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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
(cienmanbHocTH) 22.03.01 "MarepuanoBeieHHe U TEXHOJIOTUH MaTepraioB” HanpaBieHHOCTH (poduito) Duznko crp. 3
-xumus npoueccos U MatepuanoB @PI'bOY BO «Henl 'Y»

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.

KOHKPETHHG 3a/la4u Kypca CBOIATCA K CICAYIOLIEMY:

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!:

VYK-1.1. Bemonnser nouck nH(popmManuy, omnpeaenser KpUTepuu CUCTEMHOTO aHaN3a MOCTABIEHHbIX 3a4ad.

VYK-1.2. Hcnionp3yeT KpUTHYECKUI aHAIH3, CHCTEMATH3annIo 1 00001meHne nHpOopManuy I pelIeH s IOCTaBICHHBIX
3ajau.

ITK-1.1: 3Haet ocHOBHBIE TPEOOBAHHSA K JOCTIDKEHHIO TEXHIYECKOTO YPOBHS U3/ICNUH U3 HAHOCTPYKTYPHPOBAHHBIX
KOMITO3HIIHOHHBIX MAaTEPHUANIOB C YIETOM OIbITA BEAYLIMX OpraHU3aIui

[IK-1.2: YMmeeT: aHanu3upOBaTh UMEIOLIUECS TUTEPATypHbIE JaHHBIE 110 B3aMMOCBSI3H JUCIIEPCHOTO COCTAaBa U CBOMCTB
HaHOCTPYKTYPUPOBaHHBIX MAaTEPHAIIOB; 00eCIIeunBaTh COOII0CHNE TPEOOBAHUH CTAHAAPTOB, TEXHUYECKHUX YCIIOBUH U
HOPMaTUBHOM JOKyMEHTAllUH Ha BCEX CTAUSAX IPOEKTUPOBAHMS U3JEIUM U3 HAHOCTPYKTYPUPOBAHHBIX KOMIIO3ULIUOHHBIX
MaTepHUAIIOB

I1K-1.3: Bnageer HaBbIKaMH ()OPMHUPOBAHUS TEXHUYECKHUX 3aJaHUH Ha IPHOOPETEHUE CBIPHS M BCIIOMOTATEIBHBIX
MaTepuanoB AN MPOU3BOACTBA HAHOCTPYKTYPUPOBAHHBIX KOMIO3UIIMOHHBIX MaTE€PUAIOB

2. MECTO JUCIIUIIJIMHBI B CTPYKTYPE OIIOII

Iuxn (pazzen) OIOI: | F1.B.JIB.03.02

2.1 TpeOoBaHus K NPeABAPUTEIbLHOI IIOAT0TOBKE 00y4al0Ierocs:

MaTtemaTHyecKuH aHaIu3

BBenenue B crieinaibHOCTD

dusuka

HCOpFaHI/I‘IeCKaH W OpraHn4eCKas XuMus

ComnpoTHBIEHHE MaTEPHATIOB

2.2 JIucuMnJuHbI M MPAKTHKH, JISI KOTOPbIX OCBOEHUE TAHHOW JUCHHUILIMHBI (MOIYJIs1) HEO0OX0AUMO KAK
npeauiecTpyouiee:

Kopposust u 3amura MeTamuion

dusznka IPOYHOCTHU U MCXAaHHUYCCKHE CBOMCTBa MaTcpuaoB

®duznyeckre CBOMCTBA TBEPIbIX Tel

IMoaroroBka K MpoIeaype 3aliThI ¥ 3aIlIUTa BEITYCKHON KBaJIH()UKAIIMOHHONW pabOTHI

CrenceMuHap MO HANIPABICHHUIO

IMpoueccs! morydeHns 1 00pabOTKH MaTepHaIOB

Hosble MaTepuasl

[Tpou3sBoACTBEHHAS IPaKTHKA (HAyIHO-HCCIIENOBATENbCKast paboTa)

[TpousBoacTBeHHAas MpakTUKA (IPEAIUIIIOMHAs IPAKTHKA)
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3. KOMIIETEHIIMY OBYYAIOILETOCSl, ®OPMHUPYEMBIE B PE3YJIETATE OCBOEHUSI TUCLMTTINHBI
(MOZY.JIA)

IIK-1: CnocodeH aHAJIM3MPOBATH ONBIT BEAYIIMX OPraHu3anuii, opranu3obiBaTh nposenenue HUP no
NPOCKTHPOBAHHUIO U Pa3padoTKe HAHOCTPYKTYPMPOBAHHBIX KOMIIO3HIMOHHBIX MATEPHAJIOB U BHEAPSTh Pe3YJbTAThI
HCCJIeIOBAHNUT B HOBBIE TEXHOJIOI M

3HaTh:

Jns noctmxenus [TK-1.1: oco6eHHOCTH (PU3UKO-XUMHUECKHX MPOLIECCOB MPOTEKAIONINX B HAHOJUCIIEPCHBIX CHCTEMAX;
nporeccsl JOPMHUPOBAHUS HAHOUACTULl 1 HAHOCUCTEM; METO/IbI PEIIeHHs 3aa4;

YMmerb:

Hnsa noctmxenus [1K-1.2: pemaTs 3agauu, pazpadaTbiBaTh MaKeThl HAHOM3IEIUH U UX MOJYJH; IPOU3BOAUTH PAaCUEThI
TEXHUYECKHX XapaKTEPUCTUK MAKETOB;

Baanern:

Jna noctmxenus [TK-1.3: MeTogamMu poeKTUPOBaHUS HAHOOOBEKTOB U JOPMHUPYEMBIX Ha MX OCHOBE M3JIENNH (BKITFOUas
JJIEKTPOHHBIE, MEXaHHYIECKUE, ONITUICCKUE U IPYTHE)

YK-1: CniocoGeH ocymiecTBJISTh NONCK, KPUTHYECKHIi aHAJIN3 U CHHTe3 HH(OPMAaMH, NPUMEHSTh CHCTeMHBIiT
TOZIXO/ /LISl PellleHHus MOCTABJIEHHBIX 3124

3HaTh:

Hnsa noctrxenust YK-1.1: oCHOBBI (PU3UKHU TUCTIEPCHBIX CUCTEMBI

YMmers:

Jns noctrxenns YK-1.2: oCymecTBIsTs MOATOTOBKY AaHHBIX JUIS COCTaBICHUS 0030pOB U OTYETOB B 00IaCTH
HaHOMaTepHanoB

Baanernb:

Hust noctmxennst YK-1.2: HaBbIKaM# KPUTHYECKOTO aHAIN3a, CHCTEMATH3AIMU U 0000IIEeH S HHPOPMAIIUH [UIS PEIICHUsI
MOCTaBJICHHBIX 337124 B MPO(heCcCHOHaIbHOM 00IacTn

B pe3yjibTaTe 0OCBOCHUS TUCHUILINHBI oﬁyqamumﬁcn JOJIKCH

3.1 |3narn:

3.1.1 [ ocobeHHOCTH (HU3UKO-XUMUUECKUX IPOIECCOB MPOTEKAONINX B HAHOJUCIEPCHBIX CHCTEMAX; IPOIIECCHI
(hopMHUPOBaHYs HAHOYACTHI U HAHOCUCTEM; METOIbI PEILICHHs 3a/1a4;

3.2 | YMeTh:

3.2.1 | pemaTs 3aa4u, pa3pabaThIBaTh MAKEThl HAHOM3ICIHN 1 UX MOMYIIH; IPOH3BOAUTE PACUETHI TEXHUIECKHUX
XapaKTEPUCTHK MaKeTOB;

3.3 | Baagers:

3.3.1 | MeTogaMu IPOEKTUPOBAHUS HAHOOOBEKTOB U (POPMUPYEMBIX HA UX OCHOBE M3/ENUil (BKIIFOUAsl JIEKTPOHHEIE,
MEXaHH4ECKUE, ONITHYECKHE U IPYrUe)

4. OFBLEM JUCUMILINHBI (MOLY.JIST)

O6wasn TpyaoemKocTb 33ET
YacoB 1o yueOHOMY ILIaHY : 108 Bugsl KOHTpONA B ceMecTpax:
B TOM 4HCIE
AyIUTOPHBIEC 3aHATHS : 68 9K3aMEeHBbI 6
caMocTosATenbHas paboTa : 11
4acoB Ha KOHTPOJIb : 18
KOHTaKTHas paboTa: 79
HKP: 11

5. CTPYKTYPA U COAEPKAHUE JUCIUIIJIMHBI (MOJY JISA)

Kon HaumeHoBaHMe pa3/iesioB U TeM /BUA 3aHATHS/ Cemect | YacoB Jlutepartypa
3aHATH p / Kypc
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Pa3gen 1. UcTopusi BOBHUKHOBEHHS] U OCHOBHbIC IPHHIMIIBI
HAHOTEXHOJIOT Ui

1.1 Yro Takoe «HaHO»? [loHsTHE 0 HaHOTeXHOJIOTUH. Kiaccudukarus JI1.1J11.2 J11.3
HaHOOOBEKTOB. OCHOBHBIC TIPUHIIMITHI (THITBI) HAHOTEXHOJIOTHIL: JI1.4 JI1.5J12.3
IpeenbHas MUHUATIOpU3aLys, pacpeieieHHasl CTPYKTYpa, IPUHIIUIL JI2.1 J12.4 J12.5
IIOCTPOEHHUSI CUCTEMBI «CHU3Y-BBEPX» U «CBEPXY- BHU3Y, J12.6 J12.2
camoopranuzanus. KBantoBbeie Toukd. MeXIUCIUIITMHAPHOCTD 9215253 D4
HaHOTeXHOJOTHi1. [lepceKTHBEI ITMPOKOMACIITAOHOTO TIPIMEHEHHS
HaHOTexHoIorui /JIex/

1.2 Knaccupukanus HaHO00BbEKTOB. MeX TUCIUIIITMHAPHOCTD J1.1J11.2J11.3
HaHOTexHOoJorui. /Cp/ JI1.5 J11.4J12.3

J12.4 J12.5 J12.6
J12.2 J12.1
01323354
Paznen 2. ®usnyeckne u XUMHYECKHE 0COOCHHOCTH
HAHOAUCIIEPCHBIX YACTHIL

2.1 OcobeHHOCTH (QU3MUYECKUX B3aNMOJICHCTBHI Ha HAHOMACIITa0ax. JI1.1J11.2 J11.3
Hanopa3smepasie cucteMsl. PasmepHsrii a3 dext. OcHOBHBIE JI1.5J11.4J12.3
XapaKTEepUCTUKU YaCTHUL B HAHOpa3MepHOM cocTosiHuM. CBoiicTBa J12.4 J12.5 J12.6
HaHOYACTHUIIBI, 00YCIIOBICHHBIC AaTOMHOH U JICKTPOHHOH MOACHCTEMaMH. J12.2 J12.1
Kommmrexc pu3maecknx ¥ XUMHYECKUX CBOMCTB, BOSHUKAIOMINX TIPH 01223354
mepexoje OT MUKPO- K HaHOpa3MepaM: OOJbIIast yaenbHas IOBEPXHOCTb,
yBEIMYEHHE XUMHYIECKOT0 MOTEHIUalIa, BBICOKas aJicCOpOLMOHHAs
AKTHBHOCTb, BRICOKAs! TPOHUKAIONIAsK CIIOCOOHOCTE 1 Ap. /JIex/

2.2 Hanopa3smepnsie cucrteMsl. PasmepHsriit agdext. OcHOBHBIE JI1.1J11.2 JI1.3
XapaKTEePUCTUKH YAaCTUI] B HAHOpa3MepHOM cocTtosHun. CBoiicTBa JI1.5 J11.4J12.3
HaHOYaCTHUIIbI, 00YCIIOBJICHHBIC ATOMHOM U 3JIEKTPOHHOM JI2.1J12.4 J12.5
noacucremamu. /IIp/ J12.6 J12.2

01323354

23 Kommrexc hm3ngecknx ¥ XUMHYECKUX CBOMCTB, BOSHUKAIOMINX TIPH JI1.1J11.2 J11.3
nepexo/ie OT MUKPO- K HaHOpa3MepaM: Ooubliast yaeabHas HOBEPXHOCTD, JI1.5J11.4J12.3
YBEIMYCHUE XUMUIESCKOTO MOTEHIINANA, BBICOKAsI a7COPOIIMOHHAS J12.4 J12.5 J12.6
aKTHBHOCTH U 11p. /Cp/ J12.2J12.1

01323354
Paznen 3. ®u3uKo-XuUMHS OBEPXHOCTH

3.1 TepmoauHamuueckas TeopHs noBepxHocTH. [ToHATHE NOBEPXHOCTH J1.1J11.2J11.3
paspbiBa. JlaBnenue Jlamnacca. BinsiHue moBepxXHOCTHBIX 3P (ekToB Ha JI1.5 JI1.4J12.3
TemIneparypy miasnenus. Mcnapenue. TepMoarHaMuKa TOBEPXHOCTHBIX J12.4 J12.5 J12.6
SIBICHUH B MJIBIX KpHCTaax. /Jlex/ J12.2 J12.1

01323354

3.2 Jasnenue Jlamnacca. BiausHue moBepXHOCTHBIX 3 (HEKTOB Ha JIT.1JI1.2 JI1.3
TeMIIepaTypy IU1aBieHus. TepMoAMHaMUKa IOBEPXHOCTHBIX SIBJICHUHN B JI1.5J11.4J12.3
MautsIX Kpuctamiax. /Tp/ JI2.1 J12.4 J12.5

J12.6 J12.2
010323354

33 TepMmoanHaMuyeckasi Teopus MoBepxHocTu. [loHsATHE TOBEpXHOCTH JIT.1JI1.2 JI1.3
paspsiBa. Mcnapenue. TepMoarHaMuKa MOBEPXHOCTHBIX SIBJICHUH B JI1.5 J11.4J12.3
MalsIX kKpuctamiax. /Cp/ J12.4 J12.5 J12.6

J12.2 J12.1
21323354
Pasnen 4. I'ereporennbie npouecchbl GOpMUPOBAHUS HAHOCTPYKTYP
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4.1 O6pa3zoBanue 3apopiiieid HoBo# (a3bl. Kpurndeckuit pazmep 3apoabiia. JI1.1J11.2 J11.3
Onykryanuu. CKOpOCTh 3apOKAeHUs. 3apOrKIeHHE KPUCTAIUIOB B )KUIKOH JI1.5J11.4J12.3
¢aze. ['ereporenHoe 3apokIcHNE. AKTUBHBIC IEHTPHI HA TIOJTOXKKE. J12.4 J12.5 J12.6
®dopmyna Onra. O6pa3oBaHue HAHOYACTHI] B KOJJIOUIHOM PacTBOpE, JI2.2 J12.1
MEXaHNYECKOe JUCIEePIHPOBAHNE KPYITHBIX YaCcTHUIl. Y HOPSIOYCHHbIC 01323354
pELIeTKH HaHOYACTHI B KOJJIOUAHBIX cycreH3usx. CaMoopraHn30BaHHbIE
KOJUIOMTHBIE CTPYKTYPHI. [IpIMepbl XMMHYEeCKOTO CHHTEe3a HAaHOYACTHII.

INosepxHocTHO akTHBHEIE BemecTBa (ITAB). CamocoOpaHHBIE MOHOCTION
1 MyabTUcion. /JIex/

4.2 O6pazoBanue 3apoapliieid HoBoil (a3bl. Kpurndeckuit pazmep 3apoapliia. JI1.1JI1.2 J11.3
CKOpOCTh 3aporacHUs. 3apOXKICHHE KPUCTAIUIOB B XKHIKOH (hase. JI1.5 JI1.4J12.3
I'ereporennoe 3apoxaeHue. [I0BepXHOCTHO aKTUBHBIE BEILIECTBA J12.1 J12.4 J12.5
(ITIAB). Mp/ J12.6 J12.2

212233 24

4.3 AKTUBHBIE IIEHTPHI Ha Mo 10kKe. Dopmyna FOura. O6pa3zoBaHue JIT.1JI1.2 JI1.3
HAHOYACTUI] B KOJUIOUJHOM PacTBOPE, MEXaHUUECKOE AUCIIEPTUPOBAHNE JI1.5 J11.4J12.3
KPYIHBIX YaCTUL. YIOPSAAOYEHHBIE PELIETKA HAHOYACTHL] B KOJUIOUIHBIX J12.4 J12.5 J12.6
cycreH3usix. [IpuMepbl XUMUYIECKOTO CHHTe3a HaHovacTuil. /Cp/ JI2.2 J12.1

31323354
Pazgen S. I'ereporennnie npoueccsbl GopMHPOBaHUS
HAHOMATEPHAJIOB

5.1 Koanecnennus. [Tpuanun Kropu. Teopus JIndmumna-Cresosa. J1.1J11.2J11.3
CamocoriacoBannoe auddysnorHoe moje. MexaHU3MbI U JI1.5 JI1.4J12.3
JUMUTUPYIOIUE CTaIuu MacconepeHoca. Cnekanue. Criekanue ¢ J12.4 J12.5 J12.6
yYJ9acTHeM XXUAKOH (a3sl. MeXaHU3MBI IPUIICKAHIS TBEP/BIX TE J12.2 J12.1
KOHTAKTHPYIOIIKX B TouKe. ToHKue mieHku. OCTpOBKOBBIE 212233 24
MeTaUTHIecKHe IIeHKH. [lomydeHre ruOpHIHBIX TOTUMep-

HEOpraHMYECKNX HAaHOKOMITO3UTOB. [losrydaenne ruOpuaIHbIxX
HaHOKOMIIO3UTOB 30JIb-TeIIb-METOJ0M. MeTaIoNnoINMepHbIe IIEHKH
Jlenrmropa-BiiopkeTT - caMoopraHu30BaHHbBIC THOPHIHBIC
HaHOKOMIIO3UTHI. DJIEKTPOIIPOBOISIINE CBOWCTBA THOPHIHBIX
HaHOKOMMO3UTOB. ONTHYECKHE U TIOJTYIIPOBOHUKOBBIC CBOHCTBA
THOPUAHBIX HAHOKOMITO3UTOB. OCHOBHBIE 00JIACTH IPUMEHEHUS
THOPHUIHBIX HAHOKOMITO3HTOB.

Jlextust 6. MeTobI OTy4IeHHs YIIOPSTOYCHHBIX HAHOCTPYKTYP

/JTex/

52 Koanecnennus. Teopust JIndmuna-CrnesoBa. MexaHU3MBI U J1.1J11.2J11.3
JIMMUTHPYIOIIKE cTaguu MacconepeHoca. Criekanue. CriekaHue ¢ JI1.5 JI1.4J12.3
y9acTHeM XXUAKOH (a3el. MeXaHU3MBI TPUIICKAHHS TBEPIBIX TE JI2.1J12.4 J12.5
KOHTaKTHPYIOIUX B ToUKe. ToHKHE TIeHKH. OCTPOBKOBEIE J12.6 JI2.2
Meraindeckue mwieHku. /IIp/ 31323354
Pa3gen 6. Metoabl noiy4eHHs1 yIOPSAA04YEeHHbBIX HAHOCTPYKTYP

6.1 Onurakcus. MexaHu3Mbl TeTE€pPOTeHHOTO 00pa30BaHMsI 3apOAbIIICH U JIT.1 JI1.2 JI1.3
snuTakcuu. MonekynsipHo-nydeBas anurakcus (MJID). JI1.5 JI1.4J12.3
CaMoopranu3anys Ipu dMUTaKcUanbHoOM pocte. MJID u peanusanus J12.4 J12.5 J12.6
Uel CBepXPEIIETKH JUIsl yCTPOUCTB HAHOAIEKTPOHUKH. Bo3MokHOCTH J2.2J12.1
Metos10B MJID u I'dD MOC B HaHo3nekTpoHuKe. Co3naHue 215253 D4
YHOPSAA0YEHHBIX KBAHTOBBIX HAHOCTPYKTYp. KoHuenmus "cBepxy-BHu3".

INomy4yeHre KBAaHTOBBIX TOYEK CAMOCOOPKOM aTOMOB (KOHIIETIIUS "'CHU3Y-
BBepx"). COOpKa HAHOCTPYKTYp MOJ BIUSHUEM MEXaHUYECKOTO
HanpsDKeHUs. ABTOMaTHuYecKasi cOOpKa HaHOCTPYKTYp. YIIpaBisieMas
JIHK cOopka HaHOCTPYKTYD.

/JTex/

6.2 OnuTakcus. MexaHu3Mbl TeTepOreHHOro 00pa3oBaHMs 3apOIbIIIeH 1 JI1.1J11.2 J11.3
snuTakcuu. MosnekynsipHo-ydeBas snurakcus (MJID). Co3nanue JI1.5 JI1.4J12.3
YHOPSAA0YEHHBIX KBAHTOBBIX HAHOCTPYKTYp. [TomyueHne KBaHTOBBIX JI2.1 J12.4 J12.5
TOUYeK caMOocOOpKoil aToMOB (koHIenuus "cHusy-sBepx"). /IIp/ J12.6 J12.2

21223324
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6.3 Camoopranu3zanus Ipy AMUTAKCHAIILHOM pocTe. Bo3mMokHOCTH MeTO10B JIL.1JI1.2 JI1.3
MIJID u I'®D MOC B HaHO9neKTpoHUKE. COOpKAa HAHOCTPYKTYp MO JI1.5J11.4J12.3
BIIMSTHUEM MEXaHH4YECKOTO HampshkeHus. Ynpasnsemas JJHK coopka J12.4 J12.5 J12.6
HaHOCTPYKTYp. /Cp/ J12.2 J12.1

01323354
Pasnen 7. MeTtonnbl ncc/iei0BaHUsI HAHOCHCTEM.

7.1 Judpaxnus peHTTeHOBCKUX ITydelt. DiaekTpoHHas Mukpockonus (IIOM, J1.1J11.2J11.3
COM). 30HA0Basi MUKPOCKOMUS: CKAHUPYIOLIUH TYHHEIbHBIA MUKPOCKOIT JI1.5 JI1.4J12.3
(CTM); atomMHO-critoBO# MEKpockon (ACM); npyrue CKkaHUPYIOIIHe J12.4 J12.5 J12.6
MUKpOCKOIBL. Oxe-crekTpockonust. MeToibl 0NTUYeCKO J12.2 J12.1
cnekrpockonuu. TexHomornueckoe 060pyaoBaHue ISl HCCIEA0BAHUS 212233 24
MOBEPXHOCTH TBEPJBIX TEN U CO3aHUS HAHOCTPYKTYp. /JIex/

7.2 Jludpakius peHTTeHOBCKUX JTydel. DiekTpoHHass Mukpockonus (I19M, JIT.1JI1.2 JI1.3
COM). 30H10Bast MEKPOCKOTIUS: CKaHUPYIONIHI TyHHEIBHBIH MHKPOCKOIT JI1.5J11.4J12.3
(CTM); atomHO-cu10BO# MuKpockon (ACM); npyrue CKaHUPYIOIINe J12.1J712.4 J12.5
MHKPOCKOTBI. MeTo/Ibl ONTHYECKOH criekTpockomuu. /TIp/ JI2.6 J12.2

21323354
Pa3gen 8. Meroabl co3iaHusi HAHOCTPYKTYP € nomowmbio C3M

8.1 Omsngeckue 3 GEKTHI, HCIONb3yeMbIe B TYHHEITbHO-30HIOBON JI1.1J11.2 JI1.3
HaHOTEXHOJIOTUU. MeTo/1bl 30HJ0BOW HAHOTEXHOJOTHH. MeTO bl 3anucu JI1.5 J11.4J12.3
nHdpopMmanuu. MeTobl 3amicH, OCHOBAaHHbIC HA H3MCHEHHU J12.4 J12.5 J12.6
TeOMETPUIECKOTO peiibeda MOBEpXHOCTH. [Ipsamast MoaupuKaIws JI2.2J12.1
penbeda moBepxXHOCTH (MEXaHHYECKUN METO.T). DIEKTPOHHO- 2103203 54
CTHUMYJIMPOBAaHHOE OCAXKICHUE WM TpaBieHue. MaccomepeHoc ¢
MOMOIIBIO OCcTpus. TepMoronieBoii crocod 3amucu. ATOMHAs COOpKa.

KsaHTOBEIH "3ar0H". MeTObI 3aITMCH, OCHOBAaHHBIC HA H3MCHCHUH
MarHuTHOH CTPyKTyphl noBepxHOcTH. HaHocrekna - HoBas
3a[lOMHUHAIOMIAs cpefa. DICKTPOXUMHUYECKHA MaccorepeHoc. /JIex/

8.2 MeTo1b1 30HJJOBOM HAHOTEXHOJIOTHH. MeTO bl 3anucyu HHPOPMaIIUH. JIT.1 J11.2 J11.3
DNEKTPOHHO-CTUMYIIMPOBAHHOE OCAX/IEHUE UM TPaBJICHHUE. JI1.5 J11.4J12.3
MaccomepeHoc ¢ ToOMOMIbIo OCTpusl. TepMomnoneBoi crocod 3ammicy. JI2.1J12.4 J12.5
AromHas cOopka. DiekTpoxumuueckuid Mmacconepenoc. /IIp/ J2.6 J12.2

21223324
Paznen 9. IlyukoBbie u Ipyrue MeToAbl HAHOJIUTOrpadun

9.1 PentrenoBckast aurorpadus. DnekTpoHHas utorpadus. MonHas JIT.1JI1.2 JI1.3
surorpadus. Bo3MOXHOCTH IydKOBBIX METOIOB JINTOTpAaGH. 30HIOBEIE JI1.5J11.4J12.3
Merto ! HaHomuTorpaduu (C3M-nmurtorpadus). [Ipsmoe HaHeceHne J12.4 J12.5 J12.6
pucyska c momoisto CTM (aBTodMuccHOHHBIN MeTon). DopMmupoBaHue JI2.2 J12.1
PHUCYHKA B CJI0€ METaJl1a, IIOJIY4EHHOTO Pa3/I0KEHUEM 01223354
METaJUIOOTPAaHHYECKOTO coeqHEHUs. JInTorpadus ¢ UCMOIb30BaHHEM
pe3ucTta. JIeHrMIopoBCKHE MJICHKH - NEPCIEKTUBHBIN PE3UCTUBHBII
MaTtepua Uit HaHojurorpaduu. TepMoMexaHndecKkast HAHOJTUTOTPa(HSL.

[epreBas Hanonmurorpadus. Hanonewarnas mutorpadus (HIUT). /Jlex/

9.2 PentrenoBckast murorpadus. DnexTponHas utorpadus. MonHas JIL.1JI1.2 JI1.3
nutorpadus. Bo3MOKHOCTH MydKOBBIX METOIOB JTUTOTrpaduu. 30HIOBLIE JI1.5J11.4J12.3
MeTO bl HaHoJUTOrpadguu. TepMoMexaHuvecKass HAHOJIUTOTpaQusl. JI2.1J12.4 J12.5
IepreBas HanommTorpadus. /IIp/ J12.6 J12.2

01323354
Paznen 10. ®u3znka HaHOYCTPONCTB

10.1 | YecrpoiicTBa ONTORIEKTPOHUKN U HAHOINEKTPOHUKH. TyHHETBHBIA ANO. J1.1J11.2J11.3
OpmHosnekTpoHuka. CBeTOMOABI U JIa3ephl HA IBOWHBIX JI1.5 J11.4J12.3
reTepocTpykTypax. @OTONPUEMHHUKH Ha KBAaHTOBBIX sMax. POTOIUO b J12.4 J12.5 J12.6
Ha CHCTeMe KBaHTOBBIX SIM. Y CTPOHCTBA M MPHOOPHI HAHO(OTOHUKH. J12.2 J12.1
Bonokonnas ontuka. OnTHueckre nepeKiouaTean u GUIbTPhL. 212233 24
MarauTHBIC HAHOYCTPOMCTBA sl 3aIIFCH U XpaHEHUsI HH(popManuy.

Hanocencopsr. /JIex/
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10.2 | TynaensHbIN Au0oa. OnHO3MEKTpOHMKA. CBETOAMOIBI U JIa3ephl HA JIL.1JI1.2 JI1.3
JIBOMHBIX TeTepOoCTPYKTypax. POTOANOIBI HA CUCTEME KBAHTOBBIX SIM. JI1.5J11.4J12.3
Bonokonnast onTika. MarHUTHbIE HAHOYCTPOMCTBA JUIS 3aITUCH U JI2.1J12.4 J12.5
xpanenus nHpopmMarn. Hanocencopst. /I1p/ J12.6 JI2.2

01323354
10.3 | YerpotictBa u mpubops! HaHO(GOTOHUKH. ONTHYECKHE TepeKTIodaTeTH U J1.1J11.2J11.3
¢uneTpel. /Cp/ JI1.5 J11.4J12.3
J12.4 J12.5 J12.6
J12.2 J12.1
212233 24
Pa3gen 11. ®yHKUMOHAJIbHbIE M KOHCTPYKIIMOHHbIE HAHOMATEPHAJIBI
HEOPraHNYecKoW U OPraHnYecKoi NPUPoIbI.

11.1 | YrneponHble HAHOCTPYKTYpbl. DyiuiepeHsb! ~-HOBBIE IEPCIEKTUBHBIC JI1.1 J11.2 J11.3
MaTepHallbl MUPOKOTO MPUMEHEHUS B HAHOIEKTPOHUKE. MeTo bl JI1.5J11.4J12.3
NoJIydeHus U pasaencHus ¢ymiepeHoB. [IpuMenenne QpyiepeHos. J12.4 J12.5 J12.6
YriepoaHbie HAHOTPYOKH. MeToIbl OJydeHHs HAHOTPYOOK. JI2.2J12.1
DnekTpuueckue cBoiicTBa. Mexanuueckue cBoicTBa. [lpumenenue 01223354
YIIIEpOTHBIX HAHOTPYOOK. JIEHTMIOpDOBCKHE MOJIEKYIISIPHBIE TUIEHKH.

HexoTtopsbie cBOHCTBaA JIEHIMIOPOBCKUX MIeHOK. HaHOUYacTUIIBI
OMOJIOTHYIECKOTO MPOMCXOXKAeHHA. HaHOMaTepHasl 1 HAaHOYaCTHIEI
TEXHOTEHHOTO MPOUCXOXKICHHUS U UX KIACCH(UKALNSI — HAHOYACTUIIBI
METaJJIOB M OKCHJIOB METAJUIOB, ACHIPUMEDPBI, HAHOTIHHBL U 1p. /JIex/

11.2 | YrumepoaHble HAHOCTPYKTYPBL. MeTOAbI IOJyYEeHUS U pa3IeIeHUs JIT.1JI1.2 JI1.3
GbymiepeHoB. YTIIEpOAHbIC HAHOTPYOKH. DIIEKTPUYCCKUE U JI1.5 J11.4J12.3
MEXaHWYeCKHe CBOUCTBA. MeTOo b MOTydeHNS] HAHOTPYOOK. J12.1 J12.4 J12.5
Hanoyactuiisl Ononoruyeckoro npoucxoxaenus. Hanomatepuansl u J12.6 J12.2
HAHOYACTHUIIBI TEXHOTEHHOTO MpoucxoxaeHus. /IIp/ 2132053 54

11.3 | DdynepeHsl -HOBBIE IEPCIIEKTUBHBIC MaTepUaIbl IIUPOKOTO MPUMEHEHUS JIT.1JI1.2 JI1.3
B HAHORJIEKTPOHHKE. [[pUMeHeHNe YIIIepOTHBIX HAHOTPYOOK. JI1.5 J11.4J12.3
JleHrMIOpOBCKHE MOJIEKYISIpHBIE TIeHKH. /Cp/ J12.4 J12.5 J12.6

J2.2J12.1
21323354
Pazgen 12. UckyccTBeHHOe HaHOGOPpMOOOpa3oBaHue

12.1 | HampskeHHBIE MOIYIIPOBOIHUKOBBIE F€TEPOCTPYKTYPHI U IPUTOTOBIECHUE JI1.1 J11.2 J11.3
13 HAX HAHOTPYOOK. MeTox H3roTOBICHHS HAHOTPYOOK CBOpauHBAHUEM JI1.5 J11.4J12.3
MOJIYIPOBOAHUKOBBIX reTepocioeB. PopMupoBaHue J12.4 J12.5 J12.6
[IOJIYIPOBOJHUKOBBIX U METAJNIMYECKUX HAHOBOJIOKOH U CIIMpaJIeii. J12.2 J12.1
Ilepuonuueckue KBaHTOBBIE TBEPAOTEIbHBIE HAHOCTPYKTYPHIL, 01223354
CBEPXPEIIETKH U3 KBAHTOBBIX TOUeK. CBOWCTBa MUKPO- U HAHOOOOJIOYEK.

Perutnkaiust HaHOCTPYKTYp "hopmupoBanueM” moaumepos. /JIek/

12.2 | HanpsikeHHBIE MOIYIPOBOJHUKOBBIE T€TEPOCTPYKTYPHI M IPUTOTOBIICHHE JIT.1JI1.2 JI1.3
13 HAX HAHOTPYOOK. MeTox M3roTOBJIEHHS HAHOTPYOOK CBOpauHBAHUEM JI1.5J11.4J12.3
HOJIyIIPOBOJHUKOBBIX rerepociaoes. GopMUpOBaHUE J12.1 712.4 J12.5
MOJIYIIPOBOAHUKOBBIX U METAJUTHYECKUX HAHOBOJIOKOH M criupasneii. /IIp/ J2.6 J12.2

31323354
12.3 | CBolicTBa MUKPO- U HAHOOOOJIOUYEK. PermiKamnus HaHOCTPYKTYP JIT.1JI1.2 JI1.3
"thopmupoBarueM” nonumepos. /Cp/ JI1.5 J11.4J12.3
J12.4 J12.5 J12.6
J12.2 J12.1
3133524
Paznen 13. O6acT npuMeHeHNs] HAHOYACTHL

13.1 | Iumesas, papmarneBTHUECKAsI, XUMUYECKas], HEPTSIHAS JIL.1JI1.2 JI1.3
MIPOMBIIIICHHOCTD; 9KOJOTHS; YJHEPTEeTHKA; CENbCKOE X03HCTBO; JI1.5 J11.4J12.3
AJIEKTPOHUKA; MAIIIMHOCTPOCHHUE, KOCMHYECKUE TEXHOJIOTHH U JP. J12.4 J12.5 J12.6
Brirons! u prckn HaHOTEXHONOTHI /JIek/ J12.2J12.1

01323354
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13.2 | [umesas, GpapmaneBTHUECKAs], XUMUIECKas], HEPTSIHAS 6 1 JI1.2 J11.3 JI1.1
MIPOMBIIIICHHOCTD; 9KOJOTHS; YJHEPTEeTHKA; CENbCKOE X03IHCTBO; JI1.5 J11.4J12.3
AJIEKTPOHHKA; MAIIMHOCTPOCHHUE, KOCMHUYECKUE TEXHOJIOTHH U JP. JI2.1J12.4 J12.5
Brirons! u puckn HaHOTexHONOTHIA /Cp/ J12.6 JI2.2

01323354
Pa3nen 14. Unas kouTtakTHasi padora
14.1 |MuaouBuayanbHbIE KOHCYAbTAIUH, TeKymuil KoHTposs /MKP/ 6 11 J1.1J11.2J11.3
JI1.5 J11.4J12.3
J12.1J12.4 J12.5
J2.6 J12.2
21323354

6. POH/J1 OIEHOYHBIX CPEJCTB

6.1. ITepeyeHb BH/1I0B OLICHOYHBIX CPEACTB

KoHTpospHbBIE BONPOCEHL, 331241
Bonpocs! k 53k3aMeny

6.2. TunoBblie KOHTPOJIbHBIC 3a1aHUSl U UHBIC MaTEPHAJIbI 11 TeKyllleﬁ aTTeCTAalluu

ITpumepsl 3anau

1. OmpenenuTte yaenbHYIO ITOBEPXHOCTD CACAYIONINX YacTHIL: a) KyO ¢ JuHOoi pebpa 1 Mkm (10-6 M), 0) map ¢ quamerpom 1
MKM, B) LMJIMHJP C BHICOTOH ¥ TUaMETPOM OCHOBAHMS IO 1 MKM.

2. I'npo30716 conepkuT cheprdeckue JacTuipl, mpudeM 30% Macchl MPUXOIUTCS HA YaCTHUIBL, HMeromue paauyc 20 HM, a
Macca OCTaJIbHBIX — Ha yacTunsl paguyca 100 am. Kakoa ynenbHas MOBEpXHOCTH YaCTHIIBI AUCTIEPCHOI (ha3br?

3. OmpezenuTe paanyc YacTHIl 30J1s1 HOIUIA cepedpa, UCIOb3Ys CICAYIONIEe JaHHbIe: Ko duuueHT audpy3un paBeH
1,2¢10-10 mM2/c, BA3KOCTB CpeIbl —

1+10-3 ITaec, Temnepatypa — 298 K.

4. Ipu uccieqoBaHUuy THAPO30JIS 30J10Ta METOIOM MTOTOYHOM ynbTpaMukpockonuu B o0beme W =1,6¢10-11 M3 moacunrano
70 wactun. Onpenenure CpeIHHIA paanyc YaCTHUIL 30115, cuuTas ux Gopmy chepudeckoil. BecoBast koHIIEHTpanus 3015
C=7+10-21 xr/mM3, umotHOCTh p = 19,3103 KT/M3.

5. Ompenenure TUaMeTp YaCTHI] A9PO30JI, HCIONB3Ys PE3YIbTaT HCCISIOBAHIS METOJOM TOTOYHOH YIbTPaMUKPOCKOIIUH: B
obbeme 2,2¢10-2 Mm3 moacunTaHo 87 yacTuil a3po30iis (IpIMa MapTeHOBCKUX neueit). Konuentpanus aspo3zons 1+10-4
KI/M3, IUIOTHOCTh JUCTIEpCHOM (a3l 2 T/cM3, hopma dacTui cheprdaeckas.

6. OneHnTE pa3Mepsl 3apoAbIIIeH KPUTHIECKOTO pa3Mepa KJIaCTEPOB BOJBI M PTYTH U OIPEeNNTe, KaKiue U3 HUX
o0pa3yrorcs ¢ 6obleil TepMOANHAMUUECKOH BeposaTHOCTRIO ITpH TeMnepartype 200C u gasnenun 5000 ITa. [ToBepxHocTHOE
HaTsDKSHHE BOJIBI M PTYTH NPH 33JJaHHOM Temmepatype paBHo 72,5 MJx/M2 u 470,9 MJ[/M2 co-0TBETCTBEHHO; TNTIOTHOCTh
BojbI U prytr 0,998 1/cM3 1 13,546 1/cM3 COOTBETCTBEH-HO; JaBlICHHE HACBIIICHHBIX MAapOB BOJBI M pTyTH 2336,8 [1a n
162,6610-3 I1a cOOTBETCTBEHHO.

7. Paccumraiite paboThl 00pa3oBaHus 3apoAbIIIeH KPUTHIECKOTO pa3Mepa B PacIulaBaX HUKEIS U MEAU IPU OXJIKICHUU UX
OT TeMmriepatyp miaasienus 10 temne-patypsl 8000C. Temnepatypa miaenenust mequ 10830C, nukens — 14550C. Y nenbHas
TEIUIOTa TUIaBJIeHUs Mean 2688 kan/Monb, Hukens — 4200 kan/mMoJb; IIOTHOCTH paciutaBa Menu 8030 kr/m3, Hukens — 7800
KI/M3, MOBEpXHOCTHOE HaTshKeHUE pac-maBoB menu 11,2 H/m, Hukens — 1,7 H/m.

8. CpaBHUTE 00BEMBI 3apOBIIICH XHUIKON (pa3bl KPUTHYECKOTO pa3Mepa ITaHOIA IIPH UX TOMOTEHHOM 00pa30BaHUH B
ra3oBoOH (paze ¥ TeTepOoreHHOM Ha ITOBEPXHOCTH NMOJIHATHIeHa pH TeMmeparype 200C u napnenun 4000 I1a.
IToBepxHOCTHOE HATSHXKEHUE CIMPTA MIPH 3aJaHHOH TemmepaTtype paBHO 22 m/[x/M2; maoTHOCTS — 0,789 T/cM3; maBneHue
HacbleHHoro napa — 5333 Ila; kpaeBoii yrosn cMauuBaHus co-craisieT 950.

9. OneHUTE KpUTHIECKUE pasmepsl 3apoabimei TBepaoi Ga3pl KC1 u CaCl2 mpu ux 06pa3oBaHUM U3 TEPECHIIICHHBIX
BOJHBIX PacTBOPOB ¢ KoHIeHTpanueil 90 Bec. %, ecny KOHIEHTPAIlMU X HACBIIIEHHBIX PAaCTBOPOB paBHHbI 73,5 Bec. % u 54,5
Bec. %. IToBepxHocTHast sHeprus TBepAbIx kpuctamuios KCl u CaCl2 pasna 110 u 450 MH/M, a ux mnotHoCTS - 1,98 11 2,51
r/cM3 COOTBETCTBEHHO.

10. CpaBHETE CKOpOCTH 00pa3oBaHus 3apopimei kputrdeckoro pasmepa KCl n CaCl2 npu nx obpa3oBannu nu3
MEePECHIIICHHBIX BOJHBIX PACTBOPOB ¢ KOHIeHTpanuei 90 Bec. % (BeMMYIMHBI MOBEPXHOCTHOM SHEPIUHU U INIOTHOCTh
TBEPIBIX KPUCTAIJIOB YKA3aHbl B MPEIBIAYIIEH 3a1aue).

11. U3BecTHO, YTO TIpH TEMIIEpaType BO3IyXa B HIXKHEM ciioe atMocdepbl 3emiu, paBHo# 300C, BIaKHBIH BO3MyX
oxnaxnaaerca B cpenHeM Ha 0,440C npu noabeme Ha

kaxnabie 100 M BbICOTHI. [1011B3ysICh 3aBUCUMOCTSIMUA TTOBEPXHOCTHOTO HATSKEHHS BOJIBI U €€ INIOTHOCTH OT TEMIIEPaTyphI,
paccuuTaiiTe BelMIMHBI paboT 00pa30BaHMs 3aPOBIIICH )KUAKOH (ha3bl KPUTHIECKOTO pa3Mepa M KPUTHICCKHE PaJnyChl
3apomplmel Ha BRICOTaX | KM, 3 KM 8 KM IpH CTETICHH ITePECHIIICHNS, pABHOH ABYM. 3aBUCHMOCTSIMH YKa3aHHBIX
(pu3MUECKUX BEIUIHH OT aTMOC()EPHOTO JaBICHUS MPpeHeOpeyb.
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6.3. TunoBbIe KOHTPOJIbHBbIE€ BOIIPOCHI M 3aIaHUA I HPOME)l(yTO‘[HOﬁ aTTrecTalnumn

KOHTpOJILHLIe BOIIPOCHI IO AUCHUTIIINHE (I)I/BI/IKO-XI/IMI/I‘JECKI/IC OCHOBBI HAHOTEXHOJIOTHI

1. IMonstne o HaHOTeXHONOTHU. Kiaccupukarysi HAaHOOOBEKTOB.

2. KBanToBble TOukH. OCOOEHHOCTH (DU3MUECKUX B3aHMMOJCHCTBUI Ha HaHOMacIITabax.
3. Pasmepnsriii 3ddext. OCHOBHBIC XapaKTEPUCTHKH YACTUI] B HAHOPA3MEPHOM COCTOSHHUHU.
4. CBoiicTBa HAHOYACTHIEI, 00YCIOBICHHBIE ATOMHOM M 3JIEKTPOHHOM ITO/ICHCTEMaMH.
5. TepmoauHaMuueckas: Teopusi MOBEpXHOCTU. [ToHATHE MOBEPXHOCTH pa3phlBa.

6. JlaBnenue Jlamnacca.

7. BrnusiHre mOBepXHOCTHBIX 3 (eKTOB Ha TemIiepaTypy IUIaBJICHUS.

8. TepMoiHAMUKA TIOBEPXHOCTHBIX SBJICHHH B MaJIbIX KpHCTaJLIAX.

9. O6pasoBanue 3apoasiiieii HOBoH (asbl. Kputndeckuil pazmep 3apopbliia.

10. ®nykryaunuu. CKOpOCTh 3apOKACHUS.

11. 3aposkaeHUe KPUCTAIIOB B JKUAKOU (ase.

12. I'ereporenHoe 3apoxkacHue.

13. AKTHBHBIE IIEHTpHI Ha nmoanoxke. Popmyna FOnra.

14. O0pa3oBaHre HAHOYACTHI B KOJUIOMIHOM PAcTBOpE, MEXaHHUYECKOE JUCIICPTUPOBAHUE KPYITHBIX YaCTHII.
15. IIpuMepbl XMMUYECKOTO CUHTE3a HAaHOYACTHLI.

16. [oBepxHocTHO akTHBHEIE BemecTBa (IIAB).

17. CamocoOpaHHBIE MOHOCIIOM U MYJIbTHUCIIOH.

18. VYropsaodeHHBIEe PENISTKH HAaHOYACTHUI] B KOJIOMIHBIX CYCIICH3HUSX.

19. CaMOOpraHu30BaHHbIE KOJJIOUIHBIE CTPYKTYPBI.

20. Koanecuennust. [Tpuanun Kropu.

21. Teopus JIngpumna-CrnezoBa. CamocoriacoBanHoe nupGy3HOHHOE TTOJIE.

22. MexaHu3Mbl U TUMUTHPYIOIIKAE CTaJUHA MacCcOIlepeHoca.

23. Crexanue. CriekaHue ¢ ygacTHEM XUAKOI (a3sl.

24. MexaHu3MbI IPUIEKAHUS TBEPIBIX TEJl KOHTAKTUPYIOIIUX B TOUKE.

25. Tonkue mneHku. OCTPOBKOBBIE METAJUIMYECKHE TICHKH.

26. INomy4yenne rHOPHIHBIX TONMNMEP-HEOPTaHUIECKIX HAHOKOMIIO3UTOB.

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

28. MerannononuMepHsie MmiaeHkH Jlenrmropa-biomkert.

29. DJEKTPOIIPOBOISIINE CBOWCTBA THOPHIHBIX HAHOKOMIIO3HTOB.

30. Onrtuueckre W MONYIPOBOJHUKOBBIE CBOMCTBA THOPUAHBIX HAHOKOMIO3UTOB.

31. HanocTpykTypupoBaHHbIE MaTepHAJIbL.

32. BnusiHre HAHOCTPYKTYpHUpOBaHUS O0BEMHOTO MaTepHajia Ha MarHUTHBIC CBOWCTBA.
33. HanoctpykTyprpoBaHHBIE MHOTOCJIOWHBIE MAaTEPHAIIBL.

34. DNuUTaKCHs.

35. MexaHU3MBI TeTepOTeHHOT0 00pa30BaHUs 3apOJIBIIICH M AIUTAKCHH.

36. MonekynsipHo-nydeBas snutakcust (MJID).

37. MJID u peanm3anus UaeH CBEPXPEUIETKH IS YCTPOUCTB HAHOIIEKTPOHHKH.

38. BosmoskHoctu MerogoB MJID u '®D MOC B HaHO3JEKTPOHUKE.

39. CozfaHue ynops04eHHbIX KBAaHTOBBIX HAaHOCTPYKTYP.

40. Konuenmus "cBepxy-BHu3".

41. [TonmydyeHre KBaHTOBBIX TOUYEK caMOcOOpKoi aTtoMoB ("'cHU3Y-BBEpX").

42. COopka HAHOCTPYKTYpP IO/ BIMSHUEM MEXaHUYECKOTO HaIpPsHKEHUS.

43. VYupasnsemas IHK cOopka HaHOCTPYKTYD.

44. Judpaxnus peHTTEeHOBCKHX JIydei.

45. OnekrponHas mukpockomnus (IIOM, COM).

46. 30H10Basi MUKPOCKOTIHS: CKaHUPYIOMMH TyHHENbHBIH MuKpockor (CTM); atomHO-cuioBoi Mukpockon (ACM);
JIPYyTHe CKaHUPYIOIIHE MHUKPOCKOIIBL.

47. MeTo1bl ONTHYECKOH CIIEKTPOCKOIHUU.

48. XpomaTorpadguueckue METOIbI.

49. TyHHENTbHO-30H/I0BbIE HAHOTEXHOJIOTHH.

50. Metonbl 30H10BOY HAHOTEXHOJIOTHH.

51. Merop! 3amucu HHGOpPMAIMU. MeTOAB! 3alKMCH, OCHOBAaHHBIC HA U3MEHCHUH T€OMETPHYECKOTro penbeda
TIOBEPXHOCTH.

52. Mertoabl 3anucy, OCHOBAHHBIE Ha U3MEHEHUU MarHUTHOM CTPYKTYpbl IOBEPXHOCTH.
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53. Ipsmast Mogu¢uKanus penbeda NOBEPXHOCTH (MEXaHWIESCKHH METO).

54. TepmonosneBoit crnocod 3amucu.

55. DNEeKTPOHHO-CTUMYIHPOBAHHOE OCaXIEHUE WM TpaBJCHHUE.

56. MacconepeHoc ¢ IOMOIIBI OCTPHUS.

57. ArtomHas cOopka.

58. KsanroBblii "3aron".

59. Hanocrexia - HOBasi 3allOMUHaIOIIas Cpeaa.

60. PentrenoBckas yurorpadus. DNeKTpPOHHAS JIUTOTPAH.

61. Wonnas nutorpadus. Bo3MOXKHOCTH My4KOBBIX METOJOB JIMTOTpadHH.

62. 3oHa0BbIe MeTo 16l HaHomuTorpaduu (C3M-nurorpadus). Cunosas C3M-nurorpadus. Tokosas C3M-
nuTorpadus.

63. Ipsimoe HameceHue pucyHka ¢ nmomomusio CTM (aBTOSMHCCHOHHBINH METON).

64. CoBMecTHOe Hcmosb30oBanue azepa 1 CTM B HaHONMHTOTpadHUH.

65. JleHTMIOpOBCKHE TUICHKH - MIEPCIICKTUBHBIA PE3NCTUBHBIA MaTepuall Uil HaHOJIATOTPaduH.
66. Tepmomexanndeckast HaHomuTOrpadus. [lepreBas HaHOIHTOTpadHS.

67. VYceTpolicTBa ONTO3JEKTPOHUKHA M HAHOAJIEKTPOHUKH.

68. TyHHENBHBIA MO,

69. OOHORIEKTPOHUKA.

70. CBeToAnoas! U J1a3epsl HA JBOMHBIX IeTepOCTPYKTYpax.

71. DoTonpUEeMHUKH Ha KBAaHTOBBIX siMax. DoToauoasl.

72. YcrpoiicTBa ¥ pUOOPE! HAHO(DOTOHUKH.

73. Bonokonnas ontuka.

74. Onrtudeckue MepeKnouaTent U (GUIbTPBL

75. MarHuTHbIe HAHOYCTPOMCTBA IS 3alTUCH U XpaHeHUs WH(DOpMAITUH.

76. Hanocencopsl.

77. VYrnepoaHble HAHOCTPYKTYPBL.

78. Mertopl monydeHus U paszeneHus ¢ymuiepeHoB. [IpuMeHeHne (QyuiepeHoB.

79. VYrirepoHbie HAHOTPYOKH. MeToabI MOTydeHHsS HaHOTPYOOK.

80. JIeHrMIOpOBCKHE MOJIEKYISIPHBIE IIJIEHKU.

81. IlepeHoc MoHOCIOEB Ha TBepIble Tena. HapamuBanue MyabTHCIOEB.

82. HaHowacTuiiel GHOJIOTHYECKOTO TPOUCXOXKICHHS.

83. Hanomarepraibsl M1 HAHOYACTHIIEI TEXHOTEHHOTO IIPOMCXOKICHHS — HAHOYACTHI[HI METAIIOB M OKCHJIOB METAJUIOB,
HAHOTJIMHBI U JIp.

84. HanpsbxeHHbIe MOTYIPOBOIHUKOBBIE TE€TEPOCTPYKTYPbl W MPUTOTOBICHUE U3 HUX HAHOTPYOOK.
85. MerTo N3rOTOBICHUS HAaHOTPYOOK CBOpPadMBaHHEM ITOJYIIPOBOJHUKOBEIX TETEPOCIOCB.

86. ®DopMupoBaHNEe MOIYIPOBOJHUKOBBIX W METAUIMYECKUX HAHOBOJOKOH M CIHpAJCH.

87. O6nacT TPUMEHEHHUs HAaHOYACTHUIl. BBITOABI U PUCKM HAHOTEXHOJIOTHI.

6.4. Kpurepun oueHuBaHus

Texymuii KOHTPOIb TEOPETUYECKUX 3HAHUN U MPAKTUIECKUX HABBIKOB MPOU3BOIUTCS IIPU BBITIOJIHEHUH KOHTPOIBHBIX padoT
B (hpopMe OTBETOB Ha KOHTPOJIbHBIC BOIIPOCH U PEIICHUS JOMAIIHUX 3a]ad.

B 5 cemecTpe o1ieHKa «3aUTEHO) CTABUTCS IIPU YCIOBUU ITOCELICHUS IPAKTUUECKUX U JIEKLIMOHHBIX 3aHATUH, a TakKe [IpU
BBIITOJTHEHUU KOHTPOJIBHBIX Pa0OT, MHAYE — «HE 3aUTCHOY

CTyneHT JomycKaeTcsl K ciaue 9K3aMeHa B KOHIE CEMECTpa MPH BBIIIOIHEHUH JOMAIIHUX PACUETHO-MPAKTUIECKUX PaboT.
OK3aMeHAIIMOHHAS OIIEHKa CTABUTCS Ha OCHOBAHWH ITMCEMEHHOTO U YCTHOTO OTBETOB 10 9K3aMECHAIIHOHHOMY OHJICTY.
Onenka «OTIMYHOY» CTABUTCS B TOM CIIy4ae €CJIU CTYAEHT:

- 0OHapyXHBaeT BepHOE MOHUMAaHHE CYIIHOCTU PACCMAaTPUBAEMBIX SBICHUI U 3aKOHOMEPHOCTEH, 3aKOHOB M TEOPUii, 1aeT
TOYHOE OIIPEICIICHAE U UCTOJIKOBAHME OCHOBHBIX IIOHATHH 3aKOHOB, TCOPHil, 4 TAK)KE IIPABUIIBLHOE OIPEAEICHUE
(hU3MUECKUX BEIMYHMH U3 SIMHUI] U CIOCOO0B H3MEPEeHNS;

- IPaBHJIBHO BBIIOJIHSET YEPTEXKHU, CXEMBI U Tpa(UKU COMyTCTBYIONIHIE OTBETY;

- MO>KET YCTaHABJIMBATh CBA3b MEXKIY U3y4aeMbIM U PAHEEC U3yYEHHBIM MAaTEPUAJIOM 10 KypCy NUCLMIIIMHBL, a TAKKE C
MaTepPUAJIOM, YCBOCHHBIM IPU U3Y4EHUH IPYrUX JUCLUILIUH.

OreHka «XO0pOII0» CTaBUTCS, €CIIH OTBET YOBIETBOPSACT OCHOBHBIM TPEOOBAaHMSIMH Ha OICHKY « OTIMYHOY», HO HE
UCIIONB3YET IIJIaH OTBETA, HOBBIE IPUMEPBL, HE IIPUMEHSIET 3HaHUS B HOBOM CUTYalllU, HE HUCIIOJb3YET CBA3H C paHee
U3y4EHHBIM MAaTEpUaIOM U MATEPHUAJIOM, YCBOCHHBIM IPYIUM JUCLIAIUIMHAMM.

OreHka «Y IOBIETBOPUTENEHOY» CTaBUTCS, €CITH OOJIBIIAs YaCTh OTBETA YOBJIETBOPSET TPEOOBAHISIM OTBETY Ha OIICHKY
«Xopomro», Ho B OTBeTe 00HAPYKUBAIOTCS OTAEIBbHBIC IPOOEITBI, HE MPEMATCTRYIOMNE JaTbHEHIIIEMY YCBOCHHUIO
nporpaMMHOro MaTtepuana. CTyIeHT yMeeT IPUMEHSTh IOTydeHHbIe 3HaHHS IPH PEIIeHUHU IPOCTHIX 3a1ad C
HCITOJIb30BAaHHEM TOTOBBIX (POPMYII, HO 3aTPYIHSETCS IIPH PEIICHNH 3a1a4 TpeOyomux Ipeodpa3oBanus GopMyI.
Onenka «HeynoBneTBopUTeNnbHO)» CTaBUTCA B TOM CIIydae, €CIM CTYJEHT He OBIIa/Ie)l OCHOBHBIMY 3HAHUSMU U YMEHUSMU B
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COOTBETCTBHH C TPEOOBAHMUSAMH IPOTPAMMEI JINOO HE MOXKET OTBETHTH HI Ha OJUH U3 IIOCTABJICHHBIX BOMPOCOB.
B nuceMeHHBIX paboTax YIUTBIBAETCS TAKKe, KaKast 4aCTh PaOOTHI BBINOJIHEHA.

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 | Bbpatincon P., Tu66c | Hayunble OCHOBBI HAHOTEXHOJIOTHI M HOBBIC IPUOOPHI: yaeOHNK | JlomronpyaHbIH:
M. P. [, I'penn M., |-moHorpadus Wntennexr, 2011
Xsmmonn K., xone
P., Kencamn P.,
Xamnu A., I'eoreran
M., Kanamnukos A.
.
JI1.2 | Mmromun B. A Hanomarepuansr: yaeOHOoe mocobue HoBocubnpck : 9BC
(https://biblioclub.ru/index.php?page=book&id=574749) HoBocubupckuit
rOCYIapCTBEHHBI
W TEXHUYECKUN
YHHUBEPCHTET,
2019
JI1.3 | DxapaumanueBa I'. | Hanomartepuainsl. CBoiicTBa u cepbl IpUMEHEHHS CaHKT- 9BC
W., Keiipanuena K. (https://e.lanbook.com/book/166935) IetepOypr :
A., Metenuna A. B., Jlans, 2021
Yoasan U. E.
JI1.4 | Xunnu U. U, BBeneHue B HAHOTEXHOJIOTUU: ydeOHOe mocodue CaHkr- 9BC
KoHoHOB A. A., (https://biblioclub.ru/index.php?page=book&id=709531) IetepOypr :
Komo6oB A. B. Poccuiickuii
TOCyHapCTBEHHBI
i
Tearoru4ecKui
YHHBEPCHTET M.
AMN. T'epuena
(PTTIY), 2023
JI1.5 |Hpsxun E. 1., HaHoMaTepuaibl 1 HAHOTEXHOJIOTHH: YICOHUK IS BY30B CaHkKT- 9BC
Bonorxkanuna C. A., | (https://e.lanbook.com/book/323648) [etepOypr :
ITerxoma A. I1., Jlanb, 2023
lansynenko O. 1O.,
Iox p. I1.
7.1.2. Jlono/iHUTeAbHAA JIUTEPATYpPa
ABTOpBHI, 3arnaBue WznarensctBo, | Pecype
JI2.1 | EropoBa E. B., DU3NKO-XUMHUYECKHE OCHOBBI HAHOTEXHOJIOTHIA: PYKOBOJICTBO K WBanoBo : 9bC
ITonenos 1O. B. MIPaKTUYECKUM 3aHATUAM Urxrty, 2009
(http://e.lanbook.com/books/element.php?
pll_cid=25&pll_id=4510)
JI2.2 | T'yceB A. N. HanomaTtepuanbl, HAHOCTPYKTYpbl, HAHOTEXHOJIOTUU: Mockga : 9BC
MoHoTpadus ®usmaraur, 2009
(https://biblioclub.ru/index.php?page=book&id=68859)
JI2.3 | Cacdonosa JI. I1., duznuecKasi XUMHUsS AUCTIEPCHBIX CUCTEM HBaHOBO : 9BC
Kopounes B. B., (http://e.lanbook.com/books/element.php? UrxTy, 2007
Cagenbes B. 1. pll_cid=25&pl1_1d=4465)
J12.4 |Ilyn Y., OysnC ©. , Hanotexnonoruu: yaebHoe mocobue 1 By30B Mocksa :
T'onosun 0. U., Texnocdepa,
Jlyannun B. B. 2006
JI2.5 | T'yceB A. . Hanomatepuanbl, HAHOCTPYKTYPBI, HAHOTEXHOJIOTUH Mockga :

duzmatiut, 2007
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ABTOpBI, 3arnaBue WznarensctBo, | Pecype
JI2.6 |Epmios 10.A. Konnonnnasa xumus. ®@usuueckast XUMUS AUCIIEPCHBIX CUCTEM:! Mocksa : 9BC
Y4eOHHK I'D0TAP-
(https://www.studentlibrary.ru/book/ISBN9785970424285.html) | Menua, 2013

7.2. Ilepeuens pecypcoB HHGOPMAIHOHHO-TEIeKOMMYHHKAIIUOHHOI ceTn "UHTepHeT"

D1 | Jlanb [DnexkTpoHHBIH pecypc] : anekTpoHHO-0nbaroTeuHas cucrema (ObC) / u3natennpctso Jlans. URL:
http://e.lanbook.com/

22 | IOpaiT [DnekTpoHHBIH pecypce] : anekTpoHHO-0nbmroTeuHas cucrema (IbC) / m3natensctBo Opatit. URL:
https://urait.ru

93 | YHuBepcureTckas 6MOnuoTeka oHJIaiH [DIeKTPOHHBINH pecypc] : aaekTpoHHo-0ubnnoreunas 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 Ilepevyenb HHGOPMALMOHHBIX TEXHOJIOT I

7.3.1 IlporpammHoe obecnieyenune

Adobe Reader

WinDjView

LMS Moodle

Adobe Connect Acrobat

Ubuntu Linux

LibreOffice

OpenOffice

1O Kaspersky

7.3.2 IIpodeccnoHaTbHBIE 6a3bI TAHHBIX H HH(POPMAINOHHO-CIPABOYHBIE CHCTEMBI

1. DnexTpoHHBIH KaTanor HaydHoi 6nbnuorexnu YenlY [DnexTpoHHSIH pecypc] : 6a3a ganHbIX / Yensd. roc. yH-T. —
Yensgounck, 1992.

2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics :
*ypHaisl American Physical Society : caiit. — URL: http://journals.aps.org/about — 3. anrn. — Pexxum noctymna: TOJIbKO K3
CeTH yHUBepcuTeTa. — TeKCT : 3JeKTPOHHBIN.

3. Web of Science : mynpTHIUCIHMIUTMHAPHAS pedepaTrBHas Oa3a gaHHBIX / kommanus Thomson Reuters. — Pexxum nocryma:
Jui 3aperucTpup. nonb3osatenei Yenl'V. — TekcT : 31eKTPOHHBIN.

4. Scopus : pedepatuBHas 6a3a nannbix / Elsevier BV. — URL: http://www.scopus.com/ — 3. anri. — Pexxum goctyna: s
3apeructpup. nosup3oparenei YenlV. — Teker : 3eKTPOHHBIN.

5. Springer Link : [caiit]. — URL: http://link.springer.com/ — 5I3. anri1. — Pexxum qocTyma: ajsl 3aperucTpup. Moab30BaTeneit
Yenl'V. — TekcT : 21eKTPOHHBIN.

8. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHUWE JUCIIUITIJIMHBI (MOJY JISA)

OcBoeHHUE AUCIUTUIIHEI OCYIIECTBISIETCS B YI€OHOH ayAUTOPHUH IIEPBOTO KOPITyca, pacCUUTaHHOI Ha 25 cryaenToB. Ecin
3aHATUS BeAYyTCS IS MOTOKA CTYICHTOB, TO IUCIUILUIMHA BEJETCs B ICKIIMOHHON ayIUTOPUH MIEPBOTO KOPITyca,
paccuntanHoii Ha 100 cTyneHToB.

I[J'I}I YCeHOro OCBOCHUA AUCHUIIMHBL ayTUTOPUA J1OJKHA OBITH 060pyﬂ013a}1a MyHI:THMeZ[PIﬁHLIM KOMIUICKCOM U OKpaHOM
JJIL ACMOHCTpalun ClaioBBIX npeseHTauHﬁ.

Vcnonb3ytoTes 2NIeKTPOHHBIA YMTANbHBIN 3a1 HaydHOU Oubnnorekn Uenl'Y (aymutopun 205, 206) 11 caMOCTOSTEIbHOM
paboTHI CTyIeHTa, OCHALICHHBIC TIEPCOHANBFHBIMHA KOMIIBIOTEPAMH, MyJIbTUMEANIHOI anmapatypoit. B aymuroprsax
obecredeH JOCTYI K pa3iInyHOll CIIPaBOYHON JINTEpaType, SHIUKIONEAUIM, ONOIHOTpahMUeCKUM U TOTHOTEKCTOBBIM 0a3aM
JTAHHBIX, HH)OPMAIIOHHBIM pecypcaM «VHTepHEeT».

9. METOAUYECKHUE YKA3AHUSA 1JIAA OBYYAIOIINXCA IO OCBOEHUIO JUCHUIIJIMHBI (MOAY JIS)

HpI/I N3y4CHUU ,H&HHOIZ AUCHUTUIMHBI UCIOJIB3YIOTCS JICKIIMOHHBIC, TPAKTUYCCKUE 3aHATUSA U CAMOCTOATEIIbHAA pa60Ta
CTYACHTA. Ha nexkumoHHBIX 3aHATHAX npenoaaBaTeiib U3j1ara€T OCHOBHOC COACPIKAaHUE TEM IIPOTrpaMMBI. Hpopa60TKy
JICKIIMOHHOTO MaTcpurasia )XCJIaTCIIbHO MPOBOAUTD KaK IMOCIIC KAXKAOI'0 3aHATUSA, TaK U 11O 3aBCPIICHUIO TCMBI. 9TO TTO3BOJIUT
CBA3aTh BOCAMHO IMOJTYIYCHHBIC CBEACHUA U COCTABUTH HEJIbHYIO KapTUHY.

© ®I'BOY BO «Henl'V»




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
(cnenmanbHocTh) 22.03.01 "MaTepuasioBeieHre ¥ TEXHOJIOTHH MaTepHasioB" HanpaBiieHHOCTH (1poduiio) Ousuko ctp. 14
-xumus npoueccos U MatepuanoB @PI'bOY BO «Henl 'Y»

Ha mpakTiueckux 3aHATUSX PACCMATPUBAIOTCS OCHOBHBIE METOIBI M IPHUEMBI pEeIIeHUs 3a1a4. PekoMeHyeTcs nepen
KaXXIbIM MPAaKTUYECKUM 3aHATUEM BBIIIOJHUTH JOMAIIHEE 3aJaHKe, YTO TIO3BOJIUTH JIy4Illle YCBOUTD MPEAbIIYIINH MaTepuat
1 U3YYUTb JIEKLIMOHHBIH MaTepual 1o NpeacTosIeil Teme.

BaxHBIM MOMEHTOM TIPY H3Y4CHUU JIFOOOW JMCITUTUTHHBI SIBJISIETCS] OPTaHU3aINsl CAMOCTOSITEIbHOM paboThl. [Tpu ocBoeHNHN
MaTepualia He CleIyeT CTPEMUTHCS K MEXaHMIeCKOMY 3alIOMHHAHUIO IPUBEIEHHBIX OIpeeNieHni, GOpMyIupOBOK U
MOJIOKEHUH, ecliu TpeGoBaHus K Bam mpsiMo He yka3pIBaloT Ha 3T0. BriosHe 2 deKTUBHOM MOXKeT oKa3aThCs MOMBITKA
MOHATH CYTh SIBIICHHS, BBIPA0OTaTh CBOEC OTHOIIICHHUE K HEMY, OTIHPAsICh Ha MaTepHall, COJCPKAIUICA B PEKOMEHIOBAaHHOH
muteparype. CkazaHHOe 0COOCHHO 3P GEKTHBHO, KOTa PeUb HJET O TAKUX TPEOOBAHHAX, KAK «IIOHUMAET» UIIH «UMEET
npezncraBieHue». Hanpotus, ecnu Bel umeete 1emno ¢ TpeGOBaHUEM K AEATEIBHOCTH «JIOJIKEH YMEThY», TO PEKOMEHIyeTCs
MOYIPAXKHITHCS B COOTBETCTBYIOIIEM BUJE NEATENIBHOCTH. Bee 3T0 mMeeT HenoCcpeACTBEHHOE OTHOILIEHHE K ITIOATOTOBKE K
MPAKTUICCKAM 3aHITHSM.

B ciryqae mpumeHeHus py 00Y4eHUN AUCIUIUTHHBI JJIEKTPOHHOTO 00Y4IEeHUSs, TUCTAaHIIMOHHBIX 00pa30BaTeIbHBIX
TEXHOJIOTHI o011eHre 00yJaromuXcsl U MpenoaBaTesst OCYLIECTBIISIETCS B PEXKUME PEaTbHOTO BpeMeHH (OHIaiH-JIEeKIH
(BeOWHApBI), YaThI, BUICO-KOH(PEPSHIIUH | JP.) WIN OTIIOKEHHOTO BPEMEHH (CHCTEMa JUCTAaHIIMOHHOTO 00y4eHust Moodle,
MS Office365, Gopymsl, 3IeKTpOHHAS 1TOYTA U IP.).

[Tpu oOyueHnH U1 C OTPAaHUYEHHBIMHA BO3MOXXHOCTSAMU 30POBBS 2JIEKTPOHHOE 00yUeHHE, TUCTAHIIMOHHbBIE
00pazoBaTeNbHBIC TEXHOJIOTUH MPEIyCMaTPHBAIOT BOBMOXKHOCTH IIpUeMa-Tiepeiayi HH(pOPMAIUY B JOCTYITHBIX JUIS HUX
dbopmax.

Peanuzanus TUCHMIUIMHBI C TPUMEHEHUEM JIIEKTPOHHOTO 00Y4IEHUSs, TUCTAaHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOIOTHH (Hamnee
— 30, A0T) ocymectpasiercss Ha ocHOBaHUU «[loy0keHus 0 peanu3aluy OCHOBHBIX U IOTOJIHUTENBHBIX 00pa30BaTENbHBIX
MIPOTPaMM C MIPUMEHEHUEM DIICKTPOHHOTO O0YYIECHUS U JUCTAHIIMOHHBIX 00pa30BaTEIBHBIX TEXHOJIOTHH B (heliepaibHOM
TOCYIapPCTBEHHOM OIO/PKETHOM 00pa30BaTENEHOM YIPEKICHUH BhICIIEro 00pa3zoBanus «UenssOMHCKU ToCynapCTBEHHBIH
yHUBEpCHUTETY», «I1070kKEeHUs 0 MOpsIKe 3aueTa 00yJIaromUMHICS IO OCHOBHBIM ITPO(}eCCHOHaIbHBIM 00pa30BaTeIbHBIM
mporpaMMam Boiciiero oopasosanus B ®I'bOY BO «Uenl V» pe3ynbTaToB OCBOCHHUS B OPTraHU3AIUAX, OCYIIECTBISIONINX
00pa30BaTeNbHYIO ACATEILHOCTD, YUCOHBIX IPEIMETOB, KYPCOB, JUCITUTLTHH (MOJIYIICH ), MPAKTHK, JOTOTHUTEILHBIX
00pa3zoBaTeNbHBIX IPOTPAMM» IOCPEACTBOM UIEKTPOHHOI HHPOPMaMOHHO-00pa3oBaTensHOM cpenst PI'BOY BO
«Henl'V». B uckiarouutensHbIX cnydasx (hopc-Maxop U T.I.) IpU pean3anui 00pa3oBaTeNbHON ASITEILHOCTH C
npumerenueM D0, JIOT MoryT NIpuMeHSITh KOMIIOHSHTBI, HE BXOJSIIHE B TIEPSUCHB dJICKTPOHHOW HHPOPMAIIMOHHO-
00pa3oBaTeNBHOM CPebL.

10. CHEIIUAJIBHBIE YCJIOBUSI OCBOEHUSA JUCIUITIJIMHBI OBYYAIOIIUMHUCS C
HNHBAJIMJHOCTBIO U OTPAHUYEHHBIMHA BO3MOXKHOCTAMMU 310POBbSA

OcBoeHHE IUCIUIUIMHBI HHBAIHAAMH W JIMIAMH C OTPAaHWYCHHBIMH BO3MOXKHOCTSMH 3/IOPOBBSl OCYIIECTBIAETCA C
UCIIONIb30BAaHUEM CIEIHATIbHBIX TEXHWYECKHX CPEICTB U HH()OPMAIMOHHBIX TEXHOJOTHH, IPEeJOCTaBIIEeMBIX PecypcHBIM
y4e0HO-METOJUYECKUM ILIEHTPOM IO OOYYEHHIO MHBAIUIOB M JIUI C OTPaHMYEHHBIMHU BO3MOXHOCTSIMH 310poBbs Yenl'V mo
3ampocy oOydaromerocst (MOOWIBHBIC CHEIMAJbHBIE TEXHWYECKHE CPEICTBA IS JIMI C HApYMICHHSAMH 3pEHHI H C
HapyIIEHUEM CIIyXa, ACCHCTUBHBIC MH()OPMAITHOHHBIC TEXHOJIOTHH).

ITpu HeoOXoaMMOCTH I OOYJAIOIIUXCA C HApYIIEHUSMU 3pEHHs Ha pabodnmx MecTaxX AN MPOBEACHHS MPAKTUYECKUX WU
7Ta00PaTOPHBIX 3aHATUI yCTaHABIMBAaeTCsA CIELMAIBLHOE IPOrpaMMHOE obecredeHHe (IIporpaMMma pedeBOH HaBHTaIWW,
pedeBbIe CHHTE3aTOPHI, SKPAaHHbIE JIYITH).

B yueOHble ayguTopuu obecrednBaeTCs OECHPENSATCTBEHHBIH JOCTYm Ui OOYJaroIUXCs C HMHBAIUAHOCTBIO K C
OTpaHUYEHHBIMU BO3MOXKHOCTSIMH 3J0pOBbsl. B Kaxaoi ayguropuu, rie oOydaroTcsi MHBAIUABl U JIUIA C OTPAaHUYEHHBIMU
BO3MOXKHOCTSIMH  3/IOPOBBSI, IIPEAyCMAaTPUBACTCA COOTBETCTBYIONICE KOJMYECTBO MECT JUI OOYJaIOIUXCS C y9eToOM
HapyILIEHUH UX 3J0POBbS.

Jlnis ocBOeHHs MUCHUIIIMHBI MHBAIHIAM M JIHLAM C OTPAHUYEHHBIMH BO3MOMKHOCTSMH 3[0pPOBbSl MPENOCTABISETCS AOCTYI K
MEYaTHBIM HCTOYHHMKAM, MMEIOMMMCS B HaydyHOW OmOimoreke Yenl'Y, ¢ mMOMOIIBIO CHEIMANbHBIX TEXHHYECKUX CPEACTB;
JIOCTYI C TIOMOIIBIO CIICIMANBHBIX TEXHHYECKHX W MPOTPAMMHBIX CPENCTB K 3JEKTPOHHBIM HCTOYHHKAM, IPEICTABICHHBIM B
(hopMe d1eKTpOHHOTO TOKYyMEHTa B (hoHIe HaydHOU OnbmnoTeku Yenl'Y win 21eKTpoHHO-ONOIMOTEUHBIX CUCTEMAX.
Y4ebHO-MeToAUYeCKHe MaTepHanbl Uil OOydaromMXCs U3 4YUCIa HHBAIKAOB M JIHMI[ C OTPAHUYEHHBIMH BO3MOXKHOCTSMHU
3II0POBBSl TIPENOCTABIIOTCS B (hOpMax, aJanTHPOBAHHBIX K OTPAHWYCHHSAM HX 3I0POBbS M OCOOCHHOCTSM BOCIIPHATHS
nHpopManuy.

Jlns MHBaNMUAOB M JHMI[ C OTPAHUYEHHBIMH BO3MOXKHOCTSMH 3J0OPOBbSI OCBOCHHE AUCLUILIHMHBI MOXET OBITh YaCTUYHO HIH
MOJHOCTBIO OCYIIECTBIEHO C UCMOIb30BaHUEM AUCTAHIIMOHHBIX 00Pa30BaTENbHBIX TEXHOJIOTH.

IMpm mpoBemeHMM TPOMEXYTOUHOH AaTTECTAIlMM IO JUCIHUIUIMHE OOYJAIONMMCS C HHBAIMAHOCTBIO W C OTPaHWYCHHBIMH
BO3MOXKHOCTSIMH 37I0POBBSI 00ECHEIMBACTCS 110 WX 3asABICHUIO NPEIOCTABICHHE B JOCTYHHOH (opMe B 3aBHCHMOCTH OT HX
UHIUBUIYalbHBIX OCOOCHHOCTEH MHCTPYKIMHU O MOPSIKE MPOBEINECHHUs MIPOMEXKYTOUYHON aTTECTallUd, OLIEHOYHBIX CPEICTB U
BO3MOKHOCTH OTBETOB Ha 33/1aHMA (ITMCEMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIIBIOTEpE, MHChMEHHO mpudToMm bpaitrs, ¢
HCIIONIb30BaHUEM YCIIYT aCCHCTEHTA, YCTHO).

ITpu mpoBemeHHM NPOLEAYPH OLEHUBAHUS PE3YNbTATOB OOy4eHHsS HHBANHUAOB U JHI[ C OTPAaHUYEHHBIMU BO3MOXHOCTSIMU

© ®I'BOY BO «Henl'V»




MUMWHOBPHAYKHN POCCHUU
\,’} DenepanbHOE TOCYAAPCTBEHHOE OIOKETHOE 00pa30BaTeIbHOE
@ y4pekaeHHe BBICIIEro 00pa30oBaHus
«Yensbunckuit rocynapcrBenHsiil yausepcurer» (PI'BOY BO «Henl V)

Pabouas nporpamma AuCHHATUTAHBI "DH3UKO-XMMAYECKIE OCHOBBI HAHOTEXHOJIOTHH" 1O HAPABIICHUIO MTOJITOTOBKH
(cienmanbHocTH) 22.03.01 "MarepuanoBeieHHe U TEXHOJIOTUH MaTepraioB” HanpaBieHHOCTH (poduito) Duznko crp. 15
-xumus npoueccos U MatepuanoB @PI'bOY BO «Henl 'Y»

3I0pPOBBA  HPEAYCMATPUBACTCA HCHOJIB30BAHUE MPEAOCTABICHHBIX Uenl'Y wnimu  COOCTBEHHBIX TEXHUYECKUX CpEaCTB,
HCO6XO,I[I/IM]>IX UM B CBA3M C HUX HWHAUBUAYAJIbHBIMHU 0COOEHHOCTSIMH. HpI/I HCO6XO,I[I/IMOCTI/I HHBaJILJaM MW JUHoaM ¢
OTPaHNMYCHHBIMH BO3MOXHOCTAMU 3J0POBbs IMPCAOCTABIIACTCA AOIOJHHUTEIBHOC BPEMA IJIA IMOATOTOBKM OTBETA HA 3adaHMA,
npoueaypa OuCHMBaHUA PE3yJIbTAaTOB 06y‘ICHI/I$I MO0 AUCHUINIMHE MOKCET MMPOBOJAUTHCS B HCCKOJIBKO OTAIlOB.

© ®I'BOY BO «Henl'V»




22.03.01 MartepuasoBeaeHUe H TeXHOJOTHH MAaTepHAJIOB, NPO(HIb " ®U3UKO-XHMHUS NPOLECCOB U
matepuajioB", PI1/] " ®u3uko-xuMHu4ecKUe 0CHOBBI HaHOTexHoJoruu'", 2025 r.H., ounas popma
o0yueHust

ITpopekTop 1o yueOHOH paboTte yTBepxkaeHo 24.02.25 A.A. CanamaToB
Y4eHbsIM COBETOM (hU3NUECKOTO (aKyabTeTa

ITporoxo:n 3aceganus Ne 06 ot 20.02.2025

[Ipencenarens YueHoro coBera

(husuueckoro paxkynpTeTa COIIaCOBaHO M.A. 3arpeoun
3acenanuem kadeapbl GU3NKH KOHIEHCUPOBAHHOIO COCTOSTHUS

ITporoxo:n 3aceganus Ne 04 ot 18.02.2025

3aBenyromuii Kapeapoii COTJIACOBaHO B.Jl. byuenbHUKOB
ABTOD (COCTaBUTEIIH) IHILII. Aradapor

CTpykTypa pa6oueii mporpaMmbl cO00TBeTCTBYeT mpukasy pekropa ®I'bBOY BO «Ueal'¥» ot «13»
anpeas 2021 r. Ne 247-1
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