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I. O01mue moJ10:KeHUus

1. Ilporpamma coctaBieHa B coorBerctBuM cC [lpukazom Munucrpa
oOpazoBanus u Hayku PecniyOnuku Kazaxcrtan ot 31 oxts6pst 2018 roma Ne 600 «O06
YTBEpXKACHUH THIOBBIX MPaBHUII MpreMa Ha OOy4YeHHEe B OpraHHU3aIiu 00pa3oBaHUs,
peanusyrone 00pa3oBaTENbHBIE TMPOTPAMMBl  BBICIIETO U TOCIEBY30BCKOTO
oOpazoBaHus» (nanee — TUNOBBIE MTPABUIIA).

2. BcerynurenbHBIM 3K3aMEH B JIOKTOPAHTYPY COCTOMT M3 coOeceqoBaHus,
HAMMCAHMS ACCE M IK3aMeHa Mo MpoUIII0 TPYIIEI 00pa30BaTEIbHBIX MPOTPAMM.

biiok baubl
1. CobecenoBanue 30
2. Occe 20
3. DK3amMeH 1o NpoQUIIIO TPYHIbI 50
o0pa3oBaTebHOW MPOrpaMMBI
Bcero/npoxonHoit 100/75

3. IIponomKUTENbHOCTh BCTYHNUTEIBHOTO 3K3aMeHa - 3 yaca 10 MuHyT, B
TEUCHHE KOTOPBIX TOCTYIMAIOIIMA MHUIIET 3CCE, OTBEYACT Ha DIIEKTPOHHBIM
sK3aMeHaMoHHbIM  Omiter. CoOeceoBaHMe MPOBOAWTCA Ha 0a3e By3a 0
BCTYUTEIBHOTO YK3aMeHa.

I1. ITopsiiok npoBeAeHUs BCTYNUTEIbHOI0 IK3aMeHa

1. TocTtymaromnyie B AOKTOPAHTYpYy Ha TpyIIy 00pa30BaTeIbHBIX MPOrpaMM
D108 «Hanomarepuasibl 1 HAHOTEXHOJOTHUW» MHUIIYT MPOOJIEMHOE / TEMaTHYECKOE
acce. O0beM rcce — He MeHee 250 cIioB.

[Henp »oacce — omnpeneauTh YpPOBEHb AaHAJUTUYECKUX W TBOPUYECKUX
CIIOCOOHOCTEMN, BBIPAXKEHHBIX B YMEHHUH BBICTpAaWBaTh COOCTBEHHYIO apTryMEHTAIIUIO
Ha OCHOBE TEOPETUUYECKUX 3HAHUH, COIIMATIBLHOTO U JIMYHOTO OIBITA.

Bunsl scce:

— MOTHBAIIMOHHOE 3CCE€ C pPACKPBITHEM TMOOYIUTEIBHBIX MOTHBOB K
HCCIIEIOBATENBCKOM NESITEIbHOCTH;

— Hay4yHO-aHAJUTHUYECKOEe 7Acce C OOOCHOBaHMEM aKTYaJIbHOCTH U
METOJI0JIOTHUH TJIAHUPYEMOTO UCCIIEA0BaAHUS;



— TpoOJIEMHOE/TEMaTHYECKOE 3CCE, OTPAKAIOIIEE PA3IUYHBIC ACTICKTHI
HAYYHOTO 3HAHUS B MPEAMETHON 00JIACTH.

2. DNEeKTPOHHBIN SK3aMEHAIIMOHHBINA OUIIET COCTOUT U3 3 BOIIPOCOB.

TeMbl U1 MOATOTOBKM K IK3aMeHY IO MPOo(UII0 rpynnbl 00pa3oBare/ibHOi
NPOrpaMMbl:

OcCHOBHbBIC TEXHOJIOTHH MOJYYeHUS HAHOMATEPHAJIOB

Knaccudukamuss MeTOq0B  MOJIy4YeHUs  HAHOMATrepuasioB. TEeXHOJOTHH,
OCHOBaHHbIC HA XMMUYECKHUX Tpolieccax. TexHOIOoruu, OCHOBaHHbIE Ha (PU3NYECKUX
nporeccax. MeTon MNOpOWKOBOM MeTayprud. I[IOBEpXHOCTHBIE TEXHOJIOTHH.
MeTopl THTEHCUBHOM IIacTu4eckoi aedopmaniuu. KoMriekcHbie METOIbl CHHTE3A.
CuHre3  HaHoaucnepcHbIXx  MarepuanoB. CHHTE3  HAHOCTPYKTYpPHUPOBAHHBIX
KOMITO3UTOB.

MeTtoabl HAHOCJI0€BOT0 CHHTE3A.

ATOMHO-MOJIEKYJISIpHAsl JMHUTAKCUs, MOJEKYJspHas M XuUMHUYecKas cOopka,
MOJIEKYJISIpHOE HaciauBaHue MeronoMm Jlenrmiopa-binomxerr. Meronbl cuHTE3a
HAHOCTPYKTYPUPOBAHHBIX MATE€PUAJIOB: BaKyyMHO-TUIQ3MEHHBIA M XUMHUYECKUI
CUHTE3 PYIIIEPEHOIOI00HBIX MAaTEPHUAIOB, YTIIEPOIHBIX HAHOTPYOOK, MHOTOCIIOHHBIX
HAHOKOMIIO3UTOB. 30Jb-T€Jib TE€XHOJNOTMU. CHHTE3 MOIMMEPOB M MOJUMEPHBIX
KOMITO3ULIUM.

MeTonbl CHHTE3a YIJIEPOAHBIX HAHOTPYOOK.

JlyroBoii MeToJ TOJy4YeHHUsS YIIEPOAHBIX HAHOTPpYOOK. MeToq JnazepHOM
abmsinuu. [lonyyenne YHT metonqom CVD. [Muponutnueckuit meton cunteza YHT.
Cuntes YHT B miameHu. DiIeKTpOXUMUYECKUN CHHTE3 HaAaHOTPYOOK. OOpazoBaHHE
YIJIEPOJIHBIX HAHOTPYOOK B IUIaMeHax. BiisHMe IeKTpUUeCKOro Mojisi HA MEXaHU3MBI
CUHTE3a YIVIEPOIHbIX HAHOTPYOOK B TUIAMEHH.

MeTtoabl cuHTe3a QyJ1JIepEeHOB.

["a3oda3zneblii cuaTe3. CUHTE3 B IyrOBOM paszpsijie. TepMHUeCcKOe KaTaIuTUYECKOEe
paznoxkeHue yreBogoponoB. Ilupomutuyeckuit meton. CuHTe3 rerepodyiiepeHoB.
Metoapl monydeHus: 3HAO- U 3K30-QymiepeHoB. CuHTE3 (yIIepeHOB B IUIAMEHH.
BrnusHue »snmekTpuyeckoro ToJii Ha MeEXaHu3Mbl cuHTe3a (ymiepenoB. CuHTe3
dynnepeHconepkamiei caxu.

Cunre3 rugpoGoOHBbIX MaTEePHUAIOB U MOKPBITHIA.

Bunp u knaccuduxarys ruapodoOHBIX MaTepUaioB U MOKPbITHI. CHHTE3 CaXu
obnagarome  cynepruapodoOHBIMH  CBOMCTBAMH B  IUIJaMCHH. MexaHU3M
caxxeoOpa3oBaHus. BiusHuE SJIEKTPUUYECKOTO TOJS M KaTaJiu3aTOpOB HAa CBOWCTBA
cynepruapoGpoOHON CaxH.

Metoabl mosty4eHrsi HAHOMOPOIIKOB, HAHOBOJIOKOH.

MexaHOXMMHUYECKMH CHUHTE3 HaHoMmarepuasioB. CaMopacnpoCTpaHsSIOMIMNCA
BbicokoTeMmneparypublii cunTe3 (CBC). T'azodasubiii cuntes. [lnazmoxumudeckuit
cunte3. OOpa3oBaHue yriepoaHou (a3bl B Mpolecce KaTaTUTUYECKOTOo KPEKUHTa
yIIEBOJOPONOB. MeTonuku  KapOOHM3AalMM W 3ay[VIepOKUBAHUS ~ 0OpasIloB.
Heyrnepoanbsie HAHOTPYOKHU.

IHonyyeHue HaHOYACTHII.

®duznyeckre MeToapl cuHTe3a. [loaydeHrne ¢ TOMONIBIO MOJEKYISPHBIX ITyYKOB.



[L1azamMeHHO-XUMHYECKH ~ MeToA.  Meron  WcmapeHus-KoHJIeHcauu.  MeTon
MMIYJbCHOTO PAaANOn3a. XUMUYECKHE METOMbI: BOCCTAHOBJIEHHUE W3 PACTBOPOB,
30J1b-T€JIb NIEPEXO]l, KpUoTexXHOoNorusa. CUHTE3 B MOPUCTBIX CPeAax, MUKPOIMYIIbCUSIX
u munemiax. CTpykTypa u cBoiicTBa KiactepoB. @pakTaabHbIE U IJIOTHOYaKOBAaHHBIE
KJIacTepbl. TUIBl XMMHMYECKMX PEaKUuMid C ydacTHEM KIacTepoB. Teopermyeckas
MOJIEJIb KJacTepa

OCHOBBI IIPoLIECCA MOJYYECHHUS] HAHOYACTHUIL B KMIKHUX Cpeaax.

OcoOeHHOCTH  MOJY4YeHUs  HAHOMATepHaloB B KUAKUX  Cpelax.
3aponpiiieoOpa3oBaHUE M POCT HAHOYACTHUIL. [OMOT€HHOE U TEeTepPOreHHOE
3apojibllieo0pa3oBaHue. BiusHue pa3auyHbIX MapaMeTpoB CHUCTEMBbI Ha CKOPOCTh
3apOJIbIIIC00PA30BaHUsl U KMHETUKY pOCTa HaHOKpHUcTaioB. Kputuueckuit pazmep
3apoAplllla, 3aBUCUMOCTh OT MApaMETPOB cHUCTEMBbI. KMHETHKa pocTa HAHOYACTHIL.
CkopocTh pocTa, BIUSHUE IEPECHIICHUsI, MOHHOrO paBHOBecus. CraOuim3anus
HAHOYAaCTHII.

CuHTE3 HAHOYACTHI METOAAMU OCAKICHUS.

OCHOBHBIE XUMAYECKHUE PEAKLINU, IPUBOISIINE K CHHTE3y HAHOYACTHIL B )KUIKHUX
cpeaax M UX KOHTPOJUPYEMOMY BBIJIEICHHUIO U3 pacTBOPOB. [lonydyeHne HaHodacTuIl
3omoTa. CUHTE3 HaHOYacCTUIL cepeldpa, IJIAaTUHBI, NaJUIaJus U IPYTrux OJIaropoJHbIX
MeTaiuioB. CrocoObl cTabUIM3alMi HAHOYACTHI] B PACTBOPAX — ANEKTPOCTaTUYecKas,
afcopOIMOHHas1, xemMocopOiroHHasi. KuHeTuueckuii KOHTPOJIb POCTa HAHOUYACTHII.
OcHoBHBIE (haKTOPBI, BIUSIONIME HA pa3Mep HaHodacTwil. [IpumeHeHuE METO/OB
OCaXJIEHUS JUIsl CUHTE3a HAHOYACTHUL], COCTOALIMX U3 CIUIABA METAJUIOB, CO
CTPYKTYpOH sIp0-000J104Ka, MHOTOCIOMHBIX CTPYKTYp. CHHTE3 HAHOYACTHI] OKCHJIOB
METaJUJIOB 1 HAHOKOMIIO3UTOB.

MoauduunpoBanue MNOBEPXHOCTH TBEPABIX TeJl.

Oco0eHHOCTH TIOBEPXHOCTHBIX CBOMCTB TBEPIBIX TN PA3TUYHON XMUMHUYECKOU
npupoasl. BiusHME XUMHYECKOTO COCTOSIHUS TIOBEPXHOCTH Ha (PU3UYECKUE U
XUMHUYECKHUE CBOMCTBA TBEpABIX Ted. Metoapl MoOAM(pUUIUPOBAHUS MOBEPXHOCTH:
dbuznyeckoe (JIerupoBaHUWEe, MOHHAS HMIUIAHTAIMs, HAHECEHUE TOHKUX IUJICHOK M
MOKPHITUH) W XUMHUYeCckoe  (u3MeHeHue  (YHKIIMOHAJIBHOTO  TOKPOBA)
MOJU(DUITMPOBAHUE.

Mexanu3mbl 00pa3oBaHus cpepruyecKUX U TPYOUATHIX HAHOYACTHLL.

HMucnokaunonnas moxaenb Cupca. Ilap-xuakoctb-kpuctamn (IDKK)-mexanuzm

Barnepa-Onuca. KapOuanelii MexaHusMm, JUMUTUpYROImue cTtaauu. KsaraponHas
MOJIeTTh 00pa30BaHus YacTHUI]. MarHUTHBIN MEXaHW3M 00pa30BaHUsI HAHOTPYOOK.
O61mas xapakTepucTuka M KiaccuGukamus MeToa10B.
BzaumoneicTBre u3iydeHUs ¢ BEIECTBOM. llomioiieHue, ucmyckaHue, pacCesiHUE.
CrekTpocKkonu4eckne U TUPPaKIInOHHBIC METObI. DHEPTETHUCCKUE XapaKTePUCTHKU
Pa3IMYHBIX METOAOB  CIEKTPOCKONHUHU. YyBCTBUTEIBHOCTh W  pa3pelIaromas
CIIOCOOHOCTh. XapaKTEPUCTUUECKOE BpEMS METO/1A.

MeToabl MCC/IeI0OBAHUS HAHOPA3MEPHBIX CHCTEM
OO6mue mpencraBieHUs O METoJax M3y4YeHUs (PU3NUYECKUX, XUMHUYECKUX,
OMOJIOTMYECKUX CBOMCTB HAHOCUCTEM. MUKPOCKOMYECKUE METObI UCCIICTOBAHMUS.
OCHOBHBIE TPHUHIUIBI, HAMpaBieHUs M OOBEKTHl HccheAoBaHMM. Paspemaroias
CIIOCOOHOCTh. DJIEMEHTHI ONTHUKO-AJIEKTPOHHBIX MPUOOPOB. OCHOBHBIE TPHUHIIUIIBI



JEUCTBUS AIEKTPOHHBIX MUKPOCKONOB I IpocBeunBaronias 3JieKTpOHHAas: MUKPOCKOIIHS
BBICOKOTO pa3pelieHHs. 30HAO0BAasl CKaHUPYIOIIAs MHKPOCKONUs (CKaHUpYIOIIas,
TYHHEJIbHAsl, aTOMHO-CUJIOBAasi, ONMKHETONIbHAsA onThuyeckas). [lpuHiun paboTsl
30HJIOBBIX MHKpOCKOIOB. PacTpoBas anekTpoHHas Mukpockonus. lIpumenenue
DIIEKTPOHHOM MMKPOCKOIIMM B HAHOTEXHOJOTHWH. [[ONOJHHUTENBHBIE BO3MOKHOCTH
30HJJOBOM MUKPOCKOIIUHU: aTOMHBIE MAHUITYJISIITUN ¥ TIATOTpagus.

MeTtoanb! KoJ1e0aTe/ IbHOH CIIEKTPOCKOIIHNH. HUK-cnexTpsbl U
KOMOMHAIIMOHHOE paccesiHNe CBEeTa

Bosmoxnoctu metonoB MK-cnekrpockonuu u KPC, ux npuMeHeHue B XUMUHU.
[IpaBmia or6opa u nHteHcuBHOCTh B UK u KPC-nornmomenuun. Yactorel 1 popMbl
HOPMaJIbHBIX KOJI€OaHUM MOJIEKYII. YYeT CHMMETPUU MOJIEKYJIbl. AHAJIN3 HOPMAaJIbHBIX
KOJIeOaHUIN MOJIEKYJIBI 110 SKCIIepuMeHTaIbHbIM AaHHbIM. ConoctaBienue K- u KP-
CIIEKTPOB U BBIBOBI O CAMMETpUH MOJIeKY. TexHuka nu metoguku MK-crekrpockonuu
u criekrpockonuu KP.  Anmaparypa NK-criekrpockonum. Arnmnaparypa
cnektpockonuu KP, mpeunmyiiecTBa Jia3epHbIX HCTOYHUKOB BO30yxkAcHUsA. Meton
KAPC. Cpanenne wmeronoB HK- um KP-cmekrpockonnu, WX TOCTOMHCTBA H
HEJOCTATKH.

MeToabl 3JIEKTPOHHOM CIIEKTPOCKONUU. YD-CIIEKTPOCKOMUS

OmuccroHHass Y®-CIIEKTPOCKONHMS, KaK METOJA HCCIENOBAHUSA JIByXATOMHBIX
MoJIeKyJ. AOCOpPOIIMOHHAs CTIEKTPOCKOMHS B BUAUMOM 00nacTu. TeXHUKA U METO/IUKA
a0bCOPOIIMOHHOM CTIEKTPOCKONTUY B BUIUMOM 1 YD-o01acTsx. Mccnemnyembie 00pasIbl.
HyBCTBUTEIBHOCTh METO/IA, €70 JOCTOMHCTBA U HEAOCTATKH.

MeTon 3JIEKTPOHHOI0 MAPAMArHUTHOIO pe3oHanca JIIP

®u3nyeckrue OCHOBBI SIBICHUN JIIEKTPOHHOTO IMapaMarHUTHOTO (CIHUHOBOTO)
pe3oHaHca u siepHoro MmaruutHoro pezonanca (I[P u IMP). Cniuabl 1 MarHUTHBIC
MOMEHTHI JIep U AIEKTPOHOB. g-PakTop W ero 3HaueHue. AHuU3oTponus g-axropa.
CnuH-opOuTanbHas CBsi3b. CHATHE BBIPOXKICHUS CITMHOBBIX COCTOSTHUN B TIOCTOSIHHOM
MarHuTHOM Tone. YcioBue OIIP. 3aceneHHOCTh YpOBHEH SHEpPruM, HACHIIICHUE,
peNaKCallMOHHBIE TPOLECChl W IMMpUHA curHaina. Popma nuHUH. CBEPXTOHKOE
pacuieruienue curnana I[P npu B3anMoaeicTBUM 3IEKTPOHA C OAHUM U HECKOJIBKUMHU
anpaMd. Yuciao KOMIOHEHTOB MYJIBTHUIUIETA, PACIPEACICHUE HWHTEHCUBHOCTEN.
Koncrautet CTC. bnok-cxema OIIP-criekrpoMeTrpa, 0COOEHHOCTH HKCIIEPUMEHTA,
JIOCTOMHCTBA U OTPAHUYEHUS METOAA.

Meton SIMP

Ycenosue SMP. PemakcanyoHHble Tponecchl. XUMUYECKUW CIBAT W CIIWH-
cinHOoBOoe pacwierieHue B crnekrtpax AMP. Koncranra skpanupoBanus sjpa.
OTHOCHUTENIbHBIM XUMUYECKUN CIIBUT, €r0 ONPENEIICHHE U HCIOJIb30BAaHUE B XUMHH.
CHnHH-CIMHOBOE  B3aUMOJEHCTBHE sJI€p, €ro NpHpoAa, YHUCIO KOMIIOHEHTOB
MYJIBTUILIETOB, paclpeiesieHHe UHTEHCUBHOCTH, MPAaBUJIO CyMM. AHaJIN3 CIEKTPOB
SIMP niepBoro u He 1epBoro nopsaka. [[poTOHHbIN MarHMTHBIN pesonanc, SIMP na 3C
U Ipyrux sapax. Merox IBOWHOIO pe3oHaHca. TeXHHWKa M METOAMKA DKCIEPUMEHTA.
brok-cxema cnektpomerpa AMP, TUNBI CHEKTpOMETpPOB. XapakTep 0OpasioB.
CrpykTypHblii aHanu3. M3yudeHue mporeccoB KoMIuiekcooOpazoBaHus. M3yueHue
owIcTpornpoTekaromux mpoimeccoB. CpaBHenue merona SIMP ¢ npyrumu meronamu,



€ro JJOCTOMHCTBA U OTpaHu4eHUs. [[pUHINIIBI CIEKTPOCKOIINH JIA3€PHOTO MarHUTHOIO
pe3onanca (JIMP).

Meton rasosoi xpomarorpagpuu

DU3NKO-XUMHYECKUE OCHOBBI XpoMaTorpapuuecKux IIPOLIECCOB.
Knaccudukamnus metonoB xpomarorpaduu. [Tapamerpsr xpomarorpapuaeckoro muka.
BapuanTs! ra3oBoit xpomarorpaduu. biok-cxema xpomarorpada.

BnusHue temmeparypbl Ha Xpomarorpaduueckuil mpouecc. Mcnonab3oBaHue
METOJ0B IPOTPAMMHUPYEMOI0 U3MEHEHHUs TeMueparypbl. Buasl nerekropos. MeTozsl
Kau€CTBEHHOT'O U KOJIMYECTBEHHOI'O XpOMaTorpauueckoro aHajansza.

MeTtoa Macc-ClIeKTPOMETPUH

Macc-creKTpoMeTpusi B CONOCTABIEHUU C IPYTMMH (PU3NYECKUMHU METOJaMU
uccinenosanus. Knaccugukanus npubopos. [lpuHnun aeiicTBust Macc-ClieKTpoMeTpa,
OCHOBHBIE XapaKTEPUCTUKU. BuHIpl Macc-aHAIW3aTOpPOB: BPEMS  IPOJIETHBIN;
pPaZANOYacTOTHBIN; KBaAPYHOJIbHBIN; HOHHO-LIUKIOTPOHHOTO pe30HaHca U Ap. biok-
CX€Ma MaccC-CHEKTPOMETpa C MAarHUTHBIM MaccC-aHaJIM3aTopoM. MeToabl BBEIEHUS
npo0 B Macc-criekrpomeTp. CoueTaHue ¢ razoBbIM xpomarorpadom. MosekynspHbie
nydku. JdPy3uonHble ssueiiku. [Ipsimoii BBoJ TBEpABIX MPOO.

Pentrenosckasi cnekrpockonusi. ®usnyeckue OCHOBbI PEHTICHOBCKOIO
MeTOAa aHAJIU3A.

PentrenoBckass nudpakromerpus. Tumbl U XapakTEPUCTHKUA TpPyOOK H
JETEKTOPOB PEHTIEHOBCKOTO Mu3iydeHus. Judpakromerpuss (cheMKa U pacyer
mudpaxrorpamm). Mnentuduxanus Benjectsa (a3 BEIeCcTBa) MO MEKIIIIOCKOCTHBIM
PacCTOSTHUAM U U3MEpPEHHUE MapamMeTpoB siueku. ONTHUECKUE CUCTEMBbI, TUPPaKIUsL
HAa KpUCTaUIMUECKOW pemieTke. YpaBHeHue Bynbda-bparra. OcobenHocTu
COBPEMEHHOW ammapaTypbl IJs HCCieloBaHUS (a30BOro cOCTaBa U IapaMETPOB
CTPYKTYPBI OJYKPUCTAJUIMYECKUX MATEPUAIIOB, BKIKOYAsi TOHKHUE IUIEHKH, IIOKPBITUS
Y HaHOpa3MEepHbIE MOPOIIKH.
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