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y4pekaeHHe BBICIIEro 00pa30oBaHus
«Yensbunckuit rocynapcrBenHsiil yausepcurer» (PI'BOY BO «Henl V)

MIMHOBPHAYKHU POCCHU
@” denepanbHOE TOCYIapCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE

Pabouas nporpamma AuCHHATUTAHBI "DH3UKO-XMMAYECKIE OCHOBBI HAHOTEXHOJIOTHH" 1O HAPABIICHUIO MTOJITOTOBKH
(cenmanbrocTH) 28.03.02 "HanoumxeHepus" HanpaBieHHOCTH (mpodio) HanoTtexHoIOTHY B crp. 3
matepuanoseneaud ®I'bOY BO «Henl'V»

1. IEJIX OCBOEHUA N CHUIIJINHBI

Ilens Kypca COCTOUT B M3y9EHHUH CTYACHTAMH (U3MUSCKUX M XUMHUYECKUX 0COOCHHOCTEH HAHOIUCIIEPCHBIX YaCTHI], (DU3UKO
-XUMHH ITOBEPXHOCTH, IIPOIECCOB (JOPMUPOBAHH HAHOCTPYKTYP M HAHOMATEPHATIOB, METOI0B MOTYIECHHS U UCCICAOBAHUSL
HAHOCHCTEM.

KOHerTHLIe 3a/1avu Kypca CBOAATCA K CICAYIOIICMY:

1. PaccmoTpenne ocoOeHHOCTEH (PU3MUECKHX B3aUMOJCHCTBHI Ha HaHOMAacITabax;

2. PaCCMOTpeHI/IC TCPMOJUHAMHUKHU IMOBEPXHOCTHBIX SIBJICHUH B HAaHOJUCIICPCHBIX CHUCTEMaAX;

3. Paccmotpenne mporeccoB GopMupOBaHKS HAHOYACTHUI] B TA30BOH M JKHIKOW (ha3ax M HAHOCHCTEM ITyTEM
MOJIEKYIISIPHO-TTY4eBON ¥ ra30(ha3HOM SUTAKCHUH;

4. PaccMoTpeHne METO/IOB HCCIIEI0BaHHSI HAHOCHCTEM;

5. PaccmoTpeHre METOIOB CO3IMaHUs HAHOCTPYKTYp ¢ momoinsio C3M u HaHONUTOrpadum;

6. PaccmoTpenne MeTo10B HONTy4eHHsT (PYHKIMOHANBHBIX U KOHCTPYKIIMOHHBIX HAHOMAaTEpUaJOB HEOPraHMYECKOW U

OpFaHI/I‘ICCKOﬁ OpUupoabI.

PCSyﬂLTaTH 06y‘~I€HI/IH 0 IMCUUINUIMHE HAIpaBJICHbI HA JOCTHKCHUC NHAUKATOPOB!:

OIIK-2.1. ITpoBOAHUT TEXHHKO-3KOHOMHYIECKOE 0O0CHOBAHHE 1 SKOHOMHUUECKYIO OLICHKY IPOCKTHBIX PEIICHUIT 1
UHKEHEPHBIX 33]au.

OIIK-2.2. PaccunThIBaeT AMUTEIBHOCTD BBITOIHEHHS TEXHOJIOTUUECKUX OTEpalUil ¢ HCIONb30BaHUEM HOPMATUBHBIX
CIPAaBOYHHUKOB.

OIIK-2.3. AHanu3upyeT U OLIEHUBAET 3aTPaThl MPEANPUATHS (TPOEKTa) C Y4ETOM MH)KEHEPHBIX PHUCKOB.

OIIK-2.4. Vicnionb3yeT UCTOPUYECKUH MOIX0, KATETOPHH UCTOPUUECKOTO TO3HAHUS I aHAJIN3a IPOLIECCOB, (PaKTOB U
SIBJICHUH B IIPOIIJIOM U HACTOSIIEM.

OIIK-2.5. TIpoBOOHT 3KOJIOTHYECKYIO OLICHKY IPOCKTHBIX PEIICHUI U WHKCHEPHBIX 3a1a4.

OIIK-3.1. CocraBinsieT OTYETHI [0 YIeOHO-HCCIEA0BATENBCKON NEITEIBHOCTH, BKIIIOYAs aHATIN3 SKCIIEPUMEHTAIBHBIX
PE3yIBTaTOB, COMOCTABJICHHUS X C U3BECTHBIMU aHATIOTaMHU

OIIK-3.2. ®opmupyeT AEMOHCTPAIIMOHHBINA MaTePHAN U MPEACTABIACT PE3YIbTATHI CBOCH HCCICIOBATENBCKON eI TETbHOCTH
Ha HAYYHBIX KOH()EPEHIHSX, BO BPEMsI TPOMEKYTOUHBIX H UTOTOBBIX aTTeCTAIMN

OIIK-7.1. Micnonb3yeT HOPMAaTUBHYIO U TEXHOJIOTHYECKYIO TOKYMEHTAIMIO JJISl TPOCKTUPOBAHKS U COMIPOBOKICHHS
MIPOU3BOJICTBA TEXHUUECKUX OOBEKTOB, CHCTEM U MPOIIECCOB B 007aCTH HAHOHHKECHEPUH

2. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OIIOII

Ik (pazmen) OITOIT: b1.0.12

2.1 TpeGoBaHusl K NpeIBAPUTEIbHOI MOATOTOBKE 00y4aI0IIErocs:

CoBpeMEHHBIE TEXHOJIOTHH MTOUCKA U 00paboTKH HH(OpMAIKI

MartemaTHyecKuM aHaIu3

duzuka

BBC,HCHI/IG B CIICIUAJIBHOCTH

Brencnue B HAaHOWHKCHCPHIO

Heopranuyeckas u opraHudeckast XuMust

du3nyeckas XUMUS

DU3UKO-XUMUS HEOPraHn4CCKUX MaTepruaioB

2.2 JIucuMnJIuHbI M NPAKTHKH, 1JIS KOTOPbIX OCBOEHUE JAHHOU JUCHHMILIMHBI (MOAYJ/Is1) HEO0OX0OAUMO KAK
NnpeauecTByoLee:

MaTepI/IaJIOBeI[eHI/Ie HaHOMAaTepHuajI0B U HAHOCUCTEM

KOMHL}(ITC])HOG MOACIUPOBAHUC HAHOCHUCTEM U IIPOLIECCOB HAHOTEXHOJIOTHUI

®Da30BBIC PABHOBECHS U CTPYKTYpOOOpa3oBaHUE

BeimoniHeHue 1 3a1UTa BEITYCKHOM KBaTH(UKaINOHHOH paboThI

[TpousBoacTBeHHAas MpakTHKa (HaAydIHO-HCCIIe0BaTeIbCcKas padoTa)
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y4pekaeHHe BBICIIEro 00pa30oBaHus
«Yensbunckuit rocynapcrBenHsiil yausepcurer» (PI'BOY BO «Henl V)
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@” denepanbHOE TOCYIapCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE
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ITpownsBonacTBeHHAs MpaKTHKA (TIPEIIUITIOMHAS TIPAKTHKA)

3. KOMIETEHLIMHA OBYYAIOIETOCSI, ®OPMHUPYEMBIE B PE3YJIBTATE OCBOEHUSI JUCIIUTIINHBI
(MOJYJIS)

OIIK-2: Cnocoboen OCyHIeCTBJIATDH HpO(l)ECCI/IOHaJIbHyIO AEATEJIbHOCTD € Y4€TOM IKOHOMHUYE€CKHUX, IKOJIOIHI1€CKUX,
COIMHAIBHBIX H IPYTUX OFpaHI/l‘IeHl/Iﬁ Ha BCEX 3TANaxX )KU3HCHHOI'0 IIHKJIAa OﬁT)eKTOB, CHCTEM H IPOLECCOB

3HaTh:

Jnsa noctrxenust OIIK-2.1: TeXHUKO-9KOHOMHYECKOE 0O0CHOBAaHHE U SKOHOMUYECKYIO OLIEHKY MPOEKTHBIX PEIIeHUH U
WHXEHEPHBIX 33124 B 00JIaCTH HAHOCTPYKTYPHPOBaHHBIX MaTEpHAIIOB

YMeTh:

Jmst moctmxennst OITK-2.2, OIIK-2.3: paccuuThIBaTh JUIMTENBHOCTh BHIITOJHEHUS! TEXHOJOTHYECKUX OTNEpaIui
MIPOU3BOJICTBA HAHOCTPYKTYPUPOBAHHBIX MATEPHAIIOB C UCIIOJIE30BaHIEM HOPMATHUBHBIX CIIPABOYHHIKOB

Baanernb:

Juns moctmxenns OIIK-2.4, OIIK-2.5: 0cCHOBHBIMH IPECTaBICHUSIMHA O ()OPMUPOBAHUH HAHOYACTHI] 1 HAHOCHCTEM

OIIK-3: CnocodeH NpoBOANTDL H3MepeHHUs H HAOII0/IeHHs], 00padaThIBATh U MPEICTABIAThH IKCIIEPUMEHTAIbHbIE
AaHHBIE

3HaTh:

Jnsa noctmxenust OIIK-3.1: ocHOBHBIE (PU3UKO-XUMHUYECKHE METOIbI UCCIEIOBAHUS CTPYKTYPHI U CBOIICTB MaTepraioB

Ymers:

Jus moctmxenns OIIK-3.2: pemrats 3agaun mo pa3paboTKe MaKeTOB HAHOM3AETHH U MX MOJYIICH; TIPON3BOJUTE PACIETHI
TEeXHUYECKUX XapaKTePUCTUK MAKETOB;

Baagern:

Jnsa noctmxenus OIIK-3.2: meTogamu u3mepenus, 00paboTKH U peACTaBIEHHS SKCIEPUMEHTAIbHBIX JaHHBIX

OIIK-7: Crioco0eH NpoeKTHPOBATH M CONMPOBOKIATH MPOU3BOICTBO TEXHUYECKUX 00bEKTOB, CHCTEM H NMPOLIECCOB B
00J12CTH HAHOUHKEHEePHH

3HaTh:

Juns noctmxenns OIIK-7.1: ¢pusndeckne n XUMAYECKHE 0COOCHHOCTH HAHOTUCIICPCHBIX YaCTHL, (PU3HUKO-XIMHUIO
MOBEPXHOCTH, TIPOIIECCOB (POPMHUPOBAHUST HAHOCTPYKTYP U HAHOMATEPHAJIOB, METO bl TIOJTYUCHHUS M UCCIICIOBAHMUS
HAaHOCUCTEM

YMmers:

Juns noctrxenus OIIK-7.1: mpoekTupoBaTs U COMPOBOXKAATH IPOU3BOICTBO TEXHUIECKUX 00BEKTOB, CUCTEM U IIPOILIECCOB B
0051acTH HAHOUHXKEHEPHHU

Baanernb:

s noctmxenns OIIK-7.1: npeacTapiaeHUsIMU 0 MeTo1aX (POPMUPOBAHUS HAHOCTPYKTYP, TOIYICHHS M UCCIICTOBAHUS
HAHOCUCTEM

B pe3yjibTaTe 0OCBOCHUS TUCHUILINHBI oﬁyqamumﬁcn JOJIKCH

3.1 |3narnb:

3.1.1 [ ocobeHHOCTH (HU3UKO-XMMHUUECKUX IPOIECCOB MPOTEKAONINX B HAHOIUCIEPCHBIX CHCTEMAX; IPOIIECCHI
(hopMHUpOBaHKs HAHOYACTHI] U HAHOCUCTEM; METOIbI PELLICHHs 3a/1a4;

3.2 | YMmeTh:

3.2.1 | pemaTs 3aaun, pa3pabaThIBaTh MAKEThl HAHOM3ICIHH 1 UX MOIYIIH; IPOM3BOANUTE PACUETHI TEXHUIECKHUX
XapaKTEePUCTUK MaKeTOB;

3.3 | Bnagernb:

3.3.1 | MeTogaMu IPOEKTUPOBAHUS HAHOOOBEKTOB U (POPMUPYEMBIX Ha UX OCHOBE M3AENUil (BKIIFOUAst JIEKTPOHHEIE,
MEXaHHYEeCKUE, ONITHYECKHE U IPYrUe)
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YUPECKACHUE BBICIICTO O6pa30BaHH§I

MIMHOBPHAYKHU POCCHU
@” denepanbHOE TOCYIapCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE

«Yensbunckuit rocynapcrBenHsiil yausepcurer» (PI'BOY BO «Henl V)

PaGouas IporpamMma IUCHUILUINHBI "DOU3UKO-XUMHYECKHE OCHOBBI HAHOTEXHOJIOTHH" 110 HalpaBJICHUIO IOATOTOBKHU

(cenmanbrocTH) 28.03.02 "HanoumxeHepus" HanpaBieHHOCTH (mpodio) HanoTtexHoIOTHY B crp. 5
matepuanoseneaud ®I'bOY BO «Henl'V»
4. OFbEM JUCIHUIIJIMHBI (MOAY JIsT)
OOwas TpyaoeMKocTb 73ET
YacoB 1o y4eOHOMY IIaHy : 252 Bunb koHTpONIS B cemecTpax:
B TOM YHUCIIe
ayAUTOPHBIC 3aHITHS : 86 9K3aMeHbI 6
caMocCTosiTeNbHas paboTa : 144,5 3a4ueTsl 5
4acoB Ha KOHTPOJIb : 18
KOHTaKkTHas pabora: 89,5
UKP: 3,5
5. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIUHBI (MOAY JIST)
Kon HaumeHoBaHue pa3/1e/ioB U TeM /BUJA 3aHATHSA/ Cemecrt | Hacos JlutepaTtypa
3aHATH p / Kype
Pa3gen 1. UcTopusi BOBHUKHOBEHMSI U OCHOBHBIE MPHUHIMIbI
HAHOTEXHOJIOTH I

1.1 Yro taxoe «HaHo»? [ToHstue o HaHoTexHONOTHH. Kiaccudukanms 5 2 JIT.1JI1.2 JI1.3
HaHOOOBEKTOB. OCHOBHBIE MPUHINIBI (THITEI) HAHOTEXHOJIOTHIL: JI1.4712.2 J12.3
npeaenbHas MUHHATIOPU3ALHS, paclpeieleHHast CTPYKTypa, MPUHIHIT 2.4
ITOCTPOCHUS CUCTEMBI «CHU3Y-BBEPX» U «CBEPXY- BHH3Y, 213253 54
camoopranu3zans. KBaHToBble TOUKH. MeXIUCIMIUTHHAPHOCTh
HAHOTEXHOJOTHH. [TepCreKTHBEI MIMPOKOMACIITAOHOTO IPUMEHEHHSI
HaHOTeXHoJorui /JIek/

1.2 Kraccudukanus HaHO0ObEKTOB. MK TUCIUILIMHAPHOCTD 5 12 JIT.1 J11.2 J11.3
HaHOTexHOoJorui. /Cp/ JI1.4J712.2 J12.3

2.4
212233 24
Pa3gen 2. ®uznyeckue 1 XUMHYeCKHe 0COOEHHOCTH
HAHOAMCIEPCHBIX YACTHIY

2.1 Oco0CHHOCTH (PU3MYECKUX B3aMMOJICHCTBUI Ha HAaHOMAcCIITabax. 5 2 JIT.1JI1.2 JI1.3
Hanopa3smepnsie cucteMsl. PasmepHsrii a3 dexrt. OcHOBHBIC J11.4J712.2 J12.3
XapaKTepUCTUKH YaCTHUI] B HAHOpa3MepHOM cocTrosHuu. CBoiicTBa J12.4J12.5
HAHOYACTHIIbI, 00YCIIOBICHHBIC ATOMHOM U 3JICKTPOHHOW MOJICHCTEMAaMH. 213253 54
Kommuteke pu3ndecknx 1 XUMHUUYECKHX CBOMCTB, BOSHUKAIOIIUX TIPU
repexo/ie OT MUKPO- K HaHOpa3MepaM: OoJbliast yaeabHas HOBEPXHOCTD,
yBENIMYEeHNE XUMUYECKOTO TOTEHIIMAa, BBICOKAs a1cOpOLMOHHAs
AKTHBHOCTb, BRICOKAs! TPOHUKAIONIAs CIIOCOOHOCTE 1 Ap. /JIex/

2.2 Hanopasmepnsie cucrembl. PasmepHsrii a3gdext. OCHOBHEIC 5 4 JIT.1J11.2 J11.3
XapaKTepUCTUKH YaCTHI] B HAHOpa3MepHOM cocTosiHuU. CBocTBa JI1.4J712.2 J12.3
HAHOYACTHIIbI, 00YCIIOBIEHHbIE AaTOMHOM U 3JIEKTPOHHON J12.4 J12.5
noacucremamu. /TIp/ 212233 24

2.3 Komruteke Gpu3ndecknx 1 XUMHUECKHX CBOMCTB, BOSHUKAIOIIUX TIPU 5 15,8 JIT.1J11.2 J11.3
repexo/ie OT MUKPO- K HaHOpa3MepaM: OoJbIiast yaeabHas TOBEPXHOCTb, JI1.4J12.2 J12.3
yBeNIMYEeHNE XUMUYECKOTO TIOTEHLIMAa, BRICOKAs aJICOPOLIMOHHAS J12.4 J12.5
aKTUBHOCTH U jp. /Cp/ 2135233 24
Paznen 3. ®u3uK0-XMMHSA MOBEPXHOCTH

3.1 TepMoanHaMuyeckasi Teopus MoBepxHocTu. [loHsATHE TOBEPXHOCTH 5 4 JIT.1JI1.2 JI1.3
paspeiBa. Jlapnenune Jlamnacca. BimsiHre moBepxXHOCTHBIX 3QdekToB Ha JI1.4J12.1 J12.2
TemIeparypy miasieHus. Mcnapenue. TepMoarHaMKKa IOBEPXHOCTHBIX J12.3712.4
SIBIICHUH B MaJIbIX KpHcTamiax. /JIex/ 215233 24

32 Jasnenue Jlamnacca. BiausHue moBepXHOCTHBIX 3G (HEKTOB Ha 5 4 JIT.1JI1.2 JI1.3
TeMIIepaTypy IU1aBieHus. TepMoAMHaMUKa IOBEPXHOCTHBIX SIBJICHUHN B JI1.4J712.1 J12.2
MauteIX KpucTamiax. /TIp/ J12.3 J12.4

212233 24
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33 TepmoanHaMudeckasi Teopus MoBepxHocTu. [loHsATHE MOBEpXHOCTH 14 JIL.1JI1.2 JI1.3
paspoiBa. Mcniapenue. TepMoanHaMuUKa MOBEPXHOCTHBIX SBJICHUHN B JI1.4J12.1 J12.2
MaJbIx Kpuctamiax. /Cp/ J2.3J12.4

21323354
Pasnen 4. I'ereporennbie npouecchbl GOpMUPOBAHUS HAHOCTPYKTYP

4.1 OO6pa3zoBanue 3apobiieid HoBo# (asbl. Kputndeckuii pazmep 3apopiima. 6 JIL.1JI1.2 JI1.3
Onykryanuu. CKOpOCTh 3apOsKACHHS. 3apOxKICHUE KPUCTAIIOB B XKUIKOH J11.4J12.2 J12.3
(aze. 'ereporenHoe 3aposxacHUe. AKTUBHBIC IICHTPBI HA TIOJIJIOKKE. J2.4
®dopmyna FOnra. Odpa3oBaHue HAHOYACTHUI] B KOJIOUIHOM pacTBOpE, 2132053 54
MEXaHNYECKOe JUCIEPTHPOBAHNE KPYITHBIX YacTHII. Y HOPSIOYCHHbIC
PELIETKH HAaHOYACTHI B KOJJIOMAHBIX cycreH3usx. CaMOOpraHn30BaHHbIE
KOJUJIOUJHBIE CTPYKTYpHI. [IpuMepbl XUMHUECKOTO CHHTE3a HAaHOYACTHIL.

[MoBepxHocTHO akTuBHBIE BemiecTa (ITAB). CamocoOpaHHBIE MOHOCIION
1 MyabTuciou. /Jlex/

4.2 O6pasoBanue 3apoasliieii HOBoif (a3sl. Kpuruueckuil pasmep 3aposlma. 4 JI1.1J11.2 J11.3
CKOpOCTbh 3aporacHus. 3apoXkKIeHHE KPUCTAIUIOB B XKHUIKOH (hase. JI1.4J12.2 J12.3
I'ereporennoe 3apoxaeHue. [IoBepXHOCTHO aKTHBHBIE BEIIECTBA J2.4
(ITIAB). MIp/ 01323354

43 AkTHBHBIE IEHTpHI Ha moutoxkke. @opmyna FOrra. O6pa3oBanue 20 J1.1J11.2J11.3
HaHOYACTHI] B KOJJIOUTHOM PacTBOPE, MEXaHUUYECKOE AUCTICPTUPOBAHUE JI1.4J12.2 J12.3
KPYITHBIX YaCTHII. Y IOPSI0YCHHBIC PEIICTKA HAHOYACTHII B KOJUTOMTHBIX 2.4
cycnen3usx. [Ipumepsr xummdeckoro cuare3a Hanovactut. /Cp/ 01223354
Pasnen 5. I'ereporennbie npoueccbl (OpMHPOBAHUS
HAHOMATEPUAJIOB

5.1 Koanecuenrwst. I[Tpunmmn Kropu. Teopus Jludmuia-Cne3osa. 4 JIT.1JI1.2 JI1.3
CamocoriacoBanHoe auddy3norHoe moie. MexaHU3MbI U JI1.4J12.2 J12.3
JIMUTHPYIOIINE CTa K MacconepeHoca. Crekanne. CriekaHue ¢ 2.4
y4acTHeM >KUAKON ¢a3bl. MexaHu3Mbl IPUIIEKaHUS TBEPABIX T 212233 24
KOHTAKTUPYIOIIUX B TOUKe. ToHKuUE M1eHKu. OCTpOBKOBBIE
MeTaJIHIecKue IIeHKH. [lomydenre ruOpHIHbBIX TOTIMep-

HEOpPraHMYeCKUX HAaHOKOMMO3HUTOB. [TonmydeHne rTuOpuIHBIX
HAaHOKOMIIO3UTOB 30J1b-T€JIb-MET0I0M. MeTanionoaumMepHble IIEHKU
Jlenrmropa-bromkerT - camoopraHn3oBaHHBIE THOPHUIHEIC
HAaHOKOMTIO3HUTBI. DJIEKTPOIPOBOISIINE CBOMCTBA THOPUIHBIX
HAaHOKOMMO3UTOB. ONTHYECKUE U TIOTYIIPOBOIHUKOBBIE CBOMCTBA
THOPHUIHBIX HAHOKOMITO3UTOB. OCHOBHEIE 00JIACTH IPUMEHECHUS
THOPUIHBIX HAHOKOMITO3UTOB.

Jlexuus 6. MeTo1pl HOMYYEHHUS YIOPIJOUYSHHBIX HAHOCTPYKTYP

/JTex/

5.2 Koanecuennust. Teopus Jluduruma-Cie3oBa. MexaHU3MBI U 4 JIT.1JI1.2 JI1.3
JIMMUTHpYIOIKE cTaguu MacconepeHoca. Criekanue. CriekaHue ¢ JI1.4J12.2 J12.3
yJ9acTHeM XKUAKOH (a3sl. MeXaHU3MBI IPUIICKAHIS TBEP/BIX TET 2.4
KOHTAKTUPYIOIIKX B ToUuKe. ToHKuE mieHku. OCTpOBKOBBIE 213253 54
MeTauieckue rieHku. /Tlp/

53 [MomydeHre THOPUIHBIX MOJUMEP-HEOPTaHMYSCKUX HAHOKOMITO3UTOB. 12 JIT.1JI1.2 JI1.3
DNIEeKTPOIIPOBOAAIINE, ONITUYECKHE U TOTYIPOBOJHUKOBBIE CBOMCTBA JI1.4J12.2 J12.3
THOPUAHBIX HAHOKOMITO3UTOB. OCHOBHBIE 00JIACTH IPUMEHEHUS 2.4
THOPUIHBIX HAHOKOMITO3UTOB. /Cp/ 212233 24
Pa3gen 6. Metonbl no1y4eHHs1 YIIOPAA04YE€HHbBIX HAHOCTPYKTYP
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YUPECKACHUE BBICIICTO O6pa30BaHH§I

MIMHOBPHAYKHU POCCHU
@” denepanbHOE TOCYIapCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE

«Yensbunckuit rocynapcrBenHsiil yausepcurer» (PI'BOY BO «Henl V)

PaGouas IporpamMma IUCHUILUINHBI "DOU3UKO-XUMHYECKHE OCHOBBI HAHOTEXHOJIOTHH" 110 HalpaBJICHUIO IOATOTOBKHU

(cenmanbrocTH) 28.03.02 "HanoumxeHepus" HanpaBieHHOCTH (mpodio) HanoTtexHoIOTHY B crp. 7
matepuanoseneaud ®I'bOY BO «Henl'V»

6.1 DrnuTakcus. MeXxaHu3MbI TETEPOreHHOTO 00pa30BaHUs 3apOJIbIIeH 1 6 4 JIL.1JI1.2 JI1.3
snuTakcuu. MosekyasipHo-itydeBas snutakcust (MJID). J1.4J712.2 J12.3
CamoopraHu3zaius npy dMUTaKCHAILHOM pocte. MJID u peanuzanus J2.4
ujel CBEpXpPELIETKY JUIsl yCTPOUCTB HAHOIEKTPOHUKH. Bo3MokHOCTH 01223354
Meton0B MJID u '®D MOC B HanosnekTpoHuke. Co3naHue
YHOPSIIOUYEHHBIX KBAHTOBBIX HAHOCTPYKTYp. KoHulenuus "cBepxy-BHU3".

[TonmydeHre KBaHTOBBIX TOUEK CaMOCOOPKOI aTOMOB (KOHIICTIITHUS ""CHU3Y-
BBepx"). COOpKa HAHOCTPYKTYP O] BIUSHIEM MEXaHHIECKOTO
HanpsDKeHUs. ABTOMaTHuecKasi cOOpka HAHOCTPYKTYp. YIIpaBisieMast
JIHK c6opka HAaHOCTPYKTYD.

/Jex/

6.2 Onurakcus. MexaHn3MBbl TeTEPOTeHHOTO 00pa30BaHMs 3apOIBIIICH 1 6 6 JI1.1J11.2 JI1.3
snuTakcuu. MonekynspHo-nydeBas snutakcus (MJID). Coznanue J11.4J12.2 J12.3
YHOPSIIOUEHHBIX KBAHTOBBIX HAHOCTPYKTYP. IlonydeHne KBaHTOBBIX 2.4
TOYEK caMOCOOPKOif aToMOB (KoHIennus "cHu3y-BBepx"). /IIp/ 21323354

6.3 Camoopranu3zanus Ipy AMUTAKCHATILHOM pocTe. Bo3MokHOCTH METO10B 6 10 JIT.1JI1.2 JI1.3
MJID u I'®D MOC B HaHO9neKTpoHUKe. COOpKAa HAHOCTPYKTYP MO J1.4J712.2 J12.3
BIIMSIHHEM MeXaHUuecKkoro HampspkeHus. Ynpasisemas JJTHK cOopka 2.4
HaHOCTPYKTYp. /Cp/ 212233 34
Pazgen 7. Metonbl ncciie0BaHUs HAHOCHCTEM.

7.1 Judpakaus peHTTeHOBCKUX JIydel. DiekTpoHHas Mukpockonus ([1OM, 6 2 JI1.1J11.2 J11.3
COM). 30Hm0Bast MEKPOCKOTIUS: CKAaHUPYIOIHI TyHHEIIBHBIH MHKPOCKOII J11.4J712.2 J12.3
(CTM); atomMHO-cuitoBoii Mukpockon (ACM); npyrue CKaHUpYIOLIe 2.4
MHUKPOCKOTIBI. OKe-CIIeKTPOCKOIHsA. MeToIbl ONTHYECKON 21032053 54
cniekTpockonuu. TexHoJIormIeckoe 000pyI0BaHUE ISl HCCIECAOBAH
MTOBEPXHOCTH TBEPIBIX TN M CO3IaHUS HAHOCTPYKTYp. /JIex/

7.2 Judpaxnus peHTTeHOBCKHUX ITydelt. DiaekTpoHHas Mukpockonus (IIOM, 6 6 J1.1J11.2J11.3
COM). 30H10Basi MUKPOCKOIUS: CKAHUPYIOLIUI TYHHENIbHBIH MUKPOCKOIT JI1.4J712.2 J12.3
(CTM); atomMHO-critoBO# MEKpockon (ACM); npyrue cCKaHUpYIOIIHe J2.4
MHUKPOCKOTIBEI. MeToibl onTu4ecKo cnekrpockomnuu. /IIp/ 215233 24

7.3 Oxxe-criekTpockonusi. TexHonornaeckoe 000pynoBaHHe AJIst 6 8 JI.1JI1.2 J11.3
WCCIICZIOBAHMS IOBEPXHOCTH TBEPJIBIX TEJ U CO3TAAHHS JI11.4J12.2 J12.3
HaHOCTPYKTYp. /Cp/ 2.4

212233 24
Pa3nen 8. MeToasbl co3iaHusi HAHOCTPYKTYP ¢ nomoubio C3M

8.1 Ousnueckne 3P PeKThI, UCIONB3yeMble B TYHHEBHO-30HI0BOM 6 2 JIL.1JI1.2 JI1.3
HAHOTEXHOJOru:u. MeToabl 30HI0BOM HAHOTEXHOJIOTUU. METOAbI 3aIIUCH JI11.4J12.2 J12.3
nHpopManyy. MeTobl 3aIicH, OCHOBaHHBIC Ha H3MCHEHHN J12.4
TEOMETPHIECKOTO pernbeda MmoBepXHOCTH. [IpsiMas MoaubuKas 012233 54
penbeda MOBEPXHOCTH (MEXaHHMUYECKUH METO). DIEKTPOHHO-

CTUMYJIMPOBAHHOE OCAXKJCHUE WM TpaBieHue. MaccomepeHoc ¢
MTOMOIIIBIO OCTpHsl. TepMonoeBoit criocod 3amucu. AToMHas cOOpKa.
KBanToBrIi "3aroH". MeTobl 3aiCcH, OCHOBAaHHBIC HA N3MCHCHUH
MarHMTHOM CTPYKTYphl noBepxHOcTU. HaHocTekna - HoBast
3allOMHUHAIONIAs cpefa. DIEKTPOXUMHUYCCKUHA MacconepeHoc. /JIex/

8.2 MeTo bl 30HI0BOM HAHOTEXHOJIOTHH. MeTObI 3amicH HHPOPMAIIHH. 6 4 JIT.1J11.2 J11.3
DNIeKTPOHHO-CTUMYIMPOBAHHOE OCAXKACHUE WU TPABJICHHE. JI1.4J712.2 J12.3
MaccomnepeHoc ¢ TOMOIIBIO OCTpHsl. TepMomnosneBoi crnocod 3amucy. J2.4
AtoMHas cOopka. DJIeKTpoXuMHUIecKuii Maccomnieperoc. /IIp/ 215223 54

8.3 MeTo bl 3aMUCH, OCHOBaHHBIC HA U3MCHEHUH T€OMETPUIECKOTO peibeda 6 10 JIT.1JI1.2 JI1.3
MIOBEPXHOCTH U HA U3MEHEHUN MAarHUTHOH CTPYKTYpBI J11.4J712.2 J12.3
nosepxHoctH. /Cp/ 2.4

212233 24

Paznen 9. [lyukoBbie 1 Ipyrue MeToAbl HAHOJIUTOrpadun
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MIMHOBPHAYKHU POCCHU
@” denepanbHOE TOCYIapCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE

y4pekaeHHe BBICIIEro 00pa30oBaHus
«Yensbunckuit rocynapcrBenHsiil yausepcurer» (PI'BOY BO «Henl V)

PaGouas IporpamMma IUCHUILUINHBI "DOU3UKO-XUMHYECKHE OCHOBBI HAHOTEXHOJIOTHH" 110 HalpaBJICHUIO IOATOTOBKHU

(cenmanbrocTH) 28.03.02 "HanoumxeHepus" HanpaBieHHOCTH (mpodio) HanoTtexHoIOTHY B crp. 8
matepuanoseneaud ®I'bOY BO «Henl'V»

9.1 PentrenoBckast murorpadus. DnekTponHas tutorpadus. MonHas 6 2 JIL.1JI1.2 JI1.3
nutorpadus. Bo3M0OKHOCTH MydKOBBIX METOIOB JUTOTrpaduu. 30HIOBEIE J1.4J712.2 J12.3
MeTo bl HaHomuTorpaduu (C3M-nurorpadus). [Ipsmoe HaHeceHHe J2.4
pucynka ¢ momonisio CTM (aBTosMucCHOHHEIH MeTox). PopMupoBaHne 01223354
PHCYHKA B CJIO€ METaJlIa, IOIYIEHHOTO Pa3I0XKEHHEM
METaJUIOOTPaHUYECKOTo coequHeHus. JIutorpadus ¢ UCIOIb30BaHUEM
pesucra. JIeHrMIOpOBCKHE TUICHKH - IEPCIICKTUBHBIA PE3MCTHBHBIH
MaTtepua Juisd HaHoJurorpaduu. TepMoMexaHUdIecKast HAHOJIUTOTpadHs.

[epreBas Hanonurorpadus. Hanonewarnas nutorpadus (HILT). /Jlex/

9.2 PentrenoBckas murorpadus. DneKTpoHHas turtorpadus. MonHas 6 4 J1.1J11.2J11.3
mutorpadus. Bo3MOXHOCTH MydKOBBIX METOIOB JUTOTpaduu. 30HIOBEIC JI1.4J12.2 J12.3
MeTo s HaHoiuTorpaduu. TepmomexaHmndeckas HaHoIUTOTpadus. J12.4
IepreBas HaHOMuTOrpadhus. /IIp/ 01323354

9.3 [Ipsimoe HaHeceHue pucyHka ¢ momorbio CTM (aBTOIMUCCHOHHBIN 6 10 JI.1JI1.2 J11.3
MeTox). JIeHrMIOpOBCKHE TUIEHKH - MIEPCIIEKTUBHBIN Pe3UCTUBHBIM JI1.4J712.2 J12.3
Matepuan Uit HaHoiurorpaduu. HanomegaTHas murorpadus J12.4
(HILT). /Cp/ 01323354
Pa3gen 10. @Pu3uka HAHOYCTPOWCTB

10.1 | YecrpoiicTBa ONTORIEKTPOHUKN U HAHOINEKTPOHUKH. TyHHETBHBIA ANO. 6 2 J1.1J11.2J11.3
OpmHosnekTpoHuka. CBETOAMOABI U JIa3ephl HA JIBOWHBIX JI11.4J12.2 J12.3
reTepocTpykTypax. @OTONPUEMHHUKH Ha KBAHTOBBIX sMax. POTOIUO b J12.4
Ha CHCTeMe KBaHTOBBIX SIM. Y CTPOHCTBA M MPHOOPHI HAHO(OTOHUKH. 01223354
Bonokonnas ontuka. OnTHueckre nepekouaTeay U GUIbTPhL.

MarauTHBIC HAHOYCTPOMCTBA JJIsI 3aIIMCH U XpaHEHUs HH(popManuy.
Hanocencopsr. /Jlex/

10.2 | TynnenbHbid nuon. OgHOIeKTpoHUKA. CBETOAUOABI U J1a3ephl Ha 6 4 JI1.1 J11.2 JI1.3
JIBOMHBIX TeTepOCTPYKTypax. POTOANOIBI HA CUCTEME KBAHTOBBIX SIM. J1.4J712.2 J12.3
BonoxonHast onTuka. MarHuTHbIE HAHOYCTPOMCTBA [T 3alIMCU U 2.4
xpanenuns uadopmanum. Harnocencopst. /IIp/ 213203 54

10.3 | YcrpotiictBa n mpuOopsl HaHOPOTOHUKH. ONTHIECKHE TIePEKTIOYaTeNn H 6 10 JI1.1J11.2 JI1.3
¢unsTpeL. /Cp/ J11.4J12.2 J12.3

2.4
31323354
Pazgen 11. @®yHKuHMOHA/ILHBIE M KOHCTPYKIIHOHHbIC HAHOMATEPHAJIbI
HEOPraHU4YecKoii M oprannyecKkoi NPUPoOLI.

11.1 | YrnepomHsle HAHOCTPYKTYphI. DyIIEpeHBI ~-HOBbIE TIEPCIEKTUBHEIE 6 2 J1.1J11.2J11.3
MaTepHalbl HIMPOKOTO MPUMEHEHHS B HAHODJIEKTPOHUKE. MeToapbl JI1.4J12.2 J12.3
MOJTydeHUS U paszieNieHns QyuiepeHoB. [IpuMeHeHne QyuiepeHoB. J2.4
YrepoaHsle HAHOTPYOKH. METOABI IOTy4eHHsI HAHOTPYOOK. 01323354
DneKkTpuuecKre CBOHCTBa. MexaHnueckue cBoicTBa. [lpumenenue
YIIIEPOIHBIX HAHOTPYOOK. JIGHTMIOPOBCKHE MOJICKYIISIPHBIC TUICHKH.

HekoTopsie cBoiicTBa TEHrMIOpOBCKUX MIeHOK. HanouacTuiis
6HOIIOTHYIECKOT0 MPOHCXoXKAeHuA. HaHoMaTepuasl 1 HAHOYACTHIBL
TEXHOTCHHOTO IMPOUCXOXKICHHUS U UX KIaCCU(UKALNSI — HAHOYACTHUIIBI
METAJIOB M OKCHIOB METAJUIOB, ACHIPUMEPHI, HAHOTJIMHEL U 1p. /JIex/

11.2 | YrinepoaHble HAHOCTPYKTYpPhl. MeTOIbI IIOTYUEHUS U PA3AEIICHUS 6 6 JI1.1J11.2 J11.3
¢bymiepeHoB. YIIepoaHble HAHOTPYOKH. DIEKTPUIECKHE U J11.4J12.2 J12.3
MeXaHUYeCcKHe CBOHCTBA. MeTo/ bl OTydeHUsI HAHOTPYOOK. 2.4
HarouacTuIbl OHOJIOTHYIECKOTO MPONCXoKAeHNs. HaHoMaTepuais! 1 01223354
HAHOYACTHUIIB TEXHOTEHHOTO TIpoucxoxaeHus. /IIp/

11.3 | ®ynnepeHs! -HOBBIE IEPCIEKTUBHBIE MATEPHAJIbI ITUPOKOTO IPUMEHEHHS 6 10 JI1.1JI1.2 JI1.3
B HAHORJIEKTPOHUKE. [IpuMeHeHne yriepoIHbIX HAHOTPYOOK. J11.4J712.2 J12.3
JIeHrMIOpOBCKHE MOJICKYIIsIpHBIC TUIeHKH. /Cp/ J12.4

01323354

Pazgen 12. UckyccTBeHHOe HaHOGOPpMOOOpa3oBaHue
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y4pekaeHHe BBICIIEro 00pa30oBaHus
«Yensbunckuit rocynapcrBenHsiil yausepcurer» (PI'BOY BO «Henl V)

MIMHOBPHAYKHU POCCHU
@” denepanbHOE TOCYIapCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE

Pabouas nporpamma AuCHHATUTAHBI "DH3UKO-XMMAYECKIE OCHOBBI HAHOTEXHOJIOTHH" 1O HAPABIICHUIO MTOJITOTOBKH
(cenmanbrocTH) 28.03.02 "HanoumxeHepus" HanpaBieHHOCTH (mpodio) HanoTtexHoIOTHY B crp. 9
matepuanoseneaud ®I'bOY BO «Henl'V»

12.1 | HanpsbkeHHBIE IOIYIIPOBOIHUKOBBIE F€TEPOCTPYKTYPBL U IPUTOTOBICHUE 6 2 JI1.1 J11.2 J11.3
13 HUX HAHOTPYOOK. MeTo1 M3roToBIEeHHsI HAHOTPYOOK CBOpauMBaHHEM J1.4J712.2 J12.3
MOJIYIPOBOAHUKOBBIX reTepocioeB. dopmupoBaHue J12.4
MOJIyIPOBOJHUKOBBIX U METAJNIMYECKUX HAHOBOJIOKOH U CIMpaJIe. 01223354

INepuoanyecknue KBAaHTOBBIE TBEPAOTEIbHbIE HAHOCTPYKTYPHI,
CBEPXPEIICTKH M3 KBAHTOBBIX TOUeK. CBOMCTBA MUKPO- H HAHOOGOIOYEK.
Penmukarust HaHOCTPYKTYp "opmupoBanuem” momiumMepos. /JIex/

12.2 | HanpspbkeHHbIE IOIYIPOBOAHUKOBBIE TETEPOCTPYKTYPhI U IIPUTOTOBJIEHHUE 6 4 JI1.1 J11.2 J11.3
13 HAX HAHOTPYOOK. MeTox U3roTOBICHHS HAHOTPYOOK CBOpauHBAHUEM J11.4J712.2 J12.3
MOJIYNPOBOAHUKOBBIX reTepocioeB. PopMHupoBaHue 2.4
MOJTYTIPOBOIHUKOBBIX M METAJNTHYECKUX HAHOBOJIOKOH ¥ criupasieit. /IIp/ 213253 54

12.3 | CBoiicTBa MUKPO- 1 HAHOO0O0JIOUEK. PerumuKaIusi HAaHOCTPYKTYP 6 8 JIL.1JI1.2 JI1.3
"topmupoBarueM” onnmepos. /Cp/ J11.4J712.2 J12.3

2.4
2102354
Paznen 13. O61acT npuMeHeHUs] HAHOYACTHI

13.1 | IIumeBas, papmarieBTH4ecKas, XUMUIeCKas, He(TIHas 6 2 JIL.1JI1.2 JI1.3
MIPOMBIIIJIEHHOCTR; KOJIOTHUS; YHEPTEeTHKA; CEIbCKOE XO3IHUCTBO; JI1.4J12.2 J12.3
JNEKTPOHHUKA; MATMHOCTPOSHHE, KOCMUUECKHE TEXHOIOTUH U JP. 2.4
BbITo1bI M pUCKK HAaHOTEXHOJOTHH /JIek/ 215253 D4

13.2 [Mumesas, GapmaneBTHYECKast, XUMHUecKas, HeTsaHas 6 4,7 JI1.1 J11.2 JI1.3
MIPOMBIIIJIEHHOCTR; KOJIOTHUS; YHEPTeTHKA; CEIbCKOE X03IHCTBO; JI1.4J12.2 J12.3
JJIEKTPOHMKA; MAIIMHOCTPOCHHUE, KOCMHYECKUE TEXHOJIOTHH U AP. 2.4
Beiroas! u prcku HaHOTexHONOTHH /Cp/ 31323354
Pa3nen 14. MUHas koHTakTHasi pa6ora

14.1 WunuBrayanbHble KOHCYIBTAIMH, TeKyIIHi KOHTpob /UKP/ 5 0,2 JI1.1J11.2 J11.3

JI1.4J712.1 J12.2
J12.3712.4
01323354
14.2 | HguBuIyanbHbIE KOHCYABTALWH, TEKYIUH KOHTpoas /MKP/ 6 3.3 JI1.1J11.2 J11.3
JI1.4J12.1 J12.2
J12.3712.4
01323354

6. POHJI OIEHOYHbBIX CPEJACTB

6.1. IlepeueHb BU/I0B OLIEHOYHBIX CPEACTB

KoHTponbHbIe BOIPOCHL, 3a1a4l
Bormpocsr k 3auery, s5k3aMeHy

6.2. TunoBkie KOHTPOJIbHBIE 3a1aHUSI U UHBIE MAaTEPHUAJIbI 115 TeKymeﬁ aTTeCTallun

ITpumepsl 3ana4

1. Onpenenute yAenbHYIO MOBEPXHOCTh CAEAYIOMIMX YacTHUll: a) Ky0 ¢ anuHoi pedpa 1 mxm (10-6 M), 6) map ¢ auamerpom 1
MKM, B) IIMJTMHJIP C BBICOTOW ¥ TUAMETPOM OCHOBAHHUS IO 1 MKM.

2. I'nnpo30716 copepkuT cheprdeckue 9acTuipl, mpudeM 30% Macchl MPUXOAUTCS HA YaCTHUIBL, HMeromue paquyc 20 HM, a
Macca OCTaJIbHBIX — Ha yacTHLbl panuyca 100 am. KakoBa yaenbHast OBEpXHOCTh YaCTUIIBI AUCTIEPCHOM (hasbl?

3. OmpezenuTe pajnyc YacTHII 30JIs1 HOIHUA cepedpa, UCTIONB3YA CICAYIOIIIe JaHHbIe: KodQduIueHT 1udpy3un paBeH
1,2¢10-10 mM2/c, BA3KOCTB CpeIbl —

1+10-3 ITasc, Temneparypa — 298 K.

4. Ilpu uccnegoBaHUH THAPO30IIS 30JI0Ta METOIOM MOTOYHO# ynbTpamMukpockonuu B 00beme W = 1,6°10-11 M3 moacuuTano
70 gactun. Onpenenure cpeIHIA paanyc YacTHUII 30115, cuuTas ux hopmy chepraeckoil. BecoBast koHIIEHTpanus 30515
C=7+10-21 xr/m3, motHOCTH p = 19,3103 KT/M3.

5. OnpenenuTe AUaMETP YACTHUL] a3PO30JIs, HCIIOB3Ys PE3YAbTAT UCCIEIOBAHUSI METOJOM OTOYHON YIBTPAMUKPOCKOIINH: B
oonveme 2,2¢10-2 MM3 mojacuuTaHo 87 4acTHUI] a3po30Jis (IbIMa MapTeHOBCKHX meveil). KonmenTparms aspo3ons 1+10-4
KI/M3, IUIOTHOCTH JUCTIEpCHOM (a3l 2 T/cM3, popma dacTuir chepryaeckas.

6. OnieHnTE pa3Mepsl 3apoIbIIe KPUTHIECKOTO pa3Mepa KIacTepOB BOABI U PTYTH U ONPEAEINTE, KaKHe U3 HUX
obpa3syrorcs ¢ OoJblIel TepMOANHAMUYECKOH BeposTHOCTHIO Ipu Temneparype 200C u naBnenun 5000 ITa. IToBepxHOCTHOE

© ®I'BOY BO «Henl'V»




y4pekaeHHe BBICIIEro 00pa30oBaHus
«Yensbunckuit rocynapcrBenHsiil yausepcurer» (PI'BOY BO «Henl V)

MIMHOBPHAYKHU POCCHU
@” denepanbHOE rOCYIaPCTBEHHOE OIOKETHOE 00pa30BaTeIbHOE

Pabouast nporpamma gucuiuInHbl " OH3NKO-XUMUYECKHE OCHOBBI HAHOTEXHOJIOTHHU'' 110 HAIIPaBJICHUIO TIOATOTOBKH
(cnermansHocth) 28.03.02 "HanoumkeHepus" HanpasineHHocTH (npoduino) HanoTexHOMOTHY B ctp. 10
matepuanoseneaud ®I'bOY BO «Henl'V»

HaTsDKEHHE BOJBI M PTYTH TIPH 3aaHHOI Temmepartype paBHO 72,5 mx/M2 u 470,9 M/Ix/M2 cO-OTBETCTBEHHO; INIOTHOCTH
Boabl U pTytr 0,998 r/cM3 1 13,546 1/cM3 COOTBETCTBEH-HO; JaBlieHHE HACHILICHHBIX MAapoB BOAbI U pTyTH 2336,8 [1a u
162,6610-3 Ila COOTBETCTBEHHO.

7. Paccumraiite paboTsI 00pa30BaHMS 3apOJIBIIICH KPUTHYECKOTO pa3Mepa B paciulaBax HUKEIS M MEIH TIPH OXJIAXKICHHH HX
0T TemImepaTyp miasieHus 1o temme-patypst 8000C. Temmepatypa mnasnenus menu 10830C, Huxens — 14550C. Y nenpHas
TEIUTOTA TUIaBJIeHus Meau 2688 kai/Moib, Hukens — 4200 Kan/MoJb; MIOTHOCTh paciutaBa Mead 8030 kr/m3, Hukens — 7800
KI/M3, MOBEPXHOCTHOE HATSKEHUE pac-1uiaBoB Menu 11,2 H/Mm, aukens — 1,7 H/m.

8. CpaBHHTE 00BEMBI 3apOABIIIEH XHUAKOH (pa3bl KPUTHIECKOTO pa3Mepa 3TaHOJIA IIPH X TOMOTEHHOM 00pa30BaHUH B
ra3oBoil (pase U reTepOreHHOM Ha MOBEPXHOCTHU NoudTHIeHa ipu Temnepatype 200C u nasienun 4000 Ila.
[ToBepXHOCTHOE HATSKEHHE CIIUPTA NIPU 3aJaHHON TeMIiepaType paBHo 22 MJk/M2; motHOCTh — 0,789 1/cM3; naBieHue
HacblleHHOro napa — 5333 Ila; kpaeBoil yros1 cMauuBaHus co-craBisieT 950.

9. Onennte KpuTHYECKHE pazmeps! 3apoasimieit TBepaoil ¢assr KCl u CaCl2 npu nx 06pa30BaHNH U3 IEPECHIIEHHBIX
BOJHBIX PacTBOPOB ¢ KOHIeHTpanuel 90 Bec. %, ecnu KOHIIEHTPaLUK UX HACBIILIEHHBIX PacTBOPOB paBHHI 73,5 Bec. % u 54,5
Bec. %. [ToBepxHocTHas sHeprus TBepabix kpuctamioB KCI u CaCl2 paBna 110 u 450 MH/m, a ux mmotHOCTh - 1,98 11 2,51
r/cM3 COOTBETCTBEHHO.

10. CpaBuute ckopocTu 00pa3oBaHus 3apoasiuieit kpuruueckoro pasMepa KCI u CaCl2 npu ux o6pazoBaHuu U3
HEPECHILIEHHBIX BOIHBIX PACTBOPOB ¢ KOHIeHTpanuei 90 Bec. % (BeNMYMHBI TOBEPXHOCTHON YHEPIHU H IIIOTHOCTh
TBEP/BIX KPHCTAJUIOB YKa3aHBI B IPEABIIYIICH 3a1aue).

11. 3BecTHO, 4TO IPH TEMIEpaType BO3AyXa B HIDKHEM clloe atMocdepsl 3emin, paBHoi 300C, BIaXkHBIH BO3IyX
oxyaxnaercs B cpeneM Ha 0,440C npu nmogbpeMe Ha

kaxzsie 100 M BBICOTHI. [10J163y5Ch 3aBHCHMOCTSIMH TIOBEPXHOCTHOTO HATSDKEHHUS BOJIBI M €€ TUNIOTHOCTH OT TEMITepaTyphl,
paccunTaiiTe BeTHINHBI paboT 00pa30BaHMs 3apOBIIICH KUAKOH (ha3bl KPUTHIECKOTO pa3sMepa U KPUTHIECKHE PaJNyChI
3apobliieii Ha BbIcoTax | kM, 3 KM 8 KM IpH CTENEHH MIEPECHIIEHNs, PABHOW ABYyM. 3aBHCUMOCTSAMH yKa3aHHBIX
(bM3MYECKUX BEIMYHMH OT aTMOC()EpHOTO aBIeHHs MPeHeOpeyb.

6.3. TunoBble KOHTPOJIbHBbIE€ BOIIPOCHI M 3aIaHUA I l'lpOMe)KyTO‘lHOﬁ aTTrecTalumn

KOHTpOJII:HI)Ie BOIIPOCHI IO AUCHHUTIIINHE (1)H3I/IKO-XI/IMI/I‘~ICCKI/IC OCHOBBI HAHOTCXHOJIOTHH

1. IMonstue o HaHOTeXHOJOTHU. Kiaccupukaius HAaHOOOBEKTOB.

2. KBanTtoBsle Toukn. OcoOeHHOCTH (DU3MUECKUX B3aMMOJCHCTBHI HAa HaHOMacIITabax.
3. Pa3smepnsliii 23pdext. OCHOBHBIE XapaKTEPUCTUKU YACTUL] B HAHOPa3MEPHOM COCTOSIHUH.
4. CBoiicTBa HaHOYACTHILIBI, OOYCIOBJIEHHBIE ATOMHOH M 3JIEKTPOHHON MOACHCTEMAMHU.
5. TepMoauHaAMHUYECKasi TEOPHS MMOBEPXHOCTH. [IOHATHE IMOBEPXHOCTH pa3phIBa.

6. Jasnenue Jlammacca.

7. BinsiHne moBepXHOCTHBIX 3((EKTOB HAa TeMIepaTypy ILUIABICHUS.

8. TepMoaMHAMUKa TIOBEPXHOCTHBIX SBICHHI B MaJIbIX KpHCTaJlIaX.

9. O6pasoBanne 3apoasireii HOBoH (a3pl. Kputndeckuii pazmep 3apopblmia.

10. Onykryanuu. CKOPOCTh 3apOKACHUSL.

11. 3aposKaeHUe KPUCTAIIOB B JKUAKON (ase.

12. I'ereporenHoe 3apoxacHue.

13. AKTHBHBIE IEHTpHI Ha mojmoxke. Popmyna FOwra.

14. OO0pa3oBaHre HAHOUYACTHUIl B KOJUIOMIHOM PacTBOPE, MEXaHMUYECKOE AUCTIEPTUPOBAHUE KPYIMHBIX YACTHII.
15. IIpuMepbl XMMUYECKOTO CUHTE3a HAaHOYACTHII.

16. [MoBepxHocTHO akTHBHEIE BemecTBa (I[IAB).

17. CamocoOpaHHbIE MOHOCTION U MYJBTHUCIIOH.

18. VYnopsigoueHHble pelIeTKH HAaHOYACTHUIl B KOJNJIOUIHBIX CYCHEH3USX.

19. CaMOOpraHu30BaHHbIE KOJJIOUIHBIE CTPYKTYPBI.

20. Koanecuennus. Ipunnun Kropu.

21. Teopus JIudpumna-Cne3oBa. CamocoriacoBaHHOE TUPPY3UOHHOE TIOJIE.

22. MexaHu3Mbl U JTUMUTHPYIOIIAE CTaJUHA MacCcOIlepeHoca.

23. Crexanne. CriekaHue ¢ ygacTHeM XUAKOH (a3sbl.

24. MexaHU3MbI IPUIEKaHHs TBEPIABIX Tl KOHTAKTUPYIOLIIUX B TOUKE.

25. Tonkue mueHku. OCTPOBKOBbIE METAIIMYECKUE TUIEHKH.

26. INomy4yenne rHOPHIHBIX TONMMMEP-HEOPTaHUIECKIX HAHOKOMITO3UTOB.

27. [Momydenre ruOpUIHBIX HAHOKOMIIO3UTOB 30JIb-T€Ib-METOAOM.

28. MerannononuMepHsie miaeHku Jlenrmiopa-bmomkert.

29. DJIEKTPOIIPOBOIAIINE CBOWCTBA THOPHIHBIX HAHOKOMIIO3HUTOB.

30. OnTryeckre W MOYIPOBOJIHUKOBBIC CBOWCTBA THOPUAHBIX HAHOKOMIO3UTOB.
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31. HanocTpykTypupoBaHHbBIE MaTepHalbl.

32. BnusiHMe HAHOCTPYKTYpUPOBaHUS OOBEMHOT0O MaTepHalla Ha MarHUTHBIE CBOICTBA.

33. HanocTpykTyprpoBaHHBIE MHOTOCIONHBIE MaTepUAIIbI.

34. OnuTakcusl.

35. MexaHU3MBI TeTePOTeHHOTO 00Pa30BaHUS 3apOBIIICH M AMUTAKCHH.

36. MonexynspHo-naydeBas snutakcust (MJID).

37. MIJID u peanuszauus unel cBEpXpeIeTKH A YCTPOUCTB HAHOIEKTPOHUKH.

38. Bosmoxxnoct MetonoB MJID u '3 MOC B HaHOZIEKTPOHUKE.

39. CoznaHue yrnopsa04eHHBIX KBAHTOBBIX HAHOCTPYKTYP.

40. Konuenmus "cBepxy-BHu3".

41. [MomydeHre KBaHTOBBIX TOUYEK caMOcOOpKoi atoMoB ("'CHU3Y-BBEpX").

42. COopKa HAHOCTPYKTYpP TOA BIMSHUEM MEXAHHUECKOTO HANPSKECHHS.

43. VYnpasnsemas JJHK c6opka HaHOCTPYKTYp.

44. Judpakuns peHTTEeHOBCKHX JTydei.

45. OnexrponHas muxpockonus (IIDM, COM).

46. 30HA0Basi MUKPOCKOTIHSA: CKaHUPYIOWIUK TyHHeNbHBIH Mukpockon (CTM); aToMHO-cuioBoit Mukpockorn (ACM);
Jpyrie CKaHUPYIOIUE MUKPOCKOTIBL.

47. Metoabl ONTUYECKOM CHEKTPOCKOIHU.

48. Xpomarorpa(uaecKkie METOMIbI.

49. TyHHENBHO-30HA0BbIE HAHOTEXHOJIOTHH.

50. Metonbl 30H10BOH HAHOTEXHOJIOTHH.

51. Mertoapl 3amvcu nHGOpManuu. MeToIbl 3aMTUCH, OCHOBaHHBIE HA M3MEHEHUH T€OMETPUYECKOTO penbeda
MOBEPXHOCTH.

52. Mertop! 3aIicH, OCHOBaHHbIE HA M3MEHEHMH MarHUTHOW CTPYKTYphI NMOBEPXHOCTH.

53. [psmast Moaudukanus penbeda NOBEPXHOCTH (MEXaHWIECKHH METO).

54. TepmomnoneBoi crmocod 3amucy.

55. OIEeKTPOHHO-CTUMYIHPOBAHHOE OCaXKACHUE WM TpaBIECHUE.

56. MacconepeHoc ¢ MOMOIIBIO OCTPHUS.

57. AromHas cOopka.

58. KBanroBebrii "3aron".

59. Hanocrekna - HOBasl 3allOMUHAIOMIAs Cpea.

60. PentrenoBckas nmtorpadus. DNeKTpOHHAS JIUTOTPADH.

61. Wonnas murorpadus. Bo3sMOXHOCTH IMydKOBBIX METOAOB JUTOTpaduUiL.

62. 3oHa0BbIe MeTo A6l HaHouTorpaduu (C3M-nurorpadus). Cunosas C3M-nurorpadus. Tokosas C3M-
suTorpadus.

63. [psimoe HaHecenne pucynka ¢ momoiibio CTM (aBTOIMHUCCHOHHBIH METON).

64. CoBMecTHOe Hcronb3oBanue nazepa 1 CTM B HaHONMUTOTpadUH.

65. JIeHrMIOpOBCKHE IIIIEHKH - NEPCHEKTHBHBIA PE3UCTHBHBIA MaTepual sl HaHOJIUTOrpaduH.
66. Tepmomexanndeckast HaHoMTOTrpadus. [leppeBas HaHOTHTOTpA(HS.

67. VYCTpolicTBa ONTORIEKTPOHUKY U HAHOAIEKTPOHUKH.

68. TyHHENBHBIN THOM.

69. OHOJIEKTPOHUKA.

70. CBerouob! U JNa3epbl Ha ABOMHBIX T€TEPOCTPYKTYpaXx.

71. DOTONPUEMHHUKH Ha KBaHTOBBIX siMaXx. DoTOMOABI.

72. YcrpoticTBa U MpUOOPHI HAHO(DOTOHHUKH.

73. Bonokonnas onTuka.

74. OnTudeckre MepeKiIouaTend U (GUIbTPHL

75. MarHuTHbIe HAHOYCTPOMCTBA IS 3alTUCH U XpaHEHHsS WH()OPMAIUH.

76. Hanocencopsr.

77. VYrnepoaHble HAHOCTPYKTYPBL.

78. Mertoabl monydeHust U pasaeneHus gymaepeHos. [IpuMeHenne ¢ynnepeHoB.

79. VYrieponHble HAHOTPYOKH. MeTozbl TOydeHHsT HAHOTPYOOK.

80. JIeHrMIOpOBCKHE MOJIEKYIISIPHBIE IIJIEHKH.

81. Ilepenoc MoHOcH0O€B Ha TBepAble Tena. HapamuBanue MylbTHCIOEB.

82. Hanouactuisl GMOIOTHYECKOTO MPOUCXOKIACHUS.

83. Hanomatepranbsl 1 HAaHOYACTHULIBI TEXHOTEHHOTO MPOHMCXOKACHHS — HAHOYACTHUIBI METANJIOB U OKCHJOB METAJIIOB,
HAHOTJIMHEI U JIp.

84. HanpshxeHHbIe TOTYPOBOIHUKOBEIE TETEPOCTPYKTYPhl W MPHUTOTOBICHHE U3 HUX HAHOTPYOOK.
85. Merto M3roTOBIEHUS HAHOTPYOOK CBOpPAYMBAHHEM IMOIYIIPOBOJHUKOBBIX T€TEPOCIOEB.

86. ®dopMupoBaHNe MOIYIPOBOJHUKOBEIX M METAJUINYECKUX HAHOBOJOKOH M CIHpAJCH.
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87. OO6nacTu IpUMEHEHNs HAHOYACTHI. BBITOABI M PUCKH HAHOTEXHOJIOTHIA.

6.4. Kpurepun oueHuBanus

Texymuii KOHTPOJIb TCOPETUIECKUX 3HAHUN W MPAKTHIECKUX HABBIKOB MPOMU3BOIUTCS IIPH BBITIOIHEHUH KOHTPOJIBHBIX padoT
B ()opMe OTBETOB HA KOHTPOJIBHBIE BOIIPOCHI U PELIEHNUs JOMAIIHUX 3a/1a4.

B 5 cemecTpe olLieHKa «3a4TE€HO» CTABUTCS MPH YCIOBUH MOCELICHHS NPAKTUYECKHUX U JIEKIIMOHHBIX 3aHATHH, a TaKKe IpU
BBIITOJTHEHUH KOHTPOJIBHBIX Pa0OT, MHAYE — «HE 3aUTCHOY

CTyneHT JoIycKaeTcs K ciaue S9K3aMeHa B KOHIE CeMecTpa IPH BBITIOIHEHUH JOMAITHAX PACUETHO-TIPAKTUIECKUX PadOoT.
OK3aMeHAIMOHHAs OlIEHKAa CTAaBUTCS Ha OCHOBAHUH MICbMEHHOT'O U YCTHOTO OTBETOB 110 9K3aMEHAILIMOHHOMY OHIIETY.
Onenka «OTIMYHO» CTABUTCS B TOM CJIy4ae €CJIU CTYAEHT:

- 0OHapyXHBaeT BEpPHOE MOHMNMAHIE CYIITHOCTH PACCMATPUBACMBIX SBJICHHH 1 3aKOHOMEPHOCTEH, 3aKOHOB M TEOPHI, TaeT
TOYHOE OIIpeieleHHe U HCTOIKOBAaHUE OCHOBHBIX MOHATHUII 3aKOHOB, TEOPHIA, a TaKKe MPaBHIBHOE OIIPEACIICHNE
(M3MYECKNX BEIUYHMH U3 SIMHMI] U CIIOCOO0B H3MEPEHNS;

- IPaBIJIBHO BBITIOJTHSET YEPTEXKH, CXeMBI ¥ Tpa(UKH COIyTCTBYIONIHE OTBETY;

- MOKET YCTaHABJIMBATh CBA3b MEXIY U3y4aeMbIM U PAHEE U3y4EHHBIM MAaTEPUAJIOM 10 KypCY AUCLMILIMHEL, a TAKKE C
MaTepuanoM, YCBOCHHBIM IIPU U3y4E€HUHU JIPYTUX JUCHUIIINH.

OreHka «XO0pOII0» CTaBUTCS, €CIIH OTBET YAOBIETBOPSET OCHOBHBIM TPeOOBaHMSIMH Ha OICHKY « OTIIMYHOY», HO HE
UCIIONB3YET IIJIaH OTBETA, HOBBIE IPUMEPBL, HE IIPUMEHSET 3HaHUS B HOBOM CUTYalllU, HE HUCIIOJIb3YET CBA3U C paHee
U3Y4CHHBIM MaTEPUAIOM U MaTE€PUANIOM, YCBOSHHBIM JPYTHM AUCIUILIMHAMU.

OueHka «Y TOBIETBOPUTEIIBHO» CTABUTCS, €CIIU OOJIbINAst 4aCTh OTBETA YIOBJIECTBOPSIET TPEOOBAHHMSAM OTBETY Ha OLICHKY
«Xopo1mro», HO B OTBEeTe 00HAPYKUBAIOTCS OTIEIBHBIC ITPOOEITBI, He MPEIATCTBYIOMHNE JaTbHEHIIIEMY YCBOCHHIO
mporpaMMHOro MaTepuana. CTyIeHT yMeeT IPUMEHSTh IOIydeHHbIe 3HaHHS IPH PEICHUH IIPOCTHIX 3a71ad C
UCIIOJIb30BaHNEM TOTOBBIX (JOPMYII, HO 3aTPYHSCTCS TIPH PELICHNH 3a/1a4 TpeOyIomuX npeodpa3oBanust GopMyi.
Onenka «HeynoBneTBOpUTENbHO)» CTAaBUTCA B TOM CIIydae, €CIM CTYJEHT HE OBJIa/ie]l OCHOBHBIMY 3HAHUSMM U YMEHHUSIMU B
COOTBETCTBHH C TPEOOBAHMUSAMH IPOTPAMMEI JINOO HE MOXKET OTBETHTH HI Ha OJUH U3 IIOCTABJICHHBIX BOIIPOCOB.

B nuceMeHHBIX paboTax YyIUTBIBAETCS TaKKe, KaKast 4aCTh PaOOTHI BBINOIHEHA.

7. YHEBHO-METOAUYECKOE 1 TH®OPMAIIMOHHOE OBECIIEYEHUE JUCIUIIJIMHBI (MO 1Y JIS)

7.1. Pexomenayemasi JuTepaTypa

7.1.1. OcHoBHad JIMTepaTypa

ABTOpBI, 3arnmaBue W3narenscTBo, Pecypc
JI1.1 | Enucees A. A., OyHKIIMOHATIBHBIC HAHOMATEPHAJIBL: yaeOHOe mocobue Mocksa : OBC
Jlyxamun A. B. (https://biblioclub.ru/index.php?page=book&id=68876) ®uzmaraurt, 2010
JI1.2 | MopaueBckuii A. I'. | ®usznueckas xumus. [IoBepXHOCTHBIC SBICHUS U JIUCIICPCHBIC CaHKT- 9BC
CHCTEMBI IerepOypr :
(https://e.lanbook.com/book/212024) Jlanb, 2022
JI1.3 | CmupHOB B.U. ®u3uUecKre OCHOBBI HAHOTEXHOJIOTUH U HAHOMATEpUaIbL: Bomorna : Uagpa 3bC
ydaebHOe nmocodue -Nnxenepus,
(https://znanium.com/catalog/document?id=434808) 2023
JI1.4 | Porog B. A. HaHoMaTepuaiibl 1 HAHOTEXHOJIOTHH: YICOHUK JJIsl BY30B Mockaa : FOpaiir, 9bC
(https://urait.ru/bcode/559157) 2025
7.1.2. JlonoJHHUTENbHAS JTUTEPATYPa
ABTOpBI, 3arnaBue W3narenscTBoO, Pecypc
JI2.1 | Vautua M. B., IToBepxHOCTHEIE sIBICHUS. AncopOuns: yaebHoe mocodue VBanoBO : 3bC
®ununmos /1. B., (https://e.lanbook.com/book/96114) UrxTy, 2014
®enopos A. A
JI2.2 |IIyn Y., Oysuc . , HanoTtexHomoruu: yaeOHOE TocoOue I BY30B Mockga :
Tonosun 0. U., TexHochepa,
JIyaunun B. B. 2006
JI2.3 [T'yceB A. U. HanomaTepuainsl, HAHOCTPYKTYpPbI, HAHOTEXHOJIOTUU Mocksa :
Dusmatiut, 2007
JI12.4 | T'yceB A. . HanomaTtepuanbl, HAHOCTPYKTYpbl, HAHOTEXHOJIOTUU: Mockga : 9BC
MoHoTpadus ®usmaraur, 2009
(https://biblioclub.ru/index.php?page=book&id=68859)
JI2.5 | MopaueBckuii A. I'., | ®uzudeckast Xumus. I eTeporeHHble CHCTEMbI CaHkKT- 9BC
®dupcosa E. T (https://e.lanbook.com/book/213284) IetepOypr :
Jlans, 2022
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7.2. IlepeueHsb pecypcoB HHGOPMALHOHHO-Te1eKOMMYHMKAIIUOHHOI ceTu "UHTepHeT"

o1

Jlanp [DnexTpoHHEIH pecypc] : anekTpoHHO-0nbIHoTeuHas cucrema (ObC) / m3matenscrBo Jlane. URL:
http://e.lanbook.com/

92

IOpaitt [DnexTpoHHSIH pecypc] : anekTpoHHO-O0ubanoTeuHas cuctema (OBC) / m3narensctso HOpaiit. URL:
https://urait.ru

33

YHUBepcUTETCKas ONOIUOTEKa OHIalH [ DIEKTPOHHBIN pecype] : AMeKTpoHHO-0nbmuoTedHas cucrema (O6C) / OO0
Hupextmenua [Mabmumunar. URL: http://biblioclub.ru/

24

eLIBRARY .RU [OnekTporHSIH pecype] : anekTporHas 6unbnmoreka / Hayd. amextpon. 6-ka. URL:
http://elibrary.ru/defaultx.asp

7.3 Ilepevyenb nHGOPMAIHOHHBIX TEXHOJIOT Ui

7.3.1 IIporpamMmHoOe obecrieyeHue

Adobe Reader

WinDjView

LMS Moodle

Adobe Connect Acrobat

OpenOffice

Ubuntu Linux

LibreOffice

1O Kaspersky

7.3.2 lIpodeccuonanbHbie 6a3bl AAHHBIX U HHPOPMALMOHHO-CIIPABOYHbBIE CHCTEMbI

1. DneKkTpoHHBIN KaTanor HaydHoU oubmmorekn UenlY [DnekTpoHHbIi pecype] : 6a3a nanubix / Yensio. roc. yH-T. —
Yenstounck, 1992.

2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics :
sypHanel American Physical Society : caiit. — URL: http://journals.aps.org/about — 53. anrn. — Pexxum nocrymna: Toneko u3
CeTH yHuBepcuTeTa. — TeKCT : 2JeKTPOHHBIN.

3. Web of Science : MmyasTHAHCIUIIINHAPHAS pedepaTuBHas Oa3a qaHHBIX / Kommanus Thomson Reuters. — Pexxum noctyma:
N5 3apeructpup. noas3oBateneit Yenl'Y. — TeKcT : aneKTpOHHBIMH.

4. Scopus : pedeparusHas 6a3a qaHHbIX / Elsevier BV. — URL: http://www.scopus.com/ — 3. anri. — Pexum goctyna: s
3apeructpup. nojp3oBateneid Yenl'Y. — TeKCT : 3ME€KTpOHHBIM.

5. Springer Link : [caitr]. — URL: http://link.springer.com/ — $I3. anri. — PexuM nocTyma: 1uis 3aperucTpup. MoJIb30BaTenei
Uenl'Y. — Tekcr : 31IeKTPOHHBIN.

8. MATEPHAJIBHO-TEXHUMYECKOE OBECIIEYEHME JUCIIMITJIMHBI (MOJY JIA)

OcBOEHHE AUCIHUILUIMHBI OCYIIECTBIACTCS B y4eOHOH ayITOPHH IIEPBOTO KOpITyca, pacCUUTaHHOH Ha 25 cryneHToB. Eciu
3aHATHUS BEAyTCs JUIS IOTOKA CTYACHTOB, TO JUCIUIUIMHA BEJETCS B JICKIHOHHON ayITUTOPHH MEPBOTO KOPITyca,
paccuuranHoi Ha 100 cTyqeHTOB.

JIJIs yCTIenHOTO 0CBOCHUS TUCIIMILUTHHBI ayTUTOPHS JOJDKHA OBITH 000PYI0BaHA MYJIbTHMEINHHBIM KOMIUIEKCOM U 9KpaHOM
JUISL IEMOHCTpALMK CIaiI0OBBIX TPe3eHTaI1i.

Vcrionp3yroTest 3MeKTpOHHBIN YHTATBHEIN 321 HaydHoH 6nbmmorexn Yenl'Y (aymuropuu 205, 206) w1t caMoCTOATENbHON
paboTHI CTy/IeHTa, OCHAIIIEHHBIEC IIEPCOHANBHBIMY KOMIIBIOTEPAMH, MyIbTUMEANIHOIT anmapaTypoit. B ayquropusax
o0ecIieueH JIOCTYI K Pa3IM4HOM CIPAaBOYHON JIMTEPATYPE, SHIMKIIONEUIM, OnOInorpadMueckuM 1 MOJTHOTEKCTOBBIM Oa3am
JTAHHBIX, THQOPMAIOHHEIM pecypcaM «VHTepHeT».

9. METOIUYECKHUE YKA3AHUA JJIAA OBYYAIOIINXCA 110 OCBOEHUIO JUCHUITIJIMHBI (MOAY JIS)

Ipu 3ydeHny aHHOW IMCIUILIMHBI HCTIOJIB3YFOTCS JIEKIMOHHbIE, IPAKTHUECKHE 3aHATHSL M CAMOCTOATENbHas paboTa
crymeHTa. Ha TeKIMOHHBIX 3aHATHAX MIPEIoAaBaTeNb H3JIaraeT OCHOBHOE CO/lepkaHue TeM ImporpaMMsl. [IpopaboTky
JIEKIIMOHHOTO MaTepuaa XelaTeIbHO MPOBOANUTH KaK MOCIe KaXKI0T0 3aHATUS, TaK U 110 3aBEPIICHHUIO TEMBL. DTO MO3BOJIUT
CBSI3aTh BOEUHO MOJIYYEHHBIE CBEACHHS H COCTaBUTH IIETIbHYIO KApTHHY.

Ha npakThueckux 3aHATUAX PACCMATPUBAIOTCS OCHOBHBIE METOBI M IPUEMBI peLlICHUs 3a1a4. PekomenayeTcs nepen
KaKIbIM IIPaKTUYECKUM 3aHATUEM BBINIOJIHUTH JOMAIIHEE 3aJaHHUE, YTO IO3BOJIUT JIydllle YCBOUTH IPEABLAYIINI MaTepual
Y U3Yy4YMTh JEKIIMOHHBIN MaTepual Mo MpeICcToAIIEel TeMe.

Ba)kHBIM MOMEHTOM NPH U3y4EHUH JIFO00H AUCIUIUINHEI SBISIETCS] OPTaHU3aIMs CAMOCTOSTENILHON paboTsl. [Ipy ocBoeHNN
MaTeprala He CIIeIyeT CTPEMHTHCS K MEXaHHIeCKOMY 3alIOMHHAHHIO ITPUBEICHHBIX OIpeieNIeHnH, (OPMYITNPOBOK H
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y4pekaeHHe BBICIIEro 00pa30oBaHus
«Yensbunckuit rocynapcrBenHsiil yausepcurer» (PI'BOY BO «Henl V)

MIMHOBPHAYKHU POCCHU
@” denepanbHOE TOCYIapCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE

Pabouast nporpamma gucuiuInHbl " OH3NKO-XUMUYECKHE OCHOBBI HAHOTEXHOJIOTHHU'' 110 HAIIPaBJICHUIO TIOATOTOBKH
(cnermansHocth) 28.03.02 "HanoumkeHepus" HanpasineHHocTH (npoduino) HanoTexHOMOTHY B ctp. 14
matepuanoseneaud ®I'bOY BO «Henl'V»

TOJIOKEHHMH, ecn TpeOoBaHM K BaM mpsiMo He yka3siBatoT Ha 3T0. BriosHe a3 exTrBHOMN MOKET OKa3aThCs IMOMBITKA
MOHSATH CYTh IBIIEHHs, BEIPA0OTaTh CBOE OTHOIIEHHE K HEMY, ONIMPAasCh Ha MaTepuall, CoJAepKalIuics B peKOMEHIOBaHHON
mutepatype. CkazaHHOe 0COOEHHO 3(PEKTHBHO, KOTJ]a Peub UJIET O TAKUX TPEOOBAHUAX, KAK «IIOHUMAET» WITH «UMEET
npencrasieHne». Hamporus, ecii Bel nmeere neno ¢ TpeOoBaHMEM K IEATETBHOCTH «JOJDKEH YMETBY, TO PEKOMEHTYeTCS
HOYIPaXKHATHCS B COOTBETCTBYIOIIEM BHUJIE JACATEIBHOCTH. Bee 3TO MMeeT HemocpeICTBEHHOE OTHOIIEHUE K IIOATOTOBKE K
MPaKTHYECKUM 3aHITUSIM.

B ciysae npuMeHeHHs Tpu 00Y4eHUH AUCIUTUTHHEL DJICKTPOHHOTO 00Y4YEHHSI, TUCTaHIIMOHHBIX 00pa30BaTeNbHBIX
TEXHOJIOTHH OOIIeHHe 00YIarOIMUXCSI ¥ TPEHOAAaBATENS OCYIIECTBISIETCS B PEKUME PEATFHOTO BPEMEHH (OHIAHH-IEeKIN
(BeOuHapHI), YaThl, BUACO-KOH(PEPEHLINH U Ap.) WIN OTI0KEHHOTO BPEMEHH (CHCTeMa AUCTaHIMOHHOTO 00y4ueHus Moodle,
MS Office365, hopymbl, SIeKTpOHHAS TTOYTA U AP.).

ITpn 0OydeHny NHIl C OTPaHNIEHHBIMHI BO3MOXKHOCTSMH 3/JOPOBBS JJICKTPOHHOE 00ydeHHUE, TUCTAaHIIHOHHEIC
00pa3oBaTenbHBIE TEXHOJIOTUH MPEIyCMaTPUBAIOT BOZMOXKHOCTG IIpHeMa-Tepeiaui HH(GOPMAIUY B JOCTYMHBIX IS HUX
dbopmax.

Peanmsanust qUCIMIUIMHEI ¢ TPUMEHEHHEM 3JICKTPOHHOTO 00Y4eHHs, TUCTAaHIIMOHHBIX 00pa30BaTebHBIX TEXHOJIOTHH (aree
— 30, JOT) ocymiecTBusieTcs Ha OCHOBaHUHU «I10JIOKEHNUS 0 peann3aii OCHOBHBIX U JIOTIOJTHUTEIBHBIX 00pa30BaTEIBbHBIX
IporpaMM ¢ IpUMEHEHHEM 3JIeKTPOHHOTO 00y4eHUs U IUCTAaHIIMOHHBIX 00pa30BaTeNbHBIX TEXHOIOIUII B (heepaabHOM
roCyJapCTBEHHOM OIO/XKETHOM 00pa30BaTeIbHOM YUPEXKACHNUH BbICIIEro 00pazoBaHus «UenssOMHCKUIN rocynapcTBEHHBIH
yHHEBepcHUTeT», «[10705KeHNs 0 TTopsAAKe 3aUeTa 00YJAONIIMHICS TI0 OCHOBHBIM IIPO(ECCHOHATIBHBIM 00pa30BaTeIbHBIM
nporpammMam Beicirero oopasosanus B PI'bOY BO «Uenl'¥Y» pe3ynpTaToB OCBOSHHUS B OPTAaHU3AIMAK, OCYIIECTBIISIOMIIX
00pa3oBaTeNbHYIO AEATENBHOCTD, YIEOHBIX IPEAMETOB, KypCOB, AUCIUILTHH (MOIYNeH), MPaKTHUK, JOTOTHUTEIbHBIX
00pa30BaTeNLHBIX MPOTPAMM) MTOCPEICTBOM JIEKTPOHHON HH(POpMaImoHHo-00pa3oBaTenbHOl cpensl @TBOY BO
«Uenl'Y». B nckimoanTenbHBIX cirydasx ((Gopc-Maxkop U T.I1.) IIPH peann3aiy 00pa30BaTeNbHON IS TETFHOCTH C
npumeHenueM D0, JIOT MoryT npuMeHSTh KOMIIOHEHTHI, HE BXOAAIINE B IIEPEUeHb AIEKTPOHHON HH(OPMALIUOHHO-
00pa30oBaTeNbHON Cpesibl.

10. CHEIIMAJIBHBIE YCJIOBHUS OCBOEHUSA JUCIIMITJIMHBI OBYYAIOINIUMHUCH C
NHBAJINJIHOCTBIO 1 OT'PAHUYEHHBIMU BO3SMOXHOCTSAMU 31OPOBbS

OcCBOCHUE IUCHUIUIMHBI WHBAIMAAMH M JIMIAMH C OTPAaHMYCHHBIMA BO3MOXKHOCTSMH 3JIOPOBBSl OCYLICCTBISETCA C
UCIIOJIb30BAaHUEM CICLHAIBHBIX TEXHHYECKHX CPEICTB M HMH(MOPMALMOHHBIX TEXHOJOTHH, MNPEIOCTaBIsIEMbIX PecypcHbIM
y4eOHO-METOANYECKUM LIEHTPOM MO OOYYEHHIO MHBAIMJIOB U JIUI C OTPaHMYCHHBIMH BO3MOXKHOCTSIMH 310poBbst Yenl'V 1o
3ampocy oOydaromierocss (MOOMIbHBIC CIICIHATIbHBIC TEXHHYECKHE CPEACTBAa JUIS JIMI C HAPYIICHUSIMH 3pEHHS H C
HapYIICHUEM CIIyXa, aCCHCTUBHBIC MH)OPMAMOHHBIC TEXHOJIOTHH).

ITpu HEeoOXoaAMMOCTH Ul OOYYAIOMIMXCS € HAPYIISHUSIMH 3pEHHs Ha paboduMX MecTax Uis MPOBEICHUS IHPAKTHUECKHX HITH
JTa00paTOPHBIX 3aHATHIl yCTaHABIMBAaeTCs CIELMAIBLHOE NporpaMMHOe obecreyeHue (IporpaMma pedeBOl HaBHIalWH,
peUeBbIC CHHTE3aTOPBI, SKPAHHBIC JIYIIb).

B yueOHble aymuropuu obecrieunBaeTCs OCSCHPESITCTBEHHBIA JIOCTYN Jjis  OOYYalomMXCsl € WHBAIUIHOCTBIO U C
OTpaHMYECHHBIMH BO3MOJYKHOCTSIMH 37I0pOBbsl. B KakIoi aymuropuu, riae oOydaroTcsi MHBAJIHMABI M JIMLA C OIPaHUYCHHBIMU
BO3MOXXHOCTSIMH  3JI0POBBSI, IPEAYCMATPUBACTCS COOTBETCTBYIOLICE KOJIMYECTBO MECT Uil OOYYAIOIUXCS C y4eTOM
HapYIICHUH UX 310POBBSI.

st OCBOGHHMSI IMCUMIUIMHBL MHBAJIMAAM M JIMIAM C OIPaHUYCHHBIMH BO3MOXKHOCTSIMH 3[I0POBbSI IIPEIOCTABISIETCSl AOCTYI K
MEeYaTHBIM HCTOYHHMKAM, MMEIOIMMCS B HayyHoW OuOimoreke Yenl'Y, ¢ MOMOILIBIO ClENMaibHBIX TEXHHYECKUX CPEACTB;
JIOCTYI C TOMOIIBIO CIIEIHANTBEHBIX TEXHHYSCKUX U HMPOTPAMMHBIX CPEICTB K 3JCKTPOHHBIM HCTOYHHKAM, MPEICTABICHHBIM B
(hopMe 2IeKTPOHHOTO TOKyMEHTa B (hoHIe HayaHOU OnbnmroTekn Yenl'Y wiy 21eKTpOHHO-ONOIMOTEIHBIX CHCTEMAX.
YueOHO-METOANUECKHE MaTepHaibl s OOY4aloIMXCsl M3 YMCIa WHBAIWAOB U JIMI C OTPAaHUYCHHBIMH BO3MOXKHOCTSIMH
3[I0POBbsl TPENOCTABISIIOTCA B (hOopMax, aJaNTHPOBAHHBIX K OTrPAaHHYCHUSIM HX 3[0POBbS M OCOOCHHOCTSM BOCIPHUSITHUS
HHpOpMAIIUH.

Jnsi MHBaNWIOB U JIMI[ C OTPAaHHWYCHHBIMH BO3MOXKHOCTSIMH 3/I0POBbSI OCBOCHHE AMCLUIUIMHBI MOXET ObITh YAaCTHYHO WK
MOJIHOCTBIO OCYIIECTBICHO C HCITIOJIb30BaHUEM JUCTAHIIMOHHBIX 00pa30BaTEeNbHBIX TEXHOJIOTH.

Ilpu npoBeseHHH MPOMEXKYTOYHON ATTECTAI[MM IO TUCHHUIUIMHE OOYJAIOIMMCS C HHBAIUAHOCTBIO U C OTPaHUYCHHBIMHU
BO3MOXHOCTSIMH 3/I0POBbsI 00ECIEUMBACTCS 10 MX 3asBICHHIO MPEAOCTABICHHUE B IOCTYMHOH (OpMe B 3aBHCHMOCTH OT HX
WH/IMBHIYalbHbIX OCOOEHHOCTEH HHCTPYKIMH O TMOPSIKE MPOBEIACHMS NPOMEXKYTOYHON aTTECTALMH, OLECHOYHBIX CPEICTB M
BO3MOKHOCTH OTBETOB Ha 3a/aHus (IHCbMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIIBIOTEpE, MUCbMEHHO MmpudToM bpaiins, ¢
HCITOJIb30BAaHHEM YCIIYT aCCHCTCHTA, YCTHO).

[Ipy mpoBeAeHHH TPOLEAYPHl OLECHHBAHUS PE3Y/IbTATOB OOY4EHHS MHBAJIMAOB M JIMI[ C OIPaHUMYCHHBIMH BO3MOXKHOCTSIMH
37I0pOBbsI TIPEAYCMATPUBAETCSl MCIOJIb30BaHUE mpenocTaBieHHbIX Yenl'Y mnnum  COOCTBEHHBIX TEXHHUYECKHX CPEICTB,
HEOOXOAMMBIX MM B CBS3M C WX HHAWBUIYaJbHBIMH OCOOCHHOCTAMH. [Ipy HEOOXOIUMOCTH HWHBAJIHMIAM H JIUIAM C
OTPaHHYCHHBIMH BO3MOXKHOCTSIMH 37I0POBbSI IPEIOCTABIISETCS JOMOIHUTENPHOE BpeMsl AJIsl TIOJrOTOBKH OTBETAa HA 3aJaHMs,
NpoLEe/ypa OLICHUBAHUS PE3YJILTATOB 00yUEeHUS 110 JUCHUILINHE MOXKET HPOBOJMTHCS B HECKOJIBKO ITAIIOB.
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PaGouas nporpaMmma qucuUMIJIMHBI (MOYJ1s1) 0100peHa U PeKOMEHI0BaHa:

ITpopekTop 1o yueOHO paboTe yTBepxkaeHo 27.02.26 A.A. CanamaToB
Y4eHbsIM cOBETOM (hU3NIECKOTO aKyabTeTa

ITporokon 3aceqanust Ne 05 ot 26.02.2026

[Ipencenarens YueHOro coBera

(husmueckoro paxkynpTeTa COIJIaCOBaHO M.A. 3arpeOun
3acenanuem kadeapbl GU3NKH KOHIEHCUPOBAHHOIO COCTOSTHUS

ITporoxon 3aceqanust Ne 05 ot 17.06.2026

3aBenyromuil kadeapoit COITIACOBAHO B.JI. byuensnukos
ABTOD (COCTaBUTEIIH) LI.1I. SAradapos

CTpykTypa pa6oueii mporpaMmbl CO0OTBeTCTBYeT mpukasy pekropa ®I'bOY BO «Ueal'¥» ot «13»
anpeas 2021 r. Ne 274-1
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