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AXAHOBA HA3bIM EPJIAHOBHA

CHUHTE3 ®YJUVIEPEHOB U HCCIEJOBAHUE KOMIIO3UIITMOHHBIX
OYJIVIEPEHCOAEPKAIIUX 3AIIUTHBIX IIOKPBITUU HA
OCHOBE IIOJINMMEPOB

O0mas xapakTtepucTHka padorsl. /luccepranuonnas padoTa mocBsieHa pa3padboTKe
MeToJa CcHHTe3a (yJJIepeHOB B AJIEKTPOAYIOBOM pas3pslie B Ta3oBoil ¢aze, NOIyYEHUIO
bymiepeHoB M QyJUIEpEeHCOACPKANIMX KOMIIO3UTOB Ha OCHOBE TIOJIMMEPOB, a TakKke
WCCJIIOBAHUIO MX CBOMCTB JUIsl JANbHEWUIIEro MPUMEHEHHUS B KAaueCTBE aHTUKOPPO3MOHHBIX
3alUTHBIX HOKPBITHUH. AHaNIU3 MOJYyYEHHBIX O0Opa3loB MPOBOJWICA HAa OCHOBE COBPEMEHHBIX
METOJIOB ¥ TMEPEeJOBOrO0 AHATUTHYECKOrO0 O00OpYIOBaHMs, TaKOrO0 KaK CKaHUPYIOIIUN
AJIEKTPOHHBIA  MHUKPOCKOII, IPOCBEYMBAIOIIMI JJEKTPOHHBIM MHKPOCKOII, PaMaHOBCKHM
CHEKTPOMETP, PEHTT€HOBCKHM AUPpaKTOMETp, HHPPAKPACHBIN CIIEKTPOMETP C MPeoOpa3oBaHuEM
®ypbe U T.1.

AKTyajabHOCTh TeMmbl. C pa3BUTHEM HAHOTEXHOJOTHI HaHOMaTepuaibl, OCOOEHHO
YIJIEpOAHbIE HAHOCTPYKTYPUPOBAHHBIE MaTepUalbl, CTAHOBATCS Bce Oojee BOCTpeOOBAaHHBIMU
JUISL  Pa3NIUYHBIX [PAKTHYECKMX MNPUMEHEHWH U BHEAPEHUS B pa3lU4HbIE OTpaciu
IPOMBIIUIEHHOCTH. OTHU MaTe€pUalibl WIPAlOT BaXHYIO pPOJIb B MEAUIMHE, 3JIEKTPOHHUKE,
SHEpreTuke, He(TerasoBOd MPOMBIIICHHOCTH, CTPOUTENHCTBE, aAPOKOCMHUECKON OTpacCiH,
MaIIMHOCTPOEHUN U Jpyrux obnacTsax. B MeaunuHe OHM MOTyT OBITh HCHOJB30BaHbI IS
CO3J1aHUs HOBBIX BHUJIOB JIEKAPCTBEHHBIX MPENapaToB, OMOCEHCOPOB U MaTEPHAIOB JUIsl TKAHEBOM
WHXXEHepuU. B a5ieKTpoHMKE yIiepoaHble HAHOCTPYKTYPbl MOTYT OBITh IPUMEHEHBI B pa3paboTke
6osee FPPEKTUBHBIX U KOMITAKTHBIX 3JIEKTPOHHBIX YCTPOMCTB, TAKUX KaK HAHOTPAH3UCTOPHI U
HAaHOCEHCOPHI. B 3HepreTnke OHU MOTYT HCIOJB30BATHCS ISl CO3/IaHUS BBICOKOA(()EKTUBHBIX
COJIHEYHBIX 3JIEMEHTOB U aKKYMYJISITOPOB. B cTpouTeNbCcTBE OHU MOTYT OBITh BKIIIOUEHBI B COCTaB
HOBBIX BMJIOB KOMIIO3UTHBIX MAaTE€pUalOB, OOJIAAIOUIUX YJIYyULIIEHHBIMH MEXaHUYECKUMH U
TEIUIONPOBOAHBIMM  CBOMCTBaMHU. OTH NpUMEpPbl JEMOHCTPUPYIOT IIUPOKUH MOTEHIHAT
YTIEPOAHBIX HAHOCTPYKTYp JUISl PEUICHHS Pa3IMYHbIX TEXHOJOTMYECKUX U HAayYHbIX 337134 B
Pa3IMYHBIX OTPACISAX HPOMBIIIJIEHHOCTH.

dynnepeHsl — YHUKaIbHBIE aJUTOTPOITHBIE (OpMBI yrieposa, obanatomue chepuaeckoit
cTpykTypoit. OHu coctosaT u3 20 u 60see aTOMOB yriiepoJia, KOTOpbIE OPraHM30BaHBI B CETUATYIO
000JI04KY, COCTOSIIIYIO U3 MATU- U IIECTUYTOJIbHBIX KOJIEL. DTH MOJIEKYJIbl IPEICTABISIOT COOOM
YIAUBUTENIBHBIA TPUMEp CTPYKTYPHOH M XUMHYECKOW Pa3HOOOPAa3HOCTH YIJIepona, OTKphIBas
HIMPOKUH CHEKTP MOTEHUUATbHBIX MPUIIOKEHUN B PA3IMYHBIX 00J1aCTAX HAYKH U TEXHOJIOTHUH.

Ha cerogssmHuii JeHb CyIIECTBYeT MHOXECTBO METOJOB JUIsl CHUHTe3a (pyisiepeHoB,
BKJIIOYas JJa3epHYI0 aOJslMI0, CHHTE3 U3 Ta30BOH (hasbl, dJIEKTPOIYroBOe McIapeHue rpadura,
UCTIapEHHE ANEKTPOHHBIM JIy4oM, 1 (Hy3HOHHOE IITaMsl 1 HOHHOE ITy4KOBoe pactbuieHue. Cpenn
HUX HauOoJiee pPACTPOCTPAHEHHBIM U A(PPEKTUBHBIM CHOCOOOM SIBISETCS AJIEKTPOIYTOBOE
ucrnapeHue rpapuTa, TaK Kak dTOT METOJl TO3BOJSIET MPOU3BOIUTH (yJiepeHsl B
MaKpPOCKOIUYECKUX KOJUYECTBAX M MPHU ITOM sIBIsieTCsl Oojiee SKOHOMUYHBIM 10 CPAaBHEHUIO C
JIPYTHMH METO/IaMHU.

Opnako B mpoliecce CUHTe3a (PyuIepeHOB BO3HUKAIOT pa3IMuHble IPOOJIEMBI, TAKUE KaK
HU3KOKAYEeCTBEHHBIN U KOJMYECTBEHHBINH BBIXOJ] MPOAYKILIUH, & TAKXKE HEOOXOAUMOCTh OYHCTKU
¢bymnepeHoB oT caxu. HecMOTps Ha 3TO, pbIHOK U MpUMEHEHHE (YIJUIEPEHOB MO-TPEKHEMY
pacIInpsIOTCS, YTO IPUBOAUT K pOCTY MUPOBOIO CIIPOCa Ha ATOT Mareprall. COriacHo MporHo3am
rnobanpHOTO OTpacieBoro anammsa (2022-2030 rr.), crpoc Ha (yJUIEpEeHbl yBEIMYHBACTCS B



TakMX OOJACTAX, Kak KOCMETOJIOTHS, (apMmameBTHKa, a’poKocMuueckas u 0OOpOHHAs
IIPOMBIIIIEHHOCTh, U PbIHOK K 2030 roxy moxkeT goctudb Ao 868 miuH. pomtapos CIIA. Orto
00BSCHAETCS IUPOKUM CHEKTPOM MOTEHIMAIBHBIX IPUMEHEHUH (DyJIJIEepEeHOB U X YHUKAIbHBIMU
CBOMCTBaMH.

Ha nanHoM »Tane pa3BUTUS HAaHOMHAYCTPUHM CYILIECTBYET CTPEMJIEHHE K IOJIY4YECHUIO
HaHOMAaTepHaJIOB, BKIIOYas (yJUIEPEHBI, C MCIOJIb30BaHHEM HanbOosee 3((EeKTUBHBIX U MEHEe
SHEpPro3aTpaTHbIX  METOAOB. OTO  IO3BOJUT  CIKOHOMHTb  DPECYpChl IPH  CHUHTE3E
HAHOCTPYKTYPUPOBAHHBIX MAaTEPUAIOB M YCKOPUT IPOLECC UX MPOU3BOJACTBA. B cBsi3u ¢ 3TUM
AKTUBHO INPOBOJASTCS Hay4yHbIE MCCIIEJOBaHMs, HAIIPABICHHbIE Ha pa3pabOTKy HOBBIX METOOB
CHUHTE3a U ONTUMHU3ALMHU CYLIECTBYIOLUX.

Hayunble uccnenoBaHus M MyOJMKalMK MPOAOJDKAIOT MOATBEPXKIATh aKTyaJbHOCTb U
BOXHOCTH (DYJUIEPEHOB KaK OOBEKTOB MCCIIEIOBAHMS U MPOMBIIUIEHHOTO IIPUMEHEHUS. Y YeHBIE
HO-TIPEXKHEMY YAEISAI0T BHUMAHHUE pa3IMYHBIM aCHEeKTaM, TaKUM KaK CHHTE3, ONTHMM3alus
TEXHOJIOTHI MOJIy4eHUsI U IIMPOKUI CIIEKTP MPUMEHEHUN (QYJIEpEHOB. JTO CBUIETEIBCTBYET O
COXpAHSIOIIEMCSl HHTepece K (QysulepeHaM M HX 3HAYMMOCTH Kak B HAay4HOH, Tak M B
MIPOMBINIIICHHON cdepax.

OTMeueHHOe BBbIIIE TOAYEPKUBAET BAXXHOCTh M aKTYaIbHOCTb pa3pabOTKU U ONTUMU3ALUU
TEXHOJIOTUH CUHTE3a (YyJUIEPEHOB, NCCIICAOBAHMS UX CBOMCTB, a TAK)KE H3yYCHHS KOMIIO3UTOB Ha
UX OCHOBE JUIsl NPUMEHEHUs B MpPAKTUKE. OTH 3aJaud WIPAIOT KIIOYEBYIO pOjb Kak B
(yHIaMEHTaJIbHBIX MCCIIEJOBAHUAX, HAIIPABICHHBIX HA IIOHMMAaHUE OCHOBHBIX IPUHLUIIOB
HAaHOTEXHOJIOTUM M MAaTepHaJOBEJCHUs, TaK U B MPUKIAAHBIX 00JacCTAX, IA€ MOTEHLHUA
(dyJepeHoB MOXKET OBbITh peain30BaH AJIs CO3aHUs HOBBIX IPOAYKTOB U TeXHOJorui. Pazsutue
3THX aCHEKTOB CIIOCOOCTBYET AajbHEHIIEMY ITpOrpeccy B 00JIaCTH HAHOTEXHOJIOTMU M OTKPBIBAET
HOBBIE NIEPCIIEKTUBBI JJI1 UHHOBALMM U yJTy4lIECHUs KaueCTBa )KU3HU.

Cas13b TeMbl JMCCEPTALMH € IJIAHAMHU HAy4HBIX padot. [[uccepraunonHas paborta
BBITNIOJIHEHA B COOTBETCTBUM C IUIAHaMU MPUKIIAIHBIX Hay4YHO-UCCIeaoBaTenbckux padot: 1D
MOH PK BR05236800 «Pemenue crparermdeckMx W HPUKIAAHBIX 3a7ady B He(TerazoBou
orpacnu Kazaxcrana» 2018-2020 rr. mo pasmeny «6. Pa3zpabotka crnoco0oB 3¢hdexkTuBHOTO
CHIDKEHHMSI BOJIOPOJHOTO OXPYMUMBAaHUS MaTepHalioB TPyOONpOBOJOB M 000pyNOBaHMA,
paboTaronux B yCIOBUSX BO3JACHCTBUSI BOJOpozconepxkaiero razay; [1I[d MHBO PK UPH
BR18574080 «MccnenoBanue (QpyHIaMEHTAIBHBIX U MPUKIAJHBIX MpoOneM (U3MKH IUIa3MBbI,
IJ1a3MOTIOA00HBIX Cpe AJIs LIeTIeH peleH s 3a]1a4 COBPEMEHHON SHEPTETUKH U MTOJTy4YE€HHUSI HOBBIX
(byHKIHOHAIBHBIX MaTepuasioBy 2022-2024 rr. no pazzgeny «9. CuHte3 QysuiepeHoB B IUIa3Me
AIIEKTPOIYTOBOTO pa3psia JUIsl CO3/IaHUS TOTUMEPHBIX OKPBITHII.

O0bekTaMM HcCIeI0BAHMA SBISIIOTCA (PyJiiepeHbl U KOMIIO3UIIMOHHBIE MOJUMEpPHbIE
MaTepuaibl Ha UX OCHOBE.

IIpeamer ucc/e10BaHusl — Pa3BUTHE HIIEKTPOIYTOBOIO METOJIa CHHTE3a (yJUIEPEHOB, U
M3Yy4YEeHHE CBOICTB MOJTYYEHHBIX Ha UX OCHOBE KOMITO3UIIMOHHBIX MOJUMEPHBIX MOKPBITUH.

Ileas padoThbl — pa3paboTka MeTO/1a CUHTE3a (QYIIEPEHOB HA OCHOBE JIEKTPOAYTOBOTO
pa3psija, noiaydeHue (QyJjIepeHoOB U MX MOJUMEPHBIX KOMIIO3UTOB, a TAK)KE HCCIIEAOBAHUE HX
CBOMCTB U1 ajbHENIIEr0 NPUMEHEHHNS B KAUECTBE AHTUKOPPO3HOHHBIX 3AIIUTHBIX OKPBITHH.

JIj1s noCTHKEHUS! TOCTaBICHHOM 1€ HE0OXO0AMMO PELIUTh CIEAYIONINE 3aAaUM:

— pa3paboTka MeToja AJis CHHTe3a (yJJIEpeHOB Ha OCHOBE 3JIEKTPOIYTOBOIO pa3psa B
ra3oBoil (asze u ucciae0BaHNE CBOWCTB MOJIYYEHHBIX MaTEePUAJIOB,;

— HCCIIEOBAaHUE PEOJIOTMH U TEPMHUYECKHX XapaKTEPUCTHK KOMIIO3UTOB Ha OCHOBE
¢yIepeHoB U MOJINYPETaHOBBIX MOJIHUMEPOB;

— WCCIICIOBAaHWE JICUTEpUEBONW MPOHMIIAEMOCTH IUICHKOOOPA3yIOIMUX KOMITO3UTOB
(KOMTIO3UTOB) Ha OCHOBE MTONMAPUpPypeTaHa 1 QyIIEPEHOB.

Metoasl ucciaenoBanus. Jlosg  JOCTHXKEHMS LEIM  JUCCEPTAlMOHHON  pabOThI
IPUMEHSUINCh Pa3HOOOPa3HblEe METOJbI MCCIIEOBaHU MOJIydaeMoro Matepuana. B uactHocTH,
JUI aHalTM3a MOP(OJIOTHYECKHX XapAKTEPUCTUK MCIOIb30BAINCH CKAHUPYIOMIUN 3JIEKTPOHHBIHI
mukpockon (Quanta 3D 200i, FEI company), ontuyeckuii mukpockon DM 6000M (Leica) u



npocBeunBaronuii nekTporHslid Mukpockon (TEM, JEOL JEM - 1400 Plus). CtpykTypHYIO
XapaKTepU3alUIo MPOBOJMIN C MOMOIIBIO CIIEKTPOMETpa KOMOMHALMOHHOTO PACCEsIHUS CBETa
(Ntegra Spectra C3M, NT-MDT) c¢ wucnonp3oBaHueMm ja3epa IuHOWM 416 HM, a Takke
pentrenoBckoro audpakromerpa (MiniFlex 600, Rigaku Corporation). OnTuyeckue cBOWCTBa
HCCIIEIOBAIIMCH C HcIoiab3oBaHueM criektpomerpa UV-Vis (Lambdal050, PerkinElmer Ltd), a
uH(paKpacHas CIEKTPOCKONHS IPOBOJMIACH C HCIOJIb30BaHHEM IpeoOpa3zoBanus dypbe Ha
crnektpomerpe Bruker Alpha II. Tepmudeckyro cTaOMIIBHOCTh MOJYYSHHBIX KOMITO3UIIMOHHBIX
MOJIMMEPOB ¢ (QyJulepeHaMH OIEHUBAIM C TOMOINBIO Tepmuueckoro anamm3a TIA/ITA.
N3mepenns npoBoauiuch B auanazone temieparyp ot 30 go 900 °C npu ckopoctu Harpesa 10
°C/mun B armocdepe a3zora Ha omHoBpeMeHHOM anamusarope Perkin Elmer STA 6000.
Peonornyeckue cBoiicTBa 00pa3IioB U3MEPSUIUCH ¢ ToMoIblo peomerpa (Moaenbs CS10, Bohlin),
YTO MO3BOJIMJIO TOJIYYHUThH AOMOJHUTEIbHYI0 HHPOPMAIIUIO O WX MOBEACHUU U CTpyKType. s
UCCJICIOBAaHMSI  BOJOPOJON  MPOHHUIIAEMOCTH  KOMIIO3UIIMOHHOTO  IJICHKOOOPAa3yoIlero
MHTUOUTOpA HA OCHOBE MoNMAUpypeTana u QyiiepeHa ObUT MPOBEACHBI SKCIIEPUMEHTAILHBIC
paboThI O U3YyUEHUIO 3aBUCUMOCTH Kod(duiuenTa cHkenus nponuiaemocti PRF (permeation
reduce factor) ot Temrieparypsi.

HoBu3Ha quccepraunoHHoii paboThl 3aKIII0YAETCs B TOM, YTO B HEl BIIEPBbIE:

— BIIEpBbIE pa3paboTaH METO/1 CHHTEe3a (yIJIEpEeHOB HAa OCHOBE JIEKTPOAYTOBOIO pa3psiaa
B ra3oBOi (haze ¢ aBTOMATUYCCKOW MPEIBAPUTEILHOM JecOpOIueil TpaduTOBBIX AICKTPOJIOB C
BeIXOoOa0M 17%;

— TMIOKa3aHbl HOBBIE HCCIICJIOBAHMs BIUSHUE COJEpKaHUU (YJUIEpEHOB Ha CBOMCTBA
MOJINYPETAHOBBIX CMOJI, BKIIIOUAsi UX PEOJOTHYECKHE U TEPMUUYECKUE XaPAKTEPUCTUKH.

— oOHapykeHO 4TO jo0aBieHHe (QyJuiepeHOB B mnonuddupypeTraH U JalbHeiInee
UCTIOJIB30BaHUE WX B KauyecTBE IUICHKOOOpa3ymoIIMX KOMIIO3UTOB B 15 pa3 cHmKaer
MPOHUKHOBEHHUE U30TOMOB BOJOPO/Ia IPU ONPEIEICHHBIX TEMIIEpaTypax.

HayuHo-nmpakTHyeckasi 3HAYUMOCTb PaGOThI MOATBEPKIACTCS BBHICOKMM HHTEPECOM
MEXIyHApOJAHOTO HAYYHOTO COOOIIECTBA B OTPACIN HAHOTeXHOJIOTUM. [lomyueHHbIe pe3yabTaThl
B PaMKax JIMCCEPTAIMOHHON pabOTHI MPEACTABIAIOT IEHHOCTD JUIS Pa3BUTHS HAHOTEXHOJIOTHA, B
YaCTHOCTH pa3pa0oTKa HHU3KO3aTPaTHOW TEXHOJOTHMHM CHUHTe3a (YJUIEpeHOB TPUBEIET K
MOJIyYeHHI0 0oJiee JIEeNIeBOrO TMPOIYKTA. Pe3ynbTaThl MCCIEAOBAHHS CBOWCTB TOJIMMEPHBIX
KOMIIO3UTOB Ha OCHOBE (yJIEpeHOB pacCHIMPSAIOT TMOHUMaHUE 00 HX TEePMHUYECKUX U
PEOJOTHYECKNX  XapaKTepucTUKax. [lomydeHHbIE KOMITO3MIIMOHHBIE —IUIEHKOOOpa3yromne
WHTHOUTOPHI HA OCHOBE MoNuAdGUpypeTaHa u (QyiepeHoB, KOTOPhIE SBISIOTCS YCTONYMBBIMU K
NPOHHIIAEMOCTH HM30TOMOB BOJOPOJA, MOTYT OBITh HCIIOJNB30BaHBl B HE(PTEXUMHUECKOU
MPOMBINIJICHHOCTH.

Heo6xonuMocTs o1I00HBIX HCCIIEI0BAHNH Ha HAIMOHAIHLHOM YPOBHE CBSI3aHA C IMUPOKUM
MPUKIAJHBIM TPUMEHEHHEM pe3yJlbTaToOB pPAabOThl B TakUX oOO0JAcTAX, KakK DJHEPreTHKa,
DIIEKTPOHUKA, HAHOTEXHOJIOTUH M HAaHOMAaTepHaibl (yriepoIHble HaHOMATEPHAJbl), KOTOPHIC
SBIISIOTCS TPUOPUTETHBIMU HANPABICHUSMU HAyYHO-TEXHOJIOTUYECKOTO W WHJyCTPHUAIBHO-
WHHOBAIMOHHOTO pa3BuTus KazaxcraHa.

IToJ107xeHNs1, BBIHOCHMbIE HA 3AILMTY:

1. Cunre3 QyniepeHOB MEKTPOAYTOBBIM METOJOM C aBTOMATUYECKOM NMpeaBapuTEIbHON
necopO1uei npuMeceit ux rpadUTOBBIX JIEKTPOJIOB 32 CUET PE3UCTUBHOIO HArpeBa 3JIEKTPOJIOB
npu temneparype ~1000 K, 3nauenun toka ~ 100 A u Hanpspkenue ~ 10 B ¢ ogHOBpemMeHHOIM
OTKAuKOH KaMmephl peakTopa 0 3HadeHus Bakyyma <102 Topp 6e3 JOMOJIHHTENHHOTO
000pyZI0BaHUS MPHUBOJUT K YAAJCHUIO NpUMEced U3 3JIEKTPOAOB, YIYUIIEHHIO YHCTOTHI
IpeKypcopa U B CIEJICTBUE 3TOT0, IPH ONTHUMAJIBHBIX MapaMeTpax cuHre3a (180 A) K MOBBIIEHHIO
BbIX0J1a GysuiepeHoB 10 17%;

2. Jlo6aBneHue QysiepeHOB B MOJMYPETAHOBBIE CMOJBI M3 Pa3lIMYHBIX M30LMAHATHBIX
MOHOMEPOB U IOJIKOJIOB B CPEHEM YIYYIIAET PEOJIOTHYECKUE U TEPMUYECKUE CBOMCTBA, TaKUE
KaK Ha BSI3KOCTb ~ 40% M TEpMOYCTONYHMBOCTh apOMaTHUECKUX U30LIMAHATOB HAa ~35%.

Hcnonp3oBaHne KOMIIO3MIIMOHHBIX IUIEHKOOOpAa3yrOIIMX KOMIIO3UTOB Ha OCHOBE



byepeHoB U oaud(GUpypeTaHa B Ka4ECTBE MOKPBITHI HEP>KaBEIOIICH cTaiu B 15 pa3 cHUKaeT
IIPOHUKHOBEHUE U30TOIOB BOAOpoa 10 TemnepaTypsl 573 K. VBenuuenue temneparypsl Bbllle
723 K npuBOIUT K I€CTPYKIUU TIJICHKU

JInynbli  BkJaA  aBropa. IlpencraBieHHble  pe3ynbTaTbl  MCCIENOBAaHUM B
JICCePTAIMOHHON paboTe, B YaCTHOCTHU, Y4acTHE B CO3JaHUH IKCIIEPUMEHTAILHOM YCTaHOBKH 10O
DIIEKTPOIYTOBOMY CHUHTE3y (yiepeHoB, pa3paboTka MeTona CHHTe3a (yUIepeHOB C
aBTOMATUYECKOM JecopOiueil rpaduTOBBIX CTpeXHEH Ha OCHOBE AJIEKTPOIYTOBOrO paspsia,
HKCIEPUMEHTHI 110 JYTOBOMY CHHTE3Y (DyJIIEpEHOBOM CaXH, OTPAOOTKa ONTUMAIIBHBIX PEKUMOB
CUHTE3a, dKCTpakius QyuiepeHoBON (a3bl u3 ¢ylepeHcoaepkaileid caxxu, SKCIePUMEHTHI 10
XpomarorpaduyeckoMy pas3zieieHuio (yuIepeHoB, U3yUYeHHE CBOMCTB MOIyYEHHBIX 00pa3oB U
aHAJIU3 TOJYYCHHBIX JTaHHBIX OBUIM MPOBEACHBI aBTOPOM. OKCIEPUMEHTHI IO OINpeAesICHUIO
BOJIOPOJIHOW TIPOHUIIAEMOCTH TPOBOAMIKMCH TpH cojaeiictBun K..-m.H. KymnbscaptoBa T.B.
[TocranoBka 3a/1a4 1 00Cyk/IeHUE TOTYYEHHBIX SKCIIEPUMEHTAIBHBIX PE3yJIbTAaTOB MPOBOIUINUCH
COBMECTHO C HAy4YHBIMHU KOHCYJIbTAHTAMHU.

JlocTOBepHOCTL M O00OCHOBAHHOCTH IOJYYEHHBIX Pe3yJbTATOB IOATBEPKIAIOTCA
myOJIMKaUsAMU B PELIEH3UPYEMbIX HAyUHBIX XKYpHaJIaX JaJIbHEr0 3apy0ekbsl C UMIIAKT-(PaKTOPOM
U B U3JaHUAX, pekomeHnoBaHHbIXx Komurerom Komwurer mo obecrneueHuio kadectBa B cdepe
HayKH M BbICIIEro oOpa3oBaHMs MHUHHCTEPCTBO HayKH M BhICHIero oOpazoBaHus PecmyOnmku
Kazaxcran (KOKCHBO MHBO PK), a Takxe B Tpy1ax MEXIyHapOJAHBIX HAYYHBIX KOH(PEpEHINH
OMMKHETO W JaJbHEro 3apyOeKbs W TMOJYYCHHBIM IAaTEHTOM Ha u300peTeHne PecmyOnmku
Kazaxcran.

Anpobanusi padoTbl U MyOJMKALMH.

Pe3ynbTathl, mony4eHHbIE B IUCCEPTALIMOHHON padoTe, JOKIAABIBATIUCH K 00CYKIATUCh:

— Ha ©XEHEJENbHBIX HAy4YHBIX CceMuHapax Jjaboparopuu IIbieBoil TUIa3MBI |
TUTa3MEHHBIX TEXHOJIIOTUH (PH3HKO-TeXHUYecKoro (akynprera KasHY nmenn anp-Oapadu;

—Ha MEXAyHapOoJHON Hay4HO-TIpakTH4ecKoil koHpepeHun «COCTOsSHUE U MEePCIIEKTUBBI
AKCIUTyaTaluy 3peiblx MectopoxaeHuin» (2019 r., Akray, Kazaxcran);

—Ha X VI mexynapoanoit koudepenuuu ICHMS 2019 (2019 r., Onecca, Ykpauna);

— Ha XI exxeronHoll koHpepenuuun Hanorexnonorunueckoro oduiecrsa Poccun (2020 r.,
Mocksa, Poccus);

— Ha KoH(pepeHuun «CoBpeMeHHbIe TPOOIeMbl (PU3UKU METAIOB W MeTainuecKux
CHCTEM», TOCBALICHHOM 75-1€THI0 CO JHA OCHOBaHMA MHCTUTYTa Mertamnoduszuku um. I'. B.
Kypntomoa HAH (2021 r., Kues, Ykpauna);

—Ha 1l mexnynapoanoii kongepeniu «Functional materials for innovative energy»
(2021 r., Kues, YkpaunHa);

—Ha 13-0i1 MexxayHapo1HOM KoH(pepeHun 1o kotonam (2024 r., bapcenona, Ucnanus).

Iy6aukamun. [lo MmaTepuanam auccepTarmoHHOW paboThl omyoarnkoBaHo 10 meyaTHBIX
pabot: 2 crateu B xxypHanax u3 [lepeunss KOKCHBO MHBO PK nns ony6nukoBaHusI OCHOBHBIX
pe3yIbTaTOB AWCCEpTAallMM Ha couckaHue creneHn PhD um 2 craTteum B KypHamax aajabHEro
3apy0exbs ¢ UMIAKT-(PaKTOpPOM, BXOJAIINX B MEXyHApOAHbIN HH(opManmoHHbIil pecypc Web
of Science u Scopus; 5 pabot B MmaTepuanax MexIyHapOIHbIX HAyYHBIX KOH(epeHuii; 1 maTent
PK na uzobperenue.



ABSTRACT
Dissertation for the degree of Doctor of Philosophy (PhD)
in the educational program "8D07108 / 6D074000 — Nanomaterials and
Nanotechnologies™

AKHANOVA NAZYM YERLANOVNA

SYNTHESIS OF FULLERENES AND STUDY OF COMPOSITE
FULLERENE-CONTAINING PROTECTIVE COATINGS BASED ON
POLYMERS

General characteristics of the work. The dissertation is devoted to the development of a
method for synthesizing fullerenes in an electric arc discharge in the gas phase, obtaining
fullerenes and fullerene-containing polymer composites, as well as studying their properties for
further use as anticorrosive protective coatings. The analysis of the samples was conducted using
modern methods and advanced analytical equipment, such as scanning electron microscope,
transmission electron microscope, Raman spectrometer, X-ray diffractometer, Fourier-transform
infrared spectrometer, etc.

Relevance of the topic. With the development of nanotechnologies, nanomaterials,
especially carbon nanostructured materials, are becoming increasingly in demand for various
practical applications and implementations in different industries. These materials play an
important role in medicine, electronics, energy, the oil and gas industry, construction, aerospace,
mechanical engineering, and other areas. In medicine, they can be used to create new types of
medicinal drugs, biosensors, and materials for tissue engineering. In electronics, carbon
nanostructures can be applied in developing more efficient and compact electronic devices, such
as nanotransistors and nanosensors. In energy, they can be used to create highly efficient solar
cells and batteries. In construction, they can be included in the composition of new types of
composite materials with improved mechanical and thermal conductivity properties. These
examples demonstrate the broad potential of carbon nanostructures for solving various
technological and scientific tasks in different industries.

Fullerenes are unique allotropic forms of carbon with a spherical structure. They consist of
20 or more carbon atoms organized into a mesh shell of pentagonal and hexagonal rings. These
molecules represent a remarkable example of the structural and chemical diversity of carbon,
opening up a wide range of potential applications in various fields of science and technology.

To date, there are many methods for synthesizing fullerenes, including laser ablation, gas
phase synthesis, electric arc evaporation of graphite, electron beam evaporation, diffusion flame,
and ion beam sputtering. Among these, the most common and effective method is electric arc
evaporation of graphite, as this method allows for the production of fullerenes in macroscopic
quantities and is more economical compared to other methods.

However, various problems arise during the synthesis of fullerenes, such as low quality and
quantity of output and the need to purify fullerenes from soot. Despite this, the market and
application of fullerenes continue to expand, leading to an increase in global demand for this
material. According to global industry analysis forecasts (2022-2030), the demand for fullerenes
Is increasing in areas such as cosmetology, pharmaceuticals, aerospace, and defense industries,
and the market could reach up to $868 million by 2030. This is explained by the wide range of
potential applications of fullerenes and their unique properties.

At this stage of nanoindustry development, there is a drive to obtain nanomaterials,
including fullerenes, using the most effective and less energy-consuming methods. This will save
resources in synthesizing nanostructured materials and accelerate their production process. In this
regard, scientific research is actively conducted aimed at developing new methods of synthesis
and optimizing existing ones.



Scientific research and publications continue to confirm the relevance and importance of
fullerenes as subjects of research and industrial application. Scientists continue to pay attention to
various aspects, such as synthesis, optimization of production technologies, and the wide range of
applications of fullerenes. This testifies to the ongoing interest in fullerenes and their significance
both in scientific and industrial spheres.

The highlighted importance and relevance of developing and optimizing fullerene synthesis
technology, studying their properties, and exploring composites based on them for practical
application. These tasks play a key role both in fundamental research aimed at understanding the
basic principles of nanotechnology and materials science, and in applied areas where the potential
of fullerenes can be realized to create new products and technologies. The development of these
aspects contributes to further progress in nanotechnology and opens new prospects for innovation
and quality of life improvement.

Connection of the dissertation topic with scientific work plans. The dissertation work
was carried out in accordance with the plans of applied scientific research: PTF MES RK
BR05236800 "Solving strategic and applied problems in the oil and gas industry of Kazakhstan"
2018-2020 in the section "6. Development of methods for effective reduction of hydrogen
embrittlement of materials of pipelines and equipment operating under the influence of hydrogen-
containing gas"; PFT MSHE RK IRN BR18574080 "Research of fundamental and applied
problems of plasma physics, plasma-like media for the purposes of solving modern energy and
obtaining new functional materials" 2022-2024 in the section "9. Synthesis of fullerenes in plasma
of electric arc discharge for the creation of polymer coatings".

The research objects are fullerenes and composite polymer materials based on them.

The subject of the research is the development of the electric arc method of fullerene
synthesis and the study of the properties of composite polymer coatings obtained on their basis.

The aim of the work is to develop a method for synthesizing fullerenes based on electric
arc discharge, obtaining fullerenes and their polymer composites, and studying their properties for
further use as anticorrosive protective coatings.

The following tasks need to be solved to achieve the set goal:

— development of a method for synthesizing fullerenes based on electric arc discharge in
the gas phase and study of the properties of the obtained materials;

— study of the rheology and thermal characteristics of composites based on fullerenes and
polyurethane polymers;

— study of the deuterium permeability of film-forming composites based on
polyetherurethane and fullerenes.

Research methods. Various research methods were used to achieve the goal of the
dissertation work. In particular, for the analysis of morphological characteristics, scanning electron
microscope (Quanta 3D 200i, FEI company), optical microscope DM 6000M (Leica), and
transmission electron microscope (TEM, JEOL JEM - 1400 Plus) were used. Structural
characterization was carried out using a Raman scattering spectrometer (Ntegra Spectra C3M, NT-
MDT) using a 416 nm laser, as well as an X-ray diffractometer (MiniFlex 600, Rigaku
Corporation). Optical properties were studied using a UV-Vis spectrometer (Lambdal050,
PerkinElmer Ltd), and infrared spectroscopy was conducted using Fourier transform on the Bruker
Alpha 1l spectrometer. Thermal stability of the obtained composite polymers with fullerenes was
assessed using thermal analysis TGA/DTA. Measurements were conducted in the temperature
range from 30 to 900 °C at a heating rate of 10 °C/min in a nitrogen atmosphere on the
simultaneous analyzer Perkin EImer STA 6000. The rheological properties of the samples were
measured using a rheometer (model CS10, Bohlin), which provided additional information about
their behavior and structure. Experimental studies were conducted to study the dependence of the
permeation reduce factor (PRF) on temperature to investigate the hydrogen permeability of the
composite film-forming inhibitor based on polyetherurethane and fullerenes.

The novelty of the dissertation work lies in the fact that it was the first to:



— develop a method for synthesizing fullerenes based on electric arc discharge in the gas
phase with automatic pre-desorption of graphite electrodes with a yield of 17%;

— study the effect of fullerene content on the properties of polyurethane resins, including
their rheological and thermal characteristics.

— It was found that the addition of fullerenes to polyetherurethane and their further use as
film-forming composites reduces the penetration of hydrogen isotopes by 15 times at certain
temperatures.

The scientific and practical significance of the work is confirmed by the high interest of
the international scientific community in the field of nanotechnology. The results obtained in the
dissertation work are valuable for the development of nanotechnologies, in particular, the
development of low-cost fullerene synthesis technology will lead to the production of a cheaper
product. The results of the study of the properties of polymer composites based on fullerenes
expand the understanding of their thermal and rheological characteristics. The obtained composite
film-forming composites based on polyetherurethane and fullerenes, which are resistant to the
permeability of hydrogen isotopes, can be used in the petrochemical industry.

The need for such research at the national level is related to the wide applied use of the
work results in such areas as energy, electronics, nanotechnology, and nanomaterials (carbon
nanomaterials), which are priority directions of scientific, technological, and industrial-innovative
development of Kazakhstan.

Provisions put up for defense:

1. Synthesis of fullerenes by the electric arc method with automatic pre-desorption
of graphite electrodes due to contact heating of the electrodes at a temperature of ~1000 K, current
value of ~<100 A and voltage of 10 V with simultaneous pumping of the reactor chamber to a
vacuum value of 10-3 Torr without additional equipment leads to the removal of impurity
contents from the electrodes, improving the purity of the experiment and as a result, increasing
the yield of fullerenes to 17%.

2. Adding fullerenes to polyurethane resins from various isocyanate monomers and
polyols on average improves the rheological and thermal properties, such as flowability by 40%
and thermostability of aliphatic isocyanates by 35%.

3. Using composite film-forming composites based on fullerenes and
polyetherurethane as coatings on stainless steel reduces the penetration of hydrogen isotopes by
15 times up to a temperature of 573 K, further increasing the temperature above 723 K leads to
the destruction of the film.

The personal contribution of the author. The presented research results in the
dissertation work, in particular, participation in the creation of an experimental setup for the
electric arc synthesis of fullerenes, development of a method for synthesizing fullerenes with
automatic desorption of graphite rods based on electric arc discharge, experiments on arc synthesis
of fullerene soot, optimization of synthesis regimes, extraction of fullerene phase from fullerene-
containing soot, experiments on chromatographic separation of fullerenes, study of the properties
of the obtained samples and analysis of the obtained data were conducted by the author.
Experiments to determine hydrogen permeability were conducted with the assistance of Dr.
Kulsartov T.V. Setting tasks and discussing the obtained experimental results were conducted
jointly with scientific consultants.

The reliability and substantiation of the obtained results are confirmed by publications
in peer-reviewed scientific journals abroad with an impact factor and in publications recommended
by the Committee on Quality Assurance in Science and Higher Education of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (CQASHE MSHE RK), as well as
in the proceedings of international scientific conferences abroad and a patent obtained in the
Republic of Kazakhstan.

Defense and publications.

The results obtained in the dissertation work were reported and discussed:



— at weekly scientific seminars of the Laboratory of Dust Plasma and Plasma
Technologies of the Faculty of Physics and Technology of KazNU named after al-Farabi;

— at the international scientific-practical conference "State and Prospects of Exploitation
of Mature Fields" (2019, Aktau, Kazakhstan);

— at the XVI international conference ICHMS '2019 (2019, Odessa, Ukraine;

— at the XI annual conference of the Nanotechnology Society of Russia (2020, Moscow,
Russia);

— at the conference "Modern Problems of Physics of Metals and Metallic Systems",
dedicated to the 75th anniversary of the founding of the Institute of Metal Physics named after G.
V. Kurdjumov NAS (2021, Kiev, Ukraine);

— at the 11l international conference "Functional materials for innovative energy" (2021,
Kiev, Ukraine);

— at the 13th international colloids conference (2024, Barcelona, Spain).

Publications. Based on the dissertation work, 10 printed works were published: 2 articles
in journals from the List of CQASHE MSHE RK for publishing the main results of the dissertation
for the degree of PhD and 2 articles in foreign journals with an impact factor, included in the
international information resource Web of Science and Scopus; 5 works in the materials of
International Scientific Conferences; 1 patent of the Republic of Kazakhstan on the invention.



AHHOTALUSL
«8D07108 / 6D074000 — HanomaTepuaiap skoHe HAHOTEXHOJIOTHLIAp» OLTiM Oepy
OarmapiiaMachl OOMBIHITIA
dunocodus nokropsl (PhD) nopexecine auccepranus

AXAHOBA HA3bIM EPJIAHOBHA

OYJJIEPEHAIH CUHTE3I )KOHE IIOJIMMEPJIEP HET'I3IHAET'T
KYPAMBIHIA ®YJIJIEPEH BAP KOPFAHBIIITHI KAGATTAP/bI
3EPTTEY

ZKYMBICTBIH KaJIbI cHOATTaMachkl. J[uccepTanusuiblK )KYMBIC ra3 Gpa3achIHAAFbI JIEKTP
JOFANIBIK Pa3psii apKbUIbl PyJuiepeHiep CUHTE31HIH 9IICTEMECIH JKacayFa, MoJuMepiep Heri3iHae
dymiepenaep MeH KypaMbelHaa (yiepeH 0ap KOMIO3UTTEPl alyFa, COHBIMEH KaTap OJapAblH
KacHUeTTepiH opl Kapaill KOppo3MsFa Kapchl KOpFaHbIC *aObIHIaphl peTiHAE NaijanaHy YIIiH
3epTTeyre apHajiraH. AJIbIHFaH YATUIEpAl Tanaay Kas3ipri 3aMaHfbl 9ICTEpAl )KOHE CKaHepIIeyIi
JIEKTPOHIBl ~ MHUKPOCKONTBI,  TPAHCMHUCCHUSJIBIK  JIEKTPOHIBI ~ MHUKPOCKONTHL,  Paman
CHEKTPOMETpiH, peHTreHaik audpakromerprai, Dypre Typrenaipyi Oap wHPpaKbEBHLI
CHEKTPOMETD JKOHE T.0. CUAKTHI 03bIK AHATUTUKABIK XKa0ABIKTAp bl KOJIAHY apKbLIbI XKYPri3UIai.

TaxkbIpbINTBIH  03eKTiNiri. HaHOTeXHONOTMsSHBIH JaMybIMEH HaHOMAaTepHalgap/ibl,
acipece KeMipTeKTI HAaHOKYPBUIBIMIBIK MaTepHaIapbl, 9pTYpJli NPAaKTUKAIBIK KOJIJaHyJIap MEH
OpTYpIIi cananapra eHri3yre CypaHbIC apThil Kenedi. by MmaTepuangap MequIaa, >JIeKTPOHHKA,
SHepreTuka, MyHai-ras, KypbUiblc, a3pOFaphllll, MallliHa JKacay jkoHe 0acka cajiajap/a MaHbI3/Ibl
peit atkapabl. MenuirHana oJiap sl JOPUTIK 3aTTapbIH KaHa TYpepiH, OnoceHcopIapabl KoOHE
TIHAIK MH)KEHEpUsAFa apHaJFaH MaTepHaAap/bl )kacayFa naijananyra 0osaapl. DIeKTpOHUKAIA
KOMIPTEKTI HaHOKYPBUIbIMAAPbl HAHOTPAH3UCTOPJIAp MEH HAHOCEHCOPJAp CHUSKTHI TUIMIIPEK
JKOHE >KMHAKbI 3JIEKTPOHAB! KYPBUIFBLIApABI 93ipiey YIIH naiiiananyra Oonaabl. DHepreTuka
caylachIH/Ia OJIap/bl KOFapbl TUIMA1 KYH OaTapesuiapbl MeH OaTapesap/bl jkacayFa naijanaHyra
60maapl. KypbuibicTa onapabl MEXaHUKANBIK KOHE JKbITY OTKI3TIIITIK KACUeTTepl )KaKcapThUIFaH
KOMITO3HIIMSUTBIK MaTepUaIapblH KaHa TypJiepiHe Kocyfa Oosanbl. byn Mbicanmap opTypai
cajlayiap/larbl OpTYpPJIl TEXHOJOTHSUIBIK >KOHE FBUIBIMU MaceseNep/i IIemly YIIIH KeMipTeKTi
HAHOKYPBUIBIMJIAP/IbIH KEH MYMKIHJIIKTEPIH KOpCeTel.

Oymnepennep — chepalblk KypbUIBIMBL 0ap KOMIPTEKTIH €peKIle asIoOTPONThI
¢dopmanapel. Onap 20 HeMece 0/1aH J1a Kol KeMipTeri aToMIapblHaH Typa/ibl, ojap 0ecOyphIIIThHI
KOHE AITHIOYPBINITHl CaKMHAJapAaH TYpaTblH OKEeNUTIK KaObIKimiara OipikTipiareH. by
MOJIEKYJIajiap KOMIPTEKTIH KYPBUIBIMIBIK KOHE XUMHSUIBIK OPTYPILTITIHIH TaHFaKaWbIT YITICIH
KepceTelll, FbUIBIM MEH TEeXHUKaHBIH OpTYpJl calajapblHIa 9JeyeTTi KoJaaHOalapIblH KEH
AyKBIMBIH aIllaJibl.

byrinri Tanna QynnepeHaep CUHTE31HIH KONTereH 9icTepi 0ap, COHbIH ILIiHJIE Ja3epiiK
a0msiust, ras-asanblK CUHTE3, TPAPUTTIH DJEKTP MOFAIBIK OyJaHybl, DJIEKTPOHIBI COyJIe
KOJIJaHBIN OyJaHybl, JKaIbIHHBIH AU((Y3UACH KOHE MOHJIBIK COyJIEHIH Mambipaysl. OnapIbiH
IIHAE €H KEH TapayifaH XoHE THIMII ofic TpadUTTIH SJEKTP JOFAIBIK OyITaHybl OOJIBII
TaObUIaAbI, OUTKEHI OyJ1 ofic QysuiepeHAepAl MaKpOCKOMUSUIBIK MOJIIepae alyFa MYMKIHJIK
Oepeni oHEe OacKa dficTepre KaparaHa YHEM/II.

bipak ¢ynnepenaep cuHTE31 Ke3iHIE OHIMHIH CalallbIK JKOHE CAHMABIK IIBIFBIMBIHBIH
TOMEH/IIT1, COHBIMEH KaTap QyJuiepeH i KYHeIeH Ta3apTy KaKETTUIIT1 CHSIKTBI 9PTYPJIl Macenemep
TybIHAaIABI. OChIFaH KapaMacTaH, (QyJIepeH iep HapbIFbl MEH KOJIIaHy asiChl A1l Jie KEHEI01€, OChI
MaTepuaiFa QJIEeMJIIK CYpPaHbICTBIH apTybl OoibkaHyna. FamaMablk —camanblk — Tanjay
6omkamaapeiHa caiikec (2022-2030 xk.), dymiepeHaepre cypaHblc KOCMETHKA, (hapMaleBTHKa,
adPOFaPBIII )KOHE KOPFAHBIC CHSKTHI cajayiapia apThil Keneml xoHe HapblK 2030 kbutra Kapai



868 mmmnon AKII mommapeiHa neiiin xetyl MyMKiH. byt dymiepenaepiin oneyeTTi Koyiiany
AsICHIHBIH K€H ayKbIMbIHA )KOHE OJapAbIH Oipereil KacueTTepine OaiIaHbICThI.

Hanounnyctpuss namybIHBIH OCBbl KE3€HIHAE HaHOMaTepUalgaplibl, COHBIH IILIiHIE
dymiepenaepai OapblHIIA THIMII JKOHE SHEPTUSHBI a3 TYTHIHATHIH OMICTEp apKbUIBI alyFa
YMTBUIBIC 6ap. Bysl HAHOKYPBUIBIM/IBI MaTepHAIAApbl CUHTE3ICYIETT pecypcTapbl YHEMIEyTe
JKOHE OJIapJbl OHJIPY TMPOIECIH KbUIIaMaaTyra MYMKIHAIK Oepeni. OcbiFaH OalIaHBICTHI
CUHTE3IIH >KaHa SICTepiH ’acayFa >KOHE KOJIaHBICTAaFbUIapbIH OHTAIIaHIbIpyFa OaFbITTaIFaH
FBUIBIMH 3€pTTEYJIep OeNCeH/ Il )KYpri3ityae.

FoutbiMu 3epTTeynep MeH xapusansiMaap QysuiepeHaepiiH 3epTTey KoHE OHEPKICINTIK
KOJJIaHy OOBEKTUIepl pEeTiHJAE ©3CKTUTrT MEH MAaHBI3ABUIBIFBIH pPACcTaylbl JKaJIFacThIPY/a.
Faneimpnap cunTes, oHAipic TEXHOIOTHSUIAPbIH OHTAMIAHBIPY JKoHE QyIuIepeH1ep i KOJIJaHy IbIH
KEeH ayKbIMbl CHSKTBI OpTYpJi acmekTiiiepre Hasap aynapynaa. byn Qymnepennepre neren
KbI3bIFYIIBUIBIKTBIH TYPAKTBUIBIFBIH JKOHE OJapblH FHUIBIMH KOHE OHJIPICTIK cajaliapiarbl
MaHBI3IbUIBIFBIH KOPCETEII.

XKorappinga aiTeuFanmap (QyiiepeHaep CUHTE31HIH TEXHOJOTHSACHIH acay MEH
OHTAWNAHABIPYABIH, OJIAPABIH KACHETTEPiH 3epTTEY[iH, COHJAl-aK OJIAapJbIH HETI3iHJeTi
KOMIO3UTTEPl MPAKTUKAIBIK KOJIJaHy YIIIH 3epTTEYiH MaHBI3bLIbIFl MEH ©3EKTUIIrH artarl
KepceTei. bys1 MiHAETTEep HAHOTEXHOJIOTUSHBIH KOHE MaTepHANITAaHyAbIH HETi3T1 NPUHIUITEPiH
TyciHyre OaFbITTalFaH ipreii 3epTTeyieple e, aHa eHIMAEep MEH TeXHOJOTHUAJIAp.bl Kacay
yiIin ¢Qyiepenuep oaieyeTiH icke achipyFa 0oJaThiH KOJAaHOANBl caiajap/a Ja eIyl pe
aTKapa/bl. by acriekTiniep/ii 1aMbITy HAHOTEXHOJIOTUS CallaChIHAFbI OJ1aH dpi 1Irepiieyre bIKma
eTe/ll )KoHE MHHOBAIMSAJIAp MEH OMip CalachlH JKaKCapTy IbIH KaHa MePCIEKTHBATIAPBIH allaIbl.

JMuccepranusi TaKbIPbIObIHBIH FBIIBIMH (KYMBIC 3KOCHApJapbIMeH OaiJIaHBICHI.
JluccepTanusuibIK KYMBIC KOJITaHOATBI FEUIBIMHU-3€PTTEY JKYMBICTAPBIHBIH JKOCIIApIapbIHa COHKEC
oppivganael: KP BFM  ITHK BR05236800 «Ka3zakctaHHBIH MyHal-Ta3 cajlachIHIAFbI
CTpaTerusuIbIK JkKoHE KosnaHOanel Macenenepal memry» 2018-2020 x.x. «6. Kypambinaa cyreri
Oap ra3plH acep €Ty JKarJalblHAa KYMBIC ICTEHTIH KYOBIp MaTepHaigapbl MEH 5ka0IbIKTapbIHbIH
CYTETIHIH MOPTTBUIBIFBIH THUIMII TOMEHJETY dAicTepiH a3ipiey» tapaybiHaa; KP F2KBM [THK
XKTP BRI18574080 «Kasipri 3amaHfbl »5HEpreTMka MoCEJeNiepiH IIely J>KOHEe JKaHa
(GYHKIMOHAIABIK MaTepuanfgapJpl ajdy MakcaTblHAa IUIa3Ma (PU3UKACBIHBIH 1preii JKoHe
KoJIJaHOanbl MocesenepiH, MiasMalblK opTaimapabl 3epTrey» 2022-2024 x.x. «9 [Nomumep:ri
xKaObIHIApBl JKacay YVIIH JJIEKTp JOFAIBIK pa3ps] IUla3MachlHAa (QyimepeHaep CHUHTE31»
TapaybIH]Ia.

3eprTey 00BeKkTIEPI — dyiepeHaep *KoHE OJIAPABIH HETI3IHIETT KOMIO3UIIHSIIBIK
HOJIMMEpITl MaTepHaaap.

3eprTey nmoHi dQyiuiepeHaep CUHTE3IHIH DJIEKTp JOFANIBIK SJICIH Kacay »oHE OJapblH
HETI31HJe aJbIHFaH KOMIIO3UTTIK MOJUMepi XaObIHIAp/blH KacCHETTEpiH 3epTTey OOJIbII
TaOBUIABL.

ZKyMBICTBIH MaKCaThbl — JJOFAHBIH AJIEKTP Pa3psIbl HETi3iHAe QyJuiepeHiep CUHTE31HIH
omiciH jkacay, (GyJulepeHIep MEH OJIApABIH TMOJIUMEPII KOMIIO3UTTEPIH aly, COHBIMEH KaTap
KOppO3MsFa Kapchl KOPFaHBIC >KaOBIHAApBI pETiHIEe opi Kapall maiiiamaHy YVIIiH OJIapJbIH
KaCHETTEPIH 3epTTey.

by makcaTka *eTy YIIiH KeJeci MiHAeTTep/Ai LIelry KaxeT:

— ra3 ¢azachIHIAFbl JIEKTP JOFAJIBIK pa3psa Herizinae QyiiepeHaep CUHTE31HIH 9/IiCiH
)Kacay oHE aJIbIHFaH MaTepUualIapblH KaCHETTEePiH 3epTTeY;

— (QymepeHnep MeH TONUMYypeTaHAbl TMOJUMEpJiep Heri3iHAeri KOMIO3UTTEPAiH
PEOJIOTHSACHI MEH JKBUTYJIBIK CUIIaTTaMaIapbIH 3€pPTTEY;

— nonmdupyperaH >koHe (QyJuIepeHJep Heri3iHAeri KaOblK TY3€TiH KOMITO3UTTEPH
(KOMITO3UTTEPIIH) AEUTEPHd OTKI3TIIITITIH 3ePTTEY.

3eprrey omictepi. JluccepranmusuiblK SKYMBICTBIH MaKcaTblHA JKETY VIIIH aJbIHFaH
MaTepuaibl 3epTTEydiH OPTYPIi OmicTepi KONTAHBUIABL. Atam alWTKaHAa, MOP(OIOTHSIIBIK
CUTIaTTaMajap/bl Tajjay YIIiH CKaHepJeyln 3JIeKTpoHIbl Mukpockorn (Quanta 3D 2001, FEI



KOMITaHMSICHI), ONTUKAIBIK MUKpockonn DM 6000M (Leica) skoHe TPaHCMUCCHSIIBIK SJIEKTPOH/IBI
mukpockor (TEM, JEOL JEM - 1400 Plus) naiinanansinasl. KypbUIbIMIBIK CHIIATTaMA XKapBIKThIH
KOMOMHAIMUTBIK Mmambipay criekTpomeTpid (Ntegra Spectra SPM, NT-MDT) 416 um naszepni,
coHnmai-ak peHtrenmik audpakromerpai (MiniFlex 600, Rigaku Corporation) mnaiimamaHsIim
opeiHganabl. Ontukansik Kacuerrep UV-Vis cnekrpomerpinin (Lambdal050, PerkinElmer Ltd)
KOMETIMEeH 3epTTesi koHe MH(pakei3bul crekrpockonus Bruker Alpha II cmextpomerpinzge
®dypbe TYpACHAIPYl apKbLIbI OPBIHAAIALL. AJBIHFAH (DyJUIepeH i KOMIO3UTTIK MOJIUMEPIIepIiH
TepMusUIbIK TYpakThutblFbl TI'T/JTT TepMusIIbIK Tasigaybl apKbuibl Oarananabl. Ommemuep 30-
nan 900 °C-xa npeitinri Temriepatypa auama3oHbiHaa 10 °C/MUH KbI3ABIPY KBUIIAMIBIFBIHIA
Perkin Elmer STA 6000 apkputel okypri3ingi. YJAriiepaiH peoJoTHsUIBIK —KacHeTTepi
rugpomerpmer emmenai (CS 10 momermi, Bohlin), 6y omapapiy MiHE3-KYJIKbI MEH KYPBLUIBIMBI
TypaJibl KockiMIna aknapat o6epai. [lonmuatepyperan MeH QyJuiepeH Heri3iHaeri KOMIO3UIHSITBIK
KaOBIK TY3yIlli HHTHOUTOPIBIH CyTeri oTKi3rimTirin 3eprrey yuin PRF (permeation reduce factor)
OTKI3TIIITIKTIH TOTHIKCHI31aHy KOA((UIIMEHTIHIH TeMIIepaTypara Ty e IIIriH 3epTTey OoibIHIIa
TOKIPUOCITIK KYMBICTAp JKYPTi3idi.

JuccepTanusijibIK )KYMBICTBIH KaHAJIBIFbI, OHBIH aJIFaIl PET:

— mBIFBIMEL 17% GonaThiH rpaduT 3JEKTPOATAPHIH aBTOMATTHI AJIJIBIH ajia JeCOpOIHsIIay
apKbUTBl Ta3 (pa3achlHIAFbl AJIEKTP JOFANBIK pa3psl HeriziHme QymiepeHaep cUHTE3l omici
93ipJICHTeHIH/IE;

— (yepeH KypambIHBIH IOJUYPETaHIbl IAWBIPIApAbIH KAaCHETTepiHe, OHBIH iMIiHAe
PEOJOTHSIIBIK KOHE TePMUSUIBIK CHIIATTaMalIapblHa dCepi 3epTTENTeHIH/IE.

— TMonmmatepyperannbl QysiepeHaep KOCHIN, OJaH opi IJICHKAa TY3€TiH MHIHOUTOpIIAp
peTiHze KOJJaHy CyTeri M30TONTapbIHbIH Oenriii Oip Temneparypana eHyid 15 ece azalTaTbIHBI
AQHBIKTAJIJIBL.

KyMBICTBIH  FBUIBIMH-TOKIPUOEJiK MAHBI3ABLIBIFBIH  XaJIbIKAPAIbIK  FbUIBIMU
KaybIM/IACTHIKTBIH HAHOTEXHOJIOTHSUIAD CallaChIHAA TAaKBIPHINIKA JKOFAPhl KbI3BIFYIIBUIBIFBI
nonengeini. JluccepTauMsuiblK JKYMBIC asChIHJA albIHFAaH HOTIDKENEpP HAHOTEXHOJIOTHMSHBI
JaMbITy YIIIH KYHJbI, aTan alTKaHJa (QysuiepeHep CHHTE31HIH ap3aH TEXHOJOTHUSCHIH XKacay
OHIMJEepAIH OaracblH ap3aHIaTyra KeMmekTecenl. @DysiepeHaep HEri3iHAeri noaumepi
KOMITO3UTTEPAIH KACHETTEPiH 3epPTTEy HOTHIKENEPi ONApAbIH TEPMHSUIBIK JKOHE PEOJIOTHSIIBIK
cUmarTamaiapbl Typajlbl TYCIHIKTEpII KeHeWTeai. AJIbIHFaH CyTerli H30TONTapbIHbIH
OTKIBTIIITIIHE TO3IMA1 MOJMUATEPYPETAHbl KOHE (yJulepeHAep HEeTI31HAerT KOMIO3UIMSIIBIK
KaOBIK TY3€TiH KOMIIO3UTTEP MYHal-XUMUS ©HEPKACIOiH/Ie KOJAaHyFa O0iabl.

¥ATTBIK JleHreWe OChIHAAal 3epTTeysiepAlH KaXeTTumri KazakCcTaHHbBIH FbUIBIMH-
TEXHOJIOTUSUIBIK JKOHE WHIYCTPHSUIBIK-MHHOBALMSIBIK JaMybIHBIH OachbiM OarbITTapbl OOJBIN
TaOBLIAThIH DHEPreTHKa, 3JEKTPOHUKA, HAHOTEXHOJIOTHUS KOHE HaHoMaTepuanaap (KeMipTeKTI
HaHOMaTepHaJ1ap) CUAKTHI cajajap/a *KYMbIC HOTHXKeJepiH KeHiHeH KOJAaHOalbl KOJIJaHyMeH
OailTaHBICTHI.

Koprayra mibirapbliaTbiH IapTTap:

1. Peaktop xamepacwia Oip me3rinae aigay kesinae ~1000 K Temmneparypana, Tok MoH1
~100 A xone ~10 B kepHeyae 5IeKTpOATapAbl KOHTAKTIAL KbI3JABIPY ecebiHeH Trpadur
AIIEKTPOATAPBIH aBTOMATTHI TYpJE aJbIH ana JecopOuusiiay apKbUibl QysuiepeHaepal 3IeKTp
JOFaNBIK oflicieH cuHTe3ney. Kockimma sxa6apikchis <102 Topp BakyyMabIK MOHTe AeiiH
AIIEKTPOATAPIBIH KYPAMBIHJIAFbI KOCTIATAP/Ibl JKOIOFa, IKCIIEPUMEHTTIH Ta3aJIbIFbIH KaKCapTyFa
YKOHE COHBIH calliapblHaH (QyJuiepeHAepAiH MbIFBIMIBUIBIFBIH 17% neliin apTTeIpyFa 601aIbl.

2. Tlonmyperanasl ImaipIpjapra OpTYpJl H30LMAHATTaAp MOHOMEPJIEPIHEH KOHE
noJrojinapaan GysuiepeHaep Kocy opTa €celmeH peosIOTHSUIBIK KOHE TEPMUSUIBIK KacHeTTepi
XKakcapTaael, MbIcaybl, oTIMAUTIK 40%-ra >xoHe anmudaTThl W30IMAHATTAPIBIH TEPMHSUIBIK
TYPaKTbUIbIFBI 35%-Fa.

3. Tor OGacmaifTelH OoJlaTTaH >KacairaH >kKaObIH peTiHae (ysuiepeHaep MeH moauddup-
ypeTaH HeTi31Heri KOMITO3UIMSIIBIK KaOBbIK TY3€TiH KoMIo3uTTep Koiaany 573 K remneparypara
JIeHiH CyTeri M30TONTapbIHBIH €HYiH 15 ece TeMmeHaereni, ofgaH opi TemmeparypanbiH 723 K



KOFaphl KOTEPLTY1 KAOBIKTHIH OY3bUTYbIHA OKEJIE/].

ABTOpPABIH Keke yJeci. J[uccepTauusuiblK KyMBICTa YCBIHBUIFAH 3€pTTEY HOTIDKENEpi,
aTan auTKaHzaa, QyJuiepeHAepIiH JISKTP TOFAIIBIK CHHTE31HIH TOXIPHOEIiK KOHIBIPFBICHIH KYPYFa
KaTbICy, D3JICKTP JIOFACBIHBIH pa3psi/bl HETi3iHAE TpauT TasKIIAIapblH aBTOMATTHl TYPAE
JecopOnusiay apKbuibl QyJIIIEpeHACP CUHTE31 9MIICIH d31pJieyre KaThICThL. , QyJIepeH KYHeCiHiH
JOFAJTBIK CHHTE31 OOMBIHIIIA TOXKIpUOeNep, CHHTE3/IiH OHTANIBI PSXKUMIEPIH jKacay, QyJuiepeH oap
KyhieneH ¢ymiepern ¢aszacelH  anmy, ¢yiuiepeHaepai  xpomartorpadusiiblk  O0eny  OoHbIHIIIA
TOXIpuOenep, ajJblHFaH YATUICPAIH KACUETTEPIH 3epTTey )KOHE JIbIHFAH MATIMETTEP/Il Tajiay Ibl
aBTop mbIFaprad. CyTeri OTKI3TIIITITIH aHBIKTAy OoibliHINA TaKipubenep ¢.r.x. Kyicaprosa
T.B.xemeriMeH Kypri3iaai. Makcar KO KOHE allbIHFaH KCIIEPUMEHT HOTHXKEIIEPIH TaJIKbLIay
FBUTBIMU KEHECIIIJIEPMEH O1pJIeciIn xKyprizuil.

AJIBIHFAH HITH:KeJIePAiH ceHiMaiairi MeH Heri3miiiri mmmnakr-¢akTopbl Oap aibic
HIeTeNAepAiH peLeH3UsUIaHFaH FBUIBIMU >KypHalIapblHIaFbl skapusUlanbiMaapMeH xoHe KP
Foutbim koHe >kofapbl OU1iM MUHUCTpIIriHiH FbulbiM jkoHE »Kofapel OuliM Oepy camachiH
KaMTaMachl3 €Ty KOMHUTETI YChIHFAaH >KapHsUlaHbIMAapMeH pactanaabl. Ka3zakcran
Pecniybnukaceina (KP F2KEM FKBCKK), connaii-ak Tasty kKoHe alibIC HIETENAEPAE XaTbIKapablK
FBUIBIMUA KOH(epeHuusmapaa >kymeic icten, Kazakcran PecnyOnukachlHBIH ©HEpTaObICKA
MATCHTIH aJI/Ibl.

ZKyMbICTBI annpobanusJiay ’KJHe KapusJiay.

JluccepTalysuIbIK JKYMBICTA aJTbIHFaH HOTIDKENIEP OastHIaIIbII, TaTKbUIAH/IbL:

— on-@apabu areigarel KazYVY ¢usuka-TeXHUKaNbIK (aKyJIbTETiHIH IAaHAbI IIa3Ma
YKOHE TJIa3MaJIbIK TEXHOJIOTUSIIAp 3€PTXAaHACHIHBIH allTa CAalbIHFbI FHUIBIMU CEMUHAPIIAPBIHA;

— «XKerinreH keH OpbIHAAPBIH Al AaNaHy IbIH JKaFIalbl aKoHE OOJalarbh XalbIKapaiblK
FBUTBIMU-TOKiIpuOenik koHpepenmusaceinga (2019 x., Akray, Kazakcran);

— ICHMS 2019 XVI xansikapansik koHpepenmusceinaa (2019 x., Onecca, Ykpauna),

— Peceli HAHOTEXHONIOTHSIIBIK KOFaMbIHBIH X1 5KbUT calibIHFBI KOH(epeHuuscoiaa (2020,
Mackey, Peceit);

— aTelHAarel Mertamn (QU3MKAchl MHCTHUTYTBHIHBIH KYpBUIFaHBIHA 75 KBUI TOJYbIHA
apHanraH «Mertanaap JKoHE METalIbIK >Kyienep (U3MKAChIHBIH Kazipri Macenenepi» aTThl
koH(pepenuusa. I'.B. Kyparomoa HAC (2021 ., Kues, Ykpauna);

— «l/IHHOBaUMSUIIBIK 3HEpPrusi yHIH (QyHKIMOHAIABIK Marepuangap» Il xamsikapanbik
KoH(pepennusaceiHaa (2021, Kues, Ykpanna);

— Komnouarap OoiibiHma 13-mi xansikapanblK KoHgpepeHuusaa (2024, Bbapcenona,
Ucnianus).

KapussansiMaap. [luccepranusiiblk KYMbIC MaTepuanaapbl Herizinge 10 Oacma
KYMBICHI Kapusttanabl: PhD nopexeciH amy yIIiH JucCepTalUsSHBIH HETI3TT HOTHXKEIEpPiH
xapusunay yiin KP F2KBM F)KBCKK TiziMineH xypHanaapaa 2 Makaia koHe UMIaKT-(aKTopbl
Oap anpICc mIeTeN KypHaIgapbiHma 2 Makaia, Web of Science >koHe Scopus xambIKapalibIK
aKIMapaTThIK peCYypChIHA CHTI131IITeH; XaIbIKapalblK FRUIBIMU KOH(EpEHIUsIIap MaTepUaIapbiHIa
5 xymbic; OHepTadbicka KazakcTan PecriyOnukachiHbIH | MaTeHTI abIHBI.



