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1. Ilesin ocBOEHMSI AMCIMIIJIMHBI

['1aBHOM LIE€NIBIO OCBOEHHUS TUCLHUILIMHBI «METObl aHaIM3a CTPYKTYPbI U XMMUYECKOTO
cOCTaBa HAHOCHCTEM) SIBJISIETCSI OCBOCHHE TEXHOJIOTUH MPOBEACHUS SKCIIEPUMEHTA C TIOMOIIIbIO
METOJa CKaHUPYIOUIEH 3JIEKTPOHHON MUKPOCKONUU U TEXHOJOTUU MPOBEACHUS HKCIIEPUMEHTA C
MOMOIIBI0 METO/Ia TPOCBEUUBAIOILIEH STIEKTPOHHON MUKPOCKOIHUH.

2. Mecto aucunminHbl B ctpykrype OII marucrparypsl

Jucnuminna «MeTo/ibl aHaan3a CTPYKTYPbl U XUMHUYECKOTO COCTaBa HAHOCUCTEM» SIBIISIETCS
JUCLUTUTMHOM 10 BEIOOPY M OTHOCHUTCS K BApUATHBHOM YaCTH.
OcBoeHMe AaHHOW AMCUUIUIMHBI BO MHOTOM OCHOBBIBA€TCSl Ha 3HAHUSAX, MOJIyYEHHBIX
Opu U3ydyeHUH AucHUIUIMH: "OCHOBBI KpHcTaliorpaduu U Kpuctasuioxumuu', "HucieHHble

METOHBI",

"@Pu3pmka aTOMOB W AaTOMHBIX SBJICHHH",

"Mertpomorus,

CTaHdapTu3lanuda H

TeXHU4YecKkne m3mepeHus', "dusmka KOHIEHCHPOBAHHOI'O COCTOSHHMS'. B mpomecce ocBOeHUs
JUCLIMIUIMHBI CIYIIATENIN 3HAKOMSATCS C METOI0M CKaHUPYIOLIEH 3JIEKTPOHHON MUKPOCKOIIUU U
METO0M ITPOCBEYMBAOIIEH IJIEKTPOHHOU MUKPOCKOIIHMH.

3. Ilaanupyembie

pe3yJibTaThl

o0yyeHust MmO

AUCHHUIIJIIMHE,

COOTHECCHHbBIC C

IVIAHUPYEMBIMHU PE3YyJbTAaTAMHU OCBOCHHUSA (0)1} MaruCTpaTypbl

[Ipouecc w3ydeHWs AWCHMIUIMHBI HANpaBlieH HAa (HOPMHUPOBAHHE CICIYIONIMX DIIEMEHTOB
koMmrieTeHnui B cootBeTcTBHM ¢ I'OC BO, OIT BO 1 nproOpeTeHust Cleayronux 3HaHUH,
YMEHMSI, HABBIKOB U (WJIM) ONbITA 1€ATEIbHOCTH:

dopMupyemasn HNHaukaTop K0CTHKEHHS Ilepeuyenn
KOMIeTeHI s KOMIIeTeHIIUH IJIAHUPYEMBIX Pe3yJIbTaTOB
(kom n (xox u popmyIMPOBKA) o0yuenust
(popmyamposka)
IIpodeccuonanbHbIe KOMIETEHIIUN
3HaTh:
1. meToab1 IIPOBEICHUSA
NA IIK-3.1.  JlemoHCTpupyeT P
— JKCIIEPUMEHTAa HA CKAHUPYIOIIEM
[1K-3. 'oToB 3HAHUE MPUHITUIIOB
3JIEKTPOHHOM MHUKPOCKOIIE,
OCBanBaTh ITPUHIIUIIBI IJIAHUPOBAHUS u
2. MeToabl MIPOBEACHUSA
IUTAHUPOBAHUS U ABTOMATHU3AaIlMA [POBEICHUS
JKCIIEpPUMEHTa Ha
METOABI JKCIIEPUMEHTA.
MPOCBECUHUBAKOIIEM  JJIEKTPOHHOM
aBTOMAaTHU3AIUH

HKCIEPUMEHTA Ha
OCHOBE
nH(pOpMaIMOHHO-
M3MEPHUTEITBHBIX
KOMILIEKCOB Kak
Cpe/ACTBa MOBBIIICHHS
TOYHOCTH U CHIDKEHUS
3aTpaT Ha €ro
IIPOBE/ICHUE,
OBJIaJIeBATh
HaBbIKAMU U3MEPEHUI
B PEaTbHOM BPEMEHHU.

W TIK-3.3.

na IIK-3.2. YnMmeer
paspabaThiBaTh TPeOOBAHUS K
cpencTBaM MIPOBEACHUS

OKCIICPUMCHTA, KOHTPOJIA H
JUAarHOCTUKMH.

O0mamaet
HaBBIKAMH TECTHPOBAHUSA U
JIMarHOCTUKHU 15631 () 15071
MHKPO- u
HAHORJICKTPOHUKHU.METOI0JIOT
WA HCCIIENOBAHUSA W3JEIINI
MHUKPO- ¥ HAHODJICKTPOHHUKH.

MHKPOCKOIIC,

3. oco0eHHOCTH TTPOOOIIOATOTOBKH B
METO/1axX CKaHMpYIOLIEH u
IIPOCBEUMBAIOIIECH  JIEKTPOHHOMU
MUKPOCKOTTH

Ymern:

® [IOATOTOBUTH obpaszern JUISL
HCCIIEI0OBaHMS METOIaMuU
CKaHUpYIOIEen u
IIPOCBEYMBAIOLIEH  AIIEKTPOHHOU
MHKPOCKOIIHH,

® yMETh o0OpabaThIBaTh "

UHTEPIPETUPOBATh  pPE3yJIbTAThl,




INOJIYYCHHBIC IIpHU IPOBCACHUU
HCCIICOBaHU M MNEePCUNUCIICHHBIMHA
MCTOJaMHU.

Biaagers HaBBIKAMMU:
TUTAHUPOBAHHMSI DKCIIEPUMEHTA B
00JacTH HAaHOZJIEKTPOHUKH C
y4eToM crieuuGuku nHPopMaIuH,

MOJYy4aeMOM B KOXKIOM U3
MEPEUYUCIEHHBIX METOOB.

3HAaTh

Paborars ¢
IKCIIEPUMEHTAIbHBIMU JAHHBIMU
B CTOPOHHHX Iporpammax

U] IIK-4.1. 3naer  cmocobm 4. IIpoBOaUTH CpPaBHUTEIbHBIN
TraHU3allMkd WU TPOBEICHHS
opratusarn POBEAC aHaIu3 cepuu pa3IMYHBIX
AKCIIEPUMEHTAITLHBIX
p - o0OpasioB
UCCIIeI0BaHU.
[TK-4. CnocobeH k A
OpraHu3aIuyu 1 Ymersn
p H N1 T1IK-4.2. CnocobeH
MIPOBEACHUIO — e Palorats ¢
CaMOCTOSITEJIbHO  TIPOBOJIUTH
IKCIIEPUMEHTAITLHBIX AKCIIEPUMEHTAILHBIMU JTAHHBIMHU
. AKCTIEPUMEHTAIIbHBIE
ucciaea0BaHuM ¢ B CTOPOHHHUX MIpOrpamMmax.
HCCIIeTIOBAHMS. .
MIPUMCHCHHEM e [IpoBoaUTH CpaBHUTEIHHBII
COBPEMEHHBIX aHAJIN3 CePUU PA3THIHBIX
p N I1K-4.3.  JlemoHCTpUpyeET PHH P
CPEJICTB ¥l METOJIOB. — 00pasios
HaBBIKH MIPOBEICHUS
o Baagers HaBBLIKAMH
HCCIIeI0BAHUI c

e [loAroTOBKHU M YCTaHOBKH
00pasIoB JIsl UCCIIETOBAHUS

e (CamocTosTenbHON paboThI C
pa3IMYHBIMU UCTOYHUKAMHU
UH(POPMALIUH TT0 TEMaTHKE

Kypca

MPUMEHEHUEM COBPEMEHHBIX
CPENICTB U METOJIOB.

4. O0beM, CTPYKTYPA U COJIepPKAHME T CHUILTHHBI

OO0mast TpyA0€MKOCTh TUCIUIUIMHBI COCTaBIsieT 2 3a4€THBIE €IUHHIIBI, 72 aKaIeMHUYECKHUX
qaca.

DopMbI TEKYLIET0

Buanl yueOHBIX 3aHATHI KOHTpO.IH
Tembl (pa3aesibl) y ) yCIeBaeMocTH
Ne IMCIHILTHHBL, 8 | BKIIOYasi CAMOCTOSITEIbHYIO
(]
a0oTy CTY/IeHTOB
o/ HX Co/lepKaHHe < P y eryn ) ®opma
> U UX TPY/10€MKOCTh .
Q NPOMEKYTOUHOI
(B akaieMHYECKHX Yacax)
aTTecTaluu

(no cemecmpam)

KonrakTHasi padora
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Ou3nYecKrue OCHOBBI Vermpiii onpoc
METO/1a paCTpPOBOMH .
pactp 3 3 2 1 7 |Otuet o mabopaToOpHOMH
AIEKTPOHHOM AGoTe
Mukpockonuu (POM) P
[IpakTuueckue acreKkThl Vermpiii onpoc
acTpoBOU .
pactp . 3 3 4 1 7 |Otuet o JabopaTopHOM
AIIEKTPOHHON AGoTe
MHUKPOCKOITHH p
[Ipumenenue metona Vermbiit onpoc
acTpoBOU .
pactp . 3 3 4 1 7 |Otuet o JabopaToOpHOM
ANEKTPOHHOMU AGoTe
MHUKPOCKOIIHH. P
OcHOBBI
MIPOCBEUYMBAIOLIEH Vermbiit onpoc
ANIEKTPOHHOM .
p 3 5 4 1 7 |Otuet o JabopaToOpHOM
Mukpockonuu (II9M). AGoTe
OneKTpoHHAas p
nudpakius.
MeTop1 TOATOTOBKH Y CTHEI Orpoc
3 2 2 1 7 |Otyer no nabopaTopHOit
oOpasmoB s [I1OM pabore
0.3 3auer
Bcero 16 | 0 | 16 | 5 35

Coz[epncaHI/Ie pa3aciioB JUCHUIIIINHBI

l. ®u3uyeckne OCHOBBI MeTOJAa PACTPOBOM 3JIeKTPOHHON MuKpockonuu (PIM).
YCTpolCTBO CKaHMPYIOMIETO AJIEKTPOHHOrO MHUKpockona. Ilpupona aHamauTHUUECKOTO
CUTHAJa B JIEKTPOHHOM MMKPOCKOIIE, 3JIEKTPOHHBIA CIEKTpP, TUIOJIOTHS PACCESIHHBIX
97eKTpoHOB. OCHOBHBIE BHIBI KOHTpacTa (Tomorpauveckuii, XUMUYECKUH — Z-
KOHTpacT, Kpucrayiorpapuueckuii u ap). IIpuHIUNBI JETEeKTHPOBAaHUS CHUTHAJA,
KOHCTPYKLHUU JETEKTOPOB BTOPUYHBIX M OTPAXKEHHBIX JJIEKTPOHOB. OIEKTPOHHBIE
UCTOYHUKHU: CPaBHEHUE M0 ApKocTu. JInH3bL: qudpakuuonnslii npeaen A66e, abepparuu,
npobnema rayOunsl ¢dokyca. [[unemma pasmepa u Toka 30H7a. Paspemienne merona
(TaTepanpHOE U TIO TITyOHHE).

2. TIpakTHYecKHe aCNEeKThl PACTPOBOM 3JIEKTPOHHOI MHKPOCKOIIMH.

[TapameTpsl pabOTBl 3JIEKTPOHHOTO MHUKPOCKOIA, KOTOpBIE JIOKEH YMETh BapbHpOBATh
MoJib30BaTeNb (YCKOpSIOLIee HalpsDKeHHEe, pa3Mep U TOK 30HJa, pabodee pacCTOSIHHE U
pasMep amepTypel); HMX BIHMAHUE Ha wu300paxeHne. OCOOEHHOCTH 3IIEKTPOHHBIX
n3zo0paxenuit u apredaxtsl. [Ilpurorosnenne odpasuos ans POM (npobnema 3apsoxeHus
IUIOXOMPOBOSIIUX 00pa3IoB, CIOCOOBI €€ pelleHus; apTedakThl IMpernapupoOBaHUs).
Hosbie HanpaBneHus B metone POM: HU3KOBOJIBTOBAS MUKPOCKONHUSA, MUKPOCKOMNUS B
€CTeCTBEHHOH cpene (HM3KUH BakyyM); OU(pPaKUUs OOpaTHO-PACCESIHHBIX SJIEKTPOHOB



(1OPD, unu EBSD), Tunnunsie 3amauu, pemaemoie npu nomotu JJOPI; nabnroneHus B
peXrMe KaToAO0IIOMUHECIICHIIMM U HaBEJIEHHOIO TOKa.

3. IlpumeHeHuUE MeTOIa PACTPOBOI JJIEKTPOHHOM MUKPOCKOIMH.
Habop TunmuHbIX 3a1a4, pemaeMbix MeTo oM POM: nccnenoBanne Mukpomopdororun
MOPOILIKOB, HCCIEA0BaHNE KEPAMHUYECKON MHUKpPOCTPYKTYpHI, HCCleAoBaHHE (a30BOro
cocTaBa M HEOAHOPOJHOCTEH XUMHYECKOIO COCTaBa, BO3MOXKHOCTb TOJTYYEHHS
Kpuctaorpaduueckoit unpopmanuu u3 nanueix POM. KonnuecTBeHHbIE H3MEPEHUS B
pacTpoBOii AJEKTPOHHOM MHKpockomuu. OrpanudeHuss merona POM. OcHoBHBIE
npousBoguTenu (PUPMbI) MHUKPOCKOIIOB, PaclpOCTpaHEHHbIE MOJENU MpUOOpPOB U HUX
BO3MOYKHOCTH, TCHJICHIIMH B Pa3BUTHUU MPUOOPHOI Oa3bl.

4. OcHOBBI NpOCBeYUBaIONIEeH JJIeKTPOHHOH MHKpockonuu (IIIM). DiekTpoHHas
auppakums.
YCTpOHCTBO COBPEMEHHOTO MPOCBEYMBAIOIIETO MUKPOCKOIA; JBA OCHOBHBIX pabOdMx
peXHMMa: PEKUM  U300paxkeHWss W pexuM  gudpaknuu.  THBI  KOHTPACTOB:
a0bCopOIMOHHBIN, TU(PAKITMOHHBINA U (Da30BBIA. DIIEKTPOHHAS TU(pakius: Tudpakius C
cenextopHoi auapparmoit — SAED (JIokaibHOCTB, TOYHOCTB), MUKpOIydeBas (MBD) u
HaHonyueBas (NBD) nudpaxnus, mudpakuus B cxoxsmemcs nyuyke — CBED
(BO3MOXXHOCTH), HEYINPYTO€ paccesHHe dSJIEKTPOHOB U (opmupoBanue TUHUNA Kukyun
(u3Bnekaemass wuH(OpManus, comocraBieHne ¢ Metogom JIOPD). T'eomerpus
ANIEKTPOHOTPAMMBI, PacyeT MEXKIUIOCKOCTHBIX PACCTOSHHM, WHIWIMpOBaHUE. BrusHue
peanbHOl CTPYKTYpbl MaTepualia Ha dJeKkTpoHorpammy. CpaBHEHHE SJIEKTPOHHOUW U
PEHTIE€HOBCKOM U(paKIMU: HOBbIE BO3MOXKHOCTH, YCIOXKHEHHE ITUPPAKIIMOHHOMN
KapTUHBI (TIOHATHE O ABOMHOM MU(paKkIuy U AMHAMUYECKUX P deKTax).

5. MeTtoabl noaroroBku odpasuos aas IIIM.
O6mue TpeboBanusa k obOpasuam st [IOM. IlpenapupoBaHue MOPOIIKOBBIX 00pa3IoB.
Bunst cerok-nomosxek aist [I9M. OOmas cxema mpurotoBiieHust oopasua ais [19M u3
o0bemMHOro Matepuana. Moaudukanuss cxembl [ H3YYEHUS TOHOKOIJICHOYHBIX
o0pa3noB. [IpakTHka MOHHO-TY4e€BOTO YTOHEHHs (TpaBieHUs 00pa3ioB). ApTedakTsl
npenapupoBanus obpasno g [IOM. CoBpeMeHHBIE TEHIEHIIMM B HW3TOTOBICHHUH
o0pa3uoB s [IOM — choxycupoBanubiii HOHHBIHN mydok (FIB).

5. 06p33OBaTeJIBHI)Ie TEXHOJOI'MA, HCITOJbB3YEMBIEC IIPU OCYLIECCTBJICHHH 06pa3OBaTeJ1bHOFO
npouecca mo JTMCuMIlInHe

B nporecce 00ydeHus NCTIONB3YIOTCS Clenyrolue 00pa3oBaTeIbHbIil TEXHOJIOTHU:

BBogHasi Jeknusi - JAeT NEpPBOE LEJIOCTHOE MPEACTABICHUE O [UCHMIUIMHE H
OPUEHTHUPYET CTYJEHTAa B CUCTEME H3Y4YEHMsI NaHHOW AMCUMIINHBL. CTyIEHTBI 3HAKOMSATCS C
Ha3HAYeHHEeM WU 3aJlauaMu Kypca, €ro poJIbl0 U MECTOM B CHUCTEME Y4eOHBIX IUCUUIUIMH U B
cucTeMe MOJrOTOBKM B LeioM. JlaeTcst KpaTkuil 0030p Kypca, MCTOpUSl pa3BUTHS HAyKH U
MIPaKTUKHU, JOCTHKEHUS B 3TOM cepe, MMEeHa U3BECTHBIX YUEHBIX, U3JIaratoTCs IEPCIEKTUBHBIE
HalpaBJeHUsd HCcilenoBaHuid. Ha 3TOM  JeKUMM  BBICKA3bIBAIOTCA  METOJHMYECKHE U
OpraHM3allOHHbIE OCOOEHHOCTH pa0OThl B paMKax MaHHOW IUCHUIUIMHBI, a TakXKe TaeTcs
aHaJIN3 PEKOMEHIyeMOH yueOHO-METOMUECKOM JTUTEPATyPHI.

AKkafeMHuYecKast JeKIMs (U JIEKIHs 0011ero Kypca) - mocie0BaTelbHOe U3TI0KEHNE
Marepuana, OCYILIECTBISEMOE IIPEUMMYIIECTBEHHO B BHJIE MOHOJOIa IIPEIOJaBaTells.
TpeboBanus K akaJeMHUYECKOW JIEKLIMU: COBPEMEHHBIM Hay4YHBIH ypOBEHb U HACHILICHHAS
MH(POPMATUBHOCTb, YOEOUTENIbHAs apryMEHTalus, [OOCTYNHAas M TOHATHas peyb, 4YeTKas
CTPYKTypa M JIOTHKA, HaJW4YHe SPKUX MPUMEPOB, HAYYHBIX JI0Ka3aTEIbCTB, OOOCHOBaHUM,
(baxToB.

JlabopaTopHuble paGoTbl - opraHuzamus yd4eOHOH paboThl €  peallbHBIMU
MaTepHalbHBIMU ¥ HMH()OPMAIMOHHBIMH  OOBEKTaMH, SKCIIEpUMEHTalbHas pabora cC
aHAJIOTOBBIMU MOJIEJISIMU PEAJIbHBIX 0OBEKTOB U (PU3UYECKUX SIBICHUM.



6. Ilepeyenb MHGOPMAIMOHHBIX TEXHOJIOTHH, HCHOJIb3yeMbIX IPH OCYILIECTBJIEHUH
00pa3oBaTe/IbHOIO Mpouecca Mo JTUCHUILIMHE, BKJIOYasl NepedyeHb JIHIEeH3UOHHOTO
NMPOrpaMMHOro ofecreyeHUss M HMH(OPMALNMOHHBLIX CHPABOYHBIX cHCTeM (NIpHU
He00X0IMMOCTH)

B mpouiecce ocymiecTBieHus 00pa30BaTeIbHOIO MPOLIECca UCTIONb3YOTCS:

Windows Pro 7 RUS

Microsoft Office Std 2013

Microsoft Imagine Premium Electronic Software Delivery (1 year) (Visual Studio

Enterprise)

- MynbTUMEIMiHBIE PE3EHTALIUU

- Pecypcrr caiitoB atelearning.com, icdd.com, nist.gov, rruff,info, crystallography.net,
mindat.org, webmineral.com u T.1.;

- Jlns mpoBenenust o0pabOTKH TaHHBIX - MaTeMaThyeckuii maket Scilab.

- Ina mnoucka yueOHOM mutepaTypel Oubamoreku Apl'Y — ABromarusmpoBaHHas

oubmmoreuynas napopmarmonHas cuctema "BYKU-NEXT" (ABUC "byku-Next").

7. IlepeyeHb OCHOBHOW M JONOJHUTEIbHOH Yy4eOHOH JIMTEpPaTypbl, pecypcoB
HH(OPMAIMOHHO-TEJIEKOMMYHUKANIMOHHON ceTH ''WHTepHer", He0OOXOAMMBIX ISl
OCBOCHMS THCHUILIHHBI

a) OCHOBHAasI JIUTEepaTypa:

1.1. CoBpeMeHHBIE METO/IbI CTPYKTYPHOTO aHAJIM3a BEIIECTB : YUCOHUK [ DJIEKTPOHHBIN pecypc] /
M.®. KynpusiHos, A.I'. Pynckas, H.b. Koganosa u ap. - Poctos-nHa-/lony : U3natenbctBo
KOxHoro ¢enepansHoro ynusepcurera, 2009. - 288 c.

http://biblioclub.ru/index.php?page=book&id=241003

1.2. ®u3nKo-XxMMHUS HAHOYACTHUL, HAHOMATEPHUAJIOB U HAHOCTPYKTYP : yueOHOe rmocodue
[DnexkTponHsIil pecypc] / A.A. bapeioun, B.A. baxtuna, B.1. Tomunun, H.I1. Tomununa. -
Kpacnosipck : Cubupckuit ¢penepanpubiil yausepcurert, 2011. - 236 c.

http://biblioclub.ru/index.php?page=book&id=229593

0) 10MOJHUTEJIbHAS JINTepaTypa:

2.1. ®unnmonosa, H.M. MeTtoibl uccneoBanusi MUKPOJIEKTPOHHBIX U HAHOJIEKTPOHHBIX
MaTepHaJIOB U CTPYKTYP: CKAaHUPYIOIIAs 30H0Basi MUKPOCKOTHS : yueOHOe mocooue
[OnexTponnsiii pecypc] / H.U. ®unumonona, b.b. Konbios. - HoBocubupck : HI'TY, 2013. -
4. I. - 134 c. http://biblioclub.ru/index.php?page=book&i1d=228943

2.2. HukutenkoB H.H. OcHOBBI aHa)IM3a TOBEPXHOCTH TBEPBIX TEJ METOIAMH aTOMHOUN (HU3UKH
: yaebHoe nocodue [Dnexrponnsiii pecype]/ H.H. Hukurenkos. - Tomck: TomMckuit
nonuTexHnueckuil yauepeutetT, 2013. - 203 ¢, http://www.iprbookshop.ru/34691.html

2.3. Mazanoga, B.JI. Hanoknactepsl: peHTI€HOCTIEKTpaJIbHbIE UCCIEA0BAHUS M KOMITBIOTEPHOE
MojaenupoBaHue [DnekTponHsiid pecypce] / B.JI. Mazanosa, A.H. Kpasnosa, A.B. Congaros. -
Mocksa : ®uzmataur, 2012. - 184 c.

http://biblioclub.ru/index.php?page=book&id=275555

2.4. Nmenko, A.A. HanokpemMHMii: CBOMCTBA, OJy4€HHUE, IPUMEHEHHUE, METObI NCCIIC0OBAHUS
1 KOHTpOJIs [ DneKkTpoHHBIN pecype] / A.A. Umenko, I'.B. ®etucos, JI.A. AcnaHoB. - 2-¢ u3.,
ucnpasil. - Mocksa : ®usmarnut, 2011. - 648 c.

http://biblioclub.ru/index.php?page=book&id=457660

B) pecypchl cetn ""UHTepHeT"



1. DnekrponHas OubmuoTeka yaeOHbIX MaTepuanos Spl'yY
(http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php).

2. Uadpopmanmonnas cucrema "EauHoe OKHO J0cTyIa K 00pa3oBaTeIbHBIM pecypcam”
(http://www.edu.ru (pazaen YueOHo-MeToamuecKast OMOIMOTEKA) WITH TIO TIPSIMOI CCBIJIKE
http://window.edu.ru/library).

3. DneKkTpoHHO-OMONIMOTEeYHAs CUCTeMa « Y HUBEpCUTETCKasi Onbimoreka online»
(www.biblioclub.ru ).

4. Kpucramnorpaduieckas U KpUCTAIUIOXUMUYEcKas baza JaHHBIX TSI MUHEPAJIOB B UX
CTPYKTYpHBIX aHanoroB: 10202 3anuceii, B TOM YHCJI€ YHUKAJIbHBIX 110 UMEHH MuHepana: 4280
(http://database.iem.ac.ru/mincryst)

5. Xumuueckuit pakynprer MI'Y JILFO.IlymapoBckuii Pertrenorpadus Mmuaepaion
(http://www.chem.msu.su/rus/books/mineral/welcome.html).

6. JIaGopaTopusi KpUCTAIUIOXUMHH. Y 4eOHbIe MaTEepPHUAIIbl IO KYPCY KPUCTAIIIOXUMUU
(http://www.chem.msu.su/rus/lab/phys/cryschem/lectures/index.html).

7. YueOHbIe MaTepHaIbl IO KPUCTALTOXUMHUH. XUMUYecKu pakynprer MI'Y
(http://www.chem.msu.su/rus/cryst/welcomel.html).

8. Xumnueckuii pakyapteT MI'Y. JlabopaTopus kpuctamioxuMuu. [Tone3Hbie cChUTKH
(http://www.chem.msu.su/rus/lab/phys/cryschem/links/index.html).

9. I'eonornueckuii pakynprer MI'Y. Kadenpa kpucrannorpaduu u KpUCTaIIOXUMUU
(http://cryst.geol.msu.ru/courses/rgrf).

10. Kadenpa kpucramiorpaduu CIIOI'Y (http://crystal.geology.spbu.ru).

8. MarepuanbHo-TexHn4Yeckass 0a3a, Heo0XoAuMass Ui  OCYLIECTBJICHUA
00pa3oBaTeIbHOIO NpoLecca Mo JUCHHUILINHE

Aynuropuu, oO0OpYyIOBaHHBIC IJIsi MPOBENCHUS JEKIUH (M MyJIbTUMEIUNHBIX), (OHI
OMONMMOTEKH, KOMITBIOTEPHAS TEXHUKA. [Ipy MpoBeeHNN 3aHATHIA NCTIOIB3YETCS] COBPEMEHHOE
obopynoBanue lleHTpa  KONJIEKTUBHOTO  TOJb30BaHUS  "/lmarHocTuka MHKpO- H
HAHOCTPYKTYp': AJIEKTPOHHBIE CKaHUpYIomme Mukpockomnsl Supra 40 ¢upmsr Karl Zeiss
(Germany) u Quanta 3D 200i ¢upmer FEI (Netherlands), mpocBeunBarommii 3aeKTPOHHBINA
mukpockon Tecnai G2 F20 ¢upmer FEI (Netherlands).

ABTOp:

JlonieHT 6a30BOM Kadeapsl

. O.C. TpymnH
HAHOTEXHOJIOTUH B 3JIEKTPHUKE, A.().-M.H.

OQ0JIHCHOCD, YUeHdsl CMeneHb noonucw U.0. Qamunus



IIpuio:xkenne Nel k padoyeil nporpamMme QM CIUTIIAHBI

«MeToabl aHAIN3A CTPYKTYPbI 1 XUMHNYECCKOI'0 aHAJIN3a HAHOCUCTEM»
(HaumeHoBaHUE OUCYUNTUHBL)

DoH/1 OLIEHOYHBIX CPEICTB
AJIS1 MPOBe/ICHUs TeKylleld U MPOMeKYTOYHOI aTTecTaAllMU CTYAeHTOB
o AUCIHHUILINHE

1. TunoBbie KOHTPOJIbHBbIE 3aJaHUSI HJIU HHbIE MaTepUAaJIbI,
Heo0X0AuMBbIe VISl OLleHKH 3HAHUI, YMeHH i, HABBIKOB M (1JIM) ONBITA JeSITeJIbHOCTH,
XapaKTePU3yHIIMX 3TANbI (POPMHUPOBAHUS KOMIIETEHIIU I

1.1 MarepuaJibl, HCIIOJIb3yeMble B Mpolecce TeKyllel aTTecTaluu

Tema 1. [IpakTuueckast 1eMOHCTpAIUsl OCHOBHBIX PEXUMOB pabOThl PACTPOBOI0 JIEKTPOHHOIO
mukpockorna u EDX/WDX-ananu3a Ha 3JIeKTPOHHOM MHUKPOCKOTIE.

Tema 2. Ilpumepsl pemieHUs] TUIOBBIX 33134 MPOCBEUMBAIONIEH 3JEKTPOHHON MHUKpPOCKONIHH
MaTepuainoB. [IpakTuueckas JAeMOHCTpalus OCHOBHBIX PEXHMOB PaOOTHI MPOCBEYHBAIOIIETO
AJIEKTPOHHOI'O MUKPOCKOIIA...

TeMbl 1a00paTOPHBIX PadoT:

1. Cxanupytomiasi 3J€KTpOHHAsT MUKPOCKOIIHS.

2. OCHOBBI IOJTyUEHUS IKCIIEPUMEHTAIBHBIX JAHHBIX U UX 00paboTKH, paboThI ¢ MpuOOpOM
3.IIpocBeunBaromias 3J€KTPOHHAS MUKPOCKOIHUS

4. UccnenoBaHue MoBeJCHIS] MHTEHCUBHOCTH Ha BEIOPaHHBIX 00pasiax

5. Onpenenenue pa3mep odIacTeld KOrepEHTHOCTH

6. YTOYHEeHHEe MapaMeTPOB PEIIETKH BHIOPAHHBIX 00PA3IOB

7. OuleHKa XMMHUYECKOTO COCTaBa BHIOPAaHHBIX 00pa3IoB

1.2 Crincok BONPOCOB M (MJIH) 3aaHNI /151 IPOBEIeHUsI IPOMEKYTOYHOM aTTecCTAlMU

1. KaKI/Ie BUIbI BHeKTpOMaFHI/ITHOFO I/IBJ'Iy‘ICHI/ISI BO3HUKAKOT HpI/I B3aI/IMOJIeI\/'ICTBI/II/I SHGKTPOHOB C
BEIECTBOM?

2. Ilouemy narepalibHOE pa3pellieHHEe PEHTTeHOCIEKTPaIbHOTO aHAIW3a B IPOCBEUYHBAIOIIEM
MHUKPOCKOIIE BEIIIE, YeM pa3pelIeHIe MPU aHATU3€e B pacTpoBoM MuKpockore? Kakue hakTopsl
ONPEACIISIIOT MPOCTpaHCTBEHHOE paspenienne POM u PCMA?

3. Kakue 37eKTpOHbI Ha3bIBaIOTCSI BTOPUYHBIMU, a Kakre o0paTHO paccestHHbIMU? Kak 3aBuCUT
K03((HULIMEHT BTOPUYHON 3MHUCCHUU O OT aTOMHOT0 Homepa Z?

4. CpaBHHUTE JaTepajbHble M300pakKeHUsS IMOJYUYCHHbIE perucTpanueil oOpaTHO OTPaKEHHBIX M
BTOPUYHBIX 3JIEKTPOHOB B PACTPOBOM MHUKPOCKOIIE.

5. OObsAcHUTE, MMOoYeMy 3HaueHue Kod(PHUIMEHTa OTpakeHUs DJIEKTPOHOB 1| MPAKTHUECKH HE
3aBUCHUT OT SHEPIUU MaJAI0IINX 3JIEKTPOHOB.

6. Hpe):[HOJ'IO)KI/ITC, KaKk MU3MCHHUTCA paclnpeaACiCHUC HWHTCHCUBHOCTH IIOTOKAa BTOPHWUYHBIX
OJICKTPOHOB IIPpHU U3MCHCHUU yTIJIa NAJCHHA IIEPBUYHOTO ITydKa 3JICKTPOHOB.

7. BenencrBrue Kakux B3aUMOJICUCTBUI TIPOUCXOAUT BO30YX)AeHHE (POHOHOB U IJIA3MOHOB?
Kaxk Tn B3anmMo1elicTBHS OBJIHSIOT HA YHEPTUIO TIEPBUYHOTO ITyYKa JIEKTPOHOB?

8. Ilpupona u Tunsl KoHTpacta B POM.



9. Tlo kakoil NpUYMHE HENb3sl HCIOJB30BAaTh JETEKTOp OBepxapra-TOpHIM, HO MOXKHO
WCIIOJBb30BAaTh  TBEPAOTENBHBIA  MOJYNPOBOJHUKOBBIA  JETEKTOP OOpaTHO  pacCesHHBIX
3JIEKTPOHOB B CIIy4ae aHaiau3a o0pas3loB B peXHME HU3KOTO Bakyyma?

10. Kakue KOHCTPYKTHBHBIE OCOOCHHOCTH PACTPOBOTO MHUKPOCKOIA TO3BOJISIOT HCIOJIB30BAThH
MOJIyIPOBOTHUKOBBIE TBEPJOTEIbHBIC AETEKTOPHI AJISl PETUCTPALIUU BTOPUUHBIX AIEKTPOHOB?

11. Kak u3menutcs riryouna ¢okyca npu yMEeHbLICHUH pabodero paccTosHus - WD?

12. BcnenctBue Kakoro THIA B3aWMOACHCTBHS BO3HHMKAET HEMPEPHIBHOE PEHTIEHOBCKOE
u3iyueHue?

13. Kakue 31eMeHThl TPYJHO pa3IMUUTh IIPU UCIIOJIB30BaHUU dHEproaucnepcuonioro PCMA?

14. ITpuanun konndecTBeHHOro aHanusza B PCMA. Ha3zoBuTe 0CHOBHBIE TONTPABKK BBOJMMBIE B
Meroae ZAF-koppekunu u oObICHUTE MX (GU3MYEeCKui cMbIcia. Kakas w3 mompaBOK BHOCHT
HanOOJIBIINN BKJIAL?

15. KakoBel nomkHBI ObITh yciaoBusi PCMA-3kcnepuMeHTa I TIOJYYCHHS MaKCHMAaJbHOTO
paspenieHuss Mpu KayeCTBEHHOM aHaiau3e? MaKCUMaJIbHOM TOYHOCTH MPU KOJIMYECTBEHHOM
aHanusze?

16. OOBSICHUTH CMBICT BCEX CTPOK M 3HAYCHHI B (aiiyie BBIAAYN PE3yTbTATOB KOJMYECTBEHHOTO
aHanusa.

17. Paznuuatorcs sm TpeboBanusi kK oOpasny B PCMA ¢ BomHOBOW jucmepcueid u
9HEProJUCIICPCHOHHOM BapHaHTe?

18. Ilo kako¥i mpUUKHE aHaJIU3 BOJIHOBBIM CIIEKTPOMETPOM LI€JECO00Pa3HO OCYIECTBIISATh
TOJIBKO C TIOJIMPOBAHHBIX 00pa310B?

19. Kakoii U3 KpHCTa/JIOB-aHAJIU3aTOPOB JIydllle BHIOpaTh Ui aHaiM3a CoJAepXkaHus Oapus 1o
Lol nuannm ¢ sHeprueit 4466,26 xkaB?

20. M0>XHO 711 TPOBOJUTH aHATN3 AJIEMEHTHOTO COCTaBa 00pasiia, COAEPKAIIEro OKCH/I TUTaHa
W OKcuJ Oapus C UCIOIB30BAaHUEM SHEProIUCTIEPCHOHHOTO JIeTEKTOpa ?

21. PCMA 1o Kakoil CHEKTpaJbHONW JHMHUU MEAM T[O3BOJIUT JOCTHUTHYTh HAMIYUIIero
MIPOCTPAHCTBEHHOTO pa3pelleHus MpU ycKopsromieM Hanpsbkenuu 30 kB?

22. HazoBuUTE NpUYUHBI IO KOTOPBIM HE KOPPEKTHO MpoBoauTh PCMA yriepoja B uyryHax?

23. MoryT 11 B ciekTpe oOpasiia npucyTcTBOBaTh TMHUM K3 6€3 COOTBETCTBYIOMIMX 3TOMY K€
anemenTy auHuid Ko n Hao6opot Ka 6e3 KB?

3a4yeT BBICTABIAETCS 110 HTOraM TGKyI.LIGﬁ aTTeCTalu.



IIpuiio:xkenne Ne2 k padoveil mporpamMme QM CIUTIIAHbBI
«MeTtoabl aHAIM3A CTPYKTYPbI H XUMHYECKOI0 AHAJIH32 HAHOCHCTEM)

MeToauuecKkue YKa3aHuA AJHA CTYACHTOB I10 0CBOCHHIO JTHCHUIIJINHBI

OcHoOBHOI (HOpMOH H3IIOKEHUSI Y4eOHOrO MaTepHaia IO JUCHUIUIUHE «MeTombl
aHamM3a CTPYKTYphl M XHUMHYECKOTO COCTaBa HAHOCHCTEM» SBISIOTCA JeKmud. [lo
OONIBIIMHCTBY TEM IMPEAYCMOTPEHBI J1a0OpAaTOPHBIE 3aHATHs, HAa KOTOPBIX IIPOUCXOIHUT
3aKpeIuieHHue JIeKIIMOHHOTO MaTepuana IyTeM TMPUMEHEHHs ero K KOHKPETHBIM
7a00OpaTOpHBIM 337a4aM H OTPab0OTKa HABBIKOB pabOTBI C METOJOM PEHTTEHOBCKOM
nudpakiuu.

JUis  yCIIemHOTO OCBOEHHSI JTUCHHUIUIMHBI OYEeHb BAKHO IIOHMMAaHUE JEHCTBHUH,
COBEpIIIaeMbIX BO BPEMs BBINTOJHEHHE JIA0OPAaTOPHBIX paboT, Kak B J1abOpaTopvH, Tak U
CaMOCTOSITEITFHO B KAUECTBE IOMAIIHUX 3aaHuii. JlabopaTopHbie pabOThI BBITTOIHSIIOTCS IO
HaOJIIOZICHUEM TIpernojaBatrens, NpH HEOOXOJUMOCTH Mo Hauboyiee TPYIHBIM TeMaM
MIPOBOJIATCST JOMOJTHHUTEIbHBIE KOHCYNbTaru. OCHOBHAsI IENIb BBITIOJHEHUS JTAOOPAaTOPHBIX
paboT — IMOMOYb YCBOUTH OCHOBHBIC TNPHHLMUIBI METO/Aa CKAHUPYIOIEH U pacTpOBOIl
MUKPOCKOTHH. J{J1s1 BEITIOTHEHUS BCEX JTAOOPAaTOPHBIX paboT HEOOXOIMMO 3HATh M TIOHUMATh
JEKIMOHHBIH MaTepuan. [loaToMy B mpolecce HM3y4eHHs AUCIHMIUIMHBI PEKOMEHIYEeTCS
peryinsipHoe  TOBTOPEHHE  IMPOWACHHOTO  JIGKIMOHHOTO  MaTepuana.  Marepuan,
3aKOHCTICKTHPOBAHHBIA Ha JIEKIMSIX, HEOOXOJMMO JIOMa eIe pa3 MpopadaThiBaTh W TIPU
HE00XOIMMOCTH JIOTIOJIHATh MH(POPMAIUEH, MOTYyYeHHOM Ha KOHCYIbTallUAX, 1a00paTOPHBIX
3aHATUSAX WIN U3 y4eOHOW JTUTEPaTypPHI.

Bonbiioe BHUMaHME [OKHO OBITh Y/AEJICHO BBIOJHEHMIO JOMallHed paboTsl. B
KayecTBE 3aJaHUN JUIS CaMOCTOSITENIbHOW pPa0OTHI JOMa CTYJISHTaM IIpeIararoTcs
nabopaTOpHbIE 3a]1auu, TOTOJIHAIOLINE U IPOI0JIKAIOLINE OTPAOOTaHHbBIE HEMOCPEACTBEHHO B
nabopaToOpUH.

Jls mpoBEpKU U KOHTPOJISI YCBOGHMS TEOPETHUUECKOro MarepHaja, MpuoOpeTEeHHbBIX
MPAaKTHYECKNX HABBIKOB Pa0OTHI M MPOBEACHUS PAcUeTOB, B TCUCHHE OOYYCHHUS MPOBOISTCS
MEpONPUATHS TEKYILEH aTTecTallii B BUJE 3alUTHI JAOOPAaTOPHBIX paboT (B JabopaTopun).

3ayer TpPUHUMAETCS MO WUTOraM paboThl B CEeMeCTpe, MPHHATHIM OTYeTaM [0
nabopaToOpHBIM paboTam.

OcBouTh BOIPOCH, H3JaraeMble B MpOIECCe H3Y4YEHHUS AUCUUIUIMHBL «MeToabl
aHaIM3a CTPYKTYphl W XHMMHYECKOTO COCTaBa HAHOCHCTEM» 0€3 CaMOCTOSTEIbHOTO
BBINOJIHEHUS CTYJIEHTOM BCEX 3TAIoB JIabopaTopHbIX paboT HempocTo. [ToaToMy mocerienne
BCEX JIAOOPATOPHBIX 3aHSATHH SBISIETCS COBEPIIEHHO HEOOXOMUMBbIM. be3 BOBIEUEHHOCTH B
NpUOIMKEHHBIM K peaJlbHOMY HCCIIEOBATEILCKUI IMPOLECC B TEUEHHUE CEeMecTpa OCBOMTH
JCIATUIHHY BPSII] JTX BO3MOXKHO.

Otuetsl o saboparopHeiM padboTam odopmisitores B cooTBerctBUM ¢ ['OCT 2.104,
I'OCT 2.321,I'OCT 7.1, 'OCT 7.32, TOCT 21.101.

YuebHo-MeTOAMYECKOE oDecneyeHne
CAMOCTOSITEIbHOM Pa0oThI CTYICHTOB 110 AUCHHUILINHE

OueHb TOJE3HBIMH Sl  CAMOCTOSITEIBHOM  PabOThl  SABJISIOTCS  CIEAYIOIINE
AHIJIOSI3bIUHBIE PECYPCHI:

1. X-Ray Transition Energies Database
(https://physics.nist.gov/PhysRefData/XrayTrans/Html/search.html)

2. Solid State Structures Based on Close Packing
(https://scilearn.sydney.edu.au/fychemistry/iChem/solid state.shtml?tab=1)



3. SURFACE EXPLORER Version 2, based on BALSAC, (C) Klaus Hermann (FHI)
(http://surfexp.fhi-berlin.mpg.de).

4. Torsion Explorer - an easy to use tool to learn about molecule conformations
(http://www.openmolecules.org/torsionexplorer/index.html).

5. DataWarrior - an open-source data visualization and analysis program with embedded
chemical intelligence (http://www.openmolecules.org/datawarrior/index.html).

6. The "FPSM method" - a Rietveld like fitting procedure to test all possible crystal
structures from a Database, rank them and find the more probable in your diffraction pattern
(http://cod.iutcaen.unicaen.fr)

7. This mineral database was the first full mineral database on the Internet
(http://athena.unige.ch/athena/mineral/mineral.html).

8. American Mineralogist Crystal Structure Database
(http://rruff.geo.arizona.edu/AMS/amcsd.php).

9. Information Resources on Inorganic Chemistry (http://en.iric.imet-db.ru/DB.asp)

10. Chemistry, Structures & 3D Molecules - a visual and interactive website showcasting
the beatiful world (http://www.3dchem.com/inorganic.asp).

11. General Interest Chemistry Sites; Periodic Table; Labview; Spectroscopy; Bonding;
Physical Properties; Computational Chemistry; Analytical Techniques; Mathematics and
Trigonometric Identities ; Constants and Conversions ; Error Analysis; Miscellaneous
(http://www.unf.edu/~michael.lufaso/chemistry.html).

12. Search interface for Solids
(http://www.chemeddl.org/resources/models360/solids.php).

13. The Materials Project - open web-based access to computed information on known
and predicted materials as well as powerful analysis tools to inspire and design novel materials
(https://www.materialsproject.org)

14. The FACT-Web programs - free but very limited interaction with FactSage
(http://www.crct.polymtl.ca/factweb.php)

15. University of Colorado; Mineral Structure Data
(http://ruby.colorado.edu/~smyth/min/minerals.html)

16. MITOPENCOURSEWARE; MASSACHUSETTS INTITUTE OF TECHNOLOGY
(https://ocw.mit.edu/courses/materials-science-and-engineering).

17. Advanced Certificate in Powder Diffraction on the Web; School of Crystallography,
Birkbeck College, University of London (http://pd.chem.ucl.ac.uk/pdnn/pdindex.htm).

18. Powder Diffraction File: Overview; x-ray diffraction data. includes basic properties
of elements and compounds; references ; Lehigh University Libraries - Library Guides
(http://libraryguides.lehigh.edu/powder)

19. MexayHnapoaabiii eHTp AudpakiruoHHbix ganHbix (http:/www.icdd.com).

Jlisa camocTosiTensHOrO Moadopa nuTepatypbl B Oubmuoreke Spl'Y pekomeHayercs
UCIIOJIb30BaTh!

1. JInunbiii ka6uner (http://lib.uniyar.ac.ru/opac/bk login.php) maeT BO3MOXHOCTH
nojydyeHus on-line gocTtyma K CHOHCKY BBIIAHHOW B aBTOMAaTH3WPOBAHHOM pEXHUME
JUTEpaTyphl, MPOCMOTPa M KOMHMPOBAHUS DSJICKTPOHHBIX BEPCUN H3IAaHUH COTPYIAHHUKOB
yHuUBepcutera (yued. W MeToA. MocoOMsl, TEKCThl JeKuuil u T.1.) s pabotel B «JIlnunom
KaOuHeTe» HeoOXonuMmo 3aiTu Ha cailt Hayunoit OubGnuorexku Spl'Y ¢ mro6oit Toukw,
uMmeroleil foctyn B Internet, B mMyHKT MeHIO «DJIEKTPOHHBIN KaTajlor»; MPOUTH HpPOLEAYpPY
aBTOpM3allUM, BbIOpaB BKIAAKY «ABTOpHU3alUs», W 3alOJHUTh IPEJICTABICHHbIE MO
UH(pOpMAIIHH.

2. JnekTpoHHas 0ub/IHOTEeKa y4eOHbIX MaTepuaioB SApl'Y



(http://www.lib.uniyar.ac.ru/opac/bk cat find.php) conepxut 6omee 2500 MOJHBIX TEKCTOB
y4EOHBIX U y4EOHO-METOJIMYECKHX MATEPHATIOB MO OCHOBHBIM HM3y4aeMbIM AUCIUIUIMHAM,
M3JIaHHBIX B YHUBepcuTeTe. JIOCTYI B CETH YHUBEPCHUTETA, JINOO IO JIOTUHY/TapOJIIO.

3. DnekTpoHHas KapToTeka «KHUroo0ecne4eHHOCTD)
(http://www.lib.uniyar.ac.ru/opac/bk_bookreq find.php) packpsiBaet yueOHbIi GoHI HaAydIHOH
oubmmorexu SApl'Y, npenocraBiser onepaTUBHYIO HHPOPMALIUIO O COCTOSHIUH KHUTOO0ECTIEYeHHOCTH
JUCITUITIINH OCHOBHOH W HOHOHHHTGHBHOﬁ JIHTGpaTypOﬁ, a TaKXE IUKIJIIa AJUCHUINIMH U
CHelManbHOCTEH. DIeKTpOHHAs KapToTeka « KHUrooOecneueHHOCTh) JOCTYITHA B CETH YHUBEPCUTETA
u yepe3 JInuHbIil KaOuHeT.
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