®denepajibHOE TOCYyIaPpCTBEHHOE AaBTOHOMHOE 00pa3oBaTeibHOe

10 AMCIMILINHE:
10 HANPABJICHHUIO:
npo¢uib NOArOTOBKHU:

Kypc:
KBaJIU(PUKALMSA:

YupeikaeHnue BbICHIETo 06pa303a1mﬁ

«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

Methods for the Synthesis of Nanomaterials/MeTo/sl cHHTE3a HAHOMATEPUAIIOB
doTtoHuka 1 onTonH(popMaTHKa

®oTOHMKA, KBAHTOBBIE TEXHOJIOTUHU U AByMEPHBIE MaTepHaIbI

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay

kadenpa QU3NKA U TEXHOJIOTHH HAHOCTPYKTYP

2

MarucTp

CemecTp, hOpMBI MPOMEKYTOUHOH arTecTanuu: 3 (OCEHHUH) - DK3aMeH

AynuTopHBIX 4acoB: 15 Bcero, B TOM 4HCIIE:

Jneknuu: 15 Jac.

cemuHapsl: 0 yac.

nabopatopusle 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.

[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrasuin:

A.B. Apcenun, kaua. ¢u3.-Mart. HayK

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl GU3UKU U TEXHOIOTHH HaHOCTpyKTyp 01.04.2024



AHHOTANMA

Kypc Britouaer mozxpoOHOE pacCMOTPEHHME METOJOB CHHTE3a MAaTepualioB: OCAXIEHHE TOHKHMX IUICHOK
METaJIJIOB, JU3JICKTPUKOB, MOTYIPOBOJHUKOB (BKJIIOYAs aHAJTU3 MEXaHU3MOB POCTa TOHKHUX IJICHOK, CIIOCOOBI
OCAXICHHS M BIMSHUS PA3IUUHBIX pab0o4YMX MapamMeTpoB Ha XapaKTEePUCTUKHU IUIEHOK), CHHTE3 JBYMEPHBIX U
KBa3HU-IByMepHBIX MarepuaiioB (CVD u ap.), sxkcdonuupoBaHue ABYMEPHBIX MaTepHajioB, aTOMHO-CIIOEBOE
OCaXJIeHHE, MMIYJIbCHOE JIa3epHOE OCAXICHHE, XMMHUYECKOe OCaxJIeHHe M3 ra3oBoi ¢assl. Cozmganue
BaH-JIeP-BaaIbCOBBIX T€TEPOCTPYKTYp. OnTHYeCKast U SINEKTPOHHO-Ty4eBas autorpadus. JlokanbHbIi aHaIn3,
HalblJICHHE U TPaBJICHHE MAaTePHAJIOB C TOMOLIBIO (POKYCHPYEMOTO HOHHOTO ITyYKa.

1. lean u 3apa4n

Henp AucoMnInHBI
BBenenne B OCHOBHBIE METOABI CHHTE3a MAare€pHalioB: OCAXIEHHE TOHKHX IUIGHOK METaJuIOB,
JUJICKTPUKOB, MOJYNPOBOAHUKOB (BKJIIOYas aHAIM3 MEXAaHU3MOB POCTa TOHKHX IUIEHOK, CIIOCOOBI
OCKICHHUA W BIMSHUS DPAa3IMYHBIX paboyuMxX MapaMeTpoOB HAa XapaKTEPUCTUKU IUICHOK), CHHTE3
JIBYMEPHBIX UM KBa3u-IBYMepHbIX MatepuaioB (CVD wu gp.), sKkconmupoBaHHe ABYMEpPHBIX
MaTepHaioB, AaTOMHO-CIOEBOE OC@KICHHWE, HMIYIbCHOE JIa3epHOE OCaXACHUE, XHMHUYECKOE
OCaXJICHHE U3 ra30Boi ¢a3bl U Ap.

3agaum AU COMIIHHBI
N3yueHnue:
Mertona ocaxieHusl TOHKUX IUIEHOK METaJlIOB, JU3JIEKTPUKOB, IIOIYIIPOBOAHUKOB.
MeTtozna cuHTEe3a IByMEpPHBIX U KBa3H-AByMepHBIX MarepuanoB (CVD u ap.).
Mertoza 3xcoTMMpOBaHUs AByMEPHBIX MaTE€pUaJIOB.
MerTona aTOMHO-CJIO€BOI0 OCAXKAECHUS TOHKUX IIEHOK.
MerTona UMITyIbCHOI'O JIA3€PHOIO OCAXKIEHUS TOHKUX IIJICHOK.
MeTo10B ONTHYECKOHN ¥ AJIEKTPOHHO-ITYYEBOH TUTOTpadHH.

NSk L=

MeTo0B JIOKaJIbHOTO aHAIN3a, HAIIBUICHUS M TPABJICHUS MaTe€pUaJIOB C MIOMOIIBIO (POKYCHPYEMOTO

HWOHHOT'O ITyYKa.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO HA (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 3HaeT ©W  cOocoOCH  HCIOJB30BaTh B
mpoeCCUOHANBHON  JesTeNbHOCTH  (yHAaMeHTalbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OIECHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCICNOBaHUA B 00IAaCTH
(hOTOHMKH U ONITOMH(POPMATHKU

OIIK-1.3 IlonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuk W (U3UKH M CHOCOOCH WX TPHUMEHSTh MpPH
peleHun 3a1a4 B o0nactu (POTOHUKH U ONITOMH(OPMATUKU

OIIK-2 Nmeer npeacrasieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poeCCUOHATBHOH JIeSTENNLHOCTH, CIIOCOOCH
Ha HAayYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCHOJNB3YeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTepatype, o0afaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 Cniocoben BbIOUpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, [JIaHUPOBAThH
MyTH PEIIeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peneHns

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HaHWS B
pa3IuyHBIX 001aCTIX HAyKH (TEXHUKN)

OIIK-3.3 Binazeer aHaIUTUYECKUMUA U BBIUYUCIUTEIBLHBIMUA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBACT HA MPAKTHKE
IPaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN




OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJbTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKH B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocoObeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CHOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CACTEMHO
aHaJIM3MPOBaTh HAy4HbIE TPOOIEMBI, [TOy4aTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBaTh M 0000IIATH
nH(pOpMaNKIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIIeJOBAaHHN

[IK-1.2 CnocoGeH  BbLABHraTb THIIOTE3bl, CTPOUTH
MaTeMaTUYecKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBIICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
OKCIIEPUMEHTAIbHBIE METOIBl HCCIENOBaHUH B 00IacTu
($hoTOHHKH W ONTOWH(GOPMATUKKM K KOHKPETHOW HAy4HOM
3aj1a4ye ¥ HHTEPIPETUPOBATH MOTYYCHHBIC PE3YIbTaThI

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE diieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOAIUIo

[IK-2.1 Cnoco0eH caMOCTOSTEILHO WIA B COCTaBE
Hay4YHOTO KOJUJIEKTHBA TUIAHUPOBATh M MPOBOAUTH Hay4HbIE
HccieoBaHus B 00acT (DOTOHUKU U OTITOMH(OPMATUKH

[MK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyOIMKaluK HAYYHBIX CTAaTeH U y4acTusi B KOH()EPEHIUSIX

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

1. OcHOBHBIE METOBI CHHTE3a HAHOMATEPHUAJIOB.
2. OCHOBHBIE METOJIbI CO3TIaHUS HAHOCTPYKTYD.
3. OCHOBHBIEC METO/IbI aHAJIN33a HAHOMATEPUAJTIOB U HAHOCTPYKTYP.

YMETb:

1. Mcnonp3oBaThk METO/bI CUHTE3a HAHOMATEPHAJIOB [UIsl CO3/1aHUS TOHKOIIEHOYHBIX CTPYKTYP.
2. Hcnonp30BaTh METOABI HAHOCTPYKTYPUPOBAHUS IS CO3/1aHUsI HAHOYCTPOMCTB.

BJIAJIETh:

Ha60p0M HaBBIKOB U 3HaHI/II>'I, HGOGXOILI/IMBIX AJId CUHTC3a HAHOMATCPHUAJIOB U CO3AAaHUA HAHOCTPYKTYP.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO paboTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 [TosyueHne HaHOPa3MEPHBIX CTPYKTYP 2 6
2 [TosyueHne TOHKOIUIEHOUHBIX CTPYKTYP 2 5
3 I/IccneLLOBaHI/Ive HaHOCTPYKTYp MeTOaMH ) 6
CKaHUPYIOLIEH 30HA0BOM MUKPOCKOIIUU
HccnenoBanue HaHOCTPYKTYp METOAAMHU
4 MIPOCBEYNBAIOLIEH JIEKTPOHHON 2 6
MUKPOCKOIIUU
5 CuHTe3 AByMEPHBIX MaTepHajioB 2 6
6 Okchonuanus JByMEPHBIX MaTepUaIoOB 2 5




7 ManunynupoBaHie HAaHOOOBEKTAaMH U 1 5
yIpaBjieHUE HaHOTIEpEMEILEHUSIMU
OO0paboTKa CTPYKTyp U W3TOTOBJICHUE

8 YCTPOWCTB c MIpUMEHEHHEM 2 6
HAHOTEXHOJIOT U

Hroro wacos 15 45

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 3 (Ocennuii)
1. ITomyyeHne HaHOPAa3MEPHBIX CTPYKTYP
Konnouanslii cuntes3 Hanouactull. JlazepHas abnsamusa. demrocekyHHas Ja3epHas aOJIsIus.
2. IlosryyeHne TOHKOIUIEHOYHBIX CTPYKTYP

. Tepmuueckoe U IMEKTPOHHO-JIyYeBOE OCAXKICHUE B BBICOKOM BakyyMme. MmmynbcHoe JsiazepHoe
HarbuieHrne. VIOHHO-TIIIa3MEeHHbBIE METO/IBI OCAXKIICHHS MaTepHalioB. ATOMHO-CIIOEBOE OCaKICHUE.

3. I/ICCJ'IGI[OBaHI/IC HAHOCTPYKTYp METOAAMHU CKaHI/Ip}IIOH_Ieﬁ 30H,E[OBOI71 MHKPOCKOIINHU

OcCHOBBI METOAa CKaHUPYIOUIEH 30HAOBOM MHUKPOCKONMHMU. ATOMHO-CHIIOBAas MHUKPOCKONHSA —
MPUHINIB paOOTHI U METOABI M3MepeHui. [IpuHIMITEI pabOTH MAarHUTHO-CHIIOBBIX MUKPOCKOIIOB.

4. VccnenoBanue HAaHOCTPYKTYP METOAMU IIPOCBEYUBAIOIIEH IIEKTPOHHON MUKPOCKOIIHH
ITpocBeunBarormas 3MeKTPOHHAS MUKPOCKOIIUS — IPUHIUIT PaOOThI X METOABI H3MEPEHUH.
5. CuHTe3 AByMEpHbIX MaTepHaloB

CVD-cunre3 rpadena. CVD-cuHTe3 MUXaTbKOTEHUIOB TEPEXOJHBIX METaIoB. POCT clIOMCTHIX
KpHCTaJUIOB.

6. Dkchonuanusi IByMEPHBIX MaTepUaIoB

MeTozbl MOMYYEHUS] KPUCTAIUINYECKUX JBYMEPHBIX CTPYKTYp. DKcdonuamus rpadeHa, AByMepHBIX
KPUCTAJUIOB TEKCAaroHaJlbHOrO HUTpuIa Oopa, sSkchonuanus IJUXAIbKOTCHHIIOB IEPEXOIHBIX
METaJIJIOB.

7. ManunynupoBaHne HAHOOOBEKTaMHU M yIPaBIeHNE HaHOIEPEMEIIEHUSIMU

Jlazepupiii  mepeHoc. Onrtudeckwii mnwmHIET. [lepeMenienne HAaHOOOBEKTOB €  MOMOIMIBIO
aTOMHO-CHUJIOBOTO MUKPOCKOTIA.

8. O0paboTKa CTPYKTYp ¥ U3TOTOBIEHUE YCTPOUCTB C MPUMEHEHUEM HAHOTEXHOIOT Uit

[1nasmoxumudeckoe TpaBiIEHUE MMOBEPXHOCTH IOAJIOKEK M HAHOPA3MEpPHBIX IUIEHOK. Onrudeckas
murtorpadus.  DnekTpoHHas — guTtorpadus.  M3rotoBieHue  HAHOCTPYKTYp € IOMOLIbIO
(OKyCHPOBaHHOTO HOHHOTO ITy4Ka.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

KoMIuIeKT a1eKTpOHHBIX MTPe3eHTallni/ClIaliIoB; ayAUTOPUS, OCHAIIICHHAS TPE3CHTAIIMOHHON TeXHUKON
(mpoexTop, 3KpaH, KOMITBIOTEP/HOYTOYK); TP HEOOXOAUMOCTH CIIEHUAIbHBIE TEXHUUYECKHE CPEACTBA
T 00yJaromuxcst MHBanuaoB u aui ¢ OB3.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa
Literature fund of the basic departament:

1. MeTozb! ONTyyeHHsI ¥ UCCIIeIOBAaHHsI HAHOMATEpPHUaIoB U HAaHOCTPYKTYp [Teker] : mabGopaTopHbIit
MPAKTUKYM 110 HAHOTEXHOJIOTHIM : yuebHoe nocodue / pen. A. C. Curos. - 2-e u3f., nepepad. u Jo1. -
Mockga : BUHOM. JlaGoparopwus 3Hanwmii, 2013. - 184 c. : ui. - (Y4ueOHUK A5t BBICIIECH TIKOIIBI).

2. PacTpoBas aneKTpoHHAs MEKPOCKOIUS JUIsl HAHOTeXHOJorui. Meroas! u npumenenue [ Tekcer] / pen.
nep. T. I1. Kamunckas ; nep.: C. A. UBanos, K. U. Jlomkun. - Mocksa : BMUHOM. Jlabopatopust
3HaHuii, 2013. - 582 c.

3. HanoctpykTypsl 1 HaHOMarepuansl [Tekcr] : Hayunoe u3nanue / I [ao, W. Ban ; mep.: A. 1.
Edumosa, C. U. Kapros ; vayu. pen. pycc. uza. B. b. 3aiitieB ; MockoBcKuil rocyqapcTBEHHBIH
yauBepcuteT uM. M. B. JlomoHOcoBa., HayuHo-00pa3oBaTenbHbIN IEHTP 110 HAHOTEXHOJIOTHSIM. - 2-¢
u3g.,ucnp. - Mocksa : ®UIMATIINT, 2012. - 540 c.

JomonanTtenyHas uTeparypa
1. Marepuanst u meToasl HaHoTexHosorun [ Tekcr] / B. B. Crapoctun - M.BMUHOM. Jla6.
3Hanui,2010

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUS] JUCUMILIUHBI (MOLYJIs1)

He HUCIOJIb3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

I[Tpu moAroTOBKE M MPOBEACHHUH JICKIIMOHHBIX 3aHSATHUI UCIIONb3YETCS CETh HHTEPHET.
Kpome Toro, ucnoneiyercs Libre Office, a Takke rpaduyeckuii maker Ink Scape.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CryneHT, M3y4arollui JIUCHUIUIMHY, JTOJDKEH, C OJHOW CTOPOHBI, OBIAJETh OOIIMM IOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbIL, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pe3yabTaTe HU3YUCHUA AUCHUIIIMHBI CTYACHT JOJIKCH 3HATb OCHOBHBLIC OIPCACIICHHUA W IOHATUSA,
YMETb NPUMEHATD IMOJYUCHHBIC 3HAHUS AJI pPCHICHUS pa3JIMYHbIX 3a4a4.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— MIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuana, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— peUICHUC 3a71a4, npcajraraCMbiX CTyACHTAM Ha 3aHATUAX;

— INOATOTOBKY K BBIIIOJIHCHUIO 3a,I[aHI/II\/’I HpOMe)ICYTOQHOIZ arTecranuu.

IToka3zarenem BJIAACHUA MATCPUAIIOM CIIYKUT YMCHUC 0e3 KOHCIEKTa OTBEUaTh Ha BOIIPOCHI IO TCMaM
JUCIHMITIIIUHBI.



BaxxHO m0OWTHCS MOHMMaHUS M3y4aeMOro Marepuana, a He MEXaHHYEeCKOTrOo ero 3amoMuHaHus. [lpum
3aTPYJHCHUH WM3YYCHHUS OTACIBHBIX TEM, BOIIPOCOB, CIEAyeT oOpamiarbcs 3a KOHCYIbTAIUAMH K
MPEIoIaBaTelio.

Bo3MoxxeH npoMeXyTOYHBIM KOHTPOJIb 3HAHUM CTYJEHTOB B BHUJE PEIICHUS 33/1a4 B COOTBETCTBUU C
TEMaTUKON 3aHSITHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: ®DoToHUKa 1 ONTOMH(POPMATHKA

npopuiIb NOArOTOBKHU: ®DOTOHNKA, KBAHTOBBIE TEXHOJIOTUU U JBYMEPHBIE MaTepHaIbl
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa QU3NKU U TEXHOJIOTHH HAHOCTPYKTYP

Kypc: 2

kBaTuuKkanus: MarucTp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 3 (OCeHHUH) - DK3aMeH

PaszpatGoTunk: A.B. ApcenuH, kaua. ¢pu3.-MaT. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
OIBIT M PEe3yNbTaThl HAYYHBIX HCCIEIOBAaHUH B 001aCTH
(oTOHMKH ¥ ONITOMH(POPMATHKI

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTreMaTHKH W (HU3UKH H CIOCOOCH HMX HPUMEHATh HpPHU
peleHun 3a/1ad B o06nactu (POTOHUKH U ONITOMH(OPMATUKN

OIIK-2 Nmeet npeacraBieHne 00 aKTyaabHBIX
mpo0OiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CriocoOeH BRIOMPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CnocobeHn ananmu3upoBarh 3ajady, [JIaHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKN)

OIIK-3.3 BnageeT aHaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJIYyYaeMbIX PEIICHUN

OIIK-4 CriocoOeH ycIeniHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJbTrara v [IpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auy, (POPMYIHPOBAHUS BHIBOJIOB M OLICHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOy4YaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[MK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIIeJOBAaHHN

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYecKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
OKCIIEPUMEHTAIbHBIE METOIBl HCCIIENOBaHUH B 00JacTh
($oTOHMKH W ONTOWH(GOPMATUKKA K KOHKPETHOW HAy4HOM
3aj1a4ye ¥ HHTEPIPETUPOBATH MOTYYCHHBIC PE3Y/IbTaThI

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUIo

[IK-2.1 Cnoco0eH caMOCTOSTEIILHO WIA B COCTaBE
Hay4YHOTO KOJJIEKTHBA TUIAHUPOBATh M MPOBOAUTH Hay4HbIE
HccieoBaHus B 00acT (DOTOHUKU U OTITOMH(OPMATUKH

[MIK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
HayYHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyONMKalUK HAYYHBIX CTATeH U y4acTusi B KOH)EPEHIUSIX

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesymprare msydenus mucuumiuHel «Methods for the Synthesis of Nanomaterials/MeTtoasl cuHTe3a

HaHOMaTEPHaJIOBY O0yYaIOIINICS JOJKEH:

3HATb:




1. OCHOBHBIEC METO/IBI CHHTE3a HAHOMATEPHAJIOB.
2. OCHOBHBIE METOJIbI CO3TIaHM HAHOCTPYKTYD.
3. OCHOBHBIEC METO/IbI AHAIM3a HAHOMATEPHUAJIOB U HAHOCTPYKTYD.
yMeThb:
1. HMcnonb30BaTh METOBI CHHTE3a HAHOMATEPHAJIOB IS CO31aHUS TOHKOINIEHOYHBIX CTPYKTYP.
2. Mcnonb30BaTh METObI HAHOCTPYKTYPHUPOBAHUS JUIS CO3TIAHUSI HAHOYCTPONCTB.
BJIA/IeTh:
Ha0opoM HaBBIKOB U 3HaHUH, HEOOXOAUMBIX JJISl CHHTE3a HAHOMATEPHUAJIOB U CO3aHUSI HAHOCTPYKTYP.

3. IlepeyeHb THNOBBIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

C 1enplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJje 3aHATUS 110 TEME IIPOIIOTO 3aHATHS.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeAeHHUA IPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

ITepeueHb KOHTPOIBHBIX BOIPOCOB:

1. ®usnyeckue NPUHIMIIEI Pa0OTHI AIEKTPOHHO-ITYYEBOTO JUTOrpada U METOIbI AEKTPOHHO-ITy4eBOM
JUTOTpa(HH.

2. ®usnyeckue MPUHIUILI, JeKallkie B OCHOBE pabOThl aTOMHO-CHJIOBOIO MHKPOCKONA M 0a30BbIe
METO/Ibl HCCIIEA0BAHNUS pelibedha MOBEPXHOCTH.

. O6paboTKa pe3ynbTaToB U3MEPEHHUH, TIOyYSCHHBIX ¢ TIOMOIIBIO aTOMHO-CHUIIOBOIO MUKPOCKOTIA.
. dusnueckre 0CHOBBI ONITUYECKOW JUTOTpadHH.
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5. XuMu4eckoe ocaxjeHue U3 mapoBoi (assl.
6. dusnyeckue MPUHIHUILI HEMTOCEKYHIHOU Ja3epHOM absIHH.
7. TepMuueckoe U HEKTPOHHO-IIyYeBOE OCAKICHUE B BBICOKOM BaKyyMe.
8. KoyonaHblil cuHTE3 HAHOYACTHIL.

9. JTazepHast aOnsusl.

10. ®emTOCeKkyHIHAS JTa3epHAS A0MSIHSL.

11. MeToas! mosryyeHus: KpUCTAJUINYECKUX IBYMEPHBIX CTPYKTYP.

12. Dkcdonmumarnust rpadena, TByMEPHBIX KPUCTAIUIOB TEeKCArOHAIBHOTO HUTpHAA Oopa, dKcqomuaius
JMXaJTBKOTCHUIOB TIEPEXOIHBIX METAJLIOB.

[Tpumeps! 5K3aMEHAIIMOHHBIX OHJIETOB:

buner 1.

1. ®dusnueckue NPUHIUIB PabOTHI AIEKTPOHHO-ITYYEBOTO JIUTOrpada U METOIBI HEKTPOHHO-ITy4eBOI
JTUTOTpadUH.

2. Komounuslii cunte3 HaHoyacTull. JIazepHas abmsuus. demMrocekyHIHas 1a3epHas aOusaiys.

buner 2.

1. ®usnyeckue NPUHLUIBI, JIEKAIIMEe B OCHOBE pabOThl aTOMHO-CHJIOBOIO MHKpOCKONAa M 0a30BbIE
METO/Ibl HCCIICAOBAHUS pelibedha MOBEPXHOCTH.

2. MeToapl NOITY4YEeHUSI KPUCTANTMIECKUX JABYMEPHBIX CTPYKTYp. DKcdonuauus rpadena, AByMEPHBIX
KPHCTAJIJIOB TeKCArOHAJILHOTO HUTPpHIA 00pa, 3KC(HOIHALS JUXaTbKOT€HHI0B EPEXOTHBIX METAJIJIOB.

Kpurepun onennBanus

Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS YYEeOHOH MpOorpaMMbl AMCHUIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3aJ]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPHUHATHIX PELICHUH.



Ouenka oOmIMYHO 8§ 0aulIOB -  BBICTAaBISICTCS  CTYACHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLHUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE MPU PEIICHUH KOHKPETHBIX 33714, NPaBHIbHOE 00OCHOBAHHE TPHHSTHIX
pelIeHn i, ¢ HEKOTOPBIMU HE0UeTaMHu.

Ouenka xopomuo 7 6ajuioB - BEICTABISIETCS CTYICHTY, €CJIM OH TBEP/O 3HACT MaTepHall, IPaMOTHO U MO
CYIIECTBY H3JIaraeT €ro, yMeeT NPUMEHSTHh IOJy4YCHHbIC 3HAHUS Ha IPAKTHKE, HO HEIO0CTAaTOYHO
IpaMOTHO 00OCHOBBIBAET MOJTYYCHHBIE PE3YJIbTATHI.

OueHka Xopoto 6 0ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepHall, IPaMOTHO H IO
CYLIECTBY M3JIaraeT ero, yMeeT NpUMEHSTh HOJIyYeHHbIC 3HaHHs Ha TPAKTHKE, HO JOIyCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

Ouenka Xxopomo 5 6auioB - BEICTABISIETCS CTYJCHTY, €CJIM OH B OCHOBHOM 3HA€T Marepuall, IpaMOTHO
U TI0 CYIIECTBY HM3JIaraeT €ro, yMeeT NMPUMEHSTh NONTyYeHHbIC 3HAaHHs Ha TMPAKTHKE, HO JIOIYyCKaeT B
OTBETE WJIM B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka ymOBIETBOPUTENbHO 4 Oajula - BBICTABISICTCS CTYICHTY, IOKa3aBIIEMYy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IpPAaBWIbHBIE (OPMYIUPOBKH 0a30BBIX IMOHSITHH,
HapYILCHUS JIOTHYECKON MOCIIEI0BATEeIbHOCTH B U3JI0KEHHU [IPOrPAaMMHOIO MaTrepuaa, HO IPH 3TOM
OH OCBOWJI OCHOBHBIE Pa3Zeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul JAJIbHEWIIEro OOyYeHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka ylOBIETBOPUTENBHO 3 Oajula - BBICTABISETCS CTYICHTY, IOKa3aBIIEMYy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHiA, JOIyCKAIOUIeMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX MOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBAaTEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMU IS abHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 0ajia - BHICTABISICTCS CTY/ICHTY, KOTOPBI HE 3HAeT OOJIbIIEH YyacTH
OCHOBHOTO cOAep)XaHUsI y4eOHOW MporpaMMbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bOpMyIHpPOBKaxX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYNOBIETBOPUTEIBHO | 0aym - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PELICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

OK3aMeH MpOBOMUTCS B YyCTHOW QopMe Mo Owieram. B kaxjaom OwiieTe mNpencTaBiIeHO JBa
TeopeTuueckux Bompoca. [Ipu npoBeaeHun sx3ameHa olOydaronieMycs npegocrasisiercs 30 MUHYT Ha
noarotoBky. Onpoc 00y4arommerocsi He JOJKEH MPEBBIIIATh OJHOTO aCTPOHOMHYECKOI0 Jaca.



