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AHuoTamnus

HucuuiuimHa «TeopeTrnueckue OCHOBbI HAHOJUArHOCTUKU» BXOJUT B 00pa30BaTENIbHYIO
IpoTrpaMMy BBICIIETO 00pa3oBaHUs — NpOrpaMMy OakaliaBpHuara 10 HaIPaBJICHUIO MOJATrOTOBKH/
crenuainbHocTd 27.03.01 «CrangapTuzamus ¥ METpPOJIOTHS» HampaBieHHOCTH «MeTrposorus,
CTaHJapTH3aIMs, cepTuduKanys». Jucunmmna peanusyercs kadeapoin «Ne6y.

JlucuuiuinHa HaiesleHa Ha (JOPpMHPOBAHKE Y BBIITYCKHUKA CIEIYIOLUIMX KOMIIETCHIIMII:

VYK-1 «CrnocobeH ocCymiecTBIsATh KPUTUYECKHH aHadu3 MPOOJEMHBIX CHUTyallud Ha
OCHOBE CUCTEMHOI0 [I0JIX0/1a, BEIpadaThIBaTh CTPATEIHIO JEHCTBUI

VYK-2 «CriocobeH ynpaBiaTh IPOSKTOM Ha BCEX ATAIaX €ro KU3HEHHOTO IHKJIa

IIK-5 «CrocobeH ocymecTBIsATh paboThl MO0 KOHTPOIIO TOYHOCTH OOOPYAOBaHHUS M
KOHTPOJIIO TEXHOJIOTUYECKONW OCHACTKH

IIK-6 «CrocobeH BBINOMHATH PabOThl MO OOECIEYEHUIO JTOCTOBEPHOCTU PE3yJbTaTOB
W3MEPEHUH JUIsl OLIEHKH COOTBETCTBHS MPOAYKLIMU B IIPOLIECCE ITPOU3BOJICTBAY

IIK-8  «CnocoGeH  OCyWIECTBISATh  HAyYHO-TEXHHYECKYIO  JEATENbHOCTb U
AKCIIEPUMEHTANIbHBIE Pa3pabOTKH B 001aCTH 00eCIeYeHHs €AMHCTBA U3MEPEHUIN

ConepxaHue AMCUUIUIMHBI OXBAaTbIBAET KPYI BOIPOCOB, CBA3AHHBIX C METOJaMHU
UCCIeIOBaHUS  (pU3MUECKUX, (UIUKO-XUMHUYECKMX UM TEOMETPUYECKHX MapaMeTpoB U
XapaKTEePUCTUK TBEPJIOTENbHBIX M MOJEKYISIPHBIX CTPYKTYp. Cpeau MHOKECTBa METO/0B
UCCIICIOBAaHMIA, METOJbI CKaHUPYIOIIEeH 30HI0BOH Mukpockommu (C3M) sBisitoTcss Hambosee
pactipocTpaHeHHbIMM. OHHM  TO3BOJIAIOT  HOJYYUTh  BBICOKOE  pPa3pelIeHue, peajbHO
00€CTIeYNBAIOT BU3YaIH3AIHI0 CTPYKTYPHl O0BEKTOB HCCIICAOBAHUS C AaTOMHBIM pa3pelICHHEM.
B Hacrosiiiee Bpemst HCIOIB3YETCSl ONPEACICHHbBIN KOMIUIEKC METOJI0B UCCIIEOBAaHUSI MUKPO U
HAHOCTPYKTYpP, CPEAH KOTOPBIX MOKHO BBIJIEIMTh OCHOBHBIE I'PYIIbI METOJAOB: 3JEKTPOHHAs
MHUKPOCKOIIHAS BBICOKOI'O PAa3pelICHMs; METOAbl CKaHUPYIOIIEH 3JIEKTPOHHOW MHKPOCKOIIWHY;
CKaHUpYIOL[as ~ TyHHEJIbHAs  MHUKPOCKOIUS;  PEHTTeHOIU(paKLIUOHHbIE METOJIbl ¢
UCMOJIb30BaHUEM 3((eKTa BBICOKOH CBETUMOCTH  CHHXPOTPOHHBIX HCTOYHHUKOB; METOJIBI
AIIEKTPOHHOMN CIEKTPOCKOMHUH JIJIsl XUMUYECKOTO aHAIM3a.

[IpenoaBanre TUCHMIUIMHBI TpeaycMaTpUBaeT cleayromue (OopMbl OpraHHU3alUU
yueOHOro Ipoliecca: JEKIUH, IPaKTHYECKHE 3aHIATHS CaMOCTOsTENbHAs paboTa 00y4aronerocs.

B nporpammy, Ha ¢oHe MMPOKOro BHEAPEHHs] MH(OOPMAIIMOHHBIX TEXHOJIOTHN BO BCEX
cdepax uyernoBEUYECKOM JEesATeNbHOCTH, B TOM 4Hcie U cdepe oOpa3oBaHUs U, B YAaCTHOCTH, B
cucreme 'Y Alla, BKIItOUEHBI OTJENBHBIE 2JIEMEHTHI HCKYCCTBEHHOTO MHTEJUIEKTA, KOTOPBIE BCE
0oJbIIE CTAHOBSTCS HEOTHEMJIEMOM YacThlO 00pa30BaTENbHOIO IMPOLECcca, CYIIECTBEHHO
MOBBIIIAIONIETO €ro KauecTBO U 3(h(HEKTUBHOCTB.

[IporpaMMo#l IHUCHUIUIMHBI HPEIYCMOTPEHBI CIEAYIOUINE BHJbI KOHTPOJS: TEKYIIUN
KOHTPOJIb YCIIEBAEMOCTH, IPOMEXKYTOUHAs aTTecTalus B (hopMe SK3aMeHa.

OO6mIast TpyA0EMKOCTh OCBOCHHS JUCIIUIUIMHBI COCTABIsET 3 3a4eTHBIX eauHUIlb], 108
4acoB.

S3bIK 00y4YeHus 0 JUCLUILTUHE KPYCCKUI»



1. TlepedeHb MIAHUPYEMBIX PE3YIHLTATOB OOYUCHHUS 11O JUCIUTLIIHE

1.1. Tlenu npenomaBaHus JUCITUTUTHHBI

1.2. llenpto  mpemogaBaHus  JUCIHUIUIMHBI  SBJISCTCS  TOJY4YEHHE  CTyJICHTaMU
HEOOXOJUMBIX 3HAHUH chepe BBICOKMX TEXHOJOTMH CBS3aHHBIX C TPUKIAJIHBIMA
WCCJICIOBAHHMSIMA  KOHCTPYHPOBAaHUEM U TIPAKTHYECKUM HWCIIOIH30BAHHEM MAaTepUATIOB |
BCIIECTB HA aTOMHOM M MOJICKYJSPHOM YPOBHSX, a TaKXE CPEICTBAX, METOJIOB M METOIHMK
uccienoBanusl  (QU3MUYECKUX, (PU3UKO-XMUMUYECKUX ¥ TEOMETPUYECKUX TMapaMeTpoB U
XapaKTEPUCTHK TBEPIOTENBHBIX M MOJCKYISAPHBIX 00BeKTOB. [Ipu 3TOM 0C000OC BHUMaHHE
VIENEHO  W3YYCHHI0O OCOOCHHOCTEH  BBICOKOPA3PENIAIOIINX  METOJOB  HCCIEIOBaHUMN
MOJIEKYJIIPHBIX OOBEKTOB, 00ECIEUMBAIOIIMX TOJyYCHHE HanOoJiee MOJHOM MHpopManuu o0
OCHOBHBIX CBOMCTBaX M XapaKTEPUCTUKAX U MPOTEKAOIINX B HUX MPOIECCax.

1.3. JlucummiwHa BXOAMT B  COCTaB  4YacTH, (HOPMUPYEeMOH  y4aCTHUKAMH
00pa3oBaTeNbHBIX OTHOIICHU, 00pa30BaTEILHON MpOTrpaMMbl BEICIIIET0 00pazoBaHus (nanee —

OI1 BO).

1.4. TlepeueHb MIAHUPYEMBIX PE3yJILTATOB O0YUYEHHS 110 AUCHUILTUHE, COOTHECEHHBIX C
IUTaHUpYyeMbIMU pesynbraramu ocsoeHus OIT BO.

B pesynbraTe u3yueHus AUCUUIUIMHBI OOyYarOUIUICS IOJDKEH 00JafaTh CIEAYIOLUMMU
KOMIIETCHIIMSIMYA WM UX 9acTAMU. KoMIeTeHIMN 1 MHOUMKATOPhl UX JOCTUKECHUSI IPUBEICHBI B

Tabymne 1.

Ta6ymmma 1 — [lepeyeHb KOMITETCHIIMA U MHIUKATOPOB UX JIOCTHIKCHUS

Konn
Kareropus (rpynna) Kon v HanMeHOBaHNE HHIUKATOPA JOCTHUKEHHUS
HalMEHOBaHUE
KOMIIETEHIH KOMIIETEHIIUU
KOMIIETEHIHH
ITIK-1 Cnocoben
I1K-1.3.3 3HaTh 001aCTh MPUMEHEHHUS METOJ/IOB
IPOBOJIUTH aHAJIN3
M3MEpEHUsi, COBpEeMEHHbBIE HH()OPMAIIHOHHBIE
COCTOSTHUS
TEXHOJIOTUH, CTAaHJAPTHBIE TAKEThI IPUKIIATHBIX
METPOJIOTHYECKOTO
ITpodeccuonanbHble 0BCCICICHIS B pOTpaMM, UX OCHOBHBIE (DYHKITHH
KOMIIETCHILIUH I1K-1.3.4 3HaTh KOHCTPYKTUBHBIE OCOOEHHOCTH U
NOJIpa3IeJICHNN
. MPUHLIMIIBI padOThI CPEICTB U3MEPEHUS,
METPOJIOTMYECKOI
. TEXHOJIOTUYECKHE BO3MOXXHOCTH B 00JIACTH
Y MIPUMEHEHHUS CPEJICTB UBMEPEHUS
OpraHu3aluu
I1K-3 Criocoben
OCYILIECTBIIATh I1K-3.3.3 31ath (pusnueckre NpUHLUIBI paboTHhI,
paboThI 10 BO3MOYKHOCTH U 00JIaCTH IPUMEHEHUS] METOJIOB U
BBISIBJICHUIO U CPEJICTB U3MEPEHUI
[TpodeccronanbHbIe
KOMITETEHIIHH IIPEIOTBPALICHHUIO [1K-3.VY.3 ymeTsb BbIOUpaTh U pa3pabdaTbIBaTh
HECOOTBETCTBUI METO/JIbl U CPEJICTBA KOHTPOJISE TEXHOJIOTMUECKOTO
IPOAYKIINH poluecca, TEXHOJIOTHYECKON ONepalyy,
IPEIbSABISEMbIM pa3pabaThIBaTh CXE€Mbl U3MEPEHUI 1 KOHTPOJIS
TpeOOBaHUSIM

— OCHOBBI MH(OpPMATHU3AITUN U3MEPEHUIA;

2. Mecro nucuumiauHsl B cTpykType OI1

JucnurnnuHa MokeT 6a3upoBaThCsl HA 3HAHUSIX, pPaHee TPUOOPETEHHBIX 00YJarOITUMUCS
IIPYU U3YYEHHUH CIENYIOIIMNX AUCLUTIINH:
— (u3NYeCKre OCHOBBI U3MEPEHUH U 3TAJIOHBI,
— METOJbl U CPEJCTBA U3MEPEHUN, UCTIBITAHUI U KOHTPOJIS;

— OCHOBBI JIEKTPOTEXHUKH U PAIMOTEXHUKH;
— OCHOBBI MOJIEIUPOBAHUE CUCTEM U MPOLIECCOB;
— TpUKJIaTHAas ¥ 3aKOHOJATeNIbHAsk METPOJIOTHS;
— o0mas Teopusi U3MEpEHU




3HaHMs, TOJYy4YEHHBbIE NPU U3YYEHUU MaTepuana AaHHOM IHUCLUUIUIMHBI, HMEIOT Kak
CaMOCTOATENIBHOE 3HAYEHHE, TaK U MOT'YT UCIIOIb30BATHCS MPU U3YyYEHUU APYIUX TUCLUILIAH:
— - IUQPOBBIE METOJIBI U CPEICTBA U3MEPECHHIA;
— - IPOU3BOJACTBEHHAs IIPAKTHKAa,;
— - IPOU3BOACTBEHHAs IIPEAIUIIIOMHAs IIPAKTUKA.

3. OO0BEM ¥ TPYTOEMKOCTh JUCITUTLIAHBI
JlanHbie 00 00mIEeM O0BbeMe JUCHUILIMHBI, TPYJOEMKOCTH OT/ACIBHBIX BHUJIOB Y4eOHOMH
paboThI 1O TUCIUILIMHE (K paclpeieiiCHUe 3TOH TPYAOEMKOCTH 110 CEMECTPaM) MPE/ICTaBICHBI B
Tadymue 2.

Tabmuna 2 — O6beM U TPYIOEMKOCTh TUCIUIITMHbI

TpynoeMkocTh Mo
Bun yueGHO# paboThI Bceero cemMecTpam
Ne8
1 2 3
Oowan mpyooemKkocmp OUCYUNIUHDL, 3/ 108 3/ 108
3E/ (uac)
H3 nux uacoe npakmuueckoit n0020mMoeKu 10 10
AyoumopHhuie 3auamus, BCEro 4ac. 20 20
B TOM YHCIIE:
nexmun (JI), (gac) 10 10
npaktudeckue/cemunapckue 3aastus  (113),
10 10
(gac)
Camocmosmenvnas paboma, Bcero (dac) 88 88
Buo npomesicymounoit ammecmayuu: 3ayer,
mudd. 3ager, sk3amen (3ader, Jdudd. 3au, | 3auer 3auer
DK3.*%*)

EE3

IIpuMeyanue: KaHIUIATCKUAN SK3aMEH

4. ConepxaHue JUCITUTUTIHBI
4.1. PacnpeneneHue TPyI0EMKOCTH TUCIUILIMHEI 10 pa3/ieiaM U BUIaM 3aHSATHI.
Paznensl, TeMBI TUCIUTIINHBI U KX TPYJAOEMKOCTh IPUBEICHBI B TA0JHIIE 3.

Tabnuna 3 — Pa3ensl, TeMbl AUCIMILTUHBL, UX TPYAOEMKOCTh

Jlexuun 113 JIP KII CPC

Pa3,[[eJ'IBI, TEMBI JUCIHIUITIIMHBI (qac) (Cg) (qac) (“I&C) (qac)

Cemectp 8

Paznen 1. Ctpykrypa, CBOMCTBA, METO/IBI
MOJIy4YeHUsI U 0COOEHHOCTH TPUMEHEHHUS 2 1 6

HAHOCTPYKTYP

Pasnen 2. XapakTepucTrka METOJI0B HCCIICIOBAHUIN

00BEKTOB MUKPO U HAHOCTPYKTYP 3 2 8
Paznen 3 Metoab! ncciieioBaHUI CTPYKTYPHBIX U

(U3UKO-XUMHYECKUX CBOWCTB HAHOOOBEKTOB U 1 3 22
CHCTEM

Paznen 4 [IpyHIMTIBI HOCTPOCHUS TEXHUUECKUX 3 3 0 0 24
CPEZICTB UCCIICOBAHNS HAHOCTPYKTYP

Paznien 5 OcHOBBI MEXaHUKH U KOHCTPYKIIHI

CPEJICTB U3MEPEHHUIN HAaHOCTPYKTYPHUPOBAHHBIX 1 1 28

00BEKTOB

Hroro B cemectpe: 10 10 88




Urord 10 | 10 | | | 88

[IpakTuyeckas TOArOTOBKAa 3aKIIOYAETCS B  HEMOCPEJICTBEHHOM  BBINOJIHEHUH
oOydJalolmuMHUCs  OMNpeNeJeHHBIX  TPYIAOBBbIX  (YHKUMH,  CBSI3aHHBIX C  Oy;ymei
npodeCcCHOHATIBHOMN 1S TETbHOCTBIO.

4.2. CopnepxaHue pa3/ieJioOB U TEM JICKIIMOHHBIX 3aHSATHH.
ConeprxkaHue pas/iesioB U TEM JICKITMOHHBIX 3aHATHI MPUBEICHO B TaOIHIE 4.

Ta6mmma 4 — ComepxaHue pa3aesioB U TeM JEKIIMOHHOTO UK

Howmep paznena HazBanue u conepkanue pa3iejoB U TEM JICKIIMOHHBIX 3aHATUN
Paznen 1 Tema 1.1 UccnenoBanune 00bEKTOB HAHOTEXHOJIOTUI
CrpykTypa, CBONCTBa, CoBpeMeHHbIE METO/bl HUCCJEIOBAHMS, IPUMEHSIEMbIC B

METO/IbI II0JIy9CHUA 1 | HAHOTEXHOJIOTHAX CTAIM BO3MOXHBI, KOT/1a ObLTH pa3paboTaHbl U
0COOEHHOCTH  NPUMEHEHUS

HAaHOCTPYKTYp

MHCTPYMEHTAJIBHO IOATBEP)K/IEHbl OCHOBHBIE MJIEM aTOMHO-
MOJIEKYJISIDHOM TEOPUM U IOIY4YEHBl IIEPBbIE PEHTICHOBCKHE
JU(PPAKIMOHHBIE H300paKEHUSI KPUCTAJUIMYECKUX CTPYKTYD.
BaxxHbIM CcOOBITHEM B MCTOPUM HAHOHYKHM CTajO HM300peTeHue
IIPOCBEYMBAIOLICH JIEKTPOHHOW MHUKPOCKOINH, I103BOJIAIOLIEH
HOJYYUTh H300pakKeHUE HAHOPA3MEPHBIX CTPYKTYp, a TaKkxKe
n300peTeHne CKaHUPYIOIIET0 TYHHEIbHOTO MUKPOCKOIIA.

[IpenMeToM HaHOTEXHOJIOTUM SIBJISIETCS] HOBbIE OOBEKTHI —

HaHOCTPYKTYPBI, KOTOpPbIE UMEIOT CYOMUKPOHHBIN pa3Mep B
OJIHOM U3 HAIpaBJIEHU, KOTOPBIE B COIO OUYEPEb, HYKIAIOTCS B

kinaccudukanuu. B ocHOBY Kiaccu(uKaluy MoyioKeHbl

CTPYKTYpa, COCTaB, a TAK)Ke UX (PU3NKO-XMMHUYECKHE CBOMCTRA.
Tema 1.2 Crpykrypa, CBONCTBA, METOABl MOIY4YEHHUS W
0COOEHHOCTH NPUMEHEHHSI HAHOCTPYKTYP.

B o0nactu BBICOKMX TEXHOJOTMH IIMPOKO HCHOJIb3YeTCs

KJIaCCU(UKALMS TUCHEPCHBIX CUCTEM MO JUCIEPCHOCTH, T.€. O
pasMepaM M YJEJIbHOM IUIOUIaJM TOBEPXHOCTH JUCHEPCHOMN
¢da3pl. B mepBoM TpUONMIKEHWH JTUCHEPCHBIE  CHUCTEMBI
MOJPa3JIeNAI0TCs Ha rpyOoAuCIIepCHBIE M TOHKOIUCIIEPCHBIE, TaK
Ha3bIBAEMbIE KOJJIOUIHBIE CUCTEMBI.
VYriaepoaHbsle CTPYKTYypbl - YIJepoX sBiseTcss HauOosee
pacpoCTpaHEHHBIM JJIEMEHTOM B IIPHUPOJE, OH CYILIECTBYET B
TBEpAOH (aze M HECKOIbKUX MOAUDPUKAIMAX C Pa3TUUHBIMHU
(GU3UKO-XMMHUYECKUMHU CBOMCTBaMu: rpadur, anmMas, KapOuH,
rpaden. Baxkueimell 0COOEHHOCTBIO yriepojaa  SBISETCS
crmocoOHOCTh oOpazoBeiBaTh Ienoukun —C —C — C-, KoTOphIe
IpUPOJIa UCTIONB3YET JUIsl CO3/IaHUsI OMOJIOTHYECKUX MOJTMMEPOB,
a YeJIOBEK I IIPOU3BOJCTBA PA3JIMYHBIX CHHTETUYECKUX
MaTepUasoB.

B koHue mnpouutoro cronetuss OBUIM  OTKPBITBI HOBBIE
YIJIEpOJHBIE  COEAMHEHMs, Cpeaud  KOTOphIX  (yisepeH,
o0nanaomuil  yHUKaIbHBIMU CBOMcCTBamMH. DysuiepeH HMeeT
KapKacCHYIO CTPYKTYpY, KOTOpas COCTOUT W3 3aIUIaTOK MATH- U




mecTuyronbHoit gopmel. B 1990 r. Owbin paspaboran meron
nony4enus ¢pymiepera. B 1991 r. B npoaykTax 3J1€KTpOAYyTOBOTO
ucrnapeHus rpadura ObUTM  OOHApPYKEHBI LMIMHIPUYECKHE
YIJIEpOIHbIE KOHCTPYKIIUH, MOJIyYUBLINE Ha3BaHUS
«HaHOTpYOKM». HanoTpyOka npencrasiiser coO0i MpOTSHKEHHbIE
LWINHAPUYECKUE CTPYKTYpbl JHAaMETpOM OT OJHOIO [0
HECKOJIbKUX JECATKOB HAHOMETPOB M JUIMHOM 1O HECKOJIbKHX
canTuMeTpoB. [lo cymiecTBy Takas HaHOTpyOKa IpPECTABISAET
co00il OJHY MOJIEKYJy, COCTOSILYK0 M3 MM/UIMOHA aTOMOB
yraepona. B obmem ciywae, YHT o0iagaroT yHUKaIbHBIMH
AIIEKTPUYECKUMU, MEXaHUUYECKUMH U XUMUUECKUMHU CBOMCTBaMH.

Paznen 2. Xapaxkrepuctuka
METO/I0B UCCIIEOBaHUN
00BEKTOB MUKPO U

HAHOCTPYKTYD

Tema 2.1.cTpyMEHTBI UCCIIEIOBAHUN HAHOTEXHOJIOTUI

OpHvMM M3 NEpBBIX HMHCTPYMEHTOB, KOTOpBIE IOMOIUIN
MHUIMMPOBATh WJI€M HAHOTEXHOJIOTHH, ObUIM Tak Ha3blBaeMble
CKaHUPYIOIUE 30H]bl. Bce THUIBI CKaHUPYIOIIUX 30HO0B ObUIM
paspabortansl B [{ropuxe B Havane 80-x ronoB. Cama ujes oueHb
IIPOCTA: €CJIM, K NMPUMEPY, MPOBECTH NaJbLEM IO MOBEPXHOCTH,
TO JIETKO OTIMYMUTH OapxaT OT CTalId WIM jJepeBa. B nanHom
HKCIIEPUMEHTE TMajel] JAEHCTBYET KaK CTPYKTypa H3MEpEeHHUs
cwibl. JlaHHas wAed W IOJOXKEHa B OCHOBY paboThI
CKaHUPYIOLET0 MHUKPOCKOIA, OJHOTO M3 PACIpOCTPaHEHHBIX
CKaHUpPYIOIUX 30HA0B. CKaHUPYIOIIUN 30HJ IPU HU3MEPEHUU
CKOJIB3UT II0 TOBEPXHOCTH TaK K€, KaK 3TO JAEIAlT MaJbLbl.
30H]] UIMEET HaHOCKOITUYECKUH pa3mep (4acTo BCETO OJUH aToM).
[Tpu nBUKEHMM OH MOKET ONPENENSITh HECKOJIBKO Ppa3IUYHbIX
CBOMCTB, KaXJ0€ M3 KOTOPbIX COOTBETCTBYET HHOMY
U3MEPEHMUIO.

ATOMHO-CWJIOBOM ~ MHKpockon. B aromHO-cuioBom

MHUKPOCKOIIE 3JIEKTPOHUKA HCIOJB3YETCS ISl U3MEPEHMS CHJIBI
BBOAMMON KOHYMKOM 30HJAa IIpU €ro JBW)KCHHHM BJOJIb
MOBEPXHOCTHU HCCIIEyEMOro OOBEKTa.
Tema 2.2 TyHHENBHBIH MHKPOCKOI. B TyHHEJIBHOM
MHUKpPOCKOIIE HU3MEpSIeTCSl BEIWYMHA JJIEKTPUYECKOr0 TOKa,
MPOXOJAIIET0 MEXIY CKaHUPYIOUIMM 30HJOM U MOBEPXHOCTHIO.
TyHHENbHAasT MHUKPOCKOIHAS — 3TO IPAaKTUYECKH TEPBBIN
pa3paboTaHHBI METOJ| 30HJOBOTO CKAHUPOBAHMSI, HAIIEIIETO
LIMPOKOE IPUMEHEHHE.

B MarHMTHO-CHJIOBOM MMKpPOCKONE 30HJ, CKaHUPYIOLIHUM
MIOBEPXHOCTb,  SIBJISIETCA ~ MAarHUTHBIM, OH  II03BOJISIET
IIOYYBCTBOBaTb HAa IIOBEPXHOCTH JIOKAJIbHYIO MAarHUTHYIO
CTPYKTYpy. 30HJ MAarHUTHO-CHMJIOBOTO MHMKpOCKoma paboTaer
MoJ00HO  CYMTHIBAIOIIEH  TOJIOBKM  BUHYECTEpa  WIH
MarautopoHa. CkaHUPYIOIIHE MUKPOCKOIBI TTO3BOJIMIIM BIIEPBHIE
YBUJETh 00BEKTHI Pa3MEPOM C aTOM.




Pa3nen 3 MeTtonanl
UCCIIENOBAHUM CTPYKTYPHBIX
n (U3UKO-XUMHYECKIX
CBOMCTB HAHOOOBEKTOB W
CHCTEM

Tema 3.1 Mertoapl wuccnenoBaHUM W H3y4YeHHS (DUBHKO-
XMUMUYECKUX CBOMCTB HAHOOOBEKTOB U CUCTEM

Ilon reTepOreHHBIMU IpoLEecCaMt [OHUMAIOT
TEXHOJOTMYECKHE IIPOLECCHl, IMPOUCXOASIIME HA TIpaHULE
pasnena ¢a3 u (QopMupyrolUe TI'€TEPOr€HHBIE CUCTEMBI.
['eTeporenHast cucrema IpEeCTaBIseT coboit
TEPMOJIMHAMHUYECKYIO CHCTEMY, COCTOSILYIO U3 pa3jIM4YHBIX IO
¢Gu3n4yeckuM U XUMHUYECKUM CBOMCTBaM dyacTed wim (a3,
KOTOpBIE OTAEJIEHbl APYr OT Jpyra IIOBEPXHOCTSAMHU pajena.
Kaxnas w3 ¢a3 mnpm 3TOM TOMOreHHa M €€ IIOBEJCHHE
[OIYUHSETCS 3aKOHAM TEPMOIMHAMUKHU.

MonekynsipHo-nmyueBas snutakcus (MJID). MIJID —
TEXHOJIOTUYECKUH  MIPOLECC AMUTAKCUAIBHOIO BBIPALIMBAHUSA
CJIOEB, KPUCTAINIMYECKAs! peIIeTKa KOTOPBIX MOBTOPSIET PEIIETKY
nooxk. C mnomoupto TexHosorun MIJID  BblpamuBaroT
reTepOCTPYKTYPhI 33aHHOW TOJILIMHBI C MOHOATOMHOIJIAIKUMU
reTeporpaHuLiaMy U 3aJjaHHbIM npoduin eruposanus. Cienyer
OTMETHTh, YTO OIUTAKCHSA — OTO OJUH U3 BAKHEHIINX
TEXHOJOTMYECKUX IPOLECCOB MPHU CO3JaHUM MHUKpPO- U
HAHOCTPYKTYD.

Tema 3.2. ®opmupoBaHUE CTPYKTYp HA OCHOBE KOJUTOUTHBIX
pacTBOpOB

Konnonanele pacTBOpbl WM 30JM HPEICTABISAIOT cOOOit
KHUJIKME CHCTEMbl C 4YacTULAMM JHUCIEpPCHOM (aszbl wiu
MHUIIEJUIAMH [IEPEMEIIMBAIOIIUMU CBOOOHO M HE3aBUCHUMO B
npouecce OpOYHOBCKOTO ABMKEeHMs. Pasmep yacTuu J€XHUT B
npenenax 10 — 100 HM, caMu YacTUIBI MOTYT pacIoJiararbCs
OTHOCHUTENIBHO JpYyr Apyra Ojiuke, 4eM Ha JUaMeTp YacTHULIbL.
Meton ~ ¢opMuUpOBaHUS ~ YHNOPSIIOYEHHBIX  HAHOCTPYKTYD
HEMOCPEJACTBEHHO W3  HAHOYacTUl], C(HOPMHUPOBAHHBIX B
KOJUIOWJHBIX PacTBOpax, JaeT BO3MOXKHOCTb B HIMPOKHUX
npeenax BapbUpPOBaTh pa3Mepbl YacTUI], a TaKKe H3MEHATb
AJIEKTPOHHBIE CBOMCTBA YaCTHII.

30J1b-TeIb-TEXHOJIOTHUSI. 30J1b-TeIb-TEXHOJIOTUS —
npescTaBiIsieT co00il TEXHOJOTMYECKHH Mpolecc IMOJy4eHHUs
MaTepuasoB, C OINpEAEICHHbIMU XUMUYECKUMU U (QHU3UKO-
XUMHAYECKMMHM CBOMCTBAMHM, BKJIFOYANOIIMM IOJy4EHHE 301151 U
NepeBOJl €ro B reyib. B o01iem ciryuae, 301b-TeIb-TEXHOJIOTHS Ha
CBOWCTBE 30JI1 WJM KOJJIOWJHOTO PacTBOpa W MPEICTaBISAIOT
CO0OM CTPYKTYpHUpPOBAHHbIE CHCTEMBI C KUKOHW JUCHIEPCUOHHON
cpenoi. DOTUM  METOJOM MOTYT OBbITh  CHHTE3MPOBAHBI
HaHOKOMIIO3UThl Ha OCHOBE KEPaMHMKH TIeTepOMETaUINYeCKOTro
TUIA U JIp.

Paszpnen 4 IlpuHimne!
MTOCTPOCHUSI TEXHUUECKUX

Tema 4.1 CoBpemeHHOE pa3BUTHE (HUUKH U TEXHOJIOTHH
TBEPJOTEIbHBIX HaHOCTPYKTYD, MIPOSIBIISIOTIEECST B




CPEICTB UCCIIEA0BAHUS
HAHOCTPYKTYP

HENPEPHIBHOM IIEPEXOJIE TOIOJIOTUU 3JIEMEHTOB 3JIEKTPOHHOM
TEXHUKA OT CYOMHKPOHHBIX K HaHOMETPOBBIM pa3Mepawm,
notpedoBajo pa3paboOTKy HOBBIX M COBEPIICHCTBOBAHHUE YKe
CYLIECTBYIOIIUX CPEACTB M METOJOB JUArHOCTUKH, a TaKXKe
co3ganue oOpa3oB 000pyIAOBaHMS Ui aHaAJIM3a CBONCTB H
npoueccoB B HaHocuctemax. CerofHsi CymecTBYeT OrpOMHOE
KOJIMYECTBO THUIOB U BHUIOB CpeICTB aAuarHoctuku s
UCCJICIOBAHMSI ~ HAHOCTPKYTYp, IOYYEHHs] HAHOPa3MEpPHBIX
CUCTEM M HOBBI3 HAaHOCTPYKTYPHBIX MaT€pUaJIOB C 3a/JaHHBIMU
CBOWMCTBAMH, HEOOXOJMMO IO-HOBOMY  pemiaTh  3a/a4yu
UCCIIEIOBAaHMSI HAHOCTPYKTYpIo Jlist aTOr0 Tpedyercs n3MeHeHHne
TPaJMLIMOHHBIX METO/OB, a TaKXKe CO3JaHME U DPA3BUTHE
COBEpUICHHO HOBBIX CPEICTB U METOJIOB, MPOLIECCOB MPUCYIIUX
00BeKTaM HAaHOMETPOBOI'O MacITada.

Tema 4.2. MeTobl 3JEKTPOHHOU CIEKTPOCKOITUU

Jns xumudeckoro ananu3a (OTORIEKTPOHHONH MHKPOCKOIIUH,
(bOTONIOMUHECIICHIINY, KOTOpPBhIE B HBACTAIIEE BPEMs aKTHBHO
pa3BUBAIOTCSI C MEPCIEKTUBAMM CYLIECTBEHHOI'O IOBBILICHUS
pa3pelaroieil CnocoOHOCTH UCHOJIB3YEMBIX cpelcTB. M3BecTHO,
4TO UYEJOBEK CHOCOOEH pasriisigeTb OOBEKTHI pa3MepoM
npubm3uTenbHo 0.1 Mm. C Touku 3peHust GU3NOJIOTHH T1a3 3TO
npoctas ontuyeckas cuctema. B 1873 r. 6p110 chopmymmpoBaHo
NpaBWJIO  ONTUYECKUX  CHCTEM,  COTJIACHO  KOTOPOMY
MUHUMAaJIbHbBIE pa3mepbl pa3arYaeMbIX neranei
paccMaTpUBaeMOro oObeKTa, He MOTYT OBITh MEHBIIIE, YeM JJINHA
BosIHBI cBeTa (400 HM). Paspemaromiast ciocOOHOCTh ONMTUYECKUX
MHUKpOCKOIOB cocTtapisieT npubnuzurenso 200 um. [loatomy
BO3HHMKJIA HEOOOAUMOCTHh B CO3JAHHUU CHUCTEM C 00jiee BBICOKOH
paspemaronieii  CnocoOHOCThIO, A  CIEAOBATEIbHO  C
BHUJICOCHCTEMAMH, MCIOJIb3YEMBIX MEHBIIME JIJIUH BOJIH, YTO U
IIPUBEJIO K CO3/IaHUIO AIEKTPOHHBIX MUKPOCKOIIOB.

Tema 4.3. Cpencrsa 2IEKTPOHHONW MUKPOCKOIIAN

B HacTosmee BpeMsi MCIOJB3YIOTCS OINPENEICHHBIA KOMIUIEKC
METOJI0B JTUarHOCTHKHU HAHOCTPYKTYD, cpenu HUX
1enecoo0pa3Ho BBIJIEIUTh Haubosiee pacHpoCTpaHEHHBIE — BCE
Pa3HOBUAHOCTH CPEACTB IEKTPOHHOW MHKPOCKOMUU BBICOKOTO
paspeiieHusi. OJTO HCTOPUYECKH TIEpBBIA NpUbOp U MeETox
peanabHO 00eceuynBaIOIINK BU3YAIN3aLUIO CTPYKTYPbl 00BEKTOB
C aTOMHBIM pa3pelICHUEM.

CkaHMpyIOIIMHA  DJIEKTPOHHBI  MMKPOCKONA  IO3BOJISET
BIUTOTHYIO IPUOJIMKATHCS 110 pa3pelIeHNIo K aTOMHOMY YPOBHIO,
COXpaHsii  BO3MOXHOCTb  MOJY4YeHUs  MHPOpPMALUU O
bu3NYECKNX, XUMUYECKHX DJEKTPUUECKUX U Jp. CBOICTBax
HCCIIETyeMbIX HAHOOOBKTOB.




5 OCHOBBI MEXaHUKH H
KOHCTPYKLUHI CpEeACTB
U3MEPECHUM
HAHOCTPYKTYPHPOBAHHBIX
00BEKTOB

Tema 5.1 OO6nactb MpUMEHEHUS] HAHOCTPYKTYPHPOBAHHBIX
00BEKTOB

Pasmeps HaHOOOBEKTOB HaxoATCs B quanazone ot 0,1 mo
100 HM. DOTOT  nAMama3oH  OPUHATO  Ha3blBaTh
Hanomacwmabdbom.  CormacHO  TpoeKkTy  TexXHUYecKoi
cnenudukanuu ISO/DTS 12805 IIPOU3BE/ICHHBIE
HAHOOOBEKTHl PA3ACNSAIOT MO MPU3HAKY T'€OMETPUUYECKOMN
GbOpMBI Ha TPU KATETOPUH: YACTHUIIBI - OOBEKTHI, UMEIOIINE
TpU pa3Mepa B HaHOMaclITade, BOJOKHA - OOBEKTHI,
UMEIOIUE JBa pa3Mepa B HaHOMacIiTade; IUIACTHHBI -
00BEKThI, UMEIOIIUE OJJUH pa3Mep B HAaHOMAcCIITaoe.
BoABIIMHCTBO HAHOOOBEKTOB UMEET YTIEPOJHYIO OCHOBY.

Jonrue roabl CYUTANOCH, 4TO YIJIEPOa  MOXKET
00pa3oBBIBaTh TOJBHKO JBE AUIOTPOIHBIC KPHUCTATMICCKUE
CTPYKTYypbl - anmMa3 ©u rpadur. Ajorponus -

CyILLIECTBOBAaHUE OJHOIO U TOTO K€ XUMHYECKOTO 3JIEMEHTA B
Hecxoxux  ¢opmax. OIHAKO B TOCIEAHHUE TOJbI OBUIH
oOHapy>KeHBl eIlle JBEe auIOTPONHBIE (OpPMBI yriepona,
UMerole OOJBIIYI0 TMEpPCHEKTUBY HUCIOJIB30BaHUSA B
HAHOTEXHOJIOTUSX.

Tema 5.2 HasnaueHue, CBOMCTBA, OCTPUMHOTO 30HIOBOTO
JlaTYMKA.

OmarM 3  OOBEKTOB HAHOMETPOJOTHH  SIBISIETCA

OCTPUMHBIA  30HIOBBIM  JAaT4YMK,  HCIOJIB3YEMBIA B
CKaHMPYIOLEH 30HI0BOM MHUKPOCKOIIMH JJIsi UCCIEAOBaHUS
pa3MepoB U CBOMCTB MOBEPXHOCTH HAHOOOBEKTOB. JlaTumk
COCTOMT U3 TMOJYNPOBOJHUKOBOTO KpHCTauia (4uIa),
THOKOM  KOHCOJHU (cobcTBEHHO KaHTHJIEBEpa) u
TBEPJOTENbHOTO 30HAAa (Uribl). OOBIYHO ATOT JaTYUK
Ha3bIBAIOT KAHTUJIEBEPOM.
['eomerpuueck  30HJ  MpeJACTaBiIseT  COOOH  WIiIy
KOHMYECKOW WM MpU3MaTH4eCKOH (OpPMBI C yrioM IpH
BepunHe 20 - 2500 u BbicoToi okoso 10 Mxm. HambGonee
BaKHasl XapaKTEpUCTUKAa 30HAA - pPaauyC 3aKpyIJICHUS
ocTpus I, 3HaUeHHE KOTOPOro oO0buHO He Oonee 1 - 25 Hwm.
Bennunna paamyca I BiauseT Ha pa3Mepel  00yacTu
IpeNenbHO  JOCTMKMMOro  paspemeHus.  CII0)KHOCTb
WU3TOTOBJIEHMS 30HJA CYHIECTBEHHO YBEIMYUBACTCA C
YMEHBIIEHUEM PaJNyca OCTPHUSL.

Texunueckue XapaKTUPUCTUKU JaTYNKa
HaHOIIepEMEIEHN
B  kauectBe  M3MepuUTENbHBIX  ImpeoOpa3oBaTeneil B
HAaHOTEXHOJIOTUU MCHOJB3YETCs NaTYUK HAHOMEPEMEIEHUH,
MPEACTABISIIONUH  COO0OH COBOKYMHOCTh MEXaHHUYECKOTO
AJIEMEHTAa M TpaH3ucTOopa. MeXaHMYEeCKMM 3JIEMEHTOM
aBIseTCs Opycok (HaHOAJIEKTpOMEXaHWYecKasi MepeMbIuKa)
U3 apCceHuJa TaJlyIus, 3aKpeIuIeHHbIH ¢ 00OMX KOHIIOB.
Pasmepsr Opycka: mmHa 3 MM, mupuHa 250 HM, TOJIIMHA
200 HM. JlerekTop mepeMelIeHUs - OJHOAIEKTPOHHBIN
TPaH3UCTOP - pacCMloJioKeH Ha paccrosHur 250 HM OT
Opycka. TpaH3UCTOp AJIEKTPHUUYECKH COEIHHEH C OpYyCKOM
yepe3 €MKOCTh. BHellHee HampshkeHHe, NPUIIOKEHHOE K




OpycKy, 3acTaBisieT ero BHOpupoBaTh. [Ipu mepemernieHun
Opycka OTHOCHTEIBHO  JIETEKTOpa HM3MEHSETCS  TOK,
MIPOTEKAIOIINHI Yepe3 TPaH3UCTOP.
Ha3nauenue naTumka CHIBI U MAacChl

B patumke cuibl M Macchl B KauyecTBE IMEPBUYHOIO
U3MEPUTEIIEHOTO npeoOpaszoBareis WCIOJIb30BaHA
OJIHOCJIOIHAs yriepoaHas HaHOTpYyOKa nuameTpoM 1 - 4 HM,
pacIioyio’)keHHass MEXAY JABYMsI 30JI0OTBIMH 3JIEKTPOJAMH.
Pa3mepsl kaHaBKH, uyepe3 KOTOPYIO MPOTSAHYTa HaHOTpyOKa:
mupua 500 vm, gmuHa 1,5 Mkm. Bonbmias ynpyrocth
VIIEpOAHONM HAHOTPYOKM TIO3BOJISIET €l KoieOaThCs B
HIMPOKOM Jihanazone 4actoT (ot 3 go 200 MI'w). Ona moxer
Takke paboTaTh B KayecTBE TPAH3UCTOPA, YTO MO3BOJISET
OmpeneNniaTh 4acToTy ee KojeOaHHMi ¢ CMelieHue
OTHOCHUTEIIbHO TIOJIOKEHUSI MOKOs. Y CTPOHCTBO paboTaeT B
BaKyyMe, MOCKOJBbKY Ha BO3AyXe OOJIBIIIOE YUCIO MOJIEKYJ
OyZger  CTalKuBaThCi C  HAHOTPYOKOM  WIM  Jaxe
abcopOupoBathCsi Ha Hel. B 3aBUCHMOCTH OT BO3JACUCTBUS
BHEIIHEW CHWJIbI HA W3MEPUTENBHBIN MpeoOpazoBaTesib OH
U3MEHSET CBOE MojokeHHe. J[oCTUrHyTash 4yBCTBUTEIBHOCTH
YCTPOICTBA MO3BOJISIET H3MEPATH cMereHne B 0,5 HM.

Haznauenue u cpepa npumMeHeHuUs 30HAOBOTO JTaTYHKA
30H0BBIN JATYUK YCTPOMICTBO, BKJIKOYAIOLIEE
TBEPAOTENbHBI OCTPUHHBIA 30HA, TUOKYIO MPYKUHHYIO
KOHCOJIb - KaHTWiIeBep (aHIu. cantilever - KOHCOJIb) U
KpucTayl (nepxatens). B nuTeparype 3TO YCTpOHCTBO
HEPEAKO HA3bIBAIOT TMPOCTO «KaHTHJIEBepom». M3rubd
KaHTUJIEBEpa C 30HIOM PETHUCTPUPYETCS OOBIYHO C
MOMOIIFI0  OTPAKEHHOTO  JIa3epHOTO Iydyka CBeTa W

q)OTOHpI/IeMHI/IKa. Pa3pema10maﬂ CIIOCOOHOCTH
CKaHUPYIOMIUX  30HJOBBIX MHUKPOCKOIIOB  OIPCACIACTCA
CJICAYIOUMHA napameTpaMmu KaHTHJICBCpA: paaunyc

3aKpYTJEHUS OCTPUSl WIJIbI; BBICOTA WIJIBL, aCHEKTHOE
COOTHOILLEHUE WIJIBl, XapaKTEpU3yeMOE YIJIOM KOHYcCa; ¥y
HauOoJee  COBEPIIEHHBIX  KaHTUJIEBEPOB  aCMEKTHOE
COOTHOILIEHUE JocTUraeT BeauuuHsl 15:1. [ u3roroneHus
KaHTUJIEBEPOB UCIIOJIb3YIOTCS MOJIYTIPOBOIHUKOBBIE
mwiactuebl  (Hanpumep,  KJIb-12:  kpemnumii  p-tuna
opueHtanuu  [11000J). Ponp  w3omMpyromero  cios
BBINOJIHSACT AuoKcua KpeMmHust SiOp. KoHconb kaHTHIeBepa
dbopMupyercss  SIEKTPOXMMHUYECKHMM  TpaBJICHHEM B
noxorpetoM pactsope menoun KOH. B mponecce
TpaBJIEHUS 3arOTOBKa MEJJICHHO MOJAHMMAETCS M3 pacTBopa
IIETI0YH JUI OTYyYeHUs] KOHMUECKON (M MPU3MaTUYECKON )
(OpPMBI UIJIBI C OCTPHIM KOHIIOM.

[IpOMBINIUIEHHOCTEIO OCBOEHBI B CEPUMHOM MPOHU3BOJICTBE

JECSATKU BUJOB KOHCTPYKIUM KaHTUJIEeBEpOB. OHU BBIMYCKAIOTCS
C OJHOW, ABYMs, TPEMsI MM YEThIpbMs KOHcoJsIMHU. KoHconb
MOXET OBITh B IUIaHE NPSIMOYTOJIBHOM WM TPEYroJIbHOM,
JUIMHHOW WJIM KOPOTKOM, C TOKPHITHEM WM 0€3 MOKPBITHUS.
Panuyc 3akpyriaeHus urisl 30542 - ot 1 10 25 HM..




4.3. Tlpaktuyeckue (CEMUHAPCKUE) 3aHITH
Tembl MpakKTUYECKUX 3aHATUN U UX TPYIOEMKOCTh IMPUBEICHBI B TA0JIHIIE 5.

Tabmuua 5 — [IpakTuyeckue 3aHATHS U UX TPYJAOEMKOCTb

N3 aux Ne
Ne | Tewmsl npaktudyeckux | @opmel IpakTU4ecKuX | TpyaoeMKOCTb, |IIPAaKTUYECKOM |pasnena
/1 3aHSTUN 3aHATUN (gac) MMOATOTOBKH, | JUCITHII
(dac) JIMHEI
Cewmectp 8
1 | UccnenoBanue [TpoBeneHue 2 1 2
MMOBEPXHOCTHU BHEIITHETO OCMOTpa M
METOIOM aToMHO- | moaroroska C3M
CHJIOBOM pabote B  pexuMe
MHUKPOCKOITHH aTOMHO-CHJIOBOM
MHUKPOCKOITAN
2 | UccnenoBanue [TpoBencHue 2 1 3
MTOBEPXHOCTHU BHEIITHETO OCMOTpa M
METOIOM atoMHO- | moarotoeka C3M «k
CHJIOBOM paboTe,  MOArOTOBKA
MHUKPOCKOITHH obOpasna K
HCCIICAOBAHUIO
3 | UccrenoBanue O6paboTka 2 1 2
MTOBEPXHOCTHU pe3yIbTaTOB
METOA0M aTOMHO- | HCCIIeIOBaHUs 00Opa3iia
CUJIOBOM U aHaU3 pe3ysbTaToB
MHUKPOCKOITHH U3MEPCHHI
4 ITonroroska [Topsimok u 2 1 3
AIIEKTPOHHOTO MOCJICA0BATEILHOCTh
MHUKPOCKOIIA U BKJIIOUEHHS U
(GYHKIMOHATBHBIX BeIKITIOYeHHs C3M
0JIOKOB (Y37I0B) K moj.Solver PRO-M
paboTe B OCHOBHBIX
paboumnx pekuMax
5 Opranuzanus [Topsinok u 2 1 3
MIPOBEJICHUS TIOBEPKH | TOCIIEA0BATEIHLHOCTh
CKaHUPYIOLINX MIPOBEJICHUS TIOBEPKU
30H/I0BBIX 9JI. MUKPOCKOTIa MOJI.
MHKPOCKOTIOB Solver PRO-M
Bcero 10 5
4.4. JlabopaTopHbIE 3aHATHS
Tembl 1a0opaTOPHBIX 3aHATUH U UX TPYIOEMKOCTh MIPUBEACHBI B Ta0OIHIIE 6.
Tabmuna 6 — JlaboparopHble 3aHATHS U UX TPYJOEMKOCTh
N3 Hux Ne
Ne HaumenoBanne 1abopatopHbIx padboT TpyROGMKOCTE, | MpaxTHieCKoii | pasnena
/1 (gac) MMOATOTOBKH, | JUCIIHAI
(gac) JIMHBI

Y4eOHBIM MJIaHOM HE IPEAYCMOTPEHO

Bceero ]




4.5. KypcoBoe npoeKkTupoBaHHe/ BBIIOIHEHUE KYPCOBOM PabOTHI
V4eOHBIM IJIaHOM HE PEAYCMOTPEHO

4.6. CamocrodrenbHas paboTa 00yJarouIxcs
Bunel camocTosiTennbHOM paboThI U €€ TPYAOSMKOCTh IPUBEICHBI B Ta0uIIe 7.

Tabmuua 7 — Bugsl caMoCcTosITeNbHON PabOTHI M €€ TPYIOEMKOCTb

. Bcero, | Cemectp 8,
Bun camocrosiTensHO#M paboThI
Jac Jac
1 2 3
N3yuenune TeopeTnyeckoro Marepuania
44 44
nucuuruael (TO)
[ToaroroBka K TeKyIieMy KOHTPOJIIO 18 18
ycneBaemoctu (TKY)
IToaroroBka K MpoOMeEXyTOUHOU
26 26
atrecrauuu (I1A)
Bcero: 88 88

5. IlepeyeHnb y4eOHO-METOAMYECKOTO OOSCIICUCHUS
JUISL CAMOCTOSITENIbHOU Pa0OThI 00YUYArOIIUXCS [0 JUCIUIUTHHE (MOJTYJTIO)
Y4eOHO-METOIMUECKUE MAaTEPHAIBI JIJII CAMOCTOSITEIIBHONH PabOThl OOYYArOIIUXCS YKa3aHbI B
. 7-11.

6. IlepeueHb MeYaTHBIX U AIEKTPOHHBIX YUEOHBIX U3AAHUIN
[lepedyeHpb neYaTHBIX U DJIEKTPOHHBIX YYeOHBIX M3/IaHUH MPHUBEIEH B Ta0IuUIE 8.
Tabnuua 8— [lepeyeHp Me4YaTHBIX U JIEKTPOHHBIX YUEOHBIX M31aHUMN

Komuectso
HK3EMILIIPOB B
Mudp/ bubnunorpaduueckas Oubmorexe
URL anpec CCBLJIKA (kpome
AINIEKTPOHHBIX
HK3EMILISIPOB)
https://www.booktech.ru/books/nanotehnologii dusznuecKkrue OCHOBEI
MHKpPO- U
HaHOAJIEKTPOHUKH,

HypHakoB A.A., /yuebHOe
nocobue/, Yp®@YV, 2020, -
252 c.

https://obuchalka.org/knigi-po-nanotehnologiyam | ®u3uveckue 0CHOBBI
HAHOTEXHOJOTHH U
HaHOMaTCpUuaJibl, CMI/IpHOB
B.U. /yuebnoe nocobue/,
ViesroBck, Yal'TVY, 2017,
240 c.

https://obuchalka.org/knigi-po-nanotehnologiyam | ba3oBbie TexHOMIOTHH
MHKpPO- U




HaHO3JIEKTPOHUKH:
BopotsiHues B.M.,
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[Ipocnexkr, 2017, -519 c.

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

Marepuaibl 1 METOIbI
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7. TlepedeHb 3JIEKTPOHHBIX 00pPa30BaTEIbHBIX PECYPCOB
UH()OPMAIIMOHHO-TEIIEKOMMYHUKAIIMOHHO# ceTH «VHTepHeT»
[MepeueHnb IIEKTPOHHBIX 00pa3oBaTebHBIX pecypcos UH(OPMAIIMOHHO-
TEJICKOMMYHHKAMOHHOW ceTn «HTepHeT», HEOOXOMMMBIX [UIi OCBOCHUS JIHCIHILIMHBI
npuBezieH B Tabnuue 9.

Tabmuia 9 — IlepedyeHb DICKTPOHHBIX O00pPA30BATEIBHBIX PECYPCOB HH(OPMAIMOHHO-
TEJIEKOMMYHUKAIIMOHHOU ceTn «HTepHEeT»

URL anpec HaumenoBanue
http://science.guap.ru Hayunas u uHHOBaIMOHHAS AesaTenbHOCTD ['Y ATT
http://www.consultant.ru | CnpaBouno-nipaBoBasi cuctema «Koncynbrant [Lmrocy
http://www.garant.ru HupopmanronHo-npaoBoii mopran «I'APAHT» U VHE
http://list-of-lit.ru Cnucok auTepaTypsl IO HAHOTEXHOJIOTUU Cmpa

/nano/nnotechnologii

8. Ilepeuens MHGOPMAITMOHHBIX TEXHOIOTHMA
8.1. [lepevyeHp MPOrpaMMHOTO OOECIEUYCHHSI, HCIIOJIB3YeMOTO TIPH OCYIICCTBICHUN
00pa30BaTeNnbpHOTO MpoIiecca Mo TUCIUTUINHE.
[TepeueHs UCTIOIB3YEMOT0 TPOTrPAMMHOTO OOecTIieueHus pecTaBieH B Tadbmuie 10.

Tabmuua 10— IlepedyeHb nporpaMMHOro o0ecreyeHHs

Ne m/m HanmenoBanue

He npenycmorpeno

8.2. Ilepeuenn MH(OPMAIIMOHHO-CITPABOYHBIX CUCTEM,HCII0NIb3yEeMbIX npu
OCYIIECTBIICHUU 00pa30BaTEIHLHOTO MPOoIiecca 1Mo JUCIUILTHHE

[lepeuenr UCHONB3yeMBIX HH(POPMAIIMOHHO-CIIPABOYHBIX CHCTEM TMPEICTaBICH B
Tabauie 11.

Tabmuua 11— Ilepeyens HHPOPMALIMOHHO-CITPABOYHBIX CHCTEM

Ne /1t HaunmenoBanue

He npenycmorpeno

9. MarepuanpHO-TeXHHYECKas Oa3a
CoctaB MaTepHanbHO-TEXHHUYECKON 0a3bl, HEOOXOAUMOW ISl  OCYIIECTBIICHUS
00pa30BaTeILHOTO MpoIiecca Mo TUCIUTLUIHHE, TIPECTaBICH B TabmuIel 2.

Tabnuna 12 — CoctaB MaTepralbHO-TEXHUYECKOH 0a3bl


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 HanmeHnoBanue cocTaBHON 4acTH Homep aynuropun
/T MaTepuaIbHO-TEXHUYECKON Oa3bl (ipu HEOOXOTUMOCTH)

1 | JleknmonHas ayiuTopus

2 JIaGoparopusi HCKYCCTBEHHOTO MHTEIIEKTa M HU(PPOBBIX 13-13
TEXHOJIOTHI B METPOJIOTHH

10. Onenounsie cpeAcTBa AJs MPOBEICHHS IPOMEXYTOYHOM aTTeCTAIIH
10.1. CoctaB OLEHOYHBIX CpPEACTBAIS TPOBEACHUS NPOMEXKYTOUHOH aTTEeCTALUH
00yJaromuxcst Mo JUCUUIUIMHE pUBeAeH B Tabnuie 13.
Ta6muma 13 — CocTaB OLEHOUHBIX CPEACTB JUIS NPOBEIACHUS IPOMEKYTOYHOM aTTECTAIINH

Buza npomexyTo4HON aTTecTaluu IlepedyeHp OLICHOUHBIX CPEACTB

3aueTr Cnucoxk BOIPOCOB;
Tectol

10.2. B kayecTBe KpUTEPHUEB OICHKH YPOBHA CGHOPMUPOBAHHOCTH (OCBOCHUS)
KOMIIETEHIIMI OOY4YaloUIMMHCS MPUMEHSETCS S5-0ajuibHasi MIKajla OLEHKU C(HOPMHUPOBAHHOCTU
KOMIICTEHIIHIA, KOTopas puBecHa B Tabumie 14. B TeueHne cemMecTpa MOXKET HCIOIb30BaThCS
100-6annpHast ~ mKaja ~ MOAYJIBHO-PEUTHHTOBOW  CHCTEMBI ~ YHUBEPCUTETa,  IpaBHJIA
UCTIOJI30BaHUSI KOTOPOMW, YCTAHOBJICHBI COOTBETCTBYIOIIUM JIOKAJIbHBIM HOPMATHUBHBIM aKTOM
['YAIL
Tabnuna 14 —Kpurepuu onieHKH ypoBHS c(hOPMUPOBAHHOCTH KOMIIETCHITHI

OreHKa KOMITETEHIUI

XapakrepucTika chopMUPOBAHHBIX KOMIIETCHITHIN
5-0ayuipHad mIKaia PaKTep (bopvmp

— oOyyaromuiicss TayOOKO M BCECTOPOHHE YCBOMWJI IIPOIPaMMHBIM
MaTepHai;

— YBEPEHHO, JIOTUYHO, I10CIIEI0BATEIbHO U TPAMOTHO €0 U3J1araer;

— OMUPAsCh HA 3HAHUS OCHOBHON W JOMOJHHUTENBHOH JUTEpaTypHI,
TECHO NPHBS3BIBAET YCBOSHHBIE HAYYHBIE TIOJIOKEHHS C TIPAKTUICCKOM
JeSITebHOCTBIO HAIIPABICHMUS,

— yMeJI0 000CHOBBIBAET U ApTyMEHTUPYET BbIJIBUTaEMbIE UM UJIEH;

— JIeJIaeT BBIBOABLI M 00OOIICHHS;

— cBOOOIHO BJIAZICET CHCTEMOH CIIENMAIM3UPOBAHHBIX MMOHITHH.

«OTIIMYHO»
GaduTCHO»

— o0yyarouiicss TBEPI0 YCBOMI MPOTPAMMHBIN MaTepuai, TPaMOTHO U
M0 CYUIECTBY M3JaraeT ero, OINUpasCh Ha 3HAHUS OCHOBHOM
JTUTEPaTypHI,

— HE JIOMYCKAET CYIIECTBEHHbBIX HETOYHOCTEH;

— YBSI3BIBAET YCBOEHHBIE 3HAHUSl C MPAKTHUYECKOW J1€ATEIbHOCTHIO
HaIlpaBJICHUS;

— apTyYMEHTUPYET HayYHBIC TTOJIOKEHNUS,

— JIeJIaeT BBIBOALI M 000OIICHHS;

— BJIAJCET CUCTEMON CIIeMAIM3UPOBAHHBIX OHSITHIA.

«XOPOIIIO)»
«3aYTCHO»

— 00yyarouuiicss yCBOMJI TOJIBKO OCHOBHOM MPOrpaMMHBIM MaTepHal,
[0 CYHIECTBY M3J1araeT €ro, OMMpasch Ha 3HAHUS TOJBKO OCHOBHOM
JUTEPaTypPhl;

— JIONyCKaeT HeCYIIECTBEHHbIE OINOKU U HETOYHOCTH;

— MCIIBITBIBAET 3aTPyJHEHHUS B IMPAKTHUECKOM NPUMEHEHUH 3HAHUH
HaIpaBIICHUS;

— cJ1ab0 apryMEeHTHPYET HayuHbI€ MTOJI0KEHHUS,

— 3aTpyaHsieTcs B (OpMYIHMPOBAHUN BBIBOJOB M 0000IICHUI;

— YaCTUYHO BJaJIe€T CUCTEMOH CIENIMAIN3UPOBAHHBIX OHITHH.

«YOOBJICTBOPUTCIIEHO»
(Ga4uTCHO»




Or11eHKa KOMITETEHITUHN

5-0aiubHas mKana

XapaxrepucTrka chopMUPOBAHHBIX KOMIIETEHIUI

MaTepuana;
— IONyCKaeT  CYIIECTBEHHbIE  OIIMOKM W  HETOYHOCTU  IIpH
«HEYIOBJIETBOPUTEIIHLHO .
paccMOTpEeHHH MPOOJIeM B KOHKPETHOM HAPaBIICHUY;
«HE 3aYTCHO»

— UCTIBITHIBACT TPYAHOCTH B MPAKTUYECKOM MPUMEHEHUH 3HAHMIA,
— HE MOXET apryMEHTHPOBATh HAYYHBIC MTOJIOKCHHS,
— He (OPMYTUPYET BHIBOJIOB M 0O0OOIIICHHUIA.

10.3. TunoBble KOHTPOJILHBIC 3aJIaHUS WIH HHBIC MATCPHAIBI.
Bormpocs! (3agaun) nis s5K3aMeHa IpeIcTaBlIeHbl B Tadymie 15.

Tab6muma 15 — Borpocs! (3agaun) 115 2K3aMeHa

Kon
Ne i/t [Tepeuyens BonmpocoB (3a1a4) 115 IK3aMeHa
UHJIMKaTopa
Y4eOHBIM IJIaHOM HE IPEJYCMOTPEHO
Bormpocsr (3amaun) nis 3avera / aud . 3adera nmpeacTaBieHsl B Tadnwuie 16.
Ta6mmma 16 — Boripocs! (3amaun) mis 3aueta / qudd. 3auera
Ko
Ne i/m [Tepeuens BompocoB (3a1a4) ais 3adera / qudd. 3auera A
WHIMKaTopa
1 OCHOBHBIE UJIEU U TIOHATUS HAHOTEXHOJIOTH 1aHHBIE B I1K-1.3.3
paborax H. Tanuryumu.
2 B kakoii oOmactu mpomseinuieHHOro Tpou3BojcTBa Brepssie | [1K-1.3.3
CTaJIM PeaIM30BbIBATh UJI€M HAHOTEXHOJIOTHI
3 Wnes nexuun 3. llpenunrepa «4To Takoe )KU3Hb C TOUKU T1K-1.3.3..
3peHust GUu3NKu»?
4 OCHOBHBIE TIOJIOKEHHS JIEKIUH, TpounTanHoi P. ®eiinmanom | [1K-1.3.3
B 1959 .
5 OCHOBHbBIE TIOHATHS U OTIpeJIeNIEHUs B 00J1aCTh I1K-1.3.3
HAaHOTEXHOJIOTHH
6 Uem HAaHOCTPYKTYHUPOBAHHBIE MaTEpUAIIbl OTIIMYAIOTCS OT IK-1.3.3
KJIACCHUYECKUX MaTepHuaioB?
7 OcHOBHBIE 0COOEHHOCTH HAaHOPa3MEPHBIX BETUYNH, UX [K-1.3.4
KOJINYECTBEHHOE 3HAUEHHE.
8 Enuauibe n3MepeHns 1 HanMEeHOBaHus B 00JacTu T1K-1.3.4
HaHOTEXHOJIOTUH
9 JIuHeltHbIe pa3Mepbl 0co0ei KUBOTHOTO MUpA U [1K-1.3.4
HCKYCCTBEHHBIX OOBEKTOB B CPAaBHUTEIHHBIX 3HAYCHHUSIX
HAHOTEXHOJIOTHH
10 OcHOBHBIE COOBITHSI UCTOPUH PA3BUTHSI HAHOTEXHOJIOTHUH B IK-1.3.3
nepuog ¢ 400 r. o H.3. o 1959 .
11 OcHOBHBIE COOBITUSI UCTOPUH PA3BUTHSI HAHOTEXHOJIOTUH B IK-1.3.3
nepuon ¢ 1959 no u/B.
12 PazHble M0IX0AbI K HAYYHOMY ONpEIETICHUI0 TEPMUHA IK-1.3.3

«HAHOTCXHOJIOT'HA»

— o0ydJaromuiics He YCBOWJ 3HAYUTEIBHOM 4YacTH MPOrPAMMHOTO




13 O pa6otax XK.1. Andeposa B 06;1acTH HAHOTEXHOJIOTUIA I1K-1.3.3
14 OcHoBuble uaen 3. Jlpekciepa o posie HaHOTEXHOJIOTHH B I1K-3.33
Pa3BUTHH COBPEMEHHOTI'0 OOIIECTBA, U3JI0)KEHHbIE B KHUIE
«MaluHbl CO3UIaHUS
15 OcHoBHbIE OLICHKHU OKUJAEMbIX napametpos | [1K-3.Y.3
HAaHOMEXaHUYECKUX YCTPOUCTB.
16 XapakTepucTHKa ¥ MPUHIIKAI padOThl HAHOYCTPOMCTBA B I1K-3.3.3
JKUBBIX OpraHu3Max (Ha nmpumepe MoJjeKyJbl «ATO
CunTazay).
17 VYriepoa B mpupojie, B 4€M 3aKITFOYACTCS €ro 0ocodast pojb? [K-1.3.4
18 [Ipocreiimne KOHCTPYKIHUU IPUOOPOB U Y3JI0B OTAEIBHBIX [1K-1.3.4
pa3IUYHBIX HAHOYCTPOICTB
19 Bosmoxnbie myTy npuMeHnenus npudopos u mamud MHT IK-1.3.4
20 b TIpuHIMITEI caMOOpraHKU3aluK, MPUCYIIHE Hanboee T1K-3.3.3
pacrpocTpaHEeHHBIM 00bEKTaM HAHOTEXHOJIOTHIA
21 [Mpunnmnser camocOopKH, pUCyIHe Hanboee I1K-3.3.3
pacrpocTpaHeHHBIM 00bEeKTaM HAHOTEXHOJIOTUI
22 Hcnonp3oBanne camoopranuzanuu B HT. OcnoBHble cBoiicTBa | [1K-6.3.1
CaMOOPTaHU3YIOIUXCS CUCTEM
23 Hanomarepuansl, HauMeHOBaHUWS, Ha3zHaueHue, ocHoBHble | [IK-1.3.4
oTpeJiesIeHus], Kakie 0OBEKThl K HUM OTHOCSATCS?
24 OcCHOBHBIE THITBI HAHOMATEPHAJIOB, pa3nenenue no npusHakam | [1K-1.3.3
U3MEPEHUH U pa3MEPHOCTH
25 OcHoBBI K1acCU(UKAIIUU U TUIBI CTPYKTYP HAHOMATEPHAJIOB | I1K-3.3.3 |
26 OcCHOBHBIE KaTETOPUHA HAHOMATEPHAIIOB [IK-3.¥.3
27 OcoOeHHOCTH CBOWMCTB HaHOMarepuanoB, HampasieHus ux | [1K-1.3.4
UCIIOJIb30BaHUS
28 OcHoBHBIE 0071aCTH TPUMEHEHUsS] 00BEKTOB HaHOCTPYKTYpHBIX | [1K-1.3.4
00BKTOB
29 Kpatkas XapaKTepUCTHKA KOHCTpYKIMOHHBIX, | [TK-3.3.3
WHCTPYMEHTAJIBHBIX U M3HOCOCTOMKHUX MaTepUaIOB
30 Hcnons30Banre HAHOMATEPUAJIOB B DJIEKTPOHHOM TEXHUKE I1K-1.3.4
Ha3nauenue, KpaTkas  XapakTepUCTHKA  SJIEKTPOHHOTO
MHUKPOCKOTIIa
31 ®dusnyeckuii cMbicn cBoiicTB DOM: yBenmuueHnwue, paspemenue, | [1K-1.3.3
paszpemiaromnasi CrtocCOOHOCTb.
32 YcnoBust hopmMupoBaHus W CcBoicTBa 3nekTpoHHOTo nyda | [IK-3.Y.3




MHUKPOCKOIIa

33 dusnueckuii cMbICT XpoMaTudeckoi abeppanun IK-1.3.3
34 B uem paznuume xapakTepucTHK pasperieHus: ontudeckoro u | I[1K-1.3.4
AJIEKTPOHHOTO MUKPOCKOIIOB

35 XapakTepucTuKa paspemarolieit criocoonoctu OM [K-1.3.4

36 Hasnavenue u ycTpoicTBO U CBOMCTBAa HCTOYHUKA AekTpoHoB | [1K-3.3.3

37 KoHcTpyKTHBHBIE 0COOEHHOCTH CUCTEMBI OCBelieHusT DM IK-1.3.4

38 YCTpoiCTBO CHCTEMBI KOPPEKIIMU acTUrMaTu3Ma B OM I1K-3.3.3

39 [IpuHnum paboThl M YCTPOMCTBO CUCTEMBI H300pakeHuss DM IK-1.3.4

40 . brnok-cxema u npuHIMT padoTs Mukpockorna BCOM I1K-3.3.3

41 bnok-cxema u npunnun nefctBust Oxe-crieKTpoMeTpa I1K-3.3.3

42 ®OTO03IeKTPOHHAS PEHTICHOBCKAsl CHeKTpockomnus, omok- | [TK-3.3.3
cXeMma, IPUHIUI JIeHCTBHS

43 @DOTOANEKTPOHHAsT PEHTTEHOBCKas crnekTpockonus, Omok- | [1K-3.3.3
cXeMa, MIPUHIIUI JICHCTBHS

44 N I1K-3.3.3

[TpuHIMn paboOTHl pAMaHOBCKOM CHEKTPOCKOITUH, OJIOK-CXEMbI

nporecca H3MEPEHHI.

45 Hasnauenme mnpunmun gedictBus  (doromomunectenTou | [1K-3.3.3
CTHEKTPOCKOITUHI

46 WNudopmanroHHble TEXHOJIOTHH B n3MepuTenbHbIX cuctemax | [1K-3.3.3

47 WudopmanroHHbIe TEXHOJIOTUU B HAHOTEXHOJIOTUSIX IK-3.3.3

48 [IpuHuMnbel W OCHOBHBIE  DJIEMEHTHI  HCKyccTBeHHOro | | [TK-1.3.4
MHTEIJIEKTa

47 dusndeckue MPUHIIMIBI JIEHCTBUS METOA0B M cpenctB macc- | [1K-1.3.3
CHEKTPOMETPUHU

48 Om3nueckass  CymHOCTh  TyHHenbHOTO  3ddekra B | [IK-1.3.3
PaIo3IEKTPOHUKA

49 IK-3.Y.3

OcHOBHBIE CBOICTBA 00BEKTOB MOJIEKYJISIPHOTO YPOBHS.
CBoiicTBa «XMMHUYECKOT0» METO/1a MPU MPOESKTUPOBAHUH
MOJIEKYJISIPHBIX TPHOOPOB.

MpeJICTaBJICHbI B Ta0nwmie 17.
Tabnuna 17 — Ilepeyens TeM Ui KypcOBOTO POEKTUPOBAHNSA/BBITIOJIHEHUS! KYpCOBOM paboThI

[lepeuenr TeM [ KypCcOBOrO TPOEKTHUPOBAHUS/BBIOIHEHUS KypCOBOW pabOThI




No i/t [TpumepHBIi nepedeHb TeM AJIsl KypCOBOTO ITPOSKTHPOBAHMSI/BBIITOTHEHHS
B KypCOBOM pabOTHI
VYueOHBIM IJIaHOM HE IPETyCMOTPEHO
Bompocsl Ui mpoBeneHHs TPOMEKYTOYHOH aTTeCTallil B BUAE TECTHPOBAHHUS

npezcTaBieHsl B Tabmuie 18.

Tabnuna 18 — [IpuMepHbIi IEpeYeHB BOIPOCOB JJIsI TECTOB

Ne . Kon
[IpumepHBIii nepeueHb BOMPOCOB ISl TECTOB
/1 WHJUKATOpa
1. UccnenoBanue MUKPO- U HAHOCTPYKTYD. . I1K-1.3.3,
Hauamo Bompoca: Kakue wMeromsl auarHoctukud HambOosee || ITK-1.3.4

pacrpocTpaHeHbl Ul UCCIeI0BaHNs (PU3NUECKUX IapaMeTpPOB U
XapaKTePUCTHK HAHOOOBEKTOB:

- JJIEKTPOHHAsi MUKPOCKOIIHUS BBICOKOT'O pa3peleHMs;

- OTpa)kaTelbHas SJCKTPOHHAS MUKPOCKOIIUS;

- MUKPOCKOIHSI MEJIEHHBIX JIEKTPOHOB.;

- ONTHYECKast MUKPOCKOTIHSL.

2. Baxueilme TEXHOJOIMYECKUE JOCTHKEHHMS BO BTOPOM
TIOJIOBHHE JIBAJIIIATOTO CTOJIETHSI.

Hauano Bonpoca: Yto crnocoOcTBOBajI0, B HAMOOJIBIIEH CTENEHH,
WHTCHCUBHOMY  pa3BUTHIO HAHOTEXHOJIOTHMH B CTpaHe W 3a
pyoexom?

Hauano Bompoca:

- TEXHOJIOTUS CO3JJaHUs AJIEKTPOBAKYYMHBIX ITPHOOPOB;

- CO3/1aHUE MUKPOMO/IYJIbHBIX 3JIEMEHTOB;

- CO3/1aHUE MHTETrpalIbHBIX N1€YATHBIX I1J1aT;

- CO3/1aHWE TIOJIYIPOBOJAHUKOBBIX 3JIEMEHTOB JJIEKTPOHHOU
TEXHHUKH.

3. ®usnyeckas CymHoCTh 3akoHa ['opaona Mypa.

Hauano Bompoca: B uem 3akirouaercs CMbICT 3MIHUPHYECKOTO
3akoHa Mypa?

- OOBSCHAT NMPUHIMI MOJY4YEHUsS YEepHO-0€10ro H300paxKeHus
KaJpa TeIeBU30pa;

- 3aKOH OOBSICHAET  NPUHIIMUII (YHKLIMOHUPOBAHUS
OIITOBOJIOKOHHOTO 3JIEMEHTA,

- IIpeJIeJIbHBIE TPaHMIIbI OBICTPOICHCTBHS KOMIIBIOTEPA,

- TIpe/IeTbHOE YHCIIO PAa3MEUICHUsT TPAH3MCTOPOB HAa IEYaTHOU
I1aTe KOMIIBIOTEpPA.

4. CpencrBa U3MepeHus JJi UCCIET0BaHUSI HAHOCTPYKTYP.
Hauano Bompoca: B 4yem 3akitoyaercsi OCHOBHBIE JOCTOMHCTBA
3JIEKTPOHHOTO MUKpPOCKOMa?

- YIIy4IlIeHbl BECOBbIE U Ta0apUTHBIE XapaKTEPUCTUKU NPUOOPOB,
- BO3MOXXHOCTH IU(POBOTO TMPEICTABICHHUS PE3yIbTATOB
aHaMn3a;

- Oomee COBEpIICHHAs, 10 CPaBHEHHIO C ONTHYECKUM
MHUKPOCKOIIOM, cucrema MOJTyYSHUS U300paKeHHS
Ha0II01aEMOr0 00OBEKTA;

- BO3MOKHOCTB TOJy4eHusi Oosiee pazHOOOpa3HOi nHpopManuu
00 00BEKTE;

- TIpeJIeIIbl YBEJIMYEHUS UCCIIelyeMOro 0ObeKTa.

5. OCHOBHBIE TTApaMETPHI M XapaKTEPUCTHKH MUKPOCKOTIOB.




Hauvamo  Bompoca: HazoButre  mpenenbHble  3HA4YEHUSA
XapaKTEPUCTUKU YBEIMYECHHS ONITUYECKOr0 MUKPOCKOMA:
- 100 pas;
- 200 pas;
- 400 pas3;
- 700 pas;
- 1000 pas3;
- 1500 pa3
6. OcHOBHBIE TapaMempbl U XapaKTEPUCTUKH MUKPOCKOTIOB.
Hauanmo  Bompoca: IlpenenpHble  3HAQUYEHUST  YBEIWYCHUS
ANEKTPOHHOTO MUKPOCKOIIA:
- 1000 pas3;
- 2000 pas;
- 5000 pas3;
- 8000 pas3;
- 1muH. pas;
- 2 MJIH. pa3

7. OcHOBHBIE TapaMempbl U XapaKTEPUCTUKU MUKPOCKOIIOB.
Hawano  Bompoca: Yem  ompepensercs  paspeliaromias
CIOCOOHOCTh ONTHYECKOT'O MHUKPOCKOTIA!
- YPOBHEM OCBEIIEHHOCTU paboueil JIMH3bL;
- BEJIMYUHON (POKYCHOTO PaCCTOSHHS;

- COBEPIIECHCTBOM OTKJIOHSIOIIEH CUCTEMBI;

- JNIMHOW BOJIHBI CBETA.
8.OcHOBHBIE TApaMETPhI 1 XapaKTEPUCTUKHA MUKPOCKOIIOB.
Hauanmo  Bompoca: Uem  ompenensieTcss — paspeniaromiast
CHOCOOHOCTH IEKTPOHHOTO MUKPOCKOTIA:
- KOHCTPYKIIMEH CUCTEMBI U300pakKeHHsI MUKPOCKOTIa;
- YCTPOWMCTBOM 3JIEKTPOHHOM MYILIKH,
- CUCTEMOM CUMTBIBAHUS PE3YJIbTAaTOB 00paOOTKH N3MEPEHUN;
- pacCTOSTHUEM IPOJIETa AIIEKTPOHA;
- CKOPOCTBIO MPOJIeTa 3JIEKTPOHA.
9. IIpenmy1iecTBa 3IEKTPOHHOTO MUKPOCKOTIA.
Hauano Bompoca: Uem oOBbsCHSIETCS BBICOKAs pa3pelraronias
CIOCOOHOCTh JIEKTPOHHOI'O MHKPOCKOMA:
- TEOMETPUUECKUMH pa3MepamMu pabodeil 30HbI;
- HCII0JIb30BAaHUEM AJIEKTPOHHOTO MTOTOKA BMECTO CBETOBOTO
MOTOKA;
- JUIMHOM BOJIHBI JIEKTPOHA.
10. OcHOBHBIE TApAMETPHI U XAPAKTEPUCTUKH SIIEKTPOHHBIX
MHUKPOCKOTIOB.
Hauano Bompoca: OT uero 3aBUCUT BETMYUHA BOJIHbI
AJIEKTPOHHOTO MOTOKA B MUKPOCKOTIE:
- rabapuThl paboueil 30HbI;
- BeJIMUMHOMW HAIPSHKEHUS HA aHOJIE;
- KOHCTPYKIIMEH CUCTEMBI U300paKeHHSI MUKPOCKOTIA,
- APXUTEKTYPHI OTKJIOHSIONIEH CUCTEMBI MHKPOCKOTIA

11. Kakas cepusi CTaHJApTOB B HACTOSIIEE BpEMs SBIISETCS
OCHOBHOM /I cTaH/1apTOB U3 obiactu UT?

a. cepus 25000;

b. cepus 9000;

c. cepus 14000;




d. cepus 16000.

12. Beigenute 1Ba OCHOBHBIX cTaHaapTa B oomactu UT.
a. 12207:1995;

b. 19760:2003;

c. 16326:1999;

d. 90003:2004;

.€.15288:2002.

13.Ha3zoBute ab0peBUaTypy MEKIYHAPOIHOTO COKO3a
AIIEKTPOCBSI3H:

a. IEEE;

b. IEC;

c. ITU;

d. I1SO.

[lepeyeHb TeM KOHTPOJIBHBIX PabOT MO AMCHHUIUIMHE OOYYAIONIMXCS 3a04HON (HOPMBI
0o0ydeHus1, Ipe/ICTaBJICHbI B Ta0mie 19.

Ta6mmma 19 — [lepeyeHb KOHTPOJIBHBIX PadbOT

Ne /i [TepeyeHp KOHTPOJIBLHBIX PabOT

He npenycmotpeno

10.4. Meroauueckue  Marepuaibl,  ONpPEAENAIONIMEe  HPOLEIypbl  OLIEHUBAHMS
WH/IMKATOPOB, XapaKTEpU3YIOMIUX dSTanbl (HOPMUPOBAHMS KOMIIETCHLIMH, COAEpKaTcs B
JOKAJIBHBIX HOpMaTuBHBIX akTax [YAII, pernameHTUpyOIIUX NOPSAAOK M IMPOLERYPY
IIPOBEJCHUS TEKYLIEr0 KOHTPOJISL YCIIEBAEMOCTH U IMPOMEKYTOUYHOM aTTeCTalluu 00yJaromuxcs
I'VAIL

11. Meroauveckue yKazaHus i1 00y4JaroUXCsl IO OCBOSHUIO TUCIUILIMHBI

11.1. MeTtoauueckre yka3zaHus [N OOYYAIOIIUXCS 1O OCBOCHHMIO JIEKIIMOHHOTO
Marepuaia

OcHOBHOE Ha3HAYeHHE JIEKIIMOHHOTO MaTepuana — JIOTUYECKH CTPOHHOE, CHCTEMHOE,
MIyOOKOE€ W SICHOE€ M3JIOKEeHHE ydeOHOro marepuana. HasHaueHme COBpEeMEHHOHN JEKIMH B
paMKax JUCIUIUIMHBI HE B TOM, YTOOBI MOJYYUTh BCIO MH(OPMAIMIO 1O TeME, a B OCBOCHUU
(GyHIaMEHTAIBHBIX MPOoOJeM JAWCIHUILIAHBI, METOJOB HAyYHOTO TIO3HAHUS, HOBEHIINX
JOCTHKEHUI HaydyHOW MBICTU. B yueOHOM mpoliecce JEKIUs BBIMONHIET METOJOJOTHYECKYIO,
OpPTaHHW3AIMOHHYI0 U MHPOPMAITMOHHYI0 (QYHKIUHU. JIeKIus pacKphiBaeT MOHATHIHHBIN ammapat
KOHKpPETHOW oO0jacTu 3HaHUA, €€ MpoOJIEeMBbl, JaeT IEeNbHOE MPEJCTaBICHHUE O TUCIHUILIMHE,
MOKA3bIBACT B3aUMOCBS3b C JIPYTUMU JTUCIATLTTHAMH.

[TnaHupyeMble pe3yJIbTaThl IPH OCBOCHUN 00YYAIOIIUMHUCS JICKIIMOHHOTO MaTepUaa;

— TIONyYeHHE COBPEMEHHBIX, IIEJIOCTHBIX, B3aMMOCBS3aHHBIX 3HAHWUH, YpPOBCHB
KOTOPBIX OIPEEISIETCS LEJIEBOM YCTAaHOBKOM K Ka)KJ10M KOHKPETHOU TEME;

— TIONy4YeHHE OMBITa TBOPUYECKOHN pabOTHI COBMECTHO C MPEIOIaBaTEIeM;

— pasBuTHE TPO(ECCHOHATHLHO-IETOBBIX  KadecTB, JIIOOBH K  TIpeAMETy U
CaMOCTOSITEIbHOTO TBOPYECKOTO MBIIIJICHUS.

— TOsBIIEHHWE HEOOXOAMMOT0 HHTEpEca, HEOOXOAMMOTO JIsi CAMOCTOSITENILHON paOoTHI;

— TIONy4YeHHe 3HAaHUH O COBPEMEHHOM YPOBHE pa3BUTHS HAYKH M TEXHUKH U O
MPOTHO3€ UX Pa3BUTHS HA OJIMKAMIIINE TOIBL;

— HAYYUTHCS METOAMYECKH 00padaThiBaTh MaTepHal (BBIACIATH TJIABHBIC MBICTH M
MOJIOKCHUS, TPHUXOJUTh K KOHKPETHBIM BBIBOJIAaM, TIOBTOPSATh WX B  Pa3IMYHBIX
bopmynupoBKax);




— TONy4YeHHE TOYHOTO OHUMAaHUS BCEX HEOOXOJAUMBIX TEPMHHOB U TIOHSTHH.

JIeKuMOHHBIA MaTepual MOXKET COMNPOBOXKIATHCA JAEMOHCTpAllUC  ClaiiIoB U
UCIIOJIb30BAaHUEM pa3JaTOYHOTO MaTepuajga IMpH MPOBEICHUU KOPOTKHX JHUCKYCCUH 00
0COOEHHOCTSIX TPUMEHEHHUS OTJEIIbHBIX TEMATHK IO JUCIUTUIMHE.

CrTpyKTypa npeocTaBiICHHs JEKIIMOHHOTO MaTepuana:

— JICKIIUM COTJIaCHO pazzenam (Tadi.3) u remam (1ab1.4).

11.2. MeTtoau4ueckue ykazaHUs UIsi OOYYaIONMIUXCS O TPOXOXKICHUIO MPAKTHUUYECKUX
3aHATUH

[TpakTudeckoe 3aHSATHE SIBISETCS OMHONW M3 OCHOBHBIX ()OpPM OpTraHU3alHUH y4eOHOTO
mpoliecca, 3aKJIF0YArOIIascs B BHIIOJHEHUH O0YYAIOIIMMHUCS T10J] PyKOBOJICTBOM MpEIOaBaTes
KOMIUIEKCa YYeOHBIX 33aJaHUN C IEJIbI0 YCBOSHUS HAYYHO-TEOPETUYECKHMX OCHOB YUeOHOU
JTUCIUTIIIMHBI, PUOOPETEHUS YMEHUN U HaBBIKOB, OIIBITA TBOPYECKOM S TEIBHOCTH.

[lenpro MPaKTUYECKOTO 3aHATHS I 00YUYAIOMIETOCs SIBISICTCS IPUBUTHE 00YUJaIOIUMCS
YMEHHH U HABBIKOB MPAKTUYECKOU NEATEIHHOCTH 110 U3y4aeMOM JTUCIUILINHE.

[Tnaaupyemblie pe3yabTaThl MPU OCBOCHUHU 00YUYAIONIUMCS MPAKTUYCCKUX 3aHITHIA:

— 3aKperuvieHue, yriayOJleHue, pacliMpeHHe M JAeTalu3alus 3HAHUWA TNpU PelIeHUU
KOHKPETHBIX 33714,

— pa3BUTHE I[IO3HABATENIBHBIX CIIOCOOHOCTEH, CaMOCTOSITEIBHOCTH  MBIIUICHUS,
TBOPYECKOIN aKTUBHOCTH;

— OBIIQJICHHE HOBBIMH METOJaMH M METOJUKaMU H3Y4YeHHUS KOHKPETHOH y4yeOHOI
IUCILUTUIHHEL

— BBIpAa0OOTKAa CIOCOOHOCTH JIOTMUECKOTO OCMBICIECHMSI IOJYyYEHHBIX 3HAHUW IS
BBITIOJTHEHMS 3aJJaHHI;

— ofecrnieueHue palMOHAIBLHOTO COYETaHUsl KOJUICKTUBHOM U MHAMBHAyalbHOU (opM
oOyueHusl.

TpebGoBaHust K MPOBEACHUIO NPAKTUYECKUX 3aHITUN

[TpakTrueckue 3aHATHS POBOISTCS B CIEAYIOMUX hopMax:

— MOJAETUPOBaHME CHUTYyallMi MPUMEHUTENbHO K Mpoduiaro mnpodeccHOoHANTbHOMN
JeSITEIbBHOCTH 00Yy4aroIIuXCsl;

— pelIeHue CUTYAIIMOHHBIX 3a/1a4

— TpYNIOBasi AUCKYCCHSL.

[IperoaBaTens MNpU NPOBEAEHUM 3aHATHH BBINOJHSAET (YHKIMIO KOHCYJIBTAaHTA,
KOTOpBI HANpaBisieT KOJUIEKTUBHYIO padOTy CTYJE€HTOB Ha MPUHATHE MPABHIBHOTO PELIEHUS.
3aHsATHE OCYLIECTBISETCS B IUATOTOBOM PEXUME, OCHOBHBIMU CYOBEKTaMH KOTOPOTO SIBJISFOTCS
CTYIEHTHI.

11.3. Meroauueckue ykazaHus sl OOYYaIOMIMXCS 10 MPOXO0KICHUIO CAMOCTOSITEITHHOM
paboThI

B xone BBIMOMHEHUS] CaMOCTOSITENHPHOM pabOThI, 00yJarONTUiCs BBHITOIHAET pabOTy 1O
3aJJaHUI0 ¥ TIPU METOJUUYECKOM PYKOBOJCTBE IperojaBaTelisi, HoO 0e3 ero HernocpeiCTBEHHOIo
y4acTusl.

Jns oOyyaromuxcst 1mo 3aoyHoi (opme oOydeHHs, CaMOCTOSATENbHAas pabdoTa MOXKET
BKJTFOYATh B CEOsI KOHTPOIBHYIO padoTYy.

B mnporiecce BBIMOTHEHHUSI CaMOCTOSITENbHONW paboThl, y oOydaromierocs (popMHpYyeTcs
1esnecoo0pa3Hoe IIAHUPOBaHUE Pabouero BpeMeHH, KOTOPOE MO3BOJIIET UM pa3BUBATh YMEHMUS
U HaBBIKM B YCBOCHHMU U CHUCTEMAaTH3alMHM MPUOOpETaeMbIX 3HAHUH, 00ecredrBaeT BBICOKUI
YpOBEHb YCIEBAEMOCTH B TMEpPHOJ OOYy4YeHMs, MOMOraeT TMOJYYUTh HABBIKU ITOBBIIICHUS
po(hecCHOHATLHOTO YPOBHSL.

MetoauyeckumMi ~ MaTepuaiaMH,  HalpaBSIIOIIMMH  CaMOCTOSTEIbHYIO  paloTy
00y4aromuxcs SBISIOTCS:



—  y4eOHO-METOIMYECKUN MaTepHal 1o TUCIHILIHNHE;

11.4. Metoauueckue yKazaHusl JUIsl OOyYaroIIMXCsS IO IPOXOXKICHUIO TEKYLIETro
KOHTPOJISI YCIIEBAEMOCTH.

Texkymuil KOHTpPOJIb YCIEBAEMOCTH IIPEIyCMaTpPUBACT KOHTPOJIb KadecTBa 3HAHUU
00y4aroIuXxcsl, OCYLIECTBISEMOIO B TEYEHUE CEMEeCTpa C IIeJIbI0 OLEHUBAHMS XOJa OCBOCHMS
JUCLUIUIMHBI.

CryneHT mocie BBIIOJHEHHUS, CAAYd W 3aIlUThl MPAKTHMYECKUX pabOT AOIMYyCKaeTcs K
cobece0BaHUIO TP NPOXOXKICHUU aTTeCTalluu B (JOpME IK3aMEHa.

11.5. Meroauyeckue ykazaHus st OOYYarONIMXCS MO MPOXOXKICHUIO MPOMEXYTOUHOU
aTTeCTallUU.

[Ipomexyrounas  arrecranus  OOydaloOmUXCs — MPeaycMaTpUBaeT  OIICHWBAHUE
MIPOMEKYTOUHBIX U OKOHYATEIbHBIX PE3ylbTaTOB 00y4YeHMs MO aucHumuinHe. OHa BKIIIOYAeT B
ceost:

— D9JK3aMeH — (opma OLIEHKM 3HaHUH, MOJNYYEHHBIX OOYYalOIIKUMCA B MPOLIECCE
W3YYEHHUS BCEW MUCHUIUIMHBI WM €€ YaCTH, HAaBBIKOB CAMOCTOSITENLHOM paboThl, CIIOCOOHOCTH
MPUMEHATh MX JJIs pPEHICHUs MPAKTHUYECKUX 3ajad. JK3aMeH, Kak MpPaBWIO, MPOBOJUTCS B
nepuoj, SK3aMEHAIIMOHHOW CECCHMM W 3aBEpIIAeTCs aTTECTAIlMOHHOM OIICHKOM «OTIMYHOY,
«XOPOIIOY, «KYTOBICTBOPUTEIHEHO», «HEYTOBIECTBOPUTEILHOY.

Cucrema OLIEHOK MPHU MPOBEACHUM TEKYIIETO KOHTPOJIS U MPOMEKYTOUHON aTTecTaluu

OCYLIECTBIISIETC B COOTBETCTBUM C PYKOBOIAIIMM JOKyMeHTOM opranuzamuu PJIO T'VAIL
CMK 3.76 «IlonoxxeHrue O TEKyIIeM KOHTpPOJIE yCIIEBAEMOCTH M IMPOMEXYTOUHOH aTTecTaluu
CTYJICHTOB M AacCIUpaHTOB, OOYYaroOIIMXCs IO O0O0pa30BaTEJbHBIM MPOrPaMMaM BBICIIETO
obpaszoBanus B 'YAID» https://docs.quap.ru/quap/2020/sto_smk-3-76.pdf.

Cucrema OLEHOK IpPU IMPOBEIECHUU NPOMEKYTOUHOW aTTECTAllMU OCYLIECTBIIAETCS B
cooTBeTcTBUM C TpeboBaHusMU [losnokeHnit «O TekyleM KOHTpOJIE YCIIEBAEMOCTH U
IPOMEXYTOUHOM arrectanuu cryneHToB ['YAII, oOywaromuxcs Mo nporpaMmamM BbICIIETO
oOpazoBanusi» U «O MOAYJIBHO-PEUTHHIOBON CHCTEME OIIEHKM KadecTBa Y4eOHOH paboThI
ctyneHToB B ['YAIID».

JIuct BHECeHUS! U3MEHEHUH B pabouyro MporpaMmy JAUCHUIUINHBI

Jlata BHeceHUs

W3MEHECHUU U Harta n Ne
. [Tonnuce
JIOTIOJTHEHUH. . . MPOTOKOJIA
Copaeprxkanrie U3MEHEHUI U JOTIOJTHEHU I 3aB.
IMoamuce 3acemanus o
kadeapou
BHECIIETO Kageapsl

U3MCHCHUA
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