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1 O0001meHHAsICTPYKTYParocy1apcTBeHHOMUTOroBoHaTTECTAIIUN

l'ocynmapcTtBeHHas wuToroBas arrectauuss 1o Hampasienuto 28.03.01 HanorexHomoruu wu
MUKpocHCTeMHasi TexHukKa (mpoduias: HaHnoTexHomorus )BKIr04aeT rocyaapcTBeHHbI sk3amer (I'D) u
BBINTYCKHYIO KBalTM(huKannoHHyoo padoty (BKP).

O06o01IeHHas CTPYKTypa rocynapcTBeHHol utorooi arrecranuu (I'MA) npusenena B Tabmure 1.1.

Tab6muma 1.1 - O600menHas crpykrypa [MA

Konanl KoMmnerenuun I'9 | BKP
OK.1 CITOCOOHOCTH UCIOJIB30BaTh OCHOBBI (DMIIOCOPCKUX 3HAHHUM JIJIst
’ (hopMUPOBaHHSI MUPOBO33PEHUYECKON MO3UIIUN +

CIIOCOOHOCTH aHAJIM3UPOBATH OCHOBHBIE 3TAIbl U 3aKOHOMEPHOCTH
OK.2 HCTOPUYECKOT0 Pa3BUTHUS O0IIeCcTBA Ui (GOPMHUPOBAHUS TPAKIAHCKOM +
MTO3UIUN

CIOCOOHOCTH UCIOJIb30BAaTh OCHOBBI SKOHOMUYECKUX 3HAHUU MPHU
OK.3 o1eHKe 3(PPEKTUBHOCTU PE3YyIbTATOB JACSITEILHOCTH B PA3IMUHBIX +

chepax

CIIOCOOHOCTD MCITOJIL30BAaTh OCHOBBI IIpaBOBLIX 3HaHHH B Pa3IMIHbIX

OK.4 +
cdepax AesITeTbHOCTU

CHOCOOHOCTh K KOMMYHHKALIMU B YCTHOM U MUCbMEHHOU (hopMax Ha
OK.5 PYCCKOM M MHOCTPAHHOM $3bIKaXx JUIS PELICHUs 3a/1a4 +
MEXJIMYHOCTHOTO U MEXKYJIBTYPHOTO B3aMO/IEHCTBUS

CIIOCOOHOCTH pabOTaTh B KOJIJIEKTUBE, TOJIEPAHTHO BOCIPUHUMAs

OK.6 +
COLIMAJIBHBIC U KYJIBTYPHBIE Pa3JIMUUs

OK.7 CHOCOOHOCTh K CAMOOPraHU3aluu U caMo0Opa30BaHUIO +

CIOCOOHOCTH MCIIOJIB30BATh METOMBI M CPECTBA (hU3NIECKON
OK.8 KYJIBTYPHI U 00€CTICUeHHS TTOTHOIIEHHOW COIUATBLHON 1 +
PO eCCHOHAIBHON e TENHHOCTH

TOTOBHOCTb I10JIb30BaThC OCHOBHBIMU METOIaMH 3aIlUThI
OK.9 IIPOU3BOJCTBEHHOIO IIEPCOHAJIA U HACEIEHUS OT BO3MOKHBIX +
MOCTIe/ICTBUM aBapuid, KaTacTpod, CTUXUIHHBIX OeICTBUI

CHOCOOHOCTh MPE/ICTABIATh a/IEKBATHYIO COBPEMEHHOMY YPOBHIO
OIIK.1 3HaHUH HayyHYIO KapTUHY MUpPa Ha OCHOBE 3HaHMS OCHOBHBIX +
MI0JIO’KEHUH, 3aKOHOB M METOJIOB €CTECTBEHHBIX HAyK U MaTeMaTUKU

CIOCOOHOCTH BBISBIIATH €CTECTBEHHOHAYYHYIO CYIITHOCTh MPOOIieM,
OIIK.2 BO3HHUKAOIIHNX B X0J1€ MPOPECCHOHATBHON JeATEIFHOCTH, TPUBIIEKATH +
JUTSI IX PEIICHUS] COOTBETCTBYIOMNNA (PU3UKO-MAaTeMaTHUECKUH anmapar

CIOCOOHOCTH pelllaTh 3a/1a41 aHAJIM3a U pacueTa XapaKTepPUCTHK

OIIK.3 . +
ANEKTPUYECKUX LeTei




OIIK 4

TOTOBHOCTB IIPUMEHSATH COBPEMEHHBIE CPEJCTBA BBIITOJIHEHUS U
pelaKTUPOBaHUS N300paKEHHUH 1 YepTex el U MOATOTOBKU
KOHCTPYKTOPCKO-TEXHOJIOTHYECKOU TOKYMEHTALUU

OIIK.5

CIIOCOOHOCTH HMCITOJI30BaTh OCHOBHEIE IMPpHUCMBbI O6pa6OTKI/I u
MNpEaACTaBJIICHHUA SKCIICPUMCHTAJIbHBIX JAHHBIX

OIIK.6

CIOCOOHOCTH OCYIIECTBIIATH MOUCK, XpaHEHHE, 00pabOoTKy U aHAIH3
UH(OPMALIUU U3 PA3IMYHBIX HCTOYHUKOB U 0a3 JaHHBIX, IPEICTABIAT
ee B TpedyeMoM popmare ¢ UCIOIb30BaHuEM HHPOPMAIIHOHHBIX,
KOMITBIOTEPHBIX U CETEBBIX TEXHOJOTUM

OIIK.7

CIIOCOOHOCTH YYUTHIBATh COBPEMEHHBIE TEHACHIIUN PA3BUTHUS

AJEKTPOHUKHU, U3MEPUTEIBHON U BBIYUCIUTEIHLHOU TEXHUKH,

MH(OPMALIMOHHBIX TEXHOJIOTHI B cBOEH MpodeccCHoHaIbHON
JeSITeIbHOCTH

OIIK.8

CIIOCOOHOCTH UCIIOJIb30BaTh HOPMAaTUBHBIC JOKYMCHTHI B cBOEH
ACATCIIBHOCTH

OIIK.9

CIOCOOHOCTH MCIIOJIb30BATh HABBIKH PAOOTHI C KOMITBIOTEPOM, BIAJIETh
MeTOoIaMU MH(GOPMAITMOHHBIX TEXHOJIOTHIA, COOTI0AaTh OCHOBHBIE
TpeOoBaHUS HHPOPMAITMOHHOHN 0€30ITaCHOCTH

IIK.1

CIIOCOOHOCTH IMPOBOAUTD (I)I/ISI/IKO'MaTeMaTI/ILIeCKOC MOJCIUPOBAHUC
HCCIICAYCMBIX ITPOLECCOB HAHOTCXHOJIOTUH U 00BEKTOB HAHO- U
MI/IKpOCI/ICTCMHOf/'I TCXHUKHU C UCITIOJIB30BaAaHNEM COBPCMCHHBIX
KOMITBIOTCPHBIX TEXHOJIOT Uit

IIK.2

TOTOBHOCTH ITPOBOJAUTD SKCIICPUMCHTAJILHBIC UCCIICAOBAHUS 110
CHUHTEC3Yy U aHAJIN3Y MAaTCprUaJIOB U KOMIIOHCHTOB HAHO- U
MHKpOCHCTCMHOfI TCXHHUKU

IIK.3

TOTOBHOCTh aHAJIM3UPOBATh U CUCTEMATU3UPOBAThH PE3YIbTAThI
MCCJIEJOBaHUM, IPEICTABIATh MAaTEPHAJIbI B BUJI€ HAYYHBIX OTYETOB,
nyOnuKanui, npe3eHTanui

IIK.19.B

CnocoOHOCTh OCYIICCTBJIATD MPOCKTHYIO JACATCIBbHOCTD Ha BCEX ITAllaX
JKU3HCHHOTI'O NHKJIA ITPOCKTAa

2Conep:xaHue U NOPSAOK OPraHU3ALUH TOCYIAPCTBEHHOI0 IK3aMeHAa

2.1ConepxaHue rocyiapcTBeHHOI0 IK3aMeHa

2.1.1 TocynapcTBeHHBIH

ycranoBieHHbIX PI'OC BO.

2.1.2 TocymapCTBeHHBI 53K3aMEH TIPOBOJMTCSA II0 MarepuajiaM HECKOJBKHX JIWCIMILIAH
00pa30BaTeNbHON MPOTPaMMBbI, PE3yIbTaThl OCBOCHHS KOTOPBIX UMEIOT OMpeAeNsionlee 3HaYCHUE s

poeCCHOHAIBHON JEATETHHOCTH BBITYCKHHKOB.

2.1.3 CO,Z[Cp)KaHI/IC KOHTPOJUPYIOIIUX MATCPUATIOB W KPUTCPpHUU OLCHKHU TOCYAAPCTBCHHOTO

9K3aMeHa MpuBeeHbI B (OHAE OlleHOYHBIX cpencTB ['HA.
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OK3aMCH  ABJIACTCA KBaJII/I(I)I/IKaI_[I/IOHHLIM U [OpCAHA3HAYCH  JJIA
OIpCACIICHUA TCOpeTI/I‘IeCKOﬁ MMOATOTOBJICHHOCTU BBIITYCKHHKA K PCHICHUIO HpO(l)eCCI/IOHaJ'IBHBIX 3aaa4,



2.2 Ilopsa1oK OpraHu3ainum rocy1apcTBeHHOI0 IK3aMeHa

2.2.1 T'ocynapcTBeHHBI 3k3amMeH 1o Hanpasienuto 28.03.01 HanoTexHOIOTHH U MUKPOCUCTEMHAs
TexHuka (mpoduiab:HaHOTEXHOIOTHS )IPOBOAUTCS OYHO B MHUCBbMEHHOW ¢opMme 1o Owmieram, C
00s13aTeNbHBIMU OTBETAMH Ha JIUCTAaX OyMaru co mraMnoM (hakyJIbTeTa U MOCIEAYIOIINUM BbICTYINICHHEM
B YCTHOH (hopMe 110 COJIeP>KaHHUIO MMCbMEHHBIX OTBETOB U OTBETOB Ha JIONOJHUTEIbHBIE BOIIPOCHI.

2.2.2T'ocynapcTBEHHBI 3K3aMEH NMPUHUMAETCS TOCYIapCTBEHHOW HK3aMEHALIMOHHOM KOMHCCHEH
(I'SK) B cpoku, omnpejiesieHHble COOTBETCTBYIOIIMM KaJeHJapHbIM I'paikoM yu4eOHOTo Mpolecca.

2.2.3]1ns1 oTBeTa HA OMJIETHI CTYJCHTAaM MPEIOCTABISETCS BOSMOXKHOCTh MOATOTOBKU B TeueHHe 60
MUHYT. JlJI1 OTBETa Ha BONPOCHI OMIIeTa KaXKAOMY CTYAEHTY HPEJOCTaBIAETCS BpeMsl JUIsl BHICTYILICHHS
(me Oonee 20 muHYT), mocie uero npeacenarens DK mpennaraer ee uineHaMm 3agaTh CTYIEHTY
JIONIOJIHUTENbHBIE BONPOCHl B paMKaxX TEMaTHKH BONpPOCOB B Owmiere. Eciu CTyAEHT 3aTpydHsiercs Mpu
OTBETE Ha JIOMOJHUTENbHBIE BOMpPOCH, wieHbsl DK Moryr 3amaBaTh BONpPOCH B paMKaxX TEMAaTHKH
IIPOrpaMMbl FOCYIapCTBEHHOTIO YK3aMeHa.

2.2.4 Pe3ynbTaTbl TOCYAapCTBEHHOI'O 3K3aMEHa OOBSBISAIOTCS B JI€Hb €ro NPOBEACHUS IOCIE
oopmienus npoTokoioB 3aceganusl OK.

3Coaep:xaHue ¥ NOPSA0K OPraHU3AIUH 3AIMTHI BHIIYCKHOM KBATH(PHUKALMOHHON PadoThI

3.1 Conepxanue BbINYCKHON KBAJIN(PUKALMOHHOM PadoThI
3.1.1Beimycknas  kBanubukaimonHas padora (BKP)mpencraBiser co0OH  BBIMOJHEHHYIO
oOyuatomumcsi  paboTy,  JIEMOHCTPUPYIOLIYI0  YpOBEHb  IOATOTOBICHHOCTHM  BBIYCKHHKA K
CaMOCTOSITENTLHON PO EeCCHOHATBHOMN e TETFHOCTH.
3.1.2BKP umeer ciaenyrouryto CTpykTypy:
— 3aJlaHue Ha BBITYCKHYIO KBATH(UKAMOHHYIO padoTy,
— aHHOTaIus,
— coJepkaHue (IepeueHb pas3iemnon),
— BBeJeHHE (BKIIIOYAIOIIEE aKTyalIbHOCTh BEIOpAaHHOW TEMATHKH),
— LIeJM U 331a4M UCCIIEIOBAHUS,
— aHaJIUTUYECKUN 0030p JIUTEpaTyphl,
— HccleqoBaTeNbeKas (MMPOeKTHAas) 4acTh,
—  3aKJIIOueHHe,
—  CITMCOK MCIOJIb30BAHHBIX HCTOYHUKOB (B TOM YHCII€ ICTOYHUKH Ha WHOCTPAHHOM SI3BIKE),
— TpUIIoKeHUus (MpU HEOOXOAUMOCTH).

3.21Topsia0K 32U ThHI BHIMYCKHOH KBAJU(UKALMOHHONH padoThI

3.2.1opsimox  3amutel BKP ompenensiercst peiictByromum IlososkeHneM O TOCYIapCTBEHHOU
UTOTOBOM aTTecTalM BBITYCKHUKOB (pe/IepalbHOT0 rocy/1apCTBEHHOIO OIOJIKETHOTO 00pa30BaTeIbHOTO
yupexeHusl Bbiciiero oopazoBanus «HoBocuOMpCKUN rocynapCTBEHHBIH TEXHUUECKUN YHHBEPCHUTET
1o 00pa30BaTeNIbHBIM IPOTpaMMaM, pealu3yeMbIM B COOTBETCTBUU C (eiepaIbHBIMU IOCY1apCTBEHHBIMU
o0Opa3oBaTeNbHBIMU CTaHAAPTAMH BBICHIETO 0Opa30BaHUS.

3.2.23amuTa BEITYCKHOM KBaJIM(UKATMOHHONW pabOThI MPOBOIUTCS HA 3aCEJaHUH rOCy1apCTBEHHON
SK3aMEHAIIMOHHON KOMHUCCHUM.

3.2.3Meronuka u kputepun orienkn BKP npusenens! B ponae oneHounsix cpencts I'HA.

4CnHCOK HCTOYHHKOB AJIA MOATOTOBKH K FocyﬂapCTBeHHOﬁ HTOrOBOM aTTeCTAIUHU

4.1 OcHOBHbIE HCTOYHUKH
1. 3e6pes I'. 1. dusnveckrie OCHOBBI KPEMHHEBOW HAHOAJIEKTPOHUKH : yueOHOe nocodue. — M. : buHowm.
JlaGopatopus 3Hanwuii , 2011.
2. ®unumonosa H. M. Mertonbl nccieioBaHUSI MEKPOSJIEKTPOHHBIX M HAHOAJIEKTPOHHBIX MAaTEPUAIOB U
CTPYKTYp: CKaHUpyromas 30HA0Bas Mukpockornus. Y. 1 : yae6Hoe mocobue / H. . ®unumonosa, b. b.
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KomproB ; HoBocu6. roc. texH. yH-T. - HoBocubOupck, 2013. - 131, [2] c. : un.. - Pexxum gocryma:
http://elibrary.nstu.ru/source?bib_id=vtls000178062.

3. Bemnuko A. A. Meroapl HCCIEAOBAaHUS MUKPOAJIEKTPOHHBIX W HAHOAJICKTPOHHBIX MATEPUAIOB U
ctpyktyp. Y. 2 : yue6Hoe nocodue / A. A. Bennuko, H. M. ®unumonora ; HoBocu®. roc. TexH. yH-T. -
HoBocubupck, 2014. - 225, [1] c. : WIL.. - Pexum JOCTYTIA:
http://elibrary.nstu.ru/source?bib_id=vtls000208144.

4. JlparynoB B. II. OcHOBBI HaHOZJIEKTPOHHKH : Y4eOHOE TOCOOWE /i BY30B IO  HAIPABICHUIO
"DNEeKTpOHUKA M MHUKPOIJIECKTPOHUKA", CHEUaIbHOCTIM "MUKPOIJIEKTPOHUKA U TBEPAOTEIbHAS
anekTpoHuka" u "Mukpocuctemuas texuuka" / B. I1. Iparynos, U. I'. HeusBectnsiii, B. A. I'puauns. -
M., 2006. - 494 c. : ux.

5.lparynoB B. II. HanocTpykTypsl: ¢u3uKa, TEXHOJOTHs, IpUMEHEeHHEe : ydebHoe mocobue / B. IL
Hparynos, U. I'. HeusBectHslii ; HoBocu6. roc. TexH. yH-T. - HoBocubupck, 2010. - 354, [1] c. : ni..

6. bopucenko B. E. Hanosnekrponuka : [yuyeOHOEe mocoOue st By30B IO clieliuaibHOCTH "MUKpo- u
HaHOMJICKTPOHHBIE TexHoJiormu W cucteMbl" W "KBaHTtoBble MH(popManmonHbie cuctembl'| / B. E
Bopucenko, A. 1. BopoOnera, E. A. YTkuna. - M., 2011. - 223 c. : w1, rpad., cXemsl, Ta0MI.

7. I'yceBA. .HanomaTtepuanbl, HAHOCTPYKTYphl, HAaHOTeXHONOTHH. - M. :@usmariur , 2007, uza. 2-e,
ucrp., 414 c. un.

8. boprapatH. U., KykunB. H., Ma3ypenkoC. H. u np., nox pea. YamnsiruaalO. A.Hanotexnonoruu B
anektponuke. —M. :Texnocdepa , 2005, 446 c. ui.

9. IlynY., Oysuc®., nep. ¢ aura. noxa pen. ['omosuna FO. U.; non. JlyunnunaB. B.Hanorexnosioruu :
yuebHoe nocobue no HampasieHuto "Hanorexnonoruu". M. :Texnocdepa , 2005, 2-e, mom. u3x., 334 c.
WL

10. Ky3unenoBH. T.OcHoBBI HaHOTEXHOJIOTHH. - MOckBa : bunom , 2014.

11. UmomuuB. A., BennukoA. A.llporeccsl HaHOTEXHOJOTUH : yuyebHoe mocobue. - HoBocubupck :
HI'TVY , 2004, 107 c. un.MynsTuMe1a http://elibrary.nstu.ru/source?bib_id=vtls000029072

4.2 JIonoTHUTEIbHBIENCTOYHUKH
1. JlozoBckuit B. H. HanoTexHosorust B aiekTpoHuke. Beenenue B cnenuanbHOCTh © [yueOHOe mocobue
st By3oB] / B. H. Jlozosckuid, I'. C. Koncrantunona, C. B. Jlozosckuii. - CII6. [u ap.], 2008. - 327 c. :
WL
2. MuponoB B. JI. OcHOBBI CKaHHPYIOIIEH 30H0BOM MHUKPOCKOIHH : ydeOHOe 1mocodue it By30B / B.
MuponoB ; TH-T ¢pu3uKH MUKPOCTPYKTYDp. - M., 2005. - 143 c. :uB. mi.
3. HeBonmma B. K. 30HI0BBIC HAHOTEXHOJIOTMHM B 3JIEKTPOHUKE : [y4eOHOE mocoOWe JUIsl BY30B TIO
cnenuanbHocTIM 210601 "Hanotexnonorus B anexkrponuke” u 210602 "Hanomatepuansl" HanpaBiieHUs
noaroroBku 210600 "Hanorexnonorus" wu mno crneuuanbHocTsM 210104 "MukposnekTpoHuKa u
TBepAoTeNnbHas anekTponuka" u 210108 "MukpocucremMHas TexHuka' HampasiaeHus 210100
"OnexTpoHrKa U MUKpos3sekTponuka'] / B. Hesonun. - M., 2006. - 159 c. : ni.
4. NlparynoB B. II. ®usuka TBepaoro tena. OCHOBBI HAaHOAJIEKTPOHUKH (KBAHTOBBIE MPOBOJHUKU M
yraepoAHble HaHOTpYOku) : yueOHoe mocobue / [lparynoB B. II. ; HoBocub. roc. TexH. yH-T. -
HoBocubupck, 2007. - 106, [2] C. : Ui, TaoIL.. - Pexum JocTyna:
http://lwww.ciu.nstu.ru/fulltext/textoooks/2007/dragun.pdf. -  HMuHOBammoHnHast  oOpa3oBaTeabHast
nporpamMma HI'TY "Beicokue TexHomorun".
5. Hanorexnonoruu B anekrponuke / [H. U. boprapar, B. H. Kykun, C. H. Ma3sypenko u ap.] ; mox pen.
IO. A. HaruteiruHa. - M., 2005. - 446 c. : ui.. - ABT. yKa3aHbl B COJEPK..
6. Ilpomeccsl MUKpO- W HAHOTEXHOJOTHH : ydeOHOe mocoOue ais By30B 1o crenuanbHocTsM 200100
"MHUKpPO3IEKTPOHHKA U TBepJoTesnbHas nekTponuka” u 202100 "Hanorexnonorus B anekrpuke" / T. W.
JanunuHa u 1p. ; TOMCKHII roc. yH-T CUCTEM YIIp. ¥ paguo3IeKTpoHUKH. - Tomck, 2005. - 314, 1] c.
7. Bhushan B. Springer Handbook of Nanotechnology / Bharat Bhushan, editor. - Berlin ;, 2007. - XLIV,
1916 p. :ill. + 1 CD-ROM (4 3/4 in.).. - Tep. 3ara.: HInpuHrepoBcKuii CipaBOYHUK MO HAHOTEXHOJIOTHH.
8. I'punuun B. A. ®usuka mukpocuctem. Y. 1 : [yueOnoe mocobue st By30B] / B. A. I'puauun, B. I1.
HparynoB ; [HoBocu6. roc. texH. yH-T]. - HoBocubupck, 2004. - 415 c. : un.. - Pexxum moctyma:
http://elibrary.nstu.ru/source?bib_id=vtIs000031699.


http://elibrary.nstu.ru/source?bib_id=vtls000178062
http://elibrary.nstu.ru/source?bib_id=vtls000208144

9. bakyesa JI. I'. [u ap.] ; mox obm. pen. MneunaB. ., IllukaA. S.®du3nka HU3KOpA3MEPHBIX CUCTEM :
yaeOHoe rmocoOue /Tt By30B 10 HanpaiieHuto "Texaundeckas pusuka" / U3marensctBo  CII6. : Hayka ,
2001, 155 c. ni.

4.3 MeTtoau4eckoe odecrevyeHue
1. OparynoB B. II. Mukpo- u HanodnekTpoHuka. COOpHUK 3a7a4 W IMPUMEPHl X PEIICHHs : ydeOHOe
nocob6ue / B. II. lparynos, JI. . Octeptak ; HoBocub6. roc. TexH. yH-T. - HoBocubupck, 2015. - 45, [3] c.
: W, Ta0II.. - Pexxum moctyna: http://elibrary.nstu.ru/source?bib_id=vtls000215042
2. KpacnomneueB E. A. Maremarnueckue Metonbl Gu3uku. OpTOHOPMUPOBAHHBIE 0a3uchl (PYHKIHH :
yaebnoe nmocodbue / E. A. KpacnoneBues ; HoBocub6. roc. TexH. yH-T. - HoBocubupck, 2008. - 337 c. : ui..
- Pexum  pmocryma:  http://elibrary.nstu.ru/source?bib_id=vtIsO00087368. -  HMuHoBaimoHHas
oOpazoBarenbHas nporpamma HI'TY "Bricokue Texnonorun".
3. Kamenckass A. B. OCHOBBI TEXHOJOTHMH MAaTEPHAIIOB MHKPOIJICKTPOHUKU : y4eOHO-METOIUYECKOE
nocobue / A. B. Kamenckas ; HoBocub6. roc. TexH. yH-T. - HoBocubupck, 2010. - 94, [1] c. - Pexum
nocryma: http://www.ciu.nstu.ru/fulltext/textbooks/2010/kamensk.pdf.
4. BplonHEHWEe W OpraHu3alvs 3allUT BBIMTYCKHBIX KBaTU(UKAIMOHHBIX PAadOT CTYyACHTAMHU:
MeTtoanueckue ykazanus. / HoBocuO. roc. TexH. yauBepcureT, cocras. 0. B. Hukutus,
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http://elibrary.nstu.ru/source?bib_id=vtls000215042

DenepansHoe rocyaapcTBeHHOE OI0MKETHOE 00Pa30BaTENILHOE YUPEKACHHE
BBICIIEr0 00pa3zoBaHHI
«HoBocuOupckuii rocy1apcTBEHHBIH TEXHHUECKHI YHUBEPCUTET »
Kadenpa [onynpoBoqHUKOBLIX TpHOOPOE HMAKPOIEKTPOHUKH
¥ :

>
(s}
;if:?'rfﬁ*

crumngﬂ.
LAPCT,

]
e

AT

Je

S HAYKY

v
-3

_..'5‘""&

4 4%2‘

?”‘
£5$ g

Fer
T

A
Q@N

g

2o AN
214 i 2

®OH/J1 OHEHOYHBIX CPEJICTB

T'OCYJAPCTBEHHON UTOIOBOI ATTECTAILIUM

Hanpagmenne nogrotoku: 28.03.01 HaHOTeXHONOTHA B MHKPOCHCTEMHAS TEXHHKA
Hanparnernocts (mpoduis): HaHOTEXHOTOTHS

OcHOBHOH BUJ NesTensHoCTH: HaydHo-ncenenoBarensekas

Kpamduxamusa: bakanasp

@opma 0OyueHus: ouHASA

T'on nauana noarotoBkH no obpazopaTensHoi nporpamme: 2016

OpHeHTHpOB&HHOCTBZ nporpaMma akaieMHu4eCKoro GBJCHJ'[aBpHaTa

Hosocubupcexk 2019

“YTBEPXJIAK”
Tleprelit mpopexTop
I'.U. Pactopryer

2019r.



1IlacmopT rocy1apcTBeHHOr0 IK3aMeHa
1.1 O60611eHHAs CTPYKTYPA rOCyA1apCTBEHHOI0 IK3aMeHa
O0001IeHHAas CTPYKTYpa TOCyIapCTBEHHOTO YK3aMeHa npuBeaeHa B Tadmuie 1.1.1.

Tabmuma 1.1.1

Konanl

Kommnerennuu u nokasareju cpopMUpPOBAHHOCTH

Bonpocsl
roCy/1apCTBEeHHOI0
JK3aMeHa

OIIK.1 ciocoOHOCTD NMpeaCcTaBJIATh a1eKBATHYI0 COBPEMEHHOMY YPOBHIO 3HAHMI HAYYHYIO
KAPTHHY MHPa Ha OCHOBE 3HAHUSI OCHOBHBIX I0JI0’KeHUH, 3aKOHOB H METO/10B €CTeCTBEHHbIX

HAYK U MAaTEMAaTUKHU

3HaThb OCHOBHBIC 3aKOHBI (bI/ISI/IKI/I, SABJIAIOIMHCCA

311 0a30BBIMU JIJIS pEIIeHUs 3a/1a4 PO ecCHOHATEHON 1.2
JEITEJIbHOCTHU ’
24 UMETb MPECTABICHUE O CBSA3U (PU3NKO-XUMHUYECKUX
CBOMCTB TBEPBIX TEN C UX BHYTPEHHEU CTPYKTYpOU 3,4
35 3HaTh OCHOBHBIC (PU3NUECKUE 3aKOHBI U SBJICHUS 5 6
H
3HaTh 0A30BBIC MOJOKEHUS (PyHAAMEHTATBHBIX
paszienoB MaTeMaTHKU B 00beMe, HE00XO0AUMOM JUIst
38 BJIaJICHUS] MAaTEMAaTHYECKUM anrapaTrom it 00paboTKu 78
H

nH(pOpPMAINY ¥ aHAJIKM3a JaHHBIX B 00J1aCTH
npodeccHoHaIbHON AEATEILHOCTH

OIIK.3 cnoco0HOCTH pemiaTh 321244 AHAJM3a U PacYeTa XapaKTePUCTUK JIeKTPHIECKUX

nemnei
36 3HATh DKBUBAJICHTHBIC CXCMbI AKTHUBHBIX 3JICMCHTOB 9 10
1
YMeTh NPOTHO3UPOBATH U3MEHEHUE CBOMCTB AJIECMEHTOB
yo6 MIpU U3MEHEHUH BHEUIHUX YCIOBHI U BO3JEHCTBUU 11 12
)

BpEIHBIX (PAKTOPOB

OIIK.6 cioco0HOCTD OCYIIECTBIATH MOUCK, XpaHEeHHE, 00pad0TKY M aHAJIM3 HH(POPMALNH U3
Pa3JHYHBIX HCTOYHUKOB M 0a3 JaHHBIX, IPEICTABIATH ee B TpedyeMoM (opmare ¢
HCI0Jb30BAaHHEM HH(POPMALMOHHBIX, KOMIILIOTEPHBIX M CeTeBbIX TEXHOJIOT U

BJIAZACTH IEPCOHAJIBHBIM KOMIIBIOTEPOM KaK CPECACTBOM

ys yrpaByieHus1 HHGOpMaIrei 13, 14
6 YMETh OCYIIECTBIISTH MOMCK HHPOPMAITUH B JIOKATHHBIX
y H T100aIbHBIX CETAX 15, 16

ITK.1 cmocoOHOCTH MPOBOAUTH (PU3UKO-MATEMATHYECKOE MOJCJTMPOBAHNE HCCIETYEeMBbIX
NPOLEeCcCOB HAHOTEXHOJIOTHHM ¥ 00bEKTOB HAHO- U MUKPOCHCTEMHOI TEXHUKH €

HCIOJb30BAHUEM COBPEMCHHLIX KOMIIbIOTCPHBIX TEXHOJOT Uil

323

3HaTh OCHOBBHI KJ1accu(UKaK 0ObEKTOB HAaHO- U
MHUKPOCHUCTEMHOM TEXHUKHU

17

327

3HaTh (PU3MUYECKYIO CYIIHOCTh IPOLIECCOB,
IIPOTEKAIOIINX B IIPOBOIHUKOBBIX,
MOJIYIIPOBOTHUKOBBIX, AUINEKTPHUUECKUX U MArHUTHBIX
MaTepuaiax B pa3IMUHbIX YCIOBHIX IKCILTyaTallH;

18, 19

329

3HaTh pU3NYECKUE MPUHLIHUIBI pabOThI, (HU3NIECKYIO
CTPYKTYPY, OCHOBBI TEXHOJIOTUH U3TOTOBJICHUS H
MPHUHIUIIBI TIOCTPOCHUST HHTETPATBHBIX MHKPOCXEM U
(YHKIIMOHATIBHBIX YJIEMEHTOB

20, 21




Bnagets MeTo1aMu 9MCIIEHHOTO MOACTIUPOBAHUS
331 (U3UKO-XMMHYECKUX MPOIIECCOB U SIBJICHUM, JIKAIIUX B 22 23
OCHOBE HAHOTEXHOJIOTUH '

3HaTh PU3NYECKUE MPUHIUIIBI PAOOTHI OCHOBHBIX

337 CTPYKTYP ¥ KOMIIOHEHTOB HaHO- U MUKPOCUCTEMHOMN 24 25
TEXHUKHA '
139 3HaTh PU3UKO-MaTEeMaTHIECKUE U (PU3UKO-XUMUYECKUE
MO/IEJIU MPOIIECCOB HAHOTEXHOJIOTHHI 26, 27

3HaTh MaTeMaTHYECKUM arrmapar 1 YuCJICHHbBIC METO/IbL
341 IJI1 MOACTTUPOBaHUA (bl/ISI/IKO-XI/IMI/ILIeCKI/IX IIpoIeCcCoOB U 28. 29
ﬂBHeHHﬁ, JIe)KaluX B OCHOBE HAHOTCXHOJIOI'NH '

343 3HaTbOCHOBHBICPUHIUTIBIMOICTUPOBAHUS 30 31

y30 VYMeTbCcOCTaBIAThaAEKBATHBIEMOIEIU 32

IIK.2 roToBHOCTH NPOBOAMTH YKCIIEPUMEHTAJIbHbIE HCCJICIOBAHNUS 110 CHHTE3Y U AaHAJU3Y
MATEPHAJIOB H KOMIIOHEHTOB HAHO- H MUKPOCHCTEMHO TeXHUKH
3Harh (pyHIaMEHTaTbHBIC OCHOBBI ITPOIIECCOB CHHTE3a
312 MaTepUaJIOB U KOMIIOHEHTOB HAHO- U MUKPOCUCTEMHOM 33 34
TCXHUKU !

3HaTh OCHOBHBIE BU/IbI U CBOWCTBA HAHOMATEPHUAJIOB,
313 TUIOBBIE TEXHOJIOTUYECKHUE TTPOLIECCHI UX MOJYUEHUS, & 35 36
TaK)Ke THUIIOBOE 00OPYyOBaHHE ’

220 3HATh OCHOBHBIC METOJIBI M CPEJICTBA U3MEPCHHUS
(UBUYECKUX BEITUYHH 37, 38

3HaTh KJIaCCI/I(i)I/IKaIII/IIO TBCPALIX TCJI HA MCTAJLJIBI,
39 MIOJIYIIPOBOJHUKH U JUDJIEKTPUKU C TOYKU 3pEHUS 39 40
30HHOM TEOpHUH ’

1.2IIpumep Ounjiera

HOBOCHWBUPCKUI TOCY JAPCTBEHHBIN TEXHUYECKWI YHUBEPCUTET
DaxkynbTET paJUOTEXHUKHU U JIEKTPOHUKHU

JK3aMeHAMOHHBIN Omiter Ne 1
K TOCYJIapCTBEHHOMY 3k3aMeHy 1o Hamnpasienuio 28.03.01 HanoTexHoIOrnu 1 MUKPOCUCTEMHAS
TEXHUKA

1. KynonoBckas 6510kaza TYHHETUPOBAHUS U OJTHOZIEKTPOHUKA. OTHOAIEKTPOHHBINA TPAH3UCTOP.

2. ACM. Yto Takoe KOHTakTHas jaedopMalius 30HI-TIOBEpXHOCTH? IloyeMy mpu CKaHUpPOBaHUU
30HJIOM CO CKOpPOCTb 10° - 10° CEKYHJIbl Ha TOYKY M300pa)K€HHs] HE MPOUCXOJUT pa3pylleHue
noBepxHocTu? Kak 3aBUCHUT TiyOMHa MOTPYXKEHHMsS 30HAA OT BPEMEHHM MPUIIOKEHUS JIOKAJIbHON
cunbl? Kak ncnonbsizyercst ACM s iokaiabHOU MOIM(UKAIIMK TOBEPXHOCTU?

3. OnHosnexTpoHuka. [Ipumeps! peanuszanun 0 JHOAIEKTPOHHBIX TPUOOPOB.

YrBepxnato: 3aB. kapeapoit [INIuMI/1.1. Ocreprak
(moxnuce)
(mata)



1.3 MeToanka OeHKH

Bunersl k skx3ameHy (OpMHUPYIOTCS M3 BOMPOCOB, MPEACTABICHHBIX B MIyHKTe 1.5. buner
COJEPXKUT TPU TEOPETHUECKUX Bompoca. [lepBblii, BTOpoil U TpeTuil BOIpoCkl OuiieTa BEIOUPAIOTCS
cilydaiiHbIM 00pa3oM M3 MepeyHsl BOIPOCOB. DK3aMEeH MPOBOJIUTCS OYHO B MHCbMEHHOU (Gopme 1o
OuneraM, ¢ 00fA3aTeNbHBIMM OTBETAaMM Ha JMCTax OyMaru co mraMmnoM Qakyibrera u
MOCJIEYIONUM BBICTYIJICHHEM B YCTHOU (pOpPME MO COAEP)KAaHUIO MUCHbMEHHBIX OTBETOB U OTBETOB
Ha JIONOJHUTEIbHBIE BONPOCHL. MTOroBas oLEHKa 3a TOCYJapCTBEHHBIM JK3aMEH BBICTABIIACTCS B
COOTBETCTBUU C KPUTEPHUSIMH, IPUBEACHHBIMU B 1I. 1.4.

1.AKpuTtepuu oueHKu

[To pe3ynpraTaM OTBETOB CTyJEHTAa Ha BONPOCH OWjeTa W  JONOJHUTEIbHBIC
BONPOCBHI(YTOUHSIFOIIIME  CyTh  OTBETAa) TOCYJApCTBEHHAs  DK3aMCHAIMOHHAs  KOMHUCCHS
OIleHUBaeTC(HOPMUPOBAHHOCTH KOMITETEHIIUI HA Pa3HBIX YPOBHSIX.

CootBeTcTBHE YpOBHEH CHOPMUPOBAHHOCTH KOMIIETCHIIHA, KPUTEPUEB OIICHKH M OAJUIOB 10
100-6anpHoO¥ miKane npuBeaeHo B Tabmume 1.4.1.

Tabmuua 1.4.1

YpoBeHnb
KpuTtepuu onenku c(opMHPOBAHHOCTH Auanason
. 0aJI0B
KOMIeTeHI Ui
CTYACHT MPABWIBHO U TIOJTHOCTBIO OTBETHII HA YETHIPE
BOITPOCA IK3aMEHAIIMOHHOTO OMIeTa, a TaKkxkKe .
P 1 ’ [TponBUHYTHIH 87-100

JIOTIOJTHUTEIIBHBIE BOIPOCHI, YTOYHSIOIINE CyTh OTBETA,
4eM MoKa3aJl YriayOJeHHbIC 3HAHUS
CTYACHT MPABWJIBHO OTBETHUJI HAa BCE BOIPOCHI, HO
HEJIOCTaTOYHO Pa3BEpHYTO WIIM OTBETUJI MUHUMYM Ha TPU .

A paspepHy Y p bazoBsrit 73-86
BOIpoca OuseTa abCOMOTHO TPABUIIBLHO U JOCTATOYHO
pa3BEPHYTO
CTY/ICHT B II€JIOM TPABHJIBHO OTBETHUII MUHUMYM Ha JBa
BOIpoca Ouiera, 3HaHUs He CTPYKTYPUPOBAHBI U IToporossrii 50-72
MIOBEPXHOCTHBI
CTYAEHT MPaBUWJIBHO OTBETUJ He OoJiee ueM Ha OJIUH

Y P Hwxe noporosoro 0-50
BOTIPOC IK3aMEHAIIMOHHOTO Omera

HToroBas oreHka Mo rocyapCTBEHHOMY SK3aMeHyBbIcTaBisiercs no 100-0annpHoi 1mIKaie,
no OykBenHoii mkane ECTS wm B Tpaauumonnoii ¢opme (B COOTBETCTBHH C JCHCTBYIOIIUM
[MonoxxeHreM 0 OATBHO-PEUTHHIOBOM CHCTEME OIICHKH JOCTHeHH cTyaentoB HI'TVY).

1.511pumepHbIil NepeyeHb TeOpeTHYeCKUX BONPOCOB

1. KynoHoBckasg Oiokaga TYHHEIMPOBAaHUS M OJHOIJIEKTPOHUKA. OIHO3IEKTPOHHBIN
TPaH3UCTOP.

2. ACM. UYro Takoe KOHTakTHas nedopmanusi 30HA-MIOBEpXHOCTH? [loyemy mpm
CKAaHHPOBAHMH 30HIOM co ckopocts 10 — 10™ cexyHapl Ha TOUKY H300PAKEHHS HE MPOHCXOIAT
pazpyuienre noBepxHocTu? Kak 3aBUCHT IiyOMHA MOTPYXKEHHs 30HJA OT BPEMEHU MPUIIOKEHUS
nokanbHOM cuibl? Kak ucnonszyercs ACM juist ToKanbHON MOAM(UKALIUY TTOBEPXHOCTH?

3. Tlonemoit TpaH3ucTop ¢ u3oyupoBaHHBIM 3aTBOpoM. BAX MJIIIT. DddexTsl cHIbHBIX
nosie B kopoTkokaHanbHbIXx M/IIIT. [lerpamanus xapaxrepuctuk MJIIT, BeI3BaHHas ropsyumu
HOCHUTEJISIMHU.




4. Kak ycTpoeH 30H] aToMHO-cuiioBoro mukpockona (ACM)? Yrto takoe xaHTmieep? Kak
U3MEpSETCSl BEIUYMHA OTKJIOHEHMs KaHTuieBepa? Kak wusMmepsercd cuwia TpeHHA 30HAA O
IIOBEPXHOCTH?

5. MopenupoBanue XapaKTEPUCTHUK KOPOTKOKaHaJIbHBIX MJIT TPaH3UCTOPOB
(muddy3noHHO-ApeiidoBoe MpUOIMIKEHHE, THAPOTUHAMUYECKOE TPUOIMKEHUE, JTOKATHHO-TI0JIEBOE
npubimxenne). DP@eKTsl cUIbHBIX IMOJIEH B HaHOTpaH3MCTOpax. Beruieck ckopocTH HocuTesen
(mns Sim GaAs).

6. Yro Takoe snuTakcus? Kakue M3BECTHBI pa3HOBUIHOCTH SMUTAKCUI O clIOCO0Yy TOCTaBKU
BELIECTBA HAa NOBEPXHOCTh? YTO Takoe TOMO U IeTepo3NuTaKcus’?

7. DNeKTpOHHBIM «Hacocy (cTaHmapT cuibl Toka). IIpubopsl Ha OCHOBE OAIMCTHUYECKOTO
TpaHcrnopTa. KBaHTOBbIE KJIETOUHBIE aBTOMATHI.

8. Kakue npoueccsl Bkitoyaer B ceds meron autorpapuun? Kakue sBieHHs] OrpaHUYMBAIOT
IIPOCTPAHCTBEHHOE  pAa3pelIEHHE METONOB  ONTHYECKOW, DJIEKTPOHHOM W  PEHIE€HOBCKOHU
nutorpapun’?

9. IINOTHOCTH COCTOSHHUH B OJIGKTPOHHBIX CHUCTEMax MOHMXEHHOM Pa3MEPHOCTH.
Pe3onancHoe TyHHenupoBanue. BAX cBepxpeeTox.

10. CaepxObicTpoe oxjaxkaeHue. YTo Takoe KpUTHUYECKHH 3aponsiml HOBOH (aswl? Ilouemy
JUI TOTO, YTOOBI MOTYYUTh OOJIbIlIE HAHOKIACTEPOB, HEOOXOAUMO KaK MOXKHO OBICTpEe OXJIaXAaTh
ra3oByro (a3y? Kakue u3BeCTHBI CIIOCOOBI peaTu3alii METOIa CBEPXOBICTPOTO OXJTKICHUS?

11. 3apsan u emxocts OII3. CraTtucTuka 3amoidHEHHUS MOBEPXHOCTHBIX COCTOSIHMM. 3apsa u
emkocts [1C.

12. Kak yctpoen ckanupyromuii 30H10BbIH Mukpockon (C3M)? Kak knaccupunupyrores
C3M 1no xapaktepy B3aUMOJIEHCTBUS 30Ha C TOBEPXHOCTHI0. Kakue CylecTByoT pexumbl padboThl
C3M 1o criocoOy ABMXKEHUS 30H]1a HAJl UCCIIEyeMON TOBEPXHOCTBIO

13. Bonbt-hapagnas xapakrepuctruka (BOX). DkBHBaJICHTHBIC CXEMBI Ha BHICOKMX U HHU3KHX
yactotax. O6pabotka BU BD®X. Meroasl onpenenenust miotHoctd [IC Ha ocHOBe u3MepeHuit
emkoctu M/III- ctpyktyp

14. Kakue cBoiicTBa IMOPHCTOrO0 aHOJHOTO OKCHJA AITIOMMHUS JAENAl0T €ro MepCcrleKTUBHBIM
MaTepuaIoM i CO3AaHMsl HAHOCTPYKTYp? UTo Takoe HAaHOMMIPUHTUHT?

15. Meron Hakauku 3apsjga kak Metoj ompeneneHus napamerpoB IIC B MJII tpansucrope
(mpoctpaHCcTBEeHHOE U 3Heprerudeckoe pacnpeznenenus [1C).

16. B yem ocobeHHOCTh CTPYKTYpbl Monekyn [TAB? Uro Takoe MHIEIBI U MULEIUISIPHbIE
cuctembl? Kak MOXHO HCHONB30BaTh XUMHYECKHE pEakUMM B MHULEIaX Uil CUHTE3a
HaHOKJIaCTEPOB?

17. TlonynpoBoIHUKOBbBIE reTepONepPeEXObl. [Tpubopsr Ha OCHOBE
KOMITO3UIIMOHHBIXT€TEPOCTPYKTYP. O- JIETMPOBAHHUETETEPOCTPYKTYPHI.

18. Kak wu3MeHseTCsI COCTaB M BSA3KOCTh BEIIECTBA TPU NPEBPALICHHAX 30]Ib — Telb —
amopdnoe BemiecTBo? Kakue rnporeccsl JiexxaT B OCHOBE 30J1b-T€JIb TEXHOJIOTHUH?

19. CrnuaTpoHHKa. D¢(GEKT TUTaHTCKOTO MAarHeToconpoTuBiieHUs. CHUHOBBIC KJIATaHbl,
AJIEMEHTHI HA OCHOBE CIIMH3aBUCALIETOTYHHEINPOBAHUS

20. Mertox monekynsapHoro HacianBaHus. Kakue neryune coeamHeHUs (IPEKypcOpb) MOTYT
OBITH MCIIOJIB30BaHBl JUII METOJa MOJIEKYJISIpHOro HaciaumBaHus? KakoBa mocienoBaTeIbHOCTh
OCAXKIEHHSI MOHOMOJIEKYJIIPHBIX CJIOEB?

21. DnemenTHass  0a3a  KBAHTOBBIX  KOMIbIOTEpOB.  KyOuThl,  OJHOKYOUTHBIE U
IBYXKyOUTHBICONpepauuu. [Iprumepsl peanusanuu Ha sIepHbIX cMHax ¢ocdopa B KpeMHHH U Ha
SNIEKTPOHHOM CIIMHOBOM pe3oHaHce B cTpykTypax Ge-Si (uHauBHayanmuzanus KyOHTOB H
OJIHOKYOWTHBIE OIEpald, B3aUMOJICHCTBUE KYOMTOB U JBYXKYOWTHBIE ONEpallid, H3MEPEHHE
cnuHa). [Ipobiemsbl co3aHust KBAHTOBOT'O KOMITBIOTEPA.

22. Kak ycrpoen peakrop misi [@D? Pexum knHeTHdecknx u Au(y3nOHHBIX OrpaHHYCHHA.
B xakoM ciydae 10CTUraeTcsi BbICOKask OJHOPOIHOCTb POCTa, a B KAKOM — BBICOKAsi CKOPOCTb pOCTa
IJIEHOK?



23. CrnuHTpoHMKA. MHXEKIMs ¥ TPAaHCHOPT CHIHH-TIOJSPU30BAHHBIX 3JIEKTPOHOB. MeETOIBI
JIeTeKTHpoBaHue crinHa. CIIMHOBBIN TPAH3UCTOP.

24. Kak pemaercss mpo0ieMa COTrJIACOBaHUS MOCTOSHHBIX PEIIETOK IMOJUIOKKH U PACTYILEro
ciost B MJID TBepapIX pacTBOpOB 3aMeIlICHUs?

25. Opnonnextponuka. [TpumMepsl peanu3aiy 01HOIEKTPOHHBIX TIPUOOPOB.

26. Ilouemy TemmeparypHas TpaHHIa CIOEBOTO SMUTAKCHAIBHOTO pOCTa ISl BULMHAIBHON
IpaHd HUXKE, YeM JIJIsl OCHOBHOM rpanu Si(111)?

27. 3onnas aumarpamma MJIIT - crpykrypbel. YpaBHenume Ilyaccona. Pemenue B ciydae
HEBBIPOXKJIEHHON cTaTuCTHUKU. Merton 3¢ ¢ekra mons. VMccnenoBanue MOBEPXHOCTH C MOMOIIBIO
s dexra mosms.

28. B yeM mpUHIMIIHAIBHOE OTIMYHUE MPOIEcca aHOJHOTO OKHCICHHS OT MPOIecca aHOJHOTO
pactBopenus (TpaBinenus)? Kakas cragusi mporecca aHOAHOTO TPaBJIECHUS KPEMHUS MpPU HU3ZKOU
IUIOTHOCTH TOKa fBNsieTcA JuMHUTHpYytomiei? IloyeMy mpu HM3KOH IJIOTHOCTH TOKa 0oOpasyercs
CJION IOPUCTOTO KpeMHUs?

29. I'panuna pasgena MOJNYNPOBOJAHUK —JAHIJICKTPHK. IToBEpXHOCTHBIE COCTOSIHUS Ha
aTOMapHO-YHCTON U peanbHOI MoBepXHOCTH. I[lpunoBepXHOCTHBIE M30BITKM HOCUTENEH 3apsaa U
MOBEPXHOCTHAs IPOBOAUMOCTb. MeTO0/1 TOBEPXHOCTHOM MPOBOIUMOCTH.

30. B yem ocobeHHOCTHh cTpyKTyphl Mosekyn [TAB? Uto Takoe MUIENIbl U MULIEIUIAPHBIC
cuctembl? Kak MOXHO HCHONB30BaTh XUMHYECKHE pEaKkUMM B MHULEIAX JUIsl CUHTE3a
HaHOKJIaCTEPOB?

31. KsanToBslii 3¢ ekt Xoira.

32. JlocTmxkeHus B KaKOW 00JIaCTH HAYYHOTO 3HAHUS OMPEACTUIN MOSBICHUE HAHOTEXHOIOTHH?
[louemy HaHOTeXHONOTHS BO3HHMKJIAa Ha pyOexke 20-21 Beka? K kakoMmy Kiaccy SIBICHHM B
(bu3n4YecKoil XUMHH OTHOCST IPOIIeCcChl (GOPMUPOBAHUS U YIIOPSIOYMBAHNUS HAHOYACTHIL?

33. 3onnas guarpamma MJIIT - crpykrypsl. PaznoBumnoctu OII3 (oOoramenue, obenHeHue,
uHBepcusi). BinsHue KOHTaKTHON pa3HOCTU MOTEHIIMAIOB, BCTPOSHHOTO 3apsiia U MOBEPXOCTHBIX
COCTOSIHMM Ha HanpsbKeHHe 1m1ockux 30H. M/III crpykTypa ipu BHEIIHEM CMELIECHUU.

34. TloueMy CKaHHpYIOIIMA TYHHENIbHBII MHUKpPOCKON  00lagaer caMOi  BBICOKOU
paspemaroniell ciocoOHOCTh NMPHU ONPEAETICHUH TONOrpa(uu MOBEPXHOCTU CPEIU BCEX HM3BECTHBIX
C3M? Yto aktuuecku uzmepser CTM?

35. Pe3oHaHCHO-TYHHENBHBIN TPAH3UCTOP HA KBAHTOBOH TOUKE.

36. Uro Takoe MOTEHLUHUANbHBIH penbed MOBEpXHOCTH? YCIOBHE paBHOBECUS aJaTOMOB Ha
MOBEPXHOCTH. J[Ba MeXxaHHM3Ma pOCTa MJIEHOK MPH SMUTAKCHU.

37. TloneBble = HAHOTPAH3UCTOPBI:  MEXaHMU3Mbl  TOKOINEPEHOCAa,  TEOPETHYECKHE U
TEXHOJIOTUYECKUE MPeIebl YMEHbIIEHUS pa3MepoB. [IpHHIINITBI M OrpaHUUYEHHs] MacIITaOUPOBaHUSI.

38. [louemy mnpouCXOAMT TMepecTpoiika aToMapHO-uuCTOM moBepxHocTH? Kak 3aBHCHT
MIOBEPXHOCTHOE HATSKEHHE OT IUIOTHOCTU CTYNEHEK Ha MoBepxHocTH? YTO Takoe OCHOBHbBIE
(HM3KOMH/IEKCHBIE) U BUIIMHANIbHBIE TpaHn? Kak MOXHO OLIEHUTh IOBEPXHOCTHOE HATsKEHUE, 3HAs
HHEPrHIO CBS3HM aTOMOB B KpUcTae?

39. [NonmynpoBoaHUKOBBIE reTeporepexoasl. Mognenbs AHnepceHa. [eTepocTpyKTypsl C
KBaHTOBBIMH TOUYKaMH. OJJHO3JIEKTPOHHOE YCTPOUCTBO MaMSITH.

40. Kakue OCHOBHbIE KOMIIOHEHTHI BXOJIAT B cocTaB YycraHoBku MJID. B uem
dbyHnameHTanpHoe npeumyiiectso MJID, 6naronapst koropomy MJID cTouT Ha KauecTBEHHO Oosee
BBICOKOM YPOBHE CPEU APYTUX METOAOB SIUTAKCUU?

2[1acnopT BHINMYCKHOH KBAJIN(PUKALNOHHOI padoThl
2.1 O0001meHHAas CTPYKTYPa 3alIMThI BBINMYCKHON KBaJIn(puKannoHHoii padorsl (BKP)

O6o06menHas cTpykrypa 3amutel BKP npusenena B tabmmre 2.1.1.
Tabnuma 2.1.1

Pa3nesnl u dTannl

Koasl IHoka3aTenuchopMUpPOBAHHOCTH BKP




OK.1 cnoco0HOCTH MCIO0JIb30BATH OCHOBBI (PMJI0COPCKUX 3HAHUI /151 (POPMHUPOBAHUSA

MHMPOBO33pPEeHYeCKOii MO3HITHH

y3

YMETb apryMEHTHPOBAHO BBICTPanuBaTh
JI0KA3aTeNbCTBA, JIOTUKY MOHUMAaHUSI aKTYyaJIbHbBIX
npodeccrnoHaNbHBIX U HPABCTBEHHBIX IPOOIIeM

3ammra BKP
(ycTHbIN gokan)

OK.2 crioco0HOCTH AHAJIM3UPOBATH OCHOBHBIE 3TAINBI M 3AKOHOMEPHOCTH HCTOPUYECKOT0
Pa3BUTHS 001IecTBA 1Jisi GOPMHUPOBAHUS IPAKIAAHCKONM MO3HLIUH

31

3HATh O0IME 3aKOHOMEPHOCTH U HALlMOHAJIbHbIE
ocoOeHHOCTH pa3BuTHs Poccuiickoro rocynapcrsa u
oOmiecTBa

BBEJICHUE
(BKIIIOYaroIIee
aKTyaJIbHOCTb

BBIOpaHHOM
TEMaTHKN)
AQHAIMTUYECKUI
0030p JIUTEPaTyphI

OK.3 cnoco0HOCTH HCNI0JIB30BATH OCHOBBI IKOHOMUYECKUX 3HAHUIN NMPH OlleHKe

3P eKTUBHOCTH Pe3yJIbTATOB AeATEIbHOCTH B Pa3JHYHbIX cepax
3HATh MOAXO0/bI K (HOPMHUPOBAHUIO
33 IIPOU3BO/ICTBEHHBIX 3aTPaT HA U3TOTOBJICHUE UCCJIEI0BATEIbCKAS
npoaykuuu (padot, ycayr) (mpoexTHas1) 4yacTh
OK.4 cioco0HOCTH MCII0JIB30BATH OCHOBBI IIPABOBBIX 3HAHMI B Pa3JIHYHBIX c(hepax
JAeATeJbHOCTH
33 3HATh IpaBa U 00S3aHHOCTH rpakaaHnHa PD UCCIIeI0BaTEIbCKAs

(IpoeKTHas) YacTh

OK.S cnoco0HOCTh K KOMMYHHKALIMU B YCTHOM ¥ MMCbMEHHOM (pOpMax HA PyCCKOM H
HHOCTPAHHOM SI3bIKAX [JISl PelleHUs] 32124 MeKJIMYHOCTHOIO U MEKKYJIbTYPHOI 0

B3auMOAEeHCTBUA

BJIaJCTh HaBbIKaMU Hy6JII/I‘~IHOFO BBICTYILIICHUA,
YCTHOﬁ MMPE3CHTAalU PE3YyJIbTATOB

y3 > sammra BKP
npodecCHOHANBHOM IEeSATEIBHOCTH Ha PYCCKOM H (yeTHEL T0KTAN)
WHOCTPAHHOM SI3bIKE y A A
vd YMETh ocymeCTBnélglrzoz;/IeJ;g:IiIg MEePENUCKY Ha HCCIIEIOBATENBCKAS
by (mpoexTHas1) 4acTh
YMEThH JIOTUYECKH BEPHO, APT'YMEHTHPOBAHO U SICHO
V5 CTPOUTDH YCTHYIO M MUCBMEHHYIO Peub B cepe samta BKP

HpO(I)eCCHOHaHBHOﬁ ACATCIIbHOCTU Ha PYCCKOM U
HHOCTPaHHOM A3BIKC

(YCTHBIN JOKIIAM)

OK.6 cnocoOHOCTh padoTaTh B KOJLUICKTHBE, TOJCPAHTHO BOCIIPHHMMAS COLMATbHbIC H

KYJAbTYPHBIC Pa3/JIH4YNA

YMETb 110A0MpaTh NapTHEPOB 715 3PPEKTUBHON

yl AGOTEI B KOMARIIC HCCIEI0BATECIbCKASA
p A (mpoexTHas1) yacTb
OK.7 cnoco0HOCTH K CAMOOPTraHU3AIUHN U CAMO0OOPA30BAHUIO
31 CAMOOGPA3OBAIIIA B TEHOHIE BOeH AM3HI HCCIICL0BATEIICKAS
P (mpoexTHas1) yacTb
33 3HATh 0COOCHHOCTH MPOGECCHOHATHLHOTO Pa3BUTHS sata BKP

JIMYHOCTHU

(YCTHBIN AOKIIAM)

OK.8 cnioco0HOCTB MCII0JIB30BATH METO/bI U CPeACTBA (PU3HMUYECKOI
o0ecrieyeHusi MOJHOLEHHON CONMAIbHOM M MPO(ecCHOHAJILHOM [

KYJbTYpPbI IS

CHATCJIBbHOCTH

31

3HATb OCHOBBI 310POBOI'0 06p333 KHU3HHU

zammuta BKP

(YCTHBIN JOKIIAM)

OK.9 roToBHOCTH N0JIb30BATHCSI OCHOBHBIMH METOAAMM 3ALMTHI NPOU3BOACTBEHHOI0
NMEePCOHAJIA M HACEJICEHUS 0T BO3MOKHBIX MOCJIEJICTBUIl aBapuil, KATACTPO(d, CTUXUITHBIX
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oencTBuil

31

3HATHIIPOOIEMBIIKOJIOTUU

UCCIIeIOBATEIIbCKAs
(mpoekTHas) 4acTh

OIIK.1 ciocoOHOCTD NMPeaCTaBJIATh a1eKBATHYI0 COBPEMEHHOMY YPOBHIO 3HAHMI HAYYHYIO
KAPTHHY MHPa Ha OCHOBE 3HAHUSI OCHOBHBIX I10JI0’KeHU, 3aKOHOB H MEeTO/I0B €CTeCTBEHHbIX

HAYK U MATEMAaTUKH

3HAaTb OCHOBHBIC 3aKOHBbI (1)I/ISI/IKI/I, SBJIAIOIIHECCA

311 0a30BBIMHU JJIS pELLICHNUS 3a/1a4 IPO(eCCUOHANBHON | HCCIIeI0BaTeIbCKas
JIeATEeTbHOCTH (TpoekTHas) 4acTh

3HaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
32 JTUCHUIIINH (MaTeMaTHKa, GU3uKa, XUMHUs, OMOJIOTHs | HCCIIEI0BATEIbCKAst
U JPYTHe CMEXKHbBIC JUCIUTLIIUHBI) (TpoekTHas) 4acThb
35 3HATh OCHOBHbIE (PHU3UYECKHE 3aKOHBI U SIBJICHUS UCCJIEI0BATEIbCKAs
(mpoekTHasi) 4acThb
16 3HATh 3aBUCHMOCTh (PU3MYECKUX CBOWCTB OT HCCIIeNOBATEIbCKAS
CTCTICHH HEYIOPSIIOYCHHOCTH (UPOCKTHAA) 9ACTH
39 3HATh YHHBEPCAILHOCTH MATEMATHYECKUX METOIOB B | 1\ooonopatenboKas
MO3HAHUH OKPYIKAIOIIETO MUPa (IPOCKTHA) YACTE
vl Brnagers MeTonamMu u cpeacTBamMu HCCIIELOBATEBCKAA
€CTECTBEHHOHAYYHBIX TUCHUIUINH (UPOCKTHA) TACTD

YMETh IPUMEHSITH OCHOBHBIEC METOJIBI

yll MaTeMaTUYECKOTO almnapara B MAaTeMaTUYECKUX HCCIIEI0BATEIIbCKAs
MOJIEIIAX 0OBEKTOB M MPOIECCOB (IpoekTHas) 4acTh
y12 YMETh MPUMEHSATH CTATUCTUICCKHUM ITOAXO0JT K HCCIeNOBATEIbCKAS
HCCJICTOBAHHIO TIPOIIECCOB U PEIICHUIO 3a71a4 (IPOCKTHA) TACTb
v3 YMeTh NPUMEHSThH 3HAHUSI €CTECTBEHHOHAYYHBIX HCCIEOBATEIECKAS
JTUCITUILINH AJIs peieHus mpodecCHOHaNbHBIX 3a/1a4 (MpOeKTHAs) TaCTh
v8 YMETh HPUMEHATH OCHOBHBIC 3AKOHBI M IPUHLMIIBL | oo v spatebekas
(GU3HUKH B CTAaHJAPTHBIX U CXOJHBIX CUTYaIUIX (IPOCKTHAS) YACTH
v9 YMETh OMUCHIBATH U KAYECTBEHHO OOBSICHATH HCCIIEOBATENECKAS

COCTOsIHUA B TBEPAOM TCJIIC

(mpoexTHas1) yacThb

OIIK.2 cnoco0HOCTD BLISBJISATD €CTECTBCHHOHAYYHYIO CYIIHOCTD npoﬁ.neM, BO3HUKAKOIIHUX B
xoae npocbeccuouaﬂbnoﬁ ACATECJIbHOCTH, IPUBJCKATDH AJIA UX PCHICHUSA COOTBeTCTBleIIII/Iﬁ

Gu3uKo-MaTeMaTHYeCKMH annapar

3HaTh CBOMCTBA PAa3JIMYHBIX T'PYIIII MAaTCPpHUAIIOB:

31 TIMDJICKTPUKOB, MTOJTYITPOBOTHUKOB, TPOBOIHUKOB, aHAJTUTUYECKHI
MarHUTHBIX MaTepHaOB 0030p JUTEPATYypPhI
3HATh KJIACCH(HUKAINIO TBEPBIX TEJT HA METAJLIHI,
32 MOJIYIIPOBOTHUKH M TUDJIEKTPUKHU C TOUKU 3PEHUS AHATTUTHYECKHH
30HHOH TEOpUHU 0030p JIUTEPATYypPhI
6a30Bble 3HaHUS (YHAaMEHTAIBHBIX Pa3ieioB
" ¢buzuku B 00bEMeE, HEOOXOTUMOM IS OCBOCHMSI_ D ——
(u3MUeCKrUX OCHOB B 00J1acTH NMpodecCHOHaTbHON 06300 JIHTEDATYDEL
JeSITeIbHOCTH p patyp
37 pHMEHAEMAIE b pASTINHEIX pasgienax quiamir | CHAmMTHeCKl
P p pasit 0030p UTEPATypHI
38

3HaTh (1)I/I3I/IKO-MaTeMaTI/I‘-ICCKI/IC MOZCIIN MPOLECCOB

aHAJINTUYECKUI
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B 00BbEMe M Ha IOBEPXHOCTH MOIYIIPOBOAHUKOBBIX
MaTepUajoB

0030p AUTEPATYPHI

BBEJ/ICHHE
(BKIIIOYaroIIee
VMeTh OCYIIECTBIIATH IOCTAHOBKY IIE€JIE U 3a1a4 aKkTyaJIbHOCTD
6 paboTHI ITPY BBHITIOJIHEHUN HAYYHBIX UCCIICIOBAHUN H BBIOPAHHOM
y OpraHu3aluy ONBITHO-TIPOMBIIIIEHHOTO TEMATUKH)
MIPOU3BOJICTBA AHATUTUYECKUI
0030p TUTEPATypHI
LEJU U 337]a4u
UCCIJIEIOBaHMsI
v Biasers sumawiun puCorenc compoutiion | cacaonarcincr
A pyA (mpoexTHas1) yacTb
v8 BEIOHpATH g%icﬁiipglj;llx/lleHMgﬂzjélgo(}];mnqemmx HCCIeIOBATENbCKAS
pot (TpoekTHas) 4acTh
YMETb CTPOUTH TEOPETHUECKHUE MOJIETH (PUINIECKIX
SIBJICHHM, JIeJIaTh PU 3TOM HEOOXOIUMbIE
v9 JOTMYIIEHUS U OIIEHUBATh 00JIaCTh MPUMEHUMOCTHU HCCIIENOBATEIbCKAS

Pa3IMYHBIX MOJIENIEH, IIIAHNPOBATH MPOCTHIE
(u3nvecKne SKCIIEPUMEHTHI U BBITIOTHSTh
duznyecKrue N3MepeHUs

(mpoexTHas1) 4acThb

OIIK.3 cioco0HOCTD pemiaTh 321241 AaHAJIN3a U pacyeTa XapaKTepUCTHK JJIeKTPHYECKUX

uenei
3 Snars ocobemoctn saputepuerns | eenenomarenseras
YHpOBOA (mpoexTHas1) yacTb
35 3HaTh OCHOBBI TEOPUH JIEKTPOMATHUTHOTO HOJIS UCCJIEI0BATEIbCKAS

(TpoeKTHas) 9acTh

OIIK.4 roTOBHOCTH NPMMEHATH COBPEMEHHBIC CPEACTBA BHINOJIHEHHUS M PeIAKTHPOBAHUS

H300paKeHuil U YepTe:Keil U NOAT0TOBKH KOHCTPYKTOPCKO-TEXHOJIOTHY e

CKOM TOKYMEHTALUH

3HATh JIEMEHThI HaUepTaTEIbHON T€OMETPUN U
WH)KEHEPHOW rpaMKu, FeOMETPHUECKOe

31 MOJIEJIMPOBAHUE, IPOTPAMMHBIE CPEACTBA HICCIIeIOBATEIbCRAA
b
KOMIIBIOTEPHOH rpaduku (mpoexTHas) 1acTh
YMETb NPUMEHSTh HHTEPaKTHUBHbIE rpadudeckue
yl CUCTEMBI J1JIs BBITIOJIHEHUS U PETaKTUPOBAHUS

n300pakeH 1 yepTexen

opopmnenue BKP

OIIK.5 cioco0HOCTH MCIOJIB30BATH OCHOBHBbIE IIPHEMbI 00Pa0OTKM M NpeACTABICHHSA

IKCIICPUMCHTAJIbHBIX JAHHBIX

32

3HaTb METOJAbI O6pa6OTKI/I IKCIICPUMCHTAJIbHBIX
JAaHHBIX COBPEMCHHBIMHU IIPOTPAMMHBIMU ITAKETAMU

UCCIIEIOBATEIIbCKAs
(mpoexTHas1) 4yacTh

OIIK.6 ciocoGHOCTH OCYHIECTBJIATH MOUCK, XpaHeHHe, 00padoTKy M aHAJIM3 HH(OPpMaLU U3
PA3JIMYHBIX HCTOYHNKOB U 0a3 JaHHBIX, IPEACTABJIATH ee B Tpedyemom (popmare ¢
HCII0JIb30BAHMEM HH(POPMALIMOHHBIX, KOMIIBIOTEPHBIX M CeTEBBbIX TEXHOJIOI MM

3HATh NPaBOBbIE OCHOBBI HH(POPMALIMOHHOM AHATHTHICCKUH
31 0€30MaCHOCTH ¥ MPUHIIUIIBI 3alTUTHI aBTOPCKOTO 0030p JIUTEPATYPHI
npaBa Ha MPOrpaMMHBIE TPOAYKTHI HCCIIEI0BATEIbCKAS
(TpoeKTHAs) 9acTh

110 et ooymeeranty novex bopuaun s | anamimcon
0030p TUTEPATYpHI

y3 YMETb IPUMEHATh OCHOBHBIE METO/IbI, CIOCOOBI 1 AHAIUTUYECKUIN

CpEeJCTBA MOJIYUYSHHs], XpaHEHUS U TiepepaboTKu

0030p JTUTEPATYPHI
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UH(pOPMAIINHU C TOMOIIBIO KOMIIBIOTEPOB U
KOMIIBIOTEPHBIX CPEJICTB

YMETh MOJIb30BATHCS HANOO0JIee PACIPOCTPAHEHHBIMU

v4 O(pUCHBIMU U MAaTEMaTUYECKUMH ITaKETaMU odopmienre BKP
MPHUKJIATHBIX TPOTPaMM
AHAJIUTUYECKUI
e BIICT, HEDCOUUIIN KOMIIOTEDOM K3 | oGs0p mreparyp
peAt yip pMatt UCCIIeIOBATEIIbCKas
(mpoekTHasi) 4acThb
' s oo ety tones mbopan || s
0030p JIUTEPATYypPHI
YMETh UCIIOJIB30BATh CIICIIUATH3UPOBAHHBIC
y7 [IPOrpaMMHBIE CPEICTBA MIPH PEIICHUU UCCIIEIOBATEIbCKas
npodeccnoHaNbHBIX 33724 (TpoekTHas) 4acThb
YMETb OIICHUBATh COCTOSIHUE U TCH/ICHIIUU Pa3BUTHS
y8 MH()OPMAIMOHHBIX TEXHOJIOTHI 1 NH()OPMATHUKH B aQHAJIUTUYECKUI
COBPEMEHHOM 00111eCTBE 0030p TUTEPATYPHI
YMETb HCIOJIb30BATh SI3BIKH U CUCTEMBI
y9 MIPOrPaMMHUPOBAHUS JUTSI PEIICHUS UCCIIeIOBATEIbCKas

npoeCCHOHATFHBIX 3314

(TIpoekTHas) 4acTh

OIIK.7 cnocoOHOCTH YYUTHIBATH COBpPEMEHHbIE TeHAeHIIUN PA3BUTHS JIeKTPOHUKH,
H3MEPUTEJIbHOM U BHIYUCIUTEIbHON TEXHUKH, HHPOPMANUOHHBIX TEXHOJIOTHH B CBOEH

npogeccCHOHAIBbHOM IEATEIbHOCTH

3aJlaHue Ha
HNmeTts nipencraBiieHue 0 NEPCHEKTUBHBIX BBIITYCKHYIO
31 HaIIpaBJICHUAX PA3BUTHS ITOJIYIPOBOJHUKOBOMN KBAIU(PUKALMOHHYO
3JICMEHTHOM 0a3bl paboty
AHAJIUTUYECKUU
0030p JIUTEPATYPHI
eTh paboTaTh HA MEPCOHATILHOM KOMITBIOTEPE B
MS-DOS, OCWINDOWS ¢ ucnons3oBannem odopmmerne BKP
yl OCHOBHBIX IPUIIOKEHUN 00pabOTKH TEKCTOBOM U -
YHCIOBOW MH(OPMALIUU, CUCTEM A
[POrpaMMUPOBaHHUS (mpoexTHas1) yacTb
v2 BJIQ/IETh CBEACHUSIMH 00 OCHOBHBIX TE€HICHIIMSIX AHATHTHIeCKIi

Pa3sBUTHUA BHGKTpOHHOﬁ KOMIIOHECHTHOM 0a3bl

0030p JUTEPATYypPhI

OIIK.8 cnoco0HOCTH HCI0JIb30BATH HOPMATHBHbIE JOKYMEHThI B CBOCH /1eATEJIbHOCTH

31

3HATb MPAaBOBLIC OCHOBBI U CUCTCMBI
CTaHAapTU3aIluu 1 CepTH(bHKaHHH

aHAJINTUYECKUH
0030p JIUTEpATyphI

OIIK.9 ciocoOHOCTH MCIOJIB30BATH HABBIKH PA00THI ¢ KOMIILIOTEPOM, BJIa/IeTh MeTOAAMH
HH(OPMALMOHHBIX TEXHOJIOTHI1, CO0JII0AaTh OCHOBHBbIE TPeOOBaHUA HMHPOPMALMOHH O

0€30IacHOCTH
¥ et oxmutrs rome Iparpubie P cccaonatcasn
JUIA TP a (TIpoekTHas) 4acTh
vd BIIQ/IETh METOJIaMHU pa0OTHI C TI0OATEHBIMH AHATATHICCKHTI
IMOMCKOBBIMU CUCTEMAMU
0030p IUTEPATYypPhI
y5 yMeTh paboTaTh ¢ nH(pOpMaIuen B TI00aTbHBIX AHATHTHYIECKHIi

KOMIIBIOTCPHBIX CCTAX

0030p JIUTEPATYypPhI
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y8

yMeeT IPUMEHATh OCHOBHBIE METO/IbI, CIIOCOOBI U
CpeZACTBa MOJTYYEHUs, XPaHEHUS U IepepadoTKU
nH(pOpPMAIIUU C TOMOIIBI0 KOMIIBIOTEPOB U
KOMITBIOTEPHBIX CPENICTB

AHAJIUTUYECKUN
0030p IUTEPATYypPHI

IIK.1 cnoco0HOCTD MMPpOBOJAUTDL (1)I/I3I/IKO-MaTeMaTI/I‘le(!K06 MOAC/THPOBAHUEC UCCIIENYEMBIX
nmpoueccoB HAHOTEXHOJIOI'MA U 00bEKTOB HAHO- H MI/IKPOCI/ICTeMHOi/i TEXHHUKH C

HCIOJb30BAHUEM COBPEMCHHBLIX KOMIIbIOTCPHBIX TEeXHOJOTuil

3HaTh TUIIOBBIE IPOTrPAMMHBIE IIPOTYKTHI,
OpPUEHTUPOBAHHBIE HA PELICHUE 3a/1a4
MOJIEJIMPOBAHUS MaTepUaIOB U KOMIIOHEHTOB HaHO-

31 U MUKPOCHUCTEMHOW TEXHUKH, YIIPaBICHHE UCCIIEI0BATEIbCKAs
rpoleccaMy HAaHOTEXHOJIOTUU, 00pPabOTKY (mpoekTHas) 4acTh
PE3yJIbTAaTOB, MOJTYYEHHBIX METOIaMU
HAHOJIMAarHOCTUKHU
3HaTh GU3HYECKUE TPUHIHIIBL, YPHEKTHI U
319 MIPOIIECCHI, JIEXKAIIE B OCHOBE (DYHKIIMOHUPOBAHHS HCCIENOBATEBCKAS
MHUKPOMEXaHUYECKUX U
(mpoexTHas1) 4acThb
MUKPOIJIEKTPOMEXaHUUECKUX CHCTEM
123 3HaTb OCHOBBI KIIaCCH(HUKALMH OOBEKTOB HAHO- U HCCIEIOBATENbCKAS
MHUKPOCHUCTEMHOW TEXHUKHU
(mpoexTHas1) 4yacThb
3Hath pu3MUecKre MPUHIUIIBI padOThI, (PU3HUECKYIO
329 CTPYKTYPY, OCHOBBI TEXHOJIOTUU U3TOTOBJICHUS U HCCIIENOBATEIbCKAS
MPUHIUITBI TOCTPOCHUS HHTETPATBHBIX MUKPOCXEM (UPOCKTHA) TACTD
1 (YHKIIMOHATILHBIX 3JIEMEHTOB p
3HATh (PU3UKO-TEXHOJIOTMUYECKHE U SKOHOMUYECKUE
332 OTrpaHUYEHUS] UHTETPALUY U MUHHATIOApU3aLluN UCCIIEI0BATEIbCKAs
AIIEKTPOHHON KOMIIOHEHTHOM 0a3bl (mpoexTHas1) 4yacThb
3HaTh OCHOBHBIE MOHATUS MEXaHUKH TBEPAOIO
neGopMHUpyeMoro Tena, OCHOBBI pacyeToB Ha
333 CTAaTHYECKYHO ¥ AMHAMHYECKYIO IPOYHOCTD U HCCIIeNOBATEbCKAS
JKECTKOCTb 3JIEMEHTOB KOHCTPYKIUH, (UPOCKTHAY) TACTD
KWHEMAaTUYECKUI U KUHETOCTaTUYECKUN aHAIIN3 p
MIOJIBUKHBIX 3JIEMEHTOB KOHCTPYKIIMH
335 3HATh OCHOBHBIC [IOJIO}KCHHUsI KBAHTOBOH MEXaHHUKN HCCIeNOBATEIbCKAS
U CTaTUCTUYECKON (PU3UKHU
(mpoexTHas1) yacTb
3HaTh (pU3NUEcKHre MPUHIMIBI paOOTHI OCHOBHBIX
337 CTPYKTYP U KOMIIOHEHTOB HaHO- U MUKPOCUCTEMHOW | HMCCJIEAOBATEIbCKas
TEXHUKH (mpoexTHas1) yacTb
343 3HaThOCHOBHBICTIPUHIIUIIBIMOICTUPOBAHUS HCCICA0BaTEIbCKas
(mpoexTHasi) 4yacTh
5 SHEPIETHMECKOrD CICKTpA B TRepAak Tenax | ICCTOBATeTbCIas
p p pa (mpoexTHas1) yacTb
YMeTb NpUMEHSATh METOIbl MOJCTUPOBAHUS C LIETIbIO
3¢ PEeKTUBHON ONTUMHU3AINHN CBONCTB MaTEPHAIIOB U
yl KOMIIOHEHTOB HAHO- U MUKPOCHUCTEMHON TEXHUKH, HCCIIEN0BATENbCKAS
IIPOLIECCOB HAHOTEXHOJIOTHI U METOJIOB (mpoexTHas1) yacTb
HAHOJIMATHOCTUKHU
Brnaznets HaBbIKaMu IPUMEHEHUSI METOJIOB pacuéTa u
y10 HUCCICIOBAHNUS MUKPOSJICKTPOMEXAHUYCCKHUX HUCCJIEN0BATCIIbCKAsA

AJIEMEHTOB M YCTPOWCTB

(mpoexTHas1) 4acTh
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y30

yMeTLCOCTaBHHTBaI[CKBaTHLIeMOI[eJII/I

UCCIIeIOBATEIIbCKAS
(TpOeKTHAs) 9acTh

y8

BJ'Ia,Z[eTB HaBbBIKaMHM pacye€Ta OCHOBHBIX IIapaMETPOB
MaTE€pHraJioOB U KOMIIOHEHTOB MHUKPO- U
HAHOCHUCTEMHOM TEXHUKH

UCCIIEI0BATEIbCKAs
(mpoexTHas1) 4yacTb

IIK.2 roToBHOCTH NPOBOAUTH IKCIEPUMEHTAIbHbIE HCCJIEJOBAHNS M0 CHHTE3Y M AaHAJHU3Y

MaTepHAI0B U KOMIIOHEHTOB HAHO- 1 MUKPOCHCTEMHOI TeXHHMKHU
3HaTh 0a30BbIE TEXHOJIOTHYECKHUE MTPOLIECCHI U
00opy0BaHue, IPUMEHEMbIE B IPOU3BOCTBE
31 MaTepHaoB U KOMIIOHEHTOB HaHO- U UCCIIEI0BATEIbCKAs
MHKPOCHCTEMHON TEXHUKHU, B TOM YHCIIE, C Y4ETOM (mpoekTHas1) yacTb
TpeOOBaHUI pEernOHAIBHBIX IPEANPUATHH
114 3HaTh OCHOBBI METPOJIOTUH, OCHOBHBIE METO/IbI U HCCIENOBATEBCKAS
cpeAcTBa U3MepeHus (PU3MUECKUX BEIUYHH (IpOEKTHAS) YACTE
115 3HaTh KIIaCCH(UKALHIO MATCPUAIIOB HCCIeNOBATEIbCKAS
MUKPOCHCTEMHOIN TEXHUKU (IPOCKTHA) TACTb
318 3HaTbOCHOBBIMETPOJIOTUH UCCIIEN0BATEIbCKAA
(mpoexTHasi) yacTb
3HaTh OCHOBHBIE (DU3UKO-XUMHUECKUE CBOICTBA
319 MaTepHaloB, UCIOJIb3YEMbIX B MUKPOCUCTEMHOM UCCJIEI0BATEIbCKAS
TEXHUKE (IpoekTHas) 4acTh
320 3HaTh OCHOBHBIE METO/bI U CPEICTBA U3MEPEHUS HCCIeNOBATEIbCKAS
(GU3NIECKUX BETUYNH (IPOCKTHA) YACTE
3Hath pusnueckue 3GHEeKTH U ABICHUS, JIeKallue B
321 OCHOBE IIPUMEHEHUSI MAaTEPUAJIOB B UCCIIE0BATENbCKAs
MHUKPOCUCTEMHON TEXHUKE (mpoexTHas1) 4yacThb
3HaTh PU3NUECKYI0, XUMUKO-(DU3UUECKYIO U
TEXHOJIOTMUYECKYIO CYIIHOCTB IIPOLIECCOB,
33 MNPOTECKAIOIIMX IIPH U3rOTOBJIICHUH MUKPOCHUCTEM; HCCJIEIOBATCIIbCKAs
IIPOU3BOJICTBEHHYIO TUTHEHY: YACTOTY MaTepuaJioB | (MPOEKTHas) 4acTh
u nomeuenunit; ECT/I u e€ npumenenue
3HaTh KJIaCCU(PUKAIMIO TBEPBIX TEJI HA METALIbI,
39 MOJIYTIPOBOJHUKHU U AUDJIEKTPUKH C TOUKH 3PEHUS U CCIIEI0BATEIbCKAs
30HHOU TEOPUH (mpoexTHas1) yacThb
Brnagets npoekTHpoBaHNEM TEXHOJOTUU
yl M3TOTOBJICHHSI DJIEMEHTHOM 0a3bl HAaHO- U HCCICN0BATCIbCKAA
MUKPOCHCTEMHOIN TEXHUKU (mpoekTHas) 4acTh
Brnaners MeTo1aMu SKCIIEPUMEHTAIBHOTO
y12 MCCIJIEIOBAHMSI IAPAMETPOB U XapAKTEPUCTUK HCCIIeNOBATEIbCKAS
MaTepuajIoB U KOMIIOHEHTOB HAHO- U (UPOSKTHA) TACTD
MUKPOCHCTEMHOMN TEXHUKU p
Brnagers HaBbIKaMu IPUMEHEHHUS CIIPABOYHOTO
y15 anrapara o Bel00py TpeOyeMbIX MaTepHaoB I HCCIIEIOBATENBCKAS
KOMIIOHEHTOB JIEKTPOHHOMN TEXHUKHU AJIs (LPOCKTHA) TACTD
KOHKPETHBIX PUMEHEHHH p
y17 Brazers opopmiIeHHEM OTYETHON Hay4qHO- HCCIe IOBATENbCKAS
HCCIIEIOBATENbCKON JOKYMEHTAIIH (NpOeKTHAsT) TacTh
y18 YMeTh NpUMEHSATH COBPEMEHHBIE METO/IbI UCCIIEI0BATEIbCKAs

HCCIICAOBAaHUA JJIA CUHTE3a U aHaJIn3a MaTCPUAJIOB U

(mpoexTHasi) 4acTh
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KOMIIOHCHTOB HaHO- " MHKpOCHCTeMHOﬁ TECXHUKU

y19

YMeTh onpenensaTh HaIe)KHOCTh, CTA0MIBHOCTD
BOCIPOU3BOJIMMOCTh XapPAaKTEPUCTUK MATEPUATIOB U
3JIEMEHTOB PU HAJUYUU BHEIIHUX BO3/ICHCTBUM

UCCIIeIOBATEIIbCKas
(TpoekTHas) 4acTh

y22

YMETh MIPOU3BOANTH H3MEPEHHSI HIICKTPUIECKUX
BEJIMYHMH C TIOMOIIBIO SJIEKTPOHU3MEPUTEINHHBIX
AHAJIOTOBBIX U U(POBBIX TPUOOPOB, ONPEIEIATH
napaMeTpbl PaIuOTEKTPOHHBIX YCTPOUCTB,
CaMOCTOSITENILHO Pa300paThCsl B MPUHIUITHATIBHON
CXEME yCTPOWCTB, BBIITOJHUTH MOHTAX
PaarOdIEKTPOHHOIO YCTPOMCTBA

UCCIIeIOBaTEIIbCKAs
(TpoekTHas) 4acTh

y23

YMETb UHTEPIPETUPOBATH SKCIIEPUMEHTAJIbHbIE
(U3HKO-XMMHYECKHE JaHHbIE B MOJIYIPOBOIHUKAX
Ha OCHOBE (PyHJIaMEHTAIILHBIX MOJIOKEHUN TEOPHH

TBEPJOIO Tela

UCCIIEIOBATEIbCKAs
(TIpoekTHas) 4acTh

y8

YMeTh MPOBOUTH CKBO3HOE KOHCTPYKTOPCKO-
TEXHOJIOTUYECKOE MPOSKTUPOBAHNE KOMIIOHEHTOB
HaHO-U MUKPOCHCTEMHOM TEXHHKH,
MHTEJUIEKTYalIbHBIX MUKPOCHUCTEM, CEHCOPOB U
aKTI0OATOPOB

UCCIIeIOBATEIIbCKAs
(TIpoekTHas) 4acTh

IIK.3 roToBHOCTH AaHAJIM3MPOBATH U CHCTEMATH3MPOBATH Pe3yJbTAThI HCCICA0BAHUIM,

NpeACTABISITH MATEPHAJIbI B BH/Ie HAYYHBIX 0TYETOB, MyOJIUKALMIA, Pe3eHTal Uil
2 3HATh MeTo;I(glq) 06111(21;1;1;1{ ggﬁgﬁK%éﬁ%iOMquCKon HCCIeNOBATEIbCKAS
p (mpoexTHas1) yacThb
YMeTh UHTEPIPETUPOBATH MOITYUYEHHbIE PE3yJIbTaThl,
yl KPUTHYECKH OLICHUBATh PE3yJIbTaThbl PACUETOB U uccieioBaTebCKast
JKCIIEPUMEHTA (mpoekTHas1) 4acTh
3aJjaHMe Ha
BBIITYCKHYIO
2 YMETh BBITIOJIHATH MPEIBAPUTEIHHOE TEXHUKO- KBATHHUKALHOHHYIO
y HKOHOMUYECKOE 0OOCHOBaHHUE NMPOEKTOB 6
paboty
UCCIIeIOBAaTENbCKas
(TpoeKTHas) 9acTh
YMETh UHTEPIPETHPOBATH IKCTIEPUMEHTAIBHBIC
v23 (U3UKO-XMMHUYECKHE JJAHHBIE B TIOIYIIPOBOIHUKAX samuta BKP,

Ha OCHOBE ()yHJaMEHTAJIbHBIX MOJIOKEHUH TeOpHU
TBEPJOTO Tela

3aKJIIOYEHUE 110
BeinosineHHoit BKP

ITK.19.B Cnnoco0HOCTb 0CYyIEeCTBJATH NPOEKTHYIO IeSITeIbHOCTH HA BCEX ITANAX 'KU3HEHHOI'0

HHMKJIA MPOEKTa

3aJjaHne Ha
BBIITYCKHYIO
v3 YMETh ONPEIEIATh MPoOIEMY U CIIOCOOHI ee KBATHHKATHOHHYIO
pEIIeHHSI B IPOCKTE paGory
UCCIIeI0BaTEIbCKas
(TpoeKTHAs) 9acTh
2.2 CTpYKTYpa BbINYCKHOM KBaIU(PUKALIUOHHON PadoThI

Brimycknast kBanudukanmonHas padoTa COIepKUT CISYIONNE Pa3 bl

Ocin 1

3aJjaHKe Ha BBITYCKHYIO KBAIN(UKATUOHHYIO paboTy,
aQHHOTAIMA,
BBEJICHUE (BKJIOYAIOIIIEE aKTYaJIbHOCTh BBIOPAaHHOW TEMaTHKN),

3aga4u UCCIICIOBaHMA,
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— aHaJIUTUYECKUU 0030p JIUTEpaTypHI,

— HccheaoBaTeNbekas (MPOeKTHAs) 4acTh,

— 3aKIII0YeHHUE,

— CHHCOK HCIIOJIb30BAHHBIX HCTOYHUKOB (B TOM 4YHCJIE MCTOYHUKH HAa WHOCTPAHHOM
SI3BIKE),

— IpuIoKeHus (Ipu HEOOXOAUMOCTH).

2.3MeToMKa OLEHKMBbINMYCKHOH KBATU(UKATIMOHHOH PadoThI

2.3.1BrimyckHas kBanuQuKaroHHas padora onennBaerca Ha 3acenanuu ['OK. Unensr DK
OLICHUBAIOT COJIEp>KaHUE PAdOTHI U €€ 3alUTY, BKIIOYAOIIYIO JOKJIAJ U OTBETHl HA BOMPOCHI, MO
KpUTEPUSAM, IPUBEICHHBIM B paszzeine 2.4.

2.3.2CornacoBaHHasi UTOTOBasl OLIEHKA BBICTABJISIETCSI HA OCHOBAaHUM olleHOK wieHoB ['OK ¢
Y4ETOM OLIEHKU PYKOBOAMTENsI paboThl. MTOroBas OoleHKa MO pe3yibTaTaM 3aIlWThl BBITYCKHON
KBATH(UKAIMOHHON paboThIBEICTaBiIsIeTCs 110 100-0amipHOM mikae, mo OykBeHHo# mkaine ECTS u
B TPaJAMLMOHHON (popMe(B COOTBETCTBUH ¢ AeWcTBYOmUM llonoxkennem o 6auibHO-PEUTHHTOBON
CHCTEMe OIICHKH A0CTHXReHui cTyneHToB HI'TVY).

2.4 Kputepuu ouenku BKP

Kputeprnn oneHKH BBITYCKHOW KBaTH(PHKAIMOHHON paboTsinpuBeneHsl B Tadbmume 2.4.1. Ha
OCHOBaHHMH IPHUBEACHHBIX KpHuTepueB npu oueHke BKP nemaercs BeiBom o cdopmupoBaHHOCTH
COOTBETCTBYIOIINX KOMIIETECHIIMI Ha Pa3HBIX YPOBHSIX.

Taobmnuua 2.4.1

YpoBeHnnb
Kpurepun ouenku BKP chopMUpPOBaAHHOCTH
KOMIIeTeHIIN I

Jlnama3oH
0aJLl10B

e crpyktypa u  odopmienune BKP  monHocThrO
COOTBETCTBYET BCEM IIPEIbSIBIIIEMbIMU TPEOOBAHUSIMU

® 1CCIIEJOBAHUE IIPOBEICHO INIYOOKO U IIOJIHO, TeMa
packpseITa

e B paboTe OTpaXeHbl M OOOCHOBAHBI MOJOXKECHMS,
BBIBOJIbI, IIOATBEP)KIAEHBI AKTYyaJIbHOCTb U 3HAYUMOCTH
paboThl, apryMeHTalUs TOJy4YE€HHBIX BBIBOJIOB 1I0CTATOYHAS

® OT3bIB PYKOBOJUTENS HE CONEPKUT 3aMeYaHU

® [pe/cTaBlIeHHue PadOThl B YCTHOM JOKJIAJ€ MOJHOCTHIO
OTpaXaeT  IOJYYEHHBIE  pe3ylbTaTbl, WIJIIIOCTPATUBHBIN
MaTepHual OTIIMYAETCs HATISAJHOCTBIO

® OTBETHl HA BONPOCHl KOMHCCHHU C(OPMYIHUPOBAHBI
YETKO, ¢ JOCTATOYHON apryMeHTalued U CBUIETEIbCTBYIOT O
IIOJIHOM BJIAJICHUHM MAaTEPHAIIOM HCCIIEI0BaHUS

[IponBuHyTHIN 87-100

e ctpykrypa u opopmiernrne BKP orBeuaeT 6071bIIMHCTBY
NPEIbSBISIEMBIX TPEOOBaHUH

® 1CCIIEIOBAaHME TIPOBEIEHO B IIOJIHOM 00beMe, TeMa
packpsiTa

e B paboTe OTpakeHbI ¥ OOOCHOBAHBI MOJOXKCHHS,
BBIBOJIbI, TOJTBEPXKJIEHbl aAKTyaJIbHOCTh W  3HAYMMOCTh basoBbit 73-86
paboThl, HO apryMeHTalus TOJYYEHHBIX BBIBOJIOB HeE
JOCTAaTOYHO TTOJTHAS

® OT3bIB PYKOBOJUTENS HE COACPXKUT HPUHIUIHAIBHBIX
3aMEYaHui

® Mpe/icTaBIeHHEe pabOThl B YCTHOM JIOKJIAJE OTpa)kaeT
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OCHOBHBIE  TOJYYEHHbIE  PE3yJbTaTbl, WLIIOCTPATUBHBIN
MaTepual OTIIMYAETCs HATJSTHOCTBIO

® OTBETHl Ha BOMNPOCHl KOMHCCHH C(HOPMYIHPOBAHbBI
YETKO, HO C HEJJOCTATOYHOU apryMeHTanuen

e crtpykTypa u opopmienne BKP oTBedaer 601bIIMHCTBY
MPEIbSBISEMBIX TPEOOBAHUN

e TeMa HMCCIICJOBAHUS PACKPHITA HE JIOCTATOYHO TIOJTHO

® BBHIBOJBI M TIOJIOKEHHWsT B paboTe HEIO0CTAaTOYHO
00OCHOBaHBI, HE TIOATBEPKICHBI aKTYaJIbHOCTh M 3HAYUMOCTb
paboThI

® OT3bIB PYKOBOIUTENS COACPKUT HE Oojee JBYX [Toporossiii 50-72
MPUHIMITAATBHBIX 3aMeYaHui

® B yCTHOM JIOKJIaJe MpPE/ICTaBJICHbl  OCHOBHBIE
MOJIyYeHHBIE  pe3yibTaTbl, HO  €CTh  HEJOYeThl B
WUTIOCTPaTUBHOM MaTepuae

® OTBETHl Ha BOMPOCHl KOMHCCHU CBHUICTEIBCTBYIOT O
HEJOCTAaTOYHO MOJIHOM BIIAJICHUH MaTEPHUAJIOM HCCIIEIOBAHUS

e ctpykrypa u odopmienue BKP nHe oTBeuaer
OOJIBIIMHCTBY NPEABSBIAEMbIX TpeOOBaHUI

® TeMa KCCIeI0OBaHUSl HE pacKphITa

® BHIBOJBI U TOJOXKEHUS B paboTe HEIOCTaTOYHO
000CHOBaHBI, HE TIOJITBEPKACHBI aKTyaJbHOCTh U 3HAYUMOCTD
paboThI

e OT3BIB  PYKOBOAWTENS  COAEpPKUT  Oosee  aByx | Hike moporosoro 0-50
MPUHIMITAATBHBIX 3aMeYaHui

® TpeJCTaBlIeHHEe paObOThl B YCTHOM JIOKJIa/le HE OTpakaeT
OCHOBHBIE TMIOJIyY€HHBIE pe3YNbTaThl, €CTh CYIICCTBEHHbIE
HEJ0YeThl B WITIOCTPATUBHOM MaTepuaie

® OTBETHl Ha BOMPOCHl KOMHCCHU CBHUICTEIBCTBYIOT O
HEJOCTATOYHOM BIIQJICHUH MaTepUajoM HCCIIECTOBAHUS
CocraBurens J .. Ocreprax

(moamuce)
« » 2018 r.
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