AHHOTAIUM PA0OYUX MPOrPAMM JUCIHUILINH MPOrPaMMbl MATHCTPATYPHI
no HanpasJjenno noarorosku 28.04.03 Hanomartepuanabi»
Marucrepckasi nporpaMmma «XuMu4yeckasi TEXHOJIOTHsSI HAHOMATEPHAJIOB>

JMCUMIIMHBI 00513aTe/IbHOM YacTH (0a30Bast 4acTh)

AHHOTanuA padoyeil MPOrpaMmbl AU CHUNIMHBI
«@unocopckue mpodaemMsl Hayku u TexHukn» (b1.5.1)

1. Heasro aucuumiannabl «dunocodckre mpoOieMbl HAYKH W TEXHUKHU» SIBISETCS
MOHMMAaHUE aKTyaJIbHBIX (PUI0COPCKUX M METOIOJIOTHUECKUX MPOOIEM HAYKU U TEXHUKH.

OcHoBHbIE 337241 AUCHUIIINHBL

- c(opMyIHPOBATh MPEJCTABICHUE O JUHAMUKE U CTPYKTYpE COBPEMEHHOI'O COCTOSIHUS
TEXHUYECKOTO M XUMHUKO-TEXHOJIOTUYECKOTO 3HAHMUS,

- OCBOUTH 3aKOHOMEPHOCTH U TE€HACHIIUH CTAaHOBJICHHS MEXIUCIUIIMHAPHOTO €MHCTBA
XUMHUYECKHUX, TEXHUYECKUX, XUMUKO-TEXHOJIIOTUYECKUX, €CTECTBEHHOHAYYHBIX M TYMaHUTapHBIX
HayK;

- OBJAJETb OCHOBHBIMHU JIOTHKO-METOJOJIOTMUECKUMU TMPUHIMUIAMU U OCHOBAMHU
$m10coPCKO-METO0TOTMYECKOTO aHATTN3a TEXHHYECKOTO M XUMHUKO-TEXHOJIOTHUECKOT0 3HAHUS,

- HUMETh TPEJACTaBJICHHE O CHCTEeME HayYHbIX METOJOB BBICOKMX TEXHOJIOTHA,
XUMHUYECKOTO H3MEPEHUS W WHHOBAI[MOHHBIX IOAXOJOB JUIS BBIIOJIHEHUS HAy4HO-
HCCIICIOBATEIBCKUX U OMBITHO-KOHCTpYKTOpckux pador (HUMOKP) B TexHUKE M XUMHUYECKOM
TEXHOJIOTHH.

2. B pe3yabrare wu3y4YeHHMs JAUCHUIVIMHBI OOy4YawIIMiicsi MO Tmporpamme
MArHCTPATYPhI T0JIKEH:

Ob6naoams cnenytonmmu oomekyapTypabiMEu (OK) u oomenpodeccuonampabivu (OITK)
KOMTICTCHITHSIMHU:

CIOCOOHOCTHIO K a0CTPaKTHOMY MBIIIICHUIO, aHaau3y, cuaTe3y (OK-1);

TOTOBHOCTBIO JICWCTBOBAaTh B HECTAHIAPTHBIX CHUTYallUAX, HECTH COLUAIBHYIO H
STHYECKYIO OTBETCTBEHHOCTH 3a mpuHsAThIe perrenus (OK-2);

CMOCOOHOCTBIO TOHHMMAaTh M TJIYOOKO OCMBICIMBATh (PUIOCOPCKHE KOHLEHIIUU
€CTECTBO3HAHMSI, MECTO EeCTECTBEHHBIX HAayK B BbIpaOOTKE Hay4dHOTO MHPOBO33PEHHUS,
OTIepUPOBATH KATETOPUAMH, 3aKOHAMH, TTpHeMaMu U (OpMaMy HAyYHOTO MO3HAHUS, TEOPHEH U
meroponorueit ucciemoanuii (OITK-3);

3HaMb.

OCHOBHBIC HayYHbI€ IIKOJIbI, HAIMpaBJIEHMs, MapaJurMbl, KOHLENIUU B Quiocopuu
TEXHUKUA U XUMHUYECKOU TEXHOJIOTHH;

buI0cOPCKO-METOONIOTMYECKHE  OCHOBBI ~ HAyYHO-TEXHUYECKMX M HHKEHEpPHO-
TEXHOJOTHYECKHUX TPOOIIeM,;

- pa3BUTHE TEXHUKU U XHUMUYECKUX TEXHOJOTHMH B COOTBETCTBUU C CTAHOBJICHHEM
JOWH]TyCTPUAIIBHOTO, HHIYCTPUAIBHOTO, TOCTUHAYCTPUATHLHOTO IIEPUOJIOB PA3BUTHS MHUPA,

ymemsy:

- npumensaTs B HUOKP kateropun ¢punocodun TEXHUKN U XUMHUYECKUX TEXHOJIOTHUH;

- aHaJIM3UPOBATH IPUOPUTETHBIE HAMIPABICHUS TEXHUKH U XUMHUYECKUX TEXHOJIOTUH;

- JIOTUYECKU TIOHUMATh U UCTOJIb30BaTh JOCTHKEHHE HAyYHO-TEXHUUYECKOT0 IIporpecca u
[I100aNbHBIX TPOOJIEM HUBUIN3ALUH, IPAKTUYECKU UCTIOIb30BaTh MPUHLUIIBI, HOPMBI U TTpaBuia
HKOJIOTUYECKOM, HAYYHO-TEXHUUECKOU, KOMIIBIOTEPHOU DTUKH,

- KPUTUYECKH aHAJU3UPOBATH POJIb TEXHHUUECKOTO M XUMHUKO-TEXHOJIOTUYECKOTO 3HAHUS
IIPY PELICHUH 3KOJOTMYECKUX Mpo0aeM Oe30MacCHOCTH TEXHUKU U XUMHUYECKHX TEXHOJIOTHH;

enadems:



- OCHOBHBIMU MOHATUSAMHU (HUTOCODUU TEXHUKHA U XUMUYECKON TEXHOJIOTHUH,

- HaBbIKaMU aHanu3a GUIOCOPCKUX MPOOIEM TEXHHUKH, HAyYHO-TEXHUUECKOTrO 3HAHUS U
VHXEHEPHOU eI TEIbHOCTH;

- croco0amMy KpUTHYECKOTO aHalM3a TEXHUKU M €€ MHHOBALlMOHHBIX METOJI0B HAYYHOT'O
uccienoBanus, noucka ontuMaibHbIx pemeHnii HUOKP B TexHuKe 1 XUMHUYECKON TEXHOJIOTHH;

- MpueMaMH IMYyOJWYHBIX BBICTYIUIEHUH B TOJEMHKE, AUCKycCUU MO (uimocopckum
npo0iieMaM TEXHUKH U TEXHUYECKOTO 3HAHUSI.

3. KpaTkoe coaep:kaHue TUCHUTIUHBI

Moaysb 1. MecTO TeXHUKH U TEXHHYECKHX HAYK B KYJbType IUBHIH3AIUH

dunocoduss TEXHUKH, €€ TpeaMer U mnpobiemHoe moje. umocodpuss TEXHUKH B
COBPEMEHHOM 00111eCcTBE, €€ (yHKIIHH.

[Ipeamer dbumocodguu TEXHUKH: TEXHUKA KaK OOBEKT U KakK JACITeIbHOCTh. Dumocodus
TEXHHKHU. TpeAMeT u TmpobieMHOoe Tmoje. Tpu acmekra TEXHUKUA: HWHXKEHEPHBIH,
aHTpomnoJiorTnyeckuil u conuanbHblil. TexHuka kak crneunduueckas Gopma KyJIbTYpBHI.
Hcropudeckue COLMOKYIBTYPHBIE TPEANOCHUIKH BBIICICHUS TEXHUYECKOW MPOOIEMATUKH U
dbopmupoBanus (puocopun TEXHUKHU. (OPMHUPOBAHHME MEXAHUCTHYECKOM KapTUHBI MHDA,
HAay4YHO-TEXHUYECKasl PEBOJIOLMS, HAYUHO-TEXHUUECKUH MPOTPECC U CTPEMUTEIBHOE PAa3BUTHE
texnosioruit mociue || Muposoit BoitHsl.

Moayab 2. TexHHMKa H HAyKa B MX B3aMOOTHOIIIEHN U

TexHuka UM Hayka Kak CIOCOObI camopeall3allid CYIIHOCTHBIX CHJI M BO3MOXKHOCTEH
yenoBeka. Hayka m TexHuka. COOTHOIIEHWE HAyKW W TEXHUKU. JIMHEHHAsT U DBOJIOIMOHHAS
Monenu. Tpu cTanuu pa3BUTHS B3aMMOOTHOUIEHUM HAayKH W TEXHUKU. MIHCTUTyHHOHaNbHAs U
KOTHUTHBHas auddepeHnnanus chep HayKM MU TEXHUKH MU (HOPMHUPOBAHHE TEXHHUUECKOU
opuerraiuu B Hayke (XVII — XVIII 8B.). Hagamo cuueHTH()UKAIMA TEXHUKA W HHTCHCHBHOE
pa3BUTHE TEXHHKH B IEpuoJ MpoMmbliuieHHoH peBomonuu (koHen XVIII — mepsast moioBuHa
XIX B.). CucremaTnyecKuii B3aMMOOOMEH ¥ B3aWMOBIHUSHHE HAyKH M TEXHHKH (BTOpas
nojoBuHa XIX — XX B.). CTaHOBJIEHHE M pa3BUTHE TEXHMUYECKHUX HAYK KJIACCHYECKOTO,
HEKJIACCUYECKOTO M MOCTHEKIACCUYECKOT0 TUIIOB

Bo3HUKHOBEHHE WHXEHEPUU KaK MPOPECCHH OCHOBHBIE MCTOPUYECKHE ITAIbl PA3BUTHUS
WHXEHEPHOW JESITEeTbHOCTU. TeXHHMYecKHe HayKM U METOAOJOTHS Hay4YHO-TEXHUYECKON
JeATEIbHOCTH.

Moayas 3. OcHOBHbIE MeTOA0JIOTHYECKHE TOAX0Abl K TNOHUMAHHI CYIIHOCTH
TeXHUKH.

OcHoBHble (punocockre KOHIENINA TEXHUKUA. AHTPOIOJIOTUYECKUH MOAXO0/I: TEXHUKA
kak opranonpoekius (2. Kamm, A. [enen). DK3UCTEHIMATUCTCKUN aHATW3 TeXHUKA (M.
Xaitnerrep, K. fcnepc, X. Oprera-u-I'accer). AHaIM3 TEXHUYECKUX HAYK M MPOCKTHPOBAHMS
(IT. Durensmeiiep, ®. Jeccaysp). McciaenoBanue conuaibHbIX (GYHKIUNA U BIUSHUN TEXHUKH,
TECOPHSI TEXHOKpAaTHH W  TexHorenHow mwmBmwam3amuu (K.  Dmmons, JI. Mamdops,
@pankdyprckas mkona). X. CKOMUMOBCKU: GHIOCO(US TEXHUKU Kak (PHUIOCO(pUS YeloBeKa.
®dunocodust TexHuKU U unaen naauuayauu K. Cumongona. BzanmooTtHomenus ¢punocodceko-
KYJIBTYPOJIOTHYECKOTO U MH)KEHEPHO-TEXHOKPATHYECKOTO HAMPaBICHUH B Priiocohun TEXHUKH.

OcHoBHbI€ MTPo0IeMbl COBpeMeHHON (punoco@uu TeXHUKH. COIMOIOTUS U METO0JIOTUS
NPOCKTUPOBAHUS U  MHXKEHEPHOW  JeATeabHOCTH. COOTHOIIEHHE JIECKPUNTHUBHBIX U
HOPMAaTUBHBIX TEOpUH B HayKe O KOHCTpyupoBaHuu. KubepHeTuka U MOJAEIUPOBAHUE
TEXHUYECKUX CHUCTEM OJTHKA M OTBETCTBEHHOCTh HMH)KEHEpA-TEXHMKA. paclpesesieHne U Mmepa
OTBETCTBEHHOCTH 3a TEXHOTCHHBIM HKojJormdeckuii ymep6. [lcuxocommanbHOoe BO3/CHCTBHE
TEXHHUKHU ¥ STUKA YIIPABICHHUS.

Bricokne TexHOIOrMHM, XUMHYECKOE H3MEpPEHHUE U HWHHOBAIIMOHHBIE MOAXOABI IS
BBITIOJTHEHUSI HAYYHO-HCCIICAOBATEIbCKUX M OINBITHO-KOHCTpYKTOpckux pador (HHUOKP) B
XUMHUH U XUMHUYECKON TEXHOJIOTHH.

4.00beM y4eOHOH JUCHUIIIMHBI



. B 3aueTHEBIX B akanem.
Buabi yueOHoii padoThI
eIMHUIIAX yacax
OO0mas TPyI0eMKOCTh THUCIHILIMHBI M0 Y4e0HOMY TUIAHY 3,0 108
AyIUTOpHBIE 3aHATHSL: 1,0 36
Jlexkuun 0,5 18
IMpaktuueckue 3austus (I13) 0,5 18
CamocrosiTesbHas padora (CP): 15 54
Bupa xouTpoas: 3auer 0,5 IK3aMeH
(18)
Brb1 yueBHoii paGoThi B 3auerHbIX B actpon.
eIMHUIIAX qacax
O0mas TpyA0eMKOCTh JMCHHIIJIMHBI 10 Y4eOHOMY ILIAHY 3,0 81
AYIUTOpPHBbIE 3aHATHSL 1,0 27
Jlexuumn 0,5 13,5
IMpaktrueckue 3anstus (I13) 0,5 13,5
CamocTosiTesibHas padora (CP): 1,5 40,5
Bupa xouTpoas: 3auer 0,5 JK3aMeH
(13,5)

AHHOTanua padoyeil NPOrpaMMbpl JUCHHUILIMHBI
«HUcTopus ¥ NepcneKTUBBI PA3BUTHS HAYKH 0 HAHOMATEPHAJIaX M1 HAHOTEeXHOJIOTHI»
(b1B.2)

1. Heab OAMCUMIUIMHBI — IPHOOPETECHUE 3HAHUWM, YMEHH, BIaJAcHUN U (opMUpoBaHUE
KOMIIETCHIIMA B 00JAacTH TEOPUH W TPAKTHKH HCIOJIb30BaHUS HAHOTEXHOJOTHH W CO3/IaHus
HAaHOMATEpHaJiOB, CBOMCTB HAHOMATEpPHAJIOB, UX IEPCHEKTUBHBIX OOJacTeil MPUMEHEHUs U
HaIlpaBJICHUH JAIBHEUILErO pa3BUTHA.

2. B pe3yabraTre Mu3yYeHUs] MCUMILUIMHBI oOydaloumuiics 1o mnporpamMme
MArHCTPATYPhI T0JIKEH:

O6nanats creayromumu oomekynpTypusiMu (OK), oomenpodeccuonanpubivu (OITK) u
npodeccuonanbHbiMu ([TK) KOMIeTeHITUAMIU

TFOTOBHOCTBIO K CaMOpPa3BUTHIO, CaMOpealM3alid, HCIIOJIb30BAHUIO TBOPUYECKOTO
norennuaia (OK-3);

CIIOCOOHOCTBIO TIOHUMAaTh M TJIYOOKO OCMBICIUBATh (PUIOCO(CKUE KOHIICTIIIHHI
€CTECTBO3HAHMS, MECTO eCTECTBEHHBIX HAyK B BBIPAOOTKE HAy4YHOTO MHPOBO33PEHHUS,
OIepUpPOBaTh KATErOPUSAMH, 3aKOHAMHM, TpUeMaMU U (OopMaMy HayyHOTO MO3HAHUs, TEOPUEH U
meTogonorueii uccnenopanuii (OITK-3);

CIIOCOOHOCTBIO TNPEACTABIATh MCTOPUYECKHE JTalbl pa3BUTUSA HAHOTEXHOJIOTHH,
Ba)KHEHIIINE OTKPBITUS OTEYECTBEHHBIX YUEHBIX, HanboJjee akTyaabHble TPOOIEMbI, CBSI3aHHBIE C
CO3/IaHMEM W TPUMEHEHWEM HAHOCHCTEM M HaHoMmarepuanoB B Poccuiickoii Penepauuu u B
mupe (ITIK-5);

3HaAMb.

— COBpPEMEHHbIE HAay4HbIE JOCTH)KEHHS U TEpPCHEKTUBHbIE HaIlpaBieHUs pPadoT B
o0nacTu co37aHus ¥ IPUMEHEHHSI HAHOMATEPUAJIOB,;

— COBpPEMEHHbIE TPEIACTABICHHUS O MeXaHW3Max U mporeccax (HOpMHUPOBAHUS
CTPYKTYpbI U CBOMCTB HAHOMATEPUaJIOB U (PyHIaMEHTaIbHBIX OCHOBaX HAaHOTEXHOJIOTHH,

ymemn.

— TPOBOJUTH aHAJIU3 HAYYHO-TEXHUYECKOW WHpOpMaiuu, B 00JIacTU pa3padOTKUu U
MCIIOJIb30BaHUsl HAHOTEXHOJIOTUU U HAHOMATEPHUAJIOB,;

enadems.



— HaBblKaMH pabOTBl C HAayYHO-TEXHUYECKOH, CIpPAaBOYHOW JIUTEpaTypod W
JMIEKTPOHHBIMU PECYpPCAMHM, 3aTparuBarOIMMHU (QYyHIAMEHTAJIbHBIE U MPAKTUYECKUE AaCIEKThI
MPUMEHEHHUSI HAHOTEXHOJIOTUH U CO3/IaHHsI HAHOMATEPHUaJOB,;

— CIOCOOHOCTBIO K KPUTHYECKOMY aHalIM3y M OLEHKE COBPEMEHHBIX Hay4HBIX
JNOCTHKEHHUH, BBISABICHHUIO TMpoOsieM U (DOpPMYIHpPOBAaHHIO TOAXOAOB JJSl  pEIICHUS
MCCJICIOBATEILCKUX U MPAKTUYESCKUX 33/1a4 B 00JIACTH HAHOTEXHOJIOTHH Y HAHOMAaTEPHAJIOB.

3. KpaTkoe coaep:kanue qTUCHUNIUHBI:

1.BBenenue. 3apoxkaeHne HAYyKH 0 HAHOMATEPHAJIAX U HAHOTEXHOJIOTHH

CoBpeMEHHOE COCTOSIHME, MPOOJIeMbl M MEPCHEKTHUBBI Pa3BUTHUS HAHOTEXHOJOTHH H
HaHoMaTepuayioB. Mcropusi pa3BUTHs HayKu O HaHOMAaTepuallax M HaHOTEXHoJoruu. Bxrian
OTEUYECTBEHHBIX y4yeHBIX. OcoOble (pu3NYeCKne W XUMHUYECKHE CBOMCTBA HAHOOOBEKTOB U
HAHOCTPYKTYPHPOBAaHHBIX CHUCTEM. 3aBUCUMOCTbh CBOWMCTB OT pa3Mepa CTPYKTYPHBIX 3JIEMEHTOB
Marepuasia (J4acTHIl, KJIACTEPOB, 3€PEH) W MposiBieHUe pasmepHoro 3ddekra. I[Mpupomusie
O0BEKTHl KaK HaHOMAaTepHalbl. 3aJauyd W BO3MOXKHOCTH HAHOTEXHOJIOTUM HAa COBPEMEHHOM
sTane. AHaJIU3 Hay4YHO-TEXHUYECKON MH(OPMAaLlMK U MHHOBATHKA B 00JaCTH HAHOMAaTepUasoB U
HaHOTexHoJoruu. HoOeneBckue mnpemMun B 00JACTH TEXHOJOTUHM HAHHOMATEPHAIIOB U
HaHOTEXHOJIOTHH.

2.AcTopusi pa3BUTHS METO/I0B BU3yAJTH3AIUN H AHAJIN32a HAHOMATEPHAJIOB

Pa3Bute u pyHaameHTaIbHBIE OCHOBBI OCHOBHBIX METOJOB BHU3yallM3allUd W aHAINU3a
HaHoMarepuanoB. (Co3aHME U COBEPILIEHCTBOBAaHME METOJOB W ammaparypbl 30HIOBOM
MHUKPOCKONHUH. Pa3zBuTHe M MEPCHEKTHBBI MPOCBEUYMBAIOMIEH M CKAHUPYIOUIEH SJIEKTPOHHOMU
MHKPOCKOTIHU. MeTopl HMCCIEeIOBaHUsI HAHOMATEpUANIOB (CHEKTPOCKOINUSI KOMOMHALMOHHOTO
paccesiHUsl, METOJbl KOPPEISIUMOHHOM ONTHYECKOM W PEHTTCHOBCKOW CHEKTPOCKOIHUH,
TU(PPaKIIHOHHBIC METOIbI HCCIICIOBAHUS | JIP. ).

3.AcTopusi pa3BUTHSA MeTO/I0B NOJy4eHHsI HAHOMATEepPUAJIOB

OcHOBHBIE METOJIbI IOJyuyeHUs HaHoMarepuayioB. [lonydyeHne HaHomopomkoB. Merton
I'neiitepa. Bkiag COBETCKMX YYEHBIX B COBEPIICHCTBOBAHUE METOJOB  MOJYYEHHS
HAaHOMAaTEPHAJIOB. DBOJIOLMS METOJIOB XMMHYECKON TEXHOJIOTHUHM MOJYyYEHUS] KEPAMUYECKUX U
KOMITO3UIIMOHHBIX ~MaTEpPHUAIOB C BBICOKUMHU DKCIUTyaTallAOHHBIMM  XapaKTEPUCTUKAMM.
Texuonoruu 3D-nevatu (3D-Printing),

4. YriiepogHble HAHOMATEPHAJIBI.

Ucropus co3ganusi U pa3BUTHE YIIIEPOJHBIX HaHOMaTtepuanoB. DynepeHsbl, yriaepoIHbIe
HAaHOTPYOKH, TpadeH, HaHOamMa3sl U ap. HobOemeBckue mnpemMun 3a  YIJIEPOJHBIC
HaHOMaTepHaibl. Monudukamus yriepoaHblx HaHOMATepUaIoB.

5.Kepamnueckne 1 KOMIIO3HIMOHHbIE HAHOMATEPHAJIBI.

[Ipumepbl ~ KOMITO3WIIMOHHBIX ~ MaTepuaqoB B  ApeBHOCTH.  Kiaccudukanus
KOMITO3MIIMOHHBIX MaTepuasoB. OCHOBHBIE THUIIBI CTPYKTYP KOMIO3WLIMOHHBIX MaTEpHalIOB.
XapakTepucTrka HamoJHuTenel. du3nueckue U XMMHYECKHE CBOMCTBA HEOPTraHUYECKUX U
OpPraHMYECKUX  KOMIIO3UIIMOHHBIX  MarepuaioB.  [lepcreKTHUBHbIE  KOMIO3ULIMOHHBIC
HaHoOMaTepHuaybl. MeTajtokepaMuka.

6. [TopucTbie HAHOMATEPHAJIBI U MEMOPAHBI.

JpeBHrEe HaHOMOPUCTHIE MaTepraybl. HoMeHknaTypa nop MexayHapoJHOro COr3a IMo
qucTOM W npukiaaHod xumuu (1972rt.). OnpeneneHre MOPUCTOCTH PA3IMYHBIX BHIOB TIOD.
[Topucteie Matepuasibl paziuuHOl npupoasl. Hanomoputsiii yriaepon. MosekyispHbIe CHTA.
Mesomnopucteie Me30CTPYKTypHpoBaHHbie Matepuanbsl (MMM). HaHOKOMIIO3UTBI Ha OCHOBE
MOJIEKYJISIpHBIX cUT. MeMOpaHbl U MeMOpaHHbIe mpoliecchl. [lomumepHble, MeTaIIIMYECKHE,
KepaMHu4eckrne, KOMIO3UTHbIe MeMOpaHbl. TpekoBble (uiabTpel. Haubonee mepcrnekTuBHbIE
00Jy1acT MpUMEHEHUs MeMOpaH.

7. HanoMaTtepuaJbl B 3J1eKTPOHUKe. CeHCOopBlI.

[Iporpecc B MHKpO- M HaHOXJIEKTpOHHUKE. [loMynmpOBOJHMKOBBIE HAHOCTPYKTYPHI:
KBaHTOBBIC SIMbl, HUTH U TOYKHU. [loyueHHe W IpUMEHEHUE KBAHTOBBIX ToueK. KBaHTOBBI
nasep. KBanTOBBII KOMIIBIOTED. DIIEKTPOXUMHUYECKHUE CEHCOPBI Ha OCHOBE

4



HAaHOCTPYKTYPUPOBAHHBIX MaTepuaioB. [IpUHIUIBI CTPYKTYpHOW oOpraHu3aiuu Marepuaia
ceHcopa.

8. MarHUTHbIE HAHOMATEPHAJIBI.

CoBpeMeHHbIE U TePCIIEKTUBHBIE MarHUTHBIE HaHOMaTepuaiabl. OCOOEHHOCTH CTPOCHUS
U CBOMCTB HAHOCTPYKTYPHBIX MAarHUTHBIX MaTepHalioB. MarHuTHble HaHOMAaTEpHAallbl st
xpaHeHus: nHpopmanuu. BeICOKOKOIpIUTHBHBIE MaTepuaibl. MarHUTHbIE HaHOMAaTEepUaNbl JJIs
BBIJICTICHUS 1 OYHCTKH BeecTB. Mctopust pa3paboTku, COBpPEMEHHOE COCTOSIHUE U TIEPCIIEKTUBBI
MIPUMEHEHNS MATHUTHBIX KUJKOCTEH.

9. HaHoMalMHbI M HAHOYCTPOWCTBA.

AcceMmOnepsl W MOJIGKYJsApHbIE MamuHbl. KoMmbloTepHbIe MoOAETW. 30HIOBBIN
MHUKPOCKOII KaK MaHHUMyIaTop aromamu. Hanomurtorpadusi. KoHBepTHpOBaHHE BHEITHHX
BO3ICHUCTBHUI (IHEPTHIO XUMHUYCCKOU PEaKIIMU, CBETOBYIO, DJIEKTPHUYCCKYIO, TEIUIOBYIO SHEPIHIO)
B MEXAHUYECKYIO SHEPTUIO JABWXKEHUs. J[Ba THUIIAa MOJEKYJISIPHBIX MOTOPOB: TPAHCISLIUOHHBIN U
porop. HobGeneBckass mpemusi 3a NPOEKTUPOBAHWE M CHHTE3 MOJIEKYJSIpHbIX MaminH. CHHTE3
HaHOaBTOMOOUJS B Paiic-yHuBepcutere. Nanocar Race -mexnyHapoaHblE COPEBHOBAHUS
HAaHOABTOMOOUJIEH.

4. 00beM y4eOHOH JUCHHILIMHBI

o B 3adeTHBIX B akanem.
Bun yae6HO# paboThI
eMHUIIAX gacax
O0mas TPyA0eMKOCTh JMCHMILJIMHBI 10 Y4eOHOMY ILIAHY 4,0 144
AYAUTOPHBIE 3aHATHUS: 1,0 36
Jlexru (JIek) 0,5 18
Ipaktuueckue 3ansarus (I13) 0,5 18
CamocrosiTesbHas padora (CP): 3,0 108
Buja koHTpoOJs: 3a4eT / 3K3aMeH 3auer ¢
OLICHKOM
Buabi yue6Hoii pagoTsr B 3aueTHbIX B actpoH.
€IMHUIIAX gacax
OO01asi TPYA0eMKOCTh JHCIUTIMHBI 110 Y4e0HOMY MJIAHY 4,0 108
AYAUTOPHBbIE 3aHATHS: 1,0 27
Jlexrn (JIek) 0,5 13,5
[Mpaktuyeckue 3ausatus ([13) 0,5 13,5
CamocrosiTesbHas padora (CP): 3,0 81
Bua konTpoJs: 3auer 3ader ¢
OLICHKOM

AHHOTaNuA padoyeil MPOrpaMmbl AU CHUNIMHBI
«/lenoBoit mHOCTpaHHBIIT 513bIK» (B1.5.3)

1. Hear AMCHMILUIMHBI. TIpHOOpeTeHHE OOydJaromuMucs oOIel, KOMMYHUKATUBHON U
npoeCCHOHATBLHON KOMIIETEHIIMH, YPOBEHb KOTOPHIX HA OTAEIBHBIX JTamax S3bIKOBOM
MOJTOTOBKH TTO3BOJISIET HCIOJNB30BaTh WHOCTPAHHBIA S3BIK Kak B MpodecCHOHAIBHOM
NEeSTENILHOCTH B chepe 1eoBoro oOIIeH s, TaK U JJIs [eeid caM0ooOpa30BaHHUS.

2. B pe3ysbTare H3y4yeHHUs TUCHHUILIHHBI CTYIEHT JA0JIKEH:

Oo6nanats cieayromumu o0mekynbTypHbiMu (OK), oomenpodeccuonansubivu (OITK) u
npodeccronanbHbiME ([TK) KOMIETEHITUAMHE:

TOTOBHOCTBIO K CaMOpPa3BUTHIO, CaMOpEalIHM3al[id, HCIOJIB30BAHUIO TBOPUYECKOTO
norenruana (OK-3);

CIIOCOOHOCTBIO K aHaNM3y U OOOOIICHHIO pPEe3yNbTAaTOB HAyYHO-UCCIIEI0BATEIBCKUX
paboT, MONCKY M aHaJIM3y HayYHOW M TEXHHUYECKOW MH(OopMaImu B 00JaCTH HAHOTEXHOJIOTHI U
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CMEXHBIX NUCHMIUIMH JJI1 HAYYHOM, MATEHTHOM M MapKETHMHTOBOM MOJICPKKH ITPOBOIUMBIX
HCCJIEIOBAaHMM, K CAMOCTOSITENIbHOM MOATOTOBKE MyOJMKalMii B OTEYECTBEHHBIX U 3apPYOEKHBIX
uznanusax ([MK-3);

CIOCOOHOCTBIO K aKaJeMHU4YeCKOW MOOHMIIBHOCTH, aKTUBHOMY MapTHEPCKOMY Y4YacTHIO B
pabore 3apyOeKHBIX HAay4YHO-HCCIEIOBATEIbCKUX JTA0OpATOpWiAi BO BpeMs  HAYYHBIX
CTQXHUPOBOK, a TAKXE IyTeM MPE3EHTAlUN CTEHAOBBIX M YCTHBIX [JOKJIAJ0B Ha HAy4YHBIX
koH(pepeHmusx ([1K-4);

3Hamb.

- OCHOBHBIE CIOCOOBI COYETAEeMOCTH JIEKCMYECKHX EIWHHWII U OCHOBHBIE CIIOBO-
00pa3oBaTelbHbIC MOJICIIH;

- PyCCKHE SKBUBAJICHTHI OCHOBHBIX CIIOB M BBIpOKEHUH MPOdECCHOHATBLHON peuH;

OCHOBHBIE TPUEMBI U METOAbl pedepupoBaHUs M AHHOTUPOBAHHS JIMTEPATyphl IO
CIELUATBbHOCTH,

- MACCUBHYIO M aKTHBHYIO JIEKCHKY, B TOM YHCJe OOILIEHAyYHYI0 U CIEHUAIbHYIO
TEPMHHOJIOTHIO, HEOOXOIUMYIO JJIsi paOOTHI HaJl TUTIOBBIMU TEKCTaMH,

- IpueMbl PabOTHI C OPUTHHAIBHON JIUTEPATYPOM IO CIIEUATBHOCTH.

ymemn.

- paboTaTh C OPUTHMHAIBHOHN JIUTEPATYPOH IO CTICITHATBHOCTH

- paboTaTh CO CIOBapeM;

- BECTH JIEJIOBYIO IIEPENUCKY HA U3YYaEMOM SI3bIKE;

- BECTH PEUEBYIO JICATEIBHOCTh MPUMEHUTENBHO K cepe OBITOBOM U mpodeccHoHaTbHON
KOMMYHUKAaIUH,

enademy:

- HMHOCTPAaHHBIM SI3BIKOM Ha YypOBHE NPOGECCHOHATBHOrO OOIIEHUs, HaBbIKAMH H
YMEHUSIMH PEUYEBON NESATETBHOCTH MPUMEHHTENBHO K cdepe ObITOBOM M mpodeccHoHaNbHOM
KOMMYHHKAIMH, OCHOBAMHU MyOJIMYHON peuH;

- (¢opMaMu NeNTOBOM TMEpPENUCKU, HABBIKAMHU TOJITOTOBKHM TEKCTOBBIX JOKYMEHTOB B
YIPABJIEHYECKOU 1€ATEIbHOCTH;

- OCHOBHOM MHOSA3BIYHON TEPMHUHOJIOTUEN CIIEUUAIIBHOCTH;

- OCHOBaMHU pedepUpOBaHUS U aHHOTHUPOBAHUS JINTEPATYPHI 110 CIELIHMATLHOCTH.

3. KpaTkoe coaep:kaHue TUCHUTLINHBI

Brenenue. [IpeameT u posib ”HOCTPAHHOTO SI3bIKA B JIEJIOBOM OOIIEHUH. 3aa4l U MECTO
Kypca B IOJATOTOBKE MarucTpa TEXHUKH U TEXHOJIOTHHU.

1. I'pammaruyeckue TPYAHOCTH HM3ydaeMOro s3bika: JIMuHble, NpUTSDKATENbHBIE U
poYre MECTOUMEHHUS.

Crnpspxenue rinarona-cBszku. O6pa3oBanue u ynorpebieHne GopM MacCUBHOTO 3aJI0Ta.

ITopsimoK CII0B B IPEAJIOKECHUMN.

2. UTteHne TeMaTHYECKUX TEKCTOB. «BBeacHUEe B XUMUI0», «J1.1. Mennenee», «PXTY

uM. [I.1. MenneneeBa». [lonsatue o Bunax 4reHusi. AKTUBU3ALMS JICKCUKH MPOYUTAHHBIX
TEKCTOB.

3. Ilpaktuka ycTHOU peun mo Temam: «I'oBopuM o cebe», «B ropoae», «PaiioH, rae o
KUBY>.

Jlexkcuueckue 0cOOEHHOCTH MOHOJIOTUYECKOH peur. PeueBoii 3TUKET Je0BOro OOLIeHHS
(3HAKOMCTBO, TPEICTABICHNE, YCTAHOBICHUE U MOJICPKAaHUE KOHTAKTA, 3alpOC U COOOIICHUE
uHpOopMaIuH, MOOYKICHHE K JICHCTBHUIO, BRIPAXKCHUE MPOCHOBI, COTIIACHS).

doHETHYECKUE XapaKTEPUCTUKHA U3ydaeMoro si3pika. OCOOCHHOCTH THAOTUYECKON pedun
10 TPOMJAEHHBIM TEMaM.

4. 'pamMaTHUeCcKHe TPYIHOCTH N3Y4aeMOT0 SI3bIKa!

Wupunutue.  OOpasoBanue W ynorpeOieHne  MHOUHUTUBHBIX  OOOPOTOB.
BunoBpeMenHbie (hOpMBI TTI1aTr0JIOB.

5. Uzyuatomiee ureHue TeKCToB no TemaM: «CTpyKTypa BemiectBa», «Heopranuueckas u
OpraHMuyeckas XHMHA, COeIWHEHHus yriaepoaa». Jlekcuueckne OCOOEHHOCTH JIETOBOM
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JTOKyMeHTauu. TepMIuHOJIOoTHSI OU3HEC TUTEPATyPhl HA U3Y4aeMOM SI3BIKE.

6. [IpakTrka ycTHOU peun mo TeMe «CTyaeHdecKas KU3Hb».

CrunucTuyeckre U JIEKCUYeCKue 0COOCHHOCTH SI3bIKA JIEJIOBOTO OOIIEHUS. AKTUBHBIA U
MaCCUBHBI TEMaTUYECKUH CIIOBApPHBIN 3amac.

7. 'paMmmaTuyecKkre TPYAHOCTH U3y4aeMOro S3bIKa!

[Ipuuactus. Pa3nuyHbie BapuaHThl IEPEBO/Ia MPUYACTHIN HA PYCCKUM s3bIK. [IprdacTHbIE

00OpOTHI U MPUEMBI UX TIEPEBOJIA HA PYCCKUH S3BIK.

CocnararenbHo€ HaKJIOHEHHUE. THUIIBI YCITOBHBIX MTPEAIOKEeHUH. BapuanTel nepeBoaa

MPEIJIOKEHUH B COCIAraTeIbHOM HAKJIOHEHUH M YCIIOBHBIX MPEIIOKEHHH.

8. MHM3yuwaromee 4YTeHHE TEKCTOB IO TeMaTHKe: <«XUMHYecKass J1abopaTtopus»;
«M3mepenusB xumun». OpraHuzanus padOThl CO CleNUaTbHBIMU cloBapsiMu. [loHsTHE O
pedeprpoBaHUM TEKCTOB MO CIIEIUATBHOCTH.

9. Ilpaktuka ycTHOU peun mo Temam: «CTpaHa H3y4aemoro sizbika», «IpoBeneHue
JIETTIOBOM BCTPEUN», «3aKIIOUCHUE KOHTPAKTa».

YcrHblif 00MeH nHpopMalen: Y CTHbIE KOHTAKThI B CUTYAIMX AEI0BOTO OOLICHHUS.

10. Msyuaromee YTeHWE CHEIUATBHBIX TEKCTOB. I[Ipuembr pabOTBI CO ClOBapeM.
CocraBnenue pehepaToB U aHHOTAIUH.

11. O3nakomMuUTeIbHOE YTCHHUE IO TeMaThuke. «B 6anke. ®uHAHCH»,; «/[eIOBBIC THCHMA,;
«Y CTpOICTBO Ha pabOTY».

®opmMmbl nenoBoro nuchMma. [loHATHE AenmoBoN KoppecnoHAeHIMU. [IpueMbl paboThl C
HHTEpHETOM U 3JIEKTPOHHOM IIOYTOM.

12. PazroBopHasi mpaKkTHUKa JIEJIOBOTO OOIICHUS MO TeMaM: «XUMUYECKUE TEXHOJIOTHU,
«[Ipo6rieMbI HKOTOTHI».

CooOmienue uHpOpMaAMU MO Teme (MOHOJOTHYECKOE BBICKA3bIBAHHE) B paMKax
o0IIeHayYHO! U OOIIETEeXHUYECKON TEMATHKH.

4. O0beM y4eOHOH TUCHHIIINHBI

B 3aueTHBIX B akanmem.
Bunpl yue6HO# paboThI €IUHUIAaX qacax
O0mas TpyA0eMKOCTh JMCIHHILJIMHBI 10 Y4eOHOMY ILIAHY 4,0 144
AyIMTOpPHBIE 3aHATHSL: 1,25 45
Jlexrn (JIek) - -
IMpaktuyeckue 3anstus (I13) 1,25 45
Jlaboparopus - -
CamocTosiTesibHasi padora (CP): 2,25 81
Bua koHTpos: 3aueT / 3K3aMeH 0,5 IK3aMeH
(18)
B 3auetHbIx B actpos.
Bunpl yaeOHol paboThI €AMHHLIAX yacax
O01asi TPY/10eMKOCTh THCIUIIJIMHBI N0 Y4e0HOMY IJIAHY 4,0 108
AyIUTOpHBIE 3aHATHSL: 1,25 33,75
Jlexrn (JIek) - -
ITpaktuueckue 3anstus (I13) 1,25 33,75
Jlaboparopus - -
CamocTosiTesibHas padora (CP): 2,25 60,75
Bua koHTpoOJs: 3auet / 3K3amMeH 0,5 DK3aMeH
(13,5)

AHHOTanuA padoyeil MpOrpaMmbl AU CHUNIHMHBI
«Du3nvecKue 1 XHMHYECKHE CBOIICTBA HAHOMAaTepuaioB n HaHocucrem» (61.5.4)
1. leap AUCHUNJIMHBI - TPHOOPETCHUE 3HAHUM, YMEHUH, BIaJICHUA U (popMUpOBaHUE
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KOMIIETCHIIM B 001acTH (PU3MYECKHX M XUMHUYECKHX CBOWCTB HAaHOMATEPUAIOB, HA KOTOPBIX
OCHOBAHO TNMPHUMEHEHUE HAHOMATCPUAIIOB W JalbHEUIECEe Pa3BUTHE XUMHYECKOW TEXHOJOTHH
HAHOMAaTEPHAJIOB.

2. B pe3yabraTre Mu3yYeHUs] MCUMILUVIMHBI oOydaloumyiics 1o mnporpamMme
MArUCTPATYPhI T0JIKEH:

Ob6nanats creayromumu oomekynpTypusiMu (OK), odomenpodeccuonansubivu (OITK) u
npodeccuonanbHbiMu ([TK) KOMIeTeHIUsAMIU

CIOCOOHOCTRIO K a0CTPaKTHOMY MBIIUIEHHUIO, aHanu3y, cuate3y (OK-1);

CIIOCOOHOCTBIO K CaMOCTOSITEIbHOMY OOYYEHHUIO HOBBIM METOJaM HCCIIEAOBaHUS, WU
U3MEHEHHI0O HAyYHOTO M HAyYHO-TIPOU3BOJCTBEHHOTo mpoduis cBoed mnpodeccHoHaIbHOMI
nesitenbHocTH (OITK-1);

CTIIOCOOHOCTBIO MPENICTABIISATH UTOTH BBIMIOJIHEHHON pabOTHI B BHJIE OTYETOB, JOKJIAJIOB
HAa CHUMIIO3UyMaX, HAYYHBIX MYyOJTUKallMid C HCHOJIb30BAHUEM COBPEMEHHBIX BO3MOXKHOCTEH
uHbopMaTuku U oparopckoro nckyccrsa (OITK-4).

CIIOCOOHOCTBIO CaMOCTOSATENBHO TPOBOJUTH HAYyYHO-HUCCIEAOBATEIBCKUE PAOOTHI IO
CO3/IAHHUIO, UCCIICIOBAHUIO M IPUMEHEHHIO HaHOCKUCTeM U HanoMaTepuaios ([1K-2);

CIIOCOOHOCTBIO yYacTBOBaTh B ONTHMHU3AIMU CYIIECTBYIOIIMX METOIUK CO3JAHHS H
NPUMEHEHHUST HAHOCHCTEM M HAaHOMATEPHAJIOB JIJISl YCIICNIHOM KOHKYPEHIIMM Ha PBIHKE WICH H
texnosoruit ([TK-8).

3HamMb.

COBPEMEHHBIC HAYYHBIC JOCTHKCHHS U MEPCIEKTHBHBIC HAIMpaBJICHUsS pabOT B 00JIacTH
(GU3NIECKUX U XMMUYECKUX CBOHCTB HAHOMAaTEPHAJIOB,;

COBPEMEHHBIC TMPEACTABICHUS O (PUINKO-XUMHUYECKUX MEXaHU3Max U TMpoIleccax,
MPOTEKAOIINX MTPH UCTIONB30BaHUN HAHOMATEPUAIIOB,;

(U3UKO-XMMHYECKHE  CIIOCOOBI  YNpaBIEHUsST ~ CBOMCTBAMH  HAHOMATEPHAJIOB,
MOTU(PUKAIIE HAHOMATEPHAIIOB;

MPOTHO3MPOBAHUE PAa3BUTHS (PYHKIMOHATHHBIX HAHOMATEPHAIOB HAa OCHOBE UX
(U3NIECKUX U XUMUYECKUX CBOMCTB.

ymemb.

— TPOBOJUTH AHAIN3 HAYYHO-TEXHUYECKOW HH(pOpManuu, B 00JacTH (U3MUYECKUX U
XUMHYECKHX CBOWCTB HAHOMATEPHAJIOB,

— onpenensith dpQPexTuBHBIE (DUZMKO-XUMUYECKHE METOABl  CO3JIaHUS  HOBBIX
(YHKIMOHATHHBIX HAHOMATEPUAIIOB C KOMILJICKCOM 3aJaHHBIX CBOMCTB [UISI KOHKPETHBIX
obrnacreill MPUMEHEHHUS;

— TPHUMEHATh TCOPETHUYECKHE 3HAHUS (U3NKO-XMMHUYECKHX CBOMCTB COBPEMEHHBIX H
NEPCICKTUBHBIX HAHOMATEPHAIIOB Ul PEIICHHS MCCIICAOBATEILCKUX W TPUKIAJHBIX 3a/1a4, B
TOM YHUCJI€ B MEXIUCIUTIITNHAPHBIX 00TIaCTsIX.

enadems:

HaBBIKAMHU pabOTHI ¢ HAYYHO-TEXHUYECKOH, CIIPaBOYHON JINTEPATYPOH U 3IEKTPOHHBIMH
pecypcamu, 3aTparuBalOMMU  (yHIAMEHTAIBHBIE W TIPAKTUYECKHE AacleKThl  CO3JaHUs
COBPEMEHHBIX HAHOMAaTEPHAJIOB,;

CIOCOOHOCTBIO K KPUTHYECKOMY aHajiu3y H OIEHKE COBPEMEHHBIX Hay4YHBIX
JMOCTYIKEHUH, BBISBICHHUIO TIpoOsieM ¥ (OPMYIHPOBAHHWIO TOAXOAOB JJSI  PEIICHUS
UCCIIEIOBATEIIBCKUX U MPAKTHYECKUX 337129 B 00JIACTH HAHOTEXHOJIOTUH 1 HAHOMATEPHAJIOB.

MeToaMu paboThl C HAYyYHO-TEXHMYECKOH, CHPAaBOYHOU JUTEPATypoll M 3JIEKTPOHHO-
OMOMOTEYHBIMH pPECypcaMH TIO0 TEOPETHYECKHMM M TEXHOJOTHYECKHM acleKTaM (U3UKO-
XUMHUYECKHX CBOMCTB U XMMHUYECKON TEXHOJIOTUH HAHOMATEPUAJIOB;

HaBBIKAMU HAXOXJICHUS M WCIOJB30BAHUS CIPABOYHBIX JIMTEPATYpPHBIX ITaHHBIX H
KOMIBIOTEPHBIX 0a3 JaHHBIX IO COCTaBY, CTPYKType U (DHU3UKO-XUMHYECKHM CBOHCTBAM
OCHOBHBIX THUIOB ()YHKIIMOHAJIBHBIX U KOHCTPYKIITMOHHBIX HAHOMATEPUAIIOB.

3. KpaTkoe conep:kaHue TUCHUTLIUHBI

Moayanb 1. dusuyeckue cBOHCTBA HAHOMATEPHAJIOB U HAHOCTPYKTYP.



1.1BBeaenne. Mexanuveckne CBOiCTBAa HAHOMATEPHUAJIOB

Mexanuueckue CBOIiCTBa HaHOMAaTEPHUaJIOB. [TpouHOCTB, IUIACTUYHOCTE,
CBEpXIUIACTUYHOCTh W JPYTHE€ TMapaMeTphbl, OMNPEIesIIoNie MEXaHHYeCKHe CBOWCTBA
HAaHOMAaTepHaJloB. AHU30TPONUS MEXaHWYECKHX CBOWCTB. BimsHue mopdosoruu, CTpyKkTypbl
HAaHOYACTHI] HA MEXaHWYECKHUE CBOMCTBA. BiIMAHME HAHOCTPYKTYp HAa MEXaHHUYECKHE CBOMCTBA
HAaHOKOMIIO3UTOB. BiusiHue OpHEeHTaluMu AaHU30TPOIHBIX HAHOYACTUIL Ha MEXaHHYEeCKue
CBOMCTBAa HAHOKOMITO3UTOB.

1.2. Tuddy3us no Mexkpa3sHbIM rpannnamM. 3epHorpanuuHas 1ugdysus.

Ocobennoctn U QPY3MOHHBIX MPOIECCOB Ha Mexda3HbIX TpaHuuax. Mojenu
3epHorpannuHoil auddysun. 3epHorpanuyHas nuddy3us B TOHKMX IUICHKax. BiusHwue
CTPYKTYpbI rpaHul] 3epeH Ha muddys3uo. duddysus u gedexrsr ctpykTypbl. OcoOEHHOCTH
3epHOrpaHnyHOM Juddy3un B HAHOKPUCTAUIMYECKUX MaTepHanax OKCIepUMEHTaJbHbIe
METOJIBI TSI ONIPEICIICHUS [TapaMeTPOB 3€PHOTPAHUTHON U y3um.

1.30co6ennocTu mexanusma au¢¢y3un BemecTB B HAHONMOPUCTHIX MaTepUaJax.

OcobeHHOCTH TIepeHoca BELIECTB Yepe3 MeMOpaHbl, UMEIOIINE HAHOPAa3MEPHBIE MOPBHI.
Hanodunerpamus.  Mexanusm  HanouimbTparuu.  KanwmnspHo-QUIBTPAIMOHHBIA U
TG Py3MOHHBIN (pakTOpsl TepeHoca. Poib 3IeKTpOCTaTHUECKOro B3aMMOACHUCTBUS HOHOB
paszenseMoro pacrBopa ¢ marepuaioM MmemOpanbl. Pasgenenusi coieit ¢ MOHOBaJIEHTHBIMHU
KaTHOHAMH U aHWOHAMH, Pa3JIeJICHHE OPTaHUYECKUX BEIIECTB C MOJEKYJSIpPHON Maccoill Goiee
200 D, paznenenue cosieil, ¢ MOHaAMH, UMCIOIIMMH Pa3IMYHYI0 BaJICHTHOCTh. COBpEMEHHBIC
TUIBI HAHO(WIBTPALMOHHBIX MEMOpaH.

1.4.0co0eHHOCTH MATHUTHBIX CBOHCTB HAHOMATEPHAJIOB

Brnusinue pa3mepa 4acTuil Ha MarHUTHBIE CBOMCTBA. OCHOBHBIE IMapaMETPhI, 3aBUCSIIIHE
OT pa3MepHoro ¢akropa. MI3MeHeHre KOIPIUTUBHOW CHIIBI C YMEHBIIICHHEM pa3Mepa MarHUTHOU
yactunpl. Ilepexon B cynepnapamarHuTHoe coctosiHue. OCOOCHHOCTH THCTEPE3UCHBIX CBOWCTB
MEJIKUX YacTHl. MarHuUTHbIE CBOICTBAa HAHOYACTUIl OKCHUJOB JKeJie3a pa3jIMuyHOro pa3mepa u
CTpyKTypbl. OcoOeHHOCTH  (yHIAaMEHTAIBHBIX CBOWCTB MAarHeTUKOB B TOHKOIUIEHOYHOM
coctossHUU. Ponb mMOBEepXHOCTH M pa3MepHOro (Qaktopa B (OPMUPOBAHUU MArHUTHOMN
aHU30TpoNuK. MarHuTHEIC XKUAKOCTH. [loBeneHre BO BHEIITHEM MAarHUTHOM TIOJIE.

Moayanb 2. XuMu4ecKHe CBOCTBA HAHOMATEPUAJIOB U HAHOCTPYKTYP

2.1. AncopOuusi Ha HAHOMATepHAaJIaX.

PazmepnbIii a3 dext MexdasHOro HaTSHKEHUSI: 3aBUCUMOCTh MeX(a3HOTO HATSHKEHHS OT
pasmepa HaHoudactull. OrmpeneneHUe IMOBEPXHOCTHOTO HATSDKCHHsS HAHOYACTHIl. BrusHue
BEJIMYMHBI TTOBEPXHOCTHOW SHEPTHUU Ha MPOLECC aJcopOlry HaHOYACTUIIAMH. AJICOPOIIMOHHAs
éMKocTh HaHOYacTUIl. CKOPOCTh aIcOPOITMU HA HAHOYACTHUI[AX.

2.2. Oco0eHHOCTH KHHETHKH TMPOIEecCOB B rerepopa3HbIX CcHCTeMax ¢
HAHOCTPYKTYPaMHU.

Judpdy3noOHHO-KMHETUYECKHE  MOJAENM KHMHETUKM TMpOIECCOB B  CHUCTEMax ¢
HAHOCTPYKTypamu. KuHETHYecKre OCOOCHHOCTH TMPOTEKAHHWS XHMHUYECKHUX IMPOIECCOB Ha
MOBepXHOCTM HaHoyacTull. lcmonp3oBanue HaHoKaTanu3aTopoB. CrnocoObl cTabunuzanuu
HaHouacTHIl. [IpUYMHBI HU3KOW YCTOWYMBOCTH BEHIECTB B HAHOKPUCTAJUTMUYECKOM COCTOSIHHH.
Crabunuzanus GopMbl U pa3MEpPOB HAHOKPHUCTALITUTOB.

2.3.BbIcoOKasi peaKIMOHHASI CIOCOOHOCTh HAHOYACTHI.

Bnusinue pasmepa yactuil Ha OCOOEHHOCTHM MX XUMHUYECKHX CBONCTB M PEAKIMOHHYIO
cnocoOHoCcTh. PazmepHslie 3¢ dexThl. [IpruarHbI BOSHUKHOBEHUS pa3MEpHBIX 3 (HEKTOB.

2.4.0c00eHHOCTH XMMHH HAHOKJIACTEPOB.

MornekynsipHble JUTaHAHBIE KJIacTephbl. be3MUraHgHbIe METAUIMYECKHE KIACTEPHI.
OO01mure TeHACHIIMA U3MEHEHHsI CBOWCTB KJIACTEPOB B 3aBUCUMOCTU OT HyKJeapHOCTH. OcolOble
TOYKH HA 3aBUCHMOCTSX OT HYKJICAPHOCTH, OTBEYAIOIINE TaK Ha3bIBAEMbIM MAaTHYECKUM YHCIIaM.
AHOMaUU PEaKIMOHHOW CITOCOOHOCTH KJIACTEPOB B Ta30BOM (pa3e, COOTBETCTBYIONIHE ITHM
gucnaM. CBS3b PEAKIIMOHHOW CIOCOOHOCTH CMEMIAHHBIX KIJIACTEPOB C HX OJICKTPOHHBIM
CTPOEHUEM U T€OMETPUECH.
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2.5.Anre3usi HAHOYACTHUI HA PA3JINYHBIX OBEPXHOCTHX.

Anre3auoHHas MPOYHOCTh COENMHEHMs <«@are3uB-cyOcTpaT». dakTophl, BIMSIOIME HA
BEIMYUHY aJIr€3UMOHHOM NpoyHOCTH. Teopuu anare3uu. I[IpuyYuHBI IOBBIMICHHOW aare3HUH
HaHo4acTull. BiusHue M30bITKa MOBEPXHOCTHOM SHEPrMM Ha aAre3MOHHOE B3aMMOJEHCTBHE
HaHouacTUll. Meroapl omnpexaeneHus aare3uu. OlpenencHUe aare3ud HaHOYaCTHUL[ ITyTEM
MOJICIUPOBaHHs. ANre3ns IICHOK K HAHOCTPYKTYPUPOBAHHBIX (HAHOKOMITO3UTHBIX) IIOKPBITHH.

4. 00beM y4eOHOH JUCHHUILIMHBI

B yuc6Hoi paGoTs! B 3aueTHbIX B akanem.
eAMHUIIAX gacax
O0mas TpyA0eMKOCTh JMCHMILJIMHBI 10 Y4eOHOMY IIAHY 4,0 144
AYAUTOPHBIE 3aHATHUS: 1,5 54
Jlexiu (JIek) 0,5 18
Ipaktuueckue 3ansarus (I13) 0,5 18
JlaGopaTtopust 0,5 18
CamocrosiTebHas padora (CP): 1,5 54
Buj KoHTpoIs: 3a4eT / 3K3aMeH 1,0 IK3aMeH
(36)
B yueGHoil paboTh B 3auerHbIX B actpon.
eAMHUIIAX gacax
O01as TPyA0eMKOCTh JUCHUILIHHBI 110 Y4eO0HOMY TUIaHy 4,0 108
AYIUTOpPHBIE 3aHATHUS: 15 40,5
Jlexrn (JIek) 0,5 13,5
Ipaktuueckue 3ansarus (I13) 0,5 13,5
JlaGopaTopus 0,5 13,5
CamocrosiTesbHas padora (CP): 15 40,5
Buja koHTpoOJs: 3a4eT / 3K3aMeH 1,0 IK3aMeH
(27)

4.4.2]IlucuMnJIMHbI BADHATHBHOI YacTH (00s13aTeIbHbIE TUCHUILTAHBI)

AHHOTanus padoyeil NPOrpaMMbpl JUCHHUILJIMHBI
«JlomoJIHMTEIbHbIE IJIaBbl MATEeMAaTHKH B HaHOMaTepuaaax» (61.B.OJ/1.1)

1. Heap AUCHUNIMHBI - 3HAKOMCTBO C COBPEMEHHBIMM METOJAMH CTATUCTUYECKOU
00pabOTKM 3KCHEPUMEHTANbHBIX JaHHBIX C HCIOJIB30BAHUEM CPEJICTB HH(POPMAIIMOHHBIX
TEXHOJIOTUI Ha OCHOBE yIITyOJEHHOTO M3yUYEeHHUs Kypca MaTeMaTUYeCKON CTaTUCTHUKH.

OCHOBHBIMHM 3aJaYaMM JUCUUIUIMHBI SIBISIOTCA: IIOJy4YE€HHUE MpeICTaBlIeHUl 00
AKTyaJIbHBIX MPOOJIeMax HCIOIh30BAHMS CTATUCTHYECKHX METOJOB B XUMHUU M XUMHUYECKON
TEXHOJIOTMH, a TaKXe NPAKTUYECKas pean3alusi OCHOBHBIX IMOAXOJOB K aHAIM3y AAHHBIX C
UCII0JIb30BaHUEM BEPOSTHOCTHO-CTATUCTUYECKUX METO/IOB.

2. B pe3yJbTare N3yYeHHsl JMCHUIJIUHBI CTYAEHT J0JI/KeH:

O6nanats cneayromumu o0mekynbTypHbiMu (OK), oomenpodeccuonanpubivu (OITK) u
npodeccronanbHbiME ([TK) KOMIETEHITUAMHE:

CIIOCOOHOCTBIO K a0CTPaKTHOMY MBIIUICHUIO, aHanu3y, cuHte3y (OK-1);

CIIOCOOHOCTBIO K CaMOCTOSITEIbHOMY OOYYEHHIO HOBBIM METOJaM HCCIEI0BaHUs, U
U3MEHEHMI0O HAay4YHOTO M HAy4YHO-TIPOU3BOJCTBEHHOro mpoduis cBoed mnpodeccuoHanbHOMI
nesreaprocTr (OITK-1);

CIOCOOHOCTBIO K aHaJM3y M OOOOLIECHHIO pPE3YyJIbTAaTOB HAayYHO-MCCIIEAOBATEIBCKUX
paboT, MOUCKY U aHAIU3y HAYYHOW M TeXHHUYeCKoW MHbopMaluu B 0071acTU HAHOTEXHOJIOTHIA 1
CMEXHBIX NUCHMIUIMH JJI1 HAYYHOM, MATEHTHOM M MapKETHMHTOBOM MOJICPKKH ITPOBOIUMBIX
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WCCJICIOBAaHMM, K CAMOCTOSTENILHON MOATOTOBKE MyOIMKAIMi B OTEYECTBEHHBIX U 3apyOeKHBIX
uznanusx ([MK-3);

3Hamb:

OCHOBHBIE TIPHEMBI W METOJABI OOpPaOOTKH CTATHCTUYECKON WHGOpMAIMUA: PpacuéT
BBIOOPOYHBIX XaPAKTEPUCTUK CIYYalHBIX BEIMUYHMH, UCTIOJIL30BAHUE CTATHCTUYECKUX THIIOTE3 ISt
MepeHoca pe3yabTaToOB BEIOOPOUHOr0 00CIeI0BaHHS Ha TeHEPAIbHYIO0 COBOKYITHOCTb;

METO/Ibl PErPECCHOHHOTO ¥ KOPPEJISILIMOHHOTO aHAIIN3;

OCHOBBI JUCIIEPCUOHHOTO aHAJIN3a,

METObl AHAIN3a MHOTOMEPHBIX JaHHBIX;

0a30Byl0 TEPMHUHOJIOTHIO, OTHOCSIIYIOCS K TEOPETHYECKOMY OINHMCAHHIO0 OCHOBHBIX
MEPCIEKTUBHBIX HATIPABJICHUH Pa3BUTHS METOJOB 00pabOTKH SKCTIEPUMEHTAIBHBIX TaHHBIX;

ymemsy:

aHATM3UPOBATh M KPUTHUYECKU OIICHUBATH COBPEMEHHBIC HAYYHBIC JOCTIKEHUS B 00JIACTH
CBOUX Hay4YHBIX UCCIIEIOBAHUM;

WCIIOJIb30BaTh MOJTYYCHHBIC 3HAHWS IS peuieHUs MpodheCCHOHAIBHBIX U COIMAIBHBIX
3a/1ay.

enadems.

0a30BOM  TEPMHUHOJOTHEH,  OTHOCSIIEHCS K  CTaTUCTUYECKOHM  00paboTke
HSKCIEPUMEHTAIbHBIX JIAHHBIX;

MPAaKTHYECKUMH HaBBIKaMU OOpaOOTKH CTaTHUCTHYECKOW HH(OpPMALMHM C HCIOIb30BAaHUEM
UH(POPMAIIMOHHBIX TEXHOJIOTHIA,

METOJI0JIOTHEN COBPEMEHHBIX HAYYHBIX UCCIIEIOBAHNM, KPUTHUECKON OILIEHKOW MOTyYEHHBIX
pe3ybTaToOB, TBOPYECKMM aHAIM30M BO3HUKAIOIIMX HOBBIX MpoOiieM B 007acTH XUMHH U
XUMHYECKON TEXHOJIOTHH.

3. KpaTkoe conep:kanue TUCHUNIUHBI

BBenenmue.

OCHOBHBIE CTAaTUCTUUECKUE METO/IbI aHAJIN3a SKCIIEPUMEHTAIbHBIX TaHHBIX.

1. OcHOBBI MATEMAaTH4Y€CKOH CTATUCTHKH.

3amayn MaTeMaTHYeCKOW CTAaTUCTHKU. BpiOopku. CTaTUCTHYECKOE pachpeesieHre
BbIOOpKHU. VHTepBanbHass Talnuila, TUCTOrpaMMa dYacTOT. THUMBl W3MEPUTEIbHBIX IMIKaI.
CratucTdeckue OLEHKH I[apaMeTpoOB paclpelesieHus, HMX CBOMCTBA. TOYEUHBIE OIEHKH.
WuTepBanpHble OLIEHKM IMapaMeTpoB pacmpeneieHus. [IpoBepka CTaTHCTUYECKUX THUIIOTE3.
OcHoBHble NIOHATHA. CXxeMa IPOBEPKU TMIIOTE3BI.

[IpoBepka rHUMOTE3BI O BHUAE pPACHPEACICHUS. XZ—KpI/ITepI/Iﬁ cornacusi Ilupcona.
CpaBHeHHe [BYX JAHMCHEPCUM HOpPMalbHBIX pacnpeneneHuii. CpaBHEHHE OBYX CpEAHHUX
HOPMAaJIbHBIX pacpe/IesIeHUH.

2. CTaTuCcTHYECKHE METO/IbI AHAJIN3A TaHHBIX

PerpeccHOHHBIM U KOppENSUMOHHBIA aHanu3. JIuHeiHas perpeccusi, MHOKECTBEHHas
nuHeHass perpeccus. OIlleHKa YpOBHEW 3HAYMMOCTH KOX(D(OUIIMEHTOB pPErpecCHOHHOTO
ypaBHeHHUsA. Mojenu HEeTWHEWHBIX perpeccuii. Brrumcnenue kodpduimenTa Koppemsiun
[Mupcona 1O BBIOOPOYHBIM JAaHHBIM. IIpoBepka THIOTE3bl 3HAYUMOCTH KOX(PPHUIHEHTA
Koppensnun. Panroseie ko3¢ dunnents koppensiinu Cnupmena u Kenmamna. [ucriepcuoHHbIH
aHaJIN3: MOHATHUE JTUCIIEPCUOHHOTO aHAJIN3a, OCHOBHBIE OIPECIICHHUS.

OnHodakTOpHBIN U NBYX(GaKTOPHBIN IUCIIEPCUOHHBIN aHAIN3.

3. CrarucTuyeckass o0pabdoTka MHOrOMepHbIX JaHHbIX HasHaueHue u
KJIacCU(UKallMg MHOTOMEPHBIX METOJIOB. Meroabl mpeackazanus. MeTonbl KiaccuUKaiuu.
MHOroMepHBI perpecCUOHHBIM aHanu3 MHoxecTBeHHass perpeccus. DakTOpHBIM aHAIN3
OCHOBHBIE TIOHATHS ¥ TIPEANONIOXKEHUST (hakTOpHOTO aHamm3a. OO anroput™M. OCHOBHBIE ATaITbI
dakropHoro anamuza. JIUCKpUMHUHAHTHBIM aHa3 (OCHOBHBIE TOHSTHS W TIPEATIONOKCHUS
JUCKPUMHHAHTHOTO aHaiu3a. JIMCKpUMUHAHTHBIA aHaIM3 KaK METOoJl KiacCUpHUKAIMU OOBEKTOB.
Knacrepnsbrii ananu3. O01mas xapakTepucTUKa METOJ0B KJIACTEpHOTO aHaM3a. Mephl CXOACTBA.
Wepapxudeckuii kiactepHblii aHamu3. Metoa K-cpennux. Kpurepun kadecTBa Ki1acCH(pUKAIHH.
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KommprorepHblii  aHanM3 CTaTHCTHYECKUMX JAaHHBIX XapakTEpPUCTUKA M OCOOEHHOCTH

nocrpoenust makeroB Excel, MathCad, SPSS, Statistica.
3akouenue.
4. 00beM y4eOHOH JUCIHIJIMHBI

B 3aueTHEBIX B akanem.
Bunsl yueOHoI paboThI €AMHULIAX yacax
OO01asi TPY10eMKOCTh THCIUIIJIMHBI N0 Y4e0HOMY IJIAHY 2,0 72
AyIUTOpHBIE 3aHATHSL: 0,5 18
Jlexrun (JIek) - -
IMpaktuyeckue 3anstus (I13) 0,25 9
Jlaboparopus 0,25 9
CamocrosiTesibHas padora (CP): 1,5 54
Buja koHTpoOJs: 3a4eT / IK3aMeH - 3a4er
B 3auerHbIX B actpon.
Bunpr yue6HO# paboThI €IUHNIaX qacax
O0mas TpyA0eMKOCTh JMCHHILJIMHBI 10 Y4eOHOMY ILIAHY 2,0 54
AYIUTOpPHBbIE 3aHATHSL: 0,5 13,5
Jlexru (JIek) - -
IMpaktrueckue 3anstus (I13) 0,25 6,75
Jlaboparopus 0,25 6,75
CamocTosiTesibHas paGora (CP): 1,5 40,5
Buja koHTpoOIs: 3a4ueT / IK3aMeH - 3ayer

AHHOTanuA padoyeil MPOrpaMmbl AU CHUNIMHBI
«KBanToBas mexanuka» (b1.B.0O/1.2)
1. Heabto AMCUMILVIMHBI SBISETCS NPUOOpPETEHUE CTYACHTAMU 3HAHHM MO OCHOBHBIM
pasaciamMm (bH3HKH U YMCHUIO NPUMCHSATH UX B JPYIUX CCTCCTBCHHOHAYYHBIX JUCIUILIINHAX.
OCHOBHBIMH 33/1aYaMM JAUCUMILUIMHBI, PEIICHUE KOTOPBIX 00ECIeUMBAECT JOCTHUKEHHE

1IENTH, SIBISIOTCS. (POPMUPOBAHUE MPEICTABICHHUI 00 OCHOBHBIX (PM3MUECKUX 3aKOHAX MPHUPOJIBI
U METOAaX TEOPETHUYCCKHX HCCIICIOBAHUI pa3MMuHbIX (U3MUSCKHX SIBJICHUH, a TakXke JaTh
NPEJICTAaBICHUS O COBPEMEHHBIX IKCIIEPUMEHTAIBHBIX METOIaX UCCIICTOBAHMS.

2. B pe3yabTare u3y4eHHUsH TUCHUTIMHBI CTY/IEHT JT0JI7KEeH:

Oo6nanath cieayrommmu oo0iekyabTypHbiMu (OK), obmenpodeccuonansapivu (OIK) u
npodeccronanbHbME ([TK) KOMIETEHITUAME:

CIIOCOOHOCTBIO K a0CTPaKTHOMY MBIIUICHHIO, aHanu3y, cuHTe3y (OK-1);

TOTOBHOCTBIO K CaMOpPa3BUTHIO, CaMOPEAIM3aIlMH, WCIOJIb30BAaHUIO TBOPYECKOTO
noreniuana (OK-3)

CIIOCOOHOCTBIO K CaMOCTOSITEIBHOMY OOYYCHHIO HOBBIM METOJaM HCCIICAOBAHUS, U
U3MCHCHHMIO HAYYHOTO W HAYYHO-TIPOU3BOJCTBEHHOrO mpoduis cBoel mnpodecCHoHAIbHOM
nesreaprocT (OITK-1).

CMOCOOHOCTBIO CaMOCTOSITEIBHO TPOBOJUTH HAYYHO-UCCIEIOBATEIBCKUE PAa0OOTHI 110
CO3/JIaHHUIO, UCCIICIOBAHUIO U IPUMEHEHHIO HaHOCKUCTeM U HanoMaTepuaios ([TK-2);

3HAMY:

- uznuecKre OCHOBBI MEXaHUKH, (DU3UKH KOJIeOaHUH U BOJIH, dJICKTPUIECTBA U
MarHeTu3Ma, JICKTPOJHHAMHUKH, CTATHCTHYCCKON (PU3UKH ¥ TEPMOAMHAMHUKH, KBAHTOBOM
bu3uKy;

- CMBICT (PYHIAMEHTATbHBIX (H3HUCCKUX 3aKOHOB, TPUHIIUITOB U MIOCTYJIATOB; UX
(GOpPMYTHPOBKH U TPAHHIIBI IPUMEHUMOCTH;

- CBSI3b IIUPOKOTO Kpyra (PU3UYECKUX SBICHUN ¢ (yHIaMCHTAILHBIMH TPUHIMIIAME U
3aKOHaMU (HU3UKH;
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- OCHOBHBIE METO/IbI PELICHHSI 3a/1a4 110 OTIMCAHMIO (PU3MUYECKUX SBICHUM;

- METOJbI 00PaOOTKH PE3yIHTATOB (PU3UIECKOTO IKCIIEPUMEHTA.

ymemsy:

-IIPUMEHSTh TEOPETHUECKHE 3HAHUS U SKCIIEPUMEHTAIbHBIE METObI UCCIIEIOBAHUS MTPU
penieHnu mpodecCHOHABHBIX 3a]ad,;

-IIPOBOJIUTH PACUETHI, OCYIIECTBIIATH AHAJU3 U HA OCHOBE 3TOTO JIe1aTh 000CHOBAHHbBIE
BBIBOJIBI,

- aHaJIM3UPOBAThH PE3yIbTAThl HAOIIOIEHUI U SKCIIEPUMEHTOB C IPUMEHEHUEM OCHOBHBIX
3aKOHOB U TIPUHIIUIIOB (PH3UKH,

- OIpENeNsITh XapakTep GU3NYECKUX MPOILIECCOB MO KOMIUIEKCY IKCIIEPUMEHTAIBLHOM
UH(OPMALIMHU TIPH TOMOIIM TpadUKOB, TAOIHII U YpaBHEHUH,

- PEJICTABIATh 00pa0OTAaHHYIO SKCIIEPUMEHTAIBHYIO U TEOPETUUYECKYI0 HH(POPMAIIHIO B
YCTHOM U MHUCbMEHHOH (OopMe, B TOM YHUCIIE C UCIOTIB30BAHUEM COBPEMEHHBIX KOMITBIOTEPHBIX
TEXHOJIOTHII.

enadems.

- HaBBIKaMHU pabOThI C MUPOKUM KPYroM (pu3ndecKux mpuoOOpOB U 000PYAO0BaHUS;

- HaBbIKaMU 0O0OOCHOBAHHUS CBOUX CY)KJCHHUU U BBIOOPA METO/1a UCCIIETOBAHMS;

3. KpaTkoe cogep:kaHue TUCHUTIUHBI

1. Beeneunue.

CymHOCTh KBAaHTOBOM KOHIICTILIMU B UCCIIEJOBAHUH 3aKOHOB MTPUPOJIBI.

2. OneparopHoe MpeaCTaBICHHE KBAHTOBONH MEXaHUKH.

KBantoBomexannueckue nocrynatsl. CoOCTBEeHHbIE QYHKIIMN U COOCTBEHHbIE 3HAUCHUS
KBAaHTOBOMEXAaHHUYECKUX OIEpaTopoB.  BhIpoxaeHHBIE COOCTBEHHBIC 3HAUCHUS. Y CIOBHSA
MOJIHOTHl COOCTBEHHBIX (YHKIIMII KBaHTOBOMEXAIHUYECKUX omepaTopoB. OOiiee pelieHue
HecTanmoHapHoro  ypaBHeHus Llpenunrepa. BomHoBas ¢GyHKIMS M ee WHTEpIpeTarys.
Teopema Dpendecta. CoOCcTBeHHBIE GYHKIIMA U COOCTBEHHBIE 3HAUCHUS ONIEPATOPOB SHEPTUH U
UMITYJIbCA U UX CBOWCTBA. Y CIOBUS HOPMHUPOBKU COOCTBEHHBIX (DYHKIIMI orepaTtopa UMITYJbca
B CJydYasX OIPAaHMYCHHOIO M HEOTPaHHMUYCHHOTO MpocTpaHcTBa. IIpencTaBineHue (pasiokeHHe)
IPOM3BOJILHOW  BOJHOBOM ~ (PYHKIIMH  TIO COOCTBEHHBIM  (PYHKIHUSM  MPOU3BOJILHOTO
KBaHTOBOMEXHUYECKOTO orepaTopa, oOnanatoiee CBOMCTBOM MTOJIHOTBI u
opToHOpMHUpPOBaHHOCTU. CoOcTBeHHBbIE (YHKIMM M COOCTBEHHBIC 3HAYEHHUS oOIepaTropa
koopauHathl. Jlenpra-pynkiusa Jupaka u ee cBorictBa. dypre-o0pa3 nenbrol-GpyHKnnn Jupaka.
KomMmyTaTopbl 1 aHTUKOMMYTATOPHI B KBAHTOBOM MEXaHUKE H UX CBSI3b C 3aKOHaMH
COXpaHEHHS.

3. MarpuuHoe npeacTaBiIeHNnEe KBAHTOBOM MEXaHUKH.

Marpunipi 1 ux cBoiicTBa. HyneBas, enuHu4Hass W mnocTtossHHas Marpuilsl. [myp,
JeTepMUHAHT W oOpaTHas MaTpuia. OpPMUTOBBI M YHUTapHbIE MAaTpUIbl, UX CBOWCTBA.
Junaronanuzanuuu  MaTpHIlL C TOMOIIBI0 KBAaHTOBOMEXAaHHYECKUX MPeoOpa3oBaHUU.
[IpencraBnenne BOMHOBBIX (YHKIMA B BHJE YHHTapHbIX Matpui. KoopauHaTtHOe
IpelCcTaBlIeHue MaTpullbl AHeprur. CBOWCTBA HHTErpajbHBIX SPMHUTOBBIX OIEPATOPOB.
VYpaBHEHUS IBW)KEHUS B ONEpaTopHOl M MatpuyHoil (opmax. Kiaccumueckue ypaBHEHHS
Jlarpamka w [amunbToHa, Kiaccuueckne W KBaHTOBble CcKOOku Ilyaccona. KBaHTOBaHme
KJIJacCUUecKoM cucreMbl. KBaHTOBas Teopus Bo3MylleHUH. Bo3mylieHus, He 3aBHCSIIUE OT
BpemeHnu. CekymsipHoe ypaBHeHHe. Bo3MylieHus, 3aBucsiue OT BpeMEHU U UX MPEeICTaBICHUS
B MaTpuuHOi (hopMme. [IBHKEHUE YACTUIIBI B IPOM3BOIBLHOM 3JIEKTPOMArHUTHOM IIOJIE.

4. MOMEHT UMITYJIbCOB U €ro MPEeJCTaBIeHNE B KBAHTOBOM MEXaHUKE.

OnpeneneHne MOMEHTa HMIyJbCa B OINEPATOPHOM BHJE M €ro KOMMYTaTOpHI.
CooTHOIIEHHUS MEXJIy MaTPUYHBIMH  JJIEMEHTaMH KOMIIOHEHT MOMEHTa HMITYJIbCa.
CoOcTBeHHBIC 3HAUYEHUS M COOCTBEHHBIC (DYHKIIMHM OIEpaTopa MOMEHTa U €ro KOMIIOHEHT.
MatpuyHoe nmpecTaBIeHHe MOMEHTA UMITYJIbCA U €T0 MPOEKIIUH.

5. ToxnecTBeHHbIE YaCTUIIBI U CIIHH.
CuMMeTpUYHblE ¥ AHTHUCUMMETPUYHBIE BOJIHOBblE (YHKIMM U UX JIMHEHHBIE
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koMOuHammu. CHIHUHOBBIE MATPHUIBI U COOCTBEHHBIC CIUHOBBIE (YHKIIUU AJIeKTpoHa. [TpuHIunI
TOKJIECTBEHHOCTH OJIMHAKOBBIX dYacTULl. ATOM U TNEpUOAMYECKas CHUCTeMa 3JIEMEHTOB
Menpeneesa.

6. CiuHOpHI B KBAHTOBOM MEXaHUKE W MX CBOMCTBA.

CrnuHOpBI  KaKk JIMHEWHBIE MpeoO0pa3oBaHHMs  CHOUHOBBIX  (QYHKIMNA  ABYX H
TPEXINEKTPOHHBIX CUCTEM. BpruncieHne coOCTBEHHBIX 3HA4YeHHMI OINEpaTopoB KBajpara
MOJTHOTO CIIMHA CUCTEMBI IBYX M TPEX AJIEKTPOHOB U €0 MPOESKIIUH.

7. KBaHTOBOMEXaHMUYECKOE OIHUCAHUE COCTOSHUH AaTOMOB JIETKUX M TSKENbIX
XUMHUYECKHX DJIEMEHTOB.

Atom Bomopoma. CoOcTBeHHble GYHKIIMM W COOCTBEHHBIC 3HAYCHHS OIlepaTopa
lamunbTOHA A7 aTOMa BOJIOPOAA M BOJIOPOAOIIOIOOHBIX aTOMOB. METO/] CaMOCOTIIaCOBAaHHOTO
MoJIsl ¥ €0 TIpuMeHeHue K aroMy renust. [Ipubmmwkenus Xaprpu-doka. Bapuannonusrii MeTos.
Yd4er 0OMEHHOTO B3aUMOJICHCTBUS SICKTPOHOB B MPUOIMKEHUN CaMOCOTIIACOBAHHOTO OIS ISt
aroMma remus .Cxema LS- cBasent mg jgerkux sneMeHToB. Cxema JJ  eBsizell UIS TSAKEIBIX
3NIeMeHTOB. YpaBHeHHe Tomaca-®Pepmu. BonHOBbIe (YHKIMH BHEUIHMX 3JEKTPOHOB BOIM3H
a1pa.

8. KBantoBeie omepanuu KyOuToB. UuCThle, CMEIIAHHBIE WM 3aIlyTaHHBIE COCTOSHHUS
KYOUTOBBIX CHCTEM.

Matpuna miotHoctd. OmnpeneneHre KBaHTOBOMEXaHWYECKUXKYOUTOB. OrmpenencHue
YUCTBIX M CMEIIaHHBIX KBAHTOBBIX COCTOSIHMI KyOWTOB 4epe3 BOJHOBBIE (PYHKLUHU U MATPUILY
wioTHOCTA. (OCHOBHBIE BHUJIBI OJHOKYOMTOBBIX KBAaHTOBBIX omepanuid: (a3oBblii BEHTUIIb,
MaTtpuIa npeodpazoBanus Agamapa, oneparop- uaBeprop NOT . CocTosiHue NBYXKYOHUTOBBIX
cucteMm. KBaHTOBasi KOTepEeHTHOCTh BEKTOPOB cocTosiHus. MHTEephepomeTp Maxa-3eHaepa u ero
OIMCaHUE Yepe3 OJHOKYOUTOBBIE KBAHTOBBIE OlNepaluy. /JIByXKyOUTOBbIE KBAHTOBBIE OMIEPALIUH.
CMemiaHHble W 3allyTaHHBIE COCTOSHUS KBAHTOBBIX CHCTEM M MX ONHCAHHE C IOMOIIBIO
MaTpPHULIbI INIOTHOCTH JIBYXKYOUTOBBIX CHCTEM. BEKTOp COCTOSIHUSA ABYXKYOUTOBBIX CUCTEM U €T0
paznoxkeHue 1Mo 0Oa3ucHbIM (yHKIHMAM KyoutoB (pasnoxenue IlImumara). DHrponus ¢on
Hoiimana u ee CBsA3b ¢ MaTpuIlel TJIOTHOCTH ABYXKYOWUTOBBIX cucteMm. YUmcma llmuara mms
bepMHOHOB 1 OO30HOB MPU OMPECIICHUU THIIOB COCTOSHUH IBYXKYOHUTOBBIX CHCTEM.

9. 3aximoueHue.

MeTo 161 KBAHTOBOM MEXaHUKH - OCHOBA MCCIICOBAHUS 3aKOHOB MUKPOMHPA.

4. 00beM y4eOHOH JUCHHIIMHBI

B 3aueTHBIX B akanmewm.
Bunpl yue6HO# paboTh €IUHUIaX qacax
OO0mas TPy10eMKOCTh JUCIHHUIJIMHBI 10 Y4e0HOMY IJIAHY 3,0 108
AyIUTOpPHBIE 3aHATHSL: 1,0 36
Jlexrn (JIek) 0,5 18
IMpaktuyeckue 3anstus (I13) 0,5 18
Jlaboparopus - -
CamocTosiTesibHas paGora (CP): 1,0 36
Bua koHTpos: 3aueT / 3K3aMeH 1,0 IK3aMeH
(36)
B 3auetHbIx B actpos.
Bunsl yaeOHol paboThI €IMHULIAX yacax
O01asi TPY/10eMKOCTh THCIUIIJIMHBI N0 Y4e0HOMY IJIAHY 3,0 81
AyAUTOPHBIE 3AHATHUS: 1,0 27
Jlexrn (JIek) 0,5 13,5
IMpaktuueckue 3austus (I13) 0,5 13,5
JlaGoparopus - -
CamocrosiTebHas padora (CP): 1,0 27
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Bua koHTpoas: 3aueT / 3K3aMeH 1,0 IK3aMeH
(27)

AHHOTanus padoyeil NPOrpaMMbl JUCHHUILJIMHBI
«CynpamoJiexyasipuas xumusn» (b1.B.0/1.3)

1. Henbl0 AUCHUILUIMHBI SBISCTCS PA3BUTHE Y CTYJSHTOB HAaBBIKOB aHAIM3a
MOJICKYJISIPHO-OPTaHU30BaHHBIX CHCTEM, YMEHHUs IOCTPOSHHS aHCcaMOJiell OpraHMYecCKUX
MOJIEKYJI, OPTaHO-HEOPTaHUIECKIX KOMIUIEKCOB M KOOPJIMHAIIMOHHBIX MOJMMEPHBIX CTPYKTYP,
UCCIICIOBAHHS TPOIECCOB BBICOKOCIIEIIM(UYHOTO PACIIO3HABAHUS, PEAarupOBaHUs, KaTaim3a.
Obecneunts uHpOpMaLMEH MO OCHOBHBIM  O0JAcTAM  TNPUMEHEHUS  MOJEKYJSPHO-
OpPraHW30BaHHBIX CHUCTeM. HayuuTh IUIaHUPOBATh, OPraHW30BBIBATH M OCYHIECTBIATH MOI00D
KOMIIOHCHTOB U1 TIONYYEHHUS CYIMPAMOJCKYISIPHBIX CHCTEM C OIpeAeleHHbIM HabopoM
byHKIHH.

2. B pe3yJbTate H3yueHHus JUCHUINJIMHBI CTYE€HT J0JIKEH:

O6nanats creayromumu oo0mekyapTypabiMu (OK), obmenpodeccronansapivu (OITK) u
npodeccuonanbHbiMu ([TK) KOMIeTeHIUAMIU

CIIOCOOHOCTBIO K CaMOCTOSITEIFHOMY OOYYEHWIO HOBBIM METOJaM WCCIICAOBaHUS, WU
W3MEHEHUI0O HAyYHOTO W HAyYHO-TIPOM3BOJICTBEHHOTO Mpoduiis cBoel mpodeccHoHaAThHON
nesreaprocTr (OITK-1);

CIIOCOOHOCTBIO yYacTBOBaTh B ONTHMHU3AIMU CYIIECTBYIOIIMX METOIUK CO3JAHHS H
NPUMEHEHHUST HAHOCHCTEM M HAaHOMATEPHAaJIOB JIJISl YCIICNIHOM KOHKYPEHIIMW Ha PBIHKE WICH H
texHojoruit ([1K-8);

3HamMb.

— OCHOBHBIC THUITHI OPTAaHMYECKUX MOJIEKYNI — 0a30BBIX AJIEMEHTOB MOCTPOCHUS MOJEKYISPHO-
OpPTaHU30BAHHBIX CHUCTEM,;

— OCHOBHBIC  TPUHIUIBI  IOCTPOCHUS  OPraHMYECKHX,  METAUIOOPTaHWYECKUX U
OMOOPTaHUYECKUX CYIPAMOJICKYISIPHBIX CUCTEM,;

— METOJIbI aHAIHM3a CTPYKTYPHI U CBOMCTB CYMPAMOJICKYIISIPHBIX CUCTEM,

— OCHOBHBIE THITBI COBPEMEHHBIX CHCTEM, HCIIOJIb3yEeMbIX B OMOXUMUH,

— OCHOBBI CYMPaMOJICKYJISIPHOTO KaTaln3a,

— OCHOBHBIC THITBI MATEPHAJIOB HA OCHOBE MOJICKYJISIPHO-OPTaHU30BAHHBIX CUCTEM;

— OCHOBHBIC THIIBI CHCTEM, UCTIOIh3yEMBIX B OPraHHUECKON (POTOHHKE U DIICKTPOHHKE;

— JIpyrue o0JIacTH MPUMEHEHUS MOJICKYIISIPHO-OPTaHU30BAHHBIX CHCTEM.
ymemb:

— TPOBOAWTH aHAIM3 HAYYHO-TEXHUYECKOW JHUTEepaTypsl B 00JacTH COBPEMEHHBIX U
MEPCIIEKTUBHBIX BUIOB MOJIEKYJIIPHO-OPTaHN30BaHHBIX CHCTEM,;

— (dopmynupoBaTh TpeOOBaHUS K MarepuagaM H omnpenensitbh 3h(EeKTUBHBIE MyTH CO3JaHUS
HOBBIX CYIPaMOJICKYJSIPHBIX CHCTEM C KOMIUIEKCOM 3aJaHHBIX CBOWCTB Ui KOHKPETHBIX
obrnacreil MPUMEHEHHUS,

— TPOBOAWTH OSKCIIEPUMEHTAIbHBIC HWCCIEAOBAHMS COCTaBa, CTPYKTYphl ¥  CBOWCTB
MOJICKYJISIPHO-OPTaHU30BaHHBIX CUCTEM,

— TPUMEHATH TEOPETUYECKHE 3HAHUS 1O COBPEMEHHBIM U TEPCICKTHBHBIM  BHJIAM
CYIIPaMOJICKYJIIPHBIM CHCTEMaM JIJIsl PEHICHUs] UCCIIEAOBATEILCKUX M MPHKIAIHBIX 337134, B
TOM YHUCJI€ B MEXIUCIUTIITNHAPHBIX 00TIaCTsIX.

enadems:

— MeToJaMHu pPabOThl C HAYYHO-TEXHHYECKOH, CHpPaBOYHOW JMTEPAaTypod M 3JIEKTPOHHO-
OMONMMOTEYHBIMU  pecypcaMu IO TEOPETUYECKUM H  TEXHOJOTHYECKUM  AaCIeKTaM
MaTepHaOBEICHUS HAa OCHOBE MOJICKYJISIPHO-OPTaHU30BaHHBIX CHCTEM,

— METOJOJIOTUYECKUMHU TOJIX0JaMU, OCOOCHHOCTSIMH CHHTE3a M BBISIBICHUS B3aMMOCBS3EH
cocTaBa, CTPYKTYpbl, CBOHCTB ¥  TEXHOJOTHU  CYIPAMOJEKYJISPHBIX  CHCTEM,
obecreunBaroMMU 000CHOBAaHHOE MPUHATHE PEIICHHUH MpU pa3paboTKe HOBBIX MaTEpHAJIOB
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JUISL PA3IUYHbIX 00JIacTe MPUMEHEHHS;

— METOJaMH KpUTHUYECKOTO aHaJIW3a U OLEHKH COBPEMEHHBIX HAy4YHBIX JOCTHXKEHUH,
pa3paboTKMU MOJIXOA0B K PELICHUIO MCCIEA0BATENbCKUX W MPAKTUYECKUX 3a/1ad B 00JacTH
MOJIEKYJISIPHO-OPTaHU30BaHHBIX CUCTEM,;

— CIIOCOOHOCTBIO U TOTOBHOCTHIO K pa3pabOTKe HOBBIX METOJOB WCCIEAOBAaHHS U HX
NPUMEHEHUI0O B CAMOCTOSITENIbHOW Hay4HO-MCCIICAOBATENLCKON JESITeIbHOCTH B O0JIACTH
XMMHHU OPTaHU30BAHHBIX CUCTEM C YYETOM MPaBHJI COOJIIOICHHS aBTOPCKUX IIPaB.

3. KpaTtkoe coep:kaHue IMCUUIIUHBI

OCHOBHBIE TPUHLMIBI T[IOCTPOEHUS CYNPAMOJEKYISPHBIX cucTeM. (OCHOBHBIE THUIIBI

MEKMOJIEKYJISIPHBIX B3aUMOACHUCTBUM. [IpMHIMIIBI M 3aKOHBI MOCTPOEHHS (YHKIHOHAIBHBIX

aHcaMOJiel, coAep)KalMX pas3jInYHble KOMIIOHEHTbl — OpraHUYecKue, HEOpraHU4YecKue,

ouonornyeckne. OCHOBHBIE METOIBI (DU3MKO-XHMHUYECKOTO aHAJIM3a CYMPaMOJICKYISPHBIX

CHCTEM.

OCHOBHBIE METOJIbl CHHTE3a JIUTAHJOB - 0a30BBIX KOMIIOHEHTOB CYNPaMOJECKYJISPHBIX
cucreM. OCHOBHBIE TUIIbI, KOHCTPYKTUBHbIE OCOOEHHOCTH U MPUHUUI PAOOThl OCHOBHBIX THUIIOB
CYIPaMOJICKYJISIPHBIX CUCTeM. MeToabl MASCHTU()UKALUU M KOJMYECTBEHHOTO ONpEACTICHHS
OCHOBHBIX TUIOB cucTeM. O0IacTH NPUMEHEHUS CyNIPaMOJIEKYJISIPHBIX CUCTEM.

[Tporecchl, Moaenupyronme OHOXUMUYECKUE PEAKLINH, C YYACTUEM CYIPAMOJIEKYIISPHBIX
noaxon0B. MeToabl OMOXMMHMYECKOIO aHajiu3a, IOCTPOEHHbIE C YYacTHEM MOJEKYJISIPHO-
OpraHu3oBaHHbIX  cucTeM.  OCHOBHBIE  NPUHIMIIBI  CTpaTerudl  (DIyOpPECIEHTHOTrO
OMOXMMHUYECKOT0 aHaIM3a.

OcHOBHBIE 3aKOHBI TPEOOPA30BaHUS CBETA B CYNPAMOJICKYIAPHBIX cucTemMax. CHCTEMBI ¢
IIEPEHOCOM 3apsifia, JEKTPOHA U SHEPTUH B IPOMBILIIIEHHOCTH.

SIBnenue (HOTOXpOMH3MA, €ro OCOOCHHOCTM B OpraHM30BAHHBIX aHCAMOISAX H
npakTudyeckoe npuMeHenue. OCHOBHbIE  NPUHLMIBI  IOCTPOCHMS,  XapaKTEPUCTUKU U
(YHKIIMOHUPOBAHUS MOJIEKYIISPHBIX MAIIIHH.

OCHOBHBIE MTOAXO/bl K MOJYYEHUIO TMOPUIHBIX HAHOCTPYKTYPUPOBAHHBIX MaTE€pHaJIOB.
OCHOBHBIE XapaKTEPUCTUKH HAHOCUCTEM, IEPCTIEKTUBbI UX TPUMEHEHHS.

4. 00beM y4eOHOH JUCHHIIMHBI

B 3aueTHBIX B akanem.
Bunpl yue6HO# paboThI eIUHNLAX gacax

O0mas TpyA0eMKOCTh JMCIHILJIMHBI 10 Y4eOHOMY ILIAHY 2,0 72
AYIUTOpPHBbIE 3aHATHSL: 1,0 36
Jlexnunu (JIek) 0,5 18
IMpaktrueckue 3anstus (I13) 0,5 18
JlaGopaTopus - -
CamocTosiTesibHas paGora (CP): 1,0 36
Bua KoHTpOJISA: 3K3aMeH - 3a4yerT

B 3auetnbix | B actpon.
Bunpl yaeOHol paboThI eAMHMIIAX qacax
O01asi TPY/10eMKOCTh THCIUIIJIMHBI N0 Y4eOHOMY IJIAHY 2,0 54
AyAUTOPHBIE 3AHATHUS: 1,0 27
Jlexrn (JIek) 0,5 13,5
ITpaktuueckue 3austus (I13) 0,5 13,5
JlaGopaTopus - -
CamocrosiTesbHas padora (CP): 1,0 27
Bua KOHTpPOJISA: IK3aMeH - 3a4eT

AHHOTanu padoyeil NPOrpaMMbpl JUCHHUILIMHBI
«IJaemenThbl Kpucrauiorpapuu» (61.B.0/.4)
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1. eap AMCHMIUIMHBL. TproOpeTeHne 3HaHU|, YMEHHI U (POPMUPOBAHHE KOMIIETEHIIHHA
B 00JIACTM TEOPUM M IPAKTUKHM HCIOJIb30BAHUS KPUCTAUIOrpaQUu U CMEXKHBIX IUCLUILUIUH,
OPUMEHEHHUS  KpUCTAUIOrpauyeckux 3HAHWM Ui HANpPABICHHOTO  MPOEKTUPOBAHMS
HaHOMAaTepHaJIoB.

OCHOBHBIMU 3a/la4aMU JTUCLUIUTMHBI SIBISCTCS: (OPMUpPOBaHHME TPEACTABICHUN O
CTPOCHUU HJEATBHBIX M PEAIbHBIX KpPUCTAJUIOB, O3HAKOMIJIEHHE C pPOJbIO IPEICTABICHUH
CUMMETPUM B XUMHUM M MAaTE€pPUAJOBEACHUU, H3yYCHHE OCHOB KPHUCTAJLUIOTpapuuecKoro
(dopmanu3Ma, U3ydyeHHE CHOCOOOB  ONHCAHUS CTPOEHHS MACAIBHBIX M PEaJbHBIX
KPUCTANTHYECKUX CTPYKTYP C MO3UIHMHA TEOPUHM CHUMMETPUH, O3HAKOMIIEHHE C OCHOBHBIMHU
HOJIOKEHUSMHU TEOPUN KPUCTAIIIIOT€HE3A.

2. B pe3yabraTe wuU3yYeHHUS] MCHUILUIMHBI oOydawumiics 1m0 mNporpaMmme
MarucTpaTypsbl 10JIKeH:

Obnaoams cnenyromumu oomekynbTypabiMu (OK), obmenpodeccronansabivu (OITK)
u npodeccuonanpubiMu (ITK) koMmeTeHIUAMI:

— CIIOCOOHOCTBIO K CaMOCTOSITEJIbHOMY OOYYCHHIO HOBBIM METOJaM HCCIEIOBaHHS U
U3MEHEHHI0O HAay4YHOTO M Hay4YHO-NIPOU3BOJCTBEHHOro MNpoduis cBoed mnpodeccuoHanbHON
nesitenbHocTH (OIMTK-1);

— CHOCOOHOCTBIO  (OpMyIMpOBaTb  3aJaud,  CBSI3aHHBIE C  peanu3anuen
npodeccronanbHbix pynkmmii (ITK-1);

— CIIOCOOHOCTBIO K aHAJIM3y U OOOOLICHHIO Pe3yibTaTOB HAyYHO-HCCIEI0BATEIbCKUX
paboT, MOMCKY U aHaIM3y HayYHOU M TEXHUUYECKOW MH(OopMaIu B 00JaCTH HAHOTEXHOJIOTHI 1
CMEXKHBIX JUCUUIUIMH JAJs HAy4HOM, NMAaTEHTHOM M MapKETHHIOBOM MOAJICPKKH IPOBOJUMBIX
UCCIIEIOBaHM, K CAMOCTOSITETIbHON MOATOTOBKE MyONMKAlUK B OTEUYECTBEHHBIX U 3apyOekHBIX
uznanusx ([MK-3);

— CIIOCOOHOCTBIO K MPO(ECCHOHATLHON IKCIUTyaTallil COBPEMEHHOT0 000pyI0BaHUS U
puOOpOB (B COOTBETCTBHU C LENsIMH Maructepckoit mporpammsel) (ITK-6).

3HamMb.

COBPEMEHHOE COCTOSIHUE U IIEPCIEKTUBHBIC HAmpaBieHUs paboT B  00JacTH
Kpucrtamuiorpadumu,

METO/BI MPEACTABICHUS CUMMETPUYECKHX ONepauuii 1 OCOOCHHOCTH B3aMMOJEHCTBHS
9JIEMEHTOB CUMMETpHH;

CHOCcOOBI 3a7JaHUA Y3JI0B, PSIIOB M IUIOCKOCTEH KPUCTAIUIMYECKON PEIIETKY,

THUIIBI IPOCTPAHCTBEHHBIX PEIIETOK, CIIOCOOBI TOCTPOEHHS IPaPUKOB MPOCTPAHCTBEHHBIX
TPy,

CBA3b (POPMBI KPUCTAUIOB C WX CTPYKTYpOH M CHOCOOBI ympaBiieHHs (Hopmoid
KPHUCTAJLIOB.

ymemb:

NPEICTaBIATh CUMMETPHUECKUE ONepaliy, CTPOUTh TpauKH MPOCTPAHCTBEHHBIX H
TOYEYHBIX TPYII CUMMETPUH,

3alaBaTb MHACKCHI Y3JI0B, pSAJOB M IUIOCKOCTEH KPUCTAJUIMYECKOM PELIETKH,
OCYILECTBIIATh NIPE0OpPa30BaHMsI HHIEKCOB;

NPOBOIUTH AHAJIM3 PE3YJIbTaTOB OSKCIEPHUMEHTANbHBIX HCCICAOBAHUN CTPYKTYPHI
KPUCTANINYECKUX MAaTepUaAJIOB, B TOM YHCJIE HAHOMATEPHAJIOB;

¢dopmynupoBate TpeOOBaHUS K (OpME KPHCTAIIIOB U YCIOBHUAM UX OOpa30BaHUS IS
JOCTIDKCHHS TpeOyeMbIX (DHU3NYECKUX CBOMCTB MaTepuala,

NPOBOIUTH AHAINW3 HAyYHO-TEXHUYECKOM WH(GOpMaIyM, 3aTparuBaromeil mnpodiemy
IPUMEHEHHUs KpHCTaulorpauyeckux 3HAHUH K pa3padOTKe HOBBIX M HNEPCHEKTHBHBIX
HaHOMAaTepHaJIoB;

IPUMEHATh TEOPETHUECKUE 3HAHUSI KpUCTaJIorpaduu sl PELICHUs NCCIIeA0BAaTENbCKUX
U MPUKJIATHBIX 3a]1a4, B TOM YHCJIe B 00JaCTH HAyKH O HAaHOMaTepHaiaX ¥ HAHOTEXHOJIOTHH.

enadems.

HaBBIKAMU HUCIIOJB30BAHUS KpHCTAIOrpaduyeckoro ¢opmaauzmMa A OINUCAHHA
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peaIbHOM CTPYKTYpBl KPUCTAILIIOB,;

HaBbIKaMU pabOThl C HAYYHO-TEXHUYECKOU, CIIPABOUYHOM JTUTEPATYpOH U 3JIEKTPOHHBIMU
pecypcamu, 3aTparuBalOlMMU  (YHIAMEHTAIbHBIE W TPAKTUYECKUE AacleKThl MPUMEHEHUS
KpUCTAIIOTpa(UH U CMEXHBIX TUCIUIUINH;

METOJIO0JIOTUYECKUMHU TOAXOAAMHU U HaBBIKAMHU BBISIBIICHUS B3aMMOCBS3EM CTPYKTYpBI,
CBOMCTB M TEXHOJIOTMM TIIOJYYEHUs KPUCTAUIMYECKMX MaTEepHaloB, B TOM YHCIIE
HaHOMAaTEepHaJIoB,;

HaBBIKAMM OCBOCHMSI M TNPHUMEHEHHS HOBBIX METOJOB HCCIEIOBAaHUS BHYTPEHHETO
CTPOEHUS KPUCTAUIMYECKUX MATEPUAIIOB.

3. KpaTkoe cogepskaHue JUCHUILINHBI

OcHoBHbIe MOHATHSA KpucTaiorpadguu. Ilpoenuposanne xkpucramwios. [Ipenver n
3amaun  Kpuctawiorpapun kak Haykd, CyOnuMCHMIUIMHBI KpUcTayuiorpaduu U e€ CBSI3b C
IpyruMHu obnacTaMu HaywyHoro 3HaHus. Mcropus pasButus kpucramiorpaduu. CoBpeMeHHOE
COCTOSIHUE, MPOOJIEeMbl U MEPCIEKTUBBI Pa3BUTHUSL KPUCTAIOTPaGUU U CMEXKHBIX JTHUCHUIIIMH.
Kpucramn u ero cBoiictBa. 3HaueHHEe W 3aJaud KpUCTAJUIOTpaguy B IPUMEHEHUU K HAyKaM O
HaHOMaTepHallax ¥ HaHOTeXHOJIOrnu.Bunpl npoekiuii, ucrnonb3yeMble B KpucTajuiorpaduu, ux
noctpoenue. [IpenmyIecTBa U HEIOCTaTKU CIIOCOOOB MPOESIIMPOBAHUS.

CuMMeTpHusi KPUCTA/UIOB. DJIEMEHTHI U ONEpallid CUMMETPUN. DJIEMEHTbl CUMMETPHUH
IIEPBOTO poja. DIEMEHTHl CUMMETPUH BTOporo poaa. CroxkHele ocu cummerpun. O003HaueHne
37eMeHTOB  cuMMeTpur.  CrocoObl  TNpeACTaBICHUS ~ CUMMETPUYECKUX  OIleparuil.
B3aumoneiicTBue 31eMEHTOB CHMMETPHH; OCEBasi Teopema Jiliiepa.

DJIeMEeHThI TEOPHH IPYINI U TOYEeYHbIe IPyNNbl CHMMETPHHU. ['pynmnoBsie aKkCHOMBI,
nocrpoenre Tabmuusl (kBanmparta) Keitnu; rpynmoBbie cBoiicTBa. BBIBOA TOYEUHBIX TpyII
cummetpun. O0O3HAUEHHE TOYEUHBIX TPYIIN CUMMETpUM B cuMmBoiinke bpase, lllsudauca u
I'epmana-Morena. KoopnunatHble cuctembl B Kpuctamorpaduu. Kateropuum M CHHTOHHH
KPUCTAJUIOB. Y CTAHOBKA KPUCTAJIOB.

MeToabl KpHCTALIOTPA(PUYECKOr0 MHAMUMPOBAHUA. HIACKCH U CUMBOJIBI Y3IIOB,
pébep m rturockocreit (rpaneit) kpucramioB. Ilapamerper Beiicca u cumBombl Muiniepa.
UeThIpeXUHACKCOBBIE OCH TI'eKCAarOHaJbHOW CHHTOHWH, WHICKCHI bpaBe; cuMBOIBI pebep
reKCaroHaJIbHBIX KpUCTALUIOB. EqMHNYHAS TpaHb B KpUCTAJIIAX Pa3HbIX CUHIOHHUN. 3aKOH 30H.

IIpocTbie popMBbI KPUCTANIOB U KOMOMHAIMHU MpocThIX (opm. [Ipocteie Gpopmbl B
KJlaccax C eIWHUYHBIM HampaieHueMm. llpocteie ¢opmbl B Kiaccax 0€3 eIUHUYHBIX
HanpasyieHui. OCHOBbI TOHUOMETPHUHU.

OcHoBHbIE 3JIeMeHTHI pocTa KpUcTaLIoB. [IpuuuHbl U ycioBus o00pazoBaHUs
KpUCTaIOB. MeXaHu3Mbl pocTa KpucTayuioB. DakTopsl, BIUSIOMIKME Ha OOJUK KPHCTAJIIOB.
Mopddonornueckne 0COOEHHOCTH peallbHbIX KPUCTAIOB: CKYJIBNOTYpa TpaHeill KpucTaia,
(dopMBI pocTa KpUCTAJUIOB, CPOCTKU KPUCTAJUIOB, CHMMETPHsI JBOWHUKOB. KpaTkue cBeseHus o
croco6ax BBIpAIIMBAHUS KPUCTAJIOB U YIPABJICHUS UX BHEUIHUM OOJIUKOM B MPHIIOKEHUU K
HaHOMaTepHaJlaM.

CuMMeTpusi KPHUCTALIHYECKOH CTPYKTYpbI. [IpocTpaHcTBeHHass pemi€Tka, sS4YeuKu
Bbpase. OTkpbITBIE 37€MEHTHI CUMMETPUH. OTKPBITHIE 3JIEMEHTHl CHMMETPHH. BUHTOBBIE OCH,
IJIOCKOCTH CKOJIB3SIIETO OTpa)keHUs. B3auMoAEHCTBHE 3aKPBITBIX M OTKPBITBIX 3JIEMEHTOB
cumMmerpun.  IIpocTpaHcTBeHHBIE  TpPYyNIBl  CUMMETPUHM;  OOO3HAYeHHWE U BBIBOJ
MPOCTPAHCTBEHHBIX Ipymi cuMMeTpud. [locTtpoenne rpadukoB MPOCTPaHCTBEHHBIX IPYIIIL.

OcHoBBI KpUCTALIOXMMHH. KOOpAMHALIMOHHBIE YNCIIA, KOOPAUHALIMOHHBIE TIOJIUAPHI,
9UCI0 (POPMYNIBHBIX €IUHUII. THITBI XUMHUYECKON CBS3M B KpucTaiax. [LmoTHele mapoBbie
YIAKOBKU B KpHcTayulax. M30CTpyKTypHOCTh, M30THNMS, reTepoTunus. OCHOBHBIE KaTErOpUU
KPUCTAJUIOXUMHUU: MOPGOTPOTHS, TOJTUMOP(HHU3M, TIOTUTUTINS, U30MOPPHU3M.

duszuyeckHe CBOMCTBA KPHUCTAJUIOB M METOAbI HMCC/IeJI0BAHUS BHYTPEHHErO
CTPOeHHs KpHUCTALIOB. CKalspHbIE, BEKTOPHBIE U TEH30pHbIE CBOMCTBA. CBS3b ONTHYECKUX,
IEKTPUYECKUX U MArHUTHBIX CBOMCTB CO CTPYKTYpOH KpucTayuia. Meronabl Hcclle0BaHUs
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CTPYKTYpPbI KpUCTAIUIOB. JIM(paKIMOHHBIE M CHEKTPOCKONMUYECKHE METOAbl B MPUIOKCHUH K
UCCIICIOBAaHUIO HAHOMAaTEPHAIIOB.
4. 00beM y4eOHOH TUCHHUILINHBI.

B 3aueTHBIX B akanewm.
Bunpl yue6HO# paboThI €IUHUIAX qacax
OO0mas TPy10eMKOCTh JUCIHHUIJIMHBI 10 Y4e0HOMY IJIAHY 3,0 108
AYIUTOpPHBbIE 3aHATHSL: 1,0 36
Jlexru (JIek) - -
IMpaktrueckue 3anstus (I[13) 1,0 36
JlaGopaTopus - -
CamocTosiTesbHas padora (CP): 2,0 72
Bua koHTpoJs: 3aueT / 3K3aMeH - 3auer ¢
OLICHKOM
B 3auerHbIX B actpon.
Bunpr yue6HO# paboThI €IUHNIaX qacax
O0mas TpyA0eMKOCTh JMCHHILJIMHBI 10 Y4eOHOMY ILIAHY 3,0 81
AYIUTOpPHBbIE 3aHATHSL: 1,0 27
Jlexru (JIek) - -
IMpaktrueckue 3anstus (I13) 1,0 27
Jlaboparopus - -
CamocTosiTesibHas paGora (CP): 2,0 54
Bua koHTpos: 3aueT / 3K3aMeH - 3auer ¢
OLICHKOM

AHHOTanus padoyeil NPOrpaMMbpl JUCHHUILIMHBI
«IIpouecchl Ha MOBepxHOCTH pa3aena ¢a3» (61.B.0J1.5)

1. Heap aucUMIVIMHBI.  (OPMUPOBAHHE COBPEMEHHBIX  (U3UKO-XHUMHUYECKUX
NpEJCTaBICHU O TpUeMax M METOJaX, MPHUMEHSEMBIX TPU HU3YYECHHUH M WCIIOJIIb30BaHUH
HAHOCTPYKTYPHPOBAHHBIX CHUCTEM M CHUCTEM, COACpXKAIIUX HAHOOOBEKTHI, (HOPMUPOBAHHE Y
CTYZICHTOB KOMIUIEKCHOTO MPEJICTABIICHUS O TpoIleccax, MPOTEKAIINX Ha TpaHuIe pasena a3
B HAHOCHCTEMaX.

OCHOBHBIMH 33Jja4aM¥ JUCIUILUINHBI SBISIETCS: ()OPMHUPOBAHUE TPEACTABICHUNA O POJIU
TUTIAa HAHOCTPYKTYp, TMPUPOABI W MOpP(ONOTHH HAHOMATEPHAIOB HAa KHHETUKY W
KBa3MpPaBHOBECHUE MPOIIECCOB, MPOTEKAIONINX Ha MEX(a3HOH MTOBEPXHOCTH

— npuoOpereHre 3HaHUKH B 00jacTH (pU3MUYECKONW M KOJJIOWIHON XMMHUHU HAHOCHCTEM,
HEOOXOJMMBIX JUTSI CHHTE3a U MCIIOJIb30BaHM HAHOMATEPHAIIOB U HU3KOPa3MEPHBIX CTPYKTYD;

— ¢opMUpOBaHHE HAYYHOTO TMOJXOAA K H3YyYEHUIO CBOICTB HAHOMATEPHUATIOB W
HAHOCTPYKTYD.

2. B pe3yabTtare wu3yYeHus IUCUMIUIMHBI O0y4Yawuuiics MmO mNporpamme
MAaruCTPaTyPhI T0JIKEH:

Obnaoams cnenyromumu ooiekynbTypabiMu (OK), obmenpodeccronansabivu (OITK)
u npodeccuonanpubiMu (ITK) koMmeTeHIUAMI:

- CIIOCOOHOCTBIO K CaMOCTOSITEIbBHOMY OOYYCHHIO HOBBIM METOJAM HCCIEAOBAHUS H
U3MEHEHHI0O HAyYHOTO M HAYYHO-TIPOU3BOJCTBEHHOTO Tpoduis cBoed mnpodeccHoHaIbHOMI
nesitenbaocTH (OIMTK-1);

- CIOCOOHOCTBIO K CaMOCTOATEILHOMY NMPUOOPETCHHUIO C IMOMOIIBI0 WH(OOPMAITMOHHBIX
TEXHOJIOTHI U UCIIOJIb30BAaHUIO B MMPAKTUYECKOU AEATEIIbHOCTH HOBBIX 3HAHUN U YMEHHI, B TOM

YHUCJIe B HOBBIX OOJIACTSAX 3HAHWM, HETMOCPEACTBEHHO HE CBA3aHHBIX CO C(hepoil MeATeTbHOCTH
(OIIK-2).
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- CIOCOOHOCTBIO CaMOCTOSITENBHO IMPOBOJUTH HAYYHO-HCCIIEIOBATENbCKHE PAaOOTHI 1O
CO3/IAHHUIO, UCCIICTIOBAHUIO M IPUMEHEHHIO HaHOCKUCTeM U HanoMaTepuaios ([TK-2).

B pe3ynbrare n3yueHus AUCHUILTHHBI 00 yJaIONUIACS TOKEH

3Hamy:

TEOPETUYECKUE OCHOBBI KHMHETUKHM IIPOLIECCOB, IPOTEKAIOUIMX HA IOBEPXHOCTH
HAHOYACTHI] U B CUCTEMAaX ¢ HAHOYACTULIAMHU;

OCHOBHBIE METObl MOJTYYEHHUS BBICOKOYCTOMUMBBIX HAHOCHUCTEM C BBICOKOHM YyIeIbHOMI
Mex(a3HOU MOBEPXHOCTHIO;

3aKOHOMEPHOCTH BJIHUSHUS CBOMCTB MeX(]a3HOW TOBEPXHOCTH Ha KHUHETUKY U
KBa3upaBHOBECHE MPOIECCOB, MPOTEKAIOIINX B HAHOCUCTEMAX.

ymemsy:

aHAJIM3UPOBATh BIIMSHUE IPOIECCOB, MPOTEKAIOMIMX Ha Mex(a3HOH IMOBEPXHOCTH B
HAaHOCUCTEMAX, HA UX YCTOMYUBOCTD,

paccuuThIBaTh HapaMeTphl, BIUAIONIME Ha YCTOMYMBOCTH AUCIEPCUN HAHOUYACTHI], U
CKOPOCTH TPOIIECCOB JAECTAOMITH3AIINH;

HaXOJUTh U HCIOJB30BaTh JINTEPATYPHbIE MCTOYHHMKH, 0a3bl TaHHBIX M KOMMEpUYECKHe
IpOrpaMMHBIE TPOAYKTHI, M peliaTh 3aJadyd MPOTHO3HPOBAHUIO CBONCTB HAHOOOBEKTOB C
Y4ETOM MapaMeTpoB MeK(pa3HOM MOBEPXHOCTH;

NPUMEHSST TEOPETHUECKUE 3HAHUSA, OompenensiTh 3()(eKTuBHbIE MyTH CTAOWUIM3AMU
HAHOYACTHI] U HAHOMATEPHAJIOB.

enadems.

MeToAaMH pabOThl ¢ HAYYHO-TEXHUYECKOM, CIPAaBOYHOW JIUTEPATypOH M AJIEKTPOHHO-
OMOIMOTEYHBIMH pecypcaMi 10 TEOPETHUECKUM aCHeKTaM IPOIECCOB, MPOTEKAIONIMX Ha
Mex(a3zHOM MOBEPXHOCTH HAHOYACTHUI] 1 HAHOMATEPHAJIOB,;

OCHOBHBIMH METOJAMH CTaOWIM3alMd HAHOYACTHII M HAHOMATEPHAJIOB DPa3IMYHON
PUPOJIBI, TUCTIEPCHOCTH U CTPYKTYPHI;

OCHOBHBIMH TIpHE€MaMHU HaXOXXICHHS U HWCIOJIb30BAHUS CIPABOYHBIX JIUTEPATYPHBIX H
KOMIIBIOTEPHBIX 0a3 JaHHBIX IO IMpolieccaM, MPOTEKAIOUMM Ha MeX(}a3HOW MOBEPXHOCTU
HAHOYACTHI] U HAHOMATEPHAJIOB.

3. KpaTkoe cogepskaHue JUCHUILINHBI

Monyne 1. TepmoauHaMuka M KMHETHKA MPOILECCOB HA MOBEPXHOCTH HAHOYACTHI] U B
CUCTEMax C HAaHOYaCTHULIAMU

1.1. Beenenue B TEpMOJMHAMUKY HAHOCHUCTEM. Te€pMOJAMHAMUYECKUE XapPaKTEPUCTUKU
noBepxHocTu.  [loBepxHOcTHasi ~ sHeprusi, MOBEpXHOCTHOe  HaTskeHue.  CTpykTypa
MOBEPXHOCTHOTO CJIOSL.

1.2. TepmoamHamuyeckas ¥ KHHETHYECKas YCTOWYMBOCTH HaHOcHUCTEeM. CrocoObI
cTabumu3anuy HaHOYACTHII.

1.3. AncopOuusi B HAHOCHCTEMAaxX

1.4. OGpa3oBaHue M CTPOCHHE MABOWHOTO JJIEKTPHUECKOTO CJIOS Ha TOBEPXHOCTH
HAHOYACTHII. DJIEKTPOCTaTHUECKasi CTa0MIIN3AIHs HAHOYACTUIl U HAHOOOBEKTOB

1.5. ArperaruBHas ycToiunBocTh HaHocucteM. Kiaccuueckas teopus JIPO u
COBpPEMEHHBIE MPeICTaBICHHS 00 arperaTUBHON yCTOWYMBOCTH.

1.6.KuHeTuka arperainuu HaHOYACTHI]

1.7.bpoyHOBCKOE ABUKEHNE HAHOYACTHI]

1.8. CemumMeHTamsi B CHCTEMaX, COJAEpKAIUX HAHOOBEKTHl. CeauMeHTaIlMOHHAS
YCTOMYUBOCTh HAHOCUCTEM.

Moayns 2. Onruyeckue CBOMCTBA  HAHOYACTHI[, PEOJOTHYECKHWE  CBOMCTBa
HAaHOMAaTepHaJlOB, HAHOCTYKTYPUPOBAHHBIX CHUCTEM

2.1.0nrryeckue CBOWCTBA Pa3IMUHBIX HAHOYACTHI] U HAHOMATEPHATIOB

2.2. Peonoruyeckue CBOMCTBA HAaHOMAaTepUalOB, HAHOCTYKTYPUPOBAHHBIX CHCTEM H
CUCTEM, COJIepKaIINX HAHOYACTHIIBI.

4. 00beM y4eOHOH JUCIHIIMHBI
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B 3aueTHEBIX B akanem.
Bunsl yueOHoI paboThI €AMHHLIAX yacax
O01asi TPY/10eMKOCTh THCIUIIJIMHBI N0 Y4e0HOMY IJIAHY 5,0 180
AyIUTOpHBIE 3aHATHSL: 1,0 36
Jlexrn (JIek) 0,5 18
IMpaktuueckue 3austus (I13) 0,5 18
Jlaboparopus - -
CamocTosiTesibHas padora (CP): 3,0 108
Bua koHTpoOJs: 3aueT / 3K3aMeH 1 IK3aMeH
(36)
B 3auerHbIx B actpos.
Bunsl yueOHoI paboThI €AMHHLIAX yacax
O01asi TPY/10eMKOCTh THCIUIIJIMHBI N0 Y4e0HOMY IJIAHY 5,0 135
AyAUTOPHBIE 3AHATHUS: 1,0 27
Jlexrun (JIek) 0,5 13,5
IMpaktuyeckue 3austus (I13) 0,5 13,5
JlaGopaTopus - -
CamocrosiTesbHas padora (CP): 3,0 81
Bua koHTpoOJs: 3auet / 3K3amMeH 1 IK3aMeH
(27)

AHHOTanuA padoyeil MPOrpaMmbl AU CHUNIMHBI
«MeToabl aHaimn3a Hanomarepuanos» (b1.B.0/1.6)

1. Heap AucnMmiIMHbL (GOPMUPOBAHHE y CTYACHTOB NMPEACTABICHUS O TUArHOCTHKE
HaHOMAaTEepPHAJIOB KaK O €AMHOM KOMIUJIEKCE B3aUMOCBS3aHHBIX METOAOB, B3aWMHO
JOTIONHSIIOIIUX APYT IpyTa.

OCHOBHBIMU 3aJlauaMU JIUCHUIUIMHBI SIBISIFOTCS:  (OpMHUpOBaHUE TMPEACTAaBICHUN 00
MH(OPMATHUBHBIX BO3MOXKHOCTSAX METOJIOB IMarHOCTUKU U aHAIM3a HOHOMATEepUaIoB, OCHOBHBIX
METPOJIOTHUECKUX XaPAKTEPUCTUKAX METOJOB, (DU3MUECKUX TPAHHUIAX TPUMEHUMOCTH.

2. B pe3yabrate wu3y4YeHHMs JAUCHUILVIMHBI OOy4YawIIMiicsi 1O Tmporpamme
MArHCTPATYPhI T0JIKEH:

Ob6naoams cnenyromumu o6mekynpTypabiMu (OK), obmenpodeccronansubivu (OITK)
u npodeccuonanbHbivu ([1K) komnereHImsIMI:

CIOCOOHOCTBIO (DOPMYIHUPOBATH 3a7a4M, CBSI3aHHBIE C peaTn3anuei MpodhecCuoOHATBHBIX
dynxumit (ITK-1);

CIOCOOHOCTBIO CAMOCTOSATEIBLHO MPOBOJUTH HAYyYHO-HCCIEAOBAaTENbCKUE PabOThl IO
CO3JIaHUI0, UCCIICIOBAHUIO M TPUMEHEHHIO HaHOCUCTeM U HaHomartepuanos ([1K-2);

CIIOCOOHOCTBIO K TPO(ECCHOHATIBHON IKCIUTyaTalldd COBPEMEHHOTO O0OpYyIOBaHUS M
puOOpOB (B COOTBETCTBHU C LENsIMH Maructepckoit mporpammal) (ITK-6);

CIIOCOOHOCTBIO K  COCTABJCHHUIO METOJAMYECCKHX JIOKYMEHTOB (B TOM  4HCIIe
7a00paTOPHOTO )KypHaJla) IPH MPOBEJACHUH HAY9IHO-MCCIICI0BATEIbCKUX U JJA0OPATOPHBIX PabOT
(IIK-7);

3Hamy:

¢bu3nyecKkre OCHOBBI METO/I0B AMArHOCTUKH HAHOYACTHUI] M1 HAHOMATEpUaAIOB — METO/I0B
IIPOCBEYMBAIOIIEH U PACTPOBOM 3JIEKTPOHHOM MUKPOCKOIIUU, METOJOB CKAaHUPYIOLIEH 30HI0BOU
MUKPOCKOIUHU; (PU3NYECKUE OCHOBBI METOJOB JIOKAJBHOTO aHAJINW3a — 3JIEKTPOHHO-30H0BOIO
MHUKpOaHaIN3a, 3JIEKTPOHHON 0Ke-CIEKTPOCKOITNH, PEHTT€HO(POTOIIEKTPOHHOM
CHEKTPOCKOINHU, MacC-CIIEKTPOMETPUH BTOPHUYHBIX MOHOB; (PU3MYECKHE OCHOBBI MHTETPAIBbHBIX
METO/IOB, OCHOBAHHBIX Ha pACCEIHUU CBETa M PEHTTCHOBCKOTO W3JIyYeHHs; OCHOBHBIC
METPOJIOTHUECKHE XapaKTEePUCTHUKU METOJ0B TUArHOCTHKHU U aHallu3a HAaHOMAaTepHaJoB.
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ymemn.

MHTEPIPETUPOBATh PE3yJIbTaThl HCCIECAOBAHUM, IIOJIYYEHHBIE C MCHOJb30BaHUEM
METOJIOB JUATHOCTHKM HAHOYACTUI[ W HAHOMATEpHAJOB, BHIOMpATh METOJ JAHATHOCTUKH,
00YCJIOBJICHHBI CBOWCTBAMH OOBEKTa W WM3MEPHUTEIBHOW 3a/adyeil, OLICHWBATh MOTPEITHOCTH
pe3yabTaTOB AUArHOCTUKH U aHAJIM3a HAHOMATEPUAJIOB.

enadems:

MPEACTaBICHUEM O JIUArHOCTHKE, KaK Pa3BUBAIOIIEMCS] HAIpPaBIECHUU HCCIIEIOBAHUMI,
HaBbIKaMU 00pabOTKU pe3yNbTaTOB HCCIEAOBAaHUNM HaHOMATEpUAIOB, HaBbIKAMU KPUTHYECKOIO
aHaJIn3a pe3yJbTaTOB IUATHOCTHKH.

3. KpaTkoe cogepskaHue JUCHUILINHBI

1. Beemenume. HanowacTumpl W HaHOMATepHalbl, KaKk OOBEKTHl TUATHOCTUKUA U
XUMHYECKOT0 aHaiu3a. TpeboBaHHMA K METPOJIOTMYECKUM XapaKTePUCTHKaM METOJOB,
00yCJIOBJICHHbIE pa3MepOoM 00BEKTOB.

2. Mukpockonusi. O6mue noHsaTus. Onrtuyeckas MUKpocKonus. SBienne nudpakiuu u
npefenbHas — pasperiaronas  CnocoOHOCTh  KJIACCHUYECKOTO — ONTHYECKOTO  MHUKPOCKOTIA.
CkaHUpYIOIIMI 30HJOBBIA ONTHYECKHH MHMKPOCKON OnrkHero mojis. WHpopMaTuBHBIC
BO3MOXXHOCTH U Pa3pelaronias CocoOHOCTb.

3. DneKkTpoHHas ONTHKAa W ONTHKAa 3apsDKeHHBIX 4YacTHll. BakyyMHble YCIOBHS.
Hcroynuky 351eKTpOHOB. BUABI 2JIEKTPOHHOM AMUCCUU: TEPMOIEKTPOHHAS AMUCCHUS, IMUCCHUS
HIoTTKM W aBTORJIEKTPOHHAs (IOJeBas) dMHCCHUS. XapaKTCPUCTUKUA HCTOYHHKOB DJICKTPOHOB.
VYrpaBneHue 31eKTPOHHBIMU U MOHHBIMH MyYKaMH. DJIEKTPOHHAS JINH3A.

4. PactpoBasi SJEKTPOHHAs MHKPOCKOMHUSA. YCTPOMCTBO PACTPOBOTO DSJIEKTPOHHOTO
MUKpPOCKOIA. BTopuuyHas 5>IeKTpOHHAs OSMUCCHS. BTOpWUYHBIE OIEKTPOHBI W  OOpaTHO
paccessHHbIC — JJIGKTpOHBI.  JleTekTopsl  2yekTpoHOB. dopmupoBaHue H300paKeHUH B
YMHCCHOHHBIX PEXHMax PpPacTPOBOTO 3JIEKTPOHHOrO MHUKpockoma. KoHTpacT wn300pakeHuil.
HNudopmaTuBHbIE BO3MOXXHOCTH ASMHUCCHOHHBIX pEXHUMOB. I[IpocTpaHCTBEHHOE pa3pelieHue.
CneuuanbpHble  pPeKHMMBl  PacTpOBOIO  3JEKTPOHHOTO  MHUKpockoma.  MeTponoruueckue
XapaKTEPUCTUKHU PACTPOBOM JIEKTPOHHON MUKPOCKOIIHH.

5. IlpocBeumBaromas  2yIeKTpOHHass MHKpockonus. (Cxema INPOCBEUMBAIOLIETO
3JIEKTPOHHOTO MUKpOCKOMa. THIBI KOHTpacTa U300pakeHUsl B TPOCBEYUBAIOIIEM 3JIEKTPOHHOM
MHUKpOCKOTe. MeTopl TOATOTOBKM OOBEKTOB JJIsi HCCIEJOBAaHUH B IPOCBEYMBAIOLIEM
3EKTPOHHOM MHUKpockorne. CpaBHeHHE MH(GOPMAaTUBHBIX BO3MOXKHOCTEH M METPOJOTUYECKUX
XapaKTEPUCTUK PA3IMYHBIX TUIIOB JIEKTPOHHBIX MUKPOCKOTIOB.

6. MeTtoibl, OCHOBaHHBIC Ha AupaKiuu 31eKTpoHoB (aekTponorpadus). CTpyKTYpHBIi
aHaJIU3 B AJIEKTPOHHOW MUKPOCKOIIHH.

7. DNeKTpOHHO-30HJOBBI MHUKpOaHAIW3. BO3HMKHOBEHHWE XapaKTEPUCTHUECKOTO U
TOPMO3HOTO PEHTI€HOBCKMX u3nyueHud. IlpaBuno Mosznu. KadecTBeHHBI aHamu3 ¢
HCITOJIb30BAHUEM PEHTTEHOBCKOIO W3JIy4YEHHUS. 3aBHUCHMOCTh WHTEHCHUBHOCTH
XapaKTEPUCTHUECKOTO PEHI'CHOBCKOTO HM3IYYEHHUs DJIEMEHTa OT €ro Cojep)kaHus B oOpasle.
Matpuunasie d(dextl. KoaudecTBEHHBIN AIEKTPOHHO-30HIOBBIM aHaM3. JIOKaJIBHOCTH
ompeneneHud.  PacdyeTHbld  METOA ~ IIOCTPOEHHsS  IPAJAyHPOBOYHOM  XapaKTEPUCTUKHU.
Metponoruueckue  XapakTepUCTUKH  METOJa. JEKTPOHHO-30HIOBBIA  MHKpOAHalu3 B
IIPOCBEUYMBAIOLIEH 3JEKTPOHHON MUKpockonuu. CrienuanbHble METObI 3JIEKTPOHHO-30H0BOIO
MUKpPOAHaIn3a.

8. CrnekTpockonusi XapaKTepUCTHUYECKUX TMOTeph SHEPIUU 3JIEKTPOHOB. [lMarHocTuka
HaHoIIeHOK. HopMaTHBHBIE BO3MOKHOCTH U METPOJIOTMYECKHE XapAKTEPUCTUKH.

9. Metoasl 37eKTpOHHON crekTpockonuu. Oxe-3¢dexkt u BHemHHH (oTodhdEKT.
BakyyMHBIE yCI0BUS. AHAIN3ATOPBI SHEPTUHU SJIEKTPOHOB. OXKe-3JIEKTPOHHAs CIEKTPOCKONUS U
PEHTTeHO(DOTORIEKTPOHHASI CIIEKTPOCKOITHSI.

10. BzaumopelicTBie HOHHBIX IYYKOB C TBEPAbIM TelIOM. BTopuyHas MOHHAs SMHUCCHS.
Macc-crieKTpoMeTpusi BTOPUYHBIX MOHOB. Y CTPOMCTBO Macc-CIIEKTpoMeTpa. Merponornueckue
XapaKkTEpUCTUKU METO/A.
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11. UnrterpanbHbie METOABI ONpeneNeHus pa3MepoB HaHouacTull. CearMMEHTAIMOHHBIN
aHanu3. MeTonbl paccesHHs CBETa. pEJIeeBCKOE paccesHue, IUHAMUYECKOE pacCesHHeE.
[IpenenpHBIC BO3MOKHOCTH METO/IOB pacCesHUs CBeTa U (hU3MYecKHe orpaHuueHus. PaccesHue
pentreHoBckoro u3nydenus. Meron Illepepa. ManmoyrioBoe paccessHHe PEHTIEHOBCKOTO
U3IIy4CHHUS.

4. 00beM y4eOHOH TUCHMIIINHBI.

B 3aueTHEBIX B akanem.
Bunsl yaeOHoI paboThI €AMHHLIAX yacax
O01asi TPY10€MKOCTh TMCHUIIHHBI N0 Y4eOHOMY IJIAHY 4,0 144
AyJAUTOPHBIE 3AHATHUS: 2,0 72
Jlexrn (JIek) - -
ITpaktuueckue 3austus (I13) 1,0 36
Jlaboparopus 1,0 36
CamocTosiTesibHas paGora (CP): 2,0 72
Bua koHTpoOJs: 3auet / 3K3aMeH - 3auer ¢
OLICHKOM
B 3auetHbIx B actpos.
Bunsl yueOHoI paboThI €AMHHLIAX yacax
O01asi TPY10eMKOCTh THCIUIIJIMHBI N0 Y4e0HOMY IJIAHY 4,0 108
AyIMTOpPHBIE 3aHATHSL: 2,0 54
Jlexrn (JIek) - -
IMpaktuueckue 3austus (I13) 1,0 27
Jlaboparopus 1,0 27
CamocrosiTesibHas padora (CP): 2,0 54
Bua koHTpoOJs: 3auet / 3K3aMeH - 3auer ¢
OLICHKOM

AHHOTanuA padoyeil MPOrpaMmbl AUCHUNIMHBI
«Tepmuuecknii anaau3 Hanomatepuaiaos» (b1.B.OJ1.7)

1. Heab AucuMNJIMHBL. (OPMUPOBAHHE Y CTYICHTOB KOMIUIEKCHOTO TPEICTABICHUS O
BO3MOXKHOCTSIX TEPMHUECKOTO aHAlIM3a JIsl UCCIIeIOBAaHUSI HAHOMATEPHAJIOB.

OCHOBHBIMU 33/1a9aMU JUCITUTUTAHBI SBIISICTCS:

- (opMHUpOBaHME TPEICTABICHUN O METOJaX TEPMUYCCKOIO aHAIM3a HAHOMATEPHAJIOB,
UX TEOPETUYECKUX OCHOBAX M MPUHIUITAX paOOTHI.

- (opmupoBaHME CHUCTEMHBIX 3HAHUH B O0JIACTH XMMHUYECKUX peakiuil u (pusmko-
XUMHYECKHX MPEBPAMICHAN, IIPOUCXOASIIIX TI0]] BIUSTHHEM TEMIIEPATYPHI.

- (hopMHpOBaHUE MOHUMAHUS O BO3MOXHOCTSIX U OIPAaHMUYCHHS HCIIOJIb30BaHKS METO/IOB
TEPMUYECKOTO aHAIM3a B PA3JIMYHBIX 00JACTAX HAHOMATEPHAJIOB, BHIPAOOTKA HA 3TOM OCHOBE
CHUCTEMHOI'0 MOJX0Ja K IOCTAHOBKE M BBINOJHCHUIO HAYYHBIX HCCIICOBAHUN B YKa3aHHOM
00J1acTH, CIOCOOHOCTH aHATU3UPOBATh M KPUTHUYECKH OIECHHBATH MOJyYaeMbIe Pe3yJbTaThl,
npe/yiarath MyTH PEIICHUS MTOCTABJICHHBIX 3ajad.

2. B pe3yabrare wu3ydYeHHMs JAUCHUILVIMHBI OO0y4YawIIMiicsi MO Tmporpamme
MAaTUCTPATYPHI I0JIKEH:

Ob6naoams cnenyromumu oo6mekynpTypabiMu (OK), obmenpodeccronansubivu (OITK)
u npodeccuonanbHbivu ([1K) komnereHImsMI:

CIIOCOOHOCTBIO (DOPMYITHUPOBATH 3a7a4M, CBSI3aHHBIE C peaTn3anuei MpophecCuoOHATBHBIX
dynxumit (IMK-1);

CIIOCOOHOCTBIO CaMOCTOSTENIEHO TPOBOJUTH HAYyYHO-UCCIIEIOBATEIBCKUE PAOOTHI IO
CO3JIaHUI0, UCCIICIOBAHUIO M TPUMEHEHHIO HaHOCKUCTeM U HaHomarepuanos ([1K-2);
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CIOCOOHOCTBIO K aHalM3y M OOOOIIEHUIO pe3yabTaTOB HAyYHO-HCCIENI0BATEIbCKUX
paboT, MOUCKY M aHAIM3Y HAYYHOW M TeXHHUYEeCKOW MHbopMaluu B 0071acTH HAHOTEXHOJIOTHIA 1
CMEXHBIX JHUCLUUIUIMH JJIS HAyYHOW, NMAaTeHTHOM M MAapKETHHIOBOM IMOAJIEP’KKH MPOBOIMMBIX
HCCJIEIOBAaHMM, K CAMOCTOSITENIbHOM MOATOTOBKE MyOJMKalMi B OTEYECTBEHHBIX U 3apPYOEKHBIX
uznanusax ([MK-3);

CIIOCOOHOCTBIO K TPO(ECCHOHATIBHON AKCIUTyaTalldd COBPEMEHHOTO O0OpYyIOBaHUS M
puOOpOB (B COOTBETCTBHU C LENSIMH Maructepckoit mporpammal) (ITK-6).

3Hamy:

KJIacCU(UKALMIO METOJI0OB TEPMHUYECKOT0 aHaiu3a, (U3MKO-XUMHYECKHUE OCHOBBI
TEPMHUYECKOTO aHalli3a MaTepHajioB, YCTPOHCTBO M MPHUHIMI pabOThl OCHOBHBIX METOOB
TEPMHUUYECKOTO AaHalu3a, BIMSHHME YCIOBUIl IPOBENEHUS OHKCIEPUMEHTAa Ha pPE3yJbTaThl
TEPMHUYECKUX METOJIOB aHaJIN3a, BO3MOXHOCTU M 00JIACTU MPUMEHEHUS TEPMUUYECKUX METOOB
aHaJIM3a JUIsl UCCIIEI0BAaHUsI HAHOMATEPHAJIOB.

ymemsy:

aHAJIM3UPOBATh  PE3YyNbTAThl, TMOJIYYEHHBIE C [IOMOILBIO pA3JIMYHBIX METO/OB
TEPMHUYCCKOTO aHai3a, KOPPEKTHO pacCUUTHIBATh (UIUKO-XUMHUYCCKHE (KMHETHYECKUE U
TEPMOJAMHAMHYECKHE) TapaMeTpbl 10 JaHHBIM TepMorpaBumerpuu u auddepeHmanbpHo-
CKaHUPYIOIEH KaJOpUMETpUH, (OPMYIHPOBATh TEXHUYECKHE TpeOOBaHUS K OOBEKTaM
UCCIIEJOBAHMUS.

gnadems:

IIPUHLMIIAMUA IIPOBEJIEHUS HKCIEPUMEHTAa M CTAaHJAPTHBIMM METOAMKAMHU aHalu3a
HAaHOMATEepHaJloB  METOJOM  TepMorpaBuMeTpuu U  auddepeHInaTbHO-CKaHUPYIOIen
KaJOPUMETPUH, METOJaMH TEPMOKHHETHUYECKOTO aHallu3a, METOJaMH paboThl C HAay4dHOU
JUTEpaTypoil M DJIEKTPOHHO-OMONMOTEUHBIMH  pecypcaMud IO  TEOPETHUECKUM U
TE€XHOJOTMYECKUM acCleKTaM TEPMOIPAaBUMETPUUECKOI0 aHa/Ii3a HAHOMAaTEpUaJIOB.

3. KpaTkoe cogep;kaHue JUCHUIINHBI

BBenenne B MeToAbl TEPMHUYECKOI0 aHAJIM3a HaAaHOMAaTepuaaoB. lVcropus u 3ramsl
pa3BUTHSI TEPMHUUECKUX METOI0B aHanu3a. Merox Jle-Illarenbe. OCHOBHBIE BUBI TEPMUUYECKOTO
anamu3a: TT'A, ATA u JICK. [IpuHuunuansHoe ycTpoicTBO nepuBarorpada. OCHOBHBIE 3a/1a4H
KJIACCMYECKUX METOJ0B TEPMHUYECKOro aHanu3a MarepuayioB. DU3MKO-XUMUYECKHE OCHOBBI
TEPMHUYECKUX METOJIOB aHaIn3a. JMHAMUYECKMI M H30TEPMUYECKUE DPEKUMBI TEPMUUECKHUX
MeTOJI0B aHanu3a. O0JacTH MpUMEHEHHUS] TEPMUUYECKIX METOIOB aHaJIu3a HAHOMAaTEPHAaJoB.

TepmorpaBumerpuyecknii anamu3 (TT'A). OcHOBBI MeTO/Ia TEPMOTPABUMETPUIECKOTO
ananm3a. [Ipuamun ycrpoiictBa npubopa TI'A. Kpussie TT'A. Bocnpon3Boauinoch U TOYHOCTh
merona TI'A. BnusiHue ycnoBusi mpoBeleHHs dKcrepuMeHTa Ha pesynbtathl TTA. CrocoOsl
oTpezieNieHus] TEMIIEpaTypPHBIX UHTEPBAJIOB Pa3JIOKEHHUs BEIIECTB, ONpeAeNieHUE MOTePh MacCCHhI.
Hctounuku ommbok u norpemHoctei B TTA.

JMuddepeHunaibLHO-TEPMUYECKH I aHaJu3 (ATA). OCHOBBI MeToIa
nuddepeHraIbHO-TepMUYecKoro aHanusa. YpaBHenue Kupxroda. Ilpunmun ycrpoiicTa
npudopa JTA. Kpuseie JATA. IlpeumymectBa u Hemoctatku JITA. TemnonepeHoc.
TepMmonapel: MaTepuansl U cBoicTBa. [loHATHE ATanmoHa BenecTa. BinsiHue CKOPOCTU peakuii
U YCIIOBHUS MPOBEACHUS SKCIepuMeHTa (pasmep THUTJIsl, GOpPMbI JepikaTess, TpoObl, CKOPOCTH
Harpesa, BIUSHHE aTMOC(epbl B Ieuu) Ha GopMmy nuddepeHnuansHON KpuBoil. McTouHUKH
ommbok u norpemHocTeit B JITA.

JMuddepenunanbHo-ckanupyomas kagopumerpusi (JACK). ObGnact npumeHeHHs
JICK). CriocoObl oIpeae/ieH|sl TEMIIEPATyPHBIX HHTEPBAIOB PA3JI0KEHHS BEIIECTB U (Da30BBIX
nepexonoB. KonmuecTBeHHOe orpeneneHue TEIuioBbIX 3¢ ¢exToB. MccnenoBanne KUHETHKH
peakIuii TEPMUYECKOTO Pa3JIOKEHUsT MaTepuasioB. VCTOYHMKM OMMOOK W TOTPENIHOCTEH B
JCK. Paznuna mexnay ATA u JICK. CHHXpOHHBIN TEpPMUYECKUI aHAIN3 MAaTEPUAJIOB.

JAunaromerpusi. Xapakrepuctuka Merona. OmnpeneneHne N3MEHEHUH JUTMHBI 00pa3IioB
IIPY HarpeBe U OXJIAXKACHUU WM IIPU U30TEPMHUYECKON BbIACPKKE. TemneparypHslii KOHTPOJIb B
munaromerpe. Jpon-kanopumetpus. CriocoObl onpeesieHns TeII0EMKOCTH MaTepHalloB.
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KoMiuiekcHble MeTOAbI aHAJINW3a HAHOMATEPUAJOB. AHAIU3 BbIJACIUBIIMXCS Ta30B.
CosmenieHne mpudbopoB TepMudeckoro ananusza ¢ MK-dypee u macc-ciekrpomerpamu (MC).
CTA-UK-®ypre: npunmun padotsl u obsactu npumeHeHus. CTA-MC: npuniun paboTsl H
00J1aCTH TPUMEHEHUS.

IIpuMeHeHne TepMUYECKUX METOI0B JI aHAJIM3a HAaHOMaTepuanaoB. VccnenoBanue
IUIAaBJICHUS HAHOYACTUL[ METAJIOB C TOMOILIBIO TEepMUYECKHX MeTojoB aHamusza. CTA
KOMITO3UIIMOHHBIX MaTepHAaIOB. UccnenoBanue KOJIMYECTBEHHBIX XapaKTEPUCTUK
HAaHOMAaTEepHaJlOB METOJaMM TEPMHUYECKOTO aHaiu3a. BimsHue pasnudnbix (aktopoB (IpumecH,
XHUMHUYCCKUEC B3aHMOHeﬁCTBHH, aTMocq)epa HC‘II/I) Ha TOYHOCTH KOJIHMYCCTBCHHOIO N Ka4YC€CTBCHHOI'O
aHam3a.

CoBpemMeHHbIe TeHJAEHUMH M HaNpaBjJeHUS Pa3BUTHS TePMUYECKUX MeTOH0B
aHa/JM3a BellecTB M MarTepuaoB. OCHOBHbIE NPUHIUIBI TEPMOMArHUTOMETPHUH.
Tepmoconomerpus. Beicokoremnepatypusiii ontuueckuii JITA u ero ananoru. Meton nazepHoit
BCIIBIIIKKA: TPHHIUIAATBHOE YCTPOUCTBO Tpubopa, (HU3MKO-XUMUYECKHE OCHOBBI, MPUMEPHI
npuUMeHeHUs. MeTo/ rperoux MinT. BRICOKOTOYHOE N3MEpEHHUE TETJIOBBIX MTOTOKOB.

4. 00beM y4eOHOH TUCHHUILINHBI.

B 3aueTHEBIX B akanem.
Bunsl yueOHoI paboThI €AMHHLIAX yacax
O01asi TPY10€eMKOCTh TMCHUIIHHBI N0 Y4eOHOMY IJIAHY 4,0 144
AYIUTOpPHBbIE 3aHATHSL: 1,5 54
Jlexuuu (JIek) 0,5 18
IMpaktrueckue 3austus (I13) 1,0 36
JlaGopaTopust - -
CamocrosiTesibHas padora (CP): 2,5 90
Buj koHTpoIs: 3a4eT / 3K3aMeH - 3auer
B 3auetHbIx B actpos.
Bunsl yueOHol paboThI €IMHULIAX yacax
O01asi TPY10eMKOCTh THCIUIIJIMHBI N0 Y4e0HOMY IJIAHY 4,0 108
AYyIUTOpHbBIE 3aHATHUSL: 15 40,5
Jlexrn (JIek) 0,5 13,5
IMpaktuueckue 3austus (I13) 1,0 27
Jlaboparopus - -
CamocTosiTesibHas padora (CP): 2,5 67,5
Buj koHTpos: 3a4eT / 3K3aMeH - 3auer

AHHOTanusa padoyeil NPOrpaMMbpl JUCHHUILIMHBI
«CunTte3 Hanouyactui» (61.B.0/1.8)

1. Heap IMCHMIJMHBI COCTOMT B MPUOOPETEHUH OOYYAIOIMIMMUCS 3HAHUM U
KOMIIETEHIIMI B 00JIaCTH CHHTE3a HAHOYACTUIl 1 HAHOMATEPUAIIOB KUAKO(DAa3HBIMH METOIAMH.

OcHOBHOIT 3amaveil JMCHUNJIMHBI SBIsieTCS (QOpPMHUpOBaHHWE Y OO0ydYaroUIuXcs
CHUCTEMHBIX TUIYOOKHX 3HaHUH B 00JIACTH XMMHYECKUX, (GU3UICCKUX U OMOJOTUUECKHX METOJ/IOB
CHUHTE3a HAHOYACTHI[ M HAHOMATEPUAIOB, MOHMMAHUS OOIIUX 3aKOHOMEPHOCTEH MOIydeHUs
TaKUX MaTepUAJIOB; BBHIPAOOTKA HA O3TOW OCHOBE CHUCTEMHOTO IIOAXOJa K IIOCTaHOBKE,
BBITIOJTHEHUIO HAYYHBIX HCCIIEOBAHHWI B YKa3aHHOW 00JIaCTH, CITIOCOOHOCTH aHAIU3UPOBATH U
KPUTHYECKH OIICHWBAThH TOJy4YaeMbIe PE3yJbTaThl, NPEJIaraTh MyTH PEIICHUS TOCTaBICHHBIX
3a/1a4 ¥ HaXOJUTh CPEA HUX ONTUMATbHBIN.

2. B pe3yabrare wu3y4YeHHMs JAUCHUIVIMHBI OOy4YawIIMiicsi MO Tmporpamme
MArHCTPATYPhI T0JIKEH:

Ob6naoams cnenyromumu oo6mekynpTypabiMu (OK), obmenpodeccronansubivu (OITK)
u npodeccuonanbHbive ([1K) komMnereHImsMI:
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CIIOCOOHOCTBIO K CaMOCTOSTEIPHOMY OOYYEHUIO HOBBIM METOJIaM HCCIICOBAHUS, H
M3MEHEHHI0O HAyYyHOr0 W HAay4YHO-TIPOM3BOACTBEHHOIO MNpoduiis cBoed NpodeccHoHanbHON
nesitenbHocTH (OIMTK-1);

CIIOCOOHOCTBIO K CaMOCTOSITEIBHOMY MPHOOPETEHHUIO C MOMOIIBI0 WH(OPMAITHOHHBIX
TEXHOJIOTHI U UCIIOJIb30BAaHUIO B MPAKTUYECKOU AEATEIIbHOCTH HOBBIX 3HAHUN U YMEHHI, B TOM
YHClie B HOBBIX OOJIACTSX 3HAHUMU, HEMOCPEICTBEHHO HE CBSA3aHHBIX CO Cepoil NesTeNbHOCTH
(OIIK-2).

CIOCOOHOCTBIO CaMOCTOSATEIBHO MPOBOJUTH HAYYHO-HCCIEAOBATENbCKUE PaOOTHI IO
CO3JIaHUI0, UCCIICIOBAHUIO M TPUMEHEHHIO HaHOCUCTeM U HaHomarepuanoB ([1K-2);

CIIOCOOHOCTh y4YacTBOBAaThb B ONTHUMH3AIMH CYIIECTBYIOUIMX METOAMK CO3/JaHUS H
MPUMEHEHUS HAaHOCUCTEM U HAHOMATEpHUAJIOB JJIs YCIEIIHONW KOHKYPEHIIMU Ha PBIHKE UIEH U
texuosoruii ([TK-8).

3Hamy:

KJIacCU(UKALIMIO HAHOYACTHUI] 1 HAHOMATEpHaJIOB, OCHOBAHHYIO HA MEPHOCTU OOBEKTOB,
croco0ax Moy4eHus!, CBOMCTBAX CPEIbl MPOBEACHUS CUHTE3A,;

TEOPETUYECKHE OCHOBBI MPOLIECCOB KPUCTAIM3ALMU B JKUIKHX Cpelax, OCHOBHBIE
dakTopbl, BIMSIONIME HA O0O0pa3oBaHUE 3apOABIIICH KPUCTALIM3AIMU U CKOPOCTh POCTa
HAHOYACTHII,

3aKOHOMEPHOCTU  MPOTEKAIOIIMX  MPOIECCOB  MPU  CHUHTE3€  HAHOYACTHUI] U
HaHOMAaTEPHAJIOB B KUIKKUX (Da3ax v Ha rpaHMIle paszaena ¢as;

3aKOHOMEPHOCTH COBOKYITHOCTH YCJIOBUW TIPOBEICHHS CHHTE3a W OCOOCHHOCTEMH
XUMHUYECKHX, (U3MUECKUX U OHOJOTMYECKHX MPOIECCOB, MPHUBOIAIIMX K MOJYYEHUIO
HAHOYACTHI] U HAHOMATEPHAJIOB,;

QITOPUTMBI  TPOTHO3UPOBAHUS  JAMCIEPCHOCTH U CTPYKTYpPhl  HAHOYACTUI[ U
HAHOMAaTEPHAJIOB.

ymemsy:

¢dbopmynupoBaTh TpeOOBaHHS K MaTepuanaM M onpeaensaTh 3()(eKTuBHbIC TyTH CUHTE3a
HAHOYACTHI] 1 HAHOMAaTEpUaJOB C KOMIUIEKCOM 3aJaHHBIX CBOMCTB JJisi KOHKPETHBIX oOiacteit
PUMCHCHHS;

HaXOJUTh U HCIOJB30BaTh JINTEPATYPHbIE MCTOYHHMKH, 0a3bl TaHHBIX M KOMMEpUYECKHe
MpOrpaMMHBIE MPOAYKTHI, W PEIIaTh 3aJadd MO CO3AAHHI0 HAHOYACTHUII U HAHOMATEPUAJIOB
Pa3IUYHON MPUPOJBI, AUCTIEPCHOCTH M COCTaBa,

MPUMEHSTh TEOPETUUECKHE 3HAHUS O CIIOCO0aX CHHTE3a HAHOYACTHUI] U HAHOMATEPUAJIOB
JUISL pellIeHUs UCCIIE0OBATeNIbCKUX U MPUKIAAHBIX 33/1a4, B TOM YHCJIE€ B MEKIUCIHUILIMHAPHBIX
o0acTax.

61a0emo.

MeToAaMu paboThl ¢ HAYYHO-TEXHHYECKOM, CIPABOYHOM JIUTEPAaTypOd M 3JIEKTPOHHO-
OMOTMOTEYHBIMU pecypcaMl IO TEOPETHUYECKHMM U TEXHOJOTHYECKHM acleKTaM CHHTe3a
HAHOYACTHI] U HAHOMATEPHAJIOB,;

OCHOBHBIMHM METOJIaM{ CHHT€3a HAaHOYACTUIl U HAHOMAaTEpHAaJIOB PA3IUUYHON MPUPOJBI,
JTUCIIEPCHOCTH U CTPYKTYPHI,

OCHOBHBIMM TpUE€MaMU HaXOXKICHHSI U HCIOJIb30BaHUS CIIPABOYHBIX JIUTEPATYPHBIX U
KOMIBIOTEPHBIX 0a3 JaHHBIX O CHUHTE3y HAHOYACTHII M HAHOMATEPUATIOB KHIKO(A3HBIMU
METOJIaMH;

CIIOCOOHOCTBIO UM TOTOBHOCTHIO K Pa3pa0OTKEe HOBBIX METOJOB CHHTE3a HAHOYACTHI[ W
HAaHOMATEepHaJIOB M MX MPUMEHEHHIO B CAMOCTOATEIbHOW Hay4yHO-HCCIEI0BATEeNIbCKON
JeATEIbHOCTH.

3. KpaTkoe cogep:kaHue TUCHUTIIUHBI
1. OcHoBBI NpoHEecca KPUCTAIIN3ANMUHA B :KHIKHX cpeaax

1.1.T'omoreHHOE ¥ reTeporeHHOE 3apOoIbIIIIc00pa30BaHKE

1.2.OcHOBHBIE TEOPUH POCTA KPUCTAIIIOB
2. CHHTe3 HAaHOYACTHIl METOAAMM OCAKIEHUS
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2.1.CunTe3 HaHOYACTHIL OJIArOPOIHBIX METAIJIOB

2.2.CuHTe3 MOoJyIPOBOIHUKOBBIX HAHOYACTHIL

2.3.CuHTe3 MAarHUTHBIX HAHOYACTHI]

2.4.CuHTe3 HAaHOYACTHUII CO CTPYKTYPOH SIP0-000J109Ka, MHOTOCIIOWHBIX CTPYKTYP
3. AnnapaTHble MeTO/Ibl CHHTE32 HAHOYACTHI] 1 HAHOMATEPHAJIOB

3.1.30mb-Teab METOA MOTYYEHHS] HAHOYACTUII, IOPUCTHIX MAaTEPUAJIOB, adporesneit

3.2.CuHTe3 HAHOYACTHUIl U HAHOMATEPHUATIOB B CBEPXKPUTHUYECKUX JKUIKOCTSIX

3.3. CuHTe3 HaHOYACTHI[ TIPU BO3JACHCTBUU  H3JIYYCHHH. MHKPOBOJIHOBOTO,
YJIBTPa3BYKOBOTO, Y @, pEHTT€HOBCKOI0, PaAMOAKTUBHOIO

3.4.CuHTe3 HAHOYACTHUII B IUTAMEHU U KPUOXUMHUYECKHE METO/Ibl CUHTE3a

3.5.DneKTpoXuMUYEeCKUEe METO/IbI TIOTYyYSHUSI HAHOMATEPHUAJIOB

3.6.MaTpuuHbIii CHHTE3 HAHOYACTHI] 1 HAHOMATEePHAJIOB

3.7.buonoruveckre METOIbI CHHTE3a HAHOYACTHUI] 1 HAHOMATEpHAIOB

3.8. ITlomyuyenue HaHOMAaTEPHAJIOB npu caMOOpraHu3aIu HaHOYACTHII,
OMOMHMETHYECKIE HAHOMATEPUAITBI

4. 00beM y4eOHOH TUCIHMIIINHBI.

B 3aueTHEBIX B akanem.
Bunsl yaeOHol paboThI €AMHHLIAX yacax
OO0mas Tpy10eMKOCTh THCIHILIMHBI M0 Y4eOHOMY TUIaHY 3,0 108
AyIMTOpPHBIE 3aHATHSL: 1,5 54
Jlexrun (JIek) 0,5 18
ITpaktuueckue 3austus (I13) 0,5 18
Jlaboparopus 0,5 18
CamocTosiTesibHas padora (CP): 1,5 54
Bua koHTpos: 3aueT / 3K3aMeH - 3auer ¢
OLICEHKOM
B 3auetHbIx B actpos.
Bunsl yueOHoI paboThI €IMHULIAX yacax
O01asi TPY/10eMKOCTh THCIUIIJIMHBI N0 Y4e0HOMY IJIAHY 3,0 81
AyIUTOpHBIE 3aHATHSL: 15 40,5
Jlexrn (JIek) 0,5 13,5
IMpaktuueckue 3anstus (I13) 0,5 13,5
Jlaboparopus 0,5 13,5
CamocrosiTesbHas padora (CP): 1,5 40,5
Bua koHTpoJs: 3auet / 3K3amMeH - 3auer ¢
OLICHKOM

AHHOTanuA padoyeil MPOrpaMmbl AU CHUNIMHBI
«KoMnbroTepHbie 1 ”HPOPMAHMOHHBIE TEXHOJIOTHH B HaHouHaycTpum» (b1.B.0OJ.9)

1. Ileap aMCHUIUIMHBI - (OPMUPOBAHUE KOMIIETEHIIMN B 00JACTH TEOPUM U NMPAKTUKH
UCTIOJIb30BaHUSI KOMIIBIOTEPHBIX H WHGOPMAIMOHHBIX TEXHOJIOTUH JJs1 pa3paboTKu U
UCCIIEIOBaHMsI HOBBIX HAaHOMAaTEpUAJIOB, MPUOOPETEHNE 3HAaHUIH U YMEHUH B 00J1aCTH aHalu3a U
IPECTaBICHUS JIUTEPATYPHON U SIKCIIEPUMEHTAIBHON HayYHO-TEXHUYECKOM HH(POpMALIUH.

OcHOBHOM 3ajauell JUCLUIUIMHBL SBIsETCS (OPMUPOBAHUE y OOY4YaAIOHIMXCS HABBIKOB
paboThI C COBpEMEHHBIMU KOMITBIOTEPHBIMU U UH(POPMAITMOHHBIMU CPEACTBAMU IS YITYUIICHHS
U o0jerdeHus mpolecca pa3padOTKH HOBBIX MaTEpUAIOB U IPOLIECCOB, MPEACTABICHUN O
BaXHOCTU CTaTHUCTUYECKOTO aHajIM3a IOJy4aeMbIX OSKCIEPUMEHTAIBHBIX pPE3yIbTaTOB U
CIOCOOOB MOBBIIIEHUS X TOYHOCTH U BOCIIPOU3BOIUMOCTH.

2. B pe3yabraTe wu3y4YeHHUs] IMCHUILUIMHBI oOydawumiics 1o mNporpaMme
MarucTPaTyphl J0JIKeH:
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Ob6naoams cnenyromumu ooekynbTypabiMu (OK), obmenpodeccronansabivu (OITK)
u npodeccuonanpubivu (ITK) koMmeTeHITUAMI:

— CIIOCOOHOCTBIO K CAMOCTOSATEILHOMY IPUOOPETEHUIO C TTIOMOIIBI0 HH(POPMALIMOHHBIX
TEXHOJIOTMI 1 MCIOJb30BAHUIO B MMPAKTHYECKON AEATENHbHOCTH HOBBIX 3HAHUW M YMEHUH, B TOM
YKCIC B HOBBIX 00JIACTSAX 3HAHMI, HEMOCPEICTBCHHO HE CBSA3aHHBIX CO cepoil nesiTeabHOCTH
(OIIK-2);

— CIIOCOOHOCTBIO TPEJCTABIAThL WMTOTH BBINOJHCHHON pabOThI B BHIC OTYETOB,
JOKJIa0B Ha CHMIIO3MyMaxX, HAayYHBIX MyOJUKAIMid C HUCIOJb30BAHUEM COBPEMECHHBIX
BO3MOYKHOCTEH nHpOopMaTuKK U opatopckoro nckyccrsa (OITK-4).

—  CIOCOOHOCTBIO CAMOCTOSITEJILHO MPOBOJUTH HAYYHO-UCCICIOBATEIbCKHE PAOOTHI TI0
CO3JIaHUI0, UCCIICIOBAHUIO M TPUMEHEHHIO HaHOCUCTeM U HaHomartepuanos ([1K-2);

— CIOCOOHOCTHIO K aHAIHM3y W OOOOIICHHUIO PEe3yJIbTAaTOB HAYYHO-HUCCIEAOBATEIIbCKUX
paboT, MOUCKY U aHATM3Y HAYYHOW M TEXHUYECKOW MH(POPMAIMK B 00JACTH HAHOTEXHOJOTHI U
CMEXHBIX JUCIMIUIMH JJIS HAyYHOM, MATEHTHOM M MApKETHMHTOBOW MOICPKKH MPOBOIHUMBIX
UCCIICIOBAaHMM, K CAMOCTOSITEIIbHON MOATOTOBKE MyOIUKAIIMN B OTEYECTBEHHBIX M 3apyOeKHBIX
uznanusx ([MK-3).

3HAMY.

COBPEMECHHOE COCTOSIHHE W  TEPCICKTHUBHBIC TMPUMCHCHHUS  KOMIBIOTCPHBIX U
UH()OPMAIIMOHHBIX TEXHOJIOTUI B HAHOMHYCTPHH;

OCHOBHBIE CHCTEMBI OpPraHU3aIliK U XPaHCHUS HAyYHO-TEXHUYECKON MH()OPMAITUH;

CIOCOOBI TUTAHMPOBAHKSI YKCIIEPUMEHTA,;

CTaTHCTHYECKHE  HHCTPYMEHTHI  IUIAHMPOBAHHMS ~ OKCIEPHMMEHTa W 00paboTKH
9KCIEPUMEHTAIBHBIX TAHHBIX;

CIOCOOBI U MHCTPYMEHTBI 00Pa0OTKH U MPEICTABICHUS SKCIIEPUMEHTAILHBIX TAHHBIX;

MOJIXO/TBI K MOJICIIMPOBAHUIO HAHOCHUCTEM.

ymemy:

OCYIIECTBIIATh TMOMCK W aHAJIM3 HAyYHOH-TEXHHUYCCKOH HH(GOPMAIUK B JOCTYITHBIX
HUCTOYHHKAX

OPOM3BOAUTH OTOOP  AKCIEPUMEHTAIBHBIX  (AKTOPOB ©  MOCTPOCHHE  IJIAHOB
OKCIICPUMEHTA B 00JIACTH CO3/IaHUS M UCCIICAOBAHHUS HAHOMATEPUAJIOB,;

MPOBOUTH aHAIIU3 PE3YIbTATOB IKCIIEPUMEHTAIBHBIX UCCIICIOBAHHIA;

NPEICTABIIATH PE3YIILTATHI AKCIIEPUMEHTAIBHBIX UCCIICIOBAHMIA

BBISIBJISITh 3HAYUMOCTD (JaKTOPOB IKCIICPHUMEHTA,;

[POM3BOANTH KPUTHYECKUI aHATN3 OIYOJIMKOBAHHBIX JTAHHBIX;

MPOBOUTH MOJICIIUPOBAHUE MTPOIIECCOB IBMKEHHSI U arperariiu;

NPUMEHSTh TOJyYeHHBIC 3HAHUS JUIS DPEIICHHsS HCCICIOBATCIBCKUX M IPUKIIATHBIX

3aj1a4, B TOM YHCJIe B 00JaCTH HAyKU O HAHOMAaTepHaiax U HAHOTEXHOJIOTHH.

enadems.

HaBBIKAMH Pa0OThI ¢ HAYYHO-TEXHHUUECKOH, CIIPABOYHON JINTEPATYPOH U 3JIEKTPOHHBIMU
pecypcaMu, 3aTparuBarOUMK (YHIAMEHTAIbHBIC W MPAKTHYECKHE AacleKThl pa3pabOTKu H
NPUMEHEHHS HAHOMATEPHAJIOB,;

HaBBIKAMH HCITOJB30BAHHMsI KOMITBIOTEPHBIX MPOrpaMM JUIsS TUIAHUPOBAHHS M aHAIHM3a
IKCIIEPUMEHTA,;

METOIOJOTMYECKAMH TIOJXOAaMH M HAaBBIKAMH TIPEJCTABICHUS JKCIIEPUMEHTAIBHBIX
JIAHHBIX, B TOM YHCJIC, PE3YJIbTATOB MHOTO(AKTOPHBIX SKCIICPUMEHTOB,;

HaBBIKAMH OCBOCHHSI W TPHMEHEHHS HOBBIX KOMIIBIOTEPHBIX W HH(OPMAIHOHHBIX
WHCTPYMEHTOB MPH pa3pabOTKe M UCCICIOBAHUH HAHOMATEPHAJIOB.

3. Kpartkoe coiep:kaHue JUCHUIIAHBI

HaHoMHIyCcTpUsi ¥ KOMIBbIOTEPHbIE TEXHOJOIMH. AKTyajlbHBIC BO3MOXHOCTH W
NICPCIIEKTUBBl  MCIIOJB30BAHMsS ~ KOMITBIOTEPHBIX W HH()OPMAIMOHHBIX  TEXHOJOTHH B
HaHOMHAyCTpuU. Mcropuueckuii 0030p MPUMEHEHHS KOMIBIOTEPHBIX U HH(POPMAIIMOHHBIX
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TEXHOJIOTUH B 00JaCTH XUMHUYECKOM TEXHOJOTHH, MAaTepHaJOBEICHUS U pa3paboTKu
HaHOMaTEpHUAaJIOB.

Panpomusanmss M IUIAaHUPOBaHHE JKCIEPUMEHTAa. PerpecCHOHHBIN  aHaIM3.
MmuoxectBeHHass  perpeccusi.  OCHOBbI ~ 00paOOTKM  3KCIEPUMEHTAIBHBIX  JaHHBIX.
Hucnepcuonnslii ananu3. OCHOBHBIE UJEH, MOCTPOEHUE CIOXKHBIX IJIAHOB, KOBAPUALIMOHHBIN
aHanu3. AHalu3 KOHTPACTOB U MHOKECTBEHHBIE CpaBHEHUSI. MHOTOMEPHBIA TUCIEPCUOHHBIN U
KOBAapUALIMOHHBIN aHAIN3, IPEANOI0KEHUS U CIEACTBUS UX HAPYIICHUS.

IlnannpoBaHue MHOTO(AKTOPHBIX 3JKCIEPUMEHTOB. [[poOHO-paKkTOpHBIE TUIAH C
pa3JIMYHBIM YHCJIOM YPOBHEH, CMEIIaHHBIC IUIAHbI, LEHTPAJIbHbIE KOMIIO3UIIMOHHBIEC TUIAHBI.
[TocTpoeHne 5SKCIEPUMEHTANIbHBIX IUIAHOB W aHAJIW3 Pe3yJIbTaTOB SKCIEPUMEHTA, METOMbI
pobactHOoro miaHupoBaHusi Taryum, TIaHbl A CMeCe M JpPyrux MOBEPXHOCTEH C
OrpaHMuYeHUsIMHU, mocTpoeHue D- u A-onTUMalbHBIX IUTAHOB. AHAJM3 TOBTOPSEMOCTH U
BOCTIPOM3BOAMMOCTH. OrneHka 3(P(GEKTUBHOCTH HKCHEPUMEHTAIBHBIX IIJIAHOB, CIOCOOBI
NOBBIICHUS 3PPEKTUBHOCTH IJIaHa, BOJIIOIMOHHOE IUIaHupoBaHue. [Iporpammubie cpencTBa
JUISL CTATUCTUYECKOTO aHaIKM3a U TUIaHUPOBAHUS SKCIIEPUMEHTA.

O0padoTka IKCIepPUMEHTANBbHBIX JAaHHBIX. OCHOBHBIE 3afaunl  0OpabOTKH
uHpOpMaLlMK B IMPAaKTHKE HAYYHBIX HCCIEIOBaHMNA B oOsacTu HaHomarepuaioB. OOpaboTka
9KCIIEPUMEHTANBHBIX JTaHHBIX HAa MpPHUMEpPE TUIIMYHBIX HCCIENOBaHMM B 00iacTu pazpaboTKu
HaHOMarepuanoB. lIpakTudeckoe MpUMEHEHHE QWIBTPAIMM M TEXHUYECKOTO aHallu3a s
00paboOTKM SKCIEPUMEHTAIBHBIX JaHHBIX. VICIonb30BaHHE MPOTPaAaMMHBIX MPOAYKTOB IS
MJIAHUPOBAHUS IKCIIEPUMEHTA, aHAIM3a U NIPEICTABIICHUS SKCIIEPUMEHTAIbHBIX JaHHBIX.

Bo3MOKHOCTHM NPOrpaMMHBIX MNPOAYKTOB M HX IPHMEHEHHE B TEXHOJIOTHH
HaHoMaTepuayoB. CHCTeMBl KOMIBIOTEPHOW anreOpsl, TaOIMYHBIE PEIAKTOPHI, S3BIKH
nporpaMMupoBanus Ha npumepe MSExcel, Matlab, Maxima, Mathcad, C, C++, Fortr&ajlab,
Octave, R, PythonOcuoBsl ucnons3oBanust Pythonmist ananusa HayuHbsix gaHHbIX. Haydnas
skocucTema s3bika Python:makerst Numpy, Scipy, Matplotlib.Cratiuctuueckas o6paboTka ¢
ucnons3oBanueM Ru Python. O6paboTka u aHanu3 M300pakeHHH — NPUMEHEHHE MaKEeTOB
Numpw Scipy, moayas Scikit-image. Hcnons3zoBanne 6Oubmunorexku Matplotlib  mos
BU3yaJIM3alluU JAHHBIX U TIOCTPOEHUS BHICOKOKAYECTBEHHBIX IHArpamMM.

IMouck w aHaIM3 Hay4YHO-TeXHMYecKOM wuHPopmanuu. VICTOUHMKH Hay4dHO-
TeXHH4YecKol uHpopMmanuu. CHUCTeMBbl OpraHu3allid W XpaHEHHS HayYHO-TEXHHYECKOU
uHpopmanuu. Mertoasl moucka. Kpurepun 3¢hdekTHBHOCTH (ITOJHOTA, TOYHOCTH) MOHMCKA H
CrocoObl WX TMOBBIIICHUA. AHaIM3 W TPEJICTaBICHHE BBISIBICHHON HAayYHO-TEXHUYECKOM
nHpopmanuu.

MopenupoBanue M BH3yaJH3alWss HaHOCHCTeM. MoAenupoBaHUE MPOLECCOB
JBWKEHHUSI M arperaudd HAaHOYacTUL. MeToapl MOJEKYJISIPHOW JUHAMUKH. bpoyHOBCKas
OUHAMUKa W JAuHamuka JlamkeBeHa, weroabl Monrte-Kapno. KoMmOuHUpOBaHHBIE U
YCOBEPILIEHCTBOBAHHBIE METOJABl MOJEIMPOBAHMS JIWHAMHUKM 4acTUL. MoJaeaupoBaHue
B3aMMOJICUCTBUM YaCTHUL: paCUET CTOJKHOBEHUN MEXIY YaCTULAMH, MOACIUPOBAHUE IBUKEHHUS
arperaToB € Y4€TOM CBSI3ed MEXAYy 4YacTHILIAMM, TapHOE€ M MHOXECTBEHHOE B3aWMOJCHCTBHE
yactull. [IporpaMMHble TPOAYKTHI JUIsl BHU3yalM3alUd W TMPEJCTABICHUS PE3YJIbTaTOB
MOJIEJINPOBAHUS HAHOCUCTEM.

4. 00beM y4eOHOH JUCHHILIMHBI

B 3aueTHEBIX B akanem.

Bunsl yaeOHol paboThI €IMHULIAX yacax
O011asi TPYA0EMKOCTh TMCHUIIHHBI N0 Y4eOHOMY IJIAHY 4,0 144
AyAUTOPHBIE 3AHATHUS: 2,0 72
Jlexnunu (JIek) 0,33 12
IMpaktrueckue 3austus (I13) 1,0 36
JlaGopaTopus 0,67 24
CamocrosiTesbHas padora (CP): 2,0 72
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Bua koHTpoas: 3aueT / 3K3aMeH - 3auer ¢
OLICHK O
B 3auerHbIX B actpon.
Bunpl yue6HO# paboThI €IUHNIAX qacax
O0mas TpyA0eMKOCTh JMCHHIIJIMHBI 10 Y4eOHOMY ILIAHY 4,0 108
AYIUTOpPHBbIE 3aHATHSL: 2,0 54
Jlexuuu (JIek) 0,33 9
IMpaktrueckue 3austus (I13) 1,0 27
Jlaboparopus 0,67 18
CamocTosiTesibHas paGora (CP): 2,0 54
Bua koHTpos: 3aueT / 3K3aMeH - 3auer ¢
OLICHK O

AHHOTanus padoyeil NPOrpaMMbpl JUCHHUIIMHBI
«buoJsiornueckoe aeiicreue HaHomatepuasiop» (61.B.0/1.10)

1. Henap qucuumiInHbl: GopMHpPOBAHUE y CTYACHTOB MOHITHS O PA3IMYHBIX ACMEKTaX
OMOJIOTHYECKOr0 JEHCTBUSI HAHOYACTUI[ M HAaHOMATEpUAJIOB, MEXaHW3Max HX JEMCTBHUS Ha
YKUBBIE CUCTEMBI U CTIOCOOHOCTH K OLIEHKE PUCKa MpU paboTe ¢ HaHOMAaTepHalaMHu.

2. B pe3yabrare wu3ydYeHHs JAUCHUIUIMHBI OOy4YawIIMiicsi MO TmporpamMmme
MArHCTPATYPhI T0JIKEH:

Ob6naoams cnenyromumu oo6mekynpTypabiMu (OK), obmienpodeccronansubivu (OITK)
u npodeccuonanbibivu ([1K) komnereHImsMu:

- CIOCOOHOCTBIO K aHAIM3y M OOOOIIEHHUIO PE3yIbTAaTOB HAYYHO-HCCIEAOBATEIbCKUX
paboT, MOMCKY U aHaIM3y HayYHOU M TEXHUUYECKOW MH(pOopMaIu B 00JaCTH HAHOTEXHOJIOTHI 1
CMEXHBIX JHUCUUIUIMH JAJI HAyYHOM, MATEHTHOM M MapKeTHMHIOBOW MOJIEPKKH IPOBOJAMMBIX
WCCJICIOBAHM, K CAMOCTOSTENIbHON MOATOTOBKE MyOIMKAIMH B OTEYECTBEHHBIX U 3apyOeKHBIX
uznanusx ([MK-3);

- CIIOCOOHOCTHIO TPEACTABIATH HUCTOPUYECKHE OTAmbl pPa3BUTHS HAHOTEXHOJIOTHIA,
Ba)KHEHIIINE OTKPBITUS OTEYECTBEHHBIX YUEHBIX, HanboJsee akTyaabHble TPOOIEMbI, CBSI3aHHBIE C
CO3/IaHMEM M TPUMEHEHWEM HAHOCHCTEM M HaHoMmarepuanoB B Poccuiickoii Penepauuu U B
mupe (ITIK-5);

- CIOCOOHOCTHIO yYaCTBOBATh B ONTHMH3AIMH CYIIECTBYIOIIMX METOAWK CO3JaHUS W
NPUMEHEHHUS HAHOCHUCTEM M HAaHOMATEpPUAJIOB ISl YCHEIIHOW KOHKYPEHLUU Ha phIHKE UIeH U
texHojoruit ([1K-8);

3Hamy:

OCHOBHBIC TMOHSATUS TOKCHUKOJIOTMH W HAHOTOKCHKOJIOTHUH; OCOOCHHOCTH U MEXaHHU3MBI
JeCTBUS HAHOYACTHUIL HA )KUBBIE CICTEMBI,

yMmemsy:

MpaBWIbHO OIIEHMBATh PUCK TMpu paboTe C pa3IMuyHbBIMM HAHOYACTULIAMU U
HaHOMAaTepHallaMH, BBIOUPATh CPEJICTBA 3aIUTHI,

aHAJIM3UPOBATh HAYYHYIO HH(OPMALIKIO O OMOJIOIrHYECKOM JIEHCTBUU HAaHOMAaTEpUaJoB;

NPUMEHSTh TEOPETHUYECKUE 3HAHHS 1O OHMOJOrMYeCKOMY JEWCTBUIO HAHOYACTHII M
HAaHOMAaTEPHAJIOB JJIsl PELICHUS UCCIEA0BaTENbCKUX U MPUKIIAIHBIX 3a7ay;

enademy:

nHpopmMalnren 0 TOKCHYHOCTH Pa3IUYHbIX BUJIOB HAHOYACTHUIl U HAHOMATEpUaJoB;

nHpopManued O BO3MOXKHOCTSAX TNPUMEHEHUM HAHOYACTUI[ M HAHOMATEpUAIOB B
MEIUIINHE;

MeToAaMu paboThl ¢ HAYYHO-TEXHHUYECKOM, CIPABOYHOM JIUTEPAaTypOd M 3JIEKTPOHHO-
OMOIMOTEYHBIMU PECYPCAMU, CBSI3AHHBIMU C OMOJOTHYECKUM JIEHCTBUEM HAHOMATEPUAJIOB.

3. KpaTkoe conep:kaHue TUCHUTLINHBI.
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1. OcHoBHbIe NOHATHUSI TOKCUKOJOrUM. OrpeneneHre TOKCUKOJIOTHH, pa3aeibl
Tokcukosiornu. Hanotokcukomnorus. ITonsitue o BpenHoM BemecTBe. TOKCHYHOCTh U OACHOCTH
BemecTBa. [lonsrue no3el. Kpusbie «1o3a-3p@exT». Bumbl TOKCHUECKUX 7103 U KOHIIEHTPAIU.
[Topor Bpemnoro neiictBus. TomepanTHOCTh. [loHaTne rToMeocrtaza. Kiaccudukanus
oTpasiieHuit. OcTpoe 1 XpoHUUECKoe Bo3aeicTBre. OTaneHHbIe MOCIEACTBUSA.

2. JlelicTBMe TOKCHYHBIX BellecTB Ha opraHu3sM. OCHOBHBIC ITYTH IOCTYTUICHHS
TOKCHYHBIX BeIIeCTB B opraHu3M. Kiaccudukamuss TOKCHYHBIX BEUIECTB MO JEHCTBUIO Ha
OpraHu3M, II0 W30MPATETbHOW TOKCUYHOCTUH. ODPeKTh mnpu MMOBTOPHOM  BBEJICHHH.
KoMOuHMpoBaHHAs TOKCUYHOCTh. MOJEKYISIpHbIE MEXaHU3MbI HEHCTBHUSI TOKCHYHBIX BEIIECTB.
[Tepuonbr otpaBneHus. OOME NPUHIMIBI JIedeHUs oOTpaBieHu. HaHomarepumansl s
JIETOKCHUKAIIUU OpraHu3Ma.

3. TokcHMYHOCTL HAHOYACTML M HaHomarepuajoB. Ilonatue wu 3agauu
HAaHOTOKCUKOJOTUU. VIcTOopusi HaHOTOKCHUKOJOTUM. IIpuMepbl OCTpOro M XpPOHUYECKOTO
nercTBusl BeIcOKoaucniepcHor mput. O030p ['tonTepa OOGepmopctepa «HaHOTOKCHKOIOTHSA:
HOBas JMCHUMUIUIMHA, BO3HUKAIOWAs M3 M3Y4YEHUs YaCTHUI[ CBEPXMAJOro pazMepar.
Pacnpenenenue yactuil npu MHransuuu. Bausaue pasmepa u popmMbl HAHOYACTHI] — TPUMEPBI.
OcoOeHHOCTH JIEHCTBUSI 4YacTHUII B HAHOpPa3MEpPHOM COCTOSSHUH. OpraHbl-MUIICHH s
HaHovacTHll. [IpuMepsl TOKCHYECKOrOo JAECMCTBUS HAHOYACTHI] METAJUIOB, YIJIEPOIHBIX
HAHOYACTHI], MOJUMEPHBIX HaHodacTuil. OIleHKa puUCKa MpU BO3ACHCTBUUM HAHOMATEPHUAJIOB.
OrpanuyeHuss Ha HCIOJB30BaHME HaHOMarepuaioB. MeToabl OIeHKM 0e30MacHOCTH
HaHoMarepuanoB. CpencTBa 3aiuThl Ipu paboTe ¢ HaHOMaTepHalaMHu.

4. HanoyacTunbl W NMPOAYKIHUSA CBOOOAHBIX paaukagaoB. OOpa3oBaHHE aKTHUBHBIX
dopM kucnopoaa B kietke. [lepeknucHoe okucieHue aUmuI0B. EcTecTBeHHas 3alUTa KIETKH OT
A®K. OxucnurenbHbli cTpecc. HaHowacTuiel ¥ OKHCIHMTENbHBIN cTpecc. [lpumepsr HY
METaJUIOB U OKCHJOB, BbI3BIBAIOIIMX OKHUCIUTENBHBIM CTpecc. AHTHOKCHJIAHTHBIE CBOMCTBa
GbyinepeHoB.

5. HanouyacTunbl 1 UMMYHHasi cucTeMa. OCHOBHbIE KOMIOHEHThl UMMYHHOM CHCTEMBI.
BocnanutensHas peakuus. [IpuMepbl BOCHANIMTENBHBIX PEAKIMN MOJ JACHMCTBHEM HAHOYACTHIL
METAJUIOB M OKCHUJIOB. B3auMoJelcTBME HAHOYACTHL[ C KJIETKaMU M OpraHaMM WMMYHHOU
CUCTEeMbl — TIOTJIOIEHHe MakpodaraMu, HakoOIJIEHWE B celie3eHKe. HaHowacTuubl Kak
aJbIOBaHThl (YCHJIMTEIM WMMYHHOTO OTBETa MpHU BakiuHAIuu). [IpuMep - aablOBaHTHI Ha
OCHOBE HAHOYACTHUILl TMAPOKCHAIIATHUTA.

6. HanoMaTepuajbl AJs HANPABJIEHHOI0 TPAHCNOPTA JeKAPCTBEHHbIX BelleCTB B
opranuszme. O6mue TpedoBaHUS K BHIOOPY HAHOYACTUIl 1 HAHOMATEPHAJIOB ISl MEAUIIMHCKOTO
npuMeHeHus. Heoprannmueckue HaHOYACTUIIBI KaK HOCUTEIM JJI HAMPABIEHHOTO TPAHCIIOPTa
JIEKapCTBEHHBIX BelecTB. Jlunocomsl. IIpumepsl TUITOCOMHBIX PENapaToB, pa3pelIeHHbIX I
KJIMHUYECKOro MpuMeHeHus. [lonrMepHble HAHOYACTHUIBI: MOJIMMEPHBIE MUIEIIbI, MOPUCTHIC
MOJIMMEPHBIE  YaCTHLBl, IIOJUMEPHBIE MUKPOKAINCYJbl, KOHBIOraTel mnonumepa u JIB,
JneHapumepsl. Jpyrue Buibl HAHOYACTULl U HAHOMATEPHAJIOB.

7. Pa3HooOpa3ue OHOJIOrMYECKOT0 [eiCTBUSI HaHOMaTepuajoB. TOKCHYECKOE,
BOCTIAJIUTEIPHOE, aHTUOAKTEPUATFHOE U TEPaNeBTHYECKOE JIEHCTBHE HA MPUMEpPEe HAHOYACTHUIL
cepebpa M MaTepualioB, UX coAepXKamux. Tokcuyeckoe JAeWCTBUE U  BO3MOXHOCTHU
MEIUIMHCKOTO MPUMEHEHUSI HAaHOYACTHI[ JPYTUX METANIOB, OKCHIOB METANIOB U HEMETAJIIOB,
YTJIEPOJIHBIX HAHOYACTHUIl U HAHOYACTHUIL TOJTUMEPOB.

4. 00beM y4eOHOH TUCHHUILINHBI.

B 3aueTHEBIX B akanem.
Bunsl yaeOHol paboThI €IMHULIAX yacax
OO0mas TPy10eMKOCTh THUCIHILIMHBI M0 YYeOHOMY TUIaHY 3,0 108
AyIUTOpHBIE 3aHATHSL: 1,0 36
Jlexru (JIek) - -
ITpaktrueckue 3anstus (I13) 1,0 36
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Jlaboparopus - -
CamocrosiTesibHas padora (CP): 2,0 72
Bua koHTpoJs: 3aueT / 3K3aMeH - 3auer ¢
OLICHKOM
B 3auerHbIX B actpon.
Bunpr yue6HO# paboThI €IUHNIAX qacax
O0mas TpyA0eMKOCTh JMCIHHILJIMHBI 10 Y4eOHOMY ILIAHY 3,0 81
AYIUTOpPHBbIE 3aHATHSL 1,0 27
Jlexrun (JIek) - -
ITpaktuueckue 3anstus (I13) 1,0 27
Jlaboparopus - -
CamocTosiTesibHas paGora (CP): 2,0 54
Bua koHTpoJs: 3aueT / 3K3aMeH - 3auer ¢
OLICHKOM

4.4.3]IlacuMNJIHHBI BAPMATHBHOM YacTH (IMCIUTILUINHBI M0 BHIOOPY)

AHHOTan U padoyeil NPOrpaMMbpl JUCHHUILIMHBI
«Yriaepoanbie HaHoMmaTepuaab» (b1.B.JIB.1.1)

1. Heab AMCUMIJIMHBI - IPHOOpPETEHNE 3HAHUHM, YMEHHH, BIaJeHuil u (GopMupoBaHue
KOMIIETEHIIMI B O0JIACTH YIJIEPOJHBIX HAHOMATEPHAJIOB M O3HAKOMJICHHE C MX CTPYKTYpOA,
CBOMCTBaMH, BO3MOXKHOCTSIMH IPUMCHCHHSI.

2. B pe3yabrate wu3ydYeHHMs JAUCHUILVIMHBI OOy4YawIIMiicsi MO mporpamme
MAaTHCTPATYPHI I0JIKEH:

Ob6naoams cnenyromumu oomekynpTypabiMu (OK), obmenpodeccronansubivu (OITK)
u npodeccuonanbHbivu ([1K) komnereHImsMI:

CIIOCOOHOCTBIO CaMOCTOSITENIBHO TPOBOJUTH HAyYHO-UCCIIEIOBATEIBCKUE PAOOTHI IO
CO3JIaHUI0, UCCIICIOBAHUIO M TPUMEHEHHIO HaHOCUCTeM U HaHomarepuanos ([1K-2);

CIIOCOOHOCTBIO K aHaIu3y W OOOOIICHUIO PE3YJbTaTOB HAYYHO-HUCCIEAOBATEIBCKUX
paboT, MOMCKY U aHaIM3y HAyYHOU M TeXHUUYECKOW MH(pOopMaIu B 00JaCTH HAHOTEXHOJIOTHI 1
CMEKHBIX JUCIUIUIMH ISl HAYYHOM, MATCHTHOW W MapKETHHTOBOH IMOMIEPKKH MPOBOIUMBIX
UCCJICJOBAaHHM, K CAMOCTOSITEIbHOW MOATOTOBKE MyOJIMKAIIMK B OTEYECTBEHHBIX U 3apyOEKHBIX
uznanusx ([MK-3);

CIOCOOHOCTBIO YYacTBOBATh B ONTHUMH3AIMM CYIIECTBYIOIIMX METOJUK CO3JMaHHUS WU
NPUMEHEHHUST HAHOCHCTEM M HAaHOMATEePHAaJIOB /ISl YCIIENIHOM KOHKYPEHIIMW Ha PBIHKE WICH H
texHojoruit ([1K-8);

3HamMb.

MoaudUKaMKu  yriaepoaa, CTPYKTYpy M CBOMCTBa YIJIEPOAHBIX HAHOMAaTEpHUAJIOB,
BO3MOXXHOCTH WX UCIIOJIH30BAHUS,

ymemb.

WCTIOJb30BATh PA3JMYHbIE HMCTOYHUKK HMHGOpMAIMHM Il TIOJYYEHHUS CBEICHHUU O
HOBEHIIINX MCCIIEAOBAaHUAX B 00JIACTH YTIIEPOJAHBIX HAHOMATEPUAJIOB;

KPUTHUYECKH aHAIM3UPOBATh HAYYHBIC TyOJINKAIINY,

enadems.

HaBBIKAMHU TMOJTOTOBKH aHAJTUTHYECKHX 0030pOB COBPEMEHHOU HAyYHOW JUTEpaTyphl B
00JIaCTH YIJIepOHBIX HAHOMATEPHAIOB B YCTHOM M MUCBMEHHOM (hopMme;

3. Kpartkoe coiep:kaHue U CHUINIAHBI

1.BBenenne. Knaccupukanus yriaepoaHbIX HAHOCTPYKTYP

AmnorponHble  Moaudukanuu  yriaepona OCHOBHBIE TOHSTHS KBAaHTOBOH XWUMHH.
I'uOpuauzanmst aToMHBIX oOpOuTaneili M MHOrooOpasue auIOTPONHBIX MoAMDUKAUUN H
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XUMHUYECKHX COCIUHEHHH yriaepoaa. Anma3 u ankadbl. ['padut, rpadeH, apeHbl, aaKeHBI,
KapOuH, ankuHbl. CMelIaHHbIe U POMEKYTOUYHbIE AJIJIOTPOITHBIE MOAN(DUKAIIUU YTIIEPOIa.

2. ¥YriaepoaHble HAHOTPYOKH

Uctopus otkpbitust YHT. IloHATHE OJHOCTEHHBIX M MHOTOCTEHHBIX YIJIEPOJHBIX
HaHOTpyOOK. MH(popmanust 06 UX CTpOCHHMH U MeToAax mnonydeHus. CTpyKTypHBbIE CBOMCTBA.
XUpaabHOCTh HAHOTPYOOK. DJIEKTPOHHBIE CBOMCTBA HAHOTPYOOK. OJEKTPOHHBIE CBOWCTBA
rpadUTOBOM  IUIOCKOCTH. MeXxaHW4yeckue CBOICTBAa. YIpyrue CBOWMCTBA  YIJIEPOJHBIX
HAaHOTPYOOK.  DJIEKTpOMEXaHWYECKHE CBOWCTBA  YIJIEPOAHBIX  HAaHOTPyOok. I[loHsaTme
xupanbHOocTU. OOCYXKIIeHHE B3aMMOCBSI3U XUPATHHOCTH M (PU3MUYECKUX CBOWCTB YIIIEPOIHBIX
HaHOTPYOOK. [IpuMeHeHue yriepoaHbIx HaHOTPYOOK. TOKCHYHOCTh HAHOTPYOOK.

3.DyaiepeH

Ucropus otkpeitus Qysmiepenos. Kinactepsr yriepoaa. YcraHoBka U MeToauku Pudapa
Cmommu. Otkpeitusi bakmunctepa @ymnepa. Ilonstue o ¢ymnepenax. Teopema Diinepa u
CTPYKTypa MOJIEKYN (y/UIepeHOB W YIJIEPOJIHBIX HAHOKIACTEPOB, (yJLIEPEHOMOI00HBIC
CTPYKTYphl B J>KMBON Tpupojie. YTJIepoJIHble KiacTepbl ¢ymiepounnoro tuma. CHHTE3,
MoauHUIIMPOBAHUE, UCTIOIb30BaHUE (YIIIEPCHOB.

4 I'paden

[Tonsitus rpadura, rpadena, okcuna rpadena, CTpoeHue U 0coOble CBOWCTBa rpadeHa.
Xumuyeckoe wmoauduimpoBanue rpadena. «padeHoBas» 3MEKTPOHHKA. MHOTOCIOWHBIMA
snutakcuanbHbiii rpaden (MEG). Crpykrypa, 3JIEKTPHUECKHE CBOWCTBA, MEXaHHYCCKHE
CBOICTBA, BO3MOXHOCTH IIPUMEHEHUS B JJIEKTPOHUKE

5. Hanoanmas.

[TonsTuss HaHOamMa3a, CTPOCHHWE M OCOOBIE CBOWCTBA HaHOAlIMa3za. TeXHOIIOTHS
MOJYyYEHHS] JIE€TOHAIMOHHBIX HaHOalIMa30B. O4uCTKa HAHOAIMa30B OT Mpumeced. MeTobl
KOHTPOJISI CTETICHN YUCTOTHI IETOHAITMOHHBIX HaHoaiMa3oB (JJHA). [TonyueHue HaHOATIMA3HBIX
cycnensuid. Ctpykrypa JTHA. IIpaktuueckoe ucnosb3zoBanue JJTHA.

6. KoMno3uTsl, coaepakaiime yriepoaHble MaTepHaJibl

Matepuansl M KOMIO3UTHl HAa OCHOBE YIJIEPOAHBIX HaHOTpyOOok. Ilonmumepst wu
KOMITO3UTHBIE MaTe€pUaibl HA OCHOBE JIPYTUX YIIEPOJHBIX HAHOCTPYKTYP.

7. HeyrsiepoaHble HAHOTPYOKH.

[Tonatue HeyrnepoAHbIX HAHOTPYOOK. (DYHKIMOHAJIBHBIE CBOICTBA M IPAKTHUECKOE
HCIIOJIb30BaHUE PA3INYHBIX HEYTJIEPOAHBIX HAHOTPYOOK.

4. 00beM y4eOHOH JUCHHILIMHBI

B yuc6Hoi paGoTs! B 3aueTHEIX B akanem.
eIMHUIaxX gacax
OO0mas TPyA0eMKOCTh JMCHMILJIMHBI 10 Y4eOHOMY IIAHY 5,0 180
AYAUTOPHBIE 3aHATHUS: 1,5 54
Jlexruu (JIek) 0,5 18
[Mpaktuyeckue 3ausatus ([13) 1,0 36
CamocrosiTesibHas padora (CP): 2,5 90
Bua koHTpoas: 3a4eT / IK3aMeH JK3aMeH
(36)
Bus yueOHOM# paBoTs: B 3auerHbIX B actpon.
eIMHUTIAX Jacax
OO0mas TPyA0eMKOCTh JMCHMILJIMHBI 10 Y4eOHOMY IIAHY 5,0 135
AYAUTOPHBIE 3aHATHUS: 1,5 40,5
Jlexiu (JIek) 0,5 13,5
[Mpaktuyeckue 3ausatus ([13) 1,0 27
CamocrosiTesibHas padora (CP): 2,5 67,5

33




Buj KoHTpoJIs: 3a4eT / 3K3aMeH IK3aMeH
(27)

AHHOTanuA padoyeil MPOrpaMmbl AU CHUNIMHBI
«[loaumepHbie HaHOKOMTIO3UTHD (B1.B./IB.1.2)

1. Heap AUCHUNJIMHBI - TPHOOpPETEHHUE 3HAHWK, YMEHMH © (POPMHUpPOBAHUE
KOMIIETCHIIMI B 00JacCTH TMOJMMMEPHBIX HAHOKOMIIO3UTOB M O3HAKOMJICHHE C MX CTPYKTYPOH,
CBOMCTBAaMH, BO3MOKHOCTSIMH IIPUMEHEHHS.

2. B pe3yabTare wu3yYeHHs IUCHUILVIMHBI O0y4YawIWiici MO mporpamMme
MAruCTPaTypbl 10JIKeH:

Obnaoams cnenyromumu ooekynbTypabiMu (OK), obmenpodeccronansabivu (OITK)
u npodeccuonanpubiMu (ITK) koMmeTeHITUAMI:

CIIOCOOHOCTBIO CaMOCTOSATENBHO TPOBOJUTH HAYyYHO-HUCCIEA0BATEIbCKUE PAOOTHI IO
CO3/IaHHUIO, UCCIICIOBAHUIO M IPUMEHEHHIO HaHOCKUCTeM U HanoMaTepuaios ([TIK-2);

CIOCOOHOCTBIO K aHalu3y M OOOOIIEHUIO pe3yabTaTOB HAyYHO-HCCIEN0BATEIbCKUX
paboT, MOUCKY M aHANM3Y HAYYHOW M TeXHWYEeCKOW MHPopMaluu B 0071acTU HAHOTEXHOJIOTHIA 1
CMEXHBIX NUCHMIUIMH JJI1 HAYYHOM, MAaTEHTHOM M MapKETHMHIOBOM MOJICPKKH ITPOBOIUMBIX
HCCJIEIOBAaHMM, K CAMOCTOSITENIbHOM MOATOTOBKE MyOJMKalMii B OTEYECTBEHHBIX U 3apPYOEKHBIX
uzpanusax ([MK-3);

CIOCOOHOCTBIO Y4YacCTBOBaTh B ONTHUMHU3ALMU CYHIECTBYIOIIUX METOJUK CO3JaHUS U
MPUMEHEHUSI HAHOCUCTEM U HAHOMAaTEPHUAJIOB JJIs YCIEIIHONW KOHKYPEHIIMU Ha PbIHKE UIeH U
texunosoruii ([TK-8);

3Hamy:

OCHOBHBIE BHJIbI MAaTPHI] U HATIOJHUTENEH IJIs1 CO3JaHuUs TOJIMMEPHBIX HAHOKOMIIO3UTOB,3

OCHOBHBIE€ CBOWMCTBA PA3IMYHBIX MOJUMEPHBIX MATPULL U TIOJTUMEPHBIX KOMITO3UIIMOHHBIX
MaTepHaJloB;

OCHOBHBIE METO/IbI MTEPEPAOOTKH MOIMMEPHBIX HAHOKOMITO3UTOB

ymemy:

BBIOpAaTh IOJMMEpPHBI HAHOKOMIO3MLIMOHHBIA MaTepuan Uil 3aJaHHOW obiacTu
IPUMEHEHUS

BBIOpaTh HYXHBIA THI MATPHUIBl M HAMOJHUTENS JUIsl CO3JaHUS IOJTHMEPHOTO
HaHOMAaTepHaJla ¢ 3aJaHHbIMHA CBOWCTBAMH

enadems.

uHpopmaned O CYIIECTBYIOIIMX U  MEPCIEeKTHBHBIX 00JacTIX MPUMEHEHUS
MOJIMMEPHBIX HAHOKOMIIO3UTOB;

HaBbIKAMHU TIOJITOTOBKM JIOKJAQJIOB Ha OCHOBE aHaliM3a COBPEMEHHOM Hay4dyHOMU
JUTEpaTyphl B 00JACTH MOJTUMEPHBIX HAHOKOMITO3UTOB;

3. KpaTkoe coaep:xkaHue TUCHUTLIUHBI

1. Bsenenue. Ponp mnmonuMepHBIX HAHOKOMIIO3UTOB B COBPEMEHHOM MHUDE.
Knaccudukanus mnonaummepoB. MexaHHYecKHe CBOWMCTBAa MOJIMMEPOB. PacTBOpHI MOITUMEPOB.
Bsi3koTekyuee cocTosiHHE TOJUMEpPOB. YTpyrue cBoicTBa mnonumepoB. CrekioodpazHoe
COCTOSIHME BBICOKOMOJIEKYJISIPHBIX coequHeHuid. Kpucramnu3zanus noammepos.

2. ITlomydyeHue TOJMMEPHBIX HAHOKOMITO3UTOB. BHIbI HAHOHAINOTHUTEICH IS
noiuMepoB. HaHOKOMIO3UTBI Ha OCHOBE TepMOIUIacTOB. HaHOKOMMIO3UTHI Ha OCHOBE
peaktoracToB. MeToabsl  BBEJACHUsS  HAHOHANOJHUTENEH B  IMOJMMEPHYKO  MaTpully.
HaHnokoMmo3uIioHHbIe HATTOJIHUTEIU ISl TOJIMMEPHBIX MaTPULL.

3. OcHOBHBIE CBOWCTBa MOJMMEPHBIX KOMIIO3UIIMOHHBIX MaTepuasioB. Bo3pacrtanue
MPOYHOCTHBIX U Je(POPMAIIMOHHBIX CBONCTB, YOapHBIX XapaKTEPUCTUK, OAPBEPHBIX CBOWCTB
(ra3o- ¥ BOJOIPOHHUIIAEMOCTH), CHUKCHUE TOPIOYECTH W T.1. BIUsSHUE HAHOHAMOJHUTENCH Ha
pPEeOoJIOrM4eCcKre CBOMCTBA, TEIIIOCTOMKOCTh U TEPMOCTOMKOCTD ITOJIMMEPOB.

4. OcHOBHbIE MeETONbl TepepaboTKU TMOJIMMEPHBIX HaHOKOMMO3UTOB. [Iporecch
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dbopMoBaHUS M3ENUNA W3 HAHOHAMOIHEHHBIX TEPMOILUIACTHYHBIX MOJMMEPHBIX MAaTepHalIOB
(3KCTpY3Hs, IUThE MO JABICHUEM, CIICIHATbHBIE METOBI). MPOIECCOB (HOPMOBAHUS H3ICIUI
U3 HAaHOHAIOJHCHHBIX TEPMOPEAKTHUBHBIX MOJIMMEPHBIX MaTepUaoOB (MPECCOBAHKE, JUTHE MO
JaBIICHUEM, TTIpodHIbHOE (GOPMOBAHUE).

5. IMonmumepcuukaTHble HAHOKOMITO3UTHI. CTPYKTypa U CBOMCTBA MOHTMOPUJUIOHUTA.
[ToHATHS UHTEPKATALMKA U SKCHOIHAIMNT MOHTMOPHIUIOHUTA. CTPYKTypa MOJTUMEPCHITMKATHBIX
HAHOKOMITO3HTOB. JlucriepCcCuOHHOHATIOTHEHHBIE, BOJIOKHHUCTBIC u CIIOUCTHIC
MOJIMMEPCUIIMKATHBIC ~ HAHOKOMIIO3UTHI.  TEXHOJOTHUS  TOJYYCHHS  MOJUMEPCHUITMKATHBIX
HAHOKOMITO3HTOB.

6. CymecTtByonme © TEPCHEKTUBHBIE O0JACTH  MPUMEHEHHS  IMOJUMEPHBIX
HAHOKOMITO3HTOB.

4. 00beM y4eOHOH JUCHHIINHBI

o B 3aueTHBIX B akanewm.
Bun yuebnoi paboThl
eIMHUTIAX qacax
O01as TPyA0eMKOCTh JUCHUILIHHBI 110 Y4eO0HOMY TUIaHy 5,0 180
AyIMTOpHBIE 3AHATHS: 1,5 54
Jlexrmn (JIek) 0,5 18
[Mpaktuyeckue 3ausatus ([13) 1,0 36
CamocrosiTesbHas padora (CP): 2,5 90
Bu KoHTpoIs: 3a4eT / 3K3aMeH IK3aMeH
(36)
B yueGHoii paGoTs! B 3auetHbIx B acTpos.
CAUHUIIaX qacax
O01as TPyA0eMKOCTh JUCHUILIHHBI 110 Y4eO0HOMY TUIaHy 5,0 135
AYIUTOpPHBIE 3aHATHUSL: 15 40,5
Jlexrn (JIek) 0,5 13,5
Ipaktuueckue 3ansarus ([13) 1,0 27
CamocrosiTesbHas padora (CP): 2,5 67,5
Bu KoHTpoIs: 3a4eT / 3K3aMeH IK3aMeH
(27)

AHHOTanus padoyeil NPOrpaMMbpl JUCHHUILJIMHBI
«®dayopecueHTHbIE MeTOAbI JeTekTHpoBanus» (b1.B.JIB.2.1)

1. Heab JMCHMILIMHBI COCTOUT B MNPHOOPETCHHH OOYYAIOIIUMHKCSA 3HAHHH |
KOMITETEHIIHI B 00JIACTH U3YUCHHS U UCIIOIb30BaHUHU (DIYOPECIIEHTHBIX HAHOMATEPUAJIOB.

OcHOBHO#i 3aaveii JUCHMIUIMHBI sBJISETCS (OPMHPOBAHHME Yy OOydYarOMIUXCs
CHCTEMHBIX TJTyOOKHX 3HAHHUI B 001aCTH (PU3MYECKUX M XUMHUYCCKHUX MPOLECCOB U TEXHOJIOTUU
ucciaenoBanust (GIyopeciieHTHBIX HAHOMATEPHAIOB, CIIOCOOHOCTH aHAIM3UPOBATh U KPUTHIECKH
OLICHMBAThH TOJIy4aeMble PE3yJbTaThl, MpeaiaraTh MYTH PEIICHUsS MOCTABICHHBIX 3amad H
HAaXOJMTh CPEIU HUX ONTHMAIbHBIN.

2. B pe3yabrare wu3ydYeHHMs JAUCHUILVIMHBI OO0y4YawIIMiicsi MO Tmporpamme
MarucTpaTypbl 10/KeH:

Ob6naoams cnenyromumu oomekynbTypabiMu (OK), obmenpodeccronansubivu (OITK)
u npodeccuonanbHbivu ([1K) komnereHImsIMI:

- CIOCOOHOCTHIO K CaMOCTOSITEIbHOMY OOYYCHHIO HOBBIM METOJAM HCCIICAOBAHUSA, U
U3MCHEHHIO HAy4yHOTO M HAyYHO-TIPOM3BOJICTBEHHOTO MNpO(GMist CBOCH MpohecCHOHATBLHON
nesreaprocTr (OITK-1);

- CIIOCOOHOCTBIO yYaCTBOBAaTh B ONTHMH3AIUU CYIIECTBYIOIINX METOIMK CO3MaHUS U
NPUMEHEHHST HAHOCHCTEM M HaHOMATEPHAJIOB IS YCICIIHONH KOHKYPEHIIMM Ha PhIHKE WACH U
texHojoruit ([1K-8);
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3HamMb.

OCHOBHBIE ITOHATHS JTIOMUHECLIEHIIUH, ONIPEEIICHHS], HCTOPUIO;

oTpesieNieHNue U OCHOBBI HAHO(DOTOHUKH;

METOJI TMOJIyYEHHUSI YBEJIMUYEHHOTO0 H300paK€HUs C HCIOJb30BAHHWEM JIOMUHECIICHIIUMU
BO30YXIEHHBIX aTOMOB U MOJIEKYJ oOpasia.

ymemn:

— ¢opmynupoBaTh TpeOOBaHUS K MarepHajaM M OnpeaeisaTh 3((EeKTUBHbIE MYTH
CO3/1aHUSI HOBBIX (hIyOpECHEHTHBIX HAHOMATEPUaIoB /Ul KOHKPETHBIX o0siacTell mpuMeHeHus,

— HaxogUTh U WCMOJB30BaTh JUTEPATypHbIE HUCTOYHUKH, O0a3bl JaHHBIX W
KOMMEpYECKHE MPOTPaMMHbIE TPOJIYKTHI,

— T[PUMEHATh TEOPETUYECKHE 3HAHUS IO COBPEMEHHBIM M MEPCHEKTHBHBIM BHAAM
(i1ypeclieHTHBIX HaHOMAaTepUaJoB ISl PEIICHUs HCCIENOBATEIbCKUX M MPHUKJIAAHBIX 3a1ad, B
TOM YHUCJI€ B MEXIUCIUTIITNHAPHBIX 00TIaCTsIX.

enadems:

MeToAaMu paboThl ¢ HAYYHO-TEXHHUYECKOM, CIPABOYHOM JIUTEPAaTypOl M 3JIEKTPOHHO-
OMOMMOTEYHBIMU  pecypcaMd IO  TEOPETHYECKMM U TEXHOJOTMYECKUM  acleKTam
(bIyopecieHTHBIX HAHOCOCTUHEHUH,

METOAAMH HAaxXOXKJEHHUsS M UCIHOJIb30BAaHUS CIPABOYHBIX JIMTEPATYpHBIX JAaHHBIX U
KOMIBIOTEPHBIX 0a3 JaHHBIX IO COCTaBy, CTPYKType M CBOWCTBAM OCHOBHBIX THIIOB
(1yopeclieHTHBIX MaTepHalloB,;

CIOCOOHOCTBIO M TOTOBHOCTBIO K pa3pabOTKE HOBBIX METOAOB TIOJYYEHHUS U
uccieoBaHusl (PIIyOPECIIEHTHBIX HAHOCTPYKTYP C YUE€TOM MPaBUi COOJIIOIEHHUSI aBTOPCKUX TPaB.

3. KpaTkoe coaep:xkaHue TUCHUTLIUHBI

Moayas 1. OcHOBHble TIOHATHS JOMHHecHeHHUH. OmnpeaeneHue, HCTOPHS,
TeopeTH4eCKHe OCHOBbI

Jlromunecnentus, dochopecuenmus, dayopecrueniusa. Knaccudukanus. CooTHoOIIEHNE
CHEeKTpOB ToryomeHuss u QuyopecueHnuu. Cxemarndeckoe HU300paKeHHE MPOLIECCOB
WUCITyCKaHWsI W TorJomeHuss cBeta. J[uarpamma  f6monckoro. KBaHTOBBIN  BBIXOX
¢dayopecuenmu. @ayopecreHTHbIe coeauneHus. [Ipumenenue.

Monayas 2. HanogoroHuka.

[Monstus «poroHUKa» u <«HaHO(DOTOHUMKA». B3amMonelicTBUe CBeTa M BEUIECTBA.
Hudpakuuonnsiii ipeaen. CBeT W HaHOYACTUIBI. JIFOMUHECHICHIIMSI HA YPOBHE HAHOCTPYKTYD
AKTHBalMS U TYIICHUE JIIOMUHECLEHIIMH KPEMHUEBBIX HAHOYACTHUIl. POTOHHBIE KPHUCTAILIBI.
OcHoBBI Teopun (HOTOHHBIX KPUCTAILIOB. MojaenupoBaHue onTu4eckux 3(pPekToB B POTOHHBIX
kpuctaax. CrmocoObl MOTy4YeHHs] peajbHBIX (OTOHHBIX KPUCTAUIOB. Mes u MPUHITUIIBI
CO3J]aHUsI METaMaTEepPUaoB.

Moayas 3. Cy0BO/IHOBAasSE MUKPOCKOMHUSI.

Kondoxansaeiii ¢iyopectientHpiii Mukpockon. Mcropus pazsutus KIICM. IMpuniun
pabotsl. [IpocTpancTBeHHOE pa3perieHue B KoH(poKalbHOW MUKpocKonuu. [Ipumenenue.

dnyopecuieHTHas: MHUKPOCKOIIHS TOJIHOIO BHYTPEHHEro OTpaxkeHHs. PiyopeclieHTHas
HaHOCKomus. DiyopecieHIys B OMOIOTHYeCKUX HUCCleoBaHusIX. JleTekuust (ryopeceHIINH.
XapakTtepucTuku (iyopecteHTHON sMuccur. CMeXHBIE SBJICHUS, BaKHbIE IS OMOJIOTHYECKUX
npuMeHeHuid. [IpenmyiectBa (QyopecEeHTHBIX METOJIOB uccienoBanus. Diaroopodopsl.
®dyopeciieHTHBIE 30HIBI 1 METKU. MeToIbl (hTyOpeCIIeHTHON OKPACKHU KIIETOK.

4. 00beM y4eOHOH JUCHUILIMHBI

o B 3aueTHBIX B akanewm.
Bun yuebnoi paboThl
eAMHUIIAX gacax
O01as TPyA0eMKOCTh JUCHUILIHHBI 110 Y4e0HOMY TUIaHy 5,0 180
AYIUTOPHBbIE 3aHATHS: 1,5 54
Jlexiuu (JIek) 0,5 18
[Mpaktuyeckue 3ausatus (I13) 1,0 36
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CamocrosiTesbHas padora (CP): 3,5 126

Buja koHTpoOJs: 3a4eT / 3K3aMeH 3auer ¢
OLICHKOM
Bus yueOHOM# paBoTs: B 3auerHbIX B actpon.
eAMHUIIAX gacax
O0mas TpyA0eMKOCTh JMCHMILJIMHBI 10 Y4eOHOMY IIAHY 5,0 135
AYAUTOPHBIE 3aHATHUSL: 1,5 40,5
Jextuu (JIek) 0,5 13,5
[Mpaktuyeckue 3ausatus ([13) 1,0 27
CamocrosiTesibHas padora (CP): 3,5 94,5
Bu KoHTpoIs: 3a4eT / 3K3aMeH 3auer ¢
OLICHKOM

AHHOTanuA padoyeil MPOrpaMmbl AU CHUNIHMHBI

«MeToabI UCCIeTOBAHUS MeXaHNYeCKHX CBOlicTB HaHOMaTepuanos» (b1.B.[1B.2.2)

1. Heap AUCHUNJMHBI - TPHOOpPETEHWE 3HAHWK, YMEHMH © (POPMHUpPOBAHUE
KOMIIETSHIINI B 00JIACTH METO/I0B UCCIICIOBAHNS MEXaHUIECKIX CBOMCTB HAHOMATEPUAJIOB.

2. B pe3yabrare wu3ydYeHHMs JAUCHUIVIMHBI OOy4YyawIIMiicsi 1O mporpamme
MArHCTPATYPhI T0JIKEH:

Ob6naoams cnenyromumu oo6mekynpTypabiMu (OK), obmenpodeccronansubivu (OITK)
u npodeccuonanbHbivu ([1K) komnereHImsMI:

- CIOCOOHOCTBIO K CaMOCTOSITEIbHOMY OOy4YEHHIO HOBBIM METOJaM HCCIIEOBaHUS, U
W3MEHEHUI0O HAyYHOTO W HAyYHO-TIPOM3BOJICTBEHHOTO Mpoduiis cBoel mpodeccHoHaATbHON
nesrenprocT (OITK-1);

- CIOCOOHOCTHIO yYacCTBOBATh B ONTHUMH3AIMH CYIIECTBYIOIIUX METOAHMK CO3JaHUS U
NPUMEHEHHUS HAHOCUCTEM U HaHOMATEpUAJIOB ISl YCIEIIHOW KOHKYPEHLHU Ha PbIHKE UIeH U
texHojoruit ([1K-8);

3Hamy:

METO/IbI UCCIIEeIOBAHUS CTPYKTYPhl U MEXaHUUYECKHUX CBOWCTB TBEP/IbIX HAHOMATEPHAJIOB

METO/bl UCCIEOBAHUS CTPYKTYPbl U MEXAaHUYECKUX CBOMCTB JKUJIKMX CPEJl, B TOM YHUCIIE
BSA3KOYIIPYTUX

OCHOBHBIC THUIBI TPHOOPOB, MPUMEHSEMBIX I aHalM3a MEXaHHYECKUX CBOWCTB
HaHOMAaTepHaoB

yMmemsy:

MPaBWJIbHO BLIOpaTh HYKHBIN TUI MpUOOpa U METOAMKY aHAJIN3a MEXaHUUECKHUX CBOMCTB
KOHKPETHOr0 HaHOMaTtepuasia

61a0emy.

nHpopmanueir 00 0COOCHHOCTSIX HMCCIICIOBAHUS MEXaHUYECKUX CBOWCTB TOJIUMEPHBIX
HAHOKOMIIO3UTOB, I'ejieil U HEHbIOTOHOBCKUX JKUIKOCTEN.

MeToAaMu paboThl ¢ HAYYHO-TEXHHYECKOM, CIPABOYHOM JIUTEPAaTypOd M 3JIEKTPOHHO-
OMOMMOTEYHBIMU pECypcaMH, CBSI3AHHBIMH C  HUCCIIEJOBAHHMEM MEXaHMYECKHUX CBOWCTB
HAHOMAaTEPHAJIOB.

3. KpaTkoe cogep:kaHue TUCHUTIUHBI

Moayas 1. Metozsl nccineoBaHUsI MEXaHUYECKUX CBOMCTB TBEPABIX HAHOMATEPUATIOB

1.1. [TpuGopsl M MeTOABI AJIsI HCCAEAOBAHUS CTPYKTYPbI U MeXaHHYECKHX CBOWCTB
TBEPAbIX HAHOMATEePHAJIOB. MeTO/Ibl MCCIEAOBaHUSl CTPYKTYpPhl HAa HAHOPAa3MEPHOM YPOBHE.
MeToapl HU3ydeHHs] MEXaHMYECKUX XapaKTepUCTHUK HaHOKOMMO3UTOB. HanoTpubomnoruueckue
uccienoBanus. KomnpoTepHoe MOIETMPOBAHUE MEXAaHUYECKUX CBOMCTB HAHOKOMITO3UTOB.

1.2. MexaHnyeckue CBOICTBAa MOJMMEPHBIX HAHOKOMNO3UTOB. J/[e¢opManmoHHO-
MPOYHOCTHBIE CBOMCTBA MOJIMMEPHBIX TeN. AHAIM3 JuUarpaMMmbl pacTskeHus. Mopenu BsI3KO-
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YIPYroro IIOBEAEHUs IOJUMEPHBIX Tel. MeXaHW4YeCKHH, IMHAMMYECKUN MEXaHUYECKHU U
TEPMOMEXAHUYECKUN aHAIU3 MOJUMEPOB. Pa3pylieHne MOJMMEpHBIX Tel. MexaHudecuke
CBOMCTBAa HAHOKOMITO3UTOB.

1.3. HUcciaenoBanue IJICHOK " NOKPBITHH Ha OCHOBeE
HAHOKOMIIO3MTOB. MEXaHNYECKUE CBOMCTBA IJICHOK U IMOKPBITHI HA OCHOBE HAHOKOMITO3UTOB.
MHuorodyHKIIMOHATEHBIE HAHOCTPYKTYPUPOBAHHBIE IUICHKH Hu TOKPBITHUS.

HanocTpykTypupoBaHHble  TpUOOJOTHYECKHE TOKPBHITUS. MeXxaHHUeCKue CBOMCTBA H
CTaOUIILHOCTh HAHOMATEPHAJIOB MPU BO3JEHCTBUH TEMIIEPATYPHI.

Mopaysb 2. MeToibl HCCIEIOBAaHUS MEXAHUUYECKUX CBOMCTB YKHJIKHX CPE]

2.1. OcHoBbl peosorud. OCHOBHBIC TIOHSATHSA BHUCKO3UMETPHH. Aedopmarius,
HaNpsDKEHUWE, CKOPOCTh CIBUTA, YIPYrocTh, IUIACTUYHOCTH, BS3KOCTh. Kiaccudukarus
MaTepuaioB MO  CTPYKTYPHO-MEXaHWYECKMM  CBOWCTBaM. MaremaTtuyeckue  MOJENH,
OMUCHIBAIOLIUE KPUBBIC TCUCHHUS.

2.2. Tunbl peomeTpoB. Poranimonnsie peometpol. CS-u CRpeomeTpsl. YpaBHEHHS I
pacyeta CKOPOCTH CJBHUIa, HANpsDKEHUS CABUTAa W BA3KOCTU. VI3MepuTenbHBIE CHUCTEMBI
CUATUHAP-IWINHAP» U «KOHYC-TUIAaCTUHA». VICTIbITaHNs B peKUME BBIHYXACHHBIX KOJICOaHU.
[Tpumeps! HanbosIEEe PACPOCTPAHEHHBIX TPHOOPOB.

2.3. Oco0eHHOCTH Te4YeHHUs BS3KOYNPYIWX M CTPYKTYPHMPOBaHHBIX cpea. Kpusbie
TEUEHUs] HEHBIOTOHOBCKUX KHAKOCTe. MareMaTuyeckoe OINHUCAHME HEHbIOTOHOBCKUX
JKunkocter. Bsskoynpyroe noBenenue resied. M3mepenue tukcotponuu. M3mepenue npenena
TEKY4YEeCTH.

4. 00beM y4eOHOH JUCHHIIMHBI

o B 3aueTHBIX B akanewm.
Bun yuebnoi paboThl
eIMHUTIAX qacax
O01as TPyA0eMKOCTh JUCHUILIHHBI 110 Y4eO0HOMY TUIaHy 5,0 180
AyIMTOpHBIE 3aAHATHS! 1,5 54
Jlexrn (JIek) 0,5 18
[Mpaktuyeckue 3ausatus (I13) 1,0 36
CamocrosiTesbHas padora (CP): 3,5 126
Bu KoHTpoIs: 3a4eT / 3K3aMeH 3ader ¢
OLICHKOM
B yueGHoii paGoTs! B 3auetHbIX B actpos.
CAUHUIIaX qacax
O01as TPyA0eMKOCTh JUCHUILIHHBI 110 Y4e0HOMY TUIaHy 5,0 135
AYIUTOpPHBIE 3aHATHUS: 15 40,5
Jlexrn (JIek) 0,5 13,5
Ipaktuueckue 3ansarus (I13) 1,0 27
CamocrosiTesbHas padora (CP): 3,5 94,5
Buja koHTpoOJs: 3a4eT / 3K3aMeH 3auer ¢
OLICHKOM

AHHOTanus padoyeil NPOrpaMMbpl JUCHHUILIMHBI
b1.B./IB.3.1MeToanl Jia3epHoi TU(paAKIMU B AaHAJIN3E HAHOMATEPUAJIOB
1. Henp AUCHMILUIMHBI - IPUOOpPETEHUE 3HAHUH, YMEHUH, BIaJeHU U (HOpPMUPOBAHHE
KOMIETEHIMI B 00JIaCTH METO/I0B J1a3epHOM AU(paKkny Ui aHAIM3a HaHOMAaTEepHAIIOB.
2. B pe3yabTtare wu3yYeHHs IUCUMIUIMHBI O0y4YawlUiici MO0 mporpamMme
MAaTrUCTPATYyPhI J0JIKEH:
Oo6nanath cieayrommmu ooekybTypHbiMu (OK), obmenpodeccuonansapivu (OIK) u
npodeccronanbHbiME ([TK) KOMIETEHITUAMHE:
- CIOCOOHOCTBIO CaMOCTOSITENILHO IMPOBOJUTH HAYYHO-HCCIEHAOBATEIBCKUE PAOOTHI 10
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CO3/JaHUI0, UCCIIEIOBAHUIO M IPUMEHEHHIO HaHOCUCTeM 1 HanoMaTepuaios ([1K-2).

- CIIOCOOHOCTBIO K aHaM3y W OOOOIICHUIO PEe3ylIbTaTOB HAyYHO-HCCIIEIOBATEIHCKUX
paboT, MONCKY M aHAIHU3Y HAYYHOW M TEXHUYECKOW MHGOpMAIUU B 0071aCTH HAHOTEXHOJIOTHIA 1
CMEXHBIX JHUCUMIUIMH I HAYYHOM, MATEHTHOM M MapKETHMHIOBOM IMOJJIEPKKH IPOBOIUMBIX
UCCIIEIOBaHMM, K CAMOCTOSITETILHON MOATOTOBKE MyONMKALUN B OTEYECTBEHHBIX U 3apyOekHBIX
uznanusx ([MK-3);

- CIIOCOOHOCTBIO K MPO(EeCCHOHATBHON SKCIUTyaTallid COBPEMEHHOTO O0OpYyIOBaHUS H
npuOOpoB (B COOTBETCTBHH C LEIIMH Maructepckoi mporpammal) (ITK-6);

3HamMb.

TEOPETUYECKUE OCHOBBI CTATUYECKOTO U JUHAMUYECKOIO PACCEMBAHUS CBETA

YCTPOHCTBO U MPHUHIIMIT PAOOTHI JIa3epHBIX aHAIN3aTOPOB pa3Mepa YacTHIL

BO3MO>XHOCTH M O0JIaCTH MPHUMEHEHHUS METOAOB JUHAMUYECKOTO CBETOPACCESHUS IS
MCCJIEJOBaHMsI HAHOMATEPUAJIOB

ymemy:

aHATM3UPOBaTh M300paXEHUS W JAHHBIC, TIIOJYYEHHBIE METOAOM JIMHAMUYECKOTO
paccesiHUs CBETAa,

(bopMynHUpOBaTh TEXHUYECKUE TPEOOBAHMS K OOBEKTaM HCCIICIOBAHUS,

enadems:

HaBbIKAMH  OOpa0OTKM M  MHTEPIpETAlMM  JaHHBIX, IIOJYYEHHBIX  METOIOM
JUHAMHAYECKOr0 pacCEesHUs CBETA,

MeTOAaMHU paboThl ¢ HAYYHOH JUTEPaTypol M AJIEKTPOHHO-OUOINOTEYHBIMH PECYpCaMH,
CBSI3aHHBIMU C IPUMEHEHHEM JIa3epHON AUPPAKIHUK IS aHaI3a HAaHOMAaTepHUaJoB

3. KpaTtkoe cofep:kaHue U CHUIIUHBI

1. Baenenme. /luarHocTMKka M MeTOAbl MCCJI€I0BAHUSI HAHOMATEPHATIOB U
HAHOCTPYKTYP

Meronap!l onpenenenust pazmepa dyactull. CUTtoBblid MeTosl. CelMMEHTAllMOHHBIN METOI.
Kongykromerpuueckuii  mMeton. Meronx  MHUKPOCKONHH, Pa3HOBUIHOCTH  MHKPOCKOIIOB.
TexHuueckoe ocHaleHHe, 00IIast KOHCTPYKIUS 3JEKTPOHHBIX MUKPOCKOIOB U XapaKTEPUCTUKU
uHpOpMaLIMK, TOJy4aeMOM C HCHOJb30BAHMEM pPAa3IMYHO OCHAIICHHBIX MHMKPOCKOIIOB.
Pa3pemraromas crocobHOCTh MHKpockomnoB. [lonroroBka oOpa3moB [uis HCCIEIOBaHMS Ha
MHUKpocKkomax. Onpenenenue  nuamerpa  Hechepuueckux — yactull.  lIpuHIMNUanbHbIE
BO3MOKHOCTH 3JIEKTPOHHBIX MUKPOCKOIIOB B CIIy4ae UX IPUMEHEHHUs IS aHAJIN3a MaTEPUAIIOB.

2. TeopeTnyecKkue 0CHOBBI CBETOpPACCESIHUA

Uctopus cBeropaccessHus. ONTHUYECKU  IUaAna3oH  3JIEKTPOMArHUTHBIX  BOJIH.
@U3NYECKUE OCHOBBI IIPOLIECCOB PACCESIHUS M IOIJIOUIEHMSI CBeTa. YCIOBUS M BUIbI
pa7eeBCKOro  paccessHus.  PaccesHme — MalbIMM @ YAacTHLIIAMM  TMOJSPU30BAHHOIO U
HEMOJISIPU30BaHHOTO ~ cBeTa. PaccessHme Ha  QuIyKTyalusix W yacTuuax. SIBineHws,
HaOJTI0IAI0IIMECs TIPU PACIIPOCTPAHEHUH CBETA B IMCIIEPCHBIX CHCTEMax. YIPYroe U Heynpyroe
paccesiHue.

3. Teopusi M0oJIEKYJIAPHOTO paccesiHUS CBETa

SABnenus  Manpensirama-bpuimtoona o Pamana.  JlasepHas  CIIEKTpOCKOIHS
KOMOWHAIIMOHHOTO paccessHus. BeIHy)IeHHOe KOMOMHAIMOHHOE paccessHue. Monens Jloperria.
Teopus Panes monekynsipHoro paccestuust. OCHOBHBIE cleACTBUsI Teopun Panes. MonekynspHoe
paccesiHue Ha (DIYKTyalusx aHU30TPOINUHU B raze. MoekymsipHas pepakiius.

4. TlorsionieHne U paccesinne cBeTa cepuyeckoil yacTuieii (reopusi Mn)

CrekTpanbHble XapaKTepUCTUKU paccesHus cBeTa Ha cepruueckux yacTuiax. BrausHue
CTPYKTYPbI M (POPMBI paccerBAaIOUIMX YaCTHI[ HA ONTHYECKUE XAPAKTEPHUCTUKU IHCIIEPCHOM
cuctemMbl. OCOOEHHOCTH MHIUKATPUC paccesiHUsI Ha c(hepuuecKrX 4acTHUIaX B 3aBUCHUMOCTH OT
pa3Mepa U OINTHYECKUX IOCTOSHHBIX. Bekropnas nuarpamma Mu. Teopus ®dpaynrodepa.
MHorokpatHoe paccenBanue. CTaTHUECKOE PACCEMBAHUE CBETA.

5. /InHaMH4YecKoe pacceMBaHue CBeTa

OcCHOBHBIE HJEHM JUHAMUYECKOrO paccemBaHus cBera. [lapamerpel omnpeneneHus
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METOA0M JMHAMHYECKOT O CBETOpacCCEsHUsA I'nnpoaunamuyeckuii auameTp.
ONEKTPOKMHETUYECKUN  MOTEHIMaI.  ODJIEKTpOKHHeTHueckue  sBieHus. Teopus JIOC.
MounekynsipHas macca. CpaBHEHHE METOJIOB CTaTUYECKOTO U JUHAMHUYECKOIO PacCesHUs CBETA.

6 CocTaBHBIE 3J1eMEHThI AaHAJHU3ATOPOB pa3Mepa 4acTHIL

Jlazepsl, npuHIMO paboTH Jazepa. Buasl nasepoB. AKTHBHAsA cpena jia3epoB. Hakauka,
MEXaHHU3M <«HaKayKku» ja3epoB. ONTUYECKUI pe30HATOP. XapaKTEPUCTHUKUA KaueCTBA U3JITYyUEHUS
nazepoB. JlerekTopsl poToHOB. POTOIMUCCHOHHBIE YcTpoiicTBa. [Ipnbop xoppemsuu. Cucrema
cyeta OTOHOB.

7. IlppHIUNNATbHBIE CXeMbl YCTAHOBOK JIA3€PHBIX AHAJIN3ATOPOB.

[TpuHIMTHATBHBIE CXEMbl YCTAHOBOK JIA3E€PHBIX aHaIM3aTopoB kommanuu Fritsch,
Malvern, Horiba u npouee. IIpubGopsl, 0COOEHHOCTH MOZEICH JIa3ePHBIX aHAIU3ATOPOB,
JIONOJIHUTEbHBIE MOAYJIU. [IpuMeHeHue MeToja mnasepHOM AUQpakuuu Ui HCCIEI0BaHMS
HaHOMAaTEpHaJIOB.

4. 00beM y4eOHOH JUCHHIIMHBI

o B 3aueTHBIX B akanmewm.
Bun yuebnoi paboThl
eIMHUIIAX qacax
OO01masi TPYA0eMKOCTh THCIHUTIMHBI 110 Y4e0HOMY MJIAHY 5,0 180
AyIMTOpHBIE 3AHATHS! 1,5 54
Jlexrn (JIek) 0,5 18
[Mpaktuyeckue 3ausatus ([13) 1,0 36
CamocrosiTesbHas paGora (CP): 2,5 90
Bu KoHTpoIs: 3a4eT / 3K3aMeH IK3aMeH
(36)
B yueGHoii paGoTs! B 3auetHbIx B actpos.
eIMHUIAX Jacax
OO01masi TPyA0eMKOCTh THCHUTIMHBI 110 Y4eOHOMY IJIAHY 5,0 135
AYIUTOpPHBIE 3aHATHUS: 15 40,5
Jlexrn (JIek) 0,5 13,5
Ipaktuueckue 3ansarus (I13) 1,0 27
CamocrosiTesbHas padora (CP): 2,5 67,5
Bu KoHTpoIs: 3a4eT / 3K3aMeH IK3aMeH
(27)

AHHOTanus padoyeil NPOrpaMMbl JUCHHUILJIMHBI
b1.B./IB.3.230H10Basi MUKPOCKOMHUA

1. Heap AucHMIUIMHBI — QOPMHUPOBAHUE Yy OOYYAIOUIMXCS 3HAHUNA O CKaHHUPYIOLIEH
30HJOBOM MMKPOCKONHH, €€ TEOPETHUYECKHX OCHOB, IPHUHIMUIIOB PabOThl U BO3MOXHOCTHU
MCIIOJIb30BAHUS JIJISl aKTyaIbHBIX 33/1a4 HAHOTEXHOJIOTHU U HAHOMATEePUAJIOB.

OCHOBHBIMH 32 Ja4aMHU JUCHUIIIMHBI SBIISTFOTCS:

- npuoOpeTeHHH OOydYaloUMMHUCS 3HAaHUM 00 YCTpoiicTBe W mHpHHUUIE PpabOTHI
CKAHMPYIOILIEro 30HI0BOI0 MUKPOCKOIIA;

- ¢opMupoBaHHe Yy OOYYAIOIIMXCS CHUCTEMHBIX 3HAHUW B 00JacCTH METO/OB
CKaHUPYIOIIEH 30HI0BOM MUKPOCKOIIHH;

- (opmupoBanue y oOy4aromuxcss MOHMMaHUS O BO3MOXKHOCTSX M OTpPaHUYCHUS
UCIIOJIb30BAaHUSI METOJOB CKAaHUPYIOUIET0 30HIOBOIO MHMKPOCKONA B Pa3MYHBIX 00JacTsIX
HaHOMATEepHaJioB, BHIPAOOTKAa Ha STOW OCHOBE CHCTEMHOIO IIOJXO/Aa K IIOCTAaHOBKE H
BBIMOJTHEHUIO HAYYHBIX HCCIIEOBaHHUM B yKa3aHHOM 00JIacTH, CIIOCOOHOCTH aHAIU3UPOBATh U
KPUTUYECKH OLICHMBATh MOJIy4aeMbI€ pe3yJbTaThbl, Mpeajararb MyTH PEUICHUs MOCTaBIECHHBIX
3azay.

2. B pe3yabraTe wu3y4YeHHUs] MCHUILUIMHBI oOydawumiics 1m0 mNporpaMme
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MArHCTPATYPhI T0JIKEH:

O6nanats creayromumMu oo0mekyapTypabiMu (OK), obmenpodeccronansapivu (OITK) u
npodeccuonanbabiMi ([TK) koOMIeTeHIUAMHU

- CHOCOOHOCTBIO CaMOCTOSITENIbHO TMPOBOJUTH HAay4YHO-HCCIEAOBATENbCKUE PabOTHI IO
CO3/JaHUIO, UCCIIEIOBAHUIO M IPUMEHEHHIO HaHOCUCTeM 1 HanoMaTepuaios ([1K-2).

- CIIOCOOHOCTBIO K aHaM3y W OOOOIICHUIO Pe3ylbTaTOB HAyYHO-HCCIIEIOBATEIHCKUX
paboT, MONCKY U aHaIM3y HayYHOU M TEXHHUYECKOW MH(pOopMaIu B 00JaCTH HAHOTEXHOJIOTHI U
CMEXHBIX JUCUUIUIMH JAJIs HAyYHOM, MATEHTHOM M MapKeTHMHIOBOW MOJIEPKKH IPOBOJAMMBIX
UCCIIEIOBaHM, K CAMOCTOSITETIbHON MOATOTOBKE MyONHMKALUN B OTEUYECTBEHHBIX U 3apyOekHBIX
u3nanusx ([MK-3);

- CIIOCOOHOCTBIO K MPO(EeCCHOHATBHON SKCIUTyaTallid COBPEMEHHOTO O0OpYyIOBaHUS H
npuOOpoB (B COOTBETCTBHH C LEIIMH Maructepckoi mporpammal) (ITK-6).

3Hamy:

KJIaCCU(PUKAIIMIO METOJIOB CKAHUPYIOIIEH 30HI0BOM MHUKPOCKOTIHH,

YCTPOMCTBO M NPHUHIMIT PAOOTHI U (U3NYECKHE OCHOBBI CKAHHPYIOIIUX 30HIOBBIX
MUKPOCKOIIOB,;

IOPUHLMIIBL  PEAJU3aluyd  aTOMApHOIO pPAa3pelIeHUs] B CKaHUPYIOIIMX 30HJOBBIX
MHUKPOCKOTIAX;

o0I11e MpeACTaBICHUS O pa3pelIaoniei CnocOOHOCTH Pa3TMUHBIX BHJIOB,

BO3MOXKHOCTH U o0jacTd mpuMeHeHus wmetonoB C3M s uccinemoBaHUs
HaHOMaTEPHUAJIOB.

ymemsy:

aHaATM3UPOBATh U300pAKEHUS U JaHHbIE, OJTYYCHHbIC Pa3InYHbIMU MeToamMu C3M;

KOPPEKTHO OIpenesTh MOPPOJIOTHIO HAHOOOBEKTOB 1 HAHOMATEPHAJIOB,;

UCIIOJIb30BaTh CTaHAapTHhIE MeToAuKN C3M Ju1s aHanM3a HaHOMAaTepHUalloB,;

bopMyIUpPOBaTh TEXHUUECKHE TPEOOBAHUS K OOBEKTAM UCCIIEIOBAHUS.

enadems.

HaBBIKaMH 00pabOTKH M300paKEHNH, TOJIYYCHHBIX pa3IudHbIMU MeTofgamu C3M;

NPUHIUIIAMA TIPOBEJCHHUS HKCIEPUMEHTAa Ha COBPEMEHHBIX MpPUOOpax CKaHUPYIOIIEH
30H/I0BOM MUKPOCKOTIUH;

MeToAaMu paboThl ¢ HAYYHOM JIUTEPATypOr M AJIEKTPOHHO-OUOINOTEYHBIMH PECypcamMu
10 TEOPETUYECKUM M TEXHOJIOTMYECKUM acCleKTaM CKaHUPYIOIEeH 30H10BOM MUKPOCKOMHH.

3. Kpartkoe coaep:kanue TuCUHINIHHBI

Moayab 1. OcHOBBI CKaHMPYIOIIEi 30H10Boi Mukpockomuu (C3M)

Pa3nes 1.1 CoBpeMeHHBbIe MeTOIbI BU3YAJIH3AIHH HAHOMATEPHAJIOB.

CoBpeMeHHbIE ~ METOJABl  BH3yallU3allUd W HCCIENOBaHUS  HAHOOOBEKTOB U
HaHoMmatepuaiioB. [loHaTus paspemaronieid cnocoOHOCTH M IUGPAKIMOHHOTO Tpejaena.
AToMapHOe pa3pellleHHe B COBPEMEHHBIX MeTojax wuccienoBaHus. CpaBHEHHE OCHOBHBIX
MHKPOCKOIIMYECKUX METO/MOB (ONTHYECKHEe, JJCKTPOHHBIC, 30HIOBbIE). I[IlpenmMymiecTsa,
HEJAOCTaTKW M 00JacTM  MPUMEHEHUsS] CKaHUPYIOLIEH  3JEKTPOHHOM  MHUKPOCKOIHH,
IIPOCBEYMBAIOLIEH MIEKTPOHHON MUKPOCKOIIUH U CKAHUPYIOLIEH JIEKTPOHHON MUKPOCKOIIHH.

Pasznea 1.2.Beenenne B C3M.

HUctopus C3M. VYcerpoiictTBO W OpuHOUN  pabOThl  CKAaHUPYIOIUX — 30HIOBBIX
MuKpockoroB. OcHoBHble 3yieMeHThl C3M. Ckanepnl. Cuctema oOpaTHOHM CBSI3H. 30HIOBBIC
natuuku. [puamun gopmupoBanus nzodpaxenus B C3M. 3ammra oT BHEIIHUX BO3/CHCTBUI.
Knaccudukanmst merogor C3M. CpaBHeHHE pa3pemiaromieid CrioCOOHOCTH Pa3IMYHBIX BHJIOB
C3M.

Paznen 1.3.Ckanupyiomas TyHHeabHast MuKpockonusi (CTM).

@usnyeckue ocHoBbl CTM. DOneKTpoHHBIE CTPYKTYpPBl TBEPAOrO Tela U €ro
noBepxHocTU. TyHHENbHBINA 3¢ dekT. Texunueckne ocHoBbl CTM. KoOHCTpYKITMN CKaHUPYIOIIHNX
TYHHEJIBHBIX MHKpPOCKOIoOB. Pexumbl paborsi CTM. Meton mnoctossHHOM Toka. Mertoa
MOCTOSTHHOM BBICOTBI. MeTroa oToOpaxkeHne paboThl BbIXOAa. Peanmuzarusi aTomMapHOTO
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paspelieHus B CKaHUPYIOIIEM TyHHEIbHOM MuKpockone. Orpanumuenuss CTM. Peanuzanus
aTOMapHOI0 pa3pelIeHus] B CKAHUPYIOILEM TYHHEIBbHOM MUKpocKorie. [loaroToBka noBepxHocTu
TBepabIX Ten aist CTM uccnegoBaHui.

Paznen 1.4. AtomHo-cuioBast MUKpockonusi (ACM).

CunoBoe B3auMoOJeicTBHE 30HIOBOrO Aartynka W oOpasua. Ilorenuman JlenHapaa-
Jlxonca. ACM 30HABI: BUIBI, CIIOCOOBI M3TOTOBJIEHHUS, OCHOBHBIE MapameTpbl. KoHCTpyKms
ACM. CnocoObl perucTpaniii OTKJIOHEHUs! KaHTuieBepa. Pexumbl pabotsl ACM. KonTakTHas
ATOMHO-CHJIOBasE MUKPOCKOIMSI- METOJ TOCTOSHHOW BBICOTBI, METOJ ITOCTOSIHHOM CHJIBI,
KOHTaKTHBIM MeToJ] paccoriiacoBanus. Henmocratku koHTakTHOM ACM. IlonmykoHTakTHas
aTOMHO-CUJIOBasi MUKpockomnus. [IpenmyiiectBa u HegocTaTku nMoaykoHTakTHOM ACM. KpuBbie
3aBUCHUMOCTH CHUJIBI OT paccTosiHus. JlarepalibHOe B3aMMOJICHCTBHE 30HAA U OOpasIa.
Mukpockornus jatepaibHbIX cui. Paspemaromias crocoonocth ACM. beckontaktHas ACM.
Bo3moxxnoctu OeckontaktHoi ACM. Hcnonb3oBaHWe OpPraHMYECKUX MOJICKYN B KauecTBe
30H710B 111 C3M. HanotpyOku — natunku C3M.

Paznen 1.4.Ckanupymomasi 6JH:KHENOIbHAs onTuyeckasi Mukpockonusi (CBOM).

Teopernueckue ocHoBel CBOM. DddekTuBHOE  NPEOJOJICHHE  ONMTHYECKOTO
muppakimonHoro  npenena.  3o0Hapl CBOM:  tumbl, wusroroBienue. KoHcTpykimu
OJIMKHETIOJIBHBIX  ONTHUYECKUX MHUKPOCKONOB. KOHTpOJb paccTOsHUS MEXIy 30HIOM U
NOBEpPXHOCThIO. Peanusanust cucremsl oOpaTHO# cBsizu. Paspematomas criocoonocts CBOM.
Pexxumel paboter u Buapl CBOM. Kondurypanus CBOM ¢ moaynem UK-Dypre.

Moayas 2 Bo3moxknoctu C3M.

Pa3znen 2.1. /Ipyrue Buast C3M.

Muxkpockonuss cui TpeHus. Merox MOAyISIqMUA CHJIbl. MHOTONpPOXOJIHBIE METOAUKHU
pabotsl C3M. DnektpocuinoBas MUKpocKonus. CKaHUPYIOIIasi eMKOCTHAs MUKpOCKomus. Metoz
3ou1a KenpBuna. MarautHas cuioBas Mukpockonus (MCM). TTpunmumn pa6otsl C3M B pexxume
MCM. Ksasucratnueckue meromnku MCM. Komebarenpusle mMetomukn MCM. 30HIDOBEIE
natauku it MCM. Jlutorpadus B8 C3M. CTM, ACM nurorpadusi. AHOTHO-OKUCIUTEIbHAS
autorpadus.

2.2.Bo3moxuoctu C3M.

[IpeumymectBa u Hemoctatku C3M. Crangaptet C3M. HckaxeHue wuzo0paxeHuUs
ckaHepoM. MckaxeHusi, CBSI3aHHBIE C 30HIOBBIM JATUYUKOM. VICKa)keHUsl, CBSA3aHHBIE PEKUMOM
padorst C3M. KamubpoBka C3M. I[IpuHOMNIBI KOPPEKTUPOBKU u3o0pakeHuit C3M.
Bo3MOXHOCTH aTOMHO-CHUIIOBOI MUKPOCKOITUU B ONIpeAeNieHUH (POPMBI U pa3MepOB HAHOYACTHII
METaUIOB M WX COEAMHEHWH. METONMKH BOCCTAHOBJICHHUS PEATbHOW TE€OMETPUH OOBEKTOB
uccienoBanust ACM. Bo3MOKHOCTh ITPOBEIEHUST HEPA3PYILIAOLUIUX UCCIEI0BAHUI C TOMOIIBIO
ACM.

Moayas 3. lIpumenenune C3M

Paznen 3.1. Ilpumenenue OC3M s HCCIeI0BAHHS OCHOBHBIX KJIACCOB
HAHOMATEPHUAJIOB.

AtomapHoe paspemieHue, ngocturayroe ¢ nomompio CTM. Ilpumenenne MCM.
[Mpumenennst OMMKHENIONBHON onTuku. McciaemoBaHue BOMOPOAHBIX cBs3ed. OmnpeneneHue
pasmepoB u (opmbl HaHowacTull. McciaemoBaHuss MOPQOJIOTUM U JIOKAIbHBIX CBOMCTB
MOJIMMEPHBIX MaTepuasioB. MccneqoBaHusi MarHUTHBIX HAHOYACTHULL U CTPYKTYp MeTogoM MCM.
Boruucnenne anresmonHHbix cuwi MmetonoM ACM. Bo3moxkHoctu u nepcnektuBsl ACM B
UCCJEIOBAHUM CUHTETHYECKUX XHMMHYECKUX BOJIOKOH. MccienoBanue HaJAMOJIEKYISIPHOU
CTPYKTYPBI IOJIUMEPOB U KOMII03uTOB. Vcrionp3oBanne C3M miist uiccienoBanus Mopdoaoruu u
MPOIIECCOB POCTA.

Pasznen 3.2UcciaenoBanme 0M0JOrHYeCKHX 00beKTOB ¢ momMouibio C3M.

Ucnons3zoBanne C3M B paznuunbix cpenax. BozmoxkHoctu C3M nanst ucciaenoBaHus
O00BEKTOB B JKHUIKHMX cpefax. [IpyMHIMIBI TPUTOTOBIEHUS OMOJOTUYECKMX OOBEKTOB st
uccienoBanusi ¢ nomomipio C3M. B03MOXHOCTH B WCCIEAOBAHUU OETKOBBIX MOJIEKYT C
nomompbio C3M. Usyuenne JIHK. WccrnemoBanusi BupycoB u Oaktepuit. MccrmemoBanue
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aAre3MOHHBIX B3aUMOJIECHUCTBUH.

Pa3nen 3.3.CoBpemenHble npudopbl 1 MeToabl C3M.

OcHOBHbIE TPOU3BOAUTENN CKAaHUPYIOLIUX 30HIOBBIX MUKPOCKONOB. DOpMaT TaHHBIX B
C3M. Bapuantel Busyamsanuu C3M  wuzoOpaxkenuii. KomudectBeHHwii anamuz C3M
n300pakeHuii. CTaTUCTUUECKUI aHAIM3 U300pakeHUH, MOMyYeHHBIX ¢ nmomortnbio C3M.

4. 0O0beM y4eOHOH JUCIHIJIMHBI

o B 3aueTHBIX B akanmewm.
Bunx yuebnoi paboThl
eIMHUIIAX qacax
O01as TPyA0eMKOCTh JUCHUIIHHBI 110 Y4eO0HOMY TUIaHy 5,0 180
AyIMTOpHBIE 3aAHATHS: 1,5 54
Jlexiu (JIek) 0,5 18
[Mpaktuyeckue 3ausatus ([13) 1,0 36
CamocrosiTesibHas padora (CP): 2,5 90
Bu KoHTpoIs: 3a4eT / 3K3aMeH JK3aMeH
(36)
Bt yueGHoi paGoTs! B 3auetHbIx B actpos.
eAMHUIIAX gacax
O01as TPyA0eMKOCTh JUCHUILIHHBI 110 Y4eO0HOMY TUIaHy 5,0 135
AYIUTOpPHBIE 3aHATHUS: 15 40,5
Jlexrmn (JIek) 0,5 13,5
Ipaktuueckue 3ansarus (I13) 1,0 27
CamocrosiTesbHas padora (CP): 2,5 67,5
Bu KoHTpoIs: 3a4eT / 3K3aMeH IK3aMeH
(27)

4.5.1IpakTUKH

AHHOTanuA padoyeil MporpaMMbl Y4eOHOH NPAKTHKHU - MPAKTUKY 10 MOJYYEHH IO
NMEePBUYHBIX MPO(ecCHOHAIBLHBIX YMeHHIi 1 HaBbIKOB (B2.Y.1)

1. Ileq> MPAKTUKU 1O NMOJYYEHHI0 NMEPBUYHBIX MPOecCHOHAIbHBIX YMEHHH u
HABBIKOB — TIOJYYCHHE OOYYAIOUIUMCS MEPBUYHBIX MPOPECCHOHATBHBIX YMEHUN M HABBIKOB
IyTEM CaMOCTOSITEIbHOTO TBOPYECKOrO BBIMOJIHEHMsI 3a/lad, MOCTAaBIEHHBIX MPOTrpamMMoi
MIPAKTUKHU.

2. B pe3yabrate wu3y4yeHHMs JAUCHUIVIMHBI OO0Oy4YyawIIMiicsi MO Tmporpamme
MArHCTPATYPhI T0JIKEH:

Ob6naoams cnenyromumu oo6mekynpTypabiMu (OK), obmenpodeccronansubivu (OITK)
u npodeccuonanbHbivu ([1K) komnereHImsMI:

TOTOBHOCTBIO JIEWCTBOBAaTh B HECTAHIAPTHBIX CHUTYalUAX, HECTH COLHUAIBHYIO H
THYECKYIO0 OTBETCTBEHHOCTD 3a npuHsThie perienus (OK-2);

TOTOBHOCTBIO K CAaMOpPa3BUTHUIO, CaMOpEaNu3allid, HCIOJIb30BAaHUIO TBOPYECKOTO
noreniuana (OK-3)

CIIOCOOHOCTBIO K CaMOCTOSITEIBHOMY MPHUOOPETEHUIO C TOMOIIBI0 WH(OPMAITHOHHBIX
TEXHOJIOTHI U UCIIOJIb30BAaHUIO B MPAKTUYECKOUN AEATEIIbHOCTH HOBBIX 3HAHUN U YMEHHI, B TOM
YHClie B HOBBIX OOJIACTSX 3HAHUMU, HEMOCPEJICTBEHHO HE CBSA3aHHBIX CO Cepoil NesTeIbHOCTH
(OIIK-2);

CIIOCOOHOCTBIO K aHau3y W OOOOIIECHUIO PE3YJIbTaTOB HAaYYHO-HUCCIEAOBATEIbCKUX
paboT, MONCKY U aHaIM3y HAyYHOU M TeXHUUYECKOW MH(popMaIu B 00JaCTH HAHOTEXHOJIOTHI 1
CMEXHBIX JUCUUIUIMH AJI HAy4YHOM, MAaTEHTHOM M MapKeTHMHIOBOW MOJIEPKKH IPOBOJAMMBIX
HCCJICIOBAHM, K CAMOCTOSITENIbHON MOATOTOBKE MyOIMKAIUH B OTEYECTBEHHBIX U 3apyOeKHBIX
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uzpanusax ([MK-3);

3HAMb.

— TOpSAAOK OpraHM3allid, IUIAHUPOBAHUS, TMPOBEICHUS M OOCCICUCHHUS HAay4HO-
UCCIICIOBATEIbCKUX PAbOT C HCIOIB30BAHUEM COBPEMEHHBIX TEXHOJIOTHH;

— TOpSAAOK  OpraHM3allid,  IUIAHUPOBAHMSA,  NPOBEAECHUS U oOecredyeHus
00pa3oBaTeNbHON ACATEIBHOCTH 0 MPOQPHITIO H3y4aeMOi IPOrpaMMbl MarucTpaTyphl.
ymemy:

— OCYILECTBJIAATh TMOUCK, 00pabOTKy M aHAJIU3 HayYHO-TEXHUYECKOH HH(OpMaIuu 1Mo
npod M0 MPOiiIeHHON MPAaKTUKH, B TOM YHCJIe ¢ IpUMEHEHHneM Internetsexnonoruii;

— HCHOJb30BAaTh COBPEMEHHBbIE NPUOOPHI M METOJMKU IO MNPO(UII0 NPOrpaMMsbl
MarucTpaTrypsl, OpraHM30BBIBATH IIPOBEICHUE HKCIEPUMEHTOB U MCIBITAHUM, NPOBOJUTH HMX
00paboTKy U aHATTU3UPOBATH UX PE3YIbTATHI,

— BBINOJHATH NEAAaroruyeckue (QyHKIHUH, MPOBOAUTH MPAKTHUYECKUE U JIaOOpaTOpHBIE
3aHATHS CO CTYJCHUECKOM ayTuTOpHel 10 BBIOPAaHHOMY HaIPaBIEHUIO MTOJITOTOBKH.

gnademy:

— CHOCOOHOCTBIO U TOTOBHOCTBIO K MCCIIEJOBATEIBCKOM AEATEIBHOCTH MO MPOQUIIIO
M3y4aeMOH pOrpaMMbl MarucTpaTypsl,

— METOAOJIOTMYECKMMH IMOJAXO0JaMU K OpraHu3allMd Hay4YyHO-HUCCIIEIO0BATEIbCKOW U
00pa30BaTEIbHON AEATENbHOCTH;

— CcHocoOHOCTBIO Ha IMPAaKTHKE MCIIOJIb30BaTh YMEHHS M HaBBIKM B OpraHU3allH
HAYYHO-UCCIIEJOBATEIBCKUX U MIPOEKTHBIX padoT;

— HaBBIKaMH BBICTYIUICHHUH TIepe]l yaeOHON ayIuTOPHEH.

3. Kparkoe coaep:xkaHue Yy4eOHOHi MNPAKTHKH - TPAKTHKH 10 NOJYYEHUIO
NEepPBUYHBIX NPO(eCcCHOHAIBHBIX YMEHHI U HABBIKOB

VY4yeOHas MpakTUKa BKJIIOYAET 3Talbl 03HAKOMJICHHS C METOI0JIOTHYECKUMU OCHOBAaMH U
IPaKTUYECKOI0 OCBOCHMS MPHEMOB OpPTaHU3AINH, TUIAHUPOBAHMS, MPOBEACHUS U 00ECTICUCHHS
HAy4YHO-UCCIIEJOBATEIbCKOM M 00pa3oBaTENbHOM  AEATENBHOCTH,  O3HAKOMIJIEHHSA  C
NeSITeIbHOCTBIO 00pa30BaTENbHbIX, HAYYHO-UCCIIEAOBATENLCKUX U MPOCKTHBIX OPTaHU3aIH 110
IpoQUII0 U3y4yaeMoi MPOrpaMMbl MarucTpaTypsbl.

Konkpernoe conepkanue y4eOHOW NPAKTUKU OIPEACNSETCS  WHIAMBHIYaIbHBIM
3aJjaHieM OOYy4arolerocs ¢ y4€ToM MHTEPECOB U BO3MOYKHOCTEH Kadeapbl MM OpraHU3aIUH,
r7Ie OHa MpOBOIUTCA. VHIMBHAyadbHOE 3alaHUe pa3pabaThIBaeTCs MO MPOPHII0 H3ydaeMOu
IPOTrpaMMbl MarCTPATyphl ¢ Y4ETOM TEMBI BBIITYCKHON KBaTU()UKALMOHHON pabOTHI.

4. O0beM NPaKTHKH

o B 3aueTHBIX B akanem.
Bunpl yue6HO# paboThI
eIMHUIIAX yacax
O0masi TPya0eMKOCTh NUCHUILUIMHBI IO Y4YeOHOMY 6,0 216
TJIAaHY
AYIUTOpPHBIE 3aHATHUS: 1,0 36
NunuBunyanpHas paboTa C mpernojaBaTeaeM 1,0 36
CamocrosiTesbHas padora (CP): 5,0 180
CaMocTOATEIbHOE OCBOCHHE 3HAHUM, YMEHUI U HABBIKOB 5,0 180
110 TPOTPaMMe PaKTUKA
Bu HTOroBOro KOHTpOJIS: 3a4eT / IK3aMeH 3auer ¢
OLIEHK O
N B 3aueTHBIX
Buapl yue6HO# paboThI B actpon. gacax
eIMHUTIAX
O6masi TPy10eMKOCTh AHCHUILUIMHBI 1O Y4YeOHOMY 6,0 162
TJIAaHY
AYAUTOPHBIE 3aHATHUS: 1,0 27
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NunuBunyanpHas paboTa C mpernojaBaTeaeM 1,0 27

CamocTosiTesibHas padora (CP): 5,0 135

CamocTosiTeTbHOE OCBOCHUE 3HAHWI, YMEHHI U HAaBBIKOB 50 135

0 MPOTPAMME MTPAKTUKU

Bu/1 HTOroBOro KOHTPOJIS: 3a4eT / IK3aMeH 3auer ¢
OIIEHKOM

AHHOTaNuA padoyell MPOrpaMMbl TEXHOJIOTHYECKOH MPAKTUKH - IPAKTUKH O
MOJIy4YeHHUI0 MPodecCHOHAIBHBIX YMEHHH U ONBITA NMPO(eCcCHOHATILHOM 1eATeJIbHOCTH

(b2I1.1)
1. Ieab NPaKTHKH MO MOJYYeHHI0 NPO(PecCHOHAIBLHBIX YMEHHil W OmNbITa
Npo(ecCHOHAILHON 1eATeJLHOCTH — TOJY4YeHHE MNPO(EeCCHOHAIBHBIX YMEHHH M OIbITA

popEeCCHOHATLHON EATENIFHOCTH IIyTEM CaMOCTOSTEIIPHOTO TBOPUYECKOTO BBITOJIHEHHS 3a/1a4,
MOCTABJICHHBIX MPOrPaMMON TPAKTUKHU.

2. B pe3yabrare wu3y4YeHHMs JAUCHUIVIMHBI O0y4YawIIMiicsi MO Tmporpamme
MAaTUCTPATYPHI I0JIKEH:

Ob6naoams caenyrommumu o6mekynsTypabiME (OK), obmenpodeccuonansubivu (OITK)
u npodeccuonanbibivu ([1K) komnereHImsAMI:

TOTOBHOCTBIO JICHCTBOBATh B HECTAHIAPTHBIX CUTYAIUSX, HECTH COLMAIBHYIO M ATHUECKYIO
OTBETCTBEHHOCTB 3a npuHsiThie perenust (OK-2);

TOTOBHOCTBIO K CAMOPA3BHUTHIO, CAMOPEATN3AIINH, UCIIOJIb30BAHIIO TBOPYECKOT'O ITOTEHIHAIA
(OK-3).

CIMIOCOOHOCTBIO K CaMOCTOSITEJIBHOMY TIPHOOPETEHUIO C TOMOIIBI0  MH()OPMAIIMOHHBIX
TEXHOJIOTUI U UCIIOJIb30BAHUIO B IPAKTUYECKOM IEATEIILHOCT HOBBIX 3HAHUM U YMEHUI, B TOM YHMCIIE
B HOBBIX 00JTACTSX 3HAHHI, HEMTOCPEICTBEHHO HE CBA3aHHBIX cO cdepoii nestenpHoctr (OITK-2);

CIOCOOHOCTRIO (POPMYITMPOBATh 3a7add, CBS3aHHBIE C peanm3ayedl MpodeCcCHOHATEHBIX
dynxunii (TIK-1);

CITIOCOOHOCTBIO ~ CAMOCTOSITEIFHO ~TPOBOJUTh  HAYYHO-UCCIIEAOBATEILCKUE PAOOTHI  T10
CO3JIaHHMIO, MCCIICIOBAHMIO U IPUMEHEHHIO HaHOCKCTeM 1 HanoMartepuasios ([TK-2);

CIIOCOOHOCTh K aHANM3y M OOOOIICHHIO pPEe3YNIbTaTOB HAYYHO-MCCIIEIOBATENbCKUX padoT,
TIOMCKY ¥ aHaIW3y HayYHOW M TEXHHYECKOH MH(OpMaImy B 00JaCTH HAaHOTEXHOJIOTUA U CMEKHBIX
JUCLIMIUIMH U HAYYHOM, MATEHTHOW M MapKETUHIOBOW NOJIEP>KKH ITPOBOAMMBIX MCCIIEAOBAHUM, K
CaMOCTOSITEILHOMN MOITOTOBKE MyOIMKAIMI B OTEUECTBEHHBIX U 3apy0exHbiX m3nanusx ([TK-3);

CIIOCOOHOCTBIO K  MPO()ECCHOHAIBHON JKCIUTyaTallid COBPEMEHHOTO OOOpYIOBaHUS U
prOOPOB (B COOTBETCTBHH C IEIIMH Maructepckoit mporpammel) (ITK-6);

CIIOCOOHOCTBIO K COCTABJICHUIO METOJIMYECKHX JOKYMEHTOB (B TOM 4HCJIE JTaOOPaTOPHOTO
JKypHaJIa) IPHU MPOBEICHUH HAYIHO-HUCCIIEI0BATEILCKUX 1 Jlaboparopubix padot ([TK-7);

CIIOCOOHOCTBIO yYacTBOBaTh B ONTUMH3AIMU CYIIECTBYIOIIMX METOMUK CO3[aHHS H
NPUMEHEHUS] HAaHOCHUCTEM W HaHOMAaTepUAIOB U YCIENIHOM KOHKYPECHIIMM Ha PHIHKE HICH |
texHonoruii ([TK-8);

3HamMb.

— TMOAXOABl K OpraHW3alid  CaMOCTOSTENHbHOW H  KOJUIEKTUBHOHW  HAay4dHO-
UCCIIEIOBATENLCKON paboTHI,

— TPHUHIUIBI OPraHU3AIMH TPOBEICHUS SKCIIEPUMEHTOB U HCITBITAHUIA;

— TPHHIUIB ¥ CHOCOOBI 3alIUTHl OOBEKTOB WHTEIUICKTYAJbHOW COOCTBEHHOCTH H
KOMMEPIIHATU3AIIH TPaB Ha 00bEKThI HHTEIUICKTYyaTbHONH COOCTBEHHOCTH.

ymemy:

— BBINOJHATH TOHWCK, O0pabOTKy, aHAM3 M CHCTEMATHU3ALUI0 HAayYHO-TEXHUYECKOU
uH(pOpMaIIMK, OCYIIECTBIATH BBIOOP METOAMK W CPEJICTB pEIICHHS 3ajad, IMOCTAaBICHHBIX
MPOTPaMMON TPAKTHUKH;

— BBINIOJIHATH 00PabOTKY U aHAIHU3 PE3yIbTATOB IKCIIEPUMEHTOB U HCIIBITAHHIA;
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— aHaJIu3UpoBaTh BO3HUKAKOIINE B
3aTPYJHCHHS B CITOCOOCTBOBATH UX Pa3PEIICHHIO.
glademo:.

Hay4HO-UCCIIEN0BATEIbCKON

ACATCIIbHOCTH

— npuemMamu pa3pabOoTKU IUIAHOB M IPOrpaMM MPOBEACHMSI HAyYHBIX HCCIIEIOBaHUIA,

TEXHUYECKUX Pa3pabOTOK, 3alaHUi JJIsl UICTIOTHUTEIICH.

3. Kparkoe conep:kaHue NpakKTHKHU MO MOJY4eHUI0 MPo¢ecCHOHATBHBIX YMeHUI 1

ONbITA NPO(EeCCHOHATIBLHOM 1eATeJTbHOCTH

3aKkperuieHue TEOPEeTHUECKUX 3HAHWUHM, MOIYYEHHBIX OOYYaIOIUMHCS TNpPH H3yYCHUU

pOTrpaMMbI MAaTUCTPATYPHI.
[Tonyyenne  oOydaromuMUCs

MPAKTUYECKUX

HAaBBIKOB

OpraHu3aluu

HCCICOOBATCIIBCKUX U IIPOCKTHBIX pa60T, B YIIPaBJICHUH KOJJICKTHBOM HCITOJTHUTENICH.
PazButue y 06yqa10m1/1xc;1 HaBBIKOB HaquO-HCCHGI[OBaTGHBCKOﬁ JACATCIIBHOCTH.

4. O0beM NPaKTUKHU

B 3aueTHEBIX

Bunpl yue6HO# paboThI S B akamem.gacax

O0masi TPy10eMKOCTh AHCHUILUIMHBI 1O Y4YeOHOMY 6,0 216

ILUIAHY

AyIMTOpPHbIE 3AHATHSL: - -

CamocrosiTesbHas padora (CP): 6,0 216

NunuBuayanpHOE 3a1aHIE 1,0 36

CamocTosiTeTbHOE OCBOCHHUE 3HAHWM, YMEHU ¥ HAaBBIKOB 50 180

0 MPOTPAMME MTPAKTUKU

Bu/1 HTOroBOro KOHTPOJIA: 3a4eT / IK3aMeH 3auer ¢
OIIEHKOI1

Bunsl yueOHoI paboThI

B 3aueTHEIX

B actpon. gacax

eIMHHIIAX

O6masi TPyI0eMKOCTh AHCHUIUIMHBI 1O Y4YeOHOMY 6,0 162

TJIAHY

AyIMTOpPHbIE 3AHATHSL: - -

CamocrosiTesbHas padora (CP): 6,0 162

CamocTrosiTeTbHOE OCBOCHUE 3HAHUI, YMEHHI U HABBIKOB 6,0 162

10 MTPOTrPaMMe MTPAKTUKU

Bu HTOroBOro KOHTpOJIS: 3a4eT / IK3aMeH 3auer ¢
OLICHKOM

AHHOTaIUs padoyeil mporpaMmbl npeaaumiIoMHoii npakrtuku (b2.I1.1)
1. Heab npeqaunIOMHON NMPAKTHKU — BBIIIOJHEHUE BBITYCKHOW KBalIH(UKALMOHHOM

paboTHI.
2. B pe3syabTate
MarucTpaTypsl 10/LKeH:

H3Yy4YeHUSd JAUCHHUILIMHBI

o0yyaommiicas 1m0 mnporpamMme

Obaadams caenyromumu o6mekynsTypHbiMu (OK), odmenpodeccuonansabivu (OITK)

u npodeccuonanpubiMu (ITK) koMIeTeHITUAMI:

CIIOCOOHOCTBIO K a0CTPaKTHOMY MBIIUICHHIO, aHam3y, cuaTe3y (OK-1);

TOTOBHOCTBIO HeﬁCTBOBaTB B HCCTAHAAPTHBIX CUTyallUsaX, HCCTH COLUMAJIBHYIO U 3THYCCKYIO

OTBETCTBEHHOCTB 3a npuHsiThie perenust (OK-2);

TFOTOBHOCTBIO K CaMOpPasBUTHIO, CaMOpCaIn3allvii, NCII0JIb30BAHUIO TBOPYCCKOI'O IMMOTCHIMAIa

(OK-3);

CIIOCOOHOCTBIO K CAMOCTOSATENBHOMY OOYYEHMIO HOBBIM METO/IaM MHCCJIEAOBaHUSA, U
U3MEHEHUI0 HAyYyHOr0 M HAYYHO-TIPOM3BOACTBEHHOTO TPOQMiIss CBOEH MpodeccHOHATbHOM
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nesitenpHocTH (OITK-1);

CIMIOCOOHOCTBIO K CaMOCTOSITEJIBHOMY TIPHOOPETEHUIO C TOMOIIBI0  HMH()OPMAIIMOHHBIX
TEXHOJIOTUI U UCIOJIb30BAHUIO B IPAKTUYECKOM IEATEIILHOCT HOBBIX 3HAHUM U YMEHUI, B TOM YHMCIIE
B HOBBIX 00JTACTSIX 3HAHHI, HEMTOCPEICTBEHHO HE CBA3aHHBIX cO cdepoii aestenpHoctr (OITK-2);

CIIOCOOHOCTBIO ~ MOHMMAaTh M TIIYOOKO  OCMBICIUBATh  (HIOCO(PCKHE  KOHLICMIIN
€CTECTBO3HAHUS, MECTO €CTECTBEHHBIX HAyK B BBIpAOOTKE HAYYHOTO MHPOBO33PEHMS, OMEPHUPOBATH
KaTeropusiMU, 3aKOHAMH, MpUeMaMH M (OpMaMyd HAYYIHOTO TO3HAHUS, TEOPUEH U METOMOJOTHEH
uccnenoanuii (OITK-3);

CITOCOOHOCTBIO MPECTABIIATh UTOTH BBIMOJHEHHOW Pa0OThI B BHJE OTYETOB, JOKIAIOB HA
CHUMIIO3MyMax, Hay4yHbIX MyOJMKaluMii ¢ HCHOJB30BAaHUEM COBPEMEHHBIX  BO3MOXKHOCTEH
MH(pOpPMAaTUKH 1 opaTopckoro uckyccrsa (OI1K-4).

CMOCOOHOCTBIO (hOPMYJIMPOBATh 3ajayM, CBSI3aHHBIC C peau3anuedl MpodecCHOHATBHBIX
dynxumii (IMK-1);

CIIOCOOHOCTBIO ~ CAMOCTOSITENIFHO ~TPOBOJUTH  HAyYHO-WCCIIEOBATENILCKUE PAOOTHI 110
CO3JIaHHIO, MCCIICIOBAHUIO U TPUMEHEHHIO HaHOCKCTeM U HaHoMmarepuaiioB ([1K-2);

CIMOCOOHOCTBIO K aHAIM3Y W OOOOIICHHIO PE3YJIbTATOB HAYYHO-HCCIIEAOBATEIbCKAX pabdoT,
MOUCKY M aHAIM3y HAYYHOW M TEXHMYIECKOW MH(pOpMAIMK B 00JACTH HAHOTEXHOJOTHHA M CMEKHBIX
JUCLIAIUIMH I HAyYHOM, MATEHTHOM M MapKETUHTOBOW TOJIEP>KKH MTPOBOAMMBIX MCCIIEAOBAHUM, K
CaMOCTOSITEIILHOM MOJITOTOBKE ITyOJIMKAIMI B OTEUECTBEHHBIX M 3apyOekHbIX n3nanusx ([1K-3);

CIOCOOHOCTBIO K aKaJeMHUYECKOM MOOHMIBHOCTH, AKTUBHOMY IApTHEPCKOMY Y4YacTHIO B
paboTe 3apyOeKHBIX HAYYHO-HUCCIIEIOBATENLCKUX JIAOOpaTOpruii BO BpeMsi HAyIHBIX CTaXHUPOBOK, a
TAKKe MyTeM MPE3EHTAIIMN CTCHIOBBIX M YCTHBIX JIOKIIAJI0B HA Hay4HbIX KoH(pepenmmsx ([TK-4);

CITOCOOHOCTBIO TPEJICTABIISTH, HCTOPUYECKHE JTAIbl PA3BUTHSI HAHOTEXHOJIOTHH, BaKHEHIIINE
OTKpBITUSI OTEUECTBEHHBIX YUYEHBIX, HaubOojiee aKTyalbHble MPOOJIEMBbI, CBSI3aHHBIE C CO3/IaHUEM U
NprMEHEHHEeM HaHOCKUCTEM U HaHoMarepraiioB B Poccuiickoit ®@eneparmu u B mupe (I1K-5);

CMOCOOHOCTBIO K MPO(ECCHOHATBHONW AKCIUTyaTalldd COBPEMEHHOTO O0OpYIOBaHUS |
nprOOpPOB (B COOTBETCTBHH C IIENISIMU MarucTepckoi mporpammbl) ([TK-6);

CITOCOOHOCTBIO K COCTABJICHHIO METOIMYECKUX JOKYMEHTOB (B TOM dYHCIC J1a0OpaTOpHOro
JKypHaJIa) py NPOBEACHUH HAYyYHO-HCCIIEIOBATENBCKUX U JTabopatopHbIx pabdot ([IK-7);

CIIOCOOHOCTBIO y4acTBOBaTh B ONTUMM3AIMU CYIIECTBYIOIIMX METOIUK CO3[aHHS H
NPUMEHEHUSI HAaHOCHCTEM W HAHOMATEPUAIIOB JUIS YCIEIIHOM KOHKYPEHIIMM Ha PBIHKE WICH U
texuojioruii ([TK-8);

3Hamy:

— (QU3MKO-XMMHUYECKHE 3aKOHOMEPHOCTH TEXHOJOTMU MO0 MNPOGUII0 BBITYCKHOM
KBATH(UKAITMOHHON PabOTHI,

— OSKOHOMHYECKHE MMOKa3aTelH TeXHOJIOTHH,

— KOMILJIEKC MEPOIPHUAITHI MO0 TeXHHUKE Oe30MacHOCTH, OXPaHE OKPYXKAaroIlel cpesbl,
OXpaHe Tpyaa;

ymemsy:

— OCYLIECTBJISATh  KOHTPOJb  CaMOCTOSITENIbHOM M KOJUIGKTUBHOM  Hay4dHO-
HCCJIEI0BATEIbCKOM pabOTHI,

— BBIMIOJIHATH TIOJTOTOBKY HAy4YHO-TEXHUYECKOW JOKYMEHTAMH JUIS TPOBEICHUS
HAYYHBIX UCCIIEAOBAHUN U TEXHUYECKUX Pa3paboToK;

— BBINIOJIHATH PAcCYeThl, CBA3aHHbIE KaK C pa3pabOTKOW 3alaHui [JIs OTHEIbHBIX
UCIIOJTHUTENIeH, Tak M C COCTaBJI€HHMEM IUIAHOB U MPOTrpamMM IPOBEICHUS HayYHBIX
WCCJICTIOBAHUI U TEXHUYECKUX Pa3pabOTOK B IIEIIOM;

gnadems:

— CHCTEMOW IJIAaHUPOBAHUS M OPTraHU3AINU HAYYHO-HUCCIIEOBATENLCKUX U MPOCKTHBIX
paboT B paMKax U3y4aeMoU MporpaMMbl MaruCTPaTypHl,

— OCHOBHBIMH JOJDKHOCTHBIMU (PYHKIIMSIMHU PYKOBOJISIIIETO TIepcoHata (PyKOBOIUTEIIS
HAy4YHOU TPYIIIbI, IPOEKTA, MPOTPaMMbI) B paMKaX H3y4aeMOi MPOrpaMMbl MarucTpaTyphl.
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3. KpaTtkoe coep:xaHue NpeaIunI0OMHON NPAKTHKHI

[IpnoOperenre 3HAHWI W HABBIKOB [0 OpPraHU3AIMH W YIOPABICHHUIO OTACIbHBIMHU
dTalmaMy U MPOrpaMMaMu TIPOBECHHS HAYYIHBIX UCCIIEIOBAaHUI M TEXHHYECKUX Pa3padOTOK.
[ToaroToBka WCXOMHBIX JAHHBIX [JIS BBITIOJHEHUS BBITYCKHOW KBaTM(UKAIIMOHHON

paboThI.
4. O0beM NPaKTUKH

B 3aueTHEBIX

Bunpl yue6HO# paboThI S B akamem.gacax

O0masi TPpya0eMKOCTh NUCHUILUIMHBI IO Y4YeOHOMY 6,0 216

IJIaHY

AyIMTOpHBIE 3AHATHS! - -

CamocrosiTesbHas padora (CP): 6,0 216

NunuBuayanpHOE 3a1aHIE 1,0 36

CaMocCTOATEIbHOE OCBOCHHUE 3HAHUM, YMEHUI U HABBIKOB 5,0 180

10 IPOrpaMMe TPAKTHKH

Buja uTOroBOoro KOHTPOJIA: 3a4eT / IK3aMeH 3auer ¢
OLICHKOM

B 3aueTHBIX

Bunpl yue6HO# paboThI JE——— B actpon. gacax

O0masi TPy10eMKOCTh MHCHUIUIMHBI 1O Y4YeOHOMY 6,0 162

TJIAHY

AyIMTOpPHbIE 3AHATHSL: - -

CamocrosiTesbHas padora (CP): 6,0 162

NunuBuayanpHOE 3a1aHIE 1,0 27

CaMocTOATEIbHOE OCBOCHHE 3HAHUM, YMEHUI U HABBIKOB 5,0 135

110 TPOTPaMMe IPAKTUKA

Bu UTOroBOro KOHTpOJIS: 3a4eT / IK3aMeH 3auer ¢
OLICHKOM

4.6 HayuHo-ucciieioBaTeIbckasi padora B cemectpe (b.2.H.1)
Llenpio HAyYHO-MCCIIEIOBATEIBCKONW pabOThl SABISCTCS (OPMUPOBAHUE CIICTYFOIIHMX

OOIIEKYIBTYPHBIX, 00IIENPO(heCCHOHATBHBIX U IPO(EeCCHOHATTPHBIX KOMITETEHIIHI:

CITOCOOHOCTH K aOCTPaKTHOMY MBIIIUICHHUIO, aHau3y, cuate3y (OK-1);
TOTOBHOCTb ,Z[eﬁCTBOBaTB B HCCTAHJAPTHBIX CUTYyallUAX, HCCTU COLUAIBHYIO U 3TUYCCKYHO

OTBETCTBEHHOCTH 3a npuHsThic pemmenus (OK-2);

FOTOBHOCTb K CaMOpPA3BUTHIO, CaMOpCAJIU3aliiu, HUCIOJIL30BAHUIO TBOPYCCKOI'0 MOTCHIMAJIA

(OK-3);

CHOCO6HOCTB K CaMOCTOATCIIbHOMY 06yquI/IIO HOBBIM MCTOAaM HCCJICAOBaHNA, U U3MCHCHUIO
HAy4YHOI'O U HAYYHO-TIPOM3BOJCTBECHHOrO Mpoduiist cBoeH mpodeccronaabHoi aestensroctr (OTTK-

1);

CIMOCOOHOCTh K CAMOCTOSITEIFHOMY TPHOOPETEHHIO C TOMOIIBI0  HMH(OPMAIMOHHBIX
TEXHOJIOTUH U UCIIOJIb30BAHUIO B IPAKTUYECKOM IEATEIIbHOCT HOBBIX 3HAHUM U YMEHUI, B TOM YHCIIE
B HOBBIX 00JIACTSIX 3HAHHI, HEITOCPEICTBEHHO HE CBA3aHHBIX cO cepoii nestenpHoctH (OITK-2);

CIIOCOOHOCTB TIOHUMATh M TITYOOKO OCMBICIMBATh (PHI0CO(CKHE KOHLIENIINN €CTECTBO3HAHUS,
MECTO €CTECTBEHHBIX HayK B BBIPAOOTKE HAyYHOIO MHPOBO33PEHHS, ONEPUPOBATH KaTErOPHSIMHU,
3aKOHaMHM, TpUeMamMyd M (popMamMy Hay4dHOTO TMO3HAHHS, TEOpHEH M METOAOJIOTHEN HCCIeI0BaHUi

(OIIK-3);

CIOCOOHOCTh TIPEJICTABIISITh MTOTHM BBIOJHEHHONW paOOThl B BUAE OTYETOB, JOKIAJIOB HA

CHUMIIO3UyMax, Hay4yHbIX MyOIuKauuii ¢

HCIIOJIb30BAHUEM

COBPEMEHHBIX

BO3MOYKHOCTEN
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MH(POpPMATUKH 1 opaTopckoro uckyccrsa (OI1K-4).

CMOCOOHOCTh  (DOPMYITMPOBATh 3a/laud, CBSI3aHHBIC C pealn3aleid Mpo(eCCHOHATBHBIX
dynxumii (IMK-1);

CIIOCOOHOCTh CaMOCTOSITENIFHO MPOBOAUTH HAYYHO-HCCIIEIOBATENBCKIE PAOOTHI [0 CO3JAHUIO,
UCCIICIOBAHUIO ¥ TIPUMEHEHUIO HaHOCHUCTeM 1 HaHoMmaTepuasioB ([1K-2);

CMOCOOHOCTh K aHAIM3y W OOOOIIEHHWIO PE3YJbTaTOB HAYYHO-HCCIIEAOBATEIbCKUX pabdoT,
MOUCKY M aHAINM3y HAYYHOW M TEXHUYIECKOW MH(pOpMAaIMK B 00JACTH HAHOTEXHOJOTHHA M CMEKHBIX
JUCLIMIUIMH U1 HAYYHOM, MATEHTHOM M MapKETUHTOBOM TOIEP>KKH MTPOBOAMMBIX UCCIIEAOBAHUM, K
CaMOCTOSITEIILHOM MTOJITOTOBKE ITyOJIMKAIMI B OTEUECTBEHHBIX M 3apyOekHbIX n3nanusx ([1K-3);

CIMOCOOHOCTh K aKaJIEMHUYECKON MOOMIBHOCTH, aKTHBHOMY MAPTHEPCKOMY YYacTHIO B paboTe
3apyOeKHBIX HAYYHO-WUCCIIEOBATENILCKUX JTA00OpAaTOpHiA BO BPEeMsSI HAYYHBIX CTAXKHPOBOK, a TAKKE
IyTeM MPE3EHTAIMU CTEHIOBBIX U YCTHBIX JOK/II0B Ha HayuHbIX KoHMepenmusx ([TK-4);

CITIOCOOHOCTh TIPEJICTABIISITh MCTOPHUYECKUE ITAIbl PA3BUTHS HAHOTEXHOJIOTHIA, BaKHEHIIINE
OTKpBITUSI OTE€UECTBEHHBIX YUYEHBIX, HaubOoJee aKTyalbHble MPOOJIEMBbI, CBSI3aHHBIE C CO3/IaHUEM U
NprMEHEHHEeM HaHOCKUCTEM U HaHoMarepraiioB B Poccuiickoit ®eneparmu u B mupe ([1K-5);

CMOCOOHOCTH K MPO(hEeCCHOHATBHON AKCILTyaTaIlii COBPEMEHHOTO 000PYIOBaHHUS U TIPUOOPOB
(B COOTBETCTBHH C IESIMH Maructepckoit mporpammbi) (IK-6);

CIIOCOOHOCTh K COCTaBJICHHUIO METOAMYECKHMX JOKYMEHTOB (B TOM HHCIE J1a0OpaTOpPHOTO
JKypHaJIa) Py NPOBEACHUH HAyYHO-HCCIIEIOBATENBCKUX U JTabopatopHbIx pabot ([IK-7);

CIIOCOOHOCTh  y4acTBOBaTh B ONTUMH3ALMM CYILECTBYIOUIMX METOJUK CO3[aHHUS H
NPUMEHEHUs] HAHOCHCTEM M HAHOMATEpPUAJIOB JUIS YCHEUIHOM KOHKYPEHIIMM Ha PBIHKE HUICH U
texnojiorui ([TK-8).

B nporiecce BBIMOTHEHUS U3YUEHUS TUCITUTUIMHBI O0YYArOIIUACS TOMKEH TOTOTOBUTH U
NpeJCTaBUTh K 3allUTe HaydHO-HCCIeaoBaTeabckyto pabory (HUP), BbemonHeHHYy0 Ha
COBPEMEHHOM YPOBHE pa3BUTHUS HAyKH U TEXHUKH U COOTBETCTBYIOIIYIO BBIOpAHHOMY
HAIPAaBJICHUIO MTOJATOTOBKU U IIporpaMme o0y4yeHusl.

B npencraBnennoi k 3ammre HUP nomxHbl moMyduTs pa3BUTHE 3HAHHUS U HABBIKH,
MOJIy4YE€HHBIE O0YyYaIoUMMCSl MPH OCBOEGHHUU IMPOTpaMMbl MAaruCTpaTypbl, B TOM 4YHCIIE NpU
M3Yy4YECHUU CHEUUANBbHBIX aucuuiuivH. IIpeacraBnennas k 3ammre HUP nomxna copepxkarb
0030p nHTEpaTyphl, OMHCAHME MATEPUAIOB U METOJAOB, IOJIYYEHHbIE pPE3yAbTaThl U HX
00CYyXJIeHUE, U BBIBOJIBI U3 PAOOTHI.

O0beM HAYYHO-HCCJIeI0BATEILCKOH PadoThl

o B 3ageTHBIX B akanem.
Bunpr yue6HOM paboThI
eIMHUIIAX yacax
Oo0mas TPyA0eMKOCTh TUCHHUIJIMHBI 10 Y4eOHOMY MJIAHY 33,0 1188
AYIUTOpPHBbIE 3aHATHUS: 16,0 576
KoHnTtakTHas paboTa ¢ mpernogaBareaemM 16,0 576
CamocrosiTesbHas padora (CP): 16,0 576
CamocTosiTeTbHOE OCBOCHHE 3HAHWH, YMEHHWW W HABBIKOB I10 16,0 576
nporpamme HUP
Bu KoHTpoIs: 3a4eT / 3K3aMeH 1,0 3K(33ag;eﬂ
B Tom umciie mo cemecTpam:
1 cemecTp
OO0mas Tpy10eMKOCTh B CeMecCTpe 9,0 324
AYAUTOPHBIE 3aHATHUS: 45 162
KonTakTHas pabora ¢ mpernoaBaTenem 4,5 162
CamocrosiTesbHas padora (CP): 4,5 162
CaMoCTOATEIbHOE OCBOEHUE 3HAHWM, YMEHHUH M HAaBBIKOB IO 4,5 162
nporpamme HUP
Buj koHTpoOJs: 3aueT / IK3aMeH 3auer ¢
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OLICHKOM

2 ceMecTp
Oo6masi Tpy10eMKOCTh B CEMeCTpe 3,0 108
AyIMTOpHBIE 3AHATHS! 1,5 54
KoHnTtakTHas paboTa ¢ mpenogaBareaemM 1,5 54
CamocrosiTebHas padora (CP): 1,5 54
CaMoCTOATEIbHOE OCBOEHUE 3HAHWM, YMEHHUH M HaBBIKOB IO 1,5 54
nporpamme HUP
: 3auer ¢
Bu KoHTpoJIs: 3a4eT / 3K3aMeH o
OIIEHKOii
3 cemecTp
O06masi TpPy10eMKOCTh B CeMeCTpe 9,0 324
AyIMTOpHBIE 3AHATHS: 4,5 162
KoHnTtakTHas paboTa ¢ mpenogaBareaemM 4.5 162
CamocrosiTesbHas padora (CP): 4,5 162
CaMoCTOATEIPHOE OCBOEHUE 3HAHWM, YMEHHUH M HaBBIKOB IO 4,5 162
nporpamme HUP
: 3auer ¢
Bu KoHTpoIs: 3a4eT / 3K3aMeH o
OIIeHKOii
4 cemecTp
O0masi Tpy10eMKOCTh B CeMeCTpe 12,0 432
AYIUTOpPHBbIE 3aHATHUS: 5,5 198
KoHnTtakTHas paboTa ¢ mpenogaBareaemM 55 198
CamocrosiTesbHas padora (CP): 5,5 198
CaMoCTOATEIPHOE OCBOEHUE 3HAHWM, YMEHHUH M HaBBIKOB IO 5,5 198
nporpamme HUP
Buja koHTpos: 3a4eT / IK3aMeH 1,0 JKzamen
(36)
Buzet yueGHOH paBoTs: B 3auerHbIX B actpon.
eIMHUIIAX qacax
Oo6mas TpyA0eMKOCTh JUCHHUILJIMHBI IO Y4e0HOMY IJIaHy 33,0 891
AyIMTOpHBIE 3aAHATHS: 16,0 432
KonTakTHas pabora ¢ mpernoaBaTenem 16,0 432
CamocrosiTesbHas padora (CP): 16,0 432
CaMoCTOATEIPHOE OCBOEHUE 3HAHWM, YMEHHUH M HAaBBIKOB IO 16,0 432
nporpamme HUP
Buja koHTpos: 3a4eT / IK3aMeH 1,0 3K€;7D;eﬂ
B ToM 4mnciie o cemecTpam:
1 cemecTp
OO0mas Tpy10eMKOCTh B CEMecCTpe 9,0 243
AyIMTOpHBIE 3AHATHS! 4,5 121,5
KoHnTtakTHas paboTa ¢ mpernogaBareaemM 45 121,5
CamocrosiTesibHas padora (CP): 4,5 121,5
CamocTosiTeTbHOE OCBOCHHE 3HAHWH, YMEHWW W HABBIKOB I10 45 121,5
nporpamme HUP
) 3auder ¢
Bu KoHTpoIs: 3a4eT / 3K3aMeH .
OLIEHKOi1

2 cemecTp
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Oo6masi Tpy10eMKOCTh B CEMeCTpe 3,0 81
AYIUTOpPHBIE 3aHATHUS: 1,5 40,5
KoHnTtakTHas paboTa ¢ mpenogaBareaemM 1,5 40,5
CamocrosiTesibHas paGora (CP): 1,5 40,5
CamocTosiTeTbHOE OCBOCHHE 3HAHWH, YMEHUW W HABBIKOB I10 1,5 40,5
nporpamme HUP

) 3auer ¢
Buj KOHTpoIs: 3a4eT / 3K3aMeH .

OLIEHK O

3 cemecTp
O06masi Tpy10eMKOCTh B CEMeCTpe 9,0 243
AYAUTOPHBIE 3aHATHS: 4,5 121,5
KoHnTtakTHas paboTa ¢ mpenogaBareaemM 4.5 1215
CamocrosiTesbHas padora (CP): 4,5 121,5
CamocTosiTeTbHOE OCBOCHHE 3HAHWH, YMEHUW W HABBIKOB I10 45 121,5
nporpamme HUP

: 3aver ¢
Bu KoHTpoIs: 3a4eT / 3K3aMeH o

OLIEHKO¥i

4 cemecTp
O06masi Tpy10eMKOCTh B CeMecCTpe 12,0 324
AYIUTOpPHBbIE 3aHATHUS: 5,5 148,5
KoHnTtakTHas paboTa ¢ mpernogaBareaemM 55 148,5
CamocrosiTesbHas padora (CP): 5,5 148,5
CamocTosiTeTbHOE OCBOCHHUE 3HAHWH, YMEHUW W HABBIKOB I10 55 148,5
nporpamme HUP
Bu KoHTpoIs: 3a4eT / 3K3aMeH 1,0 3K€;7D;eﬂ

4.7.T'ocynapcTBeHHasi HNTOrOBasi aTTecTanusl. 3alIMTA BBITYCKHON KBATH(UKAIIMOHHOM
padoThbI

1. Ileab rocysapcTBeHHOHl WTOIOBOH AaTTeCTANMH — BBIABICHUE YPOBHS
TEOPETUYECKOW U MPAKTUYECKOW TMOATOTOBIEHHOCTH BBIMYCKHHKA By3a K BBIIIOJHEHUIO
npodeCCHOHATBHBIX 3aJjad M COOTBETCTBUSL ero moiarotoBku Tpebosanusm ®I'OC BO mo
HampaBieHuto moaroroBku  28.04.03 Hanomarepuanbl, HampaBJI€HHOCTh IMOATOTOBKU
(MarucTepckas nporpamMma) «XuUMHYECKasi TEXHOJIOTUS HAHOMATEPHAIOB».

2. B pe3yabTaTe rocyiapcTBeHHOW MTOrOBOil aTTecTalMU O0ydYalomMiicss Mo
nporpaMMe MarucTpaTypsbl J0/KeH:

Ob6naoams caenyrommmu o6mekynsTypabiME (OK), obmenpodeccuonansubivu (OITK)
u npodeccuonanbHbivu ([1K) komnereHImsMI:

CIOCOOHOCTRIO K a0CTPaKTHOMY MBIIUIEHHUIO, aHanu3y, cuate3y (OK-1);

TOTOBHOCTBIO JICWCTBOBAaTh B HECTAHIAPTHBIX CHUTYallUSX, HECTH COLHUAIBHYIO H
STHYECKYIO OTBETCTBEHHOCTH 3a mpuHsAThIe perrenus (OK-2);

TOTOBHOCTBIO K CaMOpPa3BUTHUIO, CaMOpEaU3allid, WCIOIb30BAHUIO TBOPYECKOTO
norenmuana (OK-3);

CIIOCOOHOCTBIO K CaMOCTOSITEIbHOMY OOYYEHHUIO HOBBIM METOJaM HCCIICAOBaHUS, WU
M3MEHEHHI0O HAy4yHOrO0 M Hay4HO-TIPOM3BOJACTBEHHOTO Mpoduis cBoed mnpodeccuoHanbHON
nesitenbHocTH (OIMTK-1);

CIIOCOOHOCTBIO K CaMOCTOSITEIBHOMY MPHOOPETEHHUIO C TOMOIIBI0 HWH(OPMAITHOHHBIX
TEXHOJIOTHI U UCIIOJIb30BAaHUIO B MPAKTUYECKOU AEATEIIbHOCTH HOBBIX 3HAHUN U YMEHHI, B TOM
YHClie B HOBBIX OOJIACTSX 3HAHUU, HEMOCPEICTBEHHO HE CBSA3aHHBIX CO Cepoil NesTeIbHOCTH
(OIIK-2);
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CIOCOOHOCTBIO TOHMUMATh M TJIYOOKO OCMBICIMBATh (PUIOCOPCKHE KOHLEHIIUU
€CTeCTBO3HAHHUS, MECTO €CTECTBCHHBIX HayK B BBIPAOOTKE HAYYHOTO MHPOBO33PEHHS,
OTIepUPOBATH KATETOPUSAMH, 3aKOHAMH, TTpHeMaMu U (OpMaMy HAyYHOTO MO3HAHUS, TEOPHEH U
meroponorueit ucciemoanuii (OITK-3);

CIOCOOHOCTBIO TPEJCTABISATH UTOTH BHITIOJHEHHONH paOOThI B BUJE OTYETOB, JIOKJIAJI0B
Ha CHUMIIO3MYyMaxX, HAYYHBIX NYOJUKAIUil C HCIOJIb30BAaHHEM COBPEMEHHBIX BO3MOXHOCTEH
uH(poOpMaTUKU 1 opatopckoro uckyccrsa (OITK-4).

CIIOCOOHOCTBIO (DOPMYITHUPOBATH 3a7a4M, CBSI3aHHBIE C peaTn3anuei MpodhecCuoOHATBHBIX
dynxumit (IMK-1);

CIIOCOOHOCTBIO CaMOCTOSITEIIEHO TPOBOJUTH HAYyYHO-UCCIIEIOBATEIBCKUE PaOOTHI IO
CO3JIaHUI0, UCCIICIOBAHUIO M TPUMEHEHHIO HaHOCUCTeM U HaHomarepuanon ([1K-2);

CIIOCOOHOCTBIO K aHau3y W OOOOIIECHUIO PE3YJIbTaTOB HAaYYHO-HUCCIEAOBATEIbCKUX
paboT, MOMCKY U aHaIM3y HayYHOU M TEeXHUUYECKOW MH(pOopMaIu B 00JaCTH HAHOTEXHOJIOTHI U
CMEKHBIX JUCIHUIUIAH IS HAYYHOH, MATEHTHOW M MapKETHHTOBOW IMOMIEPKKU MPOBOIUMBIX
WCCJICIOBAHMM, K CAMOCTOSTENILHOM MOATOTOBKE MyOIMKAIUi B OTEYECTBEHHBIX U 3apyOeKHBIX
uznanusx ([MK-3);

CIOCOOHOCTBIO K aKaJeMHUYeCKOW MOOWMIIBHOCTH, aKTUBHOMY MapTHEPCKOMY YYaCTHIO B
pabote 3apyO0eXHBIX HAYYHO-HCCIEIOBATEIbCKUX JITA0OpaTOpWii BO BpPEeMS  HayYHBIX
CTOXHUPOBOK, a TakKXKe IyTeM NPE3CHTAMH CTEHAOBBIX M YCTHBIX JOKJIAJOB Ha HAyYHBIX
koHpepenmnusx ([TK-4);

CIIOCOOHOCTBIO  MPEACTABIATh HMCTOPUYECKUE OTalbl Pa3BUTHS HAHOTEXHOJOTHH,
Ba)KHEHIIIME OTKPBITUSI OTEYCCTBEHHBIX YUEHBIX, HAaNOO0JIee aKTyalIbHbIC TPOOJIEMBI, CBSI3aHHBIC C
CO3/IaHMEM W TPUMEHEHHWEM HAHOCHCTEM M HaHoMarepuanoB B Poccuiickoit Penepauuu U B
mupe (ITIK-5);

CIIOCOOHOCTBIO K MPO(PECCHOHAIBHON AKCIUTyaTallil COBPEMEHHOT'O O0OPYIOBaHUS H
npuOOopoB (B COOTBETCTBHH C LEIIMH Maructepckoi mporpammal) (ITK-6);

CMOCOOHOCTBIO K  COCTABJICHHIO METOIMYECKHX JIOKyMEHTOB (B TOM  YHUCIIE
71ab0paTOPHOTO KypHAJIa) MPH MPOBEACHUH HAYUYHO-UCCIIEI0BATEIbCKUX U TAOOPATOPHBIX paboT
(TIK-7);

CTIIOCOOHOCTBIO YYacTBOBATh B ONTHUMH3AIMH CYIIECTBYIOIINX METOTUK CO3JAHHUS W
MPUMEHEHUS HAHOCUCTEM W HAaHOMATEPUAJIOB JIJISl YCIEIIHOW KOHKYPEHIIMU HA PHIHKE HIeH U
texnonoruii ([TK-8);
3HaTh:

— TIPUHIMIBI ¥ MOPSAIOK MOCTaHOBKH M (HOPMYyTUpPOBAHHS 3a/a4 HAYYHBIX HCCIICIOBaHUI Ha
OCHOBE Pe3yJIbTAaTOB MOKCKa, 00Pa0OTKU U aHAJIM3a HAyYHO-TEXHUUECKOW HHpOpMaLny,

— MpaBHWJIa U MOPSAOK IMOATOTOBKH HAYYHO-TEXHHUYECKUX OTYETOB, aHATMTUYECKHX 0030pOB U
CIPaBOK, TpeOOBaHUS K MPEACTABICHHUIO PE3yIbTAaTOB IMPOBEICHHOTO HCCIEAOBAHUS B BHJIC
HAYYHOTO OTYETa, CTAThU WX JOKJIA/a,;

— IPUEMBI 3aIIUTHl HHTEJUIEKTYaIbHONH COOCTBEHHOCTH.

YMers:

— pa3pabarbiBaTh HOBBIC HAMPABJICHHS HAYYHBIX HCCICIOBAHUN HA OCHOBE IOJTYyYEHHBIX
pe3yabTaTOB,;

— CcO3JaBaTh MOJETH HCCIEIYeMbIX MPOIECCOB, MO3BOJISIONINE MPOTHO3UPOBATH CBOMCTBA
BEIIECTB, MAaTEPUAIIOB U U3JICIINH,;

— pa3pabaTheiBaTh MPOrPaMMBbI M BBHITIOJTHATH HAyYHBIC HCCIEAOBAaHUS, 00pa0OTKY U aHATU3 HX
pe3yabTaToB, GOPMYITUPOBATH BEIBOIBI M PEKOMEHIAIINY,

— paboTaTh Ha COBpPEMEHHBIX MNPHOOpPax, OPraHU30BHIBATH MPOBEICHUE IKCIEPUMEHTOB U
UCTIBITAHUH, IPOBOJIUTH X 00paOOTKY M aHAJTH3UPOBATH PE3YIIbTATHI,

Bnaners:

— METOJOJIOTUEM M  METOJAMKOW TMPOBEICHHUS HAyYHBIX HCCICIOBAHWHN; HaBBIKAMH
CaMOCTOSITENIbHOW HAyYHOM M UCCIIEA0BATENLCKOM padoThI;

— HaBBIKaMH pabOTHl B KOJUICEKTHBE, TUIAHMPOBAHUS W OPraHU3allMd KOJUIGKTHBHBIX HAaYYHBIX
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HCCIeIOBaHuH,
— crocoOHOCTHIO peniaTh MOCTABJICHHBIE 3a/1a4uM, UCIOJIb3Ysl YMEHUS U HaBBIKM B OpraHU3allud
HAYYHO-HUCCIIEJOBATEIbCKUX M TEXHOJIOTHYECKUX PadoT.

3. Kpartkoe conep:xanue 'MA
locynapcTBeHHast WTOroBas AaTrTeCTalus OOYYAIOMIMXCS [0 MPOTPaMMe MarucTpaTypsl
POBOIUTCS B (hOpME 3aIIUTHI BBITYCKHOHN KBanupukaruontoi paborsl (BKP) —marucrepckoii
muccepranuu. ['ocynapcTBeHHas utorosas arrectanus B ¢opme 3amutsl BKP npoxomur B 4
cemecTpe Ha 0a3ze 3HAHUI, MOJYYEHHBIX CTYJEHTaAMH NPU M3yYEHUH AUCLMIUIUH HAMpaBIICHUS
28.04.03Hanomarepuasl.
['ocynmapcTBeHHass UTOrOBas arTecTalusl 00yJaromMXCs 10 MPorpaMMe MarucTpaTyphl — 3alluTa
BBIMTYCKHON KBAIM(UKALMOHHOM pPa0dOThl MPOBOIMTCS TOCYAAPCTBEHHOM 3K3aMEHALMOHHOM
KOMHCCHEM.
KonTpons 3HaHuii obyuaronuxcs, noiaydeHHbIX npu ocsoeHuu OOII, ocymiecTBisiercs myTem
npoBeaeHus 3amuThl BKP u nprucBoenns kBanmudukanum «MarucTp».

4. 0O0beM rocy1apcTBeHHOI UTOTOBOI aTTeCTAMU
[Iporpamma oTHOcHUTCS K 0a30BOM dYacTH y4eOHOro rmaHa, K Omoky 3 « ocymapcTBeHHas
UTOTOBAs aTTECTALUSI» U PACCUMTaHA Ha COCPEAOTOUCHHOE MPOXoKaeHue B 4 cemecTpe (2 Kypc)
ob0yuerust B o0beme 216 u (6 3ET). IIporpamma mpeamonaraer, 4ro OOyYaroOmHECsS HMEIOT
TEOPETUYECKYI0O U MPAKTUYECKYI0 MOJITOTOBKY B M30paHHON obOmactu HampasieHus 28.04.03
Hanomarepuansl, Marucrepckas mporpaMma «XuMHUYECKasi TEXHOJIOTHsI HAHOMAaTEpHAIOB».

B 3aueTHBIX

Bunbt yueOHO pabOThI J—— B akanmem.uacax
O60masi TPyI0eMKOCTh AUCHUILUIMHBI 1O Y4YeOHOMY 6,0 216
TJIAHY

KonTakTHas padora: - -
CamocrosiTesbHas padora (CP): 6,0 216
Brimonnenue, Hanucanue u opopmierne BKP 6,0 216

Bua urorosoro kourpoJs: 3amura BKP 3amuta BKP

B 3aueTHBIX

Bunbr yue6HOM paboTh JE—— B actpon. gacax
O0masi TPya0eMKOCTh JUCHUILUIMHBI IO Y4YeOHOMY 6,0 162
IUIAHY

KonTakTHas padora: - -
CamocrosiTesbHas padora (CP): 6,0 162
Breimonaenue, Hanmcanue u opopmiierne BKP 6,0 162

Buj urtorosoro kourpoas: samura BKP 3ammrTa BKP

4.8 ®aKyIbTaTUBBI
AHHOTanus padoyeil NPOrpaMMbpl JUCHHUILIMHBI
«TexHHKa Hay4YHOro nmepesoga» (®@T/.1)

1. Heab AUCHUNMIHHBI — IpHOOpeTeHNE O0yUJarOIUMUCS 00IIel, KOMMYHUKATUBHON U
MpoeCCHOHAIBHOW KOMIIETEHIINH, YPOBEHb KOTOPBHIX Ha OTACIBHBIX JTamax s3bIKOBOU
MOJITOTOBKK TO3BOJISICT BBIMOJIHATh Pa3IUYHbIC BUABI MPO(YECCHOHATBHO OPUECHTHPOBAHHOTO
MepeBo/ia B MPOU3BOJICTBEHHON U HAYYHOU JEATEIIBHOCTH.

2. B pe3yabraTe wu3y4YeHHs] UCHUILUIMHBI OOydawiuiics Mo TporpamMme
MarucTpaTypsbl T0JIKeH:

Obaadams caenyrommumu o6mekynsTypHbiMu (OK), obmenpodeccuonansabivu (OITK)
u npodeccuonanpubiMu (ITK) koMIeTeHITUAMI:
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TOTOBHOCTBIO K CaMOpPa3BUTHUIO, CaMOpEalu3allid, WCIOIb30BAHUIO TBOPYECKOTO
noreniuana (OK-3);

CIIOCOOHOCTBIO K aHaNM3y W OOOOIICHHIO PEe3yNbTAaTOB HAYyYHO-UCCIIEIO0BATEIBCKUX
paboT, MOUCKY M aHAIKM3Y HAYYHOU M TeXHWYEeCKOoW MHbopMaluu B 0071acTH HAHOTEXHOJIOTHIA 1
CMEXHBIX JUCHUUIUIMH JJIs HAyYHOW, MAaTEeHTHOW M MApKETUHTOBOW MOIJEPKKH MPOBOIUMBIX
HCCJIEIOBAaHMM, K CAMOCTOSITENIbHOM MOATOTOBKE MyOJMKalMii B OTEYECTBEHHBIX U 3apPYOEKHBIX
uzpanusax ([MK-3);

CIOCOOHOCTBIO K aKaJeMHU4YeCKOW MOOMIIBHOCTH, aKTUBHOMY MapTHEPCKOMY Y4YacTHIO B
paboTe 3apyOeKHBIX HAay4YHO-HCCIEIOBATEIbCKUX JTA0OpaTOpwii BO BpeMs  HAYYHBIX
CT@XKHUPOBOK, a TakXKe IyTeM NpPEe3eHTAllMM CTEHJOBBIX W YCTHBIX [OKJIAJOB Ha HAayYHBIX
koH(pepeHmusx ([1K-4);

3Hamy:

- OCHOBHBIE CIIOCOOBI TOCTHKEHUSI YKBUBAJICHTHOCTH B TIEPEBOJIC;

- OCHOBHBIE MPUEMBI [IEPEBO/IA,;

SI3BIKOBYIO HOPMY M OCHOBHBIE (DYHKIIHH SI3bIKA KaK CHCTEMBI,

- J0CTaTOYHO€ [iJIsl BBINOJHEHHUS TMEpeBoJa KOJMYECTBO JIEKCUYECKHX €IMHUI],
(b pa3eonoru3MoB, B TOM YHCIIE COLUATBHBIX TEPMUHOB U JIMHTBOCTPAHOBEAUECKUX PEANTHIA;

ymemsy:

- IPUMEHSTH OCHOBHBIC TIPUEMBI IEPEBOIA;

- OCYUIECTBJIATH IHCHBMEHHBIM TMEpPeBOJ C  COOJIOJEHUEM HOPM  JIEKCUYECKOM
HKBHUBAJIEHTHOCTH, COOJIIOICHUEM TPAMMATHUYECKHUX, CHHTAKCHYECKHUX M CTUIIMCTHYECKUX HOPM;

- 0OPMJISITH TEKCT MEPEBOJIa B KOMIIBIOTEPHOM TEKCTOBOM PEIAKTOPE;

- OCYIIECTBIISITh TEPEBOA C COOJIOACHHEM HOPM JICKCHYECKOW SKBHUBAJICHTHOCTH,
coOI0ICHHEM IpaMMaTHYECKNX, CHHTAKCMUYECKUX M CTUJIMCTHYECKUX HOPM TEKCTa MepeBoja U
TEMIOPATHHBIX XapPAKTEPUCTUK UCXOIHOTO TEKCTA,

e1ademo.

- METOAWKOM TpEeanepeBOJYeCKOro aHauu3a TEKCTa, CIOCOOCTBYIOIICH TOYHOMY
BOCTIPUATHIO HCXOTHOTO BBICKA3bIBAHUS;

- METOJMKOW MOJATOTOBKHM K BBITIOJHEHUIO TIEPEBOJAA, BKIIOYas MOWCK HWH(POpMAIUHU B
CIPAaBOYHOM, CIEIMATILHOM JTUTEPaType U KOMITBIOTEPHBIX CETSIX;

- OCHOBAMHM CHCTEMBI COKPAIIEHHOW MEePEBOTYECKON 3aIUCH TTPH BBHITIOIHEHUH TIEPEBOIA,

- OCHOBHOHM MHOSA3BIYHOW TEPMHUHOJIOTUEN CIIEUAIBHOCTH,

- OCHOBaMH pe)epUpOBAHMS i AHHOTHPOBAHUS JIMTEPATYPHI 11O CIEIIHATEHOCTH.

3. KpaTkoe cogep:kaHue TUCHUTIUHBI

Beenenue. [Ipeamer u posib mepeBoja B COBPEMEHHOM OOIIecTBE. Pa3nuuHbie BUIBI
nepeBojia. 3a1auyu ¥ MECTO Kypca B MOATOTOBKE Marucrpa.

Mopyns 1:

1.1. CpaBHeHHe TOpsi/iKa CJIOB B AHTJIMMCKOM W PYCCKOM TpejiokeHmsX. llepeBon
MIPOCTOTO MOBECTBOBATENHLHOTO MPEJIOKEHUS HACTOSIIET0, OYAYIIEero U MPOIISANIEr0 BPEeMEHHU.

OcoOeHHOCTH TEpeBOAAa BONPOCUTENIBHBIX W  OTPULIATENBHBIX TNPEUVIOKEHUNH B
pPa3TUYHBIX BpEMEHAX.

1.2 Ilepeon npemnoxenuit Bo Bpemenax Indefinite, Continuoustrenue u mepeBoa mo
TeME «XHUMHUI».

Mopyns 2.

2.1.TlepeBon npeioxxeHuii Bo Bpemenax rpynn Perfect, Perfect

Continuous  YTBepaWTEIbHBIC, BOMPOCHTEIBHBIC M  OTPHIATCIbHBIE  (OPMBI).
Oco0eHHOCTH YIIOTPEOICHHS BCTIOMOTATEIHHBIX TJIaroJOB.

2.2 llepeBon cTpamaTenbHOrO 3ayora. TpyaHble ciydyau IepeBojia CTpalaTelbHOIro
3aJora.

Urtenue u mepeBoJ TEKCTOB Mo Teme «Hayka W HaydHble METOABI». AKTHBHU3ALMS
JICKCUKH TTPOYUTAHHBIX TEKCTOB.

2.3.1TlepeBo MPUAATOYHBIX MPEIJIOKEHUH.

54



[Ipunaroynble noAIEKAILIKE.

[Ipunarouynbie ckazyeMble.

[IpunaTouHble onpeaenuTeNbHbIE.

[Ipunarounbie 06CTOATENBCTBEHHBIE, TPUAATOUYHbIE TOTOIHUTENbHBIE.

2.4.Tumbl yCIOBHBIX TIPEUIOKCHHM, TPABHIIa U OCOOCHHOCTH UX IEPEBO/IA.

[IpakTka mnepeBojga Ha mnpumMepax TekcToB o Xumuu, .M. MenpaeneeBe, Hayke H
TEXHOJIOTHH.

2.5. TlepeBon mpeIIOKEHUA C YYETOM TIpaBWJIa COTJIaCOBaHHWS BpeMeH. [lpsmas u
KOCBEHHAs! peyb.

2.6.Pa3nuunblie BapuaHTHI IEPEBO/IA CYIIECTBUTEIHHOIO B MPEII0KEHUH.

2.7.MopanbHbI€ TJIaroJbl U OCOOCHHOCTH HUX MEPEBOIA.

Pa3BuTne HaBBIKOB nepeBoa no teme «Hayka 3aBTpalllHero JHs».

2.8.CrieninanpHasi TEPMUHOJIOTHS 110 TeMe «JlabopaTopusi».

2.9. Coxkpamenus. OcoOEHHOCTH UX MepeBojia. Pa3BuTHe HaBBIKOB MEPEBO/Ia HA TIPUMEPE
TEKCTOB 10 TeMe «J[abopaTopus, U3BMEPEHHS B XUMUU.

Mopyns 3.

3.1.Henuunbie (opMBbI TIIaroa.

WNudunutus (HeompeaenenHas ¢popma riarona). Poab WHOUHUTHBA B MPEIJIOKCHUU U
BAapUAHTHI IEPEBOJIa HA PYCCKUH A3bIK. [IpryacTus u repyHauil.

3.2.lnpuHUTHBHBIE OOOPOTHI.

O6opot nomonHeHHEe ¢ HMHQUHUTUBOM. BapuaHTBl mepeBoja Ha PYCCKHH A3BIK.
Tepmunosorus no teMe «CoBPEMEHHBIE TEXHOJIOTHU.

3.3.0060poT noxsexaiiee ¢ ”HGUHUTUBOM. PazniuHble BapuaHTHI IEPEBO/IA.

Tepmunosiorus no TeMe «XuMHU4YECKast TEXHOJIOTUSI».

3.4.1lepeBo MpUYACTHBIX OOOPOTOB.

AOGcomoTHBIN mpuyacTHEIE OO0POT U BapUaHTHI MIEPEBO/IA.

Pa3BuTre HaBBIKOB MEPEBOIA M0 TEME «XUMUUYECKAs TEXHOJIOTUS».

4. 0O0beM y4eOHOH JUCIHIIMHBI

o B 3ageTHBIX B akanem.
Bunpr yue6HOM paboTh
eIMHHIIAX gacax
OO0mas TpyA0eMKOCTh JMCHMILJIMHBI 10 Y4eOHOMY IIAHY 2,0 72
AYIUTOpPHBIE 3aHATHUS: 1,0 36
Jlexrmn (JIek) - -
Ipaktuueckue 3ansarus (I13) 1,0 36
CamocrosiTesbHas padora (CP): 1,0 36
Bua koHTposs: 3a4eT / IK3aMeH 3auer
Bi b yueGHoi paGoTs! B 3auetHbIx B actpos.
eIMHHIIAX gacax
OO0mas TpyA0eMKOCTh JMCHMILJIMHBI 10 Y4eOHOMY IIAHY 2,0 54
AYAUTOPHBbIE 3aHATHS: 1,0 27
Jlexrn (JIek) - -
Ipaktuueckue 3ansarus (I13) 1,0 27
CamocrosiTesibHas padora (CP): 1,0 27
Bua koHTposs: 3a4ueT / IK3aMeH 3auer

AHHOTaN U Y4eOHOH NPOrpaMMbl JUCHHILIMHBI
«CoumoJiorus v MCUX0J0rus NPo(PecCHOHATIBLHOM AeITeJIbHOCTH
(PTA.2)
1. Heap aucHMIIMHBI — (OPMHPOBAHHE COIHUAIBHO OTBETCTBEHHOH JIMYHOCTH,
CIIOCOOHOM OCYIIECTBIIATh KPUTUYECKHN aHAIU3 MPOOJEMHBIX CHTYyalldii, BBIPa0AaTHIBATH
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KOHCTPYKTUBHYIO CTPATEruIo IEHCTBUIA, OPraHU30BBIBATh U PYKOBOJIUTH paOOTON KOJJICKTHBA, B
TOM YHCIIe B TPOIECCE MEXKYIBTYPHOTO B3aUMOJCHCTBHUS, pedIIeKCHPOBaTh CBOE MOBEICHUE,
BBICTPANBAaTh M PEATM30BBIBATH CTPATETHIO MPO(ECCHOHATLHOTO PA3BUTHS.

2. B pe3yabraTre Wu3y4YeHHs] UCHUILUIMHBI OOydawiuiics Mo TporpamMme
MarucTpaTypsbl T0JI/KeH:

Obaadame caenyrommumu o6mekynsTypHbiMu (OK), obmenpodeccuonansabivu (OITK)
u npodeccuonanpubivu (ITK) koMmeTeHITUAMI:

TOTOBHOCTBIO JICHCTBOBaTh B HECTAHAAPTHBIX CHTYallMsSX, HECTH COIHAIBHYIO U
STHYECKYIO OTBETCTBEHHOCTH 3a mpuHsAThIe perrenus (OK-2);

TOTOBHOCTBIO K CaMOpPa3BUTHIO, CaMOpEaIM3allMK, HCIOJIb30BAaHUIO TBOPYECKOTO
norenmuana (OK-3);

CHOCOOHOCTH (hOpMYIHpOBATh 3aJauM, CBS3aHHBIE C peanu3anueldl MnpodeccuOHATbHBIX
dynxumit (IIK-1);
3HAMb!

- CYIIHOCTh MPOOJIEM OpraHW3alMyd M CaMOOPTaHM3AlUU JIMYHOCTH, €€ TIOBEACHUS B
KOJUIEKTUBE B YCIOBHSX MPOPECCUOHATBLHOMN JIESITEIbHOCTH;

- METOABI CaMOOPTaHHW3allid W Pa3BUTHSA JIMYHOCTH, BHIPAOOTKM IEJENONaraHus U
MOTHBAIIOHHBIX YCTaHOBOK, pa3BUTHS KOMMYHHUKATHBHBIX CTIIOCOOHOCTEH
poeCCUOHATLHOTO TIOBEACHHUS B TPYIIIIE;

- KOH(IMKTOJIOTHUCCKUE aCTIEKThI YIIPABICHHUS B OpPraHU3allNHY;

- METOJMKH W3YUYEHHs COIHMAIbHO-TICUXOJIOTHYECKHUX SBJICHUI B cepe YmpaBlIeHHS U
caMOYyIpaBJICHHUS JTUYHOCTH, TPYIIIbI, OPTraHU3AIINH.

ymemb:

- IUIAHUPOBATh M pelIaTh 3aJa4yd  JUYHOCTHOTO U MPO(ECCHOHATBHOTO pPa3BUTHS HE
TOJILKO CBOETO, HO U YWICHOB KOJUICKTHBA,

- aHANM3UPOBaTh MPOOJEMHBIC CHTyalldd Ha OCHOBE CHUCTEMHOTO II0/XOJa,
BbIpa0aThIBATh CTPATETHIO JEHCTBUM, HCIOJIB30BATh METOJABI TUATHOCTHUKU KOJUIEKTUBA H
CaMOJIMarHOCTHKH, CAMOIIO3HAHNSI, CAMOPETYJISAIIUU U CAMOBOCIIUTAHHS;

- YCTaHaBIMBATh C KOJUIETAMU OTHOIICHUS, XapaKTCPHU3YIOUIHECS KOHCTPYKTHBHBIM

=

YpOBHEM OOIICHHUS;

- BBIpa0aThIBaTh KOMAaHJHYIO CTPATETHIO JUIA JIOCTH)KCHHUS ITOCTABICHHOW IIEIH B
penieHnu mpodecCHOHANBHBIX 3a7ad.

enadems:

- COIMANLHO-TICUXOJIOTUYECKIMH  TEXHOJOTHSMH CaMOOPTaHM3AIMH U  Pa3BUTHSA
JMYHOCTH, BEICTPAMBAHUS W PEATH3AIMU TPACKTOPHH CAMOPa3BUTHS;

- TEOPEeTUYECKUMHU W TMPAKTUYCCKHUMH HAaBBIKAMU TMPEAYNPEKICHUS U pa3pelieHus
BHYTPHJIMYHOCTHBIX, TPYIIOBBIX U MEXKKYJIBTYPHBIX KOH(JIUKTOB,;

- crmoco0aMu MOTHBAILMM YICHOB KOJUIEKTHBA K JIMYHOCTHOMY U TIPO(HECCHOHATLHOMY
pa3BUTHIO,

- CIMOCOOHOCTAMU K KOHCTPYKTHBHOMY OOIICHHIO B KOMaH/AE, PE(MIEKCHU CBOETO
MOBEICHUSI M JUACPCKUMU KadeCTBAMH,

3. Kpartkoe coiep:kaHue U CHUINITAHBI

Monayns 1. OOmecTBO W JMYHOCTH: HOBBIE YCIOBUS U (DaKTOpPBI MPO(HEeCCHOHAIBHOTO
pa3BUTHS JIMYHOCTH.

1.1. CoBpemeHHOe OOIIECTBO B YCIOBHUSX IioOanu3anuu W uHpopMmaTuzauuu. TUITbl
COBPEMEHHBIX OOIIECTB. OOIIECTBO pHCKA, OOIIECTBO 3HaHMs, MH(MOPMAIIMOHHOE OOIIECTBO.
CoruanbHple ¥ TICUXOJOTHYECKHE TMOCIEACTBUS MH(pOopMaTu3anuu oOmecTBa. DyTypoIoK.
Kynerypomok. AHoMHUA. AanTalMOHHbIE KONHUHI-CTpaTteruu. JIMYHOCTH B COBPEMEHHOM
obmectBe. Pednexcupyromuit  wHmAuBHA.  UemoBek  Kak  CyOBEKT  JACSITEIHHOCTH.
CamouarHocTuKa ¥ caMoaHaIn3 MPO(heCcCHOHATEHOTO PA3BUTHS.

1.2. OOmee mnoHATHEe O JMYHOCTH. JIMuHOCTH U ee cTpykTypa. Camoco3HaHUeE:
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CaMOIIO3HAHUE, CAMOOTHOILIEHHE, caMoperysiiusi. OCHOBHBIE TOAXO/bI K H3yYEHUIO JTUYHOCTH.
Pazsutne nuunoctu. CouuanbHass M TICHXOJOTHYECKas CTPYKTypa JHWYHOCTU. lleHHOCTHBIE
OpPHEHTAIlMM U MPEINOYTECHUs] JTUYHOCTU JIMYHOCTH B CHCTEME HENpPEpHIBHOIO O0Opa3OBaHMS.
CamooOpa3oBaHHe Kak OCHOBa HENPEPHIBHOTO 00pa3oBaHus. TojepaHTHOE BOCHpUATHE
COLMANIbHBIX, STHUYECKUX, KOH(PECCHOHANBHBIX U KYJIbTYPHBIX pa3IHuuil.

1.3. CounanbHble ¥ NCUXOJOTMYECKHUE TEXHOJOTUU CAMOOPIaHMU3AIMH U CaMOPa3BUTH
anyHOCTH. TeMmepaMeHT M XapakTep B CTPYKType JUYHOCTH. [IposiBIeHHE TeMiepamMeHTa B
nearenbHoCTU. CTpyKTypa U TUIonorus xapakrepa. @opmupoBanHue xapakrtepa. [loctpoenne
B3aUMOJICHCTBUS C JIIOABMU C YYETOM UX MHIAMBHIYaJIbHBIX pa3inuyuil. CTpaTeruu pa3BUTHS U
camopa3BUTUs JUYHOCTU. Jluunble mnpuopurersl. llenenonaranue. LleHHOCTH Kak OCHOBa
nenenonaranus. llenn u xiroueBble oOnactu >xu3Hu. Life Managmentu sxusHeHHBIC LENH.
Smart -uenu u Haguenu. llens ¥ mpu3BaHHBIE 00ECHEUUTH €€ JOCTHIKEHHS 3a/add W Iary.
Konunr-crparernu. MckyccTBO yrpaBisiTh COO0M.

1.4. KoruutuBHble mporecchl JuyHOcTU. OOmas XapakTepuCTHKa KOTHUTUBHBIX
(mo3HaBaTENbHBIX) MPOIECCOB JHYHOCTH. OIIyImIeHWE ¥ BOCHPUSTHE. BUJBI, CBOWCTBA,
OCOOCHHOCTH pa3BUTUS. BHHMaHue u maMsaTh. BUABI, CBOMCTBa, (QyHKIMH. Pa3Butue u
BOCIIUTaHHE BHUMaHUSA. Bo3pacTHble W HHIUBUAyalbHBIE OCOOCHHOCTH maMsATH. [Ipuemsl
palMOHANLHOTO 3ay4yuBaHUS. MpliuieHue u ero QopmupoBaHue. THUMOIOTHS MBIIIICHHUS:
¢opMbI, BHIBI, OIEpaLUU, WHAUBHIyalIbHbIE OCOOCHHOCTU. MplnuieHne u peyb. CrocoObl
aKTHBHU3AIMK MBINUICHUS. BooOpakenue. Buibl, (yHKIHH, pa3BuTHE. BooOpakenuwe u
TBOpuecTBO. [Ipuemsbl a3 pexTruBHOrO uTeHHs. TpeHUPOBKA MaMATH U BHUMAHUS.

1.5. ®ynkuroHaNbHBIE COCTOSHHS 4YeloBeka B Tpyde. CTpecc u ero mpoduiakTHKa.
OOmiee moHsTHE 00 AMOIUAX W UyBCTBax: (DYHKIMHM, KiIaccu(UKalus, OCOOCHHOCTH Pa3BUTHSL.
CnocoObl ympaBiieHHsS CBOMM 3MOIMOHANBHBIM cocTosiHMeM. OOIiee MpeicTaBlieHue O BOJIE.
[lcuxomornyeckass CTPyKTypa BOJEBOIO akTa. Pa3BUTME W BOCIUTAaHME CHJIBI BOJH.
OyHKIMOHAIbHBIE COCTOSIHUSL 4YeJoBeKa B TpyAe. Perynaropbl GyHKIHOHAIBHBIX COCTOSIHUU.
Knaccudukanus (GyHKIMOHATBHBIX COCTOSIHU. IIcuxonornueckuit cTpece KakK
dbyHKIMOHaTBEHOE cocTosHKe. [lcuxomorus crpecca. [Ipodunakrrka crpecca u GpopMupoBaHue
CTPECCOyCTOMYMBOCTH. MeTOb! yIpaBieHUs (QYHKIIMOHAIBHBIMU COCTOSHUSIMH.

1.6. [Icuxonorus npodeccuoHaNbHOU AesTenpbHOCTH. YenoBek u npodeccus. CTpykTypa
npodeccuoHaIbHOM JesTenbHOCTH. [Icuxomornueckue HanpaBiIeHUs UCCIET0BAaHMs YEeJIOBEKa B
CTPYKType npodeccuoHanbHOM aestenbHocTd. [IpodeccuorpadupoBanne Kak METOJ W3yUEHUS
npodeCCHOHATBHON JIesITebHOCTH. Buabl mnpodeccuorpadgupoBanus. 3anadd MCHXOJIOTHH
npodeccuoHanbHOM neATenbHOCTH. llcuxonornyeckue NpPHU3HAKK U PETYIATOPHI  Tpyna.
[IpodeccronanbHO BakHBIE Ka4eCTBA.

Mopyns 2. YenoBek Kak y9aCTHUK TPYIOBOTO IIporiecca

2.1. OcHOBHBIE JTambl pa3BUTUS CyObeKTa Tpyna. YemoBek Kak CyOBEKT Tpyna:
CTPYKTypa OCHOBHBIX KOMIIOHEHTOB. OTambl pa3BUTHsA CyObeKTa Tpynaa (mepromaM3aius
E.A. Kinumosa). Kpusucel npodeccuonansroro cranoBienus (E.®. 3eep). BuyrpunnanocTHBIN
KOH(JIUKT ¥ CIIOCOOBI €ro pa3perniecHusl.

2.2. TpynoBass MOTHBaLUSl U YAOBJIETBOPEHHOCTh TpynoM. [loTpeOHOCTH M MOTHBBI
muyHoct. Knaccudukanus morpeOHOCTE W BUAB MOTHBanuu. Mepapxus mnoTpeOHOCTEH
(mupamuga A. Macnoy). Tpymoas wMoTuBanmusi. MOTHUBBI  TPYZOBOTO  TOBEICHHS
(B.I'. TTommapkoB). OCHOBHBIE TECOPHH TPYAOBOH MOTHBAIMH M YIOBJICTBOPEHHOCTH TPYAOM
(d. Makknenana, @®. TIepubepr, B. Bpym u ap.). MoTuBamus MOBEICHHUS YEIIOBCKa B
opranuzanuu. CylHOCTh MOTHBAMM Kak (YHKIMM YIpaBieHUs B opraHusauuu. [Ipupona
MotuBanuy. OYHKIMKM MOTHUBOB TIIOBEACHHUS 4eJOBeKa. MOTHBalMsg U yIpaBlieHHE.
[Icuxonoruueckne TeOpUM MOTHMBALMK B opranuszanuu. ConuanbHO-3KOHOMHYECKHE TEOpUHU
MoTtuBaiuu. MccnenoBanust MOTUBAMU. MeETOIUKH ONpeNieIeHNs] MOTHBAIMU K yCIIEXY.

2.3. llenmemosaranve W IJIJAaHUPOBaHWE B MPO(PECCHOHAIBHOW  NEATEIHHOCTH.
IIcuxonoruyeckas cucreMa TPYyAOBOU ACATENBHOCTH. MOTHBALlMOHHBIM IIPOLIECC KaK OCHOBA
Henernonaraius. Jtansl JocTikeHus 1enud. CTpykTypa MOTHBAaLMOHHOTO mnpouecca. Kputepuun
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apdexTuBHOCTH Lenenonaranus. Kiaccudukanus neneit. PazpaboTka mporpaMMel peaan3aiu
nenu. CTpaTernyeckoe MIaHuPOBaHUE.

2.4. ITpodeccuonanbHast kommyHukarus. [Icuxonorus oOmenusi. CocTaBHBIE 3JE€MEHTHI
npouecca oomeHust. yHkuuu u BUIbl 001eHus. Tumel o0meHns. XapakTepUCTUKHU JTUYHOCTH,
CIOCOOCTBYIOUIME YyCHEemHOCTH obOmeHuss. OO0MeH wuHpopMmanued ¥ KOMMYHHKATHBHBIC
Oapbepbl. ABTOpUTapHas M Juanoruyeckas KoMMyHHKaius. OOlieHue Kak B3auMOJEHCTBHE
(nHTepakums). MEXIMYHOCTHOE BOCIPHUITHE W IOCTpOeHHME UMHKA. [IpodeccroHambHOE
obmenue. KynbpTypa aemoBoro oomeHus.

2.5. Ilcuxonorusi koH¢umukra. KoHdmukT kak ocobas ¢opma B3aumMoaeicTBus.
Crtpykrypa, auHamuka, (GyHKIUM KOHGIMKTOB. OCHOBHBIE CTaAMHM Pa3BUTHS KOHQIHUKTOB.
Knaccudukanus xkordaukToB. OCHOBHBIE 3Talbl OMCKA BBIXOJ0OB U3 KOH(DIMKTHON CUTYyallUH.
[Tpodeccuonanbapie kKoHPIMKTH. McTouHmkn KOHPIHMKTOB. KOHMIMKTOrEHHBIC JIUYHOCTH.
VYciioBUsT  KOHCTPYKTUBHOTO — paspemieHust KOH(IUKTOB. YmpaBieHHE KOH(DIMKTHBIMH
CUTyalussMd B KojulekTuBe. ColMalibHble TEXHOJOTHHM TMPEeAYNPEKICHUS U pa3pelieHus
KOH(JIMKTOB B KOMaH/I€ ¥ OpraHU3al1H.

2.6. TpynoBoit kosiektuB. Ilcuxomorust coBmectHoro tpyaa. I'pynma. KoJiekTuBEL.
Opranuzauuu. [lonarue rpynmel. Buabl rpymnm: yclioBHBIE M peaiibHbIE, OOJbIINE W Malble,
NMEepBUYHBIE MW BTOpPUYHBIE, (opManbHbie © HedopMaibHbIE, pedepeHTHBIE TPYIIIIHI.
[Ipodeccuonanpuble KOMIEKTUBBL. JIMHamMuka QOpMHpOBaHUS KOJUIEKTHBA. JlMarHocTHka
COLIMATIBHBIX Tpymil. ['pynmnoBas CIUIOUeHHOCTh. ['pynnoBas AuHaMmuka. JleareabHOCTh KOMaH B
opranuszaiuu. Counomerpusd. Ilcuxonorusi coBMecTHON TpynoBoil nearenbHocTU. IlpusHaku
rpymIoBoro cyobekra tpyna. Kmaccudukamus opranuzaruii. Criocod opraHu3aiud COBMECTHOM
nestenbHOCTH. [lcuxomorust rpymnmbl. COUMATBHO-TICUXOJIOTHYECKHE OCOOEHHOCTH MAJIOH
OpraHu30BaHHOM TpymIibl. COLMATbHO-TICUXOJIOTUYECKUN KIMMAT TPYIIIIbI.

2.7. llcuxonorusi ympaBieHus. YTpaBleHHE Kak coUMaibHbI (peHomeH. CyObekT u
00BEKT yIpaBieHUs. YTIpaBIeHYECKHUE OTHOLIEHHUS KaK MpeIMeT HayKd yIpaBieHHs. DTallbl ee
pa3BuTHs.  YHpaBieHYecKas  JesATeNbHOCTb. OCHOBHBIE  YIPABICHUECKHUE  KYJIBTYPHI:
XapakTepHble 4epThl U ocoOeHHOCTH. OCHOBHbIE (GYHKIMU YIPaBICHUYECKOW 1€ATEIbHOCTH.
ConmanbHO-TICUX0JIOTHYecKoe 00eCTIeYeHHE YIpaBIeHUs KOJUIEKTUBOM. UeloBeueckrue pecypesl
OpraHu3aIMy W YyIpaBJICHUYECKUE MpoOseMbl uX 3(dekTuBHOr0 wucmoiap3oBanus. [IpoOiema
YeJIoBeKa B CUCTEME YIpaBieHHs. JINYHOCTh U OpraHu3arys.

4. 00beM y4eOHOH JUCIHIIMHBI

o B 3ageTHBIX B akanem.
Bunpr yue6HOM paboThI

eIMHHLIAX gacax
O0mas TpyA0eMKOCTh JMCHMILJIMHBI 10 Y4eOHOMY IIAHY 2,0 72
AYIUTOpPHBbIE 3aHATHUS: 1,0 36
Jlexrmn (JIek) 0,5 18
[IpakTUyeckue 3aHsATHS 0,5 18
CamocrosiTesbHas padora (CP): 1,0 36
Bua koHTposs: 3a4eT / IK3aMeH 3auer

N B 3aueTHbIX B actpoH.
Bunbr yue6HOM paboThI

eIMHHIIAX Jacax
O0mas TpyA0eMKOCTh JMCHHMILJIMHBI 10 Y4eOHOMY IIAHY 2,0 54
AYAUTOPHBbIE 3aHATHS: 1,0 27
Jlexrn (JIek) 0,5 13,5
[IpakTuyeckue 3aHATHS 0,5 13,5
CamocrosiTesbHas padora (CP): 1,0 27
Bua koHTposs: 3a4eT / IK3aMeH 3auer
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