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AnHoranus

Jucuumnuna «TeopeTudeckre OCHOBbI HAHOJUATHOCTHKU» BXOAMUT B 00pa30BaTEIbHYIO
pOoTrpaMMy BBICIIET0 00pa30BaHUs — MPOrpaMMy CIIEHUAINTETa 110 HAMPABICHUIO MOATrOTOBKH/
crienanbHOCTH 27.05.02 «Metposorudyeckoe odecreueHre BOOPYKEHHUSI 1 BOSGHHON TEXHUKH
HampaBJIeHHOCTH «MeTposoruyeckoe o0ecreyeHne KOCMHYECKUX CpeacTB». JlucumrminHa
peanmmusyetcs kadenpoit «Neby.

JlucuuiuinHa HaresneHa Ha (P OPMHUPOBAHKE Y BBIITYCKHHUKA CIEIYIONIMX KOMITETCHIINIA:

[IK-1 «CrnocobeH mpoBOAMUTH aHAU3 COCTOSIHUS METPOJIOTMYECKOro obOecriedeHHsl B
NOJPa3/IeIIEHUN METPOJIOTUYECKOM CITyKObI OpraHU3alum

IIK-3 «Cnoco0GeH oCymIecTBIATh pabdOThl IO BBIIBICHUIO UM IMPEJOTBPAIICHUIO
HECOOTBETCTBHH MPOAYKIIUH MPEIBSIBIIEMBIM TPEOOBAHHUSIM

ConepxaHve JHUCLUMIUIMHBI OXBaTbIBAET KPYr BOIPOCOB, CBA3AHHBIX C METOAaMH
UCCNeIoBaHu  (pU3HUECKUX, (UIUKO-XUMHUYECKMX UM TEOMETPUYECKHMX MapaMeTpoB U
XapaKTEPUCTUK TBEPAOTEIbHBIX M MOJEKYJSIPHBIX CTPYKTYyp. Cpeaum MHOXKECTBa METOJ/I0B
UCCIJIEIOBaHUM, METObl CKaHUpYrollel 30HA0BOM Mukpockonuu (C3M) sBistorcs Haubousee
pacupocTpaHeHHbIMU. OHHM  TO3BOJSIOT  TOJNYYHUTh  BBICOKOE  pa3peuieHue, pealbHO
o0ecrieunBarOT BU3YaIU3alUI0 CTPYKTYpbl OOBEKTOB MCCIIEOBAHUS C ATOMHBIM pPa3pEIICHUEM.
B Hacrosiniee Bpemsi UCIIOJIB3YETCs ONPEACIICHHbI KOMILIEKC METOJ0OB MCCIIEJOBAaHUS MUKPO U
HAHOCTPYKTYpP, CPEAM KOTOPBIX MOKHO BBIJIEIMTH OCHOBHBIE I'PYIIBI METO/AOB: 3JEKTPOHHAs
MUKPOCKOIIHSI BBICOKOI'O pPa3pelieHusl; METO/bl CKaHUPYIOUIEH 3JIEKTPOHHON MHKPOCKOIUH;
CKaHUpYIOWIasi TYHHEJIbHAas MHUKPOCKONHS;, PEHTIeHOIU(PAKIIMOHHEIE METOJIbl ¢
UCIONIb30BaHuEM d2(¢eKTa BBICOKOH CBETHMOCTH  CHHXPOTPOHHBIX HCTOYHUKOB; METOIbI
AJIEKTPOHHOM CHEKTPOCKOMHUH JIJIsl XUMUYECKOTO aHAIM3a.

[IpenogaBanne AMCHUIUIMHBI MpEAyCMAaTpUBaeT Cienyromue (GopMbl OpraHu3aluu
y4eOHOTO Mpolecca: JEKINH, TPAKTHIECKUE 3aHATHS CaMOCTOsTeNIbHas paboTa o0yJaromerocs.

B nporpammy, Ha QoHe MIMPOKOro BHEAPEHUS MHPOPMAIIMOHHBIX TEXHOJOTHI BO BCEX
cdepax uyernoBEUYECKOM JEesATeNbHOCTH, B TOM 4Hcie U chepe oOpa3oBaHUS U, B YAaCTHOCTH, B
cucreme 'Y Alla, BKIItOUEHBI OTJENbHBIE DJIEMEHTHI HCKYCCTBEHHOTO MHTEJUIEKTA, KOTOPBIE BCE
0oJbIIE CTAHOBSTCS HEOTHEMJIEMOM YacThi0O 00pa30BaTENBHOIO IpOLEcca, CYIIECTBEHHO
MOBBIIIAIONIETO €ro KauecTBO U 3()h(PEKTUBHOCTS.

[IporpamMMoil AMCHUIUIMHBI MPEAYCMOTPEHBI CIEAYIOIIME BUIbI KOHTPOJIS: TEKYIIUHI
KOHTPOJIb YCIIEBAEMOCTH, IPOMEXKYTOUHAs aTTecTalus B popme 3auera.

OOmast TpyTOeMKOCTh OCBOCHHS IUCIMIUIMHBI COCTaBISET 2 3a4ETHBIX CJIMHHIBI, /2
qaca.

S3pIK 00yueHus 0 JUCHMILIUHE KPYCCKUH »



1. TlepedeHb IIaHUPYEMBIX PE3yJIbTATOB O0YyUYCHUS MO TUCLUILIHMHE

1.1. llenpto mpemonaBaHWs JAUCHMIUIMHBI  SBISETCA  MOJYYEHHE  CTyACHTaMH
HEOOXO/JUMBIX  3HAHUH chepe BBICOKMX TEXHOJIOTMH CBA3aHHBIX C TMPUKIATHBIMU
UCCIECOBAaHUSAMH KOHCTPYUPOBAaHWEM M TPAKTUYECKUM HCIIOJIb30BAHHEM MATEPUAIOB H
BEIIECTB HA aTOMHOM M MOJIEKYJSIPHOM YPOBHSAX, a TaKXXe CPEACTBaX, METOJIOB M METOIHK
UCCIENOBAaHUA (U3UYECKUX, (UIUKO-XMMHYECKHMX M TEOMETPHYECKHX I1apaMeTpoB |
XapaKTEPUCTHK TBEPIOTENbHBIX M MOJEKYIApHBIX 00BekTOB. [Ipu 3TOM OC000€ BHUMaHHE
yIOCNEHO  M3Yy4YEHHUIO  OCOOCHHOCTEH  BBICOKOPA3pEIIAIONIMX  METOJOB  HCCIIEIOBAHUM
MOJICKYJISIPHBIX OOBEKTOB, OOCCIICUMBAIONIUX MOJMydyeHUE HamOojee MOJHOW HHpopMaruu 00
OCHOBHBIX CBOWCTBAX M XapaKTEePUCTUKAX U IMPOTEKAIOIINX B HUX MPOIEccax.

1.2. JlucumnnuHa BXOAMT B  COCTaB  4YacTH, (HOpMUPYEeMOHl  y4acCTHHUKAMH
00pa3oBaTeNbHBIX OTHOIICHHH, 00pa30BaTeNBLHOI MPOrpaMMBbl BBICILIET0 00Opa3oBaHUs (Janee —
OIl1 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 HauMeHoBaHME WHIUKATOPA JOCTHIKEHUS
HaMEHOBaHUE
KOMIIETEHIINHA KOMIIETEHIUHA
KOMIIETEHIUN
[1IK-1.3.2 3HaTh NpUHLMIBI HOPMUPOBAHUS
TOYHOCTU U3MEPECHUS
I1K-1.3.3 3HaTh 00aCTh IPUMEHEHHUS METO/IOB
U3MEpPEHUs
I1K-1.3.4 3HaTh KOHCTPYKTUBHBIE OCOOEHHOCTH U
NPUHIUIELI Pa00THI CPEICTB U3MEPEHHUST
ITK-1 Cnocoben PHHI P pel P ’
TEXHOJIOTHYECKHE BO3MOKHOCTH B 00JIaCTH
MIPOBOJIUTH AHAJIU3
MIPUMEHEHUSI CPEJICTB U3MEPEHUS
COCTOSIHUS
[IK-1.VY.1 ymeTs onpeaensiTh HeOOXOAUMOCTb
METPOJIOTUYECKOTO
[Tpodeccuonanbuble pa3paboTK HOPMATUBHBIX TOKYMEHTOB,
obecrnieueHus B
KOMIIETEHITUH perJaMeHTUPYIOIIUX padOThI 1O
noApa3aeieHun
. METPOJIOTHYECKOMY 00€CTICUCHUIO
METPOJIOTUUECKOU
CIVIKOEL TIK-1.B.1 BrageTr HaBBIKAMH aHAIN3a COCTOSHHUS
Y CPENCTB U3MEPEHUH, ITATIOHOB, TOBEPOYHBIX
OpraHu3aIu
CXEeM, HOPMaTHUBHBIX JIOKYMEHTOB,
perJaMeHTUPYIOIIUX padOThI 1O
METPOJIOTHUYECKOMY 00€CTICUeHUIO
TIK-1.B.3 BnameTs HaBLIKAMHU BBISIBICHUSI U
OIICHKH MOTPEITHOCTEH U3MEPEHUS U OIIHOOK
KOHTPOJISL.
T1K-3.3.2 3HaTh TOKYMEHTHI IO CTaHAAPTH3AIMH
IIK-3 Crocoben AOKYM Aap =
Y METOJANYECKHE JOKYMEHTHI,
OCYILIECTBIISITh
AGOTEL 1O periaMeHTHPYIOLIME BOIIPOCHI YIIPABICHUS
p Ka4eCTBOM, BOITPOCHI JCIOMPON3BO/ICTBA,
BBISIBJICHUIO B
[TpodeccrnonanbHbie KadecTBa MPOAYKIIMHU, KAYECTBA ChIPbsI, KAaUeCTBa
MIPEIOTBPAIIEHUTO
KOMIIETEHIIUHA N MaTepHuaoB.
HECOOTBETCTBUM
S — I1K-3.3.3 3HaTh pusnveckre MPUHIMITB padOTHI,
POIYK BO3MOKHOCTH ¥ 00JIaCTH IPUMEHEHUSI METO/IOB U
MPEAbSIBISIEMbIM o
CPENCTB U3MEpPEHUM
TpeOOBaHUSIM
[1K-3.Y.3 ymets BbIOUpath 1 pa3pabaThiBaTh




METOBI M CPEACTBA KOHTPOJIS TEXHOJIOIMUYECKOTO
npolecca, TEXHOJIOTHYECKON oNepaiui,
pa3pabaTbIBaTh CXEMbl H3MEPEHUN U KOHTPOJIS
[1K-3.B.3 BnazneTs HaBbIKaMH pa3padOTKU
IPEJIOKEHHUH 0 MPEeIyPEKACHUIO U
YCTpaHEHHIO Opaka U3Jeaunil.

2. Mecro nucuurnHbl B cTpykType OI1

JucuumnimHaa MoxeT 6a3upoBaThCS HAa 3HAHUSX, paHee MPUOOPETEHHBIX 00y4YaIOUUMUCS
NP U3YYCHHUH CIICIYIOMINX AUCIIUTLINH:
— (u3HYECKHEe OCHOBBI U3MEPEHUN U 3TAJIOHBI,
— METOJbl U CPEJCTBA U3MEPEHUM, UCTIBITAHUI U KOHTPOJIS,
— OCHOBBI HH(pOpMATHU3AINH U3MEPEHUH;
— OCHOBBI JIEKTPOTEXHUKH U PAIMOTEXHUKH;
— OCHOBBI MOJICTUPOBAHUE CUCTEM U MPOLIECCOB;
— TPUKJIATHAS ¥ 3aKOHOJATEIbHAs METPOJIOTHS;
— oOutas Teopus U3MepeHuit

3HaHMs, TOJNyYeHHBIC TPU W3YYCHUU MaTepuaia JaHHOW IUCHUIUIMHBI, WUMEIOT KakK
CaMOCTOSITENIbHOE 3HAUYCHUE, TAK U MOTYT HCIIOJIb30BAThCS MPU U3YUYECHUU APYTUX TUCHUTUIMH:
— - nudpoBBIC METOIBI U CPEICTBA H3MEPCHUI;
— - IPOU3BOJICTBEHHAS MIPAKTHKA;
— - IPOM3BOJICTBEHHAS MPEIAUILIOMHAS IMPAKTHKA.

3. OOBEM ¥ TPYTOEMKOCTh TUCITUTUIAHBI

Jlanabie 00 o0meM oO0beMe TUCIUIUIMHBI, TPYJOEMKOCTH OTAENBHBIX BHUJIOB yueOHOMU
paboThI 1O AUCIUIUIMHE (M paclpeaesieHue 3TON TPYJ0EMKOCTH IO CEMECTPaM) MPECTaBICHbI B
Tadimue 2.

Ta6muia 2 — O0beM U TPYJ0EMKOCTh JUCITUTUTNHBI

TpynoemMkocTs 1o

Bun yuebHoit paboThl Bcero ceMecTpam
Ne7
1 2 3

Oowan mpyooemKocmp OuCyUnIUHDL, 2/ 72 2/ 72
3E/ (uac)
H3 Hux uacoe npakmuueckoi no020moeKu 17 17
AyoumopHhuie 3anamus, BCETO 4ac. 34 34
B TOM YHCIIE:

nexum (JI), (gac) 17 17

1('IpaI()TI/I‘{eCKI/Ie/CeMI/IHapCKI/Ie 3anatus  (I13), 17 17

qac

naboparopusie pabots (JIP), (dac)

KypcoBoii npoekT (padota) (KII, KP), (yac)

HK3aMeH, (Jac)

Camocmosmenvnas paboma, Bcero (dac) 38 38
Buo npomesxcymounoit ammecmayuu:. 3a4er,

mudd. 3auer, sx3amen (3auer, Judd. 3au, | 3ayer 3auer
JK3.**)

*k
IIpumedaHue: kaHaMAATCKHI 9K3aMeH

4. ConepxaHue JUCITUTUTHHBI
4.1. PacnpeneneHue TPyJ0EMKOCTH JUCIUILTHHBI IO pa3/esiaM U BUaM 3aHSITHI.




Pa3;[em>1, TEMbI JUCHUIIJIMHBI U UX TPYAOCMKOCTDb ITPUBCJICHLI B TaGJII/ILIG 3.

Ta6yimma 3 — Pa3nensl, TeMbl TUCIUIUIMHBI, KX TPYI0EMKOCTh

Pa3ﬂCHI)I TEMbI JUCITUITIITUHBI .HGKLII/II/I 113 (C3) P KII CPC
’ (gac) (gac) (gac) (gac) (dac)
Cemectp 7
Pasznen 1. OOuume cBenenust 00 00ObeKTax
WCCJICIOBAHMSI B 00JIACTH HAHOTEXHOJIOTHUH. 4 4 8
Bubl HaHOCTPYKTYp, Ha3HAYCHHE, OCHOBHBIE
orpeneneHus, Kiaccuukanus 00bEKTOB
Paznen 2. CtpykTypa, CBOMCTBA, METOIbI IOTYUYCHUS U 6 6 10
0c00EHHOCTH IPUMEHEHHsI HAHOCTPYKTYP
Paznen 3. XapakTepucTika KOHIICTIINI 4 4 10
MOJICKYJIIPHBIX HAHOTEXHOJIOTHIA
Paznen 4. O0mias xapakTepucTKa METOI0B 3 3 10
UCCJIEIOBaHU 00bEKTOB MUKPO U HAHOCTPYKTYP
Hroro B cemectpe: 17 17 38
Hroro 17 17 0 0 38

HpaKTI/I‘leCKaﬂ IIOAroTOBKAa  3aKJI04YacTCA B  HCIIOCPCACTBCHHOM  BLIIIOJIHCHHUH

00yJarouMucs

ONpPENIeICHHBIX  TPYIOBBIX  (YHKIMH,  CBSA3aHHBIX C  Oya;ymei

HpO(i)CCCI/IOHaHBHOI;'I JACATCIIBHOCTBIO.

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

Ta6mmma 4 — ComepxaHue pa3eiioB U TeM JEKIIMOHHOTO UK

Howmep pasznena

HazBanue u COACPIKAHUC PA3ACIIOB U TEM JICKITUOHHBIX 3aHATHH

Pazgen 1

Tema 1. OcHOBHBIC TTIOHSTHSI HAHOTEXHOJIOTUH U WHPOPMAITHOHHBIX TEXHOJIOTHA.
OOmue cBemeHuss 00 OOBEKTAaX WCCIENOBaHUS HAHOCTPYKTYp. Hasnauenwe,
oTpeJieNieHHs, KitacCchuuKarust

Tema 1.1.1. BBenenne B HaHOMHP M B WH(OPMALMOHHBIE TEXHOJOTHH, OCHOBHBIC
MOJIOKEHUS.

B Hacrosimee Bpems NPOUCXOAAT KOPEHHbIE H3MEHEHHMsS B cdepe BBICOKHX
TEXHOJIOTHH, MHKPOMEXaHHMKHM W JpPYrHMX OO0NacTIX dYeJIOBEYeCKOH MIesTeNbHOCTH,
CBSI3aHHBIX c (yHIaMeHTaIbHBIMH " MPUKJITHBIMH HCCIEJOBAaHHUAMH,
KOHCTPYHPOBaHWEM U IIPAKTHYECKHM HCIOJIB30BAHUEM MaTepualioB, YCTPOMCTB H
CPE/ICTB M3MEpPEHHH OOBEKTOB, HIIEMEHTHI KOTOPHIX HMMEIOT pazmepsl meHee 100 HM.
WNudopmanus (ot nat. «Informatio») - 3To 3HaHHSA, CBEICHUS, COOOMICHNUS, SIBIISIOIHECS
00BEKTOM XpaHEeHNs, TPeoOPa3oBaHus, IEPeAaYr U MOMOTAIOIINE PEIaTh TOCTaBICHHBIC
3a1a4n.

Nudopmannonnsie Texuonorun (UT, ot amrm. information technology, IT) -
IIMPOKUHA KJIacC AUCHUIUIMH M 00IacTel AEATeNbHOCTH, OTHOCSIINXCA K TEXHOJIOTHSIM
yhnpaBieHUsI ¥ 0O0pabOTKM TaHHBIX, B TOM YHCJE, C MPUMEHEHHEM BBIYHCIUTEIBHOM
TeXHUKU.B mocnennee Bpems moj WHGOPMANMOHHBIMH TEXHOJIOTHSMH dalle BCEro
MTOHNMAIOT KOMITBIOTEPHBIE TEXHOJOTHH. B wacTHOCTH, MH(OPMAIMOHHBIE TEXHOJIOTHN
HUMEIOT JIeJI0O C MCIOJIb30BAHUEM KOMIBIOTEPOB M IIPOrPpaMMHOTO oOecrieueHus s
XpaHeHHs1, IPeo0pa3oBaHys, 3alUThl, 00PadOTKH, Nepeiaun U IOJydeHus] HHpopManum.
CrnenunanicToB 10 KOMIBIOTEPHON TEXHUKE W MPOTrPaMMUPOBAHHUIO YacTo Ha3biBatoT UT-
CIICIHAINCTAMHU.

Tema 1.1.2 OcHOBHBIC YePTHI COBPEMEHHBIX HH(POPMAITHOHHBIX TEXHOJIOTHIA:

- KOMIBIOTEpHAsA 00paboTka HH(OPMAIIH 10 3aJJAHHBIM AITOPUTMAaM;

- XpaHeHne 00X 00bEMOB HHPOPMAIINN HA MAIITTHHBIX HOCUTEIISX;

- lepenada nHGOPMAIMK Ha JTIOObIE PACCTOSHUS B OTPAaHMYCHHOE BPEMS.
WudopmanmonHas TEeXHOJIOTHS (OPMHUPYET MEpeaHUH Kpail HAyIHO-TEXHHYECKOTO

mporpecca, co31aeT HHPOPMAIIHOHHBINH (PYHIAMEHT Pa3BUTHS HAYKH U BCEX OCTAIBHBIX




TexHoyornid.Pa3BuTie MHPOPMAIIMOHHBIX TEXHOJIOTHH BO BCEM MHUpE OOBSCHSETCS
BO3pOCHIEH HMHTCHCHBHOCTHIO HMH(MOPMALMOHHBIX IIOTOKOB BCIIEACTBHE PA3BUTHS
MIPOLIECCOB TI00ANHM3al MHPOBOM 3KOHOMHKHM W CTAHOBIECHHUS HH(OPMALMOHHOTO
MIPOCTPAaHCTBA.  YIIpaBJIEHUECKas JICSTENBHOCTh HYKAAaeTcs B  HH(POPMAOHHOM
obecriedeHnn, Tak Kak 00paboTka HHPOPMALINH [T IPUHATHS YIPABICHICCKUX PEIICHIH
1 BBIPAaOOTKHU YIIPABIAIONINX BO3ICHCTBUII 3aHMMAET JOCTATOYHO MHOTO BpemeHH.Tema
1.2. HaroTexHOMOTMH B MH(GOPMAIIOHHBIX TEXHOIOTHSIX

YenoBeueCcTBO BO BCE BpEMEHAa CTPEMHJIOCh YIYYIINTh YCJIOBUS  CBOETrO
cymiecTBoBaHus. Ternepp OOJBIIMHCTBO M3 HAC YK€ HE MOXKET MPEJCTaBUTh ce0e KHU3Hb
0e3 COBpEeMEHHBIX OJjar IMBWIN3AIMHU, JOCTHXKCHUH HAayKH, TEXHUKH, MEIMIMHBI.
CreayrolyM I1aroM B 3TOM Pa3BUTHU CTaHET OCBOCHWE HAHOTEXHOJIOTHH, B YaCTHOCTH,
CHCTEM OYEHb MaJIOTO pa3Mepa, CIOCOOHBIX BBINOJIHATH KOMaH b JitoeH. B HacTosiee
BpeMsi  HAHOTEXHOJIOTHSIM  yjensiercsi  OoJibIloe  BHHMAaHHME - CO3/aI0TCS
HCCIIEI0BATEIbCKNE HHCTUTYTHI, pa3BepHyTa MOAroToBKa cnenuanuctos. B CIIA stumn
BOIIPOCAMH 3aHMMAIOTCS TakuWe m3BecTHBIC (upmbl, kak Intel, MEMS Industry Group,
Sandia National Labs. PaccMaTprBaempIii KpyT BOTIPOCOB - OT pyYKH 0€3 pa30ophI3THBAHAS
YepHUII 10 OecrpoBOJOYHON TMepeAadn MAHHBIX, ONTHYECKHX YCTPOHCTB YIpPaBICHHS
OpYXXHEeM ¥ MHHHCIYTHHKOB. ATCHTCTBO IIEPCIIEKTUBHBIX paszpaboroxk MO CIIHA
peanmsyet nporpammy "YMHAs IbUTL", HANTPABJICHHYIO HA CO3/IaHNE CBEPXMHHHUATIOPHBIX
YCTPOWCTB, CIIOCOOHBIX I'€HEPUPOBATH IHEPIHIO, MTPOBOJAUTH MOHHTOPHUHT OKpPYIKaroIeH
Cpenbl, HakalIMBaTh W repenaBaTh HH(opmauuio. OueHb 3HAYMMOE JOCTHIKEHHE B
00J1acTH HAHOTEXHOJIOTHH - CO3/IaHKe SI/Ipa ONIEPAIIMOHHON CUCTEMBI.

Slnpom - neHTpanbHast yacTh onepanuonHoi cucrembl (OC), obecnieunBaromas
MIPUJIOKEHUSIM  KOOPAWHUPOBAHHBIA JIOCTYII K pecypcaM KOMIIbIOTEpa, TaKUM Kak
MIPOLIECCOPHOE BPEeMs, TAMSITh M BHEIITHEE amnmapaTHoe obecriedenne. Takke 0ObIMHO Sapo
MIPEOCTaBIISIET CEPBUCHI (alIOBON CHCTEMBI M CETEBBIX MPOTOKONIOB.Ha maHHOE Bpems
y’Ke BBIITYIICHBI OTIEPAIIMOHHBIC CHCTEMBI Ha OCHOBE 2, 4 1 6 siziep.

CeromHs YK€ CO3MaH HOBBI TEIUIOOTBOAHBIA WHTEpQEiic, MpHU3BaHHBINA
3aMIMINATh MHUKPOCXEMBI OyIyIIero OT IeperpeBa. YUEHBbIC PEIIMIN OTKa3aThCS OT
TPaANIIMOHHOTO MHTep(eiica Ha Ma3eBOH OCHOBE, COJEpIKaIleil MENKHe METATNIECKUE
yacTUIBl. BMECTO 3TOr0 OHM MPEJIOKWIM BBIPAIMBATh TEMJIOOTBOAHBIC 3IEMEHTHI
MIPSIMO Ha TIOBEPXHOCTH MHUKPOCXEMBI.

B pe3ynbpTare MOBEPXHOCTH YMIIA MOKPBIBATIACH LIEIBIM JIECOM HAaHOCKOMMYECKUX
YIJIEPOJHBIX HAHOTPYOOUeK, KOTOpBIE W MPEACTABISUIM Cc000il OCHOBY HOBOTO
TEIIOOTBOJHOTO  HMHTep(deica. J[ma BeIpaliyMBaHUS HAHOJIECA HAa MOBEPXHOCTH
MOJYMPOBOJHHUKA OBLIM HAHECEH PUCYHOK C HCIIOJIb30BAaHHEM CIEIHAIBHBIX TA0JI0HOB U3
MOJIEKYJT C Pa3BETBJICHHOW IeNbI0, HMEHYeMBIX neHapuMepamu (dendrimers). 3atem B
TOYKAaxX pPa3BETBICHMUS pPHCYHKAa OBUIM pa3MEIIEHbl YaCTHIBI-KaTalIn3aTophl pocTa
YIJIEPOJHBIX TpPyOOYeK, BBIITOJHEHHBIE W3 MEPEXOJHBIX METAJUIOB: JKelle3a, HHUKEI,
KoOaypTa WM mamiagus auamerpom mopsaka 10 M. OOpaboTaHHBIE KaTann3aToOpamMH
TIOJTYIPOBOTHUKY TIOMEIIAINCh B KaMepy ¢ METaHOBOM aTMocdepoii, Iie u MpOUCXOANII
COOCTBEHHO Tmporiecc "BeIpamuBaHHA" YIIEPOAHBIX HAHOTPYOOK €  IHAMETPOM,
CTPEMSIIUMCS K TAKOBOMY YaCTHI[-KaTaIN3aTOPOB

Komnanust IBM mpejcraBmiia HOBOE TOKOJEHHE CEPBEPHBIX MPOIECCOPOB
Power-7 u cemeiicTBo cepBepoB Ha ux 0aze. [Ipoueccopsl OyayT nmocTaBisThCs B 4-, 6- 1
8-smepHbIX  KOHGUTypalusX, MOpUYeM KaxIoe sApo OyaerT moaaepkuBath 4
UH(OPMALMOHHBIX MOTOKA. DTO O3HAYaeT, 4YTO BOCHMHUSIEPHBIH mpoueccop Power-7
CMOXKET OJHOBPEMEHHO MHOjJiepkuBaTh 10 32 3amad. [lo cpaBHEHMIO € NpeAbLIYHIMM
TIOKOJICHHEM TIpolrieccopoB Power-6 uucio sigep B cTapuieidl MOJENHM YBEIMYHMIOCH B
4eThIpe pasa.

Tema 1.1.3. VickyccTBEHHBIN HHTEIUIEKT U MAlIMHHOE 00y4EHHE.

VlcKycCTBEHHBIH MHTEIUIEKT XapaKTepH3YeTCs METOJaMH, KOTOpbIE MO3BOJISIOT
UMHUTHPOBATh deJjoBeueckoe IroseaeHne. Ha ocHoBe JaHHBIX 00 0COOEHHOCTSX
HMHTEJUIEKTA M pacin(poBKax acleKTOB OOYYeHHS MalldHa MOXKET BOCIIPOH3BECTH STH
MIPOIIECCH. BEIICISIOT TpH TPYIIIBI CHCTEM HCKYCCTBEHHOT'O MHTEIIICKTA:

- OTPAaHWYCHHBIA HCKYCCTBEHHBIM nHTEUeKT (Narrow Al) — pemenne ogHOM
KOHKPETHOM 3aJ1auy;

- 00mui ucKkyccTBeHHbINH MHTEIUIEKT (AGI) — MOYKET BBIMTOJHATH MHOTO 3a/1a4 Kak
YeJI0BEUECKUIN MO3T;

- CBEPXPa3yMHBIH HCKYCCTBEHHbIH MHTEIUICKT — BBIIIE HHTEJJICKTA YeJIOBEKA.

MammHHoe 00y4eHHe — HalpaBJeHHEe HUCKYCCTBEHHOT'O MHTEJUICKTA, BKIIOYAOIIee
METOJ/bl, C TOMOIIBI0 KOTOPHIX MOHO OOy4YMTh. MalIMHBl TIOJy4aloT JlaHHBIE H
o0yuatoTcs 1o HuM. Harrpumep, peniienue kiacca 3a/1a4 Ha pacrio3HaBaHie 00pa3oB.




I'nmyOokoe oOydeHHe - TOAMHOXKECTBO MAIIMHHOTO OOYYEHHSI — WCIOJIb3YET
HEHPOHHBIE CETH I pELIeHUs pealbHbIX 3anad. HeillpoHHblE CeTM HMMUTHUPYIOT

4eJI0BEUECKOE IIOBEICHUE B IIPOLECCE IPUHATHS PELLICHUN.

KommnbroTepHoe 3peHHe- 00J1acTh HCKYCCTBEHHOTO HMHTEIJICKTA, HalpaBlIeHHAs Ha
aHanM3 BHJECO W M300pakeHHd. Komnbiorep HajenstoT HAOOPOM METOJIOB, C MOMOIIBIO
KOTOPBIX OH HM3BJIEKAaeT MHPOPMAIMIO U3 YBHJICHHOTO. MalMHbl MOTYT OOHapy>KUBaTh,
OTCIIS)KUBATh U KITACCU(DUIIMPOBATH OOBEKTHI.

Heiipocetn - maremaruueckas MOJENb, IpOrpaMMa KOTOpOW (yHKIHMOHHPYET
oJJ00HO MO3Ty XHMBOTo opranizma. CymiHOCTh HEMpOCETEH 3aKI09aeTcs B MOCTPOCHUN
MIPOTPaMMBbI 0 TIPUHIMITY (YHKIMOHUPOBAHUS OMOIOTMYECKUX HEHpOoHHBIX cereil. C
MOMOIIBI0 HEHPOHHBIX CETeH pEeIalT 3aJaudl  KIAcCH(UKAINM, TpeICKa3aHus,

pacro3HaBaHUs
brokueiin u KpUNTOBAIIOTHI.
brioxdeiiH — HempeppIBHAs IIeTIOYKa OJIOKOB I  XpaHEHHUs WH(POPMAIUH,

copMHUpOBaHHAs IO OMNpECICHHBIM mpaBmwiaM. L[u(ppoBble HaHHBIC 3aIIUIICHBI OT
MOJAMEHBI U U3MCHEHUI.

Kpunropaitota - pa3HOBHIHOCTH U(POBOI BaIIOTHL. Ee KondyecTBO omnpeaesiercs
KOJIMYECTBOM JJAaHHBIX PACUETHBIX €IMHHUILl, KOTOPOE 3alMCHIBAETCS B COOTBETCTBYIOLIEH

MO3UIINKM MH(OPMALMOHHOTO MAaKeTa IMPOTOKONA Tepelad AaHHbBIX.bonbine naHHbIC
win Big Data — cTpykTypHpOBaHHBIC WM HECTPYKTYPHUPOBAHHBIE MAacCCHBBI JAHHBIX

6ompmoro oobeMa. VX HCTIONB3YIOT AT CTATHCTUKH, aHAIIN3a, TIPUHATHS PEIICHUH .
Tema 1.2 IHCTpYMEHTBI HAHOTEXHOJIOTUU

CoBpeMeHHbIE METOJbl HCCIIEIOBAHUS, MPUMEHSIEMbIE B HAHOTEXHOJOTUSAX CTallU
BO3MOJKHBI, KOTJa ObUTH pa3pabOTaHbl U WHCTPYMCHTAJIbHO ITOJATBEPXKICHBI OCHOBHBIC
UJe  aTOMHO-MOJICKYJSIpDHOM TEOpMHM U  TIOJNy4YeHBl TEPBbIE  PEHTTCHOBCKHE
TU(GPaAKIUOHHBIE H300PaKCHUS KPUCTAIUIMYCCKUX CTPYKTYp. BaKHBIM COOBITHEM B
HUCTOPUU HAHOHYKH CTalo M300peTeHHe MPOCBEUHMBAIONICH SIEKTPOHHONH MHUKPOCKOIHUH,
MTO3BOJIAIONICH MOTYYIHTh N300pakeHIe HAaHOPa3MEPHBIX CTPYKTYP, a TaKkKe H300peTeHne
CKaHHPYIOMIETO TYHHEIEHOTO MUKPOCKOTIA.
Tema 1.3 Uccnenoanne 00bEKTOB HAHOTEXHOJIOT AN
[IpemMeToM HAHOTEXHOJOTHU SIBISETCS HOBBIE OOBEKTHI — HAHOCTPYKTYPBI, KOTOpBIC
AMEIOT CyOMHUKpPOHHEIM pa3Mep B OJHOM W3 HAIpaBJICHUH, KOTOPHIE B COI0 OYepelb,
HY)KIal0TCs B Kiaccupukaiuu. B 0CHOBY KitacCH(DUKAIINH TTOJI0KEHBI CTPYKTYpPa, COCTAB,
a TaKke UX PU3NKO-XUMUYECKUE CBOWCTBA.

Pasnen 2

CrtpykTypa, CBOWCTBa, METOJBI TIOJYYCHHS W OCOOCHHOCTH TNPUMEHEHHUS
HAHOCTPYKTYD.

Tema 2.1 OU3UKO-XMMUUYECKHE CBONCTBA HAHOCTPPYKTYP

B o0macTn BBICOKMX TEXHOJIOTHH IMIMPOKO HCHOJB3YeTCs KIacCH(UKAIUS AWUCIIEPCHBIX
CHCTEM IO JHUCIIEPCHOCTH, T.€. 1O pa3MepaM M YACNbHOH IUIOMIAJH IIOBEPXHOCTH
aucnepcHor ¢aspl. B mepBoM npHOMMKEHNN TUCIIEPCHBIE CHCTEMBI TIOAPA3IeIITIOTCS Ha
rpyboancIiepcHbIe 1 TOHKOANCIIEPCHBIE, TaK Ha3bIBAEMbIE KOJJIOUIHBIE CHCTEMBI.

Tema 2.2 YrieponHble CTPYKTYpBI - YTIepoa sBisieTcs Hauboyiee pacmpoCTpaHEHHBIM
3JIEMEHTOM B IPUPOJIE, OH CYIIECTBYET B TBEpAOi (haze M HECKOIbKUX MOTUPHKAIMAX C
pa3IMYHBIME  (PU3UKO-XUMHYECKUMH CBOMCTBAMH: rpaduT, aiaMa3, KapOuH, TpadeH.
Bakneiinieir 0coOOEHHOCTBIO YIIIepo/ia ABISETCS CIIOCOOHOCTh 00Pa30BbIBaTh Ienouku —C
—C — C-, KoTOpbIe TMPUPOJA UCTOIB3YET IJISl CO3JAaHUS OWOJIOTHYECKUX TMOJIMMEPOB, a
YeNIOBEK Ul MPOM3BOJCTBA PA3IUYHBIX CHHTETUYECKUX MAaTEePUAIIOB.

Tema 2.3. B KOHIIe POILIOrO CTONETHSI OBUTH OTKPBITH HOBBIE YTIIEPOHBIE COSANHEHUS,
cpenn KoTopbix (ysurepeH, obiagaronMii yHUKIBHBIMHA CBOWCTBaMHU. DysuiepeH umeer
KapKacHYIO CTPYKTYpY, KOTOpasi COCTOMT M3 3aIlIaTOK IISITH- U MIECTUYTONbHON GopMmbl. B
1990 r. 6511 pa3paboTaH MeTO[ MOTy4YEHHs QyIIepeHa.

Tema 2.4. B 1991 r. B mpoayKTax 3JeKTPOIyroBOTO HCHapeHus rpaduTa Opun
00OHapy>KEHBI IUINHAPUIECKHE YTIIEPOAHBIE KOHCTPYKIIUH, OTYIHBIINE HA3BAHUI
«HaHOTPYOKW». HanoTpyOKa mpenctaBiseT coO0H NPOTSKEHHbIE IIITHHAPUICCKUE

CTPYKTYpPBI TUAMETPOM OT OJHOTO JI0 HECKOIBKHX JIECITKOB HAHOMETPOB U JTMHOH 110




HECKOJBKUX CAaHTUMETPOB. 1o CymmecTBy Takas HAHOTpYOKa MpeaCcTaBIsieT cO00H OHY
MOJIEKYJTY, COCTOSIIIIYIO U3 MUJUTHOHA aTOMOB yrieponaa. B obmiem cinydae, YHT
001aaroT YHUKAIBHBIMH AJIEKTPHICCKIMU, MEXaHMIECKUMHU M XUMIIECKUMHU
CBOMCTBAMH.

Paznen 3

XapaKTeprucTUKa KOHLEINUNA MOJIEKYJIIPHBIX HAHOTEXHOJIOT UM
Tema 3.1. UcTopus pa3BUTHS HAHOTEXHOJIOTUN

Wpero o ToM, 9TO BO3MOKHO CO3/aBaTh HY)KHBIE HAM yCTPOWCTBA M JpPYyrHe OOBEKTHI,
cobmpas ux "MOJEKyJia 3a MOJIEKYJIoi" 1, Jaxke, "aToM 3a aToMOM" OOBIYHO BO3BOIAT K
3HAMEHUTOH JICKIMH OIHOTO M3 KpymHeWmux ¢usukoB XX Beka Puuapna deitnmana
«TaMm BHM3y — MHOro MecTa». Jra JeKius Obuta mpouutaHa uM B 1959 rony;
OOJIBIIMHCTBO COBPEMEHHHKOB BOCIIPHHSUIN €€ KaK (paHTaCTHKY WM IIYTKY.
CoBpeMeHHBIH BUJ UAEU MOJICKYJSIPHOM HAHOTEXHOJIOTMH Hayajd NpUOOpeTaTh B
80-e romer XX Beka B pesynbrare pador K. D. [lpekciepa, KOTOpbIe TaKKe CHayaia
BOCIIPHHUMAJINCH KaK Hay4dHast ¢aHTacTHKa. IIpm 3TOM QyHmaMeHTaIpbHAs MOHOTpadwus
"Hanocuctemsl. MonekynsapHas TeXHUKA, TPOWU3BOJACTBO W BBIYUCICHHUA" WMeEET,
HECOMHEHHO, OCHOBOIoOJIaraiomee 3HadeHHe. CaM TEpMHH HAaHOTEXHOJOTHS CTall
MOMYJSIPEH UMEHHO TOCJIE BBIXOJAA B CBET 3HaMEHUTOW KHUrU O. [pekciepa "MamuHel
TBOpEHMS" U MOCIENOBaBIIEH 3a 3TUM Auckyccuu. [Tozxe Jlpekciaep B CBUX HAYUHBIX
paboTax cTajd HCNONB30BaTh TEPMHH MOJIeKyJIspHas HaHoTexHonorus (MHT) s
pa3IMYeHHs IpeasaracMbIX UM peIIeHUH.
Tema 3.2. OcoOeHHOCTH TBEPIOTEIBHBIX HAHOCTPYKTYP.
O1eHKH NapaMeTpoB HAHOMEXAaHMYECKUX YCTPOMCTB M MallWH - B CBOMX paborax O.
Jpekcnep u ero mociefoBaTeld OICHHBAIM IIapaMeTpbl B OCHOBHOM MEXaHMYECKHX
YCTpOMCTB, KOTOphIE OHM MOTJIM OBl UMETh NMPH HPUONMKEHHM pa3Mepa KOMIIOHEHT K
MOJIEKYJISIpHOMY MacimTady. OTo 00yclOBIEHO HE TeM, YTO OHM HEJOOICHUBAIOT
Ba)KHOCTh 3JICKTPHUYECKUX, ONTHYCCKHX M T. I. 3((deKToB, a TeM, U4TO MEXaHHIECKHE
KOHCTPYKIIMH TOpa3jo MpolIe U JocToBepHee Macimrabupyrorcs. Ilpu sTom ocosHaéres,
YTO BJEKTpHUYecKrue M mpoune 3(PQPEKTHl MOTYT JIaTh 3HAYUTENbHBIC JOMOJIHUTEIHHBIC
BO3MOXHOCTH. lIpom3Bens cooTBeTcTByIolee MaciuTabupoBaHue J[pekciep HOTydIHi
CJIEIYIOIINE YUCICHHBIC OLICHKH:
- MO3UIIMOHUPOBAHHUE PEArHPYIONUINX MOJIEKYH ¢ TOYHOCTHIO ~0.1 HM;
- MEXaHOCHHTE3 C MIPOU3BOIUTEIHHOCTHIO ~106 omep/cek Ha yCTPOHCTBO;
- MOJIEKyJIsipHast cOopka oO6bekTa Maccoii 1 kr 3a ~104 cek;
- paboTa HAHOMEXaHUYECKOTO yCTpoiicTBa ¢ 4acToToi ~109 I'm.
Tema 3.3. OOBEKTH HAHOMOJICKYJIIPOHON TEXHOJIOTHU
BB IpoBeIeHBI MCCIIeT0BaHMS TI0 BOIIPOCAM BO3MOKHOTO (hYHKIIMOHUPOBAHUS PabOTHI
"yerpoiicTBa" aHaJOrMYHOTO MacmTaba B JKMBBIX OpraHW3Max. B KkauecTBe mpumepa
1enecooOpa3Ho paccMOTpeTh paboTy MpencTaBuTeNs >kuBoro opranmsma ATd-cuHTaza
ABJISIOIIET0 (pepMEHTOM, IPeoOpa3yIoIIM Pa3HOCTh KOHIIEHTPAIUI TPOTOHOB O Pa3HbIe
CTOPOHBI MEMOpaHbI B YHEPTHIO, 3aMacCEHHYIO B MOJIeKyax aseHo3uHTpudocdara (ATD).
Ilocnennee wucHoOnb3yeTcsl MPAKTUYECKM BCEMHM MEXaHM3MaMH KIETKH B KadecTBe
YHHUBEpCAJbHOTO HOcHTEeNsd »Hepruu. ATd-cuHTa3a HPUCYTCTBYET B '"IHEPrEeTHUECKHX
CTaHIUAX" PACTUTENBHBIX M JKMBOTHBIX KJIETOK - XJIOPOIUIACTaX M MHUTOXOHJIPHAX H
IIpeACTaBIsIET cOOOH JJOBOJBHO CIIOXKHYIO KOHCTPYKIMIO M3 HECKOJILKHAX THIIOB €MHUII -
OEJIKOBBIX MOJIEKYJI.
Tema 3.4. Yrnepoa B npupone
Bcé xuBoe Ha 3emile COCTOMT U3 COEAMHEHHH yriepoja. 3HA4eHUE 3TOro 3JIEMEHTa
TpyIHO mepeoneHuTs. OHO OMpesersieTcss OrpOMHBIM pa3HooOpasueM ero ¢opMm B
COCIMHEHMX. YTICPOIHBIE IIETIOYKH MOTYT O0pa30BBIBAaTh JMHEHHBIN CKENET MOJEKYI,
OUKIMYECKHE M CIOKHBIE OOBEMHBIE CKEJIETHBIE CTPYKTYPHI; YIJIEPOJA TPEACTaBISAET
OTPOMHBII WHTEpEC W B YHCTOM BHZE, NMPUHUMAs pa3lIn4Hble (OPMBI OT anMasa o
MOJIEKYJISIPHBIX BOJIOKOH M HaHOTPYOOK. KoBaneHTHas CBSA3b yriepoa-yriiepoa sSBISETCS
Hambosee MPOYHOH W3 W3BECTHHIX. /[0 CpaBHHUTEIHHO HETABHETO BPEMEHH W3BECTHBHI
OBUTH TOJIHKO JIBE Pa3HOBHIHOCTH YIOPSJOYEHHOTO YHCTOTO yIilepoa - ajiMa3 u Ipadur.
[Torom ObuUTM OOHApY)KEHBI W JpPYyrue - CHayaja ObUIM CHHTE3HMPOBAHBI MOJIEKYJISIPHBIE




BOJIOKHA, 3aT€M OTKPBITHI MOJIbIE CheprdecKkue MOJEKYNbl - (yJUIepeHbl; HPU MOUCKE
3 (PEeKTHBHBIX  METOJIOB MTOCIICAHUX OOHapyXXeHBl  YTJIEPOTHBIC
HaHOTPYOkH. VIMEHHO MaTepuayibl Ha OCHOBe yrieposaa JIpekciep paccMmarpuBaeT B
Ka4eCTBEe OCHOBHBIX KaHMATOB ISl N3TOTOBJICHHS KOHCTPYKIIUI HAHOMEXaHH3MOB.

CHHTE3A ObLTH

Pasnen 4

XapakTepucTHKa METOIOB HCCIEAOBAaHUN 00bEKTOB MUKPO M HAHOCTPYKTYP
Tema 4.1.McTpyMeHTBI HAHOTEXHOJIOT U
Omguumu U3
HAaHOTEXHOJIOTUH,

MEpPBBIX HMHCTPYMEHTOB, KOTOpBIE IIOMOIJIM HWHHIMHPOBATH
ObulM Tak Ha3bIBacMble CKaHUpYIONIME 30HIBL. Bce
CKaHHPYIOIINX 30HI0B ObIIN pa3zpaboransl B Lopuxe B Havane 80-x romoB. Cama maes
OYeHb IPOCTA: €CIIH, K IIPUMEPY, IPOBECTH AJIBLEM IT0 HOBEPXHOCTH, TO JIETKO OTINYUTh
0apxaT OT CTaJIK WIH JepeBa. B TaHHOM SKCIIepIMEHTe Maell NeHCTBYeT KaK CTPYKTypa
u3MepeHusi Cwibl. JlaHHAas wuues M IOJIOKEHa B OCHOBY pabOTBl CKaHHPYIOLIETO
MHKPOCKOIIA, OJHOT'0 M3 PACIPOCTPAHSHHBIX CKaHUPYIOMNX 30H10B. CKaHUPYIOIUH 30HA
IIPY U3MEPEHUH CKOJIL3UT I10 MOBEPXHOCTHU TaK K€, KaK 9TO JEJAI0T Majblbl. 30H] HMEeT

Haeu
THIIBI

HAaHOCKOTMYECKHH pa3mep (yacto Bcero oauH atoMm). Ilpu ABWKEHMH OH MOXKET
OTIPEJIeNIATh HECKOJIBKO PAa3JIMYHBIX CBOMCTB, KaX/10€ U3 KOTOPBIX COOTBETCTBYET HHOMY
H3MEPEHUIO.
Tema 4.2. ATOMHO-CHIJIOBOM MUKPOCKOII
B aToMHO-CHIIOBOM MHKPOCKOTEC 3JIEKTPOHMKA HCIIONB3YeTCS Ui HM3MEPCHHS CHIIBI
BBOAMMOW KOHYMKOM 30HAA TPH €ro IBIDKCHUH BIOJNb IOBEPXHOCTH HCCIECTyEeMOTO
00BeKTa.
Tema 4.3. TyHHENbHBIA MUKPOCKOIL.
B TyHHENTEHOM MHUKPOCKOIIE U3MEpSETCS BEIMYMHA JIIEKTPHICCKOTO TOKA, IPOXOISIIECTO
MEXJy CKaHUPYIOIIUM 30HIOM M IOBEPXHOCThIO. TyHHEIbHas MHKPOCKONHUS — 3TO
MIPAKTUYECKU TIEPBBIA pa3paOOTaHHBIM METOA 30HJOBOTO CKAHMPOBAHUS, HAIEAIIETO
LIMPOKOE NIPUMEHEHHE.
Tema 4.4. MarHUTHO-CUIIOBOM MUKPOCKOII
B MarHuTHO-CHIIOBOM MHUKPOCKOTIE 30H]], CKAHUPYIOIINI TOBEPXHOCTD, SIBIISIETCS
MarHUTHBIM, OH TTO3BOJISIET HOYYBCTBOBATh Ha TIOBEPXHOCTH JIOKATHHYIO MATHUTHYIO
CTPYKTYpY. 30HJ MarHUTHO-CHJIOBOTO MHKPOCKOIIAa pad0OTaeT NOJO00HO CUUTHIBAIOIICH
TOJIOBKH BUHYECTepa Wil MarHnTo(GoHa. CKaHUPYIOIIHE MUKPOCKOTIBI TIO3BOJIHIIH
BIIEPBEIC YBUIECTh OOBEKTHI Pa3MEPOM C aTOM.

4.3. Tlpaktudeckue (cCeMUHAPCKUE) 3aHATHUS
TeMmbl MpakTUUECKUX 3aHATHIA U UX TPYAOEMKOCTh IPUBECHBI B TAOIUIIE 5.

Tabmuna 5 — [IpakTuueckue 3aHsATHS U UX TPYJOEMKOCTh

N3 Hux No
o
Ne TeMmbl mpakTUYECKUX @DopMBbI MPAKTHYECKUX Tpynoemxo MpaKTIHee | pasiedt
1/ N o CTb, KOM a
3aHATUHN 3aHATUHU
I (gac) MTOATOTOBK | IWCIIMII
u, (yac) | JIUHBI
Cemectp 7
1 OcCHOBHBIE 4epThl COBpeMeHHbIX |T. | AHanmM3 W OIGHKa  PEeCypcos, 3 2 1
CTpyKTYpUPOBAaHHOCTD CTAHAAPTOB | HEOOXOMUMBIX UL  YIPaBICHHUS
mudpoBoro  obMeHa  jgaHHbIMH | mHpopmarmed, 10, HeoOxoaMMOE
ITOPUTMOB UL cOo3JaHus, XpaHeHus,
yIpaBieHHs, Tepeladyd U IOHCKa
nHpOpMaIHU
2 Hccnenosanue noBepxHocTd | IIpoBeneHre BHEIIHEro ocMoTpa U 3 2 2
METOOM aTOMHO-cmIoBOi | moarotoBka C3M k pabote B
MHKPOCKOTTHH pexume ATOMHO-CHJIOBO
MHUKPOCKOIIHH
3 | UccnenoBanue noBepxHoctd | [IpoBeneHue BHEIIHEro ocMOTpa M 4 3 3
METOZIOM aTOMHO-CuIIOBOi | moarotoka  C3M x  pabore,




MUKPOCKOIIHHU MOATOTOBKA obpasia K
HCCJIICIOBAHHUIO
4 | UccnemoBanue  moBepxHOcTH | OO6paboTka pe3yibTaToB 3 2 4
METOJIOM ATOMHO-CHJIOBOM HUCCIIC0OBaHUA o6pa3ua H aHallu3
MI/IKPOCKOHI/H/I PE3YIBTATOB I/IBMepeHI/Iﬁ
5 IToaroroBka 31EKTPOHHOIO ITopsinok u 4 3 4
MHKPOCKOTIa U MOCJICIOBATEIIBHOCTh
(YHKIIMOHATBHBIX OJIOKOB BKITFOYCHUS M BBIKJTFOUCHHS
(y3710B) K paboTe B OCHOBHBIX C3M wmoxu.Solver PRO-M
pabounx pexmmMax
Bcero 17
4.4. JlabopatopHble 3aHATUS
Tembl 1a0OPaTOPHBIX 3aHATHIA U UX TPYAOEMKOCTh MPUBEICHBI B TaOHIIE 6.
Tabmuna 6 — JlabopaTropHbIe 3aHATHS U UX TPYJOCMKOCTh
N3 Hux No
Ne TpynoeMKocTb, | IPaKTUYECKOU | pa3aena
HaunmenoBanue 1abopaTopHbIX paboT Py - [ 1P p
/o (gac) MMOJTOTOBKH, | JMCIIHII
(gac) JIMHBI

V4eOHBIM IUIaHOM HE npeaycMOTpCHO

Bcero

4.5. KypcoBoe npoeKkTupoBaHHe/ BHIIOTHEHUE KypCOBOU PabOTHI
Y4eOHBIM MJIaHOM HE IPEIYyCMOTPEHO

4.6. CamocrosrenbHas padoTa 00yJaronuxcs
Bunbl camocTosiTenbHON paboThI U €€ TPYJA0EMKOCTh ITPUBEICHBI B TabIHIe 7.

Tabmuna 7 — Bunbel caMmocTosTenbHONU pabOThI M €€ TPYAO0EMKOCTh

. Bcero, | Cemectp 7,
Bua camocrositensHOM paboThI
qac qac
1 2 3
N3yuenune TeopeTnyeckoro Marepuania
16 16
nucturaHbl (TO)
[ToaroroBka Kk TEKymeMmy KOHTPOJIIO 8 8
ycneBaemoctu (TKVY)
Jomamraee 3amganue (/13) 12 12
IToaroToBka K MpOMEKyTOYHOU 2 2
arrectanuu (I1A)
Bcero: 38 38

5. IlepeueHb yueOHO-METOINYECKOTO OOECTICUeHUS
JUISL CAMOCTOSITETTEHOM PabOThI 00YUAIONMIUXCS IO TUCIUIUIMHE (MOJTYITIO)
Y4eOHO-MeTOInYeCKHe MaTepualibl JUIsl CaMOCTOSITENbHOW paboThl 00y4aromuxcs yKa3aHbl B
. 7-11.

6. IlepeueHb MEYATHBIX M ANEKTPOHHBIX YUCOHBIX U3TaHUN

HepequL NEYAaTHBIX U 3JICKTPOHHBIX y‘le6HBIX U3IaHui IIPUBCJICH B Ta6n1/1ue 8.

Tabmuma 8— [lepeyeHpb MeYaTHBIX U IIEKTPOHHBIX YUEOHBIX U3AaHUH




Iudp/
URL agpec

bubnuorpaduyeckas ccpuika

KomuectBo

IK3EMITISIPOB
B OMOJIMOTEKE

(kpome
AIIEKTPOHHBIX

HK3EMILISIPOB)

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

®dusnveckre OCHOBBI MUKPO- H
HAHOBJICKTPOHUKH, /lypHAKOB
A.A., /yae6HOE TIOCOOHE/,
YpdYV, 2020, -252 c.

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

®u3nYeCcKre OCHOBBI
HAHOTEXHOJIOTUM U
HaHoMmarepuaisl, CMupHoB B.U.
/yaeb6HOe mocobune/, Y TbsTHOBCK,
yal'TV, 2017, 240 c.

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

ba3oBble TEXHOJIOIMY MUKDPO- U
HaHOJJIEKTPOHUKH:
Bopotsiaiies B.M., Ckymnos
B.1., -M, , IIpocnekr, 2017, -
519 c.

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

Marepuassl 1 METO/bI
HaHoTexHoJorui, CTapocTuH
B.B. /yae6H0e Ioc0obume/, -M,
bunowm, 2016, -431c.

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

Hanomarepuansr: yueOHOE
roco6ue/, J1.1. PEIKOHKOB,
B.B. JIé€Buna, D.J1.
J3uazurypu, -M, bunowm,
2017, -343 c.

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

BrruncaureabHbIe
HaHoTexHoJioruu, Ilomos
A .M., /yaebHOe TIocoOne/,
Kuno-Pyc, 2017, -126 c.

https://znanium.com/catalog/product/1032129
(mara obpamenusi: 07.09.2021). — Pexxum
A0CTYyIIa: 11O IMMOATIINCKE.

Hcaes, C.B.
WHTemnekTyanbHble CHCTEMBI
yueb. mocobue / C.B. Hcaes,
0.C. Hcaesa. - KpacHospck :

Cub. penep. yn-t, 2017. - 120 c.

- ISBN 978-5-7638-3781-0.

https://znanium.com/catalog/product/1060845
(mata obpamenust: 07.09.2021). — Pexxum
A0CTYyTIIA: IO IMOATINCKE.

Onunnos, b. E. Mogenu u
IPOOJIEMbI HHTEIICKTYaIbHBIX
cucreM : MoHorpagwus / B.E.
OmquHioB. — MockBa :
HUH®PA-M, 2020. — 219 ¢c. —
(Hayunast mpicip). — DOI
10.12737/1060845. - ISBN 978-
5-16-015839-6.

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

CBUIETENHCTBO O
roCyJapCTBEHHOU perucTpanuu
nporpaMmsl 111 O9BM Ne
2021612957



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

Howm kauectBa «QFD»
IIpaBoobnamarens: ®I'AOY BO
«Cankr-IlerepOyprekuii
rOCyIapCTBEHHBIN YHHBEPCUTET
A’POKOCMHYECKOTO
npubopoctpoenus» (RU)
Astop: HabaneHnko AJiekcanap
Banepbepuu (RU)

7. IlepeueHb 3IEKTPOHHBIX 00Pa30BaTENbHBIX PECYPCOB
MH(POPMALMOHHO-TEIIEKOMMYHHUKAIIMOHHOHU ceTn « HTepHeT»
Ilepeuens DIIEKTPOHHBIX 00pa3oBaTeNbHbIX pecypcoB MH(pOpPMaIMOHHO-
TEJIEKOMMYHUKAaMOHHON ceTu «/HTepHeT», HEOOXOAUMBIX JJIi OCBOCHHUS JIUCLUIUIMHBI
npuBe/ieH B Tabsmie 9.

Tabmuma 9 — IlepedeHb SIEKTPOHHBIX OOpPA30BATEIBHBIX PECYpPCOB HH(POPMALMOHHO-
TEJIEKOMMYHUKAIIMOHHOU ceTn «HTepHeT»

URL aapec HaumeHnoBanue
http://science.guap.ru HayuHnast 1 ”HHOBallMOHHAS e TeIILHOCTD [ Y ATL

http://www.consultant.ru | CinpaBouno-nipaBoBas cuctema «Koncynprant [Limocy

http://www.garant.ru WupopmannonHo-npaBoBoit mopran «I'APAHT»

http://list-of-lit.ru CIUCOK JIUTEPaTyphl 10 HAHOTEXHOJIOTHH
/nano/nnotechnologii

8. Ilepeuens HHPOPMATMOHHBIX TEXHOJIOTUI
8.1. IlepeyeHp TPOrpaMMHOTO OOECHEYCHHMS, MCHOJIB3YEeMOTO MpPU OCYIIECTBICHUU
00pa3oBaTENLHOTO MpoIiecca M0 JUCIUIIIHHE.
[lepeueHp ucnonbp3yeMoro NporpaMMHOro odbecnedeHus npejacranieH B Taduuie 10.

Tabmuna 10— [TepeueHsr mporpaMMHOT0 00€CIICUCHIS

No /1t HaunmenoBanue

He npenycmorpeno

8.2. Ilepeuenn MH(}OPMALIMOHHO-CITPABOYHBIX CUCTEM,HCII0NIb3yEeMbIX npu
OCYIIECTBIICHUU 00pa30BaTEIHLHOTO MPOIlecca MO JUCIUILTHHE

[lepeuenr uCHONB3yeMBIX HHPOPMAIIMOHHO-CIIPABOYHBIX CHCTEM TMPEJICTaBICH B
Tabmmite 11.

Tabmuna 11— Ilepeuens nHGOPMAITMOHHO-CIIPABOYHBIX CUCTEM

Ne i/ HanmeHnoBaHue

He npenycmorpeno

9. MarepuanbHO-TeXHUYECKast 6a3a
CoctaB MaTepuabHO-TEXHUYECKONW 0a3bl, HEOOXOAMMOW ISl  OCYIIECTBIICHUS
00pa3oBaTeNbpHOTO Mpoliecca Mo TUCIUIUIMHE, IPECTaBIeH B Tabnuiel 2.

Tabmuma 12 — CocTaB MaTepHaIbHO-TEXHIUYECKON 0a3hl

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



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/

1 | MynpTuMenuiiHas JeKIUOHHAS ayTUTOPUS 13-13

2 | CnenuanusupoBanHas aboparopus «JlabopaTopus
UCCIIeJOBAaHUS HAHOOOBEKTOBY

Tepputopus ®bY
«Tect - C.-ITetepoypr»

10. Onenounsle cpeacTBa AJIs MPOBEICHUS IPOMEKYTOUHOM aTTeCTAI[H
10.1. CoctaB OLEHOYHBIX CPEACTBAJIS IPOBEIACHUS MPOMEXKYTOUHOW AaTTECTalluU
00yJaromuxcst Mo JUCUUIUIMHE puBeAeH B Tabmuue 13.
Ta6muma 13 — CocTaB OLEHOYHBIX CPEACTB JUIsl IPOBEJCHUS IPOMEKYTOYHOM aTTeCTalluH

Buza npomexyTo4HON arTecTaluu IlepedyeHp OLICHOUHBIX CPEACTB

3auer Cnucok BOMpOCOB;
TecTtsr;

3amaun.

10.2. B kayecTBe KpUTEpPHEB OICHKH YPOBHA C(HOPMUPOBAHHOCTH (OCBOEHUS)
KOMIIETEHIIMI O0OY4JaloUIMMHCS MPUMEHSETCS S5-0ajuibHasi MIKaja OLEHKU C(HOPMHUPOBAHHOCTH
KOMIIETEHIIMIA, KOTopas mpuBecHa B Tadumie 14. B TeueHne cemMecTpa MOXKET MCIOIb30BaThCs
100-0annpHast ~ mKajma ~ MOIYJBHO-PEUTHHTOBOW  CHCTEMBl ~ YHUBEPCUTETa,  IpaBHIA
UCTIOJIB30BaHUSI KOTOPOM, YCTAHOBJICHBI COOTBETCTBYIOIIUM JIOKAJIILHBIM HOPMATUBHBIM aKTOM

I'VAIL

Tabmuna 14 —Kpurtepuu onieHKH ypoBHS c(hOPMHUPOBAHHOCTH KOMITETEHIIUN

Or11eHKa KOMITETEHIUI

5-0ayuipHad mIKama

XapakTepucTrka c(hOpMUPOBAHHBIX KOMITCTCHITHIA

«OTIIMYHO»
(GaduTCHO»

— oOyyaromuiicss TiyOOKO M BCECTOPOHHE YCBOWJI IPOTPAMMHBII
MarepHai;

— YBEPEHHO, JIOTUYHO, [10CJIEI0BATEIbHO U TPAMOTHO €0 U3J1araer;

— OMUPAsACh HA 3HAHUS OCHOBHON W JOMOJHHUTEIBHOH JHTEPATYpHI,
TECHO MPHBS3bIBAET YCBOSHHBIE HAYYHbBIE MOJOXKEHUS C MPAKTUYECKOM
JeSITeIbHOCTBIO HAIllPABIICHMS,

— yMeIJio 00OCHOBBIBAET U ApPTYMEHTUPYET BBIIBUTAEMBIEC UM HJIEH,

— JIeJaeT BBIBOJBI M 0000IIEHHS;

— cBOOOJIHO BJIJICET CUCTEMOM CIeUAIU3UPOBAHHBIX MMOHITUH.

(XOPOLIO»
(Ga4uTCHO»

— o0yyarouiicss TBEPI0 YCBOMII MPOTPaMMHBINA MaTepuan, TpaMOTHO U
M0 CYWIECTBY M3JaraeT €ero, ONUpasCh Ha 3HAHUS OCHOBHOM
JTUTEPaTypHI,

— HE JIOMYCKAET CYIIECTBEHHBIX HETOYHOCTEHH;

— YBSI3BIBAET YCBOCHHBIE 3HAHUS C MPAKTHYECKOW J1€ATEIbHOCTHIO
HallpaBJICHUS;

— apTyYMEHTUPYET HayYHBIC MTOJIOKECHHUS;

— JIeJaeT BBIBOJBI M 0000IIEHHUS;

— BJIQJICET CUCTEMOM CIIeIMAIN3UPOBAHHBIX OHITHH.

«YOOBJICTBOPUTCIIEHO»
(GaYTCHO»

— o0yyaronuiicss yCBOMJI TOJIBKO OCHOBHOHM NMPOrpaMMHBIN MaTepual,
[0 CYHIECTBY M3JIaraeT €ro, OMMpasch Ha 3HAHUS TOJBKO OCHOBHOM
JUTEPaTypPhI;

— JIONyCKaeT HeCYIIECTBEHHbBIE OIIMOKU U HETOYHOCTH;

— HCTIBITBIBACT 3aTPyJHEHHUsS B TMPAKTHUYECKOM NPUMEHEHHUU 3HAHUH
HaIpaBJICHUS;

— cJ1ab0 apryMEeHTHPYET HayuHbI€ MTOJI0KEHHUS,

— 3aTpyaHsieTcs B GOpMYIMPOBAHUN BBIBOJOB M 000OIICHHUI;

— YaCTUYHO BJAJIe€T CUCTEMOH CIENIMAIN3UPOBAHHBIX OHITHH.

«HEYIOBJIETBOPUTEIIHLHO
«HE 3aYTCHO»

— oOyyaromuiicss He YCBOWJ 3HAYUTENbHOM 4YacTh MpPOrpaMMHOrO
MarepHaia;

— JIONYCKaeT  CYLIECTBEHHblE  OWIMOKM W  HETOYHOCTH
paccMOTpeHHH poOseM B KOHKPETHOM HalpaBlIeHUH;

— WCTIBITHIBAET TPYIHOCTH B MPAKTHYECKOM NPUMEHEHHUHN 3HAHWI;

npu




OI1reHKa KOMIIETEHITN

XapakTeprcThKa C(hOPMUPOBAHHBIX KOMIIETEHIIA
5-0auTbHad MIKaIa PAKTEP (op

— HE MOXET apryMEHTHPOBATh HAYYHBIC TTOJIOKCHHUS;
— He (OopMyYIUpPYET BEIBOJOB M 0000IIEHHUH.

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

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

No /it [Tepedyens BonpocoB (3a1a4) 1 IK3aMeHa Kon
UHMKaTopa
Y4eOHBIM IIAHOM HE MPEIYCMOTPEHO
Bompocsr (3amaun) s 3aueta / mudd. 3auera npepacrapieHsl B Tabmuie 16.
Ta6mmma 16 — Boripocs! (3amaun) mis 3aueta / audd. 3adera
11\5(121 [Tepeuens BompocoB (3am1a4) ais 3adera / qudd. 3adyera I/IH,Z[I/Ifl?ai“Opa
1 Onumure GU3NYECKUN CMBICT XpOMaTHUECKO abeppanuu I1K-1.3.2
2 [Tpoananu3upyiite B yeM pasiuyue XapaKTePUCTUK pa3pelleHUs [IK-1.3.3
ONTUYECKOT0 M3JIEKTPOHHOTO MUKPOCKOIIOB
3 | Ilpoananm3upyiiTe XapakTepUCTUKY pa3pemaroniei cnocoonoctu OM [1K-1.3.4
4 | OnumMre Ha3HAYEHHUE M YCTPOMCTBO M CBOMCTBA HCTOYHHKA JIEKTPOHOB IK-1.V.1
5 HazoBuTe KOHCTPYKTHBHBIE OCOOCHHOCTH CUCTEMBI OCBeleHns DM IIK-1.B.1
6 OnumuTe yCTpoMCTBO CUCTEMbl KOPPEKIIMU acTUrMaTu3mMa B OM I1K-1.B.3
7 | Onuiure nprHIMI pabOThl U YCTPOWCTBO CUCTEMBI H300paxkeHuss OM [1K-3.3.2
8 | OnummTe G10K-CXeMy U IPUHIHUI padboTsl MuKpockora BCOM [1K-3.3.3
9 Onumure 6J10K-cXeMy U MpUHIKN JeicTBUs Oxke-CeKTpoMeTpa IT1K-3.V.3
10 | OnumuTe MUKPOCKOM, OJIOK- CXeMy, TPUHIUT IeHCTBHS [1K-3.B.3
11 | Onumute HOTOAIEKTPOHHYIO PEHTTEHOBCKYIO CIIEKTPOCKOIHIO, OJIOK- [1K-1.3.2
CXeMy, IPUHIIHII JeHCTBUS
12 | OnumuTe npuHIUN pabOThl paMaHOBCKOM CIIEKTPOCKOMHH, OJIOK-CXEMBI IT1K-1.3.3
MpOoLECCa U3MEPEHHIA.
13 | OnumuTe Ha3HAYEHUE OPUHIMUN  JIeHcTBUSA (POTOTIOMUHECHIEHTHON I1K-1.3.4
CHEKTPOCKOIUU
14 | OnumnTte MHPOPMAIIMOHHBIE TEXHOJIOTMH B U3MEPUTEIBHBIX CUCTEMAaxX [IK-1.V.1
15 | OnumuTe nH(pOPMAIMOHHBIE TEXHOJIOTUN B HAHOTEXHOJIOTHSIX IT1K-1.B.1
16 | OnumuTe MPUHIUTIBI u OCHOBHBIE JJIEMEHTHI [IK-1.B.3
MCKYCCTBEHHOT'O MHTEIIJICKTA
17 | Onumure ¢puznyueckre NPUHIUIBI JIyda MUKPOCKOIA I1K-3.3.2
18 | OnumuTe huznyeckre NPUHLIMIBI IEHCTBUS METOIOB U CPEJICTB Macc- [1IK-3.3.3
CTIEKTPOMETPUH
19 | Onumure puznyeckyro CYILIIHOCTb TyHHenbHOro 3¢¢ekra B | [IK-3.Y.3
PaZiMOdIIEKTPOHUKHI
20 | OnumuTe OCHOBHBIE MOHATHS U ONpeIeNIeHHsI B 00JIaCTH HAHOTEXHOJIOTUI I1K-3.B.3

[lepeuenr TeM s KypCOBOTO MPOEKTHUPOBAHUSA/BBIIIOJHEHUSI KYypCOBOM pabOThI

MpeJICTaBICHbI B Ta0nwmie 17.

Tabmuna 17 — Ilepeyens TeM Jyuist KypcOBOrO NPOEKTUPOBAHMSI/BBIIIOIHEHUS. KYPCOBOM pabOThI

Ne i/t

KypcoBOl pabOThI

[TpuMepHBIii IepedeHb TeM il KypCOBOTO MPOEKTUPOBAHUS/BITTOIHEHHS




‘ Y4eOHBIM MJIaHOM HE MPEIYCMOTPEHO

Bomnpocsl

npezcTaBieHsl B Tadmuie 18.

Tabnuna 18 — [IpuMepHbIi IEpeYeHb BOPOCOB JJIsI TECTOB

AJi1 IIPOBEACHHUA HpOMeX(YTOqHOﬁ arrécrallikn B BHAC TCECTUPOBAHUA

Ne
/o

[IpuMepHBIii IepeYeHb BOIIPOCOB ISl TECTOB

Kon
WHJUKATOpa

1

Hccnedosanue Mukpo- u HGanoOCmMpyKmyp. .

[Tpoananu3upyiite ,kakue METO/Ibl JUATHOCTHKH HanOO0JIee pacpOCTPaHCHBI
JUTA UCCeI0BaHMs (DU3MYECKHX TapaMETPOB U XapaKTEPUCTHK
HAHOOOBEKTOB:

-3JIEKTPOHHAsT MHKPOCKOITHS BEICOKOTO Pa3peIICHUS;

-OTpaXkaTeJbHas 3JICKTPOHHASE MUKPOCKOIIHS;

-MHKPOCKOITUS MEUIEHHBIX JIEKTPOHOB.

-OIITHUYCCKada MI/IKpOCKOHI/IfL

I1K-1.3.2

Baoicnetiwue mexnonocuueckue
08a0yamo2o CmoJiemusi.
[Tpoananu3upyiite, 4T0 CIOCOOCTBOBAJIO, B HAUOOJIBIICH CTEIICHH,
WHTEHCUBHOMY Pa3BUTHIO HAHOTEXHOJIOTUM B CTpPaHE U 3a pPyOekom?
-TEXHOJIOTHUS CO3JIaHUS AIEKTPOBAKYYMHBIX TIPUOOPOB;

-CO3JIaHuEe MUKPOMO/IYJIBHBIX 3JICMCHTOB;
-CO3/IaHUE MHTETPAIbHBIX ITEYATHBIX TLIAT;
-CO3JIaHUE  TOJYIPOBOIHHKOBBIX DJICMEHTOB

00CIUIICEHUS 80 emopoﬁ noyioeurne

AJIEKTPOHHOU TEXHUKH.

I1K-1.3.3

Qu3zuueckas cywHocms 3axoua I opoona Mypa.

[Ipoananmsupyiite, B 4e€M 3aKIHOYACTCS CMBICII YMIIMPUYECKOTO 3aKOHA
Mypa?

-00BSICHAT MPUHIIMII [TOJIy4YEHUsI YepHO-0€e10r0 n300pakeHust Kaapa
TEJIEBU30PA;
-3aKOH OOBSICHSIET
JJIEMEHTA;
-TpeieNIbHbIE TPAHULIBI OBICTPOICHCTBUS KOMIIBIOTEPA;
-NPEAEIIbHOE YUCIIO Pa3MELEHUS TPAH3UCTOPOB Ha IEYaTHOM I1aTe
KOMIIBIOTEPA.

MIPUHIAIT (GYHKIIMOHUPOBAHUS ONTOBOJIOKOHHOTO

I1K-1.3.4

Cpeocmea usmepenusi 015 Uccie008aHUus HAaHOCMPYKMYp.
[Ipoananusupyiite, B 4eM 3aKJIFOYAETCSI OCHOBHBIE JIOCTOMHCTBA
ANEKTPOHHOTO MUKpOCKoTa?

-YIIy4IIeHbI BECOBBIC U Ta0APUTHBIC XapaKTEPUCTUKH TPUOOPOB,
-BO3MOXKHOCTBIIM(PPOBOTO  TPEJCTABICHUS pEe3yNbTaTOB aHATN3a;
-00JIee COBEpIICHHAS, TT0 CPAaBHEHUIO C ONTHICCKHM MHKPOCKOTIOM, CUCTEMa
MOJTy4eHUsI U300paKeHHsI HA0II01aeMOT0 O0BEKTa;

-BO3MOXKHOCTh MOJTyueHHUs 0oJiee pa3HO0Opa3HOM HHpopMauu 00 00BEKTE;
-TIpeieIibl YBEIMUEHUS UCCIIETyeMOT0 OOBEKTa.

ITK-1.V.1

OcHognbie napamempbl U XapaKkmepucmuky MUKPOCKON08

HazoBute npenebHble 3HAYCHHS XapaKTEPUCTUKU YBEITUUCHUS
ONTHYECKOTO MUKPOCKOTIA!

- 100 pas;

- 200 pas3;

- 400 pas;

- 700 pas;

- 1000 pas3;

- 1500 pa3

IIK-1.B.1




OcHognbie napamempubl U Xapakmepucmuky MUKPOCKONOS.
YcTaHoBHTE TIpeiebHBIE  3HAUYCHUS YBEJIMUYEHUS JIEKTPOHHOTO
MHUKPOCKOTIA:

- 1000 pas3;

- 2000 pas;

- 5000 pas3;

- 8000 pas;

-1muH. pas;

-2 MJIH. pa3

I1K-1.B.3

OcHosHble napamempbl U XapaKmepucmuKu MUKpOCKOHOS.
[Ipoananusupyiite, uem OTIPEICIISAETCS pa3pelaroliasi ClioCOOHOCTh
ONTUYECKOTO0 MUKPOCKOIIA:

- YPOBHEM OCBEIICHHOCTH paboyveil INH3HI,

- BEJIMYMHON (JOKYCHOTO PACCTOSHUS;

- COBEPIICHCTBOM OTKJIOHSIOIIEH CUCTEMBI;

- JUTHHOM BOJIHEI CBETA.

[IK-3.3.2

OcHogéHbie napamempbl u XapaKkmepucmuk MUKpOCKONos.
[Ipoananusupyiire, uem OIIpEeEISIETCs pa3pelaonas CIoCOOHOCTh
3JIEKTPOHHOT'O0 MUKPOCKOTIA:

- KOHCTPYKLHEN CUCTEMbI U300pakeHNs MUKPOCKOIIA;

- YCTPOMCTBOM 3JIEKTPOHHOH ITYILKH,

- CUCTEMOM CUUTBHIBAHUS PE3ybTaTOB 00PaOOTKH U3MEPEHMUIA;

- paccTosIHUEM IpOJIeTa HIEKTPOHA;

- CKOPOCTBIO IIPOJIETA HIEKTPOHA.

I1K-3.3.3

Hpewvtyw;ecmea IJIEKMPOHHO20 MUKPOCKONA.

[Tpoananu3upyiite, ueM 0OBACHAETCS BBICOKAs pa3pelaronias CiocoOHOCTh
3JIEKTPOHHOTO MUKPOCKOMA:

-T€OMETPUYECKUMHU pa3zMepaMu paboueil 30HBI;

-MCIIOJIb30BAaHUEM BJIEKTPOHHOTO ITOTOKA BMECTO CBETOBOT'O ITOTOKA;
-JJIMHOM BOJIHBI 3JIEKTPOHA.

I1K-1.3.3

10

11. IIpoananu3upyiite, Kakas cepusi CTaHAAPTOB B HACTOSIIEE BPEMsI
SIBJISIETCSI OCHOBHOM JIsl CTaHAapTOB U3 oomactu UT?

a. cepus 25000;

b. cepus 9000;

c. cepus 14000;

d. cepus 16000.

IT1K-1.3.3

11

12. YcraHoBuTe 1Ba OCHOBHBIX cTaHjaprta B obmactu UT. a. 12207:1995;
b. 19760:2003;
c. 16326:1999;
d. 90003:2004;
e.15288:2002.

[1K-1.3.2

12

13.  VYcranoBuTe ab0OpeBHUATYpPY MEKIYHAPOTHOTO COFO3a AIEKTPOCBSI3H:

a. IEEE;
b. IEC;
C. ITU;
d. I1SO.

I1K-3.3.3

[lepeueHb TeM KOHTPOJIBHBIX PabOT MO MUCHUIUIMHE OOYYaIOUIUXCS 3a04HON (OPMBI
oOydeHus1, IpeCcTaBIeHbI B Ta0muie 19.

Tabmuna 19 — [lepedeHb KOHTPOJIBHBIX PadOT

‘ Ne n/nn ‘ [lepeueHb KOHTPOJIBHBIX PabOT




\ He npenycmorpeno

10.4. MeTtoauueckre  MaTepuaibl,  ONPEACNSIONME  HPOUEAYpPbl  OICHUBAHUS
UH/IMKATOPOB, XapaKTEpU3YIOMIUX dSTanbl (HOPMUPOBAHMS KOMIIETCHLUH, COAEp)KaTcs B
JIOKAJIbHBIX HOpMaTuBHBIX akTax [YAIL, pernameHTUpYOIIMX TOPSAOK M MPOLEAYPY
NPOBEICHUS TEKYILEro KOHTPOJISI YCIIEBAEMOCTH U MIPOMEKYTOUHON aTTeCTallMi 00y4YaroInuXCs
'VAIL

11. Meroauueckue yKazaHus JUIst 00yJarOMIUXCsl 10 OCBOCHUIO TUCIUILTUHBI

11.1. Meroauyeckue yKazaHus s OOYYalOIIMXCS 110 OCBOCHUIO JIEKIIMOHHOTO
marepuaia

OcHOBHOE Ha3HAY€HHE JIEKIIMOHHOTO MaTepuaia — JIOTUYECKH CTPOHHOE, CHUCTEMHOE,
riyOOKoe W sICHOE HW3JIOKEeHHE ydeOHOoro marepuana. HasHadeHue COBpEMEHHOH JIeKIMHU B
pamMKax JUCIUIUIMHBI HE B TOM, YTOOBI MOJYYUTh BCIO MH(OPMAIMIO 1O TEME, a B OCBOCHUU
GyHIaMEHTANBHBIX TPOOJIEeM JUCHMIUIMHBI, METOJOB HAyYHOTO IIO3HAHMS, HOBEWUIINX
JOCTHKEHUI HaydyHOUW MBICTU. B yueOHOM mpoliecce JIEKIHs BBIIOIHSET METOI0JIOTHUYECKYIO,
OpraHU3alMOHHYI0 U MHPOPMALMOHHYIO (QYHKIMH. JIEKIMs pacKpbIBaeT MOHATUHHBIN armapar
KOHKpETHOW oOjacTu 3HaHUA, €€ MpoOJeMbl, JaeT LEIbHOE MPEJCTaBICHHE O AUCIUIUIMHE,
MOKa3bIBAET B3aMMOCBS3b C IPYTUMHU JIUCIHUTLTHHAMU.

[InaHupyeMble pe3yibTaThl IPU OCBOSHUU 00YYAIONIMMUCS JIEKIIMOHHOTO MaTepuana;

— TIOJIyY€HHE COBPEMEHHBIX, LEJIOCTHBIX, B3aWMOCBS3aHHBIX 3HAaHUH, YpPOBEHb
KOTOPBIX ONPEIEISIETCS LEIEBOW YCTAHOBKOM K KaX/10M KOHKPETHOU TEME;

— TOJy4YeHHE OMBITa TBOPUYECKOM pabOThI COBMECTHO C MPEIOIaBaTENIEM;

— pa3BuTHE MNpO(EecCHOHANBHO-IETIOBBIX  KauecTB, JIIOOBU K  MpeaMeTy U
CaMOCTOSITENIbHOTO TBOPUYECKOT'O MBIIIJICHHUS.

— TOsBJIEHHE HEOOXOIMMOT0 HHTEpEeca, HEOOXOAUMOTO ISl CAMOCTOSTEIIEHOW PadoTHI,

— TMOJIyueHHE 3HaHUH O COBPEMEHHOM YpPOBHE pa3BUTHS HAYKH U TEXHUKH U O
IPOTHO3€ UX pa3BUTHs Ha OJMIKalIINe TO/Ibl;

— Hay4YUThCS METOJUYECKH 0OpadaThiBaTh MaTepuan (BBIACIATH TJABHBIE MBICITH H
MOJIOKEHHS, TPUXOAWTh K KOHKPETHBIM BBIBOJAM, TIOBTOPSATH WX B  Pa3IMYHBIX
bopmynupoBKax);

— TOJIy4eHHE TOYHOTO TTOHUMAHHUS BCEX HEOOXOIUMBIX TEPMUHOB U TIOHSTHIA.

JIekuMOHHBI MaTepual MOXET CONPOBOXKIATbCA JIEMOHCTpaluuend CIaioB H
UCTOJIb30BAaHUEM DPA3/aTOYHOI0 MaTepuallia IpH MPOBEIEHUH KOPOTKHX JTUCKYCCHH 00
0COOEHHOCTSIX TPUMEHEHHS OTJENIbHBIX TEMATHK I10 TUCIUIIIIHE.

Ecnu memoouueckue ykazaumus no 0c8OeHUI0 JIEKYUOHHO20 Mamepuana UMemcs 8
U30aHHOM 8Ude, 8 8Ude INeKMpOHHbIX pecypcos oudnuomexu I'VAIL, cucmemvr LMS, xageopwt u
m.o., Heobxooumo oams Ha HUX ccovlaky uau npueecmu URL adpec.

11.2. Metoauueckue yka3zaHUs UIsl OOYYalOMIMXCS TO TPOXOXKACHUIO MPAKTHUECKUX
3aHSITUN

[IpakTHdeckoe 3aHATHE SBISETCS OJHOW M3 OCHOBHBIX (DOpPM OpraHm3aiuu y4eOHOTO
mporiecca, MpPeIHA3HAYCHHBIMA JIJI1  BBIMOJHEHUS OOYYaIOMIUMHKCS TI07] PYKOBOJCTBOM
mpernoaaBaTesss KOMIUIEKca y4eOHbBIX 3aJaHUi C 1IEIbI0 YCBOCHHS HAYYHO-TEOPETHUECKUX OCHOB
y4eOHON JUCIUTUIMHBI, TPUOOPETEHUSI YMEHUH U HABBIKOB, OTBITA TBOPUECKOM JIEATEITLHOCTH.

[enpro MpaKTUYECKOTO 3aHITHSI ISl 00YJAOIIErocs SBISETCS MPUBUTHE O0YUIAIOIIHMCS
YMEHHI ¥ HaBBIKOB MPAKTUYECKOU JIESITEIBHOCTH MO U3YyYa€MOW TUCIUIIIINHE.

[Tnaraupyemblie pe3yabTaThl MPU OCBOCHUH 00YUYAIONTUMCS IPAKTHUECKUX 3aHSATHI:

— 3aKkperuieHWe, yriayOJeHue, pacliupeHue W AeTaIu3alius 3HAHUWA TPU pPElIeHUU
KOHKPETHBIX 3a]1ay4;

— pa3BUTHE TIO3HABATENBHBIX CIIOCOOHOCTEH, CaMOCTOSITENILHOCTH  MBIIUICHUS,
TBOPYECKON aKTUBHOCTH;



— OBIAQJICHWE HOBBIMH METOJaMH W METOJUKAMU H3YYCHHS KOHKPETHOH y4eOHOI
JMCIIUTIIMHEL,

— BBIPA0OTKA CIOCOOHOCTH JIOTHYECKOTO OCMBICICHHSI TONYyYEHHBIX 3HAHUU IS
BBITIOJTHEHMS 3aJJaHUI;

— obecriedeHHe parMOHAIBHOTO COYETaHUS KOJUICKTUBHON M WHAUBUAYAIBHON (opM
00yJeHUsI.

11.3. Meroauueckue ykazaHus JUIsi OOYYaIONIMXCS MO MPOXO0XKICHUIO CAMOCTOSITEIHbHOMN
paboThI

B Xoze BBITIOJIHEHUSI CaMOCTOSITEIIbHON PabOThI, OOYYAIONIUIICS BBIMOJIHAET PadOTy 1O
3aJ]aHUI0 U TP METOJUYECKOM PYKOBOJICTBE IpEINojaBareis, Ho 0e3 ero HermocpeACTBEHHOTO
YUYaCTHS.

s oOydarommxcsi 1Mo 3a04HOM (opMe OOy4eHHs, CaMOCTOSTENbHAs padoTa MOXKET
BKJTIOYATh B CE0s1 KOHTPOJIBHYIO paboTy.

B mporiecce BBINOJHEHHST CaMOCTOSTEIbHON paboThl, y oOydaromierocsi GopMupyercs
1enecoo0pa3Hoe MIaHUPOBaHUE pabouero BpEMEHH, KOTOPOE MO3BOJISIET UM pa3BUBATh YMCHUS
U HaBbIKM B YCBOCHHWU M CHCTEMATH3al[MM MPUOOpETAacMbIX 3HAHWUU, 00CCIICYMBACT BBICOKHIA
YPOBEHb YCIIEBAEMOCTH B TIEpUOJ OOYUYEHHsI, IIOMOTACT TIOJYYUTh HABBIKH TTOBBINICHHS
poeCCHOHAIBHOTO YPOBHSI.

MeroauyeckiMH ~ MaTepuallaMH,  HANpaBJSIONIMMU  CAMOCTOSITENIbHYHO — paboTy
00yJarOUUX CSASBIISIOTCS:

—  y4eOHO-METOJIMYECKUI MaTepHaJl 10 TUCIUILTHHE;

— METOJUYECKUE YKa3aHHUs MO BBIMOJIHEHUIO KOHTPOJIBHBIX Pa0oT (Ui 00ydYarommxcst
1o 3a04HOU (hopme 0OyueHus).

11.4. MeTtoauueckre yKazaHus [UIsI OOYYarOIIMXCS IO MPOXOXKACHHUIO TEKYIIEro
KOHTPOJIS YCIIEBAEMOCTH.

Texkymuii KOHTPOJb YCHEBAEMOCTHM NIPEIyCMaTpPUBAET KOHTPOJb KayecTBa 3HAHUU
00ydJaronuxcs, OCylIeCTBISIEMOTO B TEUCHHE CEMECTpa C IIEJIbI0 OIICHUBAHUS XO0/ia OCBOCHUS
IUCIHTIINHEL

11.5. Metoauueckue yka3aHHs JJIs OOYYAIOUIUXCS MO0 MPOXOXKIACHUIO MPOMEKYTOUHOM
aTTeCTallnun.

[MpomexxyTounass  arrecrtanss  OOydyaroIIMXCsl ~ MPEIyCMaTpUBACT  OLICHUBAHHE
MIPOMEXKYTOUHBIX U OKOHYATEIbHBIX PE3Yy/IbTaTOB 00y4deHMs MO auciuruinHe. OHa BKIIIOYAeT B
ceOs:

— 3a4eT — 3To (opMa OLIEHKH 3HAHUH, MOJYYEHHBIX OOYyYalOIIUMCS B XO/€ U3yUCHUS
y4eOHOW TUCUUIUIMHBI B LIEJIOM WM IPOMEXYTOUHas (110 OKOHYaHWU CEMECTpa) OlleHKa 3HaHUM
00y4aromuMcs TI0 OT/ICIBHBIM pa3jieliaM JUCIUILUIMHBI ¢ aTTECTAI[MOHHON OLIEHKOH «3a4TEHO»
WJIH «HE 3aUTEHO».



Jluct BHeceHUs: U3BMEHEHUH B pabouyio MporpaMmy AUCIHUILTAHBI

JlaTta BHECEeHUs
N3MEHCHHI 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
A3MEHEHHUS

Coneprxanne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOIA
3aceaHusl
Kadeapsl

Ionmuce
3aB.

kadempoit




