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(HauMeHOBaHNE MUCITAIIINHEL)
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Pa6ouyasi mporpaMMa OMCHUIIIMHBE COCTaBleHa Ha ocHOBe TpeOoBauHuiu demepanbHOTO
rocygapCTBEHHOT0 00pa30BaTeIbHOTO CTaHAApTa BHICIIEr0 00pa30BaHus 10 HallpPaBJIEHUIO
(cnermanbHOCTH) MOATOTOBKY «11.03.03 KoHCTpyUpOBaHKE ¥ TEXHOIOTHUS 3MEKTPOHHBIX
CpPencCTB», YTBEPKIAEHHOT0 MpUKa3oM MuHHUCTepcTBa 00pa30BaHus 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 | 8 3ET 288 | 108 | 180

KoHTaKTHasi paboTa c 00y4aromuMHCs 118.6 |50.25| 68.35
B TOM YMCJIE:

Jlekunu 46 20 26
[IpakTuyeckue 3angatus (I13) 38 16 22
JTabopaTtopHbie paboTs (JIP) 32 14 18

3aIuTa KOHTPOJILHOM PabOTH - -
3ammuTa KypCcoBoi paboThl - -
3ammTa KypCoBOT0O IIPOEKTa - -
[IpomexyTOUHas aTTeCTalus 2.6 [0.25| 2.35
CamocTositesTbHasi padora odoyuaromuxcsi (CPC) 135.75|57.75] 78
B TOM YHUCJIE:
Kypcosast paboTa - -
KypcoBoii mpoekT - -
W / unu gpyrue BUOLI CAaMOCTOSITENTbHOM pabOTHI:
MIOATOTOBKA K JabopaTOpHLIM paboTaM, MPaKTUYEeCKUM
3aHSATHUSIM, KOHTPOJILHEIM paboTaM, u3ydeHue
TEOPETHUYECKOr0 MaTepuaa

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

127.75(49.75| 78

5. CogepKaHue TUCIHUILIHHBI

5.1. ComepxaHue pa3aesioB OUCLUIIINHEL.
Tabnuna 4

Ne cemecTpa
HaunMmeHoBaHHe

pa3gesa Conepxkanue pasaena 0YHO-
TUCIHUIUTHHBI OYHasi|3a04-
Hasi

Ne
/i 3a04-

HasA

IOMnupuyeckul 3akoH ['opmona Mypa. [Ipunanun
OeUCTBUS KII04a - I0JIeBOT0 TpaH3ucTopa. [Imock u
MUHYCH MUHHATIOPU3allild TPAH3UCTOPOB. [IpuHIUI
Jlanmayapa o BeIAENIeHUYU TenoTe. OnpeneneHne
MUKPOSJIEKTPOHUKY, €€ 3ajaun. MHTerpanbHbe
Pazpen 1. CXeMbl. BUfbl, CTeNeHb HHTETpaliy, HeTOCTaTKHY.

1 | BBemeHue B HaHO- 1 | KpaTkas uCTOpUS MUKDPOSJIEKTPOHUKH. []Be 4
MUKPOTEXHOJIOTUH KOHLIENINY CO30AaHUS HAHOCTPYKTYP: IyTh «CBEPXY -
BHU3» U IIYTh «CHU3Y - BBEPX». [IoHATHS
HaHOTEXHOJIOTHS, HAHO3JIEKTPOHUKA U
HAHOTeTEePOCTPYKTypHAas 3/1eKTpoHUKa. Hanpasnenus
HaHOTexHoJoruu. KpaTkasg UCTOPHS HaHOTEXHOJIOT .
CTM u ACM MHKDOCKOIIUH.

[Totenuuan JlenHapga-lIKkoHca. Kpucrannudeckas
pemeéTka. Koadduimmernter Munnepa. Bumbr

Pa3zpen 2. KPUCTaI0B (KpaTko). MexaHu3M pOCTa KPUCTAJIJIOB U3
2 | CTpyKTypa TBEPHHIX | pacTBopa. [Tomukpucrtannsl. OTXKUT. AMOpPGHEIE 4
Ten BemecTBa. KBasukpucTasnel. HaHO9aCTHITEL.
CTpYKTypHBIE U 3JIEKTPOHHBEIE MarudecKue 4ucha.
Hanomomnekynsl (VHT, dynnepensl, rpades, THK).




Pazgen 3.
ITedhekTs u

oub¢y3usi B TREPOBIX
Temnax

IedeKTr B peanbHEIX KPUCTaJllaX: TOUEYHEIE,
OOHOMEpPHEIE, IBYXMEPHEIE, TPEXMEPHEIE. CBS3b
nedeKToB CO CBOMCTBAMHU KPHCTAJIJIOB: XPYIIKOCTH,
MJIACTUYHOCTh, TPOYHOCTh. Pa3pylieHne MaTepuasios.
O6paboTKa MaTepuasioB [JIsl MOBHILIEHUS TBEPAOCTU
WM IJIAaCTUYHOCTH. [IpOYHOCTh HAHOMATEPHUAIOB.
KonebGaHus pelIETKH, aKyCTUUYECKUE U OIITUYECKHE
(donoHEI. CBsI3b (GOHOHOB € mupdy3uel meGeKToB.
HOuddysus B TBEPOBIX Tenax. Koaddunment
Iuddysunu. [TepBriii 1 BTOPOii 3aK0HE PuKa. PeleHune
ypaBHeHUs TUdY3Un A1 HEOTrPaHNYEHHOT'0
kpucrtanna [Iuddysus us toacroro cnod. Iubdysus
M3 TOHKOT'O CJIOSI.

Pazgen 4.

PocT KpucTtanmnos u
MMOBEPXHOCTHEIE
MIPOLIECCHI

Mopgenu pocTa KpucTannoB. [I0CTOMHBINA POCT.
OcTpoBKOBHI pocT. PocT CTpancku-KpacTaHoBa.
KuneTnKa pocTa MIEHKH, KOHCTAHTa PaBHOBECHUS.
Hab6momenue pocta Kpuctamia. CTpyKTypa
mmoBepxHOCTH, [edheKTh I0BepPXHOCTH. POCT KpucTana
BOKPYT BUHTOBBIX IACIIOKaIi. ®U3nKO-
MaTeMaTH4ecKas TeOpHus PocTa KpUcTaia.
CmauwuBanuue. I'mb6coBckas amcopbius. CKOPOCThb
o0pa30BaHUs 3apofibiiieii. MoIeKyIsspHO-
CTaTUCTHYECKAs MOJeNb 3apoxkaeHus. KoamecieHnus
1 00pa30BaHKe CIJIONTHOTO CITOS.

Pazgen 5.
TexHomorun
CO3[aHMsI TOHKUX
IIJIEHOK

OCHOBHBIE TEXHOJIOTMYECKHE MIPOIIeCCH IIPOHU3BOICTRA.
dnurakcus. TepMoBaKyyMHOE HCIIapeHue:
3JIEKTPOHHHIN JIy4, Pe3UCTUBHLIE UCIIAPUTENY, TUTEh
C KOCBEHHBIM HarpeBOM, Jla3epHas abmisiius.
Pacnrinenre MaTeprana MUIIEHH: XUMHAYECKOE,
KaTOOHO-IYTOBOE, MOHHO-TIJIa3MEHHOEe, MOHHO-TIY4YEBOE,
HOHHOE IJIAKUPOBAHNE, MarHEeTPOHHOE PAaCIIBIICHHE.,
INEeKTPOXUMHUYECKOE U IIT1a3MOXUMUYECKOe
ocaxmeHnre. Co3maHrue MOHOKPHCTAJIINYECKUX CIIOEB:
XUMHYECKOe OcaxmeHne u3 maposoi ¢asul (CVD),
XKUOKOopasHoe ocaxeHue, I1a3Mo-XUMHUYEeCKoe
ocaxfmeHue u3 maposou (a3l (PECVD), MonekynspHo-
nmydeBast anuTakcus (MJI3), TBépmodasHas AMUTAKCUS
(T®3). Texnonorus JleHrmiopa - BrIogXeTT.
TepMuueckoe OKUCIEHNE KPEMHUS, alllOMOOKCHIHAS
TexHomnorus, TexHonoruss KHU (snuTakcuanbHBIMN
MEeTOI, METOl HOHHOT'O BHEJIPEHUS, METO[I
CpallliBaHUS MJIAaCTUH, METO YIIPABIIeMOr0 CKOJIa).
KoHTpOIb TONMIIMHE TOHKKX IIEHOK. [Ipupoma u
KOHTPOJIb afiT€3UH.




Paszpgen 6.
O6paboTka
MaTepuasos:
ouddysus,
nutorpadus,
TpaBJieHue

IOuddysus: HaHeceHre cnosg grudPy3anTa Ha
IIJTacTUHH 10 ouddysun; nuddy3us B 3anassHHON
amnyne; pudhdy3us B BakyyMe; guddy3us B
3aMKHYTOM 00HEME; METOMBI OTKPHITON TPYOHRI;
HUMITy/IbCHEIE METOOH IpoBefeHus nuddy3uy;
pafualioOHHO-CTUMYIMPOBaHHAasA OU(PGy3us.
HepnocTaTku 1 0C06eHHOCTH MeTOHOB Auddy3umn.
WonHnas ummiantanus. JlazepHast o6paboTka
[IOBEPXHOCTHU. XUMUUECKOe TPaBJIeHUe, 3NIEKTPO-
XUMHUYECKOe, MOHHOE, NOHHO-XUMHUYECKOE,
[JIa3MOXMMUYECKOEe TpaBjieHue, JTa3epHo-
CTEMYNUpPOBaHHOE. Bupwl nutorpaduu:
dboTtonmuTorpadusi, peHTreHOBCKAas, 3JIeKTPOHHO-
JydeBasi, yIbTpaduoseToBasi, MOHHO-TTyueBas,
HMIIpUHT-NTATOrpadus, IMMepcroHHas. Kputepuit
Panes. Metoms! nutorpaduu B TexHonoruu KHU.
TexHomnorust TpéxmepHoro GpopmMooOpa30BaHus C
CYOMUKDOHHEIM Pa3pelleHueM.

Paszmen 7.
Co3maHue MUKDPO U
HaAHOIIPHUOOPOB

Pa3paboTka KOHCTPYKIMY TPAH3UCTOPOB: OUIONISIPHBIM
U II0JIeBOM TPaH3UCTOPHI, IPUMEPH IPOMBIIITIEHHBIX
MOII tpan3ucTtopos, FitFet Tpan3ucTops],
OopraHuyvecKasi 371IeKTPOHUKA, METO/BI CO3[IaHus P-N
nepexonoB. OCOOeHHOCTHY TPOEKTUPOBAHUS
vHTerpanbHbXx cxeM: CBUC, cBepXTOHKNE TPOBOJHUKHU
Ha IjIaTaX, Co30aHue IIPOBOMAIINX JOPOXKeK, Oophda ¢
IIapa3suTHOM EMKOCTHIO, CllaiiKa, CKIenKa,
IpeccoBaHMe (MJITakKupoBaHue), cbopka
(camocoBmetnienre). KOHTPOb ¥ UCTIBITAHUS
37IeKTPOHHLIX CPeACTB. [leyaTHas 371€KTPOHUKA:
rinybokas neyars, ¢pnekcorpadcekas neyats, opceTHas
mmevaTh, I0cKas TpadapeTHas mevyaTb, POTAIlMOHHAS
TpadapeTHas eyarth, CTpyiHasd IedaTh, lazepHas
abngmus. MUKPO3JIeKTpOMeXaHN4eCKUe CUCTEMEL
(M3MC). MomnekynsapHOoe KOHCTpyHpoBaHue (ACM).
JneKTpocTaTUyecKasi caMocbopKa M3 HaHOYACTHIIL.

Paspen 8.
HanouacTuisi,
HaHOMOJIEKYJIBI,
HAHOKOMIIO3UTHI

Knacrtepsl 1 HaHOYaCTULEL. MeTOOH OIyYeHUS
HAHOYACTHII: Ta3epHas abanus, UMITyIbCHEIE
Jla3epHBIe METOOE], BLICOKOYACTOTHIM NHAYKIXOHHBIN
Harpes, TEPMOJIN3, 3JIEKTPOB3PHIB IPOBOTHUKA,
ra3oBasi aTOMHU3ALNs, XAMAYECKUE METOMHI, 30JIb TeJlh
MeToq (3071b, renb). M3omanusa HaHouactuil (ITAB).
[TonmydeHnue yTrepOOHEIX HAHOCTPYKTYP (hyIinepeHs],
HaHOTPYOKM, HAHOBOJIOKHA, rpadeH). YHUKabHEIE
CBOMCTBA HAHOYACTHI[: XUMHUYeCKas peaKIMoHHAs
CIO0COOHOCTh, MarHUTHBIE CBOMCTBA, TEMIIepaTyPHbIE
CBOMCTBA, OIITUYECKHE CBOMCTBA, OaKTEePUIUIHEIE
cBoricTBa. HaHOKOMIIO3UTH. MeTOnbEl CUHTE3a:
KOMIIaKTUPOBaHME, CIMHUHTOBAHUE, TallbBAaHUUYECKUH
crioco0. CrTouCTEIE MaTEPHAITHL.
HaHOCTpyKTypHpOBaHHbIE CTEKIIA.
HaHOCTpyKTypHpOBaHHLIE KPUCTAJUIE M PACTBOPHIL.
CBolicTBa HaHOMAaTEePHAJIOB: MexaHUUEeCKHE,
JnekTpudeckue, OnTudeckrue, MarHUTHHIE.




Pa3pgen 9.
BBenmeHue: 3aKOHEI
KBaHTOBOTO MHpa

[Toctynate [Tnanka. JQHEPreTUYECKUE YPOBHI
371eKTPOHOB B aToMax. KopIycKyapHO-BOIHOBOR
oyanu3M. [Iudpakuus 3neKTpoHoB. Judpakims
Bynbda-bparra. I[IpuHIun HeoNpeneneHHOCTH
l'erizenbepra. YpaBHeHus me bpoins.
['eoMeTpryecKoe NIpefCTaBIeHre aTOMHOU OpOUTaIH.
BonHoBasa ¢ynkuusg. Onucanue OBUKEHUS CBOOOIHON
yacTunsl. YpasHeHue [lIpénunrepa. KsanToBhle Yuca.
[Tpunnun I[Taynu. 3omoToe mpasuno Oepmu. Brixon
3JIEKTPOHA B BakKyyM. [IpsMOyTronbHasa NOTeHIUaIbHAasS
sMa ¢ 6ECKOHEYHbIMU CTeHKaMu. [IpsiMoyroibHas sMa
C KOHEUHEIMU CTeHKaMu. [IpoxoxpeHue 4acTul] yepes
IIOTEHITHAJIbHEIN Oapbep.

10

Pazpmen 10.
30HHAs Teopus
TBEPHOBIX TEN

JHepreTHUEeCKUe YPOBHHU 3JIEKTPOHOB B MOJIEKYJIaX.
YpoBuu B HaHOYacTuax. O6pa3oBaHue
SHEPreTHYECKUX 30H B KPUCTAINIaX. 30HHBIM
SHEPTreTUYECKHUM CIEKTP 9JIEKTPOHOB B KpHUCTAJIJIe
(MeTanmel, 1I/11, MU3NIEeKTPUKK). Hakmon
SHEPreTHYECKUX 30H 3NEKTPUUYECKUM IoaeM. CIIeKTPHI
OIITUYECKOTO0 IIOTTIOIIEeHUS. YpoBeHb PepMu.
BrIpoXKOeHHBIM 3IEKTPOHHEIN a3, [In1Ha BOJIHH [e-
Bpouns. Cratuctukn MakcBena-bonbiimana, bo3se-
Juinreiina, Pepmu-lupaka, CpaBHEHNE CTATUCTUK.

11

Paspmen 11.
ONEeKTPOHHEIE
CBOMCTBa
MIOJIYTIPOBOAHUKOB

CoOcTBeHHBIE TTONTYTIPOBONHUKY. Pacnpenenenue
3JIEKTPOHOB 110 YPOBHAM 3HEPIUU. PaBHOBECHEIE U
HepaBHOBECHEIE HOCUTENH 3apsifa. [IpuMecHble
NIOJIyIIPOBOHUKY N U p TUlla. HeoCHOBHEIE HOCUTENH
3apsiga. 3aKOH [JelCTBYIOMUX Macc. ['mybokue
IpUMeCHEe YPOBHU. TeMnepaTypHble 3aBUCUMOCTH
KOHIIEHTpaIUK HOCUTeNel 3apsAfa B I/l LOHOPHOTO U
aKIIEeIITOPHOI'O THUIIA. HN3meHeHue KOHIIEHTPallun
npumMecu. [IpuMeHeHYe 1/I1 B pagu0371eKTPOHHBIX
CPENCTBaXx.

12

Paszpmen 12.
IIEeKTPOIPOBOOHOCTD
TBEPAOBIX TEN

I petid 371eKTPOHOB BO BHEIIHEM IIOJIE.
OJIeKTPOIIPOBOIHOCTh METAJJIOB, CIIJIABOB,
HAHOKOMIIO3UTOB. BriusgHue npuMecei Ha
37EKTPOIPOBOOHOCTh. CBEPXITPOBOAUMOCTD. IGHEKTH
CHUJIBHOTO TIOJIS: yOapHas MOHU3ALus,
97IeKTpOCTaTUYeCKasl HOHU3AIUs, TEPMO3JIEKTPOHHAS
roHu3aus 1m0 OpeHkKento, mpoOol TUIJIeKTPUKOB,
addext 'anHa.

13

Paszgen 13.
JNeKTpUUECKHE
SIBJIEHUS B
OU3NIEKTPUKAX

[Tonsgpu3anuus QUITEKTPUKOB. [IU3IeKTPUUECKIE
MOTepU. 3aBUCUMOCTE U tg yriia AU3NeKTPUUEeCKuX
IIOTEPh OT TEMIIEPATYPLl ¥ YaCTOTH IIEPEMEHHOTO
mons. MoHHas 37IeKTPOIIPOBONHOCTh B AUAIEKTPUKAX.
IusneKTpriecKrue CBOMCTBAa HaHOPAa3MEPHBIX

CTPYKTYDP.

14

Pa3zpen 14.
du3nyeckue 0CHOBEI
MUKPO3TIEKTPOHUKH

TepMO31eKTPOHHAS 3MUCCHSA. ABTOSMUCCHUS.
KoHTakTHas pa3HoCTh moTeHuuranoB. [Juopn IoTTKH.
ONeKTPOHHO-ALIPOYHLIN IIEPeX0, TETEPOIIEPEXOHI.
Bupgel guopmos. ®oTo3sieMeHT. Jla3dep Ha p-n epexofe.
Bunonspueii TpaH3ucTop. [1oneBoy TpaH3UCTOP.




KBaHTOBOE OrpaHMYEHME SIIEKTPOHOB. KBaHTOBEIE
SIMBI, HUTH, TOUKH. Pa3mepHbie 3¢ ¢eKTH. [Ipubope Ha
HAHOCTPYKTYypaX: Ja3ephl C KBAHTOBEIMU CTPYKTYpPaMH,
($hOTOTIPHEMHUKY Ha KBAHTOBBIX SIMaxX, TYHHEIIbHO-
PEe30HaHCHBIM U0, OBYXCIOWHBIN TyHHEIbHBIN
TpaH3ucTop, MIIM muof, 0mHO3JIEKTPOHHOE
TYHHeUpoBaHue Ha 3¢ heKTe KyTOHOBCKOM OT0KaIbI,
Pasmen 15. KBAaHTOBO-TOYEYHLIE KJIIETOYHEIE aBTOMAaThl, KBAHTOBHIA
15 | ®usu4eckKue OCHOBE | UHTEP(DEPEHIIMOHHEIM TPAH3UCTOP. MONEKyIIpHas
HaHO3JIEKTPOHUKHU HaAHO3JIEKTPOHUKA: aTOMHEIE ITePEKITI0Yalolie
CTPYKTYPHI, TpadeHOBHIH TPAaH3UCTOP, TUOME U3
YTIIEPOMHEIX HAHOTPYOOK, TIOJIEBEIE TPAH3UCTOPEL U3
YTTIePOMHBIX HAHOTPYOOK, HAHOTPYOKY KaK UCTOUYHUKH
37IeKTPOHOB, HAHOIIPOBOMA U3 YIIEPOIHBIX
HAHOTPYOOK, CyIePKOHAEHCATOP, TOITUBHEIN 31IEMEHT,
maTumku BemecTs, [IHK-aHanmu3aTop, anMa3Has
MaMSTh I KOMIBIOTEPOoB. CIMHTPOHUKA.
Pa3sHOBHOHOCTH UCTOYHUKOB CBOOOTHEIX 3JIEKTPOHOB,
UX IpuMeHeHue. Teopus moneBoit amMuccuu. [TpobdneMel
TEXHOJIOTHYECKOH ONTHMHU3ALNY ITOJIEBHIX KaTOOOB:
Pazpen 16. (oKyCcHUpOBKa I0JIel, pacupefeieHre TOKOBOI
16 BakyymHas Harpy3ky, yaydlleHue yciaoBui, o0paboTka MaTepuana
9JIeKTPOHUKA. KaToma. Kimaccudukanus MaTepuasioB A7 CO3TaHUS
[TonmeBEIe KATOMHI. IIOJIEBEIX KATOMOB. MomenupoBaHue monei. dPpGexT
9KPaHUPOBKU. ['mcTepe3nc. TeXHOIOrUM CO3MaHus
IIOJIEBEIX KATOMOB. YCTPOHCTBO IPHOOPOB,
HCIIOIB3VIOIINX MOJIEBEIE KATOIH.
5.2. MexXpOucCHUUNNIUHapPHbEE CBA3U C obOecrmedrBaeMHIMU (MTOCTEOYIOIIUMU)
OUCLHUIIITMHAMU.
Tabmnuia 5
No
/i HanMmeHoBaHHe 00ecneuynBaeMbIX (IIOCIeaYIOIINUX) TUCIUIIIHH
1 | CucrteMoTexHUYECKOE MPOEKTUPOBAHUE PAfN03IeKTPOHHBIX CPELCTB
5.3. Pazgenbl IUCHUIIIAH U BUOLI 3aHSTHUH.
Ounas popMa o0yueHUs
Tabnuua 6
No JIek-| IIpakr. | JIa6. [Cemu- Bcero
HauMeHOBaHHE pa3deiia THCHHIUIHHBI CPC
n/n IIMH [3aHATHASaHATUS Hapbl JacoB
1 Pazmen 1. 9 A 6
BBemeHue B HAHO- ¥ MUKPOTEXHOIOTUHU
o |Pasmen2. 2 2 2 6 | 12
CTpyKTypa TBEPHLIX TEIl
3 |Pasmens. . 2 2 2 6 | 12
HedekTr u guddy3usa B TBEPABIX TeIax
Paspen 4.
4 | PoCT KpuCTaNIOB U ITIOBEPXHOCTHEIE 2 2 2 6 12
IIPOIECCHI
5 |Pasmens. . 2 2 2 6 | 12
TexXHOIOTHHU CO30aHNS TOHKUX IJIEHOK
Pazpen 6.
6 |OOpaboTka MaTepuanos: ouhdy3us, 2 4 2 7 15
nuTorpadus, TpaBIeHNE




v Pa3pen 7. A v 11
Co3gaHne MUKPO ¥ HaHOIPUOOPOB
Pa3zpen 8.
8 | HaHouacTuLbl, HQHOMOJIEKYIIHI, 4 4 4 7.75 119.75
HaHOKOMITO3UTHI
o |Pasmen?d. 2 | 2 2 10 | 16
BBegeHue: 3aKOHBI KBAHTOBOT'O MUPa
10 | Paspen 10. . 4| 2 4 10 | 20
30HHAs TEOPUST TBEPILIX TEIl
11 |Paspen 11. ) 4| 2 4 10 | 20
ONEeKTPOHHBIE CBOMCTBA MOJYTIPOBOIHUKOB
12 | Paspen 12. ) 2 | 4 2 10 | 18
ONEeKTPONIPOBOJHOCTEL TBEPHBIX TEJ
13 | basmen 13. 2 | 4 2 10 | 18
ONeKTpUuYeCKUe IBIEeHUS B OU3JIEKTPUKAX
14 Pazpen 14. A 4 9 9 19
Qu3nyecKrue 0OCHOBEI MUKPO3JIEKTPOHUKH
15 | Pasmen 15. 4| 4 2 9 | 19
®u3nyecKre 0CHOBHE HAHOIIEKTPOHUKHU
16 Pa3pen 16. A 10 14
BakyyMHas 3JIeKTpOHMKA. [1071€BbIE€ KaTOH.
Hroro: | 46 38 32 127.75243.75
6. Jlekuuu
Ounas popMa o0yueHUs
Tabnuia 7
Ne | Homep Bcero
Tema n1eKuuu
n/n pa3jgeal JacoB
1 1 BBeneHue B HaHO- © MUKPOTEXHOIOTUH 2
2 2 CTpyKTypa TBEPOHIX Tel 2
3 3 HedekTr 1 guddy3uss B TREPABIX Tenax 2
4 4 PocT KpucTasnioB U NOBEPXHOCTHHIE IPOLECCH 2
5 5 TexHOIoruY CO30aHNusl TOHKMUX IIJIEHOK 2
6 6 O6paboTka MaTepuanos: guddy3us, nurorpadus, TpaBreHue 2
7 7 Co3pmaHre MUKPO M HaHOIPUOOpPOB 2
8 7 Co3pmaHre MUKPO ¥ HaHOIPUOOpPOB 2
9 8 HanouyacTuilel, HQHOMOJIEKYJIB, HAHOKOMITO3UTHI 2
10 8 HanouacTuilel, HaHOMOJIEKYJIBl, HAHOKOMIIO3UTE 2
11 9 BBemeHne: 3aKOHEI KBAHTOBOTO MHUPa 2
12 10 30HHAs TEOPUS TBEPHHIX TEJl. 4acCTh 2 2
13 10 30HHAsI TEOPUS TBEPHBIX TEJ. 9acTh 1 2
14 11 OJIeKTPOHHEIE CBOMCTBA OJIYIIPOBOSHUKOB. 4aCTh 2 2
15 11 OJIeKTPOHHEIE CBOVCTBA MOJIYIPOBOIHUKOB. 4acCTh 1 2
16 12 ONIEeKTPOIMPOBOTHOCTE TBEPHBIX TEJ 2
17 13 INeKTpUYECKHe SIBJICHUS B OUAIIEKTPUKAX 2
18 14 ®u3nyeckre 0CHOBE MUKPOSIEKTPOHUKY. 4aCTh 2 2
19 14 ®u3nyecKre 0CHOBE MUKPO3NIEKTPOHUKHU. 9acTh 1 2
20 15 du3nyecKre 0CHOBH HaHO3JIEKTPOHUKU. YaCTh 2 2
21 15 du3nyeckre 0OCHOBE HAHOIJIEKTPOHUKHU. 4aCTh 1 2
22 16 BakyyMHas 371eKTpoHUKa. [IoneBrle KaTOObl. 4acTh 2 2




23 | 16 |Baxyymnas amekrponuka. IToneBsle KaTofbL 9acThl 2

Wtoro: | 46
7. JIabopaTOPHBIA MPAKTHKYM
Ounas ¢popMa o0yueHUs
Tabnuiia 8
Ne | Homep o Bcero
HauMeHoBaHHe Ta00pPaTOPHOH PadOTHI
n/n [pa3gesa JacoB
1 9 HOCTpoeHI:Ie 3aBUCHMOCTH ITOTeHIMasna JleHHapaa-KoHCca ?
B3aMMOJENCTBUSI HAHOYACTHI]
[TocTpoeHne 3aBUCUMOCTH paclipefie/ieHus KOHIIEHTPAI[MU TPUMecH B
2 3 MaTepHase A TOJICTOr0 U TOHKOTO CJ10s Auddy3aHTa OT BpeMeHH U 2
TEMIIEPATYPHL.
3 4 [TocTpoeHUe 3aBUCUMOCTH TOJIITMHEL IIJIEHOK MaTepHasoB PH HOHHOM 9
pacHbIIEHUH OT BPEMEHU U YCIIOBUM POCTA MJIEHKHU.
4 5 [TocTpoenue rpadrka pacupeneeHus HOHOB B IPOCTPAHCTBE IIPU MOHHOMN 9
MMITJTAaHTAlAN
5 6 MopenupoBaHue AuGPaKIUOHHEIX KapTHH [JIS IIPOIECCOB 9
dboTtonurorpadun
6 8 MopgenupoBaHue npoliecca UClapeHus BellecTBa B ycTaHOBKax MJIJ 4
7 9 IJIEKTPOH B HAHOPA3MEePHOM MIPOBOASIIEM CII0e 2
8 10 [TocTpoeHue pacnpeeneHns: 31eKTPOHOB BHIPOKIEHHOTO U A
HEBBLIPOKIEHHOI'0 Ta3a B MaTepuaax.
9 11 [TocTpoeHue pacnpeneneHus 3JIEKTPOHOB B IMOIYIIPOBOTHUKAX 4
IIPUMECHOTO THUIIA.
10 12 [TocTpoeHne 3aBUCUMOCTH ITPOBOAUMOCTH TIOJTYIIPOBOJHUKOB U CIIJIaBOB OT 9
KOHIIEHTPALMX NIPUMECH U 0T TEMIIePaTypHL.
11 13 IToctpoenne BAX moeBoro u OUIIOISIPHOIO TPAH3UCTOPA 2
12 14 [Toctpoenue BAX TyHHENIBHOTO TPAH3UCTOPA U TeMIlepaTypHOU 9
3aBUCUMOCTH [IJIMHHI BOJIHHI JTa3epa Ha KBAHTOBBIX sIMax.
13 15 [Toctpoenne BAX noneBoro sMuTrepa, olleHKa 9QpGEeKTUBHEIX TapaMeTpPoB. | 2
Wtoro: | 32
8. [IpakTHyeckue 3aHsATUA (CEeMHUHAPHI)
Ounas hopMa o0yueHUs
Tabmuma 9
Ne | Homep Bcero
TeMma 3aHATHA
I/n pa3nesal JaCOB,
1 2 PacuéT notenuuana JlenHapaa-[;K0HCa B3aUMOIEHCTBUSI HAHOYACTHI] 2
9 PacuéT pacnpeneneHusi KOHIIEHTPALUKU IPUMECH B MaTepuae s 9
TOJICTOTO ¥ TOHKOTO cJiod gud@y3aHTa.
3 4 PacuéT pacnpeneneHuss HOHOB B TPOCTPAHCTBE IIPU MOHHOM MMIIJIAHTALMY | 2
4 5 Pacuét ckopocTu popMUpPOBaHUS IIJIEHOK IIPU MOHHOM PACIbIIEHUN 2
5 6 Pacuér kputepus Panest mist mporeccoB poTonutorpapuu 4
6 8 PacuéT nporecca ncnapeHus BelleCTBa B yCTaHOBKax MJI9 4
7 9 PacnpeueneHUHe SMIEKTPOHA B TOHKOM NPOBOAAILEM CII0€, TYHHeNUPOBaHue |
yepes3 TOHKUM IU3IeKTPUUYECKUM CII0H
8 10 PacyéT KOHIIEHTpAIMX 3JIEKTPOHOB IIPOBOJUMOCTH B METAJINIE B 9
3aBUCHMOCTH OT TEMIIEPATYPHI
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9 11 PacyéT KOHIIEHTpAIUX 3IEKTPOHOB IIPOBOJAUMOCTH B IPUMECHBIX 9
MIOTYTIPOBOOHHUKAX.
10 12 PacyéT 3aBUCHMOCTH IIPOBOJUMOCTH IIOIYIIPOBOAHUKOB U CIIJIaBOB OT 4
KOHIIEHTPaLUK IPUMECH U OT TEMIIEPATYPHI.
11 13 Pacuét BAX moneBoro u OUIOISIPHOT0 TPAH3UCTOPA. 4
12 14 Pacuét BAX TyHHEJIbHOTO TPAH3UCTOpPa U TEMIIEPATyPHOU 3aBUCUMOCTHI A
IJIMHBI BOJIHEI JTa3epa Ha KBAaHTOBHIX SIMaX.
13 15 Pacuér BAX moneBoro sMuTTepa, olieHKa 3 (QeKTUBHEIX TapaMeTPOB. 4
Hroro: | 38
9. IIlpuMepHasi TeMaTHKa KYPCOBBIX IIPOEKTOB (padoT)
Pab6ouuM yuyeOHBIM I1JTaHOM He IIPENYCMOTPEHO
10. CamocTosiTe;IbHasA padoTa
Ounas hopMa o0yueHus
Tab6mnuia 10
o | Homep Y Bcero
CogepkaHHe CaMOCTOSITe/IbHOH PadoOThI dopma KOHTPOIA
I/n pa3sae’al JacoB
1 1 V3ydyeHre OONOJIHUTEJILHOU JIUTEePATyPHL 4
2 2 V3yyeHre NONONMHUTEILHOU IUTEPATyPhL CobecenmoBanue §)
3 3 V3yyeHre NONONHUTEILHOY IUTEPATYPhL CobGecenoBanue 6
4 4 V3ydyeHue NONOTHUTEILHON TUTEPATyPH CobecemoBaHue 6
5 5 H3yyeHre OOTONMHUTEIbHOM TUTEPATYPhI CobecenmoBaHue 6
6 6 Vi3yuyeHue OOMOTHUTEILHON TUTEPaTyPH CobecegoBaHue 7
7 7 H3yyeHre NONONMHUTEILHOM IUTEPATyPhI CobecefoBaHue 7
8 8 V3yyeHre NONONHUTEILHOU INTEPATYPhL CobecenoBanue 7.75
9 9 V3ydyeHne NONOTHUTEILHON TUTEPaTyPH CobGecenmoBanue 10
10 10 H3yyeHre OOONMHUTEIbHOM TUTEPATYPhI CobecemoBaHue 10
11 11 H3yyeHre OOTONMHUTEIbHOM IUTEPATyPh CobecengoBaHue 10
12 12 V3yyeHre NONONMHUTEILHOU IUTEPATyPhI CobecegoBaHue 10
13 13 V3yyeHre NONONHUTEILHOU IUTEPATYPhL CobGecenmoBanue 10
14 14 V3yueHre NONONHUTEILHOY JINTEPATYPEL CobGecenoBanue 9
15 15 H3yuyenre OOTONMHUTEIbHON TUTEPATYPhI CobecemoBaHue 9
16 16 H3yyeHre OOONMHUTEIbHOM IUTEPATYPh CobecenmoBaHue 10
Htoro: [127.75

11. IlepedyeHb yueOHO-METOTHIECKOT0 00€CIIeYeHHUs I/Is CAMOCTOATE TbHOH

padoThl 00yYaIONIMXCSI 110 TUCIUIIITHHE

+ PEKOMEHJOBaHHas OCHOBHAA W OOIIOTHUTEJIbHAA JINTEPaTypa;

I7ss caMOCTOSITeTbHOM PabOTH IO AUCIUIIINHE PEKOMEHI0BAHO Cliefyioliee yuebHO-
MeToOu4Yeckoe obeclieueHue:
- [TormoxeHue 0 CaMOCTOSITeNIbHOM paboTe cTyneHToB B CaHKT-IleTepOyprckom

roCyapCTBEHHOM YHUBEPCUTETE TeleKOMMyHUKauui uM. npod. M.A. boruy-Bpyesuua;

- KOHCIIEKT 3aHSITUY 10 OUCLUIIINHE;

- Claupgbl-Ipe3eHTalliy U IPYroM MEeTOANYECKUY MaTeprall, UCIOIb3yeMbIi Ha 3aHATUAX;

- MeTOfUYeCKre PEKOMEH[IAIIMH 10 TOATOTOBKE MUCbMEHHBIX PaboT, TpeOOBaHUS K UX
cofepKaHui0 U odopMIleHHIO (pedepart, scce, KOHTPONbHas paborTa) ;
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. d)OHJIBI OII€EHOYHEIX CPENCTB;
+ METOONYECKHUE YKAa3dHUS K BLHIIIOJTHEHHUIO J'Ia60paT0prIX pa60T 0711 CTYOEHTOB;

12. ®oHJ OLI€HOYHBIX CPEICTB [IIs1 MPOBEIeHUsI IPOMEXKYTOYHOH aTTeCTalluH
00y4Jaromuxcs

®OoHJ OIIEHOYHHIX CPeNCTB pa3pabaThiBAETCS B COOTBETCTBUU C JIOKAJIbHBIM aKTOM
yHuBepcuteta "[lonoxeHune o GOHME OLIEHOUYHHIX CPEACTB" U ABISETCS MPHUIIOKEHUEM

([Tpunoxenue A) K pabouelt mporpaMMe OUCIUTIINHEL

®oHI OIEHOYHHBIX CpPENCTB [OJid IPOBEOEHUSA NPOMEXYTOYHOU aTTecTaluu
00y4YalolIuXCcsl 10 OUCIUIINIMHE BKIIOYaeT B cebs:

- IlepeyeHb KOMIIETEHLIUH C yKa3aHUEM 3TaNoB UX GOPMUPOBAHUS B IIPOIIECCE OCBOEHUS
00pa30BaTeIbHOM TPOTPaMMBI;

- OIIMCaHMe II0Ka3aTejlel U KPUTEPUEB OLIEHUBaHUSI KOMIIETEHLIMM Ha Pa3/IMYHBIX 3Talax
¥xX (OPMUPOBaHUS, ONIMCaHKE IIKal OLleHUBAHUS;

- TUTIOBHIE KOHTPOJIbHBIE 3a[jaHus UM HHBIE MaTepHuabl, He00OXO[UMbIE [IJIST OLeHKU
3HaHWM, YMEHNY, HAaBBIKOB U (MJIM) OIBITA AESATEIbHOCTH, XapaKTePU3YIOIIUX JTaIlbI
(dhopMupoBaHUS KOMIIETEHIIAN B IIPOLIECCE OCBOEHUST 00pa30BaTeIbHOM ITPOTPaMMEb;

- METOOMYECKHe MaTepualibl, ONpeaessollye IpoLenyphl OlleHUBaHU 3HaHUM, YMEHUH,
HaBBIKOB U (MJIM) OTBITA AEeATETbHOCTH, XapaKTEePU3YIOIIUX 9Tallbl (GOPMUPOBAHUS
KOMIIETEHIIUM.

[ KaXX[moro pe3ybTaTa 00y4eHUs 0 AUCHUIIIKNHE ONpPEensioTCsa IoKa3aTeNlu U

KPUTEPHUU OIeHKHM CHOPMHPOBAHHOCTH KOMIIETEHIMM Ha Pa3/IMYHBEIX 3TamaX HX

dbopMupoBaHus, IIKAB U MPOLEAYyPHl OLleHWBaHUS.

13. IlepeyeHb OCHOBHOH H [IOIOTHHUTEILHOH JIHTEPATyPhbl, HEOOXOTUMOM [IJIsI
OCBOEHHSI THCIHIITHHBI

13.1. OcHOBHas nuTEpaTypa:

1. Tomunusn, B. H.
OU3NKO-XMMHUYECKHEe OCHOBBI TEXHOJIOTHU 3ME€KTPOHHBIX CPEACTB : YUeOHUK [IJIST BY30B /
B. U. Tomunus ; peil.: b. A. benses, I'. ®. bakanos. - M. : Akagemus, 2010. - 416 c. :
un. - (Beiciee nmpogeccuonanbHOe oOpa3oBaHue. PagroaneKTpoHuKa). - bubmuorp. : c.
404-405. - ISBN 978-5-7695-47 12-6 : 604.12 p., 613.51 p. - TekcT :
HEII0CPEeNCTBEHHHIN.

2. TexHONOTHST MaTePHAJIOB U U3MIe/INH 3JIEKTPOHHOM TEXHUKHM : yueOHoe mmocobue. - M. :
TYCYP. - URL: http://e.lanbook.com/books/element.php?pll cid=25&pll id=4931. Y. 2
/ JI. H. Opnukos. - M. : TYCYP, 2012. - 100 c. - b. u. Kuura u3 konnekiuu TYCYP -
VHXeHepHO-TeXHUYEeCKNe HayKN

3. TexHoorus MaTepuasoB U U3NENIUM 37IeKTPOHHOM TeXHUKH : yuyeOHOe 1mocobue. - M. :
TYCYP. - URL: http://e.lanbook.com/books/element.php?pll cid=25&pll id=4932. Y. 1
/ JI. H. Opnukos. - M. : TYCYP, 2012. - 98 c. - b. 11. Kuura u3 komnekiuu TYCYP -
VHXeHepHO-TeXHUYEeCKNEe HayKN

4. Jlerocraes, H. C.

12



MaTepuarbl 371eKTPOHHOM TEXHUKY : [DNeKTPOHHLIHM pecypc] : yuebHoe ocobue
PEKOMEHI0BaHO CUOMPCKUM PETHMOHAIbHEIM OTHIeIeHNEM Y4eOHO-MeTOIUIECKOT0
00BbeIMHEHUS BHICIINX y4eOHbIX 3aBefeHui pd mo o6pa3oBaHui0 B 001aCTH
PafMOTEeXHUKH, STIEKTPOHUKY, OMOMEOUIIMHCKON TEXHUKNA U aBTOMATH3alUU IS
Me2KBY30BCKOT0 MCIIOJIb30BAHUS B KaueCTBe y4eOHOT0 II0COOUs sl CTYAEHTOB,
00y4aloLuXCs 10 HallpaBieHuio IoAroToBKY 6akanaBpoB 210100.62 «31eKTpOHUKA U
HaHO3JIEKTPOHUKA» C MPODUIIIMU «IIPOMBIIIJIEHHAS 9JIeKTPOHUKa» U
«MHKDPO3/EeKTPOHUKA ¥ TBepOoTeNnbHasd snekTponuka» / H. C. Jleroctaes. - M. : TYCYP,
2014. - 239 c. - URL: https://e.lanbook.com/book/110346. - ISBN 978-5-86889-679-8 :
b. 1. Kuura u3 komnekuuu TYCYP - MHXeHepHO-TeXHUYECKUEe HayKU

. HaBwigos, B. H.

TBepOoTenbHas 3NeKTPOHUKA : [DNeKTPOHHBIY pecypc] : yaeOHOe mocobue / B. H.
HaBeimos. - M. : TYCYP, 2013. - 175 c. - URL: https://e.lanbook.com/book/110377. - B.
1. Kaura u3 komnekuuu TYCYP - UHXKeHepHO-TeXHUYeCKUe HayKu

. Jleroctaes, H. C.

MUKpO3IEeKTPOHUKA : [ONeKTpoHHEIM pecypc] : yuebHoe nmocodbue / H. C. JlerocTaes, K.
B. YeTBepros. - M. : TYCYP, 2013. - 172 c. - URL: https://e.lanbook.com/book/110393. -
ISBN 978-5-4332-0073-9 : b. u. Kuura u3 konnekuuu TYCYP - UHXKeHepHO-
TeXHU4YEeCKue HayKu

13.2. [JonnonHUTENbHAS IUTEPaTypa:

. iHTerpanbHble yCTPOMCTBA PAIM03JIEKTPOHUKY : yuebHoe mocobue. - M. : TYCVYP. -
URL: http://e.lanbook.com/books/element.php?pll cid=25&pll1 id=4935.Y. 2 :
ONeMeHTH MHTeTrpajibHBIX CXeM U (PyHKIMOHaIbHEE ycTporcTBa / M. H. PomanoBCKuI.
- M. : TYCYP, 2012. - 127 c. - b. u. Kuura u3 xkonnekuuu TYCYP - UaxkeHepHO-
TeXHUYEeCKre HayKu

. Tposs, II. E.

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

. Jleroctaes, H. C.

MukpocxeMoTexHIKa. AHaJI0OTOBass MUKPOCXEMOTEXHUKA : [DNEKTPOHHLIM pecypc] :
yuebHoe nocobue / H. C. Jleroctaes, K. B. YetBepros. - M. : 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

. [TaceiekoB, B. B.

[TonynpoBOTHUKOBEIE TPUOOPH! : [INEKTPOHHEIHM pecypc] : yuebHoe mocobue / B. B.
[MTacwiukoB, JI. K. YupkuH. - 9-e u3g. - Cankt-Iletepoypr : Jlansp, 2021. - 480 c. - URL:
https://e.lanbook.com/book/167773. - ISBN 978-5-8114-0368-4 : b. 1. Kuura u3s
KoJeknuu JlaHb - HXXKeHepHO-TEXHUYECKHE HayKu . - [b. M. : 6. u.]. -
https://e.lanbook.com/book/300
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14. IlepeyeHsb pecypcoB HH(POPMAIHOHHO-TEIeKOMMYHHUKAIIHOHHOH CE€TH
«AHTEepHEeT»

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

15. IlepeyeHb HHPOPMAITHOHHBIX TEXHOJIOTHH, HCIOJIL3YEeMBbIX PH
OCYIIIeCTBIEHHH 00pa30BaTe/ILHOT0 MMPOIlecca M0 THCIHIUIHHE (MOIYITIO),
BKJII0Yasi IepeYyeHb MPOrpaMMHOro odecnedyeHuss 1 HHGOPMaITHOHHBIX
CIIPaBOYHBIX CHCTEM.

15.1. ITporpamMMHOe obecrieyeHne QUCIUITINHEL:

- Open Office
Google Chrome

15.2. UHpOpMallOHHO-CIIPABOYHEIE CUCTEMBI:

9BC iBooks (https://ibooks.ru)
9BC Jlans (https://e.lanbook.com/)
9BC CII6I'VT (http://lib.spbgut.ru)

16. MeTomuuecKHe YKa3aHHUS IS 00yJalONIUXCS 10 OCBOEHUIO TUCIIHIITHHBI

15.1. TInaHupoBaHUe XU OpraHK3alus BpeMeHU, HEOOXOOUMOTO OJIs M3Y4YeHUd
IUCLUATITAHEL

BaXHHM yCJI0BUEM YCIEIIHOTO OCBOEHHUS AUCHUIINHBI «OCHOBH MHUKDO- U
HAHOTEXHOJIOTUM Pafri037IeKTPOHHEIX CPEICTB» SIBIISIETCS CO3[aHue CUCTEMBI IPAaBUIbHOU
OpraHU3alliy TPy[a, NMO3BOJAIONIEN pacupefeluTh yueOHYyI0 HAarpy3Ky paBHOMEPHO B
COOTBETCTBHUY C rpadgukoM 06pa3oBaTeILHOTO IIpoliecca. BobIIyio MOMOIIL B 3TOM MOXKET
OKa3aTh COCTaBJIeHUe IJlaHa PabOTH Ha CeMecTp, Mecsdl], Hefelno, JeHb. Ero Hanuuue
TI0O3BOJIUT IMOOYUHUTL CBOOOAHOE BpeMs LieNsiM y4eOwl, TPyOUThCS 0ojiee YCIEeIIHO U
a¢bdexTBHO. HyXKHO OCYIIECTBISATH CAMOKOHTPOJIb, KOTOPHIYN SBNISE€TCA HEOOXOIUMBIM
yCIIOBHEM yCIeImHoN yueOrl. Bce 3amanus, BKI04asi BLIHECEHHBIE Ha CaMOCTOSTENIbHYIO
paboTy, peKoMeHOyeTCS BHIIOJHSAThH HEIOCPEACTBEHHO II0CIe COOTBETCTBYIOILIETO
ay[IUTOPHOTO 3aHATUS (JIEKI[UU, TPAKTAUUYECKOT0 3aHSITUS), YTO CIIOCOOCTBYET Ny4IIEMYy
YCBOEHMIO MaTepuasa, [103BOJISeT CBOEBPEMEHHO BBHISIBUTh U YCTPAHUThL «IpOOEsEl» B
3HAHUAX, CUCTEMATHU3UPOBATh paHee MPONAEHHBIN MaTepual, Ha eT0 OCHOBe IIPUCTYIIUTD
K OBJIaIeHUIO HOBEIMU 3HAHUSMU U HaBbIKAMHU.

CuctemMa YHUBEPCUTETCKOT0 00y4eHUSI OCHOBEIBAETCSI Ha palliOHaJIbHOM COYEeTaHUU
HEeCKOJIbKUX BHUIOB y4eOHBIX 3aHATUHN (B IEpPBYI0 odepefb, JIEKIUN U IPaKTUUECKUX
3aHsATHUM), paboTa Ha KOTOPBIX 00/agaeT onpeaeeHHON Cleln(puKO.

15.2. I[ToorotoBKa K JIEKIUSIM
3HAKOMCTBO C OUCLUIIIMHOU NMPOUCXOAUT yYKe Ha IIepPBOM JIEKLUHU, TAe OT CTyHeHTa
TpebyeTcsl He IPOCTO BHUMaHKE, HO M CaMOCTOSITeNIbHOe 0hopMIIeHNe KOHCIeKTa. [1pu
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paboTe ¢ KOHCIEKTOM JIeKIUN He0OXOAUMO YUUTHIBATh TOT (PAKTOp, YTO OJHU JEKIUU
IaioT OTBETHI HA KOHKPETHBIE BOIIPOCH! TEMBI, APYTHEe - JIUIIb BHISBASIOT B3aUMOCBS3HU
MeX[Jy SBJIEeHUSMH, IIOMOTas CTYHEeHTY MOHSATh TJIyOMHHBIE IPOIECCH pPa3BUTHUS
n3y4aeMoro IpefMeTa, KakK B MCTOPUM, TaK U B HACTOAIIEe BpeMs.

KoHCcnekTUpOBaHWE JEeKLUUU - CJO0XKHBIM BUJ BY30BCKOU aymgUTOPHOM paboOTHI,
Ipeamnoiaraloiiui MHTEHCUBHYI YMCTBEHHYIO OeSTeNbHOCTh CTyoeHTa. KOHCIEKT
SIBJISIETCS TIOJIE3HBIM TOTTla, KOTHa 3alyicaHo caMoe CyIIeCTBeHHOE U CHEeNIaHO 3TO CaMUM
obyuawmumca. He Hago cTpeMuThCcsd 3amnucaTh [OCJIOBHO BCHIO JIeKLIHI0. Takoe
«KOHCIIEKTHPOBaHKE» IPUHOCUT OOJIbIIE Bpefa, YeM IMonb3kl. LlemecooOpa3Ho BHaydase
IIOHSITh OCHOBHYIO MBICJIb, M3JIaraeMyl0 JIEKTOPOM, a 3aTeM 3alucarth ee. 2KenaTenbHO
3allMUCh OCYUIECTBIATh HAa OOHOU CTpaHUlle JUCTA UM OCTaBNIAA IOJS, Ha KOTOPHIX
o3Hee, IPU CAaMOCTOSITENIbHOM paboTe C KOHCIIEKTOM, MOXKHO CHeNlaTh [OMOIHUTEbHBIE
3aMuCH, OTMETUTh HETIOHITHEIE MeCTa.

KoHCIeKT NneKnuu nydilne Ioapa3fesaTh Ha MYyHKTH, cobmiogas KpacHYI0 CTPOKY.
9toMy B 0OOonbmIoN cTemeHu OyAyT cmocoOGCTBOBATH BONMPOCH IjlaHA JIEKIUH,
nIpennoXkeHHbBIe IIpenonaBaTensaM. Crnegyet oOpaliaTh BHUMaHNUE Ha aKI[€HTHI, BHIBOMOEI,
KOTOPHIE [eJlaeT JIEKTOP, 0OTMedas Hanbojee BaXKHbBIEe MOMEHTH B JIEKIIMOHHOM MaTepuaje
3aMeYaHUSIMHU «BaKHO», «XOPOIIO 3allOMHUTL» U T.II. MOXKHO [ieflaTh 3TO U C ITOMOIIbIO
Pa3HOIBETHHIX MapKEPOB UM PY4YeK, IOJUYePKHUBas TEPMUHLL U ONIPeeIeHUs.

Llenecoobpa3Ho pa3paboTaTh COOCTBEHHYIO CHUCTEMY COKpalleHui, ab0peBUaTyp u
cuMBOIOoB. OgHAKO NpU fJanbHeHIel paboTe ¢ KOHCIIEKTOM CHMBOJIBL JTy4dllle 3aMeHUTh
OOBIYHBIMU CJI0OBaMHU [Jig OBICTPOTO 3PUTENLHOTO BOCHPUSATHS TeKcTa. PaboTas Hap
KOHCIIEKTOM JIEKLIUM, Bcerfa He0OXOAMMO UCIIOIb30BaTh He TOJIbKO y4eOHUK, HO U TY
JIUTEPaTypy, KOTOPYIO OOTIOTHUTEIFHO PEKOMEHI0Bal JIeKTOp. IMeHHO TaKas cepbe3Has,
KpomoTnuBasi paboTa C JTeKUMOHHBIM MaTepualioM II03BOJUT TIy0OKO OBJIAETh
TEOPEeTUYECKUM MaTepuajoM.

15.3. IloaroToBKa K MPakTUUYECKUM 3aHATUIM

TmaTenbHOE NPOAYMBIBaHWE M H3y4YeHUE BOIPOCOB IIJlaHa OCHOBHIBAETCS Ha
npopaboTKe MPOMAEHHOT0 MaTepuana (MaTepuana JIeKIIU#, MPpaKTUYeCKUX 3aHATHUH), a
3aTeM u3y4deHus 0053aTeNbHOU U [OMONTHUTENHHON TUTEPATYPhl, PEKOMEHIOBAHHOU K
OaHHOU TeMe.

Pe3ynbTaT Takoil paboOTH HOMKEH MPOSIBUTHCSA B CIIOCOOHOCTH CTyAeHTa CBOOOMHO
OTBETUTb Ha TEOpETHUUYECKHe BOIPOCH MpPaKTHKyMa, €r0 BBHICTYIJIEHUHW U yY4aCTHUU B
KOJIJIEKTUBHOM OOCYXKIOEHWH BOMPOCOB HM3y4yaeMOUW TEMBI, MPaBUIbHOM BHIIIOIHEHUHU
IIPAKTUYECKUX 3aJaHUM U KOHTPOJIbHHIX PadoT.

Heo0xomuMo MOHUMAaTh, YTO HEBO3MOXKHO BO BpEMS ayOUTOPHBIX 3aHATUU U3T0XKHUTh
BECh MaTepHal M3-3a JUMHTA aygJUTOPHBIX YacCOB, U NPU H3YYEHUU OUCHUMIIUHEI
HEeI0CTaTOYHO KOHCIIEKTOB 3aHATHM. [103TOMy camocTosiTeNNbHAsA paboTa ¢ yueOHUKaMU,
yueOHBIMU TOCOOMSIMU, HAY4YHOW, CIPABOYHOW NHUTepaTypold, MaTepuallaMu
IepUOANYEeCKUX M3aHuil u MHTepHeTa ABnseTcsAd Haubomee 3QPEKTUBHEIM METOOOM
MIOTy4eHHUS OOMOTHUTENbHBIX 3HAHUM, TO3BOISET 3HAUNTEIbHO aKTUBU3HUPOBATh IIPOIECC
OBJIafleHus WHPOpMaIluen, crnoco0CTByeT Goyee rIy00KOMY YCBOEHHIO M3y4aeMOTO
MaTepuana, GoOpMUPYET Yy CTYOEHTOB CBOe OTHOINEHME K KOHKPETHOU Ipobieme.

15.4. PekoMeHpaluu 1o paboTe ¢ TUTEPaTypOr
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PaboTy c nuTepaTypoi Ienecoodpa3Ho HavyaTh C U3yuyeHus: obuux pabot mo TeMe, a
TakXe y4eOHUKOB U y4eOHBIX mocoOuil. [lanee peKOMeHAyeTCs MepeuTu K aHalnu3y
MoHOrpaduit 1 cTaTel, pacCCMaTPUBAIOIINX OTHENIbHEIE aCIIeKTHl Po0IeM, U3y4aeMbIX B
paMKax Kypca, a TakxXe opuIlMaIbHBIX MaTepruaaoB U HeOMyO0JIUKOBAHHBIX JOKYMEHTOB
(Hay4HO-UCCIeloBaTenbCKue PaboThl, MUCCEePTAIlNU), B KOTOPHIX MOTYT COMepXKaThCs
OCHOBHBIE BOIIPOCH U3y4aeMOou MPOOIIeMEL.

Pa6oTy ¢ MCTOYHMKAMHU HAJ0 HaYMHATh C O3HAKOMUTEJILHOTO YTEHHS, T.e.
IIPOCMOTPETH TEKCT, BEIAETISIS €r0 CTPYKTYPHBIE eAUHULIEL. [Ipy 03HAKOMHUTEIbHOM YTEHUU
3aKjlaflKkaMyd OTMeYaloTCS Te CTPAHHUIb, KOTOphkle TPeOyioT 6ojiee BHUMATEJIbHOTO
n3y4yeHUs. B 3aBUCUMOCTH OT pe3y/lIbTaTOB O3HAKOMUTEJIbHOTO UYTEHUS BHIOMpAETCs
nanbHeHmuu crocod paboThl ¢ UCTOUHMKOM. Ecnu Ojsi pa3pelneHus MOCTAaBIeHHOU
3amauu TpeldyeTcs u3ydeHrWe HEKOTOPHIX pparMeHTOB TeKCTa, TO MCIOIb3yeTCS METO[
BHIOOPOYHOTO uTeHUsI. Eciu B KHUTe HET mogpoOHOro OrjaBlieHHs, ClelyeT o0paTUTh
BHUMaHNe yYeHNKa Ha IpeIMEeTHhIE 1 UMEHHBIE YKa3aTelH.

M30paHHble pparMeHTH WU BeCh TEKCT (eCJIM OH I[eJIMKOM MMeeT OTHOIIeHHe K
TeMe) TpeOyIoT BOyMYHBOIO, HETOPOIIJIMBOTO UYTEHUS C «MBICIIEHHOM IMpopaboTKOoii»
MaTepuaia. Takoe YTeHMe IpenoaraeT BrgeneHue: 1) rmaBHOTO B TEKCTE; 2) OCHOBHBIX
apryMeHToB; 3) BEIBOg0B. Ocob60e BHUMaHUe CliefyeT 00paTUTh Ha TO, BEITEKAET TE3UC U3
apryMeHTOB unu HeT. Heob6xomuMo TaKxke MMpPoaHaNIU3UPOBaTh, KakKue U3 YTBEPXKIEHUU
aBTOpa HOCSAT MpoOJeMaTUUYHBIM, TUIMOTETUYECKUN XapaKTep M YJIOBUTb CKPHITHIE
BOIIPOCHI.

[ToHSITHO, 4YTO yMeHHe TaKuM 00pa3oM paboTaTh C TEKCTOM NMPUXOOUT HanekKo He
cpaldy. Haumnyumu# cnoco® Hay4yuThCS BHIAENSITH T'JTaBHOE B TEKCTe, YJIaBIUBaTh
npoOjieMaTUYHBIM XapakTep YTBEPXKOEHUW, OaBaTh OL[EHKY aBTOPCKOM MO3ULUHU - 3TO
CpPaBHUTEJIbHOE YTEeHHeE, B X0Ie KOTOPOTO CTYOEeHT 3HAKOMUTCS C PA3MUYHBIMU MHEHUSIMU
II0 OOHOMY ¥ TOMY K€ BOIIPOCY, CpPaBHHBAeT BeCOMOCTh U N0Ka3aTeIbHOCTh apIyMEHTOB
CTOPOH U fieslaeT BEIBO O HauOosbinel yOequTeIbHOCTH TOM UM MHOU IO3ULIUY.

Ecnu B muTepaType BCTpedyaloTCs pa3Hble TOYKM 3PEHUS II0 TOMY UJIM MHOMY BOIIPOCY
13-3a CJIOXKHOCTH IIPOIIEIINX COOLITHM U NTPABOBLIX SIBIEHUM, HEJIb3ST UX OTBEpPraTh, He
pa3obpaBmuch. [Ipy HaNW4YUM pacXxoXAEeHUU MeXKOy aBTOpaMuU HeoOXOOWMO HaUTHU
palnoHanbHOE 3ePHO yV KaXIOro M3 HUX, YTO MO3BOJIUT TIy0zkKe YCBOUTH NMpeaMeT
n3ydyeHus u 6ojiee KPUTUUYHO OI[€HWBATh U3ydaeMble BOIPOCH. 3HAKOMSACh C 0COOBIMU
MO3UITUSIMU aBTOPOB, HYKHO OIPENeNsITh UX CX0XKHUe CYyXKIeHUS, apr'yMeHTH], BHIBOMHI, a
3aTeM CpaBHMBATh UX MeXAy co00M U MPUMEHSITh U3 HUX Ty, KOTopas Oojiee ybenuTenbHa.

CnepyoomuM 3TarnoM paboTel ¢ MTUTEePATYPHLIMU UCTOYHUKAMHU SIBIISETCS CO3MaHue
KOHCITIEKTOB, (DMKCHPYIOIIAX OCHOBHBIE TE€3UCH U apryMeHThl. MOXKHO fieflaTh 3aluCcH Ha
OTHEeNbHBIX JIUCTAX, KOTOPHE MTOTOM JIETKO CHCTEeMATH3UPOBATh II0 OTHENIbHEIM TeMaM
M3y4aeMoro Kypca. [Ipyrou cmnocol - 3TO BefileHNe TeMaTU4eCKUX TeTpafei-KOHCIIEKTOB
II0 OMHOM KakKou-nmubo TeMme. bonbinme cmemnuanbHbe Pab0TH MOHOTpadHuuecKoro
XapakTepa Lienecoo0pa3HOo KOHCIEKTUPOBATh B OTHAENIbHBEIX TeTpPaAsgax. 34eCh BaxkHO
BCIIOMHUTD, UTO KOHCITEKTHI ITUITYTCS HAa OMHOM CTOPOHE JIUCTA, C IOJISIMU ¥ OOCTATOYHBIM
IJIS UCTIPABIIEHUS U PEMApPOK MeXKCTPOYHHIM PacCTOSIHMEM (3TU IpaBuUia COOMIOOAIOTCS
st ynoOCTBa pefllakTUpoBaHus). EC/TM B KOHCIIEKTaX IPUBOOSATCS IUTATEL, TO HEIIPEMEHHO
IOONXHO OBITh HAHO YKa3aHUe Ha MCTOYHUK (aBTOP, Ha3BaHHUE, BHIXOJHBEIE JaHHBIE, Ne
CTpaHuIlbl). BriocnmenctBuu 9Ta nHGOpMaIuu MOXKeT OBITh UCIIOJIb30BaHa ITPU HANTMCAHUU
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TeKCTa pedepaTra WA APYroro 3aJaHus.

TakuMm o6pa3om, Tpu paboTe C UCTOYHHUKAMU U JIUTEPATyPOUN BaxKHO YMETh:

- COIIOCTaBNIATh, CPaBHUBATh, KIAaCCU(MUIIUPOBATh, TPYNIUPOBATh, CUCTEMATHU3UPOBATh
“H(OpPMAIIKIO B COOTBETCTBUY C OIpefeIeHHOM y4eOHO! 3aiauel;

- 0000I11aTh MOJTYYEHHYI0 HMH(POPMAIIXUIO, OIIeHUBAThL IPOCIYIIAHHOE U TPOYUTAHHOE;

- (pmKCHUpOBaTh OCHOBHOE COfiepKaHue co001eHu; GopMyIupoBaTh, YCTHO U IHCHbMEHHO,
OCHOBHYIO HU[IeI0 COOOIEHUS; COCTABISATH IJIaH, GOPMYIMPOBATh TE3UCH;

- TOTOBUTH U IPE3EHTOBaTh Pa3BEPHYThHIE COODIIEHUS THIla NOKIIaaa;

- paboTaTh B pa3HHIX pexXruMax (MHIUBUAYAJIbHO, B IIape, B IPYIIIE), B3AUMONENUCTBYS OPYT
C OPyroM;

- II0JIb30BaThCSA PedepPaTUBHBIMYU U CIIPABOYHBIMU MaTepHUaIaMu;

- KOHTPOJIUPOBAThL CBOU [IEMCTBUS U NEUCTBHS CBOUX TOBAPUINEH, 00BEKTHBHO OI[eHUBATh
CBOH [EHCTBHUS;

- obpalaThCs 3a IOMOIIbIO, MOMOTHUTENbLHEIMU Pa3bsSICHEHUSIMU K IMPeNnofaBaTerio,
OPYTUM CTyOeHTaM;

- TI0JIb30BAThCSA JIMHTBUCTUYECKOUW UM KOHTEKCTYaJbHOU AOTrafgKoHU, CJIOBapsiMH
PA3NIMYHOTO XapaKTepa, Pa3IMYHOr0 poja MofCcKa3KaMH, OIIOPaMM B TEKCTe (KITI0YeBhIe
CJI0Ba, CTPYKTYypa TEeKCTa, NIpeABapsouas nHhpopManus u ip.);

- HCIIOIb30BaTh IIPU TOBOPEHUM U MUCbMe Iepudpas, CAHOHUMUYHLIE CPEMICTBA, CJI0Ba-
OTMCaHUSs OOIIUX MOHSATHM, PA3bsICHEHUS, TPUMEPHI, TOMTKOBAaHUS, «CIIOBOTBOPYECTBO»

- TIOBTOPSITH UK Nepedpa3upoBaTh PEIUIUKY co0eceqHWKa B MOATBEPXKIEHUY ITOHUMaHUS
ero BLICKa3bIBaHUS UIIA BOIIPOCA;

- 00paTUTHLCS 3a MMOMOIIBLIO K COOeCEeTHUKY (YTOYHUTD BOIIPOC, TIEPECIIPOCUTE U AP.);

- UCIIOJIb30BaTh MUMHUKY, XKECTH (BOOOIle X B Te€X CIydasix, KOrfa S3bIKOBEIX CPEOCTB HE
XBaTaeT IJIS BEIPaXKeHUs TeX UM UHBIX KOMMYHUKATUBHEIX HAMEPEHHUH).

15.5. [TogroToBKa K IpoMexkKyTOYHOU aTTeCTaLluU
[Tpy OATOTOBKE K IPOMEXKYTOUYHOM aTTeCTalluu Liefiecoo0pas3Ho:
- BHUMATEJbHO U3Y4YUTh [IepedyeHb BOIPOCOB U ONPENENUTh, B KaKUX UCTOYHUKAX
HaXOOsATCS CBeNeHUs, HeoOXOOuMBbIe [I7ig OTBETA Ha HUX;
- BHUMATEJIbHO IPOYUTATh PEKOMEHOBAHHYIO JIUTEPATYDY;
- COCTABUTh KpaTK¥e KOHCIEKTH OTBETOB (IIJTaHEL OTBETOB).

17. MaTepHaHBHO-TeXHH‘IeCKOG odecneyeHHe TUCHHUIUIHHBI

Tab6muia 11
No HauMmeHoOBaHHe ClieIHATU3UPOBAHHBIX
o o HanmeHoBaHHE 000pyI0BaHHUA
n/n AyIUTOPHH U TaOOpaTOPUH
1 |lekuroHHas aygUTOPUS Aynuo-BUAE0 KOMILJIEKC
AyouTOpuM Oy IPOBEOeHUs TPYINOBLIX 1
2 YAHTOPHH [ p H Py Aynuo-BUIE0 KOMILJIEKC
MPaKTU4YeCKUX 3aHITUN
3 [KoMneroTepHBIY KJ1acc [TepcoHaIbHBIE KOMIIBIOTEPHI
AyouTOpUs OIS KYPCOBOTO U OUIIJIOMHOTO
4 [MYRHTODHA N yp A [lepcoHabHBEIE KOMIIBIOTEPHI
[IPOEKTHPOBaHUS
5 |AyguTopus s CaMOCTOSITETbHON pabOoTH KoMmblOTepHas TeXHUKa
6 [YuTanbHBIM 3a1 [IepcoHaNbHBIE KOMIIBIOTEPH

JIuct uamenenuu Ne 1 ot 9 guBaps 2020 r
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