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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 (podio) 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 mporieccoB GopMupOBaHKS HAHOYACTHUI] B TA30BOH M JKHIKOW (ha3ax M HAHOCHCTEM ITyTEM
MOJIEKYIISIPHO-TTY4eBON ¥ ra30(ha3HOM SUTAKCHUH;

4. PaccMoTpeHne METO/IOB HCCIIEI0BaHHSI HAHOCHCTEM;

5. PaccmoTperre METOIOB CO3IaHUs HAHOCTPYKTYp ¢ momoinsio C3M u HaHONuTOrpadum;

6. PaccmoTpenne MeTo10B HoMy4eHHs (DYHKIMOHANBHBIX U KOHCTPYKIIMOHHBIX HAHOMaTepHaJOB 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: b1.0.11

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

Hpe)lZ[I/IHJ'IOMHaﬂ IIpaKTUKa

BrinonHeHue U 3a1uTa BEITYCKHON KBANU()UKAITUOHHONW PabOThI
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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 (npoduito) HanoTexHOIOTHY B ctp. 4
matepuanoseneaud ®I'bOY BO «Henl'V»

3. KOMIIETEHIIMY OBYYAIOILETOCSl, ®OPMHUPYEMBIE B PE3YJIETATE OCBOEHUSI TUCLMTTINHBI
(MOZY.JIA)

OIIK-2: CniocoGen ocyiecTBJIATH NPOecCHOHATBHYIO e TeJIbHOCTD € Y4eTOM IKOHOMUYECKHX, IKOJIOTHYeCKHUX,
COHAJBHBIX U JIPYTUX orpaﬂuqennﬁ Ha BCeX 3Tanax ’KM3HEHHOIo HMKJ1a Oﬁ"beKTOB, CHUCTEM U MPOLECCOB

3HaTh:

Jns noctmxenust OIK-2.1: TeXHUKO-9KOHOMHUYECKOE 000CHOBAaHHE U SKOHOMUYECKYIO OIIEHKY MPOSKTHBIX PEIICHUH 1
WH)XEHEPHBIX 3371a4 B 00J1aCTH HAHOCTPYKTYPUPOBAaHHBIX MaTEPHAJIOB

Ymers:

Jost noctrxennst OIIK-2.2, OIIK-2.3: paccunThIBaTh AJIUTEIBHOCTD BHIMOIHEHUS TEXHOJIOTUYECKUX OTepaIuil
IIPOU3BOJICTBA HAHOCTPYKTYPUPOBAHHBIX MaTepHaJIOB C MUCII0JIb30BAHUEM HOPMATUBHBIX CIIPABOYHHKOB

Baagern:

Hnsa noctrxenus OIIK-2.4, OITK-2.5: ocHOBHBIMM NPEACTaBIECHUSIMU O (POPMUPOBAHUY HAHOYACTHIL U HAHOCUCTEM

OIIK-3: Cnioco0eH mpoBOAUTH 3MePEeHHsI H HA0JII0/IeHN s, 00padaThIBATh U NMPEACTABIATH IKCIIEPUMEHTATbHbIE
JaHHbIE

3HaTh:

Jnsa noctrxenust OIIK-3.1: ocHOBHBIE (PU3NKO-XUMHYECKHE METO/IbI UCCIIEI0BAHUS CTPYKTYPHI U CBOIICTB MaTepraioB

YMmeThb:

Jnst noctrxenus OIIK-3.2: pemats 3agauu o pa3pabOTKE MAKETOB HAHOM3IEINHN U UX MOIYJEH; IPOU3BOIUTH PACUEThI
TEXHUUYECKUX XapaKTEPUCTHK MAKETOB;

Baanernb:

Juns moctmxenns OIIK-3.2: meTonaMu n3MepeHust, 00pabOTKH M IPEICTABICHNS SKCIEPUMEHTABHBIX JTaHHBIX

OIIK-7: Crioco6eH NpoeKTUPOBATH M CONPOBOKIATH MPOU3BOICTBO TEXHUYECKUX 00bEKTOB, CHCTEM U NMPOLIECCOB B
00,12CTH HAHOUHKEHEePHH

3HaTh:

Jusa noctmxenust OIK-7.1: ¢usndeckne n Xumudeckrne 0cOOEHHOCTH HAHOAMCIIEPCHBIX YaCTHII, (PH3UKO-XUMHUIO
MOBEPXHOCTH, MPOILIECCOB (POPMHUPOBAHUS HAHOCTPYKTYP U HAHOMATEPHUAIOB, METObI IOJIYYCHHUS U UCCIETOBAHNUS
HaHOCUCTEM

YMeTh:

s nocrixenus OIIK-7.2: mpoeKTHPOBATh M CONPOBOXKIATH IPOU3BOACTBO TEXHHYECKUX OOBEKTOB, CHCTEM M IPOLIECCOB B
00acTn HAHOMHKCHEPHH

Baanern:

s moctmxenns OIIK-7.3: nmpeacTaBiaeHMSIME 0 MeTOaX (POPMHUPOBAHHUS HAHOCTPYKTYP, TOIYyIEHHS 1 UCCIICIOBAHNI
HAHOCUCTEM

B pe3ysbTaTe 0cBOeHHUS JUCHMILINHBI 00yYalOLUICS 10JKEeH

3.1 |3narn:

3.1.1 | ocobenHOCTH (1)I/ISI/IKO—XI/IMI/I‘{CCKI/IX IPOLCCCOB NPOTCKAOIIUX B HAHOJUCIICPCHBIX CUCTEMAaX; IMPOLECChI
(1)0pMI/IpOBaHI/I$[ HAaHOYAaCTUIl © HAHOCUCTEM,; MCTOAbI PCIICHUS 3a1a4,

3.2 | YMeTh:

3.2.1 peuaTth 3aaavu, paSpaGaTBIBaTL MaKeThl HAHOMBACIHUHN U UX MOAYIH; MIPOU3BOANUTL PACYCTBI TEXHUYCCKUX
XapaKTCPUCTHUK MAKCTOB,

3.3 | Bnagern:

3.3.1 | MeToJaMu IPOSKTHPOBAHUS HAHOOOBEKTOB M (POPMUPYEMBIX Ha X OCHOBE M3/IENUiT (BKIIFOYAst JJICKTPOHHEIE,
MEXaHWYECKHe, ONITHUECKUE U JIPyTHe)
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y4pekaeHHe BBICIIEro 00pa30oBaHus
«Yensbunckuit rocynapcrBenHsiil yausepcurer» (PI'BOY BO «Henl V)

MIMHOBPHAYKHU POCCHU
@” denepanbHOE TOCYIapCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE

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 63ET
YacoB 1o y4eOHOMY IIaHy : 216 Bunb koHTpONIS B cemecTpax:
B TOM YHUCIIe
ayAUTOPHBIC 3aHITHS : 86 9K3aMeHbI 6
caMocCTosiTeNbHas paboTa : 99,1 3a4ueTsl 5
4acoB Ha KOHTPOJIb : 18
KOHTaKTHas pabora: 98,9
UKP: 12,9
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: JI1.5712.4 J12.5
npeaenbHas MUHHATIOPU3ALHS, paclpeieleHHast CTPYKTypa, MPUHIHIT 2.7
ITOCTPOCHUS CUCTEMBI «CHU3Y-BBEPX» U «CBEPXY- BHH3Y, 213253 54
camoopranuzanus. KBaHtoBble TOUKH. MeXITUCIIUITHHAPHOCTE
HAHOTEXHOJOTHH. [TepCreKTHBEI MIMPOKOMACIITAOHOTO IPUMEHEHHSI
HaHOTeXHoJorui /JIek/

1.2 Kraccudukanus HaHO0ObEKTOB. MK TUCIUILIMHAPHOCTD 5 12 JIT.1 J11.2 J11.3
HaHOTexHOoJorui. /Cp/ JI1.5712.4 J12.5

J12.7
01323354
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 JI1.5712.1 J12.4
XapaKTepUCTUKH YaCTHUI] B HAHOpa3MepHOM cocTrosHuu. CBoiicTBa JI2.5 J12.6 J12.7
HAHOYACTUIIBI, 00YCIIOBICHHBIC AaTOMHOM U JIEKTPOHHOH MOICHCTEMaMHU. J12.9
Kommmrexc pu3naecknx M XUMHYECKUX CBOMCTB, BOSHUKAIOMINX TIPH 01223354
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 JI1.5J12.1 JI2.4
HAHOYACTHIIbI, 00YCIIOBIEHHbIE AaTOMHOM U 3JIEKTPOHHON JI2.5J12.6 J12.7
noacucremamu. /TIp/ J12.9

01323354

2.3 Kommutexe pu3ndecknx 1 XUMHUECKHX CBOMCTB, BOSHUKAIOIINX TIPU 5 14,5 JIT.1 J11.2 J11.3
nepexo/ie OT MUKPO- K HaHOpa3MepaM: Oobliast yaedbHas HOBEPXHOCTD, JIL.SJ12.1 J12.4
YBEITMYEHHUE XUMUYECKOTO TIOTEHI[AA, BEICOKAs aJICOPOIIMOHHAS JI2.5 J12.6 J12.7
aKTHBHOCTH U 1p. /Cp/ J12.9

01323354
Pa3nen 3. ®u3nko-xuMus NOBEPXHOCTH

3.1 TepmoauHamMuueckas TeopHs noBepXHOCTH. [ToHATHE NOBEPXHOCTH 5 4 J1.1J11.2J11.3
paspeiBa. Jlasnenue Jlamnacca. Bnusaue noBepXHOCTHBIX 3 PeKToB Ha JI1.5J12.2 J12.3
TemIeparypy miasnenus. Mcnapenue. TepMoarHaMuKa IOBEPXHOCTHBIX J12.4 J12.5 J12.7
SIBTICHIH B MAJIBIX KpHCTaUIax. /JIex/ J2.8

212233 24
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3.2 Jasnenue Jlannacca. BimsiHne moBepXHOCTHBIX 3((HEKTOB Ha 4 JI1.1 J11.2 J11.3
TeMIeparypy IiaBieHus. TepMoaMHaMHUKa TOBEPXHOCTHBIX SIBICHUN B JI1.5J12.2J12.3
ManbIx Kpuctamiax. /TIp/ J12.4 J12.5 J12.7

J12.8
01323354

33 TepmoauHamMuueckas Teopus noBepxHocT. [ToHATHE NOBEPXHOCTH 12 J1.1J11.2J11.3
paspeiBa. Ucnapenue. TepMoarHaMuKa MOBEPXHOCTHBIX SIBJICHHH B JI1.5J12.2 J12.3
MausIX kpucramiax. /Cp/ J12.4 J12.5 J12.7

2.8
212233 24
Pa3nen 4. I'ereporennsle npouecchl GOpMHUPOBAHUSA HAHOCTPYKTYP

4.1 O6pa3zoBanue 3apoapiei HoBoil (a3bl. Kpurndeckuit pazmep 3apoapliia. 6 JI1.1J11.2 J11.3
Onykryaunu. CKOpOCTh 3apOXKACHUA. 3apOKICHUE KPUCTAIUIOB B KHUIKON JI1.5J12.4 J12.5
¢aze. ['ereporenHoe 3apokaeHre. AKTUBHBIE IEHTPHI HA TIOTOXKKE. JI2.7
®opwmyna IOnra. O6pa3oBaHne HAHOYACTHUII B KOJUIOUAHOM PacTBOpE, 01323354
MEXaHUUECKOE IUCIEPTUPOBAHNE KPYIHBIX YaCTHILL. Y IOPSA0YCHHBIE
pEIIeTKN HAaHOYACTHII B KOJUIOWAHBIX CyceH3MsIx. CaMoOpraHn30BaHHEIC
KOJUIOMIHBIE CTPYKTYPHI. [IpIMephl XUMHYECKOTO CHHTE3a HAHOYACTHII,

[ToBepxnoctHO akTuBHBIE BemecTBa (ITAB). CamocoOpaHHbBIE MOHOCION
U MyneTHCIOH. /JIex/

4.2 OO6pa3zoBanue 3apobiiieid HOBoH (a3bl. Kputndeckuit pazmep 3apoapiima. 4 JIT.1JI1.2 JI1.3
CKOpOCTh 3apoaeHHs. 3apoxKIeHIE KPUCTAIUIOB B XKHUIKOH (hase. JI1.5J12.4 J12.5
I'ereporennoe 3apoxaeHue. [IoBepXHOCTHO aKTHBHBIE BELLIECTBA 2.7
(ITAB). Mlp/ 21223324

43 AKTUBHBIE IIECHTPHI Ha Mo 10kKe. Dopmyna FOHra. OOpaszoBanue 20 JIT.1JI1.2 JI1.3
HAHOYACTUI] B KOJUIOUJHOM PacTBOPE, MEXaHUUECKOE AUCIIEPTUPOBAHUE JI1.5712.4 J12.5
KPYIHBIX YaCTUL. YIOPSAA0YEHHBIE PEIIETKA HAHOYACTHL] B KOJUIOUIHBIX 2.7
cycneH3usix. [IpruMepbl XUMHYIECKOTO CHHTe3a HaHovdacThll. /Cp/ 213253 54
Pazges 5. I'eteporennsie npoueccbl GOPMUPOBAHUS
HAHOMATEPHAJIOB

5.1 Koanecuenmwst. [Tpuamun Kropu. Teopus Jludmmuma-Cnesosa. 4 JIT.1 J11.2 J11.3
CamocornacoBanHoe auddysnonnoe moue. MexaHU3MBI U JI1.5J12.4 J12.5
JUMUTHUPYIOILUE CTaIuu MacconiepeHoca. Cnekanue. Criekanue ¢ J12.7
y9acTHeM XXUAKOH (a3el. MeXaHU3MBI TPUIICKAHIS TBEPIBIX TE 01223354
KOHTaKTHPYIOIUX B TOUKe. ToHKHE TIeHKH. OCTPOBKOBEIE
MeTajuIndecKue ieHku. [lomydeHre ruOpuaHbIX MOJIuMep-

HEOpraHMYECKUX HAaHOKOMITO3UTOB. [loirydaeHne ruOpuIHbIX
HaHOKOMIIO3UTOB 30J1b-TeIIb-METOJOM. MeTaIooIMMEpHBIE TTEHKH
Jlenrmiopa-binomKeTT - caMoOOpraHM30BaHHbIE THOPUIHBIE
HAaHOKOMIIO3UTHI. DJIEKTPONPOBOISIUE CBOWCTBA TMOPUAHBIX
HaHOKOMMO3UTOB. ONTHYECKHE U TIOJYIIPOBOTHUKOBBIE CBOHCTBA
THOPUAHBIX HAHOKOMITO3UTOB. OCHOBHBIE 00JIACTH IPUMEHEHHS
THOPUAHBIX HAHOKOMIIO3UTOB.

Jlexust 6. MeTo bl HOTy9IeHHS YITOPSTOYCHHBIX HAHOCTPYKTYP

/JTex/

5.2 Koanecuennust. Teopus Jludmmma-Cre3oBa. MexaHU3MBI U 4 JIT.1 J11.2 J11.3
JUMHTHUPYIOIUE CTaTuu Macconiepenoca. Cnekanue. Criekanue ¢ JI1.5712.4 J12.5
ydacTUeM KUIKOH (a3bl. MeXxaHU3MBbI TPUTICKAHUS TBEPABIX TEI JI2.7
KOHTAKTUPYIOIIUX B TOUKe. ToHKHUE MIeHKU. OCTPOBKOBBIE 012233 54
MeTaludecKkue mieHku. /IIp/

53 [onmydeHre THOPUIHBIX MOTUMEP-HEOPTAaHUYECKUX HAHOKOMITO3HUTOB. 12 JI.1J11.2 J11.3
DIIEKTPOIIPOBOISIINE, ONITUYECKHE U TIOJIYTPOBOJHUKOBBIE CBOHWCTBA JI1.5J12.4 J12.5
THOPHUIHBIX HAHOKOMITO3UTOB. OCHOBHBIE 00JIaCTH MTPUMEHEHUS J12.7
rHOPUIHBIX HAHOKOMITIO3HUTOB. /Cp/ 01323354
Paznen 6. MeToasl noay4eHus: ynopsa04eHHbIX 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). JI1.5J12.4 J12.5
CamoopraHu3zaius npy dMUTaKCHAILHOM pocte. MJID u peanuzanus JI2.7
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.

/JTex/

6.2 Onurakcus. MexaHn3MBbl TeTEPOTeHHOTO 00pa30BaHMs 3apOIBIIICH 1 6 6 JI1.1J11.2 JI1.3
snuTakcuu. MonekynspHo-nydeBas snutakcus (MJID). Coznanue JI1.5J12.4 J12.5
YHOPSIIOUEHHBIX KBAHTOBBIX HAHOCTPYKTYP. IlonydeHne KBaHTOBBIX J2.7
TOYEK caMOCOOPKOif aToMOB (KoHIennus "cHu3y-BBepx"). /IIp/ 21323354

6.3 Camoopranu3zanus Ipy AMUTAKCHATILHOM pocTe. Bo3MokHOCTH METO10B 6 3,6 JIT.1JI1.2 JI1.3
MJID u I'®D MOC B HaHO9neKTpoHUKe. COOpKAa HAHOCTPYKTYP MO JI1.5J12.4 J12.5
BIIMSIHHEM MeXaHUuecKkoro HampspkeHus. Ynpasisemas JJTHK cOopka 2.7
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 JI1.4 J11.5J12.4
(CTM); atomMHO-cuitoBoii Mukpockon (ACM); npyrue CKaHUpYIOLIe J2.5J12.7
MHUKPOCKOTIBI. OKe-CIIeKTPOCKOIHsA. MeToIbl ONTHYECKON 21032053 54
creKTpocKonnu. TexHoIorHueckoe 000pyIOBaHNE IS HCCICIOBaHAS
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 JI1.4 J11.5J12.4
(CTM); atomMHO-critoBO# MEKpockon (ACM); npyrue cCKaHUpYIOIIHe JI2.5J12.7
MHUKPOCKOTIBEI. MeToibl onTu4ecKo cnekrpockomnuu. /IIp/ 01323354

7.3 Oxxe-criekTpockonusi. TexHonornaeckoe 000pynoBaHHe AJIst 6 4 JI.1JI1.2 J11.3
WCCIICZIOBAHMS IOBEPXHOCTH TBEPJIBIX TEJ U CO3TAAHHS JI1.4 J11.5J12.4
HaHOCTPYKTYp. /Cp/ JI2.5J12.7

01323354
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 JI1.5J12.4 J12.5
nHpopManyy. MeTobl 3aIicH, OCHOBaHHBIC Ha H3MCHEHHN J12.7
TEOMETPHIECKOTO pernbeda MmoBepXHOCTH. [IpsiMas MoaubuKas 012233 54
penbeda MOBEPXHOCTH (MEXaHHMUYECKUH METO). DIEKTPOHHO-

CTUMYJIMPOBAHHOE OCAXKJCHUE WM TpaBieHue. MaccomepeHoc ¢
TTOMOITBIO ocTpHs. TepMoroneBoii crocod 3ammcu. 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 JIL.1JI1.2 JI1.3
ONEKTPOHHO-CTUMYJIMPOBAHHOE OCAXKICHUE UIIH TPABJICHUE. JI1.5712.4 J12.5
MaccomnepeHoc ¢ TOMOIIBIO OCTpHsl. TepMomnosneBoi crnocod 3amucy. 2.7
AtoMHas cOopka. DJIeKTpoXuMHUIecKuii Maccomnieperoc. /IIp/ 2132053 54

8.3 MeTo bl 3aMUCH, OCHOBaHHBIC HA U3MCHEHUH T€OMETPUIECKOTO peibeda 6 4 JIT.1JI1.2 JI1.3
MMOBEPXHOCTH M Ha U3MEHEHUN MarHUTHON CTPYKTYpbI JI1.5712.4 J12.5
nosepxHoctH. /Cp/ J12.7

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 JI1.5J12.4 J12.5
MeTo bl HaHomuTorpaduu (C3M-nurorpadus). [Ipsmoe HaHeceHHe JI2.7
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 JI1.5J12.4 J12.5
MeTo s HaHoiuTorpaduu. TepmomexaHmndeckas HaHoIUTOTpadus. J12.7
IepreBas HaHOMuTOrpadhus. /IIp/ 01323354

9.3 [Ipsimoe HaHeceHue pucyHka ¢ momorbio CTM (aBTOIMUCCHOHHBIN 6 4 JI.1JI1.2 J11.3
MeTox). JIeHrMIOpOBCKHE TUIEHKH - MIEPCIIEKTUBHBIN Pe3UCTUBHBIM JI1.5J12.4 J12.5
Matepuan Uit HaHoiurorpaduu. HanomegaTHas murorpadus J12.7
(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 JI1.5J12.4 J12.5
reTepocTpykTypax. @OTONPUEMHHUKH Ha KBAHTOBBIX sMax. POTOIUO b J12.7
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. JI1.5712.4 J12.5
BonoxonHast onTuka. MarHuTHbIE HAHOYCTPOMCTBA [T 3alIMCU U J12.7
xpanenuns uadopmanum. Harnocencopst. /IIp/ 213203 54

10.3 | YcrpotiictBa n mpuOopsl HaHOPOTOHUKH. ONTHIECKHE TIePEKTIOYaTeNn H 6 3 JI1.1J11.2 JI1.3
¢unsTpeL. /Cp/ JI1.5J12.4 J12.5

2.7
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 JI1.5J12.4 J12.5
TOJTydeHHs U pa3neneHus ¢ymrepeHos. [IpuMenenne GyiepeHoB. J12.7
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 JI1.5J12.4 J12.5
MEXaHHYECKUE CBOMUCTBA. METOIbI ITOJTydeHHUSI HAHOTPYOOK. J2.7
HarouacTuIbl OHOJIOTHYIECKOTO MPONCXoKAeHNs. HaHoMaTepuais! 1 01223354
HAHOYACTHUIIB TEXHOTEHHOTO TIpoucxoxaeHus. /IIp/

11.3 | ®ynnepeHs! -HOBBIE IEPCIEKTUBHBIE MATEPHAJIbI ITUPOKOTO IPUMEHEHHS 6 3 JI1.1JI1.2 JI1.3
B HAHORJIEKTPOHUKE. [IpuMeHeHne yriepoIHbIX HAHOTPYOOK. JI1.5J12.4 J12.5
JIeHrMIOpOBCKHE MOJICKYIIsIpHBIC TUIeHKH. /Cp/ JI2.7

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 JI1.5J12.4 J12.5
MOJIYIPOBOAHUKOBBIX reTepocioeB. dopmupoBaHue JI2.7
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 JI1.5712.4 J12.5
IOJIYIIPOBOJJHUKOBBIX TeTepociioeB. DopMupoBaHue 2.7
MOJTYTIPOBOIHUKOBBIX M METAJNTHYECKUX HAHOBOJIOKOH ¥ criupasieit. /IIp/ 213253 54

12.3 | CBoiicTBa MUKPO- 1 HAHOO0O0JIOUEK. PerumuKaIusi HAaHOCTPYKTYP 6 3 JIL.1JI1.2 JI1.3
"topmupoBarueM” onnmepos. /Cp/ JI1.5712.4 J12.5

2.7
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; JI1.5712.4 J12.5
JNIEKTPOHHKA; MAITHHOCTPOEHHE, KOCMUUECKUE TEXHOJIOTHHU U JP. 2.7
BbITo1bI M pUCKK HAaHOTEXHOJOTHH /JIek/ 215253 D4

13.2 | IIumeBas, papMmarieBTHUeCKas, XUMUIeCKas, He(TIHas 6 4 JIT.1JI1.2 JI1.3
MIPOMBIIIJIEHHOCTR; KOJIOTHUS; YHEPTeTHKA; CEIbCKOE X03IHCTBO; JI1.5712.4 J12.5
JJIEKTPOHMKA; MAIIMHOCTPOCHHUE, KOCMHYECKUE TEXHOJIOTHH U AP. J2.7
Beiroas! u prcku HaHOTexHONOTHH /Cp/ 31323354
Pa3nen 14. MUHas koHTakTHasi pa6ora

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

JI1.5J12.2 J12.3
J12.4 J12.5 J12.7
01323354
14.2 | HguBuIyanbHbIE KOHCYABTALWH, TEKYIUH KOHTpoas /MKP/ 6 9,4 JI1.1J11.2 J11.3
JI1.5J12.2 J12.3
J12.4 J12.5 J12.7
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
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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 WznarensctBo, | Pecype
JI1.1 | EropoBa E. B., DU3UKO-XUMUUECKUE OCHOBBI HAHOTEXHOJIOTUIL: PYKOBOJACTBO K WBaHOBO : OBC
[onenos 1O. B. MPAKTUIECKUM 3aHITUAM UrxrTy, 2009

(http://e.lanbook.com/books/element.php?
pll_cid=25&pll_id=4510)

J1.2 HanomaTepuaibl: CBOUCTBA U NEPCHEKTUBHBIE IPUIOKEHUSL: Mocksa : OBC
MoOHOTpadus Hayunsrit mup,
(https://biblioclub.ru/index.php?page=book&id=468346) 2014
JI1.3 | Enucees A. A, DYHKIIMOHATFHBIC HAHOMATEPHAIIBL: yaeOHOE TocoOre Mockga : 9BC
Jlykamun A. B. (https://biblioclub.ru/index.php?page=book&id=68876) ®dumsmaraur, 2010
JI1.4 | Cysopos O. B. MarepuanoBeneHUe: METOABI UCCIEIOBAHUS CTPYKTYPBI U Mocksa : FOpaiit, OBC
cocTaBa MaTepHAalOB: ydeOHOe ocoOue AT By30B 2023
(https://urait.ru/bcode/514643)
JI1.5 | HonomatoB M. 10., | ®PU3NKO-XHUMHSI HAHOYACTHII: yIeOHOE OCOOUE IS BYy30B Mocksa : FOpaiir, 9BC
baxTtuzun P. 3., (https://urait.ru/bcode/518726) 2023

JlomomaToBa M. M.

7.1.2. lonoJHUTeAbHAS TUTEPATypa

ABTODBI, 3arnaBue WznarensctBo, | Pecypc
JI2.1 | Caconona JI. I1., DusuuecKas XMMUS JUCIEPCHBIX CUCTEM WBaHOBO : 3bC
Kopones B. B., (http://e.lanbook.com/books/element.php? UIrxTy, 2007
Cagenbes B. 1. pll_cid=25&pl1_1d=4465)
JI2.2 |Eroposa E. B, IToBepXHOCTHBIE SABIEHUS U JUCIEPCHBIE CUCTEMBI WBaHoBO : 9BC
IMonenos 1O. B. (http://e.lanbook.com/books/element.php? UrxrTy, 2008
pll_cid=25&pll_id=4500)
JI2.3 | Viiutun M. B., IToBepxHOCTHBIE SBICHUA. ATCOPOITHS: yaeOHOe mocooue WBanoBoO : 9BC
®umunmos /1. B., (https://e.lanbook.com/book/96114) UrxTy, 2014
®enopos A. A
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ABTOpBI, 3arnaBue WznarensctBo, | Pecype
JI2.4 |Tlyn Y., Oysuac @., | HanoTexHOMOTHN: yaeOHOE TTOCOOME IS BY30B Mockaa :
T'onmosus 10. 1., TexHochepa,
Jlyannun B. B. 2006
JI2.5 | T'yceB A. U. Hanomarepuanbl, HAHOCTPYKTYpbl, HAHOTEXHOJIOTHH Mocksa :
®uzmatiut, 2007
JI2.6 |Epmios 10.A. Konnonnnasa xumus. @usuueckast XMMUS AUCIEPCHBIX CUCTEM: Mocksa : 9BC
Y4eOHHUK I'SOTAP-
(https://www.studentlibrary.ru/book/ISBN9785970424285.html) | Menua, 2013
JI2.7 | T'yceB A. N. HanomaTtepuainbl, HAHOCTPYKTYPbl, HAHOTEXHOJIOTUH: Mockaa : 9bC
MOHOTpadus ®uzmataut, 2009
(https://biblioclub.ru/index.php?page=book&id=68859)
JI2.8 | MopaueBckuii A. I'. | ®uzudeckast xumus. [I0BepXHOCTHBIE SIBIECHHS U IUCIIEPCHBIE CaHKT- 9BC
CHUCTEMBI IerepOypr :
(https://e.lanbook.com/book/212024) Jlanb, 2022
JI2.9 | MopaueBckuii A. I'., | ®usudeckas XuMus. I eTeporeHHble CUCTEMBI CaHKT- 9BC
®upcosa E. I'. (https://e.lanbook.com/book/213284) Ierepbypr :
Jlanb, 2022
7.2. Ilepeuens pecypcoB HHGOPMAIHOHHO-TEIeKOMMYHHKAIIUOHHOI ceTn "UHTepHeT"
D1 | Jlanb [DnexTpoHHbIH pecypc] : anekTpoHHO-0nbaroTeuHas cucrema (ObC) / u3natenpctBo Jlan. URL:
http://e.lanbook.com/
32 |IOpaiit [DnexkTpoHHEIH pecypc] : amekTpoHHo-0nbmmoregnas cucrema (OBC) / m3garenscrro FOpaiir. URL:
https://urait.ru
93 | YHuBepcureTckas 6M0nruoTeka oHJIaiH [DIeKTPOHHBIN pecypc] : aaekTpoHHo-0ubnuoreunas cuctema (ObC) / OO0
Jupextmenua [Maomumunar. URL: http://biblioclub.ru/
94 | eLIBRARY.RU [3nekTpoHHBIH pecype] : anekTpoHHas oubnmoteka / Hayd. sanextpon. 6-ka. URL:
http://elibrary.ru/defaultx.asp

7.3 Ilepedyenb HHGOPMALMOHHBIX TEXHOJIOT U

7.3.1 IIporpammHoOe obecnieyeHune

Adobe Reader

WinDjView

MS Office365

LMS Moodle

Adobe Connect Acrobat

OpenOffice

Ubuntu Linux

LibreOffice

1O Kaspersky

7.3.2 lIpodeccuonanbHble 6a3bl JAHHBIX H HHPOPMAIOHHO-CIIPABOYHBIE CHCTEMbI

1. DnexTpoHHBIH KaTajor HaydHo# 6nbnuorexnu YenlY [DnexTpoHHSIH pecypc] : 6a3a ganHbIX / Yensd. roc. yH-T. —
Yensabunck, 1992.

2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics :
skypHasel American Physical Society : caiit. — URL: http://journals.aps.org/about — 5I3. anri. — PexxuM A0CTyma: TONBKO U3
CeTH yHUBepcuTeTa. — TeKCT : 3JIeKTPOHHBIN.

3. Web of Science : mynpTHIUCIHUIUTMHAPHAS pedepaTrBHas 0a3za gaHHBIX / kommanus Thomson Reuters. — Pexxum nocryma:
JUTst 3apeructpup. nois3osateneit Yenl'Y. — TekcT : 3IeKTpOHHBII.

4. Scopus : petdepatuBHas 6a3a nannbix / Elsevier BV. — URL: http://www.scopus.com/ — fI3. anri. — Pexxum goctyna: mis
3apeructpup. nosup3oparenei YenlV. — Tekcr : 3eKTPOHHBIN.

5. Springer Link : [caiit]. — URL: http://link.springer.com/ — 5I3. aHri1. — Pexxum qocTyma: ajsl 3aperucTpup. Moab30BaTeneit
UYenlV. — TekcT : 2J1eKTPOHHBII.

8. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCIUIIJINHBI (MOJY JISA)
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MIMHOBPHAYKHU POCCHU
@” denepanbHOE TOCYIapCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE

Pabouast nporpamma gucuiuInHbl " OH3NKO-XUMUYECKHE OCHOBBI HAHOTEXHOJIOTHHU'' 110 HAIIPaBJICHUIO TIOATOTOBKH
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OcCBOEHHUE AUCIUIUIIHBI OCYIIECTBIIETCS B YIeOHOH ayJUTOPHUH TIEPBOTO KOPITyca, pacCUUTaHHOI Ha 25 cryaeHToB. Ecin
3aHATHUS BEAYTCs Ul IOTOKA CTYIEHTOB, TO JUCLIUILINHA BEIETCS B JIEKLIMOHHOM ayAUTOPUH MIEPBOTO KOPILyCa,
paccuntanHoii Ha 100 cTyneHTOB.

JUis yCIeIHOro 0CBOSHUsI TUCIUILTUHBI ayTUTOPHUS JOKHA OBITH 000pYyI0BaHa MYIbTUMEIUHHBIM KOMILIEKCOM U 3KPaHOM
JUISL IEMOHCTPALUY CNAaiIOBBIX NIPe3eHTalN.

Vcnonb3ytoTcs 3NeKTPOHHBIN YMTaNbHBINA 321 HaydHOU 6ubnuorexku Yenl'V (aynutopuu 205, 206) 11 caMOCTOSTENbHOM
paboTHI CTyZIeHTa, OCHALICHHBIC TIEPCOHAIFHBIMH KOMITBIOTEPaMH, MyJIbTUMEANIHOI anmapatypoii. B aymuroprsax
ofecriedeH T0CTyN K pa3indHoON CIIPaBOYHON JIUTEPATYPE, SHIUKIIONEANIM, ONOIHOTpadUIecKuM 1 MOTHOTEKCTOBBIM 0a3aM
JTAHHBIX, HH)OPMAIOHHBIM pecypcam «HTepHEeT».

9. METOAUWYECKHUE YKA3AHUSA NJIAA OBYYAIOIIUXCSA IO OCBOEHUIO JUCHUIIJIMHBI (MOAY JIS)

IMpu n3ydeHny JaHHOW TUCIUIIMHEI HCIONB3YIOTCS JIEKIIMOHHBIC, TPAaKTHYECKUE 3aHATHS U CaMOCTOSTeNIbHAs paboTa
cTyaeHTa. Ha NeKIMOHHBIX 3aHATHAX MIPENoAaBaTeNb 3laraeT OCHOBHOE cojiepkaHue TeM nporpaMMsl. [IpopaboTky
JIEKIIMOHHOTO MaTepuaa elaTeIbHO MPOBOANTh KaK MOCIE KaXI0ro 3aHATUS, TaK U 110 3aBEPIICHHUIO TEMBL. DTO MO3BOJIUT
CBSI3aTh BOSIMHO IMTOJIydCHHBIC CBEACHHS M COCTaBUTH IIETBHYIO KAPTHHY.

Ha mpakTHueckux 3aHATHIX PAaCCMaTPUBAIOTCS OCHOBHBIE METOABI U IPUEMBI PEIIeHHUs 3a1a4. PekoMeHyeTcs nepen
Ka)/bIM MPAKTHYECKUM 3aHATUEM BBITIOJIHUTH JJOMAIIIHEE 3aJaHKeE, YTO MO3BOIHUT JIy4Ille YCBOUTh NMPEIbLIYIINHA MaTepra
1 M3y9UTH JIEKIIMOHHBIN MaTepHaI 0 TIPEICTOSAIICH TeMe.

BaXHBIM MOMEHTOM IPH U3Y4CHUH 000 AUCIUTUTHEI SBIISCTCS OPTaHU3AIS CAMOCTOATEbHON paboThl. IIpu ocBoeHHM
MaTepuana He ClefyeT CTPEMUTHCS K MEXaHWIeCKOMY 3alIOMHHAHUIO IIPUBEICHHBIX OIpeeneHn, GopMynupoBOK U
TIOJIOXKEHHMH, eciti TpeOoBaHus K BaMm mpsiMo He yka3bIBaroT Ha 3T0. BrionHe 3¢ ek THBHOI MOXKET OKa3aThCsl MOIBITKA
TIOHSTH CYTh SIBIICHHS, BEIPAaOOTaTh CBOE OTHOIICHHE K HEMY, OTIMPAsCh Ha MaTepHall, COJCPKAITUNHCS B pEKOMEHIOBAaHHON
nurepartype. CkazaHHOEe 0c0OeHHO 3()(heKTUBHO, KOTIA Pedb UIET O TAKUX TPEOOBAHUAX, KAK KIIOHUMAET HIIH «UMEET
npencrasieHne». Hanportus, ecnu Bl nMeete €10 ¢ TpeOGOBaHNEM K AESATEIBHOCTH «IOJKEH YMETEY, TO PeKOMEHTyeTCst
MOYIPaKHATHCS B COOTBETCTBYIOIIEM BHJIE ICATEIHHOCTH. Bee 3TO MMeeT HemocpeCTBeHHOE OTHOIICHHUE K IIOATOTOBKE K
MPAaKTHYECKUM 3aHATUSAM.

B cinyuae npuMeHeHus Ipu 00y4eHUH AUCIUILTHHBI AIEKTPOHHOTO 00Y4eHHs, AUCTaHIIMOHHBIX 00pa30BaTENbHBIX
TEXHOJIOTHH 00IIeHNe 00yJaIOUXCs ¥ TIPEHOAaBATENSI OCYIIECTBILIETCS B PEXKHUME PEabHOTO BPEMEHH (OHIaHH-JICKIIHN
(BeOMHAPHI), YaTHI, BUICO-KOH(MEPESHIINN | Ap.) WIN OTJIOKEHHOTO BpeMEHH (CHCTeMa ANCTaHIMOHHOTO 00ydeHns Moodle,
MS Office365, popymsl, 3IeKTpOHHAS [TOYTA U IP.).

ITpu 0Oy4eHny ULl C OTPAHMYEHHBIMH BO3MOXKHOCTSIMH 37I0POBBSI JJIEKTPOHHOE 00y4eHHUE, TUCTAHIIMOHHBIC
00pazoBaTebHbIE TEXHOJIOTHH MPEIyCMaTPHBAIOT BOSMOXXHOCT IIpHeMa-Tiepeiadi HH(POPMAIUX B JOCTYITHBIX JUIS HUX
topmax.

Peanu3anust qUCHUILUIMHBI C TPUMEHEHUEM 3JIEKTPOHHOTO 00ydeHH s, TUCTaHIHOHHBIX 00pa30BaTeNbHBIX TEXHOIOTHUI (anee
— 20, 1OT) ocymecTsisercst Ha OcHOBaHUH «[10T0’KeHHS O peanu3aniy OCHOBHBIX U JIOMOJHUTEIBHBIX 00pa30BaTEIbHBIX
MpOTpaMM C IPUMEHEHHEM 3JIeKTPOHHOTO 00yJeHNS W INCTaHIMOHHBIX 00pa30BaTENbHBIX TEXHOJIOTHI B (heepaaIbHOM
TOCYIapCTBEHHOM OIOPKETHOM 00pa30BaTEIbHOM YUPEXICHUH BBICIIETO 00pa3oBaHus «HeIsI0MHCKUH rocynapCcTBEHHbIH
yHHUBepcUTET», «I10J10KeHNs 0 TIopsiiKe 3aueTa 00YYaIOMUMHUCS 10 OCHOBHBIM ITPO]ECCHOHAIBHBIM 00pa30BaTeIbHBIM
nporpamMam Beicirero oopasosanus B PI'BOY BO «Uenl'V» pe3ynpTaToB OCBOSHHUS B OPTaHU3AIMAK, OCYIIECTBIISIONIIX
00pa3zoBaTeNbHYIO AESTEIEHOCTD, YIEOHBIX IIPEAMETOB, KYPCOB, AUCIUILIHH (MOIYIIeH), IPaKTHK, JOTMOITHUTEIBHBIX
00pa3oBaTeNbHBIX MPOrPAMM» MOCPEACTBOM AIIEKTPOHHOHN HHPOPMAIIMOHHO-00pa3oBaTeibHoi cpeasl PIBOY BO
«YenI'Y». B uckmounTenbHbIX cirydasx (Gopc-mMaxxop U T.I1.) IpU peasin3aliy 00pa3oBaTeIbHON 1eITEIbHOCTH C
npumeHerueM D0, JIOT Moryr mpuMeHATh KOMIIOHSHTHI, HE BXOAIINE B TIEPEUEHb AICKTPOHHON MH(DOPMAIHOHHO-
00pa3zoBaTeNbHO Cpesbl.

10. CHEIIMAJIBHBIE YCJIOBUS OCBOEHUSA JTUCIUITIJINHBI OBYYAIOIIUMHUCS C
HHBAJIMJHOCTBIO U OT'PAHUYEHHBIMHA BO3MOXKHOCTAMM 310POBbA

OcBoeHNE AUCHUIUINHB WHBAIUAAMHU U JHIAMHU C OTPAaHUYECHHBIMH BO3MOXHOCTSMH 3JI0OPOBbBSI OCYIIECTBISIETCS C
UCIONb30BAaHUEM CIEHUANbHBIX TEXHHUECKHX CPEACTB M Tol0 HHOOPMAIMOHHBIX TEXHOJIOTHH, MNpPeIOCTaBIseMbIX
PecypcHbIM ydeOHO-METOANIECKAM IICHTPOM IO OOYYCHHIO WHBAJIWIOB U JIMI[ C OTPAHUYCHHBIMH BO3MOXHOCTSMH 3JI0OPOBbS
Yenl'V mo 3ampocy 00yJaromerocs.

1. MoOwiibHBIE CTieNUalibHbIe TEXHUYECKHE CPEACTBA Ui JIHIl ¢ HAPYIIEHUSAMHU 3PEHUs: TOPTaTUBHBIN KOMIIBIOTED
¢ BBOAOM/BBIBOJIOM IpudToM Bpaiing ¢ cuntesaropom peun «ElBraile-W14] G2»; HOyrOykH ¢ HpOTrpaMMHON 3KPaHHOTO
noctyna NVDA; 3J1eKTpOHHBIE YBENMUUTENN JUIS YAAJIEHHOTO IPOCMOTPA; BHUACOYBEIMUYHUTENN ITOPTATHUBHEIC; TH(IIOIIIEED;
(G POBBIC TUKTO(POHEL.

2. MoOunbHble crneuuanbHble TEXHWYECKHE CpeACcTBa M JIUI C HapyLIeHUS MM CcilyXa: cHCTeMa CBOOOJHOIO
3BYKOBOTO TIOJII CO BCTPOCHHOM COBMeCTHMMOCThI0 ¢ FM-ycrpoiictBamu; paauokiaccel «Coner-PCM» ¢ mepemaTamkom,
3ayIIHBIM HHIYKTOPOM ¥ WHIYKIIMOHHOW TeTJel; cucteMa WH()OPMAIMOHHAS s Cia0ocublmamuX nepeHocHas «VcToky
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A2 co BCTPOCHHBIM ILTEEPOM — 3BYKOBEIM HH(OPMATOPOM; MOKYMEHT-KaMepa; IPOrpaMMHpYEMBIC CIyXOBBIC aImapaThl
WH/IMBHUIYaJIbHOTO ITOJIb30BAHHUS.

3. AccuctuBHbIE WH()OPMAIMOHHBIE TEXHOJOTHM: IPOrpaMMHOE OOECIICUCHHE SKPaHHOTO JOCTyHNa C CHHTE30M
pean NVDA; mporpaMMBI SKpaHHOTO YBEIHYCHHS; IPOTPAMMBI PEYEBOTO CHHTE3a JUII KOMIBIOTEPOB M HOYTOYKOB;
IpOrpaMMBI PEUEBOTO CHHTE3a ATl MOOMIBHBIX YCTPOICTB; SKpaHHAS KJIABHATYpa; SKpaHHAs JIyIa.

ITpn HeoOxoamMocTH Ul OOYJAIOMIMXCS C HAPYIICHUSIMH 3pEHHS Ha pabOdMX MecTax Ul IPOBEICHUS IPAKTHYECKHX HWIIH
ma00paTOPHBIX 3aHATHH YCTAHABIMBACTCS CIICNHANBHOE TPOrpaMMHOE obOecredeHrne (ImporpaMMa pPEdeBOH HaBHTAIHH
NVDA, peueBsle CHHTE3aTOPEI, 3KPaHHBIC JTYITHI).

B yueOHble aymuTtopuu obecneuuBaeTcsi OECHpPENSTCTBEHHBIM OOCTYN Ui OOyJaloMXCs WMHBAIMIOB U OOyJaroOMUXCs C
OTpaHMYCHHBIMH BO3MOXHOCTSIMH 370pOBbsl. B Kaxknoi aymuropuu, riae oOydaroTcss MHBAJIMABI M JIMLA C OTPAaHUYECHHBIMU
BO3MOXKHOCTSIMH  3/IOPOBBSI, IIPEAYyCMATPUBAETCA COOTBETCTBYIONIEE KOJIMYECTBO MECT Ui OOYJaIOMUXCS C yIeToOM
HapyLICHUH UX 3J0POBbSL.

Jnst ocBOEHMS IMCUMIUIMHBI MHBAJIMAAM M JIMIAM C OTPaHMYEHHBIMHM BO3MOKHOCTSMH 3JI0POBbSI IPEIOCTABISIETCS TOCTYI K
MEeYaTHBIM HCTOYHHMKAM, MMEIOMIMMCS B HaydHOH OmOimoTeke Yenl'Y, ¢ MOMOIIBIO CHENHUAIBHBIX TEXHUYECKHX CPEICTB;
JIOCTYH K 3JIEKTPOHHBIM MCTOYHHMKAM, IPEJCTaBICHHBIM B ()OpME 3JIEKTPOHHOTO JOKyMEHTa B (hOHAE HAyIHOH OMONMOTEKH
Yen'Y wnM 310eKTPOHHO-OMOJIMOTEYHBIX CHCTEMax, C IOMOLIBIO CHEHHAIBHBIX TEXHHYECKHMX M IPOIPAMMHBIX CPEACTB
(pabodee MecTO ISl HE3PAUEro IOJIB30BATENsS C MPOrPAMMHBIM O0ECIIeYeHHEM SKPaHHOTO JOCTyla ¢ cMHTe30M peun NVDA,
pabodee MecTO ¢ KOMIBIOTEPHBIM pojuiepoM M KiaBHaTypoid Clevy ¢ OONBIIMMH KHOIIKAMH M C pa3Nelsiomieil KJIaBHIIH
HaKJIAKOM).

Y4ueOHO-MeTOANUEeCKIE MaTepHaibl A OOYydJalomMXCsl M3 YMCIa WHBAIWAOB W JIMIl C OTPAaHUYCHHBIMH BO3MOXKHOCTSIMH
3II0POBBS ITPEAOCTABIIIOTCS B (popMax, aTalTHPOBAHHBIX K OTPAHUYCHUAM HUX 340POBBS M BOCHPHUATHS HH(POPMAIIHH:

Jlnist v ¢ HapyIIeHMSIMH 3pSHUS:

- B Ie4aTHOH opMe YBETHUSHHBIM MIPHUPTOM,

- B (popMe 3NEKTPOHHOTO JOKYMEHTA,

- B Gopme ayauoddaiina,

- B meqatHo# (opme mpudTom Bpaitms.

Jst uit ¢ HapyIeHUsIME CITyXa:

- B Ie9aTHO dopme,

- B (hOpMe 3NIEKTPOHHOTO JOKYMEHTA.

Jlst ui ¢ HapyIeHUsIMH OHOPHO-JIBUTATEILHOTO arapaTa:

- B IeYaTHOH Gopme,

- B (hopMe IIIEKTPOHHOTO JOKYMEHTA,

- B hopme ayamodaiina.

JlaHHEBI NTepeyeHb MOKeT ObITh KOHKPETH3HUPOBAH B 3aBUCUMOCTH OT KOHTHHI€HTa 00YJaIOMINXCS.

Jlns MHBANWIOB W JIMIl C OTPAHWYCHHBIMH BO3MOKHOCTSIMH 3JIOPOBBSI OCBOCHHE AWUCHIUIUIMHBI MOXKET OBITH YaCTHYHO WIIH
MOJTHOCTBIO OCYIIECTBICHO C WCIOJB30BAHUEM JHCTAHIIMOHHBIX OO0pa3zoBaTenbHbIX TexHonorud (Moodle, Adobe Connect
Pro u mmp.).

B ocBoeHMHM JAMCHMIUIMHBI HHBalMJaMH W JIMIOAMH C OTPAaHMYEHHBIMA BO3MOXKHOCTSIMH  3JIOPOBBSI  HCIIOJIBb3YeTCS
WHIUBHOyanbHass pabora. [lom wHAMBHOyanpHOW paboToif mompasymeBaeTcss IBe (OPMBI  B3aWMOJICHCTBUS C
IperofaBaTeNeM: HWHAWBHAyanbHas ydeOHas pabora (KOHCYIbTanuu), T.€. JMOIOJHHUTEIBHOE pa3biCHEHHE YIeOHOTO
MarepHara W YIIyOJI€HHOE H3ydeHHE MaTephaja C TeMH OOy4JalomMMHCS, KOTOpble B O3TOM 3aMHTEPECOBAaHBI, H
WHIMBHIyaJlbHasi BOCIHUTATENbHAS paboTa. MHIMBHIyalbHbIE KOHCYIbTAMM HAINPaBICHBl HA MHAWBHIYAJIHM3ALHIO OOYIEHHS
M YCTaHOBJICHHIO BOCITUTATEIIFHOTO KOHTAaKTa MEXAy IperojaBaTelieM M OOydJaromuMcs WHBATHAOM WM oOydarommmcs ¢
OrpaHUYECHHBIMH BO3MOXKHOCTSIMHU 3/I0POBBSI.

IIpu mpoBexeHHMH NPOLEAYPH OLECHUBAHMS PE3YIbTATOB OOY4EHHS WHBAJIWAOB M JIMI] C OIPAaHHYCHHBIMH BO3MOXKHOCTAMHU
3I0POBBSI IO JUCIHUIUIMHE OOECIICYMBAETCsA BBINOJIHEHHE CIEAYIOMNX ONOTHHUTEIBHBIX TPeOOBAaHHWH B 3aBHCHMOCTH OT
UHIVBHIYAIbHBIX 0COOCHHOCTEH, 00yIatOmIXCs:

a) MHCTPYKLIMS 10 TIOPSIKY IPOBEACHUS NPOLEAYphl OLCHUBAHWS IPENOCTABISIETCS B AOCTYMHOH (opMe (ycTHO, B
MHUCBMEHHOI (hopMme, B TMCbMEHHOM (opme mprdTom bpaiinst, ycTHO ¢ HCIOIB30BaHUEM YCITYT CYpIOTIEPEBOAUHKA);

6) nocrymHas (opma NMpesoCTaBICHNS 3aaHUH OIEHOYHBIX CPEACTB (B MeYaTHOH (opme, B medaTHOH opMe yBETHIECHHBIM
mpudTom, B meyatHoi Gopme mpudrom bpaiins, B popme 3MEKTPOHHOTO AOKYMEHTA, 3aJaHHs 3aYHTHIBAIOTCS ACCUCTEHTOM,
3a/1aHMs IIPEIOCTABIISIOTCS C UCIIONB30BaHUEM CYpOTIEPEBOIA);

B) JocTymHas (opMma TpeIoCTaBIeHHWS OTBETOB HAa 3agaHus (IHChMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIIBIOTEpE,
HHChMEHHO mpudToM bpaiins, ¢ HCIoNb30BaHUEM YCIIYT ACCUCTEHTA, YCTHO).

IIpu mpoBeaeHNMH NPOLEAYPHI OLEHUBAHMS PE3Y/ITATOB OOY4YEHHS MHBAJIMAOB M JIMI] C OIPAaHMYEHHBIMH BO3MOXKHOCTAMH
3[0pPOBbSl TIPEAYCMATPUBACTCS HCIIOIb30BAHNE TEXHHUYECKHX CPEACTB, HEOOXOIMMBIX MM B CBA3M C MX WHIWBHIYaJIbHBIMU
0COOCHHOCTSIMH. DTH CpPEICTBAa MOTYT OBITH mpemocraBieHbl YenlY wiam MOTYT MCIIONIB30BaThCS COOCTBEHHBIC TEXHHYECKHE
cpeacra. Ilpy HEOOXONMMOCTH MHBANMIaM M JIMLIAM C OIPAaHWYEHHBIMA BO3MOXHOCTSIMH 37I0POBbSI IIPELOCTABIISETCS
JOIOJIHUTENEHOE BpeMs Uil MOATOTOBKM OTBETa Ha 3a/laHusl, INPOLEIYpa OLCHWBAHHUS PpE3YIbTaTOB OOYdEHHS II0
JICITUTUIAHE MOYKET MPOBOJNTHCS B HECKOJIBKO 3TAIOB.
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HpOBe,Z[eHI/Ie Mpoueaypbl OUCHUBAHUA PEIYIHTATOB 06y‘IeHI/I$I WHBAJIWAOB W JIAIl C OrPAaHUYCHHBIMHU BO3MOKHOCTAMU
3A0POBbA AOMYCKACTCS C UCIIOJIBb30BAHUEM NUCTAHIIUMOHHBIX O6pa3OBaTeHbHLIX TEXHOJIOTHH.
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28.03.02 Hanoun:xenepusi, Hanorexnosiorun B marepuasnosegennu, PIIJ[ «®uznko-xumuuyeckue
OCHOBBI HAHOTEXHOJIOTUM», 2024 I.H., 04HasA (opMa 00ydeHUst

ITpopekTop 1o yueOHO paboTe yTBepxkaeHo 21.02.24 A.A. CanamaToB
Y4eHbsIM cOBETOM (hU3NIECKOTO aKyabTeTa

ITporokon 3aceqanust Ne 08 ot 25.01.2024

[Ipencenarens YueHOro coBera

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

ITporoxon 3aceqanust Ne 06 ot 17.01.2024

3aBenyromuii Kapeapoii COTJIACOBaHO B.Jl. byuenbHUKOB
ABTOD (COCTaBUTEIIH) LI.1I. SAradapos

CTpykTypa pa6oueii mporpaMmbl CO0OTBeTCTBYeT mpukasy pekropa ®I'bOY BO «Ueal'¥» ot «13»
anpeas 2021 r. Ne 247-1
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