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Pabouass mporpamma aucuurinHbl (Moaynsi) «Pusznka HAHOCTPYKTyp» /cocT. KanameToB
A.A. — Hampunk: KbI'Y, 2021. - 19 c.

Pabouas mporpamMMa npeHazHaueHa IS MpenoAaBaHus AUCHMILIUHBL (Moayis) «Pusnka
HaHOCTPYKTYp» BapUMaTUBHOM 4acTu nuciMIuinH 1o Beibopy b1.B./1B.04.01. GakanaBpam o4HOI
dbopmbl 00ydeHMs 1o HampaieHHto moAroToBku 11.03.04 DnexTpoHWKa W HAHOAJIEKTPOHHKA
npodmis CoBpeMeHHbIe HHPOPMALIMOHHBIE TEXHOJIOTUHU B JIEKTPOHHON TEXHUKE, 00yJaromuxcs B
4 cemectpe, 2 Kypca.

Pabouas mporpamMma TUCHMIUIMHBI (MOAys) «DU3MKa HAHOCTPYKTYpP» COCTaBJIEHA C yYETOM
(dbenepalbHOTO TOCYAapCTBEHHOTO 00pa30BaTEIBLHOTO CTaHAApTa BBICHIETO OOpa30BaHUS 10
HanpasJyieHUIo MoAroToBky 11.03.04 DnekTpoHNKa U HAHOZJIEKTPOHUKA, YTBEPKACHHOTO ITPUKA30M
MunucrtepcTBa 00pazoBanus U Hayku Poccuiickoit @enepammn «12» mapta 2015 1. No218.
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1.lesb 1 3212494 OCBOCHUSA AUCHUIIMHBI (MO1YJIA)

Heab kypca «®Pusnka HAHOCTPYKTYp»: H3yuUeHHE KIIOYEBBIX (PU3MUYECKUX SIBICHUN Ha
HaHOMAacIITabHOM ypoBHE, (hOPMHUPOBAHHE 3HAHUN B 001acTH 0a30BBIX (PU3UUYECKHUX MPHUHITUTIOB
MOCTPOCHUSA U (DYHKIIMOHUPOBAHMUS HAHOCHCTEM, a TaKkKe pa3pabOTKH, CO3JaHMS U NPHUMEHEHHs
CHEIHMATbHBIX MaTepUaIOB, UCTIOJIb3yEMbIX HAHOTEXHOJIOTHUSX.

3agauamMu Kypca SIBISIOTCS: aHaJIM3 HAaHOOOBEKTOB, M3Y4YEHUE B3aumojeicTBusi Bau-nep-
Baanbca Ha HaHOYpOBHE, BIMSHHE OOBEMa U MOBEPXHOCTH HA (hU3HUECKHE CBOICTBA HAaHOCTPYK-
Typ, MEXaHuKa HaHOOOBEKTOB, KylOHOBCKOe B3aMMOJEHCTBHE Ha HAHOYPOBHE, OINTHYECKUE
CBOMCTBa HAaHOOOBEKTOB, MarHUTHbIE CBOMCTBA HAHOOOBEKTOB, METOJbl CHHTE3a HAHOOOBEKTOB,
METO/bI HCCIIEIOBAHUS HAHOOOBEKTOB M HAHOCUCTEM.

2. Mecto nucummuinnbl B ctpykrype OIIOIT BO

Jucnumnmaa «Pusnka HaHOCTPYKTYp» B cTpykType OIIOII BO BKIItOUEHa B BapHATUBHYIO
yacth Osoka b1.B.JIB.04.01. (nucuumianna no BeiObopy) u u3yyaercs Oakanaspamu 11.03.04 Dnek-
TPOHHUKA U HAHOAJIEKTPOHUKA, podmib CoBpeMeHHbIe HH(POPMAIIMOHHBIE TEXHOJIOTUHU B AJIEKTPOH -
HOU TeXHHKE B 4 cemecTpe 2 Kypca.

JucuuniauHa onupaeTcs Ha 3HaHUS,, YMEHUSI U KOMIIETEHIIMH, TpUoOpeTeHHbIe U chopMHpo-
BaHHBIC B pe3yJbTaTe W3yYEHUs JUCLHUIUIMH MaTeMaTHYecKoro M (M3MYEeCKOro MOJyJeH, auc-
nuIuinHbl « TH(OpMalinOHHbBIE TEXHOIOTHUNY.

OcBoeHne JaHHOW JUCIUIUIMHBI, B CBOIO OYepeib, HEOOXO0AUMO ISl YCIEUTHOIO YCBOCHUS,
B MOCIIEAYIOIIEM, TAKON JTUCHUILINHBI, KaK «PU3HYecKre CBOMCTBA HAHOCTPYKTYP M HECTPYKTYpH-
pPOBaHHBIX MaTepualioB», «CBOICTBa YIIIepOAHBIX HAHOCTPYKTYp (rpadeH, HaHOTPyOKH, dyruiepe-
HBI)».

3 TpeGoBaHus K pe3y/IbTaTaM OCBOECHHS CO/AEPKAHUS AN CUMIIJIMHBI
[Tporiecc M3ydeHus OUCHMIUIMHBI HANpaBieH HAa (OPMHUPOBAHUE DJIEMEHTOB CIICAYIOLIMX
koMmriereHui B cootBercTBur ¢ @I'OC BO u OIIOII BO no nanHOMY HampaBJIEHHIO MOATOTOBKH

CO CIICAYIOIIMMHU KPUTEPUSIMHU OLIEHUBAHUS PE3yJIbTaTOB O0yUCHHS:

npodeccuonanbubix (I1K):

e CroCOOHOCTBIO CTPOUTH NpocTeiine (u3nyeckre M MaTeMaTHYeCKHe MOJeNd NpHOOpOB,
CXEM, YCTPOMCTB M YCTaHOBOK 3JICKTPOHUKH W HAHODJIEKTPOHHUKH PA3IUYHOTO (PYHKIIMOHAIb-
HOT'O Ha3HAYEHUS, a TAK)KE MCIOJIb30BaTh CTaHIAPTHHIE IPOTPAaMMHBIE CPEICTBA UX KOMIIBIO-
tepHoro monenuposanus (I1K-1);

B pesynbraTe 0OCBOCHUS NUCIUILTMHBI 00YYaIONUIACS JTOKEH:
3uamu: MECTO U POJIb MaTEMaTHYECKUX MOJIETIEH TEXHOJIOTHYECKUX IPOLIECCOB, MOIYIPOBOIHUKO-
BbIX Npudopos u UMC B obmnactu pa3paboTKu U IPOU3BOJICTBA COBPEMEHHBIX U3/1€TIUI AJIEKTPOH -
HOW TEXHUKH; OCHOBBI METPOJIOTMH U CTaHAAPTU3ALINU, OCHOBHBIE METO/bI U3MEPEHUS (PU3NUECKUX
BEJIMYMH, HOMEHKJIATypy METPOJIOrMUECKUX XapaKTEPUCTUK U MPUHIIMII JEHCTBUSI pa3Iu4HbIX
THUIIOB CPECTB U3MEPEHUI.
Vmems: Bo1OMpaTh pyHAaMeHTaTbHBIC (PU3NYECKIE YPAaBHEHUS TIPU 33JaHHBIX OTPAaHUYCHUSAX U HA
UX OCHOBE CO3/1aBaTh MaTeMaTHUECKUE MOJENH ISl KOHKPETHBIX TEXHOJIOTHYECKHX MPOLIECCOB,
MOJTYTIPOBOHUKOBBIX TPUOOPOB U MHTETPATHHBIM MUKPOCXEM; MPABUIILHO BBIOMPATh CPENICTBA
U3MepeHuil, pa3pabaTbiBaTh METOAMKH BHITIOJIHEHUS U3MEPEHUH, OCYIIECTBISATh KOHTPOJIb 32
COCTOSIHEM U IPUMEHEHUEM KOHTPOJIbHO-U3MEPUTEIBLHOTO 000PYJ0BaHUS, IPOBOAUTH KAIMOPOB-
Ky CpPEJICTB U3MEPEHMI; NCClIeI0BaTh HAHOOOBEKTHI.
Braodemyw: coBpeMEHHBIM MaTEMaTUUYECKUM allapaToM, UCIIOIb3yEMBIM JUIsl IOCTPOEHUSI MOIee
MOJIyTIPOBOAHUKOBBIX Tpr6opoB 1 UMC; coBpeMeHHBIMH ITpOrpaMMaMH MaTEMaTHYECKOro MOJIe-
JTUPOBAHMS; METOJaMH 00paOOTKH M OLIEHKH IOTPEITHOCTH PE3yIbTaTOB H3MEPEHHIA.

4. Conep:kanme M CTPYKTYpa IMCHHUIIIHHBI



Cooeporcanue pazoenoe OucyunIuHbl

Taommra 1
Coneprxanue pasnuena Kon
koHTpon | dopma
Ne Hanmeno- UPYEMOH | TEKy-
pas3x | BaHHE KOMIIE- 1Iero
ena | paszgena TEHLUUU | KOHTPO
(wm  ee | A
YacTH)
1 Beenenne | Ctpykrypa kypca. PeilitunroBbie Meponpusarus. Pe- | IIK-1, 13,
KOoMeHayemas Jreparypa. Llenp u 3agaum  Kypcea. [P, K,
TepMHUHOJIOTHSI, HEKOTOPBIE ONpPEACICHUS U MOHATHUA. PK, T
XapakTepHble OTJIMYMS HAHOCHUCTEM M MPUYUHBI UX
nosiBjeHus1. HekoTtopele M3 MPUOPUTETHBIX HamlpasJe-
HUW HAHOCTPYKTYPHOW TEXHOJIOTHH.

2 OHepreTH- | J{MdNeKTpuKkH, NOJyNpOBOAHUKM U npoBoaHuku. | [IK-1, 13,
YeCcKHue JoHops! u akuenTopsl. [1oABMKHOCTE U 3IEKTPOINPO- I1P, K,
30HBI BOAHOCTh. D(dexTrBHBIE Macchl. DKCUTOHBI. [ToBepx- PK, T
HaHO- HocTh Depmu. OOpaTHOE MPOCTPAHCTBO M PEIIETKA.

CTPYKTYp | DHepreTHuecKuidl CHEeKTp JJIEKTPOHHBIX M (DOTOHHBIX
BO30YKJICHHI B CHCTEMaX MOHWKEHHOW pa3MEpHOCTH:
pa3MepHOE KBAaHTOBAaHUE B JIBYXMEPHOM M OJIHOMEp-
HOM CIy4YasiXx, KBaHTOBbIE TOYKH, KBAHTOBBIC IPOBO-
JIOKU, KBAHTOBBIE SIMBI.

3 MeTtonb! MexaHOCHHTE3, JAETOHAIMOHHBIN cuUHTE3 W 3nekTpo- | [1K-1, 13,
CUHTE3a B3pbIB. ['a3oda3Hblii cuHTE3 (KOHIEHCAIMsI MapoB). [P, K,
HaHO- IInasmoxumudeckuii cunre3. OcaxkJaeHue U3 KOJIIOW/I- PK, T
OOBEKTOB | HBIX pPAacTBOpOB. TepMmuueckoe pasloKeHHE U

BOCCTAHOBJICHHE.
4 Ouzuka | OcobenHocTH (U3MYECKUX B3auMoJeicTBUIl Ha HaHo- | [1K-1, 13,
HAHO- MacmtabHOM ypoBHE. Posib 00beMa 1 TOBEPXHOCTH Ha [P, K,

OOBEKTOB | (M3MUECKUE CBOWCTBA HAHOCTPYKTYp. ATOMHAas PK, T

CTPYKTypa HJ€aJbHOM IOBepXHOCTU. PeanmbHas no-
BepxHOCTh. JledexTsl. JluHaMuka aToMOB B 00beMe U
Ha TIOBEPXHOCTH. CBEPXPEILETKH.

Mexanuka HaHOOOBEKTOB. MexaHndyeckue konebaHus,
cuia TpeHus. KyloHOBCKOe B3aMMOICICTBHE.
OnTuyeckue CBOWCTBA KBAaHTOBO-PAa3MEPHBIX CTPYK-
Typ. OCOOEHHOCTH pacHpOCTpaHEHUsI CBETa B HAHO-
CTPYKTYPUPOBAaHHBIX cpefax. MarHuTHble CBOMCTBa
HAaHOOOBEKTOB.




5 Metoner | Knaccuduxamms METOLOB HUCCIEN0BAHUSA
UCCJIEIOB | HAHOOOBEKTOB u HaHOCHUCTEM. Onrnueckas
aHus MUKPOCKOIIHUS. KondoxkanpabIit MHUKPOCKOIL.
HaHOOOBb | Mukpockon OJIIKHETO TIOJTSI. Henunetino-
€KTOB M | ONTUYECKUA MUKPOCKOII.

HaHOCHUCT OneKkTpoHHass W HOHHAsg CHEKTPOCKONMS U
eM MUKpocKomusg. OCHOBHBbIE METOAbl CKaHUPYIOIIEH
30HJ0BOM MUKPOCKOIIMH U CIEKTPOCKOIHH.

MK-1, |13,
P, K,
PK, T

B tabmune 1 mpuBoAMTCS OMMCAaHHE COAEPIKAHUS AMCUUIUIMHBI, CTPYKTYPUPOBAHHOE IO
paszenam, ¢ yKa3aHHEM O KaXIOMY paszeiy (opMbl TEKyIIEro KOHTPOJIS: 3alinTa JIabopaTopHOH
pa6otsl (JIP), kypcosoii pabotsl (KP), komtokBuym (K), pydexusiii koutpons (PK), TectupoBanue

(T)u ..

Cmpykmypa oucyuniunl
OO61mast TpyA0€MKOCTh AUCLHHUIUIMHBI COCTABISAET 3 3a4eTHbIE equHULBI (144 yacoB)

Tao0nuua 2
Bun pa6otsi TpyaoeMKOCTb, 4achl
4 cemecTp Bcero

O01mast Tpy10eMKOCTh (B 4acax) 144 144

KonraktHas pa6ora (B yacax): 51 51

Jlexyuonnvie 3auamus (J1) 17 17

Ilpaxmuueckue pabomut (I1P) 34 34

CamocTosiTesqibHasi padoTa (B yacax): 66 66

Kypcosas pabota (KP)/ Kypcosoii mpoekTt (KIT) He npegycmotpen He npegycmorpen

CamocTosTenbHOE U3YUYEeHUE pa3iesioB/TeM

IToaroroBka M NpoOXoKIeHUE POMEKYTOYHOM 27 27

aTTrecTanuu

Bun npomexyTouHOM atTecTaluu JK3aMeH

Jlekyuonnvle 3anamusn
Tabmuua 3

No

1. | Crpykrypa kypca. Pelitunrossie meponpusitusi. Pekomennyemast nureparypa. Llens u 3ana-
4yl Kypca. TepMHHOIOT s, HEKOTOPBIE ONPEIEICHUS U TTOHATHUSI.

2. | XapakTepHble OTVINYMS HAHOCUCTEM U IIPUUMHBI UX NosiBIeHUs. HekoTopele u3 npuopurer-
HBIX HAIIPABJICHUI HAHOCTPYKTYPHOM TEXHOJIOTHH.

3. | JIMRAEKTPUKH, NTOJYIPOBOJAHUKH U IPOBOAHUKH. JTOHOPHI M aKIIENTOPBI.

4. | [loABMKHOCTD U BJIEKTPONPOBOTHOCTh. D PeKTUBHBIE MACCHL. DKCUTOHBI.

5. | IloBepxnocth ®epmu. OOpaTHOE NPOCTPAHCTBO U PELIETKA.

6. | DHepreTHYECKuil CIIeKTp AMEKTPOHHBIX U (POTOHHBIX BO30YKJICHUN B CHCTEMaX MOHM)KEH-
HOM pa3MepHOCTH: pa3MepHOE KBAHTOBAHHE B IByXMEPHOM U OJJHOMEPHOM CIy4asiX, KBaH-
TOBBIE TOUKH, KBAHTOBBIE TPOBOJIOKH, KBAHTOBBIE SIMBI.

7. MeXaHOCHHTE3, IETOHAIIMOHHBIN CUHTE3 U DJIEKTPOB3PHIB.

8. | I'azodaszuelil cunTe3 (KOHACHCAIUs TapoB). [11a3MOXMMHUYECKUN CUHTE3.

9. | Ocaxnenue U3 KOJJIOUIHBIX pacTBOPOB. TepMuueckoe pas3iiokeHne U BOCCTAHOBIJICHHUE.

10. | OcobGenHoctu (pU3NYECKUX B3aUMOJICHCTBUI HA HAHOMACIITAOHOM yYpOBHE.

11. | Ponp 00BbeMa 1 MOBEPXHOCTH HAa (PU3NYECKUE CBOMCTBA HAHOCTPYKTYD.




12. | AToMHas CTpPYKTypa UaealbHOM MoBepXHOCTH. PeanpHasi moBepXHOCTh. JleeKThI.

13. | /lunaMuka aTOMOB B 00beMe M Ha MOBEPXHOCTH. CBEPXPEIIETKH.

14. | Mexanuka HaHOOOBEKTOB. MexaHndeckue konebanus, cuia TpeHus. KyJoHoBckoe B3au-
MOJICHCTBUE.

15. | OnTuueckue CBOMCTBAa KBAHTOBO-PAa3MEPHBIX CTPYKTYp. OCOOCHHOCTH pacpOCTpaHEHUs
CBETa B HAHOCTPYKTYPUPOBAHHBIX cpefiaX. MarHUTHbIE CBOMCTBA HAHOOOBEKTOB.

16. | Knaccudukamus MEeTo10B HCCIEA0BaHUS HAHOOOBEKTOB U HAHOCUCTEM. OnTHYeCKas
Mukpockomnus. KonpokanpHblit MUKpOcKo. MuKpockon OmmkHero nois. HenuneliHo-
ONTUYECKUI MUKPOCKOII.

17. | DnexTpoHHAasl U MOHHAS CIIEKTPOCKOIMHUS 1 MUKPOCKONHs. OCHOBHBIE METO/IbI
CKaHMPYIOIIEH 30HI0BOM MUKPOCKOIIMHU U CIEKTPOCKOIHH.

Ilpaxmuueckue pabomot
Tabnuma 4.
Ne Tema
[TocTpoeHne cTpyKTypHON MOJIENH YIJIEPOIHON HAHOTPYOKH ¢ METANIMYECKUMH U TIO-
1 JYTIPOBOJHUKOBBIMU CBOWCTBAMU C 3a/IaHHBIMU MHJIEKCAaMU XUPATBHOCTHU (n,m) — Kpe-
CEIIbHOM, 3Ur3a000pa3HOM, XMPAILHOM.
5 W3yuenre BOZMOKHOCTEH 1 MPHOOpPETEeHNE HABBIKOB paOOTHI C CHCTEMOI MOAETHPOBa-
HUsl HaHO0OBEKTOB RasMol.
3 MoenupoBaHie HAHOOOBEKTOB I10 33JaHHIO TpernoaBarens B cucreMe RasMol
4 IIpoBeneHne 3KCIEPUMEHTAIBHBIX HUCCIEHOBAaHUM 10 3JIEKTPOHHO-CTUMYJIUPOBAHHOU
azcopOLMu KUCIOpO/ia Ha MOBEPXHOCTH CBHHIIA.
[IpnoOpeTenne HaBBIKOB pabOTHI C MPOTPAMMHBIM O00ECIICUEHHUEM, ITO3BOJISIOIINM
5 PErUCTPUPOBATD OXKE-CIEKTPBI, CIIEKTPbI BTOPUYHOU IEKTPOHHON SMUCCHHU, CIIEKTPOB
XapaKTEPUCTUYECKUX MOTEPh IHEPTUU ANEKTPOHAMHU
W3ydyenue mpoueaypsl 3arpy3ku oOpaslia 4yepe3 CUCTEMY HUIF030BaHMsI, HACTPOMKHU
6 MPUEMHOTO TpaKTa JUIsl 3alUCU PACIPENEIICHUS] BTOPUYHO-3MUTTUPOBAHHBIX 3IICK-
TPOHOB U €r0 NEPBOM MPONU3BOJIHOM.
7 [TonyyeHne HaBBIKOB pabOTHI C AIMEKTPOHHBIM MHUKpockoriom QX3plus.
3 N3yueHue BHENIHETO BUAA MUKPOKAHAJIBHBIX IUIACTUH C THOMOIIBIO 3JIEKTPOHHOIO
mukpockomna QX3plus.
CamocTrosiTe/IbHOE H3yUYeHHe Pa3/1es 0B AUCHUIIIMHBI
Tabmuia 5.
No Bonpocul, gvinocumvle Ha camocmoamenvHoe usydenue
1 DHEeproaHaau3aTopsl 3apsLKEHHBIX YACTHIL
2 [IpueMHBII TPAKT 3JIEKTPOHHOTO CHEKTPOMETPA MOBEPXHOCTH
3 [TpoGieMbI KOTMYECTBEHHOHN 0Ke-CIIEKTPOCKOIHH
4 O061aCTH MCTIOJIB30BAHUSL DJICKTPOHHON CIIEKTPOCKOIIUU TOBEPXHOCTH
5 duznyeckre 0CHOBHI oxke-crekTpockonuu, PIC, YOIC, PODC
6 Bomnpocs! nHTEpOpeTayy CHEKTPOB BTOPUYHOM 3JIEKTPOHHOM 3MHUCCUH
7 Croco6 pacyera yriepoAHBIX HAHOTPYOOK C METAIUIMYECKUMU W TOJIYIIPOBOIHUKO-
BbIMU CBOMCTBAMM C 33JaHHBIMHM MHJIEKCAMU XUPAJTbHOCTH
8 TexHOIOTHS H3rOTOBJICHUSI MUKPOKAHAIBHBIX TUIACTUH




Buibl BO3/1eMCTBUSI HA TOBEPXHOCT.

10 ConpoBoskIaroIye siBICHUs IPU BO30YKICHUH MOBEPXHOCTH
11 [Tonyuyenue u u3MepeHne CBEPXBBICOKOI0 BaKyyMa

12 BakyyMmHbI€ yCIIOBUS M IPUYHHBI 3aTPSA3HEHUS TIOBEPXHOCTHU
13 Onektpuueckoe nuddepeHnmpoBanme

14 OMHUCCHOHHBIE METO/bl TUATHOCTUKHU

15 Tunuyabie 0J0K-CXeMbl CIEKTPATbHBIX YCTAHOBOK




5. OueHouyHbIe MaTepPHAIbI A/ TEKYIEro U Py0e;KHOr0 KOHTPOJISI YCIIeBAeMOCTH M IIPOMeXKY-

TOYHOM aTTeCTAllUH

5.1. KosiokBuym

B CCMCECTPC MPOBOAATCA 3 KOJUIOKBHUYMaA, KOTOPBIC OLICHUBAIOTCA 110 8 OamioB KaKIbIH.

Bonpocut, évinocumsle Ha Koa10KeUYM
(koumpoaupyemoie komnemenyuu I[1K-1)

Ilepeviit Konnokeuym

L.

2
3.
4.
5.

XapakTepHble OTJIMYMSA HAHOCUCTEM U IPUYUHBI UX IOSABICHUA. HekoTopble U3 MPUOPUTETHBIX
HaNpaBJICHUN HAHOCTPYKTYPHOU TEXHOJIOTUH.

JIMDIIEKTPUKY, TIOJIYIIPOBOJHUKH U IIPOBOJAHUKU. JIOHOPBI ¥ aKLIENITOPBI.

[ToABMKHOCTD U ANEKTPONPOBOIHOCTD. DPPEKTUBHBIE MACCHl. DKCUTOHBI.

[ToBepxHocTh @epmu. OOpaTHOE MPOCTPAHCTBO U PEILIETKA.

DHEPreTUYECKUN CIEKTP DJIEKTPOHHBIX M (POTOHHBIX BO30YKICHHH B CHCTEMax MOHIKEHHON
Pa3MEpHOCTH: pa3MEpPHOE KBAHTOBAHHME B JIBYXMEPHOM U OJHOMEPHOM CllydasiX, KBaHTOBbIE
TOYKH, KBAHTOBBIE ITPOBOJIOKU, KBAHTOBBIE SIMBI.

Bmopoi konnoxeuym

S

MexaHOCHHTE3, JETOHALMOHHBIN CUHTE3 U AJIEKTPOB3PBIB.

["a3odasnbiit cuHTe3 (KOHAeHCalus mapoB). [I1a3smMoxumudeckuii cuHTes.

OcaxxJieHne U3 KOJJIOUJHBIX pacTBOPOB. Tepmuueckoe pas3iiokeHUe U BOCCTAHOBIICHHUE.
OcobeHHoCcTH (PU3UIECKUX B3aMMOJICHCTBHI HA HAHOMACIITAOHOM YPOBHE.

Ponp 06beMa 1 MOBEpXHOCTH Ha (hpU3NYECKHe CBOMCTBA HAHOCTPYKTYP.

ATOMHas CTPYKTypa UjealbHON MoBepXHOCTU. PeanbHas moBepXHOCTh. JlepeKThlI.

Tpemuii konnoxeuym

1.
2.

JluHamuka aToMOB B 00beMe U Ha MOBEPXHOCTH. CBEPXPEIISTKH.

Mexanuka HaHOOOBEKTOB. MexaHndeckue Koyiebanus, cuia TpeHus. KyloHoBCkoe B3auMoeii-
CTBHE.

OnTHueckue CBOMCTBA KBAHTOBO-pa3MEpHbBIX CTPYKTYp. OCOOEHHOCTH pacnpoCTpaHEHHs CBETa
B HAHOCTPYKTYPHPOBAHHBIX cpefax. MarHUTHBIE CBOMCTBA HAHOOOBEKTOB.

Knaccudukanmst METO10B UCCIeI0BaHMS HAHOOOHEKTOB M HAHOCUCTEM.

OnTnueckas Mukpockonus. KoHGpOKanbHBI MHKpOCKON. MUKPOCKOIN OIMKHETO TMOJIS.
HennneitHo-oNTHYECKUIT MUKPOCKOTI.

DNEeKTpOHHAs U MOHHAs CHEKTPOCKOMHUS M MUKpPOCKONUs. OCHOBHBIE METOJIbl CKaHUPYIOUIEH
30HI0BOMl MUKPOCKOTIUHU U CIIEKTPOCKOTIHH.

Pekomenoayuu npu noo2omoeke K KoJJ10KeUymMy

popaboTaTh KOHCIIEKTHI JIEKIHHA MO0 BOIPOCAaM KOJUIOKBUYMA;

MIPOYNUTATh OCHOBHYIO U JIOIIOJIHUTEIBHYIO JIUTEPATYPY, PEKOMEHIOBAHHYIO 110 N3y4aeMbIM
BOIIPOCAM;

OTBETUTH Ha BOIPOCHI KOJJIOKBUYMA;

IIPY 3aTPYIHEHUSX, TPOKOHCYJIBTUPOBATHCS C IPETNOABATEIIEM.

Kpumepuu ouyenusanusn



Onenka

HEY/I0BJIETBOPHTEIbHO YIOBJIETBOPHTEJIb- XOpoIIo OTJINYHO

2 6aJiIa HO 4 0aJ11a 6 0aJL10B 8 0a10B
CryneHT He 3HaeT 3HaunuTeNb- | CTyIeHT noBepx- | CtyaeHT xopomio | CTyIeHT B TIOJHOM
HOW YacTH BOMPOCOB, JOIyC- | HOCTHO 3HAET BOMPO- | 3HACT MaTepuai, | o0beme 3HAET
KaeT CYIICCTBEHHBIC ONIMOKHU | CBI KOJUIOKBHYMa, | TPAMOTHO H IO Cy- | MaTepua, TIpamoT-

B OTBCTAax Ha BOIIPOCHI.

JIOMYCKaeT HETOYHO-
CTH B OTBETE Ha
BOIIPOC

IIECTBY HM3JIaraet
€ro, JOIycKasi He-
KOTOpPbIC HETOYHO-
CTH B OTBETC Ha
BOIIPOC.

HO U MO CYIIECTBY

u3jaraet ero, He
JOMyCKasi  CylIie-
CTBCHHBIX  HETOY-

HOCTEHN B OTBETE HA
BOIIPOC.
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5.2. O0pa3ubl TECTOBBIX 3aJaHUI
(koumponupyemvie komnemenyuu I[1K-1)

Nel. B HaHOCTPYKTYpHON TEXHOJIOTHH PHOPUTETHBIMH HAIIPABICHUAMH SBIISIOTCS S

A)MONEKyIISIpHBIN TU3aiiH MaTepuaioB U BEIIECTB;

b)naHonporieccopsl ¢ HU3KUM YPOBHEM 3HEpronoTpeOieHus U Oosiee BBHICOKOH MPOU3BOAUTEIBHO-
CTBIO;

B)HOBBIE 37IeMEHTBI BAKYYMHOM 3JIEKTPOHUKH;

INnebomnbume no pazmepy 3Y ¢ MyJIbTUTEPAOUTHBIM 00BEMOM MaMSITH;

JI)HOBBIE CXEMBI TUIA3MEHHOM AIIEKTPOHUKHY;

E)HOBBIE NIeKapCTBEHHBIE TIPETapaThl ¥ METOII aJIPECHOM JJOCTABKH CBEPXMAJIBIX JI03 B OPTaHH3M;
JK)HOBBIE METOABI MOHHUTOPHHIA OKPY)KAIOIEH Cpelbl UM OpraHu3Ma 4ejoBeKa C HCHOJIb30BaHHEM
HAHOCEHCOPOB.

Ne 2 MatepuanbHblii 00BEKT B BUIC YHOPSAOYSHHBIX UM CAMOYTIOPSIIOYEHHBIX, CBA3aHHBIX MEXIY
cO0OH AJIEMEHTOB ¢ HAaHOMETPUYECKUMHU XapakTepucTuueckumu pazmepamu (1-100uM), koomepa-
1Usl KOTOPBIX 00ecreunBaeT BOZHUKHOBEHHE Y 00BEKTa HOBBIX CBOMCTB — ATO

A. Hanomarepuaisl

b. Hanonayka

B. Hanorexnuka

I'. Hanocucrema

J1. HaHocHucTeMOTeXHUKA

E. HanorexHonorun

7K. HanoguarsocTuka

Ne3. Haubonee xapakTepHBIMHU NPOSBICHUAMU «HAHOMHUPa» JIake MO CPAaBHEHUIO C TPAJUIIMOH-
HBIMHA O0BEKTAMH C MAaKpPOCKOIMMYCCKUMHU XAPAKTCPUCTUUCCKUMU pa3sMEpaMu CICAYET MPU3HATh:
A)nosiBJICHNE TPAJAUIIMOHHBIX BUJIOB CHMMETPHH, 0COOBIX BHIOB CONPSKEHUS IPAaHUIL pa3/iena;
b)nosiBenne HeTpaaAUIIMOHHBIX BUIOB CAMMETPHH, OCOOBIX BUIOB COTIPSDKCHUSI TPAHUIL pa3felia;
B)nomuHMpoBaHuEe CaMOYIOPSAOYEHUS M CaMOOPTraHU3aIMHM HaJ MpPOIecCaMH HCKYCCTBEHHOTO
YIOPSITOYCHHUS;

I")ioMUHMpOBaHUE MCKYCCTBEHHOTO YHOPSJIOUYEHHs HaJ MPOLeCcCaMH CaMOYIOPSIOUEHHUs U caMo-
OpTaHU3aINH;

JI)BbICOKasi «1oJieBash» (dJIeKTpUYecKas, MarHWTHast) aKTUBHOCTh M «KaTaJlUTHYECKas» (XUMHUYE-
CKasl) U30MpaTEeIbHOCTh MOBEPXHOCTH aHCaMOJIel Ha OCHOBE HAaHOYACTHIL;

E)oObIunblii XapakTep MpPOTEKaHUs MPOIECCOB MEpeaaydl SHEPIUu, 3apsiia, OTIUYAIOUIMXCS HU3-
KHM SHEPronoTpeOIeHHeM U BBICOKOH CKOPOCTHIO.

K)ocoOr1ii xapakTep MpoTEKaHUs MPOLIECCOB NMEepeaayl IHEPTUH, 3apsi/ia, OTIMYAIOIIUXCS HU3KUM
JHEPronoTPEOICHNEM U BBICOKOH CKOPOCTHIO.

Ned. HeoOxommMocTh N3ydeHHs CBOMCTB 00BbEKTOB ¢ HAHOCTPYKTYPHBIMU pa3MepaMHt CBsI3aHa
A) C nosiBneHreM HEOOBIUHBIX XapaKTEPUCTHK

b) C nosiBnenneM HOBBIX CBOMCTB M HEOOBIYHBIX XapaKTEPUCTUK

B) C nosiBnenreM HOBBIX CBOMCTB

Ne5. HanoctpykTypa, iMeronias Hops0K TOJIBKO B OTHOM U3MEPEHHUH, Ha3bIBAETCS
A) KBanToBast Touka
b) KBanroBas mpoBosioka

B) KBanroBas sima

No6. TUNHMYHBIN PEICTABUTEND MOTYPOBOIHUKOBBIX coenunennii A"BY
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A)CdSe
B)AsGa
B) ZnS

Ne7. Pumckue nudpsl B 06030auennu A"BY oznauaror
A) Ilepuoasr Tabauie Meneneena

b) I'pynmns! Tabnuisl Menaeneesa

B) BanentHocTh 351€eMEHTOB

Ne8. Cxonbko pemerok bpase BO3MOKHO 1Sl AIBYMEPHOTO CiIydast
A)2
b)3
B) 4
s
1) 6

Ne9. HEBO3MOXHBIU croco6 yrnopsaouenns B 1ByMEPHOM CITydae
A) KBanpatHsiii

b) IIpocToii mpsIMOyTOJIBHBIN

B) LlenTprpoBaHHBII NPSAMOYTOIbHBIN

I') OxToroHanbHbII

J1) I'excaroHanbHbIi

Nel0. B TBepbIX Tenax dHEpreTHUECKUE YPOBHU aTomMa
A) He 00pa3ytoT 30HBI ¢ HIETSIMU MEXTy HUMU

b) OGpa3ytoT 30HHI C MIETIMHA MEXKTy HUIMHU

B) O6pa3zytot 30HBI O€3 1Ieneil Mex 1y HUMU

Memooduueckue pekomenoayuu no nO020mMoeKe K mecmuposanuio
TecTel — 3TO BONPOCHI WM 33JIaHUs, NIPEAYCMATPUBAOIINE KOHKPETHBIN, KPAaTKUN, YETKUN

OTBET Ha MMEIOIIMECS HTAIOHBI OTBETOB. 1Ipy caMOCTOATENBHON TOATOTOBKE K TECTUPOBAHUIO CTY-

JICHTY HEOOXOIUMO:

a) TOTOBSICh K TECTUPOBaHMIO, MpopaboTaTth MH(GOPMAIIMOHHBIN MaTepuan 1o aucuuruinHe. I1po-
KOHCYJIbTUPOBATHCS C MPEno/iaBaTesieM 10 BOIPOoCy BbIOOpa yueOHOMN JIUTEpaTyphl;

0) 4eTKO BBIICHUTE BCE YCJIOBHUS TECTHUPOBAHUS 3apaHee. 3HaTh, CKOJIBKO TecToB Bam Oyner npex-
JI0’)KEHO, CKOJIbKO BPEMEHU OTBOJIUTCS HA TECTUPOBAHUE, KAKOBA CHUCTEMA OLICHKHU PE3yJIbTaTOB U
T.J.

B) mpucTynas K paboTe ¢ TecTaMHi, BHUMATEIbHO U JI0 KOHIIa MIPOYTHUTE BOIIPOC U MpeJiaraeMbie
BapHaHTHl OTBETOB. BriOepuTe npaBuibHbIE (MX MOXKET OBITh HECKOJIbKO). Ha oTaenbHOM JIMCTKe
OTBETOB BBIMUIIUTE LIU(PY BOIpoca U OYKBHI, COOTBETCTBYIONLINE MPABUIbHBIM OTBETAM;

I') B IIPOLIECCE PELICHMsI KEJIATEIIbHO IPUMEHATh HECKOJIBKO IOJIXOJO0B B PEIIECHUH 3aJaHUsA. JTO
MO3BOJIIET MaKCHMajbHO THMOKO ONEpUpOBaTh METOJIAaMHU pELICHHs, Haxolsi KaXIbld pa3
ONTHMAaJbHBIN BapHaHT.

1) ecnu Bel BcTpeTmiin upe3Bbl4aiiHO TpyAHBIN Juisi Bac Bompoc, He TpaTbTe MHOI'O BPEMEHHU Ha
Hero. [Iepexonure k 1pyruMm tectaM. BepHuTech K TpyAHOMY BOIIPOCY B KOHIIE.

€) 00s13aTeTbHO OCTaBhTE BPEMS JUIsl MPOBEPKHU OTBETOB, YTOOBI N30€KaTh MEXaHUYECKHUX OIIMOOK.

Kpumepuu ouyenusanusn
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Onenka

Hey/10BJIeTBOPUTEIbHO Y0BJIETBOPUTE/Ib- XO0po1Io OTJIMYHO
0 6as10B HO 3 6aJju1a 4 danaa 5 6as10B
Menee 50 % npaBwibHO BbI- | 50-70% mpaBuibHO | 71-85% mnpaBuib- | 86-100% mnpaBuib-

HOJIHEHHBIX 3aJaHUM.

BBIMTOJIHEHHBIX 3aj1a-
HU.

HO BBIIIOJHEHHBIX
3aJaHUH.

HO BBINOJHEHHBIX
3aJaHUH.
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5.3. 3aganus aos 1a00paTOPHBIX 3AHATHI
(koumponupyemvie komnemenyuu I[1K-1)

JlabopaTopHBI MPAKTHUKYM SIBISICTCS BAXKHBIM JJIEMEHTOM OOy4YeHUs, T.K. MPUBUBAET
HaBBIKM CaMOCTOSITEILHOM pabOTHl Ha pa3IUYHOM JIA0OPATOPHOM OOOPYJAOBAHMM WU yMEHHUE
MOJIb30BATHCS PA3NIMYHBIMU TPUOOPAMU U HHCTPYMEHTAMHU.

Ilpumep  munoeou  nadopamopuoit  paoomer  «HM3yuenue  eneuineco  euoa
MUKPOKAHAIbHBIX NIAACIMUH C ROMOWbIO IJ1EKMPOHHO020 Mukpockona QX3plusy

Heab padoThl: MONyYeHUE MPAKTUUECKUX HABBIKOB MPU M3YyUYCHUHM BHEITHETO BUAA MHUKPO-
KaHaJbHBIX IIACTHH C MTOMOIIBIO JIEKTPOHHOTO MUKpockomna QX3plus.

MeTtoanyeckue yKa3aHus
BeimonHeHme kaxaoii 1abopaTopHOI paObOTHI CKIIAIBIBACTCS U3 CIEAYIONINX ITAIOB.

1. CamocrosiTenbHas MOATOTOBKA CTyAEHTOB K pabote. Ilepen Hawamom pabOTHI CTYACHTHI
JIOJDKHBI YETKO TIPEACTABISATH ceOe 1elb paboThl, CYINIHOCTh OKHAAEMBIX Pe3yJbTaToB. JJIs 3TOTO
HE00XO0IMMO MOATOTOBUTHCS TeopeTuuecku. CTyIeHThI, He MOATOTOBUBIINECS K pabOTe B COOTBET-
CTBHH C 3TUMH TPEOOBAHUSIMH, K BBITIOJTHEHUIO paOOTHI HE JOMYCKAIOTCSI.

2. [IpoBeeHne HKCIEPUMEHTA. DTOT ATAIl OCYIIECTBIISETCS B COOTBETCTBUHU C METOANYECKUMU
yKa3aHUsIMH, KOTOPBIE COAEPKATCS B OMUCAHUU K KaKI0i padote. JlabopaTtopHbie pabOTHI HA TIEp-
COHAJIBHOM KOMITBIOTEPE CTYIEHT MOXKET HauaTh TOJBKO MOCie cobeceoBaHMs C MperoaBaTeeM
Y TIOJTyYEHUSI COOTBETCTBYIOIIETO fMomycka. [Ipu pabote B maGopaTopun HEOOXOIUMO CTPOTO BBI-
MOJTHATH BCE MPaBUiIa TEXHUKU O€30MAaCHOCTH U yKa3aHUs MPEeroaaBaTers.

3. CocraBieHue oTueTa o npojienaHHoi pabdore. K oTdery o BbIOJHEHHON paboTe MpeabsiB-
JSIOTCS CIeAyIoNe TpeOOBaHUS:

OTueT MOIDKEH COJepKaTh HCUEPIBIBAIOIIME JaHHBIE, KaK O IEeNd paboThl, TaK H O
pe3yJbTarax B CIEAYIOUIeH MOCIeI0BATEIbHOCTH:
® 33/1aHUE;
® TeopeTuyecKoe 000OCHOBAHUE TEMBI;
® OSKCIIEpUMEHTAJLHBIE PE3YIIbTATHI;
e 0oO0muMe BBIBOABI O paboTe U 3aKIIOUEHHE.
Tekct oTueTa TOHKEH OBITh HAITMCAH aKKYPATHO M pa300PUUBO OT PYKH HIIH TIPE/ICTABIICH B
BUJIE pacIieyaTKy, TOCe KOMIBIOTEPHOU BEpCTKU. B 000uX CiiydasiX TEKCT JOJKEH MPEACTaBIATh
co0o¥ TorhYecKoe U3JI0KEHUE CyIIecTBa Borpoca. OT4eT MOKEeH OBITh MOHSATEH IS KaXKJI0TO UM -
Taromero 6e3 Kakux-Jndo JOMOIHUTEBHBIX BOIIPOCOB y COCTABUTENEH OTUeTA.
4. Tlocne mpeACTaBICHUSI OTYETA CTYIEHT JIOJDKEH WMETh, KAK MHHUMYM, ITOBEPXHOCTHBIC
3HaHUS TIO0 KOHTPOJIBHBIM BOIIPOCaM K paboTe, NMEIOIIUMCS B METOIMYECKUX YKa3aHUSIX, U eMy
BBICTaBJIsIETCs 0asll, KOTOPHIM OIICHEHA JTaHHasl JlabopaTtopHas padoTa.

6.1IpomexyTouHasi arrecTauust
(koumponupyemvie komnemenyuu I[1K-1)

Cnucok 0CHOGHbBIX 60NPOCOB K IKZAMEHY
XapakTepHble OTINYMS HAHOCUCTEM U IIPUYUHBI X MOSBICHUS.
HekoTopble U3 NIPUOPUTETHBIX HAIIPABICHUN HAHOCTPYKTYPHOU TEXHOJIOTUH.
JIMpIeKTpHUKH, TOJTYIPOBOIHUKH U IIPOBOAHUKH.
JIOHOpPBI U aKLIENTOPHI.
[ToABMKHOCTD U ANEKTPONPOBOIHOCTD. DPPEKTUBHBIE MACCHI. DKCUTOHBI.
IToBepxHocTh @epmu. OO6paTHOE MPOCTPAHCTBO U PEIETKA.
DHEPreTUYEeCKUN CTIEKTP AJECKTPOHHBIX U (DOTOHHBIX BO3OYXKICHUN B CHCTEMax TOHIKEHHON
Pa3MEPHOCTU: Pa3MEPHOE KBAHTOBAHKE B IBYXMEPHOM U OJJHOMEPHOM CIIydasix.

NNk W =
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8. DHepreTnyeckuil CreKTp JIEKTPOHHBIX M (POTOHHBIX BO30YXKIEHHH B CHCTEMax MOHM)KEHHOU
pa3MepHOCTHU: KBAHTOBBIE TOUKH, KBAHTOBBIE IPOBOJIOKH, KBAHTOBBIE SIMBI.

9. MexaHOCUHTE3, AETOHALIMOHHBIA CUHTE3 U 3JIEKTPOB3PHIB.

10. I'a3oda3zublii cuHTe3 (KOHIEHCAIIUS TTApOB).

11. TIna3MOXMMHYECKUI CUHTE3.

12. OcaxxneHue u3 KOJUIOUIHBIX PAaCTBOPOB.

13. Tepmuueckoe pa3iioKeHNUE U BOCCTAHOBIICHUE.

14. OcobeHHOCTH PU3NYECKUX B3aUMOJICHCTBHUI Ha HAHOMACIITAOHOM YPOBHE.

15. Posib 00beMa M MOBEPXHOCTH Ha (pU3HUECKUE CBOMCTBA HAHOCTPYKTYDP.

16. ATomMHas CTpyKTypa UACIbHON TOBEPXHOCTHU. PeanbHast MOBEPXHOCTB.

17. Hedexrsl. luHaMuka aToMOB B 00beMe U Ha TIOBEPXHOCTH.

18. Cepxpemerku.

19. MexaHnka HAaHOOOBEKTOB.

20. Mexanundeckue Kojebanus, cuiia TpeHus. KyJToHOBCKOe B3aMOJICHCTBHE.

21. OnTuueckue cBOMCTBa KBAHTOBO-PAa3MEPHBIX CTPYKTYP.

22. OcoOEHHOCTH pacIpOCTpaHEHUS CBETa B HAHOCTPYKTYPHUPOBAHHBIX Cpeax.

23. MarHuTHbIe CBOIICTBa HAHOOOBEKTOB.

24. Knaccudukaiys METOI0B UCCIICIOBAHNUS HAHOOOBEKTOB M HAHOCHCTEM.

25. Ontuyeckas MUKPOCKOIIHS.

26. KoHpokanbHbI MUKPOCKOIIL.

27. MUKpOCKOTI OJIMKHETO TOJISL.

28. HenmnHenHO-0NTHYECKUIT MUKPOCKOTI.

29. DneKTpoHHAsI U NOHHASI CIIEKTPOCKOINS ¥ MUKPOCKOIIHSI.

30. OCHOBHBIE METO/IbI CKAHUPYIOIIEH 30HI0BON MUKPOCKOIINY U CIIEKTPOCKOIHUU.

Memoouueckue pekomenoayuu npu nOO20mMoeKe K IK3AMeHy

[ToaroTroBka CTy/IGHTOB K 3a4eTy BKIIOYAET MPOPaOOTKY JEKIMH, B TEUCHHUE CEMECTpa U He-
MMOCPEJICTBEHHYIO TTOJTOTOBKY B JIHHU, MPEAIICCTBYIOIINE 3a4eTy, BKIIIOUasi, KOHEUHO, TTOJATOTOBKY K
KOJJIOKBUYMaM, TECTUPOBAHUIO, BHIMIOJTHEHUIO TAOOPATOPHBIX pabOT U UX 3aIIUTY.

JI1st TOATOTOBKM K OTBETaM BOIPOCHI 3adeTa (OHU BBIJAIOTCS B KOHIIE CEMECTpPa) CTYACHT
JIOJIKEH UCIOJIb30BaTh HE TOJIBKO KypC JIEKIMI, HO U OCHOBHYIO U JOTIOJHUTENbHYIO JIUTEPATYPY
JUTsI BBIPAOOTKH YMEHUS JaBaTh Pa3BEPHYTHIC OTBETHI HAa MOCTABICHHBIE BOIIPOCHI.

B xone moAroToBkH K 3a4eTy CTYACHTY HEOOXOAMMO oOpaliarh BHUMaHUE HE TOJIBKO Ha
YPOBEHB 3alIOMHHAHMS, HO U Ha CTETICHh MOHUMAHUS U3y9aeMbIX BOIPOCOB. A ATO JOCTUTACTCS HE
MPOCTHIM 3ayYMBAHMEM, & YCBOCHHEM IPOYHBIX CHCTEMATH3WPOBAHHBIX 3HAHUN aHAJTUTHYECKUM
MbIuieHneM. CreoBaTeNIbHO, HETIOCPEACTBEHHAS TIOJITOTOBKA K 3a4eTy JIOJDKHA B PA3yMHBIX IPO-
MOPLMSIX COYETATh U 3alIOMUHAHUE, U TOHUMAaHHE MPOrpaMMHOI0 MaTepuara.

Pacnpedenenue 6annoe mexyuie2o, pyoeicnozo KOHmpos

Ne Oo0mas cymma 1-11 TOUKa 2-11 TOUKA 3 Touka
1. | Tekyuuii KOHTPOJIb
MOCEIICHUE 3aHATUI 10 3 3 4
OaJIoB Oayta Oasna Oaya
BBLIMTOJIHEHHE U 3aIl[UTa 21 7 7 7
71a00paTOPHBIX padoT oan 0aJITI0B OayoB 0aJIJIOB
2. | PyOe:kHblii KOHTPOJIb
TectupoBanue 15 Gannos 5 5 5
0aJI0B OasIoB 0aJI0B
KomnokBuym 24 8 8 8
Oasia 6aI0B OasIoB 6ay10B
Hroro 70 23 23 24
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0aJ110B | 0aJs1a | 0a/u1a | 0aJ1a |
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Kpumepuu ouyenusanusn

ITpu ocBoeHMM AUCIUIITUHBI popmupyroTcs komneTeHnuu 11K-1.Yka3zaHHble KOMIETEHITNH
(dbopMHUpPYIOTCSA B COOTBETCTBUU CO CIIEIYIONIMMH dTalamMu:

e (opMHpOBaHHE U pA3BUTHE TEOPETUYECKMX 3HAHWH, NPEIYCMOTPEHHBIX YKa3aHHBIMU
KOMIIETEHIIMSIMU (JIEKLIMOHHBIE 3aHITHSI, CAMOCTOSITENIbHAs paboTa CTy/IEHTOB);

e MpHOOpeTeHHE W PA3BUTHE NPAKTUYECKUX YMEHUH, MPETyCMOTPEHHBIX KOMIETEHIMSIMU
(;mabopaTtopHble paboThI, CAMOCTOSATENbHAS paboTa CTYJICHTOB);

® 3aKperyIeHUE TEOPETHUUECKUX 3HAHWM, YMEHUN U NMPAKTUYECKUX HABBIKOB, IPETyCMOTPEH-
HBIX KOMIIETEHLUSAMH (J1abOpaTOpHbIE PaOOThI, MPAKTUKHU, BBIYCKHAsI KBaTU(UKALMOHHAS

pabora).
Kpumepuu oyenku kauecmea 0ceoeHus OUCYUNIUHDBL, 3A6EPULAIOULEIICA 3AUEeNOM
banabl
. Pe3yabTa
(pedTHHIOB .
oii T OCBOe€- TpeGoBanust ypoBHIO C()OPMUPOBAHHOCTH KOMIIETEHIIUIA
OLIEHKH) Hui
OOyyaromuiics OCBOWJI 3HAHHs, YMEHHUS W HaBBIKW, BXOJSIINE B
COCTaB KOMIIETCHIINH:
® CIIOCOOHOCTHh CTPOMTH NpOCTeIre (GU3NUYECKUE U MaTeMaTH4e-
3a4yTeHo CKHME€ MOJIeJIM MPUOOPOB, CXEM, YCTPOMCTB U YCTAaHOBOK 3JICK-
(6e3 TPOHHUKH ¥ HAHODJICKTPOHUKH PA3TMYHOTO (YHKIIMOHATIHLHOTO Ha-
61-70 MpoILIeTy- 3HAUEHMsI, a TAKXK€ MCIOJb30BaTh CTaHAAPTHBIC MPOTPAMMHBIE
pBI cllaun cpencTBa ux KoMibioTepHOro MmoaenupoBanus (ITK-1);
3adera) e CIOCOOHOCTH APTYMEHTHPOBAHHO BEIOMPATh M PEAIM30BHIBATH HA
npakTuke 3PHEeKTUBHYIO METOJAMKY SKCIEPUMEHTAIBHOTO HCCIIe-
JIOBAHUS MapaMETPOB U XapaKTEPUCTUK MPUOOPOB, CXEM,
YCTPOMCTB M YCTAHOBOK AJICKTPOHUKH U HAHODJIEKTPOHUKH pa3-
JTUYHOTO GYHKIMOHANhHOTO HasHadeHwus ([1K-2).
3aureno (c OO0yJaromuiicst POsBIISCT KOMHGTCHI.[I/\IJI/I HKU—I, I1K-2, vO Hve B [OJI-
HOM 00beMe BXOISIINX B UX COCTaB JIeHCTBUI. OOydJaromuicss MOXKeT
36-61 P UO Heay- JIOTTYCTUTh HEKOTOPBIC HETOYHOCTH, HETPYOBIC OITMOKH, 3aTPYIHATHCS
pz:q(gz;m B M3JIOKEHUU MaTepHalia, HO MPAaBUIILHO OTBEYATh Ha 3aJaBaeMbIe eEMY
BOIIPOCHI.
MeHee 36 He aomny-
mieH K 3a- | KomnereHuuu He copMUpPOBaHBI
Oaia
4eTy
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7.KOHTPOJIb KypCOBBIX padoT
B cooTBeTcTBUM € yueOHBIM IJIAHOM IO JUCHHUIUIMHE KYPCOBbIE pabOThI HE MPETYCMOTPEHBI.

8.MeToanyeckne MaTepuaJibl, ONpee/IsIiOIIAe MPoueIypbl OLeHUBAHUs 3HAHUI, YMEHHI, Ha-
BBIKOB H ONIBITA [1eSITeIbHOCTH

Pe3ynbTaTel ocBOeHUS y4eOHOM NUCHIUIUIMHEI, MOAJIeKallue IPOBEpKe.

Tabnuma 6.
Pesynomamoi OcnosHule nokazamenu Buo oyenounozo mamepuana
00yyeHus OYEHKU pe3ybmamos
(Komnemenyuu) 00yueHus
CnocoOHOCTB 3uams: MecTo u poib MaTeMa- | BrimonHeHue U 3ammra 1adbopaTop-

CTPOUTH IPOCTEUIIINE
¢busnueckue u
MaTeMaTH4ecKue
MO/IeNI TIPUOOPOB,
CXeM, YCTPOHCTB U
YCTaHOBOK JJICK-
TPOHUKH H
HAHOYJICKTPOHHUKH
Pa3IUYHOTO (QYHKIIH-
OHAJIBHOTO Ha3HaYe-
HHS, a TaKKe HC-
HI0JIB30BAThH
CTaH/IapTHEIC
pOrpaMMHBIE CpeJI-
CTBa MX KOMIIBIOTEP-
HOT'O MOJICJIMPOBAHUS
(TIK-1)

TUYECKUX MOJEJIEH TEXHO-
JIOTUYECKUX IIPOLIECCOB, TI0-
JYTIPOBOJTHUKOBBIX IPUOOPOB
u UMC B obnactu paspa-
OOTKH U MTPOU3BOJICTBA
COBPEMEHHBIX U3JICIINI AJIEK-
TPOHHOU TEXHUKHU

HBIX paboT;

TUIIOBBIE OLICHOYHBIE MAaTEpUAIbI
JUIsl yCTHOTO orpoca (pazoen 5.1.1);
TUIIOBBIE TECTOBBIC 3a/1aHUsI (Pa3zden
5.2);

TUIIOBBIE OLICHOYHBIE MaTepUaJIbl K
JK3aMeny (paszoen 6.)

Yuems: Bo1OUpath pyHmaMeEH-
TaTbHBIE (pU3UYECKHUE ypaBHE-
HUS TIPU 33JaHHBIX OTPaHUYe-
HUSIX ¥ HA UX OCHOBE CO3/1a-
BaTh MaTeMaTHYECKUE MOICITH
TSl KOHKPETHBIX TEXHOJIOTH-
YECKUX MPOIIECCOB, MOIYIPO-
BOJTHHKOBBIX MPHOOPOB U MH-
TErpajibHBIM MUKPOCXEM

BrimonHnenue u 3amuTa JrabopaTtop-
HBIX paboT;

TUTIOBBIC OIICHOYHBIC MAaTEPHAIIBI
JUUISl yCTHOTO oripoca (pazoen 5.1.1);
TUIIOBBIE TECTOBBIC 3a/1aHUs (pazoden
5.2.);

TUTIOBBIC OIICHOYHBIC MaTePHAIIBI K
JK3aMeny (paszoen 6.)

Bradems: coBpeMeHHBIM
MaTeMAaTUYECKUM aNmapaToM,
HCIIOJIb3YEMBIM JJIsl TOCTPOE-
HUS MOJIEJIEN NTOJIYITPOBOIHMU-
KOBBIX npu6opoB u UMC;
COBPEMEHHBIMU
IIporpaMMaMH MaTeMaTuye-
CKOr'0 MOJICJIMPOBAHUS

BeimonHenue u 3ammra Jiaboparop-
HBIX paloT;

THUIIOBBIC OIICHOYHBIC MaTEPHUAITBI
JUTsl YCTHOTO ompoca (pazoen 5.1.1);
THUIIOBBIC TECTOBBIC 3a/IaHUS (pazoe
5.2.);

THUIOBBIC OIICHOYHBIC MaTEPHUAIIBI K
9K3aMeHy (paszoden 6.)

Baadems: meTonamu obpa-
OOTKH M OLIEHKH MOTPEITHOCTH
pe3yIbTaTOB U3MEPCHUM.
YMeeT ncciienoBaTh HaHO-
OOBEKTEHL.

Brinonnenue u 3amuTa 1abopaTtop-
HBIX paloT;

TUTIOBBIE OLICHOYHBIE MaTEePHAIIBI
JUTsl YCTHOTO ompoca (pazoen 5.1.1);
TUIIOBBIE TECTOBBIE 3a/1aHUsI (pa3zden
5.2);

TUTIOBBIE OLICHOYHBIE MaTepPHAIIbI K
JK3aMeHy (paszoden 6.)
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9.Y4yeOHo-MeTOAMYeCKOe 00ecniedeHre JHCHUILIMHbI
OcHosnas numepamypa

1. CepreeB H.A. ®u3uka HaHocucTeM [ DNeKTpoHHBIHN pecypc]. -M.: Jloroc, 2016.— 192 c.—
Pexxum noctyna: http://www.iprbookshop.ru/66410.html.— 35C «IPRbooks»

2. TonoBkuna M.B. HanodoToHrka u Gpu3rka HAHOCTPYKTYp [DIEKTPOHHBIN pecypc]: cOOpHUK
3anad. -Camapa: [loBoKCKHI TOCY1apCTBEHHBIN YHUBEPCUTET TEIEKOMMYHUKALIUN U
unpopmaruku, 2017.— 33 c.— Pexxum goctyna: http://www.iprbookshop.ru/75389.html.—
OBC «IPRbooks»

3. T'mymenko A.I'. HaHoMaTepuansl 1 HAHOTEXHOJIOTHH [ DIEKTPOHHBIN pecypc]. - Camapa: Ilo-
BOJDKCKHUN IOCY/IapCTBEHHBIN YHUBEPCUTET T€JIEKOMMYHUKaUUN U nHPopmaTuku, 2017.— 269
c.— Pexxum nocryma: http://www.iprbookshop.ru/75388.html.— 3BC «IPRbooks»

Jlonoanumensvhasn numepamypa

1. ®enopenko B.®D. HanoTexHOMOrMM M HaHOMAarepHalbl B arpoONpPOMBIIIJIEHHOM KOMIUIEKCE
[OnexTponHslii  pecypc]. -M.: Pocundopmarporex, 2007.— 96 c.— Pexum poctyma:
http://www.iprbookshop.ru/15743.html.— 3BC «IPRbooks»

2. Manpies K.B. Hanomarepumanel st paagMOdJIEKTpOHHBIX — cpencTB.  Iloaroroska
CKaHUPYIOLIETO TYHHEJIIbHOTO MHKPOCKONA K JUAarHOCTHKE M MOAMU(UKAIMKM HaHOMAaTepHaoB
[OneKTpoHHBIA pecypc]: MeTOAMYEecKHe YyKa3zaHHs K J1abopaTopHbIM paboTaM MO Kypcy
«HaHnoMartepuanbl sl paMO3JEKTPOHHBIX CPEACTB». - M.: MOCKOBCKHI roCyAapCTBEHHBIN
TexHuuecknii yHuBepcuter umenn H.O. baymana, 2007.— 44 c— Pexum npocryna:
http://www.iprbookshop.ru/31463.html.— 3BC «IPRbooks»

3. Burasp I1.A. HanomartepuanoBenenue [DIeKTpoHHBIH pecypc]|. YuebHoe mocobue. -MUHCK:
Beimmitirast mkona, 2015.— 512 ¢.— Pexxum moctyna: http://www.iprbookshop.ru/35501.html.
— DBC «IPRbooks»

Ilepuoouueckue uzoanusn
[lepeuens meproanYecKUX M3IaHUM, mosrydaeMmbix Ooubnuorexoir KBI'Y, B KOTOpBIX CTyIeHT
MOXET O3HAKOMHTHCSI ¢ COBPEMEHHBIMHU JIOCTHXKEHUSIMUA B O0JIACTH HAaHOTEXHOJIOTMH: DIEKTPOHHAs
MIPOMBILIIIEHHOCTh, MUKpOAIeKTpOoHKKa, JnekTpoHnka HTb, HaHo n MukpocuctemHast TexHUKa.

Humepnem-pecypcot
URL: http://lib.kbsu.ru/ bubmnorexa KbI'VY.

URL: http://www.garant.ru. CipaBodHast ipaBoBasi cuctema «["apanT».
URL: http://www. consultant.ru CrpaBounas npaBoBas cuctema «Koncynbrantllimrocy.

http://www.studmedlib.ru 95C «KoHCymbTaHT CTyIeHTa»
http://www.ph4s.ru -O6pa3zoBarenpHbiii poekT A.H. Bapruna
URL: http://www. sciencedirect.com. [Ipodeccrnonanpabie MONCKOBBIE cucTeMBI. [lomHO-

AR

TekcToBas 0a3a maHHbIX ScienceDirect

7. http://metod.ce.cctpu.edu.ru/edu - Ccbliku Ha MOpTaNbl U CalThl 00pa30BaTEIbHBIX yUpe-
xneHuil. ['ocygapcTBeHHble 00pa3oBaTenbHble CTaHAapThl. HopMaTHBHBIE TOKYMEHTHI.

8. http://www.intuit.ru/department/ - becrmaTHoe nuctannoHHOe oOy4eHue B HarmoHnaipHOM
OTKpbITOM YHUBEpCUTETE

9. http://www.citforum.ru - [lybnukanuu 1 0030psI U3 007IaCTH HHTEPHET-TEXHOIOTUIA

10. http://www.x-sky.ru/ebook, http:/www.iprbookshop.ru- 3nexTpoHHO-0MOIMOTEUHBIE CH-
CTEMBI

10.ITporpammHoe oGecnieyeHue COBpeMEeHHbIX
HHG(OPMALMOHHO-KOMMYHHUKAIMOHHBIX TEXHOJIOTHI
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1. CrynmeHTBl HMEIOT AOCTYH K €IUHOMY 00pa3oBaTelbHOMY IOpTally, TI€ MOTYT B
OTKPBITOM JOCTYTIE MOJIb30BATHCSA PECypcaMH y4eOHO-METOINYECKOW JTUTepaTyphl, SABISIOUIIMUCS
pazpaboTtkamu Beaymx BY30B Poccun.

2. I peUTHHTOBOTO KOHTPOJISL UCHOJB3YETCSl CUCTEMAa KOMIBbIOTEPHOTO TECTUPOBAHUS Ha
6aze mporpammHoro obecrieuenus Moodle.

3. [Ipu BeINOIHEHUH J1TAOOPATOPHOTO MPAKTUKyMa CTYJIEHTHI B 0043aT€IbHOM HOPSAKE MPO-
BOJIAT 00pabOTKY SKCIEPUMEHTAIBHBIX JAHHBIX C IPUMEHEHHUEM Pa3IMYHBIX IPOrPAMMHBIX CPe.

4. B pamkax obecrieueHUs] IPUMEHEHHUSI KOMIIBIOTEPHBIX TEXHOJIOTUH B 00pa30BaTEIIbHOM
IIPOLIECCE UMEIOTCS CHEUATN3UPOBAaHHBIE KOMITBIOTEPHBIE KJIACCHI C COBPEMEHHBIM NTPOTPAMMHBIM
o0ecrnieueHrneM U UMEIOIIUM BbixoJ B IHTepHeT.

11.MaTepuajibHO-TeXHUYECKOe o0ecneyeHne JUCHUNTHHBI

MarepuaabHO-TEXHMYECKYI0 0a3y Uil IPOBEICHUS 3aHATHIA MO JUCUUIUINHE COCTABIISIOT:

e  CIELMATM3UPOBAHHAS ayAUTOPHS], UCIIOJIb3yeMasi IPH IPOBEICHUH 3aHATHI JIEKIIMOHHOTO
tuma Ne238, pacnonokerHas 1o aapecy: 360004, Kabapino-bankapckas peciryOnmka, T.
Hampunk, yn. Yepnbiuesckoro, 175, yueOHbli kopryc yHuBepcurera Ned (OMOD),
OCHAIIIEHHAS! MyJBTUMEANIHBIM TIPOESKTOPOM M KOMILIEKTOM armaparypbl, O3BOJISIOIEH
JIEMOHCTPUPOBATh TEKCTOBBIE U TpaUIECKUE MaTepHaIIBI;

e paboyee MECTO MpernoJaBaTes;

e pabouyne MecTa CTYJCHTOB;

® MelsloBast IOCKa.

MynpTuMenniiHas Npe3eHTalus, CONMPOBOXKIAONIAS JIEKIIUIO, MO3BOJIAET MPENo/iaBaTelio
aKIEHTUPOBATh BHUMAHHUE CTYJICHUECKON ayTUTOPUU Ha KIIFOYEBBIX BOMPOCAX JICKIHH.

HucrtunmHa obOecrieueHa:

e TECTOBBIM MaTepuajiaMM B OJJEKTPOHHOM oOyuaromeit cucreme «Moodley
(OTKpBITBIN YHUBEPCUTET);

®  KHIDKHBIM (OHJIOM OMOJINOTEKH;

® DJEKTPOHHBIMU BEPCUSMU JIEKIIUN U YYEOHUKOB.

JlaGopaTopHbIit TpakTUKyM MPOBOAUTCS B Jlabopatopun Ne42(, pacroioKeHHOU 10 ajipecy:
360004, KabapauHo-bankapckas pecryonuka, T. Hampbuuk, yn. UepHsimeBckoro, 175, ydeOHbIi
kopryc yHuBepcurera Ne4 (OM®). JlabopaTopusi ocHaleHa COBPEMEHHBIM MPOrPaMMHBIM 00ec-
neyeHueM (omnepannonHas cucreMamu Windows 10, s3p1ku mporpamMmmupoBanus Jendu, C++ )u Bbi-
x010M B UHTEpHET.

CtyneHTsl UMEIOT A0CTyn 4epe3 MHTepHET AOCTYN K AJIEKTPOHHOM o0ydaromieil cucreme
«Moodle» (OTKpBITHIf yHHBEPCHUTET), KOTOpas IMO3BOJSET pa3MelaTh JIIEKTPOHHbBIE yUeOHBIC
Kypchl B CBOOOIHOM JIOCTYIIE JJIsi CTYJICHTOB YHHUBEPCUTETA.

[Ipu npoBeieHUM 3aHATHH JIEKIIMOHHOTO THUIA U JIAOOPATOPHBIX 3aHATUI HCIIOIB3YIOTCS:
JIUYEHIUOHHOE NPOZPAMMHOE 0DecneueHue U c60000HO PACRPOCMPAHAEMbLE RPOZPAMMBL:

e Microsoft Office nuuensusi: Jlorosop Nel35 or 22.05.2018, moroop Ne 5-21100 ot
20.09.2017, ceptudukat ot 29.11.2017, norosop Ne 28/2017-31705322460 ot 29.08.2017,
noroBop Ne 18/2016-31603884322 or 12.08.2016, moroBop Ne 4/14-08 ot 14.08.2015,
norosop Ne 1/01-12 ot 01.12.2014, moroop Ne0331100002314000061-0003152-01 ot
25.11.2014, norosop Ne0331100002314000077-0003152-01 ot 29.12.2014, norosop
Ne0331100002314000038-0003152-01 ot 10.09.2014, ceptudukar ot 20.04.2009, cep-
tudukat ot 18.06.2008, cepruduxar ot 12.10.2007, ceprudukar ot 14.03.2007;

e apxuBarop 7z, Adobe Acrobat Reader numenH3susi: mpemoctaBisercss OecIlaTHO Ha
YCIIOBUSIX 10 azpecy https://www.adobe.com/ru/legal/terms.html;

e Mozilla Firefox munensus: GPL/LGPL/MPL, Google Chrome nuiieH3us: npeaocraBisercs
OecrjaTHO Ha YCJIOBHSAX JIMLIEH3MOHHBIX COIJIAIEHWH Ha IpOrpaMMHOE OOecredeHHe ¢
OTKPBITHIM HUCXOAHBIM KOJOM 10 ajapecy https://code.google.com/intl/ru/chromium/
terms.html.

20


https://www.adobe.com/ru/legal/terms.html

JUIA CTYJ€HTOB C OrpaHUYEHHBIMH BO3MOKHOCTSIMU 3/10pPOBbsl CO3/IaHbl CIIELUAJIBHBIE YCIOBUS
JUI TIOJTy4eHus1 oOpazoBaHus. sl CTyJIEHTOB C OTPaHUYEHHBIMH BO3MOXKHOCTSMH 37I0POBbSI CO3/IaHbI
CrieAIbHBIE YCIIOBHS JUTS TOTy4YeHHs: 00pa3zoBanus. CrielMalu3upoBaHHOE ITOMEIICHUE TSI THBATIMIIOB
pacrnionokeHo 1o anpecy: 360004, Kabapmuno-bankapckas pecrmybOmuka, r. Hampumk, yin. UepHbieB-
ckoro, 173, raBHbIi y4eOHbIH KOpITyc YHUBEpCHTETa, ayuropust Nel45.

B nensix mocTynmHOCTH MOTydeHHs BbICHIET0 oOpa3oBaHMs MO 00pa30BaTENbHBIM MPOrpaMMaM
MHBAJIWAAMU U JIUIAMUA C OTPAaHMYEHHBIMH BO3MOXHOCTSIMU 370POBbs YHHBEPCHUTETOM obecrie-
YHBaeTCS:

e aIbTEpPHATHBHOH Bepcuel opuuuanbHOro caifTa B ceTu «MHTepHeT» A caboBUAALIMX;

® [PUCYTCTBHE aCCHUCTEHTA, OKa3bIBAIOLIETO 00yUaIoIeMycst HEOOXO0AUMYIO TIOMOIIIb;

e JUIsl MHBAJIMJIOB U JIMIl C OTPAaHUYEHHBIMH BO3MOXKHOCTSIMH 3/10pPOBbS 110 CIIyXy — TyOiaupo-
BaHUE BCIIyX CIIPABOYHOM MH(POpPMALMU O pacHMCaHUM Y4eOHBIX 3aHATHUH; oOecrieueHue
Ha/IJISKAIIMMU 3ByKOBBIMH CPEJICTBAMU BOCIIPOM3BEICHUS MH(POPMALINY;

11 THBAJIUIOB U JIMIL C OTPaHMYEHHBIMHU BO3MOKHOCTSIMH 3/10POBbsI, UMEIOIUX HapyIlle-
HUS ONIOPHO-/IBUTATEIBHOTO arnapaTa, Co3/1aHbl MaTepHaIbHO-TEXHHUECKUE YCIIOBHsI, 00ec-
MIEYNBAIOINE BO3MOXHOCTh OECIPENSITCTBEHHOT O 10CTyNa 00yUarouxcs B yueOHbIe ToMe-
IICHUS, 00OBEKTY MUTAHUS, TyaJICTHbIC U APYTHE MOMEIICHUSI YHUBEPCUTETA, a TAKXKe Mpe-
ObIBaHMA B YKa3aHHBIX IOMEIIEHUX (HaJIMYUe pacIIMPEHHbIX JBEPHBIX POEMOB, OPYY-
HeH U IpyruxX NpUCIIOCOONICHU).
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JIner usmMeHeHuii (1onoTHeHnii) B padoydeii nporpaMmme JMCHUILIHHBI (MOIYJIs)
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