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I. IIEJTA 1 3AJIAYM U CHATIIAHBI:

lleﬂb: OBJIAACHUC MAruCTpaHTaMu XHMHYCCKOI'O (baKyaneTa TECOPCTUUCCKMMU OCHOBaAMHU U
HOBEUIITMH JOCTHOKCHUAMU  HAHOXHUMUU, (bOpMI/IpOBaHI/Ie YMCHI/Iﬁ KM  HABBIKOB HX
IMPAKTUYCCKOI'o IPUMCHCHHUS.

3aoauu.

- chopMupoBaTh 'y MarucTpaHTOB KOMIUIEKC (yHIaMEHTAJIbHBIX  MPEJICTABICHUH,
COCTABJISIIOLIMX OCHOBY HOBOT'O HAyYHOTO HANpPABJICHHWS — HAHOXHUMHMS, J1aThb COBPEMCHHBIC
NPEACTaBICHUS O (PU3MKO-XMMHUUYECKHX CBOWMCTBAaX; OCHOBHBIX CIOCOOAaX IOJy4YEHUs,
XapakTepu3alluK, TMPUMCHCHHH HAHOYACTUIl W HAHOMAaTEepPHAJIOB B PA3JIMYHBIX OO0JACTIX
JKU3HECITSIIBHOCTH, I0Ka3aTh MPUYMHBI, OOYCJIABIMBAIOIINE H3MEHCHHE (PU3MUECKHX U
XUMHUYECKHX CBOMCTB BEILIECTB, pa3Mep KOTOPHIX HAXOJIUTCS B HAHOMETPOBOM JIMAIIa30HE;

- 3aKpenuTh HEOOXOAMMBIM TOHATHHHBIM amnmapar M TEOPETHYCCKHE OCHOBBI BaKHEHMIIHX
pa3zieJ OB HAHOXUMHH;

- copMHUPOBATh YMEHHE HCIOJB30BATh TEOPETHUECKUE 3HAHUS M MPAKTUYECKHE HABBIKU MpU
IUTAHUPOBAHUM CTPATETUU CHHTE3a HAaHOOOBEKTOB, Pa3pabOTKE HOBBIX METOJUK IONTYYECHUS U
XapaKTEePHU3allMK BEIIECTB M MAaTCPHUAJIOB.

1. MECTO JUCHUIIVIMHBI B CTPYKTYPE AOIIOII BO

VYyeOnas gucnuminHa «HaHOXUMHS» OTHOCUTCS K 0OSI3aTENILHON 4YacTH MPOrPaMMBI
(1.0.07).

Jliig u3ydyeHust JTaHHOW y4yeOHOW AMCUUILIMHBI HEOOXOIUMBI 3HAHUS, YMEHUSI Y HABBIKU,
bopMupyeMbIe MPEIIIECTBYIONMMHA TUCIUAIUIMHAMHU (Ha TPEAbIIYyIIeM YpOBHE 00Opa3oBaHHsS B
OakanaBpuate), a UMEHHO:

«Dusnueckas xumust. XuMmudeckas repmoaunHamuka» (b1.0.24), «®usndeckas XUMH.
OnekTpoxumus. XuMuueckast KuHeTrnka u karanus» (b1.0.25), «Opranudeckast XUMHsD
(B1.0.20), «Ob6mas xumus. Xumus HemeTawioy (51.0.16), «Metamtndeckast CBA3b. XUMHSI
metaioBy» (b1.0.17), «Komnouanas xumust» (b1.B.03), «Matematuka» (b1.0.10), «®usuko-
XMMHUS TOBEPXHOCTHO-aKTUBHBIX BemiecTB» (b1.B.J]B.02.02), Ha mpeasiayiieM ypoBHe
oOpa3oBaHus B OakanaBpuare

u «Karanmus» (b1.B.01) — AUCIUITIIMHBI MarKCTPATYPBI

[lepeuens mocneAyOUINX Y4eOHBIX TUCIUIUINH, A KOTOPBIX HEOOXOAUMBI 3HAHUS,
YMEHHUsSI U HaBBIKU, (JOpPMUPYEMBIC TaHHOW yU4eOHON AUCIUTLITHHOM:

OcBoeHue JUCITUITIINHBI «Hanoxummusy HCO6XO,Z[I/IMO AJI (bOpMHpOBaHHH
06H_ICHpO(I)CCCI/IOHaHLHBIX KOMIIETCHIIUNM U BBIIOJIHEHUS BBIITYCKHBIX KBaJ'II/I(bI/IKaI_II/IOHHBIX pa60T
MarucCTpaHToOB B 00JIaCTH METaJUIOKOMILJIEKCHOTO U HaHOPa3sMCpPHOI'O KaTraJin3da, XHUMHUU
MMOJIMMEPOB, OPTaHHUYCCKOr0 W HCOPraHUYCCKOro CHHTC3a. HpeHHaFaCMHﬁ KypC, pacumumpsid
Kpyro3op CTyA€HTa — XHUMHKA, IMO3BOJUT OPUCHTHPOBATHCA B COBPCMCHHBIX HAIIPABJICHUAX
Pa3BUTHA HAHOHAYKHU, HAHOTCXHOJIOTHHU U CMCKHbBIX C HUMU NJUCIUIIIINH.



I11.  TPEBOBAHMUS K PE3YJIBTATAM OCBOEHUA JUCHUIIJINHBI

[Ipouiecc ocBOEHUs JUCHUIUIMHBI HAmpaBieH HA (QOpMHUPOBAHUE KOMIETCHIIMN
(ameMenTOB crenyronmx komrereHuuit) B coorserctBun ¢ ®I'OC BO u OIT BO no nanHomy
Hanpasnenuio noocomosku 04.04.01 «Xumusny, npo@uis: HAYYHO-MEXHOIO0SULEeCKULL.

Ilepedyenn nuIaHNpyeMbIX pe3yJIbTATOB 00y4eHHs M0 JUCHUILINHE (MOAYJIIO),
COOTHECEHHBbIX ¢ MHAMKATOPAMH JO0CTHKEHUs] KOMIIeTeHIN i

KoMmnerennus Nuaukaropsl PesyabTaTnl 00yyeHus
KOMIIeTCHIIUH

OIIK-1 OllK11. 3HaTh!
CriocoOeH BBINOJIHATh Hcnonb3yer TEOPETUYECKHE OCHOBBI HAHOXUMUM:
KOMIIJIEKCHBIE CYIIECTBYIOIINE U OCHOBHBIE BU/JIbl HAHOOOBEKTOB,
JKCIIEPUMEHTAIIBHBIE U pa3pabaTbIBacT HOBbIE 0COOEHHOCTH MOBEIEHUS
pacyeTHO-TEOPETUYECKUE METOAMKH IOITYYEHUS U HAHOCHCTEM, METO/bI IIOJyYEHUS U
UCCIIeIOBaHMsl B M30paHHON | XapaKTepU3alllM BEIIECTB | XapaKTepHU3alluu BEIECTB U
00JacTu XUMHUH WU Y MaTepHaJIOB IS MaTepUaJIOB B HAHOPA3MEPHOM
CMEXXHBIX HAayK C pelIeHns 3a1a4 B COCTOSIHUH, Hay4YHbI€ MPOOIIEMBI
HCIIOJIb30BAaHUEM n30paHHOU 00IacTH HAaHOXHMMUH; HaHOOJIee aKTyalbHbIE
COBPEMEHHBIX MPUOOPOB, XUMMH WU CMEKHBIX HaIpaBJICHUS UCCIICIOBAHNUN B
MPOrpaMMHOIO HayK COBPEMEHHOMN TEOPETUUECKOU U
oOecnieyeHus u 06a3 JaHHBIX 9KCIIEPUMEHTAIBbHOW XUMHH B
poeCCHOHAIBHOTO 00J1aCTH HAHOXUMHH U
Ha3HAYCHUS HaHOTEXHOJIOTUH, IEPCIIEKTUBBI

PasBUTUA HAHOTCEXHOJIOTHI U X
IMPUMCHCHUC ITPU PCUICHUN
IMPAKTUYCCKHUX 3a1a4d

YMmeTn.:

KCIIOh30BaTh TEOPETUUECKUE
3HAHUS U NPAKTUYECKUE HABBIKU JJIS
peteHust GyHIaMEHTATBHBIX U
NPUKIIAIHBIX 33]1a4 HAHOXUMHUH.

Baajners: HaBbIKaMU IPUMEHEHUS
TEOPETUYECKUX 3HAHUH IIPH
IJIAHUPOBAHUU CTPATETUU CUHTE3a
HaHOOOBEKTOB, pa3pabOTKe HOBBIX
METOJMK IOJIY4ECHUS U
XapaKTEepU3allly BEIIECTB U
MaTepuajoB




IV. COILEPXAHHUE U CTPYKTYPA JTUCIUIIJINHBI

O0BeM TUCHHUILIMHBI COCTABJIfAET 3 3a4eTHHIX exuHuubI, 108 yacos,

B ToM yncie 0.89 3aueTHBIX eIMHUIIBI, 32 Yaca HA IK3aMeH

®opMa NPOMEKYTOUYHOM ATTECTANUN . IKIAMEH

4.1 CopepxxaHue IMCUMILIMHBI, CTPYKTYPHPOBaHHOE 110 TeMaM, ¢ YKa3aHUEM BH/I0B y4eOHbIX 3aHATHI U OTBEJEHHOI0 HA HUX

KOJU4YEeCTBA aKAJICEMUYCCKHUX YaCOB

Ne Paznen gucuunjauHbl/ TeMa Buapl yueOHoii padoThl, Dopmbl
n/n BKJIIOYASl CAMOCTOSITEIbHYIO Pa00Ty 00y4aIOIIUXCS, TeKyIlero
= NPaKTHYECKYH0 MOAT0TOBKY M TPYI0eMKOCTh KOHTPOJIsI
w (B yacax) ycrneBaeMoCTH;
<
2 E KonTakTHasi paGoTa nmpenogaBareJisi ¢ . ®opma
@ - 00yYAIOIHMHCS g = = | MPOMEKYTOUHO
> =i S £ & il aTTecTanmuu
g |z | £% 25 E | (o
o
z g S g g S 2 | cemecmpam)
@) Q > E = E =
Rl Ee |1 C /K Y-
= £ exmun | CeMuHapcKHe OHCYJIBTAIH | 5 & 5
2 5 npaktuyeckne | u+ KCP + &9 S
=
= 3aHATHS KO & g s &
S = =5
= © = &
- -
O mz o
1 2 4 5 6 7 8 9 10
1 BBenenue: 6a30BbIe TOHATUS U TEPMUHOJIOTUS 4 7 2 2 2 1 2 VO, II3
Hanoxumuu. Kinaccudukamms HaHOCUCTEM.
2 Crienmnduka HanocucteM. [posiBienue 4 12 4 2 4 2 4 ¥O, I13
pa3MepHbIX 3PHEKTOB B PU3NUECKUX SBICHHUIX
3 OO01ast XxapakTepUCTHKA METOJI0B MOJTyUSHHUS 4 9 2 2 2 2 3 VO, I13




HAHOYACTHII
Hanoxkactepsl MeTaIoB.
4 p 11 2 4 2 2 3 YO, 113
MeToapl XapakTepu3anuyd HAHOCHCTEM
JIbl Xapaxteprsatl 9 2 2 2 3 vO, 113
Hanouactuiiel ceMeinicTBa QyJIiIepeHoB U
6 A (yrep 49| 2 2 2 2 3 VO, 113
YIJIEPOJHBIE HAHOTPYOKH.
Komno3uimonHbsle HaHOMaTepUabl
! P 4 | 6 - 2 - 2 2 vO, I13
Pa3zmepHbie 3¢ deKThl B XUMUU
8 pHbIC 9Q 13| 4 2 4 2 5 VO, I13, KP
Hroro yacos
76 18 18 18 15 25
Hroro yacos 108 321
(Ox3amen)
[Tpumeuanue: YO — yctHbIi onpoc, [13 — npaktuueckoe 3aganne, KP — konTponasHas padora.
4.2 TInaH BHeayAUTOPHON CaMOCTOAITEIbHOI PadoThl 00YYAOIIMXCS MO AUCHMITIHHE
CamocTosiTenbHasi paboTa 00y4Jaroumxcs V4eOHO-MeTOJUIeCcKoe
Cemecr HasBanue pa3zaena, TeMbl c Barpatel | OrueHouHOE obecneyenune
) OKH %
P P ’ Bun camocrositenpHOM paboThI P BpEMEHHU CpeACTBO CaMOCTOATEILHON
BBIITIOJIHCHHUA ( ) pa6OTBI
Jac.
[ToHATHITHBIN anmapaT HAHOXUMHH [ToaroToBka K MpakTUYECKUM 3aHATHIM IIpaktuuyeckue NeNe 1,2 B criucke
4 o TeMe «ba3oBble TOHATHS U 5 3aJlaHus 110 ocHOBHOI 1 Ne |
TEPMUHOJIOTHSI HAHOXHMUHU. teme. YO JIOTIOJTHUTEITLHON
Knaccudukaiys HaHOCHCTEM» JUTEPATYPBI
4 |Cneuuduka HaHocucteMm. [IposiBnenue IIpaktnueckue [NeNe 1,2 B cimcke
[ToaroToBka K MpakKTUYECKUM 3aHATHIM .
pasMepHbIX 3P HEeKTOB B PU3NMUECKUX 3a7aHus 10 oCHOBHOM 1 Ne 1
o treMe «TepMoauHamMuuecKue .
SIBIICHUSIX . 1 teme. YO JIOTIOTHUTEIbHON
CBOWCTBA MOBEPXHOCTHOT'O CJIOS
JUTEPATYPHI
HAHOCHCTEM»




CamocrosrenbHas paboTa 00yJarommxcs

Y4eOHO-METOINYECKOE

Cemectp Ha3Banue paznena, TeMbl C 3atpathi | Ouenounoe ooecneserme
) OKH %I
P ’ Buy camocrosTennbHON paboThI P BpPEMEHHU CpencTBO CaMOCTOATEILHON
BBIIIOJIHCHUA pa60TbI
(dac.)
4 [IpakTnueckue | Meroguueckue
Pewenne 3amau no reme
. 3a/1aHMs 110 PEKOMEH1alluu
«TepMoguHaMuyeckne CBOMCTBA 1
teme. YO «CamocTosiTennbHast
ITOBEPXHOCTHOTI'O CJI0SI HAHOCUCTEM)
paboTa cTyieHTa»
4 [Ipaktuueckue [NeNe 1,2 B ciucke
[ToaroToBka K MPakKTUYECKUM 3aHATHAM .
3a7aHus 10 OCHOBHOM 1 Ne 1
o teme «lIposiBneHue pazmepHbIx 1 .
teme. YO JOTIOJTHUTEIHLHOM
3¢ pexToB B QU3NUECKUX TPOLIECCax)»
JUTEPaTyphI
4 [IpakTueckue (Meronnueckue
Pewenue 3anau no reme «llposiBnenue
a3MepHBIX 3PPEKTOB B PUINICCKUX 1 3a/laHiA o PEKOMCHAIIH
P teme. YO «CamocTosiTennbHast
IpoLeccax»
paboTa cTyieHTa»
4 OO6m1ast XxapakTepruCTUKa METOJIOB [ToaroroBka K MPaKTUYECKUM 3AHATUSAM [Ipaktrueckue (Nel B crincke
MOJTy4YEHUs1 HAHOYACTHII. 1o Teme «CUHTEe3 HAHOYACTHIL; 3a/1aHus IO ocHOBHOM u Ne 1
Hanoxnacrepst 3apoApIle00pa3oBaHNe, MATUYECKHE 3 teme. YO JIOTTOJTHUTEIbHOM
KJIaCTEPBI; POCTPAHCTBEHHOE JTUTEPaTypPBI
CTPOCHHE HAHOYACTHUI»
4 Pemenue 3anau no reme «CuHTe3 [IpakTnueckue Metonuueckue
HAaHOYACTHII, 3aPOJIBIIICO0pa30oBaHUE, 3a/IaHusl TI0 PEKOMEHTalluK
Maru4ecKkue KJacTepsl; 3 teme. YO «CaMmocTosTenbHast
MIPOCTPAHCTBEHHOE CTPOCHHE pabota cTyaeHTa
HaHOYACTHUID
4 |Meronb! xapakTepusanuu HaHocucTeM [[1oroToBKa K MPaKTUYECKUM 3aHSITHIM [Ipaktrueckue (Ne 1 B crincke
o Teme «MeTobl XapaKTepU3aluu 1 3a/IaHus IO JOTIOTHUTETHFHOM
HaHOCUCTEM) teme. YO JUTEPATYpPBI




CamocrosrenbHas paboTa 00yJarommxcs

Y4eOHO-METOINYECKOE

Cemectp Ha3zpanue pasznena, TeMbl . Cpokn 3atpatsl | OueHouHoe ooecnencrue i
Buy camocrosTennbHON paboThI BpPEMEHHU CpencTBO CaMOCTOATEILHON
BBINOJIHEHHS (uac.) paboTsI

4 IIpakTueckue (Meronuueckue
Pewenne 3anau no reme «Metoabl 5 3a/IaHus 10 PEKOMEH1alluu
XapaKTepU3alud HAHOCUCTEM) teme. YO «CamocTosTenbHas

paboTa cTyieHTa»

4 |Hanouactuiisl cemeiictBa ¢yiuiepeHoB [[IoaroToBka K MpakTUYECKUM 3aHSATHSIM [TpakTrueckue [NeNe 1 B crincke

U yTJIepOIHbIE HAHOTPYOKH 1o Teme «PU3NKO-XUMUUECKUE 3a/1aHusl 110 OCHOBHOM 1 Ne 1
CBOIICTBa HAHOYACTUI] CEMEINCTBA 1 teme. YO JIOTIOTHUTEIbHOU
GbynIepeHoB U yriaepoaHbIX JUTEPaTypBI
HAaHOTPYOOK»

4 Pemenne 3anau no reme «Pu3uko- [IpakTueckue (Meronnueckue
XUMHUYECKHE CBOMCTBA HAHOYACTHI] 2 3a/1aHus 110 pEKOMEHJaluu
ceMelncTBa PyJIIEPEHOB U YTIIEPOIHBIX teme. YO «CamocTosiTennbHast
HAHOTPYOOK» paboTa cTyieHTa»

4 |KoMIIO3UIIMOHHBIE HAHOMATEPHAIIBI YO Mertonnueckue
[Touck nutepaTypsl 0 TEME 5 pEKOMEHJaluu
«Kommno3unonHbie HaHOMATEePUAIIbD) «CamocrosiTenbHas

paboTa cTyieHTa»

4 |Pa3mepubie 23G(HEKTH B XUMUH [Mpaktuueckue [NeNe 1,2 B crimcke
[ToaroToBKa K MPaKTUYECKUM 3aHSATHSIM .
no teme «Pa3mepHbie 3peKThI B 1 SAAARHA O OCHOBHOI 1 Ne lv
MDY teme. YO JIOTIOTHUTEIBHOU

JUTEPATYpPBI

4 [IpakTnueckue Metonuueckue
Pewenue 3anau no reme «Pa3mepHsie 5 3a/1aHus IO PEKOMEHIalluu
7 }exTh B KaTamuze» teme. YO «CamocTosTenbHast

paboTa cTyieHTa»

4 |Cnenuduka HaHOCHCTEM. PazmepHbie Meronunueckue

s dexTrr [ToaroroBka K UTOroBOl KOHTPOJIBHOMN 5 PEKOMEH TN
pabote «CaMocTosiTenbHast
KP. paboTa CTyaeHTa




CamocrosrenbHas paboTa 00yJarommxcs

Y4eOHO-METOINYECKOE

Cemectp Hasparne pasiena, TeMs! c 3arpatsl OreHounoe obecreueHue
) OKH %I
’ Buy camocrosTennbHON paboThI P BpPEMEHHU CpencTBO CaMOCTOATEILHON
BBIIIOJIHCHUA 6OTBI
(dac.) pa
O01mast TpPyA0EMKOCTh CAMOCTOSITEIILHOM PabOThI IO TUCITUILIMHE (4Yac) 25
BroukeT BpeMeHH caMOCTOSITeJIbHON padoThl, MPelyCMOTPEHHBbIH Y4eOHbIM MJIAHOM /151 o5

JAHHOH IMCHMIJIMHBI (Yac)




4.3 ConeprxaHue y4eOHOTr0o MaTepuaja

Conep:xkanue pa3jieioB ¥ TeM JUCHUNIHMHBI

1. Baenenue.

Hanonayka wu Hanoxumusi. HayuHble guckyccuum 00 0OBEKTaX HAHOXUMHH —
HAaHOCUCTEMAax, M HUX CBOMCTBax: OCHOBHBIC IIOJIOKEHMS HOBOro HampasiaeHus HTP B
KJaccudyeckoil peun P. @eitnmana; Mu(bl U peaTbHOCTH HAHOTEXHOJOTHA. OCHOBHBIC TIOHATHS
U omnpeaeneHuss  (HAHOXMMMS, HAHOYACTHIA, HAHOMATEepUaJbl M  HAHOKOMIIO3MTHI,
HaHOCTPYKTypa, HaHoTexHojorus). Knaccudukanus HaHOCHMCTEM IO BHUIY JMCIEPCHOM (a3bl
(TpexmepHasi, IByXMepHas, OJJHOMEpHasi); 10 pa3MepaM 4acTul] (Majble, CpeAHNuEe U OOJbIINE;
TMFAaHTCKHE KJIAacTepbl METAJUIOB, HaHOYACTUIIb). OCHOBHBIE THUIIBI HAHOCHCTEM: MOPOILKOBBIE
HaHOMAaTepHalbl, YIIIEPOAHbIE HAHOCTPYKTYpH! ((yJuIepeHbl, HAHOTPYOKH), HAaHOKOMIIO3UTHI,
HaHOIIOPUCTHIE MAaTEPHUAIIbI, HAHOCTPYKTYPUPOBAHHBIE MHOTOCJIOMHBIE MAaTEPUAIIBI.

2. Cneuuduka HaHOCUCTEM

KonnuecTBeHHbIE XapaKTEPUCTHKU JIUCIEPCHBIX CUCTEM: YJENIbHasg IOBEPXHOCTb,
JUCTIEPCHOCTh. BKJIal MOBEPXHOCTHBIX CJIOEB B 00II€e CBOMCTBO cuCTeMbl. Jlucmepcus.
KoopauHaioHHOEe 4MciIO aTOMOB Ha MOBEPXHOCTH, B BEpIIMHE, ycTyle, peOpe. M3menenue
JUIMHA W XapakTep CBsi3U. BiusHue pasmepa yacTull Ha NEpPEeXo]l METall - JUAJIEKTPHUK.
TepMoaMHaMHUYECKUE aCIEKThl TOBEPXHOCTHOTO CIIOSL.

Pa3smepubie 3dekThl HaHOCHCTEM: COOCTBCHHBIH (WJIM BHYTPCHHHI) W BHEITHHMA
pa3mepubie 3¢ ¢exTrl. [IposBienne pazMepHbIX dPGEKTOB B M3MEHEHUN (U3UYECKUX CBOICTB!
3aBUCHUMOCTHU JaBJICHHS HACBIIIEHHBIX MapoB, PACTBOPUMOCTH, MOBEPXHOCTHOI'O HATSKEHMUS,
TeMIneparypbl (a3zoBOro nepexoja, TEIMJIOEMKOCTH, CTaHJAPTHBIX AJIEKTPOJHBIX MOTEHIIUAJIOB,
MarHUTHBIX CBOMCTB, 3JEKTPUUECKOI MPOBOANMOCTH OT pa3Mepa YacTHII.

3. O0masi XapaKTepuCTHKA METOA0B MOJIy4YeH!sS] HAHOYACTHII

Kraccudukaiuy MeTo10B MOJyYeHUS] HAHOYACTHUIL: MO THIY (OpPMHUpPOBaHUS (METOIBI «CHHU3Y
BBepx» (botton-up), metombr «cBepxy BHE3» (TOP-dOwnN)); mo mpupoae cui (pu3HuecKue,
xumudeckne). Dusmdeckre METOABI: TPOIECCHl HCMApeHUsT MW KOHJEHCAIlMH, METOJ
DIIEKTPUYECKOTO  B3pbIBA  MPOBOAHHKOB, METOA  YAApHOM  BOJHBI, METOJ  CYIIKU
BBIMOPQ)XKMBAHHUEM, JUCIIEPTUPOBAHUE U T.J. XUMHUECKHUE METOMABI: 30JIb-Tellb METO, yIaJlIeHHe
KOMIIOHEeHTa rereporeHHoN cuctembl, CVD, BoccTaHoBieHHE B pacTBOpe, KPUOXMMHYECKUN
CUHTE3, JIEKTPOXUMUYECKUI CHHTES.

4. HaHoknactepsl

Hanoknactepsl: cBoOomHble (Oe3nMraHaHble), MaTpUUYHbIC, TBEPAOTENbHBIEC; MaJbIe,
cpeaHue, OONbIINE U TUTAHTCKHE KJIACTePHI.

OcoOeHHOCTH ~ CHHTE€3a MOHO- U OMMETAIMYECKUX HAHOKJIACTEPOB  METOJOM
XMMHUYECKOTO BOCCTAHOBJICHHSI: KaTAJUTHUECKOE pPa3IoKEeHUE CTAOWIM3HUPYIOMIMX JIMTaHJIOB,
pacTBOpUTENs, BOCCTAHOBHUTENS OOpa3yOIIMMUCS KiacTepamMu MeTasioB. CTpPyKTypHBIE
Maru4eckue 4Yuciia KJIacTepoB. THIBI CTPYKTYp OMMETAJUIMYECKMX HaHOKJIACTEpOB: SAPO-
o0oJiouKka, KiacTep B KiacTepe, CIUIaBbl W HHTepMeTauindeckue coenuHeHus. OCHOBHbIE
METO/BbI TMOJTy4eHUs] OMMETaJUIMYeCKHX HAHOKJIACTEPOB: COBMECTHOE HIIM IIOCIIEOBATEIbHOE



BOCCTAaHOBJICHHE COJIEH METAJUIOB, JJIEKTPOXUMHUYECKUI CHHTE3; BOCCTAHOBJICHHE JIBOWHBIX
KOMILJIEKCOB, DJIEKTPOXUMHUYECKOoe (popMUpOBaHUE OMMETAITHYECKUX HAHOYACTHII.
3apojpiieoOpa3oBaHre: TOMOICHHAsT W TETEPOTeHHAs KOHJACHcalus. TepMoIuHaMUKa
TOMOTEHHOTO 3apojibiiiieoopa3oBanus mo teopun DonbMmepa. Kputnueckuit pasmep 3apojibiima
HOBOH (pa3bl. [IpoOiieMbl KITaCCHYECKOW TEOpPHH 3apoAbIeo0pa3oBaHus. METOAbl U TIOIXOJIbI
pEeryJaMpoOBaHUs  pa3MEpPOB M pACHpEACICHHs YacTHIl 10  pa3MepaMm: MOJydYeHHE
MOHOJIMCIIEPCHBIX CHUCTeM 10 MexaHm3Mmy Jla-Mepa; 3apojbIIeBbIi METOJ WM METOJ
3urmoHam; co3peBaHue 1o OCTBalbay; pETryJMPOBaHUE CTEIEHU JHUCICPCHOCTH CHUCTEM
BBeZicHHeM MoandukaTopoB 1-ro poaa (o Pebunaepy); kuHeTndeckuit KOHTpoib (P. dunke).

Kounounapie HAHOPEAKTOPBI: 3aBUCUMOCTH (POPMBI M pa3Mepa KOJUIOHIHOTO PeaKkTopa OT
npupozbl [TAB u ero koHneHTpamuu. MeToJibl CHHTE3a HAaHOYACTHUI] B OOPATHBIX IMYJIbCHUSX.

[TpoOnembl arperaTMBHOW YCTOMYMBOCTH HAHOYACTHII M HX AaCCOLMATOB, CIIOCOOBI
crabunu3anuu. CoBpeMEHHbIE TPEACTaBICHHS O TUNAX CTaOWiIM3auu U OpUpOJe
CTa0WIIN3aTOPOB HAHOKJIACTEPOB MEPEXOTHBIX METAJUIOB. 3JCKTPOCTATHUECKAs, CTCpPUYCCKAs U
AJIEKTPOCTATUYECKAsT CTAOWITH3AIINS.

Hanoctpykrypsl HPU Metaios: ¢pakranbHas CTPYKTYpa, CTPYKTYpa THIIA «EKCBHKAY,
3D HaHOCTPYKTYpBI M3 MOJEKYJSPHBIX KJIAcTepoB. HaydHbie MOAXOIBI K KOHTPOIUPYEMOMY
OOBCIMHCHUIO HAHOYACTHII B YIIOPSIOYCHHBIE CTPYKTYPHBIC OJIOKH: MPOCTPAHCTBEHHOE
OTPaHUYCHUE CUCTEMBI, OJIHOPOTHOCTH 0A30BBIX YACTHIL TI0 pa3MepaM.

5. MeToabl XapaKkTepu3anuu HAHOYACTHI

PentrenodaszoBelii  aHanu3.  DJEKTpOHHAas  MMKPOCKOIUS  (CBETJIONOJIbHBIE U
TEMHOIIOJIbHBIE CHUMKH), JJIEKTPOHHAs MHUKPOCKOIIHS BBICOKOTO pa3pelleHUs. DJIEKTPOHHAsS
mupdpakuus, MHUKpoauppakuus. DHEProJUCIEepCUOHHAs CHEKTPOCKOMUS. JIEKTPOHHO—
30HJOBBIN MHUKPOAHAJIN3. Ckanupyromas TyHHEJIbHAs MUKPOCKOIIHS.
PentreHodotosnekTpoHHas cnekTpockomnus. [1na3MoHHBINH pe3oHaHC.

6. HanouacTuusbl cemeiicTBa ¢yJljiepeHOB H YIJIepOIHbIe HAHOTPYOKH

Knaccudukanuss oaHOMEpPHBIX HAHOCTPYKTYpP: HAHOHWTH, HAHOCTEP)KHU, HAHOJEHTHI
VYcnoBus, HeoOXoauMble s (OPMHUPOBAHUS OJHOMEPHBIX HAHOCTPYKTYp: IaccCHBallUs
OTJEIIbHBIX IpaHel; U3MEHEHUE MexaHu3Ma (dbopmMHupoBaHUs, HCIIOJIb30BaHUE
IPOCTPAHCTBEHHOI'O OTPaHUYEHUs PEAKLMOHHOM 30HBI Ui (OPMHUPOBAHUS AHU30TPOIHBIX
HaHOCTPYKTYp IyTeM 1moadopa madaoHa UM TeMIUIaTa; OAHOOCHas JieopMalns YacTHIL.

Yrnepoausie HanoMmarepuanbsl. Hanoanmasel. DysuiepeHbl U UX NPOU3BOJAHBIC: DHIO- U
9K303IpajibHbIE (PylsiepeHsl, QyiepeHsl 3aMmenieHus. MeToibl CuHTe3a (QYIIEpEeHOB: JIa3epHOe
ucrnapeHue rpaduTa, DSIEKTPOAYrOBOW CHHTE3, MHPOJIU3 YIIEBOJOPOJOB. DYIIEPUTHI
XUMHUECKUE CBOMCTBA (DyJIJIEpEHOB: PeaKkIMU MPUCOCTUHEHUS (HYKI€O(DMIBHOE U PAUKAIBHOE
IIPUCOEANHEHNE, IMKJIONPUCOEANHEHNE), PEaKUUNU BOCCTAHOBJIEHMS, DPEAKLUU OKHUCICHUS;
KOMIUIEKCOOOpa3oBaHue.

OnHoMepHBIE CTPYKTYphL: yriepoiHsle HaHOTpyOku (YHT) ux xmaccuduxanms u
cBoiicTBa. XUMHUS YIJIEPOAHBIX HAHOTPYOOK: CHHTE3 OJHOCTEHHBIX HAHOTPYOOK (J1a3epHOE
UCTApeHHe MEeTAI-TPaUTOBBIX CTEp)KHEH, MNHUPOJM3 YIJIEBOJAOPOIOB B TNPUCYTCTBUU
KaTaJau3aToOpoB); METOABI BBIIEIEHUS M OUYUCTKH oaHocTeHHbIX YHT; xumudeckoe

11



Moau(UIIIPOBAHUE
TyOyJISIpHBIE CTPYKTYPHI.

BHYTPEHHEH ¥ BHEIIHEH TMOBEepXHOCTH TpyOok. Heopranmdeckue

7. KoMno3uunoHHble HAHOMATEPHAJIbI
Hanoxommnosutel. Kiiaccudukanyus HaHOKOMIIO3UTOB B 3aBUCUMOCTH OT MPUPOJIBI
MaTpULIbl U HAMOJHUTENSA: HAHOKOMIIO3UTHI

«IIOJIUMEP — HCEOpraHuvdcCkKas HaHO4YaCTULAa»,

HaHO4YaCTHUIIbI B HCOPTaHUYCCKUX MaTpuaax (I_ICOJ'II/ITBI, CI/IJ'II/IKaTI)I). HonyquI/Ie
KOMITO3MIIMOHHEBIX MAaTCPHAJIOB I10 30JIb-I'CJIb MCTOOY. Cunres ME3O0IMOPHUCTBIX MOJCKYIISAPHBIX

cut (SiO2) TeMIUTaTHBIM METOIOM. [ HIpOTepMabHbINA CHHTE3.

8. PasmepHublie 3¢ deKThl B XUMUH

Bnusinue nucnepcHocTH Ha XMMHMYECKOE paBHOBecue. BiusHue pasmepa yacTuil Ha UX
PEAKIIMOHHYIO CIOCOOHOCTh: M3MEHEHHE KHUHETHUYECKUX 3aKOHOMEPHOCTEM IPOLECCOB,
MOHIDKEHUE TEMIEpaTypbl MPOTEKAHUS XHMHYECKUX peakiuil, MOsSBICHHE MNUPOGOPHBIX
CBOICTB, MPOTEKAHHUE PEAKIUI MEXy BEUIECTBAMH C YacTHUIIaMU B HAHOMETPOBOM JIHaria3oHe,
HEOCYIIECTBUMBIX TPU HUCHOJIB30BAaHUU KPYIMHOKPUCTAIIIMYECKUX MaTepuaioB. BiusHue
pa3Mepa 4acTHIl Ha KOHCTAHTY XUMHUYECKOTO PaBHOBECHSI.

Pasmepubie oQdexTsi B KkaTanuze. BnusHue pasmepa dYacTUIl Ha  YJCNBHYIO
KaTaJUTHYECKYI0 aKTUBHOCTh. [lONOXWTENBbHBII W OTpUIATENbHBIM pasMepHbie 3D EKTHI.
CTpyKTYpHO-4yBCTBUTEIbHbIE U  CTPYKTYPHO-HEUYBCTBUTEIbHbIE  peakuuu. [IpuumHsl
MPOSIBIICHUST pa3sMepHBIX 3(PPEeKTOB: 3IEKTPOHHBIH U reomerpuueckuii (axtopsl. Ilpumepsi

CTPYKTYPHO-9YBCTBHUTCIIbHBIX peaKHHﬁ.

4.3.1 IlepeyeHb NPAKTHYECKHUX 3aHATHI 1 J1a00PaTOPHBIX padoT

Ne Ne HaumenoBanue TpyaoeMKoCTh Ouenou | Popmupyembie
n/n Pa3nena u reMbl CeMHMHAPOB, NPAKTHYECKUX (4ac.) HbIE KOMIIeTeHIIUU
H JIa0opaTOpHBIX padoT Bcero N3 wHux | cpeacrB | (MHAMKATOPDI)
4acoB NMPAKTHY a
eckast
MOAroTOB
Ka
1 2 3 4 5 6 7
1 1.Ilousatuiitneii | ba3oBrle MOHATHS U 2 2 YO, OIIK1 1.
anmapar TEPMUHOJIOTUS 113
HAaHOXHMHU HAaHOXHMHMHU.
Knaccudukamms
HAHOCHUCTEM
2 2.Crnennduka TepmonnHamMuueckue 2 2 YO, OIIK1 1.
HAHOCHUCTEM. CBOMCTBa 113
[IposiBnenune IIOBEPXHOCTHOI'O CJIOA
pa3sMepHBIX HAHOCHUCTEM
a2 dexToB B
buznuecKux
SIBIICHHSIX
3 [IposiBnenune 2 2 YO, | OIllK11
pa3MepHbIX 3P PEeKTOB B 113
(hU3MUECKUX MpoIIeccax
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4 3-4.006mas CuHHTE3 HAaHOYACTHIL: 4 YO, OIIK1 1.
XapaKTepUCTHKA | 3apOJIbllIc00pa3oBaHue, I13
METOZIOB Maru4eckue KiacTepbl;
MOJIy4YeHUs MIPOCTPAHCTBEHHOE
HAHOYACTHI] CTPOCHHE HAHOYACTHUIL
5 5. Metonsl MeTtoae! 2 VO, OIIK1 1.
XapaxkTepusa- XapaKTepU3aluu 113
LMY HAHO- HaHOCHCTEM
CHCTEM
6 6. DOU3HKO-XUMHYESCKUE 2 YO, | OIlIK1a.
Hanouactuuer CBOMCTBA HAHOYACTUL] 113
ceMeicTBa cemericTBa PysiepeHoB
GyIIepeHoB U | M YIIIEPOIHBIX
YTIEpOAHbIE HaHOTPYOOK
HAHOTPYOKH
7 | 8. PazmepHbie Pa3mepnbie 3 dexTh B 4 YO, | OllK1..
3¢ deKTHI B KaTajause 113
XUMHH
8 | Cnenuduxa HTorosast KOHTpOJIbHAS 2 2 KP OIIK11.
HAHOCHCTEM. paborta
Pa3zmepubie
3 deKxThI
4.3.2. IlepedyeHb TeM (BONPOCOB), BLIHOCHUMBbIX HA CAMOCTOSITEIbHOE H3YUeHHe
CaMOCTOSITEJILHOH padoThI CTY/ICHTOB
Ne Tema 3ananue dopmupyemas NJK
Ne n/m KOMITETEHIIHSI
1 [TonsTHiHBIN [ToaroroBka Kk ycTHOMY OIlK-1 OIllK1.1.
anmapar HaHOXMMHHU | orpocy (cM. BOIIPOCHI
TeKyIero KoHTposs Nel),
BBINOJIHEHUE MTPAKTUYECKUX
3aJIaHHM.
2 Crnenuduxa IlonroroBka Kk yCTHOMY OIIK-1 OIllK1.1.
HaHOCHCTEM. orpocy (CM. BOIIPOCHI
IIposiBnenue pasmep- | Tekymero KoHTposst Ne2),
HBIX 3((}eKTOB B (GU- | BHIIOJHEHUE MPAKTUUECKUX
3MYECKHX SIBICHUSAX 3aJJaHHH.
3 Oo6mas [ToaroToBKa K YCTHOMY OIlK-1 OIlK1 1.
XapaKTepUCTHKA orpocy (CM. BOITPOCHI
METO/IOB MOJYYEHUsT | TeKyIero KoHTpois Ne3),
HAHOYACTHII. BBINOJIHEHUE MTPAKTUYECKHX
Hanoxknacrepsl 3aJaHUM.
4 MeTtoapl [ToaroroBka kK ycTHOMY OIIK-1 OIlK11.
XapaKTepu3aun orpocy (CM. BOITPOCHI
HaHOCUCTEM TEKyIIero KoHTposst Ne4),
BBITIOJTHEHUE MTPAKTHYECKIX
3aJlaHuM.
5 Hanouactuust [ToaroroBka kK ycTHOMY OIIK-1 OIlK11.
cemencTBa orpocy (CM. BOIIPOCHI
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¢bymiepeHoB u TEKyIIero KoHTpoust Ne5),

yrIIepoIHbIE BBITTOJIHEHUE MTPAKTHYECKIX
HAHOTPYOKH 3aJIaHuM.

6 Pasmepnsbie apdextor | [loaroroka k ycTHOMY OIIK-1 OlIK1.1.
B XUMUHU orpocy (CM. BOIIPOCHI

TEKyIIero KOHTpoJis Neb),
BBITIOJIHEHUE MPAKTUYECKUX

3aJaHUMN.
7 Crnenuduxa IToaroroBka K KOHTPOJIBHOMI OIlK-1 OIIK-1.1
HaHOCHUCTEM. pabote

Pazmepubie 3 DeKTHI.

4.4 MeToanu4yecKue YKa3aHUs M0 OPraHU3alMU CAMOCTOSITE/IbHOI padoThI CTY/IEHTOB

CamocTrosTelbHas pa60Ta CTYACHTOB, CBs3aHHasd C 3aKpCIUVICHUEM TCOPETUYCCKOIO
MaTcprajia B BUAC PCHICHHUA 3adad, KOHTpOJ’IBHOﬁ pa6OTBI " TIOATOTOBKHU K YCTHBIM OIIpOCaM,
MMPOBOAUTCS BO BHCAYAUTOPHOC BPCMH.

HpI/IMepH PCUICHHUA TUIIOBBIX 3aa4 IIPCACTABJICHBI B MCTOAUYCCKUX PCKOMCHIAAHAX 10
OpraHM3ali CaMOCTOSATEIbHON PadOThI CTYJEHTA:
https://educa.isu.ru/course/view.php?id=46429

4.5. IlpumepHasi TeMaTHKa KypCOBBIX padoT (MPOEKTOB) (npu Haniuuuu)

V. YYUEBHO-METOJUYECKOE 1 TH®OPMALIMOHHOE OBECIIEYEHUE
JUCLUILIMHBI (MOJLY.JIS)

1. bensix, JI.Lb. BBenenne B HaHoxumuio. PasmepHbie 3Q¢exTbl B (U3UKO-XUMUH U
karanuze [Tekct] : yue6. mocobue / JI. b. benbix, ®. K. Imunar ; pem.: B. C. Tkau, H. A.
Kopuesun ; Upkyrt. roc. yH-T. - Upkytck : U3n-Bo UT'Y, 2013. - 199 c. : wn., uB. ui. ; 21
cMm. - bubmuorp.: c. 191. - ISBN 978-5-9624-0942-9 : 41 >x3.+

2. Ceprees, I'.b. Hanoxumus [DnexTpoHHbI pecypce] : yueb. nocodue it cTya., o0yd. mo
Hanp. 020100 (510500) "Xumusa" u o cner. 020101 (011000) "Xumus) / I'. b. Ceprees.
- OBK. - M. : Vuusepcurer, 2006. - 337 c. - Pexxum nocryna: . - Pexxum nocryma:
DNEKTPOHHBIA YUTATBHBIN 3ai1 "bubdmuorex". - ISBN 5-98227-185-3 :+

3. T'yceB, Anekcannp WBanoBwu. Hanomarepuanbl, HaHOCTPYKTYpBI, HAHOTEXHOJOTHH
[OnexTponnbiit pecypc] / A. W. T'yceB. - DneKkTpoH. TEKCTOBBIE HaH. - MockBa :
®uzmatiur, 2009. - 416 c. : wi. - OBC "Jlanwp". - Heorpanny. goctym. - ISBN 978-5-
9221-0582-8 : BBK B 37

0) 10MOJIHUTEJIbHAS JIUTEpaTypa

4. ®ochunpl MepexoJHbBIX METAUIOB KaK HOBBIM KJIACC MOTEHIMAIBHBIX KaTalu3aTopoB
TUAPOTeHU3alMOHHBIX TIporieccoB [Tekct] : monorp. / JI. b. Benbix [u ap.] ; pew.: JI. O.
Hunpakosa, JI. C. Cycnos ; Upkyt. roc. yH-T. - Upkyrck : U3n-so UI'Y, 2016. - 105 c. :
ui. ; 20 cm. - bubmmorp.: ¢. 94-105. - ISBN 978-5-9624-1402-7 : 16 k3.t

5. Konroxos, Banepuit IOpbreBuu. MeTonpl wuccieoBaHUS MaTepUaloB U IPOLECCOB
[OnexTpoHHBIM pecypc] : yueOHoe mocobue st By3oB / B. HO. Kontoxos, 1. A.
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['oronanze, 3. B. Mypra. - 2-¢ u3f., Bcrp. U JOII. - DJIEKTPOH. TEKCTOBbIC aH. - MOCKBA :
FOpaiit, 2022. - 179 c. - (Bricmiee o6pazoBanue). - ObC "IOpaiit". - HeorpaHu4. TOCTYII.
- ISBN 978-5-534-13938-9 : URL: https://urait.ru/bcode/508744 (mata oOparieHus:
04.05.2022).

6. 3BekoB, A. A. CreKkTpajbHbIE METO/Ibl UCCIIEOBAHUS B XUMUU [ DIEKTPOHHBIN pecypc]
/ A. A. 3BekoB, B. A. HeBoctpyeB, A. B. KaneHckuii. - DIIeKTpOH. TEKCTOBBIC JaH. -
Kemeposo : KemI'VY, 2015. - 124 c. - ObC "Jlanp". - Heorpaauu. pocrym. - ISBN 978-5-

8353-1823-0 : b. 1.

B) NepUOINYECKHE U3TAHMS (1pU HeoOX0OUMOCmuU)
) CIUCOK ABTOPCKHUX METOAUYECKUX Pa3padoToK:

6 DUOC UT'Y pazmewenvl yuebnoe nocobue no «Hanoxumuuy, npezenmayuu nekyuil u
MemoouuecKkue YKa3aHus K Opeanu3ayuu CamocmosmenbHol pabomol Cmy0eHmos.
https://educa.isu.ru/course/view.php?id=46429

1. benrix, JI.Lb. Benenue B Hanoxumuio. Pasmepubie 3G GeKTsl B GU3NKO-XUMHUH U
karanu3e [Tekcr] : yue6. mocodue / JI. b. benbrx, @. K. llImuar ; pen.: B. C. Tkaug, H. A.
Kopuesun ; UpkyT. roc. yH-T. - Upkyrck : U3n-8o UI'Y, 2013. - 199 c. : wi., uB. ui. ; 21 cm. -
bubGmmorp.: c. 191. - ISBN 978-5-9624-0942-9 : 41 k3.

)I) 0a3bl AAHHbIX, HHq)OpMaIII/[OHHO-Cl'[paBO‘IHI)Ie H MMOMCKOBBI€ CUCTEMBI.

http://www.fnm.msu.ru/ucheba-na-fakultete/biblioteka-uchebnykh-materialov
http://nanoindustries.com/

http://www.nanometer.ru

http://www.nanotechweb.org

http://www.newchemistry.ru

KYpHaJIbI:

http://www.nanoindustry.su/

http://www.nanorf.ru/

http://www.microsystems.ru/

VI.MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJINHBI
6.1. YueOHO-1200paTOpHOE 060pPy10BaHUE:

[Tomemenuss a7 TpOBEJNEHHUS  JIGKIMOHHBIX M JAOOPAaTOPHBIX  3aHATH,

YKOMIUIEKTOBAaHHBIE HEOOXOJUMBIM 000pyIOBaHUEM, & UMEHHO:

d) ayAMTOPHH, OCHALICHHBIC MYJIbTHMEIUHHBIMH CPEACTBAMH, JUISI TPOBEICHHS AyAUTOPHBIX U
npakTudeckux 3aHstui  (ayn. 303, 402, 426); ayn. 5, 402, 426 o6opynoBaHbI
mynbTuMeauiiHbIMU Tipoektopamu (INFocus IN 105 (3D Ready), HacTeHHBIME SKpaHaMH,
HoyrOykamu Samsung NP 300T5A-AOFRU.
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http://www.nanometer.ru/
http://www.nanotechweb.org/
http://www.nanoindustry.su/
http://www.nanorf.ru/
http://www.microsystems.ru/

b) xommbroTepHBIi Ki1acc Kadeapbl Gpu3nUecKoi U KoutonaHol xuMuu (aya. 303). Oobrmiee
KOJIMYECTBO €IMHHMII BEIYUCIUTENBHON TexHuku — 5: Pentium IV — 1 mr.; Pentium 11 -1
mtT.; Pentium | — 3 mr. Meercs noKkaabHas CETh.

6.2. IlporpaMmMHoOe obecrieyeHme:

6.3. TexHnyeckue H JIeKTPOHHBIE CPEICTBA:
VI1.OBPA3OBATEJIBHBIE TEXHOJIOTI' MU

B mpouecce usydeHus aucuMIuIMHbBl «HaHOXMMMSA» YUTAIOTCS JIEKLHUH, IPOBOAATCA
NPaKTUYECKHE 3aHATUS U KOHTPOJBbHBIE pabOThl, pPa300p KOHKPETHBIX CHUTyallud c
UCIIOJIb30BAaHUEM [TACCUBHBIX, AKTUBHBIX M MHTEPAKTUBHBIX (pOpM 00ydeHHU.

Axmuenvie popmer 06yuenus. Ha npakTHUECKUX 3aHATHSIX, KOTOPBIE COCTABISIOT OKOJIO
IIOJIOBUHBI OT KOHTAKTHOM paOoThl, KaX/blii CTYAEHT CaMOCTOSITEIbHO pellaeT 3aJadyd Ha
pa3IuYHbIE TEMbI, YYacCTBYET B JIUCKYCCMOHHOM pa300pe KOHKPETHbIX cuTyauuil. Takod Buj
opraHu3anuu o0y4eHHs CIIOCOOCTBYET 3aKpEIICHHIO TEOPETUYECKUX IMOJOKEHUH HAaHOXUMHH,
IPUOOPETEHUIO IPAKTUUECKUX HABBIKOB CAMOCTOSTEIBHOIO MPUHATHS PEILIECHUS 0 Pa3InYHbIM
BOIIPOCAM HAHOXUMHUHU, YMEHHUIO HCIOJIb30BaTh TEOPETUYECKUE 3HAHUA UId pELICHUS
(yHIaMEHTAJIbHBIX M MPUKIAAHBIX 337ad HAHOXMMUH, IUIAHUPOBATh CTPATErHi0 CHUHTE3a
HaHOOOBEKTOB, pa3paldaTbiBaTh HOBBIE METOJIMKU MOJIYYEHHUS M XapaKTepu3allud BEUIECTB U
MaTepHUaoB.

VIII.OHEHOYHBIE MATEPHUAJIBI JISA TEKYIIEI'O KOHTPOJIS 1
MMPOMEXYTOYHOM ATTECTAIIUA

Ouenounsle cpeacraa (0OC):

OneHouyHbIE CpEeACTBA TEKYIIEro KOHTPOJds (OpPMUPYIOTCSI B COOTBETCTBUU C
[TonoxenneM o OalIbHO-PEHTHHIOBOM cUCTeMe YHUBepcuTeTa. HasHadyeHHe OLEHOYHBIX
CPEICTB TEKYLIEr0 KOHTPOJIS - BBISIBUTH Y 00ydaromuxcsi c(popMHUpOBAaHHOCTh KOMIIETEHLIUI!
OIIK-1.

MaTtepuaJibl 1J151 NPOBeJIeHHsI TEKYIIEro H MPOMeKYTOYHOT0 KOHTPOJISI 3HAHUIA
CTY/IEHTOB:

Ne Bun xonTposs KonTponupyembie TeMbl (pa3zenbl) Komnerenmum,
KOMIIOHEHTBI
KOTOPBIX
KOHTPOJHMPYIOTCS

1 Brinonnenue ba3oBble MOHATHS U TEPMUHOJIOTUS OIllK1.1.
MPAKTUIECKHUX HanoxuMmuu. Kinaccudukanus
3aJaHuH. HAHOCHUCTEM
CobecenoBanue

2 Boeinonnenune Crnenuduxa nHanocucreM. [Ipossnenue | OI1K1.1.
MIPaKTUYECKHUX pa3MepHbIX 3PPEKTOB B PUINIECKUX
3aJIaHuH. SIBIICHUSX
CobecenoBanue

3 Brimonnenue OO01mas xapakTepucTHKa METO/I0B OIlK11.
MPAKTUICCKIX MOJTyYeHUST HAHOYACTHII.
3aJJaHuH. Hanoxnacrepsl
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CobecenoBanue

4 Brinosinenue Mertonbl xapaktepuzanuu HaHocucteM | OI1K1 1.
MPaKTUYECKUX
3aJaHUH.
CobecenoBanue

5 Brimonaenune Hanouactuiier cemeiictBa ¢yieperoB | OI1K1.1.
MPAKTUIECKIX 1 yIJIEPOIHBIC HAHOTPYOKH
3aJaHUN.

CobecenoBanue

6 Brimonaenune Pazmepnbie 3D PexTh B XUMUT OIllK1.1.
MPAKTUIECKIX
3aJaHUN.
CobecenoBanue

8 KP Cnenuduka HanocucteM. Pazmepasie | OI1K1.1.
3¢ beKThI

JleMOHCTPAUMOHHBIH BADHUAHT KOHTPOJIbHOI PadoThI

3aoaua 1. B Bo3nyxe, coaepxaiieM mapbl BoJbl, oOpa3yerca TymaH mpu temmeparype 270.0 K
(koaddunmeHT mnepechimieHuss paBeH 3.5). PaccumTaiite KpuTHYeCKMH pasMep  saep
KOHJCHCALIUK U YHCIIO0 MOJIEKYJ, CoepKaluxcsi B HUX. [[OBepXHOCTHOE HATSKEHUE BOJABI G =
73 MJIx/M?, MOIBHBIH 066eM Bogbl Vi = 18x107° M3 /Mob.

3aoaua 2. Paccuuraiite uncio atomoB nautaus (N) B kimactepe nuamerpom 2.2 HM. MMerot iu
9TH KJIACTEPHl IOJHOCTHIO 3allOJHEHHYIO0 000s0uKky? Paccuwmraiite ymciao obomoudek (N) B
HaHokiactepax. Ilnotaocts mammagus p(Pd) = 12,02 r/em®.

3aoaua 3. Temniepatrypa BHyTpeHHETO moapa cocraBuia 600°C. PacruraButcst I HaXOsIIasics
TaM JUCTiepcHs MarHus ¢ pasmepoM uyactui 5x108 m? Temmora mnmamenms mareus 8,56
k/JI’K/MONb, TIOBEPXHOCTHOE HATsUKeHHE paBHBEIM 0,66 J[K/M?, cIpaBoYHas TeMIIepaTypa
nnasnenns 923 K. (m1oTHOCTh Marus 1.74 r/cm®, aromHas macca 24.305 r/Monb).

BOITPOCHI JIs1 COBECE/IOBAHU A

Bonpocwi ona YO Nel. [lonamuiinelii annapam HAHOXUMUU
1. ChopMynupyiiTe OCHOBHBIE TMOJOXKEHHMS 3HAMEHMTOH Jnekuuu P. Oelinvana mnepen
cryneHtamu B KanndopuuiickoM TeXHOIOrnueckoM HHCTUTyTe 29 nexadps 1959 r.
. PaccmoTpuTe OCHOBHBIE 3Tallbl pa3BUTHS HAHOHAYKU U HAHOTEXHOJIOTHH.

. I[aﬁTC OmnpeacCICHNA OCHOBHBIX TCPMHUHOB HAHOXUMHU: «HAHOYACTHLA», «HAHOCUCTEMaA»,
«HaHOMAaTEpHUalbl», «KHAHOCTPYKTYpa», «HAHOKOMIIO3UTHI) .

[CO N\ )

4. Ecte mu oTnmuns MCXKAY HAHOCUCTEMAaMU U JUCIICPCHBIMU cucremamu? Ecin €CTh, TO B UEM
OHHU HpOHBJ’IHIOTCSI?

. Uem o0ycrnoBiieH BbIOOp MpaHULl HUKHETO U BEPXHETO MPEJIeIOB HAHOYACTHIL?

o O1

. Kakne xmaccudukanum HaHOYAaCTHII M HAHOCTPYKTYp Bbl 3naere? K kakomy Ttumy
HAaHOYACTHI] W  HAHOCTPYKTYpP OTHOCSTCS  MOJIEKYJsIpHble  HaHOKJIacTtepel?  OTBeT
IIPOKOMMEHTUPYHITE.

6. HazoBuTE KOJIMYECTBEHHBIE XaPAKTEPUCTUKN HAHOCHUCTEM.

7. AgatoM — 370 ..
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a) aTOM B BEPIIMHE yTJia PEIIeTKH, 0) aTOM, paCIOJIOKEHHBIN Ha ITOBEPXHOCTH; B) aTOM,
HaXOJAIIUNCS HA peOpe KpucTalia, T') aToM, afcopOUPOBAHHBIN HA MJIOCKOCTH; /1) aTOM B
[EHTpe 00beMa HAHOYACTHUIIBL; €) aTOM, aICOPOMPOBAHHBIN HA CTYIIEHbKE POCTa KPUCTAIIA.
YkaxuTe ero KOoOpJAuHAIMOHHOE YUCIIO.
8. YnenbHasi TOBEPXHOCTH TUCIIEPCHON CHCTEMBI - 3TO OTHOIICHHE TUIONIA/IA TTOBEPXHOCTH
Mexay (azamu:
* K TEMIIEpaType; * K JaBJICHUIO; * K 00beMy AUCIIEPCHOM (a3bl ; * K KOHLEHTpaLUU
JUCTIEPCHOM (a3sl ; ® K Macce TUCHEPCHO a3kl ; * K KOHIEHTPALUU AUCIIEPCUOHHOM cpeibl?
9. Kak MOXHO paccyuTaTh JUCIEPCHOCTDH?

Bonpocwi ona YO Ne2. Cneyuguka nanocucmem

1. B yem mposBnserca ux crneuupuka Hanocucrem? I[louemy i HAHOCHUCTEM XapaKTEPHO
IposiBIEHUE pa3MepHBIX 3 (eKkToB?

2. Kakwue sBIeHUs OTHOCST K pa3MepHBIM 3 dekram?

3. IlpuBenute mpumepbl U3MEHEHUS (PU3MUECKUX CBOWCTB BELIECTBA B 3aBUCHUMOCTH OT €ro
pa3mepa.

4. Kak 3aBucuT TemmepaTtypa (azoBoro mepexona ot pasMepa uvactun? Kakue ypaBHeHus
OIKCBIBAIOT 3aBUCUMOCTH TeMIIepaTyphl (pa30BOro mepexoa oT pa3Mmepa 4acTil?

5. Kak 3aBucuT JaBlieHHE HACHIIIEHHBIX MApPOB BEIIECTBA HAJ €ro HCKPHUBICHHON
MOBEPXHOCTHIO OT pa3Mepa Karemnb?

6. B kakoM HaHOAMana3oHEe HEOOXOAMMO YYHUTHIBATH BIIHMSHHE pa3Mepa YacTHIl HA BEIUYHHY
HOBEPXHOCTHOT'O HATSKEHUS?

7. Kak Biusier pa3mep yacTHILl Ha MOTEHIMAJl HOHU3AIMH, CPOJICTBO K JIEKTPOHY?

Bonpocel ona YO Ne3. Hanouacmuuypwl: nojyyenue u cmaduiu3ayus MOHo- u
OumemaniuuecKux HAHOKIACMEPOE

1. Ha xakue JBe OCHOBHBIC TPYMIIBI ACNSATCS OCHOBHBIE CIIOCOOBI MOJyYE€HHUs] HAHOYACTHI] U
HanomatepuaiioB? [IpuBenere mpumMepsl

2. K xakoii rpymme MeTonoB Bl OTHeceTe CHHTE3 HAHOKJIACTEPOB METAJIOB B PacCTBOPE,
MCXOJIS U3 MOJIEKYJISIPHBIX TIPEKYPCOPOB MO/ ACHCTBUEM BOCCTAHOBUTEIIEH ?

3. KakoBbl 0COOCHHOCTH CHHTE€3a HaHOKJIACTEPOB METAIJIOB MPHU HCIIOJIB30BAHUU B KaYECTBE
BOCCTAaHOBUTENEH TETParuApoOOpaToB W TETPArHAPOATIOMUHATOB IIEJIOYHBIX METANIOB?
Kakme moaxoapl pa3paboTaHbl [Uisl YCTpAaHEHHUs BIUSHUS TOOOYHBIX TIPOIECCOB,
NPUBOAAIIMX K 3arpsA3HEHHI0 OCHOBHOrO mpoaykra? OTBET MNPOKOMMEHTUPOBAaTh U
MOATBEPIUTh YPABHEHUSIMHA XUMUUYECKUX PEAKIIUA.

4., MOXHO JHM TIOJYYUTh HAHOKJIACTEPHl IEPEXOJHBIX METAUIOB MPU BOCCTAHOBIICHUU
($hoChHUHOBBIX KOMIUIEKCOB MIEPEXOIHBIX METAUIOB BOIOPOoM? OTBET MPOKOMMEHTHUPOBATH
Y TIOATBEP/IUTH YPAaBHEHUSIMU XUMUYECKUX PEAKITUH.

5. Kakue Tumbel OMMeTaTUIMUECKUX HAHOKIAcTepoB Bel 3Haere? Kakue MeTOABI HCIONB3YIOT
I UX cuHTEe3a?

6. IlpuBenute  mpuMepsl  CTAOMIU3aTOPOB  MOJICKYJSIPHBIX  HaHOKJactepoB.  [lpu
UCIIOJIb30BAaHUHU KAKUX CTA0MIIN3aTOPOB PEATU3YETCs dIEKTPOCTATHUECKUM, CTEPUUSCKUN U
AJIEKTPOCTEPUUECKUN MEXaHU3M CTaOMIIM3AIHN ?
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7.

E A

PaccmoTpuTe  momydeHme  HAHOYACTHMI METAJUIOB B OOpallleHHBIX  MHIEIax,
MUKpodMynbeusix. Kak Biamser mpupona u koHuentpauuss MIIAB na pasmep u dopmy
HaHopeakTopa?

Bonpocul ona YO Ned. Memoowt xapakmepuzayuu Hanocucmem
Kaxkyro nndopmaruo MOXHO MOayduTh U3 cHumMka [19M BP?
Kak M0oxHO naeHTuPUIUPOBATh XUMHUYECKH 1 (ha30BbIi COCTaB HAHOYACTHIL?
Kak onpenenuts cpeIHEUNCICHHBIN U CPETHENOBEPXHOCTHBIA pa3Mepbl YaCTHIL?
MeTtoapl HcciaenoBaHus, MpUMEHsIEMbIe ISl KaYeCTBEHHOTO M KOJMYECTBEHHOTO aHalu3a
COCTaBa MOBEPXHOCTU HAaHOUYACTHI. VX IOCTOMHCTBA ¥ OTPAHUYCHHUS.

Bonpocel ona YO Ne5. Hanouacmuuywl cemeiicmea hynnepenos u yzinepoonvie

HanompyoKu

o ks wbdE

1. Kakwue amiorpornHbeie MoauduKanuu yriaepoaa Ber 3Haere?

2. PaccMoTpuTe 0cOOCHHOCTH CTpOCHUS (DYIIICPEHOB.

3. Kakme xumudeckue cBOWCTBa XapaKTEpHBI JJs (yJUIEPEHOB, UCXOMs M3 0COOEHHOCTEH
UX CTPOECHUSA?

4. Kakue MeToJIbpl HCHONB3YIOT JUIsl cuHTe3a ¢ysuiepeHoB? Kak MOXHO OYMCTUTH
GysepeHsl OT mpuMeceil MoOOUHBIX MPOJYKTOB?

5. Kakue merons! ucnons3yror ans cunreza YHT? PaccmoTrpute crocoObl MX OUYUCTKH OT
npumeceid TOOOYHBIX TPOAYKTOB.

6. Kakme ¢usnyeckne u XuMHUYECKHMEe CBOWCTBa xapaktepHol mnsi YHT, wucxoms wus
0COOEHHOCTEHN UX CTpPOEHUS?

7. HazoBure o0nacTtu, B KOTOpPBIX HalLiM npumeHenre YHT.

Bonpocel ona YO No6. Pazmepnuvie y¢pghexmut ¢ xumuu

PaccmoTpuTe BiOMsHME pa3Mepa YacTUI] Ha MX pPEAKUUOHHYIO CHOCOOHOCTh C
TEPMOJIMHAMHYECKONW TOUKH 3PEHUS.

Kakue peakiiuu OTHOCATCS K CTPYKTYPHO-4yBCTBUTENbHBIM? [IpHuBEIUTE IPUMEDPHI.
CdopmynupyiiTe OCHOBHBIE IPUUMHBI Pa3MEPHBIX AP (EKTOB B KaTaIH3e.

Kak ompenenuth, Kakue UEHTPHI (BEPIIMHHBIE, peOEpPHBIE WM IUIOCKOCTHBIE aTOMBI)
paboTaroT B JAHHOM KaTaJIUTUYECKOM Iporiecce?

K kaxomy Ty pasmepHbIX 3¢ (EKTOB ClieyeT OTHECTH:

a) yBeJIMYEHUE YaCTOTHl 0OOPOTOB ¢ YMEHBIIEHUEM pa3Mepa YyacThIl?

0) yMEeHbIIIEHUE YaCTOTH 00OPOTOB C YMEHBILIEHHEM pa3Mepa 4acTuIl?

NPUMEPHBINA CIIUCOK BOITPOCOB K DK3AMEHY

Tepmunonorus HaHoxuMuu. OCHOBHBIE KJ1acchl HaHOcUCTEM. [IpuMepsl.

Crenuduka HAHOCUCTEM.

TepMmoiMHaMKKa TOBEPXHOCTHOTO CJI0S HAHOCHUCTEM.

Pasmepnsbie a3 dexTs HaHOCHCTEM. [IpUYHHBI UX BOZHUKHOBEHHUS.

3aBUCHMOCTh TeMIiepaTypsl (Pa30BBIX MEPEXOA0B OT pa3Mepa YacTHII BEIIECTRA.
3aBUCUMOCTD JIaBJIEHUSI HACBIIIEHHOTO Napa U pacTBOPUMOCTU B 3aBUCHUMOCTU OT pa3mepa
HaHOYaCTHII.
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10.
11.

12.

13.
14.

15.

16.

17.

18.
19.
20.
21.

22.
23.

24.
25.
26.
27.
28.
29.
30.
31.

3aBUCHUMOCTb TEIJIOEMKOCTH, ITOBEPXHOCTHOTO HATSHKCHMS, MIEKTPUUECKOU MPOBOIAUMOCTH
Y MarHATHBIX CBOMCTB OT pa3Mepa HAaHOYACTHULL.

OO011ast XxapakTepUCTHKa METOJIOB IT0JIy4EHHsI HAHOYACTUL] 1 HAHOMAaTEepUaJIOB.
MosekynsipHble KIacTepbl: Majble, CpeJHHE U OOJIbLINE KIIaCTEPhl METAIJIOB,
HaHokJacTepbl. CBOOOJHBIE, MATPUYHBIE, TBEPAOTEIIbHBIE KIACTEPHI.

CTpyKTypHBIE MarH4ECKHE YHUCIIa HAHOKIIACTEPOB.

OCOOEHHOCTH CHHTE3a MOHO- M OMMETAJUIMYECKMX HAaHOKJIACTEPOB METOA0M XMMUYECKOIO
BOCCTAQHOBJICHMS:  KATAIUTUYECKOE  PA3JIOKEHHE  CTAOWIM3MPYIOLIMX  JIMTAHJOB,
pacTBOpUTEIs, BOCCTAHOBUTENS 00pa3yrOIMMUCS KJIaCTepaMH METAJLIOB.

CuHTEe3 HaHOKJIACTEPOB METAJUIOB METOJIOM XMMHUYECKOW KOHJEHcCAluu. XUMHU3M Ipolecca
u npupoga  GOpMHPYIOIIMXCS YacTUL Ha IpPUMEpe peakuuil BOCCTaHOBJIECHUS
TeTparugpodopaTamu " TeTpaopraHodopaTamu LIEJIOYHBIX METAJIJIOB,
AIFOMUHUHOPraHMYECKUMH COEJMHEHUSIMH, BOAOPOIOM, THITOPOCHUTOM HATPHSL.
bruMerannyeckue HAHOKIIACTEPBI: METO/BI UX IOJIy4YEHUS U THUIIBI CTPYKTYP.

CoBpeMeHHbIE TPEACTABICHUS O THUMAX CTa0WIM3alUUM M TPUPOAE CTaOMIM3aTOPOB
MOJIEKYJISIPHBIX HAaHOKJIACTEPOB.

TepMoauHaMuKa TOMOI€HHOTO 3apo/ibliieo0pazoBanus o Teopun Ponbmepa. Kpurnueckuii
pasmep 3apo/ibliia HOBOM (hazbl.

MeToapl ¥ MOAXOABI PEryJIMpPOBaHUS pPa3MEpPOB U PACHpPElEICHMs] YacTHIl IO pa3Mepam.
IIOJIyY€HUE MOHOJUCIIEPCHBIX CHCTEM II0 MexaHu3Mmy Jla-Mepa; 3apoasleBelii METO, WIH
MeTOJ 3UrMOHAM; co3peBaHue 10 OcCTBalbAy; PETYJIHPOBAHME CTENEHU JUCIIEPCHOCTU
cucTeM BBeleHHeM MoaudukaTopoB 1-ro poga (no PeOunzaepy); KMHETHUECKUN KOHTPOJIb
(P. ®unke).

Konnonansie HaHopeakTopbl. Biaustaue npupoast MITAB u konuenTpanyu Ha Gpopmy u
pa3Mep HaHOPEAKTOopa.

Hanopeaxropsl. [lonyuenne HPY B HanopeakTopax.

Camoopranusanus Hanodactull. Hanoctpykrypet HPY merannos.

. MeTonbl XapakTepHu3aluyu HAaHOYACTHILL: BOSMOXXHOCTH U OTPAHUYEHUS.

Oynnepensl. Metoasl cuHTe3a (¢yuiepeHoB. BbineneHne M ouMcTKa (yIepeHoB U
HAHOTPYOOK.

Xumus QynaepeHoB. DHA03IpaTbHbIE U 9K303/IpajibHbIE COSIUHEHMSL.

VYraeponusle HaHoTpyOku. Krnaccudukanus. Meronsl CHHTE3a, BBIIEIEHHE U OYHCTKA
HaHOTPYOOK.

KoMno3uinonssle HaHOMaTeEpUabl.

3051b-TeNIb TEXHOJIOTHUSI.

CuHTE3 ME30MOPHCTHIX MOJIEKYISPHBIX cUT (Si02) TeMIIIaTHBIM METOOM.
I'maporepmalibHbIN CUHTES.

Pa3smepubie 3¢ (exThl B XUMUU.

Pasmepnsbie 3¢ dexTrl B katanuze. [1o10kuTeNbHbIN U OTpULIATENbHBIN pa3MepHbIe (P PEKTHI.
[Tpuunnb! nposiBIeHUs pa3sMepHBIX 3((HEKTOB: ITEKTPOHHBIA U TEOMETPUUECKUN (PaKTOPHI.
CTpyKTYpHO-4yBCTBUTEIbHBIE U CTPYKTYPHO-HEUYBCTBUTEIIbHBIE PEAKIIUH.
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IINTAHUPYEMBIE PE3YJIbTATBI OBYUYEHUA JJI51 ®OPMUPOBAHUA

KOMIIETEHLIUI

I/IH)IHKaTOPBI JOCTHIKCHUSA
KOMIICTCHIUH

Pe3yabTaThl 00yueHus
(3HaTh, yMeTb, BJIA/IETh)

IIpouenypa oueHuBaHus

OIIK-1.1

Hcnonp3yeT cyniecTBYOMIHE
U pa3pabaThIBaeT HOBHIE
METOIUKH MOJYICHHS U
XapaKkTepU3alluy BEIICCTB U
MaTepUaIOB IS PEIICHHS
3a/1a4 B M30paHHO 00IacTH
XUMHH WA CMEXKHBIX HAyK

3HaeT: TCOPETHUECKUEC OCHOBBI
HAHOXHMMHH: OCHOBHBIE BH/IBI
HAHOOOBEKTOB, 0COOEHHOCTH
[TOBEIEHUS HAHOCHUCTEM, METOIBI
MOJIYYCHUS U XapaKTepH3aIuu
BEIICCTB M MaTEPHAJIOB B
HAHOPa3MEPHOM COCTOSHUH,
Hay4YHBIC TPOOJIEMbl HAHOXHMHH,
Hanbolee akTyalbHbIC
HaIpaBJICHUS UCCIICIOBAaHHH B
COBPEMEHHOM TEOPETUYECKON U
9KCIIEPUMEHTAIbLHOW XMMHH B
00J1aCTH HAHOXUMHU U
HAaHOTEXHOJIOTHH, MIEPCIICKTHBBI
pa3BUTHS HAHOTEXHOJIOTUI U UX
MIPUMEHEHHE TIPH PEIICHUN
MPAKTUYCCKHX 3a/1aY

YO. Brinonuenue
NPaKTHYECKHUX U
KOHTPOJIbHBIX PadoT.

YMmeer: ucnosnb30BaTh
TEOPETUYECKUE 3HAHUS U
MIPAKTUYECKUE HABBIKU JUIS
penreHus QyHIaMEHTAIBHBIX U
NPUKJIAAHBIX 33724 HAHOXUMUH.

Brinmonnenue
MPAKTUYECKHUX U
KOHTPOJIbHBIX padoT.

Bﬂa}f[eeT: HaBbIKaMU ITPUMCHCHU
TEOPETUUECKUX 3HAHUN JJIs
pereHust GyHAaMEHTAIBHBIX U
MIPUKJIAIHBIX 33]]a4 HAHOXUMUH;
CIIOCOOHOCTBIO UHTEPIIPETALIUN
pe3yabTaTOB HAYYHOTO
IKCIIEPUMEHTA B 00J1aCTH
HaHOXHUMUHU

YO. Brinonuenue
PaKTUYECKUX U
KOHTPOJIbHBIX padoT.
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HporpaMMa OLHCHMBAHUA KOHTPOJUPYEMbBIX KOMHeTEHHl/Iﬁ:

Tema niu paszaen Kon nnaukaropa [Lmanupyemslid pe3ysbTaT [Tokazarens Kpurepuit HaunmenoBanue
JUCIATLITHHBI KOMIIETEHIINHU OLICHUBAHUS 0C?
TK® | OA*
1. Beenenue: NIKonk-1.1. 3HaeT: TEOPETUUECKUE OCHOBBI | 3HaeT Bnaneer YO, T
6azoBble oHATUA | Hcmomb3yeT HaHOXVUMHUU: OCHOBHBIE BUJIbI TEPMUHOJIOTHIO U MaTepHUaIoM,
Y TEPMHUHOJIOTHS | CYIIECTBYIOIIHNE U HAaHOOOBEKTOB, 0COOCHHOCTH MOHSTUWHBIN anmapar MPEACTABICHHBIM
HaHOXUMUHU. pa3pabaTbIBacT HOBbIE MOBEJICHUSI HAHOCUCTEM, HAaHOXHMMHH, aKTyaJIbHbIE B paszjene
Knaccudukanus | METOIMKH MONTYYCHUS U METO/1bI NTOJIYYEHUS U HaIlpaBJICHUs «BBenenue».
HaHOCHCTEM. XapakTepHU3alliy BEIIECTB | XapaKTepU3alllK BEIIECTB U MCCJICIOBAHMN B JAHHOU OtBeTui Ha
Y MaTepHayoB JJIs MaTepuajoB B HAHOPA3MEPHOM | 0OJIACTH 3HAHUIA. Borpochl YO:
pelIeHus 3a/1a9 B COCTOSIHUH, pazmen 1, Ne 1-9.
n30paHHOM 001aCTH XUMUU | HAy4HbIE TPOOIEMBI Bermonamn 2/3
WJTU CMEXKHBIX HAYK HAaHOXMMUH; HauboJee TeCTA.
aKTyaJbHbIE HAPABIICHUS
HCCIIEIOBAHUI B COBPEMEHHOM -
TEOPETHYECKOH U <
AKCIIEPUMEHTAILHON XUMHH B 3
00nacT HAHOXUMUU U (‘%
HAaHOTEXHOJIOTUH,
MEePCIEKTUBBI PA3BUTHS
HAHOTEXHOJIOTHI U UX
MIPUMEHEHHUE TIPU PELIEHUN
MPAKTUYECKUX 3a/1a4
2.Crnenndrka NAKonk-1.1. 3HaeT: TEOPETUYECKHE OCHOBBI | 3HaeT: Bnaneer YO, I3,
HaHOCHCTEM. Hcnonp3yet HAaHOXMMHH: OCHOBHBIC BUJIBI | CIIEIIU(DHKY HAHOCHUCTEM, MaTepuaIoM, K
CYILLECTBYIOILNE U HAHOOOBEKTOB, OCOOCHHOCTH | IPUYUHBI MPOSIBICHUS MPEICTABICHHBIM
pa3zpabaThIBacT HOBBIC MTOBEJICHUSI HAHOCUCTEM, (hbU3MIECKUX pa3MEpPHBIX B pazjerne 2.
METOAMKHU MOITYYEHUS U METO/IbI OIYYEHUS U 3¢ dexToB. Oteetun Ha YO:
XapaKTEPU3AIMH BEMIECTB | XapaKTEepHU3alUU BENIECTB U Ywmeer: pazmen 2 Ne 1-7.
Y MaTepHayioB s MaTepuaJoB B HAHOPA3MEPHOM | PacCUMTHIBATh U3MEHEHUe | Pemm TunoBbie




pelIeHus 3a/1a4 B COCTOSTHUH, (buznuecKkux 3a/1a4M.
n30paHHOM 001aCTH XUMUU | HAY4HbIE POOIIEMbI XapaKTePUCTHK BBINOJIHWI 2/3
WJIM CMEKHBIX HAYK HAHOXUMUU; HanboJiee HaHOOOBEKTOB B 3a/laHui B
aKTyaJlbHbIE HaIlpaBJICHUS 3aBUCHMOCTH OT pa3mepa KOHTPOJIbHOMN
HCCJIEI0BAHUM B COBPEMEHHOM | 4acTHLL. pabote
TEOPETUYECKON 1 Baaneer:
IKCIIEPUMEHTAIBLHONW XUMHH B | TEOPETUICCKUMHU
00JacTy HAaHOXUMUU U IPEJICTABICHUSIMHU O
HAHOTEXHOJIOTHUH, IPUYUHAX TTPOSIBIICHUS
MEPCIIEKTUBBI PA3BUTHS pa3MepHbIX 3h(PeKToB U
HAHOTEXHOJIOTUH B UX HaBBIKAMH MX TIPUMCHCHUS
MPUMEHEHUE TIPU PEIICHUU B PEILIEHUU PACYETHBIX
MPAKTUYECKHX 3a7a4 3amaq Ha Temy «Pa3mepHbie
Ymers: 3¢ (HeKTh»; CIOCOOHOCTHIO
WCIIOJIb30BaTh TCOPETUYCCKHUE | MHTSPIIPETANN
3HAHUA U TPaKTHYECKUE pe3yIbTaTOB HAYYHOTO
HABBIKY JIJISI PEIICHUS IKCIIEPUMEHTA B 00JIaCTH
byHIaMEHTaIbHBIX U HAaHOXUMUH.
MIPHUKITATHBIX 337124
HAHOXUMUU
Baanernb: HaBbIKaMU
MPUMEHEHHUS TEOPETHUECKUX
3HAHWUU TIPH IIAHUPOBAHUHT
CTpaTeruy CUHTE3a
HaHOOOBEKTOB, pa3paboTKe
HOBBIX METOJMK TIOJyYSHUS U
XapaKkTepu3alliu BEIIeCTB U
MaTEpHAaJIOB
3-4 O6mas NJAKonk-1.1. 3HaeT: TeOpEeTUYECKUE OCHOBHI | 3HAET: Bmameer YO, 113,
XapaKTepUCTHKA Ucnonb3yer HAHOXWMUU: OCHOBHBIC BUJIBI | OCHOBHBIE METOJIbI CHHTE3a | MaTepHalIoM, K
METOJIOB CYIIECTBYIOIINE U HAaHOOOBEKTOB, OCOOCHHOCTH | MOHO- M OMMETAJUIMYECKHUX | IIPEICTABICHHBIM
MOJTy4eHUs pa3pabaTbIBacT HOBbIC MOBE/ICHUS HAHOCHUCTEM, HaHOKJIACTEPOB, ux | B pazmene 2.
HAHOYACTHII. METOJIMKH MOJIYYCHHUS U METO/IbI MTOJIYYEHHUS U cnenudukxy; cnoco6sl | OtBetnin Ha YO:
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Hanoxnacrepst XapaKTepu3alluy BEIIECTB | XapaKTepU3alluy BEIIECTB U KOHTpoJisi  pa3mepa  u | pazgen 3 Ne 1-7, .
Y MaTepHasoB IS MaTepuajIoB B HAHOPa3MEPHOM | (popmbl HaHo4acTHl, | Pemmn Tunosbie
pelIeHns 3a/1a4 B COCTOSIHUH, COBPEMEHHBIE 3a/1a4H.
n30paHHOMN 001aCTH XUMUU | HAY4HbIE POOIIEMbI IOPEJICTaBICHUs O THUIAX | BBIMOJIHUI 2/3
WM CMEXHBIX HayK HAaHOXMMUH; Hauboee CTa0WINM3aluu WU TPUPOAC | 3aJJaHHi B

aKTyaJbHbIE HAPABIICHUS CTabUIN3aTOPOB KOHTPOJIBHOM
UCCJIEI0BAHNM B COBPEMEHHON | HAaHOKJIACTEPOB pabote
TEOPETHYECKOU U NEePEXOHBIX METAJUIOB.
AKCIEPUMEHTAIIBHON XUMUHU B

00nacTy HAHOXUMUU U Ymeer:

HAaHOTEXHOJIOTUH, peliaTh TUIOBBIE 3a7a4l Ha
MEPCIEKTUBBI PA3BUTHS 1o teme «CHUHTE3 MOHO- U
HAHOTEXHOJIOTUI U UX OMMETaJUINYECKUX
MIPUMEHEHHUE MTPU PELIEHUN HaHOKJIACTEPOBY,
IIPAaKTHYECKUX 3a/1a4 Baapeer:

Ymers: HaBbIKaMH BbIOOpa
HCIOJIb30BaTh TEOPETUUECKHUE | CTpaTeruu CUHTE3a

3HaHUS U NPAKTUYECKUE HAaHOYACTHII,

HAaBBIKH JIJISl PEIICHUS cTabuiam3aropa,
byHIaMEHTaIbHBIX U

MPUKIAIHBIX 3a7a4

HaHOXUMHUHU

Buaanernb: HaBbIKaMH

IIPUMEHEHHUS TEOPETUUECKUX

3HAHUU PU MJIAHUPOBAHUU

CTpaTeruy CUHTE3a

HaHOOOBEKTOB, pa3paboTKe

HOBBIX METOIMK MOTyYEHUS U

XapaKTepHU3alluy BEIIEeCTB U

MaTepuajoB

5.Metozbl NJAKonk-1.1. 3HaeT: TEOPETUYECKHE OCHOBBI | 3HAET: Bnaneer YO, IT3.

XapakTepu3aluuu Hcnonszyer HAHOXMMUU: OCHOBHBIE BUJIbI | OCHOBHBIE METO/Ibl, | MaTepHaIoM,

HaHOYACTHI] CYIIECTBYIOINE U HAHOOOBEKTOB, OCOOCHHOCTH | MPUMEHsIEMbIE aHaJIM3a | MPEACTaBICHHBIM
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pa3pabaTbiBacT HOBBIC
METOMKH MOJTyYSHHSI U
XapaKTepu3alliu BEIIeCTB
Y MaTepHaoB JJIs
pelIeHus 3a/1a4 B
n30paHHOM 00JACTH XUMHH
WJIM CMEKHBIX HAYK

MOBEJICHUSI HAHOCHUCTEM,
METO/IbI TOJTYYEHHUS U
XapaKTepHU3allUy BEIIEeCTB U
MaTepUalioB B HAHOPa3MEPHOM
COCTOSTHUH,

Hay4HbBIC TTPOOIIEMBI
HAHOXHMMMH; HanboJee
aKTyaJIbHbIE HAIlPaBJICHUS
HCCJIEI0BAHUM B COBPEMEHHOU
TEOPETUUYECKON 1
AKCIEPUMEHTAIBHON XUMUU B
00JIaCTH HAHOXUMHMH U
HaHOTEXHOJIOTHH,
MEePCIEKTUBBI Pa3BUTHS
HAHOTCEXHOJIOTHI 1 X
MPUMEHEHHUE MPU PEIICHUHN
MPaKTUYECKUX 3a/1a4

YMeTh:

KCIIO0Ih30BaTh TEOPETUUECKHUE
3HAHUS U NPAKTUYECKUE
HAaBBIKH JIJIS1 PEIICHUS
byHIaMEHTaIbHBIX U
MPUKJIAHBIX 33]1a4
HAHOXHUMHU

Buaajgern: HaBBIKAMUA
MIPUMEHEHUS TEOPETHIECCKUX
3HaHUH NpH ITAHUPOBAHUU
CTpaTeruy CUHTE3a
HAHOOOBEKTOB, pa3padoTKe
HOBBIX METOJUK MOTYYCHUS U
XapaKTepHU3alluy BEIIEeCTB U
MaTepHaJioB

XUMHYECKOro,  (ha30BOTO
COCTaBa, pa3Mepa 4acTHll U
COCTOAHUA
MTOBEPXHOCTHOTO CIIOS.

Ymeer:

onpenensats no [IOM BP
CHUMKaM IPUPOJLY U pa3Mep
YaCTHII, PACCUYUTHIBATH
pa3Mepbl 4acTuIl

Baapeer:

HaBbIKaMU aHallu3a
HaHOCHCTEM METOI0M
[I9M, sneKTpoHHOI

T paKIun

B paszzene 2.
OtBernin Ha YO:
paznen 4 No 1-4, .
Bremonann
MIPaKTUYECKOe
3aganue o [ 1M
CHUMKaM

6.HanouacTuie:

NAKonk-1.1.

3HaeT: TECOPETUYECKUE OCHOBBI

3Haer: PA3JIMYIHBIC METOAbI

Bnaneer

YO, 113,
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ceMelncTBa
byepeHoB 1
yrIIepoIHbIE
HaHOTPYOKH

Hcnounb3yer
CYIIECTBYIOIIUE
pa3pabaTbiBacT HOBBIC
METOMKH MOJTYYSHHS U
XapaKTepu3alliy BEIIeCTB
Y MaTepHaoB JJIs
pelIeHus 3a/1a4 B
n30paHHOM 00JaCTH XUMHH
WJTM CMEKHBIX HAYK

HAHOXMMHMH: OCHOBHBIC BUJIBI
HaHOOOBEKTOB, 0COOEHHOCTH
IOBEJICHUS HAHOCHCTEM,
METO/IbI TOJTYYEHHUS U
XapaKTepHU3allUy BEIIECTB U
MaTepualioB B HAHOPa3MEPHOM
COCTOSIHUH,

Hay4HbBIC TTPOOIIEMBI
HAHOXHMHMH; HanOoJece
aKTyaJbHbIE HAPABIICHUS
HCCJIEI0BAHUM B COBPEMEHHOU
TEOPETUYECKON 1
AKCIEPUMEHTAIIBHON XUMUU B
00JIaCTH HAHOXUMHH U
HAHOTEXHOJIOTUH,
MEePCIEKTUBBI Pa3BUTHS
HAHOTEXHOJIOTHI U UX
MIPUMEHEHUE MTPU PELICHUN
MPaKTUYECKHUX 3a/1a4

YMeTh.

HCIIOIh30BaTh TEOPETUUECKHUE
3HAHUS U NPAKTUYECKUE
HAaBBIKH JIJIs1 PEIICHUS
byHIaMEHTaIbHBIX U
MPUKJIATHBIX 3a/1a4
HAHOXUMHU

Baaaers. HaBEIKAMHU
MIPUMEHEHUS TEOPETHIECCKUX
3HaHUH NpH ITAHUPOBAHUU
CTpaTeruy CUHTE3a
HAHOOOBEKTOB, pa3padoTKe
HOBBIX METOJUK MOTYICHUS U
XapaKTepHU3alluy BEIIEeCTB U

CUHTE3a M XUMUYECKHE
CBOIMCTBA YIIEPOAHBIX
HaHOMAaTEpHaJIOB:

(dyiepeHoB 1 HAHOTPYOOK.

Ymeer:

peliaTh NpaKkTH4YeCKHe
TUIIOBBIE 33]]Ja4H HA TEMY
«Dynnepensl. YHT».
Baapeert:
MPECTABICHUSIMHU O
MOAXO0JaX CUHTE3a HYJb- U
OJIHOMEPHBIX YTJIEPOJIHBIX
HAaHOMATEPHUAJIOB.

MaTepHalioM,
MIPEICTABICHHBIM
B paszene 2.
OtBernit Ha YO:
paznmen 5 Ne 1-7, .
Penmn tumoBwie
3aJauu,
BBIIOJIHUT 2/3
3a7aHUN B
KOHTPOJbHOU
pabore
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MaTEepUajIoB

8 Pa3zmepHbie
3¢ ekt B
XUMHU

NAKomnk-1.1.

Hcnounb3yer
CYIIECTBYIOIIUE
pa3pabaTrbiBacT HOBBIC
METOMKH MOJTYYSHHSI U
XapaKTepu3alliy BEIIeCTB
Y MaTepHaioB JJIs
pelIeHus 3a/1a9 B
n30paHHOM 00JaCTH XUMHH
WJTM CMEKHBIX HAYK

3HaeT: TEOPETHUECKUE OCHOBBI
HAHOXUMUH:

Ymern:

HCIIOJIb30BaTh TEOPETHICCKHE
3HaHUS U IPAKTUYCCKHE
HABBIKY JIJISI PEIICHUS
(byHIaMEHTABHBIX U
MPHUKJIATHBIX 33724
HAHOXHMUHU

Buaajgers: HaBbIKAMU
NPUMEHEHHS TEOPETUYCCKUX
3HAHWUU TIPH IIAHUPOBAHUHT
CTpaTEeruy CUHTE3a
HAHOOOBEKTOB, pa3padOTKe
HOBBIX METOMK ITOJIYUYSHHS U
XapaKTepU3alliy BEIIeCTB U
MaTepuasoB

3HaeT: IpUYUHBI
MPOSIBJIICHUS Pa3MEPHBIX
3¢ PeKTOB B XUMHUHU U
KaTtajiuse.

Ymeer:

peraTh MpaKTHYECKUe
THUIIOBBIE 33]]a41 HAa TEMY
«Pa3mepusbie 3¢ (exTrI B
KaTaJluzer.

Baapeer:
IpEeACTaBICHUAMH O
CTPYKTYpPHO-
YYBCTBUTEIbHBIX U
CTPYKTYpPHO-
HEUyBCTBUTEJIBHBIX
peakuusix 1 o Beibope
HanOosee 3((HEeKTUBHOIO C
9TOM TOYKH 3PEHUS
KaTaJIn3aTOPOB.

Bnaneer
MaTepHaIoM,
MIPEICTABICHHBIM
B paszzene 2.
OtBernit Ha YO:
paznen 6 Ne 1-5, .
Penmn tumoBwie
3aJIauH.

YO, 113
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KPUTEPUU OHEHUBAHUA PE3YJIBTATOB OBYUYEHUAA:

OneHka «OTJIHUIHOY .
C(bOpMI/IpOBaHHBIG nu CI/ICTeMaTI/ISI/IpOBaHHBIe 3HAHUSA HpCIIMeTa ((HaHOXI/IMI/Iﬁ»,
C(bOpMI/IpOBaHHBIG YMCHI/ISI N HABBIKHM KOMIINICKCHOI'O HCIIOJIB30BaHUA TeOpeTI/I‘ICCKI/IX OCHOB
HAaHOXHUMHH, HpI/IMeHeHI/UI MCTOJAOB U ITOAXOA0B I[aHHOﬁ JUCHUITIINHBI HpI/I pel_HeHI/II/I y‘-IC6HBIX 148
MPaKTUYECKUX 3a/1a4 PA3IMYHOTO YPOBHS CIIOKHOCTH.

OuneHka «xopomo»:
B 11€JI0M, COPMHUPOBAHHBIC, HO COJIEPKAIIKE OTASIbHbIE TPOOEIbI 3HAHUS MPEAMETA, METOIBI U
MOAXOABl M3y4aeMOW JUCHUUIUIMHBI TIPH PEIICHUH YYEOHBIX W MPAKTHYECKUX 3a1ad C
MHUHHUMAQJIBHBIM KOJMYECTBOM OINMMOOK HENMPUHIIMIIMAIBLHOTO XapaKTepa, HAJIWYUe HaBBIKOB
HpI/IMeHeHI/ISI METOAOB U IIOAXOOOB 1/13yqaeM0171 JOUCIHUITIIINHBI HpI/I peH_IeHI/II/I y‘I€6HBIX nu
MPAKTUYECKHX 3a7a4 6a30BOr0 yPOBHSI.

OHeHKa «YJAOBJIETBOPUTEJIBHO) .
HECUCTCMATU3UPOBAHHBIC 3HAHWA NPEAMETa, YaCTUYHO Cq)OpMHpOBaHHBIe YMCHHSA W HABBIKU
MNPUMCHCHHA METOJ0B H IIOAXO0J0B HSY‘IaGMOﬁ JUCHUIIIMHBI ITPpHU PCIICHHUU THIIOBLIX 3a1a4.

Ounenka «HEYIOBJIETBOPUTEIbHO .

(bparMeHTapHoe 3HAaHUC TIpeAMETa, OTCYTCTBHUC YMCHI/II‘/'I W HABBIKOB IIPUMCHCHHA MCTOAOB U
noaxoa0B I/I3y‘laeM0ﬁ JUCHHUINIMHBI IIPpXU PCIICHHUHN THIIOBBIX 3a14a4.

Pa3paborunkmu:

S
7 ) 2 ,
t// 4 (/é(/

npodeccop JI.b. benbix

[Iporpamma coctaBieHa B coorBercTBUM C TpeboBanusiMu PI'OC BO u yuerom
pexomenaanuii [IOOIT no Hanpasnenuto noaroroBku 04.04.01 — «Xumusiy».

[Iporpamma paccMoTpeHa Ha 3aceJaHnu Kadeapsl GU3NUECKON M KOJUIOMJHON XHMUH
«10» anpenst 2025 1.

e
IIpotoxon Ne 8 W.o. 3aB. kadenpoit > @ 52‘7 /J1.B. Benwix/

Hacmoswas npoepamma, ne modicem dbims 60cnpousgedena Hu 8 Kakou goopme b6e3

npeosapumenbHo20 NUCbMEHHO20 paspeulenusl Kagheopvl-paspabomyuka npocpammsi.



