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dunocodus JOKTOPHI FRUIBIM JAdpexkeciHe i3aeny auccepramusaceina (PhD)
6D060400-®uznka

AHJATIIA
JOKYMATYJIOB MYPAT HYPMAHOBUY

Korapbl KMUTIKTI CBIMBIMABLIBIKTBI PA3PAATAFbI TO3AHABI IJIA3MAHBIH
AHATHOCTUKACHI, KYPBbLIBIM/IBIK KIHE THHAMHMKAJIBIK KacueTrTepi

TakpipbinThiH 63ekTidiri. Kazipri ke3zge To3aHIbl IJ1a3MaHbl 3€pTTEY
FBUTBIMHBIH KapKbIMJIbI JIAMBITT KeJie JKaTKaH cajlachl OOJIBbIN TaObLIaIbl, COHBIMEH
FAJIBIMIAP/IbIH KbI3BIFYIIBUIBIFBIH apTThIpyia. Ecke anma oThIpcak, TO3aH bl I1a3Ma
JIETEHIMI3, KapanabiM Ila3Ma, TeK OFaH MHUKPOHJBI ©JIIIEeM/Il KOHICHCUPJICHTeH
3aTTap €HrI3UINeH HeMece naijga OoJiFaH, OChbl ejmemjaepre OalIaHbICThI
MakpoOemmekTep (To3aHmap) ete yiakeH 10°+10° AeHiHTi KapamaibIM 3apsaKa ue
OoJia anajael. Oneduertepae Oy e3re Je aTayjapMeH, MbICAJIbl KOHJEHCUPJICHTEeH
JTUCIIepCTiK (hazackl Oap mia3mMa, adpo30Jib/il MIa3Ma TYPIHJE Ke3eCTIpe ajJaMbl3.

Tozanapl MmuazMa KoJaAaHOATbl MIHAETTEPAl WICNy Ke3iHAE 1€, COHbIMEH
KaTap TaOWFATTBIH Ipreii KyObUIBICTAphl JKaMJbl, 3aTTapAblH KacUETTEpl MeEH
KYPBUIBICHI XKaljIbel OLTiMAEpIMI3al KeHelTyre komekTeceal. Ocbuiaiiina aucreperTi
mia3Ma apKbUIbl MaKpOCKOMUSIIBIK TO3aHAAap BHU3YaJJbl e3rerie OObI Kelel,
KOHJICHCUPJICHTEH 3aTTap/blH, MbICalibl  (a3aiblK aybICcysiap, alMacThIpy
mporeccTepl koHe T.0. (PU3MKANBIK KacueTTepiH 3epTTeyae Oipereil bIHFailIbl
00BEKT OO0IBIN TaOBLIAAEI.

Kemnreren 3amaHayu Iuta3MaiblK — TEXHOJOTHsJApAa  IJla3Ma  JKOHE
MaTepuanapAblH OCTKEWl ocepiiecylHIH HOTWKECIHAEC IUla3Mara OHJEJIETIH
MaTepuanapAaH  MaKpOCKOMMSUIBIK ~ OeniekTep  TyceTiHl  (Meuuepiiepi
MUKpPOHHBIH OlpHemie OeJiiriHeH Oactam OlpHelle KY3A€reH MUKpPOHFa JCHiH)
aHbIKTaNbl.  OCBIHBIH HOTWIKECIHAE KYpJeal KypaMIsl Ijia3ma Maiiga OoJiabl:
OCBIHJIall TIJIa3MaHbl KOHJACHCUPJICHTeH jaucnepcti (azacbkl Oap miazMa jen
ataijpl. byJt ma3mMaHbIH KeH TapaiFaH ataybl - To3amabl azma (dusty plasma).
KBI3BIFYIIBUTBIK TYIBIPATBIH JIEPEK, aHBIKTAJFAH JKaFmaiiapaa TO3aHIbl IuTa3Ma
pETTEYI KYPBUIBIMIBI TYFBI3abl («IIa3MaNIbIK KPUCTALD, OVJITTAp, TaMIIbLIAp).
bapapik OChl MIa3MalibI-TO3aHABIK ~ KYPBUIBIMAAp TaOWFu TYpAe KEJIeHCI3
JACTBIKTBI  TYFBI3aJbl KOHE KYPACTHIPYIIBUIBIK MaTepuaiapisiH  (usuka-
MaTEeMaTHUKAJIBIK KacueTTepiHe Tepic ocep eTeAl (MUKPOKATTBUIBIK, KOPpPO3UsFa
TO3TIIITIK oHEe T.0.).

MaHpI3/1bI FBUIBIMU JKOHE TEXHOJIOTHSIIBIK Maceleaepaid 0ipi 6acKapbliaThIH
TEPMOSIJIPOJIBIK CHUHTE3]Il 1CKE achlpy Oo0ibIm TaObLIagbl. TokamMakTa ajblHATHIH
KaObIpFa apayblK TO3aHJbl IUTa3Ma MaHBI3bl OPBIH allybl MYMKIH: COHFBI
TOXKIPUOENIK MOJIMETTEpre Kapacak IUIa3MaJarbl TO3aH SHEPIHsHbI FalaMJIbIK
yCcTan TypyFa ocepiH TuUridyli MyMKiH. [lnmazmaHbl KOJAaHYbIH KaHAJIbIFbl OHBI
’KOFapbl TEXHOJOTHUSIIbI KOMITO3UTTIK MaTepUaapAbl OHIAIPYAE KOJIJAAHBLITYbI



OonbIn TaObLIAABI, MBICATBl IJIA3Ma OPTAChIHIA AJILIHFAH HAHOXKAOBIHBI Oap 1pi
eMec chepanblk OemmekTep. To3aHIbl OeJIIIEKTEpACH KaKeTTli KacuerTepi Oap
OIpPTEKTI YHTAKTHIH Maiiga O0JIybIH 3€PTTEY YILIH KOHE OHBI TYPaKThl OHJIIPY YIIIH
BIHFAWJIBI IIAPTTAP MEH OHIPY YaKbITIH Ta0y KEepekK.

Ocpunaiiina, To3aHabl M1a3MaHbIH KACUETTEPIH 3epTTEY, OHbI AUArHOCTUKAJIAY
FBUTBIMH TYPFbIZa, COHBIMEH KaTap KOJ1aHOasbl )KaFbIHAH J1a 6T€ MaHbI3/bl MIHJIET
OO0JIBITT TAOBLIAIEI.

7KYMBICTBIH MaKCAThl — ONTHKA-CIEKTPOCKOTHUSIIBIK OJIC apKbUIBI TaJay
keMeriMeH, KK paspsaTel TO3aHAbl IUIa3MaHBIH KACHETTEPIH TOKIPUOE KY3iHIE
3epTTey, IUIa3Ma JKOHE TO3aHHBIH e3apa ocepiecy 3ddekrinepin Taby, Kem
OYpPBIIITEI TapaTy oAiCi KOMETIMEH TO3aHIbl OOJIICKTEPAiH Maimaa OOMyhl JKOHE
ecyl ypAicTepiH Oalkay.

3epTTey 00beKTici — JKOFaphbl >KMUIIKTI pa3psAAThl HIIEaNAbl €MEC TO3aHJIbl
r1a3Ma OoJIbI TaObLIAIbI.

KYMBICTBIH KaHAJBIFbI. JlMCCepTalUsIIBIK >KYMBICTBIH >KaHAIIBIFBl JKOHE
EPEeKIIIeIri, ajFall per:

1. Tozanapl MIa3MaHBIH TeMIEpaTypachl YJIFailfaH Ke3/le  TO3aH/IbI
KOMITOHEHTaHbIH U Py3usickl K0dPPUIMEHTIHIH MOJIIepl OPEKET eTUIMEreH
To3aHIapAbIH Tu(Py3uss K0d3PGUIUESHTIHIH MOJIIEPIMEH CAJIBICThIPFaH/Ia a3aiobl
MYMKIH eKeH1 OalKaJIJIbl;

2. bydepnik 1ua3MaHbl COyNENCHIIPY AIIBIKTHIFBIHBIH —a3al0bl  HEMece
yiIFaiobl, Oydepiik miasMara OpHaJACTHIPhUIFAH HEMECE Maiia OOJFaH TO3aHJIbI
OeJIIeKTEP 11H MOJIIIEPJICPIHIH JUaNa30HbIHA TOYEN Il €KeH1 TaObLUI/IbI;

3. JKapbIkTel Kem OYpPBIMITHI TapaTyIlbl JXaHAa KOHJIBIPFhINA ajiFall peT
TOXKIPUOE >KYPri3iial. AJIBIHFAH TKIpUOETIK MAIIMETTep OYJ1 KOHJBIPFBIHBIH
YKOFapbl TUIMJIUTITIH KyaJIaHIbIPA/IbI.

4. YXapbikTel Kem OypbIITHl TapaTy KOHIBIPFBICHIHAH aJIbIHFaH JKaHA
HOTHKEJIEp aproH JKOHE alleTHIICH KOCTalapbhIHIAFbl )KOFAPhI KU UTIKTI pa3psiAThIH
napameTpiiepl JAMama3oHbIH Oepeni, Oyiap apKbpUIbl JKY3/ereH HaHOMETPJIl
Meutiepi 6ap OOIIeKTep aIbIHA/IbI.

JluccepTauMsiHbIH KYPbUIBIMBI K9HE KoJieMi. J[rccepTalusiibiK KYMBIC
kipicnegaeH, 4 OeJliMHEH, KOPBITBIHABIIAH >XoHEe 83 arayisl NaijganaHbUIFaH
onebuet TiziMmineH, 101 Heri3ri KOMIBIOTEPIIK MOTIHHEH, OHBIH imIiHae 62 cyper
OoHE 3 KECTE/ICH TYPaJIbl.

Koprayna Hazapra ajbIHATBIH KaFaaiiap
1. Tozawael mMmia3MaHbIH  TeMIlepaTypachl  YJIFailfaH  callblH  TO3aHJIbI
KOMMOHEHTaHbIH U y3usIChiHBIH Kod(hPuimenti ecemi, Oipak, To3aHAapIbIH
3apsANbIHBIH  UIECHeNl ©ecyl HOTWKeciHae (Kyueneri OailnaHbicTap) TO3aHJIbI
KOMIIOHEHTaHbIH 1 Qy3UsIChIHBIH KO3 PUITMEHTIHIH uaeanabl ra3
i py3usaceHBIH KOG DHUITMEHTIHE KaTHIHACHI a3asi/Ibl.

2.  MuKpoHIbI MOJIIEPl TO3aHAbl OOJIIIEKTEP IEKTPOHAAPIBI KYTKAH KE31HC
Oydepmi Ta3ablH CIEKTPIIK ChI3BIKTAPBIHBIH COYJICICHIIPY alIbIKTHIFBI a3al0blHA
oKeNel.

3. XuMusanblK OeyiceHIl Maa3Maza >OFapbl JKUUTIKTI paspsAATH IJIa3MaHbIH
TO3aHJAAPBIHBIH TY3UTyl, dKapbIKThl KO OYPBIIITHl TapaTaThIH kKaHa TIXKIPUOEIiK



KOHJABIPFBIHBI ~ MalJanaHy Ke3iHjae, OepiareH Kacuerrepi Oap  TO3aHAbI
OemmiekTepal aldy >KOHE JMarHOoCTHKanay ayMarblHAa OepuireH KOHABIPFBIHBIH
YKapKbIH OOJIaIIarbiH KOPCETTI.

4. Xumuanelk OejiceHal Iula3Maja aproH MEH alleTWICHHIH KOCHAaChIHbIH
HAHOOOJIIIIEKTEPIH CUHTE3/eY OOMBIHIIIA KOFAPhl KHUILTIKTI pa3psAAThl KOHABIPFbIIA
YKAPBIKTHI KOT OYPBIIITHI TapaTy 9/1iCi, KbICBIMJIBI apTThIPFaH Ke3/ie OeIIeKTep/IiH
KbLIJaM Taia 60JaThIHBIH KOPCETTI.

KyMbICTBIH ~ FBUIBIMH-TKipuOedik  MaHbI3bl.  JluccepTanusiibIK
KYMBICTaH aJIbIHFaH HOTHKeNIep TO3aH bl Tu1a3Ma (PM3UKACHIHBIH TaMybIH/A, HKOHE
Je TUIa3Maibl TO3aHJABl Taiga Ooiymapasl 3epTTey OOWBIHINA TIXIpUOETep
anicteMecinie e Oarajbl OpbIH anafbl. To3aH bl MTa3MaHbIH KACUETTEPIH 3epTTEY
Ka3lpri TaHAa MaHbI3bl 1preiit Oosblll TaObuIanbl, ce0edi, To3aHAapIbIH 1pi
KoJeMiHe OalIaHBICTBI  TO3aHJABI IJIa3Ma  BHU3yalAbl TYpPAE 3€pTTeyre
OONaThIHABIKTAH, >KYHeNepAlH KacueTTepilH 3epTTeyle, COHJaili-ak rasziap,
CYMBIKTBIKTAp, >KOHE KOHACHCHUPJIEHICH KYWIEeri 3aTTapAbl 3epTTEyAE MKaKChl
Mozenb Oomnbinm TaObuiafbl. OcbliaH 0Oacka, TO3aHIbl IUIa3MaHbIH KacUETTepl
OOWBbIHIIIA aJBIHFAH HOTHXKENIEPAl OpPTYpJl TOHKIPUOENTIK KOChIMIIAIapbl 1CKE
acelpy XoHe ko0anaya, MbICajbl MaKpO JK9HE MUKPO >KOHE HAHOZJIEKTPOHUKAJA
naigananyra 0oaabl.

KyMBICTBI TeKcepy KoHe KapusiJiaHbIMAap. JMccepTalusibiK KYMBICTA
aJIbIHFaH HOTIDKEJIEep KeJecl opblHAapaa OasHIaN bl XKoHE TaFaHIbl:

® CTyIGHTTEP, MAruCTpaHTTap, AacIHUpaHTTap JKOHE Kac  FaJbIMIap
Xanpikapanblk KoHpeperuusicol (2011, an-dapadbu ateinnarel Kaz¥V, Anmartsr);

o «tutazmMa DU3MKAChl JKOHE TUIa3MaNbIK TEXHOJOTHsUIap»  XalbIKapalblK
koH(pepenmuscol (2009, Munck, benapycusi);

® «(hM3UKAHBIH 3aMaHayH JKETICTIKTEPl KoHE ipreni (U3UKaIbIK O1IiM Oepy»
XanpIKapasblK FeUTbIMU KOH(pepeHuusicel (2011, 2013, Anmartsi);

® «TO3aHJbI TIa3Ma (Qu3uKachl OoibIHINIA XallbIKapalbIK KOH(EPEHIUICH)
(2010, I'apmummaprenkupxen, ['epmanus);

e yaeas emec TIa3Ma (u3ukacel OoWbIHIIA XalIbIKApaJIbIK CEMHUHAp
(xpipkytiek 2012, Poctok, I'epmanus),

e 1azmMa (PU3UKACH JKOHE KOMMBIOTEPIiK (Gu3nka KadeapachlHbIH FHUIBIMU
cemunapiapsl, KazHY on-®dapabu ateinnarsl KazYV;

CoHbIMEH KaTap  XaJbIKapaldblK BIHTBIMAKTACTHIK  IIETiHAEC  Keyeci
npodeccopiapmer capantaiabl: MaitopoB C.A. (Poccus), Apsukos JL.I'.(Poccus).

JluccepTalysuIbIK SKYMBIC MaTepuanjgapbl OoifbiHIIa 12 Gacma >KyMbICTapbl
XKapUsJIaHAbL. PEleH3UsIIaHAThIH FRUIBIMU JKypHAJAapAa 5 cTaThsl, OHBIH ilIiHAe 3
PhD 10oKTOpBI FBUIBIM JOpEXKECiHE 13ICHY JTUCCEPTAIUSACHIHBIH  HETI3T1
HOTHXKENEpiH skapusiiayra apHanran Komwurerrid TiziMiHzeri xxypHaiaa xkoHe 2
CTaThsl JKOFapbl WMMIIAKT (DaKTOphl Oap albIiC MIET € KypHAJbIHIA; [ KYMBIC
XaJBIKAPATBIK KOH(MEpEHIUsIap MaTepraapbIiHia.



AHHOTAIUA

JUCCepTaIlK Ha COMCKaHKE YICeHOH cTereHu gokropa ¢puinocoduu (PhD)
6D060400-®Pu3uka

JOKYMAT'YJIOB MYPAT HYPMAHOBHUY

I[I/IaI‘HOCTI/IKa, CTPYKTYPHBIC H TUHAMHUYICCKHUE CBOMCTBA NbLJIEBOI IJ1a3Mbl
BBICOKOYIACTOTHOI'O paspsdaaa

AKTyaJbHOCTH TeMbl. VccreqoBanue MbUIeBOM MIa3Mbl B HACTOSAIIEE BpEeMsI
ABJIIETCS OYpHO PpAa3BUBAIONIMMCS HAYYHBIM HalpaBJiICHHEM, MPHUBJICKAIOIIUM
BHUMaHue YyuyeHbIX. HamoMmHuM, 4YTO mbUIeBas I1a3Ma IMPENCTaBIsET COOOMH
OOBIUHYIO IIJJa3My C BHEAPEHHBIMU WJIM OOpa30BaHHBIMHU B HEH YacTUIAMU
KOHJIEHCUPOBAHHOTO BEIECTBA MUKPOHHBIX Pa3MepOB, Ojarogapsi 3TUM pazMepam
MaKpo4acTHIbl (MBUIMHKKA) MOTYT TPHOOpETaTh OYE€Hb OOJIbIIKE 3apsibl, [0
10°+10° SNMEeMEHTapHBIX 3apsaoB. B muTepaType OHa Tak e BCTpedalach IOJ
JIpYTMMH Ha3BaHUSMH, HaNpuUMep, Ila3Ma ¢ KOHACHCUPOBAHHOW AHCIIEPCHOU
(a3oii, a3po30JabpHas Ma3Ma.

[TeieBass mazMa MpPEACTaBISIET MHTEPEC KaK MPH PEHICHUH MPUKIIATHBIX
3a1a4, TaKk W IS PAcIIMpPEHHs] HAIIMX 3HAHWM O (yHIaMEHTANbHBIX SBICHHIX
IPUPOJIbI, CBOMCTBAX U CTPOEHUH BellecTBa. Tak AucnepcHas mia3Ma B CHITy TOTO,
YTO MAaKpPOCKONMYECKHE TMBUIMHKK BHU3YaJlbHO Ppa3M4YMMbl, MPEICTABISAET
YHUKAJIBHBI B CBOEM yA00CTBE OOBEKT JUIsl M3YYEHHS HEKOTOPBIX (PU3UUECKHUX
CBOMCTB KOHJEHCHUPOBAaHHOTO BEIECTBA, Hampumep, (a30BbIX MEPEXOJIOB,
IIPOLIECCOB MIEPEHOCA U .

Y cTaHOBIIEHO, YTO BO MHOTMX COBPEMEHHBIX MJIA3MEHHBIX TEXHOJIOTHSX, U3-
32 B3aMMOJICUCTBHUS IUJIa3Mbl C [IOBEPXHOCTBbIO MATEpUAJOB B IUIa3My H3
oOpabaTbiBaeMOro  Marepuaja  IOMaJal0T  MAaKPOCKONMUYECKHE  YaCTHUIIbI
(pa3mepamu OT JOJIM 10 HECKOJBKUX COTEH MUKPOHOB). B pe3ynbpraTe oOpasyercs
mia3Ma  CJIOKHOTO  COCTaBa: TaKyko IUla3My  Ha3blBalOT  IJIa3MOW €
KOHJICHCUPOBaHHON nucnepcHoit (azoi. Haubonee o06meynorpeduTeIrHoe
Ha3BaHWE TakoW IuIa3Mbl — mbuieBas (dusty plasma). MHTepecHbiM (dakToM
ABJIIETCSI TO, YTO TbUIEBas IIa3Ma oOpa3yeT MpHU OIpPEAENICHHBIX YCIOBUAX
YIOPSA0YEHHBIE CTPYKTYPBI («IJIa3MEHHBIN KpUCTAI», o0aka, Karau). Bcee atu
IUIa3MEHHO-TIBIJIEBBIE  CTPYKTYpbl  NPEACTABISIIOT ~ COOOW  €CTECTBEHHO
BO3HUKAIOIIIEE HEXENaTeIbHOE 3arps3HEHNE U OTPUIATEIbHBIM 00pa3oM BIUSIOT
Ha (PU3UKO-MEXaHUYECKHE CBOMCTBA (MUKPOTBEPIOCTh, KOPPO3UITHASI CTOMKOCTH U
T.1.) KOHCTPYKIIMOHHBIX MaTEPUAJIOB.

OnHOM M3 BaXHBIX HAYYHBIX U TEXHOJOTMYECKUX MPOOJIeM SBISETCS
OCYUIECTBJICHUE YIPaBISEMOTo TepMosaepHoro cunre3a. OOpasyromascs B
TokaMake MNPUCTEHOYHAs] TMbUIEBAsl IUIa3Ma MOXKET ChIrpaTh OOJBIIYIO POJIb:
MOCJIETHUE SKCIIEPUMEHTANbHbIE JIaHHbIE MOKAa3bIBAIOT, YTO HAJIW4YME MbUIM B
11a3Me MOKET MOBIIMATH Ha I100aIbHOE BpeMsl yAep>KaHUe SHEPTUU.



HoBbiM SABJISIETCS IPUMEHEHUE 1a3Mbl B IPOU3BOJICTBE
BBICOKOTEXHOJIOTMYHBIX KOMIIO3UTHBIX MaTepUalioB, HampuMep, HeOOIbIINX
chepuUeCcKUX YacTUll C HAHOMOKPBITUAMH, HAHECEHHBIMU B 1a3Me. J{Jis u3ydeHus
oOpa3oBaHUs OJHOPOJHOIO TMOPOIIKA W3 TMBUIEBBIX YacCTHI[ C 3aJaHHBIMU
CBOMCTBaMHU M CTAOMIJIBHOTO €r0 MPOU3BOICTBA, HEOOXOAMMO HANTH ONTUMAaJIbHBIC
YCIIOBUSI M BPEMsI BBIPAOOTKHU.

Takum oOpazoM, uccieoBaHNE CBOMCTB MBbUIEBOM IJIa3Mbl, €€ JUArHOCTUKA
ABJISICTCS. OYEHb AKTyaJlbHOW 3aJayeid, KaKk C HAy4YHOM, TaK U C NPUKIATHON
CTOPOHBI.

Heas padorbl — DKCOEPUMEHTATBLHOE HCCIEAOBAHUE CBOMCTB MbBLIECBOU
ma3Mbl BY pazpsiaa ¢ mOMOIIBIO ONTHKO-CIEKTPOCKOMMYECKUX METOJIOB aHAIN3a,
BbIsIBJICHHE 3((PEKTOB B3aMMHOTO BIUSHHUSA IJIa3Mbl W MBUIMHOK, H3y4Y€HUE
npoleccoB 00pa3oBaHHMA M pOCTa NBUIEBBIX YacTHI[ € IOMONIIbIO METOoJa
MHOT'OYTJIOBOTO PACCESIHUS.

O0beKTOM HCCJIeI0BAHMS SBISCTCS HEWJcalbHass MbUIEBas IUIa3Ma
BBICOKOYACTOTHOTO pas3psija.

HoBu3na padorbl. HoBU3HA U OpUTMHAIBHOCTh JUCCEPTALMOHHON pabOTHI
3aKJIF0YAOTCS B TOM, YTO B HEH BIIEPBBIE:

5. 3amMeueHo, YTO NpU YBEIUUYEHUU TEMIIEpaTypbl TIbUIEBOM IJIa3MBbI
BeIMUrHA Kod(pduurenTa AuQy3un MblIeBOl KOMIOHEHTHl MOXKET YMEHbBIIATHCS
10 CPaBHEHHUIO C BEIMYMHOM KO3pduureHta 1upQdy3nn HEB3aUMOIECHCTBYIOMINUX
NBUINHOK,

6. OOGHapyXeHO, UYTO YMEHBIICHHE WM YBEIUYCHHE WHTEHCUBHOCTU
u3nydeHus: OydepHOM IIa3Mbl 3aBUCUT OT JAvana3oHa pa3MEPOB MbUIEBBIX
YaCcTUYEK, MOMEIICHHBIX UM 00pa30BaHHbBIX B Oy(epHOil T1a3me.

7. BniepBble  BBINIOJIHEHBI JKCHEPUMEHTHl Ha HOBOM YCTAHOBKE IO
MHOTOYTJIOBOMY paccesiHuto cBeTa. [loaydeHHblEe 3KCIEpHUMEHTAIBHBIE JTAHHBIE,
CBUJETEIBCTBYIOT O BBICOKOHN 3(pPEKTUBHOCTU JaHHON YCTAaHOBKHU.

8. IlomyueHHbIe HA YCTAaHOBKE [0 MHOTO YIJIOBOMY PacCEsSHUIO CBETa HOBBIE
pe3ynbTaThl JAl0T AUana3oHbl I1ApaMETPOB BBICOKOYACTOTHOIO paspsa B CMECU
aproHa W aleTWJIeHa, ONTUMAalbHbIE A1 00pa30BaHUs YacTHUI] pa3MEPOM B COTHHU
HAaHOMETPOB.

Crpykrypa u o0bem auccepranum. /luccepranuonHas paboTa COCTOUT U3
BBEJICHUS, 4 Pa3/IesioB, 3aKIIOYEHUS U CIIMCKA UCTOJIb30BAHHBIX UCTOYHUKOB U3 83
HauMeHoBaHul, cojepxut 101 cTpaHull OCHOBHOIO KOMIIBIOTEPHOTO TEKCTA,
BKJIIOYast 62 pucyHka U 3 TaOIUIBI.

ITos10:keHUs1, BBIHOCMMBbIE HA 3AIUTY
5. C yBenu4eHHEM TeMIlepaTypbl MbUIEBOM MMia3Mbl, Ko3ppuuueHT nuddysuu
NbUIEBOM KOMIIOHEHTBl PAcTEeT, HO, BCIEICTBUE COIMYTCTBYIOUIETO poCTa 3apsia
MBUIMHOK (CBSI3W B CHCTEME), OTHOIICHHE Kod(pduinenta mud@y3uu mbUICBON
KOMIIOHEHTHl K 3HadeHuto kodddurnmenta auddy3unm wugeaqrHOTO Trasa
YMEHBILIAETCH.

6. IlornomieHue 3JIEKTPOHOB MBUIEBBIMU YaCTUIAMH MHUKPOHHBIX Pa3MEPOB
IPUBOJUT K YMEHBIIEHUIO WHTEHCUBHOCTEH H3IYUYEHUS CHEKTPAIbHBIX JIMHUN
OydepHoro rasa.



7. Amnpobamusi HOBOW AKCIIEPUMEHTAIBLHON YCTAHOBKH IO MHOTO YTJIOBOMY
paccesHUIO cBeTa Ha (OPMUPYIOLIMXCS TBUIEBBIX OOpa30BaHUSX B IJIa3Me
BBICOKOYACTOTHOTO pa3psijia B XMMUYECKH aKTUBHOW IJIa3Me IMoKaszana OoJbIine
MEPCHEKTUBBI IAHHON YCTAaHOBKH B OOJIACTH IMarHOCTHKHU U MOJIYYCHHS TBIIEBBIX
YacTUIl C 3aIaHHBIMU CBOKCTBaMHU.

8. B ycraHoBKe BBICOKOYACTOTHOTO pa3psia IO CHUHTE3Y HAHOYACTHUI[ B
XUMUYECKH AaKTUBHOM IUIa3M€ CMECH aproHa € AaueTWICHOM METOJ MHOTO
YIJOBOTO pacCesHHsl CBETAa IOKa3all, YTO YacTULbl 00paszyroTcs ObicTpee mpu
YBEIIMUYEHUHU J1aBJICHUSI.

Hay4yHo-nmpakTuyeckass  3HAa4YMMOCTL  padorbl.  [lomydyeHHeie B
JUCCEPTALIMOHHOM paboTe pe3ysIbTaThl MPEACTABISIIOT HEHHOCTh JJI PAa3BUTHUS KaK
(GU3UKM TBUICBOM TUIa3Mbl, TaK M METOAMKHU SKCIEPUMEHTOB IO H3YYECHUIO
MJIa3MEHHO-TIBUIEBBIX 00pa3oBanuil. lMccienoBanue CBOMCTB MBUICBOM IIa3Mbl
MPEACTABIACT HA JIAHHBIH MOMEHT Oo0Jblyl0 (yHIAMEHTAIbHYIO 3HAYMMOCTD,
MOCKOJIbKY TIbIJIEBAs IJIa3Ma BBHUJY OOJBIIMX pPa3MEPOB MBUIMHOK, JOCTYITHBIX
BU3YaJIbHOMY HAOJIOJCHUIO, TMPEJCTaBIsET COOOM XOpOIUIYyI0 MOJETb s
UCCIIEIOBAHUS CBOMCTB CHCTEM, IPUYEM KaK T'a30B, XKUIKOCTEW, TaK U BEILECTB B
KOHJICHCUPOBaHHOM COCTOSIHUM. Kpome TOro, mOJIy4eHHBIE PE3YIbTaThl 10
CBOMCTBaM MbUIEBOM IIJIa3Mbl MOXHO HCHOJIB30BaTh IPU MPOECKTUPOBAHUU U
OCYILECTBJICHUU PA3HYHBIX MPAKTUYECKUX MPUIIOKEHUM, CBA3AHHBIX C HATUYHEM
MBUICBOM TJ1a3Mbl, TAKMX, HAPUMEP, KAK MUKPO U HAHORJICKTPOHUKA.

Anpobauuss paGorel uM nyO0aumkauuu. Pe3ynpTarbl, MOJy4YEHHBIE B
JIMCCEPTAIIMOHHON padoTe, TOKJIABIBAIUCH U O0CYKIATHUCH:

e Ha MexayHapoHON KOH(EpPEHIIMHU CTYJEHTOB, MATUCTPAHTOB, ACITUPAHTOB
u Mosiobix yueHbX (2011 KazHY um. anp-dapabu, Anmatsi);

eHa MexayHapoaHbiX KoH(pepeHuusx «Ddusuka miaa3Mbl U TJIA3MEHHBIE
texHosorun» (2009, Munck, benapycs);

e Ha MexXIyHapOIHBIX HAYYHBIX KOH(pepeHIHUsIX « COBPEMEHHBIC TIOCTUKEHUS
¢bu3uku u pyHaameHTanbHOEe (hrusndeckoe oopazoBanue» (2011, 2013, Anmarsl);

eHa MexayHapoaHoi KoH(epeHunu no ¢usuke mnbpuieBor mmiasmsl (2010,
[MapmummnapTteHkupxeH, ['epmanus);

eHa MexayHapolHOM ceMHHape 1o (U3UKE HEWICaTbHON IJIa3Mbl
(centsiopb 2012, Pocrok, ['epmanus);

®Ha HAay4YHBIX CceMUHapax kadeapbl (U3MKHA TJIa3Mbl U KOMITBIOTEPHOUN
¢usuku KazHY uMm. anb-dapabdu;

a Takxke oOcyxaamuch ¢ mpodeccopamu: MaitopoBeim C.A. (Poccus),
HesuxoBbim JI.I.(Poccus) B paMkax MeXTyHapOIHOTO COTPYTHUYECTBRA.

[To mMarepuasiam nauccepTalmoOHHON pPabOTHl OMyOJUKOBAHO 12 meYaTHBIX
paboT: 5 craTeil B pelieH3UPyEMbIX HAyUHBIX XKypHajaX, U3 HUX 3 B KypHaJIax U3
[lepeunst Komurera aiis omyOIMKOBAaHUS OCHOBHBIX PE3YJIBTATOB JUCCEPTAIMMA Ha
COMCKaHHe yueHOW ctemeHu gokrtopa PhD u 2 cratbu B KypHanax aajgbHEro
3apy0Oexbsi C BBICOKMM HUMIAKT ¢akropom; /7 paboT B MaTepuanax
Mex1yHapOIHbBIX KOH(EpEeHIIUH.
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JUMAGULOV MURAT NURMANOVICH

Diagnostics, structural and dynamic properties of the dusty plasma of
radiofrequency discharge

Relevance of the theme. The study of the dusty plasma is now a developing
scientific field, attracting the attention of scientists. Recall that the dusty plasma is
conventional plasma with inserted or formed therein particles of condensed matter
of microns sizes, the size of these particulates (dusts) can acquire very large
charges up to 10°+10°of the elementary charges. In the literature, it is also named
as plasma with a condensed dispersed phase, aerosol plasma.

Dusty plasma is of interest both for the solution of the applied problems, and
to expand our knowledge of the fundamental phenomena in nature, properties and
structure of matter. Due to the fact that the macroscopic dust are visually
distinguishable the dispersed plasma is unique comfort object for the study of some
physical properties of condensed matter, such as phase transitions, transport
processes, etc.

It was found that in many modern plasma technologies, due to the
interaction of the plasma with the material surfaces macroscopic particles from the
material fall into the plasma (sizes are from micron fractions up to a few hundred
microns). As result complex plasma is formed. The most common name of this
plasma is dusty plasma. An interesting fact is that the dusty plasma forms under
certain conditions the ordered structures (“plasma crystal”, clouds, droplets). All of
these plasma- dust structures are naturally occurring undesirable contamination and
negatively affect on the physical and mechanical properties (microhardness,
corrosion resistance, etc.) of the constructional materials.

One of the most important scientific and technological problems is the
realization of the controlled thermonuclear fusion. Formed in the wall region of the
Tokamak dusty plasma can play a big role: recent experimental data show that the
presence of dust in the plasma can affect the global energy confinement time.

The use of the dusty plasma in the production of high composite materials is
new field of application, for example, small spherical particles with nanocoating
deposited in the plasma. In order to study formation of a homogeneous powder of
the dust particles with desired properties and stability of its production, it is
necessary to find the optimal conditions and time of production.

Thus, the study of dusty plasma properties, their diagnostics are very
important tasks, both from the scientific and applied aspects.

The aim of the work is experimental study of dusty plasma of RF discharge
by optical spectroscopic methods of analysis, identification of the effects of the
mutual influence of plasma and dust particles, the study of the formation and
growth of dust particles by the method of multi-angle light scattering.



The object of the study is the non-ideal dusty plasma of RF discharge.

Scientific novelty includes:

1. At the first time it has been noted that at increase in plasmas temperature
the diffusion coefficient of the dust component can decrease in comparison with
the value of the diffusion coefficient of non-interacting dust particles.

2. It was found that the reduction or increase in the buffer plasma emission
intensity depends on the range of the size of the dust particles, placed or formed in
the buffer plasma.

3. Experiments on the new installation of the multi-angle light scattering
were performed for the first time. The experimental data indicate a high efficiency
of the installation.

4. Resulting in a plant for a lot of angular light scattering results provide new
ranges for the parameters of high-frequency discharge in a mixture of argon and
acetylene optimal for the formation of particles up to hundreds of nanometers.

Structure and volume of the thesis. The thesis consists of an introduction ,
four chapters , conclusions and a list of sources used in 83 titles, contains 101
pages of basic computer text , including 62 figures and 3 tables.

The main results are including:

1. With rise in dust plasma temperature the diffusion coefficient of the dust
component increases, but due to the increase in charge of grains (coupling between
particles), the ratio of the diffusion coefficient of dust components to the diffusion
coefficient of the ideal gas decreases.

2. The absorption of electrons by the dust particles of micron size leads to a
decrease in emission intensities of the spectral lines of the buffer gas.

3. Testing of the new experimental setup for multi- angular light scattering
on the dust formations developed in the plasma of the radio frequency discharge in
reactive plasma showed great promise of this installation in the diagnosis and
getting dust particles with the desired properties.

4. In the setup of radio frequency discharge for synthesis of nanoparticles in
the reactive plasma of the mixture of argon and acetylene method of multi- angular
light scattering showed that the particles are formed more rapid when pressure
increases.

Scientific and practical significance of the work. The results obtained in
the thesis are valuable for the development of the dusty plasma physics , and
experimental techniques for the study of plasma-dust structures. The study of the
dusty plasma is currently most fundamental importance as a dusty plasma due to
large dust grains, that are available to visual observation, provides a good model
for studying of the properties of systems as gases, liquids and substances in the
condensed state. In addition, the results on the plasmas properties can be used in
the design and implementation of a variety of practical applications associated with
the presence of a dusty plasma, for example, micro-and nanoelectronics.

Approbation of the work and publications. The results obtained in the
thesis were presented and discussed:



« at the International conference of students , undergraduates, graduate
students and young scientists (2011, Al- Farabi Kazakh National University,
Almaty);

* International Conferences on " Plasma Physics and Plasma Technology "
(2009, Minsk , Belarus);

« the International Conference "Recent Advances in Fundamental Physics
and Physical Education " (2011, 2013, Almaty);

* the International Conference on the Physics of Dusty Plasmas (2010 |,
Garmishpartenkirhen , Germany);

* International Seminar on Physics of Nonideal Plasma ( September 2012 ,
Rostock, Germany);

» scientific seminars of the Department of the Plasma Physics and Computer
Physics of Al- Farabi Kazakh National University;
and discussed with professors : S.A. Mayorov (Russia) , L.G. Dyachkov (Russia)
in the framework of international cooperation.

According to the materials of the thesis were published in12 publications:
there are 5 articles in peer-reviewed journals, 3 of them in the journals,
recomended by Committee of control of education of MES RK, 2 articles in the
foreign journals with high impact factor ; 7 works in Proceedings of International
Conference.



