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1. HEJIU OCBOEHUSA JUCHUITJIMHBI

[lenbto Kypca sIBAsETCS M3ydeHHE (PU3NYECKUX OCHOB HEYMOPSAOYEHHBIX MOITYHPOBOJAHHUKOB C
LEJIbI0 UCTIOIb30BAHMS TIOJYUSHHBIX 3HAHUM B BBICOKUX TEXHOJIOTHSX. 3/1€Ch pACCMAaTPUBAIOTCS MTOHSI-
TUs, (PU3MYECKUe CBOMCTBA M 3aKOHOMEPHOCTH UX M3MEHEHHS B HEYHOPSAOYCHHBIX MOIYIMPOBOIHU-
KOBBIX CHCTEMaXx.

B pe3ynbraTe u3yueHus: AUCUUILIINHBI CTYACHTHI JIOJKHBI 3HATh:

1. OcnoBubie noHsATUS. DU3UKHA HEYTOPSTOUCHHBIX MOTYIIPOBOAHUKOB

2. dusnueckue CBOICTBA U 3aKOHOMEPHOCTH UX U3MEHEHHS.

W3naraeMplii Kypc JaeT BO3MOXHOCTb MOJYYUTH JOMOJHUTEIbHYIO HHPOPMAIIUIO O TOJIYIPOBO/I-

HHUKax.

Hepeqenb 3agad npmbeccnonanbnoﬁ ACATEIBbHOCTH BBITYCKHUKOB:

Kon u nHaumenoBa- | O00011eHHBIE TPYA0BbIe (PYHKIIUH Tpyaossie pyHKIIUHA
HHe npodeccuo- Kox | HaumenoBanue 'YpoBenb | HaumeHoBaHue Kox |Yposensn
HAJIHOT'0 KBaJIM- (moaypo-
CTaHJapTa purxanuu BEHb)
KBaJIuGu-
KAIUH
01.001 IIegaror |A [legarornyeckas nesi- | 6 OO6menexarorunaeckas A/01.6 | 6
(megarornueckasi TEIBHOCTH 10 ¢dyukusa. O0ydyeHue
23’3ng:§$}: B ZJEE?;;;EOMHHIO npe Bocrnuratenbhas A/02.6 |6
HAYAJILHOM 00- 00pa3oBaTeIbHOTO ACATEILHOCTD
meM, mporiecca
OCHOBHOM 00111eM, 00pa3zoBaTeIbHbIX Op- F ——— 2036 6
cpeaHeM 001eM TaHU3AIHSIX
o0pa3oBaHuN) JIOIIIKOJIBHOT0, Ha4yaJIb- JICATEIRHOCTR
(BociuTaTE D, HOTO 00IIIero,
YUHUTEb) OCHOBHOTO 00IIIEro,
cpeaHero oomero oo-
pa3oBaHUs
B ITegarornueckas nes- 6 ITegarornueckas B/03.6 | 6
TEJILHOCTh 110 JESITENBHOCTD T10
MIPOSKTUPOBAHUIO U pe- peanu3amnuy nporpaMmm
an3aIuH OCHOBHOTO U CPEJIHETO
OCHOBHBIX 00111€00pa- o011ero oopa3zoBaHus
30BaTeNIbHBIX MPO-
rpaMm
01.003 A [IpenonaBanue mo A0- 6 Opranuzamnus nestenb- | A.01.6 | 6.1
[Mearormueckas aes- [MOJIHUTEILHBIM 0011I€00- HOCTH 00yYaromuxcs,
TEIBHOCTD B IOMON- [pa3oBaTEIbHBIM ITPO- HaIpaBJICHHON Ha OcBO-
HTeImEOM 06paz0- rpaMMam. €HIE ONONHUTENLHON
. 00111e00pa30BaTENLHOM
BaHUU JIeTCH U TPOrpaAMMBI
B3POCIBIX Opranmsanus gocyrosoit| A.02.6 | 6.1
JIESTEIIbHOCTU 00yJaro-
IIUXCs B TIpOIlecce pea-
JIU3AIUH JTOTIOJTHUTEIIb-
HOM 00111e00pa3oBaTeb-
HOH NIpOorpaMMel




ObecneueHne B3auMO- A.03.6 | 6.1
JNEHCTBUS C POAUTENSIMH
(3aKOHHBIMU TIPEICTABU-
TeJSIMH) 00yUarOINXCS,
OCBaWBAIOIINX AOIOIHHU-
TENBbHYI0 00111e00pa3o-
BaTENLHYIO IPOrpaMmy,
[IPH PELICHUH 3a1a4

O6y‘IeHI/I$I 1 BOCIIMTaHUA

[enarornyecknii KOH- A.04.6 | 6.1
TPOJIb ¥ OIICHKA JIOTIOJI-
HUTEIIBHOU 00111e00pa-
30BaTEIbLHON MPOTpaM-

MBI

Pa3paborka nporpamm- | A.05.6 | 6.2
HO-METOMYECKOTO
obecrniedeHus peannsa-
WX JONOJHUTEIHHON
00111e00pa30BaTEIILHOM

IIPOTPaMMBl

b Opraau3aoHHO- 6 B/01.6 | 6.3
MeTOIMUECKoe obecrie-
YCHHE pealTu3alluu J10-
HOJHUTEIBHBIX 00I1Ie-

00pa3oBaTeIbHBIX MPO-

rpamMm

Opranuszanus 1 OpoBee-
HHUE MCCIIEIOBAaHUN PhIHKA
[yCIIyT JOMOJHUTENBHOTO
oOpa3oBaHwUs eTeH U
B3pOCIIBIX

6 OpraHu3aluoHHO- B/02.6 | 6.3
[earoruIeckoe Compo-
BOY/ICHHE METOANYECKON
JEATCIIbHOCTH II€1aroron
ITOTIOJTHUTEILHOTO 00pa-

BOBAaHUA

6 IMOHUTOPHHT H OIICHKA B/03.6 | 6.3
KauecTBa peayin3alluy Ie-
maroraMu JOIOJIHUTEIIb-

HBIX 001e0o0pa3oBaTeshb-

HBIX IIPOrpaMM

C/03.6 | 6.3

C Opranu3anuoHHO- 6

nejaroruyeckoe oodec-
MeYEeHNe peaTn3ann
JIOTIOJTHUTENILHBIX 00-
eo0pa3oBaTENbHBIX
porpaMm

Opranu3zanus JONOIHH-
TETBHOTO 00pa30BaHUs
JIeTeil ¥ B3pOCIIbIX IO
OJIHOMY WJIN HECKOJIBKHUM
HAIIPABIICHUSM JI€ATEIb-
HOCTH

2 MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII MATUCTPATYPbI

I[I/ICLII/IHJII/IHa «Dus3uka HCYMOPAAOYCHHLIX MOJYIIPOBOAHHUKOB) BXOJAUT B MAKCT JUCHUIIIINH 6JIO-
ka 1 dopmupyromux GyHmaMmeHTampHOe 00pa3oBaHue MarucTpoB mo HampasieHuto 03.04.02 dusuka.



[Tpoduns «Dusnka MOIyIpOBOTHUKOBY U U3ydaetcs B 4 cemectpe. B Tabn. 2.1 npuBeneHsl Ha3BaHUS
IPEMETOB U Pa3/IeioB, KOTOPhIe HEOOXOAUMO YCBOUTD JUI U3YUCHHUS.

JucnurumHa «DPu3rKa HeyImopsJ0YCHHBIX TTOTYIPOBOIHUKOBY SIBIISIETCS OCHOBHOM JUTSl U3YUCHUS
TUCIUTUTHH: «DHU3UKU TOTYIPOBOIHUKOBY, «DU3HUECKUE OCHOBBI BAKYyMHOH TEXHUKH», «OCHOBBI
(U3UKO-XMMHUYECKOTO aHann3ay, «OU3KKa MOTYITPOBOIHUKOBBIX TPUOOPOBY», KOTOPHIC YATAOTCS Ta-
paJUIeTIbHO HITH TTO3KE.

B tabn. 2.1, 2.2 npuBeneHsl Ha3BaHUS NPEIMETOB M Pa3zeiioB, KOTOPbIE HEOOXOIUMO YCBOUTH
JUTSL U3y4eHHsI TUCIUTUTMHBI « TepMoinHaMuKa KOHICHCUPOBAHHBIX CPE».

Casi3b IucHUNINHBI «PU3HKa HeYNOPSIA0YEeHHBIX MOJYPOBOHIUKOBY € Mpe-
HIECTBYIOIIUMH AUCHUTIMHAMH H CPOKH HX H3y4YeHUsl
Tabimua 2.1
1 | JucuuruimHbl, NpeAmecTBYONME TUciUIunHe « TepMoJMHaMIKa KOHICHCUPOBAHHBIX
cpem»
2 | By3oBckuit kypc ¢pusnku
3 | By3oBckuii MaTeMaTHKH

Cas3pb quciunanHbl « TepMoanHaMHuKa KOHIEHCHPOBAHHBIX
cpea» €O CMeKHBIMHU THCHUILINHAMHU

Tanuua 2.2
Jucnunnuza Pa3nensbl, 3HaHuE KOTOPHIX HEOOXO0IMMO NPU U3YYEHUHU AUCLUIIINHBI
®dusznka OcCHOBHbBIE NOCTYJIaThl U TOJOXEHUS KBAHTOBOW TEOPUH; TYHHEJIbHBIN
KOHJICHCHPOBAHHOTO | 3P (EKT; CTPOSHHE aTOMA H CBS3b C TIEPUOJUUECKOI CHCTEMOI 3JIeMEHTOB
COCTOSIHUS MeHieneeBa; BBICOKOTEMIIEpATypHasi CBEPXIPOBOAMMOCTb M IPOCTEH-
1IMe YCTPOMCTBA HA €€ OCHOBE
dusnyeckue OcHOBBI (PM3HMKH BaKyyMa, Tella; IPUHIUIBI K METO/Ibl €T0 MOJTyYSHHS.

OcHOBBI BakyymMa

Teopernueckrue OCHOBBI (PU3MKU MOTYNPOBOJHUKOB, KBAHTOBBIE OOBSIC-

dusnka HEHHs BCEX IIPOLIECCOB MPOUCXOAAIINX B HUX IIPU BHEIIHUX BO3ACHCTBU-
MOJIYTIPOBOJHUKOB | AX. Kiaccugukaius TBepAbIX TeJl Ha METasllbl, MOJIYIPOBOAHUKU U TH-
JJIEKTPUKH; OCHOBHBIE DJICKTPUYECKHUE, MATHUTHBIE U ONTUYECKUE CBOU-
CTBa TBEPABIX TEJI, MEXaHU3MBI IIPOTEKAHUS TOKAIO

OcHoBbI (pu3KKO- | MeTo1bl SKCIIEPUMEHTAIBHOIO MOTYYEHHUS U UCCIIeI0BaHUS [1apaMETPOB
XUMHUYECKOTO U XapaKTEpUCTUK MATEPUAIIOB, TBEPAOTEIbHON, HAHODIIEKTPOHUKH. Tex-
aHaimsa HOJIOTHUSI M3TOTOBJIEHUSI AJIEMEHTOB AJIEKTPOHHOM TeXHUKH. OCHOBHBIE

TCHACHI WU PAa3BUTUA SHCKTpOHHOﬁ KOMITOHEHTHOU 0a3bl

3. PE3YJIbTATBHI OCBOEHUA JUCIHUIIJIMHBI
[Tponiecc M3yueHust TUCUMIUIMHBI HAaNpaBieH Ha (OPMHUPOBAHUE JIEMEHTOB CIEIYIOIUX KOMIIe-
teHnni B cootBeTcTBHM ¢ PI'OC BO 1o jaHHOMY HanpaBlIEHUIO:

Tabuauna 3.1.
Konx xomrre- HanmeHnoBanue WNHnnkaTop noctrkeHus komre- | B pe3ynbrare oCBOEHUS AMC-
TEHLIUU KOMIIETCHIIUU TEHLIUH UITUHBI 00yJatoNuiics:

OIIK-1 Nudopmanmonno- MK onki. 3Haer
KOMMYyHHKaTHBHAs 3HaeT TCOPHUIO U OCHOBHBIC 3a- OCHOBHBIC 3aKOHOMEPHOCTH




IPaMOTHOCTH IPH
peueHnu npodeccu-
OHAJIbHBIX 337134

KOHBI B 00JIACTH €CTECTBEHHOHA-
YUYHBIX AOUCHHILINH.

XHUMHYISCKOM TEPMOANHAMH-
KH; XUMHNYCCKOC PABHOBC-

JIK onki-2.

YMeeT HCIONb30BaTh €CTe-
CTBEHHO-HAyYHBIC 3HAHHUS TIPH
00BSACHEHUH IKCIIEPUMEHTOB,
perreHus npodeccHnoHaTbHBIX
3aj1ay.

CHe€; 3aKOHOMEPHOCTH XH-
MHYECKOM KMHETHUKH; CITO-
cOOBI BEIPOKECHHSI COCTaBa
pacTBOpPOB;
Ymeer
MIPOTHO3UPOBATH PE3yJIbTa-
ThI PU3HKO-XUMHUYECKHUX
MPOILIECCOB, MTPOTEKAIOIIUX B
HEKUBBIX CUCTEMax, Onupa-
SICh HA TEOPETUYECKHUE T1O0-
JIO’)KEHHMSI; HAyYHO 00OCHO-
BBIBaTh HAOJIIO1a€MbIE SIBJIC-
HUS;, IPOU3BOIUTH (PU3UKO-
XUMUYECKUE U3MEPCHUS;
MPEJCTaBIISITH JAHHbBIE IKC-
MEePUMEHTAIBHBIX UCCIIEI0-
BaHUI B BUC rpa)KOB H
Ta0JIHI]; TPOU3BOIUTD
HAOJFOZICHUS 32 TPOTEKAHH-
€M XMMHUYECKUX PEaKIui U
Zej1aTh 000CHOBAHHBIE BBI-
BOJIbI; IPEJICTABIISATh pe-
3yJbTaThl SKCIIEPUMEHTOB U
HaOJIIOJICHUI B BHJIC OKOH-
YaTEJIbHOTO MPOTOKOJIA UC-
clIeIOBaHUS

Biageer
TEOPETUYECKON MOATOTOB-
KOU JUIsl INIAaHUPOBAHUSA U
MIPOBEICHUS TIPUPOJIO-
OXPaHHBIX MEPONPUITHH;
OCHOBHBIMH METOJIAMHU HC-
CJIEJOBAaHUI COBPEMEHHOU
9KOJIOTUH; OCHOBHBIMH 3a-
KOHOMEPHOCTAMHU (DU3HKO-
XUMHUYECKHUX MPOIIECCOB.




OIIK-2

Hayuno-
uccie10BaTeNbCKas
JeSTeNIbHOCTD

OIIK-2 CnocobeH B chepe cBoeit
podeccnoHaEHON NeSTeIbHOCTH
OpPTaHU30BBIBATH  CAMOCTOSITEITb-
HYI0O ¥ KOJUICKTMBHYIO HAy4YHO-
MICCIIEIOBATEIBCKYIO JeSITeIb-
HOCTH ISl TIOMCKA, BBIPAOOTKH U]
[PUHATUS pelIeHHd B o0nacTty
(bu3uKu;

3Haer

0a30BBIM MATEMAaTHYECKUI
amnmapar, UCTIOJIb3yeMbIH IS
dbopManu3aIuy MPUKIaTHBIX
3a/1a4 (HU3UKH,

METO/JIbI ¥ TIPUEMBI PEIICHUS
MPUKJIAIHBIX 33]1a4 110 pac-
YEeTy OCHOBHBIX ITapaMEeTPOB
KPUCTAJUTMYECKUX TEJ;
Ymeer
MIPUMEHSATh MaTEeMAaTHYECKUE
METOJIBI B (hOpMamu3auu
pelieHus MPUKIAIHBIX 337124
bu3uKy;
paboTaTh ¢ COBPEMEHHOM
Hay4YHOU amnraparypou, npo-
BOJUThH U3MEPEHHUS OCHOB-
HBIX (PU3UYECKUX MTapameT-
POB KPUCTAJLIIOB;

Baageer

HaBBIKaMH (hOopMaJTU3aIii
MIPUKJIATHOM 3a1a4un (pr3u-
KH; HaBbIKAMH pacyeTa
HaHocucTeM; (PyHIaMEH-
TaJbHBIMH ITOHATHSIMHU,

3aKOHAMHU U TCOPHSIMH CO-

BPEMEHHOUN TEOPHH KpHU-
CTaJIJIOB, a TAK)KE METOIaMU
TEH30PHOTO onucaHus Gpu-
3UYECKUX CBOMCTB KpUCTaJ-
JIOB.

4. CTpyKTYpa U cofepKaHue TUCHHUILIUHBI (MOAYJIsl)
4.1. CTpyKTypa IMCHUILTHHBI (MOAYJIsT)
OO61mas TpyA0eMKOCTh AUCHIHUTIIMHBI COCTABISET 3 3a4eTHBIX eaquHuIlbl, 108 yaca.

CTPYKTYPA JUCIUIIVINHBI

Ta6auuna 4.1

Buibl yueOHOM paboThI Bcero vac/3au. en.
KonTakTHas padora (Bcero) 66/1,8

Jlextmu (JT) 22/0,6
[Mpaktryeckue 3ansatus (I13) 44/1,2
CamocrosiTesibHas padoTa (Bcero) 42
[ToaroroBka K NpaKTHYECKUM 3aHATHUSIM 22

KonTtpons camocTosiTebHON paboThI 20

Bup otuetHocTH 3a4eT

OO01ast TPY/10€MKOCTh 108/3

4.2 COAEPKAHUE JUCIUIIJINHbI




Taoaumna 4.1
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PA3JIEJI I. BBeneHue. 0cOOEHHOCTH HEYIIOPSI0UCHHOM 4 4 8
CHCTEMBI
PA3JIEJI Il. JIokanu3anus 31€KTPOHOB B 6 12 18
HEYTOPSATOYCHHBIX MOTYITPOBOTHUKAX
PA3JIEJI I1l. DHEpreTHUeCKHid CIeKTp HeynopsgoueHHoro | 6 14 20
MOJTYTIPOBOHUKAX
PA3JIEJI VI. SIBiieHust mepeHoca B 8 14 22
HEYIOPSAOUYCHHBIX TOJIYIIPOBOJHUKAX
Hroro 22 44 66
JleKInoOHHbBIE 3aHATHUA
Taoéauna 4.1

Ne
n/n

Homep
JIEKIMHU

HaumeHnoBaHue pa3aesia M TeMbl JUCHHUILINHBI

PA3JIEJ 1. BBEAEHUE. OCOBEHHOCTH HEYIIOPSAJIOYEHHOM CUCTEMBI

1

1

Tema 1.1. OnpezneneHue HEYHOPsI0UEHHON CHCTEMBI

Tema 1.2. IlpyuuHbl OTCYTCTBHS AAJBHETO NOPSAKA (MOAETN Oecropsika) B
HEYNOPSII0UEHHBIX MOJIYTIPOBOAHUKAX

Tema 1.3 Tunsl HEYNIOPSIIOYEHHBIX CUCTEM

Tema 1.4. HexoTopble 3KClIEpUMEHTaIbHbBIE PE3YIbTaThl UCCIEA0BAHUS ONTH-
YECKUX CBOMCTB HEYNOPSAJOYECHHBIX OJIYIIPOBOAHUKOB

Tewma 1.5. HekoTopble 3KCIIEpUMEHTAIBHBIE PE3YJIbTaThl HCCIECIOBAHUS JJIEK-
TPUYECKUX CBOMCTB HEYNOPSJOYEHHBIX I1OJTYIIPOBOJIHUKOB

Tema 1.6. O61me 0cOOEHHOCTH HEYNOPSAOYEHHBIX CHCTEM

Tema 1.7. IIIOTHOCTB SHEPrETUUECKUX COCTOSIHUM. TeopeMbl 0 KOppensiuu

PA3JEJ 1. IOKAJIM3ALUSA SJIEKTPOHOB B HEYIIOPAJTOYEHHbIX

IHOJYITPOBOJHUKAX

Tema 2.1. O KpUTCPUAX CYIICCTBOBAHUS JIOKAJIN30BAHHBIX COCTOSIHUH

Tema 2.2. O paguyce JIOKaan3aluy 3JIEKTPOHA B HEYIOPAIOUYEHHBIX
MOJIYTIPOBOJTHUKAX

Tewma 2.3. Jlokanu3zaius AHAEPCOHA U IEPEXO] MEeMALl — OUINEKMPUK

Tema 2.4. Tlepexon memann — Ousiekmpux 1 MUHUMAITbHAS
MeTaJUIn4ecKas IPOBOJIUMOCTh

Tema 2.5. Jlokanu3zaius 3JIEKTPOHHBIX COCTOSIHUN B JISTUPOBAHHIIOIYIIPOBOI-
Hukax. [lepexom Morra




7 7 Tema 2.6. O BIMsSHUY BHEITHUX BO3JICHCTBUIA Ha Tiepexo MoTtTta B
HCYNIOPAJOYCHHLIX TMOJYIIPOBOJHUKAX

8 8 Tema 2.7. O nepexoge MoTTa B OITYIPOBOJAHUKAX MTPHU BO30YKIECHUH 3KCUTO-
HOB

PA3JEJ |11. JHEPTETUYECKHWHM COEKTP HEYIIOPSJOYEHHOI' O
IMOJYITPOBOJHUKA

9

9-10

Tema 3.1. MI3MeHeHE 2HEPreTHIECKOTO CIIEKTPa IMOTYIIPOBOTHHIKA TIPU YIeTe
CIIy4aitHOTO T0JIs

10 11-13 | Tema 3.2. Mozenu IIIOTHOCTH COCTOSIHUI B HEYIOPSAJOYEHHBIX
HOJIYTIPOBOTHUKAX
11 14-15 | Tema 3.3. Il;1aBHOE UCKPUBIIEHUE 30H B MOJYIPOBOJAHUKAX CO

CIIy4aifHBIM MOJIeM. DHEPreTHUECKUM CIIEKTP HEYIOPAI0YEHHOTO
NIOJYIPOBOJHHUKA

PA3AEJI VI. ABJIEHUS IEPEHOCA B HEYIIOPAJOYEHHbBIX
MNOJYITPOBOJHUKAX

4.1. HpOBO,I[I/IMOCTB 10 ACJIOKAJIN30BaHHBIM COCTOAHUAM

4.2. O BepoATHOCTH IEPECKOKa HOCHUTENEH 3apsga ¢ ydyacTHeM (DOHOHOB B
IPBDKKOBOM MTPOBOJMMOCTH

4.3. IIpoBouMOCTb IpH INEpecKoKkax (PUKCUPOBAHHOW JJIUHBI (JIOKAJIU30BaH-
HbI€ COCTOSIHUS BO3JI€ Kpasi OJIBMXKHOCTHU, BBICOKHE TEMIIEPATYPhI)

4.4. TIpoBOOUMOCTH TMPHU MEPECKOKAX MEePEMEHHOMN JTMHBI  (JOKATU30BaHHBIE
COCTOSTHUSI OKOJIO dHeprun depmu, HU3KUE TeMIIEPaTyphl)

4.5. O npoBOIUMOCTH CUJIBHO HEOJHOPOIHBIX HOJIYIPOBOJHUKOB
C TOYKH 3pEHHS TEOPUH MTPOTECKAHHSI

HpaKTuquKne 3aHATHUSA

Tab6aunna 4.1
Ne Homep | HamMeHoBaHue pa3jesia M TeMbl IMCHUININHBI
n/n | 3aHATHS
PA3JIEJI 1. BBEIEHUE. OCOBEHHOCTH HEYIIOPSIJIOYEHHOM CHUCTEMBI

1 1 Tema 1.1. Onpenenenue HEYNOPSTOYCHHOM CUCTEMBI
Tema 1.2. [IpuunHbI OTCYTCTBUS AaJIbHETO MOpsKa (Moienu 6ecropsiika) B
HEYNOPSI0YEHHBIX NOJYTPOBOIHUKAX
Tewma 1.3 Tunsl HEYNIOPSITOYEHHBIX CUCTEM
Tema 1.4. HexoTopble SKCIIEPUMEHTAIBHBIE PE3YJIBTATHI UCCIEA0BAHUS ONTH-
YECKUX CBOMCTB HEYNOPSJOUEHHBIX MOJYIPOBOJHUKOB

2 2 Tema 1.5. HexoTopsle sKClIEpUMEHTAIbHBIE PE3YIBTAThl UCCIEJOBAHMS DIIEK-
TPUYECKHUX CBOMCTB HEYNOPSIIOYEHHBIX MOJYNPOBOIHUKOB
Tema 1.6. O011ie 0COOEHHOCTH HEYNOPSIOYEHHBIX CUCTEM
Tewma 1.7. IINOTHOCTB YHEPreTUYECKUX COCTOSHMI. TeopeMsbl 0 KOppeasiun

PA3JEJI I1. JOKAJIM3ALIIUSA SJIEKTPOHOB B HEYIIOPAAOYEHHBIX
MNOJYINTPOBOJAHUKAX

3 3 Tema 2.1. O xpuTepusix CylecTBOBAHMS JTOKATU30BAHHBIX COCTOSTHUN

4 4 Tema 2.2. O pagnyce JIOKaIA3aUu JIEKTPOHA B HEYTIOPSAIOYEHHBIX
NOJIYTIPOBOJJHUKAX

5 5 Tewma 2.3. Jlokanuzarust AHAEPCOHA U IEPEXO MEeMAll — OUIeKMPUK
Tema 2.4. Ilepexon memann — oudsiekmpuxk 1 MUHUMAaJIbHAs
MeTaJIJINYeCcKasi MPOBOJUMOCTh

6 6 Tewma 2.5. Jlokanu3anus 3JIEKTPOHHBIX COCTOSTHUM B JIETHPOBAHHITONYITPOBOI-
Hukax. Ilepexon Morra




7 7 Tema 2.6. O BIUsSIHUY BHEIIHUX BO3/ICUCTBUI Ha nepexo MoTTa B
HCYNIOPAAOYCHHLIX TTOJYITPOBOJHUKAX
8 8 Tema 2.7. O nepexoae MoTTa B OIYIPOBOJAHUKAX MTPHU BO30YKIECHUH 3KCUTO-
HOB
PA3JIEJI |11. SHEPTETUYECKH CIIEKTP HEYIIOPSIIOYEHHOT' O
MNOJYITPOBOJHUKA
9 9-10 Tema 3.1. Mi3mMeHeHne SHEPreTHYECKOTO CIIEKTPa MOTYIIPOBOIHHIKA IIPH yUeTe

CHy‘IﬂfIHOFO T10JIA

10 11-13 | Tema 3.2. Mozaenu IUIOTHOCTU COCTOSIHUI B HEYOPSAAOYEHHBIX
HOJIYTIPOBOTHUKAX
11 14-15 | Tema 3.3. IInaBHOE UCKPUBIIEHUE 30H B IOJIYIIPOBOJAHUKAX CO

CIIy4aifHBIM MOJIeM. DHEPreTHYECKHA CIIEKTP HEYOPSA0YEHHOTO

II0JYIPOBOJHHUKA

PA3AEJI VI. ABJIEHUS IEPEHOCA B HEYIIOPAJOYEHHbBIX
MHOJYITPOBOJHUKAX

4.1. HpOBO,I[I/IMOCTB 10 ACJIOKAJIN30BaHHBIM COCTOAHUAM

4.2. O BepoATHOCTH IEPECKOKa HOCHUTENEH 3apsga ¢ ydyacTHeM (DOHOHOB B
IPBDKKOBOH MTPOBOJMMOCTH

4.3. IIpoBoauMOCTb IpH IEpecKoKax (PUKCUPOBAHHOW JJIUHBI (JIOKAJIU30BaH-
HbI€ COCTOSIHUS BO3JI€ Kpasi OJBHKHOCTH, BBICOKHE TEMIIEPATYpPhI)

4.4. TIpoBOOUMOCTH TMPHU MEPECKOKAX MEPEMEHHOMN JTMHBI (JOKATHU30BaHHBIE
COCTOSTHUSI OKOJIO dHepruu depmu, HU3KUE TeMIIePaTyphl)

4.5. O mpoBOJIUMOCTHU CHUIIBHO HEOJHOPOIHBIX TOTYIPOBOJHUKOB C TOUKH 3pe-

HHA TCOPUHU ITPOTCKAHUA

1.

5.00pa3oBaTe/ibHbIE TEXHOJIOTHH

A.X. Martues. TepmoauHamMuKa MOJIYIPOBOAHUKOBOIO MaTepuanoBeeHus. YuebHoe nocodue
MarucTpoB crermuanbHocTH «®m3uka». - Marac:;, HWarl'yY, 2021 223 c.: wi66.
https://disk.yandex.ru/i/EVEFHrwCridATg

6.YUYEBHO-METOJWYECKOE OBECINIEYEHUE CAMOCTOSATEJBbHOM

PABOTBI CTYJAEHTOB. OHEHOYHBIE CPEACTBA J1JIsd TEKYILIEI'O
KOHTPOJISI YCIEBAEMOCTH, MPOMEXKYTOYHOM ATTECTAIIUA
1O UTOI'AM OCBOEHMUS JUCHUITJTIMHBI

HeKOTOpHe TEMBbI BBIHOCATCA HA CaMOCTOSATCIBHOC U3YUCHUC. I/I3yquI/Ie 9THUX BOIIPOCOB BO3-

MOKHO C HCITOJIb30BAaHHEM JJICKTPOHHBIA KypC TUCIMIUIMHBI, HATUCAHHOTO caMuM aBTopoM (A.X
Marues).

[Tepeuens TeM, BEIHOCHMBIH JIJISI CAMOCTOSATEILHOM paboThI IpeICTaBIeH B TabmuIe 6.1.

7.1. I1nan camocTosiTeIbHON PAa0OTHI CTYIEHTOB

Ta6auma 6.1
Ne Tema Bun 3ananue |Pekomennyemas | Konmnuectso
Hel. CaMOCTOSITENIbHOM JIuTeparypa 4acoB
paboThI
Tema 2.6. O BiussHUN Hamucanue U3YYHTH | DJIEKTPOHHBIN 4
1 [BHEIIHUX BO3JECHCTBUN Ha KOHCIIEKTa kypc TKC
(A.X Marwues).



https://disk.yandex.ru/i/EVFFHrwCrIdATg

nepexoq Morra B

HEYIOPSAI0YEHHBIX

MOJTYTIPOBOTHUKAX

Tewma 3.3. [lnaBHOE HCKPUB- U3YYMTh | DJIEKTPOHHBII 4
2 |1eHue 30H B [OJIyIIPOBOJI- Harcanue kype TKC

HUKAX CO CITydaifHbIM KOHCIIEKTa (A.X Matues).

[oJIEM. DHEPreTUYECKUI

CIIEKTP HEYNOPSAJOYEHHOTO

[OJyIIPOBOJHHUKA

4.2. O BEpOsTHOCTH Tiepe- W3YYUTh | DIJIEKTPOHHBIN 4
3 |cKOKa HOcuTeleH 3apsa ¢ Harnncanue kypc TKC

ygacTreM (JOHOHOB B KOHCIIEKTa (A.X Martwues).

[IPBIKKOBOW IIPOBOJAUMOCTH

[TpoBOAMMOCTH TpU TIEpE- M3YYUTh [DIIEKTPOHHBII 4
4 (CKOKax MepeMEHHOMN JJINHBI Harnncanue kypc TKC

(JTOKaJTM30BaHHBIE COCTOS- KOHCIIEKTa (A.X Marwue).

HUs OKou10 sHeprun Pepmy,

HU3KHE TeMIIepaTyphl)

6.2. MeToauueckue yKa3aHHUs 10 OPraHU3aIUH CAMOCTOSATEIbHOI padoThl CTY/1eHTOB

CryneHT, UCIOJIb3ys JIEKTPOHHOE y4eOHOE MocoOue, a TaKkKe BY30BCKUH yuyeOHUK 1Mo Moseky-
JSIpHOW (DU3UKE M TEPMOJMHAMHKE M3Yy4YaeT JaHHBIH MaTepuall ¥ COCTABIISICT KOHCIIEKT KOHCIIEKTHI B
JAOMAIIHUX YCIIOBUSIX.

KOHTpOJ’Ib OCBOEHHSI KOMIIETEeHIUM

Tab6muna 6.2
Ne Bun KonTtponupyemsie TeMbl (pa3aesbl) Komnerennuu,
H\H KOHTPOJIA KOMITOHCHTBI KOTOPBIX
KOHTPOJMPYIOTCS
1 IIposepka [PA3JIEJI |. BBeneHue. 0COOEHHOCTH
KOHCIICKTOB \HeyriopsiIO4€HHOW CHCTEMBI OIIK-1, OIIK-2
2 IIposepka |PA3IEJI Il. JIoKaIu3anus 3JIEKTPOHOB B
KOHCIICKTOB \eyopsiIOYCHHBIX TOJYIPOBOJHUKAX OIIK-1, OTIK-2
3 Iposepka [PA3IEJI l1l. DHEPreTUUECKUIA CIIEKTP
KOHCIICKTOB |HeyopsiIOYEHHOTO TOTYTPOBOHUKAX OIIK-1, OTIK-2
4 Ilposepka [PA3IEJI VI. SIBIeHus nepeHoca B
KOHCIICKTOB |HeyopsiJOUEHHBIX MOJIYIPOBOJAHHUKAX OIIK-1, OIIK-2

6.3. MaTepuaJibl /151 IPOBEJIEHUS TEKYIIEro U MPOMeKYTOYHOI0 KOHTPOJIA 3HAHUN CTY/ICHTOB
IIpuMepHbIii NepedYeHb BONPOCOB, BBIHOCUMbIX HA JK3aMeH

1. Onpenenenve HEYNOPSIOUEHHON CUCTEMBI.

2. TlpuumHbBI OTCYTCTBHS AAJBHETO Mopsaka (MoJenu Oecropsika) B HEYNOPsI0UYEHHBIX TOTY-
IPOBOTHHUKAX.

3. Tunsl HEYNOPSIOUEHHBIX CUCTEM.



14.

15.
16.
17.

18.
19.

20.

21.

22.

HexoTtopsie s3kciepuMeHTalIbHbIE PE3YJIbTAThl UCCIEI0BAHMS ONITUYECKUX CBOMCTB HEYIOPSi-
JIOYEHHBIX TOJTYIPOBOJHUKOB.

HekoTopsie skcriepuMeHTaIbHble Pe3yIbTaThl NCCIEAOBAHUS ANEKTPUUECKUX CBONCTB HEYIO-
PSAAOYCHHBIX MOIYIPOBOJIHUKOB.

OO61re 0cOOEHHOCTH HEYTOPSA0YCHHBIX CUCTEM.

[110THOCTD SHEPTETUYECKHUX COCTOSIHUM. TeopemMbl 0 KOPPETSIUH.

O KpuTepusix CyleCTBOBAHUS JIOKAIN30BaHHBIX COCTOSIHUM.
O paguyce nOKanu3aLKy JIEKTPOHA B HEYNOPSIIOYEHHBIX MTOJIYIIPOBOIHUKAX

. Jlokanu3zauus AHIEpCOHA U TIEPEXO0JT Memal — OUIIEKMPUK.

. Ilepexon memann — ousrekmpux ¥ MUHUMAaJIbHAsE METAJUTMYECKAst TPOBOIUMOCTb.

. Jlokanm3anus 3eKTPOHHBIX COCTOSIHUI B JISTUPOBaHBI OIYyIpoBoaHUKaX. [lepexon Mortra.
. O BIUSTHUM BHEIIHUX BO3CHCTBUI Ha iepexoa MoTTa B HEYOPSI0YCHHBIX TOJYITPOBOIHHU-

Kax.
O nepexosie MoTTa B MOTYIPOBOHUKAX TP BO30YKICHUH SKCHTOHOB.

H3menenne 3HEPreTHYeCKOro CIeKTpa MOIyIIPOBOIHUKA IIPU YUETE CILy4alHOTO OIS

Mopenu INIOTHOCTH COCTOSIHUM B HEYIIOPSAJOYEHHBIX MOJIYIIPOBOAHUKAX.

[1naBHOE UCKPUBIIEHHUE 30H B MOJIYIPOBOAHUKAX CO CIyYalHBIM 10JIEM. DHEPreTUYECKUI
CIIEKTP HEYNOPSAJOYEHHOIO IOJIYIIPOBOJIHUKA .

ITpoBOAMMOCTB 1O JEJIOKATU30BAHHBIM COCTOSIHUSM .

O BepoATHOCTH IEepecKoKa HOCUTeINEeH 3aps/ia ¢ yyacTueM (POHOHOB B NPBIKKOBOM MPOBOM-
MOCTH.

[IpoBoaumMocTh pu Nepeckokax (PUKCUPOBAHHOM JJIMHBI(JIOKAIM30BaHHBIE COCTOSTHUS BO3JIE
Kpasi IOJIBUKHOCTH, BBICOKHE TEMIIEPATYPhI).

[TpoBOAMMOCTE IpU NEPECKOKAX NEPEMEHHOM JUTHHBI (JJOKAIN30BAHHbBIE COCTOSIHUS OKOJIO
sHeprun depmu, HU3KUE TEMIIEPATypPhl).

O npoBOAMMOCTH CHIIBHO HEOIHOPOAHBIX MOJIYIIPOBOJIHUKOB C TOYKU 3pEHUS TEOPUH ITPOTE-
KaHHUS.

7. YYHEBHO-METOANYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI

MeToaunueckue PEeKOMEHIAIIUHU TTpernoaaBaTe/ 10

TepMO,[[I/IHaMI/IKa KOHACHCUPOBAHHLIX CpCA MNPCACTABIIACT coboit 06I_HI/IpHy10, MHOT'OAUCIIHU-

IJIMHApHYIO U JOBOJIBHO CJIOKHYHO 00J1aCTh 3HAHUIA. HOBTOMy, YTOOBI JAOHECTU MaTCpUual 10 CTyJACH-

Ta, HCO6XO,Z[I/IMO YACIATDb oco00e BHUMaHUE CUCTCMATUYHOCTHU, HAITIIAHOCTH U JOCTYIIHOCTH HU3JIOKC-

Husa. B Hacrosiiee BpeMs (paKTI/IquKI/I CYHICCTBYCT MaJio y‘-IC6HI/II(OB U MOCOOUH MO JJaHHOM NHCLIH-

IIJIMHE. H03TOMy OCHOBHAas HaArpys3kKa JIOKUTCA Ha JICKIUH. 21.]'[5[ HU3YUCHUA CTYACHTAMH JaHHOI'O KypcCa

B IIPUHOMUIIC TOCTATOYHO 3HAHUEC OCHOB MOJ'I@Ky.]'ISIpHOﬁ (1)I/IBI/IKI/I, TEPMOJAWHAMHKN, OCHOBHBIX Hadall

CTATUCTUYECKOMN ()M3UKU U OCHOB BBICIIIEH MaTEMAaTHKH.

MeTonnquKne PEKOMEHIAUHU CTYACHTAM

21.]'[5{ HN3YUCHUA CTYACHTAMH OAaHHOTO KypCa B INPUHOUIIC JOCTATOYHO 3HAHHUE OCHOB MOJICKY-

J'IHpHOfI (I)I/I3I/IKI/I, TCPMOANHAMUKU, OCHOBHBIX HavaJl CTaTUCTUYECKOM (I)I/IBI/IKI/I M OCHOB BBHICILIEHl MaTe-
MAaTHKH.



Tak kak y4eOHMKOB M y4EOHBIX IMOCOOWI MO JAaHHOW TUCHHUILIMHE OYeHb Majo, TO OCHOBHAas
Harpys3ka JIO)KUTCS Ha JIEKIIMM U UX KOHCIEKTUpOBaHME. J[JI TOMOIHUTEILHOIO U3YUYE€HUSI U CAMOCTO-
ATEIbHON PabOTHI MpeIaraeTcs NCIoIb30BaTh PEKOMEHIYEMYIO JIUTEPATYPY.

7.1 Y4eOnasi aiureparypa
OcHoBHasi uTEepaTypa

2. A.X. MarueB. TepmoauHaMuKa MOJIYIIPOBOHUKOBOI'O MaTepHaIOBEICHH. YUeOHOe mocooue
MarucTpoB crenuanbHocTH «®um3uka». - Marac:;, HWarl'y, 2021 223 c.: wn66.
https://disk.yandex.ru/i/EVFFHrwCrIdATg

3. B.W. 3unenko, B.Il. Copokun, ILII. Typunn. OcHoBsl pusuku TBepaoro tena. M3a-so ®M,
Mocksa 2009, 335 c.

4. P.X. lapames TepmonnHaMuKa NoBEpXHOCTHBIX siBlieHUH. M31-B0o @M, Mocksa 2008, 278 c.

o

Y. [Tyn, ®.Oysnc, —Hanotexuonoruul, M., «Texnochepay, 2008.
6. «HanoTexHoyoruu B OJIMKaKIIEM AecITHIICTHH, 1o pea. M. Poko. M.. Mup. 2002.

JlonoIHUTeIbHAS JTUTEpaTypa

1. H.I. Xnebuos, B.A. boratsipes, JI.A. dpikman, b.H. Xne610B, "3010Tbie HAHOCTPYKTYPHI C
TUTa3MOHHBIM PE30HAHCOM JIJIsi OMOMEIMIIMHCKUX MccienoBanmii”, Poccuiickue HaHOTEXHOIO-
rum, 7.2 (3-4), 2009 (www.nanorf.ru).

2. S. Datta, —Electronic transport in mesoscopic systemsl, (Cambridge Univ. Press, Cambridge,
7 1995).

3. S. Datta, —Quantum transport: atom to transistor, (Cambridge Univ. Press, Cambridge, 2005).

7.2. UnTepHeT-pecypchl
1.®enepanbublii nopran «Poccuiickoe odpazoBanue» http://www.edu.ru/

2.®enepanpHOe XpaHwiniie «EnuHas Komekus nudpoBbIX 00pa30BaTEeIbHBIX PECYPCOBY
http://school-collection.edu.ru/

3. Teoperuueckue cBesieHHs 10 (pU3MKe U MOAPOOHBIE PEIIEHNUs IEMOHCTPALMOHHBIX BApUAHTOB
TECTOBBIX 3a/1aHUil, IPECTaBICHHBIX Ha caiite PocakkpenarenTcTBa (Wwww.fepo.ru).

4.®u3znka [DnexktpoHHbIN pecypc]: ped. sxypH. BUHUTU. Ne 7 - 12, 2008 / Bcepoc. uH-T Hayu.
utexH. uadopm. - M.: [U3n-so BUHUTH], 2008. - 1 anexrpon.ont. auck (CD-ROM). - 25698-
00.

5.Poccutickuit mopran «OTkpeiToro oopasosanus» http://www.openet.edu.ru

8.MdenepanbHbIif IIEHTP 00pa30oBaTEIBHOIO 3aKOHOAaTeIbCTBA. hitp://www.lexed.ru
9.OnexTpoHHbIE pecypchl Y HUBEPCUTETCKON HHpopMalronHoi cucrtemsl Poccun (YUC
Poccun) wwwe.uisrussia.ru

10. UC Eaunoe okno http://window.edu.ru

Ilepedyens pecypcoB HHGPOPMALMOHHO-TEJIEKOMMYHUKALMOHHOU ceTH «HTEepHETY,
He00XO0AUMBIX /IJISl 0CBOEHUS AUCHUILINHBI

HNupopmaninonHoe odecrieueHne MarucTepcKoi mporpaMMbl 00ecrieunBaeTcst
610IMoTeYHBIM (POHIOM, COCTOSALIUM U3 yUEeOHOH, y4eOHO-METOANMUECKOH JINTEepaTyphl
UIIEPUOINYECKHX M31aHuii. KpoMe TOro, MarucTpbsl UMEIOT JOCTYII IO JIOKAJIbHOM CETH
Kpa3JIU4HbIM pecypcam:

epecypcesl MHTepHera:

e Cepaep nucranuuonnoro odyuenus (http://oroks.icc.dgu.ru/) .


https://disk.yandex.ru/i/EVFFHrwCrIdATg
http://www.nanorf.ru/
http://window.edu.ru/

HNuTepHeTpecypcesnl:

http://www. elsevierscience.ru
http://www.edu.ru/
http://window.edu.ru
http://www.nisrussia.ru
http://www.neicon.ru
http://www.springerlink.cjm.journsis__

7.3. TIporpaMmmHoOe oGecnieyeHue
1. Microsoft Windows 7, Windows 8, Windows 8.1, Windows 10
2. Microsoft Windows server 2003, 2008, 2012, 2016
3. Microsoft Office 2007, 2010, 2016
4. Awntusupycnoe I10 Kaspersky endpoint security
5. CmpaBouHo-mipaBoBas cucreMa “KoHcynbTant”
6. Onepannonnas cucrema Microsoft Windows XP Professional.
7. ITaker npuknaausx mporpamm Microsoft Office 2003 Professional.
8. Ilporpammusiii npoaykT «AHTHBUpYC Kacnepckoroy.
9. Ilporpammusrii mpoaykT FineReader 7.0 Professional Edition.
10. IIporpammuslii npoaykt MATLAB 6.

7.4. MarepuajbHO-TeXHHYeCKOe o0ecnieyeHre y4eOHOM qucHUILIMHbI/Moay.as «Mcropus u
MeTOA0JI0T U (PU3UKI»

MarepuaibHO-TeXHHYECKAsI 0232 YHHBEPCUTETA MO3BOJISIET 00ECIeYMBaTh KAYeCTBEHHOE TIPO-
BE/ICHUE TEOPETHUECKUX U MPAKTUYECKUX 3aHATHUI.

[TepeueHb HEOOXOIUMBIX TEXHMUYECKHX CPEACTB OOYyUEHHs, UCIIOJIb3YEMBIX B y4eOHOM Ipoliecce
JUISL OCBOCHUS TUCIUIUTUHBI «McTOpHs ¥ MeTosorus HU3UKN»:

® KOMIBIOTEPHOE U MYJIbTUMEIUITHOE 000PYI0BAHUE;

® BHUJCO- M AyIMOBU3YAIbHBIC CPEACTBA OOYUCHUS U JIp.

Hcnonp3yemoe ol1iee U CHeruaiu3upoBaHHOE yueOHOe 000py/I0oBaHHEe, HAMMEHOBAHHUE CIEIra-
JTU3UPOBAHHBIX ayJUTOPUH, KAOMHETOB, JIA0OPATOPHUI C MEPEYHEM OCHOBHOTO J1abOpaTOpHOTO 000py-
JIOBaHMsI, CPEJICTB U3MEPUTENHLHOM TEXHUKH MTPUBEICHBI B TabM. 7.2.

IlepeyeHb TEXHHYECKHX CPEACTB, HCMOJIb3YeMbIX NMPHU OCYLIECTBIEHUH 00pa30BaATEIbHOIO
npoiecca no JUCIHUILINHE

Tabnuya 7.2.

N Hymepauus

/' IlepeyeHb 0CHOBHOTO 000PYAOBAHUS pa3nesoB/TemM
n/n

AHCIHHTNINHBI

1. JlabGopaTopuu MEXaHUKHU U MOJIEKYJIAPHON (DU3UKH, 1-4
2. JIaGopartopusi »/IeKTpUYecTBa M MarHeTU3Ma 5
3. JlaGopaTopust ONTUKH 6
4, Kowmmprotepst (2 miT.) 1-9




Pa6ouas nporpamma auctuiinabl «b.1.B.09 ®usuka HEYymopsm0UeHHBIX MOTYIPOBOTHUKOBY CO-
craBieHa B cooTBeTcTBUU ¢ TpeboBanusmu OI'OC BO no nanpasnenuto noarotoBku 03.04.02 dusu-

Ka, YTBEPXKJACHHOTO IpUKa3oM MuHucTepcTBa 00pazoBanus U Hayku Poccuiickoit @eneparuu ot «07»
aBrycta 2020 r. Ne 914.

IIporpammy cocraBmia: a.¢-M.H., npodeccop kadenpor «dPusnkay Marues A. X.

[Tporpamma omobpeHa Ha 3acenanuu kadeapsl «Pusznka
[TpoTokoa Ne 10 ot «20» utons 2022 rona

[Tporpamma oroOpeHa Y4eOHO-METOAMIESCKUM COBETOM (PU3MKO-MAaTEMaTHIEeCKOTro (haKyIbTeTa
[TpoTokoa Ne 10 ot «22» utons 2022 rona

[TporpamMma paccMoTpeHa Ha 3acelaHud Y 4e0HO-METOIUYECKOTO COBETA YHUBEPCUTETA
[Tporokon Ne 10 ot « 29 » wutons 2022 1.



CeeeHus1 0 mepeyTBep:KIeHUH NMPOrpaMMbl Ha O4YepeaHON Y4eOHbIH roJ U pPerucTpanuu
H3MEHEeHU I

YyeOHblii Pemenue kaden- BHecennble M3MeHEHUS [Toanucek 3aB. kaden-
rox pBI poit
(Ne mporoxoina, nara)




CgeeHusi 0 nepeyTBep KIeHUN MPOrpaMMbl HA O4YepPeIHO yUeOHbIN IroJ U perucrpa-

UM U3MEHeHu |

YyeOHsblii
rong

Pemenue kaden-
pbI

(Ne mporokoa, 1ata)

BHecenHplie M3MEHEHUS

[Toanucek 3aB. kaden-
poit




