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Pabouast nporpaMmMa JUCHUILINHBI «DJIEKTPOHHBIE IIPOLECCH] HA IOBEPXHOCTH

noaynpoBoauukoBy /coct.l'aes J[.C.— Hanpuuk: KBI'Y, 2024 r. - 25 c.

Pabouas mporpamMma AMCUUIUIMHBL TPEeHA3HAYCHA ISl CTYACHTOB 04HOU (hOpMBI 00yUe-
HUS 110 HanpaBJiieHuto moArotoBku 11.03.04 DnexkTpoHHKa M HAHOAJIEKTPOHMKA, 8 ceMecTpa, 4
Kypca.

Pabouas nporpamma cocTaBiieHa B COOTBETCTBUU ¢ DeepanbHbIM TOCY1apCTBEHHBIM
00pa3oBaresibHbIM CTaHIapTOM Bbiciiero oopazosanus (OI'OC BO) no HanpapiieHHIO TOATO-
ToBKHU 11.03.04 DnexkTpoHUKA U HAHOAJEKTPOHHKA, YTBEPKIECHHOTO MPUKa30M MUHUCTEPCTBA
oOpa3oBanus 1 Hayku Poccuiickoii @enepaunu ot 19 centsaopst 2017 r 3a Ne 927.
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1. I_Ie.]'ll/l " 321a4YH1 OCBOCHHA TUCHHUIIJIMHBI

1.1. Hean:

- U3yUYEHHUE TEOPUHU IEKTPOHHBIX SBJICHUN Ha IOBEPXHOCTH IOJIYIIPOBOIHUKOB U B
M/IT 1 kBaHTOBO-pa3MEpPHBIX CTPYKTypax.

- OCBOEHHUE TEOPETHUYECKUH pabOTHI psAia MOIYIIPOBOAHUKOBBIX MPUOOPOB, TAKUX KaK TO-
JIeBbIE TPAH3UCTOPDI, HIU(POBBIE HHTETPATIBHBIE CXEMBbI, JIEMEHTHI MTOJIYTIPOBOIHUKOBON MaMSITH,
puOOPbI U HHTETPAJIBHBIE CXEMBI C TIEPEHOCOM 3apsija.

- 00y4eHHsI CTYIGHTOB OCHOBaM M METOJaM HCCJIEI0OBaHUS 3JIEKTPOHHBIX MPOLIECCOB HA
MOBEPXHOCTHU IOJIYIIPOBOJHUKOB U MOJIYIPOBOAHUKOBBIX CTPYKTYpaX.
1.2. 3agaun:

- O3HAaKOMHTD CTYJCHTOB C OCHOBHBIMH 3aKOHAMH U SIBICHUSAMH (DU3UKHU MOTYIPOBOIHU-
KOB U Ha €ro MOBEPXHOCTHU U C UX TEOPETUUYECKOIN UHTepIpeTaIeii;

- IaTh YETKOE MPECTaBICHNUE O IPAaHUIAX MPUMEHUMOCTH (U3NIECKUX MOJETICH U TUIIO-
TE3;

- O3HAKOMHUTH CTYJEHTA C COBPEMEHHBIMU JOCTHKEHUSAMHU (PU3UKU MOJIYIIPOBOJIHUKOB U
MOBEPXHOCTHBIX MOJIYIPOBOJHUKOBBIX HAHOCTPYKTYP U UCIOJIB30BAaHUEM HX B HAyKE U TEXHHUKE;

- ¢(opMHUPOBATh HABBIKH IKCIIEPUMEHTAIBHOW PaOOTHI B 00JIaCTH (DPU3HUKH TOTYIPOBO/I-
HUKOB U MOJYIPOBOAHUKOBBIX HAHOCTPYKTYP;

- 1aTh HaBBIKM pacyeTa (PU3NYECKUX XapaKTEPUCTHK MOBEPXHOCTH MOIYITPOBOIHUKOBBIX
MaTepuasoB U CTPYKTYp Ha UX OCHOBE.

2. Mecto aucunminnsl B crpykrype OIIOII BO

JucuunnuHa BXoauT B BapuatuBHyto yacth b1.B.J1B.06.02 yueGHOro 1maHa mo Harpas-
nenuto noarotrosku BO 11.03.04 DnexTpoHuKa U HAaHORJIEKTPOHUKA U poduinto «CoBpeMEHHbIE
MH(GOPMALMOHHbBIE TEXHOJIOTUH B 3JIEKTPOHHON TEXHHUKE.

JlucuuiuiiHa mpeaHasHadeHa Jjsl CTYJCHTOB OYHOM (pOpMBI 0OyUEHUS M0 HAIpaBJICHUIO
noarotoBku 11.03.04 DnekTpoHHKa U HAHOZJIEKTPOHUKA, § cemecTpa, 4 roja 00y4eHUs: U OTHO-
CUTCS K IUCLUUIUIMHAM BapUaTUBHON YaCTH.

OCHOBOI A1 U3y4EeHHUS JaHHOW AUCIUIUIMHBI SBJIAIOTCA KypChl MaTeMaTHKH, oOmien Gpu-
3UKH, PU3UKH [TOJIYTIPOBOIHUKOB.

3. TpeboBaHus K pe3yJabTaTaM OCBOEHUS] TUCHUIIMHBI

[Ipouiecc u3yyeHus: TUCUUIUIMHBI HAllpaBJIeH Ha (POPMHUPOBAHUE SJIEMEHTOB CIEAYIOLIUX
komneteHmi B coorBeTcTBUH ¢ PI'OC BO 1 OIIOII BO no nanHOMY HaltpaBlI€HHIO IO OTOBKU:
a)BpInycKHUK 10/1KeH 00J1a1aTh CJIeyIOIMMH 001eKYIbTYPHBIMU KOMIIETEeHIU-
amu (OK):
IKC-1. CnocobeH cTpouTth npocreiiune Gpru3ndeckue 1 MaTeMaTHYecKue MOJEIH mpubo-
POB, CXEM, YCTPOMCTB M YCTAaHOBOK 3JIEKTPOHUKH U HAHORJIEKTPOHUKH PAa3IMYHOTO ()YHKLIHMOHAIBHOTO
Ha3HAYEHMS, a TAKXKE MCIIOIb30BaTh CTAaHJAPTHBIC TPOTPAMMHBIE CPEACTBA NX KOMITBIOTEPHOTO MOJIe-
JIMPOBAHUS
IKC-B.1.1.Cnioco0eH cTpouTh Gpu3nYecKre 1 MaTeMaTHUECKUE MO MOJIEINEH, y3II0B,
0110K0B
IKC-B.1.2. CriocobeH noap30BaThCs METOJaAMHU KOMITHIOTEPHOTO MOJIETUPOBAHUS
B pe3ynpraTe 0CBOCHMS NUCHMIUIMHBI CTYIEHT JOJIKEH:
3HaTh:
- OCHOBHBIE TIOHATHS, 3aKOHBI U MOJEIU DJIEKTPOHHBIX IIPOLIECCOB HA IIOBEPXHOCTH I10-
JIYIIPOBOJHUKOB U MOJYIIPOBOAHUKOBBIX HAHOCTPYKTYP M HMX MATEMATHYECKUE BBIPAKECHUS,
TPaHUIBI WX TPUMEHHUMOCTH, TPUMEHEHUE 3aKOHOB B IMPAKTHYECKUX IMPUIOKECHUAX.



-pynnamenTanbHble (U3NYECKUE OMBITHI B 00NAacTH (PU3MKH MOBEPXHOCTHU MOITY-
IPOBOHUKOB U TOMYIPOBOJHUKOBBIX HAHOCTPYKTYP M HMX pOJIb B Pa3BUTHH HAYKH U
TEXHUKU.

-METO/Bl SKCIEPUMEHTAIBHOTO M TEOPETUYECKOTO HCCIEOBAHHUS SJIEKTPOHHBIX
IPOIIECCOB HA TIOBEPXHOCTH IOJIYIIPOBOJIHUKOB M MOJYIIPOBOJHUKOBBIX HAHOCTPYKTYP.

-IOHAMATh CYIIHOCTh (PU3MYECKUX SBICHHI HAa OBEPXHOCTH IOJYIIPOBOJHUKOB.

-OIICHUBATh YHWCIICHHBIC TMOPSAAKU BEIMYUH, XapaKTePHBIX JUIs (DU3UKU OBEPXHOCTH
HOJIYTIPOBOTHUKOB ¥ MOJYIIPOBOHUKOBBIX HAHOCTPYKTYP .

-0o6nacTu npuMeHeHUs (PU3UKHU TOBEPXHOCTH MOIYIIPOBOAHUKOB U IOIYTIPOBOJHUKOBBIX
HAHOCTPYKTYD.

- COBpPEMEHHOE COCTOSIHUE W OCHOBHBIC HANpAaBICHUS DPA3BUTHUA (HU3UKU TMOBEPXHOCTH
HOJIYTIPOBOIHUKOB H MOJYIIPOBOIHUKOBBIX HAHOCTPYKTYP.

-BKJIaJ] POCCUHCKHX M 3apyOeKHBIX YYEHBIX OKa3aBUIMX HauOOJbIIee BIHSIHHUE
Ha pa3BUTHE (HU3UKH NIEKTPOHHBIX MIPOIIECCOB HAa IOBEPXHOCTH IOJTYITPOBOIHUKOB U TIOITY-
IIPOBOTHUKOBBIX HAHOCTPYKTYP.

YMmern:

- IPaBUJILHO MIOHUMATh U OOBSICHATH (PU3MUECKUE 3aKOHBI SIBJICHUI U CBOWCTBA TeJI, OTJIU-
YyaTh TUIIOTE3bl OT HAYYHBIX TEOPHIL;

- II0JIb30BAThCs OCHOBHBIMU (DPU3NYECKUMHU NMPUOOpaMH, CTABUTh U pelllaTh MIPOCTEHIINE
IKCIIEpUMEHTAIbHBIE 3a7aud, 00padaThIBaTh, aHATM3UPOBATH OLICHWBATH MOJYYCHHBIE PE3YIlb-
TaThl;

- BUJCTH (DU3HYECKOE SIBIIEHUE C PAa3HBIX TOUYEK 3PEHHS,

- MBICJINTH TBOPYECKU U CAMOCTOSATEIIBHO;

- IIPOSIBJIAITH OCBEJOMIICHHOCTB B BOIIPOCAX, CBSI3AHHBIX C UICTOPUEN BAXKHEUIINX OTKPBITUI
B (PM3UKE NOIYIPOBOJHUKOB U MOIYIPOBOJHUKOBBIX HAHOCTPYKTYD;

- TTOJIB30BATHCS MIPU PAOOTE CIIPABOYHOM U yueOHOM JTUTEPaTypOi;

- IPUMEHSATH MOJYYEHHbIE 3HAHUS Il OOBSICHEHUS Pa3HOOOPA3HBIX SBJICHUNA M CBOWCTB
MOJIYTIPOBOJHUKOBBIX MaTEPUAJIOB U HAHO CTPYKTYP Ha UX OCHOBE;

- OLICHUBATh JIOCTOBEPHOCTh €CTECTBEHHOHAYUYHOU HH(pOpMALINH;

- UCNOJIb30BaTh NIPUOOPETECHHBIE 3HAHUSA U YMEHHS JJI PEIIeHUs MPaKTUYEeCKUX 3azad,
oOecrieyeHns 0€30MaCHOCTH COOCTBEHHOM JKHU3HHU, IPUPOAONOIb30BAHUS U OXPAaHbI OKpYXKaroIlen
CpEJBL.

Baaners:

HaBBIKAMU IO pabOTe ¢ HIKCIEPUMEHTAIbHBIMU YCTAHOBKAMU U aHAJIN3a PE3yJIbTaTOB IKC-
NepUMEHTA.

IIpuoGpecTn ONbBIT AEATETBLHOCTH:

-0 UIBMCPCHUIO OCHOBHBIX CBOMWCTB MOJYIIPOBOAHUKOB W IOJYIIPOBOAHUKOBBIX HAHO-
CTPYKTYp ¥ MHTEPIIPETALUN PE3YIbTATOB U3MEPEHUM;

-110 00CITYKMBaHUIO SKCIEPUMEHTAIBHOT'0 000PY10BaHUS;

-T10 UCIIOJIb30BAHUIO0 MAaTEMATUUECKUX MOJENIEN MOJIYIIPOBOIHUKOB U TIOJIYIIPOBOJHUKO-
BBIX HAHOCTPYKTYp ITPU U3YYEHUHU UX CBOWCTB.

4. Conep:kaHue ¥ CTPYKTYpa IMCHHUIIJIMHBI
4.1. Conepxxanue pa3/iesioB QU CHUILIHHBI

Tabauya 1.
Kon dopma
Ne Hanmenosa- KOHTpPO- | TEKYy-
pas- He Conepxanue pasnuena mmpye- | mero
nena paszznena MBIX KOH-
TPOJIs




KOMIIE-
TEHIIUS

2

3

Bsenenue

Posib 1 MECTO OBEPXHOCTH MOIYITPOBOIHUKOB 1
M/II-cTpykTyp B Hayke u TexHUKe. McTopus
pa3BuTHUs HU3UKH MOTYNPOBOAHUKOB 1 M/JII1-
CTPYKTYp. BKan pycckux u 3apy0eXHbIX yde-
HbIX. COBPEMEHHOE COCTOSIHUE HAyKU U TIPAKTHU-
YECKUX MPUMEHEHUN U NEPCIICKTUBBI PA3BUTHSL.

[1K-1

BBenenue B
TEOPHUIO
AJIEKTPOHHBIX
SIBJICHUIN

Ha MOBEPXHO-
CTH TOJY-
MPOBOJIHU-
KOB.

[ToBepXHOCTHBIE COCTOSIHUS M 3aPSIIbI.

Ob6unacts npoctpancTBeHHOro 3apsiaa (OI13) B
MOJTYTIPOBOJTHHKE, PUMBIKAIOIIAsl K TOBEPXHO-
CTHU. DHEPreTUUECKUE 30HHBIE JUArpaMMBbl IIPH-
MTOBEPXHOCTHHOM 00JIACTH MOJYIIPOBOTHHKA.
®enomenomnorundeckas reopusi OI13. IlnoTHoCT
00BbeMHOTO 3apsia. PacnpeneneHue anekTpocTa-
tudeckoro norenimana B OI13. Oborarien-
HBII,00€THEHHBI U MTHBEPCUOHHBIN CIIOU. 3aBH-
CHMOCTH TTOBEPXHOCTHOTO U 0OBEMHOT0 3aps/I0B
ot u3ruba 30H. Pabora Beixona. [ToreHiuan mo-
BepxHocTH. [loBepxHocTHas poroszac. bapbep-
Hasi, 0apbepHO-JIOBYIIICYHAS M JIEMOEPOBCKast
¢doroszc. 3mepenne noTeHmana HoBEPXHOCTH
Y €r0 U3MEHEHHI METOJIOM THHAMHYECKOTO U
CTaTHYeCKOro KoHaeHcaropa. [loBepxHocTHas
MIPOBOAUMOCTD. MI3MepeHHe moBepXHOCTHOU
IIPOBOANMOCTH. 3aBUCHUMOCTH MMPOBOANMOCTH U
MOJIBUYKHOCTH OT u3ruda 30H. OnpenencHue
n3ruda 30H Ha TIOBEPXHOCTH TTOTYITPOBOAHUKA
13 U3MEPEHH TOBEPXHOCTHOM MPOBOIUMOCTH.
O dext nomns. OOmas xapakrepuctika 3¢ dexra
nonsi. KBazucramonapHsiil 3G GexT mosns u me-
TOJIUKA €T0 H3MEPECHHUS. DKCTICPIMEHTATLHBIE
METOMKH ucclieoBanus d(pdekra momis B M-
MyJbCHBIX U NIEpEMEHHbIX NoJsIX. OnpeneneHne
rnapaMeTpoB NOBEPXHOCTU MOJYIIPOBOAHUKA U
MTOBEPXHOCTHBIX COCTOSIHUI U3 U3MEPEHHI d(-
(hekra moJs.

[1K-1

JIP

KBanToBBIE
pa3MepHbIe
s¢dexTsl Ha
MMOBEPXHOCTHU
MOJYIPOBO/I-
HUKA

Jlokanu3amms >1eKTPOHOB U 00pa3oBa-

HUE IByMEPHOTO0 ra3a. /[BymMepHas moBepXHOCT-
Hasa IpOBOAUMOCTD. I'mranTckue OCITHUIIIIA TN
MIPOBOJIMMOCTH B MarHUTHOM Ti0J1€. KBaHTOBBIIM
¢ dext Xomna. DoToINEKTpUYECKAs CIIEKTPO-
CKOIHS KBAHTOBO-Pa3MEPHBIX T€TEPOHAHO-

CTPYKTYPBL.

IK-1

JIP

IToBepxHOCT-
Hasi peKoMOu-
Haus

CKopocTh MOBEPXHOCTHOM peKOMOUHA-

ruy. Jlokanu3anus 3IIeKTPOHOB U 00pa30BaHHe
JBYMEpHOTO ra3a. J[ByMepHas moBepXHOCTHASI
IMPOBOAUMOCTD. I'mranrckue OCHWJIJIAAOWH ITPO-
BOJAMMOCTH B MAarHUTHOM T1oJie. KBaHTOBBII 3¢-

dext Xomna. DoTodmekTpuyeckasi CIeKTPOCKO-

[1K-1




Usl KBAHTOBO-Pa3MEPHBIX IeTePOHAHOCTPYKTY-
pBI.

5 ATomapHo-
qHCcTas U

peanbHas 10-
BEPXHOCTb

MOJIYTIPOBOI-
HUKOB

[Tonydenue u cBOMCTBA aTOMapHO-

YUCTBIX IOBEPXHOCTEN MOJTYIIPOBOJHUKA.
Crpykrypa. [I1I0THOCTD M YHEPTeTUYECKUI
CIIEKTp ITIOBEPXHOCTHBIX COCTOSIHUM. PeanbHas
MOBEPXHOCTh MOJIYNPOBOIHUKA. CIIOCOOBI MOITY-
yeHus. HekoTopsle CBOMCTBA pealbHOU ITOBEPX-
HocTu. [laccuBrpoBaHHas moBepxHOCTh. Pu3n-
YECKUN ¥ XUMUYECKHI CITOCOOBI MACCUBAIUH.

IIK-1 K
JIp

6 dusuka
MAII cTpyk-
Typ

®denomMenosiornyeckas teopust M-
cTpykrypsl. [ToBepxHoCcTHas 1 GapbepHas eM-
JIEKIUS

KOCTH M UX 3aBUCUMOCTHU OT U3ruda 30H, ypOBHS
JIETUPOBAHMS TIOJYIIPOBOJHUKA, IJIOTHOCTU U
SHEPIreTUYECKOr0 paclpeaesIeHHs] [IOBEPXHOCT-
HBIX COCTOSTHUM. DKBUBaJICHTHBIE cxeMbl MJIT1-
CTPYKTYpBL. BBICOKOYaCTOTHAsI 1 HU3KOYACTOT-
Has BOJbT-(hapaanbie xapakTepucTuku (BDX)
MUII-ctpykrypsl. Meroas! uamepenus. Ompe-
JIeJIeHnEe OCHOBHBIX napameTpoB M/III- cTpyk-
TypbI U3 U3MEPEHUH BBICOKOYAaCTOTHOU BOX.
Hepasnosecnas emxocte M/III-cTpykTypbl. Me-
TOAMKA U3MEPEHHSI HEPABHOBECHOW EMKOCTH.
Omnpenenenne BpEMEHH KU3HUA U CKOPOCTH I10-
BEPXHOCTHOW PEKOMOWHAIINY U3 aHAJIM3a KHHE-
TUKH HEPABHOBECHOM €MKOCTH. [ 'ucrepe3ucHbie
spieHus B MIII-ctpykrypax. CrocoOsl cTtabu-
nu3anuu MIII-cTpykTyp IIpu 3JIEKTPOHHOM U
MOHHOM THIax rcrepesuca. Mcnonp3oBanue sB-
JIEHUS 3apsIIKK COCTOSSHUN Ha TPaHUIIE pa3jelia
S102/S13N4 8 MHOII-ctpykType 1uist co3aaHus
2JIEMEHTOB MOJIYITPOBOJHUKOBOM MaMsTH.

[1K-1 K

JIP

7 [Tpubops! ¢
3apsa0BOM

CBA3bIO

Hcnons3oBanue sIBIEHUS HEPABHOBEC-

Horo o0eaHeHus B nosynposoanuke B M/II1-
CTPYKTYpE AJIsl CO3JaHMs IPUOOPOB C MEPEHO-
coM 3apsana. [Ipunuun paboTs! GOTOUYBCTBU-
tenbHbIX [13C matpum.

IK-1 K

JIP

4.2. CTpyKTypa IMCHHILIHHBI
4.2.1. O6mas TpyR0EMKOCTb IHCHMILIAHLI cOCTaBsieT 4 3a4eTHbIX enunun (144

4acoB)

Taoauna 2.

Bun pabotsr

TpynoemMKoCTb, 4achl

8
ceMecTp

Bcero




O01mas Tpy10eMKOCTh 144 144
Konmaxkmmnuasn paboma: 66 66
Jlexyuu (JI) 33 33
Jlabopamopuvie pabomut (JIP) 33 33
Camocmosmenshnan paboma (6 ua- 69 69
cax):

Bua npoMexyTouHOI aTTecTAlMU 9(3auer) 9(3auer)

4.2.2. JleKnMOHHBIE 3AHATUSA
Taoauma 3

/o

TeMmel

Ponp 1 MecTo MOBEPXHOCTH MOIYNPOBOAHUMKOB U MJIII-CTpykTyp B Hayke M TEXHH
Ucropust pasButus ¢uzuku mnonaynpoBogHukoB u MJII-ctpykryp. Brmam pycckux|
3apyOeKHBIX y4deHbIX. COBpPEMEHHOE COCTOSHME HAYKH W MPAKTUYECKUX HMPUMEHEHUY
NEPCIEKTUBBI PA3BUTHSL.

[ToBepxHOCTHBIE cOCTOSIHUS | 3apsiabl. O0nacTh npocTpancTBeHHOro 3apsiaa (OI13) B
MOJIYTIPOBOIHUKE, MPUMBIKAIONIAs K MOBEPXHOCTU. DHEPreTUYeCKUe 30HHBIE Tuarpam
pH

MOBEPXHOCTHHOM o0oO0nactu monynpoBoAHuka. DeHomeHonoruueckas teopus Ol
[TnotHOCTH OOBEMHOTO 3apsiaa. Pactipenenenue annekrpocraruueckoro noreHmnuana B Ol
OO6oraiieHHbIi,00eTHEHHBI 1 WHBEPCHUOHHBII CJIOU. 3aBUCUMOCTH MOBEPXHOCTHOT(
o0beMHOro 3apsanoB oOT u3ruba 30H. Pabora Bbixoma. IloTeHuman mnoOBEpXHOC
[ToBepxHoctHas (otosac. bapeepHas, OapbepHO-TOBYIIEUHAss U JeMOepoBcKas (PoTod
I/I3MepeHI/Ie MoTeHIMalla MOBCPXHOCTH U €TO H3MEHEHUHU METOAOM ANHAMHUYECCKOI'O U
CTaTHYECKOro KoHaeHcaropa. [loBepxHOCTHas MpoBOIMMOCTD. Vi3MepeHne moBepXHOCTH
IIPOBOAMMOCTH. 3aBUCUMOCTh IIPOBOJIMMOCTH U MOABMXKHOCTH OT M3ruoda 30H. Onpenerey
u3ruba 30H Ha T[OBEPXHOCTH MOJYNPOBOJHMKA W3 HM3MEPEHUH IOBEPXHOCTH
npoBoguMoctd.  Oddext  mons.  OOmas  xapaktepuctuka  dddekra 10
KBazuctanuonapusiii 3¢¢dekt moias U METOIUKa €ero M3MEepeHHs. DKCIEepPUMEHTaIbH
METOAUKHN HCCICAOBAHU 3(1)(1)€KT3 nojii B HMMIYJIBCHBIX W TIEPEMCHHBIX II0J]
Onpeznenenue napamMeTpoB MOBEPXHOCTH MOIYIPOBOIHUKA U TTOBEPXHOCTHBIX COCTOSIHUH
n3MepeHnit 3 dexra mosms.

Jlokanu3anus 3JIeKTPOHOB U 00pazoBaHKe ABYMEPHOTO rasa. J[BymepHas OBEpXHOCT-
Has MPOBOJUMOCTh. [MraHTCKHME OCIWIISIUM MPOBOAUMOCTH B MarHUTHOM IO
KBanToBbiili addext Xomna. PorosnekTpuyeckas CHEKTPOCKOINHUS KBaHTOBO-Pa3MEpH
TeTEePOHAHOCTPYKTYPHI.

CKopoCTh MOBEPXHOCTHOM pekoMOMHanuu. JIokanu3aius >eKTPOHOB U 00pa3oBaHue
JIBYMEpPHOTO Ta3a. J[ByMepHas MOBEPXHOCTHAs MPOBOJUMOCTH. [ MTAHTCKUE OCIUIIIAI]
npo-

BOAMMOCTH B MarHuTHoM mone. KBantoBeii 3¢ dexr Xomma. dDotolrnexTpudeci
CIIEKTPOCKOIHUSI KBAHTOBO-PAa3MEPHBIX T€TEPOHAHOCTPYKTYPHI.

[Tomy4yeHue u CBOMCTBAa aTOMapHO-YUCTBIX TOBEPXHOCTEMN MOIYIIPOBOJHUKA.

Crpykrypa. [I10THOCTb 1 PHEPreTUUECKU CIIEKTP MOBEPXHOCTHBIX COCTOSIHUN. PeanbHa
MOBEPXHOCTh MoynpoBoaHuKa. CriocoObl mosyudeHus. HekoTopwle cBoOMCTBa peabH
noBepxHocTu. IlaccuBupoBaHHAass NOBEPXHOCTb. (DU3NUECKUN U XUMHUYECKUU CIIOCO
ITaCCHUBALIVH.

®enomenonornueckas teopus MII-crpykrypsl. [ToBepxHocTHas 1 GapbepHas eM-

JeKIUs KOCTH M MX 3aBUCHUMOCTH OT M3ruba 30H, YpPOBHS JIETMPOBAHMS MOJIYIPOBOIHH
IUJIOTHOCTA W DHEPreTUYECKOro  pacIpelNesieHHs  IOBEPXHOCTHBIX  COCTOSIH
OxBuBaJIeHTHbIE cXeMbl M/III-cTpykTypbl. BrICOKOYAaCTOTHAs M HU3KOYACTOTHAs BOJI
dapannbie xapakrepuctuku (BOX) MII-ctpykrypsl. Metonbl n3mepenus. Onpeneney
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OCHOBHBIX TmapameTpoB MJIII- cTpykTypsl W3 u3MepeHH BbICOKOYacTOTHOM Bd
HepaBnosecnas emxocte MJIII-cTpykTypbl. Metoauka H3MEpPEeHUs HEPaBHOBECH
emkoctu. OmpenesieHne BPEMEHHU JKU3HU M CKOPOCTU IOBEPXHOCTHOM peKoMOMHalUU
aHaJIM3a KNHETUKU HEPaBHOBECHOM eMKOCTH. ['ucrepesucHsie sienenus B MII-ctpykryp
CnocoOsI cTabu-

mu3atmu M/III-CTpyKTyp npu 3JIEKTPOHHOM M MOHHOM THUIaX rcrepesuca. Venonb3oBay
B

JIeHUsS 3apsAaKd cocTostHMid Ha Tpanune pasnenaSiO2/Si3N4 B MHOII-ctpykType
CO3JaHHUs 3JIEMEHTOB IIOJYITPOBOJHUKOBOM MaMSTH.

7 Hcnonp30BaHue SBJIEHNUS HEPAaBHOBECHOTO 00€HEHUS B OIynpoBoaHuke B M/II1-
CTPYKTYpE JJIsl CO3/1aHus IPHUOOPOB ¢ nepeHocoM 3apsaa. [IpuHuun pabots! GpoTodys-
crBurenbHbiX [13C matpuir.

4.2.3. J1aboparopHbie padoThl (KOHTpPoIUpyeMas komnerenuus [1K-3)

Taoauna 4
No
Tema
n/a
| HccnenoBanue CTPYKTYPhl TOBEPXHOCTH TOTYIIPOBOTHUKOB METOIOM TUDPAKITUU

MCIJICHHBIX 3JICKTPOHOB.

W3mepenue pacnpeesieHus MPUMECH B IOBEPXHOCTHOM CIIO€ MOIYIPOBOJIHUKOB Me-
7 | TOJOM PEHTTEHOBCKOM (POTOIICKTPOHHOM SMUCCUH HITH XaPAKTEPUCTUICCKUX MTOTEPh
SHEPTrUu

OnpeneneHne MIOTHOCTA NOBEPXHOCTHBIX COCTOSIHUM B MOJIYIIPOBOJHUKAX 110 BOJIBT-
3 amIiepHoi 1 BobT-(hapaanoii xapakrepuctam MII-cTpykryp

N3mepenne muddy3noHHON AIMHBI 1 BPEMEHH JKU3HU HEPAaBHOBECHBIX HOCUTEIEH 3a-
psiza Ha IOBEPXHOCTH IOJIYIIPOBOJHUKOB

I/I3MepeHI/IC CKOPOCTH HOBCpXHOCTHOﬁ peKOM6I/IHaLII/II/I HCPAaBHOBCECHBIX HOCHUTENEH 3a-
5 paaa B MOBEPXHOCTHOM CJIOC MTOJYITPOBOAHHUKOB

6 I/I3y‘{eHI/IC MOorJiIomeHNA CB€TA B IOBECPXHOCTHOM CJIOC TTOJIYIIPOBOAHUKOB

7 | U3ydenue ¢poTONPOBOAMMOCTH OBEPXHOCTHOTO CJI0S MOJIYIPOBOIHUKOB

HccnenoBaHue 3J1eKTPOHHBIX CBOMCTB Mk (a3HOM rpaHUIIbI TOTYIPOBOJHUK-METAIIT
8 METOJIJaMH BOJIbTAMIIEPHOI U BOJBT-(papagHON XapakTepucTUK 1noa0B LloTTku

HccnenoBaHue 3JIeKTPOHHBIX CBOMCTB MeX()a3HOM rpaHUIIBI MEXKIY MOTYIPOBOIHU-
Q | KamH p- U N- TUIIOB METOJAMHU BOJIbTAMIIEPHOM U BOJIBT-(hapajHON XapaKTEPUCTHK

MAII-ctpykTyp

MeTtoauyeckue peKOMEeHAalMHU 110 NPOBEACHUIO J1a00pPaTOPHBIX 3aHATHH

JlabGopaTopHbIil MPAaKTUKYM SIBJISIETCS] BAXKHBIM 3JIEMEHTOM Ipolecca o0yueHus. Jlabopa-
TOpPHBIE 3aHATUS JOJKHBI OBITH OPUEHTUPOBAHBI HAa PEIICHHE TUTIOBBIX (0a30BBIX) 3a/1a4, B Oy-
nytien mpodecCuOHATBHON IEATETLHOCTH C UCIIOIH30BaHUEM METOJI0B, METOIUK, (POpPMYIL,
MOJAXO0/0B, aITOPUTMOB, MOJIENIEH U TPOUUX, U3TOKEHHBIX Ha JIEKIMIX U B MaTepuasax, BbIHE-
CEHHBIX Ha CaMOCTOSITENIbHYIO padoTy. JIabopaTopHbie 3aHATHS TOJDKHBI 00ecriednBaTh HopMu-
pOBaHME KOMIIOHEHTOB «YMETh» 33JJaHHBIX UCHUIUTMHAPHBIX KOMIeTeHIIni. JlabopaTopHbie
3aHATHS 1IEIECO00pa3HO MPETyCMOTPETH (TTPU HAIMYUY BO3MOXKHOCTH) IO BCEM T€MaM HETIO-
CPEICTBEHHO IMOCJIE U3YUYEHHS Ha JICKIUAX TEOPETHUeCKOro Mmareprayia. OJTHON U3 IIaBHBIX Iie-
Jeit 1abopaTopHbIX 3aHATUI SBIIsSETCS YriyOJeHue, 3aKperieHue U Haubosee MoJIHOe YCBOSHHE



TOTO MaTepHualia, KOTOPBIA OBLT OCBEIICH Ha JICKIUSAX WM 33/IaH JUII CaMOCTOSITEIIbHOTO H3yYe-
Husl. JJabopaTopHbBIN TPAKTUKYM JIOJKEH IPUBUBATH HABBIKM CAMOCTOATEIHHON paboThl Ha
pa3IMYHOM JIA00OPATOPHOM 00OPYIOBAHUU M YMEHUE MMOIH30BATHCS PA3TUIHBIMH MPUOOPAMH U
MHCTPYMEHTAMH.

VYcnex 1abopaTopHbIX 3aHATUN 3aBUCUT OT KauecTBa IOJArOTOBKU IIPENoAaBares, cTy-
JIEHTOB U J1a00paTOPHOT0 0OOPYIOBAHHUS.

Ha nepBoM 3aHATHM CTYACHTHI H3YYaIOT TEXHUKY 0€30MaCHOCTH, TOIYYal0T CIHCOK Jia-
OopaTopHBIX padOT U UHIUBUIYaTbHBIN IpadUK BBITIOIHEHUS J1a0OPATOPHBIX padOT B BUE

NuauBuayanbHbIA rpa@uk BbINOJHEHHS JJA00PATOPHBIX padoT
Tadauua S

Jatbl
BBITIOJTHEHUS paboT

NoNe
1a00paTOPHBIX padOT

KonnuectBo 0anios 3a ogHy
paboTty

CymMma 6aJuIoB MO PEHTHHTO- I 11 111
BBIM TOYKAM

CTyzmeHTBI TaKkKe TOIy4aroT OCHOBHBIE TPEOOBaHUS K BBIMOJHEHUIO M O()OPMIICHHIO Jia-
00paToOpHBIX PadOT MO AUCIHUILIUHE B DJIIEKTPOHHOM I OyMa)KHOM BHJIE.

BrinosiHeHHe KaxKI0i J1a60paTOPHOIl padoThI CKJIAABIBAETCS U3 CJIEAYIOIIMX ITANOB

1. CaMocTosTenpHas MOAr0TOBKA CTYACHTOB K paboTe | moydeHue aomycka. [lepen
HayajoM paboThl CTYAEHTHI JOJKHBI 3HAaTh: Ha3BaHUE PaOOThI; KPATKYIO TEOPHUIO TEMBI; L1EJb pa-
OOTBI; METOAMKY M3MEPEHHUS U IKCIIEPUMEHTAIBHYIO YCTAHOBKY; 33/IaHUSI U O’KUIaEMBbIE PE3YITb-
TaThl. PeKOMeH1yeTcst UMeTh 3anKch B paboueil TeTpau 1o BCeM 3TUM ITyHKTaM U 3aroTOBKY Ta0-
JIMIIBI JUTS 3aITUCH PE3YyJIbTaTOB M3MEPEHUN U BbIUucieHu. CTyIeHThI, HE MOATOTOBUBIIUECS K
paboTe B COOTBETCTBHHM C 3TUMHU TPeOOBaHUSIMH, K BHIIIOJTHEHUIO PA0OTHI HE JOMYCKAIOTCH.

2. [TpoBeneHue dKCTIIEPUMEHTA. DTOT ATAIl OCYIIECTBIISIETCSI B COOTBETCTBUU C METO-
JTMYECKUMH YKa3aHUSAMH, KOTOPbIE COAEPIKATCs B PYKOBOJICTBE K KaXKJ0M paboTe U TEXHUYECKOMY
ONMCAHUIO JTa0OpaTOPHOW YCTAaHOBKHU. Pe3ynbTaThl MEPBUYHBIX M3MEPEHHMN 3alMCBhIBAOTCS 0e€3
Kakoi-mbo 06padoTku B “Tabnuily pe3yabTaToB U3MEPEHUN U BHIYHUCICHUI .

[Ipu pabote B 1abopaTopuu HEOOXOAMMO CTPOTO BBIIOJIHATH BCE MpaBUila TEXHUKU 0e3-
OIAaCHOCTH U yKa3aHMs MPernoiaBaTes.

3. O06paboTKy pe3ybTaTOB U3MEPEHUN PEKOMEHIYETCSI TPOBOUTH OJHUM U3 COBPE-
MEHHBIX [TAKETOB MaTeMaTUYeCKUX Mporpamm, Hanpumep, Mathcad, Origin u ap. Ho ecau o6pa-
OOTKY pe3yJIbTaTOB U3MEPEHUH BEACTCS PYUYHBIM CIIOCOOOM, TO rpad)iKi HEOOXOIUMO ITOCTPOUTH
Ha MUJUJTUMETPOBOI Oymare.
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4. JlJis TOJTHOTO MOHMMAaHUs «OOHAPYKEHHOH 3aKOHOMEPHOCTHY CTYIEHTY HE00XO0-
JIMMO OIIUCATh XOJ rpaduka U clienath BBIBOJBI, SBIISIOMIMECS UTOIOM CaMOCTOSITEIBHOIO aHa-
32 pe3ysbTaTOB SKCIIEPUMEHTA.

5. Otd4er o mpoaenanHoil paboTe npeacTaBisieT cO00i COBOKYITHOCTD BCEX ATAIOB OT JI0-
IIyCKa JI0 OJIHOTO 3aBepIIeHHs JJabopaTOpHON padoTHI U ONMCaHHBIE B paboyell TeTpaH.

6. 3aBepLIAOIINM JTAIOM SIBISICTCS 3alllMTa BBIIOJIHEHHON paboThl. Ha 3ammre crymeHT
IPE/ICTABISICT OTYET U OTBEYAET HAa KOHTPOJIbHBIC BOIIPOCHI M3 PYKOBOJICTBA K 1a0OPaTOPHBIM pa-
0otam 1o (U3MKE MOIYNPOBOAHUKOB M ITOJYIHPOBOJHUKOBBIX CTPYKTYP M €MY BBICTABIISCTCS
0aJu1, KOTOPHIM OIIEHEHa JaHHas J1abopaTtopHas paboTa.

B xozne nmpoBeneHus 1ab0paTOpHBIX 3aHATUH NPENOAABATENb IOMOTAeT CTYAEHTaM
OBJIA/IETh JIAOOPATOPHON TEXHUKOW, TPOBOAUTH U3MEPEHHUS, aHAJIU3 PE3YJIbTATOB U CHIENATh
BBIBO/IbI M3 IOJIyYE€HHBIX PE3YJIbTATOB.

AKTHBHas paboTa CTYJJCHTOB Ha MPAKTUYECKHUX 3aHATUAX SBIISCTCS OJHUM W3 MOKa3a-
TeJsiel XOopolleil opraHu3aluy Takux 3aHsaTui. [Ipy 3TOM oYeHb BaXKHO MOAJIMHHO HAYYHOE
pelieHne Ha 1a00paTOPHBIX 3aHATUAX 337134, CBSI3aHHBIX C 00JIACTBIO M BUAM IIpodeccHo-
HAJIbHOW J€ATeIbHOCTU BBIITYCKHUKOB 10 HAIPaBJICHHUIO MOATOTOBKU «JJIEKTPOHUKA U HAHO-
AIIEKTPOHUKA

4.2.4. CamocTosiTeIbHOE U3yUeHHE Pa3/1eJI0B IMCHHIIIHHbI
Taoauma 6

Ne | Bompochkl, BHIHOCHMBIE HAa CAMOCTOSITEIILHOE H3yUCHHE
/o

1 VYpasuenue [lyaccona minsa noBepxnHoctuo OI13 momympo-
BOJIHUKA.

2 ITepBoiit uaTErpat ypaBuenus [lyaccona. Pactipenenenve HanpsiKEHHOCTH 3JIEKTPH-
4eCcKOro nouist B npunosepxHoctHoi OI13 nmonynpoBoiHUKa.

Bropoii unterpan ypaBuenus Ilyaccona B cimyuyae manbix norenuuainos(ys11).

Bropoii unterpan ypasHenus [lyaccona ans pexxuma oboramieHus (n - moxyrnpoBo/-

5 Bropoii unterpan ypasHenus [lyaccona ans pexxuma o6eiHeHus (n - TOITyTpPOBO/I-
6 Bropoii unterpan ypasHenus [lyaccona ans pexxuma MHBEpCHH (N - MOIYIPOBO/-

7 Bropoii unterpan ypaBuenus Ilyaccona B cOOCTBEHHOM MOJTYTIPOBOTHUKE.

8 [TpunoBepXHOCTHBIE U30BITKM HOCUTENEH 3apsia.

9 Bropoii unterpan ypasuenus [lyaccona s pexxuma o6eHeHus (P - MOTYIPOBOI-

HUK).

10 | Bropoii unaTerpan ypaBuenus [lyaccona miist pexuma odoramenus (p - IoJympoBO/I-
HUK).

11 | Bropoii uaTerpan ypaBuenus [lyaccona s pexxuma uHBEpCUH (p - MOIYIIPOBO/I-
HUK).

12 | Juddepennmanbras emxocTs moBepxHocTHOM OI13 momynposoaamka (Csc u Cu sc).

13 | Tuddepennmanpaas eMkocTs moBepxHocTHOM OI13 monynpoBoaHuKa (OnpeaeieHre
Cn).

14 | [ludpdepenuunanbHas eMkocTs noBepxHocTHOM OII3 monynpoBoaHMKa (onpeaenenre
Cp).

S. OueHo4YHbIe MaTepHaIbI 1JIsl TEKYIIero U py0e;KHOIro KOHTPOJIsA yCIeBaeMo-
CTU U HpOMe)KyTO‘IHOﬁ arTrecranumu
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5.1. Baganus 1l TEKYIero KOHTPOJIA
5.1. 1. Kosutokeuymbl (koutpoaupyemasi komnerenuust OK-7, OIIK-7, I1K-3)
Bonpocskl k kKoJIOKBUYMY 110 I TekymeMy KOHTPOJII0

1. YpaBuenue Ilyaccona ansa noBepxaoctaoit OI13 nomynpoBogHuka.

2. IlepBebiit unTerpan ypaBHeHus Ilyaccona. Pacripenenenne HanpsK€HHOCTH 3JIEKTPUUYECKOTO
noJisi B npunoBepxHocTHoi OII3 monynpoBoHuKA.

3. Bropoii unterpan ypaBuenus [lyaccona B ciydae MajibIX MOTEHIIMAJIOB.

4. Bropotii unaterpan ypaBaenus [lyaccona s pexuma odoraiieHus (n - TOTyIPOBOTHUK).
5. Bropoii unterpan ypaBuenus Ilyaccona s pexkxuma od6eqHeHus (N - MOJTYIPOBOJHHUK).

6. Bropoii unrerpan ypasaenus Ilyaccona i pexxuma nHBEpCHH (1 - OJIYTIPOBOIHUK).

7. Bropoii uaTerpan ypaBuenus [lyaccoHa B COOCTBEHHOM IOJTYITPOBOTHHKE.

8. [IpuroBepxXHOCTHBIE U30BITKY HOCUTEIIEH 3apsa.

9. Bropoii unrerpan ypaBuenus Ilyaccona misa pexxuma o0eqHeHus (P - MOJIYIPOBOIHHUK).
10. Bropoii unrerpan ypasHenus [lyaccona s pexuma odoraiieHus (p - HOTYIPOBOIHUK).
11. Bropoii unterpan ypaBuenus [lyaccona amns pexxuma HHBEpCUU (p - MOTYITPOBOIHHK).

Bonpocs! k kotokBuymy 1o Il Tekymemy KoHTpoJI10

1. Onpenenenue 3apsaa Ha HOBEPXHOCTHBIX COCTOSIHUSAX B CIIy4ae MOHOIHEPTETUYECKOI O pacipe-
JIEJIEHNS JJOKAJIM30BaHHBIX COCTOSIHUM.

2. Onpenenenue 3aps/a Ha IOBEPXHOCTHBIX COCTOSIHUSIX B CIIy4ae HENPEPBIBHOTO PacIpeesICHUs
JIOKQJIN30BAHHBIX COCTOSHUI aKI[ENTOPHOI'O TUIA C TOCTOSHHOM MJIOTHOCTHIO.

3. Onpenenenue 3apsaaa Ha IOBEPXHOCTHBIX COCTOSIHUSAX B CIIy4ae HEIIPEPBIBHOTO PACIIPENEICHHUS
JIOKQJIN30BAHHBIX COCTOSHUI JIOHOPHOTO TUIIA C IOCTOSSHHOM IJIOTHOCTBIO.

4. OnpeneneHue 3apsiia Ha IOBEPXHOCTHBIX COCTOSIHUAX B CIIy4ae 3KCIIOHEHLUAIBHOIO pacipe-
JIEJIEHNS JJOKAJIM30BaHHBIX COCTOSIHUM aKIENTOPHOIO THIIA.

5. Onpenenenue 3apsaa Ha MOBEPXHOCTHBIX COCTOSHUAX B CIIydae SKCIIOHEHIMAJIIBHOTO paclpe-
JIEJIEHUS JTOKAJIM30BaHHBIX COCTOSIHUM TOHOPHOT'O THIIA.

6. PaBHOBecHbIE tH(hepeHIInanbHbIe EMKOCTH MOBEPXHOCTHBIX COCTOSHUH.

7. Pactipenenenue norenuana B MJII1 — ctpykrypax (6a3oBast cucrema ypaBHeHHil). TpeOoBaHus
K IudeKTpudeckuM ciaosm M — ctpykryp.

8. Pacnpenenenue norennuana B MIII — crpykrypax (mpu Qsecrp=0 u Vk=0).

9. Pacnipenenenue notenuuana B M/II1 — crpykrypax (mpu Qt=Qsctp=0).

10. O6mue cenenus 06 MII — ctpykrypax. Pabora BeIxo/1a 1 KOHTaKTHasE pa3HOCTh MOTEHIIN-
aJIoB.

11. Pacnpenenenue norenunana M/II1 — cTpykTyp i mpou3BOIBHOIO PaCIpPEAEIEHUs] BCTPOCH-
HOTO 3apsAJa IUDJIEKTPUKA.

Bonpocs! k kotokBuymy 1o III rekymemy KoHTpo.110

1. Juddepennmanbruas emxocTs moBepxHoctHo OII3 momynposonuuka (Csc u Cu sc).

2. Muddepenunanbras eMKocTh noBepxHocTHoi OI13 momynpoBonnuka (onpeaenenue Cn).

3. Mudbdepenumanbuas eMxocTh moBepxHocTHoU OI13 momynpoBoanuka (onpenenenue Cp).

4. Hanpspxenue minockux 30H MIIT — cTpyKTyp B 4aCTHBIX CilTydasix paclpeesieHus: BCTPOCHHOIO
3apsiaa JU3JIEKTPUKA.

5. OkBuBanentHole cxembl MII-cTpyKTypbI

6. Ctatuyeckue BOJIbT-(papajHble XapaKTePUCTUKH.

PeKOMeHIlaIII/II/I IIPA MMOATOTOBKE K KOJJIOKBHYMY

-popadoTaTh KOHCHEKTHI JIEKLUH 110 BOIIPOCaM KOJIJIOKBHYMa;
-IPOYUTATh OCHOBHYIO U JIOTIOJIHUTEIBHYIO JIUTEPATYPy, PEKOMEHIOBAaHHYIO 110 H3y4aeMbIM BO-
mpocawm;
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-OTBETUTH Ha BOIIPOCHI KOJUIOKBUYMa;
-TIpY 3aTPYAHECHUSX, IPOKOHCYJIBTUPOBATHCA C MPENoaBaTeieM.
Kpurtepuu onennBanus

Taoauma 7
Onenka
HEy0BJIETBOPH- | YI0BJIeTBOPH- XO0po1o OTJIMYHO
TeJAbHO 2 0aJliIa | TeJIbHO 4 0as1a 6 0as10B 8 bas10B
Crynentr He 3Haer | CtyneHT mnoBepx- | CTyaeHT xopowo | CTyJeHT B  IOJIHOM
3HAYUTENBHOM 4Ya- | HOCTHO 3HAaeT BO- | 3HAeT Marepual, rpa- | o0beMe 3HaeT Marte-

CTH BOIIPOCOB, JIO-
MyCKaeT CyIIECTBEH-
HBIE OIINOKU B OTBE-
Tax Ha BOIPOCHI.

MPOCHl  KOJUIOKBU-
yma,  JIOMYyCKaeT
HETOYHOCTU B OT-
BETE Ha BOIIPOC

MOTHO U TI0 CYIIIECTBY
u3jaraer ero, JoIyc-
Kas HEKOTOphle He-
TOYHOCTH B OTBETE Ha
BOIIPOC.

puai, TpaMOTHO U IO
CYIIECTBY H3JIaraeT
€ro, He JOMyCKas Cy-
IIECTBEHHBIX HETOYHO-
CTeM B OTBETE HA BO-

poc.

5.1.2. lIpumepsn! TecTOBLIX 3a1anuii (konTpoaupyemas komnerenuusa OK-7,0I1K-7, I1K-

HepBaﬂ KOHTPOJIbHasI TOYKa

KT=; MT=;
CoCToAHME 3/1IEKTPOHA B aTOME ONnpeaensieTcss KBaHTOBbIM YNC/IOM:
1) rnaBHbIM N
2) opbuTanbHbIm |
3) MarHUTHbIM M
4) CNNHOBbLIM S
5) Bcemun nepeuncneHHbIMuU
KT=; MT=;
FNaBHOE KBaHTOBOE YNC/I0 MPUHUMAET 3HAYEHUS:
1)1/2,1/3, 1/4, ...
2)0,1,2,3, ..
3)1,2,3,..
4)-1,0,1
5)-1/2,1/2
KT=; MT-=;
OpbuTanbHOE KBAaHTOBOE YMC/I0 MPUHMMAET 3HAYEHMA:
1)0,1,2, ..., (n-1)
2)-n, -(n-1),...,0,..(n-1),n
3)-1/2,0, 1/2
4)-1/2,1/2
5)-1,-2,-3, ..., -(n-1)

KT=; MT=;

Bropasi KOHTpPOJIbHASI TOYKA
KuHeTtnueckmne aneHna B NoNynpoBoAaHUKaX
KT=; MT-=;
B peanbHbix NONYNPOBOAHUKAX KOMBMHMPOBAHHAA NMOABUXHOCTb ONpeaenAaeTca pacceaHnem
Ha MoHax Nnpumecn n GOHOHaX, a B 3aBUCMMOCTM OT TEMMNEPATYPbl BbiPaXKaeTCA COOTHOLLIEHNEM
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(% =aT—3/2 +bT3/2)

@
KT=; MT=;

B aTOMHbIX nonynpoBoaHMUKax C pPOCTOM TeMnepaTypbl, eCanm pacceaHne NponcxoanT To/IbKO Ha

MOHaX NnpumecHn, noaBUKHOCTb HocuTenemn 3apAda pacTtetT NnponopLuMoHaIbHO
nT

2) 132

3)T32

4) T°/2

5) T2

@

KT=; MT=;

B aTOMHbIX NONYNPOBOAHMKAX C POCTOM TEMMEPATYPbI, €C/IM paccesHUe NPOUCXOAMUT TONbKO Ha
AJIMHHOBO/IHOBbIX aKyCTMYECKNX GOHOHAX, NOABUMKHOCTb HOCUTEIeN 3apAAa YMEHbLUAEeTCa Npo-

nopunoHaabHO
)T

2) T3/?

3) T3/

4) T5/2

5) T/

@

KT=; MT=;

Tperbsi KOHTPOIbHASA TOYKA
KoHTaKTHble ABNE€HUA B NONYNPOBOAHUKAX
KonTakTHele siBneHus B noiaynposoguukax KT =; MT =

... -3Heprua Heobxoanmas Ana nepesoa 3/1eKTPOHa € YpoBHA Pepmum Ha HY/IEBOI YPOBEHDb B
BaKyyme.

+: PaboTa BbIXxo4a 31eKTPOHA

@

KonTakthbie siBneHus B nonynpoBogaukax KT=; MT=;

HeBbIpoXKAeHHbIM NOAYNPOBOAHMK N — TUMA KOHTAaKTUPYET C MeTannoM paboTa BbIxo4a 3/1eK-
TPOHA M3 KOTOPOTO BbILLE, YeM Y NONYNPOBOAHMKA. [10ly4EHHDBIN KOHTAKT ABNAETCA ... .

-1 3aMMparLWwmm

+: QHTU3aNMpPaLWMm

- OMUYECKMM

@

KoHnrakTHbIe sBeHNs B nonynpoBoaHukax KT=; MT=;

HeBbIpoXKAeHHbIM NOAYNPOBOAHMK N — TUMA KOHTAaKTUPYET C MeTanoM paboTa BbiIxo4a 3/1eK-
TPOHA M3 KOTOPOro MeHbLUE, YeM Y MOAYNPOBOAHMKA. [T0NyYEHHbIN KOHTAKT ABAAETCA ... .

+: 3aNuparowmm

- @aHTM3anMpatoLWum

-: OMUYECKMM

@
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B pamkax oOecriedeHusi IPUMEHEHUS] KOMIIBIOTEPHBIX TEXHOJOTHHA B 00pa3oBaTeIbHOM
IIPOLIECCE UMEIOTCS CIEIUAaTU3UPOBAHHBIE KOMIIBIOTEPHBIE KIACChl ¢ COBPEMEHHBIM IIPOrPaMM-
HBIM 00€CTIeYeHHEM 1 UMEIOINM BeIXo[ B IHTepHeT. C TeKymero yaeOHoro rojia OpraHu3oBaHa
BO3MOYKHOCTb TECTUPOBAHMS U BHE YHUBEPCUTETA.

MeTtoau4ecKkue peKOMEHAALUH 110 MOATOTOBKE K TECTHPOBAHMIO
TecTsl — 3TO BOIPOCHI WU 3a4aHU, IPEAYCMATPUBAIOIINE KOHKPETHBIN, KPATKUM, YETKUU
OTBET HAa MMEIOIIKECS JTAJIOHBI OTBETOB. [Ipy caMOCTOATENIBHON NMOATOTOBKE K TECTHPOBAHUIO
CTYJIEHTY HEO0OXO0IUMO:
a) FOTOBSICh K TECTUPOBAHUIO, IPOPabOTaTh MH()OPMAIIMOHHBIN MaTepHall O TUCLMILIIMHE.
[TpOKOHCYIBTHPOBATHCS C MPETIOAABATENIEM 110 BOIIPOCY BIOOpA Y4eOHOM JINTEPATYPHI;
0) 4eTKO BBIICHUTE BCE yCIOBUS TECTUPOBAHNUS 3apaHee. 3HaTh, CKOJIbKO TecToB Bam Oyzer npen-
JI0’KE€HO, CKOJIBKO BPEMEHU OTBOJUTCS HA TECTUPOBAHKE, KAKOBA CUCTEMA OLICHKHU PE3yJIbTaTOB
U T.1.
B) IpUcTyMnas K padoTe ¢ TeCTaMi, BHUMATEJIbHO U /10 KOHIIAa IPOYTUTE BONPOC U MpeJiaracMble
BapHUaHThl OTBETOB. BriOepuTe npaBuiibHbIE OTBETHI (MX MOXKET ObITh HECKOJIBKO);
r) eciii Bel BeTpeTunu upe3BblyaiiHO TpyaHBIM Ui Bac Borpoc, He TpaThTe MHOTO BPEMEHU Ha
Hero. [Iepexogute k npyrum tectaM. BepHurech K TpyAHOMY BOIIPOCY B KOHIIE.
€) 00s13aTeJIbHO OCTaBbTE BpeMs JJIsl IIPOBEPKU OTBETOB, YTOOBI M30€KATh MEXAHUUYECKUX OIIH-
O0K.

Kpurepun oneHuBanusi

Tadauua 8
Ouenka
Hey/10BJIETBOPHUTEJIBHO YI0BJIETBOPH- xopowo 4 6as1a | OTJIMYHO 5 6as-
0 0a/1;10B TeJabHO 3 0aJl1a JIOB
Menee 50 % mpaBunbHO BeI- | 50-70% mnpaBunbHO | 71-85% mpa- | 86-100% npa-
MOJTHEHHBIX 3aJaHHH. BBITIOTHEHHBIX 3a/1a- | BWIBHO  BBIMOJ- | BWWIBHO  BBIMOJ-
HHIA. HEHHBIX 3aJJaHU. | HCHHBIX 3aJaHUM.

5.1.3. IlpomesxyTounas arrecranus (kourpoaupyemasi komnerennusa OK-7, OIIK-7, T1K-
3)

CnucoK BONPOCOB K YCTHOMY IK3aMeHY

1. deHomeHosornyeckas TeOpusi 00J1aCTH MPOCTPAHCTBEHHOIO 3apsija MOITYIPOBOAHHKA.
[TnoTHOCTH MpOCTpaHCTBEHHOTO 3apsiia. Pacnpenenenue norenuuana B OI13. O6ora-
IIEHHbI, 00eTHEHHBI U NTHBEPCUOHHBIN TOBEPXHOCTHBIE CIIOH.

2. deHoMeHOJIOTHYECKas TEOpHUsl 00JIACTH MPOCTPAHCTBEHHOTO 3apsi/ia MOITYIPOBOJHHKA.
3aBUCHMOCTH TTOBEPXHOCTHOTO U 0OBEMHOTO 3apsIOB OT M3rHbOa 30H.

2. @deHOMeHOJIOTHYECKas TeOpHs 001aCTH MPOCTPAHCTBEHHOTO 3apsiaa MOJYIPOBOIHUKA.
3apsi MOBEPXHOCTHBIX COCTOSTHUM. PaboTa BhIX0/1a M TOTEHITHAN IOBEPXHOCTH. 3aBH-
CHUMOCTb pabOoThI BBIX0O/1a OT U3ruba 30H.

4. TloBepxuoctHas dotodac. Dororac embepa. baprepras moBepxHocTHas hoTodc (
3aBHCUMOCTH OT M3TH0a 30H U OT YpOBHA (POTOBO3OYKICHHUS ).

5. TloBepxHoctHas (hoTodac. baprepHo-oByIIeUHAast MTOBEPXHOCTHAS (GOTOAC ( 3aBUCH-
MOCTb OT YPOBHS (OTO BO30OYKICHHS ).

6. V3MepeHue noteHnyana NoBEpXHOCTH U €ro U3MEHEHUI METOI0M JUHAMUYECKOTO U
CTaTMYECKOT0 KOH/IEHCATOpa.

7. TloBepXHOCTHasi MPOBOJUMOCTb. 3aBUCUMOCTH MTOBEPXHOCTHON MPOBOJAUMOCTH U TO-
JIBIDKHOCTHU OT M3ruba 30H.
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8. M3aMepeHune moBepXHOCTHOM MpoBoauMocTu. Omnpenenenue u3ruda 30H Ha TOBEPXHO-
CTH NOJIYIPOBOJHUKA U3 U3MEPEHUI MOBEPXHOCTHON MTPOBOJAUMOCTH.

9. BapwepHast GOTONPOBOAUMOCTD HOTYIPOBOTHUKOB.

10. D¢ ekt nons. DkciepuMeHTaIbHbIE METOAbI H3MepeHus d(dexTa moss Ha UMITYIIbC-
HBIX U CHHYCOUJAJIbHBIX CUrHanaxX. OmpeneneHne XxapakTepUCTUK ITIOBEPXHOCTH MOy~
IIPOBOJIHUKA U3 ITUX U3MEPEHUI.

11. TloBepxHOCTHast eMKOCTb. bapbepHas eMKOCTb. EMKOCTh IOBEPXHOCTHBIX COCTOSIHUH.
3aBUCUMOCTB OT YacCTOTBHI.

12. Tlonstue 06 M/II-crpykrype. [Ipumensembie MaTepuanbl 1 KOHCTPYKIUS. M eanbHast
MII-ctpykrypa.

13. Emkocts M/III-CTpyKTypBl. 3aBUCHIMOCTB OT U3TH0A 30H, HAMPSKCHUS U YaCTOTHI.

14. SIBneHune HEPaBHOBECHOT'O OOCTHEHHS TTOBEPXHOCTH MOJIynpoBoaHuKa B M/II1-
cTpykrype. Onpenenenue npoduis pacnpeaeieHus IPUMECH U BPEMEHH KU3HU U3
WU3MEPEHHUI HEPAaBHOBECHOW €EMKOCTH.

15. deHomeHoOTNYECKast TEOPUs MOBEPXHOCTHONW peKOMOUHAIMH. MeTobl OnpeieIeHHS
CKOPOCTH MOBEPXHOCTHON PEKOMOMHAINH.

16. MeToibl IOTY4YEeHUsI U CBOICTBA aTOMapHO-YUCTBIX IOBEPXHOCTEH MOITYIIPOBOHUKOB.
17. MeToibl OMyYEHHUS U CBOWCTBA peabHbIX U TACCUBUPOBAHHBIX IOBEPXHOCTEH MOJY-
IIPOBOJTHHUKOB.

18. Hecrabunbnoctu B MAII-cTpykTypax. [ 'uctepesucHbie IBJICHHUS.

19. ®enomenonoruueckas teopus spiaeHus namsatu B MHOII-cTpykrypax.

20. HepaBuosecnoe odeanenre MII1 crpykrypsl. [IpuGops ¢ 3apsa0Boii CBA3bIO

21. DneMeHTHI IaMATU Ha KBAHTOBO-PAa3MEPHBIX CTPYKTYpax

MeTtoanyeckue peKOMeHAAlMHU 110 NOATOTOBKE K MpoleAype OCylecTBIeHHs IPo-
MEKYTOYHOH aTTecTanuu (IK3aMeHy)

ITonroToBKa CTYJIEHTOB K 3K3aMEHY BKJIIOYAeT MPOpabOTKY JIEKIUH, B TEUCHHs BCETO ce-
MeCTpa ¥ HEMOCPEACTBEHHYIO ITOATOTOBKY B JIHU, IPEAIIECTBYIOIINE SK3aMEHY, BKIIIOYast MOJAr0-
TOBKY K KOJIJIOKBHYMaM, TECTUPOBAHUIO, BHIIIOJIHEHUIO JTa00OPaTOPHBIX paboT U UX 3aIIUTY.

B koHIIE cCemecTpa cTyAeHTaM BBIIAKOTCS DK3aMEHAlMOHHbIE BONPOCHL. [Ipy noaroroske
OTBETOB Ha BOIPOCHI CTYACHT JOKEH UCIOJIb30BaTh HE TOJIBKO KYPC JIEKLIUN, HO U OCHOBHYIO U
JIOTIOTHUTEIIBHYIO JINTEPATypy Ul BBIPAaOOTKH YMEHUS J1aBaTh pa3BEpHYTHIE OTBETHI HA MTOCTAB-
JICHHBIE BOIIPOCHI.

B xo7€e moAroToBKM CTYJAEHTY HEOOXOAUMO 0OpaliaTh BHUMaHUE HE TOJIBKO HA YPOBEHb
3allOMUHAHUS, HO U Ha CTENEHb NOHUMAaHMSI N3Y4aeMbIX BOIPOCOB. A 3TO JOCTUTAETCS HE IPO-
CTBIM 3ay4HMBAHMEM, a4 YCBOCHUEM IIPOYHBIX CUCTEMAaTH3UPOBAHHBIX 3HAHWHM AHAJUTUYECKUM
MblieHHeM. ClleZIoBaTeIbHO, HEMMOCPEACTBEHHAS IIOJrOTOBKA K 3K3aMEHY JI0JKHA B Pa3yMHBIX
IIPOMOPLUAX COYETATh U 3alIOMUHAHNE, U TOHMMaHUE IPOrPAMMHOI0 MaTepHaIa.

ITo peiitunrosoit cucteme B KBI'Y Ha sk3amen Bbinensercs 30 6amnos. Mx MoxHO pac-
IpPEENATh 10 YPOBHIO 3HAHMS CTYAECHTA CIEAYIOIIHUM 00pa3oM
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I(pumepuu OUCHUBAHUA HA IK3AMEHeE

Taoaumna 9
Banael HA DK3aMeHe
15 dams10B 20 6a11a 25 6a1a 30 6a1710B
ITocemenne meHee Ilocemnienue cocras- ITocentenue cocraBnger | Ilocemenue cocras-

50 %

JICKIIMOHHEIX 1
MPaKTUYECKHUX 3aHS-
THUW U CTYJICHT HE
3HAeT 3HAYUTEIbHOMN
4acTH MaTepuara,
JIOTTyCKaeT CylIe-
CTBEHHEIC OIIMOKH B
OTBETAax Ha BO-
MIPOCHL.

et He MmeHee 60%
JICKITMOHHBIX U TIPaK-
THYECKUX 3aHSATHH.
CryneHt nosepx-
HOCTHO 3HAEeT Mare-
pUaJl OCHOBHBIX pas-
JIEJIOB U TeM y4eOHOM
JTUCIUTUIAHBI, JOITYC-
KaeT HETOYHOCTH B
OTBETE Ha BOIIPOC.

He MeHee 70 % mexuu-
OHHBIX U MPAKTUYECKUX
3aHATHil. CTyIeHT Xo-
pOIIIO 3HAET Marepua,
rPaMOTHO U TIO CYIIIe-
CTBY M3JIaraeT ero, J0-
MyCKass HEKOTOPBIC He-
TOYHOCTH B OTBETE Ha
BOIIPOC.

gseTr He MeHee 85%
JEKIMOHHBIX W TpaK-
TUYECKUX  3aHSITHMH.
CryaeHT B TMOJHOM
00BbEME 3HaAeT MaTe-
puas, TPaMOTHO U TIO
CyIIECTBY  H3jaraer
€ro, He JIOIMyCKas Cy-
[IECTBEHHBIX HETOY-
HOCTCH B OTBETE Ha BO-
poc.

Htorosas onieHKa BBICTABISETCS O nATHOAIILHOM cCHCTEME nuexoasa u3 Ta6.]'II/II_[I>I 10.

IkaJjia olleHKH yCIeBaeMOCTH CTY/€HTOB Taoauma 10
Cymma 0OasmioB Ouenka
0-35 HEJOMYCK
36-60 HEYJIOBJIETBOPUTEIBHO
61-80 YIOBJIETBOPUTEIHHO
81-90 XOpOIIO
91-100 OTJINYHO

6. Meroauyeckue MaTepuaJibl, ONpee/siioliue npouea1ypbl OLeHNBaHUS 3HAHMIA,
YMeHHii, HABBIKOB W (MJIM) ONBITA 1eSITeJIbHOCTH

Taoauna 11. Pe3yabTarhl 0CBOCHHS JUCHUIIMHBI, MOAJIEKAIME TPOBEPKe

PesynbTarsl OcHOBHBbIE MOKA3aTeNN OLIEHKH PE3yJIbTaTOB O00Y4YEeHHUS Bun ouenou-
o0y4yeHHUs HOI'0 Marepuaia
(KOMIIETEHIIMN)
Crnocobnocts k | I[Tmanupyer coOCTBeHHYIO paboOTy B paMKax camMmoobpa3o- | OLeHOYHbIe Ma-
camMooOpraHu3a- | BaHHs, UCIIOJIB3YET pe3yIbTaThl CaMO0Opa30BaHUs IS TepHabl IS
LIUU U caMo00- | perieHus npodeccHoHalIbHBIX 3a1a4. [loHnmaer 3Have- IIPOBEICHUS
pa3oBaHUIO HUe camMoo0pa3oBaHus sl NPodeCcCHOHATBHON AESTeNb- | KOJUIOKBHYMA.
(OK-7) HocTH. Mcnomnb3yeT pe3ynbTaThl CaMO00pa30BaHMs B OneHouHsble
poeCCHOHATBHON AEATETHFHOCTH. ¥ MEET COCTABJISITh MU | MaT€pUaIbI ISt
peann30BbIBaTh IUIaH PAOOTHI. IIPOMEXKYTOU-
HOM aTTecTaluu
CrniocobHocThio | MIMeeT npeacTaBieHre O poJid M MECTe MaTeMaTUKU B co- | OLeHOYHbIe Ma-
YUUTBHIBaTh CO- | BPEMEHHOM IIUBMIIM3AIIMHM U MUPOBOM KYJIbTYpeE. TepHabl IS
BPEMEHHBIE
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TEHJICHIIUH Pa3-
BUTHS DJIEKTPO-
HUKH, H3MEPH-
TEJIBHOM U BBI-
YHUCIUATEILHON
TEXHUKH, UH-
(hopmaImoHHBIX
TEXHOJIOTHIi B
cBoeit mpodec-
CHOHAJILHOM JIe-

3HaeT ¥ MOHUMAeT (PU3NYECKYIO CYIITHOCTD SIBJICHUHN U
IIPOLIECCOB, IPOUCXOIAUINX B MaTepraiax Ipyu B3auMo-
JEHCTBUH C AJIEKTPOMArHUTHBIM I0JIEM U paboueil cpe-
JIOW B Pa3IMUHBIX YCIOBUSIX IKCIUTyaTallUH.

YMeeT Toru4ecku MbICIUTbh, OIIEPUPOBATH C a0CTPaKT-
HBIMU 00BEKTaMU M OBITh KOPPEKTHBIM B YIOTPEOICHUU
MaTe€MaTUYECKUX MMOHATUNA U CUMBOJIOB JJI BBIPAXKEHUS
KOJIMYECTBEHHBIX M KAUE€CTBEHHBIX OTHOIIEHUH.

Bnageer repmuHonoruei, METo1aMH PELLIEHUS CUCTEM JIU-
HEHHBIX U anreOpanyecKuX ypaBHEHHI, OCHOBAMH BEK-

MPOBEJICHUS
KOJUIOKBHYMa.
O1LeHOYHbBIE
Martepuaibl st
MPOMEKYTOU-
HOM aTTecTaluu

SATETbHOCTU TOPHOMH anreOpbl U aHATUTUYECKON T€OMETPUHU, METOIaMU
(OIIK-7) nudhepeHIMaTbHOTO U HHTETPATLHOTO UCYHCIICHUS, M-
TO/AaMHU HCCIIeI0BaHus PYHKLIMUU U IIOCTPOEHUS IpaUKOB.
YMers pewmats ypaBHeHuMs IlyaccoHa, KMHETHYECKOTO
ypaBHeHus bosibiiMana, Ypasuenus penunrepa.
I'oToBHOCTBIO 3HaTh: OneHouyHble Ma-
aHAJIM3UPOBATh | - OCHOBHBIE TMOHSTHS, 3aKOHBl M MOJENH B (PU3UKE MO- | TepUaibl AJs

U CHCTEMATHU3U-
poBaTh pe3ylib-
TaThl UCCIICNIO-
BaHUU, Npe-
CTaBJISITh MaTe-
pHUaibl B BUJIC
Hay4YHBIX OTYe-
TOB, ITyOJIUKa-
LM, IPE3eHTa-
it (ITK-3).

JIyIIPOBOJHUKOB U MOJTYIPOBOAHUKOBBIX HAHOCTPYKTYP
U UX MaTeMaTU4YeCKHE BBIPAXKEHUS; PAHULIBI UX
[IPUMEHUMOCTH, IPUMEHEHUE 3aKOHOB B IPAKTUYECKUX
HPUIIOKEHUSAX.

-pyHIamMeHTanbHble (U3WYECKUE ONBITHI B  0o0JacTu
(U3MKN NOTYIPOBOJHUKOB U MOTYIPOBOJHUKOBBIX
HAHOCTPYKTYD .

-METOJIbl 3KCIIEPUMEHTAIBHOTO M TEOPETUYECKOrO
UCCIIEI0BaHUsT B (PU3MKE MOIYIPOBOJIHUKOB U MOJTY-
IIPOBOJIHUKOBBIX HAHOCTPYKTYDP.

-00s1acTu pUMeHeHus (PU3UKH MOTYIPOBOJIHUKOB U TO-
JyITPOBOJHUKOBBIX HAHOCTPYKTYP.

- COBPEMEHHOE COCTOSIHHE U OCHOBHBIE HaIpaBJieH
pa3BuTUs GUMKHU TOTYIPOBOJHUKOB U TIOTYIIPOBOJHUKOB
HaHOCTPYKTYP.

YMmeTh:

- IPAaBUJILHO MOHUMATh U OOBACHATH (PU3NUECKHUE 3aKOHbI
SIBJICHUI M CBOMCTBA TEJI, OTJINYATh TUIIOTE3bI OT HAYYHBIX
TEOPHUiL;

- TI0JIb30BaThC OCHOBHBIMHU (PU3MYECKMMM IpubOOpamuy,
CTaBUTh M PEIIATh NPOCTEMIINE IKCIIEPUMEHTANIbHbIE 3a-
nadd, oOpalaThIBaTh, aHAIM3UPOBATH OLIEHUBATH IOJY-
YEHHBIE PE3YNIbTATHI;

- BUJIETh (PU3MUYECKOE SIBIIEHUE C PA3HBIX TOUEK 3PEHUS;

- MBICJIUTh TBOPYECKU U CAMOCTOATEIBHO;

- TI0JIB30BAThCS MPU pabOTE CIPABOYHOM U yueOHOMU JIHUTe-
paTypoii;

- IPUMEHATD MOJyYeHHbIE 3HAHUS 1)1 OOBSICHEHUS Pa3HO-
00pa3HbIX SBJICHUN M CBOMCTB IOJIYIPOBOJAHUKOBBIX Ma-
TEpPHAaJIOB U HAHO CTPYKTYP Ha UX OCHOBE;

- OLICHMBAaTh JOCTOBEPHOCTb €CTECTBEHHOHAYYHOH HWH-
bopmaruu;

- ICTI0JIB30BaTh IPUOOPETEHHBIE 3HAHUS M YMEHUS JJIS pe-

MIEHUS MPAKTHYECKUX 3a7a4, o0ecredeHus: 0€301MacHOCTH

MPOBEJICHUS
KOJUIOKBUYMa.
O1eHOYHEIE
MaTepuabl s
MIPOMEKYTOU-
HOU aTrTecTaluun
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COOCTBEHHOM HU3HHU, MPUPOIOIOIHB30BAHUS U OXPAHbI
OKpY>KaroIlEH Cpeibl.

Baagern:

HaBBIKaAMH I10 pa60Te C 3KCIICPUMCHTAJIbHBIMU YCTAHOB-
KaMH U aHaJIu3a pe3yJbTaToOB 3KCIEPUMEHTA C MOMOILBIO
COBPCMCHHBIX MATCMATHYCCKUX IMAKECTOB IIPOrpaMM.
IIpuoOpecTH ONBIT 1EATETBHOCTH:

-I10 UBMCPCHUIO OCHOBHBIX CBOMCTB MMOJIYITPOBOAHUKOB U
MOJIYIIPOBOJIHUKOBBIX HAHOCTPYKTYP MU HHTEpIpETALUU
pe3yJIbTaTOB U3MEPEHUN;

-0  OOCIIY’)KMBAaHUIO HKCIEPUMEHTAIBLHOrO0 000py/I0Ba-
HUS,

-TI0 UCIIOJIb30BAHUIO MATEMATUYECKUX MOJIEIIEH TOJTy-
IIPOBOJHUKOB U MOJYIIPOBOAHUKOBBIX HAHOCTPYKTYp IIpU
W3y4YEHUU UX CBOMCTB.

7. Y4eOHO-MeTOAMYECKOE 00ecneyeHne JUCIUILIHHbI
7.1. OcHoBHas1 JInTEpaTypa

1. HanoTexHonoruu ajisi MUKPO- M ONTORJIEKTpOoHUKH. Maptunec-yapt J[»x.M. 2009.

2. I'yproB B.A. TBepnorensHas snekTponuka. Yuel. mocodue. M.: Texnocsepa 2005. 512 c.
3. l'opmikoB A.Il., Tuxos C.B. ®u3nka MoBepXHOCTU MOIYIPOBOJAHUKOB: Y4el. mocodue. —

Hwuxnuit Hosropoa: Hmxkeropoackuii rocynusepcuret, 2013. — 101 c.

7.2. JlonoTHUTe/IbHAsI JTUTEpaTypa
1. OBcrok B.H. DnekTpoHHbIE MPOLIECCH B MOJYIIPOBOAHUKAX ¢ 00IACTAMH MPOCTPaH-

cTtBeHHoOrO 3apsina. 1984. HoBocubupck, U3narensctBo “Hayka”, Cubupckoe otneneHue,

c. 252.

2. C .3u. ®uzuka noiaynpoBOJHUKOBBIX TPUOOPOB. T.2, M.. DHeprus, 1984r.
3. Tuxos C.B.. HepaBHoBecHsble mpoueccsl B M/III-ctpykrypax. 'opekuit, [TV,
1985 r.

7.3. llepuoguveckue u3IaHus

1. Kypnain «®u3nka 1 TEXHHKA TOJIYIIPOBOAHUKOB.
2. KypHan «Poccuiickie HaHOTEXHOIOTUID.
3. "HanoTtexHuka".

7.4. UnTepHeET-pecypcChl

1.ITouckoBas cucmema e-library.ru
2.IlouckoBasi cucmema google.ru
3.Onekrponnas oubnuoreka KbI'Y lib.kbsu.ru
4. www.nanorf.ru

7.5. Metoanueckue yKa3aHus 10 MPOBEJICHUIO Y4eOHbIX 3aAHATHI U OPraHu3a-
sl CAMOCTOSITEIbHOI PadoThl CTyIeHTA
7.5.1. MeToauyeckune peKOMEHIAUNH K YTEHHIO JIEKIH I
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http://www.nanorf.ru/

OcCHOBHBIMHU (pOPMAaMU OPTaHU3AIMH YUEOHBIX 3aHATHIA MO AUCHUIUINHE «(PUZUKH T10-
JYIPOBOJHUKOB H MOJTYIPOBOAHUKOBBIX HAHOCTPYKTYP» SIBISIFOTCSI JIEKLUHU U JIaOopaTOpHBIE
3aHSTHSL.

[Ipu moAroToBKE JEKIMOHHBIX 3aHATUN MPENOAaBaTeNb JOJDKEH OMPEACTUTh LeTu U
3a[auu JIEKLIUH, pa3padoTaTh IJIaH MPOBEACHUS JICKIIUH, OCYILIECTBUTD TOAOOP JINTEPATYPHI
(O3HAKOMHUTH C MEPUOIUYECKUMHU U3JAHUSIMHU 110 TEME JIEKIUI ), 0TOOp HEOOXOIMMOTO U J10-
CTaTOYHOTO MO COJICPKAHHIO YUeOHOTO MaTepuana. JIekTop onpenenseT MeToIbl, IPUEMBI 1
CpeICTBa MO AepKAHK UHTEpECca, BHUMaHUs, CTUMYJIMPOBAHMS TBOPUECKOTO MBIIICHUS
CTYJCHTOB.

Jlexuusi AOKHA BKIIOYATh B KAUECTBE ATAOB (OPMYIUPOBKY TEMBI JICKLIUMH, TIepe-
YeHb BOIIPOCOB, H3JI0’)KEHHE BBOJAHOM 4aCTH, OCHOBHOW 4acTH, KPATKHUE BBIBOJBI 10 KaXkK-
JIOMY pacCMOTPEHHOMY BOIIPOCY, 3aMEYaHUe M PEKOMEHAAIMH JIUTEPATYPHBIX HCTOUHUKOB
10 U3J1araeéMbIM BonpocaM. Eciin ouepeiHoe 3aHATHE SBISIETCS NPOJODKEHHEM MPEIbIIy-
HIei JeKIUH, 1IeIeCO00pa3Ho KpaTKo chOpMyIUpOBaTh MOJYUYEHHOE paHee Pe3yJbTaThl, He-
00x0IMMBI€ [l MOHUMaHMSI U YCBOEGHUSI M3y4aeMbIX BOIPOCOB. B 3akmtounTenbHON YacTu
JICKIIMY JKeTaTeNIbHO 0000IUTh Hanbosiee BaKHbIE U CYIIECTBEHHBIE MOMEHTHI JICKITHUH,
c/IeNaTh BBIBOABI, a TAKKE CPOPMYITHPOBATE 33a4H IS CAMOCTOSATEIILHOW PabOTHI CTY/ICH-
TOB M YKa3aTb PEKOMEHIyeMyto JuTepatypy. LlerecoobpasHoil Takke OCTaBUTh BpeMsl AJis
OTBETA Ha BONPOCHI CTYJEHTOB U BO3MOXKHYIO IUCKYCCUIO IO U3JIOKEHHOMY MaTepuaiy Ha
JICKIUH.

CopneprkaHue JEKIMX 10 JAHHOW JUCHUIUINHE JTOJDKHO COOTBETCTBOBATH JUIAKTHYC-
CKUM IPUHIIMIIAM, KOTOpPbIE 00ECIICUNBAIOT COOTBETCTBUE U3JIaraeMoro Marepualia HayqHO-
METOJAMYECKIM OCHOBAM I1€aroruiecKoi nesiTeabHOCTH. OCHOBHBIMH M3 HUX SIBIISIFOTCS 11e-
JOCTHOCTB, HAYYHOCTh, JOCTYITHOCTb, CHCTEMAaTHYHOCTh U HATJISITHOCTD.

3¢ HeKTUBHOCTH JIGKIIMU MOXKET OBITh MOBBIIIECHA 32 CYET PALMOHATBHOTO HCIIOIB30-
BaHMS TEXHUYECKUX CpeACTB. KOMIIEKTHI TEXHUYECKUX CPEICTB HEOOXOIMMO FOTOBUTH K
KaXJI0H JICKIMH 3a0JIaTOBPEMEHHO, HE TIEpErpykasi MU ayIUTOPHIO.

CymectByeT kiaccuukanys JeKIUi Mo TUIIaM ¥ MeToJaM MX IpoBeeHus (BBOIHA,
yCTaHOBOYHAsI, pOrpaMMHasi, 0030pHasi, ©TOTroBas U JIp.). [Ipy U30KEHUH TPOTPAMMHOTO
MarepHaa 1o JaHHON IUCIUIIMHE Ha JICKIUSAX PEKOMEH IyeTCs IIUPOKOE UCTI0Ib30BaHHE
cpeacTB HHPOPMAMOHHO-KOMMYHUKAaMOHHBIX TexHonoruu (UKT) wnm ayauo-sBuaeorex-
HUKU. [loAroToBKa BUJI€O — JIEKIIMA COCTOHUT B MEPEKOAUPOBAHUH, IEPEKOHCTPYUPOBAHUH
y4eOHOI nH(pOpMAIHH N0 TEME B BU3YAIbHYIO (OpMY ISl IPEABSBICHHS CTYJACHTAM Yepes3
TEXHUYECKHE CPeACTBAa O0YUSHUS WM CXEMBI, PUCYHKH, YEPTEXKH.

7.5.2. Kputepuu oueHKH JeKIHU

AHanus Ka4ecTBa JEKLUUU CTPOUTCS U3 OLEHKU COAEPKAHUA, METOANKHN YTE€HUS, OPTaHU-
3alM1 JIEKIUHU, PyKOBOJCTBA pabOTOM CTY/I€HTOB Ha JIEKLIUH, JIEKTOPCKUX JaHHBIX MIPENojaBa-
TeJsl, PE3yJIbTATUBHOCTH JIEKLIUH.

OueHka coaepkaHus JeKIHU

1.CooTBeTCTBHE TEMBI U COJIEPKAHU JEKIIMU TEMAaTHUECKOMY IJIaHy M Y4eOHOM mporpaMme
Kypca.
2. Hay4HOCTbB, COOTBETCTBHUE COBPEMEHHOMY YPOBHIO Pa3BUTHS HAYKU.
3. TOYHOCTB HCIIONIB3YEMON HAYYHOU TEPMUHOJIOTHH.
4. npopMaTUBHOCTD; PACKPHITUE OCHOBHBIX MOHATUNA TEMBbI; COUETAaHHE TEOPETUUYECKOT0 MaTe-
pHalia ¢ KOHKPETHBIMH IPUMEPaMHU.
5. Peanusanus npuHIuna OpraHu4eckor CBA3M TEOPUU C IPAKTUKON; PACKPBITHE MPAKTUYECKOTO
3HAYEHUS U3J1araeMbIX TEOPETUYECKUX MOJIOKEHUH.
6. Peanusanus BHyTpH NPEAMETHBIX U MEXIUCIUIUINHAPHBIX CBSI3EH.
7. CBs13b ¢ IpoduiieM MOATOTOBKU CTYJEHTOB, UX OyIyIliel CelHaTbHOCTbIO.
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8. CooTHOIIIEHHE COJIEpKAHUS JIEKIMU C CO/Iep)KaHNeM yuyeOHUKa (M3/1araeTcsi MaTepual, KoTo-
pOro HeT B y4eOHUKE; pa3bsACHIIOTCS 0CO00 CIIOKHBIE BOIIPOCHI; AAETCS 3alaHUe CaMOCTOsI-
TEJIHO MPOpadaThIBaTh YacTh MaTepHaia Mo yueOHHKY, IepecKa3blBaeTCs YUeOHUK U T.I1.).
OneHka MeTOAUKH YTEHUs! JTeKIUH

1. AnnakTryeckasi 000CHOBAaHHOCTH MCIIOJIB3YEMOTO BH/IA JICKIIUH U COOTBETCTBYIOLINX MY
(GopM U METOI0B U3JI0XKEHUS MaTepHaa.

2.CTpyKTypUpOBAaHHOCTb COAEPKaHU JIEKIIMU: HAJIMYUE TUIaHa, CIIMCKA PEKOMEHAYEMOM JTUTe-
partypsl, BBOJHOM, OCHOBHOH M 3aKJIIOYUTEIBHON YaCTH JIEKLUH.

3.AKIIEHTHPOBaHUE BHUMaHUs ayJTUTOPUU Ha OCHOBHBIX ITOJIOXKEHUSX U BBIBOAAX JIEKIUHU.
4. PanimoHanbHOE COYETaHNE METOIMYECKUX IPUEMOB TPaJULIUOHHON NIE€IarOrMKU U HOBBIX Me-
TOJIOB 00yueHUs (IPOOIEMHOTO, TPOrPAMMHOT0, KOHTEKCTHOTO, AEATEIBHOCTHOTO U JIp.).
5.JIorn4HOCTb, JOKA3aTEIBHOCTD U apTyMEHTHPOBAHHOCTb U3JI0KEHHUS.

6.5IcHOCTB M TOCTYITHOCTh MaTepHaja ¢ y4eTOM MOATOTOBICHHOCTH 00y4aeMbIX.
7.CoOTBETCTBHE TEMIIOB M3JI0KEHUSI BO3MOXKHOCTSIM €0 BOCIIPUATHS U BEACHUS 3alMCel CTy-
JEHTaMH.

8.Mcrosb30BaHNe METOI0OB aKTUBU3ALMH MBILIUIEHUS CTYICHTOB.

9.HMcnionp30BaHuE MPHEMOB 3aKPEIUICHUsT HHPOpPMAIH (TOBTOPEHHE, BKIFOYEHHE BOIIPOCOB HA
IPOBEPKY BHUMAHUS, YCBOEHUS U T.II., IOABE/ICHUE UTOTOB B KOHIIE PACCMOTPEHUS KaXJI0TO BO-
poca, B KOHIIE BCEH JIEKIIH).

10.Mcnonp3oBanye 3anucei Ha JOCKe, HATIAHBIX II0COOH.

11.Mcnonp30Banue pa3iaTOYHOr0 Marepyraia Ha JIEKIHH.

12.Ucnonb3zoBanue UKT.

OneHka opranu3anmu JeKIuu

1.CooTBeTCcTBHE JIEKIIMU Y4E€OHOMY PacIUCaHUIO.

2.YerkocTh Havaja JIEKIMH (3aJep’KKa BO BPEMEHHU, BXO/ JIEKTOPA B ayIUTOPUIO, IPUBETCTBUE,
yIa4yHOCTh MEPBBIX Ppa3 U T.11.).
3. ITocemaeMoCTh JIEKIUH CTYACHTAMHU.

4./lucuuiuivHa Ha JIEKINH.

5.PannoHalibHOE pacnpeiesieHe BpEMEHH Ha JICKIIHH.

6.CooTBeTCTBHE ayJUTOPUH, B KOTOPOU MPOBOJUTCS JIEKILIMS, COBPEMEHHBIM HOPMaM U Tpebo-
BaHMSIM (JIOCTATOYHAS BMECTUMOCTH, BO3MOXHOCTH Ucmoiab30Banus TCO, odopMIIeHHBIE | T.11.).
7.Hannuue Heo6XxoauMbIx cpencTB HarysgHocTH U TC.

Ouenka pykoBo/CcTBa padoTOii CTYJI€HTOB HA JIEKIMHU

1.OcymiecTBiaeHNE KOHTPOIISA 33 BEACHUEM CTYIEHTaMU KOHCIIEKTA JIEKIIUH.

2.0ka3aHue CTyJeHTaM [TOMOIIH B BEJICHUHU 3aIHCH JIEKIINH (aKLIEHTUPOBAHUE U3JI0KEHUS Ma-
Tepuaa JEeKINH, BbIICICHHE T0JI0COM, UHTOHAIMEH, TEMIIOM peur Hanbosee BaXXHOU nHpopma-
IIUY, UCTIOJIb30BAHME Tay3 JJIs 3aMUCH TaOJIMIl, BHIUYEPUUBAHUS CXEM U T.II.).

3.IIpocMOTp KOHCIIEKTOB JIEKIIMHA CTYAEHTOB (10, BO BpeMs, MOCJIE JEKLINN).

4.Vcnionb3oBaHKe MPUEMOB MOAIEPKaHUS BHUMAHUS U CHATHS YCTAJIOCTU CTYJEHTOB Ha JIEK-
11U (PUTOPUYECKHE BOIIPOCHI, IIYTKH, ICTOPUUECKHE IKCKYPCBI, pACCKa3bl U3 KU3HU 3aMeda-
TEJbHBIX JIIOJIEH, U3 ONbITa HAYYHO-UCCIIEIOBATENbCKON, TBOPUECKON pabOTHI MpenoiaBareis 1
T.IL.).

5.Pa3penienue 3a1aBaTh BOMPOCHI JIEKTOPY (B X0/1€ JEKIIUU WU TIOCTIE HEe).

6.CornacoBaHue cooOIaeMOro Ha JIEKLIMU MaTepuaia ¢ COAEep)KaHUEeM JPYTrUX BUJOB ayTUTOP-
HOM M CaMOCTOSTEILHOM pabOTHI CTY/ICHTOB.

Ouenka pe3yJIbTATHBHOCTH JIEKINH

1.Ctenenp peanu3anny I1aHa JeKIUH (MI0JIHAs, YaCTUYHAS).

2.CTeneHb NOJHOTHI M TOYHOCTH PaCCMOTPEHUS OCHOBHBIX BOIIPOCOB, PACKPBITHE TEMBI JIEK-
107078

3.MHpopmMannoHHO-TI03HaBaTeIbHAas IEHHOCTh JICKIUH.

4.BocruTaTenbHOE BO3IEUCTBHE JIEKITHH.
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8. MaTtepuajibHO-TeXHHYeCKOe o0ecnedeHne JUCHUNINHBI

MarepraibHO-TEXHUIECKYO 0a3y JUTsl MPOBEACHHS 3aHATHH 110 JUCIUTUINHE COCTABIISIOT:

-JlekuronHas cneunanu3dupoBanHas ayautopus Nel34, ocHauieHHas MyJbTUMEIUUHBIM
MIPOEKTOPOM U KOMILUIEKTOM aImapaTypsbl, TO3BOJISIONIEH JEMOHCTPUPOBATh TEKCTOBBIC U Ipadu-
YECKHE MaTepUaJIbl,

-DNEeKTpOHHBIC BEPCUU JICKIHHA, YICOHUKOB U METOJAMYECKUMHU MaTepUaaMU JJIs KOH-
TPOJIBHBIX MEPOIPHUATUHN (3alaHUSIMH JIJIs1 KOJUIOKBUYMOB, TECTOB, SK3aMCHAIIMOHHBIMU OuIIe-
TaMmu);

-KHmwxHbIit hona OMOIHOTEKH;

-JlabopaTtopun Nel133, Ne146 u Ne147 o6opynoBaHbl COBpEMEHHBIMH TPUOOpPAMHU U yCTa-
HOBKaMH, KaK IMPOMBIIIJICHHOTO TPOU3BOJICTBA, TAK M CO3JAaHHBIMH B JIAOOPATOPHBIX YCIOBUSX,
HEOOXOIUMBIMH JISI BRITIOTHEHUS JIA0OPATOPHBIX paboT, MPEAYCMOTPEHHBIX B (PU3HUECKOM
MIPaKTUKYME;

-Meroanueckre yka3zaHus K BBITIOJTHEHHIO JIAOOPATOPHBIX padOT, TEXHUYECKUE OMTUCAHUS
K 1a00paTOPHBIM YCTAaHOBKAM M MHCTPYKIIMH 110 TEXHUKE O€30MaCHOCTH UMEIOTCS B YKA3aHHBIX
BBIIIIE JTAOOPATOPHSIX.

IIporpammHoe obecneuenune

JInunensuonunoe I10:

- IO «Microsoft Windows» (monmucka DreamSpark/Microsoft Imagine Standard); perucrpammu-
onuslil HoMep 00037FFEBACF8FD7,

BKJIIOYAeT B cels:

Microsoft Windows 7, Microsoft Office Visio 2007, Microsoft Office Access 2003, Microsoft
Office 2010

- ITIO «AntuBupyc Kacnepckoro» 2013-2014, neficteue ¢ 2013 o 2014 rr

- [10 «AntuBupyc Kacnepckoroy, neiicrsue 2019 r.;

CBoboaHo pacnpoctpansiemoe [10:

- Open Office;

- Adobe Acrobat Reader;

- 7zip;

- FreeCommander.
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JlomonHeHUs 1 U3MEHEHUs B paboueil mporpaMme TUCIUIUTMHBL «JIeKTPOHHbIE MPOIecChl HA
NMOBEPXHOCTH MOJYNIPOBOTHUKOBY 10 HanpasiaeHU0 NoAroToBku 11.03.04 - DnekTpoHuka u

HaHOdJIEKTpoHuKa Ha 202__ - 202 y4. I.
Taoauma 12
No OnemenTt (myHkT) PIT/] [TepeueHb BHOCUMBIX U3MEHE- [Ipumeuanue
/1 HUM (TOTIOJTHEHUN)

OOcyxeHa 1 peKkOMEHI0BaHa Ha 3acelaHiM Kadeapbl PU3NUECKUX OCHOB MUKPO- U
HaHOXJIEKTPOHUKH IPOTOKOJI Ne 0T « » 202 T.

3aB.xadeapoit Temmes P.1I1I.
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