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1. He.J'II/I H 321a4YH1 OCBOCHHSA TUCHHUIIJIMHBI

1.1. Hean:

- U3y4YEHHE TEOPUHU DIICKTPOHHBIX SBJICHUN HA MIOBEPXHOCTH MOJYITPOBOJHUKOB U B
M/IT 1 KBaHTOBO-pa3MEpPHBIX CTPYKTypax.

- OCBOEHHE TEOPETUYECKUH PaOOTHI psi/ia TOTYTPOBOTHUKOBBIX TPUOOPOB, TAKKX KAK TO-
JIEBBIE TPAH3UCTOPHI, TU(POBBIE UHTETPATHHBIE CXEMBI, HJIEMEHTHI MOTYIPOBOTHHUKOBON Tamsi-
TH, TPUOOPBI U UHTETPATBLHBIE CXEMBI C TIEPEHOCOM 3apsijia.

- 00y4eHHsI CTYJICHTOB OCHOBaM M METOJaM HCCJICIOBAHUS JICKTPOHHBIX MPOIIECCOB HA
MOBEPXHOCTH MOJYIPOBOJHUKOB U MOJIYIIPOBOJHUKOBBIX CTPYKTYpax.
1.2. 3apaun:

- O3HAKOMUTH CTYJICHTOB C OCHOBHBIMH 3aKOHAMH | SIBJICHUSAMHU (PU3UKU MOIYIPOBOIHU -
KOB M Ha €ro MOBEPXHOCTH U C UX TEOPETUUECKON MHTEPIPETALINEN;

- J1aTh YEeTKOE MpEACTABICHUE O TPAHMIIAX MPUMEHUMOCTH (PU3NYECKUX MOJeled u
TUIIOTE3;

- 03HAKOMUTH CTYJCHTA C COBPEMEHHBIMU JOCTIKEHUSIMU (DU3UKH MOIYIPOBOJIHUKOB U
MOBEPXHOCTHBIX MOJIYIIPOBOTHUKOBBIX HAHOCTPYKTYP M UCIIOJIB30BAaHUEM MX B HAYKE U TEXHUKE;

- chopMHpOBaTh HABBIKK IKCTIEPUMEHTAILHON paboOThl B 001acT (PU3UKH MOIYIPOBOJI-
HUKOB Y MOJYIPOBOJHUKOBBIX HAHOCTPYKTYP;

- 1aTh HAaBBIKH pacyeTa GU3NIECKUX XapaKTEPUCTUK MOBEPXHOCTH MOIYHPOBOIHUKOBBIX
MAaTEepHAJIOB U CTPYKTYp HA UX OCHOBE.

2. Mecto aucuuniunbl B cTpykrype OIIOII BO

JucrtunmHa BXOAUT B BapuaTuBHYI0 YacTh b1.B.J1B.06.02 y4yeOHoro rurana mo Hampas-
nernto noaroroBku BO 11.03.04 DnexTpoHuka U HaHOANIEKTpOHUKA U Tpodminio « CoBpeMeH-
Hble HH()OPMALIMOHHBIE TEXHOJIOTUHU B AJIEKTPOHHON TEXHUKE.

JucuumuinHa npegHasHaueHa A CTYJCHTOB O4YHOW (OopMbI 00yUeHHs IO HANPaBJICHHIO
noarotoBku 11.03.04 DnexTpoHHKa U HAHOSJIEKTPOHHUKA, 8 cemecTpa, 4 roga 0OOy4eHHs U OTHO-
CHUTCS K IUCLUIUIMHAM BapuaTUBHON YacTH.

OcHoBoOM 1 W3y4YeHUs NAHHOW TUCHMIUIMHBI ABISIOTCS KypCchl MaTeMaTHUKH, OOt
¢bu3uky, GU3NKH MOTYTIPOBOAHUKOB.

3. TpeOoBaHus K pe3yJibTaTAM OCBOCHHS UCHUIIIHHBI

[Ipouiecc u3yueHUs TUCIUIUIMHBI HAMIPaBJIeH Ha (DOPMHUPOBAHKE DIIEMEHTOB CIIEAYIONINX
komnereHnuii B coorseTcTBHM ¢ PI'OC BO u OIIOIT BO 1o jaHHOMY HampaBJj€HUIO MOATOTOB-
KU:

a) BbIMyCKHUK J0JI5KeH 00/1a1aTh CJeAyIIUMHI 001eKYJIbTYPHBIMUA KOMIIETeHIM -
samu (OK):

IKC-1. CriocobeH cTpouTh MpocTeime Pu3nIeckne U MaTeMaTHIeCKue MOZIEIH Tpruoo-
POB, CXeM, YCTPOWCTB M YCTAHOBOK AJIEKTPOHUKU M HAHORJICKTPOHUKHU PA3IMIHOTO (PYHKIIMOHATBHOTO
Ha3HAYEHUs, a TAKXKE MCIIOJIb30BaTh CTaHAAPTHBIE POTPAMMHBIE CPEJICTBA UX KOMITBIOTEPHOTO MO/JIE-
JIMPOBAHUS

IKC-b.1.1.Crioco6eH cTpouTh (HU3UIECKIEe B MaTEMaTHISCKAE MOJICTTH MOJIEIIEH, y3JI0B,
OJI0KOB

MKC-B.1.2. CiocobeH noyib30BaThCsi METOJaMU KOMITBIOTEPHOTO MOJICIMPOBAHHS

B pe3ynbpTaTe 0CBOCHMS TUCUMILIMHBI CTYIEHT JOJIKEH:

3HaTh:

- OCHOBHBIE IIOHATHS, 3aKOHBl U MOJEIH JJIEKTPOHHBIX IIPOLIECCOB HAa ITIOBEPXHOCTH I10-
JIYIIPOBOJAHUKOB U MOJIYIIPOBOAHUKOBBIX HAHOCTPYKTYP M HX MATEMaTU4YECKUE BBIPAKECHUS;
FpaHUIBl UX IPUMEHUMOCTH, IPUMEHEHUE 3aKOHOB B IMPAKTHUYECKUX IPUIIOKECHUAX.



-QpyHaaMeHTanbHbIe (DU3MYECKHE ONBITHI B  00JacTH (PU3MKM MOBEPXHOCTHU MOTY-
MIPOBOJAHHUKOB U MOJIYIPOBOJHUKOBBIX HAHOCTPYKTYP M UX pOJIb B pa3BUTUM HAYKU U
TEXHUKH.

-METO/bl 3KCIEPUMEHTAIILHOTO U TEOPETUYECKOTO0 HCCIIECOBAHUS AIIEKTPOHHBIX
IIPOLIECCOB HA MMOBEPXHOCTU TMOJIYNPOBOJHUKOB U MOJIYIIPOBOJAHUKOBBIX HAHOCTPYKTYP.

-MIOHUMAaTh CYIIHOCTh (U3NYECKUX SBJICHUI HA MOBEPXHOCTH MOTYPOBOHUKOB.

-OLICHUBATh YHUCIICHHBIC TMOPSIKU BEJIMYUH, XapaKTepHBIX JUIS (U3UKU OBEPXHOCTH
MOJTyIPOBOJIHUKOB U TIOJIYTIPOBOJHUKOBBIX HAHOCTPYKTYP .

-00s1acTH IpUMEHEeHUs (PU3UKH TOBEPXHOCTH MOIYIPOBOJHUKOB U IMOIYIPOBOJHUKOBBIX
HaHOCTPYKTYDP.

- COBPEMEHHOE COCTOSIHHE€ W OCHOBHBIC HANpaBJICHUS DPa3BUTHUS (PU3MKH TOBEPXHOCTH
MOJTyIPOBOJIHUKOB U TIOJIYTIPOBOJHUKOBBIX HAHOCTPYKTYP.

-BKJIaJ] POCCHMCKHUX M 3apyOeXHbIX YYECHBIX OKAa3aBIIMX HauOOJblIee BIUSHHUE
Ha pa3BUTHE (U3UKHU AJIEKTPOHHBIX MPOLIECCOB HA MOBEPXHOCTHU MOTYHIPOBOIHUKOB U TIOJY-
IIPOBOJAHHUKOBBIX HAHOCTPYKTYP.

Ymern:

- IpaBHUJIbHO IMOHHUMATh U 00BIACHSTD (bHSI/I‘—IeCKI/Ie 3aKOHBI IBICHUH M CBOICTBA TCI, OT-
JMYaTh TUMOTE3bl OT HAYYHBIX TEOPUH;

- MOJIb30BAaThCSl OCHOBHBIMU (PU3UYECKUMH MPUOOPAMHU, CTAaBUTh U PelIaTh MPOCTEHIIINE
SKCIEpUMEHTANIbHBIC 3a]1aui, 00padaThiBaTh, aHATU3UPOBATH OLICHUBATH MOJTYYCHHBIEC Pe3yIbTa-
THBI;

- BUJCTh (PU3NYECKOE SIBIICHUE C PA3HBIX TOUEK 3pEHMUS;
- MBICJIUTh TBOPYECKH M CAMOCTOSTENBHO;
- TPOSIBIISATH OCBEJOMJICHHOCTh B BOIIPOCAX, CBS3aHHBIX C HCTOPUEH Ba)kKHEHIINX
OTKPBITUI B (pU3HKE MOTYNPOBOJHUKOB U MOIYIPOBOAHUKOBBIX HAHOCTPYKTYP;

- TIOJIb30BAThCA MIPU PabOTE CIIPABOYHOM U yueOHOM TUTEpaTypoii;

- IPUMEHATH NOJyYeHHbIE 3HAHUS JJIs1 0OBICHEHUS pa3HOOOPA3HBIX SIBJICHUN U CBOMCTB
MIOJTYTIPOBOIHUKOBBIX MAaTepHAJIOB U HAHO CTPYKTYP Ha UX OCHOBE;

- OIICHUBATh JIOCTOBEPHOCTh €CTECTBEHHOHAYYHOU MH(POPMAIINH;

- UCIOJIb30BaTh MPUOOPETEHHBIC 3HAHUS M YMEHMS Ul PEICHHUs MPaKTHUYECKUX 3ajad,
oOecnieueHuss 0€30MACHOCTH  COOCTBEHHOW KW3HHU, MPUPOJONOIB30BAHUS UM OXpaHBI
OKpYKarOILEN Cpebl.

Baagers:

HaBbIKaMU 10 paboTe ¢ IKCIEPUMEHTAIbHBIMU YCTAHOBKAMU U aHAJIN3a PE3yJIbTaTOB JKC-
[IEPUMEHTA.

IIpuoOpecTH ONBIT AeATEIBLHOCTH:

-II0 U3MEPEHUI0 OCHOBHBIX CBOMCTB IOJYIPOBOAHUKOB M IOJYIPOBOJHUKOBBIX HAHO-
CTPYKTYP ¥ UHTEPIIPETALMN PE3YIbTATOB U3MEPEHUM;

-110 00CITY>KUBAHHIO SKCIIEPUMEHTAIBHOTO 000PYA0BaHMUS,

-TI0 UCIIOJIB30BAaHUIO MAaTEMATHUYECKUX MOJIETIEH OJTyIPOBOJHUKOB U ITOIYIIPOBOJIHHUKO-
BBIX HAHOCTPYKTYP IIPU U3YYEHUHU UX CBOUCTB.

4. Conep:kanue M CTPYKTYpa JMCHHILIHHBI
4.1. Coaep:xanue pa3iejioB TUCUMIIIIMHbI

Tabnuya 1.
Ne Haumenosa- Kon ®dopma
pasne- HHE KOHTPO | TeKy-

na pasnena Coneprkanue pasnuena

upy- 1Iero
€MbIX | KOHTPO

KOMIIC-




TEHIIUS

JIs1

2

3

BBenenue

Ponb 1 MecTo moBepXHOCTH NOJYyIPOBOAHUKOB 1 [TK-1

M/II-cTpykTyp B Hayke U TexHUKe. McTopus
pa3BuTHs (HU3UKU TTOTYTIpoBOJHUKOB 1 M/JITI-
CTPYKTYp. BKian pycckux u 3apyOeXHBIX yue-
HbIX. COBPEMEHHOE COCTOSIHME HAYKH U MPAKTH-
4ECKUX MPUMEHEHUN U IEPCIEKTUBBI Pa3BUTHSL.

BBenenue B
TEOPUIO
3JIEKTPOHHBIX
SIBJICHUM

Ha
IMOBEPXHOCTH
MoJy-
MIPOBOJHUKOB

[ToBepXHOCTHBIE COCTOSIHUS U 3aPSiIbI.

O6nacts mpoctpancTBeHHOTO 3apsiaa (OI13) B
MOJTYTIPOBOTHHUKE, IPUMBIKAIOIIas K TOBEPXHO-
CTH. DHEPreTHYECKIE 30HHBIC JHarpaMMBbl IPH-
MOBEPXHOCTHHOM 00J1aCTH MOIYTIPOBOIHUKA.
®enomenonoruueckas teopus OIT3. InoTHOCTH
o0beMHoOrO0 3apsana. Pactipenenenue snekTpocra-
traeckoro notenimana B OI13. Oboraren-
HBI,00€THCHHBIN 1 MTHBEPCHOHHBIN CIIOH. 3aBH-
CHMOCTH TIOBEPXHOCTHOTO U 00OBEMHOTO 3apsiI0B
oT u3ruba 30H. Pabora Bbixoaa. [Toreniman mno-
BepxHocTH. [loBepxHOCTHAs poTodac. baprep-
Hasi, 6apbepHO-JIOBYIIEYHAs U JeMOepOBCKast
¢dortos1c. M3mepenne NoTeHInalla TOBEPXHOCTH
Y €ro U3MEHEHUI MeTOZ0M TMHAMUYECKOTO U
cTaTuyeckoro KonaeHncaropa. [loBepxHoctHas
MIPOBOJUMOCTD. VI3MepeHne NOBEpXHOCTHOM
MIPOBOJIUMOCTH. 3aBUCUMOCTH TIPOBOIUMOCTH U
MOJIBMXKHOCTH OT KU3ruba 30H. OnpenencHue
n3ruda 30H Ha TIOBEPXHOCTHU TIOTYIPOBOAHUKA
13 U3MEPEHUN TTOBEPXHOCTHOM MPOBOIUMOCTH.
Dddexr noms. O6mas xapakrepuctaka 3pdexra
nosisi. KBaszucranmonapHslif 3 GexT mosus u me-
TOJIMKA €r0 U3MEPEHUs. DKCIEPUMEHTAIIbHBIC
METOAMKHU uccienoBanus 3ddekra moss B UM-
MyJILCHBIX M MIEPEMEHHBIX mouisix. Onpeienenue
rapaMeTpOB IOBEPXHOCTU MOJTYIMPOBOJHHUKA U
MOBEPXHOCTHBIX COCTOSIHUM 13 U3MEPEHHI d(-
(dhekra moJs.

I1K-1

JIP

KBanToBnie
pa3MepHbIe

s dexTH Ha
TOBEPXHOCTHU
MOJYyIPOBOJI-
HHUKa

Jlokanm3aius 3JIeKTPOHOB U 00pa3oBa-

HHE JBYMEPHOTO rasa. J[ByMepHas MoBepXHOCT-
Hasa MPpOBOANMOCTD. T'uranrckue OCHUJIIIALINU
MPOBOJAUMOCTH B MarHUTHOM T11ojie. KBaHTOBBI#
ekt Xomma. DoTorteKTpuIecKas ClieKTpo-
CKOITHsI KBAHTOBO-Pa3MEPHBIX T€TEPOHAHO-

CTPYKTYPBL.

[IK-1

=

[ToBepxHOCT-
Hasi peKoMOu-
Haus

CkopocTh TOBEpXHOCTHOM peKOMOUHa-

un. Jlokanu3anus >JeKTPOHOB M 00pa3oBaHue
JIBYMEpHOTO ra3a. J[ByMepHas oBEepXHOCTHas
IMPpOBOAVNMOCTD. I'mranTckme OCHMJIJISIONU ITPO-
BOJMMOCTH B MAarHUTHOM ToJie. KBaHTOBBIHN 3(-
ekt Xomna. DoTodIeKTpUIecKas CIIeKTPOCKO-
Usi KBAHTOBO-Pa3MEPHBIX TETEPOHAHOCTPYKTY-

I1K-1




pBL.

5 ATtomapHo-
yucTas u

peainbpHasi 1o-
BEPXHOCTh

MIOJIyIIPOBOJI-
HUKOB

[Tonydenue u cBOMCTBAa aTOMapHO-

YUCTHIX MOBEPXHOCTEHN MOIYTIPOBOJHHUKA.
Crpykrypa. [IIOTHOCTH U SHEpreTUYECKui
CIIEKTp IIOBEPXHOCTHBIX COCTOAHMM. PeasbHast
MOBEPXHOCTH MONyNnpoBoHUKA. CrIOCOOBI MOITy-
yeHus. HekoTopble CBOMCTBA peaIbHON ITOBEPX-
HocTH. [laccuBupoBaHHas noBepXHOCTh. PU3N-
YECKUI ¥ XUMUYECKHIA CITIOCOOBI TAaCCHBAITHH.

I1K-1

55 m

6 dusuka
MAII cTpyk-
Typ

®enomenosornueckas teopust M/II1-
cTpyktypsl. [loBepxHOCTHas u OaphepHas em-
JIEKIUS

KOCTHU Y UX 3aBUCHUMOCTHU OT M3ruda 30H, YPOBHS
JIETUPOBAHUSI MOJTYNPOBOAHUKA, TUIIOTHOCTH U
SHEPIreTUYECKOr0 paclpeiesIeHHs] IIOBEPXHOCT-
HBIX COCTOSIHUM. DKBUBaJICHTHBIE cxeMbl MJII1-
CTPYKTYpbl. BhICOKOYaCTOTHAsA U HU3KOYACTOT-
Has BOJIbT-(apaaHble XapakTepuctuku (BDX)
MII-cTpyktypsl. Metoas! uamepenus. Onpe-
JleJIeHue OCHOBHBIX MmapameTrpoB M/III- cTpyk-
TypBI U3 U3MEPEHUN BBICOKOYACTOTHOU BOX.
Hepasnosecnas emxocte M/III-cTpykTypbl. Me-
TOJMKA U3MEPEHUSI HEPABHOBECHOM EMKOCTH.
OrnpeneneHre BpeMEHH KU3HU U CKOPOCTH TI0-
BEPXHOCTHOW PEKOMOMHAIIMY U3 aHATU3a KUHE-
TUKHU HEPABHOBECHOM €MKOCTH. | ncTepe3ucHbie
asieHust B MIII-ctpykrypax. Croco0Obl crabu-
mu3zauuu M/III-cTpykTyp npu 251€KTpPOHHOM U
MOHHOM THIIaX rcrepesuca. Mcnonb3oBanue sB-
JICHUs 3apsJIKM COCTOSIHUN Ha IPaHUILIEe pa3zena
Si02/Si3N4 8 MHOII-ctpykType It co31aHust
3JIEMEHTOB MOJYIPOBOJHUKOBON MAMATH.

I1K-1 K

JIP

7 [Ipubops! c
3aps0BOM

CBA3bIO

Hcnonbs3oBaHue sBICHNS HEPABHOBEC-

Horo o0eHeHus B nostynpoBoanuke B M/II1-
CTPYKTYpe JJIsl CO3/1aHusl IPUOOPOB C MEPEHO-
coM 3apsaaa. [Ipunuun paboTs! GoTOUYBCTBU-
tenpHbIX [13C mMatpwui.

[IK-1 K

JIP
T

4.2. CTpyKTYypa IMCHHUILINHBI
4.2.1. O6mas Tpya0éMKOCTh THCHUIUIMHBI COCTaBJseT 4 3a4eTHBIX equnu (144

4acoB)
Tabauna 2.
Bua pabotsl Tpyn0eMKOCTb, Yachl
8 Bcero
cemMecTp
O01mast Tpy10eMKOCTh 144 144




Konmakmuasa paboma: 66 66
Jlexyuu (JI) 33 33
Jlabopamopnwvie pabomot (JIP) 33 33
Camocmosamenvnan paboma (6 ua- 69 69
cax):

Bua npoMexyToO4HO aTTeCTANMHA 9(3auer) 9(3auer)

4.2.2. JleKnHOHHBIE 3AaHATUSA
Taoauma 3

TeMel

Pone 1 MecTo moBepXHOCTH NONYNPOBOAHUKOB U M/III-CTpyKTyp B HayKe M TEXHHKE.

Ucropust pasButust ¢uzuku nonynpoBogHukoB u MJII-ctpykryp. Briam pycckux|

3apyOekHbIX y4eHbIX. COBPEMEHHOE COCTOSHME HAYKH W MPAKTHUYECKUX MPUMEHEHUY

NEPCICKTUBEI PA3BUTHA.

[ToBepxHOCTHBIE COCTOSIHUA U 3apsiibl. O6nacTh npoctpancTBeHHoro 3apsiaa (OI13) B
MOJTYTPOBOJIHUKE, MPUMBIKAIONIAs K MOBEPXHOCTH. DHEPreTHYECKHe 30HHBIE auarpam
npu

MOBEPXHOCTHHOM oOnactu monynpoBogHuka. @denomenonoruueckas Tteopus Ol
[TnotHOCTH OOBEMHOTO 3apsifa. Pacnipenenenue anexrpocrarnyeckoro noreHmnuana B Ol
OOorareHHbI,00¢ THCHHBIA U WHBEPCUOHHBIN CIIOW. 3aBHUCHUMOCTH ITOBEPXHOCTHOTO
00BeMHOTO 3apsyioB OoT wu3ruba 30H. Pabora Beixoma. [loTeHmmanm mMoOBEpPXHOC
[ToBepxHocTHast oTtosac. bapbepHas, OapbepHO-TOBYyIIEUHAas U JIeMOepoBcKas (PoTod
N3mepenne noreHnana MOBEPXHOCTH U €r0 U3MEHEHHUI METOJIOM JUHAMUYECKOTO U
CTaTM4YeCKOro KoHaeHcaropa. [loBepxHocTHast mpoBoIMMOCTh. I3MepeHHe moBepXHOCTH
MPOBOJAMMOCTH. 3aBUCHUMOCTh TPOBOAMMOCTH ¥ TOABM)KHOCTH OT wu3ruba 3
Onpenenenue

u3ruba 30H HAa TMOBEPXHOCTH TIONYNMPOBOJHUKA U3 W3MEPCHHH TMOBEPXHOCTH
nmpoBoguMocTd.  Oddext  moms.  OOmas  xapaktepucTuka — 3ddekra 10
KBasucranmonapseiii 3(eKkT moias W METOAWKA €ro W3MEpeHHs. DKCIePUMEHTAILH
METOJMKUA ucciaenoBaHusi d¢¢dekra Monss B UMIYIbCHBIX U TEPEMEHHBIX MO
Ornpenenenre napaMeTpoB MOBEPXHOCTH MOJYIPOBOJHUKA M TMOBEPXHOCTHBIX COCTOSH
13 u3MepeHuit AddhexTa moJsi.

oi
.
bIC
SIX.
i

Jlokanu3auus JIeKTPOHOB U 00pa3oBaHKUE ABYMEPHOIO rasa. J[ByMepHas IOBEpXHOCT-

Hasi HOPOBOAUMOCTD. I'uranTckue OCIHUIIISALIUMN npoBOAMMOCTH B MArHUTHOM H](_)£e.

KganToBbrii addexr Xomma. DoTodneKTpudecKas CIEKTPOCKONHUS KBAaHTOBO-pa3Mep
TeTEPOHAHOCTPYKTYPBI.

X

CKopocTh NOBEPXHOCTHOW peKoMOUHaIMu. JIokanu3aius 3JeKTpOHOB U 00pa3oBaHue
JBYMEPHOTO rasza. J[ByMepHas NOBEPXHOCTHAs MPOBOJUMOCTb. ['MTaHTCKHE OCLMILIALL
po-

BOJMMOCTH B MarHuTHoM mone. KBaHToBbI 3¢ ¢ekr Xomma. DOTO3NEKTpHUECH
CIIEKTPOCKOIMA KBAHTOBO-PA3MEPHBIX T€TEPOHAHOCTPYKTYPEL.

5048

Kasi

[TonydyeHue u CBOMCTBA aTOMAPHO-YUCTHIX MOBEPXHOCTEMN MOIYIIPOBOIHHKA.

Crpykrypa. [I10THOCTE 1 SHEPTETUYECKHI CIIEKTP MOBEPXHOCTHBIX COCTOSTHUMN. PeanpHa
MOBEPXHOCTh MONynpoBoAHuKa. CrocoObl moiydyeHus. HexkoTopble CBOWCTBA pealbH
noBepxHocTu. [laccuBupoBaHHAsT MOBEPXHOCTh. DUBMYECKUA W XUMHYECKHUM CIIOCO
[aCCUBALIUH.

on
OBI

denomenomornueckas teopust MAII-ctpykrypsl. [loBepxHOCTHas 1 OaphepHas em-

JICKIIUA KOCTH U HUX 3aBUCHMOCTH OT n3ruda 30H, YPOBH JICTUPOBAHUSA ITOJIYIIPOBOAHUKA,

IUDIOTHOCTH M DHEPreTHYECKOr0  PACNpeAeNeHUs  TOBEPXHOCTHBIX  COCTOSHI
OxBuBaneHTHblEe cxeMbl M/III-cTpykTypsl. BricokodacToTHass M HU3KOYAcCTOTHas BOJ

T
bT-

dapagnasie xapaktepucTuku (BOX) MIAII-ctpykrypsl. Metoasl u3mepenus. Onpeneney

150
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OCHOBHBIX mapamerpoB MJIII- cTpykTypel u3 usMepeHHi BbIcOKOYacTOTHOM Bdl
HepaBnoBecnass emkxocte MJII-ctpyktypbl. Meroguka wu3MepeHUsT HEPaBHOBECH
eMkocTH. OmnpeseneHre BPpeMEHHU JKU3HU M CKOPOCTU TMOBEPXHOCTHOM peKoMOMHAINN
aHanu3a KHHETUKUM HEPAaBHOBECHOM eMKOCTU. ['mcrepesucHeie sBieHus B MJI
cTpykTypax. CrocoObl cTabu-

muzanuu M/III-cTpyKTyp nipu 3JIEKTPOHHOM M MOHHOM THMax rcrepesuca. Mcemoab30Ba
SIB

JIEHUsI 3apsAIKH COCTOstHMM Ha rpanmie pasznenaSiO2/Si3N4 B MHOII-ctpykrype 1
CO3/IaHUsl AJIEMEHTOB MOJYIPOBOAHUKOBON NMaMSITH.

X.
o
u3
-

150

ISt

7 Hcnonp3oBanue sBJICHMS] HEPAaBHOBECHOTO OOSTHEHUS B MMOTynpoBoaHuKe B MII1-
CTPYKType ISl CO3/IaHusl MPUOOPOB ¢ mepeHocoM 3apsa. [Ipuain padboTsl GoTOUyB-
ctBuTenbHbIX [13C maTpuil.

4.2.3. JlabopaTopHblie padoThl (KOHTposupyeMasi komnereHuusi I[1K-3)
Tabanuna 4
Ne
Tema
/T
1 HccnenoBanue CTpyKTypbl IOBEPXHOCTH MOJYTIPOBOAHUKOB METOIOM TU(PPAKLIUU
ME/UIEHHBIX 3JIEKTPOHOB.
N3mepenue pacnpenesnenys IpUMECH B IOBEPXHOCTHOM CJIOE TIOJYIPOBOJHUKOB Me-
2 | TOIOM PEHTI€HOBCKON (POTOIIEKTPOHHOM SMUCCUU HITH XapaKTEPUCTHUECKUX MOTEPh
SHEPIruu
Onpenenenre MIOTHOCTH OBEPXHOCTHBIX COCTOSIHUN B MOJYPOBOIHUKAX TIO BOJIBT-
3 amIepHoi u BosbT-(papaanoii xapaktepucram M/III-cTpyktyp
4 N3mepenue nuddy3noHHON JUTMHBI U BpEMEHH JKU3HU HEPABHOBECHBIX HOCHUTENEH 3a-
psiza Ha MOBEPXHOCTH MOJIYNPOBOJHUKOB
N3mepenune ckopocTy MOBEPXHOCTHOM peKOMOWHAIIMY HEPAaBHOBECHBIX HOCUTEIIEH 3a-
5 psna B IOBEPXHOCTHOM CJIOE MOIYIIPOBOAHHUKOB
6 | V3yueHue NOronieHus: CBeTa B MOBEPXHOCTHOM CJIO€ MOJIYIPOBOJHUKOB
7 | U3ydenue GpoTonpoBOIUMOCTH MOBEPXHOCTHOTO CJIOS MOIYHPOBOJHUKOB
HccnenoBanue 371€KTPOHHBIX CBOWCTB MeX(a3HOM rpaHULIbI OTYIIPOBOAHUK-METAII
8 | meromamu BOJIbTAMIIEPHOMN U BOJIBT-(hapaaHoii xapakTepucTuk AuoaoB LIloTTku
HccnenoBanue 371€KTPOHHBIX CBOMCTB Mex(a3HOM rpaHUIIbl MEKY MOJIYIPOBOIHHU-
Q | KamH p- U n- TUIIOB METOJIAMH BOJILTAMIIEPHOM U BOJILT-(hapaHON XapaKTEPUCTHK

MAII-cTpykTyp

MeToanuyeckne peKOMEHIAIUM 10 MPOBeIeHUI0 J1a00PATOPHBIX 3aHATHH

JlabopaTopHBIi MPAKTUKYM SIBIISIETCS] BAXKHBIM 3JIEMEHTOM Ipoliecca o0yueHus. Jlabopa-
TOPHBIC 3aHATHUS JIOJDKHBI ObITh OPUCHTUPOBAHBI HAa PEIICHHE THITOBBIX (0a30BbIX) 3a/1a4, B Oy-
Iytiei mpodeCCHOHATBHON ACSITETFHOCTU C HMCIIOJIB30BAHHEM METOJIOB, METOANK, POPMYII,

MI0JIX0/IOB, aJITOPUTMOB, MOJICTICH U TIPOYMX, U3JIOKEHHBIX HA JICKIIUSIX U B MaTepUaiaxX, BbIHE-
CEHHBIX Ha CaMOCTOSTENIbHYIO padoTy. JlabopaTopHbie 3aHSATHS JOKHBI 00eCcIIeYuBaTh (OPMH-
pOBaHUE KOMIIOHEHTOB «YMETh)» 3aJIaHHBIX JAUCIUILUTMHAPHBIX KOMIETeHIM. JIabopaTopHbIe
3aHATHUSA [EJIeCO00Pa3HO MPEAYCMOTPETh (IIPH HATMYUN BO3ZMOXKHOCTH ) IO BCEM TeMaM HETIo-
CPEICTBEHHO IMOCJIe U3YYCHUS Ha JICKIHUAX TEOPETHUECKOro MaTepraia. OQHOM U3 IIIaBHBIX IIe-
e 1abopaTOPHBIX 3aHATUN SIBIIIETCS YIyOJIeHUe, 3aKperyieHHe U HanboJiee MoJHOe YCBOCHUE
TOT0 MaTepHualia, KOTOPBIH ObLT OCBEIICH Ha JICKIMAX WU 3aJIaH JUIsl CaMOCTOSITEIIbHOTO U3yde-
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Hus. JIaGopaTopHBIi MPAaKTUKYM JIOJIKEH MPUBUBATh HABBIKM CAMOCTOSITEIbHOM paboThI Ha
pa3IyHOM JIabopaTOpHOM 000pPYAOBAaHUU U YMEHHUE MOJIb30BATHCS Pa3IMYHBIMU NPpUOOpaMH U
MHCTPYMEHTaMHU.

VYcnex 1abopaToOpHBIX 3aHATUN 3aBHCUT OT KauecTBa MOJArOTOBKHU IperoaaBaress, CTy-
JICHTOB U J1abOpaToOpHOro 000pYIOBAHUS.

Ha nepBoM 3aHSATHM CTYACHTHI H3y4alOT TEXHUKY 0€30M1aCHOCTH, MOTYYaroT CIUCOK Jia-
60paTOpHBIX PadOT U MHIAUBHLYaJIbHBIN rpa)K BHITOIHEHUS Ta00paTOPHBIX padoT B BUJIE

NaauBuayaabHblil rpaguK BBINOJIHEHHs J1a00paTOPHBIX pador
Tabauua S

Jatbi
BBITIOJTHEHHS pabOT

NoNe
n1abopaTopHBIX paboT

KonuuecTBo 6amioB 3a onHy
paboty

CymMma 0ajuioB 1Mo peUTHHTO- I I 11

BBIM TOYKaM

CryJeHThI TaKkKe MOJyyatoT OCHOBHbIE TPEOOBaHMS K BBINOJIHEHUIO U O()OPMIICHUIO J1a-
00paTOpHBIX PadOT MO AUCIHILIMHE B DJIEKTPOHHOM TN OyMa)XKHOM BHJIE.

BrinosiHeHHe KaxI0i J1a00paTOPHOIl padoThHI CKJIAABIBAETCS U3 CJIEAYIOIINX ITANOB

1. CamocrosiTenbHasi MOATOTOBKA CTYICHTOB K pa0oTe  mojyueHue gomycka. [lepen
HA4aoM paboThl CTYIEHTHI TOJIKHBI 3HAThH: Ha3BaHHE PabOThI; KPATKYIO TEOPHUIO TEMBI; LIeJhb pa-
OOTBI, METOJIUKY W3MEPCHHS W OKCIEPUMCHTAIBHYIO YCTAaHOBKY; 3aJaHUS W OXKHIAEMbIC
pe3ynbTaThl. PekoMeHayeTcss MMeTh 3amuch B paboueil TeTpaau MO BCEM JTUM MYHKTaM H
3aroTOBKY TaOJIMIBI IS 3alMCH PE3yJIbTaTOB W3MEpPeHW W BbrauciacHWid. CTyIEHTHI, He
MOJATOTOBUBIIHECS K paboTe B COOTBETCTBUU C ATUMH TPEOOBAHUSMHU, K BBIMOJTHEHUIO PaOOTHI
HE JIOITYCKAFOTCA.

2. [IpoBeneHue sKCrepUMeHTa. DTOT ATAI OCYIIECTBISIETCS B COOTBETCTBUH C METO-
JTUYEeCKUMH yKa3aHUSMHU, KOTOPBIE COJEPIKATCS B PYKOBOJCTBE K KaXKIOM pabOTe W TEXHHUYE-
CKOMY OIMCaHUIO TabOpaTOpHOI yCTaHOBKU. Pe3ynbTaThl MEpBUYHBIX U3MEPEHHM 3alMCHIBAIOT-
cs1 6e3 Kakoi-mnbo 00padoTku B “Tabiuily pe3yIbTaToOB U3MEPECHHA W BEIYUCICHHNA .

[Ipu paGote B 1abopaTopu HEOOXOAMMO CTPOTO BBIMIOJIHATH BCE MPaBUiIa TEXHUKU 0e3-
OITACHOCTH W yKa3aHUs MPETo1aBaTers.

3. OOpaboTKy pe3ynbTaTOB HU3MEPEHHI PEKOMEHAYEeTCS MPOBOAWTH OJHUM U3
COBPEMEHHBIX MMaKeTOB MaTeMaTHUYECKHUX mporpamm, Hanpumep, Mathcad, Origin u ap. Ho ecim
00paboTKy pe3yNbTaTOB U3MEPEHUH BeAETCS PYYHBIM CIIOCOOOM, TO Tpaduku HEOOXOIUMO TMO-
CTPOUTH Ha MUJUTUMETPOBOM Oymare.
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4. JUist TIOJTHOTO MTOHUMAaHMS «OOHAPYKEHHOM 3aKOHOMEPHOCTH» CTYJIEHTY HEe00XO0-
JAUMO OIIMCaTh X0/ Fpa(l)I/IKa n caciiaTb BBIBOAbI, SABIAKOIIMUECA UTOI'OM CaMOCTOATCIBHOI'O aHa-
JIM3a Pe3yJIbTaTOB HKCIIEPUMEHTA.

5. Ortuer 0 mpojaeNaHHON paboTe MPEeaACTaBiIsIeT COOONW COBOKYITHOCTh BCEX ATAIlloOB OT
JIOMyCKa JI0 TIOJTHOTO 3aBepIIeHus JJabopaToOpHOH pabOThl M ONMCAHHBIE B paboyell TeTpau.

6. 3aBeplIarolIMM 3TaroM SBJSETCS 3allMTa BBIIOJHEHHONW paboThl. Ha 3amuTe cTyneHT
NPEJCTaBIsIeT OTYET U OTBEYAET HAa KOHTPOJbHBIE BOIPOCHI U3 PYKOBOJCTBA K JTAOOPAaTOPHBIM
paboTtam 1o Gpu3MKe MOJYyNPOBOJIHUKOB U MOTYIPOBOAHUKOBBIX CTPYKTYp U €My BBICTABIISETCS
0aJu1, KOTOPBIM OLIEHEeHa JaHHas JlabopaTopHas padora.

B xone npoBenenus 1a00paTOpHbIX 3aHATUN MPENoAaBaTeb IOMOTAeT CTyEeHTaM
OBJIAJIETh JIAOOPATOPHON TEXHUKOMN, MPOBOAUTH U3MEPEHHSI, aHAJIU3 PE3YJIbTATOB U CJIENIAaTh
BBIBO/IbI U3 MOJYYEHHBIX PE3yJIbTaTOB.

AxTuBHas paboTa CTYJICHTOB Ha MPAKTUYECKUX 3aHATHUSX SBJSIETCA OJHUM U3 TO-
Ka3aTesel XOpolen OpraHu3aliy TaKuX 3aHATUI. [Ipy 3TOM 0O4eHb Ba)XKHO MOJIMHHO Hay4-
HOE pelICHUE Ha JJa00paTOPHBIX 3aHATUAX 3a/1a4, CBI3aHHBIX C 00JIACTHIO U BUAAM Ipodeccu-
OHAJIBHOW JIEATEIbHOCTH BBIITYCKHUKOB 10 HAIPABJICHUIO OJATOTOBKHU « JEKTPOHHUKA U
HAHODJIEKTPOHUKA)

4.2.4. CamocTosiTe/IbHOE H3yUYeHHe Pa3/1eI0B U CHUILTHHBI

Tadauua 6
No | Bornpocsl, BBIHOCUMBIE HA CAMOCTOATEIbHOE N3YUYEHUE
/11
1 Vpasnenue Ilyaccona ayist noBepxHoctHoit OII3 momynpo-
BOJTHUKA.
2 [Tepsriii unTerpan ypasuenus [lyaccona. Pacnipenenenue Hanps>KeHHOCTH JIEKTPHU-

YEeCKOro 1nouisi B npunosepxHoctHoi OI13 moxynpoBogHMKa.

Bropoii nHTerpan ypaBHenns [lyaccona B caydae Masbix moteHuanos( | ys | <<1).

4 Bropoii unrerpan ypasuenus Ilyaccona mist pexxuma odoraieHus (n - moJynpoBo/i-

HUK).

5 Bropoii unrerpan ypaBuenus Ilyaccona mist pexuma odetHeHuS (N - MOJIyIPOBOI-
HUK).

6 Bropoii uaterpan ypaBuenus [lyaccona ais pexxuma HHBEPCHH (N - TIOTYTIPOBO/-
HUK).

7 Btopoii uaterpan ypaBuenus [lyaccona B coOCTBEHHOM MOJIYTIPOBOIHHKE.

8 [IpunoBepXxHOCTHBIE N30BITKU HOCUTENEH 3apsa.

9 Bropoii unterpan ypasuenus [lyaccona ans pexuma obeHeHus (p - MOJYTPOBO-

10 | Bropoii unterpan ypasuenus Ilyaccona s pexuma odoraieHus (p - MOIyHIpOBOI-
11 | Bropoii unterpan ypasuenus [lyaccona st pexuma UHBEpcHH (P - MOIyTIPOBOJ-

12 | duddepenunanbhas emxocts noBepxHocTHOH OI13 momynposoaauka (Csc u Cu sc).

13 | Juddepennmnanbras emxocts moBepxHocTHO# OI13 momynpoBogHuka (omnpeaeacHue
Cn).

14 | Iuddepennmansras eMkocTh noBepxHocTHoi OI13 momynpoBoaHuKa (omnpeaeneHue
Cp).

5. OneHo4YHbIe MaTePHAJIBI VISl TEKYLIEr0 H PyOe:KHOr0 KOHTPOJISA yCIIeBaeMOo-
CTH U NPOMEKYTOYHOM aTTecTAUH
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5.1. 3apanus I TEKylero KOHTPOJIst

5.1. 1. KosiokBuymsl (koutpoaupyemas komnerenuss OK-7, OIIK-7, T1K-3)
Bonpocs! kK KOUIOKBHYMY 110 | TeKylieMy KOHTPOJIIO

1. Ypasuenue Ilyaccona qis noBepxHoctHoit OII3 momynpoBoaHuKa.

2. Ilepsslit uHTErpan ypasHeHus llyaccona. Pacnpenenenne HanpsKEHHOCTH 3JIEKTPUYECKOTO
noJjst B nmpunoBepxHocTHo OI13 monynpoBoiHHKA.

. Bropoii unrerpain ypasHenus [lyaccona B ciryyae MajbIX IIOTEHIIMAIIOB.

. Bropoii unrerpan ypasuenus [lyaccona as pexxuma oborameHus (n - MoIyInpOBOJTHHK).

. Bropoii unrerpan ypasuenus [lyaccona ams pexxuma o6etHeHUs (1 - MOTYTIPOBOIHUK).

. Bropoii uarerpan ypasuenus [lyaccona njst pexxuma HHBEPCHH (N - MOTYTPOBOIHUK).

. Bropoii unrerpain ypasaenus [lyaccona B cOOCTBEHHOM MOIYIPOBOJHHKE.

. [IpunoBepXHOCTHBIE N30BITKH HOCHUTEIIEH 3apsia.

. Bropoii unrerpan ypasuenus [lyaccona amns pexxuma obeHeHus (p - MOTYNPOBOIHUK).
10. Bropoii unrerpan ypaBHenus [lyaccona nis pesxkxuma oboramieHus (p - MOJIyIPOBOIHUK).
11. Bropoii nnrerpan ypasHenus [lyaccona amns pexxuma UHBEpCUU (p - MOJIyIPOBOJHHUK).

O 031N DN =W

Bonpocs! k ko/10KkBHYMY 110 11 TeKyleMy KOHTPO.II0

1. Onpenenenue 3apsia Ha MOBEPXHOCTHBIX COCTOSHUAX B ClIy4ae MOHOIHEPIeTHYECKOIrO pac-
IIpEIETICHNS JIOKAJIM30BAHHBIX COCTOSHUM.

2. OnpenencHue 3apsfa Ha MOBEPXHOCTHBIX COCTOSIHMSX B CIIy4ac HEIPEPBIBHOTO pacrperelie-
HUS JIOKAJIM30BaHHBIX COCTOSIHUN aKLIEITOPHOT'O THUIIA C IIOCTOSIHHOM IIOTHOCTBIO.

3. Onpenenenue 3apsaa Ha NOBEPXHOCTHBIX COCTOSHUAX B CIIy4ae HEMPEPBIBHOIO PACIpenese-
HUS JIOKQJIM30BaHHBIX COCTOSIHUN JJOHOPHOT'O THIA C IOCTOSIHHOM IIIIOTHOCTBIO.

4. Onpenenenue 3apsiga Ha IOBEPXHOCTHBIX COCTOSHUAX B CIIy4ae SKCIIOHEHIIMAIBHOTO pacIpe-
JIEJIEHUS JIOKAJIM30BAaHHBIX COCTOSIHUN aKIEITOPHOT'O THIIA.

5. Onpenenenue 3apsaa Ha NOBEPXHOCTHBIX COCTOSHUAX B CIIy4ae SKCIIOHEHIMAIBHOTO pacIpe-
JIEJIEHUS JIOKAJIM30BaHHBIX COCTOSIHUNA JOHOPHOT'O THIIA.

6. PaBHoBecHBIC U depeHITnaIbHBIE EMKOCTH MMOBEPXHOCTHBIX COCTOSTHUH.

7. Pacnpenenenue norenuuana B MIIT — crpykrypax (6a3oBas cucrema ypaBHeHuit). TpeboBa-
HUS K JudJeKTpudeckuM cinosm MIT — ctpykTyp.

8. Pacripenenenue norenmana B M1 — crpykrypax (npu QBerp=0 u Vk=0).

9. Pacnipenenenue norennuana B MIII — crpykrypax (mpu Qt=Qsctp=0).

10. O6mue cBepenust 06 M/II1 — cTpykTypax. PaGora BbIxo/a 1 KOHTaKTHAsE pa3HOCTh MOTEHIIU -
aJIoB.

11. Pacnpenenenune mnoreHumana MJIII — cTpykTyp A HpOU3BOJIBHOIO pacHpelesICHUs
BCTPOEHHOTO 3apsA1a AUIJICKTPHKA.

Bomnpocsl k kookBuymy no Il Tekymemy KOHTpOJII0

1. Iuddepenumansuas eMkocTs noBepxHoctHoi OI13 momynpoBoanuka (Csc u Cu sc).

2. Iuddepennmanbraas emxocts moBepxuoctHor OI13 monynpoBoanuka (onpenenenne Cn).

3. duddepennmansHas eMKocTh moBepxHoctHoi OI13 momynpoBoanuka (onpexaenenue Cp).

4. Hanpspkenue miockux 30H M/III — CTpyKTyp B YacTHBIX CiIy4asX paclpeliesieHUs BCTPOCH-
HOTO 3apsiJia TUAJIEKTPUKA.

5. OkBuBaneHTHbIe cxeMbl MIIT-cTpyKTyphI

6. Cratndeckue BOJIbT-(papasHble XapaKTePUCTUKHU.

PexomeHnganumu npu nNoAroToBKe K KOJJIOKBHUYMY

-npopa60TaTL KOHCIICKTBI HGKHI/Iﬁ 110 BOITpOCaM KOJIJIOKBUYMaA,
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-IPOYNUTATh OCHOBHYIO U JIOTIOJIHUTENBHYIO JTUTEPATYPY, PEKOMEHOBAHHYIO 110 U3y4aeMbIM
BOIIPOCaM;

-OTBETUTH Ha BOIIPOCHI KOJUIOKBUYMa;

-IIpH 3aTPYAHEHUSX, IPOKOHCYIIBbTUPOBATHLCS C MPENOAABATEIIEM.

Kpurepun onenuBanus

Tabauua 7
Ounenka

HEy/0BJIeTBOPH- | Y/10BJIETBOPH- XO0po1Io OTJIMYHO

TeJbHO 2 0a/uia | TeJibHO 4 6aju1a 6 0as10B 8 bas10B
Crynent He 3HaeT | CtyaeHT mnoBepx- | CTyaeHT xopouio | CTyIeHT B  IOJHOM
3HAUUTETHHON HOCTHO 3HAeT | 3HaeT Marepuai, | o0beMe 3HaeT MaTepH-
YacTh  BOIIPOCOB, | BOMPOCHI KOJI- | TPaMOTHO U TI0 CyIle- | ajl, TPaMOTHO H MO CY-
JIOMyCKaeT  Cyllle- | JOKBUYyMa, JOMYyC- | CTBY H3JIaraeT €ro, | MeCcTBy H3Jaraer ero,
CTBEHHBIC OINMOKH | KaeT HETOYHOCTH B | IOMyCKasi HEKOTOphIE | HE JOMycKas Cylle-
B OTBETax Ha | OTBETE HA BOMIPOC | HETOYHOCTH B OTBETE | CTBEHHBIX  HETOYHO-
BOIPOCHI. Ha BOIIPOC. CTeil B OTBeTe Ha

BOIIPOC.

5.1.2. lIlpumepnl TecTOBBIX 3aganuii (konTpoaupyemas komnerenuus OK-7,0I1K-7, T1K-

3)
IlepBast KOHTPOJIbLHAA TOYKA

KT=; MT-=;
CocToAHMe 3/1eKTPOHa B aTOMe onpeaenseTca KBaHTOBbIM YNC/IOM:
1) rnaBHbIM n
2) opbuTanbHbim |
3) MarHUTHbIM M
4) CNMNHOBbLIM S
5) Bcemu nepeuncneHHbIMU

KT=; MT-=;

[NaBHOE KBAHTOBOE YMUC/I0 NPUHUMAET 3HAYEHUSA:
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 KBaHTOBOE YMC/I0 NPUHMMAET 3HaYEHUSA:
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=;

BTOpaﬂ KOHTPOJIbHas1 TOYKa
KuHeTnuyeckune asneHuns 8 nonynpoBsoaHUKax
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KT=; MT-=;
B peanbHbIx NONYNpPOBOAHMKAX KOMBMHUPOBaHHAsA NOABUMKHOCTb OnpeaenseTca pacceaHuem
Ha MOHax NpumecK U GOHOHAX, @ B 3aBUCMMOCTM OT TEMNEPATYyPbl BbIPaXKAeTCsA COOTHOLEHNEM

1_

u
l:aT_3/2+bT3/2
(H )
@

KT=; MT=;

B aTOMHbIX NOAYNPOBOAHMKAX C POCTOM TeMNepaTypbl, €CN pacceaHne NPOUCXoauT TONIbKO Ha
MOHaxX NPMMEeCH, NOABUXKHOCTb HOCUTENEN 3apAga pPacTeT NPONOPLMOHANBHO

)T

2) T3/2

3) T-3/2

4) -I-S/Z

5) T-5/2

@

KT=; MT=;

B aTOMHbIX NOAYNPOBOAHMKAX C POCTOM TeMNepaTypbl, eC/IN pacceaHne NPONUCXOAUT TONIbKO Ha
AMHHOBOJ/IHOBbIX aKyCTUYeCKUX (GOHOHAX, NOABUMKHOCTb HOCUTENEN 3apAfa YMeHblUaeTcs
nponopunuoHanbHO

)T

2) T3/2

3) T2

4) T°?

5)T°?2

@

KT=; MT-=;

TpeTbsi KOHTPOJIbHAS TOYKA
KoHTaKTHble ABIeHMA B NOYNPOBOAHMKaX
Konrakthbie siBnenus B nonynpoBoguukax KT =; MT =;

... -9Heprua HeobxogMman ana nepesoa 31eKTPOoHa € ypoBHA Pepmu Ha Hy/1IeBOM YPOBEHb B
BaKyyme.

+: PaboTa BbIx0Za 3/1€KTPOHA

@

KonTakTHble siBneHus B noiynposogHukax KT=; MT=;

HeBbIpoXKAeHHbIV NONYNPOBOAHWUK N — TUMNA KOHTAKTMPYeT C MeTa/loM paboTa BbIXxoAa 3/1ek-
TPOHa M3 KOTOPOrO Bbllle, YeM Y NONYNPOBOAHMKA. [10yHEHHbIN KOHTAKT ABAAETCA ... .

-1 3anuMparoLwmm

+: aHTU3anMpaloLWwmm

-1 OMUYECKUM

@

Konrakrhslie sBienus B nonynpoogaukax KT=; MT=;

HeBbIpoXKAeHHbIV NONYNPOBOAHUK N — TUMA KOHTAKTMPYeT C MeTa/ioM paboTa BbIXxoAa 3/1ek-
TPOHA M3 KOTOPOro MeHbLUE, YeM Y MONYNPOBOAHNKA. MONy4eHHbI KOHTAKT ABNAETCA ... .

+: 3aNnparroLLmm

-: @aHTM3anMpaLWmm
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- OMHNYECKUM

@

B pamkax oGecrieueHus MpUMEHEHHs] KOMIBIOTEPHBIX TEXHOJIOTUH B 00pa30BaTEIIbHOM
IIPOLIECCE UMEIOTCS CIELUATN3UPOBAHHBIE KOMIIBIOTEPHBIE KIIACCHI ¢ COBPEMEHHBIM IIPOrpaMM-
HBIM OOecTiedeHrneM 1 UMeroInM Bbixo B UaTepHeT. C TeKymiero yueOHOro roja opraHu3oBaHa
BO3MOYKHOCTb TECTUPOBAHMS Y BHE YHUBEPCUTETA.

MeTtoauyeckue peKOMEeHAalMH 110 NOATO0TOBKe K TECTHPOBAHMIO
TecTbl — 3TO BOIPOCHI WM 33/aHHUs, IPETyCMATPUBAIOLINE KOHKPETHBIM, KpaTKUM, 4eT-

KM OTBET Ha MMEIOIIUECS 3TAJOHBI OTBETOB. [Ipu caMOCTOATENBHOM MOATOTOBKE K TECTUPOBA-

HUIO CTYJIEHTY HEOOXO0UMO:

a) TOTOBSICH K TECTUPOBAHMIO, MPopaboTaTh UH(GOPMAIIMOHHBIN MaTepHal Mo AUCLUILIN -

He. [IpokoHCYynbTUPOBATHCS € MpenoaBaTesieM 0 BOIPOCY BbIOOpa yueOHOM TuTepaTyphl;

0) 4eTKO BBIACHHTE BCE YCJIOBHUS TECTHPOBAaHMS 3apaHee. 3HaTh, CKOJIbKO TecToB Bam Oyner
MPEJIOKEHO, CKOJIBKO BpPEMEHH OTBOAMTCA Ha TECTUPOBAHME, KAaKOBA CHUCTEMa OLEHKU
pe3yJIbTaTOB U T.A.

B) MpUCTyNast K paboTe ¢ TECTaMHU, BHUMATEIILHO U 0 KOHIIA IPOYTUTE BONPOC U MpeiaraeMbie
BapHaHThl OTBETOB. BpiOepuTe npaBuiIbHbIE OTBETHI (MX MOXKET ObITh HECKOJIBKO);

r) eciu Bel BcTpeTunu upe3BblyaiiHO TpyIHBIN A1 Bac Bompoc, He TpaTbTe MHOTO BPEMEHU Ha
Hero. [lepexogute k npyrum tecraM. BepHurech K TpyJHOMY BOIIPOCY B KOHIIE.

€) 00s3aTeNTbHO OCTaBbTE BPEMs JJISl IPOBEPKH OTBETOB, YTOOBI M30€KaTh MEXaHUIECKUX OIIH -
O0K.

Kpurtepun onennBanus

Tabauuna 8
OueHka
HEY/0BJICTBOPUTEJIbHO YIOBJIETBOPUTEJIb- | Xopouio 4 6a/u1a | OTJIHYHO 5 0as-
0 6as10B Ho 3 6aju1a JIOB
Menee 50 % npaBunbHO Bbl- | 50-70% mnpaBunsHO | 71-85% mnpasuib- | 86-100% npa-
MTOJIHEHHBIX 3aJJaHUM. BBIIIOJIHEHHBIX 33/1a- | HO BBINOJIHEHHBIX | BUJIBHO  BBIIOJI-
HUMN. 3aJaHuH. HEHHBIX 3aJJaHUH.

5.1.3. llpomeskyTounas arrecrauus (kourpoaupyemas komnerenus OK-7, OINIK-7, I1K-
3)

Cnucok BONPOCOB K YCTHOMY 3K3aMeHY

1. ®eHomeHONOrHYECKast TEOPHUs 0OJACTH MPOCTPAHCTBEHHOT'O 3apsi/ia MOIYIPOBOIHHKA.
[TnoTHOCTB IpOCTpaHCcTBEHHOTO 3apsiaa. Pacnpenenenue norennuana B OI13. O6ora-
IICHHBIN, 00CTHEHHBIN U NTHBEPCUOHHBIN TOBEPXHOCTHBIC CIIOH.

2. ®eHOMEHOJIOTHYecKasi TeOpHs 00JIaCTH MPOCTPAHCTBEHHOTO 3aps/a MOJIYIIPOBOJHHKA.
3aBUCUMOCTb IOBEPXHOCTHOI'O U 00BEMHOTO 3apsI0B OT U3ruda 30H.

2. deHoMmeHOIOTHYECKAs TEOpUs 00JACTH MPOCTPAHCTBEHHOT'O 3apsia MOJIYIPOBOJIHUKA.
3apsi MTOBEPXHOCTHBIX COCTOSIHUN. PaboTa BRIX0/1a ¥ MOTEHITHAI TOBEPXHOCTH. 3aBU-
CUMOCTB PaOOThI BBIX0J1a OT U3rMOa 30H.

4. TloepxHoctHas dotodac. Porodc Jlembepa. baprepHas nmoBepxHocTHAs HOTOIC (
3aBUCUMOCTH OT M3TH0a 30H U OT YPOBHS (hOTOBO30YKICHUS ).

5. TomepxuoctHas (hoTodac. baprepHOo-JI0ByIIeYHAs TOBEPXHOCTHAS (POTO3/C ( 3aBHCH-
MOCTb OT YPOBHS ()OTO BO3OYKIACHHS ).

6. H3MepeHne MoTeHIMaNa MOBEPXHOCTH U €r0 U3MEHEHUI METOI0M JHHAMUYECKOTO H
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CTaTUYECKOr0 KOHIEHCATOpa.
7. IloBepXHOCTHAsA MPOBOAMMOCTb. 3aBUCHMOCTH ITOBEPXHOCTHOM POBOJUMOCTH U T10-
JBM)KHOCTH OT U3ru0a 30H.

8. M3mepeHune nmoBepxHOCTHOM TpoBoauMOCTH. OnipeiesieHue n3ruda 30H Ha TTOBEPXHO-
CTH TOJIyIIPOBOJHUKA U3 U3MEPEHUN ITOBEPXHOCTHON IIPOBOJUMOCTH.

9. BapbepHas (oTOmpOBOIUMOCTH TOTYIPOBOTHUKOB.

10. DddexT mosnst. DKCepuMEHTANbHBIE METOABI H3MepeHHs Y deKTa Mo Ha UMITYJIbC-
HBIX U CHHYCOMJIAJIbHBIX CUrHanax. OnpeaeneHre XapakTepuCTUK IOBEPXHOCTH MOy~
IIPOBOJHMKA U3 3TUX U3MEPEHUH.

11. IToBepxHOCTHas eMKOCTh. bapbepHas eMKOCTb. EMKOCTh IOBEPXHOCTHBIX COCTOSIHUM.
3aBUCUMOCTD OT YaCTOTBHI.

12. Tlonstue 06 MAII-ctpyktype. [Ipumensiemble MaTepuaibl U KOHCTPYKIUS. MeanbHas
M/II-cTpykrypa.

13. Emkocts M/II-cTpyKTyphl. 3aBUCUMOCTD OT U3rMOa 30H, HAPSYKEHUS] U YACTOTHI.

14. SIBneHue HEpaBHOBECHOTO OOEAHEHUS MMOBEPXHOCTH MOTynpoBoaHnKa B M/II1-
cTpykType. Onpenenenue npoduiist pacnpeesieHuss IpUMeCH U BPEMEHU KU3HU U3
U3MEPEHUN HEPAaBHOBECHOW EMKOCTH.

15. denomeHonornueckas Teopusi MOBEPXHOCTHOM peKOMOUHAIIMU. MeToIbI OlpeieTIeHUS
CKOPOCTH NMOBEPXHOCTHOIN peKOMOMHALINY.

16. MeTo1bl OyYEHHs U CBOMCTBA ATOMAPHO-YHCTHIX IIOBEPXHOCTEN MOTYTIPOBOIHUKOB.
17. Metonpl OMy4eHHs U CBOMCTBA pEAJIbHBIX U TACCUBUPOBAHHBIX IIOBEPXHOCTEH MOITY-
IIPOBOJTHHUKOB.

18. HecrabunsHoct B MAII-cTpyKTypax. ['ucTepesnucHbie sIBICHUS.

19. ®enomenonornyeckas reopus siaeHus namsata B MHOII-cTtpykTypax.

20. HepaBnoBecnoe obeanenne M/II ctpyktypsl. [Ipubopsl ¢ 3aps10Boii CBSI3bI0

21. DneMeHThI NamMsATH Ha KBAHTOBO-Pa3MEPHBIX CTPYKTYpax

MeToanueckue peKoOMeHIAIUH 0 MOATr0TOBKE K NMPoIeaype ocyllecTBIeHUsI
NMPOMEKYTOYHOM aTTecTAlNu (IK3aMeHY)

[ToaroToBka CTYAEHTOB K 9K3aMEHY BKJIIOYAET MPOPabOTKY JIEKIHiA, B TEYCHHS BCETO
CeMeCTpa M HETMOCPEJCTBEHHYIO IMOJATOTOBKY B JIHM, MPEAMICCTBYIOIIME JK3aMEHY, BKIIFOYAs
MOJITOTOBKY K KOJUIOKBUYMaM, T€CTUPOBAHMIO, BBHITIOTHEHUIO JIA0OPATOPHBIX PabOT M WX 3alll-
Ty.

B konI1e cemecTpa cTyeHTaM BbIAAIOTCS SK3aMEHAIlMOHHbIE BOMpockl. [Ipu moaroroske
OTBETOB Ha BOMPOCHI CTYACHT JIOJDKEH UCIIOIH30BaTh HE TOJIBKO KypC JIEKIIMA, HO U OCHOBHYIO H
JIOTIOJTHUTENBHYIO IUTEPATypy I BIPAOOTKH YMEHHS AaBaTh Pa3BEPHYThIE OTBETHI HA MOCTAB-
JIEHHBIC BOTIPOCHI.

B xo71e moAroToBkH CTYACHTY HEOOXOAUMO 00pamiath BHUMaHUE HE TOJIBKO Ha yPOBEHBb
3allOMUHAHMS, HO M Ha CTETICHh TTOHUMAaHHS H3y9aeMbIX BOIPOCOB. A ATO JOCTUTAETCS HE MPO-
CThIM 3ayYMBAHHMEM, & YCBOCHHEM MPOYHBIX CHUCTEMATHU3UPOBAHHBIX 3HAHUI AHAIUTUYECKUM
MbIuieHreM. Cre10BaTebHO, HEMOCPEICTBEHHAS TTOATOTOBKA K AK3aMEHY J0JKHA B Pa3yMHBIX
MPOMOPIUAX COYETATh U 3alIOMUHAHKE, U TOHUMaHUE TPOrpaMMHOT0 MaTepHara.

[To petitunroBoii cucreme B KBI'Y Ha sk3amen Boimensercs 30 6ammoB. X MoxHO pac-
MIPENIeNsITh 0 YPOBHIO 3HAHUS CTYACHTA CIEIYIONINM 00pa3oM
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Kpumepuu OUCHUBAHUA HA IK3AmeHe

Taoauma 9

Banael HA DK3aMeHe

15 6as10B

20 0ana

25 dana

30 6a10B

ITocenienue MeHee
50 %

JIEKIIMOHHBIX U
MPaKTUYECKHUX 3aHs-
THUW U CTYJICHT HE
3HACT 3HAYUTEIIHLHOM
YacTH MaTepHaa,
JIOTTYCKaeT CyIIle-
CTBEHHbIE OIIHNOKH B
OTBETaxX Ha BOIPO-
CHI.

Ilocemenue cocraBis-
et He meHee 60%
JIEKITMOHHBIX U TIPaK-
THYECKNX 3aHSITHH.
CTylIeHT MOBEPXHOCT-
HO 3HAeT MaTepual
OCHOBHBIX Pa3JIeJioB U
TeM y4eOHOH 1uc-
LUIUIMHBI, JOYCKaeT
HETOYHOCTHU B OTBETE
Ha BOIIPOC.

ITocerienre cocTaBiIsieT
He meHee 70 % nekiu-
OHHBIX U MTPAKTUYECKUX
3aHsaTUH. CTyIeHT Xo-
pOIIIO 3HAaeT Marepua,
rPaMOTHO U TIO CyIIIe-
CTBY M3Jlaraer ero, Jo-
MycKas HEKOTOphIC He-
TOYHOCTH B OTBETE Ha
BOIIPOC.

ITocemienue cocrasis-
er He MeHee 85%
JIEKIIMOHHBIX M TIpaK-
TUYECKUX 3aHATHM.
CryneHT B TOJIHOM
00BEMeE 3HAET MaTepu-
aJl, TPaMOTHO H TIO CY-
IIECTBY M3JIaraer ero,
HE JOIyckas cyiie-
CTBEHHBIX  HETOYHO-
CTeli B OTBETE Ha
BOIIPOC.

Hrorosas OLICHKA BBICTABJIACTCA I10 MATUOAIIIEHON CHCTEME ncxoas mu3 Ta6J'II/IIII)I 10.

IIIkajia OLEHKH YCIIeBaeMOCTH CTY/JAeHTOB Ta6auna 10
Cymma OannoB Ouenka
0-35 HEJIOITyCK
36-60 HEYJI0BJIETBOPUTEIBHO
61-80 YJOBJIETBOPUTEIBHO
81-90 XOpOIIIO
91-100 OTJINYHO

6. MeToguyeckne MaTepuaJibl, ONpeae/sonue Npoueaypbl OlleHMBAHHUA 3HAHUIA,
YMEHUIi1, HABbIKOB U (MJIM) ONBITA 1eATeJIbHOCTH

Taﬁ.lmua 11. Pe3y.]'leaT])I O0CBOCHUSA TUCHUIVIMHBI, IIOJIC/KAIUE IIPOBEPKE

PesynbTatht OcCHOBHBIE TIOKa3aTeNU OLICHKH PE3yJIbTaTOB O0Yy4YCHUS Bun onenou-
oOy4deHus HOT'O Marepuana
(KOMIIETEHITNH)
Cnocobnocth Kk | [Imanupyer coOCTBEHHYIO paboOTy B pamMKax camooOpa3o- | OreHouHbIe
caMooOpraHu3sa- | BaHHS, HCIIOJIb3YET Pe3yIbTaThl CAaMOOOpa30BaHUS IS MaTepHabl JIs
MU ¥ caM0o00- | pemeHus npodeccuoHanbHbIX 3a1a4. [lonumaer 3Haue- MIPOBEICHUS
pa30BaHUIO HUE caMo00pa30oBaHus sl MPOPECCHOHATBHON ACSITeNb- | KOJUIOKBHyMA.
(OK-7) HOCTH. Vcionb3yeT pe3ynbTaThl caMooOpa30BaHUsI B OrneHOYHBIC
po(hecCHOHANBLHOM IEATEILHOCTH. Y MEET COCTABIISITh U | MAaTEPHAIIBI JISI
peayn30BbIBaTh ILIaH PabOTHI. MIPOMEXKYTOU-
HOU aTTeCTaluu
CnocoGHocTthi0 | MIMeeT mpencTaBieHne O pojid U MECTe MaTeMaTHKH B OueHouHble
YYUTHIBATH COBPEMEHHOW MBUIN3AIUU U MHUPOBOU KYJIbTYpE. MaTepHabl JIs
COBPEMEHHBIE 3HaeT U NOHUMaeT GU3NYECKYIO CYUTHOCTh SIBJICHUM U MIPOBEICHUS
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TEHAECHUHUH pa3-
BUTHS DJICK-
TPOHUKH, U3ME-
pUTEIBHON 1

IIPOLIECCOB, IPOUCXOAAIINX B MaTEpHaax IIpHU B3au-
MOJICHCTBUH C DJIEKTPOMArHUTHBIM TI0JIeM U paboueit
CpGI[OfI B PA3JIMYHLIX YCIIOBHUAX 3KCIIJIyaTalluu.

YMeeT Toru4ecku MbICIUTb, OTIEpUPOBATH C a0CTPAKT-

KOJUIOKBUYMa.
O11eHOYHEIE

MaTepI/IaHBI JJIS

MIPOMEXKYTOY-

BBIYUCIUTENb- | HBIMU O0OBEKTaMH U OBITh KOPPEKTHBIM B YIOTPEOJIEHUN | HOM aTTecTaluu
HOM TEXHHKH, MAaTe€MaTUYECKHUX MMOHATUN U CUMBOJIOB JIJIsI BBIPDAXKEHUS
MHPOPMALIMOH- | KOJIMYECTBEHHBIX U KAU€CTBEHHBIX OTHOIICHHA.
HBIX TEXHO- Brnageer TepMuHONOrMEn, METONaMHM PELIEHUS CUCTEM
JIOTU B CBOEH | TMHEHHBIX U anreOpandeckux ypaBHEHUH, OCHOBaMH BEK-
npodeccuo- TOpPHOU anreOpsl W AHAIUTUYECKOW TEOMETPUHU, METO-
HaJbHOU Aesl- namMu U HepeHInanTbHOr0 U WHTETPAIbHOTO HCUHCIIE-
TEIbHOCTH HUS, METOJIaMU HCCJeIOBaHUS (PYHKUMU U TOCTPOEHUS
(OIIK-7) rpadukoB. YMeTh pemaTh ypaBHeHus [lyaccoHa, kuneTu-

yeckoro ypaBHeHusi bonbiimana, Ypasuenus lpenunre-

pa.
T'oToBHOCTBIO 3HaTh: OLeHoYHbBIE
aHAJM3UPOBATh | - OCHOBHBIC TOHSTHA, 3aKOHBI M MOJENU B (PU3MKE MO- | MaTepUabl IS
Y CUCTEMATU3H- | JTYNPOBOJHUKOB U MOJIYIIPOBOJIHUKOBBIX HAHOCTPYKTYD MIPOBEACHUS
poBatb U HUX MaTeMaTHUYECKUE BBIPAXKECHUS; TPAHULIBI UX KOJJIOKBHYyMa.
pe3yabTaThl UC- | IPUMEHUMOCTH, IPUMEHEHNE 3aKOHOB B IpakTHUecKuX | OuneHouHbIe
CJIEI0OBaHUM, IIPUIIOKEHUSX. MaTepuabl IS
IIPEICTABIIATh -pyHIamMeHTanbHble (U3NYECKUE ONBITHI B 00JACTH | MPOMEXKYTOU-

MaTepuaibl B
BUJIC HAYYHBIX
OTYETOB, Iy0-
JIMKaIuu, mpe-
3entaruit (I11K-
3).

(U3HUKY OTYITPOBOJHUKOB H MOJIYIPOBOJTHUKOBBIX
HaHOCTPYKTYD .

-METOJbl JKCIEPUMEHTAIBHOIO U TEOPETUYECKOIO
uccienoBaHusi B (U3MKE MOJYIPOBOJIHUKOB U TOJY-
MMPOBOJHUKOBBIX HAHOCTPYKTYP.

-o0sactu mpuMeHeHus! GU3UKH MOTYITPOBOAHUKOB U IO-
JIyIIPOBOJHUKOBBIX HAHOCTPYKTYP.

HOM aTTecTalun

150

- COBPEMEHHOE COCTOSIHUE U OCHOBHBIC HaIlpaBJicH
pa3BUTHA (PU3UKHU MOTYITPOBOJIHUKOB U HOTYIIPOBOTHUKOBBIX
HaHOCTPYKTYP.

YMmeThb:

- MPaBWIBHO MOHUMATh U OOBSACHATH (PU3UYECKUE 3aKOHBI
SBJICHUHA M CBOMCTBA TEJN, OTIIMYATh TMIIOTE3bl OT Hayd-
HBIX TECOPHIL;

- TIOJIH30BATHCS OCHOBHBIMHU (DM3NYECKUMHU IMPHOOpaMH,
CTaBUTb M PEIIaTh MPOCTEHIINE IKCIEPUMEHTAIbHbIE 3a-
nadd, oOpabaThiBaTh, AHATU3WPOBATH OIICHUBATH IIO-
Jy4eHHbIE PE3yJIbTaThI;

- BUJCTH (DU3UYECKOE SIBICHUE C PA3HBIX TOUYEK 3PEHMUS;

- MBICJIUTh TBOPYECKH M CAMOCTOSTEIBHO;

- TIOJIB30BAThCS MPH paboTe CIIPaBOYHON M y4eOHOH Jn-
TepaTypoi;

- TpPUMEHSTH MOJNYyYCHHbIE 3HAHUS JUIS OOBICHEHUS
Pa3HOOOpa3HBIX SIBJICHUI u CBOICTB
MOJIYTIPOBOTHUKOBBIX MAaTEPUATIOB W HAHO CTPYKTYp Ha
UX OCHOBE;

- OIICHUBATh
nHpopmanuu;
- WCIOJB30BaTh MPUOOPETEHHBIC 3HAHHS M YMEHHUS IS

JIOCTOBEPHOCTb  €CTECTBEHHOHAYYHOU

pPEICHUSA IMPAKTHYCCKUX 3aJa4, obecreyeHus
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0e30IMacHOCTH COOCTBEHHOM JKHU3HU,
HPUPOJIOTIONB30BAHMS U OXPAHBI OKPYKAIOLIEH CpPEJIbI.
Baanern:

HaBBIKAMH 10 paboTe C IKCIIEPUMEHTAIbHBIMH YCTAHOB-
KaMH U aHAJIM3a Pe3yJIbTaTOB 3KCIIEPUMEHTA C MOMOILBIO
COBPEMEHHBIX MAaTEMaTHYECKUX MAKETOB MIPOTPAMM.
IIpnoOpecTu oNbIT AeSATENLHOCTH:

-IT0 U3MEPEHUIO OCHOBHBIX CBOWCTB MOJYIPOBOJHUKOB H
MOJIYTIPOBOTHUKOBBIX HAHOCTPYKTYp M HHTEpHpeTaluu
pe3yJIbTaTOB U3MEPEHUN;

-0 00CITY)KMBaHUIO SKCIEPUMEHTATBHOTO 000pyI0Ba-
HUS;

-TI0 MCIIOJIb30BAaHUI0 MAaTEMAaTHUECKUX MOJIEIeH MOy~
MPOBOJHUKOB U TOJYITPOBOJHUKOBBIX HAHOCTPYKTYP IPH
U3Y4YEHUU UX CBOMCTB.

1. HanoTexHoJIOTUH I MUKPO- U ONITOAJIEKTpOoHUKU. Maptunec-yapt Ix.M. 2009.

7. YueOHO-MeTOoaANn4YecKoe o0ecneuyeHne JUCIUIIINHEI

7.1. OcHoBHAas1 JIUTEpaTypa

2. I'yproB B.A. TBepnotenbHas snekTpoHuka. Yueo. mocodue. M.: Texnocsepa 2005. 512 c.
3. I'opmikoB A.I1., Tuxos C.B. ®usnka moBepXxHOCTH MOJYyIPOBOJHUKOB: Yuebd. mocodue. —
Hwxunit Hosropoa: Huwxkeropoackuii rocynusepeuret, 2013. — 101 c.

1985 .

7.2. JlonoJIHUTe/IbHAS JUTepaTypa

1. OBcrok B.H. DnektponHbIe Mpoliecchl B MOIYNPOBOJHUKAX ¢ 00IaCTSIMH MPOCTPaH-
cTBeHHOTO 3apsiaa. 1984. HoBocubupck, M3narensctBo “Hayka”, CuOupckoe oTaeIcHHeE,

2. C .3u. ®uzuka NoIynpoBOJHUKOBBIX TPUOOPOB. T.2, M.. DHeprus, 1984r.
Tuxos C.B.. HepaBnoBecusie nporeccsl B MJIII-cTpykTypax. I'opbkuit, [TV,

7.3. llepuoauyeckne U3IaHus

1. ’Kypnas «®@u3nka U TEXHHUKA TIOJYIIPOBOJHUKOB).
2. Kypnan «Poccuiickrie HAHOTEXHOJIOTUID).
3. "Hanortexnuka".

7.4. UnTepHET-pecypchl

1.ITouckoBast cucmema e-library.ru
2.ITouckoBast cucmema google.ru
3.OnextponHas 6ubanorexka KbI'Y lib.kbsu.ru
4. www.nanorf.ru

7.5. Meroanyeckue yKazaHHs 110 POBeACHHUIO Y4eOHBIX 3aHATHI U OPraHu3a-

ISl CAMOCTOSITEJIbHOM Pa0OTHI CTYIEHTA

7.5.1. MeToauyeckue peKOMEHIAUMHU K YTEHHIO JIEKIHN i
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http://www.nanorf.ru/

OcHOBHBIMU (pOPMaMU OPTaHU3AIMH YUEOHBIX 3aHATHH MO AUCHUIUINHE «(UZUKHU TO-
JYTIPOBOJHUKOB U MOIYIPOBOAHUKOBBIX HAHOCTPYKTYP» ABIISIOTCS JIEKIMH U Ja00paTOpHbIe
3aHATHUS.

[Tpw MOATOTOBKE JICKITMOHHBIX 3aHATHH MPEIO01aBaTeNb IOJDKEH OMPEICITUTh [ETH ’
3aJja4M JIEKIMH, pa3paboTaTh IIaH MPOBEACHUS JIEKIIUHU, OCYIIECTBUTh MOAOOD JUTEPaTyphI
(O3HAKOMUTH € TIEPUOIUYECKUMH U3JAHUSMHU 110 TEME JICKITUH ), 0TOOp HEOOXOAMMOTO | JI0-
CTaTOYHOTO 0 COACPKAHUIO Y4eOHOTO MaTepuaa. JISKTop ompenensier MeTO Ibl, IPUEMbl U
CpeIICTBA TOJICPKAHMSI HHTEPEeCca, BHUMAaHUs, CTHMYJIHPOBAHMS TBOPUECKOTO MBIITUICHUS
CTYJICHTOB.

Jlekrus TODKHA BKITIOYATh B KAYECTBE ATAOB (DOPMYJIMPOBKY TEMBI JISKIIUH, TIepe-
YEeHb BOIIPOCOB, M3JI0KEHHE BBOJAHON YaCTH, OCHOBHOW YacTH, KPATKHE BBHIBOJBI MO KAXKIO-
My PacCCMOTPEHHOMY BOIIPOCY, 3aMEUaHUEe WM PEKOMCHJIAINN JINTEPATYPHBIX HCTOYHUKOB TIO
u3IaraeMbIM BorpocaM. Eciii odepesHoe 3aHSATHE SIBISETCS MPOJODKEHHUEM MPEAbLAYIIeH
JIEKIINH, 11eJIeCO00pa3Ho KpaTKO cHOpPMYIHUPOBaTh MOJYUYEHHOE paHee pe3yibTaThl, HE00X0-
JTUMBIC 1 TOHUMAaHUS U YCBOGHUSI M3yYaeMBIX BOTPOCOB. B 3aKIIIOUNTENBHON YacTH
JICKITUH JKeJIaTeIbHO 0000IINTh, HanboJIee Ba)KHBIC U CYIIECTBEHHBIC MOMEHTHI JICKIIHH,
ceNaTh BBIBOJIBL, a TAKKe CHOPMYITHPOBATH 3a1a4H JIJIsi CAMOCTOSITENILHOM PaboThI CTYyIeH-
TOB M YKa3aTh PEKOMECHIyeMYI0 JuTepatypy. Llenecoodpa3Hoii Takke OCTaBUTh BpeMs JIIs
OTBETa Ha BOMPOCHI CTYJICHTOB U BO3MOKHYIO JUCKYCCHIO TIO U3JI0KEHHOMY MaTepuaity Ha
JICKITUH.

Copeprkanue JEeKIUH M0 JaHHON AUCIMIUIMHE JOJKHO COOTBETCTBOBATH JIUJJAKTUYE-
CKHM TIPUHIIMIIAM, KOTOpPBIE 00E€CTIEUNBAIOT COOTBETCTBUE MU3JIaraéMoOro MaTepuasia HayqdHO-
METOJAMYECKUM OCHOBAaM MeAarornueckon nesareabHOCTH. OCHOBHBIMU U3 HUX SBIISIFOTCS II€-
JIOCTHOCTh, HAYYHOCTh, JOCTYITHOCTh, CACTEMATHYHOCTh U HATJISTHOCTb.

O} PeKTUBHOCTD JEKIIUU MOXKET OBITH MOBBILIEHA 32 CUET PAIMOHATEHOTO HCIIOJIb30-
BaHMsI TEXHUYECKHUX CPEeACTB. KOMIUIEKTHI TEXHUYECKUX CPEICTB HEOOXOIUMO TOTOBUTH K
KaXKIO0HU JICKINH 32a0J1arTOBPEMEHHO, HE Meperpykasi UMH ayIUTOPHIO.

CymecTByeT KiaaccupUKAIUS JSKIUN 10 THUIIaM U METOJIaM WX TMPOBeeHUs (BBOTHAS,
YCTaHOBOYHAs1, IporpaMMHasi, 0030pHasi, UTorosas u 1p.). [Ipu u3noxeHnn mporpaMMHOTO
MaTrepuaa 1o JaHHOW JTUCHIUTIINHE Ha JICKIUAX PEKOMEHAYETCS IUPOKOE MCTIOIb30BAHME
cpencTB nHGOPMAITMOHHO-KOMMYHUKAaMOHHBIX TexHonoruu (UKT) wnu aynuo-Bumeorex-
HUKH. [IoaroTOBKA BUACO — JIGKITUU COCTOUT B MIEPEKOAMPOBAHNHU, IEPEKOHCTPYUPOBAHUHN
yueOHOI nH(OPMAIIUU TIO TeME B BU3YAIbHYIO (hOpMY 7S TIPEIbSIBICHUS CTYICHTaM depe3
TEXHUYECKHE CPEACTBA OOYUCHHS WM CXEMBI, pUCYHKH, YEPTEKHU.

7.5.2. Kputepuu OueHKH JeKIIUN

AHanu3 KayecTBa JEKIUU CTPOUTCA U3 OLEHKU COJEP>KaHUs, METOAUKH YTEHUS, OpraHu-
3alluM JICKI[UH, PYKOBOJCTBA PabOTOM CTYJCHTOB Ha JICKIIUH, IEKTOPCKHUX JaHHBIX MPeToiaBaTe-
JI51, pPe3yJIbTATUBHOCTH JICKIIUH.

OueHka cogep:kaHusi JeKUNH

1.CooTBeTCTBHE TEMBI U COJIEPKAaHUS JIEKIIMH TEMAaTUYECKOMY IIaHy U y4eOHON mporpamme
Kypca.
2. HayuHOCTB, COOTBETCTBHE COBPEMEHHOMY YPOBHIO Pa3BUTHS HAYKH.

3. TOYHOCTB UCTIOIB3YEMON HAyUYHOU TEPMHUHOJIOTHH.
4. Un(hopMaTUBHOCTbD; paCKpPhITHE OCHOBHBIX OHATUN TEMbI; COUETaHHE TEOPETUUECKOTO MaTe-
puana ¢ KOHKPETHbIMU IIPUMEpPaMHU.

5. Peanu3anus npuHIMIA OPraHMYECKOUN CBSI3M TEOPUH C MPAKTUKOMN; PACKPBITHE MMPAKTHYECKOTO
3HAYEHHU U3J1araeMbIX TEOPETUYECKUX MOJI0KECHUMN.

6. Peanmm3anus BHyTpH NPEAMETHBIX U MEXIUCIUIUIMHAPHBIX CBSA3EH.

7. CBs3b ¢ ipouiieM MOJATOTOBKH CTYJICHTOB, UX OyIyIel CnenuaibHOCThIO.
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8. CooTHOIIIEHUE COJIEPIKAHUS JIEKIIUU C COJIEp>)KaHUEM yueOHMKa (M3IaraeTcss MaTepua, KOTo-
pOro HET B yUeOHHKE; pa3bACHAIOTCA 0CO00 CIOKHBIE BOIIPOCHI; JACTCS 3a/1aHUE CaMOCTOSITEINb-
HO MpopabaThIBaTh YaCTh MaTepHaa 1o y4eOHUKY, MepecKa3blBaeTCsl yUeOHHK | T.11.).
Ouenka METOIMKH YTEHHS JIEKIMHU

1. Aunaktuyeckas 000CHOBAHHOCTH MCIIOJIb3YEMOTO BUAA JIEKIIMU U COOTBETCTBYIOIINX eMY
(GbopM U METOIOB H3JI0KEHUSI MaTepuraa.

2.CTpyKTYpUPOBaHHOCTh COJEPKAHMSI JICKIIUU: HATMUKE TJIaHA, CIUCKAa PEKOMEHTyeMOM Jin-
TepaTyphl, BBOJHON, OCHOBHOM U 3aKJIFOYMTEILHON YaCTH JICKIUH.

3.AKIEHTUPOBaHNE BHUMAHUS ayJUTOPUU HA OCHOBHBIX MOJIOKEHUSAX U BBIBOJAX JICKIUH.

4. ParmmoHasibHOE COYETAHUE METOIUYECKUX TIPUEMOB TPATUITMOHHOM METarOTUKH M HOBBIX ME-
TO/I0B 00y4deHus (IpoOIEMHOT0, TPOrPaMMHOTO, KOHTEKCTHOTO, JIEATEIIbHOCTHOTO U JIp.).
5.JlornyHOCTB, T0KA3ATENBHOCTh U APIYMEHTHPOBAHHOCTD U3JI0KECHMUS.

6.5ICHOCTB ¥ TOCTYITHOCTh MaTepuaia ¢ y4eTOM MOATOTOBICHHOCTH 00yYaeMbIX.
7.COOTBETCTBHE TEMIIOB M3JI0’KEHUSI BO3MOKHOCTSIM €T0 BOCTIPUSATHS U BEICHUS 3aITUCEH CTY-
JICHTaMH.

8.Mcronp30BaHne METOZI0B AaKTUBHU3AIIUN MBIIIJICHUS CTYICHTOB.

9.Hcnonk30BaHre MPUEMOB 3aKperuieHus nHhopManuu (TOBTOPEHUE, BKIIOYSHHE BOITPOCOB HA
MIPOBEPKY BHUMAHUS, YCBOCHUS U T.11., TOJABEJACHUE UTOTOB B KOHIIE PACCMOTPEHHUS KaXJA0TO
BOIIPOCA, B KOHIIE BCEH JICKIUN).

10.Mcnonp30Banue 3anuceil Ha TOCKEe, HATISHBIX ITOCOOMIA.

11.Mcnonb3oBanue pa3gaTOuHOIO MaTepuaia Ha JIEKIHH.

12.Ucnonb3oBanne UKT.

OueHka opraHu3anum JeKunu

1.CooTBeTCTBHE JICKIINN YUeOHOMY PaCITUCAHUIO.

2.YeTKOCTh HavaJa JEKLIUHU (3a1€p’kKa BO BPEMEHHU, BXO/1 JIEKTOpa B ayIUTOPHIO, IPUBETCTBUE,
YAAYHOCTh MEPBBIX Gpa3 U T.I1.).

3. IlocemniaemMoCThb JIEKIIUU CTYICHTAMHU.

4. Jluciuiinaa Ha JICKIIUH.

5.PanonansHOE pacnpeeneHrie BpeMeH! Ha JICKIUH.

6.COOTBETCTBHE Ay TUTOPUHU, B KOTOPOU MPOBOIUTCS JISKIIHS, COBDEMEHHBIM HOpMaM | Tpedo-
BaHUSM (JIOCTaTOYHASI BMECTUMOCTH, BO3MOXKHOCTh UcToib30Banus TCO, ohopMieHHBIE U T.11.).
7.Hanmname HeoOxonumbIx cpeacTB HarsigHocTu U TC.

OueHnka pykoBoacTBa pad0TOi CTYI€eHTOB HA JIEKIMHU

1.Ocy1iecTBIeHHEe KOHTPOJIS 32 BEICHUEM CTYJICHTAMHU KOHCIEKTA JICKIIUM.

2.0ka3aHue CTy/IeHTaM TIOMOIIH B BEICHUU 3aMTUCH JISKIIUU (aKIEHTHPOBAHUE H3II0KECHUS
Marepuaa JISKINH, BbIJICJICHUE TOJI0COM, HHTOHAIINEH, TEMIIOM pedyr Hanbosee BaXXHOM
nH(pOpMAaIINK, UCTIONH30BAHKE T1ay3 IS 3alMCH TaOJIHII, BHIYEPUUBAHUS CXEM H T.I1.).
3.ITpocMOTp KOHCHIEKTOB JIEKLUI CTYJEHTOB (10, BO BpEMS, IIOCIIE JICKIUN).

4. Vicnonb30BaHUE IPUEMOB MOIEPKAHUS] BHUMAHUS U CHATHSI YCTAJIOCTH CTYAEHTOB Ha
JIeKIUH (PUTOPUUYECKHUE BOTIPOCHI, IITYTKH, HCTOPUIECKUE IKCKYPCHI, pACCKa3bl U3 KU3HH 3aMe-
YaTeIbHBIX JIIOJICH, U3 OIbITa HAYYHO-UCCIIEI0BATEILCKON, TBOPUYECKON pabOThI peroiaBaTess
U T.IL.).

5.Pa3pernienue 3a1aBaTh BOMPOCH JIEKTOPY (B X0/1€ JEKIIUHU WK TIOCTIE HEee).

6.CornacoBaHue coO0IIaeMOro Ha JIEKIIUK MaTepuaia ¢ CoJiep KaHueM APYTUX BHIOB ayIUTOP-
HOW U CAaMOCTOSITENILHOM padOThI CTYICHTOB.

OueHka pe3yJibTaATUBHOCTH JIEKIIUM

1.Crenenp peanu3alyy IUIaHa JEKIUH (TTOJIHAS, YaCTUIHAS).

2.CTeneHb MOJTHOTHI M TOYHOCTH PACCMOTPEHHSI OCHOBHBIX BOTIPOCOB, PACKPHITHE TEMBI
JIEKIIHMH.

3.MudopmaninonHo-nI03HaBATEIbHAS IIEHHOCTH JICKITHH.

4.BocniuTaTenbHOE BO3/ACHCTBUE JIEKIIUU.
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8. MarepunajbHO-TeXHUYECKOe o0ecnedeHne JUCHUIIMHBI

MarepuaabHO-TEXHMYECKYI0 0a3y U1t IPOBEICHUS 3aHATHI MO JUCUUIUINHE COCTABIISIOT:

-JleknmoHHas cnenuannsupoBanHas ayautopus Nel34, ocHalleHHass MyJIbTUMEANITHBIM
MIPOEKTOPOM M KOMIUIEKTOM armnapaTypbl, TO3BOJISIONIEH JeMOHCTPUPOBATH TEKCTOBBIE U rpadu-
YecKUe MaTepHualbl;

-DIIeKTpOHHBIE BEPCUU JIEKUUH, Y4eOHMKOB W METOAMYECKHMMH MaTephalaMH JUIs
KOHTPOJIbHBIX MEpONpUATHI (3aAaHUAMU ISl KOJJIOKBUYMOB, TECTOB, 3K3aMEHAIIMOHHBIMU
ounerammu);

-KumxubIit poH1 OMOIHOTEKN;

-JIabopatopun Nel33, Ne146 u Ne147 oGopyaoBaHbl COBPEMEHHBIMU IPUOOpaMU U
YCTaHOBKAaMHM, KaK MPOMBIIIIEHHOTO MPOU3BOJICTBA, TaK M CO3JJaHHBIMU B J1a00paTOPHBIX
YCIIOBUAX, HEOOXOAUMBIMU JJIS1 BHITIOJHEHUS J1a00OPATOPHBIX paboT, MPEayCMOTPEHHBIX B (pU3H-
YECKOM MPaKTUKYME;

-Meroauueckue yka3aHus K BBIITOJHEHHIO Ja0OpaTOPHBIX pabOT, TEXHUYECKHUE ONHMCAHUS
K 71a00paTOPHBIM YCTAaHOBKaM M MHCTPYKIIMHU 110 TEXHUKE O€30MaCHOCTH UMEIOTCS B YKa3aHHBIX
BBIIIIE TAOOPATOPHSIX.

IIporpammHoe o0ecnieyeHue

JInnensnonnoe I10:

- [1O «Microsoft Windows» (moanucka DreamSpark/Microsoft Imagine Standard); peructparm-
onnsiii Homep 00037FFEBACF8FD7,

BKJIIOYAeT B cels:

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

- [10 «AntuBupyc Kacnepckoro» 2013-2014, neiicteue ¢ 2013 mo 2014 rr

- [1O «AntuBupyc Kacnepckoro», neiictsue 2019 r.;

CBoOoanO pacnpoctpansemoe [10:

- Open Office;

- Adobe Acrobat Reader;

- 7zip;

- FreeCommander.
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JlomoyiHeHUsI ¥ I3MEHEHUsI B paboyeil mporpaMme TUCHUIUIMHBL «JIEKTPOHHBbIE MPOIECChl HA
MOBEPXHOCTH MOJIYIIPOBOAHMKOBY M0 HanpaBiaeHHo moArotoBku 11.03.04 - DnexkrpoHuka u

HaHODJIEKTpoHUKa Ha 202 - 202 y4. T.
Tabauuna 12
Ne OnemenT (myHKT) PIIJ] IIepeyeHb BHOCUMBIX U3MEHE- IIpumeuanue
/11 HUH (JIOTIOJTHEHHI)

OO0cyx1eHa 1 peKOMEHI0BaHa Ha 3aceanuu kKadenpsl DU3NIECKHX OCHOB MUKPO- U
HAHODJICKTPOHUKHU MPOTOKOIT Ne OT « » 202 T.

3aB.xadenpoit Temer P.111.
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