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1. BBenenue

[IporpaMMa BCTYNHUTENBHBIX HWCHBITAHUN TpeJHA3HAYCHA [UIs  JIWII,
XKenamux noctynutb B Marucrparypy @I'BOY BO «Poccuiickuii XMMHKO-
TexHoJioruueckuit yHuBepcuteT um. J.M. MenneneeBa» 1o HalpaBiICHUIO
noaroroBku 18.04.01 «Xumudeckass TEXHOJOTHS», MarucTepckas Iporpamma
«HaHoxuMus 1 XMMU4ecKas TEXHOJIOTHSI HAHOMATEPUAJIOBY.

[Iporpamma paspabotrana B cooTBeTcTBHM ¢ llopsakoMm opraHuzanuu u
OCYLIECTBJIEHUSI  00pa30BaTENbHON  JIEATEIBHOCTH MO  00pa3oBaTEIbHBIM
nporpaMMam BBICIIEro oOpa3oBaHUs, — MporpamMmam OakajiaBpuaTa, MporpaMMam
CHEIUalINTEeTa, IMporpaMMaM  MarucTparypbl, YTBEP>KIECHHBIM  MPUKA30M
MunucrepcTBa oOpazoBanus u Hayku PD ot 6 anpens 2021 r. No 245.

[Iporpamma  pekoMeHIyeTcss JUIsi TOATOTOBKM K  BCTYHMUTEIBHBIM
UCIIBITAaHUSIM ~ BBIITYCKHUKOB ~OakajaBpuara M CIEIHAIUTETa KIACCHUYECKHUX
YHHBEPCUTETOB, TEXHUUECKUX M TEXHOJOTHYECKHUX BY30B.

Conepxanue  mnporpamMmbl  0aszupyeTcss Ha  CIHEAYIOUIUX  y4eOHBIX
TUCIUTINHAX :

1. «Dusuka», «Heopranumveckas xumusi», «OpraHudeckas  XUMH»,
«Dusmnueckas xumus», «Kommoumnas xumus», «MarepuaioBeneHuey,
OTHOCAIIUXCS K OJOKY OOIIMX MaTeMaTHUYeCKHMX U €CTECTBEHHOHAYYHBIX
JUCIUTLINH,

2. «OU3MKO-XMMHS  HAHOCTPYKTYPHPOBAHHBIX  MaTepuanoB», «CHHTE3
HAHOYACTHUIl W HAHOMATEepUaAJIOB B JKUIKUX cpeaax», «l'azodaznbie
IPOLIECCHl TOJYYEHUs HaHOMAaTepHaoB», «MeToapl W mpuOOpBl s
U3Y4YeHUs] HAHOYACTUIl W HAHOMATEPHAJIOB», OTHOCALIUXCS K OJOKY
CHEIUAIbHBIX  JHUCHMIUIMH,  KOTOpbIE  MPEMOJAIOTCS  CTYJEHTaM,
oOy4arommmcs 1o nporpamme OakanaBpuara «Hanomarepuans», npoduin
«XUMHUYECKasi TEXHOJIOTHS HAaHOMAaTEPHAJIOBY;

3. «DU3HUKO-XMMHsI HAHOCTPYKTYPHUPOBAaHHBIX MaTepuanoB», «MeToasl u
npuOoOpsl AJIA M3YYEHUS HAHOYACTHI M HaHOMaTepuasioB», «CHHTE3
HAHOYACTHUIl W HAHOMATEepUalIOB B JKUIKUX cpeaax», «l'azodaznbie
IpoLIeCChl  MOJYYEHHUS HAHOMATEpPUAIOB», OTHOCSIIMXCA K  OJIOKY
CHEIUANIBHBIX  JUCHMIUIMH,  KOTOpbIE  MPEMOJAOTCS  CTYJEHTaM,
oOydJarommmcsi o mporpamMme OakanaBpuara «MaTtepuaioBeneHue u
TEXHOJIOTUM MaTepuaioB», mpodmib «MaTepuanoBeeHne W TEXHOJOTHUHU
HAaHOMATEPHUAJIOB U HAHOCUCTEM.

[Iporpamma BKJIIOUAET COJiepKaHHE MPOrpaMMbl, MEPEYeHb BOIPOCOB K

BCTYNUTENbHBIM HcHbITaHUsIM 10 Hanpasienuto 18.04.01 «Xumuueckas
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TEXHOJIOTUs», mporpamma «HaHOXMMHST ¥ XUMHUYECKas TEXHOJOTHUS
HAaHOMATEPUAJIOB» U MEPEYEHb PEKOMEHIYEMOM JIUTEPATYPHI.

2. Cogep:xanue NporpaMmsl

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

1. OcHOBHbBIE MOHATHS O HAHOMAaTepHaJax M WX cBoiicTBax. [loHsTHs
HAHOXMMHHM ¥ HaHoOMaTepuasioB. Pa3mepHbiii 3¢dexr. Brusaue pasmepHOTO
dakTopa Ha CBOMCTBA HaHOMarepuaioB. Pomb Mex(pasHbIX TpaHHIl B
dbopMupoBaHUN CBOMCTB HaHoMaTepuanoB. (OCOOEHHOCTH TEPMOJAMHAMUKH
HAHOOOBEKTOB. Y CTOMYMBOCTh HAHOOOBEKTOB. CTabMIN3aLKs HAaHOOOBEKTOB.

2. OCHOBHBIE THIIBI HAHOCTPYKTYP B 3JIeKTpOHMKe. [loayrnpoBogHIKOBBIE
CTPYKTYpHI (FreTepoCTpyKTYyphl). KBaHTOBbIE TOUKHM, KBAHTOBbIE HUTH, KBAHTOBBIC
SIMBL.

3. Komno3unmnonnsie HaHOMaTepuaabl. OCHOBHBIEC THUITBI KOMITO3UIIMOHHBIX
HAHOMATEPHUAJIOB. XapaKTEpUCTUKH MaTpull W  HanosHurteneu. [Ipumepsr
HaHOKOMIIO3UTOB.

4. Yraepoanble HaHOMaTepuaJbl. HanoanMmas, rpageH u ero npou3BoaHbIE,
¢Gymiepensl, yriaepoaHble HaHOTPYOku. CTpyKTypa, OCHOBHBIE CBOWCTBA,
NEPCIEKTUBHBIE 001aCTH IPUMEHEHUS.

5. Ilopucrbie HaHOMaTepuajibl, MeMOpaHHbIe HAaHOMaTepHAJbI.
Homenknarypa pa3smepoB mnop. CBOWCTBA M CTPOCHUE HAHOMOPHUCTHIX TEII.
Heoprannueckue u oOpraHu4eckue MOJIEKYyJsipHble cuTa. Kiaccudukanus
MeMOpaH. [Ipumepsl MeMOpaHHBIX MaTEpUAIOB M MPOIECCOB XUMHUYECKOU
TEXHOJIOTUHU C UX YYACTUEM.

6. HaHocTpykTypbl B KHUAKOCTAX. MHUIEIUIBI, MHUKPOIMYJILCHUH,
JIMOTPOIIHBIEC KUJIKHME KpUCTAJUIbl, IieHKU Jlenrmropa-bnomxkert. IlepcrniekTrBbl
UX IPUMEHEHUS B XUMUYECKOU TEXHOJIOTHUH.

/. CkaHupyomasi 3JeKTPOHHAs MHKPOCKONMS B HCCJIeJ0BAHUM
HaHoOMaTepuayuoB. [IpuHIMIT  AEHCTBHS  CKAHUPYIOIIETO  DAJIEKTPOHHOTO
MUKpockona. Boamoxnoctu metoga. TpeboBaHust K 00bEKTaM UCCIEIOBAHMUS .

8. IlpocBeunBawmasi 3J1eKTPOHHASI MHKPOCKONHUSI B HCCJIeI0BAHUM
HaHoMaTepuasaoB. [IpuHUMD [OEUCTBUS MPOCBEYMBAIOLIETO  AJIEKTPOHHOTO
MuKpockormna. BoamoxkHocT Mmerosa. TpeboBaHust K 00bEKTaM UCCIIeI0BaHUSI.

9. TyHHeIbHAsAA M ATOMHO-CWJIOBAs 30HAOBasi MUKpockonusi. OCHOBHBIC
bu3nyeckue TPUHIMIBI CKAaHUPYIOIIEH 30HI0BOM MHUKpPOCKONMUU. TyHHENbHAs U
aTOMHO-CHUJIOBAsi 30H/10Basi MUKPOCKOIHUSA, UX 0COOEHHOCTU. OCHOBHBIE AJIEMEHTHI
CKAHUPYIOIIETO 30HI0BOI0 MUKPOCKOIIa. BO3MOKHOCTH METOIOB.
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10. Pusuyeckwme MeTOAbI TMOJY4YeHHs] HaHodyacTul. [lomyyeHue
HAHOYACTUIl METOJIaMHU  BO3TOHKHU-ACCYONMMAIlMu U JIa3epHOW  aOJIsluUu.
[TonyyeHne HaHOYACTHUIL METOAAMH TUCTIEPTUPOBAHUS B JIEKTPOAYTOBOM paspsiie,
METOJ/IOM B3PBIBAIOIIMXCS MMPOBOJIOK U 3JIEKTPOUCKPOBOM 3pO3UH.

11. ®dusuveckne MeTOAbI MOJY4YeHHMS IJIEHOK M NMOKpbITHM. Hanbuienue
(TepMHUYECKOE,  ANEKTPOHHO-IYYEBOE,  MArHETPOHHOE) ISl  IOJIyYCHHS
HAaHOCTPYKTYPHPOBaHHBIX MIJIEHOK u HOKPBITHH. [Tonyuenue
HAHOCTPYKTYPUPOBAHHBIX IIEHOK U MOKPBHITUNA METOJaMU SITUTAKCHUHU.

12. Xumnuyeckue MeTOAbl NMOJYy4YeHHsI HAHOYACTHUIl B Tra3oBoii ¢aze. CVD
METOJl NOoJy4yeHuss HaHoMarepuanoB. OOmas  XapakTepuCTHKa  MeEToJa
XUMHUYECKOTO OCaXJECHMUsI W3 ra3oBod (Qasbl (ompenerneHue, cxema IMpolecca,
ocHoBHble mapametprl). Cragum CVD mpomecca. CVD wmeton mnomydeHus
YIIEPOJIHBIX HAHOTPYOOK. biiok-cxemMa peakTopa, MpPeKypcopbl, KaTalu3aTOphl,
YCIJIOBHSI POLECCA.

13. CuHTe3 HaHOYACTHI MeToJaMHu oca:kaeHus. [lomyueHne HaHOYACTHIL
3omota - merox TypkeBuua u meton bpacra-Uludppuna. CuHTe3 HaHOYACTHULL
cepeOpa, IUIaTUHBL, NAJIAAUS U JPYTUX O0JaropogHbIX METAJUIOB.

14. 3oab-resib TEXHOJIOTHSI HAHOYACTHI M HaHOMAaTepuaaoB. OCHOBBI
30J1b-T€JIb TEXHOJIOTHH. [IpuMepbl MOgydeHus HAHOYACTUI U HAHOMAaTEpHUATIOB
30J1b-T€JIb METO/IOM.

15. CuHTe3 HaHOYACTHI B CBEPXKPUTHYECKHUX KUAKOCTAX. [loHsATHE
CBEPXKPUTHUECKON  KuAkocTH. OcHOBbI Merona. [Ipumepsl  momydeHus
HAaHOYACTHIl U HAHOMATEPHAIOB CUHTE30M B CBEPXKPUTUUYECKHUX KUIKOCTSIX.

16. MaTpuy4HbIii (TEMILUIATHBIN) CHHTE3 HAHOYACTHIl 1 HAHOMATEPHUAJIOB.
OcHoOBBI MeTOZa, TUIIBI MaTpull. [IpuMepsl cHHTE3a HEOPraHMYECKUX HAHOYACTHI
B 00paTHBIX MUILIEIJIAX U MUKPOAIMYJIbCUSIX.

3. Bonipochl K BCTYNHTEIbHBIM HCIIBITAHUAM B MATHCTPATYPY
no Hanpagsjgennio 18.04.01 «XumMnuyeckasi TEXHOJIOTUSD,
marucrepckas nporpamma « HaHOXUMHA M XMMUYECKAs TEXHOJIOT U
HAHOMATEPHUAJIOB)

1. Pasmepnsiii 3¢dexr. Bnusame pasmepHoro ¢akropa Ha CBOMCTBa
HAaHOMAaTEPHAJIOB.

2. Ponb mexda3Hbpix rpaHuil B GOPMUPOBAHWU CBOWCTB HAaHOMATEPHAJIOB.
Oco0EeHHOCTH TEPMOJMHAMUKN HAHOOOBEKTOB.

3. Hanomatepuanbl B »3iekTpoHuke. [lomympoBOIHUKOBEIE CTPYKTYPHI
(rerepocTpykTyphl). KBaHTOBBIE TOUKH, KBAHTOBbIE HUTH, KBAHTOBBIE SIMBI.



4. KoMno3UIIMOHHbIE HAHOMATEPUAIIBI.

5. YriepoJHble HaHOMATEpHAIIbl - HaHOAIMa3, TpadeH U ero Mpou3BOIHBIC,
Gbynnepensl, yriaepoHbie HAHOTPYOKH.

6. [lopuctbie HaHOMaTepUalbl, MEeMOpPaHHBIE HAHOMATEPHUAJIBI.

7. HaHOCTPYKTYpBI B JKHUIKOCTSX: MHUIIEIUIBI, MUKPOIMYJIbCUH, JTHOTPOITHBIC
KUJKAC KPUCTAIUTBI, TUICHKU JIeHrMiopa-biiomkerT.

8. Ckanupyromas  dSJCKTPOHHAS  MHKPOCKOTHS B  HCCIICIOBAaHHUU
HaHOMAaTEePUAaJIOB.

9. [IlpocBeuuBaromasi d3JIEKTPOHHAS MHUKPOCKONHUS B  MCCIEIOBAaHUU
HaHOMAaTEePUaJIOB.

10. TyHHenbHast 1 ATOMHO-CUJIOBAs 30HI0Basi MUKPOCKOIHUSI B HUCCIIEIOBAHUU
HAaHOMATEPHUAJIOB.

11. TlomydyeHue HAHOYACTUI] METOJIaMH BO3TOHKU-JECYOIMMAIIMU U JIa3€pHOM
a0JIsAIuH.

12. HampuieHue (TEPMHUYECKOE, AJIEKTPOHHO-TYYEBOE, MAarHETPOHHOE) IS
MOJIYYeHHUS] HAHOCTPYKTYPUPOBAHHBIX IJIEHOK U TTOKPBITUH.

13. TlonyueHue HAHOCTPYKTYPHUPOBAHHBIX IUICHOK M TOKPBHITUH METOJaMU
AMUTAKCHH.

14, CVD wmerox mnonydeHus HaHoMatepuaioB. OOmIas XapaKTepuCTHKa
METOJla XUMHUYECKOTO OCaXJEHUs U3 Ta30BOM (a3bl (ompenesieHHe, cxema
npoiecca, ocHoBHbIE TapameTpsl). Ctaguu CVD mpouecca.

15. Cunte3 HaHoyacTul] OJIATOPOJHBIX METAVIOB METOJAMH OCAXICHUS B
KUIKUAX Cpeiax.

16. 301b-TeNIh TEXHOJOTHS HAHOYACTHUI] 1 HAHOMATEPHAJIOB.

17. CunTe3 HaHOYACTHI] B CBEPXKPUTHUECKHUX KUIKOCTSIX.

18. MatpuuHbIii (TEMITJIATHBIN) CHHTE3 HAHOYACTHI] 1 HAHOMATEePHAJIOB.
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7

. Crapoctun, B. B. Marepuainbl 1 MeTO/Ibl HAHOTEXHOJIOTHH: ydyeOHOe mocodue. 2-
e uza. - M.: BUHOM. Jla6opartopus 3uHanuid, 2010., 431 c.

. Ilpsxun E. W., Bonorxkanuna C. A., IletkoBa A. Il.a, I'anzynenko O. IO.
Hanomarepuansl u HaHOTeXHOJ0TMU — M.: M3narensctBo Jlans, 2022, 372 c.

. HxapaumanueBa I'. U., Keigpanmera K. A., Merenmuma A. B., Ybasun WU.E.
Hanomatepuanbl. CBoiictBa u cepbl npumenenus — M.: U3narensctBo Jlaub,
2021, 200 c.

. [ITabanoBa H. A., CapkucoB IL.JI. 3omp-resnp Texnosorun. HaHomucnepcHsli
kpemHeseM. - M: BUHOM. Jlabopartopus 3nanuii, 2012, 328 c.

. PakoB DO.I. Hanorpyoku u d¢ymiepensl: ydyeOHOe mocobue. — M.:
YHuBepcuteTckas kaura, Jloroc, 2006. 376 c.



