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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 ITUCHMIUIMHBI OXBAaThIBAET KpPYT BOIPOCOB, CBS3aHHBIX C METOJAaMU
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.

[IpenogaBanyie AUCHMIUIMHBI TpeIycMaTpUBAaeT cieayronpe (opMbl OpraHu3aluu
y4eOHOT0 MpoIIecca: JCKITUH, TPAKTUICCKHIE 3aHITHSI, CAMOCTOSTEIIbHAS paboTa 00yJaroerocs.

[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 nucnuIuIMHbB 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
Ne7
1 2 3
Oowan mpyooemKkocmp OUCHUNIUHDL, 3/ 108 3/ 108
3E/ (uac)
U3 Hux uacoe npaKmuyecKkoil no020moeKu 8 8
AyoumopHhuie 3anamus, BCETO 4ac. 16 16
B TOM YHCIIE:
nexiuu (JI), (dac) 8 8
npakTuyeckue/cemuHapckue 3anstus  (I13), 8 8
(dac)

naboparopusie pabotsl (JIP), (dac)

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

HK3aMeH, (Jac)

Camocmoamenvnan paboma, Bcero (4ac) 92 92
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 7

Paznen 1. XapakTeprcTrka KOHIICTIITHIA
HAHOTEXHOJIOTUH 5 5 o5
Tema 1.1. XapakTeprucTrKa KOHIICTIITHIA

HAHOCTPYKTYPHBIX M MOJICKYJISIPHBIX HAHOTEXHOJIOTHH




Pasgen 2. MeTtoapl ucclieq0BaHUuI HAHOOOHEKTOB

Tema 2.1. O6mume cBeneHns 00 00bEKTaX 2 2 22

HCCICOOBaHNUA B 00J1acT HAHOTEXHOJOTHUH .

Paznen 3. OcHOBHBIE T€TEPOTEHHBIEC MPOIIECCHI

(hopMHpOBaHNS HAHOCTPYKTYPHPOBAHHBIX OOBEKTOB ) 2 23

Tema 3.1 XapakTepucTuKa, CBOWCTBA, TIPOIIECCHI
(hopMUpOBaHUs HAHOCTPYKTYP

Pa3I[6J'I 4, HpI/IHHI/IHI:.I IMMOCTPOCHUSA TEXHUYCCKUX

CPEJICTB MCCIIeOBaHI HAHOCTPYKTYP ) 2 )

4.1 OcHOBBI MEXaHHUKH W KOHCTPYKIIMHA CPECTB
WCCJICJIOBAHUS HAHOCTPYKTYPUPOBAHHBIX OOBEKTOB .

Htoro B cemectpe: 8 8 92

Htoro 8 8 0 0 92

IIpakTnyeckass MOATOTOBKA 3aKJIIOYACTC B HEMOCPEICTBEHHOM  BBIIIOJHEHUU
Oo0y4JaromMMHUCS ~ OMNpENEeNeHHBIX  TPYNOBBIX  (YHKIMH,  CBSA3aHHBIX C  Oyaymiei
npodecCHOHATIBHOMN 1€ TETbHOCTBIO.

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

Ta6mmma 4 — ComepxaHue pa3aesioB U TeM JIEKIIMOHHOTO IUKJIa

Howmep
HasBanue u conep:xanue pa3iesioB U TEM JICKIIMOHHBIX 3aHATHI
pasnena
Paspmen 1 | Tema 1. OcHOBHBIE IOHSATHSI HAHOTEXHOJOTHI W MHPOPMAIMOHHBIX TexHonorui. O0mme

cBefeHnst 00 OOBEKTaxX WCCIEAOBaHUS HAHOCTPYKTYyp. HasHauenwe, ompeneneHus,
KJIaccu(UKaIus
Tema 1.1.1. BBenenne B HaHOMHP U B HH(POPMAIMOHHBIE TEXHOJIOTHH, OCHOBHBIE TIOJIOKCHHUSL.

B nacrosmiee BpemMsi IPOUCXOAIT KOPEHHBIE U3MEHEHHUS B c(pepe BBICOKMX TEXHOJOTHUH,
MHUKPOMEXaHMKA W  JIpyruX OOJIacTSAX  YEJOBEUECKOM  JESTENbHOCTH, CBSI3aHHBIX  C
(yHAaMEHTANBHBIMA M TPUKJIAJAHBIMU HCCIIEIOBAHUSIMH, KOHCTPYUPOBAHHUEM M MPAKTHYECKUM
HCIIOJIb30BAaHUEM MaTepualioB, YCTPOHCTB M CPEICTB M3MEPEHHH OOBEKTOB, 3JEMEHTHI KOTOPBIX
umeroT pasmepsl meHee 100 HM. MHbopmarms (ot mar. «Informatio») - 9To 3HAHWS, CBeIEHUS,
cooOImeHus1, ABIAIOMMECsT OOBEKTOM XpaHEeHHWs, MpeoOpa3oBaHMs, INEpefayd M MOMOTAOMINE
pemIaTh MocTaBJICHHbIE 3aIa4H.

WudopmannonHas TeXHOIOTHs GOPMUPYET NMEPEHUNI Kpail HayIHO-TEXHHYECKOTO Mporpecca,
cozgaer MH(OPMAMOHHBIA (YHAAMEHT Pa3BUTHS HAYKH W BCEX OCTAJBHBIX TeXHOJIOTHil.PazBuTne
MHQOPMALMOHHBIX TEXHOJOTHA BO BCEM MHpE OOBSICHIETCS BO3POCIIEH WHTEHCHBHOCTBHIO
MH(QOPMALMOHHBIX TIOTOKOB BCJIEACTBHE Pa3BUTHS MPOIECCOB TI00aTH3aMN MHUPOBOI SKOHOMUKH
U CTaHOBJICHUS MH()OPMAIMOHHOTO MPOCTPAHCTBA. YTpaBICHUYECKAs NEATEIbHOCTh HYXKIAeTCsS B
HHQOPMALIMOHHOM  O0eclieYeHHH, Tak Kak o0paboTka uHpOpPMALUU Ui NPUHATHA
YOPaBIEHYECKUX PEUICHUH ¥ BHIPAOOTKH YMNPaBISIONIUX BO3AEHCTBHH 3aHMMAaET JOCTaTOYHO
MHOTO BPEMEHH.

Tema 1.1.2. HanotexHonoruu B MHGOPMALIOHHBIX TEXHOJIOTHAX

B mHactosmiee Bpemsi HAHOTEXHOJIOTHSIM yJessieTcsi OOJbIIOe BHUMAaHHE - CO3JAIOTCS
HCCIIe/IOBaTeIbCKUE WHCTUTYTBI, pa3BepHyTa MOAroToBKa crenuanucroB. B CHIA stumn
BOIIPOCAMU 3aHUMAIOTCs Takue m3BecTHble (upmbl, kak Intel, MEMS Industry Group, Sandia
National Labs. PaccmaTrpuBaemblii Kpyr BOIIPOCOB - OT pydkd Oe3 pa3OpbI3TMBaHUSI YSPHHI JI0
OecrpoBOJIOYHON Teperayd JaHHBIX, ONTHYECKHUX YCTPOHCTB YNPABICHHS OpYXHEM U
MUHHCITYyTHUKOB. ATEHTCTBO MNEpPCHEeKTHBHBIX paszpaborok MO CIIIA peammsyeT mporpammy
"VMHass TeUTE", HAMpaBICHHYIO Ha CO3JaHWE CBEPXMHHHATIOPHBIX YCTPOMCTB, CIOCOOHBIX
TeHEePHUPOBaTh DJHEPTHIO, TPOBOJANTH MOHHUTOPHHT OKpYJKaloIleH Cpepl, HaKaljauBaTh U
nepexaBats nHpopMarmio OUeHb 3HAYUMOE TOCTHKEHHE B 00IACTH HAHOTEXHOJOTHH - CO3/IaHHe
Spa ONEPALMOHHOIN CUCTEMBI.

SnpoM - meHTpanbHas dacTh onepanmoHHOi cuctembl (OC), obecreunBaromas
MPWIOKEHUSIM KOOPJMHUPOBAHHBIN JIOCTYIT K pecypcaM KOMITBIOTEPa, TAKMM Kak IPOIECCOPHOE
BpeMs, NaMsiTh W BHEIIHee anmapartHoe obecrnedenue. Takke OOBIYHO SIPO MPEIOCTABISIET




cepBUCHl (ailyloBOM cHCTEeMbl M CeTeBbIX NpoTokosioB.Ha 1aHHOE BpeMs yxKe BBITYIICHBI
OTICpaIlMOHHBIE CHCTEMBI Ha OCHOBE 2, 4 1 6 sizep.

CeromHs yXe CO3laH HOBBIH TEIUIOOTBOMHBIN WHTEepQeiic, TPU3BaHHBIN 3alIUIIATH
MHUKpPOCXEMBI OyIyIlero OT NeperpeBa. YUEHbIE PEIIMIM OTKAa3aTbCs OT TPAAWUIMOHHOTO
uHTEepdeiica Ha Ma3eBOW OCHOBE, COACpIKAIIel MENKHe METaJUIMYeCKHe YacTUIBl. BMecTo sToro
OHU IIPEAJIOKHIIN BBIPAIINBATE TEIUIOOTBOIHBIE HIEMEHTHI IPSIMO Ha MOBEPXHOCTH MHUKPOCXEMBI.

B pesynpraTe MOBEPXHOCTH YHWMA IIOKPHIBATACH LEIBIM JIECOM HAHOCKOMHYECKHX
YIJIEPOJIHBIX HaHOTPYOOUYEK, KOTOpPBIC M MPEACTAaBISUIM cOOOH OCHOBY HOBOTO TEILIOOTBOJIHOTO
untepdeiica. s BhIpaniBaHus HaHOJIeca Ha TOBEPXHOCTH MOJIYNPOBOJHHMKA OBIIM HaHECEH
PHCYHOK C HCIIOJb30BAaHHEM CIICIMAIBHBIX MIA0JOHOB M3 MOJIEKYJl C Pa3BETBICHHON IIEMbIO,
uMeHyembIX JeHapuMmepamu (dendrimers). 3arem B TOYKax pa3BETBICHMS PHCYHKa OBUIM
pa3MelleHbl YaCTHIIbI-KaTalu3aTOPhl POCTa YTIEPOIHBIX TPYOOUEK, BHIMOIHEHHBIE U3 MEPEXOTHBIX
METaJUIOB: KeJie3a, HUKeIsl, KoOanbTa MK Maniaaus auaMerpoM nopsiika 10 uM. O6paboranHbie
KaTaJIn3aTOpaMH TIOJMYIIPOBOAHUKH ITOMEINAINCH B KaMepy C METaHOBOM aTtMoc(epoi, rae u
MPOUCXOIMI COOCTBEHHO Tmpolecc "BBIPAIIMBAHUS" YIIEPOJHBIX HAHOTPYOOK C AMAMETPOM,
CTpEMAMINMCS K TAKOBOMY YaCTHI[-KaTaJIM3aTOPOB
Tema 1.1.3. MckyccTBEeHHBIN HHTEIUIEKT U MATHHHOE 00ydeHHE.

HcKyccTBEHHBIH — MHTEIUIEKT — XapaKTEpPH3YyeTCsl ~ METOAAaMH,  KOTOpBIE  ITO3BOJISIOT
UMHTHPOBATh YeJIOBEUECKOE ToBeaeHHEe. Ha ocHOBe maHHBIX 00 OCOOEGHHOCTSX HWHTEIUICKTa U
pacuudpoBKax acrnekToB OOydYCHHs MAalllMHA MOYKET BOCIPOU3BECTH STH IMPOIeCChl. Beiensor
TPU TPYMIIBI CUCTEM HCKYCCTBEHHOTO MHTEIUICKTA:

- OTrpaHUuYEHHBIN HCKyccTBeHHBIN nHTEeeKT (Narrow Al) — perieHne oJHONH KOHKPETHOM
3a/1a4u;

- o0umi wucKyccTBeHHbIH HHTENIEKT (AGI) — MOXeT BBINOJHATH MHOTO 331ady Kak
YEJIOBEUECKUH MO3T;

- CBEpXPa3yMHBII HCKYCCTBEHHBIH MHTEIUIEKT — BBIIIC HHTEIUICKTA YEJIOBEKA.

MamuHHOoe 00y4deHne — HaIpaBJIeHHE UCKYCCTBEHHOI'O MHTEIUIEKTA, BKITIOYAOIIEE METOIb,
C TIOMOIIBIO KOTOPBIX MOXHO OOy4YMTh. MalIMHBI TOJy4YalOT JAHHBIE M OOYYAIOTCS IO HHM.
Hanpumep, pemenne kiiacca 3aad Ha paclo3HaBaHUue 00pa3oB.

I'my6okoe oOy4ueHHe - MOAMHOMXKECTBO MAIIMHHOTO OOYUCHHS — UCIIOJIb3yeT HEHPOHHBIE CETH
A4 peHICHHA peCajlbHBIX 3alad. HeﬁpOHHLIe CCTU HMUTHUPYIOT 4YCJIOBCUCCKOC IMOBCACHUEC B
IpoLecce MPUHATHS peIeHUH.

KomrmproTepHoe 3peHHe- 00JIacTh MCKYCCTBEHHOTO HMHTEIUICKTA, HANpaBJIeHHAs Ha aHaJN3
BU/e0 M n3o0paxeHui. Kommblotep HamenstoTr HaOOpPOM METOJOB, C IOMOIIBIO KOTOPBIX OH
M3BJICKAaCT HMHQPOPMAIMIO M3 YBUJICHHOro. MammHbBl MOTYT OOHApyKHBaTh, OTCIECKHBATH M
KJIacCcu(UIIPOBATH OOBEKTHL.

Heiipocetn - MaremaTHdeckass MOJEIb, MPOrpaMMa KOTOPOH (yHKIHMOHHPYET HOm00HO
MO3Ty XHUBOTO opraHusma. CymIHOCTh HeHpoceTell 3aKiIouaeTcs B MOCTPOCHHH MPOrpaMMBbl IO
NPUHIUNY (QYHKIIMOHUPOBAHUS OHONOTHYECKUX HEHPOHHBIX ceTeid. C TMOMOIIbI0 HEHPOHHBIX
cereil pelaroT 3aauu Kiaccu(ukaum, npeackazaHus, paclio3HaBaHus

biiok4eiH 1 KpUNTOBAIOTHL.

briokueiin — HenpepbIBHAsK [IEN0YKa OJIOKOB Jylsi XpaHeHus1 HHpopMaluu, chopMUpOBaHHAS
0 OTpe/IeNIeHHBIM TTpaBuiaM. L{udpoBbie naHHbIE 3aIUIIEHBI OT IIOJMEHBI M H3MEHEHHH.

KpunroBanmora - pa3HOBHAHOCTH LM(POBOI BamoTel. Ee KosimdecTBOo ompenesnsiercs
KOJIMYECTBOM JIAaHHBIX PACUETHBIX €AMHHII, KOTOPOE 3alMCHIBACTCSI B COOTBETCTBYIONIEH TTO3UIINU

MHQOPMALMOHHOTO MaKeTa MPOTOKOJIA TMeperaynd JaHHBIX. bonbime manxbsle win Big Data —
CTPYKTYPHPOBAHHBIE WM HECTPYKTYPHUPOBAHHBIE MAacCHBBI JaHHBIX Oojbmioro oObema. Mx

WCTIONB3YIOT IS CTATUCTHKY, aHATN3A, IPUHATHS PEIICHHUI .
Tema 1.2 MHCTpyMEHTBI HAHOTEXHOJIOTUN

CoBpeMeHHbIE METO/Ibl UCCIEI0BAHNUS, IPUMEHSIEMbIE B HAHOTEXHOIOTUAX CTAaIl BO3MOXHBI,
Korna ObulM pa3pabOTaHbl M HMHCTPYMEHTAJIBHO IIOJITBEP)KIAECHBI OCHOBHBIE WJIEHM aTOMHO-
MOJIEKYJISIPHOH TEOPHM M TOJIy4YeHBl MEpBbIC PEHTIEHOBCKHE AW(PPAKINOHHBIE H300paKEHMs
KPUCTAUIMYECKUX CTPYKTYp. BaXHBIM cOOBITHEM B HMCTOPHMH HAHOHYKH CTal0 H300peTeHne
MPOCBEYUBAIONIEH  JJEKTPOHHOW MHMKPOCKOMHH, IO3BOJISIIONICH IOJYYHTh  H300paKeHHe
HaHOPA3MEPHBIX CTPYKTYP, a TaKKe N300peTeHe CKaHUPYIONETO TYHHEIPHOTO MUKPOCKOTIA.
Tema 1.3 UccrenoBanne 00bEKTOB HAHOTEXHOJIOTHI
IIpenmeToM HaHOTEXHOJOTHH SBISIETCS HOBBIE OOBEKTBI — HAHOCTPYKTYPHI, KOTOPBIE HMEIOT
CyOMUKPOHHBIH pa3Mep B OJHOM H3 HalpaBJICHWH, KOTOpBIE B COI0 OYepe]b, HYXKJIAIOTCS B
kinaccudukanuu. B ocHOBY KilacCH(UKAIMK MOJIOXKEHBI CTPYKTYpa, COCTaB, a TaKke MX (HU3NKO-




XHMHWYECKHE CBOMCTBA.

Pazgen 2

CrpyKTypa, CBOHCTBA, METO/IBI TIOJIyIECHUS] 1 OCOOEHHOCTH IPUMEHEHHSI HAHOCTPYKTYP.

Tema 2.1 Ou3NKO-XMMHUYECKHE CBOUCTBA HAHOCTPPYKTYP

B o6macTi BRICOKMX TE€XHOJOTHI IIUPOKO HCTIONB3YETCS KIACCH(PHUKALMS AUCTIEPCHBIX CUCTEM IO
JCIIEPCHOCTH, T.€. MO pa3MepaM U YAEIbHOW IUIOMIaJAM IOBEPXHOCTH IuUcriepcHoil ¢aspl. B
MEpBOM NPHUOJKEHUH UCIIEPCHBIE CHCTEMBI TOAPA3JENIIOTCS Ha TpyOOIUCIIEpCHBIE U
TOHKOJIYICIIEPCHBIE, TaK Ha3bIBAEMbIE KOJIIOM/THBIE CHCTEMBI.

Tema 2.2 YrnepoaHble CTPYKTYpHI - YIIEPOA SIBISICTCS Hanboliee pacpoCTPaHEHHBIM 3JIEMEHTOM
B TIPHPOJIE, OH CYIIECTBYET B TBEPOH (haze 1 HECKOIBKMX MOAU(PHKAIUIX C PAa3INYHBIMU (DPU3UKO-
XIAMHYECKIMH CBOMcTBaMu: rpaduT, amma3, kapOuH, TpadeH. Baxneiimeidl ocoOeHHOCTHIO
yriaepoga SBISETCS CIOCOOHOCTh oOpa3oBbBaTh 1memodku —C —C — C-, KoTopwle MpHpona
UCTIONB3YeT AJSI CO3JaHUs OMOJIOTHYECKUX TTOJIMMEPOB, a YETOBEK IS IIPOU3BOCTBA PA3INIHBIX
CHHTETHYECKHX MaTEPHAJIOB.

Tema 2.3. B KOHIIE MPOIIIOTO CTONETHS OBUIH OTKPBITHI HOBEIE YIIIEPOIHBIE COSNUHEHHS, CPEAH
KOTOpBIX (yJulepeH, o0Jalalollfii YHUKaJIbHBIMH CBOMcTBaMH. DyiiepeH HMeeT KapKacHYIo
CTPYKTYpPY, KOTOpasi COCTOMT W3 3aIUIaTOK IISITH- W IIECTHYroJibHOW ¢opMmbl. B 1990 r. Obut
pa3paboTaH METO/I moJy4YeHus (yuiepeHa.

Tema 2.4. B 1991 r. B mpoyKTax 3J€KTpOAyroBOro ucnapeHus rpadura Obuii 0OHapyKEHBI
WJIMHAPUYECKHE YTIEPOAHbIE KOHCTPYKIIMH, MOJTYYMBIINE HA3BaHUs «HAaHOTPYOKu». HanoTpyOKka
MPE/ICTABISIET COOOH MPOTSKEHHBIC NMIIMHAPUIECKHE CTPYKTYPBI IHAMETPOM OT OIHOTO /10
HECKOJIBKUX JIECSITKOB HAHOMETPOB U JUIMHOH 710 HECKOJIBKHUX CaHTUMETPOoB. [lo cymecTBy Takas
HAHOTPYOKa IPENCTABIACT COO0H OHY MOJIEKYITY, COCTOSIIYIO U3 MIUIJIMOHA aTOMOB yriiepoja. B
obmem ciryqae, YHT o6nanaroT yHUKaIbHBIMH 3JIEKTPUYECKIMHI, MEXaHUIECKUMH U
XUMHUYECKHIMHU CBOWCTBAMH.

Pasnen 3

XapaKkTepuCTHKa KOHIETIMNA MOJIEKYSIPHBIX HAHOTEXHOJIOTHIA
Tema 3.1. McTopus pa3BUTHS HAHOTEXHOJOTUI

Wpero o ToM, 4YTO BO3MOXKHO CO3/[aBaTh HY)KHbIE HAM YCTPOMCTBA M JIpyriue OOBEKThI, cCOOMpast UxX
""MoJieKyJa 3a MOJIeKyJIoi" U, Aaxe, "aToMm 3a aToMOM" OOBIYHO BO3BOJAT K 3HAMEHUTON JICKITUH
OJTHOTO M3 KpymHeHmux ¢u3nkoB XX Beka Puuapga deitimana «Tam BHH3Yy — MHOTO MECTay.
Ora nexuus ObuIa pounTaHa UM B 1959 rony; GONBIIMHCTBO COBPEMEHHUKOB BOCIIPHHSIIN €€ Kak
(haHTaCTHKY WM LIYTKY.

CoBpeMeHHBIH BHI U/IeM MOJIEKYISIPHON HAHOTEXHOJIOTMH HAdalu NMprodpetath B 80-¢ Tombl
XX Beka B pesynbrate padot K. D. Jlpekciepa, KOTOpbIe TakKe CHadajga BOCIPHHUMAINCH Kak
HaydHas QanTtactuka. [Ipn aTom ¢pynnamenrtanbHas MmoHorpadus "Hanocucremsl. MonekysipHast
TEXHHKa, IPONU3BOJICTBO M BEIYHMCICHUS" UMEET, HECOMHEHHO, OCHOBOTOJIaratonee 3naueHue. Cam
TEPMUH HAHOTEXHOJOTHS CTaJl MOIYJIAPEH MMEHHO IOCJe BBIXOAA B CBET 3HAMEHHTON KHUTH D.
Hpexcnepa "MammHbl TBOpeHUs" W MOCeAOBaBIed 3a 3TuM auckyccuu. [lozxe  JIpexcnep B
CBUX HAYYHBIX paboTax CTajJ HCIIOJIB30BaTh TEPMUH MOJIEKyIspHas HaHoTexHojorus (MHT) mis
pa3nUYeHUs IpeaIaraeMbIX UM PeIIeHHH.
Tema 3.2. OcoGeHHOCTH TBEPAOTEIHHBIX HAHOCTPYKTYP.
OueHkM napaMeTpoB HAHOMEXaHWYECKUX yCTPOHCTB M MAalllMH - B CBOMX paboTax O. Jlpekciuep u
€ro Nocjen0BaTeld OLEHHBAIN MapaMeTpbl B OCHOBHOM MEXAaHHUYECKUX YCTPOMCTB, KOTOPBIE OHU
MOrJM Obl MMETh NPH NPHOJIMKEHWH pa3Mepa KOMIIOHEHT K MOJIEKYJSIpHOMY MacmTady. DTo
00YCIIOBJICHO HE TEM, YTO OHM HEIOOLEHHBAIOT BAXXHOCThH JJIEKTPUUCCKHUX, ONTHYECKUX H T. .
3¢ QeKToB, a TeM, UYTO MEXaHWYECKHEe KOHCTPYKIMH TIOpa3[o IIpoIle | JIOCTOBEpHEE
MacmTabupyroTes. Ilpn 3ToM 0CO3HAETCs, 4TO INMEKTpHUECKHe W Tpouue 3(P(PEeKTs MOTYT AaTh
3HAYUTEIbHBIC JOMIOJHUTEIBHBIE BOZMOKHOCTH. [Ipon3Beast COOTBETCTRYOIIEE MAaCIITAONPOBAaHHUE
Jpekciep moirydu ClIeAyIoe YUCISHHBIE OLCHKH:
- MO3UIIMOHUPOBAHUE PEATUPYIOIINX MOJIEKYJ ¢ TOYHOCTHIO ~0.1 HM;
- MEXaHOCHHTE3 C TIPOU3BOAUTENHHOCTHIO ~106 omep/cex Ha YCTPONCTBO;
- MOJIEKYIIsIpHasi cOopka o0bekTa Maccoit 1 kr 3a ~104 cek;
- paboTa HAHOMEXaHUYECKOTo yCTpOHCTBa ¢ 4acToToi ~109 I'.
Tema 3.3. OOBbEKTHI HAHOMOJIEKYIIIPOHOH TEXHOJIOTHH
Boutn mpoBeseHBI MCCIIENOBAHWS MO BONPOCAM BO3MOXKHOTO (DYHKIMOHHMPOBAHUS PabOTHI
"ycTpoiicTBa"  aHAJOTMYHOrO MaciuTaba B JKMBBIX OpraHm3Max. B kadecTBe mnpumepa




1enecoo0pa3Ho  paccMOTpeTh  paboTy TpeacTaBuTens >kuBoro opranm3ma ATd-cuHTaza
ABJISIIOLIET0  (DEPMEHTOM, NPEOOPa3yloNmMM pa3HOCTh KOHIEHTPAIMi MPOTOHOB IO pa3HbIC
CTOPOHBI MeMOpaHBI B SHEpPIHIO, 3amacéHHYI0 B MOJEKylax aneHosuHTpudochara (ATD).
[ocnenHee uCHoONb3yeTcs! MPAKTUYECKH BCEMH MEXaHU3MaMHM KIIETKH B KaUECTBE YHHBEPCATBHOTO
Hocutens 3Heprun. AT®-cuHTa3a MPUCYTCTBYET B "SHEPreTHUECKUX CTAHIUAX' PACTHTENBHBIX H
JKMBOTHBIX KJIETOK - XJIOPOIIACTaX U MUTOXOHJIPHSX U MPEICTaBIISIET COOOH JIOBOJILHO CI0XKHYIO
KOHCTPYKLIMIO U3 HECKOJBKMX TUIIOB €JMHUIL - OEITKOBBIX MOJIEKYIL.

Pazgen 4

XapaKTepuCTHKA METOJOB HCCIIEAOBAHNH 00BEKTOB MUKPO M HAHOCTPYKTYP
Tema 4.1.McTpyMeHTB HAHOTEXHOIOT U
OpHUMH U3 NEPBBIX MHCTPYMEHTOB, KOTOpbIE MOMOIJIM HWHUIMMPOBATh HAEU HAHOTEXHOJOIMH,
ObUTM TaKk Ha3bIBa€Mble CKaHMPYIOIIWE 30HIBI. Bce THIIBI CKaHUPYIOUIMX 30HIOB OBUTH
paspaboranbl B L{topuxe B Hauane 80-x romoB. Cama uzesi OYeHb IPOCTA: €CIH, K IPHMEDPY,
MPOBECTH MAJIBIEM I10 TIOBEPXHOCTH, TO JIETKO OTIMYHUTH OapXar OT CTalu WM AepeBa. B nanHOM
9KCTIIEPUMEHTE MaJell JCHCTBYeT KaK CTPYKTypa M3MEpeHUs cuibl. JlaHHas naes W MOJOXKEHa B
OCHOBY pPabOThl CKaHHMPYIOIIETO MHKPOCKOIA, OJHOTO W3 PaclpOCTPAHEHHBIX CKaHHPYIOIINX
30H10B. CKaHHPYIOIINI 30HA MPH N3MEPEHUH CKOJB3UT 10 MOBEPXHOCTH TaK XK€, KaK 3TO JNENaioT
nanblbl. 30HI MMEET HAaHOCKOIMYECKHH pa3Mep (4acTo BCEro OXWH aToMm). IIpu ABWXEHWH OH
MOXET OIPENENATh HECKOIBKO Pa3INYHbIX CBOMCTB, KaX/10€ U3 KOTOPBIX COOTBETCTBYET HHOMY
HU3MEPEHHUIO.
Tema 4.2. ATOMHO-CHIIOBOW MUKPOCKOII
B aToMHO-CHJIOBOM MHKPOCKOIIE JIEKTPOHHMKA HCIOJB3YeTCd ISl U3MEPEHHUs CHIIBI BBOJIUMOMN
KOHYHMKOM 30HJia NI €ro JBIKCHUH BJOJIb TIOBEPXHOCTH UCCIEAYEMOr0 00BEKTa.
Tema 4.3. TyHHETBHBII MUKPOCKOTI.
B TyHHEIIBPHOM MHKPOCKOIIE U3MEPSIETCS BEIMUYMHA HJICKTPHYECKOTO TOKA, MPOXOJSIIETO MEXIY
CKaHMPYIOLINM 30HIOM U MOBEPXHOCTHIO. TyHHENIbHA MUKPOCKOIHS — 3TO NMPAKTHYECKH TTEPBBINA
pa3paboTaHHBIN METOA 30HOBOTO CKAHMPOBAHMS, HAIIEALIECTO IIHPOKOE IPUMEHEHHE.
Tema 4.4. MarHuTHO-CHUI0OBOM MUKPOCKOIT
B MarHuTHO-CHMJIOBOM MHKPOCKOIIE 30H], CKAHUPYIOLINH MOBEPXHOCTb, SIBJISICTCS MAarHUTHBIM, OH
MO3BOJISIET TTOYYBCTBOBATh HA TIOBEPXHOCTH JIOKANbHYIO MAarHUTHYIO CTPYKTYpY. 30HJ MAarHUTHO-
CHJIOBOI'O MHKPOCKOIIa paboTaeT MoJ00HO CUHUTHIBAIOLIEH TOJIOBKA BUHYECTEPA MM MarHUTO(OHA.
CxaHHpYIOIIHe MUKPOCKOIBI TIO3BOJIMIIH BIIEPBHIE YBUIETh OOBEKTH Pa3MEPOM C aTOM.

4.3. IIpakTuyeckue (CeMUHAPCKUE) 3aHATUS
TeMbl MpaKTHYECKUX 3aHATHIA U X TPYAOEMKOCTh IPUBEICHBI B TAOIHIIE 5.

Ta6nnua 5— HpaKTI/I‘leCKI/IC 3aHATUSA U UX TPYAOCMKOCTDb

N3 Hux Ne
Ne | Tems! npaktnueckux | @opMbl MPaKTHUECKUX | TpPyJOEMKOCTb, |IPAKTHYECKOH |pa3nena
/o 3aHSATUN 3aHSATHN (dac) MMOATOTOBKH, | JUCITHIT
(gac) JIMHBI
Cemectp 7
1 OcHOBHbIE 4epThl | AHaIU3 M OILIEHKA PECypCoB, 2 1 1
COBPEMEHHBIX IT. | HEOOXOAUMBIX s
CTpyKTYpUpPOBaHHOCTh ynpasieHus  uHpopmarmeii,
CTaHIapTOB udposoro | I10, HeoOxoaumMoe TSt
oOMeHa AHHBIMH | CO37aHUS, XpaHEHUS,
aITOPUTMOB VIOpaBleHHs, Tepefadyd |
MOXCKa WHPOPMAIHH
2 Hccnenosanne nosepxnoctu | IIpoBenenue BHEIIIHETO 2 2 2
METOJIOM  aTOMHO-CHUJIOBOH | ocMoTpa u moaroroska C3M k
MHKPOCKOIIHH paboTe B peXHME AaTOMHO-
CHJIOBOI MHUKPOCKOIIMH
3 | UccnenoBanue IpoBenenue BHELIHETO 2 2 3

HOBEPXHOCTH  METOJOM | OCMOTPA M IMOATOTOBKA C3M «
ATOMHO-CHIIOBOIA pabote, mMOATOTOBKa OOpa3ma

MUKPOCKOITNHU

K UCCIICOOBAaHUIO




4 HccnenoBanue O6paboTka pe3yabTaToB 2 2 4
MOBEPXHOCTH  METOAOM | MccieoBanus — obpasua  H
aTOMHO-CHJIOBO aHanm3 pe3yIbTATOB
MHKPOCKOTIHH M3MEpCHIH
Bceero 8

4.3. JlabopaTopHbIE 3aHATHS
Tembl 1a00paTOPHBIX 3aHATHHA U X TPYJOEMKOCTb IPUBEICHBI B TAOIUIIE 6.

Ta6ymmia 6 — JlabopaTopHbIe 3aHIATHS U MX TPYIOEMKOCTh

Ne
/o

HaumenoBanue nabopatopHbix padboT

TpynoemMKocTsb,
(uac)

N3 Hux Ne
MPaKTHYECKOH | pazziena
MOATOTOBKH, | JUCIIHIT
(dac) JINHBI

Y4eOHBIM MJIaHOM HE MPEAyCMOTPEHO

Bcero

4.4. KypcoBoe NpoeKTHpPOBaHKE/ BHIIOIHEHUE KypCOBOU PabOTHI
Y4eOHbIM [JITaHOM HE IPEAYyCMOTPEHO

4.5. CamocrosrenbHas padoTa 00yJaronuxcs
Bupbl camocrositenbHON paboThI U €€ TPYJA0EMKOCTh ITPUBEICHBI B TabHLe 7.

Tabmmua 7 — Bugsl caMocTosTenbHON PabOTHI M €€ TPYIOEMKOCTb

. Bcero, | Cemectp 7,
Bun camocrositensHoi paboTh
yac yac
1 2 3
N3ydeHne TeopeTHuecKoro MmaTepuania
25
nucturaHbl (TO)
[ToaroroBka K TEKyIeMy KOHTPOJIIO 22
ycneBaemoctu (TKVY)
Jomamaee 3amanue (J13) 23
IToaroroBka K mMpoMeXyTOYHOU )
atrectauuu (ITA)
Bcero: 92 92

5. [lepedyenn yueOHO-METOIUYECKOTO 0OECTICUCHUS
JUIS CAMOCTOSITENIbHON PaboThl 00yUaroIUXCsl MO0 JUCHUIUTMHE (MOJYJIIO)
Y4eOHO-MeTOAMYECKE MaTepHasbl Il CaMOCTOSITENIbHON padoThl 00yYaromMXcsl yKa3aHbl B

. 7-11.

6. IlepeueHb MEYaTHBIX U ANEKTPOHHBIX YU€OHBIX U3TaHUN
[lepedyeHb eUaTHBIX U DJICKTPOHHBIX YIeOHBIX M3IaHUH MPUBEIEH B Ta0IHUIE 8.
Tabnuua 8— [lepeyeHb Me4aTHBIX U AJIEKTPOHHBIX YUEOHBIX M3TaHUI

HIudp/
URL anpec

bubnuorpaduueckas ccplika

Komgectso
9K3EMIUTIPOB B
OHOIMOTEKE

(kpome
INEKTPOHHBIX

SK3EMIUIPOB)

ISBN 978-5-9963-0028-4

HOJ’Iy‘IeHI/Ie U UCCIICOOBAHHUC




HaHOCTPYKTYp. JlabopaTopHsIi
MPaKTUKYM 10 HAHOTEXHOJIOTHSIM
/EBmokumoB A.A. u ap./; nox pex. A.C.
Curosa. — M,: BMUHOM. Jla6opaTopust
3Hanuii, 2010. — 146 .

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

DuznvecKue OCHOBBI MUKPO- U
HaHO3JIEKTPOHUKH, JlypHakoB A.A.,
/yaebnoe mocobue/, Ypd@Y, 2020, -
252 c.

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

DuU3NYECKUE OCHOBBI
HAHOTEXHOJIOTHI 1 HaHOMAaTePHAIbI,
CwmuphoB B.U. /y4ebHoe mocodue/,
Vaesuosck, Yal'TY, 2017, 240 c.

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

BazoBeie TeXHOIOTHH MUKPO- U
HaHORJICKTPOHUKH: BOpOTHIHIIEB
B.M., Ckynos B./I., -M, , [Ipocnekr,
2017, -519 c.

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

Marepuansl U METOBI
HaHoTexHoJoru#, Ctapoctux B.B.
/y4ebHoe mocobue/, -M, bunowm,
2016, -431c.

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

Hanomarepuansl: yaeOHOE TIOCOOHE/,
JI.. Pepxonkos, B.B. JI€Buna, 2.J1.
Jzumurypu, -M, bunowm, 2017, -343
c.

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

BI)ILII/ICJ'H/ITCJ'IBHI)IG HAHOTCXHOJIOTHUH,
ITomor A.M., /yueOHO€ HOCcOOuE/,
Kuo-Pyc, 2017, -126 c.

https://znanium.com/catalog/product/1032129 (nara
obpamenns: 07.09.2021). — Pexxum goctyna: mo
[IOIIHUCKE.

HUcaes, C.B. HTeNnNeKTyaIbHEIE
cucteMsl : yueb. mocobue / C.B.
HUcaes, O.C. Hcaesa. - KpacHosipck :
Cub. denep. yu-T, 2017. - 120 c. -
ISBN 978-5-7638-3781-0.

https://znanium.com/catalog/product/1060845 (mata
obpamenus: 07.09.2021). — Pexum noctyna: mo
MOATHUCKE.

OmuHros, b. E. Moxenu u npo6iiemMsl
HHTEJUICKTYaJbHBIX CHCTEM :
monorpadus / B.E. Onunnos. —
Mocksa : THOPA-M, 2020. — 219
¢. — (Hayunas meicis). — DOI
10.12737/1060845. - ISBN 978-5-16-
015839-6.

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

CBu — BO 0 TOC. PETUCTPALINH
nporpamMmsbl a1t OBM Ne
2021612957

Jlom kadectBa «QFD»
[IpaBoobGnangarens: PI'AOY BO
«Cankt-ITletepOyprexuii
rOCY/IapCTBEHHbBIN YHUBEPCUTET
A’POKOCMHUYECKOTO
npudopoctpoerus» (RU)
Astop: YabaneHko Anekcanap
Banepreruu (RU)

7. TlepedyeHb HIEKTPOHHBIX 0OpPa30BaTEIBHBIX PECYPCOB
nH(OPMAIIMOHHO-TEIIEKOMMYHUKAITMOHHOM ceTn « IHTepHeT»



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

[epeuenn AIIEKTPOHHBIX 00pa3oBaTeIbHBIX pecypcoB UH(POPMAIIMOHHO-
TEJICKOMMYHHKAMOHHOW ceTH «lHTepHeT», HEOOXOIMMBIX [UIi OCBOCHUS THCIHILINHEI
npuBezieH B Tabnuue 9.

Tabmuna 9 — IlepeueHb JIIEKTPOHHBIX O0pa30BaTENbHBIX PECYPCOB HMH(POPMAIIMOHHO-
TEJICKOMMYHUKAIMOHHOU ceTh «HTepHEeT»
URL aapec HaumenoBanue
http://science.quap.ru HayuHas u MHHOBaIMOHHAs AeaTensHocTs ['Y ATT
http://www.consultant.ru | CrnpaBouno-nipaBoBasi cucrema «Koncynaprant [Inrocy
http://www.garant.ru HNudopmanmonHo-npasooii noptan «[CAPAHT»
http://list-of-lit.ru CHHCOK JUTepaTyphl M0 HAHOTEXHOJIOTUH

/nano/nnotechnologii

8. IlepeueHp MHPOPMALIMOHHBIX TEXHOJIOTUI
8.1. [lepeyenp mpOrpaMMHOTO OOECHEUeHUs, HCIOJIB3YEeMOTO TMPH OCYIIECTBICHUN
00pa30BaTeNIbLHOTO MpoLecca MO AUCLUIIUHE.
[lepedeHp UCIONIB3yeMOro MPOrPpaMMHOTO obecriedeHus npeacrasieH B Tadumie 10.

Ta6mmma 10— [Tepeyers mporpaMmMHOTO o0ecrieueHus

Ne i/ HaunmeHnoBaHue

He npenycmorpeno

8.2. IlepeueHb HH(OPMAOHHO-CIIPABOYHBIX CHCTEM,HCIIOJIb3YEMbIX pu
OCYIIECTBIICHUU 00Pa30BaTEIHLHOTO MPOIIecca MO0 JUCIUILTHHE

[lepeyeHb WCMONB3YEeMbIX HWH(POPMALMOHHO-CIIPABOYHBIX CHCTEM MPEICTABICH B
Tabauie 11.

Tabnuua 11— Ilepeyenp HHPOPMALIMOHHO-CITPABOYHBIX CUCTEM

Ne m/m HanmeHnoBanue

He npenycmorpeno

9. MarepuanpHO-TeXHHYECKast 6a3a
CoctaB  MaTepuaIbHO-TEXHUYECKOH 0a3bl, HEOOXOIUMOW Uil  OCYIIECTBJICHUS
00pa30BaTeILHOTO TpoIiecca Mo TUCIUTUTHHE, TIPECTaBICH B TabmuIel 2.

Tabnuna 12 — CoctaB MaTepHallbHO-TEXHIUYECKON 0a3bl

Ne HaunmeHoBaHue cOCTaBHOM yacTu Howmep aynutopun
n/m MaTepUaIbHO-TEXHUUECKOHN 0a3bl (pu HEOOXOMMOCTH)
1 | JIaGopaTopusi HCKYCCTBEHHOI'O MHTEJIJIEKTa ¥ LU(PPOBBIX 13-13
TEXHOJIOTUH B METPOJIOTUU

10. OueHouHbIE cpeACTBA ISl IPOBEICHUS TPOMEKYTOUHOUN aTTECTAIINH
10.1. CocTaB OIEHOYHBIX CPEIACTBIJIA TPOBEJACHHUS IMPOMESKYTOYHOW aTTeCTaIlluu
oOyJaromuxcs Mo AUCHUIUINHE MPUBEACH B Tadnuie 13.
Tabmuma 13 — CocTaB OIEHOYHBIX CPECTB ISl MPOBEICHHS MPOMEKYTOYHOH aTTeCTaAIInN

Bug npoMexXxyTouHOM aTTecTaiuu IlepedeHb OIIEHOYHBIX CPEJICTB

3aueT Cnucok BOMpOCOB;
TecTsr;
3agaun.
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10.2. B kayecTBe KpUTEpUEB OICHKH YPOBHSA C(HOPMUPOBAHHOCTH (OCBOCHUS)
KOMIIETEHIIMH 00ydJarouMMHCcs MPUMEHseTCsl 5-0ayulpHas MIKaja OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETEHIINI, KOTopas mpuBeaeHa B Tabuuie 14. B TeueHne cemecTpa MOXKET UCIOIB30BaThCS
100-6amtpHas  mIKajga ~ MOAYJIBHO-PEUTHMHTOBOM  CHCTEMBl  YHHUBEpPCUTETa,  IpaBUja
UCTIOJIb30BaHUSI KOTOPOW, YCTAHOBJIEHBI COOTBETCTBYIOIIUM JIOKAJbHBIM HOPMATUBHBIM aKTOM
['VAIL
Tabmuna 14 —Kpurepuu onieHKH ypoBHS c(hOPMHUPOBAHHOCTH KOMIETEHITHH

Or11eHKa KOMITETEHITUH

XapakreprucTika chOpMUPOBAHHBIX KOMIIETEHI I
5-0ayubHas mKana PaKTep (bopmp

— oOyyaromuicss TIyOOKO M BCECTOPOHHE YCBOWJI IPOTrPAMMHBIN
MaTepua;

— YBEpPEHHO, JIOTHYHO, ITOCIIE0BATEIHLHO U TPAMOTHO €T0 M3JIaracr;

— ONMHpasCh HA 3HAHWS OCHOBHOW W JOMOJIHUTEIBHOW JIMTEPATYpPHI,
TECHO IPHBS3bIBACT YCBOCHHBIC HAYYHBIC ITOJIOKCHHS C MPAKTHICCKON
JESITEIIbHOCTHIO HAPABIICHHUS;

— yMeJ0 000CHOBBIBAET U ApTYMEHTUPYET BBIJIBUTACMEBIC UM HJICH;

— JIeJIaeT BBIBOALI H 000OIIECHHS;

— cBOOOJIHO BJIaJICET CHCTEMOM CIIeNUaIN3UPOBAHHBIX TOHITHH.

«OTJIIMYHO»
(Ga4uTCHO»

— 00yJaromuics TBEPIO YCBOWII MPOTPAMMHBIN MaTepHa, TPaMOTHO H
[0 CYIIECTBY W3JIaraeT €ro, ONUpasch Ha 3HAHUS OCHOBHOU
JUTEPaTypPHL;

— HE JIONYCKAEeT CYIIECTBEHHBIX HETOYHOCTEH;

— YBSI3BIBACT YCBOCHHBIC 3HAHUS C NPAKTHYCCKON JESITEIHHOCTHIO
HAIPABIICHUS;

— apryMEHTUPYET Hay4YHbIC ITOJIOKCHUS;

— JIeJIaeT BBIBOALI H 000OIIECHHUS;

— BJIQJICET CHCTEMOH CIIeIMaTN3UPOBAHHBIX TTOHSITHH.

«XOpOLIO»
(Ga4YTCHO»

— oOyyarouuiicss yCBOWJI TOJbKO OCHOBHOW IPOrpaMMHBIA MaTepua,
II0 CYIIECTBY M3JIaraeT €ro, ONMpasCh HAa 3HAHUSA TOJBKO OCHOBHOM
JIUTEPaTypHl,

— JIONyCKaeT HeCYIIECTBEHHbIE OIINOKU U HETOYHOCTH;

— UCIIBITBIBAECT 3aTPYAHEHUS B IPAKTUYECKOM IPUMEHEHUU 3HAHWUU
HallpaBJICHUS,

— cn1abo apryMeHTUpPYeT Hay4dHbIE MTOJIOKEHHUS;

— 3aTpyaHsieTcs B GOpMYIMPOBAHUN BBIBOAOB M 0000OIIEHHUI;

— 9YaCTUYHO BIAJCET CUCTEMON CIIENMAIM3UPOBAHHBIX TOHATHH.

«y/IOBJIETBOPUTEITHHOY
«BaYTEHO»

— o0ydJaromuiicss He YCBOWJI 3HAYUTEIBHOW YacTH MPOrPaMMHOTO
MmarepHaa;

— JIOMYCKaeT  CYLIECTBEHHbIE  OMMOKM W  HETOYHOCTH  HpHU
paccMOTpeHHH Ipo0JIeM B KOHKPETHOM HalpaBIICHUH,

— MCTIBITBIBAET TPYIHOCTH B MPAKTHYECKOM MTPUMEHEHUH 3HAHHIA;

— HE MOXKET apryMEHTHPOBATh HAy4YHbIE MTOJIOKECHMUS;

— He (JOpMYIIHPYET BBIBOJAOB U 0000IIECHHH.

HCYIOBJIICTBOPUTECIILHO
HEC 3a4YTCHO»

10.3. TunoBble KOHTPOJILHBIE 3a/IaHUS WM UHBIE MaTePHAIIBI.
Bomnpocsr (3agaun) ass sK3aMeHa mpeIcTaBIeHb B Tabuie 15.

Tabnuna 15 — Bonpocs! (3agaun) 11 9K3aMeHa

Kon

No mi/mm [Tepedyens BonmpocoB (3a1av) 115 IK3aMeHa
WHIUKATOPA

Y4eOHBIM IJIAHOM HE MPEAYCMOTPEHO

Bomnpocs! (3agaun) muis 3adera / nug¢. 3auera npencrapieHs! B Tadnuie 16.
Tabmuna 16 — Bonpocs! (3agaun) ms 3adera / qudd. 3adera

No Kon
[Tepeuens BompocoB (3a1ay) ais 3aueta / nudd. 3aueta
n/m p p (sanas) ans savera / . sade WHJIUKaToOpa




1 OcHoBHbIE 0COOCHHOCTU HAHOPA3MEPHBIX BEIMYMH, UX KOJIUYECTBEHHOE 3HAUCHUE. [1IK-1.3.3

2 EnuHume! m3sMepeHns 1 HaMMEHOBAaHHS B 00J1aCTH HAHOTEXHOJIOTHIA TIK-1.3.4

3 Jluneiinble pa3Mepsl 0coOell SKUBOTHOTO MHUpPa M UCKYCCTBEHHBIX OOBEKTOB B [1K-3.3.3
CPaBHUTENILHBIX 3HAYECHUSIX HAHOTEXHOJIOT U

4 OcHOBHBIE COOBITUS HCTOPUH PAa3BUTU HAHOTEXHOJIOrHH B epuoj ¢ 400 r. 1o H.3. o I1IK-3.V.3
1959 r.

5 OcHoBHBIE COOBITUSI UICTOPUH PA3BUTHUsI HAHOTEXHOJIOTHH B iepuof ¢ 1959 no u/B. T1K-1.3.3

6 PasHble noaxoas! K HAYYHOMY ONpPEAEIEHUIO TEPMUHA «HAHOTEXHOJIOTUS» T1IK-1.3.4

7 O pab6otax XX.U. Andepoa B 001acTH HAHOTEXHOIOT Uit MIK-3.3.3

8 OcHoBHbIe naen O. Jlpekciepa o posine HaHOTEXHOJOTUH B Pa3BUTHH COBPEMEHHOTO T1IK-3.V .3
00IIecTBa, U3JIOKEHHbIE B KHUre «MalluHbl CO3HIaHUs»

9 OCHOBHBIE OIICHKH 0’KAAAEMBIX ITapaMETPOB HAHOMEXaHUIECKUX YCTPOUCTB. I1IK-1.3.3

10 | XapakTepucTHKa ¥ NPpUHIUI PabOTHl HAHOYCTPOMCTBA B KUBBIX oprann3max (Ha mpumepe | [[K-1.3.4
MoJieKynsl «AT® Cunrazay).

11 | VYrmepon B mpupozie, B 4eM 3aKII0YaETCs €ro ocobast poib? T1K-3.3.3

12 | Ipocreiimne KOHCTPYKIHUHK IPUOOPOB U Y3JI0B OTIAEIbHBIX Pa3IMYHbIX HAHOYCTPOHCTB TIK-3.V .3

13 | BosmoxHsIe myTn npuMeHeHus mpudopos 1 Mamua MHT T1IK-1.3.3

14 ) Ilpusnunel caMoOpraHu3aIiy, NpHCYIIHe Hanbonee pacpoCTpaHEHHBIM 00beKTaM TIK-1.3.4
HaHOTEXHOJIOT U

15 | Ilpunuunel caMmocOOpKH, IpUCyIIUe HauOosee pacIpoCTPaHEHHBIM 00bEKTaM TIK-3.3.3
HaHOTEXHOJIOTHI

16 | Ucnomb3oBanue camoopranusauuun B HT. OcHoBHble cBolicTBa camoopranusyrommxcs | [JK-3.V.3
cUCTEM

17 | HanomaTepuanbl, HAUMEHOBaHMs, HA3HAYEHUE, OCHOBHBIE OIpeJeNeHus], kakue o0bekTsl K | [TK-1.3.3
HHUM OTHOCATCS?

18 | OcHoBHEBIE THIIBI HAHOMATEPHAJIOB, pa3JelICHHE 10 MPU3HAKAM U3MepeHuii u pasmepHoctd | [TK-1.3.4

19 | OcuoBsI KaccuUKAIMI U TUIIBI CTPYKTYP HAHOMAaTEpHAOB TIK-3.3.3

20 | OcHoBHbIE KaTErOpHH HAHOMATEPHAIOB TIK-3.V .3

21 | OcobeHHOCTH CBOMCTB HAHOMATEPUAJIOB, HAIIPABIECHHS X UCIIOIb30BaHUA T1IK-1.3.3

22 | OcHoBHbIE 001ACTH MPUMEHEHHsI 00BEKTOB HAHOCTPYKTYPHBIX OOBKTOB T1IK-1.3.4

23 | Kparkas xapakTepHCTHKa KOHCTPYKIHOHHBIX, MHCTPYMEHTAIBHBIX M  HM3HOococToMkux | [TK-3.3.3
MaTepHaioB

24 | Hcnonp3oBaHHe HAHOMATEPHUAJIOB B 3JIEKTPOHHOM TEXHUKE T1IK-3.V.3
HasnadeHue, kpaTkas XapaKTEpUCTHKA JIEKTPOHHOI'O MUKPOCKOIIA

25 | ®usuyeckuii cMbIca cBoiicTB OM: yBenMUeHMe, paspeleHue, paspemaronas cnocoonocts. | [TK-1.3.3

26 | YcunoBus ¢hopMHpOBaHUS M CBOMCTBA 3JICKTPOHHOTO JIyda MHKPOCKOIA T1IK-1.3.4

27 | Dusmueckuii CMBICI XpOMaTHUECKOH abeppalun T11K-3.3.3

28 | B yeM pasnnume XapaKTepUCTHK pa3pelIeHHs ONTHYECKOTO U ANIEKTPOHHOro Mukpockonos | [TK-3.V .3

29 | XapakTepucruka paspemaroliei cnocobnoctu OM TIK-1.3.3

30 | Hasnauenue u ycTpoilcTBO U CBOWCTBA UCTOYHMKA DJIEKTPOHOB TIK-1.3.4




31 | KoHcTpyKTHBHBIE 0COOEHHOCTH CHCTEMBI OCBelIeHHss OM IIK-3.3.3

32 | YcrpoiicTBO cuCTEMBI KOPPEKLMHU acTUrMaTH3Ma B OM T1IK-3.V .3
33 | Ilpunnun paboTsl ¥ yCTPOHCTBO cUCTEMBI H300paxkeHus OM MIK-1.3.3
34 . brok-cxema u npuHIIT padoTer MuKpockona BCOM T1IK-1.3.4
35 | brok-cxema u npuHIun AekcTBUs OKe-CIEKTPOMETpa I[1K-3.3.3
36 @D0oTO3IEKTPOHHAs PEHTTEHOBCKAs CIIEKTPOCKOMNUsI, OI0K-CXeMa, IPUHIMI AeHCTBIA TIK-3.¥V .3

®oT031eKTPOHHAS PEHTTEHOBCKAsl CIIEKTPOCKOIHS, OJIOK-CXeMa, IIPUHIIMIT ISHCTBUS I1IK-1.3.3
37 [TpuHIMT paboTH paMaHOBCKON CIIEKTPOCKOITHH, OJIOK-CXEMBI IIpoLiecca H3MEPEHHH. [K-1.3.4
38 Hasznayenue npuHIMn aeicTBus qJOTOJHOMI/IHecueHTHoﬁ CIIEKTPOCKOIINU TIK-3.3.3
39 HubopManmoHHbIC TEXHOJIOTHA B U3MEPUTEIBHBIX CHCTEMaX TIK-3.V .3

[lepeuenr TeM [l KypCOBOTO MPOECKTHUPOBAHUSA/BBIIIONHEHUSI KYpCOBOM pabOTHI
MpeCTaBICHBI B Tabwuie 17.
Tabnuna 17 — Ilepeyens TeM Juisi KypcOBOTO MPOEKTUPOBAHMSI/BBITIOIHEHUS KYPCOBOI pabOTHI

[TpuMepHBIii IepeYeHb TeM Il KYPCOBOTO MPOEKTUPOBAHUS/BHITTOIHEHHS

Ne n/mm .
KypCOBOH paboThI
Y4eOHBIM IJIAaHOM HE IPEJYCMOTPEHO
Bonpocel il mpoBeneHUss NPOMEXKYTOYHOM aTTecTallud B BHJIE TECTUPOBAHMUS

MpeACTaBICHBI B Ta0nwuie 18.

Tabnuna 18 — [IpumepHbIil nepeyeHb BOPOCOB JJIs TECTOB

Ne
/o

Kon

[IpuMepHBIil mepeyeHb BOIIPOCOB ISl TECTOB
WHJUKATOpa

1. UccnenoBanne MUKpPO- U HAHOCTPYKTYD. .

Hawano Bompoca: Kakume wMerombl AMAarHOCTHKK HauOoliee pPacHpOCTPaHEHBI LIS
HcCclefoBaHus (HU3NIECKHUX IMapaMeTPOB M XapaKTePUCTUK HAHOOOHEKTOB:

- AIIEKTPOHHASsI MUKPOCKOIIHS BEICOKOTO Pa3peIICHHS;

- OTpakaTeNlbHas AIEKTPOHHAS MUKPOCKOIIHS,

- MUKPOCKOTIHSI MEIIJICHHBIX JIEKTPOHOB.;

- ONITHYECKass MUKPOCKOITHSI.

2. BaxxHeimuye TeXHOIOTUIECKHE JOCTHKEHHS BO BTOPOH MOJIOBUHE IBAALATOTO CTOJICTHS.
Hauazo Bompoca: Uto criocoOcTBOBANO, B HANOOJIBIIEH CTEIICHH, MHTEHCUBHOMY Pa3BUTHIO
HAHOTEXHOJIOTHIA B CTpaHe U 3a pyoesxom?

Hauano Bomnpoca:

- TEXHOJIOTHSI CO3aHUS JIEKTPOBAKYYMHBIX IIPHOOPOB,;

- CO3/1aHUE€ MUKPOMOJYJIbHBIX JIEMEHTOB;

- CO3[JaHNE MHTETPAIbHBIX [IEYATHBIX IUIAT;

- CO3/1aHUE MOJIYIPOBOJIHUKOBBIX JIEMEHTOB 3JIEKTPOHHON TEXHUKH.

3. ®usnueckas CylIHOCTb 3aKkoHa ['oprona Mypa.

Hauano Bompoca: B uem 3axirogaercst CMBICI 3MIIUPUYECKOT0 3aKkoHa Mypa?

- OOBSICHAT MIPHUHIIMII TTOTyYEHHUST YePHO-0€I0T0 N300paKeHHsI Kaipa TeJIeBU30Pa;

- 3aKOH OOBSACHSET NPHUHIHI (QYHKIIMOHUPOBAHUS ONTOBOJIOKOHHOTO 3JIEMEHTA;

- IIpeJesIbHBIE TPAHUIIBI OBICTPOACHCTBIS KOMITBIOTEPA;

- IPEeNIFHOE YNCIIO pa3MeIleHHs TPAaH3UCTOPOB Ha MMEYaTHOU IUIaTe KOMIIBIOTEpa.

4. CpencTBa H3MEPEHUS ISl HCCIIEIOBAHMS HAHOCTPYKTYD.

Hauazo Bompoca: B uem 3axiiio9aeTcsi OCHOBHBIE TOCTOMHCTBA 3JIEKTPOHHOTO MUKPOCKOTIA?
- yIIy4IIeHbl BECOBBIE U rabapuTHBIE XapaKTEPUCTHKH IIPHOOPOB,

- BO3MOXKHOCTB IIU()POBOTO MPECTABICHHS PE3yIbTaTOB aHAIN3a;

- Oojee coBepIIEHHAs, TI0 CPAaBHEHHIO C ONTHYECKMM MHKPOCKOIIOM, CHCTEMa HOIyYeHHMs
n300pakeHus HabJIF01aeMoro 00BEKTa;

- BO3MO)KHOCTb NOJTydeHHs1 OoJiee pa3HooOpa3Hoil nHpopMannu 00 0OBEKTE;




- IPE/IEIIbl YBEINYEHHs UCCIIEIyeMOro 00beKTa.
5. OcHOBHBIE ITApAMETPBI M XapaKTEPUCTUKH MUKPOCKOTIOB.
Hauanmo Bompoca: HaszoBure mpesenbHbIE 3HAYCHHS XAPAKTEPUCTUKH — yBEIWYCHUS
ONITHYECKOTO MUKPOCKOTIA!
- 100 pas3;
- 200 pas;
- 400 pas;
- 700 pas;
- 1000 pas;
- 1500 pa3
6. OCHOBHBIE TapaMempbl U XapaKTePHUCTUKU MUKPOCKOIIOB.
Hauano Bompoca: [IpenenbHble 3HaUeHUs YBEINYEHUS JIEKTPOHHOTO MUKPOCKOTIA!
- 1000 pas;
- 2000 pas3;
- 5000 pasz;
- 8000 pas3;
- 1muH. pas;
- 2 MJIH. pa3
7. OcHOBHBIE MTapaMempbl U XapaKTEPUCTUKH MUKPOCKOIIOB.
Hauwanmo Bompoca: UYem ompexensercs paspemamomnias CIOCOOHOCT — ONTHYECKOTO
MHUKpPOCKOTIA:
- YPOBHEM OCBEIICHHOCTH paboueil TUH3HI;
- BEJIMYMHOM (hOKYCHOTO PacCTOSIHUS;
- COBEPIIIEHCTBOM OTKJIOHSIOIIEH CUCTEMBI;
- IUTMHOM BOJIHBI CBETA.
8.OcHOBHBIE MTapaMeTpPhl U XapaKTEPUCTHKN MUKPOCKOIIOB.
Hauamo Bompoca: Yem ompeznensiercs paspeliaromas CHOCOOHOCTh  3IEKTPOHHOTO
MHKPOCKOTIA!
- KOHCTPYKIHEH CHCTEMBI H300pa’keHNST MUKPOCKOIIA;
- YCTPOHCTBOM 3JIEKTPOHHON MyLLIKH,
- CHCTEMOI CUUTBHIBAHUS PE3YJIbTATOB 00pabOTKN U3MEPEHHH;
- paccTOSHUEM IIpoJieTa 3JIEKTPOHa;
- CKOPOCTBIO MPOJIETA AIEKTPOHA.
9. Ilpeumy1iecTBa 3IEKTPOHHOTO MUKPOCKOIIA.
Hauaso Bompoca: UeM 00BsCHAETCS BBICOKas pa3pelaroniasi ClIocOOHOCTh 3JIEKTPOHHOTO
MHKPOCKOTIA:
- TEOMETPUUYECKUMH pa3MepaMu padodeii 30HbI;
- UCTIOJIb30BAHHMEM 3JIEKTPOHHOT'O TIOTOKAa BMECTO CBETOBOTO TIOTOKa,
- INTMHOW BOJIHBI 3JIEKTPOHA.
10. OcHOBHBIE TApaMETPBI M XaPAKTEPUCTUKH AIIEKTPOHHBIX MUKPOCKOTIOB.
Hauaino Bompoca: Ot 4ero 3aBUCHT BEIWYMHA BOJHBI IEKTPOHHOTO ITOTOKA B MUKPOCKOIIE:
- rabapuThl paboueli 30HbI;
- BETIMYMHON HAIPsDKEHUS Ha aHOJIE,
- KOHCTPYKIIHEH CHCTEMbI H300pakeHUsI MUKPOCKOTIA;
- PXUTEKTYPBI OTKJIOHSAIONIEH CHCTEMBI MHKPOCKOIIA
11. Kakas cepusi CTAHAAPTOB B HACTOSIILEE BPEMs SBJISCTCS OCHOBHOM [UISl CTAHAAPTOB M3
obmactu UT?
a. cepus 25000;
b. cepus 9000;

c. cepus 14000;
d. cepus 16000.

12. BeigenuTe ABa OCHOBHBIX cTaHaapta B obnactu UT.
a. 12207:1995;
b. 19760:2003;
. 16326:1999;

d. 90003:2004;
.€.15288:2002.

13.HasoBure ab0peBHATYpPY MEXKIYHAPOIHOTO COM03a IJCKTPOCBSI3N:
a. IEEE;
b. IEC;




c.ITU;
d. I1SO.

[lepeyeHbp TeM KOHTPOJIBHBIX PabOT MO AMCUUIUIMHE OOYYAIOMIMXCS 3a09HOU (OPMBI
00yd4eHus1, IpeIcTaBIeHbI B Ta0ymie 19.

Tabmuna 19 — [lepedeHb KOHTPOIBHBIX PadOT

No i/t [TepeyeHb KOHTPOJIBHBIX PAOOT

He npenycmorpeno

10.4. MeTtoau4eckre  MaTepUaibl,  ONPEACISAIONUE  HPOLEAYPHl  OICHUBAHUS
WHAMKATOPOB, XapaKTepU3YIOLUUMX dTanbl (OPMUPOBAHUS KOMIETCHLUN, COJAEpKATCi B
JOKaJbHBIX HOpPMATUBHBIX akTax [YAIl, periaMeHTHpyIOUIUX TOPSJIOK U MPOLEAYPY
MIPOBEJICHUS TEKYIIEr0 KOHTPOJIS yCIIEBAEMOCTH U MPOMEXYTOUHOM aTTecTaluy 00yJaronmuxcs
I'VAIL

11. Meroauueckue yKazaHus JUist 00y4aroIIMUXCsl 10 OCBOCHUIO IUCIUIITUHBI

11.1. Meroauueckue yKazaHus I OOyYaroIIUXCS 10 OCBOCHHIO JIEKIIMOHHOTO
marepuania .

OcHOBHOE Ha3HA4Y€HUE JIEKIIMOHHOTO MaTepuana — JIOTUYECKU CTPOHHOE, CHUCTEMHOE,
riyOOKoe U sICHOE WU3JIOKEeHHe yueOHoro marepuana. HasHadeHune COBpEMEHHOM JieKIUU B
paMKax JUCHUIUIMHBI HE B TOM, YTOOBI MOJYYUTh BCIO MH(POPMALHIO TIO TeME, 2 B OCBOCHHH
(byHaaMeHTalbHBIX NpoOJeM JUCHMIUIMHBI, METOJOB HAayyHOrOo IIO3HAHMS, HOBEHIIMX
JOCTHKEHUI HaydyHOU MbIcau. B yueOHOM mpoliecce JIEKIHs BBIIOJIHSAET METO/I0JIOIMYECKYIO,
OpPraHU3alMOHHYI0 U MHPOPMALMOHHYIO (QYHKIMU. JIeKIUs packpbIBaeT NOHATUIHBIN anmapar
KOHKpETHOH oO0jacTu 3HaHUs, €€ MpoOJeMbl, AAET LEIbHOE IPEJCTaBICHUE O AUCLUIUIMHE,
IIOKa3bIBAaeT B3aMMOCBS3b C IPYTUMU JAUCLHUILIMHAMU.

[InaHupyeMble pe3yibTaThl IPU OCBOEHUU 00YYaIOUTMMUCH JIEKIIMOHHOTO MaTepuana;

— TIOJyYEHHE COBPEMEHHBIX, LEJIOCTHBIX, B3aMMOCBSA3aHHBIX 3HAaHUN, YpPOBEHb
KOTOPBIX ONPEAEIAETCS LEIEBOM YCTAHOBKOM K Ka)KJJOM KOHKPETHOU TEME;

— TOJy4YyeHHE ONbITa TBOPUYECKOM pabOThl COBMECTHO C MPEIO/IaBATENEM;

— pa3BuTHe NOPOPECCHOHATBHO-IENOBBIX  KauyecTB, JIIOOBM K TpeAMETy H
CaMOCTOSITEIBHOTO TBOPYECKOI'O MBIILITICHHUS.

— TOsBJIEHHE HEOOXOAMMOI0 HHTEpeca, HEOOXOAUMOTO JJIsi CAMOCTOSITENIbHOM paboThI;

— TIOJy4YyeHHE 3HAaHUNW O COBPEMEHHOM YpPOBHE pAa3BUTHS HAyKM U TEXHUKU U O
MIPOTHO3€ UX Pa3BUTHSI HA ONMKaiIine rofbl;

— HayyuTbhCs METOJUYECKH oOpabaTbiBaTh MaTepuan (BBIACIATH TJIABHBIE MBICIH U
MIOJIOKEHUS, MPHUXOAUTh K KOHKPETHBIM BBIBOJAM, IIOBTOPSITH HMX B  Pa3JIMYHBIX
bopMynupoBKax);

— TOJIyueHHE TOYHOT'O IOHUMAaHHUs BCEX HEOOXOIUMBIX TEPMUHOB U TOHSATHH.

JlekMOHHBI  MaTepuad MOXKET COINpPOBOXKAATHCS JIEMOHCTpAalMEd ClaliioB U
UCIIOJIb30BAaHUEM pa3[laTOYHOrO0 MaTepuaja IMpH MPOBEIEHUU KOPOTKHX JHUCKYcCHUHl 00
0COOEHHOCTSX MPUMEHEHHS OTJENIbHBIX TEMATHK 10 TUCIMITIIMHE.

11.2. Metoau4ueckue ykazaHUs UIsi OOYYaIOIIUXCS TO TPOXOXKACHUIO MPAKTUYECKUX
3aHATHH (eciu npedycMompeHo YueOHbIM NIAHOM N0 OAHHOU OUCYUNIuHe)

[IpakTHdeckoe 3aHATHE SBISETCS OJHOW M3 OCHOBHBIX (DOpPM OpraHm3aiuu y4eOHOTO
nporiecca, 3aKII0YaoNIasicss B BBITOJHEHHH 00YJaIONIMMHUCS TTOJI PYKOBOJICTBOM ITPETIOIaBaTels
KOMIUIEKCa YYeOHBIX 3aJaHUil C 1eJIbI0 YCBOSHUS HAYYHO-TEOPETUYECKHMX OCHOB YueOHOMU
JUCITUTUIAHBI, TPHOOPETEHUST YMEHUI ¥ HABBIKOB, OITBITA TBOPUECKOH JIeATECIHHOCTH.

[enpro MPaKTUYECKOTO 3aHITHSI ISl 00YJAOIIErocs SBISETCS MPUBUTHE O0YUIAFOIIHMCS
YMEHHI W HAaBBIKOB MPAKTHYCECKOU JISATEITBHOCTH 110 M3ydaeMOU JTUCITUTUINHE.




[Tnanupyemble pe3yabTaThl IPH OCBOSHUH 00YUYAIOIIMMCS TPAKTUYECKUX 3aHATHIA:

— 3aKpervieHue, yriryOleHue, pacIIMpeHHe W JeTaau3alus 3HaHWH TNpH pEeUIeHUH
KOHKPETHBIX 3a]1a4;

— pa3BUTHE [IO3HABATEJIBHBIX CIOCOOHOCTEH, CaMOCTOSITENBHOCTH  MBIIUICHUS,
TBOPYECKON aKTUBHOCTH;

— OBJIAJCHHE HOBBIMH METOJAaMH M METOJUKAMH H3y4YCHUS KOHKPETHOW y4ueOHOM
JYCLIUIIJIMHEIL

— BBIpa0OTKa CIIOCOOHOCTH JIOTHYECKOTO OCMBICICHUSI MONYYCHHBIX 3HAHUN IS
BBITIOJTHEH U 3a/[aHNUH;

— olecrneueHne palMOHAIBHOIO COYETaHHMS KOJUIGKTMBHOM M MHIMBHIYaIbHOH (GopMm
00y4eHusl.

11.3. Meroauueckue yKazaHus JUIsi 0OyJarOMIMXCs MO MPOXO0XKICHHIO CAMOCTOSITEIHHON
paboThI

B xone BbINOMHEHUSI CaMOCTOSITEIBHOM pabOThI, 00yJarOUIUiicsl BBIMOIHAET paboTy IO
3aJJaHUI0 U TIPU METOJAMYECKOM PYKOBOJACTBE IpErojaaBaressi, HO 0e3 ero HemocpeaCTBEHHOTO
y4acTusl.

s oOyvarommxcs 1o 3a04Hoil ¢opMe 00ydeHHs, caMOCTOsTeNbHas paboTa MOXKET
BKJIFOYATh B CEOsI KOHTPOIBHYIO paboOTYy.

B mporecce BBIMOTHEHHSI CaMOCTOSTENbHON paboThl, Yy obydaromierocs (hopMupyercs
1enecoo0pa3sHoe IIAaHUPOBaHUE pabovero BpEMEHH, KOTOPOE MO3BOJISIET UM Pa3BUBAaTh YMEHUS
U HaBBIKM B YCBOGHHUM U CHCTEMAaTH3allMU MPUOOpETaeMbIX 3HAHHI, OoO0ecreunBaeT BBICOKUMN
YPOBEHb YCIEBAEMOCTH B TNepUOJ OOydYeHHs, IIOMOTAeT IIOJYYUTh HABBIKH TTOBBIIICHHS
pohecCHOHANBHOTO YPOBHSL.

MeroauyeckuMH ~ MaTepHallaMH,  HANpaBJSIOIIMMU  CaMOCTOSITENBHYIO — paboTy
00y4JarOIUXCASBISIOTCS:

—  y4eOHO-METOAMYECKUI MaTepual o JUCIUILINHE;

— METOAMYECKHE YKa3aHHs IO BBIMOJHEHUIO KOHTPOJIBHBIX paboT (1si 00ydaromuxcs
10 3a04HOU (hopme 0OyueHus).

11.4. MeTtoauueckue yKazaHus JUIsl OOYyYaroIIMXCS IO MPOXOXKACHUIO TEKYIIEro
KOHTPOJI YCIIEBAEMOCTH.

Texkymuil KOHTPOJIb YCIEBAEMOCTH NIPEAYCMaTpPUBAET KOHTPOJIb KayecTBa 3HAHUU
00yYaroImuxcsi, OCYIIECTBISEMOIO B TEUEHUE CEMEeCTpa C IIeJIbI0 OLEHMBAHUS XO/a OCBOCHUS
JTUCIUIUINHBI.

11.5. Meroauyeckue ykazaHus JIJisi OOYYArOUIUXCS MO MPOXO0KICHUIO MPOMEXYTOUHOM
aTTeCTalUu.

[IpomexxyTounast ~ aTTecTanusi  OOy4arOUIUXCs  MPEAyCMAaTPUBAEeT  OILICHWBAHUE
MIPOMEKYTOUHBIX U OKOHYATEIbHBIX PE3YyIbTaTOB 00y4YeHHs Mo auciuruiiHe. OHa BKIIIOYAET B
cedst:

— 9JK3aMeH — (opma OILIEHKH 3HaHUM, TONYyYEHHBIX OOYYaroIIUMCA B IMPOIEeCce
W3Yy4EeHUs BCEH MUCITUIUIMHBI UM €€ YacTH, HAaBBIKOB CAaMOCTOSITEIFHOW padOThI, CIIOCOOHOCTH
NPUMEHATh MX JJis pEUIeHUs] MPAKTHUECKUX 3ajad. JK3aMEH, Kak MpaBWIO, MPOBOJAUTCS B
NepuoJl HK3aMEHAIMOHHOM CECCHMM W 3aBEpPIIAETCS aTTECTAMOHHOM OLEHKOW «OTIUYHOY,
«XOpOILIO», «YAOBIETBOPUTEIHHOY, «HEYAOBIECTBOPUTEIHHOY.

— 3a4eT — 3To (opMa OLICHKH 3HAHUH, MOTYYECHHBIX OOYYaIOMIUMCS B XO/€ U3yUCHUS
y4eOHOM MUCHUTUIMHBI B 1IEJIOM WJIM MTPOMEKYTOUYHas (M0 OKOHYAaHWW CEeMeCTpa) OIeHKa 3HAHUN
00y4JaromuMcs M0 OTAEIBHBIM pa3feliaM TUCIUILUIMHBI C aTTECTAllMOHHON OIIEHKOW «3auyTeHO»
WIH «HE 3aU4TEHOY.

— muddepeHIMpoBaHHbI 3aueT — JT0 ¢dopMa OIEHKA 3HAHWHM, TOTYyYEeHHBIX
0o0ydJarmuMcs TPU U3YYCHUH AUCIUILTUHBL, TPU BHIMOTHEHUH KYPCOBBIX MPOEKTOB, KYPCOBBIX



paboT, Hay4YHO-UCCIIEIOBATEIBCKUX PAa0OT U MPOXOXKACHUH MPAKTHK C aTTECTAI[HOHHON OLIEHKOM
COTIIMYHOY, «XOPOILOY, «yJOBICTBOPUTEIBHOY, KHEYOBIETBOPUTEILHOY.



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




