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[TporpaMma JHCHHUIUIAHBI « DIEKTPOHHBIE IIPOLIECCHI B TBEPIBIX TEIaX» COOTBETCTBYET
tpebosanusm @I'OC BO no Hanpapieruto moarorosku 44.03.05 «Ilexaroruyeckoe odpazosanue
(c mByMs TpOQMIISIME TIOATOTOBKH)» (YTBEPXKIEH NpHKazoM MuHKCTEpCTBA 00pa30BaHUA U HAYKU
P® ot 22 despaist 2018 r. N 125) u 6a3oBoMy yueOHOMY IIaHy 110 HAIIPABJICHUIO TIOATOTOBKH
44.03.05 «Ilemarorugeckoe obpasosanme (¢ AByMs MPOQUISIME IIOATOTOBKH)» (TIpoduiu
«Martemarukay, «Pusnkay»), yreepxaéaaomy Yuéubm coseroM @I'BOY BO «BI'CITY» (ot 31
Mast 2019 r., nporokoi Ne 10).



1. Ileaib 0CBOEHUA TUCHUIIUHBI
CdopmMupoBaTh cuCTEeMaTH3UPOBAHHBIC 3HAHUS B 00J1aCTH (DU3UKH TBEPJIOTO TeEJa.
2. Mecro nucuuiuinibl B cTpykrype OIIOIT

JucuumninHa «JeKTPOHHBIE MPOLIECCHl B TBEPABIX TEJIax» OTHOCUTCS K BApUATUBHON YacTH
0JI0Ka TUCUMIUIMH U SIBJIETCS TUCHUILIMHOMN MO BHIOOpY.

JU1st OCBOCHUS AUCHUTUTMHBI « DIEKTPOHHBIE MTPOIECCH B TBEPJIBIX TeIax» 00ydarommecs
UCIIOJIb3YIOT 3HAHMS, YMEHUS, CIOCOOBI JeSTEIbHOCTH U YCTAaHOBKHU, C(POPMUPOBAHHBIE B XO/1€
u3ydeHus qucuuiuine «KBaHToBas MexaHukay, « MUKpoanekTponukay, «IIpaktuueckas Gpusmnkay,
«Pagnorexnukay, «Cratuctuueckas pusnka», «1IkonbHbIl GU3NYECKU SIKCTIEPUMEHTY,
«DNEKTPOTEXHUKA, POXOKACHUS MPAKTUKU « YueOHas (IIPOEKTHAs) MPAKTHKAY.

OcBoeHye JaHHOM TUCHUIUIMHBEI ABISETCS HEOOXOIMMONW OCHOBOM ISl ITOCIIEYIOIIEro
U3yYeHUS TUCIUIUIMH «AKTyallbHbIE TIPOOIeMbl (hr3ndeckoro oopazoBaHus», « THHOBaIOHHBIE
TEXHOJIOTUHN 00ydeHus: pusnke», «Pusuka xoaedanui», «Pusnka s1pa 1 3J€MEHTapHBIX YaCTUID),
NPOXOKICHUS NPaKTUK «[IpenaumuoMHas mpakTikay, « YaeOHas (MeToIu4ecKas ) paKkTHKay.

3. Ilmanupyemble pe3y/bTaThbl 00y4eHUs

B PE3YIbTATC OCBOCHUA NUCHUIIIIMHBI BBIITYCKHHUK OOJIKCH O6HaIlaTI) CJICAYIOIUMHA
KOMIICTCHIIUAMMU

— BJIQJICET CUCTEMOM 3HaHMI O (DYHIAMEHTAIBHBIX (PU3UYECKUX 3aKOHAX U TEOPUSIX,
METOJIaMHU OPTaHU3AIMH U TTOCTAHOBKU (PU3HUECKOTO IKCIICPUMEHTA, TEOPUEH U MPAKTUKON
oprauusaiuu pusmueckoro oopazosanus (ITKP-2).

B pe3yabTare nzyueHus IMCUMIIMHBI 00yYAIOLIHIICS TOJI/KEH:

3Hamo

— OCHOBHBIC TTOHSTHSI (PH3UKH TBEPJIOTO TETIa;

— AUDJICKTPUYCCKUEC U MAI'HUTHBIC CBOMCTBa TBCPABIX TCII;

ymemp
— pelaTh TUMTOBBIE 3a/1a4H C MCITOJIb30BaHMEM CTATUCTHKHM HOCHUTEIIEH 3apsia;

énademsp
— OCHOBHBIMU MeTOJIaMU (PU3UKH TBEPAOTO Tea.

4. O0bémM UCUMIVINHBI U BUbI y4eOHOH padoThl

. Bcero Cemectpbl

Bun yuebHoit paboTbl 4ACOB 9
AyIMTOpHBIE 3aHATHS (BCEro) 28 28
B ToM uucne:
Jlexruu (JI) 10 10
[Tpaktryeckue 3austus (I13) 18 18
Jlaboparopusbie pabotsl (JIP) — —
CamocrosiTeibHas pabora 44 44
KonTtpoJsb — —




Bua npomexyTOYHOM arTecTauuu

34

OO6m1ast Tpy10€MKOCTh

3a4ETHBIE €IUHULIBI 2 2

4achl 72 12

5. Coepikanue TUCHUIITTHHBI

5.1. Conep:xanue pa3iaejioB IUCUUINIMHBI

/o

HanmenoBanmne pasaciia
JUCIMITIIMHBI

Coneprxanue pasnesna JUCIUIUTHHBI

OcHoBBI (DM3HKH TBEPIOTO
Tena

Teopust KpUCTaUIMYECKON perieTku. ['eoMeTpust
KpucTaimuieckoit pemetku. Jledexrsr. Teopus
KOJIeOaHUI KPUCTAIUTMYECKON pereTku. MeTo
kBaznuactull. ononsl. Knaccuduxanus TBEpAbIX TN MO
TUIIAM CBsi3el. [[BUKeHHE 3eKTpOHA B IEPUOJUIECKOM
nosie. Bomnoswie ¢yHkiuu bioxa. KBazunMmynbcel,
SHEPreTUYECKHe 30Hbl, 30Hbl bprilIt03Ha, cuibHas u
cimabas cBs3b. Meton 3pdekTuBHOM Macchl. ClloKHAS
CTPYKTYypa SHEPreTuYecKuX 30H. MeTaisl,
MOJTYTIPOBOIHUKH, TUAJIEKTPUKH. Jlucnepcust poHOHOB.
TemnoemkocTh TBepAbIX Ted. CBOOOAHBIE STIEKTPOHBI B
MeETaJuIax ¥ NOJIyIIPOBOJHUKAX, AbIpKU. Pacnipenenenue
depmu, MakcBesuta-bonbiiMana (HEBBIPOKICHHBIN
AIIEKTPOHHBIN T'a3 B OIyNpoBoAHMKaX ). KoHLleHTpanus
AIIEKTPOHOB U JBIPOK, XUMUYECKUI TOTEHIMA,
TEMIIEpaTypHasi 3aBUCUMOCTb.

Kunernueckue siBneHus.
Jwuanexrpudeckue u
MarHUTHbBIE CBOMCTBA.

Kunernueckue 3¢ ¢exThl. DNeKTPOIpOBOIHOCTh METAIIJIOB
B CJ1a0BIX M CHJIBHBIX TOJISIX (2JIEMEHTAPHBIN pacyerT).
Kunernueckoe ypaBHenue bonbimana. [Ipubamkenue
BPEMEHHU pellakcaluu. ['opsiune 371eKTpoHbI B
MHOT'OJIOJIMHHBIX MOJIYTIPOBOIHUKAX. DJIEKTPOMAarHuTHbIE
npouecchl B 1azme. OCHOBHBIE XapaKTEPUCTUKHU TUIa3MBbl.
[Tna3meHHbIe KOJIEOAHUS U BOJIHBI B TBEP/BIX TENAX.
[Tnasmonsl. [lonsipusanust IUAIEKTPUKOB (BO BHELTHEM
IIEKTPUYECKOM II0JIE U B €70 OTCYTCTBUM). MaruuTHoe
yHopsiioueHue: peppoMarHeTusM, J0MeHHasi CTpYKTypa
(beppoMarHeTHKoB, NOHATHE 00 aHTU(EeppOMarHeTU3Me.
SIBneHne cBepXnpoOBOAUMOCTH. Y paBHEHUE JIOHIOHOB.
O¢dext Kynepa. Tsoxenbie pepMUOHBL.
BricokoTeMnepaTrypHas CBEpXIPOBOIUMOCTb.

5.2. Kosin4yecTBO 4acoB ¥ BHAbI YUeOHBIX 3aHATHH 110 pa3jesiaM IMCUHIIIMHBI

Ne HaunmenoBaHue pasaciia
JUCITUITIINHBI

Jlexu.

[Ipaxr.
3aH.

JIa0.
3aH.

CPC

Bcero

1 | OcHOBBI (PU3UKHU TBEPAOTO TENA

SN

8

20

32

2 Kunernueckue sBIeHHA.

CBOMCTBA.

I[I/IE)J'ICKTpI/I‘-ICCKI/IC 1 MarauTHBIC

(ep]

10

24

40

6. IlepeyeHb OCHOBHOM M 1ONOJTHUTEJIBHOM Y4eOHOM JIUTEPATYpPHI

6.1. OcHoBHas tuTEpaTypa




1. llleBuenko, O. KO. OcHoBBI (pm3uKHM TBep0TO Tena : yaedHoe mocodue / O. FO.
[lTeBuenko. — Cankt-IletepOypr : YauBepcuter UTMO, 2010. — 77 ¢c. — ISBN 2227-8397. —
TexcT : aneKTpoHHBIH // DnekTpoHHO-O0ubmmoTeunas cuctema IPR BOOKS : [caiiT]. — URL:
http://www.iprbookshop.ru/67512.html (mata o6pamenus: 23.12.2019). — Pexxum goctyna: s
aBTOPU3HUP. N0JIB30BATEIICH.

2. ®dusuka TBepoTO Tena : coopuuk 3anay / M. M. Audumos, C. I1. Kobenera, M. I1.
Konogainos [u ap.]. — Mocksa : U3natensckuii JJom MUCuC, 2011. — 70 ¢c. — ISBN 978-5-
87623-426-1. — TekcT : 2JEKTPOHHBIN // DneKTpoHHO-0nbmmoTeunas cucrema IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56591.html (nata o6pamenus: 23.12.2019). — Pexum
JOCTYTIA: JIJISl aBTOPU3HP. TIOJIB30BATEIICH.

6.2. lonoTHUTEIbHAS JIUTEPATypPa

1. PazymoBckas, 1. B. ®u3zuka tBeporo tena. Yacte 2. JluHaMHuKa KpUCTAUIMYECKOM
pemeTku. TeruoBsle cBoiicTBa pemerku / V. B. PazymoBckas. — Mocksa : [Ipomereit, 2011. — 64
c. — ISBN 978-5-4263-0032-3. — TekcT : 37eKTPOHHBIH // DIEKTPOHHO-OMOINOTEYHAS CUCTEMa
IPR BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/9611.html (nara obpamienus:
23.12.2019). — Pesxum mocTyma: it aBTOPU3MP. MOJIb30BATEICH.

2. Kpacnonesues, E. A. KBanToBast MexaHuKa B IPUJIOKEHUAX K (PU3UKE TBEPIOIO TeNa :
yuebHoe nmocobue / E. A. Kpacnonesne. — HoBocubupck : HoBocubupckuii rocy1apcTBEHHBIN
texanueckuid yauepeutet, 2010. — 354 ¢. — ISBN 978-5-7782-1464-4. — Texkcr : 21IeKTPOHHBII
// DnexktponHo-OubmmoTeunas cucrema [IPR BOOKS : [caiiT]. — URL:
http://www.iprbookshop.ru/45097.html (mara o6pamenus: 23.12.2019). — Pexxum gocrymna: s
ABTOPU3HP. MOJIH30BATEINEH.

3. ®usuka TBepaoro Tena : yueobnoe nmocodue / A. A. Kopamnosuy, B. . O3n00uxuH, 1. 1.
Cyxanos, B. H. XonsiBko. — HoBocubupck : HoBocubupckuii rocy1apcTBEHHbIA TEXHUYECKUIT
yauBepcureTt, 2012. — 71 ¢. — ISBN 978-5-7782-2160-4. — Tekcrt : 31eKTpOHHBIH //
OnekTpoHHO-Oubnmuoteunas cucrema [IPR BOOKS : [caiiT]. — URL:
http://www.iprbookshop.ru/45187.html (mata oOpamenus: 23.12.2019). — Pexxum goctyna: as
aBTOPU3UP. MOJIb30BaTENEH.

4. Ymaxosa, E. B. Beenenue B ¢pusuky tBepaoro tena. Koncnekr nexmuii : yuedHoe
nocobue / E. B. YmakoBa. — Cankr-IlerepOypr : Yuusepcurer UTMO, 2015. — 100 c. — ISBN
2227-8397. — TekcT : a1eKTpOHHBIH // DnekTpoHHO-O0nbmmoreunas cucrema [IPR BOOKS : [caiir].
— URL: http://www.iprbookshop.ru/65817.html (gara obpamenus: 23.12.2019). — Pexum
JIOCTYTIA: /ISl aBTOPU3HP. TIOJIB30BATEIICH.

7. Pecypcnbl UHTEpHETA

[Tepeuens pecypcoB MHTEpHETA, HEOOXOAMMBIX ISl OCBOSHUS TUCIUTIIINHBI:
1. Https://mipt.ru/education/chair/theoretical_physics/courses/.
2. Https://mipt.ru/education/chair/theoretical_physics/biblio/.

8. UH(popManMOHHBIE TEXHOJIOTHH M NPOrPaMMHOe o0ecreyeHune

[lepeuens MHGOPMAITMOHHBIX TEXHOJIOTHM, HCIOJIB3YEMBIX IIPU OCYIIECTBICHUU
00pa3oBaTeNLHOTO MpoIiecca M0 AUCHUILTUHE, BKIII0Yas IepedyeHb MPOrpaMMHOI0 00eCTIeYeHUs U
MH(OPMALIMOHHBIX CIIPABOYHBIX CHCTEM (IIpU HEOOXOIUMOCTH):

1. Oducnerit naker Open Office.

2. [IporpamMHoe obecnieueHue A KOMMYHUKAIUH.

3. Ocrad (mporpaMma Jij1st ONTHYECKOTO PACIIO3HABAHUS TOKYMEHTOB).



9. MaTepuajibHO-TEXHUYeCKasA 0a3a

Jlist mpoBenieHrst YYeOHBIX 3aHATHH 110 AUCITUIUITMHE « DJIIEKTPOHHBIE TIPOIIECCHI B TBEPABIX
Tenax» He0OXOIUMO CIEAYIOIIee MATEPUATBHO-TEXHUIECKOE 00eCIIeUCHHE:

1. Aynutopusi ¢ MyJIbTUMEIUMHON MOAJIEPKKOU I MPOBEACHUS JICKIIMOHHBIX 3aHITHH.

2. Aynuropus Ui TPOBEIEHUS JIa0OPaTOPHO-TIPAKTUUESCKHUX 3aHSATUH.

10. MeToauueckue YKa3aHus AJsd oﬁyqammnxcsl 0 OCBOCHHIO JTUCHMIIJIMHBI

JucuumiuHa « DJIEeKTPOHHBIE MTPOLIECCH B TBEPABIX TEIaX» OTHOCUTCS K BapUaTUBHON 4acTU
0J10Ka TUCLMIUIMH U SIBJIETCS JUCUUIUIMHOM 1o BbIOOpY. IIporpaMMoil qucuuIIMHEL
IIPEAYCMOTPEHO YTEHUE JICKLIUI U IIPOBEICHUE NPAKTUYECKUX 3aHATUN. [IpoMexxyTouHas
aTTecTalys IpoBOIUTCS B (hopMe 3aueTa.

JIeKIIMOHHBIE 3aHATHUS HANlpaBJIeHbl Ha (HOPMUPOBAHHE TTTyOOKHX, CHCTEMAaTU3UPOBAHHBIX
3HAaHUU 10 pa3zesiaM AMCUMILIMHBL. B X07€e neKknuii npernoaaBareib pacKpblBacT OCHOBHBIE,
HauboJee CI0XKHbIE NOHITHSI TUCUUIUIMHBI, @ TAKXKE CBSI3aHHBIE C HUIMH TEOPETUUYECKUE U
IpakTU4YecKue NpobieMbl, JaéT peKOMEHJAlMK [0 IPAKTUYECKOMY OCBOCHHIO H3y4aeMOro
MarepHaia. B 1ensx kauecTBEHHOr0 OCBOEHUS JIEKIIMOHHOIO MaTepualia 00y4aromumces
PEKOMEHIYETCSI COCTABJIATH KOHCIIEKTHI JIEKLINI, UCIIOIb30BaTh 3TU KOHCIIEKTHI IIPYU MTOATOTOBKE K
IPAKTUYECKUM 3aHATHUSIM, IPOMEKYTOUYHON U UTOTOBOM aTTECTALUH.

[IpakTryeckue 3aHATHS SBIAIOTCS POPMOI OpraHU3aluy eJaroru4eckoro rnpouecca,
HAIpPaBJIEHHOM Ha yri1y0JieHne HayYHO-TEOPETUUYECKUX 3HAaHUN U OBJIaJICHUE METOJaMH padOThI, B
npoliecce KOTOPBIX BbIPA0AThIBAIOTCS YMEHUS U HaBBIKU BBIIIOJHEHUs yUeOHBIX JIeHCTBUI B cepe
u3zydyaemoi Hayku. [IpakTuueckue 3aHsTHS IPEAINOaratoT IeTalbHOE U3yYeHUEe 00yUaroMMUCs
OTJIEJIbHBIX TEOPETUUYECKUX MOJIO0KEHUN Y4eOHON AUCHUIIMHBL. B X0/1e mpakTHUeCKuX 3aHATHH
(GopMUPYIOTCS YMEHMS U HaBbIKU IPAKTUUECKOTO IPUMEHEHUS TEOPETUUECKUX 3HAHUM B
KOHKPETHBIX CUTYyalMsIX IIyTE€M BBIIIOJHEHHS IOCTABJICHHBIX 33Ja4, Pa3BUBACTCS HAYYHOE
MBILUIEHUE U PEUb, OCYIIECTBIISIETCS KOHTPOJIb YUEOHBIX JOCTUKEHUM 00ydaroImuxcsl.

ITpu moAroTOBKE K MPAKTUYECKUM 3aHATHAM HEOOXOAUMO 03HAKOMUTHCS C TEOPETUUECKUM
MaTepraIoM JUCHMILIMHBI IO U3yYaeMbIM TEMaM — pa300paTh KOHCIEKTHI JEKIUN, U3yUUTh
JUTEpPaATypy, PEKOMEHIOBAaHHYO NpenoiaBaresneM. Bo BpeMs caMoro 3aHATUS PEKOMEHY€eTCs
AaKTHBHO YYacCTBOBATb B BHIIIOJHEHUH ITOCTABJICHHBIX 3aJJaHUi, 3a/1aBaTh BOIPOCHI, IPUHUMATh
y4acTue B IUCKYCCHUAX, AaKKyPaTHO U CBOEBPEMEHHO BBIIIOJIHATH KOHTPOJIBHBIE 3a/1aHNUS.

KoHnTpo:b 3a kauecTBOM 00yueHUs M XO/I0M OCBOCHHS IMCHUIUIMHBI OCYIIECTBIISETCS Ha
OCHOBE PEUTHHIOBOM CUCTEMBI TEKYLIIETO KOHTPOJIS yCIIEBAEMOCTH U TPOMEXYTOUYHOM aTTecTaluu
cTyaeHToB. PeliTunroBas cuctema npeanonaraetr 100-6aibHyI0 OLIEHKY YCIIEBAEMOCTH CTYJEHTA
1o y4yeOHOM JTUCHHUIUIMHE B Te€UeHUE ceMecTpa, 60 U3 KOTOPhIX OTBOAUTCS HA TEKYLIHI KOHTPOIIb, a
40 — Ha MPOMEKYTOYHYIO aTTECTAIIMIO IO AucHuIuInHe. KpurepuanpHas 6a3a peiTHHTOBOM
OLICHKH, TUIIOBBIE KOHTPOJIBHBIE 33JaHUS, & TAK)KE METOINYECKUE MATEPUAJIBI 110 UX TPUMEHEHHIO
ONMCAHbI B JOH]IE OLIEHOUHBIX CPEJCTB MO AUCLMILINHE, IBIISIOMEMCS IPUIIOKEHUEM K JaHHOU
IIporpamMme.

11. YueOHO-MeTOANYECKOE O0ecTIeYeHHe CAMOCTOSITeIbHON PadoThl

CamocrosrenbHas paboTa 00y4aroLIXCs SBISETCS HEOThEMIIEMON YacThIO Mpoliecca
oOyuenwus B By3e. [IpaBuibHast opraHu3aus CaMOCTOSITETFHON paOOTHI TIO3BOJISIET O0YYAFOIIIUMCS
pa3BUBATh YMEHHUS U HaBbIKM B YCBOGHUH U CHCTEMAaTHU3allUU PUOOPETaeMbIX 3HAHUH,
o0ecrieunBaeT BHICOKUI YPOBEHD YCIIEBAEMOCTH B IMEPHO 00yUEHHUS, CIOCOOCTBYET
(opMHPOBAHNIO HABBIKOB COBEPLICHCTBOBaHMS MPOPECCHOHATLHOIO MacTePCTBA.

CamocrosTenbHast paboTa 00y4arouxcs BO BHEAY IMTOPHOE BpEMSI BKIIIOUYAET B ce0sl
MOJTOTOBKY K ayJMTOPHBIM 3aHATHSIM, a TAKXKE U3YUEHUE OTAEIbHBIX TEM, PACIIUPSIOMINX U
YTITyOJISIONIHNX TPEICTABICHUS 00YJAIONINXCS TI0 pa3/iesiaM H3ydaeMoi JUCIUTUTAHEL. Takast



paboTa MOKET MpeIoaraTh MpopadoTKy TEOPETHIECKOTO MaTepuaiia, paboTy ¢ HayqyHOM
JIUTEPATYpPOU, BBIIIOITHEHUE IPAKTUYECKUX 3aJaHUH, TIOATOTOBKY KO BCEM BHJaM KOHTPOJIBHBIX
UCTIBITAHUH, BHITIOJTHEHUE TBOPYECKHUX padoT.

Y4ebHo-MeToIn4YecKoe 00ecreueHue Uil CaMOCTOATENbHON paboThl 00YyYaIOIINXCS 110
JMCIATUTMHE TIPEJICTABICHO B pad0oYeil mporpaMme 1 BKITFOYAET B CeOs:

— PEKOMEHYEMYI0 OCHOBHYIO H JIOTIOTHUTEIBHYIO TUTEPATYPY;

— nH(OpMaIMOHHO-CIIpaBOYHbBIE H 00pa30BaTelibHbIC pecypchl HTEepHeTa;

— OLIGHOYHBIC CPEJICTBA JJIS IPOBEICHUS TEKYIIEro KOHTPOJIS U IPOMEKYTOUHOM
aTTECTAIMU IO JUCIUTUINHE.

KoHkpeTHbIe peKOMEHIAINH 10 TUIAHUPOBAHUIO U TIPOBEIACHHUIO CAMOCTOATEIHLHOU PaboThI
10 JUCUUIUINHE « DJICKTPOHHBIC TIPOIIECCHI B TBEPIBIX TEJIAX» MPEJACTABICHBI B METOAMYECKUX
YKa3aHuAax AJid 06yqafom14xc;1, a TaK’KC B MCTOAUYCCKUX MaTCpraiax (1)OH[[OB OLCHOYHLIX CPCACTB.

12. ®oHx OLEHOYHBIX CPECTB

q)OHI[ OLCHOYHBLIX CPCACTB, BKJIIO‘-IaIOHII/Iﬁ MEpCUCHDb KOMHCTCHHI/Iﬁ C YKa3aHUCM OTAIlOB UX
q)OpMI/IpOBaHI/IH, OIMCaHueE MOKa3aTeleH u KpUTCPUCB OLICHHUBAHHA KOMHGTGHHI/Iﬁ Ha pa3jIMYHbIX
oTalrax ux q)OpMHpOBaHI/Iﬂ, OIMMCAHUC KA OCHUBAHHA, TUIIOBBIC KOHTPOJILHBIC 3aJIaHUS U
MCTOAUYCCKHEC MATCPHAJIbI ABJISACTCS ITPHIIOKCHHUEM K IIPOrpamMme yqe6H0171 JUCHUITIINHBI.



