5S AHHOTAIIMU PABOYHUX ITPOI'PAMM JUCHUIIVINH

5.1 IucuMIJIMHBI 00513aTeJIbHOM YacTH
AHHOTanus paboueit mporpamMmbl JUCHUTLTAHBI
«Duinocopckue NpodIeMbl HAYKU M TEXHUKH»
(b1.0.01)

1. Heab AMCUMIUIMHBI - TTOHUMAaHUE aKTYaJbHBIX (PUIOCO(PCKUX U METOH0IOTUYECKUX
po0JieM HayKU U TEXHUKH.

2. B pe3yabrare
MATUCTPATYPhI T0JAKEH:

Obnadamp clenyOUIMMHA KOMICTCHIMIMU:

U3yYeHUs AUCUMILVIMHBI o0ydamouuiics N0 mporpamme

Koa u HamMeHOBaHHE

Koa v HamMeHOBaHHE OCHOBHBIX HHANKATOPOB NOCTUKCHUSA

YHUBEPCAJIbHOM YHUBEPCAJIbHOH KOMIIETeH U

KOMIETEHIIUH

YK-1. Cniocoben VYK-1.3. AHanu3upyer npoOIeMHYI0 CUTYaIlHIO KaK CUCTEMY,
OCYIIECTBIISTh BBISIBJISISL €€ COCTABJISFOIINE U CBSI3H MEXTy HUMU;

KPUTUYECKUH aHaJIH3
pOOJIEMHBIX CUTyalnid Ha
OCHOBE CUCTEMHOT'O
MOJIX0/1a, BBIPAOATHIBATh
CTpaTeruio NeHCTBUI

YK-1.4. Onpenensier npobensl B nHGOpMaLUU, HEOOXOAUMOMN
IUISL petIeHus POOJIEMHOM CUTYAINH, ¥ IPOSKTUPYET MPOIECCHI
0 UX YCTPAHCHUIO;

YK-1.5. Pa3pabatbiBaeT u coep KaTeIbHO apryMEHTUPYET
CTpaATETHIO PEIICHUS MPOOJIIEMHON CUTyallMd Ha OCHOBE
CHCTEMHOT'0 ¥l MEXKIUCIUIUTMHAPHBIX MOIX0/I0B;

YK-1.6. Mcnosib3yeT JOrHKO-METOI0JIOTUISCKHIA
WHCTPYMEHTApH I KPUTHYECKON OLIEHKH COBPEMEHHBIX
KOHIISTIUH (HI0COPCKOT0 U COIMATBLHOTO XapaKkTepa B CBOCH
MpeAMETHOM 001acTu

YK-5. Criocoben
aHAIM3UPOBAThH U
YUUTHIBaTh pazHooOpa3ue
KYJIBTYp B IpoOLecce
MEXKKYJIbTYPHOTO
B3aNMOJECHCTBUSI

YK-5.1. Ananu3upyeT BaXHEHIINE UIC0IOTHYECKUE U
[IEHHOCTHBIE CUCTEMBI, COPMHUPOBABILIUECS B XOIC
HCTOPUYECKOTO Pa3BUTHsI; 0OOCHOBBIBAET aKTYaJIbHOCTh UX
WCTIOJIB30BAHUS TIPU COIIMATILHOM H MPO(ECCHOHATTEHOM
B3aMMO/ICHCTBHH;

YK-5.2. OGecrieunBaet co3/1aHue HEAUCKPUMUHAITMOHHOM
cpeabl

B3aMMOJICHCTBHSI IIPH BHITOJIHEHUH MTPO(ECCHOHATFHBIX 3a/1a4;
YK-5.3. BricTpanBaet companbHoe NpoQeccuoHaATbHOE
B3aUMO/ICHICTBUE C yU€TOM 0COOEHHOCTENH OCHOBHBIX (hOpM
HAY4YHOT'O M PETUTMO3HOIO CO3HAHUS, IEJIOBOM 1 001Iei
KYJBTYpBI IPEICTABUTENEH IPYTHX 3THOCOB M KOH(ECCHH,
Pa3NUYHBIX COLUANBHBIX IPYIII.

YK-6. Criocoben
OTIpEIETISATh U
peaIM30BBIBATH
MIPUOPUTETHI COOCTBEHHON
JIESITEILHOCTH U CIIOCOOBI
€€ COBEpILICHCTBOBAHUS Ha
OCHOBE CaMOOIIEHKH

YK-6.1. OnieHnBaeT cBOM peCcypehl U UX NPeebl (JINYHOCTHHIE,
CUTYaTUBHBIE, BDEMEHHBIE), ONTUMAJIBHO UX MCIONb3YET IS
YCIELIHOTO BBIIOJIHEHUSI IOPYUEHHOTO 3a/1aHNUS;

YK-6.2. Onpenensier npuopuTeThl MPOHECCUOHATBHOTO POCTa U
CIOCOOBI COBEPIIEHCTBOBAHUSI COOCTBEHHOU JEATENbHOCTH Ha
OCHOBE CaMOOIIEHKH IO BEIOPAHHBIM KPUTEPUSIM;

YK-6.3. BeictpanBaeT ruOKyto nmpodeccuoHaIbHYIO
TPAEKTOPHIO, UCIIOJIb3YsI HHCTPYMEHTBI HEITPEPHIBHOTO
00pa3oBaHysl, ¢ y4ETOM HAKOIUIEHHOI'O OIbITa
npoeCCUOHATLHOMN IEATEIEHOCTH U JMHAMUYHO
M3MEHSIIOIIMXCS TpeOOBaHUN PhIHKA TPYAA.

B PE3YIbTATC U3YUCHUS JUCHUIIIINHBI O6y‘l&lOH.[HfICH JOJIKCH:

3namo:



- OCHOBHBIE HayuHbIE ILIKOJIbI, HAIPaBJICHUs, NapaAUrMbl, KOHIENINN B (puaocopuu TEXHUKH U
XUMHYECKON TEXHOJIOTHH;
- (hnnoco(hcKO-METO10JI0OTHIECKUE OCHOBBI HAy4YHO-TEXHUYECKHUX u HUHXCHEPHO-
TEXHOJIOTUYECKUX MPOOIIEM;
- Ppa3BUTHE TEXHUKM M XMMHMYECKHX TEXHOJOIMH B COOTBETCTBUHM C CTAHOBJICHHEM
JOMHAYCTPUAIIBHOT0, HHIYCTPUAIBHOIO, TIOCTUHAYCTPUAIIBHOTO IIEPUOJOB Pa3BUTHS MUPA;
Ymems:
- npumenaTs B HUOKP kateropun ¢punocopun TEXHUKU U XUMUYECKUX TEXHOJIOTHH;
- QHAIM3UPOBATh IPUOPUTETHBIE HAIIPABJICHUS TEXHUKH U XMMHUYECKUX TEXHOJIOTUM;
- IOTUYECKU IIOHMMAaTb M HCIIOJIb30BATh JOCTHKECHUE HAYYHO-TEXHMYECKOro Iporpecca u
1J100a1bHBIX IPOOJIeM HUBUIN3ALUY, IPAKTUYECKH UCII0JIb30BaTh IPUHIUIIBI, HOPMBI U IIPaBUIIA
AKOJIOTMYECKOW, HAYYHO-TEXHUYECKOM, KOMIIBIOTEPHOW 3THUKMU;
- KPUTHYECKH aHAIM3UPOBATh POJIb TEXHUYECKOTO M XHMHUKO-TEXHOJIOIMYECKOTO 3HAHUA IIPU
PELICHUH YKOJIOTHUECKUX PoOIIeM 0e30MacHOCTH TEXHUKH U XUMHUUECKUX TEXHOJIOTHIA;
Bnaoemp:
- OCHOBHBIMH MOHATUAMU (PHIOCOPUHN TEXHUKU U XUMHUYECKOU TEXHOJIOTHH;
- HaBBIKAMU aHanu3a (GUWIOCOPCKUX NpOOJIEeM TEXHUKH, HAYYHO-TEXHHUUYECKOTOo 3HAHHUS U
WHKEHEPHOU J1eATEIbHOCTH;
- Cclocob0aMu KPUTHYECKOIO aHAJIM3a TEXHUKU W €€ MHHOBALMOHHBIX METO/J0B Hay4HOI'O
uccienoBanusl, noucka ontuMainbHbix pemennii HUOKP B TexHMKe 1 XUMUYECKON TEXHOJIOTHH;
- IpY¥eMaMH MyOJMYHBIX BBICTYIUIEHUH B MOJIEMHUKE, TUCKYCCUU MO (HIOCOPCKUM MpobiieMam
TEXHUKHU U TEXHUYECKOTO 3HAHUS.
3. Kpartkoe cogep:xanue TUCHUILIHHBI
Pa3nen 1. MecTo TeXHUKH U TEXHHYECKMX HAYK B KyJbType HUBHIU3ALUH

Qdunocopust TEXHUKH, ee mnpeaMeT U npobiemHoe mnoise. Punocodus TEXHUKU B
COBPEMEHHOM 001IeCTBE, €€ (yHKIIHH.

IIpenmer dunocoduu TEXHUKU: TEXHUKA KaK OOBEKT U Kak JesTerabHOCTb. dunocodus
TEXHUKU: TMpeAMeT U 1podiemMHoe mojie. Tpu  acmekra TEXHUKU: HMHXKEHEPHBIH,
aHTPOIIOJIOTHYECKUH M couuanbHbli. TexHuka kak crenuduyeckas ¢Gopma KyJbTYphl.
HcTopuueckre CONUOKYJIbTYpHbIE NMPEANOCHUIKA BbIACIEHUS TEXHUYECKOM NpoOIeMaTHKU U
dopmupoBanus ¢uiaocopun TeXHUKH: (OpPMUPOBAHME MEXAaHHUCTUUYECKOH KapTUHBI MHpA,
Hay4YHO-TEXHUYECKasl PEBOJIOLHNS, HAYYHO-TEXHUYECKUI MPOTPECC U CTPEMUTEIBHOE pa3BUTHE
TexHosioruit nociue II Muposoii BoitHsl.

Pasnen 2. Texnuka u HayKa B MX B3aHMOOTHOIIEHUHT

TexHuka ¥ Hayka Kak CIIOCOOBI CaMOpEaIM3alliu CYHIIHOCTHBIX CHJI U BO3MOXXHOCTEH
yenoBeka. Hayka u TexHuka. COOTHOIIEHHWE HAyKHW U TEXHUKU: JIMHEHHas W SBOJIOLUOHHAs
Mozenu. Tpu cranauu pa3BUTHs B3aMMOOTHOLIEHMM HAayKM W TEXHUKU. MIHCTUTyLMOHaJIbHAs U
KOTHUTHUBHAs JuddepeHumnanus chep HAyKu U TEXHUKM U (HOPMHUPOBAHHME TEXHHUYECKOM
opuenrtaiuu B Hayke (XVII — XVIII BB.). Hauano cuueHTHdUKaMu TEXHUKH U UHTEHCUBHOE
pa3BUTHE TEXHUKHU B IIEPHOJ MpoMbIIIeHHON peBomoruu (koHen X VIII — nepBas nonosuna XIX
B.). CucremaTHyeckuii B3auMOOOMEH U B3aMMOBIIHMSHUE HAYKHU M TEXHUKH (BTOpast mosioBuHa XIX
— XX B.). CraHOoB/I€HHE U Pa3BUTHE TEXHUYECKUX HAYK KJIACCHYECKOT0, HEKJIACCUYECKOIO U
IIOCTHEKJIACCUYECKOTO THUIIOB

Bo3HuKHOBEHHE MHXEHEPUHU KaK MPOPEcCUH OCHOBHBIE HCTOPUUYECKUE ATalbl Pa3BUTHUS
WH)KEHEPHOU JEeATEIbHOCTH. TEXHUYECKME HAyKM M METOHOJIOTHS HAy4YHO-TEXHUYECKOU
JIEATEITbHOCTH.

Pasnen 3. OcHOBHBIC METO10JI0TMYECKHE MOAX0/AbI K NIOHNMAHHWIO CYIIHOCTH TEXHUKH.

OcHoBHble punocohckre KOHIENIMH TEXHUKH. AHTPONOJOTUYECKUI MOAX0/I: TEXHUKA KaK
opranomnpoekmus (2. Kanm, A. T'enen). Dxk3ucteHnuanucTckuit ananus Texuuku (M. Xaiigerrep,
K. Scmepc, X.Oprtera-u-I'accer). Ananu3 TexHU4YeckMXx Hayk u mnpoektupoBanus (IL
Ourensmeiiep, @. Jleccayap). UccnenoBanue conuanbHbIX GYHKIMNA U BAMSHAN TEXHUKU; TEOPUS
TEXHOKpATHH U TeXHOTeHHOU nuBmin3anuu (K. Smmroins, JI. Mamdopa, @pankdypTckas mkosa).



X. CxonumoBckH: prnocodust TEXHUKH Kak Gunocodus dyenoBeka. Punocodust TEXHUKH U UICH
uaauBuayaun JK. CumonmoHa. B3aumooTHomieHUS (Griiococko-KyabTypOIOTHIECKOTO U
MHXEHEPHO-TEXHOKPATUUECKOr0 HampapieHU B GHI0COPUH TEXHUKH.

OcHoBHbIe Po0IEMBI COBpeMeHHON (rtocoduu TeXHUKH. COIMOTIOTUS U METOIOJIOTUS
MPOEKTUPOBAHUS U MHXKEHEPHOU JieATeIbHOCTH. COOTHOIICHHE AECKPUTITUBHBIX K HOPMAaTHUBHBIX
TEOpU B HayKe O KOHCTpyupoBaHuu. KuOepHeTWKAa W MOACTUPOBAHHWE TEXHUYECKUX CHCTEM
OTHKa U OTBETCTBEHHOCTh WH)KEHEpa-TEeXHUKA: pacIpe/ie]IeHHe U Mepa OTBETCTBEHHOCTH 3a
TEXHOTEHHBIA 3Kojoruueckuit ymep6. I[lcuxocomumanbHOoe BO3JEHCTBUE TEXHUKM U ITHUKA
yIpaBIeHUS.

Bricokne TEXHOIOTHH, XUMUYECKOE M3MEPEHHE M WHHOBAIMOHHBIC MOJXOMbI JUIs
BBITMIOJTHEHHS HAYYHO-HCCIIEIOBATENbCKUX U OMBITHO-KOHCTpYKTOpCcKuX padot (HMOKP) B xumuu
Y XMMHYECKON TEXHOJIOTHH.

4. O0beM y4eOHOI TUCHMIIIIHHBI

B 3auetnrix | B akagem.

Bunst yueGHOI paboThl €IMHUIIAX qacax
O0mas TpyA0eMKOCTb JUCIUILIHHBI 110 Y4eOHOMY IVIaHy 4 144
KonrakTthas patdora (KP): 0,94 34
Jlexuuu (Jlek) 0,47 17
[IpaxTuueckue 3ansatus (I113) 0,47 17
CamocrositesbHas padora (CP): 2,06 74
KonTakTHas camocrosiTenbHas paboTa 206 -
CamocTrosiTenbHOE U3YUYCHHUE PA3/ICTIOB JUCIIUILIMHBI ’ 74
Buja koHTpOJS:
OK3aMeH 1,0 36
KonTakTHas paboTa — mpoMeKyTOUHAS aTTECTALIUS 10 0,4
IoAroToBKA K YK3aMeHy ’ 35,6
Buja nToroBoro KOHTpoOJIs: JK3aMeH

B 3aueTHbIX B actp.

Bunp! yueOHoi1 pabOThI €AUHULIAX yacax
OO0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4eOHOMY IVIaHy 4 108
KonraktHas pa6ora (KP): 0,94 25,5
Jlexumnu (JIek) 0,47 12,25
[Ipaktuueckue 3ansatus (I113) 0,47 12,25
CamocrositesnbHas padora (CP): 2,06 55,5
KonTakTHas camocrositensHas paboTa 2 06 -
CamocTosTenbHOE U3yUYCHHE Pa3/IeTOB TUCIIUTLUIMHBI ’ 55,5
Bua konTpoJs:
OKk3amMeH 1,0 27
KonTtakTHas paboTa — mpoMeXyTOYHAast aTTeCTaIHsI 10 0,3
IMoaroToBKa K YK3aMeHy ’ 26,7
Buja nroroBoro KoHTpoOJIA: JK3aMeH

AHHOTanus pabodeii MporpaMMbl TUCITUTUTMHBI




«Pusnyeckre 1 XUMHYECKHE CBOMCTBA HAaHOMATEPHAJTOB U HAHOCUCTEM)

(51.0.02)

1. Heap AMCHUNJIMHBI — TPHOOpPETCHUE 3HAHWMA, YMEHHUMW, BIaJcHUN U (HOPMHUPOBAHHE
KOMIIETCHIIMA B O0JACTH TEOPHH U TMPAKTUKH WCIOJIH30BAHUS HAHOTEXHOJIOTHHA W CO3JaHUs
HAHOMATEpHaJiOB, CBOMCTB HAHOMATEPHAJIOB, UX IMEPCHEKTUBHBIX oOJacTed MPUMEHEHUS U

HaIIPaBJICHUH JAIBHEUILErO pa3BUTHS.

2. B pe3yabTare u3ydeHUs] NMCHUIIMHBI 00y4alIIMICA MO NMpPOrpaMMe MarucTpatrypbl

HOJI/KECH:

O06nanath CaeAyIIMMH KOMIIETEHITUSIMH:

dopmupyemMble KOMIIETEHIIHU

NHauKaTopsl 10CTHKEHUA KOMIETEHIM T

VYK-3 CriocobeH opraHu3oBbIBaTh U

VYK-3.1 VYwuactByer B  BBIIOJIHEHUH  IPOEKTOB
IPYIIIIOBOTO XapakTepa Ha pa3IMYHBIX CTagusIX HX
MOJIrOTOBKM W pealnu3alii: «UIAaHUPOBaHHE —
MPOEKTUPOBAHUE — IPUMEHEHUE — IIPONU3BOJICTBO»

HUHTCPpHIPCTALIUIO PE3YIILTATOB

pyKoBOIUTH paboroit komaHnbl, | YK-3.2 BripaOaTeiBaeT cTpaTeruto COTPyIHHYECTBA U

BbIpa0aThIBas KOMaH/HYIO | Ha € OCHOBE OpPraHHU3yeT OTOOp WICHOB KOMAaHJBI IS

CTPATETHIO TUTSt JTOCTHOKCHHS | TOCTHXKEHHS TIOCTABJIICHHOW 1IETTN

[IOCTaBJICHHOM 1IeH VYK-3.3 I[Inanupyer KoMaHaHYyI0 paboTy, pacrpenenseT
MOpPYYEHUsT W JCJIETUPYET TMOJTHOMOYHUS YICHAM
KOMaHbl C y4eTOM HMHTEpPECOB, OCOOCHHOCTEH
TOBEJICHUS 1 MHCHUM €€ WICHOB

OIIK-4 Crnoco6en  pumonusts | O1IK-4.1 CocTaBiser mian HayYHO-MCCIEN0BATENbCKOM

MCCEIOBAHUsL  TpH  pellieHuu | ACATEIHOCTH, BKITIOUAs JINTEPATYPHBIH OUCK, CPOKH U

MHIKEHEPHBIX - Hay4Ho- | T1OCTIENIOBATENILHOCTE 9KCIIEPUMEHTANBHOM  paboThI,

TEXHMYECKMX  3a7ad,  BKJIIOYAS o0Cy’XKJI€HHUS U aHaJIu3a pe3yIbTaToB

IUIAHUPOBAHME M TOCTAHOBKY OIIK-4.2 ®opmupyer ,I[eMOHCTanLII/IOHHHﬁ Matepuai 1

CTIOKHOTO SKcriepuMenTa, | IPE/ICTABIIAET PE3YJIbTAThl CBOCH HCCIIEN0BATENICKOH

KPUTHYECKYIO OLIEHKY i | AEATEIBHOCTH Ha HAYYHBIX KOH(EPEHUMAX, BO BpeMs

IMPOMECIKYTOYHBIX U UTOTOBBIX aTTCCTaIII/Iﬁ

OIIK-5 CmocobeH HCIONIb30BaTh
WHCTpYMEHTapuii  dopmanuzanuu
WHXEHEPHBIX, HAYYHO-TEXHUIECKIX
3a/a4, MPHUKIAJHOE TMPOTrPAMMHOE
obecrniedeHure 151 MOACTUPOBAHUS U
MIPOCKTHPOBAHMSI OOBEKTOB, CHCTEM
Y TIPOIIECCOB

OIIK-5.1 IIpoBoaut MaTEHTHBIN IIOUCK B
npodeccroHalbHOM 001acTH
OIIK-5.2  Ompegnensger nepedyeHb  pPECYypcoB H

MPOTPAMMHOTO OOECTICUeHHST JJIsi HMCIOJb30BaHUS B
npodeccnoHambHOM ~ JIeATENBHOCTH C  yderoM
TpeboBaHMil HHGOPMAITMOHHON O€30MTaCHOCTH

3HAMbs.

— COBpEMEHHBbIE HAay4HbIE JOCTHUKEHHS W MEpCIEeKTHBHBIE HalpaBieHHUs paboT B olnactu
CO3J1aHUs U IPUMEHEHUsI HAHOMAaTEPHUAJIOB;

— COBpEMEHHbIE MpPEJCTABICHUS O MEXaHM3Max U Mporeccax (OPMHUPOBAHUS CTPYKTYpHl U
CBOICTB HaHOMaTepUaIoB U (yHJAaMEHTAIbHBIX OCHOBAX HAHOTEXHOJIOTHH;

—  (UBUKO-XMMHYECKHE CHOCOObI yIpaBle€HUS CBOWCTBAaMU HAaHOMaTepUasioB, MOIU(PUKALNN

HaHOMAaTepHaJloB;

— TPOrHO3MPOBAHHE Pa3BUTHS (QYHKIHMOHAIBLHBIX HAHOMATEPUAJIOB HA OCHOBE X (PU3HMUECKHUX

Y XUMUYECKUX CBOMCTB.
ymemy:

— TpPOBOAMTH AaHANU3 HAYYHO-TEXHHUYECKOW HH(OpMaINH,

B o0Omactu pa3paboTKu U

HCIOJIb30BAHHA HAHOTCXHOJIOTYUU U HAHOMATCPHUAJIOB;



— omnpeaenats  dpdekTuBHble  (U3NKO-XUMHUYECKHE  METOABI  CO3JaHUS  HOBBIX
(YHKIMOHAJIBHBIX HAHOMATEPUAIOB C KOMIUIEKCOM 3aJaHHBIX CBOMCTB JJIsl KOHKPETHBIX
oOracrell MPUMEHEHNUS;

— OPUMEHATh TEOPETUYECKUE 3HAHUS (UBUKO-XMMHUYECKHUX CBOICTB COBPEMEHHBIX U
NEPCIEKTUBHBIX HAHOMATEPHAJIOB JUIsl PEILICHUS UCCIEA0BATENbCKUX U MPUKIAAHBIX 3a]a4,
B TOM YHCJI€ B MEXIUCIUIUIMHAPHBIX 00JIaCTAX.

enaoems:

— HaBbIKaMH pabOTHl C HAYyYHO-TEXHHUYECKOW, CHPABOYHOU JMTEPATypOd U DIEKTPOHHBIMH
pecypcamu, 3aTparuBaloUIMMHU (yHIaMEHTAIbHbIE U MPAKTHYECKHE ACIEKThl MPUMEHEHUS
HAHOTEXHOJIOTUH U CO3JJaHUsI HAHOMATEPUaJOB;

— CIOCOOHOCTBIO K KPUTHMUECKOMY aHAJIM3Yy M OLEHKE COBPEMEHHBIX HAyUHBIX JAOCTHIKECHUH,
BBISIBJICHUIO TTPOOJieM U (OPMYJIUPOBAHUIO MOAXOJOB JUISl PELICHUS UCCIIEN0BATENbCKUX U
NPaKTUYECKHX 33/1a4 B 00JaCTH HAHOTEXHOJIOTMH M HAHOMAaTEPUAJIOB.

— MeroJamMH paboThl C HAYYHO-TEXHHYECKOW, CHPABOYHOW JHMTEPATypOd M 3JIEKTPOHHO-
OMOTMOTEYHBIMU pECypcaMH IO TEOPETUYECKUM U TEXHOJOTHYECKHM acrekTam (U3UKO-
XUMHYECKHX CBOMCTB M XUMUYECKOH TEXHOJIOTUH HAHOMATEPUAJIOB;

— HaBBIKAMH HaXOXJICHHS U HWCIOJIb30BAHUS CIIPABOYHBIX JINTEPATYpPHBIX HAHHBIX H
KOMIIBIOTEPHBIX 0a3 JaHHBIX IO COCTaBYy, CTPYKType M (U3UKO-XMMHUYECKUM CBOWCTBAM
OCHOBHBIX THUIOB ()yHKIIMOHAJIBHBIX U KOHCTPYKIIMOHHBIX HAHOMATEPUAIIOB.

3. Kpartkoe coagep:xanue JUCUMIIMHBI:

1 cemecTp.

Paznea 1.

1.1. Beenenue. CoBpeMEHHOE COCTOSIHUE, POOIEMBI U IEPCIIEKTUBBI Pa3BUTHS HAHOTEXHOJIOTUHI

¥ HaHoMaTepuainoB. Mcropus pa3BuTvs HayKu O HaHOMAaTepHallax W HAaHOTEXHOJOTHH. Biian

OTEYECTBEHHBIX Y4eHBIX. OcoOble (QH3MUecCKne M XHMHUYECKHE CBOWCTBA HAHOOOBEKTOB M

HAHOCTPYKTYPHUPOBAaHHBIX cucTeM. Pa3mepnbiii 3ddexT. 3aBUCHMOCTb CBOICTB OT paszMepa

CTPYKTYpPHBIX 3JIEMEHTOB MarepHaja (4acTUL, KJIACTepOB, 3€pEH) U NPOSBICHHE Pa3MEPHOrO

s dexra. Ocobennoctu U Hy3nOHHO-KMHETUYECKUX MPOLIECCOB B reTepoda3HbIX cUCTeMax ¢

HaHOCTpYKTypamu. CriocoObl cTabmim3anuu HaHodacTuil. PasmepHbie 3(h(heKThl B KHHETHKE.

1.2. Hanomatepuainsl B 31eKTpoHuKe. [101ynpoBOJHUKOBBIE HAHOCTPYKTYPBI: KBAHTOBBIE SIMBI,

HUTH U TOYkH. OCOOEHHOCTH TOBEIEHHUs DJJEKTpOHAa B HaHOCTpyKTypax. Ilomyuenue wu

OPUMEHEHHE KBAHTOBBIX TOYEK. ONHTAaKCUsA. MexaHu3Mbl 00pa3oBaHMsS KBAHTOBBIX TOYEK.

Ceepxpemerku. dopmupoBaHHe MOTYIPOBOAHUKOBBIX HHTErpajdbHbIX MHKpocxem (MMC).

Jlutorpadus. KBanTtoBblif Tpanzuctop. KBantoBslii n1azep. KBaHTOBBINM KoMIbIOTED.

1.3. ®Ou3uMKO-XMMHUYECKHE OCHOBBI  IOJYYEHHUsS  HAHOIMOPOIIKOB, HAHOCTPYKTYp U

KOHCOJIUJJUPOBAHHBIX HaHOMaTepuasoB. OCHOBHBIE METO/bl MOJY4YEHHsS HaHOMAaTepHasoB.

[Tonyuyenune HanonopomkoB. Meron ['neittepa. Bkinaa COBETCKMX YYEHBIX B COBEPIIEHCTBOBAHHUE

METO/IOB IOJIyuyeHHUs] HaHoMarepHraioB. CTaOMIbHOCTh HAHOMOPOIIKOB. MeTo/1bl HMHTEHCUBHON

iactuaeckoit pepopmaruu. Texnonorun 3D-newatu (3D-Printing),

Paznen 2.

2.1. Kommnozunuonusle HaHomarepuanbl. Kiaccudukanys KOMIO3HIIMOHHBIX MaTepUaIoB.

OCHOBHBIE THIIBI CTPYKTYP KOMIIO3MLMOHHBIX MaTepUaIOB. XapaKTepPUCTUKA HAalOJHUTENeH.

Ouznueckne M XWMHUYECKHE CBOWCTBA HEOPTraHMYECKUX W OPTaHMYECKHX KOMITO3UIIMOHHBIX

MaTepHaloB.

2.2. MexaHuyeckne CBOWMCTBA HaHOMaTepuayoB. [Ipo4HOCTh, IIACTHYHOCT W Jpyrue

napaMeTphl, ONpeAesIOIINEe MEXaHWYEeCKHe CBOMCTBA HAHOMATE€pPHAJOB. AHH30TPOMHS

MEXaHUYECKUX CBOMCTB. BnusHue Mopdosoruu, CTpyKTypbl HAaHOYACTHII Ha MEXaHUYECKUE

CBOMcTBa. BimsiHme HAHOCTPYKTYp Ha MEXaHHMUYECKHE CBOMCTBA HAaHOKOMIIO3UTOB. BimsHue

OpHEHTAIMHN aHU30TPOIHBIX HAHOYACTUIl HA MEXaHUYECKUE CBOWCTBA HAHOKOMITO3UTOB.

2.3. Apxre3uss HaHOMATEpUANOB Ha PA3IUYHBIX TOBEPXHOCTIX. Are3MOHHAs MPOYHOCTh

COEIMHEHUS «aJre3uB-cyocTpar». MakTopbl, BIMUSIONINE Ha BETUYUHY aJAr€3MOHHON MPOYHOCTH.

Mertoap! onpenaeneHus aare3uu. OmnpeneseHue aare3sud HaAHOYACTHI[ MYTEM MOJETUPOBAHMSL.



Anre3us IJIEHOK M HAHOCTPYKTYPHUPOBAaHHBIX (HAHOKOMIIO3UTHBIX) MOKpbITUi. Teopun aaresum.
[TpryrHbBI TOBBIICHHON AATe3WU HAHOYACTHIl. BiusHue M30bITKAa MOBEPXHOCTHOW SHEPIHU Ha
a/Ire3MOHHOE B3aUMO/IEHICTBHE HAHOYACTHLL. 3aBUCUMOCTb aJIr€3U1 OT MOP(OIOrUN HAHOYACTHIL.
2 cemecTp.

Pa3znea 3.

3.1. Ilopuctele Hanomarepuaibl. HoMmenknarypa nop MexayHapoIHOTO COK3a MO YUCTON U
npukiagHor xumun (1972 r.). OnpenerneHne MOPUCTOCTH PA3TMYHBIX BUIOB Top. Ilopucteie
MaTepuaibl  pa3auyHoM npupoxasl. Hanomopuersii  yrimepona.  MonekymnsipHele  CHTA.
Me3somnopucTeie Me30CTpyKTypupoBaHHble Matepuaibl (MMM). HaHOKOMITO3UTBHI Ha OCHOBE
MOJIEKYJSApHBIX CcUT. OcoOeHHOCTH MexaHu3Ma Ju(GQy3Ur BEIIECTB B HAHOMOPHUCTHIX
Mmarepuanax. Hanomarepuansl 1715 CylepKOHIEHCATOPOB.

3.2. MemOpansl 1 MemOpaHHBIC Tporecchl. [lommMepHbIe, MeTalUTMUECKHUe, KEepaMHUYECKUe,
KOMIIO3UTHBIE MeMOpaHbl. Tpekossle puinbTpsl. Hanbonee nepcrekTuBHbIE 00J1aCTH IPUMEHEHUS
memOpan. Hanodunsrpanus. Mexanuzm HaHopmibTpauuu. OCOOEHHOCTH NEepeHOoca BEIIEeCTB
yepe3 MeMOpaHbl, MMEIOUIMEe HaHopa3MepHble mopbl. KanwuisipHo-(QuiIbTPalMOHHBIN U
T Py3uoHHBIN  (pakTOpsl TepeHoca. Poib 37eKTpOCTaTHYECKOro B3aUMOACWCTBUS HOHOB
paszensieMoro pacTBopa ¢ MarepuaioM MemMOpaHbl. CoBpeMeHHbIE THUITbI HAHO(DUIBTPALIMOHHBIX
MeMOpaH.

3.3. Juddysus mno wmexdaszHpiM TpaHunaMm. 3epHorpanudHas auddysus. OcobeHHOCTH
T PY3MOHHBIX MPOIECCOB Ha MeX(a3HbIX rpaHunax. Moaenu 3epHOTpaHUYHON auddy3un.
3epHorpannyHas Juddy3uss B TOHKUX IUICHKAaX. BiusHHE CTPYKTypbl TIpaHUI] 3€peH Ha
muddysuo. Auddysus u gedexrsr crpykrypsl. OcobeHHOCTH 3epHOrpaHnyHON Auddysun B
HaHOKPUCTANIMYECKUX  MaTepuanax OKCIIEPUMEHTAIbHbIE METOAbl JJI  ONpeAeeHUs
napamMeTpoB 3epHOrpaHnuHON auddy3un.

Pa3zneua 4.

4.1. OcoOeHHOCTH MAarHUTHBIX CBOWCTB HaHOMAaTepHaloB. BiusHue pasmepa dYacTull Ha
MarHuTHbIE cBOMcTBA. OCHOBHBIE MapaMeTphbl, 3aBUCSIIUE OT pa3MepHoro ¢akropa. M3menenue
KOOPLUUTUBHOM CHJBl C YMEHBIIEHHMEM pa3Mepa MarHuTHOM 4yactuuel. Ilepexoxm B
cyleprapaMarHuTHoe cocTosiHue. OCOOEHHOCTU TUCTEPE3UCHBIX CBOWCTB MEJKHX YaCTHIL.
MarauTHble CBOWCTBA HAHOYACTHUIl OKCHIOB Kejle3a pa3jIMYyHOTO pasMepa M CTPYKTYpBHI.
OcobeHHocTH (hyHIaMEHTAIbHBIX CBOWCTB MAarHETUKOB B TOHKOIUIEHOYHOM COCTOSIHMM. Poib
MOBEPXHOCTU U pa3MepHOro (gaxropa B GOPMUPOBAHUK MAarHUTHON aHU30TPONUU. MarHuTHbIE
KUJKOCTH.

4.2. Xumus HaHOKJacTepoB. MouleKyJsipHbIE JIMTaHJHbIE KJacTepbl. be3nuraHgHbie
MeTajuIndeckue Kinactepbl. O01Me TeHIeHIIMY U3MEHEHN S CBOMCTB KJIACTEPOB B 3aBUCUMOCTH OT
HykineapHocTH. OcoOble TOYKM Ha 3aBUCUMOCTAX OT HYKJIEapHOCTH, OTBEYAIOLIUE TakK
Ha3bIBAEMBIM Marn4ecKuM 4uciaM. AHOMAJIMK PeaKIMOHHON CIIOCOOHOCTH KJIacTEpPOB B ra30BOU
¢daze, cooTBeTCTByIOLIME O3TUM 4yHciaaM. CBA3b pEaKUHOHHONW CHOCOOHOCTH CMEUIaHHBIX
KJIACTEPOB C UX JIEKTPOHHBIM CTPOCHUEM U T€OMETPHUEN.

4.3. HanomainHbl 1 HAaHOYCTpoHcTBa. AcceMOiephl M MOJIEKYJIsipHbIe MalIHbl. KoMIbloTepHbIE
Mojenu.  30HAOBBIA  MMKPOCKON ~ Kak  MaHHUMyIATop  aroMamu.  Hanomurorpadus.
KonBepTupoBaHue BHEIIHUX BO3JECUCTBUN (PHEPIUI0O XUMHUYECKOW pPEaKIMH, CBETOBYIO,
AJIEKTPUUYECKYI0, TEIUIOBYIO SHEPrHi0) B MEXaHMUYECKYI0 SHEpruro JABMKeHus. [IBa Tuma
MOJIEKYJISIPHBIX MOTOPOB: TPAHCJISLIMOHHBINA U poTop. CuHTe3 HaHOoaBTOMOOMIS. Nanocar Race —
MEXyHapOAHbIE COPEBHOBAHUS HAHOABTOMOOMIIEH.

4. O0beM y4eOHOH JUCHUIIINHBI

. B 3aueTHBIX B akanewm.
Buabl yueOHol padoThI

eIMHHIIAX gqacax
OO01ast TPy10eMKOCTh JUCHHMIIJIMHBI 10 Y4eOHOMY IJIAHY 10,0 360
Konrakthas pa6ora (KP): 3,31 119

Jlexuuu (JIek) 1,41 ol




[TpakTuueckue 3ansatus (I13) 1,88 68
CamocrositeabHas padora (CP): 4,69 169
KonTakTHas camocrositenbHas paboTa -
CaMocTosTenbHOE U3YUEeHHE Pa3/AeNIOB IUCIUILIMHbI 469 169
Bun kontpoJs:
IK3aMeH 2,0 12
KoHnrtakTHas paboTa — MpoMeXyTOYHAS aTTECTAIMS 20 0,8
[ToAroToBKa K 2K3aMEHY ’ 71,2
Buja nTOoroBoro KOHTpoOJIs: IK3aMeH
B ToM uymciie mo ceMecTpam:
1 cemecTp
. B 3aueTHbIx B akanmem.
Buabl yueOHo# padoThI J—— qacax
OO0uas Tpy10eMKOCTb JMCUMILIUHBI 0 Y4e0HOMY IJIAHY 6,0 216
Konrakthas padora (KP): 1,82 68
Jlexuunu (Jlek) 0,91 34
[Ipaktuueckue 3ausatus (I113) 0,91 34
CamocrositesbHas padora (CP): 3,12 112
KonTakTHas camocrosiTenbHas paboTa -
CaMocTosTenbHOE U3YUEHHE PA3/1EI0B IUCIUILIUHbI 312 169
Buja xoutpoas: 1,0 36
I9K3aMeH 1,0 72
KonTakTHas paboTa — mpoMeKyTOUHAS aTTECTALIUS 10 0,4
[ToaroroBka K sK3aMeHY ’ 35,6
Buja nToroBoro KOHTpoOJIs: JK3aMeH
2 cemecTp
Bujant yuebuoii padorsi B 3aueTHBIX B akanewm.
SIMHHIIAX gacax
O0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4eOHOMY IVIaHy 4,0 144
KonraktHas pa6ora (KP): 1,63 68
Jlexumnu (JIek) 0,72 17
[Tpaktuyeckue 3anstus (I13) 0,91 34
CamocrositesbHas padora (CP): 1,37 57
KonTakTHas camocrositensHas paboTa -
CaMocTosTenbHOE U3YUEeHHE PA3AETOB IUCIUTUIMHBI 137 169
Bupa xouTpoJs: 1,0 36
JK3aMeH 1,0 72
KonTakTHas paboTa — mpoMeKyTOUHAsl aTTECTALIUS 1,0 0,4
[TonroroBka K SK3aMeHy 35,6
Bupa uTtoroBoro KOHTpoJIs: JK3aMeH
Buabl yueonoii pacorhi B 3agerHbIX B actpon.
SIMHHIIAX gacax
OO0mas Tpy10eMKOCTb JMCUMILIMHBI 10 Y4e0HOMY IJIAHY 10,0 270,0




Konrtakthas patdora (KP): 3,31 89,25
Jlexuuu (Jlek) 1,41 38,25
[Mpaktuueckue 3ansatus (I13) 1,88 51,00
CamocrositesibHas padora (CP): 4,69 126,75
KonTaktHas camocrositenbHas padboTa -
CamocTosTenbHOE H3YUYCHHE Pa3IeIOB JUCITUTLTHHBI 469 126,75
Bua konTpoJs:
DK3aMeH 2,0 54
KonrtaktHas paboTa — mpoMexyTOYHast aTTeCTaIlHs 20 0,6
[ToaroroBka K 3K3aMeHy ’ 53,4
Bua uTOroBOoro KOHTpOJIs: JK3aMeH
B Tom unciie mo cemecTpam:
1 cemecTp
Brjub yuednoii pa6oTh: B 3aueTHbBIX B acrtpos.
eIMHUIIAX qacax
OO0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4e0HOMY IVIaHy 6,0 162
Konrakthas padora (KP): 1,82 51
Jlexmuu (JIek) 0,91 25,5
[Tpaktuyeckue 3ansatus (I13) 0,91 25,5
CamocrositesibHas padora (CP): 3,12 84
KonTaktHas camocrositenbHas paboTa -
CaMocTosTenbHOE U3YUYEeHUE PA3/AeTOB IUCIUTLIMHBI 12 84
Buja koHTpOJS:
JK3aMeH 1,0 27
KonrtaktHas paboTa — mpoMeXyTOoYHast aTTeCTaIHsI 10 0,3
[ToaroroBka k 3K3amMeHy ' 26,7
Bua uTOroBoro KOHTpoOJIs: JK3aMeH
2 cemecTp
Buub1 yueBHoii paGoThi B 3agerHbIX B actpon.
eIMHUIIAX qacax
O0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4eOHOMY IVIaHy 4,0 108
Konraktnas patdora (KP): 1,63 51
Jlexuunu (Jlek) 0,72 12,75
[Ipaktuueckue 3ansatus (I113) 0,91 25,5
CamocrositesbHas padora (CP): 1,37 4275
KonTakTHas camocrositensHas paboTa -
CamocTosiTeTbHOE U3YYCHHE PA3/ICTTOB JUCIIUTUIMHBI 137 84
Bun konTpoJs:
JK3aMeH 1,0 27
KonTakTHas paboTa — mpoMeKyTOUHAsl aTTECTALIUS 10 0,3
[ToaroroBka K 3K3aMeHy ’ 26,7
Bua uTOoroBoro KOHTpoOJIS: JK3aMeH

AHHOTanus paboyeil mporpaMMbl TUCIUTUIUHBI

«/1e10BOM MHOCTPAHHBIN A3BIK»




(b1.0.03)

1. Heab AMCHUIUIMHBI - IpUoOpeTeHNe 00yJaroMUMUCS 001IeH, KOMMYHUKAaTUBHOW U
npoeCCHOHATIBHON KOMIIETEHLIMH, YPOBEHb KOTOPBIX Ha OTIEJNbHBIX J3Tamax s3bIKOBOM
MOJATOTOBKM IIO3BOJIIET HCIIOJNIB30BaTh HMHOCTPAHHBIM S3bIK KaKk B  MPOECCHOHATHLHON
JeSITEIbHOCTH B cdepe 1e710BOro oOLIeH s, TaK U AJs Lieeid caMmooOpa3oBaHusl.

2. B pe3syabrare
MarucTpaTypsbl 10/KeH:

H3YyYCHUS JUCHUILIMHBI

o0yyaomuiica 1m0 mnporpamMmme

Obaadame CIeNYIOIUMA KOMIETCHIIMSIMH:

dopmupyemMbie KOMIIETEHIIUU

NHauKaTopsl 10CTHKEHHS KOMIETEHIN

YK-4. CriocobeH MpUMEHSTh COBPEMEHHBIC
KOMMYHHUKATUBHBIC TEXHOJIOTHH, B TOM YHUCJIC
Ha HHOCTPAHHOM(BIX) sI3bIKe(ax), s
aKaJIeMIYECKOT0 U MPOPECCHOHATHHOTO
B3aUMOJICUCTBU

YK-4.1. [IpeacraBmnsieT pe3yabTaThbl
aKaJgeMUIeCcKol U PO eCCHOHATBHON
JESTEIbHOCTH Ha Pa3IMYHBIX yOIHMYHBIX
MEPOTPHUATHSIX, BKIIOYas MEKYHAPOTHBIC,
BBIOMpast HanboJIee MoaXoaAIui hopmar;
YK-4.2. ApryMeHTUpPOBaHHO U
KOHCTPYKTHUBHO OTCTalBaeT CBOU MO3UIMH U
UJICH B aKQJICMUYCCKUX U
npodeccCHoHaNbHBIX AUCKYCCUAX Ha
roCyJ1IapCTBEHHOM sA3bIke PD 1 MHOCTpaHHOM
A3BIKE;

YK-4.3. Bnaneer HaBbIKaMU BEACHUS
JIEJIOBOI MEPENUCKU Ha PyCCKOM U
WHOCTPAHHOM SI3BIKC;

YK-4.4. CocraBisieT, IepeBOIUT U
PEIAaKTHPYET pa3INdHbIC aKa[EMUICCKHIEC
TEKCTHI (pedeparsl, 3cce, 0030pbl, CTAaThU U
T.J1.), B TOM YHCJIC HA HTHOCTPAHHOM SI3BIKE.

OIIK-5. CnocobeH HCIONIb30BaTh
WHCTpYMEHTapuil (hopMaIn3anuu
WHXCHEPHBIX, HAYYHOTEXHHUYECKUX 3a/1a4,
MIPHUKJIATHOE TPOTPAMMHOE 00CCIICUeHUE JITIs
MOJICTTUPOBAHUS U TIPOCKTHUPOBAHUS
00BEKTOB, CUCTEM H MPOIIECCOB

OIIK-5.1. [IpoBOAWT MaTeHTHBIN MTOUCK B
npodecCHOHaTBHON 00JIaCTH.

B PE3YIbTATC U3YUCHUS JUCHUIIIINHBI O6y‘l@.l-0H.[HfICH JOJIKCH:

3namo:

- OCHOBHBIE CITOCOOBI COYETAEMOCTH JICKCUUSCKUX CAWHUIL 1 OCHOBHBIC CJ'IOBOO6pa3OBaTCIIBHLIC

MOJIEIIH;

- PYCCKHUEC SKBHUBAJICHTBI OCHOBHBIX CJIOB U BBIpa)I(eHHfI HpO(beCCHOHaHBHOﬁ peuu;

- OCHOBHBIC TIPHUEMBEI
CIICIUaJIbHOCTH,

U MeToApl pedepupoBaHMs M AHHOTHPOBAHHS JIMTEPATYpPbI IO

- HACCUBHYIO U aKTUBHYIO JIEKCUKY, B TOM YHCJI€ 00IIEHayUHYI0 U CHIEIHabHY0 TEPMUHOJIOTHIO,
HE00X0IUMYIO JUIs pabOThl Ha/l TUTIOBBIMU TEKCTAMU;
- IpHUeMbI Pa0OTHI C OPUTHHAIBHOM JINTEPATYPOIl 10 CHEHATBHOCTH.

Ymemns:

- paboTaTh ¢ OPUTHHAIILHOM JTUTEPATypOil 10 CelnaIbHOCTH

- paboTaTh CO CIOBApEM;

- BECTHU ACITOBYIO MEPCIIMCKY HAa NU3YyYACMOM A3BIKEC,

- BCCTU PCUYCBYIO MOCATCIBHOCTH HNPHUMCHUTCIBHO K C(pepe OBITOBOI

KOMMYHI/IKaHI/II/I.
Braoemey:

U TnpodeccHoHAIbHON

- MHOCTpPAHHBIM A3BIKOM Ha YPOBHC HpO(beCCI/IOHaJ'H)HOFO 06HIGHI/I$[, HaBbIKaMU W YMCHHAMU
pC‘ICBOﬁ ACATCIIbBHOCTH IPUMCHHUTCIIBHO K C(I)epe OBITOBOM U HpO(I)CCCHOHaHLHOﬁ KOMMYHHKAIIUH,



OCHOBaMU MyOJUYHON peuH;
- (dopMaMu JIE€TOBOM TEPENUCKH, HABBIKAMH MOJTOTOBKA TEKCTOBBIX JOKYMEHTOB B
YIPaBJIEHUYECKOU 1€ATEIbHOCTH;
- OCHOBHOM MHOSI3bIYHOM TEPMHUHOJIOTMEN CIIEUAIBHOCTH;
- OCHOBaMHU pe(eprupoBaHMs U aHHOTUPOBAHUS JTUTEPATYPHI MO CIIEHUATHHOCTH.
3. KpaTkoe coaep:kanue JMCIUIIHHBI

Pazoen 1. Obwenuneeucmuueckue acnexmol 0e108020 00WeHUs. HA UHOCMPAHHOM s3bIKe.

Benenue. Ilpeamer u posib MHOCTPAHHOTO s3blKa B JEJIOBOM OOLIEHMM. 3aJa4d U MECTO
Kypca B IOITOTOBKE MarucTpa TEXHUKHU U TEXHOJIOTHH.

1. 'pammaTryeckue TPyAHOCTH U3Y4aeMoro si3bika: JIMuHble, MPUTSKATEIbHBIE U TIPOYHE
MECTOMMEHMUS.

Crpspxenue riarona-csizku. OOpa3oBanue u ynorpediaenue GopM MacCHBHOTO 3aJI0Ta.

[TopsaoK CIIOB B IPEIOKEHUN.

2. UreHne TeMaTHM4eCKHUX TEKCTOB: «BBemenue B xumuio», «.M. Menupeneeny, «PXTY
uM. JI.1I. MenneneeBa». IloHdatne o BuAax ureHHsd. AKTUBHM3aLUsA JIEKCUKH MPOYUTAHHBIX
TEKCTOB.

3. [IpakTuka ycTHOM peun o TeMaM: «I oBopum o cedey», «B ropone», «PaiioH, r1e s )KUBY».

Jlexcuueckre OCOOCHHOCTH MOHOJOTUYECKOW peud. PedeBoil ATHUKET IenoBOro OOIIeHUs
(3HAKOMCTBO, MPEACTaBICHUE, YCTAHOBICHUE U MOAJIEPKaHUE KOHTAKTa, 3allpoc U COOOIIEeHUE
uHpopManuu, modyxIeHne K JeHCTBHUIO, BRIPaKEHUE MPOCHOBI, COTTIACHS).

doHeTHYeCcKre XapaKTEPUCTUKH HU3y4aeMoro si3bika. OCOOEHHOCTH TUATOTHUECKON peuu 1o
MPONJECHHBIM TEMaM.

4. I'pammaTH4eCcKue TPYTHOCTH U3y4aeMOro SI3bIKa:

Nupuantus. OOpazoBanue M ynorpediieHne WHOUHUTHUBHBIX 000pOTOB. BHIoBpeMeHHBIC
(dbopMBI I11arosnos.

Paszoen 2. Ymenue, nepesoo u ocobennHocmu cneyuanbHol OusHec iumepamypol.

5. N3yuaromee ureHue TekcToB mo TemaMm: «CTpykTypa BeuniectBa», «Heopranuueckas u
OpraHMuyecKas XUMHUS, COEIWHEHus yriaepoaa». Jlekcuueckue OCOOEHHOCTH —JI€JI0BOM
JTOKyMeHTaluu. TepMuHOI0Tus OU3HEC TUTEPaTypPhl HA U3Y4aeMOM SI3BIKE.

6. [IpakTuka yctHO# peun o teme «CTyieHuYecKast )KU3HbY.

CTunucTuyecKkue M JEKCHYeCKHe OCOOCHHOCTH s3bIKa JENOBOTO OOIIEHHS. AKTUBHBIA U
MaCCUBHBIN TEMAaTUYECKUI CIOBAapHBIN 3amac.

7. I'paMmaTH4eCcKue TPy IHOCTH U3y4aeMOro SI3bIKa:

[Ipynyactus. Pa3nnuHble BapuaHThl NEPEBOJA NMPUYACTUN Ha PyCCKUU sA3bIK. [IpuyacTHbIE
000pOTHI ¥ IPUEMBI UX TIEPEBO/Ia HA PYCCKUH S3BIK.

CocnararenpHoe HakJIOHEHHE. THIBI YCIOBHBIX MpenokeHuil. BapuanTel mnepeBona
MPEAJIOKEHUH B COCIIaraTeIbHOM HAKJIOHEHHUH U YCIOBHBIX MPEJIOKEHUM.

8. M3yuarolee yTeHHE TEKCTOB M0 TeMaTHKe: «XuMudeckas adoparopus»; «3mepenns B
XUMUW.

Opranu3anius paboThI CO clieuanbHbIMU coBapsMu. [TonsTe o pedeprupoBaHUM TEKCTOB IO
CIELNATBbHOCTH.

Pazoen 3. Ilpogheccuonanvras kommynukayus 6 cghepe 0e108020 00WeHUs.

9. IlpakTuka ycTHOM peun no TemaM: «CTpaHa n3yyaeMoro si3bika», «IIpoBenenue nenoBoi
BCTpeun», «3aKII0YeHHE KOHTpaKTa». YCTHBIM oOMeH uHpopMaiueil: YCTHble KOHTakKThl B
CUTYAIMSIX JIEJIOBOTO OOIIEHUSI.

10. U3yygaroree uTeHre crenuaibHbIX TEKCTOB. [Ipuemsl paboTsl co cinoBapeM. CocTaBieHue
pedepaToB U aHHOTAIIHH.

11. O3HakoMHUTENIbHOE YTEeHHE 10 TemaThuke: «B Oanke. ®dunHaHCH; «/lemoBble mucbEMay;
«YcTpoiictBo Ha paboTy». Dopmbl aenoBoro nuckMa. [loHATHE NeMOBOM KOPPECTIOHIEHIIHH.
[Tpuemsl paboThl ¢ UHTEpHETOM U 37€KTPOHHOU MOUYTOM.



12. Pa3roBopHas mpakTUKa JEJI0BOTO OOIICHHS IO TeMaM: « XUMHYECKUE TEXHOJIOTUNY,
«IIpo6siemsl sxonorum». CooOiienne nHGopMaIuu 1Mo TeMe (MOHOJIOTHYECKOE BHICKa3bIBAHUE )
B paMKax OOIlIeHayYHOU U 00IIeTeXHHYeCKON TeMaTuku. O011ee KOJIUIeCTBO pasiesioB - 3.

4. O0beM y4eOHON JUCIHILINHBI

B B
Bunpl yueOHoI paboThI 3aYETHBIX | aKaJieM.
€IMHHIIAX Jacax
O011as TPyA0eMKOCTh JMCHUILIHHBI M0 Y4eOHOMY IJIAHY 5 180
KonraktHas pa6ora (KP): 1,22 44
Jlexuuu (Jlek) - -
[Tpaktuueckue 3ausarus (113) 1,22 44
CamocrositesibHas padora (CP): 2,78 100
KoHrtakTHas camocTosTenbHas pabora 0,2
CamocTosTenbHOE U3YYCHUE Pa3/IeIIOB JUCIIUTUTHHBI 218 99,8
Bun kontpoJs:
JK3aMeH 1,0 36
KonTakTHas paboTa — mpoMeKyTOUHAS aTTECTALIUS 10 0,4
[ToaroroBka K sK3aMeHY ’ 35,6
Buja nToroBoro KOHTpoJIs: JK3aMeH
B ToM umcie o cemecTpam:
1 cemecTp
. B 3auerHbIx B akanem.
Bupab1 yueOHoii padoThI
eIMHUIIAX Jacax
OO0uas Tpy10eMKOCTb JMCUUILIUHBI 10 Y4€0HOMY ILUIaHY 2,0 72
Konrakthasi padora (KP): 0,47 17
Jlexuunu (Jlek) - -
[Ipaktuueckue 3ansatus (I113) 0,47 17
CamocrositesbHas padora (CP): 1,53 55
KonrakTHast camocTosTenbHas pabora 0,2
CamocTosiTenbHOE U3yUYeHHUE PA3/IeTIOB JUCIIUTLIMHBI 153 54,8
Bua konrpoJs:
3auer + +
2 cemecTp
. B 3auerHbIxX B akanem.
Buabl yuedHoit padoThI S —— qacax
OO0masi Tpy10eMKOCTh TUCIUIIIUHBI M0 Y4eOHOMY TJIAHY 3,0 108
Konrakthas pa6ora (KP): 0,75 27
Jlexmuu (JIek) - -
[Tpaktuueckue 3ansatus (I13) 0,75 27
CamocrositesibHas padora (CP): 1,25 45
KonTakTHas camocrosiTenbHas paboTa 5 -
CamocTosTenbHOE U3yUYCHHUE PA3/IeTOB TUCITUTLUTMHBI 125 45
Bua kourpous:
JK3aMeH 1,0 36
KonrtakTHas paboTa — mpoMexyTo4YHast aTTeCTalHs 10 0,4
[ToaroroBka K sK3aMeHY ’ 35,6




Bua uTOroBOro KOHTpOJIA:

IK3aMeH

B B
Bunst yueOHoI paboThI 3aYETHBIX | ACTPOHOM.
€IMHULIAX Jacax
OO0masi Tpy10eMKOCTh THCIUILIHHBI 10 Y4eOHOMY MJIAHY 5 135
Konrakthasi padora (KP): 1,22 33
Jlexmuu (Jlek) - -
[IpakTuueckue 3anstus (I113) 1,22 33
CamocrositesibHas padora (CP): 2,78 75
KonrakTHast camocrosTenbHas pabora 0,15
CamocrosiTenbHOE U3yUYEeHHE PA3/IeTIOB JUCIIUILIMHBI 218 74,85
Bua konrpoJs:
JK3aMeH 1,0 27
KonTakTHas paboTa — mpoMeKyTOUHAST aTTECTALIUS 10 0,3
[ToaroroBka K 5K3aMeHY ’ 26,7
Buja nToroBoro KOHTpoOJIs: JK3aMeH
B ToM ymciie mo cemecTpam:
1 cemecTp
Biub1 yueBHoii paGoThi B 3ageTHbIX B actpon.
eAMHUIIAX yacax
OO0mas TpyA0eMKOCTb JMCHUILIUHBI 110 Y4eOHOMY IJIaHy 2,0 o4
Kounrakthas pa6ora (KP): 0,47 12,75
Jlexuuu (Jlek) - -
[Tpaktuueckue 3ansatus (I113) 0,47 12,75
CamocrositesnbHas padora (CP): 1,53 41,25
KonrtakTHast camocTosTenbHas pabora 153 0,15
CamocTosiTenbHOE U3yUYeHHUE Pa3/IeTIOB JUCIIUTLIMHBI ' 41,1
Bua konTpoJs:
JK3aMeH + +
2 cemecTp
Buabi yue6Hoii pa6oThI Be;it;e;;{;;x B EZEEEH'
OO0masi Tpy10eMKOCTh TUCIUIIIUHBI M0 Y4eOHOMY TJIAHY 3,0 81
KonrakthHas padora (KP): 0,75 20,25
Jlexuuu (Jlek) - -
[Tpaktuueckue 3ansatus (I113) 0,75 20,25
CamocrositesibHas padora (CP): 1,25 33,75
KonTakTHas camocTrosiTebHas paboTa -
CamocTosTenbHOE U3YYCHHE PA3/IeTOB TUCIIUTLUIMHBI 125 33,75
Bun konTpoJs:
JK3aMeH 1,0 27
KonTakTHas paboTa — mpoMeKyTOUHAasl aTTECTALIUS 10 0,3
IlonroroBka K aK3aMeHy ’ 26,7




Bua uToroBoro KOHTpoOJIs: IK3aMeH

AnHOTanws paboueit mporpaMmbl TACIUTLTAHBI

«/lonoHUTEILHBbIE TJIABBI MATEMATHKH B HAHOMATEPUATIAX»

(51.0.04)

1. Ieabp AUCHMIUVIMHBI - 3HAKOMCTBO C COBPEMEHHBIMH METOJIaMHU
CTaTUCTHYECKOW 00paOOTKU 3KCIIEPUMEHTAILHBIX JAHHBIX C UCTIOJIh30BAHUEM CPEIICTB
WH(OPMAIIMOHHBIX ~ TEXHOJOTHMH Ha OCHOBE YINIYOJNIEHHOTO HM3Y4YeHHS Kypca
MaTeMaTHYECKOW CTATUCTHKH.

OCHOBHBIMH 33Ja4aMU JIUCIUIUIMHBI SBJISIOTCS: TOJNyYEHUE NPEICTaBICHUNA 00
aKTyaJbHBIX NPOOJIEMax HCIOJIb30BAHUS CTATUCTHYECKMX METOJOB B XMMHU M XHUMHYECKON
TEXHOJOTHH, a TaKXKe MPaKTHUECKas peajn3alis OCHOBHBIX IMOAXOJO0B K aHAIM3Yy JaHHBIX C
UCTIOJIb30BaHUEM BEPOSTHOCTHO-CTATUCTHYECKUX METOJIOB.

2. B pe3ysabTare n3yueHus AMCUUIJIMHBI CTY€HT J10JI’KEH:

OO0nanath cIeIyrIUMA KOMIIETCHIIUSMU:

OIIK-1.1; OIIK-1.2; OIIK-1.3; OIIK-1.4; OIIK-5.3

3HaMb:
OCHOBHbBIE MPUEMBI U METOJbI 00paOOTKH CTATUCTUYECKONW MH(OPMALIUU: PAcUET BHIOOPOUYHBIX
XapaKTEPUCTUK CIIyYaWHbIX BEJIMYMH, UCIOJIb30BAHUE CTATUCTUYECKUX TUIIOTE3 JJIS MEpeHoca
pe3yJIbTaTOB BRIOOPOUHOT0 00CIIeIOBaHMSI Ha TeHEPAIbHYIO COBOKYITHOCTD;
METO/Ibl PETPECCUOHHOTO ¥ KOPPEIALMOHHOTO aHAJIN3a,
OCHOBBI JUCIIEPCUOHHOTO AHAJIN3A;
METO/IbI aHAJIM3a MHOTOMEPHBIX JTAHHBIX;
0a30Byl0 TEPMHHOJIOTHIO, OTHOCSIIYIOCS K TEOPETHUYECKOMY OINHMCAHHIO OCHOBHBIX
MEePCIIEKTUBHBIX HAMPABICHUN PA3BUTUS METOJA0B OOPAOOTKU SKCIIEPUMEHTAIBHBIX JIAHHBIX |
ymems.
aHAJIM3UPOBATh U KPUTUUYECKH OLICHUBATh COBPEMEHHBIC HAYUHBIC IOCTHKEHUS B 00JIACTU CBOUX
Hay4HbIX MCCIIEIOBAHUN;
WCIIOJIH30BATh MOJYYCHHBIC 3HAHUS JIJISl PEIICHUS TPOPECCHOHATBHBIX U COIMATBHBIX 33/1a4.
anademn.:
0a30BOll TEPMHUHOJIOTHEH, OTHOCSIIENWCS K CTAaTUCTHYECKON 00paboTKe SKCIEPUMEHTAIBHBIX
JTAHHBIX;
MPaKTHYECKUMH HaBBIKAMH  OOpaOOTKM CTaTHUCTHUYECKOM WHGOpPMAIMA C  HCHOIb30BAHUEM
WH(GOPMAIIMOHHBIX TEXHOJIOTHIA,
METOJIOJIOTUEW COBPEMEHHBIX HAyYHBIX HCCIECIOBAaHUN, KPUTUYECKOW OLEHKOM IIOJYyYEHHBIX
pe3yJbTaToOB, TBOPYECKMM AaHAJIM30M BO3HUKAIOIIMX HOBBIX MpoOJeM B O0JaCTH XHMUU U
XUMHYECKOU TEXHOJIOTHH.
3. KpaTtkoe conep:kanue IMCIUNIHHBI:

Beenenue.

OCHOBHBIE CTATUCTHUECKUE METO/IbI aHAJTN3a SKCIIEPUMEHTAIBHBIX TaHHBIX.

1. OcHOBBI MATEMATHYECKOM CTATHCTUKH.

3agaun MaTeMaTUYECKON cTaTUCTUKU. BriOopku. CtaTHCTHUECKOE pacmpe/eiecHue
BbIOOpKU. MHTepBanmbHas Tabnuila, TMUCTOTpaMMa YacTOT. TUIBI M3MEPUTENHHBIX IIKAIL.
CTaTUCTUYECKHE OIEHKH MapaMeTPOB pacCHpeeNIeHUsl, X CBOWCTBA. TouYe€UYHBIE OLICHKH.
NHTepBanbHbIe OLICHKU ITapaMeTpoB pacrpeneneHus. [IpoBepka CTaTUCTUUECKUX THUIOTES.
OcHoBHbIE TOHATHSA. CXeMa IPOBEPKU TUITOTE3BI.

IIpoBepka THIIOTE3bl O BHAE pAacHpeleleHHs. y’>—KpuTepHii cormacus IImpcoma.
CpaBHeHHME [BYX AMCHEPCHM HOPMaIbHBIX pacnpenencHuil. CpaBHEHHE ABYX CpPEAHHUX
HOPMAaJIbHBIX PACIIPEACIICHUU.

2. CtaTucTHYECKHE METOAbl AaHAJIU3A JTAHHBIX

Perpeccronnslil 1 KOppENSUMOHHBIN aHanu3. JINHENHAs perpeccusi, MHOKECTBEHHAs



nuHelHas perpeccusi. OneHKa YpOBHEH 3HAUYUMOCTH KOI(DPHUIIMEHTOB PErpecCHOHHOTO
ypaBHEeHHs. Mojenn HeTMHEWHBIX perpeccuil. Brrumcnenune xoddduimenta Koppensuuu
[Tupcona mo BbIOOpOYHBIM naHHBIM. [IpoBepka rHMOTE3bl 3HAYUMOCTH KO3 duireHTa
Koppensinuu.  PanroBele  koodduuumentsl  koppermsumu  Crnupmena u  Kenpamna.
JlucniepCMOHHBIN aHAIU3: IOHATHE TUCIIEPCUOHHOTO AHAJIN3a, OCHOBHBIE OIPECIICHHUS.

OnHodakTOpHBIN U ABYX(AKTOPHBIA JUCTIEPCUOHHBIN aHAIN3.

3. Craructuyeckass o0pa0oTka MHOIOMepHbIX JdaHHbIX Ha3HaueHue u
KJaccu(uKaus MHOTOMEPHBIX METO10B. MeTo bl peacka3zanus. Metoasl kiaccuukaum.
MHOroMepHbIf perpecCUOHHbIA aHanu3 MHOKecTBeHHasi perpeccusi. PakTOpHBIM aHAIU3
OcCHOBHBIE TIOHATHUS W TIPEATIONOKEHUS (hakTopHOro aHanmmza. OOumit anroputM. OCHOBHBIE
9Tarbl PaKTOpHOro aHamu3a. JJuckpumMuHaHTHBINA aHau3 OCHOBHBIE TOHATUS U ITPEIIOI0KEHHUS
JTMCKPUMUHAHTHOTO aHaH3a. JMCKpUMUHAHTHBINA aHATTM3 KaK METO/I KJTaCCU(PHUKAINHI OOBEKTOB.
Knactepusiii ananus. OOmas xapakTepUCTHKa METOJIOB KIIACTEPHOro aHaiu3a. Mepbl
cxonctBa. Mepapxuueckuit kinactepusiii aHamu3. Merox K-cpennux. Kputepun kadectsa
KJIacCU(PUKAIINH.

KoMIbloTepHbIil aHATN3 CTATHCTHYECKUX JTAHHBIX XapaKTEePUCTUKA M OCOOCHHOCTH
nocrpoenus makeroB Excel, MathCad, SPSS, Statistica.

4. O0beM y4eOHOMH JUCHHILINHBI

B B
Bunel yue6HOI paboThI 3a4ETHBIX | aKaJeM.
€AMHUIIAX Jacax
OO0mas TpyA0eMKOCTh JMCUHMILIHHBI 10 Y4eOHOMY ILIAHY 2,00 72
Konrakthas pa6ora (KP): 0,47 17
Jlexumu (Jlek) 0,22 8
[Tpaktuyeckue 3ansatus (I13) 0,25 9
CamocrositesbHas padora (CP): 1,53 55
KonrakTHast camocTosTenbHas pabora 153 0,2
CaMocTosTenbHOE U3YUYECHUE PA3/IeTIOB TUCIUTLIMHBI ’ 54,8
Buja koHTpOJS:
3auer + n
B B
Bunpt yueOHOi paboThI 3aYETHBIX | ACTPOHOM.
SIMHATIAX Jacax
OO6masi TpyI0eMKOCTh THCIHIIHHBI 10 Y4€OHOMY MJIAHY 2,00 54,00
KonraktHas patora (KP): 0,47 12,75
Jlexruu (JIek) 0,22 6,00
[Tpaktuueckue 3ansatus (I113) 0,25 6,75
CamocrositesibHas padora (CP): 1,53 41,25
KonTakTHas camocrositensHas paboTa 153 0,15
CamocTosiTenbHOE U3yUYeHHE PA3/IeTIOB JUCIIUTLIMHBI ' 41,10
Bun konTpoJs:
3auer + +

AnHoTanus paboueil mporpaMmbl AUCIUTLINHBI
«OueHKka pUCKOB M JKOHOMUYecKOH 3¢ (peKTUBHOCTH NPH BHEAPEHUH HHHOBALMOHHBIX
peleHui ¥ TeXHOJIOTHiD»
(51.0.05)
1. Heap AMCHUNUINHBI — TTOJIYY€HUE CUCTEMbI HAyYHBIX 3HaHUI B 001aCTH COBPEMEHHBIX
po0JsieM HayKu, TEXHUKU U TEXHOJIOTUH, C TPUMEHEHHEM METO/I0JIOTMH KOMITJIEKCHOM OIIEHKU U



aHaJIM3a OCHOBHBIX PHCKOB IIPM BHEIPCHWHM WHHOBALIMOHHBIX TEXHOJOTMH B CHCTEME
HAIIMOHAJIFHONW 3KOHOMHUKH C HCIOJIb30BAHUEM HMHCTPYMEHTOB 3()()EKTUBHOIO YIpaBlICHHUsS Ha
0a3e 3HaHUH HKOHOMMUYECKUX 3aKOHOMEPHOCTEH M yMEHUH 00ydaromuxcs i UCIOJIb30BAHUS
HYKOHOMHYECKUX PACYeTOB B HAYYHOH M MPO(eCCHOHATBHON AEATENbHOCTH, a TaKKe 00ydeHue
SKOHOMMYECKOMY MBIIIJICHUIO ¥ HCIIOJIb30BAHMIO, ITOJIyYEHHBIX 3HAaHUH, B NaJbHEHILEM.

2. B pesyabrare wu3y4eHus: AUCHMILVIMHBI oO0ydalouuiicds 1O NporpamMme

MATUCTPATYPbI A0/KEH:

Obaadame CIENYIOIUMA KOMIETCHIIMSIMH:

dopmupyembie KOMIETEHIIUU

NHaukaTopsl 10CTHKEHHS KOMIIeTeH Ui

YK-2 CniocobeH ynpaBisiTh MIPOESKTOM Ha
BCEX ATaIax ero )KU3HCHHOTO [UKIIa

YK-2.1 dopmynupyer Ha OCHOBE
MOCTABJIEHHOW MPOOIEMbI TPOSKTHYIO 3a/1a4y
U croco0 ee pelieHus 4Yepes3 peain3aiuio
MPOEKTHOTO YIIPABICHHUS

YK-2.2 BeisgisieT pe3epBbl U pa3padaThiBacT
Mepbl 1o 00eCTIeYeHn IO pexuma
pecypcoddekTuBHOCTH Ha MIPEIPUATHH
YK-2.3 Pa3pabarbiBaeT KOHIEMIHIO TPOEKTA

B paMkKax  O00O3HAYeHHOW  MPOOJIEMBI:
dbopMyHpyeT 1menb, 3anadd, 0OOCHOBHIBACT
aKTyaJIbHOCTh,  3HAYMMOCTb,  OYKHIACMbIC
pe3ynpTaThl M BO3MOXHBIE cepsl UX
IPUMCHEHHSI

YK-2.4 PazpabaTpIiBacT KOHIETIINIO IPOCKTA
B PaMKax 0003HAaYEeHHOW POOIEMBbI:
(dbopMyIHMpyeT 1ielb, 3a1a4l, 000CHOBHIBAET
aKTyaJIbHOCTb, 3HAUUMOCTh, OXKHJIaeMble
pe3yabTaThl U BO3MOXKHBIE C(hepbl HX
[IPUMEHECHUS

OIIK-2. CiocoGeH ynpaBisiTh
po¢eCCUOHATBHON U UHOM JESITEIIbHOCTHIO
Ha OCHOBE IPUMEHEHUS 3HAHUN IPOEKTHOIO
1 (MHAHCOBOI'O MEHEIKMEHTA

OIIK-2.1. [Tnaaupyet paboTy Majoro
MPEIIPUATHS, CIICIAATH3UPYIOMETOCS Ha
MIPOU3BO/ICTBE BHICOKOTEXHOJIOTHUHON
IPOIYKINH;

OIIK-2.2 Bnaneet onbIToM
MIPOU3BOJICTBEHHOTO MEHEPKMEHTA: pacueTa
SKOHOMMYECKOH U pecypcorpheKTUBHON
COCTABJISIFOLLEN IIPU BBINOJIHEHNUN
HCCIIEI0BATENbCKON pabOTHI.

OIIK-3. CiocoGeH ynpaBiATh )KU3HEHHBIM
LIUKJIOM CO3JJaHHsl MH)KEHEPHBIX MPOJYKTOB B
00J1IaCTH HAHOTEXHOJIOTUI ¥ HAaHOMaTepPHaJIOB
C Y4€TOM SKOHOMHUYECKHUX, IKOJIOTMYECKHX,
COIMAIIBHBIX M APYTUX OTPaHUICHUI

OIIK-3.1. BnageeT COBpeMEHHBIMU METOJIaMH
aHanu3a 3(pGeKTUBHOCTH MPOU3BOJICTBEHHOTO
mporecca 1 OL[eHKH TPOU3BOICTBEHHBIX
NoTephb U MOAXO0JIaMH K pa3padoTke
KOMILIEKCA MEPOIIPHUATHH 110 X YCTPaHEHHIO;
OIIK-3.2. [IpoBOANT TEXHHUKO-
HYKOHOMUYECKOE 00OOCHOBaHHE H
HKOHOMHYECKYIO OIIEHKY MPOEKTHBIX
pelIeH 1 HH)KEHEPHBIX 3a/1a4;

OIIK-3.3. AHanM3UpyeT U OILICHUBAET
3aTpaThl IPEeanpUsITHs (TPOEKTa) C YUETOM
WH)XEHEPHBIX PUCKOB.




OIIK-3.4 ITIpoBOIUT SKOJIOTHYECKYIO OLECHKY
MIPOEKTHBIX PEIICHUI U MHKEHEPHBIX 3ajiau.

B pesynbrare u3ydeHus AUCHUILIUHBI 00YYarOIUiics JOIKEeH:

3namp:
TEOpPEeTUYECKHE OCOOEHHOCTH U ACHUCTBYIOLIYIO MPAKTUKY B O0JIACTH OLIEHKH HKOHOMMYECKOU
3 PEKTUBHOCTH U YIIPABICHHUS MHHOBALIMOHHBIMU PUCKAMU;
COBPEMEHHBbIE  METOJbl  BEAEHUS  HAy4yHOM, MPEJIPUHUMATENBCKON  JesTElIbHOCTH,
MHHOBAIIMOHHBIE ITPOLIECCHI, IPOUCXOASIINE B HALMOHAIbHOW YKOHOMUKE;
METO/bI OLICHKH M TEXHUKO-9KOHOMHUYECKOr0 000CHOBAHUS HHHOBALIMOHHBIX ¥ MHBECTHUIIMOHHBIX
IPOEKTOB JIIsl GOPMHUPOBAHMUS HABBIKOB YIIPABIICHHS IPOSKTAMHU B HAYYHOH cepe AeITeIbHOCTH;
METOAaMU KOMIUIEKCHOTO aHaju3a M OLIEHKH COBPEMEHHBIX HAyuYHBIX JOCTHXKEHHH,
TE€HEPUPOBAHNS HOBBIX UJEH ITPU PELLIEHUH UCCIIEI0BATEIbCKUX U HAyUYHO-TIPAKTUYECKUX 33/]1a4 B
00J1aCTH TEXHUKH U TEXHOJIOTUH;

Ymemes:
IPUHUMATh ONTUMAJIbHbIE PEIICHUS C yUeTOM JUHAMUKY BHEITHEN U BHYTPEHHEN Cpe/ibl Hay4yHOU
OpraHu3aluy;
IPOBOJUTH OLEHKY U SKOHOMHMUYECKHUI aHaIu3 HaAy4HOU, TEXHUYECKOH TOKyMEHTaluu B 001acTu
COBPEMEHHBIX, THHOBALIMOHHBIX BUJIOB AESTEIbHOCTH;
OPUMEHATh TEOPETHUYECKUE 3HAHMSA, MOJY4YEHHbIE B pe3ysibTaTe M3Y4YEeHUs IUCLUIUIMHBL, IO
BbIOOPY COBPEMEHHBIX M MHHOBALMOHHBIX TEXHOJIOTMHA B O0JIACTM TEXHUKHU IPU HANHMCAHUU
HaY4HBIX CTaTel, OTUETOB U BBITYCKHOMN KBaIU(UKALIMOHHON pabOThI;
IPUMEHSTh METOJ/Ibl 3KOHOMHYECKHMX DPACUYETOB, & TaKXe CIIOCOObI U TEXHOJOTHMH O0y4YeHUus
9KOHOMHYECKOMY MBIIIUIEHUIO [Tl MCTI0JIb30BaHMSL, IOJIyY€HHBIX 3HAaHUMH, B JaJbHENUIIIEM B CBOCH
HAYYHOW U TPO(HECCUOHATILHOU eI TSIILHOCTH,
paccuMTtaTh M  OLEHUTh JSKOHOMHYECKYIO 3((PEeKTHBHOCTb, YCIOBUS UM  IOCIEICTBUA
NPUHUMAEMBIX, OPTaHU3AIMOHHBIX, IKOHOMHYECKHX M YIPABICHUYECKUX PEHICHWH B 00JacTh
HAY4YHOH J1eTeTbHOCTH.

Bnaaoemp:
HaBbIKAMU CHCTEMHOI'O IIOJXO/Ja K HKOHOMHMYECKOW OLIEHKE U aHaiu3y 3(PQPEKTUBHOIO
YIOpaBIeHUS pa3IUYHbIMU O0BEKTaMU U ChIPhEBBIMU MTOTOKAMU B HAy4YHOM, UCCIIE0BATEIbCKON
JESATEIIBHOCTH B YCIIOBUSAX BBICOKUX PUCKOB U HEOIIPENEICHHOCTH.
METOI0JIOTUYECKUMHU MTOAX0/1aMU, OCOOEHHOCTSMU CUHTE3a U BBISBJICHUS B3aUMOCBSI3€H COCTaBa,
CTPYKTYpbI, CBOMCTB U TEXHOJIOTUI YIIPaBICHHs, 00ECTIEUMBAIONIUMH 000CHOBAaHHOE NPHUHSITHE
pelieHuid npu pa3paboTKe M BHEAPEHUU MHHOBAIIMOHHBIX MPOEKTOB JUISl pa3IMYHBIX 0OJacTeit
HAyKHU U TEXHHKHU;
METOoJaMH U croco0aMu paboThl B MH(POPMAIMOHHOMN cpejie, MO0 MPUHATHIO U JTOCTHKCHHIO
CTPaTEruueCcKUX LejIel ¥ TAKTUYECKUX 3aa4, IPUHUMAEMBIX PELICHUI;
MHCTPYMEHTAMHM OLICHKM KOMMEpPYECKON IpHUBIEKATEIbHOCTH WHBECTULMOHHOTO IIPOEKTa,
KOMMEpPLIHAIN3aLNN VMHHOBAIUH, cneuuduku HAy4HOTO, MHHOBAIIMOHHOTO
peIpUHUMATEIbCTBA.

3 KpaTkoe coaepkaHue Q1 CHUIITTHHBI

Pa3znen 1. HeonpeneneHHOCTh U pUcK: OOIIME NOHATHSA U IPUOIMKEHHBIE METObI YUeTa
OO1iee MOHATHE O HEONPENEIEHHOCTH U PUCKE. MHOKECTBEHHOCTh CIIEHApHUEB pealn3alvu
npoekta. [Tonsatus 06 3¢(HeKTUBHOCTH U YCTOMYUBOCTH IIPOEKTA B YCIOBUSAX HEOTIPEAEIEHHOCTH.
@opMupOBaHUE OPraHU3ALMOHHO-3KOHOMHYECKOIO MEXaHW3Ma pPEaJu3allid WHHOBAIIMOHHBIX
pemieHuit ¢ yueToM (akTOpoB HEONPENETCHHOCTH U pucka. OCHOBHBIE CUCTEMBI YIPABIICHUS.
VYKpynHEHHas OLEHKAa YCTOWYMBOCTM HMHBECTHMLIMOHHOro mpoekra. Ilpemms 3a puck.
KyMynaTUBHBIII METOA OIIEHKHM NpeMUH 3a pHUCK. Mojaenb OLIEHKH KalHUTaJbHBIX aKTHUBOB
(CAPM). Ympasnenue no MRP-cucreme u ap.

Paznen 2. Pacuersl oxumaeMoill >(QQEeKTUBHOCTH TMpOEKTa YKpyHIHEHHas OlEHKa
YCTOMUYMBOCTH MPOEKTA JJIS €r0 yYaCTHUKOB. PacueT rpanuil 0e3yObITOUHOCTH U 3 (HEKTUBHOCTH.
OrneHka ycTOMYMBOCTH MPOEKTA ITyTEM BapbUpOBaHUs ero napamerpoB. OueHka 3¢ dekTuBHOCTH




IPUHATHA PEIICHUS B YCIOBHAX HEONPEIEICHHOCTH. BeposSTHOCTHas HEONPENEICHHOCTD
(croxacTuka), CyObEKTUBHbIE BEPOSITHOCTH M MX MCIOJIB30BaHHUE NMPH OLeHKE 3()(HEeKTHBHOCTH
npoekToB U MHTepBanbHas HeomnpeneiacHHocTs. PopMmyia ['ypuna. MeTtoasl U MHCTPYMEHTBI
YIpaBIEHUS pecypcamu.

Pazgen 2. OnTumuzanuss W palnydoHAIBHBIM OTOOpP MPOEKTOB. 3agadyd OTOOpa u
ONTUMU3AIMH TPOEKTOB M OOIIME NPUHIMIBI MX PEIICHHA. YYeT BJIOXKEHHUH COOCTBEHHBIX
pecypcoB. MeTozbl albTEpHATUBHBIX PEILICHUN, AIbTEPHATUBHBIX U3JEPKEK, CINHOBPEMEHHBIC U
TEKyIIHE aJIbTEPHATUBHBIE U3IEPKKU. AJbTEpHATUBHAS CTOUMOCTb pecypca, AbTepHAaTUBHbBIE
U3JIEPKKU B YCIOBMSX PUCKA M Jp. MOKa3aTeNlH, OLEHUBaeMble Ipu pacdere 3¢ddekTuBHOCTH
npuHiATUS pemieHui. CocTaBieHUE peecTpa IPUYMHHO-CIEICTBEHHBIX CBS3€H IPOSBIICHUS
puckoB. KonnyecTBeHHas OLIEHKAa PUCKOB.

Pa3nen 3. HetpagunmoHHbIe I01X0/1bI K OLIEHKE MHHOBALIMOHHBIX pUCKOB COBpeMEeHHas 1
Oyay1ias CTOMMOCTH AEHEXHOI'0 I0TOKA. TeopeTnyeckre OCHOBBI JUCKOHTUPOBAHUS B YCIOBUIX
HeonpeaeneHHOCTH. OCOOEHHOCTH OIICHKH IPOEKTOB B YCIOBHUSAX COBPEMEHHOH POCCHICKOM
9KOHOMUKHU. OneHKa (PMHAHCOBON pean3yeMOCTH NMpoeKTa U 3(PPEKTUBHOCTU ydacTHsl B HEM
aKIIMOHEPHOTo Kamnurana. lcnosb3oBaHHWE ONLIMOHHOM TEXHUKH IIPU OLICHKE WHBECTULUM.
Paznuunsble acriekTsl BIUsHUA (hakTopa BpeMeHU. [locienoBaTelbHOCTh IPOSIBIEHUS] PUCKOB.

Paznen 4. IlpenBaputenbHas aHaIUTHYECKas OLIEHKA IPOEKTA. YIPOLIEHHBIN MpUMEp
oleHKH 3(pdexkTuBHOCTH U (UHAHCOBOM peannzyeMocTd mpoekta OObUHAs METOAMKA.
VYrounennass wmetonuka. Ompenenenue YJJ. Omnpenenenne BUJl. Omnpenenenue cpoka
OKYIIaeMOCTH OT Hauayia mnpoekta. OrmpenesneHue (QUHAHCOBOH pealn3yeMOCTH IPOEKTa M
3P PEKTUBHOCTH aKIIMOHEPHOTO KalMTaIa.

Paznen 5. Ilpumep monHoro pacdera mokasareneid 3()()eKTHBHOCTH MHBECTUIIMOHHOIO
npoekra Mcxomnele naHHble. Makpo- MU MHKpPO-DKOHOMHMYECKOE OKpyKeHHE. MHCTpyMEHTBI
HenenojaraHusi B cucreMe puckoB. OCHOBHBIE CBEIEHHMsSI 00 ONEPAlMOHHOW JesITEeIbHOCTH.
M HHOBaIIMOHHO-UHBECTULIMOHHAS JI€ATEIBHOCTb. METO/0JIOrHUsI OLEHKH DPHUCKOB HaydyHOW U
npodecCHOHATIBLHON JAEATENbHOCTH B YCJIOBHUSX HeolpenesneHHocTH. [IpoBeneHue pacuyeTtoB
sKoHOMHYECKOW 3PdexTuBHOCTH. OOmMe monokeHus. Pacuer mokaszateneil oOIIeCTBEHHOMN
s¢dexTuBHOCTH NpoekTa. Pacuer nokaszareneil kommepueckoil 3¢ (hekTuBHOCTH npoekTa. Pacuer
nokazateseit 3 hekTuBHOCTH yuacTus B mpoekTte. OreHka OromkeTHol r¢dextuBHOCTH. Pacuer
pHUCKOB. Pe3ynbTaTsl pacueTos.

JucuummuHa «OlieHKa pUCKOB U SKOHOMMYECKON 3(PQEKTUBHOCTH INpPU BHEIPEHUU
VMHHOBAIIMOHHBIX PEUICHWM M TEXHOJIOTMH» H3ydaeTcss Ha |-m Kypce, BO 2-M ceMecTpe
MarucTpaTypshl.

4. O0beM y4eOHOH JUCHHUILINHBI

B 3auetnbix | B akazem.
Bunet yueOHoI paboThI €IUHULIAX yacax
OO0mas TpyA0eMKOCTb JMCHUILIUHBI 110 Y4eOHOMY IJIaHy 2 72
KonraktHas pa6ora (KP): 0,94 34
Jlexmuu (JIek) - -
[Ipaktuueckue 3ansatus (I113) 0,94 34
CamocrositenbHas padora (CP): 1,06 38
KonrtaktHas camocrositenbHas pabota 1.06 0,2
CamocTosaTenbHOE U3YYeHUE pa3ieNioB JUCIUIUTUHEI ’ 37,8
Bua konTpoJs:
3auer + +
B 3auerHbIX B actp.
Bunast yueOHoM paboTh eIMHUIaxX qacax




OO0mas TpyA0eMKOCTb JMCIUILIMHBI 110 Y4eOHOMY IVIaHy 2 54
KonrtakTtHas patdora (KP): 0,94 25,5
Jlexuuu (Jlek) - -

[Mpaktuueckue 3ansatus (I13) 0,94 25,5
CamocrositeabHas padora (CP): 1,06 28,5
KonTakTHas camocrositenbHas paboTa 1.06 0,15
CamocTrosTenbHOE U3yUYEHHE Pa3/I€I0B JUCIIUILINHBI ’ 28,35

Bun kontpoJs:

3auer + +

AHHOTanus paboueit mporpaMmbl JUCHUTLTAHBI
«JlabopaTopHbie padoThl 10 GU3NYECKUM U XUMHYECKMM CBOMCTBAM HAHOMATEPHAJIOB U
HAHOCHCTEM»
(51.0.06)

1. Heap AuCOMIUIMHBI — TPHOOpPETEHUE 3HAHUHN, YMEHUHN, BIaJCHUNA U (opMHUpoOBaHUE
KOMIETeHIIMH B 001acTu (pU3MYECKUX M XUMHYECKHX CBOMCTB HaHOMATEpPUAIOB, HA KOTOPBIX
OCHOBAHO TMPUMEHEHHE HAHOMATEPUAJIOB M JaJbHEHIIEe pPa3BUTUE XMMHUYECKON TEXHOJIOTHUHU
HaHOMAaTEPHUAJIOB.

3agava JMCHUIIMHBI — QOpMHUpPOBAaHUE Y O0YJAIOIIMXCS MPEACTABICHUN 00 OCHOBHBIX
CBOMCTBAaX HAHOMATEpPUAJIOB, METOAAX HX OLEHKHM U HKCIEPUMEHTAILHOIO MCCIEI0BaHUS,
OTHMCaHUE U TIOPAIOK BBITTOJIHEHHUS JIA0OPATOPHBIX padoT.

2. B pe3yJbTaTe H3y4YeHUs] AUCHHUILINHBI CTYICHT JOJIKEH:
O6nanath cIeAyIOIMMH KOMIETEHIIUIMH:

@opMupyemMble KOMIIETEHIIUH ‘ NuaukaTopsl 10CTHKEHHSI KOMIIeTeH il
OIIK-6. Ciocoben OIIK-6.1. PaccunTthiBaeT AMUTEIHHOCTD BBITIOJTHEHUS
JEMOHCTPUPOBATh COLUAIIbHYIO TEXHOJIOIMYECKUX OIepalyil ¢ UCIIOJIb30BaHUEM
OTBETCTBEHHOCTH 32 HOPMAaTUBHBIX CIIPABOYHUKOB;

IIPUHUMAEMBbIE PELICHUS, OIIK-6.2. OueHuBaeT Mo KPUTEPHSIM TEXHOJIOTHH
YUUTBIBATh NIPAaBOBBIE U CHHTE€3a HAaHOMAaTEePHAJIOB C TOUKH 3pEHHsI 0€30M1aCHOCTH
KYJbTYPHBIE aCIIEKTHI, JUISL COTPYIHUKOB U OKPYKArOIIEN Cpe.bl;
obecreynBaTh yCTOMUMBOE OIIK-6.3. Mcnonp3yeT METOAMKH OpraHu3aluu paboThl
pa3BUTHE IPU BEICHUHU repcoHaia, COOJII0ICHUSI TEXHOJIOTHYECKON U TPYIOBOU
npo¢eCcCuOHAIBPHON U UHOM JTHACHATUTUHEL.
JeSITEIbHOCTH
OIIK-7. Cnocoben OIIK-7.1. Ucnionb3yeT TEXHUYECKYIO U CIIPAaBOYHYIO
pa3pabarbIBaTh U JIUTEPATypy, HOPMAaTUBHBIE JOKYMEHTHI IIPU
aKTyaJIn3UpOBaTh HAYYHO- BBITOJIHEHUH UCCIIE0BATENILCKOM paboThl B 06J1acTh
TEXHUUYECKYIO JOKYMEHTALUIO B TEXHOJIOIMHU U METOJIOB INarHOCTUKHA HAHOMATEPHAJIOB;
00JacTy MoJIy4eHus OIIK-7.2. CocTaBnsieT OTYETHI O IKCIIEPUMEHTATbHBIM
HaHOMAaTepHaJioB U TEOPETHUUECKUM HCCIIETOBAHUIM, TPAKTUYECKON
JeSITEIbBHOCTH B COOTBETCTBUU C YCTaHABIMBAEMbIMU
TpeOOBaHUSIMU
B pesynbrare u3yueHHs IUCHUIUIMHBI OOYYalOIIMMCS IO NporpamMMe MarucTparypsbl
JIOJKEH:
3Hamy:

COBpPEMCHHBIC HAYYHBIC JOCTMIKCHHA UM TICPCICKTUBHBIC HAITPABJICHUA pa60T B oOJlacTu
(I)I/I3I/ILICCKI/IX 1 XUMHYECKHX CBOICTB HaHOMAaTCpHAJIOB;

COBpPEMCEHHBIC ITPCACTABICHUA O (1)I/ISI/IKO-XI/IMI/I'~IGCKI/IX MCXaHHU3Max U Ipoueccax, MpoTCKarnIMux
IIpU UCIIOJIb30BAHUU HAHOMATCPUATIOB,



(GU3UKO-XMMHUYECKHE CHOCOObI YINpaBICHHUsS CBOMCTBAMH HAHOMATEpUaJOB, MOAM(PHUKAIIUN
HaHOMAaTepHaoB;
MIPOrHO3UPOBAHUE PA3BUTHUS (DYHKIMOHAIBHBIX HAHOMATEPHAIOB Ha OCHOBE UX (DM3UUYECKUX U
XUMHYECKHX CBOMCTB.
ymemy:
IPOBOJUTH aHAIN3 HAYYHO-TEXHUYECKOW MH(pOpMAaLKHU, B 00JaCTH (PU3NIECKHX M XUMHUYECKUX
CBOIICTB HAHOMATEPHUAJIOB;
onpeaensats 3QpPeKTUBHBIC (PUIUKO-XUMHUYECKAE METOJBI CO3JaHMS HOBBIX (DYHKIIMOHATBHBIX
HAHOMATEPHAJIOB C KOMITJIEKCOM 3a/IaHHbIX CBOMCTB JIJIsl KOHKPETHBIX 00JacTell IPUMEHEHUS;
OPUMEHATh TEOPETHYECKHWE 3HAHUS  (PU3MKO-XMMHYECKUX CBOWCTB COBPEMEHHBIX U
MEPCIEKTUBHBIX HAHOMATEPHAIIOB [Tl PELLICHUS UCCIIeI0BATEIbCKUX U IPUKIIATHBIX 3a/1a4, B TOM
YHCIIe B MEKIUCIUIUIMHAPHBIX 00JIACTSIX.
gnademsn:
HaBbIKAMU pPa0OTHl C HAyYHO-TEXHUYECKOH, CIPABOYHOW JIMTEPATypOdl M 3JICKTPOHHBIMU
pecypcamu, 3aTparuBaloOlUMU  (QYyHJAMEHTAJIbHbIE M MPAKTUYECKHE AacCMeKThl CO3/aHus
COBPEMEHHBIX HAHOMAaTEPHUAJIOB;
CIIOCOOHOCTBIO K KPUTHUYECKOMY aHAIM3y U OLIEHKE COBPEMEHHBIX HAy4YHBIX JIOCTHXKEHUH,
BBISIBJICHUIO MPOOJIeM U (DOPMYIMPOBAHUIO IOAXONOB JUISl PEIICHUS MCCIEA0BAaTENbCKUX U
MPAKTUYECKHX 33714 B 00J1aCTH HAHOTEXHOJIOTUY U HAHOMATEPUaJIoB.
MeToJaMu pPabOTbl € HAyYHO-TEXHUYECKOM, CIPAaBOYHOM JIMTEPaTypod U 3BJIEKTPOHHO-
OMOMMOTEYHBIMU pECypcaMH 10 TEOPETHYECKMM M TEXHOJOTHYECKHM acmeKkTaMm (U3HUKO-
XUMHUYECKHX CBOMCTB U XMMHUYECKON TEXHOJIOTMU HAHOMAaTEPHAaJIOB;
HAaBbIKAMU HAaXOXICHHS W HCIOJb30BAHUS CIPABOYHBIX JIUTEPATYPHBIX JAHHBIX U
KOMIIBIOTEPHBIX 0a3 JaHHBIX [0 COCTaBy, CTPYKType U (PU3MKO-XUMUYECKUM CBOWCTBAM
OCHOBHBIX TUIIOB (DYHKIIMOHAJIBHBIX U KOHCTPYKIIMOHHBIX HAHOMATEPHAJIOB.
3. KpaTtkoe conep:kanue JMCIUNIHHBI:
Paznen 1. Iu¢¢y3us no mexdasupiM rpannnam. 3epHorpanuanas 1udppysus.
JlaGoparopnasi pabora «OObemHass W 3epHorpanuuHas nudp¢ysus» Omnpenenenue

SHEPruil aKTUBALIMU U MIPEIPKCIIOHEHIIMATLHBIX MHOKUTEIEH 00bEMHOMN U 3epHOTrPaHUYHON

¢ dy3un. CpaBHEHHE TapaMETPOB 36pHOTPAHUYHON U 00beMHON 1udPy3un.

Pa3neu 2. Oco0eHHOCTH MATHUTHBIX CBOMCTB HAHOMATEPHAJIOB.

Jla6opaTtopHnast pabota Nel «IlomydyeHue u ncciaeaoBaHue CBONCTB MarHUTHOM KUAKOCTH C
JIMCTIEPCUOHHOM cpeloif BakyyMHoOro Maciay. Ilonydyenne yactui qucnepcHoi (a3l MarHUTHOM
KUAKOCTH METOJOM coocaxJeHus. MccienoBanue pasmepa 4acTHIl JUCIIEPCUU MarHUTHOM
KUAKOCTA METOJIOM TMHAMHUYECKOIO CBETOPACCESHUS.

JlabopaTopuast pabota No2 «COHOXMMHYECKHH METOJ TMOJY4YeHHsS HAHOYACTHI] OKCHIA
HeoZMMay. Pa3paboTka XMMHUYECKHUX METOJIOB MOJYYEHHs HAHOUYACTHUIl OKCHAA HEOAMMa JUIs
MCIIOJIb30BaHUs MOTY4YEHHUs] MarHUTHBIX HAHOKOMIO3UTOB. OnpesiesieHne pa3MepoB HaHOYACTHUI]
OKCHJIa HEOIMMa METOJIOM ONTHYECKOIO CBETONPOITYCKAHNUS U 3JIEKTPOHHON MUKPOCKOIIUH.

Jlabopatopnast pabGota Ne3 «llomyuenue u wHCCIeIOBAaHWE MATrHUTHBIX CBOWMCTB
HaHokoMmo3utoB Nd2Fe1sBy». Cunte3 Hanokommno3uTHbIX 4actuil Nd2FewB u wuccremoBanue
MAarHUTHBIX CBOMCTB.

Pazgen 3. Oco0CHHOCTH KHHETHKH IIPOLECCOB B reTepoasHbIX CHCTEMAax C
HAHOCTPYKTYpaMu.

JlaGopatopHas paboTa «VI3yueHre KWHETUKH BEICBOOOXKICHHSI BOIOPACTBOPHMBIX BEILIECTB
U3 HAaHOCTPYKTYPHUPOBAHHBIX CpeJl METOAOM Juain3a». V3yueHne KUHETHUKU BBICBOOOKICHUS
BOJIOPACTBOPUMOTO Kpacutess pogamuta C U3 MUKPOAIMYJIbCUU M JKUJKOTO KPAaCUTEINS JISHUTHHA
METOJIOM JTHaJIN3a.

Pasnen 4. Pazmepubiii 3¢ dekr.

JlabopatopHas pabora «CunTre3 kBaHTOBBIX Touek CdSe». CuHTe3 KBaHTOBBIX Touek CdSe
METO/I0M ropsueit nHxkekuu. MccenaenoBanue (hOTONIOMUHECIIEHTHBIX CBOMCTB KBAHTOBBIX TOUEK.



4. O0beM y4eOHOI TUCHMIIIIHHbI

B 3aueTHBIX B akanewm.

Bunel yueOHo# paboThI €AMHUIIAX yacax
OO0mas Tpy10eMKOCTb JMCHUIIIUHBI 110 Y4eOHOMY IJIaHY 2 72
Konrakthas pa6ora (KP): 0,94 34
Jlexuuu (Jlek) - -
JlabopaTopnsbie 3ansaTust (JIad) 0,94 34
[Ipaktrueckue 3ausarus (I113) - -
CamocrositesbHas padora (CP): 1,06 38
KonTaktHas camocrositenbHas paboTa 1.06 0,2
CamocrosiTenbHOE U3yUYeHHE PA3/IeTIOB JUCIIUILIMHBI ’ 37,8
Bua konTpoJs:
3ayeT c OLEeHKOI + +

Buja uTOroBOro KOHTpOJIS:

3ader ¢ OLEeHKOIi

B 3auerHbIX B actp.

Bunst yueOHOI paboThI €QUHHLIAX yacax
OO0mas TpyA0eMKOCTb JMCHUILIHHBI 110 Y4eOHOMY IVIaHy 2 94
KonrakTthHas patdora (KP): 0,94 25,5
Jlexuuu (Jlek) - -
JlaGopaTopnsbie 3ansTus (JIad) 0,94 25,5
[Ipaktuueckue 3ansatus (I113) - -
CamocTrositesbHas padora (CP): 1,06 28,5
KoHTtakTHas camocTosTenbHas pabora 0,15
CaMocTosTenbHOE U3YUYEeHUE PA3AeTOB TUCITUTUIMHBI 1,06 28,35
Bua konrpoJs:
3ader ¢ oneHkoM + +

Bua uTOroBoro KOHTpoJIA:

3a4er ¢ OLEHKO

5.2 IncuunauHbI 4acTH, GOPMHUPYEMOii y4aCTHUKAMHU 00pa30BaTeIbHbBIX OTHOIICHHI

(o0s13aTeIbHBIE JUCHUIJIMHBI)

AHHOTanus paboydeiil mporpaMMbl TUCITUTUTHMHBI

«KBaHTOBasi MeXaHHKAa»

(B1.B.01)

1. Heabto quMcuMNJIMHBI SBISETCS NPUOOPETEHUE CTYAEHTAMU 3HAHWM 10 OCHOBHBIM

pa3aciiamMm (bH3HKH U YMCHUIO MPUMCHATH UX B IPYIUX €CTCCTBCHHOHAYUYHBIX JUCHUIIIINHAX.

OCHOBHBIMH 3ajaYaMi JUCHHUIUIMHBI, PCHICHUC KOTOPBIX o0ecreynBacT JOCTHIXCHHC
OCIIn, ABJIAOTCA: (I)OpMI/IpOBaHI/IC HpeI[CTaBHeHI/Iﬁ 00 OCHOBHBIX (I)I/ISI/ILICCKI/IX 3aKOHax MMpUupoabl 1
METOJJaX TCOPETHUICCKUX I/ICC.]'IG)IOBaHI/Iﬁ Pa3InYHBIX (1)I/ISI/ILIGCKI/IX HBJ’IGHI/Iﬁ, a TaKXE aaTb

IIPEACTABIICHUS O COBPEMEHHBIX DKCIIEPUMEHTAIBHBIX METOAX UCCIICIOBAHNUS.
2. B pe3yabTare H3y4eHUs] AUCHMILIMHBI CTYACHT J0JIKEH::

O6J'Ial[aTL CICAYIOIMMHU KOMIICTCHIIUAMM:

dopMupyemMbie KOMIIETEHIIUH NHauKaTOpbl 10CTHKEHUSI KOMIIeTeH NI

IIK-3 Cnioco6eH k aHau3y 1 IIK-3.1. Umeer ombIT c60pa, 00pabOTKH, aHAIH3a U
0000I1IEHUIO Pe3yJIbTaTOB HAYYHO- | CHCTEeMaTU3allMi HayYHO-TEXHUUECKOW HH(POpMAaLIUU B
HCCIIEI0BATEIBCKUX PadoT, 00J1aCTH HAHOTEXHOJIOTUU M CMEKHBIX TUCIUILINH;




IOKCKY W aHAJM3y HAYYHOU U IIK-3.2. OnieHUBaET ypoBEHb UCCIICIOBAHHUM,

TEeXHUYECKON MH(pOpMALUH B 000CHOBaHHOCTb IPE/IaracMbIX PEIICHHH 1
00IacTH HAHOTEXHOJIOTUHU U PEKOMEHIALUi{ 10 peaTn3alii U UCIO0JIb30BaHHIO
CMEXXHBIX TUCUUILIHH IS pe3yJIbTaTOB HAY4HBIX-HCCIICOBAHNUI;

HAY4YHOH, MaTeHTHOW U ITK-3.3 I[Ipou3BoAHT CTaTUCTHUYECKYIO 00pabOTKY
MapKeTHHFOBOﬁ MMOoAACPIKKHU PE3YJIbTATOB SKCIICPHUMCHTAJIbHBIX I/ICCJICIIOBaHI/Iﬁ
MPOBOJMMBIX UCCIEIOBAHUM, K HAHOCTPYKTYPUPOBAHHBIX MAaTEPUATIOB.

CaMOCTOATEJILHOM ITOATOTOBKE

myOIuKanuil B OT€YECTBEHHBIX U

3apyOexHBIX U3TAHUIX

3HaAmMb.
¢u3nueckue OCHOBBI MEXAaHUKH, (PU3MKH KOJIEOAaHWI M BOJH, DJIEKTPUYECTBA U MarHeTH3Ma,
AIEKTPOAUHAMUKH, CTATUCTUYECKON (PU3UKHU U TEPMOJAUHAMUKH, KBAHTOBOM (PU3UKH;
CMBICI (PyHIaMEHTATIBHBIX (PH3UUECKUX 3aKOHOB, MPUHIIAIIOB M TIOCTYJIATOB; UX (HOPMYITUPOBKU
Y TPaHULIbI TPUMEHUMOCTH;
CBSI3b IIMPOKOTO Kpyra (pU3MUECKUX SBICHUH ¢ (PyHIAMEHTAILHBIMU MPHHIUIIAMH U 3aKOHAMHU
(076370478
OCHOBHBIE METO/IbI PELICHMS 33/1a4 110 ONMCAHUIO (PU3NUECKUX SIBICHMIA;
METOJIbI 00paOOTKU PE3yNbTATOB (PUIUUECKOTO IKCIIEPUMEHTA.
ymemn.
MPUMEHATh TEOPETUUECKUE 3HAHUSI U SKCIIEPUMEHTAJIbHBIE METObI UCCIAEAOBAHUS IPU PELICHUN
poQeCCHOHANIBHBIX 337124,
MPOBOAMTDH PAcu€Thl, OCYIIECTBISATH aHAJIU3 U HA OCHOBE 3TOTO JIeTIaTh 000CHOBAaHHBIE BHIBO/IBI,
AHAJTM3UPOBATH PE3YIbTATHI HAOIIOJCHUN 1 SKCIIEPUMEHTOB C IPUMEHEHHUEM OCHOBHBIX 3aKOHOB
Y TIPUHLUIIOB (PU3UKH;
OTIPEeNIeNATh XapaKkTep (PU3MUECKUX MPOIECCOB O KOMIUIEKCY SKCIIEPUMEHTAIBHON HH(pOpMauu
IIPU TOMOIIY TpapuKOB, TAOIUIl U YPaBHEHU;
IPEICTaBIATh 00pab0TaHHYIO SKCIIEPUMEHTATIBHYIO M TEOPETHUECKYIO0 HH(POPMAIIHIO B YCTHOW U
MUChbMEHHOU (popMe, B TOM YHUCIIE C UCTIOIH30BAaHHUEM COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTUH.
enaodems.:

HaBBIKAMU pabOThI C IIUPOKUM KPyroMm (hru3nyeckux npudbopoB 1 000py10BaHHUS;
HaBBIKAMH 00OCHOBAHUSI CBOMX CYXKJECHUHN U BEIOOpA METO/1a UCCIIEOBAHMUS.

3. KpaTkoe cogep:kanue TUCHHUIINHBI

1. Beenenue.

CyIHOCTh KBaHTOBOW KOHUEMIIMH B UCCIIEI0OBAHUY 3aKOHOB IIPUPOIBI.

2. OneparopHoe MpeACTaBICHINE KBAHTOBON MEXaHUKH.

KBanToBomexannueckue noctynarsl. CoOCTBEHHbIE (DYHKIIMM U COOCTBEHHBIE 3HAUECHUS
KBaHTOBOMEXAaHUYECKUX OINEpaTopoB. BbIpoxkieHHblE COOCTBEHHBIE 3HAYEHMs. Y CIIOBUS
MOJTHOTHl COOCTBEHHBIX (YHKLUUH KBAaHTOBOMEXAITHMUYECKUX omepaTopoB. OOIee peuieHue
HecTanoHapHoro ypaBHeHus lIpenunrepa. BonnoBas gpyHkuus u ee unTepnperanus. Teopema
Openpecra. CodbcTBeHHbIE DYHKIIMHM U COOCTBEHHBIE 3HAYSHUS OTIEPATOPOB SHEPTUU U UMITYJIbCA
U MX CBOWCTBA. Y CJIOBHSI HOPMUPOBKH COOCTBEHHBIX (DYHKIHUH ONEpaTropa UMIYJbca B CIydasx
OTPaHMYEHHOTO M  HEOTpaHMYEHHOTo  mpocTpaHcTBa. llpencraBienue  (paszioxeHue)
IOPOM3BOJILHOM  BOJHOBOM  (YHKUMM 1O  COOCTBEHHBIM  (DYHKIHMSAM  HPOHU3BOJIBHOTO
KBaHTOBOMEXHHYECKOTO omeparopa, oOnanaroree CBOMCTBOM MTOJIHOTBI u
OopTOHOpMHUpPOBaHHOCTU. CoOcTBeHHBbIE (YHKIMH U COOCTBEHHBIE 3HAYEHHUS OIleparopa
koopauHatsl. JlenpTa-Qynkuus Jupaka u ee coiictBa. dypbe-06pa3 nenbThi-pyHKIUN upaka.
KoMMyTaTopbl 1 aHTUKOMMYTATOpPHI B KBAHTOBOW MEXaHMKE M HUX CBI3b C  3aKOHaMHU
COXpaHEHHSI.

3. MaTtpuyHoe npeIcTaBICHUE KBAHTOBON MEXaHUKHU.

Marpunpi 1 ux cBoiicTBa. HyneBas, eauHuuHas W NOCTOsAHHAs Matpuubl. [myp,
JeTepMUHAHT ¥ oOpaTHas MaTpuila. OpPMUTOBBl M YHUTapHble MAaTpUIbl, UX CBOWCTBA.




Juaronanuzanuu  MaTpull € [OMOIIBIO  KBAaHTOBOMEXAHMYECKHX  IMPeoOpa3oBaHMIA.
[IpencraBieHne BOIHOBLIX GYHKIUI B BUJIE YHUTApHBIX MaTpull. KoopanHaTHOE IpecTaBiIeHNe
MaTpulbl 3Heprun. CBOICTBA MHTETPATIbHBIX S)PMHUTOBBIX ONEPATOPOB. Y PABHEHUS ABUKEHUS B
omepaTopHoii M MatpuuHOil ¢opmax. Kiaccuueckue ypaBHenusi Jlarpamka u ['aMuibTOHA,
KJlacCMueckue M KBaHTOBble CcKOOku Ilyaccona. KBaHTOBaHHE KJIaCCHMUECKON CHUCTEMBI.
KBanroBass Teopus Bo3MmyuleHMH. Bo3myienus, He 3aBucsaume ot BpeMeHU. CeKyisipHoe
ypaBHeHUEe. Bo3myliienus, 3aBUCSIINE OT BPEMEHU U UX MPEICTABICHUS B MAaTPUUHON (hopme.
JIBr>KeHHE YacCTHUIbI B IPOU3BOJIBHOM 3JIEKTPOMArHUTHOM ITOJIE.

4. MOMEHT UMITYJIbCOB U €r0 IPEICTABICHUE B KBAHTOBOW MEXaHUKE.

OnpeneneHne MOMEHTa MMIIyJbCa B OINEPAaTOPHOM BUIE U €ro KOMMYTAaTOPBI.
CooTHOIIEHHS MEX1y MATPUYHBIMU 3JIEMEHTAMH KOMIIOHEHT MOMEHTa uMnyJibca. CoOCTBEHHbBIE
3HaYeHHUs U COOCTBEHHbIE (YHKIMHU OIeparopa MOMEHTa M €ro KOMIIOHEHT. MarpudHoe
[IPEICTABICHNE MOMEHTA UMITYJIbCA U €r0 MIPOCKIUU.

5. ToxkaecTBEHHbBIE YAaCTHULIBI U CIIUH.

CuMMeTpHUUHbIe U aHTUCUMMETPHUYHBIE BOJTHOBBIC (DYHKIIMU U UX TUHEHHbIE KOMOMHALIUH.
CrnuHOBBIE MaTpUIlbl U COOCTBEHHBIC CHHHOBBIE (yHKIMHM dnekTpoHa. [IpuHIUN
TOXK/IECTBEHHOCTH OJIMHAKOBBIX YacTUL. ATOM M NEPUOJHUYECKAs] CUCTEMa 3JIEMEHTOB
Menneneesa.

6. CnuHOpBI B KBAHTOBOW MEXAaHUKE U UX CBOMCTBA.

CrHOpPEHI KaK TUHEHHBIC MpeoOpa3oBaHus CIHHOBBIX (DYHKIUN IBYX U TPEXIICKTPOHHBIX
cucteM. Brruucienne coOCTBEHHBIX 3HAUEHUH OMEpaTOpPOB KBaJpaTa MOJIHOIO CIIMHA CHCTEMbI
JIBYX W TPEX JIEKTPOHOB M €0 MPOSKIIHMH.

7. KBAaHTOBOMEXaHUYECKOE ONTMCAHNUE COCTOSTHUM aTOMOB JIETKUX U TSHKEIIBIX XMMHUYECKUX
AJIEMEHTOB.

Atom Bomopoma. CoOctBeHHble (GYHKIMH U COOCTBEHHBIE 3HAYEHHUS OMNEpaTropa
['amMunbTOHA 71 aTOMa BOJOPOJAa U BOJOPOAONOJO0HBIX aTOMOB. METOJI caMOCOTIacCOBAaHHOTO
MOJIsL ¥ €ro mpuMeHeHue K aromy renus. [Ipubnmxenus Xaptpu-Poka. BapuanmonHslii MeTo.
Y4er 00OMEHHOTO B3aUMOJICHCTBHS IEKTPOHOB B MPUOJIMKEHUU CAMOCOTJIACOBAHHOTO TOJIS ISt
atoMa reausa. Cxema LS- cBg3eln mig jierkux dieMeHToB. Cxema JJ -cBsA3ell g TSOKENBIX
aneMeHToB. YpaBHeHHe Tomaca-®epmu. BosHOBbIE (YHKIMH BHEMIHUX 3JEKTPOHOB BOIU3U
anpa.

8. KBanTtoBwie omepamuu KyOuToB. UMCTBIE, CMEIIaHHBIE U 3allyTaHHBIE COCTOSHUS
KyOHTOBBIX CUCTEM.

Matpuna mnotHoctd. OmnpezeneHne KBAaHTOBOMEXaHUYECKMXKYOMTOB. OnpeneneHue
YHUCTHIX M CMEIIAHHBIX KBAHTOBBIX COCTOSIHUI KyOWTOB 4epe3 BOJHOBBIEC (DYHKIIMU U MATPHILY
mI0THOCTH. OCHOBHBIE BHJIBI OJHOKYOHMTOBBIX KBAaHTOBBIX oOIlepanuid: (a3oBbIH BEHTHIIb,
MaTpulia npeoOpasoBanus Anamapa, omeparop- uaepTop NOT. CocTosHue ABYXKYOMTOBBIX
cucteM. KBanToBast KOorepeHTHOCTh BEKTOPOB cocTosiHUsl. IHTeppepomeTp Maxa-3enaepa u ero
OTHMCaHNE Yepe3 OJJHOKYOUTOBBIE KBAaHTOBBIE Orepanuu. [[ByXKyOMTOBbIE KBAHTOBBIE OMIEPALIUU.
CwmenraHHbIe U 3aIyTaHHbBIE COCTOSTHUS KBAHTOBBIX CHCTEM U WX OMKCAHUE C TIOMOIIBIO MAaTPHIIBI
TUIOTHOCTU JIBYXKYOUTOBBIX CHCTEM. BEKTOp COCTOSIHHSI JBYXKYOHTOBBIX CHCTEM M €ro
pazioskeHue 1o 6azucHpIM QYHKIUAM KyOuTOB (pasnoxxenue [lImunara). duTponus ¢pon Hoitmana
U €e CBSI3b C MaTPHUIIeH TIIOTHOCTH ABYXKYOUTOBBIX cucteM. Yucna [lImuara ans gepMuoHOB U
0030HOB MY ONpeAETIEHNN TUIIOB COCTOSIHUM IBYXKYOUTOBBIX CHCTEM.

9. 3aknroueHue.

MeTo1pI KBAHTOBOM MEXaHUKH - OCHOBA MCCIIE0OBAHUS 3aKOHOB MUKPOMHMPA.

4. O0beM y4eOHOMH JUCHHUILINHBI

B 3aueTHBIX B akanmem.
Buapr yaeOHO# paboThI eIUHUIIAX Jacax

OO01asi TPY10€MKOCTh THCHHUIIJIMHBI 10 Y4e0HOMY IJIaHY 3 108
Konrakthas pa6ora (KP): 0,94 34




Jlexuuu (JIek) 0,47 17
JIaGopartopusie 3ausaTus (J1ad) - -
[IpaxTnueckue 3ansatus (I113) 0,47 17
CamocrositesbHas padora (CP): 1,06 38
KonTakTHas camocrosiTenbHas paboTa 1.06 -
CamocTrosiTenbHOE U3YUYEeHHE Pa3/IeNIOB AUCITUILIMHBI ’ 38
Bun kontpoJs:
JK3aMeH 1,0 36
KonrtakTHas paboTa — MpoMeXyTOYHAS aTTECTAIMS 10 0,4
[ToaroroBka K sK3aMeHY ’ 35,6
Bua uTOroBOoro KOHTpoOJIs: IK3aMeH
Buapr yaeOHO# paboThI B 3auetHbIx B actp.
eIMHUIIAX qacax
O0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4eOHOMY IVIAHY 3 81
Konrakthas padora (KP): 0,94 25,50
Jlexuunu (Jlek) 0,47 12,25
JlaGopaTophsbie 3ansTus (J1ad) - -
[IpaxTuueckue 3ansatus (I113) 0,47 12,25
CamocrositesbHas padora (CP): 1,06 28,5
KonTakTHas camocrosiTenbHas paboTa 1.06 -
CamocTrosiTenbHOEe U3YYCHHE PA3/IeTIOB JUCIIUTLIMHBI ’ 84
Bua konTpoJs:
JK3aMeH 1,0 27
KonTakTHas paboTa — MpOMeKyTOUHAS aTTECTALIUS 10 0,3
[ToaroroBka K 3K3amMeHy ’ 26,7
Buja nToroBoro KOHTpoOJIs: JK3aMeH

AHHOTanus pabodei MporpaMMbl TUCIUTUIUHBI
«CynpamouiekyasipHasi XMMHS»

(51.B.02)

1. HeJblo IMCHUIIMHBI SBISETCS PAa3BUTHE Y CTYJEHTOB HABBIKOB aHAJIM3a
MOJIEKYJISIPHO-OPTaHU30BaHHBIX ~ CHCTEM, YMEHHUs  IIOCTPOEHHUs  aHcamOieu
OpPraHUYECKUX MOJIEKYJ, OPraHO-HEOPIraHUYECKUX KOMIIJIEKCOB U KOOPAMHALIMOHHBIX
MOJINMEPHBIX ~ CTPYKTYp,  MCCIENOBAaHUS  IPOLECCOB  BBICOKOCIEIM(PUUHOTO
pacrio3HaBaHMsl, pearupoBaHusl, kataau3a. ObecnednTs HH(pOpMaIMEN 10 OCHOBHBIM

o0jacTaM  TNPUMEHEHUS  MOJIEKYJSIPHO-OPraHM30BaHHBIX  cucteM.  Hayuuts
IUTAHUPOBATh, OPraHU30BbIBATH M OCYLIECTBIATH MOJ00pP KOMIIOHEHTOB JUIS

MOJIyYEHHUS CYyTPaMOJIEKYJISIPHBIX CUCTEM C OTNpeeNIEHHBIM HaOOpOoM (DyHKIIMIA.
2. B pesyabTrare n3y4eHusi AUCUMUIIMHBI CTYACHT J0JIKEH:
O6sagath caeAyOUMMH KOMIIETEHUIUSIMU:

DopmMupyeMble KOMIIETCHIMU

NHaukaTopbl 10CTHXKEHUS] KOMIIETCH NI

ITK-2 Cnoco0eH caMOCTOSITEILHO
MIPOBOJIUTH HAYYHO-UCCIICIOBATEIbCKHIE
paboTHI 1O CO3IaHMUs, HCCIIEIOBAHUIO U

MK-2.1. ®opmupyet TpeOOBaHUS K
HKCIEPUMEHTAIBHBIM 00pa3lam
HAaHOMATEPHAJIOB U HAHOCHCTEM H Pe3yJIbTaTaM




MNPUMCHCHUIO HAHOCUCTCM U
HaHOMAaTCpHaJIoB

HAYYHO-HMCCIIE0BATENBbCKUX paboT 1Mo UX
pa3paboTKe;

IIK-2.2. Beibupaer MeTo/bl U CpeACTBa
IPOBEJICHUS HCCIICOBAHNI U Pa3pabOTOK;
IIK-2.3. OnpenensieT myTH peuieHus HayYHbIX U
TEXHHUUYECKHX 3a]a4 B 001aCTH paboT 1o
CO3JIaHUIO, UCCIICAOBAHUIO M TPUMEHEHHIO
HAHOCHCTEM M HAaHOMAaTepHAJIOB

IK-3 Crioco0eH k aHaJM3y ¥ 0000IICHHUTO
PE3yJIbTaTOB HAYYHO-UCCIIEOBATEIBCKUX
paboT, MOUCKY U aHATN3y HAYYHOH U
TEXHUYECKON MH(pOpMAIH B 00JIaCTH
HAHOTEXHOJIOTUU M CMEXHBIX TUCHUIUIMH
JUISl HAYYHOM, TATEHTHOW U
MapKETUHTOBOM MOJJIEPIKKU TPOBOIUMBIX
UCCIIEIOBaHMM, K CaMOCTOSATENbHON
MOATOTOBKE MyOIUKalui B
OTEUYECTBEHHBIX U 3apyOeKHBIX U3TAHUIX

IIK-3.1. Umeer ombIT c60pa, 00pabOTKH,
aHaJM3a U CUCTEMAaTH3aUU HAYyYHO-
TeXHUYECKON nH(pOpMaIuu B 00J1aCcTH
HAHOTEXHOJIOTUU M CMEXKHBIX JUCLHUIUINH,
IIK-3.2. OniennBaeT ypoBeHb UCCIICIOBAHUM,
000CHOBAaHHOCTb MPEJIaraeMbIX PEeIIeHUH 1
PEKOMEHIallui 110 peain3aluu U
HCIIOJIb30BAaHUIO PE3yJILTATOB HAYyYHBIX-
HUCCIIEIOBAHUN.

IIK-4 CriocoOeH npeAcTaBiIsITh
HUCTOPUYECKHUE FTAIBI PA3BUTHS
HaHOTEXHOJIOTUU, BAKHEUIITNE OTKPBITUS
OTEUECTBEHHBIX YUEHBIX, Hauboee
aKTyaJbHBIC MPOOJIEMBI, CBSI3aHHBIC C
CO3JJaHUEM U IPUMEHEHUEM HAHOCUCTEM U
HaHomaTepuaioB B Poccuiickoit
®denepauuu U B MUpE

IIK-4.1. Ananu3upyeT COBpEMEHHOE COCTOSTHHUE
Y UCTOPUYECKUI ITyTh Pa3BUTHUSA
HaHOTexHoJoruu B Poccniickoit denepanuu u B
MHpE;

IK-4.2. ®opmynupyer HanboIee aKTyalbHbIE
po0JIeMbl, CBA3aHHBIE C CO3JJaHUEM U
IIPUMEHEHUEM HAaHOCHUCTEM M HAaHOMATEpUAJIOB B
Poccuiickoit denepaiuu v B Mupe

3HAmys.

OCHOBHBIC THIIBI OPraHUYCCKHUX MOJICKYJI — 0a30BEIX PJIEMECHTOB MMOCTPOCHUA MOJICKYJIAPHO-

OpTaHHU30BaAHHBIX CUCTCM;

OCHOBHBIC IMPHUHIUIIBI IMTOCTPOCHUSA OPraHUYCCKHUX, MCTAJJIOOPTaHUYCCKUX H 6I/IOOpFaHI/I‘I€CKI/IX

CYHIpaMOJICKYJIIPHBIX CUCTEM;

MCTOJbI aHalIn3a CTPYKTYPEI U CBOICTB CyInpaMOJICKYJIAPHBIX CUCTEM;
OCHOBHBIC THUIIBI COBPEMCHHBIX CUCTEM, UCITIOJIb3YCMBIX B 6I/IOXI/IMI/II/I;

OCHOBBEI CYIIPaMOJICKYJIAPHOTO KaTalin3a,

OCHOBHBIC THUIIbI MAaTCPHUAJIOB Ha OCHOBC MOJICKYJIAPHO-OPIraHU30BAHHBIX CUCTEM;
OCHOBHBIC THUIIBI CUCTEM, UCITIOJIb3YCEMBIX B OpFaHI/I'-IGCKOI\/JI q)OTOHI/IKC " DJICKTPOHUKE,
Apyruce obmactu MPUMCHCHUA MOJICKYJIAPHO-OPIraHN30BaHHBIX CUCTCM.

ymemy:

MNpoBOAWUTL  AHAJIN3

HAY4YHO -T€XHHUYECKOM

JAUTEpaTyppl B  00JacCTH  COBPEMEHHBIX

NEPCICKTUBHLIX BUOB MOJICKYJIIPHO-OPIraHN30BAHHBIX CUCTCM;

dbopMynupoBaTh TpeOOBaHUs K MaTepraliaM U OMpeaenaTh 3QpPeKTUBHbIEC MyTH CO3/IaHUS HOBBIX
CYNpPaMOJIEKYJISIPHBIX CHCTEM C KOMILUIEKCOM 3aJaHHBIX CBOMCTB IS KOHKPETHBIX oOnacteit
IPUMCHCHUS;
MPOBOANTH IKCIIEPUMEHTAIIbHBIE MCCIEAOBAHUS COCTaBa, CTPYKTYPHl M CBOMCTB MOJEKYJISPHO-
OpPTaHW30BAHHBIX CHCTEM;
NPUMEHSTh TEOPETUYECKHE 3HAHUS TI0 COBPEMEHHBIM M  MEPCHEKTUBHBIM  BHJIaM
CYNPaMOJIEKYJISIPHBIM CHCTEMaM ]ISl PEIICHUST HCCIIeIOBATSIbCKUX U MPUKIIAIHBIX 3371a49, B TOM
qrCIie B MEXKIUCITUTUTMHAPHBIX 00JIaCTSX.

enaoemsn:
MEeTOJlaMU paboThl ¢ HAYYHO-TEXHHUYECKOH, CIPAaBOYHOM JHUTEpaTypol U DIEKTPOHHO-
OMOMMOTEYHBIMH  pecypcaMd  TI0  TEOPETUYECKHMM M TEXHOJOTHYECKHM  acIleKTaMm



MaTepuaIoBeIECHUS HA OCHOBE MOJIEKYJIIPHO-OPTaHU30BAHHBIX CUCTEM;
METOJIOJIOTUYECKUMHU MTOAXO0IaMU, OCOOEHHOCTSIMU CUHTE3a U BBISIBIICHUS B3aUMOCBSI3€H COCTaBa,
CTPYKTYpbI, CBOMCTB W TEXHOJOTUU CYHPaMOJIEKYJISIPHBIX CHCTEM, OOECHeUHBAIOIIUMU
000CHOBaHHOE TMPUHATHE PEIICHUN Mpu pa3paboTKe HOBBIX MAaTEPUATIOB JUIS PA3TMYHBIX
oOracrell MPUMEHEHNUS;

METOJIJaMU KPUTHYECKOTO aHaIN3a M OIEHKA COBPEMEHHBIX HAYYHBIX JOCTHIKEHUH, pa3paboTKu
MOJIXOJIOB K PELIECHUIO HCCIIENOBATENbCKUX M MPAKTHUUYECKUX 3a7ad B 00JIACTH MOJIEKYJISIPHO-
OpraHU30BaHHBIX CUCTEM;

CIIOCOOHOCTBIO U TOTOBHOCTBIO K pa3paboTKe HOBBIX METOJIOB UCCIICOBAHUS U UX IPUMEHEHHUIO
B CAMOCTOSITEJIbHOM  HAyYHO-UCCIIEIOBATEIbCKOM  JICSITENIBHOCTH B OOJacTH  XUMHUHU
OpPraHU30BaHHBIX CUCTEM C YUETOM MPaBUJ COOIIIOIEHUS aBTOPCKHUX IIPAB.

3. KpaTkoe comepxxanue IMCUMILIHHBI:

OcHOBHbIE TPHUHLHUIIBI TOCTPOCHUS CYNPAMOJEKYJIAPHBIX CcUCTeM. (OCHOBHBIE THIIBI
MEXMOJICKYJISIPHBIX B3auMOJEHCTBUIN. [IpHHIMIIBI W 3aKOHBI MOCTPOCHHS (DYHKIIMOHAIBHBIX
aHcamOnell, coJep)KaluX pa3IuyHble KOMIIOHEHTBI — OpraHMYecKHe, HEeOpraHu4ecKue,
ounonoruueckre. OCHOBHBIE METOIBI (PHU3UKO-XMMUYECKOTO aHaIW3a CyNpPaMOJIEKYJISPHBIX
CUCTEM.

OcHOBHBIE METOJbI CHHTE3a JIMTAHIOB - 0a30BBIX KOMIIOHEHTOB CYNPaMOJICKYJISIPHBIX
cucteM. OCHOBHBIE TUIIbI, KOHCTPYKTHBHbIE OCOOEHHOCTH ¥ MIPUHLIUI paOOThl OCHOBHBIX THUIIOB
CYyNpaMOJIEKYISPHBIX CUCTeM. MeToabl MICHTUPUKAIMU M KOJIMYECTBEHHOTO OINpEeaeICHUS
OCHOBHBIX TUIIOB cucTeM. O0JacTu MPUMEHEHUS CyPaMOJICKYJISIPHBIX CUCTEM.

[Iporeccrl, MoaeUpYIOIITHE OMOXUMUUYECKHUE PEAKIINH, C YYACTHEM CYTPaMOJICKYISIPHBIX
noaxoM0B. MeTo/bl OMOXMMHUYECKOTO aHalHu3a, MOCTPOCHHBIE C YYacTUEM MOJEKYJISIPHO-
OpraHu30BaHHBIX cucTeM. OCHOBHBIC IPHHIIHUITEI CTPATETHHU (PIIYOPECIICHTHOTO OHOXHMHYECKOTO
aHaiM3a.

OcHOBHBIE 3aKOHBI TPE0OPA30BAHMS CBETA B CYIIPAMOJIEKYJIAPHBIX cucTeMax. CUCTEMBI C
MIEPEHOCOM 3apsifia, MEKTPOHA U SHEPTUU B MPOMBIIIIEHHOCTH.

SBnenne (oToXpoMu3Ma, €ro OCOOCHHOCTH B OpPraHW30BAaHHBIX aHCAMOIAX W
npakThuyeckoe npuMeHeHue. (OCHOBHBIE MPUHLUIBI I[OCTPOCHMS, XapaKTEPUCTUKU U
(GYHKIIMOHUPOBAHUS MOJICKYJISIPHBIX MAIIKH.

OcHOBHBIE TTOAXO/IbI K MOTYYSHHIO THOPUAHBIX HAHOCTPYKTYPUPOBAHHBIX MAaTEPUAIIOB.
OCHOBHBIE XapaKTEPUCTUKN HAHOCUCTEM, MEPCIIEKTUBBI NX TPUMEHEHUS.

4. O0beM y4eOHOH JUCHHUILINHBI

B 3aueTHBIX B akanewm.

Bunet yueOHOI paboThI €AUHULIAX yacax
OO0mas Tpy10eMKOCTb JMCHUILIUHBI 110 Y4eOHOMY IJIaHy 2 72
KonraktHas pa6ora (KP): 0,94 34
Jlexumu (Jlek) 0,47 17
JIaGopartophsie 3ansaTHs (JIab) - -
[Ipaktuueckue 3ansatus (I113) 0,47 17
CamocrositenbHas padora (CP): 1,06 38
KonraktHas camocrositenbHas pabora 1.06 0,2
CaMocCTOsTeIbHOE U3YUYCHUE PA3/IeTIOB TUCITUTUTHHEI ’ 37,8
Bua konTpoJs:
3ayer ¢ OLeHKOM + +
Bupa uroroBoro KoOHTpoJIS: 3auyer ¢ OLEHKOM

B 3aueTHBIX B acrp.

Buapr yaeOHO# paboThI eIUHUIIAX Jacax




OO0mas TpyA0eMKOCTb JMCIUILIMHBI 110 Y4eOHOMY IVIaHy 2 54

KonrtakTtHas patdora (KP): 0,94 25,50
Jlexuuu (Jlek) 0,47 12,25
Jlaboparopusie 3ansaTus (J1ad) - -
[Ipaktuueckue 3ausarus (I113) 0,47 12,25
CamocrositesbHas padora (CP): 1,06 28,5
KoHrtakTHas camocTosTenbHas pabora 0,15
CaMOCTOSATEIbHOE U3YYCHUE PA3/ICIOB JIUCIIUTLTHHBI 1.06 28,35
Bun kontpoJs:

3a4eT ¢ oLleHKOM + +
Bua uTOroBOoro KOHTpoOJIs: 3a4eT ¢ OLEHKOM

AnHoTanus padoueil nporpaMmbl AUCHUIUINHBI
«JIeMeHTbI KpUCTALJIOrpadpum»
(51.B.03)

1. Henp nucHUIUIMHBI — TpUOOpETEHNE 3HAHUI, YMEHUN U (POPMHUPOBAHUE KOMIICTECHITHHA
B 00JIACTM TEOPUM M MPAKTUKHU HCIOJIb30BAHUS KPUCTAIUIOTpapUM M CMEXKHBIX TUCLMILIUH,
OPUMEHEHHS  KpUCTAUIOrpaduYecKux 3HAHWKA Ui HANpaBICHHOTO  MPOSKTUPOBAHHS
HAaHOMAaTEPHAJIOB.

3agaya QUCHHMILUIMHBI — MOJrOTOBKA K MCIOJIb30BAaHUIO CHMMETPUMMHOIO MOJXO0Ja B
pa3paboTKe U XUMUYECKOH TEXHOJIOIMH HAHOMATEPUAIOB MyTEM M3YUYEHHs CIIOCOOOB OIUCAHUS
CTPOCHHS MJICAbHBIX U PEaJIbHBIX KPUCTAUIMYECKUX CTPYKTYpP, O3HAKOMJIEHUS C OCHOBHBIMU
HOJIOKEHUSAMU TEOPHM POCTa HAaHOKPHUCTAJIIOB, CBS3M MX (POPMBI M CTPYKTYpPbl C CUMMETpUei
(GU3MYEeCKOr0 M XHMHYECKOTO OKpPY)KEHHUsS; MOATOTOBKA K CaMOCTOSTEIbHOMY aHaIu3y u
HCIIOJIb30BAaHUIO B IIPAKTUUECKOM JESITEIbHOCTU PE3YJIbTAaTOB CTPYKTYPHBIX UCCIIEIOBAHUI.

2. B pesyabrare wu3ydYeHMs JAUCHUIUIMHBI O0y4YalIIMiicsi MO Nporpamme
MAarucTpaTypbl J0JIKeH:

Obnadamyp cleqyIOIUMUA KOMIETEHIMSIMHU:

DopMUpyeMble KOMIIETCHIIUU NHauKaTOPHI JOCTHKEHUST KOMIIETEeH LU
IIK-1 Criocoben IIK-1.3. Briageet onbITOM OTIpeNeeHust CTPYKTYPHI
JTUAarHOCTUPOBATh CTPYKTYPY MaTepuasa ¢ UCMOIb30BaHUEM AU(PPAKIIHOHHBIX U
Marepuaia Ha MUKPO U CIIEKTPaJIbHBIX METO/IOB.

HAaHOYPOBHE

IK-4 CriocoOeH nmpeACTaBIsITh IK-4.1. Ananu3upyeT COBpEMEHHOE COCTOSIHUE U
HWCTOPUYECKUE ATAIbl PA3BUTHUSA HWCTOPUYECKUH MYyTh PAa3BUTHS HAHOTEXHOJIOTHUH B
HAHOTEXHOJIOTUH, BaKHEUILINE Poccuiickoit denepanuu 1 B MUpE.

OTKPBITHS OTEYECTBEHHBIX

yUeHbIX, HanboJiee akTyabHbIe

poOJIeMBbl, CBSI3aHHBIE C

CO3/IaHHEM U IIPUMEHEHUEM

HAaHOCHCTEM M HaHOMAaTEepHaJoB B

Poccuiickoit denepanuu 1 B MUPE
3namey:

COBPEMEHHOE COCTOSIHME U MEePCIEKTUBHbIE HAIIpaBJIeHUs paboT B 00iacTu KpucTtaysiorpaduu;

METOAbl MPEICTABICHUS CHMMETPUYECKUX Onepaluuid M OCOOEHHOCTH B3aUMOJCHCTBUS

3JIEMEHTOB CUMMETPUH;

CHOCOOBI 3aJJaHNA Y3JI0B, PSIOB U IUIOCKOCTEH KPUCTAUIMYECKON PeHIETKH;

THUIIBI TPOCTPAHCTBEHHBIX PEIIETOK, CIIOCOOBI MOCTPOSHUSI TPAPHUKOB MPOCTPAHCTBEHHBIX TPYIIIL;

CBs13b (DOPMBI KPUCTAIIOB C UX CTPYKTYPOM U CIOCOOBI yIipaBieHHs (POPMOi KPUCTAIIIOB.




Ymems:

NPEICTaBIATh CHMMETPUYECKUE OTNEPaLiu, CTPOUThH TPaPUKH MPOCTPAHCTBEHHBIX U TOUYEUHBIX
Ipyln CHMMETPHH;

3a/1aBaTh MHJEKCHI Y3JIOB, PSJOB M IUIOCKOCTEM KPUCTAJUIMYECKOW PEmETKH, OCYIIECTBIATH
peoOpa30BaHus UHIEKCOB;

IPOBOJUTH  QHAIM3  PE3YyJbTaTOB  OKCHEPUMEHTAJIBHBIX  MCCICNOBAaHUM  CTPYKTYpBI
KPUCTAJZIMYECKUX MaTEpUaJIOB, B TOM YHCIIE HAHOMATEPUAJIOB;

dbopMypoBaTh TpeOOBaHUS K (POPME KPUCTAIUIOB M YCIOBHSIM UX 00pa30BaHMSI JIsl TOCTHIKECHUS
TpeOyeMbIX (PU3MUECKUX CBOWCTB MaTepUana;

IPOBOJUTH aHAJIN3 HAYYHO-TEXHUYECKON HH(DOPMAINH, 3aTparuBaoieii mpodieMy IpuMEHEHUs
KpHUcTaiorpaduyeckux 3HaHU| K pa3pab0TKe HOBBIX U MEPCIEKTUBHBIX HAHOMATEPUAJIOB;

OPUMEHATh TEOPETUYECKHE 3HAHWUA KpHUCTAIorpaduu UIs PEUICHUs HCCIEeOBATEIbCKUX U
IPUKJIAJHBIX 33/1a4, B TOM YUCJIE B 00JIACTH HAyKH O HAHOMaTepuasax U HAaHOTEXHOJIOTHH.

Brnaoemy:

HaBBIKAMHU MCIIOJIb30BaHMs KpUCTauiorpaduyeckoro Qopmanusma JUuis ONUCAHUs peabHON
CTPYKTYpPbI KPUCTAJLIOB;

HaBbIKaMU pPa0OThl C HAy4YHO-TEXHUYECKOH, CIPABOYHOM JMTEPATypoOl M 3JIEKTPOHHBIMU
pecypcamu, 3aTparuBaroliuMU (pyHIaMEHTaIbHBIE W TMPAKTHYECKUE ACHEKTHl MPUMEHEHUS
KpUCTaIorpaduu 1 CMEXHBIX JIUCLUILINH,

METOJ0JOTUYECKUMH IIOIX0IaMH Y HABBIKAMH BBISIBJICHUS B3aUMOCBA3EH CTPYKTYpPBI, CBOMCTB U
TEXHOJIOTMH MOIYYEHHsI KPUCTAIUNIMYECKUX MAaTEPUAJIOB, B TOM YMCIIE HAHOMATEPHAJIOB;
HaBBIKAMM OCBOCHHS W IIPUMEHEHUs HOBBIX METOJOB HCCIEAOBAHUS BHYTPEHHETO CTPOEHUS

KPUCTAJTIMYECKUX MaTEpUAJIOB.

3. KpaTkoe cojep:kanue JMCHUIINHBI:

Paspnen 1. Toueunbie rpynnbsl CMMMeTPHHI

OcHOBHbIE TIOHATHST ¥ MNpOEUPOBAHHE KPHUCTANIOB. 3HAUE€HUE U 3a7auu
KpucTajyiorpaguu B NPUMEHEHUM K HaykaM O HaHOMaTepuallaX W HaHOTEXHOJOrMH. Buiel
MPOEKINiA, UCIIOJIb3YEMbIE B KpHcTauiorpaduu, ux nocrpoeHue. IlpenmyiecTBa U HEIOCTATKH
CHoco00B MPOCLUPOBAHUS.

CuMMeTpusi KPUCTAJIOB. DJIEMEHTHI U ONepaliid CUMMETPUH. DJIEMEHThl CUMMETPUHN
HEPBOTo poja. DJIEMEHThl CUMMETPHH BTOoporo poja. CrnoxHble ocu cumMmerpun. O6o3HaueHne
3JIEMEHTOB cuMMeTpur. CiocoObl IpeICTaBICHNUsI CHAMMETPUYECKHUX onepanuii. Bzaumonelicteue
AJIEMEHTOB CUMMETPHH; OCEBasi Teopema Juiiepa.

DJieMeHTbl TEOPUM TPYNI M TOYeYHble TPyNIbl CHMMeTPHHU. ['pynmnoBble akCHOMBI,
noctpoeHue Tabmauubl (kBazapara) Keitnu; rpynmoBble cBoicTBa. BbIBOI TOUYEUHBIX Tpymnn
cummetpun. OO0O3HAaUYEHHE TOYEUYHBIX TPYII CUMMeTpuM B cuMmBoiuke bpase, IlIrnduuca u
I'epmana-Morena. KoopaunatHele cuctembl B Kpuctamiorpaguu. Kareropum M CHHrOHMH
KPUCTAJUIOB. Y CTAaHOBKA KPUCTAJLIOB.

Pasnea 2. IIpocTbie popMbl M MOP(OreHe3 KPUCTAJLIOB

Metoasl KpHCTALIOTPA(QHUYECKOr0 MHAMUMPOBAHUA. HIEKCH M CUMBOJIBI Y3II0B,
pébep u mockocTeil (rpanei) kpucrawioB. Ilapamerpst Beiicca u cumBonabsl Mwuiuiepa.
YeThIpeXHACKCOBbIE OCH TEeKCAaroHaJIbHOW CHHTOHMM, WHIEKCHI bpaBe; CHMBOJBI pedep
TeKCaroHaJIbHbIX KPUCTAJUIOB. EqMHNYHAS IpaHb B KPUCTAJUIAX Pa3HBIX CHHIOHUN. 3aKOH 30H.

IIpocthie popMbl KpPUCTALIOB M KOMOMHALIMHU NpocThIX ¢opM. [IpocTeie dhopMmbl B
Kjlaccax C eIMHUYHBIM HampasieHueM. Ilpocteie ¢opmbl B Kiaccax 0e3 eIMHUYHBIX
HarpaBiaeHUH. OCHOBBI TOHUOMETPHH.

OcHOBHBbIE 3JIEMEHTHI POCTa KpHUCTALIOB. [lpuunHbl U ycinoBus oOpa3oBaHUS
KpUCTaJJIOB. MexaHusmbl pocta KpucramioB. dakTopsl, BIUSIONME HA OOJMK KPHCTAJUIOB.
Mopddomnoruueckue 0co0eHHOCTH peaIbHBIX KPUCTAIUIOB: CKYJIBIITYpa I'paHel KpucTaia, GopMsl
pocTa KpUCTalIoB, CPOCTKH KPUCTAIIJIOB, CAMMETpUs IBOMHUKOB. KpaTkue cBeienus o cocobax
BBIpAIIMBAHUS KPUCTAJUIOB M YNpPaBJIEHUS MX BHEUIHMM OOJHMKOM B MPUIOKEHUU K
HaHOMaTepHaJIaM.



Pa3znea 3. OCHOBBI KPUCTAVIOXMMHUU U (pU3HUYECKHE CBOHCTBA KPUCTAJLIIOB

CuMMeTpusi KPHCTAUIMYECKOH CTPYKTYpbI. [IpocTpaHcTBeHHast pemérka, suyeilku
bpage. OTKpBIThIE 2JIEMEHTHI CUMMETPUU: BUHTOBBIE OCH, INIOCKOCTU CKOJIB3SLIETO OTPAXKEHUSI.
B3aumopeiicTBre 3aKpBITBIX U OTKPBITBIX 3JIEMEHTOB CUMMETpUH. [IpocTpaHCTBEHHBIE TPYIIIBI
CUMMETpUHU; 00O03HAYeHHE M BBIBOJ MPOCTPAHCTBEHHBIX TIpynn cummerpuu. lloctpoenue
rpaduKOB MPOCTPAHCTBEHHBIX IPYII. [[paBUIbHBIC CHCTEMBI TOYCK U X XaPAKTEPUCTUKH.

OcHoBbl kKpucTaLI0XUMHUU. KoOpaMHALIMOHHBIE YKCIa, KOOPAUHALMOHHBIE MTOJIU3/IPHI,
qUCII0 (POPMYIBHBIX AMHUII. THUIBl XMMHUYECKON CBS3M B KpucTayuiax. [moTHeWMe mapoBbie
YIAKOBKM B KpucTauiax. M30cTpyKTypHOCTh, M30TUINA, rerepotunus. OCHOBHBIE KaTEropuu
KPUCTANIOXUMHU: MopdoTpomnus, mnoaumopdusm, monutunus, uzomopdusm. Kommougasie
KPHUCTaJIbl KaK YaCTHBIA MPUMEP MUIOTHEUIIEH IIapOBOM YITaKOBKH.

HecoBepuienHble KpucTawibl. Hanpsokenus, nedopManuu U yIpyroctb KPUCTAILIOB.
CkonpxeHHe, SJIEMEHTbl M HE3aBUCHMBbIE CHUCTEMbl CKOJbkeHHs. JledekTsl ymakoBku U
YacTHUYHBIC JHMcIoKauuu. Jluciokammu B Hamboliee XapaKTEpPHBIX KpPUCTALIOrpaduuecKux
cTpykrypax. Toueunsle nedektol. [BoitHukoBaHue. OcoOEHHOCTU MPOSIBICHUS CTPYKTYPHOTO
HECOBEPILECHCTBA B HAHOKPUCTAIUNIMYECKUX MaTepUalaxX U KOJUIOUIHBIX KPUCTAJUIAX.

du3snyeckue cBoiicTBa KpucTaLI0B. CKalsipHbIE, BEKTOPHBIE U TEH30PHbIE CBOMCTBA.
CBs13b ONTUYECKHX, MIEKTPUUYECKUX U MATHUTHBIX CBOMCTB CO CTPYKTYPOM KpUCTaLIA.

MeTtoasbl uccjie10BAHUA BHYTPEHHEr0 CTPOCHUSI KPUCTALIOB. MeToAbl NCCIIeI0BAHUS
CTPYKTYpPBI KPUCTAILIOB. [IMpaKIMOHHBIE M CHEKTPOCKOIMUYECKHE METOAbl B MPUIOKCHUH K
UCCJICIOBAHUIO HAaHOMAaTepUaloB. AHANW3 JaHHBIX AUPPAKIUH PEHTTEHOBCKUX Jy4yell u
HEHUTPOHOB.

4. O0beM y4eOHOH JUCHUILINHBI

B 3auernbix | B akanmem.

Bunst yueOHOI paboThI €QUHHLIAX yacax
O0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4e0HOMY IVIaHy 4 144
Konrakthas padora (KP): 1,42 51
Jlexuunu (Jlek) - -
JIaGopartophsie 3ansaTHs (JI1ab) - -
[Ipaktuueckue 3ansatus (I113) 1,42 51
CamocrositenbHas padora (CP): 2,58 93
KonrakTHas camoctosTenbHas pabora »cg 0,2
CamocTosiTenbHOE U3yUYCHHE PA3/IeTOB TUCIIUTLIMHBI ' 92,8
Bua konrpoJs:
3ader ¢ oneHkoM + +

Bua uTOroBoro KOHTpoJIA:

3a4er ¢ OLEHKOM

B 3auetHbIxX B actp.

Bunpl yueOHOI paboThI €UHULIAX yacax
OO0uias TpyA0eMKOCTb JMCHUILUIMHBI 0 Y4eOHOMY IJIAHY 4 108
KonrakThas paoora (KP): 1,42 38,25
Jlexumu (Jlex) - -
JlabopaTopusie 3ansatust (J1ab) - -
[IpakTuueckue 3ansatus (I113) 1,42 38,25
CamocrositenbHas padora (CP): 2,58 69,75
KonTakTHas camocrositensHas paboTa »cg 0,15
CamocrosaTenbHOE U3YYeHUE pa3ieNioB JUCIUIUTUHBI ’ 69,60




Bua kourposs:

3a4deT ¢ OLHEeHKOM + +

Bujx nToroBoro KoHTpoOIA: 3auer ¢ OLCHKOI




AHHOTaIs paboueit mporpaMmbl TUCITATITAHBI
«IIpouecchbl Ha MOBEPXHOCTH pa3jena ¢as»
(51.B.04)

1. Lear aucuummumabl - (QOPMHPOBAHHE COBPEMEHHBIX  (PH3UKO-XUMHYECKHX
NPEJCTaBICHU O MpueMax M MeTOoJaX, NMPUMEHSEMBIX IPH H3YYEHHMH M HUCIOJIb30BaHUU
HAHOCTPYKTYPHUPOBAHHBIX CUCTEM M CHCTEM, COACpXKAIIUX HAHOOOBEKTHI, ()OPMUPOBAHHE Y
CTYJIEHTOB KOMILJIEKCHOTO MPECTABICHUS O Mpolieccax, MPOTEeKAIOIINX Ha rpaHuIle pa3aena das3
B HAHOCHCTEMAX.

3agaya JUCHUILUIMHBI - (OPMUPOBAHUE MPEJICTaBICHUNA O POJU TUIIA HAHOCTPYKTYD,
OpUPOABl U MOP(OJOTUM HAHOMATEPHUAIIOB HAa KWUHETHKY W KBa3WPaBHOBECHE IPOIIECCOB,
MPOTEKAIOIIUX Ha MeK(]a3HOW MOBEPXHOCTH; MpUOOpETeHHE 3HaAHUM B 001acTu (PU3NYECKOU U
KOJUTOMTHOM XMMHH HAHOCUCTEM, HEOOXOIUMBIX JIJIsi CHHTE3a M CIIOIh30BaHMS HAHOMATEPHATIOB
U HHU3KOPa3MEPHBIX CTPYKTYp; (opMHpOBaHME HAy4YHOTO MOAXOAa K H3YyUEHHUIO CBOICTB
HaHOMAaTEPHUAJIOB U HAHOCTPYKTYP.

2. B pe3yabrare wu3yYeHUS JUCUMILIMHBI O0yYalOIIMIC 10 MNporpamMmme
MarucTpaTrypbl 10J/KeH:

Obaadamyp CIENYIOIMMHA KOMIICTCHITUSIMU

@opmMupyeMble KOMIETEH T HNuaukaTopsl JOCTHKEHUS] KOMIIeTeHIUIi
IIK-2 Criocob6en camoctositennbHo | ITK-2.2. BeiOupaeT METOIbI M CpeICTBA TPOBEACHUS
IIPOBOJIUTH HAYyYHO- HCCIIeIOBaHUM 1 pa3paboToK;

HCCIIEIOBATEILCKUE PAOOTHI 110 IK-2.3. OnpenenseT myTH pemeHns HayYHbIX U
CO3JIaHMsI, NCCIICOBAHHIO U TEXHUYECKUX 3a/1a4 B 00J1aCTH padoT Mo CO3/1aHuIo,
MPUMEHEHHUIO HAHOCUCTEM U WCCIICIOBAaHHIO M TPUMEHEHHUIO HAHOCUCTEM U
HaHOMaTepHUaJloB HaHOMaTepHaJIOB

ITIK-4 CnocoGeH nmpeacTaBisaTh IIK-4.2. ®opmynupyer Hanbosee aKTyalbHbIe
HCTOPUYECKHE ITAIbl Pa3BUTHS po0JIeMBl, CBA3aHHBIE C CO3JaHUEM U IPUMEHEHHEM
HaHOTEXHOJIOTUH, Ba)KHEUIIINE HAHOCUCTEM M HaHOMaTepuayoB B Poccuiickoit
OTKPBITUS OTEUECTBEHHBIX denepanyy 1 B MUpe

YYEHBIX, HanboJiee aKTyallbHbIC

poOJIeMBbl, CBSI3aHHBIE C

CO3JIaHHEM U MPUMEHEHUEM

HAHOCUCTEM M HaHOMAaTEepUaJoB B

Poccutickoii denepanuu U B MUpe

B pesynbrare n3yueHus: AUCUUIINHBI 00yUYaIOIIUIICs TOKEH

3HAMb:
TEOPETUYECKHE OCHOBBI KHHETHKH IMPOIIECCOB, MPOTEKAIOIINX Ha TTOBEPXHOCTH HAHOYACTHUI[ U B
CHUCTEMax C HAHOYACTHUIIAMU,
OCHOBHBIE METOJIbI TOJIYY€HUS BBICOKOYCTONYMBBIX HAHOCHCTEM C BBICOKOW yJEIbHON
MeX(pa3zHOM MOBEPXHOCTHIO;
3aKOHOMEPHOCTH BJIHSIHHSI CBOMCTB MeK(a3HON MOBEPXHOCTU Ha KUHETUKY U KBa3UPaBHOBECHE
MPOIIECCOB, MMPOTEKAIOIINX B HAHOCUCTEMAX.

ymemy:
AHAIM3UPOBATh BIUSHUE TIPOIECCOB, MPOTEKAIONMMX Ha MeEX(a3HOW IMOBEPXHOCTH B
HAHOCHUCTEMAaX, Ha MX YCTONYHBOCTE;
pPacCUUTHIBATh TApaMeTpPhl, BIUSIIONIUNE HA YCTOWYHBOCTH JUCIEPCHA HAHOYACTHII, U CKOPOCTH
MIPOIIECCOB JIECTAOMITH3AIINH;
HAaXOJWTh W WCIHOJB30BaTh JINTEPATYPHBIE HMCTOYHHKHU, Oa3bl JaHHBIX U KOMMEpPYECKUE
MPOrPaMMHBIC TTPOAYKTHI, H PEIIaTh 3a/1a9U MPOTHO3UPOBAHUIO CBOMCTB HAHOOOBEKTOB C YICTOM
napaMeTpoB Mex(a3HOi MTOBEPXHOCTH;
MIPUMEHSISI TCOPETUIECKHE 3HAHUS, ONPESIIATh d3PPEKTUBHBIC TyTH CTA0OMITH3AI[UU HAHOYACTHI] U
HAHOMAaTEPHAJIOB.



gnademsn:

METOaMu pPabOThl € HAYYHO-TEXHMUYECKOW, CIPABOYHOM JIMTEPAaTypod M 3JIEKTPOHHO-
OMOMMOTEYHBIMU pECypcaMU IO TEOPETUYECKUM AacleKTaM IpOILECCOB, MPOTEKAIOUIMX Ha
Mex(a3HOI MOBEPXHOCTH HAHOYACTHUI] 1 HAHOMATEPHAJIOB;

OCHOBHBIMHM METOJaMHU CTAaOWJIM3allMd HAHOYACTUI[ U HAHOMATEpUAIOB PA3IUYHOU MPHUPOIHI,
JUCIIEPCHOCTH U CTPYKTYPBI;

OCHOBHBIMM TIPHEMAaMHU HAXOXKJIEHUS M MCIOJb30BaHUS CIPABOYHBIX JIUTEPATYPHBIX U
KOMIIBIOTEPHBIX 0a3 JMaHHBIX IO MpoIeccaM, MPOTEKAIOUIMM Ha MeX(a3HOW MOBEPXHOCTH
HAaHOYACTHI] 1 HAHOMATEPHUaJOB.

3. KpaTkoe coep:kaHue JMCHUIINHBI:

Pa3znea 1. TepmoanHamMuKka 1 KHHETHKA MPOIECCOB HA MOBEPXHOCTH HAHOYACTHI U B
CHCTeMaxX ¢ HAHOYaCTHLIaMU

1.1. BBeagenue B TEPMOJMHAMHUKY HAHOCHCTEM. TepMOAMHAMUYECKHE XapPaKTEPUCTUKU
noBepxHocTu. IloBepxHOCTHas »HEprusi, NOBEPXHOCTHOE HaTskeHue. KBasupaBHOBecHe B
JUCIIEPCHBIX CUCTEMAax C HAaHOYACTUIIAMHU M HAHOCTPYKTYPHUPOBAHHBIX CHUCTEMaX. 3aBUCHUMOCTh
[IOBEPXHOCTHOT'O HATSYKEHUS OT pa3MepoB HaHo4yacTUll. CTPyKTypa MOBEPXHOCTHOT'O CJIOSI.

1.2. TepmoguHamMuueckass U KMHETHMYECKass  YCTOMYMBOCTb ~ HAHOCHCTEM.
Camonpou3BOJIbHOE  yMEHBIIEHHWE TOBEPXHOCTHOM  SHepruu  HaHocucTeM. (CrmocoObl
cTabuIn3aluy HAaHOYACTHII.

1.3. AncopOuusi B HaHOcucTeMax. BrusHue H30bITKa MOBEPXHOCTHON JHEPrUU Ha
aacopOuuto. IloBbllieHHas aAcopOLMOHHAs aKTMBHOCTh HAaHOYACTUI. VI3MEHEeHHE CBOWCTB
MOBEPXHOCTU HAHOYACTHUIL B PE3YyJIbTATE aICOPOIIHH.

1.4. OOpa3oBaHWe M CTPOCHHE JBOMHOIO 3JIEKTPUUYECKOTO CJIOS Ha TOBEPXHOCTH
HaHoyacTULl. OCOOEHHOCTH CTPYKTYPbI IBOMHOTO 3JIEKTPUUECKOTO CJIOSI C YUETOM JIUCKPETHOCTU
KPUCTAJUIMYECKOM MOBEPXHOCTH HAaHOYACTUL. PacueT TONIMHBI JBOHOTO 3JIEKTPUUECKOTO CIIOS
OpU Pa3IMYHBIX MOHHBIX CHJIaX BOJHOW ()a3bl M COMOCTABICHHE IOJYYEHHBIX BEIHYHH C
pa3MepaMy HaHOYACTHI]. DJIEKTpOoCcTaTHYecKas CTa0MIN3aIUsl HAHOYACTUIl U HAHOOOBEKTOB.

1.5. ArperatuBHas ycroWuuBocTh HaHocucteM. Knaccuueckas teopus [JJIPO wu
COBpEMEHHBIE  MpeAcTaBleHUsT 00  arperaTMBHOM  yCTOWYMBOCTH. Pacuer  »sHeprum
MEXMOJIEKYJIIPHOTO B3aWMOJAEWUCTBUS B 3aBUCHUMOCTH I HAHOYACTHUIl Pa3jIM4HOIO pa3Mepa B
3aBUCUMOCTM OT pAacTOSIHUS Mexay HuMU. CHIKEHHE DHEPrMM MEXKMOJIEKYJIIPHOIO
B3aMMOJICHCTBUSI C YMEHBIIEHHUEM pa3MepoB HaHouyacTHIl. llocTpoeHue KpUBBIX MapHOIO
B3aMMOJEICTBHS B 3aBUCUMOCTH OT pa3MEpPOB HAHOYACTHIL, HOHHOM CHJIBI M BeTM4MHbI ['amakepa.

1.6. Kuneruka arperauuu HaHouacTull. Teopus CmonyxoBckoro. Pacuersl m3MeHeHus
KOHIIEHTPaLuil MOHOMEPOB, TUMEPOB U TPUMEPOB OT BpeMeHU. OTauuus ObICTPON U MeUIEHHON
arperaunuy, BIUsHUE BETMYMHBI IOTEHIIMAILHOTO Oaphepa Ha CKOPOCTD arperamui.

BbpoyHOBCcKoOe ABM)KEHHE HAHOYACTHIL. 3aBUCUMOCTbh OPOYHOBCKOT'O IBH)KEHUS OT CBOMCTB
HAHOYACTHI] U JUCTIEPCUOHHOM CPEIbI.

1.7. CemumeHTanust B CUCTEMax, COJEp)KaIlIUX HaHOOBEKTHl. CeluMEeHTalMOHHAs
yCTOMYMBOCTh HaHOcucTeM. CeauMeHTaMoOHHO-IU(PPy3MOHHOE paBHOBECHE B CHCTEMax,
cojepxalx HaHodacTUlbl. CelMMEHTAllMOHHO-arperaTuBHbIE MNpPOQUIM B CUCTEMax ¢
HAHOYACTHIIAMHM - CHOCOOBI 3KCIEpUMEHTAIBHOrO HccaenoBanus. OmnpezeneHue pa3sMepoB
YaCTHI] TPH CEAUMEHTALUU B TPABUTAIIMOHHOM M LEHTPOOEKHBIX MOJSIX. YIbTpaleHTpudyru.

Paznen 2. OnTuyeckue HAHOYACTHL, PEOJOrHYeCKHe CBOHCTBA HAHOMATEPHAJIOB,
HAHOCTYKTYPHPOBAHHBIX CHCTEM

2.1. OnTtuyeckre CBOMCTBA Pa3IMYHBIX HAHOYACTUI[ M HaHOMAarepuasioB. OnTuyeckue
CBOWCTBA B 3aBUCHUMOCTH OT pa3Mepa HaHodacTul. OCOOEHHOCTH IPHUMEHEHHs 3aKOHOB
JlamGepra-byrepa-bepa u Penes B aumcmepcHpIXx cuctemax C¢ HaHodacTHaMu. OnTHYECKHE
METO/Ibl HCCIIEI0OBAaHUS HAHOYACTHLL.

2.2. CTpyKTypHO-MEXaHUYECKHE CBOICTBA HAHOMATEPHAJIOB, HAHOCTYKTYpPHUPOBAHHBIX
CHCTEM M CHCTEM, COep KalluX HaHoyacTULbl. CBOOOJHOIMCIIEPCHBIE M CBS3HOAMCIEPCHBIE
HaHocucTeMbl. OCOOEHHOCTH HAaHOCTPYKTYPHUPOBAHHBIX JIUCIIEPCHBIX CUCTEM.



4. O0beM y4eOHOI TUCHMIIIIHHbI

B 3aueTHBIX B akanewm.

Bunsl yueOHOI paboThI eIMHUIIAX qacax
OO0mas TpyA0eMKOCTb JMCUMILINHBI M0 Y4e0HOMY IJIAHY 5 180
Konrakthas padora (KP): 0,94 34
Jlexuuu (Jlek) 0,47 17
JlabopaTopnsbie 3ansaTust (JIad) - -
[Ipaktrueckue 3ausarus (I113) 0,47 17
CamocrositesbHas padora (CP): 3,06 110
KonTaktHas camocrositenbHas paboTa 306 -
CamocTrosiTenbHOE U3YUYCHHE PA3/IeTIOB JUCIIUILIMHBI ' 110
Bua konTpoJs:
DK3aMeH 1,0 36
KonrtaktHas paboTa — mpoMexyToYHast aTTeCTaIHsI 10 0,4
[ToaroroBka K sK3aMeHY ’ 35,6
Bua uTOroBoro KOHTpOJIs: JK3aMeH

B 3auetHbIX B actp.

Bunst yueOHOI paboThI €QUHHLIAX yacax
OO0masi Tpy10eMKOCTb THCIUIIIMHBI 10 Y4eOHOMY MJIAHY 5 135
KonrakTthHas patdora (KP): 0,94 25,5
Jlexuuu (Jlek) 0,47 12,75
JlaGopaTopnsbie 3ansTus (JIad) - -
[Ipaktuueckue 3ansatus (I113) 0,47 12,75
CamocrositesnbHas padora (CP): 3,06 82,5
KonTakTHas camocrositensHas paboTa 3.06 -
CaMocTosTenbHOE U3YUYEeHHE PA3AeTOB TUCITUTUIMHBI ’ 82,5
Bua konrpous:
IK3aMeH 1,0 27
KonTtakTHas paboTa — mpoMeXyTOYHast aTTeCTaIHsI 10 0,3
[ToAroTOBKA K SK3aMEHY ’ 26,7
Buja nToroBoro KOHTpoJIs: JK3aMeH

AnHoTanus paboueil mporpaMmbl AUCHUTINHBI
«Tepmuuyeckuii aHa I3 HAHOMATEPHATIOB»
(51.B.05)

1. Heap AUCHUNIMHBI — - POPMHUPOBAHUE Y CTYIEHTOB KOMIUIEKCHOT'O IIPEJICTABICHUS O
BO3MOKHOCTSIX TEPMHUUYECKOI0 aHAIIM3a JUUIS UCCIIEI0BAHNS HAHOMATEPUAJIOB.

3agaum AUCHUIIMHBI:

- (hopMupoBaHKE MPEACTABICHUH 0 METOAAX TEPMUUIECKOT0 aHAIN3a HAHOMATEPHAJIOB, UX
TEOPETUYECKUX OCHOBAX U MPHUHIIUIAX paOOTHI.

- (hopMUpOBaHHE CHUCTEMHBIX 3HAaHUN B OOJIACTH XUMHUYECKUX peakiuii U (pu3nko-
XUMHYECKHUX MTPEBPAILECHH, IPOUCXOIANIUX 1O BIUSHUEM TEMIIEPATyphbI.

- (hopMupoBaHHE MOHUMAHHUS O BO3MOKHOCTSAX M OTPAHUYEHUS UCIIOJIb30BaHUS METO/I0B
TEPMHUECKOT0 aHajM3a B Pa3jIMUHBbIX O0JIACTAX HAHOMATEpPHaJIOB, BHIpAaOOTKA Ha 3TOIl OCHOBE



CHCTEMHOTO TOJXO/Ja K IOCTAaHOBKE W BBIMIOJHEHUIO HAYYHBIX HCCIEIOBAaHHWN B yKa3aHHON
o0nacTH, CIMOCOOHOCTH AHAIM3HPOBATH M KPUTHUYECKU OIICHMBATH IMOTyYaeMbIe pPE3yJbTaThl,
npeJyiarath IMyTH PEIICHUS MOCTaBICHHBIX 3a71a4.

2. B pe3yabrare wu3y4YeHUs: AUCHUILVIMHBI OOy4YaWIIUiicCA MO mporpamme
MAarucTpPaTyphbl 10JKeH:

Obaadamyp CIeTYIOIUMA KOMIETSHIMSIMHU:

@opMupyeMble KOMIIETEHIINH NHaukaTopsl 10CTHKEHUSI KOMIIeTeH i
IIK-1 Crnocoben IIK-1.5. BnageeT onpITOM HCIOIB30BaHKUS TEPMHUSCKUX
JTUArHOCTHPOBATH CTPYKTYPY METOJIOB aHAIIN3a JUIS OTPEICIICHUSI CTPYKTYPhI
MaTtepuaga Ha MUKpPO U MaTepHUaIoB HA MUKPO- U HAHOYPOBHE
HAaHOYPOBHE

B pe3ynbrare n3ydeHus AUCIUTITMHBI 00yYaIOIIUICS TOJDKEH
3uame.

KJIacCU(UKALMIO METOIOB TEPMUYECKOTO aHAIIN3a,;

(bU3n4EeCKO-XMMUYECKHE OCHOBBI TEPMUUECKOr0 aHAJIN3a MaTepHaJIOB;

YCTPOMCTBO M MPUHLUII pabOThI OCHOBHBIX METOI0B TEPMHUUYECKOTO aHAJIN3A;

BIIMSIHUE YCIIOBUM IIPOBEJEHUS 3KCIIEPUMEHTA HA PE3YJIbTaThl TEPMUUECKUX METO/IOB aHAJIN3a,

BO3MOXXHOCTH M 00JIaCTH TPUMEHEHUS TEPMUYECKHX METOJOB aHaju3a Uil HCCIEIOBAHUS
HAaHOMAaTEpPHAaJIOB.

Ymemy:

AQHAIN3UPOBATh PE3YJIBTAThl, MOJIYYEHHBIE C IOMOIIBIO PAa3IMYHBIX METOAOB TEPMUYECKOTO
aHau3a;

KOPPEKTHO pPAacCUUTHIBATh (PU3MKO-XMMHUYECKHE (KMHETHYECKHE U TEpMOJMHAMHYECKHE)
mapamMeTpsl 10 JaHHBIM  TEpMOTpaBUMETpuu U U depeHInaTbHO-CKaHUPYIOIEH
KaJIOpUMETPUU;

(GbopMyIIMPOBATh TEXHHUYECKUE TPEOOBAHHS K OOBEKTaM HCCIICIOBAHUSI.

Braoemy:

OPUHLMIIAMUA ~ TPOBEAECHUS  OKCIEpPUMEHTa W  CTaHJApTHBIMM  METOJUMKAMU  aHaju3a
HaHOMATEepHaJIOB METOJIOM TEpPMOIpaBUMETpUM U U depeHInaTIbHO-CKaHUPYOIei
KaJIOpUMETPUU;

-METO/IaMH TEPMOKMHETUYECKOTO aHAJIN3a.

3. KpaTkoe coep:kanue JMCHUIINHBI:
Pasnen 1. OcHOBHBIC MeTOABI TEPMHUYECKOI0 AHATH32 HAHOMATEPHAJIOB
Hcropusa u 3ransl pasBUTHA TEPMHYECKHX MeT0a0B aHaau3a. Meron Jle-lllarense.

OcHoBHBIE BHJBl TEPMHUECKOrO aHanuza: TepMorpaBumerpuyeckuit ananmuz (TT'A),

muddepenimanbHo-Tepmuueckuii  ananusz  (ATA) wu  nauddepeHuumansHas CcKaHUpyrOas

kanopumetpust (JCK). IlpunnunuansHoe ycTtpoiicTBo aepuBaTorpada. OCHOBHBIE 3aJauu

KJIACCUYECKUX METOJO0B TEPMHUYECKOrO aHaiu3a MarepuanoB. (DHU3NKO-XMMHUYECKHE OCHOBBI

TEPMHUECKUX METOJOB aHalIu3a. JMHAMUYEeCKH M M30TEepMUYECKHE PEXUMBI TEPMHUECKHX

MeTo/10B aHanu3a. O6IacTH MPUMEHEHHs TEPMUYECKUX METOJIOB aHAJIM3a HAHOMATEPHaJOB.

TepmorpaBumerpuyeckuii anaiau3. OCHOBBI METOAA TEPMOIPAaBHUMETPHUYECKOIO
ananmu3a. [Ipunnun ycrpoiictBa npudopa TI'A. Kpussie TI'A. BocipousBoamioch 1 TOUHOCTh
metona TI'A. BiusHue ycnoBus npoBeieHHs 3KcrnepuMeHTa Ha pesyibTaTsl TT'A. CrocoObl

OIIpeENIEHUs] TEMIIEPATYPHBIX MHTEPBAJIOB PAa3JI0kKEHUS BEILIECTB, ONIPENEIECHUE TOTEPH MACCHI.

MuddepenunanbHo-repmuyecknii  aHaiau3. OcHoBbl MeTona auddepeHuanbHO-
TepMUYecKoro ananusa. YpasHenue Kupxroda. Ilpunmun ycrpoiictBa npubdopa JITA. Kpussie
HATA. TlpeumymectBa u Henoctatku [ TA. Termmonepenoc. TpeboBaHus K 3TaIOHHBIM 00pa3iiam.

JuddepenumnaibHo-ckanupyomasi kajgopumerpus. Oo6nactu npumenenus JICK.

CniocoObl  ompeneneHusi TEeMIIEpaTypHbIX HMHTEPBAJIOB pPa3JoXKEHUs BEHIECTB M (Pa30BBIX

nepexonoB. KonuuecTBeHHOe ormpeneneHne TemoBbIX 3dexToB. MccnenoBanne KUHETHKU

peaKIuii TepMUYECKOTO pasioxkeHusi marepuanoB. Pazauma mexay ATA u JICK. CuHXpOoHHBIN
tepmuueckuii ananmu3 (CTA) maTepuanos.



Pazgen 2. IIpakTHyeckoe HCHOJb30BAHHE TEPMHYECKHMX METOA0B aHAJM3a
HAHOMATepPHUJIOB

AnnapaTtypHo-TexHHu4YecKkoe opopmiieHHe TEPMHUUYECKOr0 aHajau3a. Tumnsl Tepmonap,
MCIIOJIb3YEMBIX IIPU MTPOBEJEHUU TEPMUUECKOTO aHaiIu3a. TUIIM U1l IPOBEIEHUS TEPMUUECKOIO
aHanuza. COBMECTUMOCTh TEPMONAp U TUTJIEH ¢ HccleayeMbiMu Matepuanamu. [leun — oOnactu
IIPUMEHUMOCTH II€4€H pa3INYHON KOHCTPYKLIMH.

IkcnepumenTaabhbie KpuBbie TT'-ACK u apredakrsl. Biusnue ckopoctu peakuuii u
YCIIOBHS TIPOBEJCHUS OSKCIIEpUMEHTa (pa3Mep THUTJs, (GOpPMBI AepkaTels, MpoObl, CKOPOCTH
HarpeBa, BIUsHHE aTMochepsl B meu) Ha dopmy auddepeHnnaasHoil KpuBoi. McTouHukH
OMOOK M TOTPEIIHOCTEH MPU MPOBEICHUH TEPMUYECKOTO aHaiu3a. BriusHue Gopmbl Turis u
BO3MOXXHOT'O JIBIKEHUSI oOpasua. Jpeild u xoHBekius. ApredakTbl, BEI3BAHHBIE U3MEHEHHUEM
BHEIIIHUX YCIIOBUHU.

IIpyMeHeHne TePMUYECKUX METOA0B Il AaHAJIM3a HAaHOMaTepuaJyoB. VccinenoBanue
IUIABJICHUS HAHOYACTUI[ METAJJIOB C IIOMOULIbIO TEPMHYECKMX MeTonoB aHanmuza. CTA
KOMITO3UIIMOHHBIX MaTepHaoB. HccnenoBanue KOJIMYECTBEHHBIX XapaKTEPUCTUK
HaHOMaTEepPHAaJIOB METOIaMU TEPMUYECKOTO aHalu3a. BiusHue pa3nuyabix GpakTopoB (mpumecH,
XUMHUYECKHE B3aUMOJCHCTBUS, arMocdepa IMe4yd) Ha TOYHOCTh KOJMYECTBEHHOTO U
KayeCTBEHHOI'O aHAJIN3a.

Pazngen 3. KomiulekCHble MeTOIbl AaHAJIM3a HAHOMATEPHAJIOB M COBPEMEHHbIE
TeH/IeHIMHU Pa3BUTUSI TEPMHUYECKOI0 aHAJIN3a

TepmoxkuHeTHYecKuil aHaau3. be3anpuopHble W MOAENb-00YCIOBICHHBIE METObI
TEPMOKMHETUYECKOro aHanu3a. OmnpenesieHne 3HEPruM aKTHBAlMM pEaKUUU PasyIoKEeHUs
metonamu O3zaBa-OnunH-Yomna u Kuccunmkepa. OCOOEHHOCTH HCIONIB30BAHUS JIaHHBIX
TEPMOIPaBUMETPUUECKUX M KaJIOPUMETPUUECKUX HccaenoBaHui. OCOOEHHOCTH IPOBEIEHUS
MO/J1e1b-00YCIOBIEHHOTO aHAIH3A.

AHajau3 BpileuBIINXCA ra3os. CoBmelieHue npubopos tepmuyeckoro asanusa ¢ MK-
Oypre u macc-cnektpomerpamu (MC). CTA-UK-®Dypbe: npunmun padoTel U oOnactu
npumenenus. CTA-MC: npunuun paboTsl U 00J1aCTH IPUMEHEHUS.

Junaromerpus. Xapakrepuctuka Metona. OmnpeneneHne U3MEHEHU AIMHBI 00pa3IoB
IIPU HArpeBe U OXJIAXKACHUU WU IIPU U30TEPMHUUECKON BblepkKe. TeMnepaTypHblii KOHTPOJIb B
nunatomerpe. [pon-kanopumerpus. CriocoObl onpeaenaeHns TeII0EMKOCTH MaTepHaIOB.

TenaneHuum  pasBUTHS  TepMHYecKoro  aHaiau3a.  OCHOBHbIE  NPUHIUIIBI
TepMoMarauromeTpun. TepmocoHoMeTrpus. Beicokoremneparypubsiii ontuueckuid JITA u ero
aHasiorn. MeTo Jna3epHON BCHBIIKKA: NPUHLMIIAAIBHOE YCTPOWCTBO Mpubdopa, (u3MKo-
XUMHYECKHE OCHOBBI, IPUMEPBI IPUMEHEHU. MeTOo rperolux IIUT. BRICOKOTOYHOE U3MEpEHNE
TEIIOBBIX TOTOKOB.

4. O0beM y4eOHOH JUCHUILINHBI

B 3aueTHBIX B akanewm.

Bunsr yaeOHO# paboThI €IMHHILIAX yacax

OO0mas Tpy10eMKOCTb JMCHUILIUHBI 110 Y4eOHOMY IJIaHY 4 144
KonrtakTHas patdora (KP): 1,42 51
Jlexumu (JIek) 0,47 17
JIaGoparopusie 3ausaTHs (J1ab) - -
[Tpaktuueckue 3ansatus (I13) 0,94 34
CamocrositesibHas padora (CP): 2,58 93
KonTtakTHas camocrosiTenbHas paboTa 558 0,2
CaMocCTOsITENbHOE U3YUEHUE PA3AEIOB TUCIUILIMHBI ’ 92,8

Bua koHTpoJIs:
3auer + +




B 3auetHbIxX B actp.

Bunast yueOHoI paboTh eAMHULIAX yacax
OO0uas Tpy10eMKOCTb IMCUMILUIUHBI 10 Y4eOHOMY IJIAHY 4 108
Konrakthas patdora (KP): 1,42 38,25
Jlexuuu (Jlek) 0,47 12,75
Jlaboparopusie 3ansaTus (J1ad) - -
[Mpaktuueckue 3ansatus (I13) 0,94 25,50
CamocrositesibHas padora (CP): 2,58 69,75
KoHTtakTHas camocTosTenbHas pabota 0,15
CaMoCTOsITeThHOE U3YUYCHUE PA3ICIOB IUCITUTUIMHBI 1,22 69,60
Bua kouTpoJis:
3auer + +

AHHOTanus paboueit mporpamMmbl JUCHUTLTAHBI
«MeTtoapl MEXaHOXHMHH
(b1.B.06)

1. Heap AUCHUILUIMHBI — TPUOOpPETEHHE CTYIEHTAMHU 3HAHUN O MEXaHOXMMHYECKUX
METO/JaX TOJY4YeHUs HAHOMATEepUalIOB, MEXaHM3Max MEXAaHOXMMUYECKHX pEeakluH, O
MEPCIEKTUBHBIX 00JIACTAX MPUMEHEHHUS MEXaHOXUMHUUYECKHX METOJIOB.

3agaya QUCHUIVIMHBI — O3HAKOMJICHHE CTYJIEHTOB C MEXaHOXUMHUYECKUMHU METOJaMH
CHHTE3a HAHOYACTHII U HAHOMATEPHAJIOB, C PU3UKO-XUMHYECKUMHU CBOMCTBAMU HAHOMAaTEPHAJIOB,
MOJIy4aeMbIX C TIPUMEHEHUEM MEXaHOXUMHUUYECKUX METOOB.

2. B pe3yabrare wu3yvyeHus JAUCHUIUIMHBI O0y4YawuUIMiics MO0 mNporpamMmme
MarucTpaTrypbl 10J/KeH:

Obnadamy clienyOMUMHU MPodheccnoHaTbHBIMU KOMITETEHITUSMU:

®opMupyemMble KOMIIETEHIIUH NHaukaTopsbl J0CTHXKEHUsT KOMITeTeH Uit

[1K-2.2 Beibupaer MeTomsl ¥ CpPEACTBa
[TK-2 CriocoGeH caMOCTOSTENBHO MPOBOUTE | IPOBEIECHHUS UCCIIENOBAHUN U pa3pabOTOK

HayuHo-Uccnenoparensckue  padorsr  mo | [IK-2.3 Onpenensier myT pemenus HayIHBIX
CO3[aHMs, MCCIEJOBAHMIO M IPUMEHEHMIO | U TEXHUYECKMX 3aad B o0Onactu paboT 1o

HAaHOCHUCTEM U HAHOMATCPHUAJIOB CO3JaHNUI0, HCCICAOBAHHUIO U IMPHUMCHCHUIO
HAaHOCHUCTCM N HAHOMATCPUAJIOB

3uame.

- K1accU(UKAIUI0 METOJIOB MEXaHOXUMHUYECKOTO TOJyYCHHS] HAHOMAaTePUAIOB, (PU3HKO-
XUMHUYECKHE OCHOBBI MEXaHOXHMHH, YCTPOMCTBO M MPUHIUI PabOTHI OCHOBHBIX MPUOOPOB,
WCIIOJIb3yEMBIX B MEXaHOXUMHYECKOM CUHTE3E.

Ymems:

- KOPPEKTHO PaCCUUTHIBATH (PU3UKO-XUMUYECKHE (KUHETUYECKUE U TEPMOIMHAMUYECKHE)
napaMeTpsl TMPOBEACHHUS MEXaHOXUMUYECKUX MPOIECCOB, (OPMYIHpPOBaTh TEXHUUYECKUE
TpeOOBaHMS K MPOBEACHUIO MEXaHOXUMHYECKOTO CHHTE3a U TIOJIy4aeMbIM MPOTYKTaM.

Bnaoemsy:

- MPUHIIMIIAMH ~ TIPOBEJICHUSI ~ DKCIEPUMEHTAa W  CTAaHJAAPTHBIMH  METOJAMKAMH
MEXaHOXMMHYECKOTO MOTYYSHHs] HAHOMAaTEePHAJIOB, METO/IaMU pa0OThI ¢ HAYYHOU JIUTEPATypOi
U DJIEKTPOHHO-OMOIMOTEYHBIMU PECypCaMH MO TEOPETHUYECKUM M TEXHOJOTHMUECKHM acCIeKTaM
MEXaHOXHMMHMUYECKOTO MOJYyUYEeHUs] HAHOMATEPUAJIOB
3. Kpartkoe cogep:xanue TUCUMILIIHHBI

Pazgen 1. MexaHOXUMHSI 1 HAHOTEXHOJIOT A

Mexanoxumus TBepI0ro Teina. ctoprst MexaHOXUMUH.



Teopun W MoJenu B MEXaHOXMMHUHM. MeXaHMYeCcKas akTUBalus. TepMOIUHAMHKA
MexaHoxuMuu. KuneTtnka MeXaHOXMMHUYECKUX PEeaKIui.

OcHoBHble  ¢akTopbl,  BaMsOmMe Ha  AP(YEKTUBHOCTh  MEXaHOAKTHBALIUU.
TexHoONIOTHYECKHE aCTIEKThI MexaHoaKTuBauu. [loTpebiieHne YHEpruu Py MEXaHOAKTHUBAIIHU.
3arpsi3HEeHUsl IpU MEXaHOaKTUBAIMK. TemneparypHble BO3IEUCTBUS. ATJIOMEpPALIUs U arperauus.
Ob6opynoBanue 1js1 MEXaHOAKTUBalMK. Bubpannonnsie MenbHUIBL. [lnaneTapHble MEIbHUIBL.
MukcepHble MEJIbHULIBI. ATTPUTOPHI (ILIAPOBbIE METBHUIIBI).

Paznen 2. Meroabsl aHaM3a HAHOMATEPUAJOB B NpPOLECCAX MEXaHOAKTHBAIIUM.
MexaHoxumMuueckas nepepadorka Tepaoro tejia. MexaHoXxumMusi B IPOMbIIVIEHHOCTH.

MeTtopl aHanM3a U UACHTH(PUKAIIUNT HAHOMATEpHAUIOB B MexaHoxuMuu. UHppakpacHas
cnekTpockonusi. PeHTreHoBckast GoTorIeKTpoHHAS cieKTpocKonusl. CKaHUPYIOIas JeKTPOHHAs
criekTpockonus. CkaHupyIOlIasi TYHHEIbHAsl CHEKTPOCKOMNUsA. ATOMHO-CUJIOBAsE MUKPOCKOIIHS.
TpancMuccuoHHas AIEKTPOHHAS MUKpocKomnus. PenTrenoBckas audpakius. MeccbayspoBckast
CHEKTPOCKONUS. DIEKTPOHHBIN ITapaMarHUTHBIN pe30HaHC.

Mexanoxumuueckas rnepepaboTka TBepAoro Teina. MexaHOXMMHUYEeCKOe BOCCTAHOBJICHHE.
MexaHoxuMHu4ecKass mepepadoTka TBEPAOTO BeUIeCTBA B IKUAKOCTH. VI3MmenpueHue u
BBIIIEJIAYMBAHNE, MEXaHOXUMHUYECKOE BhIILIETaUYMBaAHNUE.

OtnenbHBIE 00JIACTH PUMEHEHUST MexaHoXuMHH. [lepepaboTka MOIEe3HBIX HCKOMAEMBbIX.
JloObiBaromiass  MeTayutyprusi. XUMHYEcKas HHXKEHEpHsl. YTOoJbHas MPOMBIIUICHHOCTb.
CrpowuTtenbHasi IPOMBIIIUIEHHOCTh. ATpoKyJbTypa. @apmanieBtuka. [lepepaboTka 0TX010B.

4. O0beM y4eOHOH JUCHUILINHBI

B 3auernbix | B akazxem.

Bunst yueOHOI paboThI €QUHHLIAX yacax
O0mas TpyA0eMKOCTb JUCIUILIHHBI 110 Y4eOHOMY IVIaHy 3 108
Konraktnasi padora (KP): 0,94 34
Jlexuunu (Jlek) 0,47 17
JlabopaTopnsbie 3ansTus (J1ad) 0,22 8
[Ipaktuueckue 3ansatus (I113) 0,25 9
CamocrositenbHas padora (CP): 2,06 74
KonTtakTHas camocrositenpHas pabora 206 0,2
CamocTosTenbHOE H3YUYEeHUE pa3/iesioB JUCIUILUIMHEI ’ 73,8
Bupa koHTpOJISI:
3aueT ¢ OLEeHKON + +
Buja HTOroBOro KOHTpOJIs: 3auer ¢ OLEHKOI

B 3aueTHbIX B actp.

Bunpl yueOHOI paboThI €UHULIAX yacax
OO0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4eOHOMY IVIaHy 3 81
Konrakthas pa6ora (KP): 0,94 25,5
Jlexumu (Jlek) 0,47 12,75
JIaGoparopusie 3ausaTus (J1ab) 0,22 6,00
[Tpaktuueckue 3ansatus (I113) 0,25 6,75
CamocrositesibHas padora (CP): 2,06 55,50
KoHTtakTHas camocTosTenbpHas pabota 0,15
CaMocCTOsITENbHOE U3YUEHUE PA3AEIOB TUCIUILIMHBI 2,06 55,35
Bupa koHTpOJIS:
3aueT ¢ OLEeHKON + +
Bua HTOroBOro KOHTpOJIs: 3auer ¢ oneHKoii




AnHOTans paboueit mporpaMmbl TACIUTLTAHBI
«MeToabl aHATH32 HAHOMATEPHUATIOBY
(b1.B.07)

1. Heap aucuMminHbl: GOPMHUPOBAHKE Yy CTYACHTOB MPEACTABICHUS O JUArHOCTHKE
HaHOMATEPHAJIOB KaK O €MHOM KOMIUIEKCE B3aMMOCBSI3aHHBIX METOJIOB, B3AUMHO JIOTIOJTHSFOLIHX
ApyT Apyra.

OCHOBHBIMH  33Jla4aM¥U  JTUCHHIUIMHBI SBJSIFOTCSA: (OPMHPOBAHUE MPEICTABICHHNA 00
WH(OPMATHUBHBIX BO3MOXXHOCTSIX METOJOB IMATHOCTUKU U aHAJIM3a HAHOMATEPHUAIOB, OCHOBHBIX
METPOJIOTHUECKUX XaPAKTEPUCTUKAX METOJIOB, (PU3NYCCKUX TPAHUIAX IPUMEHHUMOCTH.

2. B pe3yabrare wu3y4YeHUsl AUCHHUILUIMHBI OOy4YaKOIIHiiCA MO mporpamme
MarucTpaTyphbl 10JKeH:

Obnadamyp CIeTYIOIUMHA KOMIETSHIMSIMHU:

®opmMupyemble KOMIIETEHIINH NuaukaTopsl 10CTHKEHUSI KOMIIeTeH M
IK-1 Cioco6en quarHocTUpoBaTh IIK-1.1. Bnaneer onbITOM onpesesieHus
CTPYKTYpy MaTepuajia Ha MUKPO U CTPYKTYpbl MaTepHalla ¢ UCIO0Ib30BaHUEM
HAaHOYPOBHE CKaHMPYIOILEH IEKTPOHHON MUKPOCKOIINH;

IIK-1.2 BrnageeT onpIToM OnpeaeIeHus
CTPYKTYPBI MaTepuaia ¢ HCIOJIb30BaHHEM
IIPOCBEYMBAIOIIEH MIEKTPOHHOU
MUKPOCKOIINY;

ITK-1.3. Bnajeer ompITOM OmpecieHuUs
CTPYKTYpPBI MaTepHaia ¢ UCIOJIb30BaHUEM
JU(GPAKIUOHHBIX U CIICKTPAJIbHBIX METOIOB.

3namo:
¢u3HYecKrue OCHOBBI METOAOB IMATHOCTUKYA HAHOYACTHI] 1 HAHOMATEPHUAJIOB;
—  (pusmyeckre OCHOBBI METOJOB IPOCBEUHMBAIOIICH M PACTPOBOM JIEKTPOHHOW MHKPOCKOIHH,
METO/I0B CKaHUPYIOLIEH 30HA0BOW MUKPOCKOIIHY;
—  (pusmyeckure OCHOBBI METOOB JIOKAJILHOTO aHan3a
— (¢u3MUeCKHue OCHOBBI 30HJOBOTO MHKPOAHANIN3a, OAJIEKTPOHHOM OXe-CIEKTPOCKOIUH,
PEHTTeHO(POTOIIEKTPOHHOM CIIEKTPOCKOIHH, MACC-CIIEKTPOMETPUU BTOPUYHBIX HOHOB;
—  (¢u3MUecKue OCHOBBI HMHTETPAIbHBIX METOJIOB, OCHOBAaHHBIX HAa pACCEIHHH CBETa U
PEHTI€HOBCKOTO U3JTy4YEHHS;
— OCHOBHBIE METPOJIOTUYECKHE XapaKTEPUCTUKH METOJIOB JUArHOCTMKKW W aHalu3a
HaHOMAaTEPHUAJIOB.
ymemy:
WHTEPIPETUPOBATh PE3YyJbTaThl HUCCIEIOBAHUM, IOJYyUYEHHBIE C HCIOIb30BAHHUEM METOJIOB
JMAarHOCTUKY HAaHOYACTUIl U HAHOMATEPHAJIOB;
BBIOMpaTh METOJA JTUArHOCTHKH, OOYCIOBIIEHHBIM CBONCTBAMH OOBEKTAa M H3MEPUTEIHHON
3a7adei;
OIICHUBATH MMOTPEUTHOCTH PE3yJIbTATOB AUATHOCTUKH U aHAIIM3a HAHOMATEPHUAJIOB.
61a0emn:
MPEACTABICHUEM O JUATrHOCTUKE, KaK PAa3BUBAIOIIEMCS HAIIPaBJIECHUU MCCIIEJOBAaHUMN, HABBIKAMU
00pabOTKHM Pe3yIbTaTOB UCCIEAOBAaHUN HAHOMATEPHAIIOB;
HaBBIKAMHM KPUTHUYECKOTO aHAJIN3a PE3YJIbTATOB IUArHOCTHUKHU.
3. Kpartkoe cogep:xanue TUCUMILIUHBI:
1Pa3nen 1. OcoGeHHOCTH HCCIeI0BAHUSI HAHOO0OHEKTOB M HAHOCUCTEM



BBenenne. Hanouactuiel 1 HaHOMaTepHalbl, KAK OOBEKThI JUATHOCTHKU U XUMHUYECKOTO
aHanmu3a. TpeOoBaHHS K METPOJOTHUECKUM XapaKTEPUCTUKAM METOJI0B, OOYCIIOBICHHBIE
pa3MepoM 00BEKTOB.

Muxkpockonus. O6ume nonarusi. OnTHYecKass MUKpOCKonus. SIBneHue audpakimuu u
npelenbHas — paspelaronias  CHOCOOHOCTh — KJIACCHYECKOTO0  ONTHYECKOI0  MHUKPOCKOIIA.
CkaHupyrommii 30HIOBBIH ONTHYECKHH MHKpOcKom OnmkHero moins. HMuHdopmaruBHbIe
BO3MOXKHOCTH U pa3peliaroniasi CriocOOHOCTb.

DJIEKTPOHHAs ONTHKA M ONTHKA 3apshKeHHBIX YacTul. BaxkyyMHbIE ycClioBus.
HcTouHrKy 35€KTpOHOB. BUJIBI 2IEKTPOHHON SMHUCCHM: TEPMOIJIEKTPOHHAS SMUCCHSI, IMUCCUS
[JoTTKM M aBTO3JEKTPOHHAs (IoJjieBasi) AMHUCCHsI. XapaKTEPUCTUKU HUCTOYHUKOB AJIEKTPOHOB.
VYrpaBieHue 3JIeKTPOHHBIMU M MOHHBIMU ITy4YKaMU. DJIEKTPOHHAs JIMH3A.

Pasnea 2. MeToabl MUKPOCKONIMHT

PacrpoBasi 3JIeKTPOHHAasi MHKPOCKONHS. YCTPOHCTBO PACTPOBOTO 3JIEKTPOHHOTO
MHUKpOCKOTa. BropruHast aekTpoHHast sMuccus. BropuuHbie 371€KTpOHBI M 00paTHO paccesiHHbIC
3eKTpoHbL. JleTekTophl 31ekTpoHoB. DopMupoBanre U300pakeHUN B SMUCCHOHHBIX PEXUMAaX
pacTpoBOro  JIEKTPOHHOrOo  MHKpockoma. Kourtpact wu3o0paxenuit. HWubopmaTuBHbIE
BO3MO’KHOCTH SMUCCHUOHHBIX pexxuMOB. [IpocTpancTBeHHOE paspenieHne. CrienuanbHbIE PEKUMbI
pacTpoBOro AJIEKTPOHHOI'O MHUKPOCKOIIA. METpoJIOrM4ecKue XapakTEPUCTUKH PAaCTPOBOM
3JIEKTPOHHOW MUKPOCKOIIHH.

IIpocBeunBawmass 3J1eKTPOHHAss  MHKpockonusa. (Cxema NPOCBEUMBAIOILETO
AJIEKTPOHHOTO MUKpOCKOMA. THIBI KOHTpacTa U300pakeHUs B MPOCBEYUBAIOIIEM SJIEKTPOHHOM
MUKpoOckore. Meroasl NOJArOTOBKM OOBEKTOB JJIsi HCCIEAOBAaHMM B IIPOCBEYMBAIOLIEM
3NEKTPOHHOM MHUKpockorne. CpaBHeHHE MH(GOPMATHUBHBIX BO3MOKHOCTEH U METPOJIOTHYECKHX
XapaKTEPUCTHUK PA3JIIUYHBIX TUIIOB AJIEKTPOHHBIX MUKPOCKOIIOB.

Paznen 3. CnekrpajbHble MeToAbl aHagu3a. JudpakuuoHHbie MeTOAbI
HCCJIeI0BAHNSA

JJIEKTPOHHO-30H/I0BbIII MHMKPOAaHaJIU3. BO3HHKHOBEHHE XapaKTEPUCTUYECKOIO U
TOPMO3HOIO PEHTT€HOBCKMX wu3iydeHuil. [IpaBmwiio Mo3nu. KayecTBeHHBIM aHanu3 C
HCII0JIb30BaHUEM PEHTI€HOBCKOTO U3JIy4YECHHUS. 3aBUCUMOCTh WHTEHCUBHOCTH
XapaKTepUCTHUECKOIO0 PEHI€HOBCKOTO H3JIyYEHHUS 3JIEMEHTa OT €ro cojepKaHus B oOpasle.
Marpuunsle >pdextsl. KonuuecTBeHHBIH 3IEKTPOHHO-30HIOBBIN aHanu3. JIoKanbHOCTB
ompeneneHud.  PacdeTHblli  METOA  IIOCTPOEHUS  IPaJlyMpPOBOYHOM  XapaKTEPUCTHKHU.
Metposoruueckne  XapakTEpUCTUKUA  METOAA. ODJIEKTPOHHO-30HIOBBIM  MHMKPOAaHalIM3 B
IIPOCBEUYMBAIOIIEH 3JEKTPOHHON MHUKpockonuu. CrernuaibHble METO/bI JIEKTPOHHO-30H0BOIO
MHUKPOAHAIIN3A.

CnekTpocKoONnUs XapaKTepUCTHYEeCKUX NMOTePb IHEPIrHH JIEKTPOHOB. J(narHoctuka
HaHoIuIeHOK. VIH(opMaTHBHBIE BO3MOKHOCTH U METPOJIOTHUECKUE XapaKTEPUCTUKH.

Metoabl 3jeKTpoHHOH cnekTpockonuu. Oxe-3dpdext u BHemHUU GoTodIDPEKT.
BakyymHbIe ycnoBus. AHaIM3aTOPbl SJHEPTUU IEKTPOHOB. OKe-3JIEKTPOHHAs CIIEKTPOCKOINUS U
PEHTreHO(OTOAIEKTPOHHAS CIIEKTPOCKOIIHS.

B3anMmopeiicTBMe HOHHBIX IYYKOB ¢ TBEPABIM TeJI0M. BTOpuuHas MOHHAs SMHCCHS.
Macc-cnekTpoMeTpHsi BTOPUYHBIX MOHOB. Y CTPOMCTBO Macc-CIEKTpoMeTpa. MeTposiornyeckue
XapaKTEPUCTUKUA METOA.

HNHTerpajbHble METOABI ONpeaeeHUs pa3MepoB HaHo4YacTHll. CelMMEHTAllMOHHBIN
aHanu3. MeToabl paccesHMs CBETAa: pPEINEEBCKOE paccesiHue, IMHAMMYECKOE paccCesHue.
[IpenenbHBIE BO3MOKHOCTH METOJIOB paccesiHUS CBeTa U (u3nyeckue orpannyenus. Paccesnue
peHTreHoBckoro usnydyenus. Meron Illepepa. ManoyrioBoe paccessHHE PEHTIEHOBCKOIO
U3IIy4ECHHUS.

4. O0beM y4eOHOMH JUCHHUILINHBI

B 3aueTHBIX B akanewm.
Buapr yaeOHO# paboThI eIUHUIIAX Jacax

OO0uias TpyA0eMKOCTb IMCHUILUIMHBI 0 Y4eOHOMY IJIAHY 4 144




Konrtakthas patdora (KP): 1,89 68
Jlexuuu (Jlek) - -
Jlaboparopusie 3aHsaTus (J1ad) 0,94 34
[Tpaktuyeckue 3ansatus (I13) 0,94 34
CamocrositesbHas padora (CP): 2,11 76
KonrtaktHas camocrositenbHast pabota 211 0,2
CamocTosiTebHOE U3YUYEHHE Pa3/IeTIOB JUCIIUILIMHbI ’ 75,8
Bua koHTpoJIs:

3aueT ¢ OLEeHKOMI + +

Buja uTOroBOoro KOHTpoJIs:

3a4er ¢ OLEHKOM

B 3auetHbIx B actp.

Bunsl yueOHOI paboThI eIMHUIIAX qacax
OO0uas Tpy10eMKOCTb IMCUUILIHHBI N0 Y4€0HOMY IIAHY 4 108
KonrakTthHas patdora (KP): 1,89 51
Jlexuuu (Jlek) - -
JlaboparopHsie 3aHsaTus (J1ad) 0,94 34
[Tpaktuyeckue 3ansatus (I13) 0,94 25,5
CamocrositesbHas padora (CP): 2,11 57
KoHnrtakTHasi camocTosTebHast paboTa 0,15
CaMOCTOSITEIbHOS U3YUYCHHE PA3/ICIIOB TUCITUTUIHMHBI 211 56,85
Bua kourpoJs:
3ader ¢ OlleHKOU + +

Bujg uTOroBOro KOHTPOJIS:

3ayeT ¢ OLEeHKOI1

AHHOTanus paboueil mporpaMMbl TUCITUATITAHBI
«CHHTe3 HAHOYACTHII B JKUJKUX CPeaax»

(B1.B.08)

1. Ileab auCUMIUIMHBI - TPHOOpPETEHHE OOYYAOIIMMMCS 3HAHUM W KOMIIETCHIUH B
00JacT CMHTE3a HAHOYACTUIl U HAHOMAaTEPHUAJIOB KUIKO(Pa3HBIMU METO/IAMHU.

3aavya AMCHUILIMHBI - GOPMHUPOBAHKE Y 00YUAIOIUXCSA CUCTEMHBIX ITyOOKHX 3HAHUN B
o0nacTu XMMMYECKUX, (U3MUECKUX U OMOJOrMYECKHX METOJIOB CHHTE3a HAHOYACTHUIl U
HaHOMAaTepHaJoB, MOHHMMAaHHS OOLIMX 3aKOHOMEPHOCTEH MOIy4YeHUS TaKUX MaTepuasos;
BbIpa0OTKa Ha 3TOM OCHOBE CHCTEMHOIO MOJXOJa K IOCTAHOBKE, BBIIOJHEHHUIO HAyYHBIX
UCCIIEIOBaHUN B yKa3aHHOM 00JacTu, COCOOHOCTH aHAJIM3UPOBATh U KPUTHUYECKU OIIEHHWBATh
MIOJIy4aeMble pe3yJIbTaThl, Mpelarath MyTH PELICHUS MMOCTABIEHHBIX 3a/1a4 U HAXOAWUTh CPEIn
HUX ONTUMAJIbHBIN.

2. B pe3yabrare wu3y4eHus: AUCHMILVIMHBI O0y4Yawuiuiicd N0 mporpamme
MArucCTpaTypbl 10/KeH:

Obnadamye CIENYIOMMMHA KOMIICTCHITUSIMU

DopMupyeMbie KOMIIETCHIUT NHauKaTOpHI J0CTHKEHUST KOMIIeTeH Ui

IK-2 Crioco6en camocTositennbHO poBoauTh | [IK-2.1. ®opmupyet TpeOoBaHUS K
HAYYHO-HCCIIEIOBATEIBCKHIE PAOOTHI O AKCIIEPUMEHTAIBHBIM 00pa3am
CO3JIaHMsI, UCCIIEIOBAaHUIO U IPUMEHEHUIO HaHOMaTepHaJIOB U HAHOCHCTEM H
HAHOCHCTEM M HaHOMAaTepUaJIOB pe3yibTaTaM Hay4HO-HUCCIIEA0BATENbCKUX
paboT o ux pa3paboTke;

IIK-2.2. BeiOupaer MeTobl U CpeacTBa
MIPOBE/ICHUS MCCIIEIOBAaHNHN B pa3padoToK;




IIK-2.3. Onpenenser myTH pereHus
HAy4YHBIX ¥ TEXHUYECKHX 3a]a4 B 00JacTH
paboT Mo CO3AaHUIO, UCCIIEIOBAHUIO U
MIPUMEHEHHUIO HAHOCUCTEM U
HaHOMaTEpPHAaJIOB
IIK-4 Crioco0eH npeacTaBisiTh MK-4.1. Ananusupyer coBpeMeHHOE
HUCTOPUYECKHUE ATAIbI PA3BUTHS COCTOSTHUE M UCTOPUYECKUH MYTh PA3BUTHS
HAHOTEXHOJIOTUH, BaKHEUIIINE OTKPBITUS HaHOTeXHoJIoruu B Poccuiickoit @enepanuu
OTEUYECTBEHHBIX YUEHBIX, Haubosee U B MUDE;
aKTyaJbHBIC MPOOJIEMBI, CBI3aHHBIC C IK-4.2. ®opmynupyeT Hanboee
CO3/IaHHEM U IPUMEHEHUEM HaHOCHCTEM U aKTyaJlbHbIe TPOOJIeMbl, CBSI3aHHBIE C
HaHoMmatepuasioB B Poccuiickoii @enepaniii | coO3JaHUEM U IPUMEHEHHEM HAaHOCHUCTEM U
U B MUpPE Ha"HomaTepuanoB B Poccuiickoit @eneparuu
U B MUDE

3HamMb:
KJacCU(UKALMI0 HAHOYACTUI] M HAHOMAaTEpPHAJOB, OCHOBAaHHYIO Ha MEpPHOCTH OOBEKTOB,
croco0ax MoJy4yeHus, CBOMCTBAX CPe/ibl IPOBEACHUS CUHTE3a;
TEOPETUYECKHE OCHOBBI IMPOLECCOB KPHUCTALIU3ALMM B JKUAKHX CpeAax, OCHOBHbIE (DaKTOpHI,
BJIMSIONIME Ha 00pa30BaHKE 3apObIIIeH KPUCTALIH3AIMHA U CKOPOCTh POCTa HAHOYACTHIL;
3aKOHOMEPHOCTH IPOTEKAIOIIMUX IPOLECCOB IPU CHUHTE3€ HAHOYACTHI] U HAaHOMATEPUAIOB B
KUAKUX (pa3ax u Ha rpaHUIle pazzaena ¢as;
3aKOHOMEPHOCTH COBOKYITHOCTH YCJIOBMH NPOBEJNEHUS CHHTE3a U OCOOCHHOCTEH XMMHUYECKHUX,
¢usznyeckux M OHOJOTMYECKHX MPOLECCOB, MNPUBOIALUIMX K MOIYYEHHI0 HAHOYACTULl U
HaHOMAaTEpHaJIOB;
QITOPUTMBI IPOTHO3UPOBAHUS AUCIIEPCHOCTH U CTPYKTYPbl HAHOYACTHI] U HAHOMATEPHAJIOB.
ymemy:
dopmynupoBaTh TpeOOBaHHS K MaTepualiaM H ONpeAeisaTh S((EeKTUBHBIE IYTH CHHTE3a
HaHOYACTHUI] 1 HAHOMATEPUAJIOB C KOMILJIEKCOM 3aJlaHHBIX CBOWCTB Ul KOHKPETHBIX oOsacTeit
IPUMEHEHUS;
HaXOJUTh W MCIIOJIB30BaTh JIMTEpPATypHble HMCTOYHUKHM, Oa3bl JAHHBIX U KOMMEpUYECKue
IpPOrpaMMHBIE TPOIYKThI, W pellaTh 3aJauyd 10 CO3/JaHHUI0 HAHOYACTUI[ U HAHOMAaTepHasloB
pa3IMYHOMN NPUPOIBI, IUCIIEPCHOCTH U COCTABA;
IPUMEHSTh TEOPETUUYECKUE 3HAHUS O CIoco0ax CHMHTE3a HAHOYACTHUIl U HAHOMATepHasloB JJIs
pEIIEHUsT HCCIIEN0BATENbCKUX W MPUKIAJHBIX 3a4a4, B TOM YHUCIE B MEXIUCLHUIIIMHAPHBIX
o0nacTsx.
enademn:

MeToJaMu pabOThl € HAyYHO-TEXHUYECKOM, CIPAaBOYHOM JIMTEpaTypod U 3JIEKTPOHHO-
OMOIMOTEYHBIMU pecypcaMM 10 TEOPETUYECKMM M TEXHOJOTMYECKMM acCHeKTaM CHHTe3a
HAHOYACTHI] U HAHOMATEPHAJIOB;
OCHOBHBIMM METOJaMU CHHTE€3a HAHOYACTUIl M HAHOMATEPHAJIOB pAa3JIU4YHON IPUPOABI,
JUCIIEPCHOCTH U CTPYKTYPBI;
OCHOBHBIMHM TpUEMaMH HaXOXXJIEHUS M MCIOJb30BAaHUS CIPABOYHBIX JIUTEPATYpHBIX U
KOMITBIOTEPHBIX 0a3 JaHHBIX MO CHHTE3y HAHOYACTHII M HAHOMATEepHAJIOB KHMIKO(pa3HBIMU
METOIaMHU;
CIOCOOHOCTBIO M TOTOBHOCTBIO K pa3pabOTKE HOBBIX METOJOB CHHTE3a HAHOYACTHUI] U
HAaHOMATEepHaJIOB M MX NPUMEHEHHI0O B CaMOCTOSITEIbHONM HAy4YHO-HCCIEI0BaTEeIbCKON
JESATEIBHOCTH.

3. KpaTkoe coaep:kaHue TUCHUTIAHBI

Pasnea 1. OcHOBBI Nponecca KPUCTAUIN3ALMHI B 'KUAKHUX Cpeaax



1.1. BBenmenue. BapuaHTbl KnaccHUKAIIMM METOJOB TIOJYyYCHHUS HAHOYACTHI[ H
HaHOMaTepuanoB. Du3nYecKue, XUMMHUYECKHE, OMOIOTHYecKre M KOMOMHUPOBAHHBIC METO/IBI.
Oco0eHHOCTH MOJIyYeHHUs HYJIb- OJJHO-, IBY- U TPEXMEPHBIX HAHOMATEPUAJIOB.

1.2. Cragum mporecca KpUCTALIU3AIMK - OOpa3oBaHHWE IIEHTPOB HYKJICAIMH, POCT
HaHouacTHIll. ['oMoreHHoe u rereporeHHoOe 3apojipiieoOpa3zoBanue. Kputuueckuii 3apoapIii.

1.3. OcHOBHBIE TEOPUH POCTA KPUCTAIUIOB. BiMsiHME pa3nuuHbIX TapaMeTPOB CUCTEMbI Ha
CKOPOCTh 3apOJIbIIIco0pa30oBaHusl U KMHETUKY pOcTa HaHOKpucTaioB. CrocoObl 3aMeaieHust
pocTa A1 CUHTE3a HAHOYACTULl KOHTPOJIMPYEMOTO pa3Mepa.

1.5. Ponp mpoueccoB OcTBanbaoBa CO3pPEBaHUS W arperalyy HAaHOKPUCTAJIOB B
npoleccax CHHTe3a HAHOYACTHII B JKUAKUX cpenax. Crtabuim3anys HaHOYACTUI B PacTBOpax -
3JIeKTpOCTaTUYECKast, aIcCOPOLIMOHHASI, XeMOCOPOIIMOHHAs, CTepUYecKasl.

1.5. Kpucraminusamus npu nepechllieHuH U iepeoxiiaxaeHnu. CriocoObl KpHCTaUTH3AIHH.

Pa3gen 2. CuHTE3 HAHOYACTHI METOAAMH OCAKICHUSA

2.1. OcHOBHBIE XMMUYECKHE PEAKLUH, TPUBOASIINEG K CUHTE3Y HAHOYACTHI[ U KHUIKUX
cpellax U X KOHTPOJIUPYEMOMY BBIJEICHUIO U3 PACTBOPOB.

2.2. Tlonyuyenue HaHOuacTull 30i0Ta - MeTon TypkeBuua u meron bpacra. Cunres
HAHOYACTHI[ cepeOpa, IUIATUHBI, MAIAAWs U APYruxX OnaropoAHbix MmetaywioB. Ilomydenue
HaHouacTHIl Hecepudeckoir (Gopmbl. CHHTE3 HAHOCTEPKHEH METAJUIOB - POJIb 3apOJbIIICH
KpucTtaymu3anuu u 1o0aBok [IAB. Mexanu3Mm pocta HaHOCTEP)KHEW METAIIJIOB B XKHUAKHX Cpeax.
Oco0eHHOCTH CHHTE3a HAHOYACTHI] METAJUIOB B (hopMe KyOOB, MPU3M, JIBAIIATH-TPAHHUKOB U JIp.

2.3. CuHTe3 MarHUTHBIX HAHOYACTUI] B MOJIAPHBIX M HEMOJSAPHBIX cpenax. Ctabunm3anus
HAHOYACTHII U TTOJTy9CHNE MATHUTHBIX YKHJIKOCTEH.

2.4. OcHOBHBIE CIOCOOBI CHHTE3a MOIYNPOBOJHUKOBBIX HAHOYACTHIL - KOHTPOJIUPYEMOTO
OCaXJIEHUs, TOCTPOCHHS KJIACTEPOB, MOJEKYJISPHBIX MpeKypcopoB. OCHOBHbBIE (HAaKTOPHI,
BIUSIOUIME Ha pa3Mep CHHTE3UPYEMBIX HAaHOUYACTHUI] MOJYNPOBOAHUKOB. Kunernyeckuit
KOHTPOJb pOCTAa HAHOYACTHI[ MOJYNPOBOAHMKOB. CHHTE3 aHW3OTPONMHBIX HAHOYACTHUIL
MOJYPOBOJIHUKOB - HAHOCTEPKHEH, pa3BETBICHHBIX CTPYKTYP.

2.5. IlpumeHeHre METOIOB OCaX/I€HUsS AJIl CUHTE3a HaHOYACTHL], COCTOSILINX U3 CIlJIaBa
METAJIJIOB, CO CTPYKTYpPOH SApO-000JI0UKa, MHOTOCIONHBIX CTPYKTyp. CHHTE3 HaHOYACTHUIL
OKCHJIa KpEeMHHsSI U HaHOKOMIIO3UTOB - MHOTOCIIOMHBIX CTPYKTYp, COCTOSIIIMX W3 METaJJIOB,
MarHUTHBIX MaTEPHUAaJIOB WU MOIYIPOBOJHUKOB M OKCHUA KPEMHHSL.

Pasnen 3. AnnapaTHbie MeTOAbI CHHTE32 HAHOYACTHL H HAHOMATEePUAJIOB

3.1. 30aB-rens MeTON

OcHoBHbIe cTauu niporiecca. OCOOEHHOCTH TUAPOIN3a U TTOJMKOHIEHCAIIUU B MIETOYHOMN
U Kucioi cpene. I'eneoOpa3oBaHue M CHHEpe3HUC. YJalleHHE pacTBOpUTENsS - OOpa3oBaHHE
Kceporenend W ajporenied. BimsiHME cocTaBa peakIMOHHOM Cpelbl M YCIOBUM IPOTEKaHUS
npoliecca Ha MOP(OJIOTHIO CHHTE3UpyeMoro HaHomarepuana. [loiyueHue 305b-rejib METOJJOM
HAaHOMATEepHaJlOB Ha OCHOBE OKCUIOB KpeMHUS MU TUTaHa. CHUHTE3 30Jb-Te€llb METOAOM
HAaHOKOMIIO3UTOB THIA "HEOPraHWKa-HEOpraHuKa" 1 "OpraHuka-HeopraHuka'.

3.2. CUHTE3 HAHOYACTHUL] B CBEPXKPUTHUECKHX KHUJIKOCTSIX

Knaccudukanus MeTo0B CHHTE3a HAHOYACTUIl U HAHOMATEPUAIOB B CBEPXKPUTHUECKUX
KHUJIKOCTSIX. POJTb CBEPXKPUTHYECKOM )KUIKOCTH TIPH CUHTE3€ - PACTBOPUTEINH, COPACTBOPHUTEITD,
AHTHU-PACTBOPUTEIb, PACTBOPEHHOE BEILIECTBO, PEaKIMOHHAs cpeia. CXeMbl OCHOBHBIX METOJIOB.

Hcnonp3oBaHne CBEPXKPUTUYECKOH BOABI M AMOKCHAA YIJEpoaa Ui TIONTyYeHUS
HAHOYACTHII. BapuaHThI THIPO- U COJIBBOTEPMAIBHOTO CHHTE3a - MOJyYeHUEe HAHOYACTHI] TIPU
MPOTEKaHUN (U3MYECKUX W XHUMHYECKUX MporeccoB. OCHOBHBIC TapaMeTphl, BIHSIONIME Ha
MOP(}OJIOTHIO CHHTE3MPYEMbIX HaHOMAaTepHasloB. [lepuonnyeckuil u HEMpephIBHBIA CIOCOOBI
OpraHu3alliyil THUAPO- U COJBBOTEPMAILHOTO CHHTE3a. BHIIBI aBTOKIIABOB, MCIOJIB3YEMBIX IS
CUHTE3a HAaHOYACTHII.

I'mapo- W CONBBOTEPMANBHBIA CHHTE3 HAHOYACTHI[ METAJIOB, OKCHIOB METAJUIOB,
MOy TIPOBOTHUKOB.



'maporepmanibHbIl CHHTE3 HAHOYACTHUI[ IEOJIUTOB M LIEOJUTOB C HAHOMOPUCTOU
CTPYKTYpOH.

3.3. CuHTe3 HaHOYACTHULl TPU (PU3HUECKOM BO3ACHCTBUM HA PEAKIIMOHHYIO CPEay

OcoOeHHOCTH CHHTE3a HAHOYACTHI] MPU MHUKPOBOJIHOBOM Harpeme. [ uapoTepManbHBIN
CHUHTE3 C MUKPOBOJIHOBBIM Harpe€BOM.

CuHTe3 HAHOYACTHUI[ TPHU BO3JICHCTBUU YIBTPAPHUOIETOBOTO, PEHTTEHOBCKOTO U
PaAMOAKTUBHOIO U3IIyYEHUSI.

MexaHu3M CUHTE3a HAHOYACTUII [TPU ACHUCTBUU PA3TMYHBIX BUIOB U3TyUCHUSI.

YapTpa3zBykoBoe BO3/ICICTBHE. Cunres HAHOYaCTHUI] Cc amopdHoi u
HAHOKPHUCTAJUIMYECKOU CTPYKTYPOU.

3.4. OOpa3oBaHM€ HAHOYACTHUI] MPU PACIBUIEHUH PACTBOPOB B IUIAMEHH (MOKpOE
C)KUTAHUE)

BrimapuBanne u nmponu3 aspo3oss. BiumsHMe cocTaBa HMCXOIHOrO pacTBopa H
TEXHOJOTMYECKHX I[apaMeTpoB TIpollecca Ha pa3Mep U  MOP(]OIOTHIO CHHTE3UPYEMBIX
HaHoyacTHll. CrnocoObl pachbUICHHsS] >KUIKOCTH. ATrJoMepanusi HAHOYACTHUIl U IOJyuyeHHue
HAaHOIIOPUCTBIX MATEpPUAJIOB.

3.5. Kpunoxumuyeckuii METOJ] CHHTE3a HAaHOYACTHI]

OcHoBHble cTaguu mnporecca. CrnocoObl 3aMOpaKUBaHUSI U yJAJCHUST PACTBOPHUTEIS.
Hcnonb3yemble X1a10areHThl.

3.6. DIIEKTPOXUMHUYECKUI METO/ MTOJIy4EHHUsI HAHOMATEPHAJIOB

Karonnble 1 aHOZIHBIE MTPOLIECCHI, PUBOAIIME K CUHTE3y HaHOMaTepuaios. [lomyuenue
HAaHOCTPYKTYPUPOBAHHBIX IMOKPBITUH. DJIEKTPOOCAXKICHHE HaHodacTuil. DopMHUpOBaHUE
KOMIIO3UTHBIX TOKPBITUN, COCTOSIIIMX M3 METallla U OCaXIECHHbIX HaHoyacTuil. OOpa3oBaHue
HAaHOMOPUCTHIX MaTepraaoB. CHHTE3 HAHOBOJIOKOH B TOPUCTHIX MaTeprasax.

3.7. MaTtpuuHbIii (TEMIUIATHBIN) CHHTE3 HAHOYACTUIl 1 HAHOMATEPHUAaJIOB

CuHre3 HaHOYacTHIl B cPepudIecKUX M HeCc(HEepUUeCKHX MHIICIUIAX, MHKPOIMYIIbCHUSX.
OcHoBHbIe (haKTOpPBI, BIMSIONIME HAa pazMep u Gopmy, CUHTE3UpyeMbiXx HaHouacTuil. CHHTE3
HAaHOYACTHI] B MUKPOIMYJIBCUAX B CBEPXKPUTHIECKOM OKCHUJIE YIJIepoa.

Hcnonb30BaHne TeKCArOHANBHBIX M KyOWYECKUX JKUIKOKPUCTAJUIMYECKUX azax B
KaueCcTBE MATPHIIbI I CHHTE3a HAHOMATEpHaJIOB.

[TonyueHue Me30MOPUCTBIX CUIIMKATOB.

CuHTe3  HAHOKOMIIO3UTOB  HaHoYacTHIa-AeHApuMep. (OCOOEHHOCTH  CTPOCHHS
JIEHAPUMEPOB U CrOCO00B (HOpMHpPOBAHUS HAHOKOMIIO3UTOB B 3aBUCUMOCTH OT YpPOBHS
reHepaluu AeHIpuMepa.

3.8. buonoruvyeckrne MeTO/1bl CUHTE3a HAHOYACTHUIL

BHyTpukieTouHblii cuHTE3 HaHodacTHL. MarHetob6akTepuu, MarHerocoMmbl. CuUHTE3
HAHOYACTHII C UCTIONIb30BaHUEM (heppuTrHA. BHEKIIETOUHBIN CHHTE3 HAHOYACTHI], HOPMUPOBAHKE
MOPUCTHIX UEPAPXUIECKUX CTPYKTYD.

3.9. IlonyyeHre HaHOMATEPUAJIOB MIPHU CAMOOPTraHU3aMU HAHOYACTHUIL

Camoopranuzanus 1oJ JACHUCTBHEM KallWUISIPHBIX, TPABUTAIMOHHON U IIEHTPOOEKHOM
CUJI, JIEWCTBUM DJEKTPUYECKOIO W MAarHUTHOrO moJjid. MaTpuuHas caMOOpraHu3anusi.
dopMHUpOBaHUE TUIOCKMX UM  O00BEMHBIX CTpYKTyp. DopmupoBaHue CBEpXpEIIETOK,
YHOPSAOYEHHBIX aHcaMOJielt OMHApHBIX HaHOYACTHIL. bBuoMuMeTHYecKre HaHOMaTepPHAIbI.

4. O0beM y4eOHOI JUCHMIIIIMHbI

B 3auernnix | B akanmem.
Bunast yueOHOI paboTh eIMHUIIaxX qacax
OO0mas TpyA0eMKOCTb JMCHUILIHHBI 110 Y4eOHOMY IVIaHy 4 144
Konrakthas pa6ora (KP): 1,42 51
Jlexumu (Jlek) 0,47 17
Jlaboparopubie 3austus (J1ab) 0,47 17
[IpakTuueckue 3ansatus (I113) 0,47 17




CamocrositeabHas padora (CP): 2,58 93

KonrtakTHas camocrositenbHasi paborta 558 0,2
CaMocTosiTenbHOE U3YUECHHE PA3/AeTI0B IUCIUILIMHbI ' 92,8
Bua konTpoJIs:

3a4eT ¢ OIEHKOM + +

Buja utorosoro KOHTPOJIA:

3a4er ¢ OLEHKOM

B 3auetHbix B actp.

Bunst yueOHOI paboThI €AMHULIAX yacax
O0mas Tpy10eMKOCTb IMCUMILUIUHBI 10 Y4e0HOMY IJIAHY 4 108
KonrakTthas patdora (KP): 1,42 38,25
Jlexuuu (Jlex) 0,47 12,75
Jlaboparopusie 3ansaTus (J1ad) 0,47 12,75
[Ipaktuueckue 3ansatus (I113) 0,47 12,75
CamocTrositesbHas padora (CP): 2,58 69,75
KoHTtakTHas camocTosTenbHas paboTa 0,15
CaMOCTOSITEIbHOC U3YUYCHUE PA3/ICIIOB IUCITUTUIMHBI 2,58 69,60
Bua koutpoJs:
3ader ¢ OlleHKOU + +

Bujg uTOroBOro KOHTpOJIs:

3ayer ¢ OLEeHKOIi

AHHOTanus pabouyeit mporpamMmbl JUCHUATLTAHBI
«I["a3o¢a3Hble npouecchl MOJYYEHUST HAHOMATEPHUATIOB)

(51.B.09)

1. leab AMCHUNIMHBI — TPUOOpETEHNE 3HAHUN, YMEHUI U (OPMUPOBAHUE KOMITETEHITUI
B 00JIaCTH TEOPUU U MPAKTUKHU MCIIOJIB30BAHMS (PH3UUECKUX U XUMUYECKUX METOJIOB ITOTyICHUS
HaHOMAaTepHaJIoB B ra30Boi (aze, B TOM YHCIIe HAHOYACTHUL], HAHOHUTEN 1 HAaHOTPYOOK, IJIEHOK U
MOKPBITUI, MACCUBHBIX HAHOCTPYKTYPUPOBAHHBIX U MUKPOIIOPUCTHIX MAaTEPUATIOB.

2. B pe3yabTtare H3YYeHHS] MCHUILIHHBI

MarucCTpaTrypbl 10JI2KECH:

o0yyaomuiica 1m0 nporpamMmme

Obnadamyp cleqyIOIUMUA KOMIETEHIMSIMHU:

dopmupyembie KOMIIETEHIIMU

NuaukaTopsl J0CTHKEHUS] KOMIIETEHIUH

ITK-1 Cnocoben
JIUarHOCTUPOBATH CTPYKTYPY
MaTepuaia Ha MUKPO H
HaHOYPOBHE

IIK-1.3. BraseeT onbpITOM OIpeIeNIeHUs] CTPYKTYPBI
MaTepHala ¢ UCTIOIb30BaHUEM TU(PPAKIINOHHBIX U
CHEKTPAIBHBIX METO/IOB;

IIK-1.4. BnaseeT onbITOM OIpeNIeNIeHUs] CTPYKTYPBI
HaHOMAaTepHaJIOB U HAHOCTPYKTYPUPOBAHHBIX CPE]] C
UCIOJIb30BAaHUEM CKaHUPYIOIIEH 30H10BOM MUKPOCKOIUH.

IIK-2 Cnocoben
CaMOCTOATCIIBHO IMPOBOJUTH
HAyYHO-HUCCIIeIOBATEIIbCKHE
paboTHI IO CO3/IaHMs,
HCCIIETOBAaHHIO ¥ IPUMEHEHHIO
HAaHOCHCTEM U HAaHOMAaTEepUaJIOB

IIK-2.1. ®opmupyeT TpeOOBaHMS K IKCIEPUMEHTATbHBIM
o0pa3iaM HaHOMaTepPHaJIOB U HAHOCHCTEM U PE3yJbTaTam
Hay4YHO-UCCIIEI0OBATEILCKUX padoT MO UX pa3paboTKe;
ITK-2.2. Beibupaet MeTO/bI U CpeACTBa IPOBEICHUS
UCCIIEIOBAaHMM U pa3paboToK;

IIK-2.3. Onpenensier myTH peuieHns HayqHbIX U
TEXHUYECKUX 3a/1a4 B 00J1aCTH paboT M0 CO3/AaHUIO,
UCCIICIOBAaHUIO U IPUMEHEHUIO0 HAHOCHCTEM U
HaHOMaTEepPHAaJIOB




IIK-4 Cnoco6en nmpencrasnsats | IIK-4.1. AHanuzupyer cCOBpeMEHHOE COCTOSIHUE U
HCTOPUUYECKHE ITAIbI Pa3BUTHSI | HICTOPUYECKUHN MTyTh Pa3BUTHSI HAHOTEXHOJIOTUH B

HAHOTEXHOJIOTHH, BayKHEHIITNE Poccuiickoit denepanuu u B MUPE;

OTKPBITUS OT€YECTBEHHBIX IIK-4.2. ®opmynupyeT HanbojIee aKTyaIbHbIC TPOOIEMBI,
yYeHBIX, Han0oJiee aKTyallbHbIE | CBSI3aHHBIC C CO3/IaHUEM U TIPUMEHEHUEM HAHOCUCTEM U
poOIEMBI, CBSI3aHHBIE C HaHoMaTepuasioB B Poccuiickon ®denepanuu u B Mupe

CO3/IJaHUEM U TPUMEHEHUEM
HaHOCHCTEM U HaHOMAaTEPHUAJIOB
B Poccuiickoit @enepanuu u B
MHUpe
3HAMBb!
(U3UKO-XMMHYECKHE OCHOBBI METOJIOB TMOJIyYCeHHUsT HAHOYACTHUII MU HAHOMATEPHAJIOB B Ta30BOM
baze;
OCHOBHBIC (PM3MYECKHE W XUMUYECKHUE METOMbI MOTYYCHHS HAHOYACTHUI] 1 HAHOMATEepPUAJIOB B
razoBoi (ha3e ¥ MEePCIeKTUBBI UX PUMEHCHHSI;
OCHOBHBIC TEXHOJIOTHYCCKUE OIepalud W OOOPYJOBaHHME JUIsl TONYYCHHS HAHOYACTHUI[ U
HaHOMaTEePHAJIOB B ra3oBoi (ase;
TpeOOBaHUS K KQYECTBY CHIPhS M MOJIYIaeMbIX MPOAYKTOB JIJISl PA3IUYHBIX METOIOB TOTyUCHUS
HAaHOYACTHI] 1 HAHOMATEPHAJIOB B Ta30BoOM (a3e.
ymems.
BbIOMpaTh HEOOXOIUMBIM METOJ CUHTE3a HAHOYACTHUI] U MOITYYSHHs] HAHOMaTEePHaIoB B ra30BOM
daze ¢ yueTroM TpeOOBaHMI K KQ4eCTBY MPOJYKTa U SKOHOMHUYECKHX TTOKa3aTeIIeH;
ONTUMHU3HPOBATH MTapaMeTPhl BEIOPAaHHOT'O0 METO[a CHHTE3a 101 KOHKPETHBIC 1IN U 331a4H.
eraoemsn:
HaBBIKAMHM HCIIOJb30BAaHMUS TEXHUYCCKHUX CPEACTB IJII M3MEPEHUS M KOHTPOJISI OCHOBHBIX
napamMeTpOB TEXHOJOTHUYECKHUX MTPOIIECCOB MOTYUYEHUsI HAHOYACTUIl 1 HAHOMATEPUAJIOB B Ta30BOM
daze;
HaBBIKAMHM aHAJIM3a HAYYHO-TEXHUYECKOW JIUTEepaTyphl B 00JIACTU METOJOB IMOJYYEHUs
HaHOYACTHI] 1 HAHOMATEPHaJIOB B Ta30Boi (ase.

3. KpaTkoe cogep:kanue TUCHHUIINHBI

Paznea 1. ®dusnyeckue MeToAbI MOJTYy4YeHUSI HAHOMATEPHAJIOB

1.1. Beeaenne. Knaccugukanus MeToZ0B MOITy4YE€HUS] HAHOYACTUI] U HaHOMAaTEepHAaJOB.
®dusnyeckue, XUMUYECKHE, OHMOJIOTMUECKHE M KOMOWHHUpOBaHHbIE MeTOAbl. OcoOeHHOCTH
MIOJIyY€HUs HYJIb- OJJHO-, IBY- U TPEXMEPHBIX HAHOMATEPHAJIOB.

1.2. dusuyeckue MeTOAbI TMOJYy4YeHHs] HaHo4yacTul. Bosronka-aecyomumarus.
JlazepHast aOmsums. JlucneprupoBaHMe B 3JEKTPOAYTOBOM  paspsae. MexaHHuUeckoe,
yIbTPa3ByKOBOE U JETOHAIMOHHOE W3MeNb4YeHHE. MeToa  B3PHIBAIOLIUXCS IPOBOJIOK.
OnexTpouckposas 3po3us. [Inasmennas chepounauzanus yactull. KpuoreHHsie METObI.

1.3. ®usuyeckne MeTOAbI IMOJYYeHHS MACCHMBHBIX HAHOCTPYKTYPHPOBAHHBIX
MaTepuanoB. VHTeHCHBHas miacTuyeckas aegopmanus. HanpaBiaeHHas KpuCTaIM3alus
aMop(HBIX CIUIaBOB U cTekoJl. [IpeccoBanue u criekanue (pa3HOBUIHOCTHU CIIEKAHUS).

1.4. ®u3nyeckue MeTOAbI OJIYYEHHS IVICHOK U NMOKPbITHH. KanenbHbIl METOT, METOT
CIOMHMHTOBaHUSA. Metox mnorpyxenus. Hambiienue (TepMuueckoe, 3JIEKTPOHHO-IYyYEBOE,
maraetpoHnHoe). Ilonarue o6 snurtakcuu. MonekynspHo-nydeBas snuTakcus. Jlutorpadus u
HaHOJIUTOTpadus.

Paznen 2. Xumunuyeckue MeToAbl MOJYUYeHUS] HAHOMATEPHAJIOB B ra3oBoii ¢gaze

2.1. Tunbl npexkypcopoB, Tpe0OBaHHSI K NpeKypcopamM W uX cuHTe3. [lonsrue
IpeKypcopa, BO3MOXKHbIE TPEUMYIIECTBa, TpeOOBaHUS K NpeKkypcopaM. OCHOBHBIE MPUHIIUIIBI —
CTaJuM MOJIX0/Ia K BbIOOpY M u3aiiHy npekypcopoB — MOC ¢ MoJIeKyJIIpHBIM CTpoeHHEeM. TUIbI
MPEKYpPCOPOB, MPUMEPHl pEaKIUi CHHTE3a. MeToAbl OLEHKH CTEPUYECKHX 3aTPyJAHEHUN H
MEXMOJIEKYJISIPHBIX ~KOHTakTOB. CpaBHUTENbHAs OIEHKA JKPaHUPYIOIIEH CIIOCOOHOCTH



OCHOBHBIX THUNOB JHrasaoB. [lapooOpa3oBaHue OerTa-AMKETOHATOB METaIOB. JlaHTaHOUIBI.
OcobenHoctu napooOpa3zoBaHUs AJIKOKCHJIOB. OcobenHoctu napooOpazoBaHUs
[UKJIOTICHTAJUCHUIIBHBIX KOOPAMHALIMOHHBIX COEAMHEHMH — mpeKkypcopoB. [amoreHupsl,
ruapuabl. [IpuMepsl UCTIOIB30BaHUS ISl CHHTE3a HAHOMATESPUATIOB.

2.2. XuMHYeCKHEe TPAHCHOPTHBbIE PeaKIMU. JKCIECPUMEHTAIbHBIE U TEOPETUUYECKHUE
OCHOBHI MeTo1a. [Iporieccrl, onpeaenstonme CKOPOCTh TpaHcnopTa. [IpuMeph TpaciopTUPYyEMBIX
BenlecTB. Pa3ienenue u ouncTka BEUIECTB MMOCPEICTBOM TPAHCIOPTHBIX PEaKIIUM.

2.3. MeToabl XMMHYECKOT0 OCAMKAEHUSI HAHOMATEPHAJIOB M3 Ta3oBoil (a3bl, HX
pasHoBuanoctu. Craauu CVD mpouecca. Ompenenenue, cxema Ipolecca, OCHOBHbBIC
napaMmeTpsl. BriusiHue ra3oBoii ¢asbl Ha mpoTeKaHue mpoiecca. [IpenMyniecTBa U HEIOCTATKU
merona. Knaccubukamus meromoB CVD. dynknumonanpabie 31emeHTel CVD  ycraHoBOK.
Ob6nacte npumenenus merona CVD. Ilonydyenne HaHOMaTepUanoOB MPHU JA3EPHOM HCIAPCHHUU
atoMoB (aOmsuu). IlomyueHue HaHOYACTUI[ MyTEM TEPMHUYECKOTO PA3IOKEHHS TBEPAOTrO
BEIIECTBA.

2.4. MeToabl moJiydeHnusi (HaHeCceHUs ) MUIEHOK M MOKPBITHI. Kitaccudukamnus MeTo 108
HAHECCHMSI HEOPTaHMYECKUX  MOKPBITUH.  XOJNOJHOE Ta30JMHAMUYECKOE  HAIBUICHHE.
DOnekTpoayroBas MeTamnusauus. [a3omnameHHoe HambuieHue. [lna3MeHHOe HambUICHHE.
JleToHalMOHHOE HambUICHUE. BakyyMHO — KOHJEHCAIIMOHHOE HambUIcHHE. DyHKIIMOHAIBHBIC
CXEMBI MPOIIECCOB, OCHOBHBIE MapaMeTphl, JOCTOMHCTBA U HEJAOCTATKHU.

2.5. ITory4yeHue yriaepoaHbiXx HAaHOCTPYKTYP mocpencreom CVD merona. CeHncopHble
martepuaibl. Cunrte3 (QymiepeHoB Ha yctaHoBkax CMoimm (cxemMa W MPUHIUN ACHCTBHS).
YcranoBku Kpeumepa u Bymra mis cuntesa ¢yimepenoB. Obiactu npuMeHeHHs (DyIUIepeHOB.
CuHTe3 yIJIepOJHBIX HAHOTPYOOK (CXeMa YCTaHOBKM M MNpUHIUN AeiictBus). Ob6nactu
MPUMEHEHHUS YTICPOJIHBIX HAHOCTPYKTYP. Mopdoorus u CBOHCTBA CCHCOPHBIX MAaTEPHATIOB.

Pa3zpnen 3. KomOnHupoBaHHbIC H MHBbIE METOABI MOJIy4YeHUS] HAHOMATEPHATIOB

3.1. MeToapl NOJy4YeHHUS] MHKPOMOPUCTBIX MATEPHANIOB. «SIIEepHBIC» TPEKOBBIC
MeMOpaHbl. MeMOpaHbl M3 OKCHAOB QIIOMHUHHS, THUTAaHA M LHUPKOHUS, TOJy4YaeMmble
IEKTPOXUMUYCCKUM OKUCIICHHEM. MaTepraibl ¢ BBICOKOW Y/ICIbHON MOBEPXHOCTHIO: IICOTHTHI,
MOJICKYJISIPHBIE CUTA, aKTUBUPOBAHHBIE YTIIU.

3.2. KoMOuHuUpOBaHHBIe MeTOAbI. MeXaHOXUMUYECKOE PEaKIUU U UX Pa3HOBUIHOCTH.
Bosronka meTasioB B cpe/ie aKTUBHBIX T'a30B. XUMUYECKUE aKTUBATOPHI CIICKAHUS.

3.3. Hanorexuosiorusi. [IpoGieMbl W JOCTHKEHUS HAHOTEXHOJOTHH B CO3JaHUHU
MaTepuaoB, MprUOOPOB, YCTPOHCTB M MAILIMH HA COBPEMEHHOM JTarle.

4. O0beM y4eOHOH JUCHHILINHBI

B 3aueTHBIX B akanem.

Buas! yueOHoI paboThl €IMHUIIAX qacax
OO0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4eOHOMY IVIaHy 4 144
KonrakthHas paoora (KP): 1,89 51
Jlexumu (JIex) 0,94 34
JlaGoparopusle 3ansaTHs (J1ad) 0,47 17
[IpakTuueckue 3ansatus (I113) 0,47 17
CamocrositesibHas padora (CP): 2,11 76
KonTtakTHas camocrositenpHas pabota 211 0,2
CamocTosITeIbHOEC H3YUYCHHE PA3/ICTIOB TUCITUTLIMHBI ' 75,8
Bua konTpoJs:
3a4eT ¢ OIEHKOM + +
Buj HTOrOBOro KOHTPOJIS: 3a4er ¢ oneHkoi

B 3auerHbIX B actp.

Bunasl yueOHoM paboTh eIMHUIaxX qacax




OO0mas TpyA0eMKOCTb JMCIUILIMHBI 110 Y4eOHOMY IVIaHy 4 108
KonrtakTtHas patdora (KP): 1,89 51
Jlextuu (JIek) 0,94 25,50
Jlaboparopusie 3ansaTus (J1ad) 0,47 12,75
[Ipaktuueckue 3ausarus (113) 0,47 12,75
CamocrositenbHas padora (CP): 2,11 57,00
KoHTtakTHas camocTosTenbHas pabota 0,15
CaMoCTOSITeTbHOE U3YYCHUE PA3/ICIIOB IUCITUTUIMHEI 211 56,85
Bua kouTpoJIs:

3a4eT ¢ OIEeHKOMN + +
Buja uTOroBOro KOHTpoJIs: 3a4eT ¢ OLEHKOH

AHHOTanus paboueit mporpaMmsbl JUCHUTLTAHBI
«KomnboTepHble 1 HHpOPMAMOHHBIE TEXHOJOTHH Pa3padoTKe HAHOMATEPHAJIOB)
(b1.B.10)

1. Heap AMCHMILUIMHBI — POPMUPOBAHUE KOMIIETCHIIMK B 00JIACTH TEOPUH M MPAKTUKH
UCIIOJIb30BAaHUSI KOMITBIOTEPHBIX W HWH()OPMAIMOHHBIX TEXHOJIOTHHA IS  Pa3pabOTKu U
WCCJIEIOBAHMsI HOBBIX HAHOMATEPHAJIOB, TPHOOPETEHNE 3HAHUI U YMEHUN B 00JaCTH aHalu3a 1
MIPEACTABJICHUS JINTEPATYPHON U SKCIIEPUMEHTAIbHON HAYYHO-TEXHUYECKOU HH(DOpMaIuu.

3agaya AUCHMIVIMHBI — (OpPMUPOBaHHME Yy OOYYAIOIIMXCS HABBIKOB pPAa0OTHI C
COBPEMCHHBIMH KOMITHIOTEPHBIMH ¥ WH(POPMAIMOHHBIMU CPEICTBAMU JUIS YIYYIICHUS U
o0JieryeHus rporiecca pa3padOoTKU HOBBIX MAaTEPHAJIOB U MPOIIECCOB, MIPEACTABICHUI O BAXKHOCTH
CTATUCTUYECKOTO aHalM3a TOJIy4aeMbIX OKCIEPUMEHTAIBHBIX PE3YJIbTaTOB M CIOCOOOB
MOBBIIICHHUS UX TOYHOCTH U BOCITPOU3BOIUMOCTH.

2. B pe3yabrare wu3ydeHusi AUCHMILINHBI
MarucTpaTrypbl 10/LKeH:

Obaadamyp CIENYIOIMMHA KOMIICTCHITUSIMU

o0yyamomuiicds N0 Hporpamme

dopmupyemMble KOMIIETCHIIMT

NHaukaTopbl 10CTHKEHUS] KOMITETeH MM

IK-3 Crioco0eH k aHAJIM3y ¥ 0000IICHHTO
pe3yapTaTOB HAyYHO-UCCIIEI0BATEIbCKUX
paloT, IOUCKY U aHAJIU3y HAyYHOU U
TeXHUYecKoH nHpopmMarmu B 001acTu
HAHOTEXHOJIOTUU Y CMEKHBIX JUCLUIIINH JUIS
Hay4YHOM, TATEHTHON U MapKETUHIOBOU
MOAJIEPKKH MTPOBOJUMBIX MCCIIEI0BaHUH, K
CaMOCTOSITENIbHOM MOATOTOBKE MyOJINKALIUN B
OTEUYECTBEHHBIX U 3apyOekKHBIX U3TAHUIX

IK-3.3 [Ipou3BOANT CTATUCTHUECKYIO
00paboTKy pe3yJbTaTOB IKCIIEPUMEHTATBHBIX
UCCIIEIOBaHUH HAaHOCTPYKTYPUPOBAHHBIX
MaTepHaoB.

3name:
- COBpPEMEHHOE

COCTOSAHHC )51

MEPCICKTUBHLIC MMPUMCHCHUA

KOMIIBIOTCPHBIX U I/IH(I)OpMaL[I/IOHHLIX TEXHOJIOT Uil B HAaHOUHIAYCTpPHUH,

- OCHOBHBIE
TEXHUYECKON MHPOpMaIIH;

CUCTCMBI

OopraHu3anun u XpaHCHUA HAay4YHO-

- CIocoObI TUTAHWPOBAHUSI SIKCIIEPUMEHTA;
- CTaTUCTUYECKUE HHCTPYMEHTHl IUIAHMPOBAHMS SKCIEPUMEHTa U
00pabOTKH HKCIIEPUMEHTAIBHBIX TaHHBIX;

— cnoco0bl U
3KCHepI/IMeHTaHBHBIX JaHHBIX,

UHCTPYMEHTHI

00paboTKM ¥  TpeACTaBICHUS

- moaXxoJbl K MOJACIMPOBAHHUIO HAHOCHUCTEM.




Ymems:

- OCYWIECTBIATh ~ MOWCK W  aHAIM3  HAyYHON-TEXHUYECKOM
nH(OPMAaLIUY B JOCTYIHBIX HCTOYHUKAX;

- MIPOU3BOJUTH OTOOP SKCIIEPUMEHTAIBHBIX (DAKTOPOB M OCTPOEHHUE
IJTAHOB AKCIIEPUMEHTA B 00JIaCTH CO3aHMS M UCCIICIOBAaHUS HAHOMATEPUAJIOB;

— MIPOBOJIUTH aHaau3 pe3yabTaToOB AKCIIEPUMEHTAIIbHBIX
HCCJICTOBAHUM;

- MPEACTABIISTH PE3YJIbTATHI SKCIIEPUMEHTAIbHBIX UCCIIEI0BAHMIA;

- BBISIBJISITH 3HAUUMOCTH (PaKTOPOB IKCIEPUMEHTA;

- MIPOU3BOJIUTH KPUTUYECKUI aHANTU3 OMYOJIMKOBAHHBIX JaHHbIX;

- MIPOBOJIUTH MOJEIMPOBAHUE MTPOLIECCOB JIBUIKEHHSI U arperamuu;

— MPUMEHSTD MMOJTYUYEHHBIE 3HAHUS IJIs1 PEIICHUS UCCIIeI0BATEIbCKIX
U TPHUKJIAIHBIX 3a/la4, B TOM 4YHClIe B O0JIACTH HAyKHM O HaHOMAaTepualax Hu
HaHOTEXHOJIOTUH.

Braoemy:

— HaBbIKaMM pabOThl C HAYYHO-TEXHHYECKOM, CIPAaBOYHOM JIUTEpaTypoll u
AJIEKTPOHHBIMU PECYPCaMH, 3aTParvBalOMIMMH (YyHIAMEHTAIbHbIE M MPAKTUYECKUE ACTIEKTHI
pa3pabOTKU U IPUMEHEHHUsI HAHOMATEPHAJIOB;

— HaBBIKAMU HUCIIOJIb30BaHUs KOMIIBIOTEPHBIX MPOrpamMM Uil [UIAHUPOBAHUS U aHAIU3a
IKCIIEPUMEHTA;

— METOJO0JIOTMYECKUMHU TOJXO/JaMH U HaBbIKAMU MPEJICTABICHUS SKCIEPUMEHTAIBHBIX
JIAHHBIX, B TOM YHCIIE, PE3yJIbTATOB MHOTO(AKTOPHBIX IKCIIEPUMEHTOB;

— HaBbIKAMU OCBOEHHUS W MPHUMEHEHUS HOBBIX KOMIBIOTEPHBIX M HH(OPMAIIMOHHBIX
WHCTPYMEHTOB MpHU pa3pabOTKe U UCCICOBAaHUN HAHOMATEPHUAJIOB.

3. KpaTkoe conepskaHue JUCHUILINHBI:

Pa3nen 1 - OcHOBBI TEOPHH NJIAHMPOBAHMS IKCIIEPUMEHTA

HanouHaycTpusi ¥ KOMIBIOTEPHbIE TEXHOJOTMM. AKTyaJabHble BO3MOKHOCTU U
MEPCIEKTUBBl  UCIOJIb30BAHUSA  KOMIIBIOTEPHBIX M HWH(DOPMALMOHHBIX TEXHOJOTUHA B
HaHOMHIYycTpuH. McTopudeckuii 0030p NpHUMEHEHUS KOMIIBIOTEPHBIX W HMH(OPMAIMOHHBIX
TEXHOJIOTMI B 00JIACTU XWMHUYECKOW TEXHOJIOTHH, MAaTEepPHANIOBEICHUs U pPa3paboTKu
HaHOMAaTEPHAJIOB.

Panpomu3anusi u mniaHupoBaHue JKcnepuMeHTa. OCHOBHBIE HJECH, TOCTPOCHUE
CJIOKHBIX IIJIaHOB, KOBAPUALIMOHHBIN aHANN3. AHAJIN3 KOHTPACTOB U MHOKECTBEHHBIE CPABHEHUSI.
MHOroMepHbIi TUCTIEPCUOHHBIN U KOBapHUALMOHHBIA aHAIA3, TPEAIIOIO0KEHUS U CIEICTBUS UX
HapyILICHHUS.

I[lnannpoBaHue MHOTO(AKTOPHBIX 3IKCIHEPUMEHTOB. [[poOHO-(paKTOpHBIE TUIAH C
pa3IMYHBIM YHCJIOM YpPOBHEW, CMEIIAHHbIE IJIaHbI, [EHTPAJIbHbIE KOMIIO3UIIMOHHBIE IJIAHBI.
[TocTpoeHre H3KCIEpUMEHTATBHBIX TUIAHOB W aHAIM3 PE3yJIbTaTOB JKCIIEPUMEHTA, METOJbI
poOacTHOro miaHUpoBaHUs Tarydu, IUTaHBI [N CMeCe H JIPYTruX TIOBEPXHOCTEH ¢
orpaHuyeHusiMU, mocTpoeHue D- m A-onTUManbHBIX TIJIAHOB. AHaNIU3 TOBTOPSEMOCTH U
BOCTIpoM3BOANMOCTH. OrneHka 3(PGEKTUBHOCTH OKCIEPUMEHTANBHBIX IJIAHOB, CHOCOOBI
noBbIIeHusT 3G(HEKTUBHOCTH TUTaHA, DBOJIIOIMOHHOE IIaHupoBaHue. [IporpamMmHbie cpeacTBa
JUISL CTATUCTUYECKOTO aHaIN3a U TUTAaHUPOBAHUSI SKCIIEPUMEHTA.

Pasnen 2 - O6padoTka nHGopManuu B 00/1aCTH HAYK 0 HAHOMAaTepHAaIax

O0pabGoTKa IKcIIepUMEeHTAJIbHBIX JaHHBIX. OCHOBHBIE 3a/1a4K 00pabOTKH HH(OpMAaLIUN
B MpaKkTUKE HAy4YHbIX HCCIeNOBaHUN B  obmact  HaHoMatepuanoB. (OOpaboTka
OKCIIEPUMEHTAJIbHBIX JAHHBIX Ha MPUMEpPE THUIMUYHBIX HMCCIEIOBAaHUN B 001acTH pa3padOTKH
HaHOMaTrepHuanoB. lIpakTudeckoe MpUMEHEHHE QIIBTPAIMK M TEXHUYECKOTO aHalu3a s
00pabOTKM SKCIEPUMEHTAIBHBIX JaHHBIX. VI Cronap30BaHME MTPOTPAMMHBIX MPOAYKTOB IS
MJIAaHUPOBAHUS SKCIIEPUMEHTA, aHAJIN3A U TIPE/ICTABIICHUS SKCIIEPUMEHTAIbHBIX TAHHBIX.

B03MO:KHOCTH NPOrpaMMHBIX MNPOAYKTOB M HX TMPUMEHEHHE B TEXHOJOIHH
HaHoMaTepuanoB. CHCTEeMbl KOMIBIOTEPHOW anreOpbl, TaOMUYHBIE PENAKTOpPbI, S3BIKU



nporpamMupoBanus Ha npumepe MSExcel, Matlab, Maxima, Mathcad, Scilab, R, Python.
OcHoBBI UcTONB30BaHust Python mns ananm3a HaydHbIX naHHBIX. HaydHas skocucrema si3bIKa
Python: makersr Numpy, Scipy, Matplotlib. Cratuctuueckas 06paboTka ¢ ucmoias3oBanueM R u
Python. O6paboTka u aHanmu3 u3o0pakeHHit — npuMeHeHne nakeroB Numpy u Scipy, moynb
Scikit-image. Mcnionp3oBanue 6udaunorexku Matplotlib mist Bu3yanuszanuu 1aHHBIX U ITOCTPOESHUS
BBICOKOKQUECTBEHHBIX JIHATPAMM.

IMouck ® aHaAMM3 HAyYHO-TeXHMYeCKOM wuHPopMauuu. VICTOUHMKM HAay4dHO-
TexHnueckol wuHpopmanuu. CHCTEMBl OpraHW3alMl W XPaHEHUS HAYyYHO-TEXHUYCCKOM
uHpopmanuu. Meroasl moucka. Kpurepun 3¢ ¢dekTHBHOCTH (MOJHOTA, TOYHOCTH) TOHWCKA W
CrocoObl WX TOBBINICHHUS. AHAIW3 W TPEJCTABICHUE BBISIBICHHOW HAYyYHO-TEXHUYCCKOU
uHpopmanuu.

Pa3nen 3 - MoaenupoBaHue U BU3yaTu3anus HAHOCHCTEM

MopnenpoBanue MpOLECCOB  JBMKEHHMSI W arperaiuyd  HaHO4YacTUI.  MeTo[sl
MOJIEKYJIIPHOW JUHAMUKU. BpOoyHOBCKast [uHaMuka U JuHamuka JlanxkeBeHa, MeTobpl MoHTe-
Kapno. KoMOuHMpOBaHHBIE M YCOBEPIIEHCTBOBAHHBIE METOIbl MOJCIUPOBAHUS TUHAMHKU
gacTul. MozaelupoBaHue B3aUMOJCHCTBUM YaCTHL]: pacdE€T CTOJKHOBEHUN MEXKIY 4YaCTHULAMU,
MOJICJIMPOBAHUE [BMIKEHHUS arperatoB C Yy4€TOM CBs3ed MEXIy 4YacTULlaMH, I[apHOE U
MHOKECTBEHHOE B3auMoJelcTBHE dYacThil. [IporpaMMHBIC TPOMYKTHI I BH3YyalW3alluud U
MIPEJICTaBICHUSI PE3YJIHTaTOB MOJICIIMPOBAHMSI HAHOCHCTEM.

4. O0beM y4eOHOH JUCHUILINHBI

B 3auernbix | B akazxem.

Bunst yueOHOI paboThI €QUHHLIAX yacax
O0mas TpyA0eMKOCTb JUCIUILIHHBI 110 Y4eOHOMY IVIaHy 4 144
Konrakthas padora (KP): 1,89 68
Jlexuunu (Jlek) 0,47 17
JlabopaTopnsbie 3ansTus (J1ad) 0,22 8
[Tpaktrueckue 3ansatus (I113) 1,19 43
CamocrositenbHas padora (CP): 2,11 76
KonTtakTHas camocrositenpHas pabora 211 0,2
CamocTosTenbHOE H3YUYEeHUE pa3/iesioB JUCIUILUIMHEI ’ 75,8
Bupa koHTpOJISI:
3aueT ¢ OLEeHKON + +
Buja HTOroBOro KOHTpOJIs: 3auer ¢ OLEHKOI

B 3aueTHbIX B actp.

Bunpl yueOHO pabOThI €UHULIAX yacax
OO0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4eOHOMY IVIaHy 4 108
Konrakthas pa6ora (KP): 1,89 51
Jlexumu (Jlek) 0,47 12,75
JIaGopartopusie 3ausaTus (J1ab) 0,22 6,00
[Tpaktuueckue 3ansatus (I113) 1,19 32,25
CamocrositenbHas padora (CP): 2,11 57,00
KoHTtakTHas camocTosTenbpHas pabota 211 0,15
CaMocCTOsITENbHOE U3YUEHUE PA3AEIOB TUCIUILIMHBI ’ 56,85
Bupa koHTpOJIS:
3aueT ¢ OLEeHKON + +
Bua HTOroBOro KOHTpOJIs: 3auer ¢ oneHKoii




AHHOTanus pabodeil mMporpaMMBbl TUCITUTUTHHBI
«buosiornyeckoe gelicTBHE HAHOMATEPHUAJIOB)
(b1.B.11)

1. Heab TUCHUAIUIMHBI: GOPMUPOBAHUE Y CTYJCHTOB IMOHATHS O PA3JIMYHBIX ACIEKTax
OMOJIOTUYECKOT0 JICWCTBUS HAHOYACTHI] U HAHOMATEPUAIOB, MEXaHU3MaX WX JICHCTBUS Ha )KUBBIE
CHUCTEMBI M CIIOCOOHOCTH K OIIEHKE PHCKa IPU paboTe ¢ HAHOMAaTepUaIaMH.

3agayd JMCHMILINHDI:

-popmupoBanue y 0OydYarOMUXCS CHCTEMHBIX 3HAHUH B 00JIACTH OHMOJOTHYECKOIO
JNEHCTBUS HAHOYACTHII ¥ HAHOMATEPUAJIOB, MOHUMAHHS MEXaHHU3MOB TOKCHYECKOTO JIEHCTBUS
HAHOYACTHI], WX B3aUMOJCHUCTBHS C HMMMYHHOW CHCTEMOW, BO3MOXKHOCTCH NpPUMEHEHUS
HAHOYACTHI] ¥ HAHOMATEPUAJIOB JIJIi HANPABIEHHOTO TPAHCIOPTA JICKAPCTBEHHBIX BEIICCTB B
OpraHHu3Me;

-BBIpab0OTKa HA 3TOH OCHOBE CHUCTEMHOIO MOJXO0Ja K OIICHKE NEPCIEeKTHB M PUCKOB
NPUMCHCHHUS HAHOYACTHII W HAHOMATEPHAJIOB, IIOCTAHOBKE U BBIIOJHECHUIO HAYYHBIX
UCCIICIOBAaHU B 00JAcCTH pPa3paOOTKM HAHOMATEPHAIOB, CIOCOOHOCTH aHAIM3UPOBATh U
KPUTUYECKH OIICHUBAThH TOJy4YaeMble PE3yJIbTaThl, MpEIaraTh IMyTH PEIICHHS ITOCTABICHHBIX
3a/1a4 ¥ HaXOJUTh CPEAN HUX ONTUMAIBHBIN.

2. B pe3yabtrare WuU3yYeHHS JTUCHUILINHBI
MAarucTpaTypbl 10/IKeH:

Obnadamyp cleyIOIUMUA KOMIETEHIUSIMHU:

o0yuyawouuiics 1Mo nporpaMmme

dopmupyemble KOMIIETEHIIHT

NuaukaTopsbl J0CTHXKEHUST KOMITIeTEeHIIUI

YK-1. CnocobeH ocyiecTBIsATh
KPUTUYECKHUI aHATN3 IPOOIEMHBIX
CUTyalluii HA OCHOBE CUCTEMHOIO
MOJIX0/1a, BBIPA0ATHIBATh CTPATETHIO
IEUCTBUHI

YK-1.1. CocraBnsieT aHHOTAIUH 110 pe3yIbTaTam
IIOHUCKa I/IH(l)OpMaIII/II/I N3 JOKYMCHTAJIbHBIX
HCTOYHUKOB M UCCIICJ0BATEIILCKOM JTUTEPATyPHI,
YK-1.2. Co3gaer aHaIUTHYISCKUI 0030D 110
3aJJaHHOM TeMe, COITOCTAaBJISIS TAHHBIC Pa3IMYHbBIX
HCTOYHHKOB C UCITIOJIb30BAHUEM KPUTCPHUAJIBLHOI'O
M0JIX0/1A.

IK-3 CriocobeH k aHAU3y U
0000I1IEHHUIO Pe3yJIbTaTOB HAY4YHO-
MCCIIEIOBATENLCKUX PA0OT, TIOUCKY U
aHaM3y HAy4YHOU U TEXHHUYECKOU
uHbopMalnuu B 00JIaCTH
HAHOTEXHOJIOTHUH U CMEKHBIX JTUCIIUTUTAH
JUISl HAYYHOM, TATEHTHOU U
MapKETUHTOBOW MOIEPKKU
MIPOBOJIMMBIX UCCIIEIOBAHUH, K
CaMOCTOSITENIbHON TIOJITOTOBKE
MyOIMKannii B OTEUECTBEHHBIX
3apyOeKHBIX U3JTAHUAX

IMK-3.1. meet onwIT cOOpa, 00pabOTKH, aHAITN3A
U CUCTEMAaTU3alui HayYHO-TEXHUYECKOM
nH(popMalnu B 001aCTH HAHOTEXHOJIOTUH U
CMEKHBIX TUCLHIUINH;

IMK-3.2. OnieHnBaeT ypoBeHb UCCIICIOBAHMM,
000CHOBaHHOCTb IPE/UIaraeMbIX peIeHu u
PEKOMEH/IAIMH 110 pean3alliyl U UCTIOIb30BaHUIO
pe3yIbTaTOB HAyUHBIX-UCCIIEOBAHUI;

IK-3.3 [Ipon3BoAHT CTaTUCTHUYECKYIO 00pabOTKY
Pe3yIbTaTOB SKCIIEPUMEHTAIBHBIX UCCIIETIOBAaHUN
HaHOCTPYKTYPHUPOBAHHBIX MAaTEPHAJIOB.

3Hamo.

OCHOBHbBI€ TIOHATUS TOKCUKOJIOTHH M HAHOTOKCUKOJIOTMH; OCOOCHHOCTH U MEXaHU3MbI JIeHCTBUS
HAaHOYACTHI] HA )KUBBIE CUCTEMBI;

ymembp:
NPaBUIBHO OLIEHUBATh PUCK MPH paboTe ¢ Pa3TUYHBIMU HAHOYACTUIIAMM U HaHOMaTepHajlaMH,
BbIOMpATh CPEACTBA 3AILIUTHI;
aHAJTM3UPOBATh HAyYHYI0 HH(POPMALIHIO 0 OMOJIOTHYECKOM JIEHCTBUM HAaHOMATEepHAIIOB;
MPUMEHITh TEOPETUYECKHE 3HaHUS MO0 OWOJIOTMYECKOMY JCHCTBHIO HAHOYACTHIl U
HAaHOMATEPHUAJIOB JUIsl PELIECHUS UCCIEA0BATEIbCKUX U IIPUKIIAIHBIX 3a/1a4;



61a0emv.
uH(pOopMaIel 0 TOKCUYHOCTH Pa3IMYHbIX BUJOB HAHOYACTHUI] 1 HAHOMATEPUAIIOB;
uH(popMalielt 0 BO3MOXKHOCTSIX IPUMEHEHUH HAHOYACTHI] U HAHOMATEPUAJIOB B MEIULIUHE;
METOaMu pPabOTBl € HAYYHO-TEXHMYECKOW, CIPABOYHOM JIMTEPAaTypoHd M 3JIEKTPOHHO-
OMOIMOTEYHBIMU PECYPCAMU, CBSI3AHHBIMH ¢ OMOJIOTHYECKUM JIEHCTBUEM HAHOMATEPUAJIOB.

3. KpaTkoe coaep:xkaHue TUCHUILINHBI.

Pa3zgea 1. Bonpocbl TOKCHYHOCTH HAHOMATEPHAJIOB

1.1. OcHOBHbIE MOHATHS TOKCHUKOJIOTUH

OnpenenieHne TOKCUKOJIOTUH, pa3zenbl Tokcukonoruu. Hanorokcukonorus. Ilonstue o
BPEIHOM BelIECTBE. TOKCMYHOCTh M OMACHOCTH BemiecTBa. [loHstne no3el. Kpubie «mo3a-
s dex». Buabl Tokcnyeckux 103 U KoHLeHTpanuii. [lopor Bpennoro neiictsus. TonepaHTHOCTD.
[Tonsitme Tomeoctaza. Kiaccudukanus orpaBieHuit. OCTpoe W XPOHHYECKOE BO3JCUCTBHUE.
OtnaneHHble OCIEICTBUS.

1.2. [leiicTBMe TOKCMYHBIX BEelIeCTB HA OPraHU3M.

OcHOBHbIE IYyTH TOCTYIJICHUS TOKCHYHBIX BelIECTB B opraHusM. Kiaccudukanus
TOKCHUYHBIX BEIIECTB 10 ICHCTBUIO HA OPTaHU3M, 110 U30UpaTeTbHOM TOKCUIHOCTH. DPPEKThI TpH
MOBTOPHOM BBeZieHHH. KoMOMHUpPOBaHHAsS TOKCUYHOCTh. MOJIEKYJISIpHbIE MEXaHU3MBbI JIEHCTBUS
TOKCHYHBIX BemiecTB. [lepuoasl orpaBieHus. OOHME NPUHIMUIBI JICYCHHUS OTPABIICHUM.
Hanomatepuaiibl 11 J1€TOKCUKAMU OpraHu3Ma.

1.3. TOKCHYHOCTH HAHOYACTHIl 1 HAHOMATEPHAJIOB

[lonsTre u 3agaun HaHOTOKCUKOJIOTUH. VcTopust HaHOTOKCUKOJoruu. [Ipumeps! octporo
U XPOHUYECKOro JEWCTBHS BBhICOKOAMcHepcHoW mbimu. O030p [ronTepa Obepmopcrepa
«HaHOTOKCHKOIOTHS: HOBas JUCUUILIMHA, BO3HUKAIOLIAs W3 M3YyYEHUs] YACTHUL[ CBEPXMAJIOrO
pasMepa». Pacnipenenenue 9acTull Ipu WHTAIAIWA. Biusaue pazmepa u GopMbl HAHOYACTHUI] —
npumepbl. OCOOEHHOCTH ACHCTBUS YaCTUI] B HAHOPA3MEPHOM COCTOSTHUHU. OpraHbl-MUILICHH IS
HaHovactuil. [IpuMepsl TOKCHYECKOTO JCHCTBUS HAHOYACTHUI[ METAJUIOB, YTJIEPOIHBIX
HAaHOYACTHII, MOJUMEPHBIX HaHoudacTull. OILlEHKa PUCKa IMPU BO3JCHCTBUM HAHOMATEPUAIIOB.
OrpanvueHusi Ha HCIOJb30BAHUE HAHOMATEpHAIOB. MeToabl  OIEHKH 0e30MacHOCTH
HaHoMatepuanoB. CpecTBa 3alUTHI IPU padoTe ¢ HAaHOMAaTEpHUaIaMH.

Paznena 2. MexaHU3MBI OMOJIOTHY€CKOT0 JeHCTBUSA HAHOYACTHUI]

2.1. Hano4yacTuusl 1 NPpOAYKIHS CBOOOJHBIX PAUKAJIOB.

OO6pazoBanue akKTHUBHBIX (OpM KHUCIOpOJa B KieTke. [lepekrncHoe okuciaeHne JTUMUI0B.
EcrectBennas 3ammurta kietku oT A®K. OxwucnurensHbiii crpecc. Hanouactuusl u
okHucIuTENbHBIN cTpecc. [Ipumepsr HU MeTamioB M OKCHUIOB, BBI3BIBAIOIIUX OKHCIMTEIbHBIN
cTpecc. AHTHOKCHUJaHTHBIE CBOMCTBA (DYIIIEPEHOB.

2.2. HaHo4acTHIbI 1 HMMYHHAsI CHCTEMA.

OcCHOBHbBIE KOMIIOHEHTbl MMMYHHOH cuCTeMbl. BocnanurtenvHas peakuus. [Ipumepst
BOCTIAJIMTENIBHBIX PEAKIMN MO/ JEMCTBUEM HAHOYACTHUI[ METAJIOB U OKCHIIOB. B3anmoneiictere
HAHOYACTHI[ C KJIETKaMd M OpraHaMd HMMYHHOH CHCTEMBI — TIOTJIOIIEHHE Makpodaramu,
HaKoOIUIeHHE B ceye3eHke. HanouacTuipl Kak ablOBaHThI (YCUIUTEIN UMMYHHOTO OTBETa MpHU
BakIMHANUMU). [IpuMep - aAbI0BaHTH HA OCHOBE HAHOUYACTHI] TUAPOKCHATIATUTA.

Paznen 3. Hanomarepuanbl I HANPABJIEHHOT0 TPAHCIOPTA JEKAPCTBEHHBIX
BellIeCTB B OPraHu3Me.

O6mme TpeboBaHMS K BHIOOPY HAHOYACTUII W HAHOMATEPUATIOB IJISI MEIUITUMHCKOTO
npuMmeHeHusd. Heoprannmueckue HaHOYACTUIIBI KaK HOCUTENM JIJIsl HAINPaBIECHHOTO TPAaHCHOPTa
JIEKapCTBEHHBIX BemlecTB. JIumocoMel. [IpuMephl TUMOCOMHBIX MpenapaToB, pa3pemieHHbIX s
KJIIMHUYECKOro MpuMeHeHus. [lonrMepHble HAaHOYACTHUII: MOJIMMEPHBIE MUIEIUIbI, MOPUCTHIE
MOJIMMEPHBIE YACTHUIIbI, TOIMMEPHBIE MUKPOKAIICYJIbI, KOHBIOTATHI Mojumepa u JIB, nennpumepst.
[pyrue Bubl HAHOYACTHUI U HAHOMATEPHUAJIOB.

Paspnen 4. PaznooOpa3ue 0M010ru4ecKoro 1eiicTBUsi HAHOMATEPHAJIOB.

Tokcuueckoe, BOCTIATUTENbHOE, aHTHOAKTEPHAILHOE U TEPareBTUYECKOE JICHUCTBUE Ha
npuMepe HaHOYACTHI[ cepedpa M MaTepuaioB, WX cojepKamuxX. TOKCHYECKOe NEeWCTBHE W



BO3MOXHOCTH MEAUIIMHCKOT'O IIPUMEHCHUA HAHOYACTHUL APYTUX METAIIIOB, OKCHUA0OB MCTAJIJIOB 1
HCMCTAJJIOB, YTJICPOAHLIX HAHOYACTHUIl 1 HAHOYACTHIL ITOJIMMCPOB.

4. O0beM y4eOHON JUCIHILINHBI

. B 3auernbix | B akanmem.
Buapr yaeOHO# paboThI

€IMHUIIAX gacax
O0mas Tpy10eMKOCTb IMCUMILUIUHBI 10 Y4e0HOMY IJIAHY 4 144
Konrakthas pa6ora (KP): 1,42 51
Jlexuuu (Jlex) 0,47 17
Jlaboparopusie 3ansaTus (J1ad) - -
[Tpaktuyeckue 3ansatus (I13) 0,94 34
CamocrositesibHas padora (CP): 2,58 93
KoHTtakTHas camocTosTebHas paboTa 211 0,2
CamocTosiTenbHOE U3YUYEHHE Pa3/IeTIOB JUCIIUILIMHbI ’ 75,8
Buja koHTpOJS:
3ader ¢ OlleHKOU + +

Bujg uTOroBOro KOHTPOJIS:

3ayeT ¢ OLEeHKOI1

. B 3ageTHBIX B acrp.
Bunel yueOHO# paboThI
SIMHHIIAX gacax
O0mas Tpy10eMKOCTb JMCUMILIUHBI 10 Y4e0HOMY IJIAHY 4 108
KonrakTthas patdora (KP): 1,42 38,25
Jlexuuu (Jlek) 0,47 12,75
Jlaboparopusie 3aHsaTus (J1ad) - -
[Tpaktuyeckue 3ansatus (I13) 0,94 25,50
CamocTrositesbHas padora (CP): 2,58 69,75
KonTakTHas camocTosiTenbHas paboTa 0,15
2,58

CaMoCTOSITeIbHOE U3YYCHUE PA3JICIIOB JIUCITUTUIHMHBI 69,60
Bua konTpoJs:
3ader ¢ OIleHKOU + +

Bua uTOroBOoro KOHTpoJIs:

3a4er ¢ OLEHKOM

5.3 lucuMn/aIuHbI 4acTH, GopMUpyeMoii yHaCTHUKAMH 00pa30BaTeJbHbIX OTHOIICHUIH

(IMCHUILIMHBI 110 BBIOOPY)

AHHOTanus paboueit mporpaMmbl TUCIUATITAHBI

«anepozmble HaHOMaTEepHAJIbD)

(51.B.J1B.01.01)

1. Heab AuCUMIUIMHBI - TPHOOpPETEHNE 3HAHUM, YMEHUH, BlageHuil u (popMupoBaHue
KOMIIETEHIIM B OOJACTU YIJIEPOJHBIX HAaHOMAaTEpUAIOB M O3HAKOMJIEHME C HUX CTPYKTYpOH,
CBOMCTBAaMM, BO3MOKHOCTSIMU IIPUMEHEHHSL.

2. B pe3yabrare wu3y4YeHHMs [AUCHUILIMHBI OOy4yalwuuiics 10 mporpamMmme

MaTrHuCTPATYPhI T0JAKEH:

Obnadamye CIENYIOMMMHA KOMIICTEHITUSIMU

®opMupyeMbie KOMIIETEHIIUH

NHaukaTopbl 10CTHKEHUS] KOMITETeH M I

IK-3 Crioco0eH k aHAJM3y U 0000IICHHTO ITK-3.1. meet onwIT cOOpa, 00pabOTKH,
Pe3yJIbTaTOB HAYYHO-UCCIICAOBATEILCKUX aHaJIM3a ¥ CUCTEMAaTU3aI[i HayYHO-




paloT, IOUCKY U aHATN3y HAYYHOH U
TEXHUYECKOH HH(pOpMaIMK B 00JIACTH
HAHOTEXHOJIOTUU ¥ CMEKHBIX JUCLHIIINH JUIS
Hay4HOM, ITATEHTHON U MapKETUHIOBOU
MOAJEPIKKH ITPOBOJUMBIX MCCIIEIOBAHUM, K
CaMOCTOSITEJIbHON IIOJrOTOBKE IMyOsInKaluii B
OTEYECTBEHHBIX U 3apyOeKHBIX U3JaHUAX

TEXHUYECKOH nH(popMaIu B 001acTH
HAHOTEXHOJIOTHH U CMEKHBIX TUCIIUTUINAH;
IIK-3.2. OuieHuBaeT ypoBEHb UCCIICIOBAHUM,
000CHOBaHHOCTD TPE/UIaraeMbIX PEIICHUH U
PEKOMEHIallUi 110 peaIn3aluu U
UCTIOJIb30BaHUIO PE3yJIbTATOB HAYYHBIX-
HCCIICIOBAHUIA;

IIK-3.3 [Ipou3BOAUT CTATUCTHYECKYIO
00paboTKy pe3yJIbTaTOB 3KCIIEPUMEHTAILHBIX
UCCIICIOBAaHUI HAHOCTPYKTYPUPOBAHHBIX
MaTepHaJoB.

IIK-4 CriocoOeH npeacTaBisiTh
HMCTOPUYECKHUE ITAIbI PA3BUTHS
HAaHOTEXHOJIOTHUH, BAXKHEHUIITE OTKPBITHS
OTEYCCTBCHHBIX YUYCHBIX, HAanOOIee
aKTyaJbHbIC TPOOJIEMBI, CBSI3aHHBIC C

IIK-4.2. ®opmynupyet Hauboee
aKTyaJbHbIC MPOOJIEMBI, CBS3aHHBIC C
CO3/IJaHUEM U TTPUMEHEHUEM HAaHOCUCTEM U
HaHoMmaTepuanoB B Poccuiickoit @eaeparuu
U B MUpE

CO3JJaHUEM U IPUMEHEHUEM HAHOCUCTEM U
HaHoMarepuaoB B Poccuiickoit @enepannu
U B MHpE

3Hamy:
MoJu(UKaIMK YIJIepoJa, CTPYKTYpPY U CBOWCTBA yIJEpOAHBIX HAHOMATEPUAJIOB, BOZMOKHOCTU
UX UCIIOJIb30BAHMSI,

ymemy:
UCIOJIb30BaTh pa3jMyHble MCTOYHUKM HMH(OpMALMM I MOJTY4YEHUS CBEICHMH O HOBEWIIMX
UCCIICIOBAaHMSX B 00JIACTH YTIIEPOJHBIX HAHOMATEPHAJIOB;
KPUTUYECKH aHAJIM3UPOBATh HAayuyHbIE ITyOIUKALIHY;

enaoems:
HaBBbIKAMHU MOJTOTOBKH aHAIUTUYECKUX 0030pOB COBPEMEHHON Hay4HOH JIUTEpaTyphl B 001acTH
YIIEPOTHBIX HAHOMATEPHAIIOB B YCTHOW 1 MUCbMEHHOH (opMme;

3. KpaTkoe cogep:kanue TUCHHUIINHBI

1. Beenenue. Kinaccuukanus yriiepoaHbIX HAHOCTPYKTYP

AnnorponHsle Moaupukanuu yriaepona OCHOBHBIE TOHSTHS KBAHTOBOM XUMHH.
['mOpunnsanust aTtoMHBIX oOpOuUTaneil M MHOroodpasue auIOTPONHBIX MOAUGUKAUUNA U
XUMHUYECKHX COeTMHEHUH yraepoa. AnmMas 1 ankansl. ['padur, rpaden, apeHsl, alkeHbl, KapOuH,
ankuHbl. CMelIaHHbIe ¥ TPOMEKYTOUYHbIE AJTIOTPOITHbIE MOAU(PUKAIIUH YIIIEpOa.

2. YriiepoaHbie HAHOTPYOKH

Hcropus otkpeitss YHT. IloHsATHE OOHOCTEHHBIX M MHOTOCTEHHBIX YIVIEPOJIHBIX
HaHOTpyOOK. MH(popmarmst 00 UX CTpoeHUM U MeTojaax mnonaydeHus. CTpyKTypHbIE CBOWCTBA.
XUpallbHOCTh HaHOTPYOOK. OJEKTpPOHHBbIE CBOMCTBa HAHOTPYOOK. ODJIEKTPOHHBIE CBOWCTBA
rpaduTOBOI IIIOCKOCTH. MexaHu4YecKre CBOMCTBA. YTIpyTue CBOWCTBA yIIIePOJHBIX HAHOTPYOOK.
DNeKTpOMEXaHUYeCKUe CBOICTBa  yriIepoAHBbIX  HAHOTpPYOOk. [loHSTHE  XUPaTBbHOCTH.
OO6cyxeHre B3aMMOCBSI3M XHUPATbHOCTH M (PU3MYECKHX CBOMCTB YIJIEPOJHBIX HAHOTPYOOK.
[IpumeHeHue yriaepoaHbX HaHOTPYOOK. TOKCHYHOCTh HAHOTPYOOK.

3. ®yanepeH

Uctopus otkpeiTus QysuiepeHos. Kimacrepsl yraepoaa. YcraHoBka U MeToauku Puuapna
Cmommu. OtkpbiTusi bakmunctepa ®@ymnepa. Ilonstue o dymnepenax. Teopema OJiinepa u
CTPYKTypa MOJEKyld (yJjepeHoB U  yIIepOJHBIX HAHOKIACTEPOB, (yiiepeHono1o0Hble
CTPYKTYpbl B >KMBOH mpupojae. YTIlepoaHble Kiactepbl (ymnepougHoro Ttuma. CHHTE3,
MOJIU(PHUIMPOBAHUE, UCIIOIB30BAHUE (PYIIICPEHOB.

4. I'paden

[Tonstus rpadura, rpadena, okcuaa rpadena, ctpoeHre U ocodble CBONCTBA rpadeHa.
Xumnueckoe MonuduinpoBanue rpadena. «I'padeHoBas» 31eKTpOHHKA. MHOTrOCIONHBIHN



snutakcuanbHelii Tpader (MEG). CrpykTypa, 3JIEKTpHYECKHE CBOWCTBA, MEXaHUYECKHE
CBOMCTBa, BO3MOKHOCTH IIPUMEHEHUS B JIEKTPOHUKE

5. Hanoanmas.

[lonatuss HaHOanMasza, CTPOCHHE M OCOOBIE CBOWCTBAa HaHOAIMa3za. [EXHOJOTHUS
MOJy4YeHHUsl JETOHAIMOHHBIX HaHoanMa3oB. OuMCTKa HaHOAIMa3oB OT mpumecedl. MeTozsl
KOHTPOJISI CTEIIEHU YMCTOTHI I€TOHALIMOHHBIX HaHoaiMa3oB (JJHA). [lonyueHne HaHOAIMa3HBIX
cycnensuid. Ctpykrypa JHA. [Ipaktuyeckoe ucnosnbzoBanue JJHA.

6. Kommno3unrsl, coaep:xaniue yriiepoaHbie MATepHaJIbl

Matepuansl M KOMIIO3UTBI Ha OCHOBE YIJIepoAHbIX HaHOTpyOok. I[lomumepsr u
KOMIIO3UTHBIE MaTepUabl HA OCHOBE JPYIHX YIJIEPOIHBIX HAHOCTPYKTYD.

7. HeyryiepoaHble HAaHOTPYOKH.

[lonsTe HeyraepoaHbIX HAaHOTPYOOK. (DyHKIMOHAJIBbHBIE CBOMCTBA M IPAKTUYECKOE
MCIIOJIb30BAaHUE PA3IMYHBIX HEYTIEPOAHBIX HAHOTPYOOK.

4. O0beM y4eOHOM TUCIHUTIHHBI

B 3aueTHBIX B akanewm.

Bunp! yueOHO# paboThI €AMHUIIAX yacax
O0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4e0HOMY IVIaHy 5 180
Konrakthasi padora (KP): 1,42 51
Jlexuunu (Jlek) 0,47 17
JlabGopaTopnsbie 3ansTus (JIad) - -
[Ipaktuueckue 3ansatus (I113) 0,94 34
CamocrositesbHas padora (CP): 2,58 93
KonraktHas camocrositensHast pabora 559 -
CamocTrosiTenbHOE U3YUYCHHUE PA3/ICTIOB JUCIIUILIMHBI ’ 93
Bua konrpoJs:
JK3aMeH 1,0 36
KonTakTHas paboTa — mpoMeKyTOUHAasl aTTECTALIUS 10 0,4
[TonroroBka K SK3aMeHy ’ 35,6
Bua uToroBoro KOHTpoO.IS: JK3aMeH

B 3aueTHBIX B acrp.

Bunel yueOHOI paboThI €UHULIAX yacax
OO01ast TPY10eMKOCTh THCHHUIIJIMHBI 10 YYeOHOMY IJIAHY 5 135
KonrakthHas paoora (KP): 1,42 38,25
Jlexuuu (Jlek) 0,47 12,75
JlabopaTopnsie 3ansaTust (J1ab) - -
IMpaktuueckue 3austus (I13) 0,94 25,50
CamocrositesibHas padora (CP): 2,58 69,75
KonTakTHas camocrosiTensHas paboTa 258 -
CaMocTosATeNnbHOE U3YUEHNE PA3AEIOB TUCIUILINHBI ’ 69,75
Bua kourpous:
JIK3aMeH 1,0 27
KonTtakTHas paboTa — mpoMeXyTOYHast aTTeCTaIHsI 10 0,3
IToAroTOBKA K SK3aMEHY ' 26,7




Bua uTOroBOro KOHTpOJIA:

‘ IK3aMeH

AnHoTanus padoueil nporpaMmbl AUCHUIIMHBI
«IloJiIMMepHBIe HAHOKOMITIO3UThI»
(b1.B.J1B.01.02)
1. Heap AMCHUIINHBI - TPUOOPETEHUE 3HAHUM, YMEHHH U (OPMUPOBAHUE KOMIIETEHIIHHA
B 00JIaCTM NOJMMEPHBIX HAHOKOMIIO3UTOB M O3HAKOMJIEHHE C UX CTPYKTYpOH, CBOWCTBamH,

BO3MOXHOCTAMU ITPUMCHCHMU.
2. B pe3syabrare
MarucTpaTrypbl 10J/KeH:

H3Yy4YCHUA JUCHUILIMHBI

o0yyaomuiicssi 10 mnporpaMmme

Obnadamyp cleqyIOIUMUA KOMIETEHIMSIMHU:

dopmupyemMble KOMIIETEHIIHT

NHaukaTopsl 10CTHKEHUST KOMIIeTeH i

IIK-3 Crioco0eH k aHanm3y 1 0000IICHIIO
PE3yJIbTaTOB HAYYHO-UCCIIEJOBATEIbCKUX
paboT, IOMCKY U aHATN3y HAYYHOH U
TeXHHYecKoi nHpopmarmu B 001acTu
HAHOTEXHOJIOTUU Y CMEKHBIX JUCLUILINH JUIs
Hay4HOM, ITATEHTHON U MapKETUHIOBOU
MOAJEPIKKH ITPOBOJUMBIX MCCIIENOBAHUH, K
CaMOCTOSITENIbHOM MOATOTOBKE IyOJIMKALUA B
OTEYECTBEHHBIX U 3apyOeKHBIX U3JaHUAX

IIK-3.1. meeT onbIT cOopa, 00paboTKH,
aHaJIM3a U CUCTEMATH3aI[UN HAYIHO-
TeXHUYECKON nH(pOpMaIuu B 00J1aCTH
HAHOTEXHOJIOTUU ¥ CMEKHBIX JIUCIUTLIVH,
ITK-3.2. OnieHuBaeT ypoBEHb UCCIICIOBAHUM,
000CHOBAHHOCTD IPE/UIaraeMbIX PEIICHUH 1
PEKOMEHIallui 110 peaIn3aluu 1
UCTIOJI30BaHUIO PE3YJIbTATOB HAYYHBIX-
HCCIICIOBAHNIA;

ITK-3.3 [Ipou3BOIUT CTATUCTUYECKYIO
00paboTKy pe3yJbTaTOB IKCIIEPUMEHTATIbHBIX
UCCIICIOBAaHHUI HAHOCTPYKTYPUPOBAHHBIX
MaTepUajoB.

IIK-4 CriocoOeH npeAcTaBiIsITh
HMCTOPUYECKHUE ITAIBI PA3BUTHS
HAaHOTEXHOJIOTUH, BaKHEUIIINE OTKPBITUS
OTEUYECTBEHHBIX YUEHBIX, Haubosee
aKTyasbHbIe TPOOJIEMBI, CBA3aHHBIE C
CO3JaHUEM U IIPUMEHEHUEM HAHOCUCTEM U
HaHoMarepuayoB B Poccuiickont @enepannn
U B MUpE

IIK-4.2. ®opmynupyet Hauboee
aKTyaJbHBIE TPOOJIEMBI, CBSI3aHHBIE C
CO3/IaHUEeM U TIPUMEHEHHUEM HaHOCHUCTEM U
HaHoMaTepuasioB B Poccuiickont ®denepannn
U B MHpE

3HAMmMb.

OCHOBHBIC BUJIbI MaTpHUIl U HAIlOJIHUTENEH AJIg CO3JaHUA IOJIMMCPHBIX HAHOKOMITO3UTOB,
OCHOBHEIC CBOMCTBa PA3IMYHBIX IMOJIMUMCEPHBIX MATPULl W MOJUMCPHBIX KOMIIO3UIIMOHHBIX

MaTCpHaJIOB;

OCHOBHBIC MECTO/IbI nepepa60TKI/1 MOJIMMEPHBIX HAHOKOMITO3HUTOB,

ymemn.

BbIOpaTh MOJIMMEPHBIM HAHOKOMITO3ULIMOHHBIA MaTepual Juisl 3alaHHOM 00J1aCTH MPUMEHEHUS
BBIOPATh HY>KHBIM THUIT MAaTPUILBl U HAIOJHUTENS Ul CO3JaHMs MOJIMMEPHOTr0 HaHOMaTepHasa ¢

3aJaHHBIMHA CBOMCTBAMU;
81a0emn:

uH(popMaliell O CYyIHIECTBYIOUIMX M MEPCIEKTHUBHBIX OOJACTSIX NPUMEHEHUS IMOJIMMEPHBIX

HaHOKOMIIO3HTOB,

HaBBIKAMM ITOATOTOBKH JOKJIAJIOB HA OCHOBE aHAJIM3a COBPEMEHHOW HAYy4YHOH JUTEpaTyphl B

o0iactu MOJIMMEPHBIX HAHOKOMIIO3UTOB.

3. KpaTkoe comepxxanue Q1M CUUIITTHHbBI

Paszpen 1. OcHOBBI NOJIMMEPHBIX KOMIIO3UIHOHHBIX HAHOMATEPHAJIOB



BBeneHue, OCHOBHbIE Ompe/esieHNsl, KPATKAsA XapaKTePUCTHKA KOMIIO3UIIMOHHBIX
MatepuasoB. OCHOBHbIE ompe/eneHus. Pojib MOJMMEPHBIX HAHOKOMIIO3UTOB B COBPEMEHHOM
mupe. Knaccudukaus noJmMepos.

Mexanuuyeckue CBOMCTBA MOJMMEPHBIX MaTepHajoB. MexaHWyecKue CBOMCTBa
noiauMepoB. PacTBopsl noauMepoB. BsizkoTekydee COCTOSHME MOJIMMEPOB. YIPYTrHe CBOMCTBA
nonuMepoB. CTeKII000pa3HOe COCTOSTHIE BRICOKOMOJICKYIISIPHBIX coenHeHni. Kpucranmu3anus
MTOJIUMEPOB.

[MosyyeHne moJIMMepPHBIX KOMIIO3MUMOHHBIX MaTepuaoB. [lonydyeHne MoauMepHbIX
HAaHOKOMITO3UTOB. Buabpl HaHOHANMoOJHUTENEH Ui MoiauMepoB. HaHOKOMIIO3UTHI Ha OCHOBE
TepMoIUiacToB. HaHOKOMIO3UTBI HAa  OCHOBE  PEaKTOIUIaCTOB.  MeToabl  BBEICHHS
HAHOHAMOJIHUTENEH B TMOJUMEPHYIO MaTpuily. HaHOKOMITO3MIIOHHBIE HAMOJHUTEIN A
MOJIMMEPHBIX MATPHUII.

OcHOBHbBIE CBOMCTBA MMOJUMEPHBIX KOMIIO3MIIMOHHBIX MaTepuaJoB. Bo3pacranue
MPOYHOCTHBIX U Je(POPMAIMOHHBIX CBOWCTB, YIAApHBIX XapaKTEPUCTHK, OaphepHBIX CBONCTB
(ra3o- ¥ BOJOMPOHHUIIAEMOCTH), CHH)KEHHUE TOPIOYECTH W T.J. BiMsHME HaHOHAIIOJHHUTENICH Ha
PEOJIOTMYECKUE CBOMCTBA, TEINIOCTOMKOCTh U TEPMOCTOMKOCTH NOJIMMEpOB. Kpurnueckas muimmHa
BOJIOKOH.

Pazgen 2. Meroabl nepepadoTKM, OCOOEHHOCTH M TNEPCHEKTHBBI MOJMMEPHBIX
KOMIO3UIIMOHHBIX HAHOMATEPHAJIOB

OcHoBHbIE MeTO/bI MepepadloTKH TMOJHMEPHBIX HAHOKOMIO3UTOB. [Iporeccs
dbopMoOBaHUS M3JEIUN W3 HAHOHAMOIHCHHBIX TEPMOIUIACTHYHBIX MOJUMEPHBIX MaTepPHAIOB
(3KCTpY3Hs, IUTHE MOJT IABJICHUEM, CIICIIHATbHBIE METO/IbI). IPOIIECCOB (POPMOBAHUS H3/ICITHI U3
HAHOHAIIOJIHCHHBIX TEPMOPCAKTHBHBIX IMOJIMMEPHBIX MaTepHAIOB (IPECCOBAHME, JIUTHE IO
JaBiieHueM, npoduibHOe (hopMoBaHUe).

IMosmMepcuIMKaTHBIE HAHOKOMNO3UTHI. CTPYKTypa M CBOHWCTBA MOHTMOPWJUIOHUTA.
[ToHsITHS UHTEPKATSIIUK U SKC(HoNMauy MOHTMOPHIUIOHUTA. CTPYKTypa MOJIUMEPCUIUKATHBIX
HAHOKOMITO3UTOB. JlucriepcHOHHOHATIOTHEHHBIE, BOJIOKHHCTHIC u CIIOUCTBIE
NOJMMEPCHIINKATHBIE ~ HAHOKOMITO3MTBI.  TEXHOJIOTHS  TOJIYYEHUS  MOJMMEPCHINKATHBIX
HAHOKOMITO3UTOB.

CyuiecTByolmime ¥  MepCHeKTHBHBbIE 00JIAaCTM  NPUMEHEHHS]  MOJUMEPHBIX
HAHOKOMMNO3UTOB. [lonMMMepHbIE HAHOKOMITO3UTHI HA OCHOBE opraHoriwH. OTHeCTOWKue
MOJIMMEPHBIE HAHOKOMMO3UTHL. MeTO/Abl TMOBBIIIEHUS OTHECTOMKOCTH. HaHomerasmnbl Kkak
aHTUNUpeHbl. KOMITO3UTHI Ha OCHOBE HAHOBOJIOKOH.

4. O0beM y4eOHOH JUCHHUILINHBI

B 3aueTHBIX B akanewm.

Bunet yueOHoI paboThI €IUHULIAX yacax

OO0mas TpyA0eMKOCTh THUCIUIIIUHBI M0 Y4eOHOMY MJIAHY 5 180
KonraktHas pa6ora (KP): 1,42 51
Jlexumnu (JIek) 0,47 17
JIaGopartopusie 3ansaTHs (JIab) - -
[Tpaktuueckue 3ansatus (I113) 0,94 34
CamocrositesibHas padora (CP): 2,58 93
KonTakTHas camocrositensHas paboTa 258 -
CamocTosTenbHOE U3yUYCHHUE PA3/IeTOB TUCITUTLUTMHBI ’ 93
Bua konTpoJs:

JK3aMeH 1,0 36
KonTakTHas paboTa — mpoMeKyToUHAasl aTTECTALIMS 10 0,4

[TonroroBka K SK3aMeHy 35,6




Bua uToroBoro KOHTpoOJIs: IK3aMeH

B 3auetHbIx B actp.

Buapr yaeOHO# paboThI eIUHHIIAX gacax
OO0mas Tpy10eMKOCTb JUCHUILIUHBI 110 Y4eOHOMY IJIAHY 5 135
Konrakthasi padora (KP): 1,42 38,25
Jlexuuu (Jlek) 0,47 12,75
Jlaboparopusie 3ansaTus (J1ad) - -
[Mpaktuueckue 3ansatus (I13) 0,94 25,50
CamocrositeabHas padora (CP): 2,58 69,75
KonTakTHas camocrositenbHas paboTa 559 -
CamocrosiTenbHOE U3yUYEeHHE PA3/IeTIOB JUCIIUILIMHBI ' 69,75
Bua konrpoJs:
9K3aMeH 1,0 27
KonTakTHas paboTa — mpoMeKyTOUHasl aTTECTALIH 10 0,3
[ToaroroBka K 5K3aMeHY ' 26,7
Bua uToroBoro KOHTpoJIsI: IK3aMeH

AHHOTanus pabouyeit mporpaMmbl JUCIUATLTAHBI
«®DJyopeceHTHbIE METO/IbI IETEKTHPOBAHUS»
(b1.B.JIB.02.01)

1. Heapb AMCcUHUNJIMHBI COCTOUT B TPUOOPETEHUH 00YUAIOIUMUCS 3HAHUN U KOMITETEHITUI
B 00JIaCTH M3YUYEHUS U UCTIONB30BaHUM (PIIyOPECIIEHTHBIX HAHOMATEPUAJIOB.

OcHoBHOI1 3a/1a4eili TMCHUNJIMHBI SBIsIeTCS GOPMUPOBaHKE Y 00yUaIOIIUXCSI CHCTEMHBIX
NIyOOKHX 3HAHUN B 00J1aCTH (PU3UYECKUX M XUMUYECKHX MTPOLIECCOB M TEXHOJIOTHH HCCIICTOBAHUS
¢biryopecueHTHBIX HaHOMAaTepUajoB, CIIOCOOHOCTH aHAJIM3UPOBATh W KPUTHYECKH OIEHUBATh
MOJIy4aeMbI€ Pe3yJIbTaThl, MpEJIarath MyTH PEIICHUs MOCTABIECHHBIX 33/1a4 U HAXOAHUTh CPEIn
HHUX ONTHMAaIbHBIN.

2. B pe3yabrare wu3yvyeHus JAUCHUIVIMHBI OO0y4yawuuiicsi mo mnporpamMmme
MArHCTPATyPbI T0JIKEH:

Obnadamyp CIENYIOMMMHA KOMIIETSHITUSIMU

dopMupyeMbie KOMIIETEHLUH NHaukaTopbl 10CTHKEHUS] KOMITIETeH MM
IIK-1 CriocoOeH quarHocTupoBaTh ITK-1.3. Bnajieer ompITOM OmpeeIeHuUs
CTPYKTypy MaTepuajia Ha MHKPO U CTPYKTYPBI MaTepHalia C HCIIOIb30BaHHEM
HaHOYPOBHE TU(GPAKIIUOHHBIX U CIIEKTPATBHBIX METOOB.
IIK-2 Cnoco6en camoctosarensHo mpoBoauTh | [IK-2.2. BeiOupaetr MeToibl U cpeicTBa
Hay4YHO-HUCCIIeI0BATENbCKUE PAOOTHI IO MIPOBEJICHUS HCCIEA0BaHUN U pa3paboOTOK.

CO3aaHus, UCCIICIOBAHUIO U IIPUMCHCHHIO
HAaHOCHUCTEM U HAHOMATCPUAJIOB

IK-3 Crioco0eH k aHAJM3Y ¥ 0000IICHHTO ITK-3.1. meeT onwIT cOOpa, 00pabOTKH,
PE3yNIbTaTOB HAYYHO-UCCIIEIOBATETBCKUX aHaJIM3a U CUCTEMATH3aI[UU HAYyYHO-

padoT, IIOMCKY U aHAJIM3y HAYYHOM U TEeXHUYEeCKON MH(pOpMaIu B 001acTH
TeXHUUECKOH MH(POPMAINH B 00IACTH HAHOTEXHOJIOTUU M CMEKHBIX JUCIHUTUINH,
HAHOTEXHOIOrHH U cMekHbix auctmrund pist | 1K-3.2. OnennBaer ypoBeHb HCCIICA0BaHNH,
HAYYHOI, TATEHTHO! ¥ MAPKETHHIOBOM 000CHOBAaHHOCTb MpEJIaraeéMbIX PelieHui 1

PEKOMEHJALNI TTO peaTu3aluu 1

MOAACPIKKHU ITPOBOANMBIX HCCHG}IOBaHI/Iﬁ, K




CaMOCTOSITENIbHON TIOJrOTOBKE MyOJIMKAIMI B | HCIIOJIB30BAaHUIO PE3YIbTATOB HAYyYHBIX-
OTEYECTBEHHBIX U 3apyOeKHBIX U3JaHUAX UCCIICIOBaHU;

IIK-3.3 [Ipou3BOAUT CTATUCTHYECKYIO
00paboTKy pe3yJIbTaTOB 3KCIIEPUMEHTAIBHBIX
UCCIIEJOBAaHUN HAHOCTPYKTYPHUPOBAHHBIX
MaTepUaJIOB.

3Hamb:
OCHOBHBI€ ITOHATHUS JIIOMUHECLIEHLIUY, OIIPEIEIIEHUS], UCTOPUIO;

oIpeielIeHne U OCHOBbI HAaHO()OTOHMKH;

METOJl TOJY4YEHMs] YBEJIMYEHHOIO M300paXEHHUsT C HCIIOJIb30BAHMEM JIFOMUHECLEHIIUU
BO30YKJIEHHBIX aTOMOB U MOJIEKYJ 0Opa3ua.

ymemp:

(bopMyIMpoBaTh TpeOOBAaHUS K MaTepHagaM U OnpeaessaTh 3(p(HEeKTUBHBIE IyTH CO3/1aHUS HOBBIX
(ryopeclieHTHBIX HAaHOMAaTEePHAJIOB Il KOHKPETHBIX 00J1acTell MPUMEHEHUS;

HaXOJUThb U MCIOJIB30BaTh JIMTEPATypHblE MCTOYHUKHU, O0a3bl MAHHBIX U KOMMEpUYECKue
IIPOrpaMMHBIE ITPOYKTHI;

IPUMEHSTh TEOPETUYECKHE 3HAHUS 110 COBPEMEHHBIM U NE€PCIIEKTUBHBIM BUAAM (IIypPECLEHTHBIX
HAaHOMATEpHAJIOB Ul PELIEHMs] UCCIIEOBATEIbCKUX U NPHUKIATHBIX 3a/1ad, B TOM 4HCIE B
MEXUCLUIUTMHAPHBIX 00JIaCTSIX.

enademsn:

METOlaMU PabOThl € HAYYHO-TEXHMUYECKOW, CIIPAaBOYHOM JIMTEpaTypod M 3JIEKTPOHHO-
OMOIMOTEYHBIMH PECYPCAMU IO TEOPETHUECKUM U TEXHOJIOTHUECKUM acTieKTaM (uryopecleHTHBIX
HAHOCOEIMHEHUI;
METOJJaMHU HaX0XAECHUS U UCI0Ib30BaHUS CIIPABOYHBIX JIMTEPATYPHBIX JAHHBIX U KOMIIbIOTEPHBIX
06a3 JaHHBIX 10 COCTaBy, CTPYKType U CBOICTBaM OCHOBHBIX THUIOB (JIyOpPECHEHTHBIX
MaTepUasos;
CHOCOOHOCTBIO M TOTOBHOCTBbIO K pa3pabOTKEe HOBBIX METOAOB MOJYYEHHS U MCCIIEIOBAaHUS
(IIyopeceHTHBIX HAHOCTPYKTYP € YYETOM MPABHJI COOJIOJICHNS aBTOPCKHUX TIPaB.
3. KpaTtkoe coaep:xanue TUCHHUILTHHBI
Paznen 1. OcHoBHBbIEe MOHATHSA JIOMHHecHeHIUM. Onpenenenue, ucropus,
TeopeTHYeCKHEe OCHOBBI

Jromunectenmms, ¢ochopecuennus, Guyopecuennus. Knaccudpukanus. CooTHOIIEHHE
CHEeKTpOB morjomeHus U QayopecueHuuu. CxemaTudeckoe H300paXKeHHe MpPOLECCOB
UCITYCKaHUs 1 orjomeHus ceeta. Jluarpamma S6monckoro. KBaHTOBBIH BBIXO (IIyOpECLEHIINH.
®nyopeciieHTHbIE coerHenus. [Ipumenenue.

Pasnea 2. Hanogoronuka.

[lonstust «¢poroHuka» u «HaHO(OTOHUKa». B3auMonelicTBUe cBeTa U BEIIECTBA.
Judpakuuonnslii npeaen. CBeT U HaHOYacTUIBl. JIFOMHHECHIEHIIUS Ha YPOBHE HAHOCTPYKTYP
AKTHBaIMsl U TYLIEHUE JIIOMUHECLUEHIMU KPEMHMEBBIX HaHOUYacTHI. (DOTOHHBIE KPUCTAJLIBI.
OcHOBBI TeOpHH (POTOHHBIX KPHCTAIOB. MOAEIMpPOBaHHE ONTHUECKUX YPPEKTOB B (POTOHHBIX
kpuctayax. CrnocoObl MOTy4YeHHUsS pPeaJbHBIX (DOTOHHBIX KpPUCTAIOB. Mes W NpUHIMIBI
CO3aHMs METaMaTEPUAJIOB.

Pa3gen 3. CyOBo1HOBasE MUKPOCKOMUSI.

Kondoxkanbusiit dayopecuentHsiii Mukpockon. Mcropus passutus KIICM. [punuun
paboTsl. [IpocTpancTBeHHOE pa3pelieHue B KOHPOKalbHON MUKpockonuu. [Ipumenenue.

@iryopeclieHTHass MHUKPOCKONHMS TOJIHOIO BHYTPEHHEro oTpaxeHus. diayopecueHTHas
HaHocKomnusa. PiyopecieHlysl B OMONIOrHUecKUX HccleAoBaHuAX. JleTekuus (iyopecieHnnu.
XapakTepucTUKU (uIyopecteHTHOH smuccuu. CMexHbIe SIBICHHS, BaXKHBIE JJI1 OMOJIOTHYECKUX
npuMmeHeHud. IlpeumyiecTBa (IyopeclieHTHBIX METOAOB uccienoBaHus. Dnoopodopsl.
@dyopecieHTHbIE 30HbI U METKH. MeTo1bl (pIryopeclieHTHOM OKPAaCKU KJIETOK.



4. O0beM y4eOHOI TUCHMIIIIHHbI

B 3aueTHBIX B akanewm.

Bunel yueOHo# paboThI €AMHUIIAX yacax
OO0mas TpyA0eMKOCTb JMCHUIJIMHBI 10 Y4eOHOMY IJIaHy 4 144
Konrakthas padora (KP): 1,42 51
Jlexuuu (Jlek) 0,47 17
JlabopaTopnsbie 3ansaTust (JIad) - -
[Ipaktrueckue 3ausarus (I113) 0,94 34
CamocrositesbHas padora (CP): 2,58 93
KonrtaktHas camocrositenbHas pabora 558 0,2
CaMocTosiTebHOE U3YUCHHE PA3/1eSIOB NUCHUIIIHHbI ' 92,8
Bua koHTpoJIA:
3ayeT ¢ OLIEHKOH + +
Buja HTOrOBOro KOHTpOJIA: 3a4er ¢ oneHkoil

B 3aueTHbIX B actp.

Bunst yueOHOI paboThI €QUHHLIAX yacax
O0mas Tpy10eMKOCTb IMCUMILIUHBI 10 Y4e0HOMY IJIAHY 4 108
Konrakthasi padora (KP): 1,42 38,25
Jlexuunu (Jlek) 0,47 12,75
JlaGopaTopnsbie 3ansTus (JIad) - -
[Ipaktuueckue 3ansatus (I113) 0,94 25,50
CamocTrositesbHas padora (CP): 2,58 69,75
KoHTakTHas camocTosTenbHas pabora 0,15
CaMoCTOsTEIbHOC H3YUYCHHE PA3/ICIOB IUCITUILUIHHBI 2,58 69,60
Bua koHTpoOJIA:
3ader ¢ OlleHKOU + +
Buja nTOroBoro KOHTpoOJIs: 3a4er ¢ oeHKOI

AnHoTanus paboueil mporpaMmbl AUCIUTTAHBI
«MeToabI HCC/IEJOBAHNS MEXaHNYEeCKHX CBOHCTB HAHOMATEPHUAJIOB)
(b1.B.J1B.02.02)

1. Heab aucHUNIMHBLI COCTOUT TPHOOpPETEHUE 3HAHUNM, yMEHUH U (OPMHpPOBAHUE
KOMIIETEHIIMH B 00J1aCTH METOJIOB UCCIIEIOBAaHUSI MEXaHUYECKUX CBOMCTB HAaHOMAaTEpUAJIOB.

OcHoBHOI1 32124 el IMCUUIJIMHBI SBJsieTCS GOPMUPOBaHKE y 00yUYaroIUXCs CHCTEMHBIX
rIyOOKUX 3HAaHUM B 00NAaCTM MEXaHWYECKMX CBOMCTB HAaHOMATEpUAJIOB, NMOHMMAHUS OOIIMX
3aKOHOMEPHOCTEH MOJy4yeHUs TaKUX MaTepuasoB; BbIPAOOTKAa Ha 3TOH OCHOBE CUCTEMHOIO
[OJX0/1a K IIOCTAaHOBKE, BBIIOJHEHHWIO HAy4YHBIX WCCIIEOBAaHMM B yKa3aHHOM o00JacTy,
CIIOCOOHOCTH aHAIM3UPOBATh U KPUTUYECKU OICHUBATh IOJydyaeMble pe3yibTaThbl, IpeiaraTh
IIyTH PELIECHUS IOCTABIEHHBIX 3aa4 U HAXOUTh CPEIN HUX ONTUMAJIbHBIM.

2. B pe3yabrare wu3y4eHHMs [AUCHUILVIMHBI OOy4Yaluuiics 10 mporpamMmme
MArHCTPaTypPbI JOJIKEH:

Obnadamye CIENYIOMMMHA KOMIICTCHITUSIMU

DopMupyeMbie KOMIIETCHIUT NHaukaTopbl 10CTHXKEHUS] KOMITETeH NI
IIK-1 CriocoOeH quarHocTupoBaTh ITK-1.3. Bnajieer ompITOM ONpeeICHUs
CTPYKTYpYy MaTepuaja Ha MUKPO U CTPYKTYpPBI MaTe€puaja ¢ UCIOJIb30BaHUEM
HAaHOYPOBHE TU(GPAKIIUOHHBIX U CIIEKTPATBHBIX METOIOB.




IIK-2 CrocoOeH caMOCTOSATENLHO ITK-2.2. BeibupaeT MeToAbl U CpeACTBa
MIPOBOJIUTH HAYYHO-UCCIIEIOBATEIbCKHE MIPOBE/ICHUS HCCIICIOBAHUHN U Pa3pabOTOK.
paboThI 10 CO37]aHMUs, HCCIICIOBAHUIO U
MPUMEHEHHUIO HAHOCUCTEM U
HaHOMATEPHAJIOB

IIK-3 Cnoco6en k ananuzy u o6o6mmenuto | I[IK-3.1. Umeet onbiT cOopa, 00padoTKH,
PE3yIbTaTOB HAYYHO-HUCCIICAOBATEILCKUX | AHAIM3a U CUCTEMAaTH3allMy HAy4HO-

paboT, NOMCKY ¥ aHAIIM3y HAyYHOU M TEXHUYECKON MHPOPMAIIH B 00JIACTH

TeXHUUECKOH MH(POPMAINH B 00IACTH HAHOTEXHOJOTMH U CMEKHBIX JUCIHAILINH,

HAHOTEXHOJIOTHH U CMEKHBIX JUCIUILINH IK-3.2. OuennBaer ypoBeHb HCCIIEI0BAHMUM,

JUTSL HayYHOA, [TATCHTHOM U 000CHOBAHHOCTb MPEJIaraéMbIX PEIICHUH 1
9

PEKOMEHIallUi 110 pean3aluu 1
HCIIOJIb30BAaHUIO PE3yJIbTATOB HAYyUHBIX-
HCCIICIOBAHUIA;

IIK-3.3 [Ipou3BOAUT CTATHCTHYECKYIO
00paboTKy pe3yJbTaTOB IKCIIEPUMEHTATIBHBIX
UCCJIEIOBAaHUM HAHOCTPYKTYPUPOBAHHBIX
MaTepuasoB.

MapKETHUHTOBOM TOIIEPIKKU ITPOBOUMBIX
HCCIICIOBAHNM, K CAMOCTOSATEIILHOM
MOJIrOTOBKE MyOIMKaluii B
OTEUECTBEHHBIX M 3apyOCIKHBIX H3TaHUIX

3Hamb.
METO/1bl UCCIIEI0OBAHUS CTPYKTYPhl U MEXaHUYECKUX CBOMCTB TBEPABIX HAHOMATEPHUAJIOB

METOJIbl MCCJIEJAOBAaHUS CTPYKTYPbl M MEXAHUYECKUX CBOMCTB XKHUIKUX Cpell, B TOM YHCIIE
BSI3KOYIIPYTUX

OCHOBHBIC THUIIBI MPUOOPOB, TPUMEHSIEMBIX JUIS aHAJIW3a MEXaHUYECKHX CBOMCTB
HaHOMATEPHUAJIOB;

ymems:

MPaBWJIbHO BBIOpATh HYXHBIA THI TpHOOpa M METOJIMKY aHallu3a MEXaHWYECKUX CBOICTB
KOHKPETHOI0 HaHOMaTrepurasa

61aoemo:.
uHpopmanueli 00 OCOOEHHOCTSIX HCCIEJOBaHUSI MEXAaHUYECKHX CBOMICTB IOJIMMEPHBIX
HAaHOKOMITIO3UTOB, Ir'elicii 1 HEHbIOTOHOBCKHUX KHJIKOCTCH.

MeToJaMu pabOThl € HAyYHO-TEXHUYECKOM, CIPAaBOYHOM JIMTEpaTypod U 3JIEKTPOHHO-
OMOMMOTEYHBIMU pECypcamMH, CBSI3AHHBIMH C HCCJIEIOBAHUEM MEXaHHUYECKHUX CBOMCTB
HaHOMAaTEPHUAaJOB.

3. KpaTkoe cogep:kanue TUCHHUIINHBI

Pazpen 1. Meroabl HCCIeI0BAHUS  MEXAHMYECKMX  CBOWCTB  TBepAbIX
HAHOMATEPHAJI0B

1.1. IlpuGopsbl U MeTOABI ISl UCCJIEI0BAHUA CTPYKTYPbl U MEXaHUYECKUX CBOMCTB
TBEPAbIX HAHOMAaTepPHAJIOB. MeTo/Abl HMCCIEAOBaHUSI CTPYKTYpbl HA HAHOPAa3MEPHOM YPOBHE.
Metoapl M3ydeHHs] MEXAaHHMYECKUX XapaKTePUCTUK HAHOKOMIO3UTOB. HaHoTpmbomoruueckue
uccienoBanus. KomnproTepHOe MOIETMPOBAHUE MEXAHMUYECKUX CBOMCTB HAHOKOMITO3UTOB.

1.2. MexaHnvyeckHe CBOMCTBA MOJHMEPHBIX HAHOKOMMO3UTOB. JlepopmarrionHO-
MPOYHOCTHBIE CBOMCTBA TOJMMEPHBIX Tel. AHaIM3 JuarpaMMbl pacTsbkeHus. Moaenu
BSI3KOYNPYTOTO MOBEJICHHS MOJUMEPHBIX Tel. MeXaHUYEeCKUM, TMHAMUYECKUI MEXAaHUYECKUN 1
TEPMOMEXAHUYECKUN aHalu3 NOoJUMEpoB. PazpyiieHue mnoauMepHbIX Tela. MexaHudecuke
CBOMCTBA HAHOKOMITO3HUTOB.

1.3. HcciaenoBanue ILJIEHOK i NOKPBITHI HA OCHOBE
HAHOKOMIIO3UTOB. MeX&HI/I'-IeCKI/Ie CBOﬁCTBa IIJICHOK " HOKpI)ITI/Iﬁ Ha OCHOBC HAHOKOMIIO3UTOB.
MHuoro¢yHKIIMOHATHHBIC HAHOCTPYKTYPHUPOBaHHBIC ILUIEHKH u MTOKPBITHSL.

HanocTpykTypupoBaHHble  TpUOOJIOTHYECKHE TOKPBHITUS. MexaHndeckue CBOWCTBA U
CTaOMIIBHOCTh HAHOMATEPHAJIOB MIPU BO3ACUCTBUH TEMIIEPATYPBI.
Paznen 2. Metoabl ncciie10BaHUsI MEXaHMYECKUX CBOMCTB KUAKHUX Cpe/l



2.1. OcHoBbl peosiorud. OCHOBHBIC TIOHATHS BHUCKO3MMETpUH: JaeopMaius,
HANpsDKEHUE, CKOPOCTh CIBUTA, YINPYrocTh, TUIACTUYHOCTh, BS3KOCTh. Kiaccudukarus
MaTepuajoB MO  CTPYKTYPHO-MEXaHUYECKMM  CBOWCTBaM. MaremaTtuyeckue  MOJeNH,
ONUCHIBAIOIIME KPUBBIEC TCUCHHUS.

2.2. Tunbl peoMmeTpoB. Poranionnsie peomeTpbl. CS- u CR-peomeTpbl. YpaBHEHHS TSt
pacuera CKOpPOCTH CJIBUra, HANpsOKEHHUs] CIOBUra M BSI3KOCTU. M3MepUTENbHBIE CHCTEMBI
CUMITUHAP-IINHIP» U «KOHYC-TUIacTUHAY. VICIBITaHUS B PEeKUME BBIHYXICHHBIX KOJCOAHUIA.
[Tpumepsl Hauboee PacIPOCTPAHEHHBIX MPHOOPOB.

2.3. OcoO0eHHOCTH Te4yeHHMsI BS3KOYNPYIMX M CTPYKTYPHMPOBAaHHBIX cpen. Kpusbie
TEUEHUs] HEHBIOTOHOBCKHUX JKMJIKOCTeH. MaTemaTuyeckoe ONUCaHWe HEHBIOTOHOBCKHUX
JkuzkocTed. Bszkoynpyroe moBeneHue reneil. Mzmepenue tukcorponuu. M3mepenue npenena
TEKY4YEeCTH.

4. O0beM y4eOHOM JUCHUILINHBI

B 3aueTHBIX B akanewm.

Bunet yueOHo# paboThI €IMHUIIAX yacax
O0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4eOHOMY IVIaHy 4 144
Konrakthas padora (KP): 1,42 51
Jlexuunu (Jlek) 0,47 17
JlaGopaTopnsbie 3ansTus (JIad) - -
[Ipaktuueckue 3ansatus (I113) 0,94 34
CamocrositesbHas padora (CP): 2,58 93
KonrtaktHas camocrositenbHasi pabora 558 0,2
CaMocTosiTeIbHOE U3YUECHUE PA3AETIOB IUCIUILIMHBI ' 92,8
Bua koHTpoOJIA:
3adeT ¢ OLIEHKOH + +
Buj HTOroBOro KOHTpOJIs: 3auer ¢ oUEeHKOIi

B 3a4erHBIX B actp.

Buasl yueOHoI paboTh €IMHUIIAX yacax
OO0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4eOHOMY IVIaHy 4 108
Konrakthas pa6ora (KP): 1,42 38,25
Jlexumnu (JIek) 0,47 12,75
JIaGopartophsie 3ansaTHs (J1ab) - -
[Ipaktuueckue 3ansatus (I113) 0,94 25,50
CamocrositenbHas padora (CP): 2,58 69,75
KoHnTtakTHasi camocTosTenbpHas pabota 0,15
CaMocTosITENbHOE U3YUEHUE PA3AEIOB TUCIUIUIMHBI 2,58 69,60
Bua koHnTpoJIs:
3aueT ¢ OLEeHKON + +
Bua uTOroBOro KOHTpOJIs: 3auer ¢ OLEHKOM

AHHOTanus paboyeil MporpaMMbl TUCIUTUIUHBI
«Metoabl J1a3epHON TH(PPAKLNH B AHAIN3e HAHOMATEPUAJIOB)
(51.B.1B.03.01)
1. Heab AUCHMIIMHBI - IPUOOpPETEHNE 3HAHUM, YMEHUH, BIaJeHUH 1 (pOopMHpOBaHUE
KOMIIETEHIIMH B 00JIaCTH METO/IOB JIa3epHON AU(PaKIMK )1 aHATN3a HAHOMATEPUAJIOB.
2. B pesyabrare wu3y4YeHHus] AMCUMIUIMHBI O0y4YalOIIWHCHA IO Mporpamme
MArucTpaTyphl 10JIZKeH:



Obaadams CIENYIOMMMHA KOMIICTCHITUSIMU

®opMupyemMble KOMIIETEHIINH

NHaukaTopbl 10CTHKEHUS] KOMITETeH M I

IIK-1 Cnocoben
JTUArHOCTHPOBATh CTPYKTYPY
MaTepuaja Ha MUKPO U
HAaHOYPOBHE

IIK-1.3. BnageeT onbITOM ONpeaesieHUus CTPYKTYPbI
MaTepuaia ¢ UCIOJIb30BaHUEM AU(PPAKIIMOHHBIX U
CHEKTPaJIbHBIX METOJIOB.

IIK-2 Cunocoben

IIK-2.1. ®opmupyeT TpeOOBaHHS K IKCIIEPUMEHTATBHBIM

o0pa3iiaM HaHOMaTEePHAJIOB U HAHOCHCTEM H Pe3yJIbTaTam
HAYYHO-HCCIIEIOBATEIILCKUX PadOT MO MX pa3paboTKe;
IIK-2.2. Beibupaet MeTOAbI U CPEICTBA MPOBEACHUS
UCCIIEIOBAaHMI U pa3paboToK;

MIK-2.3. Onpenenser myTH pelieHUs HAYIHBIX U
TEXHUYECKHX 3a/1a4 B 001acTH paboT 0 CO3/1aHUIO,
UCCIICIOBAaHHUIO ¥ IPUMEHEHUIO HAHOCHCTEM H
HAHOMAaTEPHAJIOB

CaMOCTOATCIIBHO IPOBOJUTH
HAay4YHO-HCCJICOO0BATCIILCKUC
pa6OTBI 10 CO3JaHus,
HUCCICO0OBAHUIO U IIPUMEHCHUTIO
HAaHOCHUCTEM U HAHOMATCpUaIOB

3HamMb.
TEOPETHYECKUE OCHOBBI CTATUYECKOTO U JUHAMUYECKOTO PACCEMBAHUS CBETA
YCTPOMCTBO M MPUHLKUII pabOTHI JIA3EPHBIX aHAJIM3ATOPOB Pa3MepPa YaCTHULL
BO3MOXKHOCTH M O0JIACTU TPUMEHEHHUS METOJI0OB JAMHAMHYECKOTO CBETOPACCESIHUS s
UCCJIEJOBaHMsI HAHOMATEPUaJIOB

ymems.
AHAJIM3UPOBATH I/I306pa)KCHI/I$I U JAaHHBIC, IIOJYUYCHHBIC MCTOJOM JUHAMHWYCCKOI'O PACCCAHUA
CBETA;
(bopMyIIMPOBATh TEXHUYECKUE TPEOOBAHUS K OOBEKTAM HUCCIICIOBAHUS;

61a0emn.
HaBbIKaMH O6pa6OTKI/I U HUHTCPIPCTAllMM OAaHHBIX, IMOJYYCHHBIX MCETOAOM JIHHAMHUYCCKOI'O
paccesiHUs CBETa;
MeToaMu paboThl ¢ HAYYHOH JIUTEPaTYypoll H DIEKTPOHHO-OMOIHMOTCYHBIMH pPecypcaMu,
CBSI3aHHBIMU C TPUMEHEHHEM JIa3epHOH NudpaKkIMy AJIs aHaJIM3a HAHOMaTepUalloB.

3. KpaTtkoe coaep:kanue JUCHUTIIUHBI

Pasnea 1. Teoperndeckue 0CHOBBI CBETOPACCESIHUS

1.1. BBenenue. /luarHocTMKa M MeTOAbI HCCJIEJOBAHHS HAHOMATEPHAJIOB H
HAHOCTPYKTYP. Meroas! onpenenenus pazmepa yactull. Curoselil metoa. CeaMMEHTallMOHHbBIN
METOH. KOHIIYKTOMCTpI/ILIeCKI/If/i METOH. MGTOI[ MHKPOCKOIIMHU, PAa3HOBUAHOCTU MHKPOCKOIIOB.
TexHHueckoe ocHallleHHe, 001asi KOHCTPYKIMS 3JEKTPOHHBIX MUKPOCKOIIOB M XapaKTEPUCTUKU
I/IHq)OpMaHI/II/I, HOHy‘I&CMOﬁ C HCIIOJIB30BAHUEM Pa3JIMYHO OCHAIICHHBIX MHUKPOCKOIIOB.
Paspemaromas crnocoOHOCTh MHKpockonoB. IloaroroBka o0pa3loB [uisd HCCIEIOBaHUS Ha
Mukpockomnax. Onpenenenue  auamerpa  Hechepuueckux — vactul.  [IpuHIMNuaIbHBIE
BO3MO>KHOCTH 2JIEKTPOHHBIX MUKPOCKOIIOB B ClIydae UX IPUMEHEHHUs JUIsl aHAIN3a MaTepralloB.

1.2. TeopeTnueckune 0CHOBBI cBeTOpaccessHus. Vctopus ceetopaccessuus. OnTuyeckuit
JMana3oH 3JIEKTPOMarHUTHBIX BOJH. DU3HMUECKHE OCHOBBI ITPOLIECCOB PACCESHUS U MOTJIOLICHUS
cBeTa. YCIOBHA M BHJIbBI P3JEEBCKOT0 paccesHus. PaccesHue MainplMU —4YacTULAMU
NOJISIPU30BAaHHOTO M HEMOJISIPU30BAaHHOTO cBeTa. PaccesHue Ha QUIyKTyalusix ¥ YacTHLAX.
SBnenust, HaOJIrOAIOIIUECS TIPU PACIIPOCTPAHEHUHU CBETa B TUCIEPCHBIX CUCTEMax. YIPYroe u
HEYTIPYToe paccessHue.

1.3. Teopusi M0JIeKYJAPHOIr0 paccessHusi cBera. SABnenns Manaensmrama-bpriutosna
u Pamana. JlazepHas cCHeKTpocKonusi KOMOMHAIIMOHHOTO paccestHus. BbIHYyXaeHHOe
KoMOWHanmoHHoe paccesaue. Mogens Jlopenmna. Teopusi Paness MonekyaspHOTO paccesHusl.
OcHoBHBIE cineacTBHs Teopun Pasnes. MonekynsipHoe paccesHrue Ha (QIIyKTyalusx aHU30TPOIHU
B raze. MosekynspHas pedpakius.

Pasnen 2. /luHaMu4ecKoe H CTaTHYECKOE PacCeMBAHUE CBETA



2.1. Ilornomenue u paccessHue cBera chepuveckoii 4vacrtuueid (teopusi Mu).
CriekTpaibHble XapaKTePUCTUKH pacCesHUs CBeTa Ha CEepUYeCKUX 4YacTHIax. Biusaue
CTPYKTYpbl M (OPMBI pacCCEMBAIONIMX YACTUI[ HA ONTUYECKUE XAPAKTEPUCTUKH AUCIEPCHOMN
cuctembl. OCOOEHHOCTH WHIMKATPUC PacCesTHUSI Ha C(PePUIECKUX YACTHUIIAX B 3aBHCHUMOCTH OT
pa3Mepa M OINTHUYECKMX IOCTOAHHBIX. BekTtopHas auarpamma Mu. Teopus ®paynrodepa.
MHuorokparHoe paccenBanue. CTaTHue€CKOE PaCCEMBAHUE CBETA.

2.2. lImnamMmu4eckoe paccenBanue cBera. OCHOBHbBIE UEH TUHAMUYECKOTO PACCEUBAHMS
CBeTa. [Tapametpsi onpeeneHus METOI0M JTUHAMUYECKOTO CBETOpACCEsIHUS
I'maponunamuyeckuit auamMerp. IEKTPOKMHETHYECKUM MOTEHIHAN. ODJIEKTPOKUHETHYECKUE
apinenusi. Teopuss JIDC. Monekynspuas wmacca. CpaBHEHHE METOJOB CTAaTUYECKOrO0 U
JUHAMHYECKOI0 paccesHus CBETa.

Pasnen 3. JlazepHble aHaan3aTopbl. CXeMbl yCTAHOBOK

3.1. CocTaBHbI€ 3JIeMEHTHI AaHAJIU3aTOPOB pa3Mepa YyacTull. Jlazepsl, IPUHITUI PaOOTHI
nazepa. Buzabl nazepoB. AkTHBHas cpena JjiazepoB. Hakauka, MexaHU3M «HaKayKu» JIa3epoB.
OnTuueckuil pe3oHaTop. XapakTepUCTHUKU KadecTBa M3NydeHus Jia3epoB. [leTexkTopsl GOTOHOB.
doroamuccuoHHBIC yeTpolicTBa. [Ipubop xoppensuun. Cucrema cuera GOTOHOB.

3.2. IlpyHuMnuajJbHble  CXeMbl  YCTAHOBOK  JIa3ePHbIX  AHAJIU3ATOPOB.
[IpuHIMNHaTbHBIE CXEMBl yYCTAaHOBOK Ja3epHBIX aHaimu3aTopoB kommnanuu Fritsch, Malvern,
Horiba u mpouee. [IpuGopsl, ocoOeHHOCTH MOeNel Ja3epHbIX aHAIN3aTOPOB, JOMOJIHUTEIbHBIC
moxysu. [IpuMeHeHne MeToa JlazepHoi qudpaKIuy s NCCIISA0BAHNUS HAHOMATEPHAIIOB.

4. O0beM y4eOHOH JUCHUILINHBI

B 3auernbix | B akanmem.

Bunst yueOHOI paboThI €QUHHLIAX yacax
O0mas TpyA0eMKOCTb JUCIUILIHHBI 110 Y4eOHOMY IVIaHy 5 180
Konrakthas padora (KP): 1,42 51
Jlexuunu (Jlek) 0,47 17
JlabGopaTopnsbie 3ansTus (J1ad) - -
[Ipaktuueckue 3ansatus (I113) 0,94 34
CamocrositenbHas padora (CP): 2,58 93
KonrtaktHas camocrositensHast pabora 558 -
CamocTosiTenbHOE U3yUYeHHUE PA3/IeTIOB JUCIIUTLIMHBI ' 93
Bua konTpoJs:
JK3aMeH 1,0 36
KonTakTHas paboTa — mpoMeKyTO4Hasl aTTECTALIUS 10 0,4
[TonroroBka K SK3aMeHy ’ 35,6
Bua uTOroBoro KOHTpoOJIs: JK3aMeH

B 3auetHbIX B actp.

Bunel yueOHOI paboThI €UHULIAX yacax
OO0uas TpyA0eMKOCTb IMCHUILUIUHBI 0 Y4eOHOMY IJIAHY 5 135
KonrakThas paoora (KP): 1,42 38,25
Jlexumu (Jlex) 0,47 12,75
JlabopaTopnsbie 3ansaTust (JIab) - -
[Tpaktuueckue 3ansatus (I13) 0,94 25,50
CamocrositesibHas padora (CP): 2,58 69,75
KonrtaktHas camocrositenbHas pabora 2,58 -




CaMocTosTeNnbHOE U3YUEHNE PA3AETIOB TUCIUILINHBI 69,75
Bua konTpoJs:

9K3aMeH 1,0 27
KonraktHas paboTa — mpoMexyTOoYHast aTTeCTaIlHs 10 0,3
[ToAroToBKa K 2K3aMEHY ’ 26,7
Buja nTOroBoro KOHTpoOJIA: JK3aMeH

AHHOTanus paboueit mporpaMmbl JUCHUTLTAHBI
«30H10Basi MUKPOCKOIIH S
(b1.B./IB.03.02)

1. Heap aucuumiadHbl — (GopMupoBaHHE y OOYYAIONMIMXCS 3HAHMK O CKaHHPYIOMIEH
30HJOBOM MHKPOCKOIHUH, €€ TEOPETUYECKHX OCHOB, MPHUHIMIIOB Pa0OThHI U BO3MOXHOCTH
MCIIOJIb30BaHUs JJI aKTyalIbHBIX 3a/1a4 HAHOTEXHOJIOTUH U HAHOMAaTEepUasoB.

OCHOBHBIMH 321a4aMHU JUCHUIJIMHBI SBIISIIOTCS:

- npuoOpeTeHNH OOYy4YaIOIUMUCS 3HAHUW 00 YCTpoWCTBE U MpUHIUIE PadOTHI
CKaHUPYIOILEr0 30HA0BOT0 MUKPOCKOIIA;

- (hopmupoBaHUEe y 00YUYArOIIMXCSl CHCTEMHBIX 3HaHUH B 00JIACTH METOJ0B CKaHUPYIOIIEH
30HJ0BOM MHKPOCKOIHUH;

- (¢opmMupoBaHHe y OOYyYaIONIUXCS IMOHUMAHHUS O BO3MOXKHOCTSX UM OTPAHHUYCHUS
WCIIONIb30BAaHUSI METOJIOB CKaHHPYIOIIEr0 30HIOBOIO MHUKPOCKOMA B Pa3IUYHBIX O0NACTAX
HaHOMaTEPHAJIOB, BBIPAOOTKA HA 3TON OCHOBE CUCTEMHOTO MOX0/1a K TOCTAHOBKE U BBIOTHEHHUIO
HAYYHBIX MCCJIENIOBAHUN B yKa3aHHOW 00JacTH, CIIOCOOHOCTH aHAIM3UPOBATh U KPUTUYECKU
OIICHUBATH IMOJTyYaeMbI€ Pe3yJIbTaThI, PEJIaraTh MyTH PEIICHUS MOCTABIECHHBIX 3a/1a4.

2. B pe3yabrare wu3yYeHHs JAUCHUIUIMHBI O0y4YaKIIMiiCE MO MporpamMmme
MarucTpaTrypbl 10J/KeH:

Obnadamyp clieyIOIUMUA KOMIETEHIMSIMHU:

®opMupyemMble KOMIIETEHIIUH NHaukaTopbl JOCTHXKEHUST KOMITeTeHITHit
IIK-1 CniocoGeH n1uarHocTUpOBaTh IIK-1.3. Bnageer ombITOM OMpe/eieHus
CTPYKTypy MaTepHualia Ha MUKPO U CTPYKTYpbI MaTepHala ¢ UCIOIb30BAaHHEM
HaHOYPOBHE TUGPAKIIMOHHBIX U CIIEKTPaIbHBIX METO/IOB.
ITK-2 Crioco6en camoctositensHo pooauTh | [IK-2.1. dopmupyert TpeboBaHuUs K
Hay4YHO-HCCIIeIOBATEIbCKUE PAOOTHI 11O 9KCIIEPUMEHTAILHBIM 00pa3iiaM

CO3JaHus, HCCIENOBAaHUIO U IPUMEHEHUIO HaHOMaTepuajaloB 1 HAHOCHUCTEM 1
HAHOCHCTEM W HAHOMATEPHAJIOB pe3ynbTaTaM Hay4HO-UCCIIE0BATEIbCKUX

paboT 1o ux pazpaboTke;

IIK-2.2. Boibupaer MeTobl U CpeacTBa
MIPOBEJICHUS UCCIICIOBAHUN U Pa3pabOTOK;
IIK-2.3. Onpenenser myTH pereHus
HAy4YHBIX ¥ TEXHUYECKHX 33724 B 00JIaCTH
paboT Mo CO3AaHUIO, UCCIIEIOBAHUIO U
MPUMEHEHHUIO HAHOCUCTEM U
HaHOMAaTepPHAJIOB

3HamMb:

- KJIacCcU(pUKAIMIO METOI0B CKaHUPYIOIIEH 30HI0BOIl MUKPOCKOIIHNH;

- YCTPOWCTBO, MPUHIUN PpabOTBl W (HU3UYECKHE OCHOBHI CKAHUPYIOIIUX 30HJIOBBIX
MHUKPOCKOIIOB;

— IPHHIHAILI pean3allii aTOMapHOTO pa3pelIeHus B CKaHUPYIOIINX 30HI0BBIX MUKPOCKOIIaX;

- o0Iue npeacTaBlIeHus O pa3pelaroiieil ClIoCOOHOCTH Pa3InYHbIX BUIOB;

- BO3MOXXHOCTH M 00J1acTH npuMeHeHust MeTo10B C3M 1715 rccnei0BaHrs HaHOMAaTEepHAaJloB.

ymemn:



- aHaJIM3UPOBATh U300paKEHMS U JaHHBIE, 10JIyUYEHHbIE pa3IuyHbIMU MeTotamu C3M;

— KOPPEKTHO OMNpeAesTh MOP(HOIOTHI0 HAHOOOBEKTOB U HAHOMATEPHAJIOB;

- HCIOJB30BaTh CTaHIApTHHIE MeTOAUKN C3M 11 aHanu3a HAHOMAaTEPUAJIOB;

- (dopMynHpOBaTh TEXHUYECKHE TPEOOBAHUS K OOBEKTAM HCCIIEIOBAHUS.

gnademsn:

- HaBBIKaMH 00pabOTKHM M300pakeHUi, MOMYYSHHBIX Pa3NTUYHbIMUA MeTogaMu C3M;

- TIpPUHOMIIAMHU TIPOBEJCHUS SKCIIEPHUMEHTa Ha COBPEMEHHBIX HIpPUOOpax CKaHUpPYIOLIeH
30HI0BOM MUKPOCKOIINH;

- MeToJaMH paboThl C HAY4YHOH JUTEepaTypoil U 31eKTPOHHO-OMOIMOTEUHBIMU PECYpCaMHU 110
TEOPETUUECKUM U TEXHOJIOIMUECKUM aCIIEKTaM CKaHUPYIOLIEH 30H10BOM MUKPOCKOIHH.

3. Kpartkoe cogep:xanue JUCUMIIIIMHBI:

Pasnea 1. OcHoBBI ckaHupylomieii 30H10B0H Mukpockonuu (C3M)

Pa3znean 1.1 CoBpeMeHHbIe MeTOAbI BU3YAJIN3aLMH HAHOMATEPHUAJIOB.

CoBpeMEHHbIE ~ METOJbl  BHM3yallM3allMd M HUCCIEJOBaHMS  HAHOOOBEKTOB U
HaHomarepuanoB. IloHatus paspemaronieil crnocoOHOCTH U AU(MPAKIMOHHOIO Ipeaena.
ATomapHOE pa3pellleHuE B COBPEMEHHBIX MeTojax uccienoBaHusi. CpaBHEHHE OCHOBHBIX
MHUKPOCKOIMYECKMX METOAO0B (ONTHYECKHE, 3JIEKTPOHHBIe, 30HIO0BbIE). I[Ipeumymiectna,
HEJAOCTaTKW M 00JacTM  NPUMEHEHUS  CKaHUPYIOLIEH  3JEKTPOHHOM  MHUKPOCKOIHH,
IIPOCBEYMBAIOLIECH 3JIEKTPOHHOM MUKPOCKOIIMH U CKAHUPYIOLIEH 3JIEKTPOHHOM MUKPOCKOIIHMH.

Pasnen 1.2. Beenenue B C3M.

Hctopus C3M. YcTpoHCTBO M IPUHIUI PAa0OThI CKAHUPYIOIINX 30H10BBIX MUKPOCKOIIOB.
Ocuosusie anemenTsl C3M. Ckanepsl. Cucrema o0paTHO# CBsI3U. 30HIOBBIE NaTUYWKU. [IpuHIHI
dopmupoBanus uzoOpaxkenuss B C3M. 3amura oT BHemHUX Bo3zzaeWcTBuil. Kiaccuduxanus
MeTo10B C3M. CpaBHeHue pa3pemiaronieil CnocoOHOCTH pa3iuuHbIX BUI0B C3M.

Pa3zpnen 1.3. Ckanupyomasi TyHHeabHass MuUKkpockonus (CTM).

®uznueckre ocHOBbI CTM. DileKTpOHHBIE CTPYKTYPBI TBEPAOTO TEJIa U €ro MOBEPXHOCTH.
TynnenbHblll 3Qdext. Texunueckne ocHoBbl CTM. KoHCTpyKIMM CKaHUPYIOIMIUX TYHHEIbHBIX
MUKpockomnoB. Pexumsl pabotel CTM. Metoa nocTostHHON Toka. MeToJl HOCTOSIHHON BBICOTHI.
Meton oTobpaxkeHue paboThl BbIxoja. Peanu3zanuss aToMapHOro pa3pelieHus B CKaHUPYIOLIEM
TyHHeNIbHOM Mukpockorne. Orpannuenuss CTM. Peanusanus aToMapHOro paspeuieHusl B
CKaHUPYIOIIEM TYHHEIBbHOM MHKpockone. [loaroroska nmoepxHocTd TBepabIx Ten st CTM
UCCIIEJOBAHUM.

Paspnen 1.4. ATomHO-cu10Basi Mukpockonusi (ACM).

CuiioBoe B3aMMOJIEHCTBHE 30HJIOBOTO jJaTunka u oOpasma. Ilorenuman Jlennapna-
Jxonca. ACM 30HIBI: BHJIBI, CIOCOOBI M3TOTOBJIEHUS, OCHOBHBIE MapameTpbl. KoHCTpykuus
ACM. CnocoObl peructpaiui OTKJIOHEHUs KaHTuieBepa. Pexumbl padotsl ACM. KonTakTHas
ATOMHO-CHJIOBas MMKPOCKOIUSI- METOJ IIOCTOSSHHOM BBICOTBI, METOJ TOCTOSIHHOM CHJIBI,
KOHTaKTHBIN MeTo paccoriacoBanus. Hegocratku kontaktHOM ACM. [TomykoHTaKTHAst aTOMHO-
cunoBasg MuKpockonus. [IpemmymecrBa m Henoctatku mnosnykoHTakTHOW ACM. Kpussie
3aBUCHUMOCTH CHJIBI OT paccTosHus. JlarepaibHoe B3auMMOJECTBHE 30HAa W o0Opasla.
Mukpockonusi narepaidbHbIX cuil. Paspemaromas cnocooHocte ACM. beckontaktHas ACM.
Bo3smoxnoctn 6OeckontakTHOM ACM. Vcnonb3oBaHHe OpraHMYECKHMX MOJIEKYJI B KauecTBe
30H10B 111 C3M. Hanotpy6xu — natunku C3M.

Paznen 1.4. Ckanupyromas 0JMKHenoJbHass onTuyeckasi Mukpockonus (CbOM).

Teopernueckue ocHoBsl CBOM. DOddextuBHOE mnpeojoieHne  ONTHYECKOTO
mudpaxauonHoro npenena. 3ol CBOM: Tunsl, nzrorosienne. Konctpykuny O1MKHENOIbHBIX
ONTUYECKUX MUKPOCKONOB. KOHTPOJIb paccTOsIHUS MEX 1y 30HJIOM U IOBEPXHOCTHIO. Peanuzanus
cucTeMbl 00paTHO# cBsi3u. Pazpematomas ciocooHocth CBOM. Pesxxumbt paboTst 11 Buibl CBOM.
Kondurypamus CbOM ¢ monynem UK-Dypse.

Paznen 2. Bo3amoxknoctu C3M.

Pasnen 2.1. Ipyrue Buast C3M.

Muxkpockonus cuil TpeHus. MeToa MOAysIuu CHibl. MHOTONMpPOXOAHBIE METOJIUKH



paboter C3M. DaekTpocuioBast MEKpockomnus. CKaHUPYIOIIasi EMKOCTHAs MUKPOCKOMHs. MeTos
3oH1a KenbpBuHa. MarautHas cunoBas Mukpockonust (MCM). Tlpuniun padotst C3M B pexxnume
MCM. Ksasucratnueckue meroauku MCM. KonebarensHble meronuku MCM. 30HO0BEIE
natuuku it MCM. Jlurorpadgus 8 C3M. CTM, ACM nurorpadus. AHOTHO-OKUCTUTEIbHAS
autorpadus.

2.2. Bo3amoxknoctu C3M.

[Ipeumymecrea u Hemoctatkn C3M. Crangaptel C3M. HckaxeHue u300pakeHHs
ckaHepoM. VckaxkeHusi, CBsI3aHHBIC C 30HJOBBIM JIaTYUKOM. VICKa)keHUs, CBSI3aHHBIC PEKUMOM
pabotel C3M. Kanubposka C3M. [Ipunnumbe: koppekTupoBku n3o0paxenuit C3M. BozaMmoxHOCTH
ATOMHO-CHJIOBOW MHUKPOCKOTIMH B OIIPEICICHUH (OPMBI U Pa3MEPOB HAHOYACTHUI] METAIIJIOB M HX
coeTMHCHUIH. MEeTOIMKN BOCCTAHOBJICHUS PEaIbHON reoMeTprH 00beKTOB ncciaeaoBanuss ACM.
Bo3M0XHOCTB MpOBEACHUS HEpa3pyIIIAIOIINX UCCIIeI0BaHMM ¢ moMoIisio ACM.

Paznea 3. [Ipumenenne C3M

Paznen 3.1. Ilpumenenue C3M s wucc/e0BaHUS OCHOBHBIX KJACCOB
HAHOMATEPHAJIOB.

AtomapHoe paspeunieHue, nocturHyroe ¢ nomoumbto CTM. Ilpumenenne MCM.
[Ipumenenus OnrkHENONbHOM onTukU. MccnemoBaHue BOJOPOAHBIX cBsizell. OmpeneneHue
pasmepoB u (opmbl HaHOWacTull. McciaemoBaHuss MOPQOJIOTUU U JIOKATBHBIX CBOWCTB
MOJIMMEPHBIX MaTepHuanioB. MccnenoBannss MarHUTHBIX HAHOYACTHIL U CTPYKTYp MetogoM MCM.
Brruucnenue anresuonnbix cun MerogoM ACM. Bosmoxknoctu u mepcrnektuBsl ACM B
UCCJICIOBAaHUM CHUHTETHYECKUX XHMMHYECKUX BOJOKOH. lccrnenoBanue HaaMOJICKYISIpHON
CTPYKTYPBI IOJTUMEPOB U KOMITO3UTOB. Vcronb3oBanre C3M u1s uccieoBaHust MOPQPOJIOTHU U
MIPOLIECCOB POCTA.

Paznen 3.2. UccaenoBanue 0H0JI0rHYeCKUX 00HEKTOB ¢ moMolb0 C3M.

Ucnons3oBanue C3M B pasznuusbix cpenax. Bosmoxknoctu C3M ans ucclieqoBaHUS
O0BEKTOB B JKHIKHX cpefax. [IpHHIMIBI MPUTOTOBJICHUS OWOJOTUYECKHX OOBEKTOB JIJIs
uccienoBanust ¢ nomoipio C3M. B03MOXXHOCTH B HCCIEIOBAaHUU OEIKOBBIX MOJIEKYT C
nomombio C3M. WMsyuenune JIHK. WccnemoBanust BupycoB u Oakrtepuit. HccnemoBanue
aJAre3uOHHBIX B3aUMOJEHCTBHI.

Paznea 3.3. CoBpemennbie npudopsi u Metoas C3M.

OCHOBHBIE MTPOU3BOJUTENN CKAHUPYIOIIMX 30HJIOBBIX MUKpOcKonoB. Popmar nanHsix B C3M.
Bapuantel Buzyanuzanun C3M uzobpaxenuil. KonnuectBenusiit anannz C3M u3o0paxeHUH.
CratucTu4eckuii anaian3 n300pakeH i, MOMy4YeHHBIX ¢ momoiso C3M.

4. O0beM y4eOHOH JUCHHUILINHBI

B 3aueTHBIX B akanewm.

Bunet yueOHoI paboThI €IUHULIAX yacax

OO0mas TpyA0eMKOCTh THUCIUIIIUHBI M0 Y4eOHOMY MJIAHY 5 180
KonraktHas pa6ora (KP): 1,42 51
Jlexumnu (JIek) 0,47 17
JIaGopartopusie 3ansaTHs (JIab) - -
[Ipaktuueckue 3ansatus (I113) 0,94 34
CamocrositesibHas padora (CP): 2,58 93
KonTakTHas camocrositensHas paboTa 258 -
CamocTosTenbHOE U3yUYCHHUE PA3/IeTOB TUCITUTLUTMHBI ’ 93
Bua konTpoJs:

JK3aMeH 1,0 36
KonTakTHas paboTa — mpoMeKyToUHAasl aTTECTALIMS 10 0,4

[TonroroBka K sK3aMeHy 35,6




Bua uTOroBOro KOHTpOJIA:

IK3aMeH

B 3auetHbIx B actp.

Bunel yueOHo# paboThI €IMHUIIAX yacax
O0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4e0HOMY IVIaHY 5 135
Konrakthasi padora (KP): 1,42 38,25
Jlexuuu (Jlek) 0,47 12,75
Jlaboparopusie 3ansaTus (J1ad) - -
[Mpaktuueckue 3ansatus (I13) 0,94 25,50
CamocrositeabHas padora (CP): 2,58 69,75
KonTakTHas camocrositenbHas paboTa 559 -
CamocrosiTenbHOE U3yUYEeHHE PA3/IeTIOB JUCIIUILIMHBI ' 69,75
Bua konrpoJs:
9K3aMeH 1,0 27
KonTakTHas paboTa — mpoMeKyTOUHAS aTTECTALIHS 10 0,3
[ToaroroBka K 5K3aMeHY ' 26,7
Buja nToroBoro KOHTpoOJIs: JK3aMeH




5.4 IlpakTuka
Oo0s13aTesibHAsA YaCTh
YyeOHasi NPAKTHKA: NPAKTUKA 10 MOJYYEHUIO IEPBUYHBIX PO eCcCHOHAIbHBIX
yYMeHHii U HABBIKOB
(b2.0.01(Y))

1. lleJb NPAKTHUKU NO NOJYYEeHHMI) NMEPBHYHBLIX NPO(ecCHOHAIbHBIX YMEHHMH U
HABBIKOB — IOJYy4YeHHE O0Yy4arouuMcsl MEPBUYHBIX MPO(ECCHOHAIBHBIX YMEHUN U HaBBIKOB
MyTEM CaMOCTOSITEILHOTO TBOPUYECKOTO BBIMOJHEHUS 3a/lay, MOCTaBJICHHBIX MPOrPaMMOMN
MPAKTHKU.

2. B pe3yabrare wu3ydyeHus JAUCHUILVIMHBI OO0y4yawuuiicsi mo mnporpamMmme
MATUCTPATYPbI A0JKEH:

Obnadamp CIeTYIOIMUMA KOMIETSHITHSIMHE:

YK-1.1, OIIK-4.1, OIIK-7.1.

3HamMb!

- MOPSI0K OpPTaHU3alNH, TUIAHUPOBAHHUS, TPOBEACHUS U 00ECTICUSHHSI
HAYYHO-HCCIIEIOBATENICKUX  pabOT € HCIOJNB30BAaHHEM  COBPEMEHHBIX
TEXHOJIOTHIi;

- MOPSIOK OpraHU3aliy, INIAHUPOBAHNUS, IPOBEICHUS U O0ECTIeUeHUs
00pa30BaTeNbHON  JI€ATENBHOCTH MO HpOQUI0 U3y4aeMoll  MIporpammbl
MarucTpaTypsbl.

ymemy:

- OCYLIECTBJISATh TIOUCK, 00pabOTKYy M aHAJIU3 HAayYHO-TEXHUYECKON
uHpOpMaLKUU 1O MPO(UITIO MPOWICHHON NMPAKTUKH, B TOM YHUCJIE ¢ IPUMEHEHUEM
Internet-texuomoruii;

- UCTIOJIB30BaTh COBPEMEHHBIEC MPUOOPHI M METOIUKHU IO MPOGHUITIO
OporpaMMbl MarucTpaTypbl, OpPraHU30BBIBaTh IPOBEAECHUE HKCIEPUMEHTOB U
UCIBITaHUH, IPOBOJUTH UX 00pabOTKY U aHAIM3UPOBATh UX PE3YJIbTAThI;

- BBITIOJHATH NeJarornueckrue GyHKIUU, TPOBOAUTH IPAKTUUECKUE U
na0opaTOpHble 3aHATHS CO CTYAEHYECKOM aynuTopued 1o BbIOpaHHOMY
HAIpPaBJIEHUIO OJITOTOBKHU.

enadems.

- CHOCOOHOCTBIO M TOTOBHOCTBIO K  HCCIIEI0BATEIbCKON
JESTEIbHOCTH 110 MPOQUITIO U3y4yaeMOW MTPOrpaMMbl MarucTpaTyphl;

- METOJIOJIOTUYECKUMHU  MOJXOJlaMH K  OpraHu3alMd  Hay4dHO-
UCCIIEI0BATEIbCKON U 00pa30BaTeIbHOM 1€ATEIbHOCTH;

- CHOCOOHOCTBIO HA MPAKTUKE MCIOIb30BaTh YMEHMS M HABBIKU B
OpraHu3ali HayYHO-UCCIeI0BATEIbCKUX U MIPOEKTHBIX padoT;

- HaBBIKAMU BBICTYIUICHUH nepe] yueOHoW ay JuTopuei.

3. KpaTkoe coaep:xanue y4eOHOM NPAKTHUKHU - TPAKTHKH 110 NOJTY4eHHIO NEPBUYHBIX
Nnpo¢ecCHOHATBHBIX YMEHUI U HABBIKOB

VYyeOHasi mpakTHKa BKIIIOYAET ATAlbl 03HAKOMJIEHHS C METOJI0JIOTMYECKUMU OCHOBaMH U
NPaKTUYECKOI0 OCBOCHMS MPHEMOB OpPraHU3allMM, TUIAHUPOBAHMS, IPOBEACHUS U O0ecredeHus
HAy4YHO-HCCJIEIOBAaTeIbCKOM M 00pa3oBaTENbHOM  JI€ATEIbHOCTH,  O3HAKOMIJIEHHS  C
NeSITeIbHOCThIO 00pa30BaTeIbHbIX, HAYUHO-UCCIIEAOBATENLCKUX U MPOEKTHBIX OPraHU3aIMi Mo
npodUITI0 U3y4aeMoil mporpaMMbl MarucTpaTypsbl.

KonkperHoe copeprkanue yueOHOM NMPakTUKH ONpeIeNsIeTCs] UHINBHUIYyaIbHBIM 3a/laHuEeM
oOyudaromierocsi ¢ yuéToM HMHTEPECOB M BO3MOXKHOCTEH KadeIpbl WM OpraHu3aluy, I7ie OHa
npoBouTcs. HAMBUyanbHOE 33/1aHue pa3pabaThiBaeTCs M0 PO U3ydaeMOn MpOrpaMmMbl
MarucTpatypsl ¢ y4€TOM TeMbI BbIITYCKHON KBaTU(PUKALMOHHON pabOTHI.

4. O0bemM NpaKTHKH



B 3auernbix | B akanmem.

Bunst yueOHoI paboThI eAMHULIAX yacax
OO0masi Tpy10eMKOCTb JTUCIUIIIMHBI 10 Y4eOHOMY MIAHY 3 108
Konrakthas patdora (KP): 0,94 34
B TOM 4HcJie B popMe NPAaKTHYECKO MOATOTOBKH 0,94 34
Jlexuuu (Jlek) - -
Jlaboparopusie 3ansaTus (J1ad) - -
[Ipaktrueckue 3ausarus (I113) 0,94 34
B TOM 4YHCJIe B popMe MpaKTUUECKON MOATOTOBKH 0,94 34
CamocrositesibHas padora (CP): 2,06 74
KoHTtakTHas camocTosTenbHas pabota 206 0,2
CamocTosiTebHOEC U3YUYEHHE Pa3JIeTIOB JUCIIUILIMHbI ' 73,8
Bupa koHTpOJIA:
3a4eT ¢ OLIEHKOH + +
Buj nTOroBoro KOHTpoJIs: 3auer ¢ oUEeHKOIi

B 3aueTHbIxX B actp.

Bunst yueOHOI paboThI €QUHHLIAX yacax
O0mas Tpy10eMKOCTb JMCUMILIUHBI M0 Y4e0HOMY IJIAHY 3 81
KonrakthHas patdora (KP): 0,94 25,50
B TOM 4ucJie B (popMe NPAKTHYECKOI MOAT0TOBKHU 0,94 25,50
Jlexuunu (Jlek) - -
JlaGopaTopnsbie 3ansTus (JIad) - -
[Ipaktuueckue 3ansatus (I113) 0,94 25,50
B TOM 4YHCJIe B popMe MPaKTUYECKON MOATOTOBKH 0,94 25,50
CamocrositesnbHas padora (CP): 2,06 55,50
KonTakTHas camocTosiTenbHas paboTa 206 0,15
CaMocTosITENbHOE U3YUEHUE PA3AEIOB TUCIUILIMHBI ’ 54,35
Bua koHnTpoJIs:
3aueT ¢ OLEeHKON + +
Buja nTOroBoro KOHTpoOJIsi: 3auer ¢ OUEHKOIi

Yacrb, popMupyemMas ydyacTHUKaMHU 00pa3oBaTeIbHbIX OTHOLIEHUI
IIpon3BoacTBeHHAsI NPAKTHKA: HAYYHO-HCCJIeI0BaTelbCKas padoTa
(52.B.01 (H))
1. Hea» HUP — — popmupoBanue yHUBEpCaNbHBIX U MPOGECCHOHATBHBIX KOMIETEHIIUH
U IpUOOpEeTEeHUE HABBIKOB B 00JACTHM HAY4YHBIX HCCIEIOBAHUM B O0JAaCTH XUMHYECKOU
TEXHOJOTMM  HAHOMATEPHAJIOB  IOCPEACTBOM  IUIAHUPOBAHHMA M OCYLIECTBIICHUS
AKCIIEPUMEHTAIBHOM JESTEIBHOCTH.
2. B pe3yabraTe M3y4YeHUs] MCHUILVIMHBI oOyvyammmiicd 10 mnporpamme
MArucTpaTyphbl 10JI2KeH:
Obnadamyp CleqyIOMUMA KOMIETEHIUSIMHU:

DopMupyeMbie KOMIIETCHIUT NHauKaTOpHI J0CTHKEHUST KOMIIeTeH U
YK-1. Crioco6eH oCymecTBIATh YK-1.1. CocraBisieT aHHOTAIIUU T10
KPUTHYECKHUI aHaIn3 IpoOJEMHBIX CUTYaIluil | pe3yJapTaTaM MOUCcKa HHPOpMAIUU U3




Ha OCHOBE CUCTEMHOI0 MOJIX0/1a,
BBIPa0ATHIBATh CTPATETHIO ACHCTBUI

JOKYMEHTATbHBIX HCTOYHUKOB U
MCCIIEIOBATEIILCKOM JTUTEPATYPHI;

YK-1.2. Co3naer aHaIUTHYIECKHUIT 0030p 11O
3aJJaHHOH TeMe, COIOCTABIISIS TaHHBIC
Pa3IMYHBIX UCTOYHUKOB C CIOJIH30BAHUEM
KPUTEPUATLHOTO TI0IX0/1a;

YK-1.3. Aranuzupyet npoOieMHYIO
CUTYAIIMIO KaK CUCTEMY, BBISBIISS €€
COCTABIISIFOLIHE U CBSI3U MEXKIYy HUMU;
YK-1.4. OnpenensieT mpoOeIbl B
nH(pOopMaIUY, HEOOXOAUMOU JIJIsl PEIICHIUS
MPOOJIEMHOM CUTYalluH, U TIPOCKTUPYET
MIPOIIECCHI IO UX YCTPAHEHHUIO;

YK-1.5. PazpabarbeiBaeT u coaepKaTeabHO
apryMEHTHPYET CTPATErHi0 PeIICHHS
MPOOJIEMHOM CUTYalluu Ha OCHOBE
CHCTEMHOT'0 ¥ MEXIUCIUTTHHAPHBIX
MIOJIXO/IOB;

YK-1.6. Mcnonb3yer J0THKO-
METOAO0JOTHYECKUI UHCTPYMEHTApUI 1JIs
KPUTHYECKOW OLIEHKU COBPEMEHHBIX
KOHIIeNUH (PHUI0cOPCKOro M COIHATBHOTO
XapakTepa B CBOCH MPEeIMETHOM 00acTu

YK-2. Cioco0eH ynpasisiTh MPOSKTOM Ha
BCEX JTalax ero XM3HEHHOTo UKJIa

YK-2.1. ®opmynupyet Ha OCHOBE
MOCTABICHHOM MPOOJIEMBI MPOSKTHYIO 3a/1a4y
1 CII0Cc00 ee pelieHus Yepe3 peaan3aluio
MIPOEKTHOTO YIPaBICHUS

YK-2.2. BeisBnsieT pe3epBbl U pa3padbaThiBaeT
MepbI IO 00ECTIEYCHHIO peKruMa
pecypcordHEKTUBHOCTH HA TIPEANPUSTHH,
YK-2.3. Pa3zpabaTbiBaeT KOHIEMIINIO TPOEKTa
B paMKax 0003HaY€HHOW MPOOIIEMBI:
(dhopMynupyer 1enb, 3a1a4i, 000CHOBBIBAET
aKTyallbHOCTh, 3HAYUMOCTD, O’KUaeMbIE
Pe3yJIbTAThl U BO3MOXKHBIE chephl UX
MIPUMEHEHUS,

YK-2.4. OcyniecTBiissieT MOHUTOPHHT X0/1a
peanu3aiuy NpoeKTa, KOPPEeKTUPYET
OTKJIOHEHHU S, BHOCUT JIOTIOJTHUTEITLHBIC
W3MEHEHHUS B TJIaH pealln3allii MPOeKTa,
YTOYHSET 30HBI OTBETCTBEHHOCTH YYACTHUKOB
MIPOEKTA.

YK-3. CnocoGeH opraHu30BbIBaTh U
PYKOBOJIUTH pabOTON KOMaH/IbI,
BbIpabaThIBast KOMaHIHYIO CTPATETUIO JJIst
TOCTIDKEHUS TIOCTABIICHHOM 1IeH

YK-3.1. YyacTByeT B BHIIOJIHEHUH ITPOEKTOB
TPYIIIOBOTO XapaKTepa Ha pa3INIHbIX
CTaUsIX UX MOJATOTOBKU U peaTu3aIim:
«IIJIAHUPOBAHUE — MTPOEKTUPOBAHHE —
IPUMEHEHHE — TIPOU3BOJICTBOY;

YK-3.2. BeipabaTbIBaeT CTpaTeruio
COTPY/ZHHUYECTBA M HA €€ OCHOBE OpraHU3yeT
0TOOp WIEHOB KOMaH/IbI JUTST JOCTHIKEHHSI
MMOCTABJICHHOMN IEJIH;




YK-3.3. [Inanupyer KOMaHIHYIO paboTy,
pacrpenenser Nopy4eHus 1 JelIerupyeT
MIOJTHOMOYHS WIEHAM KOMaH/IbI C y4ETOM
UHTEPECOB, OCOOCHHOCTEN IIOBEJICHUS U
MHEHHI €€ YICHOB

YK-4. Crioco6eH NpUMEHATh COBPEMEHHBIE
KOMMYHHUKATUBHBIC TEXHOJIOTHH, B TOM YHUCJIC
Ha HHOCTPAHHOM(BIX) sI3bIKE(ax), IS
aKaJeMHYeCKOTo U MPOPECCHOHATHHOTO
B3aUMOJICUCTBU

YK-4.1. [IpeacraBnsieT pe3yabTaThl
aKaJIeMUYeCKOl 1 MpopecCuOHATLHON
JESTeIbHOCTH Ha PA3IMYHBIX MyOIUYHBIX
MEPOIPUATHIX, BKIIOYAsT MEXKTyHAPOIHBIC,
BBIOMpas HanboJee moaxoasmui Gpopmar;
YK-4.2. AprymMeHTHpOBaHHO U
KOHCTPYKTHBHO OTCTaUBAET CBOU MO3UIUU U
UJICH B aKQICMUYCCKUX U
npoeccnoHalbHBIX JUCKYCCUAX Ha
roCyIapCTBEHHOM s13blke PD 1 HHOCTpaHHOM
SI3BIKE;

YK-4.3. Bnajgeer HaBbIKaMH BEJICHUS
JICJIOBOM MEePENICKU Ha PyCCKOM U
WHOCTPAHHOM SI3BIKE;

YK-4.4. CocraBisieT, IepeBOIUT U
PEMAKTHPYET pa3INYHbIC aKaIEMUICCKUE
TeKCTHI (pedepatsl, 3cce, 0030pbl, CTAaThU U
T.J1.), B TOM YHCJIC HA HHOCTPAHHOM SI3BIKE.

YK-5. CnocoGeH aHanm3upoBaTh U
YUYHUTBIBATh Pa3HOOOpa3ue KyJIbTyp B
MPOLIECCEe MEKKYIBTYPHOI'O B3aUMOICHCTBUS

YK-5.1. Ananuzupyer BaxxHen1ue
UJC0JIOTHYECKHUE U LIEHHOCTHBIE CUCTEMBI,
c(opMHpOBABIIUECS B XOAE UCTOPHUYECKOTO
pa3BUTHs; 0OOCHOBBIBAET aKTYalIbHOCTb UX
WCTIOJIH30BAHUS TIPU COLIMATILHOM H
npo¢ecCHOHATbHOM B3aUMO/IEHCTBUY;
YK-5.2. O0ecrieunBaer co3ganue
HEIMCKPUMHHAIMOHHON Cpeibl
B3aMMOJICHCTBHSI TIPH BHITIOJTHEHUH
npogeccuOHANBHBIX 3a/1a4;

YK-5.3. BeicTpanBaeT conuaabHOe
npogeccuoHaIbHOE B3aUMOJIEHCTBUE C
y4€TOM 0COOEHHOCTEW OCHOBHBIX (hopM
HAY4YHOT'O M PEIMIMO3HOTO CO3HAHUS,
JIeJIOBOM U 001Iel KyJIbTYpHBI ITpeICTaBUTENIEH
JPYTUX THOCOB U KOH(ECCHUi, pa3IMUHBIX
COIMAIBHBIX TPYIIL.

YK-6. CnocoGeH onpeaensiTs U
pean30BBIBATh IPUOPHUTETHI COOCTBEHHOI
EITELHOCTH U CIIOCOOEBI €€
COBEPIIICHCTBOBAHMSI HA OCHOBE CAMOOIICHKH

YK-6.1. OueHuBaeT cBOM pecypchl U UX
npenensl (JITYHOCTHBIE, CUTYaTHBHEIE,
BpPEMEHHBIE), ONITUMAIBHO UX UCIIOJIB3YET IS
YCIIEUTHOTO BBIMTOIHEHHS TOPYUYECHHOTO
3a7aHus;

YK-6.2. Onpenensier npuOpUTETHI
po(heCCHOHATTLHOTO POCTA U CIIOCOObI
COBEPIIICHCTBOBAHUS COOCTBEHHOM
JesITeIbHOCTH HAa OCHOBE CAMOOILICHKH T10
BBIOpAaHHBIM KPHTEPHSIM;




YK-6.3. BeicTpanBaeT rudkyio

PO eCCHOHATTLHYIO TPAEKTOPHIO, UCIIOIB3Y I
WHCTPYMEHTBI HEIIPEPBIBHOTO 00pa30BaHusl, C
Y4ETOM HAKOIUICHHOTO OITBITA
npodeccnoHABHOMN IeATEIBHOCTH H
JTMHAMUYHO M3MEHSIONIMXCS TPEOOBaHUIA
pBIHKA TpyJa.

IIK-1 CriocoOeH quarHocTupoBaTh
CTPYKTypy Marepualia Ha MUKPO U
HAaHOYPOBHE

IIK-1.1. BnageeT onbIToM OnpeaeeHus
CTPYKTYpPBI MaTepuaia ¢ UCIOJb30BaHUEM
CKAHMPYIOLLEH JIEKTPOHHON MUKPOCKOIINY;
IIK-1.2 Biiageet onbITOM ONpEIeICHUS
CTPYKTYpPBI MaTepuaia ¢ UCIOJIb30BaHUEM
MPOCBEUUBAIOIICH JIEKTPOHHON
MUKPOCKOIIHH;

IIK-1.3. BnageeT onbIToM onpeaeIeHus
CTPYKTYpPBI MaTepuasa ¢ UCIOJIb30BaHUEM
T (PAKIIMOHHBIX U CTIEKTPAIIBHBIX METOJIOB;
IIK-1.4. BnageeT OnbITOM ONpeaeIeHUs
CTPYKTYpbl HAHOMATEepUAJIOB U
HAaHOCTPYKTYPHUPOBAHHBIX Cpejl C
WCIOJIb30BAHUEM CKaHUPYIOLIEH 30H10BOM
MHKPOCKOIIHH;

IIK-1.5. Biageer onbITOM HCIIOJIB30BAHUS
TEPMUYECKUX METOJIOB aHATIU3a JIJIs
OTpeJIeJICHUsI CTPYKTYPhl MaT€pHajIoB Ha
MHUKPO- U HAHOYPOBHE

IIK-2 CriocoGeH caMOCTOSITEIbHO ITPOBOIUTH
Hay4YHO-UCCIIEeI0BATENIbCKUE PAOOTHI 110
CO3/]aHUsl, UCCIIEIOBAHUIO U IPUMEHEHHIO
HaHOCHCTEM U HaHOMAaTEPHUAJIOB

IIK-2.1. ®opmupyet TpeOOBaHUS K
IKCIEPUMEHTAIBHBIM 00pa3am
HaHOMaTepHaJIOB U HAHOCHCTEM U
pe3yibTaTaM Hay9HO-HUCCIIEAOBATELCKUX
paboT 1o ux pazpaboTke;

IIK-2.2. Beibupaet METO/bI U CPEICTBA
IIPOBE/ICHUS HCCIIEI0OBAaHNHN U pa3paboToK;
IIK-2.3. Onpenenser myTH pereHus
Hay4YHBIX U TEXHHUUYECKHUX 3aj[ay B 00JacTu
paboT 1o CO3/1aHuI0, UCCIEOBAHUIO U
MIPUMEHEHHUIO HAHOCUCTEM Y HAHOMAaTEPUAIOB

IK-3 Crioco0eH k aHAJIM3y ¥ 0000IICHHTO
pe3yapTaTOB HAyYHO-UCCIIEI0BATEIBCKUX
paloT, IOUCKY U aHATM3y HAYYHOH U
TeXHUYecKoH nHpopMaruu B 001acTu
HAHOTEXHOJIOTUU Y CMEKHBIX AUCLMILINH [
Hay4YHOM, ITATEHTHON U MapKETUHIOBOU
MOAJEPKKH MTPOBOJUMBIX MCCIIEI0BaHUH, K
CaMOCTOSATEIILHON TTOATOTOBKE MyOJIMKAIi B
OTEUYECTBEHHBIX U 3apyOekKHBIX U3TAHUIX

IIK-3.1. Umeet ombIT cO0pa, 00pabOTKH,
aHaM3a M CUCTEMaTH3aIMH HAayJHO-
TEeXHUYECKOH nH(popMau B 001aCTH
HAHOTEXHOJIOTUH U CMEKHBIX TUCLUIUINH;
IIK-3.2. OuenunBaer ypoBeHb HCCIeI0OBaHUH,
000CHOBAHHOCTb NPEJIaraeMbIX PEIICHUH U
PEKOMEHIANNH 110 pean3aluyl 1
WCTIOJIH30BAHUIO PE3YJIbTATOB HAYYHBIX-
HCCIEIOBAHNH];

ITK-3.3 [Ipou3BOIUT CTATUCTHYECKYIO
00paboOTKy pe3yIbTaTOB 3KCIIEPUMEHTAIBHBIX
UCCIIeIOBAaHUIM HAHOCTPYKTYPHPOBAHHBIX
MaTepHaJIoB;




IIK-3.4 UmeeT OOBIT MOATOTOBKU
PE3yNbTaTOB HAYYHO-UCCIIEOBATEIBCKUX
paboT A myOIUKaIMK B IEPUOIUIECKON
MeYaTu.
IIK-4 Crioco0OeH npeAcTaBIsITh IIK-4.1. Ananu3upyer coBpeMeHHOE
HCTOPUYECKHE ITAIBI PA3BUTHS COCTOSTHUE M UCTOPUYCCKUH MMyTh Pa3BUTHS
HAaHOTEXHOJIOTUH, BAKHEUIIINE OTKPBITUS HaHOTexHOJIoTuH B Poccuiickon @enepannu
OTEUYECTBCHHBIX YUCHBIX, Hanboee 1 B MUDE;
aKTyaJbHBIC MPOOJIEMBI, CBI3aHHBIC C IK-4.2. ®opmynupyeT Hanbosee
CO3/IaHHEM U IPUMEHEHUEM HaHOCHCTEM U aKTyaJlbHbIe TPOOJIEMbl, CBSI3aHHBIE C
HaHoMmatepuanioB B Poccuiickoii @enepaiii | CO3/1aHUEM U MPUMEHEHUEM HaHOCHCTEM U
U B MUpPE HaHomaTepuaioB B Poccuiickoit dexneparuu
U B MUDE
B pesynbrare n3ydeHus AUCHUILTUHBI CTYICHT JTOJKEH:
3nams:
— MOAXOABl K OPraHu3allid CaMOCTOSTENBbHOM U KOJIJICKTUBHOM
Hay4YHO-HCCIIEI0BATENbCKON pabOThI;
— MPUHIUIOBI  OPTaHU3AIHMHA  TIPOBEACHHS  OKCIEPHUMEHTOB  H
HCIIBITAHMI;
— MPUHIUIOBI M CHOCOOBI 3alUThl OOBEKTOB HWHTEIICKTYalbHOM
COOCTBEHHOCTH U KOMMEpLHAIU3AIUH NPaB Ha 0ObEKThl MHTEIUIEKTYaIbHOU
COOCTBEHHOCTH.
Ymemy:

- BBITMIOJHATH MOUCK, 00pa0OTKY, aHAJIU3 U CUCTEMATU3AINIO HAYYHO-
TEXHUYECKON MH(OpPMAIMU, OCYIIECTBISATh BHIOOP METOIUK U CPEJCTB PEUICHUS
3aJ1a4, MOCTABIEHHBIX IPOrPaMMOi Hay4YHO-HCCIEA0BATEIbCKON pabOTHI;

- BBIMIOJHATH 00pabOTKYy M aHAIMU3 PE3yJbTaTOB KCIEPUMEHTOB U
HUCIIBITAHHH,

- aHAJIM3UPOBATh BO3HHUKAIOIIME B HAYYHO-HCCIIEIOBATEIbCKOM
NeSITeIbHOCTH 3aTPyIHEHUS U CIIOCOOCTBOBATH UX Pa3peIICHHUIO.

Bnaoemo:

- npueMaMu pa3pabOoTKH TJIAHOB U MPOTPaMM MPOBEACHUST HAYUHBIX

WCCIJICIOBAaHUM, TEXHUYECKUX pa3paboToK, 3alaHui Al UCTIOTHUTENEH
3. Kpartkoe conep:xanne HUP

Pasnea 1. CocTaBiieHne VIAHA HAYYHO-HCCJIE0BaTeIbCKOI padoThl.

VYTBepkaeHue Tembl ucciaenoBaHuss. PopMyIupoBaHUE L€ U 3a/ad UCCIIEJOBAHMUS.
[IpoBenenue mpeaBapUTENBHOTO aHajdM3a HAyYHO-TEXHMUYECKOW HHGOpManuu 1O TeMe
uccienoanus. OnpezaeneHue NpeaBapUTeIbHON CTPYKTYPBI M COAEpKaHHUsI OCHOBHBIX pa3zesioB
JUccepTali. 3HAKOMCTBO C OCHOBAaMH IIPOBEIEHUS TEOPETHUYECKUX M IKCIIEPUMEHTAIBHBIX
uccienoBanuii. OpraHu3zallMOHHO-MeTonuYeckue wmeponpuarud. IloaroroBka oTuera Mo
pe3yJibTaTaM BBIIIOJIHEHHUS pa3zena.

Paznen 2. O0630p u aHaau3 uHpopMANUH MO TeMe HAYUYHO-HCCJIEN0BATEbCKOI
padoThI.

Brinonnenue 0630pa nuTeparypsl 1o TeMe uccaeaoBanusi. GopmynrpoBaHre OCHOBHBIX
XapaKTepUCTHK 0OBEKTa UCCIIEAOBAHUI U ONpeeNieHHe aKTyalbHOCTH M CTEINIEHN M3YyYEHHOCTU
npo0yieMbl, paccMaTpuBaeMoOll B paMkax uccienoBaHuil. Pa3paboTka MeTONMK MpOBENEHUS
HKCIEPUMEHTANbHBIX HccneoBaHuil. IlocTaHOBKa NMPOOHBIX AKCHEPUMEHTOB Il OLEHKH MU
MOCJIETYIONEH KOPPEKTUPOBKH BBIOPAHHBIX METOJOB JKCIIEPUMEHTATBHBIX HCCIICOBAHUN.
[TonroroBka oTueTa Mo pe3yabTaTaM BBIIIOJHEHUS pa3zena.

Pa3znen 3. IlpoBenenne TeopeTHYEeCKUX M IKCIEPUMEHTAJIBbHBIX MCCJIEI0BAHUI.

IIpoBeneHne TEOPETUUYECKUX M 3KCIEPUMEHTAIBHBIX UccieqoBaHui. KoppekTtupoBka u



JIOTIOJIHEHNE HKCIIEPUMEHTAJIBHBIX METOJAMK Ha OCHOBE IOJYYEHHBIX PE3yJbTaTOB. AHAIW3,
UHTEepHpeTanus u 0000IIeHHe pe3yibTaTOB HCCIENOBaHUSA; (POPMYITUPOBKAa BBIBOJOB.
DopMyIMpPOBKA U MOATOTOBKA TEOPETHUECKUX M IKCIEPUMEHTAIBHBIX PAa3JeIOB MaruCTePCKOn
nuccepranuu. [logroroBka oT4era o pe3yJibTaTaM BBIIIOJIHEHUS pa3zena.

Paznea 4. O0padoTKa pe3yibTaTOB MCCJIEI0BAHUS

OnpeneneHne OKOHYATEIBHOW CTPYKTYpbl Maructepckod muccepraruu. OOpaboTka
SKCIIEPUMEHTANIBHBIX pE3yJIbTaTOB. AHanM3, HHTEpHperanus Hu 0O0O0OIIeHHE pe3yJIbTaToB
UCCIIeIOBaHMii; (HOpMYyTUpPOBKA BBIBOAOB. [IpoBeleHHE JOMOIHUTENBHBIX TEOPETHUECKUX U
SKCIIEPUMEHTANBHBIX HCClenoBaHuil (mpu Heobxomumocth). Pa3paboTka TeopeTH4ecKoro
OTHCAHMSI SKCIIEPUMEHTAILHO HAOII01aeMBbIX SIBIICHUH U 3akoHOMepHOCTel. [loaroroska oryera
[0 pe3yJbpTaTaM BbINOJHEHUs pasnena. l[loaroroBka marepuanoB [Jis BBICTYIUIEHHM Ha
KOH(epeHIUAX 1 MyOIMKALUU B HAyYHBIX-)KypHaJaX.

4. O0beM HAYYHO-HCCJIEA0BATEIbCKOI PadOTHI

B 3aueTHBIX B akanewm.

Bunsl yueOHOI paboThI eIMHUIIAX qacax
O0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4eOHOMY IVIaHy 25 900
Konrakthas padora (KP): 11,81 425
B TOM 4YHcJIe B (pOpMe NMPAKTHYECKO# MOAT0TOBKHU 11,81 425
Jlexuunu (Jlek) - -
JlaGopaTopnsbie 3ansTus (JIad) - -
[Ipaktuueckue 3ansatus (I113) 11,81 425
B TOM 4HcIie B (hOpME NPAKTUUECKON IIOATOTOBKU 11,81 425
CamocrositesbHas padora (CP): 12,19 439
KonTtaktHas camocrositenbHasi pabora 1219 0,6
CaMoCTOsITEIbHOC H3YUYCHHE Pa3/ICIOB JUCITUIUIHHBI ' 438,4
Bua kouTpoJisi: 3auer ¢ OLEeHKOI, IK3aMeH 1,00 36
Ixzamen 10 35,6
KonTakTHas paboTa — MpOMEKyTOUHAsl aTTECTALIMSI ' 0,4
B Tom umciie mo cemecrpam:
1 cemecTp
Buabl yuedHoit padoThI B B akaiem.

3a4eTHBIX uacax
eTMHHUIAX

OO0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4eOHOMY IVIaHy 3 108
Konrakthas patora (KP): 1,42 51
B TOM 4HcJIe B popMe NPaAaKTHYECKO MOAT0TOBKH 1,42 51
Jlexuuu (Jlek) - -
JlabopaTopnsie 3ansaTust (J1ab) - -
[IpakTuueckue 3ansatus (I113) 1,42 ol
B TOM 4Hclie B (hOpMe MPAKTUUECKON OJTOTOBKU 1,42 ol
CamocrositeibHas padora (CP): 1,58 57
KonTtakTHas camoctositenbHas pabora 158 0,2
CamocTosTenbHOE U3YUYCHUE Pa3eNiOB TUCIUIUIHHEL ’ 56,8
Bua konTpoJs:
3ayer ¢ OLEHKOH + +
Buj HTOrOBOro KOHTPOJIS: 3a4er ¢ oneHkoi




2 cemecTp

Buabl yueOHoii padoThI B
3a4eTHBIX B axanem.
yacax
eTMHHUIAX
OO0masi Tpy10eMKOCTb JUCIUILIUHBI 10 Y4eOHOMY IJIAHY 3 108
Konrakthas pa6ora (KP): 1,42 51
B TOM 4HucJe B (pOpMe NPAKTHYECKOH MOAT0TOBKH 1,42 ol
Jlexuuu (Jlex) - -
JlabopaTopnsbie 3ansaTust (JIad) - -
[Ipaktrueckue 3ausarus (I113) 1,42 51
B TOM 4YHCJIe B (popMe MpaKTUUECKON MOATOTOBKH 1,42 51
CamocrositesibHas padora (CP): 1,58 57
KoHTtakTHas camocTosTenbpHas pabora 158 0,2
CaMOCTOSITEIbHOE U3YYCHUE PA3/ICIIOB IUCITUTUIMHBI ' 56,8
Bua kourpoJs:
3adeT ¢ OLIEHKOH + +

Bua uTOroBOro KOHTpOJIf:

3a4er ¢ OLEHKOM

3 cemecTp
Buabl yueOHoii padoTnl B B axazen.
3a4YeTHBIX wacax
eIMHULAX
OO01ast TPy/10eMKOCTh THCHHUIIJIMHBI 10 Y4eOHOMY NJIaHY 5 180
Konrakthasi padora (KP): 2,83 102
B TOM 4YHcJIe B (pOpMe NMPAKTHYECKO# MOAT0TOBKH 2,83 102
Jlexmuu (JIek) - -
JIaGopartophsie 3ansaTHs (JIab) - -
[Tpaktuueckue 3ansatus (I113) 2,83 102
B TOM 4HcIIe B popMe MPAKTUYECKON TOJATOTOBKU 2,83 102
CamocrositesbHas padora (CP): 2,17 78
KonTtakTHas camocrositenpHas pabora 517 0,2
CamocTosTenbHOE H3YUYEeHUE pa3/iesioB JUCIUILUIMHEL ’ 77,8
Bupa koHTpOJISI:
3aueT ¢ OLEeHKON + +

Bua uTOroBOro KOHTpOJIf:

3a4er ¢ OLEHKOM

4 cemecTp
Buabi yueOHoii padoTnl B
y P B akaaem.
3a4eTHBbIX
yacax

eIMHHUIAX

OO01as TpyA0eMKOCTh JMCUMIIMHBI 110 Y4eOHOMY ILIAHY 14 504

Konrakthas pa6ora (KP): 6,14 221

B TOM 4HcJie B ¢popMe NPaKTHYeCKOil MOATO0TOBKH 6,14 221

Jlexumu (Jlek)

JlabopaTopnsie 3ansaTust (J1ab)




[Ipaktuueckue 3ausarus (I113) 6,14 221
B TOM 4HCIIe B OopMe MPAKTUYECKON TOJATOTOBKU 6,14 221
CamocrositesbHas padora (CP): 6,86 247
KonTaktHas camocrositensHas paboTa 6.96 -
CamocrosiTenbHOE U3yUYEeHHE PA3/IeTIOB JUCIIUILIMHBI ' 247
Bua konrpoJs:
IK3aMeH 1,0 36
KoHnrtakTHas paboTa — MpoMeXyTOYHAS aTTECTAIMS 10 0,4
[ToaroroBka K 3K3aMeHy ' 35,6
Bua uTOroBOoro KOHTpoOJIs: IK3aMeH
Bujabl yueOHoii paboThI B
ARLY P B actpon.
3a4eTHBIX
yacax
eTMHHUIAX
O0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4eOHOMY IVIaHy 25 675
Konrakthasi padora (KP): 11,81 318,75
B TOM 4YHcJIe B (pOpMe NMPAKTHYECKO# MOAT0TOBKH 11,81 318,75
Jlexuunu (Jlek) - -
JlabopaTopnsbie 3ansTus (J1ad) - -
[Ipaktuueckue 3ansatus (I113) 11,81 318,75
B TOM 4YHCJIe B (popMe MPaKTUUECKON MOATOTOBKH 11,81 318,75
CamocrositenbHas padora (CP): 12,19 329,25
KoHnTakTHas camocTosiTesibHas padboTa 0,45
12,19
CaMoCTOsTEIbHOC H3YYCHHE Pa3/ICIOB JUCITUILUIHHBI 328,80
Bua xoutpoJisi: 3auer ¢ oueHKoM, JK3aMeH 1,00 27
Ikzamen 27,7
1,0
KoHTakTHas paboTa — MpOMeXyTOUYHasl aTTeCTalHsl 0,3
B ToM umcJie mo cemecTpam:
1 cemecTp
Buabl yueOHoii padoThI B
ARLY P B acTpon.
3a4eTHBIX
yacax
eTMHHUIAX
OO0mas TpyA0eMKOCTb JUCHUILIHHBI 110 Y4eOHOMY IVIaHY 3 81
Konrakthas pa6ora (KP): 1,42 38,25
B TOM 4HcJIe B popMe NPaAaKTHYECKO MOAT0TOBKH 1,42 38,25
Jlexmuu (JIek) - -
JlabopaTopusbie 3ansatust (J1ab) - -
[Ipaktuueckue 3ansatus (I113) 1,42 38,25
B TOM 4Hclie B (hOpMe MPAKTUUECKON OJTOTOBKU 1,42 38,25
CamocrositensHas pabota (CP): 1,58 42,75
KoHTtakTHas camocTosTenbpHas pabota 0,15
1,58
CaMocTosITENbHOE U3YUYEHUE PA3AEIO0B TUCIUILIMHBI 42,60
Bua konTpoJs:
3ayer ¢ OLEHKOH + +




Bua uTOroBOro KOHTpOJIf:

3auer ¢ OLEHKOM

2 cemecTp
Buabl yueOHo# padoThI B
B acTpon.
32a4YeTHBIX
yacax

eAMHULIAX
OO0uas Tpy10eMKOCTb JMCHUILIHHBI M0 Y4eOHOMY IJIAHY 3 91
Konrakthasi padora (KP): 1,42 38,25
B TOM 4HcJIe B (pOpMe NPAKTHYECKOH MOAT0TOBKHU 1,42 38,25
Jlexuuu (Jlek) - -
Jlaboparopusie 3ansaTus (J1ad) - -
[Ipaktuueckue 3ausarus (I113) 1,42 38,25
B TOM 4YHCIIE B OpME MPAKTHUUECKON TTOJATOTOBKU 1,42 38,25
CamocrositenbHas padora (CP): 1,58 42,75
KonrtakTHasi camocTosTesbHas pabota 0,15

1,58

CaMoCTOsTEIbHOC H3YYCHHE Pa3/ICIOB JUCITUILUIHHBI 42.60
Buja koHTpOJS:
3a4veT ¢ OLEHKOMN + +

Bujg uTOroBOro KOHTPOJIS:

3ayeT ¢ OLEeHKOI1

3 cemecTp
Buabl yueOHoii padoTnl B B acrpon.
3a4YeTHBIX wacax
eIMHULAX
OO01ast TPy/10eMKOCTh THCHHUIIJIMHBI 10 Y4eOHOMY NJIaHY 5 135
Konrakthasi padora (KP): 2,83 76,5
B TOM 4YHcJIe B (pOpMe NMPAKTHYECKO# MOAT0TOBKH 2,83 76,5
Jlexmuu (JIek) - -
JIaGopartophsie 3ansaTHs (JIab) - -
[Tpaktuueckue 3ansatus (I113) 2,83 76,5
B TOM 4HcIIe B popMe MPAKTUYECKON TOJATOTOBKU 2,83 76,5
Camocrositeannas paéora (CP): 2,17 58,5
KoHnTtakTHasi camocTosTenbpHas pabota 217 0,15
CaMocTosTENbHOE U3YUEHUE PA3AEIOB TUCIUILIMHBI ’ 58,35
Bua koHnTpoJIs:
3aueT ¢ OLEeHKON + +

Bua uTOroBOro KOHTpOJIf:

3auer ¢ OLEHKOM

4 cemecTp
Buabi yueoHoii pa6oThI B
ARLY P B acTpon.
3a4€eTHBIX
yacax
eIMHUIIAX
OO0mast Tpy10eMKOCTb JUCHHUILUIMHBI 10 Y4eOHOMY IJIAHY 14 378
KonrakThas paoora (KP): 6,14 165,75
B TOM 4HcJie B ¢popMe NPaKTHYeCKOil MOATO0TOBKH 6,14 165,75

Jlexumu (Jlek)

JlabopaTopnsie 3ansatust (J1ab)




[TpakTuueckue 3ansatus (I13) 6,14 165,75
B TOM 4HcCIIe B GOopMe MPAKTUYECKON TTOJATOTOBKU 6,14 165,75
CamocrositeabHas padora (CP): 6,86 185,25
KonTaktHas camocrositensHas paboTa 6.96 -
CamocrosiTenbHOE U3yUYEeHHE PA3/IeTIOB JUCIIUILIMHBI ' 185,25
Bua konrpoJs:

IK3aMeH 1,0 27
KoHnrtakTHas paboTa — MpoMeXyTOYHAS aTTECTAIMS 10 0,3
[ToaroroBka K 3K3aMeHy ' 26,7
Bua uTOroBOoro KOHTpoOJIs: IK3aMeH

AHHoOTanusA padoyeii mporpaMMbl NpeAIUNJIOMHON NPAKTHKH
(b2.B.02(11n))
1. Heab aucuuniiunbl «[Ipon3BoacTBEHHASI NPAKTHKA: MPEAMIIJIOMHAS NPAKTHKA» —
BBIIIOJTHEHUE BBIITYCKHOM KBaTH()UKALIMOHHON PaOboTHI.
OcHoBHOI1 3anayveii Aucuuniuabl «IIpou3BoacTBeHHAs] MPAKTUKA: MPeIUTNIIOMHAS

NMPaKTHKA»

ABJIIICTCA  OKOHYATCIIbHOC (1)0pMI/Ip0BaHI/Ie y o6yqa}0mnx0ﬂ KOMHGTGHHHﬁ,

CBSI3aHHBIX C XUMHYECKOW TEXHOJOTHEN HAHOMATEPUAJIOB.
Obnadamyp CleqyIOIUMUA KOMIETEHIUSIMHU:

dopmupyemble KOMIIETEHIIHU

NuaukaTopbl J0CTHKEHUS KOMIIeTeHIIU

YK-1. CnocobeH ocy1iecTBIsATh
KPUTHYECKHI aHAJIN3 POOJIEMHBIX CUTYalui
Ha OCHOBE CUCTEMHOT0 MOJAX0/a,
BBIpa0aThIBATh CTPATETHIO ICHCTBHIA

YK-1.1. CocraBisieT aHHOTAILIUH IO
pe3yabTaTaM MoucKa HHGOpMAIHH U3
JOKYMEHTaJIbHBIX HCTOYHUKOB U
WCCIIEI0BATEILCKOW JTUTEPATYPHI;

YK-1.2. Co3naeT aHATUTUYECKHUIA 0030p 10
3aJJaHHOM TeME, COTIOCTAaBIISAS JaHHbBIC
Pa3IUYHBIX HCTOYHHUKOB C HCIOJIb30BAHUEM
KPUTEPHATLHOTO TI0JIX0/1a;

YK-1.3. Ananuzupyet npo0aeMHyI0
CUTYAIIMIO KaK CUCTEMY, BBISIBIISIS €€
COCTABJISOLIME U CBSI3U MEXKAY HUMU;
YK-1.4. Onpenensier npobesnsl B
uH(popMalny, HEOOXOJUMOI [T peleHNs
MPOOJIEMHON CUTYalluH, U TIPOCKTUPYET
MIPOLIECCHI 10 UX YCTPAHEHUIO;

YK-1.5. Pa3zpabaTsiBaeT u coep:kaTeIbHO
apryMEHTHUPYET CTPATEruio peleHHs
MPOOJIEMHOM CUTYyalliy Ha OCHOBE
CHCTEMHOI'0 ¥ MEXIUCIUITIMHAPHBIX
TIOJTXO/I0B;

YK-1.6. Hcnonb3yeT J0rHKo-
METOAO0JOTHYECKNI HTHCTPYMEHTApUI JJIs
KPUTHYECKON OLIEHKU COBPEMEHHBIX
KOHIIeTIHH (GUI0CO(CKOTO U COIUATHEHOTO
XapakTepa B CBOEH IpeIMEeTHOI obiacTu

YK-2. CiocoOeH ynpasisiTh TPOSKTOM Ha
BCEX dTanax ero KM3HEHHOIro LIUKJIa

YK-2.1. ®opmynupyet Ha OCHOBE
MOCTaBJIEHHOW MPOOJIeMbI IPOEKTHYIO 3a/1a4y
U c110co0 ee peleHNs Yepe3 peann3aliio
npoekTHoro yrpasieHus YK-2.2. BoisBnsier




pe3epBBI U pa3padaThIBa€T MEPHI IO
00ecIeueHnIo pexuma
pecypcodhHEeKTHBHOCTH Ha MPEATPUSATUY;
YK-2.3. Pa3zpabarpiBaeT KOHIICTIIIUIO ITPOCKTA
B paMKax 0003HAYEeHHOW POOIEMBI:
(dhopMyJIHpYeT 11eJTb, 33J1a4i, 000CHOBBIBACT
aKTyaJIbHOCTh, 3HAYUMOCTh, OKUIACMbIE
Pe3yJIbTaThl U BO3MOXKHBIC Chephl X
MPUMCHECHUS,

YK-2.4. OcymiecTBiasieT MOHUTOPUHT X0/
pealn3anuu MpoeKTa, KOPPEKTUPYeT
OTKJIOHEHHMSI, BHOCHUT JIOIIOJTHUTEIbHBIE
W3MCHEHHUS B TUIAH PealIn3alluy MPOSKTa,
YTOYHSECT 30HBI OTBETCTBEHHOCTH YYaCTHHKOB
MIPOCKTA.

YK-3. CriocobeH opraHu30BbIBaTh U
PYKOBOJUTH pabOTON KOMAaH/IBI,
BbIpa0aThIBasi KOMAHHYIO CTPATETHIO IS
JOCTUKCHHUSI TIOCTABJIICHHOH 1IeTTN

YK-3.1. YuacTByeT B BHITIOJIHCHHH IPOEKTOB
IPYIIIOBOTO XapaKTepa Ha pa3INIHbIX
CTaIUAX MX MOJATOTOBKU U pealn3aluu:
«IIJIAHUPOBAHUE — MTPOEKTUPOBAHHE —
MIPUMEHEHHE — MTPOU3BOJICTBOY;

YK-3.2. BeipabaTbiBaeT CTpaTeruio
COTPYJIHUYECTBA U HA €€ OCHOBE OPTaHHU3yeT
0TOOp WIEHOB KOMaH/bI IS AOCTHKEHUS
MOCTABIICHHOW LIEJIH;

YK-3.3. [Inanupyer KOMaHIHYIO paboTy,
pacnpesenser NopyueHus U AeJerupyer
MOJTHOMOYHS WICHAM KOMaH/IbI C y4ETOM
HWHTEPECOB, 0COOCHHOCTEH MOBEACHUS U
MHEHUH €€ YJICHOB

YK-4. CniocoGeH NpUMEHSATh COBPEMEHHbBIE
KOMMYHHUKaTHBHBIE TEXHOJIOTUH, B TOM YHCJIE
Ha MTHOCTPaHHOM(BIX) sI3bIKe(ax), s
aKaJIeMHYECKOro U Mpo¢eCCHOHATBHOTO
B3aUMOJICHCTBUS

YK-4.1. IlpeacrasisieT pe3yiabTaThl
aKaJIeMUYeCKON U MpoQecCHOHANbHON
JeSITeIbHOCTH Ha Pa3IMYHbIX yOIUYHBIX
MEPOTPHUSATHIX, BKIIIOUAs] MEXKTyHAPOTHBIE,
BbIOMpas HanboJee MOAXOAAIUN popmar;
YK-4.2. AprymMeHTHpOBaHHO U
KOHCTPYKTHBHO OTCTAUBAET CBOM MO3UIMU U
UJCH B aKaJIEMUYECKUX U
poeCCUOHATTBHBIX TUCKYCCHUSIX Ha
rOCyIapCTBEHHOM s13bIke PD 1 HHOCTpaHHOM
SA3BIKE;

YK-4.3. Bnageer HaBbIKAMH BEeACHUS
JIeTIOBOM MEPenucKy Ha PYCCKOM U
WHOCTPAaHHOM SI3bIKE;

YK-4.4. CocraBnsieT, mepeBOIUT U
pEeNaKTUPYET pa3InIHbIC aKaJeMHYECKHIE
TEKCTHI (pedeparsl, 3cce, 0030pbl, CTAThU U
T.JI.), B TOM YHCJIC HA HHOCTPAHHOM SI3bIKE.

YK-5. CniocoGeH aHanu3upoBaTh U
YYUTBIBATh pa3HOOOpa3ne KyJIbTyp B
IpoIecce MEKKYJIbTYPHOT'O B3aUMOJICHCTBUS

YK-5.1. Ananuzupyert BaxHenme
UCOJIOTUIECKHE U IIEHHOCTHBIE CHCTEMBI,
copMHpOBaBIINECS B XO€ UCTOPUUYECKOTO
pa3BUTHSI; 0OOCHOBBIBAET aKTYaIBHOCTh UX




WCIIOJIb30BAHUS TIPU COLIMATILHOM H
po¢eCCHOHAILHOM B3aUMOJIEHCTBUY;
YK-5.2. ObGecnieunBaet co3panue
HEIMCKPUMHMHALMOHHON Cpefibl
B3aMMO/ICHCTBHSI ITPH BHIIOJHEHUH
npo¢ecCUOHANIBHBIX 3a/1a4;

YK-5.3. BeicTpanBaeT conuagbHOe
po¢eCCHOHATIbHOE B3aUMOJIEHCTBUE C
y4eTOM 0COOCHHOCTEW OCHOBHBIX (hOpM
HAY4YHOI'O M PEIMI'MO3HOIO CO3HAHUS,
JIeTIOBOM M 001IeH KyJIbTyphl IpeACcTaBUTENCH
JPYTUX THOCOB U KOH(ECCHiA, pa3IMUHbIX
COLIMAJIBHBIX TPYIIL.

YK-6. CriocobeH onpeaensiTh u
pea30BhIBATH IPUOPUTETHI COOCTBEHHOM
JIEATEILHOCTH U CITOCOOBI €€
COBEPIICHCTBOBAHUS HA OCHOBE CAMOOIICHKHU

YK-6.1. OuieHrBaeT CBOM PECYPChl U UX
npenensl (JITYHOCTHBIE, CUTYaTHBHEIE,
BPEMEHHBIC), OIITUMAIBHO UX HCIIONB3YET IS
YCIICIIHOTO BBITIOJIHEHUS TIOPYIEHHOTO
3aJJaHHUS;

YK-6.2. Onpenensier npuOpUTETHI
po(heCCHOHATLHOTO POCTa U CITOCOOBI
COBEPIICHCTBOBAHUS COOCTBEHHOM
JESITeJIbHOCTH HA OCHOBE CAMOOIIEHKH 10
BBIOpaHHBIM KPUTEPHSIM;

YK-6.3. BrictpanBaet rudkyo

PO ECCHOHATBHYIO TPACKTOPHIO, UCTIOIB3Y S
WHCTPYMEHTBI HETIPEPBIBHOTO 00pa30BaHus, C
y4ETOM HAKOIUIEHHOTO OIIbITA
poheCCHOHATTLHOM JICATEIILHOCTH U
JMHAMUYHO U3MEHSIONIMXCS TpeOOBaHUMA
pBIHKA TpyJa.

IIK-1 CriocoGeH nuarHocTupoBaTh
CTPYKTYpy MaTepHuajla Ha MUKpO U
HaHOYPOBHE

IIK-1.1. Bnageer onbITOM Onpe/esieHus
CTPYKTYpbI MaTepHala ¢ UCIOIb30BaHUEM
CKaHUPYIOIIEH 2JIEKTPOHHON MUKPOCKOTIHH;
IIK-1.2 Briageet onbpITOM ONpeeIeHUs
CTPYKTYPbI MaTe€pHalia C HCIIOIb30BAaHHEM
MPOCBEUHBAIOIIECH JIEKTPOHHON
MUKPOCKOIIHH;

IIK-1.3. BriageeT onsITOM OTIpeieieHus
CTPYKTYpbI MaTepHala ¢ UCIOIb30BAaHHEM
TUGPAKIIMOHHBIX U CIIEKTPATbHBIX METOIOB;
IIK-1.4. Bnageer ombITOM OMpe/eNieHus
CTPYKTYpbl HAHOMATEPHUAIOB U
HaHOCTPYKTYPHUPOBAHHBIX CPEJI C
HCIIOJIb30BAHUEM CKaHUPYIOIIEH 30HA0BOM
MHUKPOCKOIIHH;

IIK-1.5. Bnageer onbITOM UCIIOI30BAHUS
TEPMHUYECKUX METOJOB aHaIN3a s
oTIpeieNIeHUs] CTPYKTYpbl MaTEPHATIOB HA
MHUKPO- ¥ HAaHOYPOBHE

IK-2 Crioco6eH caMOCTOSATENEHO MTPOBOIUTH
HayYHO-NCCIIEI0BATEIILCKHE PaOOTHI 11O

MK-2.1. ®opmupyet TpeOOBaHUS K
SKCIIEPUMEHTAJIbHBIM 00pa3lam




COo3aaHus, UCCIICAOBAHUTIO U IIPUMCHCHHIO
HAaHOCHUCTEM U HAHOMATCpHUAJIOB

HaHOMATepPHAJIOB U HAHOCUCTEM U
pe3yibTaTaM Hay9HO-HUCCIICA0BATEILCKUX
paboT 1o ux pa3paboTKe;

IIK-2.2. BeiOupaetr MEeTObI U CPEACTBA
MIPOBEJICHUS UCCIICIOBAHUIN U Pa3pabOTOK;
IIK-2.3. Onpenenser myTH pereHus
HAyYHBIX U TEXHUYECKHX 33724 B 00JaCTH
paboT MO CO3AaHUIO, UCCIICIOBAaHUIO U
MPUMEHEHHIO HAHOCUCTEM Y HAHOMAaTEPUAJIOB

IIK-3 Crioco0OeH k aHaJM3y U 0000IICHUIO
Pe3yJIbTaTOB HAYYHO-UCCIIEA0BATENbCKUX
paloT, IOUCKY U aHATIU3y HAYYHOH U
TEXHUYECKOH H(pOpMAIMK B 00JIACTH
HAHOTEXHOJIOTHUH U CMEXHBIX JUCUUTUIAH /IS
Hay4YHOM, ITATEHTHON U MapKETUHIOBOU
MOJIEP>KKH [TPOBOJIMMBIX UCCIIEIOBAHUM, K
CaMOCTOSITENIbHON NOJrOTOBKE MyOJInKaluii B
OTEYECTBEHHBIX U 3apyOeKHbIX U3JaHUAX

IIK-3.1. meet ombIT cOopa, 00pabOTKH,
aHaJli3a U CUCTeMaTHU3allii Hay4HO-
TEXHUYECKON nH(opManuu B 006JacTH
HAaHOTEXHOJIOTUU ¥ CMEKHBIX JUCIUILINH,
IIK-3.2. OnieHuBaeT ypoBEeHb UCCIICIOBAHUH,
000CHOBaHHOCTH MPEIAaraeMbIX PEIICHUN U
pEKOMEHIaluii IO pean3alud U
HCIOJIb30BAHUIO PE3YJIbTATOB HAyYHBIX-
HCCIEIOBAHMN;

IK-3.3 [Ipou3BOAUT CTATUCTHYECKYTO
00paboTKy pe3yabTaTOB IKCIIEPUMEHTATBHBIX
WCCIICIOBAaHNI HAHOCTPYKTYPHUPOBAHHBIX
MaTepuasos;

IIK-3.4 MeeT ObIT HOATOTOBKHU
PE3yNbTaTOB HAYYHO-UCCIIEIOBATEIBCKUX
paboT A myOIUKaIUK B IEPUOTUIECKON
MeYaTH.

ITK-4 Crioco0eH npeacTaBisiTh
HMCTOPUYECKHUE ITAIBI PA3BUTHS
HAaHOTEXHOJIOTUH, BaKHEUIIINE OTKPBITUS
OTEYECTBEHHBIX YUEHbIX, HanboJee
aKTyaslbHbIe IPOOJIEMBI, CBA3aHHBIE C
CO3JaHUEM U IIPUMEHEHUEM HAHOCUCTEM U
HaHoMarepuanoB B Poccuiickoit @enepannn
U B MUpE

IIK-4.1. AnanusupyeT COBpeMEHHOE
COCTOSIHME M HCTOPUYECKUM ITyTh Pa3BUTHUSA
HaHOTeXHOJIOTuH B Poccuiickont denepannn
U B MUDE;

IIK-4.2. ®opmynupyer Hauboee
aKTyaJlbHbIe IPOOJIEMBI, CBA3aHHBIE C
CO3JJaHUEM U IPUMEHEHUEM HAaHOCUCTEM U
HaHoMarepuanoB B Poccuiickoit @enepannu
U B MUpE

B PE3YIBbTATC U3YUCHUSA JUCHUIIJIMHBI CTYACHT OOJIPKCH:

— MHOoAXOJdbl K OpraHu3anuu CaMOCTOSITEIbHOM M KOJIJIEKTUBHOM

IIPOBCACHUA OKCIICPUMCHTOB n

— MNPUHIUIBI U CIIOCOOBI 3alllUThI 00BEKTOB I/IHTGHHGKTyaHBHOﬁ
COOCTBEHHOCTH U KOMMCpUOHUAIMU3alun IpaB Ha 00BEKTHI HHTeHHeKTyaHLHOﬁ

3nameo:
Hay4YHO-UCCIIEI0BATENLCKON paboTHI;
— TPUHIMIOBI  OpraHU3aIuu
HCIIBITAaHUI;
COOCTBEHHOCTH.
Ymemeos:

- BBITOJHATH MOUCK, 00pabOTKY, aHAIN3 U CUCTEMAaTHU3AIMI0 HAyYHO-
TEXHUYECKOH MH(OpMAINH, OCYIECTBISATh BHIOOP METOJUK M CPEJICTB peIICHUs
3a]1a4, OCTAaBJIEHHBIX MPOTPaMMON MPAKTUKU;

- BBITMOJHATH 00pabOTKYy M aHAINU3 PE3YyJbTaTOB 3KCIEPUMEHTOB U

HCIIBITAHMI;




- aQHAJIM3UPOBATh BO3HHUKAIOIIME B HAYYHO-UCCIEAOBATEIbCKOM
JESTEIIbHOCTH 3aTPyAHEHUS U CIIOCOOCTBOBATH MX PA3pPEUICHHIO.
Bnaoems:
- npueMaMu pa3pabOTKH TJIAHOB U IPOTPAMM MPOBEACHUS HAYUHBIX
UCCJIEI0BAHMM, TEXHUYECKUX Pa3pabOTOK, 3aJlaHui JJIsl HCTIOJTHUTENIEH
3. KpaTtkoe cogep:xkanue NpaKTUKH

[IpepnumioMHas MpakTHKa BKJIOYAET JTalbl O3HAKOMJICHUS C MPUHLUIAMU
OpraHu3alMi HAY4YHBIX HCCIEeNOBaHMM (pa3zmensl 1, 2) W 3Talm MPaKTUYECKOrO0 OCBOCHUS
JeSITeIbHOCTH yueHoro-uccienonarens (Pasaen 3).

Paznen 1. Benenue — uenu u 3a1a4u NpeaaUIuIOMHON NpakTUKU. OpraHu3aimoHHO-
METOJAMYECKUE MEPOIIPUATHS. TEXHOIOTMUYECKUE HHCTPYKTAKHU.

Paznen 2. 3HaKOMCTBO C OpraHu3alMell Hay4YHO-HCCIIEI0BATEIbCKONU NIESITEIbHOCTH,
CUCTEMOH YIIpaBJICHUS HAYYHBIMU UCCIICOBAHUSMH. [ [pHHIIUTIBI, TEXHOIOTUH, (POPMBI U METOIBI
OpraHu3aIlMi HAyYHO-HCCIIEI0OBATEIIbCKON NEATeIbHOCTH Ha MPUMEpPE OpPraHW3allid HayIHOU
pabotel kadenpsl (mpobiemHON nabopaTopuu, Hay4dyHOM rpymnmbl). [lnaHupoBaHHe Hay4HOM
JEATeTLHOCTH OpraHU3alluH.

Pasnen 3. Belmonnenune wuHauMBHIyanpHOro 3aganus. COop, oOpaboTka u
cucremaruzanus uHPopMmanuoHHoro wmarepuana. Odopmienue otdera. JluyHoe ydacTue
00y4aroIIerocs B BEIMOJTHCHIH HAy9IHO-HCCIIEI0BATEIBCKUX PAa00T Kadeaphl.

4. O0beM npeIMIIOMHOM NPAKTHKH

B B akanem.
Bunpl yueOHOI paboThI 3aYETHBIX qacax
CANHHNIIax

OO0uas Tpy10eMKOCTh NPAKTHKH N0 Y4eOHOMY ILUIAHY 6,0 216
AyIUTOPHBIE 3aHIATHSI: - -
CamocrositesbHasi padora (CP): 6,0 216
KonTtaktHas camocrositenbHasi pabora 6.0 0,2
CaMocTosiTeIbHOE U3YUYEHUE PA3/AEI0B IUCIUILIMHbI ’ 215,8
Buja koHTpOJS:
3ader ¢ OIeHKOU + +
Bua uTOroBOro KOHTpoJIs: 3adeT ¢ OIEHKOM

B B actpon.
Bunpl yueOHOI paboThI 3a4€THBIX yacax
eIMHUIIAX

O0mas TpyA0eMKOCTh NPAKTHKH 110 Y4eOHOMY IJIAHY 6,0 162
AYIUTOpHBIE 3aHATHS: -
CamocrositeabHas padora (CP): 6,0 162
KoHnTtakTHast camocTosTenbpHas pabota 6.0 0,15
CaMocTosITENbHOE U3YUYEHUE PA3AEIOB TUCIUIUIMHBI ' 161,85
Bua koHnTpoJIs:
3aueT ¢ OLEeHKON + +
Bua uTOroBOro KOHTpoJIf: 3adeT ¢ OLEHKOM

55 I'ocyiapcTBeHHASI MTOTOBAS ATTECTALIMSA — BBINOJHEHUS M 3aIIIUTHI BHIMYCKHOM

KBAJIN(PUKAIHMOHHONW PA0OTHI

(b3.01(D))

1 IMesapb rocy1apcTBeHHON UTOrOBOM aTTECTALIMU — BBISIBJICHUE YPOBHS TEOPETUUECKON

Y TIPAKTUYECKOM MOATOTOBICHHOCTH BHIMTYCKHUKA By3a K BBIIOJHEHHIO MPO(ECCHOHANBHBIX 3a7a4
¥ COOTBETCTBHS ero moArotoBku TpedoBanmsM OI'OC BO mo nHanpasienuto moarotoku 28.04.03
«HaHnoMaTepHaJbly.




2 B pesyabTaTte rocyaapcrBeHHOI

NporpaMMe MarucTpaTyphl 10J:KeH 00J1a1aTh

UTOrOBOM aTTecTAUMHM O0yYAKIIMHCH 1O
CJeAYIOIIMMH KOMIEeTEHUNSIMU:

dopmupyemble KOMIIETEHIIHT

NHauKaToOpbI 10CTHKEHUS KOMIIeTEHIM T

YK-1. CiocobeH ocyniecTBIsTh
KPUTHYCCKUI aHaIH3 MPOOJIEMHBIX CHUTYyallUit
Ha OCHOBE CHCTEMHOTO TIOAXO0/Ia,
BbIPa0AThIBATH CTPATETHIO ICHCTBHIA

YK-1.1. CocraBiisietT aHHOTallUU 10
pe3yibTaTaM Mmoucka HHGOpMaIiK 13
JIOKYMEHTAJIbHBIX HCTOYHUKOB U
WCCIIEIOBATEIILCKOU JIUTEPATYPHI;

YK-1.2. Co3naer aHaIUTHYIECKHUIT 0030p 110
3aJJaHHOH TeMe, COTTOCTABIISIS TaHHBIC
Pa3IMYHBIX UCTOYHHUKOB C UCIOJIb30BAHUEM
KPUTEPHATLHOTO TI0IX0/1a;

YK-1.3. Aranuzupyet npoOieMHY0
CUTYAIIMIO KaK CUCTEMY, BBISBIISIS €€
COCTABJISIONINE U CBS3U MKy HUMHU;
YK-1.4. Onpenensier mpoOeIbl B
nH(pOpMaUY, HEOOXOAUMOU JIJIsl PEIICHHUS
MPOOJIEMHOM CUTYaIlUH, U TIPOCKTUPYET
MIPOIIECCHI IO UX YCTPAHEHHUIO;

YK-1.5. Pa3pabarbiBaet u coaepKaTeabHO
apryMEHTUPYET CTPATETHIO PEIICHHUS
MPOOJIEMHOM CUTYalliu Ha OCHOBE
CUCTEMHOTO ¥ MEXKTUCITUTUIMHAPHBIX
MOJIXO/I0B;

YK-1.6. Mcnionb3yeT J0THKO-
METO0JIOTHYECKHI HHCTPYMEHTApU TSI
KPUTUYECKON OIICHKH COBPEMEHHBIX
KOHIISTIUH QHIOCOPCKOTO U COIHATLHOTO
XapakTepa B CBOEH IMpeIMETHOM 0bacTu

YK-2. CnocobeH ynpaBisiTh IPOSKTOM Ha
BCEX JTarax ero )XKU3HEHHOTO IHKJIa

YK-2.1. ®opmynupyet Ha OCHOBE
MOCTABJICHHOW MPOOJIEMBI MPOEKTHYIO 3a/1a9y
U CIIOCO0 €€ pelIeHNus Yepe3 pearn3aluio
npoekTHoro yrpasieaus YK-2.2. Boisipisier
pe3epBbl U pa3pabaThIBaeT MEPHI IO
o0ecreveHunIo pexxuma
pecypcodhHeKTHBHOCTH Ha MPEANPUATHY;
YK-2.3. Pa3zpabarbiBaeT KOHIICTIIIUIO TIPOEKTA
B paMKax 0003HaYeHHOW MPOOIEMBbI:
dbopmynupyerT 1enb, 3a1a4i, 000CHOBBIBAET
aKTyallbHOCTh, 3HAYUMOCTD, O’KUIAaeMbIE
pe3yIbTaThl U BO3MOXKHBIE C(hHEepbl HX
MIPUMEHEHUS,

YK-2.4. OcyniecTBisieT MOHUTOPHHT X0/1a
peanu3aiuu MpoeKTa, KOpPeKTHPYET
OTKJIOHEHUSI, BHOCHT JIOTIOJTHUTEIIbHBIC
W3MEHEHHUS B TJIaH pealin3allui MPOeKTa,
YTOYHSIET 30HBI OTBETCTBEHHOCTH YYaCTHHKOB
MIPOCKTA.

YK-3. CniocoGeH opraHu30BbIBaTh U
PYKOBOAMTH pabOTOH KOMaH/IbI,
BbIpa0aThiBasi KOMaHJIHYIO CTPATETHIO IS
JTOCTHKEHUS ITOCTABICHHOM 1ENTN

YK-3.1. YuacTByeT B BHITIOJTHEHUH ITPOEKTOB
IPYIIIOBOIO XapaKTepa Ha pa3iInyHbIX
CTaAUAX UX MOATOTOBKH U PEAIN3aLUU:
«IUIAHUPOBAHUE — IPOCKTUPOBAHUE —
IIPUMEHEHHE — MPOU3BOJICTBOY;




YK-3.2. BeipabaTbiBaeT cTpaTeruio
COTPYJHHYECTBA U HAa €€ OCHOBE OPTraHNu3yeT
0TOOp WIEHOB KOMaH IbI /ISl JOCTHIKEHHS
MOCTABJICHHOM IIETIH;

YK-3.3. [Inanupyer KOMaHIHYIO paboTy,
pacmpeznessieT MopydeHus 1 JIeJIeTHpyeT
MTOJTHOMOYHS WIEHAM KOMaH/IbI C yYETOM
MHTEPECOB, 0COOEHHOCTEH ITOBEICHUS 1
MHEHHI €€ YICHOB

YK-4. Crioco6eH NpUMEHATh COBPEMEHHBIE
KOMMYHHUKATUBHBIC TEXHOJIOTHH, B TOM YHUCJIC
Ha HHOCTPAHHOM(BIX) sI3bIKe(ax), s
aKaJIeMIYECKOT0 U MPOPECCHOHATHHOTO
B3aUMOJICUCTBU

YK-4.1. [IpeacraBnsieT pe3ybTaThl
aKaJIeMUYeCKOl 1 MpopecCuOHATLHON
JeSITeIbHOCTH Ha PA3IMYHBIX MyOIUYHBIX
MEPOIPHUATHSX, BKIIFOUYAsT MEKTyHAPOIHEIE,
BBIOMpas HanboJee moaxoasmui Gpopmar;
YK-4.2. AprymeHTHpOBaHHO U
KOHCTPYKTHBHO OTCTaUBAET CBOU MO3UIUU U
UJICH B aKQJICMUYCCKUX U
npodeccnoHalbHBIX JUCKYCCUAX Ha
roCy1apCTBEHHOM s13blke PD 1 HHOCTpaHHOM
SI3BIKE;

YK-4.3. Bnajgeer HaBbIKaMH BEJICHUS
JIEJIOBOM MEePEnCKU Ha PyCCKOM U
WHOCTPAHHOM SI3BIKE;

YK-4.4. CocraBisieT, IepeBOIUT U
PEMAKTHPYET pa3INIHbIC aKaIEMUICCKUE
TeKCTHI (pedepatsl, 3cce, 0030pbl, CTAaThU U
T.J1.), B TOM YHCJIC HA HHOCTPAHHOM SI3BIKE.

YK-5. CniocobOeH aHanu3upoBaTh U
YVYHUTHIBATH pa3HOOOpa3ue KyJIbTyp B
MPOILIeCCe MEKKYIBTYPHOTO B3aUMOICHCTBUS

YK-5.1. Ananuzupyer BaxxHeHIIne
UCOJIOTUIECKHUE U [IEHHOCTHBIE CUCTEMBI,
copMHpOBaBIINECS B XO€ UCTOPUUYECKOTO
pa3BUTHS; 0OOCHOBBIBAET aKTYaIBHOCTD UX
HCIOJIb30BAHUS MPU COLIMATIBHOM U
npo¢eCcCuOHAIIBHOM B3aUMOICHCTBUY;
YK-5.2. OGecnieunBaet co3gaHme
HEIMCKPUMHUHAITMOHHON CpPEIbI
B3aMMO/ICHCTBHSI ITPH BHINOJIHEHUH
npo¢eCCHOHANIBHBIX 3a]1aY;

YK-5.3. BeicTpanBaet coruaibHOE
npodeCCHOHATFHOE B3aUMOJICHCTBHUE C
y4eTOM 0COOEHHOCTEH OCHOBHBIX (hOpM
HAYYHOTO ¥ PETMTHO3HOTO CO3HAHUS,
JIeTIOBOM 1 001I1eH KyJIbTyphl IpecTaBUTENEH
JPYTUX THOCOB U KOH()ECCHIA, pa3THIHBIX
COLIMAJIBHBIX TPYIIL.

YK-6. CiocobOeH onpeaensits u
pean30BhIBATH IPUOPUTETHI COOCTBEHHOM
JEATEIIFHOCTHU U CIIOCOOBI €€
COBEpIIICHCTBOBAHHUS HA OCHOBE CAMOOIICHKHU

YK-6.1. OtieHnBaeT cBOM pecypchl U UX
npenensl (JINTYHOCTHBIE, CUTYaTHBHBIE,
BpPEMEHHBIEC), ONITUMAIBHO WX UCTIOIB3YET IS
YCIIEIIHOTO BBITIOJIHEHUS IOPYYEHHOTO
3aJJaHHUS;

YK-6.2. Onpenensier NpuOpUTETHI

PO eCCUOHAIBHOTO POCTA U CIIOCOOBI
COBEPIIEHCTBOBAHMsI COOCTBEHHOM




JEATeIbHOCTH Ha OCHOBE CAMOOLICHKH I10
BBIOPaHHBIM KPUTEPHSIM;

YK-6.3. BeicTpauBaeT rudkyto

PO eCCHOHATTLHYIO TPACKTOPHUIO, UCIIOIB3Y I
WHCTPYMEHTBI HEIIPEPBIBHOTO 00pa30BaHusl, C
YYETOM HAKOIUICHHOTO OITBITA
npoeccnoHaABHOMN IeATEIBHOCTH H
JTMHAMUYHO M3MEHSIONIMXCS TPEOOBaHUIA
pBIHKA TpyJa.

OIIK-1. CiocoGeH cTaBUTh U peliaTh
WHXCHEPHBIC U HAYYHO-TEXHUUYECKUE 33291
B 00JIaCTH MOJTYYCHUS U UCCIICIOBAHUS
HaHOMATEPHUAJIOB U HOBBIX
MEXTUCIUTUTMHAPHBIX HAPABICHUI C
UCIIOJIb30BAHUEM €CTECTBEHHOHAYYHBIX U
MaTeMaTHYECKUX MOJIEIeH

OIIK-1.1. Bnaneer MareMaTu4eCKUM
anmapaToMm Ui OTIMCaHUs, aHAIIN3a,
TEOPETUYECKOTO M IKCIIEPUMEHTAIHLHOTO
WCCIICIOBAHMSI ¥ MOJICTTUPOBAHHMS ITPOLIECCOB
CHHTE3a U HCCIIEJIOBAaHUSI HAHOMATEPUAJIOB;
OIIK-1.2. Vicnonb3yeT Hay4YHbBIN
MHCTpYMEHTapuil pU3MKH TBEPJIOTO TeJsa A
OIMCaHMsl, aHAJIN3a, TEOPETUYECKOTO U
HKCIEPUMEHTAIBHOTO HCCIIEIOBAHUS U
MO/JICIIMPOBAHUS MPOLIECCOB CUHTE3a U
WCCIIeIOBAaHMSI HAHOMATEPUAJIOB;

OIIK-1.3. Mcnonp3yeT (pU3NKO-XUMHUECKUI
MOJIXO/ JUIsl OTIMCaHMsl, aHAJIN3a,
TEOPETUYECKOT0 M IKCIEPUMEHTAIBHOIO
HCCIIEIOBAaHMSI U MOJICTUPOBAHMSI ITPOLIECCOB
CHHTE3a U HCCIIeJIOBAaHUSI HAHOMATEPHUAIIOB;
OIIK-1.4. Vcrionb3yeT NpuUKIIaHbIE
MPOTpaMMBbI U CPEACTBA
aBTOMAaTU3UPOBAHHOT'O MTPOCKTUPOBAHUS IIPU
pelIeHNH HH)XEHEPHBIX 3a/1a4.

OIIK-2. CniocoGeH ynpaBisiTh
poeCCHOHATILHON Y NHOU EATEIbHOCTBIO
Ha OCHOBE TIPUMEHEHUsI 3HAHUH MTPOEKTHOTO
1 (MHAHCOBOTO MEHEIKMEHTA

OIIK-2.1. [Tnanupyet paboTy Majoro
NPEINpUATHS, CHEIUATU3UPYIOIIErocs Ha
MIPOU3BOJICTBE BHICOKOTEXHOJIOTHYHON
TIPOJIyKIIMH;

OIIK-2.2 Bnaneet onbIToM
MIPOU3BO/ICTBEHHOTO MEHEPKMEHTA: pacyera
HKOHOMHYECKOH U pecypcodrPpPekTUBHOM
COCTABJISAOLIEH MTPH BHINOJIHEHUH
HCCIIEI0BATENbCKON pabOTHI.

OIIK-3. Crioco0eH ynpaBisTh )KU3HEHHBIM
LUKJIOM CO3J]aHUsI HH)KEHEPHBIX MTPOTYKTOB B
00J1acTh HAHOTEXHOJIOTUI ¥ HAHOMATEepUaJIOB
C Y4ETOM DKOHOMUYECKHUX, IKOJIOTHUECKUX,
COLIMAJIBHBIX U JIPYTMX OTPAHUUYEHUI

OIIK-3.1. BnaseeT COBpeMEHHBIMU METOIaMH
aHanmn3a 3(hPEeKTUBHOCTU MTPOU3BOJICTBEHHOTO
mporiecca M OIeHKH MPON3BOICTBEHHBIX
NoTeph U MOAXO0JIaMH K pa3padoTke
KOMILJIEKCA MEPOIIPUATHUH 110 X YCTPAaHEHHUIO;
OIIK-3.2. [TpoBOAUT TEXHHUKO-
HKOHOMHYECKOE 000CHOBAHUE U
HKOHOMHYECKYIO OI[CHKY TPOEKTHBIX
pelIeHN 1 MH)KEHEPHBIX 3a]1a4;

OIIK-3.3. AHaIM3upyeT U OIICHUBAET
3aTpaThl NPEeaNpUATHS (IPOEKTA) C yUETOM
WH)XEHEPHBIX PUCKOB,;




OIIK-3.4. [IpoBOANT 3KOJOTHYECKYIO OLIEHKY
MIPOEKTHBIX PEIICHUH U MHKEHEPHBIX 3ajiau.

OIIK-4. Cnoco0eH BBLIIOIHATH
HCCJICTOBAHUS MPU PEIICHUN HH)KECHEPHBIX U
HAy4YHO-TEXHUYCCKHX 3a7a4, BKIIOYas
IUTAHUPOBAHKUE U TTIOCTAHOBKY CIIOKHOTO
IKCIIEPUMEHTA, KPUTHIECKYIO OIICHKY U
WHTEPIIPETAIHIO PE3yIbTaTOB

OIIK-4.1. CocTaBiseT MIaH Hay4HO-
HCCIICIOBATEILCKOM JESITEIIbHOCTH, BKITFOUAsT
JUTEPATYPHBIA IOUCK, CPOKH U
MOCTIeIOBATEIBHOCTD HKCIIEPUMEHTATBHOM
paboThI, OOCYKICHUS M aHATH3a
pe3yIbTaTOB;

OIIK-4.2. ®opmupyeTr 1eMOHCTPAIIMOHHBIN
MaTepHall ¥ MPEJICTABIISET PE3yIbTaThl CBOCH
WCCIIEIOBATEIILCKOM JeSITEIbHOCTH Ha
HAYYHBIX KOH(PEPEHIIHUSX, BO BpEMs
MIPOMEKYTOYHBIX U UTOTOBBIX ATTECTAIIHA.

OIIK-5. CnocoOeH MCIonb30BaTh
WHCTpYMEHTapuil (popmanuzanuu
WH)KCHEPHBIX, HAYYHOTEXHUYCCKHX 3a/1a4,
MIPHUKJIAIHOE MPOrPaMMHOE O0eCIICUeHUE JIJIs
MOJICJTUPOBAHUS U IPOCKTUPOBAHUS
00BEKTOB, CHCTEM H IPOILIECCOB

OIIK-5.1. IIpoBOUT NaTEHTHBIH TOUCK B
npodeccrnoHabHOM 00J1aCTH;

OIIK-5.2. OnpexensieT nepevyeHb pecypcoB U
MPOrpPaMMHOTO OOecTieueHus s
WCIOJIb30BaHUs B MPO(eCcCHOHATLHOM
NEeSTeIbHOCTH C y4eTOM TpeOoBaHU
MH()OPMAIIMOHHON 0E30MMaCHOCTH;

OIIK-5.3. Mcnonb3yeT npuKiaaHbIe
IIPOrpaMMBbI U CPEJICTBA
ABTOMATHU3HPOBAHHOTO MTPOSKTUPOBAHHUSI IIPU
pElIeHNY UHXEHEPHBIX 3a/1a4.

OIIK-6. CiocoOeH 1eMOHCTpUPOBATh
COLIMAJIbHYIO OTBETCTBEHHOCTD 32
[IPUHUMAEMBbIE PEIICHHUs, yUUThIBATh
IIPaBOBbIE U KYJbTYpPHBIE ACIIEKTHI,
o0ecrneuynBaTh yCTOMYMBOE Pa3BUTHUE MPU
BEJICHUHU NPO(eCCHOHATBHOM U MHOH
JESATEIBHOCTH

OIIK-6.1. PaccunutniBaeT JINTENLHOCTD
BBITTOJTHCHUS TEXHOJIOTHYECKUX OTICPALIHA C
WCIOJIb30BAHUEM HOPMATHBHBIX
CIIPABOYHHKOB;

OIIK-6.2. OueHuBaeT 1Mo KPUTEPUSIM
TEXHOJIOTHH CUHTE3a HAaHOMATEPHAIIOB C
TOUYKH 3pEHHUsI OE30MaCHOCTH TSI
COTPYJIHUKOB U OKPY’KaIOIIEH Cpebl;
OIIK-6.3. Mcnonb3yeTr METOTUKH
OpraHu3aIK paOboThI TEPCOHAA,
COOJIIOICHUSI TEXHOJIOTHUECKON U TPYI0BOM
JUACIIUILIHHEI.

OIIK-7. CnocoGeH pa3pabaTbiBaTh U
aKTyaJIM3UpOBaTh HAYYHO-TEXHUYECKYIO
JOKYMEHTAIUIO B 00JIaCTH MOJTYUYEHHUS
HaHOMAaTepHaJoB

OIIK-7.1. Mcnionb3yeT TEXHUYECKYIO U
CIIPaBOYHYIO JIUTEPATYpy, HOPMaTUBHBIE
JIOKYMEHTBI IIPH BBIITOJIHEHUU
HCCIIeI0BATEIbCKON PabOThI B 00J1aCTH
TE€XHOJIOTMH U METOJIOB IMarHOCTUKU
HaHOMAaTepHAJIOB;

OIIK-7.2. CocTaBisieT OTYETHI 110
9KCIIEPUMEHTAIBLHBIM U TEOPETUUECKUM
HCCIIEIOBaHUAM, IPAKTUYECKON
NEATEIbHOCTH B COOTBETCTBUU C
yCTaHaBJIMBAEMbIMHU TPEOOBAHUAMHU




IIK-1 CriocoGeH TMarHocTUPOBaTh
CTPYKTYpy MaTepHajia Ha MHKPO U
HaHOYPOBHE

IK-1.1. BnageeT onbITOM ONpeAesieHUst
CTPYKTYpPBI MaTepuaja ¢ UCIOJIb30BaHUEM
CKaHHMPYIOIIEH JIEKTPOHHOW MUKPOCKOITHH;
IIK-1.2 BriageeT onpITOM ONpeaeICHHs
CTPYKTYpPBI MaTepuaia ¢ UCIOJIb30BaHUEM
[IPOCBEYMBAIOILEH IIIEKTPOHHOU
MHUKPOCKOIIHH;

IIK-1.3. Bnageer ombITOM OMpeeIiCHuUs
CTPYKTYpPBI MaTepuaja ¢ UCIOJIb30BaHUEM
T (OPAKIMOHHBIX M CTICKTPAIBHBIX METOJIOB;
IIK-1.4. BnageeT onbITOM ONpeaeIeHUs
CTPYKTYpbl HAHOMATEpPUAJIOB U
HaHOCTPYKTYPHUPOBAHHBIX CPEJl C
HCMOJIb30BAHUEM CKaHUPYIOLIEH 30HI0BOMN
MHUKPOCKOIIHH;

IIK-1.5. BianeeT onbITOM HCIIOIL30BaHUS
TEPMUYCCKHUX METOJIOB aHAIU3a IS
oTpezieNieHus] CTPYKTYpbl MaTepHaiOB HA
MUKPO- U HAHOYPOBHE

IK-2 CriocoGeH caMOCTOSTEIBHO MTPOBOIUTH
HAY4HO-UCCJICJ0BATEIbCKIE PAOOTHI 110
CO3/IaHus, UCCICTOBAHHMIO U MPHUMEHEHHUIO
HAHOCHCTEM M HAHOMATEPUAJIOB

IK-2.1. ®opmupyet TpeObOBaHHS K
HKCIEPUMEHTAIBHBIM 00pa3am
HAaHOMATEPUAIIOB U HAHOCHCTEM U
pe3yibTaTaM Hay4HO-HUCCIICAOBATEILCKUX
paboT 1o ux pa3paboTKe;

IIK-2.2. BeiOupaetr METObI U CPEACTBA
MIPOBE/ICHUS MCCIIEIOBAHNIN U Pa3paboToK;
MK-2.3. Onpenenser myTH permeHus
HAYYHBIX U TEXHHUYECKUX 3a7a4 B 00JacTu
paloT Mo CO3/1aHUI0, UCCIIEJOBAHUIO U
MIPUMEHEHHUIO HAHOCUCTEM U
HaHOMaTepHaJIOB

IIK-3 Cnoco0eH k aHaM3y U 0000IIEHHUIO
PE3yJIbTaTOB HAYYHO-UCCIIEOBATEIBCKUX
paboT, MOUCKY U aHAIU3y HAy4YHOU U
TEXHUYECKON MHPOpMAIH B 00J1aCTH
HAHOTEXHOJIOTUU Y CMEKHBIX JUCLUIIINH JUIS
Hay4YHOM, ITATEHTHON U MapKETUHIOBOU
MOAJEP/KKH TPOBOJUMBIX MCCIIEN0BAHUH, K
CaMOCTOSITENIbHON MOJTrOTOBKE MyOJIMKaluii B
OTEUYECTBEHHBIX U 3apyOekKHBIX U3TAHUIX

IIK-3.1. Umeet onbIT cO0pa, 00pabOTKH,
aHaJM3a M CUCTEMaTH3aIMH HAyJHO-
TEXHUYECKON MH(OopMaluu B 00JacTH
HAaHOTEXHOJIOTUU ¥ CMEXHBIX JIUCIIUTUIHH,
IIK-3.2. OuieHuBaeT ypoBeHb UCCIIEI0OBaHUH,
000CHOBAHHOCTb MPEATIaraeMbIX peleHui u
pEKOMEHIalui IO peann3aluy U
HCIOJIb30BaHUIO PE3YNIHTATOB HAyYHBIX-
HMCCIEIOBAHNH;

IK-3.3 [Ipon3BOIUT CTATUCTHYECKYTO
00paboTKy pe3yabTaTOB IKCIIEPUMEHTATBHBIX
HCCIIeIOBAaHUI HAHOCTPYKTYPHUPOBAHHBIX
MaTepuasos;

ITK-3.4 UmeeT OOBIT MOATOTOBKHU
Pe3yIbTaTOB HAYIHO-HUCCIIEAOBATEILCKUX
paboT 11 myOIUKAIUK B TIEPUOTUIECKOM
MeYaTH.




IIK-4 CriocoOeH npeacTaBisiTh IIK-4.1. Ananu3upyer coBpeMeHHOE

HMCTOPUYECKHUE ITAIBI PA3BUTHS COCTOSIHME U HCTOPUYECKUI ITyTh Pa3BUTHUSA

HAHOTEXHOJIOTYH, BaKHEUIIINE OTKPBHITHUS HaHoTexHoJioruu B Poccuiickoit @eaeparuu

OTEUYECTBEHHBIX YUEHBIX, Haubosee U B MUpE;

aKTyaJlbHbIC MPOOJIEMBI, CBI3aHHBIC C MK-4.2. ®opmynupyet Hanboee

CO3/]JaHUEM U TPUMEHEHUEM HAHOCUCTEM U aKTyaJbHbIC MPOOJIEMBI, CBS3aHHBIE C

HaHoMmaTepuanoB B Poccuiickoit @epepanuu | CO3JaHUEM U IPUMEHEHUEM HAHOCHUCTEM U

U B MUpPE Ha"HomaTepuanoB B Poccuiickoit @eneparuu
U B MHUpE

3namey:

— TOAXOJbl K OpraHU3alMi CaMOCTOSITEIbHOM M KOJUICKTHUBHOU
HAYYHO-HCCIIeI0OBATEeNIbCKON PadOThI;
— NPUHIUIOBl  OpPTraHU3allMd  TPOBEACHUS  IKCIHEPUMEHTOB U
HCIIBITAHMIA,
— MPUHIUINBI W CIHOCOOBI 3alUTBI OOBEKTOB HWHTEILICKTYabLHOM
COOCTBEHHOCTH M KOMMEPIHAIIU3AIMHN MPaB HA OOBEKThI MHTEIIEKTYaIbHOM
COOCTBEHHOCTH.
Ymemos:
- BBITOJIHATH MIOUCK, 00pabOTKY, aHAJIU3 U CUCTEMATU3ALMIO HAYYHO-
TEXHUYECKON MH(pOpPMAINH, OCYIIECTBIATH BHIOOP METOAMK U CPEACTB PEIICHUS
3a/1a4, OCTABJICHHBIX IPOTPAMMOM MPAKTHKY;
- BBINOJIHATE 00paOOTKY M aHaIM3 Pe3yJIbTaTOB KCIIEPHMEHTOB H
WCIIBITAHMI;
— AQHAIM3UPOBATh BO3HHUKAIOIIUME B HAYYHO-HCCIIEIOBATENHCKOMN
NeSITebHOCTH 3aTPYAHEHUS M CIIOCOOCTBOBATH MX Pa3pPEIICHHIO.
Bnaoemuv:
— npreMaMy pa3padOTKH TUIAHOB U MIPOrPaMM MPOBEACHUS HAYUHBIX
WCCJIEIOBAHMM, TEXHUYECKUX Pa3pabOTOK, 3aJaHui JJIsl HCTIOTHUTENEH
3 Kpartkoe conep:xxanne 'HA
lNocynapcTBeHHass UToroBasi arrecTaius OOYYaIOIIUXCS MO MPOrpaMMe MarucTpaTypbl
MPOBOAMTCA B (pOpMe BBIMIOJIHEHHUS U 3alIUTHl BHIMMYCKHON KBanudukannoHHoi padotsl (BKP).
l'ocynapctBenHast uroroBasi arrecranusi B ¢opme BoiosHeHUsT u 3amuthl BKP mpoxoaur B 4
cemecTpe Ha 0a3ze 3HaHHM, MOJYYEHHBIX CTYJAECHTAMH MPU U3YUYEHUH AUCIUILIIMH HapaBlIeHUSI
28.04.03 «HanoMaTepHaJIbD».
l'ocynapcTBeHHast UTOTOBasi aTTecTalvs OOYyJAIOIIKUXCS MO IPOrpaMMe MarucTparypbl —
BBITIOJIHEHHE U 3alIUTa BBIMTYCKHOW KBAIM(PUKAIMOHHON pabOThl MPOBOJUTCS TOCYIapCTBEHHON
9K3aMEHALlMOHHOW KOMUCCHEH.
Kontponps 3Hanuit obyuaromuxcs, noaydeHHbIx nmpu ocBoeHun OOII, ocymecTBisercs
myTeM BbimoiaHeHus u 3amuThl BKP u npucBoeHus KBamupUKau « MarucTp.
4 Oobem T'HA
[IporpamMma oTHOCHTCS K 6a30BOif YacTu yueOHOro 1iaHa, k 010ky b3 «['ocynapcTBennas
utoroBas arrectarus» (b3.1) u paccunTana Ha cocpeIOTOUECHHOE MTPOXOXKIACHHE B 4 cemecTpe (2
Kypc) o0yuenust B oobeme 216 u (6 3ET). [Iporpamma nmpeanosaraer, 4To 00y4aromuecss UMEIoT
TEOPETHYECKYI0 M TMPAKTHYECKYyI0 TIOATOTOBKY B OO0JacCTH XMMHYECKOM TEXHOJIOTHH
HAHOMAaTEPHAaJIOB, CIOCOOOB MOIYYSHUS OCHOBHBIX THIIOB HAHOMATEPUAIOB, METOJIOB U MTPHOOPOB
JUISL aHaJIM3a HAaHOMaTEepUasoB.

B
. B 3aueTHBIX
Busel yuebHoit paboTbl aKajeMm.

cAnHUuIax
A H qacax




O0mas TpyA0eMKOCTh NPOrpPaMMbl BBINOJHEHUS M 3aIUTHI
BbINYCKHOW KBAJIM(PUKAIMOHHOH PadOoThI 110 Y4eOHOMY IIAHY

6,0

216

AYIUTOpPHBIE 3aHATHUS:

CamocrositesbHasi padora (CP):

6,0

216

KonrtaktHas camocrositenbHast pabota

CamMocCTOSTeIIbHOE N3YYCHUEC pa3aCIOB JUCHUIIIMHEI

Bua utorosoro kourpoJis: 3amura BKP

Bunst yueOHOI paboThI

B 3aueTHBIX
€ IMHULIAX

B actpos.
yacax

OO0masi TPyA0eMKOCTh POrPAMMBI BbINOJHEHUS] M 3aLIUThI
BBINIYCKHOM KBAJIN(pUKALMOHHOM PadoThI 0 y4eOHOMY IIAHY

6,0

162

AyIUTOpPHbIE 3AHATHS:

CamocrositesbHas padora (CP):

6,0 162

KonTakTHas caMoCTOSITeIbLHAS pa60Ta

CamMocCTOSTeIIbHOE HN3Y4YCHUEC PA3aCJI0B JUCHHUITJIMHBI - -

Bua utorosoro kourpoJis: 3amura BKP

5.6 ®akyabTaTUBBI
AHHOTanus padoueii mporpaMMbl TUCITUATITAHBI
«TexHnka HAy4YHOT 0 MEPEBOIA»
(®TI.01)

1. Heap AUMCHUNJIMHBI — MPUOOPETCHNUE OOYJAOIIUMUCS O0IIEH, KOMMYHUKATUBHON U
npoecCHOHANBHOM KOMIIETEHIIUH, YpPOBEHb KOTOPBIX Ha OTHENbHBIX JTamax A3bIKOBOMN
MOJTOTOBKH ITO3BOJISICT BBHITIONHATH Pa3IMIHbIC BUABI MPO(HECCHOHATHLHO OPHEHTHPOBAHHOTO
NepeBojia B MPOU3BOICTBEHHON U HAy4HOH J1eATEIbHOCTH.

2. B pe3yabTaTe M3yUYeHUs TUCHUILINHBI 00y4alOIIMIics 0 MporpaMmme

MArHCTPATyPbI J0JIKEH:

Obaadamy CIENYIOIMMHA KOMIICTCHITUSIMU

dopmupyemMbie KOMIIETCHIIMT

NHaukaTopbl 10CTHKEHUS] KOMITIETEH NI

YK-1. CriocobeH ocymecTBIATh
KPUTHYECKHH aHaJIN3 MPOOJIEMHBIX
CUTyaIMi Ha OCHOBE CHUCTEMHOI0 MTOAX0/a,
BbIpPa0aTHIBATh CTPATErHIO AEUCTBUN

VK-1.1. CocTaBnser aHHOTAIIUH T10
pe3ynbTaTaM noucka nHGopMaluu u3
JIOKYMEHTaJIbHBIX HUCTOYHUKOB 1
HCCIIEN0BATEIbCKON JINTEPATYPHI.

YK-4. CnocoOeH npUMEHSATh COBPEMEHHBIE
KOMMYHHMKATHUBHBIE TEXHOJIIOTHH, B TOM
quclie Ha UHOCTPaHHOM(bIX) si3bIKe(ax), s
aKaJIeMUYeCKOro 1 MpohecCuOHaIBLHOIO
B3aUMOJCICTBUSA

YK-4.1. Ilpencrasinsier pe3yabTaThl
aKaJeMU4ecKoi U MpoeccuOHaTbHON
JIESITEIbHOCTH Ha Pa3IMYHbIX MyOIMYHBIX
MEPONPUATHSIX, BKIIIOYasi MEKyHApOIHBIE,
BbIOMpas HanboJsiee NoAXoaAui Gopmar;
YK-4.2. ApryMeHTUpPOBaHHO U
KOHCTPYKTUBHO OTCTalBAaeT CBOU MO3HUIMH U
UJIeU B aKaJIEeMUYECKUX U MPO(PeCcCHOHATBHBIX
JIMCKYCCHSIX Ha TOCYJapCTBEHHOM s3blke PD n
MHOCTPAaHHOM $I3BIKE;

YK-4.3. Bnageer HaBbIKaMU BEAECHUA AEI0BOIT
NIEPENIUCKHU HAa PYCCKOM M MHOCTPAHHOM SI3BIKE;
YK-4.4. Cocrapnsiet, nepeBOUT U
pPENAKTUPYET pa3INYHbIE aKaIEMUUYECKIE
TEKCTHI (pedeparsl, 3cce, 0030pbI, CTAThU U
T.A.), B TOM YHCJIE HA NHOCTPAHHOM SI3BIKE.




IIK-3 Cnoco6eH k ananuzy u 00o6menuto | IIK-3.4 VimMeeT onbIT MOATOTOBKH PE3yIbTATOB
pE3yJIbTaTOB HAYYHO-UCCIIEOBATEIbCKUX Hay4YHO-HMCCIIEJ0BATENBCKUX pabOT s
padoT, MOUCKY ¥ aHAIM3y HAYYHOH H myOJIMKAIMU B IEPUOINYECKOMN TIeYaTH.
TEXHUYECKOH HH(pOpMAIMK B 00JIACTH
HAaHOTEXHOJIOTUH U CMEKHBIX JTUCLUILINH
JUISl HAYYHOM, TATEHTHOW U MapKETHUHTOBOM
MOAJEPKKH ITPOBOJUMBIX MCCIIEI0BAaHUH, K
CaMOCTOSITENIbHOM MOATOTOBKE MyOIMKALIUN
B OTE€UECTBEHHBIX U 3apyOEKHBIX U3JaHUAX
3HamMb.
- OCHOBHBIE CTIOCOOBI JOCTUKEHUS IKBUBAJICHTHOCTH B IIEPEBOJIE;
- OCHOBHBIE IPUEMBI [IEPEBO/IA;
A3BIKOBYIO HOPMY M OCHOBHBIE (DYHKIIMH fA3bIKA KaK CHCTEMBI;
- IOCTaTOYHOE JJIsl BBIMIOJIHEHUS TIEpEBOIa KOJIMYECTBO JIEKCHUECKUX €IUHHMII, (hPa3eoI0ru3MOB,
B TOM YHCJIE€ COIIMAIIBHBIX TEPMUHOB U JINHTBOCTPAHOBEIUECKHUX PEANINN;
ymemn.
- IPUMEHSTh OCHOBHBIE IIPHUEMBI [IEPEBO/A;
- OCYIIECTBJIATH MUCHMEHHBIA MEPEBOJ C COONIIOJICHIEM HOPM JIEKCHYECKON SKBHUBAJICHTHOCTH,
COOIOICHHEM IPaMMAaTUYECKIX, CAHTAKCUYECKUX M CTUIIMCTUYECKUX HOPM;
- 0OpPMJISTH TEKCT M1EPEBOJIA B KOMIIBIOTEPHOM TEKCTOBOM PEJAKTOPE;
- OCYILECTBIIATH MEPEBOJ] C COOJIIOIEHUEM HOPM JIEKCHUECKOI SKBHBAJIEHTHOCTH, COOIIOICHHEM
rpaMMaTUYECKUX, CHHTAKCUYECKUX M CTHJIMCTUUYECKMX HOPM TEKCTa MEPEBO/a U TEMIIOPAIBHBIX
XapaKTEPUCTUK UCXOJHOIO TEKCTa;
enademsn:
- METOJMKOU MpPeArnepeBoYECKOro aHaiau3a TEKCTa, CIIOCOOCTBYIOIIEH TOUYHOMY BOCHPUSTHUIO
HCXOJHOIO BBICKA3bIBAHUS;
- METOAMKOM MOJTOTOBKY K BBIITOJIHEHUIO MIEPEBO/Ia, BKIIIOYAs MOUCK HH(POpPMAILIUK B CIIPABOYHOM,
CIEIMAJIbHOM TUTEpaType U KOMIIbIOTEPHBIX CETSIX;
- OCHOBaMH CHUCTEMBbI COKPAILIEHHOW MePEeBOAUYECKOM 3aIIMCH IIPH BBINOJIHEHUHU NIEPEBO/IA;
- OCHOBHOM MHOSI3bIYHON TEPMHUHOJIOTMEN CIIEUAIBHOCTH,
- OCHOBaMH pedeprpoBaHus U AHHOTHPOBAHUS JIUTEPATYPHI [0 CHIEIUATBHOCTH.
3. KpaTkoe coaep:kanue 1UCHUIINHBI
Beenenue. [Ipeamer u posb nepeBosia B COBpeMEeHHOM o01iecTBe. PazmiuuHblie BUABI
nepeBoja. 3a1a4yu ¥ MECTO Kypca B MOATOTOBKE MarucTpa.
Pasgen 1:
1.1. CpaBHeH#He MOPsIKA CIOB B @aHTIIMHCKOM U PyCCKOM Tipennoxkenusix. [lepeBos
IPOCTOTO NMOBECTBOBATENBLHOTO MPEJIOKEHHS HACTOSAIIEr0, OyIyIIero v MpoIeAero BpeMeHH.
Oco0eHHocTH NIEpeBO/ia BOIIPOCUTENBHBIX U OTPULIATENIbHBIX MTPEII0KEHHUH B
pa3IMYHBIX BPEMEHAX.
1.2 TlepeBox npennoxxenuit Bo BpemeHax Indefinite, Continuous. Urenue u nepeBoj 1o
TeMe «XUMUS».
Paznen 2.
2.1. IlepeBon npeioxkenuit Bo BpemeHax rpymnn Perfect, Perfect
Continuous (yTBepAUTEIbHBIE, BONIPOCUTEIbHBIE U OTPULIATEIbHBIE (DOPMBI).
OcobeHHOCTH yNOTpedIeHNs BCHOMOTaTeNbHBIX IJ1aroyioB.
2.2 IlepeBox cTpagaTeabHOrO 3aj0ra. TpyAHBIE Cllydau MEPEeBO/Ia CTPAIATEIILHOTO
3aJIora.
UreHue u nepeBoj TeKCTOB 1o TeMe «Hayka 1 HayuHble METOABDY. AKTUBU3ALUS
JIEKCUKH ITPOYUTAHHBIX TEKCTOB.
2.3. IlepeBoa mpuAATOUYHBIX MPEITIOKEHUH.
IIpunarounsle noanexKalue.
[IpunaTouHble ckazyeMsle.




[Ipunarounblie onpeaenuTeIbHbIE.

[Tpunarounbie 0OCTOSATENLCTBEHHBIE, TPUIATOUYHBIEC TOTIOTHUTEIbHBIC.

2.4. Tunbl YCIOBHBIX TIPEIJIOKECHHH, MPaBUIa U OCOOEHHOCTH MX MEPEBOA.

IIpakTrka nepeBosa Ha mpuMepax TekcToB 0 Xumuu, [[.1. Menaeneese, Hayke U
TEXHOJIOTHH.

2.5. [lepeBoa npeuioxKEHUN ¢ yUeTOM IIpaBuia corjiacoBanus BpemeH. [psimas u
KOCBEHHAs peyb.

2.6. PaznuuHple BapuaHThl IEPEBOA CYIIECTBUTEIBHOIO B IIPEATIOKEHUH.

2.7. MonanbHbI€ TJIarojibl 1 0COOCHHOCTH UX MEPEeBO/Ia.

Pa3BuTHe HaBbIKOB niepeBoAa 1o TeMe «Hayka 3aBTpamiHero JHs».

2.8. CneninaibHasi TEPMHUHOJIOTHS 110 TeMe «JIabopaTopusi».

2.9. Cokpamenusi. OcCoOOEHHOCTH HX TiepeBoa. Pa3BUTHE HaBBHIKOB MIEpEBOa HAa IPUMEPE
TEKCTOB 10 TeMe «JlabopaTopus, U3MEPEHHs B XUMUUNY.

Paznen 3.

3.1. Henuunele hopMbI T1arosna.

Wudunutus (Heonpenenennas ¢popma riaroia). Pons nHQUHUTHBA B IPEIOKESHUN U
BapHAaHTHI MIEPEBO/Ia HA PYCCKUH sA3bIK. [IpuyacTus u repyHaui.

3.2. UlapuHUTHBHBIE OOOPOTHI.

O6oport gomnonHenue ¢ UHOUHUTUBOM. BapuaHThl iepeBojia Ha PYCCKUIA SA3BIK.
Tepmunosnorus no reMe « COBpeMEHHbIE TEXHOJIOTUM.

3.3. OGopoT noanexariee ¢ UHPUHUTUBOM. Pa3nuuHbie BapuaHThI IEpEeBOAA.

TepMuHOIOTHUs 110 TEME «XHUMUYECKAsT TEXHOIOTHSI».

3.4. IlepeBo MpUYIACTHBIX 0OOPOTOB.

AGcomtoTHBIN puyacTHbIE OO0POT U BapUaHTHI [IEPEBOJIA.

Pa3BuTHe HaBBHIKOB IIEpEBOA M0 TeME « XUMHYECKast TEXHOJIOTHS.

4 O0beM yueOHOH THCHHMILINHBI

o B B akanem.
Bunel yue6HOI paboThI 3a4ETHBIX

eIMHHLIAX Hacax
O0mas TpyA0eMKOCTh JMCIUILIHHBI 110 Y4eOHOMY IUIaHY 2 72
KonrtaktHas padora (KP): 0,94 34
Jlexnunu - -
[Tpaktuyeckue 3anstus (I13) 0,94 34
JIaGopatopusle 3ausTus (Jlab) - -
CamocrositeabHas padora (CP): 1,06 38
KonTakTHas camocrosiTenbHas paboTa 106 0,2
CaMocTosiTenbHOE U3YUYEHUE PA3/AETIOB IUCIUILIMHbI ’ 37,8
Bua kouTpoJs:
3auer + +

B B
Bunel yueGHoI paboTh 3a4ETHBIX | ACTPOHOM.

eIMHUIIAX qacax
O0uas TPy10€eMKOCTb IMCHMILUIMHBI 0 Y4e0HOMY IJIAHY 2 54
KonraktHas patora (KP): 0,94 25,5
Jlexknuu - -
[Tpaktryeckue 3austus (I13) 0,94 25,5
JlaGopartopusie 3ausTus (Jlab) - -
CamocrositeabHas padora (CP): 1,06 28,5
KonTtakTHas camocrosiTenbHas paboTa 106 0,15
CamocTosTenbHOE U3YYCHUE Pa3eNIOB TUCIUIUTHHEL ' 28,35
Bua koHTpoJIs:




\ 3auer + +

AHHOTanuA padoyeil NPOrpaMMbl JUCHHUIJIMHBI
«CoumoJiorusi M NCUX0J0Tus NPO(PecCHOHATILHOM AeSITeJIbHOCTH
(PT.02)

1. Heap quCHMILIMHBLI — POPMHUPOBAHUE COLIMATBLHO OTBETCTBEHHOM JIMYHOCTH, CIIOCOOHOMN
OCYILECTBIISATh KPUTUYECKUI aHAIN3 MPOOJIIEMHBIX CUTYallnil, BBIPa0aThIBaTh KOHCTPYKTUBHYIO
CTpaTeTUI0 JEHCTBUI, OPraHU30BBIBATH U PYKOBOAHWTH PA0OTON KOJIJIEKTHBA, B TOM YHCIIC B
MPOIIECCE MEKKYIBTYPHOT'O B3aMMOICHCTBHS, peICKCUPOBATh CBOE MMOBEACHHE, BHICTPAUBATh U

pealln30BbIBAaTh CTPATETUIO MPOPECCUOHAIBHOTO PA3BUTHS.

2. B pe3syabrare
MarucTpaTypsl 10/KeH:

H3Yy4YCHUA JUCHUIIJIUHBI

o0yyamomuiics 10 mporpamMmme

O06nanath CaeAyIOUMMH KOMITIETCHIIUSMHU:

®opmMupyemMble KOMIIETEHIIUH

NHauKaTOpHI J1OCTHKEHUST KOMIIETEeH Uil

YK-3. CnocoGeH opranu30BbIBaTh U
PYKOBOJIHUTH pabOTOi KOMaHIbI,
BbIpa0aThiBasi KOMaHIHYIO CTPATETHIO JIJIsI
JOCTIIKCHUS! [TOCTABJICHHOW 11e/N

YK-3.1. YuacTByeT B BBHIIIOJHEHUH POCKTOB
TPYMIOBOT0O XapakTepa Ha Pa3IMyHbIX
CTaJUsX UX MOJTOTOBKH U pealIn3alnu:
«TJIaHUPOBAHUE — IPOEKTUPOBAHUE —
PUMEHEHHE — TIPOU3BOJICTBOY;

YK-3.2. BeipabaTbIBaeT CTpaTeruio
COTPYAHHMYECTBA M HA €€ OCHOBE OPraHU3yeT
0TOOp YJICHOB KOMAH/IbI JIsl TOCTHKEHUS
IIOCTaBJICHHOM IICIIH;

YK-3.3. [lnanupyet komanHyto padorty,
pacripesiesisieT oOpy4eHUs U JeNIeTupyeT
MOJIHOMOYHS YJIeHaM KOMaH/Ibl C YY4ETOM
WHTEPECOB, 0COOEHHOCTEH TTOBEICHUS U
MHEHUH ee YICHOB

YK-6. CiocoGeH onpenensiTs u
peaT30BbIBATh IPHOPHUTETH COOCTBEHHOM
EATEILHOCTHU U CIIOCOOBI €€
COBEpIIICHCTBOBAHHUS HA OCHOBE CAMOOIICHKHU

YK-6.1. OnieHrBaeT CBOM pecypchl U UX
npezensl (JITYHOCTHBIE, CUTYaTUBHBIE,
BpPEMEHHBIE), ONITUMAIILHO WX UCTIOJIH3YyET
JUISl YCTICIIHOTO BBIMOJHEHUS IOPYYEHHOIO
3aIaHus;

YK-6.2. Onpenensier npuOpUTETHI

PO ECCUOHAIIBHOTO POCTA U CTIOCOOBI
COBEpILEHCTBOBAHUS COOCTBEHHOM
JeSITETHHOCTH HAa OCHOBE CAMOOIIEHKH T10
BbIOPAHHBIM KPUTEPHSIM;

YK-6.3. BeictpanBaeT ruOKyto
poeCCHOHATIBHYIO TPAEKTOPHIO, UCIIOIB3Y S
MHCTPYMEHTHI HETIPEpPBIBHOTO 00pa30BaHus, ¢
Y4€TOM HaKOIIJIEHHOTO ONbITa

PO ECCUOHAIBHON JEATENHHOCTH U
JUHAMAYHO U3MEHSIOLIMXCS TpeOOBaHUM
pBIHKA TpYJIa.

IIK-2 CriocoGeH caMOCTOSATENBHO MTPOBOIUTH
HAay4HO-HCCIIEJOBAaTEIbCKHIE PAOOTHI 1O
CO3JIaHMsI, UCCIIEIOBAaHUIO U IPUMEHEHUIO
HAHOCHCTEM M HaHOMAaTEePHAIIOB

IIK-2.3. Onpenenser nyTH peleHus
HAYYHBIX U TEXHHUYECKHX 3a/1a4 B 00JIacTH
paboT Mo CO3/1aHUI0, UCCIICAOBAHUIO U
MPUMEHEHHIO HAHOCUCTEM U
HaHOMaTepHaJoB

3nameo:

- CYIIHOCTH HpO6JICM opraHuzanvu 1 CaMOOpraHu3alnuu JIMYHOCTHU, €€ TIOBCACHHUSA B



KOJIJIEKTHBE B YCIOBUAX MPO(ECCHOHAIBHON AEATEIbHOCTH;

- METOAbl CAaMOOPTaHM3allMd W PAa3BUTHS JIMYHOCTH, BBIPAOOTKM LEJIENONAaraHus |
MOTHUBALIMOHHBIX YCTaHOBOK, pa3BUTHUSA KOMMYHHUKaTHUBHBIX CIocOOHOCTEN U
Ipo¢eCCHOHATIBHOIO MIOBEICHUS B IPYIIIIE;

- KOH(JIMKTOJIOTUYECKHE acCTIeKThl YIIPABJICHUS B OpraHU3aINH;

- METOAMKHM M3Y4YEHHs COLHMAIbHO-TICUXOJOIMYECKUX SIBIEHUI B cdepe yrpaBieHHs U
CaMOYIIPABJIEHUS JIMYHOCTHU, TPYIIIbI, OPraHU3aL1K.

Ymemn:

- IUTAHUPOBATh U PElIaTh 33a4l JUYHOCTHOTO U MPO(ECCHOHAIBHOTO Pa3BUTHS HE TOJIBKO
CBOET0, HO U WIEHOB KOJIJIEKTHBA;

- aHAJIM3UPOBATh IPOOJIEMHBIE CUTYallud Ha OCHOBE CUCTEMHOI'O 110X0/1a, BbIpa0aThIBATh
CTpaTeruto ACWCTBUI, UCIOIB30BaTh METO/bl JUATHOCTHKH KOJUIEKTHBA M CAMOJMArHOCTHUKH,
CaMOIIO3HaHUs, CAMOPETYJISILIMYA U CAMOBOCIIUTAHMUS;

- YCTaHaBIMBAaTh C KOJUIETAaMHU OTHOILEHUS, XapaKTEepPU3YIOLIHecs KOHCTPYKTHBHBIM YPOBHEM
o01ieHus;

- BbIpa0aThIBaTh KOMAaHAHYIO CTPATErHIO JJIsl IOCTUIKEHHUS IIOCTABJICHHOM LIEIH B PEIIEHUU
po(hecCHOHANBHBIX 3a/1au.

Bnaoems:

- COLMAIbHO-TICUXOJIOIMYECKUMHU TEXHOJIOTMSIMHU CaMOOpPraHU3alluu U Pa3BUTHUS JIUYHOCTH,
BBICTPAaWBaHUS U pean3alMy TPAeKTOPHH CaMOPa3BUTHS;

- TEOPETUYECKUMH M MPAKTUYECKUMHM HaBbIKAMU NPEIYNPEXICHUS U pa3pelieHus
BHYTPHJIMYHOCTHBIX, IPYNIIOBBIX U MEKKYJIbTYPHBIX KOH(IUKTOB,;

- cnoco0amMy MOTHBAIlMM WICHOB KOJUIEKTHBA K JIMYHOCTHOMY W TNPO(HECCHOHAILHOMY
Pa3BUTHIO;

- CHOCOOHOCTSIMH K KOHCTPYKTHBHOMY OOIIEHHIO B KOMaHJE, PEQIIEKCHU CBOETO
oBeeHUs U JIUAEPCKUMH KauyeCTBaMHU.

3. KpaTtkoe cogep:xkanue TUCHMILIUHBI:

Paznen 1. O0mecTBO ¥ JTHYHOCTH: HOBBIE YCJI0BUS H (PAKTOPBI NPOodecCHOHATBHOI0
Pa3BUTHA JIMYHOCTH.

1.1. CoBpeMeHHOe 00111€CTBO B YCJAOBHAX IV100aau3anuu U uHGopmaruzanuu. Tumst
COBPEMEHHBIX OOIIECTB: OOIIECTBO PHUCKA, OOIIECTBO 3HaHUS, MH(OPMAIIMOHHOE OOIIECTBO.
ConumanbHble M TCUXOJIOTMYECKHE MOCIEACTBUS HH(popMaTu3auuu oodmectBa. DyTypoiiok.
Kynbrypomok. AHoMus. AJanTallMOHHBIE KONMHI-CTpaTeruy. JIMYHOCTP B COBPEMEHHOM
oOmectBe. Peduiekcupyromuii uHauBuA. YenoBek Kak cyObeKT aesTeabHocTH. CaMOIMarHoCTHKA
U caMOaHaINu3 Npo¢ecCUOHATBHOTO Pa3BUTHS.

1.2. O0mee noHsiTHE O JINYHOCTH

JInunoctb U ee cTpykrypa. CamMoOcO3HaHUE: CaMOIlO3HAHUE, CAMOOTHOIICHHE,
camoperysinysi. OCHOBHBIE IOAXObI K U3YUYEHHUIO JINYHOCTU. PazBuTne mmunoctu. ConuanpHas
Y TICUXOJIOTUYECKasl CTPYKTypa JIMYHOCTHU. L|eHHOCTHBIE OpUEHTAlMH U TPENOYTEHUS JINYHOCTH
JInuHOCTH B cUCTEME HenpepbIBHOTO 00pa3oBanus. CamooOpa3oBaHue Kak OCHOBA HEMIPEPHIBHOTO
oOpa3oBaHus. ToJepaHTHOE BOCIPUSATUE COLMATIBHBIX, ITHUYECKUX, KOH(ECCHOHAJIBHBIX U
KYJIbTYPHBIX Pa3InIMi.

1.3. CoumanbHble M TCHXO0JOTHYECKHE TEXHOJOIMHM CAMOOPraHU3allUM M
caMOpa3BUTHS TUYHOCTH.

TemmepameHT M XxapakTep B CTpyKType Ju4yHOCTU. llposiBieHue TemmnepaMeHTa B
nestenbHOCTH. CTpyKTypa M Tumosiorus xapakrtepa. @opmupoBanue xapakrepa. Iloctpoenne
B3aMMOJICHCTBUS C JIIOJBMU C YYETOM UX MHIWBHUIYaNbHBIX pa3ziauuuil. CTpaTeruu pa3BUTHS U
camopa3BUTHA JUYHOCTH. JInunele npuopurersl. llenenonaranue. lleHHOCTM Kak OCHOBa
uenenonaranus. Llemn u kimoueBbie obmacTu ku3HU. Life Managment u sxu3HeHHbIE 1ied. Smart
- uenu U Haauenu. Llenb u npu3BaHHbBIe 00ECTIEUUTDh €€ TOCTHMKEHHUS 3aAa4yu U mard. Konusr-
cTpareruu. VIckyccTBO ynpaBisiTh COOOM.

1.4. KorHUTHBHBIE NPOLECCHl THYHOCTH



OOmiasi XapakTepUCTUKAa KOTHUTHUBHBIX (TIO3HABATENIbHBIX) IPOLIECCOB JIMYHOCTH.
OmyieHye 1 BOCIIpUSATHE: BUJIbI, CBOMCTBA, OCOOCHHOCTH pa3BUTHS. BHUMaHMe U TaMATh: BUJIBL,
cBoicTBa, (yHKuMU. PazBuThe M BoclUTaHWE BHUMaHMs. Bo3pacTHble M MHIUBUAyallbHbIE
ocobeHHOCTH maMATH. [IpreMbl paroHAIBHOTO 3ay4YrnBaHus. MbIIUIeHHE U €0 (HOPMUPOBAHHE.
Tunonorus MelnuieHus: GOpMbl, BUIbI, ONIEPALNHU, UHIAUBUAYAJIbHBIE OCOOCHHOCTU. MBblIIIeHHE
u peub. CrocoObl aKTHBU3AIMU MBINUICHHUS. BooOpakeHue: BUIBI, (QYHKIWH, pa3BHUTHE.
Boo6paxenue u tBopuectBo. [Ipuemsl 3ppextuBHOrO UreHus. TpeHUpoBKa NaMATH U BHUMaHMUSL.

1.5. ®yHKuMOHAJbHBIE COCTOSIHUS YesIoBeKka B Tpyae. CTpecc H ero npopuiakTuka

O6mee monsTHE 00 SMOLMSAX M YYyBCTBaX: (PYHKIWH, KiIacCHPUKALMI, OCOOCHHOCTH
pasBuTHs. CriocoObl yrpaBiieHUs] CBOMM SMOLIMOHAIBHBIM cocTostHUEM. O011ee npecTaBieHue o
Bosie. Ilcuxomornueckas CTpyKTypa BOJIEBOTO akTa. Pa3BUThe M BOCIMTAHME CHIIBI BOJIM.
QOyHKIMOHAIBHBIE COCTOSHHS 4YelOBeKa B TpyZAe. Peryisatopbl (pyHKIHMOHATIBHBIX COCTOSHHMA.
Knaccugukanus GyHKIMoHaIBHBIX cocTosiHUM. [Icuxonornyeckuii crpece kak (yHKIMOHATIbHOE
cocrosnue.  Ilcuxomormsi  crpecca.  Ilpodummaktuka  ctpecca u  (GopMHpOBaHUE
cTpeccoycTounBOCTH. MeTozab! ynpaBieHHus (yHKIMOHAIBHBIMU COCTOSTHUSIMH.

1.6. Ilcuxosiorust npogeccuoHAIbHOM 1esITeIbHOCTH

Yenosek u npodeccusi. CTpykTypa npodeccuoHalbHOU aesTeabHocTH. [Icuxonornyeckue
HAIpaBJIEHUSI MCCIEIOBAHUSA 4YEJIOBEKa B CTPYKType HpOPEeCCHOHAIbHOW JAESITEIbHOCTH.
[TpodeccuorpadupoBanue Kak MeTOA H3y4YeHHS NPO(PECCHOHANBHOM JeATeslbHOCTH. Bumsl
npodeccuorpagupoBanus.  3amaddl  [CUXOJOTHH  NPO(ECCHOHATBHOW  JCATEIHHOCTH.
[Tcuxonoruueckue NpU3HaKU U peryasTopsl Tpyaa. IlpodeccnonanbHO BakHbIE KauecTBa.

Paznea 2. YesroBek Kak y4acTHUK TPYI0BOI0 npouecca

2.1. OcHOBHBIC 3Tanbl pa3BUTHA Cy0OBEKTa TPyaa

YenoBek Kak CyOBEKT TpyZda: CTPYKTypa OCHOBHBIX KOMIIOHEHTOB. OTallbl pPa3BUTHUS
cyobekra Tpyaa (nepuoauszanus E. A. Kinumosa). Kpusucel npodeccnoHaabHOrO CTaHOBJICHUS
(E. @. 3eep). BHyTprmimmaHOCTHBIN KOH(IUKT U CIIOCOOBI €0 pa3pemieHusl.

2.2. TpynoBasi MOTHBALMSA M YAOBJIETBOPEHHOCTh TPYAOM

[TorpeGHOCTH M MOTUBHI IMYHOCTH. Knaccudukanus noTpeOHOCTEH 1 BUIBI MOTHBAIIHH.
Hepapxus norpebHocTel (nmupamuaa A. Macnoy). Tpynosas motuBauus. MOTUBBEI TPYJI0BOTO
nosenenus (B. I'. IlogmapkoB). OCHOBHBIE TEOPUH TPYAOBOI MOTHUBALIMU U yIOBIETBOPEHHOCTH
tpyaom (. Makknenana, ®@. I'epudepr, B. Bpym u ap.). MoTtuBanus noBezieHus yeloBeKa B
opranuzaiuy. CyIIHOCT MOTHMBALlMM Kak (YHKIMM YIpaBieHUs B opranuszanuu. llpupona
MotuBauuu. DyHKIMM MOTHBOB TIOBEJAEHHUS 4YejloBeka. MoTuBauus U yIpaBJICHHE.
[Icuxonoruueckue TEOpUM MOTUBAaLMU B opraHu3zanuu. ColuaabHO-3KOHOMHYECKUE TEOpUHU
MotuBanuu. MccnenoBanus MOTUBaMU. METOIMKY ONIPEIEIEHUs] MOTUBALMH K YCIIEXY.

2.3. llesenosiaranue U NVIAHUPOBaHUeE B NPO(ecCHOHAILHOI eI Te IbHOCTH

Ilcuxonorudeckas cucreMa TpPyIOBOM AEATEIbHOCTH. MOTHBAILMOHHBIA IpOILECC Kak
OCHOBa IeJenoiaraiusi. JTtanbl JocTkeHus 1enud. CTpykTypa MOTHMBAIIMOHHOTO Ipoliecca.
Kpurepun s¢pdextuBnocty nenenonaranus. Knaccudukanus neneit. PazpaboTka mporpammbl
peanuzanuu neau. CTpaTernyeckoe njiaHupoBaHuUeE.

2.4. IIpodeccnonaibHasi KOMMYHHKALUS

Ilcuxosorusi odmennsi. CoctaBHbIE IEMEHTHI Ipolecca oOueHus. OYHKIMU U BUJIBI
oOmenusi. Tumbl oOmeHus. XapakTepUCTUKU JIMYHOCTH, CIIOCOOCTBYIOIIME YCHEIIHOCTH
oOmenus. OOmeH wuH(popManued W KOMMYHHKaTHBHble Oapbepbl. ABTOpUTapHas U
JMajioruueckas KommyHukaius. O0O1ieHre Kak B3auMo 1eicTBrEe (MHTEpaKIus ). MexXINYHOCTHOE
BOCHIpUATHE WU TMocTpoeHue wumuka. llpodeccrmonanbHoe obmenue. KynbTypa nemnoBoro
oO01IeHusl.

2.5. IlcuxoJsiorust KOH(PIUKTA

Kondmukr kak ocobas ¢opma B3aumozencTBus. CTPyKTypa, AMHAMMKA, (PYHKIUU
KOH(PIUKTOB. OCHOBHBIC CTAAUM pa3BUTUA KOHPIUKTOB. Kilaccupukanusi KOHQJIUKTOB.
OcHOBHBIE JTanbl IOMCKa BBIXOJAOB U3 KOHGIMKTHOM cutyanuu. [IpodeccronansHbie
KOHGUKTEL.  Mcrounukn — KOHQUKTOB.  KoH(nuKTOreHHble  JUYHOCTH.  YCIIOBUS



KOHCTPYKTUBHOI'O Da3pelieHus] KOHQIMKTOB. YIpaBieHHE KOH(MDIMKTHBIMH CUTyallUsIMH B
KoyiekTrBe. ColnanbHbIe TEXHOJIOTHH MPEIYIPEXKACHUS U pa3pelIeHus: KOH(IMKTOB B KOMaH e
Y OPTaHU3ALHH.

2.6. TpynoBoii kosiekTus. Ilcuxoornst COBMeCTHOrO Tpyaa

I'pynna. KomnexktuBwl. Opranuzanuu. [loHstue rpynmbl. Buabl rpymm: ycIoBHbIE U
peanbHble, OONBIIME W Mayble, MEPBHYHBIE W BTOPUYHBIC, (popManbHble W He(OpManbHEIE,
pedepentnpie rpymnmbl.  IIpodeccuonanbHble  KOIEKTUBBL.  JlnHamuka — (OpMUpPOBaHUS
KOJUIEKTUBA. J[MarHocTMka couManbHbIX rpynm. ['pynmoBas cruioueHHOCTh. ['pymnmosas
JuHamuKa. [lesrenbHOCTh KOMaHJ B opranmsauuu. Comnuomerpus. Ilcuxonorus coBmecTHOU
TPyAOBO# nesitensbHoCTH. [Ipr3Haku rpynmnoBoro cyobekra Tpyaa. Knaccudukanus oprannzanuii.
Crioco6 opraHM3anuMu COBMECTHOM aearenbHocTd. Ilcuxonorust rpymnmbsl.  CouualibHo-
IICUXOJIOTMYECKHE 0COOEHHOCTH MaJIoi OpraHU30BaHHOM Ipynibl. ColuanbHO-IICUXO0IOTMUECKUN
KJIMMAT TPYIIIIBI.

2.7. IlcuxoJi0rusi ynpasJjieHHUs

VnopasieHne kak couuaubHblii  (eHoMeH. CyObeKT M O0OBEKT  YHpaBJICHHUS.
VYipaBieHYeCKUE OTHOLIEHUS Kak IpeIMET HayKH yIpaBleHUs. OTalbl €€ pa3BUTHUS.
VYnpasieHdeckas nesATeNbHOCTb. OCHOBHBIE YIIPaBICHUECKUE KYJIBTYPbl: XapaKTEpHbIE YEPThl U
ocobenHocti.  OcHOBHBIE  (YHKIMM  YOpaBJIeHYECKOH  JesteapbHOCTH.  ColuaibHO-
IICUXOJIOTHYECKOEe  OOecrieuyeHre yNpaBieHUS  KOJUIEKTHBOM. UYenoBedeckue pecypcsl
OpraHu3alliil ¥ yIpaBieHYecKne mpoOieMbl uX 3(QexTuBHOTO Hcmonb3oBaHus. [Ipodiema
4eJIOBEKa B CUCTEME yNpaBiieHUs. JINYHOCTh ¥ OpraHu3anusi.

4. O0beM y4eOHOMH JUCIHIJIMHBI

. B 3aueTHBIX B akagem.
Bunst yueOHOI paboThI

eIMHUIIAX qacax
OOm1ast TPyA0EMKOCTh AUCIUILINHBI TI0 y4eOHOMY TIIaHy 2 72
Konraktnasi padora (KP): 0,94 34
JlexumronHuble 3ansTus (JI3) 0,47 17
[Ipaktuueckue 3ansatus (I113) 0,47 17
CamocrositeabHas padora (CP): 1,06 38
KonTtakTHas camocrositenpHas pabora 106 0,2
CaMocTosITENbHOE U3YUEHUE PA3AEIOB TUCIUIUIMHBI ’ 37,8
Bua koHnTpoJIs:

3auer + +

. B 3auernbix | B actponom.
Bunel yueOHOI pabOTHhI

eIMHUIIAX Jacax
OO011ast TpyA0EMKOCTh AUCHUILIMHBI IO y4eOHOMY TIJIaHy 2 54
Konrakthas pa6ora (KP): 0,94 25,5
Jleximonnsie 3ausaTus (JI3) 0,47 12,75
[IpakTuueckue 3ansatus (I113) 0,47 12,75
CamocrositebHas padora (CP): 1,06 28,5
KonTtakTHas camoctosiTenbHas paborta 1,06 0,15

CamocTosTenbHOE U3YYCHUE Pa3esiOB TUCIHUIUTHHEL 28,35
Bua konTpoJs:
3auer + +




