MuHuCcTepcTBO HayKu U BhIciero oopasosanus Poccuiickoit denepanun
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PABOYAS ITIPOTPAMMA YYEBHOM JUCITATLIIAHBI

OU3UKA ITOJIYITPOBO/JJHUKOB / PHYSICS OF SEMICONDUCTORS
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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

JUIs yCHEIHOro yCBOGHMs JIaHHOM AMCLMIUIMHBI CTYIEHT JOJDKEH BIIAJIETh MAaTEMaTHUYECKUM
amnmapaTtoM, HEOOXOAMMBIM JUIsl pemieHus aAudQepeHnnanbHbIX W UHTETPAIbHBIX ypaBHEHMH,
MPECTaBICHUAMU O (PU3UKE aTOMOB M MOJEKYJ, (U3MKe TBEPAOTO Tena M3 Kypca oOmei (usukw,
BJIaJIETh MOHSATUIHBIM almaparoM W METOJaMHU PEIIeHUs 3a/ad TEOPUH 3JIEKTPOMATHUTHOIO TIOJIS,
KBaHTOBON MEXaHUKH, CTATUCTUYECKON (U3UKH, a TakkKe (PEeHOMEHOJIOTHYECKUMHU MPECTaBICHUIMU
u3 Teopuu (PU3MKM KOHJCHCHPOBAHHOIO coCTOsiHMS. llpeanosaraercss mpeaBapUTENIbHOE H3Y4YEHHE
CJIEIYIOIINX IACLUIUINH:

AHanuTHYECKasi TeOMETpHUs

Jluneiinas anredpa

JuddepenunanbHbie 1 HHTETpAJIbHBIC YPaBHEHUS
OOmast pus3uka — >MEKTPUIECTBO U MAarHETH3M
O6bmas ¢pusznka — aromMHasi pU3nKa

Teopus nomns

KBaHTOBas MexaHuka

Teopernueckas ¢pusnka: craTucTuyeckas pusmxa

3. ®OPMUPYEMBIE KOMIIETEHIIU U ITVTAHUPYEMBIE PE3YJIbTATbBI
OBYYEHUA

VYHuBepcanbHble H(1iIK) o0enpodeccuoHaNbHbIE KOMITETEHIIUN

| KOI[ N HAMMCHOBAHUEC KOMIICTCHIINN | KOJI W HAMMCHOBAHUC MHAUKATOpA JOCTHXKCHUS KOMIICTCHIIUN




HpO(beCCI/IOHaHBHBIG KOMIICTCHIIMKXN B COOTBCCTBHMM C 3aJadyaMH H

3HaHUI) TPOPEeCCHOHATHLHOMN e TeTFHOCTH:

o0bekTamMu (00IacTAMU

3apaua
npogeccHoHAIBLHOU
nesiteabHoctu (3I11)

VYyacTtue B IpoBEeICHUN
TEOPETUUECKHUX
HCCIEIOBAHMH,
MIOCTPOCHUU
(bu3nuecKux,
MaTeMaTHYeCKHUX U
KOMITBIOTEPHBIX
MoJIeTIel U3y4aeMbIX
MPOLECCOB U SIBJICHUI,
B IIPOBEJICHUH
AHATUTUICCKUX
HUCCJIEIOBAHUN B
MPEeIMETHOM 00JIacTH
10 IpOoHITIO
CHeTaTN3alun

O0beKT W
00J1aCTH 3HAHUSA

IIpupoaHbie n
COLIMAJIbHBIC SIBJICHUS
Y IIPOLIECCHI

Kon n naumenoBanue
npogeccuoHaNbLHOH
KOMIIeTEHIIUM;
OcHoBaHue
(mpogeccuoHaTBLHBIN
cranaapt-I1C, ananu3
OIbITA)

Hay‘IHO—I/ICCJ'ICI[OBaTeJ'ILCKI/Iﬁ

I1K-4.1 [1] - Criocoben
IIPUMEHSTH (DHU3HKO-
TEOPETUICCKHE
KOHIIEIIIHH,
AHAJIUTHYECKHUE METO/IBI,
MeTOAbl 00pabOTKH
AKCIIEPUMEHTATBHBIX
JAHHBIX B 00JIaCTH
buzukn
KOHICHCHPOBAHHBIX
cpen

Ocnosanue:
ITpodeccronanbHbIi
crangapt: 40.044

KOHCTPYKTOPCKO-TEXHOJIOTHUECKU I

KonTponb
COOTBETCTBHS
BBIMOJTHEHHBIX PaboT
TpeOOBaHUAM
TEXHUYECKOTO 3aJaHUS
Y COOTHOIICHUS
MOJTy4aeMbIX
pe3yIbTATOB C

Monenu, MEeToIbI U
Cpe/acTBa
(byHIaMeHTaIbHbBIX U
TIPHUKJIATHBIX
HUCCIENOBAaHUN U
pa3paboTok B
o0yacTu MaTeMaTHKH,
(bU3UKHU U JpyTUX

ITIK-7 [1] - Criocoben k
pa3paboTke
MIPUKIIATHOTO
MPOrPaMMHOTO
oOecrnieueHus s
MPOBEJICHUS HAYIHBIX
HUCCIIEIOBAHUN

Kon u HaumeHoBaHue
HHIMKATOPA
AOCTUKEHUS
npogeccuoOHAIbHOM
KOMIIeTeHIIUH

3-11K-4.1[1] - 3uartp
(hU3HUKO-TEOpETHUECKHE
KOHIISTIIIH,
AQHAIUTUYECKUE
METO/TbI, METO,IbI
00paboTKu
HKCIIEPUMEHTAIBHBIX
JAaHHBIX B 00JIaCTH
¢buznkn
KOHJCHCUPOBAHHBIX
cpex;

V-IIK-4.1[1] - Y™meTb
MPUMEHSATH (PU3HUKO-
TEOPETUYECKHE
KOHIIETIIIH,
aQHAJIUTUYECKUE
METO/TbI, METO/IbI
00paboTKn
HKCIIEPUMEHTAIBHBIX
JAHHBIX B 00JIaCTU
¢buzukn
KOHJICHCUPOBAHHBIX
cpen;

B-I1K-4.1[1] - Bnanets
aHATTUTHYECKIMHU
METOJIaMH, METOAAMHU
00paboTku
AKCIIEPUMEHTATIbHBIX
TAaHHBIX B 00JIACTH
(17637041
KOH/ICHCHPOBAHHBIX
cpen

3-1IK-7[1] - 3nath
TEKYIIee MOJIOKEHUE
COBPEMEHHBIX HAYYHBIX
JOCTIDKCHHH,
COBPEMEHHBIE METO/IBI
Y QJITOPUTMBI JJIS
pa3paboTKu 1
aJanTanuu




M3BECTHBIMH
MHUPOBBIMU
paszpaboTkaMu u
oOpasmnamu B JaHHOU
00J1aCTH UCCICAOBAHUM

€CTECTBEHHBIX U Ocnosanue:
COIIMAITBHO -
HKOHOMHYECKUX HayK
o MpoQuIIsAM
IIPEAMETHOU
NeSITETTHHOCTH B
HayKe, TeXHHKE,
TEXHOJIOTHUSIX, &
Takxe B cepax
HAYKOEMKOTO
IIPOM3BOJICTBA,
yIpaBJICHUS U
OusHeca

[TpodeccnonanbHbIN
cranzapt: 24.028,
24.075, 24.078

MIPUKJIATHOTO
IPOrPaMMHOTO
obecrieueHus s
MIPOBEICHUS HAYIHBIX
HUCCIIEIOBAHUMM. ;
V-TIIK-7[1] - YmeTs
MIPUMEHSTh
COBPEMEHHBIE METO/IbI
Y QJITOPUTMBI JJI51
pa3paboTKu
HAYKOEMKOTO
IPOrPaMMHOTO
obecrieueHus. ;
B-IIK-7[1] - BnageTs
HaBBIKAMHU Pa3pabOTKH
Y ajanTalyn
MIPUKJIATHOTO
IPOrPaMMHOTO
obecrieueHus s
MIPOBEICHUS HAYIHBIX
HCCIIEJOBaHUIA.

4. BOCIIUTATEJIbHBINA IOTEHIIAAJI JUCHUATLJIAHBI

Hanpasnenus/nienu
BOCIIUTAHUSA
[IpodeccrnonanpHOE
BOCIIMTAHUC

3ajaun BocriuTaHus (KOx)

Co3pnanue yciaoBuid,
00ecreynBaroOIInX,
(dhopMHUpOBaHKE YyBCTBA TUYHOU
OTBETCTBEHHOCTH 32 HAy4YHO-
TEXHOJIOTHYECKOE Pa3BUTHE
Poccun, 3a pesynbraTsl
HICCIEIOBAHUH U UX TI0CIEICTBHSA

(B17)

BocnuraTenbHbIN TOTEHITAAT
JUCIUTIIAH

1.Mcnonb30BaHME BOCTIUTATEIILHOTO
MOTCHITMAA TUCIUILIAH
POeCCHOHATBHOTO MOTYJIS JJIs
(dbopMUPOBaHUS YyBCTBA TUIHOMN
OTBETCTBEHHOCTH 3a JOCTHKCHHUE
muaepcTBa Poccun B Bemymux
HAyYHO-TEXHUYECKUX CEKTOpPax U
(byHIaMEHTaIbHBIX UCCIIEIOBAHUIX,
00eCTIeunBaIOIINX €
SKOHOMHUYECKOE Pa3BUTHE U
BHEIITHIOIO O€30ITaCHOCTb,
MOCPEJICTBOM KOHTEKCTHOTO
00y4eHus1, 00CYKICHHS COIIMATTbEHON
U TIPAKTHUYECKON 3HAUUMOCTH
pe3yIbTAaTOB HAYYHBIX
HCCJICIOBAHUI M TEXHOJIOTHYECKUX
paszpabortok. 2.Mcnonb3oBaHue
BOCITUTATEILHOTO TIOTCHIIHAJIA
JTUCIUIUINH TPOo(ECCUOHATIBLHOTO
MoyJIs Uit pOopMHUpOBAHUS
COLIMAJILHOM OTBETCTBEHHOCTH
YYEHOT0 32 Pe3yJIbTaThl
HUCCIEA0BAHUN B UX TTOCIICICTBUS,
Pa3BUTHUS UCCIIETOBATEIECKUX
KaueCTB IMOCPEJACTBOM BBITOJTHEHUS
y4eOHO-UCCIIeI0BATEIbCKUX




[Ipodeccrnonanshoe
BOCIIUTaHHE

[Ipodeccrnonansroe
BOCIIUTaHHE

Co3znanue yCcioBHi,
00ecreynBaroOIInX,
(hopMUPOBaHHE OTBETCTBEHHOCTH
3a npodeccuoHaNbHBIN BHIOOD,
PO eCCUOHAIBHOE Pa3BUTHE H
npodecCHOHANBHBIEC PEIICHUS
(B18)

Co3znanue ycioBui,
00ecneYnBaroIInX,
(dbopMUpOBaHKE HAYYHOTO
MHUPOBO33PEHUS, KYJIbTYpPbl
MOKMCKa HECTAHAAPTHBIX HAyYHO-
TEXHUYECKUX/TIPAKTUUECKUX
penieHuil, KpUTUIECKOTO
OTHOILIEHUS K UCCIIEI0OBaHUAM
JHKeHay4Horo Tojka (B19)

3aJ]aHU{, OPUEHTHPOBAHHBIX Ha
W3yYeHHE U TIPOBEPKY HAYUHBIX
(baKkTOB, KPUTUUECKUN aHATIN3
myonuKamuii B mpodeccuoHaIbHON
001acTH, BOBJIEYCHHUS B peabHbIC
MEXTUCIUTUTMHAPHBIC HAYIHO-
HCCJIEIOBATEIBCKHUE IPOEKTHI.
Hcnonp30BaHne BOCIUTATEIBHOTO
NOTEHIMAaa JTUCIUIUTHH
POeCCHOHATBHOTO MOTYJIS TS
(bopMHpOBaHUS Y CTYACHTOB
OTBETCTBEHHOCTH 3a CBOE
npodeccuoHaIbHOE pa3BUTHE
MOCPEACTBOM BbIOOpA CTYIEHTaMH
MH/IMBUYAJIbHBIX 00pa30BaTeIbHBIX
TPaeKTOPHUI, OpraHu3aluu CUCTEMbI
OOIIEHUS] MKy BCEMHU
y4aCTHUKaMU 00pa30BaTEIbHOTO
Ipouecca, B TOM YUCIIE ©
HCIIOJIb30BaHUEM HOBBIX
UH(POPMALIMOHHBIX TEXHOJIOTUH.
1.Mcnonp30BaHue BOCIIUTATEIBHOTO
HOTEHIMAaja JUCIUIUINH/TIPAKTUK
«HayuHo-uccnenoBaTenbckas
pabotay, «IIpoekTHas npakTHKay,
«HayuHb1i1 cemunap» is:

- (hopMuUpOBaHMS TOHUMAHUS
OCHOBHBIX IIPUHIIUIIOB U CIIOCOO0B
HAYYHOT'O O3HAHMsI MUPA, Pa3BUTHUS
HCCJIEIOBATENIbCKUX KaUeCTB
CTYJIEHTOB IIOCPEJCTBOM HUX
BOBJICUEHUS B UCCIIEJIOBATEIBCKIE
HPOEKTHI IO 00JIACTSIM HAyYHBIX
uccienoBanuil. 2.Mcnonp3oBanue
BOCIIUTATEIBHOIO MOTEHIINANIA
quctumiuH "Meropus HayKu U
nnxeHepun', "Kpurnueckoe
MBIIICHHE U OCHOBHI HAyYHOU
KOMMYyHUKauu'", "Benenue B
cnernuanbHocTs", "HayuHo-
uccienoBaTenbckas pabora",
"Hayunblii cemunap" mis:

- (opmupoBaHUT CIOCOOHOCTH
OTJIEJATh HACTOSIIUE HayYHbIE
UCCIIEIOBAHMSI OT JDKEHAYYHbIX
MOCPEACTBOM IIPOBEJCHUS CO
CTYJCHTaMH 3aHATUH U PETYISPHBIX
Oecen;

- (hopMuUpOBaHMS KPUTHUECKOT'O
MBIIICHHSI, yMEHUSI pACCMaTPHUBATh
pas3InYHbIE UCCIIEOBAHUS C
HKCIEPTHOHN MO3ULIMK NOCPEACTBOM




00CYX/IeHUs CO CTYyIGHTaMH
COBPEMEHHBIX HCCIICIOBaHUM,
UCTOPUYECKHX MPEANOCHUIOK
TOSIBIICHHSI TE€X WJIA UHBIX OTKPBITHH
Y TEOPUH.

S. CTPYKTYPA U COJAEPKAHUE YYEFHOMN TUCIUATLINHBI

Pazgensl yqe6H01‘/'1 JUCIHUIIIIMHBI, KX 06’LCM, CPOKH U3YUCHU U (bOpMLI KOHTPOJIA:

IL.II

HaunmenoBanmue
pasaesa yueOHom
JTUCIHUIIINHBI

Henenan

Jlexknuu/ Ilpaxr.
(cemmuHapsw! )/
JlaGopaTopHbIe
padoTsbl, yac.

KOHTPOJIb (popma*,

Oo0s13aT. TeKyIIMH
HeJpeJIs)

MakcuMaJabHbIil
0aJi1 3a pazgea™*
ATTecTanus
pasnena (popma*,
HeJ1eJst)
HNuaukaropsl
0CBOEHHUA
KOMIOATAHIINA
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* — coKpalleHHOe HauMeHOBaHUEe (POPMBI KOHTPOJISI
** — cyMMa MaKCHMAJIbHBIX OaJIOB JIOJDKHA ObITh paBHa 100 3a cemecTp, BKIIIOYas 3a4eT U

(unm) sK3aMeH

CoxparieHre HauMEHOBaHUH (POPM TEKYIIETO KOHTPOJIS M aTTECTALlUH Pa3IesIoB:

0O003Ha
YyeHue

ITos1HOE HAMMEHOBaHHE

T

TectupoBanue

KU

KonTposb no uroram

K.p

KonTponbHas paboTa

€

DK3aMeH

KAJIEHJIAPHBIN ITAH

Henea

Tembl 3ansaTuii / Conep:kanue

Jlek., | [Ip./cem. | JIao.,
qac. , yac. yac.

7 Cemecmp

16 32 0

1-8

OcHOBHbIE NOHATHS (PU3MKH TBEPAOTO Tejia

8 16 0

1-2

Tema 1 BBenenne. JiieMeHTapHasi TEOPHSA
3J1eKTPONPOBOAHOCTH MOJIYIIPOBOIHUKOB

DOMIIMpUYECKHe 0COOCHHOCTH (MEXaHUYECKHE, HICKTPOHHEIE,
ONTUYECKUE) MOIYIPOBOAHUKOB. Kpucraminueckue u
amop¢usie nmonynpoBoanuku. Teopus Jpyne. [logBuKHOCTS,
BpeMs peraKcalui, JyInHa CBoOOAHOTo mpobera. MoenbHbIe
MPEACTABJICHUS O MEXAHU3ME JIEKTPOIPOBOTHOCTH
COOCTBEHHBIX M MPUMECHBIX MOJYITPOBOTHUKOB

Bcero ayiuTOpHbIX 4acoB

2 | 4

Owntaiin

Tema 2 OcHoBbI 30HHOH Teopuu. IlI0THOCTDH cocTOSAHMIA 1
PAaBHOBECHOE JHEpPreTHYecKoe pacnpeaejeHne HocuTe e
3apsiia B MOJYIPOBOIHHKAX.

Teopema bioxa. 3ona bpuiitosHa. JHepreTUUeCKrue 30HbI.
DNEeKTPOHBI MPOBOIUMOCTH U AbIpKH. D(dekTuBHAsT Macca.
[TpubmmxeHne CUIILHO CBSA3aHHBIX AIEKTPOHOB. 3aKOH
JUCTIEPCUU. Y POBHU SHEPTUU JOHOPHBIX U aKLENTOPHBIX
npumMecei. [I10THOCTh ANEKTPOHHBIX U ABIPOYHBIX COCTOSHHIA.
Oyukuus pacupenenenus Oepmu- [upaka. BeipoxneHnusie u
HEBBIPOKJICHHBIE MOJYIPOBOAHUKH. 3aCEIEHHOCTD IPUMECHBIX
coctosiHuil. CoOCTBEHHBIE M TPUMECHBIE TTOIYIPOBOJHHUKH.
3aBucuMOCTh ypoBH Depmu OT TeMIiepaTypsl U
KOHIEHTPALUU IPUMECH.

Bcero ayiuTopHbIX 4acoB

2 | 4

Ownutaiin

Tema 3 KoJsieOaHus1 aTOMOB KPUCTAJINYECKON PeIIETKU
AKyCTHYECKHE U ONTHYECKHE KojeOaHust pemeTKi. DOHOHBI.
Crnextp ¢pononoB. Monenu Ditnmrerina u Jlebas.

Bcero ayiuTopHbIX 4acoB

2 |4 |

Omuiaiig




Pacnipenenenne boze- Dlinmreiina. TemnoéMkocTh KpucTaiia
B 3aBUCUMOCTH OT TE€MIIEpPaTyphbl.

Tema 4 Knunernueckue siBJ1eHUs 1 MeXaHU3Mbl PaccesiHUS
3JIEKTPOHOB M IbIPOK

Kunernueckoe ypaBHenue bonbnimana. Bpems penakcanuu.
HepaBHoBecHas (pyHKLUS pacnpeeseHst HOCUTeNeH 3apsa.
MexaHu3Mbl paccesiHus IEKTPOHOB U AbIpoK. PaccesHue Ha
MOHAX IIPUMECH, Ha aTOMaxX IPUMECH U JUCIOKALMSIX.
PaccestHue Ha TEIUIOBBIX KOJIeOaHUAX pemETKH ((hOHOHAX).

Bcero ayiuTOpHbIX 4acoB

2 |4 |

Owntaiin

9-16

BBenenue B (pM3UKYy NOJyNPOBOIHUKOB

8 16 0

9-10

Tema S Kunernueckue siBJIeHUSI M IEPEHOC HOCHTE el
3apsiia B MOJYIPOBOJHMKAX.

3aBHUCHUMOCTD TTOABUKHOCTH HOCUTENEH 3apsia OT
temreparypsl. ekt Xoia B MOTyIPOBOIHUKAX.
TepMonnexkTpuueckue saBiaeHus. TemonpoBOJHOCTb.

Bcero ayuTopHsIX 4acoB

2 |4 |

Ownaiin

11-12

Tema 6 I'enepanusi, nepeHoc U peKOMOMHALHA
HEPABHOBECHBIX HOCHTe el 3apsia.
HepaBHoBecHble HocuTenu. KBasuypoBeHbp @epmu.

MakcBeoBckoe Bpemst penakcanun. LIeHTpsl peKoMOnHaIHH.

MoHoMmounekynsgpHas 1 OUMOJIEKYJIIpHas peKOMOUHAIIHA.
MexaHU3MBbl PeKOMOWHAINH: MEK30HHAs, YepPe3 JIOBYIIKH.
Mexanusm JlanwxeBena. Oxe- pekomounanus. Auddysus u
npeiid HepaBHOBECHBIX HOCUTEIEH 3apsa B
MOJYTIPOBOHUKAX. D(P(HEKTUBHOCTH (POTOreHEepaLuu.
dortonpoBoauMocTb. Penakcarus ¢oTonpoBOIUMOCTH.

Bceero AYAUTOPHLBIX 9YaCOB

2 | 4

Omnutaiin

13-14

Tema 7 Heynopsinoyennbie nojaynposoauuku. Ilepenoc
HOCHTeJIel 3apsaAa B MaTepHaJiax ¢ JIOBYUIKAMH.

Tumns! Geciopsiika. B3aumMocBs3b CTPyKTYPHOTO U
sHepreTHYecKoro oecnopsiika. KBasuHenpepbIBHbBIN CIIEKTP
JIOKQJIN30BaHHBIX cocTosiHui. Jlokann3auus Annepcona. Kpaii
MOABMKHOCTH. MOJIeJIb MHOTOKPATHOTO 3aXBaTa U
ocBoOOXIeHUs HocuTenel. [lonBrxKHOCTD U K03 umeHT

I dy3un, KOHTPOIUPYEMbIE JTOBYIIKAMH.

Bceero AYAUTOPHLBIX 4YaCOB

2 |4 |

Ownutaiig

15-16

Tema 8 IIpbIKKOBBIN EPEeHOC HOCUTEJIeH 3apsaa
[lepexonbl MKy JTOKATN30BaHHBIMU COCTOSTHUSIMU.
VYpaBuenue 6ananca. [IpppKkoBast IpOBOAUMOCTb.
OnnohoHOHHBIE U MHOTO(OHOHHBIE ITepexoibl. Moaenu
Munnepa- Abpaxamca u Mapkyca. [loHsTHE TpaHCTIOPTHOTO
ypoBHs. [loHATHE O Teopuu NpoTEeKaHUsS U €€ MPUMEHEHUE K
aHaJIM3y NPBLKKOBOW IPOBOAMMOCTH.

Bceero AYAUTOPHLBIX YaCOB

2 |4 |
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T1JI ITomHOTEKCTOBEIE JIEKIIUN
BM Buneo-marepuansl

AM Aynmo-marepuassl

[Ip3 [IpeszenTanuu
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DNEeKTPOHHBIE CIIPABOYHBIE MATEPUATIBI

ncC

NHTEepaKkTUBHBIN CalT

TEMbI [TIPAKTUYECKWX 3AHSATUI

Henean

Tembl 3ansiTuii / Conepxxanue

7 Cemecmp

1-2

Tema 1. BBegenne. JiaeMeHTApHASA TEOpPHUsi
3JIeKTPONPOBOIHOCTH MOJYNPOBOAHNKOB

[TpoBoaMMOCTb, YIETBHOE COMPOTHUBICHUE. TeMneparypHbie
3aBUCHMOCTH AJIEKTPOIIPOBOTHOCTH METAIIJIOB
MOJIYIIPOBOAHHKOB. Brraucnenue BPEMCHH peiiakCalun, AJIMHA
cB00OHOTO Mpobera, MPOBOIUMOCTb.

Tema 2. OcHoBBI 30HHOI TeopHuH. IIJIOTHOCTH COCTOSAHUH U
PaBHOBECHOE JHePreTH4ecKoe pacnpeneaeHne HocuTeei
3apsiia B MOJYNPOBOIHHKAX.

bnoxoBckue BomHOBbIE hyHKIMU. KBazuummysbe, K-
npoctpancTBO. 30Ha bpuutrosHa. Beraucnenue s hextuBHOM
Mmacchbl. BonHoBbIe GyHKINU B IPUOIMIKEHUH CHIIBHO
CBSI3aHHBIX AMEKTPOHOB. CBS3b MIMPUHBI Pa3peIIEeHHOMN 30HBI €
NEePEeKPBHITHEM aTOMHBIX BOJTHOBBIX pyHKIMi. [Ipumenenue
craructuku Oepmu- Jlupaka i BHIYUCICHUS KOHLIEHTPaLUU
3JIEKTPOHOB U JIBIPOK B 30HAX I COOCTBEHHBIX U IPUMECHBIX
MOJIYIIPOBOJIHUKOB.

Tema 3 Kosie0annst aTOMOB KPHCTAUVINYECKOH pPelIéTKH
3aKOH JUCTHEPCUU TSl aKyCTUYECKUX U ONTHYECKUX
KoJIeOaHU Ha OCHOBE MOJIEJIM OJTHOATOMHOM U IBYXaTOMHOM
Lerno4eK. Beranciienne reMnepaTypHOl 3aBUCUMOCTH
TEIUIOEMKOCTH B 3aBUCUMOCTH OT TEMIIEPATYPHI COIIACHO
mozenu le6as. Konebanusi TByXxaTOMHOM JTUHEWHOM IIEMTOYKH.

Tema 4 Knunernueckue siBJ1eHHs 1 MeXaHU3Mbl PacCesiHUS
3JIEKTPOHOB H JbIPOK.

Pemrenne kuHeTH4ECKOro ypaBHeHus bonbimana B
pUOJIMKEHNU BPEMEHHU penakcanuu. PaccesHue Ha
JUIMHHOBOJIHOBBIX aKYCTHYECKHX (POHOHAX.

Tema 5 Kunernueckue siBJIeHUsI M MIEPEHOC HOCUTEIeH
3apsiia B MOJIYyNIPOBOHHKAX.

Oddexr Xommra B moaynpoBogHuKax. BoimHoBbIE QyHKIHT
JIOKAJIM30BAHHBIX HOCHUTENEH 3apsia. CuibHast U ciadast
JIOKQJIA3aIIHsL.

11-12

Tema 6 I'enepanus, nepeHoc ¥ peKOMOUHALMSA
HEePABHOBECHBIX HOCHTeJIell 3apsija.

D¢ dexTuBHOCTD pazeneHus 3JIEKTPOHHO- ABIPOYHON HapHlI.
CooTHouleHne DUHILITEeHA U YCIOBUS €ro MPUMEHUMOCTH.
Pacnpenenenne KOHIIEHTPAIIMM HOCUTEIEH 3apsa Mpu
HAJINYUH MOHOMOJIEKYJIIPHON U OMMOJIEKYJIIPHON
pexomOuHanuu. Pekombunamms Jlamxkesena. [lpumepsr
BBIUMCIICHUS] KOHCTAHThl PEKOMOMHALIMH.

13-14

Tema 7. HeynopsitoueHHblie moaynposoaHuku. [lepenoc
HOCHTeJIeH 3apsiia B MATepPHAJIaxX C JJOBYIIKAMHU.
[ToaBMKHOCTB B HEYNOPSAIOYEHHBIX BBICOKOOMHBIX
MIOJIYITPOBOJIHUKAX C KBa3MHENPEPHIBHBIM PACIIPEACICHHEM




JIOBYIIIEK, B CJIy4ae KBa3UPaBHOBECHON M HEPABHOBECHOM
reHepaluy HOCUTENEH 3apsiia. AHaIu3 NEPEX0JHOTO TOKA B
YCIOBUSIX BPEMSIIPOIETHOTO SKCIIEPUMEHTA.

15-16 | Tema 8 IlpbI:kKOBBIN NEpEeHOC HOCUTEJIEH 3apsiaa
TemnepaTypHas 3aBUCUMOCTb TPAHCIIOPTHOT'O YPOBHS JUIS
AKCIIOHEHIIMAJILHOTO U TayCCOBa paclpe/iesieHus: IPbHKKOBBIX
ueHTpoB. [lopor npoTrekanus U NPbLKKOBASI IPOBOJAUMOCTD.
3aBUCUMOCTh MPBDKKOBON IPOBOJAUMOCTH OT TEMIIEpaTyphl U
KOHILIEHTPALlMH HOCHUTEJIEH.

6. OBPA3OBATEJIBHBIE TEXHOJIOI'MHN

[Tpu peanuzanus MporpaMMbl UCTIOIB3YIOTCS CIEAYIONINE TEXHOIOTHU:

- JICKOMU 110 KypCy TpaJuUOHHOI'O THIIA, HA HCKOTOPBIX JICKIUAX MNPUMCHIACTCA
KOMITBIOTEPHBINA IPOEKTOP IS MIUTFOCTPAIMH CIIOKHBIX YCTPOUCTB, CUCTEM U TIPOIIECCOB;

- IpaKTHYECKHE (CEMHUHApCKUE) 3aHATUS — pELIeHHE 3a7ad CTyACHTaMH, B TOM YHCJIE B
WHTEpaKkTUBHOU popme (oOcyxaeHne, beceqa) ¢ mpenoaaBaTesieM;

- caMOCTOATeNbHAs paboTa CTyICHTOB

7. POHJ OHEHOYHBIX CPEICTB

@®oH/1 OLIEHOYHBIX CPEACTB IO JAUCLUILIMHE 00eCcIeyrBaeT MPOBEPKY OCBOEHUS IIAHUPYEMbIX
pe3yabTaToB 00y4yeHHs (KOMIETEHIMHA W UX HMHIMKATOPOB) MOCPEACTBOM MEPOIPHUITUN TEKYIIEro,
PYOEIKHOTO U IPOMEKYTOYHOT'O KOHTPOJIS IO JUCLUTUIMHE.

CBs3p Mexny (opMUpPyEeMBIMH KOMIIETCHIMSAMH H (OopMaMH KOHTPOJII HUX OCBOCHHS
IPEJCTABICHA B ClIeAyIOLIeH Ta0nuLe:

KOMHeTeHHI/Iﬂ HH}]HKaTOPBI 0CBOCHUSA ATTeCTaIII/IOHHOC MeponpusaTue
(KII 1)
TK-4.1 3-TK-4.1 D, KU-8, KU-16, k.p-8, T-16
V-TIK-4.1 D, K-8, KU-16, k.p-8, T-16
B-TIK-4.1 D, KU-8, KU-16, k.p-8, T-16
TK-7 3-TIK-7 D, KH-16, T-16
V-TIK-7 D, KU-16, T-16
B-IIK-7 D, KHU-16, T-16

HIxkanbl oneHKH 00pa3oBaTEeIbLHbBIX 10CTHKEHUI

[IIxana Ka)KAOro KOHTPOJIBHOI'O MEPOIPHUATHS JIEKUT B mpenenax oT 0 10 yCTaHOBJIEHHOTO
MaKCHMAaJILHOr'O Oajljla BKIIOUYMTEILHO. MTorosas aTTeCcTanuAa I10 JUCHUIIIMHEC OLICHUBACTCA IIO 100-
0ayUTbHOM IIKae W MpeACTaBiIseT co00il cymmy OaioB, 3apabOTaHHBIX CTYJEHTOM IPHU BBITIOJTHEHUU
3a/IaHMM B paMKax TEKYIEro U MPOMEXYTOYHOTO KOHTPOJIS.

Hrtorosas olieHKa BBICTaBISAECTCS B COOTBETCTBUU CO CIEAYIOLICH IIKAJIOM:

Cymma Onuenka no 4-ex Onenka | TpeGoBaHUS K YPOBHIO OCBOSHUIO
OaJUI0B OaJUILHOH IIKAJIE ECTS Y4eOHOU JUCITUTIIMHBI

90-100 5 — «omauuHo» A OlLeHKa «OTJIMYHOY» BBICTABIISAETCS




CTYZCHTY, €CIIM OH IITyOOKO U MPOYHO
YCBOWJI POTPAaMMHBIN MaTepua,
WCYEPIBIBAIOIIE, ITOCIEA0BATENBHO,
YETKO U JIOTUYECKHU CTPOMHO €ro
W3JIaraeT, yMeeT TECHO yBS3bIBATh
TEOPHIO C PAKTUKOH, HCTIONB3YET B
OTBETE MaTepHall MOHOTPapHUECKOM
JIUTEPATYPHL.

85-89

75-84

70-74

4 — «xopouioy

65-69

60-64

3
«Y00871emMEOPUNENLHOY

OneHka «XOpOIII0» BBICTABIISETCS
CTYIEHTY, €CIIH OH TBEP/IO 3HAET
MaTepual, TPaMOTHO U TI0 CYLIECTBY
M3JIaraeT ero, He JOIyCKast
CYIIIECTBEHHBIX HETOYHOCTEU B OTBETE
Ha BOIIPOC.

OreHKa «y1OBJIETBOPUTETHEHO»
BBICTABIISIETCS CTY/ICHTY, €CIIM OH UMEET
3HAHMS TOJIHKO OCHOBHOTO MaTepHala,
HO HE YCBOWJI €T0 JIETAJICH, OIMyCKaeT
HETOYHOCTH, HEJJOCTATOYHO MPABUIIHHBIC
(hopMyITUPOBKH, HAPYIIEHUS
JIOTHYSCKOM TOCIICIOBATSILHOCTH B
M3JI0KEHUH [TPOrPaMMHOT0 MaTepUaa.

Hwuxe 60

2
«HEYO0B1EMBOPUMENLHOY

OrneHka «HEYJOBIETBOPUTEIBHO»
BBICTaBJISIETCS CTYEHTY, KOTOPBII HE
3HAET 3HAYUTEIbHOU YacTH
MIPOrpaMMHOI0 MaTepuaa, 10IMyCcKaeT
CyIecTBeHHbIe OmnOKu. Kak mpasuio,
OLICHKA «HEYJOBJIETBOPUTEIBHO
CTaBUTCA CTYJEHTaM, KOTOpbIE HE MOTYT
MIPOJIOJKUTE 00yUeHue Oe3
JOTOJIHUTENBHBIX 3aHATHI 1O
COOTBETCTBYIONIEH NUCIUIIIIMHE.

OHCHO‘{HHG CpCACTBa ITPHUBCACHLI B HpI/IJ'IO)KeHI/II/I.

8.

YYEBHOI JUCHUILINHBI

OCHOBHAZ JIMTEPATYPA:

1. DU A 71 BBezeHue B TEOpHUIO MOITYIPOBOJHHUKOB : yueOHoe mocobue, Cankt-IlerepOypr: Jlans,

2016

2. DU JI12 JIaGopaTopHslii mpakTUKyM "KoMmbloTepHOE MOIeTupoBaHie HAaHOCTPYKTYp" :, Mockaa:

HUAY MUOU, 2013

3. 538 H62 HecramuronapHble MpOIECCH MEPEHOCa U PEKOMOMHAITMN HOCUTENEH 3apsia B TOHKUX
CJIOSIX OpraHUYeCKNX MaTepuaiosB : yueoHoe nmocobue, B. P. Hukurenko, Mocksa: HUSAY MUODU,

2011

JOITOJIHUTEJIbHA S JIMTEPATYPA:

YYEBHO-METOAUYECKOE U THOOPMAIIMOHHOE OBECIIEYEHHE




1. 539.2 K45 BBenenue B ¢pusuky tBepaoro tena : , Y. Kurrens , M.: MenuaCrap, 2006
[TPOTPAMMHOE OBECIIEYEHHUE:

1. cipaBounuk 1o I1O Wolfram Reaearch Mathematica 8
(reference.wolfram.com/mathematica/guide/Mathematica.html)

LMS U UHTEPHET-PECYPCHBI:
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.  MATEPHUAJBHO-TEXHUYECKOE OBECIEYEHHUE YYEBHOI
JUCHUILINHBI

CrennaiibHOE MaTepUATBLHO-TEXHUYECKOE o0ecieueHne He TpedyeTcs

10. YYEBHO-METOAWYECKHUE PEKOMEHJALIUU IJIAA CTYAEHTOB

Kypc Britouaer B ce0si JIEKIMOHHbIE M MPAKTUYECKUE 3aHATHs. s yCnemHoro ocBoeHUs
Kypca IMOJIE3HO BCIIOMHUTh HEKOTOpBIE TeMbl U3 Kypca KBaHTOBON MexaHMKH, Hanpumep, BoiaHoBas
(GYHKIMS M SHEPreTMYecKUd CIEKTp 3JIEKTpoHa B aToMe Bojopoaa. Ha JIEeKIMOHHBIX 3aHATHUAX
paccMaTpUBaIOTCSl TEOPETUUECKHUE ACHEeKThl (PM3UKU MOJTYNPOBOAHUKOB. Ha mpakTHuecKuX 3aHATUAX
CTYACHTHI pelIaloT 33Jayd, B TOM YHCIEe U B MHTepakTUBHOU (opme (obcyxaenue). Iloompsercs
aKTHUBHOE ydacTHe B OOCYXJEHUM 3ajlad, a TaKKe YMEHHE CBOEBPEMEHHO 3a/1aBaTh BOMPOCHI JJIs
MIPOSICHEHUSI BCEX HEMOHATHBIX MOMEHTOB IO NMPOWJIEHHOMY Marepuaiy. [IoMHMMO JIEKIIMOHHBIX H
CEMUHAPCKUX 3aHATHH KypCc BKJIIOYAET B ce0s1 CaMOCTOSITENbHYIO PaboOTy CTyIeHTOB. JlaHHOE Bpems
OTBOJUTCS JUISl CAMOCTOSITENIbHOM IMepepadOTKH U MOBTOPEHHUS MaTepuaa, BBIMOIHEHUS AOMAaITHHX
3alaHui, yCTpaHEHMs JOJIOB, HAKOIUICHHBIX BO BPEMS CEMECTPA, a TAKXKeE I CAMOCTOSTEIbHOU
MOJIrOTOBKHM K C/lade TEOpeTHUECKOro Marepuana (3k3ameH). Bo Bpems caMocTosITenbHON NOArOTOBKU
K claye TeOpETHUYECKOro MaTepHala CTyIeHThI y4arcsi paboTaTh ¢ HAyYHOM JIUTEPaTypOH.

HToroBeie 6ajuibl CKIaablBalOTCA U3: 1) pe3yabTaToOB KOHTPOJBHOW M TECTOBOTO ONpoca; 2)
Pe3yabTaTOB KOHTPOJIS MOCEUIAeMOCTH; 3) pe3ybTaTOB OLEHKH paboThl CTYyAE€HTa B MHTEPAKTHBHOM
pexXUME.

[lonydyeHne MONOXKUTEIPHOW OLEHKM MO KaKJIO0M NpOBEpOYHON padboTe (KOHTpOJIbHAS MU
TECTOBBIN OIPOC) ABJIAETCS HEOOXOAMMBIM YCIOBUEM IOJYyUYEHUS UTOTOBOM MOJIOKUTEILHON OLIEHKH.
B citydae npomnycka win 1ojydeHusl OTPULIATEIbHOM OLIEHKH CaMOCTOsITeNIbHAs paboTa JOJDKHA ObITh



nepejiesiaHa M CllaHa BO BpPEMsl 3aUeTHOM HEJCNM B KOHIE cemecTpa. [lojokuTenbHas OICHKA
(arTecranus) KaxI0ro paszeiaa HeoOXoauMa JUIs JIOIyCKa K 9K3aMEHY.

11. YYEBHO-METOJWYECKHWE PEKOMEHIAIIMA IJIS1 IPEIIOJABATEJEN

Kypc nornuecku pa3z0UT Ha HECKOJBKO B3aMMOCBs3aHHBIX dacTed. B mepBom paspene (1-8
HeZIeNIN) pacCMaTPUBAIOTCS OCHOBHBIE MOHATHUS U MOJAXOAbl (PU3UKK TBEPJOTO Tejla MPUMEHUTENBHO K
MOJIyIIPOBOJIHMKAM, BO BTOpoM (9-16 Henenu) — OCHOBHbBbIE MOHATHS (U3WKH TMOITYIPOBOIHHUKOB,
BKJIIOYAsl U HEYTNOPSIIOUYEHHBIE MONYyNpOoBOAHUKHU. [IpenonaBarento 00s3aTeNbHO CleAyeT yKa3aTh Bce
WCTOYHUKHU JTUTEPATYPHI, U3 KOTOPBIX OepéTcs nHpopMalns Ha JeKIusax. BaxHo, 4To0bl nHDOpManus
Obula JIOHECeHa J0 CTYJCHTOB B YETKOH M sACHOW ¢dopme. YKaxeM, HAa YTO HEOOXOAMMO OOpaTUTh
0co00e BHUMaHHE MIPU PACKPBITUH KAXKIOH U3 T€M, IEPEUUCICHHBIX B IPOrpaMMe JAUCIUTLITUHBI.

[Ipu wsnoxenun Tembl 1 "BBenmenue. DnemeHTapHass TeopUs SIEKTPONPOBOIHOCTH
MOJTYTIPOBOTHUKOB" O0OpaTUTh 0CO00€ BHUMAHUE HA MOHATHUE MOJBUYKHOCTH, BPEMEHU pElIaKcalluu 1
JUIMHBI CBOOOTHOTO 1po0era, U Ha CBsI3b JAHHBIX BEJTUYHH.

[Ipu wznoxenun teMbl 2 "OCHOBBI 30HHOW TeopuH. [IIIOTHOCTH COCTOSIHUKA M PABHOBECHOE
SHEPreTHUECcKoe pacipeeseHle HoCUuTeNel 3apsa B MOJyNpoBOJHIKaX" 00paTUTh 0c000e BHUMAaHHE
Ha CBsA3b A(()EKTUBHON Macchl, MIMPUHBI 30HBI U MHTErpaja MEPEeKphITHs, a TaKKe Ha 3aBUCUMOCTD
ypoBHs DepMu OT TEMIIEPATYPbl U KOHLEHTPALUU IPUMECH.

[Tpu mznoxenun Temsl 3 “KonebaHusi aTOMOB KPUCTAIMYECKOH peméTkn” oOpaTHUTh 0coboe
BHUMaHHE Ha OCOOEHHOCTH aKyCTHMYECKHMX U OINTHYECKHX BeTBeH KoJleOaHWH, a Takxke Ha
NpUOIIMKEHNUs, clielaHHbIe B MoaenH [lebast.

[Ipu uznoxenun temol 4 “KuHeTnueckue SIBIEHUS U MEXaHM3MBI PACCESTHUSI AJIEKTPOHOB U
JBIPOK” 00paTUTh BHUMaHUE Ha MPUOIMKEHUE BPEMEHU pellakcallud U Ha 0COOEHHOCTH BBIYUCIICHUS
3TOr0 BPEMEHU JJIs PA3JINYHBIX OCHOBHBIX MEXaHU3MOB PACCESHHUS.

[Ipn wm3noxenun Ttempl 5 "KuHeTnueckue SBICHUS U IEPEHOC HOCHUTENEH 3apsna B
MOJIYNIPOBOIHUKAX" YAEIUTh OCHOBHOE BHHUMAaHHUE 3aBHCUMOCTH MOJBUKHOCTH HOCHUTENEH 3apsia OT
TEMIEPATYPBI IS Pa3JINYHbIX MEXaHU3MOB PaCCESHUSA

[Tpu mznoxenun temsl 6 "['eHepanus, nepeHoC U peKOMOWHAIMA HEPABHOBECHBIX HOCUTEINEH
3apsia” MOMYEepKHYTh pa3nuure KBa3uypoBHs Pepmu 1 00b1aHOr0 ypoBHS Pepmu.

[Ipu uznoxenuu temol 7 "Heynopsimouennsie morynpoBogHukH. [lepenoc HocuTenel 3apsna B
MaTtepuagax ¢ JIOByIIKaMH" pa3oOparh (U3MYECKHE MPUUMHBI BO3HUKHOBEHHS KBa3MHENPEPBIBHBIX
"XBOCTOB" JIOKAQJIM30BAHHBIX COCTOSSHUN y Kpa€B 30H M YCJIOBHE, NPU KOTOPOM BCE COCTOSHHMS
JIOKaJIU30BaHBbI.

IIpu wuznoxenun tembl 8 "IIPBDKKOBBIA TEPEHOC HOCUTENEH 3apsna’ MOMYEPKHYTh CBS3b
KOHLENIMHN TPAaHCIIOPTHOI'O YPOBHS U PE3YJIBTATOB TEOPUH NTPOTEKAHHUS.

IIpn npoBeneHUM NPAKTUYECKUX 3aHATHM, Ha KOTOPBIX CTYJIEHThl CaMM pEIIAlOT 3ajayd,
MIPEeToIaBaTelNio CleAyeT 0OpaliaTh BHUIMAaHUE Ha UX aKTUBHOCTG. [Ipu 3TOM, MOJIE3HO OnpamuBaTh He
TOJIBKO aKTUBHBIX CTYJE€HTOB, TOCKOJBKY B IPOTUBHOM CJIy4ae €CTh PUCK TOTO, YTO OCTaJIbHAsl 4acTb
rpynmsl He yCBOUT Matepuall. Ha Bce BO3HUKaOIIKE BOIIPOCHI JIyUllle BCETO AaBaTh OTBETHI, CChUIASACH
Ha OMpeAeNEHHbI UCTOYHHUK, KOTOPBIN CTYJEHT MOXKET MOJIPOOHEE U3YyUUTh A0Ma CaMOCTOSITENBLHO.

Cnenyer oOpamarb BHMMaHUE Ha TO, 4YTOObl MaTepuaj, MPOYUTAHHBIA Ha JIEKIUIX, U
pelI€HHbIe Ha CeMUHapax 3a7auyd MO3BOJISUIA CTYACHTY B MOJIHOM 00BbEME CIIPABUTHCS C KOHTPOJIbHOM
paboToii U TECTOBBIM OIIPOCOM.



ABTOp(BI):

Hukurenko Bnagumup Ponenosuy, a.¢.-M.H.



