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1. ean ocBoenus nucuumianabl 51.B.0S HAHOCUCTEMBI. METO/IbI IIOJYYEHUSA 1
CBOWMCTBA

]_[CJ'IHMI/I OCBOCHHSA JUCHUIIMHBI SABISAIOTCA. ITOJIyYCHUE CBC,I[GHPIFI M 0a30BBIX 3HAHUKA O HAHOCH-
CTCMax, MpUuHIHUIIaxX q)OpMI/IpOBaHI/ISI CTPYKTYpPbI HAHOCUCTCM, B TOM YHUCJIC, ]I MHOTOKOMITOHCHTHBIX
CHCTEM H (l)HSH‘IeCKOI;'I CYIIHOCTH HBJ'IGHPIfI, MMPOUCXOJAIIUX B HAHOCUCTCMAX HAa OCHOBC IMPHU3HAHHBIX
MOJIOKEHUH TCOpPHUU U MPAKTHUKU, KOTOPBIMU HOJIKHBI PYKOBOACTBOBATHCA MAaruCTpPaHThbl, IIPHU UCCIIC-

JOBaHWH U UHTCPHPETALUN CTPYKTYPBI 1 CBOMCTB HAaHOCHCTEM.
Hepeqenb 3agad npmbeccnonanbnoﬁ ACATEIbHOCTH BBIIMTYCKHUKOB:

Koa n HaumenoBa- | O0001meHHbIe TPYA0BbIe QYHKITUH TpynoBbie GyHKIIUU
HHUe npodeccuo- Kox | HammeHnoBanue 'YpoBenb | HanmeHnoBaHue Kox [Yposennb
HAJBLHOTO KBaJIN- (moxypo-
CTaHJapTa bukannu BEHb)
KBaandu-
KAUH
01.001 MMegaror |A [lenarornyeckas nesi- | 6 OO0menexaroruaeckas A/016 | 6
(memarormveckas TETBHOCTH 110 ¢dbynakus. O0yueHne
igﬁiﬂ;:ﬁﬁ;‘: B ZEE:EEEOMHHIO upe- BocmurarenpHas IA/02.6 6
HAYaJbHOM 00- 00pazoBaTeIbHOTO ACATCIEHOCTE
memM, mporiecca
OCHOBHOM 0011IEM, 00pa3oBaTeIbHBIX Op- T —— 2036 6
cpeaHeM o0LeM TaHU3AIMIX
00pa3oBaHuNN) JIONIKOJBHOTO, HaYallh- JICATCILHOCTR
(BocuTAaTEID, HOTO 00IIIero,
YUYHUTEh) OCHOBHOTO 001II€er0,
cpeaHero oomero oo-
pa3oBaHus
B [lenarornyeckas nesi- | 6 [lenarornyeckas B/03.6 | 6
TCJIBHOCTH 11O ACATCIIBbHOCTD 110
MPOSKTUPOBAHUIO U pe- peanusaiyy Iporpamm
aTn3aIuH OCHOBHOTO U CPEJTHETO
OCHOBHBIX 00111€00pa- o011ero oopa3zoBaHus
30BaTEIbHBIX MPO-
rpamm
01.003 A [IpenogaBanue mo 10- 6 Opranunzanus gestens- | A.01.6 | 6.1
[Meqarornueckas aes- [MOJIHUTEIBHBIM 00I11€00- HOCTH 00yYaroIuxcs,
TEBHOCTD B IOTON- [pa30BaTEIHLHBIM TPO- HaIpaBlIeHHON Ha 0CBO-
TeImEOM 06paz0- rpaMMam. CHHE JIOTIOMHATEbHOH
. 0011e06pazoBaTeIHLHOM
BAHUU JCTEU U HPOrpAMMBI
B3POCIIBIX Opraunusanus gocyrooii| A.02.6 | 6.1
NESATeILHOCTH 00ydaro-
IIMXCsI B TIpOIIecce pea-
JU3AIUH JIOTIOJTHUATEIb-
HOM 00111e00pa3oBaTeb-
HOH IpOrpaMMbl
O0ecrieueHre B3aMO- A.03.6 | 6.1
JEHCTBHSI C POAUTEISIMU
(3aKOHHBIMU TIPEJICTABU-
TESIMHU) O0yJarOIIUXCS,
OCBaMBAOIINX JTOTIOTHH-
TENBHYI0 00111e00pa3o-
BaTENbHYIO IPOTPamMMy,
IIPY PEIICHUY 3a/1a4
00y4YeHUs M BOCITUTAHUS




ITegarornueckuii KOH- A046 | 6.1
TPOJIb U OIICHKA JIOTIOJN-
HHUTETLHOU 00111e00pa-
30BaTEIbLHON MPOTpaM-
MBI

Paspaborka nporpamm- | A.05.6 | 6.2
HO-METOJINYECKOTO
oOecrieyeHus peanmnsa-
IIUH OTTOTHUTEIEHON
0011e00pazoBaTeILHOM
MPOTPAMMBI

b OpraHu3aiuoHHO- 6 Opranuszanus u poseae- | B/01.6 | 6.3
MeToandYeckoe obecre- HUE UCCIICIOBAaHUN PhIHKA
YeHHEe peaTn3auy 10- YCIIYT JOTIOTHUTEIHHOTO
MOJTHUTENBHBIX 001I1e- oOpa3oBaHus AeTei u
00pa3oBaTeIbHbIX MPO- B3POCIIBIX

rpaMM

6 Opranu3aiuoHHO- B/02.6 | 6.3
Mearoruaeckoe Compo-
BOXKJIEHHE METOIUYCCKOUN
IMesITeIbHOCTH 1€1aroroB
ITOTIOTHUTEIBHOT'O 00pa-
BOBaHHMS

6 IMOHUTOPHHT U OLICHKA B/03.6 | 6.3
KauecTBa peau3allii Tie-
IaroraMu J0TMOJTHUTEIb-
HBIX 001Ie00pa3oBaTe/Ib-
HBIX ITPOrpamMm

C OprasHu3aiMoHHO- 6 Opranusanus gononau- | C/03.6 | 6.3
rexaroruyeckoe odec- TEJIBHOI'0 00pa30BaHUs
MICYCHUE PeaTn3aliu JIeTei U B3POCIIBIX 10
JOITIOJIHUTCIIBbHBIX 06- OJIHOMy HNJIN HECKOJIBKUM|
1e00pa3oBaTENBHBIX HAINpPaBJICHUSIM JESTEIb-
porpamMmm HOCTH

2. MECTO JUCHMIIJIMHBI B CTPYKTYPE OIIOII MATUCTPATYPBI

Jucuunnuna «HanocucteMsl. MeTo/ibl MOTy4YeHUS! M CBOMCTBA» BXOJUT B MAKET AUCHUIUIMH OJ10-
ka 1 ¢popmupyromux GpyHaaMeHTalbHOEe 00pa3oBaHue MarucTpoB no HampasieHuo 03.04.02 dusuka.
[Tpodmis «Puznka noxynpoBoJHUKOB». M3ydaercs Ha 1 kypce Bo 2 cemectpe.

Jucuunnuna «Hanocucrembl. MeTo/ bl OTyYeHHUs U CBOMCTBa» SIBISETCS OCHOBHOM Ui M3yde-
HUS TUCHMITIHMHBI « PHU3HKa MMOIYPOBOAHUKOBBIX MPHUOOPOBY, KOTOPHIE YUTAIOTCS MapauIeIbHO MU
HO3Ke.

JlaHHas QUCLUMIUIMHA NpU3BaHa BbIPAOOTAaTh MPO(QECCHOHAIbHbIE KOMIIETEHIUH, CBA3aHHBIE CO
CIOCOOHOCTBIO MCITOJIB30BaTh TCOPETUUECKUE 3HaHMsI B 00J1acTh 001Iel (pu3nku, KBaHTOBOM MEXaHU-
K{, TEOPETUYECKON (PM3MKHU, AaTOMHOW (PU3MKH, CTATUCTUYECKON (U3MKU Ul pEelIeHUs] KOHKPETHBIX
NPaKTUYECKUX 3a/1a4 Ha puMepe (PU3HKH HAaHOCHUCTEM.




MarucTpaHTbl, U3y4aroliye JaHHYIO AUCIUILTHHY, JOJDKHBI UMETh CBEICHHUA U 0a30BbIC 3HAHUS O
CTPYKTYpE KPUCTAJUIMYECKUX CHCTEM, TUIAX CBSA3M aTOMOB B KOHJCHCHPOBAHHBIX CpellaX, CTPOCHUU
aTOMOB M MOJIEKYJI B 00beMe 3HAaHMW Kypca oOIei (u3nKu, KBAaHTOBOW MEXaHUKH, CTATUCTUYECKUX
3aKOHAX paCIpeesICHNs, 3aKOHAX COXPAHEHHs YHEPrHH, UMIyJIbca U MOMEHTAa MMIYJbCA, OCHOBAX
KBAaHTOBOT'O OMMCAHUSI YaCTHII.

JlaHHast TUCHUIUIMHA SABJSiETCS 0a30BOM Al M3Y4YEHUS AUCHMIUIMH. «Du3uKa MOIynpoBOIHH-
KOBY», «DPHU3MKa MOITYIPOBOJHUKOBBIX TIPUOOPOBY», «OCHOBBI PEHTTEHOCTPYKTYPHOTO aHAIHU3a»

B tabn. 2.1, 2.2 npuBeneHsl Ha3BaHUS NPEIMETOB M Pa3zeiioB, KOTOPbIE HEOOXOIUMO YCBOUTh
JUIS U3y4deHus quctuIuinabl « Hanocucremsl. MeTo bl OTyYeHUs. U CBOMCTBAY.

CBsi3b TUCHUIJIMHBI ¢ MPeAMECTBYIMMH THCHUIITTHHAMEA
U CPOKHU MX M3Y4YeHUs
Tao6auna 2.1

JIMCIMITIMHBL, IpeIecTByoIHe aucuuminie «Hanocucremsl. MeToibl MOTy4eHUs U
CBOMCTBa»

1 | By3oBckuii kypc Gusuku

TepmonuHaMuKa KOHJICHCUPOBAHHBIX CPEJl

3 | OcHOBBI PU3UKO-XMMHYECKOTI'O aHAIN3a

N

Cas3b qucuumnnbl «Hanocucrembl. MeToabl MOJIy4eHHsI U CBOCTBA» CO CMEKHBI-
MM JUCHHUILIMHAMHA

Tamauua 2.2
JucuumimHa Paznensl, 3HaHKE KOTOPBIX HEOOXOIUMO IIPU U3yUEHUN
JUCITUITIIMNHBI
®duznka OcHOBHBIE NOCTYJAaThl M IOJIOKEHUS KBAHTOBOW TEOPHUH; TYHHEIBHBIN
KOHJEHCUPOBAHHOTO | 3P QEKT; CTpOCHHE aToMa U CBSI3b C MIEPUOINYECKON CHCTEMOMN FIIEMEHTOB
COCTOSIHUS Menzeneesa; BBICOKOTEMIIEpATYpHasi CBEPXIPOBOJMMOCTb M IPOCTEM-
1IME YCTPOMCTBA HA €€ OCHOBE
dusnyeckue OcCHOBBI (PM3HMKH BaKyyMa, TeNla; IPUHIUIBI K METO/Ibl €T0 MOJTyYeHHS.

OCHOBBI BaKyyMa

Teopernueckrue OCHOBBI (PU3MKU MOJIYNPOBOJHUKOB, KBAHTOBBIE OOBSC-

®dusnka HEHHs BCEX IIPOLIECCOB MPOUCXOIAIIUX B HUX IIPU BHEIIHUX BO3CUCTBU-
MOJyIPOBOJIHUKOB | AX. Knmaccudukaius TBepAbIX T HAa METaJIbl, MOJIYIPOBOJHUKU U -
JJIEKTPUKH; OCHOBHBIE DJIEKTPUUYECKHUE, MATHUTHBIE U ONTHUYECKUE CBOM-
CTBAa TBEPABIX TEJI, MEXaHU3MBI IPOTEKAHUS TOKAKO

OcHOBBI HU3HKO- MeTo/ibl SKCITEPUMEHTATIBLHOTO TTOJYUYECHHS U HCCIIEI0BAaHUS NTapaMeTpPOB
XUMHYECKOTO U XapaKTEPUCTUK MATEPHAIIOB, TBEPAOTEIBHOM, HAHOAJIEKTPOHUKH. Tex-
aHaiansa HOJIOTHSI WU3TOTOBJICHUS 3JIEMEHTOB JJICKTPOHHOM TEeXHHKUA. OCHOBHBIE

TCHACHI WU PAa3BUTUA SHCKTpOHHOﬁ KOMIIOHEHTHOM 0a3bl

3. PE3YJIbTATBI OCBOEHUA AUCHUIIJIMHBI <HAHOCUCTEMbI. METOABI I10-
JIYUEHUS U CBOMCTBA»

[Tponiecc n3ydeHus: AUCIMILTAHBI HAMIPaBJIeH HA (OPMUPOBAHUE DIIEMEHTOB CIEAYIOIIUX KOMIIE-
teH1ui B cootBeTcTBUM ¢ PI'OC BO 1o jaHHOMY HalpaBJICHUIO:

Kon HanmeHoBaHMe KOMIIETEH- HNuauxaTop pocruxe- B pesyabTare ocBOeHUsA
KoMIIe- 107071 HHUS KOMIIETeHIHHU AUCHHUILIMHBI 00y4ar0-
TeHINH muica T0JKeH




YK-2 Pazpabotka u peanuzanus CriocobeH npuMeHsTh MK onki.
MIPOEKTOB byHIaMeHTaTbHBIC 3HA- 3HaeT TEOPUIO U OCHOBHBIC
HUS B 0071acTu (PU3UKU 3aKOHBI B 00JIACTH €CTe-
JUISL pEIICHUS] HAyYHO- CTBEHHOHAYYHBIX JTUCIIH-
HCCIICA0BATCILCKUX 3a- IUINH
a4, a TakKe BIAJCTh WK onki-2.
OCHOBAaMM IICJIarOTHKH, ‘VYMeeT UCIoIb30BaTh €CTe-
HEOOXOIUMBIMH JJIS CTBEHHO-HAYYHBIE 3HAHUS
OCYILECTBIICHUS [IPETIO- | MIPH OOBACHCHUHU IKCIICPH-
JIaBaTeNILCKOM JaesITeb- MEHTOB, pelIeHust mpodec-
HOCTH; CHOHAJILHBIX 3a]1a4.
NJK oriki-3.
Bnaneer ocHoBamu negaro-
TUKH, HCOOXOUMBIMHM JIJIsI
OCYIIIECTBIICHHUS Mpeno/ia-
BaTEILCKOM ACATSIBHOCTH U
paboThl B HAYYHBIX TPYII-
max.
InK-1 Cnocobnoctb camoctositensHo | ITK-1.1. 3HaeT ocHOBHBIE | Bianeer HaBbikamu OpaTh

CTaBUTb KOHKPETHBIE 3a/1a41
Hay4HbIX UCCIIEIOBaHUI B 00-
JacTh (PU3UKU U peuIaTh Ux C
IIOMOLIBIO COBPEMEHHOM ara-
parypbl 1 THPOPMALTMOHHBIX
TEXHOJIOTUH C UCIIOJIb30BAHU-
€M HOBEHIIEr0 OTEYECTBEHHO-
r'0 ¥ 3apyO0eXHOT0 OMbITa

CTpaTEeTUH UCCIIEI0Ba-
HUH B BBIOpaHHOM 00J1a-
CTH (DU3HUKH, KPUTEPHUU
a¢hpexTUBHOCTH, Orpa-

HUYCHUA TPUMCHUMOCTH.

IIK-1.2. YmeerT BbIIE-
JISITh U CUCTEMAaTU3UPO-
BaTh OCHOBHBIC IIEI1 HC-
ClIeI0BaHMi B BBIOpaH-
HOM o0nacT pu3mkH,
W3BJIEKATh HH(OpMAIHIO
13 pa3InYHbIX UCTOYHU-
KOB, BKJIIOUasi IEPUOIU-
YECKYIO IeyaTh U JJIeK-
TPOHHBIE KOMMYHHUKa-
WU, TIPEJICTABIATH €€ B
MOHITHOM BUJE U (-
(EeKTHBHO UCTOIb30BaTh.
I1IK-1.3. Bnaneer HaBbI-
KaMU aHaAJIMTHYSCKOU
nepepaboTku HHPopMa-
[IAU, TTPOBEICHUSI HCCIIe-
JOBaHUHU C IOMOIIBIO
COBPEMEHHOM amnmnapary-
pBI 1 HTHGOPMAITMOHHBIX
TEXHOJIOTHH, 00001IeHNs
Y TIPE/ICTABIICHUS pe-
3yJIBTATOB, TIOTYYECHHBIX
B I[IPOIIECCE pELIEHUs 3a-
J1ad UCCIICIOBAHUS

OTBETCTBEHHOCTh 3@ MOCIIC/I-
CTBUS CBOUX PELICHUH, Ka-
caromuxcs npodeccruoHalb-
HOU eSITeIbHOCTH

YMeeT NpuHUMATh PEIICHHS
B c(epe cBoeit mpo-
(beccuoHanbHOMN IeATeIbHO-
CTH, BBICKA3bIBaTh, 000CHO-
BBIBaTh U OTCTAUBATh CBOIO
MO3HIIMIO TI0 BOIIPOCaM, Ka-
carormmMcs rpogdeccuo-
HaJIbHOM J1eITeTbHOCTH.
CrnocoOHOCTh MPUMEHSATH Ha
MPaKTUKE YMEHHSI U HABBIKU
B OpraHu3alliy KUCCIIeI0Ba-
TEJIbCKUX U TIPOCKTHBIX pa-
00T, CIT0COOEH CaMOCTOS-
TEJIBHO OPraHU30BBIBATH
MPOBOJUTH HAYYHBIC UCCIIC-
JIOBAaHUS M BHEJIPSTH UX Pe-
3yJIbTaThl B KAYECTBE YICHA
WJIN PYKOBOMTEIS MAJIOTO
KOJIJICKTHBA




[1K-2

CriocoOHOCTh TIAHUPOBATH U
OpPraHHU30BBIBATH (DU3HUCCKUC
WCCJIeIOBAHMSI, HAyYHBIE Ce-
MUHapPbl ¥ KOH(PEPEHIUU U Be-
CTH MPENoJIaBaHue 1O JIOTOJI-
HUTEIBHBIM 0011e00pa3oBa-
TEJBHBIM IIPOTpaMMamM

MK k2.1

Hmeer HaBEBIKU BiIaje-
HUA HEOOXOIUMOI UH-
dbopmariueit u3 coBpe-
MEHHBIX OT€YECTBEHHBIX
U 3apyOe)KHBIX UCTOYHU-
KOB B M30paHHOi1 007a-
CTH HCCIIEeIOBAaHUS; Blla-
JCHUS METOAUKOH ILIa-
HUPOBAHUSA U Pa3pabOTKU
HAYYHOT'O SKCIIEPHMEHTA,
MIPOBEJICHUS HAYYHOTO
HKCIEPUMEHTA; METO/1a-
MU MOJICIIUPOBAHHUSI pa3-
JMYHBIX (PU3HUECKUX CH-
Tyaluii; BIaJeHHs co-
BPEMEHHBIMU TTPUKIA]I-
HBIMH [IPOTPAMMAaMU IS
U3y4eHUs] 00bEKTa HAYY-
HOT'O MCCIIEIOBAHUS;
BJIAJICHHSI METOJIAMH Pa-
OOTBI B Pa3IMYHBIX OIlE-
PaLMOHHBIX CHCTEMaX, C
Hay4YHBIMH 0a3aMu JaH-
HBIX.

NJIK k2.2

Bnaneer naBrikamu a0-
CTPaKTHO MBICIHUTh, aHa-
JU3UPOBATH, CHHTE3UPO-
BaTh MOJIy4aeMyIO UH-
(dhopmarinio; HaBbIKaMu
JieNaTh 3aKII0UeHUs U
BBIBOJIbI; HABBIKAMH U
METOAaMHU TOCTPOCHHUS
buznyeckux Mozene Ha
OCHOBE ITPOBEECHHBIX
WCCIIETOBAHUH U TIONTY-
YEeHHOW MH(pOpMaLUH.
NJIK k23
3HaeT crocoObl OpraHu-
3alli¥ HAyYHBIX CEMUHA-
POB U KOH(epeHui,
yMeeT TUIaHUPOBATh U
OpraHU30BBIBATH HAYY-
HbIE CEMUHapbI U KOH(pe-
PEHILIUH.

CrniocoOeH kK abCTpakTHOMY
MBIIICHUIO, aHATU3Y, CHHTE-
3y; TOTOB K CAMOPa3BUTHIO,
camMopean3aluu, UCTIOb30-
BaHHUIO TBOPYECKOTO MOTEHIIU-
aJa Juisi peeHus 3a1a4 mpo-
(heccroHANBHON ACATEIILHO-
CTH; CIIOCOOEH HCIIOIL30BaTh B
po(eCcCUOHATBHOM JIesATeNb-
HOCTH yTITyOJieHHBIE yHIa-
MEHTAaIbHbIC 3HAHHS, TTOJTY-
YCHHBIC B 00J1aCTH (DU3HKH.

4. CTPYKTYPA JUCHUITVIMHBI

4.1. CTpyKTypa JTUCHUNIHHBI (MOIYJISA)

OO0m1as TpyJ0€MKOCTh JUCIUIUIMHBI COCTABISIET 6 3a4eTHBIX enuHmI, 216  dacos.




Taoauma 4.1
Bup! yaeOHoI paboThI Bcero gac/3au. en.
KonTakTHas padora (Bcero) 88/2.4
Jlexumu (JT) 54/1,5
[Mpaktuueckue 3austus (I13) 34/0,9
CamocrosiTejibHasi padoTa (Bcero) 101/2,8
KypcoBas pabora, moAroroBka K NpakTHYECKUM
3aHATUAM
KoHTpoib caMocTosATENbHON pabOThI 27
Bun otuetHocTH JK3aMEH
OO0masi Tpy10éMKOCTh 216/6
4.2. Conep:xaHue QTUCUMILINHBI
Taoauma 5.1
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Moayasb 1. BBenenue. UcTopusi pa3BUTHSI HAHOTEXHOJIOTHH. 4 3 5
[IpuopuTeTHBIE HATIPABJIEHNSI HAHOTEXHOJOTHH. OCHOBHBIE
HAy4YHbIe TEPMHHBI H ONPe/ieJIeHHs
Tewma 1.1. TloHsiTHE HAHOTEXHOJIOTHUH 16 18 |44

Tema 1.2. Pa3eurne HanorexsHoznoruil. [Ipuopurernsie Hanpasie-
HUSl HAHOTEXHOJIOTMH. Pa3HOBUIHOCTH HAHOMATEPHAJIOB: KOHCO-
JUAMPOBaHHbIE HAHOMATEPHAJIbl, HAHOIIOJIYIIPOBOJHHUKH, HAHOIIO-
JUMEpbl, HaHOOMOMaTepuabl, QpyJuiepeHsl U TyOyIsipHbIE HAHO-
CTPYKTYPBbI, KaTaJIn3aTOPbl, HAHOIIOPUCTHIE MATEPHAJIBI U CYTIPaMO-
JIeKyJIsIpHbIe CTPYKTYpbl. Hanouactuisl (Hanomopomiku). Hayka o
MaJIopa3MepHBIX 00beKTax (nanoscience).

Tema 1.3. EcTecTBeHHBIE I'PaHMIIBI PA3BUTHS CYIIECTBYIOIICH
MHUKPO3JIEKTPOHUKHU. KBaHTOBBIE SIMbI, MPOBOJIOKHU M TOYKH.

Tema 1.4. Co3ganne HAHOOOBEKTOB 110 MPUHIIUIIAM «CBEPXY —
BHU3)» U «CHN3Y — BBEpX». PAHTACTUYECKHE BO3MOKHOCTH HAHO-
TexHOJI0TuU. OCHOBHBIC HAYYHbIC TEPMUHBI U ONIpeIeICHUS (HaHO-
MaTrepHualibl, HAHOTEXHOJIOTUsl, HAHOAUATHOCTUKA, HAHOCUCTEMO-
TexHHKa). PyHaaMeHTaIbHbIE MPOOIEMbI HHIYCTPUH HAHOCHCTEM.

Monayab 2. HaHOTeXHOJI0THH «CBePXYy — BHU3»

Tewma 2.1. @opMupoBaHHEe TBEPAOTEIBHBIX HAHOKIACTEPOB. TBEp-
JIOTEJIbHBIE XUMUYECKHUE PEAKLIUH.

Tema 2.2. MexaHOXMMHYECKHE MPEeBpaIIeHUs. Y JapHO- BOJIHOBOU
cuHTe3. HanocTpykryprupoBanue 1o JeHCTBUEM JIaBIICHUS CO
casurom. HanocTpykTyprupoBaHnue ImyTeM KpACTaJUIN3alnuN
amop(HBIX CTpYKTYp. KommakTiupoBanue (KOHCONMMIANNS) HAHO-
KJIACTEPOB




Monayab 3. OCHOBBI HAHOTEXHOJIOTHH KOHCOJIMIUPOBAHHBIX
MaTepuaioB

Tema 3.1. [TopouikoBbie TexHoMoruu. KoHieHcanoHHbII METOT
(meTox I'meiitepa). BeicokoaHepreTuueckoe u3MelbyeHne. Mexa-
HOXHMUYCCKHI cuHTe3. I1nasMoxumuueckuii cuate3. CuHTE3 B
YCJIOBUSIX YJIBTPa3BYKOBOT'O BO3JICUCTBUS. DIECKTPUUYECKUMN B3PbHIB
MPOBOJIOYEK. METO IbI KOHCOMUIAIUMHU. DIEKTPOPA3PSIAHOE CIIeKa-
nue. MaTeHcuBHas miactudeckas aedopmarus (KpydeHHe 01 BbI-
COKHM JIaBJICHHEM, pPAaBHOKAHAJIbHOE YIIIOBOE MPECCOBAHME).

Tema 3.2. K oHTposMpyeMast KpUCTAILIM3AIHS K3 aMOP(HHOTO CO-

crostHus. TexHonorus HaHOCTPYKTYPHUPOBAHHBIX INICHOK H ITIOKPbI-
THH. TCPMHUYCCKOC UCITAPCHUC, HOHHOC OCAXKJACHUC, OCAXKIACHUC U3
ra3oBoOM (baBBI, HUMITYJIbCHOC DJICKTPOOCAKACHUEC, Ta30TCPMHUICCKOC
HAIlbUICHUEC, TCPMHUYCCKOC PA3JIOKCHUC.

Tema 3.3. OCHOBBI HAHOTEXHOJIOT'MH MOJYIPOBOJHUKOBBIX MaTe-
puasioB. MoJieKkyJIsipHOJIyYeBas 3MUTaKCus. MeXaHu3Mbl pocTa
HaHorieHOK 1o Ponbpmepy- Bebepy, @panky- Ban nep Mepae,
KpacranoBy- Ctpanckomy. Metonst CVD u PCVD. Texuomorus
MOJIYYEHUS TOJIYIPOBOIHUKOBBIX KBAHTOBBIX TOUYEK.

Tema 3.4. OCHOBBI TEXHOJIOTHH MTOJIMMEPHBIX, IIOPUCTHIX, TPyOUa-
TBIX U OMOJIOTMYECKUX HaHOMaTepuanoB. [ MOpuHbIe U cynpamo-
JICKYJISIpHBbIC MaTepualibl. HaHomopucThie MaTepuaibl (MOJICKYIISp-
Hble cuta). TpyOuarsie HaHOMaTepHabl. [lonMMepHbIe HAHOMATE-
puanbsl. HanomaTepuassl, HOJIy4yeHHbIE METOJOM CaMOCOOPKH.

Moay.b 4. OCHOBHBIE MeTObI CO3AAHUA HAHOCTPYKTYP

Tema 4.1. OcHOBHBIE METO/IBI CO3/ITaHUS HAHOCTPYKTYP: DJIEKTPO-
HONUTOTpa(us 1 HAHOUMIIPUHTHHT, JIOKAJIbHS SMUTAKCUS U ATIH-
TaKCHs MOBEPXHOCTHO HAIPSKEHHBIX CTPYKTYp, caMopopMUpoBa-
HHE U CHHTE3 B MaTpUIax (TeMIUTATHBIH CUHTE3), 30HI0BBIE METO-
JIbl TUTOTpaduu.

Tema 4.2. MeTo1 IOKaJIbHOTO 30HAOBOTO OKHUCICHUS. DUZNKO- XH-
MHUYCCKHMEC OCHOBBI METOAA JIOKAJIbHOI'O 30HAOBOI'O OKHMCJICHU.
OCcoOEHHOCTH CO3aaHUA SJICKTPOIIPOBOAAIINX 30HOB.

Tewma 4.3. Kunetuka mpoiiecca JOKaJIbHOTO 30HI0BOTO0 OKHCIICHUS
MOJIYIIPOBOJIHUKOB M CBEPXTOHKUX METAJUNIMYECKHX IJIEHOK. MeTon
bopMHUpPOBaHUS TUAIIEKTPUICCKON TUICHKH, MOAYJTUPOBAHHOM 10
tonuHe. Mcronp30Banne METOAa JIOKAJIbHOTO 30HI0BOI'0 OKHCIIC-
HUA 1J11 CO3daHUA HaHOCTp}IKTyp 1 DJICMCHTOB HaHOSJ'IeKTPOHI/IKI/I.

Moayab 5. Oco0eHHOCTH HAHOCTPYKTYPbI HAHOMATEPHAJIOB

Tema 5.1. O6mas xapakrepuctuka. Kinaccuduxanus KoHCOIUAN-
POBAHHBIX HAHOMATEPHUAJIOB IO COCTABY, paclpe/ieeHUI0 U popme
CTPYKTYPHBIX COCTaBJISIONINX.

Tema 5.2. 3epHa, CJIOH, BKIIFOUCHUA U TTOPBI B KOHCOJIMIUPOBAHHBIX
HaHOMATCpHaIax.

Tema 5.3. [ledekTsl, MOBEPXHOCTHU pa3zeiia, MOrpaHUIHbIE Cerpe-
raiuu. Pakrop [ebas— Yomiepa.

Tema 5.4. CTpyKTypa HOJIMMEPHBIX, OMOIOTUYECKUX U YTIIEPOIAHBIX
HaHOMaTepHasioB. HanononuMmepHblie, cynpaMoseKysipHble, HAaHO-
OMOJIOTHYECKHE U HAHOTIOPUCTBIE CTPYKTYpbl. OCHOBHBIE THIIBI
MaKpPOMOJICKYIAPHOM apXUTeKTypbl. TemmiaTs! (mabiousr). Cy-
IPaMOJICKYJISIpHbIE CTPYKTYphl. TyOyIIsipHBIC U JTYKOBHYHBIE




cTpykTyphl. [Ipormecchl caMOCOOpKH.

Monayab 6. ®usnveckne cBoiicTBa HaHOMAaTepuaJoB. Pazmep- 11
Hble 3 PeKThI.

Tema 6.1. BBenenue. OCHOBHBIE OCOOSHHOCTH TIPOSIBJICHHSI pa3-
MepHbIX 3(h()eKTOB B HAaHOMAaTepHaliax. DIEKTPOHHOE CTPOCHHE
HaHomarepHuanoB. KBaHToBbIe 3 (EKTHI.

Tema 6.2. ®a3oBble paBHOBECHS U TEPMOJIMHAMUKA HAHOMAaTepHa-
JIOB.

Tema 6.3. DOHOHHBIN CIIEKTP M TETUIOBBIE CBOMCTBA HAHOMATEpHa-
JIOB.

Tewma 6.4. [IpoBOIUMOCTD, ONTHYECKHE XaPAKTEPUCTHKH, JUDJICK-
TpUYeCKas MPOHUIIAEMOCTh U TEINIONPOBOIHOCTh HAHOMATEPUAJIOB.

Tema 6.5. [lepkonsimoHHas MPOBOJIUMOCTS U TUTA3MEHHBIN Pe30-
HaHC B HAHOMAaTepHaIoax.

Tema 6.6. CTpyKkTypa, SJIeKTPUUECKHE U ONITHIECKUE CBOWCTBA
IUICHOK aMOP(HHOTO aIMa30Io[00HOT0 YIIepo/a, COAEPKAIINX Ha-
HOKJIacTepsl cepedpa (a-C:H<Ag>).

Tema 6.7. CTpyKTypa, dJ€KTPUUECKHUE U ONITUYECKUE CBOWCTBA
amopdubix wieHok XCII, noaydeHHbIX pa3HbIMU MeToamu. HaHo-
rerepoMoppu3M aMop(HBIX CTPYKTYP.

Tema 6.8. MaruuTHbIE CBOICTBA HAHOMATEPHAIIOB. THAMArHETUKH,
napamMarHeTHkH, heppoMarHeTuku, atudeppoMarneTukuu, peppu-
MarHeTuku u ¢pepputsl. CynepnapaMarHuTHOE COCTOsIHHE. MarHu-
TOKAJIOPUUECKHH YPDEKT.

Tema 6.9. Mexannveckre CBOWCTBA HAHOCTPYKTYPHBIX MaTepHra-
noB. [Tonsyuects. BsiskocTs (BHyTpeHHee Tpenue). Heynpyrocts.
TBepaoCTh, MPOYHOCTH, IUIACTUYHOCTD, YIIPYTHE XapaKTEPUCTUKH
HaHOMAaTEPHUAJIOB.

Tema 6.10. TeopeTndeckoe pacCMOTPEHHE MEXaHU3MOB Jiehopma-
IIMU HaHOMaTepuasioB. OCHOBHBIE PE3YIbTATHI.

Tema 6.11. CrabunbHOCTh HAHOCTPYKTYp. Poct 3epen. quddysus.
OO01ue 3aKOHOMEPHOCTH, POCTa 3epeH (PeKPUCTATH3AINH) B
HaHoMaTepHuayiax. Peakimonnas cnocooHocTh. Katanms.

Moayasb 7. [IpuMeHeHre HAHOMATEPUAJIOB 4

Tema 7.1. Beenenue. IlpuMeHeHrne KOHCTPYKIIMOHHBIX, HHCTPY-
MEHTaJIbHBIX U TPHOOTEXHUYECKHX HaHOMaTepuaioB. [Ipumenenue
MTOPHUCTBIX HAHOMATEPHUAJIOB U HAHOMATEPUAJIOB CO CIIEIUAIBHBIMU
($U3UKO- XMMUYECKHMU CBOHCTBAMH.

Utoro 54 34 101 | 216

IIpakTuyeckue 3aHATHS

Taoauma 5.2

Ne Homep | HamMeHoBaHuHe pa3jiesia M TeMbl U CHHUIIIMHbI
n/m | JeKnumn

1 2 3

MOJYJIb 1. Beenenne. Uctopusi pasputust HaHorexHosaornu. Ilpuopu-
TeTHbIe HANIPABJICHNS] HAHOTEeXHOJIOrHH. OCHOBHbIE HAy4YHbIe
TePMHHBI U ONpee/IeHus!

Tema 1.1. IloHaTHE HAHOTEXHOIOTUN

Tema 1.2. PazBurtue HanoTexHosnoruil. [IpuoputeTHble HanpaBiIeHHs] HAHOTEX-




HOJIOTHH. Pa3HOBI/II[HOCTI/I HaHOMaTepI/IaHOB: KOHCOJIMAUPOBAHHBIC HAHOMATC-
pHAITBI, HAHOTIOIYIIPOBOHUKH, HAHOIIOJIMMEPHI, HAHOOHOMaTepuabl, (hyJuie-
pEHBI U TYOYJIsIpHBIE HAHOCTPYKTYPBI, KaTaIU3aTOPhl, HAHOIIOPHCTHIE MaTePH-
aJlbl M CYTPaMoJIeKyJISIpHBIE CTPYKTYphl. HaHouacTHisl (HAHOIOPOIIIKH).
Hayka o Manopa3mepHbix 00bekTax (nanoscience).

Tema 1.3. EcTecTBeHHBIE I'paHUIIBI PA3BUTHS CYIIECTBYIOIIEH MUKPOIIIEKTPO-
HUKH. KBaHTOBBIE SIMBI, IPOBOJIOKH U TOYKHU.

Tema 1.4. Coznanne HAHOOOBEKTOB TIO IPUHIIAIIAM «CBEPXY — BHU3» U «CHHU3Y
— BBepx». PaHTaCTHUECKHE BOZMOKHOCTH HAHOTEXHOIOrHH. OCHOBHBIC HAYyY-
HbIC TEPMHHBI U OTIpe/ieieHus (HaHOMaTepUalbl, HAHOTEXHOJIOTHS, HAHO 1A~
THOCTHKA, HAHOCHCTEMOTEXHUKa). DyHIaMeHTa IbHbIE MPOOJIEMbI HHIYCTPUN
HAaHOCHUCTEM.

Monayab 2. HaHOTEeXHOJIOTHH «CBEPXY — BHU3»

Tema 2.1. ®opMupoBaHUEe TBEPIOTENbHBIX HAHOKJIACTEPOB. TBEPIOTENBHBIC
XUMHUYECKHE PEaKIINH.

MO)IyJIL 3. OCHOBBI HAHOTEXHOJIOTHH KOHCOJIUIMPOBAHHBIX MaTE€pHUaJIOB

Tema 3.1. ITopomkoBsie TexHOMOTHK. KoHIeHcannonublii Mmetox (Metox Ineii-
Tepa). BeICOKOBHEpreTHUeCKoe 3MeNbucHHE. MeXaHOXHUMUYECKHI CHHTES.
[Mnazmoxumuyeckuii cunte3. CUHTE3 B YCIOBUAX YJIBTPA3BYKOBOTO BO3/IEH-
CTBUS. DJIEKTPUUYECKUH B3PBIB IPOBOJIOYEK. MeTO1bl KOHCOIMAAIUHU. DIICK-
TpopaspsaHoe criekanue. HTeHCcuBHAs miacTudeckas Aedopmaius (KpyueHue
110/ BEICOKHMM JaBJICHHEM, PABHOKAHAILHOE YIIIOBOE MPECCOBAHME).

Tema 3.3. OCHOBBI HAHOTEXHOJIOT'MH MTOJIYIIPOBOAHUKOBBIX MaTepranoB. Mo-
JEKYJISIPHOJTyYeBas ANUTaKcusl. MeXaHU3MbI pOcTa HaHOIUIEHOK 1o donbmepy-
BebGepy, @panky- Ban nep Mepse, KpacranoBy- Ctpanckomy. Meronst CVD u
PCVD. TexHosiorusi NOJIy4€HUs MOJTYIPOBOJHUKOBBIX KBAHTOBBIX TOUEK.

Mopnyasb 4. OcHOBHBIE METO/IbI CO3IAHNS HAHOCTPYKTYP

Tema 4.1. OcHOBHBIE METO/IBI CO3/JaHUSI HAHOCTPYKTYP: MIEKTPOHOIUTOIpa-
¢busi 1 HAHOUMIIPUHTHUHT, JOKAJIbHS SMUTAKCHUS U SITUTAKCUS TOBEPXHOCTHO
HAIPSHKEHHBIX CTPYKTYP, caMO(POPMHUPOBAHUE U CHHTE3 B MaTpUIax (TeMm-
TUIATHBIA CHHTE3), 30HI0BBIC METO/IbI JTUTOTPAdHH.

Moay.ab 5. Oco6eHHOCTH HAHOCTPYKTYPbI HAHOMATEePHAJIOB

Tema 5.1. Obmas xapakrepuctuka. Kinaccugukanmsi KOHCOINIUPOBAHHBIX
HaHOMAaTepHaJIOB [0 COCTaBY, PacIpeaesIeHUI0 U (hopMe CTPYKTYpPHBIX COCTaB-
JISTFOTIIHX .

Tema 5.2. 3epHa, cJ10H, BKIIOUEHHS U TIOPBI B KOHCOJIMINPOBAaHHBIX HAHOMATE-
pHuaax.

Tema 5.3. [ledexTsl, MOBEPXHOCTH pa3jesa, HorpaHuuHble cerperauu. dak-
top Jlebas— Yomnepa.

Tema 5.4. CTpyKTypa NOJMMEPHBIX, OMOJIOTHYECKUX U YTIIEPOJHBIX HAHOMA-
tepuanoB. HanononumepHsble, cynpaMolieKyIsipHble, HAHOOUOJIOTHYECKUEe U
HAHOIIOPUCTHIE CTPYKTYpbl. OCHOBHBIE TUIIBI MAKPOMOJIEKYJISIPHON apXUTEK-
Typbl. Temrutatsl (11adnonsr). CynpamoieKysipHbie CTPYKTYpbl. TyOynsipHbie
U JIYKOBUYHBIE CTPYKTYpHL. IIporecchl caMocOopKH.

Monayas 6. ®u3nyeckne CBOCTBAa HaHOMaTepuaaoB. PazmepHbie 3¢ dek-
TBI.

Tema 6.1. BBenenue. OCHOBHBIE OCOOEHHOCTH TIPOSIBIICHUS pa3MEPHBIX (-
¢dexToB B HaHOMaTepuaaax. DJIEKTPOHHOE CTpOeHUEe HaHOMaTepuainoB. Kan-
TOBBIE () (PEKTHI.

Tema 6.2. ®a30Bbic paBHOBECHS U TEPMOJIMHAMUKA HAHOMATEPHUAJIOB.




Tema 6.3. @OHOHHBI CHEKTP U TEIUIOBBIE CBOMCTBA HAHOMATEPHAJIOB.

Tewma 6.4. [IpoBOIMMOCTD, ONTHYECKHE XaPAKTEPUCTHKH, JUIICKTpUISCKAs
HpOHI/II_[aeMOCTL nu TGHHOHpOBOI{HOCTB HaHOMaTepI/IaJIOB.

Tewma 6.5. [lepkonsiinoHHas MPOBOIUMOCTD U TJIA3MEHHBIN PE30HAHC B HAHO-
MaTepuaioax.

Tewma 6.6. CTpyKTypa, JIEKTPUUECKHUE U ONITUYECKUE CBOWCTBA IJICHOK
aMOp(HOTo aaMa3onog00HOr0 yIiaepoia, CoIepKalluX HaHOKIIACTepsl cepedpa
(a-C:H<Ag>).

Tema 6.7. CTpyKTypa, SIEKTPUIESCKHE U ONITUYECKUE CBOMCTBAa aMOP(HBIX
mieHok XCII, momydeHHbIX pasHbIMU MeToAamMu. Hanorerepomopduszm

aMOP(HBIX CTPYKTYD.

Tema 6.8. MaruuTHbIe CBOMCTBA HAHOMATEPHAJIOB. JAMarHETUKH, ITapaMar-
HETUKH, PeppOMarHeTHKH, aTu(HeppoOMarHeTUKIH, GeppUMarHeTUKu 1 Gpeppu-
Tl. CynepnapamMarHuTHOe cocTosiHue. MaraHuTokanopuaeckuii 3 dekr.

Tema 6.9. Mexanuueckre CBOICTBa HAHOCTPYKTYPHBIX MaTepuanos. [Tomsy-
4ecTh. Bszkocts (BHyTpeHHee Tpenue). Heynpyrocts. TBeprnocTh, MpOYHOCTS,
IUIACTUYHOCTD, YIIPYTUE XapAKTEPUCTUKA HAHOMATEPHAJIOB.

Tema 6.10. TeopeTndeckoe pacCMOTPEHUE MEXaHU3MOB JiehopMaIii HAaHOMa-
TepuanioB. OCHOBHBIE PE3yJIbTATHI.

Tema 6.11. CtaOmIbHOCTh HAHOCTPYKTYP. Poct 3epen. Juddysus. Odmue 3a-
KOHOMEPHOCTH, POCTa 3epeH (PEKPUCTAUTU3AIMN) B HAHOMaTepHrasax. Peak-
[UOHHAaA crocoOHocTh. Karanns.

Mopayas 7. [IpuMeHeHre HAHOMATEPHUAJIOB

Tema 7.1. Beenenue. IlpuMeHeHrne KOHCTPYKLIMOHHBIX, HHCTPYMEHTAJIBHBIX U
TpUOOTEXHUYECKUX HaHOMaTepuasioB. [IpuMeHeHne mopucThIX HaHOMaTepHa-
JIOB U HAHOMATEPHAJIOB CO CHEIHATbHBIMU (PU3UKO- XUMUYECKHMH CBONCTBA-

MH.

5. Oo6pa3oBarejibHbIE TEXHOJIOTHHI

Ner.m. | Tema nporpammel quctuIuinebl | [IpuMeHsieMble TEXHOJIOTUU Kon-Bo
ayJIuT.
4acoB

1 Beenenue. Vcropuss pa3BHTHSA | KJIIACCUYECKOE TPATUITMOHHOE; JICKIIHOH- 10
HAaHOTEXHOJIOTHH. HOE 00y4CHHE

2 [IpuoputerHbie HAMpaBlIEHUs | KIIACCHYECKOe TPAIUIIMOHHOE; JIEKIIMOH- 12
HAHOTEXHOJIOTHH. OcHOBHEBIE | HOE 00yUYeHHUEe, HATJISAHBIC, TPOTPAMMHUPO-
HAy4YHBIE TEPMUHBI U OMpEJeie- | BAHHbBIE
HUS

3 OCHOBBI HAHOTEXHOJIOTUH KOH- | KIIACCUYECKOE TPATUIIMOHHOE; JIEKIIMOH- 12
COJIMAMPOBAHHBIX MaTepUAJIOB HOe 00ydeHue, BepOaabHbIe (aya1o)

4 OCHOBHBIE METOIbI CO3TAHMS KJIACCHMYECKOe TPAIUIIMOHHOE; JIEKIIHOH- 12
HaHOCTPYKTYP. HOC 06yquI/Ie, HarjisiIHbIC, IIpOTrpaMMHUpPO-

BaHHBIC

5) Oco0eHHOCTH HAHOCTPYKTYPBI KJIACCHYECKOe TPAAWIIMOHHOE; JIEKIIMOH- 13
HAHOMATEPHAJIOB HOE 00y4YeHHe, CaMOCTOsITeIbHas paboTa

6 Ou3nyecKkue CBONCTBA HAHOMA- | KJIIACCUYECKOE TPATUIIMOHHOE; JICKIIHOH- 14
tepuanoB. Pa3mepHbie 3pdekTrl. | HOe 00yUeHue, caMo00yUeHHE




IIpuMeHeHre HaHOMAaTEPUAJIOB

KJIACCUYECKOE TPAJAULIMOHHOE;
HOE O0y4YeHHE, TUCTAHIIMOHHBIC

JICKIIUOH-

15

6. Y4eOHO-MeTOAHYECKOe olecneyeHre CaMOCTOATENIbHON PadoThl cTyAeHTOB. OueHOYHbIe
CpeAcTBa ISl TEKYLIEro KOHTPOJIsl YCIIeBAeMOCTH, POMEKYTOYHOM aTTeCTALMH 10 UTO-

HCKOTOpre TEMbI BBIHOCATCA Ha CAMOCTOATCIIbHOC U3YUYCHUC. I/IsyquHe 9TUX BOIIPOCOB BO3MOKHO C

raM OCBOCHHUA JUCHUIIJIMHBI.

UCIIOJIb30BAaHUEM 3JIEKTPOHHBIN KypC TUCIMILIMHBI, HallMCaHHOro caMuM aBTopoM (A.X Marues).
[lepedenpb TeM, BBIHOCUMBIH JUIsi CAMOCTOSITENIbHOM pabOoTHI MpeacTaBieH B Tabmuie 7.1.

6.1. Illian caMoCTOATEIbHOI PadOTHI CTY1€HTOB

Taoauna 7.1
Bun Pexomennyemas | KonnuectBo
No Tema CaMOCTOATENbHOH | 3aaHue | JUTEpaTypa 4acoB
HE/I. paboThI
DopMUpPOBaHUE TBEPIO- HaHI/I”caHI/Ie U3Y4YUTh | DIIEKTPOHHBIN 4
1 | TEIbHBIX HAHOKJIACTEPOB. KOHCIIEKTA kypc TKC
TBepaoTENbHbIE XUMHYE- (A.X Marwues).
CKHE PEaKLHH.
OO0wmas xapakTepuCTHKA. Harmicanme U3Y4YUTh | DIIEKTPOHHBIN 4
2 | Knaccuguxkarus KoHCOIH- KOHCIIEKTA kypc TKC
JUPOBaHHBIX HAHOMAaTEPHA- (A.X Matues).
JIOB IO COCTaBy, pacmpeme-
JIEHUIO ¥ pOopMe CTPYKTYp-
HBIX COCTaBJISIOIINX.
®da30BbIC PABHOBECHSA U Harmicanme U3Y4YUTh | DJIEKTPOHHBIN 4
3 | TepMoaMHaMKKa HaHOMATe- KOHCIIEKTa kypc TKC
pHaJIoB. (A.X Marwues).
CTpYKTypa, SJMeKTPUIECKHE |  Hammcanme U3YYUTh | DIIEKTPOHHBIN 4
3 U ONTHYECKHE CBOMCTBA KOHCIIEKTA kypc TKC
IUIEHOK aMOp(HOTro anMaso- (A.X Marues).
MoA00HOTO yTiepoia, Co-
Jep>KaliuX HAHOKJIACTEPBI
cepebpa (a-C:H<Ag>).
MarauTHbIE CBOMCTBA Harmmcame U3YYUTb | DINEKTPOHHBIN 4
4 | HaHOMaTepHaJOB. JUaMar- KOHCIIEKTa kypc TKC
HETHKH, MTApAMarHeTUKH, (A.X Marwues).
beppomarueTuku, aTudep-
POMarHeTHKuu, peppumar-
HeTuku U ¢pepputsl. Cynep-
apaMarHUTHOE COCTOSTHUE.
MarnuTokanopuueckuit 3¢-
(bexT.
Bsenenue. Ilpumenenue Harmcanme U3YYUTh | DIIEKTPOHHBIN 4
5 KOHCTPYKLIMOHHBIX, UH- KOHCITIEKTa kypc TKC
CTPYMEHTAJIbHBIX U TPUOO- (A.X Matues).
TEXHUUYECKHX HaHOMATepHua-
10B. [IpuMeHeHnE OPUCTBIX
HAaHOMAaTEpPHUAJIOB M HAHOMA-




TEPHUAJIOB CO CIICIHATHLHBIMU
(U3UKO- XUMHYECKUMU
CBOWCTBaMH.

6.2. MeToauuyecKkue YKa3aHUus 110 OPpraum3anuu CaMOCTOSITENbLHOM p360TBI CTYACHTOB

CryzaeHT, UCHONB3YyS AJIEKTPOHHOE yuyeOHOe mocobue, a Takke BY30BCKHIl ydeOHUK mo Moreky-
JSpHON (U3MKE U TEPMOJUHAMUKE M3Yy4aeT JAHHBIA MATepUa U COCTABJISET KOHCIIEKT KOHCIICKTHI B
JIOMAIIHUX YCIOBHSX.

a. KoHTpoJb 0cBOEHHS KOMIIETEHIIHI

Tabmuma 8.1
Kommerenimm,
Ne Bun xontpons Kontpomupyemsie Tembr (MO/IYJIN) KOMIIOHEHTBI KOTOPBIX
m\n KOHTPOJIHUPYIOTCS
1 [TpoBepka Mopyns 2. HanoTexHosoruu VK-2, [IK-1, T[IK-2
KOHCIIEKTOB «CBEPXY — BHHU3»
2 IIpoBepka Mopynb 3. OCHOBBI HAHOTEXHOJIOTUU VK-2, IIK-1, TIK-2
KOHCIIEKTOB  [KOHCOJIMJMPOBAHHBIX MAaTEPUAIIOB
3 [IpoBepka Mopynb 4. OCHOBHBIE METO/IbI CO3JaHUS VK-2, [IK-1, T[IK-2
KOHCIIEKTOB  [HAHOCTPYKTYP
[IpoBepka Monyinb 5. OcoOeHHOCTH HaHOCTPYKTYPBI VK-2, lIK-1, TIK-2
KOHCIIEKTOB  |[HAHOMATEpHaJIoOB
[TpoBepka Moy 6. ®u3nyeckne CBOWCTBa HaHO- VK-2, IIK-1, TIK-2
KOHCIIEKTOB  MaTepuainoB. PasmepHbie 3hhexTsr.
ITpoBepka Mopyns 7. [IlpuMeHeHre HAaHOMAaTEepPUaJIOB VK-2, IIK-1, TIK-2
KOHCIIEKTOB

6.3. MaTepuaJbl 1Jisl NIPOBeICHUS TEKYLIEro U MPOMEeKYTOYHOI0 KOHTPOJIsI 3HAHUH CTYy/IeH-
TOB
IIpuMepHBbIii NepedYeHb BONPOCOB, BHIHOCHUMbIX HA JK3aMeH

ITonsATHE HAHOTEXHOJIOTUN.

Pa3Butne HaHOoTEXHONOTMH. [IpHOpHUTETHBIE HANTPABJIEHNS] HAHOTEXHOJIOTHH.

Pa3HoBHIHOCTH HAHOMATEPHAIOB: KOHCOJIMIMPOBAHHbBIE HAHOMATEPHaJIbl, HAHOIIOJIYIIPOBO/I-
HUKH, HAaHOIIOJIUMEPHI, HAaHOOMOMaTepHabl, pyiiepeHsl U TyOyJIIpHbIE HAHOCTPYKTYpHI, Ka-
TaJIU3aTOPbl, HAHOIIOPUCTBIE MaTEPUAbl U CYIIPaMOJIEKYJIIpHbIE CTPYKTypbl. HaHo"acTuIb!
(manomopomku). Hayka o manopa3mepHbIx 00bekTax (nanoscience).

EcTecTBeHHbIE IpaHUIIbI Pa3BUTHS CYIIECTBYIONIEH MUKPOAJIEKTPOHUKH.

KBaHTOBBIE SIMBI, IPOBOJIOKU M TOUKH.

Co3gaHne HaHOOOBEKTOB 110 MPUHLIUIIAM «CBEPXY — BHU3» U «CHU3Y — BBEPX).
daHTacTUYECKNE BO3MOKHOCTH HAHOTEXHOJIOTUH.

OCHOBHBIC Hay4HBIC TEPMUHBI U OIIPECICHUs (HAaHOMATepHallbl, HAHOTEXHOJIOTHUS, HAHOIa-

© N o vk

THOCTHKA, HAHOCHCTEMOTEXHUKA).
9. ®dyHaaMeHTalbHbIE TPOOIEMbI HHIYCTPUU HAHOCUCTEM.
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32.
33.
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42.
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45.

®opMUpOBaHKE TBEPAOTEIbHBIX HAHOKIIACTEPOB. TBEPAOTEIbHBIE XUMUUECKHE PEAKIIUH.
MexaHOXUMHUYECKHE IPEBPALIEHU. Y JapHO- BOJIHOBOW cHUHTE3. HaHOCTpYKTYypUpOBaHue 1Mo
JIEMCTBUEM JIaBJICHUS CO CABUIOM.

HanoctpykTypupoBanue myTem KpucTtaum3anuu aMopdHbIx cTpykryp. KomnakrupoBanue
(kOHCOIHMIAIKS) HAHOKIACTEPOB.

[MTopomikoBeie TexHonoruu. Konaencanuonusiii meron (Meros I'inetitepa).
Bricokosneprernueckoe usmenbueHrne. MexaHOXMMUYECKUN CUHTE3.

[1ma3MOXUMHUYECKU CUHTES.

CuHTe3 B YCIOBHSX YIBTPa3BYKOBOI'O BO3/ICHCTBUSI.

DIIEKTPUUYECKHI B3pBIB MPOBOIOYEK. MeTOAbl KOHCOIUAALH.

DIIEKTpOpa3psAAHOE CIIEKAaHUE.

WureHcuBHas rutacTudeckas aedopmaiiust (KpydeHHe Mo/ BBICOKMM JIaBICHHEM, paBHOKa-
HAJIbHOE YIJIOBOE MPECCOBAHUE).

K oHTpOsIHpyeMast KpUCTAILTH3aIHS 13 aMOP(HHOTO COCTOSHHSI.

TexHomorust HAHOCTPYKTYPUPOBAHHBIX IJICHOK U TOKPBITHIA: TEPMUUYECKOE UCTTAPCHHUE, HOH-

HOE OCaKJEHHUE, OCAXKIECHUE U3 Ta30BOH (ha3bl.

HMiyibCHOE 37€KTPOOCAKICHHE, FA30TEPMUUECKOE HAIBIJICHUE, TEPMUUECKOE Pa3JI0KEHUE.
OCHOBBI HAHOTEXHOJIOTMH MOJYIPOBOJHUKOBBIX MaTepruanoB. MoJieKyIsspHOIyYeBask SNIUTAK-

CHSl.

Mexanu3mbl pocTa HaHOIUIEHOK o PonbMepy- Bebepy, @panky- Ban nep Mepse, Kpactano-

By- CTpaHCKOMY.

Meronsr CVD u PCVD.

TexHoIorUsl MOTYyUEHUs MOTYTPOBOAHUKOBBIX KBAHTOBBIX TOYECK.

OCHOBBI TEXHOJIOTUH MTOJIMMEPHBIX, MOPUCTHIX, TPYOUATHIX U OMOJTOTHYECKIX HAHOMAaTepHa-

JIOB.

['uOpuIHbIC U CYTpaMOJIEKy IsIpHBIEe MaTepraibl. HaHomopucThie MaTepuasl (MOJIEKYISPHBIE

cuta). TpyOuaThic HAHOMATEPUAIIBI.

[TonumepHbie HaHOMaTepuanbl. HaHOMaTepuansl, MOJy4eHHbIE METOIOM CaMOCOOPKHU.

OCHOBHBIE METOJIBI CO3IaHUSI HAHOCTPYKTYP: dJIEKTPOHOJIUTOTpadusi 1 HAHOUMIIPUHTHUHT, JIO-

KaJbHS MHUTAKCHS U SITUTAKCHUS TIOBEPXHOCTHO HANIPSKEHHBIX CTPYKTYP, caMmo(hOpMHUpPOBaHHE

U CHHTE3 B MaTpHIax (TeMILIATHBIH CHHTE3), 30H0BbIC METO/IbI JINTOrpaduu.

MeToa 10KaabHOTO 30HA0BOTO OKUCIEHHS. DU3NKO- XMMUYECKHUE OCHOBBI METO/1A JIOKAJTbHOTO

30HJI0BOT'O OKHUCJICHUS.

OCOoOEeHHOCTH CO3JIaHMsI AIEKTPOIIPOBOISAIIMX 30HI0B.

Kuneruka mporecca J10KalnbHOTO 30HA0BOTO OKHCIEHUS TOTYIPOBOJHIUKOB M CBEPXTOHKUX
METaJUIMYECKHUX IJICHOK.

Metona GpopMupoBaHUS TUIIEKTPUIECCKON IICHKH, MOTYJIMPOBAHHOM TI0 TOJIIIUHE.
Hcnons3oBanne MeTO/1a JIOKAJIbHOTO 30H/I0BOTO OKUCJIEHUS ISl CO3/1aHUsI HAHOCTPYKTYP U

3JIEMEHTOB HAaHOAJIEKTPOHUKHU.

O6mas xapakrepuctuka. Kiaccudukarusi KOHCONIUIUPOBAHHBIX HAHOMATEPHUATIOB 110 COCTaBY,

pacrnpezienieHuto u GopMe CTPYKTYPHBIX COCTABIISIONINX.

3epHa, cJI0U, BKIOYEHUS U TOPhI B KOHCOJIMIUPOBAHHBIX HAaHOMAaTepHaiax.

JedexTsl, MOBEpXHOCTHU pa3jiena, morpanndnbie cerperauu. @akrop [edas— Yomnepa.
CTpyKTypa MOJTMMEPHBIX, OMOTIOTUYECKUX U YTICPOIHBIX HAHOMATEPHAIIOB.
Hanononumephsie, cynpamMosieKyisipHble, HAHOOMOJIOTUYECKUE U HAHOIIOPUCTBIE CTPYKTYPHI.
OCHOBHBIE THITBI MAKPOMOJICKYJIIPHON apXUTEKTYpbl. TemruiaTol (11a0I0HbI).
CynpamonexyJsipHble CTPYKTYphl. TyOylsipHbIE U JIyKOBUYHBIE CTPYKTYpHI. [Iporeccrl camo-
cOOpKH.

OcHOBHBIE 0COOECHHOCTH MPOSBIICHUS pa3MepHBIX 3(PPEeKTOB B HAHOMAaTepHaIax.
DJEeKTPOHHOE CTPOCHHE HaHOMAaTepuanoB. KBaHTOBbIE AP PEKTHI.

@da30BbIE PABHOBECUS U TEPMOJNHAMHUKA HAHOMATEPHAJIOB.
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7.

AyJIs1)

DOHOHHBIN CIEKTP U TEIUIOBBIE CBOMCTBA HAHOMATEPUAJIOB.

[TpoBOAMMOCTE, ONITUYECKHE XapAKTEPUCTUKHU, AUIJIEKTPUUECKas MPOHUIIAEMOCTh U TEILIO-
MIPOBOAHOCTH HAHOMATEPHUATIOB.

[TepxonsimoHHAas MPOBOAMMOCTG U IJIA3MEHHBII pe30HAHC B HAHOMaTepuaiax.

CrpyKTypa, IeKTPHUECKUE U ONITUYECKHE CBOMCTBA IUIEHOK aMOP(HOT0 aaMa3ono100HOro
yriaepoja, Coaep Kalux HaHoKIacTepsl cepedpa (a-C:H<Ag>).

CTpyKTypa, SICKTPUUYECKUE U ONTHIECKHE CBOMCTBA aMOpHBIX mieHoK XCII, momydeHHbIX
pa3HbiMH MeTos1aMu. Hanorerepomopdusm aMop(HBIX CTPYKTYP.

MarauTHbIE CBOWCTBA HAHOMATEPHAJIOB. TUAMArHeTUKH, TapaMarHeTHKH, PeppOMarHeTHKH,
atudeppomMarueTukuu, peppumarnetuku u ¢pepputsl. CyneprnapamMarHuTHOE cocTosiHue. Mar-
HUTOKATOPUYECKHI dPPEKT.

MexaHu4ecKre CBOMCTBAa HAHOCTPYKTYPHBIX MaTepuaioB. [Toa3ydects. BsskocTh (BHyTpeHHEE
tpenue). Heynpyrocts. TBepaoCTh, IPOUYHOCTD, INIACTUYHOCTD, YIIPYTHE XaPaKTCPUCTUKH
HAaHOMAaTEpPHAaJIOB.

Mexanu3msl AeopManui HAaHOMaTEPUATIOB.

CtabunbHOCTh HAHOCTPYKTYP. Poct 3epen. Juddysus.

OO011re 3aKOHOMEPHOCTH, pocTa 3epeH (peKpuCTaIn3alri) B HaHOMaTepraiax. PeakiimorHas
cnocobnocts. Katanus.

[TpuMeHeHne KOHCTPYKIIMOHHBIX, HTHCTPYMEHTAIBHBIX U TPUOOTEXHIUYSCKUX HAHOMATEPHUAJIOB.
[TprMeHeHre TOPUCTHIX HAHOMATEPUAIOB U HAHOMATEPUAJIOB CO CIIEIMATbHBIMU (DU3HKO- XU-
MHUYECKHMH CBOMCTBAMHU.

MeToauuecKkue PECKOMEHIAUHU CTYACHTaAM

«Hanocuctembl. MeToApl TOMYYEHHUS U CBOWCTBA» COOOW OOMIMPHYIO, MHOTOJUCIUIUIMHAD-
HYIO U JIOBOJIHO CJIOKHYIO 00sacTh 3HaHui. I1o3TOMY, 4TOOBI TOHECTH MaTepHall 10 CTY/AEH-
Ta, HEOOXOAUMO YAEIATh 0c000€ BHUMAaHUE CUCTEMAaTUYHOCTH, HATJIITHOCTU U JOCTYIHOCTH
u3J0XKeHus. B HacTosmiee BpeMsi (aKkTHUECKU CYIIECTBYET Majio y4yeOHHUKOB M MOCOOMH 1O
JaHHOM aucuuiuiHe. [IoaToMy OCHOBHAs Harpyska JIOKHUTCS Ha JIEKIUH. [ n3ydeHus cry-
JICHTaMU JIaHHOT'O Kypca B MPUHIIMIIE T0CTaTOYHO 3HaHUE Kypca o01ielt (U3UKHU U OCHOB KBaH-
TOBOM MEXaHUKH TEPMOJIUHAMUKH.

Tak kak yueOHHUKOB U Y4eOHBIX MOCOOMI MO JTaHHOM AMCLUILUIMHE OYE€Hb Majlo, TO OCHOBHAs
Harpy3ka JIO)KMTCSI Ha JICKUMU M UX KOHCIIEKTUPOBaHME. J[JI1 JNOMOIHUTEIBHOIO U3YYEHUS U
CaMOCTOSITENIbHON PabOThI MIPeIaraeTcsi UCIOIb30BaTh PEKOMEHAYEMYIO JINTEPATYPYy.

Y4eOHO-MeTOAUYECKOEe U MATEPHAJBHO-TEXHHMYECKOe olOecneyeHUue AUCHUILIHMHBI (MO-

7.1. Y4eOHas aiuTeparypa:

OcHoBHas JuTepaTypa

A.X. MarueB. TepmoauHamuKa MOIYIPOBOAHUKOBOIO MaTepuanoBeeHus. YuebHoe nocodue
MarucTpoB cnenuaibHocTH «@usuka». - Marac:, Hurl'yY, 2021 223 c.. wun.66.
https://disk.yandex.ru/i/FBafHQC11tGn7A

B. Jlyunnun «HaHouuaycTpus — 0a3uc HOBOM SKOHOMHUKNY [leTepOypreKuil sxypHa 3J1eKTpOHUKH, Ne3
,2003 1.

Bonpmioii sanmkmonequaecknii cnosaps moa.pen. A.M. IlpxopoBa MockBa «bomnbirast Poccuiickas 3H-
nukioneausy, Cankr-Ilerepoypr «Hopunaty», 1997 1.

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

MarepanoBenenre. Y4eOHUK I TeXHUYECKUX BYy30B, pea.b.H. Apzamacor, I'.I'. MyxuH, u31-BO
MITY um. H.O. baymana, Mocksa 2001 rCnpaBounuk «®usnueckue Beanuuss» nox. Pen.1.C. I'pu-
ropoeeBa, E.3.

MeiinmuxoBa u3a. «dHeproaromm3aar», Mocksa 1991 r.


https://disk.yandex.ru/i/FBafHQC11tGn7A

11.

12.
13.
14.
15.
16.
17.
18.

19.
20.
21.

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

28.
29.

2.

3.

Heoprannueckoe matepuanoBeaenre. OCHOBBI HAYKH O MaTepualax.
Ouuukioneauyeckoe uznanue nod. Pen. I'.I'. 'necuna, B.B. Cxopoxona, uzn. «HaykoBa mymkayn, Ku-
eB 2008 r

I'yceB A1, Pemnens A.A. Hanokpucramndyeckue Matepuaisl M. «®uzmatiour» 2002 r.

. M.I'. Munssuackuii, B.B. Hanneiues HanopasMmepHble KnacTepsl B IOJYyIPOBOJAHUKAX — HOBBIN IOJ-

X0l K GOpMHpPOBAHHUIO CBOWCTB MaTepuanioB O030p. du3mka W TEXHUKA MOIYHIPOBOIHUKOB, 1998 T.
1.32 Ne5, cTp.517

Al Inroraiino, A.C. Pozen6epr, N.E. Ynsaun «HanoyacTuipl MeTaiioa B oauMepax», u3a. «Xu-
mus», Mocksa, 2000 r.

Bbapanor A.M. A. A. lllyka Dnekrponunka, U3a-so bXB-Iletepoypr, Ci6, 2005 .

B.II. bonu-bpyesuny, C.I'. KanamnukoB «®u3nka noaynpoBOAHUKOBY, u3l. «Hayka», Mocksa, 1977 r
I'.b. CepreeB «Hanoxumusp» uzn. MI'Y, Mocksa, 2003 T.

O.A. Iletpwmit, I'.A. Ilupnuaa «DMEKTPOXUMHS MEK(Da3HBIX TPAHHUID)

Baiickon( «®@u3uka B 1BAAIATOM CTOJETHIY, U311, «AToMHu3naT», Mocksa, 1977 r

Munnep T. ’)Kussb B okpyxaromeit cpeae. M. «IIporpece», 1993 r.

Cocrostare mupa 1999. Jloknan uncruryta Worldwatch o pasButuu mo myt K ycroiunBomy o0iie-
ctBy. M.131-80 MHOIIY, 1997 r.

Ouepreruueckas ctparerus Poccun Ha nepuog no 2020 rozga.

Mowucees H.H. MupoBoe coobmectBo u cyas6a Poccun. M.13x-80o MHOITY, 1997 1.

Momucee H.H. Kak manexo mo 3aBTpamsero nHs... CBoOomHbIe pasmbriieHus. 1917-1993 M. Uzn-Bo
MHOIIY, 1997 r.

I'moGanuctuka

W.ITpuroxun, N. Crenrepc «Bpewms, xaoc, kBant, YPCE, Mocksa, 2003 r.

@. [laamansc, P. Onbeptn «Dusndeckas Xumus», u3a. «Mup», Mocksa, 1978 T

SLU. I'epacumos, B.II1. [Ipesun, E.H. Epemun, A.B. Kucenes, B.I1. Jle6enes, I'.M. [lanuenkon, A.W.
[nerus «Kype pusndeckoit xumun», T.1, n3n. «Xumus», Mocksa, 1969

M.X. KapanetssiHu «XuMHuecKas TepMOAUHAMHUKaY, U3, «['ocxumuznat», MockBa-Jlenunrpaz, 1953
r

W. Mpuroxwun, 1. Kongenyau «CoBpemennas TepmoauHamuka.OT TEIJIOBBIX JBUTATENEH A0 TUCCHIIa-
THUBHBIX CTPYKTYp», u3d. «Mup», Mocksa, 2002 r.

Y. Ilyn, ®.Oysuc, —Hanorexnonoruul, M., «Texunocdepa», 2008.

«HanorexHosnoruu B Ommxaiiiiem gecatuinetuny, nof pea. M. Poko. M.. Mup. 2002.
Jlono/THUTeIbHASA JIUTEpaTypa

H.I'. Xnebuos, B.A. boratsipes, JI.A. Isikman, b.H. Xne61oB, "3010Tble HAHOCTPYKTYPHI C
TUIA3MOHHBIM PE30HAHCOM U OMOMEIMIIMHCKHUX HccienoBanuii”, Poccuiickue HaHOTEXHOIIO-
run, 1.2 (3-4), 2009 (www.nanorf.ru).

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

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

7.2. UHTEpHET-pecypchl
[TporpaMmMHOe obecrieueHre U HHTEPHET pecypchbl DIEKTPOHHBIN BapHaHT Kypca Ha caifTe mpemno-
nasatens, WebCT (http://master.ist.tpu.ru)/, http://master.isc.tpu.ru:8900/webct/public/home.pl

7.3. IlporpammHoe obecnieyeHune

1. Onepannonnas cucrema Microsoft Windows XP Professional.

2. ITaker npuknamasix nporpamm Microsoft Office 2003 Professional.
3. IIporpammusbIi TpoayKT «AHTHBHpYC Kacnepckoro.

4. Iporpammusrit mpoaykt FineReader 7.0 Professional Edition.

5. Ilporpammusiii mpoaykt MATLAB 6.

7.4. MarepuajibHO-TeXHHMYECKOe oOecredyeHue

Ne \ [lepeueHb OCHOBHOTO 000PYIOBaHUS \ Hywmepanus
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n/m pazaenoB/TeM
JUCIUIIMHBI
1. IIpoekunonHas ycranoBka «Ksagpa» 250X, 3M 1-15
2. WHTepakTUBHBIN TUTAHIIET 2,5,6
3 Kommbrorep 1-15
Hanocucremsl. VYuyebHas ayauTopuda I JICK- Cron AJIg OpernogaBaTeiid - 1 . (COCTOI/IT u3 2-x

Merons! noiry-
YCHUSI U CBOM-
CTBa

moHHbIX 3aHsTuil (Ne  303)
386132, PU, r.Haspaup, I'a-
MYpP3UEBCKUI OKpyr, yia. Ma-
ructpanbhas, 39a, Kopmyc 3E

CeKIHit); CTyJ JuIs TpernoaaBatens -1 mr.; qocka - 1
mt.; TpuOyHa-1 mT, cTox - 36 1IT.; ckaMbsi-72 1T

YyeOHast aymauTopusi Uia ce-
MUHapckux 3aHATUil  (Nel16)
386132, PU, r.Hazpasmp, Ta-
MYpP3UEBCKUI OKpYyr, yia. Ma-
ructpanbHasd, 39a, Kopmyc 3E

Crou s mperoiaBatens - 1 mT; CTyn A mpernojaa-
BaTend -1 mT.; nocka - 1 mT.; cToa - 14 mrT.; CKaMbs-
28 mr. YyeOHble 10COOMA MO AUCHUILIMHAM. TecThl
pyOeXKHOTO, UTOTOBOTO KOHTPOJIS, HATIISAHBIE TIOCO-
ousa, YMK 1o guciumianaam




Pabouast mporpamma aucruruinabl «HHanocucrempl. MeToIbl MOMYUYEHUS W CBOMCTBA» COCTABJICHA
B cootBeTcTBUU ¢ TpeboBanusMu ®I'OC BO no nanpasnenuto noaroroBku 03.04.02 dusuka, yTBep-
JKIEHHOTO TIpUKa3oM MmuHHCTEpCcTBa oOpa3oBaHus M Hayku Poccuiickoir ®@enepanuu ot 7 aBrycra
2020 r. Ne 914
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[Tporpamma ono6peHa Ha 3acenanuu kadenpsl « PU3UKa»
ITporoxoin Ne 10 ot «20» urons 2023 roxa
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ITporoxoin Ne 10 ot «23» urons 2023 roxa
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[Tpotokon Nel0 ot «28» mronst 2023r.
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