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2 AHHOTAIIUA AMCHUITJINHBI

«MATEPHUAJIBI ®OTOHUKHU (PHOTONICS MATERIALS)»

PaccmarpuBarorcs dyHIaMeHTaIbHbIE W MPUKIAJAHBIC BOTIPOCHl MaTepraso-
BesieHus. V3mararorcs 0a30Bbie TEOPETUUSCKUE MPEICTABICHHUS, OMUCHIBAIOIINE BO-
MIPOCHI KJIACTEpOOOpa30BaHUsI, CAMOCOOPKH K caMOOpTraHu3aiuu. [j1s onucanus CTpo-
CHUS DJICKTPOHHON CTPYKTYpPhI MCIIOIB3YIOTCS COBPEMEHHbIC (PM3UYECKUE MOJIETH
C TOJIOKUTEIBHON U OTPUIATEIIBHON KOPPEJSIIUOHHOM SHEPrUEH, a TaKXkKe MOje-
JIY IEPEMEHHON BaJICHTHOCTH. 3HAUUTEIbHOE BHUMAHUE YIENAECTCS pACCMOTPEHUIO
AJIEMEHTOB TEOPHUH (PPaKTaTIOB U TCOPUHU MEPKOISAINHN, OOCCIICUNBAIOIINX PEIICHUE
MarepuaIoBeIUeCKUX 3a/1a4. B copepkaHuu JUCHUILIMHBI BKJIFOUEHBI CIIeIIMaIbHbIE
paszaensl, MOCBSIIEHHBIE CBOMCTBAM HAHOYACTHII, HAHOKPUCTANIMYECKUX MaTepra-
JIOB U CTPYKTYP aMOPGhHBIX MUKPO-U HAHOCUCTEM, TOPUCTHIX MaTEPUAIOB, CBEIACHUS
dbynnepeHax, HAaHOTpyOKax, ACHAPUMEPAX U MUKPO-U HAHOCUCTEMAX Ha UX OCHOBE,
a TaK>Ke B MpOrpaMMy BKJIIOYEHBI CBOMCTBA MOJMMEPOB U TUOPUIHBIX OPraHO-HEOP-

TaHNYCCKNX HAHOKOMIIO3HUTOB.

SUBJECT SUMMARY

«PHOTONICS MATERIALS»

The course includes the fundamental and applicational issues material study-
ing. The course describes the basic theory of cluster creation, selfappearance and
selfassembly. The electronic structure is described with use of the modern physi-
cal models with positive and negative correlation energy and the models of varied
valency. The attention is also paid to the fractal and percolation theory elements,
which provide the solutions for material studying problems. The course includes
the special sections, concerning the properties of nanoparticles, nanocrystal materi-
als and structures, amorphic micro-and nanosystems, porous materials. The course

also includes the information on fullerenes, nanotubes, dendrimers and micro-and

3



nanosystems based on these structures, the properties of polymers, organic and non-

organic nanocomposites properties are also included in the course.



3 OBLHIME IMOJTOKEHUA

3.1 Ieau u 3aga4y AUCHUILIHHBI

1. lenu QUCIUTINHBI:

1). U3yuenue pusnyeckoil 1 XMMUYECKON CYITHOCTH MPOLIECCOB U SIBIEHUMN, TPOTE-
KaloIIMX B Marepuanax (OTOHUKH.

2). OcBOE€HME OCHOBHBIX METO/IOB 3KCIIEPUMEHTAIBHOM OLICHKU (PU3NYECKUX CBOMCTB
MarepuaaoB (DOTOHHMKH Ha PA3IMYHBIX YPOBHIX MAcHITAOUPOBAHUS U IPUMEHEHHE

Ha ITPaKTHKS 3H€lHPII>i, IMOJIYUYCHHBIX B IIPOLCCCC U3YUCHUA JUCUUIIINHEIL.

2. 3amaun TUCIIATUINHEL:

-opMupOBaHHE OCHOBHBIX YMEHUM U MPAKTUUECKUX HABBIKOB JIJISI ITPABUIIBHOTO HC-
MOJIb30BAHUS MAaTEPUAIOBETUECKUX 3aKOHOMEPHOCTEH JIJIsI pean3aiiuy MOTEeHIIN A b-
HBIX BO3MOXKHOCTEH MaTeprajioB MpHU MPOSKTUPOBAHUYU U CO3aHUU MUKPO-U HAHO-
CHUCTEM I HAaHORJICKTPOHUKH, (DOTOHUKHA, MUKPO-U HAHOCUCTEMHOW TEXHUKHU, Ha-
HOCEHCOPHKU;

-HAy4YHUTHCS UCTIOb30BaTh MaTEMaTUIECKUH anmapar TEOPUU NEPKOISAIUN U PUBHKU

(b pakTaiaos.

3. 3HaHUs ¥ TOHUMAaHHE (1)I/ISI/IKI/I N XUMHUHU IIPOUCCCOB U HBHGHHﬁ, IMPOTCKAIINUX B

MaTtepuanax (pOTOHUKH.

4. YMeHus BBIOUpPATh U IPUMEHSTh Ha IPAKTUKE METO/IbI SKCIIEPUMEHTAIBHON OLICH-
KA (PU3NYECKUX CBOMCTB MAaTEPHAIOB COJIHEYHOW SHEPIeTUKH Ha Pa3INYHbIX YPOB-

HSIX MacIITaOMpPOBAHUS.

5. HpaKTquCKHe HaBBIKH JJISA IIPABUJIBHOI'O HCIIOJIIB30BAHHA MAaTCPUATTIOBCIICCKUX
BaKOHOMepHOCTeﬁ IIpU IPOCKTUPOBAHUHN U CO3AAHHUH MUKPO-U HAHOCUCTCM JI1 HaA-
HOOQJICKTPOHHKH, (I)OTOHI/IKI/I, MHKPO-HU HaHOCH-CTEMHOM TCXHHUKH, HAHOCCHCOPHKH.

HaBpiku HCIONIb30BaHUS MaTEMaTHUECKOIO arrmapara TCOpuHr NCPKOJLAINN U (1)I/IBI/IKI/I

(pakranos.



3.2 Mecrto nucuuminebl B ctpykrype OITOII

JlucuumivHa u3y4aeTcsi Ha OCHOBE 3HAHUH, OJTYYEHHBIX TPU OCBOCHHUH MPOTPAMMBI
OakayiaBpuaTa WId CIeUaINTeTa.

1 00ecreurBaeT U3yUYCHUE MOCIEAYIONINX TUCIUIUIAH:

1. «<MaTerpanbHas u BojokoHHas onrtuka (Integraed and fiber optics)»

2. «OcHogsl nazepoB (Laser Fundamentals)»



3.3 IlepeueHb MIaAHMPYEMbIX pPe3yJIbTATOB 00y4YeHHMs MO JUCIHHUILINHE, COOT-
HECEHHBIX C IVIAHUPYEMBIMH Pe3yJIbTATAMHM OCBOCHHMSI 00pa30BaTeIbLHOMI

MPOrpamMMbl

B pe3ynbrare ocBoeHus 00pa3oBaTeIbHON IPOrpaMMbl 00YHAIOIIHIACS TOKEH

JOCTUYD CIICTYIONINE PE3YJIbTaThl 00yUSHHUS MO TUCITUILIINHE:

Koa kxommerenun/ HanMeHoBaHMe KOMIETEHINMH/MHANKATOPA KOMIIETEHIIUN
HHINKATOPA
KOMIIeTEHIINH
IK-1 l'oToB opmynupoBaTh 1eNIM U 3a/1a4y HAyYHBIX UCCIIEOBAaHUI B COOTBET-

CTBUU C TCHACHIMSIMH M TEPCIEKTUBAMH Pa3BUTHS JICKTPOHUKH M HAHO-
ANEKTPOHUKH, a TaKXKE CMEKHBIX 00IacTe HAyKH W TEXHUKH, CIIOCOOEH
000CHOBAaHHO BBIOMPATh TEOPETHUECKHE M IKCIIEPUMEHTAIIbHBIE METO/IBI U
CpeICTBa pelieHus chopMyIMPOBAHHBIX 3a/1a4

1IK-1.1 3naem npunyunst nocmpoeHus u GYKHYUOHUPOBAHUSA U30ENULL MUKPO-U HA-
HO3JleKMPOHUKU
1IK-1.2 Ymeem paccuumvisamov npedenvHo-0onycmumvle u npedebHble PedtCuMbl

pabomsi uz0enull MUKpO-u HaHOINEKMPOHUKU

1IK-1.3 Braoeem naswikamu evibopa meopemuueckux u dKCNepUMeHmMAanIbHbIX Me-
Mo008 UCcIe008aHUs U30eNUll MUKPO U HAHOILEKMPOHUKU




4.1

4.1.1 HauMeHOBaHHE TeM M Yachl HA BCe BUAbI HATPY3KHU

4 COAEP KAHUE JUCHUIIJIMHDBI

Coneprxanue pa3aejioB IUCHUIINHBI

Ne HanmenoBaHnue TeMbl JUCIHATINHBI Jlek, | IIp, | UKP, | CP,
n/n au a4 au a4
1 BBenenne 1 2
2 CucTteMHBIN MOJIX0/1 K MaTepUaIoBeICHUIO 2 4 4
3 | ®ynaaMeHTalIbHBIE OCHOBBI KJIACTEPOOOPa30BaHUS U MaTe- 2 2 4
pHUanoBeACHNS KIACTEPHBIX CUCTEM
4 | IlomynpoBOIHUKOBBIE UCKYCCTBEHHBIE HAHOCHCTEMBI C T10- 4 4 5
HIKEHHOM pa3MEPHOCTHIO
5 | ®pakTanbHbIE MOJEIH U IEMEHTBI TEOPUU MEPKOJISALNN B 4 2 5
MaTepualoBeICHUN
6 | CBoiicTBa U30JIMPOBAHHBIX HAHOYACTHI] 1 HAHOKPHUCTAJIIH- 4 4 1 14
YECKUX MaTepUajoB
7 | MarepuanoBenenue QymiepeHoB U (ymIepeHONOA00HBIX 4 4 14
MaTepHuaJloB.
8 | HanoTtpyOku u TyOy/IsipHBIE HAHOCHCTEMBI. 4 4 14
9 | MarepuanoBeaeHHe MOPUCTHIX MUKPO-U HAHOCUCTEM. 8 8 15
10 | 3akimtoueHue 1
Hroro, au 34 34 1 75
W3 HUX a4 Ha KOHTPOJIb 0 0 0 35
OO6m1ast TpyI0eMKOCTh OCBOCHHSI, a4/3¢ 144/4
4.1.2 Copepxanue
Ne HaumeHoBaHHe TeMbl Conepxanue
n/n JUCHHAILIMHEI
1 | Beenenue CrpykTypa Kypca, OCHOBHBIE IIOHATHUS U ONPENEICHUS




HaumMmeHnoBaHnue TeMbl
JUCHHILIMHEI

Conepxanue

CucremHBIll IOAX0M K Marepua-
JIOBEJCHUIO

Knaccudukanus marepuaioB MO TEXHUYECKOMY Ha3Ha-
YeHHUIO ¥ ()YHKIIMOHAIBHBIM CBOMCTBAM: KOHCTPYKIIHOH-
HbIe, (YHKIIMOHAIbHO-aKTHBHBIE, aJallTUBHBIC MaTepua-
JIbI, TIPOBOTHUKH, TOJIYITPOBOJAHHUKH, CBEPXIIPOBOIHHKH,
TUANEKTpUKU. CUCTEMHBIA MOIX0A K MaTEpPUAIOBEACHUIO
MuKpocucteM. CTpyKTypHas uepapxusi MaTepuaioB. ATo-
MBI, MOJIEKYJIbI, aCCOIIUAThI, KJIacTephl, KJIaTpaThl, Cynpa-
MOJIEKYJISIpHbIE 00pa30oBaHMs, arperarbl, HaHOYACTHIIHI,
OpraHU30BaHHbIE CJIOM, HAHOKOMIIO3UTHI, KOMIIO3UI[MOH-
HbI€ HAHOCTPYKTYpPbI, HAHOCTPYKTYPUPO-BaHHbIE MaTepH-
asbl, TBepaoe Teno. PazmepHbie 3PeKThl B HAHOOOBEK-
Tax ¥ MPUHIMIHAIBHO HOBBIE KOOIIEPATUBHBIC SIBICHHS
B HaHocucreMax. Mimroctpamust Ha npumepax dddexTon
OQJTUCTUYECKOTO TPAHCTIOPTA, KyJIOHOBCKOM OJIOKATBI pe-
30HAaHCHOT'O TYHHEJIMPOBAHHUS, CIIMH3aBUCUMOTO TYHHEIHU-
POBaHUs, TUTAHTCKOTO KOMOMHALIMOHHOTO paccesiHus. du-
3UKO-XUMUYECKUE MPUHIIUIIBI KOHCTPYUPOBAHUS MaTepu-
anoB. [IpuHIUIBI COOPKU U CaMOOPTaHHU3AITHH.

Masble aHcaMOIu MOJIEKYJI, MEKMOJIEKYIISIPHbIE B3aMO-
neiictusi. PazmepHblie U QyHKIIMOHAIbHBIE CBOMCTBA KJla-
cTepoB. I'eoMeTpuyeckue NPUHLUIIBI KIacTepooOpa3oBa-
HUsl. MozienbHbIe IpeicTaBIeHus 00 ycTOHYMBBIX (hopmax
1 Maccax kiactepoB. OCOOEHHOCTH KJIaCTEPOB U KilacTep-
HBIX HAHOCHUCTEM B 3aBUCHUMOCTHU OT TEXHOJIOTHYECKOTIO I'e-
He3uca (MOJIEKyIspHbIe, ra3oda3Hble, TBEPAOTEIbHBIE U
KOJIJIOUJTHBIE KJIaCTephl)..

[TomynpoBOAHUKOBBIE KJIACTEPHI C 000I0UEUHON CTPYKTY-
poil. MaTpHYHO-U30JIMPOBAHHBIE KIACTEPHBIE HAHOCHUCTE-
Mbl. Kinactepnsie kpucrauibl. Kitarparel. 1neKTponpoBo-
JSIIKAE U ONTUYECKUE cBolicTBa. HaHomasepsl u cBeTonu-
OZIbl C PEryJINPYEMOM JJINHOU BOJIHBI.

dyHaaMeHTaJIbHbIE OCHOBBI
KJIaCTepOoOOpa3oBaHUsI W Ma-
TEPUAJIOBEICHUS  KJIACTEPHBIX
CUCTEM

[ToynmpOBOAHUKOBBIE  HCKYC-
CTBEHHbIE  HAHOCHUCTEMBI  C

MTOHMKECHHOW Pa3MEpPHOCTBIO

I'eTrepocTpykTypHass KOHLEIIUS MaTEPUAIIOB ONTOICK-
TpoHUKH. CBOWCTBA MHOTOKOMITIOHEHTHBIX TBEPJBIX pac-
TBOPOB. [10IyITpOBOAHMKOBBIE NCKYCCTBEHHBIE HOCUTEIN
C TIOHMYKEHHOHN pa3MepHOCThI0. CTPYKTYpHl C KBAaHTOBBI-
MU sIMaMH, MHOTOKPAaTHBIMU KBAHTOBBIMU SIMaMH, KOMIIO-
3ULUOHHBIE, JIETUPOBAHHBIE 1 KOMOMHUPOBAHHBIE CBEPX-
pELIETKH, KBAaHTOBBIE [IPOBO/IA, KBAHTOBbIE TOUKH. HaHo-
cucTeMbl Ha Oa3e KBAHTOBOPAa3MEpPHBIX 31eMeHTOB. HaHo-
npuOOpHI ONTORIEKTPOHUKU. HaHO3MeKTpoHUKa Ha reTe-
POCTPYKTYPHBIX HAHOIIPOBOJAX.




HaumMmeHnoBaHnue TeMbl
JUCHHILIMHEI

Conepxanue

@pakranbHble MOIEIU U DIe-
MEHTBl TE€OPUM IEPKOIALUU B
MaTepHUAIOBEACHUN

OcHOBHBIE TIpeNCTaBICHUS Teopuu ¢pakranoB. [eomer-
puueckue, anredpandeckre 1 CTOXacTU4eCKue (PpaKTalbl.
@usnueckue paxransl. [Ipupona u GU3NKO-XUMHUECKUE
0COOEHHOCTH 00pa30BaHus PPAKTAIBHBIX KJIaCTEPOB.
@®pakraabHble HAHOOOBEKTHI, MOJIy4aeMble B Pa3INYHbBIX
HaHOTEXHOJIOTMYECKHX MpoLeccax.

Ocob6eHHOCTH (hpaKTaTBbHBIX HAHOOOBEKTOB, OTYYaEMBbIX
B 30JIb-T€JIb TEXHOJIOTHUSX, B MJIa3MOXUMHUYECKUX, PEak-
TUBHO MOHHO-TIJIA3MEHHBIX U ApyTuX npoueccax. O6pazo-
BaHHE MEPKOJISAIMOHHBIX (PPAKTATBHBIX KJIACTEPOB B HAHO-
KOMITO3UTaX.

OCHOBHBIE 3JIEMEHTHI TEOPUU NMEPKOIAMU. VIHBapHaHThI
TEOPHUH NEPKOJSILUU. YPOBEHb NPOTEKAaHUS. YHUBEPCAIIb-
HbIe KpUTHYECKHE HHICKCHl. PpaKTanpHas pa3MepHOCTh
HNEPKOJISILIMOHHOTO KJlacTepa BOJIM3U MOPOra MPOTEKaHUS.
[TepkosILIMOHHbBIE CETH W HBONIOLMA (PpaKTaIbHBIX Kia-
CTEpOB.

CBoiicTBa M30JIMPOBaHHBIX Ha-
HOYACTHUI] ¥ HAHOKPHCTAJLTHYe-
CKUX MaTepuasoB

[IpyHIMNMANBbHOE OTIMYKME HAHOKPUCTAIUIMYECKUX CH-
CTEM OT MOJIMKPUCTAILIIOB.

CBoiiCTBa H30JUMPOBAHHBIX KPUCTANIMYECKUX HAHOYA-
CTUIl 1 HAHOKPUCTAJUIMYECKUX MarepuajioB. M3mMeHeHue
TeMIeparyphl IUIABJICHUS, KaTAIMTUUYECKOM aKTUBHOCTH,
nepuoJa KPUCTAUIMUECKON pemeTkr, (POHOHHOTO CITeK-
Tpa U TEIJIOEMKOCTH, MAarHUTHBIX M ONITHYECKUX CBOMCTB
OT pa3MepoOB, CTPYKTYpPHBIC U (ha30BbIC IPEBPAIICHHSI.
Pa3BuTne HaHOPEAKTOPHOrO MaTepUAIOBEACHUS JJI IO-
JIy4€HUsI HAHOCHCTEM C 33JJaHHOW pa3MepHOCThIO0. HaHo-
pEaKTOphl: HAHOTPYOKH, ME30MOPHUCTHIC MATPHIIBI, CIIOU-
CThI€ JIBOMHBIE THUAPOOKCHIIBI W IJIHHBI, II€OJUTHI, OIa-
JIbI, PA3HOBUHOCTHU TEMIUIATHOTO OPOTEHHOTO CUHTE3A.
[Tpumepsl popmMupoBaHKs HAHOPEAKTOpPa HA OCHOBE BHI-
COKOOPraHW30BaHHOTO ME30IMOPHUCTOrO0 OKCHIA KPEMHUS
(MCM-41).

Mopnenu CTpyKTypbl HAHOCHCTEM HAa OCHOBE KPHUCTAaJUIM-
YEeCKHUX HaHOYaCTHIl (Ta30moa00Has MOIeIb M MOJACIH
HEpPaBHOBECHBIX TPAHUII pa3jienia). AHOMAIUA MeXaHuYe-
CKHMX, TEIUIOBBIX, dJIEKTPHUUYECKUX M MArHUTHBIX CBOMCTB
HAaHOKPHUCTAJUIMYECKUX CUCTEM. [lepCcrnekTuBbI MpuMeHe-
HUSI B MUKPO-U HAHOCUCTEMHOW TEXHUKE.
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HaumMmeHnoBaHnue TeMbl
JUCHHILIMHEI

Conepxanue

Marepuanosenenue  (ysmiepe-

HOB

u  QymiepeHonoao0HbIX

MaTepHaoB.

Hctopust oTKpbITUS QYIUIEPEHOB KaK HOBOM MOJEKYJSIp-
HOW (hopMmbl OopraHmzanuu aromMoB yriepoxaa. Ctpoenue
¢dymiepenos. [IpaBuiio n30aMpOBaHHBIX IEHTArOHOB. Teo-
peTUYEeCKHii BBIBOJ yCTOMUYMBOCTH (hopM (yriepeHoB. Oc-
HOBHBIE (DU3UYECKHUE M XUMHYECKHE CBOWMCTBA (Qyruiepe-
HOB. [lommmepHbie CTPYKTypbl Ha OCHOBE (DYJJIEPEHOB.
HanocucteMbl Ha 0CHOBE HHTEPKATUPOBAHHBIX (QyIIepu-
TOB. D((DeKT cBepXmpoOBOAMMOCTU. DK30-U SHIAO0IIPAIIb-
Hble Tpou3BoAHbIE (yuiepeHoB. HaHocucTembl cBepx-
IUIOTHOM 3amucu MH(OpMaMK Ha 3HI0IIPAIBHBIX MPO-
M3BOMHBIX. HaHOCHCTEMBI Ha 3K30MPOM3BOIAHBIX (yIlIe-
peHax s SMUCCUOHHOM HAHOIJIEKTPOHHUKH. JIyKoBHY-
HbIE HAHOCTPYKTYpPbI Ha OCHOBE (hysiepeHoB. Jluarpamma
[Mnerens. Metannokap6osnpenst (M8C12) . Marepuaio-
BeZieHne QYIUTPEHOB U QYIUIePEHONOA00HBIX MAaTePHUAJIOB.
Oynnepens! U QyIepeHONnoA00HbIE MaTepHAaIIbl KaK KOM-
MMOHEHTHI KOMIO3UIIMOHHBIX HAHOCHCTEM JIJIsl MSITKOM Ha-
HOJHUTOrpaduu, HAHOUYEPHWI, TEMIUIATHOIO CHUHTE3a IO-
PHUCTBIX MaTepHasioB (POTOXUMHUU U HAHO()OTOHUKH.

HanotpyOku u TyOynsipHble Ha-
HOCHCTEMBI.

Knaccuueckue npezacrasineHust o0 aMop(dHbBIX MaTepua-
nax. JlonroBpeMeHHbIe penakcauuoHHble mpouecchl. do-
TonamsATh. llepexonpl «MeTami-IuaNIeKTpUK». SIBiaeHue
MepeHoca B YCIOBUAX MPBIKKOBOM npoBoguMocTu. Gusu-
YEeCKHE MOJIENIN, OOBSACHSIOINE OCOOEHHOCTH IIEKTPOH-
HBIX U ONTHUYECKUX CBOWCTB HEYMHOPSIOYEHHBIX MHUKPO-
u HaHocucrteMm. lllens noasmxHOCTH. MOaenu ¢ NoJI0KU-
TEJIBHOM U OTPULIATEIIbHON KOPPEIALIMOHHOM SHEPrUei.
Mopenu Ha OCHOBE aTOMHBIX TEPMOB M MOJU(PUKALIUU
JUIMH XUMU4ecKux cBsazeil. Kondurypanuonnas nuarpam-
Ma. Mojenu nepeMeHHOM BajJeHTHOCTU. Mojenb NByX-
AJIEKTPOHHBIX LEHTPOB. MosIeIM TPEXLUEHTPOBBIX CBA3EH.
MarepuanoBequeckue KOHLENIMH MHOTOYPOBHEBOU MO-
Iu(UKanuu CBOMCTB aMOP(HBIX MHMKpPO-U HAHOCHUCTEM
(6mmkHEee OKpY)KEHUE, CpefHee OKpY>KEHUE, TOMOJOTHUS,
nepectpoiika cucteMbl aedektoB). CTpyKTypHbIE (a3o-
Bble niepexo/ibl. CBONCTBA HEYNOPSAA0UEHHBIX MUKPO-U Ha-
HOCHCTEM.

TexHHUeCKHE YCTPONCTBA CO CBEPXIUIOTHOM ONTHUYECKOU
3aMuChI0 MHPOPMALIUKA Ha OCHOBE MaTEpUajoB CO CTPYK-
TYypHBIM ()a30BBIM MEPEXOOM B HAHOOOIACTSIX.
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HaumMmeHnoBaHnue TeMbl
JUCHHILIMHEI

Conepxanue

MarepuaioBeicHUE TOPUCTBIX
MHUKPO-U HAHOCUCTEM.

[Tonmumepsrt. IlonumepHsble nenu. Pa3BeTBiIeHHbIE OTUME-
pbl. brokcononumepsl. JleHAPOHBI U AeHApUMEphl. Ya-
CTHUYHO KPHUCTAJUINYECKOE, CTEKI000pa3HOE, BBICOKOIIA-
CTUYHOE U BS3KOTEKy4Yee COCTOSIHUE NOIUMepoB. M3mene-
HUSl CTPYKTYPBI pacTBOPOB aM(pUPUIBHBIX MOJEKYN MPU
YBEIMYEHUN MX KOHILEHTpanuu. Munemisl. JIunocomsi.
[lepkoAannonHass Mozenb cTpoeHus nonumepa. llepeu-
cTeHTHas JuinHa. [lepexon kiryOok — mo0Oyna. Teopus pen-
TaLWMH.

[Tonumeps! 111 pyHKIIMOHATU3AMY TOBepXHOCTEH. [Ipu-
Mepbl cOOPKM HAHOYACTHUIl B OPraHW30BAHHBIC CIIOM HA
(YHKIMOHAIM3UPOBAHHBIX MOBEPXHOCTAX. LIMKibI «an-
copOuus — HelTpanu3anus» st GOPMUPOBAHUSI BBICOKO-
OpPraHHU30BaHHBIX (YHOPSAIOYEHHBIX) MOHOCIIOEB.
ITonsiTe apXuUTEKTypsl HaHOCUCTEMSBI. [lonuMepHO-CBs-
3aHHBIE, IIOBEPXHOCTHO-CBSA3AHHBIC, AIEKTPOCTATUYECKU
CBsI3aHHbIE apxUTEKTypbl. CaMoopraHmsanus Mox Jeu-
CTBHEM BaH-JE€pP-BaajbCOBBIX CH. MaTepuanoBeauecKkue
0COOEHHOCTH ITPUMEHEHUS TTOJIMMEPHBIX MAaTePHAJIOB /IS
(bopMHPOBaHUS MUKPO-U HAHOCHCTEM METOJIaMH HAHOMM-
MIPUHTHHTA. MeTopl HAaHOIITAMIIA, IITaMIIa C BblJJaB-JICH-
HBIM pesibeoM, HaHOTIeYaTH.

10

3akiroueHne

TengeHuuu Pa3BUTHA MAaTCpUAJIOB (I)OTOHI/IKI/I

4.2 IlepeyeHb J1abopaTOPHBIX padoT

JlaGoparopHbie pabOTHI HE MPETYCMOTPEHBI.

4.3 llepeyeHb NPAKTHYECKHUX 3AHATHH

HaumeHoBaHMe NpaKTHYeCKUX 3aHATHH KosnuecTBo aya. yacos
1. Tepmunonorus, nousatus PoToynpyrocts 4
2. AKycToonTHka 6
3. TepmoonTuka 6
4. dotopedpaxiys 6
5. Bo3nelicTBre J1a3epHOTO U3Iy4YEHUs HA MaTepPUAIIbI 6
6. HoBble HenuHelHble HAHOCTPYKTYPUPOBaHHBIE CPEbI 6
Hroro 34

4.4 KypcoBoe npoeKTHpPOBaHHUE

KypcoBas pabota (IIpoeKT) He TPEeTyCMOTPEHBI.
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4.5 Pedepar

Pedepar ve mpexycmoTpeH.

4.6 HuauBuayaJbHOE JOMAIIHEE 3alaHUe

NuauBuayansHOE TOMAIIHEe 3ajaHue He MPeayCMOTPEHO.

4.7 JokJaan

[lenpr0 MOArOTOBKM JTOKJIa/Aa SBISETCA MOJMyYeHHUE YIIIyOJIeHHBIX 3HAHUH MO TEME,
CBSA3aHHOM C M3yUYECHHEM CBOMCTB MarepuasioB (POTOHUKHU U UX MPAKTHUECKUM IIPH-

MCHCHHUCM.

Tema BbIOMpaeTcs CTyAeHTOM ¢ yueToMm Temaruku Oynymieir BKP u cormacyercs ¢

IIpeCrIoaaBaTciICM.

Jlokiaa NOJKEeH OTpaXkaTh TEKYIIEe COCTOSTHUE HAYYHO-TEXHUUECKOU MPOOIeMBbI, 00s-
3aTeJIbHO MCIIOJB30BaHNE HE MEHEe 5 CTOYHUKOB (HE MEHEE TOJIOBUHBI - HAyYHbBIC
CTaTbU B BHICOKOPEMTHHIOBBIX KypHajax He cTapiie 5 JIeT, MPeanoYTUTEILHO 00-
3opHbIe). [IpogomKuTeIbHOCTD A0KIaAa He MeHee 15 u He O6osiee 30 MUHYT, 00s13a-

TeJIbHAs MOATOTOBKA Ipe3eHTauu (He Medee 10 cnaiinos).
Hcxoonvie oannvie u mpebosanus

[lenpr0 NOArOTOBKM JTOKJIa/Aa SBISETCA MOJMyYeHHUE YIIIyOJIeHHBIX 3HAHUH MO TEME,
CBSI3aHHOM C U3yYEHUEM CBOMCTB MAaTE€PUAJIOB COJTHEYHON SHEPTETUKU U UX NTPAKTH-

YCCKUM IMPUMCHCHHUCM.

Tema BbIOMpaeTcs CTyIeHTOM ¢ yueToMm Temaruku Oynymieir BKP u cormacyercs ¢

IIpCroaaBaTciICM.

Jlokmaa NOJKEeH OTpaXkaTh TEKYIIEe COCTOSTHUE HAYYHO-TEXHUUECKON MPOOIEMBbI, 005~
3aTelIbHO HMCIIOIh30BaHME HE MEHEE 5 MCTOYHUKOB (HE MEHEE ITOJIOBUHBI - HAyIHBIC

CTaTbu B BBICOKOpeﬁTHHFOBBIX KypHajlax HC CTapiic 5 JICT, IPCANNOYTHUTCIILHO 00-
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3opHbIe). [IpogomKuTenbHOCTD A0KIaAa He MeHee 15 u He O6onee 30 MUHYT, 00s13a-

TeJIbHas TTOATOTOBKA Tpe3eHTauu (He MeHee 10 crnaifnos).

[IpumepHBIE TEMBI JOKIAOB:

1) Electro-optical effects in materials when electric fields are applied;

2) Acoustic waves and light deflectors;

3) Fiberoptic devices and their application in telecommunications;

4) Laws of Malus, Snell, Bragg

5) Veselago effect and its application in modern metamaterials

6) The use of nano- and bio-structured materials in systems for limiting optical radiation
7) The use of nano- and bio-structured materials in systems for absorbing gases and
impurities

8) Use of nano- and bio-structured materials in solar energy

9) Use of nano- and bio-structured materials in biomedicine

4.8 Keiic

Keiic He mpegycMoOTpeH.

4.9 Opranusanus v y4eOHO-MeTOANYeCKOe 00ecnedYeHne CaMoCTOSITeIbHOM pa-

00THhI

N3ydeHne AUCHUILIMHBI COMPOBOXKIAETCS CAMOCTOSITENIbHON paboTOM CTy/IEeH-
TOB C PEKOMEHJOBAHHBIMU MPENOAABATEIEM JIUTEPATYPHbIMU UCTOUHUKAMU U MH-

(dopManmoHHBIMU pecypcamu cetu MHTepHer.

[ImaHrpoBaHME BpEMEHU JJIs1 U3YUECHUS JUCLHHUIUIMHBI OCYILIECTBIISIETCS HA BECh
nepuoj 00yueHus, IpeycMaTpuBas IpU TOM PETYJISIpHOE MOBTOPEHUE MPOHAECHHO-
ro marepuana. OO0y4arommMcsl, B paMKax BHEAyAUTOPHON CaMOCTOSATENbHON pado-

ThI, H€O6XOI[I/IMO PETYIIAPHO AOIMOJIHATL CBEACHUAMUA U3 JIMTCPATYPHBIX HCTOYHHUKOB

14



Marepua, 3aKOHCIIEKTUPOBAHHbIM Ha JIEKUUAX. [Ipy1 3TOM Ha 0CHOBE U3yueHus pe-
KOMEH/IOBAaHHOM JIMTEPATYPHI IIEJIECO00Pa3HO COCTABUTh KOHCTICKT OCHOBHBIX TI0JIO-
KEHUH, TCPMUHOB M OIPEACIICHUI, HEOOXOIUMBIX ISl OCBOCHUS Pa3/IeioB YUeOHOM

JUCIUITIINHBI.

Oco0oe mMecTo yaensieTcsi KOHCYJIbTUPOBAHUIO, KaK OHON U3 (hopM 00ydeHHUs
¥ KOHTPOJISI CAMOCTOSITeNbHOM paboThl. KoHCynmpTHpOBaHue mpenmonaraeT 0coObM
00pa3oM OpraHu30BaHHOE B3aUMOJICHCTBHE MEXK/Ty MPETOAaBaTeNIeM U CTY/ICHTaMHU,
IpY 3TOM MPEATNOIIAraeTcs, YTO KOHCYJIBTAHT JIMOO 3HAET TOTOBOE PEIICHUE, KOTOPOe
OH MOXET NPEeANUCcaTh KOHCYJIBTUPYEMOMY, JINOO OH BIIAJEET COCOOAMU ACSTENb-

HOCTH, KOTOPbI€ YKa3bIBAIOT MYTh PEIICHUs TPOOIEMBI.

Texymas CPC IIpumepnas
TPYA0EMKOCTh, a4

Pabora ¢ neKInOHHBIM MaTepHalioM, ¢ y4eOHO TuTepaTypoit 20
Omnepexaroniasi caMoCTosiTeNIbHas paboTa (M3yueHue HOBOTO MaTe-

pHana 10 ero U3JI0KEeHUs Ha 3aHATHAX ) 0
CaMoCTOATENIBHOE U3YUYEHHE PA3AEI0B TUCLUILINHEI 0
Beinonxnenue foMalHuX 3a1aHUi, JOMAITHUX KOHTPOJIBHBIX paboT 0
[ToaroroBka Kk mabopaTopHbIM paboTaMm, K MPAKTHUYECKUM U CEeMHU-

HapCKUM 3aHATUSIM 10
[ToaroToBka K KOHTPOJIBHBIM paboTaM, KOJUIOKBUYMaM 0
Brimonnenne pacueTHO-TpadguyecKkux padoT 0
BrinonHeHne KypcoBOro npoekTa Wi KypcoBoi paboTbl 0
[Touck, nzydyenue u npe3eHTaIuss HHOOPMAIIMH 110 33JIaHHON TIPO-

OnmemMe, aHAM3 HAYYHBIX MyOIMKAINI 110 3aIaHHON TEMe 10
Pabora Hax MeXIUCHUIUIMHAPHBIM POEKTOM 0
AHanus JaHHbBIX 110 33JJaHHOM TeMe, BBITIOJTHEHHUE PAaCu€TOB, COCTAB-

JIEHHE CXEM U MoJiesiel, Ha OCHOBE COOPaHHBIX JaHHBIX 0
[ToaroroBka k 3auety, UG PepeHIHPOBAHHOMY 3aUETy, IK3aAMEHY 35
HNTOI'O CPC 75
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5 YueOHO-MeTOOMUECKOE 00ecIIeYeHHue TUCIUTLINHBI

5.1 IlepeyeHb OCHOBHOM M JONOJHHUTEIbHON JIUTEPATYPbI, HEOOXOAMMOM IJIs1

0CBOCHHUA JUCHHUIIIINHBI

Ne i/m Ha3Banmne, Oudnnorpaguyeckoe onucanme K-Bo
IK3. B
onoJ1.

OcHoBHas auTeparypa

1 Kamanuna, Haranus Bnagumuposna. HoBele onTuueckue marepuaisl -(yi- 39
nepenbl. CBoiictBa W oOmactu mpuMeHeHus [Tekct] : Yueb. mocobme /
H.B.Kamanuna, 2002. -59 c.

2 Kamanuna, Haranus BnagumupoBHa. JXKujakue KpucCTaibl -NMEPCIIEKTUBHbBIC 59
Marepuasbl onTodekTpoHuku. CBoiicTBa u obnactu npumeHenus [TekcT] :
yue6. mocobue ams By3oB no crnenuaibHocTd 200100 -MukposneKTpoHuKa u
TBeproTenbHas aekrporuka u 202000 -KBaHToBast M onTHYECKast AIEKTPOHU-
Ka 654100 -Dnexrponuka u Mukpoanekrponuka / H.B. Kamanuna, 2004. -83

C.

3 Filatov Yu.V. Wave optics : tutorial / Yu. V. Filatov, 2017. -1 a51. onit. muck (CD- | Heorp.
ROM).

4 Venedictov V.Yu. Fundamentals of nonlinear optics : tutorial / V. Yu. | Heorp.

Venedictov, 2017. -1 an. ont. nuck (CD-ROM).
5 DiMarzio Charles A. Optics for engineers / C. A. DiMarzio, 2012. -XXIII, 535 6

c.
JlomonHuTeNnbHas TUTEpaTypa
1 SApus, AmHoH. KBanToBas s>nextponuka [Tekct] / A. SIpuB ; mep. ¢ aHII. MOA 24
pen S.W1. Xanuna, 1980. -488 c.
2 Axwmanos, Cepreit Anekcanaposud. @usndeckas ontuka [Tekcrt] : yueb. s 10

BY30B I10 HampaBJIeHHUIO U crienraibHocTH ~“@u3uka” / C.A. Axmanos, C.1O.
Huxkwnrun, 2004. -654 c.

3 Photonics : scintific foundations, technology and applications / ed. by D. 3
L. Andrews. -(A wiley-science wise co-publication). Vol. II : Nanophotonic
Structures and Materials, 2015. -xii, 412 c.

4 Photonics : scientific foundations, technology and applications / ed. by D. L. 3
Andrews. -(A wiley-science wise co-publication). Vol. I : Fundamentals of
Photonics and Physics, 2015. -xiv, 456 c.

5 Bacunesckuii, Anexcannp Muxaiinosud. Optics and optical measurements in | Heorp.

solar energy : ameKkTpoH. yued.-metof. mocodue / A. M. Bacunesckuii, I. A.
Kononnes, O. C. Crenanosa, 2020. -1 1. ont. nuck (CD-ROM).

5.2 TIlepedeHb pecypcoB HH(POPMAITHOHHO-TEJIEKOMMYHUKANUOHHOM ceTH « UH-

TEPHET», UCIIOJb3YEMbBIX IIPH OCBOCHUH NTUCHUIIJTUHBI
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Ne i/ DJIeKTPOHHBIN aapec

1 Onrtuyeckue marepuansihttp://laser-portal.ru/content 357

5.3 Anpec caiita Kypca

Anpec caiita kypca: https://vec.etu.ru/moodle/course/view.php?id=12745
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https://vec.etu.ru/moodle/course/view.php?id=12745

6 Kputepun oileHUBAHUA U OLICHOYHbIE MATEPHAJIbI

6.1 Kpurepuu oueHuBaHus

s mucnnmuinabl « Marepuansl potonnku (Photonics Materials)» mpeaycmoT-

peHbI ciienytoue GopMbl MPOMEKYTOUHON aTTECTALIMU: YK3aAMEH.

JK3aMeH
Ouenka Onucanue

HeynosnerBopurensHo Kypc ne ocBoeH. CTyIeHT UCIBITHIBAET CEPHE3HBIE TPYAHOCTH
IIPU OTBETE Ha KJIFOUEBbIE BOIIPOCHI TUCIUILINHBI

VY1oBIEeTBOPUTENHHO CryneHT B LeJOM OBIaAeN KypCOM, HO HEKOTOPBIE pa3Jiebl
OCBOEHBI Ha YPOBHE OIpeIeIeHUN U (OPMYIUPOBOK

Xoporo CryneHT oBiaien Kypcom, HO B OT/IETbHBIX BOPOCAX UCTIBITHI-
BAET 3aTPyIHEHUs. YMEET pellaTh 3a/1auu

OtnuyHO CTyaeHT JeMOHCTPUPYET MOJHOE OBIJIAJIEHUE KYypCOM, CIOCO-
OeH NPUMEHATH NOJTY4YEeHHBIC 3HAHHS MPHU PEIICHUH KOHKPET-
HBIX 3a]1a4
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OcobGeHHoCTH 1O0MyCKA

I[OHYCK K 3K3aMCHY OCYHICCTBJIACTCA IIPH BLINMOJIHCHHUH BCCX MCpOHpI/IHTI/Iﬁ
TCKYLICIO KOHTPOJIA YCIICBACMOCTH. DK3aMeH IMPOBOAUTCA 110 DK3aMCHAIIMOHHBIM

6I/IJ'ICTaM, COACPIKAIIMUM Ba BOIIPpOCA 110 AUCHUILIINHC.

6.2 OueHouHble MaTepPHAJIbI ISl IPOBEJCHUS TEKYIIEro KOHTPOJIS U IpoMe-

JKYTOYHOM aTTecTAlMH 00y4AOIIUXCH 110 AMCHUIJINHE

Bomnpocsl Kk 3xk3aMeHy

Ne ni/m Onucanue

1 Accepted today division of optical materials based on the refractivity and on a spectrum:
UV, visible, IR-range. Materials used in the solar energy area. Examples of the materials
with the different charge carrier mobility

2 Fullerenes, mechanical and spectral properties, energetic levels scheme. Singlet and
triplet channels activated by the light with the different pulse regime (frequency).
Solubility of C60 and C70 fullerenes in different organic solvents.

3 Si-based materials, conductivity and charge carrier mobility. The method to decrease the
Fresnel losses from the Si-based substrate. Possible construction of the solar cell element.

4 Raman-Nath diffraction conditions. Diffraction efficiency, spatial frequency, types of the
schemes to reveal the change of the refractive index in the conjugated structured materials.
Relation between the induced refractive index and the light intensity

5 Optical limiting effect in the fullerene-doped materials and the mechanisms responsible
for it. Examples of the materials for the different spectral range. Which range of the
wavelength can be considered as the eyes-saved?

6 ITO coatings in the solar energy and modulators techniques. Refractive index, comparison
of the parameters with the ZnO conducting layers. Innovative method to improve the
transparency, microhardness and laser strength of the ITO.

7 Liquid crystal materials with the relation between the ordinary and extra-ordinary
refractive index (no[] ne and nel] no). Examples of the materials with the illustration.

8 Electro-optical effects. High frequency Kerr effect in the nanostructured materials.
Nonlinear refraction and cubic nonlinearity. Examples of the classical and innovative
structured materials.

9 Construction of the liquid crystal (LC)-based optoelectronic modulators. Two modes to
operate in the transmittance and reflectance regime. Advantage and disadvantage both of
them.

10 Spectral, mechanical and wetting phenomena properties of the optical materials: KBr

(Fourier spectroscopy crystals), MgF2 (the out-put window of the UV lamps for the
disinfection of the hospital rooms), LiF (passive laser shutter).

11 The internal electric field of the media (materials). Comparison of the internal field
strength of the medium with the electric component of the electromagnetic laser wave,
which reveals the nonlinear features of the media.

12 Glass substrate as the optical elements. Optical density of the mass of glass and the optical
density responsible for the reflectance from the glass surfaces.
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13

Optical properties of the fullerenes and carbon nanotubes. Absorption cross section and
electron affinity energy of the fullerenes; refractive index of the carbon nanotubes. Effect
to decrease the Fresnel losses, its influence on the light absorption.

14

The distribution of the applied voltage between the layers of the sandwich structure: an
liquid crystal (LC) mesophase -high resistance orientation layer, using the resistivity,
thickness and applied voltage value. Types of the orienting (alignment) layers.

15

General mechanisms responsible for the attenuation of the light in the conjugated organics
structural structures (materials). Please indicate 2-3 mechanisms with their possible
illustration.

16

Construction of the solar energy element and the role of the different layers in it.
Dependence of the potential relief spreading on the charge carrier mobility. Samples of
the solar energy materials with their efficiency.

17

Basic parameters of the photosensitive and electro-optical layers used in the solar cells
and optoelectronic modulators. Choice of the compromise between the resolution and the
speed of these modulators.

18

Transition and relaxation times in the energetic level scheme of the fullerene-containing
materials. Conditions of the exposure to light radiation for the manifestation of the linear
and nonlinear effects.

19

Types of the orientation of the liquid crystal (LC) dipoles without and with electric
field. Basic features of the nematic LC mesophase. What do you know about LC display
technology?

20

Si, Sc, etc. solar energy materials. Conjugated polymers used in the solar energy area.
Photoconductivity, charge carrier mobility, efficiency of the organic and inorganic
materials in the solar cells elements.

21

Principle of the operation of the optically-and electrically-addressed spatial light
modulators. The types of the photosensitive layers for the different spectral range.

22

Innovative materials: fullerenes, carbon nanotubes, quantum dots. Application in the solar
energy, optoelectronics and biomedicine.

23

Photosensitive layers in the solar cells. The time of spreading of the potential relief under
the external field, its dependence on the mobility of charge carriers. Comparison between
charge carrier mobility in the Si materials and in the conjugated polymers.

24

Types of the electro-optical effects. High frequency Kerr effect. Dependence between
refractive index change and intensity of the light.

25

S-, B-, T-deformation in the LC media. The basic LC display technology based on the
twist effect; the speed of the display elements based on the nematic and smectic. The
reason to use namely the nematic LC.

26

Si and Sc materilas in the solar energy technology. Role of the Sc layer in the charge
carrier moving in the solar cell and as the layer, which can decrease the reflectance losses
from the Si-based substrate.

27

Acoustic modulators in the optoelectronics applications. Raman-Nath diffraction
conditions realization in this type modulator application.

28

Innovative nanomaterials, photoconductive, photorefractive, spectral and mechanical
characteristics. Role of the carbon nanotubes in the decreasing Fresnel losses for the
optical materials.

29

ITO and ZnO conducting layers in the solar energy applications. Thickness, conductivity,
spectral range of the operation, refractive parameters. Innovative way to decrease the
Fresnel losses.
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30 Construction and the principle of the operation of the spatial light modulator. Basic
parameters and their estimation. Compromise between resolution and speed.

31 Types of the electro-optical effects. High frequency Kerr effect. Dependence between the
refractive index change and the intensity of the light.

32 Glass substrate as the optical element. The correlation between the optical density of the
glass mass for monochromatic light and the absorption coefficient and the thickness.

33 Types of the electro-optical effects. Features of the high frequency Kerr effect.
Dependence between the refractive index change and the intensity of the light.

34 Polymer-dispersed liquid crystal (PDLC) modulators. Mechanism to operate and
advantages for the optoelectronic applications.

®opma dustera
MunucTepcTBO HayKu U Bbiciiero oopa3zoBanusi Poccuiickoit @enepanuu
OI'AOY BO «Cankt-IleTepOyprckuii rocynapCTBEHHBIN 3JIEKTPOTEXHUUECKUN

yHuBepcutet «JIDTWU» umenu B.M. Yabsanosa (Jlenuna)»

3K3AMEHAHI/IOHHI)II7I BUWJIET Ne 1
Jlucuminaa Photonics Materials ©9J1

1. HITO and ZnO conducting layers in the solar energy applications. Thickness,
conductivity, spectral range of the operation, refractive parameters. Innovative way

to decrease the Fresnel losses.

2. Polymer-dispersed liquid crystal (PDLC) modulators. Mechanism to operate
and advantages for the optoelectronic applications. Types of the PDLC. Phase retardation.

YTBEPXJIAIO

3aBeayromuii kadeapoit C. A. Tapacos

Bech KOMIUIEKT KOHTPOJIbHO-U3MEPUTEIIHHBIX MaTePHAIOB IS TPOBEPKH CHOp-

MHUPOBAHHOCTHU KOMIICTCHIIUU (I/IHI[I/IKaTOPa KOMHCTGHHI/II/I) Pa3MCIICH B BaKpBITOfI
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YacTH I10 aJIpecy, yKa3aHHOMY B II. 5.3
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6.3 I'paduk Tekyuero KOHTPOJIA yCIeBaAeMOCTH

Heneas Tembl 3aHATHH Buja konTpoOsst

7 @dyHaMeHTaIbHbIE OCHOBBI KJIacTepooOpa3oBanus u Marepua- | [loknan / IlpeseHra-
JIOBE/IEHUS KJIACTEPHBIX CUCTEM st

8 [TomynpoBOAHUKOBBIE MCKYCCTBEHHBbIE HAaHOCUCTEMBI ¢ MoHM- | Jloxman / Ilpesenta-
KEHHOHN pa3MEpPHOCTHIO st

11 MarepuanoBeznenue QymuiepeHoB U ¢ymiepenononoOusix ma- | Joxman / Ilpesenta-
TEPUAJIOB. st

12 ®dpakranpbHbIe MOJICTH U JIEMEHTHI TEOPUU TiepKoisiuu B Ma- | Jloknax / Ilpesenra-
TEepUATIOBEIEHUU st

6.4 Meroanka TeKymero KOHTpPoJs

1) Ha JICKIITMOHHBbIX 3aHATHAX

Texy1iuii KOHTPOJb BKJIIOYAET B CEOsI KOHTPOJIb MOCcemaeMocT (He meHee 80

% 3aHsATHUI), IO pe3yJIbTaTaM KOTOPOTO CTYJICHT MOJIy4YaeT AOMYCK Ha K3aMEH.
2) Ha IPAKTHYECKHUX 3AHATUAX

Tekymuii KOHTPOJIL BKIIOYAET B ce0s1 KOHTPOIb MoceniaeMoctu (He meHee 80

0 3aHITHUH), II JbTaTaM KOT T'0 CTYACHT ITIOJIYYACT JOIIYCK Ha 5K3aMCH.
% 3a , 110 PEC3 ara OTOPOIO C v (0) ac OIIyC a OK3aM¢

OO0yuaroruecs MOAroTaBIMBaIOT 4 JOKJIaa, KOTOPBIE OIIECHUBAIOTCS 110 4-0aJIITbHOM

IIKAJIC ITO pE3ylibTaTaM IIPOBCPKHU IIPCIIOAABATCIICM

“OTJIMYHO” - TeMa PACKPBITA MOJHOCTHIO, 0(OPMIIEHHE COOTBETCTBYET BCEM

TpeOOBaHUSIM;

’XOpOIIO” - TeMa PaCKphITa B 3HAYUTEIBHON CTENIEHH, €CTh 3aMe4aHust K 0popM-

JICHUIO;

’yIIOBJIETBOPUTEIILHO - TEMa PACKPBITA YACTUYHO, €CTh CEPhE3HbIC 3aMEYaHU

K opopMIIeHHIO;
HEY/IOBJIETBOPUTENBHO - TEMA HE PaCKphITa.

HJ’IH AO0ITYyCKa K 9K3aMCHY HCO6XOI[I/IMO IIOJIYYUTDb OLCHKY HC HMIKC YIOBJICTBO-

PUTCIIBHO 110 BCCM JOKJIaJaM.
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B xoze mpoBeeHUs CEeMUHAPCKUX M MPAKTUUYECKUX 3aHATUM 11eJIeco00pa3Ho
IPUBJICUCHUE CTYJICHTOB K KaK MOXKHO 0oJiee aKTUBHOMY Y4YaCTHUIO B JIUCKYCCHSIX,
pElIeHnH 33124, OOCY ACHUSIX U T. 1. [[pr 5TOM aKTUBHOCTH CTY/IEHTOB TaKKE MOKET

YUYUTBIBATLCA IIPCIIOAABATCIICM, KaK OIWH U3 CIIOCO0O0B TCKYHICT'O KOHTPOJIA
MeTtoauka TEKYIIEI0 KOHTPOJSA CaMOCTOSITEJIbHOM paﬁoTLI CTYACHTOB.

KoHTpoabs caMocTosTENbHOM pabOThl CTYACHTOB OCYIIECTBISETCS HA JIEKIIH-
OHHBIX U IPAKTUYECKHUX 3aHATUAX CTYJICHTOB IO METOJAMKAM, OITUCAHHBIM B I1.1. 1-3,

a TaKKe MOCPEICTBOM ITPOBEPKU KypCOBOM pabOTHI.
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7 Onncanue MHPOPMANMOHHBIX TEXHOJIOTHI M MATEPHUATILHO-TEXHUYECKOH 0a3bl

Tun 3angaTui

Tun nomelenus

TpeOoBanus K
MOMeLeHHN IO

TpeGoBanus k
IMPOrpaMMHOMY
o0ecrneYeHuIo

Jlexuus

JlexunoHHas aymauTo-
pust

KonuyecTBo  mocamouHbix
MECT — B COOTBETCTBHHU C
KOHTUHTEHTOM,  pabouee
MECTO MPEToAaBaTes, 10C-
Ka, 3KpaH, npoekrop, IIK,
HOYTOYK MJI KOMIIBIOTEP.

1) Windows XP
U BBIIIIC;

2) Microsoft
Office 2007 wu
BBIIIIE

[IpakTnueckue 3aHs-
TUS

Aynuropus

KonmnuecTtBo  mocagouHbIX
MECT — B COOTBETCTBHHU C
KOHTHHIEHTOM,  pabouee
MECTO Ipernojanarels, 10c-
Ka, 9KpaH, npoekrop, 11K,
HOYTOYK MJI KOMITBIOTEP.

1) Windows XP
U BBIIIIC;

2) Microsoft
Office 2007 wu
BBIIIIE

CamocrosTenbHas pa-
oora

Ilomemenue naa ca-
MOCTOSATENBHON pabo-
Ta

OcHalleHO KOMIBIOTEPHOM
TEXHUKOH C BO3MOXKHOCTBIO
MMOJKIIOUCHHS K cetu «MH-
TEpHET» U O0O0ECIeUCHUEM
JIOCTyIa B DJEKTPOH-
HYIO nH()OPMAIIMOHHO-
o0paszoBaTebHYI0  Cpeay
YHUBEPCUTETA.

1) Windows XP
1 BBIIIIC;

2) Microsoft
Office 2007 wu
BBIIIIC
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8 AnanTanus pado4yei nporpammsl A Jul ¢ OB3

AnantupoBaHHas MporpaMma pa3padarbiBaeTcsl MPH HATMYUU 3asSBICHUS CO
CTOpPOHBI 00yUarOIIeTrocs (PoaUTENCH, 3aKOHHBIX MPEICTABUTENICH ) U MEAUITTHCKIX
MOKa3aHUK (PEKOMEHIAIIUSIMHU TICUX0JI0TO-MEIUKO-TIEAarOrnueCKOM KoMuccum ). J{is
WHBAJIMOB aJalTUpOBaHHAsl 00pa3oBaTeibHAs MporpamMMa pa3padarbiBacTCs B COOT-

BETCTBUU C MHAUBUYyIbHONU MPOTpaMMON peabuInuTaIUH.
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JUCT PETUCTPAIIMM U3MEHEHUI

Ne
n/n

Jlara

HN3MmeHeHnue

JaTra u HoOMep NPOTOKOJIa
3acexanus Y MK

ABTOp

HavaapHuk
OMOIJIA
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