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PABOYA{ ITPOI'PAMMA NTUCIIUIIIIUHBI

OCHOBBI MUKPO- ¥ HAHOTEXHOJIOTUY Paii03JIEKTPOHHBIX CPEICTB
(HaI/IMeHOBaHI/Ie JII/ICI.II/IHJ'II/IHBI)

oOpa3oBaTe/bHasI TPOTrPaMMa BHICIIETO 00Pa30BaHUS

11.03.03 KoHCTpyupoBaHUe U TEXHOIOTUS 3JIEKTPOHHBIX CPELCTB
(KOJI " HAMMEHOBadHNE HallpaBJI€eHUA IIOATOTOBKH / Cl'IeI.II/IaJ'II:HOCTI/I)

OakanaBp
(kBamuduKaIms)

HpOGKTI/IpOBaHI/Ie 1 TEXHOJIOTHA PaJgrO03JIEKTPOHHEIX CPENCTB
(HampaBNeHHOCTH / TPodub 06pa30BaTENLHON IIPOTPAMMEI)

o4Has popMa
(bopma oOyuenuUs)

CankT-IleTepOypr



Pa6ouyasi mporpaMMa OMCHUIIIMHBE COCTaBleHa Ha ocHOBe TpeOoBauHuiu demepanbHOTO
rocygapCTBEHHOT0 00pa30BaTeIbHOTO CTaHAApTa BHICIIEr0 00pa30BaHus 10 HallpPaBJIEHUIO
(cnermanbHOCTH) MOATOTOBKY «11.03.03 KoHCTpyUpOBaHKE ¥ TEXHOIOTHUS 3MEKTPOHHBIX
CpPencCTB», yTBEPXKAEHHBIM ITPUKa30M MUHHUCTEpPCTBa 00pa3oBaHusd U HayKu Poccuiickou
®epmeparnuu oT 19.09.2017 Ne 928, u B cCOOTBETCTBUU C pabouyuM y4eOHBIM IIJIAaHOM,
YTBEPXKOEHHBIM PEKTOPOM YHUBEPCUTETA.



1. llenu 1 3aga4Yy THUCIHUILIHHBI

Llenbio MpenofgaBaHust QUCHUILIUHEL «OCHOBBI MUKPO- ¥ HAHOTEXHOJIOT UM
PafuO03JIEKTPOHHBIX CPENCTB» SIBIISIETCS:

dopMupoBaHue 3HaHUM 00 OCHOBHBIX (PM3UYECKHUX IIpoIleccax B MOJyIPOBOAHUKAX U
IIOTYIIPOBOJHUKOBBIX YCTPOMCTBAX.

OTa 1e/lb OCTUTaeTCs IIyTeM pelleHus Clenyolux(er) 3aaad(u):

HccnemoBaHue pu3NYECKHUX IMPOIIECCOB B 97IEMEHTAX MUKPO-3JIEKTPOHHEIX CXEM.

2. MecCTO THCIUIIJIHHBI B CTPYKTYype 00pa30BaTe/IbHOH MIPOrPaMMbI

HucuunnuHa «OCHOBBH MHUKPO- U HAHOTEXHOJIOTHU PagUO3JIEKTPOHHBIX
cpenctB» B1.B.12 gBnsieTcs OUCUUNIMHOW dYacTH, GOPMHUDPYyeMOU ydaCTHHKaMU
o0pa30oBaTeNbHLIX OTHOIIeHUM O6noKa 1 yuyeOHOTO IjaHa MOATOTOBKKM OaKanaBpuaTa II0
HanpasieHuo «11.03.03 KoHCTpyupoBaHUe U TEXHOJIOTUS 3JIEKTPOHHBIX CPEACTB».
W3ydyenne gucHUNINHbB «OCHOBBI MHKPO- XU HAHOTEXHOJOTHH pPaguO3TeKTPOHHBIX
CpPe[CTB» ONMPAeTCsS Ha 3HAHUM OUCHUIIUH(BI) «JDJIEKTPOTEXHUKA M 3NEKTPOHUKA».

3. IlepeueHb IVTAaHHPYEMBIX Pe3yIbTaTOB 00yUY€HHsI, COOTHECEHHBIX C
IUTAaHUPYEeMBIMH pe3y/IbTaTaMH OCBOEHHS 00pa30BaTe/IbHOH MPOrPaMMBbI

[Tporecc n3ydyeHus: OUCHUMIINHE HallpaBlieH Ha (POpMUPOBaHKE CIIEAYIOMNUX
KOMIIETEHIINN:
Tab6muia 1

Ne Kon

HauMeHOBaHHe KOMIIETEHIIUH
I/ [KOMIIeTeHIIHH

Cnoco0eH BHIMOMHATE PacYeT U MPOEKTUPOBaHME 3JEKTPOHHBIX ITPUOOPOB,
CXEM U YCTPOUCTB Pa3UyHOr0 PyHKIKMOHATHHOTO HA3HAYEHUS B

1 MK-3 COOTBETCTBUU C TEXHUUYECKUM 3aflaHMEeM C UCIIOJIb30BAaHUEM CPELCTB
aBTOMaTH3allly IPOEKTUPOBAHUSI
9 K7 Crioco0eH BHITIOJIHSTE PAOOTH 110 TEXHOJIOTUYECKOM TOATOTOBKE
MIPOU3BOACTBA 9MEKTPOHHKIX CPEOCTB
MHOMKaTOPH JOCTUXKEHUS KOMIIETEeHIINN
Tabmnuma 2
IK-3.1 3HaeT NPUHUUIE KOHCTPYUPOBAHUS OTHELHEIX Y3JI0B ¥ 6JI0KOB 3JIEKTPOHHBIX
prubopoB
ITK-3.2 YMeeT MpoBOAKUTH OLIEHOYHBEIE PACYETHl XaPaKTePUCTHK 3JIEKTPOHHEIX TPHOOPOB
TIK-3.3 BnaueeT HaBBEIKaMM IIOATOTOBKH IIPUHIUIIMAJIBHBIX U MOHTAXKHBIX 3JIEKTPUYECKUX
CXeM
[1K-7.1 3HaeT NPUHIHUIH yYeTa BUIOB ¥ 00beMOB MPON3BOJCTBEHHEIX PaboT
[1K-7.2 YMeeT oCyIIeCTBIISATh PETJIaMeHTHOe 00CTyKuBaHue 000pymoBaHUS
I1K-7.3 BrnageeT HaBEIKAMM HACTPOWKHK BEICOKOTEXHOJIOTHYHOI'0 000PYIOBAHUS
4. 00beM THCHHIUITHHBI ¥ BHABI y4€0HOH PadoThI
Ounas popMa o0yueHUs
Tabmuua 3

Bcero| CemecTpsl
qacoB| 4 | 5

Buj yue0HOM padoThI




OG11ast TPyEOEMKOCTb | 7 3ET 252 | 108 | 144

KoHTaKTHasi paboTa c 00y4aromuMHCs 102.6 |50.25| 52.35
B TOM YMCJIE:

Jlekunu 40 20 20
[IpakTuyeckue 3angatus (I13) 32 16 16
JTabopaTtopHbie paboTs (JIP) 28 14 14

3aIuTa KOHTPOJILHOM PabOTH - -
3ammuTa KypCcoBoi paboThl - -
3ammTa KypCoBOT0O IIPOEKTa - -
[IpomexyTOUHas aTTeCTalus 2.6 [0.25| 2.35
CamocTositesTbHasi padora odoyuaromuxcsi (CPC) 115.75|57.75] 58
B TOM YHUCJIE:
Kypcosast paboTa - -
KypcoBoii mpoekT - -
W / unu gpyrue BUOLI CAaMOCTOSITENTbHOM pabOTHI:
MIOATOTOBKA K JabopaTOpHLIM paboTaM, MPaKTUYEeCKUM
3aHSATHUSIM, KOHTPOJILHEIM paboTaM, u3ydeHue
TEOPETHUYECKOr0 MaTepuana.

[ToproroBka K MpoOMeKyTOYHOU aTTeCTAlllU 41.65| 8 33.65
By npoMeKyTOUYHOH aTTeCTaluu 3aueT|DK3aMeH

107.75(49.75| 58

5. CogepKaHue TUCIHUILIHHBI

5.1. ComepxaHue pa3aesioB OUCLUIIINHEL.
Tabnuna 4

Ne cemecTpa
HaumeHnoBanue

pa3jgesa (TeMbI) CopgepzkaHue pa3aena O4YHO-
OUCHHUIIUIHHBI OYHasi|3a04-
Hast

Ne
/i 3a04-

Has

OMnupryecKkuil 3akKoH I'opmorHa Mypa. [TpuHIUI
OeNCTBUSA K/II04Ya - II0JIEBOTO TPaH3KUCTOpa.
[T110CH ¥ MUHYCH MUHUATIOPU3ALUU
TpaH3ucTopos. [Ipuunun Jlangayspa o
BHIIEJIEHUU TeMNOoTH. OnpeneneHre
MHUKDO3/IEKTPOHUKHY, €€ 3afadu. MHTerpanbHbe
Pazpen 1. CXeMHl. Bupbl, cTeleHb MHTETPAIUY,

1 | BBegeHue B HaHO- U HemocTaTku. KpaTtkas uctopus 4
MUKPOTEXHOJIOTHUH MUKDPOSNEKTPOHUKHU. [IBe KOHIUENIIUNA CO3MaHUSA
HaHOCTPYKTYp: IyTh «CBEPXY - BHU3» U NyTh
«CHHU3Y - BBepx». [IOHATHUSI HaHOTEXHOJIOTH,
HaHO3JIEKTPOHUKA ¥ HAHOTeTEPOCTPYKTYpPHAs
9JIeKTPOHUKa. HampaBneHus HaHOTEXHOIOT UM,
KpaTkas ucropust HaHotexHomnoruii. CTM u ACM
MHUKDPOCKOIINM.

[Torenmuan JlenHappa-JIKoHCa.
Kpucrannuyeckas peméeTtka. KoapduimeHTs
Munnepa. Bugrl Kpuctanios (KpaTko).
MexaHU3M poCTa KPUCTAJIJIOB U3 PacTBopa.
[Monukpuctanmel. OTkUT. AMOp(dHEBIE BEIECTBa. 4
KBasukpucramisl. HaHoyacTtuiel. CTpyKTypHBEIE
U 97IEKTPOHHBIE MarndecKue 4ucla.
Hanomonexynsl (YHT, dynnepensl, rpades,
IHK).

Paspmen 2.
CTpyKTypa TBEPABIX TEI




Pazgen 3.

HedexTs u puddy3usa B
TBEPIBIX TeJlaxX

HedeKTH B peasbHbIX KpUCTalJIaX: TOYEUHEIE,
OOHOMEDPHEBIE, ABYXMEPHEIE, TPEXMepHEBIe. CBA3b
neheKTOB CO CBOMCTBAMU KPHUCTAJIJIOB:
XPYNKOCTb, IJIaCTUYHOCTD, IPOYHOCTS.
Pazpymenue matepuanos. O6paboTka
MaTepuasoB Ijisl MOBHIIEHUS TBEPAOCTU UTU
N71aCTUYHOCTH. [IpOYHOCTH HAHOMATEPHUAJIOB.
KonebGaHus pemeTKy, aKyCTUYEeCKUe U
ontudeckue GoHOHEL. CBI3b (OHOHOB C
muddy3ueit gedektoB. Juddy3us B TBEPOLIX
tenax. Koabduuuent Ouddysuu. [lepsriii u
BTOpOM 3aKoHH ®uKa. PelleHre ypaBHEHUS
mubdy3un 01 HeOTPaHUYEHHOT0 KpucTaia
Ouddysusa us Toncroro cnod. Judpdysus us
TOHKOTO CJIOS.

Pazgen 4.

PocT kpucTtannos u
ITOBEPXHOCTHEHIE
IIPOIIECCHI

Mopenu pocTa KpucTanoB. [10CTOMHEIN POCT.
OcTpoBKOBHIH pocT. PocT CTpancku-KpacraHosa.
KuneTuka pocra IJIEHKH, KOHCTaHTa
paBHOBecusi. HabmioneHne pocTa Kpucrajia.
CTpyKTypa 0BepxHOCTH, [JedeKTh
IIOBEPXHOCTU. POCT KpucTaia BOKPYT BUHTOBEIX
pucnokanui. ®u3nKo-MaTeMaTU4YeCKasi TEOPUs
pocta Kpuctamna. CMayuBanue. [ m66COBCKas
amcopbuusi. CKOpoCcTh 00pa30BaHUS 3aPOIbIIIEH.
MornekynsipHO-CTaTUCTUYECKast MOLETh
3apoxpenus. Koanecuennus u o6pasoBanue
CIIJIOIITHOTO CJIOSI.

Paspmen 5.
TexHOIOTrMYU CO3MAHUS
TOHKUX IIJIEHOK

OCHOBHBIE TEXHOIOTUYECKHE MTPOIECCH
IIPOU3BOACTBA. JNUTAKCHSI. TepMOBaKyyMHOE
HCTapeHue: S1eKTPOHHLIN JIy4, Pe3UCTUBHEIE
HCIIapUTEeNH, TUTEIb C KOCBEHHBIM HarpeBoOM,
na3epHas abnsauus. PacnblieHne MaTepuasia
MUIIEHN: XUMUYECKOe, KaTOIHO-IyTr0BOe, HOHHO-
IJIa3MEHHOE, MOHHO-JIy4eBOe, NOHHOE
IJTaKMPOBaHKEe, MarHeTPOHHOE pacCIIbIJIeHNE.
INEeKTPOXNMHUYECKOE U MIa3MOXUMHUYECKOE
ocaxpgenue. Co3maHue MOHOKPUCTaIINYECKUAX
CII0EB: XUMHUUYECKOE OCaXKIeHNe U3 IIapoBOi
daswr (CVD), xungkodasHoe ocaxmeHue, IIa3Mo-
XUMHU4YeCKOe ocaxaeHue U3 IIapoBoi dha3wl
(PECVD), MONEKYIIpHO-/Iy4YeBasi SIUTAKCUS
(MJT3), TBépOodazHas snutakcus (TOI).
Texnonorus Jlenrmropa - binogxerT.
TepMuYecKoe OKUCIIeHEe KPEMHUS,
QJIFIOMOOKCHHAS TeXHOIorusd, Texunonorus KHHU
(smuTaKCHANILHBIM MeTOoH, MeTod MOHHOTO
BHEMIPEHMS, METO[I CPAIliBaHUS MIIaCTHH, METOI
yIIpaBasseMoro cKoma). KOHTponb TONIIUHEL
TOHKUX IJIEHOK. [Ipupona ¥ KOHTPOJIb afATre3uHu.




Pazgen 6.
O6paboTka
MaTepHasoB:
ouddy3us,
nuTorpadus,
TpaBJIeHNE

Ouddys3us: HaHeceHue cnog puddy3aHTa Ha
IJIAaCTUHH 10 Auddy3un; nubdy3us B
3anasHHOU aMmIyie; MudPy3usi B BaKyyMe;
muddy3us B 3aMKHYTOM 00bEME; METOIBI
OTKPBITOM TPYOBl; UMITYIbCHEIE METOIBI
npoBegeHus Auddy3un; paguanoHHO-
ctuMmynupoBaHHas nuddy3us. HegocTatku u
ocoberHocTu MeToHOoB gubdy3un. MoHHas
uMITaHTanus. JlazepHas o6paboTka
IIOBEPXHOCTU. XUMUYECKOE TpaBJIeHUE, 3JIEKTPO-
XUMHUY€ECKOe, UIOHHOE, HIOHHO-XUMHUYECKOE,
[JIa3MOXUMUYECKOe TpaBieHue, J1a3epHO-
CTUMYyIUpOBaHHOEe. Bunbl nutorpadumu:
dboTonutorpadus, peHTreHoBCKas, 31eKTPOHHO-
JydeBasi, yabTpaduoieToBas, MOHHO-Iy4YeBas,
UMIIPUHT-TUTOTpadusi, UMMEPCUOHHAS.
Kputepuii Panesi. Metonsl mutorpaduu B
texHonoruu KHU. TexHONIOTHST TPEXMEPHOTO
dbopmooOpa30BaHus C CYOMUKPOHHBEIM
pas3peleHrueM.

Pazgen 7.
Co3maHue MUKPO U
HaHOIPUOOPOB

Pa3paboTKa KOHCTPYKIUM TPaH3UCTOPOB:
OUTIONISIPHBIM ¥ TIOJIEBOM TPAH3UCTOPHI, TPUMEPHI
npomsbinieHHbIX MOII Tpan3uctopos, FitFet
TPaAH3UCTOPHI, OpraHuYecKas 3JIEKTPOHUKA,
METOMHI CO3[aHuUs P-N epexoaoB. OcoOeHHOCTH
IIPOEKTUPOBaHUs UHTerpanbHex cxeM: CEUC,
CBEPXTOHKME IIPOBOJHUKHY Ha IIJIaTax, Co3JaHue
ITPOBOMSIINX IOPOKEK, Ooprba ¢ mapa3uTHON
€MKOCTbIO, CllaliKa, CKJIeliKa, IpeccoBaHue
(mmakupoBaHue), cOOpKa (CaMOCOBMEIIEHHE).
KoHTpoOsb ¥ UCHIBITaHUS 3JIEKTPOHHLIX CPELCTB.
[TevyaTHas 3MEKTPOHUKA: I'TyO0Kast IevarTs,
¢dbnekcorpadckas nedarb, opceTHas Ie4aTh,
mI0ckas TpadapeTHas medyaTh, pOTallMOHHAS
TpadapeTHas rmevyaTh, CTPyWHas IedaTh,
na3epHas abIsaus.
MUKpO3TEKTPOMEXaHUYECKHE CUCTEMBI
(M3SMC). MonekynspHOoe KOHCTPYUPOBaHUE
(ACM). OnekTpocTaTAuecKast caMocbopKa 13
HaAHOYaCTHUII.




Paspen 8.
HaHouacTuigsi,
HaHOMOJIEKYIH,
HAHOKOMIIO3UTHI

KnacTepsl u HaHOYACTHUIEL. MeTOAE! IOTyYeHUS
HAHOYACTHUII: JTa3epPHas abIsIus, UMITYIbCHBIE
JTa3epHBbIE METOIBI, BHICOKOYaCTOTHBIM
MHOYKLUAOHHLIM Harpes, TEPMOJIU3,
3JIEKTPOB3PHIB IIPOBOOHKKA, Ta30Bas
ATOMM3AIMS, XUMHUUYECKHEe METOMbI, 30JIb I'ejIb
MeToq (30J1b, Tenb). U301t HaHOYaCTHI]
(TTAB). [Tonyuyenue yrieponHbIX HAHOCTPYKTYD
(bynnepens!, HaHOTPYOKM, HAHOBOJIOKHA,
rpadeH). YHUKaIbHbIE CBOMCTBA HAHOYACTHII:
XUMHUYeCcKas peaklMOHHas CIIOCOOHOCTD,
MarHuTHbLIE CBOMCTBA, TeMIlepaTypHbIE
CBOMCTBA, OIITUYECKHNE CBOMCTBA,
OakTepUlIUIHEIE CBOMCTBA. HaHOKOMITO3UTHI.
MeTognl CHHTE3a: KOMIIaKTHPOBAHHE,
CIIMHUHTOBAHNE, FalbBaHUUECKUH CII0C00.
CroucTeie MaTepHUAIIHL.
HaHoCTpyKTypupOBaHHLEIE CTEKIIA.
HaHocTpyKTyprpOoBaHHbBIE KPUCTAJIIH U
pacTtBopsl. CBOMCTBa HAHOMATEPUAJIOB:
MexaHnyeckue, dnekrpudyeckue, OnTUYECKUE,
MarHuTHEIE.

Pazgen 9.
BBepmeHue: 3aK0HH
KBAHTOBOT'O MUpa

[Toctynate! [InaHKa. JHepreTUYeCcKue YpOBHU
3JIEKTPOHOB B aToMax. KopmycKynspHo-
BOJTHOBOU Ayanu3M. [Judpakius 3JIeKTPOHOB.
IOudpakuus Bynbda-bparra. [IpuHuunm
HeolpenenéHHocTH ['eli3enOepra. YpaBHeHUS 1€
Bpoiung. 'eomeTpuyecKoe pefcTaBIeHre
aToMHO# opbuTanu. BomHoBas GyHKIMA.
Onucanue OBUXKEHUS CBOOOOHON YACTUIIHL.
YpaBuenue IlIpénunrepa. KBaHTOBEIE YKCIIA.
[Tpunmun Ilaynu. 3onotoe npasuno ®epmu.
Brixop snekTpoHa B BakyyM. [IpsiMoyronpHas
TIOTEeHIMaJIbHas Ma ¢ 6€CKOHEYHBIMU
cTeHKaMu. [IpaMoyronbHasd sMa ¢ KOHEUHBIMU
cTeHKaMu. [IpoxoxaeHue 4acTul yepes
MOTEHIMAJbHAIN 6aphep.
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Pazgen 10.
30HHAs TEOPUS
TBEPIBIX TeJl

OHepreTuyecKue yPOBHU 371€KTPOHOB B
MOJIEKyJlaX. YPOBHY B HAHOYACTHUIAX.
OO6pa30BaHUE 9HEPTETUYECKUX 30H B
KpUCTa/yiaX. 30HHBEIY S9HEPTEeTUYECKUY CIIEKTP
3JIEKTPOHOB B KpPHUCTalie (MeTallsl, 1/,
OuSJNIeKTprKY). HaKmoH 9HEepreTHYeCKrX 30H
3JIeKTpUYeCKUM 1ojieM. CIIeKTPhl OIITUYECKOTO
MOTI0IeHus. YpoBeHb PepMu. BEIpoKOeHHBIN
9NIeKTPOHHHIY a3, [InuHa BonHe [e-bpoins.
Cratuctuku Makcsena-boneimana, bose-
JumteliHa, ®Pepmu-iupaka, CpaBHeHUE
CTaTUCTHUK.
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Pazgen 11.
OINEeKTPOHHEIE CBOMCTBA
MIOIYIIPOBOIHUKOB

CoOcTBeHHbIE IONTYIIPOBOJHUKY. Pacnipenenenue
3JIEKTPOHOB 110 YPOBHSIM 3HEPrUU. PaBHOBECHEIE
¥ HepaBHOBECHbIE HOCUTENU 3apsfa.
[IpumecHBIE TOTYIPOBOSHUKY N U P TUIIA.
HeocHoBHBIE HOCUTENN 3apsfa. 3aKoH
IencTByoUmMX Macc. [my6oKkue mpuMecHEBIE
ypoBHHU. TeMnepaTypHble 3aBUCUMOCTH
KOHI[eHTpaluy HOCUTEeNIeX 3apsaga B I/
OOHOPHOTO ¥ aKIeNTOPHOTO TUIla. i3aMeHeHUe
KOHIIEHTpaluu nmpuMecu. [IpuMeHeHue 11/ B
Pafro3JIEKTPOHHBIX CPECTBAxX.
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Pazgen 12.
DINEeKTPOMPOBOOHOCTD
TBEPIBIX TEJl

I peii¢ 371eKTPOHOB BO BHEIITHEM II0JIE.
ONeKTPONPOBOIHOCTEL METAJIIOB, CILIaBOB,
HaHOKOMIIO3UTOB. BriusiHue mpuMecen Ha
371eKTPOIPOBOAHOCTh. CBEPXIIPOBOOUMOCTb.
9ddeKTH CUTBHOTO TOJIS: YOapHas MOHU3aIus,
3JIEKTPOCTaTUYeCKasd MOHU3ALUS,
TEePMOSJIEKTPOHHAsA NoHU3auus 1no dpeHkernio,
npo0o¥ OUANeKTPUKOB, 3¢ddekT ['aHHa.

13

Pazpmen 13.
JNeKTpUYEeCKHe
SIBIIGHUS B
OU3JIEKTPHUKAX

[Tonsipu3sanusa oU3NEKTPUKOB. [JU3TEeKTPUYECKUe
IIOTepHU. 3aBUCUMOCTH U tg yria
OVSJIEKTPAYECKUX ITOTEPD OT TeMIIEPaTyPH U
YaCTOTH IepeMeHHoro nojud. MoHHas
3JIEKTPOIIPOBOJHOCTE B IU3NEKTPUKAX.
[InsneKTpruieCKre CBOMCTBA HaHOPA3MEePHEIX

CTPYKTYP.
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Pazgen 14.
dusnueckue 0OCHOBEL
MUKPO3/IEKTPOHUKHI

TepmM0o37IeKTPOHHAA SMUCCHSA. ABTOSMUCCHS.
KoHTaKTHag pa3HOCTh MOTEHIMAIOB. [luog
[MIoTTKH. INMEeKTPOHHO-ILIPOYHBIN IIePexo,
reTepornepexonsl. Bumgsl uogoB. POTO31EMEHT.
Jlazep Ha p-n nepexopne. bunonspHei
TpaH3ucTop. IloseBoil TpaH3UCTOP.

15

Paspmen 15.
Qu3nYecKre OCHOBHI
HAHO3JIEKTPOHUKHU

KBaHTOBOE OrpaHnYeHue 3JIEKTPOHOB.
KBaHTOBEIE MBI, HUTH, TOUKHU. Pa3aMepHbIe

3¢ dexThl. [IpuOOPE Ha HAHOCTPYKTYpPaXx:
Jla3€epHl C KBAHTOBEIMU CTPYKTypPaMHy,
(GhOTOIPUEMHMKM Ha KBAHTOBBIX SIMaX,
TYHHEJIbHO-PE30HAHCHBIU OUOf, OBYXCIIOMHBIN
TYHHEJIbHBIN TpaH3uctop, MIIM nuog,
OJIHO3JIEKTPOHHOE TyHHENNPOBaHue Ha 3deKTe
KYJIOHOBCKOM O0Kajbl, KBAHTOBO-TOUEYHbIE
KJIEeTOYHbIe aBTOMAaThl, KBAHTOBBIN
MHTePGhEPEHIIMOHHBIN TPAH3UCTOP.
MonekynspHas HaHO3JIEKTPOHUKA: aTOMHBIE
IepeKTI0Yalme CTPYKTYPHl, TpadheHOBHIN
TPaH3UCTOP, JUOMBI U3 YTIEPOIHBIX HAHOTPYOOK,
MOJIEBEIE TPAH3UCTOPH! U3 YIIIEPOTHBIX
HAHOTPYOOK, HAHOTPYOKYU KaK UCTOYHUKHU
3JIEKTPOHOB, HAHOIIPOBOAA U3 YIJIEPOIHEBIX
HAHOTPYOOK, CyIIepKOHOEHCATOp, TOMJIMBHEIH
3JIEMEHT, JaT4YuKHU BemecTs, JHK-ananuzaTop,
anMa3sHas IaMATh O KOMIBIOTEPOB.
CHOUHTPOHUKA.




Pa3HOBUIHOCTH UCTOYHUKOB CBOOOMHBIX
9JIEKTPOHOB, UX IpHMeHeHne. Teopus moneBoi
aMuccuu. [Ipo6aeMbl TEXHOIOTUYECKOM
OTITUMHU3AIMH [T0IEBHIX KaTOMOB: (POKYyCUPOBKa

Pazpgen 16. IoJIeH, pacupeneneHre TOKOBOX Harpy3KH,

16 BakyymHast yIydleHue ycioBul, o6paboTka MaTepuana 5
aneKTpoHuKa. [ToneBrle | KaToga. Knaccudukanus MaTepuasnoB gis
KaTO[IbL. CO3JaHUS TOJIEBEIX KaTOOB. MonemupoBaHue

nosnei. IpdekT sxkpaHupoBKU. ['HCcTEPEIUC.
TexHONIOTUY CO3[AHUS MTOJIEBLIX KATONOB.
YcrpoiicTBo pubopoB, UCIIONB3YIOLUIUX [I0JIEBEIE
KaTO[HL.

5.2. MexpaucuuninuHapHble CBA3U C oOecnmedYuBaeMbBMU (MOCTEAYIOIIUMU)
OUCIUIINHAMH.

Tab6mnuia 5
11]\/[;1 HanmeHoBaHHE 00ecIeYHBaeMbIX (MOCIEaYIOIINUX) TUCIHITHH
1 | CucteMoTEXHUYECKOE TPOEKTUPOBAHNE PAIH03JIEKTPOHHEIX CPEICTB
5.3. Pa3gensl fUCHMIUIMH ¥ BUOLI 3aHITHH.
Ounas ¢popMa o0ydeHUs
Tabmnuia 6
No HauMmeHoBaHMe pa3jgesia (TeMBbI) JIek-| IIpakr. | JIa6. [Cemu- CPC Bcero
o/ THCIIHIITHH IIMH 3aHATHSI3AHATHSI| HapPbI JaCoB
Pasmen 1.
1 2 6 8
BBefeHre B HAHO- U MUKPOTEXHOJIOT U
o |Pasmen2. 2 2 2 6 | 12
CTpyKTypa TBEPOBIX Tl
Pazgen 3.
3 HedexTh u guddy3us B TBEPHLIX Tenax 2 2 2 6 12
Pazpen 4.
4 | PoCT KpUCTaJIOB U TIOBEPXHOCTHEIE 2 2 2 6 12
TIPOLIECCHI
5 |Pasmens. . 2 2 2 6 | 12
TexHOIOTHH CO3[aHKs TOHKUX IIJIEHOK
Paspern 6.
6 |OO6paboTka MaTepranos: ouhdy3us, 2 4 2 6 14
nuTorpadus, TpaBlIeHue
7 Paspmen 7. A 6 10
Co3maHre MHKPO M HAaHOIPHOOPOB
Pazgen 8.
8 | HaHouacTuLbl, HAHOMOJIEKYJIHI, 4 4 4 7.75 119.75
HAHOKOMITO3HTEI
g |Pasmen 9. 2 | 2 2 7 | 13
BBefmeHre: 3aKOHE KBAHTOBOTO MHUpPa
10 | Pasmen 10. . 2 2 2 7 | 13
30HHAS TEOPUS TBEPIBIX TN
11 |Pasmen 11. . 2 2 2 7 | 13
ONeKTPOHHEIE CBOMCTBA IOJTYIIPOBOIHUKOB
17 |Pasmen 12. . 2 4 2 7 | 15
ONeKTPOIPOBOTHOCTD TBEPABIX TEJI




13 |Pasmen 13. 2 2 2 7 | 13
SJ'IeKTpI/IquKI/Ie SABJIEHUA B J:[I/ISJ'IeKTpI/IKaX

14 |Pasmen 14. 4 2 2 7 | 15
q)I/I3I/IquKI/Ie OCHOBBHBI MI/IKpOSJ'[eKTpOHI/IKI/I

15 | Pasmen 15. 4 2 2 7 | 15
q)I/I3I/IquKI/Ie OCHOBBI HaHOC-)J'IeKTpOHI/IKI/I

16 Paznen 16. ? 9 11
BaKyyMHaﬂ 3HeKTp0HI/IKa. HOHeBBIe KaTOOhbI.

Mroro:| 40 | 32 28 ~1107.75207.75

6. ;TabOpPaTOPHBIN MPAKTHKYM

Ounas popMa o0yueHus

Tab6mua 7
No | HOMEP . Bcero
o/ Pa3Aena HauMeHoBaHHe 1a00paTOPHOH PadOTHI ACOB
(TeMbI)
1 9 HOCTpOGHE/Ie 3aBUCHMOCTH IOTeHIMana JIenHapaa-IKoHca 9
B3aMMOMEUCTBUS HAaHOYACTHI]
[TocTpoeHne 3aBUCUMOCTH PacIpenenenns KOHIeHTPaIlluy IPUMECH B
2 3 MaTepualie AJis TOJICTOr0 M TOHKOTO €105 Auddy3aHTa OT BpeMeHH U 2
TEeMIIEPATYPHL.
3 A [TocTpoeHue 3aBUCUMOCTH TOJIIIMHEL IIJIEHOK MaTepHasos P HOHHOM 9
pacHblIEeHUH OT BPEMEHHU U YCIIOBHM POCTa MIIEHKMU.
A 5 [TocTpoeHue rpaduka pacrnpeneneHus HOHOB B IPOCTPAHCTBE MTPYU MOHHOM 9
HUMIIJIaHTallu|
5 6 MopenupoBanre nuGPaKIMOHHEIX KaPTHH [JIs IPOIIECCOB 9
¢doTonuTorpaduu
6 8 MopenupoBaHUe Ipolecca UCIapeHus BelecTBa B ycTaHOBKax MJID 4
7 9 IJIeKTPOH B HAHOPA3MEePHOM MIPOBOSIIEM CII0e 2
3 10 [TocTpoeHue pacupeeneHus 3J1eKTPOHOB BHIPOXKIEHHOT'0 U 9
HEBBLIPOXKIEHHOI'0 Ta3a B MaTepuaax.
9 11 [TocTpoeHue pacipeneneHus 3JIEKTPOHOB B IOTYIIPOBOTHUKAX 9
IIPUMECHOTO THIIA.
10 12 [TocTpoeHue 3aBUCUMOCTH ITPOBOAMMOCTH MOJTYIIPOBOTHUKOB U CIIJIaBOB OT 9
KOHIIEHTPallU¥ IPUMECH U OT TEMIIEPATYPHIL.
11 13 [Toctpoenne BAX moneBoro u GUIOISIPHOT0 TPAH3UCTOPA 2
12 14 [Toctpoenue BAX TYHHENTBHOTO TPAH3UCTOPA U TEMIIEPATYPHOM 9
3aBUCHMOCTH [JINHBI BOJIHHI Jla3epa Ha KBAHTOBHIX SIMaX.
13 15 [Toctpoenne BAX moneBoro sMuTTepa, olleHKa 3)(QEeKTUBHLIX TapaMeTPoB. | 2
Hroro: | 28
7. IIpakTHYeCKHe 3aHATHSI (CeMHHaPhI)
Ounas popMa o0yueHus
Tab6mnuia 8
No | HOMEP . Bcero
. pa3jgeral HauMmeHoBaHHe MPAaKTHYECKHX 3aHSTHU (CEMHHApPOB) 4aCOB
(TemsnI)
1 2 Pacuér noteniuana JlenHapma-IIK0HCa B3aUMOIECTBUS HAHOYACTHI] 2
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9 3 PacuéT pacnpeneneHus: KOHIEHTPalUU IPHMECH B MaTepuae ajs 9
TOJICTOTO ¥ TOHKOTO cJiosg guddy3aHTa.
3 4 PacuéT pacnpeneneHuss MOHOB B TPOCTPAHCTBE IPU MOHHOM MMIIJIAHTALUM | 2
4 5 PacuéT ckopocTu (OpMUPOBAHUS IIJIEHOK ITPYU MOHHOM PaCIbIJIEHUN 2
5 6 Pacuét kputepusa Panes gyis nponeccoB GoTomuTorpaduu 4
6 8 Pacuér mporecca ucnapeHus BelecTBa B ycTaHOBKax MJI9 4
7 9 PacnpeneneHuHe SMIEKTPOHA B TOHKOM NMPOBOMAIIEM CII0€, TYHHEIUPOBaHue |
yepes3 TOHKUAU IUIIeKTPUYECKUN CII0U
8 10 PacyéT KOHLIEHTpaIuy 31eKTPOHOB IIPOBOJUMOCTH B METalllle B 9
3aBUCHMOCTH OT TEMIIEPATYPHI
9 11 PacyéT KOHIIEHTpAIX 3IEKTPOHOB IIPOBOJUMOCTH B IPUMECHBIX 9
MIOTYTIPOBOOHHUKAX.
10 12 PacyéT 3aBUCHMOCTH IIPOBOAUMOCTH IOIYIIPOBOAHUKOB U CIIJIaBOB OT A
KOHIIEHTPallUM IPUMECH U OT TEMIIEPATYpPHIL.
11 13 Pacuét BAX moneBoro u OUIOISIPHOT0 TPAH3UCTOPA. 2
12 14 Pacuér BAX TyHHENIBHOTO TPAH3UCTOpPa U TEMIIePATyPHOU 3aBUCUMOCTHI 9
IJIMHBI BOJIHBI JTa3epa Ha KBAaHTOBHIX SIMaX.
13 15 Pacuér BAX moneBoro sMutTepa, olleHKa 3((QEeKTUBHEIX TapaMeTPOB. 2
Hrtoro: | 32
8. IIlpuMmepHasi TeMaTHKa KYPCOBBIX IIPOEKTOB (padoT)
PabouuM y4yeOHBIM IIJTaHOM He IIPENYCMOTPEHO
9. CamocTosiTeIbHAsA padoTa
Ounas popMa o0yueHus
Tab6muia 9
No
pa3aena Copepxanue CPC ®opmMa KOHTPOJIS Bcero
M CIIUII- 4acoB
JIMHBI
1 V3yyeHre qONIOTHUTEILHOU JINTEPATYPHL cobecenoBaHue 6
2 V3yyeHre OONOTHUTEIBHOU JINTEPATYPH CobecenoBaHue 6
3 V3yyeHre OJONOTHUTEIbHON JINTEPATYPHI CobecenoBaHue 6
4 V3ydeHne qONOJIHUTEIbHOU TUTEPATYPHL CobecenoBaHue 6
5 W3yyeHre OJOMOTHUTEIbHON TIUTEPATYPhI CobecepoBaHue 6
6 Vi3ydyeHne qOTOIHUTEIbHOU TUTEPATYPHL CobecepoBaHnue 6
7 Vi3ydyeHne qOTOIHUTENbHOU TUTEPATyPH CobecenoBaHue 6
8 V3ydyeHne qOTOIHUTENbHOU TUTEPATYPHI CobecenoBaHue 7.75
9 V3yyeHre qONIOTHUTEIBHOU JINTEPATYPHL CobecenoBaHue 7
10 V3yyeHre OONOITHUTEIBHOU JINTEPATYPHI CobecenoBaHue 7
11 V3yyeHre OONOTHUTEIbHON JINTEPATYPHI CobecenoBaHue 7
12 W3yyeHre OOMOTHUTEIbHON JIUTEPATYPhI CobecemoBaHue 7
13 V3yyeHre JOMOTHUTEIbHON JIUTEPATYPhI CobecepoBaHue 7
14 Vi3ydyeHne qOTOIHUTEIbHOU TUTEPATYPHL CobecepoBaHnue 7
15 Vi3ydyeHne qOTOIHUTENbHOU TUTEPATyPH CobecenoBaHue 7
16 V3ydyeHne qOTOTHUTENbHON TUTEPATYPHI CobecenoBaHue 9
Wroro: |107.75
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10. IlepeyeHb Y4€OHO-METOTHIECKOr0 00eCIeYeHHsI [I/Isi CAMOCTOSITe/ IbHOH
padoThl 00yYaIOUIMXCSI 110 TUCIHUIIIHHE

17151 caMOCTOSITEeIbHOM pPabOTHI 110 AUCIUIININHE PEKOMEHIOBAHO clenyilee yueOHo-
MeTou4YecKoe obecredyeHue:
- [TomoxkeHue 0 caMOCTOSITeNIbHOM paboTe cTyneHToB B CaHKT-IleTepOyprckom
roCcyoapCTBEHHOM YHUBEPCUTETE TeIeKOMMYHUKalui uM. mpod. M.A. bonu-bpyeBuya;
- PeKOMeHOOBaHHAs OCHOBHASA U OOIOIHUTENIbHAS INTEPATYPa;
- KOHCIIEKT 3aHSTHUU MO0 OUCIUIIINHE;
- Claupgbl-IIpe3eHTaly U OPYroM MeTOANYECKUY MaTeprall, UCIIOIb3yeMbIi Ha 3aHATUAX;
- MeToguuYecKue peKOMeHOalluy I10 MTOATOTOBKE MUChMEHHBIX PaboT, TpeOOBaHUS K UX
comepKaHu0 ¥ oopMIIeHHIO (pedepaT, acce, KOHTPOJIbHAsS pabdoTa) ;
- (bOH[BI OIIEHOYHBIX CPENCTB;
- MeTOIMYeCKHe YKa3aHUS K BHIITOTHEHUIO 1a00paTOPHEIX PabOT I CTYIEHTOB;

11. ®oHA OLIEHOYHBIX CPEICTB [JIsI MPOBEIeHUsI IPOMEKYTOYHOH aTTeCTalluHu
00Yy4YaIOIIHUXCsI

®oH[I OIIEHOYHHIX CPEACTB pa3dpabaThiBAETCS B COOTBETCTBUU C JIOKAIbHBIM aKTOM
yHuBepcuTeTa "[lonoxkeHue o0 GOHME OIEHOUYHHIX CPEACTB" M SABISETCS IPUIOXKEHUEM

(ITpunoxenue A) K paboueli MporpaMMe OUCIUIIJINHEL.

®oH[ OI€HOYHHBIX CPEOCTB [OJid IPOBEeOEeHUS NPOMEXYTOYHOW aTTeCcTalluu
0o0y4aluXCs M0 AUCIUIIIAHE BKII0OYaeT B celd:

- TIepedYeHb KOMIIETEHIIUH C YKa3aHUEM 3TallOB UX (OPMHUPOBAHUS B IPOIECCE OCBOEHUS
o0pa30BaTeNbHOU TPOTPaMMbI;

- OIHCaHMe II0Ka3aTejel U KPUTEPUEB OlleHUBAHUSI KOMIIETEHIIMM Ha Pa3JIMYHBIX 3Talax
X (OpMUPOBaHUS, ONIMCAHKE IIKa/ OLIeHUBAHUS;

- TUTIOBHIE KOHTPOJIbHLIE 3a[laHus UJIM WHBIE MaTepuaslkl, He0OXOIUMEBIE [IJIST OIleHKU
3HaHUM, YMEHUY, HAaBBIKOB U (MJIM) OIBITA AEATEIbHOCTH, XapaKTePUIYIOILIUX ITallbl
dbopMUpoOBaHUS KOMIIETEHIINM B IIPOLIECCe 0OCBOEHUST 00pa30BaTeIbHOM ITPOTPAMME;

- METOOUYeCKNe MaTepualbl, Onpeaensiolye IpoLeayphl OLleHUBaHUSI 3HAHUU, YMEHUH,
HaBHIKOB ¥ (MJIM) OIIbITA AEeATEeIbHOCTH, XapaKTEePU3YIOIKUX 3Tkl (POPMUPOBAHUS
KOMIIETEeHIINH.

II11s1 KaXXmoro pe3ynibTaTa 00y4eHUs 0 OUCHUIINIMNHE ONpPeensioTCs IoKa3aTelu U

KPpUTEpUHN OIeHKU CHOPMUPOBAHHOCTM KOMIIETEHLHMM Ha pa3lNWYHBIX 3Talax HX

dbopMupoBaHus, Kb ¥ IPOIEAyPHl OIleHWBaHUSA.

12. IlepeyeHb OCHOBHOM H [IONOTHHTE/ILHOH JINTEPATyPhl, HEOOXOTHMOM /15
OCBOEHHUH ITUCIHUIIIUHBI

12.1. OcHoBHas nuTepartypa:

1. Tomunusn, B. H.
OU3NKO-XUMHUYECKHEe OCHOBBI TEXHOJIOTUU 3TIEKTPOHHBIX CPEICTB : YUeOHUK [IJIST BY30B /
B. U. Tomunus ; pei.: b. A. benses, I'. ®. bakanos. - M. : Akagemus, 2010. - 416 c. :
uil. - (Briciee nmpodeccuonanbHoe o0Opa3oBaHue. PamnosnekTpoHuKa). - bubmuorp. : .
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404-405. - ISBN 978-5-7695-47 12-6 : 604.12 p., 613.51 p. - TekcT :
HETI0CPEeNCTBEHHHIN.

. TexHomorus MaTepuasoB U U3eNINM 3JIEKTPOHHOM TEXHUKH : yueOHOe mocobue. -
Mocksa : TYCYP. - URL:
http://e.lanbook.com/books/element.php?pll cid=25&pll id=4931. Y. 2/ JI. H.
Opmnukos. - Mocksa : TYCYP, 2012. - 100 c. - b. 11. Kuura u3 konnekiuu TYCYP -
VHXeHepHO-TeXHUYEeCKUe HayKu

. TexHOMOTMg MaTepuasoB U U3eNINN 3JIEKTPOHHOM TEXHUKHU : yueOHOe mocodue. -
Mocksa : TYCYP. - URL:
http://e.lanbook.com/books/element.php?pll cid=25&pll id=4932. 4.1 /JI. H.
Opnukos. - Mocksa : TYCYP, 2012. - 98 c. - b. 1. Kuura u3 konneknuu TYCYP -
VHXeHepHO-TeXHUYEeCKNEe HayKN

. Jleroctaes, H. C.

MaTepuasbl 31eKTPOHHOM TEXHUKY : [INEeKTPOHHLIN pecypc] : yuebHoe ocobue
PEKOMEHI0BAaHO CUOMPCKUM PETMOHAIbHEIM OTHIeIeHneM Yi4eOHO-MeTOIUuYeCKOro
00BbeMHEHUS BHICIINX y4eOHbIX 3aBefeHni p¢ mo o0pa3oBaHU0 B 001aCTH
PaIMOTEXHUKHU, SJIEKTPOHUKY, OMOMEOUITMHCKON TEXHUKKM ¥ aBTOMATH3AIUU IS
MeKBY30BCKOTO HCIIOJIb30BaHUS B KaueCTBe y4eOHOT0 1ocoOusi A CTyEeHTOB,
00y4alouXcs 1o HalpaBiIeHuio IoAroToBKY 6akanaBpoB 210100.62 «31eKTpOHUKA U
HaHO3/IEKTPOHUKa» C MPOMUIISIMUA «IIPOMBIIIJIEHHAs 371€KTPOHUKA» U
«MHUKPO3JIEKTPOHUKA U TBEPAOTEeNbHasd anekTponuka» / H. C. Jlerocrtaes. - MoCKBa :
TYCYP, 2014. - 239 c. - URL: https://e.lanbook.com/book/110346. - ISBN 978-5-86889-
679-8 : b. u. Kuura u3 komnekuuu TYCYP - UHXKeHepHO-TeXHUYeCKUe HayKU

. HaBbeImos, B. H.

TBepOoTenbHas 37eKTPOHUKA : [DIIeKTPOHHBIN pecypc] : yuebHoe mocobue / B. H.
HaBrIOB. - MockBa : TYCYP, 2013. - 175 c. - URL: https://e.lanbook.com/book/110377.
- b. 1. Kuura u3 komekuuu TYCYP - UHXKeHepHO-TeXHUYeCKUe HayKU

. Jleroctaes, H. C.

MUKpO3IeKTPOHUKA : [ONeKTPOoHHEIM pecypc] : yuebHoe mocodbue / H. C. JlerocTaes, K.
B. YetBepros. - Mocksa : TYCVYP, 2013. - 172 c. - URL:
https://e.lanbook.com/book/110393. - ISBN 978-5-4332-0073-9 : b. u. Kuura u3s
koyiekuuu TYCYP - MHXeHepHO-TeXHUYECKMEe HayKU

12.2. [lononHuTENIbHAS TUTEPATYpa:

. [TaceiakoB, B. B.

[TonynpoBOmHUKOBEIE TPUOOPH! : yuebHOoe mocobue / B. B. ITacweiukos, JI. K. YupkuH. -
8-e usp., ucnp. - CII6. : Jlans, 2006. - 480 c. : un. - (YueOHuKM A1 By30B. CiennaabHas
nuTeparypa). - bubmuorp. : c. 460. - ISBN 5-8114-0368-2 : 181.70 p. - Tekcr :
HEIOCPeCTBEHHBIN.

. iHTerpanbHble YCTPOMCTBA PAAU03JIEKTPOHUKY : yuebHOe mocobue. - Mocksa : TYCYP.
- URL: http://e.lanbook.com/books/element.php?pll cid=25&pll id=4935.Y. 2 :
ONeMeHTH MHTerpajibHBIX CXeM U (PyHKIMOHaIbHEE ycTporcTBa / M. H. PomanoBCKuI.
- Mocksa : TYCYP, 2012. - 127 c. - B. 11. Kuura u3 konnekiuu TYCYP - MHXeHepHO-
TeXHU4Y€eCKue HayKu

. Tposs, II. E.
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TBepOoTenbHas 371eKTPOHUKA : [DIIeKTPOHHBIN pecypc] : yuebHoe mocobue / I1. E.
Tposia. - Mocksa : TYCVYP, 2008. - 330 c. - URL:
http://e.lanbook.com/books/element.php?pll cid=25&pll id=4966. - b. u. Kuura us
koyiekuuu TYCYP - MHXeHepHO-TeXHUYECKNEe HayKU

4. Jlerocraes, H. C.
MukpocxeMoTexHIKa. AHaJI0OTOBass MUKPOCXEMOTEXHUKA : [DNEeKTPOHHLIM pecypc] :
yuebnoe nocobue / H. C. Jleroctaes, K. B. YetBepros. - Mocksa : TYCYP, 2014. - 238 c.
- URL: https://e.lanbook.com/book/110345. - ISBN 978-5-86889-677-4 : B. 11. Kuura u3
koyutekuuu TYCYP - MHxkeHepHO-TeXHUYECKUE HAYKU

13. IlepeyeHsb pecypcoB HH(POPMAIHOHHO-TEIeKOMMYHHUKAIIHOHHOH CE€TH
«AHTEepHeT»

- www.sut.ru
- lib.spbgut.ru/jirbis2 spbgut

14. IlepeyeHb HHPOPMAITHOHHBIX TEXHOIOTHH, HCIIOIL3YEMBIX IPH
OCyIlIeCTB/IEHHH 00pa30BaTe/ILHOI0 Mpolecca Mo JUCHUIUIHHE (MOIYII0),
BKJII0OUYasi MepedeHb MPOrpaMMHOI0 odecnedyeHHsI H HHPOPMaIlHOHHBIX
CIIPABOYHBIX CHCTEM.

14.1. TIporpaMMHOe oOecredeHne OUCIUTIINHEL:

- Open Office
- Google Chrome

14.2. UudopMalliOHHO-CIIPAaBOYHBIE CHUCTEMEI:

- 9BC iBooks (https://ibooks.ru)
- 3BbC Jlans (https://e.lanbook.com/)
- OBC CIIoT'YT (http://lib.spbgut.ru)

15. MeTogu4yeckue YKa3aHHuA OIA OﬁyanOIlIHXCSI 10 OCBOCHHIO THCITHUII/INHBI

15.1. TInaHupoBaHHWEe W OpraHU3alusl BpeMeHU, HeoOXOOUMOTO OJIT U3YUEeHUS
OUCLUIITAHEL

BaXHBIM yCJIOBHEM YCIEIIHOTO OCBOEHUSA OUCHUNNHHBI «OCHOBH MHUKPO- H
HAHOTEXHOJIOTUH Pagu03IeKTPOHHEIX CPEACTB» SIBIISIETCS CO3JaHHue CHCTEMHl IIPaBUIbLHON
OpraHu3aliuy TPyHa, MO3BOISIONIeN paclpenenuTh yueOHYy0 HAarpy3Ky paBHOMEPHO B
COOTBETCTBHUHU C TpaduKkoM 00pa30BaTEILHOIO Ipoliecca. bobIIyio MOMOIIL B 9TOM MOXKET
OKa3aTh COCTaBJIeHUeE IJlaHa PaboTH Ha CEMECTpP, MecCsIl, Helenio, HeHb. Ero Hanuuyue
IIO3BOJIUT INOOUYUHUTL CBOOOJHOE BpeMs IensaM y4eObl, TPyOUTbCA OoJiee YCIEUIHO U
adpexTuBHO. HYKHO OCYIIECTBIASITh CAMOKOHTPOJIb, KOTOPHIU SIBJISIETCS HE0OXOMUMBIM
yCIIOBHEM yCIelTHOM y4ueOnl. Bce 3amaHus, BK/II0Yasi BEIHECEHHBIE HA CAMOCTOSITENHHYIO
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paboTy, PEKOMEHAYeTCS BHINONHSAThL HENOCPEeOCTBEHHO IIOCJe COOTBETCTBYIOIIETO
ayOUTOPHOTO 3aHATUS (JEeKIUHU, MPAKTUYEeCKOro 3aHATHS), YTO CIIOCOOCTBYET NIy4dLIeMy
YCBOEHUI0 MaTepuasa, M03BOJISIET CBOEBPEMEHHO BHISIBUTh U YCTPAHUTHL «IMPOOEIHI» B
3HAQHHUSX, CUCTeMaTU3MPOBaTh paHee MPOMOEeHHbIM MaTepral, Ha ero OCHOBE IIPUCTYIIUTh
K OBJIaJIeHUIO HOBLIMHU 3HAHUSMU M HaBHIKAMU.

CucTteMa YHUBEPCUTETCKOTO 00yUeHUSI OCHOBHIBAETCSA Ha PallMOHAIbHOM COYETaHUU
HECKOJbKUX BUIOB Y4eOHHIX 3aHATHUN (B MEePBYI0 ouepedb, JIEKIUM M NPAKTHUYECKUX
3aHsATHM), paboTa Ha KOTOPHIX 00/IagaeT OnpeneieHHO CIeln(pUKO.

15.2. IToaroToBKa K JIEKLIUSAM

3HAKOMCTBO C OUCLUIIIMHON ITPOUCXOOUT YK€ Ha MEepPBOM JEKIUH, TOe OT CTydeHTa
TpebyeTcsl He MPOCTO BHUMaHUE, HO U CaMOCTOSITeNIbHOe 0opMIIeHNe KOHCIeKTa. [1pu
paboTe ¢ KOHCIIEKTOM NEKIUN HeoOXOOUMO YUUTHBATL TOT (AKTOpP, YTO OJHU JEKIUU
[AI0T OTBETHl HA KOHKPETHBIE BOIIPOCH! TEMEI, APYTHE - JIULIb BHIABIAIOT B3aUMOCBSA3U
MeXIy SIBJIEHHUSIMH, IIOMOTas CTYOEHTY IMOHSATh TIyOMHHBIE HPOIECCH Pa3BUTHUS
M3y4aeMoro IpefMeTa, KakK B MCTOPUM, TaK M B HACTOSIIEe BpeMs.

KoHCcmekTUpoBaHUE JEKUUU - CJO0XKHBIM BUI BY30BCKOU aymIUTOPHOM paboOTHI,
Ipenamnoaraliiui WHTEHCUBHYI YMCTBEHHYIO HOEeSTelIbHOCTh CTyoeHTa. KOHCIeKT
SIBJISIETCS TIOJIE3HBIM TOT{Ia, KOTHa 3aliCcaHo caMoe CYIIeCTBEHHOE U CHEeNTaHO 3TO CaMUM
oOyuawmumcsa. He Hago cTpeMuThCs 3alucaTh [OCJIOBHO BCHIO JIeKnuio. Takoe
«KOHCITEKTHPOBaHKE» MMPUHOCUT OOJIBbINE Bpema, YeM IMoib3bl. Ilemecoo6pa3Ho BHadase
IIOHSITh OCHOBHYIO MBICJIb, M3JIaTaeMyl0 JIEKTOPOM, a 3aTeM 3almucarth ee. 2KenaTenbHO
3allMCh OCYIIECTBNSATh HAa OOHOMW CTPAHUIlE JTUCTA WU OCTABNSAS IOJS, Ha KOTOPHX
o3Hee, IPU CAMOCTOSITENIbHOM pab0Te C KOHCIIEKTOM, MOXKHO CHeNlaTh [OMOIHUTE IbHEIE
3aIMKCH, OTMETUTD HETIOHSITHEIE MECTA.

KoHCIEeKT NeKnuu aydine Ioapas3fessaTh Ha MYHKTH, coOmiogas KPacHYI0 CTPOKY.
9toMy B OOnbIION cTemeHu OymyT cmoco6CTBOBAThH BOMPOCH IjlaHA JIEKIUH,
IpennoXkeHHble pemonaBaTensaM. Crnenyet oOpaliaTh BHUMaHUEe Ha aKI[€HTHI, BEIBOMEI,
KOTOPHIE [eNTaeT JIEKTOP, OTMedasi Hanboree BaXKHEIE MOMEHTHI B JIEKIIMOHHOM MaTepHaje
3aMeYaHUsIMHU «BaXXHO», «XOPOIIO 3allOMHUTL» U T.II. MOXKHO [IeJlaTh 3TO U C IIOMOIIIbIO
Pa3HOIIBETHHIX MAPKEPOB UM PYYEK, IOTUYEPKHUBas TEPMUHLL U OIIPENETIeHUS.

Ilenecoob6pa3Ho pa3paboTaTh COOCTBEHHYIO CHUCTEMY COKpalleHui, ab0peBUaTyp u
cuMBonoB. OgHAKO MpY JanbHeuIel paboTe ¢ KOHCIIEKTOM CUMBOJIB JTy4YIlle 3aMEHUTh
OOBIYHBIMHU CJIOBaAMHU [1Jis OBICTPOTO 3PUTENLHOTO BOCHPUSTHUS TeKcTa. PaboTas Hap
KOHCIIEKTOM JIEKIIUH, BCceTrma HeE0OXOOUMO MCIIOJIb30BaTh HE TOJMbKO Yy4eOHUK, HO U TY
JIUTEPATypPy, KOTOPYIO MOIOJTHUTEIFHO PEKOMEHIOoBANl JIeKTOP. IMeHHO TaKasl cepbe3Hasd,
KpomoTnuBasi paboTa C JNEeKUUMOHHBIM MaTepHalioM I03BOMUT TIy0OKO OBIAMETh
TEOPEeTUYECKUM MaTepUajioM.

15.3. [TogroToBKa K IpakTUYECKUM 3aHATUSAM

TmaTenbHOE MpPOAYMEBaHWE U M3y4YeHUE BOIPOCOB IIJJaHa OCHOBHIBAETCS Ha
nmpopaboTKe MPOMAEHHOr0 MaTepuasa (MaTepuana JIeKIWi, MPakKTUYeCKUX 3aHATHH), a
3aTeM u3y4yeHus 00s3aTeNbHOM U [IOMONTHUTEIbHON JTUTEPATYPhl, PEKOMEHIOBAHHON K
NAaHHOU TeMe.

Pe3ynbTaT Tako# pabOTH HOMXKEH IMPOSBUTHCS B CIIOCOOHOCTH CTyIeHTa CBOOOMHO
OTBETUTh Ha TeOpeTUYeCKHe BOIPOCH MPaKTUKyMa, €r0o BEHICTYIJIEHUU U y4aCTUU B
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KOJIZIEKTUBHOM OOCYXIEeHWH BOIPOCOB M3y4YaeMOM TEMEl, MPABUIIbHOM BHIIIOJHEHUU
IPAaKTHYECKUX 3aJaHWi U KOHTPOJIBHHIX PaldorT.

Heo6xoguMo MOHMMAaTh, YTO HEBO3MOXKHO BO BPeMST ayIUTOPHEIX 3aHSITUN M3JI0XKHUTh
BeCh MaTepuaj KM3-3a JUMHUTA ayOIUTOPHBIX YacCOB, W NMPU MUIYYEHUU MUCIUIIHHEI
HEIOCTAaTOYHO KOHCIIEKTOB 3aHATHH. [I09TOMy caMOCTOsITeNNbHas padoTa ¢ yueOHUKaMH,
yu4eOHBIMU MOCOOMSIMHU, HAY4YHOW, CIPABOYHOM NUTEPaTypo#, MaTepuagaMu
IepUOOUYeCKUX M3maHui u WHTepHeTa sBiasgeTcss Haubomee 3p(HEKTUBHEIM METOIOM
TIONTyYeHHsI NOMOTHUTETbHEIX 3HAHWH, TI03BOISIeT 3HAUYUTEIbHO aKTUBU3UPOBATh ITPOIECC
oBNajieHusT uH@oOpMaIuen, crnocodCcTByeT Goyee rIy00KOMY YCBOEHMIO HM3y4aeMOTO
MaTepuana, GOpMUPYeT y CTYOEeHTOB CBOE OTHOIIEHWE K KOHKPETHOU IpobiemMe.

15.4. PekoMeHpmaluu 1o paboTe ¢ TUTEpaTypoOn

Pa6oTy c nuTepaTypoii Ilenecoobpa3Ho HayaTh C U3y4yeHUs oOuKx paboT 1o TeMe, a
TaKXe y4eOHUKOB M yuyeOHBIX mocobuii. [lanee peKOMeHAyeTCs NMepeuTu K aHanusy
MOHOrpaduil U cTaTel, paCCMaTPUBAIOIINX OTAENIbHEIE aCIIeKTHl IPo0IeM, U3y4aeMbIX B
paMKax Kypca, a Takxke opUIIMaTbHBIX MaTepUaaoB U HEOMYyOJIMKOBAHHBIX MOKYMEHTOB
(Hay4HO-UCCeoBaTenbCKue PaboThl, AUCCEePTalliM), B KOTOPHIX MOTYT COAepXkKaThCs
OCHOBHBIE BOIIPOCH U3y4aeMOM MPOOIIeMEI.

PaboTy ¢ uCTOYHMKaAMHU HaJO0 HaYyWMHATh C O3HAKOMUTENILHOTO UYTEHHS, T.€.
IIPOCMOTPETH TEKCT, BHIAEIAS €r0 CTPYKTYPHbIE eQUHHULIEL. [Ipr 03HaKOMUTEIbHOM YTEHUU
3aKjlafiKkaMyd OTMeYaloTCS Te CTPaHHUIb, KOTOpkle TPeOyiT 0oliee BHUMAaTEJIbHOTO
n3y4yeHus. B 3aBUCUMOCTU OT Pe3y/IbTaTOB O3HAKOMUTEJIbHOTO UTEeHUS BHIOMpPAETCS
manbHENInK crmocod paboTH ¢ UCTOYHHUKOM. Ecnu mis pa3pelleHus MMOCTaBIeHHOU
3amauu TpebyeTcs u3ydyeHUe HEKOTOPHIX pparMeHTOB TEKCTa, TO MCIIOIb3yeTCS METOI
BHIOOPOYHOTO UTeHHUS. Eciu B KHUTe HET IoApoOHOro OrjiaBlieHus, ClefyeT o0paTUTh
BHUMaHUe yYeHUKa Ha IIpegMeTHbIEe U UMEeHHbIEe YKa3aTeslu.

V36paHHbe (pparMeHTH WU BECb TEKCT (€CNTM OH LIEIMKOM MMEET OTHOIIEHUE K
TeMe) TpeOyloT BOYMYHUBOI'0, HETOPOIIJIUBOTO UTEHUS C «MBICIIEHHOM IMpopaboTKoim»
MaTepuana. Takoe YTeHUe IpenonaraeT BoifeneHue: 1) rmaBHOTO B TEKCTE; 2) OCHOBHBIX
aprymMeHToB; 3) BeIBoOoB. Ocob0oe BHUMaHUe cjaefyeT 00paTUTh Ha TO, BEITEKAET Te3UC U3
apryMeHToB unu HeT. Heo6xoouMo TaKxKe NMpoaHalIU3UpPOBaTh, KakKue U3 yTBEPKAEHUN
aBTOpPa HOCST NpoOIeMaTUYHBINA, TUIOTETUUYECKUN XapaKTep M YJIOBUTb CKPHITHIE
BOITPOCHI.

[ToHSITHO, YTO YMeHHe TaKuM 00pa3oM paboTaTh C TEKCTOM NIPUXOOUT HaleKo He
cpaldy. Haumnyuymuii cnocob® HayduUThCS BHIAENSATH T'JIaBHOE B TEKCTe, ylIaBIUBaTh
npoOieMaTUYHLIM XapakTep YTBEPXKIEHUU, NaBaTh OI[EHKY aBTOPCKOM MO3ULMHU - 3TO
CpaBHUTEJILHOE UTEHME, B XO[le KOTOPOIr0 CTYOEeHT 3HAKOMUTCS C Pa3IUYHBIMU MHEHUSIMU
II0 OJHOMY U TOMY XK€ BOIIPOCY, CpaBHMBAET BECOMOCTh ¥ NOKa3aTeIbHOCTh apryMEHTOB
CTOPOH ¥ [ieslaeT BHIBOA 0 Haubomnbinel yoemuTeIbHOCTH TOU WM MHOM MO3ULIKH.

Ecnu B nuTepaType BCTPEUYATCS Pa3Hble TOUYKU 3PEHUS 10 TOMY UJIM UHOMY BOIIPOCY
13-3a CJIOKHOCTHU IPOIIEAIINX COOLITUM U IIPABOBLIX SIBIIEHUM, HENb3sT UX OTBEPTaTh, HE
pa3obpaBmuch. [Ipy HaTUYUM PACXOXKOEHUU MeXOy aBTOpaMu HeoOXOOWMO HaWUTHU
palyoHanbHOE 3€ePHO y KaXXOOro M3 HUX, YTO MO3BOJIUT T'Iy0xKe YCBOUTH NMpeAMET
n3ydyeHus u 6ojiee KPUTUYHO OIleHWBATh U3ydaeMble BOIPOCH. 3HAKOMSCh C 0COOBIMU
MO3UIUSIMU aBTOPOB, HYKHO ONpPENeNATh UX CXO0XKUe CYyKOEeHHUs, apT'yMeHTHI, BEHIBOAHL, a
3aTeM CpPaBHMBATh UX MeXy co00M U MPUMEHSTh U3 HUX Ty, KoTopas Oojee ybeouTebHa.
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CnenyomuM 3TarnoM paboTel ¢ MTUTEePATYPHLIMU UCTOYHUKAMU SIBISETCS CO3MaHue
KOHCITIEKTOB, (DMKCHUPYIOUIAX OCHOBHBIE TE€3UCH U apryMeHThl. MOXKHO fieflaTh 3alkCcH Ha
OTHENbHHIX JINCTAX, KOTOPHE MOTOM JIETKO CHCTEMATH3UPOBATh IO OTHENIbHEIM TEeMaM
M3y4aeMoro Kypca. [Ipyrou cmnocol - 3TO BefileHNe TeMaTU4YeCKUX TeTpafei-KOHCIIEKTOB
II0 OMHOM KakKou-nmubo TeMme. bonbinme cmemnmuanbHbe Pab0TH MOHOTpadHuuecKoro
XapakTepa 1enecoobpa3HO KOHCIIEKTHPOBATb B OTHEJNIbHBIX TeTpPadsx. 3Mech BaxKHO
BCIIOMHHUTD, UYTO KOHCITEKTHI ITUIIYTCS HAa OJHOU CTOPOHE JIUCTA, C MOJISIMU U JOCTaTOYHBIM
OIS UCIIPABIIEHUS U PEMApPOK MEXCTPOUYHBIM PACCTOSHUEM (3T IpaBuiIa cOOMI0OOAI0TCs
st ynoOCTBa pelakTUpoBaHus). EC/TM B KOHCIIEKTaX IPUBOOSATCS IUTATEL, TO HEIIPEMEHHO
DONXHO OBITh HaHO YKa3aHUe Ha MCTOYHUK (aBTOP, Ha3BaHHUE, BHIXOJHBEIE MaHHBIE, Ne
cTpaHulk). BriocnemcTBuu 3Ta wHGOPMAIMK MOXKeT OBITh MCII0/JIb30BaHa IPKU HAalMCAHUHN
TeKCTa pedepaTa Uy OPyroro 3afgaHus.

TakuMm o6pa3om, Tpu paboTe C UCTOYHUKAMU U JIUTEPATYPOM BaXKHO YMETh:

- COTIOCTaBNATh, CPaBHUBATh, KIACCUPULIMPOBATh, TPYNIUPOBATh, CUCTEMATU3UPOBATh
“H(pOpPMAIIKI0 B COOTBETCTBUY C OIpeeIeHHON y4eOHOM 3aauel;

- 00001maTh MOTy4YEHHYI0 HHPOPMALXIO, OLleHNBATh IPOCIYIIaHHOE U IPOYUTAHHOE;

- ¢puUKCHUPOBATh OCHOBHOE COMlepzKaHue coobiIeHu; GopMyIupoBaTh, YCTHO U IHCbMEHHO,
OCHOBHYIO U[IeI0 COOOIIEHHUS; COCTaBIATh IJIaH, HOPMYyINPOBATh TE3UCH;

- TOTOBUTbH U IIPE3EHTOBATh Pa3BePHYyThIe COODIIEHNUS THIIa NOKIIaa;

- paboTaTh B pa3HbIX peXkrMax (MHOWBUAYaANIbHO, B IIape, B IPYIINE), B3aUMOAENUCTBYS OPYT
C OPyTOM;

- TI0Ib30BaThCS pedepaTUBHLIMYU U CIIPABOYHBIMU MaTepHalaMu;

- KOHTPOJIMPOBAThL CBOU [IEMCTBUS U NENCTBHS CBOMX TOBAPHINEH, 00BeKTHBHO OI€HUBATh
CBOU [IEUCTBUS;

.- obpamaThCsa 3a IOMOIIbIO, MOMOJHUTEILHBIMU Pa3bsSCHEHUSIMHU K IIPernofaBaTellio,
OPYTUM CTyOEeHTaM;

- IOIb30BAThCSA JIMHTBUCTUYECKOUW WM KOHTEKCTYaJlbHOW AOTagKOH, CJIOBapsiMH
Pa3IMYHOI0 XapaKTepa, Pa3IuyHOr0 pofia MofCcKa3KaMH, OTIOPaMu B TEKCTE (KIJTI0UeBhIe
CJIOBa, CTPYKTypa TEKCTa, IpefaBapsoilas nHpopMalus 1 ap.);

- UCIIONb30BaTh MPU TOBOPEHUM U MHUCHME Nepudpas, CHHOHMMUYHLIE CPEe[CTBa, CJIOBa-
ONMCaHUS OOIUX MOHSTHM, PA3bsICHEHUS, IPUMEPHI, TOJTKOBAHUS, «CJIOBOTBOPYECTBO»

- TIOBTOPSITH UJIU Nepedpa3upoBaTh PEIUINKY coOeceHNKA B MOATBEPKAEHUN TOHUMaHUS
€ro BLICKA3bIBAHUS UJIK BOIIPOCA;

- 00paTUTHLCA 3a MOMOIIBLI0 K COOeCeTHUKY (YTOYHUTH BOIIPOC, IEPECIIPOCUTE U OP.);

- MCIIOJIb30BaTh MUMMKY, XKeCTHI (BOOOIIe X B Te€X CIydasix, KOrha S3bIKOBEIX CPENCTB He
XBaTaeT [JIg BhIPaKeHUS TeX UM MHBIX KOMMYHUKaTABHBEIX HAMEPEHUH).

15.5. [TogroToBka K IpoMeXkyTOYHOU aTTeCTALlUU
[Tpu moATrOTOBKE K IPOMEXKYTOYHOM aTTeCTalllU Lie1ecoo0pa3Ho:
- BHUMAaTEJIbHO M3Y4YUTh II€pPeYeHb BOIPOCOB W ONPEHNENuTh, B KaKUX UCTOYHHUKAX
HaxXOOsTCSl CBeNeHUs, He0OXOOuMBbIe [OJig OTBETa Ha HUX;
- BHUMATEJIbHO IPOYUTATh PEKOMEHIOBAHHYIO JIUTEPATYPY;
- COCTaBUThb KpaTKNe KOHCIIEKTEl OTBETOB (I1JIaHEL OTBETOB).
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16. MarepHaIbHO-TEXHHYECKOe 00eclieueHHe THCIUIITHHBI

Tab6mua 10
Ne HaumeHoBaHHe clieIHATU3UPOBAHHBIX
o o HanmeHoBaHHE 000PYyI0BaHHS
/o ayIUTOPHH U TabopaTOpPUH
1 [lekuKMOHHasA ayoUTOPUS Aynvo-BUIE0 KOMILJIEKC
AYOUTOPHUU MIJIsSI IPOBENEeHUs I'PYIIIOBLIX 1
2 YAHTOPHH [ p A py Aynro-BUe0 KOMIIJIEKC
MPaKTU4YEeCKUX 3aHSITUHN
3 |KOMIBIOTEPHBIM KJTaCC [IepcoHaANbHBIE KOMIIBIOTEPH
AyOUTOPHS OIS KYPCOBOTO M JUILJIOMHOTO
4 [YRHTODHA I yp a [TepcoHanbHBIE KOMIIBIOTEPHI
MPOEKTHUPOBAHUS
5 |AyguTopus Ojsi CAaMOCTOSITeIbHOM PabOTHI KoMIIbIOTEpHas TEXHUKa
6 [YuTanmbpHBIM 3all [TepcoHaIbHBIE KOMIIBIOTEPHI
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