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Annoranus

1. IlepeudeHb MIaHUPYEMBIX PE3YIHLTATOB OOYUYECHHUS 110 AUCLHUIIIIMHE

1.1. Tlenu npenogaBaHusi JUCIUTUTMHBI

Jucuunnuna «TeopeTnyeckne OCHOBBI HAHOJMATHOCTUKH» BXOJIUT B 0Opa30BaTEIIbHYIO
IpoTrpaMMy BBICIIET0 00pa3oBaHUsl — NPOrpaMMy OakajiaBpuaTa 10 HaIpaBICHUIO MOATOTOBKH/
crenuainbHocTd 27.03.01 «CrangapTuzanus U METpPOJIOTHS» HampaBiICHHOCTH «MeTposorus,
CTaHJapTU3ays, cepTudukanms». Jucuummna peanusyercs kadeapoit «Ne6y.

JlucuuniuHa HalejaeHa Ha GOpMUPOBAHKE Y BBITYCKHUKA CIIETYIOIIUX KOMITETEHIUI:

VYK-1 «CrnocobeH ocCymiecTBIsATh KPUTUYECKHH aHaIu3 MPOOJEMHBIX CHUTyallud Ha
OCHOBE CUCTEMHOTI'0 TI0JIX0/1a, BbIPa0aThIBATh CTPATETHIO ACHCTBUI

VYK-2 «CniocobeH ynpaBiaTh IPOSKTOM Ha BCEX ATAIAX €ro )KU3HEHHOTO IIUKIa»

[IK-5 «CrnocobeH ocymiecTBIsATh pabOThl MO KOHTPOJIIO TOYHOCTH OOOPYIOBaHUS U
KOHTPOJIIO TEXHOJIOTUYECKOW OCHACTKM

[IK-6 «CrocoGeH BBIMOIHATH pabOTHI MO OOECIEYEHHUIO JTIOCTOBEPHOCTH PE3yJIbTaTOB
M3MEPEHUH JUIs1 OLIEHKH COOTBETCTBUS IMPOAYKLIHUHU B IPOLIECCE POU3BOICTBAY

I[IK-8  «CmocobeH  oCymIeCTBISTh  HAay4YHO-TEXHHUYECKYIO  JAEATEIBbHOCTb |
AKCIIEPUMEHTAJIbHBIE Pa3pabOTKH B 001aCTH 00eCriedeHUs €AMHCTBA U3MEPECHUIN

ConepxaHve JUCLUMIUIMHBI OXBAaThIBA€T KpPYI BOINPOCOB, CBSI3aHHBIX C METOAAMH
uccieoBaHusl  (QU3HUYECKUX, (PUIUKO-XUMHUYECKUX M TEOMETPUUYCCKUX TapaMeTpoB U
XapaKTEPUCTUK TBEPAOTEIbHBIX M MOJEKYJSIPHBIX CTPYKTyp. Cpeaum MHOXKECTBa METOJI0B
UCCIIIOBaHMIA, METOJbI CKaHUPYIOIIEeH 30HA0BON Mukpockoruu (C3M) sBisitorcsi Hambosee
pacupocTpaHeHHbIMU. OHM  TO3BOJSIIOT  IOJYYUTh  BBICOKOE  pa3peuieHue, pealbHO
o0ecrieunBarOT BU3YaIU3alUI0 CTPYKTYpbl OOBEKTOB MCCIIEOBAHUS C ATOMHBIM pa3pEIICHUEM.
B Hacrosiniee Bpemsi UCIIOJIB3YETCs ONPEACIICHHbI KOMILIEKC METOJ0B MCCIIEIOBAaHUS MUKPO U
HAHOCTPYKTYp, CPEAM KOTOPBIX MOKHO BBIJEIUTH OCHOBHBIE I'PYHIBI METOJOB: 3JIEKTPOHHAS
MHUKPOCKOIIHSI BBICOKOI'O pa3pelieHusi; METO/Abl CKaHMPYIOUIEH 3JIEKTPOHHONM MHUKPOCKOIUU;
CKaHUpYIOIIass TYyHHEJIbHAs  MHUKPOCKOIUS, PEHTTEHOIU(PAKIMOHHBIE METOABl  C
UCIONb30BaHuEM d2(¢eKTa BBICOKOH CBETHMOCTH  CHHXPOTPOHHBIX HCTOYHHKOB; METOIbI
AJIEKTPOHHOMN CHEKTPOCKOIUU JIJIsl XUMUYECKOTO aHaIU3a.

[IpenogaBanue AUCHUIUIMHBI MPOU3BOJUTCS B CEMECTpe 7 M NpelycMaTpUBAET
cienyromue ¢GopMbl OpraHu3alluy y4eOHOro Ipoliecca: JEKIUH, NPAKTUUYEeCKUE 3aHATUs
camocTosiTeNnbHas paboTa oOyyaromierocs.

B mporpammy, Ha (hoHE MIUPOKOTO BHEIPEHUS MH(POPMAIIMOHHBIX TEXHOJIOTHUN BO BCEX
cdepax UeIoBEYECKOH IesTeNbHOCTH, B TOM 4Hcie U chepe oOpa3oBaHUS U, B YAaCTHOCTH, B
cucreme 'Y Alla, BKIIOUEHBI OTAEIBHBIE JJIEMEHTBI UCKYCCTBEHHOTO MHTEIJIEKTA, KOTOPHIE BCE
OoJbIlIE CTAHOBATCS HEOTHEMJIEMOM 4YacTbio 00pa30BaTENBHOIO IpOLECcca, CYIIECTBEHHO
MOBBIIIAIOIIETO €r0 KauyecTBO U 3(HEKTUBHOCTD.

[IporpamMmMoil AMCHUIUIMHBI MPEAYCMOTPEHBI CIEAYIONIME BHUIbI KOHTPOJS: TEKYIIHI
KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUHAsI aTTecTalus B (hopMe IK3aMeHa.

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

SI3bIK 00yUYeHUs IO JUCIUILTUHE «PYCCKHIi»



2. llepedeHp MIaHUPYEMBIX PE3YIHTATOB OOyUEHUS IO JUCIUILINHE
2.1. llenu npernogaBaHus TACITUATITAHBI

2.2. JucumrmiuHa

BXOOUT B

coCTaB

yactd, (QopMHpPYEeMOH  y4aCTHUKAMHU

00pa3oBaTeNbHbIX OTHOIICHUH, 00pa30BaTENIbHOI MpOrpaMMBbl BhICIIET0 00pazoBaHus (nanee —

OI1 BO).

2.3. IlepeueHp miaaHupyeMbIX pe3yIbTaTOB O0YUEHHS 10 JUCLIUILINHE, COOTHECCHHBIX C
IUIaHUpYyeMbIMU pe3ynbratamu ocBoeHus OIT BO.

B pesynbrare m3ydeHus MTUCHMIUIMHBI OOyYaroUIMiics IOJDKEH 00iajarh CieqyIoIuMH
KOMIIETEHIIMSIMU MM UX 9acTsAMHU. KoMIeTeHIMu 1 WHAMKATOPHI UX JOCTHKCHUS TPUBEICHBI B

Tabymue 1.
Tabmuna 1 — [lepeueHs KOMNETEHIINI ¥ UHAUKATOPOB UX JTOCTHKEHUS
Konu
Kareropus (rpynna) Kon v HanMeHoBaHNe HHIUKATOPA JOCTHUKCHHUS
HAaMMEHOBAHHE
KOMITETCHIIUHT KOMIIETEHIIUHT
KOMIIETCHIINH
[TK-1 Cnocoben
MIPOBOJIUTH AHAJIU3
POBOZL I1K-1.3.3 3HaTh 001aCTh MPUMEHEHHUS METOJIOB
COCTOSTHUS
U3MEPEHUS
METPOJIOTHYECKOTO
[Tpodeccuonanbubie 0GECICUCHIS B [1K-1.3.4 3HaTh KOHCTPYKTHUBHBIE OCOOEHHOCTH U
KOMITETCHIINH MIPUHIUITBI pa0OTHI CPEICTB U3MEPEHUS,
Moipa3/iesieHun
. TEXHOJIOTUYECKHE BO3MOKHOCTH B 00J1aCTH
METPOJIOTUUECKOU
MIPUMEHEHUS CPEACTB U3MEPEHUS
CITYKObI
OpraHu3aIn
ITK-3 Cnocoben
OCYILIECTBIIATH [1K-3.3.3 3Hath (pusnueckue NPUHIMIIBI padOTHI,
paboThI MO BO3MOXXHOCTH M 00JIACTH MPUMEHEHHS METOOB U
BBISIBJICHUIO U CPEICTB U3MEPEHHUIA
[Tpodeccuonanbhble
KOMIIETEHIIHH IIPEAOTBPALIEHUIO [1K-3.VY.3 ymeTb BbIOMpaTh U pa3padaThIBaTh
HECOOTBETCTBUI METO/Ibl U CPEJICTBA KOHTPOJISI TEXHOJIOTUYECKOTO
MPOTYKIIUH mpoiiecca, TEXHOJIOTHYECKOM orepanuu,
MPEAbSIBISIEMbIM pa3pabaThIBaTh CXeMbl U3MEPEHUI 1 KOHTPOJIS
TpeOOBAHUSIM

— OCHOBBI I/IHCI)OpMaTI/IL’vaI_II/II/I HSMepeHHﬁ;

2. Mecro nucrurumHb B cTpykType OI1

JucuuninHa MoXeT 0a3upoBaThCS HA 3HAHUSX, paHee MPUOOPETEHHBIX 00yUYaIOITUMUCS
MIPY U3YYECHUH CIEAYIONIUX JUCUUTUINH:
— (u3HYECKHEe OCHOBBI U3MEPEHUH U 3TATOHBI,
— METOJBI U CPEJICTBA UBMEPEHUMN, UCTIBITAHUN U KOHTPOJIA;

— OCHOBBI IEKTPOTEXHUKH U PAJUOTEXHUKH;

— OCHOBBI MOJIEIUPOBAHUE CUCTEM U MPOILIECCOB;

— TpUKJIaTHAas U 3aKOHOAATENIbHAs METPOJIOTHS;

— oOutas Teopus U3MepeHuit
3HaHI/I$[, MOJIYYCHHBIC IIPpH H3YUYCHUU MaTcpuajia }IaHHOI\/’I JUCHUIINIMHBI, UMCIOT KaK

CaMOCTOSITENIbHOE 3HAUE€HUE, TaK U MOT'YT UCIOIb30BATHCS IPU U3YYSHUHU JAPYTHX AUCIUIIINH:

— - uudpoBbIe METOBI U CPEJCTBA U3MEPEHU;

— - [IPOMU3BOJACTBCHHAA IMPAKTHUKA,

— - [IPOMU3BOACTBCHHAA MPECAAUIIIIOMHAA ITPAKTUKA.

3. O0BeM u TpyI0EeMKOCTb TUCITUTLIUHBI




JlanHpie 00 obmemM o0beMe AUCHUILUIMHBL, TPYIOEMKOCTH OTAEIBHBIX BHJIIOB Y4EOHOM
paboTHI IO TUCHUIUINHE (M pacHpeaeIeHue 3TOH TPYI0EMKOCTH 110 CEMECTpaM) MPECTABICHBI B
tabnuue 2.

Ta6ymma 2 — O6beM U TPYJ0EMKOCTh JUCITUTIINHBI

TpynoeMKocTb 1o
Bun yueGHO# paboThI Bceero cemMecTpam
Ne7
1 2 3
Oowan mpyooemKocmp oucCyunIuHbl, 3/ 108 3/ 108
3E/ (4ac)
U3 nux yacoe npakmuyeckoii O020MoeKu 8 8
AyoumopHhuie 3anamus, BCETO 4ac. 16 16
B TOM YHCJIE:
nexuun (JI), (gac) 8 8
npaktuyeckue/cemunapckue 3aastus  (113), 8 8
(gac)
Camocmosmenvnas paboma, Bcero (dac) 92 92
Buo npomesicymounoit ammecmayuu:. 3ayer,
madd. 3ager, sk3amen (3auer, Judd. 3au, | 3auer 3auer
DK3.*%*)

Pa3znen 4 [IpyHIMIIBI TOCTPOEHUS TEXHUYECKUX CPEICTB UCCIEA0BAHNUS HAHOCTPYKTYP

4, Coneprkanue AUCIHUTIIIAHbBI
4.1. PactipeienieHne TPy 10€MKOCTH JTUCHUTIIMHEI 110 Ppa3jiesiaM U BUIaM 3aHSATHHN.
Pa3nensbl, TeMbl AUCHUIIIMHBL U UX TPYAOEMKOCTh MPUBEIEHBI B TabmuIe 3.

Tabnuna 3 — Paznesnbl, TeMbl TUCIMILINHBI, UX TPYAOEMKOCTh

Pasgenbl, TEMBI IUCIIUILINHBI Hexrm | 113 (C3) P KII CPC
’ (dac) (dac) (uac) (dac) (gac)
Cemectp 7
Paznen 1. Ctpyktypa, CBOMCTBA, METOIBI
MOJy4EeHHUsI U OCOOEHHOCTH PUMEHEHHUS 2 2 22
HAaHOCTPYKTYD
Pa3zpnen 2.XapakTepucTrika METOI0B UCCIEIOBAaHUI 5 5 30
00BEKTOB MUKPO Y HAHOCTPYKTYP
Pasnen 3 IIpuHIHUIIBI TOCTPOSHUS TEXHUYECKHUX 5 9 20
CPEJICTB MCCIICIOBAHUS HAHOCTPYKTYP
Paznen 4 OcHOBBI MEXaHUKH U KOHCTPYKITUI
CPEJICTB U3MEPEHHUIM HAaHOCTPYKTYPHUPOBAHHBIX 2 2 20
00BEKTOB
Hroro B cemectpe: 8 8 92
Uroro 8 8 0 0 92

IIpakTnueckass MOATOTOBKA 3aKJIOYAETCSI B  HEMOCPEICTBEHHOM  BBIIOJHEHUU
oOy4JalolMMHUCS  OMNpeNeJIeHHbIX  TPYAOBBIX  (YHKIMH,  CBSI3aHHBIX ¢  Oyayule
npodecCHOHATIBHOMN 1S TeTbHOCTBIO.

4.2 ConeprkaHue pa3/iesioB U TeM JICKITHOHHBIX 3aHSATHI.
ConeprkaHue pa3/ienoB U TeM JIEKLMOHHBIX 3aHATHI MPUBECHO B TabauIe 4.

Ta6J'II/II_Ia 4 — Coz[epxcaHHe pa3aciioB U TCM JICKIHMOHHOI'O [UKJIA

HOMCp pasaciia HazBanue u COACPIKAaHUC PA3CJIOB U TCM JICKITUOHHBIX 3aHATUH




Pazpgen 1

CTpyKTypa, CBOWMCTBa, METObI
MONYyYeHHs | 0COOCHHOCTH
MPUMEHECHHUS HAHOCTPYKTYP

Tema 1.1 MccnenoBanne 00beKTOB HAHOTEXHOJIOTHH

CoBpeMeHHbIE METOJIBI HCCIIEIOBaHMUS, MIPUMEHSIEMBbIC B
HAaHOTEXHOJOTUSAX CTaIM BO3MOXHBI, Korga OblIM  pa3paboTaHel W
WHCTPYMEHTAJIBHO TOATBEPKACHBI OCHOBHBIE HMIEH aTOMHO-MOJECKYIAPHOU
TEOPHHU U MOIYYEHBI IEPBbIE PCHTTCHOBCKHE AU(PAKINOHHBIE N300paKEeHH
KPHUCTAJUTMUECKUX CTPYKTYP. BakHBIM COOBITHEM B HCTOPUM HAHOHYKH CTAJIO
n300peTeHre NPOCBEUNBAIONIEH 3JIEKTPOHHOW MHKPOCKOIWH, TO3BOJIIOLICH
MOJYYUTh M300pa’keHHEe HAHOPa3MEpHBIX CTPYKTYp, a TaKkke H300peTeHHe
CKaHUPYIOLIETO TYHHEIBHOTO MUKPOCKOTIA.

[IpeaMeToM HAaHOTEXHOJIOTHIT SIBIISAETCS HOBBIE OOBEKTHI — HAHOCTPYKTYPHI,
KOTOpBIE HMEIOT CyOMUKPOHHBIHN pa3Mep B OZHOM H3 HallpaBICHUH, KOTOPBIE
B COIO OYepelb, HyKAAI0TCs B KilacCu(HKaUN. B 0CHOBY Kiaccudukanim
MOJIOKEHBI CTPYKTYpa, COCTaB, a TAKXKE UX (PU3NKO-XMMHUUECKHE CBOICTRA.
Tema 1.2 Crpykrypa, CBOICTBAa, METOABI TOIYYCHHUS U OCOOEHHOCTH

MPUMEHEHUS HAHOCTPYKTYDP.

B 006nacTy BEICOKMX TEXHOJIOTHI MIMPOKO UCIIOJIB3YETCs KJacCU(pUKaLUs

JUCTIEPCHBIX CHUCTEM IO JUCIEPCHOCTH, T.€. IO pa3MepaM U YAEIbHOM
IUIOLIA M TOBEPXHOCTH AMcHepcHod ¢aszpl. B mepBoMm npuOiamxeHun
JUCTIEPCHBIE  CHCTEMBl  IOJPA3JeNAloTcs Ha  IpyOoAMCHEepCHBIE U
TOHKOAMCIIEPCHBIE, TAaK Ha3bIBAEMbIE KOJUIOUIHBIC CUCTEMBI.
YraepoaHsle CTPYKTYPHI - YIIEPOA SIBIISIETCS HauOojee pacnpocTpaHEHHBIM
3JIEMEHTOM B MPHUPOJIE, OH CYIIECTBYEeT B TBEpHOH (ase M HECKOIBKHX
MOIU(MUKAIMAX C Pa3INIHBIMHA (PU3NKO-XHMHYECKUMH CBOMcTBaMu: rpadur,
anma3, KapOuH, rpadeH. BaxHeiiell 0COOEHHOCTBIO yriepona SBISETCS
cniocoOHOCTh 00pazoBbiBath nenoukn —C —C — C-, KOTOpele NpHPOAa
UCIIONb3YeT JUISl CO3/laHMsl OWOJIOTMYECKHX IOJMMEPOB, a 4YEJOBEK JUIs
MIPOM3BOJICTBA PA3JIMYHBIX CHHTETUIECKUX MaTEPUaIOB.

B koHLe mpouutoro croneTusi ObUIM OTKPBITHI HOBBIE YIJIEPOJHBIC
COCIMHCHUS, CpPEAM KOTOPBIX (yJUIepeH, OONagarouil  yHUKaIbHBIMU
cBoiicTBamu. DynuepeH UMeeT KapKacHYIO CTPYKTYpy, KOTOpas COCTOUT U3
3aIUTaTOK ISATH- U MecTUyroidbHOi (opMmel. B 1990 r. 611 pazpabotan MeToxq
nonydeHus gymiepeHa. B 1991 r. B mpoaykTax 3JIeKTPOIyTrOBOTO HCHAPEHUS
rpadgura OblIM  OOHApYXEHBI LIIMHAPUYECKHE YTIICPOJHbIE KOHCTPYKIINH,
MOJYYUBINNE Ha3BaHUs «HAHOTPYOkw». HanoTpyOka mpezacraBnsier coOoi
NPOTSDKEHHBIE IMIMHAPHYECKAE CTPYKTYPHl JHAMETPOM OT OIHOTO JI0
HECKOJBKUX JIECITKOB HAHOMETPOB U JUIMHOW IO HECKOJIBKHX CAaHTHMETPOB.
Ilo cymecTBy Takas HaHOTpyOKa MpeACTaBIseT co0Oil OXHY MONEKYIy,
COCTOSIIIYI0O W3 MHUTMOHAa aToMoB yriepona. B obmem cmywsae, YHT
001aaI0T YHUKAIBHBIMU 3JIEKTPHUECKUMHU, MEXaHUYECKIMH M XUMHYECKUMHU
CBOMICTBaMH.

Pasnen 2.XapakrepucTika METO0B
HCCIIeTOBaHUH 00BEKTOB MUKPO U
HaHOCTPYKTYP

Tema 2.1.McTpyMeHTHI UCCIICIOBAaHUH HAHOTEXHOJIOTHH

OnmHNMHU M3 TEpBBIX MHCTPYMEHTOB, KOTOpPbHIE MOMOTJIM WHHUIMHPOBATH
W/led HaHOTEXHOJIOTHH, OBLIM Tak Ha3bIBacMble CKaHMpYIONIME 30HIBI. Bce
TUIBI CKAaHMPYIOIIMX 30HAOB ObLTH pa3paboransl B L{fopuxe B Hadane 80-x
rogoB. Cama uzies O4eHb IPOCTA: €CIH, K MPUMEPY, MPOBECTH MAIBILEM IO
MOBEPXHOCTH, TO JIETKO OTJIMYHUTH OapxaT OT CTalM WM JepeBa. B manHoM
SKCIEPUMEHTE MaJyel] ACHCTBYET KaK CTPYKTypa M3MepeHHs cuibl. JlaHHas
uziesl U MOJI0KEHA B OCHOBY PabOThI CKaHHPYIOIIET0 MHUKPOCKOIA, OJHOTO U3
PacIpOCTPaHEHHBIX CKAHUPYIOIUX 30HAO0B. CKaHUpYIOIIMHA 30HA MpH
N3MEPEHUH CKOJI3UT I10 MOBEPXHOCTH TaK XK€, KaK 3TO JIENAI0T MaJbIlbl. 30HA
MMeeT HaHOCKOITMUYECKHH pa3Mep (4acTo Bcero oauH atom). Ilpm aBmkeHun
OH MOJKET OIIPEAENIATh HECKOIBKO Pa3IMYHBIX CBOMCTB, KaXJI0€ U3 KOTOPBIX
COOTBETCTBYET MHOMY U3MEPEHHUIO.




ATOMHO-CHJIOBOM  MHKpOCKON. B aTOMHO-CHMJIOBOM  MMKpPOCKOIIE

3JIEKTPOHHKA UCTIONB3YyETCS AJISl H3MEPEHHS CHIIBI BBOAUMON KOHYMKOM 30HAA
TIPH €0 IBIKCHUH BJOJIb TIOBEPXHOCTH HCCIEAYEMOTO OOBEKTA.
Tema 2.2. TyHHENbHBI MUKPOCKOI. B TYHHEIBHOM MUKPOCKOIIE U3MEPSAETCS
BEJIMYMHA 3JIEKTPUYECKOTO TOKA, MPOXOAAIIEIO MEXKAY CKaHUPYIOLUIIM
30HIOM M MOBEPXHOCThIO. TyHHEIbHAass MUKPOCKONMS — 3TO NPAKTHUECKU
NepBBIil  pa3pabOTaHHBIH METOJ 30HAOBOIO CKAHUPOBAHHS, HAICIIETO
HIMPOKOE NPUMEHECHHUE.

B MarHMTHO-CHJIOBOM MHKPOCKOIIE 30HJ, CKaHMPYIOUIMHA MOBEPXHOCTH,
SIBIIICTCA MAarHUTHBIM, OH [O3BOJSIET IOYYBCTBOBaTb Ha IOBEPXHOCTHU
JOKIPHYI0 MAarHUTHYIO CTPYKTYpPY. 30HA MarHHUTHO-CHJIOBOTO MHKPOCKOIIA
paboTaeT MOZOOHO CUHMTHIBAIONIEH TOJOBKM BHHYECTEpa WM MarHUTO(OHA.
CKaHHPYIOIINE MHKPOCKOIIBI IO3BOJIMUIM  BIEPBBIE YBHIETH OOBEKTHI
pa3MepoM C aToM.

Paznen 3 [IpuHIMMIBI TOCTPOCHUS
TEXHUYECKUX CPEJICTB
HCCIIEI0BaHUs HAHOCTPYKTYP

Tema 3.1 CoBpemeHHOE pa3BUTHE (PU3NKU M TEXHOJIOTUH TBEPAOTEIBHBIX
HaHOCTPYKTYp, MpPOSBISIONICECS B HENPEPHIBHOM IIEPEX0Jie TOMOJOTHU
DJIEMEHTOB JJIEKTPOHHOM TEXHHKH OT CYOMHMKPOHHBIX K HaHOMETPOBBIM
pa3mepaM, TOTpeOOBano pa3pabOTKy HOBBIX M COBEPILCHCTBOBAHHE YiKe
CYIIECTBYIOIMX CPEICTB U METO/IOB JUAarHOCTHUKH, a TAK)Ke CO3aHie 00pa3oB
000pyoBaHUs Ul aHAIW3a CBOMCTB M MPOIIECCOB B HAaHOCHCTeMax. CeromHs
CYIIECTBYET OI'POMHOE KOJIMYECTBO THUIIOB ¥ BUIOB CPEICTB AUArHOCTHKH J{7Ist
WCCIEOBaHNs HAaHOCTPKYTYp, NOYYCHHS HAaHOPA3MEPHBIX CHCTEM M HOBBI3
HAHOCTPYKTYPHBIX MaTE€pPHaJIOB C 3aJJaHHBIMH CBOMCTBAMH, HEOOXOIMMO II0-
HOBOMY peIlaTh 33a7a4y MCCIIEI0BAHUS HAHOCTPYKTYpIo [lyist aToro Tpedyercs
U3MEHEHHE TPaJUIMOHHBIX METOJIOB, a TaKXKe CO3JaHHe M pa3BUTHE
COBEpLIEHHO HOBBIX CPEJICTB U METOAOB, MPOLIECCOB MPUCYIIUX OOBEKTaM
HAaHOMETPOBOro Macuitada.

Tema 3.2. MeTo/IbI 2NIEKTPOHHOM CHEKTPOCKOIUH

Jna XMUMUYECKOTO aHaym3a (OTOANEKTPOHHO MHUKPOCKOITHH,
(hOTOTFOMUHECIICHITNH, KOTOPBIE B HBACTSIIEE BPEMsI aKTHBHO Pa3BUBAIOTCS C
MEpPCIIEKTHBAMH CYIIECTBEHHOTO MOBBIIMICHHS pa3pellaromeil crocoOHOCTH
UCTIONb3YEMBIX CpeACTB. VI3BECTHO, 4YTO 4YEJOBEK CIOCOOEH pasriiaeTh
00bekThl pazmMepoM npuoimsuTensHo 0.1 MM. C TOUKM 3peHUs (HU3HOJIOTHH
IJ1a3 9TO MpocTas onTHdeckas cucrtema. B 1873 r. Oputo copmymupoBaHo
MIPAaBUJIO ONTHYECKUX CHCTEM, COTIACHO KOTOPOMY MHHHMMAJIBHBIE pPa3Mephl
pa3inyaeMbIx IETajcii pacCMaTpHUBaeMOro 00bEeKTa, HE MOTYT OBITh MEHBIIIE,
yeMm nnuHa BoJHBI cBeTa (400 HM). Pazpemaromias cmocoOHOCTh ONTHYECKHUX
MHUKpPOCKOTIOB cocTaBisieT mnpubmmurenHo 200 HM. IlosToMy BO3HHKIA
HEO0OIMMOCTh B CO3JAaHMM CHCTEM C 0Ooiee BBICOKOW pa3pelIaronen
CIIOCOOHOCTBIO, @ CJEIOBaTelIbHO C BHJCOCHCTEMAaMHM, HCIOIb3yEMbIX
MEHBIIME [JIMH BOJH, 4YTO ¥ TPHUBEIO K CO3JaHUIO JJICKTPOHHBIX
MHKPOCKOTIOB.

Tema 3.3. CpeznctBa 31€KTPOHHOH MUKPOCKOIIUU

B Hacrosiimee BpeMs HCHOJB3YIOTCS OMNPEACICHHBIH KOMIUIEKC METO/OB
JIMaTHOCTHUKU HAHOCTPYKTYP, CPEAM HUX I1eJIeco00pa3HO BBIACIUTH Hanboiee
pacmpocTpaHEeHHBIE — BCE  Pa3sHOBUAHOCTH  CPEACTB  AIIEKTPOHHOM
MHKPOCKOIIMH BBICOKOTO Pa3pelIeHusl. ITO UCTOPUYECKH IEPBBIA MPpUOOp H
METOJl peajbHO OO0ECTICUYNBAIONINK BHU3yalU3alll0 CTPYKTYpPhl OOBEKTOB C
ATOMHBIM pa3penieHHEM.

CKkaHMPYIOIIMH  3JIEKTPOHHBIH MHKpPOCKONA  II03BOJSET  BIIOTHYIO
npuOIMKATBCS MO  pPa3pelieHHI0o K aTOMHOMY  YPOBHIO,  COXpaHsis
BO3MOXXHOCTb  IOJIy4€HHs HMHPOpPMAlMU O (U3NYECKUX, XUMHYECKUX
JJEKTPUYECKHX U JIp. CBOMCTBAX MCCIICTyEMBIX HAHOOOBKTOB.

Tema 4.1 O6nacTs NpHUMEHEHHS] HAHOCTPYKTYPHPOBAHHBIX OOBEKTOB
Pa3mepbl HaHOOOBEKTOB HaxozsaTcs B auamasoHe oT 0,1 no 100 Hwm.




KOHCTPYKIIUH CPEACTB M3MEpPEHUN
HaHOCTPYKTYPHUPOBAaHHBIX
00BEKTOB

OTOT JAuana3oH MPHHATO HAa3blBaTh Hanomacumabdom. CoriaacHo
npoekty Texauueckoit cnienudurarmu [ISO/DTS 12805 mpousBeneHHbIC
HAHOOOBEKTHI PA3JICILSIIOT 110 MPU3HAKY TEOMETPUIECKON (OPMBI Ha TPH
KaTerOpUH: YaCTHIBI - 0OBEKTHI, UMEIOIINE TPH pa3Mepa B HAHOMACIIITaoe;
BOJIOKHA - 00BEKThI, HMEIOIINE JIBA pa3Mepa B HAHOMAcCIITa0e; MIACTUHBI
- 00BEKTHI, IMEIOIIIE OJTMH pa3Mep B HaHOMacITabe.

BoNbIIMHCTBO HAHOOOBEKTOB HMEET YINIEPOAHYI OcHOBY. Jloirue
TONbl CYUTANIOCh, YTO YIIEPOJ MOXKET OOpa30BBIBATH TOJBKO JBE
UIOTPOIHBIC KPUCTAUIMYECKUE CTPYKTYpPBl - anMma3 ©  rpadur.
AnmoTponusi - CYIIECTBOBAaHHE OJHOTO M TOTO JKE€ XHMHYECKOTO
ayeMeHTa B Hecxoxkux (opmax. OJHAKO B TMOCIEAHHEC TOIBI ObUIA
OOHApyKEHBI eIlle JBE aUIOTPOMHBIC (OPMBI YIiaepoja, HMEIOIIHE

0OJBITYI0 IEPCICKTHBY HCIIOBF30BAHMS B HAHOTEXHOJIOTHAX.
Tema 4.2 Ha3naueHwue, CBONCTBa, OCTPUITHOTO 30HIOBOTO JaTYHKA.

OmHMM W3 OOBEKTOB HAaHOMETPOJIOTHUM SIBISAETCS OCTPUIHBIN
30HIOBBIM  JAaTYMK, UCHOJB3YEMBIH B CKAHHUPYIOLIEH 30HAOBOI
MHUKPOCKOITIMU [UIS WCCIEIOBAaHUS Pa3MEpPOB M CBOMCTB IOBEPXHOCTH
HaHOOOBEKTOB. J[aTIWK COCTOMT W3 MOIYHPOBOIHHKOBOTO KpHCTAIlIA
(unma), THOKOW KOHCOIH (COOCTBEHHO KaHTWIEBEPa) U TBEPIOTEIHHOTO
30H1a (Urier). OOBIYHO STOT TAaTYMK HA3BIBAIOT KAHTHIICBEPOM.
leomeTprueckn 30HA TpEACTaBIACT COO0OM WINTy KOHHMYECKOW WIH
npu3MaTudeckoir Gopmer ¢ yriaom mpu BepmmHe 20 - 25° U BBICOTOI
okono 10 mxM. Hambosee BaxkHasi XapaKTepUCTHUKa 30HIA - paluyc
3aKpyTJIeHHUs OCTpHs I, 3HaYeHHE KOTOpOro oObIYHO He Oosee 1 - 25
HM. Bemuuuna paauyca ¢ BiuMseT Ha pa3Mepbl 00JIaCTH MpeJeibHO
JocTIbKUMOro  paspemeHus.  CIOXKHOCTh — M3TOTOBJIGHHS — 30HIA
CYIIECTBEHHO YBEIMYMBAETCS C YMEHBIIIEHUEM pajuyca OCTpusl.

B nat4mke cuiBl U MacChl B Kau€CTBE MEPBUUHOTO H3MEPUTEIHLHOTO
npeoOpa3oBaTelsi UCMOIb30BaHA OJHOCIONWHAS YIIIEpOAHAs HAHOTPyOKa
muamerpoM | - 4 HM, pacmolokeHHass MEXKAYy IOBYMS 30JOTBIMH
JJeKTpogaMu. Pa3Mmepel KaHaBKH, depe3 KOTOPYK THPOTAHYTa
HaHOTpyOKa: mmpuaa 500 mM, amuHa 1,5 MkMm. Bonpmas ympyrocts
VIICpOOHOH HAHOTPYOKM TO3BOISIET eH KoineOaThCs B IIMPOKOM
nmuanazoHe actoT (ot 3 mo 200 MI'm). Ona MokeT Takxke paboTaTh B
KayecTBE TpPaH3UCTOpa, UTO IO3BOJNSET ONpEAesATh YacTOTy ee
KoJe0aHUH U CMEIeHUEe OTHOCHUTEIHHO TOJIOKEHHUS MOKOsI. Y CTPONCTBO
paboTaer B BakyyMe, IOCKOJIbKY Ha BO3/yXe OOJIbILIOE YHCIO MOJIEKYJ
OyJeT CTaKUBaThCS ¢ HAHOTPYOKOU Mty naxke abcopOupoBaTbes Ha HEH.
B 3aBucUMOCTH OT BO3JEHCTBUS BHEIIHEW CWJIBI HAa WU3MEPUTEIbHBIN
mpeoOpazoBaTens OH W3MEHSET CBOE IoOJokeHWe. JlocTHrHyTas
YYBCTBUTEIILHOCTH YCTPOMCTBA IMO3BOILIET M3MEPATh cMernernue B 0,5HM.

4.3. HazHaueHue u cdepa IprIMEHEHHS 30HI0BOTO JTaTIHKa
30HIOBBIM  JaTYMK  YCTPOMCTBO,  BKJIIOYAIOIIEE  TBEPAOTENIbHBII
OCTPHIHBIA 30HJ, THOKYIO MPYXHHHYI KOHCONb - KaHTWIEBEp (aHTII.
cantilever - KOHCONB) W KpucTanl (Aepkartens). B mmrepatype 3T0
YCTPOHCTBO HEPEAKO HAa3bIBAIOT MPOCTO «KaHTHIEBepom». M3rub
KaHTHJIEBEpa C 30HIOM PETHUCTPHPYETCS OOBIYHO C IOMOIIBIO
OTP@OKEHHOTO  JIA3epHOTO0  Iy4Yka CcBeTa W (POTOIpHEMHHKA.
Pa3pemaromass cnocoOHOCTh CKaHMPYIOUIMX 30HJIOBBIX MHKPOCKOIIOB
ompenensercss CICAYIOUMMH IapamMeTpaMH KaHTHUJEBepa: Ppaanuyc
3aKPYTJIICHUS OCTPUS WIJIBI; BBICOTA WIJIBI, ACIEKTHOE COOTHOIICHHE
WIJIbI, XapaKTepu3yeMoe YIJIIOM KOHyca; y HanmOoliee COBEPIICHHBIX
KaHTHJIEBEPOB aCIeKTHOE COOTHOLIEHHUE JocThraeT BenuauHel 15:1. Jlns
U3TOTOBIIEHHUS KAHTUJIEBEPOB  HCIOJB3YIOTCS  IMOIYHNPOBOJHHUKOBBIE
mactuabl (Hanpumep, KJIB-12: kpemunii p-tuna opuentarmu {100}).
Pounp n3omupyromiero cios BeIMONHsET AuoKcua kpemuus SiOz. KoHcons
KaHTWIeBepa (QopmupyeTcs 3JIEKTPOXMMHYECKMM  TpPaBICHHEM B
noporperom pactope wmenoun KOH. B npouecce TpaBieHus 3arotroBka
MEIJICHHO TIOAHMMAeTCs W3 pacTBopa MIETOYM JUIA  TIONyYeHHS
KOHMYECKOHN (MM MPU3MaTHIECKOH) (OPMBI HIIIBI C OCTPHIM KOHIIOM.
ITpOMBIIIIEHHOCTBIO OCBOEHBI B CEPUHHOM IPOU3BOJICTBE AECATKU BHJOB

KOHCTPYKIMU KaHTUJICBEPOB. Onu BBIITYCKAKOTCA C O,Z[HOﬁ, ABYMs, TPpEMA WU




| YCTBIPbMA KOHCOJIIMHA

4.3 [lpakTrueckue (CeMHUHAPCKUE) 3aHATHS
Tembl IpakTHUECKUX 3aHSATUH U UX TPYTOEMKOCTh MMPUBEACHBI BTAOIUIIE 5

Ta6ymma 5 — [IpakTrdeckue 3aHsITHS U KX TPYJ0EMKOCTh

N3 Hux Ne
No | Tembl npaktrueckux | ®opMbl IpakTUYECKUX | TpPymOeMKOCTb, |IPaKTUYECKOM |pasjieiia
/1 3aHSTUN 3aHATUN (gac) MMOATOTOBKH, | THUCITHII
(gac) JIMHBI
Cemectp 7
1 | Uccnenosanue [IpoBenenue BHEIIIHETO 2 1 2
TOBEPXHOCTHU METOAOM OoCMOTpa u IIOATrOTOBKAa
aTOMHO-CHJIOBOM C3M k paboTe B pexuMe
MUKPOCKOITNU aTOMHO-CUJIOBOM
MUKPOCKONINHU
2 | Uccaenosanue O6paboTka pe3yJbTaToB 2 1 2
HOBEPXHOCTH  METOAOM | MCCIefoBaHWs — obpasua o
ATOMHO-CHUJIOBOM aHaJIn3 . PE3yJIbTAaTOB
MUKPOCKOIINHU M3MCPCHHH
3 IToaroroska [opsinox u 2 1 3
QJICKTPOHHOT'O II0CJIE€A0BATCIIbHOCTD
MUKPOCKOIIa U BKJIKOYECHHA U BBIKIIFOUCHU A
(hyHKIIMOHATHHBIX C3M mox.Solver PRO-M
01oxoB (y370B) K paboTe
B OCHOBHBIX pabouux
pexnMax
4 Opranuzanus [Topsimok u 2 1 3
MPOBEACHUA IMOBEPKU I0CJICA0BATCIBbHOCTD
CKaHUPYIOIUX 30HJ0BBIX IMPOBEACHUA ITOBEPKHU OJI.
MHUKPOCKOIIOB MEKpOCKoma Moj1. Solver
PRO-M
Bceero 8
4.4 JlaGopaTopHbIe 3aHATUSA
TeMmbl JTabopaTOPHBIX 3aHATHH U UX TPYIOEMKOCTh MPUBEACHBI B Ta0HIIE .
Tabnuna 6 — JlaboparopHble 3aHATHS U UX TPYJOEMKOCTh
N3 anx No
No Hayverosanue 1aBopaTOPHEX paboT TpynoeMKoCTb, | IPaKTUYECKOU | pa3aena
/o (dac) MOJATOTOBKH, | JUCITHII
(gac) JIMHBI

Y4eOHbIM MJIaHOM HE MPEAyCMOTPEHO

Bcero

4.5 KypcoBoe nMpoeKTUpOBaHNE/ BBHITIOJTHEHUE KYPCOBOM PaOOTHI
Y4eOHBIM MIaHOM HE TPETyCMOTPEHO

4.6 CamocrosiTenbHas paboTa 00yJyaromuxcs
Bupl camocTosiTenbHON paboThI B €€ TPYI0EMKOCTh MPUBEICHBI B Ta0IHIIE /.

Tabnuna 7 — Bunbl caMmocToATeIbHON PabOTHI U €€ TPYAOEMKOCTh




. Bcero, | Cemectp 7,
Bun camocrositensHOM paboTh
qac qac

1 2 3
W3ydeHne TeopeTHIecKoro MaTepuana
nucuuriHbl (TO)
[ToaroroBka K TEKyIieMy KOHTPOJIO
ycneBaemoctu (TKY)
IToaroroBka K mMpoMexXyTOYHOU
arrectaruu (I1A)

Bcero: 92 92
5. [TepedeHp yueOHO-METOIUIECKOTO 00ECTICUCHUS

JUISL CAMOCTOSITENTbHON PabOThl 00yYaroImuXCs MO JUCUUTUIMHE (MOJTYJIIO)
Y4eOHO-MeToInYeCKUue MaTepuasbl JUIsl CaMOCTOSTENIbHON padoThl 00YyYaroIIUXCsl yKa3aHbl B
.. /-11.

6. [lepeueHp nevaTHbIX U 3JEKTPOHHBIX YUYEOHBIX U3aHUN
[lepeueHb neyaTHBIX U 3JIEKTPOHHBIX Y4eOHBIX M3/IaHUM MpHUBeieH B Tabaule 8.
Tabmuna 8— [lepeyeHp Mme4aTHBIX U DJIEKTPOHHBIX YUEOHBIX U3TaHUI

Komn-Bo 3K3.
Mudp/ B OHOTT-Ke
URL apec Bubmmorpadudeckas ccpuika (kpome 1.
9K3.)
URL angpec HammeHoBaHME 3JICKTPOHHOTO YIEOHOTO W3JaHUS
: I'OCT P MCO/TC  80004-1-2014.
https://docs.cntd.ru/document/1200114756 | {a10TeXHONIOI M. TepMuHsbI "
onpeneneHusi. OCHOBHBIE TEPMHUHBL. —
Tekcr : anekKon  prpounsit  //
Crangaptuadopm
https://www.iso.org/standard/6805 | Nanotechnologies — Vocabulary — Part 1: Core
8. html vocabulary. — Tekcer : anextpornsiii // 1SO : [caiiT]. —

https://docs.cntd.ru/document/1200 | TOCT P ICO/TC 80004-2-2014.

114757 HanorexHonoruu. TepMuHBI U ONpeIETCHUS.
- HanooObekTbl. — TeKCT : AIeKTpOHHBIH //
CrannaptuHdopM : [caifT].

TeKCT : HEenmoCPEICTBEHHBIN. I[Inetnes, M. 0. HanoyacTuiibl B MEULIMHE

CBOMCTBA, OHOJIOTHYECKOE JEiCTBHE,
oe3omnacHocts / M. 1O. ITnetneB. — MockBa
: Meauiuna, 2021. — 320 c.

TeKCT : HEenmoCPEICTBEHHBIN. Caxapos, H. B. OcHOBEI pacTpoBO# JIEKTPOHHOM
MHKpOCKomnuH : yueoHoe nocodue / H. B. Caxapos.
— Hwxkuwnii Hosropoa, 2021. — 90 c.

TeKCT : HENmOCPEICTBEHHBIN. baxmaros, I1. B. PacTtpoBas anexkTpoHHas
MUKPOCKOIHUS KaK MHCTPYMEHT PELICHHUS
WHKEHEPHBIX 3a7[a4 B CBapKe : yueOHoe mocobue /
I1. B. baxmatos, B. B. I'puropses, A. A.
Kanyruna. — Mocksa ; Bonorna : Uagpa-
Wnxenepus, 2024., 148 c.

Tekcr : HenmoCcpeCTBEHHBIN. Mopozosa, K. H. OcHOBBl 3J1€KTpOHHOI



https://docs.cntd.ru/document/1200114756
https://www.iso.org/standard/68058.html
https://www.iso.org/standard/68058.html
https://docs.cntd.ru/document/1200114757
https://docs.cntd.ru/document/1200114757

MHUKPOCKOITHH : yueOHOE TTocoOue i BY30B /
K. H. Mopo3oBa. — 2-¢ u3a. — Mockaa :
Wznarenscreo KOpaiit, 2022, 84 c.

https://www.gost.ru/portal/gost/home/acti | TK 441 «Hanorexnonorum». / Poccranaapr :

vity/standardization/tk [caiit].

I'OCT P 8.774-2011. I'ocynapcTBeHHas cuctema
https://docs.cntd.rU/dOCUment/lZOO oOecrieueHus €IUHCTBA I/I3MCpCHI/II>'I.
093608 Hanomatepuamsl. MeTposiorndeckoe o0ecriedcHIe

M3MEPEHUN XapaKTepPUCTUK HAHOYACTHUII. — TeKCT !
aneKTpoHHbIH // CTanmapTuHpOpM : [caiiT].

https://www.iso.org/committee/381983.ht ISO/TC 229 Nanotechnologies. — Tekct
ml anextponusii // 1SO : [caiiT].
CchliKa Ha SJIEKTPOHHBINA KaTajior HanmeHoBaHUE 37IEKTPOHHOTO y4eOHOTO U3AAHUS Koi-Bo
Bubmuoreku I'VAII
JK3.
IyTuaosa Hanexna BragumupoBHa.

) o _ CoBpeMeHHbBIE peNSIIIHOHHBIC 0a3bl AaHHBIX @ y4eOHO-
https://lib.quap.ru/jirbis2/index.php?optio | merommueckoe mocobme / H. B. Ilyrmimoa, M. B.
n=com_irbis&view=irbis&Itemid=108 Bemmako ;  C.-TIlerepd. TOC. YH-T  a3pOKOCM.

IpUOOPOCTPOCHUSA. - OJIEKTPOH. TEKCTOBBIE MaH. -
Cankr-IlerepOypr : M3m-so I'YAIL, 2023. - 92 c. -
Cuctem. tpeboBanusi: ACROBAT READER 5.X. - B.
1. - TEKCT : 3JIEKTPOHHBII.
7. HCPC‘ICHL QJICKTPOHHBIX O6pa3OBaTCJ'II>HbIX pecypcoB
UH(POPMALMOHHO-TEIIEKOMMYHHUKAIIMOHHOHU ceTn « HTepHeT»
Ilepeuens AIIEKTPOHHBIX 00pa3zoBaTeNbHbIX pecypcoB UH(pOPMaIMOHHO-

TEJICKOMMYHUKAIIMOHHONW ceTn «MHTepHeT», HEOOXOIMMBIX JJII OCBOCHHS JTUCIUILIAHBI
npuBe/ieH B Tabsmie 9.

Tabmuma 9 — IlepedyeHb SIEKTPOHHBIX OOpPA30BATEIBHBIX PECYPCOB HH(POPMALMOHHO-
TEJIEKOMMYHUKAIIMOHHOU ceTu «HTepHeT»
URL aapec HaumenoBanue
http://science.guap.ru HayuHas ¥ HHHOBaIMOHHAA esTeabHocTs ['Y ATl
http://www.consultant.ru | CrnpaBouno-nipaBoBas cucrema «Koncynaprant [Inrocy
http://www.garant.ru Nudopmarmonno-npaBoBoi mopran «CAPAHT»
http://list-of-lit.ru Criucok nureparypsl 10 HAHOTEXHOJIOTHH

/nano/nnotechnologii

8. [TepeueHr MHPOPMAITMOHHBIX TEXHOIOTHH
a. IlepeueHp nmporpaMMHOro obecreueHusl, UCIOJIb3yeMOro mpu
OCYILECTBICHHMH 00pa30BaTEJILHOrO MpoLecca M0 AUCHUILINHE.
[lepeuyeHpb uCnonbp3yeMoro NporpaMMHOro odbecnedeHus npejacrasieH B Taduuie 10.

Tabmuna 10— [TepeueHsr mporpaMMHOT0 00€CIICUCHIS

No /1t HanmenoBanue

He npenycmorpeno

[Tepeuenn HH(OPMAITMOHHO-CITPABOYHBIX CUCTEM,HCITOJIb3yeMbIX npu
OCYIIIECTBIIEHUU 00pa30BaTEIHLHOTO MPOoIiecca Mo AUCIUILTHHE
[lepeuens WCHONB3YeMBIX HH(POPMAIIMOHHO-CIIPABOYHBIX CHCTEM TIPEJICTaBICH B
Tabmmuie 11.

Tabnuna 11— [lepeuens nHGPOPMAITMOHHO-CIIPABOYHBIX CUCTEM



https://www.gost.ru/portal/gost/home/activity/standardization/tk
https://www.gost.ru/portal/gost/home/activity/standardization/tk
https://docs.cntd.ru/document/1200093608
https://docs.cntd.ru/document/1200093608
https://www.iso.org/committee/381983.html
https://www.iso.org/committee/381983.html
https://lib.guap.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=108
https://lib.guap.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=108
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/

Ne /1 HanmenoBanue

He npenycmorpeno

9. MarepuanbHo-TeXHHYECKas 0a3a
CoctaB  MaTepUAIbHO-TEXHUYECKOH 0a3bl, HEOOXOMUMOW Ui  OCYIIECTBIICHUS
00pa30BaTeNLHOTO MpoIiecca Mo TUCIUIUIMHE, IPEICTaBICH B Tabmuiel 2.

Ta6ymmma 12 — CoctaB MaTepuaibHO-TEXHHUECKOM 0a3bl

Ne HanmMeHnoBaHnue cocTaBHON 4acTH Homep aynuropun
/T MaTepUaIbHO-TEXHUYECKON Oa3bl (ipu HEOOXOTUMOCTH)
1 JleknmonHas ayiutopus 52-51
CrennanusupoBanHas tabopatopust «Jlaboparopust Tepputopus ®BY
HUCCJIICIOBAHUA HAHOOOBEKTOBY «TecT - C_-HeTep6ypr»
10.  OueHoYHBIC CpeACTBA ISl MPOBEICHUS IPOMEKYTOUHOM aTTECTAIIMH
a. CocTaB OLIEHOYHBIX CPEACTBIIS MPOBEACHUS POMEKYTOUHOU

aTTecTanuy o0yJaroImuXcs Mo AUCUUIUIMHE PUBeIeH B Tabmuie 13.
Ta6muma 13 — CocTaB OLEHOYHBIX CPEACTB JUIsl IPOBECHUS IIPOMEKYTOYHOM aTTeCTalluu

Bua npomexyTo4HON aTTecTaluu [IepedyeHp OLICHOUHBIX CPEACTB

3auer Cnucok BOmpocoB
Tectbl

10.2 B kadectBe KpHUTEpHEB OLEHKH YPOBHS C(HOPMUPOBAHHOCTH (OCBOCHUS)
KOMIIETEHIIMH 00ydJarouMMucs MpUMEHseTcsl 5-0ajuipHas IIKaja OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETEHIIMM, KOTopas npuBeaeHa B Tabauie 14. B Teyenune cemecTpa MOXKET UCIOJIb30BATHCS
100-0annpHast ~ mKajga ~ MOJAYJBHO-PEUTHMHIOBOM  CHUCTEMbl ~ YHUBEpPCUTETa,  IIpaBUIa
HCIIOJIb30BaHUsl KOTOPOW, YCTAHOBJIEHBI COOTBETCTBYIOLIUM JIOKAJIbHBIM HOPMAaTHUBHBIM aKTOM
I'VAIL
Tabnuna 14 —Kputepun onieHKH ypoBHS c()OPMHUPOBAHHOCTH KOMIIETEHIIUHN

Or1eHKa KOMITETEHITUH

Xapakreprucrrka chOpMUPOBAHHBIX KOMIIETEHIIAI
5-0ayutpHad mIKama P P (bopmp

— oOyyaromuiicss TIyOOKO M BCECTOPOHHE YCBOWJI MPOTPAMMHBII
MaTepHa;

— YBEpPEHHO, JIOTHYHO, ITOCIICI0BATEIFHO U TPAMOTHO €T0 M3JIaracr;

— ONMHpasiCh Ha 3HAHHWS OCHOBHOM W JOMOJHUTEIHHOU IUTEPATYpHI,
TECHO MPUBS3HIBAECT YCBOCHHBIC HAYYHBIE MOJOKEHHSI C MPAKTUIECKON
JIESITEIIbHOCTHIO HAIPABIICHHS;

— yMeJ0 000CHOBBIBAET U ApTYMEHTUPYET BBIJIBUTACMEBIC M HJICH;

— JIeJIaeT BBIBOALI H 000OIIEHHUS;

— cBOOOJIHO BJIaJICET CUCTEMOM ClelMaIN3uPOBAHHBIX TOHSITHH.

«OTIIMYHO»
(Ga4YTCHO»

— 00yJaromuics TBEPIO YCBOWII MPOTPAMMHBIN MaTepHajl, TPAaMOTHO H
[0 CYIIECTBY W3JIaraeT ero, ONUpasch Ha 3HAHUS OCHOBHOM
JTUTEPaATypPHL;

— HE JIOMYCKAaeT CYIECTBEHHBIX HETOYHOCTEH;

— YBSI3bIBACT YCBOCHHBIC 3HAaHWUS C MPAKTHYCCKOH JESITEIHLHOCTHIO
HaIPaBIICHUS;

— apryMEHTUPYET HayYHbIC TTOJIOKEHUS;

— JIeJIaeT BBIBOABLI H 000OIIEHHUS;

— BJIQJICET CHCTEMOH CIICIIMATN3NPOBAHHBIX TTOHITHH.

(XOPOLIO»
(Ga4uTCHO»




OI1reHKa KOMIIETEHITN

5-0aiubHas mKana

XapaxrepucTrka chopMUPOBAHHBIX KOMIIETEHIUI

«YJIOBJICTBOPUTEIIHHOY
«3aYTCHO»

— 00y4Jaromuiicss yCBOMJI TOJIBKO OCHOBHOHM NMPOrpaMMHBIM MaTepual,
II0 CYHIECTBY M3JIaracT €ro, ONMpasch HAa 3HAHUSA TOJIBKO OCHOBHOMU
JUTEPATYPBI;

— JIONyCKaeT HeCYIIECTBEHHBIE OIIMOKN U HETOYHOCTH;

— UCIIBITBIBACT 3aTPYAHEHUS B IIPAKTUYECKOM IIPUMEHEHUU 3HAHUU
HaIPaBJICHUS;

— c11a00 apryMeHTUpPYET Hay4dHbIE [T0JIOKEHMS,;

— 3aTpyaHseTcs B (OPMYIMPOBAHUN BBIBOJOB M 0000IICHHUI;

— 9YaCTMYHO BIAJCET CUCTEMON CIIENMAIM3UPOBAHHBIX IOHITHUM.

«HEY/IOBJICTBOPHUTEIIEHOY
«HE 3aYTCHO»

— oOyJaromuiicss HE YCBOWJI 3HAYUTEILHOM 4YacTH MPOrpPaMMHOTO
Marepuaa,

— JIOMYCKaeT  CYIIECTBCHHbIE  OIMMOKM W  HETOYHOCTH  TIpU
paccMOTpEeHHH MPOOJIeM B KOHKPETHOM HANPaBIICHUY;

— UCTIBITHIBACT TPYAHOCTH B MPAKTUYECKOM MPUMEHEHUH 3HAHMIA,

— HE MOXET apryMEHTHPOBATh HAYYHBIC MTOJIOKCHHS,

— He (hOPMYIUPYET BBIBOJOB M 000OIIECHHUH.

b.

Tumnossie KOHTPOJIbHBIC 3a/IaHUs UJIN MHBIC MaTCPUAJIbI.

Bormpocs! (3agaun) nis sK3aMeHa IpeIcTaBlIeHbl B Tadimie 15.
Ta6muma 15 — Borpocs! (3agaun) 115 2K3aMeHa

Kon
Ne i/m [Tepeuyens BonmpocoB (3a1a4) 115 IK3aMeHa
VHJIUKaToOpa
Y4eOHBIM IUIAHOM HE NpeaAyCMOTPCHO
Bomnpocsr mis 3adera / nudd. 3auera npencrabieHsbl B Tadiuie 16.
Tabmuna 16 — Bonpocs! (3agaun) nis 3adera / qudd. 3adera
Kon
Ne i/m [Tepeuens BompocoB (3aa4) ans 3adera / qudd. 3ayera
WHJIUKaToOpa
1 OCHOBHBIC HJICH 1 TIOHATHSI HaHOTEXHOJOTHH TaHHBIE B paboTax H. T1IK-1.3.3
Tanuryuu.
2 B kakoii o0macTh TNPOMBINUIEHHOTO mpow3BoacTBa BrepBele cramm | [1K-1.3.3
peaNTn30BBIBATh UICH HAHOTEXHOJIOTHIA
3 Wnes nexuuu J. llpeaunrepa «UTo Takoe >KU3Hb ¢ TOUKU 3PEHUS TIK-1.3.3..
¢busnKn»?
4 OCHOBHBIE TIOJIOKEHUS JICKITHH, TIpouuTanHoU P. Oeitnmanom B 1959 . T1K-1.3.3
5 OCHOBHBIE TIOHSATHUS U OTNIPeIeTIeHNsI B 00JIACTH HAHOTEXHOJIOTHIA 11IK-1.3.3
6 YeM HAHOCTPYKTYHPOBAHHBIC MaTEPHANbl OTIMYAIOTCS OT KIACCHYESCKUX I1K-1.3.3
MaTepHuaaoB?
7 OcHOBHBIE 0COOEHHOCTH HAHOPA3MEPHBIX BEINYHH, UX KOJTHMYECTBEHHOE [K-1.3.4
3HaYCHUE.
8 Enuauie n3smMepeHns 1 HAMMEHOBAaHUS B 00J1aCTH HAHOTEXHOJIOTUH T1IK-1.3.4
9 Jluneiinble pa3mMepsl 0coOeit KMBOTHOTO MUpPa M UCKycCTBeHHBIX 00bekToB | [1K-1.3.4
B CPaBHUTEJbHBIX 3HAUEHHUIX HAaHOTEXHOJIOTUH
10 OcHOBHBIE COOBITHSI HICTOPUH PA3BUTHSI HAHOTEXHOJIOTHH B rrepuon ¢ 400 r. | T1K-1.3.3
JoHA.mo 1959 .
11 OcHOBHBIE COOBITHSI HICTOPUH PA3BUTHSI HAHOTEXHOJIOTHH B rrepuoz ¢ 1959 | T1K-1.3.3
110 H/B.
12 PazHble Mo X0/Ibl K HAYYHOMY OIIpE/IeTICHUI0 TepMHHa «HaHoTexHomorus» | [1K-1.3.3




13 O paborax XK.M. AndepoBa B 061acTi HAHOTEXHOJIOT U [1K-1.3.3

14 OcHoBHBbIC Haen D. JI[pekciiepa 0 pojie HAaHOTEXHOJIOTH B Pa3BUTHH I1K-3.33
COBPEMEHHOT'0 00IIecTBa, H3JI0KEHHBIE B KHUre «MalluHbl CO3MIaHMsD»

15 OCHOBHBIC OIIGHKM OXHMJaeMBbIX IapaMeTpoB HaHoMmexaHuueckux | [IK-3.Y.3

YCTPOWCTB.

16 XapaxkTepHuCTHKa ¥ NPUHIUI PabOThHl HAHOYCTPOHCTBA B KMBBIX [1K-3.3.3
opranusMax (Ha npumepe Mosiekyisl «KAT® Cunrazay).

17 VYriepoa B mpupojie, B 4e€M 3aKIIF0UaeTCs €ro 0codas poJb? [1K-1.3.4

18 [pocTeiimme KOHCTPYKIIUH MTPHOOPOB U Y3JI0B OTACIHHBIX PA3INIHBIX [IK-1.3.4
HaHOYCTPOMNCTB

19 Bo3mosxHbIe yTH puMeHeHus nprudopoB u Mauna MHT I1K-1.3.4

20 [TpuHIUIIEI caMOOpTaHU3aKH, HPUCYIIHE HanOoJee PaclpoCTpaHEHHBIM [IK-3.3.3
00BEKTaM HAaHOTEXHOJIOTHH

21 [puHIUIE caMOCcOOPKH, IPUCYIIIE HanOoIIee PacIpOCTPaHSCHHBIM IK-3.3.3
00BEKTaM HAHOTEXHOJIOTHUii

22 Ucnonp3oBanue camoopranmsauuu B HT. OcHoBHele cBoiicta | [1K-6.3.1
CaMOOPTaHU3YIOIIMXCS CUCTEM

23 HanomaTepuansl, HanMeHOBaHHUs, Ha3HAUCHHWE, OCHOBHBIC ompexaeineHus, | [1K-1.3.4
KakKue 0OBEKTHl K HUIM OTHOCSATCS?

24 OCHOBHBIE TUIIBI HAHOMATEPHAJIOB, pa3/eieHue 1o npusHakam usmepenuii | [1K-1.3.3
U pa3MEpPHOCTH

25 OCHOBBI KJIacCU(UKAINH U TUIBI CTPYKTYp HAHOMATEPHAIOB | I1K-3.3.3 |

26 OCHOBHBIE KaTeTOPHH HAHOMATEPHAaIOB [IK-3.V.3

27 OcoOeHHOCTH CBOWCTB HAHOMATEPHAIIOB, HAMIPaBJIeHHs UX ucnonb3oBanus | [1K-1.3.4

28 OcHOBHBIE 00J1aCTH IPUMEHEHHSI 00bEKTOB HAHOCTPYKTYPHBIX OOBKTOB [K-1.3.4

29 Kparkast xapakTepuCTHKa KOHCTPYKLIMOHHBIX, HHCTpyMeHTanbHbIX U | [1K-3.3.3
HU3HOCOCTOMKHUX MaTepuajoB

30 Hcnonp30Banre HaHOMaTEPUAJIOB B 3JIEKTPOHHOM TEXHUKE I1K-1.3.4
Hasnavenue, kpaTkas XapakTepUCTHKA JIEKTPOHHOI'O MUKPOCKOTIA

31 @usnuecknit  cmbica  cBoiictB  OM:  yBemuuenue, paspemenue, | 11K-1.3.3
paspeniaronas criocoOOHOCTb.

32 YcnoBusi GopMHUPOBaHUS M CBOMCTBA JIEKTPOHHOT'O JIy4a MUKPOCKOMA IK-3.¥.3

33 OU3HYECKUI CMBICT XPOMAaTHIECKOH abepparin K-1.3.3

34 B uem pasmuuue XapakTepUCTHK pasperieHus onrtuueckoro u | [1K-1.3.4
AJIEKTPOHHOI'O MUKPOCKOTIOB

35 XapakTepHucTHKa paspemiatorieii cnocoonoct M [1K-1.3.4

36 Ha3HadeHue U ycTpOHCTBO U CBOHCTBA HCTOYHHUKA DJIEKTPOHOB IK-3.3.3

37 KoHCTpyKTHBHBIE 0COOEHHOCTH CHCTEMBI OCBemeHnsT DM I1K-1.3.4

38 YCTPOKUCTBO CHCTEMBI KOPPEKIIMK acTUTMaTH3Ma B DM I1K-3.3.3

39 [Tpuniun paboTh U YCTPOMCTBO CUCTEMBI n300pakeHnst M [1K-1.3.4

40 . biokx-cxema n npunmn padoter Mukpockona BCOM [1K-3.3.3




41 Biok-cxema u mpuHIUI aeictBus OKe-CreKTpoMeTpa IK-3.3.3
42 ®DOTOIIEKTPOHHAsT PCHTICHOBCKAsl CIEKTPOCKOmus, Oiok-cxema, | [1K-3.3.3
NPUHIUIT JeUCTBUS
43 ®oTo3eKTpOHHAs PEHTTCHOBCKAsl CHEKTpOoCcKomus, Onok-cxema, npunuun | 11K-3.3.3
IEUCTBHUS
44 . TIK-3.3.3
[MpuHnmn paboTel paMaHOBCKOH CHEKTPOCKONHHM, OJIOK-CXEMBI IIpoIiecca
HU3MEpEeHUi.
45 Haznauenue nmpuHIUI JeHCTBUS POTOTFOMHHECIICHTHON CIIEKTPOCKOITHN [K-3.3.3
46 WudopmannoHHbIe TEXHOJIOTHH B M3MEPUTEIIBHBIX CHCTEMAX [K-3.3.3
47 HubopManoHHbIe TEXHOJIOTHHA B HAHOTEXHOJIOTUAX I1K-3.3.3
48 [IpuHIINIIBEI ¥ OCHOBHEIE JIEMEHTHI HCKYCCTBEHHOT'O MHTEIIICKTA I1K-1.3.4
47 Om3nyeckie NPUHINIB  JEHCTBUS MeTomoB W cpenctB  Macc- | [TK-1.3.3
CIEKTPOMETPHUH
48 dmsnyeckas CyIHOCTh TYHHEIBHOTO AP (PeKTa B paTuOIICKTPOHIKHI [1K-1.3.3
49 TIK-3.¥.3

OCHOBHBIE CBOICTBAa 00BEKTOB MOJIEKYIIIpHOTO ypoBH:S. CBoiicTBa

«XUMHYECKOT0» METOA PU MPOCKTUPOBAHIH MOJICKYJISIPHBIX TPHOOPOB.

MpeICTaBICHBI B Tabwuie 17.
Tabnuna 17 — Ilepeyens TeM Juist KypcOBOTO MPOEKTUPOBAHMSI/BBITIOIHEHUSI KYPCOBOI pabOTHI

[lepeuenr TeM [l KypCOBOTO MPOCKTUPOBAHUSA/BBIIIOIHEHUS KYpCOBOM pabOTHhI

Ne /i [TpuMepHBIii IepeYeHb TeM Il KYPCOBOTO MPOSKTUPOBAHUS/BITTOIHEHHS
B KypCOBOH paboThI
Y4eOHBIM IJIAHOM HE MPEAYCMOTPEHO
Bonpockl s mpoBeneHHs MPOMEXYTOUYHOM aTTecTallud B BHJIE TECTHPOBAHUS

IpeJICTaBICHBI B Ta0wmie 18.

Tabmmna 18 — [IpumepHBIii TepedeHb BOITPOCOB JJIsI TECTOB

. Kon
Ne n/n IIpuMepHBIii IepedeHpb BOIIPOCOB ISl TECTOB
WHIUKATOpa
1. UccnenoBanue MUKpPO- M HAHOCTPYKTYD. . IK-1.3.3,
Hauano Bompoca: Kakue Meronmsl auarHocTku Haubosee pacrpoctpaHensl juisi | [1K-1.3.4

ucciae0BaHus PU3MYECKUX TaAPaMETPOB M XapaKTEPHUCTHK HAHOOOBEKTOB!

- QIIEKTPOHHAsI MUKPOCKOIIHS BBICOKOTO Pa3peIleHHs;

- OTpaXkaTelbHasl JEKTPOHHAS MUKPOCKOIIHS;

- MHUKPOCKOTIUSI ME/ITICHHBIX 3JIEKTPOHOB.;

- ONTHYECKasi MUKPOCKOIIHSI.

2. BaxHeillme TEXHOJOTHYECKHE JOCTIDKEHHS BO BTOPOH IIOJIOBUHE JBaJLATOTO
CTOJIETHSI.

Hauwano Bompoca: Urto cmocoOCTBOBano, B HaWOONBIICH CTENEHH, MHTEHCHBHOMY
Pa3BUTHIO HAHOTEXHOJIOTHH B CTpaHe U 3a pyoexom?

Hauano Bompoca:

- TEXHOJIOTHS CO3/AaHUS JEKTPOBAKYYMHBIX IIPHOOPOB;

- CO3JITaHNE MUKPOMOIYJIbHBIX DJICMCHTOB;

- CO3JIaHNEC MHTECTPAJIBHBIX IEYATHBIX I1JIAT,

- CO3/JJaHNE TMOJIYIPOBOTHUKOBBIX 3JIEMEHTOB IEKTPOHHOHN TEXHHKH.

3. ®usnueckasl CyIHOCTb 3akoHa ['oprona Mypa.




Hauaso Bompoca: B yem 3akmodaeTcst CMBICI SMIIMPUYECKOTo 3akoHa Mypa?

- OOBSICHAT MIPHUHIIMIT TTOJYYEHHUS YePHO-0€I0T0 N300pakeHHsI KaJipa TeJIeBU30Da;

- 3aKOH OOBSACHSCT MPUHIHI () YHKIIMOHHPOBAHUS ONTOBOJIOKOHHOTO 3JIEMEHTA;

- TIpeeNIbHBIE TPAHUIIB OBICTPOCHCTBIS KOMITBIOTEPA;

- IpeJeNIbHOE YMCIIO pa3MEIleHHs TPAH3UCTOPOB Ha MEYaTHON IIaTe KOMITBIOTEPA.
4. CpencTBa U3MEpEHUS ISl HCCIIEIOBAHIS HAHOCTPYKTYD.
Hawano Bompoca: B d9em 3akmodaercss OCHOBHBIE JOCTOWHCTBA 3JIEKTPOHHOTO
MUKpOcKomna?

- yIy4IIeHbl BECOBBIC U rabapuTHbIC XapaKTEPUCTHKH IIPHOOPOB,

- BO3MOXKHOCTB IIU()POBOTO MPEACTABICHHS PE3yIbTATOB aHAIIN3a;

- Oojee coBepLIEHHas, O CPaBHEHUIO C ONTHYECKUM MHKPOCKOIOM, CHCTEMa
MOJTyYCHHS N300paKeHHsT HAOIH01aeMOT0 00BEKTa;

- BO3MOKHOCTb MOJTyYeHHs 0osiee pasHOOOpa3Hoi HH(popMaIu 00 00bEKTe;

- TIpeeIIbl YBETUIEHUS HCCIEeyeMOT0 OOBEKTa.

5. OCHOBHBIE TTapaMeTPhl U XapaKTEPHUCTUKN MHKPOCKOIIOB.

Hauwano Bompoca: HazoBure mnpenensHpIe 3HAYCHHS XAPAaKTEPUCTHKHU YBEIUICHHUS
ONTHYECKOTO MUKPOCKOTIA:

- 100 pas3;

- 200 pas;

- 400 pas3;

- 700 pa3;

- 1000 pas;

- 1500 pas

6. OcHOBHBIE ITapaMempbl U XapaKTEPUCTUKH MUKPOCKOTIOB.

Hauano Bompoca: [IpenensHbie 3HaUCHUS YBEIUICHUS SJICKTPOHHOTO MUKPOCKOTIA!
- 1000 pasz;

- 2000 pasz;

- 5000 pasz;

- 8000 pasz;

- 1muH. pas;

- 2 MJIH. pa3

7. OcHOBHBIE MTapamMempbl U XapaKTEPUCTUKH MUKPOCKOIIOB.

Hauano Bompoca: UYem ompexensercs paspemiaronas CHOCOOHOCTh ONTHYECKOTO
MHUKPOCKOTIA!

- YPOBHEM OCBEILIEHHOCTH paboyeil JIMH3bI;

- BEJIMYMHOM (hOKYCHOTO PacCTOSIHUS;

- COBEPIIICHCTBOM OTKJIOHSIOMICH CHCTEMBI;

- JUTMHOW BOJTHBI CBETA.

8.OCHOBHBIC MMapaMeTPhl U XapaKTePHUCTUKU MHKPOCKOIIOB.

Hawano Bompoca: Uem ompenenseTcs paspemaromas CIoCOOHOCTh 3JIEKTPOHHOTO
MHUKPOCKOTIA:

- KOHCTPYKIIMEH CUCTEMBI M300pasKeHNs] MUKPOCKOIIA;

- YCTPOMCTBOM 3JIEKTPOHHOM ITyILIKH,

- CCTEMOI1 CUMTBHIBAHUSI PE3YJIbTATOB 00pabOTKH U3MEPEHHH;

- PacCTOSIHMEM TpOJIeTa JIIEKTPOHA;

- CKOPOCTBIO TIPOJIETa AIIEKTPOHA.

9. [IpenmyiiecTBa 3J1€KTPOHHOTO MUKPOCKOIIA.

Hauano Bompoca: UeM 0OBsICHSIETCS BBICOKAs pa3pelIaromas ClioCOOHOCTh
ANEKTPOHHOTO MHKPOCKOIIA:

- TCOMETPUYCCKUMHE pa3MepaMu pabodeit 30HbI;

- HCTIOJIh30BaHUEM AIICKTPOHHOTO TIOTOKAa BMECTO CBETOBOTO TIOTOKA;

- JUIMHOW BOJHEI 3JIEKTPOHA.

10. OcHOBHBIE TapaMETPBI M XapPaKTEPUCTUKH AJIEKTPOHHBIX MUKPOCKOTIOB.
Hauaio Bompoca: OT uero 3aBUCHT BEIWYHMHA BOJHBI AJIEKTPOHHOTO ITOTOKA B
MHUKPOCKOTIE!

- rabapuThl pabodeli 30HbI;

- BEJIMYMHON HANPSDKEHUS HA aHO/IE,;

- KOHCTPYKIIMEH CHCTEMbI H300paXKeHNsI MUKPOCKOIIA;

- APXHUTEKTYPBI OTKIOHSIOIIEH CHCTEMBI MUKPOCKOIIA

11. Kakas cepusi CTaHAapPTOB B HACTOAIIEE BPEMsI SIBJSICTCS] OCHOBHOM JIst
cTanaapToB U3 obmactu UT?
a. cepus 25000,




b. cepus 9000;

c. cepus 14000;
d. cepus 16000.

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

d. 90003:2004;
.€.15288:2002.

13.HazoBure abOpeBHATYPY MEXKIYHAPOIHOTO COI03a IJIEKTPOCBSI3U:
a. IEEE;
b. IEC;

c. ITU;
d. ISO.

[lepeyeHb TeM KOHTPOJBHBIX PadOT MO AMCHUIUIMHE OOYYAIONIMXCS 3a04HOU (HOPMBI
00ydeHus1, IpeICTaBICHbI B Ta0mie 19.

Ta6ymma 19 — [lepeyeHb KOHTPOJIBHBIX PadbOT

Ne /i [lepeyeHb KOHTPOJIBHBIX PabOT

2.4. Meronudyeckue — MaTepuaibl,  ONPENCIAIOMNAE  MPOIETyphl  OICHUBAHUS
WHAUKATOPOB, XapaKTEpU3YIOLUX dTanbl (OPMUPOBAHHUS KOMIIETCHLUH, COJIEPXKATCi B
JIOKaJbHBIX HOpPMATUBHBIX akTax [ YAIl, periaMeHTHpyOUIUX TOPSJIOK U  MPOLEAYPY
MPOBEJICHUS TEKYIIEr0 KOHTPOJIS yCIIEBAEMOCTH U MPOMEKYTOUHOM aTTeCTalli O0yJaromuxcs
I'VAIL

3. Meroauueckue ykazaHus A 00y4aroUIXcs 10 OCBOCHUIO JUCLUIUINHBI

3.1. Meromuueckne yKazaHHs s OOy4JarOIIMXCS IO OCBOCHHIO JIGKIIMOHHOTO
MaTepuaia

OcHOBHOE Ha3HA4Y€HHE JIEKIIMOHHOTO MaTepuana — JIOTUYECKH CTPOMHOE, CHCTEMHOE,
riyOOKoe U SICHOE W3JIOKEeHHe yueOHoro marepuana. HasHadeHune cOBpEMEHHOM JeKUuu B
paMKax TUCUUIUIMHBI HE B TOM, YTOOBI MOJYyYUTh BCIO MH(POPMAIMIO 1O TEME, a B OCBOCHUU
(byHaaMeHTaNbHBIX NpoOJeM JUCHMIUIMHBI, METOJOB HAayyHOrOo IIO3HAHMS, HOBEWIIMX
JOCTHKEHUI HayyHOW MbIcau. B yuyeOHOM mpoliecce JIEKIHs BBIIOJIHSAET METO/I0JIOTMYECKYIO,
OpPraHU3alMOHHYI0 U MHPOPMALMOHHYIO (YHKIMU. JIEKIUs packpbIBaeT MOHATUIHBIN anmapar
KOHKpETHOH oO0jacTu 3HaHUA, €€ MpoOJeMbl, JAaeT LEJIbHOE MpPEJCTaBICHUE O AUCLUIUIMHE,
MIOKAa3bIBAET B3aUMOCBS3b C IPYTUMU JUCLUIIIIMHAMH.

[InaHupyeMble pe3ynbTaThl IPU OCBOEHUU 00YYaIOUTMMUCS JIEKIIMOHHOTO MaTepuaa;

— TIOJYyYEHHE COBPEMEHHBIX, LEJIOCTHBIX, B3aMMOCBSA3aHHBIX 3HAaHUH, YpPOBEHb
KOTOPBIX OINPEAEIAETCS LIEIEBOM YCTAHOBKON K KayKJJOM KOHKPETHOU TEME;

— TIOJy4Yy€HHE ONbITa TBOPUYECKOMN pabOThl COBMECTHO C MPEIO/IaBATENEM;

— pasBuTHE TNPO(ECCHOHATHHO-IETOBBIX  KadecTB, JIIOOBM K  TIpeAMETYy U
CaMOCTOSATEIBHOIO TBOPYECKOTO MBIIIJICHUSI.

— TOsBJIEHHE HEOOXOJMMOro HHTEpeca, HE0OX0AUMOTO Il CAMOCTOSITENIbHOU padoThI;

— TIOJy4YEHHE 3HAHUH O COBPEMEHHOM YPOBHE pa3BUTHS HAyKM U TEXHUKH U O
IIPOTHO3€ UX pa3BUTHs Ha OJMIKaNIINeE TO/IbI;

— HAy4YUThCSl METOAMYECKH 00pabaTbiBaTh MaTepuall (BBIAECNSTH TIJIaBHbIE MBICIU U
MOJIOKEHUSA, MPUXOAUTh K KOHKPETHBIM BBIBOJAM, IIOBTOPSATh HUX B  Pa3jIM4YHBIX
bopMynupoBKax);

— TOJIyueHHE TOYHOT'O TOHUMAaHHUs BCEX HEOOXOIUMBIX TEPMUHOB U TIOHSATHH.




JIeKUMOHHBIA MaTepuaJl MOXET CONPOBOXKAATHCA JAEMOHCTpPALMEN CIIAIOB U
WCIIOIb30BAaHUEM Pa3[laTOYHOr0 Marepuana TIpUh TPOBEACHHH KOPOTKHUX JHCKYCCHH 00
OCOOEHHOCTSIX MPUMEHEHUS OT/IETbHBIX TEMATUK 10 JTUCHHUILINHE.

CTpyKTypa NnpeiocTaBieHus JEKIIMOHHOTO MaTepuraia:

— JICKLIMM COTJIaCHO pazzenam (Tadu.3) u temam (1abi.4).

3.2. Metonuueckne ykKazaHHs Il OOy4YalIIMXCS IO MPOXOXKICHHUIO IMPAKTHUYCCKUX
3aHATUH

[IpakTrueckoe 3aHATHE SIBISETCS OJHON M3 OCHOBHBIX (DOPM OpraHu3anuu y4eOHOTO
mporecca, 3aKIIF0Yaronasicsl B BHIOJHEHUN 00YJaIOIIUMUCS 1O PYKOBOJICTBOM IPETIOAaBaTes
KOMILIEKCa YYEOHBIX 3aJlaHUi C 1ETbI0 YCBOSHHS HAYYHO-TCOPETHYECKHX OCHOB Y4eOHOM
JTUCITUTUIMHBL, TPHOOPETEHUSI YMEHU U HABBIKOB, OITBITA TBOPUYECKOU JCSITCILHOCTH.

[lenpr0 MpaKTHYECKOTO 3aHATHUS ISl 00YYaIOMIErocs SBISICTCS MPUBUTHE O00yUJarOIIMMCS
YMEHUU U HABBIKOB MPAKTUYECKOU JEATEIbHOCTH 110 U3y4aeMOU TUCIUIINHE.

[Tnanupyemble pe3ysIbTaThl IPH OCBOCHUH 00YUYaAIOIIUMCS TPAKTUYECKUX 3aHITHIA:

— 3aKperuieHue, yriayOJieHHWe, pacIlUpeHue W JAeTaau3aius 3HAHWK TpU PEIIeHUU
KOHKPETHBIX 33714,

— pa3BUTHE IIO3HABATEIIBHBIX CIIOCOOHOCTEH, CaMOCTOSTEIBHOCTH  MBIIUICHHS,
TBOPYECKOI aKTUBHOCTH;

— OBJAJICHHE HOBBIMM METOJAMH W METOAMKAMHM HM3YYCHHsS KOHKPETHOW Yy4yeOHOMU
JTACITUTLINHBI;

— BBIPpa0OOTKAa CMOCOOHOCTH JIOTHUYECKOTO OCMBICICHHSI TOMYyYEHHBIX 3HAHUW JUIS
BBITIOJTHEHUS 3a/IaHUH;

— ofecrnieueHue palMOHAIBLHOIO COYETAaHUs KOJUIEKTUBHOM M MHIUBUAYAJIBHON (opM
00y4eHwUsI.

TpeboBanusi K IPOBEIEHHUIO IPAKTUYESCKUX 3aHITHI

[IpakTuueckue 3aHATHs POBOATCS B CIEAYIOMUX Gopmax:

— MOJICTMPOBAHUE CHUTyalluid MPUMEHHTEIBRHO K MNpodumno mpodecCHOHATHHON
JESITEIbBHOCTH 00yJaroIuxcs;

— pelleHNe CUTYAIlMOHHBIX 33724

— TPYNIOBasi TUCKYCCHS.

[IpenonaBaTens mnpu TPOBEACHUHM 3aHATHNA BBITIOJHSICT (PYHKIMIO KOHCYJIbTaHTA,
KOTOPBII HAMpaBisieT KOJUIEKTUBHYIO padOTy CTYJIEHTOB Ha MPUHSATHE MPABUIBHOTO PEIICHUS.
3aHsATHE OCYIIECTBISACTCS B IUAJIOTOBOM PEXUME, OCHOBHBIMHU CYObEKTaMU KOTOPOTO SIBJISTFOTCS
CTYJICHTHI.

3.3. Meronuyeckue ykazaHus s 00y4arOMIMXCs MO MPOXOXKICHUIO CaMOCTOSITENEHOM
paboTsl

B xoze BBIOTHEHHUS CaMOCTOSATENbHONU pabOThI, OOYUYAIOUIUIICS BBIMOIHSAET paboTy MO
3aJIaHUI0 M TIPH METOJMYECKOM PYKOBOJICTBE IMpETojaBaTelisi, HO 0€3 ero HemocpeJICTBEHHOTO
y4acTusl.

st oOydvaronuxcst Mo 3a04HOM ¢dopme OOydeHHs, CaMOCTOATENbHAass padoTa MOXKET
BKIIIOUYATh B ce0s1 KOHTPOJIBHYIO paboTy.

B mporecce BBITTONIHEHHUS CaMOCTOSITEHHOW pabOThI, Yy 00ydaromerocs (popMUPYETCs
1enecoo0pa3Hoe IaHUPOBaHUE Pabodero BpeMeHH, KOTOPOe MO3BOJISET UM Pa3BUBATh YMEHUS
N HaBBIKM B YCBOCHHMU W CHCTCMATH3AllUH HpI/IO6peTaeMBIX 3HaHHﬁ, o0ecrieunBaeT BBICOKHHA
YPOBEHb YCIEBAEMOCTH B TMEPHOJ OOYYECHHs, TMOMOTaeT TOJYyYUTh HABBIKA TOBBIIICHUS
poeCCHOHAIBHOTO YPOBHSI.

MeTtoaudyeckuMi ~ MaTepualiaMH,  HAMNpaBJSIONIMMH  CaAMOCTOSITENbHYIO  paboTy
00yJaronuxcst SBISIOTCS:

—  y4eOHO-METOAMYECKH MaTepHal Mo JUCIHUILINHE;



3.4. Meronuueckue YyKazaHUS UL OOyYarOIIMXCS IO MPOXOXKICHUIO TEKYIIEro
KOHTPOJISI YCIIEBAEMOCTH.

Texkymuil KOHTpPOJIb YCIEBAEMOCTH IIPEAYCMaTpPUBAET KOHTPOJIb KayeCcTBa 3HAHUU
00y4aroIuxcsl, OCYLIECTBISEMOIO B TEYEHUE CEeMecTpa C LIEJbI0 OLCHMBAHUS X0Jla OCBOEHUS
JUCLIUATIIIVHBI.

CryneHT mocie BBIIOJHEHHUS, CAAud U 3aIlUThl NPAKTHMUYECKUX pabOT AOIMYyCKaeTcs K
cobece0BaHUIO TP MPOXOXKAEHUU aTTecTalluu B (hopMme IK3aMeHa.

3.5. Meronuueckue ykazaHus Uis OOyYaroIIMXCS IO MPOXOXKIACHUIO MPOMEXYTOUHOH
aTTECTALUN.

[Ipomexxytounass  arrectansi  OOy4yaromIMXCsl ~ HpEAyCMaTpuBaeT  OLIGHUBAHHE
IIPOMEKYTOUHBIX M OKOHYATEJIbHBIX PE3yJbTaTOB 00ydeHus o aucuuiuinHe. OHa BKIJIIOYAET B
ceos:

— D9K3aMeH — (opMa OLEHKM 3HaHHMH, IOJYyYEHHbIX OOydarolmMMcs B Ipolecce
U3y4eHHs BCeH AMCUMIUIMHBI WK €€ YacCTH, HABBIKOB CAMOCTOSITENIbHONW pabOoThl, CHOCOOHOCTH
IPUMEHATh MX JUId PELICHHs NPAKTUYECKUX 3aJad. ODK3aMEH, Kak IPaBUJIO, MPOBOIUTCS B
Nepuoj, SK3aMEHAIlMOHHOM CECCHMM W 3aBEpILAeTCsl aTTECTAllMOHHON OIIEHKOM «OTIMYHOM,
«XOpOILOY», «YAOBIETBOPUTEIBHO», «HEYAOBIETBOPUTEILHOY.

— Cucrema OLIEHOK IpPU NPOBEIACHUM TEKYIIETr0 KOHTPOJISI U MPOMEKYTOUHOM aTTeCTallUu
OCYIIECTBIISIETCS B COOTBETCTBUH C PYKOBOISAIINM AokyMeHTOM opranuzauuu PO 'Y AIIL
CMK 3.76 «llonoxeHnue o0 TeKylleM KOHTPOJIE YCIEBAEMOCTH U MPOMEXKYTOYHOU
atrectauuu odyuaromuxcs I'YAIL, ocBauBaroniux oOpa3oBareiabHbIE IPOIPaMMBbl BBICILIETO
oOpa3zoBanus» https://docs.quap.ru/smk/3.76.pdf.



https://docs.guap.ru/smk/3.76.pdf

Jluct BHeceHUsI U3BMEHEHUH B pabouyio MporpaMmy AUCHUILTAHBI

JlaTta BHECEeHUs
N3MEHCHHI 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
A3MEHEHHUS

Coneprxanne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOIA
3aceaHus
Kadeapsl

Ionmuce
3aB.
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