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. HEJIU U 3AJAYHN JUCTIAITJIMHDBI:

Ilens: oBnaneHNe MaruCTpaHTaMH XHMHUYECKOTO (aKyJbTeTa TECOPETUYECKHMMU OCHOBAMH H
HOBEUIIMX JOCTIKCHUN HAHOXMMHHU, (POPMHUPOBAHHE YMEHUH M HABBIKOB MX MPAKTUYECKOTO
IIPUMEHEHUS.

3aoauu:

- copMupoBaTh 'y MarucTpaHTOB KOMIUIEKC (YHAAMEHTAJIBHBIX  MpPEJCTABICHUH,
COCTABJISIOIIMX OCHOBY HOBOI'O HAy4yHOI'O HAIPaBJICHUS — HAHOXMMMS, J1aTb COBPEMCHHBIC
OpefCTaBieHuss O (U3MKO-XMMHUYECKMX CBOMCTBAaX; OCHOBHBIX CIIOCO0AxX TIOJIyYeHHS,
XapakTepu3aluy, NPUMEHEHUH HAHOYACTHII W HAHOMATepUAIIOB B pa3IMYHBIX 00IACTIX
KU3HEIEATEIFHOCTH; TI0Ka3aTh IPHYMHBI, OOYCIABIMBAIONIME HW3MEHEHHE (U3UYECKHX H
XUMUYECKHUX CBOMCTB BEILECTB, pa3Mep KOTOPBIX HAXOJUTCS B HAHOMETPOBOM JIMAIIa30HE;

- 3aKpenuTh HEOOXOOUMBIM MOHATHUHHBIA ammapar M TEOPETHUYECKHE OCHOBBI Ba)KHEHIIMX
pa3zienoB HAaHOXUMMHY,

- copMUpOBaTh YMEHHUE HCIOJb30BATh TEOPETUUECKNUE 3HAHUS M IMPAKTUYECKHE HABBIKU IpU
IUIAHUPOBAHUM CTPATETUU CHHTE3a HaHOOOBEKTOB, pa3pabOTKE HOBBIX METOJMK IOIY4YEHUS U
XapaKTEepPU3allMK BEIIECTB U MAaTEPHUAIIOB.

1. MECTO JMCIIUIIVIMHBI B CTPYKTYPE AOIIOII BO

2.1. Yuebnas pucuuiuimHa «HaHOXMMUS» OTHOCHTCS K AMCHUIUIMHAM BapHaTUBHOW YacTH
npodeccuonansHoro nukia (b1.B.01).

2.2. JIns u3y4eHus: JaHHOW y4eOHOM AUCIUIUIMHBI HEOOXOIMMBI 3HAHHSI, yMEHUS U HABBIKH,
(bopMupyeMbIe TPEIIISCTBYOIUMHE IUCIUITHHAME (Ha TIPEIbIIYyIIeM YPOBHE 00pa30BaHus B
OaxanaBpuate), a MIMEHHO:

«Dusnyeckas xumus. Xumuueckas TepmoanHamukay (b1.0.24), «dusnueckas XUMUSL.
Onekrpoxumus. XuMuueckas knHetuka u katanms» (b1.0.25), «Opranuueckas XUMUSI»
(b1.0.20), «O6mas xumus. Xumus HemeTawio» (b1.0.16), «Metammndeckast CBA3b. XUMHUS
metaiioBy» (51.0.17), «Komnougnas xumusi» (b1.B.03), «Martematuka» (b1.0.10), «®usuko-
XHUMHSI TOBEPXHOCTHO-aKTUBHBIX BetiecTB» (b1.B.J]B.02.02), Ha npeasiayiieM ypoBHE
o0Opa3oBaHus B OakajiaBpuare

u «Karamusy» (b1.B.01) — AMCHUIIIMHBI MaruCTPaTYpHI.

2.3  llepedeHp mocienyrOmUX YYeOHBIX TUCIHIUIMH, JJS KOTOPBIX HEOOXOAWMBI 3HAHUS,
YMEHHMSI U HaBbIKU, GOpMUpPYEMbIE JaHHON y4eOHON AUCIUTIIMHOM:

OcBoenne  aucuumianHsl  «Hanoxumus»  HeoOxomumo g (GOPMHUPOBAHUS
oOuienpodeccoHaNbHbIX KOMIETEHIUN U BHIITOJHEHUS BBITYCKHBIX KBATH(PUKAMOHHBIX padoT
MarucTpaHToB B OOJacTH METAJUIOKOMIUIEKCHOTO ¥ HAHOpPa3MEpHOro KaTaius3a, XHUMHUU
MOJIMMEPOB, OPTaHUYECKOTO M HEOPraHWYecKOoro cuHresa. llpemmaraemplii Kypc, pacmmpsis
Kpyro3op CTyJ€HTa — XHMHKa, MO3BOJUT OPHUEHTHPOBATHCS B COBPEMEHHBIX HaIIPaBJICHUAX
pa3BUTHS HAHOHAYKH, HAHOTEXHOJIOTHH U CMEXHBIX C HUMU JIUCLUIUIMH.



I1l.  TPEBOBAHMUS K PE3YJIBTATAM OCBOEHUS JUCHUIITIMHBI

[Tpouecc ocBOeHMS TUCIUIUIMHBI HampaBlieH Ha (opMupoBaHHE KOMIIETEHIMH (3JIEMEHTOB

cienyromux kommereHiuid) B coorBerctBun ¢ ®I'OC BO u OIl BO no nanHOMYy Hanpasieruio

nooecomosku 04.04.01 «Xumusy, npoduiv: HAYYHO-MEXHOI02ULECKUIL.

Ilepeyenn MIaHNPYeMBbIX pPe3yJIbTATOB 00yUeHHs M0 JUCIHUILINHE, COOTHECEHHBIX C
HHIMKATOPAMH JOCTUKEHUs] KOMIIeTeHIIU

Komnerenuus Nuaukaropsl Pe3yabTaTnl 00yyeHus
KOMIIeTEeHIM
OIIK-1 OIllK1 1. 3HaTh.
Crioco0eH BBITTOTHSTH Ucnonszyer TEOPETUUECKIE OCHOBBI HAHOXUMHUH:
KOMILJIEKCHBIE CYILIECTBYIOIIHE U OCHOBHBIE BHJIbI HAHOOOBEKTOB,

IKCIIEPUMEHTAIBHBIE U
pPacyeTHO-TEOPETUYECKHE
UCCIIEIOBaHHS B U30paHHOMN
00J1aCTH XUMHH WIIH
CMEXHBIX HayK C
UCIIOJIb30BaHUEM
COBPEMEHHBIX IPUOOPOB,
IPOTrPaMMHOTO
obecrieueHns u 6a3 JaHHBIX
npogeccuoHaIbHOI0
Ha3HAYCHUS

pa3pabaTbIBacT HOBBIC
METOIMKH MOJTyYSHHUSI U
XapaKTepU3alliy BEIICCTB
Y MaTepHasoB s
pelIeHus 3a/1a9 B
n30paHHOM 00JacTH
XUMHHU HITH CMEXKHBIX

HayK

OCOOCHHOCTH IOBEJICHUS
HAHOCHUCTEM, METO/IbI IIOJIYYECHHS U
XapaKTepHU3alluy BEIIEeCTB U
MaTepUajioB B HAHOPa3MEPHOM
COCTOSIHHM,

Hay4YHbIC TPOOJIEMbl HAHOXUMHH,
HauboJee akTyaJlbHbIE HAIIPaBJICHUS
HCCIIEJOBAHUN B COBPEMEHHOMN
TEOPETUYECKOUN U
SKCIEPUMEHTAIbHON XUMHUHU B
00J1aCTH HAHOXUMHU U
HAHOTEXHOJIOTHH, IEPCIEKTUBbI
Pa3BUTHSI HAHOTEXHOJIOTUN U UX
PUMEHEHNE MIPU PELICHUN
MPAKTHYECKUX 3a/1a4

YMmers:

WCTIOJIH30BATh TEOPETHUECKUE
3HaHUS U PAKTUYECKHE HaBBIKU IS
pemeHus pyHIaMEHTaIbHBIX U
NPUKJIAIHBIX 33/1a4 HAHOXUMHUU:
TUTAHUPOBATh CTPATETUIO CHHTE32
HaHOOOBEKTOB, pa3padaThIBaTh
HOBBIE METOJTUKH TIOTYICHUS H
XapaKTepu3aliy BEIIeCTB U
MaTepHAJIOB.

Baaners: HaBpIKAaMU TPUMEHEHUS
TEOPETUUECKUX 3HAHUU TpH
TJIAHUPOBAHUU CTPATETUH CUHTE3a
HaHOOOBEKTOB, pa3pabOTKe HOBBIX
METOAMK TTOJTYICHUS U
XapaKkTepHU3aluy BEIEeCTB U
MaTepuasoB




V.

TpynoeMKOCTh TUCHUIJIMHBI COCTABJIsAET 3 3aUeTHBIX eqnHubI, 108 yacos,
B ToM unciae 0.89 3ayeTHBIX eqMHUIBI, 32 Yaca HA DK3aMeH

(I)opMa HpOMe)ICYTO‘lHOﬁ aTTeCTallMMU . IK3aMeH

COJEPKAHUE U CTPYKTYPA JTUCHUIIJIMHBI

4.1 Couepma}me AUCHUINIJIUHBI, CTPYKTYPUPOBAHHOC 110 TEMaM, C YKa3aHUEM BUA0B y‘leﬁHbIX 3aHSTHI M OTBEIEHHOI0 HA HUX

KoJU4YeCTBA aKaJCMHUYCCKUX YaCoB

Ne Paznen gucuunjauHbl/ TeMa Buasbi yueoHoii padoThI, DopmbI
n/n BKJIIOYASl CAMOCTOSITEIbHYIO Pa00Ty 00y4aIOIIUXCS, TeKylIero
= NPAKTHYECKYI0 MOATOTOBKY H TPYA0€MKOCTh KOHTPOJISA
= (B yacax) ycrneBaeMoCTH;
<
i E KonTakTHasi paGoTa nmpenogaBareJisi ¢ . ®opma
<
. 2 2= 00y4YaIMMHuCH g & = | TPOMEKYTO4HO
= |2 =g & = S il aTTecranun
§ : 29 2 X 2 | (no
]
S 5 E"g E e L cemecmpam)
(2 - =
/M = 2 é R 3
E E Jlexkuuu | Cemunapckue/ | Koncyabramm | 5 o5 5
= n + KCP 588
= 5 pPaKTHYecKHe | H 5d ==
= 3aHATHS EF S g
S = =5
s o =S
S 8 =
OmEz o
1 2 4 5 7 8 9 10
1 Beenenue: 6a30BbIe MOHATHS M TEPMUHOJIOTHUS 4 6 2 2 2 - 2 VO, II3
HaHoxumun. Kinaccudukanus HaHOCHCTEM.
2 Crneuunduxa nHanocucrem. [IposBnenue 4 12 4 2 4 1 5) YO, I13
pa3MepHbIX () PeKTOB B PU3NIECKHUX SIBICHUSIX
3 OO01mas XxapakTepuCcTHKa METOI0B MOTyUeHUs 4 8 2 2 2 4 VO, 113




HaHOYaCTHII
Hanoxitactepsl MeTaios.
4 P 12 2 4 2 1 5 YO, 113
Mertoabl XapakTepu3aluyd HAaHOCUCTEM
5 PaxTep 4 | 10 2 2 2 1 5 vO, I13
HanouacTtuisl cemeiictBa QysiepeHoB u
6 1 (yarep 4|8 | 2 2 2 4 VO, 113
yIJIEpOJHbIE HAHOTPYOKHU.
Komno3uimonHbele HaHOMaTepUaJIbl
7 P 5 2 - 1 2 YO, 113
Pasmepnbie 3¢ pexTs B XUMHUH
8 puie 5h¢ 4 |15] 4 2 4 1 8 VO, 13, KP
HToro uacos 76 | 18 18 18 5 35 JKsamen
(324.)
[Tpumeuanue: YO — yctHbIi onpoc, [13 — npaktudeckoe 3ananue, KP — konTponsHas padora.
4.2 TInaH BHeayIUTOPHON CaMOCTOATEIbHOI PadOThI 00YUAIOLIUXCS N0 THCHUIIJIMHE
CamocTosTtenbHas pabota o0yJaronmxcs Y4eOHO-MeTOJHIeCcKoe
C Hassanue pasjena, TeMbl c Barpatel | OrueHouHOE obecrneyeHne
CMCCT] o OKH i
P P ’ Bun camocrositenpHOM paboThI P BpEMEHHU CpeACTBO CaMOCTOATEILHON
BBITNTIOJTHCHUA ( ) paGOTBI
qac.
[TonsATHIAHBIN anmapaT HAHOXUMHUH IToaroToBKa K MPAaKTUYECKUM 3AHATHAM [Ipaktuueckue [NeNe 1,2 B crincke
4 1o teMe «ba3oBble OHATHA U 5 3aJ1aHus 110 OCHOBHOI 1 Ne 1
TEPMHUHOJIOTHAS] HAHOXUMUH. teme. YO JIOTTOJTHUTEIbHOM
Knaccugukaius HaHOCHCTEM» JUTEPATYPHI
4 |Cneuuduxka HaHocucteM. [IposiBnenue IIpaktnueckue [NeNe 1,2 B cimcke
pasmepHBIX 3¢ (dekToB B prusndeckux |[ToaroToBKa K MPaKTHUYECKUM 3aHSATHIM 3aJJaHus 10 OCHOBHOI 1 Ne 1
SIBIICHUSIX o teMe «TepMoauHamMuuecKue 9 teme. YO JIOTIOJTHUTEIBHON
CBOICTBA MOBEPXHOCTHOT'O CJIOSI JUTEpaTyphbl
HAHOCHCTEM»




CamocrosiTenpHas paboTa 00yJaronuxcst

Y4eOHO-METOINIECKOE

Cemectp Hassanue paznena, TeMBI C 3arpatsl OueHouHOE obecneyeHune
s OKH o
P ’ Bun camocrosiTennsHOM pabOThI P BpPEMEHHU CPEICTBO CaMOCTOATEIbHOU
BBITNTIOJIHCHUSA pa60TbI
(dac.)
4 [IpakTrueckue | Meroauueckue
Pewenne 3amau no reme
. 3a/1aHus 110 peKOMEH AU
«TepmoauHaMUUECKHE CBOMCTBA 1
teme. YO «CaMocTosTenbHas
MTOBEPXHOCTHOT'O CJI0SI HAHOCUCTEM)
paboTa CTyaeHTay
4 [Ipaktuueckue [NeNe 1,2 B ciucke
[ToaroroBka K MPakKTUYECKUM 3aHATHAM o
3a/1aHus 110 OCHOBHOI 1 Ne 1
1o treMe «lIposiBienne pasmMepHbIX 1 .
teme. YO JOTIOJTHUTEIBHOU
3¢ pexToB B QU3NUECKUX TPOLIECCax)»
JUTEPaTyphbl
4 [IpakTueckue Meronnueckue
Pewenue 3anau no reme «llposiBnenue
a3MepHBIX 3PPEKTOB B PU3NICCKIX 1 3a/laHiA o PEKOMCHAIIH
P teme. YO «CamocrosTenpHas
MpoLeccax»
paboTa cTyeHTa»
4 |OOuias xapakTepucTUKa METOJI0B IToaroToBKa K MPAaKTUYECKUM 3aAHATHAM [Ipaktrueckue (Nel B crincke
IIOJIy4Y€HUS] HAHOYACTHII. 110 TeMe «CUHTE3 HAaHOYAaCTHIL: 3aJ1aHus 10 OCHOBHOI 1 Ne 1
Hanoxknacrepsr 3apoApIle00pa3oBaHNe, MATUYECKHE 4 teme. YO JOTIOTHUTETHLHOM
KJIACTEPBI; IPOCTPAHCTBEHHOE JTUTEPaTypPBI
CTPOEHHE HAHOYACTHUID»
4 Pemenune 3anaq no reme «CuHTes [IpakTnueckue |Meronuueckue
HAHOYACTHII, 3apO/IbIIIe00pa30BaHue, 3aJ1aHus 10 peKOMeHIaluu
Maruyeckue KiacTephl, 5 Tteme. YO «CamocrosTenpHas
MIPOCTPAHCTBEHHOE CTPOEHUE paboTa cTyaeHTa»
HaHOYACTHUID
4 |Meroab! xapakTepu3zanuu HaHocucTeM [[IoAroToBKa K MPaKTUYECKUM 3aHSATHAIM [Ipaktrueckue (Ne 1 B crincke
1o TeMe «MeTo1bl XapakTepu3au 2 3aJ1aHus 10 JIOTIOTHUTEIbHON
HaHOCUCTEM) teme. YO JIMTEPATYpPBI
4 [IpakTnueckue (Mertonnueckue
Pemenune 3anaq no reme «Metoabl 3 3aJ1aHus 10 peKOMEHIaluN
XapaKTepHU3aIMu HAHOCUCTEM teme. YO «CamocTosTenpHast

paboTa CTyaeHTay




CamocrosiTenpHas paboTa 00yJaronuxcst

Y4eOHO-METOINIECKOE

Cemectp HasBanue paszena, TeMbl . Cpoxu Sarparei | Oueionrioe ooecnencrue i
Bun camocrosiTennsHOM pabOThI BpPEMEHHU CPEICTBO CaMOCTOATEIbHOU
BBIIIOJTHEHHS (uac.) paboThI
4  |Hanouactuipl cemerictBa pysuiepeHoB |[loaroroBka K NpakTHUECKUM 3aHIATHIIM [TpakTrueckue [NeNo 1 B crincke
1 yIJIEPOIHBIC HAHOTPYOKH 1o TeMe «PU3UKO-XUMHUYECKUE 3aJaHus 10 ocHOBHOM 1 Ne 1
CBOMCTBA HAHOYACTHUIl CEMENCTBA 2 Teme. YO JOIIOJTHUTEILHOMN
GyIIepeHoB U YTIEPOIHBIX JTUTEPaTyphI
HAHOTPYOOK»

4 Pemenne 3amau no reme «Pu3nko- [IpakTueckue (Meronnueckue
XUMHUYECKHE CBOMCTBA HAHOUACTHI] 5 3a/laHus 1o PEKOMEHIalluu
ceMelncTBa PyJIIEPEHOB U YTIIEPOIHBIX teme. YO «CamocTosiTennbHast
HAHOTPYOOK» paboTa cTyeHTa»

4 |KoMmo3uunoHHbIE HAHOMATEpUabl YO Meroanueckue
[Touck nuTepaTypsl 1o TeMe 2 PEKOMEHIalluK
«KoMmo3uinoHHbpie HAaHOMAaTEPHAIbD) «CamocrosTenbHas

paboTa cTyieHTa»

4 (Pa3mepHble 3¢ (HeKThl B XUMUU ITpaktuueckue NeNe 1,2 B crincke
[ToaroToBka K MPakTUYECKUM 3aHSITHSIM .

o TeMe «Pa3mepHbie 3 PexTrl B 2 SWIAHIT O OCHOBHOI H No lv
UMD Tteme. YO JOTIOJTHUTEIBHOU
JUTEPATYPHI

4 IIpaktueckue Meronnueckue
Pemenne 3anau no reme «PasmepHsie 5 3a/1aHMs 110 PEKOMEHIallH
7 (deKTH B KaTalu3e» teme. YO «CaMocTosTenbHast

pabora cTyaeHTa

4 |Cnenuduka HaHOCHCTEM. PazmepHbie Meroaunueckue

s dexTrr [ToaroroBka K UTOroBOl KOHTPOJIBHOM 4 PEKOMEH TN
pabote «CamocTosiTenbHast
KP. pabora cTyaeHTa
OO0mast TpyA0€MKOCTh CAaMOCTOSTEILHON paOOTHI 1O TUCIUIUIUHE (Jac) 35
Brogker BpeMeHHM CaMOCTOSAITEIbHOM PadoThl, MPe1yCMOTPEHHbIH Y4eOHBIM IJIAHOM JIs1 35

JAHHOW IMCHMIJIMHBI (Yac)




4.3 ConepixaHue y4ueOHOTro MaTepuasa

Coaep:xanue pa3ieioB U TeM JUCHUATNIHHBI

1. Bsenenme.

Hanonayka wu Hanoxumusi. HayuHple guckyccuu 00 0OBEKTaX HAHOXUMHH —
HAaHOCUCTEMAX, M HUX CBOMCTBax: OCHOBHBIE IIOJIOKEHMS HOBOro HampasiaeHus HTP B
KJaccudyeckoil peun P. @eitnmana; Mu(bI U pealbHOCTH HAHOTEXHOJOTHA. OCHOBHBIC TIOHSATHS
U omnpeaeneHuss  (HAHOXMMMS, HAHOYACTHIA, HAHOMATepUalbl M  HAHOKOMIIO3MTHI,
HaHOCTPYKTYpa, HaHoTexHojorus). Knaccupukanus HaHocucTeM O BUAY AMCIEPCHOH (a3bl
(TpexmepHasi, IByXMepHas, OJJHOMEpHasi); 10 pa3MepaM 4YacTull] (Majble, CpeJHUue U OObIINE;
TMFAHTCKHE KJacTepbl METAJUIOB, HaHOYACTUIIb). OCHOBHBIE THUIIBI HAHOCHCTEM: IOPOILKOBBIE
HaHOMAaTepHalbl, YIJIEPOJAHbIE HAHOCTPYKTYpH! ((yJUlepeHbl, HAHOTPYOKH), HAHOKOMIIO3UTHI,
HaHOIIOPUCTHIE MaTEPHUAJIbI, HAHOCTPYKTYPHUPOBAHHBIE MHOTOCJIOMHBIE MAaTEPHAIIBI.

2. Cneunnduka HaHOCHCTEM

KonuuecTBeHHBIE XapaKTEPUCTHKU JUCIEPCHBIX CHUCTEM: YIElbHas MOBEPXHOCTb,
JTUCIIEPCHOCTh. BKiIaa MOBEpPXHOCTHBIX CJOEB B 00Iee CBOMCTBO cucTeMbl. Jlucmepcusi.
KoopaunannonHoe 4ucio aToMOB Ha TMOBEPXHOCTH, B BepIIMHE, ycTyme, pedpe. M3menenue
JUIMHA W XapakTep CBs3U. BnusHue pasmepa yacTHll Ha MEPEeXo] METal - JAUAJICKTPHK.
TepMoaMHAMUYECKUE aCTIEKThI TOBEPXHOCTHOTO CIIOS.

Pa3smepubie 3ddexThl HaHOCHCTEM: COOCTBEHHBIH (WJIM BHYTPCHHHM) WM BHEITHHMA
pa3mepubie 3¢ ¢exTrl. [IposBienne pazMepHbIX dPGEKTOB B M3MEHEHUN (PU3UYECKUX CBOICTB:
3aBHCUMOCTH JIaBJICHHUS HACBHIIICHHBIX I1apOB, PAaCTBOPHUMOCTH, MOBEPXHOCTHOTO HATSKEHUS,
Temreparypsl (pa3oBoro mnepexoja, TEIUIOEMKOCTH, CTAaHIAPTHBIX 3JIEKTPOTHBIX MOTECHIIHAJIOB,
MarHUTHBIX CBOMCTB, 3JIEKTPUUECKOI MPOBOAUMOCTH OT pa3Mepa YacTHII.

3. O0masi XapaKTepuCTHKA METOA0B MOJyYeHNs] HAHOYACTHII
Kraccudukanuu MeTo0B MOJydeHUS] HAHOYACTHUIL: MO THUITY (OpMHUpPOBaHUS (METOIBI «CHU3Y
BBepx» (botton-up), metoapl «cBepxy BHH3» (TOP-dOwn)); mo npupoae cui ((pu3HyYECKHe,
XI/IMI/I‘-IGCKI/IG). dusnueckue METOBI: OponuecCbl HUCHAapCHUA W  KOHACHCALHWH, METO/
SJICKTPHUYCCKOTO B3pbIBa IMPOBOAHUKOB, METO YI[apHOfI BOJIHBI, METO CYUIKH
BBEIMOPaKHBAHHUEM, JUCIIEPTUPOBAHUE U T.JI. XUMHUECKAE METOMIBI: 30JIb-Tellb METO/, yIAICHUE
KOMITOHEHTa TereporeHHoi cuctembl, CVD, BoccTaHOBIEHHE B pacTBOpE, KPHOXMMHUYECKHUN

CHHTE3, 3JI eKTpOXI/IM‘IeCKI/Iﬁ CHHTCEC3.

4. Hanoxuaactepsbl

Hanoxnacrepsl: cBoOOHBIE (Oe3nMMraHiHble), MaTpUUHbIC, TBEPIOTENbHbIE; MaJble,
cpenHue, OOJIbIINE U TUTAHTCKUE KIIACTEPHI.

OcoOeHHOCTH  CHHTE€3a MOHO- U OMMETAIMYECKUX HAHOKJIACTEPOB  METOJOM
XUMHYECKOTO BOCCTAHOBIIEHHUS: KaTAIUTUYECKOE Pa3NIOKEHUE CTAOMIM3UPYIOMIMX JIUTaH[IOB,
pacTBOpPUTENS, BOCCTAHOBHUTENS OOpa3yloLIUMUCS KiacTepamMu MeTaioB. CTpyKTypHBIE
Maruyeckue uucia KiIacTepoB. THUIBI CTPYKTYp OUMETAIUIMUECKUX HAHOKJIACTEPOB: SIIPO-
000JI0uKa, KJacTep B KiacTepe, CIUIaBbl U HHTEpMETAUINYEeCKHe coeIuHEeHHs. OCHOBHBIE
METOABI TOJTY4EHUs] OMMETAJUIMYECKHX HAHOKJIACTEPOB: COBMECTHOE HJIM IIOCIIEJOBATEIBHOE



BOCCTAHOBJIEHUE COJIEH METAJUIOB, AJIEKTPOXUMUUYECKUA CHUHTE3; BOCCTAHOBJIEHHUE JBOMHBIX
KOMIUIEKCOB, JIEKTPOXUMUYECKOE (DOpMHUpOBaHNE OMMETAIITMYECKIX HAHOYACTHII.
3apoapliieo0pa3oBaHue: TOMOI€HHAs W IeTeporeHHas KOHJAeHcauus. TepMoanHaMuKa
TOMOT€HHOTO 3apojbliieo0pazoBanus 1o Teopun Donpmepa. Kpuruueckui pasmep 3apojbliia
HOBOM (ha3pl. [IpoOaemMpl KIacCHUECKON TeOpuu 3apojbliieo0pa3oBanus. METObI U TOIXOIbI
pEeryJaupOBaHMs  pasMEpPOB M pACHPENENICHMS  4YacTHIL [0  pa3MepaM:  IOJy4EHHE
MOHOJUCIIEPCHBIX CUCTEM N0 MexaHusmy Jla-Mepa; 3apoAbllIeBbIi METOJ WU METOH
3urMoHay; co3peBaHue 1o OcTBanpAy; pPETYJIUPOBAHME CTEIEHH JUCIEPCHOCTH CUCTEM
BBe/IcHHEeM MoiupuKaTopoB 1-ro poaa (o Pebunaepy); kunerndeckuit KOHTpob (P. Ounke).

Konnounaapie HaHOPEaKTOPHI: 3aBUCKIMOCTH (POPMBI U pa3Mepa KOJUIOMIHOTO PEaKTopa OT
npupoabl [IAB u ero koHIeHTpanuu. MeToapl CHHTE3a HAHOYACTHUI] B OOPATHBIX IMYIbCHUSX.

[Tpobnembl arperaTBHOM YCTOMYMBOCTM HAHOYACTHUIl M HX aCCOLMATOB, CIIOCOOBI
crabunuzanuu. CoOBpEeMEHHBbIE NPEACTaBICHHUS O TUNAX CTaOWIM3alud U OpUpojie
CTaOUIIM3aTOPOB HAHOKJIACTEPOB MEPEXOHBIX METAJUIOB. JIEKTPOCTaTUYECKas, CTepUYEcKasl U
AJIEKTPOCTATUUECKAS] CTAOUITH3AITHSI.

Hanoctpykrypst HPY mMeramnoB: ¢pakTtaibHas CTPYKTypa, CTPYKTypa THIA «EKEBUKa»,
3D HaHOCTPYKTYpBI M3 MOJICKYJSIPHBIX KiIacTepoB. HaydHbie MOAXOIBI K KOHTPOJIUPYEMOMY
O0OBEMHEHNUIO HAHOYACTHUI] B YIOPSJIOYEHHbIE CTPYKTYpHblE OJOKH: IPOCTPAHCTBEHHOE
OTPaHUYEHUE CUCTEMBI, OJTHOPOTHOCTH 0Aa30BBIX YACTHUIL TI0 Pa3MEpaM.

5. MeToabl XapakTepu3alu HAHOYaCTHUI

PentrenodasoBenii  aHanms.  DNEKTPOHHAsT  MHKPOCKOIHUS  (CBETJIONOJIbHBIE U
TEMHOIOJIbHBIE CHUMKH), SJIEKTPOHHAsT MHUKPOCKOIHS BBICOKOTO pa3pelieHus. DJIEKTPOHHAsS
mubdpakuus, Mukpoaudpdpakuus. OHEProAUCIEPCHOHHAs CHEKTPOCKOMUSA. DJIEKTPOHHO—
30H/I0BBIN MUKPOAHAJIH3. Ckanupyromas TyHHEJIbHAs MUKPOCKOTIHSL.
PentrenodoroanextponHas cnektpockonus. [1ma3MoHHBINH pe30HaHC.

6. HanouacTuusl cemeiicTBa ¢y/ljiepeHOB U YIJjiepoIHbIe HAHOTPYOKH

Krnaccudukanys oIHOMEpPHBIX HAHOCTPYKTYp: HAHOHUTH, HAHOCTEP)KHU, HAHOJICHTBI.
VYcnoBus, HeoOxomumble g (OPMHPOBAHUS OJHOMEPHBIX HAHOCTPYKTYp: MacCHUBALUA
OTJIENIbHBIX rpaHeit; U3MEHEHUE MeXaHu3Ma (hopMupoBaHus, HCIIOJIb30BaHUE
IIPOCTPAHCTBEHHOTO OTpPaHUYEHUS PEAaKUMOHHOM 30HBI A1 (OPMHUPOBAHUS AaHU3O0TPOIMHBIX
HAaHOCTPYKTYp MyTeM Mo00pa 11adjJoHa WK TEMILIaTa; OJTHOOCHAs JAeopMaIinsi YacTHII.

VYrnepoansle HaHomaTepuaibl. Hanoanmassl. DynnepeHbl U UX MPOU3BOAHBIE: SHIO- U
9K303pajbHble QysuiepeHsbl, GpyuiepeHsl 3aMenieHus. MeTo/ibl cuHTe3a (QyJuUIepeHoB: Ja3epHoe
ucnapeHue rpadura, DSJIEKTPOIYrOBOM CHUHTE3, MHUPOJIU3 YIIEBOJIOPOAOB. DyUIEpUTHI.
XUMHUYECKHEe CBOMCTBA (PYIIEPEHOB: peaKIIuu MPUCOCTNHEHUS (HYKICO(DUITFHOE U PATUKATHHOE
MPUCOEANHEHNE, IUKJIONPUCOEANHEHNE), PpEaKLUUd BOCCTAHOBJIEHMS, PEAKIUU OKHUCICHUS;
KOMILJIEKCOOOpa30oBaHUE.

OpHoMepHbIEe CTPYKTYphl: yriepoansle HaHoTpyOku (YHT) ux kmaccudpukauus u
cBoiicTBa. XMMHS YIIEPOAHBIX HAHOTPYOOK: CHHTE3 OJHOCTEHHBIX HAHOTPYOOK (Ja3zepHoe
UCIIApEHHE MEeTAUI-TPaUTOBBIX CTEpKHEH, MHPOJIM3 YIJIEBOJOPOJOB B IMPUCYTCTBUU

KaTaJ'II/ISaTOpOB); METOJABI BBIJACICHHA H OYUCTKH OJHOCTCHHBIX YHT, XUMHNYECKOE
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MoaudUIpoBaHHE
TyOyJSIpHBIE CTPYKTYPBHI.

BHYTPEHHEH M BHEIIHEH MOBEpXHOCTH TpyOok. Heopranmueckue

7. KoMno3numoHHbIe HAHOMATEPHAJIbI
Hanokomnosutel. Kiaccugukaiyss HaHOKOMIIO3UTOB B 3aBHCHUMOCTH OT IPHUPOJBI
MaTpUlbl M HAIOJIHUTENA. HAHOKOMIIO3UTHI

«IIOJIUMCP — HCOpraHru4dYeCKad HaHOYaCTHULAY,

HaHOYaCTHUIIbI B HCOPTaHUYCCKUX Marpungax (I.[GOJII/ITBI, CI/IJII/IKaTbI). HonyquHe
KOMITO3UIIMOHHBIX MAaTCPUAJIOB I10 30JIb-I'C]Ib MCTOAY. Cunres MC3O0IIOPUCTBIX MOJICKYJISIPHBIX

cut (Si0;) TeMIIaTHBIM METOOM. [ HApOTEpMAIbHBIN CHHTE3.

8. PazmepHble 3¢ peKThbl B XUMHH

BinsHue nucnepcHOCTH Ha XMMHYECKOE paBHOBecHe. BimsHue pazmepa 4acTuIl Ha HUX
PCAKIMOHHYIO CHOCOOHOCTh: M3MEHEHHE KHUHETHYECKHX 3aKOHOMEPHOCTEM MPOLECCOB,
MOHW)KEHUE TEMIEpAaTypbl MPOTEKAHUS XMMMYECKUX peakUuil, MOosSBIEHHE NUPOPOPHBIX
CBOMCTB, ITPOTEKAaHUE PEAKLMM MEK]y BEIIECTBAMHU C YACTUIIAMM B HAHOMETPOBOM JHala30OHE,
HEOCYIIECTBUMBIX IIPU HCIIOJIb30BAHMM KPYIHOKPUCTALUIMYECKUX MaTepuanoB. BiusHue
pa3mepa 4acTHUll Ha KOHCTAaHTY XUMHYECKOIO PaBHOBECHS.

Pasmepubie 3ddexTthi B Karamusze. BimsHHMe pasmepa dYacTHIl HAa  YICIBHYIO
KaTAIUTHYECKYI0O aKTUBHOCTH. [lOJOXHUTENBHBIA M OTPHUIATENBHBIA pa3sMepHbIe APQPEKTHI.
CTpyKTYpHO-4yBCTBUTENIbHBIE U  CTPYKTYPHO-HEUYBCTBUTENIbHbIE  peakuuu. [IpuunHb
NPOSIBJICHUST pa3MepHBIX 3((HEKTOB: INMEKTPOHHBIH M TeoMmeTpuueckuil (aktopsl. Ilpumepsr

CTPYKTYPHO-4YBCTBUTEIIbHBIX PEAKIUN.

4.3.1 llepeyeHb NPaAKTHYECKUX 3aAHATHI U JIA0OPATOPHBIX padoT

Ne Ne HaumeHnoBanue TpynoemkocTb Ouenou | ®opMupyembie
l'[/l'l Pa3nena " TEMbI CEMHUHAPOB, IPAKTUYCCKUX (‘lac.) HbIEC KOMIICTECHIUH
H JIa0opaTOpPHBIX padoT Bcero N3 wuux | cpeacrB | (MHAUKATOPHI)
4acoB NMPAKTHY a
ecKkasi
MOAr0TOB
Ka
1 2 3 4 5 6 7
1 1.IlonaTnitaeili | ba3oBble MOHATHUA U 2 2 YO, | OIIK:1.
amnmapar TEPMHUHOJIOTHS 113
HaHOXHUMHU HAaHOXHUMHUHU.
Knaccudpukanus
HaHOCHCTEM
2 2.Cnennduka TepMmoauHaMuuecKue 2 2 YO, OIlK 1.
HAHOCHUCTEM. CBOMCTBa 113
[IposiBnenue MMOBEPXHOCTHOTO CIIOS
pa3MepHBIX HaHOCHUCTEM
3¢ (dekToB B
(bU3UIECKUX
SIBJICHUSIX
3 [IposiBnenune 2 2 YO, OIIK; 1.
pa3mepHBbIX 3(pdexToB B 113
(u3MYeCKUX mpoleccax
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4 3-4.00mas CuHTe3 HAHOYACTHIL: 4 4 YO, OIlK1 1.
XapaKTepUCTHKA | 3apOoJIbllIe00pa3oBaHue, 113
METOJIOB Maruyeckue KJIacTephl;
MOJTy4YEeHUs MPOCTPAHCTBEHHOE
HAHOYACTHI] CTpOCHHE HaHOYACTHI]
5 5. Metobl MeTtoab! 2 2 YO, OIlK1 1.
XapakTepusa- XapakTepHu3anuu 113
U1 HAHO- HaHOCUCTEM
CUCTEM
6 6. DUBNKO-XUMHUYECKHE 2 2 YO, OIlIK; 1.
Hanouactunel CBOMCTBA HAHOYACTHUII I13
ceMelncTBa ceMmeicTBa (yrepeHoB
GbyIepeHoB U | M YIIIEPOAHBIX
yrIepoIHbIE HaHOTPYOOK
HaHOTPYOKH
7 | 8. Pa3mepHbie Pazmepusbie 3¢ exThI B 4 4 YO, | OllKi.
3 dexTh B KaTajiuse 113
XUMHAH
8 Cnenuduka HrtoroBasi KOHTpOJIbHAS 2 2 KP OIlK 1.
HaHOCHCTEM. paborta
Pa3zmepHsbIie
3¢ heKThI
4.3.2. IlepedyeHb TeM (BOMPOCOB), BBIHOCHMBIX HA CAMOCTOSITEILHOE H3YUeHHE
CaMOCTOSITEJIbHOI Pa0doOThI CTYIeHTOB
Ne Tema 3anaHue dopmupyemas NAK
Ne i/ KOMIIETEHITUS
1 IlonsaTuiiHeIi [ToaroroBka kK ycTHOMY OIIK-1 OIIK; 1.
anmapar HaHOXMMHHU | orpocy (CM. BOTIPOCHI
TeKylero Koutpois Nel),
BBITIOJTHEHHUE MPAKTHYECKUX
3aJlaHUM.
2 Cnenuduka [ToaroroBka Kk ycTHOMY OIIK-1 OIIK; 1.
HaHOCHCTEM. orpocy (CM. BOITPOCHI
[IposiBnenue pa3mep- | Tekymero KOHTposst Ne2),
HBIX 3()(heKTOB B (pu- | BBINOIHEHUE MPAKTUYECKHX
3UYECKUX SIBJICHUSX 3aJIaHU.
3 Oo6mas [ToarotroBka K yCTHOMY OIIK-1 OIllK; 1.
XapaKTEPUCTHKA orpocy (CM. BOIPOCHI
METOJIOB MOJYYEHUsT | TEKYyLIEero KoHTpois Ne3),
HaHOYACTHII. BBITIOJTHEHHUE MPAKTHIECKUX
Hanoxkitacrepsl 3a1aHUM.
4 MeToabl [ToaroroBka Kk ycTHOMY OIIK-1 OIlK 1.
XapaKkTepu3aluu orpocy (CM. BOTIPOCHI
HaHOCUCTEM TeKyIero KoHTposst Ne4),
BBITIOJTHEHUE MPAKTUYECKUX
3aJaHUMN.
5 HanouacTuis: [ToaroroBka Kk ycTHOMY OIIK-1 OIIK 1.
ceMencTBa orpocy (CM. BOTIPOCHI
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bymepeHoB 1 TeKyIero KoHTpoJis Ne5),

yTJIepPOIHBIE BBINOJIHEHUE MTPAKTHUYECKUX
HaHOTPYOKH 3a7aHuil.

6 Pasmepnsbie a3¢ ekt | IloaroroBka Kk ycTHOMY OIIK-1 OIllK; 1.
B XUMHH omnpocy (cM. BOIpoCh

TEKyIIEero KOHTpoust Ne6),
BBIITOJTHEHUE MTPAKTUIECKIX

3aJaHUMN.
7 Cnenuduka [ToaroroBka K KOHTPOJILHOM OIIK-1 OIIK-1.1
HAaHOCHCTEM. pabote

Pazmepnbie 3 PeKThI.

4.4 MeToauuecKkue YKa3aHud 10 OpraHu3anuuun CaMOCTOATEIbHOI paﬁoTbI CTYAEHTOB

CamMocTrosTenbpHas pa60Ta CTYACHTOB, CBsiA3aHHAasd C 3aKpCIUVICHUEM TCOPETUYCCKOI0O
MaTcpuajia B BUJAC PCHICHHA 3adad, KOHTpOJ’IBHOﬁ pa6OTBI " TIOATOTOBKHU K YCTHBIM OIIpOCaM,
MMPOBOAUTCS BO BHCAYAUTOPHOC BPEMA.

HpI/IMepI)I PCIICHUA THUIIOBBIX 3aJa4 HPCACTABJICHBI B MCTOAMYCCKUX PCKOMCHOAIUAX I10
OpraHu3annin CaMOCTOSITEILHOM pa6OTBI CTyJACHTa

4.5, TIpumepHasi TeMaTHKAa KypCOBBIX padoT (POeKTOB) (npu Haniuuuu)

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

1. benwix, JI.b. BBenenue B HaHoxumuio. PasmepHble >QQexTsl B (PUIUKO-XUMHHU H
karanuse [Tekcr] : yue6. mocobue / JI. b. benbix, ®@. K. lImunr ; pew.: B. C. Tkau, H. A.
Kopuesun ; Upkyt. roc. yH-T. - Upkytck : U3a-Bo UT'Y, 2013. - 199 c. : un., uB. un. ; 21
cM. - bubmmorp.: c. 191. - ISBN 978-5-9624-0942-9 : 41 3k3.+

2. Ceprees, I'.b. Hanoxumust [ DneKkTpoHHBIH pecypce] : yued. mocodue i CTy., 00yd. 1Mo
Harp. 020100 (510500) "Xumus" u no crer. 020101 (011000) "Xumus) / I'. B. Ceprees.
- OBK. - M. : VHuusepcurer, 2006. - 337 c. - Pexxum noctyma: . - Pexum gocryna:
OeKTpOHHBINA YuTaNbHbIN 321 "bubnuorex". - ISBN 5-98227-185-3 :+

3. T'yceB, Anexcanmp HBanoBmu. Hanomarepuanbl, HaHOCTPYKTYpBI, HAHOTEXHOJOTHU
[OnexTponnbiit pecypc] / A. W. T'yceB. - DneKkTpoH. TEKCTOBBbIE HaH. - MockBa :
Ouzmariut, 2009. - 416 c. : win. - ObC "Jlauw". - Heorpanny. goctym. - ISBN 978-5-
9221-0582-8 : BBK B 37

0) 10MOJTHUTEJIbHAS JIUTEpaTypa

4. ®ocdunbl MEpexoJHBIX METAJUIOB KaK HOBBIM KIJIACC MOTEHIIMAIBHBIX KaTalH3aTOpOB
TUAPOTeHU3AMOHHBIX TIporieccoB [Tekcer] : monorp. / JI. b. benwix [u mp.] ; pem.: JI. O.
Hunnakosa, JI. C. Cycnos ; Upkyrt. roc. ya-T. - Upkyrck : U3n-Bo UT'Y, 2016. - 105 c. :
ui. ; 20 cm. - bubmmorp.: c¢. 94-105. - ISBN 978-5-9624-1402-7 : 16 sk3.+

5. Kontoxos, Bamepuii IOpbeBuu. MeToasl wuccieqoBaHUsS MaTepuajIoB W IPOIIECCOB
[OnexTpoHHBI pecypc] : yueOHoe mocobue st By3oB / B. HO. Kontoxos, 1. A.
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[oronamse, 3. B. Mypra. - 2-e u3[., UCIIp. U JOII. - DJIEKTPOH. TEKCTOBbIC MaH. - MOCKBa :
FOpaiit, 2022. - 179 c. - (Bsicmiee o6pazoBanue). - I6C "FOpaiit". - Heorpanud. 10CTy.
- ISBN 978-5-534-13938-9 : URL: https://urait.ru/bcode/508744 (nmara oOparmieHus:
04.05.2022).

6. 3BekoB, A. A. CrekrpaibHbIE METOJIbI HCCICIOBAHUS B XUMHH [ DIIEKTPOHHEIN pecypc]
/ A. A. 3BekoB, B. A. HeBoctpyeB, A. B. Kanenckuii. - DIeKTpOH. TEKCTOBBIE JaH. -
Kemeposo : KemI['V, 2015. - 124 c. - OBC "Jlanp". - Heorpaanu. nocrtym. - ISBN 978-5-

8353-1823-0 : b. 11.

B) EpUOANYECKUE U3TAHUS (npU He0OX00UMOCU)
I) CIUCOK ABTOPCKUX METOAMYECKHUX Pa3padoToK:

6 QUOC UT'Y pazmewenvt yuebnoe nocobue no « Hanoxumuuy u memoouueckue yKa3auusl
K Op2anu3ayuu camocmosmenbHol pabomul Cmyo0eHmos:

1. benbix, JI.b. Beenenune B HaHOXUMHIO. PasmepHbie 23G(HEKThl B PUBHKO-XHUMHUH U
karanu3e [Tekcr] : yue6. mocobue / JI. b. bensix, ®@. K. Imuar ; pern.: B. C. Tkau, H. A.
Kopuesun ; Upkyrt. roc. yu-1. - Upkyrck : U3n-so UT'Y, 2013. - 199 c. : un., uB. un. ; 21 cm. -
bubmuorp.: c. 191. - ISBN 978-5-9624-0942-9 : 41 »k3.

)1) 0a3bl AAHHbIX, I/IH(l)OpMaIII/IOHHO-Cl'[paBO'lHI)Ie N IIOMCKOBBI€ 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

JKypHaJbl:

http://www.nanoindustry.su/

http://www.nanorf.ru/

http://www.microsystems.ru/

VI.MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCIUIIJIMHbI
6.1. YueOHO-1a00paTOpHOE 000pPy10BaAHUE:

Ilomemenuss a7 TPOBEJACHUS  JIGKIMOHHBIX M JaOOpaTOpHBIX  3aHATHH,

YKOMIUIEKTOBAaHHBIE HEOOXOJMMBIM 000pyIOBaHUEM, & UMEHHO:

a) ayAMTOPHH, OCHALICHHBIC MYJbTHMEAUHHBIMH CPEJICTBAMU, JUIS MIPOBEIICHHS AyAUTOPHBIX U
npaktuueckux 3aHstuid  (ayn. 303, 402, 426); ayn. 5, 402, 426 oOopymoBaHBbI
mynbTuMeauiiHbIME Tipoektopamu (INFocus IN 105 (3D Ready), HacTeHHBIME 3KpaHaMH,
HoyrOykamu Samsung NP 300T5A-AOFRU.
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http://www.fnm.msu.ru/ucheba-na-fakultete/biblioteka-uchebnykh-materialov
http://www.nanometer.ru/
http://www.nanotechweb.org/
http://www.nanoindustry.su/
http://www.nanorf.ru/
http://www.microsystems.ru/

b) xommbproTepHBIi Kiacc kadeapsl Gpusuueckoi U KoutonaHol xumun (ayad. 303). Oo6riee
KOJIMYECTBO €IMHHMII BEIYUCIUTENBHOM TexHuku — 5: Pentium IV — 1 mrr.; Pentium 111 -1
mtT.; Pentium | — 3 mr. MMeercs nokaabHas CETh.

6.2. IlporpammHoe obecnieyeHue:

6.3. Texunuyeckue U 3J1eKTPOHHbIE CPEJACTBA:
VI1.OBPA3OBATEJIBHBIE TEXHOJIOTI' M

B mpouecce u3yueHus aucuMIUIMHbBL «HaHOXMMMS» YMTAIOTCS JIEKLHUH, IPOBOASTCA
MPAKTUYECKHE 3aHATUS U KOHTPOJIbHBIE paboThl, pPa300p KOHKPETHBIX CHUTyaluil ¢
UCIIOJIb30BaHUEM TTACCUBHBIX, AKTUBHBIX U HHTEPAKTUBHBIX (POPM 00yUICHHUS.

Axmuenvie ¢popmbl 00yuenus. Ha npakTUUECKUX 3aHATHIX, KOTOPbIE COCTABIISIOT OKOJIO
MIOJIOBUHBI OT KOHTAKTHOW pPaOOThI, KaXKIbli CTYJEHT CaMOCTOSATEIbHO pELIAeT 3aJayd Ha
pa3inyYHbIe TEMbI, Y4acTBYeT B JUCKYCCHOHHOM pa300pe KOHKPETHBIX cuUTyauui. Takoil BuA
OpraHu3ani 00y4eHHs CIIOCOOCTBYET 3aKPEIUICHHIO TEOPETUYECKUX MOJOKCHUHA HAHOXUMHH,
MPUOOPETEHUIO MPAKTUUYECKUX HABBIKOB CAMOCTOSITEILHOTO MPHUHSATHS PEIICHUS 0 Pa3InYHbIM
BOIIPOCAM HAHOXHMMHH, YMEHHUIO UCIOJIb30BaTh TEOPETUUYECKUE 3HAHMSI JUIs pELIeHUs
dbyHIaMEHTAbHBIX M MPUKIAAHBIX 3a7a4 HAHOXMMHUH, IUIAHUPOBATh CTPATETHIO CHHTE3a
HAaHOOOBEKTOB, pa3padaThIBaTh HOBBIE METOJMKU IOJIyYEHUS U XapaKTepU3alluu BEIIECTB U
MaTepHuaoB.

VII1.OOEHOYHBIE MATEPHAJIBL JIA1 TEKYIIEI'O KOHTPOJIA 1
IMPOMEXYTOYHOU ATTECTALIUA

Ouenounsle cpeacraa (0OC):

OneHouHble CpEACTBA TEKYIIEro KOHTPOJs (OPMHUPYIOTCS B COOTBETCTBUU C
[TonoxxeHneM o OaIBHO-PEUTUHIOBOM CHCTEME YyHHMBepcuTeTa. Ha3HaueHue OLEeHOUYHBIX
CPEICTB TEKYIIEr0 KOHTPOJS - BBIABUTH y 0Oydarommxcs copMHUpPOBAaHHOCTh KOMIIETEHIIHIA:
OIIK-1.

Martepuanbl 1Jis1 IPOBEACHUS TEKYIIEro H MPOMEKYTOYHOr0 KOHTPOJIS 3HAHUH
CTY/ICHTOB:

Ne Bun xonTpons KonTponupyembie TeMbl (pa3zenbl) Komnerennuu,
KOMIIOHEHTHI
KOTOPBIX
KOHTPOJIMPYIOTCS

1 BrmoaHeHME ba3oBbie MOHATUSA U TEPMUHOJIOTUS OIIK; 1.
MPaKTUYECKHUX HanoxuMmuu. Kiaccudukanus
3aJIaHHH. HAHOCHCTEM
CobecenoBanue

2 BremoaHeHME Cnemuduka mHanocucteM. [Iposisnenue | OI1K7 1.
MPaKTUYECKUX pa3MepHbIX 3P PEKTOB B PUINIECKUX
3aJaHUH. SIBJICHUSIX
CoOecenoBanue

3 BremoaHaeHmEe OO6m1as XxapakTepruCcTUKa METOJIOB OIIK; 1.
MPaKTUYECKHUX MOJTYyYEHUs] HAHOYACTHII.
3aJaHuH. Hanoxknacrepsl
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CobecenoBanue

4 Brimonnenue Meroasl xapaktepu3zanuu HaHocucteM | OIIK; .
MPaKTUYECKHUX
3aJaHHI.
CobecenoBanue

5 Brmonnenne HanouacTuiet cemeiictBa pymeperoB | OITK 1.
MPaKTUYECKHUX Y yTIEPOIHBIC HAHOTPYOKH
3aJaHHM.

CobecenoBanue

6 Bremonnenue Pa3mepnbie 3¢ (hekThl B XUMuu OIlIK; 1.
MPAKTUICCKHUX
3aJaHHI.
CobecenoBanue

8 KP Crenunduka HanocucteM. Pasmepnsie | OI1K: ;.
a3 deKxTh

JleMOHCTPALMOHHBII BAPHMAHT KOHTPOJIbHOI padoThI

3aoaua 1. B Bo3znyxe, copepxailieM mapbl BoJbl, oOpa3yerca TyMmaH npu temneparype 270.0 K
(koadumenT mnepeceimieHnss y paBeH 3.5). Paccuumraiite KpuTHuYeckuii pasmep saep
KOHJICHCAIIMU M YUCIIO MOJIEKYJI, COIepKaMXcsl B HUX. [loBepXHOCTHOE HATSIKEHHE BOJBI G =
73 MI[)K/MZ, MOJBHBIIA 006EM BOIBL V), = 18x10°® M /Mo,

3aoaua 2. Paccuuraiite uncno aromoB namnaaus (N) B kiactepe auamerpom 2.2 M. MmeroT u
ATU KJACTEphl IMOJHOCTHIO 3amojHEHHYI0 000i0uky? Paccuuraiite umcino oGosiouek (N) B
HaHokJacTepax. [ImorHocTs nmammaaus p(Pd) = 12,02 r/em’.

3aoaua 3. Temmeparypa BHyTpeHHero moxapa coctaBuiaa 600 °C. PacruaButcs mau
HAXOJIIASCS TAM JIMCIIEPCHs MArHMs ¢ pasMepoM gactuir 5 x 107° m? Temnora mmaBieHms
maraust 8,56 k/[xk/Monb, TOBEpXHOCTHOE HaTskeHHe paBHbIM 0,66 Jox/M2, CIIpaBOYHAs
temrneparypa miasienus 923 K. (motHocts marnus 1.74 r/em®, arommas macca 24.305 I/MOJIB).

BOIIPOCHI JIs1 COBECE/IOBAHUA

Bonpocel ona YO Nel. [louamuiinolii annapam HAHOXUMUU

1. Chopmynupyiite OCHOBHBIE TIOJNOKEHHMSI 3HAMEHMTOW Jekmuu P. ®eliumana 1epen
cryaentamu B KanudopHuiickoM TeXHOJIOTH4eCKOM UHCTUTYTe 29 nekabps 1959 r.

2. PaccMOTpUTE OCHOBHBIE STaMbl Pa3BUTHS HAHOHAYKU M HAHOTEXHOJIOTHIA.

3. JlaiiTe ompenencHHs OCHOBHBIX TEPMHMHOB HAHOXMMHM: «HAHOYACTHIA», «HAHOCHCTEMay,
«HaHOMAaTepHUalbl», KHAHOCTPYKTYPa», KHAHOKOMIIO3UTHI».

4, EcTb 11 OTJIMYHUS MEXKly HAHOCHCTEMAaMH M JUCIIEPCHBIMU crucTeMaMu? Eciu ecTh, TO B 4eM
OHH TIPOSBIISIFOTCS?

5. Yem 00ycroBIIeH BHIOOP TPAHMI] HUKHETO ¥ BEPXHETO MPEIEIOB HAHOYACTHUL?

6. Kakne knaccudukalMy HAHOYACTHII M HAaHOCTPYKTYp Bl 3maete? K Kkakomy Ty
HAHOYACTHI] W  HAHOCTPYKTYp OTHOCATCS  MOJEKYyJspHble HaHOKjJactepel? OTBeT
IIPOKOMMEHTUPYHTE.

6. Ha3oBuTe KONIMYECTBEHHBIE XapAKTEPUCTHUKN HAHOCUCTEM.

7. Anatom — 31O ..
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a) aTOM B BEPIIMHE yTJia PEIIETKH, 0) aTOM, paCIOJIOKEHHBIN Ha TTOBEPXHOCTH; B) aTOM,
HaXOJAIIUCS HA pedpe KpucTalia, I') aToM, afcopOUPOBAHHBIN HA MJIOCKOCTH; 1) aTOM B
HeHTpe 00beMa HAHOYACTHUIIBI; €) aTOM, aJICOPOUPOBAHHBIN HA CTYIIEHBKE POCTA KPUCTAILIA.
YKaxuTe ero KOOpAMHAIMOHHOE YHCIIO.
8. YnenbHasi TOBEPXHOCTH UCIIEPCHON CHCTEMBI - 3TO OTHOIICHHE TUIONIA/IA TTOBEPXHOCTH
Mexay (azamu:
* K TEMIIEpaType; * K JIaBJICHUIO; * K 00beMY JAMCIIEPCHOM (ha3bl ; ® K KOHIIEHTPAIHH
JMCTIEPCHOM (pa3bl ; * K Macce AUCIepCHON (a3bl ; * K KOHIEHTPAIIMK UCTIEPCUOHHOM CPeIbl?
9. Kak MOXHO paccuuTarh JUCIIEPCHOCTH?

Bonpocwi ona YO Ne2. Cneyuguka nanocucmem

1. B yem mposBnsiercs ux crneunpuka Hanocucrem? I[louemy ayisi HAHOCHUCTEM XapaKTEPHO
IposiBJIEHUE pa3MepHBIX 3 (eKkToB?

2. Kakwue sBIeHUs OTHOCST K pa3MepHbIM dpdexram?

3. IlpuBenute mpumepsl M3MEHEHUS (PU3MYECKUX CBOMCTB BEIECTBA B 3aBUCHMOCTH OT €ro
pa3mepa.

4. Kak 3aBHcHUT TemrepaTypa (a3oBoro mepexoga oT pa3mepa udactun?! Kakue ypaBHEeHUS
OIKCHIBAIOT 3aBUCUMOCTH TeMIEpaTyphl (pa30BOTO Mepexo/ia OT pa3Mepa 4acTHIL?

5. Kak 3aBucuT JaBlieHHE HACBHIIICHHBIX MApOB BEIIECTBA HAJ €ro HCKPUBICHHON
MOBEPXHOCTHIO OT pa3Mepa Karemnb?

6. B kakoM HaHOAMana3oHEe HEOOXOAMMO YYHMTHIBATH BIHSHHE pa3Mepa YacTHIl HA BEIUYHHY
HOBEPXHOCTHOT'O HATSHKEHHS?

7. Kak Brusier pa3mep 4acTuI] Ha MOTEHIMAT HOHU3ALNH, CPOJICTBO K JIEKTPOHY?

Bonpocel ona YO Ne3. Hanouacmuuywl: nojiyyenue u cmaduiu3ayus MOHo- u
OumemaniuuecKux HAHOKIACMEPOE

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

2. K xakoii rpymme mMeTomoB BeI OTHeceTe CHMHTE3 HAHOKIACTEPOB METAJIOB B PACTBOPE,
MCXOJIS U3 MOJIEKYJISIPHBIX TTPEKYPCOPOB MO/ ACHCTBUEM BOCCTAHOBUTEIIEH ?

3. KakoBbl 0COOCHHOCTH CHHTE€3a HAaHOKJIACTEPOB METAJUIOB MPHU HCIIOJIB30BAHUU B KaYeCTBE
BOCCTAaHOBUTENECH TETParuApoOOpaToB W TETPArHAPOATIOMHUHATOB IIEJIOYHBIX METAJIOB?
Kakme moaxoapl pa3paboTaHbl [UIsl YCTpaHEHHs BIUSHUS TOOOYHBIX TMIPOIECCOB,
NPUBOAAIIMX K 3arps3HEHUI0 OCHOBHOTO Tmpojaykta? OTBET NPOKOMMEHTHUPOBATh U
MOATBEPIUTh YPABHEHUSIMHA XUMUUYECKUX PEAKIIUA.

4. MOXHO JM TIONYYUTh HAHOKJIACTEPHI TMEPEXOJHBIX METAJIOB TPH BOCCTAHOBJICHUU
($hoCchHUHOBBIX KOMIUIEKCOB MIEPEXOIHBIX METAUIOB BOJIOPOoM? OTBET MPOKOMMEHTHUPOBATH
Y TIOATBEP/IUTh YPABHEHUSIMU XUMUYECKUX PEAKITUH.

5. Kakue Tumbel OMMeTaUIMUECKUX HAHOKIAcTepoB Brl 3Haere? Kakue MeTOABI HCIONB3YIOT
I UX cuHTEe3a?

6. IlpuBemute  mpuMepsl  CTAOMIU3aTOPOB  MOJICKYJSIPHBIX  HaHOKJactepoB.  [lpu
WCIIOJIb30BAaHUHU KAKUX CTA0MIIN3aTOPOB PEATU3YeTCs dIEKTPOCTATHUECKUM, CTePUUISCKUN U
AJIEKTPOCTEPUUECKUA MEXaHU3M CTaOMIIM3AITIHN?
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7.

E A

PaccmoTpuTe  momydeHuMe  HAHOYACTHMI, METAJUIOB B OOpallleHHBIX  MHIEIIax,
MHUKpoaMynbeusix. Kak Biamser mpupona u kouunentpauus MITAB wa pasmep u dopmy
HaHoOpeakTopa?

Bonpocul ona YO Ned. Memoowt xapakmepuzayuu Hanocucmem
Kaxkyro nndopmaruo MOXHO MOayduTh U3 cHuMka [19M BP?
Kak MoxHO naeHTupUIUpOBaTh XUMHUUECKUI U (ha30BbIi COCTaB HAHOYACTHUIL?
Kak onpenenuts cpeHEUNCICHHBIN U CPEeTHENOBEPXHOCTHBINA pa3Mephl YaCTHUIL?
MeTtoapl HcciaenoBaHus, MpUMEHsIEMbIe ISl KaYeCTBEHHOTO M KOJMYECTBEHHOTO aHalu3a
COCTaBa MOBEPXHOCTH HaHOYACTHIIL. VX TOCTOMHCTBA M OTPaHUYCHUS.

Bonpocwt ona YO Ne5. Hanouacmuuwl cemeiicmea hynnepenos u yzinepooHvie

HanompyoKu

o gk wbdpE

1. Kakwue amiorpornHbeie MoauduKanuu yriaepoaa Ber 3Haere?

2. PaccMoTpuTe 0cOOCHHOCTH cTpOeHUS (DYIIICPEHOB.

3. Kakme xumudeckue cBOWCTBa XapaKTepHBI JJs (yJUIEPEHOB, UCXOMs M3 0COOEHHOCTEH
UX CTPOCHUSA?

4. Kakue MeToIbpl HCHOJB3YIOT JUIsl cHUHTe3a ¢ysuiepeHoB? Kak MOXHO OYUCTUTH
GysiepeHsl OT mpuMeceil MoOOUHBIX MPOJYKTOB?

5. Kakue merons! ucnons3yror ais cunreza YHT? PaccmoTpute criocoObl X OYUCTKH OT
npumeceil TOOOYHBIX TPOAYKTOB.

6. Kakme ¢usnyeckne u XuMuueckue cBoWcTBa xapaktepubl it YHT, wucxoms w3
0COOEHHOCTEHN UX CTPOEHUS?

7. Hazosure obnactu, B KOTOpBIX HalwiM npumeHenue YHT.

Bonpocel ona YO No6. Pazmepuvie y¢pghexmut ¢ xumuu

PaccmoTpuTe BIMsAHME pa3Mepa YacTUI] Ha MX pPEAKUHOHHYIO CHOCOOHOCTh C
TEPMOJIMHAMHYECKONW TOUKH 3PEHUSI.

Kakue peakiiuu OTHOCSATCS K CTPYKTYPHO-4yBCTBUTENbHBIM? [IpuBEeIUTE IPUMEDPHI.
CdopmynmpyiiTe OCHOBHBIE IPUUMHBI Pa3MEPHBIX AP(EKTOB B KaTalIM3e.

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

K kakomy Ty pasmepHbIX 3Q(EKTOB ClieyeT OTHECTH:

a) yBeJIMYEHUE YaCTOTHI 00OPOTOB ¢ YMEHBIIEHHUEM pa3Mepa YyacThIl?

0) yMEeHbIIIEHHE YacTOTh 00OPOTOB C YMEHbILIEHHEM pa3Mepa 4acTuil?

IPUMEPHBIN CITACOK BOITPOCOB K DK3AMEHY

Tepmunosoruss HaHOXUMHUHU. OCHOBHBIE KJIaCcChl HAaHOCHUCTEM. [IpuMepsl.

Crnenudrka HAHOCUCTEM.

TepMoauHaMuKka MOBEPXHOCTHOTO CJI0S1 HAHOCHUCTEM.

Pazmepnsie a3 pextsr HaHOCHCTEM. [IpUUNHBI X BOSHUKHOBEHUS.

3aBUCHMOCTH TEMIIEpaTyphl (a30BBIX MEPEXOJI0B OT pa3Mepa YaCTHUIl BEIIECTBA.
3aBUCHMOCTH JIaBJICHUsI HACBHIIIEHHOTO TIapa W PaCTBOPUMOCTH B 3aBUCHUMOCTH OT pa3Mmepa

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.

3aBUCHUMOCTh TEIJIOEMKOCTH, ITOBEPXHOCTHOTO HATSKEHMS, IEKTPUUECKOW MPOBOIAUMOCTH
Y MarHUTHBIX CBOMCTB OT pa3Mepa HAaHOYACTHLI.

OO011ast XapakTepUCTHKA METOI0B MIOJIyYE€HUsI HAHOYACTHIl U HAHOMATEPUAJIOB.
MonexymsipHbIe KJIacTephl: Majible, CpeTHUE U OOJIBIINE KIIACTEPhl METAILIOB,

HaHokJactepbl. CBOOOJHBIE, MATPUYHBIE, TBEPAOTEIbHBIE KIACTEPHI.

CTpyKTypHBIE MarnueCK1e 4uciia HAaHOKJIACTEPOB.

OCOOEHHOCTH CHHTE3a MOHO- M OMMETAJUIMYECKHX HAHOKJIACTEPOB METOJ0M XMMHUYECKOTO
BOCCTAHOBJICHMS:  KaTaIMTUYECKOE  pA3JIOKEHHWE  CTAOMIM3MPYIOIIUMX  JINTaHJIOB,
pacTBOpPUTEIISl, BOCCTAHOBUTENS 00Pa3yIOIIUMHUCS KJIACTEPaMU METAJIIOB.

CuHTEe3 HaHOKJIACTEPOB METAJUIOB METOJIOM XMMUYECKOW KOHJEHCAllMi. XUMHU3M Ipoliecca
U npupoga (GOPMHUPYIONMXCS YacTUI[ HA NpPUMEpe pEeakluil  BOCCTAHOBIICHUS
TeTparuapoOopaTamMu u TeTpaopranobopaTamu LIEJIOYHBIX METAJJIOB,
ATIOMUHUHOPTraHMYECKUMH COCTMHEHUSIMH, BOJOPOIOM, THITOPOCHUTOM HATPHSL.
bumMerannnyeckue HAHOKJIACTEPHI: METO/IbI UX MOJIyYEHUS U TUIIBI CTPYKTYP.

CoBpeMeHHbIE MPEACTaBICHUS O THUNAX CcTadWwiM3alud M OpUpOJie CTAOMIIM3aTOPOB
MOJIEKYJISIPHBIX HAaHOKJIACTEPOB.

TepMoanHaMuKa rOMOT€HHOIO 3apojibliieoOpa3zoBanus no Teopun onbmepa. Kpurnueckuit
pasmMep 3apobIiia HOBOH (a3bl.

MeTtobl U MOAXOABl PErYIMPOBAHUS PAa3MEPOB U PACIpPENEICHHs] YacTHIl MO pa3Mepam.
IIOJIy4eHUE MOHOAMCIIEPCHBIX CHCTEM IO MexaHusMmy Jla-Mepa; 3apOoapllieBblid METO WIH
MeToJ 3UrMOHAM; co3peBaHue 1o OcCTBajbAy; PETyJIMPOBAHUE CTENEHU JUCIIEPCHOCTU
CHCTEM BBeleHHEeM MoauduKaTopoB 1-ro poma (mo PeOunaepy); KMHETHUECKUN KOHTPOIb
(P. ®unke).

Konnounueie Hanopeaktopsl. Biusiuue npupoast MITAB u koHuenTpanuu Ha GopMy U
pa3Mep HaHOPEAKTOpA.

Hanopeaxkropsl. [Toryaenne HPY B HaHOpeakTOpax.

Camoopranuzanus Hanodactull. Hanoctpykrypst HPY merannos.

. MeTozpl XapakTepr3aluy HAaHOYACTHUIL: BOBMOKHOCTH M OIpaHUYEHUS.

Oynnepersl. Metonbl cuHTe3a (QywiepeHoB. Beigenenue u  ouncTtka (QyuiepeHOB U
HaHOTPYOOK.

Xumust GyIaepeHoB. DHA0IIPAIbHBIC U IK309IpaJIbHbIE COCTMHEHHUS.

Vrnepoansie HaHoTpyOku. Kiaccudukanms. Metonbl cuHTE3a, BBIICIEHHE W OYUCTKA
HaHOTPYOOK.

Komno3ummonsble HaHOMaTepHaIbI.

30J1b-T€JIb TEXHOJIOTHS.

CuHTEe3 ME30MOPHUCTHIX MOJIEKYISPHBIX CUT (Si02) TEMIIATHBIM METOJIOM.
I'mapoTepMalibHBIN CUHTES.

Pa3mepHbie 3¢ (heKThl B XUMUHU.

Pasmepnbie a¢ ekt B kaTtanuse. [1010KUTENbHBIN U OTpULATENbHBIN pa3MepHble dPPEKTHI.
[TpuunHbI IposiBIIEHUs pa3MEPHBIX 3((HEKTOB: ANEKTPOHHBIN U T€OMETPUUECKHI (PaKTOpPHI.

CTpyKTypHO-4yBCTBUTEIBHBIE U CTPYKTYPHO-HEUYBCTBUTEIbHBIE PEAKIUH.

IIJIAHUPYEMBIE PE3YJIbTATHI OBYUEHUS 1JIS1 ®OPMUPOBAHUS
KOMIIETEHIIUHA
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NHaukaTopsl 10CTHKEHUS

PesynabTaThl 00yyeHHs

IIpouenypa oueHuBaHus

KOMIETEeHI[UH (3HATB, yMeThb, BJIA/IETh)
OIIK-1.1 3HaeT: TECOPETUYECKUE OCHOBBI CobecenoBanue.
Hcnonb3yeT CymecTByOmue | HAHOXMMUU: OCHOBHBIE BU/IBI
U pa3pabaTbiBaeT HOBBIE HaHOOOBEKTOB, 0COOCHHOCTH
METOJAMKHU MOIYYSHUS U MOBEJICHUSI HAHOCUCTEM, METO/IbI
XapaKTepu3aluu BEIIeCTB U MOJIy4EHUS U XapaKTepHu3aluu
MaTepHaioB VISl PEIICHUS BEILIECTB U MAaTE€pPUAJIOB B
3aja4 B U30paHHOI 00nacTu HaHOPa3MEPHOM COCTOSIHUH,
XUMUH WA CMEKHBIX HAyK Hay4YHBIC TPOOJIEMbI HAHOXVMHH,
HauboJiee akTyalbHbIe
HaIpaBJICHUs UCCIIC0OBAHUI B
COBPEMEHHOM TEOPETUYECKOU U
SKCIEPUMEHTAIbHON XUMUHU B
o0JacTu HAaHOXUMUU U
HaHOTEXHOJIOTUH, TIEPCIICKTUBBI
Pa3BUTHS HAHOTEXHOJOTUHN U UX
MIPUMECHECHHE TIPH PEIICHUU
MIPAKTUYECKHX 3aj1au
YMmeeT: UCnoJIb30BaTh Brinonnenue

TEOPETUYECKHUE 3HAHUS U
[IPaKTUYECKHE HAaBbIKU JJIs1
peweHus pyHIaMEHTaIbHBIX U
MPUKJIAHBIX 33]]a4 HAHOXUMUH,
IUTAHUPOBATh CTPATETHIO0 CUHTE32
HaHOOOBEKTOB, pa3pabaThIBaTh
HOBBIE METOJIMKH TOJIyYE€HHUS U
XapaKTepu3aluu BEIIEeCTB U
MaTepHaJIoB.

HPAKTUYECKHUX U
KOHTPOJIbHBIX PadoT.

Bﬂa}f[eeT: HaBbIKaMU ITPUMCHCHU A
TEOPETUUECKUX 3HAHUN IS
pereHust GyHIaMEHTAIBHBIX U
MPUKJIAIHBIX 33]]a4 HAHOXUMUH;
CIIOCOOHOCTBIO UHTEPIIPETALIUN
pe3yabTaTOB HAYYHOT'O
AKCIIEPUMEHTA B 00J1aCTH
HaHOXUMUU

Brimonnenue
PaKTUYECKHUX U
KOHTPOJIbHBIX padoT.
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KPUTEPUU OHEHUBAHUA PE3YJIBTATOB OBYUEHUAA:

OueHka «OTJITHYHO»:
c(OpMHpPOBAHHBIE M CHUCTEMATH3UPOBAHHBIC 3HAHUS TpeAMeTa, CPOPMHUPOBAHHBIE YMEHHS WU
HaBBIKM IIPUMEHEHHUSI METOJIOB U MOAXO0I0B U3y4aeMOM TUCIMIUIMHBI IPU PEUICHUN Y4eOHBIX U
IIPAKTUYECKUX 3ajau.

Onenka «xopouoy:
B LI€JIOM, c(hOpMUPOBaHHbBIE, HO COJEpXKALME OTAEIbHbIC MPOOENbl 3HAaHUs MpeIMeTa, YMEHUE
OPUMEHATh METOJIbl M NOJAXOAbl HM3y4yaeMOH AMCLUMIUIMHBI MpPH PpEHIEHUU Y4eOHBIX U
IPAaKTUYECKHUX 33/1a4 C MUHUMAJIbHBIM KOJIMYECTBOM OIIMOOK HEMPUHIMIIUAIBHOIO XapakTepa,
HaJINYME HAaBBIKOB MPUMEHEHUS METOJIOB M MOAXOJ0B M3y4yaeMOH AMCLUIUIMHBI IPH PELICHUU
y4€OHBIX U IPAKTUYECKUX 3a]1a4.

Ouemca «YJAOBJICTBOPHUTEIABHO .
HCCUCTCMATU3UPOBAHHBIC 3HAHWA NPEAMETA, YaCTUYHO C(l)OpMI/IpOBaHHI)IG YMCHHA W HABBIKU
MMPUMCHCHUA MECTOAOB U IMOAXOJ0B I/I3y‘-Ia€MOI\/JI AUCHUIIIMHBI ITPU pCHICHUN y‘IG6HI>IX 3ajga4.

Ounenka «HEYIOBJIETBOPUTEIbHO .

(bparMeHTapHoe 3HAaHUC TIpeAMETa, OTCYTCTBHUC YMCHI/Iﬁ W HABBIKOB IIPUMCHCHHUSA MCTOJOB U
noaxoa0B I/I3y‘laeM0ﬁ JUCHHUIIIMHBI IIPpU PCIICHHUHA y‘Ie6HBIX 3aJa4.

PazpaboTunkn:

npodeccop JI.b. benbix

/',”_'_’
{ // / L,E (}el/;

[IporpamMma coctaBieHa B coorBercTBUM c TpeboBanusimu PI'OC BO wu yuerom
pexomenaanuii IIOOIT no Hanpasnenuto u npoduito noarotroBku 04.04.01 — «Xumus».

[Iporpamma paccmoTpeHa Ha 3acenanuu kadeapbl GU3NIecKon U KOJUTOUIHOW XUMUHU
«26» mas 2022 .

L
[Mporokox Ne 7 W.o. 3aB. kadenpoit ‘/ )@ L’/ZK% /J1.B. benbix/

Hacmoswas npoepamma, He modcem Oblmb 60Cnpou3eeoena Hu 6 Kakou ghopme 6e3

npeosapumenbHo20 NUCbMEHHO20 paspeuienus Kageopul-paspabomyuka npocpammsi.
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