the system during the burst in 2017. We will present profiles, fluxes and radial velocity data
of different groups of lines. The results are interpreted in the framework of the model of
collimated stellar wind.
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H3zcaenBane Ha BF Cygni no Bpeme Ha u3dyxBaneto u npe3 2017 r.

Muma Tomosa', Padocnas 3amanos’, Hurxonati Tomog!
!Unemumym no acmponomus ¢ Hayuonanna acmponomuuecka o6cepeamopus, bvnzapcka
axademus Ha naykume, Cogus, bvieapus

IMocnennara akTWBHa (ha3a Ha 3aTbMHHTeNHaTa cuMOmotmdyHa nBoitHa BF Cygni
3anogHa rpe3 2006 r. 1 npoaemkasa 1o cera. [Ipe3 To3u nepnos OJSICHKBT H ce MOIYJIHpa OT
OpOUTATHOTO ABMKEHHE, KaTo MOKa3Ba (OTOMETPHYHN MUHUMYMH C IPOMEHIIBA IbI00YNHA
u ¢opma. IIpe3 2009 r. B ciekThpa Ha cUCTEMaTa ce MOSBHXa CATEJIUTHH KOMIIOHCHTH Ha
banmepoBuTe NMHUK C NMPOMEHJINBA CKOPOCT M MHTEH3MBHOCT, KOUTO TOKa3Baxa BHCOKO
KOJIMMUPAHO OUIOJISIPHO U3THYaHE OT KOMIAKTHUS 00EKT.

Ipe3 2015 r. u 2017 r. ce pa3Bu HOBa aKTHBHOCT M 0sXa HAOIIOIaBaHU U30YXBaHUS
oT 1 mag. B ontuyeckus MakCUMyM CaTEIMTHUTE KOMIIOHEHTH M3U€3HaXa U MO-KbCHO Ce
MOSIBUXa OTHOBO.

Hue nomyuynxme criekTpaiHu HaONIOZEHHS C BHCOKO pa3pelieHHe II0 BpeMe Ha
n30yxBaneTo npe3 2017 r. 1 mpeacTaBsiMe TpoQUITH, TOTOLH U PaJAUATHU CKOPOCTH Ha HAKOU
TPYIH OT JUHUH. Pe3ynratute ce MHTEpIpeTHpAT B CBETJIMHATA Ha MOJeENA 3a KOJUMHUpPAH
3BE37ICH BATBHP.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Joint Research Project "Active Events On The Sun. Catalogs Of

Proton Events And Electron Signatures In X-Ray, Uv And Radio

diapason. Influence of Collisions on Optical Properties of Dense
Hydrogen Plasma"

Momchil Dechev', Zoran Simic?, Rositsa Miteva!, Kostadinka Koleva®, Nenad Sakan?
nstitute of Astronomy and NAO, Bulgarian Academy of Sciences, Sofia, Bulgaria
2Astronomical Observatory Belgrade, Serbia
3Space Research and Technology Institute, Bulgarian Academy of Sciences, Sofia, Bulgaria

Here we present the goals of the Joint Research Project "Active Events On The Sun.
Catalogs Of Proton Events And Electron Signatures In X-Ray, Uv And Radio diapason. Influence
of Collisions on Optical Properties of Dense Hydrogen Plasma."

Active processes on the Sun, are different manifestations of a single physical process
whose source and motor are the free energy stored in the coronal magnetic fields. These various
manifestations of solar activity have a significant impact on the cosmic climate as well as many
processes on Earth and human activity. A number of radio signatures are associated with the shock
waves generated by CME, which accelerate electrons and protons in the interplanetary space. The
study of CME properties, their propagation, and their associated X-ray, ultraviolet and radio
signatures are essential for predicting space weather. Impact broadening parameters for spectral
lines are of interest for astrophysical, laboratory, and technological plasma, will be determined
within the frame of modified semiempirical approach and other methods.

The main goals of this project are to exchange the experience gained in modeling spectral
lines at the Belgrade Observatory and to apply them in studying observable active processes of
the Sun, creating catalogs of electronic and proton events, X-ray, ultraviolet and radio signatures
and presenting them by means of the Virtual Observatory.
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CbBMecTeH Hay4YHo-u3cjeaoBateacku npoekt "Active Events On The
Sun. Catalogs Of Proton Events And Electron Signatures In X-Ray,
Uv And Radio diapason. Influence of Collisions on Optical Properties
of Dense Hydrogen Plasma"

Momuun Jeues!, 3opan Cumuy?, Pocuya Mumesa', Kocmaounka Konesa®, Henao Caxan’
THnemumym no acmponomus u HAO, Bvrzapcka axademus na naykume, Cogus, Bvieapus
2Acmponomuyecka obeepsamopus, Benzpad, Copous
3SUncmumym 3a kocmuvecku usciedeanus u mexrnonoauu, Bvieapcka axademus na naykume,
Cogus, Bvneapus

Tyx npencrassiMe LEeIUTe Ha CBBMECTHHS H3CIIEJIOBATEIICKH TIPOEKT ,,AKTHBHI CHOUTHS
Ha CrpHIeTo. Karanosu Ha IpOTOHHM CHOUTHS U €IeKTPOHHH CHTHATYPH B peHTreHoBH, UV u
pamuo auanazoH. BimsiHUe Ha KOMM3UHTE BBPXY ONTHYHHUTE CBOMCTBA HA ITTHATA BOZOPOIHA
Iasma‘.

AxruBHHUTE TIporiecH Ha CTBHLETO ca pa3iMdHU MPOSIBA Ha eIUH (QU3HUIECKH MpoLec,
YUITO W3TOYHUK U JBUTraTes ca CBOOOJHATAa HEeprHsl, ChbXPaHsABaHA B KOPOHATHUTE MAarHUTHU
nosiera. Te3u pa3JIMYHy NPOSIBH Ha CIITBHYEBATA aKTHBHOCT OKa3BaT 3HAYUTEINIHO BIIMSHUE BBPXY
KOCMUYECKHs KIMMAaT, KakTO M MHOTO IPOIIECH BBPXY 3eMsATa M 4oBellKkara JeifHoct.Pexuna
pazno CUTHATYpH ca CBbP3aHH C yIapHH BBJIHH, reHepupand oT KM (KopoHaITHO W3XBEpIITHE
Ha Maca), KOUTO YCKOPSBAT EIEKTPOHUTE M MPOTOHUTE B MEKAYIUIAHETHOTO IPOCTPAHCTBO.
[IpoyuBanero Ha cBoiictBata Ha KIUM, TIXHOTO pasmpocTpaHEeHHWE MU CBBP3aHUTE C TIX
PEHTI€HOBH, YATPAaBHOIECTOBH M PAJIMO CUTHATYPH Ca OT CBIIECTBEHO 3HAYEHHUE 32 IPOTHO3UPAHE
Ha KocMU4IecKoTo Bpeme.Ilapamerpure 3a pa3mmmpsiBaHe Ha BE3ACHCTBHETO 32 CIICKTPAITHHU JINHHN
ca OT MHTepec 3a acTpodu3MuHaTa, JabopaTopHaTa M TEXHOJOTMYHATA ILUIa3Ma e ObJar
OIIpeJIeNIeHN B paMKHUTE Ha MOAM(UIIMPaH MOJIyeMINPUYEH MOAXO0/ ¥ APYTH METOIH.

OCHOBHUTE 1€ Ha TO3H TPOEKT ca J1a OOMEHST ONNTa, HATPYIaH B CHEKTPAITHH JINHUN
B benrpanckara obcepBaTopyis ¥ a TH NpHUaraT Npy M3ydaBaHe Ha HAONIONATEITHH aKTUBHHU
MPOIIECH Ha CITBHIIETO, Ch3JaBAiKH KaTaI03! Ha €IIeKTPOHHN U IPOTOHHU CHOUTHSI, PEHTTCHOBH,
YIATPaBHONETOBH W pAJU0 CHUTHATYpH M MPEACTAaBIHKH T'M C IOMONITA HAa BUPTyalHaTa
obcepBaTopusL.
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2. T. omog: ,,CTpyKTypa 1 eJIEeKTPUYHHU CBOMCTBA HA 3aeIIKK 1 YoBemku ACE2

3. JI. TpaiikoB: ,,buomexann4eH OTTOBOp Ha SHIOTETHUTE KJIETKH MPU METACTaOMITHI
MUKPODITYHIHA KPHBHU MOTOIH B in VIVO U in Vitro ycioBus‘

4. b. IIvpBanoBa: ,,CriekTpopoTOMETpUIHUAT METO/ ,,real-time hemolysis assay** u Heropu
BB3MOKHH IIPUIIOKEHHA

ITocrepHu nokmagu

1. L, HamamaHoBa: ,,AKyTHU €EKTH MPHU LETOTEIECHO 00IFYBAHE C BUCOKO-YECTOTHU U HUCKO-
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(Bpbrwsan)*

5. JI. BesikoBa: ,,buoakTHBHI KOMIIOHEHTHU OT OXJIFOBH MJIM HOBO TIOKOJIEHUE aHTUMUKPOOHH
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9. M. UBanoBa: “IIpoMeHN B TEPMOJMHAMUYHUTE XapAKTEPUCTUKH HA IIPOTEOMA ITPY MALEHT C
MHACTEHEH CUHPOM ciieft ipreM Ha [lemOpomizymab”

10. A. Ucaaxkuauc: ,,CpaBHUTENIEH aHAIN3 HAa IPOMEHUTE B CIIEKTPATHUTE U TEPMOTMHAMUYHU
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Electrochemical stability study of polyphosphocholine-conjugated
liposomes

Miroslav Karabaliev!, Boyana Parvanova', Gergana Savova', Bilyana Tacheva', Sabrina
Jahn ?, Radostina Georgieva’
! Thrace University, Stara Zagora, Bulgaria
’Liposphere Ltd., Israel

Polyphosphocholine-conjugated liposomes contain a small percentage of lipid-
polymer conjugates (LPCs) in which the tail of the lipid is attached to a poly[2-
(methacryloyloxy)ethyl phosphorylcholine] (pMPC) polymer [1]. In recent years, pMPC-
liposomes have attracted attention due to their potential application in the treatment of
osteoarthritis, as they can serve as boundary lubricants designed to restore the natural
lubricating properties of articular cartilage. For this purpose, it is important that the liposomes
remain intact without fusing and spreading as a lipid film on the cartilage surface [1,2]. In the
present work, using cyclic voltammetry (CV) and electrochemical impedance spectroscopy
(EIS) methods, the stability of pMPC-liposomes and their interaction with two types of solid
electrode surfaces, gold and carbon, were investigated. By means of a hydrophilic
electroactive redox couple added in the electrolyte solution together with the pMPC-
liposomes, the electron transfer characteristics across the electrode surface were obtained. EIS
was used to find the capacitance and electrical resistance of the electrodes, which are highly
sensitive to the possible formation of a lipid film on the surface. In the CV experiments, no
reduction of the peak currents and no shift of the peak potentials of the oxidation and reduction
of the electroactive couple was observed. No decrease in capacitance and no increase in charge
transfer resistance were observed in the EIS experiments. The obtained results suggest that
pMPC-liposomes remain stable and intact, being only physically adsorbed on the surfaces of
both gold and carbon electrodes, without resulting in coalescence, spreading and formation of
lipid films.

[1] Lin, W.; Kampf, N.; Goldberg, R.; Driver, M.J.; Klein, J. Poly-phosphocholinated
Liposomes Form Stable Superlubrication Vectors, Langmuir, Vol. 35, pp. 6048—6054
(2019)

[2] Lin, W.; Goldberg, R.; Klein, J. Poly-phosphocholination of liposomes leads to highly-
extended retention time in mice joints. J. Mater. Chem. B, Vol. 10, pp. 2820-2827 (2022)
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EjleKTpOXMMHUYHO M3cjeBaHe HA CTA0UIHOCTTA HA MoJn¢ocPhoXoanH-
KOHIOTMPAHU JUIO30MHU

Mupocnas Kapabanues', Bosna ITvpsanoea’, I'epeana Caeosa’, bunana Taueea!, Sabrina
Jahn %, Padocmuna I'eopauesa’
!Tpaxuticku ynuseepcumem, Cmapa 3azopa, Bvireapus
’Liposphere Ltd., Israel

IonudocdoxoarH-KOHIOTHPAHUTE JIUIO30MH ChABPIKAT MATbK MPOLEHT JIHIUIHO-
nonuMepau kontoratu (LPC), B kouTo omamkara Ha JuOuga € IpUKpereHa KbM MOJH[2-
(metakpunounokcu et pochopuixonud] (pMPC) momumep [1]. TIpe3 nocneaHuTe roquHI
pMPC-nuno3omuTe NPHUBIIKOXAa BHUMAaHHE IOPAaW NOTECHIMATHATO WM MPWIOKEHHE B
JICYCHUETO HAa OCTEO0APTPHUT, Thi KAaTO MOrar Ja Ciy)XaT KaTO T'PaHWYHH JIyOpPHKaHTH,
NpeJHa3HaYeHH J1a BH3CTAHOBST €CTECTBEHHTE CMAa3Ballli CBOMCTBA HAa CTAaBHMS XPYIISUL 3a
Ta3M LeJl € BaYKHO JTMIIO30MUTE J1a OCTaBarT Iy 0e3 J1a ce CIMBAT M Pa3CTHIIAT KAaTO JIMITAACH
(hunM BEpXy NOBBPXHOCTTA Ha Xpysiia [1,2]. B HacTosmaTa paboTa H3M0a3BaiKi METOAUTE
mukyaa Bontamerpus (CV) W enekrpoxumuuHa umIienaHcHa crekTpockonus (EIS) e
n3cnenBana crabuiaHoctta Ha pMPC-MMno30oMHUTe W TAXHOTO B3aUMOJCHCTBHE C ABa BHIA
TBBPAU EJIEKTPONHU MOBBPXHOCTH, 37aTo M Bbriepoa. C momomra Ha XuapoduiHa
CJIEKTPOAKTHBHA DPENOKC JBOWKa, jo0aBeHa B €JIEKTPOJHTHHS pa3TBoOp 3aexHo ¢ pMPC-
JIMIIO30MHUTE, Ca IOJIyYeH! XapaKTePUCTHKUTE 3a MIPEHOC Ha eJIeKTPOHHU Ipe3 NOBBPXHOCTTA
Ha enekTpoaute. EIS e m3nomsBaHa 3a HamupaHe Ha KamaluTeTa M eJIEKTPHYECKOTO
CBIPOTUBIICHHE Ha eJNeKTPOANUTE, KOUTO Ca CHIIHO YYBCTBUTEIHH KBbM €BEHTYallHO
oOpasyBaHe Ha JunuaeH GUIM BbpXy NOBBpXHOcTTa. B CV ekcrepuMeHTUTE HE ce
Ha0IoaBa HaMalsBaHE Ha MUKOBHUTE TOKOBE M M3MECTBAHE HA NMUKOBUTE MOTEHIMANIN Ha
OKHCIICHHETO U pEeAyKLHUATA Ha eJIEKTpoakTHBHaTa ABoiika. [Ipu excriepumenture ¢ EIS He ce
Ha0I01aBa HAMaJsIBaHE Ha Kallal[UTeTa W yBeIWIaBaHe HA CHIPOTHUBICHUETO Ha NMPEHOC Ha
3apsia. [lonmyuenute pesyararu Hamarat usBona, ye pMPC-nunozomute ocraBaT cTaOWIHU U
LIeJIH, KaTo ce aicopoupar camo (HU3HMYECKH BBPXY NOBBPXHOCTUTE KaKTO Ha 3JIaTHHUTE, TaKa
U Ha BBIVIEPOJHHUTE €JIeKTPoaH, Oe3 ToBa Jja BOJIM JI0 CIIMBAHE, pa3CTUIIaHe U 00pa3yBaHe Ha
JIUITUTHYA QUIIMH.

[1] Lin, W.; Kampf, N.; Goldberg, R.; Driver, M.J.; Klein, J. Poly-phosphocholinated
Liposomes Form Stable Superlubrication Vectors, Langmuir, Vol. 35, pp. 6048-6054
(2019)

[2] Lin, W.; Goldberg, R.; Klein, J. Poly-phosphocholination of liposomes leads to highly-
extended retention time in mice joints. J. Mater. Chem. B, Vol. 10, pp. 2820-2827 (2022)
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Structure and electric properties of rabbit and human ACE2

Trifon Popov', Svetlana Hristova?, Alexandar Zhivkov’
! Medical Faculty, Medical University — Sofia
2 Department of Medical Physics and Biophysics, Medical Faculty, Medical University —
Sofia
3 Scientific Research Center, “St. Kliment Ohridski” Sofia University

The angiotensin-converting enzyme 2 (ACE2) is a transmembrane glycoprotein,
consisting of two segments: a large catalytic carboxypeptidase segment and a small
transmembrane collectrin-like segment. This protein plays an essential role in blood pressure
regulation, transforming the peptides angiotensin-I and angiotensin-II (vasoconstrictors) into
angiotensin-1-9 and angiotensin-1-7 (vasodilators), respectively. During the COVID-19
pandemic ACE2 became best known as the receptor of the S-protein of SARS-CoV-2
coronavirus.

The purpose of the following research is to reconstruct the 3D structure of the catalytic
domain of the rabbit enzyme rACE2 using its primary amino acid sequence, and then to
compare it with the human analog hACE2. For this purpose, we have calculated the electric
properties and thermodynamic stability of the two protein globules employing computer
programs for protein electrostatics. The analysis of the amino acid content and sequence
demonstrates an 85% identity between the two polypeptide chains. The 3D alignment of the
catalytic domains of the two enzymes shows coincidence of the a-helix segments, and a small
difference in two unstructured segments of the chain. The electric charge of the catalytic
domain of rACE2, determined by 70 positively chargeable amino acid residues, 114 negatively
chargeable ones and 2 positive charges of the Zn?" atom in the active center, exceeds that of
hACE2 by 1 positively and 4 negatively chargeable groups, however in 3D conformation their
isoelectric points pl 5.21 coincide. The surface electrostatic potential is similarly distributed
on the surface of the two catalytic globules, but it strongly depends on the pH of the medium:
it is almost positive at pH 5.0 but strongly negative at pH 7.5. The pH-dependence of the
electrostatic component of the free energy discloses that the 3D structure of the two enzymes
is maximally stable at pH 6.5.

The high similarity in the 3D structure, as well as in the electrostatic and
thermodynamic properties, suggests that rabbit can be successfully used as an animal model
to study the coronavirus infection, and the results can be extrapolated to humans.
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CTpyKTYypa U eJIeKTPUYHM CBOIicTBA Ha 3aemIKH U YoBemku ACE2
Tpugpon Ionoe', Ceemaana Xpucmoea’, Anexcanovp JKuexos®
I Meouyuncku gaxynmem, Meouyuncku yuueepcumem — Cogust
2 Kameopa no meduyuncka gusuxa u 6uogusuxa, Meduyuncku axynmem, Meouyuncku
yrusepcumem — Cogust
3 Hayunouscnedoeamencku cexmop, CY "Cs. Knumenm Oxpuocku”
AnrnorensuH-koHBepTHpamuaT eH3uM 2 (ACE2) e TpancMeMOpaHeH IIIMKOIPOTEHH,
CBCTOSIII[ C€ OT J[Ba CETMEHTA: rOJsIM KaTalIUTHYEeH KapOOKCHUIIENTHAA3eH CETMEHT U MalbK
TpaHCMeMOpaHEH KOJEKTPUH-NMOJ00eH cerMeHT. To3u MPOTeMH Wrpae KIIo4oBa pojs B
perynupaHeTo Ha KPBBHOTO HaJATaHe, KaTo MpEBPbBIIa MNENTHAMTE aHTHOTEH3HH-I u
anruoteH3uH-1I (Ba3OKOHCTPUKTOPH) CHOTBETHO B AHTMOTEH3UH-1-9 W aHrHoTeH3uH-1-7
(Bazoxmmataropn). 1o Bpeme Ha KopoHaBupycHarta nanaemusta ACE2 crana Haif-n3BecTeH
KaTo peLenTop Ha S-npoTenHa Ha KopoHaBupyca SARS-CoV-2.

Lenta Ha HACTOSIIOTO H3CIEABAaHE € Ja ce pekoHcTpympa 3D crpykrypara Ha
KaTaJIMTUYHMS JOMeH Ha 3aemkusa eHsuM rACE2, xato ce u3moi3Ba HeropaTa IIbpBUYHA
AMHMHOKHCEJIMHHA IT0CIIeJOBAaTEIHOCT, U CJIe]] TOBa Jia ce cpaBHU ¢ yoBewkus anaigor hACE2.
3a Ta3W Ien M3YMCINXME EJeKTPHYHUTE CBOMCTBAa M TepMOAMHAMHYHATA CTaOMIIHOCT Ha
nBeTe OeNTHYHM TIOOYJIM, KaTo HW3MON3BaXMe KOMITIOTBPHHM IIPOTpaMu 3a OenThuHa
€JIEKTPOCTaTUKA. AHAIN3BT HAa AMHHOKHCEIMHHOTO CHIBPKAHWE M MOCIEIOBATEIHOCTTA
nmokasBa 85% HISHTUYHOCT MEXIy IBETE MOJUIECITHAHN BepUrd. TpUU3MEPHHUAT alaiiMbHT
Ha KaTaJUTUYHWATE [OMEHH Ha JBaTa €H3MMa IIOKa3Ba CHBIAJCHUE Ha (-CIIHPAIHHUTE
CEeTMEHTH M MaJIKa pa3jifKa B IBa HECTPYKTYPHUPAHU CETMEHTa Ha BepHrata. EqekTpuuecKusT
3apsA Ha KatanuTuuHus nomeilH Ha rACE2, ompeneneH oT 70 MOJIOKUTEIHO 3apelicHU
aMHHOKHUCEJIMHHHU OCTaThIM, 114 oTpunaTeaHo 3apeieHH U 2 MOJI0XKUTEIIHY 3apsiia Ha aToMa
Zn’" B akTUBHHUS LEHTHP, Npeumasa 1034 Ha hACE2 ¢ 1 m0N0XUTENHO U 4 OTPULIATENHO
3apeieHd rpynd, HO B 3D KoHpopManus H30eNeKTpUIHUTe UM Touku pl 5,21 ceBmagar.
[TOBBPXHOCTHHAT €JEKTPOCTATHYCH IOTCHIHAN € paslpeleNieH 10 CXOJICH HAa4YyhMH Ha
MOBBPXHOCTTA HA JIBETE KATAIUTHYHU TII0OYIH, HO CHIIHO 3aBHCH OT pH Ha cpemara: Toif e
noutn nosioxkutenex npu pH 5,0, Ho cunmHO oTpuuatened npu pH 7,5. 3aBucumoctra ot pH
Ha eNIEKTPOCTATHYHHS KOMIIOHEHT Ha CBOOOIHATA €HEprusl pa3kpuBa, ue 3D cTpykTypara Ha
JIBaTa €H3UMa € MakCHMaiHo ctabuiHa npu pH 6,5.

lomsimotro cxoactBo B 3D cCTpykTypaTa, KakTO M B €IEKTPOCTATUYHUTE H
TepMOAVHAMUYHHUTE CBOMCTBA, MIPEATIONAra, 4e 3aeKbT MOXKE YCIEITHO JIa Ce M3I0I3Ba KaTo
JKMBOTHHCKHM MOJIE] 32 M3CJIe/IBaHEe Ha KOPOHABHPYCHATa HHQEKIIMs, a pe3yITaTuTe MoraT aa
ce eKCTPAIoINpaT BPXY X0pa.
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Biomechanical response of endothelial cells to metastable microfluidic
blood flows in vivo and in vitro

Lubomir Traikov', Todor Bogdanov', Elitsa Stoyanova', Maxim Kalayanov'?, Lora
Kamenska 2, Kolyo Dankov?, Akira Ushiyama?®, Chiodji Ohkubo*
!Medical University-Sofia, Faculty of Medicine, Department of Medical Physics and
Biophysics
2 Sofia University "St. Kliment Ohridski", Faculty of Biology, Department of Biophysics and
Radiobiology
3Department of Environmental Health, National Institute of Public Health, 2-3-6 Minami,
Wako, Saitama, 351-0197, Japan
“Medical Physics, National Institute of Information and Communications Technology -Japan
EMF Information Center, Tokyo, Japan.

This report presents data from pilot studies on the feasibility of using biomimetic
organoid structures to study the effect of physical factors such as modulated ultrasound
mechanical waves and cold microwave argon plasma on the behavior of micro-fluidic flows.
The biological effects of the two factors are relatively poorly studied, and in combination,
only single articles with unclear molecular mechanisms have been described.

In the present study, comparative biophysical methods were used, allowing
simultaneous follow-up of the microcirculatory dynamics in vivo by means of intravital
microscopy based on implanted Dorsal-Skin Cameras (DSC). For the in vitro experiments, we
used 3D cell biomimetic structures (Mimetas). Biomimetic systems offer compactness; one
mimetic plate can replace 60 cell culture dishes. In addition to comparative measurements of
microfluidic flows, we have used numerical modeling methods based on the COMSOL-
Multiphysics software.

Numerical modeling methods, such as Computational Fluid Dynamics (CFD), are
precise tools for studying biological processes, as evidenced by the recent dramatic increase
in their use.

The use of simulation techniques such as CFD in parametric studies aims to shorten
the time to generate a diagnosis because many vascular pathologies are prolonged in time. The
possibility of extrapolating the changes for certain periods forward in time would give a
serious boost to the prevention of vascular pathologies in general.

Correlation dependence was established between in vivo and in vitro changes in small
blood vessels below 10 pm under pulse pressure.

Acknowledgments: to project No. BG-RRP-2.004-0004-C01, NextGenerationEU, through the
National Recovery and Resilience Plan of the Republic of Bulgaria. Scientific group #3.1.4.-
BioMimetaMechanics; Medical-biological sciences. (2022/2026)
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BuoMexaHn4yeH OTTOBOP HA €HAOTEeJHUTE KJIETKH MPH MeTACTA0OMIHU
MUKPOGJIYyNIHY KPHLBHY NOTOWH B in vivo u in vitro ycaoBus
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B HacTosMS OKJIaA ca NPECTAaBEHHW AAHHU OT HHWJIOTHH HPOYYBAHHS BBPXY
BB3MOKHOCTTA 32 M3II0JI3BaHE Ha OMOMHUMETHYHH OPTaHOWIHU CTPYKTYpPH 3a U3CIEBaHE Ha
neicTBreTo Ha (U3MYHM (AKTOPH KaTo MOAYJIHPAHU yNTPa3BYKOBH MEXaHWYHU BBIHH U
CTy/leHa MHUKPOBBJIHOBA aprOHOBA ILIa3Ma BBPXY HMOBEICHHETO Ha MUKPO-(IIyHIHU HOTOIIH.
Buonornunure edexty Ha qBata akTopa IMOOTAEITHO Ca CPABHUTEIHO CIabo MPOYUYCHH, a B
KOMOMHAIYs UMa ONUCAHHU CaMO €AWHUYHU CTaTHUH C HESICHU MOJICKYJIIPHU MEXaHNU3MH.

B HacTosimero m3cieABaHe ca H3MOJN3BAHM CPAaBHHUTENHHM OMO(M3NYHM MeTOnH
JIaBaIlM Bb3MOKHOCT €THOBPEMEHHO J1a Ob/i¢ MPOCIIeIeHa MUKPOLIMPKYJIaTOpHATa ANHAMUKA
in Vivo IOCpeCTBOM MHTPaBHTAHA MUKPOCKONHs Oa3upaHa Ha UMIUTaHTHpaHH Jlop3anHu-
kokHn kamepu (DSC). 3a in vitro ekcmepuMEHTHTE cMe H3MOBBaNN 3D-KIeThYHH
OrmoMHMeTHYHH CTpYKTypu (Mimetas). BHoMuMeTHYHUTE CHCTEMH IpeanaraT KOMIIAaKTHOCT
eIMH MUMETHUYEH IJIeHT Moxke na 3amectu 60 chbaa 3a KIeThbUHU KynTypu. Karo ocBen
CPaBHHTEIIHH W3MEpBaHUs Ha MUKPO(DIYHIHHUTE IOTOLH, HHE CME HM3IOJ3BAJIM METOAM Ha
YHCIOBOTO MOJICIMpanHe Ha ocHoBarta Ha copryepa COMSOL-Multiphysics.

Mertoau 3a YHCIIEHO MOJINIUpaHe, KaTo KaTo M3YHCINTEIHA JUHAMUKA Ha QIIyHaANTe
(CFD), ca mpenu3Hu HHCTPYMEHTH 3a U3CJIeBAaHETO Ha OMOJOTMYHHTE POIIECH TOBA ITOKa3Ba
U JIpPaCTUYHOTO HapacTBaHE HANOCIEABK Ha TAXHOTO M3IOJI3BAHE.

N3nosa3BaHeTo Ha CUMYJIaTHBHM TeXHUKH KaTo CFD npu napaMeTpuyHU H3JieIBaHHs
MMa 3a [1eJ CKbCSBAaHETO Ha BPEMETO 3a TeHepHpaHe Ha JMarHo3a Thil KaTO MHOTO OT ChJJOBHTE
MaTOJIOTUM Ca MPOJOHTUPAaHH BBB BPEMETO W BB3MOXKHOCTTa 3a EKCTpAlojMpaHe Ha
NPOMEHHTE 3a ONpEJeNIeHH IEePUOJM Hampel BbB BPEMETO OM Jalo CepHO3eH TIAaChK B
MPEBEHIHUATA HA CHJIOBU MATOJIOTHHU KaTo ISUIO.

VYcraHoBeHa € KOpeJaloHHa 3aBUCHMOCT MEXIy MPOMEHHTE in vivo M in Vitro B
MaJIKUTE KPbBOHOCHH ChJI0BE 1oJ] 10 MKM, 1OJ AeiicTBHE Ha ITyJICOBOTO HaJsITaHe.

Bnaaromaprocru: kM mpoekt Ne BG-RRP-2.004-0004-C01, NextGenerationEU, upe3
HarronaiHus 1J1aH 32 BE3CTAHOBSIBaHE M ycToHUMBOCT Ha Perry6nnka benrapus. Hayuna rpyna Ne3.1.4.-
BioMimetaMechanics; Meauko-6nonorunyau Hayku.(2022/2026)
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The spectrophotometric method "real-time hemolysis assay' and its
possible applications

Boyana Parvanova, Bilyana Tacheva, Gergana Savova, Radostina Georgieva, Miroslav
Karabaliev
Department of "Medical Physics, Biophysics, X-ray and Radiology", Faculty of Medicine,
Thrace University, Stara Zagora

Absorption spectra of erythrocyte suspensions were studied in the process of
hemolysis induced by various detergents and medicinal substances, as well as in conditions of
different tonicity of the suspension medium.

Spectrophotometric monitoring of hemolysis "in real-time" provides valuable
information about the type and degree of membrane damage under the influence of various
hemolytic factors [1]. To characterize the changes in the cells before and during hemolysis,
several basic parameters were measured - the absorbance at 700 nm, the relative height and
the wavelength of the Soret peak. It was found that as the osmolarity of the medium increases,
the absorbance at 700 nm increases and the relative height of the Soret peak decreases. These
changes are associated with changes in the volume of erythrocytes and as a consequence - a
change in the concentration of hemoglobin and the relative refractive index of the cells. On
the other hand, the maximum wavelength of the Soret peak also increases with increasing
osmolarity due to changes associated with hemoglobin oxidation [2]. These conclusions were
further supported by results obtained with confocal microscopy and flow cytometry.

The parameters of the absorption spectrum can be used for real-time monitoring of the
osmosis process as well as other pre-hemolytic processes associated with changes in the
volume and shape of erythrocytes. UV-Vis absorption spectrophotometry offers a convenient,
readily available, and cost-effective method for monitoring changes in erythrocytes that may
find application in the pharmacology and diagnosis of various hemoglobin anemias.

[1] B. Paarvanova, B. Tacheva, G. Savova, M. Karabaliev, R. Georgieva, Hemolysis by
Saponin Is Accelerated at Hypertonic Conditions, Molecules, Vol. 28(20), 7096 (2023)
https://doi.org/10.3390/molecules28207096

[2] M. Karabaliev, B. Tacheva, B. Paarvanova, R. Georgieva, Change in Osmotic Pressure
Influences the Absorption Spectrum of Hemoglobin inside Red Blood Cells, Cells, Vol.
13, 589 (2024) https://doi.org/10.3390/cells13070589
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AOGCOPOIIMOHHNTE CIIEKTPU Ha EPUTPOLIMTHH CYCIIEH3UH Ca M3CIIEIBaHU B IIpolieca Ha
XeMOoJK3a, MpeAn3BUKaHa OT Pa3IMYHM JETEPreHTH U JICKAPCTBEHU BEIIECTBA, KAKTO U B
YCIIOBUSI Ha Pa3iMYHa TOHUYHOCT Ha CYCIIEH3MOHHATA cpefa.

CriekTpo(pOTOMETPUIHOTO MPOCIIC/ISIBaHE HAa XEMOJIH3aTa ,,in real-time” naBa neHHA
nHdopmarys 3a BHIAa M CTENICHTa Ha yBpeXJaHe Ha MeMOpaHarta I0J] Bh3ICHCTBHETO Ha
Pa3NIMYHK XeMOJIMTHYHH (akTopH [1]. 3a XapakTepusnpaHne Ha IPOMEHHUTE B KJIICTKUTE IPEIN
W 10 BpeMe Ha XeMoJn3aTa 0sxa H3MepBaHU HIKOJIKO OCHOBHH IapaMeThpa - abcopOrusra
npu 700 nm, OTHOCHTENHATa BHCOYMHA M IBJDKMHATa Ha BBJIHATA Ha NHKa Ha Soret.
YcTaHOBEHO €, Ue ¢ yBenuuaBaHe Ha OCMOJIAPUTETHT Ha cpenara, abcopouusata mpu 700 nm
ce yBelnM4aBa, a OTHOCHTEIHATA BHCOYMHA Ha MUKAa Ha Soret HamamsiBa. Te3u mpOMeHH ca
CBBp3aHH C MPOMEHH B 00eMa Ha EpPUTPOLUTUTE M KATO CIEACTBHE - MPOMSHA B
KOHIICHTpAIMATa Ha XeMOTJIOOMHA X OTHOCUTEHUAT IT0Ka3aTell Ha IIPedynBaHe Ha KICTKHUTE.
Ot gpyra cTpaHa, MakCHMajlHaTa ABJDKWHA HA BBJIHATA HA NMUKa Ha Soret CHIIO HapacTBa €
yBeJIM4YaBaHe Ha OCMOJIAPUTETa IIOPAJN IPOMEHH, CBbP3aHH C OKHCIICHHETO Ha XeMOTJI00nHa
[2]. Tesm 3akmioueHus Osxa IOMBJIHUTEIHO TOAKPEIICHU C PE3yNTaTd, IMOJYyYeHH C
KOH(OKaTHA MUKPOCKOIIHUS U MIPOTOYHA [ATOMETPHSI.

[Napamerpure Ha aOCOPOLMOHHHUS CHEKTBHP MOraT Ja ObJaT U3MOJ3BAaHH 3a
NpOCIEAsBaHe B PEaHO BPEME Ha MPOIEca OCMO03a KAKTO M Ha APYTH MPEAXEMOIHUTHYHH
MpoIlecH, CBBpP3aHH C TpoMsHa Ha obema u ¢Qopmara Ha eputpoumrture. UV-Vis
abcopOIMOHHATA CTIEKTPO(POTOMETPHS Tpeara yno0eH, JIECHO JOCThIICH U PEHTAOUIICH
METO/ 32 HaOJII0/IeHHE Ha TPOMEHHTE B EPUTPOLIMTHTE, KOWTO MOXKE J]a HAMEPH MPUIIOKEHUE
BBB (hapMaKoJIOTHsTa U TUarHOCTHKATa Ha Pa3IMYHH XEeMOTIIOONHOBH aHEMHH.

[1] B. Paarvanova, B. Tacheva, G. Savova, M. Karabaliev, R. Georgieva, Hemolysis by
Saponin Is Accelerated at Hypertonic Conditions, Molecules, Vol. 28(20), 7096 (2023)
https://doi.org/10.3390/molecules28207096

[2] M. Karabaliev, B. Tacheva, B. Paarvanova, R. Georgieva, Change in Osmotic Pressure
Influences the Absorption Spectrum of Hemoglobin inside Red Blood Cells, Cells, Vol.
13, 589 (2024) https://doi.org/10.3390/cells13070589
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Acute effects of whole-body irradiation with high-frequency and low-
intensity electromagnetic fields in humans
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!National Center for Public Health and Analyzes - National Center for Public Health,
Department of Physical Factors
’Medical University-Sofia, Faculty of Medicine, Department of Medical Physics and
Biophysics
3Medical Physics, National Institute of Information and Communications Technology -Japan
EMF Information Center, Tokyo, Japan.

The main frequencies used for mobile communication are 450 MHz, 900 MHz, and
1800 MHz. The frequency depends on the system and the technology used. Cellular
technology can be analog or digital. Mobile phones and their base stations are the main mobile
communication sources emitting electromagnetic fields (EMF). Mobile phones are sources
with lower radiated power than base stations, but due to their nature as sources, they cannot
be compared due to different exposure conditions. Regarding the mobile phone, it should be
considered that the exposure is mainly localized in the head area and has a different duration
that can only be controlled by the user.

Base stations serve to receive and transmit signals, to establish a connection. These
sources are stationary. They are installed on roofs or facades of residential and public buildings
or on towers, i.e. this is a case of 24-hour exposure that cannot be controlled by the residents
of the area near the base station.

The currently accepted and recommended EMF exposure limits (in the frequency
range used for mobile communication 450 — 1800 MHz) vary widely between countries and
organizations.

The aim of this study is to investigate a possible modulating effect of the
electromagnetic field (EMF) on the regulation of micro-circulatory and macro-circulatory
dynamics and changes in the diameter of blood vessels, effects that influence basic
physiological parameters of the circulatory system in humans, such as systolic and diastolic
blood pressure.

The present study is based on results obtained from the irradiation of 25 Healthy-
volunteers in good physical condition, with an average age of 24. The Healthy-volunteers were
seated 2 m away from a circular aperture antenna. The operator turned on the antenna for 10
min, and it broadcast with parameters (frequency 1800 MHz, power density 0.10 W/m2).

Immediately after switching on the antenna, spontaneous drops in systolic blood
pressure up to about 20 mmHg were registered, in about 80% of the studied volunteers, in the
same respect 40 min., after the irradiation, an increase in the levels of catecholamines in the
urine was reported.
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OCHOBHUTE 4ECTOTH, U3MON3BaHH 3a MOOMIHA KOMyHHKanus ca: 450 MHz, 900 MHz
u 1800 MHz. YecroraTa 3aBUCH OT CHCTeMaTa M M3IOJI3BaHaTa TexHomorusa. KierpuHarta
TEXHOJIOTHSI MOXke J1a Obae aHamoroBa u nudposa. OCHOBHM MOOWMIHH KOMYHHKAI[HOHHHU
W3TOYHHIM, M3TpYBaIIM enekTpoMarHuTHH nosera (EMII), ca moGunante Tenedonn u
TexHUTe 0a30BM craHIMH. MoOwiHHTe TeaeOHU ca M3TOYHMIM C IO-HHCKA MOIIHOCT Ha
M3TBUBAHE B CpaBHEHHUE ¢ 0A30BUTE CTAHIIMH, HO ITOPAI €CTECTBOTO CH HA M3TOYHUIIM TE HE
Morar fga ObJaT CpaBHSABAHM IOPaIy PA3IMIHUTE YCIOBHS Ha m3narade. [lo oTHomeHne Ha
MoOwIHUS TenedoH TpAOBa 1a ce UMa IIPEABH, Ye eKCIIO3HIHATA € JOKATH3HPaHa IPeIUMHO
B 00JacTTa Ha IJ1aBaTa M MMa Pa3IndHa HPOJBIDKUTEIHOCT, KOSITO MOXE Ja ce KOHTPOJIHpa
caMo OT MOTpeOUTEIs.

ba3oBuTe cTaHINM CITyXKaT 3a IPUEMaHe U IIpeAaBaHe Ha CUTHAJIH, 32 OCHIIECTBSIBaHE
Ha Bpb3Ka. Te3n M3TOUHHUIM ca CTAalOHapHU. Te ce MOHTHUpAT Ha IMOKPUBH WM (acaay Ha
JKWIMIIHKE 1 OOLIECTBEHH Crpajiyl WM Ha KyJIH, T.€. TOBa € ciydail Ha 24-4acoBo oOibUBaHe,
KOETO He MOJKe Jla ce KOHTPOJIMpa OT JKUTEINTE Ha paiioHa B O1m30cT 0 6a30BaTa CTaHIMS.

[oHacTosmeM npueTuTe U NpenopbYaHu IpaHuiy Ha m3narane Ha EMII (B uecToTHHS
ITIara3oH, M3M0JI3BaH 3a MoOMIHa KomyHuKanus 450 — 1800 MHz) B pa3nuunanTe CTpaHu
OpTaHM3aINHU CE pa3INIaBaT 3HATUTEITHO.

LlenTa Ha TOBa M3CIEABaHE € BB3MOXKEH MOJYIHpAII e(heKT Ha eIeKTPOMArHUTHOTO
none (EMF) c BbpXy mpolecuTe Ha peryjands Ha MHKPOLMPKYJIaTOpHaTa M MakKpo-
LUPKYJIaTOpHA AWHAMHUKA KaKTO ¥ Ha NPOMEHUTE B JUaMEThpa Ha KPHBOHOCHHUTE ChHIOBE,
e(eKTH TOBJIMSBAIIN OCHOBHH (PM3HOJIOTMYHH MapaMeTpy Ha IUPKYJIaTOPHATA CUCTEMa MpH
4yoBeka KaTo CHCTOJIMYHO M ANACTOIMYHO KPBBHO HAJISITaHE.

Hacrosmero m3cnenBane e 0a3upaHo BBPXY PE3yNTaTH MOIYyYSHU IPH 0OIBEIBAHETO
Ha 25-100poBoIM Ha cpeiHa Bb3pacT 24 roanHu B 100pa Gpusmuecka popma. JoOpoBommute
0s1xa Pa3MOI0KEHN CeJHAIN Ha 2M OTCTOSTHHE OT aHTeHa C KPBroBa anepTypa Ha H3ITbIBAHE.
Omnepatop BKIIIOYBalIe aHTeHaTa 3a 10 MHH K0ATO M3IbyBame ¢ mapamerpu (decrota 1800
MHz, nisTHOCT Ha MomHocT 0,10 W/m?).

HenocpencTBeHo cie BKIIOYBAHETO HAa aHTeHATa OsXa PErHCTPUpPAHU CHOHTAHHU
IaJoBe Ha CHCTOJIMYHOTO KPBBHO Hajsrane no oxoino 20 mmHg, npu oxomo 80% ot
U3CJICIBAHUTE J0OPOBOJIIH, B CHINOTO OTHOomicHHe 40 MuH., cieq oOabpYBaHETO Oecrire
OTUETCHO INOBUIIABAHEC HA HUBATA HA KaTEXOJIAaMUHUTE B ypUHATA.
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Nanomaterials are highly advanced and promising tools for developing drugs with
multiple pharmacological activities and reduced toxicity. Studies have shown that
polydopamine, a black biopolymer formed by the autoxidation of the catecholamine
neurotransmitter Dopamine, possesses superior radical-scavenging and anti-inflammatory
properties and low systemic toxicity.

Our objective was to assess the radical scavenging efficiency and antioxidant potential
of polydopamine nanoparticles (PDA NPs) synthesized under specific conditions of oxidative
polymerization in a water-ethanol mixture with ammonia. We used spectrophotometric
systems with stable free radicals and chemiluminescent assay containing reactive oxygen
species. The antioxidant effect in systems containing biologically important molecules under
conditions of AAPH-simulated peroxidation has been determined.

Dopamine and the PDA NPs decreased the concentration of both stable free radicals
of ABTS ((2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) and DPPH (2,2-diphenyl-1-
picrylhydrazyl). A strong linear correlation between the concentration of the tested
compounds and their ability to scavenge the free radicals was observed. The concentration
inducing a 50% decrease in the Radical scavenging activity for the PDA NPs in the ABTS-
containing assay was 5.91 pg/mL, and for the DPPH, 9.12 pg/mL.

The particles also affected the chemiluminescent response in both chemiluminescent
systems, the xanthine-xanthine oxidase enzymatic method, in which the superoxide anion
radical is generated as a byproduct of the transformation of xanthine to uric acid, and the
hypochlorite chemical system, respectively. In both systems, at the maximal tested
concentration of 75 pg/mL, the chemiluminescent scavenger index (CL-SI) decreased by more
than 50% compared to the control samples. In the lecithin-containing assay PDA NPs had a
concentration-dependent antioxidant effect at concentrations equal to 25 pg/mL or higher
(around 50% at 75 pg/mL). In the deoxyribose system we observed a lack of both — antioxidant
and prooxoidant properties.

PDA NPs demonstrate antioxidant potential. As evidenced by the obtained results,
they effectively scavenge stable free radicals and notably impact chemiluminescent responses
at higher concentrations.
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HanoMmatepnanure ca ce JOKa3ad KaTO WM3KIIOYUTENIHO IIEPCHEKTUBHH IIPH
pa3pabOTBaHETO HA areHTH C MHOTO(YHKIMOHATHN (papMaKOJIOTHYHHU CBOHCTBA M TIOHMKEHA
TOKCHMYHOCT. [IpoyuBaHMsATa MOKa3BaT, 4ye MOJIMUAONAMHHBT, YepeH OHOIOIUMEp, MOIy4YeH
Ype3 aBTOOKHCICHHETO Ha KaTeXOJIAMHHOBHUS HEBPOTPAHCMHUTEp JMAONAMHH, IIPUTEKaBa
OTJIMYHU paJUKal-yJIaBsIIH CBOWCTBA M MPOTHBOBB3NAIUTEIHA aKTUBHOCT, B CHUECTAHUE C
HHCKA TOKCHYHOCT.

LlenTa Ha Mpoy4BaHETO € Aa Ce OLEHH PAaAUKaNI-yIaBAMUAT ePeKT 1 aHTHOKCHAAHTEH
MoTeHIHaN Ha monuaonamuHoBH HaHodactuiy (PDA NPs), cuHTesmpanu B ycioBus Ha
OKCHJAIIMOHHA IIOJIMMEpHU3anysl Ha JOMaMHH XHAPOXJOPUA B CMEC OT BOJAA M ETaHOI,
chIbpXKamia aMoHsK. V3moms3BaHu Osixa CHEKTPO(QOTOMETPHYHM METOAU ChC CTAOWIHU
CBOOOIHY pajyKadd U XEMHJIYMHHECHEHTHH CHUCTEMH C aKTHBHH (OpPMH Ha KHCIOPOJA.
AHTHOKCHIAHTHHS e(eKT Oele onpeseneH IpH YCIOBHs Ha NepOKCHIAUs Ha OHOIOTHYHO
Ba)XHU MOJIeKyH, nHUIupana ¢ AAPH (2,2'-a300uc(2-aMrHOTIPONIaH) AUXUIPOXIIOPHLI).

JlomaMUHBT M TOIMJONAMHUHOBH HAHOYACTUIM IIOHIDKMXA KOHIIGHTpAlMATa Ha
crabunHauTe cBOOOMHM pamukanun Ha ABTS (2, 2'-a3uHOOMC (3-eTHIIOEH30THA30JIHH)-6-
cyndonosa xkucenuna) 1 DPPH (2,2-mudennn-1-mukpmnxuapasmwr). OTueTeHa Oemne IrHeiHa
3aBUCHMOCT MEX]Iy KOHIEHTpAaIMsiTa Ha TECTBAaHUTE MPOOM W paauKai-yJaBsllaTa UM
aktuBHOCT (RSA, %). Konuenrpamusra, npu kosro ce oranta 50% RSA 3a Hanouactuuute
B cuctemara, chabpkamia ABTS e 5,91 ug/mL, a 3a DPPH - 9,12 pg/mL. Yacrumure
MOBJIMAXAa Y XEMHJIYMHUHECICHTHHS OTrOBOP M B JBETE XEMWIyMHUHECLUEHTHH CHCTEMH,
CHOTBETHO EH3MMHHSI METOJ] C KCAaHTHH-KCAaHTHH OKCHAa3a, MPU KOUTO CYHNEpPOKCHIHHAT
AQHMOHEH PaJHKall Ce TeHepHpa KaTo CTPaHUICH HPOAYKT OT TpaHC(HOpMANUITA HA KCAHTHH B
MUKOYHA KHCeNMMHA M XHMHYHATa CHCTEMa C XHUIOXJOPHT. M B ABeTe CHCTEMH IIpH
MaKCHMajlHaTa TeCTBaHA KOHIIEHTpanus oT 75 pg/mL, XeMIIyMHHECIIEHTHHS CKEeBHHIKBD
unanexc (CL-SI) ce monmku ¢ Hag 50% crnpsiMo KOHTposHHTE pobu. B mpuchcTBHETO Ha
JeuuTHH Kato okucisieM cyoctpar PDA NPs mnoka3zaxa KOHIEHTPALMIOHHO 3aBUCHM
AQHTHUOKCHUJIAHTeH e()eKT, MpH KOHIeHTpauuu oT 25 pug/mL wmu no-sucoku (okono 50% npu
75 pg/mL). B cucremara ¢ ge3okcupn6o3a He HabII0JaBaxXMe HUTO aHTHOKCHAAHTHHU, HUTO
IIPOOKCH/IAHTHU CBOMCTBA.

Jannute mnokasBat,ue PDA NPs mnpurexxaBaT aHTHOKCHAAHTEH mNoTeHuuan. Te
e(eKTUBHO HEYTPaIM3UpaT CTAOMIHU CBOOOJHHM pajAMKAIN U 3HAYUTENHO BIHAAT Ha
XEMITyMHHECIIEHTHHS CUTHAJ MPH MO-BUCOKH KOHIICHTPAIIHH.
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The delta variant of SARS-CoV-2 is 60% more contagious than the original virus and
had a 50% higher hospitalisation rate. The virus particles bind to the ACE2 receptors of
epithelial cells with their spike (S) protein (in particular their receptor-binding domain - RBD).
The association energy is determined by electrostatic attractive forces between the two
oppositely charged proteins: the net charge of ACE2 is negative and that of S - protein —
positive at physiological conditions (pH 5-7). However, not the total charge, but mainly the
heterogeneity of electrostatic potential on the surface of the protein globule is the key factor
for the electrostatic complementarity and binding affinity of different corona virus variants to
ACE2.

The purpose of the research is to calculate association energy and isoelectric point of
delta coronavirus strain and to compare the contagiousness of this variant with the wild-type
strain and omicron variant.

The research consists of 4 stages: (1) selection of the available 3D structures with
minimal free energy (AG); (2) reconstruction of the molecular structure of the trimers —
macromolecular modeling; (3) calculation of the pH-dependences of the net charge,
electrostatic potential and free association energy; (4) visualisation of the electrostatic
potential on the surface of RBD.

Our results show that the net positive charges in delta variant are 2 more than the wild-
type strain, which leads to an increase in the isoelectric point of RBD with 0.44 from 9.0 in
wild-type strain to 9.44. The change in the surface electrostatic potential, caused by the point
mutations results in an increase of the energy of association in the whole pH-range in
comparison with the wild-type strains, which explains the higher pathogenicity and
contagiousness of delta variant.

In conclusion, macromolecular modeling and the following 3D electrostatic analysis
enable us to evaluate the contagiousness and pathogenicity on molecular level of the newly
emerged variant of Corona virus at equal other conditions determining the social immune
status.
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Jenra-papuantsT Ha SARS-CoV-2 e 60% no-3apa3eH oT JUBHS IlaM Ha BUpyca U IMa
50% mo-BHCOK IPOLEHT Ha XOcHuTanu3anusa. BupycHute wactuiu ce cBbp3aT ¢ ACE2
peLenTopuTe Ha eNMUTENTHUTE KIeTKH 4pe3 spike (S) mporemHa (M MO-KOHKPETHO HETOBHS
peuenrop-cBbp3Ban] jgoMeH - RBD). Eneprusra Ha acomumpaHe ce omnpenens OT
CJIEKTPOCTATHYHUTE CHIIM Ha PUBJIMYAHE MEXK/Ty 1BaTa IPOTHBOIIOJIOKHO 3apeIeHH OeNThKa:
HeTHUAT 3apsn Ha ACE2 e oTpunareneH, a TO3M Ha S-NPOTEHHA - MOJIOKUTEICH IPU
¢usnonormynn  ycnosus (pH 5-7). Beopeku ToBa He oOmmAT 3apsa, a TIJIaBHO
XETEepOreHHOCTTa Ha eNeKTPOCTATHYHMS MOTEHIMAl Ha IOBBPXHOCTTa HA OeNThYHATA
rnodbyna e KI0Y0B (aKTop 3a €JIeKTPOCTATHYHATa KOMIUIEMEHTApHOCT W aduHHUTETa Ha
CBBP3BAHE HA Pa3JIMUHUTE BapUaHTU Ha KopoHa Bupyca ¢ ACE2.

Ilenta Ha H3CIEOBAHETO € Ja CE H3YUCIM CHEPrusATa Ha acolHalus |
M30CNCKTPUYHATa TOYKA Ha JeNTa BapuaHTa Ha KOpDOHAaBHpyca M Ja C€ CpaBHH
KOHTarMo3HOCTTa Ha TO3M BapHaHT C JUBHUS THUII IIaM U OMHKPOH BapHaHTa.

Wzcnensanero ce cberou ot 4 erama: (1) moxbop Ha Hammuaute 3D cTpyKTypH C
MUHHManHa cBoOomHa eHeprus (AG); (2) peKOHCTPYKUIHMS Ha MOJEKYJIHaTa CTPYKTypa Ha
TPUMEPHUTE - MAKpOMOJIEKYyJIHO Mopenupane; (3) m3uucisiBaHe Ha pH-3aBUCHMOCTUTE Ha
HETHHS 3aps], eNeKTPOCTaTHYHHS MOTEHIMal W CBOOOJIHATa eHeprusi Ha acouuauus; (4)
BHU3YyaJIM3alus Ha eJIeKTPOCTATHYHMS MOTEHIINA BbPXY NMOBBbpXHOCTTa Ha RBD.

Hamwre pesynraru noka3par, ue HETHUTE TOJIOKHUTEIHHU 3aps/id B IeITa BapyaHTa ca
¢ 2 moBeYe OT TE3M B IlaMa Ha JAUBHS THII, KOETO BOJH 0 MOBUIIABAHE HA U30€JEKTpUYHATA
touka Ha RBD ¢ 0,44 ot 9,0 B mama Ha quBus tun a0 9,44. [IpomsiHata B TOBEPXHOCTHHS
€JICKTPOCTAaTHYEH MOTEHLUAJ, IPUYMHEHA OT TOYKOBUTE MYTAaIlUHU, BOJIU JI0 YBEJIMUYaBaHE HA
eHeprusiTa Ha aconuupaHe B uenus pH-auana3oH B cpaBHEHHE C IIAMOBETE OT JUBUS THII,
KOEeTO 00SICHSIBA MO-BUCOKATA MMATOTEHHOCT U 3apa3HOCT Ha JIeJITa BApUAHTA.

B 3awitoueHne, MaKpOMOJICKYJSIPHOTO MOJENIMpaHe u nociaeasBanusar 3D
€JIEKTPOCTATHYCH aHAIN3 HH MO3BOJIIBAT Ja OIEHHM KOHTArHO3HOCTTAa Ha MOJEKYJISIPHHUTE
HUBO Ha HOBOMNOSBIJIM CE€ BAapHAaHTH Ha KOPOHABHpyca IIPU PAaBHU JAPYTH YCIOBHSA,
oIpeieNsly COLUAIHUS UIMYHEH CTaTyC.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

"Luminescence methods as a means of studying the impact of
regulatory photoprotection mechanisms in a heterophilous
plant: Hedera helix L. (Ivy)".

Monika Konstantinova', Detelin Stefanov', Momchil Paunov', Kolyo Dankov', Violeta Peeva'
ISofia University “St. Kliment Ohridski”, Faculty of Biology, Dept. Biophysics and
Radiobiology

Abstract: The present work is dedicated to the bioluminescence characterization of
leaves from Ivy (Hedera helix L.), which exhibit differences in their phenotypic
characteristics, depending on the phase of ontogenetic development. Ivy leaves are subdivided
into two distinct phenotypes: 1. shade (juvenile) leaves and 2. light (mature) leaves. By using
prompt and delayed chlorophyll fluorescent techniques, as well as thermoluminescence, we
studied the different behavior of the photoprotective mechanisms in the two leaf subtypes. We
examined the photochemical and non-photochemical quenching, quantum yield, "excess"
parameter, JIP-test of the fluorescence induction curve, and the differences in
thermoluminescence bands. Our results clearly demonstrate that the two subtypes of leaves
show distinct photosynthetic and physiological roles for Ivy adaptation to variable light
conditions such as a mixture of direct sunlight and shade, which enhances the survivability
of H. helix in more diverse habitats.
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»JIYMHHECHEHTHU MeTOIH KATO CPeICTBO 32 U3cJeBaHe HA
Bb3/eliCTBHETO HA PeryjaaTopHuTe GOTO3aAIUTHN MEXaHU3MHU B
xetepoduano pacrtenue: Hedera helix L. (bpbmasu)“

Monuka Koncmanmunoea', Jlemenun Cmeganos’, Momuun Iaynoe’', Konvo Jankos’,
Buonema Ileesa’
I Cogpuiicku ynusepcumem ,, Ce. Knumenm Oxpudcku”, Buonozuuecku gpaxynimem, xameopa
Buoghusuxa u paduobuonozus

Hacrosimara paboTa e mocBeTeHa Ha OMOTyMHUHECIIEHTHATa XapaKTepUCTHKa Ha JICTa
or OppuuriH (Hedera helix L.), xomro mposiBIBaT pa3indus BbB (DEHOTHIHHTE CH
XapaKTEepUCTUKH B 3aBUCHMOCT OT (ha3aTa Ha OHTOTEHETHYHO pas3BuTHe. Jlucrara Ha
OpBIUIIHA Ce MOAPA3AeIIT Ha ABa Pa3audHu (eHoTumna: 1. ceHdecTH (FOBEHHIHM) JIHCTa U 2.
cBeTn (3penu) nucra. Upes u3noia3BaHe Ha Obp3u U 3a0aBeHH (IIyOpPECHEHTHU TEXHUKH Ha
XJI0pO(QHI, KAKTO W TEPMOJIYMHUHECLCHIMS, HHE NPOYYHXME Pa3IM4YHOTO MOBEJCHHE Ha
($oTO3aIINTHATE MEXaHM3MH B J[BaTa MOJATHIA JucTa. M3cnenBaxme (OTOXUMHYHOTO H
HE(OTOXMMUYHOTO OXJIaKAaHE, KBAaHTOBUA N00WB, "m3mumHusa" mapamersp, JIP-tect Ha
KpHBaTa Ha MHAYKIHSA Ha (QIyopecueHIns M pa3yIuKUTe B TEPMOJIYMHHECIEHTHHUTE JICHTH.
Hammre pe3yntaté sCHO JEMOHCTpUpAT, Y€ JABaTa IOATHIA JIMCTa IMOKAa3BaT Pa3INYHU
(hoTOoCHHTETHYHH U (DU3HOJIOTHYHN POJIM 32 aJaNTHPAHETO Ha OpBIUITHA KbM IIPOMEHIMBI
CBETJIMHHH YCJIOBHS, KaTO CMeC OT Ipsika CITbHUYEBAa CBETJIMHA U CSHKA, KOETO MOJ00psBa
ouensiBaneTo Ha H. helix B mo-pa3sHooOpa3Hn MecTooOnTaHuS.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Bioactive components from snails or a new generation of
antimicrobial therapeutics

Lyudmila Velkova 3 Aleksandar Dolashki '3 Ventsislava Petrova %, Emiliya Pisareva ?, Anna
Tomova ?, Maria Todorova !, Momchil Kermedchiev! and Pavlina Dolashka %!

!nstitute of Organic Chemistry with Center for Phytochemistry - Bulgarian Academy of
Science;
2Sofia University "St. Kliment Ohridski" - Faculty of Biology
3Center of Competence “Clean Technologies for Sustainable Environment-Water, Waste,
Energy forCircular Economy”, 1000 Sofia, Bulgaria

The discovery and investigation of new natural compounds with antimicrobial activity
is a potential strategy to reduce the spread of antimicrobial resistance. The presented study
reveals for the first time promising antibacterial potential of two fractions from Cornu
aspersum mucus with MW<20 kDa and MW>20 kDa against various bacteri-al pathogens -
Bacillus  cereus 1085, Propionibacterium acnes 1897, Salmonella enterica 8691,
Enterococcus faecalis 3915, and Enterococcus faecium 8754. Using de novo sequencing
above 30 novel peptides with potential antibacterial activity were identified in a fraction with
MW<20 kDa. Some bioactive compounds in mucus fraction with MW > 20 kDa, were
determined by proteomic analysis on gel electrophoresis and bioinformatics. High homology
with proteins and glycoproteins was found with potential antibacterial activity as mucus
protein Aspernin, hemocyanins, H-lectins, L-amino acid oxidase-like protein, and mucins
(mucin-5AC, mucin-5B, mu-cin-2 and mucin-17). The synergy between the bioactive
components determined in the composition of the fraction > 20 kDa are responsible for the
high antibacterial activity against the tested pathogens in concentrations between 32-128
ng/ml, which is comparable to Vancomycin, but without cytotoxic effects on model eukaryotic
cells. These findings may serve as a basis for further studies to develop a new antibacterial
agent preventing the development of antibiotic resistance.

Acknowledgments: This research was carried out with the support of the project KP-
06 PN61-8/2022 funded by the Bulgarian National Science Fund and project BGOSM20P001 -
1.002-0019: ‘Clean Technologies for Sustainable Environment -Waters, Waste, Energy for a
Circular Economy.
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BbroakTHBHU KOMIIOHEHTH OT OXJIIOBH UJIH HOBO NMOKOJIEHUE
aHTHMHKpOﬁHl/l TepaneBTUIHN

Jloomuna Benkoea 13 Anexcanovp Jonawku 3 Benyucnaea Ilemposa ?, Emunus ITucapeea ?,
Anna Tomoea %, Mapus Tooopoea !, Momuun Kepmeouuee ! u Hasnuna JJorawxa 3!

! Hnemumym no opeanuuna xumus ¢ yenmup no ¢pumoxumus - BAH;
2CY "Ce. Knumenm Oxpudcku" - Buorozuuecku gpaxynmem
3 enmwp 3a xomnemenyuu ,, Yucmu mexHono2uu 3a yCmotiuuea okoiHa cpeda — 6004,
omnaovyu, enepaus 3a Kpveosa uxonomuxa “, 1000 Coghus, Bvreapus

OTKpHBAaHETO M H3CIIEABAHETO HA HOBU IPHPOAHHU CHEIUHEHHS C aHTUMHKPOOHa
AaKTHBHOCT € IIOTEHIMaJHa CTpaTerWs 3a HaMaJsiBaHe Ha pa3NpPOCTPAHCHHUETO Ha
AQHTUMHKpOOHa pe3nucTeHTHocT. [IpeacTaBeHOTO wH3cienBaHe pa3KpUBa 3a IIBPBH ITBT
obemaBaml aHTHOAKTEepHaJeH MOTEHNHAN Ha ABe (pakuuu oT ciay3 oT Cornu aspersum c
MW<20 kDa u MW>20 kDa cpemry paznuuHu 6akTepHainHy natoreHu - Bacillus cereus 1085,
Propi-onibacterium acnes 1897, Salmonella enterica 8691, Enterococcus faecalis 3915 u
Enterococcus faecium 8754. M3nomnsBaiiku de novo cekBeHUpaHe, 051xa HACHTHPHUIUPaHT Hal
30 HOBM IENTH/A C MOTCHIIMATHA aHTHOAKTepHaliHa aKTUBHOCT BbB (pakis ¢ MW<20 kDa.
Hsixon GnoakTHBHU CheAMHEHU B ciiy3Hata ¢pakiust c MW > 20 kDa 6s1xa onpeneneHu upes
NPOTEOMEH aHalIW3 Ha renl elekrpodopesa u OHMOMH(pOpPMATHKA. YCTaHOBEHa € BHCOKa
XOMOJIOTHS C IPOTEHHH U ITUKOIPOTEHHH C MOTSHI[MAIHA aHTHOAKTepHalHa aKTHBHOCT KaTo
MyKyCceH IpOTeHH ACIepHHWH, XeMOUWaHWHM, H-nextwHu, mporemH, mogobeH Ha L-
aMHHOKHCENTMHA OKCHAa3a, U MyuuHH (MymuH-5AC, MyuuH-5B, My-imH-2 u MynuH-17).
Cuneprusara Mexxay OMOaKTHBHUTE KOMIIOHEHTH, ONIPECIICHN B ChcTaBa Ha (pakmusara > 20
kDa, e oTroBOpHA 32 BUCOKaTa aHTHOAKTEPHAIHA aKTHBHOCT CPEIly TECTBAHHUTE ITaTOT€HH B
KOHIIeHTparmn Mexay 32-128 ug/ml, koero e cpaBHuMmo ¢ Vancomycin, HO 0e3
IUTOTOKCUYHK e(EeKTH BBPXY MOJEIHH EyKapHUOTH KIETKH. Te3M OTKPUTHS MOoraTt JIa
MOCNYXaT KaTo OCHOBa 3a II0-HAaTaTBHIIHM TIPOy4YBaHWsS 3a pa3paboTBaHe Ha HOB
aHTHOAKTepHaleH areHT, NPe0TBPaTABAl] Pa3BUTHETO Ha aHTHOMOTHYHA PE3UCTEHTHOCT.

Baarogapuoctu: ToBa u3cienBane € OCHIIECTBEHO ¢ MOAKpenara Ha mpoekT KP-06
PN61-8/2022, ¢dunancupan ot ®oun ,,Hayunm mscnenBanus u mpoexr BGOSM2OP001-
1.002-0019: ,,UricTi TEXHOJIOTHH 3a yCTOWYNBA OKOJIHA CpeJja — BOIH, OTIAIbIN, CHEPTHs 32
KpPBroBa HKOHOMHKA.
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A neuro-biophysical approach to the study of structural-functional
changes in the area of the Caudate Putamen of the rat brain - in the
conditions of local inhibition of dopaminergic receptors

Maxim Kalayanov'?, Lora Kamenska ', Kolyo DankoV?, Lubomir Traikov’,
'Medical University-Sofia, Faculty of Medicine, Department of Medical Physics and
Biophysics
2 Sofia University "St. Kliment Ohridski", Faculty of Biology, Department of Biophysics and
Radiobiology

In our research, the neurophysical approach was implemented using an animal model
system with implanted ECoG electrodes. Under the action of 6-hydroxydopamine (6-OHDA),
a neurotoxin that selectively destroys catecholaminergic neurons, this method allows the
reproduction of the main pathophysiological features of the disease in animals, such as the
loss of dopamine in the striatum and the associated motor and cognitive impairments. This
work analyzes the structural and functional changes in the Caudate-Putamen (CP) area in rats
under conditions of local inhibition of dopaminergic receptors.

Using the electro-corticography-ECoG method, we use micro-electrodes to record the
electrical processes occurring in the cortex in response to sensory stimulation (external or
internal). When the electrode is placed on the primary sensory area receiving signals from a
certain sense organ, the appearance of a superficial positive wave with a latency period of 5-
12 ms can be observed. The dendrites of cortical neurons are a dense array of uniformly
oriented processes, especially in the superficial layers of the cortex. Dendrites can generate
spreading potentials, which play an essential role in the transmission of excitation. In addition,
neuronal axons form collaterals that terminate on dendrites in the superficial layers. Upon
activating the excitatory and inhibitory synapses on the dendrites, currents flow to and from
these sources, creating a dipole electric field between the cell body and the dendrite. These
dynamic changes in the dipole lead to wave-like fluctuations of the potential in the bulk
conductor.

Local structural changes caused by inflammatory (and/or degenerative) processes
affect the amplitude of the recorded ECoG signal.

Electrocorticography (ECoG) is often used to assess brain bioelectrical activity in
small laboratory animals, allowing the recording of signals directly from the cerebral cortex.
Direct recording of cortical activity using (ECoG) can be used to assess the functional state of
the cortex, making this method potentially useful for modeling various pathological conditions
and finding new therapeutic approaches to correct them.
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HeBpoOuodusnyeHn noaxoa npu u3cjelaBaHe Ha CTPYKTYPHO-
¢dynkunonasHuTe npoMenu B odaactra Ha Caudate Putamen na
MO3bKa HA IJIBX — B YCJOBHSATA HA JOKAJHO HHXHOHpPaHe HA
JONMAMHHEPrUYHHUTE pPelenTopH

Maxkcum Kanasnoe'?, Jlopa Kamencka 2, Konvo Jlankoe?, Jliobomup Tpaiikoe!,
! Meouyuncku ynusepcumem-Cogus, Meduyuncku daxyamem, kameopa Meouyurncka
¢uzuxa u Buoguzuxa
2Codqpuiicku ynueepcumem ,, Ce. Knumenm Oxpudcku“, Buonozuuecku gpaxynmem, kameopa
Buoghusuxa u paduobuonozus

B nammre u3cienBaHus HEBPOOMOMU3UUHHSA MOAXOJ € PealM3HpaH MOCPEICTBOM
JKMBOTUHCKAa MojenHa cuctemMa c¢ uMmiulantupanu ECoG-enexktpoau. B ycnosusata Ha
nedictBueTo Ha  6-xuzapokcunonamuH (6-OHDA) - HEBPOTOKCHH, KOWTO CEJIEKTHBHO
paspylaBa KaTexoJaMHHEPIHYHUTE HEBPOHH. TO3HM METO]] IMO3BOJISIBA BH3IPOHU3BEXKIAHETO
Ha OCHOBHHTE NMAaTO(MU3HOJIOTMYHN XapaKTEPUCTUKY Ha 3a00JsIBaHe- TO IPH )KUBOTHH, KaTO
HampuMmep 3arybara Ha JONaMHH B CTpHaTyMa W CBBP3aHHTE C TOBa JBHTATEIHH U
KOTHHTHBHU HapymieHus. B Ta3u pabora ce aHaIM3upaT CTPYKTYPHUTE M (YHKINOHATHHUTE
npomenu B 30Hata Caudate-Putamen (CP) mpu mrpxoBe B ycloBHATa Ha JIOKATHO HHXHONPaHE
Ha JOITAMHIHEPTHIHUTE PEIenTOPH.

C momomra Ha METOOBT Ha eJeKTpo-kKoptukorpapusi-ECoG , Hme orumrame
€JeKTPUUECKUTE IIPOIECH, NMPOTHYAMM B KOpaTa B OTTOBOP HAa CEH30pPHA CTHMYJAIH
(BBHILIHA WIIM BBTPEIIHA), C IIOMOIITA Ha MUKPO-eleKTpoau. KoraTto exekTpoabT ce HOCTaBu
BBPXY I’TbPBUYHATA CEH30PHA 30HA, ITOJy4aBallla CHTHAIM OT OIPE/IeNICH CETHBEH OpTaH, MOXKe
Ila ce HaOMI0aBa MosiBaTa Ha MOBBPXHOCTHA MOJIOKUTEIHA BBJIHA C JIATCHTEH MEPHOJ OT 5-
12 ms. JleHapuTHTEe Ha KOPTHKAIHHUTE HEBPOHH IIPEICTABIIIBAT I'bCT MACHB OT €IHAKBO
OpHEHTUPAHH H3PacThIH, 0COOCHO B TOBBPXHOCTHUTE CIIOEBE Ha Kopara. JleHaApuTHTE MOTaT
Jla TeHepHUpaT pa3npOoCTPaHSIBAIIH C€ MOTEHIHAIH, KOUTO HIPasT BayKHA POJISI B IPEIaBaHETO
Ha BB30ykmaHero. OcBeH TOBa HEBPOHHHTE aKCOHH 0O0pa3yBaT KoJlaTepaid, KOHUTO
3aBBPIIBAT BHPXY ACHAPHUTH B IIOBBPXHOCTHHTE cioese. [Ipn akTuBupaHe Ha BB30yAHUTE U
WHXUOUTOPHUTE CUHAIICH BBPXY JASHAPUTHUTE KBM M OT T€3U U3TOYHH- LU NPOTHYAT TOKOBE,
KOHWTO CBH3[aBaT JUIIOJIHO €JEKTPUYHO MOJIe MEXKIY KIETHYHOTO TSUIO W JIeHApHTa. Te3u
JMUHAMHWYHU TIPOMEHH B JIUIIOJIa BOJAT A0 BBJIHOOOpA3sHM KoJeOaHWs Ha MOTEHIHAana B
00eMHHS IPOBOJTHHK.

JlokamHUTe CTPYKTYpPHH TIPOMEHH TIOPOAEHH OT BB3MAIUTENHH (W/mim
JlereHepaTHBHH) MPOIECH TOBIHIBAT aMIUIATy1aTa Ha peructpupanus ECoG-curnan.

Enexrpoxoptuxorpadusara (ECoG) gecto ce n3nomn3sa 3a OleHKa Ha MO3bUHATa OHO-
eJIeKTPUYHA aKTHBHOCT NPH MalKH JTa0OpaTOpHH >KMBOTHH, KAaTo ITO3BOJISIBA 3aIHC Ha
CHTHAJIM JMPEKTHO OT MO3bYHATa Kopa. JIMPEKTHHAT 3amnc Ha KOPTHKAIHATA aK- THBHOCT C
nomoita Ha (ECoG) Moxe Ja ce u3Mmon3Ba 3a olleHKa Ha (YHKIMOHAIHOTO ChCTOSIHHE Ha
KOpara, KOETO MpaBH TO3M METOJ MOTEHIHAIHO IOJIe3eH 32 MOJCIHMpaHe Ha Pa3IHIHU
IMaTOJIOrMYHU CBCTOAHHUA W 3a HaMHUpPaHE€ Ha HOBHU TCPANCBTUYHHU IMOAXOAH 3a TAXHOTO
KOpHTHpaHe



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

A neuro-biophysical approach to the study of structural-functional
changes in the parietal lobe of the rat brain upon locally inhibited
GLUT receptors

Lora Kamenska ', Maxim Kalayanov'?, Lubomir Traikov', Kolyo DankoV’
'Medical University-Sofia, Faculty of Medicine, Department of Medical Physics and
Biophysics
2 Sofia University "St. Kliment Ohridski", Faculty of Biology, Department of Biophysics and
Radiobiology

Diseases of the nervous system can result from degenerative, metabolic, structural,
neoplastic, or inflammatory conditions that affect neurons, glia, or both. Clinical diagnosis of
these diseases still mainly depends on following the appearance and course of development of
symptoms and signs.

The present report presents data from pilot studies on the possibility of using
Neurobiophysical approaches, particularly electrocorticography (ECoG), to measure electrical
activity.

Comparative biophysical methods were also used, allowing simultaneous follow-up
of the electrical dynamics in vivo by means of implanted electrodes in the rat brain and
experimental inhibition of selective glucose transporters (GLUT) from the blood to the glial
tissue in the area of the 3rd cerebral ventricle.

The animal model systems created by our team use the complexity and diversity of
animal organisms to provide an opportunity for more in-depth study of the molecular and
cellular mechanisms of these diseases. The use of animal model systems allows not only to
comply with the principles of medical ethics, but also to preserve the natural regulation of
chemical pathways and signal transduction, which are characteristic of in vivo systems.

A leading hypothesis for the relationship between the changes in the electrical activity
of the nervous tissue of the brain measured using ECoG and the processes of degeneration of
the neuro-glial tissue in the conditions of inhibition of GLUT-1-4 receptors is that there is a
mutual potentiation of the occurring hypoglycemia and hypoxia in this same glial tissue.

The neurovascular unit-NVU regulates blood supply to meet the energy and oxygen
demands of active neurons in diabetic NVC, also known as functional hyperemia.

Changes in tissue metabolism and blood flow are associated with changes in electrical
activity, which are represented by self-propagating waves of membrane/tissue depolarization
and changes in ECoG signal amplitude.

Hypoglycemia leads to neurovascular detachment and BBB breakdown.
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HeBpoOuodusnyeHn noaxoa npu u3cjelaBaHe Ha CTPYKTYPHO-
(GYHKIIHOHAJIHM NPOMEHHU B MAPUHETAJTHUS 100 HA MO3bKa HA MJIbX NPH
JokajaHo uaxudupanu GLUT peuentopu

Jlopa Kamencka 2, Maxcum Kanasnos"? Jlio6omup Tpaiixos', Konwo JJankoe’

IMeouyunciku ynusepcumem-Cogus, Meouyuncku @axynmem, kamedpa Meduyuncka
@uzuxa u buopusuxa
2Codqpuiicku ynueepcumem ,, Ce. Knumenm Oxpudcku“, Buonozuuecku gpaxynmem, kameopa
Buogusuxa u paouobuonocus

3abossBaHMATA Ha HEPBHATA CHCTEMa MOTaT 1a OBaT CIEACTBHE OT JeTeHEePaTHBHY,
METaOOJIUTHH, CTPYKTYpHH, HEOIUIACTUYHH WM BB3MAIUTEITHU CHCTOSHUS, KOUTO 3acsiraT
HEBPOHHTE, TNIHATa WM U ABere. KiMHUYHATa QUarHo3a Ha Te3H 3a00JsIBaHUS, BCE OIIe
OCHOBHO 3aBHCH OT NPOCIEIIBAHETO HAa M3slBaTa M XOJa HA Pa3BUTUETO HA CUMIITOMHUTE U
MpU3HALUTE.

B Hacrosmus mokiax ca NPECTaBEHH AAaHHM OT IHJIOTHH IPOYYBAaHHS BBPXY
BB3MOXKHOCTTA 32 W3N0I3BaHe Ha HeBpoOHMODU3NYHN NOAXOAM W MO-CHENHATHO U3MEpBaHe
Ha eJICKTPUYHATA aKTHBHOCT MOCPEICTBOM enekTpokopTukorpadus-ECoG.

H3nom3BaHu ca ChIO Taka ¥ CPABHUTEITHU OMO(DU3MIHH METOTU IaBallH BE3MOKHOCT
CIHOBPEMEHHO Ja OblIe MpocieleHa eJIeKTpUYHaTa IUHAMUKA in Vivo MOCPEICTBOM
UMIUTAaHTHPAaHH €JEeKTPOJM B MO3bKa Ha IUIBX, M EKCHEPHMEHTAIHO HHXHOHWpaHe Ha
CEJIEKTUBHH TpaHcropTepH Ha riitoko3a (GLUT) oT kpbBTa KbM TIIHaTHATA THKAH B 30HATA HA
3-TH MO3BUYECH BEHTPUKYIL.

Cp3mafeHuTe OT HAMIWS €KWN OJKMBOTHHCKA MOJEIHH CHCTEMH, U3IIOJI3BAT
CJIOKHOCTTA M Pa3HOOOPa3HeTo Ha XMBOTUHCKHUTE OPTraHU3MHM IIPEJOCTaBAT BH3MOXKHOCT 3a
M0-3a/bJI00YEHO M3CIEBaHE Ha MOJIEKYISIPHHTE M KICTHYHATE MEXaHH3MH Ha Te3H
3aboysiBaHus. [3Moi3BaHETO HA JKMBOTMHCKH MOJICHM CHCTEMH IIO3BOJISIBA HE CaMo
CIa3BaHETO Ha NMPUHIOUIHTE HAa MEAWIMHCKATa €THKa, HO ¥ 3alla3BaHETO HA €CTECTBEHATa
perynamnys Ha XMMUYHHTE ITBTHINA U CHTHAJIHATAa TPAHCTYKIHUS, KOUTO ca XapaKTEepHU 3a in
ViVO CHCTEMHUTE.

Bognema xumoTte3a 3a Bpb3KaTa MEXAy MPOMEHHTE B €IEKTpHYHATA aKTHBHOCT Ha
HEepBHAaTa ThKaH Ha MO3bKa u3MepeHa nocpeacrsoM ECoG u npouecure Ha JereHepanus Ha
HEBpO-TJIMATIHATA ThKaH B ycioBusaTa Ha uHxuOupane Ha GLUT-1-4 penentopu, ¢ ye ce
Ha0JI0aBa B3aMMHO NMOTEHIIMPAHe HA HACTBHIIBAIIATa XUIIOTIIMKEMHSI U XUIIOKCHS B ChIaTa
Ta3M INIMajJHa ThKaH.

Hespo-Backynapnata eanauna-NVU perynipa KpbBOCHaOIIBaHETO, 32 1a OTTOBOPH
Ha Hy>KANTE OT CHepTus U KUCIOPOJ Ha aKTUBHHUTE HEeBpOHHU npu anaberna NVC, usBectHa
CBIIIO KaTO (PYHKIIMOHATHA XUTIEPEMHUSL.

IMpomennTe B ThKaHHHUA MeTa0OIN3BM M KPBBHHS IIOTOK Ca CBBP3aHU C IIPOMEHU B
€JIEKTPUYHATa aKTHBHOCT, KOETO € IPEICTaBeHO OT CaMOpa3IpOCTPAHSABAIIN CEe BBIHU Ha
MeMOpaHHa/ThbKaHHa JACHONsIpU3alys, U MpoMeHH B amiuintyaaTa Ha ECoG-curnaina.

XUNOrIMKEeMHUsITa BOJU 10 HEBPOBACKyJIapHO OTAENAHE U pa3pyliaBaHe Ha BBB.
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Unlocking new diagnostic opportunities via tracking thermodynamic
changes of the liquor proteome during meningeal relapse of acute
lymphoblastic leukemia

Antonova B.!, Yordanova M.2, Bachvarov K.2, Hristova T.?, Dimitrova R.! and Avramova B.?
! Department ,,Medical Physics and Biophysics “, Medical Faculty, Medical University—Sofia,
Sofia, Bulgaria
2 Children’s oncohematology clinic, University hospital ,, Queen Johanna-ISUL”, Sofia,
Bulgaria

Acute lymphoblastic leukemia (ALL) is the most common malignancy in childhood.
Meningeal relapse is a serious complication of patients with ALL. Its detection significantly
worsens the long-term prognosis and requires adaptation of treatment, both in terms of local
approaches and systemic treatment strategy.

Changes in the denaturation profiles of cerebrospinal fluid (CSF) samples were
identified in a 13-year-old girl with multiple meningeal relapses of Philadelphia-positive acute
lymphoblastic leukemia (Ph+ ALL). Endothermic events were registered using differential
scanning calorimetry (DSC) in the presence of leukemic meningeal involvement and other
CNS complications. Specific changes in the liquor proteome have been identified in the
presence of neoplastic and benign cells in the CSF. In the liquor thermograms the neoplastic
proteins are represented by high amplitude endothermic peaks of different shape in the interval
between 65°C and 75°C. Deviations were observed even when no cells with preserved integrity
were detected, suggesting potential diagnostic value. Further investigation of CSF
thermograms may shed light on their nature and specificity, serving as a biomarker for CNS
leukemic disease and treatment monitoring.

It is expected that after statistical validation that the analysis of CSF thermograms will
reveal new opportunities to clarify the nature and mechanism of the changes at molecular level
in the CSF proteome, as well as to help in a more successful and timely diagnosis and to
monitor the effect of treatment on this serious complication - meningeal relapse of patients
with leukemia.

The applied thermodynamic approach has the potential to be introduced into clinical
practice, as it is suitable for monitoring the dynamically changing liquor proteome in ALL
during the course of administered chemotherapy, allows for the assessment of its
effectiveness, requires a small sample volume, and is non-invasive to patients.

Keywords: differential scanning calorimetry (DSC), acute lymphoblastic leukemia
(ALL), meningeal relapse, CSF proteome.
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Ocrpata mumM¢pobiactHa seBkeMus: (ALL) e Hali-uecTo cpelaHoToO 37I0KaueCTBEHO
3a0oisIBaHe B JIETCKa BB3pacT. MEHHHTEATHHUAT PElUIUB € CEPHO3HO YCIIOKHEHHE IpH
nanueHTd ¢ ALL n ycTaHOBsSIBaHETO My BJIOIIAaBA 3HAYHMTENHO JBITOCPOYHATA IPOTHO3A U
U3HUCKBA a[JaITUPAHE HA JICUEHUETO, KAKTO M0 OTHOIIEHHE Ha JIOKAIHUTE MOAXOAH, TaKa U Ha
CHCTEMHAaTa TepaleBTHYHA CTPATETHsl.

B ToBa wm3cnenBane JudepenumanHa Ckanupama Kamopumerpus ([CK) e
MpUIOKEHA 3a IOJydyaBaHE Ha [CHATYpAllMOHHM NPOQWIN Ha JUKBOPHU mpodu oT 13-
TOAMIIHO MOMHYE C MHOXKECTBO MEHHMHTCAIHH pELUINBH Ha MOJOXHUTENIHA 3a
Ounanenduiicka xpomosoma Octpa JIumdoodaactaa Jleskemus (Ph+ ALL), kakTo u ¢ apyru
YCJIOKHEHUsI Ha LIEHTpaJIHaTa HepPBHA CUCTEMa.

VcraHOBeHM ca 3HAaYMMHM pa3iuyMs Ha PETHCTPUPAHNATE XapaKTepPUCTHYHU
JICHAaTypallMOHHU TNPO(QHIN CHPSAMO KOHTpPOJHATa TepMOrpamMa, B KOSTO EHJOTEPMHYHHU
cpOuTHS He ce HabmoaBat. Peructpupanu ca BHCOKOAMIUIUTY IHH €HIOTEPMHUYHH ITUKOBE C
pasnuuHa Qopma B TemmeparypHus untepsan 65°C-75°C. Ilpeacrasenu ca crneuu@uIH
W3MEHEHHUS B TUKBOPHHUS NIPOTEOM IPH HAJIWIKE HA HEOIUIACTUYHH U Ha OCHUTHEHH KIIETKH B
uepebpo-crmHanHaTa TedHocT (CSF). MukpokanopuMeTpUIHUAT MPOQHI Ha JTUKBOP MOXKE
na ObJe M3MOJI3BaH KAaTO WHIMKATOP 3a HalIWYWe Ha OJlacTHA MHBAa3Hs B HEro, KakTo U 3a
peanu3upaHus TepareBTHYCH eeKT.

Ouaksa ce, 4e clle]] CTAaTUCTUYECKO BAIAMPAHe, aHAIN3bT Ha TepMorpamute Ha CSF
1€ pa3Kkpue HOBH BH3MOXKHOCTH 32 M3SCHSIBAaHE HA XapaKkTepa M MeXaHn3Ma Ha HaCTBITMIINTE
Ha MOJIEKYJIHO HUBO IIPOMEHH B JINKBOPHUS IPOTEOM. ToBa OM CITOMOTHAIIO 3a ITO-yCIIEITHOTO
U CBOEBPEMEHHO JTHArHOCTUIMPAHE HAa TOBA CEPHO3HO YCIOKHEHUE - MEHHHT€AIECH PEIUINB
IPH TIAIIMEHTH C JICBKEMUS , KAaKTO U 3a IPOCIIeAsBaHe Ha epeKTa OT IPHII0KEHOTO JICUCHHUE.

[MpunoxeHUAT TepMOAWHAMHUYEH TIOAXOA KMa MOTEHIHWAl 3a BBBEXJaHE B
KJIMHUYHATA IPAKTUKA, ThH KaTO € MOAXO0S1I 32 Obp3a JeTEKIUS M CKPUHUHT, U3UCKBA MaIbK
obem mpoba v He e WHBa3uBeH 3a mauueHTute. OcBen ToBa CSF Moxe na ce moimydasa
MHOTOKPATHO, B Pa3IM4YHU CTaJuM Ha 3a00JSIBAHETO, M MO BpEeMe Ha Pa3IMuHU KypcoBe Ha
Tepanusl.

Keywords: differential scanning calorimetry (DSC), acute lymphoblastic leukemia
(ALL), meningeal relapse, CSF proteome.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN
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Eaton-Lambert myasthenic syndrome is a rare complication of immunotherapy with
pembrolizumab. Pembrolizumab is a humanized monoclonal anti-PD-1 antibody that is used
for the treatment of advanced melanoma and non-small cell lung cancer with PD-L1 tumor
expression. Eaton-Lambert myasthenic syndrome is characterized by upper arm and thigh
muscle weakness, weak tendon reflexes, vegetative nervous system disorders, slurred speech,
and dysphagia. Severe cases can be complicated by acute respiratory failure. The treatment of
Eaton-Lambert myasthenic syndrome includes immunosuppression, human immunoglobulin,
and therapeutic plasma exchange. Therapeutic plasma exchange is when the patient’s blood is
passed through a large-pore filter, and plasma gets filtrated and discarded. Blood cells and
replacement fluid consisting of donor plasma and albumin are reinfused.

To assess the short-term effects of therapeutic plasma exchange and human
immunoglobulin on the thermal stability of serum proteins and immunoglobulins, blood
plasma thermograms after each treatment were measured by differential scanning calorimetry
(DSC). The DSC measurements were taken using blood plasma solution from healthy and
Eaton-Lambert myasthenic syndrome patient. The DSC measurements were taken using a
Nano-DSC from Thermal Analysis Instruments with 300 pl measuring cell volume. Two
heating scans for each sample were performed at 1 K min -1 scan rate in the 20-120 oC
temperature range. The first heating scan displayed the thermal profile of the native samples,
while the second scan represented the matching profiles typical of denatured samples. The
second heating curves were used as a baseline and were subtracted from the first heating scans
of the native samples. The results showed that heat capacity curves for Eaton-Lambert
myasthenic syndrome patients strongly differ from those for healthy patients. The effects of
treatments for the patient with the human immunoglobulin and three plasmapheresis cycles
have improved the blood thermal parameters and suppressed Eaton-Lambert myasthenic
syndrome, which is also evident in the calorimetric scans. Our measurements show that DSC
is a suitable method for detecting and distinguishing compositional changes in the presence of
Eaton-Lambert myasthenic syndrome plasma proteins, following the effect of applied drug
treatment and therapeutic plasma exchange.
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MuactenHusT cuHapoMm (cuHApoM Ha Eaton-Lambert) e psako ycioxHeHue cien
npueM Ha neMOponmzymad. [leMOpon3yMadsT € XyMaHH3UPAHO MOHOKJIOHAJIHO, aHTU PD-1
aHTUTANO. M3n0m3Ba ce 3a leueHne Ha aBaHCHPAI MEJIAHOM U HeAPEOHOKIIEThUCH KapIUHOM
Ha Oemust 1po6 ¢ PD-L1 TymopHa ekcnipecus. MuacTeHHUAT CHHAPOM Ce U3passiBa B cI1abOCT
Ha MYCKyJUTe Ha MHIIHHLATa ¥ OEIpOTO, OTCIA0CHU CYXOXWIHH peduieKcH, 3acsiraHe Ha
BEreTaTHBHATa HEpPBHA CHCTEMa, 3aTpyJHEH TOBOp W NperibhiaHe. Makap W psaKo, NIpH
TEXKUTE CIIydan MOXe Jla ce HaOJIIo1aBa U 0CTpa JuXaTelHa HeJOCTaThYHOCT. JleueHneTo Ha
MHACTEHHHSI CHHAPOM BKJIIOYBA HMYHOCYNPECOPH, YOBEHIKH HWMYHOIJIOOYIMH ¥
TepareBTHYCH I1a3MeH 00MeH. TepaneBTHYHUAT Iu1a3MeH 0OMEeH MpeAcTaBisiBa IPoIiec, PU
KOWTO KpBHBTA Ha MAaIMEHTa IPEMUHABA IIPe3 BUCOKOMOPECT GuiThp, miasmara ce Gpuirpupa
U ce oTcTpaHsaBa OT TsuoTo. Ciex TOBa KPBBHUTE KIETKH CE€ PEHH(Y3UpaT 3aeTHO ChC
3aMecTBalll Pa3TBOP, ChCTABEH OT JOHOPCKA IIa3Ma M allOyMUH.

3a ;1a ce OIeHAT KpaTKOCpouHUTE e(heKTH Ha Mmia3madepesara u JEICHUETO C YOBEIIKH
UMYHOIJIOOYJIMH  BBPXY TEepMHYHAaTa CTAaOWJIHOCT Ha CepyMHHTE IPOTEHHH H
UMYHOIJIOOYJIMHUTE, TePMOTpaMHUTe Ha KpbBHATa IUIa3Ma CJe] BCSKO TpeTHpaHe Osixa
n3MepeHu upe3 audepennuania ckanupaina kanopumerpus (DSC).

V3mepBanusTa Ha pa3TBOPH Ha KPHBHA IIa3Ma OT 3]paBH MAIMEHTH U MAIHEHT C
MHACTEHEH CHHIPOM ca ocbhlnecTBeHH ¢ momomra Ha Nano-DSC or Thermal Analysis
Instruments, ¢ 300 ul obem Ha mM3MepBaTeNHa KiIeTKa. bsAxa W3BBPIIEHH JBE HarpsiBaIld
CKaHMpaHus 32 BCsika mpo6a mpu 1 K min™! ckopocT Ha ckaHMpaHe B TEMIIEPATypHHUS THAMA30H
20-120 °C.

Tesn wm3mepBanus mokaszear, 4e DSC e moaxonsm MeTox 3a OTKpUBaHE H
XapakTepu3upaHe Ha NPOMEHHTE B ChCTaBa IPH 3aCeTHATHTE OT MHUACTCHHHS CHHAPOM
IUIa3MEHU MPOTEHHU U MpocieqsBaHe Ha eeKTa OT IPHI0KEHOTO JIEKAPCTBEHO JICUCHHE U
TeparneBTHYCH I1a3MeH 0OMeH.
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Human serum albumin (HSA) is the most abundant protein. It binds and transports
many endogenous and exogenous substances and is involved in immunomodulation, anti-
inflammatory activity, and endothelial stabilization. Many factors can damage human serum
albumin. For example, glycation of HSA occurs in diabetes and can affect HSA-drug binding.

In the present work, we studied the interactions of fructose (Fru) with native human
serum albumin (nHSA) and incubated human serum albumin (iHS4) by fluorescence
spectroscopy, UV-Vis spectroscopy, and differential scanning calorimetry (DSC). The binding
parameters of the reactions were evaluated by the fluorescence quenching method. The
fluorescence intensity measurements show that fructose strongly quenched the intrinsic
fluorescence of nHSA and weaker iHSA. The calculated Stern-Volmer quenching constant
(Ksv), the association binding constant (Ka) of the Fru-HSA complex, as well as the
thermodynamic parameters, including 4H°, 45°, and 4G* indicated that hydrophobic forces
play a significant role in the interaction of fructose with HSA. These measurements point to a
quenching mechanism based on fructose-HSA static complex formation. HSA incubated for
five weeks to five months at pH 7.4 and T = 37 °C leads to conformational changes in the
molecule's structure, forming previously absent aggregates. This conclusion agrees well with
the DSC heat capacity profiles, which show a significant change in the thermal denaturation
of HSA and the occurrence of aggregation processes after the interaction with fructose. Our
work provides new insights into the interaction mechanism between Fru and HSA, which
could have significant implications for developing new therapeutic strategies and relevance
for future medical research. It contributes to a better understanding of the effects of incubation
on the stability and structural modifications of the carrier blood plasma proteins.

Acknowledgments Support of the BNSF KII-06-H63/9 13.12.2022 (Fund Scientific
Research) is acknowledged.
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YopemwkuaT cepymeH anObymuH (HSA) e Hal-M300WIHHAT MPOTEHH B KpHBHATA
IUIa3Ma M y4acTBa B CBBP3BAHETO M TPAHCIIOPTA Ha MHOTO €HJOT'€HHH M €K30T€HHH BEIlleCTBa,
MMYHOMOJYJIal¥sl, TIPOTHBOBB3NAINTENIHA aKTUBHOCT M €HJIOTENHA cTabmim3anus. MHoro
(haxTOpH MOTAaT 1A MPUIMHAIT YBPEXKJaHEe Ha YOBEIIKUS cepyMeH anoymuH (HSA4). Hanpumep,
ITIMKHpaHeTo Ha HSA BBb3HMKBA NpH AnadeT M MOJKe J1a MOBJIUsie Ha CBbp3BaHeTo Ha HSA ¢
JIeKapcTBara.

B macrosimata pabora mpoydmxme ImapaMeTpUTE HAa B3aUMOAEHCTBHETO MEXIY
¢dhpykro3a (Fru) M YOBEWIKH CepyMeH alOyMuH: HatuBeH (nHSA) u unkyOupan (iHSA) upes
¢dayopecuentna cmnekrpockonusi, UV-Vis crekrpockonus W AudepeHIraiHa CKaHHpalia
kagopumetpus (DSC). 3a menuTe Ha H3CIEIBAHETO AIOYMUHBT € CYCICH3HpPaH BBB
¢usmnonornyeH pastsop (pH 7,4) n uHKyOHpaH 3a mepuo oT meT Mecena, npu 7 = 37 °C.
PesynratuTe, mMoJydYeHM OT MeTOJa Ha TaceHe Ha (IIyopeclLeHIMsATa, W IPOBEICHUS
CpaBHMTEJICH aHAJU3, [OKa3BaT, 4e (PyKTO3aTa CHIHO MOTYIIaBa IPHCHIIATA EMHCHs Ha
nHSA wn no-cnabo tasu Ha iHSA. V3uucnenure Stern-Volmer koHcTanTa Ha raceHe (Ksv),
KOHCTaHTa Ha cBbp3BaHe (Ka) Ha komiiekca Fru-HSA, kakrto m HAKOW TEpMOIWHAMHYHH
nmapameTpH, BkmountenHo AH°, AS° m AG°, mokas3Bar, e XuApO(POOHUTE CHIIM UTpasT
3HAYHTENHA POJIi BBB B3amMoJeiicTBHETO Ha (pykTo3zara ¢ HSA. U3mepBaHusTa qOKa3BaT
00pa3yBaHEeTO Ha CTaTHYEH KOMIUIEKC MEXIy (ppykro3ata m Monekynata Ha HSA, KoHTo
JIOBEXAa 10 KOH()OPMAI[MOHHY IIPOMEHH B CTPYKTypaTa Ha MpoTerHa. ToBa 3aKiI0UYeHHe ce
chriacyBa q06pe ¢ nonydenute DSC npodunu Ha 00pa3yBaHUTE KOMILICKCH. Y CTAaHOBEHA €
3HAYWTENHA IPOMSHA B TOIUIMHHUS KamauuteT Ha HSA, ChIBTCTBAaHO OT MpolLEeC Ha
arperaiys, cjell B3auMoJeicTBHeTO ¢ (pykro3ata. Hamata pabGora mpemocTaBs HOBH
MMO3HAHUS 32 MEXaHW3Ma Ha B3aWMOJEHCTBHETO Mexnay Fru u HSA, xouto Omxa MOTIH J1a
UMaT 3HAYUTEITHH TOCIEeIUNM 3a pa3pabOTBAaHETO HA HOBM TEPANeBTHIHM CTPATETHH M
3HAYMMOCT 32 OBJEIETO B MEANIMHCKHUTE H3cienBaHus. M3cnenBaneTo mompuHacs 3a IO-
nobpo pasdmpane Ha eDeKTUTe OT HHKyOalusITa BBPXY CTAOMIHOCTTa U CTPYKTypHUTE
MOAN(UKALMK Ha OCHOBHHS MIPEHOCHTEI B KPbBHATA I1a3Ma - al0yMuHa.
baaronaprocTu: Te3u uscnensanus Osxa moakperneHu ot mpoekt BNSF KII-06-H63/9
13.12.2022 (Ponx Hayunu M3cnenpanus)
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Thin coatings of metal oxides (ZnO and ZnO doped with Al (AZO)) were synthesized by atomic
layer deposition (ALD) technology, which allows conformality of the layers. Their structural,
surface-morphological and optical properties were investigated by AFM analysis, UV-Vis and
fluorescence spectroscopy, as well as surface contact angle measurements. UV-Vis
spectroscopy shows high transmission values for both layers. Antibacterial activity against
Escherichia coli was evaluated in the dark and under the action of ultraviolet light.

Aluminum doped ZnO (AZO) coatings have been found to demonstrate more effective
antibacterial action [1-3]. The increased antibacterial activity of AZO compared to pure ZnO
is due to the shift of the sensitivity to the UV region and the increased surface energy values.
Conducted research shows that AZO and ZnO nanocoatings can serve as effective
antimicrobial agents in a variety of applications, offering a promising strategy to combat
bacterial infections and reduce the spread of harmful pathogens.
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TBHKU OKPUTHUS OT MeTalTHK oKcHH (ZnO u ZnO, nerupan ¢ Al (AZO)) ca CHHTE3UpaHu Ype3
TEXHOJIOTHS Ha aTOMHO MOocjoitHo oTnarane (ALD), koeTo mo3BosisiBa KOH(POPMATHOCT Ha
cioeBere. TeXHUTE CTPYKTYpPHH, MOBBPXHOCTHO-MOP(OJOTMYHM M ONTHYHH CBOWCTBa ca
n3cnenBann upe3 AFM amamm3, UV-Vis u ¢QayopecueHTHa CHEKTPOCKOMUS, KaKTO H
M3MEpPBaHMA Ha NOBBPXHOCTHHA KOHTAaKTeH BI'bI. UV-Vis COEeKTPOCKOMUATA TOKAa3Ba BUCOKH
CTOHHOCTH Ha MPOIYCKaHETO W 3a IBara cios. AHTHOAaKTepHalHaTa aKTHBHOCT CpEILy
Escherichia coli e oueHeHa Ha TPMHO W TIOJ OCHCTBHETO HA YITPABHOJIETOBA CBETIIHMHA.
VYcraHoBeHO e, ye mokputuAta oT ZnO, nerupad ¢ anymuHuid (AZO), IeMOHCTpHpAT IO-
edekTHBHO aHTHOAKTepuanHo aeiictue [1-3]. IloBuineHaTa aHTHOAKTepHaATHA aKTHBHOCT Ha
AZO cpaBHeH ¢ uyucT ZnO ce ABIDKM Ha OTMECTBAHETO Ha UYyBCTBUTENHOCTTa KbM UV-
o0JlacTTa ¥ MOBUILICHUTE CTOHHOCTH Ha IMOBBPXHOCTHA eHeprus. [IpoBeeHnTe H3ciieABaHUs
NoKa3Bar, 4e HaHomokputusira or AZO u ZnO MoraT jga ciyxarT KaTo e(eKTUBHU
QHTUMHUKPOOHHM areHTH B Pa3iM4YHH MPHUIOKEHHs, MpelUaraifiku oOellaBaiia CTpaTerus 3a
Oopba c OakrepHanHuTe WH(EKIWH W HaMaJsIBAHE Ha Pa3lpPOCTPAHEHHETO Ha BPEIHU
MATOTEHH.
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Very low field MRI for preterm babies
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In 2020 [1], 24% of all newborns globally were preterm, with 1% being extremely preterm.
Complications arising from preterm births, such as immune deficiencies, infections, and
cerebral hemorrhages, are the leading cause of death in children under five. Non-invasive
imaging techniques, particularly MRI, play a critical role in early diagnosis and treatment,
helping to improve survival rates by detecting conditions like ischemic strokes and
hemorrhages at their onset. However, .

conducting MRI on preterm infants poses
challenges due to their need for continuous
monitoring  and  stabilization  within
incubators.

Our project aimed to design and build a very
low-field MRI (Bo=8 mT) that is compatible
with preterm baby incubators, capable of
standard and diffusion-weighted imaging,
enabling the detection of hemorrhages and
ischemia, with continuous monitoring capability. Very low-field MRI is highly challenging,
requiring magnetic sensing with detectivities in the range of 10 aT at 300 kHz. To achieve
this, we developed a specialized detection chain and implemented techniques to minimize
external noise.

Our operational MRI system features an open
design that allows the incubator to be
positioned between the main field coils. It
uses a static field of § mT and gradient fields
of 0.5 mT/m. The emission and detection
antennas are decoupled, with the B: field
reaching 0./3 mT with minimal SAR. We
created a surface tuned coil with a unique
geometry to reduce proximity and skin effect
noise, coupled with a low-noise amplifier. We
achieved detectivity of 0.03 fT/NHz at 300
kHz Larmor frequency at room temperature.
Our setup produced a 2D image of a phantom with /x/x/0 mm? resolution in 15 minutes and
a 3D image with 2.5x3x3 mm? resolution in 35 minutes. We also measured human body noise
at 0.015 fT/NHz at 300 kHz, setting the noise limits of our system.

Fig.1: Left: A photo of the phantom filled with
doped water used for image acquisition on our set-
up. Right: A 2D image of the phantom. Resolution

Fig.2: A photo of our MRI
under construction. We
see the coils generating
the main B, field (in red)
and the gradient coils
placed on the outside of
the main field coils (gray
rectangles). The whole
set-up is placed in a
Faraday cage in order to
limit the external noise.

[1] Ohuma E, Moller A-B, Bradley E, et al. National, regional, and worldwide estimates of
preterm birth in 2020, with trends from 2010: a systematic analysis. Lancet.
2023;402(10409):1261-1271. doi:10.1016/S0140-6736(23)00878-4.
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SIMP ¢ MHOT0O HUCKO MATHHMTHO I10JI€ 32 HEJJOHOCEHH 0edeTa

Jenuya Henueea-Tonunw?, Knoo @epmon’
IMeouyuncku Ynueepcumem Cogpus
2SPEC, IRAMIS, CEA de Saclay, Université Paris-Saclay
ITpe3 2020 . [1], 24% 0T BCHYKH HOBOPOZIEHU B CBETOBEH Marlab ca O MPEKIEBPEMEHHO POJICHH,
kato 1% or TIX ca OWIM M3KITIOUMTETHO HEIOHOCEHH. YCIOKHEHWSTA, NPOM3THYAIIN OT
HPSKIEBPEMEHHHUTE PaXKIAHMS, KaTO HMYHHH Ne(UIMTH, NHQEKIMY 1 MO3bYHN KPHBOW3IIVBH, Ca
BOJIEIaTa TIPHYMHA 32 CMBPT IIPH JAeliaTa Ioj IeT roxuHy. HewHBasuBHHUTE MeToqM 3a oOpasHa
JIMarHocTHKa, ocobeHo SIMP, wrpast kpuTudHa poisi B paHHAaTa JUArHOCTHKA W JIeYEHHe, KaTo
roMarar 3a IojoOpsiBaHe Ha MPOLIEHTA Ha OLEJIENH Ype3 OTKPHBAHE HAa CHCTOSHUS KaTO MICXEMIYCH
WHCYIT M KpPbBOM3IMBHM CBOEBPEMEHHO. Bwbmpeku ToBa, u3BbpmBaHero Ha SAMP  mpu
MPEXAEBPEMEHHO pojieHH OebeTa € TpyIHO Mopay HeoOXOAUMOCTTA OT HETIPEKbCHATO HAOMI0IeHHE
1 CTaOWIM3UpPAHE Ha HEIOHOCEHOTO OeOe B KYBBO3.
Hammsr mpoexr mma 3a men a mpoekTupa H
ce3ane SIMP ¢ MHOro HHMCKO MarHWTHO IOJIE
(Bo=8 mT), koliTo e ChBMeCTHUM C KyBBO3H 32
HeZloHOCeHH OeleTa, M3BBPIIBALL CTAHIAPTHA U
mdy3roHHa oOpaszHa JINAarHOCTHKA,
MO3BOJIABAIA OTKPHBAHE HA KPHBOM3IMBH MU _ ;
MHCYIT C BB3MOXKHOCT 3a HEIPEKbCHATO DQueypa 1 B aso: Crumka Ha hanmoma, usnonzean 3a
nabmozenue. IMP paGoTel ¢ MHOTO HECKO Tofie ¢ /107y1asarie na 2D uzobpadicenusi. B osicno: 2D ,
CIOWCH 1 PCATMIALL, Th KTO wsmckma oot P cpesanoyun betOmm:
YyBCTBUTEJIHOCT B quana3oHa ot 10 aT mpu yectora
ot 300 kHz. 3a na mocTurHeM ToBa, pa3paboTHXMe CIIelMaIN3UpaHa CHCTeMa 3a TeTeKIs Ha CHTHalla
1 TIPIIOKHXME TEXHUKU 32 MUHIMH3HPaHEe HA BHHITHUS LITyM.
Hanmsar SIMP ce oTmidaBa ¢ OTBOPEH JW3aiiH, KOMTO MO3BOJSBA KYBBO3BT Jia ObJIC Pa3ooKeH
MEXITy OCHOBHUTE OOOWHH, TEHEPHPAIIA CTATUYHO MarHUTHO ToJie oT § mT. VI3mon3Bame rpaameHTHI
niornteta ot (.5 mT/m. AHTeHNTE 3a N3THUBAHE M AETEKII Ca pa3/eNieHH, Karo moneto B: moctura 0.13
mT ¢ muamManeH SAR (cnemmduyHa cremeH Ha monmeiuadHe). CHTHATBT Ce PErHCTpHpa 4upe3
MOBBPXHOCTHA HACTPOEHA AHTEHA CHC CIIEHUANICH AM3aiiH, KOATO HaMasBa IIyMa, OB/DKAI ce Ha
CKAH- ¥ TIpokcMrTH-ebekT. [locTrrraxme dyBerBrTentoct ot 0.03 fI/AHz 3a 300 kHz wectora Ha
Jlapmop, npu paboTa Ha cTaifHa TeMrepaTypa.
Haumsr SIMP nponseene 2D n3zobpakeHue Ha
tdantom ¢ pesomorms IxIxI0 mm’® 3a 15
MuHYTH U 3D M300pakeHHE C PE3OJTFOLHS
2.5x3x3 mm’ 3a 35 mumHyTH. CBIIO Taka

Duzypa 2 Crnumra na AMP-a
6 POYeEC HA USSPAICOAHE.
Fobunume, cenepupawyu
OCHOBHOMO MAHUIMHO NOTE
B, 6uepseno, u

: spaduenmmuume 6oouHu,
M3MEPHXME IIyMa OT YOBEINKOTO TAIO Ha pasnonovicernt om Gvunama
0.015 fT/\/HZ npu 300 kHz, xarto mo To3u CMpanHa Ha OCHOBHUME

600uHU (cusu me
npasovevanuyy). Lanama
KoHghueypayus e nocmasena
66 Dapadeesa Kiemia, 3a 0a
Ce 0epaHuYL GoHUHUAM ULYM.

Ha4YuH OIPENCTNXME CKCIIEPUMEHTAITHO
MHUHHUMaJIHATa JOCTHXXKHUMA CT OHHOCT Ha aryma
Ha Haliara Cucreéma.

[1] Ohuma E, Moller A-B, Bradley E, et al.
National, regional, and worldwide estimates of preterm birth in 2020, with trends from 2010: a
systematic analysis. Lancet. 2023;402(10409):1261-1271. doi:10.1016/50140-6736(23)00878-4.
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Membrane remodeling in artificial cells: when a membrane
meets a drop

Rumiana Dimova
Max Planck Institute of Colloids and Interfaces, Potsdam, Germany

Cell membranes exhibit a large variation in curvature. While it is commonly perceived
that this curvature is primarily driven by specific protein activities, our studies demonstrate that
various other asymmetries across the membrane can readily generate curvature. These
asymmetries likely play an important role in defining the shapes of membrane organelles. As a
workbench for artificial cells, we employ giant unilamellar vesicles or GUVs (10-100 pum),
which serve as a fascinating model system, illustrating the membrane's response at the cell-size
scale, see Figure 1. In this talk, we will first introduce approaches using giant vesicles for the
precise quantification of membrane spontaneous curvature. We will provide examples where
curvature is induced by the asymmetric distribution of ions across the membrane and by the
insertion or adsorption of molecules, as reviewed in [1]. Following this, we will explore the
process of membrane wetting by droplets in a molecularly crowded environment [2]. We will
show that wetting by biomolecular condensates can dramatically mold the membrane while
modulating lipid organization [3, 4], undergo endocytosis [5], and even patch pores in damaged
membranes [6]. These examples demonstrate that even without scaffolding proteins or active
processes, simple physicochemical factors can readily remodel the membrane.

- Figure 1. GUVs (here, 10-40 pm in size)
exposed to different stimuli can exhibit
internal and external tube formation
signifying nonzero membrane spontaneous
curvature (upper row), and their membranes
can undergo  various morphological
transformations when in contact with droplets
(lower row).

[1] R. Dimova, Giant vesicles and their use in
assays for assessing membrane phase state, curvature, mechanics and electrical properties,
Annu. Rev. Biophys. 48, 93 (2019).

[2] A. Mangiarotti and R. Dimova, Biomolecular condensates in contact with membranes,
Annu. Rev. Biophys. 53, 319-341 (2024).

[3] A. Mangiarotti et al., Wetting and complex remodeling of membranes by biomolecular
condensates, Nature Commun. 14, 2809 (2023).

[4] A. Mangiarotti et al., Biomolecular condensates modulate membrane lipid packing and
hydration, Nature Commun. 14, 6081 (2023)

[S] A. Mangiarotti et al., Photoswitchable endocytosis of biomolecular condensates in giant
vesicles, Adv. Sci. 11,2309864 (2024).

[6] C. Bussi et al, Stress granules plug and stabilize damaged endolysosomal membranes,
Nature 623, 1062—-1069 (2023).
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Active suspensions of motile colloids

Petia Viahovska
Northwestern University, Chicago, USA

Bird flocks and fish schools move around like fluid when viewed on a scale much larger than
the individuals. Similar large-scale coherent motions have been observed with self-propelled
micro-particles such as bacteria and motile colloids. In this talk, I will discuss the collective
dynamics of colloids activated by electric fields via the Quincke instability. I will present our
experiments showing how the Quincke “rollers” can be designed to perform Run-and-Tumble-
like locomotion mimicking bacteria such as E. coli. Populations of these Quincke random
walkers self-organize and exhibit behaviors reminiscent of bacterial suspensions such as
dynamic clustering and mesoscale turbulent-like flows, and new behaviors such as emergent
multi-vortex states. When enclosed in a drop, the Quincke rollers drive strong shape
fluctuations and drop motility resembling amoeba crawling.
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Selection of vectors for targeted delivery of doxorubicin
by molecular dynamics

Gergana Gocheva,! Stoyan Iliev,! Nina Markova,’ Nikoleta Ivanova,’? Galia Madjarova,’
Jasmina Petkova,' Ethan Schaber,! Anela Ivanova’
! Sofia University ,,St. Kliment Ohridski “, Faculty of Chemistry and Pharmacy, Sofia,
Bulgaria
2 University of Chemical Technology and Metallurgy, Sofia, Bulgaria

Side effects of chemotherapeutics may be alleviated by employing active targeting
drug delivery systems (DDSs). Those based on recognition of extracellular receptors
overexpressed on the surface of cancer cells are quite promising [1]. In the current work,
promising vector molecules for targeted delivery of the chemotherapeutic doxorubicin are put
forward after multi-step atomistic molecular dynamics computations. They are selected among
a set of folic acid-based ligands. The simulated models scale up from a single ligand in saline,
through the free vectors in the presence of the target folate receptor-(, embedded in a salinized
lipid bilayer mimicking a neoplastic cell membrane [2], to an entire DDS consisting of a vector
ligand, covalently bound to a drug-binding peptide (DBP) with four adsorbed molecules of
doxorubicin (DOX) (Figure 1).

Vector ligand .
FA, MTHF, RTX, —— Linker
or PTX

Figure 1. Sketch of the structure of the studied conjugates for targeted drug delivery

The simulations show that five out of the six tested vector ligands are able to bind to
the target receptor in unbound state. Four of them also guide the cargo to the receptor but
raltitrexed and folate are highlighted as the most prospective vectors. The protein-ligand
coupling is a result of subtle balance between electrostatic and van der Waals attraction and
hydrogen bonding. The molecular modelling predicts highly specific behaviour of the targeting
ligands, strongly influenced by the immediate surrounding of the receptor. Overall, the
proposed targeted DDSs have potential for application after further optimization of the cargo.

[1] C.S. Kue, A. Kamkaew, K. Burgess, L. V. Kiew, L. Y. Chung, H. B. Lee, Med. Res. Rev.,
vol. 36, pp. 494-575 (2016).

[2] G. Gocheva, N. Ivanova, S. Iliev, J. Petrova, G. Madjarova, A. Ivanova, J. Chem. Theory
Comput., vol. 16, pp. 749-764 (2020).
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M360p ¢ MosleKkyJIHA IMHAMHUKA HA JIMTAaHIH-BEKTOPH
3a HACOYeHA I0CTABKAa HA JOKCOPYOHIIMH

Tepeana I'ouesa,” Cmosn Hnues,! Huna Maprosa,! Huxonema Heanoea,”? I'ans
Maoocaposa,’ Kacmuna Ilemxosa,’ Ethan Schaber,! Anena Heanosa’
! Cogpuiicku ynueepcumem ,, Ce. Kn. Oxpuocku “, @axynmem no xumus u gapmayus
2 XumMuxomexnono2uueH u MemanypeuieH YHueepcument

CrpannvHuTE e)EKTH OT ACHCTBHETO Ha XUMHOTEPAIICBTHIIMTE MOTAT 1a Ce OTPaHHYaT
Yype3 HW3MOJ3BaHE HAa CHCTEMHU 3a akTHBHO HacouBaHe (DDS) na nmexapctBoto. Enmnm ot
obemaBanre DDS ca 6a3upanute Ha pa3no3HaBaHE Ha PELENTOPH CBPBXEKCIPECHPAHU Ha
MOBBPXHOCTTA HA paKoBUTE KJIeTKU [1]. B HacTosmaTa paboTa ca mpeiyioKeHdu oOemaBaIu
MOJICKYJIM-BEKTOPH 32 HACOYCHA JHOCTAaBKA HAa XUMHOTEPAINeBTHKA JOKCOPYOUIIMH, MOIYyYCHU
OT MHOTOCTBIIKOBH MOJICKYJTHOAMHAMHYHHU cHUMYynanuy. HacouBamuTe JIMraHay ca mogopaHu
cpen HaboOp OT MPOM3BOJHY Ha (onreBa KuceanHa. V3ciaenBaHuTe MOEIH C€ HAATPXKAAT OT
TaKkWBa Ha W30JMPaHM JIMTaHAW BBB (DU3HOJIOTHYEH pPa3TBOp, Ipe3 CONBATHUPAH JIUMHACH
Oucioi, Mozepant MeMOpaHa Ha pakoBa KJIeTKa, ¢ BrpajieH (-¢ponateH perentop [2] 6e3 wm
€ HacouBalll JIMraH, 10 1s1a DDS cherosima ce 0T MOJIeKy1a-BeKTOp CBbp3aHa KOBAJICHTHO C
nekapcTBo-gocrapsan nentux (DBP) Hoceny wetnpu Monekynu nokcopyounus (DOX) (dur.

1.

Vector ligand
FA, MTHF, RTX, —— Linker
or PTX

Que. 1. Unocmpayus na cmpykmypama na uzciedsanama mooenna DDS

CuMmynanunTe IOKa3BaT, 4e IMEeT OT IIEeCTTe H3CIEABAaHM BEKTOpa Ce CBBP3BAT C
penentopa B CBOOOIHO CHCTOSIHHE. YeTHpH OT TSIX OTBEXKIAT M OHOAKTHBEH TOBAp IO
MpOTerHa, HO panTHTpekcen U (onar ca Hai-nepcnekTuBHHU. EdekTHBHO B3amMoneicTBHe
pEeLeNTOp-JIMTaH] Ce OCTHTa Ype3 OaaaHC Ha eIeKTPOCTATUYHO U IUCIEPCHOHHO NPUBINYAHE
B KOMOMHaIMsi C BOJOPOAHO CBbp3BaHe. MOJIEKYJIHOTO MOJENMpaHe NpeacKa3Ba CHUIIHO
crerupUYHO TOBEJCHHE Ha OTJCIHUTE BEKTOPH, KOETO 3aBUCH CHJIHO OT JIOKAIHOTO
obkpwkenue. [Ipeanoxxennte DDS nmar noteHuan 3a akTHBHO HACOYBAHE CIIE]| ITOX OIS0
ONTHMHU3HUPAHE HA TOBAPA.

[1] C. S. Kue, A. Kamkaew, K. Burgess, L. V. Kiew, L. Y. Chung, H. B. Lee, Med. Res. Rev.,
vol. 36, pp. 494-575 (2016).

[2] G. Gocheva, N. Ivanova, S. Iliev, J. Petrova, G. Madjarova, A. Ivanova, J. Chem. Theory

Comput., vol. 16, pp. 749-764 (2020).
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Molecular dynamics simulations of Mycobacterium tuberculosis DNA-
gyrase complexes to investigate potential anti-tuberculosis activity of
natural products from Rubia species

Iglika Lessigiarska, Petko Alov, Antonia Diukendjieva-Todorova,
Tania Pencheva, Ivanka Tsakovska, llza Pajeva
Institute of Biophysics and Biomedical Engineering,
Bulgarian Academy of Sciences, Sofia, Bulgaria

Development of bacterial resistance to various antibiotics requires a deeper
understanding of the resistance mechanisms and proposing of new alternatives for antibacterial
treatment. In previous studies we identified that hydroxyanthraquinones from Rubia spp.
(pseudopurpurin, munjistin, purpurin, xanthopurpurin) exhibit structural similarity to synthetic
antibiotics from the group of fluoroquinolones (gatifloxacin, levofloxacin, moxifloxacin).
These hydroxyanthraquinones were suggested as new ligands for Mycobacterium tuberculosis
(Mtb) DNA-gyrase with pseudopurpurin and munjistin showing the highest similarity to the
fluoroquinolone drugs [1].

In this work we report further in silico studies of the fluoroquinolone antibiotics and
hydroxyanthraquinones. Molecular dynamics simulations were conducted on wild-type Mtb
DNA-gyrase and A90S fluoroquinolone-sensitized enzyme mutant in complexes with
moxifloxacin, gatifloxacin, and levofloxacin. The simulations revealed that moxifloxacin and
gatifloxacin possess stronger interactions with the enzyme consistent with the experimental data
and clinical effects of the drugs. As expected, Mg?" within the active site contributed most
significantly to the ligand binding energies. Molecular dynamics simulations of DNA-gyrase
complexes with pseudopurpurin and munjistin were also performed and their mechanisms of
interaction were compared to those of the fluoroquinolone antibiotics. Our results help to
explain the experimental observations, and suggest that Rubia hydroxyanthraquinones could
serve as lead compounds with potential for anti-Mtb activity.

The authors acknowledge the networking support by the COST Action CA21145
“European network for diagnosis and treatment of antibiotic-resistant bacterial infections
(EURESTOP)”; IL, PA, AD, TP and IT thank the National Science Fund of Bulgaria (grant
KP-06-COST/3/26.05.2023).

[1] P. Alov, M. Al Sharif, H. Najdenski, T. Pencheva, 1. Tsakovska, M. Zaharieva, 1. Pajeva,
Molecules, Vol. 27, p. 3274 (2022).
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MoJieKkyJIHO-THHAMUYHH CHMYJIAIHA HA KOMILIEKCH
Ha JIHK-rupa3sa ot Mycobacterium tuberculosis 3a u3ciienBane
HA NOTEHI[HAJHA MPOTHBOTY0EPKYJI03HA AKTUBHOCT
HA NMPUPOJHHU NPOAYKTH OT BUAOBe Rubia

Uenuxa Jlecueapcka, [lemxo Anos, Anmonus [Jroxenoocuesa-Toodoposa,
Tansa Ilenuesa, Hsanka Llaxoscka, Unza Ilvorcesa
Hucmumym no duoguszuxa u 6u0OMeOUYUHCKO UHIHCEHEPCBO,
bwvreapcka akademus na nayxume, Coghus, bvieapus

Pa3Butnero Ha OakTepHanHa PE3UCTEHTHOCT KbM Pa3IMYHU aHTUOMOTHLM Hajara 1o-
3a1bJ1009CHOTO pa3OMpaHe HA MEXaHU3MHUTE Ha PE3UCTEHTHOCT M Pa3pabOTBAHETO HA HOBU
ANTEpHATUBH 338 aHTUOAKTEPHAIHO JIeUeHHE. B NpeMIIHN N3CIIeBaHUs HUE YCTAaHOBHXME, e
HSKOM XHUIPOKCHAHTPAXHHOHM, HAMHpAIlM Ce BbB BHAOBETE Ha pacTeHHero Rubia
(TIceBIOMYPIYpHH, MYHIDKHCTHH, IypITypUH, KCAHTOMYPIypHH), HIMAT CTPYKTYPHO CXOJCTBO
CbC CHHTETHMYHH aHTHOMOTHUIM OT rpymara Ha (IyopoxuHONoOHUTE (TaTHU(IOKCAIHH,
neBodokcaH, MOKCH(IOKCAMH). XHIPOKCHAHTPAXUHOHHUTE OsXa NPEIIOKEHH 332 HOBH
muranau 3a JIHK-rupaszara or Mycobacterium tuberculosis (Mtb), kaTo TCEeBIONMYpPITypHUH H
MYHDKHUCTHH ITOKa3axa Hail-BUCOKO CXOJICTBO ¢ (hIyOpOXHMHOJIOHOBHTE JieKapcTBa [1].

B Hacrosmara paboTa moka3BaMme TMoOCHeABAaUIM in silico wW3cieIBaHUS Ha
(ITyOpOXHMHOJIOHOBUTE aHTUOMOTUIIM U XUAPOKCHAHTPaXUHOHUTE. [IpOBeICHH ca MOJIEKYIHO-
JMHaMHYHK cuMynaiui Ha JITHK-rupasa muB Tun U (i1yopOXHHOIOH-CEHCHOMIH3UPAH SH3UM
gype3 A90S myTanusi, B KOMIUICKCH ¢ MOKCHU(IIOKCAITUH, TaTH(IOKCAIIMH U JICBO(IOKCAIHH.
Crnopex cuMynanuuTe MOKCHU(IOKCAMH M  TaTH(UIOKCAlMH MOKa3BaT  I10-CHJIHU
B3aMMOJICHCTBUS C €H3UMa, B ChIVIACHE C SKCIIEPUMEHTATHH JaHHU ¥ KJIMHHYHUTE epeKTH Ha
nekapcrBata. Oyaksano Mg?" 0T akTHBHOTO MSICTO Ha €H3UMA [0Ka3Ba Hali-BUCOK PUHOC KbM
SHepruuTe Ha CBbp3BaHe Ha Juranaute. [IpoBeieHn ca 1 MOJIEKYTHO-THHAMUYHH CHUMYJIAIAN
Ha koMmIuIekcn Ha JJHK-rupasa ¢ nceBIomyprypuH U MyH/UKHCTHH M TEXHHUAT MEXaHH3bM Ha
B3aMMOJICHCTBHE € CpaBHEH C TO3H Ha (HIyOpOXHHOIOHOBUTE aHTHOMOTHMIHM. Hammte
pe3yJTaTH moJrnomMarar oOsICHEHHETO Ha eKCIICPUMEHTATHUTE HAOTIOACHHUS U TTPEeIIoarar, 4e
XUAPOKCHAHTPAXHHOHM OT BHIOBeTe Rubia Morar Ja ObJaT H3MON3BaHH 3a BOACIIH
ChEIMHEHHMS C TIOTEHIINAIHA TPOTHBOTYOEPKYJI03HA aKTUBHOCT.

[1] P. Alov, M. Al Sharif, H. Najdenski, T. Pencheva, 1. Tsakovska, M. Zaharieva, 1. Pajeva,
Molecules, Vol. 27, p. 3274 (2022).
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CA21145 “European network for diagnosis and treatment of antibiotic-resistant bacterial
infections (EURESTOP) ”; UJI, I14, A, TII u U] uskazeam o6arazodaprnocm na @ono “Hayunu
uscneosanus” (epanm KP-06-COST/3/26.05.2023).



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Self-association of Antimicrobial Peptides in solution
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Leandar Litov and Nevena Ilieva®
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Sofia, Bulgaria
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Antimicrobial peptides (AMPs) can self-associate into supramolecular structures,
which may enhance their antimicrobial activity [1,2]. This self-association process often
involves the formation of nanofibers, twisted nanoribbons, or micelles [3,4]. Self-association
can provide AMPs with improved cell selectivity, stability, and sustained release properties [1].
The process may also allow AMPs to adopt functional states before reaching target membranes
[5]. As a result of self-association processes, some AMPs exhibit properties such as high
biocompatibility, biodegradability, and low toxicity, making them promising candidates for
replacing traditional antibiotics [6].

We report results from model computational studies of the secondary structure of
antimicrobial peptides in monomeric form and clusters of peptides in solution. Using methods
such as metadynamics and replica exchange molecular dynamics, we show that AMP
monomers of magainin and uperin are mostly unstructured in aqueous solution. Modeling the
self-association of AMPs in solution through molecular dynamics shows a change in the
secondary structure of the monomers forming the resulting clusters, with the size of the
oligomers depending on the AMP type.

The research is funded by the European Union-NextGenerationEU, through the
National Recovery and Resilience Plan of the Republic of Bulgaria, project SUMMIT BG-
RRP-2.004-0008-C01 and BG-PN Academy Agreement (grant IC-PL/02/2024-2025).

[1] Tian, X et. al., Role of peptide self-assembly in antimicrobial peptides. J. Pept. Sci., 21,
530-539 (2015)

[2] Ye, Z. et. al., Self-assembly dynamics and antimicrobial activity of all 1- and d-amino acid
enantiomers of a designer peptide, vol. 11, issue 1, 266-275 (2019)

[3] Gong, H. At al., How do Self-Assembling Antimicrobial Lipopeptides Kill Bacteria?, ACS
Applied Materials & Interfaces, vol. 12, issue 50, 55675-55687 (2020)

[4] Nielsen, J. et. al., Self-Assembly of Antimicrobial Peptoids Impacts Their Biological Effects
on ESKAPE Bacterial Pathogens, ACS Infectious Diseases, vol. 8, issue 3, 533-545 (2022)

[5] Petkov, P. et. al., Self-Association of Antimicrobial Peptides: A Molecular Dynamics
Simulation Study on Bombinin. /nt. J. Mol. Sci., vol. 20, 5450 ( 2019)

[6] Lombardi, L. et. al, A New Hope: Self-Assembling Peptides with Antimicrobial Activity,
Pharmaceutics, 11, 166 (2019)
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CaMoopraHnsaum{ Ha aHTHMHKpOﬁHI/I nenTuau B pasTBop
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AnTtMukpoOnuTte nentuau (AMII) morar a ce caMmoopraHu3upaT B CYIpaMOJICKyIHI
CTPYKTYPH, KOETO MOXKE J1a 3aCHJIHM TAXHaTa aHTUMUKpoOHa akTuBHOCT [1,2]. To3u mpornec Ha
CaMOOpPraHU3MPaHe YECTO BKIIOYBA (POPMUPAHETO HA HAHODHUOPH, YCYKaHH HAHOJICHTH WIIH
munenu [3,4]. CamoopranmsupaneTro Moxke na ocurypu Ha AMII momoOpeHa kieTpuHa
CEJICKTHBHOCT, CTa0MIIHOCT M CBOMCTBAa Ha IPOABIDKUTENHO ocBoOoxaaBane [1]. IIpomecsT
MOXe ChIIo Taka aa mo3Boan Ha AMII na nmpuemar QyHKIIMOHAIHHM CBHCTOSHHMS, TIPEIH Ja
JIOCTHTHAT IIeJIeBUTe MeMOpanu [5]. B pe3ynTar Ha mpollecuTe Ha CaMOOPTaHHU3aIUs HIKOH
AMII nposBsBaT CBOHCTBAa KaTO BHCOKa OHOCHBMECTHMOCT, OMOPa3rpagMMOCT M HHCKA
TOKCHYHOCT, KOETO T'M NpaBH OOCIIABAIlM KAaHIMIATH 32 3aMECTBaHE Ha TPAJHILMOHHUTE
aHTHOMOTHIIHU [6].

JloknaaBaMe pe3yNTaTH OT MOJEIHM KOMIIOTBPHM HM3CJIEIBAHMS HAa BTOPUYHATA
CTPYKTYpa Ha aHTUMUKPOOHH IENTHAM B MOHOMEpHa (opMa M KIBCTEPH OT NEHTUIH B
pa3tBop. Upe3 MeToau 3a yCKOPEeHO 00X0kAaHe Ha KOH(POPMAIMOHHOTO MPOCTPAHCTBO KAaTO
MeTaJIMHAMHKa U MOJICKYJTHA TUHaMHKa C pa3MsHa Ha PEIUIMKY [T0Ka3BaMe, 9¢ MOHOMEpHTE Ha
AMII wMaravHWH W YIOepHH ca TPEeIUMHO HECTPYKTypHpaHH BBB BOJEH pas3TBOP.
Mopenmpanero Ha camoopranuzanusita Ha AMII B pa3TBop 4pe3 MeTona Ha MOJIEKyJIHATa
JUHAMMKA [IOKa3Ba MPOMsHA B BTOpHYHATa CTPYKTypa Ha MOHOMEPHTE, ChCTaBSIIH
MOJIy4YE€HUTE KIIbCTEPU KAaTO TOJIEMHUHATA HA OJIMTOMEpUTE 3aBUCH OT Tumna Ha AMIIL.

Wzcnenanero e ¢unancupano ot Epomeiickus cpio3 NextGenerationEU, upes
HanmonanHus 1otaH 3a B3CTaHOBSABaHE W ycTounBOCT Ha PemyOmmka bearapus (SUMMIT
BG-RRP-2.004-0008-C01) u mo ciopasymenue Mexxay bearapckara u [Tonckara akageMun Ha
Haykwure (IC-PL/02/2024-2025).

[1] Tian, X et. al., Role of peptide self-assembly in antimicrobial peptides. J. Pept. Sci., 21,
530-539 (2015)

[2] Ye, Z. et. al., Self-assembly dynamics and antimicrobial activity of all 1- and d-amino acid
enantiomers of a designer peptide, vol. 11, issue 1, 266-275 (2019)

[3] Gong, H. At al., How do Self-Assembling Antimicrobial Lipopeptides Kill Bacteria?, ACS
Applied Materials & Interfaces, vol. 12, issue 50, 55675-55687 (2020)

[4] Nielsen, J. et. al., Self-Assembly of Antimicrobial Peptoids Impacts Their Biological Effects
on ESKAPE Bacterial Pathogens, ACS Infectious Diseases, vol. 8, issue 3, 533-545 (2022)

[5] Petkov, P. et. al., Self-Association of Antimicrobial Peptides: A Molecular Dynamics
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[6] Lombardi, L. et. al, A New Hope: Self-Assembling Peptides with Antimicrobial Activity,
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Rational design of SARS-CoV-2 viral proteins inhibitors
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The COVID-19 pandemic, caused by the SARS-CoV-2 virus, underscores the urgent
need for effective antiviral therapies. Developing new antivirals is a complex and multifaceted
process that faces several significant challenges, starting form identifying suitable targets and
then developing potential inhibitors for these targets on a molecular basis. Here, we report our
efforts to understand on a molecular level the characteristics and interactions of two proteins of
the SARS-CoV-2 virus — ORF6 and NSP13 using molecular modeling. Both proteins are
implicated in impairing host innate immune response.

ORF6 is one of the accessory proteins of SARS-CoV-2, its main function is to disrupts
innate immune signalling, and it is the most cytotoxic one among the 29 viral proteins.
Inhibiting its action can lower the pathogenic effects of the virus and facilitate an earlier
antiviral response. ORF6 localizes on cytoplasmic membrane, but its structure has not yet been
resolved. We report the development of a model of the three-dimensional structure of ORF6 in
a model cytoplasmic membrane and investigate the cause of its high toxicity by studying its
interaction with the host protein RAE1. Finally, we propose two potential inhibitors of ORF6
and study their binding to the viral protein.

NSP13 functions as a helicase. It unwinds both dsRNA and DNA, displaying a
preference for RNA. In addition, NSP13 potentially inhibits the innate immune response. Here,
we explore the suspected mechanism of IFN induction disruption by modelling the interaction
of the viral protein with the host protein TBK1. We also present our results of a large-scale in
silico screening for potential inhibitors of NSP13.

Acknowledgments: This research was partly supported by the Bulgarian Science Fund under

Grant KP-06-COST-20/23 INSISST. Computational resources were provided at the HPC
BioSim cluster at the Faculty of Physics at Sofia University “St. KI. Ohridski”.
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Panuonanen qu3aiiH Ha UHXUOUTOPH
Ha nporenHu Ha Bupyca SARS-CoV-2
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Nanpemusta or COVID-19, npuunnena ot Bupyca SARS-CoV-2, noguepraBa
CIeIIHAaTa HYXJa OT e(QEeKTHBHH aHTUBHPYCHM Tepanuu. Pa3paboTBaHeTO Ha HOBHU
AQHTUBHPYCHH CPEJICTBA € CII0KEH ¥ MHOTOCTPaHEH IpoLec, KOMTO € U3NpaBeH MNpe]] pa3InIHu
MpPEeIU3BUKATEICTBA, IBPBOTO OT KOUTO € HACHTH(HUIUpPaHE HA MOAXOISIIIM TPHIETHU
MOJIEKYJIH U pa3paboTBaHe Ha MOTEHIMATHU TEXHU HHXMOUTOPU Ha MOJEKyJIHA OCHOBA. Tyk
JOKJTaJBaMe HAIINTe yCWIUS Ja pa3depeM Ha MOJEKYJIHO HHMBO XapaKTEPHCTHKUTE U
B3aMMOJICUCTBHATA Ha ABa MpoTenHa Ha BUpyca SARS-CoV-2 — ORF6 u NSP13, uznon3Baiiku
MOJIEKYJIHO MojeiupaHe. [ nBara mpoTewHa ca CBBp3aHHM C HapylIaBaHETO Ha BPOJCHUS
HUMYHEH OTrOBOp Ha FOCTOIIPUEMHHKA.

ORF6 e equn oT akcecopuute 6enthim Ha SARS-CoV-2, ocHoOBHaTa My GYHKITHS € Ja
HapyllaBa BpoJeHAaTa UMyHHAa CHTHAIU3aLUs U € Hai-IUTOTOKCHYHUAT cpel 29-Te BUPYCHU
nporenHH. VIHXHOUpaHETO HA HETOBOTO AeiiCTBHE MOXE Jja HAMalu MaTOTeHHHUTE e()eKTH Ha
BHpYCa U J]a yCKOPH I0-paHeH aHTUBHpYyceH oTroBop. ORF6 ce noxanu3upa B IUTOMIA3MEHUTE
MeMOpaHHHHU OpTaHelH, HO CTPYKTypaTa My BCE OIIle He € yCTaHOBeHa eKcriepuMeHTanHo. Hue
mpezcTaBsMe pa3paboTBaHETO Ha MOJEN Ha TpUH3MEpHaTa cTpykrypa Ha ORF6 B MonenmHa
IUTOIUIa3MeHa MeMOpaHa W W3ciefBaMe NPHYMHATAa 3a HEroBaTa BHCOKAa TOKCHYHOCT 4pe3
H3yyaBaHE Ha B3aUMOJECHCTBHETO My C IpoTeMHa Ha roctonpueMHuka RAE1L. Hakpas,
npejlaramMe JjBa rnoTeHuanny naxuoutopa Ha ORF6 M m3cnenBaMe TSIXHOTO CBBpP3BaHE C
BUPYCHHS IPOTEHH.

NSP13 ¢ynkiuonupa karo xenrnkasa. PaspuBa kakto qBoiiHO BeprkHa PHK, Taka u
JHK, moxa3Baiiku mpeamountanue kbM PHK. Ocen ToBa NSP13 morennmanHo mHXHOHpa
BPOJICHUS] IMyHEH OTroBop. TyK M3cieaBaMe IpeoaaraeéMusi MEXaHH3bM Ha IIPEKbCBAHE Ha
naaykuusata Ha IFN upe3 monenupane Ha B3aMMOIEHCTBUETO HAa BHUPYCHUS INPOTEUH C
npotenHa Ha roctonpueMHrK TBK 1. Chio Taka mpeacTaBsMe pe3ynTaTu OT ITHpoKoManiabeH
in silico ckpuHUHT 3a HOTeHUMaNHN nHXHOUTOpH Ha NSP13.

Baaromapuoctu: Tosa uscnedeane e uacmuyno uuancupano om @Dono ,, Hayunu
uscneosanus’ no 0ozosop KII-06-KOCT-20/2023 HUHCHUCCT. Hzuucnumennu pecypcu 6sxa
npedocmasenu om UCOKONpou3sooumennus kivcmep BioSim 6ve Qusuuecku ¢akyimem na
CV,,Cs. Kn. Oxpuocku”.
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In silico selection of molecular scaffolding for peptide
aptamers transport
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Peptide aptamers are small proteins capable of binding to a wide range of target
molecules, making them promising tools for inhibiting or modulating these targets. Their
binding affinity strongly depends on conformational flexibility. While the peptide must be
sufficiently flexible to adapt to the target protein's surface, constraining its conformational
ensemble can significantly enhance binding affinity by reducing the entropic contribution. One
approach to narrowing the conformational space of peptide aptamers is to graft them onto a
protein scaffold, which helps to stabilize their desired conformation.

Cyclotides, cyclic peptides known for their exceptional stability and structural diversity,
are ideal scaffolds for grafting peptide aptamers. These miniproteins are distinguished by a
head-to-tail cyclized backbone and a cystine knot motif (CKM), stabilized by three interlocking
disulfide bonds. The grafting process involves inserting the peptide aptamer sequence into one
of the loop regions of the cyclotide scaffold without disrupting its overall structure. Achieving
proper cyclization and folding of the grafted cyclotides is essential for producing bioactive
molecules that preserve the stability and functional properties of the cyclotide scaffold.

In this study, we explore the use of molecular modeling to select grafted cyclotides with
functional structures. Specifically, we investigate the interactions between the native MCoTI-I
cyclotide and its target, trypsin. We examine how binding to the enzyme influences the stability
and conformation of the cystine knot motif (CKM). The goal is to demonstrate that binding to
trypsin can aid in selecting grafted cyclotide topologies with proper folding and cyclization
patterns, ensuring functional bioactive molecules.

Acknowledgments: This research was partly supported by the Bulgarian Science Fund under

Grant KP-06-N71/3/2023 AVATAR. Computational resources were provided at the HPC
BioSim cluster at the Faculty of Physics at Sofia University “St. KI. Ohridski”.
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HA NEeNTUIHU anTaMepH
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[lenTuaaUTE anTaMepy ca MaJIKH NIPOTEHHH, CIIOCOOHHM J]a ce CBBP3BAT C MIUPOK KPBI'
NPULICITHA MOJIEKYJIH, KOETO T IpaBU 00eIaBalii HHCTPYMEHTH 32 TIXHOTO HHXHOUpaHe WIN
MoIyiupaHe. AQHWHUTETBT KbM IPUIENHATA KM MOJICKYJa 3aBHCH CHJIHO OT
KOH(OpPMaIMOHHATAa UM I'bBKaBOCT. [lenTuasT TpabBa qa OB HOCTATHYHO T'BBKAB, 3a Ja CE
ajanTHpa KbM IIOBBPXHOCTTa Ha MPHUNENHHMSA MNPOTEHH, HO OrPaHHWYaBAaHETO Ha
KOH(GOPMAIIMOHHUS My aHCaMOBJI MOXKE 3HAYUTENHO J1a MoAo0pu adpUHHUTETa HA CBHP3BAaHE
MOpaau HaMmalsiBaHe Ha KOH(OPMALMOHHUS EHTPONMEH HpuHOc. EnWH oT HaumHuTe 3a
CTECHsIBaHE Ha KOH(OPMAIMOHHOTO IPOCTPAHCTBO € NENTHIHNUTE alTaMepH Ja ce HPHCaIT
BBPXY OeNThYHA paMKa, KOeTO Ja T'M CTa0WIN3Hpa B XKeJaHaTa KOH(popManus.

[uknoTHaNTe, MUKINYHE MENTHIN ChC 3a0eNISKUTENIHA CTAaOMITHOCT U CTPYKTYpHO
pa3HOOOpasue, ca WACATHM pPaMKH 33 NpHCAKAAHE Ha MENTHIHUA anTaMepH. Te3n
MHUHHUIIPOTEUHU C€ OTIMYBAT C IMKIU3MPaH CKElIeT U MOTUB Ha HUCTHHOB Bb3en (MILIB),
o0pa3yBaH OT TpU MpeIueTeHH AUCynduaHu MocTa. IIporechT Ha HMpHCaKZaHEe BKIFOYBA
BMBKBAaHE Ha TIIOCIEAOBATEIHOCTTa Ha IENTHIHMSA anTaMep B €JHAa OT OpHMKHTE Ha
IUKIOTHAHATA paMKa, 0e3 Ja ce HapyllaBa IJIOCTHAaTa My CTpyKTypa. Ilocturanero Ha
MPaBHJIHO IWKJIN3UpaHe M HarbBaHE Ha MIPUCANEHH IUKIOTHIH Ca OT CHIIECTBEHO 3HAUCHHUE B
NPOU3BOJCTBOTO HAa OHOAKTHBHU  MOJIEKYJHM, KOHMTO 3ama3BaT  CTAOWJIHOCTTa U
(YHKIIMOHAJTHUTE CBOWCTBA HA IUKJIOTHHOTO CKeJle.

B ToBa npoyuBaHe HHE U3CIIeBaMe H3IOI3BaHETO HA MOJIEKYJIHO MOJIeIMpaHe 3a u300p
Ha TPHCAJICHN LUKIOTHAN ¢ (QYHKIMOHAIHA CTPYKTypa M IO-TOYHO B3aWMOJICHCTBHATA Ha
HatuBHUS 1ukiIoTHA MCOTI-I ¢ HeroBara MumieHa — TPWICHH, KakTO W BIMSHHETO Ha
CBBP3BAaHETO C €H3UMa BBPXY crabmimHocTTa W KoH(opmamusta Ha MLIB. Llenra e nma ce
JIEMOHCTPHpA, Y€ CBBP3BAHETO C TPHIICHH IO3BOJISIBAa M300p HAa MPHCANCHN LUKIOTHIHU
TOIIOJIOTHH C TPABUIIHK MOTHBH Ha HarbBaHE W IUKIIM3AIHSA, OCHTYPSIBAHKH (YHKIMOHATHU
OMOaKTHBHH MOJICKYJIH.

Baaromapuoctu: Tosa uscredsame e uacmuuno @uuancupano om Downo ,, Hayunu
uzcnedeanusn“ no ooeosop KII-06-H71/3/2023 ABATAP. H3uucnumennu pecypcu 6sxa
npedocmasenu om UCOKONpou3sooumennus kivcmep BioSim 6ve Qusuuecku ¢akyimem na
CV,,Cs. Kn. Oxpuocku”.
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Knots play essential role in polymers, e.g., in DNA and proteins, whereby they occur with
increasing probability as the length of the polymer or its compactness grow. Yet the impact of
external forces on existing knots in a polymer chain is poorly understood at present. We explore
the effect of shear flow on existing knots in knotted linear polymer chains with extensive
Molecular Dynamics (MD) simulations. Hydrodynamic interactions are accounted for by means
of Multi-Particle Collision Dynamics (MPCD). The polymer chain, containing originally a simple
trefoil knot at rest, is described by a coarse-grained bead-spring model in a coil or globular state
depending on solvent quality.

We demonstrate that in simple shear (Couette flow) existing loosely localized knots in

coils typically tighten to several segments beyond a certain shear rate threshold [1]. At even higher
shear rate knots are observed to vanish owing to intersegmental passage as in DNA II
topoisomerase. Similar effect is observed in Poiseuille flow too. In contrast, sheared polymer
globules unwind into a pearl-necklace structure of sub-globules, which exhibit a complex knotting
behavior where knot types rapidly change.

[1] A. Milchev, M. Schmitt, P. Virnau, Shear-induced tightening and untying of knots in
polymers, J. Chem. Phys. (2024), submitted for publication
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BiausinMe Ha JJaMHHAPHHA NOTOK BbPXY HAaJIMYHH Bb3JH
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Br3mure B momumepu u Ouomosniekynu karo JIHK u mpoTenHH, KOMTO BB3HHKBAT C
HapacTBallla BEPOSTHOCT MY yBEJINYaBaHe HAa MOJICKYJIHOTO TETJIO MIIM KOMIIAKTHOCTTA M, IMaT
MHOT'OCTPAHHO U BCE OILE HE HAITBJIHO U3SICHEHO BiMsHUE. HesCHO € U BIMSHUETO Ha BBHIIHU
CHIM BBPXy Bede CblIeCTTBYBamu Bb3IM. C nomomra Ha MonekyinHa JluHaMHKa HuUe
MoJienupame MOBEICHUETO Ha TUIIMYEH TPOCH Bh3ell B IOJIMMEPHA MaKpOMOJIEKyJIa, HAMHUpalia
ce B KaHal C JIAMUHApeH IOTOK, KaTo XUIPOJUHAMUYHUTE B3aUMOJACHCTBUSA ca OTYETEHU IO
Metona Ha MHuoroyactinanu JluHamuaan CroiakHoBenus (MY/IC).

Pesynratute HUM TOKa3Bart, 4e B CiIy4as Ha JOOBD pa3TBOPHUTEN JCHCTBHUETO Ha IOTOKA
BOJIH JI0 3amsAzaHe Ha ChILIECTBYBAIIUTE Bb3IM B KOHQOPMANMATA Ha OJIMMEpa HaJl ONpezieieHa
HparoBa CTOMHOCT Ha CKOPOCTTA Ha TedeHneTo. [Ipy MOHATAThIIHO yBEIMYCHHUE HA CKOPOCTTA
BB3JIUTE W34e3BaT BCJIEICTBUE caMONpecHYaHe (TOmon3oMepasa) Ha MoJIMMepHaTa BEpHKKa OT
cermeHTH. OOpaTHO, TIPH JIOII PA3TBOPHUTEN (MOJMMEpHA T00yia), BE3IHUTE KaTo MPaBUIIO ce
paszevp3eam Ciel MHOTOKpaTHA MPOMsHa Ha BHAA U roieMuHara uM [1]. TIpu ToBa TedyeHueTo
TpaHc(hopMHpa IMOMMMepHarta TIio0yla B «OTBPIHI@» OT «IIOA-TIO0YIH», OpUEHTHpaHa
HEPIeHANKY/IPHO Ha TCUEHHUETO U Ha TPAJIMEHTa Ha CKOPOCTTA.

[1] A. Milchev, M. Schmitt, P. Virnau, Shear-induced tightening and untying of knots in
polymers, J. Chem. Phys. (2024), submitted for publication
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The problem of vesicles passing through channels is pertinent to a wide range of
applications such as drug delivery, nanofluidics, cell splenic filtration and hemostatis. Vesicles
play an important and diverse functions in the living organisms like helping transport of
materials such as proteins, hormones, enzymes, etc. both in inter- and extracellular
environment. Such processes of mass transport are almost inevitably connected to a passage
through obstacles and constrictions like pores or slits at different type of boundaries.
Furthermore, the translocation of soft objects like red blood cells through splenic inter-
endothelial slits is a major factor in blood filtration and disease progression, and plays a critical
role in microfluidic devices used for separation purposes. Using extensive Molecular Dynamics
simulations, we study the pressure driven flow-induced translocation of a loaded vesicle
through a narrow rectangular slit whereby the hydrodynamic interactions in the channel are
taken into account by means of multi-particle collision dynamics (MPCD)-algorithm. The
vesicle is represented by a tethered 3D spherical membrane with M spherical monomers
(vertices) enclosing athermal beads (load) of a given numerical density ¢. Considering vesicles
of different size and load, moving in a stream induced by a constant body force F, we
demonstrate that the transit time 7 of the vesicle passing through a pore with half-width H scales
as v o FE2, confirming earlier theoretical predictions. The scaling regime is bounded from
below by a critical force F/am,,;, o« HZ, at which the vesicle gets stuck in the pore, while above
an order of magnitude larger force, FoP"in &< H ~I the transit time 7 becomes independent of
H. As expected, the load of the vesicle affects the transit time 7, and reveals a linear increase in
7 with the concentration of fillers ¢ inside the vesicle volume. Evidently, this impact gets
stronger with diminishing the body force F.
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IlpeMuHaBaHe Ha Be3MKYJIH IIpe3 TeCEH NMpolen NoJ JeiicTBHe
Ha (JIyHJeH NOTOK — CKCHJMHIOBH OTHOIICHHUSA
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IIpemuHaBaHeTO Ha BE3UKYJH (KOHTEHHEpH) IIpe3 KaHAIN U MPOLETH € OT 3HAUSHHUE 3a
HIMPOK CIEKTHP OT MPHUIOXKEHMs, KaTo HalpHMep IOCTaBKa Ha JIeKapcTBa, HaHOMIyHIUKa,
KJIeThYHa (riITpanys 1 XxeMocTasa. Be3nkynnre H3bIIHIBAT BaXKHU U pa3HOOOpa3HH QYHKIINI
B JKUBHUTE OPraHM3MH, KaTO ITOJIIOMAaraT IMpeHoca Ha MaTepHAIN KaTo IPOTEHHH, XOPMOHH,
SH3MMH U JIp. KaKTO B MEeXIYKJIEThUHATA, TaKa U B U3BBHKIEThYHATA cpefa. Te3u Ipoliect Ha
MacoB IPEHOC ca HEM30eKHO CBBP3aHH C NPEMHHABaHE IIpe3 MNPEISTCTBHS BHB BHJ Ha
cTecHeHus (TOpU WIIM TPOLENH) N0 PAa3INYHH TUIOBE pasfeismy rpaHund. OcBeH TOBa,
MIPEMUHABAHETO (MM HEMPEMHHABAHETO) Ha OOEKTH OT MeKa KOHJCH3MpaHa MaTepus (Kato
YepBEHUTE KPBBHU KIICTKH) Mpe3 MEXIyCHAOTEIHHWTE IENMHATHHH € OCHOBEH (akTop 3a
¢unTpupaHeTo Ha KPBHBTA M Pa3BUTHETO HA PEIMIIa 3a00NIBaHUITA, KATO UTPae U pelaBalia
POl B MUKPOQITYHTHUTE yCTPOICTBA, N3MOA3BaHu 3a Guntpupane. C momorira Ha 00CTOUHI
CHMYJIAI[MH [T0 METO/Ia Ha MOJIEKYJTHA AMHAMUKA € U3CIIeABaHO IPEMUHABAHETO Ha BE3HUKYJIa C
TOBap/IBJIHEK NPe3 TECEH MPAaBOBIBIEH IPOIIET, KaTO XUIPOJMHAMUYHHUTE B3aHMOACHCTBHS
ce OTYUTAT C IIOMOIITA HAa AJTOPHTHM - JWHAMHMKaTa Ha MHOro4acTHYkoBH ynapu (MPCD).
BesukynaTa e Mozmenupana Kato CBbp3aHa TpUU3MeEpHa chepudHa MmeMOpana ¢ M MoHOMepa
(BBpXOBE), ChABpIKAINA ITBIHEXK C ONPEAENIeHa YHCIeHA IITbTHOCT ¢. M3cnenanu ca BEe3UKyIN
C pa3NWYHU Pa3sMEpH M Pa3lINdHa KOHIEHTPAIWsA HA IBIHEXKA, ABIDKEIIN ce BBB (IIynaeH
MOTOK, IPEM3BUKAH OT IIOCTOSTHHA CHJIA F, KaTo € MMOKa3aHo, Y€ BPEMETO 3a IPEMHUHABAHE T Ha
Be3MKyJaTa Tpe3 MIpolen C MoJymupuHa M ckaiupa Karto v« FIP, TOTBBPKIaBaliKu
TEOPEeTHYHUTE MPOTHO3M. PeXHMMBT Ha CKalMpaHe € OTPaHHYCH OTJONY OT KPUTHYHA CHJIA
FFmy;, o¢ H™2, iput kosiTO BesuKyIaTa ce 3aKeliBa B IPOIENa i He MOXKE Ja IPEMHHE, JOKATO
MIPY HaJ| €IUH TOPSIBK NOo-TossiMa cuna, FoPyin o¢ H -1 BpPEMETO 3a IPEMHUHABaHE T IIpecTaBa
na 3aBucH ot H. Kakto 1 MoXke J1a ce ouakBa, KOHIIGHTPALMATA Ha ITbJIHEXKa BIIMsie Ha BPEMETO
3a MPEeMHWHABaHe 7, KaTO TO HAapacTBa JIMHEHHO C KOHIIEHTpAIMsATa Ha mbiIHeka. ChINO Taka,
Ta3¥ 3aBHCHMOCT C€ 3aCHJIBa C HAMAJSIBAHETO HA CHJIaTa Ha (IIyHIHUS MOTOK.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Rheology of concentrated red blood cell suspensions and cell dynamics
in flow

Victoria Vitkova!, Gwennou Coupier?, Chaougi Misbah?,
Thomas Podgorski’
! Institute of Solid State Physics, Bulgarian Academy of Sciences, 72 Tsarigradsko Chaussee,
Blvd., 1784 Sofia, Bulgaria
2 Grenoble Alpes University, CNRS, LIPhy, F-38000 Grenoble, France
3 Grenoble Alpes University, Grenoble INP, LRP, F-38000 Grenoble, France

Many hematopathologies are associated with alterations in the morphology and
mechanical properties of erythrocytes (red blood cells, RBC), which leads to changes in their
individual dynamics in the blood flow. Macrocytic, microcytic or sickle cell anaemia and
various forms of thalassemia represent some examples of such diseases and blood conditions
affecting millions of people worldwide. At a constant shear rate, erythrocytes exhibit complex
dynamics depending on the viscosity of the carrier fluid and affecting the rheological properties
of RBC suspensions. The dynamic viscosity of the suspension was obtained in a wide range of
volume RBC concentration in order to determine the dilute approximation limits above which
the effect of the hydrodynamic interaction between the cells reveals. At low shear rates (<10 s
1), the effective viscosity of concentrated RBC suspensions shows a dependence on the
prehistory of sample shearing. The greater the volume concentration of erythrocytes, the
stronger this dependence is for a given viscosity of the carrier fluid. The hysteresis effect is
observed at moderate shear stresses, at which RBC swinging is expected. The viscoelastic
properties of RBC suspensions were studied also upon applying a combination of steady and
oscillatory flows at shear stresses sufficiently larger than the amplitude of oscillations. The
acquired knowledge regarding the relationship between RBC dynamics in flow and the
rheological properties of erythrocyte suspensions contributes to the development of diagnostic
approaches and protocols for the separation of affected blood cells with the aim of alleviating
symptoms and prolonging the life of patients.

Acknowledgments: Financial support of the National Science Fund of Bulgaria (KP-06-
N58/6/2021) is acknowledged.
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ePUTPOLMTHU CYCIIEeH3UH
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Ilpn penuma xemonarojoruu Mop¢oiorusiTa W MEXaHWYHHTE CBOWCTBA Ha
epurporuTHTe (YepBenuTe KpbBHU KieTkn, YKK) ce mpoMeHsT, KOeTo BOJH A0 H3MCHEHHUS B
WHAUBHyaIHaTa TMHAMHKA Ha KJICTKUTE B KPBBHUA TOTOK. [IprMepH 3a TakuBa 3a00JsIBaHUs
U CBbCTOSIHMS Ha KPbBTA, 3aCsAralllyl MHJIMOHH X0pa 0 CBETa, Ca MAaKPOLIUTHATA 1 MUKPOLIUTHA
AQHEMHHM, ChPIOBHAHATA KJIETbYHA aHEMUS, Pa3INYHU (HOPMH Ha TalaceMust ¥ APYTH.

Ilpn mocrosiHHa CKOpPOCT Ha JedopMarusiTa EpUTPOLMTUTE IPOSBSIBAT CIOXKHA
JMHAMUKa, 3aBHCEIIa OT BUCKO3UTETA Ha TPAHCIIOPTHHS (TN ¥ OBJIUSBAILA PEOJIOTHIHITE
CBOIiCTBa Ha TEXHHUTE CyclieH3nH. [loydeHa e 3aBUCHMOCTTa MEeXy THHAMUYHHS BUCKO3UTET
Ha CyCIIeH3MsITa 1 00eMHaTa KOHIIEHTPAIHs Ha YSPBEHUTE KPBBHHU KIIETKH C 1€, OIpeIeIIsTHe
Ha CTOMHOCTTa Ha OOeMHaTa WM KOHIICHTpAuus, HaJ KOSNTO ce NposiBiBa €(EKTHT OT
XHUAPOIMHAMUYHOTO B3aUMOJCHCTBHE MEXIY KICTKHTE.

IIpu Manku ckopoctd Ha aedopmanuara (<10 s') epeKTHBHHMAT BHMCKO3MTET Ha
CYCIICH3MHUTE TOKa3Ba 3aBUCUMOCT OT NpeaucTopusita Ha aedopmarus Ha nmpobata. KomkoTo
no-rojsiMa € oOeMHaTa KOHLEHTPAIMs Ha EPUTPOLUTUTE, TOJKOBA MO-CHJIHA € Ta3u
3aBHCHUMOCT IIPU JIaJieH BHUCKO3UTET Ha TpaHcrmopTHHs ¢uyun. Edexrst Ha Xucrepesuc ce
HaOJTII0/1aBa IIPH YMEPEHU CTOMHOCTH Ha MPUJIOKEHOTO TAHT€HIIMATHO HAIIPEKCHHUE.

OrmpeniesieHH ca MOJYJIUTE Ha BUCKOEGJIACTUYHOCT HA KOHIEHTPUPAHH CYCIICH3HU OT
UKK npu cyneprno3uiys Ha OCLMIHpAL] U ITIOCTOSHEH MOTOK, KaTo IMPHJIOKEHATa Cpsi3Balla
nedopMaliys OCHHIMpPA OKOJIO ONpeJieieHa CTORHOCT, J0CTAThYHO MO-TOJIsMa OT aMIUIUTYJaTa
Ha ocLiIanuuTe. Pe3ynTaTuTe OT U3CIIeBaHHUATA U yCTAHOBEHATA BPh3Ka MEXK/y THHAMHKATA
Ha ePUTPOLUTHTE B MIOTOKA M PEOJOTMYHHUTE CBOICTBA HAa €PUTPOLIMTHATA CYCHEH3Ms, MOTaT
Jia TOCITy’KaT KaTo OCHOBA 3a pa3pabOTBaHETO Ha JUArHOCTHYHHM TEXHHKH M MPOTOKOJH 32
OTZENsHE Ha 3aCerHaTUTE KPBBHU KIIETKH C IIeJ, 00JeKYaBaHe Ha CHMIITOMUTE W YIbIKaBaHe
Ha )KUBOTA Ha Tal[NeHTHTE.

Baarompapuoctu: @ono ,, Hayunu uscredsanus” (KI1-06-H58/6/2021).
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The key role of electrogenic transporters in maintaining the resting
state of the living cellc

Alexander G. Dimitrov
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The membrane of a living cell contains many components capable of conducting
electrical current across the membrane. In general, they are divided into ion channels that
conduct different ions along their electrochemical gradients, pumps that move ions back up the
available gradients at the expense of ATP dissociation energy, and transporters that can connect
several arbitrary ion gradients.

The membrane potential depends on its capacitance and the total current passed through
the membrane. Because ionic currents at certain time points can exceed pump and transporter
currents by orders of magnitude, the membrane potential is usually represented by an ionic
current balance [1]. The problem with such representations is that ion currents only consume
pre-existing ion gradients and therefore such an equilibrium can only exist for a limited time.
If we consider a general ion-accumulating system consisting of pumps and channels and
analyze its points of attraction, it can be demonstrated that the latter are either more positive or
more negative than the physiological resting potential values of living cells. The situation
normalizes when electrogenic transporters are added to the system. They introduce their
equilibrium potentials into the system as additional possible points of attraction and act as
intermediaries between channels and pumps [2]. Physiological equilibrium potentials of
electrogenic transporters are found to be close to the physiological value of the resting potential
for a living cell at normal values of ion gradients.

The existence of an intermediary between channels and pumps allows to explain a
number of remarkable facts. Compared to channels, pumps transport ions at a surprisingly low
frequency but also with high power. The presence of an intermediary allows to combine the
efforts of a significant number of pumps to balance the activity of one or another channel. Many
specific biological situations fall under this paradigm.

[1] AL Hodgkin, B Katz, The effect of sodium ions on the electricalactivity of the giant axon
of the squid, J Physiol Vol.108 Issue 1 pp.37 (1949)

[2] AG. Dimitrov, Resting membrane state as an interplay of electrogenic transporters with
various pumps, Pflugers Archiv - European Journal of Physiology. 475(9), pp. 1113-1128
(2023)
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Kawuyoa POJId HA €JIEKTPOr€HHUTE TPAHCIIOPTEPHU B MOAAPDHIKKATA HA
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[ToBppxHOCTHATa MeMOpaHa Ha KHMBaTa KIETKAa CBHABPKA MHOXKECTBO KOMIIOHEHTH
CIOCOOHM 12 POBEXKAAT €IEeKTPHUYCH TOK Ipe3 MeMmOpanara. Haii-o6mo Te ce paszmemsit Ha
MOHHU KaHaJH, KOUTO MPOBEKAAT PA3INYHU HOHU MO TEXHUTE CICKTPOXUMHUYHH T'PATUCHTH,
MTOMITH, KOUTO JIBIKAT HOHUTE 00OpaTHO HAa HATMYHKUTE TPAJMEHTH 332 CMETKA Ha CHEPrHATa Ha
nmucormanusata Ha AT® u TpaHcmopTepu, KOUTO MOTaT Jia CBHP3BaT HAKOJKO NPOM3BOJIHU
WOHHHU I'paJMEHTa.

[oreHunansT Ha MeMOpaHaTa 3aBUCH OT HEHHHUS KamalUTET W OT OOLIMS TOK Mpe3
MeMmOpanara. [loHexxe HOHHUTE TOKOBE B ONpEACICHH MOMEHTH OT BpeME MOTaT Ia
HA/BUIIABAT IOMIICHUTE H TPAHCIOPTEPHHUTE HA MOPSAIBLUH, MEMOPaHHHAT MOTEHIHAI
OOWMKHOBEHO Ce TpencTaBs 4pe3 OanmaHc Ha WOHHU TokoBe [1]. IIpoGrmeMbT ¢ momoOHH
MPE/CTaBsHUSA €, Ye HOHHHUTE TOKOBE CAMO XapuaT Beue CHIICCTBYBAIIM HOHHU TPAJUCHTH U
3aToBa MMOJOOHO paBHOBECHE MOXE JIa CHLIECTBYBAa CaMO OIPaHMYECHO BHEB BpeMeTo. AKO ce
pasriiena o0Ia CHCTeMa C aKyMyJanus Ha HOHHM, CBCTOSIIA OT NMOMIM M KaHalW, U ce
aHaJIM3UpaT HEHHUTE TOYKU Ha aTpaKUUs, TO MOXKE /1a ce JIEMOHCTPHpA, Y€ MOCIEIHUTE Ce
pa3nu4aBaT OT (PU3HOJOTHYHHUTE CTOMHOCTM Ha MOTCHIHMAla Ha MOKOH Ha >KUBUTE KICTKH.
Curyanuara ce HOpMalu3Upa, KOraro KbM CHCTeMara OWBaT J00aBEHH €IEeKTPOreHHH
TpaHCHopTepu. Te BBBEXIAT B CHCTEMara CBOWTE PABHOBECHH TOTCHIMANH KaTo
JIOIIBITHATEITHN BH3MOKHH TOUKH 32 aTPaKIHUs M 3acTaBaT KaTo MOCPEIHUIN MEXIy KaHAIH U
oM [2]. ®U3UOJOTHYHUTE PaBHOBECHU MMOTEHIIMANIN HA EJIEKTPOreHHUTE TPAHCIIOPTEPHU Ce
OKa3BaT ONMM3KHM 10 (PU3MONOrMYHOTO 3HA4YEHHE Ha TOTEHNMajda Ha MOKOW NPH HOPMAajHU
CTOMHOCTH HA HOHHUTE T'PAJAUEHTH.

Hanuunero Ha MOCpPEIHUK MEXAy KaHAIUTE W MOMIMTE MO3BOJSIBA Ja Ce OOSCHAT
penuia 3abenexutenHu ¢pakTa. B cpaBHEeHME ¢ KaHAUTE MOMITUTE ITPEHACAT HOHU C YUyABaIIO
HHUCKa 4YeCTOTa, HO M FOJIsIMa MOIIHOCT. Hann4neTo Ha mocpeTHHK M03BoIsBa 1a ce 00eInHIBAT
YCHIHATA HA 3HAYUTENICH OpO TIOMITH, KOMTO J]a YPABHOBECAT aKTHBHOCTTA Ha €IMH HJIH JAPYT
KaHasl. MHOTO KOHKPETHH OMOJIOTMYHU CHTYAIMH TIONaaT Mo Ta3u MapaaurMa.

[1] AL Hodgkin, B Katz, The effect of sodium ions on the electricalactivity of the giant axon
of the squid, J Physiol Vol.108 Issue 1 pp.37 (1949)

[2] AG. Dimitrov, Resting membrane state as an interplay of electrogenic transporters with
various pumps, Pflugers Archiv - European Journal of Physiology. 475(9), pp. 1113-1128
(2023)
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Montmorillonite (MM) crystal nanoplates acquire anticancer properties when coated with
the mitochondrial protein cytochrome ¢ (cytC) due to the cancer cells capability to phagocytize
cytC-MM colloid particles [1]. The introduced exogenous cytC initiates apoptosis: an irreversible
cascade of biochemical reactions leading to cell death [2]. In the present research, we investigate
the organization of the cytC layer on the MM surface by employing physicochemical and
computer methods: microelectrophoresis, static, and electric light scattering to study cytC
adsorption on the MM surface, and protein electrostatics and docking to calculate the local electric
potential and Gibbs free energy of interacting protein globules. The found protein concentration
dependence of the adsorbed cytC quantity is nonlinear [3], manifesting a positive cooperative
effect that emerges when the adsorbed cytC globules occupy more than one-third of the MM
surface. Computer analysis reveals that the cooperative effect is caused by the formation of protein
associates in which the cytC globules are oriented with oppositely charged surfaces. The formation
of dimers and trimers is accompanied by a strong reduction in the electrostatic component of the
Gibbs free energy of protein association, while the van der Waals component plays a secondary
role [4].

[1] S. H. Hristova, A. M. Zhivkov, Montmorillonite colloid plates with adsorbed cytochrome
c: In vitro cytotoxic effect on colon cancer cell culture. Cancer Nanotechnology Vol. 12
pp-1-19 (2021).

[2] A. M. Zhivkov, T. T. Popov, S. H. Hristova, Composite hydrogels with included solid-state
nanoparticles bearing anticancer chemotherapeutics. Gels Vol. 9 Issue 5 pp. 421 (2023).

[3] S. H. Hristova, A. M. Zhivkov, Protein—Mineral Composite Particles with Logarithmic
Dependence of Anticancer Cytotoxicity on Concentration of Montmorillonite Nanoplates
with Adsorbed Cytochrome c. Pharmaceutics Vol. 15 Issue 2 pp. 386 (2023).

[4] S. H. Hristova, A. M. Zhivkov, Intermolecular Electrostatic Interactions in Cytochrome ¢
Protein Monolayer on Montmorillonite Alumosilicate Surface: A Positive Cooperative
Effect, International Journal of Molecular Sciences Vol. 25 Issue 13 pp. 6834 (2024).
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The aim of the present study is to analyze of the molecular mechanisms of interaction
between polymer dendrimers with established bactericidal properties (DAB and DAB-Br) and
model membrane systems of different phospholipids, as well as with lipid extracts from E. coli.
High-informatics modern biophysical methods and models were used: a Langmuir tensiometric
balance to determine the surface characteristics of model monolayers resembling a bacterial
membrane (in static and dynamic conditions) before and after the addition of dendrimers;
Brewster-angle microscope for direct visualization of the surface morphology of the applied
phospholipid monolayers before and after dendrimer testing, investigation of the probability of
formation of thin liquid films by the method of Sheludko and Ekserova, and effects of
dendrimers on the stability of large unilamellar and giant unilamellar liposomes.

By peripheral modification of first-generation polypropyleneamine dendrimers, two
second-generation photoactive dendrimers containing 4-dimethylamino-1,8-naphthalimide
(DAB) and 3-bromo-4-dimethylamino-1,8-naphthalimide (DAB-Br) were obtained. Several
phospholipids were used to form monolayers similar in composition to the bacterial membrane:
palmitoleylphosphatidylethanolamine (POPE), palmitoleylphosphatidylcholine (POPC) and
palmioleylphosphatidylglycerol (POPG), as well as a lipid extract with a certain phospholipid
composition from E.coli.

The obtained results show that the tested dendrimers destabilize the formed model lipid
monolayers, thin liquid films and liposomes, with the strongest effect detected in the POPG
model membranes. In addition, the lower molecular weight Dab was found to stabilize model
membranes at low concentrations, and at higher concentrations to have a destabilizing effect
and act as a detergent. A similar but less pronounced effect was also observed with Dab-Br.

We expect that in the future the newly synthesized dendrimers will find application in
medical practice as effective antibacterial agents and an alternative to the antibiotics that have
been widely used in recent decades.

Acknowledgments: The research was financed by the Scientific Research Fund of the Ministry

of Education and Science - project No. KII-06-H15/51 of 19.11.2021 and project 80-10-86 /
11.4.2024 of the Scientific Research Fund, Sofia University “St. Kliment Ohridski".

174

B3aumMopaeiicTBue Ha AeHAPUMeEPH € J0KA3aHU OAKTepUUHAHU
CBOICTBA ¢ MOACJIHH JUIUIHU MeMOPAaHHH CHUCTEMH

Anbena Hopoanosa*!, Acs Ilanosa’, Hean Munxos', Emunus Cmoumenosa’,
Buwna Cmosnosa’, Xpucmuna Ilemxoea?, Pycuna Xaszapocosa’,
Anenus Kocmaounosea’, I'ans Cmanesa’, Heo Ipabues’
IMeouyuncku gpaxynmem na CY,,Ce. Kn. Oxpuocku”, Bvreapus
2Hnucmumym no usuxoxumus, BAH, Bvieapus
SUncmumym no 6uogusuxa u buomeduyuncko undxcenepcmeo, BAH, Bvazapus
* albenagj@uni-sofia.bg

IlenTa Ha H3CIIEIBAHETO € J1a CE HAIIPABH JCTAMJICH aHAIN3 Ha MOJICKYJIHUTE MEXaHU3MU
Ha B3aMMOJICHCTBHE MKy MOJMMEPHH JICHIPHMEPH C YCTAHOBEHH OaKTEPHIMAHK CBOMCTBA
(DAB u DAB-Br) u MoaenHu MeMOpaHHU CUCTEMH OT pasiudHu (poconunuan, KakTo U ¢
JMIHAHM eKCTpakTH oT E. coli. M3mon3BaHM  ca BHCOKOMH(OPMATHHU CHBPEMEHHU
6MOGM3NYHN METOJM M MOJENM: TCH3MOMETpPUYHA Be3Ha Ha Langmuir 3a OlpeneisHe Ha
HOBBPXHOCTHUTE XapaKTEPUCTHKU Ha MOJACIHUTE MOHOCIIOEBE, HANOJO0OABAIY OaKTepHuaiHa
MeMOpaHa (B CTaTHYHH U B JHHAMHYHH YCIIOBHs) TIPEAU U ciiel 100aBsHe Ha ACHIPUMEpH;
BprocTep-briioB MHKPOCKOIT 38 JUPEKTHA BH3yaln3alys Ha MOBbPXHOCTHATA MOP(OJIOrHs Ha
HaHeceHHTe (HOCHOIUNUIHA MOHOCIOCBE IPEIH U CIIeA 00aBsHE Ha TECTBAHHUTE ACHIPHMEDH,
W3CJIe/IBaHE HAa BEPOSTHOCTTA 3a pOpMHUpaHe Ha THHKH TeuHH (GuiimMu upe3 Metosa Ha [llenyaxo
u ExkcepoBa, kakto Hu e(eKThT Ha [ICHIPHUMEPHUTE BBPXY CTAaOHJIHOCTTa Ha TOJEMH
YHUJIAMENApHU U TUTaHTCKU YHUJIAMENIApHHU JHUII030MHU.

Upe3 mnepudepHa MoauduKalys Ha IIBPBO IOKOJICHHE MOJUIIPONHICHAMHUHHA
JICHIPUMEPH Ca MOJNY4eHH /iBa POTOAKTHBHU ACHAPUMEpPA OT BTOPO MOKOJICHHE, ChBPIKAIIN
4- mumerunamuHo-1,8-Hadramumung (DAB) u 3-Opomo-4-muMerninaMuHo-1,8-HadTammmug
(DAB-Br). 3a ¢opmupaHe Ha MOHOCIOEBE, HamoJO0sSBaIIM IO CHCTaB OakTepHalHATa
MeMOpaHa ca M3MOJ3BaHH HAKOJKO (ochonmnuaa: nammuToneomnpochaTranieTaHoIaMuH
(POPE), nanmuroneomn docharumunxonud (POPC) u manmuoneonndochaTuamirannepost
(POPG), kaKTo 1 JUITHJCH EKCTPAKT C ompeseneH GpocdonumnuaeH cheras ot E.coli.

IMosny4yeHuTe pe3yiTaTH IOKa3BaT, 4Ye TECTBAHWTE JCHAPUMEPH JeCTaOWIM3Upar
(hopMHpaHUTE MOJIEIHHU JIUITHIHH MOHOCJIOEBE, ThHKH TEYHU (DUIIMHU M JIMIIO30MHU, KaTo Haii-
cuinieH eekt e nerekrupad npu POPG monenanTe MmemOpanu. B nombinHeHne € yCTaHOBEHO,
4Ye MO-HUCKOMOJICKYJIHHAT Dab mNpH HHCKM KOHLEHTPAlUH CTa0WIM3Hpa MOJCTHHTE
MeMOpaHH, a HpH I0-BHCOKH MMa AecTabuiusmpaiy epeKkT W [eHCTBa Karo [CTePreHT.
IMomo6eH, Ho mo-cabo u3paseH edekt, ce Hadmonasa u npu Dab-Br.

OuakBame B Objelle HOBOCHHTE3MPAHHTE NCHIPHUMEPH Ja HaMepsT MPUIIOKEHHE B
ME/IMIIMHCKATa MPaKTHKa KaTo e(eKTHBHH aHTHOAKTEPHAHH CPEICTBA M alTepHATHBA Ha
MOBCEMECTHO M3ION3aHUTE B MOCICAHHUTE AECETUIIETHSI aHTHOMOTHIIH.

Baaropapuocru: M3caedsanemo e punancupano om @ouo ,, Hayunu uzcneosanus’ na MOH
— npoexm Ne KI1-06-H15/51 om 19.11.2021 2. u npoexm 80-10-86 / 11.4.2024 na @ono
Hayunu uzcneosanus, CY ,, Ce. Knumenm Oxpudcku “.
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Chitosan-based nanomaterials (CS NMs) possess unique properties and excellent
biocompatibility, making them valuable materials in contemporary nano biomedicine. They can be utilized
to develop effective drug delivery systems, anticancer agents, and vaccines. To comprehensively evaluate
their biological activities and potential applications, an examination of their interactions with plasma
membranes is essential as they are the first target of the action of exogenous molecules.

Cell membranes are inherently heterogeneous under physiological conditions, characterized by
two distinct lipid phases: liquid-ordered (Lo) and liquid-disordered (Lq). The coexistence of these phases is
crucial for maintaining the structural and functional aspects of the membrane, including its integrity,
permeability, metabolism, cell signaling, and overall cell function.

This study aims to investigate the interactions of newly synthesized CS-based hybrid
nanomaterials (CS hybrid NMs) combined with inorganic
oxides — ZnO, CuO, and SiO», with synthetic models of
cell membranes that mimic the cell membrane phase R
heterogeneity. Two types of membrane models were
employed — Large Unilamellar Vesicles (LUVs) and |
Giant Unilamellar Vesicles (GUVs), representing the La,
Lo phases, and the Ld/Lo phase coexistence. The results
revealed that the CS hybrid NMs could alter the surface
charge and mean vesicle size of the LUVs and increase the
membrane order around the glycerol backbone of the lipids. The biggest quantitative changes were detected
in the highly-fluid Lq phase and the smallest in the raft-like Lophase. Furthermore, CS hybrid NMs induced
a specific set of morphological transformations in homogeneous GUVs in the La phase and heterogeneous
GUVs exhibiting Lo/Ld phase coexistence, including vesicle adhesion, fusion, and shrinkage.

This work elucidates the physicochemical interactions between CS hybrid NMs and model
membranes that mimic plasma membrane heterogeneity. The findings in this study significantly enrich our
understanding of how nanomaterials interact with membranes and provide valuable insight for their future
applications in nano biomedicine.
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XuT03aH-0a3UpaHN XHOPH/IHM HAHOMATEPHAIU:

B3anmoneiicTBue ¢ OnoMuUMeTHYHN MeEMOpPaHU
Hasina Benkosa', Anenua Kocmaounoea!, Pycuna Xasapocoed!,
Becena Hopoanosa', Xuwam Emuori?, Tans Cmanesa’

! Hncmumym no 6uogusua u GuoMeouyuHcKo UHICEHepCmeo,
Buneapcera akademus na naykume, Cogus,, buneapus
°[enmpanta Aa6opamopus No HAHOMEXHONOUU U MOOEDHU MAMEPUATY,
Llenmwp 3a cenckocmonarncku uscneosanus, 1 usa, Eeunem

XuTo3aH-0a3upaHITe HAHOMATEPHAIIH CE OTKPOSIBAT ChC CBOMTE YHUKAIHH CBOWCTBA M OT/IMYHA
OGHOCHBMECTHMOCT, KOETO TH MPABH IIEHHH MaTepHaIi B ChBpeMeHHaTa HaHo OnomeuimHa. Te morar
[J1a ObJaT M3M0JI3BaHH B pa3paboTKara Ha e(heKTHBHU CHCTEMH 32 JOCTABSHE Ha JICKApCTBA, aHTUPAKOBU
areHTH M BaKCHHH. 3a ISUIOCTHA OLICHKA Ha TAXHATA aKTUBHOCT M O'bJICIIH TPUJIOXKEHHS, H3CIIC/IBaHe Ha
B3aUMOJICIICTBUATA UM C KJICTHYHHMTE MEMOpPaHH € ECCHLMAIHO, Thil KaTO T¢ Ca ITHPBHSI TapreT 3a
€K30rCHHH MOJICKYJIH.

Krerpunnre MeMOpaHH O CBOSITA CHIHOCT €4 XETEPOTEHHU IO/ (PU3UOJIOTUYHH YCIIOBHS,
XapaKTepU3UpaIIY Ce ¢ BE OTACIHH JMIMIHU (a3 — TeqHo-HenoapeneHa (liquid-disordered - Lq) 1
teuro-ioapeneHa (liquid-ordered - Lo) ¢a3u. CrBMECTHOTO ChIIIECTBYBaHE Ha T€3H (hasu FMa MHOTO
BOXHA CTPYKTypHa M (DYHKIMOHATHA 3HAYMMOCT 32 MEMOpaHWTE, ThH KaTo Ompenesst HEeHHHS
TepMEaOIITHTET, HHTCTPUTET, METAOOTH3bM U PE/IUIIA KICTHYHH (HYHKIIHH.

ToBa mpoyuBaHe IleMM Ja ce H3ciuensa

B3aUMOJICICTBUSATA MKy HOBOCHHTE3HPAHH XHTO3aH- "
0a3upaHy XUOPUIHH HAHOMATEPUATH, KOMOMHUPAHH L e ar
Heopraamuny  okewmu (CuO, ZnO u Si0»), cbe w

CHHTETHYHU MOIENY Ha KIIETHYHUTE MEMOpaHH, KOUTO |
AMUTHAPAT (a3oBaTa XETePOreHHOCT. M3momBanu ca
J1BA THTIa MEMOpPaHHH MOJIEIH — TOJIEMH YHIUIAMENIApPHA
Beaukym  (LUVS) M TWraHTCKu — yHHJIaMeNIapHH
Besukymu (GUVs). Tpu Trmna 6ucriost Osixa U3CIeIBaHH
- B Ly, Lo daza u B Lo/Lo (a30Bo Ko-ChIlleCTBYBaHE. Y CTaHOBH ce, ue X T XI/IGpPIJ:[HI/ITf: HM npomenst
TOBBPXHOCTHWSI 3apsi/] M CPEIHMS BE3UKYJIeH pa3Mep Ha MonenmHute LUVs u yBenmar MoseKyHara
MOZIPEIEHOCT Ha HUBOTO HA IVIMLIEPUHOBHS CKENET HA JIMIHAHWTE MoyeKkynmu. Hait-ronemure
KOJIIYECTBEHH MPOMEHH OsTXa YCTaHOBEHH TpH BUCOKO-(ynmHaTa La (haza, mokaro Hail-Maikure — B
pacr-niomobHara Lo daza. Criro Taka, XT xubprmaure HM mayrmpaxa crierpduaar MOpgOIOrudHA
Tparcdopmarmy B xomoreHHr GUVs B Ld ¢aza u xereporerrn GUVs BB (hazoBo Ld/Lo cbBMecTHO
chlnecTByBane. TpaHchopMalmiTe BKIIFOYBaXa a/IXe3Hs, CIMBAHE HA BE3UKYITHITE, CBIBAHE.
W3cnenpanmsiTa M3SICHSBAT CIOXKHUTE (DM3MKOXMMHYHH B3anMonercTeus Mexay X1 HM u
MOJIEITHU CHCTEMH, KOUTO UMUTHPAT (pa3oBaTa XeTePOreHHOCT B KIIeTbUHUTe MeMOpanH. [lomydenure
pesyiraty o0orarsiBaT 3HAYUTENIHO HAIIWTE MO3HAHMS 0 OTHOLICHUE Ha TOBA KAaK HaHOMAaTepHAIUTE
B3aMMOJICHCTBAT B MEMOpaHUTE U TPEIOCTaBST [IEHHA OLCHKA HA TEXHHTE OB/ NPIIOKEHHS B
HaHOOHMOMEIUIINHATA.
Baaropapaoctu: Hscredsanemo e gunancupano om Pono ,, Hayunu uscnedsanus* (KI1-06-N58/6-2021 u KI1-06-
H77/13-2023). /Ib 6nacodapu na Owvreapckomo Munucmepemeo na obpaszosanuemo u Haykama, Hayuonamna
npogpama 3a HayuHu usciedsanust ,, Muaou yuenu u ookmoparmu — 2, Mooyn ,,Muaou yuenu " 3a punarcosama
nodkpena Ha HelHus NpoeKkm, 03a2l1a6eH ,,EMOHOZMVH(J AKMUBHOCHT HA HAHOMAMEPUAIU Ha OCHO6ama Ha Xumosawn ¢
nomeHyuan 3a GUOMEOUYUHA U AZPOOUOTIOCUHHI HPUTIOCEHU "
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Biogenic iron oxides and sheath structures from Leptothrix sp.
for application in nanotechnology, biotechnology and biomedicine

Ralitsa Angelova’, Lyubomir Slavov?, Tatyana Koutzarova®, Kiril Krezhov?, Chavdar
Ghelev?, Blagoy BlagoeV’, Ralitza Ilieva’, Mihail Iliev?, Veneta Groudeva’, Daniela
Kovacheva®, Svetlana Veleva®, Ivo Safarik’, Jitka Prochazkova’, Eva Baldikova’, Zdenka
Maderova’, Kristyna Pospiskova®, Ivan Nedkov’
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3Institute of Solid State Physics, BAS, Sofia, Bulgaria
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SInstitute of General and Inorganic Chemistry, BAS, Sofia
®Institute of Electrochemistry and Energy Systems, BAS, Sofia
’Biology Centre, CAS, Ceske Budejovice, Czech Republic
8Palacky University, Olomouc, Czech Republic

Our work was focused on studying the products derived from the metabolism of
Leptothrix bacteria at neutral pH. The products are nanostructured biogenic iron oxides and
hydroxides on the bacterial surface in specific structures called sheaths. Cultivation of the
bacteria was carried out in different nutrient media. In the SIGP medium our studies showed a
lack of significant differences between the naturally obtained and the artificially synthesized
biogenic sheaths. Different physical methods (XRD, PPMS, SEM, TEM) showed the biogenic
products size, diameter, composition and magnetic behavior. Magnetically modified Leptothrix
sheaths are promising high aspect ratio material. Such types of biomaterials enable to prepare
a hopeful material for advanced biotechnology and environmental technology applications. The
biogenic products are unique because they are biocompatible, have specific electromagnetic
properties and can be potential candidates for various applications in the nanotechnology,
biotechnology and biomedicine, such as novel industrially functional materials for electronics,
biosensors, catalysts, adsorbents, pigments, ferrofluids, super capacitors and others.

Acknowledgements: This work was supported by the Bulgarian National Science Fund, DID
02/38/09, T 02/17/2014, KP-06-N58/6/2021; a research project in support of PhD students at
Sofia University #165/04/2014; a project supported by the Bulgarian Ministry of Education
and Science, National Research Program “Young scientists and postdoctoral students”
approved by DCM #577/17.08.2018; Erasmus practice in the Biology Centre, Czech Academy
of Sciences, Ceske Budejovice (2015-2016) and COST action CA23132 Magnetic Particle
Imaging for next-generation theranostics and medical research (NexMPI).
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BuoreHHu Kejae3HN OKCUAU U KATb(PHU CTPYKTYpPH
ot Leptothrix sp. 3a IpuJio:keHne B HAHOTEXHOJIOTHUTE, OMOTEXHOJIOTHUNTE U
ouMoMeIMIIMHATA

anuya Aneenoea’, Jlrobomup Cnasos’, Tamsana aposa’, Kupun Kpesicos?, Yasoq,
P A 1, JTob. C 2, T K 2, Ki K 2, Yago
Teneé?, Baazoii brazoes’, Panuya Unuesa?, Muxaun Unues®, Benema I pydeea", Jlanuena
Kosauesa®, Ceemaana Benesa®, Heo Cagapux’, Esa banoukoea’, 30enka Madeposa’, Umka
Ipoxasxoea’, Kpucmuna Iocnuwxosa®, Hsan Heokoe’
Unemumym no 6uogusuxa u 6uomeduyuncko unsicenepcmeo, BAH, Bvneapus
2Uncmumym no enexmponuxa, BAH, Bvreapus
3SUncmumym no gusuxa na mewpoomo msno, BAH, Bvneapus
YCogpuiicku ynusepcumem ,, Ce. Knumenm Oxpuocku “, Bvreapus
SUncmumym no obwa u neopeanuuna xumus, GAH, Bvreapus
*Hncmumym no enexmpoxumus u enepeutiny cucmemu, BAH, Bvreapus
’Buonozuuen yenmvp, YAH, Yecke Byoeiiosuye, Yexus
$anayxu ynueepcumem, Onomoyy, Yexus

Paborara Hu Oeme (oxycupaHa BbpPXy H3y4aBaHETO HA MPOAYKTUTE, MOIYyYCHH OT
MeTabonm3Ma Ha Oaktepuu oT pox Leptothrix mpu HeyTpanHo pH. [omyuernuTe nponyKkTuTe ca
HAHOCTPYKTYpUpaHN OHOTEHHH J>KEJEe3HH OKCHAW M XHIPOKCHAW BBPXYy OaKTepHanHara
MOBBPXHOCT B CHENU(DHUIHU CTPYKTYpH, HapeueHH Kanb(u. KynrtuBupanero Ha Oakrepunrte
Oerre M3BHPLIEHO B Pa3IMYHM XpaHUTENHH cpend. B cpema SIGP HammTe m3cnensaHus He
MOKa3axa 3HAYMTEITHN Pa3JIMKNA MEXIy €CTECTBEHO IOIyYSHHUTE U U3KYCTBEHO CHHTE3UPAHUTE
OuoreHHn oOBuMBKM. Pazmmunm ¢usnunm meromu (XRD, PPMS, SEM, TEM) mnokazaxa
pa3mMepa, TMaMeTbpa, ChCTaBa ¥ MAarHUTHOTO MOBECHNE HAa ONOTEHHUTE MPOIYKTH. MarHUTHO
MoOIUpHUINpaHUTe Kalb(QHU CTPYKTYpH OT Leptothrix sp. ca obOemasail MaTepuall ¢ BHCOKO
MOBBPXHOCTHO CHOTHOIIEHHE. TakbB THI OHOMAaTepHand MO3BOJIABAT IIOJNyYaBAaHETO Ha
HaJeXKJICH MaTephan 3a HalpeJHand OHWOTEeXHOJNOTWYHH W EKOJOTHYHH IPUIIOKEHHS.
BroreHnnTe mNpPOAYKTH ca YHHKAIHH, 3aI[0TO ca OHOCHBMECTHMHM, HMaT CHEHU(PHIHU
€JISKTPOMAarHUTHH CBOMCTBa M Morar Ja ObJaT MOTEHIMAIHW KaHIUIATH 3a pa3iIHIHU
NPWIOXKEHHUsT B HAHOTEXHOJIOTMUTE, OMOTEXHOJIOTHUTE ¥ OMOMEIUIMHATA, HAlpUMep HOBU
WHIYCTpHATHO (DYHKIIMOHAIHM MaTepHaly 3a eleKTPOHHKaTa, OMOCEH30pH, KaTalU3aTOpH,
aJIcopOeHTH, MUTMEHTH, (epodIIyrii, CyIepKOHACH3aTOPH U IPYTH.

Baaropapuoctu: Pa6omama e uzgopuieHa ¢ nookpenama Ha npoekmu, QUHAHCUPAHU Om
Dono ,, Hayunu uscneosanus* - J[M102/38/09, T02/17/2014, KII-06-N58/6/2021 2.; npoexm 6
nooxkpena na ooxkmopanwmume om CV ,, Ce. Kn. Oxpuocku® Nel65/04/2014 o.; npoexm,
@unancupan om MOH no Hayuonannama npoepama 3a Hayunu uzcieosanus ,, Maaou yuenu u
dokmopaumu” ¢ nomep DCM #577/17.08.2018; Ilpaxmuka no npocpama Epasvm 6
Buonozuueckus yenmvp kom Yewxama axademus na naykume, Yecxe Byoetiosuye u COST
action CA23132 “Magnetic Particle Imaging for next-generation theranostics and medical
research (NexMPI).
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Resveratrol differentially affects the membrane lipid order and
organization in monounsaturated and polyunsaturated
phosphatidylcholine-containing biomimetic membranes
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Reactive oxygen species (ROS) are produced continuously during normal physiological
processes. However, ROS can damage important biomolecules, such as lipids, above
physiological concentrations, leading to various diseases. The plant-derived antioxidant
compounds, for example, the fat-soluble polyphenol resveratrol (trans-3,5,4'-trihydrostilbene,
Resv) protect the body from damaged molecules. Because the plasma membrane is the first
target of exogenous bioactive compounds, we focused our attention on the influence of Resv
on lipid order and raft-like domain formation (sphingomyelin (SM) and cholesterol (Ch)-
enriched domains) in a biomimetic ternary mixture of palmitoyl-docosahexaenoyl
phosphatidylcholine (PDPC) or palmitoyl-oleoyl phosphatidylcholine (POPC), SM and Ch.
POPC and PDPC differ in the degree of fatty acid unsaturation at the sn-2 position of
phosphatidylcholine (PC). The interaction of Resv with monounsaturated POPC mixtures
caused only an increase in the lipid ordering as a function of Resv amount. However, in the
polyunsaturated PC-containing mixture Resv exhibits a bimodal effect depending on its
concentration. Since Resv changes the physicochemical properties of the lipid bilayer in
different ways, one might suggest that the interaction of polyphenol with the membrane bilayer
depends on the level of fatty acid unsaturation. This specific effect of Resv on lipid organization
could impact its unique properties to prevent the cell from oxidative stress.

Acknowledgements: This work was supported by grant from the Bulgarian Fund for Scientific
Research (KP-06-N77/13-2023 and KP-06-N58/6-2021) and Bulgarian Ministry of Education
and Science (,,Scientific Infrastructure on Cell Technologies in Biomedicine“ — D01-361/2023
and ,, National Centre for Biomedical Photonics* - D01-352/2023, part of Bulgarian National
Roadmap for Scientific Infrastructures.
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Pe3BepaTrpoasT noBiusiBa 1udepeHIupPaHo JUNHTHATA
NOJPeAeHOCT M OPraHu3alusi B MOHOHEHACUTEHHU U
NOJMHEeHAacuTeH! (PpochaTHINIX0IHH-CHAbPKALIU

OMoMHMeTHYHH MeMOpaHH
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PeaktuBHuTe KMcrnopomHu BuaoBe (ROS) ce mpomsBexxpaT HENpeKbCHATO IIpU
HopMasHH (usuosiornyny nponecu. Hax ¢usnonornynn koHnenTpanun, obaye, ROS morar
Jla YBpeAAT BaKHH OHMOMOJIEKYNIH KaTo JIMMUAWUTE, KOETO BOJIH IO PAa3IMIHM 3a00JIIBAHUSL.
AHTHOKCHJAHTUTE C PACTUTETIECH IPOM3XOA, KAaTO MAaCTHOPA3TBOPHMOTO HONU(EHOIHO
CheMHEHHE pe3Beparpos (trans-3,5,4'-trihydrostilbene, Resv), mpenmmasBar Ts;0TO OT
yBpeneHuTe Monekynu. Twil kaTo miIasMeHaTa MeMOpaHa € ITbpBaTa MHUIICHA HA €K30T€HHU
OMOaKTHBHH CBHEJMHEHUs, HUE HACOYMXME BHUMAHHMETO CH KBM H3SICHSABAHE BIMSHUETO Ha
Resv BbpXy nmnuaHaTta nmoapeneHocT u (opMHUpaHETO Ha JOMEHH OT BUJA ,, rafts “ (ToMeHH B
MeMOpaHnara, oborareHn Ha chunromuenu (SM) u xonecrepon (Ch)) B GHOMHUMETHYHHU
TPUKOMIIOHEHTHH BE3HMKYJIH, CbCTaBEeHHU OT MAIIMHTOMII-JIOKO3aXeKcaeHOI (pochaTniniIx ot
(PDPC) nmm nanmurounn-oneonn ¢ocparnamixomun (POPC), SM u Ch. POPC u PDPC ce
pa3nudaBaT B CTEMNEHTa HA HEHACHTEHOCT HA MAacTHATa KHCEIMHA HpH sn-2 TO3UIUS Ha
dbocharumunxommn (PC). BzammopeiictBuero Ha mommdeHonra ¢ MoHOHeHacuTeHata PC-
CBIBpIKAIIA CMEC IIPEJU3BUKBA CaMO MOBHIIIABaHE HA JIMIUJHATA TOJPEICHOCT U YBEINIaBaHE
Ha padt ¢pakmusTa Karo QyHKIUS Ha KOHIEHTpanuara Ha Resv. B monmnenacurenara PC-
chIbppxkaia cMmec, obade, Resv mposiBaBa OumopaneH e(ekT B 3aBUCHMOCT OT HeroBara
KOHIeHTpauus. Tl kaTo Resv npoMeHst GH3MKOXMMHUYHHUTE CBOWCTBA HA JIMITHIHUS OHCIION
MO pa3IMyeH HAuMH, MOXE Ja Ce NPEAIOJIOXKH, Y€ B3aMMOJCHCTBUETO Ha IMOJH(EHOTa C
MeMOpaHHHsI OMCIION 3aBHCH OT CTENEHTa Ha HEHACHUTEHOCT Ha MacTHaTa KHCelauHa. To3u
ceru¢uyueH epekT Ha Resv BbpXy opraHM3anusATa Ha JHMIHIUTE MOXKE Jla OKaXKe BIMSHHE
BBPXY HETOBHTE YHUKAIHHU CBOICTBA 3a IIpeANa3BaHe Ha KJIETKAaTa OT OKCHIATHBEH CTPEC.

Baaropapuocru: @ono ,, Hayunu uzcneosanus” (KI1-06-H77/13-2023 u KI1-06-H58/6-2021)
u MOH (,, Hayuna ungppacmpykmypa no kiemvunu mexuonozuu 6 6uomeouyunama” (O1-
361/2023) u “Hayuonanen yewmvp no 6uomeouyuncka Gomonuxa” (JO1-352/2023),
HIIKHU 2020-20272.).
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Effect of biologically active oxidized lipids on the structural organization and
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Most lipids in cell membranes contain unsaturated chains, contributing to their high fluidity.
Polyunsaturated fatty acids, however, are highly susceptible to oxidative modification by reactive
oxygen species. There is now increasing evidence that lipid peroxidation results in the formation of
oxidized lipids in inflammatory and autoimmune diseases such as atherosclerosis and
neurodegenerative diseases, including Alzheimer's disease, Parkinson's disease, multiple sclerosis,
etc.

To establish the connection between lipid peroxidation and the pathological conditions,
studies are being done on its effects on the properties of biological membranes, since lipid oxidation
affects almost all membrane-associated interactions and cellular processes. Therefore, one of our
tasks was to study the effect of two of the most physiologically active oxidized lipids POVPC (1-
palmitoyl-2-(5'-oxo-valeroyl)-sn-glycero-3-phosphatidylcholine) and PGPC (1-palmitoyl-2-
glutaryl-sn-glycero-3 phosphatidylcholine) on the structural organization of the lipid bilayer of
biomimetic systems, including in its composition phosphatidylcholine (PC) molecules with different
degree of fatty acid unsaturation at sn-2 position: the monounsaturated lipid POPC (1-palmitoyl-2-
oleoyl-sn-glycero-3 phosphatidylcholine) containing oleic acid (OA, 18:1) or the polyunsaturated
lipid PDPC (1-palmitoyl-2-docosahexaenoyl-sn-glycero-3 phosphatidylcholine), containing docosa-
hexaenoic acid (DHA, 22:6 ®-3). Particularly interesting is the role of DHA, which as a highly
polyunsaturated fatty acid is both a target of oxidative stress and exhibits antioxidant properties.
Among the numerous inflammatory biomarkers for oxidative stress-related pathologies are secretory
phospholipases (sPLAxs). They are implicated in regulating inflammation and immune response. In
this regard, our second primary task was to assess the sPLA: activity on PC-containing membranes.
The obtained results show that the protocol for the formation of model systems composed of
polyunsaturated and oxidized glycerophospholipids is extremely important in studying the
membrane structural organization and the sPLA> activity.

Acknowledgments: The scientific research is supported by: KP-06-N58/6-2021 and KP-06-
N77/13-2023 from the National Science Fund, and D01-352/2023 and DO1-361/2023 part of the
National Roadmap for Scientific Infrastructures 2020-2027.
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Biiusinue Ha OMOJIOTHYHO AKTUBHM OKHMCJIEHH JIMIIMIU BbPXY CTPYKTYpHATA
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Dpanyus
*Mamepus u komnnexchu cucmemu (MSC), CNRS UMR 7057, Yuusepcumem Hapuxc-VII: Jlenu
Huopo, Hapusic, Ppanyus

ToBeueTo MUNUIH B KIETHYHUTE MEMOPaHH ChIBPIKAT HEHACHTCHH BEPUTH, JOTIPHHACS KA
3a BUCOKUs uM (prryumuter. [lonHHeHaCHTeHITE MACTHU KHCEITHHH, 00ade, ca CHIHO MOJATINBU Ha
OKHCITUTEITHO MOIU(HUIMPaHe OT PeaKTUBHU KuCIopoaHu Gopmi. [oHacTosIIeM nMa BCe ToBede
JIOKa3aTeNICTBa, Ye B PE3yJTaT Ha JIMIIMAHA NEPOKCHAALHS ce 00pa3yBaT OKWCIICHH JIUITHAN HPH
BE3MAIMTENHA M aBTOMMYHHHM 3a00JSIBaHMSI KaTo aTepocKiepo3a, HEBpOJereHepaTHBHU
3a00JsIBaHys1, BKIIOUUTENHO OoyiectTa Ha Ajxaiimep, Oonecrra Ha [TapKkHHCOH, MHOXKECTBEHA
CKJIepO3a | JIp. 3a OCBILECTBSIBAHE HA BPB3KaTa MEX/y JUIUIHATA IEPOKCUIAINS ¥ CIIOMCHATHTE
MATOJIOTUYHU CBHCTOSIHKSI CE TPaBAT MOpoydyBaHHs 3a e(peKkTuTe M BbPXy CBOMCTBara Ha
OUONOrHYHNUTE MEMOPAHH, Thif KATO OKHCIISIBAHETO HA JIMITHIUTE 3aCSTa TOYTH BCHYKH MEMOPaHHO-
CBBP3aHH B3aUMOJICHCTBHUS M KJIETHYHH IPOIIECH. 3aTOBa eHA OT 3a3Ja4nTe HU € W3CIeBaHe Ha
edekTa Ha Ba OT HAH-(PH3UONOrUYHO akTUBHUTE okucieHn i POVPC (1-mamvutom-2-(5'-
OKCO-BaJIepom)-sn-riuiiepo-3-pocharumuixomud) u  PGPC  (1-manmMutonn-2-riiyTapui-sni-
runepo-3  GochaTHANIXONMH) BBPXY CTPYKTYpHATa OpraHM3alds Ha JIMIUIHUS OWCION Ha
MOJICITHM CHCTEMH, BKITFOUBAIl B ChcTaBa cu (ocharummmxomutoru (PC) Monekysm ¢ pa3inyHa
CTETNEH Ha HEHACUTEHOCT Ha MacTHATa KHUCeIHHA B sn-2 TIO3UIIMS: MOHOHeHacuTeHust unua POPC
(1-manmMuTOmII-2-01e0MIT-s7-TIHIEePO-3 GochaTHANIXONNH), ChIbprKal] oJerHOBa kicemarnHa (OA,
18:1) wm mnomreHacutennss PDPC  (l-mamvuromi-2  10KO3aXeKCaCHOMII-SH-TIUIIEPO-3
(ocharnmunxomH), chabpKam goko3axekcaeHoBa kucemmHa (DHA, 22:6 ®-3). OcoGeHo
uHTepecHa € poiara Ha DHA, koATO KaTo CHJIHO TNOJMHEHACHUTeHAa MacTHa KHCEIWHA €
€ITHOBPEMEHHO M MUIIICHA Ha OKCHUIATHBEH CTPEC, U MpPOSBSIBa aHTHOKCUIAHTHH CBOMcTBa. Cpen
MHOTOOPOMHHTE BH3NAIUTENHN OMOMapKepH 3a NMaTOJIOTUH, CBbP3aHH C OKCHIATHBHUS CTpec, ca
cekpetoprute Gochomunazu (SPLA2s). Te ydacTBaT B peryMpaHeTo Ha BB3MAICHHETO U UMYHHUS
OTroBOp. 3aToBa Jpyrara HU OCHOBHA 3ajiadya € OlleHKa Ha akTuBHOcTTa Ha SPLA: BBpXY PC-
chappkamy MemOpanu. IlomydeHnte pe3ynraTé MOKa3BaT, 4e MPOTOKOIBT 3a (opMmupaHe Ha
MOJIEJIHA CHCTEMH, CHCTABEHH OT MOJIMHEHACHTEHH M OKHMCIIeHH rimnepodochommnmmy, e ot
M3KJTIOYHUTENHO BAOXKHO 3HAYCHHE NPU M3CJIE/BAHE HA MeMOpaHHATA CTPYKTYpHA OpraHHU3alys u
aKTUBHOCTTA Ha SPLA..

Baaropapuoctu: Hayunomo uszcnedsane e ¢unarncoso nookpeneno om cieonume npoekmu: KII-
06-H58/6-2021 u KII-06-H77/13-2023, @ono ,, Hayunu uscredsanua” u JJ01-352/2023 u JOI-
361/2023 om Hayuonannama nemna kapma 3a nayuna ungppacmpyxmypa 2020-2027 e.
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Effects of Conventional Cytostatics and Plant Extracts
on the Cell Membrane in a Breast Cancer Model

Aleksandrina Nesheva!, Ivan Illiev’, Iana Tsoneva!, Albena Momchilova,
Aneliya Kostadinova', Biliana Nikolova!, Galya Staneva'
!nstitute of Biophysics and Biomedical Engineering,
Bulgarian Academy of Sciences, Sofia, Bulgaria
2Institute of Experimental Morphology, Pathology and Anthropology with Museum, Bulgarian
Academy of Sciences, Sofia, Bulgaria

This study explores the effects of Iscador Qu and Iscador M on phototoxicity, cytotoxicity,
antiproliferative activity, zeta potential, membrane lipid order, actin cytoskeleton organization, and cell
migration in three breast cancer cell lines with different metastatic potentials: MCF10A (non-
tumorigenic control), MCF-7 (low metastatic), and MDA-MB-231 (high metastatic).A key focus was
on alterations in membrane lipid order, a critical factor influencing cell membrane fluidity and function.
Neither Iscador Qu nor M showed phototoxic effects. The antiproliferative impact of Iscador was dose-
dependent, correlating with the metastatic potential of the cell lines. A higher selectivity index was
observed for Iscador Qu and M towards the low metastatic MCF-7 cells compared to the highly
metastatic MDA-MB-231 cells, with Iscador Qu showing greater selectivity than Iscador M.

Significant alterations in membrane lipid order were observed, particularly in MCF-7 cell line,
suggesting that Iscador may disrupt lipid packing and membrane stability, influencing cellular response.
This disruption was less prominent in MDA-MB-231 cells, indicating potential differences in
membrane composition between low and high metastatic cells that may affect their sensitivity to
treatment. Both extracts also caused a reduction in actin fibril number and thickness in cancer cells,
regardless of the metastatic potential, and the strongest inhibition of cell migration was observed in
MCF-7 cells.

Both Iscador species induced slight increases in early apoptosis percentages in the MCF-7 and
MDA-MB-231 cells but not in the control MCF10A cells. The alterations in membrane lipid order,
alongside changes in zeta potential, were more pronounced in MCF-7 cells, indicating a differential
impact on membrane properties between low and high metastatic cells. These findings suggest that
Iscador Qu has a higher potential as an antitumor agent, particularly in targeting low metastatic cancer
cell lines like MCF-7.

Acknowledgements: This work was funded by the Bulgarian National Science Fund, Grants KP-06-
H58/6/2021; Bulgarian Ministry of Education and Science projects ,,Scientific Infrastructure on Cell
Technologies in Biomedicine” (SICTB) DOI-361/2023 and ,,National Center for Biomedical
Photonics” DOI1-352/2023, which are part of the Bulgarian National Roadmap for Scientific
Infrastructures 2020-2027. A.N. thanks the Bulgarian Ministry of Education and Science, National
Research Program “Young scientists and postdoctoral students-2", Module ““Young scientists”, for
financial support on her project entitled “Interaction of conventional cytostatics with selected plant
extracts on breast cancer models”.
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Bimsinue Ha KOHBCHIMOHAJIHA HUTOCTATUIU U PACTUTEC/THU EKCTPAKTH BbPXY
KJIeThbYHATA MeMOpaHa B MoJIeJ1 HA PaK HA I'bpPaAaTa
Anexcanopurna Hewesa’, Usan Hnues?, Ana Llonesa’, Anbena Momuunosa’,
Anenusa Kocmaounosa®, bunana Hukonosa’, I'ans Cmanesa’
Hncmuniym no 6uoghusuxa u OuomMeouyuHcKo uHdIceHepcmso, bvieapcka akademust Ha Haykume,
Cogus, Bvacapus
Uncmumym no excnepumenmanta Mop@oaocus, Namono2us U anmpononoaus ¢ myset, bvieapcka
axademus Ha Haykume, Coghust, bvreapus
Tosa m3cnenpane pasriexaa epexrure Ha Iscador Qu u Iscador M BepXy (OTOTOKCHYHOCTTA,
LITOTOKCUYHOCTTA, AHTUIPOJH(EpaTHBHATA AKTHBHOCT, A3eTa MOTEHLMATA, CTENeH Ha JIMIHIHA
MOJIPEICHOCTTa HA MeMOpaHaTa, OpraHU3alKsITa Ha AKTHHA X MATPALIFSITA Ha KJIETKUTE OT TPU KICTHYHH
JIMHUMW Ha paK Ha Tbpyata ¢ pa3iuyeH MetactatiueH noreHmmar: MCF10A (3apasa, kontposna), MCF-7
(auckomeracratiaHa) 1 MDA-MB-231 (Bucokomeractatidta). OCHOBHHAT aKIIGHT Oellle MOCTaBeH
BBpXY NPOMEHHUTE B JIMIIMIHATA TOJPEIECHOCT Ha MeMOpaHaTa — KIOYOB (DakTop, BIMSICI BHEPXY
¢dyHkimATa Ha KieThyHata MemOpana. Huto Iscador Qu, Huto Iscador M mokasaxa (hoTOTOKCHYCH
edexri. AHTHIIpOIM(EpaTHBHATA aKTHBHOCT Ha Iscador € KOHIIEHTpAIMOHHO 3aBHCHMA U KOPENHpa C
METacTaTHYHKSI TIOTEHIMAT Ha KIeThYHHTe JIMHMK. HalroaBana Oerire 1o-BHCOKa CEJIEKTHBHOCT Ha
Iscador Qu m M chpsmo HuckoMeracTarmuHata KieTbuHa JmHMA MCF-7 B cpaBHeHHe
BucokomeracrariaHara MDA-MB-231, karto Iscador Qu nokasa no-Brcoka cesnektiuBHocT ot Iscador M.
3HAUNTENHA TIPOMEHM B TIOAPEACHOCTTAa Ha MeMOpaHata Osixa HaOMFOIABaHW OCOOCHO MpU
kierbyHata s MCF-7, koeto npepmonara, ge Iscador Moske 1a HapyIm akeTHPaHETO Ha JIIHIATE
Y CTaOMITHOCTTa Ha MeMOpaHara, TIOBIHSIBalKY KIIETHYHKSA 0TroBOp. ToBa HapyiieHHe Oeliie mo-caabo
u3pazeHo mpu Kietkure oT i MDA-MB-231, koeto mnoka3sa Bb3MOXKHU Pa3IUKU B JIMITHIHUS
CBCTaB Ha MeMOpaHaTa MeXIy HUCKO- M BICOKOMETACTATHYHUTE KJIETKH, KOUTO MOXKE [ BIMSIIT Ha
YyBCTBUTEITHOCTTA UM KBM TpETHpaHeTo. 1 jBaTa eKcTpakTa Npeau3BHKaxa HaMasiBaHe Ha Opost U
nebenHaTa Ha aKTHHOBHUTE (PUOPIITN B PAKOBUTE KJICTKH, HE3aBUCHMO OT METACTATHYHIS TIOTSHIIMAIL,
KaTo Hali-CIUTHO TIOTHICKaHe Ha MUTpaLysTa Ha KieTkuTe Oerie HabmomasaHo pu MCF-7.
U npara Buna Iscador nHmytmpar ciiabo yBeuaBane Ha MPOLSHTA KIICTKH B PAHHA arionTo3a B
MCF-7 u MDA-MB-231, Ho He u B koHTponHuTe MCF10A rietku. [IpomMeHHTe B JIMNMTHKS penl Ha
MeMOpaHara, 3aeIHO ¢ IIPOMEHHTE B J13eTa MOTEHIHana, Os1xa Mo-mu3paseHu B kieTkute ot jHust MCF-
7, Koero ToKa3Ba JuepeHIMAIHO BB3/ICHCTBIE BEPXY CBOMCTBaTa Ha MeMOpaHaTa MEXIy KIETKH C
HHCBK Y BUCOK MeTacTaTnyeH noreHnuant. Tes3u pesynraty npeanonarar, ge Iscador Qu nma ro-Brcok
MOTEHIMAT KaTo aHTUTYMOPEH areHT, OCOOEHO MpH TapreTUpaHe Ha KICTHYHH JIMHHU C HUCKa
MetactatngHocT kato MCF-7.

Baaropapuoctu: Hayuromo uscnedsatie e nookpeneto guraricoso om Powo ,, Hayunu uzcnedsanus”,
(KM-06-H58/6/2021). Hsnonsean ca eKcnepuMeHmanHu HWiamgopmu om CleoHume Npoexkm,
Qunarcupanu om MOH ,, Scientific Infrastructure on Cell Technologies in Biomedicine* (SICTB) DOI-
3612023 u ,,National Center for Biomedical Photonics* DOI-352/2023, koumo ca uacm om
Hayuonannama kapma 3a nayunu  ungpacmpykmypu 2020-2027. A.H. o6nacooapu na MOH,
Hayuonanna npospama 3a nayunu uscneosanus ,,Mnaou yuenu u dokmopanmu-2", Mooyn ,,Mnaou
yuenu”, 3a uHancoeama NOOKpena HA HeUHusi npoekm, o03a2iaee ,,Bzaumooeiicmsue Ha
KOHBEHYUOHATIHY YUMOCIAMUYY C U30panu pacmumentu eKCmpakmu 8bpxy MOOemu HA paK Hd
evpoama’”.
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Biophysical approaches to reveal the interaction
of Amyloid-p oligomers with human red blood cells

Galya Staneval, Vesela Yordanova', Avgustina Danailova’,
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!Institute of Biophysics and Biomedical Engineering,
Bulgarian Academy of Sciences, Sofia, Bulgaria
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Alzheimer's disease (AD) is characterized by the increased production of amyloid-beta
(AP) peptides associated with elevated concentrations of AP not only in the brain but also in
the blood and peripheral blood cells of affected individuals compared to healthy subjects. This
study aimed to investigate the interaction of AB1-42 peptide with human red blood cells (RBCs)
and erythrocyte ghosts as an in vitro model for AD. By employing a combination of
fluorescence spectroscopy, fluorescence microscopy and electrokinetic measurements, we
demonstrated that Af1-42 binds to RBCs, as evidenced by the use of fluorescent labeled AP1-
42. The results revealed significant alterations to the lipid order and surface charge of the cell
membranes upon interaction with AP. Besides the membrane lipid order increased with the
increase of both the AB1-42 concentration and the incubation time, creating a lipid-protein
microenvironment characterized by higher molecular order and reduced heterogeneity in RBC
membranes compared to control conditions. Notably, the increase in lipid order was less
pronounced in erythrocyte ghosts than in intact RBCs. Furthermore, the C-potential
measurements evidenced that the presence of AB1-42 affected the surface potential of RBCs in
a concentration- and time-dependent manner, with freshly isolated RBCs exhibiting a highly
negative potential that became increasingly negative at higher AB1-42 concentrations. These
findings suggest that AB1-42 not only impacts neuronal function but also significantly alters
the biophysical properties of RBCs that might compromise their function, potentially
contributing to the systemic effects observed in AD.

Acknowledgments: This work was funded by the Bulgarian National Science Fund,

Grants KP-06-H58/6/2021. The authors thank the Bulgarian Ministry of Education and Science
projects ,,Scientific Infrastructure on Cell Technologies in Biomedicine” (SICTB) DOI-

361/2023, and, ,, National Center for Biomedical Photonics” DO1-352/2023, which are part of
the Bulgarian National Roadmap for Scientific Infrastructures 2020—2027.
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Buopu3nyan moaxoam 3a u3cjeABaHe HA B3AaUMOJACHCTBHETO
HA aMHJIOMI-0eTa 0JIMTOMepPH C YOBelIIKH ePUTPOLHTH

T'anst Cmanesa’, Becena Hopoanosa’, Aseycmuna Janaunosa’,
Ana-Mapus Mapunoscka', Anopac Hep?, Cmegxa Tanesa’
THnemumym no 6uogusuxa u 6GUOMEOUYUHCKO UHIICCHEPCMEO,
Bvaneapcka akaoemus na naykume, Cogus, bvazapusa
2Hncmumym no 6uogusuxa, Llenmvp 3a 6uonozuynu uscieosanus,

. . , "
nE6tvos Lorand™ nayuna mpesca, Cezeo, Yneapus

Bonectra Ha AnmxaiiMep ce XapakTepH3upa C IOBUIIEHO ITPOU3BOJCTBO Ha aMIJION-
Ocrta (AP) menTHIH, CBBP3aHO C YBEIUYCHH KOHICHTpallKi Ha A3 He caMO B MO3bKa, HO U B
KpBBTa U nepuepHUTe KPHBHH KIETKU HA 3aCETHATHTE JIMIA B CPABHEHUE ChC 3PaBH XOpa.
Hacrosimoto m3cienBaHe paskpuBa B3auMoAeHcTBHeTO Ha AP1-42 menTun ¢ epuTpOLUTH H
epUTPOIMTHU CEHKH KaTo UH BUTPO Mojen Ha OoiecTra. Upes u3non3BaHe Ha KOMOUHAINS OT
(iryopeclieHTHAa CIIEKTPOCKONHUS,, MHUKPOCKONHS U €IeKTPOKMHETHYHH W3MEpPBaHUS, €
mokaszaHo, uye APB1-42 ce cBbp3Ba ¢ epurporutute. DiayopecnieHTHO Oenszan AP1-42 e
W3IOJI3BAaH 32 BU3yaIHM3allWs Ha B3aUMOJCHCTBHETO MEXIy epurpouutute U AP1-42.
Pesynrarute pa3kpuBaT 3HAYNTEIHH IPOMEHH B JHIHMIHATA MOJPEICHOCT U TIOBBPXHOCTHUS
3apsi] Ha KIEThYHUTE MeMOpaHu Inpu B3aumojelictBue ¢ Af. OcBeH ToBa, JMNUAHATA
MOAPENEHOCT B MeMOpaHaTa ce yBelndYaBa C MOBHIIABAHETO KAKTO HAa KOHIEHTPAIMATAa HA
APB1-42, Taka W Ha BpeMETO Ha WHKyOauus, Ch3JaBalikil JMIHI-OENThYHA MHUKPOCpEna,
XapaKTepH3Hpalla ce C MO-BUCOKA MOJICKYJIHA MOJIPEICHOCT U HaMaJleHA XETEPOTeHHOCT B
MeMOpaHUTEe Ha EPHUTPOLMTUTE B CPaBHEHHE C KOHTPOJHUTE ycioBusi. OcoOeH HHTEpec
npenacTaBisiBa (akThT, Y€ YBEINYABAHETO HA JIMITMIHATA ITOJPEACHOCT € MO-cllabo M3pa3eHo
NPU ePUTPOLUTHUTE CEHKH, OTKOJIKOTO MPH epuTpouuTute. M3MepBanusta Ha (-moTeHIMana
MOKa3BaT, 4e NpHChCcTBHETO Ha AP1-42 Biuse BbPXY NOBBPXHOCTHHUS IOTEHIMAN Ha
EPUTPOLIMTHUTE IO KOHLIEHTPALIMOHHO- M BpeMe-3aBUCHM Ha4YMH, KaTO EPUTPOLIUTHTE TIOKa3BaT
CHJIHO OTpHIIaTe]eH MOTEHINal, KOWTO CTaBa OLIe IO-OTPHUIATENeH C IOBHIIaBaHE Ha
KoHIeHTpanuute Ha AB1-42. Te3nu oTkpuTHA nMpenmnonarat, ye AB1-42 He camo Biusie BBPXY
HEBpPOHHATa (YHKIWS, HO CBIIO TAaKa 3HAYMTENHO MPOMEHs OHO(M3MIHHTE CBOWCTBA Ha
epUTPOINTHTE, KOETO MOXKE Ja KOMIIPOMETHpa TAXHAaTa (YHKIUS M MOTEHIMAIHO Ja
JOTIPUHACA 3a CHCTEMHHTE HeraTHBHU edexTH, HabmoxaBany mpu GoecTTa Ha Amxaiimep.

Baaromapuoctu: Hayunomo uscieosane e nookpeneno ¢uuancoéo om @Dono ,, Hayunu
uscneosanusn”, (KI1-06-H58/6/2021). Asemopume 6aazodapsim u Ha cleOHume npoexmi,
¢unancupanu om MOH ,, Scientific Infrastructure on Cell Technologies in Biomedicine
(SICTB) DOI1-361/2023 u ,, National Center for Biomedical Photonics*“ DO1-352/2023, xoumo
ca wacm om Hayuonannama xapma 3a nayunu un@pacmpykmypu 2020-2027.
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Maria Todorova !, Angelina Kosateva '*, Ventsislava Petrova ?, Bogdan Ranguelov 3, Stela
Atanasova-Viadimirova 3, Georgi Avdeev 3, Ivanka Stoycheva 4, Emiliya Pisareva ?, Anna
Tomova ?, Lyudmila Velkova '*, Aleksandar Dolashki '* and Pavlina Dolashka *!

! Institute of Organic Chemistry with Center for Phytochemistry - Bulgarian Academy of
Science;
2 Sofia University "St. Kliment Ohridski” - Faculty of Biology
3 Institute of Physical Chemistry " Rostislav Kaishev" — Bulgarian Academy of Sciences
4 Center of Competence “Clean Technologies for Sustainable Environment—Water, Waste,
Energy forCircular Economy”, 1000 Sofia, Bulgaria

The mucus of the garden snail Cornu aspersum contains a wide variety of biologically
active compounds with proven applications in treating various diseases, such as cancer, ulcers,
wounds, etc. Some of these biologically active compounds are involved in the green synthesis
of copper, silver and gold nanoparticles (Cu-, Ag and Au-NPs). This paper presents a successful
method for the application of C. aspersum snail mucus and ascorbic acid (AsA) as a bioreducing
agent of copper sulfate and as a biostabilizer of the obtained copper oxide nanoparticles
(CuONPs-Muc).

The synthesis at 0.5 M and 1.0 M AsA and CuSO4.5H20 at room temperature and neutral
pH formed nanoparticles with a spherical shape and an average diameter of 150 nm. The
structure and properties of CuONPs-Muc were characterized by various methods and
techniques, such as Ultraviolet-visible spectroscopy (UV-Vis), Scanning electron microscopy
combined with Energy-dispersive spectroscopy (SEM/EDS), X-ray diffraction (XRD),
Fourier-transform infrared spectroscopy (FTIR), etc. Infrared spectra clearly show proteins and
glycoproteins around the copper core of CuONPs-Muc.

They inhibit bacterial growth of several Gram-positive (Bacillus subtilis NBIMCC2353,
Bacillus spizizenii ATCC 6633, Staphylococcus aureus ATCC 6538, Listeria innocua
NBIMCC8755) and Gram-negative (Escherichia coli ATCC8739, Salmonella enteitidis
NBIMCC8691, Salmonella typhimurium ATCC 14028, Stenotrophomonas maltophilia ATCC
17666) bacteria.

Acknowledgments: This research was carried out with the support of the project KP-06 PN61-
8/2022 funded by the Bulgarian National Science Fund and project BGOSM20P001-1.002-0019:
‘Clean Technologies for Sustainable Environment—Waters, Waste, Energy for a Circular Economy’.
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3enen cunte3 Ha aHTUMUKPOOHU CuONPs oT ciay3 oT rpaguHCKHU
oxa0B Cornu aspersum 1 ackop0OMHOBA KUCeJHMHA
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omnaodvyu, enepeus 3a kpwveosa ukonomuxa*, 1000 Cogus, Bvacapus

Ciy3ta Ha rpaguHCkusi oxiroB Cornu aspersum ChbIbpXKa TOJSIMO pa3sHOOOpasue ot
OMOJIOTHYHO aKTUBHH CHEOWHEHMS C JIOKa3aHO MNPHJIOKCHHE IPH JICYCHHE Ha Pa3IMYHU
3a00JIBaHMs, KaTO PaK, SI3BU, paHU M Ap. HAKOM OT Te3u GHOJIOTMYHO AKTUBHH ChEAMHCHUS
Y4acTBaT B 3€JICHUSI CHHTE3 HA MeJ , cpeObPHH U 31aTHU Hanodactuim (Cu-, Ag u Au-NPs).
Ta3u craTus NpeACTaBs YCHEIICH METOJ 3a IpHiIaraHe Ha ciy3 oT oxmoB C. aspersum u
ackopOuHOBa kucennHa (AsA) kato Ouopemyuupain] areHT Ha MeAeH cyidaT u KaTto
6rocTabmim3aTop Ha MONTyYeHUTe HaHoYacTHIH oT MeaeH okcux (CuONPs-Muc).

Cunre3sT pu 0.5 M u 1.0 M AsA u CuSO4.5H20 nipu craiiHa TemnepaTypa u HeyTpaIHO
pH 00pasyBa HaHOUaCTHUIM Che chepudna GopMa u cpeneH auamerbp 150 nm. CTpykTypata u
corictBata Ha CuONPs-Muc 0s1xa XxapakTepH3UpaHU C Pa3IM4YHU METOIU M TEXHUKH, KaTO
YATpaBUOJIETOBO-BUANMA criekTpockonust (UV-Vis), ckaHupaia eleKTpOHHA MHKPOCKOIIHS,
KOMOWHHpaHa ¢ eHepruitHo-aucnepcronHa crekrpockonus (SEM/EDS), peHTreHOBH Th4H
nmudpaknus (XRD), nadpauepsena cniekrpockonus ¢ Tpancopmanus Ha Dypue (FTIR) u ap.
WudpadyepBeHNTE CIIEKTPH SCHO MOKA3BAT MPOTEHHH U TIIMKONPOTEHHH OKOJIO METHOTO SAPO
Ha CuONPs-Muc.

Te nHXuOUpar OGakTepuamHus pacTeX Ha HsiKoJko I pam-monoxurennu (Bacillus subtilis
NBIMCC2353, Bacillus spizizenii ATCC 6633, Staphylococcus aureus ATCC 6538, Listeria
innocua NBIMCC8755) u I'pam-otpumarenan (Escherichia coli ATCC8739, Salmonella
enteitidis NBIMCC8691, Salmon). ella typhimurium ATCC 14028, Stenotrophomonas
maltophilia ATCC 17666 ) 6akrepun.

Baarogapuoctu: ToBa H3cienBaHe € OCBIIECTBEHO € MOJAKpenaTa Ha mpoektT KP-06
PN61-8/2022, ¢unancupan or ®Poux ,,Hayunn wmscnensanus m npoexr BGOSM20P001-
1.002-0019: ,,Yuctu TEXHOJIOrHH 32 YCTOMUMBA OKOJIHA Cpelia — BOJIU, OTNAIbLIU, EHEPTrHs 3a
KpbroBa HKOHOMHKA™.
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New Temporin analogs: interaction with biomimetic
lipid membranes
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2University of Chemical Technology and Metallurgy, Biotechnology Department, 8 Kliment
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Worldwide the growing of antibiotic resistance of microorganisms is an increasingly
relevant issue, impelling the investigation of alternatives to traditional antibiotic medicines
currently applied. As an alternative, the natural antimicrobial peptides Temporin A and F have
promising features inhibiting microorganisms and/or tumor cells [1,2]. Antimicrobial peptides
are able to interact with model cell membranes, inducing membrane softening, which underlines
their antiproliferative properties [3]. Biomembranes are engaged in many cellular processes
such as deformation-induced cellular apoptosis. We investigated the interaction of Temporins
A and F and their synthetic analogs with biomembrane models. Fourier-transform infrared
spectroscopy (FTIR) and fast Fourier-transform electrochemical impedance spectroscopy
(FFT-EIS) were used to look for specific molecular sites of interaction as well as for changes
to electrical capacitance and resistivity of model lipid bilayers. The new synthetic peptides
obtained via solid-phase synthesis [1] have their amino acid at the position 7 in the primary
structure replaced with the unnatural amino acids ornithine (DTOrn), citrulline (DTCit), 2,4-
diaminobutyric acid (DTDab) and 2,3-diaminopropionic acid (DTDap). Evidences of the most
pronounced effect on lipid bilayers were obtained for the two latter Temporin modifications.
Relating to the molecular organization and dielectric properties of biomimetic membranes, the
reported data are relevant to the membrane-mediated mechanisms of peptides’ penetration in
the cells.

[1]Dimitrova, D., Nemska, V., Foteva, T., et. al., Synthesis and Biological Studies of New
Temporin A Analogs Containing Unnatural Amino Acids in Position 7, Pharmaceutics,
Vol. 16, pp. 716 (2024)

[2] Danalev, D., Borisova, D., Yaneva, S., et. al., Synthesis, in Vitro Biological Activity,
Hydrolytic Stability and Docking of New Analogs of BIM-23052 Containing Halogenated
Amino Acids, Amino Acids, Vol. 52, pp.1581-1592 (2020)

[3] Vitkova, V., Antonova, K., Petkov, O., et. al., Interaction of KLAKLAK-NH> and Analogs
with Biomimetic Membrane Models, Pharmaceutics, Vol. 16, pp. 340 (2024)
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HoBu anano3u Ha TemnopuH: B3aumMojeiicTBe ¢ 0MOMUMETHYHHU
JUNUIHA MeMOpaHHu

Buxmopus Bumkoea!, Anzenuna Cmosnosa-Heanoea', Kpacumupa Anmonosea’, Ocnan
Ilemkoe!, Benusap Ieopeues’, Tuxomup Tenes!, Junana JJumumposa?,
Henu I'eopeuesa?, Hanuo Jlananes’
Unemumym no usuxa na mevpoomo mano, BAH,
oya. ,, Lapuepaocko woce” 72, Cogusa 1784, bvreapus
2Xumuxomexnonoauuen u MemaypauieH ynusepcumen,
oya. ,, Knumenm Oxpuocku” 8, Cogpua 1797, bvacapua

B  cBeroBen Mama0 HapacTBamiata ~ aHTUOMOTHYHA  PE3HCTEHTHOCT  HA
MHKPOOPTaHU3MHUTE € BCE IMO-aKTyajJeH NpolieM, KOWTO Hajlara ThpPceHe M Ch3JlaBaHe Ha
aNTepHATUBH HA TPAIUIIMOHHUTE aHTHOMOTUYHH JICKapCTBa. 3a OMICAaHNE HA MEXaHU3MHUTE Ha
IpeMHUHaBaHe Ha MENTUAHHUTE MOJEKYIH Ipe3 KIeThbUuHaTa MeMOpaHa H3cileABaMe Bph3Kara
MEXIy MOJIYJIHpPAHETO HA (PM3MKOXMMHIHUTE CBOMCTBA Ha MOJEITHHU JIUIUIHA MEMOpaHU B
NPUCHCTBHE HA €CTECTBEHM M CHHTCTHYHH aMQUOUIHM TEeNTHAHA MOJIEKyITH |
aHTUMHUKPOOHOTO W aHTUnpoiupepaTuBHOoTO M aeiictBue [3]. Upe3 wunHppauepseHa
ciektpockonuss ¢ Dypue TpaHchopmarms (FTIR) wm  enexTpoXuMuduHa HMIIEZaHCHA
cnekrpockonus ¢ Owbp3a Dypue Tpanchopmanus (FFT-EIS) ca ompeneneHu pazmuyHu
napaMeTpu Ha B3aUMOJCHCTBHETO Ha HpHpoaHuTe mentuau TemmopnmH A u F u TexHn
CHHTETHYHHU aHAJIO3U ¢ OMOMUMETHYHH IUMUAHN MeMOpanu. HoBuTe nentuHn MOJeKyu ca
MOJy9eHH upe3 TBhpaodaseH cunTes [ 1], kKaTo aMHHOKHCENWHATA B CeIMa MO3UIIMS € 3aMEHEeHa
¢ HenpuponHute amuHokucenuHH OpHUTUH (DTOrn), wmurpymua (DTCit), 2.4-
nuaMuHOOyTaHoBa kucenuHa (DTDab) u 2,3-mnamunomnponanosa kucenuaa (DTDap). Ipu
MOCIIeTHATE JIBE MOANU(DHUKAIINHY YCTAHOBSIBAME HAl-CHITHO U3pa3eH e(eKT BbPXY MOJIEKyIHATa
OpraHM3alys U eJISKTPUYHUTE CBOWCTBA HA JIMMUAHUTE MeMOpaHu. [loKiiaiBaHUTE pe3yiITaTh
ce oJakBa Jia O'bJIaT MoJIe3HH 3a pa3paboTBaHETO HAa AaHTHOMOTHYHH METMKaAMEHTH Ha 6a3zaTa Ha
HOBH MENTHIHU MOJIEKYJIH ¢ aM(pUDHITHYI CBOMCTBA U CEJIEKTHBHA IUTOTOKCHYHOCT.

[1] Dimitrova, D., Nemska, V., Foteva, T., et. al., Synthesis and Biological Studies of New
Temporin A Analogs Containing Unnatural Amino Acids in Position 7, Pharmaceutics,
Vol. 16, pp. 716 (2024)

[2] Danalev, D., Borisova, D., Yaneva, S., et. al., Synthesis, in vitro Biological Activity,
Hydrolytic Stability and Docking of New Analogs of BIM-23052 Containing Halogenated
Amino Acids, Amino Acids, Vol. 52, pp.1581-1592 (2020)

[3] Vitkova, V., Antonova, K., Petkov, O., et. al., Interaction of KLAKLAK-NH> and Analogs
with Biomimetic Membrane Models, Pharmaceutics, Vol. 16, pp. 340 (2024)
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Effect of sucrose on POPC membrane’s dielectric properties
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3 Central Laboratory of Solar Energy and New Energy Sources, Bulgarian Academy of
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To eclucidate the mechanism by which the disaccharide achieves the stabilization of
biomembrane systems, the interaction of sucrose with 1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholine (POPC) lipid membranes is investigated. By applying FFT impedance
spectroscopy on bilayer lipid membranes (BLMs), fluorescent spectroscopy on ‘large’
unilamellar vesicles (LUVs,~ 100 nm) and electrodeformation of ‘giant’” unilamellar vesicles
(GUVs, ~ 10 um) to study the changes in the impedance, rotational order parameter, degree of
hydration and dipole potential of the lipid bilayer, the effect of the carbohydrate on the
properties of the system was quantified. The experimental results suggest modulation of the
electric properties as well as molecular reorganization of the membrane. Increased membrane
capacitance and lipid packing in sucrose solutions are observed. To gain further insight into the
mechanism by which sucrose affects the bilayer structure and properties, initial steps are taken
for the implementation of a theoretical model considering the polarizabilities of the carbon-
carbon and carbon-hydrogen bonds and the average separation between the aliphatic chains in
the bilayer.

Acknowledgments: Financial support of the National Science Fund of Bulgaria (KP-06-
N58/6/2021) is acknowledged.
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JIunuaHu MeMOpPaHH B IPUCHCTBHE HA HUCKOMOJIEKYJIHU 3aXapu

Oznsin Iemxos !, Becena Hopoanosa?, Anzenuna Cmosmosa-Hsanosa’, Kpacumupa
Anmonosa’, Ieopeu ITonkupos®, I'ana Cmaneea’®, Buxmopus Bumxoea’
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axkademus Ha naykume, 0yi. ,, Llapuepaocko woce” 72, 1784 Coghusa, bvacapua

Mexanu3MuTe Ha cTaOWiIM3MpaHe Ha OWONOTHYHM MEMOpaHHM CHCTEMH upe3
HHCKOMOJIEKYJTHH 3aXapH ca U3CIIeIBaHH Upe3 ONpeieisiHe Ha eekTa Ha Au3axapHja 3axapo3a
BBPXY €IEKTPHYHNATE CBOHCTBA U MOJICKYJIHATa OPTaHU3AIHs Ha IUIUAHN MEMOPaHHU MOAEIN
or l-manmuromn-2-oneomn-sn-riaunepo-3-gpocpoxomua  (POPC). Upes mnpunarane Ha
CJIIEKTPOXUMHUYHA MMIIEJaHCHA CIEeKTpockonust ¢ 0bp30 Pypue mpeobdpazyBanue (FFT-EIS)
BBPXY IUIOCKH JumuaHr MeMmOpann (BLMs), momydenn mo merona Ha MoHTan u Mionep,
(hyopeciieHTHA CIIEKTPOCKOIHUS BBPXY ,,rolieMu” enHocnoinu Besukyu (LUVs, ~100 nm) u
eJieKTpoeopManyst Ha ,,JUTAaHTCKH eXHOCIONHN Be3ukyiH (GUVs, ~10 um) ca onpeneneHn
KOJIMYECTBEHO IIPOMEHUTE B HMIIEJAHCA, NapaMeThbpbT Ha MOAPENCHOCT, CTEHEeHTa Ha
XHUJpaTalys U AUTOIHUAT MOTSHIMA Ha JINMKUAHATa MeMOpaHa B IPUCHCTBUE Ha 333Xapo3a B
koHueHTpanuu 10 0.4 mol/L. ExciepiMeHTaIHUTE pe3yiATaTH CBUAETEICTBAT 32 MOAyINpaHe
Ha eNIEKTPUYECKUTE CBOMCTBA M MOJIEKYJIHA peopraHu3anust Ha MemOpaHarta. B pastBopu Ha
3axapo3a ce HaOoAaBa yBeIHIeHIE Ha eIeKTPHYHNS KaaluTeT Ha MeMOpaHaTa 1 JIUIHIHOTO
ONaKkoBaHe. 3a JeTailIHO U3sICHSABAaHE HA MEXaHH3Ma, 4pe3 KOHMTO 3axapo3ara BIHSE BBPXY
CTPYKTypaTa W CBOIcTBaTa Ha JMIMIHATa MeMOpaHa, € pasIyielaH TEOpEeTHYEeH MOJel,
OTYHMTAII TTOJISIPH3YEMOCTTA Ha BBIJIEPO/-BBITIEPOJHUTE M BBIIEPOA-BOAOPOIHUTE BPB3KU U
CPETHOTO PA3CTOSIHUE MEXTY aTu(aTHUTE BEPHUTH.

Baarogapuoctu: brazodapum 3a gpunancosama nookpena na @ouo ,, Hayunu uscnedeanus’”
(KIT-06-H58/6/2021).
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Evaluation of the binding free energy of peptide complexes using
machine learning
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Protein-protein and protein-peptide interactions (PPIs) are fundamental to most vital
processes occurring within cells. Understanding these interactions is essential for deciphering
these processes and the underlying functional mechanisms, which is critically important for the
development of drugs aimed at modulating them [1].

The study of PPIs is a complex process. Existing experimental methods and techniques
are time-consuming and resource-intensive. Machine learning and artificial intelligence models
are often used to identify binding sites on target proteins and to evaluate ligand binding affinity,
typically through scoring functions [2]. These reliable and efficient models are most commonly
based on convolutional neural networks [3].

A more precise and effective approach to studying PPIs is determining the binding
energy of the corresponding protein-peptide complexes. Despite the variety of machine learning
models available for predicting key characteristics of protein complexes, no models are
currently known to provide a reliable estimation of the binding energy of interacting biological
molecules.

Here, we present an approach for digitizing data on the three-dimensional structure of
studied protein-protein and protein-peptide complexes, along with a minimal architecture
convolutional network that shows promising results in predicting the binding energy of the
molecules forming these complexes.

This research is partially funded by the Bulgarian National Science Fund under contract
KP-06-N72/3/2023 AIDA.

[1] Garrett, R. H., & Grisham, C. M. Biochemistry (5th ed.). Brooks/Cole, Cengage Learning,
(2013)

[2] Yin S, Mi X, Shukla D. Leveraging Machine Learning Models for Peptide-Protein
Interaction Prediction, Chem Biol. 5(5), 401-417 (2024)

[3] Marta M. Stepniewska-Dziubinska Piotr Zielenkiewicz and Pawel Siedlecki. Development
and evaluation of a deep learning model for protein-ligand binding affinity prediction,
Bioinformatics, Volume 34, Issue 21, 3666-3674 (2018)
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[IpoTenH-IPOTENHOBHTE U IPOTEHH-TIENTHAHUTE B3anmMoelicTeus (PPI) ca B ocHOBarta
Ha II0BEUETO JKU3HCHOBAXKHM IIpOLECH, INpoTHdamu B kierkute. Ilo3HaBanero um e
HEoOXO0IMMO 3a pa30MpaHeTO Ha TE3H MPOIecH U (QYHKIIMOHATHATE MEXaHW3MH, Ha KOUTO ce
OCHOBABaT, KOETO € OT KPUTHIHO 3HAYEHHE IPH Pa3pabOTBaHETO Ha JICKAPCTBEHH MPEHapaTH,
HACOYEHH KbM TSAXHATa MOmynamums [1].

Wzcnenpanero Ha PPIs e crmoxen mpomec. ChInecTBYyBalIUTe EKCIEPUMEHTATHH
METOJY W TEeXHUKH M3MCKBAT MHOTO BpEMe M 3HAYHTENHM pecypcH. Mopenu, 6a3upaHu Ha
MAalIMHHO 00YyYeHHe ¥ M3KYCTBEH MHTENEKT, OOMKHOBEHO Ce M3IIOJI3BAT 3a MIACHTU(HIPpaHe
Ha 00JIacTHTE Ha CBBbP3BaHe Ha IPHIIETHNUS IPOTEHH U OLICHsIBaHe Ha aQUHNTETa HAa CBbpP3BaHE
Ha JINTaHAX KbM HEro — KaTo IPaBIiIo, B TEPMUHH Ha OLeHbYHH QyHKIMH [2]. Te3u HaxexaHu
Y yZI0OHU MOJICITH Haii-4ecTo ca 6a3upaHu Ha KOHBOJIOIIMOHHN HEBPOHHU MpexH [3].

[lo-mpeumsen u anexBareH noaxonx B uscienBaHero Ha PPls e ompenensnero Ha
EHEeprusiTa Ha CBBP3BAHE HA CBHOTBETHUTE NPOTEHH-NENTHIHM KOMKIIIEKCH. BbIpekn
MHOT000pa3ueTo oT 0a3upaHHW Ha MAIIMHHO OOY4YEeHHE MOJENH 32 ONpeNeNsiHe Ha KIIOYOBU
XapaKTePHCTHKN HA TPOTEHHOBHTE KOMIUICKCH, HE ca HM H3BECTHH MOJIEIH, NpeIararn
HaJeX/[HA OIICHKA Ha eHEePrHATa Ha CBbP3BaHE HAa B3aMMOICHCTBAIIN OMOIOTUIHH MOJIEKYIIH.

Tyk npencraBsiMe OpUrMHAJIEH MOAXO0] 32 IUTUTAIM3UPAHE HA JAHHHUTE 32 TPUMEpHATa
CTPYKTypa Ha U3CJIEABaHUTE NPOTEHH-IPOTEHHOBH U MPOTEHH-MIENITHIHN KOMIUIEKCH, KaKTO 1
KOHBOJIIOLIMOHHA MpeXa ¢ MUHMMAaJlHa apXUTEKTypa, KOSATO MoKa3Ba oOelaBalyl pe3yiaTaTu
NP IIPOTHO3UPAHE Ha €HEeprysiTa Ha CBbP3BaHe HAa MOJIEKYJINTE, (POPMHUPAIIH TE3H KOMIUIEKCH.

ToBa u3cnenBaHe e yacTuyHO ¢uHaHCHpaHo oT DoHp ,Haydnum wmacmeaBaHus 1o
norosop KIT-06-H72/3/2023 AUJA.
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Interaction Prediction, Chem Biol. 5(5), 401-417 (2024)
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Bioinformatics, Volume 34, Issue 21, 3666-3674 (2018)
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Canonical Construction of Invariant Differential Operators

Viladimir Dobrev
Institute for Nuclear Research and Nuclear Energy
Bulgarian Academy of Sciences

This is areview. I first recall the procedure for the construction of invariant differential
operators. We work in most developed situation - real semisimple Lie groups. Then we give
the classification of the invariant differential operators for the
classical real semisimple Lie groups and also for many exceptional cases.
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KanoHHYHA KOHCTPYKUHS HA MHBAPHAHTHU AUdepeHInATHH
onepaTopu

Bnaoumup /loopes
Hucmumym 3a siopenu uzcnedganus u s0peHa eHepeemuKa
Bvneapcka akademus na Haykume

ToBa e 0630p. IIbpBO HamoMHAM TNpolegypaTa 3a KaHOHMYHA KOHCTPYKIHSA Ha
WHBApUAHTHH Iu(depeHIuanHn oepaTopu. PaboTuM B Hali-pa3BUTaTa CHTyallHs — PEalHU
nomynpoctu rpynu Ha Jlu. Cnen ToBa maBame KiacHHKanusITa Ha HHBAapPUAHTHHUTE
qudepeHnnanTHu OIepaTopy 3a KJIACHYECKUTE MOTYyNpOoCTH Ipynu Ha JIu, a chIo Taka 3a
MHOI'O M3KJIIOUUTEIHHU CIIy4daH.
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Thermogeometric Optimization of AdS Black Holes
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We apply a new geometric method for analyzing thermal fluctuations in AdS black holes. These
fluctuations can arise spontaneously or be induced by external influences. The method is based on
the idea that geodesic paths in the space of macro states can be used to identify optimal processes
in any thermal system. The algorithm for constructing these optimal protocols uses the concept of
thermodynamic length, which defines the shortest paths between states in the relevant
thermodynamic space. We will demonstrate how the fluctuations can lead to the complete
evaporation of the black hole or to the slowing down of its rotation within a finite time interval.
At certain initial parameter values, the radiated energy and the change in rotation may constitute
a significant portion of the black hole's initial mass and angular momentum.
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TepMoreomeTpuyHa onTuMu3anus Ha AdS yepHM AyNKHU

Ilseman Beuyos

Qusuuecku gpaxynmem, Coguiicku ynusepcumem, 6y1. [ocetime bayuep 5, Coghus 1164,
bvneapus

[Ile nmpuIoKKM HOB TEOMETPHYCH METOA 3a aHaiu3 Ha TepMaiHu (uykryaimu B AdS depHu
nynkd. Te3n ¢iyKTyaruy Morar aa Bb3HHKHAT CHOHTAHHO WM Ja ObJaT MPEIU3BHKAaHU OT
BBHIIHM BB3JeHcTBUA. MeToasT ce 0asupa Ha HAeATa, Y€ TCOJE3MYHHTE NBTHIA B
HPOCTPAHCTBOTO HA MAaKPOCHCTOSIHMATA MOTaT Ja CE M3IOJI3BAT 32 OTKPUBAHE HAa ONTHMAIHU
NpOIIeCH BBB BCSIKAa TEpMallHa CHUCTeMa. AJITOPHTBMBT 32 CH3JlaBaHe Ha Te3W ONTHUMAIIHU
MPOTOKOJIH M3II0JI3BA MOHSATHETO 38 TEPMOAMHAMIYHA JTBJDKIHA, KOSTO ONpeelts Hal-KpaTKuTe
IOBTHIA MEKIY CBCTOSHMSTA B CHOTBETHOTO TEPMOJMHAMHYHO mpocTpaHcTBo. Ille
JIEMOHCTpHpaMe Kak (UIyKTyal[uiTe MOTaT Ja IO0BeAaT 10 IBJIHO M3MapeHre Ha YepHara JylKa
WK 10 3a0aBsHE HA HSHHOTO BBPTEHE B PAMKHUTE Ha KpacH BpeMeBH UHTepBai. [Ipu onpeneneHn
HaYaJIHM CTOMHOCTH Ha MapaMeTPHTE, U3ITbUCHATA CHEPIHUs U POMSIHATA BB BbPTEHETO MOTat
Jla ChCTABJISIBAT 3HAYMTEITHA YacT OT HayaJlHaTa Maca WM BIJIOB MOMEHT Ha YepHara JyIKa.
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Probing for Lorentz Invariance Violation in Pantheon Plus Dominated
Cosmology

Denitsa Staicova
'UAHAE, BAH

The Hubble tension in cosmology is not showing signs of alleviation and thus, it is
important to look for alternative approaches to it. One such example would be the eventual
detection of a time delay between simultaneously emitted high-energy and low-energy
photons in gamma-ray bursts (GRB). This would signal a possible Lorentz Invariance
Violation (LIV) and in the case of non-zero quantum gravity time delay, it can be used to study
cosmology as well. In this work, we use various astrophysical datasets (BAO, Pantheon Plus
and the CMB distance priors), combined with two GRB time delay datasets with their
respective models for the {\em {intrinsic time delay}}. Since the intrinsic time delay is
considered the largest source of uncertainty in such studies, finding a better model is
important. Our results yield as quantum gravity energy bound EQG>1017 GeV and
EQG=>1018 GeV respectively. The difference between standard approximation (constant
intrinsic lag) and the extended (non-constant) approximations is minimal in most cases we
coincide. However, the biggest effect on the results comes from the prior on the parameter
cHOrd, emphasizing once again that at current precision, cosmological datasets are the
dominant factor in determining the cosmology. We estimate the energies at which cosmology
gets significantly affected by the time delay dataset
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IIpoyuBaHe 3a HapylIaBaHe HA MHBAPUAHTHOCTTA Ha JlopeHu B
anomuaupanarta ot Pantheon Plus kocmonorus

enuua Cmaiikosa, UAUAE, FAH

Hampesxernero Ha XB0BI B KOCMOJIOTHATA He NTOKa3Ba MIPU3HAIM Ha oOJIeKJaBaHe U 3aTOBA €
BOKHO Ja Ce THPCAT AITEPHATHUBHU IIOAXOMM KbM Hero. EnmH TakeB mpumep Oum Omi
€BEHTYaJlHOTO OTKpHBaHE Ha 3a0aBssHE BBB BPEMETO MEXIY EIHOBPEMEHHO H3IIBUBAHU
BUCOKOCHEPTMHHN M HHUCKOGHEPTHMHHH (GOTOHM B rama- u30yxsanus (GRB). Tosa 6u
CUTHAJIM3HPAJIO 32 Bh3MOXKHO HapylleHHe Ha nHBapuaHTHocTTa Ha Jlopenn (LIV) u B cimyyait
Ha HEHyJIeBO 3a0aBsHE Ha BPEMETO Ha KBaHTOBAaTa IPaBUTAIMs, TO MOXE Jla Ce M3M0I3Ba U 3a
n3ydyaBaHe Ha KocMojorusra. B Tasum pabora Hue H3MON3BaMe pa3IMYHA HAaOOpH OT
actpodusnunu nanuu (BAO, Pantheon Plus n npenuminy pascrosiaus Ha CMB), komOuHNpann
c IBa Habopa OT JaHHM 3a BpemeBO 3a0aBsHe Ha GRB cbC chOTBeTHHTE UM MOAETH
3a{IPHUCHINO BpeMe3aKbCHEHNE} }. Thif KATO MPUCHIIOTO BPEMEBO 3a0aBsSHE CE CUMTA 3a Hal-
TOJIEMHAT U3TOYHHUK Ha HECUTYPHOCT B TAKMBA MPOYYBAHUS, HAMHPAHETO HA MO-I00Bp MOAEN
¢ BakHO. Hammre pe3ynTaTi 1aBaT KaTo KBaHTOBa rpaBuTanonHa eneprust EQG>1017 GeV
u ceorBetHO EQG>1018 GeV. Paznukata Mexny cTaHIapTHOTO MPHOIMKeHHE (OCTOSHEH
MIPUCHI] JIaT) U Pa3IIUPEHNUTE (HEIOCTOSHHN) IPUOIMKCHUS € MUHUMAJIHA, B IOBEYETO CIydan
HHE ChBIIaJlaMe. BBIIpexy ToBa, Hali-roJIeMUAT eeKT BbpXy Pe3yJITaTHTE UIBA OT MPEIUIIHUS
napamersp cHOrd, momuepraBaiiku ome BeAHEBXK, Y€ NMPU TeKyllata TOYHOCT HabOpUTE OT
KOCMOJIOTMYHH JaHHU Ca JOMHUHHpAIIHMAT (akTop IpH ONpexeisiHe Ha KocMmouorusaTa. Hue
OLICHSIBaM€ €HEepruuTe, IPU KOUTO KOCMOJIOTHSTA CE BIIHSE 3HAUMTEIHO OT Habopa OT JaHHU
3a 3a0aBsHE HA BPEMETO.
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Exact Diagonalization Method in Molecular Nanomagnetism
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The intriguing magnetic behavior of molecular magnets have attracted the attention of
researchers working in the field of magnetism for the last few decades [1]. They are promising
units for engineering molecular based magnetic information storage devices operating at the
frontier between classical and quantum realm. They have contributed to the development and
the establishment of advanced microscopic semi-empirical and semi-classical ab initio
computational methods in solid state physics and physical chemistry [1,2]. These multi-
electron systems possess intrinsic quantum dynamics and exhibit a wealth of quantum
phenomena challenging researchers in refining the computational models. Due to the
difference in valence subshells, respective occupation number of orbitals, crystal/ligand field
symmetry and type of ligands, their magnetic properties are not universal. Surprisingly,
molecular magnets based on metal ions with almost fully filled subshells have shown peculiar
quantum effects that may be traced back to the occurrence of a coupling phase aiding the
process of spin-orbit coupling between active and core orbitals [3]. In other words, when a
coupling phase occurs the orbital dynamics of the relevant electrons is constrained to satisfy
the Pauli principle.
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MeToa HAa TOYHA IHATOHAJIM3AIMS 32 MATHUTHH MOJICKYJIN
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WHTpHryBamoTo MarHUTHO IIOBEAEGHHE HAa MOJIEKYJHHTE MarHUTH IpHBIeUe
BHIMaHHETO Ha M3CIIEAOBATENH, paboTelmy B 00JacTTa Ha MarHEeTH3Ma IIpe3 IOCIEeIHHUTE
Hskonko aecerusetus [1]. Te ca obemiaBamnn HAaHOMarHUTHHU CHUCTEMH 3a MPOCKTHPaHE Ha
MOJICKYJIHO 0a3MpaHH MAarHUTHH yCTPOICTBA 3a ChXpaHEHHE Ha MH(pOpMAIMs, paboTely Ha
TpaHuIaTa MEXAY Kilacudeckara M KBaHToBara (usmka. ChIIUTe ca JONPUHECTH U 3a
pa3pabOTBaHETO U yCTAHOBABAHETO HAa yCHBBPUIEHCTBAHU MUKPOCKOMHYHU TOTYyEMIUPUIHU
U TOJIyKJIACHYeCKH ab initio M3YMCIUTENHH METOAW BBB (HM3HMKaTa Ha TBBPAOTO TAIO U
¢usmueckara xumus [1,2]. Te3u MHOTOENEKTPOHHH CHCTEMH IIPUTEKABAT MIPUCHIA KBAHTOBA
JIMHAMHFKA ¥ TTOKa3BaT M300MIINE OT KBAHTOBH SIBJICHNUS, TPEAU3BUKBAIIH H3CIIEI0BATEIINTE B
obmactTa Ja paboOTAT IIEIEHACOYEHO BBHPXY YCHBBPUICHCTBAHETO HAa CHOTBETHHUTE
n3qucnuTenHun Mojenu. [lopagm pasnukara BbB BaJICHTHHTE IMOJOOBUBKH, CHOTBETHATA
CTENEH Ha OpOUTANHU 3IIBJIBAHUS, CHMETPHUSITAa HAa KPUCTATHOTO/IUTAaHIHO MOJIE€ U BHIA HA
JIUTaHANTE, TEXHUTE MarHUTHNA CBOWCTBA HE ca YHUBepcaslHH. VI3HEeHaABaIO, MOJIEKYTHATE
MarHuTH, Oa3sWpaHM Ha METAIHH HOHM C TIOYTH HANBIHO 3aIlBIHEHU IOJ-CIOEBE,
JIEMOHCTPHPAT 0COOCHHN KBAaHTOBHU €(EKTH, KOUTO MOTaT Ja ObAAT MPOCIEACHH 10 MOsBaTa Ha
(a3a Ha cBbp3BaHe (cHBOEHA (aza), MoJIoMaralia mporeca Ha CIIMH-OPOUTAIHO CABOSIBAHE
MEXIy aKTHBHH ¥ 3ambiHeHd opbutamu [3]. C apyru nymu, mosiBata Ha ¢as3a Ha CIOBsIBaHE
BOJIM JI0 OTpaHHYeHa OpOUTaIHA TUHAMHUKA Ha CHOTBETHUTE SJICKTPOHH, 32 J]a YIAOBIECTBOPH
npuHnuna Ha [laynmm nmpu cMecBaHe Ha KBaHTOBHTE CHCTOSHMS BKJIIOUBAIM aKTHBHHU H
3aIIbIIHEHH OPOUTAITH.
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High order harmonic generation is bulk solids

Boyan Obreshkov, Tzveta Apostolova
Institute for Nuclear Research and Nuclear Energy
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We report results of theoretical and numerical investigation of the generation of high
order harmonics in bulk solids subjected to intense infrared pulsed laser irradiation.
Calculations were carried out for a wide range of laser intensity, polarization direction,
frequency, carrier envelope phase and pulse duration, and for a wide group of crystalline solids
including silicon, germanium, diamond, magnesium oxide, zinc oxide, graphene, etc.

High harmonic generation is a general feature of the time-dependent response of laser
driven systems, and in particular, high-order harmonic generation is the basis for obtaining
attosecond pulses [1,2]. The methodology and analysis of results is based on numerical
solutions of the time-dependent Schrodinger equation for Bloch electrons interacting with
strong laser fields. Universal features of the time-dependent response of electrons are identified
(that are independent on the detailed time-dependence of the Hamiltonian); the ranges of laser-
and material-dependent parameters where high harmonic generation takes place efficiently are
established.

In this regime, the time-dependent probability for electron-hole pair excitation changes
rapidly on a sub-femtosecond time interval around the peaks of the oscillating laser electric
field. The photo-current of electron-hole pairs during a single non-adiabatic transition results
in emission of bremsstrahlung-like irradiation with continuous spectrum and appropriate cut-
off. Discrete high order harmonics emerge from this broad bremsstrahlung spectrum through
interference in time of all emissions within the laser pulse duration.

[1] 1] S. Ghimire, A. D. DiChiara, E. Sistrunk, P. Agostini, L. F. DiMauro and D. A. Reis,
Nature Phys. 7, 138 (2011).

[2] G. Vampa, C. R. McDonald, G. Orlando, D. D. Klug, P. B. Corkum and T. Brabec, Phys.
Rev. Lett. 113, 073901 (2014).
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FeHepupapaHe Ha BUCOKHM XapMOHUYHHU B TBBP/AM TeJa

bBoan Oopewxos, Llsema Anocmoinosa,
Hnemumym 3a siopenu usciedganusi u s0pena eHepeemuxa,
bwreapcka akademus na naykume

Jloknazgsar ce pe3yiaTaTd OT TCOPETHYHHM U YHCJICHM W3CIICAAHMs Ha TeHepalusiTa Ha
BHCOKHM XapMOHHMYHM B TBBPJH TeJid OOJNBYCHH C MHTCH3MBHO HMILYJICHO JIa3E€PHO JIbUCHHME.
W3cnenBanusaTa ca MPOBEACHH B MIMPOKA 00JIACT HAa M3MEHEHHE Ha NapaMEeTPUTE Ha JIa3ePHOTO
JbYCHHE - MHTEH3UBHOCT, MOJISPHU3ALMs, 4eCTOTa, (hasa Ha Hocelara OOBHBKA HAa MMITYJICA U
HPOABDKUTETHOCT HA HMMITYJICAa, W BKJIFOYBAT MIMPOKA IPyla OT KPUCTAIHH TBBPIM Tela --
CHWJIMLMIA, TepMaHUi, TUaMaHT, MArHE3UEB OKCHJI, LINHKOB OKCUJ, TpadeH  1p.

I'eHepupaHeTo Ha XapMOHHUYHH € 00I[a XapaKTePHUCTHUKA Ha BPEMe-3aBHUCEIIHSAT OTKINK
Ha M3CIIEJBAHUTE CHCTEMH, ¥ TI0 CIICIUAITHO FeHepUPAHEeTO Ha XapMOHYMHH OT BUCOK IOPSIIABK €
OCHOBA 32 I10JIy4aBaHe Ha aTOCEKyHHU uMIIyJicH [1,2]. Meroaukara 1 aHanu3a Ha pe3yJITaTuTe
Ce OCHOBABAT Ha YHCJICHH PEIICHHS Ha HECTAIIMOHAPHOTO TpUMEpHO ypaBHeHue Ha llIprouHrep
3a enekTpoHH Ha biox. ITonydeHu ca W ce AOKIagBarT oOLIM 3aKHOMEPHOCTH, OT KOUTO ce
OTIpe/IeITHY 00JIaCTUTE HA I3MEHEHHE Ha MapaMeTpHTe (Ha JIA3ePHOTO TbYECHHE U Ha BEIIECTBOTO)
B KOMTO BB3HHKBA PSKUM Ha T€HEpalys Ha XapMOHMYHK/ B TakbB pexuM, BpeMe-3aBHCEIIATa
BEPOSATHOCT 3a PaKJaHE Ha BOHKA ENEKTPOH-IyIMKa ce MEHH OBbp30 Ha CyO-peMTOCEKyHACH
MHTEpBAJl OT BPEME OKOJIO MUK Ha OCLMJIMPAIIOTO JA3epHO eNEeKTpUyHO mose. PoToTKa oT
OTJICJICH TIPEXOJ] C PaX[aHe Ha EJCKTPOH-IYIIKa TeHepUpa M3IbYBAHE C HENPEKbCHAT IIHUPOK
YeCTOTEH CHEKThP HAo00sBall CIEKThpa Ha CHMPAYHOTO JTbueHHe. [IoHexe mpexoaute ce
MOBTapsIT IEPUOIUIHO, TUCKPETHH BUCOKH XapMOHYMHH OT BHCOK HOPSIBK BE3HHUKBAT OT TO3H
HETPEKBbCHAT CIEKTHP 4Ype3 MHTEep(QEepeHIrs BbB BPEMETO Ha BCHUYKHM OTACIHM IPEXOAH B
paMKHTE Ha IPOIBDKUTEITHOCTTA Ha JIa3epHHUS UMITYJIC.

[1]S. Ghimire, A. D. DiChiara, E. Sistrunk, P. Agostini, L. F. DiMauro and D. A. Reis, Nature
Phys. 7, 138 (2011).

[2] G. Vampa, C. R. McDonald, G. Orlando, D. D. Klug, P. B. Corkum and T. Brabec, Phys.
Rev. Lett. 113,073901 (2014).
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Haldane Spheres

Todor Popov" 2, Lyuboslav Gigov'
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’INRNE, BAS

The current understanding of the Quantum Hall Effect (QHE) relies on the old Landau
problem. Landau studied the problem of nonrelativistic electrons moving in the background of
a magnetic field transversal to a plane. The energy spectrum consists of bands with huge
degeneracies known nowadays as Landau levels. An alternative geometry of the planar Landau
problem is the Haldane sphere. We investigate the connection between the Landau levels in
spherical and planar geometry. The exact eigenfunctions provide us with toolkits for numerical
simulations of the fractional QHE. The Haldane spherical model for multilayer graphene is
explored in view of its potential applications in quantum technologies. In particular this model
can be harnessed to design topologically protected qubits, enabling robust quantum
computation and storage.
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Cddepn Ha Xangeiin

Tooop Ionos’ 2, Iiwbocnas T'uzoe’
! Amepuxancku ynusepcumem ¢ Bvieapus (AVE)
’UAUAE, BAH

TexymoTo pa3dupane Ha kBaHTOBUA edekT Ha Xoin (QHE) ce ocHoBaBa Ha mpobiema
Ha Jlanpay. Jlannay u3ydaBa HepelTaTHBUCTUYHH €ICKTPOHH, ABIDKEIHM C€ B MarHUTHO IIOJIE,
HEpIICHINKYIAPHO Ha paBHUHATA Ha ABWKeHHE. EHEPTHIHUAT MM CHIEKTBD CE ChCTOH OT 30HH €
rOJSIMO M3paXKJaHe, M3BECTHH JHEC KaTo HHMBaTa Ha JlaHaay. AnTepHaTHBHA I€OMETpHS Ha
npobniema Ha Jlangay B paBHuHaTa ¢ cepara Ha Xanzaeitn (Haldane). Hue e uscnensame
Bpb3KaTa MeXy HUBaTa Ha JlaHnay B chepryHa 1 paBHHHHA reoMeTpHs. TOYHUTE COOCTBEHH
(YHKIIMY HU TPEJOCTABIT HHCTPYMEHTH 33 YHCIICHU CUMYJIAUK Ha APOOHMS KBAaHTOB eexT
Ha Xoia. MonenbT Ha XaneitHoBa cdepa 3a MHOTOCIOWHUS TpadeH ce U3cieBa ¢ orie] Ha
MOTEHIMATHATE MY IPWIOKEHHS B KBaHTOBHUTE TexHoyoruu. [lo-crenmanHo, TO3W Mozeln
MOXe 1a Ob/ie M3I0I3BaH 3a MPOEKTHPAaHE Ha TOIOJOTWYHO 3AIUTEHN KBAHOTOBH OMTOBE (q-
bits), KoNTO MO3BOJIABAT yCTOWYMBA KBAHTOBA 00pabOTKa M ChbXpaHCHUE Ha HH(POPMAITHSL.
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Modeling muon transfer from hydrogen to oxygen
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The exotic muonic atoms allow for precise determination of fundamental physical
constants. Spectroscopic measurements of the Lamb shift in muonic hydrogen (pu) by the
group of R. Pohl led to redetermination of the proton charge radius [1]. Muonic experiments
aiming at studying other physical quantities are currently underway or planned in near future.
Some of them rely on the process of muon transfer from hydrogen to a heavier element [2, 3].
Obtaining accurate data from such spectroscopic measurements requires a thorough and
accurate knowledge of the processes on which the experiments are based.

Here, we present our numerical study of muon transfer from hydrogen to oxygen. We
simulate the muonic hydrogen atom evolution in a gas mixture of hydrogen and oxygen. All
physical processes leading to change in pu energy or spin state are taken into account. The
impact of the experimental parameters’ errors on the uncertainty of the time distribution of
muon transfer rate is investigated by Monte Carlo simulations. A comparison of our numerical
results with the available data shows the applicability of our model in the planning and analysis
of muonic experiments.

This work was supported by the Bulgarian Science Fund under contract
KP-06-N58/5/19.11.2021.
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YucyaeHo MOJ€JHUPAHEC HA MPEeX0oa HA MIOOHH
0T BOAOPOA KbM KHCJI0pPOa

Hemwvp [anes’, Xpucmo Tonues', SAeop Bopaocues'?

Uncmumym 3a Aopenu Uscnedeanus u Aopena Enepzemuxa,
buvreapcka Axademus na Haykume, Llapuepaocko wioce 72, Cogusa, bvreapus
2Vuueepcumem no Apxumexmypa, Cmpoumencmeso u I'eode3us,
6yn. Xpucmo Cmupnencku 1, 1046 Coghua, bvaeapusa

ExcriepuMmeHTHTE C ©K30THYHHTE MIOOHHHM aTOMH II03BOJISIBAT  IIPELH3HOTO
onpeznesHe Ha (yHAAMEHTATHH (QU3HYHH KOHCTAaHTH. CHEKTPOCKOIMYHU HM3MEpBaHUS Ha
JleMO0BOTO OTMECTBaHe INpH MIOOHHHS BoZopoj or rpymara Ha P. Ilom moBemoxa no
IpeonpeeNsiHe Ha 3apsIoBHs paagnyc Ha NMpoToHa [1]. B MoMeHTa ce mpoBexpaT, WM ce
IUTaHUpaT B ONHM3KO ObJelie, MIOOHHH €KCIICpUMEHTH, HACOYCHH KbM H3y4aBaHE Ha IPYTH
¢hyHmameHTaHN (QU3NYECKH BEIWYMHU. HAKOM OT TAX pa3uyuTarT Ha Mpoleca Ha MIOOHEH
TpaHcep OT BOIOPOI KbM IMO-TEXBK eneMeHT [2, 3]. [lomyyaBaHeTo Ha TOYHH HaHHU OT
TaKWBa CHEKTPOCKONMMYHH HM3MEPBAHUS HW3UCKBA 3aIbJII0O0OYEHO M TOYHO MO3HABaHE Ha
MPOLIECHUTE, Ha KOUTO CE OCHOBABAT CHOTBETHUTE EKCIIEPUMEHTH.

Tyk mpexacraBsMe pe3ynTaTUTe OT YHCIEHO M3CIEIBaHE Ha MPeXojaa Ha MIOOHU OT
BOJIOPOJ KBbM KHCJIOpoJ. B M3mon3Banus Moell, Hie CUMyJIpaMe eBOJIONHATa Ha MIOOHHUS
BOJIOPOJICH aTOM B Tra30Ba CMEC OT BOJOPOJ M KHCiIopoi. Bietn ca mpexBua ¢pusudeckute
MIPOIIECH, BOJCIIH 10 POMSIHA B €HEPTUATA HIIH CIIMHOBOTO CHCTOSTHHE HA MIOOHHUSI BOJJOPO/I.
Br3neiicTBreTo Ha IpelIKUTe HAa E€KCHEPUMEHTAHUTE MapaMeTpH BBPXY HETOYHOCTTa Ha
BPEMEBOTO pa3Mpe/ieiecHHe Ha CKOPOCTTa Ha MPEHOC Ha MIOOHHW ce u3cienBa upe3 MoHTe
Kapno cumynanuu. CpaBHEHHETO Ha MONyYEHUTE YHCICHHA PE3YNTaTH ¢ HAIMYHUTE NaHHU
MOKa3Ba IPHJIOKHMMOCTTA HA HAIIMS MOJEN NpPH IUIAHUPAHETO W aHajiM3a Ha MIOOHHH
EKCIIEPUMEHTH.

Tasu pabota ¢ HanpaBeHa ¢ puHaHCOBaTa moakpena Ha Poun ,,Hayunu uzciaensanus™
o gorosop KI1-06-H58/5/19.11.2021 r.
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Influence of Vibrations and Rotations of Oxygen Molecules on the
Muon Transfer Rate from Muonic Hydrogen to Oxygen
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Sciences, 72 Tzarigradsko Chaussée, Sofia, Bulgaria
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High-precision spectroscopy of exotic atoms empowers the exploration of subtle
effects related to proton structure and its fundamental interactions. Specifically, spectroscopy
measurements of the hyperfine splitting of the muonic hydrogen ground state enable the
derivation of the proton Zemach radius [1]. A crucial component of the monitored process is
the transfer of muons from muonic hydrogen to oxygen, making accurate knowledge of the
respective (energy-dependent) muon transfer rate vital for the analysis of the experimental
data. However, there is a divergence between the experimentally [2] and theoretically [3-5]
obtained transfer rates presented in the literature, and moreover, there are indications that the
behavior of the transfer rate at epithermal energies could deviate from the expectations [6,7].
These points us to the internal structure of oxygen molecules and its implications on the muon
transfer rate as a likely cause. We establish that the transfer rate of muons from muonic
hydrogen to oxygen is indeed considerably influenced by the presence of oxygen atoms as
constituents of diatomic molecules, because of their participation in vibrations and rotations.
Depending on the energy distribution over the translational and internal molecular degrees of
freedom, the change in the behavior of the transfer rate as a function of the muon kinetic
energy, compared to that of a free oxygen atom, may vary from moderate to significant and
accompanied by qualitative changes. These findings deepen our understanding of the muon
transfer processes to diatomic molecules such as oxygen, and thus will contribute to the proper
analysis of the experimental data generated by collaborations such as FAMU [1].

[1] C. Pizzolotto, A. Adamczak, D. Bakalov et al., The European Physical Journal A, Vol.
56, Issue 7, 185 (2020)

[2] M. Stoilov, A. Adamczak, D. Bakalov et al., Physical Review A, Vol. 107, Issue 3, 032823
(2023)

[3] S. Romanov, Physics of Atomic Nuclei, Vol. 85, pp. 109-123, 109 (2022)
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[5] A. Dupays, B. Lepetit, J.A. Beswick et al., Physical Review A, Vol. 68, Issue 6, 062506
(2004)

[6] A. Werthmuller, A. Adamczak, R. Jacot-Guillarmod et al., Hyperfine Interactions, Vol.
116, pp. 1-16 (1998)
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Biausinue Ha BUOpanuuTe H POTALIUHTE HA KHCJIOPOJHUTE MOJIEKYJIH
BBPXY CKOPOCTTA HA NMpPefAaBaHe HA MIOOHH OT MIOOHEH BOJOPOA KbM
KHCJIOpOJ
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CBpBXHIpeny3HaTa CHEKTPOCKOIHS Ha €K30THYHH aTOMHM TT03BOJIIBA M3CIIEIBAHETO Ha (hIHM
eeKkTn CBBp3aHM ChC CTPYKTypaTa Ha MPOTOHA M HEToBUTE (hyHIAMEHTATHN B3anMozeiictaus. [1o-
KOHKDETHO, CITEKTPOCKOIICKUTE M3MEPBAaHNs Ha CBPBX(UHOTO pasLenBaHe Ha OCHOBHOTO CHCTOSTHUE
Ha MIOOHEH BOJIOPOJ BOIST JI0 BB3MOXKHOCT 3a TpecMsATaHe Ha Zemach-paguyca Ha mpotoHa [1].
BaxeH erar B M3CIEBAaHHS TIPOLIEC € TpaHC(EPHT HAa MIOOHH OT MEOOHEH BOJIOPOJ KbM KHCIIOPO/,
KOETO O3HayaBa, Ye MO3HABAaHETO Ha CKOPOCTTa Ha MpelaBaHe Ha MIOOHU C TOJsIMA TOYHOCT € OT
CBILIECTBEHO 3HAYCHHUE NPY aHAJIM3a Ha eKCIIeprIMeHTaIHNTe TaHHN. OKas3Ba ce obaye, ye Hiama Jo0po
CBBIAJICHUE MEK/Iy HAJMYHUTE B JIMTEpaTypaTa eKCIIEpUMEHTaHO [2] u TeopeTudHo [3-5]
OIpeJeNieHUTe CKOPOCTH Ha TpeiaBaHe U HEIlo NOoBede, MMa MHAMKAIH, Ye TIOBEACHHUETO M MpH
eMUTEPMAIHU €HEPTUY Ha MIOOHHTE MOXE Jla ce OTKJIOHSABA OT OYaKBaHATO [6,7]. YCTaHOBEHO e, ue
CKOPOCTTa Ha TIpeJjaBaHe 3HAYMTEIHO Ce MOBIHSBA OT (paKTa, 4e KUCIOPOJHHUTE aTOMH BIM3aT B
CBhCTaBa Ha KHUCJIOPOIHU MOJISKYJIH ¥ CHOTBETHO y4acTBaT BbB BUOPALIIMHHUTE M POTALIMOHHHUTE UM
JIBIDKCHISL. B 3aBHCHMOCT OT paspe/ieNieHHeTo Ha SHEPIHsTa 110 TPAHCIAMOHHHUTE U BBTPEILHUTE
CTeNeHU Ha cBOOOZA, MPOMSHATA B MOBEICHHUETO HAa CKOPOCTTA HA IMpEeJaBaHe Kato (yHKUMS Ha
KHHETHYHATa CHEPTUsl Ha MIOOHHTE, B CPABHEHHE C Ta3M 32 CBOOOJICH aTOM, MOXe Jia Ob/ie 3HaYNTEIHA
U J1a € IpUApPY’KeHa C KaueCTBEHH MPOMEHH. Te3H pe3ysraTH Mo3BOJISIBAT M0-IbI00KOTO pa3oupaHe
Ha Tpolieca Ha TpeaBaHe Ha MIOOHH KbM JIByaTOMHH MOJIEKYJIM KaTo Ta3d Ha KHMCIOpona U Ouxa
JIOTIPUHECIM 32 AHATM3HPAHETO Ha eKCHEPHMEHTAHUTE JAHHHU TeHEpHUpPaHU OT Kojaboparky KaTto
OAMY [1].

[1] C. Pizzolotto, A. Adamczak, D. Bakalov et al., The European Physical Journal A, Vol. 56,
Issue 7, 185 (2020)

[2] M. Stoilov, A. Adamczak, D. Bakalov et al., Physical Review A, Vol. 107, Issue 3, 032823
(2023)

[3] S. Romanov, Physics of Atomic Nuclei, Vol. 85, pp. 109-123, 109 (2022)

[4] Anh-Thu Le and C.D. Lin, Physical Review A, Vol. 71, Issue 2, 022507 (2005)

[5] A. Dupays, B. Lepetit, J.A. Beswick et al., Physical Review A, Vol. 68, Issue 6, 062506
(2004)

[6] A. Werthmuller, A. Adamczak, R. Jacot-Guillarmod et al., Hyperfine Interactions, Vol.
116, pp. 1-16 (1998)

[7] P. Danev, H. Tonchev, 1. Boradjiev et al., Journal of Physics: Conference Series, Vol.

2701 (1), 012040 (2024)
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Quantum metrology with critical-driven dissipative collective spin
system

Venelin P. Pavlov', Diego Porras® Peter A. Ivanov!
! Department of Physics, St. Kliment Ohridski University of Sofia, James Bourchier 5 blvd, 1164 Sofia,
Bulgaria
Institute of Fundamental Physics IFF-CSIC, Calle Serrano 113b, 28006 Madrid, Spain

We propose two critical dissipative quantum metrology schemes for single parameter
estimation which are based on a quantum probe consisting of a coherently driven ensemble of
N spin-1/2 particles under the effect of a collective spin decay. The collective spin system
exhibits a dissipative phase transition between thermal and ferromagnetic phases, which is
characterized by a nonanalytical

behavior of the spin observables.We show that thanks to the dissipative phase transition the
sensitivity of the parameter estimation can be significantly enhanced. Furthermore, we show
that our steady state is a spin squeezed state which allows one to perform parameter
estimation with sub shot-noise limited measurement uncertainty.
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KBanrtoBa METPOJIOrusl B IMCUNNATUBHA KOJIEKTUBHA CIIHHOBA CUCTEeMa

Benenun Iasnos’, Jluezo Iopac’ Ilemvp Hsanos!

! Dusuuecku gaxyrmem, Yuueepcumem ,, Ce. Knumenm Oxpudcku “, 6ya. dowcetime Bayuep 5,
1164, Coghus, bvaeapus
2Uncmumym no ¢pynoamenmanna gusuxa IFF-CSIC, Calle Serrano 113b, 28006 Maopuo,
Hcnanus

W3cnensame IBe cXeMH 3a KBAHTOBa METPOJIOTHS 3a IMH IIapaMeThp, KOUTO Ce OCHOBAaBaT Ha
KBaHTOBA CHCTeMa, peCcTaBIsIBaIla aHcaMOb 0T N 4acTUIM cbC CiuH 1/2, B KOATO HMa
HaJIMYHC HA TUCHTIANNSA Ha KOJCKTHBHUS CITHH.

CucremaTa npeThpIisiBa AUCHIIATHBEH (a30B MPEX0 MKy TepMaiHa i (epoMarHuTHa
(haza, BcsAKa OT KOUTO Ce XapakTepH3Kpa ¢ HATMIUETO Ha HEAHATMTUYIHO MOBEJCHUE HA
HaOroaeMuTe BennuuHK. Hue mokaseame, de OiarogapeHue Ha TO3H JUCUITATHBEH MPEXO/I,
YyBCTBHUTEIHOCTTA B OTPE/ICIITHETO HA MMapaMeThpa MOXKeE Jia ObJic 3HAUUTEITHO MOI00pCHA.
ChI0 Taka IoKa3BaMe, 4e HaIlIeTO CTAMOHAPHO ChCTOSHHE € T.H. CIUIeCKaHo (spin squeezed)
CBCTOSIHHE, KOETO MI03BOJISIBA [a CE ONpe/Ien Ha TapaMeTbpa ¢ TOYHOCT, T0-BHCOKA OT
CTaHIapTHATA KBAHTOBA TPaHHMIA.
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Random matrix theory approach to quantum Fisher information in
quantum ergodic systems

Venelin P. Pavlov', Yoana R. Chorbadzhiyska’, Charlie Nation?,

Diego Porras®, and Peter A. Ivanov'
!Center for Quantum Technologies, Department of Physics, St. Kliment Ohridski University of
Sofia, James Bourchier 5 Blvd., 1164 Sofia, Bulgaria
’Department of Physics and Astronomy, University College London,

London WCIE 6BT, United Kingdom

3 Institute of Fundamental Physics IFF-CSIC, Calle Serrano 113b,

28006 Madrid, Spain

We theoretically investigate quantum parameter estimation in quantum chaotic
systems. Our analysis is based on an effective description of quantum ergodic systems in terms
of a random matrix Hamiltonian. Based on this approach we derive an analytical expression
for the time evolution of the quantum Fisher information (QFI), which we find to have three
distinct timescales. Initially, the QFI increase is quadratic in time, characterising the timescale
over which initial information is extractable from local measurements only. This quickly
passes into linear increase with slope determined by the decay rate of the measured spin
observable. When the information is fully spread among all degrees of freedom, a second
quadratic timescale determines the long-time behaviour of the QFI. We test our random matrix
theory prediction with the exact diagonalization of a non-integrable spin system, focusing on
the estimation of a local magnetic field by measurements of the many-body state. Our
numerical calculations agree with the effective random matrix theory approach and show that
the information on the local Hamiltonian parameter is distributed throughout the quantum
system during the quantum thermalization process.
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KBanToBa nundopmanus nHa Odumiep B eproiHun KBAHTOBH CHCTEMH -
MOAXO0A CbC CIAYYAWHH MATPUIH

Benenun I1. ITasnos', Hoana P. Yopbaducuiicka®, Yapru Heiiurvr?,
Huezo Hopac?, [lemvp A. Heanos!
KT, @3®, CY ,,Ce. Knumenm Oxpuocku “, 6yn. ,, JJonc. Bayuvp “ Ne3,
1164 Cogpus, bvreapus
’Department of Physics and Astronomy, University College London,
London WCIE 6BT, United Kingdom
3 Institute of Fundamental Physics IFF-CSIC, Calle Serrano 113b,
28006 Madrid, Spain

Hue uscnenBame TEOpETUYHO YyBCTBUTEIHOCTTa KbM M3MEHEHHETO Ha IapaMeTpu B
eproJHu KBAHTOBHU CHUCTeMH. MspKa 3a pa3M4MMOCT Ha [BE ChCTOSHHS € KBAaHTOBAaTa
nadopmaryst Ha Oumiep, KosATO 3a7aBa TopHATA TPAHKULA Ha KiacuyeckaTa HHpopMmanus Ha
®umiep. B ocHoBaTa Ha aHanM3a HU € MOJENMPAHETO upe3 ciayyaiiHa maTtpuua ot [aycos
opToroHasieH aHcaMOBJI Ha XaMIJITOHHAHa Ha cCHcTeMara. TakbB ITOX0J] MOKe Jia 1ajie 100po
OIHCaHHE 33 HEMHTEIPyeMH KBAHTOBH CHCTEMH.

INomyuaBaMe aHAIMTHYEH PE3yNTaT 3a EBOJIOIMATA BBB BPEMETO Ha KBAaHTOBATa
unpopmanusa Ha Oumep. PesynrarsT e npoBepeH YHUCICHO, a CBIIO U 32 MOJEJ Ha CIIMHOBA
Bepura. HaOmonaBame KBajgpaTH4Ha 3aBUCHMOCT OT BPEMETO, KOATO OBP30 NpEeMUHABA B
nuHedHa. Korato mH(opManusaTa ce pasnpoCTpaHM HAITBJIHO IO CTENEHHUTE Ha cBoOOxa,
KBaJIpaTHYHATa 3aBHCUMOCT CE€ BB3CTAaHOBABA M TS ONpEAENs CIEABAaIlaTa €BOJIOLUS Ha
KBaHTOBaTa nH(Gopmarus Ha Ourep.
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Comparing robustness of Grover and QRW search algorithms with
multi-phase matching

Hristo Tonchev*, Petar Danev
Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences,
72 Tzarigradsko Chausée, Sofia, 1784, Bulgaria

There are many different quantum search algorithms. Two such examples are Grover’s
search algorithm and quantum random walk search. Compared to the best classical search
algorithms, both quantum algorithms could find the wanted element quadratically faster. They
are object of extensive study, not only because of their speed, but they are also used as
subroutines of other algorithms and find application in the cryptography. Compared to each
other, they have different advantages and disadvantages.

Grover’s algorithm is historically the first quantum search algorithm. In its original
form it is probabilistic, but there are some modifications that can make the algorithm
deterministic. The algorithm uses only the qubits that are necessary to write the database to be
searched and doesn’t require additional qubits. It can be used for search in a graph-like
database where all elements are connected with each other through an edge.

Quantum random walk search algorithm is probabilistic quantum search algorithm,
that can be used to search in a graph with an arbitrary topology. Probability to find solution
depends on the topology of the searched structure. Unlike the Grover’s algorithm it requires
additional qubits.

In this talk, firstly we will briefly introduce Grover’s algorithm. Next, we will show
one of the modifications based on generalized Householder reflections that make the algorithm
deterministic (phase matching). It will be shown how the probability of finding a solution
changes with modification of the algorithm that use multiphase matching. Quantum random
walk search algorithm in the case of Hypercube will be discussed. A variation of the algorithm
that uses generalized Householder reflection with additional phase multiplier for construction
of the walk coin will be discussed and we will investigate how its probability to find solution
changes with change of the phases. A modification of the algorithm with multiphase matching
will be shown. At the end we will compare the robustness of both algorithms with and without
multiphase matching.

Acknowledgments: This work was supported by the Bulgarian Science Fund under contract
KP-06-N58/5/19.11.2021.
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CpaBHeHHe Ha cCTa0MJHOCTTA HA aJITOPUTMHTE 32 TbpceHe Ha ['poBep
u KTCP npu nosizBane Ha MHOT0-()a30B0 cbrjacyBaHe

Xpucto TonueB*, [lersp [lanes
Hucmumym 3a Aopenu HUzcneosanus u Slopena Enepeemuxa, bAH,

72 Lapuepaocko Lloce, Cogus, 1784, Bvreapus

ChlecTBYBaT MHOTO KBaHTOBM alrOpPUTMHU 3a ThpceHe. J[Ba mpumepa 3a TaKHBa
aITOPUTMU Cca alropuThMa Ha I'poBep 3a ThpceHe M KBaHTOBHS aITOPUTHM 33 ThPCEHE ChC
cinydaitna pasxonka (KTCP). CpaBHeHH ¢ Haif-moOpuTe KIAaCHYECKH alrOpUTMH, U ABara
KBAaHTOBM alrOPUThMa HaAMHPAT ThPCEHMs €IEeMEHT KBaJpaTHIHO 1Mo-0bp30. Te ca obekT Ha
WHTEH3WBHO M3y4aBaHE CHIIO M 3alIOTO Ce MOJ3BAT KaTO KOMIIOHEHTH Ha JIPYTH KBAaHTOBH
ITOPUTMHU U KpUNTOrpadCcKH NPOTOKOIH. Bceknm oT nBara anropuTepMa MMa pa3iudHI
IpeNMCTBA U HEJOCTAaThIIN.

Hcropudecku, MbpBUAT KBAaHTOB alrOPUTHM 3a ThpceHe € To3u Ha I'posep. B cBosiTa
OpHTHHAIIHA (opMa TOil € BepOATHOCTEH, HO CHIIECTBYBAT HETOBH MOJU(DHUKAIIMU KOUTO TO
HpaBsIT AETEPMUHHUCTHYEH. ANTOPUTBMBT H3ION3BA CaMoO KyOHTHTe, HEOOXOIUMH Ja ce
3anmmre 6a3aTa JaHHHU, B KOATO C€ ThPCH, U HE H3MCKBA JOMBIHUTEIHHU KIoONTH. Moe 1a ce
M3I0JI3Ba 32 ThpceHe B 0a3a JaHHW IpeACTaBeHa KaTo rpad, B KOHTO BCHUYKH €IEMEHTH ca
CBBP3aHU €MH C APYT upe3 pro.

KTCP e BeposTHOCTEH KBaHTOB aJIFOPUTHM, KOITO MOXKeE J]a ce U3II0J3Ba 32 ThPCEHE
B rpad ¢ IpON3BOJIHA TOIOJOTHS. BeposTHOCTTA 1a ce HaMepH ThPCEHUST €IIEMEHT 3aBUCH OT
TOTIOJIOTHATA Ha 00XOXKJIaHaTa CTPyKTypa. 3a pasnuka or anroputrbma Ha ['posep, KTCP
U3UCKBA JOMBJIHUTEITHH KIOOUTH.

B Ttasm mpeseHTanus, TBPBO HAKPAaTKO II€ MPEACTaBUM alroputbma Ha I'posep,
3aegHO ¢ HeroBa Moaudukanus, 6asupaHa Ha 0000IMIEHOTO XayCXOJAEpOBO OTpPaKEHUE
(0XO0), xoaTO TpaBW aNropuThHMa nerepMHHUCTHYCH ((azoBo cwriacymane). llle Owae
MOKa3aHO KaK ce NMPOMEHs BEpPOSTHOCTTA Ja Ce HaMepu pelieHHe NMpu MOoIudHKarus Ha
anropuThma, KOATO M3MoJ3Ba MHOTO-(a30Bo chriacysane. llle ce pasrneqa KTCP B ciyuas
Ha xunepky0. llle 6b1e 00ChIeH BapHaHT Ha aIrOpUThMa, KOMTO N3MONI3BA 32 KOHCTPYHpaHe
Ha MoHeTaTa Ha npuaskBane OXO c nombiaHuTeNeH Ga3zoB MHOXUTEN. e ce mokaxe kak
BEPOATHOCTTA My Ja HaMEpH pPEIICHHe Ce IMPOMEHs C IMPOMSHaTa Ha (a3uTe, KaKTo U NpH
MoIu(pHUKanus Ha aNropuThMa ¢ MHOrodazoBo chriacyBaHe. Hakpas me ce chIOCTaBH
cTabMITHOCTTA HA JIBaTa alrOPUTHMA ¢ B 6€3 MHOT0(a30BO ChIIacyBaHe.

Baarogapuoctu: Tas3u pabdora e punancupana or Poux ,,Hayunu nscnenBanus ™ mo 10roBop
KI1-06-H58/5 / 19.11.2021.
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Fast high-fidelity composite gates in superconducting qubits

Hristo G. Tonchev', Boyan T. Torosov?, Nikolay V. Vitanov'
ICenter for Quantum Technologies, Department of Physics,
Sofia University, James Bourchier 5 blvd., 1164 Sofia, Bulgaria
’Institute of Solid State Physics, Bulgarian Academy of Sciences, 72 Tsarigradsko chaussée,
1784 Sofia, Bulgaria

We present a method for quantum control in superconducting qubits, which overcomes
the Fourier limit for the gate duration imposed by leakage to upper states. The technique
utilizes composite pulses, which allow for the correction of various types of errors, that
naturally arise in a system. We use our approach to produce complete and partial population
transfers between the qubit states, as well as two basic single-qubit quantum gates. Our
simulations show a substantial reduction of the typical errors and a gate speed-up by an order
of magnitude. Three different independent verifications are made to justify these claims.
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Bbp3u 1 BUCOKOKAYeCTBEHU KOMIIO3UTHHU TeiiTOBe B CBPHXIPOBOASIIH
KIOOMTH

Xpucmo I. Tonues’, bosn T. Topocoe °, Huxonaii B. Bumanos’
Jenmuvp 3a keanmoeu mexnonozuu, Pusuuecku paxyrmem, CY "Ce. Knumenm Oxpudcku”,
oya. ,, oceiime bayuvp ©“ Ne5 Jlozeney, Cogpus 1164
2Uncmumym no ¢usuxa na mevpoomo msno, bvrneapcka akademus na naykume, 6yi.
“Lapuepaocko woce” 72, 1784 Cogpus

B cratusara mpeactaBsiMe METOA 3a KBAHTOB KOHTPOJ B CBPBXIPOBOJIIHN KIOOHTH,
KOMTO mpeoossiBa rpaHunara Ha Pypue 3a NpoabJKUTEITHOCT Ha TEMTOBETE, HAJO0XKEHA OT
3ary0aTa Ha HAaceJICHOCT KbM IIO-TOPHHU HUBA. TeXHHKaTa W3M0JI3Ba KOMIIO3UTHU HUMITYJICH,
KOMTO II03BOJISIBAT KOPUTMpAaHE Ha Pa3IMYHU BUJOBE IPELIKH, BB3HUKBAILM €CTECTBEHO B
cucreMaTa. l3moi3Bame Moaxoja, 3a Ja IPOW3BENEM IBJIHHM W YacTHYHH TpaHcdepn Ha
3aCeJICHOCTTa MEXIy OCHOBHHUTE CHCTOSIHMS Ha KIOOWTa, KakTo M JABa (yHIaMEHTaIHU
eIMHUYHU KBaHTOBM reiira. CHMyJamuuTe HM MOKA3BaT 3HAYMTENHO IIOHM)KAaBaHE Ha
TUNAYHATE TPEIIKH M yCKOPEHHWE Ha WMMIUIEMEHTAlMsATa Ha TeHTOBETe C IPUI TOPSABK.
W3BppuIBaMe TpU pa3nudHU HE3aBUCHMHU IIPOBEPKH, 3a 12 IOTBBPUM TBBPACHUATA CH.
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3

[TocTtepnu nokmanu
1. I'. Kamuiuena: ,,Jlatupane 1peBHaTa UCTOpUs Ha Obirapure
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The Journal ,,World of Physics“ — history, authors, audience

Sashka Alexandrova
Technical University-Sofia, Department ,, Applied Physics *

The journal "The World of Physics" is an edition of the Union of Physicists in Bulgaria
(SFB), which publishes original scientific, review and popular scientific articles in full text in
all areas of physics. Topics include current issues in the field of physical sciences,
applications in modern technology, the history of physics, the relationship of physics to other
sciences such as chemistry, biology, mathematics, medicine, philosophy, etc. Topics related
to education and qualification of teachers from higher and secondary level in physics, good
practices, activities of the SFB in holding scientific conferences and schools, awards to our
and foreign scientists, information about new books published in our country and abroad are
also included.

A distinctive feature is the nature of the edition as an interesting and useful almanac at
the academic level, aimed at a wider physics audience, including physicists engaged in
research in various fields, teachers in schools and universities, students of natural and
technical sciences, students of classes with a nature-mathematics profile.
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Cnucanue ,,CBeTbT Ha pU3UKATA® — HCTOPHS, ABTOPH, ayIuTOpUs

Cawrxa Anexcanoposa
Texnuuecku ynusepcumem-Cochus, kameopa ,, [Ipunoscna gusuxa

Crcannero ,,CBeThT Ha ¢u3uKara” e n3ganue Ha Chro3a Ha ¢pusunuTe B bbarapus
(C®DBb), xoero myOIMKyBa OpHTMHAIHHM Hay4HH, 0030pHM M HAay4YHOIOINYJSIPHH CTAaTHH B
IbJIeH 00eM BBB BCHUKH 00nacT oT ¢usmkara. Temure BKIIOYBAT aKTyajlHHU BBIIPOCH OT
obracTTa Ha (pU3NYECKUTE HAYKH, IPUIOKEHHUITA B MOJEPHUTE TEXHOJIOTHU, UCTOPHUATA Ha
¢usmukara, Bpb3KaTa Ha (pU3MKaTa C JPYyrH HAyKH KAaTo XUMUs, OMONOTHs, MaTeMaTuKa,
MeauiuHa, Guaocodus U ap. Mscro HamMHpaT U BBIPOCH, CBBP3aHH C OOPa30BaHUETO U
KBaJMM(UKAMATA HA NPEIOJABaTEIUTE OT BHCIIETO M CPEAHOTO 0Opa3zoBaHue 1o (usmKa,
no6pu mpaktuky, aeiiHoctn Ha COB no npoBexJaaHe Ha HaydYHH KOH(EpEeHIMH M IIKOJIH,
Harpajav Ha Halllk ¥ 9y>KIH yYeHU, HHPOPMAIHs 32 HOBH KHHUTH, H3/1a/IeHH y HaC U B Uy)KOHMHA.

OTn4uTeNIHA YepTa € XapaKTepbT Ha U3AaHUETO KaTO HHTEPECEH U MOJIe3EH alMaHax
Ha aKaJIeMHYHO HUBO, HACOUCHO KBM ITO-IIMPOKa (hU3UYHA ayAUTOPHS, BKIIOYBaNa GU3HULY,
3aHMMaBallld CE C W3CIeNOBaTelICKa AEHHOCT B pa3NMYHU 00NacTH, MpernojaBaTeld B
YYHINIATA U YHUBEPCUTETHTE, CTYyACHTH IO MPUPOJHN M TEXHUYECKH HAYKH, YICHUIN OT
KJIaCOBE C MPUPOI0-MaTEMaTHIECKH IPODIIL.



IV-T1 HALMOHAAEH KOHIPEC ITO ON3NYECKIN HAYKIN

Prof. Petar Penchev —
a Pioneer in Radioactivity Research in Bulgaria

Penka Lazarova
Union of the Physicists in Bulgaria

Prof. Petar Penchev (1873 — 1956) is one of the pioneers of higher education and
scientific research in physics in Bulgaria, a pioneer in the research of the radioactivity of
Bulgarian mineral, drilling and other waters and gases. He develops new methods and devices
for studying the radioactivity of thermal springs both in the laboratory and on site.

He graduated in physics and chemistry in the Sofia University (1884). Takes positions
as assistant in physics (1895), associate professor (1919) and professor of experimental physics
(1923 — 1938) at the Faculty of Physics and Mathematics of Sofia University, as well as Part-
time Research Associate in the Institute of Physics with Atomic Scientific Experimental Center
(IP with ASEC) at BAS (1948 — 1956).

In the University, he reads the new for his time courses on units and measurement
methods, on electrical phenomena in gases, on photography and on radioactivity.

Prof. Penchev is the first Bulgarian to promote Einstein's Theory of Relativity. He is
a founding member of the Physico-Mathematical Society and a member of the first editorial
committee of its journal.

He is a recipient of the Order of ,,St. Alexander®, IV degree (1929). For his scientific
achievements and works on the radioactivity of mineral and cold springs in Bulgaria, he was
was awarded with the highest honor of his time, Laureate of the Dimitrov Prize (1953).
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IIpo¢. llerbp IleHYeB — NHOHEP B U3CJICABAHUATA HA PAIMOAKTHBHOCTTA Y
Hac

Ienka Jlazaposa
Cvi03 Ha ¢usuyume @ Bvaecapus

[pod. Ilersp [lenuyen (1873 — 1956) e enuH OT MBPBOCTPOUTENUTE HA BHCIIECTO
o0pa3oBaHHME U HAayYHHTE H3CIEABaHMS MO (HU3MKAa y Hac, MHOHEP B M3CIEIBAHHUATA Ha
PagMoOaKTHBHOCTTA Ha OBIrapcKUTe MHHEPATHYW, COHIAXHH M JAPYTH BOIAM M Ta30Be.
Pa3paboTBa HOBH METOIM M amapaTH 3a M3CJIEBaHE Ha PaJHOAKTHBHOCTTA HA TEPMAaIHUTE
W3BOPH KaKTO JIADOPATOPHO, Taka ¥ Ha MSCTO.

3apppmBa Bucmero yummmme B Codusi, cnenuanHocT (U3MKa U XUMHUS. 3aeMa
HO3HMILMU HA aCHCTEHT 1O (U3MKa, AOLEHT MU Mpodecop Mo eKCHepUMEeHTanHa (QHU3MKa BbB
Ouznko-matemarudeckust pakynret Ha Coduiickus yHUBEPCHUTET, KAKTO U Ha HEIIATEH HAayIeH
cbTpynnHuk BbB ®U ¢ AHED npu BAH. Yere HoBUTE 3a BpeMETO CH KypCOBE IO €AMHUIM U
U3MEPUTEIIHH METOAW, IO ENeKTPUYHU SBICHHS B Tra3oBeTe, Ho ¢ortorpadus u 10
paguoakTiBHOCT. [Ipod. IleHueB e mbpBHAT OBNTapWH — mpomaraHgatop Ha TeopusTa Ha
OTHOCHUTEITHOCTTa Ha AWHIIaiH. UneH-ocHOBaTelN € Ha PU3UKO-MaTEMaTHYECKOTO JPY>KECTBO.

Hocuren e Ha opneH ,,CB. Anekcanabp®, I[V-ta crenen (1929). 3a nayunure my
MOCTI)KEHUST ¥ TPYIOBE BBPXY PAJHMOAKTUBHOCTTAa Ha MHUHEPAIHHTE U CTYJICHUTE U3BOPU B
Bbearapust e oTaMyeH ¢ Hal-rossiMoTo 3a BpeMeTo cu oTianuue Jlaypear Ha JlumurpoBcka
Harpazga (1953).
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Divine Emilie— woman of science and phylosofer
llya Petrov

Perhaps there is no so emotional and erudite at the same time person in the history of
science, as Marquise du Chatelet had been. For most of the people she is known as Voltaire’s
mistress, but she also translated Newton’s Principia and published the first textbook on modern
physics, where algebraic notations and elements of calculus were included. Her approach to
the scientific methods and the adoption of vis viva as a true force in bodies’ motion play a
significant role not only in the early Kant philosophy, but raised a famous controversy lasting
almost a century and resulted in contemporary understandings of energy and momentum. This
is a talk for du Chatelet live and achievements.
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BboxkecrBenata EMuian — :keHa, oTAaieHa Ha HayKaTa U puiaocodpusita

Unsa Ilempos

B wucropusrta na naykara moxe Gu HAMa Apyra JMYHOCT, TOJKOBA €MOLMOHATHA U
TOJIKOBA €pyIHpaHa, KOJKOTO € r-ka Mapku3a b0 Illatie. 3a mmpokara myOuuka T4 e
moboBHUIIaTA HA BonTep, HO B chIIOTO BpeMe T4 € peBoaaysT Ha HroToHoBara ,, [ Ipuncunms
U aBTOp Ha MbPBUS YYEOHHMK IO ChBpeMEHA (H3MKa, BKIIOYBAL] €eMEHTH Ha anredpa u
ananu3. HeifHoTo pa3bupane 3a HaydeH ITOIXO0]] M 3HAUCHUETO Ha Vis Viva UTPasiT ChIIECTBEHA
poIrst He camo B panHara ¢mtocodus Ha KaHT, HO ¥ 3a1aBar TemMa 3a CIIop, IIPOIBIDKIII O30
BEK, ¥ B KpaifHa CMeTKa JIOBel 10 pa30nupaHeTo Ha pOJsiTa Ha UMITyJIca M KHHEeTHYHATa CHepIUs
B MexaHuKara. [Ipe3eHTarusATa e pa3kas 3a HeWHHS )KUBOT U IEJI0.
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Bulgarians Ancient History Dating

G. Kamisheva!, M. Ivanova
!nstitute of Solid State Physics, Bulgarian Academy of Sciences

Bulgarian ancient history is a debatable topic today. According geographical location,
Bulgaria is situated on the Balkans, where three different by their culture nationalities — Arabs,
Greeks and Bulgarians touch each other. Each of them presents Bulgarian history from his
own point of view. In that reason, there are many different versions about ancient history of
the Balkans.

It is considered that Bulgarian territory is among the earliest settled areas in Europe.
More and more evidences about the ancient origin of Bulgarians are emerging in these days.
The evidences are various. Such are discovered by archaeologists and ethnographers from all
over the world. They correspond also with our folklore and traditions in a definite way.

The history of Bulgarian lands has divided into five periods. We will investigate two
of them — prehistory and antiquity. The present work aims to propose a new hypothesis. It
includes new dating and arguments found in Bulgarian folklore, traditions and church history.
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JdaTtupaHe qpeBHATa HCTOPHUS HA ObJarapure

Tanxa Kamuwesa' Mapus Heanosa
"Hnemumym no gusuxa na mevpoomo msno npu BAH

JlpeBHaTa Obarapcka HCTOpHS € criopHa TeMa. [lo cBoeTo reorpa)cko IMONOKEHHE
Brirapus ce Hammpa Ha bankanuTe, KpAETO ce DOMMPAT TPH MHOTO PA3IMYHU IO CBOSTA
KyJITypa APEeBHU HApoaW — apabu, I'bpOU U OBJTapH. A BCEKH HapoOJ TETJIH HMCTOPHYECKH
gyeprara KbM ceOe CH, TOpa i KOETO ChIECTBYBAT Pa3INYHU BEPCHUU 32 APEBHATA HU HCTOPUSL.

CwMsTa ce, ue TepuTOpHsATa Ha AHEIIHA briarapus e cpeq Haif-paHo 3aceseHUTe paiioH:
B EBpomna. B nuenrnu BpemMeHa ce OTKpUBAT BCe MOBEUE JOKA3aTENICTBA 3a APEBHUS IPOU3XOJ
Ha Obnrapute. JlokazaTtencTBara ca pasHooOpasHu. OTpUTH ca U IPOABIIKABAT J]a CE OTKpUBAT
TaKMBa OT apXEO0JI03U U eTHOTPa(H OT IsUT CBAT. Te 1o KaTeropHueH Ha9uH KOPECIIOHANPAT U
¢ donkmnopa n 6ura HA.

Hcropusra Ha ObJIrapcKuTe 3MH € pas/ieeHa Ha TeT nepuosa. Hue me pasriexaame
JIBa OT TAX — NIPAHCTOPHs U aHTHYHOCT. HacTosmara pabora uMa 3a 11en 1a IpeyIokKy HOBa
xumore3a. Ts e MoAKpeneHa ¢ HOBa IaTHPOBKA U apTyMEHTH, KOUTO HAMHPaMe B OBJITapCKust
(honxIOp, TPAIULINH U IBPKOBHA HCTOPHSL.
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HALIMOHAAEH KOHIPEC
MO ®PU3NYECKMN HAYKMA

07-09.10.2024 T.

Cexuusa 11
DU3UYECKUTE HAYKH, MHOBALIMUTE U MHIYCTPUSITA B

bearapus

[Ipencenaren: npod. n-p I1. Butanos (COBb)
Koopaunarop: nou. a-p Credan Beiakos (ME-BAH)
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YeTHU noxinaan
. . bruBapos: ,,IIpeononsiBane Ha TEXHOJIOTHYHUTE Oapuepu B Y b-Ia3epHU YCHIIBATEIH HA
CBp'bX KBCU I/IMHy.]'ICI/I 3a HaY'-IHI/I " TCXHOJIOIT'NYHU HpI/UIO)KeHI/IH“

2. M. T anyes: ,,/[13aifH 1 MHXKEHEPHUHT HA TIEPOBCKUTHH (DOTOCTICMEHTH

. H. BecesimHoB: , JI3KycTBEH CITbTHUK Ha 3eMsiTa — KOCMUYECKH Xa0uTaT"

. C. Cnacosa: ,,Omiarade 1 u3cjeBaHe Ha ThHKOCJIOWHY HEOPraHWYHU MaTepuaiy OT BU/a Ha
MemHuTe XanoreHuau-opomu, omua (CuBr, Cul) 3a npuioxeHre B IEPOBCKUTHH
(oToBonTaryHM NpeoOpasyBaTeIn

. B. CraBpoB: ,,HoBa TexHOJIOTHS 32 YCKOPEHO MTPOM3BOCTBO HA IPOTOTUITH Ha
ME30PE3UCTUBHI MHUKPOCEH30PH

[TocTtepHu nokmanu

. M. T'opanoBa: , J3cnenBaHe Ha UCJIAHICKH IMAT OT bbJrapus 3a MpUiIoKEeHUE 32 ONTUYHA
€JIEMEHTH

. C. Bbakos: ,, I loBbpxHHHHA MOTU(UKALIKS Ha BUCOKO-AeMIT(heprpaIiy CIUTaBU Ype3 CKaHUPAIIT
€JIEKTPOHEH CHOIT
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IIpeogonsiBaHe HA TEXHOJOTHYHHUTe Oapuepu B Yb-1a3epHu
YCHJIBATeJU HA CBPbX KbCH UMIYJICH 32 HAYYHH M T€XHOJOTHYHHU
TPHJIOKEHH ST

Hean bvusapos
Qusuuecku parxyimem, Copuiicku ynusepcumem, 6yi. iceiimc Bayuep 5, Cogus,
Lenmwvp 3a 6uo u nano pomonuxa ocon Amanacos (JAC BNP), Cogus, Boaecapus.

Otkakro Yb-nmasepHuTe cpean 6sxa ch3IafeHu B Kpast Ha 90-Te TOIMHN Ha MUHAIIUS
BeKk Karo edekTwBHa antepHaTHBa Ha Ti-camdupa 3a paspaborBaHe Ha (HEMTOCEKYHIHHU
nazepd, Oemre IOCTHUTHAT TOJSIM HalpeqbK B IONTyYaBaHETO Ha YITPAKBCH HMITYJICH C
PEKOPIHO BHCOKM €HEPTMH WM CPEJHHM MOIIHOCTH. BBIpekn ToBa, mpe3 MOCIEAHUTE TPU
JECeTUIeTHs MPOIB/DKUTEIHOCTTAa Ha MMITyJICA HA CHCTEMHUTE 3a yCHJIBAaHE Ha YHPHHUPAHU
umnyicu (CPA), nerupanu ¢ Yb, e orpanndena B auanasona 180-300 fs, Bppekn HaTHIneTo
Ha mupokojeHToBu (> 50 nm) nerupanu ¢ Yb marepuanu. Hue mpencraBiMe HOB MOIXOM,
KOWTO HMMa 3a IeJl Aa IpeoJoiiee TEXHOJOrHmyHuTe orpaHudeHuss B Yb CPA nazeprute
cucremH [1]. [Ipunaraiiku To3u nmoxxon, 6a3upaH Ha edexTa Ha pa3mIMpsBaHEe Ha YECTOTHATA
JICHTa Ha HETHOTO YCHJIBaHE B KBAaHTOBO TPHHHUBHA JIa3epHA cpesia , HUe JeMOoHcTpupame 97
fs mmmyncu ¢ 2,7 mJ eneprus npu 1 kHz ¢ npmknHa Ha BenHatal038 nm B Yb: CaYAIO4
CPA mazep. OcBeH TOBa IOKa3Bame, 4Ye JIECHO Ja KOMIIpecHpame HEIMHEHHO Ta3Hu
MPOABDKUTETHOCT HAa WMITyJica, HamansBaiiku s no 58 fs. IlpemmoskeHara paspaboTka
JEMOHCTpHpa NMPOOUB B IOTyYaBaHETO HAa BHCOKOCHEpruifHa, Yb-cucTema 3a CBPBX KBCH
HMITYJICH, KOSITO € 3HAYMTETHO IO-KOMIIAKTHA, MO-JIECHA 3a MOJAAPHKKAa C HapacTBalla
HaJI©KIHOCT U UMa MaIabupyeMOCT B €HEpIUsl M CPeJHa MOLTHOCT, KOETO s IPaBH CIIocoOHa
Jla ce KOHKypHpa ¢ JocTelHUTe B MOoMeHTa Ti: Candupenn fs-nazepu [2-3]. Tasu nHoBanus
e WMa [IMPOKO BB3IACHCTBHE BBPXY OHOMEIMIIMHCKUTE NPWIOKEHWS, HAyKUTE 3a
MaTepuajuTe ¥ HAHOTEXHOJOTHMHTE, KaKTO M BBPXY OOpa30BaHMETO M OOYyUSHHETO Ha
CTyJIeHTH W MJIQI YIE€HH B HOBa M KOHKypeHTHa obmact. Ille npencraBuM BHeIpsSBaHETO HA
TE3H Ja3epy B HOB THII CIIEKTPOMETHpP 33 M3MEpBaHE BPEMEBOTO M3MEHEHHE Ha abcopOmust
(TA), koiiTo mpuTEKaBa YHUKaJIIEH BpeMeBH mpo3opel], 1E6 mbTH mo-rojsiM oT HaTMYHUTE B
MOMEHTA.

Ta3u pabora e yact ot npoekt METAFAST (Ne 899673), dunancupan ot Xopu3oHT
2020 na Espomeiickus cwvto3 u rpanr HEPHAESTUS (DO1-173) ot Owarapckara
HanuonanHa mbTHa KapTa 3a U3cleoBaTencka HHPpacTpyKTypa.

[1] L. Petrov, et al., Opt. Express 31, 18765-18772 (2023)

[2] L. Petrov, et al, "High Performance Ytterbium Regenerative Amplifier Based on
Yb:CALYO with High Energy 100 fs Pulses," CLEO/Europe 2023Paper Ca_10_5 (Optica
Publishing Group, 2023)

[3] L. Petrov, et al., "Net gain bandwidth broadening in Yb:CaAlYO4 amplifiers: a prospect
for 20-100 fs multi-mJ laser pulses," CLEO USA.2024
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Breaking Through Technological Barriers in ultrafast Yb-laser
Amplifiers for Science and Technology Applications

Ivan Buchvarov
Physics Department, Sofia University, 5 James Bourchier Blvd., Sofia, Bulgaria
John Atanasov Center for Bio and Nano Photonics (JAC BNP), Sofia, Bulgaria

Since Yb-laser media were established in the late 1990s as an effective alternative to Ti-
sapphire for ultrafast laser development, a lot of progress has been made in getting
ultrashort pulses with record-high energies or average powers. However, for the past three
decades, the pulse duration of Yb doped chirped pulse amplification (CPA) systems has
been limited to the 180-300 fs range, despite the availability of broadband (>50 nm) Yb
doped materials.

We have presented a new approach that aims to overcome the technological limitations in
the Yb-CPA laser system [1]. Implementing this approach based on the net gain bandwidth
broadening effect in a quasi-tree level laser material, we demonstrate 97 fs pulses with 2.7
m]J energy at 1 kHz at 1038 nm in the Yb:CaYAIO4 CPA laser. We can easily nonlinearly
post-compress this pulse duration, reducing it to 58 fs. The proposed development
demonstrates a breakthrough in obtaining a high-energy, extremely short pulse Yb-system
that is significantly smaller, easier to maintain with increasing reliability, and has
scalability in energy and average power, making it capable of rivaling the
currently accessible Ti:Sapphire fs-lasers [2-3]. This innovation will have a broad impact
on biomedical applications, materials sciences, and nanotechnology, as well as on the
education and training of graduate and undergraduate students and young scholars in a
highly novel and competitive field. We will discuss a demonstration of these lasers'
implementation in a new type of transient absorption (TA) spectrometer, which boasts a
time window 1E6 times larger than those currently available in the commercial market.

Acknowledgement: This work is part of the METAFAST project (no. 899673) funded by the
European Union’s Horizon 2020 and HEPHAESTUS grant (DO1-173) of the Bulgarian
National Roadmap for Research Infrastructure.

[1] L. Petrov, et al., Opt. Express 31, 18765-18772 (2023)

[2] L. Petrov, et al, "High Performance Ytterbium Regenerative Amplifier Based on
Yb:CALYO with High Energy 100 fs Pulses," CLEO/Europe 2023Paper Ca_10_5 (Optica
Publishing Group, 2023)

[3] L. Petrov, et al., "Net gain bandwidth broadening in Yb:CaAlYO4 amplifiers: a prospect
for 20-100 fs multi-mJ laser pulses," CLEO USA.2024
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ﬂusaﬁn U UHIICEHEPUHZ HA NePOBCKUMHU qbomoeﬂemenmu

Braoumup [ynes, Cmanka Cnacosa, Anexcanovp benkoscku, Bacun Ilananxoecku, Pymen
Cmotixos, Examepuna Padesa, Xpucmocko /[uxos, 30 Henosa, Maxcum I anues
! [Jenmpanna Jlabopamopus no Cionuesa Enepeus u Hosu Enepeutinu Mzmounuyu -
buvreapcka Axademus na Haykume
2 Laboratory for Thin Film Energy Materials: Department of Materials and Environmental
Technology, Tallinn University of Technology, Tallinn

B mocneanuTe rogmHM ce pa3BU CTPEMHUTENHO HOBAa TEXHOJOTHS OT XHUOPHIHU
NEPOBCKUTHH (OTOBONITAMYHU IHpeodpasyBaTend, KOSITO OBpP30 JOCTHUTHA  BOJCILIH
eexkTUBHOCTH 3a JlabopaTtopHH oOpasuu (Hajg 27 %) W JaBa NEPCIEKTHBH 3a IIMPOKO
HHyCTPUAJHO TIPHUJIOKEHHE, OCHOBAHO Ha €JEMEHTapHU TEXHOJOTWH, KaTo OTJIaraHe OT
Pa3TBOPH 1 C BB3MOXKHOCTH 32 HAATpaKAaHe BbPXY ChIIECTBYBAIIN CTPYKTYPH, KaTO TAHIEMHI
BBPXY CHIIMIHEBUTE, C epEKTHBHOCTH 32 MOMEHTa 0K0JI0 34 %. XuOpHIHNTE OpraHOMETATHH
TIEPOBCKUTH C€ SIBIBAT Pa3BUTHE HA KOHIIEHIMS, Oa3upaHa Ha IPUPOJHH CBETOTYBCTBUTEITHU
cyOcTaHIH, BHEAPEHHN BB (pOTOBONTANYHH TPUOOPH, KaTO barpuiHo - ceHCHOMTU3UpaHUTE
CI'BHYEBU (HOTOENEMEHTH U TA C€ pPa3BU KaTo BOAEIIA B CHBPEMEHHHUTE THHKOCIOWHH
TEXHOJIOTHH 3a oToBoATannu. [Tokpail M3KTIOUNTETHUTE CH MOKa3aTelu Ha MpHOOpUTE Ha
TsxHa 0a3a ce HAaOMIOJaBaT W HIAKOWM NPOOIEMH NPH TAXHATA EKCIIOATalus, CBHP3aHU C
Jerpajialiys U OTYETIIMBO CTapeeHe, KOeTo Halara ThpCeHEeTO Ha HOBU ChEMHEHNUS ¢ OT00Ha
CTPYKTYpa 1 CBOWCTBa, HO C HEOpPraHW4eH XapakTep. Karo TaknBa ce oka3BaT XaJKOTCHU JUTE
Ha aHTHMMOHA, OucmyTa, Kamas (SbaChals, Chal = Se, S; Bi2S3, SnS) u Texnure cMeceHu
cucremu (Sb,Bi)2Ses; CusSbSs, CuaSnSs, a cbIIo Taka ¥ BUCOKOCTAOMIHUTE XAJIKOTCHUIHU
nepoBckuTH BaZrSs3, SrZrS3 u rexHure cmecenu cuctemu. [Ipu pa3paboTBaneTo Ha mpubopu
C Te3U CheIUHEHHS Ce Halara ¥ ThpCEHEe HAa HOBH CBHI'BTCTBAIIN MAaTEPHAH ChC CEICKTUBHH
CBOMCTBA 3a ONTHUMAIHO pa3fielsiHe Ha TEHEPHPAHHTE HOCHTENM W MHUHHMH3HMpaHE Ha
pEeKOMOMHAIIMOHHAUTE MpollecH M 3aryOon B edexTuBHOCTTa. TyK ca NpeAcTaBeHH HIKOM
MOXO/Y 32 MOJIy4aBaHe Ha ThHKOCJIOWHH MaTepHalH, TI0IXO ISIIH 3a CEJICKTUBHO U3BEXKIaHE
U TpPaHCIIOPT Ha HOCHTENIUTE B IEPOBCKUTHH (DOTOBONTAWYHH MpeoOpasyBaTeny u
W3CIIeIBAaHUSI Ha TeXHUTe enekTpodusmynn cBoiictBa. Karo Enexrpon — TpancmopreH
Marepuan (ETM) ca u3cnensanu ctpyktypu ot Sn:ZnO, a KaTto CeNeKTUBHHM HOCHTENH Ha
nmonoxutrenan Hocutenun (HTM) ca wu3cnenBanm cMeceHHM XaJloOT€HHIM Ha MeAra
(Cu(Br,I,CNS)). [Toka3zan e moaxo[ 3a feuHIpaHE HA EHEPTETUYHUTE AUarpaMH Ha ChCTaBH
oT cpeguHeHHMeT0 Sn:ZnO W BT 32 MHXKEHEPHHTOBAa ONTHMHU3AIMSA HAa  THHKOCIOWHH
CTPYKTYpH 32 POTOETIEMEHTH.
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I/Iskycmeen CHBbMHUK HA 3emMAaAma - KOCMUYECKU Xxaoumam

3axapu 3namros, Kpucmusan Anexcues, Jumumuvp Pyowces, Paouna Huxonosa,
Heoucnas Becenunos

Texnuuecku ynusepcumem - Cogus, Kameopa "Bv3oywen mpancnopm”

B TO3M OKYMEHT ce pasriiexk/a MpoLechT MO Ch3/1aBaHETO M M'bPBUTE NPOBEICHU
TECTOBE Ha M3KYCTBEH CITBTHHUK Ha 3eMsATa, MMalll 32 LieJl Ja UMUTHPa OOUTaeMO MOMEIICHUE
HaMHpaIIo ce Ha HEOECHO TS0 pa3nuuHo OT 3eMsaTa. [logpoOHO € onncaH TEeXHOJIOTUYHUAT
Mpoliec 1Mo MPOU3BOJCTBOTO Ha u3Aenuero. To mpeacrasmsiBa chepa ¢ auamersp 200 MM oT
MOJIMMEPEH KOMITO3UTEH MaTepHall ¢ apMHPOBKA OT BBIVIEPOJHM BIbKHA. [[BeTe YacTH Ha
cdepara ce 3aTBapAT XEPMETHIHO C ITOMOINTA HAa TYMEHO YIUTbTHEHHE, KOeTO € U 00eKT Ha
nposenenute TectoBe. Cepara e TecTBaHA B YCIOBHSATa Ha BaKyyM, KBJAETO IIOKa3Ba
JOCTaTh4YHA KOHCTPYKIMOHHA SIKOCT U 3aryou B XepMeTH4HOCT ezBa 18 hPa/h.
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OTaaraHe u u3cJjieIBaHe HA THHKOCJIOWHY HEOPTAHUYHHU MAaTePUATH
0T BM/1a HA MeJHUTe XaJoreHuam - opomua, iiogua (CuBr, Cul) 3a
NMPUJI0KEHHE B MEPOBCKUTHHU (POTOBOJTAUYHHU NMpeodpazyBaTesin

Cmanka Cnacoea’, Examepuna Padesa’, Braoumup [dynes!, Anexcanovp Benkoecku', Pymen
Cmoiixog!, Maxcum anues’, Kams Henamog?
[Tenmpanna nabopamopus no croHue6a eHepaus U HOBU eHePULIHIL USMOYHUYU
2 XuMuxomexnono2uuen u Memanypeusien yHueepcumen

TwHKH clTOeBe OT MEIHU XaJIOTCHU N 0s1Xa OTJIOKEHHU C e TAXHOTO INOTCHIHAIHO
NPUIIOKCHUE KaTO CCJIICKTUBHO MPOBOAANIN CJIOCBE Ha IMOJIOKUTCIHU HOCHUTEIU B
NEPOBCKUTHU q)OTOGJ'IeMeHTI/I CbC CTaHJapTHAa apXUTEKTYypa.

Bsaxa mpurorBenu crabmmnm pastBopu Ha CuBr m Cul B mumernn cyndokcun c
pa3IMYHN CHOTHOIICHUS MEXIY TAX, C LleJl IT0JlydaBaHe Ha HOBH CMECEHH IICeBIOOHMHApHU
komno3utd. OT MOTydeHUTe pa3TBOPH Ype3 LEHTPOOESIKHO pOTHpaHe OsXa MOMYyYeHH THHKU
ClIOeBE C pa3nu4HU OeOenrHU. bsaxa m3cnenBaHM aHATOTHYHU 0OOpas3lH, MONYyYSHH 4Ype3
BAaKyyMHO M3IapeHHEe BbPXY CTHKICHH U KBapLIOBH NOJIOKKHU. Pe3ynrarure oT ckaHupamara
€JIEKTPOHHA MUKPOCKOIIHS [TOKa3BaT GOpMHUpaHe Ha INTFTHU XOMOT€HHH CIIOEBE ¢ IrII00yapHa
CTPYKTYpa, C eJpuHa Ha 3bpHaTa okoyso 50 nm u gebenuna okoio 300 nm. OnTuyHHTE
CIIEKTpU Ha (GUIMHTE NOoKa3BaT mosede oT 80% NPO3padHOCT BHB BUIMMUS THAINa30H H
M3YNCIICHAaTa INMpUHA Ha 3a0paHeHaTa 30Ha Ha OTJIOXKEHHTE cioeBe € okoyo 2,98 eV.
Wsmepenara otaenurenHa pabota Ha oOpa3uuTe Bapupa Mmexnay 4,7 - 5,3 eV.
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HoBa TexHouaorusi 3a Yckopeno [Ipoussoacrso Ha [Ipororunu Ha
IIne3ope3ucTuBHn MuKpoceH3opHn

Emun Tomepos', Fanuna Cmaspesa’, Braoumup Cmaspos’
TAMT Texnonooocu OO/, Uno. 3ona Mukpoenexkmponuxa, Bomesepao

TexHONOTMATAa CE OTHACS IO IBJIHMS IUKBI 3a Ch3JaBaHE Ha MOIYIPOBOJHHKOBH
npuOopH: OT OpPUIHMHAIHA HJes, Npe3 CIenuGUIHM KOHCTpYyKIMHM Ha Mukpo Enexrpo
Mexannuan Cucremun (MEMC) c¢ BrpageHu nHe30pe3UCTOpH, JOCTaBKa Ha MacKd 3a
(doTonuTorpadus, MPOTOTUITHO HPOM3BOJCTBO Ha MUKPOIPHOOpPHUTE, 10 II'BPBU IO POJA CH
nemoHcTparopH [1]. YacT oT cp3manenute 10 MmomenTta Haj 300 opurnHagIHA MUKPOCHCTEMH,
NPEBB3XOXKIAT MHOTOKpaTHO mo mapametpu (mo x100, mopu moBeue) (QyHKIHOHATHH
ananosu. [Ipunaranero Ha TakuBa opuruHaaTad MEMC, e no3Bonmiio peann3zanusara Ha HOBH
KOMOWHVpaHN aHAJIWTHYHA ypemd ¥ CHOTBETHH METOIM 3a aBaHTapAM H3CIEABAaHUSI B
MaTepHaJo3HaHUEeTo [2], HayKuTe 3a )KUBOTA [3] U MHAYCTpUsTA.

B MomeHTa, IMKBIBT 3a ch3naBaHe Ha npototun Ha MEMC ot dopmynupane Ha
unesTa, npe3 JoCTaBKa Ha MackH 3a (GoToiuTorpadus, Mpou3BoACTBO ¢ Hax 250 00paboTku 1
TECTBaHE Ha POTOTHIIH, € 0KOJI0 26 ceqMuIy. Bpemero 3a cepuifHO MPOU3BOACTBO HAa TAKUBA
maems, ¢ Mexay 9 m 13 cenmuuum. B cpmioto Bpeme, 3a JOCTHTaHe A0 MacOBOTO
MIPOU3BOJICTBO W IMpHJIAraHe Ha MPHOOPHTE, € HEOOXOAMMO H3MBIHEHUETO HA TOJSIM 00eM
JOITBJIHUTENHA N3CIIEA0BATENCKA U pa3BOiiHA IeHHOCT. 3a 1menTa ca HeOOXOAUMHI MHOXKECTBO
HPOTOTHITY C KOHTPOJINPYEMO BapUpaHu rmapamerpH [4].

Eto 3amo, egHa W3KIIOYUTEIHO MEPCIEKTHBHA WHOBALWS, € Ch3JaBaHETO Ha
TEXHOJIOTHS, TO3BOJIBAIla I'bBKAaBO W KOHTPOJIMPYEMO IPOM3BOJICTBO Ha NPOTOTHIH Ha
nue3opesuctuBHE MEMC nipu6opu, 3a peKOpIHO KPaTKu CPOKOBE.

3aToBa, [eNTa HAa HACTOSIIOTO M3CIEABAHE € CPOKBT OT BH3HMKBAHE Ha HIEATa 10
Ch3/1aBaHe TOTOB ITPOTOTHII 32 TECTBAHE, J1a ObJIe ChKpaTeH 10 4 ceAMUIH (6 - 7 BTH MO-KBC).

Jlutepartypa

[1] B. Craspos, ITatent Ne 66488, “Metoxn 3a IlomyuyaBane na IlpuGopu 3a MEMC c
Enexrpuuecku Enementu Bpxy Crpanununute um Crenu”(2011)

[2] http://www.fusionscope.com/

[3] L. Banchelli, et al, Investigating a Detection Method for Viruses and Pathogens Using a
Dual-Microcantilever Sensor, Micromachines 2024, 15(9), 1117

[4] M. Villani, et al, Resonance Frequency Tuning of Piezoresistive Cantilever Arrays, Proc.
2024 IEEE International Conference 3M-NANO, China
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HN3caenBaHe HA MCJIAHACKM INAT OT B'I)JIFapI/ISI 34 NPUWJIOKCHHE 34 OITUYHHU
CJIEMEHTH

Mapeapuma I'opanosa
Hucmumym no gusuxa na mevpoomo msano ,,Axao. I'eopeu Haooxcaxos* - BAH

Vcnanackusr mmar, W3BECTEH KaTo ONTHYEH KAJIIUT € MaTepual ¢ OmpeJelieHa
MIPO3pavHOCT U JBOWHO JThUenpedynBaHe. Hamupa npuioxeHne BbB (pu3ndeckara ONTHKA, B
aCTPOHOMUSITA, B ONTOEIEKTPOHHATA HHAYCTPHsL. M31momn3Ba ce 3a MosIpU3aloHHY IPU3MH 1
MHKDPOCKOIIH, KOJIOPHMETPH, (GoTOMETpH,  TECHOJNEHTOBH  HMHTEP(EPEHIMOHHO-
HOJIIPU3ALMOHHY QHITPH U JPYTH ONTHUYHU eneMeHTH. ONTHYHHUAT MaTepual ce HaMHpa B
HSKOHU Y4acCTBLHM OT KPUCTAJIA UCIIAHCKH ILIAT, & IPYTH Y4acThIM ChAbPXKAT Ae(eKTH nim ca
HENpO3payHH.

HM3cnenBaHo e MpoIlyCKaHETO Ha CBETJIMHATA IPe3 MCIIAHJACKHU IIIAT, 33 Ja Ce OLIEHU
JOKOJIKO OTroBapsi Ha TEXHWYECKHTE W3HUCKBAHMSA 3a KAa4eCTBO M KakBH JeQeKTH B
CTPYKTypara, KOUTO HE MOTaT Jia Ce eIMMHUHHPAT, OMXa BB3IPEIATCTBAIN MIPUIOKEHHETO Ha
Mmarepuaina. Crel aHaNIU3 Ha PE3yNTATUTE OT KOMIUIEKCHH U3CIIE/IBaHMs Ha MCIIAHJICKH IIIAT,
ce n30Mpar MOAXOISIIN METOIU 32 00pab0TKa, KOUTO MO3BOJISIBAT [1a C€ OTCTPAHAT AeHEKTHTE
B KpPHCTaJa, 3a Ja Ce MOJIy4YaT ONTHYHHU €JIEMEHTH KaTo MPU3MH, MOJISIPH3ATOPH, JICIIU U Jp.
VI31m0513BaHu ca CIEKTPOMETPH, IPOQUIOMED, TCHCHOMETBD 33 H3MEPBaHE HAa KOHTAKTECH BI'bII.
TexHUYECKUTE W3MCKBAHMS 334 KAyeCTBO Ca CBBP3aHH C ONTHYECKATa HECAHOPOIHOCT H
pasceiiBaHe Ha CBETJIMHATA 110 BpeMe Ha M3MEPBaHe, MOPaaN BKIIOYCHHUS, KOCTO OrpaHHyYaBa
U3II0JI3BAHETO MY KaTO IOJIAPU3ATOP; Pa3ceHBAHETO HA CBETIIMHATA € CBBP3aHO U C HU(paKuus
- TOBa BOJIM JI0 M3KPHUBSIBaHE Ha BHIHOBUTE (DPOHTOBE U BIIOIIABA KAYECTBOTO HA pe3yJITaTa OT
u3MepBaHeTo. C MOAXOAIN MEeTOI1 Ha 00paboTKa ce IoIyyaBa ONTHYCH KaJIIUT 3a paboTa B
UV obunact Ha criekTbpa, BbB VIS 061acT Ha criektbpa 1 B NIR ob6iact Ha criektbpa [1].

M3mepen e obpazen ¢ mebennHa 2,5 mm TPaHUIUTE HA CIIEKTPATHOTO MPOITyCKaHE
Ha MHHepana oT | pm 70 3 um M e yCTaHOBEHO ChBHaJeHHE Ha (opmara Ha CIEKTbpa C
pedepeHTHHS CIIeKThp, KOiiTo nMa aedennHa 2,4 mm.

ITosy4eHUTe pe3yiITaTH ca JOMBIHEHHE KbM M3CIEIBaHUATA Ha OOpaslM ONTHYEH
KQJILMT OT JIPYTH paifoHn Ha Bbarapys 1 0CHOBA 32 OIIEHKA Ha Bb3MO)KHOCTUTE 32 MEXaHHYHA
o0paboTka 1O ompejelIeHa TEXHOJOTMS 3a IPWIOKCHHE 3a HOBHU €IEMEHTH 3a
OMNTOENIEKTPOHHATA UHYCTPHSL.

JIntepatypa:
[1] Cxopomnsiies, A. B, Kyky#, A. JI, Ucnanackuii mmar, M3patensctio ,,Henpa®, JIenunrpan,
1973

BaarogapHocru: Ta3u pabora e moikpeneHa OT OBIArapckoTo MHHHCTEPCTBO Ha
oOpa3oBaHueTo W Haykara, Harmmonanen ¢onn ,Hayunn m3cnemsanms®, rpant Ne KII-06-
HS57/5 (2021). B Te3u u3cnenBaHus € W3MON3BAaHO o0OpyABaHe Ha PasmpeneneHata HaydyHa
uHppactpykrypa UHOPAMAT, yact ot HaumonanHnata mpTHa KapTa Ha bbiarapus 3a HaydHa
nH}pacTPyKTypa, HoAKpeneHa (HHAHCOBO OT MHUHUCTEPCTBO HAa 00pa30BaHUETO U HayKara.
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Study of Icelandic spar from Bulgaria for application for optical elements

Margarita Goranova
Institute of Solid State Physics "Acad. Georgi Nadjakov" - BAS

Icelandic spar, known as optical calcite, is a material with a certain transparency and
birefringence. It is used in physical optics, in astronomy, in the optoelectronic industry. It is
used for polarization prisms and microscopes, colorimeters, photometers, narrowband
interference-polarization filters, and other optical elements. The optical material is found in
some areas of the Icelandic spar crystal, and other areas contain defects or are opaque.

The transmission of light through Icelandic spar was investigated to assess whether it
met the technical quality requirements and what defects in the structure that could not be
eliminated would hinder the application of the material.

After analyzing the results of complex studies of Icelandic spar, appropriate
processing methods are selected that allow to eliminate defects in the crystal in order to obtain
optical elements such as prisms, polarizers, lenses, etc. Spectrometers, profilometer,
tensiometer are used to measure contact angle.

The technical quality requirements are related to optical heterogeneity and light
scattering during measurement, due to inclusions, which limits its use as a polarizer; Light
scattering is also associated with diffraction - this leads to distortion of wavefronts and degrades
the quality of the measurement result. With appropriate processing methods, optical calcite is
obtained for operation in the UV region of the spectrum, in the VIS region of the spectrum and
in the NIR region of the spectrum[1].

The results obtained are an addition to the studies of optical calcite samples from other
regions of Bulgaria and a basis for assessing the possibilities for machining using a certain
technology for application for new elements for the optoelectronic industry.

References:
[1] Skorpyshev, A.V., Kukuy, A. L., Icelandic spar, Nedra Publishing House, Leningrad, 1973

Acknowledgements: This work is supported by the Bulgarian Ministry of Education and
Science, National Science Fund, grant No KP-06-H57/5 (2021). Research equipment of
Distributed Research Infrastructure INFRAMAT, part of Bulgarian National Roadmap for
Research Infrastructures, supported by Bulgarian Ministry of Education and Science was used
in this investigation.
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IlosvpxHunna moouuxkayus Ha 6UcoKo-oemnpepupauu cniasu upes
CKanupauy e1eKmpoHen cHon

Cmegan Boaxos"?, I'eopeu Komnapcku!, Mapus Opmanosa®?, bopucnae Cmosanoe®, Cmosn
ITvpwopoe®, Uean ITepuiopos’
I Uncmumym no enexkmponuka «Axao. E. JJucaxoey - Bvrzapcka Akademus na Haykume
2 Texnuuecku ynusepcumem - I abpo6o

B Ttasm pabora mpezcraBsMe pe3yiaTaTH OTHOCHO BIHSHHETO Ha NOBBPXHOCTHATa
00paboTKa ¢ eNeKTPOHEH JIbY BHPXY KpHucTanorpadeka ctpykrypa Ha Co-Cr-Mo cmutasu. Ilo
BpeMe Ha EIeKTPOHHOIbYEBaTa MoOAU(HUKALHUSA, MOIIHOCTTa Ha Jb4a O€ CHCTEMAaTHIHO
npomensiHa oT 500 mo 750 W. Ctpykrypara Ha MoAMUIHMpaHATE NPOOH, KaKTO M HA
HeTpeTHpaHusi oOpaserr Oe H3CiefBaH dYpe3 CKaHUpamia eJeKTPOHHA MHKPOCKONHUS U
PEHTITEHOCTPYKTypeH  aHaiu3.  PesynraruTe  TOKa3BaT, 4e  IpPWJIAaraHeTo  Ha
CJICKTPOHHOJIbYEeBAaTa MOAU(UKAINS TOBE&XKIAa A0 TpaHChopManus BbB (a3oBHs CHCTaB, OT
nBydasHa € 1 y 1o enHodazHa rama cTpykrypa. ChIo Taka, pe3yaTaTuTe mokas3axa, 4e mpH
BCHYKH H3IOJI3BAHM MOINHOCTH Ha €JIEKTPOHHHS CHOIN ceé Ha0IIoJaBa HPEHMYIIECTBEHA
kpucranorpadceka opuentanus kKeM (111) kpucranorpadceka paBauHa. B Hacrosmara padora,
MOTydeHHUTe pe3ynratd 3a (a3oBUS CHCTaB M TPEUMYNIECTBEHaTa KpHcTailorpadcka
opHeHTalus ce o0CHXKIAaT 0 OTHOLICHWE Ha Npaktudeckute npwioxenus Ha Co-Cr-Mo
CILJIaBUTE.

Baarogapuoctu: ToBa uscnensane ¢ ¢uuancupano ot Ponx «Hayunu uscnenBanus» -
MOH, norosop Ne KP-06-N 67/7.
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YCTHU TOKaIu

. M. ®uimmmnosa: ,,KBaHTOBUTE TEXHOIOTUH M U3KYCTBEHHAT UHTENEKT. [IpeoOpa3yBane Ha
STEM 00yueHreTo 1 3HaUCHUETO Ha KBATM(DUKAIUATA HA YIUTEIUTE

2. M. TaiizapoBa: ,,KOMIIETEHTHOCTHHUSAT MOXO0/T B 00YYCHHETO IO (hr3MKa‘

. C.Kocraagunosa: , JIHTep TUCIMITTMHAPHA YPOLIH 1O (PH3UKA U MATEMATHUKA: OCHOBHH
Je(OUHUIN, METOIM ¥ TIOAXOIU

4. H. CramenoB: ,,Hayka B pyJio ToajeTHa XapTusi‘

. ®. Kynuc: ,,YcbBbpIIeHCTBaHE Ha 00YUYEHUETO 10 (PU3MKA Upe3 N3KYCTBEH UHTEIICKT:
HACTOSIIIM [TPUIIOKEHUS U ObJEII XOPU30HTH '

[TocTtepnu nokmanu
. P. JIparanoBa-XpucroBa: ,,B3M0KHOCTH Ha 00pa30BaTEIHUS AU3AIH 32 POSKTHPAHE Ha
STEAM 6azupano o0yuenue o ¢usuka u actpoHomust VII kac™
. E.IIncanosa: ,,/lp3aiiH Ha KOHLENITyaJIHA KapTa 32 HACHTH(HUIPAHE U KOPUTHPAHE Ha
MHCKOHIIETIIIMY Ha y4Yalld OTHOCHO KOPITYCKYJISIPHO-BBIHOBHSI {yaJIU3bM Ha CBETJIMHATA'
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Quantum Technologies and Artificial Intelligence. Transforming STEM
Education and the Importance of Teacher Qualification

Mariana Filipova, PhD Candidate, ULSIT
Kalin Angelov, PhD, SU “St.Kliment Ohridski”

Quantum technologies and artificial intelligence are expected to influence STEM education and
its innovative pathway. To achieve the desired progress, the importance of training teachers
needs to be taken in mind. With global technological advancements and scientific discoveries,
the necessity to innovate the educational content and teaching methods becomes gradually
inevitable. This report points out the necessity for teachers to be prepared to teach the mentioned
new technologies, as they play a key role in keeping students alongside of current trends and
challenges in the modern world. The aim of the study is to explore how training educational
specialists in such areas as quantum technologies and Al can improve the quality of education,
preparing students for future careers in the quickly developing STEM fields. The paper includes
proposals, guidelines, and examples of how new technologies can be integrated in the education
of school-aged students. In addition, it examines how teachers can take advantage of these
innovations to transform the learning process into something more engaging and productive.
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KBaHTOBHTE TEXHOJIOTUM M U3KYCTBEeHUAT MHTeIeKT. [Ipeodpa3yBane Ha
STEM o0y4yeHueTo u 3HaUeHHETO HA KBATU(PUKAIUITA HA YYUTETUTE

Mapusna @urunosa, Joxmopaum, YnubUT- Coghus
0-p Kanun Aneenos. CY ,,Ce. Knumenm Oxpuocku“ - JUYY

KBaHTOBUTE TEXHOJIOTHH M W3KYyCTBEHHAT HWHTENCKT Ine moBmusasaT STEM oOyueHueTro u
WHOBATHBHUTE TEHJCHIMU B HEro. 3a MOCTUTaHEe Ha JKEJaHWs MPOTpPeC € HYKHO Jla ce B3eMe
MpeaBU] BXKHOCTTA Ha 00Y4YEHHETO Ha YUUTEH B Ta3u 00acT. CbC CBETOBHUS TEXHOJIOTHYCH
HanpeIbK U OTKPUTHATA B HAayKaTa, HEOOXOAUMOCTTA OT aKTyajJu3alus Ha 00pa3oBaTEIHOTO
ChIBbpKaHHE M OOYYHUTENHHTE MOAXOMM CTaBaT BCe MO-HEW30eKHH. J(oKmampT mocraBs B
LEHTBP Hy)KAaTa yYUTENIUTE Aa ObJaT MOATOTBEHH Ja IPETOAaBaT Te3H HOBH TEXHOJIOTUH, Thid
KaTo Te UTPasiT KIIOUOBA POJIs B PUBEXKIAHETO HA YUCHUIIUTE B KPaK C aKTyaJTHUTE TEHACHIIUU
U TPEIU3BHKATENICTBA HA ChbBpeMEHHHs CBAT. llenta e nma pasriename kak oOydCHHETO Ha
METarOTHYCCKUTE CIICIIMAUCTH B 00JIACTH KaTO KBAHTOBH TEXHOJIOTHH M Al MOjke 1a mogoopu
Ka4eCTBOTO Ha 00pa30BaHUETO, MOJMTOTBIMKKA yUCHHIIUTE 3a Obaeniute npodecuu B 6bp30-
pasBuBanure ce STEM obnactu. PaspaboTkaTta BKIIOYBA NpPEATIOKEHU, HACOKH U IPUMEPH
3a TOBa KaKk HOBUTE TEXHOJIOTHH Ja OBbIaT MHTErPHpaHU B 00yUSHHUETO Ha JlellaTa B yUHINIITHA
BB3pacT. ChIIO Taka pas3riiekIaMe KaK YYUTENIUTE Ja C€ BB3IOI3BAT OT TOPEHNOCOYCHHUTE
WHOBAIINY, 32 Aa ObIe MPOMEHEH YUeOHHS POLIEC KbM IMO-UHTPHUTYBAII U ITOJI30TBOPEH.
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The competence approach in physics education

Maya Gaydarova', Ivelina Kotseva', Fabien Kunis’
IFaculty of Physics, SU ,,St..Kliment Ohridski

Abstract

Competencies are ultimate learning goals in the middle course. According to the 2006
European Framework of Reference, they are eight in number, one of which is competence in
natural sciences and mathematics. They are interconnected and are achieved through the
formation of subject and cross-subject competences in the various individual subjects.

The report makes connections between the different types of competences that are
tested by the international comparative measurement PISA, analyzes how they imply each
other, giving examples. An analysis is made of the latest framework for key competences in
natural sciences, which has undergone changes over the years of comparative studies.

Authors' tasks from the science key competency competitions are shown and the
competencies they test are discussed. A methodology for developing such tasks and relevant
guidelines for evaluating achievements are proposed.

Keywords: physics education, key competences, natural sciences, mathematics,
mathematical and reading literacy
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KoMneTeHTHOCTHUSAT MOAXO0/ B Oﬁy'—leHl/leTO mo (l)l/l3I/IKa

Mas Iatioapoea’, Heenuna Koyeea', @abuen Kynuc!
! @Qusuuecku gaxynmem, CY ,, Ce. Knumenm Oxpuocku

AbcTpakT

KomnerentHocTuTe ca KpailHM menu B oOydeHHeTo B cpenHus Kypc. Cmopexn
EBpomneiickata pedepentHa pamka or 2006 r. Te ca oceM Ha Opoif, efHa OT KOHUTO €
KOMIIETEHTHOCT 10 TIPUPOJHU HAyKM M MaTeMaTHka. Te uMar BPB3KH MOMEXIY CH H ce
mocTuratr upes QopMHpaHe Ha TPEIMETHH W MEXAYNPEeIMETHH KOMIICTEHTHOCTH B
Pa3IMYHATE OTAETHHU MPEIMETH.

B noxiaza ce mpaBsAT BpB3KM MEXKIY pa3IMuHUTE BUAOBE KOMIETEHTHOCTH, KOUTO CE
MPOBEPSIBAT OT MEXIYHAPOIHOTO CPaBHUTEIIHO H3MepBaHe PISA, ananm3upa ce kak B3anMHO
ce mpeJroarar , Kato ce 1aBat npuMepu. [IpaBu ce aHaIu3 Ha MOCIIeTHATA PaMKa 38 KIIFOYOBH
KOMIIETEHTHOCTH 110 TIPUPOJIHU HayKH, KOSATO ThPIH IPOMEHH B TOJMHHUTE Ha POBEKIAHE Ha
CPaBHHUTEIHUTE U3CIICBAHMS.

IToxa3BaT ce aBTOPCKH 3a7a4d OT ChCTE3aHMATA MO KIIOYOBH KOMIIETCHTHOCTH IO
NPUPOJHA HAyKH M ce OOCHKIAT KOMIETEHTHOCTHTE, KOUTO IpoBepsBar. IIpemmara ce
METO/IMKa Ha pa3paboTBaHEe Ha TAKWBA 3aJa4l U ChOTBETHHTE PHKOBOJCTBA 32 OL[CHSABAaHE Ha
MOCTHKEHHSATA.

KirogoBu gymu: oGydeHue no ¢pu3muka, KIFOYOBH KOMIETEHTHOCTH, IPUPOJHN HAYKH,
MaTeMaTHKa, MaTeMaTH4ecKa U YeTUBHA TPAMOTHOCT
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Interdisciplinary lessons in physics and mathematics: basic
definitions, methods, and approaches

Stoyanka Kostadinova 2, I'unxa Excuep’
Faculty of physics and technologies, Plovdiv University Paisii Hilendarski, Plovdiv
2 Private seconadary school ,, Druzhba, Plovdiv

Nature is complex, it changes and there are a vast number of interconnections.
Knowledge on the nature cannot be limited to a single scientific field, to one and only school
subject, respectively. From one side, the rise of global problems, such as climate change, air
pollutions, strong city urbanization require new approaches to find innovative and sustainable
solution. From the other hand, the rapid development of the new digital technologies and
artificial intelligence pose a challenge to life a life as we know it now. The application of these
technologies for a positive change in the way and quality of our lives depends on the
knowledge on them. Unfortunately, digital technologies can also generate false information,
and the person of the future must be capable of critical analysis to recognize the truth.

The complex issues and new situations, in which future generations will be placed,
can only be addressed through an interdisciplinary approach in education.

Although different definitions of interdisciplinarity are given in the scientific literature
[1,2], in summary it can be said that interdisciplinarity as a teaching approach can be defined
as a methodology in which the knowledge, methods and concepts from different disciplines
are integrated to solve complex problems.

The practical implementation of interdisciplinary lessons requires the inclusion of the
main characteristics of the interdisciplinary approach [3]:

* Integration of knowledge;

* Synergy;

* Solving complex problems.

The present report discusses the various definitions of interdisciplinarity, and ideas for
methods and approaches in the implementation of interdisciplinary lessons will be presents.

Literature

[1] A. F. Repko, R. Szostak, Interdisciplinary research: process and theory (4th edition),
Sage Publications, ISBN-10: 1544398603 (2020)

[2] W. H. Newell, W. J. Green, Defining and teaching interdisciplinary studies, Improving
College and University Teaching, 30(1), 23-30 (1982) doi:
10.1080/00193089.1982.10533747

[3] Y. Lenoir, A. Hasni, Interdisciplinarity in primary and secondary school: issues and
perspectives, Creative Education, 7, 2433-2458 (2016) doi: 10.4236/ce.2016.716233
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I/IHTepHHCHHﬂHI/IHapHH Ypouum mo (bmmca H MaTeéMaTUKa: OCHOBHH
Ile(l)I/IHI/lIII/II/I, METOAM H MOAX0AH

Cmosnxa Kocmaounoea 2, I'unka Excuep’
! Qusuko-mexnonocuyen ¢axynmem, 11V ,,I1. Xunenoapcxu “, ep. [lnogous
*Yacmuo cpedno yuuume ,, Jlpyscoa  2p. Inosous

IIpuponara e KOMIUIEKCHA, T ce NPOMEHS M B Hesl CBHINECTBYBAT Pa3HOOOpA3HU
B3aUMOBPB3KH. 3HAHUETO 3a Hesl He MOJKE J]a ce OTPaHNYH C eHa HayKa, PECIIEKTUBHO eIMH
yuunuiieH npeamer. OT eiHa cTpaHa Bb3HUKHAUTE B HAIIETO ChBPEMHEE INI00aIHU POOIeMu
KaTo M3MEHEHHETO Ha KIMMAaTa, 3aMbpCSIBAHETO HAa BB3AyXa M CHIHATa ypOaHM3aIMs Ha
rpagoBeTe U3MCKBAT HOBHU IOJIXOIH 32 HAMUpAHE Ha MHOBATHBHU U yCToitunBH pemenus. OT
Ipyra cTpaHa OypHOTO pa3BUTHE HAa HOBHTE JAWUTUTATHU TEXHOJOTMH U U3KYCTBEH HHTEIICKT
MPE/ICTaBIISABAT MPEIU3BUKATEICTBO 33 )KUBOTA TaKbB, KAKHBTO T'0 MO3HaBaMe. IIpuiaranero
Ha TE€3M TEXHOJIOTHH 32 MOJIOKUTEHA IIPOMSIHA B HAYMHA U Ka4eCTBOTO Ha )KMBOTA HU 3aBHCH
OT 3HAHHUETO 32 TAX. 3a CHKAJICHUE Ype3 JUIHTATHH TEXHOJIOI'MU MOXE 1a ce TeHepHupar H
(danmmBa MHGOpMAIKS, KaTO YOBEKHT Ha OBIEIICTO TPsAOBA Ja ¢ CHOCOOCH Ha KPUTUYCH
aHaJM3 32 pa3lo3HaBaHe Ha UCTHHATA.

CroxHHTE 3a peliaBaHe BbIIPOCH H HOBUTE CHTYAI[MH, B KOUTO Iie ObAaT MOCTABEHH
UJIHUTE TOKOJICHUSI MOTaT Jia ObJaT agpecupaHy caMo 4Ype3 WHTEPIULIHUILIMHAPEH TTOIXO0/ B
00y4eHHeTo.

Makap B Hay4yHaTa JHTepaTypa Ja Cca [OaJeHd pa3iudHu JAeUHULNN 32
HHTEP AUCIHILUTHHAPHOCT [1,2], B oOoOmeHne Moxe JHa ce Kaxe, Ue
MHTEPIUCIHIUIMHAPHOCTTA KAaTO IIPENoJaBaTelICKH ITOIXO0J MPEACTaBIsiBA METOMOJIOTHS, B
KOSITO 3HAHMATA, METOJUTE M KOHLEIIUHUTE OT Pa3INYHH JUCHUIUIMHU Ce HHTETPHUpAT, 3a Ja
OBaaT penieHyu cIoXHH npobiiemu. [IpakTHueckata peanu3anusi Ha HHTEPAUCHUILIMHAPHU
YpOILY M3KMCKBA BKIFOYBAHETO HA OCHOBHHUTE XapAKTEPUCTHKUA HA WHTEPAMCIHMILTAHAPHUS
noaxon [3]:

* WHTETpalys Ha 3HAHUSITA;

* CHHEprus;

* pelraBaHe Ha KOMIUIEKCHH MPOOIIEMH.

B  Hacrosmms  okian  ce  AWMCKYTHpAaT — pa3jMuyHUTE  JAeUHUNMU  3a
HMHTEPAUCIHUIUIMHAPHOCT, MPEACTABAT CE UJEH 33 METOJAM U IOAXOAU IPH pealn3upaHe Ha
HUHTEPANCIHIUTNHAPHY YPOIIH.

Jlutepartypa

[1] A. F. Repko, R. Szostak, Interdisciplinary research: process and theory (4th edition),
Sage Publications, ISBN-10: 1544398603 (2020)
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Science in a toilet paper roll

Nasko Stamenov'

INational High School of Science and Mathematics

The need of specialized laboratory classrooms is a hurdle to the full fledged teaching
of STEM. There are many solutions currently used and proposed. In the last years improved
finance towards building the so called STEM centers somewhat alleviates the problem but so
often are done by catalogue without taking in account the exact needs of the given school. At
the other side of the solutions spectra are the low budged experiments — phenomena could be
shown using cheap materials, this can be done directly (normal experiment but with
improvised materials), or indirectly (cheaper model of something expensive). In this oral
report the author aims to familiarize his colleagues with a series of experiments with mainly
toilet paper (and few other items found in supermarkets), showing phenomena in physics,
chemistry and materials science. Not only these experiments are financially viable but by
varying the extent of the discussion on them, they can be used in any level of education in
natural sciences. Another positive side is that the mundanity of the materials allows every
student to participate, and active participation greatly improves formation and retaining of
knowledge.
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Hayka B pyJsio ToajieTHa XapTus

Hacko Cmamenog’

THIIMT

HeobxonumocTtTa 0T 000c00€HH 1a00paTOpHU KaOMHETH BHHATH € BB3IpeIrsiCcTBalIa
IIBJIHOLIEHHOTO 00y4eHNe 10 NPUPOIHN HayKH. MHOTO pemeHus ce IpeuiaraT 1 U3I0JI3BarT.
B nmocnenauTe rognHM yBeaMyaBaHeTo HAa (PUHAHCHPAHETO 3a H3rpakaaHeTo Ha T. Hap. STEM
LIEHTPOBE JOIPHHACS 3a pelllaBaHe Ha NPo0iIeMa, HO YECTO Te3H LIEHTPOBE ca MPABEHH ,,I10
KaTaJlor”, a He ca ChbOOpa3eHN C KOHKPETHUTE HYKIU Ha ChOTBETHOTO ydmiuiie. B npyrara
YacT Ha CHEKThpPa ca HUCKOOIOPKETHUTE PELICHUS — C TIOMOIITA Ha €BTHHHU MaTepUalH Jia ce
HoKaxke JajeH (eHOMEH OT HayKara, OMJIO TO AMPEKTHO (CBHIIMAT EKCIEPUMEHT, HO C
HUMIIPOBU3MPAHN MaTepuaiy), WIA WHAUPEKTHO (HUCKOOIOJDKETEH MOJEN Ha CKBII
excriepuMenT). C TO3M JOKJIAX aBTOPBT MCKAa Ja 3alo3Hae KOJETrusTa CbC Cepus
EKCIIEPUMEHTH, 32 KOUTO ca HEOOXOANMH CaMo TOAJeTHA XapTHs (M HIKOW MaTepHaH, JECHO
HaMUpAIIY ce B CMECEHUTE Mara3yHH), MOKa3BaIly OCHOBHH MOHATHS OT (PU3UKATa, XUMHUATA
U Marepuano3HaHueTo. OCBEH, Ye TE3M CKCIICPHUMEHTH ca HW3KIIFOYHMTEIHO JOCTBIIHH OT
(uHaHCOBA TJIeHA TOYKA, BapUPaKH CIOXHOCTTA Ha AUCKYCHUATa BBPXY TAX, TE MOTaT Ja
ObaT W3MON3BaHM BBB BCHUYKM €TalM Ha OOY4YEHMETO IO TPUPOAHHM Hayku. Jlpyra
HOJIOKUTEJIHA YePTa €, Ue JOCTHITHOCTTA 1 6E30I1aCHOCTTa HAa MATEPHAINTE MO3BOJISIBAT BCEKH
YYaCTHHUK B CEpHUsATa CKCIICPUMECHTH 1a € aKTHBEH TaKbB — B pealHa y4eOHA cpena BCEKH
YUEHHK MOXKE J1a U3ITBJIHU CaM eKCIIEPUMEHTHTE, KOETO HEMMOBEPHO IT0100psIBa YCBOSIBAHETO
Ha 3HaHUS.
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Enhancing Physics Education Through Artificial Intelligence: Current
Applications and Future Horizons

Fabien Kunis', Ivelina Kotseva'
!Faculty of Physics, Sofia University St. Kliment Ohridski

In recent years, there has been a significant increase in publications in the world's
databases in which physics education is connected in different ways to artificial intelligence
(AI). This research explores how Al can be integrated into physics education. For this purpose,
current applications have been studied and potential future directions for development have
been sought. Through a literature review and bibliometric analysis, key trends in the use of Al
in physics education have been identified.

Leading applications include intelligent learning systems, adaptive learning platforms,
automated assessment systems, and Al-powered virtual labs. These tools have shown
measurable improvements in student engagement, conceptual understanding, and problem-
solving skills. Deep learning and natural language processing techniques are becoming more
and more common.

We foresee an increasing role for emerging trends such as Al-powered personalized
learning paths, embedded real-time misconception detection systems in learning systems, and
advanced simulation environments for visualizing complex physical phenomena. However,
challenges remain in the areas of privacy, algorithmic correctness and bias, and integration
with traditional teaching methods.

This research highlights the potential of Al in physics education, while emphasizing
the need for continued interdisciplinary collaboration between Al and cognitive science
researchers on the one hand, and physics educators on the other hand, to fully realize this
potential.

Keywords: physics education, artificial intelligence, intelligent tutoring systems,
adaptive learning, bibliometric analysis.
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YcebBbpIlIEHCTBAHE HA 00YyYEeHHETO N0 (pu3nKa Ype3 H3KYCTBEH
HHTEJEKT: HACTOSIINHN NMPUJIOKeHHS U ObIelH XOPH30HTH

Dabuen Kynuc!, Heenuna Koyesa'
! Pusuuecku paxynmem, CY ,, Ce. Knumenm Oxpudcku “

IIpe3 mocrexHuTe TOAMHM HMa 3HAYMTEIHO YBEIMYEHHE Ha ITyONMKalMUTE B
CBETOBHUTE 0a3W JaHHH, B KOUTO O0YUSHHETO 10 (hU3HKaA Ce CBHP3BA [0 Pa3IMYHU HAYHMH C
n3kycrenus uarenekt (MN). Tosa uscneasane npoyusa kak UM moxxe na 6bae uHTErpUpas
B o0yuyeHneTo mo ¢u3uka. 3a 1eaTa ca NPOyYeHH TEKYUIUTE MPUIOKEHHUS U ca MOThPCEHU
MOTEHIMANHU ObJemN HAacOKU 3a pa3BuTHe. Upes Iperieq Ha HaydHaTa JUTepaTypaTta U
6nOIMOMeTpHYeH aHAIN3 ca MACHTU(UIMPAHU KIFOYOBH TEHICHIIMH B H3M0JI3BaHeTo Ha MU
B 00y4YeHHETO 1O PHU3HKA.

Cpen BojelmUTe NPWIOKEHHS ca WHTCIMICHTHUTE CHCTEMH 3a OOydeHue,
aIalTUBHUTE IUTATGOPMHU 3a yUeHe, aBTOMaTH3UPaHHU CUCTEMH 32 OLICHSIBAHE U BUPTYAITHHUTE
nabopartopuy, 3aaBrwxBany oT MU. Te3n HHCTpyMEHTH ca MMoKa3aiu U3MEpPHMH I10JJ00peHUS
B QHT@KHPAHOCTTA HA YUCHHIUTE, B KOHLENTYAIHOTO pa30oupaHe U B yMEHHUATA 3a peliaBaHe
Ha mpobiemu. Bce mo-pasmpocTpaHeHH CTaBaT TEXHHKHTE 3a ABJIOOKO oOydeHme (deep
learning) n 06paboTka Ha ecTecTBeH e3UK (natural language processing).

IIporuo3mpame 3acuiaBamia ce POl HAa HOBOBB3HHWKBAIIM TEHIACHIMM KaTo
MEePCOHAMN3NPAHU IBTEKH 3a oOydeHue, 3amBmwiksaHu oT MV, BHeapeHH cucteMHu 3a
OTKpHMBaHE Ha IIOTPENIHM CXBAallaHUsS B pEalHO BpeMe B CHCTEMHUTE 3a OOydueHHEe H
YCBBBPIICHCTBAHN CHMYJIAIIOHHYU CPEIU 3a BU3yaJIM3HpaHe Ha CIOXXHU (U3UIHU SIBICHHS.
Brbrpekn ToBa ocTaBaT NMpeIU3BUKATEICTBAaTa B 00JAaCTTa HA 3allMTaTa HA JUYHUTE JAHHHU,
AITOPUTMUYHATA KOPEKTHOCT W IPHCTPACTHOCT M MHTETrpanysiTa ¢ TPaIUIUOHHUTE METOIH
Ha MperoiaBaHe.

ToBa u3cnenBane momdyepraBa moteHuana Ha M B obydenunero no ¢usnka, KaTo
CBIIEBPEMEHHO aKIEHTHPa BBPXY HEOOXO0ANMOCTTa oT MIPOIBIDKABAIIO
WHTEPANCIUIUIMHAPHO CHTPYIHUYECTBO MEXIy H3ciefoBarenn B obmacture Ha WU m
KOTHUTHBHUTE HAayKW, OT €/lHa CTpaHa, M MpernojaBaTein No (Gu3MkKa, OT Jpyra CTpaHa, 3a
IBJIHOTO PeaM3UpaHe Ha TO3H MOTEHIHAI.

KirouoBu nymu: o0ydenune no ¢pusnka, U3KyCTBEH HHTEIEKT, HHTEIUTCHTHH CHCTEMH
3a o0y4eHune, aJanTHBHO 00y4eHne, ONOIMOMETPpUICH aHaJIH3
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Educational Design Opportunities for Designing STEAM-Based Learning in 7th Grade
Physics and Astronomy

Ruska Draganova-Hristova' %, Assoc. Prof. PhD. Snejana lordanova?, Principal Asst. Eng.
Chem. Hristivelina Zhecheva’®
!Bacho Kiro Primary School, 20, F. Totio, BG-5000 Veliko Tarnovo, Bulgaria
’Faculty of Physics, Sofia University, 5, J. Bourchier, BG-1164 Sofia, Bulgaria
3 University "Prof. Dr. Asen Zlatarov", BG - 8010 Burgas, Bulgaria

Abstract: This research communication addresses the issue of designing STEAM-
based learning in physics and astronomy using the capabilities of educational design. The
experiential nature of the subject requires the creation of an appropriate learning environment
in the context of a learning experiment with strong cognitive, operational and affective aspects.

Design possibilities are presented for topics in the 7th grade physics and astronomy
curriculum. For this purpose, general models of educational design in the context of STEAM-
based learning and educational experimentation at school are specified. Learningl activities
and conditions for achieving expected results are described, according to the State Educational
Standard (SES). The good pedagogical practices of the Bulgarian pedagogical school of
natural science are upgraded and updated in terms of the current understanding of the design
of STEAM-based learning in Bulgarian schools.

Keywords: physics and astronomy, educational design, STEAM-based learning
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Bb3MokHOCTH Ha o0pa3oBaTeIHHMs AM3aliH 32 MPOeKTHPaHe Ha
STEAM 6a3upano o0y4enue no ¢pusuka u acrponomus VII kiaac

Pycxa Jlpazanosa-Xpucmosa'?, doy. 0-p Cueacana Hopoanoed?, an. ac. umoic. xum.
Xpucmueenuna Xeuesa’
10V ,,Bauo Kupo“, 2p. Benuxo Tvproso
2CY ,, Ce. Knumenm Oxpuocku
3Vuueepcumem ,, Illpogh. 0-p Acen 3namapoe “, 2p. Bypeac

Pe3srome: HayunoTo chobmienne pasriexaa Bbipoca 3a npoektupane Ha STEAM 6asupano
oOyueHue 1Mo (U3MKAa U ACTPOHOMHSA C HM3IOJI3BaHE BB3MOXKHOCTUTE Ha 0Opa30BaTEIHUS
mu3aiiH. ExcnepuMeHTanHata CBIOIHOCT Ha Y4YeOHMS IIpeAMET H3HCKBA Ch3JaBaHE Ha
nozaxozsma oopa3oBareiiHa cpejia B yCIOBUATA Ha yueOeH eKCIIEPHUMEHT ChC CHIIHO U3Pa3eHH
KOTHHTHBHU, IGHHOCTHH U a()eKTHBHU aCIIEKTH.

IpencraBeHn ca BE3MOXKHOCTH 3@ IIPOCKTUPAHE HA TEMH OT y4eOHOTO ChIbpIKaHUE
mo ¢usmka m actpoHomus VII kmac. 3a menra ca KOHKpETH3MpaHH OOLIM MOJENTH Ha
obpazoBatenen am3aiiH B ycnoBusata Ha STEAM O6asupano oOydeHwme u y4eOHO
eKCIIepUMEHTHpaHe B yuuiuie. Onucanu ca y4eOHH ACHHOCTH M YCIOBHS 3a IIOCTUTaHE Ha
OYaKBaHHM pe3yNTaTu, chriacHo JlppxkaBHus oOpasoBateneH craHaapt (JOC).dobpure
Mearoru4ecky MpakTHKY, Ha OBJrapckaTa meJarorniecka IIKOJA 10 MPUPOJHH HAayKH, ca
HaIrpajeHd M aKTyalu3upaHd OT TJeJHa TOYKa Ha CHBPEMEHHHTE pa30upaHus 3a
npoekrupane Ha STEAM 6a3zupano oOydeHue B OBJITAPCKOTO YUHIHILE.

KnrouoBn aymm: ¢usmka u actpoHomus, obOpaszoBareneH nu3aiiH, STEAM 6a3zupano
obOyueHne
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JAu3aiin Ha Konuenrtyanna Kapra 3a Unentudunupane u Kopurupane
Ha MucKoHUenuuu Ha Yyamu oTHOCHO Kopnyckynsipuo-Beianosus
dyanu3zbm Ha CBeTaMHaATa

Examepuna [lucanosa, Huna I'epesa, Kenaska Paiikosa
Kameopa ,, O6pazosamennu mexnonoeuu *, @usuxo-Texnonoeuuen gaxyimem, 11V, I1.
Xunenoapcku “

Konuenmusita 3a QyaqHOCTTa BhIHA-YACTHIA UTPae LIEHTPaIHA POJisi B OOSICHEHUETO
Ha KBaHTOBHUTE sIBJIEHHs. Ts1 4eCcTO ce [UTHpa KaTo CUMBOJIMYHATa Gaprepa, KosTo TpsiOBa aa
OBJe MPeoJIoIIsHA, 32 Jla Ce pa3BHe a0CTPAKTHO MHUCIICHE, HEOOXOAUMO 3a pa3OupaHeTo Ha
Te3U siBiieHUs. HayuHu n3cienBaHus MOKa3Bar, e roJiiMa YacT OT TPYAHOCTUTE Ha YYaIUTe
TpH pa30MpPaHETO Ha Ta3W KOHIICTIIHS CE JBJDKAT HAa TEXHUTE CYOCKTUBHU MPEICTABH, KOUTO
ca HECHBMECTHMH C HaydyHUTE Waeu (MuckoHuenmuu). CremnoBaTelHO, HEOOXOIUMO €
H3CleBaHe Ha MHCKOHIICTIIIMUTE H OOHOBSIBaHE HA [AWAAKTHYCCKUTE HMHCTPYMEHTH,
M3M0JI3BaHU NPH MpernojaBaHe Ha KOHICMIHATA 38 KOPIYCKYJIIPHO-BBIHOBHUS Ayaan3bM. B
Ta3¥ CTaTHUs € MPEJCTABEeH CIUCHK HAa MUCKOHIICTILIMH 32 KOPITY CKYISIPHO -BBHIHOBHS AyalH3bM
Ha CBETJIMHATA, KOMTO ca HMACHTH()UIMPAHH M ONMUCAHH B HaydHara Jureparypa. Hue
npejyiaraMe Ju3ailH Ha KOHICNTyallHa KapTa 3a KOPIYCKYJSIPHO-BBIHOBHUS Jyalu3bM Ha
CBCTIIMHATA, KOSITO MOXE JIa CE U3IT0JI3Ba KAKTO KaTO YUeOCH pecypc, Taka U KaATO HHCTPYMEHT
3a UACHTHOUIMPAHE HA MUCKOHIICHIMK Ha YYCHUIM OT Pa3jIMYHH OOpa30BATCIHH HHBA
(3aIBDKUTETHO ¥ PA3lIMPEHO O0yYeHHE MO (U3MKa B CPETHOTO YUMIIMIINEC U OOydYCHHE IO
(hu3MKa U MHXKCHEPCTBO B 0aKaIaBbpCKU Mporpamu). Ta3u cTaTus u IMTepaTypata, IUTUpaHa
B Hesd, MoraT Jia ce H3I0J3BaT KaTo OCHOBAa 3a IMEJarOoTMYeCKd W3CIEIBaHUs Ha
KOHIIENTYaJIHUTE 3aTPyAHCHHUSI HA YUYCHUIIMTE OTHOCHO KOPITYCKYJISIPHO-BBIHOBHS AyalH3bM
Ha CBETJIMHATA.

KarwouoBn AYMHU: KOPIIYCKYJIAPHO-BBJIHOB AYaJIM3bM Ha CBETJIMHATA, (bOpMI/IpaHe Ha
KOHLCIHUHW, MUCKOHIICTIIINHU, KOHLCNITYa/IHA KapTa

222



