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OBILIASA YACTD

OneHouHblE MaTepHallbl 10 AUCLUUIUIMHE TMpPEAHA3HAYEHbl MJI OLEHKU: JOCTHKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OrneHouHble MaTepuallbl MO JUCHUIUIMHE BKIIOYAIOT OLEHOYHBIE CPEICTBA I MPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. [TK-1 CnocoGeH aHaTM3UpOBaTh U MOJICITUPOBATH (PU3HUECKHUE TIPOIIECCHI B DJIEMEHTaX
HHEPTEeTUYECKOT0 000pyI0BaAHHS
NJ1-2 Bnaneet HaBbIKaMH pacueTa TeIIOTUAPABINYECKUX MTPOLIECCOB B 3JIEMEHTaX
HHEPTeTUYECKOr0 000pyI0BaHMS, HABBIKKA TOCTOOPAaOOTKU pe3ylIbTaTOB PACUE€TOB U
KOMIIBIOTEPHOT'0 MOJIETTUPOBAHUS 3TUX MPOIIECCOB

2. I1K-3 T'0TOB caMOCTOSITENILHO OIPENEATh HAIPaBICHUE U XapaKTep MPOBOIUMBIX
UCCIICIOBAaHUM, YIUTHIBATh COBPEMEHHBIE TEHJICHIIMM PA3BUTUS HAHOPA3MEPHBIX CUCTEM U
YCTPOMCTB
NJ1-2 3HaeT OCHOBHBIE HAIIPABJIECHUS Pa3BUTHS U COBPEMEHHBIE TEHICHIIMM IIPU pacdyeTe U
aHanmu3e 3(pPEeKTUBHOCTH HAHOPA3MEPHBIX CUCTEM M YCTPOUCTB

K BKJIFOYACT:
AJIS TEKYIIEro KOHTPOJIA YCII€EBAEMOCTH

dPopma peanuzauuu: [TucbmenHas padora
1. Kunetndeckue MeToibl B IiepeHOCe Teria B HaHOCTpYKTypax (KontponbHas padota)
2. MexaHu3Mbl iepeHoca Teruia B HaHoxkuAkocTsax (KoHTponbHas pabota)
3. HanocTpykTypHupoBaHHbIe TepMOdJIeKTpruueckre Matepuaisl (KonTponbHas padbora)
4. PazmepHble 3¢ (eKThl U TEMIONEPEeHoca B OJHOMEPHBIX, IBYMEPHBIX U TPEXMEPHBIX
HaHOCTpYKTypax (KoHtponpHas pabota)
5. Pacuer oxJia)kaeHus1 yCTpOMCTB MUKPO- U HaHOAIeKTpoHUKHU (KoHTponbHast paboTa)
6. YpaBaenue bonbumana s poHoHOB. Mexanu3Mebl paccesiHust GoHoHOB (KoHTpoiabHas
paborta)

®dopma peanusaiuu: Y cTHas popma
1. Pa3paboTka HOBBIX TEXHOJOIMI HA OCHOBE HAHOKUAKOCTEH 1 HAHOKOMITO3UTOB
(KonmnoksBuym)
2. TennoBast cTaOMIIBHOCTH PabOTHl HAHOMATEPHAJIOB, HAHOTEXHOJIOT M U HAHOYCTPOWUCTB
(KonmnoksBuym)

BPC nucuuIInHbI

2 cemMecTp
Beca KOHTpOIBHBIX MeponpusITHii, %o
Wanekc KM- | KM- | KM- | KM-
Pa3nen muciuInuinebl KM: 1 5 3 4
Cpok KM: 4 8 11 15

BBenenue B TemI0pU3NKy MUKPO- U HAHOCUCTEM




BBenenue B Temopu3nKy MUKpPO- U HAHOCUCTEM

MGTOI[BI OXJTAXACHHUS SJICKTPOHHBIX YCTpOﬁCTB

MGTOI[BI OXJTAXACHHUSA SJICKTPOHHBIX YCTpOﬁCTB

[TpocTpaHcTBEHHBIE  BpEMEHHBIE MAcIITa0bl IPU BHYTPEHHEM

IMEPEHOCE DHCPIUM U TCIIJIa

[TpocTpaHCcTBEHHBIC  BpEMEHHBIE MAcIITa0bl IPU BHYTPEHHEM

IMEPEHOCE DHCPIUU U TCIIJIA

MI/IKpOCKOHI/I‘leCKI/Ie OCHOBBEI TCPMOIIEPCHOCA

MI/IKpOCKOHI/I‘-IGCKI/IC OCHOBBI TCPMOIICPCHOCA

Kunernka nepeHoca tersia B HAHOCTPYKTypax

Kunernka nepeHoca tersia B HAHOCTPYKTypax

TerutonepeHoc B HAHOTPYOKax U rpadeHe

TemonepeHoc B HAHOTPYOKax

Tennonepenoc B rpadene

Bec KM:

10

25

30

35

3 cemecTp

Pazgen nucuuIinHbL

Beca kOHTpOIBHBIX MepOnpUITHIL, Y0

Nunexc
KM:

KM-5

KM-6

KM-7

KM-8

Cpox KM:

4

8

11

15

TermonepeHoC B HAHOKOMITO3UTaX

TennonepeHoc B HAHOKOMITIO3HUTax

TennonepeHoc B HAHOXHUIKOCTAX

TennonepeHoc B HAHOXHUAKOCTAX

MI/IKpO' U HAHOTUJAPOANHAMHUKA

MI/IKpO- U HAHOTUJAPOANHAMHUKA

Oco0eHHOCTH HAaHOCTPYKTYPUPOBAHHBIX TOBEPXHOCTEH

Oco0eHHOCTH HAaHOCTPYKTYPUPOBAHHBIX MIOBEPXHOCTEH

TeopeTnueckre MOAEIN CMaYUBaHUS

VYrpaBieHre CMaYHBaHUEM, paCTEKaHHUEM.
CynepruapodoOHOCTb.

IIpoueccsl Ha HAHOCTPYKTYPUPOBAHHBIX TTOBEPXHOCTSIX




TemonepeHoc B TEPMOIIEKTPHUUECKUX HAaHOMaTepHaiax

TemaonepeHoc B TEPMOIIEKTPHUECKUX HaHOMATEpHalax +

OnyKTyaluu 3JIEKTPOMArHUTHOT'O TOJISE KaK HCTOYHUK

TEIUIOBOTO M3JTYYCHUS

ParalinoHHBIN TEIJIONEPEHOC B HAHOCTPYKTYpax +
Bec KM: 15 25 35 25

$O061as yacte/J1j1s MPOMEXKYTOUHOM arTecTanuud




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

1. Oyenounvie cpeocmea 011 OUeHKU 3ANIAHUPOBAHHBIX PE3YIbIMAM 06 00yUeHUA NO OUCUUNTIUHE, COOMHECEHHBIX C UHOUKAMOpamu
00CMUIICCHUS KOMNEemeHY Ul

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMIIETEHIIUH pe3ysbTaTel  00y4eHMsI IO
JUCIUILINHE
IK-1 N J-2mx-1 Bnaneer | 3nath: Pacuer oxnaxaeHus: ycTpoiCTB MUKPO- U HaHOAJIeKTpoHUKH (KoHTposbHas
HaBbIKAMU pacuera | crocoObl pacyeTa MmpoleccoB | padora)
TEIUIOTUIPaBIMYECKUX IepeHoca TerJa B Kunernueckue MeTobl B IEPEHOCE TEIIa B HAHOCTPYKTYpax
IPOLECCOB B  3JEMEHTaX | HAaHOMaTepHallax u (KontpomnpHas padora)
HHEPreTUYECKOro HAaHOCHCTEMAX C LENbI0
o0opymoBaHus, HABBIKU | IPUMEHEHHUS UX Ha
nocTo0paboTKH MPaKTUKE IS pa3pabOTKH
pe3yNbTaTOB  PAacueTOB U | HOBBIX (DYHKIIMOHATBHBIX
KOMIIBIOTEPHOIO MaTepuasoB
MOJIETTUPOBAHUS 9TUX | YMETh!
MIPOLIECCOB MIPOBOJUTH TEIJIOBHIE
pacueTbl B HaHOMaTepuanax
1 HAHOTEXHOJIOTUSIX
I1K-3 NJ-2nk-3 3HaeT OCHOBHBIE | 3HATH: VYpaBuenue bonbrimMana 11 GoHOHOB. MexaHM3MbI paccessHusl POHOHOB

HalpaBJICHHUA Pa3sBUTUA U

COBPEMCHHBIC  TEHJICHIIUU
Opyd  pacyere M aHAIK3e
3¢ (HeKTUBHOCTH

HAaHOPA3MEPHBIX CHUCTEM H
YCTPOMCTB

MeXaHU3MBI IIepeHoca Teria
B HAaHOXKHUJKOCTAX U
HAaHOKOMIIO3HTaX, B
HaHOCTPYKTYPHUPOBAHHBIX
TEPMOIJICKTPUICCKUX
MaTepuaax

BBIOOD MapamMeTpoB
TETJIOBBIX MpoOIleccax B
HAaHOCUCTEMaxX U
HaHOCTPYKTYPUPOBAHHBIX
Marepuaigax, 0COOCHHOCTSIX

(KontposnbHas pabota)

TenoBast cTabMIIBHOCTE pabOTHl HAHOMATEPHUATIOB, HAHOTEXHOJIOTHHA U
HaHoycTpoiicTB (KomiokBuym)

PazmepHsble 3¢ deKxThl U TerionepeHoca B 0THOMEPHBIX, IBYMEPHBIX U
TpexXMepHbIX HaHOCTpYKTypax (KoHTposbHas paboTa)

MexaHu3Mbl IepeHoca Teria B HaHokuakocTsax (KonrponbHas padora)
HanoctpykTypupoBaHHble TepMOdIIeKTprudeckue Marepraisl (KonTponbHast
paborta)

Pa3paboTka HOBBIX TEXHOJIOTHI HA OCHOBE HAHOKHUIKOCTEH 1
HaHOKOMITO3UTOB (KonokBrym)




pa3mepHBbIX 3 exToB u
TEIUIONEpeHoca B
OJTHOMEPHBIX, IBYMEPHBIX U
TPEXMEPHBIX
HAHOCTPYKTYpax

METO/Ibl pacuera MpoIEeCCOB
nepeHoca Terja B CUCTeMax
MPSIMOTO MIPe0Opa30BaHUS
SHEPIUH C MPUMEHEHHEM
HAaHOTEXHOJIOTUH U
HaHOMaTEepPHAJIOB

YMers:

MIPOBOJIUTH PACUETHI
sHeprodhPpeKTUBHOCTH
THUTIOBBIX
HAaHOTEXHOJOTUYECKUX
YCTPOMCTB

oJI0MpaTh HAHOKHUJIKOCTH U
HAaHOKOMITO3UTBI JJISI
TUTIOBBIX
HAaHOTEXHOJOTHIECKUX
YCTPOMICTB

MIPOBOJIUTH TEIUIOBBIC
pacueTbl B HAHOKUAKOCTSIX U
HAaHOKOMIIO3HTaX, B
HaHOCTPYKTYPHUPOBAHHBIX
TEPMOIJICKTPUICCKUX
MaTepuanax




1I. Cooepicanue oyenounvix cpeocme. Illkana u kKpumepuu oyenusanus
2 cemecTp

KM-1. Pacuyer oxJiax1eHusi yCTPOHCTB MUKPO- H HAHOJJIEKTPOHUKHU

®opmbl peanauzanuu: [luceMennas padora

Tun kouTposbHoro Mmeponpusitusi: KonrpospsHas padora

Bec koHTpobHOr0 Meponpustusi B BPC: 10

IIpouenypa npoBeeHNsi KOHTPOJIBLHOr0 MeponpusaTusi: KourposnbHas paborta

KpaTlcoe CodcpiKaHUuE 3alaHUA:
Breraucnutb LJINHY CBO6OI[H01"0 npo6era 9JICKTPOHOB B AJIIOMUHHNU U TCMIICPATYPC
500 °C IIpu KOMHATHOH TEMIICPpATypPEC, UCXOAA U3 TCIUIOIPOBOAHOCTH, TCTIIIOCMKOCTH U
CKOPOCTH JJICKTPOHHOI'O I'a3a

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3HaTh: CHocoObI pacuera 1.BoruncnuTh AMUHY CBOOOAHOTO MPOoOera AJIeKTPOHOB B

MPOLECCOB IEpeHoca Terjia B amoMuHAU 1 Temmeparype 500  °C npu KOMHATHO#

HaHOMAaTepHalax U HAHOCHUCTeMax TEeMIIepaType, UCXO0/I U3 TETUIOMPOBOIHOCTH,

C 1eJbI0 TIPUMEHEHUs UX Ha TEIUIOEMKOCTH U CKOPOCTH 3JIEKTPOHHOTO rasa

MpaKTUKE A pa3pabOTKH HOBBIX

(YHKIIMOHATBHBIX MaTEpPUAJIOB 2.BBIYUCIINUTD YacTOTHI KOJIeOaHUI KPUCTATIINYECKOM
pELIeTKH MeU MPY BOJHOBBIX YHCIaX, OJU3KHUX K Z

Onucanue MIKAJbI OLlEeHUBAHUS

Ouyenxa: 5
Huosienuii nopoe sévinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTIUYHO" BBICTABIISETCS €CIIH 3aJaHNe
BBITIOJTHEHO B MOJIHOM 00'beMe WIJIH BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4
Huodienuii nopoe sévinonnenus 3adanus 6 npoyermax: 60
Onucanue xapaxmepucmuxu evlnoinenus 3Hanus: OLeHKa "X0opoIo" BEICTaBISETCS €CITN
OOJIBIIIMHCTBO BOIPOCOB PACKPBITO. BBIOPAHO BEPHOE HANPABJICHUE JJIS pelIeHUs 3a/1a4

Oyenka: 3
Huorcnuii nopoe svinonnenus 3aoanus 6 npoyenmax. 50
Onucanue xapaxmepucmuxu evinoineHus sHanus: OneHkKa "yI0BIEeTBOPUTEIBHO" BHICTABIISAETCS
€CITM 3aJJaHue MPEUMYIIECTBEHHO BBITIOTHEHO

Oyenka: 2
Onucanue xapaxmepucmuxu evinoanenusi snanus: OTNeHKa "HeyTOBICTBOPUTEIIHHO" BEICTABIICTCS
€CJIM 3aJIaHUE BBIITOJIHEHO HEBEPHO UJTU MPEUMYIIECTBEHHO HE BBIMOJHEHO

KM-2. Ypasaenue boiabumana niis1 poHoHoB. MexaHu3mbl paccesinisi (pOHOHOB

®opmbl peaausanun: [lucemennas padbora

Tun koHTpoabHOro Meponpusitusi: KontponsHas pabora

Bec konTposbHoro meponpusitusi B BPC: 25

IIpoueaypa npoBeieHNsI KOHTPOJILHOr0 MeponpusaTusi: KoutponbHas pabota




Kpartkoe cogep:kanue 3aJaHus:
Boruncnauts cpepaee uncio pononos 1013 cex™! cek-1 B npenene kzT > hw npu 300K u
400K

KoHTposibHbIEe BONPOCHI/3aJaHUA:

3HaTh: METO/IBI pacueTa MpPOIECCOB 1.CpaBHHTH JUIUHBI CBOOOHOTO MPoOera MEKTPOHOB U

IepeHoca Temia B CHUCTEMax (¢ononoB B 30mote ipu 1K 1 100K

IPAMOro MPeoOpa3oBaHus SHEPIUH 2. Beruncnuts cpeanee uncio Goronos 1013cex™! cek-1

C NPUMEHEHUEM HaHOTEXHOJIOTUH B ripenene kgT > hw npu 300K u 400K

¥ HAHOMAaTEpUAJIOB 3.Boruncnuth AnuHy cBo60AHOTO Mpodera (POHOHOB B
kpuctaye renus npu 1K

Onucanue MKAJbI OICHUBaAHUSA:

Ouenxa: 5
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapakmepucmuku blnonenus 3nanus.; OueHka "oTIMYHO" BBICTABIISIETCS €CJIU 3aJJaHue
BBITIOJIHEHO B MOJIHOM 00BEME HJIM BBIITOIHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 60
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: OeHKa "Xopoio" BEICTABISAETCS €CITU
OOJIBIITMHCTBO BOIPOCOB PACKPHITO. BBIOPAHO BEPHOE HANIPABIICHUE JIJISl PEIICHUS 3a/1a4

Oyenka: 3
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 50
Onucanue xapakmepucmuxu evinonnenus 3nanus: O1neHKa "yI0BIeTBOPUTEIHLHO" BHICTABIISETCS
€CIIM 3aJIaHUE MPEUMYIIIECTBEHHO BBITIOJHEHO

Oyenka: 2
Onucanue xapaxmepucmuku 6vinoaneHus snanus: OLeHKa "Hey10BIETBOPUTEIIBHO" BBICTABIIAETCS
€CJIM 3aJIaHUE BBIITOJIHEHO HEBEPHO WUJIU MPEUMYIIECTBEHHO HE BBINOJIHEHO

KM-3. Kuneruueckune MeTo/bl B ePeHOCE TEMJIA B HAHOCTPYKTYypax

®opmbl peanuzanuu: [luceMenHas padora

Tun koHTpobHOrO MeponpusTus: KourponsHas pabota

Bec koHTpObHOrO Meponpusitusi B BPC: 30

IIpouenypa npoBeaeHnss KOHTPOJILHOro MmeponpusaTusa: KonrpoiabsHas pabora

Kpatkoe conepxanue 3aganus:
Haiitu ne-6poitneBckyro JuinHy 35eKTpoHoB pu Temneparypax 1K, SK u 100K

KoHTpoJibHbIE BOIPOCHI/3a/1aHUA:

YMeTb:  NpOBOAWUTH  TEIUIOBBIE 1.Haiitu ne-6poiteBckyio IIMHY 3JIEKTPOHOB MPU
pacdyeTsl B HaHOMAaTepuallax U temneparypax 1K, SKu 100K
HAHOTEXHOJIOTUSIX 2.BBIYMCINTD JJIMHY CBOOOTHOTO Mpolera 31eKTPOHOB B

MeEM NpU KOMHATHOM TeMriepaTtype u temneparype 200
0C, ucxos U3 TEMIONPOBOIHOCTH, TEMIIOEMKOCTH U
CKOpOCTH 3JIEKTPOHHOTO ra3a

3.Haiitu neGaeBckyto (MaKCUMalbHYIO) 4acTOTY AJIs
KpHUCTaioB (ocdopa

Onucanue MKaJbl OLICHUBAHUA:

Ouyenka: 5




Huodicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapakmepucmuku btnoanenus 3uanus.; OueHka "oTIMYHO" BBICTABIISIETCS €CIIU 3aJJaHUE
BBITIOJTHEHO B MOJIHOM 00'bEME WIIH BBITIOHEHO MMPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4
Huodicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 60
Onucanue xapakmepucmuku ebtnoanenus 3uanus. OueHka "Xopomio" BbICTABISAETCS €CIIH
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO. BRIOPAHO BEPHOE HAMPABICHUE JUIsI PEIICHUS 3a/1a4

Ouenxa: 3
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapakmepucmuku ebtnonenus 3uanus. OueHka "yJ10BICTBOPUTEIHHO" BBICTABIISETCS
€CJIM 3aJJaHuE PEUMYIIECTBEHHO BHITIOJIHEHO

Ouenka: 2
Onucanue xapaxmepucmuxu evinoinenus snanus: ONeHKa "HeyIOBICTBOPUTEIILHO" BEICTABIISCTCS
€CIIM 3a/IaHUE BBITIOJTHEHO HEBEPHO MJIM MPEUMYIIECTBEHHO HE BBITOIHEHO

KM-4. TenuioBasi cTa0MJIbHOCTH PA00OTHI HAHOMATEPHUAJTIOB, HAHOTEXHOJIOTHI U
HAHOYCTPOICTB

®opmbl peaausanun: YcrHas popma

Tun KoHTpPoJIBLHOr0 MeponpusiTus: Komioksuym

Bec koutposabHoro meponpusitusi B BPC: 35

IIpouenypa npoBeaeHusi KOHTPOJLHOTO Meponpusitusi: Kosmoksuym

Kpartkoe cogep:xxanue 3aganus:
OTBETUTH HA MOCTABJICHHBIN TEOPETUUECKUNA BOIIPOC

KoHTpoJibHBbIC BONIPOCHI/3aJaHHA:

YMmeTs: IPOBOAUTH  PacyeThbl 1. «"opsiurie TOUKU» B MUKPO- U HAHOAJIEKTPOHUKE
HHEProd(PPEeKTUBHOCTH  TUIOBBIX 2.3akoH Mypa u «rensoBasi CTEHa»
HAHOTEXHOJIOTUYECKHX YCTPOUCTB 3.0T1BoOA TeIIa OT MUKPO- U HAHOZJIEKTPOHHBIX

YCTPOMCTB: MEXaHU3MbI U TPUMEPHI

4.TIporiecchl TeIIoCheMa C HHTETPAIbHOTO MUKPOUHUTIA U
METObI TEPMOCTAOMIIN3ALIUN

5.TennonepeHoc B HAHOIIPOBOJIOKAX. Bkitag pasmepHsbIxX
¢ dexToB

6.TemonepeHoc B yriiepoHbIX HAaHOTpYOKax. Bxman
pa3mepHBIX 3¢ dexToB

7.TenmonepeHoc B rpadeHe U ero 0COOEHHOCTH.

Onucanue MKAJbI OIICHUBAHUSA:

Ouyenka: 5
Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapakmepucmuku vtnoanenus 3nanus.; OueHka "oTIMYHO" BBICTABIISIETCS €CIIN 3aJJaHNE
BBHITIOJTHEHO B MOJIHOM 00'beME WIJIHM BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4
Huodicnuii nopoe sévinonnenus 3adanus 6 npoyenmax.: 60
Onucanue xapakmepucmuku evtnoanenus 3uanus. OueHka "Xoponio" BbICTABISETCS €CIU
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABJICHHE [Tl PEIICHUS 3a/1a4

Oyenka: 3
Huoichuii nopoe svinonnenus sadanus 6 npoyernmax. 50
10




Onucanue xapaxmepucmuxu evinoaneHus snanus: OueHKa "y10BIETBOPUTENIBHO" BBICTABIISAETCS
€CIIM 3aJJaHue MPEUMYIIECTBEHHO BBITOJIHEHO

Oyenka: 2
Onucanue xapakmepucmuku 8binoanenus 3uanus. OueHka "Hey10BIETBOPUTEILHO" BBICTABIIACTCS
€CJIM 3aJ]JaHUE BBITIOJIHEHO HEBEPHO WJIM MPEUMYILECTBEHHO HE BBITTOJIHEHO

3 cemecTp

KM-5. PazmepHblie 3@ eKThbI U TEIIONEPEHOCA B OJHOMEPHBIX, IBYMEPHbIX H
TPeXMEPHbIX HAHOCTPYKTYpPax

®opmbl peaquzanun: [TuceMennas padora

Tun KoHTpoIBHOr0 MeponpusaTus: KontponsHas padora

Bec konTpoabHoro meponpusitusi B BPC: 15

IIpouenypa npoBeaenusi KOHTPOJIbLHOro0 Meponpusitusi: KonrponsHas padota

KpaTkoe conep:kanue 3a1aHusi:
OTBETUTH HA TEOPETUICCKUI BOIIPOC

KoHTpoJibHbIE BOIPOCHI/3a/1aHUA:

3HAaTh: BbIOOp I1apaMeTpoB 1.9¢dexTrBHAs TEMIONPOBOJHOCTH HAHOKOMIIO3HUTOB;
TEIJIOBbIX nporeccax B y4eT TPaHUYHOI0 TEPMUYECKOTO COIPOTUBIICHUS
HaHOCHCTEMAX U Kannust
HAaHOCTPYKTYPHUPOBAHHBIX 2.0co0EHHOCTH TEIIOBBIX CBOMCTB PAa3IMYHBIX
MaTepuanax, 0COOEHHOCTSIX HaHOKOMIIO3UTOB; TEIUIONPOBOAHOCTb IPpa)eHOBBIX
pa3MepHbIX a¢dexToB u HaHOKOMIIO3UTOB
TEIJIONEPEHOCA B  OJHOMEPHBIX, 3.Bs3KOCTh HAHOKUJIKOCTEH: SKCIIEPUMEHTHI U
JBYMEPHBIX U TPEXMEPHBIX TEOPETUUECKHE MOJIETH
HAHOCTPYKTYpax 4. TemonpoBOTHOCTh HAHOXKHUIKOCTEH: SKCIIEPUMEHTHI U
MIPOCTENIIINE MOJIETH
5.I'paHn4HOE TEPMOCONPOTUBIIEHUE (COMPOTUBIIEHNE
Kanuis); ob1ye nmpeacTaBiaeHus
6.Monens akyctuyeckoro ummnenanca (AMM)
7.Mopens nuddysnonnoro nmnenanca (DMM)

Onucanue MIKAJbI OLlEHUBAHUS

Ouyenka: 5
Huodienuii nopoe sévinonnenus 3adanus 6 npoyermax: 10
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISETCS €CIIH 3aJaHue
BBITIOJTHEHO B MOJIHOM 00'beMe WIIH BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4
Huodicnuii nopoe evinonnenus 3aoanus 6 npoyermax: 60
Onucanue xapakmepucmuku evtnoanenus 3uanus. OueHka "Xoponio" BbICTABISETCS €CIU
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABJICHHE [T PEIICHUS 3a/1a4

Oyenxa: 3
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax. 50
Onucanue xapaxmepucmuxu evinoineHus sHanus: OneHka "yI0BIEeTBOPUTENIBHO" BHICTABIISAETCS
€CITM 3aJJaHue MPEUMYIIECTBEHHO BBITIOTHEHO

Oyenka: 2
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Onucanue XapakmepucmuKu 6blNOJIHEHUSl 3HARUA.! OI_IGHKa "HCYI[OB.HCTBOpI/ITCJIBHOH BBICTABJIACTCSA
€CJIK 3aaHNEC BBIITOJIHEHO HCBCPHO HUJIN IMTPEUMYIICCTBEHHO HE BBIITIOJITHEHO

KM-6. MexaHu3Mbl EPEHOCA TENJIa B HAHOKUIKOCTSIX

®opmbl peaauzanuu: [luceMennas padora

Tun kouTposabHoro Mmeponpusitusi: KonrpossHas padora

Bec koHTpOBbHOrO0 MeponpustTusi B BPC: 25

IIpoueaypa npoBeeHNsi KOHTPOJIBLHOr0 MeponpusaTusi: KoutposbHas paborta

Kpartkoe conep:xanue 3aganus:
Pemmts 3amauy

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

3HaTh:  MEXaHM3MBI  IEpeHOoca 1.BBIYUCIINTh KOHTAKTHBIN YTOJI JJIs1 KAIUTd BOJIBI HA
TEIUIAa B  HAHOKHUIKOCTAX U MTOBEPXHOCTH TJIAJKOTO HUKEJIS MPH Temiieparypax 20,
HaHOKOMITO3HTAX, B 30,50 u 70  °C B Bo3ayxe. [locTpouTh TEeMIIepaTypHyto
HAHOCTPYKTYPHPOBAHHBIX 3aBUCHMOCTh KOHTAKTHOTO yTJIa.

TEPMOAJIEKTPUYECKUX MaTepHuaIax 2.BBIMUCINTE CPEHION JUIMHY CBOOOHOTO TIpodera

ra3oBbIX MOJIEKYJI BO3/yXa Uyepe3 MIOTHOCTh MOJIEKYJI
uaeanbHoro rasa npu remmneparypax 300K, 400K u 500K
Py aTMOC(EPHOM JIaBIICHUHU.

Onucanne MKAJbI OIlEHUBAHUS

Ouyenxa: 5
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 70
Onucanue xapakmepucmuxu eblnoinerus 3Hanus: O1eHKa "0TINYHO" BBICTABIISIETCS €CIIM 3aJaHNe
BBHITIOJTHEHO B MOJIHOM 00'beMe WIIHM BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouenka: 4
Huodicnuii nopoe svinonnenus 3adanus 6 npoyermax: 60
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OLeHKa "X0opoIo" BICTaBISETCS €CITN
OOJIBIIIMHCTBO BOIPOCOB PACKPBITO. BBIOPAHO BEPHOE HAIPABJICHUE JJIS pEIIeHUs 3a/1a4

Oyenka: 3
Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapakmepucmuxu ebinoanenus snanus: OueHka "yIoBIeTBOPUTENBHO" BBICTABIISETCS
€CIIU 3a/1aHue NMPEUMYILECTBEHHO BHITIOJIHEHO

Oyenka: 2
Onucanue xapaxmepucmuku 6vinoaneHus snanus: OLeHKa "Hey10BIETBOPUTEIIBHO" BBICTABIIAETCS
€CJIM 3aJIaHUE BBIITOJIHEHO HEBEPHO WUJIU MPEUMYIIECTBEHHO HE BBIOJIHEHO

KM-7. HaHOCTPYKTYpHPOBaHHbIE TEPMOIJIEKTPHYECKHE MAaTEPHAJIbI

®opmbl peanusanun: [lucemennas padbora

Tun kouTpoabHOro Meponpusitusi: KontponsHas padora

Bec konTposbHoro meponpusitusi B BPC: 35

IIpoueaypa npoBeieHNsI KOHTPOJIBLHOr0 MeponpusaTusi: KoHtponbHas paboTta

Kparkoe conepxkanue 3aianus:
Pemuts 3apauy

KoHTpoJibHbIe BONIpOChI/3aJaHUA:
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YMeTh: moadupath HAaHOKUIKOCTH 1.Beraucnuts sHeprun ['mu66ca 1151 Karim BObI,

M HAHOKOMIIO3WUTHI JIS THUIIOBBIX paguycom 1 MM, 2 MM 1 5 MM, JIeKaIei Ha
HaHOTEXHOJOTUYECKHUX YCTPONCTB IEPOXOBATON MOBEPXHOCTH MEJIH C JOJIIMH TBEPIOH
¢assl f; = 0.1; 0.2; 0.5 npu kOMHATHOH TeMmepaType
MIPU PA3IMIHOM OTHOIIEHUH HECMOYEHHOW U CMOYCHHOM
KUIKOCTBIO yactu 1y = 0.1; 0.5

2.BBIMHCINTD TEIIONPOBOAHOCTh Ia3000pa3HbIX TeIIUS U
azora npu temneparypax 300K, 400K u 500K mpu
aTMOC(EpHOM JIaBJICHUH U ITOCTPOUTDH 3aBUCUMOCTh
TEIJIONPOBOJHOCTH OT TEMIEPATYPHI.

Onucanne MKAJbI OIleHUBaAHUS:

Ouyenxa: 5
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 10
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISIETCS €CJIM 3aJaHIe
BBINOJIHEHO B TIOJTHOM 0O'bEME MJIH BBITIOJHEHO NMPEUMYIIECTBEHHO BEPHO

Ouyenka: 4
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 60
Onucanue xapakmepucmuxu evinoinerus 3Hanus: O1eHKa "Xopoio" BEICTABISAETCS €CITU
OOJIBIITMHCTBO BOIIPOCOB PACKPBITO. BEIOPAHO BEPHOE HAIIPABIICHHUE ISl PEIICHUS 3a/1a4

Oyenka: 3
Huoicnuii nopoe evinoanenus 3aoanus 6 npoyenmax. 50
Onucanue xapakmepucmuxu evinonnenus 3uanus: O1eHKa "yI0BIeTBOPUTEIHLHO" BHICTABIISETCS
€CITH 3aJIaHUE MPEUMYIIIECTBEHHO BBITIOJHEHO

Oyenka: 2
Onucanue xapaxmepucmuxu gblnoaneHus 3Hanus: OLeHKa "HeyJ0BIETBOPUTEIBHO" BHICTABIISACTCA
€CJIM 3aJ]JaHue BBITIOJIHEHO HEBEPHO WJIM MTPEUMYIIIECTBEHHO HE BHITIOJIHEHO

KM-8. PazpaboTka HOBBIX TEXHOJIOTHIA HA OCHOBE HAHOKMIKOCTEl U HAHOKOMIIO3UTOB

®opmbl peanu3anuu: YcrHas Gpopma

Tun koHTpOILHOrO MeponpusTus: Koymoksuym

Bec konTposbHoro meponpusitusi B BPC: 25

IIpouenypa npoBeaeHns KOHTPOJIBLHOI0 MeponpusaTHsa: Komoksuym

KpaTKOC CoA€CpKaHUuE 3alaHUA:
OTBeTuTh Ha BOIIPOC

KoHTpoJibHbIE BONIpOCHI/3aJaHUA:

YMeTh:  NpOBOAUTH  TEIUIOBBIE 1.OcHOBHBIE CBOICTBA TEPMOIIEKTPUUECKUX
pacueTsl B HAHOXHUAKOCTIX U MaTepUasoB.

HAaHOKOMIIO3UTAaX, B 2.9 PeKTUBHOCTD TEPMOITEKTPUIECKOTO
HaHOCTPYKTYPHUPOBAHHBIX npeobpazoBanus. JJoOpOTHOCTH MpeoOpa3zoBaHUs
TEPMOVIEKTPUUECKUX MaTepHaax 3. TepMoaIeKTpUYECKNE HAHOMATEPUAIBI U UX
0COOEHHOCTH

4. Kputepun 10OpOTHOCTH TEPMOIIEKTPUIECKUX
MaTepuasoB

5.TennonepeHoc U3IIydeHUEM B KJIaCCUYECKON
TeIo(U3UKE U €ro OrpaHUYEHUs
6.HanomacmtaOHbIN pagualliOHHbIN TEMIONEPEeHOC
7.DayKTyaluu 3JeKTPOMarHUTHOTO TOJISl M TEMJI0BOM
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NMoToK. KorepeHTHbIN 1 HEKOT€PEHTHBIN paiiallMOHHBIN
IIEPEHOC TeIa

8.TemnoBoe U3ny4eHUEe HAHOCTPYKTYP B JIaJIbHEH 30HE.
9.TennoBoe U3IIy4yeHHE HAHOCTPYKTYP B OJIMOKHEH 30HE
10.TemnoBoe U3IydeHUE Yepe3 MaJIblii BAKYYMHBIN
3a30p. Pe3oHaHCHOE TYHHEINPOBAaHUE U YBEJIUYECHHE
TEIJIOBOTO MOTOKA

Onucanue MKAJbI OICHUBaAHUSA:

Ouenka: 5
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapakmepucmuku blnoanenus 3nanus.; OueHka "oTIMYHO" BBICTABIISIETCS €CIIU 3aJJaHue
BBITIOJTHEHO B MOJIHOM 00'bEME WJIH BBITIOJHEHO MMPEUMYIIIECTBEHHO BEPHO

Ouenka: 4
Huoicnuii nopoe evinonnenus 3adanus 6 npoyenmax.: 60
Onucanue xapakmepucmuxu evlnonenus 3Hanus: OueHKa "Xopouo" BEICTaBIsAETCS €U
OOJIBIIIMHCTBO BOIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABICHHUE JUISI PEIICHUS 32,124

Oyenka: 3
Huoicnuii nopoe evinonnenus 3adanus 6 npoyenmax: 50
Onucanue xapaxmepucmuxu evlnoinenus 3Hanus: OueHKa "yJ0oBIeTBOPUTEIBHO" BBICTABIISAETCS
€CJIM 3aJJaHUE TIPEUMYIIIECTBEHHO BHITIOJIHEHO

Oyenka: 2
Onucanue xapaxmepucmuxu evinoanenusi snanus: OTNeHKa "HeyIOBICTBOPUTEIIEHO" BEICTABIISICTCS
€CIIM 3a/IaHUE BBITIOJTHEHO HEBEPHO MJIM NMPEUMYIIECTBEHHO HE BBIITOJIHEHO
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COJIEPKAHUE OIIEHOYHBIX CPEJICTB TIPOMEXKYTOUYHOM ATTECTAIIUA
2 cemecTp

@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsiera

1.  OcHOBHbIE HOCUTENIN PHEPTUU B KOHJIEHCUPOBAHHOM TEJIE U UX CBOMCTBA
2. IIpoctpaHcTBeHHBbIE MacITaObl IPU BHYTPEHHEM IIEPEHOCE IHEPTHH U TEILIA.

IIpouenypa npoBeaenust

CryneHT noisiydyaeT OUJIET U TOTOBUTCS K OTBeTY 60 MUHYT, Jajiee YCTHBIM OTBET MO OWIIETy U Ha
JIOTIOJIHUTEIILHBIE BOTPOCHI.

L Ilepeuens Komnemenyuil/uHOUKaAMOpPoO8 U KOHMPOIbHBIX 60NPOCOB NPOBGEPKU PE3YbHAN 08
0CBOCHUSA OUCUUNTUHDL

1. Komnerenmusi/ Unaukarop: MJI-2nk-1 Bnaneer HaBplkaMu pacueTa TEIIOTHAPABIMYSCKIX
MIPOIIECCOB B 3JIEMEHTAX YHEPreTUUECKOTO 000PYI0BaHMUSI, HABBIKK TTOCTOOPAOOTKH PE3yIhTaTOB
pacyeToB U KOMITBIOTEPHOTO MOJICTUPOBAHMS ATHX MPOIIECCOB

Bomnpocel, 3axanus
1.XapakrepHble 00BEKThl HAHOTEMI0(U3UKH; 0COOEHHOCTH MEePEeHoca Teria
2.0cHOBHBIE MacIITaObl U pa3Mepbl B HAHOTEIUIOPH3UKE
3.Mukpockonuyeckre 0CHOBBI TepMoliepeHoca. [Ipoucxoxaenne Hocutenei Ternsia
4. Kpucrammdeckas penierka u (POHOHBI
5.Konebanus KpUCTaIIMUECKON PELIETKH: OJIUH aTOM B sYeHKe
6.Konebanus KpucTaJuIMuecKol peleTKy: iBa aToMa B sueike
7.AxycTuyeckne ¥ ONTHYECKHE MOJIbI B KpUCTalIe
8.IloHsITHE MUCTIEPCUOHHBIX KPUBBIX U SHEPTETHYECKOTO CIIEKTPa
9.DOHOHBI B KOH/IEHCUPOBAHHOM TeJI€ M UX OCHOBHBIE CBONCTBA
10.Tena0eMKOCTh 2JIEKTPOHHOTO Ta3a
11.TennonpoBOJHOCTb MEKTPOHHOTO Tra3a

Matepuainbl 1J151 IPOBEPKH OCTATOYHBIX 3HAHUM
1.Haiitu neGaeBckyro (MakCUMaIbHYIO) YaCTOTY JJIsl KPUCTAJUIOB KPEMHUS
2.OCHOBHBIE HOCUTEIH 3HEPTUU B KOHJAECHCUPOBAHHOM TeJIe M UX CBOMCTBA
3.0co6eHHOCTH TEMI0BOM CTaOUIBHOCTH JIEKTPOHHBIX YCTPOHCTB
4.«"opsiurie TOYKW» B MUKPO- U HAHOAJIEKTPOHUKE
5.0TBOA TEIIa OT MUKPO- ¥ HAHOZJIEKTPOHHBIX YCTPOMCTB: MEXAHU3MBI U IPUMEPDI
6.KpeMHueBas HaHORIEKTPOHUKA — MPOOTIEMBbI OXTAKICHHS
7 Kpucrannuueckas pemierka 1 pOHOHBI
8.IloHsiTHE MUCTIEPCUOHHBIX KPUBBIX U DHEPI€TUYECKOTO CIIEKTpa
9.CriuH ¥ cTatucTika GOHOHOB; (PYHKIUS pacnpeeneHus (GOHOHOB MO YHEPTUAM
10./Ie6aeBckas yactoTa u 1ebaeBckas TemMrepaTrypa
11.IIpoueccsl paccestHus (POHOHOB U 3aKOHBI COXPAHEHUS
12.Cxema pa3nu4HbIX PEKUMOB IIEPEHOCA C YUETOM pa3MepHbIX 3P PeKToB; OaICTUYECKH,
nepexoAHbIi u A y3HOHHBINA PEKUMBI
13.TenonepeHoc B yriaepoaIHbIX HAHOTPYOKax U rpadeHe
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2. Komnerenunsi/Maaukarop: UJI-2nk-3 3HaeT OCHOBHbIE HANPABICHUS PA3BUTHS U COBPEMEHHBIE
TEH/ICHIIM IIPU pacyeTe U aHanu3e 3PPEKTUBHOCTH HAHOPA3MEPHBIX CUCTEM U YCTPOUCTB

Bomnpocel, 3axaHus
1.OCHOBHBIE HOCUTENHU SHEPTHH B KOHIEHCUPOBAHHOM TeJI€ U UX CBOMCTBA
2.IIpocTpaHcTBEHHBIE MacIITa0Bl IPU BHYTPEHHEM MEPEHOCE PHEPTUU U TEIlIaA.
3.BpemenHble MacITaObl IPU BHYTPEHHEM IIEPEHOCE SHEPTUU U TEIUIA
4.0co0eHHOCTH TEIUIOBOM CTa0MIBHOCTH JIEKTPOHHBIX YCTPOUCTB
5.«l'opsiune TOUKU» B MUKPO- M HAHOIJIEKTPOHUKE
6.3axoH Mypa U «TerioBas CTCHa»
7 IloHsATHE yTUIM3ALMU TEIJIa U OXJIaX/IEHUE SJIEKTPOHHBIX YCTPOUCTB
8.IToHsiTHE TEPMOMEHEIPKMEHTA B 3JIEKTPOHUKE U METO/IbI €r0 OCYIIECTBICHUS
9.01BOJ TeIUIa OT MUKPO- U HAHORJIEKTPOHHBIX YCTPOICTB: MEXaHU3MBbI U IPUMEPHI
10.IIpoweccsl TemocheMa ¢ UHTETPabHOTO MUKPOYHUIIA H METOBI TEPMOCTA0MIN3aLIuU
11.KpeMHueBast HAaHOAIEKTPOHUKA — IPOOJIEMBI OXJIAXKICHHSI
12.Cnue u cratuctuka (OHOHOB; GYHKIHUS pacnpenencHust GOHOHOB IO SHEPTUAM
13.I1m0THOCTD YKCIa COCTOSTHUN (DOHOHOB
14.®azoBas u rpymnmoBast CKOpocT (POHOHOB
15./leb6aeBckas yactora u AebaeBckasi TeMIieparypa
16.Cpennee uncino GOHOHOB MPU HU3KUX M BBICOKHX TEMIIEpaTypax
17.TennoeMKoCTh KpUCTAJUIMYECKOHN peIIeTKH, MOAeb U (hopmyia Jlebasi, cooTHOLIEHHE
Hronounra-ITtu
18.doHOHHAs TEIIONPOBOAHOCTD AUIIEKTPUKOB
19.Anrapmonuyeckue KosedaHnue KpUCTaNINYECKON PEeIIeTKU U B3auMoieicTBUE (DOHOHOB
20.IIpoueccsl paccestHus (POHOHOB U 3aKOHBI COXPAHEHUS
21.HopmManbHbIe MPOIECCHl paccessHusl POHOHOB H MPOILECCHI ¢ TIepedpocoM
22 Kunerndeckoe ypaBHeHue bonbimana Juist GOHOHOB, KadeCTBEHHBIN aHAIN3
23.IIpubnmxeHue BpEMEHN pelaKcaluu A ypaBHeHus boipiMana
24 BpeMmeHa penakcaiy ()OHOHOB MTPU PA3TUYHBIX MPOLIECCAX PACCESIHUS
25.I1paBusio MatTuccena Juist BpeMeHHU pejakcalui (OHOHOB
26.Bpryncienne TemIonpoBOIHOCTH (POHOHOB U3 TMHEHHOro ypaBHeHUs bonbliMaHa
27.I1poGieMbI OTIMICaHHS IEPEHOCA TeJla C YIETOM Pa3MepHBIX 3 (HEeKTOB
28.CxeMa pa3IMyuHbIX PEKUMOB IIEPEHOCA C YUETOM pa3MepHbIX 3((HEeKTOB; OATMCTUYECKUH,
NepeXOIHbIN U TU(PPY3UOHHBIN PEKUMBI
29.BnusiHue rpaHullbl Ha paccesiHue OHOHOB
30.TennonepeHoc B HaHONIPOBOJIOKaX. Bkiiag pasmMepHbIX 3QpekToB
31.TemonepeHoc B yriaepoIHbIX HaHOTpYOKax. Bkia pazMepHbIX 3 peKToB
32.TemonepeHoc B rpadeHe U ero 0COOCHHOCTH.
33.IlepeHoc Tema NeKTpOHAMM.

Matepuaibl 1/151 IPOBEPKH 0CTATOYHbIX 3HAHUM
1.BeIyMCcauTh 4acTOThI KOJeOaHUH KPUCTANINYECKOH pereTKy rpadura npu BOTHOBBIX

A
quciax, OJIM3KUX K Z

2.BeraucnuTh 1aMHY ¢cBoO60AHOTO npodera poHOHOB B yrieposa (anmase) npu 1K u 100K
3.HaiiTn MakCHMaJbHYI0 ONTHYECKYIO YaCTOTY JJII KPUCTAIIIIOB XJIOPH/IA KaUs
4.CpaBHUTb JUIMHBI CBOOOTHOTO TIpodera 3y1eKTpoHoB U poHOHOB B cepedpe npu 1K u 100K

II. Onucanue wikanvl oueHuBanus
Oyenka: 5

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 10
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Onucanue xapakxmepucmuxu 8blnoHeHus 3Hanus: PaboTa BIOJIHEHA B paMKaX "TPOJABHHYTOTO"
ypoBHs. OTBETHI JaHBI BEPHO, YETKO CPOPMYIUPOBAHHBIE OCOOCHHOCTH MPAKTUYECKUX PEIICHUN

Ouyenka: 4
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 60
Onucanue xapakmepucmuku 6blnoaHeHus 3uanus: Pabota BeIoiHeHa B paMkax "0a30Boro"
ypOBHsI. BOJIBIIMHCTBO OTBETOB JIaHBI BEpHO. B yacTh MaTepuana ecTb HE3HAUYNTEIILHBIC
HEJOCTaTK!

Ouenxa: 3
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapaxmepucmuxu 6vlnoineHus 3Hanus: PaboTa BeINOMHEHA B paMKax "Moporosoro"
ypoBHs. OCHOBHAsI 4acTh 3aJIaHUs BHIMIOJTHEHA BEPHO. Ha BOIIPOCHI YTIyOJICHHOTO YPOBHS

Ouenka: 2
Onucanue xapaxmepucmuxu vinoineHus 3nanus: Pabora He BBINIOJIHEHA WIN BBITIOJTHEHA
PEUMYIIECTBEHHO HETPABHILHO

1I1. IIpasuna évicmasnenus umozoeoi OyeHKu no Kypcy

3 cemecTp
dopMa NPOMEKYTOUYHOM aTTecTaluu: DK3aMEH
IIpumep Ousera

1. Muxkpo- u HanoTepmoruapoguHamuka. OCOOEHHOCTH pa3MepHBIX dPPEKTOB B
TEPMOTHUJIPOIMHAMHKE
2. OObeMHbIE TEPMOIIEKTPHUUECKHE HAHOMATEPHAIIBI

IIpoueaypa nposenenust

CTy,Z[CHT moJjry4qacT OMJICT U TOTOBUTCS K OTBCTY 60 MHUHYT, OaJice yCTHLIﬁ OTBET II0 6I/IJ'I€Ty n Ha
JOMMOJIHUTCIIbHBIC BOITPOCHI.

|. Ilepeuens Komnemenyuit/unouKamopos u KOHMPOJIbHHIX 6ONPOCOE NPOBEPKU PE3YIbINAMOE
0C60EeHUA OUCYUNIUHDL

1. Komnerenuusi/Mnankarop: NJ{-2nk-1 Bnageer HaBbikamMu pacueTa TeIJIOTHAPABINYECKUX
IIPOLIECCOB B 3JIEMEHTAX SHEPIeTUYECKOr0 000PYI0BaHMsl, HABBIKHA TOCTOOPAOOTKU PE3YIbTATOB
pacueToB U KOMIIBIOTEPHOTO MOJAEINPOBAHUS ITUX MPOLECCOB

Bomnpocsl, 3aganus
1. TepmoruapoauHaMuKa Ha Me30- U HaHomactrabax. Yucno Knyncena, KHyJJICEHOBCKUH o
1 0COOCHHOCTH T€UEHHM
2. TepMO3JIEKTPHUUECTBO B HAHOIIPOBOJIOKAX U HAHOTPYOKax
3.CxeMa OCHOBHBIX MPUOIMKEHUI U XapaKTepHble MacIITa0bl PEKUMOB B IIIUPOKOM
nuana3oHe uuces KnyzaceHna
4.OCcHOBHbIE CBOMCTBA TEPMOIJIEKTPUUECKUX HaHOMaTepraaoB. KBaHTOBbIE TOUKU U
CBEPXPEIIETKH
5.IToTok Tema B 6amucTUYECKOM pexkume. KHyICeHOBCKUI CIIOHN ¢ y4eToM TeTuionepeHoca
6.IlepcrieKTMBHBIE TEPMORIIEKTPUUECKHE MATEPHUAIIBI
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7.DayKTyaluu 3JeKTPOMAarHUTHOTO TOJIs U TEIJI0BOU MOTOK. KorepeHTHbIN 1 HEKOTepEeHTHBIN
paavalMOHHBINA [IEPEHOC TeIlIa

2. Komnerenumsi/Muaukarop: NJ1-2nk-3 3HaeT OCHOBHbIE HAIIPaBICHUS PA3BUTHS U COBPEMEHHBIE
TEH/ICHIIM [IPU pacyeTe U aHain3e 3PPEKTUBHOCTH HAHOPA3MEPHBIX CUCTEM U YCTPOUCTB

Bomnpocel, 3axaHus
1.Mukpo- u HaHOTepMOTHApoAuHAMUKA. OCOOEHHOCTH pa3MePHBIX 3P (HEKTOB B
TEPMOTUJIPOJIMHAMUKE

2.00beMHBIE TEPMOAIIEKTPHUECKUE HAHOMATEPUAIIBI

3.I'unpoaunamuka u rpanuuHble ycnoBus. ['pannyunoe ycnosue Ctokca. ['panudHoe ycioBue
CKOJIbKeHUE — ycioBrue Hasbe.

4.TepModIeKTpUUYECKHE CBOMCTBA CTAaHAAPTHBIX MAaTEpUAIIOB

5.Monenu JUIMHBI CKOJIBXEHUS. DKCIIEPUMEHTAIbHbIE METO/Ibl U3MEPEHUS ITIMHBI CKOJIbKEHUS
6.9 PeKTUBHOCTh TEPMOIIEKTPUUECKOT0 npeodpa3oBanus. [lokazarens 100OpOTHOCTH
7.11po6ieMbl HAHOTMIPOJAMHAMUKHU U MIEPEHOC KUAKOCTENH BHYTPU HAHOTPYOOK

8.0OcHoBHbIe MOHATHUA TepModiekTpudecTBa. D dextrl [lenpThe u 3eedeka

9.Mex¢azHbie TPaHHUIIBI ¥ KaMWUIBIPHOCTE. Moieny cMadyuBaHUs

10.TernoBoe u3nmyueHUe yepe3 Mallblii BAKYYMHBIH 3a30p. Pe30HaHCHOE TYHHENUPOBAHHUE U
YBEJIMYEHHUE TEIJIOBOIO OTOKA

11.CynepruapodunbHocTs u cynepruapodooHocts. Id ekt Joroca.

12. TennoBoe n3nmyyeHne HAHOCTPYKTYP B JajibHEN 30HE. TernoBoe U31y4eHue HaHOCTPYKTYP
B OJIMKHEH 30HE

13.Mcnapenue xanenb Ha M€30- U HAHOCTPYKTYPUPOBAHHBIX MOI0KKAX

MarepunaJsbl 1J151 IPOBEPKH OCTATOYHbBIX 3HAHUMI
1.BbruncanTh KOHTAKTHBIN Yrod JUIsl Kaluld CIIMPTa Ha IOBEPXHOCTH IJ1aIKOI0 HUKENS IpU
temmepatypax 20, 30, 50 u 70 °C B Bo3ayxe. [IocTpouTh TeMIepaTypHYIO 3aBUCHMOCTh
KOHTaKTHOTO yTJa.
2.BbIUUCINTE CPEHIO0 JUIMHY CBOOOJHOTO Ipo0era ra3oBbIX MOJIEKYI BO3/yXa yepe3
IUIOTHOCTh MOJIEKYI HaeanbHoro rasza npu temneparypax 300K, 400K u 500K npu
aTMOC(EpHOM JaBJICHUH.
3.Boruncnuth npoduiib ckopocTu mpu TeueHuu [lyaseiins B HUIMHIPUUECKOM KaHale ¢
Y4eTOM JUIMHBI CKoJbxkeHusd, pasHoi 100, 200, 300 u 500 am npu nepenagax nasnenus 0,1, 0,2
u 0,3 at™ B ka"anax, guamerpom 100 mxm, 10 MM, 1 MKM.
4.Boruncnuth 3Heprun 'mub0ca i Karm Bojbl, paguycoM 1 MM, 2 MM U 5 MM, Jexalei Ha
IEPOXOBAaTON MOBEPXHOCTH MEH ¢ AossMu TBepAol ¢assl fg = 0.1;0.2; 0.5 npu koMHaATHO
TEMIIEPATYPE MPU PA3ITUIHOM OTHOIICHMU HECMOYEHHON M CMOYEHHOM JKUIKOCTBIO YaCTH Ty =
0.1; 0.5
5.Boruncnuth 3QPpeKTUBHYIO IIMHY CBOOOAHOIO MPOOETa ra3o0BbIX MOJIEKYJ TeIus Yepes
IUIOTHOCTh MOJIEKYJI HAeabHOro rasza npu remmneparypax 400K, 500K u 600K npu
atMocdepHOM naBiieHnH B KaHanax 1 Mk, 150 uaM, 30 aM u 10 HM; MOCTPOUTH
TEMIEPATYPHYIO 3aBUCUMOCTb.
6.HaHOKOMITO3UTBI, UX THITEI 1 OCHOBHBIE CBOMICTBA
7.9¢dexTrBHAs TEIONPOBOJHOCTH HAHOKOMIIO3UTOB; Y4€T T'PAHUYHOT'O TEPMHUECKOTO
conpoTtuBiieHus Kanuiet
8.0co0eHHOCTH TEIUIOBBIX CBOMCTB Pa3IMYHBIX HAHOKOMIIO3UTOB; TEIJIONPOBOIHOCTD
rpaeHOBBIX HAHOKOMITO3UTOB
9.TemnonpoBOAHOCTh HAHOXKUAKOCTEN: SKCIIEPUMEHTHI U IPOCTEMIINE MOJIENH
10.I'parnunoe TepMoconpoTuBiieHue (conmpoTuBieHne Kamnuipr); o0mme mpeacTaBieHus
11.Pu3uka cMaunBaHUS U MOJIETN CMauyMBaHUSA JJIs PA3JINYHBIX [IOBEPXHOCTEN
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12.YupaBneHue nporeccaMd CMa4luBaeMOCTH Ha HAHOIIIEPOXOBATHIX U CYNepruapodoOHbIX
MOBEPXHOCTAX

13.0cobeHHOCTH HCTIapeHue Kareidb Ha Me30- 1 HAHOCTPYKTYPUPOBAHHBIX MOJIOKKAX
14.9¢dexT Jletinendpocra u ero 0coOCHHOCTH

15.®u3nka KUMneHus: Ha HAHOCTPYKTYPUPOBAHHBIX MTOBEPXHOCTSIX

16.51BneHUs TEPMOIJIEKTPUIECTBA, KX OCOOCHHOCTH U TposiBiieHus. DhdexTrl [lenbThe,
3eebeka u TomcoHa.

17.Kputepuu 106pOTHOCTH TEPMOIIEKTPHUUECKUX MATEPHAIIOB

18.HanomacmraObHbIi paanaiioHHBIN TEIUIONEPEHOC

19.®nykTyanuu 3IEKTPOMArHUTHOTO OIS M TEIUIOBOM MOTOK. KorepeHTHbIN 1
HEKOTE€PEHTHBINA paJualluOHHBIN IIEPEHOC TeIlIa

20.TemoBoe u3ny4eHUE Yepe3 Mallblii BaKyyMHbIN 3a30p. Pe30HaHCHOE TYHHEJIUPOBAHUE U
YBEJIMUYEHHUE TEIJIOBOI'O IOTOKA

II. Onucanue wkanvl oueHuganus

Ouyenka: 5
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 70
Onucanue xapaxmepucmuxu 6blnoneHus 3Hanus: PaboTa BeIMOIHEHA B paMKax "MPOABUHYTOr0"
ypoBHs. OTBETHI JaHBI BEPHO, YETKO CPOPMYITUPOBAHHBIE OCOOCHHOCTH MPAKTUYECKUX PEIICHUN

Ouyenka: 4
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 60
Onucanue xapaxmepucmuxu 6blnoineHus 3nanus: PadboTa BeIogHEeHa B paMKkax ""0a3oBoro"
YPOBHS. BOJIBIIMHCTBO OTBETOB JJaHBI BEpHO. B uacTu MaTepuaiia ecth He3HAUYUTEIbHBIC
HEJOCTaTK!

Oyenka: 3
Huoicnuti nopoe evinonnenus 3aoanus 6 npoyenmax.: S0
Onucanue xapakmepucmukuy 6blnoneHus 3uanus: PaboTa BeIIOJIIHEHa B paMKax "MOpPOroBoro’
ypoBHs. OCHOBHAs 4acTh 3a/1aHHUs BBITIOJHEHA BEPHO. HA BONPOCHI YIIIyOJIEHHOTO YPOBHS

Oyenka: 2
Onucanue xapaxmepucmuxu vinoineHus snanus: Pabora He BBITIOJIHEHA WM BBITIOJTHEHA
MPEUMYIIECTBEHHO HEMPaBUIHLHO

1I1. Ilpasuna évicmasienus umozo80i OyeHKu no Kypcy



