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HALUMOHAJEH LLEHTBP NO MEXATPOHUKA
N YNCTU TEXHOIOIMMA

B Havanoto Ha 2023 r. 3aBbpLUM PEKOHCTPYKUUATA U UArocTHaTa pe-
HOBaUMs Ha crpagata Ha HaumoHaneH LeHTbp No MexaTpoHMKa MU YUCTH
TexHonormn — kamnyc flozeHey. PeannsaumaTta Ha genHoctute 6e ocb-
wecteeHa no lNpoekt BGO5M20P001-1.001-0008 cbc cpeacTtea, npe-
poctaBeHu oT EBponenckusa oHg 3a permoHanHo passutue u Ol ,Hayka
n obpasoBaHMe 3a MHTENUITEHTEH pacTex®”.

Crtpaternyeckarta uen Ha NpoekTa e uarpaxaaHe Ha mogepeH HaumoHa-
NEH LEeHTBbP, KOUTO Aa OCUTYpU Ka4eCTBEHO HOBO HUBO Ha NMO3HAHWNETO B HSA-
KONMKO B3aMMHO MpUMOKpMBaLLM ce obnacTn: MexaHuka, poboTuka, eHep-
rmmHa epeKTUBHOCT, YCTOMUYMBO U3NONI3BaHe Ha CYPOBUHU U pecypcu,
peayumMpaHe Ha NapHUKOBM €MUCUM U [a JOoMpUHece A0 peanv3npaHeTo
Ha nporpamara 3a yCTON4YMB U UHTENIMFEHTEH MKOHOMUYECKN pacTex Ha Pe-
ny6nuka Bbnrapus.

[enHocTnTe 3anoXeHn B Hay4yHaTa nporpama no npoekTa crnomarar 3a:

e [OBULLIABaHE Ha KOHKYpEeHTOCNOCOBHOCTTa Ha Gbrrapckarta MKOHO-
MUKa;

e HapacTBaHe Aeria Ha BMCOKOTEXHOMOMMYHUTE MPOU3BOACTBA U THAX-
HOTO YTBbpXAaBaHe Ha MeXAyHapoO4HUS nasap 4ype3 pasBuUTUE Ha
KanauuTeT 3a CbBMECTHM Hay4YHU U3cneaBaHus 1 MHOBaLMKM, KaKTo U
3a nNapTHbOPCTBA C BuaHeca;

e OCbLUECTBSBAHE N MPaKTUYECKO NPUIOXKEHNE HA MHOBATUBHU U MEX-
AYHAPOAHO 3HAYUMWU Hay4YHW U3CNeABaHWUs U UHTErpupaHeTo UM B
CbOTBETCTBUE C HaW-0OOpPUTE CBETOBHM CTaHAAPTW U NPaKTUKN B
obnacTTta Ha MexaTpoHUKaTa U YNCTUTE TEXHOSOMMKN, NepCoHanHaTa
MeguuuHa U MHauBMAyanHa Tepanus, HaHo- U BuoTexHonormmMTe B
ycnyra Ha MegvumHaTta 1 30paBOCiIOBHUS HAaYMH Ha KUBOT.



NATIONAL CENTER OF MECHATRONICS AND CLEAN
TECHNOLOGIES

The reconstruction and complete renovation of the building of the National
Center of Mechatronics and Clean Technologies - Lozenets campus was
completed in the beginning of 2023. The implementation of the activities
was carried out under Project BGO5M20OP001-1.001-0008 with funds
provided by the European Regional Development Fund and OP ,Science
and Education for Smart Growth”.

The strategic goal of the project is the establishment of a modern
National Center that will provide a qualitatively new level of knowledge
in several mutually overlapping areas: mechanics, robotics, energy
efficiency, sustainable use of raw materials and resources, reduction
of greenhouse emissions and contribute to the realization of the program
for sustainable and intelligent economic growth of the Republic of Bulgaria.

The activities included in the project scientific program contribute to:

e increasing the competitiveness of the Bulgarian economy;

e increasing the share of high-tech products and services and their
successful commercialization on the international market through the
development of capacity for joint scientific research and innovation,
as well as for partnerships with business entities;

e implementing and applying innovative and internationally significant
scientific research and its integration according to the best standards
and practices worldwide in the field of mechatronics and clean
technologies, personal medicine and individual therapy, nano- and
biotechnologies in the service of medicine, healthy lifestyle and
wellbeing.



KAMNYC JIO3EHEL]
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HAIHOHAMEN LEKTP 10 WEXATPONKAN G TEONTH
COHHCKNYHMBEPEHTET.£B.INHERTOIPALChY

Kamnyc JflozeHey pa3nonara ¢ 13 Hay4Hu nabopaTtopum, o6opyasaHm C
BMCOKO TEXHOMOrMYyHa Hay4YHouscnegoBaTerncka anaparypa:

JTabopatopusa no peHTreHoda3oB N PEHTFEHOCTPYKTYPEH aHanus;
JTabopatopusa 3a nony4aBaHe U (ENEKTPO)XMMUYHO XapakTepuaupa-
He Ha MeTanun N MeTan-CbAbpXally CbeQNHEHNS;

JlaBopaTopus no npoekTupaHe Ha BUCOKOTEXHONMOMMYHN NPOAYKTY 3a
OTOHMKATA;

NaBopaTtopusa No nnasmeHu TEXHOMOrMMK: NNasMeHo TpeTupaHe Ha
rasose;

NaBGopaTtopus No HOBM OETEKTOPU U Cb3[AaBaHe Ha CUCTEMM 3a UHTe-
NIUreHTHO ynpaereHne Ha NpoLecy;

JlaBopaTopus no nasepHu TEXHONOMMK;

JNNabopaTtopusa No AUCTAHUNOHHM HAbNOAEHUS OT CNbTHULM U 6e3nn-
NOTHW NeTaTenHn cucTemu;

NabopaTtopusa no oxapakTepusmpaHe CBONCTBaTa Ha NeHU, EMyNcum
1 NOPbO3HM MaTepuany;

JlabopaTopus 3a pasBrBaHe 1 NPUNOXeHne Ha HOBN METOAM 3a OXa-
pakTepusnpaHe Ha NOBbPXHOCTHA EHEPIUS N OMOKPSIHE;

LleHTbp 3a BUCOKOEMDEKTUBHN UIYNCTIEHUS;

JTabopatopus ,DyHKLUMOHANHM ANCNEPCHM CUCTEMM',

JTabopatopus ,EnekTpoakyCcTuyHN n3crneaBaHns Ha enekTponnTn®
JTabopaTopus nNo enekTpoHHa MUKPOCKOMUS.

KoHdurypauumTte Ha HayyHou3crnegoBaTenckata anapartypa B kamnyc
JlozeHey noseonsiBaT GbAeLLo YCbBbPLUEHCTBAHE M HaarpaxaaHe ¢ [o-
MbIHUTENHW BUCOKOTEXHOMOMMYHN MOZYIN.



LOZENETS CAMPUS

Lozenets campus has 13 scientific laboratories equipped with high-
tech research equipment:

Laboratory of X-ray analysis;

Laboratory for synthesis and (electro) chemical characterization of
metals and metal-containing compounds;

High-tech photonics product design laboratory;

Plasma technologies laboratory;

Laboratory for new detectors and creation of systems for intelligent
process management ;

Laser technologies laboratory;

Satellites and aerial systems observations laboratory;

Laboratory of foams, emulsions and porous materials;

Laboratory for development of new methods for characterization of
surface energy and wetting;

Center for highly efficient calculations;

Functional disperse systems laboratory;

Electroacoustic studies of electrolytes laboratory;

Electron microscopy laboratory.

The configurations of the research equipment at the Lozenets campus
allow for future improvement and upgrading with additional high-tech
modules.




JIABOPATOPUA 110 PEHTTEHO®A30B
N PEHTTEHOCTPYKTYPEH AHAJIN3

MpaxoB peHTreHOB AudpakToMeTHLP

MpaxoBUST PEHTreHOB AMMPAKTOMETHP MO3BOSIsiBa OnpeaensiHeTo Ha
KayecTBEHMN 1 KonnyecTBeH ha3oB/BELLECTBEH aHanNM3 Ha BCAKAKbB BUA
matepuanu (OT npaxoBe A0 TbHKM (UMK, OT aMOP(HU OO KpUCTasrHu
BELLECTBA, BKIYMTENHO HAHO- U KBAa3UKPUCTarHWU Matepuanm).

Mo Hay4YHaTa nporpama Ha NpPoeKTa Ce OCbLLECTBSIBA:

» KauyecTBeH 1 KonuyectBeH pa3oB/BeLleCTBEH aHaNU3 Ha mare-

puanu 3a:

* [lony4yaBaHe M CbXpaHeHWe Ha BO4OPOS;

= Enektpoan B Ni-MH 6atepwuy;

= EnekTpoawn B OHHM BaTepun.

»  MuKpocTpyKTypeH aHanu3 (pa3oB CbCTaB, pasMepU Ha KpucTa-
nuTun, gedekTn), BKNIYNTENHO HAa MUKPO- U HaHOMOpecTn marte-
puanu.

» OnpepensiHe 1 YTOYHsIBaHe Ha KpUcTariHa CTPYKTypa:

CTpyKTypeH aHanu3 Ha MeTarHu cnnasu (TBbpAu pasTBOPU U UHTEpP-

MeTarnHu CbeanHeHUs; amopHM N HAHOKPUCTaNHW Matepuanm).

» MW3cnepBaHe Ha npomMsAHaTa Ha KpucTanHata CTPyKTypa M
MUKPOCTPYKTYypa B 3aBUCUMOCT OT TemrnepaTtypara.



LABORATORY OF X-RAY ANALYSIS

Powder X-ray diffractometer (XRD)

The powder X-ray diffractometer has the unique ability to perform
qualitative and quantitative phase/substance analysis of any kind of materials
(from powders to thin films, from amorphous to crystalline substances,
including nano- and quasi-crystalline materials).

According to the scientific program of the project, the following activities
are carried out:

>

Intensity (a.u.)

Qualitative and quantitative phase/substance analysis of mate-
rials for:

Production and storage of hydrogen;

Electrodes in Ni-MH batteries;

Electrodes in ion batteries.

Microstructural analysis (phase composition, crystallite sizes,
defects), incl. of micro- and nanoporous materials.

Determination and clarification of crystal structure:

Structural analysis of metal alloys (solid solutions and intermetallic
compounds; amorphous and nanocrystalline materials).

Study of the change of the crystal structure and microstructure
depending on the temperature.
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JIABOPATOPUA 3A IOJTYHABAHE U (EJIEKTPO)XUMWUYHO
XAPAKTEPU3UPAHE HA METAJIN U METAJT-Cb4BbPXXALYN
CbEAUNHEHUA

Bokc 3a paboTta B MHepTHa aTtMmocdepa

» [lpegHasHayeH e 3a paboTa ¢ 06eKkTH, NPU KOMTO Ce M3UCKBa onpe-
JAernexa rasosa atmocdepa;

> [losBonsia paboTta c BelwlecTBa, KOMTO TpsibBa Aa ce cbabpXaT B
WHepTHa aTMocdepa C MHOrO BUCOKA YMCTOTA, KaTo aproH Ui asor;

» [losBonsBa nogaobpxaHe Ha onpegeneH BakyyM B paboTHaTa kame-

B HayyHaTa nporpama Ha MpoekTa ca npeaBuaeHu uscrieqBaHus C
ankarnHu v ankarnosemMHu MeTanu, KakTo U C pYrv peakTVBHU BeLlecTsa U
maTepuanu, KOeTo onpeaens 3HauuMocTTa Ha o6opyaBaHeTo.

CuBepTtOoB anapaT 3a u3cneaBaHe Ha TepMoauvHaMmuKaTa M
KMHeTUKaTa Ha BogopoaHa copbuums

» C anapatypaTta ce U3BbpLUBa aHanu3 Ha Matepuanu 3a CbXpaHeHue
Ha BogopoA nod doopmara Ha MeTanHn XMapuan 1 TBbpav pasTeopw;

» O6eKT Ha nscneaBaHe ca pasnyMyHM MeTanHn Cnnasu U KOMMNO3UTH;

» [aBa Bb3MOXHOCT 3a XxapakTepuanpaHe Ha OU3NKOXMMUYHUTE CBOW-
CTBa (TepMoguHaMMKa N KUHETMKA Ha ra3oBa copbuums) BKIUUTEN-
HO Ha MOPbO3HU MaTepuarnu, NosTyYeHn Ypes CeNneKkTUBHO pasTBaps-
He Ha no-marnko bnaropogHUTe enemMeHT! B MeTanHu cnnasu.



LABORATORY FOR SYNTHESIS AND (ELECTRO) CHEMICAL
CHARACTERIZATION OF METALS AND METAL-CONTAINING
COMPOUNDS

Glove box
» The Glove box is a sealed container that is designed to allow working
with objects, requiring a certain gas atmosphere;
» It allows working with substances that must be contained in an inert
atmosphere of very high purity, such as argon or nitrogen;
» Allows maintaining a certain vacuum in the working chamber.
The scientific program of the project envisages research with alkaline
and alkaline earth metals, as well as with other reactive substances and
materials, which determines the importance of the equipment.

Sievert apparatus for studying the thermodynamics and kinetics of
hydrogen sorption

» The equipment is used to analyze hydrogen storage materials in the
form of metal hydrides and solid solutions;

» Various metal alloys and composites based on them are the subject
of research;

» The Sievert apparatus enables the characterization of the
physicochemical properties (thermodynamics and kinetics of gas
sorption), including porous materials obtained by selective dissolution
of the less noble elements in metal alloys.



OudpepeHumaneH ckaHMpall KasiopumMmeTbp
[dvdepeHumanHuaT ckaHnpall KanopuMeTbp MMa LUMPOKO MPUINOXKEHWE B:

Heat Flow, W/g
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» WacnegBaHe Ha TEPMUYHUTE M TEPMOAUHAMWUYHUTE CBOWCTBA Ha
pasnu4yHM No nNpupoga maTtepuanu;

» W3cnepgBaHe Ha peakuumn Ha pasnaraHe Ha MeTanHu XMapuau, coru,
Komnnekcu; pasoBn NpeBpbLUAHUS B CMITABU, UHTEPMETAlHN Che-
OVHEHUs, Conu;

> XapakTepusnpaHe Ha TepMuYHaTa cTabunHOCT U KpucTanusauus Ha
amopdHM cnraBsu N HaHO-/aMOPMHN KOMMO3UTH.

MoTeHuuocTart

[MoTeHUnocTaTbT € NpegHa3HadeH 3a:

» 3a onpegensHe Ha KOPO3MOHHUSA NOTEeHUMarn Ha MeTanHN Cnfasu U
KOMMO3UTHU;

» 3a CEeNnekTUBHO eNeKTPOXMMMUYHO pa3TBapaHe Ha MeTasiHu crnnasu ¢
Lier nony4yasaHe Ha NMopbO3HU CTPYKTYPU;

» 3a onpegensdHe Ha erekTpoxXMMuyHaTa akTMBHOCT Ha cnrasu Mo
OTHOLLEHME Ha BoAopoAHaTa peakuus.

Mporpamupyema neuy 3a paborta B KOHTponupaHa atmocdepa

MNporpamupyemata new, 3a pabora B KOHTponupaHa aTmocdepa ce
n3non3sa 3a pasnuyH1 TepMoobpaboTkn Ha CUHTE3MPaHW Mo MeTanypruyeH,
XMMUYEH U MEXaHOXUMUYEH NbT MaTepuanu ¢ Len:

» ocBoboOXOaBaHe Ha HanpeXeHus B KpucTanHaTa pelueTtka;

> npegunsBuKBaHe Ha a3oBM NPEBPbBLLAHUS;

»  MWUKPOCTPYKTYPHW MPOMEHU, CBbP3aHU C ONTUMU3MPaHe Ha onpeae-

neHn CBOWCTBA Ha maTtepuanure.



Differential scanning calorimeter (DSC)

The differential scanning calorimeter is widely used in:

» Studying the thermal and thermodynamic properties of materials of
different nature;

» Investigating the decomposition reactions of metal hydrides,
salts, complexes; phase transformations in alloys, intermetallic
compounds, salts;

» Characterizing the thermal stability and crystallization of amorphous
alloys and nano-/amorphous composites.

Potentiostate
The potentiostate is an analytical instrument designed for:
7 3 B _4/

» to determine the corrosion potential of metal alloys and composites;

» for selective electrochemical dissolution of metal alloys in order to
obtain porous structures;

» to determine the electrochemical activity of alloys with respect to the
hydrogen reaction.

Controlled atmosphere furnace

Controlled atmosphere furnace is used for various heat treatments of
metallurgically, chemically and mechanochemically synthesized materials
with the aim of:

» release of stresses in the crystal lattice;

» inducing phase transformations;

» microstructural changes related to optimization of certain material

properties.



JTABOPATOPUAI N0 NPOEKTUPAHE HA BUCOKOTEXHOJIOM M4YHN
NMPOAYKTU 3A ®OTOHUKATA

demMTOCEKYHAHA Na3epHa cucrtema

demTOCEKYHOHATa NasepHa cucTemMa nNpeAcTaBnsiBa  HanmbiHO
KancynoBaH (sealed) nasepeH reHepaTtop ¢ BrpageH Bb30yXxaaly, fiasepeH
M3TOMHUK U C aBTOHOMHO OXfaxjaHe Ha 3aTBopeH Kpbl Cucrtemara
nanbyBa cyb6-7-eMTOCEKYHOHM UMMYIICM U MOXE da ce NMpeHacTporiBa B
LUMPOK CreKTpaneH nHtepsarn.

Llenta Ha Hay4yHMTE wn3crnedBaHWs ca NOTEHUWANHUTE MNPUNIOXKEHMUS
B obnactrta Ha npoekTMpaHe W u3cnegBaHe Ha BWCOKOTEXHOMOMMYHM
NpPoOAYyKTU — nasepHo-6a3npaHn cuctemu, AETEKTOPU M HOBU MaTtepuanu,
KaKTO M Bb3MOXHOCTTa 3a u3crnefBaHe Ha Obp30deniCTBUE Ha BCAKAKBU
ONTUYHWN N ONTUKOENEKTPOHHN KOMMOHEHTN N Ha HOBW MaTtepuanm.

-10Ref 10,
108-10000Bm  wpp  ggp

22:10:28 20221124

Reference Level
-10.00 dBm

MpunoxeHue:

» EkcnepuMeHTanHu vscnenBaHusi Mo CTPYKTYpUpaHe Ha MOBbPXHOC-
TUTE Ha BMOCHLBMECTUMU MaTepuanu, NOOXOOsLUN 38 Cb3daBaHe Ha
KOHTaKTHW newn. YNTpakbecute umnysncu He doopmmpat o6emMHn To-
MIIMHHM U3TOYHMLUM B 0BpaboTBaHUTE MaTepuann, KOeTo M npasu
nooxogsilim 3a LenTa;

» [la ce nonsea kKato M3MepuTen Ha NPOMEHSALWM ce OebenuHn Ha
CINOEBE WINK 3a CpaBHABaHE Ha Ae6ennHN Ha CIoeBe C pasgenuTenHa
CnocoBHOCT OT nopsabka Ha 5 nm.



HIGH-TECH PHOTONICS PRODUCT
DESIGN LABORATORY

Femtosecond laser system

The femtosecond laser system is a fully encapsulated (sealed) laser
generator with a built-in excitation laser source and autonomous cooling of
a closed circuit. The system emits sub-7-femtosecond pulses and is tunable
over a wide spectral interval.

The goal of scientific research is the potential application in the field of
design and research of high-tech products - laser-based systems, detectors
and new materials, as well as the possibility of researching the speed of any
optical and optoelectronic components and new materials.

Areas of application:

» Experimental studies on structuring the surfaces of biocompatible
materials suitable for creating contact lenses. Ultrashort pulses do
not form bulky heat sources in the processed materials, which makes
them suitable for the purpose;

» Usage as a gauge of varying layer thicknesses or to compare layer
thicknesses with a resolution of the order of 5 nm.



JIABOPATOPUA IO MITASMEHW TEXHOJIO N

CuctemMa 3a Nna3meHoO OTfiaraHe Ha HaHOCTPYKTYpU U Nna3mMeHo
TpeTupaHe Ha cnyuam
MNpenHasHa4yeHeTo Ha MHpacTpyKTyparTa e:

>

>

>

Pa3paboTBaHe Ha TEXHOMOrMM 3a OTflaraHe Ha TbHKU CIOEBE U
HaHOCTPYKTYpU OT rpadeH M MeTarnookcuan BbpXY pPasnuyHu
NOAMNOXKM;

Pa3paboTBaHe Ha TeXHONOrMM 3a TpeTMpaHe Ha onacHu rasose 3a
cneundunyHn NpoM3BOACTBA;

AHanus Ha cbCTaBa Ha ra3oBy CMECU, NONMyNPO3paYHnN U HEMPO3pay-
HW TBBPAK NPOoW.

MHpycTpuanHm obnacru:

>

YV V

MponseogcTteo Ha as3oTHU TopoBe (NOX) upes npeobpasyBaHe Ha
Bb3AYX;

Mpon3BoacTBO Ha BOOOPOA Ypes3 npeobpasyBaHe Ha BuomeTaH unu
aMOHSIK;

TepMUYHO TpeTMpaHe Ha onacHW OTNagHU ra3oBse;

lMnasMeHn peakTMBHM ABUraTenn 3a MUKPO U HAHO caTenuTy;
padbeHoBN OMOCEH30pU — 3a M3MEepBaHe Ha aHTUTena, eH3UMu,
OHK, kneTkn n npoTenHu;

CynepkoHgeH3aTopu, MMTUEBO-NOHHN U XMOpUOHN GaTepuu;
MaTteprann B MMKpOBBIIHOBaTa obnacTt Ha ocHoBaTa Ha rpadeH u
rpaceH-CbabpKaLLM KOMMNO3NUTU;

HoBu kOMyHMKaUMOHHM ycTporcTBa 3a Yectotn oT 100 GHz do 1 THz;
padheHoBM Nonesu TpPaH3UCTOPMW.



PLASMA TECHNOLOGIES LABORATORY

System for plasma deposition of nanostructures and plasma
treatment of fluids
The purpose of the infrastructure is:

>

>

>

Development of technologies for the deposition of thin layers and
nanostructures of graphene and metal oxides on various substrates;
Development of technologies for the treatment of dangerous gases
for specific productions;

Analysis of the composition of gas mixtures, translucent and opaque
solid samples.

Industrial sectors:

YVVYYVY

VY V

Production of nitrogen fertilizers (NOXx) by air conversion;
Production of hydrogen by conversion of biomethane or ammonia;
Thermal treatment of dangerous waste gases;

Plasma jet engines for micro and nano satellites;

Graphene biosensors - for measuring antibodies, enzymes, DNA,
cells and proteins;

Supercapacitors, lithium-ion and hybrid batteries;

Materials in the microwave region based on graphene and graphene-
containing composites;

New communication devices for frequencies from 100 GHz to 1 THz;
Graphene field effect transistors.

C,Hin.z Synthesis by
Ficher-Tropsch
process

Plasma Dissociation of CO, and %
H,0 —» 4
CO u H, (syngas) -
J




JIABOPATOPUS 110 HOBU JETEKTOPU U Cb3JABAHE HA
CUCTEMU 3A UHTEJIMTEHTHO YTPABJIEHUE HA NPOLECH

Llen Ha HayyHaTa nporpama e u3criefBaHe Ha MonynpoBO4HUKOBU
HaHOCTPYKTYPU (KBAHTOBU MW, CBPBXPELLETKN, KBAHTOBW XXMYKU, KBAHTOBU
TOYKM) N OBEMHW MaTepuanu 3a OMNTOENEKTPOHHW U POTOBOMNTaUYHU
NPUIOXEHUS, 8 UMEHHO:

LED usnbyBaTenu Ha CBETMNMHA;

NUHdPaYepBEHN OETEKTOPY;

ONTUYHU NaMETH;

hOTOBOMTANYHU ENEMEHTN;

BMCOKOEEKTMBHM MOSYNPOBOAHUKOBM Na3epu;

CUCTEMW, KOUTO Ca KOMMOHEHTU Ha CbBPEMEHHUTE MexaTpPOHHU
yCTpOnCTBa.

YVVVYVYY

Ccpbepu Ha npunoxeHue:

OMTO- M HAHOENEKTPOHMKA;
Tonorpadus;

NPOBOAMMOCT;

KOHTaKTHa NoTeHuuarnHa pasnuka;
MarHUTHN CBOWCTBA;
€NeKTPOCTaTUYHM CUNK;
nnes3oenekTpMYHM CBONCTBA;

YVVVVVYY

HanuuyHa anapatypa:

dypue cnekTpomeTbp ATOMHO-C1NOB MUKPOCKONM



LABORATORY FOR NEW DETECTORS AND CREATION OF SYSTEMS
FOR INTELLIGENT PROCESS MANAGEMENT

The purpose of the scientific program is the study of semiconductor
nanostructures (quantum wells, superlattices, quantum wires, quantum
dots) and bulk materials for optoelectronic and photovoltaic applications
such as:

LED light emitters;

infrared detectors;

optical storage devices;

photovoltaic elements;

highly efficient semiconductor lasers;

systems that are components of modern mechatronic devices.

YVVVYYY

Application areas:

» opto- and nanoelectronics;
» topography;

» conductivity;

» contact potential difference;
» magnetic properties;

» electrostatic forces;

> piezoelectric properties.

Available equipment: FT-IR, AFM

40 pm
i

0.529 V
0.000
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JIABOPATOPUA N0 JIASEPHU TEXHOJIO N

AproHoB nasep, OnTM4YyHa KloBeTa 3a BUCOKO HansiraHe, OnTu4eH
MMUKpPOKpUocTar

C nomoLyTta Ha anapaTtypara ce u3cnensar TBbpau, TEYHU U ra3o06pasHu
obpasum 6e3 ga e Heobxoamma npegBapuTenHa NOAroToBka Ha npobuTe.

FIG. 4. Crystal structure of a-FeOOH (goethite). A supercell of 2 x 2 x 2 unit
cells is drawn.

I'IpvmoxceHMe B n3crnenBaHudATa Ha:

VVVVVVVYYVYYVY

BbIMepogHn Matepuanu (rpadpeH n HaHOTPBLOMYKN);
OKCMAWN Ha NPEXOAHN MeTanu;

MUHepanu;

©Orodun3nyHN Npobu;

MaTepuvanu 3a Karanus,

mMaTtepuarnu ¢ UHTEPECHN MarHUTHU CBONCTBA;
HaHOOBeKTW;

NonynpoBOAHNLN;

06eKTM C apxeonornyecka n XyaoxxecTBeHa CTOMHOCT.

MHD,YCTpVIanHVI obnacTtu Ha npunoXxeHue:

VVVYVYY

reonorns 1 MMHeparnorusi;
ovonorus;

dapmaums;

KPUMUHOIOInS;

CbBPEMEHHO MartepuanosHaHue — n3crenBaHe Ha BbINEepOaHU Ha-
HOTPBLOW, rpadeH, AMMaHTEHONOAOOHM MOKPUTUA, NoNMMepK, Mno-
NynpoBOAHMLM, BUCOKOTEMMEPATYPHU CBPBXMNPOBOAHULNA U MHOIO

Apyru.



LASER TECHNOLOGIES LABORATORY

Argon ion laser, Optical cell for high-pressures, Optical micro-
cryostat

With the help of Raman spectroscopy T e
- a non-destructive and non-contact ’ o
method, solid, liquid and gas samples are
examined, without the need for preliminary
preparation of the samples.

20 op

Application areas: z il
» carbon materials (graphene and 3

nanotubes); >
> oxides of transition metals; -
> minerals; -
» biophysical samples;
» materials for catalysis;
» materials with abnormal magnetic

properties; . I\f\
» nanoobjects; et
» semiconductors; il il o dlo
> objects of archaeological and artistic e .

value.

Industrial areas of application: A S TR S A S
geology;

mineralogy;

biology;

pharmacy;

criminology

modern materials science - study
of carbon nanotubes, graphene,
diamond-like coatings, polymers,
semiconductors, high-temperature
superconductors and many others.
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JIABOPATOPUA 10 AUCTAHLMOHHU HABJTKOOQEHUA OT
CITbTHULN U BE3INNIIOTHU JIETATEJIHU CUCTEMU

OnTu4yeH moayn 3a crnefeHe Ha TPAeKTOPUATA Ha caTenuTun
e Llen Ha Hay4yHaTa nporpama
€ pasBMBaHE Ha OUCTaHLMOH-
HW HabnaeHns Ha CMbTHULM
n 6e3nnnoTHM netaTenHu cuc-
TeMu, KaKTO M u3cnenBaHe Ha
TpaekTopuuTe Ha paboTtelu
N M3Ne3nn OT eKcnnoarauus
cnbTHMUKM. [locTaBeHata ana-
patypata nossonsiea WU cne-
AEeHe Ha onacHU KOCMUYECKM
OTIIOMK/ U € Han-BMCOKOMNpO-
n3BoguTenHata ant-asuMmyTHa
TerneckornHa cucrema.
Pasnonara ¢ nNOCTOSAHHO
nporpamvpyemMa nepuoanyHa
KOpeKumMs Ha rpellkn. Ekcnop-
TMpa guarpamm Ha Hebeto C
BMCOKa pasgenuTtenHa cno-
COBHOCT.

Mo npeaBaputenHo 3ape-
OeHn opbutanHu napameTpu
MOXe Aa MU34ncnsisa B peasiHo
BpemMe MOorioKeHWETOo Ha caTe-
nMTa BbB BCEKM 3agafeH Mo-
MEHT 1 Ja Haco4Ba Teneckona
B 3a4adeHOTO NonoxeHve, Taka Yye Aa 6bae Bb3MOXHO CnedeHeTo Ha ca-
TenuTa n HEroBOTO 3aCHEMaHe.

Mo3BonsBa CbLLO NpocneasBaHe U 3aCHEMaHe Ha caTennuTu, HaMmmpaLm
Ce Ha HMCKa okoroseMHa opbuta [O caTenuTi, HammMpalm ce Ha reocta-
LUMoHapHa opbuta. Mima Bb3MOXHOCT 3a HanmbfHO aBTOMaTU3MpPaHo ynpas-
fieHne Ha Terneckona n kameparta 3a 3aCHeMaHe.




SATELLITES AND AERIAL SYSTEMS
OBSERVATIONS LABORATORY

Optical module for tracking the trajectory of satellites

The purpose of the scientific program is the development of remote
observations of satellites and unmanned aerial systems, as well as the
study of the trajectories of operational and decommissioned satellites. The
equipment also allows monitoring of dangerous space debris.

The equipment is the highest performance alt-azimuth telescope system.
It has permanently programmable periodic error correction and is able to
export high-resolution sky charts.

According to preloaded orbital parameters, it can calculate in real time
the position of the satellite at any given time and point the telescope to the
given position so that it is possible to track the satellite and capture it.

The equipment also allows tracking and imaging of satellites located in
low Earth orbit to satellites located in geostationary orbit. It has the possibility
of fully automated control of the telescope and the imaging camera.
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JIABOPATOPUSI 10 OXAPAKTEPU3NPAHE CBOUCTBATA HA IEHM,
EMWIICUN U TTOPbO3HU MATEPUATIN

AnapaTtypa 3a onpepensiHe Ha pa3Mepa M KOHLeHTpauusaTa Ha
4YacTUMLUU CbC CYOMUKPOHHU U MUKPOHHU pa3mepm
Llenta Ha Hay4HaTa nporpama e:

KoHLieHTpUpaHu pasTBopU —
Bucok BUCKO3UTET

Pa3peneHu pasTBopu —
Bbp3a agcopbuus

» PaspaboTtBaHe Ha KOMOUHUPAHM NEHN N EMYIICUM, KOUTO NO3BONABAT
nonyyaBaHETO Ha MaTepuarnu ¢ nepapxudHa CTpykTypa Ha nopuTe;

» PasbupaHe Ha Bpb3KkaTa Mexdy CBOWCTBATa Ha TEYHUTE MNEHU U
NnonyyeHnTe OT THAX HEOPraHUYHW MOPbO3HU MaTtepuann, KouUTo
MoraT Aa ce U3non3Bear 3a TOMno- 1 LWyMOM30MaLMOHHM MaTepuarnu;

»  OnTMMmnsauusiHanony4YeHUTE MaTeprani 3aKOHKPETHU MPUIIOXKEHNS,
B CbTPYAHMYECTBO C WHAOYCTpPUANHW napTHbopu OT Bbnrapus u
EBpona;

» OnpenensHe Ha pasMep Ha YacTULUM B MbTHU Npodu;

» OnpegensiHe Ha MOMEKynHa Maca Ha NoSIMMEPHU MOSEKYIN.

Anapatypa 3a onpegensiHe Ha CTabMNHOCTTa Ha MaTtepuanu npuv
ONbH

Tasu anapaTypa ce 13nonasa 3a onpegensaHe Ha MexaHW4YHUTE CBOMCTBA
Ha Mony4yeHVUTe NOpbLO3HM MaTepuanu.



LABORATORY OF FOAMS, EMULSIONS
AND POROUS MATERIALS

Equipment for determining the size and concentration of submicron
and micron sized particles
Purpose of the scientific program is:
» Development of combined foams
and emulsions that allow obtaining
materials with a hierarchical pore
structure;
» Understanding the relationship be-
tween the properties of liquid foams
and the inorganic porous materials ob-
tained from them, which can be used
for thermal and sound insulation ma-
terials, light construction materials and
as porous catalyst carriers; 120+ 20 kg/m* 600 £ 60 kg/m?
» Optimization of the obtained materials for specific applications, in
cooperation with industrial partners from Bulgaria and Europe;
» Determination of particle size in cloudy samples;
» Determination of molecular mass of polymer molecules.

Universal yield tester
This equipment is used to determine the mechanical properties of the
obtained porous materials.



JIABOPATOPUS 3A PASBUBAHE U NPUTIOXKEHUE HA HOBU
METO4N 3A OXAPAKTEPU3UPAHE
HA NMOBBbPXHOCTHA EHEPIUs1 U OMOKPSAHE

NanrmropoBa BaHa n BAM

AnapaTtypara ce 13rnon3Ba 3a oxapakTepuanpaHe Ha:

> dnynaHn n HedbnyngHn NOBbLPXHOCTU (MEMBpPaHK);

» MOBBbPXHOCTHO HarmpexeHuwe u eHeprusi, agcopbums, peonorus,
N NMOBBbPXHOCTHM CBOWCTBA Ha HOBW MPOAYKTWU, BKI. TEYHWU MEHMU,
N3Mnon3BaHu 3a NPeKypcopu Ha NOPbLO3HU MaTepuanm.

AnapaTtypa 3a OMOKpsiHe Ha rpaHyfniMpaHu npenapaTtu

Anapatypara ce u3nonssa 3a pa3B1MBaHe Ha HOBWU MeToaM 3a:

» onpepgensiHe Ha NOBbPXHOCTHO HaMNpPEeXeHWE;

» onpegensiHe Ha MOBbPXHOCTHA EHEpPrusi U1 OMOKPSIHE Ha TBbPAU
MOBBPXHOCTU, BKI. HA MUKPOHHWU YacTULM U NOPECTU MaTepuarni.

AnapaTtypa 3a NOBbPXHOCTHO HanpexeHue

AnapaTtypara ce 13nonssa 3a oxapakTepuanpaHe Ha:

> nynaHn n HedbnynaHM NOBbPXHOCTU (MEMBPaHN) — NOBbLPXHOCTHO
HanpexeHne 1 eHeprus, agcopbuus;

» TMOBbPXHOCTHUTE CBOWCTBA HA TEYHM MeHW, WU3Non3BaHuM 3a
NMpPeKypcopu Ha MOPbO3HW MaTepuanu, Ha 4YacTuuM W3MNoNn3BaHu
32 HennbTHO-OMaKoBaHW AOBYMEPHU W TPUMEPHU KpucTanu 3a
aHTUOTpaXKaTeNHM NOKPUTUS 3a CITbHYEBM (POTOBONTANYHW NAHENN.



LABORATORY FOR DEVELOPMENT OF NEW METHODS
FOR CHARACTERIZATION OF SURFACE ENERGY
AND WETTING

Langmuir bath and BAM

The equipment is used for characterization of:

» fluid and non-fluid surfaces (membranes);

» surface tension and energy, adsorption, rheology, as well as surface
properties of new products, incl. liquid foams used for porous material
precursors.

Equipment for granulated particles wetting
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The equipment is used for developing new unique experimental methods for:

» determination of surface tension;

» determination of surface energy and wettability of solid surfaces, incl.
of micron particles and porous materials.

Surface tension tensiometer

The equipment is used for characterization of:

» fluid and non-fluid surfaces (membranes) — surface tension and
energy, adsorption;

» the surface properties of liquid foams used for precursors of porous
materials, particles used for loosely packed two-dimensional and
three-dimensional crystals for anti-reflection coatings for solar
photovoltaic panels.



LHEHTBbP 3A BUCOKOE®EKTUBHU U3YNCIIEHUSA

CbpBbpEH KNbCTEp 3a U3YMUCIEeHUA

CobcTou ce OT:

» 18 nsuncnutenHm cbp-
Bbpa (nodes) u eauH
ynpaBnseall, CbpBbp f§
(management node) %
Supermicro; i

» 40 npouecopa (CPU)
Intel Xeon Gold 6226 ¢
obuwo 480 npouecop-
Hu agpa (CPU cores);

» 12 rpaduyHu npoue-
copa (GPU) NVIDIA
V100 Tesor Core c
obwa npounssoauTen-
HocT 168 TFLOPS;

» 7680 GB RAM.

CbpBbpUTE OT HAM-HOBO MOKOMIEHUE OCUrypsiBaT Bb3MOXHOCTM 3a
npoBexaaHe Ha U34ncneHuns 3a:

» MoJenvpaHe W npeackasBaHe CBOMCTBATa Ha LUMPOK CMEKTbp OT
MaTepuanu C NoTeHUManHo NpuUnoXeHne B YNCTUTE TEXHOMOMMU U
MexaTpoHuKaTa;

» un3crefBaHe Ha Npouecu, CBbp3aHu C TAX.

3a u3BbpLBaHE Ha Te3n u3cnegBaHUs ce M3Non3BaT U3YUCTIUTENHU
MEeTOAM OT Pa3NUYHM HUBA Ha TeopuaTa, BKOYBALLM:

» TreoMeTpuMyHa W enekTpoHHa ONTUMU3auMs Ha MogenupaHuTe

cucTeMu;

» TMpecMsiTaHe Ha pasnnyHW CNEeKTParHn XapakTepUCTUKA U CUMYIN-
paHe Ha XMMUYHW NpoLecu.

Ha knbcTepHaTa cuctema ce npoBexaar KBaHTOBOXMMUYHW, MOMEKYI-
HOMEXaHWYHN N MONEKYNTHOOUHAMWYHN U3YMUCIIEHMSA HA MOAENHN CUCTEMMN
C pas3nuyeH pasmep — OT €4UHUYHM MOMNEKYNM 40 MyNTUMONEKYIHN CUCTE-
MK, cbeTosAwm ce ot 104-105 atoma.

O6nactu Ha npunoXxeHue: opraHM4eH Kartannms, KBaHToBa U U3YNUCITN-
TEJIHA XNMUA, KOMMIOTbPHaA XNMNUA N CMNEKTPOCKONUNA, OXapaKTepusnpaHe
CBOWCTBA Ha MeHw, eMYyIiCcnn N NopbO3HN MaTepunarnmu.



CENTER FOR HIGHLY EFFICIENT CALCULATIONS

Server cluster

Consists of:

» 18 computing servers (nodes) and one management server

(management node) Supermicro;

» 40 processors (CPU) Intel Xeon Gold 6226 with a total of 480 CPU

cores;

» 12 graphics processors (GPU) NVIDIA V100 Tesor Core with a total

performance of 168 TFLOPS;

» 7680 GB RAM.

The latest generation high performance computing servers provide
computing capabilities for:

» modeling and predicting the properties of a wide range of materials

with potential application in clean technologies and mechatronics;

» study of processes related to them.

To carry out these studies, computational methods of various levels of
theory are used, including:

» geometric and electronic optimization of the modeled systems;

» calculation of various spectral characteristics and simulation of

chemical processes.

The cluster system is able to process quantum chemical, molecular
mechanical and molecular dynamical calculations on model systems of
different sizes — from single molecules to multimolecular systems consisting
of 104-105 atoms.
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Areas of application: organic catalysis, quantum and computational
chemistry, computational chemistry and spectroscopy, characterization of
properties of foams, emulsions and porous materials.



JIABOPATOPUA ,, ®YHKLINOHAJTHU ONCITEPCHU CUCTEMU*

Ypen 3a uamepBaHe Ha TONNONPOBOAUMOCT

TepmoaHanusaTopbT € YHW-
kanHa 3a Bbnrapusa anapatypa

, C U3KIKOYNTENTHO Npeun3Ha ernek-

TPOHMKa, NpegHa3HaveHa 3a oxa-
pakTepusanpaHe Ha TEPMUYHUTE
CBOWCTBa Ha maTepuanute. Ha-
NUYHa e Cbllo TepMoKamepa 3a
npPeunsHo TemMnepupaHe Ha Wu3-
cnegBaHuTe obektn. OcobeHocT
Ha TepmoaHanuMsaTopa e Hanu4un-
€TO Ha KreTKka 3a TEPMUYHO OXa-
pakTepusnpaHe Ha AUCNEpPCHU

cuctemun — npaxose, nactu, CycrneH3unu, renose, eMyriCun.

dPrniyopumeTsp

®dnyopumMeTbpbT € CbBpeMeHHa
crnekTpanHa anapartypa, AaBalla Bb3-
MOXHOCT 3a:

>

npeuusHo m3cneaBaHe Ha ny-
MUHeCLIeHUMsITa Ha pPasfnnyHn
mMaTepuanu u 6uonorn4Hu cuc-
TemMn npu Bb3OyxgaHe C yI-
TpaBuoneToBa v BMAMMA CBET-
nVHa;

onpegensiHe Ha KBaHTOB 40OVB
Ha TBbpAM Npobwu /MOHOKpUC-
Tanu, MOKPUTUS, Monumepw,
npaxoBe/ 1 TEYHOCTU C Pa3niny-
Ha NABTHOCT N BUCKO3UTET.

O6nacTu Ha NpUNoXeHune:
» OxapakTepusupaHe Ha matepuanu 3a onTukata U ONTOENeKTPOHU-

KaTta,

» dnyopecueHTeH aHanu3 Ha dapMaueBTuyHn U B1oNornvHu

NPOAYKTW.



FUNCTIONAL DISPERSE SYSTEMS LABORATORY

Thermal conductivity analyzer

The thermoanalyzer is unique for Bulgaria equipment with extremely
precise electronics, designed to characterize the thermal properties of
materials. A thermal chamber is also available for precise tempering of
the examined objects. A feature of the thermal analyzer is the presence of
cells for thermal characterization of dispersed systems — powders, pastes,
suspensions, gels, emulsions.

Fluorometer

The fluorimeter is a modern spectral apparatus enabling:

» the precise study of the luminescence of various materials and
biological systems upon excitation with ultraviolet and visible light;

» determination of quantum yield of solid samples /single crystals,
coatings, polymers, powders/ and liquids of different density and
viscosity.

Areas of application:
» the characterization of materials for optics and optoelectronics;
» fluorescence analysis of pharmaceutical and biological products.



JIABOPATOPUA ,,ETIEKTPOAKYCTUYHN UICIIE4ABAHUSA HA
EJIEKTPOJINTU*

TeHcuomeTbp
AnapaTtbT e npoduneH TEHCMOMETBLP — yper, 3a aHanua Ha npodumna Ha
TEYHM Karku.

> [lo3Bonsia NPeLn3HO N3MepBaHe Ha NOBbPXHOCTHOTO HaMNpeXxeHue
Ha OKa4YeHW UNn Ceasily TeYHW Kanku No MeToda Ha aHanv3a Ha
KOHTYpa;

» VamepBa KOHTaKTHUAT BbIbil TEYHU Kanku, NoaabpKaHu OT TBbpaa
NOBBbPXHOCT, KAKTO M CbOTBETHATa CBOOOAHA MOBLPXHOCTHA eHep-
Ts;

» CneumanHaTta onTMYHa KOBETa U LMPKYyrauMoHeH TepmocTaTt nos-
BONSIBAT U3CneaBaHeTO Ha TEYHM Karku B KOHTPONMpaHa TedHa unm
rasosa cpepa npuv Temnepatypu ot -10 go 130 °C;

» KomnioTbpHO ynpasnsiemarta go3vpalla cucteMa Ha ypeaa ocurypsi-
Ba NpeLn3eH KOHTPOI Ha obeMa Ha n3cneaBaHNTe Karnku;

» CodTyepbT No3BONsiBa NpoBeXxgaHe Ha MHOTOKpaTHW aBTOMaTu3n-

paHu n3crnenBaHusi No NpeaBapuUTENHO 3aNOXeHN LWabNoHN.
—




ELECTROACOUSTIC STUDIES
OF ELECTROLYTES LABORATORY

Tensiometer

The device is a profile tensiometer — an equipment for analyzing the
profile of liquid drops.

>

>

>

Allows the precise measurement of surface tension of suspended or
sessile liquid drops by the contour analysis method;

Measures the contact angle of liquid drops supported by a solid
surface, as well as the corresponding free surface energy;

The special optical cuvette and circulation thermostat allow the
examination of liquid drops in a controlled liquid or gas environment
at temperatures of -10 till 130 °C;

The computer-controlled dosing system of the device ensures precise
control of the volume of the tested drops;

The software allows multiple automated tests to be performed
according to preset templates.
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JIABOPATOPUA 10 EJIEKTPOHHA MUKPOCKOINA

HuckotemnepatypHa npuctaBka 3a TEM

MpoGoabpxaTenaT 3a KPUOreHHa TPAHCMMUCUMOHHA  eNEeKTPOHHa
mMukpockonus (TEM) ce nsnonasea 3a:

» HabniogeHne Ha HAHOMETPUYHU OBEKTUN, KOUTO ca NpenBapuTenHoO

3ampaseHu;

» [lony4yaBaHe Ha MUKPO- N HaHocpe3oBe 3a TEM.

O6GexTnTE Ha n3cnegBaHe ca KakTo MaTtepuanu 3a CbXpaHeHne Ha Bogo-
pofn, Matepuanu ¢ enekTpokaTanuTu4Hu CBOMCTBA, MaTepuanu U3nosnssaHu
KaTo enekTpoam B NIMTUEBO-MOHHM BaTepun, Taka 1 pasnnuyHmu gucnepcum.

MpunoxeHue B uscnegBaHUsTa 3a:

» pasmep n hopmMa Ha MuLENN;

» pasmep u hopma Ha BECUKYNU;

» pasmep u dopmMa Ha HaHO- EMYIICUOHHU Karku.

YnTpamMumkpoTom
YRATPaMUKpPOTOMBT € NnpedHa3HavyeH 3a noryYyaBaHe Ha MUKPO- U HaHO-

Ccpe3oBe 3a unacrniegBaHe CbC CblleCTByBall TPAHCMUCUNOHEH eNeKTPOHEH
MUKpPOCKOIM.

O6GekTUTe Ha n3cnenBaHe ca:

» Martepuanu 3a CbXxpaHeHue Ha BOOOpOL;

» MaTepuanu c enekTpo-kaTtanMTUYHMU CBOMNCTBA;

» W3NOon3BaHW KaTo eneKkTpoam Ha NMUTUEBO-MOHHK GaTepun.

MpunoxeHue:
KoMnnekcHn nscnegBaHus Ha MUKPOCTPYKTypaTa U (PUBNKOXUMUYHUTE
N KaTanuTUYHU CBOMCTBA Ha CUHTE3MpaHuTe B nabopatopusita matepuanu.



ELECTRON MICROSCOPY LABORATORY

Cryo holder

The cryogenic transmission electron microscopy probe holder is used
for:

» Observation of nanometric objects that are pre-frozen;

» Obtaining micro- and nanosections for TEM.

The objects of research are materials for hydrogen storage, materials
with electrocatalytic properties, materials used as electrodes in lithium-ion
batteries, and various dispersions.

Applications in the research of:

» size and shape of micelles;

» size and shape of vesicles;

» size and shape of nano-emulsion drops.

Ultramicrotome

The ultramicrotome is designed to obtain micro- and nano-sections for
examination with an existing transmission electron microscope.

Areas of research:

» hydrogen storage materials;

» materials with electro-catalytic properties;

» materials used as electrodes of lithium-ion batteries.

Potential applications: for complex studies of the microstructure and
physico-chemical and catalytic properties of materials synthesized in the
laboratory.
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