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1. HEJIX OCBOEHUA

1.1 | ChopmupoBaTh KOMIIETCHINH, IPELyCMOTPEHHbIE YUCOHBIM INITAHOM; HAYIUTh OCHOBAM COBPEMEHHBIX TU(PPAKIIHOHHBIX U
MUKPOCKOIIMYECKMX METOJ0B UCCIEJ0BaHU MATEPHAJIOB, IOHUMAaHUIO BO3MOKHOCTEN 3TUX METOI0B, UX TOYHOCTH,
YYBCTBUTEIBLHOCTH, JIOKAJIbHOCTH M IIPUMEHMMOCTH C LEJILI0 U3YYEHHs CBA3H MEXK]Yy COCTABOM, CTPYKTYPOU U
CBOMCTBaMM U KOHTPOJISI KAU€CTBAa MATEPUAJIOB B HAHOCTPYKTYPHOM U MHUKPOKPUCTAJUINYECKOM COCTOSIHUU.

2. MECTO B CTPYKTYPE OBPA30BATEJIBHOI ITPOI'PAMMBbI

Baox OIT: b1.B

2.1 TpeGoBanus K l'lpe[[Ba]Pl/lTe.]'I])HOﬁ MOATOTOBKE 00y4aI01Ierocs:

2.1.1 |HHOCTpaHHBIH A3bIK

2.1.2 |MarepuanoBeleHUEe U TEXHOJIOIUY NIEPCIEKTUBHBIX MAaTEPUAIOB

2.1.3 | Meromosorus BeIOOpa U MaTepUaIbl HAYKOEMKUX TEXHOJIOTHI

2.1.4 | CtpyKTypHBIE METOBI UCCIIEOBAHNS HAHOMATEPHUAJIOB

2.1.5 | Teopus ¢a3 1 Gpa3oBBIX IpEeBpAIEHUN

2.1.6 | YueOHas mpakTHKa

2.1.7 | ®wusnka margetusma. Yacts 1. MarueTusm BelecTB

2.1.8 | ®usnveckue cBOWCTBA HAHOMATEPUAIOB

2.2 Jucuuniannbl (MOIY/IH) U MPAKTHKH, VIS KOTOPBIX 0CBOEHHE JAHHOW AUCHHUIJIMHBI (MOIYJIs1) HEOOX0UMO KaK
npenniecTByoIIee:

2.2.1 | AToMHOE CTpOECHUE HEOPTAHUYECKUX MATEPHATIOB

2.2.2 | MarHuToTBepble MaTepHabl: TEXHOJIOTUH MOTy4YeHHs U 00paboTKu

2.2.3 | CoBpeMeHHbIE KOMIIBIOTEPHBIE TEXHOJIIOTHH B CTPYKTYPHOM aHAU3e

2.2.4 | CnekTpOCKOIMYECKUE U 30HI0BBIE METOBI

2.2.5 | ®Ouznueckue METOABI UCCIECAOBAHHS MAaTEPUATIOB

2.2.6 |IloaroToBka K mpolexype 3alIUTHI U 3aI[UTa BBITYCKHON KBATU(HUKAIMOHHON paboThI

3. PE3YJIBTATBI OBYUYEHUMA IO JUCITUITJIMHE, COOTHECEHHBIE C ®OPMUPYEMBIMHA
KOMIIETEHIIUSIMUA

IIK-3: Cnioco6eH ocylmecTBJIATH U 000CHOBBIBATH PAIIMOHAIbHBIN BHIOOP MATEPUAJIOB M TEXHOJOTHYECKHX NMPOIECCOB MPHU
pa3paldoTKe TEXHOJIOTMH HPOM3BOACTBA (PYHKIIHMOHAJIbHBIX MATEPHAJIOB (B TOM YHCJIe HAHOMATEPUAJIOB)

3HaTb:

I1K-3-31 3aKOHOMEPHOCTH B3aUMOJECHUCTBHSI OIITUYECKOT0 U 3JIEKTPOHHOTO U3Iy4SHHs AJIs1 MHTEpIPETalluy U aHalu3a
T(PAKITMOHHBIX CIIEKTPOB, OTYIEHHBIX IIPH PA3INYHBIX YCIOBUSIX CHEMKH

OIIK-1: Cnioco0eH pemiaTh NPOU3BOACTBEHHbIE U (MJIH) HCCIEI0BaTEbCKHE 321241, HA 0CHOBE (yHAaMeHTAJbHBIX 3HAHMI
B 00J1aCTH MaTEpUAJI0OBeIeHUs] U TEXHOJOTHH MATEPUAJIOB U 3HAHUI B MEKIMCHMIJIMHAPHBIX 00J1aCTIAX

3HaTb:

OIIK-1-31 coBpeMeHHbIE IPeCTaBICHUS O TU(PAKINN PEHTTEHOBCKOTO M IPYTHX BUAOB N3ITydEHHS

YK-4: CnocodeH 3¢ ¢peKTHBHO PYHKIMOHMPOBATH B HAIMOHAJIBHOM M MEKAYHAPOAHOM KOJIJIEKTUBAX B KauecTBe YJIeHa
WIM JINEePa KOMaH/Ibl, IPUMEHSATH COBPeMeHHble KOMMYHUKATHBHbIE TEXHOJIOTHH, B TOM YHC/Ie HA HHOCTPAHHOM(BIX)
si3bIKe(ax), AJ1sl aKaIeMHUYecKOro U NpogeccHoHaIbLHOr0 B3aUMOAeHCTBHS

3HaTh:

VK-4-31 COBPEMCHHBIE KOMMYHUKOTUBHBIC TEXHOJIOTUU 1JI pa6OTbI B HAIMOHAJIBHBIX U MEKIAYHAPOAHBIX KOJIJICKTUBaX

IIK-3: Cnioco6eH ocylmecTBIATH U 000CHOBBIBATH PAIIMOHAJIbHBIN BHIOOP MATEPHUAJIOB M TEXHOJOTHYECKHX NMPOIECCOB MPHU
pa3padoTke TEXHOJIOTHM MPOU3BOACTBA (GYHKIIMOHAIBHBIX MAaTePUAJIOB (B TOM YHC/Ie HAHOMATEPUAJIOB)

YMeTh:

ITK-3-VY1 BBIOMpATh ¥ pealn30BEIBATh METOBI aHAJIM3A, U H3Y4eHHUs ()a30BOT0O COCTaBa, a TAKKE CTPYKTYPHI, BKITIOYas TOHKYIO
CTPYKTYpY MaTepuaa, C TOMOIIBI0 PEHTTCHOBCKHX JIydel B OBICTPHIX JICKTPOHOB

OIIK-1: Cnioco0eH pemiaTh NPOU3BOACTBEHHbIE U (MJIH) HCCIEI0BaTEIbCKHE 321241, HA 0CHOBE (yHAaMEeHTAJbHBIX 3HAHM
B 00J1aCTH MaTepUAJI0OBeleHUs] U TEXHOJOTHH MATEPHUAJIOB U 3HAHUI B MEKIMCIMIIJIMHAPHBIX 00J1aCTAX

Ymerb:

OIIK-1-Y1 pemarh TeopeTHUECKUE U TPAKTUICSCKIE THITOBBIC U CHCTEMHBIC 331a49H, CBSI3aHHBIX C MPOECCHOHATBHOM
NEeSITENIbHOCTRIO




YK-4: CnocodeH 3¢ peKTHBHO PYHKIMOHMPOBATH B HALIMOHAJIBLHOM M MEKAYHAPOAHOM KOJIJIEKTUBAX B KauecTBe YJIeHa

WJIH JIMAEPpAa KOMAaH/Abl, IPUMEHATH COBPEMEHHbI€ KOMMYHUKATUBHBIC TEXHOJIOTHHU, B TOM YHUC/I€ HA l/IHOCTpaHHOM(bIX)

A3bIKe(ax), IJIsl AKaJeMHYECKOro 1 npodeccHoHaJIbHOr0 B3auMO/IeiiCTBUS

YMmerb:

YK-4-VY1 paboTath B KOMaH/e IJIs1 BBIIOJTHEHUSI TOCTABIEHHBIX MPOPECCHOHANBHBIX U aKaJJeMUIECKHIX 3a/1a4

Baanernb:

VYK-4-B1 HaBbIKaMH CaMOCTOSATEIHLHOMN pabOTHI ¢ JIUTEpaTypol, B TOM YHCIIC ¥ HA HHOCTPAHHOM SI3bIKE, JIJIS MMOMCKA HH(DOpMAIUU
00 OTHENTBHBIX ONPEACTICHUSX, IOHATHAX U TEPMUHAX, OOBSICHEHHUS X MPUMEHEHNUS B IPAKTUICCKUX CUTYAINAX;

ITIK-3: Cnoco0eH ocyliecTBIATH M 000CHOBBIBATH PALIMOHAJIBHBINH BHIOOP MATEPHAJIOB H TEXHOJIOTHYECKHUX NPOLECCOB NPH
pa3padoTKe TEXHOJIOTHH NMPOU3BOACTBA (PYHKIHOHAJIBHBIX MaTepHAI0B (B TOM YHC/Jie HAHOMATEPHAJIOB)

Baanernb:

ITK-3-B1 naBath pekoMEeHAINH 110 BEIOOPY 00paOOTKH C 1EeNbi0 (POPMHUPOBAHUS OJIATOTPUSITHOTO CTPYKTYPHO-(PA30BOTO

COCTOSHHUA

YK-4: CnocodeH 3¢ peKTHBHO PYHKIMOHMPOBATH B HALIMOHAJIBLHOM M MEKAYHAPOAHOM KOJIJIEKTUBAX B KauecTBe YJieHa

WJIH JIMAEPAa KOMAH/Abl, IPUMEHATH COBPEMEHHbI€ KOMMYHUKATUBHBIC TEXHOJIOTHHU, B TOM YHUC/I€ HA l/IHOCTpaHHOM(bIX)

A3bIKe(ax), /sl AKaJeMHYECKOro 1 NpodeccHoHaIbHOr0 B3auMoIeiiCTBUS

Baagern:

YK-4-B2 HaBBIKaMH JIOTHYECKOTO TBOPUECKOTO U CUCTEMHOTO MBIIIICHUSI.

OIIK-1: CniocodeH pemiaTh NPOU3BOACTBEHHBIE U (MJIH) HCCIEN0BATEIbCKHE 321241, HA 0CHOBE (yHIaMEHTAJBHBIX 3HAHUI
B 00J1aCTH MaTEepUAJIOBeIeHUsI M TEXHOJOTHH MATEPHAJIOB U 3HAHUI B MEKITHCIMIIIHHAPHBIX 001aCTIAX

Baaaernb:

OIIK-1-B1 ymeHuem ycraHaBIHBaTh (ha30BBIi COCTAB U TOHKYIO CTPYKTYPY MaT€pHalIOB B HAHOCTPYKTYPHOM H
MUKPOKPHCTAIUTMIECKOM COCTOSTHUH

OIIK-1-B2 ymeHueM ycTaHaBIMBATh BO3MOKHbIE TIPHYMHEI ()OPMUPOBAHMS TE€X MM MHBIX (PH3NKO-XHUMHYECKIX COCTOSHHIH

CBOMCTB U3JCIIHI;

4. CTPYKTYPA U COJAEPKAHUE

Kon HanmenoBanue pasnesioB u | Cemectp | YacoB | ®opmupyemsie | Jlutepatypa | Ilpumeuanne KM Boinoan
3aHATHSA TeM /BUJ 3aHATUS/ / Kype HHIUKATOPBI H JJL. sieMble
KOMIIeTeH Ui pecypchbl padoThI
Pasnen 1. Pa3znen 1.
Paccesinne peHTreHOBCKUX
Jy4yed naeaJbHbIM U
peaibHBIM KPHCTAJJIOM.
1.1 Teopernueckuii pacuer 2 2 VK-4-B1 OIIK- JI1.1J11.4
nudpaxrorpamm. Berbop 1-31 OIIK-1- J1.1
ycoBuit cheMku. /J1a6/ VY1 OIIK-1-B1 2526
IK-3-31 IK-3-
V1
1.2 PaccesiHue uneanbHbIM 2 1 VK-4-B1 OIIK- | JI1.1J11.4
(6e3nedexTHBIM) 1-31 OIIK-1- | JI1.1J12.4J13.
kpuctamuiom. Ycnosus Jlays. V1 IIK-3-31 2
OCHOBHBIE XapaKTEPUCTUKU 25
poduIIst peHTTEeHOBCKOM
JUHUU. THTEHCUBHOCTh
otpaxenui. /IIp/
1.3 Paccesinue xpucranna ¢ 2 2 VK-4-B1 OIIK- | JI1.1J11.4
nedexramu. Monens 1-31 OIIK-1- JI1.1J712.4
CyOCTpyKTYphI. BiusHue VY1 OIIK-1-B2
JeeKTOB M TUCTIEPCHOCTH IK-3-31 IK-3-
OKP Ha mmpuny 1 npoduib B1
penTrenoBckux nuHui. /Ip/
1.4 JlomarmHee 3aganue Nel. 2 8 VK-4-B1 YK-4 JI1.1
Pacuer mudpakiimoHHOTO -B2 OIIK-1-31 JI1.1J13.1
cnekrpa ¢assl. /Cp/ OIIK-1-Y1 26
OIIK-1-B1 IIK-

3-31 [IK-3-V1




Pa3znen 2. Pa3nea 2. AHaan3

CTPYKTYPBI
HAHOMATEpPHAJIOB MO
YLIHPEHUIO
AU(PPAKINOHHBIX JIUHHUH.

2.1 KommiekcHas pabora. VYK-4-31 YK-4- | J1.2J1.1
AHanu3 napaMeTpoB TOHKOU Y1 YVK-4-Bl JIT.1J13.2
CTPYKTYpPBI ITO IIUPHHE VK-4-B2 OIIK- o1
U PaKIMOHHBIX 1-31 OIIK-1-
nuHUi. /J1a6/ VY1 OIIK-1-B1

IK-3-31 IK-3-
V1

2.2 AHanm3 CTpyKTypEI YK-4-B1 OIIK- | JI1.2 JI1.1
HaHOMAaTEPHAJIOB 110 1-31 OIIK-1- J.1
HHTErpajlbHOU IIUpPUHE V1 OIIK-1-B1 €|
PEHTIEHOBCKOM JIMHUU [K-3-31 IIK-3-

(MeTo «KIacCUYEeCKOM» Vi1
anmpokcumarun). /T1p/

2.3 AHanu3 CTpyKTYypbI YK-4-B1 OIIK- | JI1.2 JI1.1
HaHOMAaTEpPHAJIOB I10 1-31 OIIK-1- J.1
npoUITI0 ABYX JTUHUN VY1 OIIK-1-B1 22
(TAIIPJI). Ananu3 I1K-3-31 IIK-3-
CYOCTPYKTYpHI Vi
HAaHOMATEPHUAIOB METOJIOM
Ooitrr-anmpoxcumMaruu. /TIp/

2.4 PeHTreHocTpykTypHBIi VK-4-B1 YK-4 JI1.2 JI1.1
aHaJIN3 MMOBEPXHOCTHOTO -B2 OIIK-1-31 J.1
cios. TonmuHa 3¢ heKTHBHO OIIK-1-Y1 23
MOTJIOIIAOIIETO CIIOS. OIIK-1-B1 IIK-

Jpyrue meronbl aHanu3a 3-31 [IK-3-V1
YIIHpEeHHs AN(PPaKITHOHHBIX [1IK-3-B1
nuaui. /TIp/

2.5 JlomarHee 3aganue Ne2. VK-4-B1 YK-4 JI1.2 JI1.1
AHanmu3 napaMeTpoB -B2 OIIK-1-31 JI1.1J12.4
CYOCTPYKTYPHI TIO TTPOQHITIO OIIK-1-V1 IIK 33
JIBYX JINHUH METOA0M -3-31 [IK-3-V1
ANMNpOKCUMALIUU U
'AITPJI. /Cp/

Pazgen 3. Paspea 3.
PentrenoBckuii pazoBblii
aHaJM3.

3.1 KavecTBenHslii u VYK-4-B1 OIIK- | JI1.1JI1.3
KOJIMYECTBEHHBIN (pa30BBIH 1-31 OIIK-1- JI1.1J13.1
aHaJIN3 C UCIIOJIb30BAHUEM V1 OIIK-1-Bl1
nporpamm PHAN u TIK-3-31
PHAN%. /J1a6/

32 PentrenoBckuit pazoBbiit YK-4-B1 OIIK- | JI1.1JI1.3
aHanmm3 (Ka9eCTBEHHBINA 1 1-31 OIIK-1- | JI1.1J12.4J13.
KOJIMUECTBEHHBI) C VY1 OIIK-1-B1 1
npuMeHeHuemM DBM. ITK-3-31 IIK-3- 2536
KomruiexkcHelit ananmu3 Vi
(hazoBoro cocrasa u
apamMeTpoB TOHKOM
CTPYKTYpPBI METOJIOM
Putensna. /Tlp/

33 JomarrHee 3amanue Ne3. VK-4-B1 YK-4 JI1.1 JI1.3 P3
PentrenoBckuii pazoBbiit -B2 OIIK-1-31 JI1.1J13.1
aHanu3 (Ka4eCTBEHHBIN 1 OIIK-1-V1 26
KOJITYECTBEHHBIH) C OIIK-1-BI1 TIK-
npumeHenuem [10. /Cp/ 3-31 [IK-3-V1

Pasnen 4. Pa3znea 4.
I[IpuMeHeHNe MUKPOCKOITHH
JJIS1 HCCJIEIOBAHMA
MaTepuaJjoB.




4.1 KommuiexcHas pabora. 2 7 YK-4-31 YK-4- J1.1
CoBpeMeHHBIE ONTHYECKAs U Y1 YK-4-B1 JI1.1J13.2
3JIEKTPOHHAsT MUKPOCKOIIHS. VK-4-B2 OIIK- 24 25
AtomMHO-cuIIOBas 1-31 OIIK-1-

MUKpockonusi. /J1a6/ V1 OIIK-1-B2
I1K-3-31 [IK-3-
V1

4.2 OnTrueckas 2 1 VK-4-B1 OIIK- | JI1.1J11.1

Mukpockonusi. /TIp/ 1-31 OIIK-1- J1.1
V1 IIK-3-31
K-3-Y1

4.3 PactpoBas anexrpoHHast 2 1 YK-4-B1 OIIK- | JI1.1JI1.2

muxpocxonust. /TIp/ 1-31 OIIK-1- 1.4
V1 IIK-3-31 JI1.1J12.1
IK-3-V1 J1.1

4.4 [IpocBeunBatomiast 2 2 YK-4-B1 OIIK- | JI1.1 JI1.2
3JIEKTPOHHAas 1-31 OIIK-1- JI1.1J11.1
Mukpockornusi. /TIp/ V1 IIK-3-31

IK-3-V1

4.5 ATOMHO-CHIIOBas 2 2 YK-4-B1 OIIK- | JI1.1JI1.1

mukpocxomust. /TIp/ 1-31 OIIK-1- J1.1
V1 IIK-3-31 25
IK-3-V1

4.6 Hepaspymaromniuii KoHTpoIb 2 2 VYK-4-31 YK-4- | JI1.1 JI1.1
C TIOMOMIBIO TU(PPAKITMOHHBIX B1 OIIK-1-31 JI1.4
MeTon0B. Pemenue OIIK-1-V1 JI1.1J12.4
KOMIUTEKCHBIX 3a1a4. /Cp/ OIIK-1-B1 D4 35

OIIK-1-B2 IIK-
3-31 [IK-3-VY1
[IK-3-Bl1
4.7 MOATOTOBKA K K3aMEHY T10 2 20 YK-4-31 YK-4- | JI1.1J11.2 KM1
kypey /Cp/ V1 YK-4-B1 JI1.1 J11.3
YK-4-B2 OIIK- 1.4
1-31 OIIK-1- JI1.1J12.1
VY1 OIIK-1-B1 J12.4J13.1
OIIK-1-B2 IIK- J3.2
3-31 [IK-3-VY1 3526
[IK-3-B1
5. ®OHJ OHEHOYHBIX MATEPUAJIOB
5.1. KoutpoabHble MeponpusiTis (KOHTPOJIbHas padoTa, TecT, KOJUIOKBUYM, 3K3aMeH M T.I), BONPOCHI AJs
CaMOCTOSITeJIbHOI MOATOTOBKH
Kon KonTponsHoe Tposepaembie
KM MepOTpUATHE WH/IUKaTOPBI Bonpocs! 11 TOATOTOBKH

KOMITETCHLIMH




KM1

DK3ameH

OIIK-1-31;011K-1-
V1;0I1K-1-B1;0IK
-1-B2;VK-4-31; VK-
4-V1;YK-4-B1;YK-4
-B2

Pentrenosckuil quppaxkromerp. Onruueckas cxema. JloCTOMHCTBA U
HEJ0-CTAaTKH AN(PPAKTOMETPUUECKOTO METO/Ia PETHCTPALINU
IdpaKIMOHHON KapTHHEL. Bup! 00pasios i aHanm3a.

Omnpenenure pa3mep HanodacTul Ni B mopomike; aNi = 3,52 A,
Wznyaenune Cu , nunus (311). UactpymenTtanbHoe ymupenue b = 0,23
rpaju., oduiee, HcrpaBieHHoe Ha ayonet, B = 0,46 rpaa. [Tpodumu
JIMHUH Ha U paKTorpaMMe yIOBIETBOPHTEIHHO AIIPOKCHMHPYIOTCS
¢ynximeit [aycca (B2=b2+beta2). Mukponedhopmarmeil pemerxu
npeHeopeyb.

Onrtuyeckas cxeMa IPOCBEYUBAIOIIETO IEKTPOHHOTO MHKPOCKOTIA.
OCHOB-HBIE XapaKTePUCTUKA MUKPOCKOTIOB (pa3peleHune, TIyOnHa
peskocTH, 1one 3peHus u mp.). Ilonroroska o6pasios. JlocTOMHCTBA U
HEJOCTATKU NPH UCCIIEA0BAHNHM HAHOMATEPUAJIOB.

CMonenmpyiite qudpakrorpaMmy moJukpuctamtnaeckoro alpha-Fe,
CHATYIO ¢ ucnonb3oBanueM FeKa-u3nmydenns. Cunraiite, 4to At Bcex
otpakenuit |F/Vs4|2=60.

ITpumenenne metona Pursensaa st GpazoBoro aHanm3a v ONpeneNeHUs
[apaMeTPOB TOHKOH KpUCTAJUIMYECKOU CTPYKTyphl. OnpeneneHue pas-
Mepa CTPYKTYPHBIX 2JIEMEHTOB B HAHOMAaTepuaaax, UHTepBall
JIOIYCTUMBIX 3HAUEHHI.

BriOpaTs MeTon aHanmM3a pazMepa ¥ MOP(OIOrHH YaCTHII IIOPOIIIKA, €C-
T UX TIpefroaraeMslii pasmep: a) ~1 aM; 0) 10-50 HM; B) 1- 5 MKM.
Jlnst BBIOpaHHOTO METO/1a 1aTh 00O0OCHOBAHHE U KPATKO OIHCATh YCIOBHS
IKCHEPUMEHTA.

Paccessane nneansHbIM (Oe31eeKTHEIM) KprcTaiuioM. Y citoBus Jlayn.
Ypasuenue Bynbda-bpoarra.

Cmonenupyiite quppakTorpaMMy CMECH HAaHOKPHCTAIIMYECKUX (a3
40 06.% W u 60 06. % V, caaryto ¢ ucnoip3oBanueMm CrKa-
m3nydenns. Cunraiite, 9To AT BCEX OTPAXKEHHUH MepBOH (a3bl
[F/Vs14|2=600, ms BTopoit — 50.

ITpuMmeHeHe TPOCBEYHNBAIOIIEH SJICKTPOHHON MHKPOCKOIIHH JUIS
aHanu3a HaHoMaTepuanos. OcHOBHBIE 3afauu MeToAa. IloaroroBka
00pa3uos.

Meron nonukpucraa. Cxema narepdepeHIny B 00paTHOM
TPOCTPAHCTBE.

Omnpexpenute pazmep HaHOYACTUI] Au mopoiike; aAu = 4,08 A.
Wznyuenne Cu-Ka, lambda = 1,54 , nunus (311). UHCTpyMeHTaIbHOE
ymupenne b = 0,21 rpan., obriee, ucnpasieHHoe Ha nyoiner, B = 0,42
rpan. Ilpodumn mrHMN Ha U paKTOrpaMMe yIOBICTBOPUTEIIHHO
annpokcumupytotes ¢pynkuueit [aycca (B2=b2+beta2).
Muxkponedopmanneii permerky npeHedpeys.

Onrtuueckas cxeMa IIPOCBEYUBAIOIIETO IEKTPOHHOTO MHKPOCKOTIA.
OCHOBHBIE XapaKTePUCTHKH MUKPOCKOIIOB (pa3pelieHne, ImyornHa
pe3kocTH, roe 3peHus u mp.). Ilonroroka o6pasios. JlocToMHCTBA U
HEJJOCTATKU IIPH MCCIIEI0BAHINH HAHOMATEPHAJIOB.

Paccesane xpuctama ¢ nedexramu. Mozens cyocTpykTypsl. Bausaue
nedexros u qucnepcHoctd OKP Ha mupuny 1 npoduib
PEHTTEHOBCKHX JIMHHUI.aHAIIN3a HAHOMATepUaoB. JIOCTOMHCTBA
HeJ0CTaTKN MeTos1a. OCHOBHBIE XapaKTEPHCTHKI MHKPOCKOIIOB.
IoaroroBka 06pa3nos.

HaHoKpHCTanIuThl B HCCIEYEMOM MaTepuane UMeIT aHU30TPOIHYIO
¢dopmy. Kakim 06pa3oM MOXKHO U3y9UTh YKa3aHHYIO aHU30TPOITHIO?
Omnruygeckast CXxeMa pacTpOBOTO AIIEKTPOHHOTO MUKpockona. OCHOBHEIE
XapaKTepUCTHKH COBPEMEHHBIX PACTPOBBIX IEKTPOHHBIX
MuKpockoroB. [Toxroroska o6pa3os. Buasl konTpacra.

IIpumenenue Meton PutBenbaa A TOHKOM KpUCTAIUIMYECKON
CTPYKTYpBI HAHOMATepHaoB. JlOCTOMHCTBA X HEAOCTATKH.
PeHTreHOBCKIMIT Ka4eCTBEHHBIN (ha30BbIil, BKIHOUAs aHATIH3
HaHOMaTepHa-jI0B. OH3NYecKrue OCHOBBI. DTallbl aHAJIH3A.
UyBCTBUTETBHOCTD aHATIH3A.

KakoBo paspelieHre COBpeMEHHBIX TPOCBEYUBAIOIINX U PACTPOBBIX
JIEKTPOHHBIX MUKPOCKONIOB? UeM MOKHO OOBSCHUTH O0Jiee BEICOKOE
paspenieHue 3JIeKTPOHHOH MUKPOCKOIIMH 110 CPAaBHEHHIO CO CBETOBOH?
UyBCTBUTETBHOCTH PEHTTEHOBCKOTO KaU€CTBEHHOTO ()a30BOT0 aHAIH3a
®akro-pbl, 3aTpyAHSIONINE KAYeCTBEHHbIH (pa30BbIil aHAIN3.
PeHTreHOBCKUI Ka4eCTBEHHBIN (ha30BbIi, BKITIOYAsT aHATU3
HaHoMartepua-10B. @a3oBbiil ananus ¢ npuMmeHeHueM IK. dusnyeckue
OCHOBBI. DTanbl aHanau3a. OaKkTopbl, 3aTPyIHSAIOMINE KaUeCTBEHHBIN




| (ba3oBEIit aHamu3. UyBCTBUTEIFHOCTU METO/A.

5.2. Ilepevens padoT, BbINoIHsIeMbIX N0 AucuumnHe (KypcoBas padora, KypcoBoii npoexr, PI'P, Pedepat, JIP, IIP u 1.11.)

[IpoBepsiembie
Kon Ha3panne
WHIAKATOPBI ConeprxaHue padoThI
paboTsI paboTst .
KOMITETEHIIHA
P1 Jomamnee 3aganne | OTIK-1-Y1;0I1K-1- | PaccunTarh audpakiimoHHBIN CieKTp (asbl, MOTYIESHHBIH TpH
Nel. Pacuer 31 CUMMETPUYHONW CHEMKH MOJTHMKPUCTAITHYECKOTO 00pasiia.
JTU(PaKITIOHHOTO
criekrpa ¢asbl.
P2 Jomamnee 3aganne | YK-4-B1;0I1K-1-31 | I[Ipoananu3apoBath mapaMmeTpbl CyOCTPYKTYPBI IO IPOQPHITIO TBYX
No2. Ananmn3 nuHUI Meronamu anmnpoxcumaruu u IAITPJIL.
napamMeTpoB
CyOCTPYKTYPHI IO

MPOGUITIO ABYX
JIMHUN METO/I0M
ATNMPOKCUMAIHY
TAITPJI.

P3 Jomamnee 3aganue | OIIK-1-B1;0I1K-1-
Ne3. PentreHoBckuii | 31

(a30BbIil aHATIH3
(xa4ecTBEHHBIH U
KOJIMYECTBEHHBIIT) C
npumMenenuem I10

ITpu moMomy KOMITBIOTEPHBIX IPOrPaMM MPOBECTU KAUECTBEHHBIN U
KOJJTMIECTBEHHBIH PEHTICHOBCKIH (ha30BBIi aHAIH3
MOJTUKPUCTAIINIECKOTo 0bpasna.

5.3. OueHo4Hble MaTepuabl, HCIOJIb3yeMble U1 IK3aMeHa (onucanue OUJIeToB, TECTOB M T.I1.)

B pamkax Kypca IpeIycMOTPEH YK3aMeH.
DK3aMEeHaMOHHBIN OMIIET COCTOUT U3 2-X TEOPETUUECKUX BOIPOCOB M 3a1auu. [IpumMep sx3aMeHallnoHHOroO OnieTa MpuBeeH B
HPHIIOKECHHH.

5.4. MeToauka oLleHKH OCBOeHHsI JUCHMILUINHBI (MoayJs, npakTuku. HUP)

[IIxana oLeHNBaHUS 3HAHUH 00YJAIONIMXCS HA SK3aMEHE:

Or1eHKa «OTIIMYHOY - 00YJaIOIINICS TOKA3BIBaET IITyOOKHE, HCUEPITHIBAIOIIHIE 3HAHHUS B 00BeMe MPOHIEHHOH IPOrpaMMEI,
YBEPEHHO AEHCTBYET 10 MPUMEHEHHIO MOTydeHHbBIX 3HAHHH Ha MPAaKTHKE, TPAMOTHO U JIOTUYECKU CTPOHHO M3JIaraeT MaTepuai npu
OTBETE, yMeeT (pOpMYITUPOBATh BBIBOJbI U3 N3JI0KEHHOTO TEOPETUUECKOIO MaTepHraa, 3HaeT AOMOJIHUTENBHO PEKOMEH I0BaHHYIO
JATEPaTypy.

O1eHKa «XOPOIIO» - 00yHAIOMHUIiCS TOKAa3bIBACT TBEP/ABIC U JOCTATOYHO MOIHBIC 3HAHHS B 00BbeMe IPOHAEHHON IIPOTPaMMEI,
JIOITyCKAeT HEe3HAUUTEIbHBIC OIIMOKH ITPH OCBEIICHUH 33aHHBIX BOIIPOCOB, MPABUIIBHO JEHCTBYET MO IPUMEHEHUIO 3HAHUH Ha
HPaKTHKE, YeTKO U3J1aracT MaTepuall.

Or1eHKa «yTOBJIECTBOPUTEIHHOY - 00yJatomuiics TTOKa3bIBacT 3HAHUS B 00beMe NIPOHICHHO TPOTrpaMMBI, OTBETHI H3JIaraeT XOTS H C
OLTMOKaMH, HO yBEPEHHO HCHPABIISEMBIMH MOCIIE JOIOJHUTEIBHBIX U HABOISIINX BOIIPOCOB, IPAaBIIIBHO JEHCTBYET IO
NPUMEHECHHIO 3HaHWUI Ha NPAKTHKE;

Or1eHKa «HEYTOBICTBOPUTEIIHLHOY - O0YUAIOIINICS HOITyCKaeT TpyOble OIIMOKM B OTBETE, HE TIOHUMAET CYITHOCTH M3JIaraeMoro
BOIIPOCA, HE yMEeT MPUMEHSTh 3HAHHS Ha MPAKTUKE, JaeT HEMOTHbBIE OTBETHI HA JONOIHUTEIBHEIC U HABOASAIINE BOIIPOCHL.

OreHka «He sBKa» — 00YJalOIIUNACS Ha 9K3aMEH HE SBUJIC.

6. YA EBHO-METOANYECKOE 1 TH®OPMAIIMOHHOE OBECIIEYEHUE

6.1. Pexomenayemas aurepatypa

6.1.1. OcHoBHas JIMTepaTypa

ABTOpBI, COCTaBUTEIH 3arnasue bubanoreka H3nmarenbCcTBO, TO

JI1.1 |Ilanosa T. B.

CoBpeMEeHHbIE METOIBI
HCCIIEAOBAHHS BEIECTBA:
9JIEKTPOHHAS M OTITUYECKas
MHUKPOCKOITHS: yueOHOe
rmocooue

DneKTpoHHAas OUOITHOTEKA

Omck: Omckuii
rOCYZlapCTBEHHBIH
yHuBepcureT uM. .M.
JlocToeBckoro, 2016

JI1.2 |BexkumoBal'. B.,
WBanoB A. H.,
Srogxun FO. .

JudpakaroHHbIe 1
MHKPOCKOITYECKIE METOMBI 1
npuOOPHI I aHaU3a
HaHOYACTHI U
HaHOMAaTEPHAIIOB: yueo.
nocoOue JUis CTy[. BY30B,
00yu. o Hanp. 'Meramuryprus'

DnekTpoHHas ONOIUOTEKA

M.: [MHUCuC], 2009




ABTOpBI, COCTaBUTEIH

3arnasue

Bubanoreka

W3naTenbcTBO, roj

JI1.3 [MunsBuackuit A. M., |Merozsl uccienoBaHus OnexrpoHHas GHOIMOTEKA M.: Yueba, 2005
Bybnuk B. T. CTPYKTYp KPUCTAJLIOB.
®Da30BbIii aHAIN3 U
MPEIM3NOHHbIC H3MEPEHUS
napamerpa perierku: JIa6.
TPaKTUKYM
JI1.4 | bpannon /., Karman MukpocTpykTypa MaTepuaioB. | budmmuoreka MUCuC M.: TexHochepa, 2004
V., baxenos C. JI., MeTtonas! nccnenoBaHusg
Eroposa C. B. KOHTpOJIA: yueb. mocobue s
cryn. Hamp. 'TIpukiaaHbe
MaTeMaTHKa u (U3uKa': mep. ¢
aHTIL.
6.1.2. lono/IHUTe/ILHAS TUTEPATypa
ABTOPEBI, COCTaBHTEITH 3ariaBue Bubnmotexa W3znarenscTBO, rOx
JI2.1 | Jomxkun K. U. PacrpoBas snekrpoHHas DneKTpoHHas OUOIMoTEeKa Mocksa: Jlaboparopust 3HaHUH,
MUKPOCKOIIUS JUIs 2017
HAHOTEXHOJIOTHI: METOJIBI I
pUMEHEHHe: MOHOTpadust
JI2.2 | Ymanckuii {. C., Kpucrannorpadus, bubnrorexka MUCuC M.: Mertannyprus, 1982
Ckaxos 10. A, peHTreHorpadus u
MBanoB A. H., 3JIEKTPOHHAsI MAKPOCKOITHS:
Pacropryes JI. H. Y4eOHUK A1 By30B
JI2.3 |Topenuk C. C., Pentrenorpadudeckuii u DneKTpoHHAs OUOIUOTEKA M.: U3a-so MUCuC, 2002
Ckaxos 10. A, JIEKTPOHHO-ONTHYECKUI
Pacropryes JI. H. aHanu3: yaed. mocobue s
BY30B
JI12.4 | Kexkamno 1. b. ArtomHas cTpyKTypa bubimorexa MUCuC M.: Yueba, 2006
amMop(hHBIX CIUTaBOB U €€
SBOTIOLUS: y4ed. mocodue s
CTyI. By30B Harmp. 'dus.
MaTepHajoBeieHue'
6.1.3. Meroauyeckue pa3padoTku
ABTOpBI, COCTaBUTETH 3arnasue Bubanoreka W3naTenbcTBO, rof
JI3.1 [Monuna JI. H. Pentrenorpagus. OnexrpoHHas 6HONIMOTEKA Tromenb: TromeHCKui
KauecTBeHHBII rOCYIapCTBCHHBIH
peHTreHo()a30BEIN aHAIN3: yHUBepcureT, 2016
y4aeOHoe mocobue
JI3.2 | Kekano U. b., AwmopHBIC HAHO- U OnexrpoHHas 6ubIMoTEeKA M.: U3n-8o MUCuC, 2008
IllyBaeBa E. A. MHUKPOKPUCTAJIINYECKUE
MarHuTHBIC MaTEPHAIIBL: J1a0.
MPaKTHKyM: y4e0. mocodue st
CTyZ. By30B Hamp. Ous.
MaTepuaJOBeICHUE U CICL.
Hanomarepuasst
6.2. Ilepeuens pecypcoB HH(OPMAIMOHHO-TeIeKOMMYHUKANMOHHOM ceTu «UHTEepHeT»
31 | Caiit 0 HaHOTEXHONOTHAX B Poccuu http://www.nanoware.ru
32 | VHTEepHeT-XypHAI 0 HAHOTEXHOJOTHIX http://www.nanodigest.ru
33 | Poccwmiickuii anexrpornbiiit HAHOXKYPHAJT http://www.nanorf.ru
D4 | Springermaterials https://materials.springer.com/
35 Hay4Has s1ekTpoHHas OMOIHOTEKA eLIBRARY http://elibrary.ru/
76 |International Centre for Diffraction Datahttp: /Iwww.icdd.com/
6.3 Ilepeuennb MPOrpaMMHOIO odecnedeHust
1.1 |Microsoft Office
I1.2 |LMS Canvas
1.3 |ESET NOD32 Antivirus

I1.4

Win Pro 10 32-bit/64-bit




JInnensuu ITO Windows Server CAL ALNG LicSAPk MVL DvcCAL, ITO WinEDUA3 ALNG SubsVL MVL PerUsr u

IL5 PerUsr

6.4. Ilepeyenb MH(POPMALMOHHBIX CIPABOYHBIX CHCTEM U MPOodeccCHOHANBHBIX 023 TaHHBIX

n.1 ITomHOTEKCTOBBIE POCCUICKHAE HAyYHBIE KYPHAIIbL U CTATbU:

N.2 |— Hayunas snexrponnas 6ubnmnorexa eLIBRARY https://elibrary.ru/

N.3 |— [HomHOTEKCTOBEIC AETOBBIC MyOIHUKAIIMK MH()OPMATreHTCTB M TIpecchl 1o 53 otpacisiM https://polpred.com/news

N.4 |HWuoctpannbie 6a3b1 maHHBIX (moctyn ¢ IP agpecoB MUCuC):

N.5 |— aHanuTHyeckas 0a3a (nHAekch nuTupoBanus) Web of Science https://apps.webofknowledge.com
N.6 |— aHanutuueckas 6a3a (MHISKCH IUTHPOBaHuUs) Scopus https://www.scopus.com/

N.7 |— nayxomerpudueckas cuctema InCites https://apps.webofknowledge.com

N.8 |— HayuHsle )xypHaIsI m3naTenscTBa Elsevier https://www.sciencedirect.com/

7. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE

Ayn. Haznauenune OcuHarenne
b-413 VY4ebHas aynuTopus MPOEKTOp; MYJIbTHUMEIMIHAS JIOCKAa; MapKepHas JOcCKa,
JIOKyMEHT-KaMepa,; KOMITBIOTEP MIPEToIaBaTeIs;

KOMIBIOTEPHBIH  KIacc Ha 14 KOMIBIOTEPOB, MakeT
JUIEH3UOHHBIX mporpamM MS Office, xommiekr y4eOHO

mebenu
b-413 VYuebHast ayTuTopHst [POEKTOp; MYJIbLTUMEIUMHAS IOCKA; MapKepHas IOCKa,
JOKYMEHT-KamMepa,; KOMIIBIOTEP MPEIoiaBaTes;

KOMIIBIOTEpHBI ~ KJIacC Ha 14 KOMIBIOTEPOB, IIAKET
muueH3uoHHbIX nporpamM MS Office, xommuexr yueOHOI

Mebenmn
UuranpHbli 3an KOMIUIEKT y4ueOHO#l Mebenu Ha 55 mecT g oOydaromuxcs,
3JIEKTPOHHBIX PECYpPCOB 50 TIK c¢ pmocrymom k MUWTC «UHrepuer», DUOC

Canvas, nuueH3uoHHsle mporpammel MS  Office,
Teams, ESET Antivirus.

YHUBEPCUTETa depe3 JIMYHBIN kaOmHeT Ha mardopme LMS

MS

8. METOANYECKHUE YKA3AHUSA JJIS1 OBYYAIOIIINXCSA

ITpu n3ydennn kypca JAnppakunoHHBIE 1 MEKPOCKOITMYECKIE METOIBI OOJIBIIOE BHUMaHHE CICAYET YACIATh CAMOCTOSATCIBHON
paboTe ¢ yd4eOHUKaMH, CIPaBOYHON INTEPATYPOil M TEKYIMMH ITyOIHKAIMSAMHA B BELYIINX POCCHHCKUAX U 3apYyOEeKHBIX KypHAIaX
M0 paccMaTpuBaeMbIM TeMaM Kypca. Bosblnyro yacTh BOIPOCOB, BOZHUKAIOUINX B MPOLECCE CAMOCTOATENIbHON TTOATOTOBKH,
PCKOMEHIYETCSl BRIHOCHUTb ISl OOCY)KACHHS Ha MPAKTHYCCKHUX 3aHATUSX U HanOoJiee MOJTHOTO TOHMMaHUS COBPEMEHHBIX

T (PaKIIMOHHBIX M MUKPOCKOITHYECKIX METOJIOB.

OO0yueHne MPOBOIUTCS B OJTUH CEMECTP M OPTaHU3yeTCsI B COOTBETCTBUH C HAacTosIIeH mporpamMmmoii. CamocTosTenbHas padbora
CTYAECHTOB OCYLLECTBIISIETCA U KOHTPOJIUPYETCS C IIOMOLIBIO:

— BOIIPOCOB JUISI CAMOKOHTPOJIS,

— TPEX JOMAITHUX 3aIIaHI/II\/'I.

KonTtponsHble paboThl IPOBOASATCS B 9aCHl IPAKTUIECKUX 3aHATHUIL.

[Tepen HauaioM 3aHATHI CTYICHTHI ITOJIY4AIOT HAa TEKYIIUA CEMECTP KaleHIapHbIHA IUIaH IPOBEICHUS IPAKTHICCKAX H
J'Ia60paTOpHBIX SaHHTI/Ifl, rpaq)mc BbIAA4YHU U CAa4YU AOMAaIIHUX SaHaHHﬁ.

,Z[IISI YCHIEIIHOTO OCBOCHUA I/I3Y‘IZ{€MOIZ JUACHUTUINHBI IJIA CTYACHTOB OPTAHU3YIOTCA €KCHEACIIBbHBIC KOHCYIIbTalITuN npenonaBaTenef/'I
B KOMITBIOTEPHOM Ki1acce.

Jnst mpoBeieHus Tab0paTOPHBIX pabOT HCHONB3yeTCsl Y YeOHBIH KOMIUISKC IT0 CTPYKTYPHOI JHarHOCTHKE ¥ MaTepHalOBEIIECKON
OKCHEPTU3C HECOPraHNYCCKNX MAaTEPUAJIOB METOAAMU peHTreHOBCKOﬁ I[I/I(bpaIGII/II/I H SHGKTPOHHOﬁ MUKPOCKOITHUH. A TaK xe Ha60p
JACMOHCTPAlITUOHHBIX MOHCHCI\/’I KPpUCTATITUNYECKUX PEIICTOK.




