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IlepeyeHb KOMIIETEHUMHA M YPOBHU UX C(POPMHPOBAHHOCTH IO AMCUMUIIIMHAM
(MoayJssim), npakTukam B npouecce ocsoenust OIIOII BO

B mporecce ocBoeHHs 00pa30BaTCIIBHON IMPOTpaMMbI y OOYYarOIIErocss B XOJe
U3Yy4YeHUs] TUCHUIUTMHBI « CTPYKTypa U CBOMCTBAa KOMIIO3UTOBY JOJDKHA CPOPMHUPOBATHCS
kommerenus [1K-3.

Kputepuu onpeneneHust cpopMUpOBaHHOCTH KOMIETSHIIMNA HA PAa3IMYHBIX YPOBHAX
ux (popmupoBaHUs

Wnpexc KoMneTeHunu Copep:xaHue KOMIETEHINH
CriocobeH OCYHIECTBIISATh OPTaHU3AIMOHHO-METOAMYECKOE U HAyYHO-
[1K-3 TEXHUYECKOE PYKOBOACTBO paboTaMU MO KOMILJIEKCHOMY KOHTPOIIIO
MIPOU3BOJICTBA HAHOCTPYKTYPHUPOBAHHBIX KOMIIO3UIIMOHHBIX MaTEPUAJIOB.

o O1ieHOYHbIE CpeJICTBA
Kox u Haumenosanue Bunp! 3anstuit
JUISl OLEHKH YPOBHS
WHJIUKATOpa JOCTUKEHUS U1l POPMHUPOBAHUS
c(hOPMUPOBAHHOCTH
KOMIIETEHIINU KOMIIETEHIIN U
KOMIIETEHIINHU
N-1pk-3 CiocobeH u3ydarhb JICKIIHH, Y CTHBIN 0npoc, KOMIUIEKT
CBOIWCTBA U KOHTPOJUPOBATH MPAKTUYECKUE 3AHATHUA, 3aJJaHUU JUIS BBIITOJIHCHUS
MOJIyYeHUE caMOCTOsATEIbHAsI padoTa MPaKTUYECKUX PadbOT, BOIIPOCHI
HAHOCTPYKTYPUPOBAHHBIX JUISL IPOBEJICHUS DK3aMEHA,
KOMITO3UIIMOHHBIX MaTEpPHaIOB TECTOBEIE 3aJaHUS

YPOBHI/I OCBOCHMHA KOMIICTCHIIM N

YPOBGHB OCBOCHUA

Kpurepun onieHuBaHus
KOMIIETEHIIMH

3HATB: METOAOJIOTUYECKHE MTOAX0/IbI K pa3pab0TKe TEXHOIOTHH
MOJIy4eHHUs1 HAHOCTPYKTYPHUPOBAaHHBIX KOMIIO3UIIMOHHBIX MaTepHUajoB.
YMeTh: IUIaHUPOBATh FIKCIIEPUMEHTAIbHbIE PAa0OThI, MOTYUYESHHUS

. HaHOCTPYKTYPHUPOBAHHBIX MAaTEPUAJIOB U HHTEPIPETAIIUU UX CBOWCTB;
[TpoaBUHYTHIH (OTAMYHO)

Buaaners: npodeccuoHaTbHBIMU 3HAHUSMU M TPAKTUYECKUMHU

HaBbIKaMU PYKOBOJICTBA pa0OTaMHU MO KOMIIJIEKCHOMY KOHTPOJIIO
IIPOM3BOJICTBA HAHOCTPYKTYPHUPOBAHHBIX KOMITO3UIIMOHHBIX

MaTepHuaoB.

3HATh: 10CTATOYHON CTETNIEHU 3HAET METOI0JIOTUYECKUE MTOAXOAbI K

pa3paboTKe TEXHOJIOIMU MOTYUEHUsI HAHOCTPYKTYPHUPOBAHHBIX

KOMITO3ULIMOHHBIX MaTEPUAJIOB.

YMeTh: B 10CTaTOYHOMN CTENIEHU MOXKET IUIAHUPOBATh

. HKCIIEpUMEHTAIbHbIE Pa0OThI, MOJYYEHUSI HAHOCTPYKTYPUPOBAHHBIX

[ToBBIIEHHBIH (XOPOILIO) .
MaTepuajIoB U UHTEPIIPETALIMU UX CBOUCTB;

Baagers: B 10CTaTOYHOM CTENEHH BiIaJEeT NPOPECCHOHATBHBIMU

3HAHUSAMHU U MPAKTUUYECKUMHU HaBbIKAMH PYKOBOJICTBA paboTaMu MO

KOMIUIEKCHOMY KOHTPOJIIO TPOM3BO/ICTBA HAHOCTPYKTYPHUPOBAHHBIX

KOMITO3UITUOHHBIX MATCPHUAJIOB.
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3HATh: YaCTUYHO 3HAET METOJIOJIOTHUECKHUE MOAXO0bI K pa3paboTke
TEXHOJIOTMH I0Jy4EHUsI HAHOCTPYKTYPUPOBAHHBIX KOMITIO3ULIMOHHBIX

MaTepHuaioB.

YMeTh: HA MUHUMAJIBHO MPUEMIIEMOM YPOBHE MOXKET IJIAHUPOBATH
[Toporosslii (6a30BBbIif) AKCIIEPUMEHTAaJIbHbIE PA0OTHI, MOTYYEHHS] HAHOCTPYKTYPHUPOBAHHBIX
(YIOBIETBOPUTEIHHO) MaTepUasoB U UHTEPIIPETALIMU UX CBOHCTB;

BJIaI[eTb: Ha MUHHUMAJIBHO ITPHUEMIIEMOM YPOBHEC BJIAACET
HpO(i)eCCI/IOHaJ'IBHBIMI/I S3HAHHUAMU U ITPAKTHUYCCKUMH HaBbIKaMU
PYKOBOACTBA pa6OTaMI/I MO0 KOMIUICKCHOMY KOHTPOJIIO IIPOU3BOJACTBA

HAaHOCTPYKTYPHUPOBAHHBIX KOMIIO3UIIMOHHBIX MAaTEPUAIIOB.

2. Mertoauyeckue, OILEHOYHbIE MaTepuajbl W CPeACTBA, ONpeaessiiolue
npoueaypbl  OUEHUBAHMA  C(POPMHMPOBAHHOCTH  KOMIIETEHUHI  (3J1eMEHTOB
KoMIeTeHuuil) B npouecce ocsoenusi OITIOII BO

2.1 OueHo4YHbIE CPeCTBA JJIsl TEKYIIEro KOHTPOJIsI

Bonpocsl 17151 yCTHOr0 onpoca
Tema 1. IIpoayxkunss HAHOMHIYCTPHUH

1. MHoroypoBHeBas KiiaccuPpuKanys MpoayKIINH HAHOWHTYCTPHH.

2. CrnenmanbHOE 000pyI0BaHUE 1T HAHOTEXHOJIOTHH.

3. Ocoboe CTpyKTYypHpOBaHHE aTOMOB M MOJIEKYJ KaK XapaKTEepUCTUYECKOE
CBOMCTBO HAHOMPOYKIIMH, 3aKPETNICHHOE B HOPMATUBHOM JJOKYMEHTALIUH.

4. pynnupoBKH HAHONPOAYKIHMH B COCTaBe OOIIEPOCCHUHCKOro Kiaccudukaropa
MPOAYKIIMH 10 BUJIaM SKOHOMUYECKOU JIEATEIIbHOCTH.

5. HeoOxomumple  cOCTaBisifOIIME  JJII  OpPraHU3alMM  CTaTHUCTHUYECKOTO
HaOmoAeHus B chepe HAHOMHTYCTPUHM U HAHOTEXHOJIOTHH.

Tema 2. UcTopusi pa3BUTHS HAHOTEXHOJIOTUHM B XMMHUYECKOI
NMPOMBIIIJIEHHOCTH

1. HawanbHbIl dTan cTaHOBJICHUS HaHOTEXHOJOTHH. [IpeacraBnenus P. deitnmana
u 2. Jlpekciepa.

2. Kraccnueckoe moHMMaHNE HAHOTEXHOJIOTHH KaK TEXHOJIOTHH «CHU3Y BBEPX).

3. Hanexnpl, cBA3BIBaCMbIC ¢ HAHOMAHUITYJIATOPAMHU.

4. KpuTuka ujaeu HaHOMaHUITYJISTOPOB.

5. CoBpeMEHHOE COCTOSIHUE HAIMpAaBJICHUSI «CHU3Y BBEPX». MPAKTUUYECKUE
MIPUMEPHI, KOTOPHIE [0 COBOKYITHOCTH CYIIECTBEHHBIX MPU3HAKOB MOTYT OBITh OTHECEHBI K
YKa3aHHOMY HaIpaBJICHUIO (HAHOOMOTEXHOJIOTHUSI, MUKPOIJIEKTPOHUKA, METO/IbI aHaIu3a
HAaHOOOBEKTOB: CKAaHUPYIOIIAsl 30HI0BasE MUKPOCKOIIHSA).

6. CoBpeMeHHOE COCTOSIHME KakK MpeoOiajaHue TMOAX0Ja PEealn3allid «CBEPXY
BHHU3» B MPAKTUYECKUX MTPUIOKEHUSIX XUMUYECKOU TEXHOJIOTUH.

7. PaboThl OTEUECTBEHHBIX U 3aPYOCKHBIX HAHOTEXHOJIOTOB.




Tema 3. Poccuiickue HAHOTEXHOJIOTHH

1. TlepeyeHb KPUTHUYECKUX TEXHOJIOTHH.

2. WuunmartuBa «Ctpaterusi pa3BUTUs HAHOUHIYCTPUNY.

3. Hanotexnonoruueckoe oomectBo Poccun, OAO POCHAHO: nemu u 3agaun,
MEXaHHU3MBbI pEATN3allUH.

4. Kpurtuka MexaHU3MOB pealu3aluu.

5. Ilepuonuueckue u3MaHus, MyOIUKYIOUIUE PE3ylbTaThl (PyHIAMEHTAIbHBIX U
MIPUKJIATHBIX UCCIIEIOBAHNN B 00JIaCTH HAHOHAYK.

6. Xypnanet «Poccuiickue HaHOTeXHONOTHNY, «DHU3MKa TBEPAOTO TEIay,
«HanoTexHoOruusi B CTPOUTENHCTBE». CpaBHUTENbHBIA aHAIW3 C aHAJIOTUYHBIMU
3apyoexxabpiMu m3ganusMu “‘Nature nanotechnology”, ‘“Nature Physics”, “Scientific
American”: mpeuMyIIeCTBa U HEJOCTATKU MyOTUKAlMi B M3/IaHUSAX TEPBON U BTOPOIL
TPYIIIIHIL.

Tema 4. TexHUKO0-IKOHOMHYECKHE 321a4M BHEIPEHUS HAHOTEXHOJIOT UM

1. CBs13b 5KOHOMUYECKOHN 2P(HEKTUBHOCTH TEXHOJIOTHH C IMOKA3aTEISIMU KauecTBa
MPOJOIKUTEIBHOCTHIO SKCILTyaTallud MaTepHaa.

2. Kpurepuii o11eHKH 3KOHOMHYECKOM 11e7IeCO00Pa3HOCTH UCTIOIb30BaHUS
HaHOTEXHOJIOTUHU.

3. O60011IeHHBII KpUTEpUi KauecTBa JIJIsl OIICHKHU MOKa3aTelieid MaTepuasioB
Pa3JIMYHOT0 Ha3HAYCHMUS, TO3BOJISIONINI OJTHO3HAYHO KOJIMYECTBEHHO XapaKTEpU30BaTh
MPEUMYIIECTBA PA3IMYHBIX CIIOCOOOB HAHOMOAU(DUIIMPOBAHUSI.

Tema 5. HaHoTexHoJ0rum u 0€30MacHOCTb.

1. MexaHU3Mbl OBBIIICHUS MTOKA3aTENeH KCIUTyaTallUOHHBIX CBOMCTB
KOHCTPYKIIMOHHBIX U (PYHKIITMOHAIBHBIX CTPOUTEIbHBIX HAHOMATEPHUAJIOB JIJIsI KaXKI0TO
W3 HAIIPaBJICHUM.

2. KonkpeTHbIe MyTH, TPEUMYIIIECTBA U HEJIOCTATKHN HAMPABJICHHS pean3allni,
CBSI3aHHOTO C BBEJICHUEM B CTPOUTEIbHBIC KOMIIO3UIIUH TTIEPBUYHOMN
HAHOTEXHOJIOTUYECKON MPOAYKIIUH.

3. KonkpeTHbIe MyTH, MPEUMYIIIECTBA M HEJIOCTATKH HAIIPABJICHUS peaIu3alluH,
CBSI3aHHOT'O C CHHTE30M HaHOOOBEKTOB Ha MEX(a3HBIX TPaHUIIAX CTPOUTEITBHBIX
KOMITO3UTOB B TIpoIiecce (GOPMUPOBAHUS UX CTPYKTYPHI.

4. TlpakTrueckue MpUI0KEHUS CTPOUTEIIBHBIX HAHOKOMITIO3UTOB.

5. buomenuiuMHCKHE acTeKThl peayin3allui HAHOTEXHOJOTUH. VIcTouHNKH
AKOJIOTUYECKUX U MEAULIMHCKUX YIPO3: pa3Mepbl HAHOYACTHUI] U UX BBICOKas
MPOHUKAIOIIAs CIIOCOOHOCTh; MHOT00Opa3ue KOMITO3UIIMI HAaHOYACTHUIL, HEIOCTATOYHBIN
YPOBEHb HAHOTEXHOJIOTUUECKOM KYJIbTYPbI; BO3MOKHOCTh CKPBITOM peaau3aluu
HAHOTEXHOJIOTUYECKUX MPOLIECCOB.

6. HopmatuBHble 1oKyMeHTHI P®, pernamenTupytomnie padoTy ¢ IpoayKIHuen
HAHOUHIYCTPUH.

7. Merponoruueckue cpeacTBa ooecnedeHrs 0€30IMacHOCTH IIPH IIPOU3BOICTBE

MPOAYKIIMY HAHOUHAYCTPUHU.
8.



2.2 OneHOYHbIE CPeACTBA I MPOMEKYTOYHOI0 KOHTPOJISA

Bonpocsl k 3auery
1. Yro npexacTaBisatoT coO00 HAHOTEXHOJIOTUN?
. Uro BKiIIOYAET B ceOsl MOHATHE HaHOMACIITA0?
. JlaiTe XapakTepuCTUKy HAHOYACTULAM — CJIOMCTBIM JIBOMHBIM THAPOKCUIAM.
. JlaliTe XapakTepUCTUKY HAHOYACTULIAM — KBAHTOBBIM TOYKAM.
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5. JlaiiTe XapakTepuCTUKY HAaHOYACTUIIAM — (DOTOHHBIM KPUCTAJIaM

6. JlaiiTe XapakTepUCTUKY a’pOresisiM U ME3OTIOPUCTHIM MaTepHUaliaM.

7. Uto npeacTaBisitoT co0oi ¢yepeHb?

8. Uto npeacTaBisitoT cO00M HAHOTPYOKH?

9. [laliTe XapakTepUCTUKY HEOIPAHUYECKAM BOJIOKHAM — BUCKEPaM.

10. JlaiiTe xapakTEpUCTUKY HEOTPAHUYECKUM BOJIOKHAM — TMOKUM 3JIEKTPOJIAM.

11. JlaiiTe xapakTEpUCTUKY HEOTPAHUYECKUM BOJIOKHAM — 0a3aJIbTOBBIM BOJIOKHAM.

12. JlaiiTe XapakTEpUCTHUKY IJIEHKaM — aCHMMETPUYECKON MeMOpaHe.

13. /laliTe XapaKTepUCTHUKY TUIEHKAM — JJIEKTPOJIIOMUHECHEHTHBIM IUICHKAM.

14. JlaiiTe XapakTepUCTUKY aJIMa30I10J00OHOMY yIJI€pOJAHOMY MOKPBITHIO.

15. Yto nipeacTaBiasioT cOO0M MaHTaHUTHI?

16. Uto npencraisitoT coboit pepputhi?

17. Yto npeacTaBisitoT cOO0W THAPOKCUITIANIATUTHI?

18. Onummre npuHUMI padOThl CKAHUPYIOLIErO0 30HJOBOIO  MHKPOCKOMA.
[IpuBenute npumep npumenenus C3M B HccrneoBaHMM  HAHOOOBEKTOB U
HaHOMATEPHUAJIOB.

19. OnummuTe npuHOUN PpabOThl MPOCBEYMBAIOIIETO 3JEKTPOHHOTO MHUKPOCKOIIA.
[IpuBenute mnpumep mnpumeHeHuss I[IOM B wucciegoBaHWMM  HAaHOOOBEKTOB U
HaHOMaTEPHAJIOB.

20. Onumwure TPUHIUO padOThl PaCTPOBOrO AJIEKTPOHHOTO MHUKPOCKOTA.
[IpuBenute mnpumep npumeHenuss POM B wHcciieqoBaHMM  HAHOOOBEKTOB U
HaHOMATEPHUAJIOB.

21. OnummTe NpUHUUIN PadOThl AHAIUTUYECKOTO AJIEKTPOHHOTO MHUKPOCKOINA.
[IpuBenure npumep.

npuMeHeHuss AOM B uccieoBaHMM HAaHOOOBEKTOB U HAHOMATEPHAJIOB.

22. Onumure MPUHIMUI PadoThl KOH(OKAIBHOTO JIa3€PHOTO CKAHUPYIOIIETO
mukpockorna. KJICM B uccrienoBanni HaHOOOBEKTOB U HAHOMATEPHUAJIOB.

23. IlosicHuTE OCHOBHBIE BONPOCHI HAHOMETPOJIOTUU: HECTAOMIBHOCTh, TOUHOCTh U
HEONPEIEIIECHHOCTh HAHOU3MEPEHUM.

24. Kak BBINOJHAETCS TIOBepka M KaauOpoBKa oOopyaoBaHus B cdepe
HaHOMETPOJIOTUH.



25. PacckaxxuTe aIropuTM ONPEIEIEHUS YPOBHS IOTEHUMAIbHOM ONACHOCTH
HAaHOMATEPHUAIIOB JJIs 310POBBS YEJIOBEKA.

26. JlaliTe XapaKTEpUCTHKY METOJAM H3Y4YEHHUs] OCHOBHBIX (DPU3HUYECKUX,
XUMHUYECKHUX U MOJIEKYJISIPHO OMOJIOTMYECKUX CBOWCTB HAHOMATEPHAJIOB.

27. Kak npoBoauTcs OIlEHKa 0€30MacHOCTH HAaHOMAaTEPHAJIOB B 3KCIEPUMEHTE Ha
1a00pPaTOPHBIX KUBOTHBIX.

IIpakTH4yeckue 3aaHus I IPOBEICHUS 3a4eTa

3amanwme 1. [lpuBeaure knaccupukammo HaHOMATEPUAJIOB.

3ananue 2. [IpuBenure npuMepsl UCIONB30BAHNS HAHOMATEPUAIOB B MEIULIMHE.
3ananue 3. [IpuBenure npuMepsl HCIIONB30BAHNS HAHOMATEPUAJIOB B SHEPTETHKE.
3ananue 4. [IpuBenure npuMepsl UCIIOIb30BaHNASI HAHOMATEPUAIIOB [l IPOU3BOACTA
00€BOT0 KOMILIEKTA OJIEX/IbI COJI/IAT.

3ananue 5. [IpuBenure npuMepsl UCIIOIB30BAHUS HAHOMATEPUAIOB B TEKCTHIIBHON
IIPOMBILIUIEHHOCTH.

3aganue 6. [IpuBenure cnocoObl MOTYYEHUS HAHOBOJIOKOH.

3aganue 7. OrpaHM4eHNE HAHOTEXHOJIOTMHU KAK TEPaIInH.

3aganue 8. OrpaHM4YeHNE HAHOTEXHOJIOTUHU KAaK TEPAIUU.

3aganue 9. lIlpuBenure cxeMy BBITATMBaHUS HAHOBOJIOKHA U3 KAIUIM MUKPOITAIIETKOM.
3aganue 10. [IpuBegure cxeMy BBITATUBAHUS HAHOBOJIOKHA M3 KaIUIA MUKPOIUIIETKOM.
3ananue 10. [IpuBenure 00JaCTH TPUMEHEHUS «YMHOT0)» TEKCTHJIA.

3ananue 11. [IpuBenuTe OCHOBHBIE LIENHU IPUMEHEHHSI HAHOTEXHOJIOTHH.

[Tkama Ouenka Kpurtepnil BeICTaBIECHUS OLIEHKU
OLICHKHU
JIByxOamibpHas 3auTeHo OOyyaromuiicss OTBETUJI Ha TEOPETHUYECKUE BOMPOCHI.
mKana [loka3an 3HaHMS B paMKax y4dyeOHOro Marepuasa.
Brimonaun IIPAKTUYECKUE 3aaHus. [Tokazan

YIOBJIETBOPUTENIBHBIE YMEHHSI U BIIAJICHHUSI HABBIKAMU
NPUMEHEHUSI TOJIYYCHHBIX 3HAHWW W YMEHWH Ipu
pElIeHNH 33a4 B paMKax yueOHOTO MaTepuaia

Hezaureno | OOy4aromniyecs: mpu OTBETE Ha TEOPETHUECKUE BOIIPOCHI
M 0OpU  BBHIINOJHEHWM  IPAKTUYECKHUX  3aJlaHUU
MPOAEMOHCTPUPOBATT HEAOCTATOYHBIA YPOBEHb 3HAHUI
M YMEHHMH MpU pelIeHUH 3aJlad B paMKax ydyeOHOro
marepuana. Ilpu oTBerax Ha  JIONOJHUTEJIBHBIE
BOIPOCKI ObLJIO JOMYIIEHO MHOXKECTBO HEMPaBUIIbHBIX
OTBETOB




2.3. UToroBasi AHATHOCTHYCCKaA paﬁoTa o AMCIUMIIJINHE

3ATAHUSA I JUATHOCTUYECKOM PABOTBI IO JUCITUTIINHE

Komnerenmust: T1K-3 - cmocoGeH ocymecTBIsATh OPraHu3alliOHHO-METOINYECKOE U HAYYHO-TEXHUYECKOE PYKOBOJICTBO
paboTamu 10 KOMIVIEKCHOMY KOHTPOJIIO MPOU3BOICTBA HAHOCTPYKTYPHUPOBAHHBIX KOMIIO3UIIMOHHBIX MAaTEPHAJIOB.
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MEXIUCLHUIIMHAPHASL HaHoTexHoI0r1uu — 370 CyMMa MHOXKECTBA TEXHOIOTHM, ...o..vvennnennennnn.. N-1nk-3 Ciocoben
1 00JacTh HayKU U TEXHUKU IK-3 U3y4aTh CBOHCTBA U
KOHTPOJIUPOBATh
SHCPreThKa, MeInlInHa, ObnacTu NpUMEHEHNsI HAHOTEXHOJIOT HH: MOJIy4YEHHE
YMHBIN HaHOCTPYKTYPHUPOBAHHBIX
MHOFO(i)YHKHI/IOHaJ'II)HBII/I KOMIIO3UIIMOHHBIX
2. | TekcTHIIb M OfIEK/A, KOCMOC, TK-3 MaTepualioB
00€eBOI KOMILJIEKT OJI€XKIbI
conmgara XXI| Bexa
3 pa3BUTHS YEIOBEUECTBA HanorexHosioruu sBist0TCS HOBBIM HAIIPaBICHUEM .. .. IK-3
HOBBIE METOBI JUArHOCTUKH U O>xuziaeMble BBITOBI OT UCIIOJIB30BAHNS HAHOTEXHOJIOTUI
JeyeHust 3a00JeBaHUN, HOBBIE
JIEKapCTBa, CO3JaHue
4. | KOMITaKTHBIX U MOIIHBIX MK-3

VMCTOYHHMKOB AIEKTPHUYECKOU
DHEPIUH, HOBOE IOKOJICHUE
KOMIIBIOTEPHOU TEXHUKH




Howmep 3ananus

[IpaBuiIbHBIN OTBET

Copepxanue Borpoca

Kommerenims

KOﬂ 1 HAUMCHOBAHUEC

WHIUKATOpa

JOCTHIKXCHUS
KOMIICTCHIIUHN

HOBBIC MPOOJIEMBI 3arPA3HCHUS
OKpY>KaroIen cpesl,
MOSIBJICHUE UCKYCCTBCHHOMN
KHU3HU C HEYPABISIEMbIMH
MIOCIICACTBUSIMH, YBEIIMUCHUE
PHCKOB OT TEPPOPHU3MA,
YCHJICHUE TOHKU BOOPYKEHUS,
(hopMHUpOBaHKEHA OCHOBE
HAHOTEXHOJIOTHII CHCTEMEI
TOTAJILHOTO KOHTPOJIIS U
HaOII0ICHUS,
HaHOOMOJIOTUYECKOE OPYXKHE,
0OeBBIE HACEKOMEIE,
CBEPX3aBHUCHUMOCTH OT
MPOrpaMM U KOMIIBIOTEPOB,
n30UpaTenbHO NEHCTBUE
HaHOBOOPY>KEHUS Ha JIFOACH C
pa3HBIMH T€HHBIMU
0COOEHHOCTSIMH

Pucku u onmacHOCTH HAHOTEXHOJOTUH 3aKIII0YaOTCS B

I1K-3

9KOJIOTHSI, MEUIINHA;
UH(pOpMallMOHHbIE
KOMMYHHKAIMH U
MHQPACTPYKTYpa;
BOCHHO-TEXHUYECKUE YIPO3bI;
TEPPOPUCTUYECKUE YTPO3BI;

KJ'IaCCI/I(bI/IKaHI/ISI MNOTCHIUAJIBHBIX PUCKOB:

[1K-3




Howmep 3ananus

[IpaBuiIbHBIN OTBET

Copepxanue Borpoca

Kommerenims

KOﬂ 1 HAUMCHOBAHUEC

WHIUKATOpa
JIOCTIDKCHHS
KOMIICTCHIIUH

TCONMOJIUTUYCCKHUE PUCKHU

CBEepXMaJible rabapuThl,
BBICOKAsl IPOHUKAIOIIAS
CTIIOCOOHOCTH, OTCYTCTBUE
MeXaHHM3Ma 3aIUThl y
YCJIOBCKA U ) KNUBOTHBIX, MAJIbIC
SHEPreTUYECKUE 3aTPaThl U
MHUHUATIOPHOCTH IIPOLYKIUU-
BO3MOXKHOCTH ITPOM3BOINTH B
JOMAIIHUX YCIIOBUAX IIPU
3Hanne HOVY Xay

OCHOBHBIE MMPUYUHBI pPUCKOB U YI'pO3:

[1K-3

bonpmas ynenpHas
MIOBEPXHOCTH, BBICOKAs
a7IcOpOIIMOHHAsI EMKOCTb,
BBICOKAs pEaKLINOHHAS U
KaTaJIMTHYECKasi CIIOCOOHOCTh

CDaKTopBI MOTEHIIMATFHON HAHOTOKCUYHOCTH

I1K-3

pa3Mepa 4aCTul, uX rcoMeTpun
U TTopsAAKa pacCiioJIOKCHUA

CBoiicTBa HAaHOMATCPUAJIOB 3aBUCAT OT......

[1K-3

10.

(bI/ISI/I‘-ICCKI/IC, XHUMHUYCCKUC,
(I)I/IBI/IKO-XI/IMI/HICCKI/IC, 3CJICHBIC

Mertoanl MOJIYYCHHA HAHOYACTUILl U HaHOOOBEKTOB

[1K-3
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PEHIEHOCTPYKTYPHBIN aHAIIH3, OCHOBHBIE METO/1bl, UCIIOJIb3yEMbIE IIPU AHAJIN3E€ HAHOYACTULL,
11, | MMKPOCKOIHUS BBICOKOTO HAHOCTPYKTYpP, OOBEMHBIX MAaTE€pPHAJIOB, HATIOJTHEHHBIX MK-3
paspC€iCHuA, CIICKTPOCKOIINA HaHOYaCTUIIAMMU. ...
OT arperaTHoro COCTOSIHUS, Ot 4ero 3aBUCHUT BHIOOP METO/a aHAJIN3a HAHOOOBEKTA
12.| XUMHYECKOTO CTPOCHHS U YTO [K-3
XOTUM H3YYUTh
paszmepoM, GhopMoid, Hanonops! xapakrepusyrooTcs. ...
13.| pacnpenenennem I1K-3
BBICOTOM, (hOpMOit 1 HanomepoxoBaroct BHENIHEW MOBEPXHOCTH XAPAKTEPUZYIOTCH. ..
14. PaBHOMEPHOCTBIO I1K-3
pa3MepoM, reoMeTpueH, HanouacTuiel B 00beMe 00beKTa HE0OX0AUMO XapaKTepU30BaTh. ..
pacrnpeneneHueM U
15.] BsammoneiicTBHEM Ipyr ¢ IK-3
JIPYrOM M MaTpULIeH
paspenaronieii crocoOHOCTbIO MuHuManbHbIN pa3Mep yacTHI] 00pasiia, KOTOPbIM MOKHO YBUJIETh Ha
16. MMKPOCKOIIC OIPEACISICTCS €T0 ... I1K-3
17.| 2VEKTPOHHAs MHKPOCKOIHS HaunGonee napopMaTBHON B M3y4EeHUH HAHOOOBEKTOB SIBIISECTCS ... TIK-3
COBPEMEHHBIX (DU3UIECKUX U Pa3BuTHE HAHOTEXHOJOTUN U HAHOHAYKH CYIECTBEHHO YCKOPHUIIOCH C
18. I1K-3

(I)I/ISI/IKO-XI/IMI/I‘-ICCKI/IX METOJ0B

HUCIIOJIB30BAHHUEM ...

10
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HAaHOKOMITO3UTOB ObecneunTh paboTOCIOCOOHOCTH U MOBBICUTH IPOYHOCTh KOHCTPYKIIUM
19. BO3MOKHO C IHOMOLIBIO. .. IIK-3
Hanouactunamu, B HaHOKOMITO3UTaX MOJMMEpPHAsi MAaTPHIIA HAIIOJIHEHA . ...
2() | HAHOBOJIOKHAMH, IIK-3
HAHOTpYyOKaMu
U3 HAHOMATEPHAJIOB C CHIDKEHHE TIOTePh MPU Mepeade YJHEPTUH BO3MOKHO PEIIUTh 33 CUET
21. | yruepoaHBIMI HAHOTPYOKAMH | CBEPXIIPOBOJISIIMX HIEKTPOKAOEIeii. . .. [IK-3
9JIEMEHTOB U COJTHEYHBIX [epBoouepeaHbie 3a1a4n B 00JaCTH KOHBEPCHU SHEPTUU 3aKITFOYAIOTCS B
22. | maneneit COBEPIICHCTBOBAHUU TOILIMBHBIX. .. I1K-3
53 | B AMATHOCTHKH, TAK U Tepatin HaHoTexHOJIOTHH B COBPEMEHHOIN MEIUIIMHE TMPOSBIISIOTCS KaK. ... [K-3
HAHOTPAHCIIOPTEPaMHU CoBpeMeHHbIE METO/IbI JOCTABKH JIEKAPCTB B ATOJIOTHYECKHUE TKAHU U
24, OpraHbl OCYIIECTBIAIOTCA. .. I1K-3
PH cpenpl, TemmepaTypel, CBoiicTBa KOHCTPYKIIMM HAHOYACTHI] — HAHOTPAHCIIOPTEPOB (CTPYKTypa U
25.| naBneHus, BpeMeH: 00bEM) MEHSIOTCS B 3aBHCUMOCTH OT BHEITHHX (DaKTOPOB: I1K-3
W3MEHEHHSI BHEIITHEW CpeJIbl VYnpagisieMoe BEICBOOOKICHHUE JIEKAPCTB M3 HAHOTPAHCIIOPTEPOB
26. TIPOMCXO/UT 34 CUET ... IIK-3
o7 | Yriepomsbie HAHOTPYOKH U Heopranndeckue HaHOTpaHCIOPTEPHI — ITO ... MK-3

TMOPHUCTHIC KPCMHUCBBIC

11
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CTPYKTYpbI
HY)XHOE BpPEeMs 1l HY’)KHOM «YMHBI» TEKCTHIIb 00JI1aJaeT CBOMCTBAMH, H3MEHSIOIIUMHUCA B ...
28. | mecte [1K-3
apMeHCKOM, CTIOPTUBHOM, O06nacTu UCTOJIB30BAaHUS «YMHOT0» TEKCTUIIS B OJIEXKIE ...
g | AHArHOCTHYCCKOIA, K-3
MEIULIMHCKOMH
HAHOBOJIOKOH M HaHO-, JlerkocTh M KJIUMAT — KOHTPOJIb OJAEXK/bI CO3AETCs 3a CUET ...
YTJIEPOJHBIX HAHOTPYOOK [TynenenpoOuBaeMslii IIIeM, OPOHEKHIIET U3TOTABIMBAIOT M3 TIOJMMEPHOTO
31 KOMIIO3HTA Ha OCHOBE ... I1K-3
B uem 3akmouaetcs moaxos « top downy:
3 2,3 1. yBenuyeHue pazMepoB XMMUYECKOH 00paboTKON 3
. o . K-
2. yMEeHbIIEHHE pa3MepoB (PU3UKO-XUMUYECKOH 00paboTKOM
3. yMeHblIeHHE pa3MepoB (PU3NUECKUX TeJl MEXaHWYeCKOW 00paboTKOM
[Moxxom « botton-up»  peanusyercs
33 1,3 1. cuHTe30M TpeOyeMbIX OOBEKTOB [K-3
' 2. oCIe0BaTeNIbHBIM HEYIPABIIsEMbIM HapalliBaHUEM
3. aToMHO# cOOpKOii
[Ton neficTBreM 4ero MpoBOJSAT ATOMHO- MOJIEKYJISIPHYIO COOPKY
34. 1 1. moa cKaHUPYIOUIUM TYHHEJIbHBIM MUKPOCKOIIOM I1K-3

2. METOJIOM MOPOIIKOBOM METaUTypruu

12




Howmep 3ananus

[IpaBuiIbHBIN OTBET

Copepxanue Borpoca

Kommerenims

KOﬂ 1 HAUMCHOBAHUEC

WHIUKATOpa
JIOCTIDKCHHS
KOMIICTCHIIUH

3. MOJIEKYJIIPHO- JIy4€BOU 3MUTAKCUEN

35.

2,3

Yro cienyeT Ha3bIBaTh HAHOBOJIOKHAMM:

1. Bce BOJIOKHA, HE3aBUCUMO OT UX XUMHUYECKOH MPUPOJIbI

2. eciy OHM MO OAHOMY M3 paMepoB YKJIaJbpIBatoTcs B mkany 1- 100 Hm
3. UMEIOT MYCTOTHI HAHOPA3MEPOB

[1K-3

36.

MoOXHO JT1 TOJIYYUTh XUMHYECKUE HAHOBOJIOKHA JuameTpoM Menblie 100 um
M0 TPATUIIMOHHON TEXHOJIOTHU:

1. ma

2. HET

3. YaCTHYHO

[1K-3

37.

2,3

XHUMHUYECKHE€ HAaHOKOMIIO3UTHBIE BOJIOKHA 3TO:

1. BOJIOKHA, ITOJIYUYCHHBIC U3 COIMMOJIMMEPOB

2. BOJIOKHA, HAITOJJHCHHBIC HAHOYACTULAMU IIPH IMOJTYUCHUHU B pacCIljiaBe
3. BOJIOKHA, HAITOJJHCHHBIC HAHOYACTUI[AMH ITIEPEA IPAACHUCM

I1K-3

38.

1,3

Kakoii n3 crmoco0oB mosyueHrst HAHOBOJIOKOH HanOoJiee MpakTHIeCKUi
KOMMEPIIUATN30BaHHBIIH:

1. cioco6 anexTpodopmMoBaHme

2. meron pasneneHus ¢a3

3. Meron caMocOOpKHU

4. maba0HHBINA METO

[1K-3

39.

[Tpu nepexoze OT MakpoMaTepuaioB K HAHOMaTepUaiaM yJelabHast
IOBEPXHOCTh YBEIMUMBAETCS B:

[1K-3

13




Howmep 3ananus

[IpaBuiIbHBIN OTBET

Copepxanue Borpoca

Kommerenims

KOﬂ 1 HAUMCHOBAHUEC

WHIUKATOpa
JIOCTIDKCHHS
KOMIICTCHIIUH

1. 10 pa3

2. 100 pa3
3.10000 pa3

4. 1000000 pa3

40.

OnTuveckre CBONCTBA HAHOYACTHUI METAIIIIOB 3aBUCHT OT :
1. pa3mepa yacTuIl

2. dhopmbr

3. pasmepa 1 pOpPMBI YaCTHII

[1K-3

41.

XUMHYECKUE CBOWCTBa HAHOMATEPHAIOB U3MEHSIOTCS 32 CUET:

1. Yucna MOBEPXHOCTHBIX aTOMOB

2. Yucia MOJIEKYJ U HOHOB

3. MOBBIIIEHUI peaKHI/IOHHOﬁ CIIOCOOHOCTH U KAaTAJIUTUYECKON aKTUBHOCTH
MOBEPXHOCTHBIX YaCTHUI]

I1K-3

42.

Hanougactuiipl MOT'YyT OBIThb HCIIOJb30BAHBL:

1. JJIg yIIy4YIICHHA A CBOICTB TPAAULIUOHHBIX MAaTCPHUAJTIOB U KOMITIO3UTOB
2. AJI CO3JaHr HOBBIX MaTCpHaJIOB

3. I YIIYYIICHHUA KITACCHUYCCKUX U CO3JaHUA MATCPUAJIOB HOBOT'O
ITOKOJICHUA

[1K-3

43.

HanouacTuiibl HOTUUHSIIOTCS 3aKOHAM:
1. HBIOTOHOBCKOU (DU3UKHU
2. KBaHTOBOM (U3UKH

[1K-3

44,

du3nuecKue MEeTOo bl MPOU3BOJICTBA HAHOYACTHUI] TPEOYIOT:
1. BBICOKHX 3aTpaT SHEPIUU

[1K-3

14




Howmep 3ananus

[IpaBuiIbHBIN OTBET

Copepxanue Borpoca

Kommerenims

KOﬂ 1 HAUMCHOBAHUEC

WHIUKATOpa
JIOCTIDKCHHS
KOMIICTCHIIUH

2. WCIIOJIF30BaHUS TOKCHYHBIX pC€arcHToOB

45.

Kaxkoit MeTos1 He OTHOCUTCSI K OCHOBHBIM METOZaM IOJYYEHUs YIIIePOIHBIX
HAHOTPYOOK ¥ HAHOBOJIOKOH?

1. nyromoii

2. Ja3epHO-TEPMUUYCCKUI

3. MHPOTUTHYCCKHIA

4. OMOTEXHOJIOTHYCCKUI

[1K-3

46.

Kakoiil n3 MUKpOCKOMOB H300PETEH MM03Ke OCTATIBHBIX ?
1. ckanupyroIMii CUIIOBON MUKPOCKOI

2. CKaHMPYIOUINH TYHHEIbHBII MUKPOCKOII

3. pacTpoOBBI MUKPOCKOII

4. mpOCBEUMBAIOIINIA AIEKTPOHHBI MUKPOCKOI

I1K-3

47.

I"ie ObLT N300peTeH CKAHUPYIOIIUN CHIIOBOM MUKPOCKOT?
1. B Poccun, B pu3HKO-TeXHUUECKOM HHCTUTYTE UM. Modde

2. B CIIIA, IBM
3. B repmanckom ¢punuane IBM
4. B mBeitapckom dpunmane 1BM

[1K-3

48.

KTo BBEN B HayuHYIO TUTEPATYPy TEPMUH HAaHOMATEPHAIIbI?
1. I'. I'netitep

2. XK. U. Andepon
3. P. Deiinman
4. 3. Jlpexcnep

[1K-3
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Howmep 3ananus

[IpaBuiIbHBIN OTBET

Copepxanue Borpoca

Kommerenims

KOﬂ 1 HAUMCHOBAHUEC

WHIUKATOpa
JIOCTIDKCHHS
KOMIICTCHIIUH

49.

Kakas 13 HaHOCTPYKTYp SIBJISIETCS TEPMOJAMHAMUYECKN HEYCTOMYUBOI?
1. Mukposmyibcus

2. Munembsl

3. YraepoaHble HAHOTPYOKHU

4.  HanoctpykTypsl, (opmupyrolHecs  HMHTCHCHUBHOM  IUIACTUYECKOU
nedopManyen

[1K-3

50.

KTo n3 n3BecTHBIX HccienoBarenel He sBisercs jaypearom HobeneBckoit
npeMun?

1. XK.-M. Jlen

2. KU Andepon

3. P. ®eiinman

4. IIpaBUIBHOTO OTBETA HET

[1K-3

51,

UYro 03HAYaET OTHOCAIIMICS K CO3/]aHUI0 HAHOOOBEKTOB TepMuH "Top down"?
1. lucnieprupoBaHue, yMEHbIICHUE pa3Mepa 00beKTa

2. CtpykTypooOpa3zoBaHue, CO3aHHE HAHOCTPYKTYP U3 aTOMOB U MOJICKYJT
3. Co3/1anre HAHOCTPYKTYPUPOBAHHOTO CII0SI HA HUYKHEUW MTOBEPXHOCTH
00BeKTa

4. Co3maHue HAaHOCTPYKTYPUPOBAHHOTO CIIOSI OCAIUTEIbHBIMUA METOAAMU

[1K-3

52.

Yro takoe pazmepHbIil 3 (HEKT B TEXHOIOTMH HaHOMATEpHAIIOB?
1. U3meneHne CBOMCTB HAHOOOBEKTOB B 3aBUCIMOCTH OT pa3Mepa dJIEeMEHTOB

UX CTPYKTYPbI
2. N3meHeHue pa3mepa HaHOOOBEKTOB B 3aBUCUMOCTH OT BHEIITHUX YCIOBHM
3. VI3MeHeHue CBOMCTB HAHOOOBEKTOB B 3aBUCUMOCTH OT BHEIIITHUX YCIOBHIA

[1K-3
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Howmep 3ananus

[IpaBuiIbHBIN OTBET

Copepxanue Borpoca

Kommerenims

KOﬂ 1 HAUMCHOBAHUEC

WHIUKATOpa

JOCTHIKXCHUS
KOMIICTCHIIUHN

4. I3meHenue pasmMepa HAaHOOOBEKTOB B 3aBUCHMOCTH OT COCTaBa

53.

YKakuTe NMpaBUIIbHBIN TOPSAIOK BO3pACTAHUS Pa3MEPOB YaCTHIL;
1. 1A, 1 MM, 1 MM, 1 HM
2. 1um, 1 A, 1 mxm, 1 HM

3.1A,1uMm, 1MrM, 1 MM
4. 1 mxm, 1A, 1aM, 1 MM

[1K-3

54,

Urto Takoe mpexypcop?

1. Ammapar ams noxy4eHust HAHOYACTHII

2. JIro60e UCXO0THOE BEIIECTBO B XUMUYECKOM peaKIiK MOTyIeHHS
HAHOYACTHI]

3. McxoaHoe BelecTBo, KOTOPOE CTAHOBUTCS HEOOXOIUMOH, CYIIIECTBEHHON
YacThIO MMPOIYKTA

I1K-3

55.

1,2

B xaxom MUKpOCKOII€ HCIIOIb3YETCsl KaHTUJIeBEp?
1. Cxanupyroumii cuaoBoi MUKPOCKOIT

2. CKaHUPYIOIIUN TYHHEITBHBIH MUKPOCKOIT
3. PacTpoBbIil MUKPOCKOIT

4. TlpocBeunBaromUi 3J1€KTPOHHBIA MUKPOCKOIT

I1K-3

56.

Pabora ckaHUpYIOIIEro TYHHEIbHOTO MUKPOCKOIIa OCHOBAaHA Ha:

1. ludpakunu peHTTeHOBCKUX JTy4deit

2. D¢ dexre TYHHETUPOBAHUS HIIEKTPOHOB Yepe3 TOHKUHN AUAIIEKTPUUECKHMA
MPOMEKYTOK MEXY MPOBOSAIIECH MOBEPXHOCTHIO 00pasiia U CBEPXOCTPOi
UTJION

3. [IpocBeunBanuu 0Opasia PEHTTCHOBCKHUMU JIy4aMH

[1K-3
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Howmep 3ananus

[IpaBuiIbHBIN OTBET

Copepxanue Borpoca

Kommerenims

KOﬂ 1 HAUMCHOBAHUEC

WHIUKATOpa
JIOCTIDKCHHS
KOMIICTCHIIUH

4. TlpocBeunBaHMM 00pa3iia MyYyKOM JICKTPOHOB IIPH YCKOPSIOLIEM
Hanpsbkeauu 200-400 kB

57,

Yro Ttakoe dymiepen?
1. XKene3oconep:kaiiasi HAHOCTPYKTYpa, UCIIOJIb3yeMasi B METUIIHE

2. YriepojHasi HAHOTpYOKa
3. CemelicTBO IapOOOPa3HBIX MOJIBIX MOJIEKY 0011el hopmyiibl Cp
4. Inockuii muctT rpaguTa MOHOMOJIEKYISIPHON TOJIIIHHBI

[1K-3

58.

Yro Takoe kaHTHIIEBEDP?
1. KommnbtoTepHblIii 6J10K B CHIIOBOM MUKPOCKOIIE

2. KomnbroTepHas nporpaMMa o0pab0TKH JaHHBIX CKaHUPYIOLIETO
MHUKPOCKOIa

3. Iloanoska Juist 00pa3lioB B paCTPOBOM MHUKPOCKOIIE

4. 30H] B CKaHUPYIOLIEM CUIIOBOM MUKPOCKOIIE

I1K-3

59.

Kak BenMunHa TyHHEJIBHOTO TOKa MpH paboTe TYHHEIbHOI'0 MUKPOCKOIIA
3aBUCHUT OT PACCTOSIHUS MEXY OCTPUEM HUIJIbI U UCCIIEyeMbIM 00pa3om?

1. JInneliHO BO3pacTaeT ¢ YMEHbIIEHUEM PACCTOSTHUS
2. JInHEHO YMEHBIIIAeTCs C YMEHBIIICHHEM PACCTOsHHUS

3. 3KCHOHCHI_[I/I8.JIBHO BO3paCTACT C YMCHBIICHUCM PACCTOSIHUSA
4. 3KCHOHCHI_[I/I8.JIBHO YMCHBIIACTCA C YMCHBIICHHUEM PACCTOAHUA

[1K-3

60.

[Tpyr MEXaHOXMMHYECKOM CUHTE3€ UCTIOIb3YIOT:
1. OxnaxxneHne uCXOIHOTO MaTepuraia 10 HU3KUX TeMITepaTyp

2. II;ma3meHHbI HarpeB
3. MenbHHULIBI CBEPXTOHKOI'O U3MEIbYEHUS

[1K-3
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4. B3pbIBUaThIC BEIIECTBA
Kaxkoii ypoBeHb BO3MOKHOCTEM HCKYCCTBEHHOI'O MHTEJUIEKTA HAXOIUTCS B
3 CTaIMY IUJIOTHOTO MTPOEKTA!
61 1. macCUBHBINA «yMHBII» MaTepuan — TOJIbKO YyBCTBYET K-3

2. aKTUBHBIN «yMHBIN» MaTe€pHUall — YyBCTBYET U pE€arupyer
3. oueHb «yMHBIN» MaTepUall — UyBCTBYET, pearupyeT U aAalTUpPYyeTcs B
COOTBETCTBUU C BHEIIHUMH U3MEHEHUSIMU
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