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IIporpamMmma BCTYNMTEJIBHOIO IK3aMeHAa
A1 IOCTYNAIOIIMX B IOKTOPAHTYPY
Ha rpyniy o0pa3oBaTeJbHbIX IPOrPaMM
D108 «HanomaTtepuaJibl 1 HAHOTEXHOJIOT UM

|. O01mme nosioxeHust

1. IIporpamma cocrtaBneHa B cooTBeTcTBUM ¢ llpukazom Munucrtpa
obOpazoBanus U Hayku PecriyOnuku Kazaxcran ot 31 okTsi6pst 2018 roga Ne 600 «O06
yTBEpkKJAeHUU TUMOBBIX ITPaBUJI MpreMa Ha 0Oy4YEeHHUE B OpTaHU3allMi 00pa30BaHusl,
peanuzytone o0pa3oBaTelIbHbIE MPOrPaMMbl  BBICHIETO M IMOCIEBY30BCKOTO
oOpazoBaHus» (fanee — TUNOBBIE MTPABUIIA).

2. BerynurtenbHbIM 3K3aMEH B JOKTOPAHTYPY COCTOMT M3 cOOeceqoBaHUS,
HAIMCaHUs 3CCe U HK3aMeHa Mo MPOQUIII0 Ipynibl 00pa30BaTENbHBIX TPOTPAMM.

biok bannsl
1. CobecenoBanue 30
2. Dcce 20
3. DK3aMeH 1o MpOo(UITIO TPyl 50
00pa3oBaTeNbHON MTPOrpaMMBl
Bcero/mpoxomHoii 100/75

3. IIponoKUTENPHOCTS BCTYHHUTENBHOIO 3K3aMeHa - 3 yaca 10 MHHYT, B
TEUEHHWE KOTOPHIX MOCTYHNAIOUIMI MHIIET 3CCe, OTBeYaeT Ha 3JICKTPOHHBIN
sk3aMeHaImoHHbli  OuseT. CoOecenoBaHMe TPOBOAWTCS Ha 0aze By3a 0
BCTYIUTEIBHOTO IK3aMEHa.

I1. llopsiiok NpoBeieHUsA BCTYNUTEIbHOI0 IK3aMeHa

1. IMoctynatoume B JOKTOPAHTYPY Ha Ipymiy oOpa3oBaTelIbHbIX MPOrpaMMm
D108 «Hanomarepuanbl 1 HAHOTEXHOJIOTHI» MHIITYT IPOOJIEMHOE / TeMaTHUECKOe
scce. O0bveM rcce — He Menee 250 cioB.

Lens scce — ompenenuTh YpPOBEHb AHAIUTUYECKHMX U TBOPUYECKUX
CIIOCOOHOCTEM, BBIPAXKEHHBIX B YMEHUHU BBICTPAUBATh COOCTBEHHYIO ApTYMEHTALINIO
Ha OCHOBE TEOPETUUYECKUX 3HAHHM, COUATIBHOTO U JTUYHOTO OMBITA.

Bunpr occe:

— MOTHBAIIMOHHOE 3CCE C PACKPBITUEM MOOYAUTEIbHBIX MOTHBOB K
HCCIIEI0BATENBCKON NEATEIbHOCTH;

— Hay4YHO-aHAJIMTUYECKOE 3CC€ C OOOCHOBAaHHEM aKTyaJbHOCTH U
METOJI0JIOTUH IIJIAHUPYEMOTO HCCIIEOBAHUS;



— MpOOJIEMHOE/TEeMaTHIECKOE ICCE, OTPAKAIONIEE PA3TUYHBIC ACTICKTHI
HAy4YHOTO 3HAHMS B IPEAMETHOM 00IaCTH.

2. DNEeKTPOHHBIN YK3aMEHAIIMOHHBIM OUJIET COCTOUT M3 3 BOIPOCOB.

TeMbl /151 MOATOTOBKM K IK3aMEHY 0 NMPO(QUII0 IPyNIIbI
0o0pa3oBaTe/IbHOI NPOrpaMMBbI:

OCHOBHBIE TEXHOJIOTUH MOJYyYeHHS] HAHOMATEPHAJIOB

Knaccudukanuss MeTonoB MOJMy4YeHHs HaHOMAaTepuaioB. TeXHOJIOTHH,
OCHOBaHHbIE Ha XHMHUYECKHX IHpoueccax. TexXHOJOrHH, OCHOBaHHbIE Ha
¢usznyeckux mpoueccax. MeTtoa mHopomkoBod Metamutypruu. [loBepxHOCTHBIE
TEXHOJIOTUU. MeTOoibl MHTEHCUBHOW IIacTHueckoil nedopmannu. KomriekcHbie
Meronpl  cuHTe3a.  CuHTE3  HAHOAUCHEPCHBIX  MarepuanoB.  CuHTes
HAaHOCTPYKTYPUPOBAaHHBIX KOMIIO3UTOB.

MeTtoabl HAHOCTI0EBOI'0 CHHTE3A.

ATOMHO-MOJIEKYJISIpHAsE SMUTAKCHUs, MOJIEKYJsIpHash W XUMHUYecKass cOopka,
MOJICKYJIIPHOE HacllauBaHue MeTtonoM JlenrMropa-braomkert. Meroasl cHUHTE3a
HAaHOCTPYKTYPUPOBAaHHBIX MAaTE€pUajoOB: BaKyyMHO-IUIa3MEHHBIA M XHUMHYECKHAN
CUHTE3  (Y/UIEpEHONONOOHBIX  MaTepHalioB,  YIIEPOAHBIX  HAHOTPYOOK,
MHOTOCJIOMHBIX HAHOKOMIIO3UTOB. 30JIb-Te€JIb TEXHOJOTHH. CUHTE3 MOJIMMEPOB U
NOJINMEPHBIX KOMIIO3ULUH.

MeTtoabl CMHTE3a YIVIEPOAHBIX HAHOTPYOOK.

JIyroBoil MeToJ MOJy4eHHsI YIJIEPOAHBIX HAHOTPYOOK. Merton nazepHOi
abmsiuu. [Momyuenune YHT meronom CVD. [Muponutuueckuii meton cunteza YHT.
Cunte3 YHT B rmutameHu. DIEKTPOXUMHUUECKUM CUHTE3 HAHOTPYOOK. OOpa3oBaHue
YyIJIEPOAHBIX HAHOTPYOOK B IUIAMEHAax. BiMsHHME »SJIEKTpUYECKOTO MO Ha
MEXaHU3MbI CUHTE3a YIJIEPOJHBIX HAHOTPYOOK B IUIAMEHH.

MeTtoabl cuHTe3a (PyJIIEPEeHOB.

l'a3o¢asznbiii  cunre3. CuHTE3 B AyroBoM paspszge. Tepmuueckoe
KaTaJIUTUYECKOE pa3JIOKEHUE ymieBoaoponoB. Ilnpomutuyeckuit meron. CuHTE3
rerepodyuiepeHoB. MeTonpl TONy4YeHUs SHAO- U 3K30-(PymiepeHoB. CuHTe3
¢ynaepeHoB B IuiaMeHU. BivsiHuE 3MEKTpUYECKOro Moy Ha MEXaHU3Mbl CHHTE3a
¢dymnepenoB. Cuntes QymiepeHcoaepKaiiei Caxu.

Cunre3 ruapo¢o0HBIX MaTepPHAJIOB U MOKPBITHM.

Buner u xnaccuduxanust ruapodoOHbIX MaTepuanoB UM MOKpbITHH. CUHTE3
caxu oOmamaromieit cynepruapo@oOHBEIMU CBOWCTBAMHU B IUIAMEHH. MexaHU3M
cakeoOpaszoBaHus. BiusiHME 3MEKTPUUECKOTO MOl M KaTaau3aTopoB Ha CBOWCTBA
cynepruapodoOHOM Caxu.

Metoabl mo/1y4eHHs] HAHOIOPOIIKOB, HAHOBOJIOKOH.

MexaHOXMMHYECKUI CUHTE3 HaHomarepuasnaoB. CaMopaclnpoCTpaHSAIOMUNCS
BbicokoTemnepaTypHbiii cunte3 (CBC). I'azodasnbiii cuntes. [lnazMmoxumuyueckuii
cunTe3. OOpa3oBaHue yriiepogHou (aspl B IpoLEcce KaTaJIUTHUECKOTO KPEKUHIA
yIJIEBOIOPONOB. MeTroaukn KapOOHM3alluM U 3aylJIEpOKUBaHUS  OOpPA3LOB.
Heyrneponnbie HaHOTPYOKH.

I[Hony4yeHue HAHOYACTHLI.



@usnuecknue Meronbl cuHTe3a. [lomydeHue ¢ IMOMONIBIO MOJIEKYISIPHBIX
ny4koB. [Inma3sMeHHO-XxumMu4eckuid Metoa. Meron ncnapenus-koHaeHcanu. Meron
VMITYJIbCHOTO Paguoan3a. XUMHUYECKUE METOMbI: BOCCTAHOBJICHHE U3 PaCTBOPOB,
30/1b-Telb  Ilepexof, KpuorexHosmoruss. CHHTE3 B  TIOPUCTBIX  Cpelax,
MUKPOIMYJIbCUAX U MuULeu1ax. CTpyKTypa B CBOMCTBA Ki1acTepoB. PpakTanbHbIE U
IUIOTHOYIIAKOBAaHHBIE KJIACTEPbl. THUIBI XMMHYECKUX PpEaKUUHd C Yy4acTHUEM
KJIacTepoB. TeopeTndeckast MOJENb KilacTepa

OcHOBBI mpouecca MOJTYy4YeHUs HAHOYACTHUIL B )KUJAKHMX Cpeaax.

OcoOeHHOCTH  TONY4YEHUS  HAHOMAaTepHaJoB B JKMIKUX  Cpefax.
3apoasiieoOpa3oBaHUe M POCT HAHOYACTHI. [OMOreHHOE M TeTEepOreHHOE
3apojsllieoOpa3zoBanue. BiusHue pa3inyHbIX MapaMeTPOB CHUCTEMBI HA CKOPOCTb
3apoJbIIIe00pa30BaHUs U KHHETUKY POCTa HAaHOKpHUCTa/UIOB. Kputnueckuii pazmep
3apojpllia, 3aBUCUMOCTb OT IapaMeTpoB cucTeMbl. KuHeTnka pocra HAHOYACTHII.
CKopocTh pocTa, BIMSHHE NEPECHIEHUSI, HOHHOTO paBHOBecusa. Crabuim3arus
HAaHOYACTHL.

CHHTe3 HAHOYACTHUIl METOXAMHM OCAKICHMS.

OCHOBHBIE XMMHYECKHE PEAKIUHU, MPUBOALIME K CHUHTE3y HAHOYACTHUIl B
KUJKUX Cpelax U UX KOHTPOJIMPYEMOMY BBIJIEICHUIO U3 pacTBOpPOB. [lomyueHne
HaHoyacTull 3050Ta. CHHTE3 HaHO4YaCTULl cepedpa, MIaTUHbI, Naulagus U APYyTUxX
OnaropoaHsix MeTaioB. CrnocoObl cTaOWIM3allMM HAHOYACTUI[ B PAcTBOPAX —
ANIEKTpOCTaTUYeCKasi, aJcopOLMOHHas, XeMocopOuuoHHas. Kunernueckuit
KOHTPOJb pocTa HaHodacTul. OCHOBHBIE (DAaKTOpPbI, BIUSIOLIME HA paszMmep
HaHouacTull. [IprMeHeHHe METONOB OCaXIECHHUA JUIsl CUHTE3a HAaHOYACTHIL,
COCTOSIILIMX M3 CIUIaBa METAJIOB, CO CTPYKTYPOH Aap0-000JI04Ka, MHOTOCIOMHBIX
cTpykTyp. CHHTE3 HAHOYACTUI] OKCUJ0B METAJIJIOB 1 HAHOKOMIIO3UTOB.

MoauduurpoBanue NOBEPXHOCTH TBEPABIX TeJl.

Oco0eHHOCTH TOBEPXHOCTHBIX CBOMCTB TBEP/IBIX TEJN PA3NUYHON XUMHUUIECKOM
IpUpoabl. BiusHHE XMMHYECKOTO COCTOSHHS MOBEPXHOCTH Ha (PH3UYECKUE U
XUMHUYECKHE CBOWCTBA TBEPABIX Tesl. MeTtoabl MOAM(DUIMPOBAHUS MOBEPXHOCTH:
¢u3nueckoe (JIETMpOBaHHE, MOHHAS MMIUIAHTALMS, HAHECEHUE TOHKUX IUIEHOK U
HNOKPBITHM) U XUMHYECKoe (M3MEHeHHE  (PYHKIMOHAIBHOTO  IOKPOBA)
MonupuIpoBaHUe.

Mexanu3mbl 00pa3oBaHus cpepruyeCcKUX U TPYOUATHIX HAHOYACTHIL.

Jucnokanuonnas moaens Cupcea. [lap-xxuakocte-kpuctani (IDKK)-mexannzm

Barnepa-Omnuca. KapOuanslii MexaHu3M, JUMUTHpylomMe craauu. KBarapoHHas
MoJieNb 00pa30BaHMs YacTUl. MarHUTHBIN MeXaHU3M 00pa30BaHUs HAHOTPYOOK.
OO0mas xapakrepucTuka u KJiaccupukanus MeTo10B.
BzaumoperictBue nsnmydeHus ¢ BemecTBoM. [lormonenre, necnyckanue, paccessHue.
CrekTpocKonmu4eckue ¥ JAUQPPaKIMOHHBIE  METOAbl.  DHEPreTUYEeCKue
XApAaKTEPUCTUKU Pa3JIUYHBIX METOAOB CIEKTpOocKonuu. UYUyBCTBUTENBHOCTH H
paspenaronas CocoOOHOCTh. XapaKTEepUCTUUECKOE BPEMSI METO/IA.

Metoabl uccjie0BaHUSI HAHOPa3MEPHbIX CHCTEM
OOmue mnpeacTaBIeHUsT O METOAAX HU3YyYEHUs (UBHYECKHX, XUMHYECKUX,
OMOJIOTMYECKUX CBOMCTB HAHOCUCTEM. MUKPOCKOIIMYECKUE METO/IbI UCCIIEOBAHNS.
OcCHOBHBIC NPUHIMIBI, HAIIPaBICHUS U OOBEKTHI HMccienoBaHuil. Paspemiaromas



CHOCOOHOCTh. DJIEMEHTHI ONTUKO-3JIEKTPOHHBIX MPHOOPoB. OCHOBHBIE MPUHIUIIBI
JNEWCTBUSL  DIIEKTPOHHBIX ~ MHUKpOCKOmoB  IIpocBeunBaromiasi — 3J€KTpOHHAs
MHUKPOCKONHSI BBICOKOTO pa3pelieHHs. 30HAOBAas CKAaHUPYIOIIAas MHKPOCKOMIUS
(ckaHupyolas, TyHHEIbHAs, aTOMHO-CUJIOBasi, OJIIKHENOJIbHAS ONTHUYECKas).
[TpuHIMT pabOTHI 30HIO0BBIX MUKPOCKOIIOB. PacTpoBas aieKTpoHHasi MUKPOCKOIHSI.
[IpyuMeHeHnEe SJIEKTPOHHONM MUKPOCKONMUA B HAHOTEXHOJIOTUH. [[OMOJHUTEIbHBIE
BO3MOKHOCTH 30HI0BOM MUKPOCKOIIMU: aTOMHBIE MAHUTTYJISALIUHU U JIUTOrpadus.

MeTtoanl KoJ1e0aTeIbHOU CIIEKTPOCKOIMH. HUK-cnekTpsl 7|
KOMOMHAIIMOHHOE paccesiHNe CBeTa

Bo3moxknoctu merogoB UK-cnekrpockonuu u KPC, ux npumeHenue B
xumun. [IpaBuna or6opa u narencuBHocTh B UK u KPC-normomenuu. YactoTsl u
(GbOpMBI HOPMAJIBHBIX KOJIEOAHUN MOJIEKYJd. YYEeT CUMMETPUU MOJIEKYJIbl. AHAIHU3
HOPMAJIbHBIX  KOJ€OAaHM  MOJEKYJAbl IO  JIKCIEPUMEHTAIbHBIM  JIAHHBIM.
ConocraBinenue UK- u KP-ciekTpoB 1 BBIBOJIBI O CHMMETPUH MOJEKYI. TeXHHKA U
meronuku UK-criekrpockonuu u cnekrpockonnu KP.  Anmaparypa HK-
CIIeKTpockonuu. Amnmaparypa cnekrtpockonnu KP, mpenmyiectBa na3epHBIX
ucrounnkoB Bo30yxkaeHus. Meron KAPC. CpaBnenue meromoB MK- u KP-
CIIEKTPOCKOIHH, UX JOCTOMHCTBA U HEIOCTATKH.

MeToabl 3JIEKTPOHHOM CIIEKTPOCKONMUHU. YD-CIIEKTPOCKONMUS

OmuccruoHHas Y®-CHEeKTPOCKONUs, KaK METO/ MCCICAOBAHUS JIBYXATOMHBIX
MOJIEKYJ. AOCOpOIMOHHAs CHEKTPOCKONHUS B BHAMMON o6nactu. TexHHMKa u
METOJMKa aOCOpPOIIMOHHON CIEKTPOCKONMU B BuauUMOM u  Y®D-obnacTsx.
Uccnenyembie oOpasiibl. UyBCTBUTEIBHOCTH METOMA, €ro JOCTOMHCTBA U
HEJIOCTATKH.

MeTo 3JIeKTPOHHOTO MAPAMATHUTHOIO pe3oHanca JIIP

®u3znyeckrue OCHOBBI SIBICHUM AJIEKTPOHHOTO MapaMarHUTHOTO (CIIMHOBOTO)
pe3oHaHca U siepHoro MarHuTHOro pe3oHanca (JI1P u AMP). CiiuHbl 1 MAarHUTHBIE
MOMEHTHI SI7IEP U AIMEKTPOHOB. J-(hakTop U ero 3HaueHue. AHU30Tpomus J-pakropa.
Cnun-opOutanbHasi CBsi3b. CHSTHE BBIPOXKIACHUS CIUHOBBIX COCTOSIHUM B
MOCTOSSHHOM MarHuTHOM mnodje. Ycioue OIIP. 3aceneHHOCTh ypOBHEW 3HEpruu,
HACBILICHUE, PEIAKCAllMOHHBIE MPOLECCHl W IMIHMpUHA curHaina. dopma JIWHHM.
CepxToHKOE pacuieruieHne cur"ana OIIP mpu B3auMMOAEHCTBUM 3JEKTPOHA C
OJTHUM M HECKOJIbKMMU siApaMu. YU CII0 KOMIIOHEHTOB MYJIBTUILIETA, PACIIPEACIICHNE
unteHcuBHoctel. Koncrantel CTC. brok-cxema DI1P-ciekrpoMeTpa, 0COOEHHOCTH
AKCIIEPUMEHTA, JOCTOMHCTBA U OTPAHUYECHUS METOAA.

Metoa SIMP

Yenosue AMP. PenakcaumoHHble TPOUECCHl. XUMWUYECKUW CIABUT W CIIMH-
cnrHOBOe pacuiermienne B cnekrpax SIMP. KoncranTta skpanupoBanus sjapa.
OTHOCHUTENBHBIN XUMHYECKHI CIBUT, €0 ONPEACICHUE U UCIIOIb30BAHUE B XUMUMU.
CnuH-CIMHOBOE B3aMMOJICMCTBUE SAEP, €ro MPUPOJA, YKUCIO KOMIIOHEHTOB
MYJIBTHIUIETOB, PACTIPEICIICHUE NHTEHCUBHOCTH, ITPABUIJIO CyMM. AHAJIN3 CIIEKTPOB
SIMP nepBoro mn He nepBoro nopsaka. [IporoHHslii MarHuTHbIN pe3oHaHc, SIMP
na 3C u gpyrux sgpax. Meron ABOMHOrO pe3oHaHca. TeXHUKAa M METOIMKA
aKcriepuMenTa. biiok-cxema cniekrpomerpa AMP, tunsl ciekrpomerpoB. Xapakrep
oOpasuoB. CTpykTypHbIM aHanu3. M3ydeHue mponeccoB KOMILIEKCOOOPa30BaHUS.



Nzydenune OpicTponpoTekaromux mnporeccoB. CpaBHenue metona AMP ¢ npyrumu
METOIAMH, €ro JOCTOMHCTBA W OrpaHWYeHus. [IpuHUUINBI CHEKTPOCKONUU
JIa3epHOr0 MarHUuTHOTO pe3oHanca (JIMP).

MeToa razoBoii xpomarorpaguu

DU3HKO-XMUMHYECKHE OCHOBBI Xpomarorpaduueckux IIPOIIECCOB.
Knaccuduxamus metonoB xpomarorpaduu. Ilapamerpsl Xpomarorpaduyeckoro
nuka. BapuanTtel razoBoit xpomarorpaduu. biok-cxema xpomarorpada.

Bnusinue Temneparypsl Ha xpomarorpaduueckuii mpoiecc. Mcmnonb3oBanue
METOOB IPOrPAMMHUPYEMOIO HM3MEHEHMsS TEeMIIepaTypbl. BHIBI IETEKTOpPOB.
MeToibl Ka4eCTBEHHOTO U KOJIMYECTBEHHOTO XpOMAaTorpagpuueckoro aHaan3a.

Metoa Macc-CIeKTPOMETPUHA

Macc-creKTpoMeTpusi B COIIOCTABICHUH C APYTUMU (PU3NYECKUMU METOJIaMHU
uccienoBanusa. Krnaccubukamuss npubopoB. [lpuHiunm — melcTBust — Macc-
CIIEKTPOMETPA, OCHOBHBIE XapaKTEPUCTHKU. BuIpl Macc-aHAIM3aTOPOB: BpEMs
IPOJICTHBIM;  pPAaJMOYacCTOTHBIA;  KBAaJAPYHOJbHBIA,  HMOHHO-LIMKIOTPOHHOTO
pe3oHanca U AOp. brok-cxema Macc-CHEKTpOMETpa C MarHUTHBIM —Macc-
aHanu3atopoM. Metoasl BBeleHUs MpoO B Mmacc-cnekrpomerp. CoueraHue ¢
ra3oBbIM xpoMaTtorpagom. MosekymspHbie mydyku. DPpdy3noHHble sueiiku. [Ipsamoi
BBOJ] TBEPABIX NPOO.

PentrenoBckasi cnekrpockonus. Ousnyeckrue OCHOBBI PEHTICHOBCKOIO
MeTOo/a AaHAJIN3A.

PentrenoBckass audpaktomeTpus. THUOBI U XapakTEPUCTHUKU TPYOOK U
JETEeKTOPOB PEHTTeHOBCKOTO u3My4deHus. Judpaktomerpus (cheMKa U pacyer
mudppaxtorpamm).  Waentuduxammss  BemectBa  (dha3  BemiecTBa) 1O
MEXIIJIOCKOCTHBIM PacCTOSIHUSIM M M3MEpPEHHE NapaMmeTpoB sueilku. OnTuueckue
CUCTEeMBI, TUPAKIUSI HAa KPUCTAJUIMYECKOU pereTke. YpaBHeHue Bynbda-bparra.
Oco0eHHOCTH COBPEMEHHOM ammaparyphl JJis UccleoBaHus (a30BOr0 COCTaBa U
NapaMeTPOB CTPYKTYpPbl TMOJYKPUCTAIMYECKUX MATEPUATIOB, BKIIIOYAs TOHKHUE
IJIEHKH, HOKPBITHS M HAHOPA3MEPHBIE MTOPOLLIKH.
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