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1. HEJIX OCBOEHUA

1.1

Hay4nTs Ha 6a3e 3HaHHH O SBICHUSX, IPOUCXOISIINX IT0] BO3AECHCTBHEM TEMIIEPaTyphl U JaBICHUS B Fa30BBIX, )KUAKAX U
TBEPIBIX Cpelax, Ha TPaHULaX paszena COOTBETCTBYIOMIMX (a3, 0CHOBaM (PU3UKO-XMMUYECKOT0 aHaIN3a MPOIECCOB,
MPOTEKAIOLIMX TIPH ITOJIYYCHUH HAaHOYACTHI] 1 HAHOMAaTEPHAJIOB; BIIaJIeTh HaBbIKaMH aHanu3a "onorpaduueckoro”
HacJIeZIOBaHNS CBOWCTB HAHOMAaTEpHAJIaMH B 3aBUCHMOCTH OT YCIIOBHIT NX TIOJTyYEeHHS; HAYYUTh CTyICHTOB BEIONPATH
HanboJee paroHaNbHBIC CIIOCOOBI UX MOMYYEHHS AT KOHKPETHBIX CIy4aeB MPaKTHIECKOr0 IPUMEHEHHSI HAHOYACTHUI] U
HaHOMAaTEPHAJIOB B Pa3IMYHBIX 00JIACTAX HAYKH U TEXHUKU

2. MECTO B CTPYKTYPE OBPA3OBATEJILHOM ITPOT'PAMMBI

Bbnoxk OIT: b1.B

2.1 TpeboBanus k HpellBa]l)l/lTeJIbHOﬁ NOAroTOBKe 00y4aroLerocs:

2.1.1  |Kpucramiorpadus

2.1.2 |Maremarndeckasi CTaTUCTUKA M aHAJIN3 JAHHBIX

2.1.3 | Meronsl MaTeMaTHYECKON (DU3HKH

2.1.4 | OcHOBBI KBaHTOBOM MEXaHUKH

2.1.5 |Teopernueckas MexaHHKa U OCHOBBI TEOPUU YIIPYTOCTU

2.1.6 | YuebOHas mpakTHKa [0 MOJYYESHHUIO MEPBUYHBIX MPOPECCHOHANBHBIX YMEHUH

2.1.7 | YuebHas mpakTHKa M0 MOJYYECHHUIO MEPBUYHBIX MPOPECCHOHANBHBIX YMEHUH

2.1.8 | dusuka

2.1.9 | Ousnueckast XUMus

2.1.10 | DmexTpoTexHHKA

2.1.11 |MaremaTuka

2.1.12 | Opranuueckast XuMus

2.1.13 | WudopmaTuka

2.1.14 | Xumus

2.1.15 | VmxeHepHas 1 KOMIBbIOTepHAs Tpaduka

2.2 Jucuuniannbl (MOIY/IHM) U MPAKTHKH, IS KOTOPBIX 0CBOEHHE JAHHON AUCUMIJIMHBI (MOIYJIs1) HEOOX0IUMO KaK

npeIecTByoIIee:

2.2.1 |KomnouaHas Xumus

2.2.2 | Meroapl 00pabOTKH CTATUCTUYECKUX JTaHHBIX (aHAJN3 JaHHBIX)

2.2.3 | HayuHo-uccnenoBarenbckas pabora

2.2.4 | HayuHo-uccnenoBarenbckas pabora

2.2.5 |IlnanupoBaHue U OpraHU3ALMs HAYYHO-UCCIEI0BATENbCKON PaboThI

2.2.6 |IIpousBoacTBEeHHAs MPAKTUKA IO MOIYUYEHHIO MPOPECCHOHANBHBIX YMEHUH U OTbITa TPO(eCcCHOHATBFHON e TeIbHOCTH

2.2.7 |IIpousBoxacTBeHHAs MPAKTHUKA MO MOIYyYEHUIO MpodeccCHoHaTbHBIX YMEHHI U OIbITa IPO(ecCHOHATBHON AeSTENbHOCTH

2.2.8 | ®usuka KOHIACHCUPOBAHHOTO COCTOSIHUS

2.2.9 |Hanorexnonoruu

2.2.10 |IIpormeccs! nmomydeHus # 00pabOTKN MaTepHAIIOB

2.2.11 |Pa3mepHsie 3 PeKTH B HAHOCTPYKTYPHBIX MaTepHanax

2.2.12 | CtpoeHue HEKPUCTAIUINYECKUX CUCTEM

2.2.13 | TepmonuHamMMKa METANIMYECKUX PACTBOPOB

2.2.14 | ®u3uka NOBEPXHOCTH

2.2.15 | DU3MKO-XUMUS HAHOCUCTEM

2.2.16 | dusznueckre CBOMCTBA TBEP/BIX TEI

2.2.17 | Xumuueckue crocoObl IMOJIy4eHUsT HAaHOMATepUAJIOB

2.2.18 | MeToapl BEIYMCIUTEIEHON (HU3UKH

2.2.19 | Meroabl KOHTPOJIS M aHATIN3a BEIIECCTB

2.2.20 | HaHOCTpYKTYypHpOBaHHBIC CBEPXTBEP/IbIC MATEPUAIIBI

2.2.21 | OcobeHHOCTH UCCEIOBaHUS HAHOMATEPUAIIOB

2.2.22 |IloaroroBka K MpOLEIyPe 3aLIUTHI U 3aIIUTa BBIMTYCKHON KBAIU(UKAIIMOHHON paboThl

2.2.23 |IloaroToBKa K IpoLEIype 3allUThl U 3aMIUTA BRITYCKHOHN KBaNu(HKAMOHHOW pabOThI

2.2.24 |llpenmumnnoMHas MPAKTUKA IS BBIIOJHEHHS BBITYCKHOM KBaNn(HKAMOHHON pabOTE

2.2.25 |IlpenmumnoMHas MPAKTHKA IS BBITOJHEHHS BBITYCKHOM KBaNN(HKAIMOHHON pabOTHI

2.2.26 |CrartucTuueckue pacueTsl paBHOBECHH




3. PE3YJIBTATBI OBYYEHUMA IO JUCITUITIJIMHE, COOTHECEHHBIE C ®OPMUPYEMBIMHU
KOMIIETEHIIUSIMHA

IIK-2: Cnioco6eH ocylecTBIATH COOP, CHCTEMATH3AIUIO M AHAJIN3 HAYYHO-TEXHUYEeCKOH MH(pOpPMAILUM 0 CYIIeCTBYIOIIMNX
HaHOMAaTepHaJjax

3HaTb:

ITK-2-31 ITprHIATE pabOTH YCTPOHCTB, NCTIONB3YEMbIX [UIS ITOMy9YeHHs HAaHOMAaTepHaloB

OIIK-1: Cnoco0eH pemiath 3a1a4uu NpogecCHOHAIBHOM JeATeJbHOCTH HA OCHOBE NPHUMEHEHUsI eCTeCTBEHHOHAYYHBIX U
00IIeHH:KEeHEPHBIX 3HAHMIA, METOI0B MATEMATHYECKOT0 AHAJIH3a U MOJIETUPOBAHUS

3HaTh:

OIIK-1-31 OcHOBHBIE CITOCOOBI MOTYYEHNSI HAHOYACTHUI] 1 HAHOMATEPHAIOB
DU3NKO-XUMHUYECKUE OCHOBBI METOIOB MOTYy4EHUsI HAHOMATEPHAaIOB, B TOM YHCIIE KOMIIO3UIIHOHHBIX

IIK-2: CnocodeH ocyliecTBIATH cOOP, CHCTEMATH3ALUIO U AHAIN3 HAYYHO-TeXHHYecKoil HHGOPMALMH 0 CYIIecTBYIOIIHX
HAHOMAaTepHaJIax

YMmerb:

[IK-2-¥Y'1 Ananu3upoBaTh BIHMSHHE TapaMETPOB MOTyUCHUS HAHOMATEPHAIOB Ha L[eJIeBbIE IOKa3aTeN! MIPOLIECCOB
ITpoBoauTH pacu€Thl XapaKTEPUCTHK MPOLIECCOB MOMYyUYEHUS] HAHOCUCTEM U OCYLIECTBISATH UX aHAIU3a

OIIK-1: Cnoco6en pemaTts 3a1a4mn HpO(i)eCCPlOHaJ'ILHOﬁ ACATEJIBbHOCTH HA OCHOBE IPUMEHEHUA €CTECTBEHHOHAYIHBIX U
Oﬁlllel/l]-DKEHeprlX 3HaHHﬂ, METOA0B MATEMATHUYECCKOI'0 aHAJINU3Aa U MOACTHPOBAHUA

YMmerb:

OIIK-1-Y1 AHanu3upoBath CBS3b MEXKIY ITapaMeTpaMH MOTYYCHUS] HAHOYACTHUI] 1 HAHOMATEPHAIOB U HX CBOHCTBAMH
[TonOupaTh TEXHOJIOTHIECKUE MapaMeTPhI TPoIiecca MPOU3BOCTBA HAHOCTPYKTYPUPOBAHHBIX KOMITO3UIIMOHHBIX MaTECPUAIIOB
CocCTaBJsTh ONMMCAHUS MPOBOJAMMBIX HCCIEOBAHUNI U aHATM3UPOBATh UX PE3YIbTATHI

IK-2: Cnioco6eH ocylmecTBIATH COOP, CHCTEMATH3AIUIO M AHAJIN3 HAYYHO-TEXHUYeCKOH MH(pOpMaILUM 0 CYIeCTBYIOIIMNX
HaHOMAaTepHaJjax

Baanernb:

[1K-2-B1 HaBblkamu ipoBeieHNs pacdETOB B 00TACTH ONPEENICHNS XapaKTEPUCTHUK UCIICPCHOCTH HAHOCHUCTEM TP UX
aTTecTalluu

HaBbikamu paboThl ¢ HAyYHO-TEXHUYECKOH JINTEPaTypOH, CBSI3aHHOU ¢ POdeCcCHOHAIBLHON JIeITENEHOCTBIO

HaBrikamu aHamm3a «OHorpaduueckoro» HacjaeJOBaHUS CBOWCTB M COCTaBa HAHOYACTHI] I HAHOMATEPHAJIOB B 3aBUCHMOCTH OT
METO/1a UX IOIy4EHUs

OdopmieHreM IPOTOKOJIOB Pe3yIbTATOB ONpeeIeH s XapaKTepUCTHK HAHOCTPYKTYpPHPOBAaHHBIX MaTepHaOB

OIIK-1: Cnoco0en pemiaTts 3ajia4un npodwccnonam,ﬂoﬁ ACATEJIbHOCTH HA OCHOBE IPUMEHEHUA €CTECTBEHHOHAYIHBIX U
Oﬁll.lel/ll-DREHepHLIX 3HaHHﬁ, METOA0B MATEMATHYECKOI0 aHAJIN3a U MOACJIMPOBAHUA

Baagern:

OIIK-1-B1 HaBbeixamu aHanu3a BBIOOpA ONTUMANBHBIX YCIOBUI MOTYIEHHS
HAHOYACTHIl 1 HAHOMATEPUAJIOB C 3aJJAHHBIMU XapaKTePUCTHKAaMH COCTaBa U

JTIUCTIEPCHOCTH.
4. CTPYKTYPA U COAEP)KAHUME
Kon HaumenoBanmue pasnenoB u | Cemecrp | HacoB | @opmupyemsbie | Jluteparypa | Ilpumeuyanue KM BeimoJsn
3aHATHA TeM /BUJ 3aHATHSA/ / Kypc HHIUKATOPBI H JJL sieMble
KOMIICTCHIUH pecypcsl padoThI

Paznen 1. Knaccudurxanus
NMPOLECCOB MOJIy4e-HUS
HaHo4acTHl. PU3UKO-
XHMHYeCKHE OCHOBbI
c1oco00B NMo-J1y4yeHust
HAHOPa3MePHBIX MOPOIIKOB
(HIT). Arrecranus HIIL.

1.1 Knaccudukanus mporueccon 5 2 OIIK-1-31 TIK- JI.1 ONEeKTPOHHbBIC
MOJIy4EHHUsI HAHOYACTHIL U 2-31 JI1.2J12.2 pecypcst D1,
HaHOMAaTEpHAaJIOB. 2122 35 22,234 uD5
I"azodasuerii cro-cod AHAJIOTHYHBI
nonydyenust HU. OcHoBHbIE JUTEepaType
3aKOHOMEPHOCTH JI1.1, JI1.2,
obpazoBanust HY meromom J2.1nJ12.2
WCTIapeHusl U KOHIEHCALIUH. COOTBETCTBEH
Koarynsamus u xoanecueHuus HO
HY. /Jlex/




1.2 IIna3meHHbII OIIK-1-31 IIK- J1.1 OneKTpOHHbIE
MEePEKOHICHCAIMOHHBIN 2-31 JI1.2J12.2 pecypesl O1,
cnioco6 nosryaenust HY. /Jex/ 21392 D5 322,34 u D5

AQHAJIOTHYHBI
JuTeparype
JI1.1, J11.2,
JM2.1uJ12.2
COOTBETCTBEH
HO

1.3 ITna3sMoXUMHUYECKUIT METOL OIIK-1-31 IIK- JI1.1 ONEeKTPpOHHbBIS

noyaenns HY /Jlex/ 2-31 JI1.2J712.2 pecypesl D1,
212255 92,34 ud5

aHaJIOTUYHBI

JUTEpaType

JI.1, JI1.2,

M2.1ulJl2.2
COOTBETCTBEH

HO

1.4 Ocaxnaenne HY u3 OIIK-1-31 TIK- JI1.1 ONeKTpOHHbBIE
pacTBOpOB, 30J1b-T€lb, 2-31 JI1.2J12.2 pecypest D1,
metonbl. [Tomyuenne HU 219235 22,24 u 35
TEPMUYECKUM pa3ioKe-HAEM AQHAJIOTHYHBI
1 BoccTaHOBIeHHEM /JIex/ nuTepaTtype

J1.1, J11.2,
J2.1uJI2.2
COOTBETCTBEH
HO

1.5 DJEeKTPOB3PBIBHOM CIIOCO0 OIIK-1-31 TIK- JI.1 ONeKTpOHHbBIE
nony4enus: HY. /Jlex/ 2-31 JI1.2J12.2 pecypcesl D1,

2122 D25 22,34 u 25
AHaJIOTHYHBI
JUTepaType
JI.1, JI1.2,
JM2.1uJi2.2
COOTBETCTBEH
HO

1.6 MexaHu4ecKHii crocod OIIK-1-31 ITIK- JI1.1 ONeKTpOHHbBIE
nosryaenus HY. 2-31 JI1.2J12.2 pecypcst 21,
Mexanocunres. /JIex/ D192 035 22,34 u05

aHAJIOTUYHBI
JUTEpaType
JIL.1, JI1.2,
M2.1ulJl2.2
COOTBETCTBEH
HO

1.7 Arrectanuss HU. Yucnennoe OIIK-1-31 IK- J1.1 ONeKTpOHHbBIE
onucanue aucnepcoctu HY. 2-31 JI1.2J12.2 pecypcesl D1,
CpaBHUTENBHbIE 213235 92,24 u 035
xapaxktepuctu-ku HY, AHAJIOTUYHBI
MOJTYYEHHBIX Pa3HBIMH JTUTEepaType
criocobamu, JI1.1, J11.2,
“ouorpaduueckoe” JM2.1uJI2.2
HaCIleIOBaHNE UMH CBOICTB B COOTBETCTBEH
3aBHCUMOCTH OT CrIoco0a HO

nony4enus /Jlex/




1.8 OCHOBHBIE 3aKOHOMEPHOCTH OIIK-1-31 J1.1 OneKTpOHHbIE P1
ob6pazoBanus HU meronom OIIK-1-V1 JI1.2J12.2 pecypesl O1,
HCIIapEHUs — KOHJCHCALNN. OIIK-1-B1IIK- | D102255 392,34 u 25
Pacuer panuyca 2-31 [IK-2-V1 aHAJIOTMYHBI
KPUTHYECKOTO 3apOJblIia, [IK-2-B1 IuTeparype
CKOpOCTH JI1.1, JI1.2,
3apOIbIIIe00pa3OBaHHUS. JM2.1uJ12.2
Pacuér u3bbiTouHoOM COOTBETCTBEH
CBOOOHON SHEPruu HO
HAHOYACTHII, CBI3aHHOH C
TOBBIIIEHHBIM 3HAYCHUEM
yaenbHOM noBepxHocTH /TIp/

1.9 Juarnoctuka OIIK-1-31 JI1.1 ONEeKTPOHHbBIC P2
TEMIIEPaTyPHBIX YCIOBHUI OIIK-1-Y1 JI1.2J12.2 pecypcst D1,
npu popMHpOBaHUU OIIK-1-B1IIK- | 3102255 92,94 u35
HAHOYACTHII C 2-31 1IK-2-V1 AQHAJIOTUYHBI
HCIIOJIb30BaHUEM TIK-2-B1 JuTepaType
HU3KOTEMIIEpaTyPHOU JI1.1, J11.2,
mia3Mel. Pacuér J2.1nJ12.2
TeMIepaTypsl HOTOKa COOTBETCTBEH
TUTA3MEHHOTO TETUTOHOCHTEIIS HO
0 CIEKTPaIbHOU
WHTEHCUBHOCTH U3Ty4EHHS
BO30YKIEHHBIX aTOMOB.

Pacuér HarpeBa u ncrapeHus
MTOPOIIKOB UCXOTHBIX
peareHToB B IUIa3MEHHOI
CTpYye IPH TTOTyYCHUH

HY /Tlp/

1.10 | dakropsl, ONpeAENAOLIIe OIIK-1-31 J1.1 ONeKTpOHHEIE P3
JUCTIEPCHOCTD, XUMUYECKUI OIIK-1-Y1 JI1.2J12.2 pecypcesl D1,
u ¢a3oBbIii cocta HY, OIIK-1-B1 IIK- 21 322 D55 92,94 u 25
MOJYYEHHBIX JIa3MEHHBIM 2-31 TIK-2-V1 AHAJIOTUYHBI
Mmerogom. OnpeneneHue I1K-2-B1 JUTEpaType
BBIXO/Ia LIEJIEBOTO MPOAYKTa JI1.1, JI11.2,
IIPH MJIa3MEHHOM IOJTy4YE€HUHU J2.1nJI2.2
HY. T/n ananus XuMHYECKHUX COOTBETCTBEH
MIpEBpALICHUI HCXOAHBIX HO
peareHToB Ipu
TUIA3MOXUMHYECKOM
norxyuennu HY /TIp/

1.11 | Onpenenenue napaMeTpoB OIIK-1-31 JI1.1 ONeKTpOHHbBIE P4
npouiecca nonydenus HY OIIK-1-V1 JI1.2J12.2 pecypest O1,
OCaXJICHHEM U3 PACTBOPOB U OIIK-1-BI1 TIK- 2122 35 22,24 u 35
TEPMHUUECKUM PA3II0KEHU-EM 2-31 TIK-2-V1 AHAJIOTMYHBI
XUMHYECKUX TIK-2-B1 JuTepaType
coequuaenuii /TIp/ JI1.1, J11.2,

JM2.1uJi2.2
COOTBETCTBEH
HO

1.12 | Onpenenenue napaMeTpoB, OIIK-1-31 J.1 ONEeKTpOHHbBIE P5
XapaKTEepU3YIOIINX OIIK-1-Y1 JI1.2J12.2 pecypcst 21,
3¢ PEeKTUBHOCTH OIIK-1-BI TIK- | D13235 392,294 u35
MEXaHHUYECKOI0 1 2-31 IIK-2-V1 AHAJIOTUYHBI
3JIEKTPOB3PHIBHOTO CIIOCO00B [1IK-2-B1 JIUTEpaType
nosryaenus HY. JI1.1, JI1.2,
Omnpenenenue npeaeabLHoro J12.1uJi2.2
pa3Mepa IpoOeHus COOTBETCTBEH
kpuctamummaeckux tex /I1p/ HO




1.13 | ®yHKIUH pacpeaeaeHus 2 OIIK-1-31 J1.1 OneKTpOHHbIE P6
YaCTHII IO pa3Mepam. OIIK-1-V1 JI1.2J12.2 pecypesl O1,
Onpenenenus napaMeTpoB OIIK-1-B1IIK- | D102255 392,34 u 25
pacrpeneneHus 4acTull 1o 2-31 TIK-2-Y1 AHAJIOTUYHBI
pasmepawm /Ip/ [IK-2-B1 IuTeparype

JI1.1, JI1.2,
JM2.1uJ12.2
COOTBETCTBEH
HO
1.14 | KoutposbsHas pabdota /TIp/ 1 OIIK-1-31 J.1 OnextpoHHsle | KM
OIIK-1-V1 JI1.2J712.2 pecypesl D1,
OIIK-1-B1 TIK- | 312255 92,34 ud5
2-31 1IK-2-V1 AHAJIOTUYHBI
TIK-2-B1 JIUTEpaType
JI.1, JI1.2,
JM2.1uJ12.2
COOTBETCTBEH
HO

1.15 | IIpopaboTka JIEKITHOHHOTO 15 OIIK-1-31 JI1.1 ONeKTpOHHbBIE
Marepuana. OIIK-1-Y1 JI1.2J12.2 pecypest D1,
CamocTosTenbHOe U3yueHHE OIIK-1-B1 IIK- | D132 35 92,24 u 35
nutepatypsl. [lonroroska k 2-31 TIK-2-VY1 AHAJIOTUYHBI
IIpakTHyeckuM 3aHATUAM. IIK-2-B1 JuTepaType
[TonroToBka KOHTPOIBHOM JI1.1, J11.2,
pabote 1o 1 pazneny /Cp/ JM2.1uJI2.2

COOTBETCTBEH
HO
Pa3gen 2. ®ysiepensl,
YIJIepOAHbIE U HeyrJle-
POJHbIC HAHOTPYOKH

2.1 Ucropus oTkpbITHS 2 OIIK-1-31 TIK- JI1.2J12.1 ONeKTpOHHbIE
¢ynnepenoB. MexaHU3MBI 2-31 22 54 pecypces D1,
(hopmupoBaHus 92,94 ud5
(hyIIepoOHOBOH CTPYKTYPHI. AQHAJIOTHYHBI
CriocoObI moy4YeHus nuTepaTtype
(ynnepeHoB. JI1.1, JI1.2,
MoauduuupoBaHHbIC J2.1nJ12.2
MIPOM3BOTHBIE COOTBETCTBEH
¢dynnepenos /Jlex/ HO

2.2 Crioco0bl monyyeHus 2 OIIK-1-31 TIK- JI1.2J12.1 ONeKTpOHHbIE
YTIepOIHBIX HAaHOTPYOOK (C- 2-31 22 D4 pecypcst D1,
HT) (zyrosoii, nazepHo- 92,34 u 25
TEPMHUYECKUH, AQHaJIOTHYHBI
MUPOTUTHYECKUH, JuTeparype
KaTaJIATHIECKHI). JI1.1, JI1.2,
Mexanu3msl pocta C- J2.1uJ12.2
HT /Jlex/ COOTBETCTBEH

HO

2.3 Heyrnepomapie HAHOTPYOKH 2 OIIK-1-31 IIK- JI1.2J12.1 ONeKTpOHHbBIE
(H-HT). Ot C-HT x H-HT. 2-31 22 54 pecypest O1,
Meronasl cunresa H-HT /Jlex/ 92,94 u 25

AQHAJIOTUYHBI
JUTepaType
JI.1, JI1.2,
JM2.1uJI2.2
COOTBETCTBEH
HO

2.4 Omnpenenenue XUPaTbHOCTH 1 OIIK-1-31 JI1.2J12.1 ONeKTpOHHBIE P7
YIIepoaHbIX HaHOTPYOOoK(C- OIIK-1-V1 22 54 pecypesl O1,
HT). MonenbHbie OIIK-1-B1 ITIK- 22,24 u 35
MpeCTaBICHUS 00 2-31 TIK-2-VY1 aHaJIOTUYHBI
MexaHu3Me (OPMHUPOBAHUS [K-2-B1 IuTEepaType
¢dymnepenos u C-HT /Tp/ JI1.1, JI1.2,

JM2.1uJI2.2
COOTBETCTBEH

HO




2.5 ITpopaboTka TEKIHOHHOTO 12 OIIK-1-31 JI1.2J12.1 OneKTpOHHbIE
Marepuana. OIIK-1-V1 22 54 pecypesl O1,
CamocTosTenbHOe U3yueHHe OIIK-1-B1 IIK- 92,24 u035
aureparypsl. [loaroroka k 2-31 [IK-2-V1 aHAJIOTUYHBI
[IpakTryeckum [IK-2-B1 IuTeparype
3auaTusM. /Cp/ JI1.1, J11.2,
JM2.1uJI2.2
COOTBETCTBEH
HO

Pa3gen 3. ®usuxo-

XHMHUYeCKHE OCHOBBI MOJTY-

YyeHUs1 00BEMHBIX

KOHCOJIMINPOBAH-HBIX

HAHOMAaTepPHAJIOB.

Martpuunbie

HaHoMaTepuaibl. Tepmuuec

Kasi yC-TOM4YHUBOCTH

HAHOCTPYKTYPBI.

3.1 Krnaccudukanus crioco6oB 2 OIIK-1-31 IIK- JI1.1J12.1 ONeKTpOHHEIE
HOJIy4YEeHUS 2-31 01 33 54 pecypest D1,
KHM.ITopomikoBeie 92,24 u 35
KHM /Jlex/ AQHAJIOTHYHBI

JIuTepaType
J1.1, J11.2,
J2.1uJI2.2
COOTBETCTBEH
HO

32 WuTencuBHas riactTuyeckast 2 OIIK-1-31 K- JI1.1J12.1 ONeKTpOHHbBIE
nedopmarus, Kak crnocod 2-31 D1 23 54 pecypcesl D1,
noyaennss KHM /Jlex/ 92,24 u25

AHAJOTUYHBI
JUTepaType
JI1.1, J11.2,
JM2.1uJi2.2
COOTBETCTBEH
HO

33 ITonyuyenne KHM 2 OIIK-1-31 IIK- JI1.1J12.1 ONEeKTPOHHbIE
KOHTPOJIUPYEMO’ 2-31 01 23 54 pecypesl D1,
KpHUCTalIu3anuei us 92,94 u 235
amopdHoro coctostus. /JIex/ AHAJIOTHYHBI

JuTepaType
JIL.1, JI1.2,
M2.1ulJl2.2
COOTBETCTBEH
HO

34 HanopasmepHsle mieHku 1 2 OIIK-1-31 IK- JIT.1J12.1 ONeKTpOHHbBIE
MOKPBITHUS, OCAKAAEMBIE Ha 2-31 21 23 54 pecypcesl D1,
MOJJTI0KKE. XUMHUECKOE 92,94 u 25
OCa<JIeHVe U3 ra30BOH (a3bl AQHAJIOTHYHBI

(CVD). /JIex/ JUTEpaType
JI1.1, J11.2,
J2.1uJI2.2
COOTBETCTBEH
HO
3.5 duznyeckoe 0CAKIACHUE U3 2 OIIK-1-31 TIK- JI1.1J12.1 DNEeKTPOHHbBIC
razoBoii ¢asel (PVD), 2-31 2133 54 pecypcst D1,
3JIEKTPOOCAXKICHUE 92,24u35
HAHOCTPYKTYPHBIX MTOKPBITHI AHAJIOTUYHBI
u ieHok /JIex/ JUTEpaType
JI1.1, J11.2,
JM2.1uJ12.2
COOTBETCTBEH

HO




3.6 Crioco05! momy4eHus 5 2 OIIK-1-31 IIK- JI1.1J12.1 OneKTpOHHbIE
HaHOMAaTEPHAJIOB C 2-31 2133 54 pecypesl O1,
HCIIOJIb30BaHUEM 92,94 u 25
HEOPTaHUYECKUX U AQHAJIOTHYHBI
OpraHUYeCKUX MaTpHIL. IuTeparype
Bnusinue matpuiisl Ha JI1.1, JI1.2,

CBOICTBa 00Pa3yIONINXCS B JM2.1uJ12.2
Helt HanovacTuil /JIex/ COOTBETCTBEH
HO

3.7 OCHOBHBIE TPOIIECCHI B 5 2 OIIK-1-31 TIK- JIT.1J12.1 ONEeKTPpOHHbBIS
HaHOMaTepHaiax rnpu 2-31 2133 54 pecypcst 21,
TEPMUYECKOM BO3ACHCTBUU. 392,294 u35
Tepmuueckast yc-TOWIMBOCTD AHAJIOTUYHBI
HAHOCTPYKTYpHI /JIex/ JUTEpaType

JI.1, JI1.2,
JM2.1uJ12.2
COOTBETCTBEH
HO

3.8 Hanopasmepnsie miieHky u 5 2 OIIK-1-31 JIT.1J12.1 ONeKTpOHHbBIE P8
nokpeITus. OnpenenexHue OIIK-1-Y1 01 33 54 pecypest D1,
paboThI U CKOPOCTH OIIK-1-B1 IIK- 92,24 u 35
00pa3oBaHsI 3apOIbITIIei 2-31 TIK-2-VY1 AHAJIOTUYHBI
npu popMHPOBaHUU IIK-2-B1 JuTepaType
HAHOCTPYKTYPHBIX JI.1, JI1.2,
nokpsiTuil. [Tapamerpsr J2.1nJ12.2
MPOLIECCOB, COOTBETCTBEH
XapaKTepu3yIoIIHe HO
MOJTyYEHHUE MTOPOLIKOBBIX
00BEMHBIX
HaroMaTepuanos /I1p/

3.9 Konrponbnas padota /IIp/ 5 1 OIIK-1-31 JI1.1J12.1 Onekrponnsie | KM2

OIIK-1-V1 2133 54 pecypebl O1,
OIIK-1-B1 IIK- 32,24 u 25
2-31 TIK-2-VY1 AQHAJIOTUYHBI
TIK-2-B1 JuTepaType
JI1.1, JI1.2,
J2.1uJI2.2
COOTBETCTBEH
HO
3.10 |[IIpopaboTka JNEKIIHOHHOTO 5 21 OIIK-1-31 JI1.1J12.1 OnextpoHHble | KM3
Marepuana. OIIK-1-Y1 2133 54 pecypcest 21,
CaMocTOosTeNbHOE N3YUCHUE OIIK-1-B1 IIK- 32,34 u 25
nutepatypsl. [lonroroeka k 2-31 [IK-2-V1 aHAJOTHYHBI
[IpakTH4ecKkuM 3aHATUAM. TIK-2-B1 JIATEpaType
[ToaroroBka Kk KOHTPOJIBHOM JI1.1, JI1.2,
pabote o 1 u 2 pazgenam. JM2.1uJ12.2
Hammucanue pedepara mo COOTBETCTBEH
TemaM 1, 2 u 3 pazgenos. HO
[MonroroBka k 3x3ameny. /Cp/
5. ®OHJ OHEHOYHBbIX MATEPHUAJIOB
5.1. KoHTpoJibHbIe MeponpusaTHA (KOHTPOJIbHAN PadoTa, TECT, KOJJIOKBUYM, 3K3aMeH U T.II), BONMPOCHI JJIsI
€CaMOCTOSITe/IbHOH NOATOTOBKH
Kon KonTponsHoe rilﬁ){oief;:;wme B
KM O — T pEL OIIPOCHI JJIS TOJTOTOBKA
KOMIIETEeHIIN I
KM1 Konrtponbnas OIIK-1-B1;0OIIK-1- | 1. PaccuntaTh NOBEPXHOCTHYIO 3HEpruio rpaHu 110 kpucTaminueckoro
pabora Ne 1 31;0IIK-1-VI;IIK-2 | tBeproro BeecTsa, uMeromiero crpykrypy OLIK, mpuHsB, 4TO 3HEprust
-31;IIK-2-Y I;IIK-2- | ogHO#t pa3opBaHHOii cBsizu paBHa (.14 3B, a meproa peuieTku paBeH ~
B1 2.

2. PaccuuTarh NOBEpXHOCTHYIO 3HEPruto rpanu 110 kpucramiyeckoro
TBEPAOTO BEUIeCTBa, UMeromIero cTpykrypy OLIK, mpuHsB, 4TO 3HEPTus
0JHOI1 pazopBaHHOH cBsA3U paBHa (.14 3B, a nepron pemeTku paBeH ~
2.

3. Kaxue ycmoBus JOIDKHBEI 00€CIEYUTh Min pa3Mep paanyca




KPUTHUYECKOTO 3apOobIIa MpyU (OPMUPOBAHUN HAHOYACTHUI] U3 Ta30BOH
hazpr?

4. IToueMy B OONBIIMHCTBE CITy4daeB NP (HOPMUPOBAHIH HAHOTACTHIT
13 ra30BOH (a3sl HX pa3Mep MPEBHIMIACT PAANYC KPUCTAINIECKOTO
3apozpIima’?

5. Kakue ycioBus JOJDKHBI OBITH pEalIN30BaHbl B KOH/ICHCHPYIOLIEHCS
CHCTeMe, YTOOBI MOYYNUTh YaCTHIIHI IT0 Pa3Mepy, MPUOIIKATOIIHEcs K
KPUTHUECKOMY 3apOJBIITY?

6. OOBsICHUTE TEMIIEPATYPHYIO 3aBUCHMOCTb CKOPOCTH 00pa30BaHUs
3apOJIBIIEH W3 ra30BO U XKUIKON (a3?

7. Uro Takoe mepechIeHne ra3oBoit (aser mpu GopMHUPOBaHUH
HaHovacTHIl U3 napa? Kak oHO BIusieT Ha ux pasmep?

8. OOBSICHUTE TTOYEMY M KaK CPEIHUIN pa3Mep YacTHIl, UX
pacmpeneneHne o pa3mMepy 3aBUCST OT CIECAYIONINX ITapaMeTpOB
MeTo/ia KOHJICHCAIINH B IOTOKE: IaBJICHUS HHEPTHOTO ra3a, CKOPOCTH
MOTOKA MHEPTHOTO ra3a, UCIOIb3yeMOT0 HHEPTHOTO Ta3a?

9.IToyeMy mpH MCITOIH30BaHMH B KauecTBe cpeabl He momydeHHbIe 11O
Merony I'ena-Mmepa HAaHOYACTHIBI IMEIOT MEHBIINH pa3Mep U 6oiee
y3KO0€ pacIpesie]ieHue Mo pa3MepaM ,4eM MU UCHONb30BaHUH aproHa’?
10. OcobeHHOCTH IUIa3MEHHOT'0 OJIy4EHHSI HAHOYACTHUIL Yepe3 Ipoliece
NEPEeKOHJIEHCAIUY 10 CpaBHEHUIO ¢ MeTonioM 'ena Munnepa.

11. Kak cpemnuii pasmMep HaHOYACTHUI], HOITyUCHHBIX MeTonoM I 'eHa-
Muinepa, UX pacnpeeNeHue o pa3sMepaM 3aBUCST OT JaBICHHs
HMHEPTHOTO T'a3a, CKOPOCTH IIOTOKa HHEPTHOTO T'a3a, HCHOIb3yeMOTo
uHepTHOTO raza? I[louemy?

12. Kak oT peann3yemMoro nepechiieHus B KOHAESHCAlMOHHOM METO/ie
HOJIydEeHHs] ~ HaHOYacTHI[ OyAeT U3MEHATHCS UX JUCIIEPCHOCTH?
ITouemy?

13. Kak B koHzaeHcanmoHHoM Metoe ['ena-Muiepa ¢ yBenudeHueM
TeMIIEpaTyphl KalliK, U3MEHSAETCS TUCIEPCHOCTh MOTY4aeMbIX
Hanouactui? [Touemy?

14. Kakue ycnoBus HaJio pealu30BaTh B KOHICHCUPYIOLIEHCS CUCTEME,
9TOOBI MOTYYUTh Pa3Mepbl YACTUILI, TPHONIKAIOIIUECS K PATHyCy
KPUTHUYECKOTO 3apO/bIIlIa ¢ MUHMMAJIBHBIM €r0 pazMepom?

15. Ot kakux napamMeTpoB 3aBUCUT TeMIIEpATypa 3IEKTPOPA3PSIHOI
TUIa3MBI, TEHEPUPYEMOH B TyTOBOM ILTa3MOTPOHE TOCTOSHHOTO TOKa?
UYro orpaHu4MBaeT NepeBoji KOHAECHCUPOBAHHOIO BEILIECTBA,
BBEJICHHOTO B IUIA3MY, B Iap IIPH MOJYyYEHHH HAHOYACTHIL?

16. Yem u kak onpenensercst 3ppeKTHBHOCTH IIEPEBOIa B Tap
KOHJICHCHPOBAHHOT'0O BellecTBa (OPOLIKA) MPH MOTy4YeHUH HAaHOYACTHII
yepes NpoLece NEPEKOHICHCAIlMU € HCTI0JIb30BaHHEM ILTa3MBbl?

17. C ncnonb30BaHUEM KAaKOr0 TUIIA 3aKaJOYHOI'O YCTPOMCTBA U IIOYEMY
B IJIa3MEHHOM METOJIE Uepe3 MePeKOHICHCAIINI0 MOKHO MOIYIUTh
6oIee BBICOKYIO AUCTIEPCHOCTh HAHOYACTHIL?

18. C xakoii 1IeIbI0 ¥ KaK MPOBOAST MACCUBAIMI0 HAHOYACTHIIL,
MOJTy4aeMBIX KOHICHCAIMOHHBIM METOAOM U3 Iap0o-Ta30Boii (a3sl?

19. Ipy mna3MOXUMHUYECKOM MOTyYeHHH HAHOYACTHI] Bob(hpama
BOCCTaHOBJIEHHEM €T0 OKCHJA BOAOPOJOM B IJIa3Me KOHEYHBIH MPOLYKT
COZIEPKHT 0KOJI0 6 % (Macc.) kuciopona. B 4em mprunHa HU3KOH
CTEIEHH MIPEeBPAIEHUS HCXOJHOTO OKCUAA B METaNI?

20. Kak oT pacxojia UCXOJJHOTO KOHAEHCHPOBAHHOI'O BEIlECTBA
(mopoika) OyneT 3aBUCETh AUCTIEPCHOCTD MOMYYCHHBIX HAHOYACTHIL B
mporeccax MepeKOHACHCAINH C UCTIOIb30BaHUEM TUIa3MBI?

21. Paccuuraiite CKOPOCTb JBMKEHHS TIa3MEeHHOH cTpyn Ar-H2
ia3mel, umeronier Temneparypy 20000 K u ncrekaromieit uepes
aHOJHOE corIo ¥ 6 MM. Pacxoj HCXOMHOTO TTa3MO00pa3yoIIEero ra3a
paBseH 3 M3/4, HaganbHas TeMmmeparypa raza 300 K. Byzet 1u ckopocTs
JBIKEHUS TUIa3MEHHO CTPYH BIHATH HA 3(Q(QEKTHBHOCTH (TIOJIHOTY)
BoccTanoBneHuss MoO3 B muiazme? [louemy?

22. Beerna nu BEICOKHH ypOBEHb TEMIIEPATYp IIa3Mbl 00eCIICUT
BBICOKHI ypOBEHb BBIX0/1a LIEJIEBOT0 HAHOJUCIEPCHOTO IPOAYKTa
IUIa3MEHHBIX peaknuii? B 1em Bo3MoXxHBIE TpUUMHEI HE3()(HEKTHBHOM
OpTaHM3aINHA IIA3MOXMMHUYECKHX MTPOIIECCOB C YIACTHEM TAa30BEIX U
TBEPABIX UCXOJHBIX PeareHTOB?

23. B BHJe XUMHUYECKUX PEAKLUil ONUILIUTE MPOLECCHl MPOUCXOISIIHE C
okcuoM MommbaeHa (MoO3) Ha pa3IUYHBIX Tanax
IUIA3MOXHMHYECKOTO BOCCTAaHOBIICHHUS €r0 IO HaHOAMCIIepcHOro Mo.
24. B BUJe XMMUYECKUX PEAKLHUIl OMUIINTE MpoLecchl HOpMUPOBAHUS




HaHouacTHIl Kapbuna 6opa (B4C ) npu ero nmosryuenun B
Ia3MoXuMHUecKoM mpornecce ¢ yuactruem BCI3, CH4 u H2.

25. BO3MOXHO J1M IOJIy4€HUE HAHOYACTHIl METAIOB U3 UX XJIOPH

26. OnmmmTe 0COOEHHOCTH CBONHCTB HAHOYACTHI], MOTyYCHHBIX
TIA3MOXUMHYECKUM METOOM.

27. B Busie XUMUYECKUX PEaKIUil ONMUIINTE MpoLecc (POPMUPOBAHUS
HaHOYaCTHI] ( Zr N) B I1a3MOXUMHUYECKOM
nporecce ¢ yaactuem ZrCl4, N2 u H2 Ha pa3HBIX cTaAusiX €ro
MpPOBEACHHS.

28. Ilpu ucnonap30BaHUH KAaKOTO M3 a30THPYIOIIHUX KOMIIOHEHTOB N2
iy NH3 npu ni1a3MoxuMu4ecKoM IOIy4eHUY HAaHOYACTHULl HUTPUA
UUPKOHMS U3 apora3oBoii cmecu ZrCl4 + H2 cienyer oxxunats
GomblIero BbIxoza uenesoro npoaykra? [louemy?

29. Kakue namenenus B (ha30BOM COCTaBe, TUCIIEPCHOCTH,
nHpo(OPHOCTH HAHOMIOPOIIIKA KapOuaa Bonb(hpama, MOIyIeHHOTO
TTa3MOXHUMHUYECKHM CIIOCOO0OM U3 mapora3oBoii ¢aszer WCI6 +H2
+CH4, cnenyer 0XXnaaTh IPU UCHONTB30BAHIH YCTAHOBOK C
ra30AMHAMHYECKUM CIIOCOOOM 3aKaJKH M 3aKalKH B TpyO4aTOM
TEII000MEHHHUKE.

30. ITpu BoccranoBiennun WO3 Boznoposom B Ar-H2 mnazmMeHHoi cpene
crenenb Beixona HU meramna cocraBuna 40%. B ueM Bo3MOXkHbIE
HIPUYUHBI 3TOT0?

31. Kak Oyner usmensrbes qucnepcHocts HY sxenesa, mosry4eHHBIX
TUTA3MEHHBIM METOJIOM 4epe3 IepeKOHICHCAITII0 MIKPOHHOTO MOPOIITKa
a-Fe, ot pacxona ucxonHoro ceipbsa? (IIpusenure rpaduk). Bosmoxxao
1 u3MeHenue ¢aszosoro coctaa HY? Ilouemy?

32. Ha kakoii cTafiuy IJIa3MOXUMHYECKOTO MPOLIECCa BOCCTAHOBIECHHUS
TPOSIBIISIETCS POJIb BOCCTAHOBUTENS (CBI30BAHUE OKHUCITUTEIIA).
[ouemy? Bo3zmoxuO 11 mna3MerHoe noyderne HY meranios u3
OKCHJIOB, XJIOPHJOB 0€3 y4acTHsi BOCCTAHOBHUTEIS?

33. B uem Bo3MOKHas TpryrHA HenmpodopHocTr HY Mo,
HOTy4YeHHBIX ponn3oM Mo(Co)6 B mra3me N2 110 OTHOLIEHHIO K
Ha”onopomkaM Mo Toro e pazmepa, HoJdy4eHHbIX B Iazme H2
BoccraHoBiaeHueM MoO3?

34. NbN umeeT KyOHUECKYI0 MOJU(PHUKAIINIO, YCTOHUNBYIO B 001aCTH
temmepatyp 1600-2500 K. ITpu ocymectBnenuu cunreza HY Hutpuga
HMOOMS HA TUIa3MEHHOH yCTaHOBKE IOJIy4aJI COOTHOLICHUS MEXY
HI3KOTeMneparypHoi ¢a3oit NbN (rekcaroHanbHas ¢aza) u
BBICOKOTeMIIEpaTypHOU Kak 1:1. Mcnonb30BaHue APYroi yCTAHOBKU
TOM 7K€ MOIIHOCTH U TE€X K€ PEareHTOB JaJI0 BO3MOKHOCTb TTOJyYUTh
BBIXOJ1 KyOmueckoit ¢as3el 100%. B 4yem Bo3Mo)kHas pa3HUIIA B
KOHCTPYKIMAX YCTaHOBKU? B uem nprumnabl Habmoxaemoro 3¢dexra?
35. OxapakTepusyiTe SBICHUS IPOUCXOAAIINE B PA3HBIX 30HAX
1a3MeHHoro peakropa npu noydeHud Cr u3z Cr203 B mazme H2- Ar.
OnumuTe X B BUJIE XUMHUYECKHX peakimii. Kakum o6pazom
(hopMupyeTcs KOHEUHBIH TUCTIEPCHBIN COCTAB LIENIEBOTO MPOIyKTa?
36. OxapakTepu3yiTe BO3MOXKHBIE XUMUYECKHE U (a30BbIE
HpEeBPAIEHUs ¢ UCXOIHBIMA KOMIOHEHTaMH MPU M1a3MOXHMHUUYECKOM
nony4yeHnu ZrN u3 napora3oBoit paser ZrCl4+N2+H2. M3menennem
KaKUX TapaMeTpoB U KaK MOXKHO U3MEHATH AUCIEPCHOCTD MOIy4aeMOro
HUTpraa? UeM 00BSICHUTH BO3ZMOXKHOE MOSIBIEHHE B COCTaBE MPOAYKTOB
CHHTE3a METAJUTMYECKOTO ITUPKOHMS?

37. B KakoM M3 IByX pPEKUMOB IIOJIY4EHUSI HAHOYACTHUL] METAIUIOB
pas3oKeHHeM pacTBOPOB HX a3ul0B (pacxon pactBopa 1 r/c u 20 r/c)
BO3MOXKHO IOJTyueHHE OoJee TMCIEePCHBIX HAHOCHCTEM U oueMy?

38. IlpoBeauTe CpaBHUTENBHBIN aHAN3 MTOTYUYEHHUS YaCTUI] METANIOB
XUMHYECKHM OCAXJICHUEM THAPOKCUIOB U MOCICIYIOIINUM UX
BOCCTAHOBJIEHHEM W3 PaCTBOPOB C ILIa3MEHHBIM 4epes
BOCCTaHOBJICHHE OKCHIOB?

39. IloueMy Ha KpUBOM 3aBUCUMOCTH YAEIbHON OBEPXHOCTU
MPOAYKTOB Aeruapatanuy ruapokcuaa Ni npu nonyuyennd HY NiO ot
TeMIIEpaTypsl OIMH Max, a Ha aHAJTOTMYHON KPUBOH 11 TPOILYKTOB
JIerupaTalny sxeses3a ux asa?

40.Kak ot pacxona xap6onuna monu6aeHa Mo(CO)6 OyneTr n3MeHsTbes
JUCIEPCHOCTh HAHOYACTHII, TOJYYEHHBIX €r0 TEPMUIECKUM
pasnoxenneM? [Touemy? Kakum oOpa3om u3bdexars B
KOHJICHCUPOBaHHOM IIPOAYKTE HAIMYNE CBOOOMHOTO yriaeponaa?

41. C ucnonp3oBaHueM Kakoro pexxuma BoccraHosienust HU Fe203




MOXeET OBITh YBEJIMUEHA JUCTIEPCHOCTh MIPOILYKTOB BOCCTAHOBICHHA?
42. TTouemy nucnepcHocTh noiydaembix HU meranna npu
BOCCTAHOBJICHHH HX THPOKCH/IOB BHIIIE, YEM IIPH BOCCTAHOBJICHUH
OKCHIOB MOTYYUBIIUXCS AETHAPATAINI THIPOKCUTOB?

43. ChopmynupyiTe BO3SMOXKHBIM MexaHU3M monydyenuss HU
BOCCTaHOBJIEHHEM U3 PACTBOPOB.

44. Kakue BO3MOXKHOCTH UMEIOTCS sl PETYIMPOBAHUS BBIXO/A U
JUCIEPCHOCTH HAHOMIOPOIIKOB MIPU UX MOTYUYEHHUH U3 P-POB COJEH ¢
MOMOIIBIO OCaUTENeH?

45. C geM CBSI3aHO CBOWMCTBO MUPO(POPHOCTH HAHOYACTHUI] METAIIIOB,
MOJTy4aeMBIX C HCIIOJIb30BAaHHEM ILTa3Mbl? [loueMy 3TO CBOHCTBO MeHee
XapaKTepHO JUI1 HAHOYACTHI[ TOTO 5K€ COCTaBa MOMYYAIOMINXCS U3
pacTBOpoB?

46. Ot xakux apaMeTPOB 3aBUCHUT BBIXOJ U AUCHEPCHOCTD
0CaXKJaeMOT0 THAPOKCHA B IPOIECCAX €r0 OCAXKICHUS IIEI0YaMH U3
pacTBOpoB coseid ipu nosrydeHud HY okcuoB u Merannos? [laiite
Bamm o0bsicHEHMSI.

47. VI3sMeHeHueM KaKuX IIapaMeTpoB U IOYEMY MOXKHO PErYIHPOBaTh
JUCIEPCHOCTh HAHOUYACTHIl METAJLIOB, TOJTy4aeMbIX OCaXIeHUEM
THIPOKCUIOB U3 PACTBOPOB M UX MOCIEAYIOIUM BOCCTAaHOBIEHHEM?
48. B uem pasnuua npoueccos nonyuenus HY meraninos mytem
BOCCTAHOBJIEHHS OCaXKACHHBIX U3 PACTBOPOB THIPOKCHUIIOB U OKCHJIOB,
MONTy4YeHHBIX UX Jeruapatanueii? Kak 3To ckasbiBaeTcs Ha
JucnepcHocTs nosydeHHbx HY metamna?

49. Yo cnenyeT NpeNIpUHATh Ui YBEIUYEHUS TUCIIEPCHOCTU
nonyueHHsIx HYU MeTannoB mpu BOCCTaHOBICHUH U3 X PACTBOPOB
THAPAa3UHOM M TeTparuapodopaToM Kanus? B uem npeumymectso
[IEPBOr0 BOCCTAHOBJIEHUS 110 OTHOIIEHHUIO KO BTOPOMY?

50. PaBHoBecHsIH noTeHnuan cepedbpa Eo(Ag+/Ag)=-1,8 B.
OKHCIUTENBHO-BOCCTAHOBUTENBHBIN MOTEHIMAN B ILETOYHON cpefie
NaBH4=-1,24 B, B kucioi cpene oH paseH -0,48 B. byner nu u B kakoi
Cpezie MPOUCXOIUTh BOCCTAHOBJICHHE HOHA cepedpa
TeTparuapodoparom HaTpusi?

51. PaBHoBecHBIN noTeHan meau Eo(Cut/Cumer.)=0,52 B.
OKuCIUTENBHO BOCCTAHOBUTENBHBIN NoTeHIMan NaBH4 B menounoi
cpeze paseH -1,24 B, B kucnoii cpene on paseH -0,48 B. Byzaer i u B
KaKoi cpesie BOCCTaHaBIMBAThCSA HOH MEIH TeTparuaipodopaToM
HaTpus?

52. Penoxkc - noreHuuan rugpasusa paseH — 1,1 B. byner nu
MPOUCXOJUTh BocCcTaHOBIeHHE pocToro nona Cr+3 u nona Cr(OH)63
-, €CJIM X CTaHJAPTHBIE PEJOKC — MOTEHIHATbI PABHBI

-0,56 Bwu-1,2 B coorBercTBeHHO?

53. Kak onpenenuTs KOHCTAHTY CKOPOCTH AUCIEPTHPOBAHMUS, 3HAS
MaKCHMallbHO JJOCTUTHYTYIO B NIPOIIECCE U3MENbUEHHUS MI0ILaAb
MIOBEPXHOCTHU?

54. Beerga nu ¢ yBeNUYEHUEM IPOAOJIKUTEIBHOCTH U3MENBbUYEHUS
MOXHO JOCTUYb MUHHMAJILHOTO pa3Mep yacTul?

55. OxapakTepu3yiTe BO3ZMOKHBIH MEXaHU3M (OPMUPOBAHHUS YACTHUII
JIFCTIEPCHON (ha3bl, TIPH MOITYYCHNUH MTOPOIIKOB IEKTPHIESCKIM
B3PBIBOM ITPOBOAHUKOB. [IpOSIBISIOTCS JTH 0COOEHHOCTH 3TOTO
MEXaHU3Ma B CBOMCTBAX MOPOIIKa?

56. I3MeHeHueM KakUX [1apaMeTpoB B METO/IE MOJIyYEHHS HAHOYACTHIL
NEKTPHIECKUM B3PBIBOM MOXKHO PETYJINPOBATh UX
JUCTIEPCHOCTH?

57. OxapakTepu3yiTe BO3ZMOKHBIH MEXaHU3M (OPMUPOBAHHUS YACTHUII
JFICTIEPCHON (ha3bl, TIPH MOITYYCHNH MTOPOIIKOB IEKTPHIESCKIM
B3pBIBOM IIPOBOIHUKOB. IIpu 0HOI S5HEpruu, BKIaAbIBAEMON BO
B3pbIBAIOLIEiCs MPOBOJHUK, TP B3pbIBE AIFOMUHHS WU TUTaHA OyIeT
(opmupoBathcs O6oJiee TUCTIEPCHBIH TOPOIIOK?

58. TloueMy B a30T-yTJIEPOJHOM Cperie P B3PHIBE IIPOBOJIOKH U3 Al
nony4aercst ALN u AL4C3 , a npu B3pbiBe Ti ToabKo KapOua TUTaHa?
59. Kak noBbicuTb 3 (QEKTUBHOCTD METO/Ia MEXaHUIECKOTO
U3MEJIbYEHUS JUISl IOJYYEHUSI HAHOCUCTEM ?

60. C ueM cBsI3aHA MOBBIIICHHAS YHEPTOHACHIIICHHOCTH OPOIIKOB,
MOTYyYEHHBIX MEXaHUUECKUM U3MeEIbUeHUEM?

61. HaHOYaCTHIIBI JKele3a MOTyYeHBI CIIOCO00M 3JIEKTPUIECKOTO
B3pBIBA IPOBOJHIKA U MIEPEKOHICHCAINY B ITa3Me. B 4eM Bo3MoXkHOE
pas3nuyue CBOMCTB MOJyYaeMbIX NMPoayKToB? JlaliTe 0ObsiCHEHHE Yepes3




OITUCAHUSI BO3MOXKHBIX MEXaHU3MOB ()OPMUPOBAHHS HAHOYACTHI] B TOM
u ipyrom metoze?

62. KakoB MexaHI3M 00pa30BaHMs HAHOYACTHI], OITyYaeMBIX
3JIEKTPOB3PHIBHBIM criocoboM? Uem omnpeznensercs NpuCyTCTBUE B
MPOAYKTaxX JIEKTPHUUECKOTO B3pbIBa MPOBOIHUKA MpH Noiaydenun HY
MeTacTaOMIIBHBIX BRICOKOTEMITEpaTypHBIX (az?

63. Uro Takoe niceBmoamoppHOCTh HaHowacTHi? C 4eM cBs3aHa
amop¢u3anus JUCIEPCHOT0 MaTepHana B IPOLECCe MEXaHUIeCKOTro
U3MeNIbYeHUs?

64. I1o xakuM IapamMeTpaM aTTeCTYIOTCSI HAHOYACTHIIEL, TTOJTydaeMbIe
pasnuyabIME ciocobamu? JlaiiTe Ux onpeneneHue.

65. Kax oxapakrepu3oBaTh pa3MepHbIe apaMeTpbl HAHOYACTHII,
MOJYYaeMBIX PAa3IHYHBIMHU CIIOCOOAMU?

66. Uto xapakTepu3yeT CTaHIAPTHOE U CTAaHAAPTHOE T€OMETPHUUECOKE
OTKJIOHEHHE IIPH aHAIN3e pacHpeieNIeHUs 10 pa3MepaM HaHOYACTHI]
MOJYYCHHBIX Pa3IMYHBIMHU CIOCOOaMu?

67. UTo Takoe «HaHOYACTULa» U «HAHOIIOPOLIOK»? VIIEHTUYHBI 11 3TU
noHsATHA? Kpurepun OTHECEHHS 9aCTHI] K HAHOYACTHIIAM.

68. IIpu aHanmu3e TUCIIEPCHOCTH JIBYX HAHOIMCIIEPCHBIX CUCTEM,
XapaKTepU3YIOMINXCS JIOrapH(hMIYECKU-HOPMAaITbHBIM
pacnpeneneHueM, Noay4eHo, 4to it 1-oi u3 Hux =0,84 u =43 HM,
quis BTopoit =0,97 m =57 um. Kakas u3 uccineqoBaHHBIX
HaHOAMCIIEPCHBIX cUcTeM Oojee MoHoaucnepcHa? Kakoil nuamnazon
pa3MepoB UMerT 95% Bcero ancamOIs YacTUI?

69. IIpu aHanu3e TUCIEPCHOCTU JIByX HAHOIUCIIEPCHBIX CUCTEM,
XapaKTePU3YIOIUXCS HOPMAIbHBIM pacnpeaeieHueM, IoIy4eHo, YTo
g 1-oii w3 sux =0,5 u =20 am, g 2-ov =0,3 u =23 am. Kakas u3
HCCIIEIOBaHHBIX HAHOCHCTEM Oonlee  MoHomucnepcHa? Kakoit
Jamna3oH pa3MepoB uMeroT 60% Bcex yacTun?

70. IIpu aHanu3e TUCIIEPCHOCTH JIBYX HAHOJIMCIIEPCHBIX CUCTEM,
XapaKTepU3YIOMHUXCS JIOrapH(pMIIECKH-HOPMAaTbHBIM
pacnpezeneHreM, NoJy4eHo, 4To 11 1-oi u3 Hux =0,76 u =28 Hwm,
g 2-oii =0,95 u =23 M. Kakas U3 ucciaeq0BaHHBIX HAHOCHCTEM
bomee  MoHomucriepcHa? Kakoii quama3zoH pazmepoB umeror 60% Bcex
yacTun?

71. Metonom I'ena-Muiiepa pu UCHOJIB30BAHIH B KaUeCTBE HHEPTHOH
cpensl Ar 1 He nomyuensr HaHoyacTHIBI Ni, XapaKTepU3yOIHECs
Jorapu(pMHIECKU-HOPMATEHBIM PacIpe/ielICHIEM ¢ XapaKTepPUCTHKAMHU
nucnepcHoctu =0,78, =85 umM 1 =0,93 u =43 HM cooTBeTCTBEHHO. UTO
MO>KHO CKa3aTh O BO3MOKHOM MeXaHU3Me (pOpMUPOBAHHS
JUCTIEPCHOCTH, YEM OIPEIEISIOTCS €€ pa3nuuus’?

72. MeToaoM 11a3MEHHOM NMEepeKOHICHCAIIMU U OCAXKICHUS U3
PacTBOPOB MOTy4EHBI HAHOYACTHUIBEI skerne3a. [y mepBoro ciydas ux
JUCTIEPCHOCTh XapaKTepu3yeTcs HOpMalbHbIM pacnpeaenenueM ( =0,3
u =10 am) [y BTOporo JorapunpMHIecKU-HOPMATEHBIM
pactpeneneanem ( =0,75 u =57 HM). B 1eM BO3MOKHBIE PUUNHBI 3TUX
paznuuuii?

73. Ha gByX pa3nu4HbIX (110 UCTIONB3YEMOMY CIOCO0Y 3aKaJKH,
obecrieunBaronIeMy e CKOPOCTH) TTa3MEHHBIX YCTaHOBKAaX METOIOM
HEepPEeKOHICHCALIUH OTyYeHbl HAHOYACTHIBI K0OAIbTa, TUCIEPCHOCTD
KOTOpBIX Xapakrepusyercs senuunnamu: =0,71, =100 am u =0,1, =20
HM COOTBETCTBEHHO. B 4eM BO3MO’KHBIE IPHYUHEI PAa3THIHS
XapaKTEepUCTUK JUCIEPCHOCTH HaHOYacTull xkene3a? Kakoil u3 aByx
MPOAYKTOB, M0 Bamemy MHEHHIO, ObUT IOJTY4€eH Ha yCTaHOBKE,
OCHAIIICHHOI 3aKaJIOYHBIM YCTPOHCTBOM, 0OECIICUUBAIOIINM OOJIBIIYIO
CKOPOCTH OXJIaXACHUs?
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1. Uro Taxoe 3HA03IpanbHbIe (yIIepEeHbI?

2. Yem ompenenseTcs yCTOMIMBOCTh MOJIEKYJIbI Pyiiepena C60?

3. Uro Takoe ¢ymrepunsl? K kakol CTpyKType COOTBETCTBYIOT
¢ynnepuast coctaBa A3C607

4. Yro Takoe ¢pymiepuabi? K kakoit cTpyKType COOTBETCTBYIOT
dbymnepuasl coctaBa AC60?

5. Uto Takoe QyIuiepu bl MENoUHbIX MeTauioB? K kakoi cTpykType
COOTBETCTBYIOT (ymnepuas! coctaBa A2C60?

6. Uro Takoe yriaepoaHslie HaHOTPYObI? UeM onpezensiercs ux
XUPaJIBHOCTh?

7. Uto takoe xupansHocTh YHT? Kak ona o6o3navaercs? Kakue
¢opmbl YHT 1o 3TOMy UX CBOMCTBY MOKHO BBIAETUTH?

8. Onummre BO3MOXKHBIN MexaHu3M nonyueHuss YHT meromom
KaTaJIMTHYECKOTO TIMPOJIN3a YTIIEBOAOPOIOB?

9. Kax moBeIcuTb 3(pheKTHBHOCTS KaTanuTHueckoro noryuenuss YHT
pas3noXeHHeM yrieBOA0pOJOB Ha IOBEPXHOCTU KAaTalU3aTopa ¢ y4eToM
TOTO, YTO KaTaJIM3aTOp CO BPEMEHEM JIe3aKTHBHPYETCS?

10. Kak otnenuts YHT ot npumecei B Buae apyrux ¢popm yriepoaa?
MOHO 1 OTKPBITh KOHIIBI HAHOTPYO Ul UX MOCIEAYIOLIEro
WHKAICYIUPOBaHUs?

11. Yto Takoe dymrepenst, pymiepuTsl, Gpymiepuas? O003HAYAIOT TH
9T TEPMHUHBI OJTHO COCTOSIHHE yTiaepona?

12. Ha rpadenoBoii miockoctu 0603HaueH Bektop C, 3anaromuit
xupaiabHOCTh hopmupytomeiics YHT. Onpenenuts ee quamerp?

13. Xupansaocts YHT nuamerpom 5 HM 3a7a€TCsl yIIIOM MEXITY
HampasiieHueM cBopauuBaHus YHT u HanpaBieHUsIMH, B KOTOPOM
COCE/IHHE IECTUYTOJIBHUKN UMEIOT OOIIyI0 CTOPOHY, paBHBIM 20

o .OmpenenuTh ee MHAEKCH XUPAIFHOCTH Ha Tpa)eHOBOH INIOCKOCTH.
14. Kaxkoit npusmun ucrnonssyercs At ounctku YHT ot apyrux
IpOIYKTOB cHHTe3a? UeM OH OTJIMYAETCs OT MPUHIUIA OYUCTKU
¢dymnepenos?

15. Kormpst YHT 06bI19HO 3aKpHITH MOTYCHEPUISCKIMH HITH
KoHMYecknMu "manoukamu'. B kakom ciyuae packpsitie HT Oyzer
obnerueno? [louemy? Kak ocyiectBiisiercst 3TOT npoiecc?

16. Ha rpadeHOBO#1 m1ocKkocTH 0003HAUEH BEKTOP, 3aIAI0IINH
xupanbHOCTh hopmupytomeiics YHT. K kakomy Tumy HT ona
otHocuTcs? OnpenenuTs ee AuaMeTp.

17. B uem npeumyiectso ucnoinb3osanust CF4 u H2 no cpaBHeHMo ¢
He mpu nonmywsennn YHT pacnbuieHHeM rpadura B JISKTPHUECKON
nyre?

18. Kako#t u3 sn031panpabix QymieperoB C60Na wim C60B Oyner
Ooree yCTOMYMB IPH MTOCIEAOBATEIFHOM OTphIBE (pparmeHToB C27?
Iouemy?

19. C yem MoxeT OBbITH cBsi3aHa AedekTHoCTh GymneputoB AC60 u
A3C60?

20. Kaxoit u3 ¢pymnepuroB AC60 n A2C60 nmeeT HanOOIBIIYIO
BEpOSTHOCTH 00pazoBanusa? [louemy ?

21. Yem 3apopiiicoOpa3oBaHue Ha MOBEPXHOCTH MOIOKKH ipu PVD
nporecce GOPMHUPOBAHUS HAHOCTPYKTYPHBIX TIOKPHITHHA OTIIMYAETCS OT
TOMOTE€HHOTO 3apojble- 00pa3oBaHus B 00bEMe Ta30BOH (a3bl?

22. Kak oT/IMYaroTCs BEIMYMHBI SHEPruii 00pa30BaHUs 3apOIbIIIEH TpU
(hopMHpOBaHUH HAHOYACTHII B 00BEeMe Ta30BOi (ha3bl M OKPHITHS Ha
HOJUI0KKE?

23. OnuuTe BO3MOXHYIO MOZETb (YOPMUPOBAHUS CIOS
HaHOCTpYKTYpHOTro PVD nokpeITHst Ha moiioxke?

24. Kakue sreMeHTapHbIe MPOIECCH XapaKTepU3yIoT MOBEIEHUE aTOMa,
CTAJIKMBAIOIETOCs C TOATO0XKKOH IPH (PU3MIECKOM OCaKACHUU
noKpbITuil? Yepes kakue mapaMeTpsl UX MOXKHO OIUCATh?

25. Kakue orpaHndeHns Ha cocTaB (hOPpMHPYEMOT0 HAHOCTPYKTYPHOTO
PVD nokpsITHsI MOKET OKa3aTh CTausl paclbUICHUS MUILECHUA?

26. OnuiuTe NpoIecchl HadyallbHBIX cTaaui popMupoBaHHs
CIIOIIHOTO CJI051 HAHOCTPYKTYPHBIX MOKPBITHI MeTogoMm PVD.

27. Ha uro Bauser npu peanuzanuu Meroga PVD HaHOCTpYyKTYpHBIX
HOKPBITHH pa3IHyYHbIe CIIOCOOB! pacIbIICHHS MaTepHaIa MUIICHH?

28. Kakoe ycnoBue JOIKHO BBIIONHATHCS IPH HAMBLUIEHUN
HAHOCTPYKTYPHOTO MOKPHITHS cocTaBa MeX IpH pacnbUICHUH
coequnenus MeX?

29. Paccunraiite mapuuanbHoe gaBineHrne komnoneHtos C u [l B




ra3oBoi (paze npu HaHeCeHUH MOKPHITHs ciaBa C3 J14 B
npeanonoxenut, uto cmias C3 JI4 0THOCUTCS K «UA€aTIbHBIMY
CIUIaBaM.

30. OxapaxTepu3yiTe 3aBUCUMOCTb KO (PHUIINEHTA PACTIBIICHUS
MHUIIEHU OT 3HEPTUH PACHBUISEMBIX HOHOB IPH HAHECEHUU
HAHOCTPYKTYPHBIX MOKPBITHH.

31. Kakoe naBneHue mapoB UCHIapsEMOT0 BEIECTBA HAa CTIAPUTEIIE
CUUTAETCSA MAKCHMANBHO JOITYCTHMBIM IIPHU BaKYyMHOM OCaXJICHUH
HAHOCTPYKTYPHBIX MOKpbITHH? [Touemy?

32. Kak Macca 1 IOTOK UCHIapsieMOro BEIECTBa, Macca
KOHJIEHCUPYEMOTI'0 BELECTBA CBSI3aHbl ¢ yCI0BUAMMU Ipouecca PVD
HAHOCTPYKTYPHBIX MOKPBITHNA?

33. Ot kakux ycinoBui nporecca PVD 3aBucaT gaBieHue ucrnapeHus,
JIaBIICHHE KOHACHCAIINH, IIEPECHIIIIEHAE ITapa 0CaXIaeMOT0 BeIIecTBa?
34. Yto Takoe KuHETHYECKHU U A HY3UOHHBIA PEKUMBI HAHECEHHS
CVD nokpsITHii?

35. Yem oObsacHSAETCA BBICOKast MOpUcTocTs CVD MOKpHITHIA TIpH
TPEBBIICHN HEKOTOPOH TeMIIepaTyphl UX (GOpPMHPOBAHUS HA

IO JIOXKKE?

36. Bunbl HAHOCTPYKTYPHBIX MAaTEPHAIOB U OCOOEHHOCTH 00BEMHBIX
HaHOMATEPHAJIOB. METOIBI TTONTydeHNsI 00bEMHBIX HAaHOMATEPHAIIOB.
37. SIBngetcs mu pa3MepHbIil HaKTOp OCHOBHBIM AT ONIPEAEICHUS
HaHOMaTepuaynon?

38. Mosker nu cy03epeHHast CTPYKTYpa CUMTAThCsl HAHOCTPYKTYPHO#?
ITouemy?

39. Kak u3MeHsiercst 3aBUCUMOCTh YCa/IKU HAHOTIOPOIIKOB IIPH
nzorepMudeckoi Boiiepixkke? [louemy?

40. byner nu pa3HpIM XapakTep yCaJKH MPECCOBOK HAHOMOPOIIIKOB,
CIIPECCOBAHHBIX IIPU Pa3HbIX JABICHUAX?

41. Kak npoJomKUTEeNbHOCTD ClIEKaHus Oy1eT BIUATH Ha IPOYHOCTh
CTIeYEeHHBIX HaHoMaTepuasioB? ByxeT nm cpena criekaHus BIUATH Ha
IUIOTHOCTB CIIEYEHHBIX HaHOMaTepuanoB? Ilouemy?

42. C yeM CBsI3aHO 3aTyXaHHE HHTEHCUBHOCTH CIICKaHUS B palloHe
«IIEHKN» 110 MEPE YBENUUEHHUS NMPOAOLKUTENBHOCTH IpoLiecca
ycaaku?

43. Kakos mexaHu3M quddys3un npu criekaHUU HaHOIIOPOIIKOB Ha
CTaJMU yCaJKH U30IMpoBaHHbIX op? K kakoif runoreTndeckoi
CTPYKTYpE CIIEUEHHOTO IIOPOIIKOBOTO MaTepralia MOXKET IIPUBECTH
peanu3anuu 3Toro Mexanusma?

44. KakoBa IpHuYHHA pa3pyLIeHHs IPECCOBOK U3 HAHOMOPOIIKOB IPH UX
MOTy4YEHUH U3-3a MPEBBIILIEHUS ONTUMANIBHOTO YPOBHS JaBICHUS
npeccoBanusl? KakoBa npuunHa pa3pyLIeHus NIPECCOBOK IIPU UX
MOTYyYCHUH U3-3a HEJOCTATOYHON BETMIHMHBI JaBICHUS IPECCOBAHUS?
45. C ueM MOXeT OBITh CBsI3aHA HEPAaBHOMEpPHAs! INIOTHOCTh IIPECCOBKU
13 HAaHOTIOPOIIIKOB TPH ()OPMUPOBAHUH OPOIIKOBOH 3arOTOBKH?

46. KakoB xapakTep yCcaIaKy IPEcCOBOK y HAaHOIIOPOIIKOB (M300pa3uTh
rpauveckyn) Mpyu U30TEPMUUECKON BhIIEPKKE?

47. byzer nu Ha 3aBUCUMOCTb YCaJKH IPECCOBOK M KaK BIIUSTH
BEJTMYMHA JIaBJICHAS NTPEecCOBaHMIO? (M300pa3uTh rpaUIecKu)
Iouemy?

48. Yro siByseTcst ABMKYIIEH cuitoil criekanus? Kak oHa (0HH) 3aBHUCST
oT aucnepcHocTy yactun? Iouemy?

49. Yro Takoe Mex4JacTHYHAs coOupaTensHas pekpucrammsanus? K
KaKo# CTpyKType MOPOIIKOBOTO MaTepHuaa B Ipesene OHa MOXKEeT
npusecTr? OrpaHUYMBAET JIM 3TOT IPOLECC NMOTYIEHHE
MEJIKO3E€pHUCTOM CTPYKTYPBI TP CIIEKAHUU HAHOIIOPOUIKOB?

50. Uro sBIA€TCA ABIDKYIIEH CHIION MEXKIACTHIHON cOOMpaTeNbHON
pexpucTamnusanun? Kakoe mpaBuno onpezenser pocT 0JHUX 3€peH 3a
CYET JIpyrux?

51. Kakum oOpazom u mouemy Oyzet (He OyJeT) onpeaesaTces
HalpaBJIeHHe IIepeHoca BElIeCTBa uepe3 ra3oByko a3y Mpu crieKaHuu?
52. KakuMm o6pa3om u nouemy Oyzaet (He OyJeT) OTIINnYaThCs
KOHIICHTpAIWs BaKaHCHH Ha MeX(a3HOH I'paHHUIIE CTIEKaeMBIX JaCTHI?
Byner nu 3To BiusATh Ha G Yy3UOHHBIA TPAHCTIOPT BEIECTBA IIPU
CHeKaHuu?

53. KakuMu cBOMCTBaMU MOPOILIKA XaPAKTEPU3YETCS IPECCYEMOCTh?
Kak 3T0 CBOICTBO HAHOMIOPOIIKOB OTINYACTCS OT CYOMUKPOHHBIX
MOPOUIKOB?




54. Uro Takoe ynpyroe nociueneiicrsue mpeccosku? K xakum
HOCIIEACTBUSIM MOJKET IIPUBECTHU €€ 3HAYNUTENbHAs BEIMUMHA?

55. Kaxue BHIBI TPECCOBAHUS SBIIAIOTCS MPEIIOYTHTEIEHBIMHA JUTS
HaHonopikos? ITouemy?

56. Kak paccuntaTb HaBECKy HMOPOIIKA AJIs 3aMOJHEHHS TPecCPOpPMBbI?
OT KaKuX CBOWCTB ITOPOIIKA 3aBHCUT CTAOMIBHOCTD €€ 3ar0IHEHUS?
Kakne hakTopsr He0OXOIMMO KOHTPOIMPOBATH IIPH 3aMIOTHESHUHT
npecchopMbr?

57. PaBHOMEPHO JI1 paclpeAeIeHO aBleHHe B pecchopMe IpH
npeccoBaHNK HaHOMOPUIKOB? [IprBemuTe SMIopy ero pacrpeneieHus.
58. B ueM 0COOEHHOCTH CTPYKTYPHI HAHOMATEPHAIOB, OTyICHHBIX
METO/I0M MHTEHCUBHOH MIacTuueckoi aedhopmarnmn?

59. YcnoBust NOCTHKEHHS OOJIBIINX IUIACTHYECKHUX Ae(opMaruit
HIPUBOAAIINX K (POPMUPOBAHHIO HAHO-M CYOMHUKPOKPUCTAITHIECKIX
COCTOSIHUI.

60. MeTozbl OJTy4eHNs] METAJUNTMYECKUX aMOP(HBIX CILUIAaBOB.
OCHOBHBIE TEXHOJIOTHYECKUE TTapaMeTPHI HX MPONU3BOJICTBA U
MOCJICYIOMIEro MepeBoia B HAHOCOCTOSTHHE.

61. Buapl MHTEHCUBHOM MIIaCTHYECKOH eOpMaluy Ui JOCTHKESHUS
HaHO-H CyOMUKPOKPHUCTAJUIMYECKUX COCTOSHUN U UX OCOOCHHOCTH.
62. CyIHOCTb PaBHOKAHAJIBHOI'O YIJIOBOIO IIPECCOBAHMS U €TI0
OCHOBHBIC ITAPaMETPBHIL.

KM3

Pedepar

OIIK-1-B1;0IK-1-
31;011K-1-Y 1;TTIK-2
31;TIK-2-V 1;[TK-2-
BI

Crnucok Tem pedepatoB mo yuebHomy Kypey «lIporecchl momyyeHus
HAHOYACTHI 1 HAHOMATEPHUAJIOBY:

1. Hanomartepuanibsl B COJTHEYHOM SHEPIeTHKE.

2. KoMno3u1yuoHHble HAHOCTPYKTYPHBIE MaTEpUallbl C HEOPTaHUUECKOU
MaTpuLEeH.

3. KoMno3unnoHHbIe HAHOCTPYKTYPHBIE MaTePHAIBI C OPraHHYECKON
MaTpHulleH.

4. Metannuueckrue HaHOCTEP)KHH, HAHOIPOBOJIOKU — IOITy4EHHE,
CBOMCTBA, MPUMEHEHHE.

5. AHanmuTHYecKas TEXHHUKA IS aTTeCTAI[Ud HaHOMAaTepHAaIoB.

6. Hanomarepuais! B MeIHIIHE.

7. HaHOCTpYKTYpHBIE IIEHKH U MOKPBITHS.

8. Hcnonp30BaHKe HAHOUCTIEPCHBIX ITOPOLIKOB.

9. KoHCTpyKLIMOHHBIE HAHOMATEPUAJIbI.

10. HarOCHCTEMBI U KaTalus.

11. [IpumeHeHne yriaepoIHbIX HAHOTPYOOK B MaTEpHAIOBEICHUH.

12. IIpuMeHeHme yTIepoAHBIX HAHOTPYOOK B 3JIEKTPOHHUKE.

13. [IpakTudeckoe mpuMeHeHUe (yIepPEeHOB.

14. HanomMaTepuanbl B KOCMETOJIOTHH.

15. TexHOTOTHH MOPOIITKOBOH METAJUTYPTHH IS TOTYICHUS
HAHOCTPYKTYPHBIX MAaTEPHAIIOB.

16. HanOoMaTepuansl B aBTOMOOHIIECTPOCHUH.

17. be3onacHOCTb KU3HUIAEATENBHOCTH U SKOJIOTHU IIPU
HCTIONIb30BaHWH HAHOMATEPHAIIOB.

18. Mcnonp30BaHUE HAHOMATEPUAIOB B A3POKOCMUYECKOH OTPACIH.
19. HanoMaTepuaisl B BOJOPOAHON SHEPIETUKE.

5.2. Ilepeuenb paGoT, BHINOJIHSIE

MbIX 10 TUCIHHIJIMHE (

KypcoBasi pa6ora, Kypcosoii npoexr, PI'P, Pedepar, JIP, IIP u 1.11.)

[IpoBepsiemble
Kon HaszBanue
WHIIKATOPHI Coneprxanue paboTsI
paboThI paboThI N
KOMITeTEHIIUH
P1 IIpakTuyeckas OIIK-1-31;0I0K-1- | OcHOBHEIE 3aKOHOMEpHOCTH 00pa3oBanust HU Meronom ncmapeHus —
pabora Ne 1 VI1;0IIK-1-BI;IIK-2 | konaeHcanuu. Pacuer paguyca KpUTUYECKOTO 3apO/bIIIa, CKOPOCTH
-31IIK-2-Y I;IIK-2- | 3aponsimieobpa3oBanusi. Pacuér n30bTouHOl CBOOOAHOM SHEPTUU
Bl HAHOYACTHII, CBA3aHHON C MOBBILIEHHBIM 3HAYEHUEM YAEIbHOI
MOBEPXHOCTH
P2 [IpakTnueckas OIIK-1-B1;0OIIK-1- | InarHocTHka TeMIepaTypHbIX yCIOBUH MpH GOpMUPOBAHUN
pabota Ne 2 31;0IIK-1-Y1;I1IK-2 | HaHOuUaCTHII C UCTIONB30BaHHEM HU3KOTEMIIEpaTypHOH ITa3Mbl. Pacuér

-3L;IIK-2-V1;T1K-2-
B1

TeMIIEpaTyphl MOTOKA MIIA3MEHHOTO TEIUIOHOCUTENS 10 CHEKTPaTbHON
MHTEHCUBHOCTH M3JIyYeHHS BO30YKIEHHBIX aTOMOB. PacuéT HarpeBa n
UCIApPEHUS TIOPOIIKOB HCXOJAHBIX PEareHTOB B IIJIa3MEHHOU CTpYe IPU
nosyaenun HU




P3 IIpakTuyeckas OIIK-1-B1;OIIK-1- | ®axTopsl, ONpeaensomue JUCIePCHOCTh, XUMUIECKHH 1 (ha30BbIH

pabota Ne 3 31;0IIK-1-Y 1;IIK-2 | coctaB HY, nonyuyeHHbIX I1a3MeHHBIM MeTofoM. OnpeziesieHre BhIX0Aa
-31;IIK-2-Y I;IIK-2- | meneBoro mpoayKTa mpu tuiazMeHHoM nonydernd HY. T/n ananm3
B1 XUMHUYECKHX MPEBpallleHUI HCXOIHBIX PEareHTOB IpU
1a3MOXUMHUYecKoM noiyuennn HYU
P4 [IpakTuyeckas OIIK-1-B1;OIIK-1- | Omnpenenenue napaMeTpoB mpoiecca nonyuenus HY ocaxxaenuem u3
pabora Ne 4 31;0IIK-1-Y;IIK-2 | pacTBOpOB U TEPMUYECKUM PA3I0KEHUEM XUMUYECKUX COCAUHEHUN
-31;IIK-2-Y 1;1IK-2-
B1
PS5 [IpakTuyeckas OIIK-1-B1;OIIK-1- | OnpenencHue napaMeTpoB, XapakTepu3yoImux 3)HeKTHBHOCT
pabota Ne 5 31;0IIK-1-YI;IIK-2 | MeXaHU4eCKOT0 U 3JCKTPOB3PBIBHOTO crI0c0o00B momydenus HY.
-BL;IIK-2-31;I1K-2- | Onpenenenue npeaensHOro pazMepa IpoOieHNsT KPUCTAUTHYESCKHUX TElL.
V1
P6 [IpakTuyeckas OIIK-1-B1;OIIK-1- | ®yHkumu pacnpeneneHus yacTull no pasmepam. OnpeneneHus
pabora No 6 31;0IIK-1-Y 1;I1IK-2 | napaMeTpoB pacripesienieHus: 4acTuIl 10 pa3Mepam.
-31;IIK-2-Y 1I;11K-2-
B1
P7 IIpakTuyeckas OIIK-1-B1;OIIK-1- | OmnpeneneHue XHpaabHOCTH yriiepoaHbIx HaHOTPYOok(C-HT).
pabora Ne 7 31;0IIK-1-YI;IIK-2 | MonenbHbIe MpeacTaBacHUs 00 MeXxaHu3Me GOpMUPOBAHHUS
BLIIK-2-Y LIIK-2- | pymnepenos u C-HT
B1
P8 IIpakTuyeckas OIIK-1-B1;OIIK-1- |Hazopa3mepHbIe IIIEHKH U MOKPBITHA. OnpeneneHue paboTsl 1
pabora Ne 8 31;0IIK-1-YI;IIK-2 | ckopocTr 06pa3oBaHus 3apoblieii mpu GOPMUPOBAHUU
-3LIIK-2-VI;IIK-2- | HaHOCTpYKTYpHBIX HOKpBITHI. ITapameTpsl mporeccos,
B1 XapaKTepU3yIOIINe MOTyIeHHE OPOIIKOBBIX 00BEMHBIX

HaHOMAaTepUajioB

5.3. OueHovHbIe MaTepHalJibl, HCNTOJb3YyEMbI€ IJISl IK3aMECHa (onncal-me 6I/IJICTOB, TECTOB U T.II.)

OK3aMeHalMOHHBIH OUJIET COCTOUT U3 5 BOIPOCOB.

1,2 u 3 Bompoc - no pazaeny Nel "Kiaccubukarys nporeccoB Noiayve-Hus HaHOYACTHI. DU3NKO-XMMHYIECKHE OCHOBBI CITOCOOOB
Ho-JIydeHus Hanopa3MepHbIX nopomkoB (HIT). Arrecrarms HIT"

4 Bompoc - 1o pazaeny Ne2 "dysuiepeHsl, yriaepoaHble U HeyTIe-poJHbIe HAaHOTPYOKH"

5 Bompoc - 1o pazneny Ne3 "OU3UKO-XUMHUECKHE OCHOBBI MOJIy-4eHUS! 00bEMHBIX KOHCOJIUANPOBAH-HBIX HAHOMATEPHAaJIOB.
Matpuunsie HaHOMaTepuanbl. TepMudeckas yc-TOHUYNBOCTh HAHOCTPYKTYPHL."

Bomnpocs! MOTYyT OBITh Kak TEOPETHUECKUMH, TaK U PACUCTHBIMH.
3ajaun B OMieTax SBISIOTCS TUIIOBBIMH, M OJO0HBIC 33/1a4¥ 00YUaOIINICS pelaeT Mo X0y BBITOIHEHNUS TEKYIINUX paboT
JTUCIMIDIAHEL. brneTs xpanaTcs Ha kadenpe. B npuioskeHnH pruBeIeHB THIIOBBIE K3aMEHAIIMOHHBIC OHMIIETHI.

5.4. MeTroauka OLleHKH OCBOCHHUS JUCHMILUINHBI (MoayJs, npaktuku. HUP)

ITo xypcy npenycMOTpeH SK3aMeH.

OHCHKa COTJIMIHO» - TaHbI MPABUJIbHBIC OTBCTHI HA 5 BOIIPOCOB B 9K3aMEHAITUOHHOM ouiere.

O1eHKa «XOPOIIOY - JaHbI IPaBUIIbHBIE OTBETHI Ha 4 BONpOca B 9K3aMEHALIMOHHOM OHJIeTe.

OHeHKa «YOOBJICTBOPUTCIIbHO» - HAHBI IIPABUJIBHBIC OTBCTHI HA 3 BOIIPOCA B 93K3aMCHAIITUOHHOM ouere.

OHeHKa CHCYOBJICTBOPUTCIBHOY - TAHbI IPABUJIbHBIE OTBETHI MEHEEC YEM Ha 3 BOIIPOCA B OK3aMEHATUOHHOM oumere.

OL[CHKa «HE ABKa» — o6yqa10umﬁc;1 Ha 5K3aMCH HE SIBUJICA WUJIM HE BBIINTOJIHWII TCKYIIUEC KOHTPOJIbHBIC MEPONPUATHS U BblAaBaCMbIC
[IPENOoJaBaTeNIeM pacueTHbIE 3aaHusl.

6. YHEBHO-METOAWYECKOE U HTHO®OPMAIIMOHHOE OBECIIEYEHHWE

6.1. Pexomenayemas jurepartypa

6.1.1. OcHoBHas IuTEPaTYpa

ABTOpBI, COCTaBUTENU 3aryaBue Bubnmoteka WznarenscTBo, TOX
JI1.1 | Bbaunkos U. B., DU3NKO-XUMHUS METAIIIIOB U bubaroreka MUCuC M.: Vueba, 1990
Emtorun B. I1. HEMETAJUTMYECKUX

marepuanos: Paza.: dusuko-
XUMUS YIBTPAIUCTIEPCHBIX
cuctem: Kypc nexunit aist
ctya. cneu. 11.04




ABTOpBI, COCTaBUTENH 3ariaBue bubaunoreka WsnaTenbcTBO, IO
JI1.2 | Penxonxos [I. 1., VapTpanucnepcHsle Cpeabl. Bbubmorexka MUCuC M.: Yueba, 2007
JleBuna B. B., [lony4yeHne HaHONOPOIIKOB
Jzunzurypu 3. J1., ap. [ METOI0M XUMHYECKOTO
JIMCTIEPTUPOBAHUS U UX
cBoiicTBa: yued. mocodue st
CTY/. By30B, 00yd. IO HAII.
dusnueckoe
MaTtepHalioBeIeHHE U CIell. -
'MeTasnnoBeicHHE U TEPM.
00palb. MeTayuIoR',
'Hanomarepuains!',
'Cragpaptuzanus u
cepTuduKanus’
6.1.2. Jlono/iHUTeILHAS JIMTEpaTypa
ABTOpBI, COCTaBUTEIU 3arnaBue Bubnmoreka W3narenscTBo, TO1
JI2.1 | Aammdeposr B. H., Hossle MaTepuansl Bbubmmorexka MUCuC M.: U3n-so MUCuC, 2002
besnynnsiii O. ©.,
bensnuuxos JI. H.,
1p., Kapabacos 0. C.
JI2.2 | Baunxos U. B., Hanonucnepcusle u bubmnorexka MUCuC M.: Uzn-Bo MUCuC, 2005
ManyxuH A. B. rpaHyJIHPOBAHHBIC MATCPHAIIBI,
MOJIyICHHBIE B UMITYJIbCHOM
iasme
6.2. ITepeyens pecypcoB HH(pOPMALMOHHO-TEIeKOMMYHUKAIMOHHOIT ceTH « UHTepHET»
Ne346 duznko-xuMus METAIIIOB U HeMeTaiumiueckux | http://elibrary.misis.ru/action.php?
MaTepuaion: Pazn.: @U3NKO-XUMUS kt path_info=ktcore.SecViewPlugin.actions.document&fDocumen
yIIbTpaaucnepcHbIX cucteM / Kypce Jlexrmii / tId=4279
51 Bbmuakos U.B., Mocksa, 1990.
Url: http://elibrary.misis.ru/action.php?
kt path_info=ktcore.SecViewPlugin.actions.document
&fDocumentld=4279
Nel793 VnpTpamucnepcHble CUCTEMBI: OTy4eHHUE, http://elibrary.misis.ru/action.php?
CBOWCTBa, MPUMEHEHHE: yued. mocooue. PKOHKOB kt path_info=ktcore.SecViewPlugin.actions.document&fDocumen
J.1., Jleuna B.B., [I3unzurypu 3.J1., M.: MUCuC, tId=3025
5 2003, 182 c.
Url:http://elibrary.misis.ru/action.php?
kt path_info=ktcore.SecViewPlugin.actions.document
&fDocumentld=3025
Ne1253 Hanomarepuansl. O6bemuble MeTaimnueckue | http://elibrary.misis.ru/action.php?
HAHO- U CYOMHKPOKPHUCTATUTHYECKUE MAaTEPHAIBI, kt path_info=ktcore.SecViewPlugin.actions.document&fDocumen
[10JIyYEHHbIE MHTEHCUBHOM IIACTUYECKOM tld=5043
nedopmareid. Yu. nocobue, Jlobatkun C.B. M.:
33 |MHCuC, 2007, 36 c.
Url: http://elibrary.misis.ru/action.php?
kt path info=ktcore.SecViewPlugin.actions.document
&fDocumentld=5043
Hosrle MaTepuansl: Hayd. u3nanue, Aunudepos B.H., [ http://elibrary.misis.ru/action.php?
2002 M.: MUCuC. 736 c. kt path_info=ktcore.SecViewPlugin.actions.document&fDocumen
tId=8406
H Url: http://elibrary.misis.ru/action.php?
kt path_info=ktcore.SecViewPlugin.actions.document
&fDocumentld=8406
HanonucnepcHsle U rpaHyIMpOBaHHbIE MATEPUAIIbI, http://elibrary.misis.ru/action.php?
MOJy4CHHBIC B UMITYJIbCHOU IIa3Me: Hay. H3IaHUE. kt path_info=ktcore.SecViewPlugin.actions.document&fDocumen
Brnmakos U.B. M.:MUCuC, 2005, 368 c. tld=8404
35

Urtl: http://elibrary.misis.ru/action.php?
kt path_info=ktcore.SecViewPlugin.actions.document
&fDocumentld=8404




6.3 IlepeueHb MPOrpaMMHOro odecnedeHust

I1.1 Microsoft Office

1.2 | OC Linux (Ubuntu) / Windows

I1.3 | WinRAR

6.4. Tlepeyens MHPOPMANHOHHBIX CHPABOYHBIX CHCTEM H MPOdecCHOHAIBHBIX 023 JaHHBIX

7. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE

Ayn. | Haznauenue OcHauienue

JIro6oit Kopmyc | YueOHast ayquTopHs Ui IPOBENEHHUS | KOMIUIEKT ydeOHOH mebenu 10 36 MecT A oOydaromiuxcs,
MynbTuMenuitHas 3aHATHH JIGKIMOHHOTO THIIA W/WIM JUIS | MyJbTHMEJUHHOE  00OpyHOBaHME, MarHHTHO-MapKepHas
MIPOBEICHNS PAKTHIECKIX 3aHATHIA: Jocka, pabouee Mecro mpemonamarens, IIKc moctymom k
UTC «Uureprer», DUOC yHuBepcuTeTa 4Yepe3 IJHMIHBIA
kabuner Ha mnargopme LMS Canvas, IHIIEH3UOHHBIE

nporpammbl MS Office, MS Teams, ESET Antivirus
YuranbHBIN 3al1 KOMIUIEKT yyeOHON Mebenu Ha 55 mect i oOyuaromumxcs,

JIEKTPOHHEIX PECYpPCOB

50 TIK c¢ pmocrynom k MUWTC «UHTepuer», OUOC
YHHUBEpCHUTETa 4epe3 JIMYHBIN kabuHeT Ha matdopme LMS
Canvas, mmueH3uoHHsle mporpamMmel MS Office, MS
Teams, ESET Antivirus.

Jlro6oit KOpITyC
MynsTuMenuiinas

YuebHass ayauTopHsi MO TPOBEOCHUS
3aHATUN JIEKIMOHHOIO THIIA W/WIA IS
MIPOBEICHUS MPAKTUYECKHUX 3aHATHI:

KOMIUIEKT y4yeOHON Mebenu 1o 36 mect i oOydaromuxcs,
MyJbTUMEIUHHOE  000pyIOBaHHWE, MAarHUTHO-MapKepHas
Jocka, pabodee mecto mpemonaBarens, I[IKc moctymom x
UTC «Uureprer», DUOC yHuBepcuTeTa 4Yepe3 IHMIHBIA

nporpammsl MS Office, MS Teams, ESET Antivirus

kabuner Ha 1argopme LMS Canvas, nHIIEH3MOHHBIC

8. METOAUYECKHE YKA3AHUSA 1JISA OBYYAIOIINXCA

Jlek1IMOHHBIE 3aHATHS HAlleJIEHbl HA U3YUYEHHE CTYAEHTAMU 3HAHUH O SIBJIEHUSIX, IPOUCXOAIIUX [10]] BO3ICHCTBUEM TEMIIEPATYPhI U
JIABJICHUS B TA30BBIX, KHUAKUX U TBEPIBIX Cpelax, Ha TPAHUIIAX Pa3lena COOTBETCTBYIONMX (a3, OCHOBaM (PU3UKO-XUMHUIECKOTO
aHaJM3a MPOIECCOB, MPOTEKAOUIUX MPU MOIYYEHUN HAHOYACTHUI] U HaHOMaTepuanoB. [IpakTudeckue 3aHATHS CHCTEMaTU3UPYIOT U
3aKPEIUIAIOT TEOPETUUECKHI MaTepHal IyTeM pelIeHHs 3a/1a4, a TAKKE CAMOCTOSTENBHOTO BBINOIHEHHS 3a1aHH.

ITpoBeneHue ay TMTOPHBIX 3aHATHH NPEAYCMAaTPHBACT UCTIONH30BAaHNE B YIEOHOM Kypce aKTUBHBIX M HHTEPAKTUBHBIX TEXHOIOTHH:
- IPOBEJICHHE JICKIUH ¢ HCHONb30BaHUEM HHTEPAKTUBHBIX U MyJIbTUMEIHHHBIX TeXHONOT Uil (Ipe3eHTarus B popmare MS Power
Point);

- HCTIOJIF30BaHME TIPH TIPOBEICHNH JIEKIIMOHHBIX 3aHATHIH aKTHBHBIX (hOpM 00y4eHHsT y4YeOHBIX BHIEOMATEPHAIIOB.

YcBOeGHME AUCIMILUIMHEI TPeOyeT 3HAaUNTENEHOTO 00BheMa CaMOCTOATENbHON paboThl. OTAENBHBIC YIeOHbBIE BOIIPOCH! BEIHOCATCS Ha
CaMOCTOATENbHYIO IPOPAOOTKY U KOHTPOIUPYIOTCS MOCPEICTBOM TeKyeit aTrectaruu. [Tpu 3ToM opraHu3yroTCs IrpynnoBbIe U
UHJUBHyallbHbIe KOHCYIbTalUH. KauecTBeHHOE OCBOEHHE JUCHUIIIMHBI BO3MOXKHO TOJNBKO MPU CUCTEMAaTHYECKOH
CaMOCTOSATETBHON paboTe, 9TO MOIEPKIBACTCS CHCTEMOM TEKyIIeH aTTeCTalliH.

1. JIexuuu ynrarorcs B hopMe Ipe3eHTalUi ¢ HCIOIb30BaHHEM KOMIIBIOTEPHOH porpamMmMsl Power Point.

2. Ha npaKkTu4ecKux 3aHATUSX HCHONB3YIOTCS HMUTAIMOHHBIE aKTHBHBIE METOJIbI O0yUEHUS, HATIPUMED, AeN0Basi Urpa (UrPoBoif
METOJ), PELLICHNE CUTYaTHUBHBIX 33a4, aHAJIU3 KOHKPETHOM cuTyauuu. Mcnoap3yroTcest TakKe HHTEPaKTUBHbIE TEXHOIOTUU
00y4eHHs, B 9aCTHOCTH, C UCIIOIL30BAaHUEM PECYPCOB HHTEPHETA, 3JIEKTPOHHBIX YICOHNKOB U CIIPAaBOYHUKOB B PEXKHUME PEATFHOTO
BpPEMEHHU.

3. B camocrosTensHoi paboTe npu popadoTKe JIEKIIMOHHOTO MaTepHaia, MOATOTOBKE K IPAKTHUECKHM 3aHSATHSIM 00yJaroIiics
HCTIONB3YeT y4eOHBIE TOCOOHS, ONOPHBIE KOHCIEKTHI.

4. CamocrosrenbHas paboTa CTYAEHTOB KOHTPOIUPYETCS MOCPEACTBOM WHIUBHIYAIBHBIX OIPOCOB HA IMPAKTUIECKHUX 3AHATHUAX U
JIEKLUSIX, KOHTPOJBHBIX PabOT, MPOBOJUMBIX B YAChI IPAKTHUECKUX 3aHATHIH.




