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AnHoranus

Hucuumnnuna «MeToJbl HCCIeIOBaHUS C HCMOJIb30BAaHUEM CKAaHUPYIOUIEH 30HI0BOM
MUKPOCKOIUU» BXOJIUT B 00pa30oBaTENbHYIO MPOTPAMMY BBICIIETO OOpa30BaHUSI — MPOTPAMMY
OakajaBpuaTa IO HampaBJICHHIO MOATOTOBKM/ crenuanbHocTH 27.03.01 «Crammaptuszanus u
MeTposiorus» HampasiieHHOcTH «l{udpoBas merponorus u craHmapTusanusy». JlucruruimnHa
peanmu3syetcs kadenpoit «Neby.

JlucuurinHa HareneHa Ha (GOPMHUPOBAHKE Y BBITYCKHUKA CIICTYIOIINX KOMITETSHIUH:

[IK-1 «CrnocobeH npoBOAUTH aHAIU3 COCTOSHUS METPOJIOTMYECKOro oOecredyeHus B
MOIpa3IeICHUU METPOJIOTUYECKOM CITYKOBI OPTaHU3AIHID)

IIK-3 «CnocobGeH oOCymecTBIsITh padOThl 10 BBISIBICHUIO U MPEJOTBPAIICHUIO
HECOOTBETCTBHUI MPOAYKIIUU TPEIBSIBISIEMBIM TPEOOBAHUSIM))

CopepxaHue ITUCHUIUIMHBI OXBAaThIBAET KPYT BOIPOCOB, CBS3aHHBIX C METOJaMHU
uccienoBanusi  QU3HUYECKUX, (PUIUKO-XUMHUYECKUX M TEOMETPUUYCCKUX TapaMeTpoB U
XapaKTEPUCTUK TBEPAOTEIbHBIX M MOJEKYISPHBIX CTPYKTYyp. OTH METOABl M CpeICTBa
JTUArHOCTUKHU IIUPOKO BXOJSAT B MPAKTUKY MCCIECIOBAHUSA M U3YYCHHUSI HAHOOOBEKTOB, 00JIadat0T
BBICOKMM  pa3pelieHHeM, [03TOMY pEealbHO IMO3BOJISIIOT  MHPOBOJIUTH  HCCIEIOBAHUS
HAHOOOBEKTOB HA aTOMAaPHOM ypPOBHE, BILIOTH JI0 BU3yaTU3alliU CaMOU CTPYKTYPBI OOBEKTOB.

[IpenogaBanue AMCHUIUIMHBI MpEeAyCMAaTpUBaeT Cieayromue (QopMbl OpraHu3aluu
y4eOHOT0 MpoIiecca: JICKITUH, TPAKTUICCKHUE 3aHITHSI, CAMOCTOSTEIIbHAS paboTa 00yJaroIerocs.

[IporpaMMo#l NHUCHUTUIMHBI TPEIyCMOTPEHBI CIEAYIOUINE BHIbI KOHTPOJS: TEKYIIUN
KOHTPOJIb YCIIEBAEMOCTH, IIPOMEIKYTOUHAS aTTeCTaIus B (hopMe 3a4eTa.

OO0mias TpyAOEMKOCTh OCBOEHUS AMCLMILIMHBI COCTaBIsieT 3 3adeTHhIX eauHuibl, 108
YacoB.

S3bIK 00yUYeHUs IO TUCIUILTUHE KPYCCKHM »



1. TlepedeHb IIaHUPYEMBIX PE3yJIbTATOB O0YyUYCHUS MO TUCLUILIHMHE

1.1. llenpto  mpenojaBaHusl  JUCIHMIUIAHBI  SIBJSIETCSl  MOJIyYCHHE  CTYICHTaMH
HEOOXOUMBIX 3HAHUI chepe BBICOKMX TEXHOJIOTMH CBA3aHHBIX C TMPUKIATHBIMU
UCCIICIOBAaHUSIMH KOHCTPYUPOBAHUEM M TMPAKTUYECKAM HCIOJb30BAHHEM MATECPUAIOB |
BCIICCTB HAa ATOMHOM M MOJICKYJIAPHOM YPOBHAX, a TAKXKC CpCACTBAX, MCTOAOB W MCTOJUK
ucciaenoBaus  (QU3NYECKUX, (DU3UKO-XUMHUUECKMX M T'€OMETPHUYCCKHX IapaMeTpoB |
XapaKTEPUCTHK TBEPIOTENbHBIX M MOJEKYIApHBIX 00BekTOB. [Ipu 3TOM OC000€ BHUMaHHE
yIOCNEHO  M3YYCHHI0  OCOOCHHOCTEH  BBICOKOPA3pEHIAIONIMX  METOMOB  HCCIICIOBAHUM
MOJICKYJISIPHBIX OOBEKTOB, OOCCIICUMBAIONIUX MOJMydyeHUE HamOojee MOJHOW HHpopMaruu 00
OCHOBHBIX CBOWCTBAX M XapaKTEPUCTHKAX U MPOTEKAIOIINX B HUX MPOIECCcax.

1.2. JlucuuminmHa  BXOOUT B  COCTaB  4YacTH, (OPMUPYEMOH  y4aCTHHKAMHU
00pa3oBaTe/IbHBIX OTHOIICHH, 00pa30BaTEILHOI MPOrpaMMBbl BBICIIIET0 00pa3oBaHUs (Iaiee —

OI1 BO).

1.3. IlepeueHp IIaHUPYEMBIX PE3YIBTATOB O0YUEHHS IO JUCLUILINHE, COOTHECCHHBIX C
IUTaHUpYyeMbIMH pe3ynbTratamu ocBoeHust OI1 BO.

B pesynbrare m3ydeHus TUCHMIUIMHBI OOyYaroOLIUics TOJDKEH 00MajaTh CieqyIoIuMH
KOMIIETEHIIMSIMU WJTH WX 9acTsMU. KoMIeTeHInu 1 WHAMKATOPHI UX JOCTHKCHHS TPUBEICHBI B

Tabimue 1.

Tabmuna 1 — [lepeyeHp KOMIIETEHIIMI U HHIUKATOPOB MX JOCTHKCHHS

Konu
Kareropus (rpynna) Kon n HanMeHOBaHHME UHIUKATOPA JOCTHIKCHHUS
HaMEHOBaHUE
KOMIIETEHIINHU KOMIIETEHIINHU
KOMIIETEHIIUHA
I1K-1 Criocoben
IIPOBOJINUTEL aHAIN3
POBOZL I1K-1.3.3 3HaTh 001aCTh MPUMEHEHHUS METOJIOB
COCTOSIHUSI
U3MEPECHUS
METPOJIOTUYECKOTO
[Ipodeccuonanbubie 06ECICUCHIS B [1K-1.3.4 3HaTh KOHCTPYKTHUBHBIE OCOOEHHOCTH U
KOMIIETEHIINHU MIPUHIUIIBI pa0OTHI CPEICTB U3MEPEHUS,
nopa3aeieHun
o TEXHOJIOTHYECKHE BO3MOXXHOCTH B 00J1aCcTH
METPOJIOTUUECKOU
MIPUMEHEHUS CPEACTB U3MEPEHUS
CITYKOBI
OpraHu3aln
I1K-3 Criocoben
OCYLIECTBIIATh I1K-3.3.3 3Hath ¢pu3nveckre NpUHIMILI padoThI,
paboThI MO BO3MOKHOCTH ¥ 00JIaCTH MPUMEHEHUSI METO/IOB U
BBIABIIEHUIO U CpEICTB U3MEpPEHUN
[Tpodeccuonanbuble
KOMITETEHIIH MPEIOTBPALICHHUIO [1K-3.VY.3 ymeTs BoIOUpaTh U pa3padaThiBaTh
HECOOTBETCTBUHI METO/Ibl U CPEICTBA KOHTPOJISI TEXHOJIOTUYECKOTO
MPOTYKIIUH mpoiiecca, TEXHOJIOTHYECKOM oreparuu,
MPEABSIBISIEMbIM pa3pabaThIBaTh CXE€Mbl U3MEPEHUI 1 KOHTPOJISI
TpeOOBAHUSIM

— OCHOBBI I/IH(I)OpMaTI/BaI_II/II/I H3MCpCHHﬁ;

2. Mecro nuctuIuIMHbB B cTpykType OI1
JucuumnimHa MoXKeT 0a3upoBaThCS HA 3HAHUSX, paHee MPUOOPETEHHBIX 00yUYaIONTUMUCS
MIPY U3YYECHUH CIEAYIONIUX AUCUUTUIAH:
JucuumnimHa MOXKeT 0a3upoBaThCS HA 3HAHUSX, paHee MPUOOPETEHHBIX 00yUYaIONTUMUCS
MIPY U3YYECHUH CIEAYIONIUX AUCIUTUIAH:
— (u3HYECKHEe OCHOBBI U3MEPEHUN U 3TAJIOHBI CTUHUII;
— METOJBI U CPEJICTBA UBMEPEHUM, UCTIBITAHUN U KOHTPOJIA;

— OCHOBBI JICKTPOTCXHUKU U PATUOTCXHHUKHU,
— OCHOBBI MOJCIIMPOBAHNUEC CUCTEM U IIPOILICCCOB,
— TIIpUKJIagHasg ¥ 3aKOHOAATCIbHAsA METPOJIOTUA,




— o0mas Teopusi U3MEpeHH
3HaHUs, MOJYYCHHbIC NPU HM3YYCHHH MarepHaia NaHHOH JUCHUIUIMHBI, MMEIOT Kak
CaMOCTOSTENILHOE 3HAYCHHUE, TAK U MOTYT MCIIOJIb30BATHCS IPU M3YUCHHUH JAPYTUX JUCIHILIHH!
— - nudpoBbIe METOIBI U CPECTBA U3MEPEHHI;
— - IPOU3BOJICTBCHHAs IPAKTHKA,;
— - IPOW3BOJICTBCHHAs NPEINILIOMHAS IPAKTHKA.
3HaHUs, MOJYYCHHBbIC NPU W3YYCHHH MarepHaia NaHHOH JUCHUIUIMHBI, MMEIOT Kak
CaMOCTOSTENIFHOE 3HAYCHHUE, TAK U MOTYT MCIIOJIb30BATHCS IPU M3YUCHHUH JAPYTUX JUCIHILIHH:
3HaHUs, MOJNYYCHHbIC NPU HM3YYCHHH MarepHana NaHHOH JUCHUIUIMHBI, MMEIOT Kak
CaMOCTOSATENIFHOE 3HAYCHHUE, TAK U MOTYT MCIIOJIb30BATHCS IPU U3YYCHHUH JAPYTUX JUCIHILIHH!
— 1udpoBBIC METOABI U CPEICTBA H3MEPEHHUH;
— TPOU3BOJCTBCHHAS IPAKTHKA,;
— TPOW3BOJICTBEHHAs MPEIIUILIOMHAS [TPAKTHKA.

3. O0beM u TpyI0EeMKOCTb TUCIUTLIAHBI
Jannaple 00 o0meM oO0beMe TUCIUIUIMHBI, TPYIOSEMKOCTH OTICIBHBIX BHUJIOB Y4COHOM
paboThI 1O TUCIUILTHHE (M paclpeieieHue 3TOH TPYAOEMKOCTH 110 CeMeCTpaM) IPeACTaBICHbI B
Tabauie 2.

Tabnuna 2 — O0beM U TPYAOEMKOCTh AUCIUIIITNHBI

TpynoemMkocTs 1o

Bun yuebnoit paboTbl Bcero ceMecTpam
Ne8
1 2 3

Oowan mpyooemKkocmp OUCHUNIUHDL, 3/ 108 3/ 108
3E/ (uac)
U3 Hux yacoe npakmuyeckoii L0020mMoeKu 10 10
AyoumopHhuie 3anHamus, BCEro Jac. 20 20
B TOM YHCIIE:

nexiuu (JI), (dac) 10 10

1('IpaI()TI/I‘{eCKI/Ie/CeMI/IHapCKI/Ie 3anatus  (I13), 10 10

qac

naboparopusie pabotsl (JIP), (dac)

KypcoBoil npoekT (padota) (KII, KP), (gac)

HK3aMeH, (Jac)

Camocmoamenvnan paboma, Bcero (4ac) 88 88
Buo npomesxcymounoit ammecmayuu:. 3a4er,

mudd. 3auer, sk3ameH (3auer, Judd. 3au, | 3ayer 3auer
OK3.%%)

*k
IIpumedanue: kaHAMAATCKHI 9K3aMeH

4. ConpepxaHue JUCITUTITUHBI
4.1. PacnpeneneHue TPyJI0EMKOCTH JUCIUILTAHBI IO pa3JeiaM U BUAAM 3aHITHIA.
Pazgenbl, TeMBbI TUCITUTITUHBI 1 KX TPYJOEMKOCTh TTPUBEEHBI B TaOIHUIIE 3.

Tabnuna 3 — Pa3ensl, TeMbl AUCHUILTUHBL, UX TPYAOEMKOCTh

Paznesibl, TeMbl JUCIMITIHHBI Jlexuma | 113 (C3) - JIP KII CPC
’ (gac) (gac) (dac) (gac) (dac)
Cemectp 8

Paznen 1. XapakTeprcTrka KOHIICTIITHIA
HAHOTEXHOJIOTUH 5 5 10
Tema 1.1. XapakTeprucTrKa KOHIICTIITHIA

HAHOCTPYKTYPHBIX M MOJICKYJISIPHBIX HAHOTEXHOJIOTHH




Pasgen 2. MeTtoapl ucclieq0BaHUuI HAHOOOHEKTOB

Tema 2.1. O6mume cBeneHns 00 00bEKTaX 4 4 20

HCCIIe0OBAaHMs B 00J1aCTH

HaHoTexHoJioru# Pazgen 2.

Paznen 3. OcHOBHBIE T€TEPOTEHHBIEC MPOIIECCHI

(hopMHpOBaHNS HAHOCTPYKTYPHPOBAHHBIX OOBEKTOB ) 2 10

Tema 3.1 XapakTepucTuKa, CBOWCTBA, TIPOIIECCHI
(hopMUpOBaHUs HAHOCTPYKTYP

Pa3I[6J'I 4, HpI/IHLII/Il'H:.I IMMOCTPOCHUSA TEXHUYCCKUX

CPEJICTB MCCIIeOBaHI HAHOCTPYKTYP ) 2 48

4.1 OcHOBBI MEXaHHUKH W KOHCTPYKIIMHA CPECTB
WCCJICJIOBAHUS HAHOCTPYKTYPUPOBAHHBIX OOBEKTOB .

Hroro B cemectpe:

10 10 88

Htoro 10 10 0 0 88

[Ipaktrueckas

IOAroTOBKAa  3aKJI04YacTCA B  HCIIOCPCACTBCHHOM  BLIIIOJIHCHHUH

Oo0y4JaromMMHUCS ~ ONpENEeNeHHBIX  TPYIOBBIX  (YHKIWH, CBSA3aHHBIX C  Oyaymiei
npodecCHOHATIBHOMN 1€ TETbHOCTBIO.

4.2. CopnepxaHue pa3/iejoB U TEM JICKIIMOHHBIX 3aHSATHH.
ConeprkaHue pas/iesioB U TEM JICKIIMOHHBIX 3aHATHI PUBEACHO B Ta0uIE 4.

Ta6mmma 4 — ComepxaHue pa3aesioB U TeM JEKIIMOHHOTO UK

Howmep paznena

Hazpanue u COACPIKAHUC pa3acC/IOB U TEM JICKIITHOHHbBIX 3aHATHH

Pazmen 1

Tema 1. OcHOBHblE TIOHATHS HAHOTEXHOJOIMH M HH(OPMALUOHHBIX
texHoynoruit. OOIMe CBeAeHUs 00 OOBEKTaX HCCIICAOBAaHUS HAHOCTPYKTYD.
Haznadenue, onpe/ienenus, Kiaccupukaus

Tema 1.1.1. BBenenne B HaHOMHP ¥ B HH(DPOPMAIMOHHBIC TEXHOJOTHH, OCHOBHBIC
TIOJIOXKEHUS.

B Hacrosmiee BpeMs NMpOUCXOIST KOPEHHBIE M3MEHEHUsI B cepe BBICOKHX
TEXHOJIOTHH, MHKPOMEXaHWKH M JpYruxX OOJacTAX YelOBEYEeCKOH AeATEeIbHOCTH,
CBSI3aHHBIX €  (yHIAMEHTAJIbHBIMH W TPHUKJIAJHBIMH  HCCJIEIOBaHUSIMH,
KOHCTPYUPOBAHHUEM M MPAKTHYECKUM HCIIOIb30BAaHUEM MAaTepHaloOB, YCTPOWCTB H
CpPEeACTB M3MEpEHHH 00BEKTOB, JIEMEHTHl KOTOPBIX MMEIOT pazmepsl MeHee 100 HM.
Wudopmanus (ot nat. «Information) - 3T0 3HaHUS, CBEIEHHs, COOOIICHUS,
SBIIAIOMIMECS OOBEKTOM XpaHEHHs, MpeoOpa3oBaHUs, MNepeaadyn u IIOMOTarolue
pemaTh MOCTaBICHHBIC 3a/1a4H.

Wndopmannonnas  TexHomorus  GoOpMHpPYeT TMepeqHHd  Kpail — HaydHO-
TEXHUYECKOTO Mporpecca, co3aaeT HHQOPMAIMOHHBIN (pyHIaMEHT Pa3BUTHS HAYKU H
BCEX OCTAJIbHBIX TeXHOJOTHH.Pa3BuTie MH(OPMAIIMOHHBIX TEXHOJIOTHI BO BCEM MHUpe
00BsCHSIETCSI BO3pOCHIel MHTEHCHBHOCTBIO MH()OPMALMOHHBIX ITOTOKOB BCJIEACTBHUE
PasBUTHsI  NIPOIIECCOB  TJI00ANM3alMd  MHPOBOW OKOHOMHKM W CTAHOBJICHUS
MH()OPMAIMOHHOTO MPOCTPAaHCTBA. YTIpaBICHYECKasl JESITENILHOCT HYXJIAaeTcs B
WHPOPMAMOHHOM OOCCIIEYCHNH, TaK KaKk o0paboTka WH(OpMAIH I MPUHITHS
YIPaBICHYECKUX PEUICHUH M BHIPAOOTKM YNPABISIONIMX BO3JICHCTBUH 3aHUMaET
JIOCTATOYHO MHOTO BPEMEHH.

Tewma 1.1.2. HanotexHooruu B MH(GOPMAIIOHHBIX TEXHOJIOTHSIX

B HacTosmiee BpeMs HAHOTEXHOIOTHAM yAenseTcs OOJibplIoe BHUMAHHE -
CO3/IAI0TCSl WCCIIEOBATEILCKUE WHCTHTYTHI, Pa3BEPHYTa MOATOTOBKA CIEIHAINCTOB.
B CIIA sTiMu BomipocamMu 3aHHMAIOTCSI TaKne M3BeCTHBIE (GpupMmbl, Kak Intel, MEMS
Industry Group, Sandia National Labs. PaccmaTpuBaeMbIii Kpyr BOIIPOCOB - OT PYUKH
0e3 pa3OpbI3ruBaHMsT YEPHWI JI0 OECIPOBOJIOYHOM Nepegaddl JaHHBIX, ONTHYECKUX
YCTPOMCTB YIIPaBJICHHUS OPYXKHMEM W MHHHUCITYyTHHKOB. ATEHTCTBO HEPCIEKTHBHBIX
pa3paborok MO CIIIA peammsyer mporpammy "YMHas NbUIE", HANpPaBICHHYI Ha
CO3/JaHME CBEPXMHHHUATIOPHBIX YCTPOWCTB, CIOCOOHBIX T'€HEPUPOBATH JHEPTHIO,
MPOBOJINTb MOHMUTOPHUHI  OKpY’KaroWleW Cpeibl, HaKalulMBaTh W  Ilepe/aBaTh
nadopmanmio O4yeHb 3HAUNMOE JJOCTHKEHHE B 00JIaCTH HAaHOTEXHOJIOTHH - CO3/JIaHUE




sIpa ONEPALUOHHON CUCTEMBI.

Slapom - meHTpambHas — 4acTh  omepamuoHHOW — cuctembl  (OC),
oOecrieunBaromas  MPWIOKEHUAM  KOOPAMHUPOBAHHBIM  JIOCTYl K  pecypcam
KOMITBIOTEPA, TaKHUM KaK IIPOIIECCOPHOE BpeMs, NaMATh W BHEIIHEE almapaTHOE
obecrieuerne. Takke OOBIYHO SAPO TPEIOCTABIACT CEPBUCH (PAIOBON CHCTEMBI H
ceTeBbIX NpoToKoyioB.Ha maHHOE BpeMs yke BBITYLICHBI ONEPAMOHHBIE CHCTEMBI Ha
OCHOBe 2, 4 11 6 smep.

CeromHst yXe cO3/1aH HOBBIH TEIJIOOTBOAHBIN HHTEp(dEiic, NpHU3BaHHBIN
3allIMINATh MHUKPOCXEMBI OyAyLIEro OT IHeperpeBa. YUeHbIe PEIIMIM OTKa3aThCs OT
TPaAMLMOHHOTO  HMHTepdelica Ha Ma3eBOM  OCHOBE, COJepXalled  MelIKue
METAJUINYEeCKHe 4YacTUIbl. BMecTo 3TOro OHM MNpeUIoKUIM  BBIPALIUBATH
TEIUIO0TBOIHBIC SJIEMEHTHI IIPSIMO Ha MOBEPXHOCTU MUKPOCXEMBI.

B  pesynpraTe MOBEPXHOCTh  UHWMA  MOKPHIBAJACh  IEIBIM  JIECOM
HAHOCKOTIMYECKUX YIIICPOJHBIX HAHOTPYOOUEK, KOTOpBIE M IPEACTAaBISUIH CcOOOM
OCHOBY HOBOT'O TEIUIOOTBOAHOTO HHTepdeiica. [lns BeIpamuBaHus HaHOIEca Ha
MOBEPXHOCTH MOJYNPOBOJHWKA OBIIM HAHECEH pPHCYHOK C HCIIOJIB30BAHUEM
CTHEIUATbHBIX IIA0JOHOB W3 MOJEKYJ C pPAa3BETBICHHOW IEMbIO, HMEHYEMbIX
neanpuMepamu  (dendrimers). 3areM B TOYKaxX pa3BETBICHUS pPHCYHKa OBLIH
pa3MeIIeHbl YaCTHIBI-KAaTaIN3aTOPbl POCTA YIIEPOAHBIX TPYyOOUEK, BBHIIIOIHEHHBIC M3
MEPEeXOAHBIX METAJUIOB: JKejle3a, HUKeNsd, KobaibTa HIM HaUIagus JHaMEeTpoM
nopsiika 10 HM. OOpaboTaHHBIC KaTalM3aTOpaMH IMOJYINPOBOJAHUKH MOMEIIAINCH B
KaMepy ¢ METaHOBOM aTMocdepoil, rae M TPOUCXOJHI COOCTBEHHO Mpoliecce
"BhIpanuBaHus” YIriIepoAHbIX HAHOTPYOOK C AMAMETPOM, CTPEMSIIMMCS K TaKOBOMY
YaCTHUI[-KaTaIN3aTOPOB
Tema 1.1.3. MckyccTBEeHHBIN HHTEIUIEKT U MALTHHHOE 00ydeHIE.

HcKycCTBEHHBI MHTEIIEKT XapaKTEePU3yeTCsl METOJaMH, KOTOPBIE IO3BOJISIOT
UMHTHPOBATh 4eJIOBeUecKoe moBeneHne. Ha ocHOBe maHHBIX 00 OCOOEHHOCTSIX
MHTEJUIEKTa U PACHIM(POBKAX ACTIEKTOB OOYYEHMs MaIIMHA MOXKET BOCIPOMU3BECTH
9TH TPOLIECCHI. BRIACIIOT TpH IPYIIIBI CHCTEM MCKYCCTBEHHOTO MHTEIUICKTA:

- OTPaHWYCHHBIA UCKYCCTBEHHBIH WHTEIUIEKT (Narrow Al) — pemieHne omHOM
KOHKPETHOM 3a/1auu;

- 06uwmit uckyccTBeHHbIN MHTEIEKT (AGI) — MOXKET BBIOIHATH MHOTO 3a/ad
KaK 4eJIOBEUYECKUI MO3T;

- CBEPXPA3yMHBIH HCKYCCTBEHHBIM MHTEJUIEKT — BBIIIIE HHTEIIEKTA YEIOBEKA.

MamuHHOe ~ O0y4eHHe —  HANpaBJICHHE  HMCKYCCTBEHHOTO  WHTEIUICKTA,
BKJTIOYAIOII[EE METOJIBI, C MOMOIIBI0 KOTOPHIX MOYKHO OOY4MTh. MaIIMHBI MOTYy4aioT
JlaHHBIC 1 00yJatoTcst Mo HUM. Hanpumep, penienne kiacca 3a/1a4 Ha paclo3HaBaHUE
00pa3oB.

I'myGokoe oOydeHHME - IOJMHOKECTBO MAIIMHHOTO OOYYEHMS — HCIIOIb3YyeT
HEWpOHHBIE CETH ISl PELICHHs] pealbHbIX 3a1ad. HeHpoHHBIE ceTH HMHUTHPYIOT
YeJI0BEYECKOE MOBEICHUE B MTPOIecCe MPUHITHS PEIICHHU.

KomnbroTepHOe 3peHne- 061acTh HCKYCCTBEHHOTO MHTEIUIEKTA, HalpaBJIeHHAs Ha
aHaIM3 BUJIEO M u300paxeHwil. Kommblotep HazensioT HaOOpOM METOMOB, C
MOMOIIBI0 KOTOPBIX OH HM3BJIEKAET WHPOPMAIMIO M3 YBHICHHOTO. MAaIIMHBI MOTYT
00OHapYKNBaTh, OTCIEKHUBATH U KJIACCUPHUIUPOBATH OOBEKTHI.

Heiipocetn - maremaTtudeckass MOJAENb, IPOrpaMMa KOTOPOH (YHKIMOHUPYET
mogoOHO Mo3ry kMBOro opranusma. CyIIHOCTE HeHpoceTel 3akiroyaeTcsi B
MOCTPOEHUN TPOTPaMMBl 110  MPUHOMNY (YHKIHMOHUPOBAHUS  OMOJIOTMYECKUX
HEHpOHHBIX ceTeil. C MOMOIIbI0 HEHPOHHBIX CeTeH pemaroT 3a1a4M KIacCH(pUKAIHIH,
MIpeCKa3aHus, PaCIO3HABAHU

biiox4eiiH 1 KpUNTOBAIIIOTHL.

bnokueitH — HempephIBHas IeTO0YKa OJOKOB JUId XpaHEHHUs WH(OPMAILUH,
chopMHUpOBaHHAS MO OMPEACTICHHBIM TpaBmiaM. L{nppoBeie HaHHBIE 3aIIUIIEHBI OT
MOAMEHBI U U3MEHEHUH.

KpunroBaimora - pa3HOBHIHOCTH LU(POBOH BamoThl. Ee KommuecTBO
ONpeneNnsaeTcsl KOJUUECTBOM JAHHBIX PACUETHBIX €AMHUI], KOTOPOE 3alUCBIBAETCS B
COOTBETCTBYIOIIEH TO3UIHMK HWH(MOPMALMOHHOTO TIIaKeTa IPOTOKOJA Iepeiadn

JIaHHBIX.  bospmme gaHHble wWim  Big Data—  CTpyKTypHpOBaHHBIE — HIIH
HECTPYKTYPUPOBAHHBIC MAaCCHUBBI JIAaHHBIX OOJBIIOTO 00Bbema. X WCIONB3YIOT ISt

CTaTHUCTHKH, aHAJIN3a, TPUHATHUS PEIICHIH .
Tema 1.2 MHCTpyMEHTBI HAHOTEXHOJIOTUI




CoBpeMEHHbBIC METOIBI UCCIICAOBAHMS, IPUMEHICMBIC B HAHOTCXHOJIOTHSIX CTAJN
BO3MOJKHBI, KOT/1a OBUIH pa3pabOTaHbl U HHCTPYMECHTAIBHO IOATBEPIKICHBI OCHOBHBIC
W aATOMHO-MOJICKYJSIPHOH TEOPUHM W MOJYYEHBl TMEpBbIE PEHTTCHOBCKHE
Ju(paKkinOHHbIE M300paKEHUS] KPUCTAUIMICCKUX CTPYKTYp. BakHbIM COOBITHEM B
WUCTOPHHM  HAHOHYKH  CTajJ0  HM300peTeHHEe MPOCBEYMBAIOLICH  BJICKTPOHHOM
MHUKPOCKOIIHH, MO3BOJISIOIICH MOMYYUTh M300paKCHUE HAHOPAa3MEPHBIX CTPYKTYp, a
TaKkKe U300peTeHUE CKAHUPYIOIIETO TYHHEIbHOTO MUKPOCKOTIA.

Tema 1.3 UccregoBanre 00bEKTOB HAHOTEXHOIOT UM

[IpenMeToM HAHOTEXHOJIOTUH SIBISCTCS HOBBIC OOBEKTHI — HAHOCTPYKTYPHI, KOTOPHIC
HUMCIOT CYOMHUKPOHHBIN pa3Mep B OJJHOM M3 HalpaBJICHHI, KOTOPHIC B COI OYepeb,
HYXJaoTcsi B Kiaccudukanuu. B OCHOBY KiacCH(HKALUKM MOJNOKEHBI CTPYKTYypa,
COCTaB, & TAKXKE UX (PU3UKO-XMMHYECKHE CBOICTRA.

Pazmen 2

CtpykTypa, CBOWCTBA, METONBl TONYYCHHSI U OCOOCHHOCTH TPUMEHEHHS
HaHOCTPYKTYP.
Tema 2.1 ®u3UKO-XMMUYECKHE CBOMCTBA HAHOCTPPYKTYP
B o6siacTi BRICOKMX TEXHOJIOTHI HIMPOKO UCTIONB3YETCs KiacCH(UKaIUs TUCTIEPCHBIX
CHCTEM IO JUCIEPCHOCTH, T.€. MO pasMepaM U YAEIbHON IIOMIAagu MOBEPXHOCTU
JCIiepcHOM (a3bl. B mepBoM nmpuOIMKEHUH AUCTIEPCHBIE CUCTEMBI MOPa3ACIIIOTCS
Ha pr6OZ[I/ICHepCHI)Ie 1 TOHKOAUCHIEPCHBIC, TaAK HA3bIBAECMbIC KOJUIOMJHBIC CUCTEMBI.
Tema 2.2 YriepoaHsie CTPYKTYPHI - YTICPO SABISETCA HanOoIee paclpoCTpaHCHHBIM
3JIEMEHTOM B MPHUPOJIE, OH CYIIESCTBYET B TBEPIOH (haze M HECKONIBKIX MOIM(PHKAINIX
C pasIMYHBIMHU (PH3UKO-XUMHUYECKAMH CBOICTBaMU: rpaduT, anMas, KapOuH, rpadeH.
Bakneiimeit 0COOCHHOCTBIO yTiIepoa SBISETCS CIIOCOOHOCTH 00Pa30BHIBATE IICTIOUKH
—-C —C — C-, KOTOpBIE TpPHUPONA WCIONB3YyeT IS CO3MaHHA OMOIOTHYCCKHUX
MOJIMIMEPOB, a YeJIOBEK ISl IPOU3BOJICTBA PA3INYHBIX CHHTETHYECKIX MaTepHasoB.
Tema 2.3. B KoHIle NpONUIOrO0 CTOJETHA OBUIM OTKPBITBI HOBBIC YITICPOJIHBIE
COCIIMHCHUS, CPEIU KOTOPBIX (yJuiepeH, O0JaaoNiii YHHUKAILHBIMUA CBOWCTBAMH.
OynepeH UMeeT KapKacHyI CTPYKTYpy, KOTOpas COCTOMT U3 3aIUIaTOK MATH- U
nectTuyrobHoi hopmer. B 1990 r. 661 pa3spaboTan METO MOJIyYCHHUS QyiuiepeHa.
Tema 2.4. B 1991 r. B mpoayKTax 3JIeKTPOIyTrOBOTO HCHapeHus rpaduTa ObuH
00OHapy>KEHBI JIHHIPUICCKHE YTIIEPOTHbIe KOHCTPYKIIUH, TOTYIHBIITHEC HA3BaHUSL
«HaHOTPYOKM». HaHOTpyOKa mpecTaBnseT co00i MpOTsHKEHHBIC IMITHHAPUICCKUE
CTPYKTYpPBI TUAMETPOM OT OJHOTO JIO HECKOIBKHX JIECITKOB HAHOMETPOB U JITHHOM 110
HECKOJIbKUX CAaHTUMETPOB. 10 cymecTBy Takas HAHOTPYOKa MPEICTaBIsET cCOOOU
OJIHY MOJICKYJIY, COCTOSIIYIO U3 MIJIJIMOHA aTOMOB yrieposa. B obmiem ciyuae, YHT
O6Ha}:[aIOT YHUKAJIbHBIMU JJICKTPUICCKUMU, MEXaHUYCCKUMU U XUMUYECKUMHN
CBOMCTBAMU.

Pa3nen 3

XapaKkTepuCTHKa KOHIEIHHA MOJIEKYSIPHBIX HAHOTEXHOJIOTHIA
Tema 3.1. McTopus pa3BUTHSI HAHOTEXHOJOTHI

Wnero o ToM, 4TO BO3MOXKHO CO3/1aBaTh HYXHBIE HAM yCTPOICTBA M APYrHe OOBEKTHI,
cobupas ux "MoIeKyla 3a MOJIEKyJIoi" U, Haxe, "aToM 3a aTOMOM" OOBIYHO BO3BOJSAT
K 3HAMEHUTOM JIEKIMM OJHOrO0 u3 KpynHeHmmx ¢usnkoB XX Beka Puuapna
Oeiinmana «Tam BHH3y — MHOTO MecCTa». JTa JieKuus Oblila mpouuTaHa uMm B 1959
rojy; OOJNBIIMHCTBO COBPEMEHHUKOB BOCHIPUHSIIN €€ KaK ()aHTaCTHKY WJIH IIYTKY.
CoBpeMeHHBIH BUJI HJIEH MOJIEKYJIIPHONH HAHOTEXHOJIOTHH Havyajlk MpUoOpeTaTh B
80-¢ romsr XX Beka B pesyinbrate pador K. D. JIpekciepa, KOTOpBIE TAK)KE CHayala
BOCTIPpHHUMAQJINCh Kak Hay4yHas ¢anTtactuka. Ilpm »sTomM  (QyHmameHTanbHaAs
MoHorpadus "Harocnuctembl. MoneKymsipHast TEXHUKA, IPOU3BOACTBO M BEIYNCIICHUS"
nMeeT, HECOMHEHHO, OCHOBOIONararoniee 3HaueHne. CaM TEepMUH HAHOTEXHOJIOTHS
CTaJl MOITyJSPeH MMEHHO IOCJe BBIXOJA B CBET 3HAMEHHWTOW KHHWTH 3. Jlpekciepa
"MaiuHsl TBOpeHHs" U MocieoBaBIIel 3a 3TuM auckyccuu. [lozxe  [Ipekciep B
CBHUX Hay4yHbBIX paboTax CTajJ HCIIOJIB30BaTh TEPMHUH MOJIEKYJISIpHAss HAHOTEXHOJIOTHS
(MHT) nnist pa3znuueHus npeyuiaraéMbIX UM peIeHuH.
Tema 3.2. OcoOeHHOCTH TBEPAOTENBHBIX HAHOCTPYKTYP.
OueHKH napaMeTpoB HAHOMEXaHMYECKUX YCTPOMCTB M MalllMH - B CBOMX padorax O.




Jlpekcnep u ero mocienoBaTeNy OLECHMUBAIN IapaMeTpbl B OCHOBHOM MEXaHHYECKHX
YCTPOMCTB, KOTOPbIE OHH MOTJIX OBl HMETh IIPU MPUOIMKEHUH pa3Mepa KOMIIOHEHT K
MOJICKYJISIpHOMY MacmTa0y. OTo 0OyCIOBICHO HE TEM, YTO OHH HEIOOICHHBAIOT
Ba)XHOCTD IEKTPUUCCKHUX, ONTHUECKUX U T. A. 3(P(HeKToB, a TeM, 9YTO MEXaHUIECKHE
KOHCTPYKIIMH TOpa3fo IMpOIIE W JOCTOBepHee MaciuTabupyrorcs. Ilpm 3Tom
0CO3HAETCs, 4TO AJEKTpHYeckne W mpoure 3(dexTsl MOryT 1aTh 3HAYMTEIbHBIC
JIOTIOJTHUTENbHBIE BO3MOXKHOCTH. [Ipom3Bernst cOOTBETCTBYOIIEe MacluTaOupoBaHUE
Jlpexcinep moy4u ClIeAyIoNe YUCICHHBIE OLICHKH:

- MO3UIMOHUPOBAHUE PEArHPYIOIINX MOJIEKYJI ¢ TOYHOCTHIO ~0.1 HM;

- MEXaHOCHHTE3 C MPOU3BOIUTEIBHOCTRIO ~106 omep/cek Ha YCTPOWCTRO;

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

- paboTa HAHOMEXaHHYECKOTO yCTpoiicTBa ¢ yacToToit ~109 I'm.

Tema 3.3. O0BeKTH HAHOMOJIEKYIISIPOHOW TEXHOJIOTHH

Bbun mpoBeZieHBI MCCIIEAOBAHUS IO BOIIPOCAM BO3MOXKHOTO (DYHKIIMOHHUPOBAHHS
pabotsl "ycTpoiicTBa" aHamorm4HOTO MacinTaba B JKMBBIX OpraHM3Max. B kauecTBe
npuMepa Lelecoo0pa3Ho pacCMOTPETh PaboTy IMPEACTaBHUTEINST JKUBOTO OpraHU3Ma
AT®-cuHTa3a ABJISIOMIETO (PEPMEHTOM, MPEOOPa3yIOIIMM Pa3HOCTh KOHICHTPAIUi
MPOTOHOB TI0 pa3Hble CTOPOHBI MEMOpaHbI B JHEPIUI0, 3alacéHHYIO B MOJIEKyJax
anenosuntpudochara (ATD). IlocmemnHee HUCHOIB3YETCS MPAKTUYCCKH BCEMHU
MEXaHU3MaMH KJICTKU B Ka4Y€CTBC YHUBEPCAJIHbHOI'O HOCUTEJIA DOHEPIrUM. AT®d-cunrasza
MPUCYTCTBYET B "IHEPreTUUECKUX CTAHIMAX' PACTUTENBHBIX M )KUBOTHBIX KJIETOK -
XJIOpOIIacTaX M MHUTOXOHIPWSX M TPEICTaBIseT COOOH JOBOJBHO CIOXHYIO
KOHCTPYKIIMIO U3 HECKOJIBKUX TUIIOB CMHUII - OSITKOBBIX MOJICKYIL.

Paznen 4

XapakTepuCcTHKa METOJJOB HCCIIEOBAHNT 0OBEKTOB MUKPO M HAHOCTPYKTYP
Tema 4.1.McTpyMeHThl HAHOTEXHOJOTUI
OmHUMH W3 TEPBBIX WHCTPYMEHTOB, KOTOpPBIE IIOMOTJM WHHUIMHPOBATH HWJICH
HAaHOTEXHOJOTHH, OBUIM Tak Ha3bIBaEMblC CKaHHpYIOIIHME 30HABL. Bce TuIbI
CKaHMPYIOIINX 30HA0B ObutM paspaboransl B Llfopuxe B Hauase 80-x romos. Cama
uzes O4eHb MPOCTa: €ClU, K MPUMEpPY, IPOBECTH IMAJbIEM 10 MOBEPXHOCTH, TO JIETKO
OTIMYUTH OapXxaT OT CTalIM WM JepeBa. B TaHHOM SKCIepuMeHTe najel JelCTByeT
KaK CTPYKTypa u3MepeHHs cuibl. JlaHHas uaes W TOJNO0XKEHa B OCHOBY pPaOOTHI
CKaHUPYIOIIETO MHUKPOCKOIA, OJHOTO M3 PACHPOCTPAHEHHBIX CKAHUPYIOIIHUX 30HIOB.
CxaHupYIOIIMHA 30HA NPH U3MEPEHHH CKOJB3UT IO MOBEPXHOCTH TaK Ke, KaK 3TO
JIeNafoT Maiblbl. 30HA MMEeT HAHOCKONMYECKHH pa3Mmep (4acTo BCEro OJUH aToM).
[Tpn ABMKEHMM OH MOXET OMNpPEEIATh HECKOJIBKO Ppa3JInYHBIX CBOWCTB, KaXI0€ W3
KOTOPBIX COOTBETCTBYET HHOMY M3MEPEHHIO.
Tema 4.2. ATOMHO-CHIJIOBOI MUKPOCKOII
B aTOMHO-CHIIOBOM MHKPOCKOIIE 3JIEKTPOHHMKA HCIHONB3YETCS Ul U3MEPEHUS CHIIBI
BBOJMMON KOHYHMKOM 30HJA IPH €ro JBWKEHHHU BIOJb MOBEPXHOCTH HCCIIEAYEMOTO
o0beKTa.
Tewma 4.3. TyHHETBHBII MUKPOCKOTI.
B TyHHETBPHOM MHKpPOCKOINE W3MEpSeTCS BEIMYMHA OSJIEKTPHUECKOrO  TOKa,
MPOXOMAIIET0 MEXIy CKAaHUPYIOUUM 30HAOM H IIOBEpXHOCTHIO. TyHHeNbHas
MHUKpPOCKONHUSI — 3TO IPaKTHYECKH TIIEPBBIH pa3pabOTaHHBI METOJ 30HI0BOTO
CKaHUPOBAHMS, HaIIEIIEr0 UPOKOE MPUMEHEHUE.
Tema 4.4. MaruHuTHO-CHUJI0BOH MUKPOCKOIT
B MarHMTHO-CUJIOBOM MHKPOCKONE 30HJ, CKaHUPYIOUIMH MOBEPXHOCTH, SIBIAETCS
MarHUTHBIM, OH IMO3BOJISIET MOYYyBCTBOBaTh HA MOBEPXHOCTHU JIOKAIBHYIO MarHUTHYIO
CTPYKTYPY. 30HI MarHUTHO-CHJIIOBOTO MUKPOCKOTIa paboTaeT MoJ00HO CUNTHIBAIOIIECH
TOJIOBKM BHHYECTepa WM MarHuTodoHa. CKaHUPYIOIIHE MHUKPOCKOIBI ITO3BOJIMIN
BIIEPBEIC YBUIETh OOBEKTH Pa3MEPOM C aTOM.

4.3. Tlpaktudeckue (CeMUHAPCKUE) 3aHATHUS
TeMmbl MpakTUYECKUX 3aHATHIA U UX TPYIOEMKOCTh IPUBECHBI B TAOIHIIE 5.




Tabnuna 5 — [IpakTudeckue 3aHATHS H UX TPYJTOEMKOCTh

N3 Hux Ne
Ne | Tewmsl npaktudeckux | @opmel IpakTU4eCKuX | TpynoeMKOCTh, |IIPAaKTUYECKOM |pasnena
/1 3aHSATUN 3aHATHHI (uac) MMOATOTOBKH, | JUCITHII
(dac) JIUHBI
Cewmectp 8
1 OCHOBHBIE yepThl | AHaIW3 U OIEHKAa PECypCOB, 2 1 1
COBpPEMEHHBIX IT. | HEOOXOAUMBIX hint
CTpyKTYpUpOBaHHOCTh yopaBieHus — UHpoOpMaIuei,
CTaHJapTOB uudposoro | 10, HE00X0auMoe hinCi
oOMmenHa JaHHBIMH co3aHus, XpaHE€HUA,
AJIrOpuTMOB YyrpaBJi€HUs, nepeaaun u
MOMCKa HH(POpMALIH
2 Hccnenosanne nosepxnoctu | IIpoBenenue BHEIIHETO 3 3 2
METOOM  aTOMHO-CHJIOBOH | ocMoTpa u moarotoska C3M k
MUKPOCKOITUH pabore B pexuMe aTOMHO-
CUJIOBOM MUKPOCKOIIMH
3 Uccnenosanue Iposenenue BHEILIHETO 3 3 3
IIOBEPXHOCTH METOJIOM OCMOTpa U NOATOTOBKa C3M k
ATOMHO-CHJIOBOM paboTe, moAroTOBKa OOpasIa
MUKDOCKOITHH K HCCIIEIOBAHUIO
4 | UccnenoBanue O6paboTka Ppe3yJbTaToB 2 2 4
HOBEPXHOCTH  METOJOM | MCCIefoBaHHMs — obpasuma
ATOMHO-CHJIOBO aHaIn3 pE3yIbTaTOB
MUKPOCKOTIHH H3MEPCHHH
Bcero 10
4.4. JlabopaTopHbIEC 3aHATHS
Tembl 1a00OpaTOPHBIX 3aHATUHN U UX TPYIOEMKOCTh IPUBEACHBI B Ta0HIIE .
Tabnuna 6 — JIabopaTopHbI€ 3aHATHS U UX TPYJIOEMKOCTb
N3 Hux No
No TpynoeMKocTb, | IPaKTUYECKOU | pa3aena
HaumenoBanme nabopaTtopHbix paboT Py - | TP p
/1 (dac) MMOATOTOBKH, | JUCIIHAI
(gac) JIMHBI

VY4eOHbIM MJIaHOM HE IPEAYCMOTPEHO

Bcero

4.5. KypcoBoe npoeKkTUupoBaHUE/ BHIIOTHEHUE KYPCOBON PabOThI
Y4eOHBIM MIaHOM HE TPETyCMOTPEHO

4.6. CamocrodTenbHas paboTa 00yJarouxcs
Buapl camocTosTenbHON paboThI B €€ TPYI0EMKOCTh MPUBEICHBI B Ta0HIIE /.

Tabnuna 7 — Bunbl caMmocTosTenbHON pabOThI M €€ TPYAOEMKOCTh

N Bcero, | Cemectp 8,
Bun camocrosiTensHO# paboTh
yac yac
1 2 3
M3y4eHne TeopeTHIecKoro MaTepraina 8
qucuuriaHbl (TO)
[TonroToBKa K TEKyIIeMy KOHTPOJTIO 20




ycnieBaemocTH (TKY)
Jowmamaee 3ananue (J13) 50
[ToaroroBka K MpOMEXKYTOUHOM 10
arrectanuu (I1A)

Bcero: 88 88

5. IlepeyeHnb y4eOHO-METOAMYECKOTO OOECTICUCHUS
JUTISL CAMOCTOSTEILHON PabOThI 00YUYAIONMIUXCS TT0 TUCIUIUIMHE (MOIYITIO)
Y4eOHO-METOIMUECKNE MaTePHalbl JIJII CAMOCTOSITEIIbHON pabOThl OOYYArOIIMXCSl YKa3aHbI B

ma. 7-11.

6. IlepeueHb MeyaTHBIX U FITEKTPOHHBIX YUEOHBIX U3TaHUI
[lepeueHb eYaTHBIX U SJEKTPOHHBIX YUEOHBIX U3IaHUH TIpUBEIeH B TabmuIle 8.
Tabnuna 8— [lepedeHb MeYaTHBIX U AJIEKTPOHHBIX YUEOHBIX U3TAHUIMA

Hludp/
URL anpec

bubnuorpaduyeckas ccpuika

Komuaectso
AK3EMILISIPOB
B OMOTMOTEKE
(kpome
ANIEKTPOHHBIX
IK3EMILISPOB)

ISBN 978-5-9963-0028-4

ITonydenue u uccieroBaHue HaHOCTPYKTYP.
JlaGopaTopHBIil MPaKTUKYM 110 HAHOTEXHOJIOTUSIM
/EBnoxumoB A.A. u np./; mox pen. A.C. Curosa.
— M,: BUHOM. Jla6opatopus 3Hanwuit, 2010. —
146 .

https://www.booktech.ru/books/nanotehnologii

®du3nuecKkrne 0CHOBbI MUKPO- U
HaHO2JEKTPOHUKH, JlypHaKoB A.A.,
/yaebnoe mocooue/, Ypd@VY, 2020, -252 c.

https://obuchalka.org/knigi-po-nanotehnologiyam

dusnveckre OCHOBBI HAHOTEXHOJIOTHI 1
Hanomatepuaisl, CmupaoB B.U. /yuebHOe
rocobue/, Yiuesgaosck, YnI'TY, 2017, 240 c.

https://obuchalka.org/knigi-po-nanotehnologiyam

ba30Bble TEXHOJIOTUU MUKPO- U
HAHO2JIEKTpOHUKU: BopoteiHues B.M.,
Ckymnos B. /1., -M, , IIpocnekr, 2017, -519 c.

https://obuchalka.org/knigi-po-nanotehnologiyam

Matepuansl 1 METOIbI HAHOTEXHOJIOTHIA,
CrapoctuH B.B. /yae6H0€ mocobue/, -M,
Bbunowm, 2016, -431c.

https://obuchalka.org/knigi-po-nanotehnologiyam

Hanomatepuansl: yauebHoe nocobue/, I.1.
Peoxonkos, B.B. JIésuna, 3.J1. [I3ua3urypu,
-M, Bunowm, 2017, -343 c.

https://obuchalka.org/knigi-po-nanotehnologiyam

BrrancnurensHbIe HAHOTEXHOJIOTHH, [1omoB
A.M., /yae6Hoe mocobue/, Kno-Pyc, 2017, -
126 c.

https://znanium.com/catalog/product/1032129
(mara obpamenus: 07.09.2021). — Pexxum
A0CTyna: 1Mo NnmoAnrcKe.

Hcaes, C.B. IHTennexTyalbHble CUCTEMBI :

yueb. nocobue / C.B. Ucaes, O.C. Hcaesa. -
KpacHosipck : Cub. dpenep. yu-1, 2017. - 120
c. - ISBN 978-5-7638-3781-0.

https://znanium.com/catalog/product/1060845
(mara obpamenust: 07.09.2021). — Pexum
JocTyna: 1mo moamnmcKe.

Onunios, b. E. Monenu u npoGyieMbt
WHTEJIEKTYalIbHBIX CUCTEM : MOHOTpadwmst /
B.E. Ogunnos. — Mocksa : UHOPA-M,
2020. — 219 ¢. — (Hayunas MbICiIb). —
DOI 10.12737/1060845. - ISBN 978-5-16-
015839-6.
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7. IlepeueHb 3IEKTPOHHBIX 00Pa30BaTENbHBIX PECYPCOB
MH(POPMALMOHHO-TEIIEKOMMYHHUKAIIMOHHOHU ceTn « HTepHeT»
Ilepeuens AIIEKTPOHHBIX 00pa3oBaTeIbHbIX pecypcoB MH(pOpMaLMOHHO-
TEJIEeKOMMYHUKAaMOHHON ceTtu «HTepHeT», HEOOXOAUMBIX Uil OCBOEHHUS JIUCLUILIMHBI
npuBe/ieH B Tadymie 9.

Tabmuma 9 — IlepedeHb SIEKTPOHHBIX OOpa30BATEIBHBIX PECYpPCOB HH(POPMALMOHHO-
TEJIeKOMMYHUKaIMOHHOMU cetn «HTepHeT»
URL aapec HaumeHnoBanue
http://science.guap.ru HayuHas ¥ HHHOBaIMOHHAs AesTeabHoCTs ['Y ATl
http://www.consultant.ru CnpaBouno-nipaBoBas cuctema «Koucymprant ITmrocy
http://www.garant.ru Nudopmanmonno-npaBosoit moptan «CAPAHT»
http://list-of-lit.ru CHHCOoK JuTepaTyphbl M0 HAHOTEXHOJIOTUH
/nano/nnotechnologii

8. Ilepeuenr HHPOPMAITMOHHBIX TEXHOJIOTUI
8.1. [lepeyeHp mporpaMMHOr0 0OeCHeueHUs,, HCIOJIb3YEMOTo TMpPH OCYIIECTBICHUU
00pa30BaTENLHOTO MpoIiecca M0 JUCIUIIIHHE.
[lepeueHpb ucnonbp3yeMoro NporpaMMHOro odbecnedeHus npejacranieH B Taduuie 10.

Tabmuna 10— [TepeueHsr mporpaMMHOT0 00€CIICUCHIS

No /1t HaunmenoBanue

He npenycmorpeno

8.2. IlepeucHb MH()OPMAITMOHHO-CITPABOYHBIX CUCTEM,HCITOJIb3yEeMBIX pu
OCYIIECTBIIEHUU 00pa30BaTEIHLHOTO MPoliecca Mo AUCIUILTUHE

[lepeuens WCTHONB3yeMBIX HH(POPMAIIMOHHO-CIIPABOYHBIX CHCTEM TIPEICTABICH B
Tabmmite 11.

Tabmuna 11— Ilepeuens nHGOPMAITMOHHO-CIIPABOYHBIX CUCTEM

No /1t HaunmenoBanue

He npenycmorpeno

9. MarepuanbHO-TeXHUYECKast 6a3a
CoctaB MaTepuaTbHO-TEXHUYECKONW 0a3pl, HEOOXOAMMOW ISl  OCYIIECTBIICHUS
00pa3oBaTeNbHOTO Mpoliecca Mo TUCIUIUIMHE, TPECTaBlIeH B Tabnuiel 2.

Tabmuma 12 — CocTaB MaTepHaIbHO-TEXHIUYECKON 0a3hl

Ne HanmeHnoBaHMe cOCTaBHON 4acTH Howmep aynutopun
n/m MaTepHUaIbHO-TEXHIUUECKOH 0a3bl (TIpu HEOOXOIMMOCTH)



https://fs.guap.ru/science/patents/2021612957.pdf
https://fs.guap.ru/science/patents/2021612957.pdf
https://clck.yandex.ru/redir/nWO_r1F33ck?data=NnBZTWRhdFZKOHQxUjhzSWFYVGhXYUVETW1PdmNaRHdZNFZ4c3hXM1dla21DTk5yZVBNVmpwTlhiRURSZGlid3BVWTlCRjhMaVpHSWF4UF85NGFZMUo1bnVRZWxnemdHR0RWRmp0bjFYOUk&b64e=2&sign=6eebbd4f1db331f530d71da5a6643efc&keyno=17
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1 | JIaGopaTopusi HCKYCCTBEHHOI'O MHTEJIJIEKTA ¥ IU(PPOBBIX 13-13
TEXHOJIOTUH B MCTPOJIOTHHN

10. Onenounsle cpeacTBa AJIsl MPOBEICHUS IPOMEKYTOUHOM aTTeCTAI[H
10.1. CocraB OLEHOYHBIX CPEACTBAJIS IPOBEIACHUS MPOMEXKYTOUHOW aTTECTalluu
00yJaromuxcst Mo JUCUUIUIMHE pUBeAeH B Tabmuue 13.
Ta6muma 13 — CocTaB OLEHOYHBIX CPEACTB JUIS IPOBEJCHUS IPOMEKYTOYHOM aTTeCTalluH

Buza npomexyTo4HON aTTecTaluu IlepedyeHp OLICHOYHBIX CPEACTB

3auer Cnucok BOMpOCOB;
TecTtsr;
3amaun.

10.2. B xauecTBe KpUTEpPHUEB OIICHKH YPOBHSI C(HOPMHUPOBAHHOCTH (OCBOCHUS)
KOMIIETEHIMI OOYJaloUIMMHCS MPUMEHSETCS S5-0ajuibHasi MIKajla OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETEHIIHI, KOTopas puBecHa B Tadumie 14. B TeueHne cemMecTpa MOXKET HCIOIb30BaThCS
100-0amnpHast ~ mKajma ~ MOIYJBHO-PEUTHHTOBOW  CHCTEMBl ~ YHUBEPCUTETa,  IpaBHIA
UCIIOJI30BaHUSI KOTOPOM, YCTAHOBJICHBI COOTBETCTBYIOIIUM JIOKAJIbHBIM HOPMATUBHBIM aKTOM
'YAIL
Tabnuna 14 —Kpurepuu onieHKH ypoBHS chOPMUPOBAHHOCTH KOMIETCHITHIA

Or11eHKa KOMITETEHIUI

Xapakrepuctvka chOpMUPOBAHHBIX KOMIIETEHIIN
5-0ayutpHad mIKama paKTep (bopvmp

— oOyyaromuiicss TIyOOKO M BCECTOPOHHE YCBOWJI IPOTPAMMHBII
MaTepuar,

— YBEPEHHO, JIOTUYHO, MOCJIEI0BATEILHO U TPAMOTHO €TI0 U3JIaraeT;

— OMUPasiCh HAa 3HAHMUSI OCHOBHOM W JIOMOJIHUTEIHLHOW JIMTEpaTyphl,
TECHO MPUBS3HIBACT YCBOCHHBIC HAYYHBIE MMOJIOKEHHS C MPAKTUYECKON
JIeATETbHOCTBIO HAIIPABIICHNUS,

— yMesio 000CHOBBIBAET U apTyYMEHTUPYET BBIJIBUTAEMBIE UM HJICH,

— JIeJa€eT BBIBOJBI M 0000IIEHHUS;

— cBOOOJIHO BJIaJICET CUCTEMOM ClielnaIn3uPOBAHHBIX TOHSITUH.

«OTIIMYHO»
<(Ga4YTCHO»

— o0yyarouiicss TBEPI0 YCBOMIJ MPOTPaMMHBINA MaTepuan, TpaMOTHO U
M0 CYIIECTBY W3JIaraeT ero, Onupasch Ha 3HAHUS OCHOBHOMU
JTUTEPATYPHI;

— HE JIOMYCKAeT CYMECTBEHHBIX HETOYHOCTEH;

— YBSI3bIBA€T YCBOCHHBIE 3HAaHUS C MPAKTHUYECKON AESITeThbHOCTHIO
HaTPABIICHUS;

— apryMEHTUPYET HAYIHBIC TIOJIOKEHUS;

— JIeJIaeT BBIBOALI H 000OIIEHHS;

— BJIaJICET CUCTEMOM CTelUaIn3uPOBAHHBIX TOHSITUH.

(XOPOLIO»
GaduTCHO»

— o0yyaronuiicss ycBOMJI TOJIBKO OCHOBHOHM NMPOrpaMMHBIM MaTepual,
[0 CYHIECTBY M3JIaraeT €ro, ONMpasch Ha 3HAHUS TOJBKO OCHOBHOM
JUTEPaTypPhI;

— JIONyCKaeT HeCYIIEeCTBEHHbIE OIINOKU U HETOYHOCTH;

— MCTIBITBIBACT 3aTPyJHEHHUsS B TNPAKTHUYECKOM NPUMEHEHHWH 3HAHUH
HaIpaBJICHUS;

— cJ1ab0 apryMEeHTHPYET HayuHbI€ MTOJI0KEHHUS,

— 3aTpyaHsieTcs B GOpMYIMPOBAHUN BBIBOJOB M 000OIICHHUI;

— YaCTUYHO BJAJIe€T CUCTEMOH CNIENIMAIN3UPOBAHHBIX OHITHH.

«YOOBJICTBOPUTCIIEHO»
(GaYTCHO»

— oOyyaromuiics He YCBOWJ 3HAYUTENbHOM 4YacTh MpPOrpaMMHOrO

MaTepHrana;

«HEYJIOBIIETBOPUTEBHO» | — IONMYCKAeT  CYILECTBEHHblE  OIMMOKM M HETOYHOCTH  NpHU
«HE 3aU4TCHO» paccMOTpeHHH poOseM B KOHKPETHOM HalpaBlIeHUH;

— UCTIBITHIBAET TPYAHOCTH B PAKTUYECKOM MPUMEHEHUU 3HAHUII;

— HE MOXET apryMEHTHPOBAaTh HAYUHbIE MOJI0KECHHUS;




OI1reHKa KOMIIETEHITN

5-0ayuipHad IIKaIa

XapaxrepucTrka chopMUPOBAHHBIX KOMIIETEHIUI

— He (hOpMYITHPYET BBIBOAOB U 0O0OIIICHHIA.

10.3. TunoBble KOHTPOJIbHBIC 33aHUS WK HHBIE MAaTePUAIIBI.
Bormpocs! (3agaun) nmst s5Kk3ameHa npeicTaBiieHbl B Taduuie 15.

Tab6muia 15 — Borpocs! (3agaun) 115 2K3aMeHa

Kon
No /it [Tepedyens BonpocoB (3a1a4) 1 IK3aMeHa
HHAWKaTOopa
Y4eOHBIM IIAHOM HE MPEIYCMOTPEHO
Bompocsr (3amaun) s 3aueta / mudd. 3auera npepacrapieHsl B Tabmuie 16.
Ta6mmma 16 — Boripocs! (3amaun) mis 3aueta / audd. 3adera
No Kon
[Tepeuens BompocoB (3ama4) ais 3adera / qudd. 3adyera
/a WHIUKATOpa
1 OCHOBHBIE 0COOEHHOCTH HAHOPA3MEPHBIX BETUUUH, HX KOJIMYECTBEHHOE 3HAUCHHE. T1K-1.3.3
2 EnuHuIb! M3MepeHys 1 HaMMEHOBaHUA B 00J1aCTH HAHOTEXHOIOTHIA T1IK-1.3.4
3 JluneitHble pa3zMepbl 0coOei KUBOTHOTO MHUPa U HCKYCCTBEHHBIX OOBEKTOB B I1IK-3.3.3
CPaBHUTEIIbHBIX 3HAYEHHUAX HAHOTEXHOIOI Ui
4 OcHOBHBIE COOBITHSI HICTOPHH Pa3BUTHS HAHOTEXHOJIOTHH B iepuo ¢ 400 r. 10 H.3. 110 T1IK-3.V.3
1959 r.
5 OcCHOBHBIE COOBITHS HCTOPHH PAa3BUTHS HAHOTEXHOJIOTHH B Ieprof ¢ 1959 mo u/B. T1IK-1.3.3
3] Pa3nble 10aX0ABI K HAYYHOMY OIIPEAEICHUIO TEPMUHA «HAHOTEXHOJIOTUS» T1IK-1.3.4
7 O pab6orax XK.M1. AndepoBa B 00s1acTH HAHOTEXHOJIOTHI TIK-33.3
8 OcHoBHBIE Heu J. Jpekciepa o pojie HAaHOTEXHOJOTWH B Pa3BUTUU COBPEMEHHOTO 11IK-3.YV.3
00111eCTBa, U3JI0KCHHBIE B KHUIre «MallliHbl CO3HIAHUS»
9 OcCHOBHBIE OLIEHKH 0’KUJIaEMBIX I1apaMETPOB HAHOMEXAHUUECKUX YCTPOUCTB. I1K-1.3.3
10 XapakTepucTHKa U IPUHIHI paboThl HAHOYCTPOICTBA B )KUBBIX OpraHU3Max (Ha I1IK-1.3.4
npumepe Mosekyisl «AT® Cunrazay).
11 Yriaepoa B IpUpoAe, B 4EM 3aKIIIOUAETCs €0 0cobast pob? [1IK-3.3.3
12 IpocTeiinye KOHCTPYKLMU IPUOOPOB U y37I0B OTAENbHBIX PA3IM4YHBIX HAHOYCTPOKUCTB TIK-3.V .3
13 Bo3MoskHBIC TTyTH ITpUMEHEeHHS TprOopoB U MammH MHT I1IK-1.3.3
14 [TpuHIMIBEI caMoOpraHn3ayy, NpHUcylre Hanboliee pacpoCTPaHEHHBIM 00bEKTaM I1IK-1.3.4
HaHOTEXHOJIOTUI
15 ITprHINTIBE caMOCOOpKH, TIPHCYIIHE HanboJee PacIpOCTPAaHEHHBIM OOBEKTaM T1IK-3.3.3
HAHOTEXHOJIOTUH
16 HcnonpzoBanne camoopranuzanuu B HT. OcHoBHBIE cBoMcTBa camoopranusyromuxcs | [TK-3.V.3
CHCTEM
17 Hanomarepuansl, HauMEHOBaHMsA, HAa3HAYEHHWE, OCHOBHBIE ompenenenus, kakue | [TK-1.3.3

00BEKTHI K HUM OTHOCSITCA?




18 OcCHOBHBIE THITBI HAHOMATEPHWANIOB, pa3JeleHUue 1o mnpu3Hakam wusMepennid u | [[K-1.3.4

pa3MepHOCTH
19 OcHoBBI Kl1acCU(HUKALUN U TUIIBI CTPYKTYP HAHOMATEPHAJIOB I1K-3.3.3
20 OCHOBHBIE KaTeropuy HAaHOMaTEPHAJIOB TIK-3.V.3
21 Oco0OeHHOCTH CBOWCTB HAHOMATEPHAJIOB, HAIIPABJICHUSI X UCIIOJIb30BaHMS TIK-1.3.3
22 OcHOBHBIE 00JIaCTH IPUMEHEHNSI 00BEKTOB HAHOCTPYKTYPHBIX OOBKTOB I1IK-1.34
23 Kpartkas xapakTepucTuka KOHCTPYKIIMOHHBIX, HHCTPYMEHTaJIbHBIX W u3HOcocTorkux | [TK-3.3.3
MarepuaioB
24 Hcnonp3oBaHre HAHOMATEPHUAJIOB B 3JICKTPOHHON TEXHUKE TIK-3.V .3

Ha3Ha‘{eHI/I€, KpaTKas XapakKTEepHUCTUKaA 3JICKTPOHHOTI'O MUKPOCKOIIa

25 @dusnyeckuil cMmblcn  cBoiicTB OM: yBenudeHue, paspemieHue, paspemaromas | [TK-1.3.3
CIIOCOOHOCTb.
26 YcnoBust GopMHPOBaHUS U CBOICTBA AJIEKTPOHHOTO JTyda MUKPOCKOTIA T1IK-1.3.4
27 Du3NIecKUi CMBICT XpOMaTHIECKOH abeppannuu TIK-3.3.3
28 B dem pasnmume XapakTEpUCTHK paspelleHus omThdeckoro H ainekrponHoro | [JK-3.V.3
MHKpOCKOTIOB
29 XapakTepHucTHKa pa3pelaroeil crocoonoctn M TIK-1.3.3
30 Hasnauenue u ycTpoilcTBO U CBOIICTBA MCTOUHHKA 3JIEKTPOHOB TIK-1.34
31 KoHCTpyKTHBHBIE 0COOEHHOCTH CHCTEMBI OCBEIeHHs DM T1K-3.3.3
32 Y CTpOoHCTBO CUCTEMBI KOPPEKIIMK acTUIMaTu3Ma B OM TIK-3.V.3
33 [TpuHIMI paboThl U YCTPOHCTBO CHCTEMBI N300pakeHnss OM TIK-1.3.3
34 . brok-cxema u mpuHIMI paboThl Mukpockoma BCOM TIK-1.34
35 brok-cxema u npuHnun aeiicteus Oxe-cCneKTpoMeTpa T1K-3.3.3
36 @DOTO37EKTPOHHAsT PEHTTEHOBCKAash CHEKTpockomus, Osok-cxema, mnpuHmun | [JK-3.V.3
JIEUCTBUS
DOTORIEKTPOHHAS PEHTTCHOBCKAs CIIEKTPOCKOMNHS, OJI0K-CXeMa, TIPHHIUI AeHCTBUS T1K-1.3.3
37 [Tpuanmn paboThl paMaHOBCKON CIIEKTPOCKOMHH, OJIOK-CXEMBI IPOIEcca H3MEPEHUH. K-1.3.4
38 Hasnauenue npuHiun aeicTBus GOTOIIOMUHECLEHTHON CIEKTPOCKOIIUN TIK-3.3.3
39 NudopManmoHHbIE TEXHOJIOTHU B U3MEPUTEIBHBIX CHCTEMAX TIK-3.V .3

[lepeuenr TeM [N KypCOBOTO MPOEKTHPOBAHUS/BBIIIONHEHUS KYpCOBOW pabOTHI
MpeICTaBICHBI B Tabmwmie 17.
Tabnuna 17 — Ilepeders TeM UIst KypCOBOTO IPOEKTUPOBAHMSI/BBITIOTHEHUSI KYPCOBOM paObOTHI

[TpumepHBIii TepeueHb TeM sl KypCOBOTO MTPOEKTUPOBAHUS/BBINIOIHEHUS

Ne n/mt .
KypCOBOM paboOThI
Y4eOHbIM MJIaHOM HE PEYCMOTPEHO
Bompockl s mpoBeneHHS MPOMEXKYTOYHOW aTTECTAllMd B BHIE TECTHPOBAHUS

npeJIcTaBIeHbI B Ta0nuie 18.

Tabnuua 18 — [IpumepHbIii epeueHb BOIIPOCOB JJIsi TECTOB

Ne
n/m

Kon

IIpuMepHBIii epedeHs BOIIPOCOB ISl TECTOB
WHJUKATOpa




1. ccrnenoBanue MUKpO- U HAHOCTPYKTYP. .

Hauano Bompoca: Kakme MeTOAbl OWAarHOCTHKH HawOojee paclpOCTPAHEHBI [UIs
UCCIIe0BaHNs (PU3NIECKUX MapaMETPOB M XapaKTEPUCTHK HAHOOOBEKTOB!

- JJIEKTPOHHAS MUKPOCKOITHS BEICOKOTO Pa3peICHNS;

- OTpaXXaTesIbHasA 3JIEKTPOHHAS MUKPOCKOIIHS;

- MHKPOCKOIINSI MEIJICHHBIX 3JIEKTPOHOB.;

- ONTHYECKAs MUKPOCKOMIHA.

2. BaxHellne TEXHOJOIMYECKUE IOCTH)KEHHS BO BTOPOM MOJIOBHHE [BaJIaTOTO
CTOJICTHSI.

Hawano Bompoca: Yrto crmocoOCTBOBajgo, B HauOOMNbIIECH CTENEHH, HHTCHCUBHOMY
Pa3BUTHIO HAHOTEXHOJIOTHI B CTpaHe U 3a pyoexom?

Hauano Bompoca:

- TEXHOJIOTHSI CO3JJaHMUSl AIEKTPOBAKYYMHBIX IPHOOPOB;

- CO3/JaHNE MHUKPOMO/YJIbHBIX JJIEMEHTOB,;

- CO3/IaHNE MHTErPabHBIX NI€YATHBIX 11T,

- CO3JIaHNE MOTYIPOBOJIHUKOBBIX JIEMEHTOB JIEKTPOHHON TEXHUKH.

3. ®usnyeckas CylmHOCTh 3akoHa ['opona Mypa.

Hauaso Bompoca: B uem 3akimrodaercs CMBICT SMIIMPHIECKOTO 3aKkoHa Mypa?

- OOBSICHAT IPUHIIUII NOTYYCHUS YepHO-0eJI0ro H300pa’keHns Kapa TeIeBU30pa;

- 3aKOH OOBSICHSIET MPUHIMI (YHKIMOHUPOBAHHS ONTOBOJIOKOHHOTO JIEMEHTA;

- pe/ieJbHBIE TPAaHULBI OBICTPOJICHCTBHS KOMIBIOTEPA;

- IpeeIbHOE YUCIIO0 pa3MELIeHHs TPaH3UCTOPOB Ha IeYaTHOI IiaTe KOMIbIOTEpa.

4. CpencTBa U3MEPEHHUS ATl UCCIIEIOBAaHUS HAHOCTPYKTYD.

Hawano Bompoca: B uem 3akmio4aeTcs OCHOBHBIE JIOCTOMHCTBA JJIEKTPOHHOTO
MHUKpoOcKomna?

- YIy4IIeHBI BECOBBIE U rabapUTHBIC XapaKTEPUCTHKU IPHOOPOB,

- BO3MOXKHOCTb ITU()POBOTO MPEICTABICHHS PE3yIbTaTOB AHAIN3A;

- Oomee COBEpIICHHAs, IO CPaBHEHHIO C ONTHYECKHM MHKPOCKOIIOM, CHCTEMa
MOJY9YCHHUS M300paKeHUs HaOII0JTaeMOTO 00BEKTa;

- BO3MOKHOCTH TIOJIydeHUsI OoJiee pa3sHOOOpa3HO HHPOopMaIuH 00 00BEKTE;

- Ipe/IeJIbl YBEIMYCHUSI UCCIIeyeMOT0 00beKTa.

5. OCHOBHBIE MMapaMeTPhl U XapaKTePUCTUKHU MUKPOCKOIIOB.

Hagano Bompoca: Ha3zoBuTe npenenbHble 3HAYEHMsS] XapAaKTEPUCTUKH YBEJINYCHMUS
ONITHYECKOTO0 MUKPOCKOTIA:

- 100 pas;

- 200 pas;

- 400 pas;

- 700 pas;

- 1000 pas3;

- 1500 pa3

6. OcHOBHBIE MTapaMempbl U XapaKTePUCTUKH MUKPOCKOTIOB.

Hauano Bonpoca: IIpenenbHblie 3Ha4YeHUS YBETHMUYCHUS AIEKTPOHHOTO MUKPOCKOIIA:

- 1000 pasz;

- 2000 pas;

- 5000 pas;

- 8000 pasz;

- ImyH. pa3z;

- 2 MIIH. pa3

7. OcHOBHBIE TapaMempbl U XapaKTEPUCTUKH MUKPOCKOTIOB.

Hauano Bompoca: UYem omnpenensiercss paspeliaromasi CriocoOHOCTh  ONTHYECKOTO
MHKPOCKOTIA:

- YPOBHEM OCBEIICHHOCTH paboueil INH3BI;

- BEJIMYMHOHN (POKYCHOTO PacCTOSIHUS;

- COBEpPUICHCTBOM OTKJIOHSIOUICH CUCTEMBbI;

- JUIMHOM BOJIHBI CBETA.

8.OCHOBHBIE MapaMeTpPhl U XapaKTePUCTHKH MUKPOCKOIIOB.

Hauano Bompoca: Yem ompezensercs paspemamiias CHOCOOHOCTh 3JEKTPOHHOTO
MHKpOCKOTIA:

- KOHCTPYKIIMEH CHCTEeMbI U300paKeHHsI MUKPOCKOTIA;

- YCTPOMCTBOM JIEKTPOHHOH ITyIIKH,

- CHCTEMOI CUNTBIBaHUS PE3YJIbTaTOB 00pabOTKN U3MEPEHHH;

- PacCTOsIHMEM IPOJIeTa JIEKTPOHA;

- CKOPOCTBIO IPOJIETa NIEKTPOHA.

[IK-3.V.3




9. Ilpenmy1iecTBa 3JE€KTPOHHOTO MUKPOCKOIIA.
Hauano Bompoca: UeM oObsicHsIeTCS BEICOKAs pa3pellaronias ClioCOOHOCTh
JIEKTPOHHOTO MHUKPOCKOIA:
- TEOMETPUYECKUMH pa3MepaMu paboueid 30HbI;
- UCIIOJIB30BAaHHEM 3JIEKTPOHHOTO IIOTOKA BMECTO CBETOBOTO ITOTOKA,;
- AJIMHOI BOJIHBI SJIEKTPOHA.
10. OcHOBHBIE ITApaMeTPhl U XapaKTEPUCTUKH 3JIEKTPOHHBIX MHKPOCKOIIOB.
Hauano Bonpoca: OT 4ero 3aBHCUT BEJIMYNHA BOJIHBI JJIEKTPOHHOTO MOTOKA B
MHKPOCKOIIE:
- rabapuThl paboYCii 30HEHI;
- BEJIMYMHOM HANPSDKEHMS HAa aHOJIE;
- KOHCTPYKIHUEH CHCTEMBI N300paKeHHUsI MUKPOCKOIIa;
- aPXUTEKTYPBI OTKIOHSIOMIEH CUCTEMBI MUKPOCKOIIA
11. Kakas cepust CTaHIApTOB B HACTOSIIEE BPEMsI SIBISIETCSI OCHOBHOM JUIst
craHnapToB u3 obmacta UT?
a. cepus 25000;
b. cepust 9000;

c. cepust 14000;
d. cepus 16000.

12. BeimenuTe ABa OCHOBHBIX cTraHmapra B obnactu UT.
a. 12207:1995;
b. 19760:2003;
c. 16326:1999;

d. 90003:2004;
.€.15288:2002.

13.HazoBure ab0peBUATYPY MEKIYHAPOTHOTO COKO3a IJICKTPOCBSI3U:
a. IEEE;
b. IEC;

c.ITU;
d. ISO.

[lepeueHb TeM KOHTPOJBHBIX PabOT MO NUCHUIUIMHE OOYYarOIIUXCsl 3a09HON (hOPMBI
o0ydeHus1, Ipe/ICTaBICHbI B Ta0wmie 19.

Tabmuua 19 — IlepeueHb KOHTPOJIbHBIX paboOT

No /it [TepeyeHb KOHTPOJIBHBIX PabOT

He npenycmorpeno

10.4. Meroguueckue  Marepuaibl,  ONPEACISAIONIME  TPOIEIyphl  OLICHUBAHHS
UH/IMKATOpPOB, XapaKTEpU3YIOIIUX d3Tanmbl (HOPMUPOBAHHMS KOMIIETEHLUH, COAep)Karcs B
JOKaJIbHBIX HOpMaTuBHBIX akTax [YAIL, pernameHTUpyOIIMX TOPSAOK M TPOLEAYpPY
IPOBEIEHUS TEKYILEro KOHTPOJISI YCIIEBAEMOCTH U MPOMEKYTOUHON aTTecTalMu 00yJaroluXxcs
I'VAIL

11. Meroauueckue yKazaHus JUIsl 00y4aroMIUXCsl 10 OCBOCHUIO TUCIUIITUHBI

11.1. Metonuueckre yka3zaHus [ OOYYalOIIMUXCS 10 OCBOCHMIO JIEKIMOHHOTO
MaTepuaia

OcHOBHOE Ha3HAYEHHE JIEKIIMOHHOTO MaTepHanga — JIOTUYECKH CTPOMHOE, CHUCTEMHOE,
riyOOKoe W sICHOE H3JIoKeHHe ydeOHOoro marepuana. Ha3HaueHue COBpEMEHHOH JIeKIMU B
pamMKax JUCIUIUIMHBI HE B TOM, YTOOBI MOJYYUTh BCIO MH(OpPMAIMIO 1O TEME, a B OCBOCHUU
(byHaaMeHTaNbHBIX MpOOJeM JUCHMIUIMHBI, METOJOB HAyYyHOrO IIO3HAHMS, HOBEWUIIMX
JOCTHKEHUI HaydyHOW MbIciu. B yueOHOM mporecce JeKIusl BBINOIHIET METOAO0JOTHYECKYIO,
OpPraHU3alMOHHYI0 U MHPOPMALMOHHYIO (QYHKIUH. JIEKIMs packpbIBaeT MOHATUHHBIN anmapar
KOHKPETHOW 0o0yiacTH 3HaHus, €€ MpoOJeMbl, AAaeT LEeIbHOE NPEACTaBICHUE O AUCLUILINHE,
MOKAa3bIBAET B3aUMOCBS3b C IPYTUMU AUCLUIIIIMHAMH.




[InanupyeMble pe3yabTaThl IPH OCBOSHUH 00YYAIOIUMUCS JIGKIIMOHHOTO MaTepuana;

— TIOJYy4YEHHE COBPEMEHHBIX, LEJIOCTHBIX, B3aUMOCBA3aHHBIX 3HAaHUN, YpPOBECHb
KOTOPBIX OIPEIEIISIETCS LEIEBOM YCTAHOBKOM K KaXK10M KOHKPETHOU TEME;

— IIOJIyY€HHE OIbITa TBOPYECKOI pabOThl COBMECTHO € IIPEIOIaBaTENIEM;

— pa3BuTHE HIPOPECCHOHATBHO-IENOBBIX  KauyecTB, JIIOOBM K IpeAMETy H
CaMOCTOSITEJIBHOTO TBOPYECKOI'O MBIIITICHHUS.

— TOosBJIEHHE HEOOXOAMMOT0 HHTEpEeca, HEOOXOAUMOTO Il CAMOCTOSTENILHON PabOThI;

— TIOJy4YyeHUE 3HAHUNH O COBPEMEHHOM YPOBHE pAa3BUTHS HAyKM U TEXHUKU U O
IIPOTHO3€E UX Pa3BUTH Ha OJIIKaNIINE TOJIbI;

— HayuyuTbCs METOJUYecKH oOpabaTbiBaTh MaTepuay (BBIACIATH TJIaBHBIE MBICIU U
IIOJIOKECHUSA, IPUXOAUTH K KOHKPETHBIM BBIBOJAM, IIOBTOPSATH HX B PAa3IMYHBIX
dbopmynHupoBKax);

— MOJIyueHHE TOYHOI'O IOHUMAaHHUs BCEX HEOOXOAMMBIX TEPMUHOB U IIOHATHUI.

JIekuMOHHBI MaTepuall MOXET COIPOBOXKIATbCA JEMOHCTpalUued CIaiJoB H
UCIOJIb30BAaHUEM DPA3JaTOYHOI0 MaTepuallia IpU IPOBEIEHUM KOPOTKHX JTUCKYCCHH 00
OCOOEHHOCTSIX IPUMEHEHUSI OT/AEIbHBIX TEMATHUK 110 IUCHUIUIMHE.

11.2. MeTtoau4veckue ykazaHUs ISl OOYYAIOIIUXCS IO TPOXOXICHUIO TPAKTHICCKHX
3aHATUMN

[TpakTHdeckoe 3aHSATHE SBISCTCS OIHOW M3 OCHOBHBIX (DOpPM OpraHm3auu y4eOHOTO
mpolecca, 3aKIII0Yaronasicsl B BHIIOJTHEHUN 00Yy4alOIIMMUCS MO PYKOBOJICTBOM IperoaaBaTens
KOMIUIEKCa YYeOHBIX 33aJaHUN C IEIbI0 YCBOSHUS HAYYHO-TCOPETUYCCKUX OCHOB YUeOHOU
JTUCIUILIMHBL, TPHOOPETEHUSI YMEHUH U HaBBIKOB, OIBITa TBOPUECKOH JEATEIbHOCTH.

[enbro npakTUYECKOro 3aHATHSI sl 00Yy4arOIIerocs SBJISETCS MPUBUTHE 00YUarOIIMMCS
YMEHHH U HAaBBIKOB MPAKTUYECKOU IEATEIHHOCTH 110 U3y4aeMOM TUCIUILINHE.

[Tnanupyemblie pe3yabTaThl MIPU OCBOCHUHU 00YUYaIOIIUMCS IPAKTHUECKUX 3aHSATHIL:

— 3aKperuvieHue, yriayOJeHue, pacllupeHue ¢ JAeTau3alius 3HAHUWA TPU pPElIeHUU
KOHKPETHBIX 3371a4;

— pa3BUTHE I[IO3HABATENIBHBIX CIIOCOOHOCTEH, CaMOCTOSTEIHPHOCTH  MBIILUICHUS,
TBOPYECKOI aKTUBHOCTH;

— OBIAQJCHHE HOBBIMH METOJaMH M METOAMKAMU H3YYEHHUs KOHKPETHOH y4eOHOI
IUCIHHATUIHHEL,

— BbIpabOTKa CIOCOOHOCTH JIOTMYECKOTO OCMBICICHUS TOJYYCHHBIX 3HAHUW s
BBITIOJTHCHMS 33 TaHHI;

— ofecrnieueHue parMOHAILHOTO COYETaHUsl KOJJIEKTUBHOM M WHAMBHIYaTbHON (Gopm
o0OyueHusl.

11.3. Metoauueckue ykazaHus JUIsl 0Oy4JarOIIMXCs M0 MPOXOXKAECHUIO CAMOCTOSITEIbHOMN
paboTsl

B Xoze BBINOJIHEHUSI CaMOCTOSITEIbHON PabOThl, 00YJaIONUIUIiCS BBINOIHAET PaboOTy MO
3aJJaHAI0 ¥ TIPU METOIMYECKOM PYKOBOJICTBE IMpEIoiaBaTelisi, Ho 0e3 ero HermocpeICTBEHHOTO
y4acTusl.

Jst oOydaroruxcsi 1Mo 3a04HOM ¢Gopme oOydeHHs, caMOCTOSTelbHas pabdoTa MOXKET
BKJIIOYATh B €051 KOHTPOJIbHYIO paldoTy.

B nporecce BBIMOTHEHHSI CaMOCTOSITENIbHON paboThl, y obOydaromierocst (GopMupyercs
nenecooOpasHoe MiIaHUpoBaHUE pabouero BpeMeHH, KOTOpOe MO3BOJSET UM pa3BUBATh YMEHUS
W HaBBIKM B YCBOCHHMU W CHCTCMATH3allUH HpI/IO6peTaeMI)IX 3HaHI/II>'I, obecreunBaeT BBLICOKHI
YPOBEHb YCIEBAEMOCTH B TNepuoJ OOyuYeHHs, TOMOTraeT IOJYy4YUTh HABBIKM IOBBIIICHHS
poeCCHOHAIBHOTO YPOBHSI.

MertoauyeckuMH ~ MaTepuallaMH,  HampaBJSAIOMIMMU  CaMOCTOSITENIbHYIO — paboTy
00yJarONUX CSSBIISFOTCS:



—  y4eOHO-METOJMYECKUN MaTepHas Mo AUCIHUILTUHE;
— METOJUYECKHE YKa3aHUs MO BBIMOJIHEHUIO KOHTPOJIBHBIX pa0oT (s 00ydYarommxcst
1o 3a049HOU (popme oOydeHwHs ).

11.4. Meroauyeckue yKazaHUsA I OOYYArOIIMXCS IO IMPOXOXKIACHUIO TEKYIIETO
KOHTPOJISI YCTIEBAeMOCTH.

Tekymuid KOHTPOJb YCIICBAGMOCTH MPEAyCMaTPUBAEeT KOHTPOJIb KadyecTBa 3HAHUU
00yJaromuXxcsi, OCYIIECTBIIEMOTO B TEYCHHE CEMECTpa C IIENbI0 OICHUBAHMS XO0Jlda OCBOCHUS
JIACITUILINHEI.

Obs3amenvho 0151 3an0IHEHUs. NPenodasamenem. YKa3vleaomes mpeboeanus u Memoobvl
npogedeHust MmeKywe20 KOHMPOIs YCNesaeMoCmu, d Maxdxice KaKk pe3yibmamvl MeKyue2o
KOHMpONA — ycnegaemMocmu — 0yOym — yuumsléamvyCsi NPU  NPOBEOCHUU  NPOMEINCYMOUHOU
ammecmayuu.

11.5. Meroauueckue yka3aHus il OOYYAIOUIUXCS 10 MPOXOXKIACHUIO MPOMEKYTOUHOM
aTTeCTaIlUH.

[IpomexxyTounass  arrecramus — OoOy4yarOIIUXCS — NpPEAyCMAaTpHBacT  OLCHHBAHUE
MIPOMEKYTOUHBIX U OKOHYATEIBHBIX PE3yIbTaTOB OO0Y4YeHHs 1O muciuruimHe. OHa BKIIIOYAET B
ceos:

— 9K3aMeH — (opma OILEHKH 3HAaHWH, TOJYyYEHHBIX OOYYAOIIUMCS B IPOIEecce
W3YYCHUS BCCH TUCIUIUIMHBI WM €€ YaCTH, HAaBBIKOB CAMOCTOSATEIHHOU PabOThI, CIOCOOHOCTH
MPUMEHATh WX JJIs PEHICHUS MPAaKTHUYECKUX 3a7ad. DK3aMEH, KaK IPaBUIIO, MPOBOJMTCS B
MEPHUOJ] SK3aMCHAIIMOHHOW CECCHHM W 3aBEPIIASTCS ATTECTAIIMOHHON OIICHKOW «OTIIHYHOY,
«XOPOIIIO», «YIOBJICTBOPUTEIILHOY, KHECYIOBICTBOPUTEIHLHOY.

— 3a4eT — 3TO (popMa OICHKHU 3HAHUH, TOJYYCHHBIX OOYYAIOIIUMCS B XOJ€ M3yUCHUS
y4eOHOM TUCIUTUTHHEI B 1IEJIOM I TPOMEXYTOUYHas (10 OKOHYAHHH CEMECTpPa) OIICHKA 3HAHUU
00y4aromuMcs TI0 OT/ICIBHBIM pa3jieliaM JUCIUILUIMHBI C aTTECTAIMOHHON OLIEHKOH «3a4TEHOY
WA «HE 3a4TEHOY.

— muddepeHIupoBaHHbI 3aueT — 3T0 ¢dopMa OIEHKM 3HAHHWH, TOTyYEeHHBIX
00y4JarmuMcs TPU U3YYEHUH JUCIUILTUHBI, TPU BBIOJTHEHUH KYPCOBBIX MPOEKTOB, KYPCOBBIX
paboT, HAYYHO-UCCIIEAOBATEIBCKAX PA0OT M MPOXOXKICHUH MPAKTHUK C ATTECTAIIMOHHONW OTICHKOM
«OTJIIMYHOY, «XOPOIIOY, KyIOBICTBOPUTEIHHOY, KHEYIOBICTBOPUTEIHLHO.



Jluct BHeceHUsI U3BMEHEHUH B pabouyio MporpaMmy AUCHUILTAHBI

JlaTta BHECEeHUs
N3MEHCHHI 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
A3MEHEHHUS

Coneprxanne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOIA
3aceaHusl
Kadeapsl

Ionmuce
3aB.

kadempoit




