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AHHOTaAUA

Hucuumnnuna «TeopeTudeckre 0CHOBbI HAHOJUATHOCTHKUY» BXOAHUT B 00pa30BaTEIbHYIO
IpoTrpaMMy BBICIIETO 00pa3oBaHUsl — NPOrpaMMy OakallaBpHara 10 HalpaBJICHUIO MOJATOTOBKHU/
crenuanbHocTH 27.03.01 «CranmapTuzanmst ¥ MeTposiorus» HampasiaeHHocTH «l{udposas
METPOJIOTHSI M CTaHAapTH3anus». JucuuminHa peanusyercs kadempoit «Neby.

JlucuuniuHa HalejaeHa Ha GOpMUPOBAHKE Y BBITYCKHUKA CIIETYIOIIUX KOMITETEHIUI:

IIK-1 «CrnocobeH MpoBOIUTH aHAIU3 COCTOSIHUS METPOJIOTUYECKOTO OOECTeYeHHs B
MOJIpa3ielIeHUU METPOJIOTUYECKOM CITYKObI OpraHU3aIII)

[IK-3 «CnocoOeH oOCymecTBIATh pPa0OTBI IO BBIABICHUIO M  IPEIOTBPAIICHUIO
HECOOTBETCTBHI MPOAYKIIUU MPEIbIBISIEMbIM TPEOOBAHUIM)

Conepkanue JUCHMIUIMHBI OXBaTBIBA€T KPYI BOIMPOCOB, CBSI3aHHBIX C METOJaMHU
uccienoBanusi  (U3NYECKUX, (PUIUKO-XUMUYECKUX M TEOMETPUYECKUX TMapaMeTpoB U
XapaKTePUCTUK TBEPIOTEIbHBIX M MOJEKYJSIPHBIX CTPYKTYyp. Cpeaum MHOXKECTBA METOJIOB
WCCJIEIOBAaHHM, METOAbl CKaHUpYyoIied 30HA0BONH Mukpockonuu (C3M) sBistorcs Hauboiee
pacnpocTpaHeHHbIMU. OHH  TO3BOJISIIOT  IOJYYUTh  BBICOKOE  pa3pellieHue, peaibHO
o0ecrevynBaroT BU3YAIH3AIUI0 CTPYKTYPbl OOBEKTOB UCCIIEOBAHUS C AaTOMHBIM pPa3peIICHUEM.
B HacTosi1iee BpeMst UCIIOJIb3YETCs ONPENEICHHBI KOMIUIEKC METOJI0OB MCCIEA0BaHUs MUKPO U
HAaHOCTPYKTYpP, CPEIU KOTOPBIX MOKHO BBIAEIUTH OCHOBHBIE T'PYNIbl METOJOB: 3JEKTPOHHAs
MHUKPOCKOIIHUSI BBICOKOTO pa3pelieHusi; METOAbl CKAHHPYIOUIEH 3JIEKTPOHHONW MUKPOCKOIUU;
CKaHUpYIOLasi  TyHHEJIbHAs  MHUKPOCKOIUS;, PEHTTeHOIU(PaKINOHHbBIE METOABl  C
UCIIONIb30BaHWEM 3 QeKTa BBICOKOH CBETHMOCTH  CHHXPOTPOHHBIX HCTOYHHKOB; METOIBI
AIIEKTPOHHOMU CIIEKTPOCKOIUHU JUIsl XUMHYECKOTO aHAJIN3a.

[IpenogaBanue AMCUMIUIMHBI TpEeAyCMAaTpUBaeT cieayronye ¢(opMbl OpraHu3alyu
yueOHOTo Mpoliecca: JEKIHH, MPAKTUIECKHUE 3aHITHSI CaMOCTOsTENNbHAs paboTa 00yJaronerocs.

B nporpammy, Ha (oHe MIUPOKOTO BHEApPEHUS MH(POPMAIIMOHHBIX TEXHOJOTHUN BO BCEX
cepax 4ermoBeuecKOd AESITeNbHOCTH, B TOM yHclie U cdepe oOpa3oBaHUS U, B YaCTHOCTHU, B
cucreme 'Y Alla, BKIIOUEHBI OTAEIBHBIE JJIEMEHTBI UCKYCCTBEHHOTO MHTEIJIEKTA, KOTOPHIE BCE
OoNbIlIE CTAHOBATCS HEOTHEMJIEMOM 4YacTbio 00pa30BaTENBHOTO IpOLECcca, CYIIECTBEHHO
MOBBIIIAIOIIETO €r0 KauyecTBO U 3P (HEKTUBHOCTD.

[IporpaMmMoil AMCHUIUIMHBL MPEAYCMOTPEHBI CIEAYIONIME BUIBI KOHTPOJS: TEKYIIUI
KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUHASI aTTecTalus B GopMe 3a4era.

OO0mas TpyA0EMKOCTh OCBOEHUS AMCIMILIUHBI COCTaBNseT 3 3adeTHhIX eauHuibl, 108
YacoB.

S3bIK 00yUYeHUs IO TUCIUILTUHE «PYCCKHM »



1. TlepedeHb IUIaHUPYEMBIX PE3yJIbTATOB O0yUYEHHUS MO JUCLUILIHHE

1.1. Ilenpto mpemomaBaHus JAUCHMIUIMHBI  SBJISCTCS — MOJYYEHHE  CTYICHTaMH
HEOOXOUMBIX 3HAHUI chepe BBICOKMX TEXHOJIOTMH CBA3aHHBIX C TMPUKIATHBIMU
UCCIICIOBAaHUSIMH KOHCTPYUPOBAHUEM M TMPAKTUYECKAM HCIOJb30BAHHEM MATECPUAIOB |
BCIICCTB HAa ATOMHOM M MOJICKYJIIPHOM YPOBHAX, a4 TAKXKC CpCACTBAX, MCTOAOB W MCTOJUK
ucciaenoBanus (U3NYECKUX, (DUBUKO-XUMHUUECKMX M T'€OMETPHUYCCKHX IapaMeTpoB |
XapaKTEPUCTHK TBEPIOTENbHBIX M MOJEKYIApHBIX 00BekTOB. [Ipu 3TOM OC000€ BHUMaHHE
yIOCNEHO  HM3YyYCHHUI0  OCOOCHHOCTECH  BBICOKOpA3pEIIAIOIIMX  METOJOB  HCCIICAOBAHUMN
MOJICKYJISIPHBIX OOBEKTOB, OOCCIIEUUBAIONIUX TOJTy4YeHHe Hambosee moiaHod uHopmammu o0
OCHOBHBIX CBOMCTBaX M XapaKTEPUCTHKAX M MPOTEKAIOIIMX B HUX Mporeccax./[uciumimna

BXOJUT B COCTaB 4YacCTu,

dbopMupyeMoOil  ydyaCTHHKaMU 00pa30BaTEIIbHBIX OTHOIICHUH,

00pasoBarenbHO MTporpamMMsI Beiciiero oopasoanus (mpanee — OI1 BO).

1.2. TlepeuyeHb IUTAHUPYEMBIX PE3YJILTATOB OOYUEHUS O JUCHIUTUINHE, COOTHECEHHBIX C
IJIaHUpyeMbIMU pe3ysibTataMu ocBoeHus: OI1 BO.

B pesynbrare M3ydeHus MUCHUILIMHBI OOYYalOUIMiicS AODKEH 00JalaTh CIeTyIOIIMHU
KOMIETSHIMSIMU WM UX YacTaMHu. KOMIEeTeHIIMM U UHIUKATOPbI UX JOCTUKEHUS MPUBEJICHBI B

Tabimune 1.

Ta6mmma 1 — [lepeyeHb KOMITIETCHIIMI ¥ MHIUKATOPOB UX JIOCTHKCHUS

Kareropwus (rpymrma) Konn Kox 1 HanMeHOBaHNE HHIMKATOPA JOCTHKEHUS
HalMEHOBaHHE
KOMIIETEHIH KOMIIETEHIIUU
KOMIIETEHINH
ITIK-1 Cnocoben
IPOBOJIUTH aHAJIN3
POBO [1K-1.3.3 3HaTh 001aCTh MPUMEHEHUS METO/I0B
COCTOSIHUS
U3MEpeHus
METPOJIOTHYECKOTO
[Tpodeccuonanbhble O6ECIICUCHIS B I1K-1.3.4 3HaTh KOHCTPYKTHUBHbBIE OCOOEHHOCTH U
KOMIIETEHIIUH IPUHIUIBI paOOTHI CPEICTB U3MEPEHMUS,
HOJpa3/IelIeHuI
. TEXHOJIOTUYECKHE BO3MOKHOCTH B 001acTH
METPOJIOTHYECKOM
IPUMEHEHUS CPEJCTB U3MEPEHUs
CITYKObI
OpraHu3aIiu
ITK-3 Criocoben
OCYLIECTBIIATh [1K-3.3.3 3HaTh (u3nvecKre MPUHIHIEI PadOTHI,
paboThI 10 BO3MOYKHOCTH U 00J1aCTH IPUMEHEHUS] METOJIOB U
BBISIBIICHUIO H CpPEeICTB U3MEPEHUI
[TpodeccronanbHbIe
N IPEJOTBPALICHUIO [1K-3.VY.3 ymeTsb BbIOUpaTh U pa3pabaTbIBaTh
HECOOTBETCTBHM METO/BI M CPEJICTBA KOHTPOJISI TEXHOIOTUIECKOTO
IPOAYKIUH npoliecca, TeXHOJIOTHYECKOH onepanuu,
NPEIbIBIISIEMBIM pa3padaTbIBaTh CXEMbI N3MEPEHUH M KOHTPOJIS
TpeOOBaHUSIM

—  OCHOBBI MH(OpPMATHU3AIIUN U3MEPCHHUIA,

2. Mecro nucuumiauHsl B cTpykType OI1

HucnunnuHa MoxkeT 6a3upoBaThCs Ha 3HAHUIX, paHee TPUOOPETEHHBIX 00YJarOITUMUCS
P U3YYEHHUH CIENYIOIIMNX AUCIUIIINH:
— (u3NYeCKre OCHOBBI U3MEPEHUH U 3TAJIOHBI,
— METOJbl U CPEJCTBA U3MEPEHUM, UCTIBITAHUI U KOHTPOJIS;

— OCHOBBI JIEKTPOTEXHUKH U PAIMOTEXHUKU;
— OCHOBBI MOJIEJIUPOBAHUE CUCTEM U MPOLIECCOB;
— TpUKJIaTHAas U 3aKOHOJATeNIbHAas METPOJIOTHS;
— o0mas reopusi U3MEPEHUH
3HaHus, MOJYYEHHbIE NPU M3YUYEHUH MaTepuaya JAaHHOW JUCIMIIMHBI, MUMEIOT Kak
CaMOCTOSITeNIbHOE 3HAUY€HUE, TaK U MOT'YT HCIIOIb30BaThCs MPU U3YUYEHUU APYTUX TUCIUILINH!




— 1udpoBbIe METOBI M CPENICTBA U3MEPEHUI;
— IPOU3BOJCTBEHHAs IIPAKTHUKA;

— TIPOU3BOJCTBEHHAs NPEAIUIIIIOMHAS IPAKTHUKA.
- T'HA

3. OO0BEM U TPYTOEMKOCTh JUCITUTLIAHBI
JlanHbie 00 00mEM O0beMe JMCIUILUIMHBI, TPYIOSMKOCTH OT/ACIBHBIX BHJIOB y4eOHOM
paboThI 1O TUCIUILIMHE (M paclpeIeieHue 3T TPYA0SMKOCTH 110 CEMECTpaM) MPEICTaBICHBI B
Tadymue 2.

Tabmuna 2 — O6beM U TPYIOEMKOCTh TUCIUIITNHbI

TpymoeMKocTb 1o
Bun yueGHO#I paboThI Bceero cemMecTpam
Ne7
1 2 3
Oobwan mpyooemKkocmup OuUCYUnJIUHDL, 3/ 108 3/ 108
3E/ (4ac)
U3 nux yacoe npakmuyeckoii 0020MoeKu 8 8
AyoumopHhuie 3anuamus, BCEro 4ac. 16 16
B TOM YHCJIC:
nexmun (JI), (gac) 8 8
npaktudeckue/cemunapckue 3aastus  (I13), 8 8
(gac)
Camocmosmenvnas paboma, Bcero (dac) 92 92
Buo npomesrxcymounoi ammecmayuu: 3auer,
madd. 3ager, sk3amen (3auer, Judd. 3au, | 3auer 3auer
DK3.*%*)

[puMeyanue: *~ KaHIUAATCKUN DK3aMEH

4. ConepxaHue JUCITUTUTHHBI
4.1. PacnpeneneHue TPyJI0EMKOCTH JUCIHUILTHHBI IO pa3/eiaM U BUAAM 3aHITHIA.
Paznensl, TeMBI TUCIUATIINHBI U KX TPYAOEMKOCTh IPHUBEICHBI B Ta0HIIE 3.

Tabnuna 3 — Pa3aensl, TeMbl AUCIUILIUHBL, UX TPYAOEMKOCTh

Jlexkuuu | 113 JIP KII CPC
Paznernbl, TeMbI TUCTIMITITHBI (a0 (C3) | (ac) | (wac) | (wac)
Cemectp 7
Paznen 1. O0Omue ceneHust 00 00bLEKTax 23
UCCIIEIOBaHMs B 00J1aCTH  HAHOTEXHOJIOTH. 9 9
Buapl HAaHOCTPYKTYp, Ha3HAYCHHUE, OCHOBHEIC
ofpeieNneHus, Kiiaccudukanus o0bEeKTOB
Paznen 2. CtpykTypa, CBOMCTBA, METOIBI 23
NOJIy4YEeHHUsI 1 OCOOCHHOCTH PUMEHEHHUS 2 2
HaHOCTPYKTYD
Pasznen 3. XapakrepucTrka KOHIENIMN 5 9 23
MOJICKYJISIPHBIX HAHOTEXHOJIOTUH
Paznen 4. O0miast XxapakTepuCTHKa METOJIOB 5 9 23
MCCJIEJOBaHUH 0ObEKTOB MUKPO U HAHOCTPYKTYP
HToro B cemecTpe: 8 8 92
Hroro 8 8 0 0 92




[IpakTnueckas

NOoATOTOBKA  3aKJIOYacTCd B  HCHOCPCACTBCHHOM  BBIIIOJIHCHUU

00yJaronuMucs  OMpPEACNICHHBIX  TPYAOBBIX  (YHKIWWA,  CBSI3aHHBIX ¢  Oymymei
npodeCCHOHATIBHOMN 1S TETbHOCTBHIO.

4.2. ConepxaHue pa3/ieJioB U TEM JICKIIMOHHBIX 3aHSATUH.
ConeprxkaHue pas/iesioB U TEM JICKITMOHHBIX 3aHATHI MPUBEICHO B TaOIHIE 4.

Ta6mmma 4 — ComepxaHue pa3aesioB U TeM JEKIIMOHHOTO UK

Howmep paznena

Ha3Banue u copepxanue pa3eioB U TEM JIEKIIMOHHBIX 3aHATUN

Pasnen 1

Tema 1. OcHOBHbIE  TOHATUS  HAHOTEXHOJOTUH U
MHPOPMALMOHHBIX TexHoJorui. O6mue cBeaeHust 00 00BEKTax
UCCJIEIOBaHUS  HAaHOCTPYKTyp. Hasnauenuwe, omnpeneneHus,
KJaccuukanms

Tema 1.1.1. BBemenue B HaHOMHp W B HWH(MOpPMAIMOHHBIC
TEXHOJIOTUH, OCHOBHBIE TIOJIOKEHUSI.

B HacTosimee BpemMst IpOUCXOIAT KOPECHHbIE H3MEHEHUS B
chepe BBICOKMX TEXHOJIOTUH, MHUKPOMEXaHUKH M JAPYrHX
0o0jacTsIX  4YeJIOBEYECKOM  JESATENIbHOCTH,  CBSI3aHHBIX  C
byHIaMEHTaJIbHBIMU U NPHUKIAJHBIMU  HCCIIEIOBaHUSIMU,
KOHCTPYUPOBAaHMEM ¥  TPAKTUYECKUM  HCIIOJIb30BaHUEM
MaTepHualoB, YCTPOHCTB U CpPEACTB HU3MEPEHUH OOBEKTOB,
AJIIEMEHTHl KOTOpPBIX HMMEIT pa3Mmepsl MeHee 100 HM.
Nudopmanus (ot nar. «Informatio») - 3TO 3HaHMS, CBEICHUS,
coo011eHus, SBJIAIOIINECS 00BEKTOM XpaHEeHHS,
npeoOpa3oBaHusi, Iepefadyd M [OMOramollue  pelarb
[IOCTaBJICHHBIE 33JJaUH.

Nudopmanmonnbie  Texnomormn (MT, or  anrm
information technology, IT) - mupokuii Kjiacc AUCHMIUIAH M
oOnacteil  IEATEIBHOCTH, OTHOCALIMXCS K  TEXHOJOTUAM
yIpaBJIeHUs! 1 00pabOTKH TaHHBIX, B TOM YHCIIE, C TPUMEHEHHEM
BBIUUCIUTENbHOW  TeXxHUKH.B  mocnmennee  Bpems — moa
WHPOPMAIIMOHHBIMA TEXHOJIOTHUSIMH  Yallle BCETO TOHUMAOT
KOMIIbIOTEPHBIE TEXHOJIOTUH. B yacTHOCTH, MH(OpMaIMOHHBIE
TEXHOJIOTUM HMMEIOT JEeJI0 C UCIOJb30BAHHEM KOMIIBIOTEPOB U
IPOrpaMMHOT0 OOecredeHus: Al XpaHEeHus, MpeoOpa3oBaHMs,
3aluUThl, 00paOOTKH, MepeAauyd U TNOoJydeHus HHGOpMalUu.
Crnenuanicros o KOMITbIOTEPHOM TEXHUKE U
IIPOrpaMMHUPOBAHUIO 4acTo HaspiBatoT U T-cnennanucramu.
Tema 1.1.2 OcHOBHBIE YepThl COBPEMEHHBIX MH(POPMAIMOHHBIX
TEXHOJIOTHIL:

- KOMIIbIOTepHast 00paboTka nH(pOpMAIMK IO 33JAHHBIM
aNITOpUTMaM;

- XpaHeHHe O60bIINX 00bEMOB HH(OPMAIIMH HA MALTHHHBIX
HOCHUTEIISIX;

- epeaaya MHGOpMaIK Ha JII0ObIe PacCTOSHUS B OTPAaHUYEHHOE
BpEMsI.

WNudopmanronHas TexHOIOTUs (OPMHUPYET NEepeaHUi Kpaii
HAyYHO-TEXHUUYECKOTO Iporpecca, co3AaeT HH()OpMaIlMOHHBIH
byHaaMeHT ~ pa3BUTHSL ~ HAyKM M BCEX  OCTalbHBIX
TexHojoruil.PazButue nHOOPMALMOHHBIX TEXHOJOTHI BO BCEM
MUpe 00BSICHIETCS BO3pOCIIEei MHTEHCUBHOCTBIO




MH(OPMALIMOHHBIX TOTOKOB BCIEACTBHE PAa3BUTHUS MPOLIECCOB
rno0anu3alvd ~ MUPOBOM ~ SKOHOMHUKM M CTAQHOBJIICHHS
MH(OPMALIMOHHOTO MIPOCTPAHCTBA. YupasneHnueckas
JeSITeIbHOCTh HYXXIAeTCs B MH(POPMALMOHHOM 00eCreueHuH,
TaK Kak 00paboTka HH(pOPMAIMH JIJIsl IPUHATHUS YIIPABICHUYECKUX
peleHnii U BBIPAOOTKU YIPABIAIOMUX BO3JCHCTBUN 3aHUMAeET
nocrtaroyHo MHoro Bpemenu.Tema 1.2. HaHorexHomoruu B
MH(POPMALIOHHBIX TEXHOJIOTHIX

UenoBeuecTBO BO BCE BpPEMEHA CTPEMHJIOCH YIYYIIUTh
YCIIOBHS CBOETO CYILECTBOBaHUS. Temeph OONBIIMHCTBO M3 HAC
YK€ He MOKET MPEACTaBUTh ceOe )KU3Hb 0€3 COBpEMEHHBIX Oar
LIUBUIN3ALUN, JOCTHKEHUM HayKu, TEXHUKH, MEIULIUHBI.
CrnepyrommM IIaroM B O3TOM pa3BUTUU CTaHET OCBOCHHE
HAHOTEXHOJIOTUH, B YaCTHOCTH, CUCTEM OYEHb MAJIOTO pa3Mepa,
CIIOCOOHBIX BBIMOJNHATH KOMaH[bl Ji0Jeil. B HacTosmiee Bpems
HAHOTEXHOJIOTUSM YJeJseTcs OOJbIIOoe BHUMAHHUE - CO3HAIOTCS
UCCJIEIOBATENIbCKUE  WHCTUTYTHI, pa3BepHyTa  IOATOTOBKA
cnenuanuctoB. B CIA stumu BompocamMu 3aHMMAIOTCSI TaKHe
u3BectHbie (Gupmel, kak Intel, MEMS Industry Group, Sandia
National Labs. PaccmaTtpuBaeMsblii Kpyr BOIIPOCOB - OT py4yku 0e3
pazOpepI3rUBaHUs  YEpPHWI 10 OECHPOBOJIOYHOW  Iepeaadu
JAHHBIX, ONTHYECKUX YCTPOWCTB YIPABICHHUS OPYXKHEM H
MUHUCIYTHUKOB. ATEHTCTBO NEpPCIEKTUBHBIX pa3zpaboTtok MO
CHIA peanusyer nporpammy "YMHas IbUIb", HAPABICHHYIO Ha
CO3/laHME  CBEPXMHHHATIOPHBIX  YCTPOWCTB,  CIIOCOOHBIX
TeHEePUPOBATh PHEPIUI0, TPOBOJAUTH MOHUTOPUHT OKPYXKarolei
Cpelpl, HakalMBaTb U mHepedaBaTb uHpopmanuo OdeHb
3HAYMMOE€ JOCTHXKEHHE B 00JIaCTM HAHOTEXHOJIOTHH - co3/1aHue
AJ1pa ONEePALOHHON CUCTEMBI.

Snpom - LeHTpalbHas 4YacTh OINEPALMOHHOM CHCTEMBbI
(OC), obecrneunBaomas MPUIOKEHUSIM KOOPIUHUPOBAHHBIIN
JOCTYIl K pecypcaM KOMIIBIOTEpa, TAKMM KakK IPOLIECCOPHOE
BpeMs, NaMsAThb W BHEIIHEE anmnapaTHoe obOecrneueHue. Taxxke
OOBIYHO SAPO TMPENOCTaBISIET CEpBUCHI (HANIOBOW CUCTEMBI U
ceTeBbIX MNpoTokojoB.Ha paHHOe BpeMsi yxkKe BbITYLIEHBI
ONEPALIMOHHBIE CUCTEMBI HA OCHOBE 2, 4 U 6 sep.

Ceroans yke CO3/1aH HOBBIM TEINIOOTBOJIHBIN UHTEPEIIC,
NPU3BaHHBIA 3aIIMIIATh MUKPOCXEMBbI OYIYIIEro OT Neperpesa.
VYyeHble pemuian 0TKa3aTbes OT TPAJUIIMOHHOTO UHTepdeiica Ha
Ma3eBOM OCHOBE, COEPKAIIEH MEIKUE METAIUIMYECKNUE YaCTULIBI.
Bmecto 3TOr0 OHM MpEMIOKUIN BBIPAIIMBATH TEIJIOOTBOJHbBIE
AJIEMEHTHI MIPSIMO Ha IOBEPXHOCTU MUKPOCXEMBI.

B pe3ynbraTe MOBEPXHOCTH UHWIIA MOKPHIBAJIACH LEIBIM
JIECOM HAHOCKOMHMYECKUX YIIIEPOJHBIX HaHOTPYOOUEK, KOTOpbIE
U TpPECTaBIsUId  cOOOM OCHOBY HOBOTO TEIUIOOTBOJHOTO
uHTepdeiica. [l BbIpalMBaHMs HaHOJECa HA IMOBEPXHOCTHU
MOJIYTIPOBOJHUKA ObUIM HAHECEH PHUCYHOK C MCIOJIb30BAaHUEM
CHelHaNTbHbIX MA0JOHOB U3 MOJIEKYNl C PAa3BETBJICHHOM IIETbIo,
uMeHyeMbIX JeHapuMepamu (dendrimers). 3aTeM B TOYKax
pasBeTBIIEHUS]  PUCYHKa  OBTM  pa3MELIEHbl  YaCTHIIbI-
KaTaJu3aTophl pOCTa YIIEPOAHBIX TPYOOUEK, BBIITOJIHEHHBIE U3
NEpeXOAHbIX METAJIOB: JKeJe3a, HHKels, KobalbTa WIH




nautaaus  auamerpom  nopsaka 10 Em.  OGpaboTaHHBIE
KaTajau3aTopaMu IOJIYIPOBOJHUKHM IIOMEUIAIINCh B KaMmepy C
METaHOBOM atmochepoi, TIJIe U IMPOUCXOIMWI COOCTBEHHO
nporiecc  "BbIpamMBaHuA"  YIJEPOIHBIX  HAHOTPYOOK ¢
JMaMETPOM, CTPEMSAIIUMCS K TAKOBOMY YaCTHI[-KaTalIu3aToOpOB
Kommanus IBM  npencraBuia  HOBOE  ITOKOJICHHE

cepBepHBIX IporeccopoB Power-7 u ceMelicTBO cepBEepOB HA UX
6aze. IIpomeccopbl OyAyT MOCTaBIATHCSA B 4-, 6- U 8-saepHBIX
KOH(QUrypauusax, IpudeM Kaxzioe spo Oyner moajepxkusarh 4
MH(POPMALMOHHBIX MOTOKA. DTO 03HAYAET, YTO BOCHMHUSAICPHBIN
nporeccop Power-7 cMOXeT OJHOBPEMEHHO MOAJEPKHUBATh [0
32 3amau. Ilo cpaBHEHHIO C MHPEABIIYIIUM I[OKOJIEHUEM
npoueccopoB Power-6 uucno saep B cTapuieid  MOACIH
YBEJIMUYMIOCH B YETHIPE pasa.
Tema 1.1.3. MckyccTBEHHBINH MHTEUIEKT U MAIIMHHOE O0yUYEHHE.

HckycCTBEHHBI MHTEUIEKT XapaKTepU3yeTcsi MeTOoJlaMu,
KOTOpBbIE [T03BOJIIIOT UMUTUPOBATh YesoBeueckoe nosezeHue. Ha
OCHOBE JaHHBIX 00 0COOEHHOCTSIX MHTEJJIKTa M pacim(poBKax
acnekToB ~ OOydeHHsT MallMHa MOXET BOCIIPOM3BECTH ATH
pouecchl. BeIenstoT Tpu TpyHIbsl CUCTEM HCKYCCTBEHHOIO
MHTEJJIEKTA!

- OrpaHMYEHHbIM HCKycCTBEHHBbIH uHTEIeKT  (Narrow
Al) — perieHue oTHON KOHKPETHO# 3a1auW;

- o0muit uckycctBeHHbI uHTEINEKT (AGI) — wmoxer
BBITNOJIHATH MHOT'O 33/1a4 KaK 4€JI0BEYECKUN MO3T;

- CBEpPXpa3yMHBI  HMCKYCCTBEHHBIH HHTEUIEKT — BBIILIE
MHTEJIJIEKTA Y€JI0BEeKa.

MamuHHOe 00y4YeHue — HampaBlIeHHE HCKYCCTBEHHOTO
MHTEJJIEKTA, BKIIIOYAIOUIEE METOAbl, C IOMOIIBI0 KOTOPBIX
MOKHO 00y4uTh. MalllMHBI MOJy4YarOT JaHHBIE U 00Yy4aroTCs 1O
HuM. Hampumep, pemieHue kiacca 3afad Ha pacrlo3HaBaHHE
00pa3oB.

I'my6okoe oOydyeHue - MOJIMHOXKECTBO MAIIMHHOTO OOYUECHHS
— HCIIONIb3YET HEUPOHHBIE CETH JUIsSl PELEHUS peaJIbHBIX 3ajad.
HelipoHHble CETM HMHUTHPYIOT YEJIOBEYECKOE IIOBEJICHHUE B
IIPOLIECCE MPUHATHUS PELICHU.

KowmnerorepHoe  3peHmue- o0jacTb ~ HMCKYCCTBEHHOTO
MHTEJUIEKTa, HalpaBlieHHas Ha aHaJU3 BHUJEO U M300pakeHui.
Kommbrorep Hanensitor HabopoM METO/I0B, C TTOMOIIBIO KOTOPBIX
OH M3BJeKaeT MH(POPMALMIO M3 YBUAEHHOro. MamiMHBI MOTYT
00HapyXUBaTh, OTCJIEKUBAThH U KIacCU(DUIUPOBATH OOBEKTHI.

HeiipoceTtn - maTemaTnueckas MOJI€Nb, IporpaMma KOTOpoi
(GYHKIIMOHUPYET MOA0OHO MO3TY *KUBOro opranuizMa. CyniHoCTh
HEHpoceTe 3aKkirodaeTcs B IOCTPOEHUM IPOTrpamMMbl IO
OpUHLIMIY (GYHKIMOHUPOBAHUSI OWOJIOTMYECKUX HEHUPOHHBIX
cetei. C mNOMOUIBI0 HEWPOHHBIX CETEM pelarT 3aJauyu
KJIacCU(UKaLUK, PEJCKa3aHusl, paclioO3HaBaHUs

bIi1oK4eiH 1 KpUNTOBAJIOTHI.

bnoxuelin — HenpepbIBHAsA LENOYKa OJOKOB ISl XpaHEHUs
uHpopmanuu, cHOPMHUPOBAHHAS IO OIPEICICHHBIM IPaBHUIIAM.
[{u¢poBble naHHbIE 3alIMIIEHB] OT MOJMEHbI U U3MEHEHUH.

KpunroBasora - pazHOBUIHOCTh LM(poBOi BamoThl. Ee




KOJIMYECTBO OMPEENAETCS KOJIWYECTBOM JAHHBIX PACUETHBIX
€IMHHUL, KOTOpPOE 3aIMCHIBAETCSI B COOTBETCTBYIOLIEW MO3ULIUU
MH(OPMALIMOHHOTO MaKkera IPOTOKOJIA nepeaadu
nanHbIX. boneime nanneie uan Big Data — cTpykTypupoBaHHBIE
WIM HECTPYKTYPUPOBAHHBIE MACCHUBBI JAaHHBIX  OOJIBIIOTO
oOpema. VX ucronb3yroT A CTaTUCTUKH, aHAIU3a, HMPHUHSITHS
peLIeHU.

Tema 1.2 UHCTpyMEHTBI HAHOTEXHOJIOTUHU

CoBpeMeHHbIE METOJbl HCCIEIOBAaHUS, IPUMEHSEMBIE B
HAHOTEXHOJIOTUSX CTaJIM BO3MOXHBI, KOTJa ObuIH pa3paboTaHbl U
MHCTPYMEHTAJIBHO TOATBEPK/IEHbI OCHOBHBIE HJIEM aTOMHO-
MOJIEKYJISIPHOM TEOpUM U TIIOJYYEHBl IE€pPBbIE PEHTIEHOBCKHE
TU(PPAKIMOHHBIE HM300paKEHUSI KPUCTAJUIMYECKUX CTPYKTYD.
BaxHpIM CcOOBITHEM B HMCTOPUU HAHOHYKU CTajO0 H300peTeHHE
IIPOCBEYMBAIOIIEH AJIEKTPOHHOM MHUKPOCKOIIMH, ITO3BOJISAIOIIEH
MOJIYYUTh H300paKEHHE HAHOPa3MEPHBIX CTPYKTYp, a TaKxke
M300peTeHne CKaHUPYIOIIETO TYHHEIbHOTO MUKPOCKOTA.

Tema 1.3 UccienoBanue 00bEKTOB HAHOTEXHOIOT UM
[IpenMeToM HAHOTEXHOJIOTUM SBISIETCS HOBBIE OOBEKTHI —
HAHOCTPYKTYPBI, KOTOpPbIE UMEIOT CYOMHUKPOHHBIN pa3Mep B
OJIHOM U3 HAIpaBJIEHU, KOTOPBIE B COIO OYEpEb, HYKJIAIOTCS B
Kiaccupukanuu. B ocHOBY Kitaccu(HUKAINK ITOJI0KESHBI
CTPYKTYpa, COCTaB, a TAK)KE X (PU3UKO-XMMHUYECKHE CBOWCTBA.

Pazmen 2

CrpykTypa, CBONMCTBA, METO/IbI NOJIYUYEHUS 1 OCOOEHHOCTH
IPUMEHEHNS HAHOCTPYKTYD.

Tema 2.1 ®U3NKO-XMMHUECKHE CBOMCTBA HAHOCTPPYKTYP
B o6sacty BBICOKMX TEXHOJIOTMH IIMPOKO HCIOJIb3YyeTCs
KJIacCU(UKaLMs TUCHEPCHBIX CUCTEM IO JUCIEPCHOCTH, T.€. IO
pasMepaM M YAEIbHOM IUIOIIAAHM IOBEPXHOCTU JHCIEPCHOM
¢azpl. B mepBoM nOpuUONMIKEHUM  JIUCIEPCHBIE  CHUCTEMBI
MOJIpa3/eNIAI0TCs Ha IpyOOaNCIIEpCHBIE U TOHKOUCIIEPCHBIE, TaK
Ha3bIBAEMbI€ KOJIJIOUJIHBIE CUCTEMBI.
Tema 2.2 VriaepoaHble CTPYKTYpBI - YITIEpo sBIIsieTCsl Hanboee
pacpoCTpaHEHHBIM JJIEMEHTOM B IIPUPOJE, OH CYIIECTBYET B
TBepJIOH (aze M HECKONbKMX MOAUGDUKALUAX C Pa3INYHBIMU
(GU3NKO-XMMUYECKUMH CBOWCTBaMM: TpaduT, anma3, KapOWH,
rpaden. Baxkueimell 0coOE€HHOCTBIO yriepoaa  SBISETCS
crocobHocTh 00pazoBbiBaTh Lenodykn —C —C — C-, koTopble
IPUPOJA UCTIONIB3YET ISl CO3/IaHUs OMOJIOTMYECKUX MOJIUMEPOB,
a 4eJIoBEeK JJIs MPOU3BOJICTBA PA3JIUYHBIX CHHTETHUECKUX
MaTepUasoB.
Tema 2.3. B KOHIle MPOLUIOTrO CTOJIETHSI ObUIM OTKPBITHI HOBBIE
yIJIEpOJHBIE  COEAMHEHMs, Cpeaud  KOTOphIX  (ysepeH,
oOnajgaromuii  YHUKaJIbHBIMU CcBOMCTBaMu. DysuiepeH HMeeT
KapKacHYIO CTPYKTYpY, KOTOpas COCTOUT W3 3aIUIaTOK MATU- U
niectuyrosnbHol ¢opmbel. B 1990 r. Obu1 paszpabotan meron




noJy4eHus QpysepeHa.

Tema 2.4. B 1991 r. B mpoyKTax 3JI€KTPOAYTOBOrO UCIIAPEHUS
rpadura ObLTH OOHAPYKEHBI [IMITUHAPUICCKUE YTIICPOTHBIC
KOHCTPYKIIUH, TIOJIyYUBIINE HA3BAHUS «HAHOTPYOKM.
HanotpyOka mpencrasisieT co60i IpOTsSKEHHbIE
UWIMHJIPUYECKHUE CTPYKTYPhI TUaMETPOM OT OJIHOTO J10
HECKOJIbKUX JIECSITKOB HAHOMETPOB U ITTMHON 710 HECKOJIBKHIX
cantumetpoB. [1o cymiecTBy Takas HaHOTPYOKa MPEACTaBISAET
co00# OJJHY MOJIEKYITY, COCTOSIIYIO U3 MUJUIMOHA aTOMOB
yraeponaa. B obmem ciiydae, YHT obnamgaroT yHUKaIbHBIMU
NIEKTPHUUECKUMH, MEXaHUUECKUMHU U XUMUYECKUMHU CBOHCTBAMH.

Pasnen 3

XapakTepucTruKa KOHUEIIUNA MOJIEKYJIIPHBIX HAHOTEXHOJIOTUM
Tema 3.1. McTtopust pa3BUTHUS HAHOTEXHOJIOTUIA

Wnero o ToM, 4TO BO3MOYKHO CO3/1aBaTh HY’KHbIE HaM yCTPOWCTBA
U Jpyrue oOBEKTHI, coOMpas WX "MOJIEKyJa 3a MOJICKYyJou" W,
maxe, "aroM 3a aroMoM'" OOBIYHO BO3BOIAT K 3HAMEHHUTOMH
JeKIIMM OJHOTO W3 KpymHedmux ¢usnkoB XX Beka Puuapna
@eiinmana «Tam BHU3y — MHOTO MecTa». JTa JeKIus Obuia
npountaHa UM B 1959 roay; GOJBIIMHCTBO COBPEMEHHUKOB
BOCIIPHHSUIN €€ KaK (PaHTACTHKY WU HIYTKY.

CoBpeMEHHBIN BHUJ WU MOJEKYJIPHOW HAHOTEXHOJIOTMH
Hayanm npuodperats B 80-¢ roapl XX Beka B pe3ysibTare padbot
K. 3. Ipekcnepa, KOTOpbIE TaKKe CHavajaa BOCIPUHUMAIIUCH KaK
HayyHas (anTtactuka. [Ipu sToM dyHIamenTanbHas MoHOTpadus
"Hanocucrembl. MonekynsipHass TEXHHMKA, HPOU3BOACTBO H
BBIUMCJICHUS'  MMEET, HECOMHEHHO,  OCHOBOIIOJIArarouiee
3HaueHue. CaM TEpMUH HAHOTEXHOJIOTHSA CTal IONYJISPEH
MMEHHO TI0CJIE BBIXOJa B CBET 3HAMEHHUTON KHMUIHU J. [Ipekciepa
"MamuHbl TBOpEHHS" M IOCIENOBAaBLIEH 3a 3TUM JUCKYCCHH.
[Tozxxe JIpekciep B CBUX Hay4HBIX pabOTax CTal UCIOJIb30BATh
TEPMHH MoJieKyJsipHas HaHoTexHosorus (MHT) nans paznuuenus
IIPEAJIaraéMbIX UM PEIICHUMH.

Tema 3.2. OcoOeHHOCTH TBEPAOTEIbHBIX HAHOCTPYKTYD.

OneHky nmapaMeTpoB HAHOMEXAHUYECKUX YCTPOWCTB M MalIMH -
B cBoMX pabotax 3. Jlpekciep U ero rnocieaoBaTead OLEHUBAIN
IapaMeTpsl B OCHOBHOM MEXAHUYECKUX YCTPONUCTB, KOTOPBIE OHU
Mord Obl UMETh NpU NPUOTMKEHHHM pa3Mepa KOMIIOHEHT K
MOJIEKYJISIpHOMY MaciTady. 310 00yCIOBIECHO HE TE€M, YTO OHHU
HEJOOIIEHUBAIOT BAYKHOCTh 3JIEKTPHUUECKUX, ONTUYECKUX U T. 1.
3¢ (heKToB, a TeM, YTO MEXaHWYECKHE KOHCTPYKIIMH TropasJio
Ipolie U J0cToBepHee Macitadbupyrotes. [lpu aTom oco3naéres,
YTO JJIeKTpUYeCKHe U mpouue dPQPeKThl MOryT JaTh
3HAYUTENIbHBIE JIOTIOJHUTEIbHBIE BO3MOXHOCTH. [IpomsBens
COOTBETCTByIOILIlee  MacwTaOupoBaHue Jlpekciep momyuwi
CJIEIYIOIINE YHCIEHHBIE OLICHKU:




- IO3ULIMOHNPOBAHNUE PEATUPYIOLIUX MOJIEKYJ ¢ TOUHOCThIO ~0.1
HM;

- MEXaHOCHHTE3 C NpPOHM3BOIMTENbHOCThIO ~106 omep/cek Ha
CTPOMNCTBO;

- MOJIEKYJIsIpHasi cOopka oObekTa Maccoit 1 kr 3a ~104 cek;

- paboTa HAHOMEXaHWYECKOT0 yCTporcTBa ¢ yacTtotor ~109 I'm.

Tema 3.3. OObEKTHI HAHOMOJICKYJIIPOHON TEXHOJIOTUH

boun mpoBeneHbl HMCClIEIOBaHMSI IO BOIMPOCAM BO3MOXKHOTO
¢bynkunonupoBanusi  pabotel  "ycTpoiicTBa' < aHAJOTHYHOTO
macmTaba B OKMBBIX OpraHm3Max. B kadecTBe mpumepa
1es1ecoo0pa3Ho  paccMOTpPeTh PadOTy MPEACTABUTEINS KUBOTO
opranusma AT®-cuHTa3a SBJIAOIIETO bepmeHTOM,
peoOpa3yIoUIMM Pa3HOCTh KOHLEHTPALUNA MPOTOHOB IO pa3HbIe
CTOPOHBI MEMOpaHbl B HHEPruio, 3alMacéHHYI0 B MOJEKYJax
agenosuntpudpochara (ATD). Ilocnennee  wucHoIB3yeTCA
MPAKTUYECKH BCEMU MEXaHM3MaMH KIETKM B  KadyecTBe
YHHUBEPCAIHHOTO HOCHUTEIS SHEPTHUH. AT®-cunraza
IPUCYTCTBYET B "DHEPreTUYECKUX CTAHLMSX" PAaCTUTENIbHBIX U
JKUBOTHBIX KIJIETOK - XJIOpPOIUIACTaX W MUTOXOHJPHUSIX U
IPEJICTaBISIET COOOW JIOBOJIBHO CIIOXKHYIO KOHCTPYKIMIO U3
HECKOJIbKUX TUIIOB €IUHUIL] - OCJIIKOBBIX MOJIEKYJI.

Tema 3.4. Yraepona B mpupojie

Bcé xuBoe Ha 3emie COCTOMT M3 COEIMHEHHMH yriepoja.
3HaueHUe HTOro JJIEMEHTa TPYAHO IepeoueHuTs. OHO
OlpesieNsieTcsl OrPOMHBIM  pa3HooOpasueM ero ¢opMm B
COCIMHEHUSAX. YTIJIEPOJHBIE LIEMOYKH MOTryT 00pa3oBbIBAThH
JUHEHHBIA  CKeJeT MOJIEKYJ, [HUKIMYEeCKHEe U  CIIOKHBIE
OOBEMHBIE CKENETHBbIE CTPYKTYpbI; YIJIEPOJ IPEICTaBiIseT
OTPOMHBIM HMHTEpPEC M B YUCTOM BHJIE, MPUHHUMAs pa3IMyYHbIC
dbopMBl OT anMasa 10 MOJEKYJSPHBIX BOJOKOH M HAHOTPYOOK.
KoBaneHTHass cBA3b  YIIepoA-yriiepoi sBiseTcss Haubolee
IIPOYHON M3 U3BECTHBIX. [0 CPaBHUTEIBHO HEAABHETO BPEMEHHM
U3BECTHBI OBUTM TOJIBKO JIBE PAa3HOBHJIHOCTH YHOPSA0YEHHOTO
YUCTOTO yriiepojia - anMa3s u rpadut. [Torom ObuIM 00HApPYKEHBI
U Jpyrue - cHayajga ObUIM CHHTE3UPOBAHBI MOJIEKYINSPHBIC
BOJIOKHA, 3aT€M OTKPBITHI MOJIbIE CPEpUYECKUE MOJIEKYIbl -
¢bymiepensl; npu noucke HG(GEKTUBHBIX METOJ0B CHHTE3a
NOCHAETHUX OBUIM OOHApy)XEHbl YIJepoJHble HAHOTPYOKH.
NmMenHo Marepuanel Ha  OCHOBe  yriepoaa  Jlpekciep
paccMaTpuBaeT B KAdyeCTBE OCHOBHBIX KaHAWJIATOB  JJIs
M3TOTOBJIEHHS] KOHCTPYKIIMM HAHOMEXAHU3MOB.

Pa3znen 4

XapakTepucTrKa METOJIOB UCCIIEIOBAHUN 00BEKTOB MUKPO U

HaHOCTPYKTYD
Tema 4.1.McTpyMeHTBI HAHOTEXHOJIOTUN




OgHuMM U3  TEpPBBIX HHCTPYMEHTOB, KOTOpBIE IIOMOIJIH
WHULMUPOBATh WJEU HAHOTEXHOJOTUH, OBUIM TaK Ha3blBaeMble
CKaHUPYIOIIUE 30H/bl. Bce TUIBI CKaHUPYIOIUX 30HAOB OBUIN
paszpaboransl B [{ropuxe B Hayane 80-x ronoB. Cama ujes OueHb
MPOCTa: €ClId, K NMPUMEPY, MPOBECTH MaJbLIEM MO MOBEPXHOCTH,
TO JIETKO OTIMYMUTH Oapxar OT cTalu WiM JepeBa. B nanHom
HKCIIEPUMEHTE TMajel] JACUCTBYeT KaK CTPYKTypa H3MEpEeHUs
cunbl. JlaHHas wuaed U TOJOXKEHAa B OCHOBY pabOThI
CKaHUPYIOLLETO0 MHUKPOCKOIA, OJHOTO M3 paclpOCTPAaHEHHBIX
CKaHUpYIOLUX 30HA0B. CKaHUPYIOLIUN 30HJ IpPU U3MEPEHUU
CKOJIB3UT 0 TOBEPXHOCTH TaK K€, KaK 3TO JEJAIOT HaJIbIbl.
30H] UMEET HAHOCKOIMYECKUI pa3Mep (4acTo BCETO OJUH aToOM).
[Tpu nBUKEHHHM OH MOKET OMPENESTh HECKONBKO PpPa3IUYHbBIX
CBOMCTB, KaXJ0€ M3 KOTOPBIX COOTBETCTBYET HMHOMY
U3MEPEHHUIO.
Tema 4.2. ATOMHO-CHUITIOBOM MUKPOCKOII
B aTOMHO-CHIIOBOM MHKPOCKOIIE S3JEKTPOHUKA HUCHOIB3YETCS
JUISL U3MEPEHMs] CHJIbI BBOJAMMOW KOHYMKOM 30HJAa IpPHU €ro
JIBUKEHHUH BJI0JIb IOBEPXHOCTHU UCCIIEyEMOT0 OOBEKTA.
Tema 4.3. TyHHEeIbHBIH MUKPOCKOIIL.
B TyHHenpHOM  MMKpOCKONE  HM3MeEpsieTcs  BEJIUYMHA
AIIEKTPUYECKOTO TOKA, MPOXOJSAIIET0 MEXAY CKaHUPYIOIINM
30HIOM M TOBEPXHOCTHbIO. TyHHENbHAass MHUKPOCKOMHUS — 3TO
NPaKTUYEeCKH TEpBbId  pa3pabOTaHHBIH METOJ| 30HI0BOTO
CKaHHMPOBAHMsI, HAIEIIIETO IIUPOKOE IIPUMEHEHHUE.
Tema 4.4. MarHuTHO-CUIIOBOW MHUKPOCKOTI
B MarHuTHO-CHMIIOBOM MHKPOCKOIIE 30H]I, CKAHUPYIOLIUN
MOBEPXHOCTb, SIBISETCSI MArHUTHBIM, OH IIO3BOJISIET
MIOYyBCTBOBATh Ha MOBEPXHOCTHU JIOKAJIbHYIO MAarHUTHYIO
CTPYKTYpY. 30HJ MarHUTHO-CHJIOBOI'O MUKpPOCKOIIa paboTaeT
NOJJOOHO CUMTHIBAIOLIEH TOJIOBKM BUHUECTEPA UITH
MarauTooHa. CkaHUPYIOIINE MUKPOCKOIIBI TO3BOJIMIIN BIIEPBbIE

YBUIACTH 00BEKTHI pasMEpoM C aTOM.

4.3. Ilpaktuyeckue (ceMUHAPCKUE) 3aHATUSL
Tembl mpakTUUECKUX 3aHATHI U UX TPYJOEMKOCTh IPUBEIEHBI B Ta0IHUIIE 5.

Ta6m/1ua 5— HpaKTI/I‘-ICCKI/IC 3aHATUSA U UX TPYAOCMKOCTDb

N3 nux Ne
DopMBbI .
Ne | Tembl npakTHYECKUX AR TIICCKIX TpynoeMKocTh, |IpaKTHYECKOH |pa3zena
n/m 3aHATUN p . (gac) MIOATOTOBKH, | JUCLUIT
3aHSATHH
(gac) JIUHBI
Cemectp 7
OcHoBHbIE 4yepThl | AHaIM3 U OLEHKa 2 2 1
COBPEMEHHBIX IT. | pecypcos,
CTpyKTYypHpPOBAHHOCTh | HEOOXOAUMBIX st
CTaHJIapTOB yhpaBJIeHUs




nudpoBoro  obmena | mapopmarmeit, I10O,
JAHHBIMU AJITOPUTMOB | HEOOXOAUMOE LS
CO3JIaHUsA, XPAHCHHS,
yIpaBIeHUS,
nepeaadyd M MOMCKa
uHpopManun
Uccnenosanue [TpoBeneHue 2 2 2
MMOBEPXHOCTHA METOJIOM | BHEIIHETO OCMOTpa M
aTOMHO-CUJIOBOU noaroroka C3M k
MHKPOCKOIIHH pabore B  pexHUME
aTOMHO-CHUJIOBOH
MUKPOCKOIIAU
Uccnenosanue [TpoBeneHue 2 2 3
MMOBEPXHOCTHA METOJIOM | BHEIIHETO OCMOTpa U
aTOMHO-CUJIOBOU noaroroeka C3M kK
MUKPOCKOITHH paboTe, TOArOTOBKA
obOpasna K
HCCIICAOBAHUIO
Uccnenosanue O6paboTka 2 2 4
MMOBEPXHOCTH METOJIOM | PE3YJIbTaTOB
ATOMHO-CHJIOBOM HCCIIEN0BaHUS
MUKPOCKOIIUHU o0pa3ua W  aHaIU3
pe3yIbTaTOB
U3MEPEHUIN
Bcero 8
4.4. JlabopatopHble 3aHATUS
Tembl 1a00OpaTOPHBIX 3aHATUHN U UX TPYIOEMKOCTh IPUBEACHBI B Ta0OIHIIE 6.
Tabnuna 6 — JlabopaTropHble 3aHATHS U UX TPYJOEMKOCTh
N3 Hux Ne
Ne HaumenoBanue nabopaTtopHbix paboT TpynoeMKOCTS, | MPakTHIECKOH | pasiena
/1 (gac) MMOATOTOBKH, | JUCIIHAI
(gac) JIMHBI

Y4eOHbIM MJIaHOM HE MPEIyCMOTPEHO

Bceero \

4.5. KypcoBoe npoeKkTHpoBaHue/ BHIIOIHEHUE KYPCOBOM pabOThI

Y4eOHBIM MJIaHOM HE IPETyCMOTPEHO

4.6. CamocrodrenbHas paboTa 00y4aronmxcs
Buapl camocTosiTenbHON paboThI B €€ TPYIOEMKOCTh MPUBEICHBI B TabuIie 7.

Tabnuna 7 — Bunbl caMmocTosTenbHON pabOThI M €€ TPYAOEMKOCTh

. Bcero, | Cemectp 7,
Bun camocrositensHO# paboTh
yac qac
1 2 3
M3y4eHne TeOpeTUUECKOro MaTepuana
22 22
nquctumiiiel (TO)




Jomamraee 3aganue (/13) 28 28

Konrtposbusie pabotsl 3a04nnkoB (KP3) 24 24

HOI[I"OTOBK& K IIPOMEXKYTOUHOU 18 18

arrectanuu (I1A)
Bcero: 92 92

5. IlepeyeHnb y4eOHO-METOAMYECKOTO OOECTICUCHUS
JUISL CAMOCTOSITEIILHON PabOThI 00YUYAIOIINUXCS 110 TUCIUIUIMHE (MOIYJIIO)

Y4eOHO-METOIMUECKUE MAaTePHAIbl JIJIsi CAMOCTOSITEIIBHONH paboThl OOYYArOIIUXCS YKa3aHbI B
ma. 7-11.

6. IlepeueHb MeyaTHBIX U IJIEKTPOHHBIX YIEOHBIX U3TAaHUMN
[TepeueHb eYaTHBIX U SJEKTPOHHBIX YUEOHBIX U3/IaHUH TIpUBeIeH B Tabmuie 8.
Tabnuna 8— [lepedeHb MeYaTHBIX U AJIEKTPOHHBIX YUEOHBIX U3JaHHMA

Komuectso
9K3EMILISPOB B
ludp/ bubmmorpaduueckast oubmoTexe
URL anpec CCBLIIKA (kpome
AIIEKTPOHHBIX
AK3EMILTSPOB)
https://www.booktech.ru/books/nanotehnologii duznUecKrue OCHOBBI
MUKpPO- U
HAHODJICKTPOHHKH,

HypnakoB A.A., /yue6HOe
nocooue/, Yp®@V, 2020, -
252 c.

https://obuchalka.org/knigi-po-nanotehnologiyam | ®usudeckue 0CHOBBI
HAHOTEXHOJIOTUH 1
HaHoMmartepuabl, CMUPHOB
B.U. /yuebnoe nocodue/,
ViuesaoBck, Yal'TVY, 2017,
240 c.

https://obuchalka.org/knigi-po-nanotehnologiyam | bazoBbie TeXHOTOTHH
MHKPO- U
HaHOJJICKTPOHUKHU
BopotsiHuies B.M.,
Ckymnos B. /1., -M, ,
[Ipocnexr, 2017, -519 c.

https://obuchalka.org/knigi-po-nanotehnologiyam | Matepuaibl 1 METOIbI
HaHOTeXHOHOFHﬁ,
Crapoctun B.B. /yuebHoe
nocooue/, -M, bunom,
2016, -431c.

https://obuchalka.org/knigi-po-nanotehnologiyam | HanomaTepuaisi:
yuebHoe nocobue/, J1.1.
PrrxonkoB, B.B. JIéBuHa,
2.J1. JI3uasurypu, -M,
bunowm, 2017, -343 c.




https://obuchalka.org/knigi-po-nanotehnologiyam | BerancnurenbHble
HaHoTexHoJioruu, ITormos
A.M., /yaeGHOE mocooue/,
Kno-Pyc, 2017, -126 c.

https://znanium.com/catalog/product/1032129 HUcaes, C.B.

(mata obpamenus: 07.09.2021). — Pexxum WNuTennexryanbHbIe
JIOCTYTIA: TI0 TIOATHCKE. CHCTEMBI : y4el. mocodue /
C.B. Ucaes, O.C. Ucaesa.
- Kpacnosipck : Cu0.
denep. yu-t, 2017. - 120 c.
- ISBN 978-5-7638-3781-

0.
https://znanium.com/catalog/product/1060845 Onunios, b. E. Moxaenu u
(mata obpamenus: 07.09.2021). — Pexxum IpOOIeMBI
A0CTYyIIa: I1O ITOAIINCKE. HWHTCJUICKTYAJIbHBIX

cucteM : MoHorpadus /
B.E. Ogunnos. — Mocksa
: UHOPA-M, 2020. —
219 c. — (Hayunas
mbicib). — DOI
10.12737/1060845. - ISBN
978-5-16-015839-6.

https://fs.quap.ru/science/patents/2021612957.pdf | CBunerenscTBO O
FOCY,HapCTBeHHOﬁ

perucTpanuy IporpaMMsl
st OBM Ne 2021612957
Howm kagectBa «QFD»
[IpaBoobnanarens:
®denepanbHOE
roCy/1apCTBEHHOE
aBTOHOMHOE
o0pa3oBaTenpHOe
YUpPEXKAEHUE BBICILIETO
o0Opa3oBaHUs
«Cankr-IlerepOyprekuii
roCyJapCTBEHHBIN
YHUBEPCUTET
a’POKOCMHUYECKOTO
npubdopoctpoenus» (RU)
ABtop: YabaHeHKO
Anexcanp BanepreBuu
(RU)

7. IlepeueHb 3IEKTPOHHBIX 00Pa30BaTENBHBIX PECYPCOB
MH(}OpPMaLIMOHHO-TEJIEKOMMYHUKAIIMOHHOH cetn « IHTepHEeT»



https://fs.guap.ru/science/patents/2021612957.pdf

[epeuenn AIIEKTPOHHBIX 00pa3oBaTeNbHBIX pecypcoB MH(pOpMaIIMOHHO-
TEJICKOMMYHHKAMOHHOW ceTH «lHTepHeT», HEOOXOMUMBIX [UIi OCBOCHUS HCIHILUINHEI
npuBezieH B Tabnuue 9.

Tabmuma 9 — IlepeueHb JIIEKTPOHHBIX O0pa30BaTENbHBIX PECYPCOB HMH(POPMAIIMOHHO-
TEJICKOMMYHUKAMOHHOU ceTh «HTepHEeT»

URL aapec HaumenoBanue
http://science.guap.ru Hayunas u uHHOBaIMOHHAsS AesTenbHOCTD ['Y ATl

http://www.consultant.ru | CpaBouno-npaBoBast cuctema «Koucysprant [lirocy

http://www.garant.ru Wudopmannonno-npapoBoit mopran «[CAPAHT»

http://list-of-lit.ru CHHCOK JIUTepaTyphl 10 HAHOTEXHOJIOTUH
/nano/nnotechnologii

8. Ilepeuenr HHPOPMALTMOHHBIX TEXHOJIOTUI
8.1. IlepeyeHp TPOrpaMMHOTO OOECHEYCHHMS, MCHOJIB3YEMOTO MpPU OCYIIECTBICHUU
00pa30BaTEILHOTO MPOIEcca M0 JUCIUIIIHHE.
[Tepeuenp nuCmoNB3yeMOro NpOrpaMMHOTO oOecrieueHus npeacTaBieH B Tadbnuie 10.

Tabmuna 10— [lepeueHs mporpaMMHOT0 00€CIICUCHIS

Ne i/t HanmenoBanue

He npenycmotpeno

8.2. IlepeucHb UH(OPMAITMOHHO-CITPABOYHBIX CUCTEM,HCII0JIb3yEeMBIX pu
OCYILIECTBIICHIUH 00pPa30BaTEIBHOTO MPOIECcca MO AUCIUTUINHE

[lepeuens WCTHONB3yeMBIX HH(DOPMAIMOHHO-CIIPABOYHBIX CHCTEM IMIPEICTABICH B
Tabymue 11.

Tabmuna 11— [lepeuens nHGPOPMAITMOHHO-CIIPABOYHBIX CUCTEM

No /1t HaunmenoBanue

He npenycmorpeno

9. MarepuanbHO-TeXHUYeCKas 6a3a
CoctaB MaTepHAIbHO-TEXHUYECKOH 0a3bl, HEOOXOMUMOW Ui  OCYIIECTBIICHUS
00pa3oBaTeNbHOTO Mpoliecca Mo AUCHUIINHE, IPpecTaBieH B Tabiauuel 2.

Tabmuna 12 — CoctaB MaTepHaIbHO-TEXHHYECKON 0a3bl

Ne HanmeHnoBaHue cocTaBHON 4acTH Howmep aynuropun
n/m MaTepUaIbHO-TEXHUUECKOH 0a3bl (Tipu HEOOXOMMOCTH )
1 MynbTrMenuiiHas JIEKIUOHHAS Ay IUTOPUS 52-51
JlaGopaTopust HCKYCCTBEHHOTO MHTEIIIIEKTa M IU(PPOBBIX 13-13
TEXHOJIOTHI B METPOJIOTHH

10. OueHouHbIE cpeICcTBA ISl IPOBEICHUS TPOMEKYTOUHOM aTTECTAIINH
10.1. CocTaB OIEHOYHBIX CPEIACTBIJISA TPOBEACHHS IMPOMEKYTOYHOH AaTTeCTaIlluu
oOyJaronuxcs Mo AUCHUIUINHE TPUBEACH B Tabnuie 13.
Tabmuma 13 — CocTaB OIEHOYHBIX CPEJICTB JIJIS IIPOBEACHHSI IPOMEKYTOTHON aTTeCTAIlNN

Bug HpOMC)KyTO‘lHOﬁ aTTeCTallun HCpC‘-ICHB OIICHOYHBIX CPCIACTB

3auer Crrcox BOMpPOCOB;
TecTtsr;
3agaun.



https://clck.yandex.ru/redir/nWO_r1F33ck?data=NnBZTWRhdFZKOHQxUjhzSWFYVGhXYUVETW1PdmNaRHdZNFZ4c3hXM1dla21DTk5yZVBNVmpwTlhiRURSZGlid3BVWTlCRjhMaVpHSWF4UF85NGFZMUo1bnVRZWxnemdHR0RWRmp0bjFYOUk&b64e=2&sign=6eebbd4f1db331f530d71da5a6643efc&keyno=17
http://www.consultant.ru/
http://www.garant.ru/
http://list-of-lit.ru/

10.2. B kayecTBe KpUTEpUEB OICHKH YPOBHSA C(HOPMUPOBAHHOCTH (OCBOCHUS)
KOMIIETEHIIMH 00ydJarouuMucs MpUMEHseTcsl 5-0ajulbHas IIKajla OLEHKH Cc(HOPMUPOBAHHOCTH
KOMIIETEHIII, KOTopas mpuBeaeHa B Tabuuie 14. B TeueHne cemecTpa MOXKET UCIOIB30BaThCS
100-6amtpHast  mIKaga ~— MOAYJIBHO-PEUTHMHTOBOM  CHCTEMBl  YHHUBEpPCUTETa,  IpaBuja
UCTIOJIb30BaHUSI KOTOPOW, YCTAHOBJIEHBI COOTBETCTBYIOIIUM JIOKAJbHBIM HOPMATUBHBIM aKTOM
['VAIL
Tabmuna 14 —Kpurepuu onieHKH ypoBHS c(hOPMHUPOBAHHOCTH KOMIETEHITHH

Or1eHKa KOMITETEHITUH

XapakreprucTuka chOpMUPOBAHHBIX KOMIIETEHIIMIA
5-0ayubHas mKana PAKTCp (bopmp

— o0OyJaromuicss TIyOOKO M BCECTOPOHHE YCBOWJI IPOrPaMMHBIH
MaTepua;

— YBEpPEHHO, JIOTHYHO, ITOCJICJIOBATEIIFHO U TPAMOTHO €T0 M3JIaracr;

— ONUPAsCh HA 3HAHUS OCHOBHON W JIONIOJHHUTEIBHOHN JIUTEPATYPHI,
TECHO MPHBS3BIBACT YCBOCHHBIC HAYYHBIC MOJIOKCHHS C IPAKTUICCKOM
JESTSIIbHOCTHIO HAIPABJICHMS;

— yMeJ0 000CHOBBIBAET U ApTYMEHTUPYET BBIJIBUTACMEBIC M HJICH;

— JIeJIaeT BBIBOALI H 000OIIECHHS;

— cBOOOJIHO BJIaJICET CHCTEMOM CIIeNUaIN3UPOBAHHBIX TOHITHH.

«OTJIIMYHO»
<Ga4YTCHO»

— 00yJaromuics TBEPI0 YCBOWII MPOTPAMMHBIN MaTepua, TPaMOTHO H
[0 CYIIECTBY W3JIaraeT €ro, ONUpasch Ha 3HAHUS OCHOBHOU
JIUTEPaTypPHI;

— HE JIONYCKAEeT CYIIECTBEHHBIX HETOYHOCTEH;

— YBSI3BIBACT YCBOCHHBIC 3HAaHUS C NPAKTHYCCKON JESITEIHbHOCTHIO
HAIPABIICHUS;

— apryMEHTUPYET HAy4YHbIC TOJI0KCHUS;

— JIeJIaeT BBIBOALI H 000OIIECHHUS;

— BJIQJICET CHCTEMOM CIIeMaTN3UPOBAHHBIX TOHSITHH.

«XOpOLIO»
(Ga4YTCHO»

— o0yyarouuiicss yCBOMJI TOJBKO OCHOBHOW HPOrpaMMHBIN Martepual,
[0 CYIIECTBY M3JIaraeT €ro, ONMpasCh HAa 3HAHUSA TOJBKO OCHOBHOM
JUTEPaTypHl,

— JIONyCKaeT HeCYIIEeCTBEHHbIE OIINOKU U HETOYHOCTH;

— UCIIBITBIBAECT 3aTPYAHEHUS B IPAKTUYECKOM IPUMEHEHUW 3HAHWUU
HallpaBJICHUS;

— cn1abo apryMeHTUpPYeT Hay4dHbIE MTOJIOKEHMS;

— 3aTpyaHsieTcs B GOpMYIMPOBAHUN BBIBOAOB M 000OIICHUI;

— YaCTMYHO BIAJCET CUCTEMON CIIENMAIN3UPOBAHHBIX OHITHI.

«yZIOBJIETBOPUTEITHLHOY
«BaYTEHO»

— o0ydJaromuiicss He YCBOWJI 3HAYUTEIBHOM 4YacTH MPOrPaMMHOTO
MmarepHaa;

— JIONYCKaeT  CYLIECTBEHHblE  OWIMOKM W  HETOYHOCTH  IpHU
paccMOTpeHHH TIPpo0JIeM B KOHKPETHOM HalpaBIICHUH,

— MCTIBITBIBAET TPYIHOCTH B MPAKTHYECKOM IPUMEHEHNUN 3HAHH;

— HE MOXET apryMEeHTHPOBATh HAY4YHbIE MOJIOKECHHUS;

— He (JOpMYIIHPYET BBIBOJAOB H 0000IICHHH.

HCYIOBJICTBOPUTCIILHO
HEC 3a4YTCHO»

10.3. TunoBbie KOHTPOJILHBIC 33/IaHUS MIJTN HHBIE MAaTCPHAITBL.
Bormpocsr (3agaun) nms sKk3aMeHa mpeIcTaBliIeHbl B Tadmie 15.

Tab6muia 15 — Borpocs! (3amaun) 115 9K3aMeHa

Kon

Ne /m [Tepeuens BompocoB (3a1a4) AJsl DK3aMEHa
WHNKATOpa

Y4eOHbIM MJIaHOM HE PEYCMOTPEHO

Bompocsr (3amaun) aiis 3ageta / mudd. 3auera npeacraBieHsl B Tadauie 16.
Tabnuua 16 — Borpocs! (3agaun) ams 3aueta / audd. 3ayera




rlﬁl [Tepeuens Bompocos (3amay) 1 3a4dera / nud¢. 3auera I/IHI[II/I<I?£FOpa

1 OnumuTe GU3NIECKUN CMBICT XpOMaTHIECKOI abeppariuu I1K-1.3.4

2 [Tpoananusupyiite B 4eM pa3ivuue XapaKTePUCTHK pa3pelleHus [IK-3.¥.3
ONTUYECKOT0 MAJIEKTPOHHOTO MUKPOCKOIIOB

3 | Ilpoananu3upyiiTe XapakTEpUCTHKY pa3pemaronieil cnocoonoctu OM [1K-3.V.3

4 OnuimuTe Ha3HAYEHUE U YCTPOUCTBO M CBOMCTBA HCTOYHHUKA JIEKTPOHOB I1K-1.3.3

5 | Ha3oBuTe KOHCTPYKTUBHBIE OCOOEHHOCTH CUCTEMBI OCBelleHus: DM [1K-1.3.3

6 | OnumuTe yCTpOoHCTBO CHCTEMBI KOPPEKIMH acTUrMaTu3Ma B OM [1K-3.3.3

7 OnuiuTe TPUHIMI pabOThl U YCTPOMCTBO CHCTEMBI M300paskeHust DM I1K-3.3.3

8 | Onumure G10K-cXeMy U PUHIHUI paboTsl MuKpockonia BCOM [1K-3.3.3

9 OnumuTe 6JI0K-CXeMy U MPUHIKI ACHCTBUSA OXe-CIIeKTpoMeTpa I1K-3.3.3

10 | OnumuTe MUKPOCKOM, OJIOK- CXeMY, TPUHIUN JEHCTBUS [1K-1.3.3

11 | Onumute GOTOIIEKTPOHHYIO PEHTTEHOBCKYIO CIIEKTPOCKOIHIO, OJIOK- I1K-1.3.3
CXeMy, IPUHIIHII JeHCTBUS

12 | OnumuTe npuHOUN pabOThl paMaHOBCKON CIIEKTPOCKOMHH, OJOK-CXEMBI [IK-1.3.3
nporecca u3MepeHHi.

13 | OnumuTe Ha3HAYECHUE OPUHLMI  JIeHCTBUSA (POTOTIOMUHECLIEHTHON [IK-1.3.3
CIIEKTPOCKOIINH

14 | OnumuTe nHGOPMAIIMOHHBIE TEXHOJIOTHH B U3MEPUTEIBHBIX CUCTEMAX [1K-3.3.3

15 | OnumuTe nHPOPMAIIMOHHBIE TEXHOJIOTHH B HAHOTEXHOJIOTUSIX I1K-3.3.3

16 | OnumuTe NPUHIUIIBI u OCHOBHBIE 3JIEMEHTBI [IK-3.3.3
HCKYCCTBEHHOI'O MHTEIJICKTA

17 | Onummmre Gu3MUecKrue TPUHIMIKI JTy9a MHKPOCKOIIA [1K-1.3.4

18 | OnumuTe HU3NYeCKUe MPUHIIMIBI ICHCTBUS METOJIOB M CPEACTB Macc- I1IK-1.3.4
CIEKTPOMETPUHU

19 | Onumure puznyeckyro CYIIIHOCTh TyHHenpHOro 3¢ddexra B | [1K-1.3.4
PaAMOIEKTPOHUKHI

20 | OnummTe OCHOBHBIC TIOHSTHSI U ONIPEIeNICHHs B 00JIaCTH HAHOTEXHOJIOTUI [1K-1.3.4

21 | [Ipoananu3upyiite, 4eM HAHOCTPYKTYHPOBAHHBIE MaTEPHAJIbl OTIINYAIOTCS [IK-3.V.3
OTKJIACCUYECKUX MaTEPHAIOB?

22 | OnumuTe OCHOBHBIE 0COOEHHOCTH HAaHOPAa3MEPHBIX BETMYUH, UX I1K-1.3.4
KOJIMYECTBEHHOE 3HaUEHUE.

23 | Onumure eIUHULIBI U3MEPEHUsI 1 HAMMEHOBAHUS B 00JIaCTH I1IK-1.3.4
HaHOTEXHOJOTHH

24 | Ipoananu3upyiite TMHEHHBIE pa3Mepbl 0CO0e KUBOTHOTO MUpA U [IK-3.V.3
HCKYCCTBEHHBIX OOBEKTOB B CPAaBHUTEJIbHBIX 3HAYCHHSIX HAHOTEXHOJIOTUI

26 | OnumuTe MoAX0/bl K HAyYHOMY ONpeIeTIeHUI0 TepMuHa «HaHoTexHonorus» | [1K-1.3.4

27 | OnumuTe OCHOBHBIE Heu 3. [Ipekciepa o posie HAHOTEXHOJIOTHiA B I1K-1.3.4
Pa3BUTHUH COBPEMEHHOTO O0IECTBA, U3JI0KEHHbIE B KHUTe «MalliHbl
CO3HUJIaHUS»

28 | [Ipoananmu3upyiitTe OXuAaeMble TapaMeTphl HAHOMEXaHHUECKUX [IK-3.V.3
YCTPOMCTB.

29 | OnummTe MpUHIUT paboThl HAHOYCTPOHCTBA BXKUBBIX OpraHu3Max (Ha I1K-1.3.4
npumepe MoseKyiibl «AT® Cunrazay).

30 | OnummwmTe yriepoJ1 B MPUPOJIe, B U€M 3aKITF0YACTCs €ro 0cobasi poiib? I1K-1.3.4

31 | Ilpoananu3upyiTe BO3MOKHBIE ITYTH TPUMEHEHHs TPUOOPOB U MAIIMH [IK-3.¥.3
MHT

32 | OnummMre NPUHIMITBEI CAMOCOOPKH, IPUCYILITHE Hanboiee [IK-1.3.4
pacnpocTpaHeHHbIM 00BEKTaM HaHOTEXHOJIOTHUH

33 | IIpoananmsupyiiTe ncnonp3zoBanne camoopranuzamuu B HT. OcHoBHBIC I1K-3.V.3




CBOWCTBA CAMOOPTaHU3YIOIIUXCS CUCTEM

34 | Ilpoananu3upyiiTe HaHOMaTepUallbl, HANMEHOBAHUS, Ha3HAYCHHUE, [IK-3.¥.3

OCHOBHBIC OIIPCACIICHNA, KaKUEC 00BEKTHI K HUM OTHOCATCS?

[lepeuenr TeM [ KypCOBOTO IPOEKTHUPOBAHUS/BHIOIHEHUS KYpCOBOW pabOThI

MpeCTaBiIeHbI B Tabuie 17.
Tabmuna 17 — Ilepeyenn TeM U1 KypcOBOTO MPOEKTUPOBAHNSA/BBITIOJIHEHUS! KYPCOBOM pabOThI

Ne i/t

[TpuMepHBIii IepeYeHb TeM IJIsi KypCOBOTO MPOEKTUPOBAHUS/BHITOTHEHHUS
KypCOBOH paboThl

Y4eOHBIM IIaHOM HE MPEAYCMOTPEHO

BOHpOCBI AJid IIPOBCACHUA HpOMC)ICYTO‘{HOfI arrecrtallun B BHUAC TCCTUPOBAHUA

MpeACTaBICHBI B Tabmwmie 18.

Tabnuna 18 — [IpumepHbIil epeyeHb BOIPOCOB AJIsl TECTOB

Ne i/t

Kon

IIpuMepHBIii IepeYeHb BOIIPOCOB ISl TECTOB
WHJUKATOpa

1

Hccnedosanue Mukpo- u HAaHOCMPYKMYp. . [IK-3.¥.3
[Tpoananusupyiite ,kakue METOAbl AUATHOCTUKU HanboJsee
pacmnpoCTpaHEeHbI I UCCIeI0BaHUS (PU3UUYECKUX MTapaMeTPOB U
XapaKTEepUCTUK HAHOOOBEKTOB:

-3JICKTPOHHAs MUKPOCKOIIUS BEICOKOTO Pa3peleHUs;
-OTpakaTelIbHas AIEKTPOHHAsI MUKPOCKOIIHS;

-MHUKPOCKOIIHUS MEIJICHHBIX 3JICKTPOHOB.;

-ONTHYECKasi MUKPOCKOIIHSI.

Baoicnetiwue mexnonocuueckue — docmudicenus 6o emopot nonosure | 11IK-3.VY.3
08a0yamo2o cmoiemus.

[Tpoananuszupyiite, 4T0 CIOCOOCTBOBAJIO, B HAMOObIIIEH CTETICHH,
WHTEHCUBHOMY Pa3BUTHIO HAHOTEXHOJIOTUM B CTPaHE U 3a pyOekoM?
-TeXHOJIOTHUS CO3/IaHUS NEKTPOBAKYYMHBIX MTPHOOPOB;

-CO3/IaHl€ MUKPOMO/TYJIbHBIX 3JIEMEHTOB;

-CO3/IJaHUE UHTETPATbHBIX MIEUATHBIX TIIAT;

-CO3/IaHME€  TIONYMPOBOAHUKOBBIX JJIEMEHTOB  DJIEKTPOHHOM
TEXHUKH.

Qusuueckas cywnocms 3axkona I opoona Mypa. [K-3.¥.3
[Tpoananu3upyiite, B 4eM 3aKIHOYAETCS CMBICT YIMITUPUYECKOTO 3aKOHA
Mypa?

-00BSICHSIT MIPUHIIMII MTOJTyYEHUsI YePHO-0€I0T0 N300paKeHHsI Kaapa
TEJIEBU30PA;

-3aKOH OOBSICHSIET  TPUHIIMII (O YHKITMOHUPOBAHUS
OTITOBOJIOKOHHOTO 3JIEMEHTA;

-TpeieNIbHBIE TPAHUIIBI OBICTPOICHCTBUS KOMIIBIOTEPA;

-TIpeJIeIbHOE YHCIIO Pa3MENICHUS TPaH3UCTOPOB Ha IMEYaTHOW TUTaTe
KOMIIBIOTEpA.

Cpeocmea usmeperust 0ns UCCIE)08AHUSL HAHOCMPYKMYP. I1K-1.3.4
[Ipoananu3upyiite, B 4eM 3aKJIIOYAETCSI OCHOBHBIE JJOCTOMHCTBA
3JIEKTPOHHOT0 MUKpPOCKoMna?

-YIIy4IlleHbl BECOBBIE U TabapUTHBIEC XapaKTEPUCTUKH IPUOOPOB,
-BO3MOXXHOCTBITU(POBOTO  MPEACTABICHUS pe3yNbTaToB
aHaJIun3a;

-0oJiee COBEpIIIEHHAs, IO CPABHEHHUIO C ONTHYECKHUM MUKPOCKOIIOM,
CUCTEMa MOJIYYCHUS N300paxKeHHsI HA0II0AaeMOro O0BHEKTa;




-BO3MOXXHOCTD MMOJTy4YeHUs OoJiee pazHooOpa3Ho nHpOpMaIHK 00
00BEKTE;
-TIPEJIEIIbl YBEIMYCHHUS UCCIISIyeMOT0 00bEKTa.

Ocnognvie napamempbl U XapaKmepucmuKk MUKPOCKONO8

HazoBute npeleibHble 3HAUYCHUS XapaKTePUCTHKHU YBEIHMUEHUS
ONTHYECKOTO MUKPOCKOTIA!

- 100 pa3;

- 200 pas3;

- 400 pa3;

- 700 pas3;

- 1000 pas3;

- 1500 pa3

[IK-1.3.4

OcHogHnbie napamempsl U XapaKmepucmuKk MUKPOCKONOS.
VYcraHoBUTE IIpe/iebHbIE  3HAYEHUs YBEITUYECHUS HIIEKTPOHHOTO
MHUKPOCKOTIA:

- 1000 pas;

- 2000 pas3;

- 5000 pas;

- 8000 pa3;

-1MmuH. pas;

-2 MJIH. pa3

I1K-1.3.4

OcHosHble napamempyvl U XapaKmepucmuKu MUKpOCKONOS.
[Ipoananu3upyiite, yem OTIpeIeIIAETCS pa3pelIaroIias CliocCoOOHOCTh
ONTUYECKOTO MUKPOCKOIIA:

- YPOBHEM OCBELIEHHOCTH paboueil JINH3bL;

- BEITMYMHON (POKYCHOTO PACCTOSHUS,

- COBEPIIEHCTBOM OTKJIOHSIOIIEH CUCTEMBI,

- JUTHHOM BOJIHEI CBETA.

[IK-3.¥.3

OcHognbie napamempbl U Xapakmepucmuku MUKpOCKONos.
[Tpoananusupyiire, uem OIpeIeNIETCs pa3pelIaroasi ClIoCOOHOCTb
AIIEKTPOHHOI'O MUKPOCKOIIA:

- KOHCTPYKLHEN CUCTEMbI N300pakKeHHsI MUKPOCKOIIa;

- YCTPOMCTBOM DJIEKTPOHHOM IYIIKH,

- CUCTEMOM CUMTBIBaHUS PE3yJbTaTOB 00Pa0OTKU U3MEPEHHI;

- paccTOsSIHUEM TIPOJIETA DIIEKTPOHA,

- CKOPOCTBIO IIPOJIETA WIEKTPOHA.

[IK-3.V.3

Hpewwymecmga OJIEKMPOHHO20 MUKPOCKONA.

[Tpoananusupyiite, 4em 0OBSICHSIETCS BHICOKAs pa3peliaronas
CHOCOOHOCTh JEKTPOHHOTO MUKPOCKOTA:

-reOMETPUYECKUMHU pa3MepamMu pabodeil 30HbI;

-MCIOJIb30BAaHUEM DJIEKTPOHHOI'O ITOTOKA BMECTO CBETOBOI'O IIOTOKA;
-JJITMHOW BOJIHBI AJIEKTPOHA.

[IK-3.V.3

10

11. Tlpoananu3upyiite, Kakas cepusi CTAaHJapTOB B HACTOSIIEE BpeMs
SIBJISICTCSI OCHOBHOM TS CTaHIapTOB U3 obmactu UT?

a. cepus 25000;

b. cepus 9000;

C. cepus 14000;

d. cepust 16000.

IK-3.Y.3

11

12. YcTaHoBuTe JBa OCHOBHBIX cTaHaapTa B obnactu UT. a.
12207:1995;

b. 19760:2003;

€. 16326:1999;

[IK-1.3.4




12

d. 90003:2004;

€.15288:2002.

13.  VYcranoBuTe abOpeBHATYPY MEXKIYHAPOIHOTO COO3a I1K-1.3.4
AIIEKTPOCBSI3U:

a. IEEE;

b. IEC;

C. ITU;

d. ISO.

[lepeyeHb TeM KOHTPOJIBHBIX PabOT MO AMCLUMIUIMHE OOYYAIOUIMXCS 3a04HON (HOpPMBI

00yd4eHus1, IpeIcTaBIeHbI B Ta0ymie 19.

Tabmuna 19 — [lepedeHb KOHTPOIBHBIX pabOT

No i/t ITepeyeHb KOHTPOJIBHBIX PAOOT
1 OcCHOBHBIE HJIeU U TIOHATHS HAHOTEXHOJIOTHA JaHHbIE B pabotax H. Tanuryun.
2 B kakoii 0651acTH TPOMBIIIUICHHOTO IMPOU3BO/ICTBA BIIEPBBIC CTAIN PEaM30BbIBATH HJICH

HAHOTEXHOJIOTUH

3 Wnes nexuuu 3. lIpeaunrepa «4To Takoe KU3Hb C TOUKH 3peHUsT PU3UKU»?

4 OcHOBHbIE MOJIOKEHUS JIEKIIMH, TpounTaHHOH P. ®eitnmanoM B 1959 1.

3) OCHOBHBbIE MIOHATHUS U ONIPENIEICHMSI B 00JIACTH HAHOTEXHOJIOT U

6 YeM HAHOCTPYKTYHPOBAHHbIE MaTepHalIbl OTIMYAIOTCS OT KJIACCUYECKUX MaTepuajIoB?

7 OcHoBHbIE 0COOEHHOCTH HAaHOPA3MEPHBIX BEIUUNH, UX KOJIMYECTBEHHOE 3HAYECHHUE.

8 EnuHuns! nsmepeHust 1 HAUMEHOBAHUS B 00JIACTH HAHOTEXHOJIOTUI

9 JIuneiiHble pa3Mepsl 0cO0EH JKUBOTHOTO MUpPa U UCKYCCTBEHHBIX OOBEKTOB B
CPaBHUTEJbHBIX 3HAYCHUAX HAHOTEXHOJIOTUI

10 OcHOBHBIE COOBITHSI UCTOPUH Pa3BUTHsI HaHOTEXHOJOrui B iepuoa ¢ 400 r. 10 H.3. 110
1959 r.

11 OcHOBHBIE COOBITHSI UCTOPUH PA3BUTHSI HAHOTEXHOJIOTUH B iepuos ¢ 1959 no H/B.

12 PazHble M0X0/AbI K HAYYHOMY ONPEAETICHNUIO TEPMUHA «HAHOTEXHOJIOTHSD)

13 O pabotax K.M. Andeposa B 06;1acTH HAHOTEXHOJIOTUMA

14 OcHoBHble uzen 3. Jlpekciepa o posie HaHOTEXHOJIOTHI B pa3BUTHHU COBPEMEHHOTO
o0111eCTBa, N3JI0kKEHHbIE B KHUT'e «MallluHbl CO3UJTaHUS»

15 OCHOBHBIE OLIEHKH 0XHJIaeMbIX TapaMEeTPOB HAHOMEXAHUYECKUX YCTPOUCTB.

16 XapakTepucTUKa U MIPUHLUI pabOThl HAHOYCTPOICTBA B )KUBBIX OpraHu3Max (Ha
npumepe MoJiekynbl «AT® CunTazay).

17 VYraepo B IpUpoOJIE, B YEM 3aKIIFOYAETCS €ro 0codas poiib?

18 [Ipocreiimume KOHCTPYKIIMU TPUOOPOB U Y3JI0B OTAEIbHBIX PAa3IMYHBIX HAHOYCTPOICTB

19 Bo3moxnble myTH npuMeHenus npudopoB u mamiud MHT

20 b [IpuHIUIIBI cCaMOOpTaHU3aliK, TPHUCYITHE HanboJiee pacpOCTPAHEHHBIM 00BEKTaM
HaHOTEXHOJOTHH

21 [TpuHIMIBEI CaMOCOOPKHU, TPUCYILIME Hanboiee pacnpoCcTpaHEHHBIM 00BEKTaM




HAHOTEXHOJIOTUN

22 Ucnons3zoBanne camoopranuzanuu B HT. OcHOBHBIE CBOICTBAa CaMOOPTaHU3YIOIIUXCS
CUCTEM
23 Hanomarepuanesl, HauMMEHOBaHHs, HA3HAYEHHUE, OCHOBHBIE ONPEACIICHUSA, KaKue

00BEKTHI K HUM OTHOCATCS?

24 OcHOBHbIE THUIIBI HAHOMAaTEPHAJIOB, pa3AelieHUE [0 MPU3HAKAM HM3MEpPEeHUd U
pa3MepHOCTH

10.4. MeTtoauyeckue  MaTepUaNbl,  ONPEACISIONUE  HPOLUEAYPHl  OICHUBAHUS
WHIMKATOPOB, XapaKTEpU3YIOLUX dTanbl (OPMUPOBAHUS KOMIIETCHLUH, COJEPKATCA B
JOKaJbHBIX HOpPMATUBHBIX akTax [YAIIl, periaMeHTUpYOIUX TMOPSAOK W TMPOUEAYPY
MPOBEJCHUS TEKYIIEr0 KOHTPOJIS YCIIEBAEMOCTH U MPOMEKYTOUHOM aTTeCTallMi 00Y4aroIIUXCs
I'VAIL

11. Meroauueckue yKazaHus sl 0OYYaroIMXCsl 0 OCBOCHUIO JUCIUTUINHBI
(Huoice npusoosmces pekomenoayuu no COCMagieHuo 0anHo2o pazoena)

11.1. Metoauueckre yKa3zaHus [ OOYYAIOIIUXCS 10 OCBOCHHMIO JICKIIMOHHOTO
MaTtepHana (eciu npedycmMompeHo yY4eOHbIM NIAHOM NO OAHHOU OUCYUNIUHE).

OcHOBHOE Ha3HAY€HHE JIEKIIMOHHOTO MaTepuaia — JIOTUYECKH CTPOHHOE, CHCTEMHOE,
rIyOOKoe U SCHOE H3JIoKeHue yueOHoro marepuana. HasHaueHume cOBpeMEHHOH JEeKIUU B
paMKax JUCIUIUIMHBI HE B TOM, YTOOBI MOJYYUTh BCIO MH(OPMAIMIO 1O TeME, a B OCBOCHUU
dyHIaMEHTANBPHBIX TPOOJIEeM JUCHUIUIMHBI, METOJOB HAyYyHOTO TIIO3HAHHS, HOBEHIINX
JOCTIDKEHUI HaydHOH MbIciau. B yueOHOM mporecce JEKIUs BBIMOIHAET METO0JI0IMUYECKYIO,
OpraHU3alMOHHYI0 U MHPOPMAIMOHHYIO (YHKIWH. JIEKIMsS pacKpbIBaeT MOHATUHHBIN armapat
KOHKPETHOW o0slacTH 3HaHus, €€ MpoOseMbl, JaeT LeJIbHOEe IMpeICTaBlIeHUEe O UCLMILIUHE,
MOKa3bIBAaET B3aMMOCBS3b C IPYTUMHU JTUCIUTUTHHAMY.

[TnanupyemMsble pe3yabTaThl IPU OCBOEHUH 00YYarOIUMUCS JEKIIMOHHOTO MaTepuaa;

— TIOJIyYe€HHE COBPEMEHHBIX, IEJIOCTHBIX, B3aWMOCBS3aHHBIX 3HaHUH, YpPOBEHb
KOTOPBIX OINPEEISIETCS LEIEBOM YCTAHOBKOM K Ka)KJ10M KOHKPETHOU TEME;

— TIOJIyY€HHE OIbITa TBOPUECKOH pabOThl COBMECTHO € MPENOJaBaTeIeM;

— pa3BuTHEe NOPOPECCHOHATBHO-IENOBBIX  KauyecTB, JIIOOBM K TpeAMETy H
CaMOCTOSITEIbHOTO TBOPYECKOTO MBIIUIECHUS.

— TOsBJIEHUE HEOOXOAMMOI0 HHTEpEca, HEOOXOAMMOTIO AJIsi CAMOCTOSITENIbHOM paboThI;

— T[OoJIyueHHe 3HaHUH O COBPEMEHHOM YpPOBHE pa3BUTUS HAyKd U TEXHUKH U O
IPOTHO3€ UX pa3BUTHs Ha OJMIKaMIINeE TO/IbI;

— HayYUThCS METOJMYECKH 00padaThiBaTh MaTepuas (BBIACIATH TIABHBIE MBICTH H
MOJIOKECHUS, TPUXOJUTh K KOHKPETHBIM BBIBOJIAM, TIOBTOPSATh WX B  Pa3IMUHBIX
bopmynupoBKax);

—  TOJIy4eHHe TOYHOTO TOHUMAHHS BCEX HEOOXOMUMBIX TEPMUHOB 1 TIOHSTHIA.

JlekuMOHHBI MaTepuan MOXKET CONPOBOXKAATbCA JIEMOHCTpalMed CIaijoB U
UCTOJIb30BAaHUEM DPA3aTOYHOr0 MaTepualia IpH MPOBEIEHUH KOPOTKHX TUCKYCCHH 00
0COOEHHOCTSIX TPUMEHEHHS OTJEIIFHBIX TEMATHK IO JTUCIIATUTHHE.

CrpyKTypa npeiocTaBiaeHus JEKIIHOHHOTO MaTepuana:

— Jlexumu cornacHo pazzaenam (Tadm.3) u remam (Tad. 4).

YueOHOE mocoOue 1o OCBOSHHIO JICKIIUOHHOI'O MaTepurajia UMECTCA B U3AAHHOM BHUIC:




— PactpoBas 251eKTpOHHAsE MUKPOCKOIIUS U1 HAHOTEXHOJIOTHM. MeTObl U IPUMEHEHHUE :
moHorpadus / mox pen. Y. Ky, XK. JI. Yanra, T. II. Kamunckoii. - 4-e mu3a. - Mocksa :
Jlaboparopus 3nanwmii, 2021. - 601 c. - ISBN 978-5-00101-142-2.

— Ckanupyromas mMukpockonus: /Yueonoe nocooue/ T.II. Mumypa, A.I'. I'pabGaps, -
CII6.; I'YAIL, 2016, - 107 c.

— Hanomarepuanbl u TexHonoruu: / Yueonoe nmocooue/ T.II. Mumypa, A.I'. I'pabaps, -
CII6.; I'YAIL, 2015, - 107 c.

— Meronpl u cpenctBa, NMpUMEHSIEMble B HAaHOAMWArHOCTUKE: /Y4eOHO-METOINYECKOe
nocooue/ A.I'. I'pabaps, H.H. CxopuanTos, P.H. Llenmc, - CI16.; ['YAII, 2023, - 102 c.

MaTepI/IaJIH AJIs1 OCBOCHHA UMCIOTCS B 3JICKTPOHHOM BHUC
Kypc B cucreme LMS https://Ims.guap.ru/new/course/view.php?id=263

11.2. Meroauyeckue ykKa3zaHus Uil OOY4alOIIMXCS 1O Y4acTHUIO B CEMHUHApax (eciu
npeoyCMOmMpPeHo Y4eOHbIM NAAHOM NO OAHHOU OUCYUNTUHE)

OCHOBHOM 1ENbIO IS 00YYaroMIerocst SABJISETCS CUCTeMaThu3alus U 00001eHNe 3HAHUH
o0 Uu3y4yaeMoll Teme, pas3aeny, (QOpMHpPOBaHHME YMEHHS pPadOTaTh C JIOTOJIHHUTEIbHBIMU
UCTOYHMKAMU WHQPOPMAIIMU, COMOCTABJISATh M CPAaBHUBATh TOYKU 3PCHUS, KOHCIIEKTHPOBATH
MPOYNTAHHOE, BBICKA3BIBATH CBOIO TOYKY 3pPCHHS H T.I. B COOTBETCTBHHM C BeIyIIeH
JIUJIAaKTUYECKOM IEJIbI0 COJCPIKaHUEM CEMUHAPCKUX 3aHATUH SIBIISIOTCS Y3JIOBbIE, HamOoiee
TPYIOHBIC IS TIOHUMAaHWS M YCBOCHHS TEMBI, pa3leibl MUCHUIUIMHBL Crienudukoi TaHHOU
(bOpMBI 3aHATHIl ABJISIETCS COBMECTHAs pab0Ta MPEMoAaBaTeNisi i 00Y4alomEerocs HaJl pelicHuEM
MIOCTaBJICHHOW TPOOJEMBI, a IOWCK BEPHOTO OTBETAa CTPOUTCS HA OCHOBE YepeIOBaHHS
WH/IMBUYAIbHOW U KOJUIGKTUBHOW JCSITEIHHOCTH.

[Ipy MOATOTOBKE K CEMHUHAPCKOMY 3aHATHIO 10 TEME MPOCITYIIaHHOW JICKIHH
HEOOXOJMMO O3HAKOMHUTHCSI C IUIAHOM €ro IpPOBEACHHUS, C JIMTEPATypod W Hay4YHBIMHU
nyOIMKaUsAMU 110 TEME CEMUHApa.

TpeboBaHus K MPOBEICHUIO CEMUHAPOB

Obs3amenvHo 015 3an0IHEeHUs NPenooasamenem

Ecnu memoouueckue ykazaunus no yuacmuio 8 CeMUHapax UMeromcs 6 U30aHHoM euoe, 8
suoe snekmponHuvix pecypcos oubnuomexu I'VAII, cucmemor LMS, kagedpvl u m.o., Heobdxooumo
damwv Ha Hux ccwlaky unu npueecmu URL adpec.

11.3. Meroauueckue ykazaHHs sl OOYYarOIIUXCS IO MPOXOXKICHHIO MPAKTHYECKUX
3aHATUH (eciu npedycmompeno yuebHblM NIAHOM HO OAHHOU OUCYUNIUHE)

[IpakTueckoe 3aHATHE SBISETCS OAHONW M3 OCHOBHBIX ()OPM OpraHM3alMM y4eOHOTO
npoliecca, 3aKIIoYaroniascs B BBIOJTHEHUN 00y4YaloIMMUCS O] PYKOBOJCTBOM IpenoaBaTess
KOMIUIEKCa Y4eOHBIX 3aJaHUil C LEJIbI0 YCBOEHUS HAYyYHO-TEOPETUYECKHMX OCHOB YyueOHOMU
JUCLUIUIMHBL, TPUOOPETEHHs] YMEHUN U HaBBIKOB, OIbITa TBOPUECKON JAESITEIbHOCTH.

enbro mpakTUYECKOro 3aHATHS Ui 00ydarolerocs sBisieTcss MPUBUTHE 00YyYaroIIMMCs
YMEHMM U HaBBIKOB MPAKTUYECKOM JEATENBHOCTH 110 U3y4aeMOU JTUCIUIUINHE.

[Inanupyemble pe3ynbTaThl IPU OCBOEHUU 00YYaIOIIUMCS MPAKTUYECKUX 3aHITHI:

— 3aKperuvieHue, YriayOJieHue, pacIIUpeHHe M JeTalu3alis 3HAaHWHA IpH pelleHUH
KOHKPETHBIX 3a/1a4;

— pa3BUTHE TIO3HABATENBHBIX CIIOCOOHOCTEH, CaMOCTOSITEIbHOCTH  MBIIUICHUS,
TBOPYECKOI aKTUBHOCTH;

— OBJAJCHME HOBBIMH METOJAaMH M METOJUKAMH H3y4YEeHUs KOHKPETHOW y4ueOHOM
JUCIUIINHBI,

— BBIpa0OTKa CHOCOOHOCTH JIOTMYECKOTO OCMBICIEHHUS] TOJTYYEHHBIX 3HAHUM JUIs
BBITIOJIHEHMS 3a/1aHUM;


https://lms.guap.ru/new/course/view.php?id=263

— ofecrnieueHne parMOHAILHOTO COYETaHUs KOJUICKTUBHON M WHANBUAYAIbHOU (Gopm
00yJeHUsI.

TpeboBanust K MPOBEACHUIO MPAKTUYESCKUX 3aHITUN

[IpakTyeckue 3aHATHS IPOBOAATCS B CIEAYIOIUX (hopmax:

— MOJICIMPOBaHUE CHUTyalluid MPUMEHUTEIbHO K Mpoduio npodeccuoHanbHON
JESTEIIbBHOCTH 00Y4aroIuXcCs;

— pElLIEHUE CUTYallMOHHBIX 3aJa4

— IpyMNIOBas JUCKYCCHS.

[IperonaBaTens NpH TPOBEACHUHM 3aHATHA BBIMOMHSACT (YHKIMIO KOHCYJIBTAHTA,
KOTOPBII HANpaBisieT KOJUIEKTUBHYIO PadOTy CTYIEHTOB Ha MPUHSITHE MPABHUIIBHOTO PEIICHUS.
3aHsATHE OCYILIECTBIISIETCS B JUAJIOTOBOM PEKUME, OCHOBHBIMH CYObEKTaMU KOTOPOTO SIBIISIOTCS
CTYJICHTHI.

Ha ocHoBanuu WHAUBUAYAJIIBHOI'O 3a1aHUA CTYACHTBI:
— OIICHUBAIOT YCIIOBUS TPYy/a HA paboueM MecTe;
— JIETIAIOT BBIBOJBI O HEOOXOAMMOCTH PAIlMOHATN3AIMU pab0UYero MecTa;
— pa3pabaThIBalOT TEXHUYECKHE CpEACTBA YIYYIICHHWs YCIOBHH Tpyaa M OOeCledYeHus
0e30macHOCTH TPYyAOBOI'O IIponecca.

Hepequb HUCXOJHBIX JAHHBIX IJId MHAWBHUAYAJIbHBIX 3aHaHHﬁ CTYACHTaAaM H cnpaBqumﬁ
MaTcpual, HCO6XOI[I/IMBII71 Ji1 pCHICHHUA IMPAKTHUYCCKUX  3ajay, npeacTaBJICH B y‘Ie6HOM
MOCOOMH K BBIIIOJIHEHUIO MPAKTUYCCKUX pa60T.

Tembl MpakTHYEeCKUX pabOT MPUBEACHBI B TA0J.5

MaTepI/IaJII)I AJI1 OCBOCHHA UMCIOTCA B 3JICKTPOHHOM BHUC

Kypc B cucteme LMS https://Ims.guap.ru/new/course/view.php?id=263

11.4. Metoauueckue ykazaHusl s OOy4arolUXCsl 0 BBIMNOJIHEHHUIO JIaOOPaTOPHBIX
paboT (eciu npedycmompeno y4ebHbiM NAAHOM NO OAHHOU OUCYUNIUHE)

B xone BeimonHeHus 1a0OpaTOPHBIX pabOT oOOyyarolUiCS JOJDKEH YIIIyOUTh H
3aKpENNUTh 3HAHUS, NPAKTUYECKUE HABBIKM, OBJAJETh COBPEMEHHOW METOJUKON M TEXHUKON
OKCIIEPUMEHTa B COOTBETCTBUM C KBaIM(PUKAUOHHON XapaKTEpUCTHUKOM 00ydaromerocs.
Beinonnenue 1abopaTopHbIX paboOT COCTOUT M3 SKCIEPUMEHTAIbHO-IPAKTHYECKOM, pacyeTHo-
AQHAJIMTUYECKON YaCTed U KOHTPOJIBHBIX MEPOIIPUATHH.

Beinmonnenue 51abopaTopHBIX pabOT OO0yYaromUMCs SIBJISETCS HEOThEMJIEMOM YacTbhiO
U3YYEHUS JUCLUIUIMHBI, ONpeNeNseMoil y4eOHbIM IUIaHOM, M OTHOCUTCS K CpEICTBaM,
00ecreynBaroIUM pelIeHUe CIeTyIOIUX OCHOBHBIX 33/1a4 00y4aromerocs:

— npuoOpeTeHHe HaBBIKOB MCCIEAOBAHMSA IMPOLECCOB, SBJIEHUH U OOBEKTOB,
M3Yy4aeMbIX B paMKax JaHHOW JUCLUILINHBL,

— 3aKpeIuleHHe, Pa3BUTHE U JleTalIM3alMsl TEOPETUYECKUX 3HAHWW, MOJyYEeHHBIX Ha
JEKIUSX;

— ToJIyueHHe HOBOM MH(OpMAINH [0 N3y4aeMOH JTHUCIUILINHE;

— T[pHOOpeTeHHe  HaBBIKOB  CAMOCTOSTENbHOW  paboThl ¢ Ja0OpaTOpPHBIM
000pyI0BaHUEM U IPUOOPAMHU.

3ajianue ¥ TpeboBaHUs K IPOBEICHUIO T1a00paTOPHBIX PadoT
Obs3amenvHo 015 3ano0IHEeHUs NPenoodasamenem

Crpykrypa u dopma oTdera 0 1adbopaTopHOil pabore
Obs3amenvHo 01151 3anoIHeHUs Npenooasamenem

TpeboBanust K 0pOPMIIEHHIO OTYETA O JIA0OPATOPHOU paboTe
Obs3amenvHo 015 3ano0IHEeHUs NPenooasamenem



https://lms.guap.ru/new/course/view.php?id=263

Ecnu memoouueckue ykazanmus no npoxosrcoenuro 1abopamopHwvix padom umeromcs 8
U30aHHOM 8Ude, 8 8uode eKmpoHHbIX pecypcos oubruomexu I'VAII, cucmemsr LMS, kagedpsi u
m.o., He0OxX00UMo dams Ha Hux ccovlixy uau npusecmu URL adpec.

11.5. Meroauueckue yka3aHds Ui OOYYAIONIMXCS T0 MPOXOXKICHHIO KYpCOBOTO
HPOCKTUPOBAHUS/BBITIOIHEHHUS KYPCOBOW PabOTHI (eciu npedycMompeHo yueOHbM NIAHOM NO
OaHHOU oucyuniume)

KypcoBoii npoekT/ paboTa IpOBOAUTCS € LENbI0 POPMUPOBAHUS Y O0YUAIOIIUXCS OTBITA
KOMILIEKCHOT'O PEIICHUsI KOHKPETHBIX 33724 MPO(PECCUOHATBHOM NesTeTbHOCTH.

KypcoBoii mpoekT/ paboTa mo3BoJisieT 00y4daromemMycs:

CTpyKTypa NOsICHUTEILHOU 3aIMCKU KYPCOBOTO MPOEKTa/ paObOTHI
Obsi3amenvHo 0151 3an0IHEeHUs NPenoodasamenem

TpebGoBanust k 0(hOPMIICHUIO ITOSICHUTEIBHOM 3alMCKU KYPCOBOTO MPOEKTa/ pabOThI
Obs3amenvho 0151 3aN0IHeHUs NPenooasamenem

Ecnu memoouueckue ykazanusi no Kypco8omy npoekmuposanuio/ 8bINOJHEHUIO KYPCOBOU
pabomvl umeromcs 8 U30aHHOM 8ude, 8 6uoe 21eKMpoHHbIX pecypcos oubauomexu 1'VAII
cucmemwvl LMS, kaghedpol u m.o., neobxooumo dams Ha Hux ccwvliky unu npusecmu URL adpec.

11.6. Meroauueckue yKazaHus JUIsi 0OYJaIOUIMXCS 110 MPOXOKACHUIO CAMOCTOSITEIHLHOM
paboThI

B xone BbINOMHEHUSI CaMOCTOSITEILHOM pabOThI, 00yJarONUiCs BBITIOJIHAET PaboTy 10
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJICTBE IMperojaBaTelisi, HO 0e3 ero HermocpeaCTBEHHOTO
y4acTusl.

Jns oOyyaromuxcst mo 3aoyHoi ¢opme OO0ydeHHs, caMOCTOsITeNbHas paboTa MOXKET
BKJIFOYATh B CEOSI KOHTPOIBHYIO padoTYy.

B mnpouecce BBIMOJHEHHUsSI CaMOCTOSITENbHONW paboThl, y oOydaromierocs (popMHpyeTcs
1enecoo0pa3Hoe IIaHUPOBaHUE Pabovero BpeMEeHH, KOTOPOE MO3BOJISIET UM pa3BUBaTh YMEHMS
U HaBBIKM B YCBOGHHWU U CHUCTEMaTH3alMU NpUOOpeTaeMbIX 3HaHWH, 0OecreyrBaeT BBICOKHMN
YPOBEHb YCIEBAEMOCTH B TMEpPHOJ OOYy4YEeHMs, NOMOIaeT MOJYyYUTh HABBIKM IOBBIIICHUS
npo¢eCcCHOHATBHOIO YPOBHSI.

MetoauyeckumMi ~ MaTepuaiaMM,  HalpaB/SIIOIIMMH  CAMOCTOSATEIBHYIO  paloTy
00y4aroIUX CSSBIISIOTCS:

—  y4eOHO-METOAMYECKHUI MaTepHal Mo JUCIUILINHE;

— METOJMYECKHE YKA3aHHS IO BBIMOJHEHUIO KOHTPOJBHBIX PaboT (11 00ydaromuxcs
10 3a04HOU (hopme 0OyueHus).

Ecnu memoouueckue yKazanus no npOXodcOeHUIo camocmosmenbHol pabomsl umeromcs
8 U30AHHOM BUde, 8 8ude INeKMPOHHbBIX pecypcos budbnuomexu I'VAII, cucmemvr LMS, kagedpol
u m.o., Heobxo0umMo oamv Ha Hux ccolaky unu npusecmu URL adpec.

11.7. MeTtoauueckre yKazaHus [UIsi OOYyYaroIIMXCS IO MPOXOXKACHHUIO TEKYIIETO
KOHTPOJI YCIIEBAEMOCTH.

Texkymuii KOHTPOJb YCHEBAEMOCTH NPEIyCMaTpPUBAaET KOHTPOJIb KaydecTBa 3HAHUU
00yYaroImuxcsi, OCyIIECTBISIEMOIO B TEUEHUE CEMecTpa C ILIeJbI0 OLEHMBAHUS XO0Jla OCBOEHUS
JTUCIUTUIAHBI.

B TeueHune cemecTpa CTyIEHTHI:

- 3aIIMIIAI0T MPAaKTUYECKUE paboThI;

- BBIMOJIHAIOT TECTUPOBAHUS 110 MaTepuanam Jiekuuu B cpene LMS.



JUist TEKyILero KOHTPOJISl YCIIEBAEMOCTH HUCIOJIB3YIOTCS TECTHI, IPUBEICHHBIC B TaOHIIe
18.

11.8. Metoauueckue yka3zaHus AJis OOy4aroUIUXcs MO MPOXOXKACHUIO MPOMEKYTOUHOM
aTTECTaIUU.

[Ipomexyrounas  artectauus  OOydalOIIUXCs — MpeAycMaTpUBaeT  OICHUBAHHE
MPOMEKYTOUHBIX U OKOHYATEIBHBIX PE3yIbTaTOB OOy4YeHHS MO muciumuinHe. OHa BKIIOYACeT B
cedst:

— 9JK3aMeH — (opma OLEHKH 3HaHWH, MOJYYEHHBIX OOYYAIOIIMMCS B IPOLECCE
M3YYEHHUS BCEW MUCIUIUIMHBI WM €€ YaCTH, HABBIKOB CAMOCTOSATEIbHONU paboThl, CIOCOOHOCTH
NPUMEHATh MX JJIs pEHICHUs MPAKTHUECKUX 3ajad. JK3aMeH, Kak MpaBWIO, MPOBOJUTCS B
nepuoj, SK3aMEHAIIMOHHOW CEeCCHMM W 3aBEpILAeTCsl aTTECTAllMOHHON OIICHKOM «OTIMYHOY,
«XOPOLIOY, KYJOBICTBOPUTEIHLHOY, «HEYIOBIECTBOPUTEIHHOY.

— 3a4eT — 3To (opMa OLICHKH 3HAHUH, NOJYYEHHBIX OOYYaIOIIMMCS B XO/€ M3yYCHUS
yueOHOM TUCIUIUIMHBI B LIEJIOM WJIM IPOMEXYTOUHas (110 OKOHYaHUU CEMECTpa) OlIeHKa 3HAHUHN
00ydJaroumMcs Mo OTJEIBHBIM pa3jieiaM JUCIHUIUIMHBI C aTTECTAIMOHHOW OLICHKOM «3a4TeHO»
WIH «HE 3aU4TEHOY.

— muddepeHIMpPOBaHHBIH 3adyeT — JT0 (¢(opMa OIEHKA 3HAHUH, MOIyYEHHBIX
00ydJaroumMcs Mpy U3YYCHUH JUCIHHUILUIUHBI, TIPU BBHITTOJIHEHUH KYPCOBBIX MPOEKTOB, KYPCOBBIX
paboT, Hay4YHO-HUCCIEA0BATEIBCKUX PAOOT U MPOXOKICHUH MPAKTUK C aTTECTAllMOHHON OIIEHKOU
COTIUYHOY, «XOPOIIOY, «YAOBIECTBOPUTEIHHOY, KHEYTOBICTBOPUTEIHLHOY.

Cucrema OIEHOK MPH MPOBEICHUU MPOMEKYTOYHOW AaTTECTAllMU OCYIIECTBIACTCS B
cooTBeTCTBUU C TpeboBanusimu Ilomoxkenuit «O TekylieM KOHTPOJIE YCIIEBAEMOCTH U
MPOMEXKYTOUHOM arrectanuu cryaeHToB ['YAII, oOywarommxcs Mo mnporpaMmaM BbBICIIETO
obpazoBanusi» U «O MOIYTBHO-PEUTHHTOBOM CHCTEME OIICHKM KadyecTBa y4yeOHOW paloThl
cryneHtoB B 'Y AIy.



Jluct BHeceHUsI U3BMEHEHUH B pabouyio MporpaMmy AUCHUILTAHBI

Jlara BHeceHUs
W3MEHEHHH U
JIOTIOJIHCHUIA.

IMoamuce
BHECIIIETO
H3MEHEHUS

ConeprkaHre U3MEHEHHUIN U TOTIOJTHEHHI

Jara u Ne

IPOTOKOJIA
3aceIaHus
Kageaps

IToamuce
3aB.
kadenpoit




