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PABOYAS ITIPOTPAMMA YYEBHOM JUCITATLIIAHBI

OU3UKA ITOJIYITPOBO/JJHUKOB / PHYSICS OF SEMICONDUCTORS

Hanpasnenue noarotroBku [1] 03.03.01 IlpuknagHsle MaTeMaTuKa U pusnKa
(cmennanbHOCTD)
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AHHOTALMS

B KypcC€ U3JjiaratorCsd OCHOBHBIC 3KCIICPUMCHTAJIBHBIC CBEACHUA, TCOPCTUYCCKUC KOHUCIIIIUU U
METO/Ibl ONKUCAHUS TIEPEHOCa, TeHEpaIlil U PEKOMOMHAIIMKA HOCUTENIEH 3apsjia, MOTJIONICHUS! CBETa B
Pa3IIMYHBIX KJ1accax MOJIYIIPOBOAHUKOBBIX MaTcpuraioB, BKJIFOYasda HCYTIOPAAOUYCHHBIC
MOJIYITPOBOAHHKH. OcHoBHOE BHUMAaHHEC YACITACTCA KJIACCUYECKUM MOJIYITPOBOAHHUKOBBIM
Marepuaiam, TaKUM KaK KpeMHUWA U T€pMaHHil.

1. IEJIA Y 3ATIAYA OCBOEHMS YYEFHOM JIUCIIUILIAHBI

LenssMu ocBoeHUs yueOHON AMCHUIUINHBI SBISIOTCS:

N3yueHrne OCHOBHBIX KOHLCIIUN U MOHATUH, YKCIIEPUMEHTAIBHBIX PE3YyJIbTaTOB U METOOB
TEOPETUYECKOTO OINHUCAHMS SIBICHUH B (PU3UKE MOIYNPOBOJHHUKOB KaK COCTABHOW YacTH (DU3UKU
KOHJICHCUPOBAaHHOI'O COCTOSIHUA BemiecTBa. CXOACTBO M pa3iuyMe METaUIOB, MOJYHPOBOJHUKOB U
JUBJIEKTPUKOB. 3HAKOMCTBO € 0a30BBIMU 3JIEKTPOHHBIMU U ONITUYECKUMU IIPOLECCAMU: COOCTBEHHASI U
MIPUMECHAs. AJIEKTPONPOBOJHOCTh MOJYNPOBOJHUKOB, KOJNEOAHUS PEIETKH U TEIUIOEMKOCTD,
IIPOLIECChl NIEPEHOCa, paccesHusl, JIOKAIM3alMU, WHXKEKIHMH, (OTO- M pajMalMOHHOW TIeHepaluH,
pPEeKOMOMHALIMM HOCUTENECH 3apsna, OCOOCHHOCTH DSJIEKTPOHHBIX U ONTHYECKHUX IPOLECCOB B
HEYIIOPSI0YEHHBIX TOJYTIPOBOJHUKAX.

2. MECTO YYEBHOM JUCHUILJIMHBI B CTPYKTYPE OOII BO

JInisi yCTIEIIHOTO YCBOGHMS JAHHOM JMCHUIUIMHBI CTYJEHT JOJDKEH BIa/leTh MaTeMaTHUECKUM
amnmapaTtoM, HEOOXOAMMBIM JUIsl pemieHus aAudQepeHnnanbHbIX W UHTETPAIbHBIX ypaBHEHMH,
MPECTaBICHUAMU O (PU3UKE aTOMOB M MOJEKYJ, (U3MKe TBEPAOTO Tena M3 Kypca oOmei (usukw,
BJIQJIETh TIOHSATHIHBIM aIlllapaTOM W METOAAMHU PEIICHHS 3a/1a4 TEOPUH DJIEKTPOMATHUTHOTO IIOJIA,
KBaHTOBOW MEXaHHKH, CTATHCTHYECKOW (PU3MKH, a Takke (PEHOMEHOIOTHYECKIMHU MPEICTABICHUSIMU
u3 Teopuu (PU3MKM KOHJCHCHPOBAHHOIO coCTOsiHMS. llpeanosaraercss mpeaBapUTENIbHOE H3Y4YEHHE
CJICAYIOUIMX JTUCLMITINH:

AHanuTHYecKasi TeoOMeTpus

Jluneiinas anre6pa

Juddepenunanbabie 1 HHTErpaJIbHBIE YPaBHEHUS

OOm1ast pusznka — >MEKTPUIECTBO U MAarHETH3M

OOmas puszuka — aromHas puznka

Teopus nomns

KBanTOBas MexaHuka

Teopernueckas ¢pusnka: craTUCTHYECKas (PU3nKa

3. O®OPMUPYEMBIE KOMIIETEHIIUHU U ITVNTAHUPYEMBIE PE3YJIbTATbBI
OBYYEHUA

YHuBepcanpHbIe H(WIH) 001enpoQecCuoHaNbHbIe KOMIETEHIHH:

| KOI{ 1 HAMMCHOBAHUEC KOMIICTCHIINN | KO[[ W HAMMCHOBAHUC MHAUKATOPA JOCTHIKCHUS KOMIICTCHIIUN




HpO(beCCI/IOHaHBHbIG KOMIICTCHIIMKM B COOTBCCTBHUU C 3aJadyaMHu H

3HaHU) TPOopeCCUOHATBLHOMN 1A TEFHOCTH:

oObekTaMu (0OIacTIMHU

3apaua
npodeccuoHaIbLHOM
aesiteabHoctu (3I11)

VYyacTtue B IpoBeICHUH
TEOPETUUECKHUX
HCCIIEJOBaHMUIA,
MIOCTPOCHUU
(usznuecKux,
MaTeMaTHYeCKHUX U
KOMITBIOTEPHBIX
MoJIeTIel U3y4aeMbIX
MPOLECCOB U SIBJICHUI,
B IIPOBEJICHUU
AHATUTUICCKUX
HUCCJIEIOBAHUN B
MpeIMETHOM 00JIacTH
110 IpouITIO
CHeTaTu3aluu

O0beKT nan
00J1aCTEL 3HAHUSA

IIpuponaHsie u
COLIMAJIbHBIC SIBJICHUS
U IIPOLIECCHI

Kon n naumenoBanue
npogeccuoHaILHOM
KOMIIeTEeHIIUM;
OcHoBaHue
(npodeccuoHaNbHBIH
cranaaprt-I1C, ananus
onbITA)

HAaY4YHO-HCCJICIOBATCIIbCKUH

ITIK-4.1 [1] - Cnocoben
MPUMEHSTH (DU3UKO-
TEOPETUIECKHE
KOHIIEIIIHH,
AHAJIUTHYECKHUE METO/IBI,
MeTOAbl 00pabOTKH
AKCIIEPUMEHTATBHBIX
JIAHHBIX B 00J1aCTH
buzuku
KOHICHCHPOBAHHBIX
cpen

Ocnoeanue:
[TpodeccuonanbHbIN
cranaapt: 40.044

KOHCTPYKTOPCKO-TEXHOJIOTHUECKUI

KonTponb
COOTBETCTBUA
BBITIOJTHCHHBIX paboT
TpeOOBaHUAM
TEXHUYECKOTO 3aJaHUS
1 COOTHOLIICHUA
MOJTy4aeMbIX
PE3YIBTATOB C
W3BECTHBIMU

Mopenn, METOIbI U
CpencTBa
byHIaMEHTATBHBIX U
MIPHUKJIATHBIX
HUCCICA0BAHUN U
pa3paboToK B
00J1aCTH MaTEMATHKH,
bu3uKU 1 qpyrux
€CTEeCTBCHHBIX 1

IT1K-7 [1] - Crocob6en k
pa3paboTke
MIPUKJIATHOTO
MIPOrPaMMHOTO
oOecrieueHns s
HpOBeI[eHI/IH HaquBIX
HCCIIeTOBAHUM

Ocnosanue:

Koa n naumenoBanue
HHIMKATOpPA
AOCTHKEHUS
npogdeccuoHaIbLHOM
KOMIIeTeHI[UH

3-11K-4.1[1] - 3nartb
(bU3HUKO-TEOpETHUECKHE
KOHIIETIIIH,
aQHAJIUTUYECKUE
METO/IbI, METO/IbI
00paboTKn
IKCIIEPUMEHTAITBHBIX
JaHHBIX B 00JIaCTU
¢buzukn
KOHJCHCUPOBAHHBIX
cpern;

V-IIK-4.1[1] - YmeTb
PUMEHSATH (PU3UKO-
TEOPETUYECKHE
KOHIIETIIIH,
aQHAJIUTUYECKUE
METO/IbI, METO/IbI
00paboTKu
AKCIIEPUMEHTAITLHBIX
JAHHBIX B 00JIaCTH
¢buzukn
KOHICHCUPOBAHHBIX
cpexn;

B-I1K-4.1[1] - Bnanets
AHATUTUICCKUMU
METOJIaMH, METOAAMHU
00paboTku
AKCIIEPUMEHTATIbHBIX
JAHHBIX B 00JIACTH
(10737091
KOHJICHCHPOBAHHBIX
cpen

3-IIK-7[1] - 3narb
TEKYIIee MOJI0KEHUE
COBPEMEHHBIX HayYHBIX
JOCTHDKCHUH,
COBpPEMEHHBIE METO/IbI
" aJITOPUTMBI U1
pa3paboTKu 1
aJlanTaiuu
MIPUKJIATHOTO




MHUPOBBIMU
pa3paboTkaMu 1
oOpasiamu B TaHHOM
00J1aCTH UCCIIEq0OBAHUI

COLIMAJIBHO -
HYKOHOMHYECKUX HAYK
1o popuIIM

[TpodeccrnonanbHbIit
crannapt: 24.028,
24.075, 24.078

MIPOrPaMMHOTO
obecrieueHus Ui
MIPOBEICHUS HAYIHBIX

IIPEAMETHOU
JeSITeTbHOCTH B
HayKe, TeXHHKE,
TEXHOJIOTHUSIX, &
TaKkxke B chepax
HayKOEMKOTO
MIPOU3BO/ICTBA,
yIpaBJIeHUs U
OousHeca

HCCIICIOBAHUM. |
V-TIIK-7[1] - YmeTh
MIPUMECHSITh
COBPEMEHHBIE METO/TBI
Y QJITOPUTMBI JUIS
pa3paboTku
HayKOEMKOTO
MIPOrPaMMHOTO
oOecreyeHus. ;
B-TIK-7[1] - Bnanets
HaBbIKaMU pa3padOTKH
Y a/IanTanuu
MIPHUKJTATHOTO
MIPOrPaMMHOTO
obecrieueHus st
MPOBEICHUS HAYIHBIX
HCCIIEJOBAHUHN.

4. BOCIIUTATEJIbHBIA MOTEHIAAJ JUCHUTLJIAHBI

Hampasnenus/uenu
BOCITUTAHHUS
[Ipodeccuonansuoe
BOCIIUTAHHE

3agauym BocriuTaHus (Kog)

Co3znanue ycioBui,
00eceunBaronnx,
(dbopMUpOBaHKE YYBCTBA JTUYHOM
OTBETCTBEHHOCTH 3a HAay4HO-
TEXHOJIOTUYECKOE Pa3BUTHE
Poccun, 3a pesynbTaTsl

I/ICCJ'IC,Z[OBE[HI/II\/'I 1 UX IIOCJICACTBUS
(B17)

BocnurarenbHbIl TIOTEHIIUAT
JTUCIUILIAH

1.Ucnonb30Banne BOCIUTATEIHHOTO
MOTEHLKaa JUCIUIUINH
po(hecCHOHATBEHOTO MOAYJIS IS
(dbopMUpOBaHUS YyBCTBA TUYHON
OTBETCTBEHHOCTH 32 JIOCTH)KEHUE
munaepctBa Poccuu B Begymmx
HAYYHO-TEXHUUYECKUX CEKTOpaxX U
(dyHIaMEHTAIBHBIX UCCIICIOBAaHUSIX,
o0ecreYnBaroIInX ee
SKOHOMHYECKOE Pa3BUTHE U
BHEIITHIOIO0 O€30MacHOCTb,
MOCPEACTBOM KOHTEKCTHOTO
00y4deHus, 00CYKIEHUS COLUATHHON
Y TIPaKTHYECKON 3HAUHMMOCTH
pPE3yNbTaTOB HAYYHBIX
HUCCIENOBAHUN U TEXHOJIOTHUECKUX
pa3paboTok. 2.Mcnonb3oBaHue
BOCIIUTATEIHLHOTO MTOTCHIIHATIA
JTUCITUILIAH TIPO(ECCUOHATLHOTO
Moy Uit pOpMHUpOBaHUS
COILIMATLHOM OTBETCTBEHHOCTH
YYEHOTO 32 Pe3yIbTaThl
UCCJICTIOBAaHUM U UX TOCIEICTBUS,
Pa3BUTHUS UCCIICIOBATEITLCKUX
KauyeCTB MOCPEICTBOM BBITIOJIHEHUS
y4eOHO-UCCIIeI0BATENECKIX
3aJ]aHuil, OPUEHTUPOBAHHBIX Ha




[IpodeccuonanbHoe
BOCIIUTAaHUEC

[IpodeccuonanbHoe
BOCIIUTAaHUEC

Co3znanue ycioBui,
00ecIeynBaronmx,
(dbopMUpOBaHNE OTBETCTBEHHOCTH
3a mpodecCHOHATBHBIN BHIOOD,
npodeccuoHaIbHOE Pa3BUTHE U
poeCCUOHAIBHBIC PEIICHHS
(B18)

Co3znanue ycioBui,
00ecIeYnBaronux,
(dbopMUpOBaHNE HAYYHOTO
MHUPOBO33PEHUS, KYJIBTYPbI
MOKCKa HECTAHIAPTHBIX HAYYHO-
TEXHHYECKUX/TIPAKTHIECKUX
pElIeHUN, KPUTHYECKOTO
OTHOIIICHUS K UCCICIOBAHMUIM
mkeHay4Horo Toika (B19)

M3Yy4YEHHE U IIPOBEPKY HAayUHBIX
(bakToOB, KPUTUYECKUI aHATTU3
nyOnukanuii B mpoecCHoHaIbHON
o0JacTy, BOBJIEUEHUS B peajbHbIe
MEXIUCIUIUIMHAPHBIE HAYyYHO-
HCCJIEIOBATENbCKUE IPOEKTHI.
Hcnonp30BaHnE BOCIIUTATENBHOIO
MOTEHLKaa TUCIUIUINH
npo¢eCCHOHATIBHOIO MOAYJIS JIst
(GbopMUPOBaHUS y CTY/I€HTOB
OTBETCTBEHHOCTH 3a CBOE
podeCCHOHAIBHOE PA3BUTHE
MIOCPEJICTBOM BBIOOpA CTYJICHTAaMHU
MHAUBUIYaIbHBIX 00pa30BaTEIbHbBIX
TPacKTOpHUI, OpPraHU3aluu CUCTEMBbI
0OLIEHHS MEKIY BCEMU
y4acTHUKaMU 00pa30BaTeIbHOTO
mporecca, B TOM YUCIIe ©
MCII0JIb30BaHNUEM HOBBIX
MH(GOPMALIMOHHBIX TEXHOJIOTHH.
1.Mcnionp30Banne BOCIUTATEIBHOIO
MOTEHLKaa TUCIUIUINH/TIPAKTUK
«Hay4Ho-uccinenosarenabckas
pabotay, «[IpoekTHas MpaKkTUKa,
«Hay4HbIi ceMuHap» JUIs:

- (popmupoBaHUS TOHUMAHUS
OCHOBHBIX IPUHIUIIOB U CIIOCOO0OB
HAy4YHOTO MO3HAHUS MUPA, Pa3BUTHUS
UCCJIEIOBATEIBCKUX Ka4eCTB
CTYJIEHTOB ITOCPEJICTBOM UX
BOBJICUEHUS B UCCIIEJOBATEIBCKUE
MPOEKTHI 110 001ACTAM HayUHBIX
uccaeaoBanuil. 2.Mcrnonb3oBanue
BOCIIMTATEIBHOTO MMOTEHIINAJIA
nucuuiaul "Vctopust Hayku u
unxenepun", "Kpurnueckoe
MBIIJIEHHE U OCHOBBI HAY4HOI
KoMMyHukaruu'", "Benenue B
crienuanbHOCTh ", "HayuHo-
UccIeIoBaTeNbckas pabora',
"Hayunslit cemunap" ass:

- opmupoBaHU CIOCOOHOCTH
OTJIEJSITh HACTOSIIUE HAYYHBIE
HCCJIEIOBAHUS OT JDKEHAYYHBIX
MOCPEACTBOM IIPOBEICHHS CO
CTYJICHTaMH 3aHITHH U PETYJISAPHBIX
Oecen;

- (hopMUpPOBaHHS KPUTHUYECKOTO
MBIIICHHS, YMEHHS pacCMaTPUBATh
pa3IMyYHbIE UCCIIEIOBAHUS C
HKCIIEPTHOM MO3UIIUU TOCPEACTBOM
00CYyXJIEHUS CO CTYyJIEHTaMH1




COBPEMEHHBIX UCCIIEIOBAHUN,
HUCTOPUYECKUX MPEATIOCHUIOK
MOSIBJICHUS TE€X WJIM UHBIX OTKPBITUI
Y TEOPHUH.

S. CTPYKTYPA U COJAEP)KAHUE YUYEBHOM JUCIUILIUHBI

Pa3nensl yueOHON AMCHUIUIMHBL, X 00BEM, CPOKH U3YUYEHUS U (POPMBI KOHTPOJIA:

Ne
.1

HaumenoBanmue
pasaesa yueOHOM
AUCHUILIHHBI

Henenn

JlaGopaTopHble

Jlexnun/ Ipaxkr.
padoThbl, yac.

(cemuHapsi )/

Oo0s3aT. TeKymmii

KOHTPOJIb ((popma*,

HeJeJIs)

MakcuMaJbHbIH
0aJu 3a pasgena**
ATTecTanus
pa3nenaa (popma*,
HeJeJs)
Nuaukaropsl
OCBOEHUS
KOMOeTAHIIAIA

7 Cemecmp

OCHOBHBIE TTOHSATH
(bu3uKK TBEPIOTO TENa

S

8/16/0

[\
(V)]

K-8 3-TIK-

BBenenne B Qu3MKY

MOJTyTIPOBOTHUKOB

9-16

8/16/0

25 KH-16 | 3-IIK-

3-TIK-

I1K-7,
B-
IK-7

HUmoeo 3a 7 Cemecmp

16/32/0

50

KonTpoabhbie
MeponpusTus 3a
CemecTtp

7

50 6] 3-TIK-
4.1,

[K-
4.1,
B-
I1K-
4.1,




I1K-7,
B-
IK-7

* — COKpallleHHOE HaMMEHOBaHUE (POPMBI KOHTPOJIS

** — cyMMa MakCHMaJbHBIX OamioB moikHA ObITh paBHa 100 3a cemecTp, BKIIOYAs 3a4eT W

(unn) sK3aMeH

CoxkpaiieHre HauMeHOBaHUN (POPM TEKYIIEro KOHTPOJIS U aTTECTAllUU Pa3elioB:

Oo6o03na | ITos1HOe HaMMeHOBaHME
YeHHe
KN KoHTposb no nroram
3 OKk3aMeH
KAJIEHJIAPHBIN IIIAH
Henen | Temsl 3ansaTuii / Cogep:xkanue Jlek., | IIp./cem. | JIa6.,
" yac. , yac. qac.
7 Cemecmp 16 32 0
1-8 OcHoBHbIe MOHATHS (U3UKH TBEPAOIO TeJia 8 16 0
1-2 Tema 1 BBenenune. diieMeHTaApHasI TEOPUSA Bcero aytuTopHbIX 4acoB
3JIEKTPONPOBOJHOCTH OJIYIIPOBOJIHUKOB 2 | 4 [0
OMIHUpUYECKre 0COOCHHOCTH (MEXaHUYECKUE, FTICKTPOHHBIE, Ownnaiin
OIITUYECKHUE) MOTYNPOBOAHUKOB. Kpucraminueckue u 0 0 0
amop¢Hsbie nosnynpoBoaHuku. Teopus pyne. IlogBuxHOCTS,
BpeMs peslakcalyy, JIMHa cBoOoJHOTO polera. MoenbHbIe
MIPEJICTAaBICHUS 0 MEXaHU3ME IEKTPOIPOBOIHOCTH
COOCTBEHHBIX U IPUMECHBIX NOJTYIPOBOIHUKOB
3-4 Tema 2 OcHOBbI 30HHOH Teopuu. ILJIOTHOCTH COCTOSIHUI U Bcero ayuTopHsIX 4acoB
PaBHOBECHOE JHEPreTHYECKOe pacnpeaeaeHne HocuTe e 2 | 4 [0
3apsJa B NOJYNIPOBOAHUKAX. Omniaiig
Teopema bnoxa. 3oHa bpuitosHa. DHepreTHUECKNE 30HBI. 0 0 0
DEeKTPOHBI MPOBOAUMOCTH U IbIpKU. D PexTuBHAS Macca.
[TpubnnxeHne CUIbHO CBSI3aHHBIX AIEKTPOHOB. 3aKOH
JUCTIEPCUU. Y POBHU SHEPTUU JOHOPHBIX M aKLENTOPHBIX
npuMecel. IIOTHOCTE AJIEKTPOHHBIX U ABIPOYHBIX COCTOSIHUM.
@ynkuus pacupenenenus Pepmu- [upaka. BeipoxneHHsle u
HEBBIPOKJICHHBIE MTOJIYTIPOBOIHUKH. 3aCEIEHHOCTD IPUMECHBIX
coctosiHuil. COOCTBEHHbBIE Y IPUMECHBIE MOTYTPOBOIHUKH.
3aBucumocTs ypoBHs depmu OT TemMnepaTypsl U
KOHIEHTpAalLlUU IPUMECH.
5-6 Tema 3 KosieOaHust aTOMOB KPHCTAJUINYECKOM pPeIéTKH Bcero ayIuTOpHBIX 4acoB
AxycTrdeckue U OnTHYecKue KoiebaHus peméTk. GOHOHBI. 2 | 4 | 0
Crnektp ¢pononoB. Monenu DitHiureiiHa u [lebas. Ounaiin
Pacnipenenenne boze- Diinmreitna. TemnoéMkocTs Kpuctaina | ( 0 0
B 3aBUCHMOCTH OT TEMIIEPATYpBHl.
7-8 Tema 4 Kunernueckue siBjleHUs1 1 MeXaHU3MbI paccessHusi | Bcero ayiuTopHbIX 4acoB




3JIEKTPOHOB M JIBIPOK
Kunernueckoe ypaBHenne bonpiimana. Bpems pemnakcamumu.

2 | 4 | 0

Omuiaiig

HepaBHoBecHas (hyHKIIMS pacmpeieNieHUs] HOCUTENEH 3apsia. 0 0 0
MexaHu3Mbl paccestHus SJIEKTPOHOB U AbIPOK. PaccesHue Ha

MOHAX IPUMECH, Ha aTOMaX IPUMECH U TUCTOKAIHSIX.

PaccestHie Ha TemIoBbIX KoJie0aHUsAX peméTKH ((poHoHAX).

9-16 BBenenue B pu3MKY N0OJYNPOBOJHHKOB 8 16 0

9-10 Tema 5 Kunernueckue siBJIeHUsI M IEPEHOC HOCUTE el Bcero ayiutopHbIx 4acoB
3apsia B MOJYIPOBOJHHKAX. 2 | 4 | 0
3aBUCUMOCTB IIOJBUKHOCTU HOCUTENEH 3apsaa OT Omnuaiin
temnepatypsl. Ddpdexr Xosta B HOITyIPOBOTHUKAX. 0 0 0
TepmonniekTpuueckue spiieHus. TemnonpoBogHOCTS.

11-12 | Tema 6 I'enepanusi, nepeHoC U peKOMOMHALHSA Bcero aytuTopHBIX 4acoB
HEPABHOBECHBIX HOCUTEICH 3apsiia. 2 | 4 [0
HepaBnoBecnsie HocuTenu. KBaznypoBenb @epmu. Owunaiin
MakcBeioBckoe Bpems pesakcauu. LieHTpsl pekomOuHamu. | ( 0 0
MonoMoeKysipHas 1 OUMOJICKYJISIpHAS PEKOMOWHAITHSI.

MexaHu3Mbl PEKOMOUHAIIMH: MEX30HHAs, Yepe3 JIOBYLIKH.
Mexanusm Jlamxesena. Oxe- pekomounanms. Auddyszus u
npeiip HepaBHOBECHBIX HOCUTEIIEH 3apsa B
MOJTYIPOBOTHUKAX. DPPEKTUBHOCTH (POTOTCHEPAIIHH.
doTonpoBouMocTh. Penakcanus ¢oTonpoBOAUMOCTH.

13-14 | Tema 7 HeynopsinouenHbie noynposoanuku. Ilepenoc Bcero ayuTopHbIX 4acoB
HOCHTeJIeH 3apsiia B MATEPHAJIAX C JIOBYIIKAMMU. 2 | 4 [0
Tume Gecriopsinka. B3auMocBs3b CTPYKTYPHOTO H Owniaiin
sHepreTudeckoro decrnopsaaka. KBasunenpeprlBHbIN CIEKTP 0 0 0
JIOKQJIN30BaHHBIX cocTosiHU. Jlokanu3auus Annepcona. Kpaii
MOJBUKHOCTH. MOJ1eIb MHOTOKPaTHOI'O 3aXBaTa U
ocBoOoXxaeHns HocuTenel. [lonBrmxHOCTD 1 K03 urmeHT
1 Py3un, KOHTPOJIUPYEMbIE JIOBYIIKAMH.

15-16 | Tema 8 IlpbIKKOBBIN NEepeHOC HOCUTe el 3apsaa Bcero aytuTopHbIX 4acoB

[Tepexoab! Mex 1y JTOKaTU30BaHHBIMU COCTOSIHUSIMH.
VYpaBHenue 6ananca. [IppxkkoBas IpOBOAUMOCTb.
OnHopOHOHHBIE U MHOTO(OHOHHBIE NIepexoabl. Moenu
Munnepa- Abpaxamca u Mapkyca. [loHsiTHe TpaHCIIOPTHOTO
ypoBHsl. [ToHATHE O TEOpUU NPOTEKAHUS U €€ TPUMEHEHHE K
aHAJIM3y NPBDKKOBOM IPOBOJUMOCTH.

2 | 4 | 0
Omiaiig
0 0 0

CokpallileHHbIe HAUMEHOBAHUSI OHJIAMH OILINNA:

Oo6o3na | [losiHOe HaMMeHOBaHME
YyeHue
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TEMbI IPAKTUYECKUX 3AHATUI

Henean

Templ 3ansaTuii / Conep:kanue

7 Cemecmp

1-2

Tema 1. BBegenne. JiaeMeHTaApHAS TEOPHUSs
3JIEKTPOIPOBOJHOCTH OJIYIIPOBOJHUKOB

IIpoBOAMMOCTS, yAEIBHOE CONPOTUBIEHUE. TemneparypHble
3aBHCHUMOCTH 3JIEKTPOIIPOBOAHOCTH METAIUIOB U
MOJIyIPOBOJIHUKOB. BbIunciieHre BpeMEeHH peaKcalu, JUIMHa
CBOOOTHOTO TIpo0era, MPOBOJANMOCTb.

Tema 2. OcHoBBI 30HHOIT Teopun. [LT10THOCTB cOCTOSTHUI 1
PaBHOBECHOE JHepreTHYecKoe pacnpeejeHue HocuTeei
3apsja B MOJYNPOBOIHUKAX.

broxosckue BoaHOBBIE pyHKIMHN. KBasuumiysc, K-
npoctpancTBo. 30Ha bpumosna. Beruncnenue a3 pexTHBHOM
Macchl. BorHOBBIE hyHKIIMYM B IPUOIMKEHUN CHITBHO
CBSI3aHHBIX JIEKTPOHOB. CBA3b MIMPUHBI pa3peIICHHON 30HBI C
HEepEeKPHITHEM aTOMHBIX BOJHOBBIX QyHKIMH. [Ipumenenue
cratuctuku @epmu- [lupaka 11t BHIYUCICHUS KOHLIEHTPALH
HIIEKTPOHOB U JIBIPOK B 30HAX JUII COOCTBEHHBIX M IPUMECHBIX
MOJTYTIPOBOIHUKOB.

Tema 3 KoJsiebaHusi aTOMOB KPUCTAJINYECKON PelIETKU
3aKoH AUCHEPCHUH VISl aKyCTUYECKUX U ONTUYECKUX
KoJieOaHWit Ha OCHOBE MOJICJIM OJHOATOMHOM U JIByXaTOMHOM
LEeNIOYeK. BerunciieHne TeMIiepaTypHOi 3aBUCUMOCTH
TEMJIOEMKOCTH B 3aBUCUMOCTH OT TEMITEPATYpPhI COIIACHO
monenu [lebas. KonebaHus AByXaTOMHOM JIMHEHHOM [IETIOYKH.

Tema 4 Kunernueckue siBJIeHUSI 1 MEXaHU3MbI PaccesiHUSA
3JIEKTPOHOB M JILIPOK.

Pemenue kuneTnyeckoro ypaBHeHus bonpiimana B
npuOIKEHUN BPEMEHH pellakcanuu. PaccesHue Ha
JUIMHHOBOJIHOBBIX aKyCTUYECKUX (POHOHAX.

Tema S Kunernueckue siBJIeHUSI M IEPEHOC HOCHTe el
3apsiia B MOJYIPOBOAHMKAX.

Dddext Xosmra B momynpoBoIHUKAX. BomHOBBIE QyHKITUN
JIOKAJIM30BaHHBIX HOocuTese 3apsana. CunbHas u cinabas
JIOKAJIU3aLHsL.

11-12

Tema 6 I'eHepanus, nepeHoc U peKOMOMHAIUSA
HEpPaBHOBECHBIX HOCUTEJICH 3apsiaa.

D dexTUBHOCTD pa3AeneHus YIEKTPOHHO- JIPOYHOM Maphl.
CootHomieHne DUHIITEWHA U YCIOBUS €r0 IPUMEHUMOCTH.
Pacnpenenenue KoHIEHTpALMK HOCUTENEH 3apsa pu
HAJIMYUHA MOHOMOJICKYJIIPHON M OMMOJIEKYJIIPHOR
pekoMOuHanuu. PekomOunanms Jlamkesena. [Ipumepsr
BBIYMCJICHUS] KOHCTAHTHI PEKOMOMHAIIUH.

13-14

Tema 7. Heynopsaodennsie noanynposoauuku. Ilepenoc
HOCHTeJIeH 3apsiia B MATepPHAJIax C JJOBYIIKAMHU.
ITonBUKHOCTH B HEYNOPSAAOYEHHBIX BBICOKOOMHBIX
MOJIYIIPOBOAHUKAX C KBA3MHCIIPCPBIBHBIM paCIpCaACICHUCM
JIOBYIILIEK, B Clly4ae KBa3UPaBHOBECHON M HEPABHOBECHOM
reHepaluny HOCUTENEN 3apsiia. AHaIu3 NepexoJHOro TOKa B
YCJHOBHSIX BPEMSIIPOJETHOTO SKCIIEPUMEHTA.




15-16 | Tema 8 IIpbIKKOBBII epeHOC HOCUTeJIel 3apsaa
TemneparypHas 3aBUCUMOCTb TPAHCIIOPTHOTO YPOBHS JJIst
AKCIIOHEHIIMAJIBHOTO U TayCCOBA PacHpeesICHUs IPBLKKOBBIX
1eHTpoB. [lopor nmpoTekanus U NpbIKKOBAsi IPOBOAUMOCTb.
3aBUCUMOCTD IIPBLKKOBON IIPOBOJAUMOCTH OT TEMIIEPATYphl U
KOHIIEHTpAllUl HOCUTEJICH.

6. OBPA3OBATEJIBHBIE TEXHOJIOI'MHU

[Tpu peanusanmst porpaMMbl HCIIOTIB3YIOTCS CIEAYIONIHE TEXHOIOTHH:

- JIEKOMU TO KypCcy TpPaauIMOHHOTO THIMA, HAa HEKOTOPHIX JIEKIHSIX IPUMEHSICTCS
KOMIBIOTEPHBIN TPOESKTOP JIS MILTFOCTPALMNA CIIOKHBIX YCTPONUCTB, CUCTEM U MPOLECCOB;

- TIpaKTUYecKue (CEeMHHApCKUE) 3aHATHA — pEIIeHHE 3aJad CTYACHTaMH, B TOM YHCIE B
UHTEpaKTHUBHOM Gopme (00cyxeHue, becena) ¢ mpernoiaBaTenem;

- caMOCToATeNbHas paboTa CTyIEHTOB

7. ®OH/JI OHEHOYHBIX CPEJICTB

@DOHJ| OLIEHOYHBIX CPEACTB 0 TUCLUIUIMHE O0ECIIEUNBAET IPOBEPKY OCBOCHHUS IUIAHUPYEMBIX
pe3ynbTatoB o0ydeHUsl (KOMIETEHIMH M MX WHIUKATOPOB) MOCPENCTBOM MEPONPUSITUNA TEKYLIETO,
pyOexKHOro U MPOMEKYTOUHOTO KOHTPOJIS IO JUCIUILIUHE.

CBa3p Mexny (opMHUpyeMBIMH KOMIIETEHLMSAMH M (opMaMH KOHTpPOJII HX OCBOCHMS
IIPEJCTaBIICHA B ClIeAyIoLIel TadnuLe:

Komnerenuus HNuaukaTopbl 0ocBOCHUS ATTECTANMOHHOE MEPONIPUATHE
(KII 1)
[1K-4.1 3-11K-4.1 3, KU-8, KI1-16
V-1IK-4.1 9, KU-8, K1-16
B-I1K-4.1 9, KU-8, K1-16
I1K-7 3-11K-7 3, KU-16
VY-1IK-7 9, KH-16
B-I1K-7 3, KU-16

HIxanbl oneHKU 00pa3oBaTeILHBIX JOCTHXKEHU I

[lIxana KaXa0r0 KOHTPOJIBLHOTO MEPOTPHUSTHS JISKUT B mpenenax oT 0 10 yCTaHOBJICHHOTO
MakCUMAaJILHOTO Oajuia BKIFOUMUTENIBHO. MTOroBas arrecranus 10 OUCHUIUINHE oneHuBaercsa 1mo 100-
OaJITLHOM IIKaJIe M MPEACTABISIET COO0H CyMMy OalIJIOB, 3apa00TaHHBIX CTYJCHTOM IPH BBIITOJTHECHUH
3a/laHui B paMKax TEKYIIEro U MpOMEXyTOUYHOTO KOHTPOJIS.

Hrtorosast olieHKa BBICTaBISAETCS B COOTBETCTBUU CO CIEAYIONICH IIKAJIOM:

Cymma Orenka mo 4-ex Ouenka | TpebGoBaHUS K YPOBHIO OCBOCHHIO
0aIoB OaJUTHHOM IIKaJe ECTS y4eOHOU AUCIUILITUHBI

OIeHKa «OTIINYHO» BBICTABIISICTCS
CTYJIEHTY, €CITH OH ITyOOKO U IPOYHO
90-100 5 — «omauunoy A YCBOWJI IPOTPaMMHBII MaTepual,
HCYEPIIBIBAIOIIE, [TOCIIEI0BATEIBHO,
YETKO U JIOTUYECKH CTPOMHO €ro




W3Jaraer, yMeeT TeCHO YBS3bIBaTh
TEOPHIO C MPAKTHKOM, UCTIONIB3YET B
OTBETE MaTepHait MOHOTpaduIecKon
JUTEPATYPBHI.

85-89

75-84

70-74

4 — «xopoutoy

65-69

60-64

3
«ydoeﬂemeopumeﬂbHo»

O1eHKa «XOpOILOY» BBICTABIISIETCS
CTYZEHTY, €CJIM OH TBEPO 3HAET
MaTepual, TPaMOTHO U TIO CYIIECTBY
W3JIaraeT ero, He JI0MmycKas
CYILIECTBEHHBIX HETOYHOCTEH B OTBETE
Ha BONpPOC.

Or1eHKa «yIOBICTBOPUTEIHHOY
BBICTaBJISICTCS CTYICHTY, €CJIM OH UMEET
3HaHUS TOJIBKO OCHOBHOI'O MaTepHara,
HO HE YCBOWJI €r0 JIeTajel, J0MmyCcKaeT
HETOYHOCTH, HEJIOCTATOYHO MPaBUIIHHBIC
(hopMyITUPOBKH, HAPYIIEHUS
JIOTHYSCKOM TOCIICIOBATCILHOCTH B
M3JI0KCHHUH MPOTPAMMHOTO MaTepuara.

Huxe 60

2 -
(<H€y006ﬂ€m€0pum€ﬂbl-l0»

OleHKa «HEYTOBICTBOPUTEIHHOY
BBICTABIISIETCS CTYIEHTY, KOTOPBIi He
3HAET 3HAYUTEIbHOU YacTH
MIPOTPaMMHOT0 MaTepuaia, JOMyCcKaeT
CylllecTBeHHbIe ommnOKu. Kak npasuio,
OIIEHKA «HEYAOBJIETBOPHUTEIHHO)
CTaBUTCA CTYJICHTaM, KOTOPBIC HE MOT'YT
MPOAOJLKHUTE 00ydeHue Oe3
JIOTIOJTHUTENTFHBIX 3aHATHH 10
COOTBETCTBYIONIEH AUCITUIIIIMHE.

8.

YYEBHOM JUCLUUIIIAHBI

OCHOBHAA JIMTEPATYPA:

YYEBHO-METOANYECKOE U UTHOOPMAIIMOHHOE OBECIIEYEHHUE

1. O1 A 71 BBenenue B TeOpHI0 NOIYNPOBOAHUKOB : , Cankt-IlerepOypr: Jlanp, 2022

2. DU JI12 JlaboparopHsblii mpakTukyM "KoMIibloTepHOE MOJIENUpOBaHUE HAHOCTPYKTYp" :, Mockaa:

HUAY MUOU, 2013

3. 538 H62 HecrannoHapHble MpOLECCH IEpeHOca U PEKOMOMHAIIMHN HOCUTEINEH 3apsa B TOHKHX
CJIOSIX OpraHUYEeCKNX MaTepuasoB : yaeOHoe mocobue, B. P. Hukurenko, Mocksa: HUSAY MUDU,

2011

JOITOJIHUTEJIbHA S JIMTEPATYPA:

1. 539.2 K45 Beenenue B pusuky tBepaoro tena : , Y. Kurrens , M.: MequaCrap, 2006

[NPOTPAMMHOE OBECITEYEHUE:

1. cnpaBounuk no I10 Wolfram Reaearch Mathematica 8
(reference.wolfram.com/mathematica/guide/Mathematica.html)




LMS U UHTEPHET-PECYPCBI:
1. prola.aps.org

2. www.jetp.ac.ru ()

3. www.sciencedirect.com ()

4. www.aps.org ()

5. www.ufn.ru ()
https://online.mephi.ru/

http://library.mephi.ru/

9.  MATEPHUAJBLHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOI
TACIATITAHBI

CHeI_II/IaJ'ILHOC MaTCpHUAJIbHO-TCXHUYICCKOC obecrieueHre He Tpe6yeTc;1

10. YYEBHO-METOAMYECKHME PEKOMEHJIALUU JJIA CTYAEHTOB

Kypc Bxitoyaetr B ce0si JIEKIMOHHbIE M MPAKTHYECKUE 3aHATHs. [ yCHemHoro ocBOEHUs
Kypca IIOJIE3HO BCIIOMHUTH HEKOTOpBIE TEMBbI U3 Kypca KBaHTOBOM MexaHUKH, HanpuMmep, BoaHoBas
(GYHKIMS M SHEPreTUYEeCKUH CIIEKTP AJIEKTPOHA B aTOME BOAOpoAa. Ha JIeKIMOHHBIX 3aHATHAX
paccMaTpuBalOTCA TEOPETUYECKUE aCHEKThl (PU3MKH MOIYNPOBOAHUKOB. Ha mpakTHuecKkux 3aHATUAX
CTYJICHTBI PEIIafoT 3a/Jaud, B TOM 4YHCIIC M B MHTEpakTHBHOH (opme (obOcyxaenue). [loompsercs
aKTUBHOE ydacTHE B OOCYXKICHHH 3aJad, a TakkKe yMEHHE CBOECBPEMEHHO 3aJaBaThb BOIPOCHI IS
MPOSICHEHUSI BCEX HEMOHATHBIX MOMEHTOB IO MPOWJeHHOMY Marepuany. [IoMHUMO JIEKIIMOHHBIX H
CEeMMHAPCKMX 3aHIATUN KypC BKIIOYAET B ce0sl CaMOCTOATENbHYIO paboTy CTy/IeHTOB. JlaHHOEe Bpems
OTBOJUTCA HJIA CaMOCTOSITECIIbHOM Hepepa60TKH U MOBTOPCHUA MaTCpHalid, BBINIOJIHCHUSA AOMAIIHUX
SaHaHI/If/’I, YCTpaHCHHA OOJIN0B, HAKOIUVICHHBIX BO BpPEMA CCMCCTpA, a TAKKC IJIid CaMOCTOSITEIIHHOM
MOJITOTOBKH K C/Iade TEOPETHUECKOro MaTepuana (3k3aMeH). Bo BpeMs caMocTOSITeIbHON TOATOTOBKH
K CIaye TeOPETHYECKOTO MaTepHalia CTyIeHTHI y4aTcsi padoTaTh ¢ HAYYHOU JTUTEPATYPO.

HtoroBeie Oamibl CKiIaabIBalOTCA U3: 1) pe3yabTaTOB KOHTPOJIBHONW M TECTOBOTO OMpoca; 2)
PE3yNIbTaTOB KOHTPOJIS MOCEIAaeMOCTH; 3) pe3yIbTaToB OIIEHKH Pa0OThI CTYJEHTa B MHTEPAKTUBHOM
pexuMe.

[TonydyeHre TMONOXHUTETHPHOM OLEHKH MO KaXKIOW MpOBEpOYHON paboTe (KOHTpONIbHAS H
TECTOBBIN OMPOC) SABISAETCS HEOOXOAMMBIM YCIOBHUEM IOJIyYEHHs] HTOTOBOM MOJOXKHUTEIHHON OLICHKH.
B ciryuae mpomycka WM MojryueHusl OTPUIIATEIbHOM OLIEHKH CaMOCTOsITeIbHAs paboTa JODKHA OBITh
nepeieNiaHa W claHa BO BpeMs 3aUeTHOM HeJeNu B KOHIE ceMmectpa. [lomokurenbHas OIEHKa
(arrecramus) Kaxxa0ro paszena HeoOXOoauMa IS IOIyCKa K 9K3aMeHY .

11. YYEBHO-METOJWYECKHE PEKOMEHJAIIAM JIJISI TIPEIIOJIABATEJIEM

Kypc noruueckn pa3OoMT Ha HECKOJBKO B3aMMOCBS3aHHBIX 4acTeil. B mepBom pazgene (1-8
HEZIeNIN) pacCMaTPUBAIOTCS OCHOBHBIE MOHATHUS U MOJAXOAbl (PU3UKK TBEPJOTO Tejia MPUMEHUTENBHO K



MOJIyTIPOBO/IHUKAM, BO BTOpoM (9-16 Henmenu) — OCHOBHBIC HOHATHS (PU3UKU TOTYHPOBOJHHKOB,
BKJIIOYAsi ¥ HEYINOPSAI0YCHHBIE OIynpoBOJHHUKH. [IpenonaBarento 00g3aTenbHO CIeayeT yKa3aTh Bce
WCTOYHUKH JIUTEPATYPBI, U3 KOTOPBIX Oepércs nHpopManus Ha JeKIHUIX. BaxxHo, yToOb HHGOpManus
Obl1a JOHECeHa 0 CTYJIEHTOB B YETKOM M sICHOM ¢opMe. VYKaxem, Ha YTO HEOOXOAUMO OOpaTHUTh
0c000€e BHUMaHUE MPU PACKPHITUN KAXKIOW U3 TEM, IEPEUNCICHHBIX B IPOrpaMMe JTUCIUIUINHEI.

I[Ipu wuznoxenun Tembl 1 "BBeaeHnue. DneMeHTapHass TEOpUsS AJIEKTPONPOBOIHOCTH
MOJIyIIPOBOTHUKOB" 00paTuTh 0c000€ BHUMAaHWE HA TIOHATHE MOJBHXKHOCTH, BPEMEHH pelaKcaliy U
JUTMHBI CBOOOTHOTO Mpo0era, U Ha CBsI3b JAHHBIX BETUYHH.

IIpn uznoxenun temsl 2 "OCHOBBI 30HHON TeopuH. IIIOTHOCTH COCTOSSHUII M PAaBHOBECHOE
SHEPreTUUeCcKoe pacrpeieieHne HOCUTENeH 3apsaaa B MOIyNpoBOAHUKAX" 00paTuTh 0c000€ BHUMAaHKE
Ha CBsA3b 3((PeKTUBHON MaccChl, IIUPUHBI 30HBI U MHTETpajia MEPEKPHITHS, a TaKKe Ha 3aBHCUMOCTh
ypoBHs DepMu OT TeMIEPATypbl U KOHLIEHTPALUU IPUMECH.

[Tpu uznoxenuu temol 3 “Konebanus aToOMOB KpUCTAIUTMYECKON PEImIETKH 00OpaTUTh 0CO00e
BHUMAaHHE Ha OCOOCHHOCTM aKyCTHUECKMX U ONTHYECKHUX BeTBeH KosieOaHul, a Takxke Ha
MPUOJIMKEHUS, C/IeaHHbIe B Mojienu J{eOast.

[Tpu m3noxenun tembl 4 “Kunernyeckue SBICHHUS M MEXaHU3MBI PACCESHUS AJIEKTPOHOB H
JBIPOK” 00paTUTh BHUMaHUE Ha MPUOJIMKEHNE BPEMEHU pellakcallii U Ha OCOOCHHOCTU BBIYMCIICHUS
9TOTO BPEMEHM ISl Pa3JIMYHBIX OCHOBHBIX MEXaHU3MOB PaCCESHUS.

[Ipu wuznoxenun Ttembl 5 "KuHeTnueckue SBIEHUS U TMEPEHOC HOCHUTENEH 3apsijia B
MOJIyIPOBOJIHUKAX" YJEINTh OCHOBHOE BHUMAaHHE 3aBUCUMOCTU MOJBUKHOCTH HOCHUTEJEH 3apsiia OT
TEMIEPATYPbl ISl pa3IMYHBIX MEXaHU3MOB PacCesTHUS

[Tpu uznoxenun temel 6 "['eHepanys, NepeHOC U PeKOMOUHAIMS HEPaBHOBECHBIX HOCHUTENEH
3apsna’ TOMUEPKHYTh pa3inune KBa3uypoBHs Depmu U 00bI9HOTO YpOoBHSI Depmu.

[Ipu uznoxenuu Temel 7 "HeynopsgoueHHble MOMynpoBoaHUKU. [IepeHoc HocuTenen 3apsia B
MaTepuanax ¢ JIOBymIKamMu" pa3o0parh (uU3NYECKUe MPUUMHBI BO3HUKHOBEHHS KBa3WHEMPEPBIBHBIX
"XBOCTOB" JIOKQJIW30BAHHBIX COCTOSIHUI y Kpa€B 30H M YCIOBUE, NPU KOTOPOM BCE COCTOSHUSA
JIOKQJIN30BaHBbI.

IIpn wm3noxenun tembl 8 "lIpbDKKOBBIM INEepeHOC HOCHUTENEH 3apsna" MOAYEPKHYTH CBS3b
KOHUENIUN TPAHCIIOPTHOI'O YPOBHS U PE3yJIbTaTOB TEOPUH IIPOTEKAHUS.

[Ipu npoBeneHUM NPAKTHUUECKUX 3aHATHH, Ha KOTOPBIX CTYJEHThl CaMM pEIIAIOT 3a/JayH,
IpenojaBaTelto ciaeayeT o0palaTh BHUMaHHe Ha UX aKTUBHOCTb. [Ipu 3TOM, 1osie3HO onpamuBaTh He
TOJIbKO aKTHUBHBIX CTYJIEHTOB, TOCKOJBKY B MMPOTUBHOM CJIy4ae €CTh PUCK TOTO, YTO OCTaJlbHAs 4acTb
TpyNmbl He yCBOUT MaTepuall. Ha Bce BO3HMKAIOIIKE BOMPOCHI JIyUllle BCETO AaBaTh OTBETHI, CChUIASACH
Ha OnpeeNEHHbIN HCTOYHUK, KOTOPBII CTYIEHT MOKET MOIPOOHEE U3YyUUTh IOMa CaMOCTOSITENBHO.

Cnemyer oOpamatb BHMMaHUE Ha TO, 4YTOObI MaTepuas, MPOYUTAHHBIA Ha JIEKIHIX, H
pelIEHHbIE Ha CeMUHapax 3a/1a4M IMO3BOJISIIM CTY/ACHTY B IIOJIHOM 00bEeMe CIPABUTHCS C KOHTPOJIBHOM
paboToil U TECTOBBIM OITPOCOM.

ABTOp(BI):

Huxutenko Bnagumup PonenoBuy, a.¢.-M.H.






