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AnHoranus

Hucuunnuna «Hanomatepuanbl» BXOAMT B 00Opa30BaTeIbHYIO MPOTPaMMy BBICIIETO
o0Opa3oBaHUs — TPOrpaMMy CHCIHAIUTETa IO HAMPABICHHUIO MOATOTOBKH/ CHEIHATBLHOCTH
27.05.02 «MeTtponorudeckoe 00ecrieueHre BOOPYKEHHUSI 1 BOSHHON TEXHUKH» HAIPABJICHHOCTH
«MeTposorudeckoe odecreyeHrne KOCMHUECKUX CpeacTBy. JJuciummimna peanusyercs kadeapoi
«Neb».

JlucuurinHa HareneHa Ha (GOPMHUPOBAHKE Y BBITYCKHUKA CIICTYIOIINX KOMITETSHIUH:

[IK-1 «CrnocobeH npoBOAUTH aHAIU3 COCTOSHUS METPOJIOTMYECKOro oOecredyeHus B
MO/Apa3/IeIEHUH METPOJIOTMUECKOM CITY:KObI OpraHU3alum»

IIK-3 «Cnoco0GeH oCymIecTBIATh pabdOThl IO BBIIBICHUIO UM IMPEJOTBPAIICHUIO
HECOOTBETCTBHUI MPOAYKIIUU TPEIBSIBISIEMBIM TPEOOBAHUSIM))

CopepxaHue TUCHUIUIMHBI OXBaThIBA€T KPYr BOIPOCOB, CBSI3aHHBIX C OCOOEHHOCTSMU
VHUKQIBHBIX CBOWCTB (U3UYECKUX, (PUIUKO-XUMHUUYECKUX U TEOMETPUUYECKUX TapaMeTpoB
HAHOCTPYKTYPUPOBAHHBIX  MAaTEpUANOB, UX TMOIYYCHHEM M TMPUMEHEHHEM B Pa3IUYHBIX
00J1acTSIX TPOMBINUICHHOCTH. PaccMaTpHUBarOTCsT BOMPOCH! KiaccH(UKAIMK HAaHOMATEPHAJIOB,
O0COOCHHOCTH MX BIUSHUS Ha OKPYXKAIOILIYIO Cpeny U 0€30MacHOCTh UX MpUMEeHeHUus. BaxHbIM
SBJISIFOTCSL PA3JIMYHBIE METO/IbI MCCIIEIOBAHUS, CPEU KOTOPHIX METO/IbI CKAaHUPYIOIIEH 30HJ0BOM
mukpockonuu (C3M) siBnsirorinecs: B HacTosiIIee BpeMsi Hanbosee pacnpoCTpaHEHHBIMHU.

[IpenogaBanue AUCHUILIMHBI TMPEAYCMATPUBACT CICAYIOIMIHE (QOPMBI OpPraHU3AIHUN
yueOHOro mpoliecca: JeKIIH, 1abopaTopHbIe pabOThI, CAMOCTOsITeNIbHAS Pab0oTa 00YJarOIIHXCS.

[IporpamMmmMoit AMCHUIUIMHBI MPEAYCMOTPEHBI CIEAYIONIME BHUIbI KOHTPOJIS: TEKYIIHI
KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHAsI aTTecTalus B hopMe 3a4era.

OO0mas TpyIOEeMKOCTh OCBOCHHS IMCIMIUIMHBI COCTaBJISET 2 3a4ETHBIX CJAMHHIBI, /2
qaca.

SA3bIK 00yUYeHUs 10 AUCIHUIUINHE «PYCCKUH »



1. TlepedeHb IIaHUPYEMBIX PE3yJIbTATOB O0YyUYCHUS MO TUCLUILIHMHE

1.1. llenpto  mpenofaBaHUsl  AWCHMIUIMHBI  SBJISIETCS  TOJIyYEHHWE  CTYIEHTaMH
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 —
OII1 BO).

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

B pesynbrare m3ydeHus TUCHMIUIMHBI OOyYaroOLIUics TOJDKEH 00MajaTh CieqyIoIuMH
KOMITETEHIIMSIMU HJTH UX 9acTsMH. KoMIeTeHIIMy M WHAMKATOPHI UX AOCTHKEHHS PUBEICHHI B
Tabimue 1.

Tabmuna 1 — [lepeyeHp KOMIIETEHIIMI U HHIUKATOPOB MX JOCTHKCHHS

Konu
Kareropus (rpynna) Kon n HauMeHoBaHME WHIUKATOPA JOCTHIKEHUS
HanMEHOBaHUE
KOMIIETEHIINHU KOMIIETEHIINHU
KOMIIETEHIINHU

I1K-1.3.4 3HaTh KOHCTPYKTUBHBIE OCOOEHHOCTH U
IPUHIHIEI pabOTHI CPENICTB H3MEPEHHUS,
TEXHOJIOTUYECKHE BO3MOKHOCTH B 00JIACTH
IPUMEHEHUS CPEJICTB U3MEPEHUS
[TIK-1.V.1 ymeTs onpeaensite HEOOXOAUMOCTh

a3pabOTKN HOPMATHUBHBIX TOKYMEHTOB
METPOJIOTHYECKOTO pasp p AOKYM ’
[TpodeccronanbHbIe perJIaMeHTUPYIOLINX PabOThI MO

oOecrnievyeHus B

KOMIIETEHIIUU METPOJIOTHYECKOMY 00€CTIEYEHUIO

[1K-1 Coocoben
IIPOBOIMTDH aHAJIH3
COCTOSHUA

NOJIpa3IeJICHNN
AP . [IK-1.Y.3 ymeTp ycTaHaBIMBaTh ONTUMAJIbHbBIE

METPOJIOrMYECKOI o

. HOPMbI TOYHOCTH U3MEPEHUH U I0OCTOBEPHOCTHU
Y KOHTPOJIS ¢ y4eTOM OMHUOOK 1-ro u 2-To poja.

OpraHu3aluu

T1K-1.B.3 BnageTp HaBBIKAMHU BBIABICHUS U
OILICHKH MOTPEIIHOCTEN U3MEPEHUs U OLITNOOK
KOHTPOJIA.

[1K-3.3.4 3HaTh METOIUKHN KOHTPOJIS UCIIBITAHUS
MPOAYKIIHH

T1K-3.3.5 3HaTh HallMOHAJILHEIE,
MEXTOCYapCTBEH-HBIE, MEKTyHAPOIHBIC
CTaHJapThl 1 HOPMATHUBHO-TIPABOBBIE aKThI

[1K-3 Criocoben

OCYILIECTBIISATh
[1K-3.3.6 3HaTh MEXIAYHAPOIHBIE TEXHUYECKUE
paboThI 10
BBISIBJICHUIO U DETIAMCITTET
[TpodeccuonanbHble O —. [1IK-3.Y.3 ymeTs BbIOUpaTh U pa3pabaThiBaTh
KOMIIETEHIIUH P P . METOJIbl U CPEJICTBA KOHTPOJI TEXHOIOTMYECKOTIO
HECOOTBETCTBUI .
rpolecca, TEXHOJIOTHYECKON orepalui,
IPOAYKIIMH o
pa3pabarbIBaTh CXEMbl H3MEPEHUN U KOHTPOJIS
PEeIbABISIEMbIM
[IK-3.Y.4 ymeTh onpenensite 3Tambl
TpeOoBaHUSIM

IIPOU3BOJICTBEHHOIO MIPOLIECCA, OKA3BIBAIOLINE
HauOoJbIIIee BIUSHUE HA KAUECTBO
M3TOTaBIMBAEMBIX U3JEIUI

[1K-3.B.3 BnaseTp HaBbIKaMu pa3pabOTKU




MPEIIOKEHUHN IO NPETYNPEKICHUIO U
yCTpaHEHUIO Opaka U3JIeIHiA.

[1K-3.B.4 BnageTh HaBbIKaMH pa3pabOTKH
MPOrpaMM U METOJMK U3MEPEHUN U UCIIBITAHUI

2. Mecro nucuurnHbl B cTpykType OI1
JucuunimHaa MoxeT 6a3upoBaThCS HAa 3HAHUSX, paHee MPUOOPETEHHBIX 00yUYaIOUUMUCS
IIPU U3YYEHHUHU CIENYIOIIMNX AUCLUIIINH:
JucuumnimHaa MoxeT 6a3upoBaThCS HAa 3HAHUSX, paHee MPUOOPETEHHBIX 00y4YaIOUUMUCS
[P U3YYEHHUHU CIENYIOIIMNX AUCLUIIINH:
— (u3HYeCKre OCHOBBI U3MEPEHUN U 3TAJOHBI €TUHUII;
— METOJbI U CPEACTBA U3MEPEHUN, UCTIBITAHUI U KOHTPOJIS,
— OCHOBBI HH(pOpMATHU3AINHN U3MEPEHUH;
— OCHOBBI JICKTPOTEXHUKHU U PATUOTEXHUKU;
— OCHOBBI MOJEJIIMPOBAHUE CUCTEM U IIPOLIECCOB;
— IPUKIAJHASA U 3aKOHOJATEeIbHasl METPOJIOTHS,
— oOutas Teopus U3MepeHuit
3HaHMs, TOJy4YEHHbIE NPU HU3YUYEHUU MaTepuana JaHHOM JIHUCUUIUIMHBI, MMEIT Kak
CaMOCTOSTEJIbHOE 3HAUYEHHE, TaK U MOTYT HUCIIOJIb30BATHCS MPU U3YyYEHUHU APYTUX JTUCUUILIUH:
— - uu(dpoBbIE METOBI U CPEJCTBA U3MEPEHUI;
— - IPOU3BOJICTBEHHAs IIPAKTHKA;
— - IPOMU3BOJICTBEHHAs IPEIAUIIOMHAs IPAKTUKA.
3HaHMs, TOJy4YEHHbIE NPU HU3YUYEHUU MaTepuana JaHHOM [HUCUUIUIMHBI, UMEIOT Kak
CaMOCTOSTENIbHOE 3HAUYEHHE, TAK U MOT'YT HUCII0JIb30BATHCS MPU N3YYEHUU APYTUX JUCUUILINH:
3HaHMs, TOJy4YEHHbIE NPU U3YUYEHUU MaTepuana JaHHOM JHUCUUIUIMHBI, MMEIOT Kak
CaMOCTOSTEJIbHOE 3HAUYEHHE, TAK U MOT'YT HUCIIOJIb30BATHCS MPU N3YYEHUHU APYTUX JUCLHUILINH:
— 1u(poBbIE METO/IBI M CPEACTBA U3MEPEHUH;
— TPOU3BOJCTBEHHAs PAKTUKA;
— MPOU3BOJCTBEHHAS NMPEJAUIUIOMHAS PAKTHKA.

3. O0OBeM U TPYI0EMKOCTh TUCITUTUIAHBI
JlanHbple 00 o01ieM oO0beMe AUCHUILUIMHBI, TPYJOEMKOCTH OT/AEIbHBIX BHUJOB Y4eOHOM
paboTHI 110 AUCUHUIUIMHE (M paclpeieseHle 3TOM TPYI0EMKOCTH [0 CEMECTpaM) NMPEACTaBIEHBI B
tabnure 2.

Ta6muia 2 — O0beM U TPYJ0EMKOCTh JUCITUTUITNHBI

TpynoemkocTs 1o
Bun yuebnoii paboThl Bcero CeMeCTpam
No5
1 2 3
Oowan mpyooemKkocma ouCUuUnIUHbL, 2/ 79 2/ 72
3E/ (uac)
U3 nux yacoe npaxmuyeckoil n0020moeKu 17 17
Ayoumopnuie 3anamus, BCEro vac. 34 34
B TOM YHCJIE:
nexiuu (JI), (dac) 17 17
npakTuueckue/cemunapckue 3anarus  (I13),
(gac)
nabopaTtopHubie padoTs (JIP), (uac) 17 17
KypcoBoii npoekT (padota) (KII, KP), (gac)
HK3aMeH, (4Jac)
Camocmosmenvnas paboma, Bcero (dac) 38 38




Buo npomesxcymounoii ammecmayuu: 3adger,
mudd. 3auer, sx3amen (3auer, Judd. 3au, | 3ager 3auet
DK3.*%*)

*k
IIpumedanue: kaHaMAATCKHI IK3aMEeH

4. ConepxaHue JUCITUTUTMHBI
4.1. Pacnpeznenenue Tpy10€MKOCTH JTUCLUUILIMHEI 110 pa3/ieiiaM v BUAaM 3aHATUMN.
Pazgenbl, TeMBbI TUCITUTIIIMHBI M KX TPYJOEMKOCTh IIPUBECHBI B Ta0IUIIE 3.

Tabmuua 3 — Paznesnbl, TeMbl TUCIUILIHNHBI, UX TPYA0EMKOCTh

Paznensl, TEMBI TUCIUITITHHBI Jlexunn | 113 (C3)) - JIP KII CPC
’ (gac) (gac) (gac) (gac) (dac)
Cemectp 5

CrtpyKTypa, CBOWCTBA, METO/BI MOTY4YEHUS U
0Cc0OEHHOCTH PUMEHEHUSI HAHOCTPYKTYPHBIX
MaTepHajoB 5 5
Tema 1.1. XapakTepucTuka KOHLEILIAN
HAaHOCTPYKTYPHBIX U MOJICKYJIAPHBIX HAHOTEXHOJIOTHM
U MaTepHasioB

10

Paznen 2. Knaccudumkanus HaHOMaTepHANIOB,
MoJTydeHne U Oe30MacHOCTh MX IPUMEHEHUS 5 4 15
2.1. XapakTepucTuka METOI0B UCCIIEJOBAaHUH OOBEKTOB
MHKpPO U HAaHOCTPYKTYP

Paspen 3. MeTtosl UcciieOBAHNS HAHOOOBEKTOB
Tema 3.1. O6mume cBeneHns 00 0OBbEKTAX 6 8 8
HCCIIENOBAHMUA B 00JIACTH HAHOTEXHOJIOTHM

Paznen 4. [IpuHIIUIIBI TOCTPOCHUS TEXHUUECKHUX
CpPEJICTB HCCIIeI0OBaHUS HAHOCTPYKTYP 4 3 5
4.1 OcHOBBI MEXaHUKHU U KOHCTPYKLUI CPEICTB

WCCIIeIOBAHNSI HAHOCTPYKTYPHUPOBAHHBIX OOBEKTOB

HUroro B cemectpe: 17 17 38

Hroro 17 0 17 0 38

IIpakTrueckass IOATOTOBKA 3aKIIOYAETCAd B  HEMOCPEICTBEHHOM  BBINOJIHEHUU
oOydJarolUMuUCs  OINpENeJIeHHbIX  TPYAOBBIX  (YHKIMH,  CBSI3aHHBIX ¢  Oyayuleu
npodecCHOHATBHOMN 1€ TETbHOCTBIO.

4.2. CopneprxaHue pa3/ieioB U TeM JIEKIMOHHBIX 3aHITHH.
ConeprkaHue pa3/ienoB U TeM JIEKLIMOHHBIX 3aHATHI PUBECHO B Tabnule 4.

Ta6ﬂnua 4 — Coz[epxcaHHe pa3aciioB U TEM JICKIHMOHHOT'O [UKJIA

HOMep pa3aciia Hazpanue u COACPIKAHUC PA3JACIIOB U TCM JICKITHOHHBIX 3aHATUHN
Paznen 1 Tema 1.1 O6mue cBeneHNs 0 (QU3NKO-XMMHYECKHX CBOWCTBAX HAHOCTPYKTYPHBIX

CtpykTypa, CBOICTBa, | MaTepHajoB
METOABI  IOJNIy4CHHA M CoBpeMeHHbIE METOJbl MOJYYEHHs, HPUMEHEHUS HAHOMAaTEepHalIOB CTalld
OCOOEHHOCTH  NPUMEHEHWS | posvioxcupr, Kkora ObUTM  pa3spaboOTaHBl M HHCTPYMEHTANBHO IOATBEpHKICHBI
HaHOCTPYKTYPHBIX .

OCHOBHBIE  HJ€U AaTOMHO-MOJEKYISIpHOH TEOPHMM U  MOIY4YEHbI IIEpBBIC

MarepuaioB

pEHTTeHOBCKHE Au(pakInOHHBIE W300paKEeHUS KPUCTALIMYECKHX CTPYKTYD.
BaxxapIM cOOBITHEM B HCTOPUH HAHOHYKH CTaJI0 M300pETEHHE MPOCBEYMBAIOIICH
3EKTPOHHOU MHKPOCKOIINH, MO3BOJISAIOILEN MIOJIyYUTh n300pakeHmne
HaHOPa3MEPHBIX CTPYKTYp, a TakxKe H300peTeHHe CKaHWPYIOMIETO TYHHEIBHOTO
MHKPOCKOTIA.

IIpumepom sBnsieTcs HOBBIE OOBEKTHI — HAHOCTPYKTYPHI,  KOTOPBIE HMEIOT




CyOMHUKDOHHBII pa3Mep B OJHOM H3 HAalpaBICHHH, KOTOPHIE B COIO OUYEpEb,
HYXJAloTcsl B Kiaccu(puKanuu. B OCHOBY KilacCH(HMKALMM TOJIOKEHBI CTPYKTYPa,
COCTaB, a TAKXKE UX (PU3UKO-XMMHUECKHE CBOICTBA.

Tema 1.2 CtpykTypa, CBOICTBa, METOIBI MONyYCHUS M OCOOCHHOCTH IPUMEHEHHUS
HAHOCTPYKTYP.

B o6mact BBICOKMX TEXHOJOTHH IIMPOKO MCHONB3YETCsl KIIacCU(pHKAIMS

JIICIIEPCHBIX CHCTEM IO JWCIIEPCHOCTH, T.€. M0 pa3MepaM U YAEIbHOW IUIOMIaan
MOBEPXHOCTH AMCHEpPCHOW (a3bl. B mepBoM mpuOIMKEHUH ANUCIEPCHBIE CUCTEMBI
MOApa3/IeNAITCS Ha TIpyOOqUCIEpCHBIE W TOHKOAMCIIEPCHBIE, TaK Ha3blBacMbIe
KOJUIOMJIHBIE CHCTEMBI.
YraepopHsle CTPYKTYpel - YIIepoj sSIBISIETCST HauOoJee pPacHpOCTPaHEHHBIM
3JIEMEHTOM B TIPHPOZIE, OH CYIIECTBYeT B TBepAOH (ase M HECKOIBKHX
MOIU(UKAINAX C PA3TUIHBIMH (PU3UKO-XUMHYECKUMH CBOIicTBaMu: rpadut, anmas,
kKapOuH, rpadeH. Baxneimeid 0coOEHHOCTHIO yriiepona SBISIETCS CIOCOOHOCTH
obpazoseBath nenoukn —C —C — C-, KOTOpBIe IPUPOAA UCTONB3YET ISl CO3AAHUS
OMONIOTMYECKUX TOJHUMEPOB, a 4YeJOBeK JUIS IPOM3BOJICTBA  Pa3IMYHBIX
CHUHTETUYECKHX MaTEPHAJIOB.

B KOHIIC MPOIJIOro CTOJICTHUA OBLIN OTKPBLITBI HOBBIC YTJICPOJAHBIC COCAMHCHUA,
Cpeau KOTOPBIX (yJuiepeH, 00jamaroliuii YHHKAIbHBIMU CBOiicTBamu. DyiiepeH
KapKacHYyI0 CTPYKTYpY,
mecTUyrobHo# opmbl. B 1990 1. Ob11 pa3zpaboTan MeToa HOXydeHHUs (yiuiepeHa.
B 1991 r. B mpoaykTax 3JIeKTPOAYTOBOTO HCIapeHus Tpadura ObUTH OOHAPYKECHBI
IWUIMHAPUYECKHE  YTJIEPOJHBIC MOJTYYHUBIIHE

«HAaHOTPYOKM».

HUMCCT KoTOpas COCTOMT M3 3aIljylaTOK IIATU- U

KOHCTPYKLIWH, Ha3BaHHUA

Paznen 2..Kimaccudukarus
HaHOMAaTEPUAJIOB,
MOJYy4YEHUE U
0€3011aCHOCTD UX
MIPUMEHEHUS

2.1. Xapakrepucruka
METOJIOB UCCIIEIOBaHUHN
00BEKTOB MUKPO U
HAHOCTPYKTYpP

Tema 2.1.McTpyMeHTHI UCCICIOBAaHUI HAHOTCXHOJIOTHI

OI[HI/IMI/I N3 NEPBBIX MHCTPYMCHTOB, KOTOPBLIC NMOMOIJIM HWHUIUHUPOBATH HUJACHU
HaHOTeXHOJ’IOFI/II‘/II, 6I:IJ'II/I TaK Ha3bIBaCMbI€ CKaHUPYIOIIHUEC 30HIBI. Bce Tumnsr
CKaHMPYIOIMX 30HA0B OblIM pa3padoranbl B L{topuxe B Hauane 80-x romos. Cama
Hlesd OYEHb IIPOCTA: €CIH, K IPUMEPY, IMPOBECTH MalblEM IO MOBEPXHOCTH, TO
JIETKO OTIMYUTHh OapXaT OT CTalM HIH JepeBa. B JaHHOM SKCIECPUMEHTE Majerl
JIEHCTBYET KaK CTPYKTypa HM3MepeHusi cuiibl. JlaHHasg uies U MOJIOXKEHa B OCHOBY
paboTHI CKAHUPYIOIIETO MUKPOCKOIIA, OHOTO U3 PacIpOCTPAHESHHBIX CKAHUPYFOIINX
30HA0B. CKaHMPYIOWIUNA 30HA MPHU U3MEPEHUM CKOJIB3UT IO MOBEPXHOCTHU TakK K€,
KaK 3TO JICNA0T MaNbIbL. 30H] UMEET HAaHOCKOIMMIESCKUIA pa3Mep (4acTo BCETO OJUH
atoM). Ilpn IBUWKEHHH OH MOXET OMNpEIENATh HECKOJIBKO pPAa3IMYHBIX CBOMCTB,
KaXJ10€ U3 KOTOPBIX COOTBETCTBYET HHOMY H3MEPEHHIO.

ATOMHO-CUJIOBOII MHKPOCKOI. B aTOMHO-CHJIOBOM MHUKPOCKOIIE 3JIEKTPOHHUKA
HCHOJIB3YETCA I UBMEPCHUA CUJIbL BBOHHMOﬁ KOHYHMKOM 30H/J1a IpH €0 ABUKCHUU
BJIOJIb TIOBEPXHOCTHU MCCIIEYEMOTO O0BEKTa.

Tema 2.2.
BEJIMYMHA 3JIEKTPUYECKOTO TOKA, NPOXOSIIEr0 MEXIY CKAaHUPYIOLUIUM 30HAOM HU
MOBEPXHOCThIO.  TyHHeNbHas 9TO MpPaKTHUYECKU NEPBbIN
pa3paboTaHHBIi  METOJ  30HIOBOTO HaIlleAEro  IIUPOKOe

TyHHENbHBIH MHKpPOCKON. B TyHHENTbHOM MMKPOCKOIIE H3MEpseTCs

MHUKPOCKOIIHS — —
CKaHHPOBAHUS,
MPUMEHCHHE.

. B MarHuTHO-CHJIOBOM MHKPOCKOIIC 30H[I, CKAHUPYIOUIHA MOBEPXHOCTb, SBIISACTCS
MarHUTHBIM, OH MTO3BOJISIET IOYYBCTBOBATH HA MMOBEPXHOCTH JIOKAIHHYIO MATHUTHYIO
CTPYKTYpy.  30HJ
CUUTHIBAIOIIEH

MarHWTHO-CHJIOBOTO ~ MHKpPOCKOIIa  paboTaer  momoOHO

TOJIOBKA  BHWHYECTepa WM MarHutopona. CKaHUPYIOIIHE

MUKPOCKOIIBI ITO3BOJINIIN BIICPBLIC YBUIACTH 00BEKTHI pasMEpOM C aTOM.

Pazgen 3
Metonpl HcciieqOBaHUA
HAaHOOOBEKTOB

3.1.

Tema OO0wue

Tema 3.1 COBpeMeHHOC pa3BUTHUC (1)I/ISI/IKI/I U TEXHOJOTMH TBEPAOTCIbHBIX
HAHOCTPYKTYpP, ONPOSABJIAIOMICECS B HCIIPEPBIBHOM IEPEXOAC TONOJOIUU 3JIEMEHTOB
3J'I€KTp0HHOI>i TCXHUKH  OT Cy6MI/IKpOHHI)IX K
HOTpC6OBaJ'IO pa3pa60TKy HOBBIX W COBCPHICHCTBOBAHUE YIKE CYHICCTBYIOMINX

HAaHOMETPOBBIM  pa3Mepam,

CPEACTB U METOJIOB JMArHOCTUKH, a TAKXKE CO3JaHHe 00pa30B 000OpyHOBaHUS IS




cBeneHuss 00 o0OBekTax
HACCIIENOBAHUSA
HAHOCTPYKTYPHBIX

aHaJIM3a CBOWCTB M NPOIECCOB B HaHOcucTeMaX. CeromHs CyHECTBYET OTPOMHOC
KOJIMYECTBO THIIOB W BHJOB CPEICTB JAMAarHOCTHKHM /[l  wcciemoBaHus
HAHOCTPKYTYp, TNOYYCHHS HAHOPA3MEPHBIX CHCTEM W HOBBI3 HAHOCTPYKTYPHBIX
MaTepuanoB C 3aJaHHBIMH CBOWCTBaMH, HEOOXOAMMO IO-HOBOMY pEIIaTh 3aIadd
WCCIIEOBaHN HAHOCTPYKTYpio It aToro Tpedyercs M3MEHEHHE TPaJUIHOHHBIX
METOJIOB, a TaK)Xe CO3JaHHE U Pa3sBUTHE COBEPLICHHO HOBBIX CPEICTB U METOIOB,
MPOLIECCOB MPUCYIINX 00BEKTaM HAHOMETPOBOTO MacIuTada.
Tema 3.2. MeTo/1bI 2JIEKTPOHHOM CHEKTPOCKOIUH
Jdns XHMHYECKOTO aHaiM3a (hoTo3MeKTPOHHON MHKPOCKOIIUH,
(hoTONMIOMUHECIICHITNH, KOTOpBIE B HBACTSIIEE BpPEMs AKTHBHO pa3BHBAIOTCA C
MEPCTIEKTUBAMH  CYIIECCTBEHHOTO  IOBBIIICHUS  Pa3peIlalomieil  CcrocoOHOCTH
HCTIONB3YEMBIX CPEACTB. M3BECTHO, YTO YENOBEK CHOCOOEH pas3IisiAeTh OOBEKTHI
pasmepom npubmm3uTensHo 0.1 MM. C Toukd 3peHHs (PU3HOIOTHH TIIa3 3TO IpOoCTas
onrtudeckas cuctema. B 1873 r. Oputo cHOPMYNHPOBAHO TMPABHIO ONTHYECKHX
CHCTEM, COTJIACHO KOTOPOMY MHUHHMAIbHBIE pa3MEphl DPa3IHIaeMbIX JeTajiei
paccMmarpuBaeMoro o0bekTa, He MOTYT ObITh MEHBIIIE, YeM JUIMHA BOJHBI cBeTta (400
HM). Paspemaromias  crmocoOHOCTh  ONTHYECKUX  MHKPOCKOIIOB — COCTaBJISET
npubnusutenHo 200 HM. [ToaToMy BO3HMKIA HEOOOAMMOCTH B CO3JAHUU CHCTEM C
Oomee  BBICOKOM  paspellaloliedl  CHOCOOHOCTBIO, A  CIENOBaTeNbHO  C
BUACOCUCTEMAMHU, UCTIOJIb3YCMbIX MCHBIIUEC JJIMH BOJIH, YTO U IMPHUBEJIIO K CO3aHUIO
3JIEKTPOHHBIX MHKPOCKOIIOB.
Tema 3.3. CpeznctBa 31€KTPOHHOW MUKPOCKOIIUU
B Hacrosimiee BpeMsi HCIIONB3YIOTCS — ONPENCNICHHBIH ~ KOMIUIEKC —METOJOB
JUAarHOCTHKH HAHOCTPYKTYpP, CpPEAM HHX Lelecoo0pa3sHO BBIAEINTH Hamboiee
pacmpocTpaHEeHHbIE — BCE PAa3HOBHUAHOCTH CPEACTB JJICKTPOHHON MHMKPOCKOITHH
BBICOKOTO paspelleHrsi. DTO HMCTOPUYECKH IEePBbIH NPUOOp M METOA peajbHO
obecreuynBaoIMi BU3Yalu3aluio CTPYKTYpbl OOBEKTOB C aTOMHBIM pa3pelleHUEM.
CkaHupyIOIIHii 3JIEKTPOHHBIN MHUKpPOCKOIIa T03BOJISIET BIUJIOTHYO
NpUOJIMKATECS 110 Pa3pelIeHHI0 K aTOMHOMY YPOBHIO, COXpaHsisi BO3MOXHOCTh
noixyueHuss MHOOpMaLUK O (GU3MYECKUX, XUMHYECKHX DSJEKTPUYECKUX U JIp.
CBOHCTBaX MCCIIEAYEMbIX HAHOOOBKTOB.

Pazpnen 4. [IpuHuune
MTOCTPOEHUS TEXHIIECKIX
CPEJICTB HCCIIEAOBAHMS
HAHOCTPYKTYP

4.1 OCHOBBI MEXaHUKH H
KOHCTPYKLUI CpELCTB
HCCIICIOBaHUS
HaHOCTPYKTYPUPOBAHHBIX
00BEKTOB

Tema 4.1. . [IpyUHIUIIBI TOCTPOEHUS TEXHUUECKHUX CPEICTB UCCIEIOBAHUS
HAaHOCTPYKTYP U MX H3YYCHHUS CTAIO0 BOSMOXKHBIM C H300PETEHHUEM AIIEKTPOHHBIX
MHKPOCKOTIOB.

Pa3mepsr HaHOOOBEKTOB Haxozarcs B amamasoHe ot 0,1 mo 100 HM. Dror
JUamna3oH TPHUHATO Ha3bIBaTh HaHomacwimabom. COTNacHO  TMPOEKTY
Texunueckoit cnemudukanun ISO/DTS 12805 npousBeneHHble HAHOOOBEKTHI
Pa3AesIoT 10 MPU3HAKY Te€OMETPHUYCSCKON (DOPMBI HA TPU KATErOPUHU: YACTHUIIBI
- 00BEKTBHI, UMEIOIIME TPU pa3Mepa B HaHOMAcIITale, BOJOKHA - OOBEKTHI,
MMEIOINe JBa pa3Mepa B HaHoMacmTabe; IIACTUHBI - OOBEKTHI, UMEIOIUe
OJIMH pa3Mep B HaHOMacITabe.

BonpmmHCTBO HAaHOOOBEKTOB HMMEET YTIIEPOJHYIO OCHOBY. Jlonrue Trombl
CYHTANIOCh, YTO YIJIEPOJ] MOXKET O0Opa30BBIBATH TOJBKO MBS aJUIOTPOITHBIE
KPUCTAUTMYECKUE CTPYKTYpel - aimMa3 W rpadur. AoioTpormus -
CYILIECTBOBAaHUE OJIHOTO U TOr0 K€ XHUMHUYECKOr0 3JIEMEHTa B HECXOXKUX
dopmax. OpmHako B TMOCIHEHIHUE TOABI OBUTM OOHAPYKEHBI €IIe JBE
AUIOTPONHBIE  (OPMBI  yIJIepoJa, HMEIOMKE OOJBIIYH  IEPCICKTUBY

UCTIOJIb30BaHUs B HAHOTEXHOJIOTUAX.
Tema 4.2 Ha3naueHwue, CBOHCTBa, OCTPUITHOTO 30HJOBOTO aTYUKA.

OpmHUM 13 OOBEKTOB HAHOMETPOJIOTHH SIBISIETCS OCTPUHHBIN 30HIOBBIN
JIaTYUK, HCIOJb3YEMBbI B CKAHMPYIOIIEH 30HAOBOM MMKPOCKONMUM IS
WCCIIeIOBAaHUS Pa3MEPOB M CBOWMCTB TIOBEPXHOCTH HAHOOOBEKTOB. JlaTumk
COCTOMT W3 TIOJYHPOBOAHWKOBOTO KpHCTaula (9uma), THOKOH KOHCOIH
(coOCTBEHHO KaHTWJIEBEpA) M TBEPAOTENHHOTO 30HAA (WUTJbI). OOBIYHO 3TOT
JIaTYUK HA3bIBAIOT KAHTUJIEBEPOM.
leomerpryeckn 30HA TPEJCTABISET COOOH WIIy KOHHYECKOW WM
npu3Marnueckoil popmel ¢ yriom npu Bepurrae 20 - 25° u BeicoToi okoso 10




BIMSET Ha pa3Mephl
CIOXXHOCTh ~ M3TOTOBJICHHSA
YMEHBIIIEHUEM Paanyca OCTPHS.

30H1a

Paspematomas  CoCOOHOCTh — CKaHMPYIOIIUX

yIaoM KOHyca, y Hambolee

HpOMBILHJ'IeHHOCTLIO OCBOCHBI B

3aKpYIJICHUS UTJIBI 30H72a - OT 1 10 25 HM..

CYIIECTBEHHO

30HIOBBIX

MkM. Hauboiiee BaxkHasi XapaKTEpHUCTHKA 30HA - PAUYC 3aKPYTICHUS OCTPHS
I, 3Ha4YeHHE KOTOporo oObIYHO He Ooyee 1 - 25 M. Benwuuna pammyca r
00JIaCTH  MPEAENbHO JOCTHIKHMOTO — pPa3pelieHHs.
YBEIMIHBACTCS

C

30HOBBIN TaTYWK YCTPOHCTBO, BKIIOYAIONIEE TBEPIOTEIBHBIN OCTPHIHBIN
30HA, THOKYIO IPY>KUHHYIO KOHCOJIb - KaHTHIIEBep (aHIIL. cantilever - KOHCOJIb)
U KpucCTall (Aepxarens). B nmreparype 3TO yCTpoiCTBO HEpEAKO Ha3bIBAIOT
MPOCTO «KAaHTHJIEBEpOM». 3rud KaHTHIEBEpa C 30HAOM PETUCTPUPYETCS
OOBIYHO C MOMOIIBIO OTPAYKEHHOT'O JIA3EPHOT0 MyYKa CBETa U (POTONPUEMHHKA.
MHUKPOCKOIIOB
OTIpeziesIsieTCsl CIeIyIOIMMH TapaMeTpaMy KaHTHIIEBEpa: pajuyc 3aKpyTiIeHUs
OCTpUSI MI'JIBI; BBICOTA MIJIBI, ACIEKTHOE COOTHOLICHUE MIJIBI, XapaKTepH3yeMoe
COBEpIICHHBIX KAHTWJICBEPOB AaCICKTHOE
COOTHOIIEHWE OCTHraeT BeawmuuHbl 15:1. Jlyns M3roTOBICHMS KaHTHIEBEPOB
HCTIONB3YIOTCS NOIYIPOBOIHUKOBEIC IUIacTUHEI (Harpumep, K/Ib-12: kpemunit
p-tuna opuenramu {100}). Poss n3onmupyromero ciios BBINONHSET JUOKCHUI
kpemHus SiO;. Konconp kaHTmiieBepa (GOpMHpPYETCS 3IEKTPOXHMMUYECKHM
TpaBieHHeM B mojorperoM pactBope menodn KOH. B mpouecce tpaBienus
3arOTOBKA MEAJICHHO IOAHMMAETCS M3 pacTBOpa MLIETO0YM IS MOJIYYeHHS
KOHHUYECKOH (WJIM MPU3MATUYECKOH) (OPMBI HIJIBI C OCTPBIM KOHIIOM.
CCpUIHOM TIPOM3BOJCTBE JECATKH BHIOB

KOHCTPYKLIIMU KaHTUIeBepoB. OHM BBINYCKAlOTCS C OJHOW, IBYMs, TpeMs HIU
YeThIpbMsSI KOHCOJSIMH. KoHCONMb MoOKeT OBITh B IUIAHE NPSMOYTOJIBHOM WK
TPEyroJIbHOM, JJIMHHON WM KOPOTKOW, C MOKPHITHEM WM 0e3 MokphiTHs. Pagmyc

4.3. TlpakTtuueckue (CEMHUHAPCKHUE) 3aHATHS

Tembl IpakTUUECKUX 3aHATHI U UX TPYJOEMKOCTh IPUBEIECHBI B TAOJINLIE S.
Tabnuua 5 — [IpakTHyeckue 3aHATHs U UX TPYJIOEMKOCTb
N3 Hux Ne
Ne | Tewmsbl npaktudeckux | @opmel npakTU4ecKuX | TpyaoeMKOCTh, |MIPAaKTHYECKOM |pasnuena
/o 3aHSATUN 3aHSATHN (dac) MMOATOTOBKH, | JUCITHIT
(uac) JIUHBI
Y4eOHbIM MJIaHOM HE MPEAyCMOTPEHO
|
Bcero
4.4. JlabopaTtopHble 3aHATUS
Tembl 1a00paTOPHBIX 3aHATHH U X TPYJOEMKOCTb IPUBE/ICHBI B TaOIUIIE 6.
Tabmuna 6 — JlabopatopHble 3aHATHS U UX TPYJOEMKOCTh
N3 Hux Ne
Ne HaunmenoBanme nabopaTopHbix paboT TpynOEMKOCTS, | MPaKTHIECKOH | pasiena
/1 (gac) MMOATOTOBKH, | JUCIIHAI
(gac) JIMHBI
Cemectp 5
AHanM3 M OIEHKa PecypcoB, HEOOXOIUMBIX 2 1 1
s ynpaieHus — uHpopmanuen,  [10O,
HeoOXonuMoe sl CO3JaHus, XpaHEeHWHs,
ympasl.ienus, neperadyM M IMOMCKa
nHpopManuu
2. [IpoBenenne  BHEIIHEro  OCMOTpa | 4 2 2
noaroroBka C3M k pabore, NOATOTOBKA




oOpasia K UCCIIeTOBAHHUIO
3. OOpaboTka  pe3ylbTaTOB  MCCIIEIOBAHUS 8 6 3
oOpasia 1 aHaJiu3 pe3yIbTaTOB U3MEPEHUN
4. ITTopsnok U II0CJIE0BATEIBHOCTD 3 2 4
BKJIFOUeHUS 1 BbIKTOUeHnuss C3M mon. Solver
PRO-M
Bcero 17

4.5. KypcoBoe NMpoeKTHUpOBaHHE/ BHIITOITHEHUE KYpPCOBOH PabOThI
Y4eOHBIM [JITAHOM HE IPEAYCMOTPEHO

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

Tabnuua 7 — Bugsl caMocTosTeNnbHON PabOTHI M €€ TPYIOEMKOCTb

. Bcero, | Cemectp 3,
Bua camocrositensHOM paboTh

qac qac
1 2 3

W3yueHne TeOpeTHIecKoro Marepuasia 8 8

nucuuriaHbl (TO)

KypcoBoe npoextuposanue (KII, KP)

Pacuetno-rpadpuueckue 3ananus (PI'3)

Brimonaenue pedepara (P)

[ToaroroBka K TEKyIeMy KOHTPOJIIO 6 5

ycneBaemoctu (TKYVY)

Jomamaee 3amanue (J13) 16 16

Kontposbnble paboTsl 3a04HUKOB (KP3)

IToaroroBka K mMpoMeXyTOYHOU

attecranuu (ITA) 8 8

Bcero: 38 38

5. [lepedyenn yueOHO-METOIUYECKOTO 0OECTICUCHUS
JUTSL CAMOCTOSITENIBHON pabOThI 00YYArOIIMXCS IO TUCITUTLINHE (MOIYITIO)

Y4eOHO-MeTOAMYECKHE MaTepHasbl Il CaMOCTOSITENIbHOM padoThl 00yYaromMXcsl yKa3aHbl B

. 7-11.

6. IlepeueHb MeYaTHBIX U ANEKTPOHHBIX YUE€OHBIX U3TaHUN

[lepedyeHpb eUaTHBIX U DJEKTPOHHBIX YIeOHBIX M3IaHUH MPUBEIEH B TaOIUIE 8.

Tabmuma 8— [lepeyeHp MeYaTHBIX W DJIEKTPOHHBIX YUEOHBIX U3TaHUHN

Kommgectso
9K3EMIULIPOB
UIgII_HiII;)/ec bubnuorpapuyeckas ccpuika ? 6P(ISPH:$ e
MEKTPOHHBIX
K3EMIUIAPOB)
ISBN 978-5-9963-0028-4 [Tomy4eHue 1 uccieJ0BaHHE HAHOCTPYKTYP.
JlaGopaTopHBIil MPaKTUKYM 110 HAHOTEXHOJIOTHUSIM
/EBnoxumoB A.A. u nap./; nox pen. A.C. Curosa. —
M,: BUHOM. Jlabopatopwust 3nanuii, 2010. — 146 .
https://www.booktech.ru/books/nanotehnologii Ou3nuecKue OCHOBBI MUKPO- U
HaHOJIEKTPOHUKH, JlypHakoB A.A., /yaeOHOe




mocobue/, Yp®@V, 2020, -252 c.

https://obuchalka.org/knigi-po-nanotehnologiyam Dusnyeckre OCHOBBI HAHOTEXHOJIOTHU 1
Hanomarepuaisi, CmupuoB B.1. /yueGHoe
nocobue/, Ynesinosck, Yial'TVY, 2017, 240 c.

https://obuchalka.org/knigi-po-nanotehnologiyam ba3oBble TEXHOIOTMHU MUKPO- U
HaHOAJIeKTpoHUKH: BopoTsiHies B.M., Ckynos
B.., -M, , IIpocnekr, 2017, -519 c.

https://obuchalka.org/knigi-po-nanotehnologiyam Marepuasbl 1 METO/Ibl HAHOTEXHOJIOTHH,
CrapoctuH B.B. /yge6H0€e mocobue/, -M,
bunom, 2016, -431c.

https://obuchalka.org/knigi-po-nanotehnologiyam Hanomatepuainsi: yuebHoe mocobue/, JI.1.
Pooxonkos, B.B. JIésuna, D.J1. [3un3urypu, -
M, Bbunowm, 2017, -343 c.

https://obuchalka.org/knigi-po-nanotehnologiyam BrruncaurenbHble HAHOTEXHOJIOIHH, [1omoB
A.M., /ygebHoe nocobue/, Kno-Pyc, 2017, -126
c.

https://znanium.com/catalog/product/1032129 Hcaes, C.B. UHTeIeKTya bHBIE CUCTEMBI

(mata obpamenus: 07.09.2021). — Pexxum yae6. mocobue / C.B. Hcaes, O.C. Hcaesa. -

JIOCTyHa: MO HOJIHUCKE. Kpacuospck : Cud. penep. yu-1, 2017. - 120 c. -
ISBN 978-5-7638-3781-0.

https://znanium.com/catalog/product/1060845 Onuunos, b. E. Mozaenu u npoGieMbl

(mata obpamenus: 07.09.2021). — Pexxum MHTEJUIEKTYaIbHBIX CHCTEM : MOHOTpadus /

JIOCTyMa: MO MOJIHUCKE. B.E. OnunnioB. — Mocksa : UTHOPA-M, 2020.

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

https://fs.quap.ru/science/patents/2021612957.pdf | CBum — BO 0 roc. perucTpaiyy nporpaMmmbl st
OBM Ne 2021612957

Jlom kauectBa «QFD»

IIpaBooGnanarens: PT'AOY BO
«Cankt-IletepOyprckuii rocyJapCTBEHHBINA

YHHUBEPCUTET

a’pokrocMuIeckoro mpudopoctpoenus» (RU)
ABtop: Habanenko Anekcannp Banepresuu
(RU)

7. TlepeueHb 2MEKTPOHHBIX 00pa30BaTENbHBIX PECYPCOB
WH(OPMAIMOHHO-TEIICKOMMYHHKAITMOHHOH ceTn « THTepHEeT)»
[Tepeuens AIIEKTPOHHBIX o0pa3oBaTeNbHbIX pecypcoB nH(pOPMaIMOHHO-
TEJICKOMMYHUKAIMOHHONW ceTn «MHTepHeT», HEOOXOIUMBIX JJII OCBOCHHS JTUCITUILIAHBI
npuBeseH B Tabmuie 9.

Tabmuma 9 — IlepedeHb SIEKTPOHHBIX OOpa30BATEIBHBIX PECYPCOB HH(POPMAIMOHHO-
TEJICKOMMYHUKAIIMOHHOU ceTh «HTepHeT»
URL anpec HaumenoBanue
http://science.quap.ru HayuHast u uHHOBaMOHHas1 esTenbHocTh ['Y ATl
http://www.consultant.ru | CrnpaBouno-nipaBoBasi cucrema «Koncynaprant [Inrocy
http://www.garant.ru Hudpopmarmonno-mpapoBoit mopran «CAPAHT»
http://list-of-lit.ru CIHCOK JUTepaTyphbl M0 HAHOTEXHOJIOTUH

/nano/nnotechnologii

8. Ilepedenr MHPOPMAITMOHHBIX TEXHOJIOTUI
8.1. [lepeyenp mpOrpaMMHOr0 0OECHEUeHUs, HCIOJIb3YEeMOT0 TMpPH OCYIIECTBICHUU
00pa30BaTeNILHOrO MpoIecca MO0 AUCLHUIINHE.



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/

[TepeueHs UCTIOIB3YEMOrO MMPOTPAMMHOTO OOecTieueHus pecTanieH B Tadnmuie 10.

Ta6ymma 10— [Tepeyersr mporpaMmMHOTo oOecrieueHus

Ne /1 HaumenoBanue

He npenycmorpeno

8.2. Ilepeuenn MH(POPMALOHHO-CITPABOYHBIX CUCTEM,HCII0JIb3yEMBbIX pu
OCYIIECTBJICHUH 00pa30BaTEILHOTO MpoIiecca Mo AUCHUIIITHHE

[lepeyeHp HCHONB3yeMBbIX HH(POPMALMOHHO-CIIPABOYHBIX CHCTEM IMPEJCTAaBICH B
Tabymue 11.

Tabmuua 11— Ilepedyens HHPOPMALIMOHHO-CITPABOYHBIX CHCTEM

Ne /1 HaumenoBanue

He npenycmorpeno

9. MarepuaiabHO-TeXHHUYECKas 0a3a
CoctaB MaTepHaTbHO-TEXHHYECKOH 0a3bl, HEOOXOAUMOW JJIsi  OCYIIECTBIICHUS
00pa30oBaTeNLHOTO MpoIiecca 10 AUCIUILTNHE, TPeCTaBieH B Tabuiel 2.

Tabmuna 12 — CoctaB MaTeprallbHO-TEXHIUYECKON 0a3bl

Ne HanmeHnoBaHue cocTaBHON 4acTH Howmep aynuropun

/T MaTepuaIbHO-TEXHUYECKON Oa3bl (Ipr HEOOXOTUMOCTH )
MynbTumeanitHas JeKUUOHHAS ayIUTOPUS 13-13
CrnenunanusupoBanHas tadoparopus ««Jlaboparopus Teppuropus OPbY
UCCIIEIOBAHMS HAHOOOBEKTOB» «Tecr - C.-TTerepGypr

10. OmeHo4HBIE CpeICTBA JUISI POBEICHUS TPOMEKYTOUHOU aTTECTAIINH
10.1. CoctaB OLEHOYHBIX CpPEACTBAJI MPOBEIACHHUS TMPOMEKYTOYHOW aTTecTalluu
00yJaromuXxcs 1Mo JUCIUTUINHE MPUBEACH B Tadymie 13.
Tabnuna 13 — CocTaB OIEHOYHBIX CPEJCTB AJS IPOBEACHUS MPOMEKYTOUHON aTTeCTalluu

Bua npomexyTo4HON arTecTannu [lepedyeHp OLIECHOYHBIX CPEACTB

3aueT Cnucok BOIpPOCOB;
TecTsr;
3agaun.

10.2. B kayecTBe KpuUTEpUEB OIEHKH YpPOBHSA C(HOPMUPOBAHHOCTH (OCBOEHUS)
KOMIIETEHIMI OOYyYaloUIMMHCS TIPUMEHSETCS S5-0ajulbHasi MIKajla OIEHKH C(HOPMHUPOBAHHOCTH
KOMIIETEHIIN, KoTopas mpuBeaeHa B Tabuune 14. B TeueHne cemecTpa MOXKET UCIOIb30BaThCS
100-6annpHast ~ mIKaa ~ MOMYJIBHO-PEUTHHTOBOW  CHCTEMBl ~ YHUBEPCUTETa,  IpaBHIA
UCTIOJIb30BaHUSI KOTOPOW, YCTAaHOBJIEHBI COOTBETCTBYIOIUM JIOKAJIbHBIM HOPMATUBHBIM aKTOM
['YAIL
Tabmuua 14 —Kpurepuu onieHKH ypoBHS c(hOPMHUPOBAHHOCTH KOMIETEHITHH

Or1reHKa KOMITETEHITUHN

XapakteprucTrka chOpMUPOBAHHBIX KOMIIETEHITHI
5-0aiutpHas mKana PaKTep (bopmmp

— oOyyaromuiicss TIyOOKO M BCECTOPOHHE YCBOWJI IPOTPAMMHBIN
MaTepHai;

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

— OIIMpasACb Ha 3HaHUA OCHOBHOH M )IOHOHHHTCHBHOﬁ JIMTCPATYPBhI,
TECHO IPHUBA3BIBACT YCBOCHHBIC HAYYHBIC IMOJIOKCHUS C HpaKTquCKOfI

«OTJIMYHO»
(Ga4YTCHO»




OI1reHKa KOMIIETEHITN

5-0ayuipHad IIKaIa

XapaxrepucTrka chopMUPOBAHHBIX KOMIIETEHIUI

JESITEIIbHOCTHIO HAIPABIICHHUS;

— yMeJI0 000CHOBBIBAET U apI'YMEHTUPYET BBIJIBUTACMbIC UM H/JICH;
— JIeJIaeT BBIBOALI U 000OIICHHUS;

— cBOOOJIHO BIIaJICET CUCTEMOM CIIeUaTN3UPOBAHHBIX TTOHSITHH.

(XOPOLIO»
(Ga4uTCHO»

— o0yJaromuiics TBEPI0 YCBOWII MPOTPAMMHBINA MaTepua, TPaMOTHO H
[0 CYIIECTBY H3JIaraeT €ro, ONupasch Ha 3HAHUS OCHOBHOU
JUTEPATYPHI;

— HE JIOMYCKAeT CYIMECTBEHHBIX HETOYHOCTEH;

— YBSI3BIBACT YCBOCHHBIE 3HAaHUS C NPAKTHYECKON AESITEIBbHOCTHIO
HaIPaBJICHUS;

— apryMEHTUPYET Hay4YHbIC TOJIOKEHUS;

— JIeJIaeT BBIBOJIBI U 000OIIEHMS;

— BJIQJICET CHCTEMOM CIeIMATN3UPOBAHHBIX MOHATHH.

«YAOBJICTBOPUTCIIBHO»
<Ga4YTCHO»

— o0yyaronuiicss ycBOMJI TOJIBKO OCHOBHOHM NPOrpaMMHBIM MaTepual,
II0 CYLIECTBY M3JIaracT €ro, ONMpasch HAa 3HAHUSA TOJIBKO OCHOBHOM
JUTEPATYpPhL;

— JIOIyCKAeT HeCYLIECTBEHHbIE OIUMOKU U HETOUHOCTH;

— UCHBITHIBACT 3aTPYJHEHUS B IMPAKTUYECKOM IPUMEHEHHH 3HAaHUUN
HaIpPaBJICHUS;

— cJ1a00 apryMEHTHPYET HayuHbIE [1OJI0KEHMUS,;

— 3aTpyaHseTCs B (OPMYIMPOBAHUN BBIBOJOB M 000OIICHHUI;

— YaCTUYHO BJIaJIeeT CUCTEMOH CIELMAIN3UPOBAHHBIX TOHITHH.

HCYIOBJIICTBOPUTCIILHO»
<HC 3a4YTCHO»

— oOyyaromuiics He YCBOMJ 3HAUUTEIBHOW YacTH MPOTrPaMMHOTO
MaTepuaa;

— JIOMYCKAeT  CYIIECTBEHHbIE  OIMMOKM W  HETOYHOCTH  TpHU
PAacCMOTPEHHU NPOOJIEM B KOHKPETHOM HalPaBJICHHUH;

— MCTIBITHIBAET TPYIHOCTH B MIPAKTUYECKOM PUMEHEHNUHN 3HAHUM;

— HE MOXET apryMEHTHPOBATh HAYYHBIE MTOJIOKECHHS,

— He QOpMYJIHUPYET BHIBOJAOB U 0000OLIECHHIA.

10.3. TunoBbie KOHTPOJIbHBIC 33aHUS WIIK MHBIE MaTePUAIIBI.
Bomnpocs! (3agaun) ass 3K3aMeHa IpeicTaBiIeHbl B Ta0uie 15.
Tabnuma 15 — Borpocs! (3agaun) 115 9K3aMeHa

Ko
Ne i/m [Tepeuens BompocoB (3aa4) AJsl IK3aMeHa A
HHJUKATOpa
Y4eOHBIM IJIaHOM HE IPEYCMOTPEHO
Bompocsr (3amaun) s 3aueta / qudd. 3auera npejpacraBieHsl B Tadbmuie 16.
Tabnuua 16 — Borpocs! (3aaun) ams 3adeta / qudd. 3auera
Ne Kon
[Tepeuens BompocoB (3amau) ams 3a4yera / Audd. 3auera
n/n MHAMKATOpa
1 OcHOBHBIE 0COOEHHOCTH HAHOPAa3MEPHBIX BEJIMUMH, UX KOJINYECTBEHHOE 3HAUCHHE. [IK-1.B.2
2 EnuHUIBI I3MEpEeHNs 1 HAMMEHOBaHUS B 00J1aCTH HAHOTEXHOJIOTUI T1IK-1.B.3
3 Jluneiinsle pa3mepsl 0coOeil )KUBOTHOTO MUPA M MICKYCCTBEHHBIX 0OBEKTOB B [IK-3.B.2
CPaBHHTEJbHBIX 3HAYECHHUSIX HAHOTEXHOJIOT Ui
4 OCHOBHBIE COOBITHSI ICTOPHH Pa3BUTHsI HAHOTeXHOJIOTHH B riepuof ¢ 400 r. 10 H.3. IO [IK-3.B.4
1959 .
5 OCHOBHBIE COOBITHSI ICTOPHH PAa3BUTHSI HAHOTEXHOJIOTHH B tepuos ¢ 1959 no u/B. [IK-1.B.2
3] Pa3nble noaX0b! K HAYUHOMY ONPEIEIICHUIO0 TEPMUHA «HAHOTEXHOJIOTUSD) IIK-1.B.3
7 O pab6orax XK.11. AndepoBa B 00s1acTH HAHOTEXHOJIOTHI I[IK-3.B.2




8 OcHoBHbIe Heu J. Jlpekciepa 0 pojie HAaHOTEXHOJIOTMH B pa3BUTHH COBPEMEHHOTO [1IK-3.B.4
001ecTBa, M3I0KCHHBIC B KHUIe «MalnHbl CO3HIAHUS)

9 OCHOBHBIE OLICHKH 0’KHAa€MbIX TapaMeTPOB HAHOMEXaHHUUYECKUX YCTPOICTB. [1IK-1.B.2

10 XapakTepuCcTHKa U MPHUHIIIT PabOTH HAHOYCTPOICTBA B )KUBBIX OpraHU3Max (Ha I[IK-1.B.3
npuMepe Moaekyisl «AT® Cunrazay).

11 VYraepos B IpUPO/JIE, B YeM 3aKIFOUACTCS €ro ocobas poib? [IK-3.B.2

12 [pocreiime KOHCTPYKIMU IPHOOPOB U Y3JI0B OTIEIBHBIX Pa3INYHBIX HAHOYCTPOHCTB [IK-3.B.4

13 BosmoxHbIe myTH npuMeHeHus nprubopos u mamd MHT I[IK-1.B.2

14 [IpuHIUIE caMOOpTraHU3alnH, MPUCYIIIE HanOoJee pacIpoOCTPaHECHHBIM 00BEKTaM I[IK-1.B.3
HaHOTEXHOJOTUI

15 [TpuHIMIB caMOCOOpKH, IpUCYIIIEe HanboJiee pacpOCTPaHEHHBIM 00bEKTaM IIK-3.B.2
HAHOTEXHOJIOTUi

16 HUcnonp3oBanue camoopranuzauuu B HT. OcHoBHBIE cBolicTBa camoopranusyroomuxcs | [1K-3.B.4
CHCTEM

17 Hanomarepuanbl, HauMeHOBaHHS, Ha3Hau€HWE, OCHOBHBIe ompenenenus, kakue | [IK-1.B.2
0OBEKTHI K HUIM OTHOCSITCS?

18 OCHOBHBIE THINBI HAHOMATEpHANOB, pasfelcHue Mo mnpusHakam wu3Mmepenuit u | I1IK-1.B.3
pa3sMEpHOCTH

19 OCHOBHI KITacCU()UKAITUH U THITHI CTPYKTYP HAaHOMATEPHAaJIOB I1K-3.B.2

20 OcCHOBHBIE KaTErOpruy HAaHOMAaTEPUAIOB [IK-3.B.4

21 OCoOCHHOCTH CBONMCTB HAHOMATEPHAJIOB, HAIIPABJICHUS HX HCIIOJIH30BAHUS [IK-1.B.2

22 OcHOBHBIE 00J1aCTH IPUMEHEHUS 00BEKTOB HAHOCTPYKTYPHBIX OOBKTOB IIK-1.B.3

23 KpaTkast xapakTepucTHKa KOHCTPYKIIMOHHBIX, MHCTPYMEHTAIBHBIX B w3HOcOocTOHKuX | [IK-3.B.2
MaTepHaoB

24 Hcnonp30BaHne HAHOMATEPUAJIOB B 3JIEKTPOHHOM TEXHUKE I[IK-3.B.4
Hasnauenue, kpaTkast XapaKTepUCTHKA JIEKTPOHHOTO MUKPOCKOTIA

25 Omnueckuii CMBICT CcBOWcTB OM: yBemwmdeHHWe, paspemieHue, paspemaromas | [1K-1.B.2
CIIOCOOHOCTb.

26 VYcnoBus popMupoBaHHS U CBOHCTBA IEKTPOHHOTO JIyda MHKPOCKOTIA IIK-1.B.3

27 DU3HUECKUIT CMBICT XPOMAaTHYECKOH abeppariiu [1K-3.B.2

28 B yem pasnmume XapakTepUCTHK pa3pelleHus ontudeckoro u anekrporHoro | I1K-3.B.4
MHKPOCKOIIOB

29 XapakTepHucTHKa pa3peliaroleii crocoonoctn M [IK-1.B.2

30 Ha3znauenue u ycTpoicTBO U CBOMCTBAa UCTOYHUKA 3JIEKTPOHOB IIK-1.B.3

31 KoHCcTpyKTHBHBIE 0COOEHHOCTH CHCTEMBI OCBEIIeHUsT DM [IK-3.B.2

32 YCTpOoHCTBO CHCTEMBI KOPPEKIIMH acCTUTMaTH3Ma B OM IIK-3.B.4

33 IIpuHIID paboThl ¥ YCTPOHCTBO CHCTEMBI H300paskeHst DM [IK-1.B.2

34 . brok-cxema u mpuHIMTI padoTsl Mukpockona BCOM I[IK-1.B.3

35 bnok-cxema u npuHImn AercTBUs Oxke-CieKTpoMeTpa [IK-3.B.2

36 @®oTo3IeKTPOHHAsT  PEHTTEHOBCKash CHEKTpocKomus, Onok-cxema, mnpuHiun | I1K-3.B.4




JeHCTBUSA

®DOTO3MEKTPOHHAS. PSHTT€HOBCKAsI CIEKTPOCKOIH, OJIOK-CXeMa, IPUHITHAIT ACHCTBH I[IK-1.B.3
37 . . IIK-3.B.2
[TprHINT paboTH paMaHOBCKOH CIIEKTPOCKONHUH, OJO0K-CXEMBI MpOoLecca H3MEPEHHH.
38 Ha3znauenue npuHIun AeHCTBUS (POTOTFOMHHECIICHTHON CIEKTPOCKOIHUU IIK-3.B.4
39 WHupopManoOHHBIE TEXHOJIOTHH B U3MEPUTEIBHBIX CHCTEMaX I[IK-1.B.2

[lepeuenr TeM s KypCOBOTO MPOEKTUPOBAHUSA/BBIIIOIHEHUSI KYpCOBOM pabOThI

Mpe/ICTaBICHbI B Tabuie 17.
Ta6ymma 17 — [lepedenn TeM 111 KypCOBOTO POSKTUPOBAHMS/BBITIOJIHEHHSI KyPCOBOIM paOOTHI

Ne i/t

[TpuMepHBIii IepedeHb TeM Il KYpPCOBOTO MPOEKTUPOBAHUS/BHITIOIHEHHS
KypCOBOH paboThI

VYueOHBIM IIJIAHOM HeE MNpeaAyCMOTPCHO

BOHpOCLI I IIPOBCACHUA HpOMC)KYTOqHOﬁ arrecrailii B BHAC TCCTUPOBAHUA

MpeJICTaBICHBI B Ta0nwmie 18.

Tabmuna 18 — [IpuMepHbIi IepeYeHb BOPOCOB JJIsI TECTOB

Ne i/t

Kon

IIpuMepHBIii IepeYeHb BOIIPOCOB ISl TECTOB
WHJUKATOpa

1. UccnenoBanue MUKpPO- U HAHOCTPYKTYP. .

Hauano Bompoca: Kakue MeTonmpl QUarHOCTHKM HauOoJjiee paclnpOCTpaHEHBI ISt
uccae0BaHus PU3MYECKUX MTapaMeTPOB M XapaKTePUCTUK HAHOOOHEKTOB:

- QIICKTPOHHAsI MHUKPOCKOITUSI BEICOKOTO Pa3pEIICHUS;

- OTpaXkaTeNbHasl JIEKTPOHHAS MUKPOCKOIIHS;

- MHUKPOCKOTINSI ME/IJICHHBIX 3JIEKTPOHOB.;

- ONTHYECKasi MUKPOCKOTIHS.

2. Baxneimme TEXHOJOTHYECKHE JOCTIDKEHHS BO BTOPOW IIOJIOBHHE JABANATOTO
CTOJICTHSI.

Hauvano Bompoca: Urto cmocoOCTBOBano, B HaWOOJIbIIEH CTENEHHW, MHTEHCHBHOMY
Pa3BUTHIO HAHOTEXHOJIOTHH B CTpaHe U 3a pyoexxom?

Hauano Bomnpoca:

- TEXHOJIOTHS CO3/IaHUSl AJIEKTPOBAKYYMHBIX ITPUOOPOB;

- CO3[JaHNE MUKPOMOJTYJIbHBIX JJIEMEHTOB;

- CO3[JaHNE WHTETPAIBHBIX [IEYATHBIX IUIAT;

- CO3/JaHNE TOJIYNPOBOTHUKOBBIX 3JIEMEHTOB IEKTPOHHOH TEXHHUKH.

3. ®usnyeckas CyuIHOCTh 3akoHa ["'opiona Mypa.

Hauaro Bompoca: B uem 3akmodaeTcst CMBICI SIMITMPHYECKOTO 3akoHa Mypa?

- OOBSACHST MPHHIUII TIOJTyYSHUS YepHO-0esI0ro H300paXKeHUs Kajpa TelIeBU30Pa;

- 3aKOH OOBSICHSCT MPUHINI (PYHKINOHUPOBAHHS ONMTOBOJIOKOHHOTO JIEMEHTA;

- IpeJieNibHbIe TPaHUIbl OBICTPOJICHUCTBHUS KOMITBIOTEPA;

- IpeJieNIbHOE YKCJIO0 pa3MelIeH s TPAaH3UCTOPOB Ha MeYaTHOW IIJIaTe KOMITBIOTEpa.

4. CpencTBa H3MEpEHUS ISl HCCIIEIOBAHMS HAHOCTPYKTYP.

Hauano Bompoca: B uem 3akirouaeTcsi OCHOBHBIE JOCTOMHCTBA 3JIEKTPOHHOIO
MHKpOcKoma?

- yIy4IIEeHbl BECOBBIC U rabapUTHbIC XapaKTePUCTHKH PHOOPOB,

- BO3MOXKHOCTb IIU()POBOTO MPECTABICHHS PE3yIbTATOB aHAIN3a;

- Oojee coBepLIEHHas, NO CPaBHEHUIO C ONTHYECKUM MHKPOCKOIOM, CHCTEMa
TIOJTy4eHHs] U300pa’keHns1 HAOJIF0IaeMOT0 O0BEKTa;

- BO3MOKHOCTb TOJTy4eHHs 0osiee pasHOOOpa3Hoi HHpopMaIu 00 00beKTe;

- Ipe/IeITbl YBEIUYEHHS UCCIIEyeMOro 00beKTa.

5. OcHOBHBIE ITapaMeTPhl ¥ XapaKTEPUCTUKH MUKPOCKOTIOB.

Hauano Bompoca: Ha3oBute mpezesibHble 3HAYCHUS XapaKTEPHCTHKH YBEIUUCHHS
OINITHYECKOTO MHUKPOCKOTIA!

- 100 pas3;




- 200 pas;
- 400 pas3;
- 700 pas3;

- 1000 pasz;

- 1500 pa3

6. OCHOBHBIE TTapaMemphbl H XapaKTePHUCTUKNA MHUKPOCKOIIOB.
Hauano Bompoca: [Ipenenpable 3HaUCHNS YBETHUCHNS SIEKTPOHHOTO MUKPOCKOTIA:
- 1000 pas;

- 2000 pas;

- 5000 pas3;

- 8000 pas;

- ImuH. pas;

- 2 MJIH. pa3

7. OcHOBHBIE MTapaMempbl U XapaKTEPUCTUKH MUKPOCKOTIOB.

Hauanmo Bompoca: UYem ompexpensercs paspemiaromas CHOCOOHOCTh OITHYECKOTO
MHKPOCKOTIA!

- YPOBHEM OCBEIICHHOCTH paboyeil TUH3BI;

- BeJIMYMHOH (POKYCHOTO PAacCTOSHUS;

- COBEPLICHCTBOM OTKJIOHSIOUIECH CHCTEMBI;

- JUIMHOU BOJIHBI CBETA.

8.OcHOBHBIC TapaMeTPhl U XapaKTePHUCTUKU MUKPOCKOIIOB.

Hauano Bompoca: YUem ompenenseTcd paspemiaromas CHoCOOHOCTh 3JIEKTPOHHOTO
MHUKPOCKOTIA:

- KOHCTPYKLIMEH CUCTEMBI H300pasKeHNsI MUKPOCKOIIA;

- YCTPOHCTBOM 3JEKTPOHHOM MYILKH,

- CHCTEMOM CUUTBHIBAHUS PE3YJIBTATOB 00pabOTKN H3MEPEHHH;

- PacCTOSIHUEM TpOJIeTa ICKTPOHA;

- CKOPOCTBIO TIPOJIETa HIICKTPOHA.

9. IIpenmy1ecTBa 3JI€KTPOHHOTO MUKPOCKOIIA.

Hauano Bompoca: UeMm 00BsICHAETCS BRICOKas! pa3permaronias criocoOHOCTb
3JEKTPOHHOTO MHUKPOCKOIIA:

- TEOMETPHUUECKUMH pa3MepaMu paboueil 30Hbl;

- HCTIOJIb30BaHUEM NIEKTPOHHOTO TIOTOKAa BMECTO CBETOBOTO MTOTOKA;

- JUIMHOM BOJIHBI 3JIEKTPOHA.

10. OcHOBHBIE TapaMETPHI U XapaKTEPUCTHKH FIEKTPOHHBIX MUKPOCKOIIOB.
Hauazo Bompoca: OT 4ero 3aBHCHT BEJIMYHMHA BOJIHBI 3JIEKTPOHHOTO TIOTOKA B
MHKPOCKOTIE:

- rabapuThl pabove 30HEI,

- BeJIMYMHON HaNPsDKEHUS HA aHO/IE;

- KOHCTPYKIHMEH CHCTEMBI H300paskeHNsT MUKPOCKOIIA;

- APXHUTEKTYPBI OTKIOHSIOMIEH CHCTEMBI MUKPOCKOTIA

11. Kakas cepusi CTAHAAPTOB B HACTOSILEE BPEMs SIBJISCTCS OCHOBHOM JUTS

cTaHaapToB u3 obmactu UT?
a. cepus 25000;
b. cepus 9000;

c. cepus 14000;
d. cepus 16000.

12. BeigenuTe 1Ba OCHOBHBIX CTaHmapTta B obmactu MUT.
a. 12207:1995;
b. 19760:2003;
c. 16326:1999;

d. 90003:2004;
.€.15288:2002.

13.Ha3oBure ab0peBHaTYpy MEKIYHAPOIHOTO COKO3a IEKTPOCBSI3H:
a. IEEE;
b. IEC;

c. ITU;
d. ISO.




[lepeyeHb TeM KOHTPOJIBHBIX PabOT MO AMCUUIUIMHE OOYYAIOMIMXCS 3a04HOM (OpPMBI
00yd4eHus1, IpeacTaBIeHbl B Ta0mie 19.

Tabnuna 19 — [lepedeHb KOHTPOIBHBIX PadOT

Ne i/mm ITepeueHb KOHTPOIBHBIX PAbOT

He npenycmorpeno

10.4. MeTtoauueckre  MaTepuaibl,  ONPEACNSIONME  HPOUEAYpPbl  OICHUBAHUS
WH/INKATOPOB, XapaKTEpU3YIOIIUX dSTanbl (HOPMUPOBAHMS KOMIIETCHLUH, COAEp)KaTcs B
JIOKAJIbHBIX HOpMaTuBHBIX akTax [YAIL, pernmameHTUpYOIIUX TOPSAOK M MPOLEAYPY
NPOBEICHUS TEKYILEro KOHTPOJISI YCIIEBAEMOCTH U MIPOMEKYTOUYHON aTTeCTaluy 00y4JaromnuXcs
'VAIL

11. Meroaudeckue yKazaHus Uit 00YJIArOIIUXCS IO OCBOCHUIO TUCITUTLIAHBI

11.1. Meroauyeckue yKazaHus s OOy4YalOIIMXCS 110 OCBOCHUIO JIEKIIMOHHOTO
Marepuaia

OcCHOBHOE Ha3HAuYeHHWE JICKIIMOHHOTO MaTepuaja — JOTHYECKH CTPOMHOE, CHCTEMHOE,
rIyOOKOEe W SICHOE€ M3JIOKEHHE ydeOHOro marepuana. HasnaueHume cOBpEeMEHHOUN JIEKIIMH B
paMKax JUCIUIUIMHBI HE B TOM, YTOOBI MOJYYUTH BCIO MH(OPMAIMIO 1O TeME, a B OCBOCHUU
GyHIaMEHTAIBHBIX MpoOJeM IUCHHMIUIMHBI, METOJOB HAYYHOTO IIO3HAHUWS, HOBEHIIHMX
JOCTHKEHUI HaydyHOU MBICTU. B yueOHOM mpoliecce JIEKIHs BBIIOIHSET METOI0JIOTHYECKYIO,
OpPTaHHU3AIMOHHYI0 U WHPOPMAIMOHHYI0 (QYHKIWHU. JIEKIus pacKphIBaeT MOHATHHHBIN ammapat
KOHKPETHOW 00JlacTH 3HaHUs, €€ IpoOJIeMbl, JacT IEJIbHOE MPEJCTaBICHUE O JAMCIUILUIMHE,
MOKA3bIBACT B3aUMOCBS3b C JIPYTUMU JUCIATLTTHAMH.

IInanupyeMble pe3yIbTaThl IIPH OCBOCHUHU 00YYAIOIIMMHUCS JIEKIIMOHHOIO MaTepHaa;

— TIONyYeHHE COBPEMEHHBIX, IIEJIOCTHBIX, B3aMMOCBS3aHHBIX 3HAHUH, YpPOBCHB
KOTOPBIX OIPEAEIISIETCS LEJIEBOW YCTAHOBKOM K Ka)KJ10M KOHKPETHOM TEME;

— TIONy4Y€HHE OMBITa TBOPUYECKOM pabOTHI COBMECTHO C MPEIOIaBaTeleM;

— pa3BuTHE MNpOodecCHOHANBHO-IETIOBBIX  KAauecTB, JOOBU K  TpeaMeTy U
CaMOCTOSITEJIbHOTO TBOPYECKOTO MBIIIJICHUSI.

— TIOSIBJIEHHE HEOOXOAMMOT0 HHTEpEca, HEOOXOIUMOTO /I CAMOCTOSITEIIbHOW paboTHI;

— TIONy4YeHHE 3HAHUW O COBPEMEHHOM YpPOBHE pAa3BUTHS HAYKH U TEXHUKH U O
MIPOTHO3€ UX Pa3BUTHS HA ONMKaMIINe TOIbL;

—  HAYYUTHCS METOAMYECKH 00pabaThiBaTh MaTepwall (BBIACIATH TJIaBHBIC MBICTH U
MOJIOKEHUS, TPHUXOJUTh K KOHKPETHBIM BBIBOJIAaM, TIOBTOPSATh WX B  Pa3IHYHBIX
bopmynupoBKax);

—  TIOMy4YeHHWE TOYHOTO TOHUMAaHUS BCEX HEOOXOUMBIX TEPMHHOB U TIOHSATHH.

JIekuMOHHBI MaTepHalm MOXET CONPOBOXKIAThCA JIEMOHCTpaluuend CIaioB H
UCIIONIb30BAaHMEM pa3aTOYHOTO MaTepuaja TMpH MPOBEIECHUU KOPOTKHX JUCKYCCHUH 00
OCOOCHHOCTSIX MMPUMEHEHHSI OT/ICITLHBIX TEMATHK I10 JIUCIIUATIINHE.

11.2. Meroauueckue yKazaHusl Il OOYYarOIIUXCsS MO BBITIOJHEHHIO JT1a00PaTOPHBIX
pabor

B xone BeimonHeHus 1a0oOpaTOpHBIX pPadOT oOydaromuics MAOKEH YIIyOUTh H
3aKpENUTh 3HaHUS, NMPAKTUYECKUE HABBIKM, OBJIAJAETh COBPEMEHHOM METOIMKONM M TEXHUKOU
HKCIIEPUMEHTa B COOTBETCTBUM C KBAIM(PUKAIIMOHHON XapaKTepUCTHKOW 00ydaromerocs.
BrimonHenue 1abopaTOpHBIX PabOT COCTOUT M3 IKCIEPUMEHTAIbHO-TIPAKTUYECKON, pacyeTHO-
AQHAJIMTUYECKON YaCTeW U KOHTPOJIBHBIX MEPOITPUATHI.

BrinonHenue 51abopaTopHBIX paboOT 0Oy4aromMMCs SBISIETCS HEOTHEMJIEMOH YacThIO
W3YYEHUS JUCLUIUIMHBL, ONpeNesnseMoll y4eOHBbIM IUIaHOM, M OTHOCHUTCS K CPEICTBaM,
00ecreyrBaroIUM pelIeHUe CIeIyIOIUX OCHOBHBIX 3a/1a4 00y4aroIerocs:




— TpuoOpeTeHHe HaBBIKOB HCCIEAOBAHUS MPOIECCOB, SBICHUH U OOBEKTOB,
U3y4aeMbIX B PAMKax JIaHHOW JUCIHILTHHBI;

— 3aKperuieHHe, Pa3BUTHE W JETAIM3AlHS TEOPETUYCCKUX 3HAHUW, TOJYyYCHHBIX Ha
TICKITUSX;

—  MOJIyueHHE HOBOW MH(OpMAINH 110 U3y4aeMOH JTUCIUILINHE,

— T[pPHOOpETCHHWE  HABBIKOB  CAMOCTOSTENBHOW  paboThl ¢ J1abopaTOpHBIM
000pyI0BaHUEM U MPUOOPAMH.

11.3. Mertoauueckue ykazaHus JUIsi OOYyYaIONIMXCS MO MPOXO0XKICHUIO CAMOCTOSITEIHHOMN
paboThI

B Xoze BBITIOJHEHUSI CaMOCTOSITEIIbHON PabOThI, OOYYAIONIUIICS BBIMOJIHAET PadOTy IO
3aJIaHUI0 M TIPH METOJMYECKOM PYKOBOJICTBE IMperojaBaTelisi, HO 0€3 ero HemocpeJICTBEHHOTO
YUYaCTHS.

s oOydarommxcsi 1Mo 3a04HOM (opMe OOy4eHHs, CaMOCTOsTENbHAs padoTa MOXKET
BKJTI0YATh B CE0s1 KOHTPOJIBHYIO padoTy.

B mporiecce BBITTOJIHEHHUS CaMOCTOSITENBHOM paboOThI, y 00y4aromerocss GopMHUpPYyeTCs
enecoo0pa3Hoe MIaHUPOBaHUE paboyuero BpEMEHH, KOTOPOE MO3BOJISIET UM pa3BUBaTh YMCHUS
Y HaBBIKA B YCBOGHHWH W CHCTEMAaTH3allMU MPUOOPETaeMbIX 3HAHHM, 00ECIICUMBACT BBICOKHU
YPOBEHb YCIICBAEMOCTH B TIEpUOJ OOyUYCHHsI, IIOMOTACT IOJYYUTh HABBIKH TTOBBIIICHHUS
poeCCHOHAIBHOTO YPOBHSI.

MeroauyeckiMH ~ MaTepualilaMH,  HANpaBJSIONIMMU  CAMOCTOSITENIbHYHO — paboTy
00yJaroUUX CSASBIISIOTCS:

—  y4eOHO-METOJINYECKUI MaTepHall 10 TUCIUILTHHE;

— METOJUYECKUE YKa3aHHUs MO BBIMOJIHEHUIO KOHTPOJIBHBIX Pa0OT (Ui 00ydYarommxcs
1o 3204HOU (hopme 0OyueHus).

Ecnu memoouueckue ykazanusi no npoxoicoeHuro camoCmosmenbHol pabomol UMermcs.
8 U30aAHHOM BUde, 8 8ude INeKmpoHHbIX pecypcos oubauomexu I'VAII, cucmemwr LMS, kagedpul
u m.o., Heobxooumo oams Ha Hux ccoliky unu npusecmu URL aodpec.

11.4. MeTtoauueckre yKazaHus [UIsI OOYYarOIIMXCA MO TMPOXOXKICHHUIO TEKYIIEro
KOHTPOJISI YCTIEBAaeMOCTH.

Texymuit KOHTPONb YCIEBAaEMOCTH MpeAycMaTpUBAaeT KOHTPOIb KadyecTBa 3HAHUI
00yJaroIUXCsl, OCYIICCTBIIEMOTO B TEYCHHE CEMECTpa C IEJbI0 OICHUBAHMS X0Jla OCBOCHUS
TUCIHTIINHEL

Obs3amenvHo 0151 3aN0JIHEeHUs. npenooasamesiem. YKazvl8aromces mpebo8anus u Memoobl
npoGedeHust meKyujeeo KOHMPOJisL YCNeGaeMoCmu, d MaKkdice KaK pe3yibmamvl MeKyue2o
KOHMpOL — ycnegaemMocmu — 0yOoym — yuumsleamvCcsi NHPU  NPOBEOCHUU  NPOMENCYMOUHOU
ammecmayuu.

11.5. Metoau4ieckue yka3zaHus Al O0y4aroluxcs MO MPOXOXKICHHIO MPOMEKYTOYHON
aTTeCTallnun.

[IpomexyrouHas  arTectanus  oOydarolmuxcs — MpeAyCMaTpUBaeT  OIICHUBAHHE
MIPOMEKYTOUHBIX U OKOHYATEIbHBIX PE3Yy/IbTaTOB 00y4deHMs MO JuciuruinHe. OHa BKIIIOYAET B
ceOs:

— D9K3aMeH — ¢opMa OICHKM 3HAHWM, TOJYYCHHBIX OOydJalomMUMCS B IIPOIECCEe
W3y4EeHUs BCEH MMCITUIUTMHBI WM €€ YacTH, HAaBBIKOB CAMOCTOSITEIFHOW paOOThI, CIIOCOOHOCTH
NPUMEHATh MX JJis pEHIeHUsl MPAKTHUECKUX 3ajad. JK3aMEH, Kak MpaBWIO, MPOBOJUTCS B
MeproJ; HK3aMEHAIMOHHOM CECCHMM W 3aBEPIIACTCS aTTECTAIMOHHOMW OIEHKON «OTIUYHO,
«XOPOLIOY, KYJOBIETBOPUTEIBHOY, «HEYI0BIETBOPUTEIHHOY.

— 3a4eT — 3To (opMa OLIEHKH 3HAHUH, MOJYYEHHBIX OOYyYalOIIUMCS B XO/€ U3yUCHUS
y4eOHOW TUCUUIUIMHBI B LIEJIOM WM IPOMEXYyTOUHas (110 OKOHYaHHWU CEMECTpa) OlleHKa 3HaHUMN



0o0yJaronMcs 1Mo OTIEIbHBIM pa3feliaM TUCIUIUTHHBI C aTTECTAIIMOHHOW OLIEHKOW «3a4TCHOY
W «HE 3a4TEHOY.

— 1uddepeHIpPOBaHHBIM 3a4eT — 3T0 (opMa OLEHKM 3HAaHUM, IOJy4YEeHHBIX
00yJaroImUMCs IPH U3YYCHHUH JAUCIMILINHBI, TIPU BBIMOJIHECHHH KYPCOBBIX ITPOEKTOB, KYPCOBBIX
paboT, Hay4IHO-HCCIIEIOBATEIHCKUX PAOOT M MPOXOXKICHHUH MPAKTUK C aTTECTAIMOHHON OIIEHKON
COTJIMYHOY, «XOPOIIOY, «yIOBICTBOPUTEIBLHOY, «HEYIOBICTBOPUTEIILHO.

Obs3amenvHo 0151 3an0IHEHUs. npenodasamesiem. YKa3vl8aomcs mpedosanus u Memoobl
NPOBEeOeHUst NPOMEIICYMOYHOU AMMECMAayuu.



Jluct BHeceHUsI U3BMEHEHUH B pabouyio MporpaMmy AUCHUILTAHBI

JlaTta BHECEeHUs
N3MEHCHHI 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
A3MEHEHHUS

Coneprxanne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOIA
3aceaHusl
Kadeapsl

Ionmuce
3aB.

kadempoit




