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PABOYAA IMTPOI'PAMMA TUCHUIIVIMHBI (MOIYJIS)

IIporpammy cocraBuim

K.}.-M.H., noueHt, TapacoB A.C.

AOJMXHOCTb, HULUWManbl, cbammn na



1 llesu 1 3a71a4u M3yYeHUSA TUCIUTLIHHBI
1.1 Ieap npenogaBaHusi AUCHHILIHHBI

Ilenn npernonaBaHust — O3HAKOMUTH CTYACHTOB C METOJAMHU IIOJIYyYEHUS U
MCCIICZIOBaHHSI HAHOMATEPUAIOB, OIICHUTh OCOOCHHOCTH UX CBOMCTB U CTPYKTYPBHI.

1.2 3apauyu u3dyyeHus JUCUMIIMHBI

B pesynbrare u3yueHuss TUCHUIUIMHBI CTYJIEHT AOJDKEH MPUOOPECTH 3HaHWS,
YMEHUSI UM HaBBIKM, HEOOXOAMMBbIE HJisi €ro MNpodecCHOHATHHOW NeATeThHOCTH, a
TaKXe IMOJIyYUTh CBEIECHHUA 00 OCOOEHHOCTSX HCCIEAOBAHUS HAHOMATEPHATOB B
KOHKPETHBIX TEXHOJIOTHSIX.

1.3 IlepedyeHb NUIAHUPYEMBIX Pe3yJabTATOB OOYYeHHS] MO IUCHHUILUIAHE
(MOnyJII0), COOTHECEHHBIX ¢ IUIAHUPYeMbIMH Ppe3yJabTATAMH OCBOCHMS
o0pa3oBaTeJIbHOM IPOrpaMMBbl

Koa v HaumeHoBaHWe nHaukaTopa
OOCTWKEHNS KOMMNETEeHLUN

3annaHupoBaHHble pe3ynbTaTbl 06y4YeHus No AUCUMNNuHe

IIK-4: Crioco0eH K TeXHH4eCKOMY PYKOBOJCTBY MCCJIEIOBAHNEM MapaMeTPOB
pa3padaTbiBaeMoii ONTOTEXHUKH, ONTHYECKUX M ONITHKO-3JIEKTPOHHBIX NPHOOPOB H

KOMILJICKCOB

[1K-4.1: ITonumaet pusnueckue
HOPUHIMIBI paboThI, 00J1aCTH
NpUMEHEHHS U
NPUHIUIHATEHBIE OTPaHUYEHUS
METO/IOB U CPEACTB U3MEPEHUN

3HaTh OCOOCHHOCTH CBOWCTB M CTPYKTYPbI
HaHOMaTepHAaIOB

YMeTh KiIacCH(pUIMPOBATh Marepuaiibl 0 pamMepam,
(bopme U CTpYKType

Bragets MeTO1aMu TTOJTyYSHHUST ¥ UCCIICIOBAHUS
HaHOMaTepHAaIOB

[1K-4.2: Bei6upaeT MeToIbI 1
Cpe/ICTBa KOHTPOJIS MapaMeTPOB
npuOOpPOB U MaTepUAIOB
KBaHTOBOM JIEKTPOHUKHU U
(GOTOHHMKH

3HaTh OCHOBHBIE IIPUHIUIIBI 1 0COOEHHOCTH
p33H006pa3HI>IX MoAXO0a0B CMHTE3a HAHOMATCpaJIOB
YMmeThb AHAIU3HUPOBATHL U OIIUCBIBATH CBOMCTBaA
HaHOMarcpuajioB

BJ'Ia,Z[eTB npeaACTaBJICHUAMHA 00 0COOEHHOCTAX
HCCIICAOBAHN HAHOMATCPUAJIIOB B KOHKPCTHBIX
TCXHOJOIHAX

1.4 Ocol0eHHOCTH peaM3alMu IUCIHTLIAHBI

SI3BIK peanu3anuy IUCUUILIMHBL Pycckuil.

Jucuuruinnaa (Moyiip) peanusyercs 6e3 npumenenus 0 u JJOT.




2. O0beM OMCHUIUIHMHBI (MOXYJIs1)

e
Bcero, | |
. 3aUeTHBIX
Bun yue6HO# paboThI —
(akam.gac)
KonrakTHas padora ¢ 1,5 (54)
npemnoaaBaTeseM:
3aHATHA JTEKIMOHHOTO THIA 0,5 (18)
MIPAKTHYCCKUE 3aHATHS 1(36)
CamocrosiTesqbHas padora
1,5 (54)
o0yvyarommxcs:
KypCOBOE TIPOSKTHPOBaHKE
(KTT) Her
KypcoBas pabora (KP) Het




3 Conep:kaHue TUCUUIJINHBI (MOLYJIs1)

3.1 Paznenbl AMCUMILUIMHBI U BUBI 3aHATHI (TeMATHYECKU MJIAH 3aHATHIN)

KonrakTHas pabora, ak. 4ac.

3aHATUS CEMUHAPCKOTO TUIA

3aHaTus
CamocrosiTenpHas
JCKLMOHHOTO
No T Cemunaps! u/unu | JlaboparopHbie paborta, ak. yac.
/T Mozyuu, Temsl (pa3zieins) AUCUUIITHHBL [IpakTnyeckue paboTh! W/1Iu
3aHATUA [IpakTHKyMBI
B tom B tom B tom B tom
Bceero yncrne B | Bceero yncrne B | Bcero | uucne B Bcero YHCIIE B
3NO0C anocC 3N0C 3UO0C
1. BBerenue B Mup HaHoMaTepuaJioB. VicTopusi pa3BUTHS TeX-HOJIOTHI NOJy4YeHUsI HAHOMATEPHAJIOB.

1. Knaccudukarus marepuanoB 1o pazmepam, popme u
CTPYKType€: KpUCTAUINYECKUE, TOTUKPUCTALINYECKHE,
amMopQHbIe TBEpbIE TENa; 00BEMHbBIE MaTEPUATbI, TOHKUE
IUIEHKH, HAHOYAaCTHUIIbl U HAHOCTPYKTYpHI. I1yTh pa3Butus
TEXHOJIOTHU MOJTy4YeHus HaHO-MaTepuanoB. O030p METO/10B
CUHTE3a KPUCTALINYECKUX MaTe-pHATOB: POCT KPUCTALIOB
Y TOHKUX KPUCTAUIMYECKUX IICHOK, NOJIyYeHUE
HAHOYACTHII, METObI TUTOrpaduu U TPABICHHUS Ma-
TEpPHUAJIOB.




2. Knaccuduxkanus marepuanoB 1o pasmepam, Gopme u
CTPYKTYype: KPUCTALINYECKUE, TOTHUKPUCTALINICCKHE,
amop(HbIE TBEPBIE Te-JIa; 00BEMHBIE MaTepUalIbl, TOHKHE
IJICHKH, HAHOYACTHLIBI U HAHO-CTPYKTYpBL. IlyTh pazBuTus

TEXHOJIOTUH MOTy4YeHHUsT HaHoMaTepua-ioB. O030p METOI0B

CHUHTE3a KPUCTAIMYECKUX MaTepUalIOB: POCT KPUCTALIOB
Y TOHKUX KPUCTAUIMYECKUX IUICHOK, ITOJIyYEeHUE HAHO-
YacTHII, METO/IbI TUTOTPAQHUH U TPABJICHUS MaTepUAIIOB.

3.

10

2. O030p coBpeMEeHHbIX HAHOTEXHOJIOTHI U MEePCIEeKTUBbI UX pa3

BUTHUA.

1. OG30p COBpEMEHHBIX METOJIOB MOJIYUYEHUS U
UCCIICIOBAHUS Ha-HOMATEPATIOB: MOJICKYJISIPHO-Ty4YeBas
AMUTAKCHUS, TIA3MO- XH-MHUYECKOE PEaKTUBHOE OCAKICHUE,
OCKJICHUE METAUIOPTraHYe-CKIX COSMHEHHUH 13
ra3000pa3Hoii (ha3bl, aTOMHO-CIIOEBOE OCa-KICHHE;
dboTonmuTorpadus, TazepHas U AIEKTPOHHAS JIUTOTpa-(Pus;
XKUJIKOCTHOE M CyXO€ TPaBIICHUE; PEHTICHOCTPYKTYPHBIN
AHATN3, AIEKTPOHHAS M aTOMHO-CHIIOBasi MUKPOCKOTIHSL.

2. O030p COBPEMEHHBIX METO/I0B MOIY4YEHUS U
UCCJIEIOBAHUSI HAHOMATEPAIOB: MOJIEKYJISIPHO-TTyYeBast
SMUTAKCHS, TUIA3MO- XUMHUYECKOE PEaKTUBHOE OCAXKJICHHE,
OC@KJICHUE METANIOPIraHUUECKUX COSUHEHUN U3
raz000pa3Hoii (ha3bl, aTOMHO-CIIOEBOE OCAXKICHUE;
doromuTorpadus, 1azepHas U MEKTPOHHAS TUTOTPadus;
AKHUJIKOCTHOE U CyXO€ TPaBJIECHUE; PEHTTCHOCTPYKTYPHBIi
AHAIIN3, AJIEKTPOHHAS U aTOMHO-CHUJIOBAs MUKPOCKOIIHS.

3.
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3. MeToabl nojiy4eHnsi HA-HOMATEPHAJIOB.




1. OcHOBHBIE TPUHITUIIBEI U OCOOCHHOCTH Pa3HOOOPA3HBIX
MOJIXOJIOB CHHTE3a HAHOMATEPAIOB: MOJICKYJIIPHO-Ty4YeBast
SMHUTAKCHS, TUIA3MO- XUMHUYECKOE PEaKTHBHOE OCAXKIICHHE,
OCKJICHUE METALIOPTaHNYECKUX COSTUHCHHIA U3
razo00pa3Hoil ¢a3bl, aTOMHO-CIIOEBOE OCAKICHUE

2. OcHOBHBIE IPUHLIUITBI U OCOOCHHOCTH Pa3HOOOPa3HBIX
II0JIXOJI0B CUHTE3a HAHOMATEPAJIOB: MOJIEKYJIIPHO-Ty4eBas
SMUTAKCHUS, TU1a3-MO- XUMUYECKOE PEaKTUBHOE OCAKJICHUE,
OCOKJICHUE METAIOPra-HUUECKUX COEANHEHNHN U3
razo00pa3zHoil (azbl, aTOMHO-CJIOEBOE OCAKICHHE.

3.
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4. MeToapl co3iaHNsl CYOMHKPOHHBIX IUIAHAPHBIX U BEPTHKAJIBHBIX CTPYKTYP.

1. ®otonurorpadus, nazepHas U IEKTPOHHAs JIUTOrpadus
KaK OC-HOBHbIE€ METO/Ibl CO3JaHUsI HAHOCTPYKTYP.
ANbTepHaTUBHBIE METO-/1bI MOIU(UKAIIUN TTOBEPXHOCTH U
HAHECEHHUsI PE3UCTUBHBIX MACOK: HMITPHHT JIMTOrpadus,
JIOKIbHOE aHOJIHOE OKHCIICHHE, IepheBast
HaHoJuTorpadus. TpaBieHNe MaTePHAIOB: KUJAKOCTHOE
XHUMHYE-CKOE, CyX0€ IIa3MEHHO-XUMUYECKOe U
PEaKTHBHOE, CyX0€ HOHHOE.

2. ®ortonurorpadus, 1azepHas 1 IEKTPOHHAas JUTorpadus
KaK OCHOBHBIE METO/Ibl CO3JJaHNsI HAHOCTPYKTYP.
AJ'II)TepHaTI/IBHI)IG METOAbI MOI[I/I(l)I/IKaU;I/II/I IMOBECPXHOCTU U
HAHECEHHUs PE3UCTUBHBIX MACOK: MMIIPUHT JIMTOrpadus,
JOKIBHOE aHOJIHOE OKHCIICHHE, IIepheBas
HaHoJuTorpadus. TpaBieHre MaTepHAIOB: KUAKOCTHOE

XUMHYECKOE, CYXO€ INIa3MCHHO-XUMHWYCCKOC U PCAKTHUBHOC,

CYX0€ MOHHOC.

3.
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5. MeToabl HcCIeI0BAHUS HAHOMATCPHAJIOB.




1. OCHOBHBIE METO/IbI UCCIEOBAHUS U XapaKTepU3ALIUU
HAHCTPYK-TYp: PEHTI€HOCTPYKTYPHBIN aHAIN3,
MIPOCBEYMBAIOIIAS M CKaHU-PYIOIAs SJICKTPOHHAS
MI/IKpOCKOHI/IH, ATOMHO-CHUJIOBAs U TYH-HG.HBHEUI
MUKpockorusi. OCHOBHBIE TTOAXO/IbI UCCIIeA0BaHUs (HH-
3UYCCKHUX CBOﬁCTB Ha.HOMaTepI/IaJIOB 1 OTJINYNA OT TAKOBBIX
JU1s1 OOBEMHBIX MaTEPHAIOB.

2. OCHOBHBIE METO/BI UCCIIEIOBAHUS U XapaKTEPU3ALUU
HaHCTPYK-Typ: PEHTI€HOCTPYKTYPHBIN aHAIN3,
IIPOCBEYMBAIOILAA U CKAaHU-PYIOLLIAd SJIEKTPOHHA
MUKPOCKOIIHsI, aTOMHO-CUJIOBAs U TyH-HEJIbHASA
MUKpocKkonus. OCHOBHbIE NOAX0/IbI UCCIIEN0BaHUS (Pu-
3MYECKUX CBOWCTB HAHOMATE€pUAIOB U OTINYHS OT TAKOBBIX
JU1 00BEMHBIX MATEpUATIOB.

3.

12

Bcero

18

36

54




10.

4 YyeOHO-METOAMYECKOEe oO0ecmeYeHue TUCIHUMINHBI

4.1 ITeuaTHbIE U AJICKTPOHHBLIC U31aAHUA:

KanutonoB A. M., Penpkun B. E. ®u3uko-MexaHu4eckue CBOMCTBa
KOMITO3UIIMOHHBIX MarepHaioB. YIIPyrue CBOMCTBA: MOHOTpadus
(Kpacuosipck: COY).

bapeioun A. A., Tomunun B. U., Tomwiuaa H. I1. ®usuko-xumus
HAHOYACTHI], HAHOMATEPUATOB U HAHOCTPYKTYP: yueOHOe mocodue sl By30B
o cnenuanbHOCTIM "[IpoekTHpoBaHUE U TEXHOJIOTHUS PATHOITEKTPOHHBIX
cpeactB" u "[IpoekTHpOBaHNE U TEXHOJOTHS IEKTPOHHO-BBIYNCIUTEIIBHBIX
cpenctB" HanpasieHus 210200 "[IpoekTupoBaHuE U TEXHOIOTHS
anekTpoHHbIX cpeacTB", 03.06.2010 r.(KpacHospck: Cubupckuii
benepanbubiii ynusepcutet [CDVY]).

Kyszuenos H. T., XKabpes B. A, Mapronun B. U., HoBotopuies B. M. OcHoBbI
HaHOTexHOornH: yuyeOHuk(Mocksa: Jlaboparopust 3HaHui"" (panee
""BUHOM. JIaboparopus 3HaHui").

Jemuxosckuii B. 4., Byranerep I. A. ®u3nka KBaHTOBBIX HU3KOPA3MEPHBIX
ctpykryp(Mockaa: Jloroc).

Hparynos B. I1., Heussectnsiii U. I'., I'pugunn B. A. OcHOBBI
HaHOYJIEKTPOHUKH: yuel. mocobue /i CTyIeHTOB By30B(MockBa:
Du3MaTKHUTA).

KanutonoB A. M., Tepemos C. I. U3meHeHne ynpyrux NOCTOSHHBIX TBEPABIX
TEJ MPU PAHTOBOM IEPEX0/I€ MOHOKPUCTAIUI-TIOIMKPUCTALI: MOHOTpadus
(Kpacnospck: UIIK CDY).

XaptmanH Y., 3axapoBa T. H., [1arpuxees JI. H. OuapoBanue
Ha”HoTexHosoruu: [yue6. mocodue](Mocksa: BUHOM, JlaGoparopus
3HAHUN).

Pakos O. I'. Heoprannueckue nanomarepuanbi(Mocksa: Jlaboparopus
sHanuit"" (panee ""BUHOM. JlaGoparopus 3Hanwmit").

bapeioun A. A., baxtuna B.A., Tomunun B. U., Tomununa H. T1. ®uszuko-
XUMHUSI HAHOYACTHII, HAHOMAaTepUaIOB M HAHOCTPYKTYp: yueOHoe mocobue
(Kpacnosipck: CDY).

Uwuranosa ['. A. Beejenne B HAaHOTEXHOJIOTUU: yueOHOE ImocoOue s
cTyieHToB HanpasieHus 222900.62 "HaHOTEXHOIOTMHA U MUKPOCUCTEMHASA
texHuka'(Kpacnosipck: COY).

4.2 JInnieH3UOHHOE U CBOOOHO PACHPOCTPaHsieMoOe MPOrpaMMHoOe

obecrnieyeHne, B TOM YHCJIe 0T€4eCTBEHHOI 0 MPON3BOACTBA (IPOrpaMMHOe
obecrnevyeHne, HA KOTOPOEe YHMBEPCUTET MMeeT JIMIEH3HI0, 2 TAKKe CBOOOTHO
DACIDOCTDAHAEMOE MDOrDAMMHOE o0ecIeYeHue):

l.

MareMarndeckue MmakeThl, IMEKTPOHHBIC TaOIUIBI U 0a3bl TaHHBIX,
JIOCTYIIHBIE Yepe3 JoKanbHYyI0 ceTh COY.

4.3 NnTepHeT-pecypchl, BKIAKYAA NpodeccHoHATbHbIE 0a3bl JAHHBIX
U uHGOpPMallUOHHBbIE CIIPABOYHbIE CUCTEMbI:

NCC He ucnonb3yroTcs.



S ®oH OLEHOYHBIX CPEICTB

OlLleHOYHBIE CPEJICTBA HAXOMATCS B MPUIIOKEHUH K PabOYMM IporpaMmam
JUCILIUIUINH.

6 MartepuajibHO-TeXHMYeCKasi 0a3a, He00X0AMMAA [IJIsl OCYLeCTBJICHHS
00pa30BaTeJIbHOIO Mpolecca Mo JUCHUIJINHE (MOLYJII0)

VYuebno-maboparopHas 6a3a kaheapsl GU3UKK TBEPIOTO TEJIA U HAHOTEXHOJIOTHH U
ayautopHbslil pona COY.
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