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MHUHHUCTEPCTBO OBPA30BAHMS U HAYKH POCCUIMCKOM ®EJIEPAIIAA

denepanpHOE OIOKETHOE TOCYJapPCTBEHHOE 00pa30BaTEIbHOE YUPEKACHHE
BBICIIICTO 00Pa30BaHUs

«TOMCKHH TOCYJAPCTBEHHBIV YHUBEPCUTET CUCTEM YIIPABJIEHUS
N PAIJNOSJEKTPOHUKN» (TYCYP)

YTBEPXJAIO
JupekTop nenmapraMeHTa 00pa3oBaHUs
(ITpopexTop 1o yuedHoii padoTe)
ILE. Tposin

«_» 2016T.

PABOYAS TIPOT'PAMMA YYEBHOM JUCIHUILINHBI
OU3UKO-XUMHUA HAHOCTPYKTYPUPOBAHHBIX MATEPUAJIOB

YpoBeHb OCHOBHOIT
00pa3oBaTeIbHOI MPOrpaMMbl  OakaiaBpHat

Hanpasyienns noaAroTroBKu 28.03.01 «<HaHoTeXHOIOTHN M MUKPOCUCTEMHAS TEXHUKAY
Hpodpunnb HanoTexHonornu B 31eKTPOHUKE M MUKPOCUCTEMHON TEXHUKE
®opma 00yueHHs ouHas

dakyJabTeT aneKkTpoHHOH TexHuku (POT)

Kadenpa ¢busnyeckoii anekTponnku (OI)

Kype__ 2 Cemectp 3

Y4eoOnblit ni1an Hat6opa 2016 roga v nocjieyOMX JieT.

Pacnpeneneﬂne paﬁoqero BpPEeMEHU:
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1. | Jlekuuu 36 36 | YacoB
2. | JlaGopaTopublie padoThI _ - 4acoB
3. | [IpakTHyeckune 3aHATUS 18 18 4acoB
4. | Kypcooii npoext/padora (KPC) (aynuropnas) _ - 4acoB
5. | Bcero ayiuTOpHBIX 3aHATHI (Cymma 1-4) 54 54 | 4acos
6. U3 HuX B HHTEpaKTHBHOIT (hopme 10 10 | Jacos
7. | Camocrositeabnas pabora cryaentos (CPC) 54 54 | 4acos
8. | Beero (6e3 5x3amena) (Cymma 5,7) 108 108 | 4acos
9. | CamocT. padoTa Ha OATOTOBKY, CAAYY IK3aMeHAa _ - 4acoB
10{ OGwas TPya10€MKOCTh (Cymma 8,9) 108 108 | 4acos
(B 3a4€THBIX eIMHUIIAX) 3 3 3E
3aver __ 3 ceMecTp
Tomck 2016
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Paccmorpena u onoOpena Ha 3acenanuu kadeapsl
nporokot Ne 73 or« 8 » 9 2016 1

JIuer corsracoBanuii

PabGouass mporpamma cocraBieHa ¢ yderom TpeboBanuii DenepanbHOr0 TOCYAaPCTBEHHOTO
oOpasoBarenbHOro craHjmapra Bbicmiero oOpaszoBanus (PI'OC  BO) wampaBmenus 28.03.01
«HaHOTEXHOJIOTMM U MHUKPOCUCTEMHAasl TEXHUKa» (YpOBEHb OakajaBpuaTa), YTBEPKIECHHOIO NPUKA30M
MunucrtepcTBa o6pa3oBanus U Hayku Poccuiickoit @eneparu ot 6 mapta 2015 1. No 177, paccMoTpeHa
U yTBEpP)KJCHA Ha 3aceqaHuu Kadenpbl (U3MUECKOW SIEKTPOHHUKH OT «  » 2016 r.,
poTOKOJ No

Pa3paborunk:
Houent kadenpsr PO / E. B. CaBpyk

3aBenyrommii kageapoi
[Tpodeccop kadeapsr DO / ILE. Tposin

Pabouas nmporpamma coriacoBaHa ¢ GakylibTeToM, TpoduIHpyoIIel 1 BhIMycKalel kabeapamu
HaIpaBJIEHUS MMOATOTOBKH.

Jexan OOT / A.U. Boponun

3aB. npoduupyromie

kadenpoit O] / ILE. Tposia

3aB. BeIyCKaroen

kadenpoit O] / ILE. Tposia
IKCHepThI:

[Ipencenarens METOAMYECKOU

komuccuu gaxyiabrera DOT / N.A. Yucroenosa

[Ipencenarens METOAMYECKOU
koMuccuu kagpeaps OO / N.A. Yucroenosa
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1. HEJIU U 3AJJAYN JUCIHUTTJIMHBI

Llenpro OCBOCHUS TUCIUTUTUHBI «DU3NKO-XUMUS HAHOCTPYKTYPUPOBAHHBIX MATECPHAJIOBY SIBJISETCS (OPMHU-
pOBaHME COBPEMEHHBIX (DU3MKO-XUMUYECKHX MPEJCTABICHUN Yy CTYyICHTOB O MPUEMaX M METOJaX, MPUMEHIEMBIX
NP U3y4YEHUH, IPOCKTHPOBAHNY, ITPOU3BOCTBE U MCIOIH30BAHUHA HAHOCTPYKTYP, YCTPOHCTB M CUCTEM Ha MX OC-
HOBE W BKJIIOYAIOIINX IEJICHANIPABICHHBIA KOHTPOIh U MOIU(PUKAIIUIO (GOPM, pa3MEPOB M B3aUMOJICHUCTBHUH C Ie-
JIBIO TIOJTYYEHUSI OOBEKTOB ¢ HOBBIMU (DU3UKO-XUMHUESCKHUMHU CBOMCTBAMU.

3aayamMul U3y4CHUS AUCIUTUTHHEI SBIISTFOTCS:
— IpUOOpPETeHNE 3HAHUH B 00JIacTH (DH3UIECKOM XUMHUH TIPOIIECCOB CHHTE3a HAHOMATEePHAIOB W HU3KOpa3-

MEPHBIX CTPYKTYD;

— IpuoOpeTeHNE HABBIKOB PEIICHUS MAaTEPUAIOBEIUSCKUX 3a]1aY;
— ¢opmMupoBaHUE HAyIHO 0OOCHOBAHHOTO MOAX0/Aa K M3YYSHHIO CBOMCTB HAHOMATEPHAJIOB  HAHOCTPYKTYP;
— ¢opMupoOBaHUE HAYIHO OOOCHOBAHHOTO TIOX0/1a K pa3paboTKe MpOIeCcCOB MOTYICHUS HAHOMATEPHAIIOB U

HaHOCTPYKTYP.

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII

B cooTBeTcTBUM ¢ 00pa30BaTEIILHON MPOrpaMMOi AUCIUIUTHHA «DU3NKO-XUMUS HAHOCTPYKTYPUPOBAHHBIX
MaTepHaIOB» OTHOCUTCS K 00s13aTeNhbHBIM JUCITUIUTHHAM BapruatuBHOU yactr (b1.B.O/1.1).

OCHOBOW Il U3y4YeHHS TUCIMITIMHBI «DU3NKO-XUMHS HAHOCTPYKTYPUPOBAHHBIX MATEPHATIOBY SIBIISIOTCSI
KypcChl: pU3nKa, XUMUs, PU3NKA KOHICHCUPOBAHHOTI'O COCTOSIHUSI.

OCHOBHBIC TIOJOXKCHUS TUCIUTUINHBL «DU3NKO-XMMUSI HAHOCTPYKTYPUPOBAHHBIX MATEPHATIOBY JIOJIMKHBI
OBITh UCIOJIL30BAHBI TIPY M3YYCHHUH CIICAYIOIIUX JUCIMIUIMH: HAHOIIEKTPOHHUKA, (PU3KMKA OTYIPOBOAHUKOB, (BU-

3MKa IUNIEHOYHBIX HAHOCTPYKTYP.

3. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHMUSA JUCHUITVIMHDBI

3.1. I3yuyeHne OMCUMIUIMHBI HANPABJIEHO HA (OPpMHUpPOBaHHME Y 0AKAJABPOB CJEAYIOIIMX KOMIIETeH-

1040/ 8

- CHOCO6HOCTI) YUUTbIBaTh COBPEMCHHBIC TCHACHIIUN PAa3BUTUS IJICKTPOHUKH, I/I3MCDI/ITCHLHOI\/'I U BBIYHCIIU-
TeJTHHON TEXHUKH, HH()OPMAIIMOHHBIX TEXHOIOTHH B cBOel mpodeccroHansHOU AestenbHocTH (OIK-7).

3.2. B pe3yabTaTe M3yueHHUs JUCHUILIUHBI 0aKAJIABP J0JIKEH:

@opMyTHPOBKA KOMIIE-

Pe3yJ'll)TaT])I OCBOCHMSA KOM-

Pe3yJ'l])TaT])I OCBOCHHUS KOMIIETCHIIUU B paMKax

HU3MEPUTENBHON U BBIYMC-
JIMTEJIbHOM TEXHHUKH, HH-
(hOpMAIMOHHBIX TEXHOJO-
Uil B CBOeW mpodeccro-
HaJIbHOM JIeSITEIbHOCTH

nH(GOPMAMOHHBIX TEXHOJIO-
THA B CBOCH MpOQecCHOHATb-
HOH JIeSITeIbHOCTH

Kon NMeTeHIHH B paMKax oopa3o-
TeHIUH . MUACHHILTHHBI
BATEJIbHOM MPOTrPaMMBbI
OIIK-7 | cIOCOOHOCTh  YYHTHIBATH | 3Hamb TCHICHIIMUA PAa3BUTHS | 3HAmMb OCHOBBI TEPMOIWHAMUKH HAHOPa3MEPHBIX
COBpEMCHHBIC TEHJACHIINH | AJIEKTPOHUKH, H3MEPUTEIBHON | CHCTEM;
pa3BUTHS  JJEKTPOHUKH, | U BBIYUCIUTECIHHON TEXHUKH, | 3Hamb  3aKOHOMEPHOCTH  TEPMOJWHAMHYCCKHUX

pa3MepHBIX 3((HeKToB;

3HamMb METOJbl CHHTE3a M HCCIICOBaHUS CBOWCTB
HAaHOCTPYKTYPHPOBAHHBIX MaTEPHAIIOB;

3Hamob (HAKTOPBI, ONPEIENAIONIe TePMOJUHAMU-
YecKue rnapamerpbl U Gpu3nvecKre XxapakTepuCTUKU
HAaHOMAaTepUAaJIOB;

3HamMb TPUHLMIBI WUCIIOJIb30BAHHUS TEPMOIAMHAMMU-
YECKUX PacyeToB JUIsi NPOTHO3UPOBAHHS CBOWCTB
HaHOPa3MEPHBIX CHCTEM

yMemb YYUTHIBATH COBPEMEH-
Hble TEHACHLUMHU Pa3BUTHUS
3JIEKTPOHUKHU, U3MEPUTEILHON
MU BBIYHUCIUTENLHON TEXHUKH,
WH(POPMAIMOHHBIX  TEXHOJIO-
THiA B CBOCH MPOQeCcCHOHANTb-
HOM J1eATeJIbHOCTHU

yMems TIPUMEHSTH MOJYYCHHbIE 3HAHMUA IPU TEO-
PETHYECKOM aHaJIM3€ M SKCICPUMEHTAJIbHOM HC-
CJIeIOBaHNH (PU3UKO-XUMHUYECKUX IIPOLECCOB, Jie-
JKallUX B OCHOBE METOAOB CHUHTE3a HAHOCTPYKTY-
PUpPOBaHHBIX MaTE€PHUAJIOB;

YMemb MPUMEHSTh METOABI pacueTa napaMmeTpoB U
XapaKTepUCTHK HAaHOPAa3MEPHBIX CHCTEM;

yMemb PACCUNTHIBATH OCHOBHBIE TEPMOIMHAMIYE-
CKHE IapaMeTpbl HAHOCTPYKTYD;

yMemb TIPUMEHSTH TOJXyYeHHBIC 3HAHUSA JUISI 00B-
SCHEHHS TPHHINIIOB BBIOOpa oONacTeil mpuMeHe-
HUSI HAHOMATEpHaJIOB

CornacoeaHa Ha noptane Ne 1057




umems HABblKU HCIIOJIB30Ba-
HUS COBPEMEHHBIX TCHICHIINH
pa3BHTHS DJIECKTPOHUKH, W3-
MEPUTECILHONM ¥ BBIYHCIIH-
TEbHOW TEXHUKH, HH(OpMa-
IIHOHHBIX TEXHOJIOTHI B CBOCH
npodecCHOHATLHON  AeSITeIhb-
HOCTH

enadems METOAaMH1 U3MEPCHUS U KOHTPOJIA (l)I/ISI/I—
YEeCKUX U XUMHUICCKUX CBOKCTB HAaHOCHUCTEM,
umems HA6bIKU UCIIOJIB30BAaHUA COBPEMEHHBIX ME-
TOAOB MOJCIMPOBAHUSA CBOMCTB HAaHOCHUCTEM,
umems HaeblKu OINTHUMH3AIIUH TCXHOJOTHUYCCKHX
TIPOIECCOB CUHTE3a HAHOMATEPHUATIOB

4. OFbEM JUCHUILIVHBI U BUJIbI YYEBHOM PABOTHI

O6mast TpyTI0EMKOCTh AUCIUTUIMHBI COCTABIISIET 3 3a4eTHBIE SAUHULIEL.

CemecTpbl
Bup yueOHoii padoThbl Bcero yacos 3 P
AyaUTOpHBIE 3aHATHSI (BCET0) 54 54
B tom uncne:
Jlexmmn 36 36
IIpakTuueckue 3aHATUL 18 18
CamocrosiTejbHasi pa6oTa (Bcero) 54 54
B Tom uuce:
IToAroToBKa K MPAKTUIECKUM 3aHATHAM (CEMHUHApaM) 18 18
IToaroToBKa K KOHTPOJIBHEIM paboTam 24 24
IToaroToBka K ompocam Ha JIEKIHAX M MPAKTUUECKUX 3aHATHAX 12 12
O01masi TPyA0eMKOCTh, 4acC 108 108
3averHble EqxuHUIBI 3 3
5. COAEP KAHUE JUCHUITJIMHBI
5.1. Pa3nesnsl JUCHUIIIMH U BUABI 3aHATHH
: | E
= § = e s § dopmupyembie
Ne HaumenoBanue pa3iena THCHUIIIHHBI g Z = il e KOMIICTCHITMH
n/n pasaeqa aucn E| E2| 8 | § | (OK ONK,IK,
S 35 8§55 & TCK)
= | S
1 Beenenne. McTopuueckas cripaBka, OCHOBHBIC TIOHITHS H TEPMH- 1 i ) 3 OITK-7
HOJIOTHSI
2. Krnaccudukamnus HaHOOOBEKTOB 3 - 4 7 OIIK-7
3 TepmomuHaMuKka sSBJICHUH B HaHOCHcTeMaX. KBasmpaBHOBecHE B 4 ) 6 12 OITK-7
HaHOCHCTEMaX
4. | TIoBEepXHOCTHBIC SBJICHUS U MEXK(Da3HBIC MPOIECCHI 4 2 6 12 OIIK-7
5 UneanvHass u peanbHasi KPUCTATUIMYECKUE CTPYKTYPhl HaHOPa3- 4 > 6 12 OITK-7
MEpHBIX MaTePHAIIOB
6. | Kunernka mporeccoB B HAHOPa3MEPHBIX CUCTEMax 4 4 6 14 OIIK-7
7. | DNEeKTpOHHOE CTPOSHUE HAHOYACTHIL 4 2 6 12 OIIK-7
3. Oco0ble (hU3MYECKHEe W XUMHYCCKHE CBOWCTBA HAHOYACTHI[ H 4 > 6 12 OITK-7
HAHOCTPYKTYPUPOBAHHBIX MaTEPHAJIOB
9. dusnyeckue U XUMHUECKHE CBOWCTBA HEOPTAHMUYECKUX Paszymo- 4 5 6 12 OITK-7
PSIOYCHHBIX HAHOCTPYKTYP U KOMITO3UIIMOHHBIX MaTEPUAIOB
10, duznyecKkue 1 XUMUUECKHE CBOMCTBA HEOPTaHUIECKUX YIOPSIO0- 4 > 6 12 OITK-7
YCHHBIX HAHOCTPYKTYP M KOMIO3HIIHOHHBIX MaTEPHUAIIOB
HUTOI'O 36 18 54 108
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5.2. Conep:xaHue pa3ies10B IMCUUILIAHBI (110 JEKIUSIM)

DopMupyembie
No HaumenoBanue Tpyzo- KOMIIETeHIIHH
w/n pasieon CopnepxxaHue pa3eioB eMKOCTh (OK, OIIK, TIK,
(uac.) TICK)
1. | Beemenue. Hcro- | Ctpykrypa aucrumminabl. OcHOBHBIE OyiokH. [IpeaMeT n3ydeHus. 1 OIIK-7
puueckast cnpas- | Pa3Burne Qu3nku HaHOTEXHONIOTUH Kak Haykd. OCHOBHbIC TIOHS-
Ka, OCHOBHBIE | TSI U TEPMUHOJIOTHS
MOHATHS U Tep-
MHUHOJIOTHSI
2. | Knaccudukarms HanocTpyxTypupoBaHHbIe MaTepuaibl U HaHo4acTuisl. Kiaccu- 3 OIIK-7
HaHOOOBEKTOB ¢ukanus B. OctBanpaa no arperatHoMy cocrostauio ¢as. Kiac-
cudukanus no pasmepam. Kiaccuduxanus no mepaocru. Kiac-
cudpukamnus . ['nelitepa OCHOBHBIX THIIOB CTPYKTYpP HETOIHMEP-
HBIX HAaHOMAaTEPHAJIOB 0 XHMHYECKOMY COCTaBy, paclpeieie-
Huto ¢a3 u popme. Hanomarepuansl: (yHKIHOHATIHHBIEC, HHTEI-
JIEKTyalbHbIE, HAHOOOBEKTHI, COJAEpXKAIINE CHenU(pUIECKHE
TPYIIITEI aTOMOB, MOJICKYJI HAHOMETPOBBIX pazMepoB (o 100 HM).
@OyHKINOHATBHBIE HAHOMATEPHAIBI: HU3KOPA3MEPHBIE OOBEKTHI;
TOHKHE CJIOH, TUICHKH; HAHOIIPOBOJIOKH, TIOJIMMEPHbIE HaHOMATe-
puainbl. MHTeIeKkTyanbHble HaHOMaTepualbl: OObEeMHBIE, MOJIH-
MepHble U OuoMaTepuanbl. MaTpUuHbIE W CYNpPaMOJIEKYJISIpHbIC
HAHOKJIACTEPbI U HAHOCTPYKTYPHI
3. | Tepmonunamuka | Hauama TepMoAMHAMMKH, TEPMOAMHAMHUYCCKHE IOTEHIIMAIBI, 4 OIIK-7
SBJICHUII B HaHO- | Teopusi (a3oBbIX paBHOBecuil. TepMoIMHAMHKa TOBEPXHOCTH.
cucremax. Ksasu- | HepaBHOBecHast TepMoanHamuKka, cuHepretuka. OcoOeHHOCTH
paBHOBecCHE B | TEpMOIMHAMHYECKHUX CBOWCTB HaHOCpeA. COOTHONIEHHE ILIOIIA-
HaHOCHCTEMax I TIOBEPXHOCTH M MAacChl HAaHOOOBEKTOB. V3MeHeHne (ha30BbIX
paBHOBECHH B HaHOpa3MEpHBIX cHcTeMax. YpaBHeHue Jlammaca.
W3menenne Temmneparypsl IUIaBlIeHUs B HaHoMarepuanax. Oco-
OeHHOCTH MOJMMOP(HBIX NMPEBPALICHNH B HAHOCHCTEMax. M3Me-
HEHHE NPeeIOB PACTBOPUMOCTH TBEPBIX PACTBOPOB
4. | IloBepxHOCTHBIE [ToBepxHOCTB, T'paHUNBI, MOPQOIOTHI HaHOMAaTepuaioB. [loms 4 OIIK-7
SBICHUST M MEX- | MOBEPXHOCTH B HaHOMaTrepuanax. [JIoBepXHOCTHas SHeprus u ee
¢dasupie mpornec- | aHu3oTpornus. [loBepxHOCTHBIN ToTeHIUan ['n60Oca. YpaBHEeHUs
CHI 1 XapaKTepPUCTUKU YCIOBUI TEPMOAMHAMHUYECKONW CTaOMIBHOCTH
MexX(a3HBIX TPaHMI[ B HaHOCHCTeMax. | paHMIBI 3epeH B HaHO-
CTPYKTYHUPOBAHHBIX MaTtepuaiax. [IoBepXHOCTHOE HaTsDKEHHE.
KpaeBoit yrox u cremieHne ¢ IoBepXHOCThI0. O posin BA3KOCTH
BOJIBI NIPY HaHOMacuITabupoBaHuu. [I0BepXHOCTHOE HATSHKEHHE.
D¢ dexr moroca. Ancopbums. Kunermka amcopOmum. 3aBHcH-
MOCTb OT TOKDBITHSI, TEMIIEPATypHhl, YIiIa M KHHETHYECKOH 3Hep-
run. Tepmuueckas necopOums. Knnernka necop6umu. [lecop6-
IMOHHAS cHeKkTpockonusa. Vzorepmel ancopbumu. Herepmmue-
cKas pecopouus
5. | UneanbHas u pe- | AToMHasi CTpyKTypa YMCTBIX MOBepXxHOcTed. Penakcanus u pe- 4 OIIK-7
alpHas KpHUCTad- | KOHCTpyKUus. [IoBepXHOCTHBIE CTPYKTYpPHl HEKOTOPBIX BaXKHEW-
JIMYECKHE CTPYK- | IIUX HOJYNPOBOJHHKOB. ATOMHAs CTPYKTypa IMOBEPXHOCTEH ¢
Typel ~ HaHOpa3- | ajgcopOaramu. [loBepxHOCTHBIE (ha3bl B CYOMOHOCIOMHBIX CHCTE-
MEpHBIX MaTepu- | Max ajcopbar-nojyioxkka. CocTaB OBEpXHOCTHBIX (a3. Pa3oBas
asnoB auarpamma. CTpyKTypHble JedekThl ITOBepXHOCTH. MoJienb Tep-
pac — cryneHeld — u3noMoB. JleeKThl: agaToMbl, BaKaHCHH, Jie-
(beKTHI 3aMelIeHNs, TUCIOKAIUN, JOMEHHbIe TpaHunbl. CTymneHH,
CUHTYJISIPHBIC ¥ BUIIMHAJILHBIE TIOBEPXHOCTH, (haCeTKH
6. | Kuneruka npo- | [loBepxHoctHas mudpdysus. 3akonsl uka. Anuddysns oTnensHo- 4 OIIK-7
LIECCOB B HaHO- | ro aroMa M xumudeckas audoysus. CobcrBeHnas muddysus u
pasMepHBIX  cH- | nuddysus MacconepeHoca. AHH30TPONHS MMOBEPXHOCTHOW Iu (-
cTemax ¢y3un. ATOMHBIE MEXaHHW3MBl IIOBEPXHOCTHOW Iuddy3un:
NIPBDKKOBBIH, aTOMHOTO OOMEHa, TYHHEIMpOBaHHUS, OOMEHHBIH.
OKcIepUMEeHTaJIbHbIE METOABl U3ydeHHs aAnpQy3um: mnpsaMoe
HaOJIOIGHHE 3a aTOMaMH, METOJ]] M3MEHEHHUS Mpodwisi, Karwi-
JISIPHBIE METOJBI, METOA OCTPOBKOB. 3aBHCHMOCTH IapaMeTPoOB
5
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XMMHYECKON KMHETHKH OT pa3MmepoB. CKOpocTh peakuuu. 3aBu-
CHUMOCTb CKOPOCTH PEaKLMU OT pa3Mepa dyacTull. BnusHue pazme-
pa HAHOUACTHI[ Ha TeMIIepaTypy NpoTekaHus peakuuu. Kuneruka
OUMOTIEKYISIPHON XUMUYECKo#l peakunn. KnHeTnueckme ocoOeH-
HOCTH XHUMHYECKHX IIPOIIECCOB HA IIOBEPXHOCTH HAHOYACTHII.
VYuer ¢aykryannii KOHIEHTpAid. TepMOAMHAMITYECKUH TTOIX0T
K ONHCaHWIO BIMSHUS Pa3MEpPHBIX (PAaKTOPOB HA CABHUT XUMHUC-
ckoro paBHoBecus. IIpumep peaknuu okucieHus. Kunerndaeckue
rapaMeTpsl HU3KOTEMIIEPAaTYPHOTO OKHCICHHS HaHOMOPOIIKOB
MeTa/uioB. [loporoBast Temnepatypa. KuHeTnka caMOBO3ropaHust
HaHOCTPYKTYPHBIX MaTepHajoB. TemmepaTrypsl caMOBO3TOpaHUs,
camoBocmamerneHus. [Ipupona xaranuza. Ilnomans moBepxHO-
CTH HaHouacTull. KaTanu3aTopsl Ha OCHOBE IOPHUCTBHIX MaTepHa-
joB. JIokanbHblE XMMUYECKHE 3JIEKTPOHHO-CTUMYIHNPOBAHHBIE
peaxiuu

DNeKTpOHHOE
CTpOEHHE HaHO-
JaCTHIL

[ToBeneHue >neKTPOHHOM MoOACUCTEMBl B HaHOMarepuanax. Oco-
OCHHOCTH 30HHON CTPYKTYpPBHl METaJUIOB M IOJIYIPOBOJHUKOB B
HAaHOKPHCTAJUINYECKOM COCTOSHUY. KBaHTOBBIE SIMBI, IPOBOJIOKH,
Toukd. D(eKTrr, 00yCIOBIEHHBIE pa3MEepaMH U Pa3MEPHOCTHIO
HAaHOOOBEKTOB: pa3MepHbie dPQekTrl. PasMepHOCTE 00BEKTa U
9NIEKTPOHBI TpoBoAMMOCTH. [loTeHunanbHble MBI CBoiicTBa,
3aBHCSIINE OT IUIOTHOCTH COCTOSHUH. DKCUTOHHBIC MEPEXOIBI B
CHEKTpax HAHOKPHCTAJUIMYECKHX MOJTYIPOBOJHHUKOB. 3MeHeHue
LIMPUHBI 3anpelieHHo# 3086l OneHKa pa3MepoB HAHOYACTHIL 110
CHEKTPaJIbHBIM JIAHHBIM

OIIK-7

Oco0Oble  duznue-
CKHEC U XUMHYC-
CKHe CBOICTBa
HAHOYaCTHIL u
HaHOCTPYKTYpHU-
POBaHHBIX MaTe-
pHuanoB

3aBUCHMOCTh CBOWCTB OT pasMmepa uvactui. OcoOble CBOWCTBA
HAaHOOOBEKTOB, OO0YCIIOBJICHHBIE COM3MEPHUMOCTBIO UX pa3MepoB
U XapaKkTepHOW JUIMHOM (u3nueckux cBoicTB. OcoOble cBoiicTBa
HAHOOOBEKTOB, 00YCIIOBJICHHBIC OTPOMHOM TIOBEPXHOCTHOM 3HEP-
TUM: J10JI1 NOBEPXHOCTU B HaHOMarepuajaX, BEJIMYHMHA IOBEPX-
HOCTHOM SHEPruu B HaHOMarepuanax. [loBepxHOCTH U reoMeTpu-
YECKUE Pa3MEpPbl KPUCTAILUIOB. [I0BEPXHOCTh M F€OMETPUUECKHE
pa3Mepbl HaHOOOBEkTOB. ONTHYECKHE W ANEKTPOHHBIE CBOWMCTBA
HAaHOCHCTEM M HaHOMaTepuajioB. MarHuTHele cBoiicTBa. Mexa-
HUYECKHUE U TEIJIOBHIE CBOWCTBA

OIIK-7

dusnyeckne H
XUMHUYECKHUE
CBOICTBa Heopra-
HUYECKUX  pa3y-
TIOPSTOUEHHBIX
HaHOCTPYKTYp U
KOMITO3HUI[OH-
HBIX MaTepUAIOB

Mertoap! cuHTe3a pa3yNnopsJOYEHHBIX TBEPAOTEIBHBIX CTPYKTYP.
MeToa KOMIIaKTUPOBAHUS NPH U3TOTOBJICHUH HAHOCTPYKTYPHPO-
BaHHOTO CIIaBa «MeIb — >kene3o». [lomyueHue mpu ObICTpOM
OTBEpJICBaHUM: ra3oBasi aToMu3aLus. | alpBaHMYECKHH crocoO.
MexaHU3MBI pa3pyLUIeHUs TPATUIMOHHBIX MOJUKPUCTAIUTHIECKUX
MaTepHasioB. MexaHn4eckrue CBOMCTBa HAHOCTPYKTYPHPOBAHHBIX
MaTepuanoB. OCHOBHBIE ITapaMeTPhl U UX 3aBUCUMOCTH OT pa3Me-
poB. HopManbHblii 1 aHomanbHbll 3akoH Xosa-Iletua. Hano-
CTPYKTYpPHPOBaHHBIE MHOTOCJIOMHBIE MaTepHaibl. DJIEKTpHUe-
CKHE CBOMCTBAa KOMITO3MLIMOHHBIX MarepuanoB. Crekia. Merain-
JIMYECKNe HAaHOKIACTEPHl B ONTHYECKUX cTekinax. [Iponecchr mo-
TJIOIIEHNS U paccesiHusl B HaHodactunax. [lnasmonsl. [Topucrtsie
crekia. [IpruMephl H3roTOBICHUS] HAHOCTPYKTYP Ha MX OCHOBE

OIIK-7

10.

dusnyeckne H
XUMHYECKUE
CBOICTBa Heopra-
HUYECKUX YIOPSI-
JIOYEHHBIX HaHO-
CTPYKTYp W KOM-
MO3UIIMOHHBIX
MaTrepHuagoB

[IpupoaHble HAHOKPUCTAIIBL. YTIOPAJOYEHHBIE CTPYKTYPBI HAHO-
4acTUI] B IIEONMTaxX M WX CBoicTBa. HaHOCTpyKTypHpOBaHHBIE
KpucTauisl 1uist potoHukH. Kpucrammueckas U 30HHas! CTPYKTY-
pBI (DOTOHHBIX KPUCTAIUIOB. JIByMepHBI (POTOHHBIH KPHUCTAILI,
ero 3oHHas cxema. DOTOHHBIE KPHUCTAIUIBI C TMHEHHBIMU Jie(eK-
TaMH 1 UX 30HHBIE cxeMbl. [loHATHEe HOTOHHOH cmibl. Ymopsmao-
YeHHBIE PEUICTKH HAHOYACTHUI[ B KOJUIOMIHBIX CYCIEH3HAX -
¢ext nonmmopgusma. [lepexon Kupksyna-Anznepa. YrieponHsle
HAHOYACTHUIIBI U HAaHOTPYOKH. X cTpoeHue, MoydeHne U pasje-
nenne. OJHOCTEHHBIE ¥ MHOTOCTEHHbIE HaHOTPYOKH. DJIEKTpO-
¢u3nyeckne CBOWCTBA. 3allOJHEHHBIE YITIEPOAHBIE HAHOTPYOKH.
Kanmmsapasle 3¢ ¢gexrsl. CuHTE3 3all0HEHHBIX HAHOTPYOOK.
OHepreTHdeckas CTPyKTypa MOHHU30BAaHHBIX COCTOSHUN HA€aNb-
HOTO MOJIEKYJISIpHOTO KpucTtayma. Mojens Jlaiionca. CocTostHUS ©

OIIK-7
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MEPEHOCOM 3apsAa. DNEeKTPOHHas MOJIpU3ALUsS MOJEKYT KpHU-
CTajla HOCUTENISAMU 3apsizia. Posib CTpyKTypHBIX 1e()eKTOB B 00-
pPa30BaHUU 3JICKTPOHHBIX COCTOSIHUN B MOJICKYJSIPHBIX KpHUCTal-
Jax

5.3. Paznenbl JUCHUIIMHBI M MEXKIMCUMILIMHAPHBIE CBA3H ¢ o0ecneuynBalOmUMu (peabIay-
MMH) ¥ o0ecrieduBaeMbIMH (IOCJIETYIOIIUMHU) JTHCHUILIHHAMHA

HaunmeHoBaHue 00ecneuynBaOIINX

Ne Ne paznesioB 1aHHOM TUCHUILIMHBL, I KOTOPBHIX HEO0OX0AUMO H3Y-

Ne YyeHue o0ecrneynBaOMX (MpeAbIIYIINX) U 00ecniednBaeMbIX (IIOCaexy-
o/ (npeapIAyIMX) U 00ecnieYBaeMbIX JOITHX) AHCHHILIHE
(HOCJIelIleIIIl/IX) AUCHUILIINH 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10
IpemmecTByonmue 1M CHMIIJIMHbI
1. | ¢pusuka + + + + + + + + +
2. | xumus + + + + + + + + + +
3. | ¢u3uKa KOHACHCUPOBAHHOTO COCTOSIHUS + + + + + + + +
Mocsenyommue TMCHUNIHHBI
1. | nHaHoPnexTpoHUKA + + + + + + + + + +
2. | ¢u3muKa nNoJIynpoBOTHUKOB + + + + + + + + + +
3. (¥3KKa INICHOYHBIX HAHOCTPYKTYP + + + + + + + + + +

5.4. CooTBeTcTBHE KOMIleTeHUMH, GopMHUPYeMBbIX NPU M3YYEHHH TUCHUIIHUHBI, 1 BHIOB 3a-

HATHH
Ilepedenn Buasl 3ansaTuHit
. DopMBbI KOHTPOJIA
KOMIIeTeH i J 3 CPC
Ornpoc Ha JIEKIHH, ONPOC Ha MPAKTHICCKOM 3aHATHH, OTYET 110
OIIK-7 + + + P T, Onpe P
MIPaKTUIeCKoil paboTe, KOHTpoIbHAs paboTa

6. METOIbI 1 ®OPMbI OPTAHU3AIIUU OBYUYEHUA

TexHnoJgoruu HHTCPAKTHBHOI'O oﬁyqe}mﬂ IIPpHU pasHbIX @OpMax 3aHATHI B Yacax
Dopmbl Mexuun (ac) [pakrnuyeckue Beero
MeToabl 3aHsATHA (4ac)
Paboma 6 komanoe 2 2
Onpoc na nekyuu 2 2
Onpoc Ha npaxmuyecKom 3auamuu 2 2
Ipesenmayus ¢ 8udeo u pazoamoyHviM MAmepuaiom 4 4
Htoro nHTEpaKTUBHBIX 3aHATUI 6 4 10
7. JABOPATOPHBINA IPAKTUKYM
He npenycMmotpeno
8. IPAKTUYECKUE 3AHATUS
Ne Ne pa3pena Tpyno- Komnerenuuu
I /;1 JUCIIATLTH- TemaTHKa NPAKTHYECKUX 3aHATHI e€MKOCTh OK, OIIK, IIK,
HbI (uac.) ICK
1 3 TepmonuHaMuka sBICHHN B HaHOcHcTeMax. KBasupaBHOBecHe B | OIIK-7
HaHOCHCTEMax
2 4 IToBepXHOCTHBIE SIBIEHUS U MeK(a3HbIe IPOIECCH 1 OIIK-7
3 5 WneanpHas W peanbHas KPUCTAJUIMYECKHE CTPYKTYphI HAHOpA3- ) OITK-7
MEPHBIX MaTEPHUAIOB
4 6 Kunernka npoueccos B HAHOpa3MEpHbBIX CUCTEMAX 2 OIIK-7
5 7 DNEKTPOHHOE CTPOSHUE HAHOYACTHI] 2 OI1K-7
6 3 OcoOble (u3uueckne M XUMHYECKHE CBOWCTBA HAHOYACTHIl U ) OITK-7
HAaHOCTPYKTYPHUPOBAaHHBIX MaTepHAIIOB
7 9 ®usnyeckue U XMMHUYECKHUE CBOMCTBA HEOPraHMUYECKUX Pa3yIo- > OIIK-7
PSAAOYEHHBIX HAHOCTPYKTYP M KOMITO3HUIIMOHHBIX MATEPHAIOB
] 10 Ou3nyecKne 1 XUMHYECKHE CBOHCTBa HEOPTaHUIECKUX YIIOPSAI0- ) OITK-7
YEHHBIX HAHOCTPYKTYP M KOMIO3HUITHOHHBIX MaTepHAJIOB
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9 3 Konrponbnas padora Ne 1 «TepmoanHaMuka siBJICHUH B HAHOCH- 5 OIK-7
CTEMax»

10. 6 Konrponbnas padora Ne 2 «KuHeTnka npoueccoB B HaHOpa3Mep- 5 OIK-7
HBIX CUCTEMax»

9. CAMOCTOSTEJIBHAS PABOTA
Ne Ne paznena TemaTuka caMoCTOATEILHON PadoThI Tpyxo- Kommerenuus KoHTposb BbINOJIHE-
n/p | AMeHMmIN- (Oemanuzayus) EMKOCTD OK, OIIK, TIK, HUs PaGoThI
HbI (4ac.) ICK

1 2-10 IToaroroBka K NPAaKTUYECKHM 3aHATHAM 13 OITK-7 OTueTsl IO MpaKTHYe-
(cemMuHapam) CKUM paboTaM

2. 3,6 ITonroToBka K KOHTPOIBHEIM paboTam 24 OIIK-7 PesysbTaTsl KOHTPOIh-

HBIX padoT

3. 1-10 Tonroroska K ompocam Ha nekuusx u 12 OIIK-7 Pesynbrarsl onpocos

MIPAKTUYECKUX 3aHATUIX

[Ipumeps! 3agannii Ha TPAKTUIECKHE 3aHATHSI, KOHTPOJIbHBIE paOOTHI, BOMPOCHI 71l OIPOCOB HA JICKIHUAX U
MPAKTUYECKUX 3aHITHAX M BOIPOCHI Ha 3a4€T MPUBEACHBI B IPUIIOKECHUH K JIaHHOW paboueli mporpamme.

10. IPUMEPHASA TEMATHUKA KYPCOBBIX ITIPOEKTOB

He npenycmotpeHo

11. PEUTUHTI'OBASI CUCTEMA JJIAA ONEHKH YCIIEBAEMOCTHU CTYJIEHTOB
Taoauna 11.1. bajuibHbIE OLIEHKH J1JI51 3J1IEMEHTOB KOHTPOJIS TUCIUIIHHBI

. . MaxkcuMalibHbIH
MaxkcuMaJbHbIH MaxkcuMaJbHbII
JJIeMEeHTBI 0aJ1 32 nepuon Bcero 3a
. 6asa Ha 1-y10 KT ¢ 0aJu1 32 mepuoa
yueOHOil 1esiTeIbHOCTH me:xay 2KT u Ha ceMecTp
HayaJja ceMecTpa mexay 1KT u 2KT
KOHeIl ceMecTpa
Ornpockl Ha JEKIUAX 5 5 5 15
Ornpockl Ha MPAKTHYECKHUX 3aHATUSAX 5 5 5 15
OT4YeThl 10 NPAKTUYECKUM 3a1aHUsIM 10 20 10 40
Kontponsnas padora 1 15 15
Kontponpnas pabora 2 15 15
HToro makcumyM 3a nepuon: 20 45 35 100
Hapacraromum urorom 20 65 100 100
Tab6aunna 11.2. Ilepecyer 6a/1J10B B OLIEHKH 32 KOHTPOJIbHbIE TOYKH
BaJjuibl Ha 1aTy KOHTPOJILHOM TOYKH Ounenka
> 90 % ot MakcuMasIbHOM cymMbl 6ayutoB Ha naty KT 5
Ot 70% mo 89% ot MakcuManbHOH cymMMBI OaiioB Ha naty KT 4
Ot 60% 10 69% 0T MakCUMaNbHOH cymMMBI OaiioB Ha naty KT 3
< 60 % oT MakcUMaJIbHOI cyMMBbI OajutoB Ha gaty KT 2
Ta6anna 11.3. Ilepecyer cymmbl 62/1JI0B B TPAAMIHMOHHYIO H MEKIYHAPOAHYIO OLICHKY
Ouenka (TOC) Wrorosas cymma 63']1“0]3’ Ouenka (ECTS)
YYHTBIBAET YCNENIHO CIaHHBIH 3a4eT
5 (oTIM4HO) (3a4TEHO) 90 — 100 A (0TIM4HO)
85-89 B (ouens xoporo)
4 (xopomo) 75 _ 84 C (xopoto)
(3auTeHo)
7074 D (ynoBneTBOpHUTENIHHO)
3 (Y1OBIETBOPUTEIEHO) 65 - 69 v P
(3a4TeHo) 60 — 64 E (mmocpencTBeHHO)

2 (HEYHOBJIETBOPUTEIHHO),
(He 3a4TeHO)

Hu:xe 60 6a10B

F (HeynoBneTBOPHUTEIBHO)
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12. YYHEBHO-METOJUYECKOE U HH®OPMAIIMOHHOE OBECIIEYEHHUE JTUCIIH-
IJIMHBI
12.1 OcHoBHasi iMTEpaTypa

12.1.1. Hanomarepuansl [Tekcr]: yueOHoe mocobue mis By3oB / JI. . Penkonkos, B. B. Jlésuna, 3. JI.
Hzumsurypu. — 2-¢ u3a. - M.: BUHOM. JlaGoparopus 3uanwmii, 2012. — 366 c. (45)

12.2 lonosiHMTE/IbHAS JIUTEPATYPA

12.2.1. OcHoBbI (huznveckoit xumun: yueonuk ams By3os / B. U. I'opmkos, U. A. Ky3nenos. — 3-e uzg. — M.:
BUHOM. Jla6oparopus 3Hanuii, 2006. — 407 c. (1)

12.2.2. MexaHnka MaTepualioB U CTPYKTYp HaHO- U MHUKPOTEXHHUKH: ydeOHoe mocobue mist By3oB / O. I1.
Kopmununesig, FO. A. Hykeino. — M.: Akagemus, 2008. — 215 c. (1)

12.2.3. HaHOCTpYKTYpHI B DIIEKTPOHWKE W (oToHMKE: mep. ¢ aHriI. / pex. @. Paxman; mep. F0. A. 3abomot-
Has; pen. iep. E. JI. Ceunro. — M.: Texunocdepa, 2010. — 343 ¢. (1)

12.2.4. MaTepuansl ¥ METOJIbI HAHOTEXHOIOTHHU: ydeOHoe nocobue / B. B. Ctapoctun; pen. JI. H. Ilatpuke-
eB. — M.: BUHOM. JlaGoparopus 3nanuii, 2008. — 431 c. (1)

12.3 YueOHO-MeTOAUYeCKHE TOCOOHSI M IPOrPaMMHOe o0ecriedeHue

12.3.1. CaBpyk, E. B. ®u3uko-xuMus HAHOCTPYKTYPHPOBAHHBIX MAaTEPHAJIOB: Y U4eOHO-METOINIECKOE TT0CO-
Oue 1o ayJUTOPHBIM NPAKTHUECKUM 3aHATHSM U CaMOCTOSITENILHOH padoTe A/l CTyIEHTOB HampaBiCHUH MOITO-
ToBKH 11.03.04 «DneKTpoHWKa ¥ HAHORJIEKTPOHUKAY, TPOPHIL « MUKPOIIIEKTPOHUKA U TBEPIOTENbHAS 3JIEKTPO-
HUKa», 28.03.01 «HaHOTEXHOIIOTUN U MUKPOCHCTEMHAsI TEXHUKay», MPoduib «HaHOTEXHOIOTHU B 3JIEKTPOHUKE H
MUKpPOCHUCTEMHON TexHUKe» [DnektpoHHsiid pecypc] / Caspyk E. B., Kapanckuii B. B. — Tomck: TYCVYP, 2016.
— 51 ¢. — Pexwum nmocryma: https://edu.tusur.ru/publications/6271.

12.3.2. Matematuueckuii naket MathCad unu Mathematica.

12.3.3. OducuHbie mporpammsl Microsoft Office mm Open Office.

12.4 ba3bl 1aHHBIX, HHPOPMALMOHHO-CIIPABOYHbIE U TOUCKOBbIE CHCTEMbI

12.4.1. OOpazoBaTenbHBIA MOPTAN B CBOOOAHOM pocTyme: «Du3nka, XUMEs, MaTeMaTHKa CTYyACHTaM |
mkosibHuKaM. O0Opa3oBarenbHbii mpoektT A.H. Bapruna» — Pexxum goctyna: http://www.ph4s.ru/

12.4.2. «kEquHOE OKHO JOCTYIHa K 00pa3oBaTeNIbHBIM pecypcam» [DIIEeKTPOHHBIH pecypc]: nHPOpMaoHHAs
cucrema. — Pesxxum moctyma: http://window.edu.ru/

12.4.3. «<eLIBRARY.RU» [OnexTponHbIll pecypc]: HaydHas 3JeKTpoHHas Oubimnoreka. — Pexum noctyna:
http://elibrary.ru

12.4.4. «Hayuno-o0pazoBarenbubiid moptan TYCYPy» [OnexkrtpoHHbIH pecypc]: HaydHO-0Opa30BaTeNIbHbIHI
nmopTan yHuBepcurera. — Pexxum goctyna: http://edu.tusur.ru/

13. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYHEHUE JUCHUIIJIMHBI
st peanuzanyy IporpaMmbl ya4eOHON IUCIMILIHHBI TPEOyeTCsl ayAUTOPHSI, OCHAIIEHHAS MYJIbTUMEINHHBIM
IIPOEKTOPOM.
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1. BBEJJEHUE
®onx ouenounsix cpenacts (POC) sBusercs NpUIOKEHUEM K padodeil mporpaMme Y4eOHON AWCIHUITIHHBL
«DU3UKO-XUMHsI HAHOCTPYKTYPHUPOBAHHBIX MaTEpPHaJiOB» M MPEICTaBIseT cOO0M COBOKYMHOCTH KOHTPOJIBHO-
M3MEPUTETHHBIX MaTEPHAIOB (TUITOBBIC 3a1auH (3a1aHNs), KOHTPOJbHBIE paOOTHl M JIp.) U METOJIOB MX MCIOJIB30-
BaHUs, [IPEJHA3HAYCHHBIX U1 N3MEPEHUs] YPOBHS OCTIKEHHS CTYJCHTOM YCTAHOBJIEHHBIX Pe3yJbTaTOB 00yue-

HUs.

DOC no yuebHoit qucuumnae «PU3NKO-XUMUSI HAHOCTPYKTYPUPOBAHHBIX MaTEPUAIIOB) HCIIOIb3YETCs MPH
MIPOBEIEHUH TEKYIIEr0 KOHTPOJIS YCIIEBAEMOCTH U MPOMEKYTOUHON aTTECTALIH CTYIEHTOB.

[lepeueHs 3aKkperuIeHHBIX 32 JUCHMITIMHON «DU3MKO-XMMHUS HAaHOCTPYKTYPHUPOBAHHBIX MaTEpUAIOB» KOM-
MEeTeHUUH pruBeAeH B Tabmuie 1.

Tabmmma 1 — Ilepedensb 3aKpeTUICHHBIX 32 TUCIAILTHHON KOMITCTCHITHIA

@opMyTHPOBKA KOMIIE-

Jrtanbl GOPMUPOBAHUS KOM-

Jrtanbl GOpMUPOBAHUS KOMIETEHIINH B PaM-

M3MEPHUTENEHOW U BBIYHC-
JTUTEIbHON TEXHWUKH, WH-
(hOpMaIMOHHBIX TEXHOJIO-
THA B CBoOel mpodeccuo-
HAJIBHOW AEATEIbHOCTH

nH(GOPMAIMOHHBIX TEXHOJIOTHH
B CBOCH TpodecCHOHANBHOM
JEATETbHOCTH

Kon NneTeHIUH B paMKax o6pa3o-
TeHIUH o KaX JMCHHUIIJIMHBI
BaTeJBHON NPOrpaMMbl
OIIK-7 | clOCOOHOCTh  y4YHWTBIBAaTh | 3Hamb  TEHJACHUUHM PAa3BUTHS | 3Hamb OCHOBBI TEPMOAMHAMUKH HAHOPa3MEPHBIX
COBPEMEHHBIE TEHJACHIMM | IEKTPOHHUKH, H3MEPUTENIBHON | CUCTEM;
pasBUTHSL  DJICKTPOHHKH, | M BBIYUCIUTEINBHON TEXHHKH, | 3HAmMb 3aKOHOMEPHOCTH TEPMOIUHAMHYECCKUX

pa3MepHBIX 3P PeKTOB;

3HAmMb METOIBI CHHTE3a U MCCIICIOBAHUS CBOWCTB
HaHOCTPYKTYPHUPOBAHHBIX MaTEPHAJIOB;

3Hamb (PaKTOPHI, OMPENCIAIONIIE TEPMOINHAMHI-
YeCKHe MapaMeTphl W (U3NUCCKUE XapaKTepH-
CTHKU HaHOMaTepHaJioB;

3HAmMb TIPUHIMIIBL MCIOJBb30BAaHUS TEPMOHMHA-
MHYECKHX pacyeToB sl  MPOTHO3MPOBAHUS
CBOJCTB HAHOPA3MEPHBIX CUCTEM

yMemb YUYUTHIBATH COBpPEMEH-
HbI€ TEHJCHIIUU Pa3BUTHSI JJICK-
TPOHUKH, W3MEPUTEIBHON U
BEIYMCIIMTEIIEHON TEXHHUKH, HH-
(hOpMAIMOHHBIX TEXHOJIOTHHA B
cBOeH mpodecCHOHANBHON nes-
TEIBLHOCTH

yMemb TIPUMEHSATH MOJYYCHHBIE 3HAHUA TIpU
TEOPETHYECKOM aHAM3€ U 3KCIEPUMEHTAIbHOM
UCCJIEJOBAaHUN (PU3MKO-XHMMHUYECKHX IIPOLECCOB,
JEeXKalUX B OCHOBE METOJOB CHHTE3a HAaHO-
CTPYKTYPHPOBaHHBIX MaTEepHAIIOB;

YMemb TIPUMEHITh METOJBI pacueTa IapaMeTpoB
U XapaKTEPUCTHK HAHOPA3MEPHBIX CHCTEM;
YMemb PacCUUTHIBATH OCHOBHBIC TE€PMOJIMHAMMU-
YeCcKHe TapaMeTpsl HAHOCTPYKTYD;

yMemb TIPUMEHATH IIOJNyYEHHBIE 3HAHUSA IS
00BSICHEHUS MPUHIUIIOB BbIOOpa obiacTeil mpu-
MEHEHHs HAHOMaTepHaJoB

UMemsv HABbIKU WCIIONb30BAHMS
COBPEMEHHBIX TEHJICHIUH pa3-
BUTHUSl DJIEKTPOHUKH, HU3MEPH-
TEIbHOH ¥  BBIYHCIMTCIHLHOU
TEXHUKH, WHPOPMAIMOHHBIX
TEXHOJIOTHIA B CBOEH Tpodeccu-
OHAJIBHOM [IEATEILHOCTH

671a0emb METO/IaMi M3MEepPEHHsT U KOHTPOJS (u-
3WYECKUX U XUMHYECKHUX CBONCTB HAHOCHCTEM;
UMemsb HA8bIKY HUCIONB30BAHUS COBPEMEHHBIX
METOZI0B MOJICIIUPOBAHUS CBOMCTB HAHOCHCTEM;
UMemsb HAGbIKY ONTUMHU3ALUH TEXHOJIOTMYECKHX
MPOLIECCOB CHHTE3a HAHOMATEPHAJIOB

2. PEAJIM3ALIIMA KOMIIETEHIIUHN

2.1 Komnerenuus OIIK-7

OIIK-7

CIMOCOOHOCTh YYMTHIBATH COBPeMeHHbIE TEHAECHIIMU PA3BUTHS 3JIeKTPOHNUKH, H3MEPHUTEJLHON H
BBIYHCJIMTEIbHON TEXHUKH, MH(GOPMANMOHHBIX TEXHOJIOTHII B CBOeil MpodecCHOHAIBLHOM Jes-

TCJIBbHOCTH

I[J'Iﬂ (bOpMI/IpOBaHI/Iﬂ KOMIICTCHIIMH H€O6XO,Z[I/IMO OCYIICCTBUTD psAM 3TAIIOB. Couepmaﬂne OTallOB (l)OpMI/IPO-
BaHHsA KOMIICTCHIINH, BUIBI 3aHATUH U HCIIOJIB3YEMBIC CPCACTBA OLICHMBAHWA NIPCACTABJIICHLI B Ta6J'II/II_IC 2.1.
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Tabmwmma 2.1 — Otansl GopMUPOBaHNUS KOMIIETCHIIMH U UCITIOJIb3yEeMBIE CPEICTBA OTICHUBAHHS

U BBIYHCIUTENBHON TEXHUKH,
MH()OPMALMOHHBIX  TEXHOJIO-
i B CBOEH IpodeccHoHab-
HOM JESATEIILHOCTH

SJIEKTPOHUKH, H3MEPHUTEIBHON
U BBIYUCIHMTEIBHON TEXHUKH,
WH()OPMALMOHHBIX ~ TEXHOJIO-
ruidi B cBOeil mpodeccroHab-
HOH JIeSITeIbHOCTH

Cocras 3HaTh YMmerh Baagern
ConepxaHue 3Haem TEHACHIUH PpAa3BUTHSA | yMeem YUIUTHIBATH COBPEMEH- | UMeem HABbIKYU VICTIONb30BAHUS
3TANOB 3JICKTPOHUKH, W3MEPUTCILHON | HBIE  TEHICHIMM  Pa3BUTHSA | COBPEMCHHBIX TEHACHIIMHA pa3-

BUTHSA DJCKTPOHUKH, H3MEpH-
TEILHOM W BBIYHCIUTEIHHOMU
TEXHUKH, HUHPOPMAIUOHHBIX
TEXHOJIOTHIA B CBOeH mpodec-
CHOHAJILHOM EATEILHOCTU

Buanl 3angarmii

Jlexummy;
IIpakTnueckue 3aHATUS;
I'pynmnoBbie KOHCYNbTaLIUU

[IpakTHyeckue 3aHATHS;
CamocrostensHas paborta

[IpakTryeckue 3aHATHS
CamocrostensHas padbota

Hcnonb3yembie
cpeacTBa OLEHH-
BaHHUA

Ornpockl Ha JTEKIUSX;

Onpocsl Ha  TIPAKTHYECKUX
3aHATUAX;

[IpaxTrdeckue 3amanus (3ammu-
T2);

KonTtpomnsHbIe paboThI;

3auer

[IpakTnyeckue 3amganus (BBI-
MIOJTHEHUE, 0(OpPMIICHHE);
Koncmexrsl mo temam CPC;
3auer

[IpakTnyeckue 3amanus (BBI-
MIOJTHEHUE, 0(OpPMIICHHE);
Koncnexrsr mo remam CPC;
3auer

O6HH/IC XapPaKTCPUCTUKU MoKa3aTese u KPUTEPHUECB OLICHUBAHWA KOMIICTCHIIMU Ha BCEX 3TallaX NPUBCACHBI

B Tabnmie 2.2.

Tabnuia 2.2 — O01ue XapakTepUCTUKH MTOKa3aTeJIeH U KPUTEPUEB OLICHUBAHUS KOMIICTSHIIMH T10 Taram

Iloka3aTenu n KpuTe-
pun

3HaTL

YMmerb

Baagern

Otiau4HO
(BBICOKMI YPOBEHb)

oOnamaer (aKTHYSCKUMH U
TEOPETHUECKAMHU 3HAHUSIMH B
npenenax H3ydaeMoi o6na-
CTH C TOHMMaHWEM TPaHHUII
PHMEHUMOCTH

o0namaeT Quana3oHOM IIpak-
THYECKUX YMEHHH, TpeOye-
MBIX Ui Pa3BHUTHS TBOpYE-
CKHMX pelIeHHH, abcTparupo-
BaHU MPOOIIEM

KOHTPOJHPYET paboTy, Mpo-
BOJMT OIIEHKY, COBEpIIEH-
CTBYET JAEHCTBUSA pabOThI

Xopowo
(06a30Bblii ypoBeHb)

3HaeT (aKThl, TPHUHIHIIBI,
MPOLIECCHl, 00IIHe MOHATHS B
npezenax H3ydaeMmoi o0ma-
CTH

obnajgaeT qHanma3’oHOM Ipak-
THYECKUX YMEHHH, Tpelye-
MBIX JIsl pEeLIeHHs OIpee-
JICHHBIX TIpo0jeM B obiacTu
HCCIIeIOBaHUS

Oeper OTBETCTBEHHOCTh 3a
3aBepllIeHHe 3a/la4 B HCCIe-
JIOBaHWM, TMpHUCIocabInBaeT
CBOE IMOBEAEHHE K 00CTOs-
TCJIBCTBAM B peIHeHI/II/I HpO-
OneM

YaoBaerBopuTe1bHO
(MoporoBklii ypoBeHb)

o0OsamaeT 0a30BBIMU OOIIUMU
3HAaHUsIMHU

o0iamaeT OCHOBHBIMH yMe-
HUSIMH, TpeOyeMbIMH  JIJIs
BBITIOJTHEHUSA IPOCTHIX 3a/1a4

paboraet
HaO0JII0IeHU N

npu IPSIMOM

dopMyIUpOBKa ITOKa3aTelell 1 KpUTEpHEB OLCHUBAHUS JaHHOW KOMIIETEHLIMH ITpUBeicHa B Tadnuie 2.3.

Tabmmia 2.3 — [loka3aTenn U KpUTEPUH OIICHUBAHUS KOMIIETSHITIH HA dTanax

Iloka3aTenu u Kpurte-

pHajoB IIPU MPOEKTUPOBAHUU
W TPOU3BOACTBE 3JIEMEHTOB
3JIEKTPOHUKY;

NnoHuMaem METOIbl CHHTE3a U
HCCIEIOBaHHUSI CBOWCTB
HaHOCTPYKTYPHUPOBAaHHBIX

HBIX MaTEpHUAIIOB IIPH MPOCK-
TUPOBAaHWH W TIPOU3BOJICTBE
3JIEMEHTOB 3JICKTPOHUKU;
Cc60000HO NpuMeHsiem METO-
bl  PEHICHHS  HETHUIOBBIX
3a/a4;

3HaTL Ymern Baagern
pun
OTJau4HO 3Haem COBpPEMEHHbIE TEH- | yMeem YUMTHIBaThb COBpE- | ucnoiv3yem  COBPEMEHHBIE
(BBICOKMI YPOBEHb) JIGHIMM  pa3BUTUSL  HAHO- | MEHHbIE TEHACHLUWW pa3BU- | TEHACHUMH pPa3BUTHS HaHO-
CTPYKTYpPUPOBAHHbIX MaTe- | THS  HAHOCTPYKTYpPUPOBAaH- | CTPYKTYPUPOBAHHBIX  Mare-

PHAJIOB NPH MPOEKTUPOBAHUN
U TPOM3BOJICTBE 3JIEMEHTOB
IIEKTPOHUKH;

c600600HO 61a0eem Pa3HBIMU
crnoco0amMH  TIPEICTaBICHUS
¢u3ngeckoil mHbDOpMAIMK B
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MaTepHaJOB;
apeymenmupyem BBIOOp Me-
TOa CHHTE3a W HCCIEIOBa-
HHUS CBOWCTB HAHOCTPYKTY-
PUPOBAHHBIX MAaTEPUAIIOB;

3Haem (QaKTOPBI, OMpenems-
IOIAe TEePMOAMHAMHUYECKUE

mapameTpel u  (pU3UUCCKUC
XapaKTCPUCTUKH HAHOMATe-
pHanos;

npozHosupyem CBOMCTBa

HaHOPa3MEpHBIX CHCTEM B
00J1aCTH 3JIEKTPOHUKH;
noHumMaem TPUHIMIEL HC-
MOJIF30BAHUST TEPMOTUHAMU-
YECKMX pPacyeToB Ui IIPO-
THO3UPOBAHUSA CBOWCTB
HaHOPa3MEPHBIX CHCTEM;
Qusuuecku apeymenmupyem
BBIOOp M IUIaH pElICHHs 3a-
Jlauy;

epagpuuecku unnIOCMpupyem
3amaqy

yMeem TPUMEHSATH MOJTYYCH-
Hble 3HAHWS IIPH TEOpeTHYe-
CKOM aHaJM3e M OSKCIepu-
MEHTAIBHOM  HCCJICIOBAaHUH
(DU3UKO-XUMHYECKIX  TIPO-
[IECCOB, JISKAIIMX B OCHOBE
METOZOB  CHHTE3a  HaHO-
CTPYKTYPHPOBAHHBIX  MaTe-
pHaos;

ymeem (GU3NIECKU aHATU3U-
poBath (HaKTOpPbI, OMpPEAeIs-
IOIIME  TEPMOJANHAMHUUYECKHE
napameTpel U (GU3HYECKUC
XapaKTepUCTUKH HaHOMAaTe-
pHAJIOB;

yMeem MAaTEMAaTHYECKH OIIH-
CBIBaTh TEPMOJMHAMHUYECKUE
nmapameTpel W (QU3NICCKUC
XapaKTepUCTUKH HaHOMAaTe-
pHaoB;

yMeem PacCUUTHIBATh OCHOB-
HBbIC TCPMOJANHAMHUYICCKUEC
napameTpsl HAHOCTPYKTYD;
yMeem aHAIA3UPOBATH 00Ja-
CTH TPUMCHCHUS HaHOMaTe-
pHAJIOB;

ymeem OOBACHATH NPHHIIU-
OB BBIOOpa oOmacteidl mpu-
MEHEHUsI HAHOMAaTepHAIIOB

rpauyecKoil U MareMaTHye-
cKoii hopme;

Cnocoben opeanu306ams pa-
00Ty B MEXIUCHUILTHHAPHON
KOMaH/Ie;

OdeMoHCmpupyem cnocoo-
HOCMb  KOPPEKTHO JaBaTh
OLIEHKY TpOJIeNIaHHOH pabo-
T€;

e1adeem METOIAMU H3MEpe-
HUSI U KOHTPOJIST (PU3MYIECKUX
U XUMHYECKHX  CBOKCTB
HAHOCHUCTEM;

671a0een HaBBIKAMHU HCIIOJb-
30BaHUSI COBPEMEHHBIX Me-
TOJIOB MO/JICTUPOBAHHUS
CBOMCTB HAHOCHCTEM;
61a0een HABLIKAMU ONTHMHU-

3a1uu TEXHOJIOTHYCCKUX
IMpOLECCOB CHUHTE3a HaHOMa-
TCPUAJIOB, MPUMCHACMBIX

IPU TPOU3BOJICTBE DBJIEMEH-
TOB 3JIEKTPOHUKHU

Xopowo
(06a30Bblil ypOBeHb)

3Haem TCHACHLUWH Pa3BUTHS
HAaHOCTPYKTYPHPOBaHHBIX
MarepuagoB B 00JIaCTH 3JIEK-
TPOHUKH B LIEJIIOM;

3Haem 3aKOHOMEPHOCTH Tep-
MOJMHAMUAYECKUX  pa3Mep-
HbIX 3¢ dexToB;

3H@em TEPMOJUHAMHUYCCKUE
napameTpel U (Qu3HYECKUe
XapaKTepUCTUKH HaHOMAaTe-
pHAJIOB;

apeymenmupyem BBIOOp pe-
IICHUS 33/1a4H;

cocmagisiem TUIAH PEIICHUS
3aja4un

yMmeem TPOBOJUTH OCHOBHBIE
pacdyeTsl  TepMOJIMHAMU4e-
CKUX CBOMCTB HAHOCHUCTEM;

ymeem TIPUMEHSATb METOMbI
pacuera mapamMeTpoB M Xa-

PaKTEPUCTUK  HaHOpPa3Mep-
HBIX CUCTEM;

ymeem BbIOWpaTh 00NaCTH
NPUMEHEHUsT HaHOMarepua-
JIOB;

npumersiem METOAbL
HHA HCTUIIOBEBIX 3a1a4

pere-

61adeem pPa3HBIMH CIIOCO0a-
MH TIpEACTaBICHUSAMH HWH-
dopmaruy;

e1adeem Hagvlkamu padbOTHI B
MEKIUCUUIIIIMHAPHOU KO-
MaHJe;

cnocoben 00vACHUMb  3aKO-
HOMEPHOCTH TEPMOIUHAMU-
YECKUX pa3MepHBIX 3]dek-
TOB;

cnocoben ucnoab3o06ams Me-
TOIBI pacyera MmapaMeTpoB H
XapaKTepUCTHK HaHOpa3Mep-
HEIX CHCTEM;

cnocoben Kaaccuguyupo-
6amb TEXHOJIOTUYECKUE TMPO-
I[ECChI CHHTE3a HAHOMATEpPHU-
ajoB

YaoBaersopurenbHO
(MoporoBkIii ypoBeHb)

3Haem 3Tambl PA3BUTHI Ma-
TEepHUanoB B OOJIACTH 3JIEK-
TPOHUKW;

3Haem OCHOBBI TEPMOJHHA-
MUK HAHOPa3MEpHBIX CH-
CTeM;

3Haem (pU3MYECKHE XapaKTe-
PUCTHKH HAHOMATEPHUAJIOB;
3Haem CBOWCTBAa HaHOpa3-
MEPHBIX CUCTEM;

Oaem OTpeNENCHAS] OCHOB-
HBIX TTOHATHI

ymeem paboTaTh CO CIpa-
BOYHOH JINTEPATYPOH;

yMeem  TPEACTaBIATH  pe-
3yIbTaThl CBOEH paboThI

61a0eem TEPMUHOJIOTHEH B
MPEIMETHOM 00J1aCTH 3HAHUS
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3. TUTTIOBBIE KOHTPOJIBHBIE 3A/IAHUSA

JlJis peanu3auu BBIICTIEPEYUCIICHHBIX 3a/1a4 00YYCHUS UCTIOIB3YIOTCS CICIYIOIINE MAaTSPHUAITbI:

— TUIOBBIE KOHTPOJILHBIC 3aJIaHUsl WM WHBIE MaTepUasbl, HCOOXOMUMBIC JIJIS OIICHKH 3HAHWM, YMCHHIA,
HAaBBIKOB, XapaKTEPHU3YIOIIUX dTarbl (POPMUPOBAHHUS KOMITETEHIIN B MPOIIECCe OCBOCHUS 00pa3oBaTeIbHON Mpo-
TpaMMBbI, B COCTaBe: OMPOCH HA JIEKIIUAX; OMPOCHI Ha MMPAKTUYECKUX 3aHATHIX; MPAKTUIECKHE 3a/IaHUs; KOHTPOIb-
HbIe pabOTHI; CAMOCTOSATEIbHAS Pab0Ta; 3a4eT.

3.1. Onpocs! Ha JeKIUAX

1. Knaccupukanuss HAHO00bEKTOB

HanoctpyktypupoBanHsie MaTepuaibl 1 HaHouacTulsl. Kimaccuduxanus B. OctBanbiaa o arperaTHoMy co-
crosHUIO (ha3. Kmaccudukarnms mo pasmepam. Knaccudukarus no mepaoctn. HanoMmaTtepuansl: GyHKIIMOHAIBHBIE,
WHTEJUIEKTYyalbHbIe, HAHOOOBEKTHI, COMepKalie creln(pUIecKre IPyMIbl aTOMOB, MOJEKYJI HAHOMETPOBBIX pa3-
MepoB (1o 100 am). @yHKIMOHANTBHBIE HAHOMATEPHAIbl: HU3KOpa3MepHbIe 00BEKThI; TOHKHE CIIOH, IUIEHKH; HAHO-
IIPOBOJIOKH, ITIOJIMMEPHBIE HAHOMATEPHUAJIbI.

2. TepmoauHaMHuKa AABJIeHUI B HaHOcUcTeMax. KBasupaBHOBecHe B HAHOCHCTEMax

Hauana tepMonuHaMuky, TepMOANMHAMUYECKHE TOTEHIIMAIIBL, TeOpHs (ha30BBIX paBHOBecHid. TepMoanHaAMH-
Ka moBepxHocTu. HepaBHOBecHas TepMoanHaMuKa, cuHeprervka. OcoO€HHOCTH TEPMOIMHAMUYECKUX CBOMCTB
HaHocpea. COOTHOLIEHKE IUIOMAAN MOBEPXHOCTH M MacChl HAHOOOBEKTOB. M3MeHeHHne (a30BBIX paBHOBECHH B
HaHOPA3MEPHBIX cUcTeMax. Y paBHeHue Jlamnaca. I3sMeHeHUe TeMnepaTyphbl IUIABJIEHUS B HAHOMaTepUallax.

3. IToBepxHOCTHBIE sIBJICHUSI U Me:K(a3HbIe IPOLecChl

[loBepxHOCTB, TpaHuLBl, MOpdOIOrus HaHOMaTepuanoB. [0 moBepxHOCTH B HaHomarepuanax. I[loBepx-
HOCTHast SHEPTHUs U ee aHu3oTponus. [loBepXHOCTHBIN oTeHMan [ nb6ca. YpaBHEHUS U XapaKTEPUCTHKH YCIOBUH
TEPMOINHAMUYECKOH CTaOMIBHOCTH MeX(a3HbIX TPaHUIl B HAHOCHCTEMax. [ paHUIIbl 3epeH B HAHOCTPYKTYHPO-
BaHHbIX Marepuanax. [loBepxHocTHOE HaTshKeHUE. KpaeBoll yroa u clerieHue ¢ moBepXHOCThI0. IloBepxHOCTHOE
HaTsDkeHue. DddekT notoca. AacopOiusa. Kuneruka agcopOunu. 3aBUCUMOCTD OT ITOKPBITHS, TEMIIEPaTyphl, yIiia
W KUHeTu4eckoi sueprun. Tepmudeckas gecopouus. Kunernka gecopOuum.

4. UneanbHasi U peajibHasi KPUCTANINYECKHE CTPYKTYPbI HAHOPa3MePHbIX MATEPHAJIOB

ATOMHAasl CTPYKTypa UYUCTBIX MOBEpXHOCTEH. Pemakcauus u pekoHCTpyKuus. I[OBEpXHOCTHBIE CTPYKTYpbI
HEKOTOPBIX BKHEHWIINX MOITYNpoBOAHWKOB. CocTaB MOBEpXHOCTHBIX (a3. PazoBas muarpamma. CTpyKTypHBIE
nedeKTh MOBEPXHOCTH. MOJIeNb Teppac — CTyIeHeld — U3JI0OMOB.

5. KuneTuka npoueccoB B HAaHOpPa3MepPHbIX CHCTEMax

[oBepxnoctHas auddysus. 3akonsl Guka. Juddysus otaensHoro atomMa u xumudeckas nudpdysus. Coo-
crBeHHas auddy3us u quddysus MacconepeHoca. AHM30TPOIHS MOBEPXHOCTHOU auddy3un. ATOMHBIE MEXaHH3-
MBI TIOBEPXHOCTHOU AN (y3un: NPBIKKOBBIM, aTOMHOT0 0OOMEHa, TYHHETUPOBaHUs1, 0OMEHHbIH. 3aBUCUMOCTh I1a-
paMeTpoB XMMHUYECKON KMHETUKU OT pa3MepoB. CKOPOCTh peakiyy. 3aBUCUMOCTh CKOPOCTH PEAKLUH OT pasMepa
yacTull. Bausaue pazmepa HaHOYACTHIl Ha TeMIepaTypy mporekanus peaknuu. [loporosas temnepatypa. Kuneru-
Ka CaMOBO3TOpaHUsl HAHOCTPYKTYPHBIX MaTepuasioB. TemmepaTypbl caMOBO3ropaHus, camoBociuiaMmeHenust. [Ipu-
pona karanu3a. [Inomans moBepXHOCTH HAHOYACTHII.

6. DJ1eKTPOHHOE CTPOEHHE HAHOYACTHIL

[loBeneHne HIIEKTPOHHON MOACUCTEMBI B HaHOMaTepraiax. OcoOEHHOCTH 30HHOW CTPYKTYpBhI METAJUIOB U
MOJYIIPOBOJHUKOB B HAHOKPUCTAJUTMYECKOM COCTOSHMM. KBaHTOBBIE SIMBI, IPOBOJIOKH, TOUKH. D PeKTsl, 00y-
CIIOBIICHHBIE pa3MepaMU W Pa3MEpPHOCTBI0O HAHOOOBEKTOB: pazMepHbie d(deKThl. PazmMepHOCTh 00BEKTa U 3JIEK-
TpOHBI TpoBOANMOCTH. [ToTeHInansHbie sMbl. CBOMCTBA, 3aBUCAIINE OT INIOTHOCTH COCTOSTHUM.

7. Ocobble pu3nUecKne U XMMHUYECKHe CBOICTBA HAHOYACTHII U HAHOCTPYKTYPHPOBAHHBIX MaTepHa-
JIOB

3aBHCHUMOCTH CBOMCTB OT pa3mepa yactull. OcoOble CBOHCTBa HAHOOOBEKTOB, 00YCIOBICHHBIE COU3MEPUMO-
CTBIO HX Pa3MepoOB M XapaKTepHOW UIMHON (usndeckux cBorucTB. OcoOble cBOiicTBA HAHOOOBEKTOB, O0YCIIOBIICH-
HbIE OI'POMHOM NMOBEPXHOCTHOM 3HEPTHU: 10JIs1 MOBEPXHOCTH B HAHOMaTepHasax, BETMUYMHA [TOBEPXHOCTHOM BHEp-
TUH B HaHOMaTtepuajax. [IoBepXHOCTH U T€OMEeTpHUYEeCKHEe pa3Mepsl KpUCTAIDIOB. [I0BEpXHOCTE M reOMeTpHYEeCcKUe
pasMepbl HAaHOOOBEKTOB.

8. ®uznyeckne U XMMHYECKHE CBOMCTBA HEOPraHUYECKUX PA3yNOPsiAOYeHHBIX HAHOCTPYKTYP U KOM-
NMO3UIIHOHHBIX MAaTePUAJIOB

MeTtop1 CHHTE3a Pa3yMOPAAOYCHHBIX TBEPIAOTENbHBIX CTPYKTYp. Ilomyuenne npu OBICTPOM OTBEpACBAHUU:
ra3oBasi aroMu3anys. [ abBaHMYECKHH C1oco0. MexaHu3Mbl pa3pyLmeHus TPaAUIHOHHBIX TONUKPHCTAIMYECKHX
MaTepraioB. MexaHHMYEeCKUE CBOMCTBA HAHOCTPYKTYPUPOBAaHHBIX MaTepHanaoB. OCHOBHBIE TapaMeTpPhl U MX 3aBU-
CUMOCTb OT pa3MmepoB. HopmanbHbli 1 aHOMasbHbIM 3ak0H Xomna-Iletya. HaHOCTpyKTypHpOBaHHBIE MHOTOCIION-
HbIE MaTEpHaNbl. DJIEKTPUUECKHE CBONCTBA KOMIIO3UIIMOHHBIX MaTepHaoB.
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9. ®du3nyecKkue 1 XUMHYECKHE CBOICTBA HEOPraHMYECKUX YNOPS/I0YEHHBIX HAHOCTPYKTYP H KOMIIO-
3MIHOHHBIX MATEPHATIOB

[IpupoaHbIe HAHOKPUCTAILIBL. Y TOPSIOYCHHBIE CTPYKTYPhl HAHOUACTHII B IIEOJUTaX U MX cBocTBa. HaHo-
CTPYKTYPUPOBaHHBIE KpUCTAILIBI s poToHMkH. Kpucrammuyeckas U 30HHAsK CTPYKTYPhl (DOTOHHBIX KPUCTAJLIOB.
JIByMepHBIH (DOTOHHBINM KPUCTAIII, €0 30HHAS CXeMa. YTOPsI0UCHHBIC PEIIETKH HAHOYACTHUI] B KOJUIOUIHBIX CYC-
ner3usax Dddext nommmopdmsma. [lepexon Kupksyna-Angepa. YriepoaHble HAHOYACTHIBI W HAHOTPYOKH. Ux
CTpOCHHE, TOJy4YeHHe U pasaeieHue. OJHOCTEHHbIE W MHOTOCTCHHBIC HAHOTPYOKH. DIEKTPO(U3UYSCKUE CBOM-
CTBa. JHEpreTUYecKas CTPYKTypa MOHHU30BAHHBIX COCTOSHHN WICATBHOTO MOJEKYJSIPHOTO Kpuctayuia. Mojenb
Jlaiionca. CoCTOSTHUSI C TIEPEHOCOM 3apsijia. DIEKTPOHHAS MOSPU3AIU MOJIEKYJT KpUCTalIa HOCUTEISIMH 3apsia.

3.2. Onpochbl HA NPAKTUYECKUX 3aHATHAX

Kakue cuctembl Ha3pIBalOT AUCIIEPCHBIMU?

[ToueMy 3071b MO’KHO Ha3BaTh JUCIEPCHON CUCTEMOI?

Kakumu MeTomamMu nomny4aroT IUCTIIEPCHBIE CHCTEMBI?

Kakue npuzHaku xapakTepHbl U1 AUCIEPCHBIX CHCTEM?

[ToueMy TepMOAMHAMUYECKHE CUCTEMBI TEPMOIUHAMHUYECKN HEYCTOWYMBBI?

Uro Takoe yJienbHOE MOBEPXHOCTh?

Uro Takoe koappurmeHt popmsi?

BrIBetuTe COOTHOIICHNE MEXKTY YIEIbHONW TOBEPXHOCTHIO U TUCTIEPCHOCTBIO [T CHEPUICCKUX HACTHIL?

UYemy paBeH k03¢ GumeHT GOopMbl 7151 KyOMYECKUX YacTHUIl?

YT0 Takoe NOBEPXHOCTHAS SHEPTUSL?

Yto Takoe TepMOaUHAMUKA?

[Iepeuncnure OCHOBHBIE 3aKOHBI TEPMOIUHAMUKH ?

Yto Takoe paBHOBECHAs] TEpPMOAUHAMUKA?

Kakue Hayana TepMOOAMHAMUKHA MOKHO OTHECTH K paBHOBECHOM?

Uro Takoe TemnepaTypa IiaBIeHus?

[Mouemy Temmeparypa IIaBICHHUS TIOBEPXHOCTH OTIAMYAETCS! OT TEMIIEPaTyphl IUIaBJICHUSI 0OBEMHOTO Mate-
puana?

Uro Takoe Temneparypa ebas?

TepMoauHaMIUECKIE OCHOBBI TOMOTEHHOTO 3apOAbIIIE00pa30BaHusI.

I'ereporennoe oOpazoBaHue HOBOM (ha3bl.

[InaBneHne 1ByXKOMIIOHEHTHOTO HAHOKPHCTAILIA.

Uro Takoe paccesHue cBera’?

IIepeunciire OCHOBHBIE BBIKJIAJIKU C ypaBHEHUs Panes.

3anumuTe ypaBHeHue Pames.

Uro Takoe ontuveckast I0THOCTh?

UYro takoe kK03 (HUIMEHT MOTIOIIEHHs?

B uem 3akirodaercst CyTh aHAJTUTHYECKOM MTPOBEPKU MPUMEHUMOCTH 3akoHa byrepa-Jlambepra-bepa?

[lepeuncnyTe OCHOBHBIE ONITHYECKUE CBOMCTBA TUCTIEPCHBIX CUCTEM.

Kak ompenenuts pa3mep 4acTHIIBI C TOMOIIBIO0 METO/IA YIABTPAMUKPOCKOTHH?

JJ1st KaKuX CHCTEM MCIIOJIBb3YIOT SIBJICHUE pacCesHusI cBeTa?

Uro Takoe nuddysus?

OcHoBHbIe TapaMeTpsl uhdy3un?

Uro takoe k03hdunpent quddyzuu?

Yro Takoe ceauMeHTaA?

Urto Takoe 0CMOTHUYECKOE JJaBiIeHNE?

OT yero 3aBUCUT CKOPOCTh CeTMMEHTAINA?

Uro Takoe OpOYHOBCKOE ABHKEHUE?

Uro sBIsieTCS XapaKTEPUCTUKON OpPOYHOBCKOTO JBIKEHHUS?

3akons! Duka.

UYro Takoe ceMMEHTallMOHHOE paBHOBECHE?

UYro takoe (OHOHHBIN CIEKTP?

Uewm orpannyueHa MUHUMaJIbHAs 9acToTa (POHOHHOTO CTIeKTpa’?

Uro Takoe TemI0eMKOCTh?

U3zo0pasure rpaduk TEMIOEMKOCTH OT TEMIIEPATYPHI.

Kak cooTtHOCATCS Temneparypa [leOast 111 HAHOYACTHIl 1 MACCUBHBIX KPUCTAIJIOB?

Urto Takoe Temmeparypa Jebas?
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UT0 TaKkoe TEIIONPOBOTHOCTH?

Yrto Takoe JyMHA CBOOOIHOTO Ipodera?
Uto Takoe 3IeKTPONPOBOIHOCTE?

Uro Takoe paboTa Bbixoaa?

3.3. [IpakTuyeckue 3a1aHus

1. TepmonnnamMuka siBjieHHi B HaHocucTeMax. KBa3npaBHoBecHe B HAHOCHCTeMAX

ITocTpouts pacnpeneneHre 3aBUCHMOCTH TOJIIIMHBI PACIUIABICHHOIO CJIOS I MOJIEKYJIIPHOTO KpHUCTaUIa.
Ecnu Tommuua monexyssipaoro kpuctamia 50 mm. Temnepatypa nnasnenus nosepxHoctu 1200 K. tremnepatypy
Opath B nuana3one ot 400 mo 1200 K, ¢ marom 50 K.

2. IToBepXHOCTHBIE SIBJIEHUS H MesK(a3HbIe MPOLEeCChI

Paccuutare paboTy 00pa3oBaHUs KPUTHYECKOI'O 3apOJbllla €CIM [TOBEPXHOCTHOE HATSDKEHHUS COCTaBIIAET
0,003 x/mM2. XuMuyeckuii moTeHuan cuusmics Ha 1000 Ix/mMoib.

3. UpeanbHasi U peajibHasi KPUCTALINYECKHE CTPYKTYPbI HAHOPa3MepPHbIX MaTepPHAJIOB

IIpuHsB, 4TO B 301€ cepedpa Kaxaas 4acTULA NPEACTABIAET co00i Ky ¢ aumHol pedpa [ = 4-10"° m, onpe-
JIENKTE, CKOJIBKO KOJUIOMIHBIX YACTUIL MOXKET MOJTy4nThest u3 1-107* kr cepebpa. Belunciure cyMMapHy O MOBEpX-
HOCTh TMOJyYEHHBIX YaCTHI] M PACCUMTANTE MOBEPXHOCTH OJHOrO KyOuKa cepebpa ¢ maccoii 1-10* kr. TlnotHOCTH
cepebpa pasna 10,5-10° kr/m’.

4. Kunernka npoueccoB B HAHOPa3MePHBIX cHCTEMAX

Uucno cepruuecKux 4acTHIl THIPO30JIs 30J10Ta, HAXOASALIETOCS B PABHOBECUH B TIOJIE€ CHIIBI TSHKECTH, PABHO
386. UeMy paBHO YHMCJIO YacTHI[ B CJIO€, JexameM Ha 1-10* M BbIlle, ecu CpeHUi JUaMETP YacTHIl PaBeH
6,6:10% M, Temmeparypa 19°C, miotHocTh 30j0Ta paBHa 19,6:10° xr/ M°, mIOTHOCTE BOABI COCTABISET
0,998-10° kr/ m>.

5. DJ1eKTpPOHHOE CTPOeHHe HAHOYACTHIL

Paccunrars ynensHOE CONPOTHBIICHHWE METAUTMYECKON IUIEHKH TommuHoW 10 HM, W IIMHOH CBOOOIHOTO
npo6era 1 um. Eciu conpoTtuBienne MOHOKpHCTauindeckoro Marepuana 10> Om-cm.

6. Oco0Oble Gpu3nyeckne U XUMHYECKHE CBOIICTBA HAHOYACTHI] U HAHOCTPYKTYPHPOBAHHBIX MaTepHa-
JIOB

[Ipu yabTPaMUKPOCKOTMYIECKOM UCCIIEI0BAHNM THAPO30JIs cepebpa B KIOBETE Iuiomaasio 5410712 M? u rury-
OuHOl my4ka cBera 2,5-10* M mogcunTano 2 yactuusl. Paccuuraiite cpeHIon0 UTMHY peOpa YacTHIbI, TIPUHUMAS
ux GopMmy 3a KyOuuecKkyro. MaccoBasi KOHIIEHTpawus 30115 cepedpa paua 0,02 Kr/ M, II0THOCTH cepebpa cocTas-
nsiet 10,5103 kr/ m>.

7. ®u3uuecKkue 1 XHMHYECKHE CBOICTBA HEOPTAHMYECKHUX PAa3yNops/I0YeHHbIX HAHOCTPYKTYP U KOM-
MO3UIHOHHBIX MATEPHAJIOB

PaccuuTaiite paboTy o0pa3oBaHMs 3apOJbIlIa, €CJIM YHEPrUsl MOBEPXHOCTHOIO HATsDKEHHMs paBHa 87 JIk.
CHWKeHMEe XUMUYECKOro noTeHnuana cocrasisier 3000 I/Mollb, a paauyc IOaydHBIIErocs 3apoabima 10 m.

8. ®u3nyeckue 1 XUMHYECKHE CBOICTBA HEOPraHMYECKUX YMOPS/I0YEHHBIX HAHOCTPYKTYP M KOMIIO-
3MIUOHHBIX MATEePHATOB

PaccunraiiTe KpuTHUECKUI pa3Mep 4YaCTULbI, €CIU MOBEPXHOCTHAsI 3HEprusi HarTsbkenust paBHa 90 [k, a
mnomazne nosepxuoctd 30,61 M2, CHIKeHHE XMMHYECKOTro noTeHmana 2500 JI/Mob.

3.4. KoutposabHbie padoThl
Kontponbhas pabora Ne 1 «TepmoauHamuka sIBI€HUH B HAHOCHCTEMAX).
Kontponbnas padora Ne 2 «KuneTnka nporeccoB B HAHOPa3MEPHBIX CUCTEMAax.

3.5. Koncnexkrsl mo remam CPC

1. Knaccudukanusi HAH000bEKTOB

Knaccudukamus I'. ['neiitepa OCHOBHBIX THIIOB CTPYKTYP HETIOJIMMEPHBIX HAHOMATEPHAIOB 110 XUMHYECKO-
My cocTaBy, pacrpeneneHuio ¢a3 u dopme. MHTemekTyanbHple HaHOMATepUalbl: OOBEMHBIC, MMOJUMEPHBIC U
Ounomarepuansl. MaTpu4HbIe U CyNIPaMOJIeKy ISpHbIE HAHOKJIACTEPHI U HAHOCTPYKTYPBHI.

2. TepmoauHaMHUKa AABJIeHUI B HaHOcHUcTeMax. KBasupaBHOBecHe B HAHOCHCTEMAax

N3menenue (a3oBBIX paBHOBECHI B HAHOpa3MEpHBIX cucTeMax. YpaBHeHue Jlamnaca. i3menenue Temmepa-
TypHl IUIaBJIeHHUS B HaHOMaTepuaiax. OcoOEHHOCTH MOJIMMOP(QHBIX NMPEBpAlIEHUH B HAHOCHCTEMaX. M3MeHeHne
MIPENIETIOB PACTBOPUMOCTH TBEPBIX PACTBOPOB.
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3. IloBepxHOCTHBIE sIBJIEHUS U Mesk(a3Hble Mpouecchl

O posm BS3KOCTH BOJIBI IIPH HAHOMACIITAOMPOBAaHUU. AcopOnms. 3aBUCUMOCTh OT TTOKPBITHS, TEMIIEPATY-
pBI, yIila U KHHETHYecKor 3Hepruu. JecopOuuonnas crnextpockonus. M3oTepmel ancopbunu. Hetepmuueckas ae-
copomus.

4. UneanbHasi M peajbHasi KPUCTAJIMYECKHE CTPYKTYPbl HAHOPa3MePHbIX MATEPHAJIOB

ATOMHas CTpyKTypa moBepxHOcTeil ¢ amcopbaramu. [loBepxHOCTHBIE (ha3bl B CyOMOHOCIOWHBIX CHCTEMaxX
agcopbat-moiokka. Mozenb Teppac — cTyneHeld — u3noMoB. JledeKTsl: anaToMbl, BAKAHCUH, Ae(eKThl 3amelne-
HUS, TUCIIOKAIINH, TOMEHHBIE TpaHUIlbl. CTYTIEHH, CHHTYJISIPHBIE ¥ BUIIMHAIBHBIE IOBEPXHOCTH, (paceTku.

5. KuHeTuKa npoueccoB B HAHOPa3MePHbIX CUCTEMAX

OKcIepuMeHTANbHBIE METOBl M3y4eHUs AupPy3un: npsaMoe HaOMI0ACHUE 32 aTOMaMH, METOJ U3MEHEHUS
npoduiisl, KanWUIAPHBIE METOJIBI, METOA OCTPOBKOB. KnHeTnka OMMOIeKyIIpHOi XuMudeckor peakunu. Kuneru-
YeCKHe OCOOCHHOCTH XMMHYECKHX IPOIIECCOB HAa MOBEPXHOCTH HAHOYACTHIL. YdUeT (UIyKTyalHuid KOHIIEHTpAIWil.
TepMoaHaAMUYECKUI MOAXOA K OMUCAHUIO BIUSHUS pa3MepHBIX (PAKTOPOB HA CABHT XUMHUYECKOT'O PABHOBECHSI.
[Ipumep peakunn oxucnenus. Kunerndyeckue nmapameTpsl HU3KOTEMIIEPATYpHOTO OKUCIIEHUS HAHOIOPOILIKOB Me-
tayutoB. Karanmm3aTopel Ha OCHOBE TMOPHUCTHIX MarepuanoB. JIoOKambHBIE XHUMHYECKHE DJIEKTPOHHO-
CTUMYJIMPOBAHHBIE PEAKITUH.

6. D1eKTpOHHOE CTPOEeHHE HAHOYACTHI

OKCHTOHHBIE TIEpeXObl B CHEKTPax HAHOKPUCTAJUIMIECKUX ITONYIPOBOIHUKOB. V3MEHEHHE MIMPUHBI 3a-
npeteHHoN 30Hb1. OIeHKa pa3MepOB HAHOYACTHI] IT0 CIIEKTPAIbHBIM JaHHBIM.

7. Ocobble ¢pu3nyecKkre U XMMUYECKHe CBOIICTBA HAHOYACTHI M HAHOCTPYKTYPHPOBAHHBIX MaTepHa-
JIOB

OnTuyeckue U AIEKTPOHHBIE CBOMCTBA HAHOCUCTEM M HaHOMAaTepualoB. MarHuTHbIe cBoiicTBa. MexaHuue-
CKHE U TEIUIOBbIE CBOMICTBA.

8. ®uznyeckne U XMMHYECKHE CBOHCTBA HEOPraHUYECKUX Pa3yNopsiA0YeHHbIX HAHOCTPYKTYP U KOM-
MO3UI[HOHHBIX MATEPUAJIOB

MeTo KOMIAKTHPOBAHMSI TIPH W3TOTOBJICHUH HAHOCTPYKTYPHUPOBAHHOTO CITIaBa «Meb — jkene30». CTekda.
MeTayummueckue HAHOKJIACTEPhI B OINTHYCCKUX CTCKIIaX. HpOHCCC])I TMOIrJIOMCHUA U paCCCdHUsI B HaHOYACTHUIAX.
ITnazmownsl. [Topuctsie crekna. [IpuMepsl H3rOTOBIEHNS HAHOCTPYKTYP Ha UX OCHOBE.

9. ®u3uyecKue U XUMHYECKHE CBOHCTBA HEOPraHMYECKUX YMOPSA0YEHHbIX HAHOCTPYKTYP U KOMIIO-
3MUMOHHBIX MAaTEPHATOB

@DOTOHHBIE KPUCTAJIIBI C JIMHEWHBIMU Ne(eKTaMid U UX 30HHBIE cxeMbl. [loHsaTHe HoTOHHOM cuibl. 3amod-
HEHHBIE yTiepoaHble HaHOTPYOKH. Kanmmmisipaeie s dextol. CHHTE3 3al0THEHHBIX HAaHOTPYOOK. Ponb cTpykTyp-
HBIX 1e(DeKTOB B 00pa30BaHNU MEKTPOHHBIX COCTOSHUI B MOJICKYJISIPHBIX KPUCTAIIIAX.

3.6. 3auer
. Hauana TepmoanHamMuiku, TepMOAMHAMHYECKHE TIOTEHIMAIBI, TeOPHst (Pa30BBIX PABHOBECHIA.
. TepmoiuHamMuKa NOBEPXHOCTH.
. HepaBHOBecHast TepMOgMHAMKKA, CHHEPTETHKA.
. IIponieccrl Ha MOBEPXHOCTH: OBEPXHOCTHOE HATSKEHNE, KAMIISIPHBIC SIBIICHUS.
. [loBepxHOCTHAs 3HEPTHUS U €€ aHU3O0TPOIIHSI.
. O6paboTKa NOBEPXHOCTH M YCIIOBUSI COXPAHEHUsI €€ CBOICTB.
. ATOMHas CTPYKTypa YUCTBIX MOBEpXHOCTEH. Penakcays u peKOHCTPYKIHSI.
. [loBepxHOCTHEBIE (ha3bl B CYOMOHOCIIOMHBIX CHCTeMax ajicopbat-moioxkka. dazosas quarpamma.
. Monenb Teppac-cryneHei-u3nomMoB. JleQekTsl: anaToMbl, BAKaHCHH, 1e(DEKThI 3aMEICHUS, TUCITIOKAIIH,
JOMeHHbIe TpaHuLbl. CTYIEHHU, CUHTYJISIPHBIE M BULIMHAJIbHbIE TOBEPXHOCTH, (haceTKH.
10. Ancopbums. 3aBUCUMOCTD OT MOKPBITHS, TEMIIEPATYPhI, YTa U KHHETUYECKOM 3HEPTUH.
11. Tepmuueckas aecop6iws. Kuneruka. JlecopburonHas crieKTpOCKOHS.
12. Uzotepmsl ancopbumu. Hetepmuueckas aecopouusi.
13. IloBepxnoctHas auddysus. 3akons! Puka. Auddysus ornenpHoro atoma n xumudeckas AupQy3us.
14. Cob6creennas nuddysus u muddysus MaccorepeHoca. AHU30TPONHS TOBEPXHOCTHOW auddy3uH.
15. AtoMHBIE MeXaHU3MBbl IOBEPXHOCTHOH IU(QY31u: NPBIKKOBBIM, aTOMHOIO 0OMEHa, TYHHEIHMPOBAaHUS,
OOMEHHBIH.
16. DkcniepuMeHTalIbHBIE METOBI U3yueHus qudGy3un: npsaMoe HaOJIOACHHE 32 aTOMaMH, METOJ] M3MEHE-
HUS PO, KaWIISIPHBIE METOIbI, METOJ OCTPOBKOB.
17. Mexanu3mbl pocta Ha ioBepxHocTu: @panka-Ban nep Mepse, Bonemepa — Bebepa, Ctpanckoro — Kpac-
TaHOBA.
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18. 3apoxaeHne U pOCT OCTPOBKOB: PEKUMBI 3apOKIACHUS MIPH MAJBIX TOKPBITUSAX, PEXXUM ITPOMEKYTOUHBIX
MTOKPBITHH, PEKUM arperarfy, PeXKUM KOaJeCIeHIINN U TEPKOIISAIHIH.

19. KoHueHTpanus ocTpoBKOB, GopMa (pa3BeTBICHHBIC, KOMIIAKTHBIE, ()paKTaIbHBIC), PACIpEACICHUE 10
pasmepy.

20. KoanecrieHmus 1 103peBaHue OCTPOBKOB. Marmveckue OCTPOBKH, OCTPOBKH BaKaHCHIA.

21. Kunernueckue 3¢ ¢eKTsl B TOMOIIUTAKCHHA. BHYTPHCIOWHBI M MEXCIOWHBIN MaccorepeHoc. bapnep
Opnuxa — [1IBoGems.

22. Kunernueckne 3¢hdextsr B romosnuTakcuu. PocT 3a cueT ABIKEHUS CTyIEHEH, MOCIOWHBIA U MHOTO-
CJIOMHBIN POCT.

23. DdPeKThl MEXaHNUECKUX HAMPSIKECHUH IPH FeTEPOINMUTAKCHU.

24. PocT mieHoK B mpucyTcTBuu cypdakrantoB. CypdakTaHTsl U MHTEphaKTaHThl. MexaHu3Mbl EHCTBUS
cypbaKTaHTOB.

25. OOBEKTH HAHOMETPOBOI'O MaciuTaba U MOHWKEHHOH pa3MepHocTH. Kinaccudukanus u MEeToAb! MoTyye-
HUS HAaHOKJIaCTEPOB U HAHOCTPYKTYP.

26. YpaBHeHHS M XapaKTEPHUCTHKH YCIOBHI TEPMOAWHAMHYECKON CTaOWIBLHOCTH MeX(]a3sHBIX TpaHUI] B
HaHOCHCTEMaX.

27. Kpucraminsl U KpUCTaTUTHI, KiacTepel. Pasmepnbie 3ddekter. TepMomuHaMuveckas W KBaHTOBO-
CTaTHCTUYECKast MOJIECTH KiacTepoB. O00I0UedHas U CTPYKTYPHAS MO/IEIIH.

28. CTpyKTypHBIE OCOOCHHOCTH TBEPAOTENBHBIX HAHOCTPYKTYp. [edextsr u HanpsokeHus. CTpyKTYpHBIE
(ha3zoBbIe nepexo/pl. MexaHHUYECKUE U TeIUIOBbIC CBOMCTRA.

29. MatpuuHbi€ U CYIIpaMoJIEKyJIsIpHble HAHOKJIACTEPhl U HAHOCTPYKTYPHI.

30. OnTuueckue U 3JIEKTPOHHBIE CBOMCTBA HAHOCUCTEM U HAHOMATEPUAJIOB.

31. MarauTtHele CBOMCTBAa HAHOCUCTEM U HAHOMATEPHAJIOB.

32. ®duzuko-xumuueckue dPGeKTsl B TYHHETHHO-30HAOBOW HAHOTEXHOJIOTHUH. ATOMHBIE MaHUMYJSLIUH C
nomompo CTM.

33. I'pacben, pysrepeHs! 1 yriaepoaHble HAHOTPYOKH.

4. METOAUYECKHUE MATEPUAJIBI
Hns obecrieyenus mpoiecca o0ydeHUsI U PelieHus 3a7ad 00yUeHHsT HCIIOIb3YIOTCS CIIEAYIOIINE MaTepHabl
(cormacHo 1. 12 naHHO# pabouel mporpamMmsbl):

4.1 OcHoBHAas JIUTEpPATYypa
1. Hanomarepuaisl [Tekct]: yueOHoe mocooue mns By30B / JI. Y. Peixonkos, B. B. JI€euna, 3. JI. JI3umn3u-
rypu. — 2-e u3a. - M.: BUHOM. Jlabopatopus 3nanuii, 2012. — 366 c. (45)

4.2 JlonoHUTEJIbHAS JIUTEPATYpPa

1. OcHoBBI pu3nueckoi XxuMuu: yaeOHUK it By3oB / B. U. T'opmkos, U. A. Ky3nenos. — 3-e u3n. — M.:
BUHOM. JlaGoparopus 3uanuii, 2006. — 407 c. (1)

2. MexaHnKa MaTepHaJIoB U CTPYKTYp HaHO- U MUKPOTEXHUKHU: yueOHoe mocodue mist By30B / O. I1. Kopmu-
muupeiy, 10. A. Hlykeitno. — M.: Akagemus, 2008. —215 c. (1)

3. HaHOCTpYKTYpBI B 3JIEKTPOHHMKE U (hOTOHMKE: 1mep. ¢ aHr. / pen. @. Paxman; nmep. H0. A. 3abonotHas;
pen. niep. E. JI. CBunio. — M.: Texnocdepa, 2010. —343 c. (1)

4. Marepuanbsl 1 METObI HAHOTEXHOJIOTHH: yueOHoe nocobue / B. B. Crapocrtun; pex. JI. H. Ilarpukees. —
M.: BUHOM. Jlabopatopus 3Hanui, 2008. —431 c. (1)

4.3 YuyeOHO-MeTOAMYECKHE TOCOOHMS M IPOrPpaMMHOe o0ecredeHue

1. CaBpyk, E. B. ®u3uKo-XxuMusi HAaHOCTPYKTYPHUPOBAaHHBIX MaTE€pHAoB: Y4eOHO-MeToAuYeCcKoe mmocodue
M0 ayAUTOPHBIM MPAKTHYECKUM 3aHATHSIM M CaMOCTOSTEIFHON paboTe Al CTYACHTOB HANPaBIEHUH MOATOTOBKH
11.03.04 «DOnexTpoHHKa U HAHOAJIEKTPOHHMKay», MPOGMIb «MHUKPOIIEKTPOHUKA U TBEPIOTENbHAS DIIEKTPOHUKAY,
28.03.01 «HanoTexHONOTMM ¥ MUKPOCHUCTEMHAsI TEXHUKAY, MPodiib «HaHOTEXHOJIOTHH B 3JIEKTPOHUKE U MUKPO-
cUCTEeMHOH TexHuKke» [DnexkrpoHHsblii pecypc] / Caspyk E. B., Kapanckuii B. B. — Tomck: TYCYP, 2016. — 51 c.
— Pexxum nocryna: https://edu.tusur.ru/publications/6271.

2. Maremarnueckuii naker MathCad nnn Mathematica.

3. Oduchsie nporpammel Microsoft Office mmm Open Office.
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4.4 ba3bl 1aHHBIX, HHGOPMALMOHHO-CIIPABOYHbIE H MTOUCKOBBIE CHCTEMbI

1. O0Opa3oBaTenbHBIN MOpPTad B CBOOOIHOM nocTyme: «Du3nKa, XMMHUs, MaTeMaTHKa CTYACHTaM U IIKOJIbHU-
kaM. O6pazoBarenbHbiid poekT A.H. Bapruna» — Pesxum noctyna: http://www.phds.ru/

2. «ecLIBRARY.RU» [DOnexTtponHBIl pecypc]: HaydHas SIeKTpoHHas Oumbmmoreka. — Pexwum mocryma:
http://elibrary.ru

3. «Hayuno-o6pazoBatenbnblii moptan TYCYPy [DnekTpoHHBI pecypc]: HaydHO-00pa3oBaTeIbHbIH MOpTall
yHUBepcuTeTa. — Pexxum gocryna: http://edu.tusur.ru/
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