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JOpeKeCiHe 13ACHYII TUCCEPTAMAChIHA

Hyprasuna I'yanap Mbip3eKeHKbBI3bI

MeTtaJjibl 6ap HAHOKOMIIO3UTTEPAIH CUHTE3]
’KOHE 0J1Iapabl KaTaJM3/1e KOJIAHy

JluccepranmusiablK  JKYMBIC ~METajl HAHOOOIIICKTEPIHIH CHHTE31 MCEH
MOJIMAMUIOAMUH  HETI3IHACTI  JACHAPUMEPIICPMEH  TYPAKTAHIABIPYABl  OKBITI
yipeHyre, ojapablH KaTaTu3aiK OSICEHAUIIIH 3epTTEYTe apHAIIFaH.

3epTTey TAaKbIPLIOBIHBIH 03€KTiIIri. FbUIbiM MEH TEXHUKAHBIH KOITEreH
caylachlHJa HAaHOMAaTEPHAIAAP/bl KOJIAAHYIbIH >KaHa KeJeHIeK MYMKIHAIKTEPIHE
KOJT aIblTyblHA OaijIaHBICTBl AyBICTIAIBI METAJIAAPIBIH MOHO- W OWMETaJIIbI
HAHOOOIIIEKTEP XUMHUS, ONMOJIOTHS, (PU3HUKA KOHE MaTEpHAIIAP TyPasIbl FHIIBIM/IA
YJIKEH KBI3BIFYITBIIBIK TYABIPABI. MeTanm HaHOOeIIEKTEePl THIM/II KOHE CENEKTHUBTI
KaTaji3aTopiiap ajyaa, MHKPOAJIEKTPOHIbI, CEHCOPJIOPNBI JKOHE ONTHUKAJIBIK
KOHJBIPFBIIAPABIH  JIEMEHTTEPIH JKacayda, apHaWbl KacHETTepre ue KaHa
MaTepualiIapAbl CHHTE3ICYAC KOJITaHA b .

Kasipri TaHma KkemTereH 3epTTeyjep JKaHAa Karajiu3aTopjap kacayra
apHanraH, Tpudenmwidpochun muranaanapMen xyprizuierin Cy3yku-Musiypa xoHe
Mmuzopoku-Xek peakiusyiapbl YIIiH eTe THIMAI KaTaau3aTopiiap YChHAAB. bipak
Ta OHJAW JIUTAHJAIAP YJIbI, 9Pl CHHTE3MIH KYPACriHe OaiaHbICTH KOJKETIMCI3.
CoHJBIKTaH THIMJI, CEJISKTHBTI, KapalalbIM XKoHE KOJDKETIMII KaTajau3aTopJiap
nakJaTalbIT KOMIPTErT — KOMIPTET1 PEaKIUsIapbIHBIH MOTA(DHUKAITUSACHH Kacay
KAKETTI JKOHE ©3€KTI FEUIBIMHA MIHAET OONBIN TAOBLTAIBI.

3eprTey HbIcaHbl. [lONMMATHICHTIMKONACTI HUKEIh HAHOOONIIIECKTEPI,
MOJIMAMUIOAMUH HETI3IHAET JSHAPUMEPIIEPAE TYPAKTAHABIPBUIFAH TaUTaadid
XKOHE TAJTaIUi-HUKETh OMMETaI HAaHOOOJITIEKTEPI.

3eprTey moHi. HaHoKOMIIO3HTTEpAIH TY3UIy HPOLECTEPl, MOTHUITHICHAC
TYPAKTaHIBIPBUIFAH HWKEJIb HAHOOOIIIEKTEPl, JECHIPUMEP-UHKATICYJIICHTCH
najutaauii HanoOeamekTepi MmeH Ni-Pd Oumeran xyienepinia pu3nKa-X AMHASITBIK
KaCHeTTepl,  KypaMbl,  OJIEMIK  CHOATTaMaJiapbl  XOHE  MaJUtanid
HaHOOOIIIEKTEPIHIH KaTaTUTHKAIBIK KAaCHETTEPI.

3epTTEey KYMBICHBIHBIH MAaKCAThl JICHAPUMEPJECP MEH TOJUMEPIepIe
TYPAKTaHIABIPBUIFAH HUKEIb, TMajUIaJnid, HAKEIb-TIAJUIAANN HAHOOONIICKTEPIH
CHUHTE3/ICYTIH XaHa dJICTEPIH ’Kacay, ajJblHFaH HaHOKaTajau3aropjapabl Cy3yKh-
Musiypa u Mu3opokn-Xek peakuusuiapbliHa KOJIJaHy.

3epTTey MaKcaTbiHA OalIaHBICTBI KEIECl HET13T1 MiHAETTeP KOWBLUIIbI:

- TIOJIMAMWJIOAMUH HETI3IHAETT TOMEHT1 TEHEPAIWsUIBl JICHAPUMEPICPIS
najulaiiii  JKOHE  OPraHWKAJBIK  TOJMUMEP  TOJUATWICHTIUKOIAEC  HUKEIh
HaHOOOJIIEKTEPIHIH CHHTE31H Kacay,

- JCHAPUMEp OKOHE TOJMMEp TaOWFATHIHBIH  MaJUIQAWA, HUKEIb



HAHOOOIIIEKTEPIHIH TY3UTY1HE 9CEPIHIH HET13T1 3aH/IbUTBIKTAPhIH aHBIKTAY

-JIBIHFAH MeTaTbl 0ap HAHOKOMIIO3UTTEPAIH HETI3r  (PU3UKA-XUMUSITBIK
KACHETTEPIH OKBITI YHPEHY

- aJIBIHFaH JeHapuMep-uHKancyaaeHren oumeran NiPd nHanobemmmekTepiHiy
HET13T1 (PU3HKA-XUMHSUTBIK KAaCHETTSPIH OKBIT YHPEHY

- CHHTE3CNITEH JACHAPUMEP-TIAJUIAui HAHOKOMIIO3UTTEPIH KaTaIu3/e
KOJIIaHy ABIH TOXKIPHOEIIIK aCIeKTIIEPIH 3ePTTeY.

3eprrey oamicrepi: AMP-, VK-, UK-cnekTpockomus, xapblK TYCIpETiH
ANEKTPOHIBIK MAKPOCKOIIHSI, PEHTTEHIK (DOTOANEKTPOHIBIK CIIEKTPOCKOMHS JKOHE
PEHTTEH/Il YHTAKTHIK TA(paKITus.

3eprTey MaTtepuasaapbl OCHOPTaHWUKAJBIK JKOHE OPTAaHUKAIIBIK XUMUS,
MOJIAMEPJIEP XHWMUACHI, COHBIMEH OIpre OChl 3€PTTE€Y TaKbIPHIOBIHA KATHICTHI
JKapaThUIBICTAaHYABIH Oacka ja cajajapsl OoibiHIa 190 opebmerTep TI3IMIHEH
TYPaJIbI.

JIrccepTanysIbIK KYMBICTHIH FBIJIBIMH KAHAJIBIFbI §

- Tepmunanapl-QyHKIMOHATU3ACHTEH ACHAPUMEPIICDP HETI31HIE METAIBI Oap
HAHOKOMITIO3UTTEP CHHTE31HIH 9/IICTEPI JKaCa bl

- Tysiminm >xaTkan HaHOOOJITIEKTEPAIH OJIIIIeM] MEH KypaMbiHAa dCcep €TETIH
CHHTE3 MPOIIECTEPIHIH HET13T1 TapaMeTpsIepl aHBIKTaJI b,

- Jlemmpumep  TapMakTapbiHBIH  JKOHE  TYPAKTaHIBIPFBITI AT Ui
KaThIHACTAPBIHBIH HAHOOOJIIIIEKTEPAIH OpTallla JHaMeTPIHE dCepl 3ePTTEI/II,

- Anram  per mogMAMUAOAMHWH HE3IHAE MoauduumpiaeHren OipiHT
TCHEPATTHSITHI JEHAPUMEPIIEpIe TYPaKTaHBIPBLIFaH nayTaui
HAHOOOIIIEKTEPIHIH  KOMIPTEri — KOMIPTeTi  OaiJIaHBICTAPBIHBIH — TY3UTY
PEaKIAACHIHIAFbl KAaTATUTAKAITBIK KACUETTEP1 3ePTTENII.

Teopusiabik  MaHBBABLIBIFBL.  MeTagslr  0ap  HAHOKOMTIO3UIIHSIIBIK
MaTepuaiIapAbl CHHTE3/IEY 9ICTEPIHE KATHICTHI TCOPHSUTBIK AJIBIHFAH HOTHKENEP,
ONTafbIH  (DU3UKA-XUMUSIBIK KAaCHETTEPIH OKBIM YHPEHY Oojamakka opTypdl
MOMU(UKAMSITEI  HAHOKOMTIO3UTTEP JKacay »JKOHE apHalbl KacHETTEpre Wue
MaTepuaiiap alry MaKCaThIHA 3€PTTEY KbI3BIFYITBUTBIK TYFBI3aIb.

IIpakTHKaAbIK MaHBI3ABLIBIFBI. TOMEHT1 TEHEPAVSUTBI JESHAPUMEPIIEPIC
MeTaisl Oap HaHOOONIMIEKTEp/l CUuHTEe3neyre xacanraH oaic Cy3yku-Musypa u
Mmuzopoku-Xek Kpocc-OalIaHbICThl  PEaKIUsIaphiHAa KaTaju3aTop PETIHIE
KOJTAaHBUTYBl MYMKIH HAHOKOMITO3UTTEP/I HEFYPJIBIM KaparalbiM OIICTEPMEH
ayryFa MYMKIHIIK Oepe.

JuccepTanMsIbIK KYMbICTBIH HeEri3ri HOTHKeJIepi 11 FUIBIMU JKYMBICTA,
conbH 1miHAe KP-ab1H BFM 61miM skoHE FRUTBIM cajachiHIarbl Oakpuiay Kommreri
OCKITKeH >KapWsUlaHBIMJapaa — 5 Makajia, XajblKapaliblK FhUIBIMA Oa3ajapra
KIPETIH XKOHE XYPHAJIAAPIBIH WUMIAKT-(aKTOPhl HOJAIK eMeC OOJIaThiH IIeTEN

KypHalTapeiHBIH  OipiHae — 1 Makama, XanblKapajblK >KOHE PECIyOTUKaITBIK
koH(pepeHIMAIap MarepuaiaapeiHaa — 4 wMakana >koHe 1 Te3uc OagHmama
KapWsUTaHFaH.

3epTTey KYMBICHIHBIH KYPBLIBIMBI. J[FiccepTarus kipicnenaeH, 4 6eiMHEH,
KOpBITBIHABIAAH, 51 cyperteH, 12 kecrenen xoHe 190 araymarbl KoJiaHBLIFaH
oneOuerTep TI3IMIHEH TYPATHIH KaJIIbI KojieMl 115 GeTTe KenTipiareH.
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Cunres METAJLICOACPKAIIIUX HAHOKOMIIO3UTOB
H UX IPUMCHCHHC B KaTAaJIU3€

JuccepranmonHas paboTa MOCBAIEHA CHHTE3Y M M3YUCHHMIO CTAOMIIM3aIluu
HAHOYACTUIl METAJJIOB  JICHAPUMEpAMHM HA  OCHOBE  MOJMAMHUJI0AMHUHA,
UCCIICTIOBAHUIO WX KAaTATUTHUECKON aKTUBHOCTH.

AKTyaJIbHOCTH TeMbl HcCJea0BaHuUsA. MOHO- W OHMMETAJUIMYECKHE
Hanouactuibl (HY) mepexoaHbix METaioB MPEACTaBISAIOT OOJBIION WHTEPEC B
XUMUH, OMONOTHH, (PU3UKE W HAYKE O MAaTEPHAJIaX B CBA3M C TEM, YTO OTKPHIJIUCH
HOBbIC  MEPCHEKTUBHBIE  BO3MOXKHOCTM  MPAKTHUECKOTO  MCIOJIb30BAHUSA
HAHOMATEPUAJIOB BO MHOTMX OOJIACTAX HAyKW M TexHonoruu. HanodacTuiisi
METAJUIOB TPUMEHSIOTCA JUIA  TOonydeHus dS(PQPEKTUBHBIX W CEIIEKTHUBHBIX
KaTaJu3aToOpPOB, CO3JIaHUSI DJIIEMEHTOB MHMKPOXJICKTPOHHBIX, CEHCOPHBIX U
ONTUYECKUX YCTPOMCTB, CHHTE3a HOBBIX MAaTEPHUAJIOB C 33/IAaHHBIMU CBONCTBAMMU.

Bonbilioe KOIWYECTBO HUCCACIOBAHWN MOCBAIIEHO PpPa3padOTKE HOBBIX
KaTaJIn3aToOpPOB, TPEIIOKEHB BBICOKOAI(DPEKTUBHBIC KaTaNM3aTOPHl PEaKIAN
Cysyku-Musiypa m Mmsopokn-Xeka ¢ TpudermidochuHOBRIMIA JTUTAHIAMHU.
OnHako 3TH JIUTAH]Ibl TOKCHUYHBI W MAaJIOAOCTYIMHBI M3-32 CJIOXKHOCTH CHHTE3A.
[TosTomy, paspabotka Momudukanuii  yriaepoa-yriaepOJHBIX  PEAKIUH  C
UCTONTb30BaHuEM  3((EKTHBHBIX, CEIEKTHBHBIX, TMPOCTBIX H  JOCTYIHBIX
KaTaJIn3aTOPOB OCTAETCA BAXHOU M aKTYaJIbHOW HAYYHOW 3a1aYEN.

O0bexThl uccaenoBaHus. HaHouacTulbl HUKENS B MOJUATHUIICHIJIMKOIE,
HAHOYACTHULIBI Ta/UIaAus W OUMETAJUIMUECKUE CHUCTEMbl MNAIAUA-HUKEIh B
JEHApPUMEPAX HA OCHOBE MOJIMAMUA0AMHUHA.

IIpeamer wuccaenoBanmsi. Ilporecce oOpa3oBaHus HAHOKOMIIO3UTOB,
(PMBUKO-XMMHUUECKWE CBOWCTBA HAHOYACTWIl HUKENS CTAaOWIU3UPOBAHHBIC B
MOJIMATUJICHTJIUKOJIE, JCHAPUMEP-UHKANCYJIMPOBAHHBIX HAHOYACTHUI] MAJUIaAus U
oumeramaeckux cuctem Ni-Pd; cocTtaB, pasmepHble XapakTEPUCTHKA |
KaTaJIMTUYECKUE CBONCTBA HAHOYACTHI] NAJIAIUS.

Heabro gaHHOM PadoTHI ABIAIOTCA pa3padoTKa HOBBIX CHOCOOOB CHHTE3Q
HAHOYACTHUIl HUKENA, TNaUIaAus, HUKENA-NAIaaua, CTaOuIu3UpOBAHHBIX B
JEHApPUMEPAX U TMOJIMMEPAX, UCCICIOBAHUE TMOJYUYCHHBIX HAHOKATaJIU3aTOpPOB B
peakiusax Cy3yku-Mustypa u Muzopoku-Xeka.

B cooTBETCTBUM C LIENBIO UCCIICIOBAHUS TTOCTABJICHBI CJAEAYIOIIME OCHOBHBIE
3aJauu:

- paspaboTaTh CHocoObl CUHTE3a HAHOYACTHUIl NA/UIaAWs B JACHAPHUMEPE
HU3KOW TEHEpallMd HAa OCHOBE MOJMAMHUIOAMUHA W HUKENA B OPraHUYeCKOM
MOJIMMEPE NMOJIUATUIICHTJIUKOJISA,

- YCTAaHOBUTh OCHOBHBIE 3aKOHOMEPHOCTH BJIMSIHUS MIPUPOJbI ACHAPUMEPA U



nojinMepa Ha (POPMHUPOBAHUE HAHOYACTHI] MAJIJIAIMS, HAKEIIS,

-  U3YYUThb OCHOBHBIE (DUBUKO-XMMHWYECKHE CBOWCTBA  TOJYUCHHBIX
METALICOAEPIKAIIUX HAHOKOMITO3UTOB;

- M3Y4YUTh (PUBMKO-XMUMHUUYECKHE CBOHCTBA JECHAPUMEP-UHKAMCYTUPOBAHHBIX
omMeTanandeckux HaHouactuil NiPd;

-  U3YyYUTh AaCMEKThl MPAKTUYECKOrO TNPUMEHECHHUS CUHTE3UPOBAHHBIX
JEHAPUMEP-NAUIAINEBbIX HAHOKOMITO3UTOB B KaTaJIU3E.

MeTtoabl HCCJIeI0OBAHUS AMP-, YO-, HNK-cnekTpockonus,
MTPOCBEUMBAIOIIAS JIEKTPOHHAS MHKPOCKOIHS, PEHTTEHOBCKAs (POTOITEKTPOHHAS
CIEKTPOCKOTIMS M PEHTTEHOBCKAsI MOPOITKOBAs AU(PPAKITHA.

NcTouHNKOBEeTYECKYH0 0a3y U MaTepuajbl HCCJIEI0BAHUS COCTABJISIOT
190 ucTOUHUKOB IUTEPATYPHI IO HEOPTAHUUECKON U OPraHUUECKON XUMUU, XUMUH
MOJIMMEPOB, A TaKXKE JPYrUM OO0JACTAM €CTECTBO3HAHHUSA, KACAIOIIUXCSA TEMBbI
JAHHOTO UCCIICIOBAHMUSL.

HayuHasi HOBU3HA THCCEPTALIMOHHON padOThl 3aKJIFOYAETCS B CICAYIOIIEM

- Pa3pabotaHbl METOABI CUHTE3a METAUICOACPKAIIUX HAHOKOMIUIEKCOB Ha
OCHOBE TEPMUHAITBHO-(PYHKITHOHATH3UPOBAHHBIX JICHIPUMEPOB;

- OnpenenieHbl OCHOBHbIE MapaMeTpbl MPOLIECCOB CUHTE3a, BIUSIONIAE HA
pa3Mep U cocTaB 00Pa3yIOIIUX HAHOUACTHIL;

- UW3ydeHbl  BAMAHUS ~ JCHAPUMEPHBIX BETBM W COOTHOIICHUM
cTabuau3atop: naiaauil Ha CPEHUN TUMaMeTp HAaHOUYACTHIIbI,

- BrnepBbie M3yueHbl KATAIMTUYECKUE CBOWCTBA HAHOYACTHUIl MaJIaauA
CTaOWIM3UPOBAHHBIE B MOAW(UIIMPOBAHHOM  JICHAPWUMEPE HA  OCHOBE
MoJIMaMUI0aMUHA TEPBOM TE€HEpallMii B peakuuu 0O0pa3oBaHUS CBA3U YIJIEPOJ-
YIJIEpOA.

Teopernueckasi 3HAYNMOCTB. TEOPETUUECKU TMOJYUYCHHBIE PE3YJIbTATHI,
Kacaroluecs: METOJUKM CHHTE3a METAJUICOACPIKAIIMX HAHOKOMIO3UIIMOHHBIX
MaTepHalioB, M3yUCHUA WX (DU3HKO-XHUMHUECKUX CBOMCTB, MPEACTABIAIOT COOOMH
WHTEpEC AT OyAyIero CO3AaHUs Pa3IUdHBIX MOAU(PUKAINA HAHOKOMIIO3UTOB M
WX UCCJICOBAHUA C LIEJIbIO TTOJIYUEHHS MATEPUAJIOB C 3aIaHHBIMU CBONCTBAMHU.

IIpakTHnueckass 3Ha4YuMoOCTb. Pa3paboTaHHads  METOAMKA  CHHTE3a
METALICOAECPIKAIUX HAHOYACTHUIl B JACHAPUMEPAX HU3KOW T€HEpaluil Mo3BOJSET
MoJIyyaTb HAHOKOMITO3UTHI 00Jie€ MPOCThIM CHOCOOOM, KOTOPbIE MOTYT ObITh
UCIOIb30BAHbl KAK KATaJIM3aTopbl peakiuii kpocc-couetanus Cy3yku-Musiypa u
Mwuzopoku-Xeka.

OcHoBHbBIE pe3yJabTaTbl JAUCCEPTANMOHHOH PpadoThl H3NIOXKEeHBI B 11
onyOJUKOBAaHHBIX padoTax, W3 HUX 5 CTaTbM B W3JIAHUSIX W3 TMEPEUHS,
yTBepKIeHHbIX KoMuTeToM 1Mo KOHTpomo B cepe obpazosanus u Hayku MOH
PK, 1 crarbst B peHTUHIOBOM KYpPHAJI€ C BBICOKMM HMHJIEKCOM LMUTHPYEMOCTH, a
Takxke 4 crarbu U 1 TE3UC B MaTepuanax MEXKAYHAPOAHBIX W PecryOJIMKAHCKUX
KOH(EPEHITHH.

CrpykTtypa m o0bem auccepramuu. Jluccepranms wusmoxena Ha 115
CTpaHMIAX, BKJIOUAeT BBeAeHUE, 4 paszaena, 3akimtoueHue, 51 pucyHkos, 12
Ta0JUIl U CIIUCOK UCIOJIb30BAHHBIX UCTOYHUKOB U3 190 HaumeHoBaHMiA.



ABSTRACT
dissertation for the degree of Doctor of Philosophy (Ph.D.)
specialty 6D060600 - Chemistry
Nurgazina Gulnar Murzakanovna

Synthesis of metal nanocomposites
and their application in catalysis

The thesis is devoted to the synthesis and stabilization of metal nanoparticles
on the basis of polyamidoamine dendrimers, the study of their catalytic activity.

Background study. Mono-and bimetallic nanoparticles of the transition
metals are of great interest in chemistry, biology, physics and materials science due
to the fact that new promising possibilities for practical use of nanomaterials in
many areas of science and technology. Metal nanoparticles are used for efficient
and selective catalysts, the creation of microelectronic components, sensors, and
optical devices, the synthesis of new materials with specific properties.

A large amount of research devoted to the development of new catalysts,
offered highly effective catalysts Suzuki-Miyaura reaction and Mizoroki-Heck
with trifenilfosfin ligands. However, these ligands are toxic and difficult to access
because of the complexity of synthesis. Therefore, the development of
modifications of carbon-carbon reaction with the use of effective, selective, simple
and affordable catalysts is an important and urgent scientific task.

Objects of study. Nickel nanoparticles in polyethylene glycol, nanoparticles
of palladium and bimetallic palladium nickel-based polyamidoamine dendrimers.

Subject of study. The processes of formation of nanocomposites, physical
and chemical properties of nickel nanoparticles stabilized in polyethylene glycol,
dendrimer-encapsulated palladium nanoparticles and bimetallic systems Ni-Pd;
composition, dimensional characteristics and catalytic properties of palladium
nanoparticles.

The aim of this work is the development of new methods for the synthesis
of nanoparticles of nickel, palladium, nickel, palladium, stabilized in the
dendrimers and polymers, the study obtained nanocatalysts in Suzuki-Miyaura and
Mizoroki-Heck reactions.

According with the purpose of the study there is following main objectives:

- to develop methods for synthesis of palladium nanoparticles in a low
generation dendrimer based on polyamidoamine and nickel in the organic polymer
of polyethylene glycol;

- to establish the basic nature of the influence of the dendrimer and polymer
to form nanoparticles of palladium and nickel;

- to study the basic physical and chemical properties of the metal
nanocomposites;

- to study the physical and chemical properties of the dendrimer-
encapsulated bimetallic nanoparticles NiPd;

- to study aspects of the practical application of the synthesized dendrimer-
palladium nanocomposites in catalysis.



Methods: NMR, UV, IR spectroscopy, transmission electron microscopy,
X-ray photoelectron spectroscopy and X-ray powder diffraction.

Source materials and research materials are 190 sources of literature on
inorganic and organic chemistry, polymer chemistry, and other fields of science
relevant to the subject of this study.

Scientific novelty of the thesis is as follows:

- Worked out methods of synthesis of metal-based nanocomplexes on the
basis of terminally functionalized dendrimers;

- Determined the main parameters of the synthesis, affecting the size and
composition of the nanoparticles;

- Studied the effects of dendrimer branches and relations stabilizer: average
diameter of palladium nanoparticles;

- First studied the catalytic properties of palladium nanoparticles stabilized
in a modified polyamidoamine dendrimer based on the first generation in the
formation of carbon-carbon bonds.

Theoretical value. Theoretically, the results concerning the method of
synthesis of metal nanocomposite materials, the study of their physical and
chemical properties, have an interest for the future development of wvarious
modifications of nanocomposites and their studies in order to obtain materials with
desired properties.

The practical significance. The developed method of synthesis of metal
nanoparticles in a low generation dendrimers produces nanocomposites easily,
which can be used as catalysts cross-coupling Suzuki-Miyaura and Mizoroki-Heck.

The main results of the thesis is presented in 11 published works, including
5 articles in publications from the list approved by the Committee for Control of
Education and Science of RK, one article in a journal ranked high citation index,
also 4 articles and 1 thesis in materials of international and national conferences.

Structure and length of the dissertation. The thesis presented in 115
pages, including an introduction, four chapters, conclusion, 51 figures, 12 tables
and a list of references of the 190 items.



