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1. BBenenue

[Iporpamma BCTYNWTEIBHBIX HUCHBITAHUM TpeAHA3HAYEHA [JIs  JIMII,
XKenamux noctynutb B Marucrparypy @I'BOY BO «Poccuiickuii XMMHKO-
TexHoJoruueckuit yHuBepcuteT uMm. J.M. MenneneeBa» 1o HalpaBICHUIO
noaroroBku 18.04.01 «Xumudeckass TEXHOJOTHS», MarucTepckas Iporpamma
«HaHoxuMus 1 XMMU4ecKas TEXHOJIOTHSI HAHOMATEPUAJIOBY.

[Iporpamma pazpabotana B cooTBeTcTBHH ¢ [lopsimkom opraHu3anuu u
OCYIIECTBICHUSI ~ 00pa3oBaTEIbHOM  JIEATEIBHOCTH 1O  00pa3oBaTeIbHBIM
nmporpaMmam BBICHIEr0o 00pa3oBaHusl, — MporpaMMamM OakajgaBpuara, nporpamMmmam
CHEeIUalINTeTa, IMporpaMMaM  MarucTparypbl, YTBEP>KIECHHBIM  MPUKA30M
MunucrepcTBa oOpazoBanus u Hayku PD ot 5 anpenst 2017 Ne 301,

[Iporpamma  pekoMeHIyeTcss JUIsi TOATOTOBKM K  BCTYHMUTEIBHBIM
UCIIBITAaHUSIM ~ BBIITYCKHUKOB ~OakajaBpuara M CIEIHAIUTETa KIACCHUYECKHUX
YHUBEPCUTETOB, TEXHUYECKUX U TEXHOJIOTUYECKUX BY30B.

Conepxanue  mnporpamMmbl  0aszupyeTcss Ha  CIHEAYIOUIUX  y4eOHBIX
JTUCHUTUIMHAX

1. «Dusuka», «Heopranuwveckas xumusi», «OpraHudeckas  XUMH,
«Puznueckas xumus»y, «KommonmHas xumus», «MarepualioBeICHUE),
OTHOCAIIUXCS K OJOKY OOIIMX MaTeMaTHUYeCKHMX U €CTECTBEHHOHAYYHBIX
JUCITUTUINH,

2. «DOU3BNKO-XMMHUS  HAHOCTPYKTYPUPOBAHHBIX  MarepuaioB»,  «CuHTE3
HAHOYACTHI] W HAHOMATepUaJioB B KUIAKUX cpenax», «l'azodazHbie
MPOIIECCHl TOJYYEHUs] HaHOMATepuayioBy, «MeTonbl U TPUOOPHI IS
W3yYEHHUs] HAHOYACTUI[ W HAHOMATEPHAJIOB», OTHOCAIIMXCS K OJIOKY
CHEUHUAIbHBIX  JUCUUIUIMH,  KOTOpbIE  NPENOJArTCs  CTYJEHTawm,
oOydJaronmmcs o nmporpamme OakanaBpuara «Hanomarepuans», mpoduin
«XUMHUYECKasi TEXHOJIOTHS HAaHOMATEPHAIIOBY;

3. «DUBMKO-XUMHUS HAHOCTPYKTYPUPOBAHHBIX MaTepUaioBy, «MeToasl Hu
npuOOpsl JJIS M3YYEHUS] HAHOYACTHI M HaHOMaTepuasioB», «CHHTE3
HAHOYACTHIl W HAHOMATepUaJioB B KUIKUX cpenax», «l'azodazHbie
IpoLIeCChl  MOJYYEHHUS HAHOMATEpPUAIOB», OTHOCSIIMXCA K  OJIOKY
CHEUUAIBHBIX  JUCUUIUIMH,  KOTOpbIE  NPENOJArTCs  CTYJEHTaMm,
oOydJarommmcsi o mporpamMme OakanaBpuara «MaTtepuaioBeneHue u
TEXHOJIOTUH MaTepuaioBy, mpodmib «MaTepuanoBeleHne W TEXHOJOTHUU
HAaHOMATEPHUAJIOB U HAHOCUCTEM.

[Iporpamma BKJItOYAET COJiepKaHHE MPOrpaMMbl, MEPEUYeHb BOIPOCOB K

BCTYIIUTENIBHBIM HMCHBbITaHUAM 10 HanpaBiaeHuto 18.04.01 «Xumudeckas
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TEXHOJIOTUs», mporpamma «HaHoXuMHST H  XUMHUYECKas TEXHOJOTHUS
HAaHOMATEPHUAJIOB» U MEPEUEHb PEKOMEHIYEMOM JIUTEPATYPHI.

2. Cogep:xanue NporpaMmsl

18.04.01 «XuMu4veckasi TEXHOJIOTHsD», MaruCcTepCKasi MporpaMma
«HaHOXMMHA M XUMHYECKAS TEXHOJIOTHSI HAHOMATEPHAJIOB)

1. OcHOBHbBIC NMOHATHSI O HAHOMATepHAaJax M HX cBoicrBax. [lonarus
HAHOXMMHHM ¥ HaHOMaTepuayioB. Pa3mepHbiii 3¢dekr. Brusaue pasmepHOTO
dakTopa Ha cBoiicTBa HaHoMaTepuaslioB. Ponp Mex(a3zHbIX TrpaHUIl B
dbopMHpoBaHUM CBOWCTB HaHoMarepuaiaoB. (OCOOEHHOCTH TEPMOIUHAMUKH
HAaHOOOBEKTOB.  YCTOMYMBOCTh  HaHOOOBEKTOB.  Ilpomeccsl  arperanuu,
koanecueHuuu. Ctabunuzanus HaHOOObEKTOB.

2. OCHOBHBIE THIIBI HAHOCTPYKTYP B 3JIeKTpoHMKe. [loayrnpoBogHIKOBBIE
CTPYKTYpHI (FreTepoCTpyKTYyphl). KBaHTOBbIE TOUKH, KBAHTOBBIE HUTH, KBAHTOBBIC
SIMBI.

3. Hanopa3MepHble NMOPOIIKH HEOPraHM4YecKux BemecTB. OCOOEHHOCTH
HAHOMOPOIIKOB MO CPaBHEHUIO C rpyOoaucHepcHbIMU Topouikamu. I[Ipumepsl
HauboJiee pacnpoCTpaHEHHBIX HAHOTIOPOLIKOB U UX MPUMEHEHHE.

4. KoMno3unuoOHHbIe HAHOMATePHaJIbl. OCHOBHBIEC TUITBI KOMIIO3UITMOHHBIX
HAaHOMAaTEepUAIOB. XapaKTEPUCTUKA MATpUL M HanojHurened. Ilpumepsl
HaHOKOMIIO3UTOB.

5. Yriaepoansie HaHOMaTepuabl. DyiiepeHsl, yriiepoaHble HAHOTPYOKH,
rpaden, HaHoanMma3zbl. X CTpyKTypa M OCHOBHbIE CBOMCTBA. IlepCreKTUBBI HX
PUMEHEHUS.

6. Ilopucrbie HaHOMaTepHaJibl, MeMOpPaHHbIE HAHOMATEPHAJIBI.
Homenknatypa pasmepoB mnop. CBoilcTBa M CTPOEHHE HAHOMOPHUCTBIX TEI,
MOJICKYJIIpHBIX ~ cUT. Kiaccudukamus wmemOpan. Ilpumepbr MeMmOpaHHBIX
MaTEepUAJIOB U MPOLECCOB XUMUUECKON TEXHOJIOTHH C UX YYACTHEM.

/.  HaHocTpykTypbl, 00pa3oBaHHbI€  NOBEPXHOCTHO-AKTHUBHBIMH
BelecTBaMu. MUIIEIUIBI, MUKPOAMYJIbCUH, JIMOTPONHBIE KUIAKHE KPHUCTAILIbI,
mwieHkn Jlenrmropa-biookerr. IlepcnekTuBbl MX NPUMEHEHUsS B XUMHUM U
XAMHUYECKON TEXHOJIOTUH.

8. Ckanupywomasi 3JeKTPOHHAsE MHKPOCKONHMS B HCCJIeJ0BAHUU
HaHOMAaTepHuayoB. [IpuHIMIT AEHCTBUS PaCTPOBOIO IEKTPOHHOIO MHUKPOCKOIA.
Bosmoxknoctu metoga. TpeOoBaHus K 00BEKTaM HCCIIEIOBAHUS.

9. IIpocBeunBamOmIasi JIEKTPOHHAsT MHUKPOCKONHUSI B HCCJIEJOBAHMHU
HaHOMaTepHayoB. IIpuHIMO JEHCTBHA IIPOCBEYMBAIOUIETO  BJIEKTPOHHOIO
MuKpockomna. BozmoxkHocTn Merosa. TpeboBaHMs K 00bEKTaM UCCIIEI0BAHUS.
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10. TyHHe1bHAsi M ATOMHO-CUJIOBAS 30HA0Basi MUKpPOcKonusi. OCHOBHbIE
bu3nYeckue TPUHIMIBI CKAaHUPYIOIIEH 30HI0BOM MHUKPOCKONUU. TyHHENbHAs |
aTOMHO-CHUJIOBAsi 30H/I0Basi MUKPOCKOIHUS, UX 0COOEHHOCTU. OCHOBHBIE AJIIEMEHTHI
CKaHHUPYIOIIETO 30HA0BOT0 MUKPOCKOIa. Bo3M0KHOCTH METO/I0B.

11. ®usnyeckue MeTOAbI MNoJydYeHuss HaHoyacTul. [lomyueHue
HAHOYACTHUL[ METOJaMH  BO3TOHKU-AECCYONMMAalMu M JIa3epHOW  aOJsALUU.
[ToryyeHre HAHOYACTHUIT METOAMH TUCTIEPTUPOBAHUS B JICKTPOIYTOBOM paspsiie,
METOJ/IOM B3PbIBAIOIIMXCS MMPOBOJIOK U 3JIEKTPOUCKPOBOM 3pO3UH.

12. dusznueckue METO/bI MoJTy4eHusl MACCUBHBIX
HAHOCTPYKTYPHPOBAHHBIX MAaTePHUAJIOB. [Tony4yenue MaCCHUBHBIX
HAHOCTPYKTYPUPOBAHHBIX MAaTEPHAIIOB METOJaMH HMHTEHCUBHOM IUIACTHUECKOU
nedopmaru. OOpa3oBaHWe HAHOCTPYKTYP NPHU KPUCTAIUIM3AIUNA U3 aMOPGHOTO
cocrosiHus. HampaBneHHas kpuctamnsamnus aMop(HBIX CTUIABOB U CTEKOJ.

13. dusuyeckue MeTOAbI MOJYYeHHs IJIEHOK W MOKPbITHM. Hambimenue
(TepMuUecKoe,  AIEKTPOHHO-ITYYEBOE,  MArHETPOHHOE) I TOJYYCHHS
HAHOCTPYKTYPUPOBAHHBIX TJICHOK u MOKPBITUH. [Tonyuenue
HAHOCTPYKTYPUPOBAHHBIX IICHOK U MOKPBHITUNA METOJaMHU SITUTAKCHUHU.

14. XuMu4yeckue MeToAbl MOJYyYeHUs] HAHOYACTHUIl B ra3oBoi ¢asze. CVD
METOJ TOJydYeHHWs HaHomarepuajgoB. (OOmas XapakTepucTHKa  METoja
XUMHUUYECKOTO OCaXKJEHMUs W3 Ta3oBoi ¢as3wl (ompenenieHue, cxema IMpolecca,
ocHoBHble mapametprl). Cragum CVD mpomecca. CVD wmeton mnomydeHus
YTAEPOIHBIX HAHOTPYOOK. Bilok-cxemMa peakTopa, MpPeKypcophl, KaTalu3aTOpPhI,
yCIJIOBHUS TIpoIIecca.

15. CuHTe3 HaHOYACTHI] MeToAaMH ocaxaeHusi. [lomyyeHne HaHOYACTHIT
3oi0ta - Meton TypkeBuua u meroj bpacra-llludpuna. CunTe3 HaHOUYACTHIL
cepeOpa, MJIaTUHBI, MAIATU U APYTUX O1aropoAHsix meramuioB. CraOunuzanus
CHHTC3UPOBAHHBIX  HAHOYACTHI[T B  pacTBOpax -  dJEKTpOCTaTHYECKas,
a7IcCOpOIIMOHHAsI, XeMOCOPOITMOHHAS.

16. 304b-rejib TEXHOJOTHSI HAHOYACTHII M HaHoMaTepuayioB. OCHOBBHI
30J1b-T€b TEXHOJIOTHH. [IpuMepsl MogydeHus HAHOYACTHIl M HAHOMATEPUATIOB
30J1b-T€JIb METOJIOM.

17. CuHTe3 HAHOYACTHII B CBEPXKPUTHYECKHX KUAKOCTAX. [loHsATHE
CBEPXKpUTHUECKOU KUAKOCTH. OcHOBBI MeTona. llpumepbl  momydeHwus
HAHOYACTHII 1 HAHOMATEPHAIOB CHHTE30M B CBEPXKPUTHUYCCKUX JKHIKOCTSIX.

18. MaTpu4HbIii (TeMILUIATHBIN) CHHTE3 HAHOYACTHIl 1 HAHOMATEPHUAJIOB.
OcHoBbl MeTona. [Ipumepbl cHHTE3a HEOPTraHWYECKUX HAHOYACTHI] B OOpaTHBIX
MUKPOAMYIIbCHSIX.



3. BonpochbI K BCTYNUTEIbHBIM HCIIBITAHUSIM B MATHCTPATYPY
no HanpagpJjenno 18.04.01 «XumMmudeckas TEXHOJIOT U,
Marucrepckas nporpamma « HaHoOXMMHSI M1 XUMHYECKAsI TEXHOJIOTHS
HAHOMATEPHAJIOB)»

1. Pasmepnbiii >¢ddexr. Bnusnue pasmepHoro ¢akTopa Ha CBOWMCTBa
HAaHOMAaTEPUAJIOB.

2. Ponp mexda3Hbpix rpaHuil B (GOPMUPOBAHUU CBOWCTB HAHOMATEPHAJIOB.
Oco0eHHOCTH TePMOAMHAMUKHA HAaHOOOBHEKTOB.

3. VYcroluuBocTh HaHOOOBEKTOB. IIpolecchl arperanuu, KOaJIeCUECHIIUU.
Crabunu3zanus HaHOOObEKTOB.

4. Hanomarepuanbl B 3J€KTpOHHKE. [lOXyNpOBOAHUKOBBIE CTPYKTYpPBI
(rerepocTpykTyphl). KBaHTOBBIE TOUKH, KBAHTOBBIC HUTH, KBAHTOBBIC SIMBI.

5. Hanopa3mepHble NOpOIKH HEOPraHUYECKUX BEIIECTB.

6. Komno3nunonHsle HAHOMAaTEPUAIIBI.

7. YraepoaHele HaHOMaTepuaiabl - (yJJIEPEHbl, YIJIEPOJHBIE HAHOTPYOKH,
rpadeH, HaHOaJIMa3bl.

8. Ilopuctblie HaHOMaTepUasbl, MEMOpaHHbIE HAHOMATEPHAJIBI.

9. Muuennabl, MUKPOSMYJIbCUU, JIMOTPOIHBIE KUJIKUE KPHUCTAJUIbI, IJIEHKH
Jlenrmropa-bnomxerr.

10. Ckanupyromasi 3JIEKTPOHHAs  MHUKPOCKOMHS B  HMCCIEIOBAaHUU
HaHOMAaTEePUAJIOB.

11. TIlIpocBeunBaromasi 3JIEKTPOHHAs MHUKPOCKONHUS B  HCCIIEOBAaHUU
HaHOMAaTEePUAJIOB.

12. TynnenpHasi ¥ aTOMHO-CUJIOBAs 30HA0Basi MUKPOCKOTIHSI.

13. TlomydeHne HaHOYACTHI] METOJIAMH BO3TOHKH-IECYOIMMAIIIN U JIa3ePHOM
a0AInu.

14. Tlony4yeHue HAHOYACTHUI] METOJAMU TUCTIEPTUPOBAHUS B AJIEKTPOILYTOBOM
paspsjie, METOJIOM B3PBIBAIOIINXCS MTPOBOJIOK U 3JIEKTPOUCKPOBOM 3pO3UH.

15. TlomydyeHne MacCUBHBIX HAHOCTPYKTYPUPOBAHHBIX MAaTEPUAIOB METOJaMHU
WHTEHCUBHOM TJIacTHYECKOU nedopmanuu.

16. OOpa3oBanue HAHOCTPYKTYp TpPH KPUCTAUIM3AIMU U3 aMOpP(HOTO
cocrosiHusl. HanpapnienHast KpucTauiM3aius aMOp(pHBIX CIJIABOB U CTEKOJI.

17. Hanbuienue (TEpMHUECKOE, 3JIEKTPOHHO-TTyYEBOE, MArHeTPOHHOE) IS
MOJIyYeHHUS] HAHOCTPYKTYPUPOBAHHBIX MJIEHOK U TOKPBITUH.

18. IlonyueHune HAHOCTPYKTYPUPOBAHHBIX IUJIEHOK M TOKPBITUH METOJaMu
AIUTAKCHUU.
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19. CVD weton mnomydyeHuss HaHomaTepuasioB. OOmias XapaKTepHCTHKa
METOJla XHMHYECKOTO OCaXJCHHUS W3 Ta3oBOM ¢a3bl (OmpesesieHne, cxema
npoiiecca, ocHoBHbIE apameTpsl). Ctaguu CVD mporuecca.

20. CVD meton mostydeHus yriepoHbIX HAaHOTPYOOK. biiok-cxema peakropa,
PEKYPCOPBI, KaTaau3aTOPhl, YCIOBHS Mpoliecca.

21. CuHTe3 HAHOYACTHUI[ OJIATOPOAHBIX METALIOB METOJAMH OCAXIACHHUS B
KUIKAX Cpeiax.

22. 301b-TeIb TEXHOJIOTUSl HAHOYACTUIl U HAHOMATEPHUAJIOB.

23. CrHTEe3 HAHOYACTHI] B CBEPXKPUTHUECKHUX KUIKOCTSIX.

24. MaTpuuHbIi (TEeMIUIATHBIN) CHHTE3 HAHOYACTHUIl U HAHOMATEePUaJIOB.
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