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AnHoranus

Hucuumnuna «MeTponoruueckoe obOecriedeHHe TEXHOJOTHYECKHX IPOIECCOB B
HAaHOUHYCTPUW» BXOAUT B 00pa30BaTEIbHYIO IPOrpaMMYy BBICHIETO 00pa30BaHUs — IPOrpaMmy
MarucTparypbl IO HaIlpaBJICHUIO MOATOTOBKH/ crenuaabHocTH 27.04.01 «Crammaptuzamus u
METpPOJIOTHS»  HampaBJIeHHOCTH  «MeTposiornueckoe  OOeCredeHne  WHTEIUIEKTYyalbHBIX
MPOLIECCOB U MPOU3BOJCTBY. Jlucuuminna peanusyercs kadenpoi «Neby.

JlucuurminHa HareneHa Ha (GOPMHUPOBAHKE Y BBITYCKHUKA CIICTYIOIINX KOMITETSHITUH:

[IK-1 «Criocoben pa3pabarbiBaTh U BHEAPSATH HOBBIE METOMBI U CPEJCTBA TEXHUYECKOTO
KOHTPOJISD)

I[IK-2  «CnocoOeH  OCYHIECTBIATh  HAYYHO-TEXHUYECKYH)  JICATCIIBHOCTH |
AKCIIEPUMEHTATIbHBIC Pa3pa0OTKH B 00JIACTH 00ECTICUCHUS SAMHCTBA U3MEPEHU

CopepxaHue TUCHUIUIMHBI OXBaThIBA€T KPYr BOIPOCOB, CBSI3aHHBIX C OCOOEHHOCTSMU
METPOJIOTHYECKOTO O0ECIIEUYCHUs TEXHOJIOTHYECKUX MPOIECCOB MPOU3BOJCTBA HOBBIX (HOpM U
BUJIOB YIVIEPOJHBIX COCNMHEHUH, OOJIaJal0MUX YHUKAIBHBIMU (U3HYECKUMHU, (DU3HKO-
XUMHUYECKUMH ¥ T€OMETPUUYECKMMHU MapaMeTpaMu, a TAKKe WX MOJIYYCHHEM U MPUMEHEHUEM B
pa3iMyYHBIX O00JacTAX MPOMBIIUIEHHOCTH. PaccMaTpuBaroTcsi BOIpPOCH  KiacCUUKALNUN
HAHOCTPYKTYPHPOBAHHBIX MaTEPUAIOB, OCOOCHHOCTH 0€30MaCHOCTH X MPUMEHEHUS U BIUSIHUS
Ha OKPYKaIOILIyI0 cpeny. BaKHbIM SBIAIOTCS pa3IUYHbIE METOJAbl HMCCIEIOBAHUSA, CPEIU
KOTOPBIX METOJIbl CKaHUpYolled 30H10BoM Mukpockonuu (C3M) sBistoluecss B HacTosLIEe
BpeMs HanboJiee paclpoCTPaHEHHBIMHU.

[IpenogaBanue AUCHUILIMHBI IPEAYCMATPUBACT CICAYIOIIHE (QOPMBI OpPTraHU3AHUN
yueOHOro Ipoliecca: JEKINH, IPAKTUIECKHE 3aHITHSI, CAMOCTOSITENIbHAA paboTa 00yJarommuxcs

[IporpamMmmMoit AMCHUIUIMHBI MPEAYCMOTPEHBI CIEAYIONIME BHUIbI KOHTPOJIS: TEKYIIHI
KOHTPOJIb YCIIEBAEMOCTH, MPOMEKYTOUHAs aTTecTanus B opme AudhepeHInpOBaHHOTO 3a4eTa.

OO0mast TpyA0eMKOCTh OCBOSHUS JMCIMILIUHBI COCTABIISACT 3 3adeTHBIX eawHmibl, 108
YacoB.

S3bIK 00yueHus 0 JUCHMIIUHE KPYCCKUH »



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 KOMIIETEHIIMN U HHIUKATOPOB MX JOCTHKCHHS

Kareropus (rpynna)

KOI[ 1 HAMMCHOBAHUC

KOI[ N HAMMCHOBAHUC MHAWKATOpa JOCTHUIKCHUA

KOMIICTCHITUH KOMIICTCHITUN KOMITCTCHIINU
[1K-1.3.2 3HaTh BU/BI, IPUHIUI ACHUCTBUS U
KJIACCU(PUKALIMIO CPEJICTB U3MEPCHUH,
TEXHUYECKUX YCTPOMCTB C M3MEPUTEIHLHBIMHU
GYHKIUSAMU, CPEACTB TEXHUUECKOTO U JOMYCKOTO
KOHTPOJIA
I1K-1 Criocoben [1K-1.3.3 3HaTh TOKYMEHTHI IO CTaHJAPTU3ALIUH,
pa3zpabaThIBaTh U periaMeHTUPYIOTHE BOMTPOCH! €IMHCTBA
[TpodeccuonanvHbie | BHEAPATH HOBBIE U3MEpPEHUI 1 METPOJIOTHIECKOT0 00eCeYeHUS
KOMITETCHITUN METO/IbI U CPEJICTBA MIPOU3BOJICTB, KOHTPOJISI Ka4€CTBA MPOTYKIIUH
TEXHUYECKOT O [1K-1.3.4 3HaTh METOJI TEXHUYECKOTO KOHTPOJIS
KOHTPOJIA KauecTBa, MPUHIIUITBI HOPMUPOBAHUS TOYHOCTH
ITIK-1.Y.1 ymeTs aHamM3upOBaTh U ONPEACIATh
MOTPeOHOCTH B pa3pabOTKEe HOBBIX METO/IAX U
CpeacTBax U3MEpPEHUM, KOHTPOJIS U UCIIBITAHUIH C
LEJIBIO ONPEAENICHNs] BO3MOKHOCTHU U
11e71€00pa3HOCTH WX MCTIOJIB30BaHUS
IIK-2 Crocoben
OCYULIECTBIISTh
Hay4HO-
TEXHUYECKYIO I1K-2.3.1 3HaTh IpaBOBBIE aKThl U HOPMATHUBHBIE
[Ipodeccuonanpubie | NEATETLHOCTD U JIOKYMEHTHI B 00J1aCTH €IMHCTBA U3MEPEHU,
KOMITCTCHITUU AKCIIEPUMEHTAJIbHBIE | METOJIbI OLIEHKHU PE3YJbTaTOB U3MEPEHUH U
pa3paboTKH B OIICHUBAHMSI HEOTIPEACIEHHOCTH U3MEPECHUI
obactu
obecrieueHus

CANHCTBA PI3MCpCHPII>i

2. Mecro nucuumianHsl B cTpykType OI1
JucnurnnuHa MokeT 6a3upoBaThCsl Ha 3HAHUSIX, pPaHee MPUOOPETEHHBIX 00YJarOITUMUCS
[P U3YYEHHUH CIEAYIOIMIMNX AUCLUTIINH:




JucuummHaa MOXKeT 0a3upoBaThcs Ha 3HAHUSX, paHee MPUOOPETEHHBIX 00YYarOIIUMUCS
IPY U3YYEHHUH CIIETYIONINX TUCIUTUINH:
— (u3MUecCKue OCHOBBI U3MEPEHUH U STAIOHBI €IUHHIL;
— METO/BI U CPEeCTBAa U3MEPEHUH, UCTIBITAHUN 1 KOHTPOJIS;
— OCHOBBI HH(OPMAaTH3ALUHN U3MEPEHHH;
— OCHOBBI JIEKTPOTEXHUKU U PATUOTEXHUKU;
— OCHOBBI MOJICTUPOBAHUE CHCTEM U TPOIECCOB;
— TpUKJIaTHAas ¥ 3aKOHOAATENIbHAs METPOJIOTHS;
— oOmas Teopust U3MEpeHUI
3HaHus, MOJYYCHHBIE NPU M3YYCHUU MaTepuaya JAaHHOW IUCIMIUIMHBI, MMEIOT Kak
CaMOCTOATENIFHOE 3HAYCHUE, TAK U MOTYT HCIIOJIb30BATHCS PU U3YUCHHUH JAPYTUX AUCIUILIHNH!
— - IUQPOBBIE METOJIBI U CPEICTBA U3MEPEHMIA;
— - IPOM3BOJICTBEHHAsS NIPAKTHKA;
— - IPOM3BOJICTBEHHAS NPEAIUIUIOMHAS IPAKTUKA.
3HaHUs, TOJMYYCHHBIE TPU HM3YYCHUH MaTepuayia JaHHOW IUCIMIUIMHBI, UMEIOT Kak
CaMOCTOATENIFHOE 3HAYCHUE, TaK U MOTYT HCIIOJIb30BATHCS NPU U3YUYEHHUH APYTUX AUCIHILIHH!
3HaHUs, TOJYYCHHBIE TPU M3YYCHUH MaTepuana JaHHOW IUCIHIUIMHBI, UMEIOT Kak
CaMOCTOATENIFHOE 3HAYCHUE, TAK U MOTYT HCIIOJIb30BATHCS MPU U3YUEHHUH JAPYTUX AUCIUILIIHH!
— 1udpoBBIe METOBI M CPENICTBA N3MEPEHUH,;
— TIPOW3BOJICTBEHHAs MMPAKTHKA,
— TIPOM3BOJCTBEHHAS MPEIIUIIOMHAS TPAKTHKA.

3. OOBeEM ¥ TPYTOEMKOCTh JTUCITUTUIAHBI
JlanHbie 00 oOmeM oO0beMe TUCHUIUIMHBI, TPYIOEMKOCTH OT/AENBHBIX BHJOB y4eOHOMH
paboTHI 110 AUCLUHUIUIMHE (M pACIPENEICHUE 3TOM TPYIOEMKOCTH [0 CEMECTPaM) MPEACTABIICHBI B
Tadimue 2.

Ta6muia 2 — O0beM U TPYJ0EMKOCTh JUCITUTITNHBI

TpynoeMkocTs 1o

Bun yuebnoii paboTbl Bcero CeMeCTpam
Ne3
1 2 3

Oowan mpyooemKocmup OuUCyUnIUHDL, 3/ 108 3/ 108
3E/ (uac)
H3 nux uacoe npakxmuueckoilt n0020moeKu 17 17
AyoumopHnuie 3anamus, BCEro vac. 34 34
B TOM YHCIIE:

nexuuu (JI), (dac) 17 17

npakTuueckue/ceMunapckue 3anarus  (I13),

(aac) 17 17

nabopaTtopHubie padoTs (JIP), (uac)

KypcoBoi npoekt (pabota) (KII, KP), (qac)

HK3aMeH, (Jac)

CamocmoamenvHnas paboma, Bcero (Jac) 74 74
Buo npomesxcymounoit ammecmayuu’ 3auer, Tindd

mudd. 3auger, sx3amed (3auer, udd. 3aq, ' Hudd. 3au.
DK **) 3au.

*k
IIpumedanue: kaHaUAATCKHI SK3aMeH

4. ConepskaHue TUCHUTUTHHBI
4.1. Pacnpenenenne TPyI0€EMKOCTH JTUCIUTUIMHEI 110 pa3eiaM | BUAAM 3aHATHN.
Pa3nensl, TeMBl AUCHUTIIMHBI U UX TPYAOEMKOCTh PUBEIEHBI B TabIuUIIe 3.



Tabnuna 3 — Pa3ensl, TeMbl AUCHUILTUHBL, UX TPYAOEMKOCTh

P Jlexrum | 113 (C3)| JIP KII CPC
a3/IeNbl, TEMBI JUCIUATUTHHBI
(qac) (qac) (qac) (qac) (qac)
Cemectp 3
CtpyKTypa, CBOWCTBA, METOMBI MOIYICHUS U
OCOOCHHOCTH MTPUMEHEHUSI HAHOCTPYKTYPHBIX
MaTepUaIOB § 2 2 8
Tema 1.1. XapakTeprucTrka KOHICTIIIHN
HAHOCTPYKTYPHBIX ¥ MOJICKYJISIPHBIX HAHOTEXHOJIOTHH
Y MaTepHaJiOB
Paznen 2. Knaccugumkanus HaHOMaTEPUAIIOB,
MoJTydeHne 1 Oe30MacHOCTh MX IPUMEHEHUS 5 5 o8
2.1. XapakTepucTuka METOI0B UCCIIEJOBaHUH OOBEKTOB
MUKpPO U HAHOCTPYKTYP
Paznen 3. Merons! uccienoBanrs HAHOOOBEKTOB
Tema 3.1. O6ume cBeneHus 00 00bEKTax 6 6 30
WCCIIETOBAHUS B 001aCTH HAHOTEXHOJIOTHHA
Paznen 4. IIpuHUKIIBI TOCTPOCHUSA TEXHUUYECKUX
CPEJICTB UCCICIOBAaHUS HAHOCTPYKTYP 4 4 3
4.1 OcHOBBI MEXaHUKHU 1 KOHCTPYKLUI CPECTB
WCCIIEIOBAHUS HAHOCTPYKTYPHUPOBAHHBIX OOBEKTOB
Htoro B cemectpe: 17 17 74
Hroro 17 17 0 0 74
[IpakTueckass MNOATrOTOBKA 3aKJIIOYAETCd B  HEMNOCPEACTBEHHOM  BBIIIOJHEHHH
OoOy4JarlolMMUCS  OMNpENeJeHHBIX  TPYAOBBIX  (YHKIWH, CBSI3aHHBIX ¢  Oya;yulei

po(heCCHOHATBHOMN NEeATeIbHOCTBIO.

4.2. CopneprxaHue pa3/ieioB U T€M JIEKIIMOHHBIX 3aHATHH.
ConeprkaHue pa3/ienoB U TeM JIEKLIMOHHBIX 3aHATHI MPUBECHO B Tabaule 4.

Ta6n1/1ua 4 — Coz[epxcaHI/Ie pa3aciioB U TEM JICKIHMOHHOI'O [UKJIA

Howmep paznena

HaszBanue u congepkanue pas3iesioB U TEM JICKIIMOHHBIX 3aHATHI

Pazpgen 1

CTpyKkTypa,  CBOWCTBA,
METOJIbI MOy YCHUS u
O0COOCHHOCTH  ITPUMEHEHHMs
HAHOCTPYKTYPHBIX
MaTepHasoB

Tema 1.1 OOmue cBeneHus 0 (PU3UKO-XUMHUYECKHAX CBOMCTBAaX HAHOCTPYKTYPHBIX
MaTepuaaoB

CoBpeMeHHBIE METOABI MOYYCHHS, NPUMEHEHHS HAHOMATepHajoB CTallH
BO3MOXKHBI, KOTJa ObUIM pa3paboTaHbl M HHCTPYMEHTAIBHO IOITBEPKICHBI
OCHOBHBIE€ HJEH AaTOMHO-MOJICKYJISIPHOM TEOPHMM W TMOJY4YEeHBl TEpBHIC
PEHTIeHOBCKHE JTU(PAKIMOHHBIE HW300paKEHUsI KPUCTAUIMYECKHX CTPYKTYP.
BakHbIM COOBITHEM B MCTOPUHM HaHOHYKH CTal0 M300peTeHHe NMPOCBEUMBAOLICH
QNEKTPOHHON  MHUKPOCKONHH,  MO3BOJSIOMIEH  IMOMYyYUTh  H300pa)keHHe
HAHOPa3MEPHBIX CTPYKTYp, a TaKKe HM300peTeHHE CKaHUPYIOUIEro TYHHEIBHOTO
MUKPOCKOTIA.
[TpumepoMm siBisieTCS HOBBIE OOBEKTHI — HAHOCTPYKTYPBI,  KOTOpPHIE HMEIOT
CyOMUKPOHHBI pa3Mep B OJHOM W3 HalpaBJECHUH, KOTOpPBHIE B COI0 O4YEpenb,
HYXJAroTcsl B Kiaccu(ukanyu. B oCHOBY KilacCH(UKAIMK TOJIOKEHBI CTPYKTYPa,
COCTaB, a TaKKe UX (PU3UKO-XMMUIECKHE CBOHCTBA.
Tema 1.2 CtpykTypa, CBOHCTBA, METOIBI HOTYUCHUS U OCOOCHHOCTH TPUMEHEHUS
HaHOCTPYKTYP.

B o0nacti BBICOKHMX TEXHOJOTHH IIHPOKO HCHONB3YyeTCs Kiaccupuranms
JIUCTIEPCHBIX CHUCTEM II0 AMCIIEPCHOCTH, T.€. IO pa3MepaM W YAENbHOH IUTomann
MOBEPXHOCTH JMCHEPCHON (a3bl. B mepBoM mpuOIIKEHUH JUCHIEPCHBIE CHCTEMBI

NnoApa3aCIsAr0OTCA Ha pr60,I[I/ICHepCHBIG U TOHKOJAUCIICPCHBIC, TAK HA3bIBACMbIC




KOJUIOWIHBIE CHCTEMBI.
YriaepoaHsle CTPYKTYpBl - YIJIEPOX SIBISETCS HamOoiee pacHpOCTPaHEHHBIM
3JIEMEHTOM B IIPUPOJE, OH CYIIECTBYET B TBEpHOW (aze M HECKOIBKUX
MOIUPHUKAIMAX C PA3NIAIHBIMA (PH3UKO-XHUMHUYIECKAMH CBOWCTBAMH: Tpadur,
anMas, KapOwH, TpadeH. BaxHueimeidl 0coOEHHOCTBIO yTiIepoia SBISAETCS
crocoOHOCTh 00pa3oBbiBaTh Lenoyku —C —C — C-, KOTOpble IPUPOAa HCIONIB3YET
JUIL  CO3IaHUsl OMOJIOTMYECKHMX TIOJMMEPOB, a YEeJNOBEK JUIsi IPOW3BOJCTBA
Pa3IUYHBIX CHHTETHYECKUX MaTepUalioB.

B KoHIIe Mpo1uIoro crojeTyst ObLIM OTKPBITHI HOBBIE YIJIEPOIHbIE COSTUHEHHS,
cpean KOTOpBIX (yiiepeH, o0Jyiaalomuii YHUKaIbHBIMU cBOHCTBaMH. Dyniepen
UMEeT KapKacHyI0 CTPYKTypy, KOTOpas COCTOMT U3 3alUIaTOK MATH- U
mecTuyronbHo  ¢dopmel. B 1990 1. Obum pa3paboTaH METOA TOJXYYCHUS
¢dymrepena. B 1991 1. B mpoaykTax 3JIeKTpOAYTOBOTO McHapeHus rpaduTta ObLTH
OoOHapyXeHbl  LWINHIPHUYECKHE YTICPOAHBIE  KOHCTPYKIWH,

Ha3BaHUS «HAHOTPYOKH».

TIOJTYYNBIINE

Paznen 2..Kimaccudukarms
HAHOMAaTEPHAJIOB,
MOJIy4eHHe U 0€30M1aCHOCTh
WX MPUMEHEHUS

2.1. XapakTepucTiuka MeToJI0B
WCCIIeIOBaHU 0ObEKTOB
MHKPO U HAHOCTPYKTYP

Tema 2.1.McTpyMeHTBI UCCIICTIOBAHUI HAHOTCXHOJIOTHI

OpHUMH U3 NEePBBIX MHCTPYMEHTOB, KOTOpPbIE MOMOIVIM WHULIIMUPOBATh HJEH
HAHOTEXHOJIOTUH, OBLIM Tak Ha3blBacMble CKAaHUpYIOLIME 30HABL Bce THITBI
CKaHMPYIOLIMX 30HJ0B ObuIN pazpaboransl B Llfopuxe B Hauane 80-x ronoB. Cama
uzesl O4eHb MPOCTa: €CIH, K NMPHUMEpY, MPOBECTH MANbLEM MO MOBEPXHOCTH, TO
JIETKO OTJIMYUTH Oapxar OT CTaIM WM AepeBa. B JaHHOM SKCIIEpUMEHTE Majer
JIEWCTBYET KaK CTPYKTypa M3MEpeHHs CHibl. [laHHas maes W MOJOKEHa B OCHOBY
paboTBl  CKAaHUPYIOIIETO  MHKPOCKONA, OJHOTO M3  PaclpOCTPaHEHHBIX
CKaHMPYIOMMX 30HAOB. CKAaHUPYIOUMH 30HA IIPH HU3MEPEHHH CKOJB3UT IO
MIOBEPXHOCTH TaK >k, KaK 3TO JENAIOT MajbIlbl. 30HI MMEeT HaHOCKOIMHMUYECKHUil
pasmep (uacto Bcero ojauH artoM). [Ipu JBMKEHMH OH MOXET OIpeNeNaTh
HECKOJIBKO  PA3JIMYHBIX CBOMCTB, KaXXI0€ U3 KOTOPBIX COOTBETCTBYET HHOMY
HU3MEPEHHUIO.

ATOMHO-CHJIOBOH MHUKPOCKOTI. B aTOMHO-CHIIOBOM MHKPOCKOIIE 3JIEKTPOHUKA
UCTIONBb3YeTCsS [UIT M3MEPEHHWs] CHIBl BBOAMMOM KOHYMKOM 30H/AA NPH €ro
JIBIDKEHUH BIIOJIb TIOBEPXHOCTH HCCIIEAYEMOTO OOBEKTA.

Tema 2.2. TyHHEIbHBI MUKpPOCKON. B TYHHEIBHOM MHUKPOCKOIIE H3MEpseTcs
BEJINYMHA HJICKTPUUECKOTO TOKA, MPOXOISIIETO MEXAY CKaHHPYIOIINM 30HAOM U
MOBEPXHOCThIO. TyHHENbHAas MHKPOCKONHS — 3TO TIPaKTUYECKH TEpBBIHA

pa3pa6OTaHHLIﬁ METOA 30HAOBOIO CKaHUMpPOBAHHWA, HAIICAIIETO IMMHUPOKOE

NPUMEHEHHE.
. B MmarauTHO-CcuI0BOM MHKPOCKOIIC 30H/, CKaHI/IpyIOI_[II/If/'I TIOBEPXHOCTD, SABJIACTCA
MAardiuTHbBIM, OH TIIO3BOJIAET IMOYYBCTBOBATH Ha TIMOBECPXHOCTU JIOKAJIbHYIO
MarHUTHYIO CTPYKTYpY. 30HI MarHUTHO-CHJIOBOTO MHKPOCKOIIa paboTaeT nogo0HO
TOJIOBKH

C‘H/ITBIBaIOH.[CI\/'I BUHYCCTECpa HJIHA MaFHI/ITO(I)OHa.

MUKPOCKOIBI [TO3BOJIMJIA BIICPBLIC YBUACTH 0OBEKTHI pa3sMepoM C aTOM.

Ckanupyrouiye

Pazgen 3
Metonabl HUCCIIeJOBAHUSI
HAHOOOBLEKTOB

3.1.
00
HCCIIEIOBAHUS

Oo6mne
o0BexTax

Tema
CBEICHUS

HaHOCTPYKTYPHBIX

Tema 3.1 CoBpeMeHHOE pa3BUTHE (DU3WKH W TEXHOJOTHH TBEPIOTEIBHBIX
HAHOCTPYKTYP, MPOSBIIAIONICECS B HEIIPEPHIBHOM IEPEXOIC TOIIOJIOTHH 3JICMECHTOB
JNEKTPOHHON TEXHHUKH OT CYOMHKPOHHBIX K HAaHOMETPOBBIM pa3Mepawm,
nmoTpeboBano pa3pabOTKy HOBBIX M COBEPIICHCTBOBAHHE YK€ CYIIECTBYIOIINX
CPE/ICTB U METOJOB JHArHOCTHKH, a TaKKe co3laHue o0pa3oB 00OpyHOBaHUS AJIs
aHaJM3a CBOWCTB U MPOIIECCOB B HaHOcHCTeMaX. CeroHs CyIlecTByeT OrPOMHOE
KOJIMYECTBO THUIIOB W BHUAOB CPCIACTB JUArHOCTHUKHU 21_]'[5[ HUCCIICAJOBAHUS
HAHOCTPKYTYp, MOYYCHHS HAHOPAa3MEPHBIX CHCTEM H HOBBI3 HAHOCTPYKTYPHBIX
MaTEepHUaJIOB C 33/IaHHBIMU CBOWCTBAMH, HEOOXOAUMO IMO-HOBOMY DEIIATh 33aaud
HCCIICIOBaHHS HAHOCTPYKTYpro J{ist 3Toro Tpedyercs U3MEHEHUE TPAJAUIUOHHBIX
METOJIOB, a TAK)XE CO3JaHUE U PA3BUTHE COBEPIICHHO HOBBIX CPEICTB M METOJIOB,
MPOIIECCOB MPHUCYIIUX 00BEKTaM HAHOMETPOBOTO MacIuTada.

Tema 3.2. MeToJIBI 2JIEKTPOHHOH CIIEKTPOCKOTINH




Hnst XUMHYECKOTO aHanm3a (hoTORIEKTPOHHOI MHKPOCKOTIHH,
(hOTOMIOMUHECIICHITNH, KOTOPBIC B HBACTSAIIEE BPEMSI aKTHBHO DPAa3BHBAIOTCA C
MEPCIIEKTHBAMHI  CYIIECTBEHHOTO MOBBIIICHHS pa3peliaroieil crmocoOHOCTH
UCTIONB3YEMBIX CPEACTB. V3BECTHO, YTO YENOBEK CHOCOOEH Pa3MIAAETh OOBEKTHI
pasmepom mpubmusuTensHo 0.1 MM. C TOukM 3peHUs (HU3HOIOTHH T3 3TO
npocrast onthueckas cucrtema. B 1873 1. Obulo CcOpMYIHMpOBaHO TPaBHUIIO
ONTHYECKUX CHCTEM, COTJIACHO KOTOPOMY MHHHMAJBHBIC pa3Mepbl pa3indyaeMbIX
Jetasieil paccMaTpuBaeMoro o0beKTa, He MOTyT OBITh MEHBIIIE, YeM JUIMHA BOJHBI
ceeta (400 ©M). Paspemaromas CIOCOOHOCTh ONTHYECKHX MHUKPOCKOIIOB
coctaBiser npuoamsutenHo 200 HM. I[losTomMy Bo3HHMKIAa HEOOOJMMOCTH B
CO3JaHMM CHCTEM C Ooiee BBICOKO paspemaromeil crnocoOHOCTBIO, a
CJIEIOBATENIFHO C BHAECOCHCTEMAMH, HCIIOIb3YEMbIX MEHBIINE JUIMH BOJH, YTO U
MPUBEIIO K CO3/IaHHIO SJIEKTPOHHBIX MUKPOCKOIIOB.

Tema 3.3. CpencTBa IeKTpOHHON MHKPOCKOIIHH

B Hacrosmiee BpeMs HCHONB3YIOTCS OMNPENENCHHBIH KOMIUIEKC METOJOB
JIMarHOCTHKH HAHOCTPYKTYp, CpeIy HHUX Iel1ecoo0pa3HO BBIJICIHTh Hauboiee
pacnpocTpaHeHHbIE — BCE Pa3sHOBUAHOCTH CPEJICTB JJIEKTPOHHOH MHMKPOCKOIHH
BBICOKOTO paspelleHusi. OTO HCTOPUYECKH IEpBBIA MPHOOpP M METOX pealbHO
obecreunBaOIMi  BU3YaJIU3alUI0  CTPYKTYphl  OOBEKTOB C  aTOMHBIM
pa3pelieHneM.

CkaHHMPYIOIIMH  BNEKTPOHHBI  MHKpPOCKONA  TO3BOJISAET  BIUIOTHYIO
NpUOTMKATECS 110 PAa3pPEUICHUI0 K aTOMHOMY YPOBHIO, COXpPaHsS BO3MOXHOCTh
noxydeHuss MHGOpManuu O (GU3WIECKUX, XUMHUYECKHX JJIEKTPUUECKHX H JIp.
CBONCTBaX MCCIEAYEMbIX HAHOOOBKTOB.

Paszpen 4. [IpuHuune
MOCTPOCHUS TEXHUIECKUX
CpPEJCTB UCCIIEI0BAHUS
HAHOCTPYKTYP

4.1 OcHOBBI MEXaHUKH H
KOHCTPYKITHI CpeJncTB
HCCIICIOBaHMS
HAHOCTPYKTYpPHUPOBAHHBIX
00BEKTOB

Tema 4.1. . [IpUHIMITEI TOCTPOCHUS TEXHHYECKUX CPEACTB UCCIICIOBAHUS
HAaHOCTPYKTYP U UX U3YUYEHUS CTAJIO BOZMOXHBIM C H300PETEHHUEM DIIEKTPOHHBIX
MUKPOCKOTIOB.

Pa3mepsr HaHOOOBEKTOB HaxomsaTcs B auamnazoHe oT 0,1 mo 100 HM. Drot
iama3oH TMPHHATO Ha3bIBaTh Hawomacumabdom. COTIACHO TPOCKTY
Texunueckoit cnenudukamuun [ISO/DTS 12805 npon3BeneHHBIE HAHOOOBEKTHI
pasmendroT 1O MpPHU3HAKy TeOMeTpHYecKod (OpMBI Ha TpPH KaTErOpUU:
YacTUIBl - OOBEKTHI, UMEIOIIHE TPH pa3Mepa B HaHOMACIITaOe; BOJOKHA -
00BEKTHI, UMEIOIIKE JIBA pa3Mepa B HAHOMACINTA0E; TUIACTHHBI - OOBEKTHI,
HMEIOIIHE OJWH pa3Mep B HaHOMacIITaoe.

BoipmIMHCTBO HAaHOOOBEKTOB MMEET YIJIEPOAHYIO OCHOBY. Jlonrme rosl
CYUTAJIOCh, YTO YIJIEPOJ MOXXET 00pa30oBhIBATH TOJBKO JBE AJUIOTPOIHBIC
KPUCTA/UTMYECKUE CTPYKTYphl - aiMa3 W rpadur. ArioTponus -
CYIIIECTBOBAHUE OJIHOTO M TOTO € XMMHYECKOTO JJIEMEHTa B HECXOXKHX
dopmax. OmgHako B TIOCIEOHHWE TONBI OBUIM OOHAPYXKCHHI €IIe JBE
aoTponHble  (GOpMBI  yriepona, WMEIOMHKE OONBIIYIO MEPCHEKTHBY

WCIIOJIb30BaHUs B HAHOTEXHOJIOTHSIX .
Tema 4.2 Haznauenue, cBOCTBa, OCTPUITHOIO 30HIOBOIO AaTYUKA.

OpHUM U3 00BEKTOB HAHOMETPOJOTHHU SIBIISIETCS OCTPUHHBIN 30HIOBBII
JIaTYUK, HCIHOJB3YEMBIH B CKAaHUPYIOUIEH 30HAOBOM MHKPOCKONUM ISt
WCCIICIOBAaHMS Pa3MEPOB M CBOMCTB MOBEPXHOCTH HAHOOOBEKTOB. JlarTdymk
COCTOWT W3 TOJyIPOBOJAHMUKOBOTO KpHCTaia (9Yuma), THOKOW KOHCOJH
(coOCTBEHHO KaHTWJIEBEpa) U TBEPAOTEIbHOTO 30HAA (MTibl). OOBIYHO ITOT
JIAaTYUK HA3BIBAIOT KAHTHIIEBEPOM.
l'eomerpuueckn 30HA TPEACTaBIsSET COOOW WIIy KOHWYECKOW WM
npusMarndeckoil Gopmsl ¢ yriom npu Bepmmae 20 - 25° u BbIcOTOH 0KOJIO
10 mxMm. Hanbonee BakHast XapaKTEPHCTHKA 30HIA - PAANYC 3aKPYTIICHHS
OCTpHs I, 3HaUYC€HHE KOTOpOro oO0buHO He Oonee 1 - 25 um. Benmnmuuna
pammyca I BIHSeT Ha pa3Mepsl O0JNACTH MPENENBHO JOCTHKUMOTO
paspemienusi. Cl0XKHOCTh U3TOTOBJIEHUS 30H1a CYLIIECTBEHHO YBEJIUYHUBAETCS
C YMEHBLIEHUEM paJnyca OCTPHSL.

30HJIOBBIA  JAaTYUK  YCTPOMCTBO,  BKIIIOYAIOLIEe  TBEPAOTEIbHBIN
OCTPHUHBIA 30HJA, THOKYI0 MPYKHHHYIO KOHCOJh - KaHTHWeBep (aHIIL
cantilever - XOHCONB) W KpucTan (nepxkatens). B nmTepaType 3TO




YCTPOWCTBO ~ HEPEIKO  Ha3bIBAIOT IPOCTO  «KaHTWiIeBepom».  M3rubd
KaHTUJIEBEPA C 30HIOM DPErHCTPHPYETCS OOBIYHO C IMOMOIIBIO OTPAKEHHOTO
Ja3epHOro Iydka cBeTa M (hoTompueMHMKa. Paspemaromasl crocoOHOCTB
CKaHHPYIOIINX 30HAOBBIX MHKDPOCKOIIOB  ONpPENCISIETCS  CIEAYIOIUMHU
napaMeTpaMH KaHTWIEBEpa: PagWyC 3aKPYIJCHUS OCTPHS WIJIBI; BBICOTA
WIJIBI, aCTMEKTHOE COOTHOIICHWE WIJIBI, XapaKTEpHU3yeMOe YIJIOM KOHYCa; Y
Hanbosee COBEPIICHHBIX KAaHTHIIEBEPOB ACHEKTHOE COOTHOIICHHE AOCTUTACT
BesimanHbl  15:1. /I W3rOTOBIEHUS  KAHTHIEBEPOB  HCIOJB3YIOTCS
MOJYIPOBOJHUKOBEIE IUAacTHHBI (HampuMmep, KJIb-12: kpemuuit p-tumna
opuerntarmu  {100}). Pomp wu30mMpyromero cios BBITONHICT THOKCHI
kpemHust SiO;. KoHconmbs kaHTHIEBepa (HOPMHPYETCSI 3NEKTPOXHUMHUUECKHM
TpaBiieHHeM B mojorperoMm pactsope mienoun KOH. B mponecce TpaBnenus
3aroTOBKa MEJUIEHHO MOJHMMAETCsl M3 pacTBOpa MIENOYM IS MOJIyYeHHS
KOHWUYECKOH (WJIM MPU3MATH4YeCKON) (hOPMBI UITIBI C OCTPHIM KOHIIOM.
IIpOMBIIIIEHHOCTEI0O OCBOCHBI B CEPUHHOM IPOM3BOJACTBE JAECATKU BHJIOB

KOHCTPYKIMH KaHTWiIeBepoB. OHHM BBIMYCKAIOTCA C OJHOH, IBYMs, TPEeMs WA
YeTHIpbMSI KOHCONISIMH. KOHCOIP MOXXeT OBITh B IUIaHE NPSMOYTOJIBHOW MIIH
TPEYTONLHON, [UIMHHON ITH KOPOTKOW, ¢ IOKPBITHEM WK 0e3 MOKphITHs. Pammyc
3aKpYIJIEHUS UIJbl 30HAA - OT 1 10 25 HM..

4.3. Tlpaktuyeckue (CeMUHAPCKUE) 3aHATHUS
TeMmbl MpakTUUECKUX 3aHATHH U X TPYJOEMKOCTb IPUBEEHBI B TAOIUIIE 5.

Tabmuna 5 — [IpakTuyeckue 3aHATHS U UX TPYJOEMKOCTb

N3 Hux No
Ne | Tewmsl npaktudeckux | @opmel IpakTU4ecKuX | TpyaoeMKOCTh, |IIPAKTHYECKOM |pasnuena
/o 3aHATHI 3aHATAI (gac) MIOJTOTOBKH, | TUCLIMII
(gac) JIMHBI
Cemectp 3
1 OCHOBHbIE uyepThl | AHalIM3 U OLEHKAa PECypCoB, 2 2 1
COBPEMEHHBIX IT. | HEOOXOAUMBIX IS
CTpyKTYpUpOBaHHOCTh yropaBieHus — WH(pOpMaImei,
CTaHJapTOB audposoro | 110, HEoOX0aMoe TS
obmeHa JaHHBIMH | CO3JaHus, XpaHeHus,
AITOPUTMOB yOpaBJeHHs, Tepefadd U
MOKCKa HH(OPMAIUH
2 | Uccnenosanue nosepxuoctu | Ilposenenue BHELIHETO 4 3 2
METOIOM  aTOMHO-CHUJIOBOM | ocMoTpa u moarotoska C3M k
MHKPOCKOIIHH paboTe B pPEXHME aTOMHO-
CUJIOBOM MUKPOCKOIIMH
3 | UccnenoBanue IpoBenenne BHELIHETO 8 7 3
HOBerHOCTH METOJIOM OCMOTpa U NMMOATOTOBKA C3M k
ATOMHO-CHIIOBO paboTe, MOAroTOBKa 0Opasia
MUKPOCKOTTHI K MCCJIEC/I0OBAHHIO
4 | UccnenoBanue O6paboTka pe3yJbTaToOB 3 3 4
IOBEPXHOCTH  METOAOM | MCCICIOBAHKA obpasua  u
ATOMHO-CHJIOBO aHAIH3 pe3yJbTaToB
MMKPOCKOIIUHU H3MEPCHHH
Bcero 17

4.4. JlaGopaTopHbIE 3aHATHS

Tewmbl 1abopaTOpHBI

X 3aHATUH U UX TPYIOEMKOCTh IIPUBE/ICHBI B Ta0HIIe 6.

Tabnuua 6 — JIabopaTopHble 3aHATHS U UX TPYJIOEMKOCTb

No

/o

HaunmenoBanue 1a60paTopHbIX paboT

N3 Hux No
TpynoeMKoCTh, | IpaKTHYECKOH | pa3aena
(dac) MMOATOTOBKH, | JTACIIHIT
(gac) JINHBI

VY4eOHbIM MJIaHOM He MPEAYyCMOTPEHO




Bcero

4.5. KypcoBoe nmpoeKTHpOBaHKE/ BBHITIOIHEHUE KyPCOBOU PabOTHI
Y4eOHBIM IIJIAHOM HE TIPEAYCMOTPEHO

4.6. CamocrodarenbHas paboTa 00yJarouIxcs
Bunel camocTosiTennbHOM paboThI M €€ TPYAOSMKOCTh IIPUBEICHBI B TAOIHUIIE 7.

Tabmmua 7 — Bugsl caMoCTOsSTeNbHON PabOTHI M €€ TPYIOEMKOCTb

. Bcero, | Cemectp 3,
Bu camocTosITeIbHOM paOboThI

qac qac
1 2 3

W3yuenue TeopeTnyeckoro Marepuania 8 8

nucuuraHbl (TO)

IToaroToBKa K TEKyIIEMY KOHTPOJIIO 28 28

ycneBaemoctu (TKVY)

Jomamaee 3ananue (J13) 30 30

[ToaroroBka kK MpOMEKYTOUHOM 8 8

arrectaruu (I1A)
Bceero: 74 74

5. IlepeueHb yueOHO-METOINYECKOTO OOECIIeUeHUS
JUISL CAMOCTOSITETTEHOM pabOThI 00YUAIONIMXCS TTO TUCIUIUIUHE (MOTYITIO)
Y4eOHO-MeTOInYeCKHe MaTepualibl JUIsl CaMOCTOSITENbHOW paboThl Oo0ydaromuxcs yKa3aHbl B
. 7-11.

6. IlepeueHb MEYATHBIX M ANEKTPOHHBIX YUCOHBIX U3TaHUN
[lepedyeHb nevaTHBIX U SJIEKTPOHHBIX Y4eOHBIX M3/1aHUM MpHBeieH B Tabaule 8.
Tabmmna 8— [lepeyeHp nMe4aTHBIX U DJIEKTPOHHBIX YUEOHBIX U3TaHUH

Komuectso
SK3EMIUIIPOB
Hlnp/ bubnnorpaduueckas ccpiika B Oubaoreke
URL anpec (kpome
OJICKTPOHHBIX
SK3EMIUISIPOB)
ISBN 978-5-9963-0028-4 [Nony4enue u uccnenoBaHue HAHOCTPYKTYP.
JlaGopaTopHBIi MPAKTHKYM T10 HAHOTEXHOJIOTHSAM
/EBnoxumoB A.A. u np./; nox pen. A.C. Curoa. —
M,: BUHOM. Jlabopatopus 3Hanui, 2010. — 146 .
https://www.booktech.ru/books/nanotehnologii Ou3nyecKrue OCHOBBI MUKPO- U

HaHORJIEKTPOHUKH, JlypHaKkoB A.A., /yuebHOE
mocobue/, Yp®@V, 2020, -252 c.

https://obuchalka.org/knigi-po-nanotehnologiyam Dusnyeckre 0CHOBBI HAHOTEXHOJIOTHNA U

HaHoMmarepuaisl, CmupHoB B.1. /yueGHoe
nocobue/, YabsiHoBck, YaAI'TY, 2017, 240 c.

https://obuchalka.org/knigi-po-nanotehnologiyam Ba3oBbie TEXHOIOTHH MUKDPO- U
HaHO3JIEKTpOHUKU: BopoteiHies B.M.,
Ckymnos B. /1., -M, , IIpocnekr, 2017, -519 c.




https://obuchalka.org/knigi-po-nanotehnologiyam Marepuajbl ¥ METO bl HAHOTEXHOJIOTHH,
Crapoctun B.B. /yae6H0e mocobue/, -M,
bunom, 2016, -431c.

https://obuchalka.org/knigi-po-nanotehnologiyam Hanomarepuansi: yuebHoe mocobue/, JI.1.
Pooxonkos, B.B. JIésuna, 2.J1. [I3un3urypu, -
M, bunowm, 2017, -343 c.

https://obuchalka.org/knigi-po-nanotehnologiyam BrruncaurenbHble HAHOTEXHOJIOIHH, [1omoB
A.M., /yaebHoe mocobue/, Kuo-Pyc, 2017, -
126 c.
https://znanium.com/catalog/product/1032129 HUcaes, C.B. UHTemIeKTyanbHbIe CHCTEMBI :
(mara obpamienus: 07.09.2021). — Pesxum yae6. mocobue / C.B. Hcaes, O.C. Hcaesa. -
JIOCTYTIA: TIO TIOATINCKE. Kpacuospck : Cud. penep. y-1, 2017. - 120
c. - ISBN 978-5-7638-3781-0.
https://znanium.com/catalog/product/1060845 Onunnos, b. E. Mozaenu u npoGieMbl
(mara obpamenus: 07.09.2021). — Pexxum MHTEJUIEKTYaIbHBIX CHCTEM : MOHOTpadust /
JIOCTyMa: MO MOJIHUCKE. B.E. OnunnioB. — Mocksa : UHOPA-M,

2020. — 219 c. — (Hayunas meicip). — DOI
10.12737/1060845. - ISBN 978-5-16-015839-
6.

https://fs.quap.ru/science/patents/2021612957.pdf | CBum — Bo 0 roc. perucTparyu nporpaMmsl
st OBM Ne 2021612957

Jlom kadectBa «QFD»

IIpaBooGnanarens: PT'AOY BO
«Cankr-IlerepOyprekuii rocynapcTBeHHbIH

YHUBEPCUTET
a’pokocMuueckoro npudopoctpoeHus» (RU)
ABtop: Habanenko Anekcannp BanepbeBnd
(RU)

7. IlepeueHb 2MEKTPOHHBIX 00pa30BaTENbHBIX PECYPCOB
WH(OPMAIMOHHO-TSIICKOMMYHHKAITMOHHOH ceTn « THTepHEeT)»
[Tepeuens AIIEKTPOHHBIX 00pa3oBaTeNbHBIX pecypcoB nH(pOPMaILOHHO-
TEJICKOMMYHUKAIMOHHONW ceTn «MHTepHeT», HEOOXOIUMBIX JJII OCBOCHHS JTUCITUIUIAHBI
npuBeseH B Tabmuie 9.

Tabmma 9 — IlepedeHb SIEKTPOHHBIX OOpA30BATEIBHBIX PECYpPCOB HHPOPMAIMOHHO-
TEJIEKOMMYHUKAIIMOHHOU ceTh «HTepHeT»
URL anpec HaunmenoBanue
http://science.guap.ru Hayunas ¥ MHHOBallMOHHAA AesTensHocTh ['Y ATl
http://www.consultant.ru CnpaBouHo-tipaBoBasi cuctema «Koncynbrant [Tmoc»
http://www.garant.ru Hudopmannonno-npasosoii moprai «[CAPAHT»
http://list-of-lit.ru CrmcoK JUTepaTyphl 10 HAHOTEXHOJIOTHH
/nano/nnotechnologii

8. Ilepedens MHPOPMAITMOHHBIX TEXHOJIOTHUI
8.1. [lepeyenp mporpaMMHOr0 oOecHeueHus, HCIOIb3YEeMOTo TMpH OCYIIECTBICHUU
00pa30BaTeNILHOTrO MpoIecca MO0 AUCLUIINHE.
[lepedyeHp UCONIB3yeMOro MPOrpaMMHOr0 obecrieueHus npejacranieH B Taduuie 10.

Tabmumna 10— [TepeueHs mporpaMMHOT0 00€CIICUCHHS

Ne /1t HaunmenoBanue

He npenycmorpeno



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

8.2. Ilepeuenp UH(POPMALOHHO-CIIPABOYHBIX CUCTEM,HCII0JIb3YEMBIX npu
OCYIIECTBJICHUH 00pa30BaTEILHOTO MpOoIiecca Mo AUCIUIIITHHE

[lepeyeHp HCMONB3yeMBbIX HH(POPMALMOHHO-CIIPABOYHBIX CHCTEM MPEJCTAaBICH B
Tabymue 11.

Tabmuua 11— Ilepedyens HHPOPMALIMOHHO-CITPABOYHBIX CHCTEM

Ne i/t HaumenoBanmue

He npenycmorpeno

9. MarepuaiabHO-TeXHHUYECKas 0a3a
CoctaB  MaTepUabHO-TEXHUYECKOH 0a3bl, HEOOXOIUMOW Ui  OCYIIECTBICHUS
00pa3oBaTeNBFHOrO MpoIiecca Mo AUCLUIIMHE, MTPEACTaBIeH B Tabuuiel 2.

Tabmuna 12 — CoctaB MaTepHaIbHO-TEXHUUYECKON 0a3bl

Ne HanmeHnoBaHue cocTaBHON 4acTH Howmep aynuropun
/T MaTepuaIbHO-TEXHUYECKON Oa3bl (Ipr HEOOXOTUMOCTH )
1 | JIaGopaTopusi HCKYCCTBEHHOI'O MHTEJIJIEKTA U LIU(PPOBBIX 13-13
TEXHOJIOTUH B METPOJIOTUU

10. OueHouHbIe cpeACTBa Uil IPOBEICHUS TPOMEKYTOUHOM aTTEeCTAIlH
10.1. CocTaB OIICHOYHBIX CPEIACTBAJIS MPOBEACHUS IMPOMEKYTOYHOH aTTECTAIlUH
oOyJaromuxcs Mo AUCUUIUINHE MPUBEAeH B Tabnuue 13.
Tabmuna 13 — CocTaB OIEHOYHBIX CPEJCTB JJIsl IPOBEACHUS MPOMEKYTOUHON aTTeCTAIluU

Buj npoMexxyTo4HOM aTTecTanuu IlepedyeHb OLIEHOUHBIX CPEJICTB
JuddepeHmpoBaHHbIN 3a4ET Crircox BOIpPOCOB;
TecTts;
3anayu.

10.2. B kadyecTBe KpUTEpUEB OICHKH YpOBHSA C(HOPMHUPOBAHHOCTH (OCBOCHUS)
KOMIIETEHIIMH 00ydJarouMMHCcs MpUMEHseTcsl 5-0ajuibHas IIKaja OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETEHIIMH, KOTopas npuBeaeHa B Tabauie 14. B Teyenune cemectpa MOXKET MCIOJIB30BATHCS
100-0annpHast ~ mKajma  MOAYJBHO-PEUTHMHTOBOM  CHUCTEMbl ~ YHUBEpCUTETa,  IpaBHia
HCIIOJIb30BaHUsl KOTOPOW, YCTAHOBJIEHBI COOTBETCTBYIOLIUM JIOKAJIbHBIM HOPMAaTHUBHBIM aKTOM
I'VAIL
Tabmuna 14 —Kpurtepun onieHKH ypoBHS c()OPMHUPOBAHHOCTH KOMITETEHIIUIN

Or1eHKa KOMITETEHITUH

Xapakreprucrrka chOpMUPOBAHHBIX KOMIIETEHIIAI
5-0ayutbHAs mIKaIa P P (bopmp

— oOyyaromuiicss TIyOOKO M BCECTOPOHHE YCBOWJI IPOTPAMMHBIIN
MaTepua;

— YBEPEHHO, JIOTUYHO, I10CIIEI0BATEILHO U TPAMOTHO €0 M3J1araer;

— ONUPAsACh HA 3HAHUS OCHOBHON W JIOMOJHHUTENBHOH JHUTEPATYpHI,

COTIIMYHO» ¥
GATTEHOY TECHO MPHUBS3BIBAECT YCBOCHHBIC HAYUYHBIC MOJOKEHHS C MTPAKTUIECKOM
JESITeTbHOCTHIO HAITPABJICHHS,
— yMeJI0 00OCHOBBIBAET U ApPTYMEHTUPYET BhIIBUTAEMbIC UM HJICH,
— JIeJIaeT BBIBOALI H 000OIIEHHUS;
— CBOOOIHO BJIJIEET CHCTEMOM CIIENUAIN3UPOBAHHBIX MOHITHH.
— 00yJaroNUiicst TBEPIO YCBOMII POTPAMMHBIN MaTepHall, IPaMOTHO U
[0 CYIIECTBY W3J1araeT €ro, ONUPAasCh HA 3HAHUS OCHOBHOMU
«XOPOIIIOY TTHTEPaTYpHI;
«GaYTCHO» — HE JIOIYCKAET CYIECTBEHHBIX HETOYHOCTEN;

— YBA3BIBA€T YCBOCHHBLIC 3HAaHHA C HpaKTquCKOﬁ JACATCIIBHOCTBIO




OI1reHKa KOMIIETEHITN

5-0ayuipHad IIKaIa

XapaxrepucTuka chpopMUPOBAHHBIX KOMITETEHITUI

HATPaBIICHUS;

— apryMEHTUPYET HAYYHBIC TIOJIOKEHUS;

— JIeJIaeT BBIBOALI U 000OIICHHUS;

— BJIJICET CHCTEMOMU CIIeUaTN3UPOBAHHBIX TTOHSITUH.

«YJIOBJICTBOPUTEIIHLHOY

JUTEPaTypPhI;

— JIOMyCKaeT HECYIIECTBEHHBIC OIMOKN M HETOYHOCTH;
«BAYTCHO»
HAIPaBIICHUS;

— cJ1ab0 apryMEeHTHPYET HayuHbIE MTOJI0KECHHUS,

— 00y4Jaromuiicss yCBOMJI TOJIBKO OCHOBHOHM NMPOrpaMMHBIN MaTepHal,
II0 CYHIECTBY M3JIaracT €ro, ONMpasch HA 3HAHUSA TOJIBKO OCHOBHOMU

— UCHBITBIBACT 3aTPYAHCHHUA B MNPAKTHYCCKOM IMMPUMCHCHUHN 3HAHUH

— 3aTpyAHsieTcs B (OpMYyITUPOBAHUN BBIBOJIOB M 000OIICHUI;
— YAaCTHUYHO BJIAJICET CUCTEMOM CIELIMATM3UPOBAHHBIX MOHSITUH.

HCYIOBJICTBOPUTCIILHO»

MaTtcpuraia,

paccMOTpEeHHH MTPOOJIEM B KOHKPETHOM HaIPaBIICHUY;
«HE 3aU4TCHO»

— HE MOXXET apryMEHTUPOBATh Hay4YHbIC TIOJI0KEHUS,;
— He QOpPMYJIUPYET BHIBOAOB U 000OLIECHUI.

—O6yanOHlHﬁCH HC YCBOMUII 3HAYUTEIILHONM 4YacTu IIporpaMmMHOI 0
— J0IIyCKacT CYLICCTBCHHBIC OImMOKU u HCTOYHOCTH Ipu

— HUCHBITBIBACT TPYAHOCTHU B IMIPAKTUYCCKOM IIPUMCHCHUN 3HaHPII>i;

10.3. TunoBbie KOHTPOJIbHBIC 3a/IaHUS WM UHBIC MaTEPHAIIBI.
Bormpocs! (3agaun) nis sK3aMeHa IpeIcTaBlIeHbl B Tadumie 15.

Ta6muma 15 — Borpocs! (3amaun) 115 2K3aMeHa

Kon
Ne i/m [Tepedyens BompocoB (3a1a4) 115 IK3aMeHa
HHJUKATOpa
Y4eOHbBIM IJIAaHOM HE IPeTyCMOTPEHO
Bomnpocs! (3agaun) muis 3adera / nug¢. 3auera npeacrapieHs! B Tabnuue 16.
Tabmuna 16 — Bonpocs! (3agaun) mis 3adera / qudd. 3adera
Ne Kon
[Tepedens BompocoB (3a1a4) 1uist 3adeta / nudd. 3auera
/o VHJIUKaToOpa
1 OcHOBHBIE 0COOCHHOCTH HAHOPA3MEPHBIX BEJIMUUH, UX KOJINYECTBEHHOE 3HAUCHHE. T1K-1.3.2
2 EnuHuLb! U3MEepeHus 1 HAaMMEHOBAaHUs B 00J1aCTH HAHOTEXHOJIOTUH TIK-1.3.3
3 JluneiiHbie pa3mMepsl 0COOEH KMBOTHOTO MHPA M UCKYCCTBEHHBIX OOBEKTOB B T1IK-1.34
CPaBHUTENbHBIX 3HAYCHUSIX HAHOTEXHOJIOT Ui
4 OcHOBHBIE COOBITHS HCTOPUH PA3BUTHS HaHOTeXHONOrui B mepuof ¢ 400 r. 1o H.3. IO TIK-1.V.1
1959 .
5 OCHOBHBIE COOBITHS HICTOPUH PA3BUTHS HAHOTEXHOJIOTHH B Iepuos ¢ 1959 mo H/B. T1K-2.3.1
3] Pa3Hble moaX01bl K HAYYHOMY OINPEIEICHUIO TEPMUHA «HAHOTEXHOIOTH» T1IK-1.3.2
7 O paborax JK.M. Andeposa B 0011aCTH HAHOTEXHOIOT M TIK-1.3.3
8 OcHoBHble Haen J. Jlpekciepa o pojie HaHOTEXHOJOTHWI B Pa3BUTHUH COBPEMEHHOIO T1IK-1.3.4
o0IIecTBa, U3JI0KEHHbIE B KHUre «MalluHbl CO3UIaHUs»
9 OCHOBHBIE OIICHKU 0’KHAAEMBIX TapaMEeTPOB HAHOMEXAHUUECKHX YCTPOMICTB. TIK-1.V.1
10 | XapakTepucTHKa M NPUHIOUI PabOTHI HAHOYCTPONCTBA B XKUBbIX opranusmax (Ha mpumepe | [TK-2.3.1
MoieKynsl «AT® CunTazay).
11 VYraepos B MPUPOJIE, B UEM 3aKIIIOYAETCS €T0 0c00asi poib? TIK-1.3.2
12 | IIpocreiimne KOHCTPYKIHUK IPUOOPOB U Y3JI0B OTIAEIbHBIX PA3JIMYHBIX HAHOYCTPOICTB T1K-1.3.3




13 | Bo3MmoskHbIe TyTH IpUMEHEHHST TPHOOPOB 1 MamuH MHT IIK-1.34

14 | IpuHUOMOBI caMOOpraHM3aIMy, HPHUCYIINE Hanboee pacIpOCTPaHEHHBIM 00bEKTaM TIK-1.V.1
HaHOTEXHOJIOIMH

15 | Ilpunnunsl camocOOpku, Ipucymue Hauboaee pacIpoCTPaHEHHBIM 00bEKTaM 11K-2.3.1
HaHOTEXHOJIOTHI

16 | Ucnons3oBanme camoopranmsanun B HT. OcHoBHble cBoiicTBa camoopranmsytomuxcs | [TK-1.3.2

CUCTEM

17 | Hanomarepuanel, HaUMEHOBaHHs, Ha3HAUEHUE, OCHOBHBIE OMpeseNeHus, kakue o0bekTsl K | [TK-1.3.3

HHM OTHOCATCA?

18 | OcHoBHble TUIIBI HAHOMATEPUAJIOB, pa3zeieHue 110 MpU3HaKaM u3MepeHuit u pasmepHoct | [1K-1.3.4

19 | OcHnoBsl KaccuUKAIMI U TUIIBI CTPYKTYP HAHOMAaTEpHaoB TIK-1.V.1
20 OcHOBHBIE KaTErOpUH HAHOMATEPUAIIOB TIK-2.3.1
21 | OcobeHHOCTH CBOMCTB HAHOMATEPUAJIOB, HAMPABICHUS UX UCIIOIb30BAHUS T1K-1.3.2
22 | OcHoBHbIE 001aCTH IPUMEHEHHSI 00BEKTOB HAHOCTPYKTYPHBIX OOBKTOB T1K-1.3.3

23 Kpatkas xapakTepucTuka KOHCTPYKIIMOHHBIX, MHCTPYMEHTaNbHBIX W  m3HococTohkux | [IK-1.3.4
MaTepHuaaoB

24 | Mcnonp3oBaHre HAHOMATEPHAIOB B 3JICKTPOHHOM TEXHUKE TIK-1.V.1
Hasnauenue, kpaTkas XapaKT€pPUCTHKA 3JIEKTPOHHOIO MUKPOCKOIA

25 | Owusmueckuii cMBICHT cBOMCTB DOM: yBeNmnueHue, pa3penieHue, paspematomnias cnocodHocts. | [TK-2.3.1

26 | Ycunosus GopMHpOBaHHUS U CBOHCTBA 3MEKTPOHHOTO JTyda MUKPOCKOMA T1K-1.3.2

27 | Pusuyeckuii cMbICT XpoMaTHUYECKOW abeppanyn TIK-1.3.3

28 | B 4em pasznuuune XxapakTepUCTUK pa3pelleHns ONTHYECKOT0 U 3IeKTpoHHOro Mukpockonos | [1K-1.3.4

29 | XapakrepucTHka paspemniaronieii ciocoonoctu OM TIK-1.V.1
30 | Ha3nauenue m yCTpOMCTBO U CBOWCTBA HCTOYHMKA DJIEKTPOHOB T1K-2.3.1
31 | KoHcTpyKTUBHBIE 0COOEHHOCTH CUCTEMBI OCBeLIeHHss OM T1IK-1.3.2
32 | YcTpoiicTBO cHCTEMBI KOPPEKIIMHU acTUrMaTuiMa B OM TIK-1.3.3
33 | Ilpunnun paboTel U yCTPOMCTBO cUCTEMBI H300paxkeHus OM T1IK-1.3.4
34 . biok-cxema n npunmn padoter Mukpockona BCOM TIK-1.V.1
35 | biok-cxema u npuHIun neiicteus Oke-COEKTPOMETpa T1K-2.3.1
36 DoT03IEKTPOHHAS PEHTTEHOBCKAs CIIEKTPOCKOMNUs, OI0K-CXeMa, IPUHINI JeHCTBHA T1K-1.3.2

D0TO037EKTPOHHASI PEHTTEHOBCKAs CIIEKTPOCKOMNS, OJI0K-CXeMa, IIPHHIIMIT IeHCTBHS T1K-1.3.3
37 [Tpuamm paboThl paMaHOBCKON CIIEKTPOCKOIHIH, OJIOK-CXEMBI MPOIlecca N3MEPEHUN. 1K-1.3.4
38 | Ha3nauenue npuHuun aeiictBus GOTOIIOMUHECHEHTHON CIIEKTPOCKOINU TIK-1.V.1
39 | MudopmanuoHHbIE TEXHOIOTUH B U3MEPUTEIBHBIX CHCTEMAX T1K-2.3.1

[lepeuenp TeM s KypCOBOTO MPOEKTHUPOBAHUSA/BBIIIOIHEHUSI KypCOBOM pabOThI
MpeJICTaBICHbI B Ta0wmie 17.
Tabnuna 17 — Ilepeyens TeM Juist KypCcOBOTO IPOEKTUPOBAHUSI/BBIIIOIHEHUSI KYPCOBOM pabOThI




No i/t [TpumepHSBIii nepedeHb TeM ATl KypCOBOTO MPOEKTHPOBAHMS/BBIITOTHEHHS
B KypCOBOHM pabOTHI
VYueOHBIM IJIaHOM HE IPETyCMOTPEHO
Bompocsl i mpoBeneHHs TPOMEXKYTOYHOH aTTECTallMM B BHAE TECTHPOBAHMS

npezcTaBieHsl B Tabmuie 18.

Tabnuna 18 — [IpuMepHbIi IEpeYeHb BOPOCOB JIsI TECTOB

y Kon
No /it [IpumepHbIil IepedeHb BOMPOCOB [IJIs1 TECTOB
WHIUKATOpa
1. UccnenoBanue MUKPO- U HAHOCTPYKTYD. . T1IK-1.3.2

Hauano Bompoca: Kakue MeTonmpl OUarHOCTHKM HauOojiee paclpOCTpaHEHBI JUIst
ucciae0BaHusl PU3MIECKUX ITAPaMETPOB M XapaKTEPUCTHK HAHOOOBEKTOB!

- QIIEKTPOHHAsI MUKPOCKOITHSI BRICOKOTO Pa3pelleHus;

- OTpa)kaTesbHasl 3JIEKTPOHHAS! MUKPOCKOIIHS;

- MHUKPOCKOTIVSI ME/ITICHHBIX 3JICKTPOHOB.;

- ONTHYECKasi MUKPOCKOIIHS.

2. BaxHeWImme TEXHOJIOTHYECKHE IOCTIDKCHHS BO BTOPOW IIOJIOBHHE MABANATOTO
CTOJICTHSI.

Hauano Bompoca: Uto cmocoOCTBOBano, B HaWOONBIIEH CTENEHH, WHTCHCUBHOMY
Pa3BUTHIO HAHOTEXHOJIOTHH B CTpaHe U 3a pyoexxom?

Hauano Bompoca:

- TEXHOJIOTHSI CO3/IaHUS AIEKTPOBAKYYMHBIX TPUOOPOB;

- CO3[JaHNE MUKPOMOJTYJIbHBIX JJIEMEHTOB;

- CO3JJaHNE WHTETPAJIbHBIX [IEYATHBIX IUIAT;

- CO3JJaHUE MOJYIPOBOTHUKOBBIX JIEMEHTOB MIEKTPOHHOMN TEXHHUKH.

3. ®usnyeckas CyuIHoOCTh 3akoHa ['opiona Mypa.

Hauarno Bompoca: B uem 3akmodaeTcs CMbICT SMIIMPUYECKOT0 3aKoHa Mypa?

- OOBSACHST MPHUHIMII TIOJTyYSHHUS YepHO-0eTI0ro H300paKeHUs Kajpa TeICBU30Da;

- 3aKOH OOBSACHSACT NPUHINT (PYHKIMOHHUPOBAHHS ONTOBOJIOKOHHOTO 3JIEMEHTA;

- Ipe/ieNbHbIE TPaHUIBI OBICTPOJCHCTBUS KOMITBIOTEDPA;

- Ipe/IeNIbHOE YHCII0 pa3MelIeH sl TPaH3UCTOPOB Ha MI€YATHOM I1aTe KOMIIBIOTEpa.

4. CpencTBa H3MEPEHUS ISl UCCIIEIOBAHMUS HAHOCTPYKTYP.

Hauano Bompoca: B uem 3akiroyaercsi OCHOBHBIE JIOCTOMHCTBA JJIEKTPOHHOTO
MHKpOcKoma?

- yIy4IIEeHbl BECOBBIC U rabapUTHbIE XapaKTePUCTHKH IPHOOPOB,

- BO3MOXXHOCTb IIU()POBOTO MPECTABICHHS Pe3yJIbTaTOB aHAIN3a;

- Oojee coBeplLICHHAs, MO CPaBHEHUIO C ONTHYECKUM MHKPOCKOIOM, CHCTEMa
MTOTyYCHHS N300 paKeHHsT HAOIF01aeMOT0 00BEKTa;

- BO3MOKHOCTb TOJTydeHHs 0ojiee pasHooOpa3zHoi HHpopMaIi 00 00beKTe;

- TIpe/IeITbl YBENUYEHHS UCCIIEyeMOTo 00bEeKTa.

5. OcHOBHBIE TTapaMeTPhI M XapaKTEPUCTUKH MUKPOCKOTIOB.

Hauano Bompoca: Ha3oBute mnpenenbHble 3HaYCHUS XapaKTEPUCTHKH YBEIMUCHUS
ONITHYECKOTO MUKPOCKOTIA!

- 100 pas3;

- 200 pas3;

- 400 pas3;

- 700 pa3;

- 1000 pas;

- 1500 pa3

6. OcHOBHBIE ITapaMemphl U XapaKTEPUCTUKN MUKPOCKOIIOB.

Hauano Bompoca: I[IpenenbHble 3HaUueHNS YBETMUESHHUS SIEKTPOHHOTO MUKPOCKOTIA:

- 1000 pas3;

- 2000 pas3;

- 5000 pas3;

- 8000 pas;

- 1muH. pas;

- 2 MJH. pa3

7. OCcHOBHbIE MapamMempbl U XapaKTePUCTUKHA MUKPOCKOIIOB.

Hauano Bompoca: Yem ompexensercs paspemaoiias CrHOoCOOHOCTh ONTHYECKOTO
MHKPOCKOIIA!




- YPOBHEM OCBEILEHHOCTH paboyeil JIMH3BI;
- BEIMYMHOH (POKYCHOTO PaCCTOSHUS,;
- COBEPIICHCTBOM OTKJIOHSIOUIECH CHCTEMBI;
- IUTMHOI BOJIHBI CBETA.
8.OCHOBHBIC TapaMeTPhl U XapaKTEPHUCTUKU MHKPOCKOIIOB.
Hauano Bompoca: Yem ompeznensieTcst pasperiaromasl CIIOCOOHOCTh 3IEKTPOHHOTO
MHKPOCKOTIA!
- KOHCTPYKIIMEH CHUCTEMBI M300pasKeHNsI MUKPOCKOIIA;
- YCTPOWCTBOM BJIEKTPOHHOM ITYIIIKH,
- CHICTEMOM CUMTHIBAHUS PE3YJIbTATOB 00pabOTKN U3MEPEHHH;
- PacCTOSIHUEM TpOJIeTa JIEKTPOHA;
- CKOPOCTBIO TIPOJIeTa AIIEKTPOHA.
9. [Ipenmy1ecTBa 3J1€KTPOHHOTO MUKPOCKOIIA.
Hauano Bompoca: Uem 00BsICHAETCS BBICOKAs pa3pemaronias criocoOHOCTb
JIEKTPOHHOTO MHKPOCKOIIA:
- TEOMETPUUYCCKIMH pa3MepaMu pabodeii 30HbI;
- UCTIOJIb30BAaHHUEM JJIEKTPOHHOTO IIOTOKA BMECTO CBETOBOTO TIOTOKA;
- INTMHOW BOJIHBI 3JIEKTPOHA.
10. OcHOBHBIE TApaMETPHI U XapaKTEPUCTHKH 3JIEKTPOHHBIX MUKPOCKOIIOB.
Hauano Bompoca: OT uero 3aBUCHT BEIWYHMHA BOJHBI AJIEKTPOHHOTO [TOTOKA B
MHKPOCKOTIE:
- rabapuThl paboYe 30HEI;
- BEJINYUHON HalpsHKECHUS HA aHOJC,
- KOHCTPYKILIMEH CUCTEMBI H300paXKeHUsI MUKPOCKOIIA;
- AQPXHUTEKTYPHI OTKJIOHSIOMIEH CHCTEMBI MUKPOCKOTIA
11. Kakas cepusi CTaHAapPTOB B HACTOALIEE BPEMsI SIBISIETCSI OCHOBHOM JIst
cTaHmapToB u3 oomactu UT?
a. cepus 25000;
b. cepus 9000;

c. cepus 14000;
d. cepus 16000.

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

d. 90003:2004;
. €.15288:2002.

13.HasoBute ab0peBHATYpPY MEXKIYHAPOTHOTO COM03a IJCKTPOCBSI3H:
a. IEEE;
b. IEC;

c. ITU;
d. ISO.

[lepeueHb TeM KOHTPOJBHBIX PabOT MO MUCHUIUIMHE OOYYAIOUIUXCS 3a0YHON (POPMBI
00ydYeHusI, IpeJICTaBICHbI B Ta0wmie 19.

Tabmuua 19 — I[lepeueHb KOHTPOJIBHBIX paboOT

No /it [TepeyeHp KOHTPOJIBHBIX PAOOT

He npenycmorpeno

10.4. MeToquveckre  MaTepUalbl,  ONPEACISAIONIAE  TPOUEAYPHl  OICHUBAHUS
WHAWKATOPOB, XapaKTEpU3YIOUIUX JdTanbl (OPMUPOBAHHUS KOMIIETCHIIUN, COJAEpKaTcs B
JOKAJIbHBIX HOpMaTUBHBIX akTax [ YAII, pernaMeHTHpYOIMX MOPSIOK W MPOUEaypy
MPOBEJICHUS TEKYIIEr0 KOHTPOJIS yCIIEBAEMOCTH U MPOMEKYTOUHOM aTTeCTallui O00yJaroIInXCcs
I'VAIL

11. Mertoau4deckue yKazaHus Uit 00YJarOIIUXCs IO OCBOCHUIO TUCITUTIAHBI




11.1. Meroauueckue yKa3aHus JUIsI OOYYAIOUIMXCS 10 OCBOCHUIO JIEKIIMOHHOTO
Mmarepuaia ).

OcCHOBHOE Ha3HAYECHME JIEKIMOHHOIO MaTepuanga — JIOTMYECKH CTPOMHOE, CUCTEMHOE,
riyOoOKoe U sICHOE WU3JIOKEeHHMe yueOHoro marepuana. Ha3HaueHune cOBpEeMEHHOM JieKLuu B
paMKax IUCIMIUIMHBI HE B TOM, YTOOBI MOJYYUTHh BCIO MH(POPMALUIO 1O TEME, a B OCBOCHUU
(GyHAaMEHTaIbHBIX NpOOJEeM JUCHMIUIMHBI, METOJOB HAy4yHOrO I103HaHMS, HOBEHUIIMX
JOCTIDKEHUI Hay4HOH MbIciu. B yueOHOM mporecce JEKIUs BBIMOIHAET METO0JIOTHYECKYIO,
OpraHU3alMOHHYI0 U MHPOPMALMOHHYIO (QYHKIMU. JIeKIUs packpbIBaeT NOHATUIHBIN anmapar
KOHKPETHOW 00sacTé 3HaHUs, €€ HpoOJIeMbl, JAaeT LEIbHOE IPEACTABICHUE O IUCLUILIMHE,
IIOKAa3bIBAET B3aUMOCBS3b C IPYTUMU JUCLUAIIIIMHAMM.

[lnanupyemMble pe3yabTaThl IPH OCBOSHUH 00yYaIOMIMMUCS JIGKIIMOHHOTO MaTepraa;

— TIOJYy4YEHHE COBPEMEHHBIX, LEJIOCTHBIX, B3aUMOCBA3aHHBIX 3HAHUN, YpPOBECHb
KOTOPBIX OIPEIEIISIETCS LEIIEBOM YCTAHOBKOM K KaX10M KOHKPETHOU TEME;

— TOJIy4€HHE OIbITa TBOPUYECKOM pabOThl COBMECTHO C IPENOJaBaTEIEM;

— pa3BuTHEe HOPOPECCHOHATBHO-IENOBBIX  KauyecTB, JIIOOBM K TNpeAMETy H
CaMOCTOSITEJIBHOTO TBOPYECKOI'O MBIIITICHHUS.

— MOSABJIEHUE HEOOXOJUMOTro HHTEpeca, HEOOXOAUMOTr0 JUIS CAMOCTOSITENIbHON paboThI;

— TOJy4YyeHUE 3HAHUNW O COBPEMEHHOM YPOBHE pAa3BUTHS HAyKM U TEXHUKU U O
IIPOTHO3€ UX Pa3BUTHsI HA OJIMKaMIIne Tobl;

— HayuyuTbCsl METOJUYECKH oOpabaTbiBaTh MaTepuan (BBIACIATH TJIaBHBIE MBICIU U
IIOJIOKEHUS, IPUXOAUTh K KOHKPETHBIM BBIBOJAM, IIOBTOPSTH HMX B  Pa3JIMYHBIX
(bopMynupoBKax);

— TOJIyueHHE TOYHOI'O IOHUMAaHHUs BCEX HEOOXOIUMBIX TEPMUHOB U TOHATHH.

JIekuMOHHBI MaTepHall MOXET CONPOBOXKIATbCA JEMOHCTpauuend CIaioB H
UCIOJIb30BAaHUEM DPA3JaTOYHOI0 MaTepualla IpH HPOBEIEHUM KOPOTKHX JTUCKYCCHH 00
0COOEHHOCTSX MPUMEHEHUS OTJENIbHBIX TEMATHK 110 TUCLMITIIMHE.

11.2. Meroauueckue ykazaHHs ISl OOyYarOIIUXCS IO MPOXOXKICHHIO MPAKTHYECKUX
3aHATUH (eciu npedycmompeno yuebHblM NIAHOM HO OAHHOU OUCYUNIUHE)

[IpakTueckoe 3aHATHE SABISETCS OJHOW M3 OCHOBHBIX (DOPM OpraHu3aluu y4yeOHOro
npoliecca, 3aKIroyvaroniascs B BBITOJIHEHUH 00YJaloLUIMMHUCS 10JI pyKOBOJICTBOM ITperoiaBaTels
KOMIUIEKCa Y4eOHBIX 3aJaHUil C LEJIbI0 YCBOEHUS HAyYHO-TEOPETUYECKHMX OCHOB YyueOHOMU
JUCLUIUIMHBL, TPUOOPETEHHs] YMEHUH M HAaBBIKOB, OIBITA TBOPUYECKON AEATEIbHOCTH.

[enbro mpakTUYECKOTo 3aHATHS ISl 00y4aroIIerocs sSBISETCS MPUBUTHE 00YUarOIIMMCS
YMEHMH U HAaBBIKOB MPAKTUYECKOU NEATENBHOCTH 110 U3y4aeMOU JUCIIUIUINHE.

[1nanupyemble pe3yiabTaThl IPU OCBOEHUHU O0YYaAIOUIUMCS IPAKTUUECKUX 3aHATHI:

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

— pa3BUTHE T[I03HABAaTEJbHBIX CIHOCOOHOCTEH, CaMOCTOSTENbHOCTH  MBIIUICHUS,
TBOPUYECKOIN aKTUBHOCTH;

— OBJIQJICHHE HOBBIMH METOJaMH M METOJUKaMU H3Y4YEeHHUS KOHKPETHOH yueOHOI
JUCIUIINHBI,

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

— ofecrieyeHue palMOHAILHOTO COYETaHUsl KOJJIEKTUBHOM M MHAMBHIYabHON (popm
00yJeHUsI.

11.3. MeToauveckue yKa3aHus sl OOYYArOIIUXCS 0 POXOKACHUIO CAMOCTOSATEIHHON
paboThI

B xoze BBIOTHEHHUS CaMOCTOSTENBHONU pabOThI, OOYUYAIOUIUIICS BBIMIOIHSAET paboTy MO
33JJaHUI0 M TIPU METOJMYECKOM PYKOBOJCTBE IPEIoAaBaressi, HO 0e3 ero HelmoCpeICTBEHHOTO
y4acTusl.



Jns oOywaromuxcs 1o 3aouHoi (opme oOydeHHs, cCaMOCTOSTENbHAas paboTa MOXKET
BKJIFOYATh B CEOsI KOHTPOJIBHYIO padoTYy.

B mporiecce BBIMOTHEHHSI CaMOCTOSITENILHON paboThl, y oOydaromierocst (GhopMupyercs
nenecooOpa3Hoe IIaHupOBaHUe pabouero BpeMEeHH, KOTOPOE MO3BOJISIET UM pa3BUBATh YMCHUS
Y HaBBIKM B YCBOGHHHM M CHUCTEMATH3allMU NMPUOOpPETAEMbIX 3HAHUI, 00ECIeYnBaET BBICOKHUMN
YPOBEHb YCIIEBAEMOCTH B TIEpUOJ OOYUYCHHs, TIOMOTAeT TIIOJYYUTh HABBIKH TTOBBINICHHS
po(hecCHOHATLHOTO YPOBHSIL.

MeroauyeckiMH ~ MaTepuallaMH,  HaNpaBJSIONIMMU  CAMOCTOSITENIbHYIO — paboTy
00y4aroUuX CSASBIISIOTCS:

—  y4eOHO-METOJNYECKUI MaTepHall 10 TUCIUILIHHE;

— METOJIMYECKUE yKa3aHUs I10 BBIMOJIHEHUIO KOHTPOJIBHBIX paboT (it 00ydaronmxcs
10 3204HOM (hopMme 0OyueHHs).

11.4. MeTtoguueckue yKazaHMs [UIsl OOYYarOIIMXCS IO IPOXOXKACHHUIO TEKYILIEro
KOHTPOJI YCIIEBAEMOCTH.

Tekylmuii KOHTPOJIb YCIIEBAEMOCTH MPEIYCMATPUBAECT KOHTPOJb KadeCTBAa 3HAHUM
00y4aromuxcsi, OCYIIECTBIIEMOTO B TEYCHHE CEMECTpa C IIeNbI0 OIICHUBAHMS XO0Jla OCBOCHUS
JUCLUIUINHBI.

11.5. Meroauyeckue ykazaHus Jjisi OOYYarOMIUXCs MO MPOXO0KICHUIO MPOMEXYTOUHOM
aTTeCTallUU.

[Ipomexyrounas  arrecrauus  oOydarolUXcs — NpPeAyCMaTpUBAEeT  OLICHUBAHME
MIPOMEKYTOUHBIX U OKOHYATEIbHBIX PE3Yy/IbTaTOB 00y4YeHHs MO auciuruiiHe. OHa BKIIIOYAeT B
cedst:

— D9K3aMeH — (opma OLEHKH 3HaHUM, MONYyYEHHBIX OOyYarIIUMCi B Ipolecce
W3YYEHHUS BCEW MUCHUIUIMHBI WM €€ YaCTH, HAaBBIKOB CAMOCTOSITENIbHON paboOThl, CIOCOOHOCTH
OPUMEHSATh MUX JUId PEIICHUs NPAKTUYECKUX 3ahad. DK3aMeH, Kak IpPaBUJIO, MPOBOIUTCS B
NEPUOJ, HSK3aMEHAIMOHHOW CECCHMM M 3aBEpIIAETCSl aTTECTAllMOHHOM OLICHKOM «OTJIIMYHOY,
«XOpOILIO», «YAOBIETBOPUTEIHHOY, «HEYAOBIECTBOPUTEIHHOY.

— 3aueT — 3To (hopMa OLEHKU 3HAHUH, MMOTYYEHHBIX OOYYaIOUIMMCS B XOJI€ U3yUCHHS
y4eOHOI TUCHUIUIMHBI B LIEJIOM MM IPOMEXYTOUHas (110 OKOHYAHHM CeMecTpa) OLIeHKa 3HaHUMN
oOyyaromuMcs 1Mo OTAEIbHBIM pa3/iesilaM JUCUUILUIMHBI C aTTECTAllMOHHOM OIIEHKOM «3aYyTeHO»
WIH «HE 3aU4TEHO».

— audQepeHuupoBaHHbI 3aueT — 3T0 (¢GopMa OLEHKHM 3HAHWM, NOJyYEeHHBIX
oOyyaromuMcsl IpU U3Y4EHUH AUCHMIUIMHBL, TPU BBIMOJIHEHUH KYPCOBBIX IIPOEKTOB, KYPCOBBIX
paboT, Hay4YHO-UCCIIEOBATENILCKUX PadOT U MPOXOXKACHUH NMPAKTHK C aTTECTAIIMOHHON OLIEHKON
«OTJIIMYHOY, «XOPOLIO», «yJIOBIETBOPUTEIBHOY, «HEYI0BIETBOPUTEIHLHO.
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