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PABOYAS ITIPOTPAMMA YYEBHOM JUCITATLIIAHBI

OU3UKA ITOJIYITPOBO/JJHUKOB / PHYSICS OF SEMICONDUCTORS

Hanpasnenue noarotroBku [1] 03.03.01 IlpuknagHsle MaTeMaTuKa U pusnKa
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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-

V-
I1K-7,
B-
IK-7

HUmoeo 3a 7 Cemecmp

16/32/0

50

KonTpoabnbie
MeponpusTusl 3a
Cemectp

7

50 6] 3-TIK-

* — COKpallleHHOe HauMEHOBaHKe (POPMBI KOHTPOJIA




** — cymMMa MakCHMaJbHbBIX OanoB joipkHA ObITh paBHa 100 3a cemecTp, BKIIOYas 3a4eT W

(mnn) sK3aMeH

CoxpanieHre HaMMEHOBAaHUH (POPM TEKYILIET0 KOHTPOJIS U aTTECTALUH Pa3/eiIoB:

O06o3na | ITo1HOe HaMMeHOBaHM e

YeHHue

KN KoHTposb 1o uroram

€) DK3aMeH

KAJIEHIAPHBIN IVIAH

Henen | Temsl 3ansaTuii / Cogep:xkanue Jlek., | IIp./cem. | JIa6.,

U yac. , yac. yac.
7 Cemecmp 16 32 0

1-8 OcHOBHbIE NOHATHS (U3MKHN TBEPIOTO Tejia 8 16 0

1-2 Tema 1 BBenenne. diieMeHTapHasi TEOPUS Bcero ayIuTOpHBIX 4acoB
3JIEKTPONPOBOAHOCTH MOJYIIPOBOIHUKOB 2 | 4 | 0
DOMIMpUYECKHe 0COOCHHOCTH (MEXaHUYECKHE, DICKTPOHHEIE, Ownunaitn
ONITUYECKHUE) MOIYIPOBOAHUKOB. Kpucraminueckue u 0 0 0
amopdusie nmomynpoBoanuku. Teopus dpyzne. I[logsuxHOCTS,

BpeMs peraKcalui, JyIMHa CBoOOAHOTO mpobera. MoaenbHbIe
IIPEJICTABICHUS O MEXaHU3ME AIEKTPONPOBOIHOCTH
COOCTBEHHBIX M IPUMECHBIX MOJTYIPOBOAHUKOB

3-4 Tema 2 OcHoBbI 30HHOM Teopuu. [JIOTHOCTH COCTOSIHUI U Bcero ayiuTopHbIX 4acoB
PAaBHOBECHOE JHEpPreTHYeCKOe pacnpeieeHne HocuTe e 2 | 4 | 0
3apsa B NOJYNIPOBOAHUKAX. Omnaitn
Teopema bioxa. 3ona bpusintosHa. JHepreTUUeCKue 30HbI. 0 0 0
DNEeKTPOHBI MPOBOIUMOCTH U AbIpKH. D dhekTuBHAsT Macca.

[TpubnmkeHrne CHIIBHO CBSI3aHHBIX AJIEKTPOHOB. 3aKOH
JUCIEpCUU. Y POBHU SHEPIUU JOHOPHBIX M aKLENTOPHBIX
npumMecei. [I10THOCT ANEKTPOHHBIX U ABIPOYHBIX COCTOSHHIA.
@yukuus pacupenenenus Pepmu- [upaka. BeipoxkneHHsie U
HEBBIPOKJICHHBIE MOJYIPOBOAHUKH. 3aCEIEHHOCTD IPUMECHBIX
coctosiHMi. COOCTBEHHBIE U IPUMECHBIE MTOJTYTIPOBOJIHUKH.
3aBucuMOCTbh ypoBH Depmu OT TemMIiepatypsl U
KOHIEHTPALlUU IPUMECH.

5-6 Tema 3 KosiebaHusi aTOMOB KPUCTAJINYECKON PeIIETKU Bcero ayutopHbIx 4acoB
AxycTHdeckue 1 onTH4YecKue Koaebanus peméTku. GOHOHBL. 2 | 4 [0
Crnextp ¢onoHnoB. Monenu DitHmrelina u Jlebas. Owuaitn
Pacnipenenenne boze- Oiinmreiina. TennoéMkocTs kpuctaina | () 0 0
B 3aBUCHMOCTH OT TEMIIEPATYyPHI.

7-8 Tema 4 Knunernueckue siBJ1eHHs1 M MeXaHU3MbI paccesstHus | Bcero ayuTopHbIx 4yacos
3JIEKTPOHOB M IbIPOK 2 | 4 [0
Kunernueckoe ypaBHenne bonpumana. Bpems penakcanmm. Ounaiin
HepaBHoBecHas (yHKIMS pacnipeieieHUs] HOCUTENeH 3apsiaa. 0 0 0
MexaHu3Mbl paccesiHus IEKTPOHOB U AbIpoK. PaccesHue Ha
MOHaX NMPUMECH, HAa aTOMaX MPUMECU U AUCIOKALMSIX.

PaccesiHue Ha TEIUIOBBIX KOIeOaHUSX peniéTke ((hOHOHAX).
9-16 BBenenue B (pM3UKYy NOJYyNPOBOIHUKOB 8 16 0




Tema 5 Kunertuueckue siBJieHUsI M TIePEHOC HOCUTeJIei

Bcero ayiuTopHbIX 4acoB

3apsiia B MOJIYNIPOBOIHUKAX. 2 | 4 | 0
3aBUCHUMOCTD MOJABUKHOCTH HOCUTENEH 3apsiia OT OHnaiin
temrepatypbl. Dddext Xomia B MoaynpoBOTHUKAX. 0 0 0
TepMosnexkTpuueckue aBiaeHus. TemonpoBOgHOCTb.

11-12 | Tema 6 I'eHepanus, nepeHoc U peKOMOMHAIIUSA Bcero ayiuTopHbIX 4acoB
HepaBHOBECHBIX HOCUTEJICH 3apsaa. 2 | 4 | 0
HepaBnosecnsie Hocutenu. KpazuypoBenb @epmu. Owunaiin
MakcBeioBckoe Bpemsi penakcanuu. LieHTpsl pekomOuHamu. | () 0 0
MounomornekysipHas 1 OUMOJIEKyJIsipHas peKOMOUHAIHSI.

MexaHu3Mbl pEKOMOMHAIIMU: MEXK30HHAs, YEPE3 JIOBYIIKHU.
Mexanusm JlamxkeBena. Oxe- pexkomouHarms. Juddysus u
npeti HepaBHOBECHBIX HOCHUTENCH 3apsia B
MOJTYTIPOBOTHUKAX. DPGHEKTUBHOCTH (hOTOTECHEPAITHH.
doTonpoBoIMMOCTh. Penakcarust oTonpoBOIMMOCTH.

13-14 | Tema 7 HeynopsitoueHHble moynpoBoaHuKku. Ilepenoc Bcero ayutopHbIx 4acoB
HOCHTeJIel 3apsiia B MATePUAJIaX C JIOBYIIKAMHU. 2 | 4 | 0
Tuns! 6eciopsinka. B3auMocBsI3b CTPyKTypHOTO U Ownnaitn
SHEpreTUIeckoro oecrnopsaaka. KBazuHenpeprIBHBIN CIIEKTP 0 0 0
JIOKAJIM30BaHHBIX cOCTOsIHUM. JIokanu3anus Annepcona. Kpait
MOABUKHOCTH. MOIeJIb MHOTOKPATHOTO 3aXBaTa U
ocBoOOkAeHNS HOocuTene. [ToaBmkHOCTD 1 KO puImeHT
¢ dy3un, KOHTPOIUPYEMBIC JIOBYIIIKAMH.

15-16 | Tema 8 IIpbIKKOBBIN epeHOC HOCUTEJIEH 3apsiaa Bcero ayutopHbIx 4acoB

Ilepexonbl MEXKIY JTOKATM30BaHHBIMUA COCTOSTHUSIMU.
VYpaBHenue 6ananca. [IppkkoBast IpOBOANMOCTb.
OnHoOHOHHBIE U MHOTO(OHOHHBIE TIEpexoabl. Moenu
Munnepa- Ab6paxamca u Mapkyca. [ToHsITHE TpaHCITIOPTHOTO
ypoBHs. [IoHsATHE O TeOpHUH NPOTEKAHUS U €€ IPUMEHEHUE K
aHAJIM3y NPbDKKOBOM MPOBOIUMOCTH.

2 | 4 [0
Omnutaiig
0 0 0

CokpailieHHbIC HANMEHOBAHUST OHJIANH OTIIINNA:

O06o3na | Ilo1HOe HaMMeHOBaHMe
YeHue

OK ONEeKTPOHHBINA KypC

[IM [TOTHOTEKCTOBBIN MaTepuall
111 IToTHOTEKCTOBEIE JIEKITHH
BM Buneo-marepuansl
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TEMBbI IPAKTUYECKUX 3AHATUI

Henesn | Tembl 3ansituii / Conepxxanue
7 Cemecmp
1-2 Tema 1. BBenenue. JjeMeHTaApHAsI TeOpHsl

3JIEKTPONPOBOIHOCTH MOJIYNPOBOJIHUKOB
[TpoBOAMMOCTB, YAelbHOE conpoTUBIeHue. TemnepaTypHbie




3aBHCHUMOCTH 3JICKTPOIIPOBOIHOCTH METAJIOB U
MOJTYPOBOIHUKOB. BhIunciieHre BpeMeH! pesiakcaliuu, JJTHHA
cB00OHOTO Tpobera, MPOBOTUMOCTb.

Tema 2. OcHoBbI 30HHO# Teopuu. [L10THOCTH COCTOSIHUI U
PaBHOBECHOE JHepreTu4ecKoe pacnpeneaeHue HocuTeei
3apsiia B MOJYIIPOBOAHMKAX.

bnoxoBckue BomHOBbIE (hyHKIMK. KBazunmmysbc, K-
npoctpaHcTBO. 30Ha bpuurosHa. Beraucnenue s dextuBHOM
Macchl. BonHOBBIE GyHKIIMU B IPUOIMKEHUH CHIIBHO
CBSA3aHHBIX JIEKTPOHOB. CBS3b IMPUHBI PA3PEIICHHON 30HBI C
NEePEeKPBHITHEM aTOMHBIX BOJTHOBBIX pyHKIMi. [Ipumenenne
cratuctuku @epmu- J{upaka s BBIYUCIECHNS KOHIICHTPALUN
AJIEKTPOHOB U JIBIPOK B 30HAX I COOCTBEHHBIX M MIPUMECHBIX
MTOJIYITPOBOJIHUKOB.

Tema 3 Kosie0anust aTOMOB KPHCTAVINYECKOH pemIéTKn
3aKOH JUCIIEPCUU ISl aKyCTHYECKUX U ONTHYECKUX
KoJIeOaHUI Ha OCHOBE MOJIEJIHM OJTHOATOMHOM U IByXaTOMHOM
Lenoyek. BeranciaeHue teMnepaTypHoi 3aBUCUMOCTH
TEIJIOEMKOCTH B 3aBUCUMOCTH OT TEMIIEPATYpPhl COIVIACHO
mozenu Jlebas. Konebanus TByXxaTOMHOM JJMHEHHOH IIEMTOYKH.

Tema 4 Knunernueckue siBJ1eHUs 1 MeXaHU3Mbl paccesiHUs
3JIEKTPOHOB M JbIPOK.

Pemenne kuHeTH4eCKOro ypaBHeHus bonbiimana B
npuOJIMKEHNU BpEMEHM penakcanuu. PaccesHue Ha
JUIMHHOBOJIHOBBIX aKyCTHYECKHX (POHOHAX.

Tema 5 KuneTnueckue siBJIeHUsI M IEPEHOC HOCUTEIeH
3apsijia B MOJYNPOBOIHHKAX.

O¢dexr Xonna B nosynpoBoAHUKax. BonHoBbIe pyHKINT
JIOKaJIN30BAaHHBIX HOocUuTenel 3apsana. CunbHas U cinadas
JIOKaJIM3alHs.

11-12

Tema 6 I'enepauus, nepeHoOC 1 peKOMOUHAIUSA
HepaBHOBECHBIX HOCHTeIell 3apsiaa.

OPPeKTUBHOCTH pa3/iesieHUs AIEKTPOHHO- IBIPOYHOM MapHl.
CooTtHomenne DHHIITEHHA U YCIOBHS €r0 TPUMEHUMOCTH.
Pacnipenenenne KOHIIEHTpAIIMA HOCUTEIEH 3apsa MpH
HAJIMYUH MOHOMOJIEKYJIIPHON M OMMOJIEKYJIIpHOM
pexomOuHanuu. PekomOunarms Jlamkesena. [Ipumepsr
BBIUMCJICHUS] KOHCTAHThl PEKOMOHHAIIUH.

13-14

Tema 7. HeynopsinoueHHble moaynpoBoaHuku. [lepenoc
HOCHTeJICeH 3aps/ia B MaTeprajiax ¢ JOBYLIKAMH.
[ToaBM>XKHOCTH B HEYNOPSAOYEHHBIX BEICOKOOMHBIX
MOJIYNPOBOJIHUKAX C KBa3UHEIIPEPBIBHBIM PACIPEICICHUEM
JIOBYUIEK, B CJIy4yae KBa3WPaBHOBECHOW U HEPABHOBECHOM
reHepaly HoCUTeNneH 3apsaaa. AHaiIu3 NepexoqHOro Toka B
YCIOBUSIX BPEMSIIPOJIETHOTO SKCIEPUMEHTA.

15-16

Tema 8 IIpbIKKOBBII EPpeHOC HOCUTEJIeH 3apsaa
TemmepaTypHas 3aBUCHMOCTb TPAaHCIIOPTHOTO YPOBHSI JUIS
SKCIIOHEHLIMAJIBHOTO U I'ayCCOBA PaCIpeielICHUs IPbIKKOBBIX
neHTpoB. [lopor npoTekanus U MPLLKKOBASI TPOBOJAUMOCT.
3aBUCUMOCTD IPBDKKOBON IPOBOJAUMOCTH OT TEMIIEPATYphl U
KOHLICHTPALlMN HOCUTEJICH.




6. OBPA3OBATEJIBHBIE TEXHOJIOI'MHU

[Ipu peanusanus IporpamMmsel UCIOIb3YIOTCS CIEAYIOIINE TEXHOIOTUU:

- JICKOMU 110 KypCy TpaJuOUOHHOI'O THIIA, HA HCEKOTOPBIX JICKIUAX HNPUMCHACTCA
KOMITBIOTEPHBIN IMPOEKTOP ISl WILTFOCTPALMN CII0KHBIX YCTPOMCTB, CUCTEM M IPOLECCOB;

- TpaKTHYeCKHe (CEeMHUHApCKHE) 3aHATUS — pelIeHHe 3a7ad CTyACHTaMH, B TOM YHCJE B
HWHTepaKkTUBHOU popme (oOcyxneHne, Oecea) ¢ mpenoaaBaTesieM;

- CaMOCTOATENbHAs paboTa CTyICHTOB

7.  ®OHJ] OIEHOYHBIX CPEJCTB

@®oH/1 OLIEHOYHBIX CPEACTB MO JAUCLUILINHE 00eCIeYrBaeT MPOBEPKY OCBOEHUS IUIAHUPYEMBIX
pe3yabTaToB O00y4YeHHs (KOMIIETEHIIMHA W WX HMHIMKATOPOB) IOCPEACTBOM MEPOIPHITUN TEKYIIEro,
PYOEIKHOTO U IPOMEKYTOYHOT'O KOHTPOJIS IO JUCLUTUIMHE.

CBs3p Mexny (opMHUpPyEeMBIMH KOMIIETCHIMSMH H (OpMaMH KOHTPOJII HMX OCBOCHHS
IIPEJCTABIICHA B ClIeAyIoLIeH TadnuLe:

Komnerenuus NHaukaTopbl 0CBOEHUS ATTecTAllMOHHOE MEPONPUATHE
(KII 1)
[1IK-4.1 3-11K-4.1 3, KU-8
V-I1K-4.1 9, K-8
B-TIK-4.1 9, KH-8
[1K-7 3-11K-7 2, KH-16
VY-11IK-7 9, KU-16
B-IIK-7 9, KH-16

HIkanbl oeHKH 00pa3oBaTeIbHBIX JOCTHKEHU I

[IIxana Ka)KAOro KOHTPOJIBHOI'O MEPOIPHUATHS JIEKUT B mpenenax oT 0 10 yCTaHOBJIEHHOTO
MaKCHMAaJILHOrO Oajlla BKIIOUYMTENLHO. MTorosas aTTecranuAa I10 JUCHUIIIMHE OLICHUBACTCA IIO 100-
OaJUIbHOM IIKaJIe U MpeAcTaBisieT coboi cymmy 0auioB, 3apabOTaHHBIX CTYIEHTOM IPU BBINOJIHEHUU
3aJJaHU{ B paMKax TEKYILEro ¥ MPOMEKyTOYHOTO KOHTPOJIS.

Hrtorosas olieHKa BBICTaBISAETCS B COOTBETCTBUHU CO CIEAYIOIICH IIKAJIOM:

Cymma Orenka o 4-ex Onenka | TpeGoBaHUS K YPOBHIO OCBOSHUIO
0aJuIoB OaJJILHOM IIIKaJIe ECTS Y4eOHOW JUCITUTIIUHBI

OHCHKa «OTJIMYHO» BBICTABJIACTCS
CTYACHTY, €CJIM OH I‘J'Iy6OKO " IIPOYHO
YCBOWJI IPOTPaMMHBIN MaTepua,
HUCYCPIBIBAOIIE, MMOCIICA0BATCIIBHO,
90-100 5 — «omauuno» A YEeTKO U JIOTHYECKH CTPOHHO ero
n3jaaract, yMeCT TCCHO YBA3bIBATH
TEOPHIO C MPAKTUKOM, UCTIONB3YET B
OTBETE MaTepuait MOHOTpaduIecKon

JIUTEPATYPHIL.
85-89 B OneHKa «X0pOIIO» BBHICTABIISETCS
75-84 C CTY/ICHTY, €CITH OH TBEP/IO 3HACT
MaTepHai, [PaMOTHO U IO CYILIECTB
4 = wopouwio» H3nafaeT ér(l)j HE JIOIyCKast g g
70-74 D , y

CYIIECTBEHHBIX HETOYHOCTEH B OTBETE




Ha BOIIPOC.

65-69 OrneHKa «yI0BJIETBOPUTEIBHOY

BBICTABISIETCSI CTY/ICHTY, €CIIH OH UMEET
3HAHWS TOJBKO OCHOBHOT'O MaTepHaia,
3- HO HE YCBOWJI €ro JICTaNeH, JOImycKaeT
60-64 «Y0081eMBOPUMENLHOY E HETOYHOCTH, HEJJOCTaTOYHO PaBUIIbHBIE
(hopMyTUPOBKH, HAPYIIEHUS
JIOTUYECKOH MOCIIEN0BATEIBHOCTH B
U3JI0)KEHUH OPOrPAMMHOI0 MaTepuala.

O1ieHKa «HEYIOBICTBOPUTEIBHOY
BBICTABJISIETCS CTYJEHTY, KOTOPBII HE
3HAET 3HAYUTEJIBHOMN YacTH
MPOrPaMMHOTO MaTepuala, JOMyCKaeT
Hiske 60 2- F cyliecTBeHHbIe onnOKu. Kak mpasuio,
KHEYO0BI1eMBOPUMETLHOY OLICHKA «HEYIOBICTBOPUTEIHLHOY
CTaBUTCA CTYJCHTaM, KOTOPbEIE HE MOT'YT
MIPOIOJDKUTE 00yIeHHE 0e3
JOITIOJTHUTCIIBHBIX 3aHATUN 11O

COOTBCTCTByIOH.ICﬁ JVCHUIITINHE.

8. YYEBHO-METOAUYECKOE U TH®OOPMAIIMOHHOE OBECIIEYEHHE
YYEBHOU JUCHUILJIAHBI

OCHOBHAZ JIMTEPATYPA:
1. 51 A 71 BBezeHue B Teopuio NOIynpoBoIHUKOB : , CaHkT-IleTepOypr: Jlans, 2022

2. DU JI12 JIabopatopHsIiii mpakTukyM "KommbroTepHoe MOIeTMpOBaHe HAHOCTPYKTYp" @, MockBa:
HUsAY MUDU, 2013

3. DU U 26 OnrosnekTpoHrka u HaHO()OTOHHMKA : yueOHoe mocobue, Cankt-IleTepOypr: Jlans, 2020

JOITOJIHUTEJIbHA A JIMTEPATYPA:

1. 538 H62 HectannonapHsle MpoLecchl MepeHoca U peKOMOMHAIIMY HOCUTEIEH 3aps/ia B TOHKHX

CJIOSIX OpraHUYeCKNX MaTepuaioB : yueoHoe mocobue, B. P. Hukurenko, Mocksa: HUSY MUDU,
2011

2. 539.2 K45 Beenenue B ¢pusuky tBepaoro tena : , Y. Kurrens , M.: MenuaCrap, 2006
I[TPOI'PAMMHOE OBECIIEYEHUE:

1. cipaBouynuk no [1O Wolfram Reaearch Mathematica 8
(reference.wolfram.com/mathematica/guide/Mathematica.html)

LMS 1 UHTEPHET-PECVYPCEHI:
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.  MATEPHUAJILHO-TEXHMYECKOE OBECIEYEHUE YYEBHOI
JUCLUIINHBI

CrnenuaiibHOE MaTepUATBLHO-TEXHUYECKOE o0ecrieueHne He TpedyeTcs

10. YYEBHO-METOAUWYECKHUE PEKOMEHJALIUH IJIA CTYAEHTOB

Kypc Bxitouaer B ce0si JIEKIMOHHbIE M MPAKTUYECKUE 3aHATHs. s ycnemHoro ocBOeHUs
Kypca MOJIe3HO BCIIOMHUTh HEKOTOpbIE TeMbI M3 Kypca KBaHTOBOH MexaHUKH, Hampumep, BoiaHoBas
(GYHKIMS M SHEPreTHYeCKUd CIEKTp 3JIEKTpoHAa B aToMe Bojopoaa. Ha JIEeKIMOHHBIX 3aHATHUAX
paccMaTpUBaIOTCSl TEOPETUUYECKHUE ACIEeKThl (PM3UKU MOTYNPOBOJAHUKOB. Ha MpakTHUeCKuX 3aHATUSAX
CTYACHTHI PEIIaloT 3aJa4yd, B TOM YWCIE€ U B MHTepakTUBHOU (opme (obcyxaenue). Iloompsercs
aKTUBHOE ydacTHE€ B OOCYXKIEHHM 3aJay, a TakKe yMEHHE CBOEBPEMEHHO 3aJaBaThb BONPOCHI JJIs
MPOSICHEHUSI BCEX HEMOHATHBIX MOMEHTOB IO MPOWIEHHOMY Martepuany. [IoMHUMO JIEKIMOHHBIX U
CEMMHAPCKUX 3aHATUH Kypc BKIIHOYAET B ce0sl CaMOCTOATENBbHYIO paboTy CTyIEHTOB. JlaHHOE Bpems
OTBOJIUTCS Ul CAMOCTOSITEJILHOM NepepabOoTKH U MOBTOPEHUS MaTepuana, BBIIOIHEHUS JTOMALIHUX
3aJJaHU{, yCTpaHEHUs J0JrOB, HAKOIUIEHHBIX BO BPEMs CEMECTpa, a TaKXkKe JUIsl CaMOCTOSTEeNbHON
MOJIFOTOBKHM K C/1aye TEOPEeTHUECKOro Marepuana (3k3ameH). Bo Bpems caMocTosITenbHON HOArOTOBKU
K Claue TEOPETHUYECKOr0 MaTepHalia CTyIeHThI y4arcsi paboTaTh ¢ HAyYHOM JIUTEPATypPOH.

HToroBbie Oayuibl CKIaabIBalOTCA U3: 1) pe3yabTaToB KOHTPOJIBHOW M TECTOBOTO OINpoca; 2)
PE3YJIBTaTOB KOHTPOJIS MOCEIIAEMOCTH; 3) pe3yIbTaTOB OIICHKU PAa0OTHI CTYJCHTA B HHTEPAKTUBHOM
pexUMe.

[TonydyeHne MONOXKUTETPHOM OLEHKH MO KaXIO0M NpOBEpOYHON padboTe (KOHTpOJIbHAS H
TECTOBBIN OIPOC) SABISAETCS HEOOXOAMMBIM YCIOBHUEM IOJIyYEHHs] HTOIOBOM MOJOXKHUTEIbHON OLICHKH.
B ciryuae npomnycka win 1ojiydeHusl OTPULIATEIbHOM OLIEHKH CaMOCTOsITeIbHAs paboTa JODKHA OBITh
nepejienaHa M cllaHa BO BpeMs 3aueTHOM HeJenu B KoHIE ceMmecTpa. IlomoxkutenbHas oOlLEHKa
(arTecrarus) KaXxa0ro paszena HeoOXoauMa JJIsl IOIMyCKa K 9K3aMeHy.

11. YYEBHO-METOJIMYECKUE PEKOMEHIALIMHU JJIsI MTPEMNOJABATEJE

Kypc normueckn pa3OMT Ha HECKOJBKO B3aMMOCBS3aHHBIX dacTeil. B mepBom pazmene (1-8
HEJIeIN) PacCCMaTPUBAIOTCSI OCHOBHBIC MOHSTHS M TIOAXO/bI (PH3UKH TBEPJOTO TeJIa MPUMEHHUTEIBHO K
MOJIyIIPOBOJIHUKAM, BO BTOpoM (9-16 Henenu) — OCHOBHbIE MOHATHS (UMUK IOITYIPOBOIHHUKOB,
BKJIIOYAsl U HEYNOPsAJ0YEHHbIEe NOTynpoBOoJHUKH. [IpenogaBarento 00a3aTenbHO CleqyeT yKazaTh Bce
UCTOYHUKHU JIUTEPATYPhl, U3 KOTOPBIX Oepércs nHpopManus Ha JeKIuax. BaxxHo, yToObl HHpOpManus
Obula JIOHECeHa J0 CTYJCHTOB B YETKOH M ACHOW ¢gopme. YKaxeM, Ha YTO HEOOXOAMMO OOpaTUTh
0co00e BHUMaHHE MPU PACKPBITUH KaXKIO0H U3 T€M, IEPEUUCICHHBIX B IPOrpaMMe JAUCIUIITUHBI.



[Ipu wusnoxenun Ttembl 1 "BBenenue. DnemeHTapHass TeopUs SIEKTPONPOBOIHOCTH
MOJTYTIPOBOTHUKOB" 00paTuTh 0c000€ BHUMaHME Ha MOHITHE MOJBM)KHOCTH, BPEMEHH pellaKCalliy U
JUIMHBI CBOOOIHOTO Mpo0era, U Ha CBsI3b JAHHBIX BEJTUYHH.

IIpu uznoxenun temsl 2 "OCHOBBI 30HHON TeopuH. [ITOTHOCTH COCTOSIHMI M paBHOBECHOE
SHEPTETUUYECKOE pacIpeiesieHne HOCUTENIEH 3apsia B MOTYNPOBOJAHUKAX" 00paTUTh 0000 BHUMAHUE
Ha CBA3b 3(h(PeKTUBHON MacChl, IIMPUHBI 30HBI U MHTErpajia MEpeKphITHs, a TAKKe Ha 3aBUCUMOCTh
ypoBHst @epMu OT TeMIepaTypbl U KOHIEHTPALUU IPUMECH.

[Tpu m3noxenuu teMul 3 “KoneGaHus aTOMOB KPUCTAIMUECKON pemETK” o0paTuTh 0codoe
BHUMaHME Ha OCOOEHHOCTH aKyCTHMYECKHMX U OINTHYECKHUX BeTBEeH KoyieOaHUH, a Takxke Ha
NpuOIKeHUs, cieTaHHbIe B Moenu [lebast.

IIpu usnoxenun tembl 4 “Kunernyeckue SBICHUS M MEXAHU3MBI PACCESHUS AJIEKTPOHOB U
IBIPOK” 00paTHTh BHUMaHUE Ha MPUOJIMKEHNE BPEMEHH PEJIaKCallii U Ha OCOOCHHOCTH BBIYHMCIICHUS
3TOr0 BPEMEHHU ISl Pa3JIMYHBIX OCHOBHBIX MEXaHU3MOB PaCCEsSHUS.

[Ipu wuznoxenun tembl S5 "KuHETHMYECKHE SBJICHUS M TIEPEHOC HOCUTENCH 3apsana B
MOJIyIIPOBOJIHUKAX" YJI€JIUTh OCHOBHOE BHUMaHHE 3aBHUCUMOCTH MOABMKHOCTH HOCHUTEJEH 3apsijia oT
TEeMIIepaTypbl Ul Pa3InYHbIX MEXaHU3MOB PACCESTHUS

ITpu mznoxenun temsl 6 "['eHepanus, nepeHOC U peKOMOUHAIMS HEPABHOBECHBIX HOCUTENEH
3apsiia” MoIYEepKHYTh pa3nuure KBa3uypoBHs depMu 1 00b1uHOTO ypoBHS PepMmu.

ITpu u3noxenuu temsl 7 "HeynopspodeHnsle noaynpoBogHukU. [lepeHoc Hocuteneil 3apsiia B
MaTepuaiax ¢ JoByIIKaMu" pazo0parh (pu3MUecKue MPUYMHBI BOZHUKHOBEHHS KBa3MHETIPEPBIBHBIX
"XBOCTOB" JIOKQJIW30BAHHBIX COCTOSIHMM y Kpa€B 30H M YCIIOBUE, MPH KOTOPOM BCE COCTOSHUS
JIOKaJIN30BaHBI.

[Ipu wmznoxennn tembl 8 "IIPBDKKOBBIA MEPEHOC HOCUTENEH 3apsna’ MOMYEPKHYTh CBSI3b
KOHIIETILMY TPAHCIIOPTHOT'O YPOBHS M PE3YJIbTATOB TEOPUH NTPOTEKAHMSL.

IIpy mpoBeneHMH TNPAKTHUYECKUX 3aHATUH, Ha KOTOPBIX CTYJAEHTHl CaMM peIIaloT 3ajJayd,
[IPEIoIaBaTeNio CleAyeT oOpallaTh BHUIMAHUE HAa UX aKTUBHOCTB. [Ipu 3TOM, MOJIE3HO OnpamuBaTh He
TOJIBKO aKTUBHBIX CTYJIEHTOB, IIOCKOJIBKY B IIPOTUBHOM CJIy4ae €CTh PUCK TOT'O, YTO OCTaJIbHAsl 4acTb
rpynmsl He yCBOUT Marepuall. Ha Bce BO3HUKaOIIKE BOIIPOCH JIyUllle BCETO AaBaTh OTBETHI, CChUIASACH
Ha OIpeeNEHHBI UCTOYHUK, KOTOPBIN CTYJAEHT MOXKET NOJIPOOHEE U3YyUUTh 10Ma CaMOCTOSITEIIBHO.

Cnenyer oOpamiatb BHMMaHUE Ha TO, 4YTOObl MaTepuaj, MPOYUTAHHBIA Ha JIEKUUSIX, U
pelI€HHbIe Ha CeMUHapax 3aJja4yd MO3BOJISUIA CTYACHTY B ITOJIHOM 00beMe CIIPABUTHCS C KOHTPOJIbHOM
paboToi U TECTOBBIM OMPOCOM.

ABTOpP(BI):

Huxurenko Bragumup Ponenosud, a.¢.-M.H.



