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1. HammeHoBaHue TUCIUIIIINHBI
DJIEeKTPOIHHAMHUKA MATEPHATBHBIX CPE/I

2. MecTo IMCHHUILIMHBI B CTPYKTYpeE 00pa30BaTeIbHOM NMPOrpaMMBbI

JlucuuriauHa BXOAWT B BapHaTUBHYIO 4acTh bioka « M.1 » o6pa3oBarenbHOM MPOrpaMMBbI 110 HAMpaBICHUSIM
MOATOTOBKH (CMEIUATBLHOCTSIM):

Hanpasnenue: 28.04.01 HaHOTEXHOIOTHM 1 MUKPOCUCTEMHASI TEXHUKA

HampaBlIeHHOCTh MaTepuasbl MUKPO- 1 HAHOCUCTEMHON TEXHUKU



3. [lnanupyembie pe3y/ibTaThl 00y4eHUs M0 AUCHUILINHE

B pesynbrare ocBOSHUS TUCIUTUIMHB DJIEKTPOANHAMHKA MATEPHAJIBLHBIX CPell Y 00yJaronierocs
JOJKHBI OBITH CPOPMHUPOBAHBI CIIETYIOINE KOMITETEHITHH:

28.04.01 HaHOTEXHOJIOTHH M MUKPOCUCTEMHAs TEXHHUKA (HAIIPaBICHHOCTD : MaTepuaibl MUKPO- U
HaHOCUCTEMHOMN TEXHHUKH )

OIIK.1 CriocoOeH CTaBUTh U PelIaTh MH)KEHEPHBIC U HAYYHO-TEXHUYECKUE 3a/1a4u B 00J1aCTH
HAHOTEXHOJIOTUNA ¥ MUKPOCHUCTEMHON TEXHUKH U HOBBIX MEKIUCIIUTUTMHAPHBIX HAIPABJICHHUSIX Ha OCHOBE
€CTECTBEHHOHAYYHBIX 1 MAaTEMaTUUYECKHX MOJIeJe

HNuaukaropsl

OIIK.1.2 Mcnonp3yeT ecTeCTBEHHOHAY4YHbIE 1 MAaTEMAaTHYECKUE MOJIEIH MPU PEIICHUN NH)KEHEPHBIX U
HAYYHO-TEXHMYECKHX 337a4 B 00J1aCTH HAHOTEXHOJIOTHI U MUKPOCUCTEMHOMN TeXHUKH



4.

O0beM U coepkaHue TUCHHUILINHBI

HanpasyeHusi noAroToBKu 28.04.01 HanOTEXHONIOIMM ¥ MUKPOCUCTEMHAs TEXHUKA
(HampaBJIeHHOCTh: MaTepHaibl MUKPO- U HAHOCUCTEMHOM TEXHHUKH)
¢opma o0yuenus OYHas
NeNe TpumecTpoB, 1
BbI/ICJICHHBIX 1JIS1 U3y4YeHUS
AUCHMILINHBI
O0beM AUCIHUILIMHBI (3.€.) 4
O0beM JUCHUILIMHBI (AK.YaC.) 144
KonTakTHasi padora ¢ 48
npenoaaBartesieM (aK.4ac.),
B TOM 4HcCJIe:
IIpoBenenue JeKIUOHHBIX 24
3aHATHH
IIpoBeneHne NpakKTHYECKHUX 24
3aHATHI, CECMHMHAPOB
CamocTrosiTesbHast padoTa 96
(ak.4ac.)
®opMbI TEKYLIET0 KOHTPOJIA Bxonnoe tectupoBanue (1)
HtoroBoe koHTposbHOE MeponpusTue (1)
ITuceMeHHOE KOHTpOIbHOE MeponpusTue (2)
DopMbI IPOMEKYTOUYHOM Ox3ameH (1 Tpumectp)
arrecTanuu




5. AHHOTI/IPOBaHHOC OonmucaHue CoaAcpKanusd pasacjaoB U TEM TUCHUIIJIHHBI

DJIEKTPOAMHAMMKA MATePHAIbHBIX Cpej

Makpockonuyeckoe onucaHue 3JJeKTPOMATrHUTHOIO OIS B cpee
OTOT pa3fell NOCBAIIEH BEIBOY MAKPOCKOIIMUYECKUX YPABHEHUH NTOJISL B CPEE U3 MUKPOCKOITMUYECKHUX
ypaBHEHHI U 00CYXICHHUIO YCIOBUI Ha TpaHMLIe pasnena cped. [Ipu MakpocKonn4eckoM U3y4eHun
AJIEKTPOMAarHUTHOTO TOJIS B CPEAE Mbl CUUTAEM, UTO 3apsi/ibl HENPEPHIBHBIM 00pa30M 3aIlOJIHAIOT YYaCTKH
MaTepHaIIbHBIX TeN («0OBEMHBIE 3apsi/ibl» WIH «0ObEeMHBIE TOKM»). Takol MoaXo NIPUMEHUM K OIMCAHUIO
JIEKTPOMAarHUTHBIX IOJIEN B PEaIbHBIX MATEPUAIIBHBIX TENAX U OCHOBBIBAETCS HA SKCIIEPUMEHTAJIBHBIX
JAHHBIX.

Mukpockonuyeckue 1 MAKpPOCKONMYeCKHe 3HAYCHUS (PU3HYECKUX BeJTHYNH
[ToHsTHE BEKTOPOB CPEAHUX MAKPOCKOIIMYECKUX HAMPSKEHHOCTEH 3JIEKTPUUECKOI0 U MarHUTHOTO TOJIEH,
AIEKTPUIECKON M MAarHUTHOW TMOJISPU3alMA U MHAYKIMH. MaKkpocKonmnueckie ypaBHeHHs MakcBesia (B
g depeHnnaIbHON U HHTErpanbHON (hopMax) JUIsl OISl B MaTEPHANIbHOM cpefie Kak pe3ysbTaT yCpeaHEHUS
MAaKpOCKOIIMYECKUX YPaBHEHUN KIIACCUYECKOMN IEKTPOHHON TEOPHH.

3apsabl 1 TOKU B cpefe. BekTop 3/1ekTpUYeckoil 1 MATHUTHOI moJispu3annu. MarepuajiabHble
YPABHEHUSA
Toxk n nossipr3anus Kak pe3ynbTaT BO3JICUCTBUS NOJIEH HA CPEAY M KaK MCTOYHHUK 3THUX Iosied. MarepuanbHble
YPaBHEHHUs U1 PA3IMUHBIX cpel. JuanekTpudeckas 1 MarHuTHasi IPOHUIIAEMOCTH, POBOAUMOCTE. CTOpOHHHE
UCTOYHMKU. [IoHsATHE BpEMEHHOU U IIPOCTPaHCTBEHHOU auctiepcuu. 1lonHas cucrema ypaBHeHuii Makcseia B

cpene

YcioBus 1715 moJieil Ha TpaHUIe pa3jesia cpes
FpaHI/ILIHble YCJIOBUA AJId TAHI'CHIUAJIBbHBIX 1 HOPMAJIbHBIX KOMIIOHCHT BEKTOPOB II0JIA Ha HpOHSBOJ’IBHOfI
MOBepXHOCTHU. [TOHATHE MOBEPXHOCTHBIX 3aPSI0B M TOKOB.

JHeprus 31eKTPOMATHUTHOIO MOJISA B cpe/e
[110THOCTB 37EKTPOMArHUTHOM dHEPTUU B cpene 6e3 aucnepcuu. [[KoyneBbl MOTepH.

JAM31eKTPUKH B OCTOSTHHOM J3JICKTPUYECKOM 1101
Teopust MakcBemna sBisieTcs: PEHOMEHOJIOTUYECKOH U MOCTYIUPYET MapaMeTphl, CBA3BIBAIOIINE CBOHCTBA
CpeJbl U 3JIEKTPOMATrHUTHOIO T0JI B HEW Yepe3 MaTepuajibHble ypaBHEHUS, HE OOBSACHSS Pa3InIUe 3TUX
apaMeTpoB y pa3HbIX cpel. B mpocToM ciryuae JIMHEHHBIX N30TPONHBIX CPEl 3TO TpU GYHKIHUU KOOPIUHAT U
BPEMEHHU — IUDJIEKTPUYECKAsl IIPOHULAEMOCTD , MArHUTHAS IIPOHULIAEMOCTb U IIPOBOAUMOCTD. TOJIBKO
MOJIEKYJISIpHAst TEOPHsI MOYKET CBA3aTh CBOMCTBA JUICKTPUKOB U MarHETUKOB C UX MOJIEKYJIIPHBIM CTPOCHUEM.
B naHHOM pasznene Mbl paCCMOTPUM HEKOTOPBIE MTOJIOKEHUS MOJIEKYJISIPHON TEOPUN TUAIIEKTPUKOB.

Monsipu3anust nudnekTpukos I poxa
Knaccudukanus qusnektpukoB. [lonspuszaus HENOISPHBIX TUAIEKTPUKOB

Moasipusanus audiaektpukos 11 poga
[Tonspusle agudnekTpuku. Teopus JlanxkeseHa.

MarbeTuky B IOCTOSSHHOM MAarHUTHOM I10JIe
[Tpu BHECEHMU MarHeTHKa B MarHUTHOE T10JI€ MOJIEKYJIbI IPHOOPETAIOT JOMOJHUTEIbHbIE MATHUTHBI MOMEHT.
B pesynbrate hopmMupyercs MaKpocKomuueckass HAMarHM4eHHOCTh. CyIIecTBYIOT MarHETHKH, KOTOPBIE
HaMarHW4Y€HbI TOJBKO B IPUCYTCTBUE CTOPOHHETO MATHUTHOIO MOJIA. X HAMarHM4eHHOCTh HCYE3aeT NPU
BBIKJIFOUEHUH TOT0 NoJIsl. Takue MarHeTUKU MPUHATO AEIUTh Ha JIBE OOJIbIINE IPYMIIbL: AMAMAarHeTUKU U
napamaraeTuk. Kpome nepedncieHHbIX MarHeTUKOB €CTh OOJIbIIast FPyIIa BelecTB, KOTOpble HAMarHu4eHbl



U B OTCYTCTBHUC BHCHIHECTO IT1OJIA (HOCTOHHHBIC MaFHI/ITBI). Onu Ha3BIBAIOTCS (I)eppOMaFHCTI/IKaMI/I.
OnucaHuio TaKUX THIIOB MarHETUKOB IIOCBAIICH HaCTOSIH_[I/Iﬁ pasacii.

JAunamarserusm
Knaccudukarus maraetukoB. Teopust Jlapmopa. MarauTHast BOCHPUUMUYUBOCTD AJIEKTPOHHON 000JI0UYKH
aToMa.

ITapamarneTuku
CoOCTBEeHHBIN MarHUTHBIM MOMEHT aroMa. OpOUTaIbHBIN U CIUHOBBIN MOMEHT. Teopus JlamkeBeHa. @opmyna
bpunntosHa.

DeppoMarHeTusm
CriontanHoe HamarHndeHue. @a3oBblil IEpexo/1 B apaMarHuTHy obaacts. Temneparypa Kiopu. fomennas
CTPYKTypa (heppoMarHeTUKOR

®eHoMeHoJIoTHYecKasi Teopus Beiicca
MonekynspHoe noje. Teopust cpennero nois Beiicca. KpuBas HamaraudeHust U (ha30BBIi MEPEXO/I.

Ili1ockue MOHOXpOMAaTHYECKHE BOJIHBI B OTHOPOJHOM cpene
ONEKTPOMarHUTHBIE BOJIHBI MOTYT PACIIPOCTPAHATHCS HE TOJIBKO B BAKYyM€E, HO M BHYTPH BEILLIECTBA, OAHAKO UX
CBOWCTBA IPH 3TOM 3aBUCSAT OT CBOICTB BeriecTBa. JlaHHBIN pa3/ien MOCBSIIEH aHAIN3y OCOOCHHOCTEH
pacrpocTpaHeHus BOJH B cpeze. PaccMoTpeHo 3aTyXaHne TakuX BOJIH BCJIEACTBUE AUCCUIIATUBHBIX MPOLECCOB.

JucnepcuonHoe cooTHomeHue. neajbHbIN INIJIEKTPUK
OnHOPOIHBIE U HEOJHOPOIHBIE TIJIOCKUE BOJIHBI B HEMOTJIONIAOIIEH N30TPONHOM cpenie. OpueHTanus BEKTOPOB
ANEKTPUYECKOTO U MAarHUTHOTO NoJisA. JIucepcMOHHOE COOTHOLIEHUE.

IIpoBoasimast cpexa. BoJHbI B XOpo110 MPOBOASAIIIEH cpee
Pacnpenenenue nepeMeHHBIX TOJIEH U TOKOB B MIPOBOAALIEM ModynpocTpancTBe. CkuH-3¢dekt. I'pannyHble
ycioBus JleoHTOBHYA. DHEPreTUYeCKUe COOTHOLIEHUS NPU CKUH-I(deEeKTe.

YciaoBus HA TpaHuIle WA€aTbHOTO MPOBOAHUKA
OTtpaxkeHne OT XOPOIIO MPOBOISALIEH MOBEPXHOCTH U yCJIOBHE JIEOHTOBHYA.

PacnpocTpaneHue cBeta. 3aKoHbI OTPa)KeHHUs U npejaomiaeHuss. @opmysibl OpeHes
OTtpaxkeHHe U MpeIoMIIEHHE TUIOCKUX BOJIH Ha IJIOCKOM rpaHulle pa3zena AByX cpea. HopmanbHoe naieHue.
Haxnonnoe nagenue. Yron bprocrepa.

Honsipu3anust B ObICTPONIEPEMEHHOM JIEKTPUYECKOM MOJIe
HI/IHaMI/I‘-IeCKaSI noJjisipu3anusd B I10JIC CBETOBOM BOJIHBEI. CBS3b MCKOY I/IHI[YKIII/Iefl N HAIIPSPKCHHOCTBIO ITOJIA.
PacnpocTpanenne uMnyJibCHOTO CUTHAJIA B CPEJIe ¢ BPEMEHHOM qucrepcueil. ['pynmoBas CKOpoCTh U CKOPOCTh
sHeprun. {uddysnonHoe ypaBHenue it orudaroieii ummysbca. PacribiBanue ummysbca.

BosHoBoabI
Pa3znen nocesilieH peleHno XapakTEPHbIX 33/1a4 paclpOCTPAHEHUSI JIEKTPOMArHUTHBIX BOJH B BOJTHOBOJIAX.

IHepenaya 3J1eKTPOMArHUTHOM YHEPrUHU BA0JIb JHHHUU mepeaayqy
Pacnpoctpanenue 3neKTpOMarHuTHOM BOJIHBI B IPOCTPAHCTBE BOKPYT JIMHUM Tiepenayu. [lepenaya sneprum.
[TepemeHHBIN TOK B IPOBOJIHUKE.

PaCHPOCTpaHeHI/Ie JJCKTPOMAIrHUTHBIX BOJIH B BOJTHOBO/1aX. I'1aBHast BOJTHA



[TpssmoyronbHBIA BoHOBOM. KoakcuansHbiil BoiHOBOA. CoOcTBeHHBIC (PYHKITMU. | TaBHAs BOJTHA.
KoHcTpyupoBaHue mossi B BOTHOBOJIE M KOJIeOaHU B PE30HATOPE U3 OJHOPOIHBIX TIIOCKUX BOJH. BonmHa Tuma
TE (H) B mpsiMoyroiibHOM BOJTHOBOI€; kKojiebanue Tumna E B mpsMoyroiibHOM pe3oHaTope.



6. MeToanueckue YKa3aHus /151 00yYaIOUIMXCH 10 OCBOCHHIO JUCIHUIIIHHBI

OcBoeHme JUCIUIUIMHBI TPeOYeT CUCTEMATHYECKOT0 U3YUEHHUs BCEX TEM B TOM IOCIIE0BATEIBHOCTH, B
KaKoW OHM yKa3aHbl B paboueil mporpamme.

OcCHOBHBIMU BUAAMH y4€OHOU pabOTHI ABJISIOTCS ay IUTOpPHBIE 3aHATUA. VX 1ensb - pacmmputh 6a3oBbie
3HaHUA 00yYaIOIIKXCs 10 OCBAMBAEMOM AUCLHUIIIIMHE U CUCTEMY TEOPETHUECKUX OPUEHTHPOB IS
HOCJIEAYIOIEro 6osee riry00Koro OCBOSHHUs IIPOrpaMMHOT0 MaTepualia B X0/1€ CaMOCTOSATEIbHOM PaboOTHI.
OOyuaronieMycst BAXKHO IOMHHUTb, YTO KOHTaKTHas1 paboTa ¢ mpernoaBaTeneM 3(h(HEeKTUBHO TOMOTAET eMy
OBJIa/IETh MMPOTPaMMHBIM MaTepUaioM Ojarogaps pacCTaHOBKE HEOOXOIUMBIX aKLIEHTOB U yAECPIKaHUIO
BHUMAaHMS MHTOHAIIMOHHBIMH MOJTYJISIIIUSIMH TOJIOCA, A TAKXKE MOAKIIIOUYCHUEM ayAHO-BH3YalbHOTO MEXaHU3Ma
BOCIIPUATHS HHPOPMALIUY.

CamocrodTenbHas paboTa MpecienryeT ClIeAyIoHe Heu:

— 3aKpEeIUIEHNE U COBEPIIEHCTBOBAHUE TEOPETUUECKUX 3HAHHUM, TIOTYYEHHBIX Ha JIGKLIMOHHBIX 3aHATHAX;

- (hopMupoBaHKE HaBBIKOB MOATOTOBKU TEKCTOBOW COCTABIIAOLIEH HHpOpMALUK y4eOHOTO U HAy4YHOTO
Ha3HAYEHUs JUIsl pa3sMELCHHs] B PA3JINYHBIX MH(POPMALMOHHBIX CUCTEMAX;

- COBEPIIIEHCTBOBAHUE HABBIKOB [TOMCKA HAYYHBIX MyOIMKaluil 1 00pa30BaTENIbHBIX PECYPCOB,
pa3MeleHHbIX B cetn HTepHeT;

- CAMOKOHTPOJIb OCBOEHUS IIPOrPaMMHOI0 MaTepHaa.

Ooyuatomiemycst HEOOXOAUMO MOMHUTB, YTO PE3YJIbTAaThl CAMOCTOSTENIFHON paOOThl KOHTPOIUPYIOTCS
MIPEeroIaBaTeNIeM BO BPEMSI IIPOBEICHHSI MEPOTIPUSATHIA TEKYIIETO KOHTPOJIS M YUUTHIBAIOTCS TIPH
IIPOMEKYTOYHON aTTECTaLUN.

Ooyuatonmmces ¢ OB3 1 nHBaNMMI0B MPEIOCTaBIAETCS BO3MOXKHOCTh BbIOOpa (popM nmpoBeeHust
MEPONPUATHIA TEKYIIIETO KOHTPOJIS, aTbTEPHATUBHBIX (OpMaM, MPEAyCMOTPEHHBIM pabodel MporpaMMoii
aucuuIuinHel. [IpegycmarpuBaeTcss BO3SMOXKHOCTD YBEJTMUEHUS B Ipejienax | akaJeMHUuecKoro yaca BpeMeHH,
OTBOJIMMOTO Ha BBIIIOJIHEHUE KOHTPOJIBHBIX MEPOIIPUATHI.

ITponetypa onieHMBaHUS Pe3yJIbTATOB 00YUEHHS MHBAJIUAOB U JIUI C OTPaHUYEHHBIMU BO3MOXKHOCTSAMU
3JI0POBbsI [0 JUCLUIUIMHE MPEeIyCMaTPUBAET MPeA0CTaBIeHUE HHPOpMaLH B (popMax, aTanTHPOBAHHBIX K
OIPaHUYEHUSM UX 310pPOBbS U BOCIIPUATHSA HHPOPMALIUY.

ITpu npoBeieHNH TEKYyIEro KOHTPOJI IPUMEHSIOTCS OLIEHOUHBIE CPEACTBA, 00eCIeUnBaroLIe nepeaavy
nH(popMalnu, OT 00yyaroLIerocs K IpernoaaBaTesio, C y4eToM ICUX0(PU3N0IOTHYECKUX 0COOEHHOCTEN
3I0POBBST O0YJAFOIITIXCS.

7. llepedyeHb y4eOHO-MeTOAMYECKOT0 00ecTiedeH s AJIsl CAMOCTOSAITEIbHOM PadoThI
o0y4aromuxcs o JUCIUIINHE

[Ipu camocTosTeNbHON paboTe 00yUaIOMIUMCS CIETYET UCIOIB30BaTh!

— KOHCIIEKTHI JIEKITHIL,

— JINTEPATypy U3 MEePEYHSI OCHOBHOU U JOTOJTHUTEIHHOM Y4eOHOH TUTEpaTyphl, HEOOXOIUMOMN ISt
OCBOCHMS TUCIUIUIUHBI (MOJTYJIST);

— TEKCT JIEKIUN Ha SJIEKTPOHHBIX HOCUTEISX;

— pecypchl HH()OPMAITMOHHO-TEIIEKOMMYHHUKAITMOHHOH ceTn "MHTepHeT", HEOOXOAMMBIE JIIST OCBOCHUS
JTUCIUTUIUHBL,

— JIMIIEH3UOHHOE U CBOOOIHO pacpOCTpaHIEMOE MPOrpaMMHOE 00eCTIeUeHNEe U3 TIEPEUHSs
MH(OPMALIMOHHBIX TEXHOJIOTHH, UCIIOJIb3YEMbIX IIPHU OCYIIECTBICEHUH 00pa30BaTeIbHOrO MpoIecca mno
JUCIUIUINHE;

— METOAMYECKHE yKa3aHUs i1 00y4arOIIUXCs 0 OCBOSHUIO AUCIUILTUHBIL.



8. [lepeyeHb OCHOBHOM M IONOJHUTEIbHON YUeOHOM JIUTEPATYPbI
OcHoBHas:

1. JJannay JI. JI.Teopernueckas ¢pusnka.ydeOHOE TOCOOUE IS CTYACHTOB (PU3NYECKHUX CIEIUATbHOCTEH
yuauBepcuteToB : B 10 1. T. 8.Onexkrpoaunnamuka crmomnbix cpen/Jl. 1. Jlannay, E. M. JIudmmwr ; pen. JI. I1.
[MurtaeBckuit.-MockBa:GU3MATIINT,2005, ISBN 5-9221-0123-4.-656

2. [MoTamos, JI. A. DnekTpoArHAMUKA U PACTIPOCTPAHEHHUE PAIMOBOIIH : yueOHOe mocobue A OakanaBpuaTa v
cnernuanuteta / JI. A. IlotanoB. — 2-e u3n., uctnp. u gomn. — Mocksa : U3aarensctBo KOpaiit, 2019. — 196 c.
— (bakanaBp u cnieuuanuct). — ISBN 978-5-534-05369-2. — Texkct : anexktponnsiii // 9bC KOpalT [caiiT].
https://www.urait.ru/bcode/437993

JlonmosiHUTEIBHAS

1. Ionsx, H. ®@. Meroauka o0yueHus pemeHuo Gru3nyeckux 3a1ad 1o 3J1eKTpoJuHaMUKe : yaeOHoe nocodue /
H. @. ITonsax, E. M. ®ununnosa. — Bosrorpaz : Bosnrorpaiackuii rocy1apCcTBEHHBIN COLIMAIIBHO-
nejarornyeckuit yauusepcurert, 2016. — 78 c. — ISBN 2227-8397. — Tekcr : 37€KTPOHHBIH // DIeKTPOHHO-
oubmmoteunas cuctema IPR BOOKS : [caiiT]. http://www.iprbookshop.ru/44315.html

2. Jlo6os H. U.,JTrobumos /1. B. DnekTpoarHaMuKa CIIONIHBIX cpell:yueOHOo-MeToandeckoe nocodue/H. U.
Jlo6og, /1. B. Jlto6umos.-Ilepmb,2012, ISBN 978-5-7944-1889-7,2-¢ uzn., crep..-1.
https://elis.psu.ru/node/25313

3. Bateirun B. B.,Tonteirun Y. H. CO0opHUK 337124 1O AJIEKTPOINHAMHUKE: y9eOHOE TTOCOOUE /IS CTYACHTOB
By30B/B. B. batsirun, U. H. TonTeirun ; mox pea. M. M. bpenosa.-Mocksa:Hayxka,1970.-503.-bubnuorp.: ¢
500-503



9. Ilepeuenn pecypcoB cetu UHTEpHET, HEOOXOAUMBIX /IJII OCBOCHHUSA TUCIUILINHBI

library.psu.ru/node/738 Pecypcel Hayunoit 6ubaunorexu [II'HUY
http://elis.psu.ru DnexTpoHHas MyJbTUMenuiiHas oudnuoreka ELiS
10. Ilepeuenb uHGPOPMAITUOHHBIX TEXHOJIOT Ui, HCIOJIb3yeMbIX IIPH OCYIIECTBJICHUMN
00pa3oBaTeJHLHOI0 Mpouecca Mo JUCIHHIINHE

OO0pazoBaTenbHbBIN MPOIIeCC MO TUCIUIUIMHE JJIeKTPOAUHAMUKA MATEPHATBHBIX CPe/l IPEANOIaracT
MCIOJIb30BaHUE CIIEAYIOIIEr0 MPOrpaMMHOT0 o0ecTieueHus] 1 MH(POPMAIIMOHHBIX CIIPABOYHBIX CUCTEM:
- IPE3EHTAI[MOHHBIE MaTePHAIIbI (CIIAN/IBI IO TEMaM JICKIIUOHHBIX U MPAKTUYECKUX 3aHATHH);
- IOCTyT B pexxuMe on-line B DiekTpoHHyI0 6nbimorteunyro cuctemy (9bC);
- IOCTYTI B 3JICKTPOHHYIO HH()OPMAIMOHHO-00pa30BaTeILHON Cpely YHUBEPCUTETA.

[TepeyeHr HEOOXOIUMOTO JTUIIEH3UOHHOTO U (MIJIM) CBOOOJHO PacCIpOCTPAHSIEMOTO TPOTrPAMMHOTO
o0ecrieyeHus:

1) opucHbI nakeT NpUIOKEHUH (TEKCTOBBINA IPOLIECCOP, MPOTrpaMMa JUIsl TOATOTOBKH 3JIEKTPOHHBIX
IIpe3eHTalH);

2) nmporpaMmMa JeMOHCTpPAIMH BUACOMATEPUATIOB (TIPOUTPHIBATED);

3) npuiokeHue, No3BOJISIOIIee MPOCMATPUBATh U BOCTIPOU3BOAUTH MenuakoHTeHT PDF-gaitnos

Z[I/ICL[I/IHJ'II/IHS. HC MPEAYCMATPUBACT UCIIOJIb30BAHUEC CIICLIMAJIBHOT'O IIPOTPaAMMHOI0 obecrieueHUst

[Tpu ocBoeHMM MaTepHalia U BHITOJHEHHS 3aITaHH TT0 JUCIUIUINHE PEKOMEHIYETCS HCTIOh30BaHNE
MaTepuasoB, pa3MemeHHbIX B JImunbix kabuHeTax ooyuaromuxcss ETUC [ITHUY (student.psu.ru).

[Ipu opranuzanuu TUCTaHIMOHHON paOOTHI U IPOBEJACHHUH 3aHATHN B PEKUME OHJIAWH MOTYT
WCTIOJIh30BAThCS:

cucteMa BuseokoHpepeHIcBs3u Ha ocHoBe miatdopmer BigBlueButton (https://bigbluebutton.org/).

cucrema LMS Moodle (http://e-learn.psu.ru/), koTopast moaiep>KkuBaeT BO3MOKHOCTh HCIIOJIb30BAHHUS
TCKCTOBBIX MAaTCPUAJIOB U Hpe3€HTaHHﬁ, ayJIuo- U BUJACOKOHTCHT, a TaK K€ TCCThI, IPOBCPACMBIC 3a/IaHN,
3aJJaHuA JJ11 COBMECTHOI paboThI.

cucrema tectupoBanus Indigo (https://indigotech.ru/).

11. Onucanue MaTepUaJIbHO-TEXHUYECKOH 0a3bl, HEOOXOAUMOM VIl OCYIIECTBJICHUS
00pa3oBaTeJIbHOI0 Npouecca 1no AMCuMIINHe

1. JIns mpoBeieHUs IEKIIMOHHBIX 3aHATUN - Ay IUTOPHSI, OCHAIIIEHHAs TTPE3CHTAIIMOHHON TEXHUKOM (MPOEKTOD,
9KpaH, KOMIIbIOTEP/HOYTOYK) C COOTBETCTBYIOLUM MPOTrpaMMHBIM 00€CIiE4eHHEM, MEJIOBOM (1) UM MapKepHOM
JIOCKO.

2. 114 ipoBeIeHUs 3aHATUN CEMUHAPCKOT0 THUIA (CEMHHAPBI, IPAKTUUECKUE 3aHATHUSA) - ayAUTOPUS,
OCHAIIIEHHAsI TPE3eHTAMOHHON TEXHUKOHN (TIPOEKTOP, SKpaH, KOMITBIOTEP/HOYTOYK) C COOTBETCTBYIOIIUM
MPOrPaMMHBIM 00eCTIeYeHUEM, METIOBOH (¥) WJIH MapKEePHOH JOCKOM.

3. ns npoBeieHus IPYIIOBLIX (MHIMBUAYATbHBIX) KOHCYJIBTALMM - ayAUTOPUS, OCHAILIEHHAS
NIPE3EHTAIIMOHHON TEXHUKOH (IIPOEKTOp, IKPaH, KOMIIbIOTEP/HOYTOYK) C COOTBETCTBYIOIIUM MPOTrPAMMHBIM
obecrieyeHrneM, MeJI0BOM (1) WiIM MapKepHOH JTOCKOH.

4. JIns mpoBeIeHNs] MEPONIPUATUI TEKYIIETO KOHTPOJIS U IPOMEKYTOUHOM aTTECTALNH - Ay AUTOPUS,
OCHAaII[eHHasI MPE3EHTAI[MOHHOM TEXHUKOM (TPOEKTOp, IKpPaH, KOMIBIOTEP/HOYTOYK) C COOTBETCTBYIOLIUM
MIpOrpaMMHBIM 0OecIieueHuEM, MEJIOBOM (1) HMJIM MapKEPHOMN JOCKOM.

5. Iyst caMoCTOSATELHOM pabOTHhI - Ay TUTOPHSI 111 CAMOCTOSITEIIbHON PabOThI, OCHAIIICHHBI KOMITBIOTEPHOM
TEXHHUKOM ¢ BO3MOKHOCTBIO TIOJKITIOUEHHS K ceTh «VIHTepHeT», 00eCieueHHBIH JOCTYIIOM B JIEKTPOHHYIO



nH(OPMaLIMOHHO-00Pa30BaTENbHYIO CPEy YHUBEPCUTETA.

[Tomemenust Hayuynoi 6uomuotexku [I'HUY mist oGecrieuerHust caMoCTOSITEIbHON PaboThl 00yUYarOIINXCS:

1. Hayuno-6ubnuorpadudeckuii otaen, kop.l, ayma. 142. O6opynoBan 3 nepcoHaIbHBIMH KOMIIBIOTEPA C
JIOCTYTIOM K JIOKQJIbHOM U T7100aIbHONW KOMIIBIOTEPHBIM CETSIM.

2. YuranpHblil 321 TyMaHUTApHOU JIUTEPATYphl, KopIl. 2, aya. 418. O0opynoBaH 7 nepcoHaabHbIMU
KOMIIBIOTEpPAMH C JOCTYIOM K JIOKaJIbHOW U T7100a1bHONH KOMIIBIOTEPHBIM CETSIM.

3. YnTanbHbIN 3a]1 €CTECTBEHHON IUTEpaTyphl, Kop.6, aya. 107a. ObopyaoBaH 5 nepcoHaIbHbIMU
KOMIIBIOTEpPaMH € JOCTYIOM K JIOKaJIbHOW U T7100a1bHON KOMIIBIOTEPHBIM CETSIM.

4. OTnen nHOCTpaHHOU IUTEPaTyphl, Kopi.2 aya. 207. O6opyaoBaH 1 nepcoHaIbHBIM KOMIBIOTEPOM C
JOCTYIIOM K JIOKQJIBHOM U II100aJIbHON KOMITBIOTEPHBIM CETSIM.

5. bubnmnoreka ropuanyeckoro ¢akynpTera, Kopn.9, aya. 4. O6opyaosana 11 nepcoHaabHBIMU
KOMIIBIOTEPAMH C IOCTYIIOM K JIOKaJIbHOM U INT00ANbHOM KOMIIBIOTEPHBIM CETSM.

6. UutanbHbIi 3a1 reorpadudeckoro dakynprera, kopn.8, aya. 419. O6opynoBan 6 nepcoHaIbHBIMU
KOMIIbIOTEPAMH C IOCTYIIOM K JIOKaJbHOH U INT00AIBbHOM KOMIIBIOTEPHBIM CETSM.

Bce koMInbloTephl, yCTaHOBJIEHHBIE B TIOMEUIEHUAX HAyUYHOU OMOINOTEKH, OCHAILEHBI CIICAYIOIINM
MIPOTrpaMMHBIM 00€CTICUeHUEM:

Omneparmonnas cuctema ALT Linux;

OducHerii naker Libreoffice.

CnpaBouno-npaBoBas cucrema «Koncynprantlmrocy»



DoH/IbI OLIEHOYHBIX CPEACTB JJIsl ATTECTAIMHU MO TUCHHUILIHHE
DJIeKTPOAUHAMHMKA MATePUAJIBLHBIX CPeJl

I[lnannpyembie pe3yabTaThl 00y4eHHsl 0 TUCHUILIHHE IS GOPMUPOBAHUS KOMIIETEHIIUM.
NuaukaTopbl M KPpUTEPUU UX OLleHMBAHUS

OIIK.1

Cnoco0eH cTaBUTh U pemaTb HHKCHEPHbIC U HAYYHO-TEXHUYECCKHE 3a1a9U B o0J1acTH
HAHOTEXHOJIOTHH U MHKpOCHCTeMHOﬁ TEXHUKH H HOBBIX MCKTUCIHUIIVIMHAPHBIX HAIIPABJICHUAX
Ha OCHOBE €CTCCTBCHHOHAYYHBIX U MATCMATHYCCKHUX MojeJieil

HNuauxartop IInanupyemble pe3yJbTaThl Kpurtepuu oneHnBanus pe3yJbTaToB
o0y4eHHus o0y4eHus
OIIK.1.2 3HaTh: OCHOBHBIE 3aKOHBI HeynoBierBopures
Hcnons3yer 3JIEKTPOJMHAMUKY BEILECTBA, He 3HaeT oCHOBHBIE 3aKOHBI AJIEKTPOAMHAMUKHI

€CTECTBEHHOHAYYHBIE U
MaTeMaTUYEeCKUE MOJCIN
MIpY pENICHUU
WH)XEHEPHBIX U HAY4YHO-
TEXHHMYSCKHX 3a7a4 B
obnactu
HAHOTCXHOJIOTHH U
MHUKPOCHCTEMHON
TEXHUKHU

KJIaCCU(PUKAIIUIO MaTepUaATbHBIX
cpell. YMeTh: ONKUChIBATh
B3aMMO/ICHCTBHUE BEIISCTBA U
oJist Ha PEHOMEHOJIOTHYECKOM
YPOBHE, BHIYUCTATH
JAUCTICPCUOHHBIC COOTHOIICHM,
MOTJI0IIeHE BOJIH. Bianers:
METOJaMHU pacyéra
SJICKTPUYCCKUX U MAarHUTHBIX
MOJICH B BEIIIECTBE,
NpPECTaBICHUAMH O (PU3UIECKOI
IIPUPOJE CBOMCTB MaTEPUAIbHBIX
cpen.

BEIIECTBA, KIacCU(UKAIIUIO MaTePUATBHBIX
cpen. He ymeer onuceiBaTh B3auMOECTBIE
BEIIECTBA U MOJIA HA (PEHOMEHOJIOTHYECKOM
YPOBHE, BBIYUCIISTh AUCIEPCUOHHBIE
COOTHOIIEHUS, HorioleHue BoiaH. He Bnaneer
METOAaMH pacuéTra AEKTPUUECKUX U
MarHuTHBIX ITOJIEH B BEIIECTBE,
MPEJICTaBICHUSIMHA O PU3NYECKON MPHUPOJIE
CBOMCTB MaTepUalbHBIX CPEI.
Y10BJ1€TBOPUTEJBH
OO61ue, HO HE CTPYKTYPUPOBaHHBIC 3HAHUS
OCHOBHBIX 3aKOHOB 3JIEKTPOIMHAMUKHU
BEIIECTBA, KIACCHU(pUKALUU MaTepUATbHBIX
cped. JleMoHCTpupyeT 4aCTUIHO
c(hOopMUPOBAHHOE YMEHHUE OMCHIBATh
B3aMMO/ICHICTBHE BEIIIECTBA U TOJISI HA
(heHOMEHOJIOTHUYECKOM YPOBHE, BBIUUCIISTH
JUCTIEPCUOHHBIE COOTHOIICHUS, TIOTJIOLIEHUE
BOJIH. MIMeeT npecTaBieHrue 0 MeTo1ax
pacuéra dIEKTPUIECKUX U MATHUTHBIX IOJIEN B
BellecTBe, (hu3nyeckoi Npupoie CBOUCTB
MaTepuaibHBIX CPEl.

Xopouo
CdopmupoBaHHBIE, HO COJIEpKAIIHE OTACTbHBIC
poOEeITbl 3HAHUS OCHOBHBIX 3aKOHOB
ANEKTPOJAMHAMUKH BEIIECTBA, KIACCU(PUKALINUN
MaTepuaibHbIX cpel. B nenom ycneuinsle, HO
coJiep>Kalire OTAeIbHbIe TPOOETbl YMEHHS
ONMCHIBATh B3aUMOJICHCTBHE BEIIECTBA U MO
Ha (EHOMEHOJIOTHYECKOM YPOBHE, BBIUUCIISTD
JUCIIEPCUOHHBIE COOTHOLIEHUS, IOTJIOLIEHUE
BOJIH. B 11e;10M ycnieniso, HO ¢ OTACIbHBIMU
npo0OesiaMu BiaieeT NPeJCTaBICHUSIMU O




Nuaukarop Ilnanupyemblie pe3yabTaThl Kpurepun ouenuBanusi pe3yJbTaToB
o0y4ueHust o0y4eHust
Xopomuo

METOJIax pacy€Ta MEKTPUUECKUX U MATHUTHBIX
moJieit B BemiecTse, (U3MUeCcKoil mpupoe
CBOWCTB MaT€pUAJIbHBIX CPEL.

OT1an4yHO
CdhopmupoBaHHBIE CUCTEMATUISCKUE 3HAHUS
OCHOBHBIX 3aKOHOB AJIEKTPOJUHAMUKH
BEIIECTBA, KIACCHU(PUKAIUU MATEPUATBHBIX
cpen. ChopMUpOBaHHOE YMEHHE OMUCHIBATH
B3aMMOJICHCTBHE BEIEeCTBA U MOJIST Ha
(heHOMEHOJIOTHYECKOM YPOBHE, BEIYUCIISATH
JMCTIEPCUOHHBIE COOTHOUIEHUSI, MOTJIOIICHUE
BOJIH. Y CIIEIITHOE M CUCTEMAaTHIECKOE
MIPUMEHEHHUE MPEJICTABICHUN O METOHAX
pacuéra dIEKTPUIYECKUX U MATHUTHBIX MOJIEH B
BelIecTBe, (pr3nyeckoi MpupoIe CBOUCTB
MAaTepHAIBHBIX CPE/I.




OueHoYHbBIE CPEACTBA TEKYIIEr0 KOHTPOJISI M IPOMEKYTOUYHOM aTTecTanun

Cxema gocTaBku ;. ba3zoBas

Buja meponpusiTus NPOMeKYTOYHON aTTEeCTANMH : DK3aMEH
Cnoco06 npoBeieHNsI MEPONIPUATHS MPOMEKYTOYHOM aTTecTanum : OlLieHKa N0 JUCHUIUIMHE B paMKax
MIPOMEKYTOUHOM aTTeCTaIlK ONPEENIeTCS Ha OCHOBE 06aioB, HAOpaHHBIX 00YYArOIIMMCS Ha KOHTPOJIbHBIX
MEPOMPHUITUSX, TPOBOJIUMBIX B T€UEHHE YUYEOHOTO TIEpUO/Ia.
MaxkcuMajbHOe KoJIn4decTBo 0amios : 100

KonBeprauusi 6a/U10B B 0TMETKH

«oTianyHo» - ot 81 mo 100
«xopomo» - ot 61 1o 80

«YJOBJIETBOPUTEJbHO» - 0T 43 10 60
«HeYI0BJIETBOPUTEIbHO» / «<He3a4TeHo» MeHee 43 Oaia

KoMmnerenuus
(uHaAMKATOP)

Meponpusitue
TeKYILero KOHTPoJIs

Kountposmpyemblie 3jieMeHTbI
pe3yJibTAaTOB 00y4eHHs

BxoaHoii KOHTPOJIb

Mukpockonuyeckue u
MaKpOCKOIIUYECKUE
3HaYeHUs! GPU3NYECKUX
BEJIMYNH

BxoaHoe TecTupoBaHue

3HaHnEe OCHOBHBIX 3aKOHOB
AIIEKTPOMArHeTu3Ma u
MOJICKYJISIPHO-KUHETHYECKON TEOpHH

OIIK.1.2

Hcnons3yeTr eCTeCTBEHHOHAYYHBIE
Y MaTeMAaTUYECKUE MOJENIN IIPU
pELIEHNN NUH)XEHEPHBIX U HAyYHO-
TEXHUYECKHX 3a/1a4 B 001acTH
HAaHOTEXHOJIOTHI U
MUKPOCHUCTEMHOM TEXHUKHU

DEHOMEHOJIOTYECKAs
Teopus Beiicca
ITncbMeHHOe KOHTPOJIbHOE
MeponpusiTiue

VYcpennenne ypaBHeHnii MakcBeiia B
cpene. 3apsanbl u Toku. CBOMCTBA
JIMAJIEKTPUKOB U MAarHETUKOB.

OIIK.1.2

HCHOJ’IB?»yeT CCTCCTBCHHOHAYYHBIC
U MaTCMATUYCCKUC MOICIIN IIPH
PCHICHUHU MHXXCHCPHBIX U HAYYHO-
TECXHUYCCKUX 3a1a4 B obnactH

[Tonspusanus B
OBICTPONIEPEMEHHOM
JJIIEKTPUYECKOM I10JI€
ITncbMeHHOe KOHTPOJIbHOE

3HaHME TEOPUU PACIIPOCTPAHECHHUS
AJIEKTPOMAarHUTHBIX BOJIH B BELIECTBE.
YMeHHne onuchIBaTh OTPAXKEHHUE U
IIPEJIOMJIEHUE Ha TPAHULIE PA3ITUYHBIX

MeponpusiTiue cpen.
HAHOTEXHOJIOTHI 1

MHKpOCPICTGMHOfI TCXHUKN

OIIK.1.2 Pacnpoctpanenue 3HaHUE JIEMEHTOB TCOPUH JIMHHUI

Hcnons3yeTr eCTeCTBEHHOHAYYHBIE
1 MaTeMaTUYECKUE MOJIENIN IIPU
pELIEHNN NH)XEHEPHBIX U HAy4HO-
TEXHUYECKHX 3a/1a4 B 001acTH
HAaHOTEXHOJIOTHI U
MUKPOCHUCTEMHOM TEXHUKHU

3JIEKTPOMATrHUTHBIX BOJIH B
BOJIHOBOJIaxX. | 1aBHas BojHA
HTorosoe KOHTpPOJILHOE
MeponpusiTie

nepeaayu. Y MEHUEe HaX0JIuTh COOCTBEHHbIE
(GYHKIIMN BOJTHOBOJIOB.

Crneunpuxkanusa MeponpusTHI TEKyLIEro KOHTPOJISA




Mukpockonuieckue i MAaKpOCKONMUYecKHe 3HaYeHns1 Gu3n4ecKuX BeJTUIUH

[IpoOmKUTENBHOCTD IPOBEACHUS MEPOIIPUATHS IPOMEKYTOYHON aTTECTallUU: .S yaca
VYcnoBus npoBeaEHUS MEPONIPUATHUS: B YAChI ayINTOPHOM padoThI

MaxkcumanbHbIi 0ais, BEICTABISIEMbIH 32 MEPONPUATHE IPOMEKYTOUHON aTTecTanuu: 0
ITpoxoanoii 6amt: 0

IToxa3zaTesn oneHUBAHUS

Banabl

MounekyiipHOE CTpOEHHE BellecTBa. B3anmo1elcTBHS MOJIEKYI.

3aKoH AeKTpoMarHuTHo uHyKuuu. 3akoH Kynona. 3akon buo-Caapa-Jlannaca.

deHoMeHoJIOTHYEeCKas Teopust Beiicca

[IpoOmKUTENBHOCTD IPOBEACHUS MEPOIIPUATHS IPOMEKYTOYHON aTTEeCTalluU: .S yaca
VYcnoBus npoBeaEHUS MEPONIPUATHUS: B YAChI ayINTOPHOH padoThI

MaxkcumanbHbIH 0, BEICTAaBIsIEMbIi 32 MEPOIPUSATHE TPOMEKYTOUHOM aTTectanuu: 30
ITpoxonnoii 6amn: 13

IToxa3zaTenn oneHUBaHUA

Bajaasl

3apsinpl 1 TOKH B cpene. OcpeaHeHue ypaBHeHU MakcBemia

ILI/IBJ'[CKTPI/IKI/I U Maro€TuKu

Knaccudukanus Bemiect

MarepuanbHble ypaBHEHUs. Y CIIOBHS IS IIOJIEW HA TPAHMIIE pa3zeiia Cpes.

OHeprus Mo B cpejie

B O OV 9| 0

Ionsipn3anus B ObICTPONIEPEMEHHOM 3JIEKTPHUYECKOM I10J1e

[Ipo0mKUTENTBHOCTE IPOBEACHNS MEPOIIPUATHUS IPOMEKYTOUHON aTTECTAlUu: .S yaca
VYcnoBus npoBeaEHUS MEPONIPUATHUS: B YAChl ayINTOPHOH padoThI

MaxkcumanbHbIH 0ai, BEICTAaBIsIEMbIi 32 MEPOIPUSATHE TPOMEKYTOUHOM aTTectanuu: 30
[Tpoxonnoii 6amn: 13

IToxa3zaTenn oneHNBaHUA

Baaasl

3akoHbI OTpakeHus U npenomiieHus. opmynbr Openens.

Bounbl B mpoBosmeit cpene. [lornomenue

W neanbHplil TU3IEKTPUK. JucriepcHOHHOE COOTHOILLIEHNE

Ckun-3¢dext

AN 3] 0| ©

PacnpOCTpaHeHne JICKTPOMArHUMTHLBIX BOJIH B BOJTHOBO/JAaX. I'nmaBHasi BoJIHA

[Ipo0mKUTENTBHOCTE IPOBEACHNS MEPOIIPUATHUS IIPOMEKYTOUHOM aTTECTAlUu: .S yaca
VYcnoBus NpoBeaEHUS MEPONIPUATHUS: B YAChl ayANTOPHOH padoThI

MaxkcumanbHbIH 0ai, BEICTAaBIIsIEMbIi 32 MEPOIPUATHE TPOMEKYTOUHOM aTTectanuu: 40
ITpoxoxanoii 6amn: 17

IToxa3zaTenan oneHNBaHUA

Bajaasl

Jucnepcus B BomHOBOAE. [ 1aBHas BoiHA

13

BHCKTPOMaFHI/ITHOG I10JIC B ITIPOBOAHUKCE.

10




Ilepenaya sHEprun BAOIL IPOBOJHUKA

CoOcTBeHHbIe (DYHKIIMH BOJIHOBOZA




