MMHUCTEPCTBO HAYKW M BBICIIETO OBPA3OBAHMA POCCHUMCKOW  ®EIEPALIN
®ENEPAIBHOE TOCY JAPCTBEHH OE ABTOHOMHOE OBPA3OBATE/IbHOE YUPEXK/JEHME BBICLIEI O OBP A30 B AH
us

«HanpuvoHanbHBIW MCCNefOBaTeNbCKUU AfepHBIU yHUBepcuteT « MUDU»
OOHMHCKHI MHCTUTYT aTOMHOM HEPTeTHKH —

¢uman dezepasbHOTO TrOCYJAPCTBEHHOTO aBTOHOMHOTO 06pa30BaTeNIbHOTO —YUPEXZAEHHUs BhICLIero oOpa3oBaHMs
«HaumoHanbHBIN MCC/IejoBaTe/IbCKUM  silepHbI  yHuBepcuteT «MUDN»

(MATD HUSTY MU®N)

OT/AE/IEHUE JIASEPHBIX 1 INTASMEHHBIX TEXHOJIOT U1

OpobpeHo Ha 3ace/jaHUK YUeHOro
cosera MATO HNAY MUY, nipoToko
Ne25.8 ot 25.08.2025

PABOYAS ITPOT'PAMMA YYEBHOM JINCIIUTI/TMHBI

duszuka KOHaeHCUpOGGHHOoZO

COCMOSAHUA
HazeaHue OUCYUNAUHbL

AJId HallpaBJIeHUA II0ATOTOBKHU

22.03.01 — MarepuasioBefieHre ¥ TEXHOJIOTUM MaTepuaioB
KOO U Ha3eaHue

obpa3oBaTesibHasi IporpaMmma

«Marepuasbl d)OTOHI/IKI/I»

dopma o0yueHHsI: OUHast



1. OE/IN 1 BAJAYNOCBOEHUA JUCHIAIL/IMHBI

Llenb AUCLUIUIMHBI — COBePILLIEHCTBOBaHNE U Jla/bHellllee pa3BUTHe I0JyUeHHBbIX paHee 3HaHWM, Kak
10 KOMIUIEKCY OCHOBOIIOJIATAIOIIMX MaTeMaTHUeCKNX [JUCLIUIUIAH, TaKk W 10 0a30BbIM /IS 3TOU
JUCLIIUIMHBL  pasfielaM (PU3MKHM, TO eCTb, [0 MeXaHHMKe CIUIOIIHBIX Cpefl, TepMOAWHaMUKe WU
crarusvKe, 3/1€KTPOJMHAMUKe U KBAHTOBOM MeXaHHKe.

3afaun JUCLIUIIMHBI — yCBOeHHWe 0a30BbIX KOHLIEMIMM (U3MKK KOHIeHCHUPOBAHHOTO COCTOSIHUS
BellleCTBa, METOJOB pellleHHs 3ajau 1o ¢Gu3MKe TBEPAOro Teja, 3HAKOMCTBO C TIOCTaHOBKaMH
KJ/lacChueCKUX (hr3nudeCcKux IKCIIepPUMEeHTOB.

2. MECTO JIUCIUILIMHBI B CTPYKTYPE OGPA30BATEJ/IbHOM ITPOT'PAMMUBI (zanee
— OIl) BAKAJIABPUATA

IucuurivHa peanu3yeTcss B paMKax 00si3aTe/lbHOM YaCTH UM OTHOCHTCS K 001enpodeccoHabHOMY
MOZY/TIO.

[nsi ocBOeHWs AWCHUIUIMHBI HeOOXOJMUMbI KOMITeTeHLMH, C(OPMHpPOBaHHbIE B paMKax HW3y4yeHUsi
CIeyMX AUCLIMIUIMH: (U3MKa, XWMHUS, MaTeMaTUueCKWldl aHa/lv3, aHajJuTHUecKas TeOMeTpus,
TeopeTHYecKasi MeXaHWKa M TeOpHsi yIIPyrocTH, (a3oBble paBHOBECHS M CTPYKTYPOOOpa3oBaHHe.

JMCLMIIMHBL W/WMKA TIPAKTUKM, [JI1 KOTOPBIX OCBOEHHE J[aHHOW JMCLMIUIMHBI HeoOXOAWMO Kak
Tipe/IIIeCTBYIOLee: MaTepyasoBe/jeHre U TeXHOJIOTUY MaTepuanoB (POTOHHMKU, MeXaHHWKa MaTepuasos,
MaTeMaTHyeckoe  MojeMMpoBaHWe  (U3NUYECKUX  TIPOL[eCCOB, TPOMW3BOJACTBEHHasi  TpaKTHKa:
TeXHOJIoThYecKasi (MPOeKTHO-TeXHOJIoruuecKasi) MpakTUKa, TPOM3BOACTBEHHAs TpaKTHKa: Hay4yHO-
HccriefioBarenbcKast paboTa.

JucuuruinHa usyvaetcs Ha 3, 4 Kypcax B 6, 7 cemecTpax.

3. IEPEUYEHD IVNTAHUPYEMBIX PE3Y/IbTATOBOBYUYEHUWSA 10 JUCIIUIL/INHE,
COOTHECEHHBIX C INTAHUPYEMBIMUA PE3YJ/IbTATAMMNOCBOEHUSA
OBPA30BATEJ/IbHOM ITPOIr'PAMMBI

B pe3ynsrate ocBoenuss OIl GakanaBpuara oOyuvaroIIUics [JO/DKEH OBJAZIeTh CeJyHOLUMU
pe3y/bTaramMy 00yUeHUs 10 AUCLUIIHE:

Kopg, HaumeHoBaHMe Koj v HauMeHOBaHMe HHAUKATOPaA
KOMIIeTeHI{ U} KOMIIeTeHI{MH JAOCTH)KeHHMS] KOMIIeTeHLIUH
OIIK-1 CriocobeH periaThb 3afaun 3-OIIK-1 3HaTh QyHAaMeHTaIbHbIe 3aKOHbI
rpodeccroHanbHOM TIPUPO/Ibl ¥ OCHOBHBIE (hu3nuecKue 1
JlesTe/IbHOCTU, TIPUMEHSIS MareMaTHyeCcKue 3aKOHbI
MeTOJbl MOZe/TUPOBaHu4, ¥Y-OITK-1 ymeTb rpuMeHsITh (hr3ruecKue
MaTreMaTUyeCcKoro aHajiv3a, | 3aKOHbl U MaTeMaThuyeCKue MeTOZbl [/1s1
o0I1IerH)KeHepHbIe U pellieHHs 3a7ia4 TeOpeTUYecKoro u
eCTeCTBeHHOHayuYHbIe TIPYKJIaHOTO XapakTepa;
3HaHUS B-OITK-1 ByageTs HaBbIKaMU MO/|e/TUPOBaHUs,
MaTeMaTU4eCKOro aHasiv3a, a Takke pellaTbh
3a7iauu B 00/1aCTH eCTeCTBeHHOHAYUHBIX U
001erH)XeHepHbIX 3HAHUH




OIlK-4 CriocobeH TIPOBOIUTh 3-OI1K-4 3HaTb OCHOBHBIE METO/TbI
H3MepeHUus U TIpOBe/leHUs! SKCIiepUMeHTaIbHbIX
HaO/roIeHu s, WCC/IeJIOBAHUM, KOHTPOJISI U IMArHO CTHKWY;
obpabarsiBaTh U ¥Y-OIIK-4 ymeTb 110/1630BaThCsl
TMpe/CTaBISATh COBPEMEHHBIMM CpeJiICTBaAMU U3MePEeHUs,
9KCIIepUMeHTaJIbHbIe KOHTPOJIsE U 00paboTKK 3KCIiepuMeHTabHbIX
JlaHHBbIe. JlaHHBIX;
B-OITK-4 BrazieTb HaBbIKaMu BbIOOpa
METOIUK ¥ 000pyZOBaHUS ISt
TIpOBe/leHUs! SKCIlepUMeHTaIbHbIX
WCC/IeJIOBAHUU U U3MEPEeHHH, a TaKkxke
00pabOTKH U Tpe/ICTaB/IeHUs
TO/TyYEHHBIX 3KCIIePUMEHTa/IbHbIX
JlaHHBIX.
OIIK-5 CrniocobeH periath 3-OI1K-5 3HaTh OCHOBHbIE MIPUKJ/IaJJHbIE
Hay4YHO-UCCJIe[j0BaTe anrapaTHO- IporpaMMHbIe Cpe/iCTBa,
JIbCKHe 3a7lau¥l TIpU TIpUMeHsieMble /IS pelleHus]
OCyIL|eCTB/IEHUU Hay4HO-MCCJIe/IoBaTeIbCKUX 3a/iau B 001actu
ripodeccoHaIbHOU ripo¢eCcCcOHaNbHOM JieSITeNTbHOCTH;
JesiTeIbHOCTU C Y-OIIK-5 ymMeTb 10/1b30BaTbCsl TUTIOBBIMUA
TIpUMeHeHreM arnrnapaTrHO-IIPOrpaMMHBIMU CpeACTBaMU /1t
COBPEMEHHbBIX pelleHus] HayYHO-KCC/1eloBaTeIbCKUX 3a/jad B
MH(OPMaLIMOHHBIX o06sacTu rpodeccroHambHOMN /1esITeTbHOCTY;
TEeXHOJIOTUN U B-OIIK-5 BnazieTh HaBbIKaMU HCI0/Ib30BaHUS
TIPUKJIaIHBIX CTaHJapTHBIX [1aKeTOB MPUKJIaJHbIX [IPOrPaMM
anrnapaTHO-Iporpam JIIS1 pellieHrs HayYHO-UCCIeJoBaTe/IbCKUX 3a/iau.
MHBIX CpejCTB
YKE-1 CriocobeH UCIT0/Ib30BaTh 3-YKE-1 3HaTh: OCHOBHbIE 3aKOHBI

BHAHWA €CTeCTBEHHOHAYYHbIX
AW CLUILINH, IIDUMEHATDb
METOAbI MaTeMdTH4eCKOI'o
dHa/Ir3a 1 MO e/TMPOBaHNA,
TeopeTuueCckoro u
DKCIIepUMEHTA/IbHOI'o
MCC/1eJOBaHUA B
MOCTAaBJ/IEHHBIX 3dJd4YaX

eCTeCTBeHHOHAYUHbIX AUCLIUIIMH, MEeTO/bI
MaTeMaTHUUeCKOro aHa/ivi3a U MOJie/IMpOBaHus,
TeOpPeTUYeCKOro U SKCIIepUMeHTaIbHOrO
MCC/1eI0BaHUS

Y-YKE-1 yMeTb: UCII0/1b30BaTh MareMaTuyecKue
MeTO/Ibl B TEXHUUECKUX ITPUIOKEHUSIX,
pacCYMThIBaTh OCHOBHBIE UUC/IOBbBIE
XapaKTePUCTHUKU CyUYaliHbIX BEJIMUMH, pelllaTh
OCHOBHbIE 3a/laul MaTeMaTUueCKOW CTaTUCTHKY;
pellarb TUIIOBbIE paCUeTHbIe 3a/,auu

B-YKE-1 ByiafieTb: MeTOaMu MaTeMaTHhueCKOro
aHa/M3a ¥ MOJle/IMPOBaHUs; MeTOJaMH PellleHUst
3a/la4 aHa/M3a U pacueTa XapakTepuCTUK
(br3rueCcKUX CUCTeM, OCHOBHBIMU MpHeMaMu
00pabOTKH 3KCIIEPUMEHTA/ILHBIX JJAaHHBIX,
MeTo/laMHi paboThI C TIPUK/IaJIHBIMU

MpOrpaMMHBIMU NTPOJYKTaMU




4. BOCIIUTATEJIbHBIV ITIOTEHITUAJI JUCIIATTAHBI

HanpasneHnus/ien 3agauu BocnuTaHus (Kopj) BocnurareibHbIN
UBOCIIUTAHUSA MOTeHIHaJI
AVCIMILTHH
[TpodeccroHanbHOe Co3paHue yC/ioBUM, HVcrnosib30BaHre BOCTIMTATeTbHOTO
BOCTIUTaHUe o0ecreunBaroImX: TroTeHI1asa MpodUIbHbIX

- (hopMHUpoBaHUe KylIbTyphl | AMCLMIUIAH M BCEX BUIOB MPAKTHK
6e3omacHOCTH Mpu paborte ¢ | s

JIa3epHBIM HU3/TyUYeHHEeM - (hopMHUPOBaHUS Ky/IbTYPbI
pas/IM4HOro BU/IA; 0e30MacHOCTH JIa3ePHOTO

- (hopMHUpOBaHMe KY/JIBTYPBI | W3/1y4YeHUs [TOCPeJCTBOM
Ge3omacHOCTH Mpy paboTe C | TeMaTUUECKOro aKI[eHTUPOBAHHS B

BBICOKOMOIIHBIMHU coziepKaHuM JUCLUIUIMH U
9KCTIepUMeHTa/IbHBIMU 1 yueOHBIX 3a[JaH1H, TIO/ITOTOBKU
TIPOMBILLTIEHHBIMU 3cce, pedeparoB, AUCKYCCHH, a
yCTaHOBKaMM. TaK)Xe B X0/le NPaKTUUeCKOi
paboThI C Jla3epHBIM
obopyioBaHuEM;

- (hOpMUPOBaHUSI KY/IBTYPbI
6e3omacHocTH Tpu paboTe Ha
BBICOKOMOILHBIX
5KCTIEPUMEHTAJTBHBIX U
MIPOMBIIIIJIEHHBIX YCTAHOBKAX,
KOTODbIE UMEIOT MOBBIIEHHBIN
YPOBEHb OMaCHOCTH uepe3
BBITIO/IHEHUE CTYI€HTaMU
MPAKTHYe CKUX U 1ab0pPaTOPHBIX
paboT, B TOM UKC/ie Ha
060pyI0BaHNH /17151 UCCIIe/JOBAHUSI
BBICOKOTEMITEPATYPHOM I1/1a3MBbl.

Oprasusanys MHTePaKTUBHBIX MePONPUATHHI U peain3anus crieliaaIu3upoBaHHbIX 3alaHUH C
BOCNIHTAaTe/IbHBIM M COLMA/IbHBIM aKI|eHTOM:

1. OpraHuzanusi HayuyHO-TIPAaKTUUeCKUX KOH(epeHLMH, BCTpPed C BbIAAIOIMIMMUCA YYEeHbIMU U
Be/IyIIMMU TIPE/ICTABUTEIIMA OTpacied B 00/IaCTH la3epHBIX U TIa3MEHHBIX TeXHOJIOTUM, KPYTJIbIX
CTOJIOB, Y IPUKJIaZIHON MaTeMaTHKU.

2. YuyacTe B  CTyZleHYeCKMX ONIMMIMAJZAXx U  CTyJAeHUYeCKUX KOHKypcaX, KOHKypcax
npoeCCHOHANTBHOTO MacTepCTBa, CTYAeHYeCKMX HAy4HBIX 00L[ecTBax U OObeAWHEHHSX, a TaKKe
JIETHUX LLIKOJIaXx.

3. YuacTue B TIOATrOTOBKe IyO/IMKAIMiA B BLICOKOPEUTHHTOBBIX MEX/[YHAaPO/IHBIX >KypHaslaX.

4. TlpoBefieHe HAyUHOTO CeMHHapa CTY/EHTOB M aClMpaHTOB OT/e/eHUs /la3epPHbIX U TJ1a3MeHHBIX
TEeXHOJIOTHUU.



5. ObbEM AMCIHUIIVIMHBI B 3AYETHbLIX EAVMHHUIIAX C YKA3AHUEM
YACOB,
KOHTAKTHYHO PABOTYOBYUYARKOIIUXCH C IIPEIIOJABATEJIEM (I1IO
BUJAM 3AHATVII) 1 HACAMOCTOSTE/IbHYIO PABOTY OBYUAROIIINXCHA

KO/IMYECTBA AKAJEMMWYECKHX

BBIJE/IEHHBIX

HA

Ko/muecTBo yacoB Ha BH/ paﬁoTbI o cemMmecrpam:

Bup pa6oTsl
Ne 6 Ne 7 Bcero
KoHTakTHas padoTa 00yuaromuxcs ¢
NpernojaBarejieM
Ay uTOpHBIE 3aHATHA (8Ce20) 64 64 128
B ToMm uucre:
JAekyuu 32 32 64
npakmuyeckue 3aHsmusi 32 32 64
nabopamopHble 3aHsMus - - -
IIpomexxyTouHas aTTecTanus
B ToMm uucrie:
3a4yem C OYeHKOU
9K3aMeH - - -
CamMocTosiTe/IbHasA padoTa 00yUyaronuxcs 8 8 16
Bcero (uachi): 108 108 216
Bcero (3aueTHble e AUHULIBI): 3 3 6

6. COJEP)KAHUE JNCIHUIVINHBI, CTPYKTYPUPOBAHHOE ITIO TEMAM (PA3JEJ/IAM)
C YKA3AHMEM OTBEJEHHOI'O HA HUX KO/IMYECTBA AKAJEMNYECKHUX YACOB

VN BUJOB YYEBHBIX 3AHATUI

6.1. Pazde bl oucyunauHbl UMpyo0oeMKOCMb N0 UOAM yUeOHbIX 3aHAmull (8 akaoeMuyecKux

yacax)
Hepens HaumeHoBaHue pa3jena / Bujapi yueOHo# padoThI
TeMbl JUCI{UIITHHBI
Jlek Ilp JIab Bueayp| CPO
1. Ilepuoguyeckye CTPyKTypbI
1-8 1.1 Ileprognueckue CTPyKTypel |8 8 - 2
9-12 | 1.2 KosiebaHus1 pemmieTKu 8 8 - 2
13-14 | 1.3 DyieKTpOHHBIE COCTOSTHUS 8 8 - 2
15-16 |[1.4 DnekTpuueckue CBOMCTBA 8 8 - 2
TBEpP/IbIX TeJl
HToro 3a 6 cemecTp: 32 32 - 8
2. CBoiicTBa TeJ1
1-2 2.1 PeHTTeH U CTPYKTypa 6 6 - 1
3-4 2.2 lecheKThI B TBEPABIX TeJaxX 6 6 - 1
5-6 2.3 MarHetusm 6 6 - 2
7-8 2.4 CBepXxI1poBOAUMOCTb U 6 6 - 2
CBEPXTEKYUYeCTh
9-16 |2.5ITonynpoBOJHUKHA U 8 8 - 2
JV3JIEKTPUKU
HToro 3a 7 cemecTp: 32 32 - 8
Bcero: 64 64 - 16




ITpum.: Jlek — nekyuu, Ilp — npakmuueckue 3aHsimusi / cemMuHapbl, JIab — nabopamopHbie 3aHsimus,



Bueayd — eHeaydumopHas Kohmakmuas paboma, CPO — camocmosimenbHasi paboma

6.2. Codepiicanue oucyunuHbl, CMpyKIMypupoeaHHoe no pasdesaam (memam)

JleKyuoHHblil Kypc

Hepensn

HaumeHoBaHue pa3jesa /
TeMbl AUCLUIIUHbI

Copepxanue

1. IlepuouuecKue CTPyKTypPbI

1.1 Ilepriorueckue CTPYKTYPEI

TpaHcnaumoHHas cummeTpus. Sueiika Burnepa-
3elitia. [leproguueckre QpyHKuU. CBOKCTBA
obpaTHoii perieTkd. 30Ha bpunmosHa. [IpuBeseHue K
30He bpuitosHa. ['paHMYHbBIe YC/I0BUS.

9-12

1.2 KonebaHusi perieTku

[unamuka perieTku. CBoMCTBa KosiebaHuUi pelieTKy.
YrenbHas TeIyI0eMKOCTh perieTku. Mozenu
OinHiITelHa U [lebasi. AHrapMOHK3M U TeTUIOBOe
pacmpenue. CrieKTpasbHasi TVIOTHOCTb KOleOaHH.
Oudpakuus Ha kpucrasie. @oHoHbl. PakTop [ebast-
Yonnepa.

13-14

1.3 DneKTpoHHbIEe COCTOSTHUS

OpHOMepHbIe KBaHTOBbIe 3a/jaur, CBOOO/HbIE
5/1eKTpOHbI. DepMuy CTaTUCTHKA, (PepMUOHBL. DHEeprus
®epmu, noBepxHOCTh PepmHu, MJIOTHOCTH COCTOSIHUM.
O/eKTpOHHAs TeIJIOEMKOCTb, ITapaMarHuTHast
BOCIIPMMMUYMBOCTb JJIEKTPOHHAs! 30HHast CTPYKTYpa.
3aKOH AMCIepCUU 3/1eKTPOHOB.. KBasunummysibC.
3aKOH AWCIIepCUu 371eKTPOHOB. D(PQeKTUBHas Macca.
Mertanibl, [U3/1eKTPUKY, T10JIyTIPOBOJAHUKY.

30HHast CTPYKTypa B MPUO/IMKeHUH CUTBHOM U cy1aboi
CBSI3U.

15-16

1.4 SnekTpuyeckue CBOMCTBA
TBEPBIX Tes

ONeKTPOIIPOBOIHOCTh, TeMITepPaTypHasi 3aBUCUMOCTb,
3/1eKTPOH-(hOHOHHOE B3aMMO/IeMCTBHE, OCTAaTOUHOE
COTpOTUBJIEHHE

AddexT Xoma, rarbBaHO-MarHUTHbIE 3P heKThl, CKUH

3¢ dexT,

LIMK/IOTPOHHBIN pe30HaHC.

2. CBoucTBa Te/I

1-2

2.1 PeHTreH U CTPyKTypa

[Oudpakius peHTTeHOBCKUX Jyueld U HeUTPOHOB B
KpHUCTaJlax. YIpyroe ¥ HeyIpyroe paccesiHue.
ATOMHBIN M CTPYKTYPHBIN (hakTophl. Audpakiys B
aMOp(HBIX BelljeCTBaXx.

2.2 TedeKThbl B TBEP/BIX TeIaX

Meyx0y3enbHbIe aTOMbI ¥ BAKAHCHH, [TUC/IOKALIWH,
TIPUMeCHBbIE aTOMBI.
Ouddy3us. Jedekts Ppenkesis u LIIOTTKU.




5-6

2.3 Marsetusm

deppomarHetusm, Temreparypa Kiopu. ObmeHHoe
B3auMo/ielicTBUe. JIoMeHbI U IOMeHHbIe CTeHKH.
CryrHoBbBIe BOJIHLI. MarHoHbI.

OJHOOMEHHOCTD, MeTJIsi TUCTepe3uCa,
cyrnepriapamMarHeTusM. MarHuTHas 3arvch U pyrue
TPUIOKEHUS] MarHUTHBIX HAHOUACTHL]




7-8

2.4 CBepXIpoBOLUMOCTb U
CBEPXTeKy4YeCTb

Kpurtepuii cBepxTekyuectu JlaHzay, GOHOHBI U
POTOHBI

SddexT MelicHepa, TyOrHa MPOHUKHOBEHUS
MarHuTHOTO TOJIst

KynepoBckue napsl, [j/liHa KOTepEHTHOCTH,
Addekr Txozedcona, BTCII.

9-16

2.5 IlonynpoBogHUKY U
[V3/1eKTPUKU

BanentHas 30Ha. D/IeKTPOHBI U JBIPKU.
OneKTporpoBOAHOCTh. [I10THOCTL HOCHTENeN TOKaA.
CoO6cTBeHHast ¥ pUMe CHast TPOBOJUMOCTH.
[loHOpHBIe U aK1[eNTOPHBIN YPOBHU. XUMUYeCKUI
MOTeHLWa/I. MoTeHLast. P-n mepexoy. DKCUTOHBI.

Ipakmuuec

Kue/CeMUHapcKue 3aHamust

Hepens

HaumenoBaHue pa3jesna /
TeMbI JUCL{UI/IMHbI

CopepxaHue

1. IlepyoguvecKue CTPYKTYpPbI

1-8

1.1 ITepriogrueckue CTPYKTYpEI

TpaHciAnMoHHas cummeTpus. Suelika Burnepa-
3eiitiia. [leproanueckue dhyHkuyu. CBolCTBa
obpatHot¥i perretku. 3oHa bpurrosHa. [IpuBeserue K
30He bpu/uttosHa. I'paHuYHbIe YCI0BYUS.

9-12

1.2 Konebanusi pemeTku

[Nunamuka pemietky. CBOMCTBa KomeOaHM pereTKy.
YnenbHast TerIOEMKOCTb peleTku. Mogenu
OiiHireiiHa u [lebasi. AHrapMOHH3M U TET/IOBOE
pacmmpenue. CrieKTpasbHasi IJIOTHOCTb KoslebaHUH.
Mudpakuus Ha kpuctasuie. @oHoHbl. Paktop lebast-
Yonnepa.

13-14

1.3 DnexTpoHHbIe COCTOSHUSA

OpHOMepHbIe KBaHTOBBIe 3a/1aur, CBOOO/IHBIE
3/1eKTPOHbI. PepMHU CTaTUCTHKA, ()epMUOHBL. DHeprus
®epmu, NoBepxXHOCTb PepmHy, MJIOTHOCTH COCTOSTHUM.
OJ1eKTPOHHas TeryI0eMKOCTb, lTapaMarH1THast
BOCIIPMMMUHMBOCTb JJIeKTPOHHAs 30HHAsi CTPYKTYpa.
3aKOH /IMCIIepCUU 1eKTPOHOB.. KBasunmItysc.
3aKOH AuCrepcuy 371eKTPOHOB. DPQeKTUBHas Macca.
MeTtanisl, JU3/1€KTPUKH, [IOTYIPOBOAHUKU.

30HHas1 CTPYKTypa B PUOIMKEHUN CUTbHOM U Crlaboi
CBSI3U.

15-16

1.4 DnekTpuyeckre CBOKMCTBa
TBep/bIX Tel

DJIeKTPOIPOBO/IHOCTD, TEMIIEpATyPHas 3aBUCUMOCTb,
3/1eKTPOH-()OHOHHOE B3aUMO/leiICTBUE, OCTaTOYHOE
COTIPOTHUB/IEHNE

AddekTt Xonna, rabBaHO-MarHUTHbIE 3((EKThI, CKUH

3¢ dexT,

LIMK/IOTPOHHBIN pe30HaHC.

2. CBoucTBa TeJI

1-2

2.1 PeHTTeH U CTPYKTypa

HOuvdpakiiyisi peHTreHOBCKUX JTyueli 1 HEMTPOHOB B
KpHUCTaJulax. YIpyroe U Heynpyroe paccesiHye.
ATOMHBIN U CTPYKTYPHBIN (hakTOphl. Audpakiys B
amMopGhHBIX BellleCTBax.




3-4 2.2 TedeKThbl B TBEP/BIX TeIaX Mesx0y3e/bHble aTOMbl M BAKAHCUH, JUC/I0KALIUHY,
TpYMeCHbIe aTOMBI.
Ouddy3us. Jedekts Ppenkesns u IIOTTKU.

5-6 2.3 Marsetusm deppomarHeTtusm, Temrieparypa Kiopu. O6meHHOe
B3auMOZelicTBYe. [IOMeHbI U JOMEHHbIe CTEHKU.
CniHOBbIe BO/IHBI. MarHoHsl.

OZHOIOMEHHOCTS, MeT/Is TUCTepe3uca,
CyliepriapamMarHeTusM. MarHurHas 3aruch U Jpyrue
TIPUJIOKEHMSI MarHUTHBIX HAHOYACTHL]

7-8 2.4 CBepXIpoBOLUMOCTb U Kpurtepuii cBepxTekyuectu JlaHzay, GOHOHBI U
CBepXTeKy4eCTb POTOHBI

OddexT MeiicHepa, TybrHa MPOHUKHOBEHHS
MarHMTHOIO I10JISA

Kymnieposckue napsl, J/1MHa KOTePeHTHOCTH,
Addext Ixo3zedcona, BTCII.

9-16 | 2.5 ITonyripoBOAHUKY U BaneHTHas 30Ha. D/1eKTPOHBI U JbIPKHU.
JTUDJIEKTPUKHU OneKTporpoBoHOCTh. [I10THOCTL HOCHTENel TOKaA.
CobcTBeHHast ¥ TIpUMeCHasi IIPOBOJUMOCTH.
[1oHOpHBIe U aKL[eNTOPHbIN YPOBHU. XUMUYeCKUI
MOTeHL[Ha/l. NoTeHuUan. P-n nepexos. SKCATOHBI.

7. IEPEYEHb YYEBHO-METOJUYECKOI'O OBECIIEYEHUSA /11
CAMOCTOSITE/IbHOM PABOTBI OBYUYAROIIXCA 1O AU CITUIL/INHE

1. Ycnexu pusmyeckux Hayk

2. Review of Modern Physics (APS Publisher)
3. Physical Review Letters (APS Publisher)
4. Physical Review B (Condensed Matter) (APS Publisher)
5. Journal of Applied Physics (AIP Publisher)
6. Applied Physics Letters (AIP Publisher)
7. Journal of Physics C: Condensed Matter  (IOP Publisher)
8. Journal of Physics B: Applied Physics (IOP Publisher)

8. IEPEYEHh OCHOBHOMH Y JIOTIO/THUTE/TbHOM YUYEBHOW JINTEPATYPBI,
HEOBXO/IUMOM /IJ7IsI OCBOEHUSA JTUCIUITI/IMHBI

a) ocHogHas1 yuebHas Aumepamypa:

1. Y. Kurrens, Beesenue B ¢u3vky TBepzoro tena, «Hayka», Mocksa, 1989.

2. H.Bb. bpangr, C.M. UynrHOB, DneKTpOHHast CTPYKTypa MeTasuioB. M3-so MI'Y, 1973.

3. BJI. bonu-bpyesuu, C.I'. KanamHukos, @usuka rosynposoaHukoB. «Hayka», Mocksa, 1977.

4. A.M. KoceBuu, OCHOBBI MeXaHVKH KpUCTA/TMUECKOU pereTky. «Hayka», Mocksa, 1972.

. I. T'pocce, CBoOOHBIE 37IEKTPOHBI B TBEPABIX TeMaX. «Mup», Mocksa, 1982.

. k. 3arimaH, [TpuHLMIIEI TeOpUK TBepAoro Tena. «Mup», Mocksa, 1974.

. H. Amikpodrt, H. MepmuH. ®usurka TBepzoro tena. B 2-x tomax. «Mup», Mocksa, 1979.

. C.B. BoHcoBckuii, M.W. KaijHenbcoH. KBanToBast hu3suka TBeporo Tena. «Hayka», Mocksa, 1983.
. IL.B. I1aBnioB, A.®. Xox/0B. Pr3uKa TBepAOro Tena, «Briciias mkona», Mocksa, 2000.
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6) donoaHumenvHas yuebHas aumepamypa:

1. A.C. JaBbioB, Teopus TBepgoro tena. «Hayka», Mocksa, 1976.

2. Y. XappucoH, Teopus TBepzoro tena. «Mup», Mocksa, 1972.

3. O. Magenynr, Teopust TBepgoro Tena. «Hayka», Mocksa, 1980.

4. @.[1x. bnart, Teopusi N0JABWKHOCTH 3/IeKTPOHOB B TBepP/bIX TeslaxX

5. A.A. AbpukocoB, BeezieHre B TeOpHIO HOpMaJTbHBIX MeTaioB. «Hayka», Mocksa, 1976.

6. k. Peiicnens. ®usuka (poHoHOB. «Mup», Mocksa, 1975.

7. UM. JIudrmi, M.A. A36ens, M.W. KaranoB, SnekTpoHHasi Teopust MeTaioB. «Hayka», Mockga,
1971.

8. I. Jleiitb6¢dpug, MUKpoCKoTIUecKasi TeOpUsi MeXaHHUeCKUX U TeTJIOBBIX CBOMCTB KPUCTA/IOB. «Du3-
Mart-JIut», 1963.

9. 3agauu 1o (pusmrKe TBepI0ro Tena, peA. I.Jbx. T'ongemut, Hayka, Mocksa, 1976

9.IIEPEYEHB PECYPCOB MTH®OPMAIINMOHHO-
TEJIEKOMMYHUKAIIMOHHOVICETU «MHTEPHET» (JAJIEE - CETH
«MHTEPHET»), HEOBXOJNMbIX JIJIf1

OCBOEHMHSA TNCIIAIINHDBI

1. 1www.nature.com,
2. www.elsevier.com,
3. www.sciencedirect.com,

10. METOJUYECKUE YKA3AHUSA JI/ISI OBYUYAIOIINXCS 10 OCBOEHUIO
MVICIIATL/TAHBI

[Tpy nsyuenun Tembl «Ilepuoguueckue CTPYKTYpPhI B TBep/JbIX Teaax» HeoOXoAuMo obpamumb
8HUMQAHUe Ha CJie[lytoll{ie MOMEHTBI:

- CylIleCTBOBaHKe B MPUPO/ie Kak pelieTok bpaBe, Tak U perieTok c 6a3ncom;

- HeO/THO3HAYHOCTh BBIOOPA 3/IeMeHTapHOU STYeKH KPUCTAI/TMUeCKON CTPYKTYPBI;

- BO3MOKHOCTh BBeZleHHUsi 00paTHOM pellleTKH B MPOCTPAHCTBE BOTHOBLIX BEKTOPOB ((aKTHUeCKH — B
npocTtpaHcTBe PDypbe) K J000M M3 /AByMEepHBbIX WM TpPEXMepHbIX pelleToK bpaBe B mpsmMom

TIPOCTPaHCTBe.

[lpu wusyuenun Tembl «KosiebaHUsA pelIeTKH» C/ieayeT obpamumb 6HUMAHUe Ha CJefyioliue
MOMEHTBI:

- OOIIyI0 CTPYKTYpy pelleHHl ypaBHEHWI [BW)KEHHs aTOMOB KPUCTA/UTMUECKON DEIIeTKH B BH7IE
TUIOCKMX BOJIH, C KOTOPOW eCTECTBEHHO CBs3aHbI TaKWe TOHSATHSI KAaK BOJIHOBOW BEKTOp, uacTOTa U
TIOJIsIpU3alivisi BOJTHBI; 3aKOH JIUCTIePCUU COOCTBEHHBIX KOebaHui, Tp.

- CYIIeCTBOBAaHHME TpPeX aKyCTUYECKUX, ¥ HECKOJBbKMX ONTHUECKUX ([Ji1 PEeIIeToK C 6a3ucoM) Mof
kosiebanuii. HeoOXOoMMO YSICHUTb TIPUHLUIUAIBHYIO Pa3HULy MeXAy 3THMH MOJAaMU B [IMHHO-
BOJIHOBOM Tipe/iejie YW TMPUHATh BO BHUMaHWe CyIeCTBOBaHWE Ile/ieli B UYaCTOTHOM CIEKTpe
COOCTBEHHBIX KOJIeOaHHI peleTKy ¢ 6a3ucom.

- YSICHUTb KBaHTOBO-MEXaHWUECKYI0 CHUCTEMATHKy (DOHOHHBIX COCTOSHMM B KpHUCTajle, KOTOpas
OTMCBIBAETCSI BOJHOBBIM BEKTOPOM M HOMEPOM MOJbI KOjie0aHWii. 3allOMHUTB, UTO TOJTHOE UKCJIO
HOPMaJIbHBIX KOJIe0aHHI PelleTKH PABHO ee UHC/Ty CTereHeil CBoOobI.

- BHUMATEJ/IbHO pa306paTb OCHOBOITIOJ/IardtiOlYHO KBAHTOBYIO 3d/ja4y O I'dpMOHHWUYECKOM OCHOUJIJIATOPE.


http://www.nature.com/
http://www.nature.com/
http://www.elsevier.com/
http://www.elsevier.com/
http://www.sciencedirect.com/
http://www.sciencedirect.com/

OO6paruTh BHUMaHWe Ha KBUAMCTAHTHOCTH SHEPreTHUUeCKOTO CIeKTpa OCHWIIATOpa U
CyIIleCTBOBaHHe YHEPTUH HYJIeBbIX KOleOaHuiA.

- HWMEHHO 3KBUIWCTAHTHOCTb SHEPreTHUYeCKOI'o CIIeKTpd OCHW/LIATOPAa I103BOJIAeT €CTeCTBEHHBIM
06pa30M BBECTHU IIOHATHE O KBA3MUYdCTHULAX — d)OHOHaX, UMC/I0 KOTOPBIX, OAHAKO, HE Cl)I/IKCI/IpOBaHO. B

OT/INYKE OT OOBLIYHBIX HacCTul, Q)OHOHLI MOT'YT TIOABJIATBCA U UCUE3ATh.

[Ipu u3yuyeHUH TeMbl «DJIeKTPOHHBIE€ COCTOSTHHSI» CJielyeT oOpamumb 6HUMAHUE Ha CreJyHoLue
MOMEHTBI:

- CyLLeCTBOBaHUs [BYX IMOHATUM /151 UeanbHoro rasa @epmu — sHeprun depmu, F, 1 XUMUUYECKOTO
NoTeHLjMasa , KOTopble He coBmnajaroT. [lose3sHo ocosHaTh mepexof K Ipefiesly HeBbIPOXKIEHHOIO
5/IEKTPOHHOTO rasa B Tipefiesie BbICOKMX Temrmepatryp, I >> r/ks. Ilosne3Ho 3arnoMHWTb, UTO
3/IeKTPOHHAs TeII0eMKOCTh ra3a ®epMy NponopLMoHaibHa NepBoy CTelleHW TeMIleparyphbl, B TOBPeMs
Kak (hOHOHHas1 TeMJI0eMKOCTh pellleTKH NPONopLIMOHabHa TPeThel CTerleHr TeMIepaTyphl.

- obpatuTh 0cob0e BHMMaHMe Ha CBSI3b TIOHSTUIN PACIIMPEHHON U MPYBEIeHHOU 37IeKTPOHHOM 30HHOM
CTPYKTYphl, KOTOpble BecbMa LIMPOKO wucrosb3ytorcsi B @KC. Pa3obpaTh oT/Muue 3/1eKTPOHHOM
30HHOMW CTPYKTYPBI /I/Is1 LIjeJIOUHBIX M 0/1aropo/iHbIX MeTaJlIoB.

- pa3o0paTh BBe/leHHe 3MeKTPOHHBIX U [JBIPOUHBIX COCTOSIHUH /ISl 37IEKTPOHOB CO CJIOXKHBIM 3aKOHOM
[VCIIepCUU.

- 3allOMHUTh, YTO XHM. TIOTEHI[Ma/J COOCTBEHHOTO TIO/NYTIPOBOAHMKA TIPH [OCTAaTOYHO HU3KUX
Temriepatrypax O/M30K K cepe/jiHe 3arpelleHHON 30HbI, a XUM TOTeHIMa/l TIPUMeCHOro (JJOHOPHOTO)
TIOJIyTIPOBOAHMKA IIPU HU3KUX TeMIleparypax JIeXKUT B IPOMEXYTKe MeKJy JOHOPHBIM YDOBHEM H

JAHOM 30HEI ITPOBOAWMOCTH.

[Tpu u3yuennu Tembl «KMHeTHYecKHe CBOWCTBA TBepP/bIX Te/» CjielyeT oOpamumb GHUMAHUE Ha
CJlefiyroIie MOMeHTBI:

- KBa3MK/aCCMUeCKWe YpaBHEHUsl [IBW)KEHHsl 5/1eKTPOHOB B KpHCTa/ljle TpPUMEHUMbl JIMIIb B
yMepeHHOM (He KBaHTYIOILIleM) BHeIIHeM MarHUTHOM T10JIe.

- C/llefyeT HayYUTbCsl CTPOWUTh TPAeKTOPUHM 3/IEKTPOHOB M JBIPOK BO BHEIIHEM MarHUTHOM Iiojie (B
OTCYTCTBHE TIPOLIECCOB pacCesiHusi) C yueTOM CJIO)KHOHM Torosjorud PepMu MOBEPXHOCTH MeTasla.
[ToHATH pa3HULY MEXKYOTKPBITBIMU M 3aMKHYTBIMUA TPaeKTOPHUSIMHU.

- TIOHSITh MIPUUKHBI TI0 KOTOPBIM TeMIlepaTypHble 3aBUCUMOCTH 3/IeKTPO- COMIPOTUB/IEHUsI B MeTaslie U
TIOTYTIPOBOJHUKE CYII[eCTBEHHO Pa3/InyaroTCsl.

- Ha IpuUMepe TepMO- TeKTPUUeCKUX SIBIEHUH OCBOUTH MOHSATHE 0 Habope KWHeTHYe CKUX
K03((ULeHTOB MeTajlsia, KOTOphIe OMTMCHIBAIOT €r0 OTK/IMK Ha BHELlIHWe TePMO/IMHAMUYeCKHUe CUIBL.

- moApoOHO pa300paTh OCHOBOIIO/IATAIOUIYI0 KBAaHTOBO-MEXaHWYeCKyH) 3alauy O CBOOOJHOM

3JIEKTPOHE B KBAaHTYHOIIIEM MArHUTHOM II0JIE.

[Mpu usyueHuu TeMbl «ONTHKA MeTa/UIOB, MOJYNPOBOAHUKOB U [HM3IeKTPUKOB» ClieflyeT
obpamumb 8HUMAHUe Ha CIeyIOIie MOMEHTHI:

- BBeJleHMe KOMILJIEKCHOW [AU3/IeKTPUUYeCKOW TPOHUL@eMOCTU Cpefbl T03BOJISIeT C eAWHOM TOUYKH
3peHusi OMUChIBaThb BBICOKOUACTOTHbIE CBOMCTBA JW3/EKTPUKOB, METAasIOB, TOJYNPOBOJAHUKOB, U

BOOOIIIe I/1a3MO- MOI0OHBIX Cpe/.



- yepe3 KOMIUIEKCHYIO JU3/eKTPUUeCKYH MPOHUL[aeMOCThb CpeJibl BbIpaXKaeTcsl, B YaCTHOCTH, U
K03(p(pULIMEeHT OTpaykeHHs IIJIOCKOW 3/1eKTPOMarHUTHOM BOJIHBI OT TPaHKL{bl pa3zesna cpef.

[lpu wu3yuyeHUM TeMbl «JKpPAaHHMPOBaHHE W MNOBepPXHOCTHbIe 3¢ ¢deKTbI» CcreqyeT obpamumb
BHUMQAHUe Ha CJIe[yIOI[ie MOMEHTbI:

- HEOJHOPOJHBIMA 3/IeKTPOHHBIM Ta3 MOXeT HaXOJUThCS B COCTOSHUM TepMOAWHAMHUEeCKOTO
paBHOBecusi. [Ipy 3TOM S/eKTPOHHasi KOHLIEHTpAllUsi HEeOJHOPOJHAa, a B Tas3e CyllecTByeT
CTalMOHapHOe 3/ieKTpruueckoe rosie. OfHaKo, B CU/Iy COOTHOLIEHUsI DUHIITEeNHA, TOKU MPOBOJUMOCTH
Y ToKU Auddy3un B TOUHOCTU KOMIIEHCUPYIOT JPYT Apyra B KaXK0l TOUKe ITPOCTPaHCTRa.

- 3KpaHMpOBaHWe CTOPOHHHX 3JIEKTPUYECKUX 3apsiZioB B 3/JIeKTPOHHOM rase [JOCTHraeTcsl Kak pa3 3a
CUeT HEOJHOPOJHOIO Tepepacripe/iesieHrsl 37eKTPOHHOW TJIOTHOCTU. B mpocTedmmx ciayyasix 3TO
riepepacrpe/iesieHrie OMMCHIBAETCSI OAHON KOHCTAHTOM, HallpuMep, AJIMHOM SKpaHupoBaHus [lebast.

B 3/IEKTPOHHOM Tase, JBWKYILEMCS Ha (OHEe TOJOKUTEbHOTO0 KOMITeHCUPYIOLEero 3apsifia
VOHOB, BO3MOXKHbI TPOJIO/IbHBIE KO/Ie0aHMSI 37€KTPOHHOW TIJIOTHOCTH, KOTOPbIE TIPOMCXOJSAT C
ra3MeHHoOM yactoroi. [Ipy 3TOM B MeTasijle CyLLeCTBYeT IepeMeHHOe S/eKTpUueckoe Iiojie, HO
riepeMeHHOe MarHUTHOe T10J1e TIPU 3TOM OTCYTCTBYET, UTO HEBO3MOXXHO B BaKyyMe.

- paboTa BbIXOZla 3/IEKTPOHA M3 MeTasljla aHaJoTWYHA TOTeHLMany WOHU3ALWK yeJJUHEeHHOTO aToMa.
Mertari, B IPUHLIAIIE MO’KHO PacCMaTPUBATh KakK OOJBIION KOJIJIEKTUBHBIN aTOM.

- KOHTaKTHas pa3HOCTb TIOTEHI[MA/IOB CBsi3aHAa C OTAMUKMeM paboT BBIXOAA /[ABYX Pa3IAUHBIX
KOHTaKTHPYIOL[UX MeTas/uioB. B 00/1acT MX KOHTaKTa CyIecTByeT repexofgHas 00sacTh (BOMHOM

BHEKTPI/I‘JECKI/Iﬁ CJ'IOﬁ) roe BJ'IEKTPI/I‘-IECKI/Iﬁ MOTeHLKAJI ¥ 3JIEKTPOHHAA IIJIOTHOCTh HEOJJHODOAHLI.

[Tpu usyuenuu TeM «MarHeTusm», «CBepXnpoBOAUMOCTb U CBEPXTEKYYeCTb» CJielyeT obpamumsb
GHUMQAHUe Ha CJIe[lytoll{ie MOMEHTHI:

- (peppoMarHeTH3M eCTh C/ieICTBe OOMEHHOTO B3aMMOZEHCTBUS TeKTPOHOB, TO €CTh 3aBUCUMOCTH
KBaHTOBOMEXaHWYECKOW TIOJTHOM SHEepruyd CUCTeMbl OT KOH(QUWIypaLWMu CIUHOB  3/1EKTPOHOB.
OOmeHHasi Heprusi UMeeT MHHHUMYM, KOT[id CITUHBI BCEX 3/IEKTPOHOB Tapasule/ibHbl APYT [pYTY.
OfHako, B MAaKpPOCKOTIMUYECKH OOJIBIIIOM Tejle TiapasiiesbHasi KOHQUTyparys BCeX CITMHOB MPUBOAUT K
OOJBILION MarHeTOCTaTUUYeCKOW SHepruu Tesa. Pa3bueHre Tejla Ha MarHWTHbIE [OMeHBI BefeT K
YMEHBIIIEHHI0 MarHeTOCTaTHUeCKOW, W TIOJTHOM 3HEPruM Tesia, XOTS TpU 3TOM OOMeHHasi SHeprus
CUCTeMbl HECKOJIBKO yBe/TMUKBaeTCs.

- OIHOZIOMeHHbIe (peppOMarHUTHbIE HAHOYACTHULbI SB/SFOTCS IPUPOJHBIMU TMOCTOSTHHBIMU MarHUTaMH,
KOTOpbIe MPaKTUueCKA HEBO3MOXKHO pa3MarHUTUTh.

- Tlepexo[; B CBEepXIPOBO/sIIee COCTOsSTHWE, KaK M 00Opa3oBaHWe (eppOMarHMTHOTO TOPsiiKA B TeJie,
eCcTb KoorepaTuBHBINA 3(deKT, KOTOPhIi CBs3aH C 0Opa30BaHHMEM SHEepreTUYecKOW Ied B CIeKTpe
3/IEKTPOHHBIX BO30Y>KJIEHUI Y TTOHW)KEHUEM SHEePTyM 3/1eKTPOH-(DOHOHHOM CUCTEMBI.

- 3ameuare/lbHbIM CBOWCTBOM CBEpXIIPOBO/SIIEr0 COCTOSTHUS SIBJSIETCs AMaMarHeTH3M, TO ecCTb
BbITA/IKUBaHWe BHEIIIHETO MAarHUTHOTO TIOTOKa W3 00beMa CBepXIPOBOAHWKA. OTUM CBOWCTBOM
CBEepPXIPOBOJJHUK pa/IMKaAbHO OT/IMUYaeTCs OT C/aydas MPOBOJHMKA C BecbMa MasjbiM (B Tipefienie —
HY/IeBbIM) 3/IeKTPUUECKUM COTIPOTHB/IEHWeM, B KOTODOM MarHUTHOe TI0jie MOYKeT CTal[MOHapHO

CyL[eCTBOBATb B 3aBUCHUMOCTHU OT HAUdJ/IbHBIX yCJ'IOBPIﬁ.



11. IEPEYEHDb NTH®OPMAIIIOHHBIX TEXHOJIOT i1, UCITOJIb3YEMBIX ITPU
OCYHIECTBJ/IEHNH OBPA3OBATEJ/IBHOI'O ITPOLECCAIIO JUCHUIIVIMHE,
BK/IFOYASA ITEPEYEHD ITPOI'PAMMHOI'O OBECIIEYEHUA U THOOPMALIMOHHBIX
CITPABOYHBIX CUCTEM (ITPM HEOBXOJAVUMOCTN)

Vcnonb3oBanue MH()OPMAIIMOHHBIX TEXHOJIOTHH TIPH OCYIIeCTBIeHHH 00pa30BaTeTbHOTO TpoLiecca 1o
JUCIUTUIMHE OCYILeCTB/SIETCS B COOTBETCTBUM C YTBep)KJeHHbIM [lonokeHreM 00 OIeKTPOHHOU
nHbOpMaI[MOHHO-00pa3oBarebHOM cpene MATD HUAY MUDN.

O/leKTpoHHasi cucTeMa yripaBieHus oOyuenwem (LMS) wucronb3yeTcs it peasn3aljuud
oOpa3oBare/lbHbIX TPOrpaMM TP OUHOM, JUCTAHLMOHHOM M CMeIleHHOM peXume 0OyueHusl.
CucTema peanusyeT CeAyroLe OCHOBHbIE (DYHKLIUU:

1) Co3panue v yripaB/ieHUe KiacCcaMu,

2) Co3pnaHue KypCos,

3) Opranusauys 3aricH yJyaijuxcsi Ha Kypc,

4) I[penocTaBieHue AOCTyTIA K y4eOHBIM MaTepHasiaM Jijisl YUaliuxcs,

5) [Ty6suKaryist 3a/laHuiH /17151 YU€HUKOB,

6) OtleHKa 3alaHUM yYaIIuxcsi, TIPOBe/ieHre TeCTOB U OTC/Ie)KMBaHUe Mporpecca ooyueHus,
7) OpraHu3ariyst B3auMO/IeMCTBUSI YUaCTHUKOB 00pa30BaTe/IbHOTO TIPOoIiecca.

Cucrtema WHTErpyUpyeTcsi C [OMNOJHUTENIbHbIMU CepBUCAMH, 00ecIeunBaloMMU BO3MOKHOCTb
WCIIO/Ib30BaHMsl TAaKUX (YHKIMKA Kak pabounii KajeHJapb, BHJEO CBSi3b, MHOTOIOJH30BATeIbCKOe
peJjaKTUpOBaHue [JOKYMEHTOB, CO3/jlaHue (DOpPM OINPOCHUKOB, MHTePaKTUBHAs [OCKa [JJIs PUCOBAHUSI.
ABTOpU3alLYsl M0/Ib30BaTesield B CUCTEMe OCYILeCTB/ISeTCS MOCPeICTBOM KOPIIOPAaTHMBHBIX aKKayHTOB,
NIPUBSI3aHHBIX K JJOMeHyoiate.ru.

11.1I1epeuenb uHopmMayuoHHbIX MexHo102ULl

— KOHCY/IbTUPOBaHHeE MOCPEe/ICTBOM 3/IEKTPOHHOM MOUTHI;
— MCI10/Ib30BaHKe 3/IeKTPOHHBIX Mpe3eHTal|i Py NPOBe/|eHNH NMPaKTUYeCKHX 3aHATHH.

11.2 ITepeuenb npozpammHo20 0GecneveHust

— IIpoepammbl, demoHcmpayuu sudeo mamepuanos (npouzpbieamens «Windows Media Player»);
— Ilpoepammbl 04 demoHCmpayuu u co3oauus npesenmayuti («Microsoft Power Point»).

11.3I1epeueHb uH(OpMAYUOHHBIX CNPABOYHDBIX CUCITIEM

4. www.nature.com,
5. www.elsevier.com,
6. www.sciencedirect.com,

12. OIIMCAHHME MATEPUAJ/TbHO-TEXHUYECKOW BA3bI, HEOBXOIUMOM JJI51
OCYHIECTBJ/IEHUA OBPA3OBATEJ/IBHOI'OITPOIECCA 110 JINCIIUIIVIMHE

YueOHasi ayAUTOpUs JJ1sI TIPOBeIeHuUs YueOHbIX 3aHaTuid Ne 1-234
Creriiaiu3upoBaHHast MebeJib:

Jocka menioBas- 1 wir.,

Cron npernogasarens — 1 T,;

Cron JByXMeCTHbIM — 22 IUT.,


http://www.nature.com/
http://www.nature.com/
http://www.elsevier.com/
http://www.elsevier.com/
http://www.sciencedirect.com/
http://www.sciencedirect.com/

Crtyn — 45 wrt. aya.
13. UHBIE CBEJEHWA U (MJ/IN) MATEPHUAJIbBI

13.1I1epeuenbp obpazoeamenbHbIX MmexHos/102ull, UCNOo/Ab3yeMbIX nNpu ocyujecmeseHuu
obpazoeamesbHO20 Npoyecca no oucyun/JIuHe

- [InaHoMepHas opraHu3aryis oc/iel0BaTe/IbHOCTY Pa3/IMYHbIX BU/IOB ayIUTOPHBIX 3aHATUN (JIEKLMH,
MIPAaKTUYECKUX 3aHATHH U TabOpaTOPHBIX Pab0T) B COUETaHUM C BHEAYAUTOPHOM paboToM CTyzeHTa

- [Ipu u3n0>XeHNY BCeX pasZiesioB (TeM) yKa3aHHe Ha CBsI3b C yueOHbIM MaTeprasioM JJPyTruxX
JVICLIUTIIH yueOHOro T1aHa, a TakyKe MpaKThdeCKUMU TPUIOKEeHUSIMU

- CucremMaTHueCcKye MHAVMBUYya/lbHble KOHCY/IbTallun

- CTUMYy/IMpOBaHUe MCII0J/Ib30BaHMS B TIPOLiecce 00y4eHHst KOMITBFOTEPHOU TEXHUKHU U
VMH(OPMaLMOHHBIX TEXHOJIOTUI

13.2dopmbl opzanuzayuu camocmosimesnabHol pabombt oGyuarowjuxcsi (membl, 8bIHOCUMbIE 0/151
camocmosime/ibHO20 U3yYeHusl; 0NPOChl 07151 CAMOKOHMPO/1sl; Munoebie 3a0aHus 07158 camonpoeepKu

TeMbl, BBIHOCUMBIE /151 CAMOCTOSITE/IbHOTO M3yUeHHUs.
1. Cps3pb ¥ CTPYKTYypa KpuUcTasuios [1-3]
HedexTrl KprCTanIMueckoro crpoenus [1,4]
Kpucrannmsauysi, AvarpaMMbl paBHOBECHsI U MUKPOCTPYKTYpa CIJIaBoB [ 3]
da3bl 1 (Pa3oBble Tiepexo/ibl B ABYX-KOMIIOHEHTHBIX cucTeMax [1,4]
[Tnactrnueckas gedopmarusi. [3]
2Kene3so u a3l cuctemsbl xKene30-yriepos [1,4]
[wmarpamMmMbl TpOUHBIX cucTeM [1,4]
JlervpoBaHHbIe ctan [1,3]
LIBeTHbIEe MeTasbI [1,3]
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KoHTposib camocTosTe/IbHOM paboThbl OCYI1eCTBIISETCS TPYU NIPOBeIeHUH MPAaKTHUYeCKUX 3aHSATHH,
PEUTHHIOBOM KOHTPOJIE.

14. OCOBEHHOCTU PEAJIM3AIIVN AV CHUILI/IMHBI /11 THBAJIM 0B U JINI]
C OI'PAHUYEHHBIMH BO3MOXXHOCTAMM 310POBbSA

B cooTBeTcTBHM C MeToAMUYECKMMH peKoMeHarmssMu MuHobpHayku P® (ytB. 8 anpens 2014
r. No AK-44/05BH) B Kypce MpeJoJsiaraeTcsi UCMOIb30BaTh COLIMA/bHO-aKTUBHbIE U pedlUieKCHBHBIE
MeTobl 00y4yeHUs], TEXHOJOTUM COLIMOKY/JBTYPHOU peabunuranmu obyuvaromuxcsi ¢ OB3 ¢ menbto
OKa3aHus [IOMOLIM B YCTaHOBJIEHUH MTOJTHOLIEHHBIX MEXJIMYHOCTHBIX OTHOLLIEHUH.

OOyueHne /WL C OTPaHUYEHHBIMHA BO3MOXXHOCTSIMM 37I0POBbSI OCYLIECTBISIETCS C YYeTOM
VH/IMBU/YalbHBIX TCUX0(U3UUecKux 0COOeHHOCTel, a /s WHBAIWAOB TakKe B COOTBETCTBUU C
VH/IUBH/[yaIbHOW TIPOrPaMMOM peabM/TUTaL[ UHBAIN/A.

JnAa Ui ¢ HapylleHHeM CjIyXa BO3MOXXHO IIpe/joCTaBjeHre WH(POPMalMi BU3YyaJbHO
(KpaTKuid KOHCHEKT JIeKLWii, OCHOBHasi M [OIOJHUTe/bHasl J/uTepaTypa), Ha JeKLUOHHBbIX U
NIPaKTUUeCKUX 3aHATUSAX [OIyCKaeTCsl MPUCYTCTBUe aCCUCTEHTa, a TaK ke, CypAOIepeBOAUUKOB U
TU(I0CYpAOTIePEBOUMKOB.

OueHka 3HAaHUM OOyYalOUMXCS Ha TPAKTUYECKUX 3aHATHSIX OCYLECTB/SeTCS Ha OCHOBE
MUCbMEHHBIX KOHCIIEKTOB OTBETOB Ha BOIIPOCHI, MMCbMEHHO BbITIOJTHEHHBIX NTPAKTUYECKUX 3alaHHH.
Hoknazm Tak >ke MOXKeT ObITh TIPefOCTaB/ieH B MUChbMeHHOW ¢opme (B Buzie pedepara), TIpU 3TOM
TpeOOBaHUSI K COJEP)KaHUIO OCTAIOTCSl TeMH ke, a TpeOOBaHMs K KaueCTBY H3JIOKEHUsl MaTepHasia
(TIOHSATHOCTb, KaueCTBO peud, B3avMOJENCTBHEe C ayJUTOpHe U T. /1) 3aMeHSIOTCSl Ha



COOTBETCTRBYIOIIMEe TpeOOBaHUs, TPeabsB/sieMble K MUCbMEHHbIM paboTaM (KauecTBO ogopMeHus
TeKCTa U CIKMCKA TUTepaTypbl, FPAMOTHOCTb, HA/IMUKe UIIHOCTPALMOHHBIX MaTepyasoB U T.A.)

C y4eToM COCTOSIHUSI 3/I0POBbSI TPOCMOTP KHUHOGW/IbMA C TIOCAEAYIOIUM aHaU30M MOXKET ObITh
TIpOBe/ieH /joMa (Harpumep, Mpu HeoOXOAWMOCTHU IOTIONHU-TeTbHON 3BYKOYCH/IMBAFOLIel arrmaparyphbl
(HaymHuku)). B TakomM  ciyuae  oOydwaromuiics — TIpeJOCTaB/sseT  MUCbMEHHBIM  aHAIU3,
COOTBETCTBYIOIIUN TIPe/IbsBIsIeMbIM TPeOOBaHUSIM.

[TpomexxyTouHasi arrectalysi AJisg JIML C HapyLIeHUsIMU CayXa TMPOBOAUTCS B MUCbMEHHOU
dopme, MpPU 3TOM UCMONB3YIOTCS OOIIMe KpUTepUH OlleHWBaHUs. [Ipu HeoOX0oJUMOCTH, BpeMs
TIOZITOTOBKH Ha 3aueTe MOXKeT ObITh YBETUUYEHO.

[ nuiy ¢ HapyuleHHWeM 3peHHUsl [I0NyCKaeTCsl ay[ua/bHOe TpejocTaBjieHre HWHGOopMaLun
(Haripumep, C UCMO/Ib30BaHUEM TIPOrPaMM-CUHTE3aTOPOB PeuM), a Tak >Ke MCIOIb30BaHWe Ha JIEKLUSAX
3BYKO3alUCHIBAIOIINX YCTPOUCTB (AUKTOMOHOB U T.7.). [omycCkaeTcs TPUCYTCTBHME Ha 3aHSTUSIX
accucTeHTa (TIOMOILHUKA), OKa3bIBAOLLeT0 00yUaroIuMCsl HeOOXOAMMYI0 TeXHUYeCKYIO TIOMOIIIb.
OrleHKa 3HaHWM OOYYarOIIUXCS Ha TIPAKTHUECKUX 3aHSTHSX OCYIIeCTB/ISETCS B YCTHOW ¢opme (Kak
OTBeThl Ha BOIPOCHI, TaK W TpaKTUyeckue 3afaHust). [Ipy Heob6XoguMOCTH aHanM3a (puabMa MOXKeT
ObITh 3aMeHeH OIMMCAaHWEM CUTYal[id MEXITHHUUECKOTO B3aMMOJIEMCTBUSA (HAa OCHOBE OIIbITa
DecroHJeHTa, XyAOKeCTBEHHOM JuTepa-Typbl U T.J.), TIO3BOJISIIOLIUM  OLIEHUTb  CTeleHb
c(hOpMHPOBAaHHOCTM HABBLIKOB  B/aJleHUsi MeTOJlaMUd aHajau3a U BbISB/IeHUS  CrieluduKu
(YHKLIMOHMDOBaHUSI W Ppa3BUTUS TICUXWKH, TO3BOJISIIOLIMMM YUWTBIBATh BJIMSIHUE STHUYECKUX
¢dakropoB. Ilpu mnpoBefeHHWH TIPOMEXYTOYHOW arTecTaluu MJis JIML C HapylleHueM 3peHus
TeCTUPOBaHUe MOKeT ObITh 3aMeHeHO Ha yCTHOe cobecesioBaHMe TI0 BOIIPOCAM.

JIMija ¢ HapylleHUsIMH ONOPHO-JBUraTe/IbHOIO0 ammapara He HYXJAlTCI B 0COOBbIX
dopmax mpenocTaB/ieHUss yueOHbIX MarepuanoB. OfHAKO, C yUeTOM COCTOSHHS 3[[0pPOBbsSI UacTb
3aHSITUM MOKeT OBbITb peajM30BaHa JUCTAHIMOHHO (TIpU ToMolu cetd «VIHTepHeT»). Tak, mpu
HEBO3MO>KHOCTH TIOCeIl[eHUsI JIeKIIMOHHOTO 3aHSTHsI 00yJaroI[Uiicsl MOXKET BOCIIO/Ib30BaThCsl KPaTKUM
KOHCIIEKTOM JIeKLUH.

I[Ipy HEBO3MO)KHOCTH TIOCEIleHHs] TPAaKTHUeCKOro 3aHsTHUs OOydJarol[uiics  JoJDKeH

Mpel0CTaBUTh MMCbMEHHBIM KOHCIIEKT OTBETOB Ha BOIMPOCHI, MMCbMEHHO BBIMOTHEHHOE MpaKThueCcKoe
3a/jaHue.
Hoknaj Tak ke MOKeT ObITh IMpefOCTaBieH B MUCbMeHHOHW (opme (B Buje pedepara), TIpU 3TOM
TpeOOBaHUSI K COJIep)KaHUI0 OCTAlOTCS TeMHU ke, a TpeOOBaHHSI K KaueCTBY W3/IOKEHHsI MaTepuasa
(MOHATHOCTh, KauecTBO peuM, B3auMOJleCTBUe C ayguTopyved W T. /) 3aMeHSIlOTCd Ha
COOTBETCTBYIOIIME TpeOOBaHUs, TpeAbsB/sieMble K MACbMEHHbIM paboTraMm (KauecTBO 0O(MOpMIIEHUS
TeKCTa U CIKCKa JIMTepaTypbl, TPaMOTHOCTh, Ha/IMUKe WUTFOCTPALMOHHBIX MaTepUasoB U T.1.).

[MpomexxyTouHasi arTecTauys [Jjsi JWlL C HapyLIeHUsIMU OIMOPHO-/ABUraTe/IbHOTO arlfapara
MPOBOJIUTCS Ha OOIMX OCHOBAHUSX, TP HEOOXOAMMOCTH TIpolieJypa 3auera MOXeT ObITh
peasii30BaHa AUCTAHLIMOHHO (Haripyumep, Mpy MOMOILY Tiporpammel Skype).

[y 3TOTO TIO JOTOBOPEHHOCTH C TIperofiaBaresieM OOyuaroIUics B OrpeJesieHHOe BpeMsi
BBIXOJIUT Ha CBSI3b [Jig TPOBeJEHUsl MpOLeAyphbl 3aueTa. B TakoMm ciyyae 3aueT cHaeTcsi B BUJE
cobecesoBanusi 1o BoripocaM (cM. (GOpMbI TIPOBeJeHUsI TPOMEXYTOUHOM aTTecTalyu AJis JIL C
HapyLIeHUsIMU 3peHust). Bompoc 1 mpakTryeckoe 3ajiaHye BhIOMPArOTCS CAMUM TPero/jaBaTesieM.

[Mpumeuanue: DOHABLI OIEHOYHBLIX CPE/ICTB, BK/IIOUAIOIIe THUIIOBblE 3a/laHUsI U METO/bl OIL|€HKH,

KPUTEPUY OLIEHMBaHUS, T[103BOJISIOIIME OLIEHWTh pe3y/bTaTbl OCBOEHWS [aHHOW JUCLIATI/IMHBI
obyuatormucs ¢ OB3 moryT BxoauTh B coctaB PI1/] Ha mpaBax OT[e/IbHOTO [JOKYMeHTa.
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