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1. leab ¥ n1aHUPYeMble Pe3yJabTAThl 0CBOEHHUS TUCIHMIIIMHBI

Iesnbro 0CcBOEHMS JUCLMIUIMHEI ABIsETCA (POPMUPOBAHUE CIEAYIOIIUX KOMIETEHIUI:
— [IK-5 —Criocob6eH HaxoauTh U IPOEKTUPOBATH TEXHUKO-TEXHOJOTMYECKOE PELICHUE Ha
OCHOBE «IYUIINX MPAKTHK.

PesynpraramMu OCBOEHUS NMCLUIUIMHBI SBISIOTCS CIEAYIOIINE UHIAUKATOPBI TOCTHKEHUS
KOMIIETEHLIH:

HIIK-5.1. 3HaeT u ymeeT aHaTu3UPOBATh TEXHUKO-TEXHOJIOTHYECKOE pelIeHUE («ITydITne
IPAKTUKN»)

HIIK-5.3 TlpoektupyeT W OOOCHOBBIBACT/ [IOKa3bIBACT TEXHUKO-TEXHOJIOTHYCCKUE
pEIIeHUS IO TEMATUKE UCCIICIOBAHUM.

2. 33}13‘[“ OCBOCHHUA TUCHHUIIIIMHBI

— OCBOMTH TEOPETUYECKHUE 3HAHUS, HABBIKM U KOMIIETEHIIMH B 001aCTH HAHOMATEPUAIIOB,
TEXHOJOTMIl  TOJY4EeHHUs HAHOYACTHUI], IPOLECCOB (OPMHUPOBAHUS HAHOCTPYKTYp U
HaHOMAaTEPHUaJIOB;

— Hayuutbcs npuMeHATh NOHATUHHBIA anmapaT W3 o00JacTM HAaHOMAaTepUaloB U
HaHOTEXHOJIOTHH Ul pelIeHUs MPaKTHUECKUX 3ajay Npo(ecCUOHANbHOMN NesITeTbHOCTH.

3. MecTo AUCUMIIMHBI B CTPYKTYpe 00pa3oBaTe/IbHOM MPOrpaMMbl

JlucuumiauHa OTHOCHTCS K dYacTh 00pa3oBaTeNbHON MporpaMmel, Qopmupyemoin
y4acTHUKaMH OOpa30BaTEIbHBIX OTHOIICHWH, Tpeiaractcs oOydJarImuMcs Ha  BBIOOP.
JucuunimHa BXOAUT B MOAY/b Ha3Banue Momyss.

4. Cemectp(bl) ocBOeHMA M (hpopMa(bl) NPOMEKYTOYHOI aTTeCTALMHU N0 JMCHUIIIHHE
Cemectp 5 — 3K3aMeH.
5. Bxoanble TpeGoBaHus VI OCBOCHUS AU CUMIIIMHBI

I[J'IH yCIeuIHoTro OCBOCHU A TUCHUIIIIMHBL Tpe6YIOTC$I PE3YJIbTAThL 06yquI/1${ Io
CICOYIOUM AVCHUIITIMHAM! (1)I/ISI/IKa " XUMMU, MaTCPUATTOBCACHNUE U TCXHOJIOTH.

6. SI3bIK peaau3anuu
Pyccknii

7. O0beM TNCUMILIHHBI

OO61as TpyA0eMKOCTh IUCIUIUTHHBI COCTaBIsIeT 4 3.e., 144 yacoB, U3 KOTOPBIX:
-nekuuu: 18 4.

-npakTuyeckue 3ansatus: 20 u.

-nmabopatopHble 3aHaThs: 18 u.

O06beM caMOCTOSATENbHOM pabOThI CTY/IEHTA OINpeIeNieH YUeOHBIM MJIaHOM.

8. Conepmalme AUCHUIIJIMHBI, CTPYKTYPUPOBAHHOC 110 TEMaM

Tema 1. Beeoenue 6 mup nanomamepuaios u HAHOMexXHOI02Ul
Hcropuss BO3HUKHOBEHUS HAHOHAYKM W HaHOTEXHOJOruH. OCHOBHBIC TIOHATHS |
onpeaeneHus. MeXIUCIUILITUHAPHOCTh [lepcreKTUBbI pa3BUTHS HAHOTEXHOJIOTHI.
Tema 2. Hanomamepuanwt u ux kiaccuguxayus
[Moxxonpl Kk kiaccupukanuu HaHOOOBEKTOB. Kitaccupukamusi 1Mo reoMeTpuuecKoi
pasmepHocti: 0D (Hyib-), 1D-, 2D-, 3D — marepuasbl. @pakraabHbie HAHOOOBEKTHI.
Tema 3. Obvemnvie nanomamepuansl (3D) u mexnono2uu ux nonyyeHus



OObeMHbIE METAUTHYECKUE HAHOMATEPUANBI, UX CBOMCTBA, CTPYKTypa U TEXHOJOTHHU €e
nonydenusi. Hanokepamuka. TeXHOIOTMH MOTYYEHHS] CTPYKTYPBI U CBOMCTB. KOMIO3UIIMOHHbBIE
HaHOMaTEPHAJIbI U TEXHOJIOTUHU UX MOTYyYCHHUS.

Tema 4. 0D nanomamepuanvt u mexHono2uu ux nOAY4eHUs.

[Topomok, knacTepsl, KBAaHTOBbIE TOUKH. OCOOEHHOCTH CTPYKTYpPHI U CBOMCTB. KBaHTOBO-
pa3Mepublii 3 ¢dexkr. OCHOBHBIC NPHUHIMIIBI HCIONb30BaHUS HaHOoTexHosoruil. I[loaxonmel k
(GOpMUPOBAHHUIO HAHOOOBEKTOB «CBEPXY — BHH3» M «CHH3Y — BBEpX». MeToIbl CHHTE3a
HAHOKPUCTANIMYECKUX TIOPOIIKOB, KJIACTEPOB U KBAaHTOBBIX Touek. Hanoungyctpus 0D
HAaHOMAaTEpHAaJIOB.

Tema 5. 1D nanomamepuanvt u mexHono2uu uUx nOAY4eHUs.

Buckepsl, HaHOHUTH, HAHOTPYOKU. OCOOEHHOCTH CTPYKTYPBI  CBOMCTB. MeTObI CHHTE3a
u obmactm mpumeHeHus 1D waHomaTepmanoB. Yriaepomaneie TpyOku. Hanownmyctpus 1D
MaTepUasoB.

Tema 6. 2D nanomamepuanvt u mexHoa02uu uUx nOAY4eHUs.

Hanomienku, nokpeitus, rerepoctpykTypsl. ['paden. Tynnensnsiii ¢ dexr. CTpykTypa 1
cBoricTBa 2D MarepuanoB. CaMOOYHIIAOIINECS MMOKPBITUS Ha ocHOBE doTodddekra u rpdekra
noroca. TexHonmoruu nomyuyeHuss 2D HaHOOOBEKTOB, 00JacTH NPUMEHEHUS U NEPCIEKTHBBI
HAHOWHTyCTPHUH.

Tema 7. OchosHble MemoObl UCCIe008aHUS, CNOCOObI OUACHOCIMUKU HAHOOOBEKMO8.

Knaccudukanus MeTomoB uccielnoBaHUS HaHOMarepualioB. (OCHOBHBIE  METOJbI
UCCJIEIOBAHMSI U TUAarHOCTUKU HAHOOOBEKTOB M HAHOCTPYKTYP: ONPEIEICHUE MEXaHUUECKUX U
(bu3NYECKUX CBOMCTB, ONTHYECKas CIEKTPOCKOMHMsS, DJICKTPOHHAs U aTOMHO-CHJIOBas
MUKPOCKOIHS, (DU3UKO-XUMUYECKH aHanu3. [IpoOieMbl JTUArHOCTUKA W TPUMCHEHUS
HAaHOMAaTEpPHAaJIOB U HAHOTEXHOJIOTUH.

Tema 8. Hanounoycmpus, Hopmamusnas ooxymenmayus. Hanosxonoeus.

locynapcTBeHHble CTaHAapThl HAa HaHOMATEpUAIbl W HAHOTEXHOJOTMH, METObI
UCCJIEIOBaHMSI M JMAarHOCTHMKM Ha HaHoMaTepuanbl U HaHompoaykuuioo. CocrosHue
HaHoUHIycTpuH B Poccuu u mupe. Hanoskonorus

9. Tekymmii KOHTPO.JIb MO IUCHUILIHHE

TecToBbI€ 3a1aHUS TPEAYCMATPUBAIOT 3aKPEIJICHUE TEOPETUUECKUX 3HAHHUM, MOTYyIEHHBIX
CTYJEHTOM BO BpeMs 3aHITHI 10 TaHHOW qucHuminHe. VX Ha3HaueHue — yriyOuTh 3HaHUS
CTYJICHTOB T10 OTJIEJIbHBIM BOTIPOCaM, CUCTEMATHU3UPOBATH MOJyUCHHbBIE 3HAHUS, BBISBUTH
YMEHHE MPOBEPSATH CBOM 3HAHMsI B pabOTe ¢ KOHKPETHBIMU MaTepuaiamu. [Ipu moaroToBke k
PEIIEHUI0 TECTOBBIX 3aJaHII PEKOMEHIYETCSl TOBTOPUTH MAaTEPUAIIBI 10 TTPOUIEHHBIM TEMaM.
Ha Bemmonnenue tecta otBoauTcs oT 20 10 40 MUHYT B 3aBUCUMOCTHU OT TEMBI.

banx 6onpocos TECTOB HAXOAUTHCA B BJ'IeKTpOHHOM KprG
URL: https://moodle.tsu.ru/course/view.php?id=19794

IIpumepvwr 6onpocoe mecma

1. Yo Takoe kBaHTOBas TOUKA?
— KBanrtoBas Touka npeacrasiser co0oi HaHOOOBEKT OTHOTO MaTepualia HaXOJAIIUHCS Ha
MaTpuLE U3 Ipyroro MaTepHuaa;
— DnemeHTapHas CTPYKTypa KBaHTOBOT'O U3JIy4EHUS;
— Hanopa3mepHbIil pa3pbIB B 2JIEKTPOMAarHUTHOM H3JIy4EHUU;
— KBaHrt, Haxoasmuiics B 3JIEKTPOMAarHUTHOM II0JIE;

2. Kak mensiercs Bkiaq MexxdasHoii 061acTu B 001IMe CBOMCTBA 00BEKTa TPH YMEHBIIIEHUHU €T0
pazmepa?


https://moodle.tsu.ru/course/view.php?id=19794

— Ilpu ymenbennu pasmepa o0beKkTa BKiIag Mex(asHoi 06sacT B 0011I1e CBOWCTBA
00bEKTa YMEHBIIIACTCS,

— Ilpu ymenbienuu pasmepa o0beKkTa BKiIag Mex(asHoi 00sacT B 001I1e CBOWCTBA
00beKTa yBEITHMYNBACTCS;

— Ilpu ymenbiennu pasmepa o0beKkTa BKi1ag Mex(asHoi 00sacT B 001I1e CBOWCTBA
00BbeKTa MPOXOoIUT Yepe3 MmakcumyM 1pu 100 HM;

— Ilpu ymenbennu pa3mepa o0beKTa BKiIag Mex(a3sHoi 00sacT B 001I1e CBOWCTBA
00BbeKTa MPOXOIUT Yepe3 MUHUMYM 1ipu 100 HM.

3. Uro Takoe pa3mepHbIil 3PEeKT B TEXHOJIOTUH HAHOMATEPHUATIOB?
— HM3meHnenue cBOCTB HAHOOOBEKTOB B 3aBUCHMOCTH OT Pa3Mepa JIEMEHTOB UX
CTPYKTYPBI;
— /3meHenue pazmepa HAHOOOBEKTOB B 3aBUCHMOCTH OT BHEIIHUX yCIOBUH;
— H3meHeHue cBOWCTB HAHOOOBEKTOB B 3aBUCUMOCTH OT BHEUTHHUX YCJIOBHIA;
— H3meHenue pazmepa HAHOOOBEKTOB B 3aBUCUMOCTH OT COCTAaBA.

KpnTepnn OICHUBAHUA TECTA

Onenka XapakTepucTuka OTBeTa
3auTeHo oT 80 % npaBUIBHBIX OTBETOB
He 3aureno MeHee 80 % npaBUIIbHBIX OTBETOB

10. HOpﬂIlOK MPOBECACHUSA U KPUTECPHUHA OCHUBAHUA l'lpOMe)KyTO‘lHOi/i aTTeCTaliumn

K »sKk3aMmeHy JomyckaroTcs CTYACHTBI, BBINOJHUBIIME BCE INpaKTHUYECKUE padboOThl U
IIOJIyYMBIINE ITOJIOKUTEIBHBIM PE3YJIBTAT TECTUPOBAHMS IPU TEKYIIEM KOHTPOJIE 3HAHUM IO
KQKIOU TEME TUCLUIUINHBI.

OneHka «OTJIMYHOY BBICTABIISIETCS CTYACHTY, IIPU YCIOBUU TBEPAOIO 3HAHMS MaTepuaa.
OtBeyast, CTyIEHT IPaMOTHO U M0 CYIIECTBY M3JIaracT MaTepuall Kypca, paBUIbHO IPUMEHSET
TEOPETHYECKHUE 3HAHUS IIPU PELICHUH NTPAKTUYECKOU 3a4a4H.

DK3aMeH NPOBOJUTCS YCTHO-MUCbMEHHOU B hopMe B 2 HacTAX:

1) oTBETHI Ha TEOPETUYECKUE BOMPOCHI (KOJIMYECTBO 3aBUCUT OT CJII0)KHOCTH BOIIPOCA);

2) pelieHue 3a1a4u

[Ipumep 3amaun Ha dK3aMEHE:
CrpoeHue Kpblia MPEACTABUTEINCH OTPsIa YSIyeKPBIIBIX HATOIKHYJIO HECKOJIBKO IPYIIIT
HAHOTEXHOJIOTOB Ha CO3/IaHUE HAHOCTPYKTYP, KOTOPBIC MOTYT B OY/YIIIEM CYIIECTBEHHO
MOJICPHU3UPOBATH YK€ CYIISCTBYIOLINE HA JJAHHBII MOMEHT TE€XHOJIOTHH 10 CO3/IJAaHUI0 COTHEYHBIX
Oarapeii.
— Kpbuibst KAKOrO HACEKOMOTO TOCTYKUIH TIPUMEPOM ISl CO3/IaHMSI TOJJOOHBIX HAHOCTPYKTY:
CTpeKO3bl; 0) Myxu; B) 0a00UKH; ') OCHI; ;1) Ooromosia; €) O10xu
— Kak BbI lymaere, Kakue IpeuMyIecTBa MoJydaT COIHEUHbIE OaTapen pa3pa0OTaHHbIC HA OCHOBE
HaHOTEXHOJIOTUM?
— Kak BbI iymaere, 3aueM M0 J00HbBIC HAHOCTPYKTYPBI ITUM HACEKOMBIM?
— Kakue npruOopbl MOXKXHO MOJIEPHU3UPOBATD, €CIIH UCIOIL30BaTh MPU UX U3MOTOBJICHUH HAHOCTPYKTYPBI
CXO0XHE C TEMH, KOTOPHIE €CTh Y HACEKOMBIX. )

11. YueOHO-MeTOANYECKOE O0ecIeueHne

1. a) OnexkTpoHHBIN y4eOHBIH Kypc MO AUCIUIUIMHE B OSJEKTPOHHOM YHHUBEPCHUTETE
«Moodle» - https://moodle.tsu.ru/course/view.php?id=19794
0) O1leHOYHBIE MaTEpHAIBl TEKYIIEro KOHTPOJIS W TMPOMEKYTOYHOW AaTTECTAMH TI0
JUCLHUILIIMHE.



https://moodle.tsu.ru/course/view.php?id=19794

B) [Inan ceMUHApCKUX / MPAKTUYECKUX 3aHATHUH 10 TUCIUILUIHHE.
r) Metoauveckne yKkazaHus 10 MPOBEACHUIO Ta0OPaTOPHBIX padoT.
12. llepeuens y4eOHOIi TUTEPATYPHI U pecypcoB ceTu UHTepHeT

a) OCHOBHas JIUTEpaTypa:
1. Hanomarepuansl U HaHOTeXHOJOTHH : yueOHuK juist By30B / E. W. Ilpsxun, C. A.

Bonorxanuna, A. II. IletkoBa, O. lO. I'aH3ynenko. — 2-¢ usn., crep. — CaHKT-
[erepbypr: Jlamp, 2022. — 372 c. — ISBN 978-5-8114-9299-2. — Texkcr
anekTpoHHBI  //  Jlame :  2yekTpoHHO-OMOMMoTeunas cuctema. —  URL:

https://e.lanbook.com/book/189483 (narta ob6pamenus: 05.02.2022).
2. HaHoTexHOJOTUU ¥ HaHOMaTepuaibl. [IpakTHKyM : y4eOHO-METOIUYIEeCKOe mocooue /
coct. H. K. Tonouko. — Munck : BI'ATY,2021. — 80 c.

0) IOTIOJIHUTEIbHAS JTUTEPATYpA:

1. Hanomatepuainsl: cBOICTBa U mepcreKkTuBHbIEe npuinoxenus / [A. b. SIpocnasues, B. K.
NBanos, I1. I1. ®enopos u np.] ; otB. pen. A. b. SApocnasues; Mocksa : Hayunslii Mup ,
2015, 455 c.

2. Hanorexunomnoruu : myreBoautens /JI. Yuneame, Y. Agamc ; [nep. ¢ anrn. FO. T'.
lNopauenko]Yunssimc, Jlunna; Mocksa : Okemo , 2010, 363 c.

3. Xaptmanu Y. OuapoBanue HaHOTeXHOIoruu / miep. ¢ Hem. - M.: BUHOM. Jlaboparopus
suanui, 2008. - 173 c.

B) pecypcbl cetu HTepHET:
1 www.rusnano.com OAO «POCHAHO» — ¢narman poccuiiCKuX HAaHOTEXHOJIOTHIA
2. www.hanometr.ru Marepuer-xypHan «HaHoMeTp» — Masik pOCCUHCKOM HAaHOHAYKH
3. www.portalnano.ru ®eaepanbHbiii HHTEpHET-TIOpTaT «HaHOTEXHOJIOTMY M HAHOMATEPUAITBI»
4. www.nanonewsnet.ru MagopmannoHHO-aHATUTHYECKUH MTOPTaNI B 00JIACTH HAHOUHIYCTPUH
5. www.rusnanonet.ru MadopmanroHHO-aHATUTHYECKUI TTOPTal pOCCUHCKON HAllMOHATBHOM
HaHOTEXHOJOTHYECKON CEeTH
6. www.nanojournal.ru Poccuiickuii 21eKTpOHHBIN HaHOXKYpHAI

13. Mlepeyens HHPOPMAIMOHHBIX TEXHOJIOTUIA

a) JIMOCH3UOHHOC U CBO60J_'[HO pacnpocCcTpaHiaCMOC IMPOrpaMMHOC o0ecrieueHue:

— Microsoft Office Standart 2013 Russian: maket mporpamm. BriroyaeT MpHIOKEHHS:
MS Office Word, MS Office Excel, MS Office PowerPoint, MS Office On-eNote, MS Office
Publisher, MS Outlook, MS Office Web Apps (Word Excel MS PowerPoint Outlook);

— yOaMYHO AOCTYyIHBIE o0sauHble TexHosnoruu (Google Docs, SInnekc Auck u T.1.).

0) nH(hOpPMaIMOHHBIE CIIPABOYHBIE CUCTEMBI:

— DNEeKTPOHHBIN KaTaJjior Hayunou O6ubaoTexku Ty —
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
— DNeKTpoHHas O6ubanoreka (peno3uTopwii) Ty —

http://vital.lib.tsu.ru/vital/access/manager/Index
— OBC Jlans — http://e.lanbook.com/
— OBC KoncynbranT crynenra — http://www.studentlibrary.ru/
— O6pasoBatensHas miardopma FOpaiit — https://urait.ru/
— OBC ZNANIUM.com — https://znanium.com/
— OBC IPRbooks — http://www.iprbookshop.ru/
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http://www.rusnanonet.ru/
http://www.nanojournal.ru/
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http://e.lanbook.com/
http://www.studentlibrary.ru/
https://urait.ru/
https://znanium.com/
http://www.iprbookshop.ru/

14. MaTtepua/jibHO-TEXHHYECKOE 0O0ecredeHue

Aynuropuu AJi IPOBEASHUS 3aHATHI JIEKIIMOHHOTO TUTIA.

AynuTopuH JUIs TpPOBEACHUS 3aHATHHA CEMHMHApPCKOrO THIA, HWHIUBHIYaJbHBIX U
IPYNIOBBIX KOHCYJIBTAUH, TEKYIIETO KOHTPOJIS U MPOMEXKYTOYHON aTTECTALIUU.

[Tomemienust 111 caMOCTOSTENbHON pabOThI, OCHALIEHHBIE KOMIIBIOTEPHOM TEXHUKOU M
JOCTYNIOM K ceTH VHTepHeT, B 3JIEKTPOHHYI0 HMH(OPMAalMOHHO-00pa30BaTEIbHYIO Cpely U K
UH(OPMALIMOHHBIM CIIPABOYHBIM CHCTEMaM.

Aynurtopuu Il TPOBEACHMS] 3aHATUN JIGKIMOHHOTO W CEMUHApCKOro THUIIA
UH/IWBUIYAIIbHBIX W TPYNIOBBIX KOHCYJIbTALMWH, TEKYIIEro KOHTPOJS M MPOMEKYTOYHOH
aTTECTaIluy B CMENIeHHOM dopmMate («AKTPY»).

15. Undopmanus o paspadorunkax

Manerkuna TarbsiHa FOpbseBHa, k.p-M.H., goreHt TT'Y



