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1. eau ocBoenust Aucuumianabl 51.B.0S HAHOCUCTEMBbI. METO/IbI IIOJTYYEHUSA U
CBOWMCTBA

]_[CJ'IHMI/I OCBOCHHSA JUCHUIIMHBI SABIAIOTCA. ITOJIyYCHUE CBC,I[GHPIFI M 0a30BBIX 3HAHUKM O HAHOCH-
CTCMax, MpUHIHUIIax q)OpMI/IpOBaHI/ISI CTPYKTYpPbI HAHOCUCTCM, B TOM YHUCJIC, JJII MHOTOKOMITOHCHTHBIX
CHCTEM H (l)HSH‘IeCKOI;'I CYIIHOCTH HBJ'IGHPIfI, MMPOUCXOJAIIUX B HAHOCUCTCMAX Ha OCHOBC IMPHU3HAHHBIX
MMOJIOKESHUH TCOpPHUU U MPAKTHUKU, KOTOPBIMHU HOJIKHBI PYKOBOACTBOBATHCA MAaruCTpaHThbl, IIPHU UCCIIC-

JOBaHWHW U UHTCPHPETALIUN CTPYKTYPBI 1 CBOMCTB HAHOCHCTEM.
Hepeqenb 3agad npmbeccnonanbnoﬁ ACATEIbHOCTH BBIINTYCKHUKOB:

Kon u naumenoBa- | O60011eHHBIE TPY10BbI€ (PYHKIIUH Tpyaosbie pyHKIUM
Hue npodeccuo- Kox | HammeHnoBaHnue 'YpoBenb | HanmeHnoBaHnue Kox [Yposennb
HAJBHOI0 KBaJIN- (moxypo-
CTaHJapTa puxanun BEHb)
KBaandu-
KAIUH
01.001 MMegaror |A [lenarornyeckas nesi- | 6 OO0menenaroruaeckas A/016 | 6
(memarormyeckas TEIBHOCTH 110 ¢yskuus. O0yueHue
ig’gg;:}‘:g;" i ey O HPE BocrurarenbHas AI02.6 6
HAYAJILHOM 00- 00pa3oBaTeIbHOTO JICATCIBHOCTR
memM, mporiecca
OCHOBHOM 00111EeM, 00pa3zoBaTeIbHBIX Op- T —— 2036 6
cpeaHeM o0LeM TaHU3AIMIX
o0pazoBaHuu) JIOIITKOJIBHOTO, Hayajlb- JICATCILHOCTD
(BociuTaTE D, HOTO 00IIIero,
YUYHUTEh) OCHOBHOTO 001II€er0,
cpeaHero ooiero 0o-
pa3oBaHus
B ITegarornueckas nes- 6 ITegarornueckas B/03.6 | 6
TEBHOCTh 110 JIESITEIIbHOCTD 110
MPOSKTUPOBAHUIO U pe- peanu3zaiyy Iporpamm
aTn3aIuu OCHOBHOTO U CPEJTHETO
OCHOBHBIX 00111€00pa- o011ero oopa3zoBaHus
30BaTeNbHBIX MPO-
rpamm
01.003 A [IpernogaBanme 1o 10- 6 Opranuzamnus nesrenb- | A.01.6 | 6.1
[Memarormueckas aes- IMOJTHUTEILHBIM 00111e00- HOCTH O00yYaroIINXCs,
TeIBHOCTD B AOTION- [pa30BaTELHBIM MPO- HaTpaBICHHON Ha 0CBO-
eTeIEHOM 06paso- rpaMmam. CHHE JIOTIOMHATEbHOH
. 0011e06pazoBaTeIHLHOM
BaHUHU AeTei 1 TPOTPaMMBL
B3POCIIBIX Opraunusanus gocyrooii| A.02.6 | 6.1
JIeSTEIbHOCTU 00yJaro-
LIUXCsS B TIPOIIECCe pea-
JIM3AIUHU TOTIOTHUTEb-
HOM 00111e00pa3oBaTeb-
HOU IpOrpaMMbl
ObecneueHre B3aUMO- A.03.6 | 6.1
JICHCTBHSI C POAUTEIISIMU
(3aKOHHBIMH MPEICTABHU-
TEJSIMU) O0yJarOIIUXCS,
OCBaWBAIOIINX JOTIOIHU-
TENBHYIO 00111e00pa3o-




BaTENbHYIO IPOTPaMMy,
IIpH PEIICHUH 33/1a4
00yuyeHHs ¥ BOCIIUTaHUSA

[enarornyecknii KOH- A.04.6 | 6.1
TPOJIb ¥ OIICHKA JIOTIOJI-
HUTEIIBHOM 00111e00pa-
30BaTeJIbHOM IPOrpaM-
MBI

Pa3paborka nporpamm- | A.05.6 | 6.2
HO-METOJIUYECKOTO
obecrieueHus peamsa-
WY JONOJHUTEIHHON
00111e00pa30BaTeIILHOM
POTrPaMMBI

b OpraHu3aoHHO- 6
METOAUYECKOE 00ecIIe-
YCHHE pealTu3alluu J10-
MIOJIHUTEIBHBIX 00IIIe-
00pa30BaTeIbHBIX MPO-
rpaMm

Opranuzamnus u posene- | B/01.6 | 6.3
HUE UCCIENOBAaHUN PhIHKA
[YCITYT TOTIOTHUTENEHOTO
0Opa3oBaHuMsl IeTeH U
B3POCIBIX

6 OpraHu3aluoHHO- B/02.6 | 6.3
MeIarorndeckoe Compo-
BOKJICHUE METOIUICCKOM
HECATCIIBHOCTH II€1aroroB
ITOTIOTHUTEIBHOT'O 00pa-
BOBaHUS

6 IMOHUTOPHHT H OIICHKA B/03.6 | 6.3
KayecTBa peaiu3aliui Te-
maroramMu JOTOJHATEIb-
HBIX 001Ie00pa3oBaTeIb-
HBIX TPOrPaMM

OpraHu3aoHHO-
regaroruyeckoe oodec-
TICYCHUE peaTn3ainu
JIOTIOTHUTEIBHBIX 00-
eo0pa3oBaTENbHBIX
porpaMm

Opranuszanust OMOIHU-
TETBHOTO 00pa30BaHUs
JIeTeil 1 B3pOCIIBIX IO

HaIlpaBJICHUAM ACATCIIb-
HOCTH

OOHOMY MJIN HECKOJIBKUM|

C/03.6

6.3

2. MECTO JUCHMIIJIMHBI B CTPYKTYPE OIIOII MATUCTPATYPBI

Hucnunnuna «Hanocuctembl. MeToAbI MOTYyYEHUS W CBOMCTBA» BXOJUT B TTAKET JTUCIUTUIAH OJI0-
ka 1 dopmupyromux GyHmaMmeHTampHOe 00pa3oBaHue MarucTpoB o HampasieHuto 03.04.02 dusuka.
[Tpoduns «Pusmka moxynpoBoJHUKOBY. M3ydaercs Ha 1 Kypce Bo 2 cemecTpe.

Hucuunnmna «HanocucteMbl. MeToabl MOTy4YeHUsS U CBOMCTBAY SIBJISAETCS OCHOBHOW IJiA U3y4e-
HUS AUCHUTITNHBI «DU3HKa MOTYNPOBOTHUKOBBIX MPUOOPOBY», KOTOPBIC YHTAIOTCS MapalIeIbHO N
MO3XKe.



JlanHasi AMCUMIIIMHA TpU3BaHa BhIPAOOTaTh MPO(EeCCHOHANBHBIE KOMIIETCHIIUU, CBS3aHHBIE CO
CIOCOOHOCTBIO UCIIONIB30BAaTh TEOPETHUECKUE 3HAHUS B 00JacTh 001el (PU3MKH, KBAHTOBOW MEXaHH-
KU, TEOPEeTUYEeCKO (U3MKH, aTOMHOU (PU3UKH, CTATUCTUUECKON (PU3MKHU ISl PElIeHUS KOHKPETHBIX
MPAKTUYECKHX 3aj1a4 Ha MpuMepe (PU3UKU HAHOCHUCTEM.

MaructpanTsl, U3ydaronye JaHHY0 AUCUUIUIHHY, JOKHBI UMETh CBEACHHS U Oa30BbIe 3HAHUS O
CTPYKTYp€ KPUCTAJUTMYECKUX CHUCTEM, THIIaX CBSI3M aTOMOB B KOHJEHCHPOBAHHBIX Cpelax, CTPOCHUU
aTOMOB U MOJIEKYJI B 00beMe 3HaHMI Kypca oOmiel (u3uKN, KBAaHTOBOW MEXaHUKH, CTATUCTHUYCCKHUX
3aKOHAX PACHpPEECNICHUs, 3aKOHAX COXPAHCHUS DHEPrUH, UMITYJIbCa ¥ MOMEHTAa UMITYJbCa, OCHOBAX
KBaHTOBOTO OIMCAHUS YaCTHII.

JlanHasi AuCHMIUIMHA SBIsSETCS 0a30BOM Ui M3YUYSHHUS MUCHUIUIMH: «DU3MKa TOTYIPOBOIHU-
KOB», «PH3UKa MOIYIPOBOIHUKOBBIX TPUOOPOB», «OCHOBBI PEHTI€HOCTPYKTYPHOTO aHAIN3a»

B Tabmn. 2.1, 2.2 npuBeneHbl Ha3BaHUS MPEIMETOB U Pa3IeIOB, KOTOPhIE HEOOXOIMMO YCBOUTH
JUTSL U3y4YeHUs TUCUUIUMHBI « HanocucTeMbl. MeTObI OTy4eHUS U CBOMCTBAY.

CBs3b TUCHUILINHBI ¢ MPeAIIeCTBYIOMUME JTHCIHIIMHAMH
U CPOKH WX H3yYeHHS
Ta6auua 2.1

JIMCUIMIUIMHBL, TIpeAnIecTBYomue nucuumminae «Hanocucrempl. MeTOAbI OTy4YeHUS U
CBOMCTBa»

1 | BysoBckuii kypc ¢pusuku

TepMonrHaMuKka KOHIAEHCUPOBAHHBIX CPEJl

3 | OcHOBBI (M3HKO-XMMHYECKOTO aHAITN3a

N

CBs3b aucuumauHbl « Hanocucrembl. MeToabl MOJIYYCHUS U CBOMCTBA)» CO CMEKHDI-
MU JUHCHHUIVIMHAMHA

Taanua 2.2
Jucuunnuza Paznensl, 3HaHNE KOTOPHIX HEOOXOIUMO NPU U3yUYEHUU
JUCIHILINHBI
®dusnka OcHOBHbBIE MOCTYJAaThl U TOJIOKEHUS KBAHTOBOW TEOPHH; TYHHEJIbHBIN
KOHJCHCUPOBAHHOTO | 3P EKT; CTpOECHHE aTOMa U CBSI3b C MEPUOINIECKON CHCTEMOI IIIEMEHTOB
COCTOSIHUS MenzeneeBa; BBICOKOTEMIIEpaTypHasi CBEPXIPOBOIUMOCTE M IPOCTEH-
IIT1e YCTPOICTBA HA €€ OCHOBE
duznueckue OcHOBBI (GU3HUKH BaKyyMa, Teja; MPUHIUIBI U METO/IbI €r0 MOJyUEHUSI.

OCHOBBI BaKyyMa

TCOpCTI/I‘{eCKI/IC OCHOBBI (I)I/I3I/IKI/I MOJIYTPOBOJHHUKOB, KBAHTOBLIC 00BsIC-

duzuka HCHHA BCCX INPOUCCCOB MPOUCXOAAINX B HUX ITPU BHCITHUX BOSHeﬁCTBH-
MMOJIYIIPOBOIHUKOB AaX. K.]'IaCCI/I(bI/IKaI_[I/I}I TBCPABIX TCJI Ha MCTAJJIbI, TOJYIIPOBOJHUKU U OH-
OJICKTPHUKHU, OCHOBHBIC JJICKTPUUCCKHUEC, MArHUTHBIC U ONTUYCCKHUE CBOM-
CTBa TBCPABLIX TCJI, MCXaHU3MBbI IIPOTCKAHUA TOKAIO

OCHOBBI (I)I/ISI/IKO- MeTOIlLI OKCIICPUMCHTAJIBHOTO IMMOJTYYCHUA U HUCCICAOBAHUA ITAPaMCTPOB
XHUMHUYECKOI'0 " XapaKTCPUCTUK MaTCpUuajiosB, TBepJIOTeJIBHOf/II, HAHOJ3JICKTPOHUKH. Tex-
aHalIn3a HOJIOTHA H3IOTOBJICHHUA 5JICMCHTOB BJICKTpOHHOﬁ TexHukd. OCHOBHEIC

TEHJCHIIUU Pa3BUTHUS AJIEKTPOHHON KOMIIOHEHTHON Oa3bl

3. PE3YJIbTATBHI OCBOEHUA JUCHUIIJIMHbBI «<HAHOCUCTEMBbI. METO/BbI I10O-
JYUYEHMS U CBOMCTBA»

[Tpouecc u3yueHus: AUCHMILTUHBI HAMpaBlieH HAa (OPMUPOBAHUE AIIEMEHTOB CIEAYIOIIUX KOMIIE-
teHuuit B cootBercTBUM ¢ PI'OC BO 1o nanHOMy HamnpaBJICHHIO:



Kon HanmeHoBaHHMe KOMIIETEH- HNuaukaTop pocruxe- B pesyabTare ocBOeHUsA
KOMIIe- MU HHUS KOMIIETEHIIUH AUCHMILIMHBI 00y4aro-
TeHINH muicAa T0JKeH

YK-2 Pazpabotka u peanuzanus CnocobeH NpUMEHSTh MK onxki.

IIPOEKTOB

(dbyHIaMeHTaJIbHBIC 3HA-
HUA B 001acTH PU3UKHU
JUTSL PEIICHUS HAyYHO-
UCCIIEIOBATEIhCKUX 3a-
Jad, a TaKKe BIAJCTh
OCHOBAMH T€/IarOTHKH,
HEOOXOIUMBIMHU I
OCYIIIECTBIICHUS TPETIO-
JlaBaTEIIbCKOU J1eATEIIb-
HOCTH;

3HaeT TEOPUIO0 U OCHOBHBIC
3aKOHBI B 00JIACTH €CTe-
CTBCHHOHAYYHBbIX JUCH -
TUTHH

NJK oriki-2.

YMeeT UCIob30BaTh ecTe-
CTBCHHO-HAYYHbIC 3HAHUS
pu 00BACHEHUH KCIIEPHU-
MEHTOB, pelieHus mpodec-
CHOHAJIbHBIX 3a/1a4.

MK orixi-3.

Brnaneer ocHoBaMu megaro-
TUKH, HEOOXOAUMBIMH IS
OCYLIECTBJIEHUS MTPENo/ia-
BaTEJIbCKOM JIEATSIHFHOCTH U
paboThl B HAYYHBIX TPYII-
max.




IK-1 Cnocobnocts camoctositensHo | ITK-1.1. 3HaeT ocHOBHBIE | Bianeer HaBbikamu OpaTh
CTaBUTbh KOHKPETHBIE 3a/1a4H CTpaTeruu uccjenoBa- OTBETCTBEHHOCTD 3a MOCIIE/]-
HAy4YHBIX UCCIIEJIOBaHUI B 00- | HUU B BEIOpaHHOH 00a- CTBHIS CBOMX PElIEHHI, Ka-
7acTv (PU3UKU U peuiaTh Ux C CTH (PU3UKU, KPUTEPUU CAIOMIKXCS IPO(ECCHOHAIb-
IIOMOIIBIO COBPEMEHHOM anmna- | 3¢)(heKTUBHOCTH, Orpa- HOI JIeSTeTbHOCTH
paTypsl U ”HGOPMAITMOHHBIX HUYCHUS IPUMCHUMOCTH. | V\ieeT IPUHUMATD PeLIEHNs
TCXHOJIO{I/II/I C UCIIOJIL30BaHU- IIK-1.2. Ymeer BbLIe- B cepe cBoeit mpo-
eM HOBCI/I%HGFO OTE€YECTBEHHO- | JISITh M CUCTEMaTHU3UPO- (beCCHOHATBHOI AesTembHO-
ro U 3apy0eXKHOTO OIbITa BATb OCHOBHBIE LEMH HC~ | (1) crcasiigath, 0GOCHO-

ClieIOBaHMil B BBIOpaH-
U BBIBaTh U OTCTANBAThH CBOIO
HOW o0macT pu3ukw,
MO3HUIIHIO TI0 BOIIpOCaM, Ka-
U3BJIEKATh HH(OPMALIHIO
carormmmcs rpodeccuo-
U3 pa3JINYHbIX UCTOYHU- .
HAJIbHOM JeSTebHOCTH.
KOB, BKJIIOYasi IEPUOJIU- C 5
MOCOOHOCTh MPUMEHSTH Ha
YECKYIO Me4YaTh U 3JIeK- p
TPOHHBIE KOMMYHHKA- NPAKTHKE YMEHHS M HABBIKH
[HH, TIPEICTABIATH €8 B B OpraHU3allly UCCIIeI0Ba-
TOHATHOM BHJIE H 30- TEJILCKUX M IPOSKTHBIX pa-
(EKTHBHO HCIIONB30BATH, | 00T, CTIOCOOEH CaMoCTOsI-
[1K-1.3. Bnaseer HaBbI- TEJIbHO OPraHU30BbIBATH U
KaMHU aHAJIUTUYCCKOU MMPOBOAUTH HAYYHBIC UCCJIC-
nepepaboTku nHpopMa- JOBaHUS Y BHEAPSTH UX pe-
MU, IPOBEICHHS MCClIe- | 3YJIbTaThl B KAUECTBE UJIEHA
JIOBaHHM C TOMOIIIbIO W PYKOBOAUTEIIS] MAJIOTO
COBPEMEHHOM aInmapary- | KOJUIEKTHBA
pBI 1 HTHGOPMAITMOHHBIX
TEXHOJIOTHH, 00001IeHNs
Y TIPE/ICTABIICHUS pe-
3yJIBTATOB, TOTYYEHHBIX
B [IPOIIECCE pEUIeHUs 3a-
Jla4 MCCIIeIOBAHUS
[1K-2 CnocoOHOCTH MIaHUPOBATH U MK k2.1 CriocobeH k abCTpakTHOMY

OpPTraHHU30BBIBATH (DU3HUCCKUC
WCCIIeTOBaHMs, HAy4HBIE Ce-
MUHapPHl ¥ KOHPEPEHITUHN U Be-
CTH MpenoJiaBaHue 1Mo JOIO0JI-
HUTETBHBIM 00111e00pa3oBa-
TEIBHBIM IIpOrpaMMamM

HMeer HaBEIKM BiIajie-
HUSI HEOOXOAMMOM HH-
dbopmariueit u3 coBpe-
MEHHBIX OT€YECTBEHHBIX
1 3apyOEKHBIX HCTOYHU-
KOB B M30paHHOI1 001a-
CTH HCCIIEIOBAaHNUS; Blla-
JIEHUS] METOAUKOM IJ1a-
HUPOBAHUSA U pa3paboOTKu
HAy4YHOT'0 dKCIIEPUMEHTA,
MIPOBEJICHUS HAYYHOTO
HKCIIEPUMEHTA; METO/1a-
MU MOJIEITUPOBAHUS pa3-
JMYHBIX (PU3HUECKUX CH-
Tyaluii; BIQJICHUS CO-
BpPEMEHHBIMU MPUKIA]I-
HBIMH [TPOTPAMMaMH IS
U3y4eHUs 00bEKTa HAYy4-
HOT'O MCCIIEI0BAHUS;
BJIa/ICHUS METOJIAMU pa-

MBIIICHHIO, AaHAIM3Y, CHHTE-
3y; TOTOB K CaMOPa3BUTHIO,
caMopeaJin3aliii, UCI0JIb30-
BaHHUIO TBOPYECKOrO MOTEHIIU-
aya Jyis pelieHust 3a1a4 mpo-
(heccroHATBHON ACSATEILHO-
CTH; CIIOCOOEH HCITOJIb30BaTh B
po(ecCUOHAIBHOM JIesATENb-
HOCTH yTriTyOJieHHbIE QyHIa-
MEHTAJbHBIC 3HAHHUS, TTOJTY-
YEeHHBIE B 00JIaCTH (DU3HKH.




OOTBHI B pa3IMYHBIX OIIe-
PaLMOHHBIX CHCTEMaX, C
HAy4YHBIMH 0a3aMu JaH-
HBIX.

MK nk2.2

Brnaneer HaBbikamu a0-
CTPaKTHO MBICIIUTH, aHA-
JU3UPOBATh, CHHTE3UPO-
BaTh MOJIy4aeMyIO UH-
(dbopmanuio; HaBbIKaMU
JeNaTh 3aKII0UEHUS U
BBIBO/Ibl; HABBIKAMU U
METOAaMHU TOCTPOCHHUS
bu3nyeckux Mozenen Ha
OCHOBE ITPOBEICHHBIX
UCCIIEIOBAaHUM U TOTy-
YeHHON MH(pOpMaIuu.
MK nk-23
3HaeT crocoObl OpraHu-
3allM¥ HayYHBIX CEMUHA-
POB U KOH(EpEeHLIUH,
yMeeT IJIaHUPOBaTh U
OpraHM30BBIBATH HAYY-
HbIE€ CEMUHapbl U KOHpe-
PCHIINH.

4. CTPYKTYPA JUCHUIIJIMHBI
4.1. CTpyKTYypa JTUCHUNIHHBI (MOIYJISA)

O6ma;1 TPYAOCMKOCTH JUCIHUIIIMHBI COCTABJIACT 6 3a4CTHBIX CAWHUAII,

_ 216 yacos.

Ta6nauuna 4.1
Buip1 yueOHOI paboThI Bcero vac/3au. en.
KontakTHas padora (Bcero) 100
Jlexrum (J1) 50
[Mpaktryeckue 3anstus (I13) 50
CamocrosiTesibHas padoTa (Bcero) 89
Kypcogas paboTa, moaroToBka K MpakTHIECKUM
3aHATUAM
KonTtpons camocrosTenbHOi paboTh 27
Bun otuerHocTH 9K3aMEH
OO01ast TPYI0EMKOCTh 216/6

4.2. Copep:kaHue U CUUNIMHBI

Tab6anna 5.1 |




PA3JIEJIBI (MOAYJIN) ANCHUIIJIMHBI B CEMECTPE

Jlextym, (gacer)

[IpakTndeckue 3aHATUSL
(ITP), gac

C PC enunMIE (4achl)

Bcero, yac

Monayanb 1. Beenenue. UcTopusi pa3BUTHA HAHOTEXHOJIOTHH.
IIpuopuTeTHble HANIPABJIEHUA HAHOTEXHOJI0THH. OCHOBHBbIE
HAYYHble TEPMHHBI U ONpe/ieIeHHs

w

Tema 1.1. [loHaTre HAHOTEXHOJIOTUNA

16

44

Tewma 1.2. Pazutue Hanorexnosioruii. [lpuopureTHsie Hampasie-
HUSl HAHOTEXHOJIOTHH. Pa3HOBUIHOCTH HAHOMATEPHAIIOB: KOHCO-
JMIMPOBAaHHBIE HAHOMATEPHAIIbl, HAHOMIOIYITPOBOIHUKH, HAHOIIO-
JUMeEpbI, HaHOOUOMaTepuabl, pyJuiepeHsl U TyOyIsspHbIE HAHO-
CTPYKTYPBI, KaTaIM3aToOphl, HAHOMOPHCTHIE MAaTEPHAIIBI U CYIIPaMo-
JIeKyJIsIpHbIe CTPYKTYpbl. Hanouactuiisl (Hanomopomiku). Hayka o
MaJlIopa3MepHBIX 00beKTax (nanoscience).

Tema 1.3. EcrecTBeHHBIE IpaHUIbI PA3BUTHUS CYIIECTBYIOIIEH
MHUKPOIJICKTPOHUKHU. KBaHTOBBIE SIMBI, MPOBOJIOKH M TOYKH.

Tema 1.4. Coznanne HAaHOOOBEKTOB 1O MPUHIIUIIAM «CBEPXY —
BHM3» U «CHU3Y — BBepX». DAaHTACTUUECKHUE BO3MOKHOCTH HAHO-
TexHO0Tuu. OCHOBHbIE HayYHbIE TEPMUHBI M ONIpeeIeHuUs (HaHO-
MaTepHuaibl, HAHOTEXHOJIOTHsI, HAHOAMArHOCTHUKA, HAHOCHUCTEMO-
TexHuKa). PyHaaMeHTaIbHBIE MPOOIEMbI HHIYCTPUH HAHOCHCTEM.

Moayab 2. HaHOTeXHOJI0THH «CBePXY — BHU3»

Tema 2.1. ®opMupoBaHue TBEPIOTENbHBIX HAHOKJIACTEPOB. TBeEp-
JIOTEJIbHBIE XUMUYECKUE PEAKLIUH.

Tema 2.2. MexaHOXMMHUYECKHE ITPEBPALICHUS. Y JapHO- BOJHOBOMU
cuHTe3. HanocTpykTyprupoBaHue o J€HCTBUEM JIaBIICHUS CO
casurom. HanoctpykrypupoBaHue IyTeM KpUCTaUIA3alUU
amop(dHBIX CTPYKTYp. KomnakTiupoBanue (KOHCOIHIANNS) HAHO-
KJIACTEPOB

Monayab 3. OCHOBBI HAHOTEXHOJIOTHH KOHCOJIMIHUPOBAHHBIX
MaTepHaJIoB

Tema 3.1. ITopomikoBble TeXHOTOTHH. KOHIEHCAIITMOHHBII METO
(meton I'nefitepa). BeicokoaHepreTuueckoe u3menbucHue. Mexa-
HOoXuMHYeckui cuaTe3. Ilnasmoxummudecknii cuare3. CUHTE3 B
YCJIOBHSIX YIBTPA3BYKOBOI'O BO3EUCTBUS. DIEKTPUUECKUI B3PHIB
MPOBOJIOYEK. MEeTObI KOHCOMUIANUN. DIEKTPOPA3PAIHOE CIIEKa-
Hue. lHTeHCcHBHas miactudeckas aedopmarus (KpydeHHe o] Bbl-
COKHM JaBJICHHEM, PaBHOKAHAJIbHOE YTIIOBOE MPECCOBAHME).

Tema 3.2. K oHTposHpyeMast KpUCTAILTH3AIHS 13 aMOP(HHOTO CO-

CTOSIHUSL. TeXHOJIOTrHsI HAHOCTPYKTYPUPOBAHHBIX TIEHOK U MOKPHI-
TN TEPMUYECKOE UCIIAPEHUE, HIOHHOE OCAXKICHUE, OCAKICHUE U3
ra3oBoil (a3sl, UMITyJILCHOE JEKTPOOCAKICHNE, Ta30TEPMHUUECKOE
HaIbUICHUE, TEPMUYECKOE PA3JIOKEHUE.

Tema 3.3. OCHOBBI HAHOTEXHOJIOTHH MOJIYIIPOBOTHUKOBBIX MaTe-
puanoB. MonekyJsipHOIy4YeBas dJNIUTakcus. MexaHu3Mbl pocTa




HaHoIuIeHOK 1o Donemepy- Bebepy, @panky- Ban nep Mepse,
KpacranoBy- Ctpanckomy. Metoast CVD u PCVD. TexHomorust
II0JIy4€HUs OJYIPOBOIHUKOBBIX KBAHTOBBIX TOUEK.

Tewma 3.4. OCHOBBI TEXHOJIOTHH TIOJMMEPHBIX, TOPUCTHIX, TPyOUa-
THIX U OMOJIOTHYECKUX HAHOMATEPUAIOB. | HOpHUIHBIC U CyTIpamMo-
JIeKyJIIpHBbIe MaTepualibl. HaHomopucThie MaTepuasibl (MOJICKYJIAp-
Hble cuTa). TpyOyarbie HaHOMaTepHuasbl. [loMMepHbIC HAHOMATE-
puasibl. Hanomarepuasbl, moiay4eHHbIE METOOM CaMOCOOPKH.

Monayab 4. OcHOBHBIE METO/IbI CO3IaHUSI HAHOCTPYKTYP

Tema 4.1. OCHOBHBIE METOJIbI CO3JJaHUSI HAHOCTPYKTYP: DJIEKTPO-
HOJUTOTpadusi © HAHOMMIIPUHTHHT, JIOKAJIbHS IUTAKCHUS U ATIH-
TaKCHs MOBEPXHOCTHO HAIPSKEHHBIX CTPYKTYP, caMopOopMUpoOBa-
HHUC U CHHTE3 B MATPHIAX (TEMILIATHBIN CHHTE3), 30HI0BbIE METO-
JIbI TuTOTpadum.

Tema 4.2. MeTo1 JIOKaJILHOT'O 30HIOBOTO OKUCIAECHU. PU3HKO- XU-
MHYECKHE OCHOBBI METO/1a JTOKAJILHOTO 30H/I0BOI0 OKHCJICHHMS.
Oco0eHHOCTH CO3/TaHUsI DIEKTPOIPOBOISIINX 30HI0B.

Tema 4.3. Kunetuka mpoiiecca JOKaJIbHOTO 30HJ0BOTO OKHCIICHUS
MOJIYyTIPOBOJIHUKOB M CBEPXTOHKUX METAJUIMYECKHX TIJICHOK. MeTon
dbopMUPOBaHUS TUAIEKTPUUECKOHN TUIEHKH, MOAYJIUPOBAHHOM TIO
touuHe. Vcnonb30BaHne METO/ia JIOKaIbHOI'O 30HA0BOT0 OKHCIIE-
HUSL JJIs CO3aHUSI HAHOCTPYKTYP U 3JIEMEHTOB HAHOIJIEKTPOHUKH.

Moayab 5. Oco0eHHOCTH HAHOCTPYKTYPbl HAHOMATEPHAJIOB

Tema 5.1. Obmas xapakrepuctuka. Kiaccudukanus KOHCOIUIN-
POBaHHBIX HAHOMATEPHUAJIOB IO COCTABY, PACIPEAEICHUIO U popme
CTPYKTYPHBIX COCTABIISIIOIINX.

Tema 5.2. 3epHa, CIIOH, BKJIIFOYCHHUS U TIOPBI B KOHCOJIUAMPOBAHHBIX
HaHOMaTepHaiax.

Tema 5.3. JledexThl, MOBEPXHOCTH pa3jeiia, IOrPaHUIHBIC CeTrpe-
rauuu. @akrop Jlebas— Yoiiepa.

Tema 5.4. CTpyKTypa NOTUMEPHBIX, OMOJIOTUUECKHUX U YTIEPOTHBIX
HaHoMaTepuaiioB. HaHononuMmepHble, CylpaMosIeKyJIsipHbIe, HAHO-
OMOJIOTMYECKUE U HAHOTIOPUCTHIE CTPYKTYpbl. OCHOBHBIEC TUITBI
MaKpOMOJICKYJISIPHOI apXUTeKTypbl. Temrutathl (1rabmonsr). Cy-
MIPaMoJIEKYJIIpHbIE CTPYKTYpHI. TyOysipHbIE U JTyKOBUYHbBIE
cTpykTyphl. [Iporecchl caMocOOpKH.

Monayasb 6. ®u3nyeckne CBOCTBA HAHOMAaTepUAaJioB. Pa3mep-
Hble 3(pPeKThI.
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Tewma 6.1. Beenenne. OCHOBHBbIE OCOOCHHOCTH TIPOSIBIICHUS pa3-
MepHBIX 3()(heKTOB B HaHOMaTepuayiax. JIEKTPOHHOE CTPOSHHE
HaHoMarepuasnoB. KBanToBble 3 heKThI.

Tema 6.2. ®a30BbIe paBHOBECHS U TEPMOTUHAMIUKA HAHOMATEpHa-
JI0B.

Tema 6.3. @OHOHHBII CHIEKTP M TEIUIOBBIE CBOHCTBA HAHOMAaTepHa-
JI0B.

Tewma 6.4. [IpoBOIUMOCTD, ONTHYECKHE XAPAKTEPUCTUKH, JUDIICK-
TpUYECKasi MPOHULIAEMOCTh U TEILIONPOBOAHOCTh HAHOMATEPHAJIOB.

Tema 6.5. [lepkonsiimoHHas TPOBOIUMOCTH U TUTA3MEHHBIN Pe30-
HaHC B HAHOMAaTepHaloax.

Tema 6.6. CTpyKTypa, SJIEKTPUUECKHUE U ONITUYECKUE CBOWCTBA
TUICHOK aMOP(HOT0 aJIMa30Iof00HOTO yriiepoia, CoAepKaux Ha-
HOKJIacTephl cepedpa (a-C:H<Ag>).




Tema 6.7. CTpyKTypa, JIEKTPUUECKHE U ONITUYECKUE CBOWCTBA
amopdubIX ieHoK XCII, moaydeHHbIX pasHbIMU MeToAamMu. HaHo-
rerepoMopdu3M aMOp(HBIX CTPYKTYDP.

Tema 6.8. MarauTHble CBOMCTBAa HAHOMATEPUAJIOB. THAMArHETHKH,
napamMarHeTHkH, (heppoMarHeTuku, atueppoMarneTukuu, Gpeppu-
MarHeTuku u pepputsl. CynepriapaMarHuTHOE COCTOsTHUEe. Marau-
TOKaJIOpHIecKuit 3 dekr.

Tema 6.9. MexaHnueckre CBOMCTBA HAHOCTPYKTYPHBIX MaTepHra-
70B. [Ton3yuects. Bsskocts (BHyTpeHHee Tpenue). Heynpyrocts.
TBepIOCTh, MPOYHOCTH, NIJIACTUYHOCTD, YIIPYTHE XapPaKTEPUCTUKHU
HaHOMaTEPHAJIOB.

Tema 6.10. TeopeTuueckoe pacCMOTPEHUE MEXaHU3MOB JieopMa-
UM HaHoMaTepuasioB. OCHOBHBIC PE3YJIbTATHIL.

Tema 6.11. CtabunbpHOCTh HAaHOCTPYKTYP. Poct 3epen. duddysus.
OO011e 3aKOHOMEPHOCTH, pOcTa 3epeH (PEeKpUCTALTH3AIINHN) B
HaHoMmaTepuayiax. Peakiimonnas cnocooHocTh. Katanus.

Mopayas 7. [IpumeHeHre HAHOMATEPHUAJIOB

Tema 7.1. Beenenue. IlpuMeHeHrne KOHCTPYKIIMOHHBIX, HHCTPY-
MEHTAJbHBIX U TPUOOTEXHUYECKUX HaHOMaTepuaoB. [Ipumenenue
MOPHUCTHIX HAHOMATEPUAJIOB U HAHOMATEPHUAJIOB CO CIIEHHAIbHBIMU
(U3UKO- XUMHUUYECKUMHU CBOMCTBAMH.

Hroro

50

50

100

HpaKanecmle 3aHATHUSA

Taoauma 5.2

Ne Homep | HammeHoBaHMe pa3esia U TeMbl TUCHMILIHHBI
n/n | JeKuuu

1 2 3

MOJYJIb 1. Beenenue. UcTtopus pa3BuTusi HaHoTexHOJ10ruu. [Ipuopu-
TeTHbIC HANIPABJICHUS HAHOTEXHOJIO0TMH. OCHOBHbIE HAYYHbIE

TEPMHUHBI U ONIpEaC/ICHUSA

Tema 1.1. IToHsTHE HAHOTEXHOJIOTUN

Tema 1.2. Pa3Butne HaHOTEXHOJIOTHIT. [IpHOpPUTETHBIC HANIPABJICHHS HAHOTEX-
HOJIOTHH. Pa3HOBI/IJ1HOCTI/I HaHOMaTepI/IaHOB: KOHCOJIMAUPOBAHHBIC HAHOMATC-
pHaTbl, HAHOTIOJIYTPOBOJHUKH, HAHOIIOJMMEPHI, HAHOOHOMAaTepHalIbl, QyIuie-
PEHBbI U TYOYJISIpHbIE HAHOCTPYKTYPBbI, KaTaJln3aToOpbl, HAHOIOPUCTHIE MaTepH-
Tkl U CYNPaMOJIEKYIIIPHbIE CTPYKTYphl. HaHOYacTHIIbI (HAHOMIOPOIIKH).
Hayka o maiopa3MepHbIX 00bekTax (nanoscience).

Tema 1.3. EcTecTBeHHEIC I'paHHUIbI PA3BUTHA cymeCTByromeﬁ MHKPOIJICKTPO-
Huku. KBaHTOBBIC SAMBI, ITPOBOJIOKH U TOYKH.

Tema 1.4. Co3ganne HAHOOOBEKTOB 110 MPUHIIUIIAM «CBEPXY — BHU3» U «CHU3Y
— BBepXx». PaHTaCTHUECKHE BOZMOKHOCTH HAHOTEXHOJIOTMH. OCHOBHBIE HayY-
HBIE TEPMHUHBI U ONpeeeHus (HaHOMaTepHaibl, HAHOTEXHOJIOTHs, HAHO 1A~
THOCTHKA, HAHOCHCTEMOTeXHUKa). DyHIaMeHTa IbHbIC POOJIEMbI HHIYCTPUN
HAHOCHCTEM.

Moayab 2. HaHOTeXHOJI0THH «CBePXY — BHU3»

Tema 2.1. ®opmupoBaHue TBEpAOTEIBHBIX HAHOKIIACTEPOB. TBEpAOTENbHBIC
XUMHYECKHE PCAKIIUU.

MOI[y.]'Ib 3. OCHOBBI HAHOTEXHOJIOTHH KOHCOJIUAHPOBAHHBIX MaTCPHAJIOB




Tema 3.1. ITopomkoBsie TexHOMOTHK. KoHIeHcanmonublii Meto (Metox I eii-
Tepa). BeIcOKORHEpreTHUecKoe u3MeNbucHHe. MeXaHOXUMUYECKHI CHHTES.
[Inazmoxumunyeckuii cuure3. CUHTE3 B YCIOBUSX YIbTPa3ByKOBOI'O BO3IEH-
CTBUS. DJIEKTPUUYECKUH B3PBIB IPOBOJIOYEK. METO1bI KOHCOIHUAAIUHU. DIICK-
TpopaspsaHoe criekanue. HTeHCcuBHAs miacTudeckas Aedopmarus (KpyueHue
110/ BEICOKHMM JaBJICHHEM, PABHOKAHAIBHOE YIIIOBOE MMPECCOBAHME).

Tema 3.3. OCHOBBI HAHOTEXHOJIOT'MH I1OJIYIIPOBOAHUKOBBIX MaTepranoB. Mo-
JEKYJISIPHOITyYeBast SUTaKCHsl. MexXaHH3Mbl pOCTa HAHOTUIEHOK 110 Donbmepy-
BebGepy, @panky- Ban nep Mepse, KpacranoBy- Ctpanckomy. Meronst CVD u
PCVD. TexHo0rHs MOTy4YEHUS MTOTYITPOBOJTHUKOBBIX KBAHTOBBIX TOYCK.

Monayab 4. OcHOBHBIE METO/IbI CO3IaAHUS HAHOCTPYKTYP

Tema 4.1. OcHOBHBIE METO/IbI CO3/ITaHUSI HAHOCTPYKTYP: JIEKTPOHOIUTOIpa-
¢busi 1 HAHOUMIIPUHTUHT, JJOKAJIBHS STUTAKCHUS ¥ SMTUTAKCHS TTIOBEPXHOCTHO
HAMPSDKEHHBIX CTPYKTYP, caMO()OPMHUPOBAHKE M CHHTE3 B MAaTpHUIIax (TeM-
IUTATHBIA CHHTE3), 30HI0BBIC METOIbI JTUTOTpadHH.

Moay.ab 5. Oco6eHHOCTH HAHOCTPYKTYPbI HAHOMATEePHAJIOB

Tema 5.1. O6mas xapakrepuctuka. Kiaccugukanysi KOHCOIUIUPOBAHHBIX
HaHOMAaTEePHAJIOB TI0 COCTaBY, paclpeeseHHIO U (popMe CTPYKTYpHBIX COCTaB-
JSIFOIIIHX .

Tema 5.2. 3epHa, ci10H, BKJIIOUEHHSI U TIOPbI B KOHCOJIMANPOBAHHBIX HAHOMATE-
puanax.

Tema 5.3. JledekTsl, MOBEPXHOCTH pa3jiena, MorpaHuyYHbIe cerperaruu. dax-
top Jlebas— Yoiepa.

Tema 5.4. CTpyKTypa NOIMMEPHBIX, OMOJIOTHYECKUX U YIIIEPOJHBIX HAHOMA-
tepuanoB. HanononumepHsble, cynpaMoiieKyIsipHble, HAHOOWOJIOTMYECKUE U
HAHOIIOPUCTBIE CTPYKTYPbl. OCHOBHBIE TUIIBI MAKPOMOJIEKYJISIPHON apXUTEK-
Typbl. Temrutatsl (1radnonsr). CynpamolieKysipHbie CTPYKTYpbl. TyOynsipHbIe
U JIYKOBUYHBIE CTPYKTYpHL. IIponecchl caMocOopKH.

Mopayas 6. ®u3nyeckne cBoiicTBa HaHoMaTepuaaoB. Pazmepubie 3¢ dek-
ThI.

Tema 6.1. Beenenne. OCHOBHbIE OCOOCHHOCTH MPOSIBICHUS pa3MEPHBIX 3(]-
(GeKxTOB B HAaHOMaTepHaiax. JIEKTPOHHOE CTpOeHNe HaHOMaTepuaiioB. KBaH-
TOBBIE () (PEKTHI.

Tema 6.2. @a30BbIe paBHOBECHS M TEPMOIMHAMHUKA HAHOMATEPHAJIOB.

Tema 6.3. @OHOHHBII CIIEKTP M TEIUIOBBIE CBONCTBA HAHOMATEPHAJIOB.

Tema 6.4. HpOBO,I[I/IMOCTB, ONTHYCCKUC XaPAKTCPUCTUKHU, JUIJICKTPHUICCKAA
MPOHUIACMOCTE U TCIIJIOMMPOBOAHOCTh HAHOMATCPHUAJIOB.

Tema 6.5. TlepkonsuoHHas TPOBOAUMOCTD U IJIa3MEHHBIH PE30HAHC B HAHO-
MaTepUAIOax.

Tema 6.6. CTpykTypa, SIEeKTPHUUECKHUE U ONITUYECKUE CBOKWCTBA TUICHOK
aMop(¢HOTO aIMa30T0I00HOTO YTIIIepoa, COAEPKAIINX HAaHOKIACTePhI cepedpa
(a-C:H<Ag>).

Tema 6.7. CTpyKTypa, dIEeKTPUIECKHE U ONITUYECKHE CBOMCTBA aMOP(HBIX
meHok XCII, momydeHHbIX pa3sHbiMU MeToAamMu. Hanorerepomopduszm
aMOP(QHBIX CTPYKTYD.

Tema 6.8. MarauTHbIE CBOMCTBA HAHOMATEPHUAJIOB. JUAMArHETHKH, TTapamar-
HETHUKH, (PepPOMATHETHKH, aTU(PEeppOMarHeTHKIH, (eppUMarHeTUKu U Gpeppu-
Th1. CyneprnapaMarHuTHOE COCTOsTHHE. MarHuToKanopudeckuid 3HQexT.

Tema 6.9. Mexannueckre CBOWCTBa HAHOCTPYKTYPHBIX MaTepuaiioB. [lonzy-
yecTh. BsiskocTh (BHyTpeHHEee Tpenne). Heynpyrocts. TBepa0CTh, MPOYHOCTS,




IJIACTUYHOCTD, YIPYIHE XapaKTePUCTUKU HAHOMATEPUAJIOB.

Tewma 6.10. TeopeTrueckoe pacCMOTPEHHE MEXaHU3MOB JiehopMaIiii HaHOMa-
TepuanoB. OCHOBHBIE PE3YJIBTATHI.

Tema 6.11. CtabmiIbHOCTh HAHOCTPYKTYP. Poct 3epen. Juddyzus. Obmue 3a-
KOHOMEPHOCTH, POCTa 3epeH (PEeKpUCTA/UTM3AIMY) B HAHOMaTeprasax. Peak-
MOoHHag criocooHocTs. Kartanus.

Monayas 7. [IppMeHeHHe HAHOMATEPUAJIOB

MMU.

Tema 7.1. Beenenue. [lpuMeHeHrne KOHCTPYKIMOHHBIX, MHCTPYMEHTAIBHBIX U
TpUOOTEXHUYECKMX HAaHOMaTepHaloB. [[puMeHeHne NOpUCThIX HaHOMaTepHa-
JIOB U HAHOMATEPHAJIOB CO CHEIHATbHBIMU (PU3NKO- XUMHUYECKHUMH CBONCTBA-

5. Oopa3oBaTe/ibHbIE TEXHOJIOTHUH

Nen.m. | Tema nporpammsl qucuuiinHbel | [IpuMeHseMble TEXHOJIOTHH Koiu-BO
ayJuT.
4acoB

1 Benenne. Vcropusi pa3BUTHS | KIIACCHUECKOE TPAJAULMOHHOE; JIEKIIMOH- 10
HAHOTEXHOJIOTHH. HOE 00yueHne
2 [TpuopureTHbIe HAIpaBJICHUS | KJIACCHYECKOE TPAJUIIMOHHOE; JIEKIIMOH- 12
HaHOTEXHOJIOTHH. OcHoBHBIE | HOE 00yueHHe, HarJIAJHbIe, IPOrPAMMHUPO-
Hay4YHbIE TEPMHUHBI U ONpeiesie- | BAHHBIC
HUS
3 OCHOBBI HAHOTEXHOJIOTUM KOH- | KIJACCHYECKOE TPAIUIIMOHHOE; JIEKIIMOH- 12
COJIMJIMPOBAaHHBIX MaTEpHAJIOB Hoe o0yueHue, BepOaibHbIe (ay]110)
4 OCHOBHBIE METO/IbI CO3/1aHUS KJIACCUYECKOE TPATUIMOHHOE; JIEKIIMOH- 12
HAaHOCTPYKTYD. HOC O6yquI/Ie, HarsiAHbIC, TIPOTPaMMHUPO-
BaHHBIC
5 Oco0eHHOCTH HAaHOCTPYKTYPBI KJIACCHYECKOE TPAAWIIMOHHOE, JICKIIMOH- 13
HaHOMaTepHaJioB HOC O6y"ICHI/Ie, CaMOCTOATCIIbHAsA pa60Ta
6 ®duznyeckue CBOMCTBA HAHOMA- | KJIACCUYECKOE TPAJUIMOHHOE; JIEKIIMOH- 14
tepuanoB. PasmepHsie 3pdekTsl. | Hoe 0OyueHue, camooOyueHue
7 [TpumeHeHrne HaHOMaTEpHUAIOB KJIACCUYECKOEe TPaJUIMOHHOE; JIEKIIMOH- 15
HOE O0y4YeHHE, TUCTAHIIMOHHBIC

6. YdeOHO-MeTOaAMYECKOe oOeclnedyeHrue CaMOCTOSATEeIbHOH padoThl cTya1eHTOB. OleHOYHbIe
cpeacTBa sl TEKYIIEro KOHTPOJIsI YCIIeBAeMOCTH, MPOMEKYTOYHON aTTeCTAlMH MO UTO-

raM oCBOCHMA NUCHUIIJIMHBI.

HCKOTOpBIe TEMBI BBIHOCATCA Ha CAMOCTOATCIIBHOC U3YUYCHUC. I/ISYLIGHI/IQ OTUX BOIIPOCOB BO3MOXKHO C

MCIIOJIb30BAaHUEM 3JIEKTPOHHBIA KypC AUCIUIUIMHBI, HATUCAHHOTO caMuM aBTopoM (A.X Matues).
[TepedyeHn TeM, BBIHOCUMBIN ISl CAMOCTOSITEIFHOM paOOTHI MIpeAcTaBieH B Tabmue 7.1.

6.1. Illian caMoCTOATEIbHOI PadOTHI CTY1€HTOB

Taoauma 7.1




Bun Pexomennyemas | KonnaectBo
Ne Tema CaMOCTOATENIbHOM | 3aaHue | JuTeparypa 4acoB
HEI. paboThI
dopmupoBaHuE TBEPIO- Harmmcamie U3YYUTb | DIEKTPOHHBIN 4
1 | TEIbHBIX HAHOKJIACTEPOB. KOHCIIEKTA kypc TKC
TBepaoTenbHbIC XUMHUYE- (A.X Martwues).
CKHUE PEAKIIMH.
OO01as xapakTepUCTHKA. Harmmcamie U3YYUTb | DIEKTPOHHBIN 4
2 | Kiaccudukanus KoHCONHU- KOHCIIEKTA kypc TKC
JTUPOBaHHBIX HAHOMATEPHA- (A.X Martwues).
JIOB IO COCTaBy, paclpeme-
JeHUI0 U GOpMe CTPYKTYp-
HBIX COCTaBJISIOIINX.
®da30BbIc PABHOBECHS U Harmmcamie U3YYUTb | DIEKTPOHHBIN 4
3 | TepMoaMHAMKKa HAaHOMATE- KOHCIIEKTA kypc TKC
pHUAaoB. (A.X Marwues).
CtpyKTypa, 31eKTpUYECKUEe HaHI/I”caHI/Ie U3YYUTD | DIEKTPOHHBIN 4
3 Y ONITUYECKUE CBOMCTBA KOHCIIEKTA kypc TKC
TUIEHOK aMOp(HOTO anmaso- (A.X Marues).
HOJOOHOTO yriepoaa, co-
JepKaliuX HAHOKJIACTEPBI
cepebpa (a-C:H<Ag>).
MaruuTHbIE CBOMCTBA Harmicanme U3Y4YUTh | DIIEKTPOHHBIN 4
4 | HaHOMaTepHaJloB. JJaMar- KOHCIIEKTA kypc TKC
HETHKH, MTApAMarHeTUKH, (A.X Martwues).
beppomarueTuku, aTudep-
pPOMarHeTHKuu, peppumar-
HeTuku U Gepputsl. Cynep-
apaMarHUTHOE COCTOSTHUE.
Marnutokanopudeckuii 3¢-
(exT.
Bsenenue. Ilpumenenne Harnmcanme U3Y4YUTh | DJIEKTPOHHBIN 4
5 KOHCTPYKIMOHHBIX, UH- KOHCITIEKTa kypc TKC
CTPYMEHTAJIbHBIX U TpUOO- (A.X Marues).
TEXHUYECKUX HaHOMaTepua-
n0B. [IpuMeHeHnE MOPUCTBIX
HaHOMaTEepHaJIOB U HAHOMa-
TEPHAJIOB CO CIIELUAIbHBIMA
(UBUKO- XUMHYECKUMU
CBOWMCTBAMH.

6.2. MeToauyeckune yKa3aHusi 0 OPraHU3aIlii CAMOCTOSITeJIbHOH PadoThI CTYIEHTOB

CtyzaeHT, UCHIONIB3YS AJIEKTPOHHOE yuyeOHOe mocobue, a TakkKe BY30BCKHIl ydeOHuK mo Moneky-
JSpHON (U3MKE U TEPMOJUHAMUKE U3y4aeT JaHHBIA MaTepUall U COCTABISET KOHCIEKT KOHCIIEKTHI B
JIOMAIITHUX YCITOBHSIX.

a. KoHTpoJb 0cBOEHHS KOMIIETEHIIH I

Tabmuma 8.1




Kommereniun,

Ne Bun xoutpons Konrpomupyemsie Tembr (MOJ1YJIN) KOMIIOHEHTBI KOTOPBIX
m\n KOHTPOJHUPYIOTCS
1 [TpoBepka Mopyns 2. HanoTexHOIOTHH VK-2, I[IK-1, [IK-2
KOHCIICKTOB «CBEPXY — BHH3»
2 IIpoBepka Monaynb 3. OCHOBBI HAHOTEXHOJIOTUH VK-2, I[IK-1, [IK-2

KOHCIICKTOB KOHCOJIMAUPOBAHHBIX MaTCPUAJIOB

3 IIpoBepka Monaynb 4. OCHOBHBIE METO/IbI CO3/ITaHUS VK-2, I[IK-1, [IK-2
KOHCIIEKTOB  [HAHOCTPYKTYP

ITpoBepka Monyinb 5. OcOOEHHOCTH HaHOCTPYKTYPBI VK-2, I[IK-1, [IK-2
KOHCIICKTOB ~ [HAHOMAaTEPHAIOB

[IpoBepka Monyinb 6. @uznueckue CBOWCTBa HAHO- VK-2, IIK-1, TIK-2
KOHCIIEKTOB  (MaTtepHuajioB. PazmepHbie 3 PEeKTHI.

IIpoBepka Monyns 7. [IpumeHeHre HaHOMAaTEePHAIIOB VK-2, lIK-1, IIK-2
KOHCIIEKTOB

6.3. MaTepuaJibl 1Jis1 NIPOBeeHNs TEKYLIero u MPOMeKyTOYHOr0 KOHTPOJIsI 3HAHUM CTY/leH-
TOB
IIpumepHBbIii IepeyeHb BONPOCOB, BBIHOCUMBIX HAa 3K3aMeH

IloHsiTHE HAHOTEXHOJIOTUN.

Pazeutre HaHoTexHOMOTH. [IprOpUTETHBIE HAIIPaBIECHUS HAHOTEXHOJIOTUU.

Pa3zHOBHIHOCTH HAHOMATEPUAJIOB: KOHCOJUANPOBAHHBIE HAHOMATEPHaIbl, HAHOIIOJIYIIPOBOI-
HUKHU, HAHOIIOJIUMEPBI, HAHOOMOMaTepHabl, QyJJIEpPEeHbl U TyOyJIsipHbIE HAHOCTPYKTYPHI, Ka-
TaJU3aTOPBl, HAHOIIOPUCTBIE MAaTEPUAbl U CYIIPAMOJIEKYJIIpHBIE CTPYKTYpbl. HaHO4acTuHIbI
(manomopomrku). Hayka o ManopasmepHbix o0bekTax (nanoscience).

EcTecTBeHHBIE IPAaHULIBI PA3BUTHS CYIIECTBYIOLIEN MUKPOAIEKTPOHHUKH.

KBaHTOBBIE SIMBI, IPOBOJIOKU M TOUKH.

Coznanue HaHOOOBEKTOB MO MPHUHIIUIIAM «CBEPXY — BHU3» U «CHU3Y — BBEPX».
PaHTaCTUYECKHE BO3MOKHOCTH HAHOTEXHOJIOTUHU.

©® N o Uk

OcHOBHBIE HAYYHbIE TEPMUHBI U ONpeeicHus (HaHOMAaTepHasibl, HAHOTEXHOJIOTHsI, HAHO 1A~

THOCTHMKA, HAHOCUCTEMOTEXHHKA).

9. dyHaameHTaIbHBIC TPOOIEMbI HHYCTPUU HAHOCUCTEM.

10. @opMUpPOBaHUE TBEPAOTEIBHBIX HAHOKIACTEPOB. TBEPIOTEIbHBIE XUMUUECKNE PEAKIIUH.

11. MexaHOXMMHUYECKHUE MPEBPAILCHUs. Y TapHO- BOJHOBOM cHHTe3. HaHOCTpyKTypHpOBaHue mox
JICWCTBUEM JIaBJIICHUS CO CABUIOM.

12. HaHOCTpYyKTYypHpOBaHHE ITyTEM KpUCTaUIM3AIMK aMOop(HBIX CTpyKTyp. KomnakTupoBanue
(kOHCOIHM LK) HAHOKIACTEPOB.

13. TTopomikoBeie TexHosoruu. KonaeHncannonusiit Meton (Metox [neiitepa).

14. BBICOKO?HEPTeTHYECKOE U3METbUCHHE. MeXaHOXUMUYECKUN CUHTES.

15. [1n1a3MOXUMHUYECKUN CHUHTES.

16. CuHTE3 B YCIOBUSX YJIbTPa3BYKOBOTO BO3JEHCTBUS.

17. DAEKTpUYECKU B3PBIB MPOBOJIOYEK. METOIbI KOHCOJIUIALIUH.

18. DeKTpopa3psIHOE CIIEKaHUE.
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WHuTeHcuBHas mactudeckas aedopmaius (KpyueHue Mo BBICOKMM JaBICHHEM, paBHOKa-
HAJIbHOE YTJIOBOE IPECCOBAHUE).

K oHTpOsIHpyeMast KpUCTAILTH3AIMS U3 aMOP(HHOTO COCTOSHHSI.

TexHOoI0rust HAHOCTPYKTYPUPOBAHHBIX IJICHOK U MOKPBITHIA . TEPMUUECKOE UCTTAPEHUE, HOH-

HOE OCaXKJICHHE, OCAXKICHUE U3 Ta30BOi (pa3bl.

HMnyabCHOE 371EKTPOOCAXKACHUE, Fa30TEPMUYECKOE HANbUICHUE, TEPMUYECKOE Pa3JI0KEHUE.
OCHOBBI HAHOTEXHOJIOTHH MOJTYIIPOBOJIHUKOBBIX MaTeprasioB. MOJEKy IS pHOIyY€eBas SMUTaK-

cusl.

Mexanu3mbl pocta HaHOIUICHOK 110 Donbmepy- Bebepy, @panky- Ban nep Mepse, Kpacrano-

By- CTpaHckoMy.

Metoast CVD u PCVD.

TexHon0rust MoIy4yeHust MoJyNPOBOJAHUKOBBIX KBAHTOBBIX TOUEK.

OCHOBBI TEXHOJIOTUH MTOJIMMEPHBIX, IOPUCTHIX, TPYOUATHIX U OMOIOrMYECKHX HAaHOMATepHa-

JIOB.

['mOpuHbIC U CynpaMolIeKy IsipHble MaTepraibl. HaHomopucTeie MaTepuabl (MOJICKYISIPHBIC

cuta). TpyOuarsie HAHOMAaTEPHAIIBL.

[TonmmepHble HaHOMaTepranbl. HaHOMaTepualibl, MOTyYeHHbIE METOOM CaMOCOOPKH.

OCHOBHBIE METO/IbI CO3aHUSI HAHOCTPYKTYP: 3JIEKTPOHOIUTOrpadus 1 HAHOUMIIPUHTHUHT, JIO-

KaJIbHS SIIUTAKCHS M SITUTAKCHS TOBEPXHOCTHO HANPSHKEHHBIX CTPYKTYP, CaMO(pOPMHPOBAHNE

Y CHHTE3 B MaTpulax (TeMIUIaTHBIA CHHTE3), 30H/I0BbIC METO/IbI JINTOTPAPHH.

MeToa T0KaIbHOTO 30H0BOTO OKUCIEeHUS. DU3NKO- XUMUYECKHE OCHOBBI METO/1a JIOKAIIBHOTO

30H/I0BOI'O OKHMCJICHHUS.

OcoOeHHOCTH CO3aHMsI AIEKTPOIPOBOASILINX 30HI0B.

Kuneruka nporecca JIOKaJIbHOTO 30HA0BOT0 OKUCICHHS ITOJTYTIPOBOJAHUKOB M CBEPXTOHKUX

METaJUIMIECKUX TICHOK.

Merton ¢hopmMupoBaHus AUIIEKTPUUECKOM IIIEHKH, MOAYIMPOBAHHON MO TOJIUHE.
Hcnonp30BaHne METO/1a JIOKATHOTO 30HI0BOTO OKHCIICHHS ISl CO3IaHMsI HAHOCTPYKTYP U
HJIEMEHTOB HAHORJIEKTPOHUKH.

OO6mas xapakrepuctrka. Kiaccudukanus KOHCOIMANPOBAHHBIX HAHOMATEPUAJIOB TI0 COCTAaBY,

pacripesiesieHuIo 1 (popMe CTPYKTYPHBIX COCTABIISIOLIMX.

3epHa, CIIoH, BKIFOYEHUS U MTOPHI B KOHCOJIMANPOBAHHBIX HAHOMAaTEpUANIaX.

JledexTsl, MOBEepXHOCTH pa3jiena, norpaHuuHble cerperanuu. dakrop Jlebas— Yoiepa.
CTpyKTypa MoJMMEpPHBIX, OMOIOTHYECKHIX M YTICPOTHBIX HAHOMATEPHAIIOB.
HanononumepHsle, cynpamosieKyIsipHble, HAHOOMOJIOTMUECKUE U HAHOIIOPHUCThIE CTPYKTYPBI.
OCHOBHBIE THITBI MAKPOMOJICKYJISIPHON apXUTEKTYpbI. TeMIutaThl (11a0IoOHBI).
CynpamornekyssipHble CTpYKTYpbl. TyOyJsipHbIe U TyKOBUYHBIE CTPYKTYpHI. IIpoueccs camo-
COOpKH.

OcHOBHBIE 0COOEHHOCTH MPOSBICHUS Pa3MEPHBIX AP (PEKTOB B HAHOMATEepHasax.
DNEeKTPOHHOE CTpoeHre HaHoMaTepuasaoB. KBaHToBbIe 3(peKTh.

@da30Bble paBHOBECHS U TEPMOJIUHAMUKA HAHOMATEPHAJIOB.

@DOHOHHBIN CIIEKTP U TEIUIOBBIE CBOMCTBA HAHOMATEPHAJIOB.

[TpoBOAUMOCTB, ONTUYECKHE XAPAKTEPUCTUKH, AUIIEKTPUUECKasi TPOHULIAEMOCTb U TETLIO-
MIPOBOTHOCTH HAHOMATEPUATIOB.

[TepkonaunoHHas TPOBOAMMOCTD U IJIA3MEHHBIN PE30HAHC B HAHOMATEpHaIax.

CTtpyKTypa, 2IEKTPHUECKUE U OTITUIECKHE CBOMCTBA TUIEHOK aMOp(HOTO aaMa30mo100HOT0

yriepoja, coJepaiux HaHoKIacTepsl cepedpa (a-C:H<Ag>).

CtpykTypa, dIEKTPpUIECKUE U ONTHYEeCKUEe cBOCcTBAa aMOopdHBIX TieHOK XCII, momydeHHbIX

pasHbIMU MeTogamu. HanorerepomMopusm aMop(HBIX CTPYKTYP.

MarsuTHble cBOCTBa HAHOMATEPHUAJIOB. AMaMarHeTHKH, apaMarHeTHKH, (eppoOMarHeTUKH,
atTudeppomMarHeTukuy, peppuMarneTuku u pepputsl. CyneprnapaMarHuTHOE cocTossHue. Mar-
HUTOKAJIOpUUIECKHUI dPPEeKT.
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7.

AyJasl)

MexaHn4ecKue CBOWCTBa HAHOCTPYKTYPHBIX MaTepHraioB. [lon3yuects. Bs3kocTs (BHyTpeHHEE
tpenne). Heynpyrocts. TBepaOCTh, MPOYHOCTH, INIACTHYHOCTD, YIIPYTHE XapaKTePUCTUKH
HaHOMAaTEpHAaJIOB.

Mexanu3smsl aeopMalii HAaHOMaTepUAJIOB.

CrabunbHOCTh HAaHOCTPYKTYP. PocT 3epen. Auddysus.

OO01ue 3aKOHOMEPHOCTH, POCTa 3epeH (PeKpHUCTAITH3aliK) B HAHOMaTepuaiax. PeakioHHast
cnnocobHocTs. Karanus.

[TpruMeHeHne KOHCTPYKLMOHHBIX, HHCTPYMEHTAJIBHBIX U TPUOOTEXHUYECKUX HAHOMATEpUAJIOB.
[TprMeHeHrne TOPUCTHIX HAHOMATEPUAIOB M HAHOMATEPHAJIOB CO CIEIHATbHBIMU (PU3HKO- XU-
MUYECKUMH CBOWCTBAMU.

MeToanueckue peKOMeHAAIUN CTYAeHTaM

«Hanocuctembl. MeToabl MOJIy4eHHUS U CBOMCTBa» COOOH OOLIMPHYIO, MHOTOAUCUHUIUIHHAP-
HYIO ¥ JIOBOJIHO CIIOKHYIO 00acTh 3HaHui. [1o3TOMY, 4TOOBI TOHECTH MaTepHall 10 CTY/ACH-
Ta, HEOOXOAUMO YAETATh 0c000€ BHUMAaHUE CUCTEMATHUYHOCTHU, HATJIITHOCTU U JOCTYITHOCTH
u3J0XKeHus. B HacTosmee BpeMsi (aKTHUECKH CYIIECTBYET Majio y4eOHHWKOB M MOCOOMH 1O
JaHHoOM aucuuiuinHe. [1o3ToMy OCHOBHAs Harpy3ka JIOKUTCS Ha JIeKIuH. s n3yueHus cry-
JICHTaMU JIaHHOTO Kypca B MPUHIIMIIE TOCTaTOYHO 3HAaHUE Kypca o0miel (U3MKHU U OCHOB KBaH-
TOBOM MEXaHUKHU TEPMOJIUHAMUKH.

Tak xak y4eOHHUKOB M Y4EOHBIX IMOCOOMIA 1O JTaHHOW JAWCHUILIMHE OYE€Hb Majlo, TO OCHOBHAs
Harpy3ka JIO)KUTCSl Ha JICKUMU U UX KOHCIEKTHUpOBaHME. J[JI1 JOMOIHUTENIBHOIO U3YYEHUS U
CaMOCTOSITENILHOM pabOThI MPEAIaraeTcsi UCIOIb30BaTh PEKOMEHYEMYIO JINTEPATypY.

Y4eOHOo-MeToqUYECKOEe U MATEPUAIBLHO-TEXHMUYECKOe oOecneyeHUue AUCHUIIHHBI (MO-

7.1. YueOHas iuteparypa:

N o

10.

11.

12.
13.
14.

OcHoBHasi iMTEpaTypa

A.X. MarueB. TepMoauHamMuKa MOIYIPOBOJHUKOBOTO MaTepuanoBeeHus. YuebHoe mocodue
MarucTpoB crneuvaibHoctu «®@usuka». - Marac:, HWarl'y, 2021 223 c.: wun.66.
https://disk.yandex.ru/i/FBafHQC11tGn7A

B. Jlyunnun «Hanounaycrpus — 6a3uc HoBor s3koHOMUKN» [leTepOyprekuit sxypHai 31eKTpOHUKH, Ne3
,2003 1.

Bonwmmoit samuKIONIeIMYeCKuit cnoBaph moa.ped. A.M. IIpxopoBa Mocksa «bonbmas Poccuiickas 2H-
muknnonenus», Cankr-Ilerepoypr « Hopunt», 1997 r.

Biebricher C.F., Nicols G, Schuster P, ,,Self-Organization in the Physico-Chemical and Life Sci-
ence.1994.Report on Review Studies.PSS 0396, Commission of the European Communities Direc-
torate-General for Science,Research and Development

MarepanoBenenue. Y4eOHUK Ui TEXHHYECKUX BY30B, pen.b.H. Apzamacos, I'.I'. MyxuH, u3n-Bo
MI'TY um. H.O. baymana, Mocksa 2001 rCrnpaBouynnk «®Pusnueckue Beanunasn noa. Pen.1.C. I'pu-
ropsesa, E.3.

Meiinuxosa nu3n. «QHeproaromusaam, Mocksa 1991 r.

Heopranmueckoe matepranoBeaenrne. OCHOBBI HAYKH O MaTepHasax.

Ounukioneanaeckoe uznanue noxa. Pen. I'.I'. I'necuna, B.B. Cxopoxona, nza. «HaykoBa gymka», Ku-
eB 2008 r

I'yceB A.W., Pemnens A.A. Hanokpuctammuaeckue marepuaisl M. «@usmataut» 2002 .

M.I'. MuneBuackuii, B.B. HanasieB HanopasmepHsie KiacTepsl B MOJTYHIPOBOJHUKAX — HOBBIM MOJI-
X0 K (OPMHPOBAHHIO CBOHCTB MarepuaioB O030p. du3nka M TeXHHKa MOIYHNPOBOAHUKOB, 1998 T.
1.32 N5, cTp.517

A.Jl. Imroraitmo, A.C. Pozenbepr, U.E. Ydnsaan «HarogacTumsl MeTamioa B IMOJIMMEpax», U3, «Xu-
mus», Mocksa, 2000 T.

Bapanos A.M. A. A. lllyka DOnexrponuka, Uzn-so BXB-IletepOypr, Cro, 2005 T.

B.I1. boru-bpyesuy, C.I'. KamamuankoB «Pu3nka moaymnpoBOIHUKOBY, U3, «Hayka», Mockga, 1977 r
I'.b. Ceprees «Hanoxumus» uzn. MI'Y, Mocksa, 2003 1.
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15.
16.
17.
18.

19.
20.
21.

22.
23.
24,
25.
26.
217.

28.
29.

2.

3.

O.A. Ilerputii, I'.A. Hupnunaa «D0eKTpoXUMHUS MeKPa3HBIX TPAHUID)

Baiickon¢ «®Du3nka B 1BAAIATOM CTOJIETHIY, U311, «AToMHu3naT», Mocksa, 1977 r

Mumnep T. XKuszab B okpyxkatomeit cpeme. M. «IIporpecc», 1993 1.

Cocrostaue mupa 1999. Hokian uncruryta Worldwatch o passutun mo myTH K yCTOHYHBOMY 0OIIe-
ctBy. M.M31-80 MHOIIY, 1997 r.

DHepreTudeckas crparerus Poccun Ha epuon g0 2020 rona.

Momucees H.H. MupoBoe coobmectBo u cyas6a Poccun. M.U3n-Bo MHOILY, 1997 r.

Moucees H.H. Kak manexo no 3aBrpamsero nusi... CBoOogHble pa3mbinuieHus. 1917-1993 M. Uzn-Bo
MHOITY, 1997 r.

I'mobanmcrrka

W.IMpuroxun, U. Crenrepc «Bpewms, xaoc, kBant, YPCE, Mocksa, 2003 r.

®. [laawansc, P. Onbepru «dusnveckas xumusi», u3a. «Mup», Mocksa, 1978 ¢

SL.U. I'epacumos, B.II1. [pesun, E.H. Epemun, A.B. Kucenes, B.I1. Jlebenes, I .M. Ilanuenkos, A.W.
Hneirun «Kypce duzndeckoit xumumy», 1.1, u3a. « Xumus», Mocksa, 1969

M.X. Kapanetssun «XuMuueckas TepMoauHaMukay, usfl. «[ocxumuznar», Mocksa-Jlenunrpazn, 1953
r

W. Tlpuroxun, [. Kongenynu «CoBpeMeHHas TepMoguHaMuKka.OT TEIIOBBIX ABUraTeieil 1o AuccHna-
TUBHBIX CTPYKTYp», 3. «Mup», Mocksa, 2002 r.

Y. [Tyn, ®.0Oysnc, —Hanotexnonoruul, M., «Texaochepar, 2008.

«HanotexHonoruu B OmmkaniieM JecaTUICTHNY, o pea. M. Poko. M.. Mup. 2002.
JloToJTHUTEeIbHAS JIUTEPATypa

H.I'. Xnebuos, B.A. boratsipes, JI.A. JIpikman, b.H. Xne61oB, "3010Tbie HAHOCTPYKTYPHI C
TUTa3MOHHBIM PE30HAHCOM JIJIsi OMOMEIMIIMHCKUX McclienoBanmii", Poccuiickue HaHOTEXHOJIO-
rum, 7.2 (3-4), 2009 (www.nanorf.ru).

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

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

7.2. UnTepHeT-pecypchbl
[TporpamMMHoOe obecrieueHre U HHTEPHET PECYPChl DIEKTPOHHBIN BapHaHT Kypca Ha caifTe mpemno-
naBarensi, WebCT (http://master.ist.tpu.ru)/, http://master.isc.tpu.ru:8900/webct/public/home.pl

7.3. IlporpammHoe obecnieueHue

1. Onepannonnas cucrema Microsoft Windows XP Professional.

2. Taket npuknamabix nporpamm Microsoft Office 2003 Professional.
3. IIporpammuBIif TpoayKT « AHTUBHPYC Kacmepckoroy.

4. Ilporpammusiii mpoaykT FineReader 7.0 Professional Edition.

5. Ilporpammuslii npogyktr MATLAB 6.

7.4. MaTepuajbHO-TeXHHYECKOe o0ecrneyeHue

e Hywmeparnus

H/'H IlepeyeHb OCHOBHOT'O O0OPYIOBaHUS pas3zaenos/TeMm
JIVICIIATUTHHEI

1. IIpoekumonHas ycranoBka «Ksagpa» 250X, 3M 1-15

2. MHTEepaKTUBHBIN TUTAHIIET 2,5,6

3 Komnerorep 1-15
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Hanocucremsl.
MeTtop! OITY-
YEHUSI U CBOM-
CTBa

VYuebHast ayauTopusi AJs JIEK-
nmuoHHBIX 3aHsATUi (Ne 303)
386132, PU, r.Hazpamp, la-
MYpP3UEBCKUI OKpYyr, yjia. Ma-
ructpanbHasd, 39a, Kopnyc 3E

Cron st mpenofaBarens - 1 mT. (COCTOMT U3 2-X
CEeKIMH); CTYyJ JIJs mpernojaBarens -1 mrT.; qocka - 1
T.; TpuOyHa-1 mT, CTON - 36 MIT.; CKaMbs-72 TIT

Y4eOHast aymauTopusi Uid ce-
MUHapckux 3aHATHil  (Nel16)
386132, PU, r.Hazpamp, la-
MYpP3UEBCKUI OKpYyr, yjia. Ma-
ructpanbHasd, 39a, Kopmyc 3E

Crou s mperoiaBatens - 1 mT; CTyn A mperojaa-
BaTens -1 mT.; mocka - 1 mT.; cToa - 14 mrT.; CKaMbs-
28 mr. YuyeOHble 10COOMs O AUCIUILIMHAM. TecThl
pyOeXHOTO, UTOTOBOTO KOHTPOJIS, HATJISAHBIE TI0CO-
ousa, YMK 1o gucrumnigHam
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