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1. IlepeyeHb KOMIETEHUHM U YPOBHH MX C(POPMHMPOBAHHOCTH MO JIMCLHMILIH-
HaM (MOayJisiM), NpakTUKaM B nmpouecce ocsoenusi OIIOII BO

B nporiecce ocBoenusi 00pa3oBaTebHON MPOrpaMMbl y 00YYaIOIIErocsl B X0/1€ U3yUYeHUs
TUCIUIUINHBL «/IM3ailH HOBBIX MaTepHaIOB» JIOJDKHA CHOPMHPOBATHCS KOMITETCHIIUS:

[TK-1.

Kpurepuu onpezaenennsi cpopMUpOBAaHHOCTH KOMIIETEHIMI Ha pa3IMYHbIX YPOBHSIX

ux (popmMupoBaHUs

HNunexc xkoMIeTeHIIMHN

Coneprxanre KOMIETECHIIUU

[1K-1

Cnoco0eH KOHTPOJIMPOBATh IPOBEJEHUS HCIBITAHUA HaHO-
CTPYKTYPHUPOBAHHBIX KOMIIO3UIIMOHHBIX MATEpPUAJIOB C 3aJ1aH-
HBIMH CBOMCTBaAMH

KOI{ N HAMMCHOBAHHEC MHIWKATO-
pa JOCTUKCHUA KOMIICTCHIUN

Bunet 3ansaTuii st popmupona-
HUS KOMIIETEHIINU

OueHoyHbIe CPECTBA JIJIs OLIEH-
KU YPOBHS CPOPMUPOBAHHOCTH
KOMITETCHIIUH

NJ1-2nx.1 CrocobeH co3maBaTh
IU3alH-TIPOCKT HOBBIX  BHJIOB
MaTEPHUAaIOB, B TOM YHCJIC HAHO-
CTPYKTYpUPOBAaHHBIX, U  OCY-
HIECTBIISATH HCCIIEI0BAHKE
CBOMCTB pa3pabOTaHHBIX KOMIIO-
3MIIMOHHBIX MaTEPHAJIOB B COOT-
BETCTBUU C TPEOOBAHHSIMH TEX-

JIEKIIUH,
MPaKTUYECKHUE 3aHATHUS,
caMOCTOsATeNIbHAas paboTa, KOH-
CyJIbTAILIUH T10 TTIOATOTOBKE U 3a-
HIUTE KYpCOBO# paboTe

YcTHBIN onpoc, pelieHue 3a1ay,
TECTOBBIC 33JaHUs1, BOIIPOCHI JIJIS
MPOBEJICHUS IK3aMEHa,
3aJaHKe M0 KypcoBO# paboTe

HHUYCCKOI'O 3aaHH.

YPpOBHHM OCBOEHUS KOMITETCHIUI

Crynenu ypoBHel
OCBOEHUS KOMIIETCHIINH

OTnuunTeNILHbBIE IIPpHU3HAKH

[ToporoBbiii
(YAOBIETBOPUTEIBHBIN)

3HACT IIOHATUC HHSaﬁHa n €ro pojib B COBpeMCHHOI\/JI OUBHUJIN3aIlUHN,
TEXHUKY JU3aifHa B CO3/IaHUU KOMIIO3HIIMOHHOTO MaTrepuana, B TOM
YUCIE HAHOCTPYKTYPUPOBAHHOTO; OCOOCHHOCTH (HOpMOOOpa30OBaHUS,
[[BETOBOW MalUTPhl, (HaKTypbl MaTepuaya; OCOOECHHOCTH pPa3pabOTKH
OpPUTHHAJIbHOT'O HHSaﬁHa MMPOCKTUPYEMOI'0 MaTc€puajia C 3aJaHHBIMH
CBOICTBaMH, MOHUMAET TEOPETHUECKUN MaTepHall ¢ He3HAYUTEIbHBIMU
npoOenamMu

HC NOCTATOYHO YMCCT MOJCIHUPOBATH IMPOCKTUPYCMBIC MATCpHUAJIbI, PA3-
pa6aTI)IBaeT ImporpaMmsbl BBIITOJTHCHUA HAYYHBIX HCCHGI[OBaHHfI, HarpaB-
JICHHBIX Ha CO3JaHHWC HOBBIX MATCPUAJIOB, B TOM YHUCJIC HAHOCTPYKTYPH-
POBAaHHLBIX, C 3aJaHHBIMHA CBOﬁCTBaMH; BBITTIOJIHACT C 3aTPYAHCHHUAMU

HU3KOE KaueCTBO BBIMOJIHEHUS 33/1aHUS (HE BBINOJHEHBI, JINOO OLIEHEHbI
yucioM OauioB, OJNM3KUM K MHUHUMalIbHOMY); HM3KUH YpOBEHBb
MOTHBAIIMN YYEHHsI; HEC(POPMUPOBAHHOCTH HEKOTOPBIX MPAKTUYECKHX
HABBIKOB MPU NPUMEHEHUU 3HAaHUI B KOHKPETHBIX CUTYaIUsAX

[IpoBUHYTBIN
(xoporio)

3HAeT O JMU3ailHE U €ro pojin B COBpCMCHHOﬁ MUBUIIM3alUN; TCXHUKY]
21PI3aI>’IHa B CO3JaHHMU KOMIIO3MIIMOHHOTO Mar€puajla, B TOM YHCIC

HAHOCTPYKTYPHUPOBAHHOI'O, 0COOEHHOCTHU (I)OpMOO6p8.30BaHI/I$I, LIBETOBOM|




Crynenu ypoBHEH
OCBOCHHUA KOMIICTCHIINU

OTnuunuTeIbHEBIC IIPpHU3HAKA

MaJINTPBI, baxTypbI Marepuaa, 0COOEHHOCTH pa3paboTKu
OpUTrMHAaJIbHOT'O I[H3aI>iHa MMPOCKTUPYECMOI'0 MaTcpuajia C 3aJaHHBIMU
CBOWMCTBAMHH TIOHUMAeT TEOPETHUYECKUI Marepuai JIOCTaTOYHO IOJIHO,
6e3 mpoOenoB

TOCTAaTOYHO  yMEET NPOBOAUTH MOJEIMPOBAHUE MPOEKTUPYEMBIX
MaTepUajIoB C Y4eTOM TpeOOBaHUN COBPEMEHHOTO JW3aiiHa  JUIst
oOecreueHnss KOHKYPEHTOCIIOCOOHOCTH M BOCTPeOOBAHHOCTH T'OTOBOTO

N3 OCIINA, pa3pa6aTBIBaTB porpamMmaI BBIITOJIHCHU S Hay4YHBIX
HCCHC,HOB&HHI;'I, HaITpaBJICHHBIX Ha CO3JaHHMC HOBBIX MAaTCpHaJIOB, B TOM
JHCIIC HAaHOCTPYKTYPHUPOBAHHBIX, C 3aJaHHbIMHA CBOfICTBaMI/I;

O6pa6aTBIBaTB U aHAJIU3UPOBATHL PE3YJIbTATbI HAYYHBIX I/ICCJ'IG,I[OBaHI/Iﬁ
pa3pa60TaHHHx KOMITOSMITMOHHBIX MATCPHUAJIOB

TOCTaTOYHOE  KAueCTBO  BBIIOJIHEHHS  BCEX  MPEAYCMOTPEHHBIX
MporpaMMoil OO0y4deHHUs y4eOHBIX 3aJaHuil (HM OJHOTO W3 HHX HE
OILICHEHO MHUHHUMAIIbHBIM YHCJIOM 0alljloB, HEKOTOpble BHUABI 3aJaHUM
BBITIOJTHEHBI C OIMIMOKAaMH); CPEAHHWA YpPOBEHb MOTHBAIUU YYCHUS;
HeJoCcTaTOYHas COPMUPOBAHHOCTh HEKOTOPBIX MPAKTUUYECKUX HABBIKOB
MpU TPUMEHEHUU 3HAHUM B KOHKPETHBIX CUTYAIUSIX

Bricokuii (OTJIMYHO)

3HAET COJEpP’KAaHUE JM3aliHa U €ro pojb B COBPEMEHHOM IIMBUIM3ALNY;
TEXHUKY JU3allHA B CO3JAHMM KOMIIO3MLIMOHHOTO MaTepuayia, B TOM
quciae HAHOCTPYKTYPHUPOBAHHOIO; 0COOEHHOCTH (opMooOpa3oBaHus,
[[BETOBOM MaNUTpPbl, (HaKTypsl Marepuaia, OCOOCHHOCTH pa3pabOTKH
OpUTMHAJIHOTO JM3aiiHa IPOEKTHUPYEMOI0 MaTepuana € 3aJaHHbIMH
CBOICTBAaMM M NOHUMAET TEOPETUYECKUII MaTepuas B MOJHOM O0bEME,
0e3 mpobesoB

[TommHOCTBRIO C(HOPMHUPOBAHBI HEOOXOIUMBIC TPAKTHUECKUE YMEHHS II0
MOJICJIMPOBAUIO MPOEKTUPYEMBIX MAaTepUajoB C ydeToM TpeOoBaHUML
COBPEMEHHOr0 Au3aiiHa A oOecreyeHUs] KOHKYPEHTOCIIOCOOHOCTH H
BOCTPEOOBAHHOCTH TOTOBOTO M3JAENUs; pa3pabaThiBaTh MPOrPaMMBI
BBITIOJIHCHHSI HAYYHBIX WCCJICIOBAHMM, HAINpPaBIECHHBIX Ha CO3JaHUE
HOBBIX MAaTe€puajoB, B TOM YHCIE€ HAaHOCTPYKTYpUPOBAHHBIX, C
3alaHHBIMA CBOMCTBaMH; 00pabaThiBaTh W aHATU3HPOBATH PE3YJIHTATHI
HAyYHBIX MCCIIEAOBAHNUN Pa3pabOTaHHBIX KOMIO3UIIMOHHBIX MaTepHaIoB

BBICOKOE Kay€CTBO BBIMOJHEHUSI BCEX IMPEAYCMOTPEHHBIX MPOrpaMMoit
00ydyeHUs: y4eOHBIX 3amaHui (OICHEHBI YUCIOM OasjioB, OJMU3KUM K
MaKCHMaJIbHOMY); BBICOKUM YPOBEHb MOTHUBALIUH YUEHHUS;
c(hOpMUPOBAHHOCTh  HEOOXOJUMBIX MPAKTUYECKUX HABBIKOB  TIPHU
MPUMEHEHUU 3HAaHUI B KOHKPETHBIX CUTYalUsIX




2. MeToanueckne, OlleHOYHbIE MATEPUAJIBI M CPEACTBA, ONpeaessiionue mpo-
neaypbl OHEHMBAHUA CPOPMHUPOBAHHOCTH KOMIIETEHIUI (3J1eMEHTOB KOMITeTEHIMI)
B npouecce oceoenusi OIIOII BO

2.1 OueHo4YHbIe CPeACTBA AJIA TEKYIIero KOHTPOJIs

Bomnpocsl 1j1s1 yCTHOTr0 onpoca.

Tema 1 Teopemuueckue u mexHo102U4eCKUX NPUHUUNDBL COBPEMEHHO20 OU-
3QUHA HOBBIX MAMEPUAIOE

1. Packpoiite noHsATHE AU3aiiHa MPOMBIILICHHOTO U3ETHS.

2. Kommno3uiinonHnoe pemienre GopMbl U crieriuduka MpoeKTUPOBAHUS MaKeTa Mpo-
€KTa MPOMBIIIJIEHHBIX U3ACITUH.

3. Cneninduka nNpoeKTUPOBAHUS MPOCTEUIITHUX TPOMBIIIJICHHBIX H3/SIUH.

4, Mojienb KOHIIENITYaIbHOTO TTpoeKTUpoBaHus. O0Ias XapaKTeprUCTHKA.

5. Dtanbl pa3pabOTKHU MPOEKTa U3JAEIUN MX KOMIIO3UIIMOHHBIX MaTEpHaOB U I10-
KPBITHH.

6. BoisaBiienre cooTBeTCTBHUSA (DOPMBI KOHCTPYKTUBHON OCHOBE.

7. ®aKTOPbI, OMPEACIISIONINE U3TOTOBJICHUE MPOMBIIIICHHBIX U3CTHI.

8. [IpenmpoeKTHBIN aHaIN3 TPOMBIIUICHHBIX U3/IEIHIA B TU3alHE.

9. NUmxenepHas TEKTOHUKA MaTepUAJIOB B TU3aiiHE

10. buoHuKa ¥ MPOMBIIIICHHBINA JU3aiH.

Tema 2 Coepemennvie mamepuanvl XumMuueckoil mexHono2uu: Kiaccuguxkauus,
cmpykmypa, 001acmu npUMeHeHUA

1. [lonsiTME HaHOMAaTepHasbl, HAHOTEXHOJOIMH, HAHOCTPYKTYPbl, HAHOKOMIIO-
3UTHI 1 HAHOPEAKTOPBI

2. Knaccudukanus HaHO0ObEKTOB. XapaKTepHble 0COOEHHOCTH HAHOOOHEKTOB

3. Pasmepnbie 3 pexTh 1 cBOWCTBAa HAHOOOBEKTOB.

4, @pakTanbHbIE MOAEIIHA JUCIIEPCHBIX U YIABTPAIUCIIEPCHBIX CUCTEM

S. QOYHKIMOHAIbHBIE U KOHCTPYKIIMOHHBbIE HAHOMATEpHalbl HEOPraHUYECKON 1
OpPTraHUYECKON IPUPOLBI.

6. VYriiepoHble HAHOCTPYKTYPBI: (DyJUIEPEHBI, YTIAEPOIHbIE HAHOTPYOKH.

7. Kepamuka u komno3utsl. Bunel @yHkimoHanbHoM kepamuku. [lepcnexkTus-
HbIE KEPaMUYECKUE KOMITO3UTHI U 00JIACTH UX TPUMEHEHHUS.

8. CrexnooOpa3Hbsie U amop(Hbie MaTepuanbl. TepMOIMHAMHKA W KUHETHKA

MPOIIECCOB CTEKJIOBaHUs. AMOP(HbBIC METAJUIBI U METAJUIMYECKUE CTeKIIa. TOHKUE MJICHKU
1 nokpbITUs. [Inenka kak komno3ur. [I[puMeHeHne TOHKOIIJIEHOYHBIX MAaTEPHAIIOB.

Q. JIeHrMIOpPOBCKHE MOJIEKYJIIPHBIE TIJICHKH.

10.  MaruautHble MaTepuanbl. Teopust MarHeTu3Ma. JloMeHHast CTpyKTypa U MeTs
rucrepesuca (peppo, heppu-,antudeppoMarneTuky). BaxkHewmme THIIBI MAarHUTOMSTKHAX
Y MarHUTOXXECTKUX MaTepuaaoB. MarHUTHBIE KUIAKOCTH.

11. BMC u opranuueckue matepuansl. XKugkue kpucraiisl. MoHOMEPHI, HEMa-
TUKW, CMEKTUKH, XUpaJlbHbIe CTPYKTYphl, LCD — nucruieit, ucrnonab3oBaHUE KUIKOKPH-
CTAJUTMYECKUX MATPUIL JJIS MOJTYyYSHUSI ME30ITOPUCTBIX CTPYKTYpP, HAHOMATEepUaJioB U OHUO-
CEHCOpPOB.



12.  [wdnexktpuueckue maTepuaibl. BaxHelinne IUAIEKTPUUECKHE XapaKTepH-
CTUKM MarepuayioB. (CerHero-, TMbe30- MW MNHUPOIICKTPUKU. CErHEeTOdICKTPUKU-
MOJYIPOBOAHUKHU, CETHETOMArHETUKH.

Tema 3 Ilepeooevie mexnono2uu co30aHUs HOBLIX COBPEMEHHBIX MAMEPUATLOE

1.  HazoBuTe OCHOBHBIE METOBI OTyUEHHUSI HAHOTEXHOJIOTHA.

2.  llepeuucnure (hakTOpHl, KOTOPBIC BIUSIOT HA BBEIOOP TEXHHUYECKOTO CIocoba
TIOJTyYEHUS TIOTUMEPHBIX HAHOKOMITO3UTOB.

3. KakoBo BiMsiHME TuIa HaHOYACTHI] (KEpaMUKa, OPraHOTJIMHA, METAJI) Ha
TEXHOJIOTHH TOTYYCHUS TTOJIMMEPHBIX HAHOKOMITO3HTOB.

4.  Metoasl MOTyYEHUS HAHOYACTHIT U3 TTAPOBOH (ha3bl U B KUAKUX Cpeax.

5. Meroa COBMECTHOM MOTMMEPU3AITUH 1N Situ: TPEUMYIIECTBA U HEJOCTATKH.

6. Oco06eHHOCTH METO/a BBEICHHSI TUCTICPCUN YaCTUIl HAHOHAIIOJIHUTENIS B pac-
TBOP MOJUMEPA C MOCICAYIONIAM BBITTAPUBAHUEM PACTBOPHUTEIIS.

7. CMerneHre HAHOHATIOMHUTEIS ¥ TIOPOITIKOOOPa3HOTO TOJIUMEpa C To-

CJIeIyIONIEeH dKCTpy3Uel (SKCTPY3UOHHBIN MPOIIECC) U MOCIEAYIONIUM MPECCOBAHUEM (Me-
TOJ IPECCOBAHUA).

8. Oco06eHHOCTH TTOTyYeHHUs] HAHOKOMITO3UTOB 10 MEXaHU3MY Kpeh3HuHTa.

9. 30J1b-TrejIb METO/I OJIYICHUSI HAHOMATEPHAJIOB.

10. CuHTe3 OJHOMEpPHBIX HAHOKOMIIO3MTOB, OCHOBAHHBIM HAa HMHTEPKAIAIUU B
MaTpHILy.

Tema 4 CoepemeHnnvie Memoovl UCC1e006AHUA HOBLIX MAMEPUATIOE

1. Ha3oBuTe METOABI ONpeNeTCHHs Pa3MEPOB MAJIBIX YaCTHII.

2. TexHonorumueckoe 000OpyAOBaHUE IS UCCIEAOBAHUS MIOBEPXHOCTH TBEPBIX TEI
Y CO3/1aHusl HAHOCTPYKTYD.

3. DneKTpoHHAass MUKPOCKOIUSA IS W3YYCHHS] HAHOCTPYKTYPUPOBAHHBIX KOMIIO3H-
TOB.

4. JlupakiimoHHBIN METOI OIIEHKU HAHOOOBEKTOB.

CynepnapamMarHeTiu3M, celMMEHTalus, (OTOHHAsE KOPpPEJSLUUOHHAsA CIEKTPO-

CKOIUSI, Ta30Bast aficopOIus U GUIbTPALIHSL.

[TpuOops! 17151 Mccnea0BaHUS AIEKTPONPOBOASAIINX CBONCTB HAHOMATEPUAJIOB.

HccnenoBanue GpU3nKo-MeXaHUUYECKUX MTOKa3aTene HAHOOOBEKTOB.

O1ieHKa MarHUTHBIX CBOMCTB HAHOMATEPHAJIOB.

. O6mImre cBeeHUS O HAHOIUTOTpaUH.

10 PentrenoBckas nurorpadus.

11. TepmoMexaHuveckas HAaHOIUTOrpadus.

o

©oo~No®

TecToBbIE 3a1aHUA NJI TEKYIIET0 KOHTPOJIA

3aganue 1. TepmuH, 0003HAYAIOMIUKA BU JEATEIBHOCTH, 1IETBI0 KOTOPOU SBIISETCS
onpenaesieHre GopMaTbHBIX KA4ECTB MPEIAMETOB, MPOU3BOAUMBIX MTPOMBIILICHHOCTHIO:

a) CTPOUTEIBCTBO;

0) oOpabaThIBaroIIasi MPOMBIIIIICHHOCTb;

8) ouzaiin,

T') 3JIEKTPOIHEPreTHKa.

3amanue 2. [lepeuncimure OCHOBHBIC JIS(PUHUIIUH MPOMBIITUICHHOTO AU3aifHA:

a) co3/laHue KOHBEHEPHBIX (POpM TPOU3BOJICTBA;



0) npoexmuposanue HOBbLX, U MOOEPHUIAYUS pAHee CO30AHHBIX CMPYKMYP Mame-
puanos,

B) HapaOOTKa MapTHH MaTepHala B YCIOBHUIX MIPOMBIIIICHHOTO TIPOU3BOICTBA;

2) MamepuanbHas peaiu3ayus 3amolcid, Oa3UpYIUancs Ha COBPEMEHHbIX NPOMbLUL-
JICHHBIX MEXHOJLOCUSIX.

3anmanue 3.Ilpu mpOEKTUPOBAHUN TPOMBIIUICHHOTO HM3/ETUs HEOOXOAUMO YUHUTHI-
BaTh:

a) mamepuan, KOHCMPYKYUU, MEXHOJ02UL,

0) Bpems, popmy;

B) 00beM, QyHKIINY;

T') CBOMCTBA, MapaMeTpBhl.

3amanne 4. Tunsl TPOCTPAHCTBEHHBIX KOHCTPYKIIUNA, UCITOJIH3yEMbIE€ B IIPOMBIIII-
JICHHBIX U3JICTUAX, 00Pa3yIOT IBE TPYIIIIHI:

a) aHTPOMIOMETPUIECKHIE U IPTOHOMUIECKIC;

6) omkpvimvle U 3aKpblmole;

B) CTATUCTUYECKHUE U TMHAMUYECKUE;

r) pu3noIOrNUecKre 1 MCUX0JIOTHIECKHUE.

3ananue 5. buonuka (0T rped. bion — 3JEMEHT XU3HU, OYKBAIBHO — YKUBYIIUN):

a) HayKa O )KMBBIX CyIIIECTBaX U UX B3aMMOJIEHCTBUU CO CPEIO OOUTaAHUS;

0) Hayka, U3y4yarollas KBAHTOBYI0 MEXAHHKY U TEOPETUUECKYI0 XHMHUIO B YKUBBIX
OpraHu3Max;

8) IMO HAYKA, NOSPAHUUHASL MedHcOy buoo2uell U MEeXHUKOU, Peuarowds UHMICeHep-
Hble 3a0a4l Ha OCHO8e AHANU3A CIPYKMYPbL U HCUSHEOEaMeNbHOCMU OP2AHU3MOS,

I') HOBOE HAy4YHOE HaIlpaBJCHUE B OMOJIOTHH, 3aHUMAIOIIEECs MMPOCKTUPOBAHUEM H
CO37aHNEM OMOJOTHYECKUX CUCTEM C 3aJJaHHBIMH CBOMCTBAMU M (DYHKITUSMH.

3amanne 6. HaHowacTuibl — MaTepHuaibHbIE CTPYKTYPBI, pPa3Mephbl KOTOPHIX 1O O/I-
HOMY U3 U3MEPEHUHN COCTABIISIOT:

a) om 1 0o 100 nanomempos,

0) ot 1 10 2 HAHOMETPOB,

B) oT 1 10 1 000 000 000 HaHOMETPOB.

3amanue 7. YCTaHOBU COOTBETCTBHE MEX]Y YIJIEPOJHBIM HAHOMATEPUAJIOM U €T0
AJUTOTPOTTHOM MOIM(UKAITICH

a) rpaden;
0) hymepen;
8) yenepooHas HaHompyoOKa.

3ananue 8. YCTaHOBU COOTBETCTBUE MEX]Y YIJIEPOJHBIM HAHOMATEPUAJIOM U €ro
AJUTOTPONHOMN Mo pUKaAIIEH:



a) rpadeHn;
0) ynnepen;
B) yIJIepoHasi HAHOTPYOKa.
3ananue 9. YCTaHOBU COOTBETCTBHE MEX]Y YIJIIEPOJHBIM HAaHOMATEPUATIOM U €T0

a) epagen,
0) pymepen;
B) yIiepo/iHasi HAaHOTPYyOKa.
3amanue 10. CoBpemeHHas KiaccU(PHKAIMSA YTIAECPOAHBIX HAHOOOBEKTOB COTJIACHO
['OCT P 55417-2013 Hanotexunonoruu. Yacts 3. HanooObekThI yrieponnsie. TepmuHa u

OIIPCACIICHMA pa3IndacT yIiI€poaAHOC HAHOBOJIIOKHO!

a) carbon nanofibre, CNF, VHB;

0) carbon nanocone, CNC;

B) carbon nanotube, CNT, VHT.

3ananue 11. MopenbHOE TIpeIcTaBICHHE MpoIiecca 00pa30BaHus YIIIEPOIHbBIX
HaHOTPYOOK IMyTeM CBEPTKH rpad)eHOBOTO JINCTA:

a) XupanvHas,

0) 3ur3ar;

B) KpecJio.

3amanue 12. Mopenb MonepevHbix CTPYKTYP MHOTOCTIOMHBIX HAHOTPYOOK:




a) «pyccKasi MaTpEeIIKay;

0) wecmuepanHas npusma,

B) CBUTOK.

3apanue 13. [lonydyeHue nomumep-QyaepeHOBbIX KOMITIO3UIIMOHHBIX MaTepUajoB
OCHOBAHO Ha CJIEIYIOLIUX TEXHOJIOTMYECKUX NMPUEMax:

a) pacIbUICHHEM,;

0) ocakJIeHHeM KOMIIOHCHTOB,

8) cMewusanuem nopowKa QyriepenHa ¢ pacniagom uiu pacmeopom noaumMepa,

3amanue 14. CnocoObl MOTy4YEHUsT HAHOCTPYKTYPUPOBAHBIX KOMIIO3HIIMOHHBIX Ma-
TEePHUAJIOB:

a) OMOJIOTHYeCKUe U (PU3HOJIOTHICCKHUE;

0) usuueckue u xumuuecxue,

B) 3JICKTPUYCCKHE U (PU3HOJIOTHUSCKHC.

3ananue 15. Kakue MenbHULIBI TIPUMEHSIOT U1l pa3MoJia U MEXaHOXUMHUYECKOTO
CUHTE3a HAaHOMAaTEPHAJIOB?

a) TpyOHbIE;

0) waposvle;

B) MOJIOTKOBBIE.

3ananue 16. MuHUMAaNIbHBIN pa3Mep YacTHUIl IPU UCTIOIB30BAHUH METO1a ""DJeK-
TPUYECKOTO B3pbIBA TPOBOTHUKOB'":

a) 500 HMm;

0) 50 HM;

8) 5 nm.

3amanne 17. OMHUM U3 CaMBIX PACTIPOCTPAHCHHBIX XUMHUECKIX METOOB IOTy4e-
HUS BBICOKOJAMCIIEPCHBIX IMMOPOIITKOB HUTPUAOB, KapOUIOB, OOPHUIOB U OKCUIIOB SIBJISICTCS |

a) llnazsmoxumudeckuii cunmes,;

0) 'azodazublii cuHTE3;

B) OcaxkJieHre U3 KOJUIOUIHBIX PACTBOPOB.

3amanue 18. ®opmyna ais pacyera:

(2n+m)

COSO = = -
2+/n” +nm+m’

a) TuaMeTpa HaHOTPYOKHU;

0) XUpanbHo20 yeaa HaHOMpPYOKU,

B) JUIMHBI HAHOTPYOKH.

3amanue 19. YBenuueHue moriomeHuss B yiabTpadUONIETOBOM AMAana3oHe (CHHHMA
CIBUT) XapaKTEPHBIN IS MIOTYTIPOBOJTHUKOB — 3TO SIBJICHUE HA3bIBACTCA. . .

a) KBAHMOBO20 BHYMPEHHE20 PA3MEPHO20 Ihhekma;

0) KJIaCCHYECKOr0 BHYTPEHHEr0 pa3MepHOTo A dekTa,

B) KJIACCUYECKOT'0 BHEITHETO pa3MepHOro dddekTa.

3amanne 20. [IpeanoYTUTENBPHBIMA JJISI HEOPTAHUYSCKUX HAHOKPHUCTAJIIIOB SIBJISTFOT-
CSl CTPYKTYPBI:

a) TeKCaroHaJIbHasl TyrOylaKoOBaHHas,

0) 2eKca2oHaNbHAS NIOMHOYNAKOBAHHASL,

8) epaHeyeHmpupoB8anHas Kyouveckas,



') 00beMHO-LIEHTPUPOBAHHAS KyOndecKasi.
3apanue 21. ['excaroHanpHas JIOTHOYIIAKOBAHHAS CTPYKTYpa HAHOKpHCTAJIA!

a 0 8

a) 0CEBOE PACTSKCHHE;

0) paguaabHOE CXKaTHE;

8) stlieposckas oeghopmayus.

3amanne 23. Cxemaruueckoe n300paxxeHHUE 0Opa30BaHUS SYEUCTOU CTPYKTYpPHI B
yTiiepoJiHas HAHOTPYOKa/3J1acToMep KOMIIO3UTaX

-

@) mpexmepuas cComosasi CmpyKmypa,

0) MepKOJIAIIMOHHAS CETh;

B) YaCTHYHAs SYCHUCTasl CTPYKTypa.

3aganue 24. X-tun HaHOIUICHOK JIeHrMiopa-biomkerT:

a 0 8

3amanue 25. [1o qaHHBIM KBaHTOBO-XUMHUYECKHUX pacyeToB Moayss FOHra yctaHOB-
neHo, uto YHT ¢ Gonbimm guaMeTpom OTJIMYArOTCS:

a) evicokoti npounocms (E = 1,2 Tlla),

0) cpenueii npouHocthio (E = 0,76 TIla);

B) HU3KoM npounocteio (E = 0,56 TIla).

3amanne 26. J(udpakmoHHOE H3YYCHHE AaTOMHO-KPUCTALIUYCCKON CTPYKTYpPHI
HAHOKPHUCTATA M3Y4YalOT M3IIYYCHHEM C JTMHOW BOJHBI, COM3MEPUMON C MEKATOMHBIMU
PACCTOSIHUSIMU TIPH TIOMOIITH:



a) peHmM2eH08CKO20 U3NYUEHUS;

0) raMma U3JTy4deHHUS,

B) pPaIMOYaCTOTHOTO U3ITyUYEHHUS.

3ananue 27. dusnveckue METO bl UCCIIEIOBAHNS HAHOMATEPHAJIOB!

a) UH(paKpacHasi CIEKTPOCKOIHS;

0) cxanupyrouas 30H008as1 MUKPOCKONUSL,

8) NOBEPXHOCMHBIL NAA3MOHHBIL PE3OHAHC;

I') ONTUYECKAsT MUKPOCKOIIHS.

3ananue 28. B ckanupymomen 3JIeKTPOHHONH MHKPOCKOMUU M300pakeHne HCCIeay-
€MOro HaHOOOBEKTa POPMUPYETCS TPU CKAHUPOBAHUHU €T0 TTOBEPXHOCTH TOYHO CPOKYCH-
POBaHHBIM JIy4OM 3JIEKTPOHOB. TakoM JIy4d 4acTO HA3bIBAIOT. ..

a) 0%Ke-3JIEKTPOHAMH;

0) 271eKMPOHHBIM 30HOOM,

B) YIIPYTOPAaCCESHBIMU 3JICKTPOHAMHU.

3ananue 29. MeToj CrieKTpOMETPUH HUCCIIETyEMOr0 HAHOOOBEKTA JJIMHOM BOJHBI A
=10"-10°m

a) peHmeeHOCKOnuUs,

0) y-pe30HaHCHAas CIIEKTPOMETPHS;

B)ONTHYECKAs! CIEKTPOMETPHSI.

3ananue 30. J{ns uccnenoBaHusi CTPYKTYPhl MOBEPXHOCTH HAaHOOOBEKTA HJIEKTPOH-
HBIIl MUKPOCKOI OCHAIAIOT JE€TEKTOPOM:

a) DHEepProJIMCIEPCUOHHBIN AETEKTOP;

0) 4Q-BSD;

8) Deepxapma — Tophu.

2.2 OueHo4YHbIE CPEACTBA AJIS POMEKYTOYHOT0 KOHTPOJIA

[IpuMepHBIE BONIPOCHI K DK3aMEHY

1. Packpolite nonsATHE AU3aiiHa MPOMBILLICHHOTO U3EIIHS.

2. [IpuMeHeHue MOTMMEPHBIX MATEPUATIOB U KOMIIO3UTOB Ha MUX OCHOBE JJISI MU3TO-
TOBJIEHUSI COBPEMEHHOT'O U3/EJIHSL.

3. Cnenuduka mpoeKTUPOBAHUS TPOCTEUIITUX MMPOMBIIIJICHHBIX U3/ICTUH.

4. Mopenb KOHIIENTYaJIbHOTO MpoeKTUupoBaHus. O0I1as XapakTepucTUKaA.

5. Dramnbl pa3pabOTKU MPOEKTa U3JIETUH UX KOMIO3UIIMOHHBIX MaTepUaliOB U TIO-
KPBITHUH.

6. Kommosunmonnoe pemienrne Gopmsbl U crieriupuka MpOSKTUPOBAHUS MaKeTa Mpo-
€KTa MPOMBILITICHHBIX U3JETHI.

7. BoigBieHrne cooTBETCTBUS (DOPMBI KOHCTPYKTUBHOM OCHOBE.

8. @axTopHI, OMPEACIIAIONINE U3TOTOBICHUE TPOMBIIIJICHHBIX U3ICITHIA.

9. [IpeanpoeKTHBIN aHAIN3 TPOMBIIIICHHBIX U3CIIUN B TU3aiHe.

10. UnxeHepHasi TEKTOHHWKA MaTEpUaJiOB B IU3aliHe

11. buoHuka ¥ MPOMBIIUICHHBIN qU3aliH.

12. JIu3aiiH B MJIaCTUKOBOU 3eKTpoHUKE. CTpylHbIE TEXHOJOTHH B IJIACTUKOBOM
AIIEKTPOHUKE.

13. OyHKIMOHATBHBIE U KOHCTPYKIIMOHHBIC HAaHOMATEpPHAIbl HEOPTaHMYECKOW U
OPTraHUYECKON TPUPOABI.



14. DOBomrouust OT MOJIEKYJT K marepuainaM. HaHOCTpYKTypbl, HAHOKOMIO3UTHI U
HAHOPEAKTOPHI.

15. ®dpakranbHble MOJIETU AUCHEPCHBIX U YIBTPAIUCIIEPCHBIX cucTeM. MexaHuue-
CKHE€ U (PU3UKO-XUMHUYECKUE TIPOLIECCHI TUCTIEPTUPOBAHUS U CMEIICHUSI TIOPOIIKOB.

15. YabTpagucnepcHbie METalibl ¢ HEOOBIYHBIMU GYHKIMAMH. HOoBbIE TeXHOIOTHUN
MOJIYYECHHS YIBTPAJAUCIIEPCHBIX MATEPUAIOB, OCHOBAHHBIE HA CHHEPTEeTUKE XUMUYECKOTO
U Qusnyeckoro BoznencTBus. Vcnonb3oBaHrue KIACTEPHBIX U YIbTPAAUCIIEPCHBIX MaTe-
pHATIOB U HAHOKOMITO3HTOB.

16. Kepamuka u xomno3utsl. Buabl ¢pyHkimonansHONW kepamuku. Kepamuueckue
MaTepuaibl ¢ TUAIEKTPUUECKUMH, MarHUTHBIMHU, ONTUYECKUMHU, XUMUYECKUMHU U SACP-
HBIMU (QYHKIIASIMH.

17. Ipoueccel popmMupoBaHUS U ClIeKaHUs KepaMUKH. [lepcrieKTUBHBIE KepaMuye-
ckue KoMno3uThl. O0JacTu MPUMEHEHNUS KePaMUIECKUX MaTEpPHUaIoB.

18. CreknooOpa3znbie 1 amopdHbie MaTepuanbl. TepMoaMHAMUKA U KUHETHKA TIPO-
1IeCCOB cTekJIoBaHUs. CTPYKTypa CHIIMKATHBIX, O0pPAaTHBIX U (OC(ATHBIX CTEKOJI.

19. Amop¢Hbie MeTaIbl M METaUNIMYEeCKUe CTeKa. BBICOKOUMCTBIE CTeKsa s
cBeToBOJI0B. HaTpuii-kaneuuii-gpocarHo-cumkaTHoe OMOCTEKIIO.

20. ToHKHME TJIEHKU U TOKPBHITHUS. YCIOBUS OCAXJIEHUS U MOP(OJIOTUs IUICHKH.
Onurakcusa. Metozsl ocaxkaeHus miaeHoK. [IpuMeHeHe TOHKOIIIEHOUYHBIX MaTepUaoB.

21. Cunternueckue Kpuctauibl. OrpaHka KpHUCTalIoB. MexaHU3Mbl poCTa KpH-
CTaJu10B. MeTopl nosydeHus: KpuctamioB. [IpobiiemMa pocta KpynmHbIX KPUCTAILIOB C Ma-
JIOM TUIOTHOCTBIO uciIoKanuid. HoBble MOKONEHHS] CHHTETUYECKUX KPUCTAUIOB HA OCHOBE
GaAs, GaN, SiC, u cBepxnpoBoasIIUX KynpaToB. Buckepsl. O0nacTi NpuMEHEHHsS] MOHO-
KpUCTAJUIOB.

22. JIusnexTpudeckrue MaTepuanbl. BaxHelre TuaneKTpuIecKue XapakTepUCTUKH
MarepuanoB. CerHeTo-, Mbe30- U NUPOIIEKTPUKUA. CEerHeTOdIEKTPUKU-TIOTYITPOBOIHUKH,
CErHETOMAarHeTuky. [IpuMeHeHre quaIeKTPUKOB.

21. BricokoTemnepaTypHbie CBEpXIPOBOAHUKU. OCOOECHHOCTH KPHUCTAIIIOXUMHUU
BBICOKOTEMIIEPATYPHBIX CBEPXIPOBOAHUKOB.

22. Metoasl nomyuenusi oobemHbix BTCII matepuanos: TBepmodasHbiii cUHTE3,
KpucTayum3aius u3 nepurekrudeckoro pacruiaa RBa2Cu307-x, 0COOEHHOCTH WX MHUK-
POCTPYKTYPHI.

23. Metonab! nonyuenus qimuHHOoMepHbIX BTCII-Matepuanos.

24. Tlytu moBbImeHus: kputudecknx xapaktepuctuk BTCII-maTtepuanos: ontumu-
3alMsl KATHOHHOTO COCTaBa U COJIEPkKaHUSI KUCIOPO/1a, TEKCTYPUPOBAHKUE ITyTEM TEpMUYE-
CKOM U MEXaHUYECKOM 00pabOTKH, CO3JaHuE IIEHTPOB MUHHUHTA.

25. Marepuaiisl ¢ MOHHOHM | 3JIEKTPOHHOM MTPOBOANMOCTHIO.

26. Kommo3utHble TBEp/ble 3JIEKTPONUTHI. [IpuMeHeHrne TBepabIX 3JIEKTPOJIUTOB B
XUMHUYECKUX UCTOYHUKAX TOKA, B CEHCOPHBIX CUCTEMAaX U rajbBaHUYECKUX LEMAX, Mpe-
HA3HAYCHHBIX JJIS HM3Y4YCHHMsS] TEPMOJAMHAMUKH TBEPAO(a3HBIX peaklUui, KUCIOPOIHBIX
MeMOpaHax.

27. Natepmetammuapl. OcobeHHOCTH (HOPMHUPOBAHUS M CTPYKTYPHBIE THIIHIL.

28. HanoceHcopsl: BUABI, 0COOCHHOCTH CO3/IaHUS.

29. MeTtonbl 30H10BOM HaHOTeXHOIOTHH. OO0PYI0BaHNE U TIPUHIIHUITBI €r0 PAOOTHI.

30. ITyukoBbie U ApyTrHe METOIBI HAHOJIUTOTpadUH.



IIpakTHuyeckue 3aJaHus ISl IK3aMeHa

3aganue 1. OcHOBBI MozenpoBaHus cucTeM. OCHOBHBIE MOHATHS MOJEIUPOBAHUS
CUCTEM, CUCTEMHBIEC THIIBI U CBOMCTBA MOJENEH, KU3HEHHBIN UK MOJICTUPOBAHUS (MO-
JEUPYEMOUN CUCTEMBI).

3aganue 2. MeTonabl mpenckazaHusi Kpucrauimdyeckux cTpykryp. Meronx USPEX
npo@. OraHosa.

3amanne 3. OTKPBITBIE CUCTEMBI U TUCCUTIATUBHBIE CTPYKTYPHI.

3amanne 4. OykTyanuu u oudypramms.

3ananue 5. BpeMeHHble, IPOCTPAHCTBEHHBIE U MPOCTPAHCTBEHHO-BPEMEHHBIE THIIbI
CaMOOpraHU3aluu.

3ananue 6. Peakuusa benoycosa-XKabotunckoro. [lonyueHue «XUMHUECKUX YacOBY.

3amanue 7. MeTobpl HCCIIEOBAaHUS CTPYKTYPbl HAHOMATEPHAIIOB.

3aganue 8. PEHTreHOBCKME METO/bI aHAIN3a CTPYKTYPBI U COCTaBa MaTEpPUAJIOB.

3aganue 9. MeTonbl 31€KTPOHHON MUKPOCKOIHUHU.

3aganue 10. MeTo1bl TOPOMETPHUH.

3amanue 11. [lonmydyeHue U OCHOBHBIE METOJIbI CTAOMIIM3AIMU HAHOPA3MEPHBIX Ya-
CTHL.

3aganue 12. MetaimonoJiMMepHbIE HAHO-KOMITIO3UThI ¢ KOHTPOJIUPYEMON MOJEKY-
JIIPHOU apXUTEKTYPOMU.

3amanne 13. CVD-nporecc.

3ananue 14. Xumudeckoe nmapogazHoe OCaxKICHUE.

3amanue 15. Armocdepnbiiit CVD Atmospheric Chemical Vapor Deposition
(Apcvd).

3amanue 16. CVD nuskoro maenenus. Low pressure chemical vapor deposition
(Lpcvd).

3ananue 17. Bakyymusiii CVD.

3amanue 19. PVD-nporecc.

3aganue 20. HanbuieHne KoHACHCAIIMEH W3 TTapoBOH (Ta30B0oi) (hasbl.

3amanue 21. Pacnbuienue.

3amanue 22. UMIntaHTans HOHOB.

3ananue 23. TepMuyeckoe ucnapeHue.

3ananue 24. [Tomumopdubie MOAUPUKALIMYA KPUCTAIIIIOB.

3aganue 25. [lonydenue chepuueckux MUKpOYACTHUI] KapOOHATA KabIUS.

3ananue 26. [TomyyeHre KOMIIO3UTOB METOJIOM MOJIMMEPHU3AIUH in-Situ.

3aganue 27. [lonyyeHne KOMITIO3UTOB METOAOM IIyTEM MHTEPKAISALMA U3 PacTBOpa
MOJIUMeEpa.

3aganue 28. [lonydeHHne NONMMEPHBIX KOMIIO3UIMOHHBIX MaTEpUajOB METOJIOM
KpEN3UHra.

3aganue 29. [lonydeHre MONMMEPHBIX KOMIIO3UIIMOHHBIX MaTE€pPUAJIOB METOJ0M
CMEILICHHS] KOMIIOHEHTOB B pacIuiaBe

3aganue 30. [lonyueHrne NONMMEPHBIX KOMIIO3UIIMOHHBIX MaTEpPUaIOB METOJ0M
30JIb-T€JIbTEXHOJIOTUEN.



B cootBeTcTBUYU € yUeOHBIM MJIAHOM O0YYarOIIMECs BBIMOJIHSAIOT KYPCOBYIO paboTy.
VY4eOHBIM IUTAHOM IPEeNTyCMOTpEHa KypcoBasi pabota B 1 cemectpe. Tembl KypCOBBIX
paboT GopMyIUPYIOTCS KaKIOMY CTYACHTY UHIUBUYAIBHO.

ITpuMepHBI€ TEMBI KYPCOBBIX paboOT

Ne Ha3Banue kypcoBoii paboThI O®OUO crynenra |[Ipumeyanus
1 |KBanToBble 3(dekTs B HaHOcHcTeMax. Camo-
opranuzanus cucrteM. lIoHSTHE O KBaHTOBBIX|
TOYKaX.

2 Me30— U MUKpOIOPHUCTbIE MaTepHallbl Ha OC-
HOBE OKCHJOB  IEPEXOJHBIX METAJIJIOB.

3 |CoBpemMeHHas OpraHuyeckas 3JIEKTPO-
HuKa. Marepuabl JUTSl OPTaHUYECKOM DJIeK-
TPOHUKHU.

4 BopnoponHasi >Heprervuka. TOIUIMBHBIE 3JIEMEH-
Tbl. OCHOBHBIE XapaKTEPUCTUKH MaTEPUATIOB
TUTSI TOTUTUBHBIX

DIIEMEHTOB.

5 Kommno3uimonHsle MaTepuajibl HaOCHOBE IO-
nmuMepHbIX Matpull. [lodyyeHne KOMITO3UIMOH-
HBIX IOJIMMEPHBIX MAaTEPUAJIOB.

6 [Bonb-resnb METOABI MOIYYEHHUS HAHOTMOPHIHBIX
[OJIMMEP-METAJUIMYECKUX U TOJMMEp-
HEOPraHU4YEeCKUX MaTEPHUAJIOB.

7 |Yraepoa-yriaepoaHble KOMIO3UIIMOHHBIE — Ma-
repuainsl. CBOMCTBA YTIIEPO-YIJIEPOAHBIX
KOMIO3UTOB.  DynepeHsl. TexHOIOrMYECKHe
CBOMCTBa W MPUMEHEHUE YTIEePO-YIIepOAHbIX|
KOMITO3UIIMOHHBIX MAaTEPUAJIOB.

8 [Hanomarepuaisl JUISE  DHEPTETUKH
HOBBIE TEXHJIOTMU HakormuieHus sHepruu. Co-
3laHUE HAHOMOKPBITHHM JJIs1 OBICTPOro TpaHC-
OpPTA JIMTHSL.

9 [TBepmooKcHIHBIC TOITMBHBIC YJIEMEHTH. HaHo-
TEXHOJIOTHHU B n3rotossiennn TOOTD.

10 [BricokoTemmepaTypHbIe CBEPXIIPOBOIHH-
ku.Cocrtas, cBorictBa unpumenenne BTCII nis
A PexTUBHOTO

MCII0JIb30BAHUSI YHEPTUU.

11 Heyrnepoansie HaHOTpyOkH. Buckepsl.Mare-
pyabl C KOJIOCCATbHBIM COITPOTHUBIICHUEM.

12 @otoHHBIE  KpHUCTALIBL. METOIbI MOTy4e-
HUsl, TIPUMEHEHUE BYJICKTPOHUKE.

13 |CympamonekynsapHsie coeauHenus. Kommek-
Chl THUIIA FOCTh-X03UHY». KiaTpatsl.




14 Tunsl pazmepHbIx 3G PexToB. 3aBUCUMOCTD (HH-

3UYECKUX U XMMHYECKUX CBOMCTB BEUIECTB OT|
pa3Mmepa yacTull. «Bpemst ;ku3Hu» HaHOYACTHII.

15 Jluzaiin CBEpXMPOBOJHUKOB, MAarHUTOB Ha OC-
HOBE HAHOKOMIIO3UTOB.

16 |[KommbroTepHBbIi TU3aiiH HOBBIX MaTE€PHAJIOB.

17 |AqIUTUBHBIE TEXHOJOTUM B aBHAKOCMHUYECKOU
chepe, OOOPOHHOW MPOMBINIIICHHOCTH, MEIH-
IAHE.

18 k3eneHbie» TEXHOJOTHH: WHHOBAIMOHHBIE KO-
IOTUYECKUE PEIEHUs, HAMpaBJICHHbIE Ha CO-
XpaHEHHUE MPUPO/IBI.

19 [[Toaumepsl 1 OMOMOIUMEDHI.

20 |ABHAIIIOHHBIE OpPTaHUYECKUE CTEKIa KaK BaXK-
HBII KOHCTPYKLMOHHBI HEMETAJUIMYECKUN Ma-
Tepual.

21 MaTepMeTalNTNYecKue COCIMHCHHSI B TICPCIICK-
TUBHBIX H3IEIUAX TPAXKITAHCKOW aBHAIMOHHOU
TEXHUKHU.

22 [KOMILJIEKCHBIE CHCTEMbI 3alIUThl KOHCTPYKIIHMA
U3 METAUIMYECKHUX, MOJUMEPHBIX KOMIIO3HUIIH-
OHHBIX MAaTEPHUAJIOB U UX COCTMHEHUN CTOMKHUE K
KOPPO3UH U OMOpPa3pyIICHUIO.

23 [3amuTHBIE METAUTMYECKHE M HEMETaUTMIECKHEC
MOKPBITHSI 111 BOCHHO-TPAHCIIOPTHON aBUAIINN.
24 |OKHCIIUTETFHO-BOCCTAHOBHUTEIILHBIC TTOJIMMEDHI,
PEIOKC-MOHHOOOMEHHHMKH U JJICKTPOHOMOHOO00-
MEHHUKH

25 XuMus B 3BYKOBBIX M JJICKTPUUYECKUX TOJISX.
3Bykoxumusi (CoHOXUMHS). DIEKTPOTHUIPABIIH-
yecKui yaap. MexaHoxumusl.

2.3. UToroBasi nMarHocTuyeckasi padbora no JucCHMILINHE
3AJIAHUS JUISI JMATHOCTHYECKOM PABOTHI ITO JUCIHUIIJIMHE (MOIYJIIO),
NMPAKTHUKE
Komnierenmus:
ITK-1 CriocobeH KOHTPOIUPOBATH MPOBEICHUS UCTIBITAHUN HAHOCTPYKTYPUPOBAHHBIX KOMITO3UITHOHHBIX
MAaTEepHAJIOB C 33JJAaHHBIMU CBOMCTBaMHU.
N-25k1  CrmocobeH  co3maBaTh  IU3aH-TIPOEKT HOBBIX BHJIOB MAaT€pUANOB, B TOM UHCIE
HaHOCTPYKTYPUPOBAHHBIX, U OCYIIECTBISATh MCCIEIOBAaHUE CBOMCTB pa3paOOTaHHBIX KOMITO3MIIMOHHBIX
MaTepUajIoB B COOTBETCTBUHU C TPEOOBAHUSIMH TEXHUUYECKOTO 3aJaHMSI.
3HaTh: collep)KaHWEe AM3aifHa U €ro POJb B COBPEMEHHON IHMBHJIM3AIMN; TEXHUKY JH3aiiHa B CO3/IaHUM
KOMITO3UIITMOHHOTO ~ MaTepuana, B TOM  YHCJIE€  HAHOCTPYKTYPUPOBAHHOTO;  OCOOEHHOCTH
dbopmMooOpa3oBaHus, 1BETOBOM  MamuTphl, (aKTyphl MaTepuaia; OCOOCHHOCTH  pa3pabOTKu
OPUTHHAIIFHOTO JTM3aliHa MPOEKTUPYEMOT0 MaTepualia ¢ 3aJaHHBIMU CBOMCTBAMU;



YMeTh: MOJETUPOBATh NMPOEKTUPYEMbIE MaTepUANIbl C YIETOM TPeOOBAHUN COBPEMEHHOIO AW3aiHa IS
obOecrieueHrss KOHKYPEHTOCIOCOOHOCTH M BOCTPEOOBAHHOCTH TOTOBOTO W3JEHs, pa3padaThiBaTh
IIPOrpaMMbl BBINOJIHEHMSI HAyYHBIX MCCIIEOBaHUM, HAIpaBJIEHHBIX HA CO3JaHHE HOBBIX MaTEpUaIOB, B
TOM YHCJI€ HAaHOCTPYKTYPHUPOBAaHHBIX, C 3a/JlaHHBIMH CBOMCTBaMH; oOpalaThiBaTh W aHAIU3HPOBATH
pe3ybTaThl HAYYHBIX UCCIIEAOBAHUH pa3padOTaHHBIX KOMIIO3UIIMOHHBIX MaTepUAJIOB,;

Binaners: TeopeTHYecKUMU U NPAKTUYECKUMHU  3HAHUSIMH  COBPEMEHHOTO  JIM3aiiHa  HOBBIX
KOMITO3UIIMOHHBIX MaTE€pHaJIOB, B TOM YHUCJIE HAHOCTPYKTYPUPOBAHHBIX, IPUMEHSEMBIX B Pa3IMYHBIX
OTpaciiix MPOMBIIUIEHHOCTH; OpraHu3alueil  MpoBeleHUss HEOOXOAMMBIX  HCCIENOBaHUN U
HKCHEPUMEHTAIBHBIX paboT; TEXHUKAMH BBIOOpa U MPUMEHEHHSI METO/IOB U CPEJICTB aHAJIN3a COCTOSHUS
00BEKTOB MPOECCHOHATBHON AESITETLHOCTH.

Howmep
3anan | [IpaBuiIbHbBINA OTBET Copepxanue Bonpoca
A

Kommerenu
a1

TepMuH, o0003HaAuUarOUMl BHUJ JEATEIBHOCTH, LEJBIO
KOTOpOH sBIsieTCs omnpeaeneHue (GopManbHBIX KauecTB
IIPEIMETOB, IPOU3BOIUMBIX TPOMBIIIIIEHHOCTBIO:

a) CTPOMTEIBCTBO;

0) oOpabaThIBaroIasi MPOMBIIIJICHHOCTD;

B) AM3aiiH.

[1K-1

[Ipr mpOEKTHPOBAHUM TPOMBIIIICHHOTO W3NS HE00-
XOJMMO YYUTHIBATh:

2 a) MaTepuaJl, KOHCTPYKIHMH, TEXHOJIOTHH;

0) Bpems, hopmy;

B) 00beM, QyHKIHNH;

T') CBOWCTBA, NTAPAMETPHI.

[1K-1

YcTaHOBH COOTBETCTBHE MEX]Y YIJIEPOJHBIM HaHOMATE-
pHAJIOM U €ro aJJIOTPOIHON MoauduKanueit:

I1K-1

a) rpades;
0) hymnnepen;
B) YIJICPO/IHAsI HAHOTPYOKa.

CoBpeMeHHast KiaccUpUKAUS YIJIEPOAHBIX HAHOOOBEK-
toB cornacHo I'OCT P 55417-2013 HanotexHosoruu.
Yacts 3. HaHOo0OBEKTHI yriaepoausie. Tepmuna u onpee-
4 a JICHUS Pa3JIUYaEeT yriepoaHOE HAHOBOJOKHO KakK: IK-1
a) carbon nanofibre, CNF, YHB;
©0) carbon nanocone, CNC,;

B) carbon nanotube, CNT, VHT.




MopenbHOe TpeicTaBIeHUE Mpoliecca 00pa30BaHus yTI-
JIEPOTHBIX HAHOTPYOOK IMyTEM CBEPTKH I'pa)€HOBOTO JIU-
cra:

a) XupaJbHas;
0) 3ur3ar;
B) KpecJo.

I1K-1

Mogens  TONEPEYHBIX  CTPYKTYP  MHOTOCIOWHBIX
HaHOTPYOOK:

a) «pyccKasi MaTpeIKay;
0) mecTUTPaHHAS PU3MA;
B) CBUTOK.

[1K-1

[Toryuenue momuMep-QyIIePEHOBBIX KOMITO3HIIHOHHBIX
MaTEepHaJiOB OCHOBAHO Ha CIIEAYIOIIUX TEXHOJIOTMUYECKUX
npreMax:

a) pacrblJICHHEM;

0) ocakIeHHEeM KOMIIOHEHTOB;

B) CMeLIMBAHMEM MOPOLIKA (yjjiepeHa ¢ pacnjiaBoM
WM PACTBOPOM MoJIMMepa.

I1K-1

OHMM U3 CaMBIX PacpPOCTPAHEHHBIX XUMUUYECKUX METO-
JIOB TIOJTYYESHHUST BEICOKOIUCTIEPCHBIX TTOPOIITKOB HUTPH-
JI0B, KapOu10B, OOPUI0B 1 OKCUIOB SIBIISETCS:

a) IlnazMoxumMmn4ecKuid CHHTE3;

0) ['a3oda3ublii cuHTE3;

B) OcaxJieHNe U3 KOJIJIOUJHBIX pACTBOPOB.

I1K-1

[IpenmouTuTeNnbHBIMU A1 HEOPTaHMUYECKUX HAHOKPHU-
CTaJIJIOB SIBJIIFOTCSI CTPYKTYPBI:

a) reKcaroHajibHasi TYrOylnakoBaHHas;

0) rekcaroHajibHasi INIOTHOYNAKOBAHHAS ;

B) I'PaHEllCHTPUPOBAHHAs KyOHYeCcKas;

r') 00beMHO-LIEHTPUPOBaHHAsS KyOudeckasl.

I1K-1




10 B IK-1
a) 0CEBOE pPacTsIKEHUE,
0) paauaJIbHOE CXKATHE;
B) JilJiepoBCcKas aedopmanusi.
CxemaTnueckoe wu3oOpakeHHE O00pa3oBaHUs SYEHUCTOM
CTPYKTYpHI B YIJIEpOIHAS HAHOTPYOKa/371acTOMEp KOMITO-
3UTaX:
11 a IK-1
a) TpexMepHasi COTOBasA CTPYKTYpA;
0) MepKOIAUOHHAS CETh,
B) YAaCTHYHAS STYEUCTAsI CTPYKTYpA.
duznyecKkue METOAbl UCCIEAOBAHNS HAaHOMATEPHAIIOB:
a) nH(ppakpacHas CIIEKTPOCKOIIHSI;
12 0,B 0) ckaHupYyOIIasi 30HA0Basi MUKPOCKOIIHS, [1K-1
B) IOBEPXHOCTHBI NJIA3MOHHBIN Pe30HAHC;
') ONTHYECKast MUKPOCKOTIHSL.
X-TUN HAaHOIUIEHOK JIeHrMropa-biomKeTT:
13 a [K-1
a 0 8
B ckanupyromieit 371eKTpOHHOM MHUKPOCKOIHMH M300pake-
HUE UCCIIEyeMOT0 HaHOOOBEeKTa GOpMUpPYETCS MpPU CKa-
HUPOBAHUU €r0 IMOBEPXHOCTH TOYHO C(HOKYCHPOBAHHBIM
14 5 Jy4OM DJIEKTPOHOB. Tako¥ JIyd 4acTo Ha3bIBAIOT. .. K-1
a) 0Ke-2JIeKTPOHaMH,
0) 3JIEKTPOHHBIM 30H/I0M;
B) YIIPYropaccesitHbIMU AJIEKTPOHAMH.
MeToa CEeKTpOMETPHUH HCCIEAYeMOr0 HAaHOOOBEKTa MPHU
JUTMHE 3JIEKTPOMArHUTHOW BOJIHBI A = 10°-10% m
15 a a) PEHTIeHOCKONMNS ; MK-1

0) y-pe30HaHCHAsI CIEKTPOMETPHS,
B) ONTUYECKAs CIIEKTPOMETPHSI.




16 HaszoBute BuibI 1u3aiiHa U X 0COOEHHOCTH I1K-1

17 [lepeuncnure OCHOBHBIE (DYHKIMH JH3aiiHA I1K-1
Yro Takoe TEXHUUYECKasi SCTETUKA M MPOMBIIUICHHBIN TH-

18 . I1K-1
3aiiH?

19 VKakure 3JeMEHTbl HMHXXEHEPHOro obOecredyeHus IMpo- TK-1
MBIIUIEHHOIO JU3aiiHa
Yro mpexcraBiseT coOON amIOTPONUYECKUE MOJU(HKa-

20 UM XMMHYECKOTO DJIEMEHTa M KaKHe OBIBAIOT aJuIOTPO- K-1
nu4yeckue MoAuQpuKauu yriepoaa?
CoBpeMeHHast Ki1acCU(UKAIUS YIIIEPOIHBIX HAHOOOBEK-

21 toB corinacHo ['OCT P 55417-2013 HanotexHonorumu. MK-1
Yacts 3. Hano-o0bexThl yriaepoansie. TepmuHa U ompe-
JIeNIeHHsl pa3Inyaer:
Meton HaHeCeHHS HaHOCTPYKTYPHPOBAHHBIX IUICHOK M

22 HOKPBITUH (PU3MYECKUM OCAXJIECHUEM M3 MapoBoi (a3bl — I1K-1
PVD — texHonorus: npeuMyuiecTBa U HeJJOCTaTKH.
Buasl MOHHO-TUIa3MEHHBIX METOOB  IIOJyYEHHS HaHO-

23 CTPYKTYPUPOBAHHBIX IIJIEHOK U OKPBITHIM I1K-1

24 HazoBute (hakTopel, BIHSIOIMIME HAa MEXaHHW3M pOCTa TK-1

HaHOIIJICHOK.




Kakue Metopl noaydeHus: HAHOCTPYKTYPHBIX MaTepua-

25 I1K-1
JIOB BbI 3HaeTe?

26 Kakue ObIBatOT MeXaHM3MBbI POCTa HAHOIUICHOK IPU TeTe- K-1
POSIUTAKCUN

7 [TpenMyIecTBO METOAa XMMUYECKOTO OCAKIACHUE W3 Ta-
poBoii pazel (CVD)
Kak OCYILECTBIISAETCS XUMHYECKast cbopka

28 MOBEPXHOCTHBIX HAHOCTPYKTYP Ul TIOJXYYEHHUS HaHO- [1K-1
CTPYKTYPHUPOBAHHBIX KOMIIO3UTOB U MTOKPHITHIA?

29 WuTepmeramnuapl:  cnocoObl  MOJIYYEHUS] W HX K-1
CTPYKTYpPHBIE THIIBI.

30 HanoceHncopsl, NoHsATHE, BUIBI H 00JaCTH IPUMEHEHUS [1K-1




