MUHOBPHAYKHU POCCHUN
®OEJIEPAJIBHOE I'OCYJAPCTBEHHOE BIO/ZKETHOE OBPA3OBATEJ/IBHOE YUYPE/XK/IEHUE
BBICIIEI'O OBPA30BAHUS
«BOPOHEKCKHWI T'OCYJIAPCTBEHHBIA YHUBEPCUTET»
(®I'BOY BO «BI'Y»)

YTBEP/XKJIAIO

3aBenyroumii kadeapoii
MaTepHaIOBEICHHS U WHIYCTPHU HAHOCHCTEM

: 7 _-— B.M. HeBnes

///

[ / 17.04.2024 r.
¥

PABOYAS ITIPOTPAMMA YYEBHOM JUCIHUATLIMHBI
b1.B.07.01 Mukpockonu4ecKkue MeTOAbl HCCIeI0BAHUS CTPYKTYPbl MAaTEPHAJIOB

1. Koa v HauMeHOBaHMe HATIPABJIEHHS MOATOTOBKH/CIIEMATbHOCTH:
04.03.02 Xwumwus, puszrka 1 MEXaHUKAa MaTepUajIoB

2. HpO(l)Pl.TIB HOI[FOTOBKI/I/CHEI[I/IaJII/IZ}aI[I/IH: MaTCprUaAJIOBCACHUC U UHAYCTPUA HAHOCUCTEM

3. Kpasugukanus BbINYCKHUKA: OakanaBp
4. ®opma 00y4eHHsI: OUHAS

5. Kaq)enpa, oTBeHaAOIIas 3a peajin3aluio ITMCHUIIJIMHBI: MaTCpI/IaHOBCI[eHI/IH U MHAYCTPUU HAHOCH-
CTEM

6. CocraBuresu nporpammbl: A.(p.-M.H., npo¢. Heenee Banenmun Muxaiinoeuu, 0.¢h.-m.H., npogp.
benonozoe Eezenuit Koncmanmunosuu

7. PekoMen0BaHa: Hay4YHO-METOOMYECKMM COBETOM XMMUYECKOro doakynbTeTa, npoTtokon Ne4
oT 11.04.2024

8. YueOnnbiii roa: 2026-2027 Cemectp(bi): 5



9.1]enu u 3a0auu yueoHOU OUCUUNTIUHDBL:

OcBoeHne (GU3NIECKHX OCHOB MUKPOCKOITMUYECKUX METOJIOB MCCIICIOBAaHUS CTPYKTYPHl MaTEepHUAIIOB, Me-
TOJIMK aHAJN3a.

3amadyaMu Kypca sBISTIOTCS:

- popmupoBanue 6a30BBIX 3HAHHUN B 00JIaCTH (PU3UUYECKOTO MAaTEPUATOBEICHUS U OCHOB B3aUMOACHCTBUS
U3IYYCHUS C BEIIECCTBOM;

- 00y4eHHe CTYACHTOB TEOPETHUECKUM OCHOBAM METOJ/IOB MCCIIEAOBAHUS HAHOCUCTEM W MPHUHIIAIIAM HC-
MOJIb30BaHUS AHATMTHYECKUX YCTAHOBOK B MCCIICIOBAHUU CTPYKTYPhI U CBOWCTB MaTEPHUAIOB,

- (opmupoBaHUEe yMEHUN M HABBIKOB MPOBEICHUS CTYACHTAMHU JKCIEPUMEHTATBHBIX HCCICIOBAHUN B
o0JlacTi HaHO- U OMOMaTepHaioB, 00PaOOTKE TAHHBIX;

10. MecTto yueoOHoii nucuumiauibl B cTpykType OOIl: (o6s3aTenbHas Ui BapuaTUBHASI 4acTh OJ0Ka
b1, x xoropoii otHOcuTcs aucuuiumHa) b1l. Yacte, hopMupyemas ydacTHUKaMH 0Opa3oBaTEIbHBIX OT-
HOIICHUH

11. Ilmanupyemblie pe3y/bTaTbl 00y4YeHHs 1O AUCHHUILVIMHE/MOAYII0 (3HAHUSI, YMEHHS, HABBIKH),
COOTHECeHHbIe ¢ IVIAHUPYEMbIMHU Pe3yJIbTATAMH 0CBOEHHs 00pa30BaTeIbHOI NPOrpaMMbl (KOMIIe-

TCHIHUAMMU BI)Il'[yCKHl/IKOB):

Kon Ha3Banne komrie- Kon WNupukarop [1nanupyemble pe3yabTaTbl O0yUEHUS
TEHIIUU
IIK-3 | Cnocoben mpoBo- | IIK- | O6manaer 3Ha- | 3HATH:
IuTh o0pabotky u | 3.1 | HUAMH BO3MOXK- | COBPEMEHHBIC TIPOOJIEMBbI MaTepHAIOBEIC-
aHaJIU3  pe3yJbTa- HOCTEH OCHOB- | HUS; TEOpETHYECKHue Mojenu (yHIaaMeH-
TOB HCCJIEIOBaHUS, HBIX METOJIOB TaJdbHBIX TPOIECCOB; OCHOBBI KPHUCTAIIO-
MOJIyUEHHBIX  OC- aHaJn3a Be- rpaduu, KpUCTALIOOU3NKA U KPUCTAIIIOXH-
HOBHBIMU METO[a- IIECTB, JJIe- MUU; B3aMMOCBA3b M (PYHIAMEHTAIbHOE
MU  aHajnu3a  Be- MEHTHOTO U (ha- | €TUHCTBO €CTECTBEHHBIX HAYK.
IECTB, 3JIEMEHTHO- 30BOT'O COCTaBa, | YMETh:
ro u ¢azoBoro co- CTPYKTYpHI U MCIIOJIb30BaTh pa3IUYHble METOJbl IpPU HC-
CTaBa, CTPYKTYPHI U CBOWCTB Mare- CJIEZIOBAaHUM CTPYKTYpHI U (pa30BOTO cocTaBa
CBOICTB Marepua- puanos (B TOM MaTepuasoB; pelaTh HCCIeI0BaTENbCKHUE
J0B (BKJIIOYas Ha- qucie HAaHOMa- | 33/1a4M Ha aHAJIMTUYECKOM 000pYA0BaHHH;
HOMAaTepHaIbl) TEPUAJIOB) Brnanets:
HaBBIKAMU PEIICHUS peabHbIX 3a/1a4 UCCIle-
JIOBAaHUS CTPYKTYPBI MAaTEPHATIOB (B TOM
quciie HAaHOMATepHaIOB); IUIAHUPOBAHUEM,
MMOCTAaHOBKOW M 00pabOTKOM pe3yIbTaTOB
HKCIIEPUMEHTA; METO/IaMH aHaIMu3a n300pa-
YKEHHI TPOCBEYMBAIOLIEH, PACTPOBOM U CKa-
HUPYIOIIEH 30HA0BONM MUKPOCKOIINH,
[IK- | CnocobeHn 06- 3HATh:
3.2 | pabGaTbIBaTh U (bu3nUYeCcKre OCHOBBI METOJIOB UCCIIEOBAHUS
aHAJIM3UPOBATh | MUKPO- U HAHOCUCTEM; TEOPETUYECKUE H
pe3yibTaThl TH- | SKCIIEPUMEHTAIbHBIE OCHOBBI  IPOCBEYH-
MTOBBIX METOJIOB | BAKOIIEH M PacCTPOBOW JIEKTPOHHON MHKpPO-
UCCIIEIOBaHU CKONMH U MUKPOAHAJIN3a;
COCTaBa, CTPYK- | YMETh:
TYpHI ¥ CBOICTB | IJIAHUPOBATH ONTUMAIBHOE MPOBEJICHUE UC-
MaTepuasoB (B | clelOBaHHUS dJIE€MEHTHOro, (a3oBOT0 COCTa-
TOM YHCJIE Ha- Ba U aTOMHOH CTPYKTYpbl MaTepUaloB; BBI-
HOMATEepUAJIOB) | IENATh (PU3UYECKYI0 CYTh B TEXHHYECKHUX
3ajjavax;
Bnaners:




HaBbikamMmu MaTemaTwueckoi o0paboTKH |
aHaJM3a Pe3yJIbTAaTOB HMCCICIOBAHUS COCTa-
Ba, CTPYKTYpPhl U CBOWCTB MarepwalioB (B
TOM YHUCIIE HAaHOMATEPHAJIOB); CIIOCOOHOCTH
K WCIOJh30BAHUIO COBPEMEHHBIX METOJIOB
UCCIICIOBAHMSI u UHPOPMAIIMOHHO-
KOMMYHHKAITUOHHBIX TEXHOJIOTHIA.

I1K-4

CnoocobeHn

CBOMCTBaM

HEHHOH pabote
B COOTBETCTBHH
c 3aJlaHHOM
dbopmoit

npoBo- | [1K- Beimosnusier 3HaTh:
IUTh aHanu3 ceipbs | 4.1. CTaHJapTHbHIC METO/bl MCCJIEAOBAaHUS MATEPHAIOB U IKC-
u KOMITOHEHTOB, TEXHOJIOTHYe- NepUMEHTalbHble METOANKH, pa3paboTaH-
aTTECTAIMIO MPOU3- CKHME Ollepaluu | Hble Ha uX 0a3se;
BOJUMBIX MaTepHa- JUISL XapakTepHu- | YMeTs:
JIOB T10 CTPYKTYpE U 3allUM  CBIPbs, | JieJlaTh 3aKOHOMEPHBIE BBIBOJbI, UCXOMIS W3
MIPOMEXYTOU- TEOPHUH U PE3yIbTAaTOB IKCIIEPUMEHTA;
HOW M KOHEYHOU | Branets:
MPOAYKLIUH HaBbIKAMM ILJIAHUPOBAHUSA M CAMOCTOSITENb-
MIPOU3BOJICTBA HOM palbOThl HA COBPEMEHHOM SKCIEPHUMEH-
MaTepuasioB TalbHOM OOOpYIOBAaHUU [UIsl XapaKTepu3a-
MU CHIPbSI U KOHEYHON MPOAYKIIUU TPOU3-
BOJICTBA MaTE€pPHAJIOB.
K- Cocrasnsier 3HaTh:
4.2 MPOTOKOJIbI  aT- | BO3MOXHOCTH M OTPaHUYEHHs, METOJbI MO-
TECTallMd MaTe- | JACIUPOBAHUSA IKCIICPUMEHTA.
pUAIOB U OTYe- | YMETh: HCKIIOYaTh HECYHIECTBEHHbIE A(-
Thl O BBINOJ- | GEKTHl MPU MOJETUPOBAHUU PEATHHOTO (Hu-

3UYECKOr0 KCIEPUMEHTA.
Bmaners:

HaBBIKAMHM aTTECTALIMM MAaTE€pUaAIOB U MOJ-
FOTOBKH OTYETa O UCCIEHOBAHUU CTPYKTYPHI
MaTepuaioB U HAHOCHUCTEM;

12. O0beM AUCUMIIMHBI B 324€THBIX eIUHUIAX/4acaX B COOTBETCTBUH € y4eOHbIM MJIAHOM —
5 3.e. / 180 yacoB. ®opmMa MPOMEKYTOYHOIi ATTECTAIIMHU — 3a4ET.

13. TpynoeMKoCTh 110 BUAaM Y4eOHOH padoThI

TpynoeMKoCThb
ITo cemectpam
Bun yuebHoit paboTbl
Bceero Ne cemectpa
5
KonrakTtHas padora 72 72
JIEKIIUU 36 36
IPAKTUYECKHE
B TOM YHCJIE: n1abopaTtopHbIe 36 36
KypcoBasi pabora
CamocrosTenbHas paboTa 72 72
[TpomexyTodHast arTecTamus 36 36
Hroro: 180 180




13.1. Copnep:xanue U CUUIIMHBI

Jlexuun.

n/n

Haunwme-
HOBaHUE
paszaena
JTMCITUII-
JIMHBI

Coneprkanue pasjena JUCIUTIIMHBI

Peanuzarus
pazzaena
JMCIIUILIMHBI
C MIOMOIIBIO
OHJIAMH-
Kypca,
DYMK *

1. JIexkuu

11

1.2

1.3

Knaccu-
dbuxamus

METOJ0B.

dusnye-
CKHe
MIPUHITN-
IIBI

BsaumoneiictBue usnydenusi ¢ BemiectBoM. Kiaccubukarms
MUKPOCKOIIMYECKUX METOJOB HMCCIEAOBAHUSA CTPYKTYPBI Ma-
TepuanoB. OCHOBHBIE METOJbl MCCIEAOBAaHUS HAHOCHCTEM.
IIpenensl MpOCTPaHCTBEHHOTO Pa3peUICHUs] METOJOB. JJIEK-
TPOHHAsi MUKPOCKOIIMsS B MarepuanosencHuu. Ilomynposon-
HUKOBBIE JETeKTOphl, cCUMHTHILIATOPBL, CCD Kkamepsl, ycT-
pOMCTBA PETHCTPALMU JJIEKTPOHOB U PEHTTEHOBCKOIO M3IIY-
YeHHUs1. 3arpsiz3HeHus1 00pa31oB.

Paccesnue Ha mHaMBHAYyaIbHOM aToMe M Kpuctaie. Kapru-
HBl 3JIEKTPOHHOM audpakuuu. Ympyroe paccesHue. CTpyk-
TypHBIH pakTop. Heynpyras qudpakius.

Ou3nyeckue OCHOBBI pabOThl MCTOYHHKOB DJIEKTPOHOB. Xa-
PAKTCPUCTUKU ITYyYKa JJICKTPOHOB. SHGKTPOHHI)IC IMYIIKH.
JIMH3BL: ONTUYECKHUE, IEKTPOMAarHUTHBIC U 3JEKTPOCTaTHYe-
ckue. AGepparnuu muH3. duadparmel. Pazpemaromas crnoco0-
HOCTb JIMH3bl M CBSI3b C MPOCTPAHCTBEHHBIM pa3pelIeHUEM
Mukpockomna. ['myouna ¢okyca.

14

1.5

1.6

1.7

1.8

1.9

1.10

IIpocse-
YHUBaro-
as
JJIEK-
TPOHHAs
MHKPO-
CKOITUS

[TpuroroBneHue oOpa3lOB M3 MAacCUBHBIX 00pa3ioB. Mexa-
Hu4eckas o0padoTKa, 3JEKTPOIOJIMPOBKA, HOHHOE YTOHEHHUE.
VYIIbTpaToMHpOBaHUE, CKaJbIBAHUE, METOJI PEIJIMK U Hera-
TUBHOE KOHTpacTUpoBaHMe. lcmonb3oBaHHe (OKYCHpPOBAH-
HBIX MOHHBIX IYYKOB. XpaHeHHEe 00pa3lioB

Paccesnue kpucramnmuueckoil pemerkoil. Jlunamuyeckue 3¢-
¢dextol. UnaexkcupoBanue audpakunonHod kapTusbsl. Cdepa
OBanbna. OOpartHast pemerka. BonnoBas ammiutyna. Hec-
10JIb30BAHKE MEXJIYHAPOIHBIX TaOJIUI KpUCTAJUIOTpadUu.

Kunernueckas teopust AUpakuy 3JI€KTPOHOB. DIEKTPOHO-
rpaMMbl OT MOHOKpHCTAJUIA, MOJMKpUCTALIA. J[BoWHas nu-
¢bpakuus, pazMepHbIi 3 HexT.

KoHTpact Ha 31€KTpOHHOMUKPOCKOMHYECKOM H300pa’keHUN.
KononkoBoe npuoiamkeHue.

Kontpacrt, o0ycnoBieHHblll JedekTaMu KPUCTAJUIMYECKOTO
crpoenusi. M3o0paxeHue AUCIOKALWN, TPaHULl 3€PEH, MEeX-
(ha3HbBIX IpaHull, 1e()EeKTOB YIaKOBKH, aHTH(Aa3HBIX TPAHMUI]

AHanUTHUYECKHE BO3MOXHOCTH ITPOCBEYMBAIOLIEH 3JIEKTPOH-
HOM MUKpockomnuu. BeisiBneHue ¢opMbl U onpeaesieHue pas-
MEPOB 3€pEeH U KpUCTAJUINYECKHUX (pa3; ompeneneHue mioTHO-
CTH JUCIIOKAINU

[Mpupona Kukyuu-nunauii. Mcnonb3oBanue nudpakiuu B €X0-
JseMcs nydke. Jlay3-30Hbl.

AMIUITYIHBIH  KOHTpacT. Z-koHTpacT. JudpakinuoHHbIH
KoHTpacT. Pa30Bblii KoHTpacT. [lomydeHue wu3z00paxkeHUit
Kpuctasjmmieckoi pemerku. Kaprunsl Myapa. TonmuHHbIE U

https://edu.vs
u.ru/course/v
iew.php?id=
12136




M3rHOHBIE KOHTYPHI.

1.11 N3o0pakenue nedekToB ymakoBku. TpaHcisunonnsie aedek- | https://edu.vs
Thl. AHTH(a3Hble Tpanulpbl. Jucnokanuu. PaccesHue anek- | u.ru/course/v
TpOHOB Ha aMop(HBIX CTpyKTypax. MccnemnoBanue mopdoiao- | iew.php?id=
T TIOBEPXHOCTH. AHanu3 auciiokanuid. ['panunbl pazmena. | 12136
[Tonyyenune n3o00pakeHU B cIa0bIX MyvKax. MarHuTHbIe 00-
pasibl 1 MArHUTHBIEC JOMEHBI.

1.12 | Orpaxa- | JIudpakuus ObICTPHIX IIEKTPOHOB. DiekTpoHorpadus. Oco-
TenbHas | OGHHOCTH METO0/a, BO3MOXHOCTH B HMCCJIEIOBAHUU AaTOMHOMW
mudpak- | CTPYKTYpbl U CTPYKTYPHBIX MIpEBpalleHH Ha MOBEPXHOCTU
[IUOHHAS | KPUCTAILJIOB.

AIeK-
TPOHHAs
MUKpO-
CKOIUSI

1.13 | Pactpo- | DHeproaucnepcUoHHbII CreKTpoMeTp. BomHOBOW cnekTpo-
Bas ek- | metp. Jerekropsl. KaprupoBanue. KonnuecTBeHHBIN aHAINS.
AIeK- IIpocTpaHCcTBEHHOE pa3pelieHue.

1.14 | tponnas | CnexkTp moTepb 3HEpruu 3ieKTpoHoB. Crnekrpomerp. Paspe-
MHUKpO- | meHue. Monoxpomaropsl. KonuuectBennblii ananus. [Ipun-
CKOIIMA | IUIBI pabOTHI PacTpOBOTO MUKpocKomna. CHCTEMBI pacTpOBO-

ro MUKpoOcKorma. Pexumbl momyueHust u3oopaxenuii. Bnusunue
SHEPTUU IJICKTPOHOB Ha m300pakeHue. OOpPaTHO paccesTHHBIC
ANEKTPOHBL. BropuuHsbie 31eKTpoHbl. MUKpOaHAU3 B pacTpo-
BOM MHKPOCKONMH Y CTPONCTBO MOHHBIX MCTOYHUKOB DUII.
IIpumenenne @UII B uccienoBanusax MaTepualioB. Tpexmep-
Hasi PEKOHCTPYKITUS

1.15 | Ckanu- | ATOMHO-CHJIOBASs MHUKPOCKOMMS: TPUHIHUI, AHAIUTUYECKUE
pytommasi | BOSMOXXHOCTH

16 30H10Bas | CkaHUpYOMIAsh TYHHEIbHAs MUKPOCKOIIWS: TPHHIIUT, aHaIH-
MHKpPO- | THYECKHE BO3MOKHOCTH
CKOIUSI

1.17 | Asro- ABTOMOHHAsE MUKpockonus. IIpuHIMI, aHAIUTHYECKUE BO3-
WOHHAs | MOXKHOCTH
MHUKPO-

CKOTTHS

1.18 | bmmwxkue- | bnwxHenonpHas cBeToBas MUKpockomnus. [IpuHINN, aHamu-
MOJIbHAsT | THYECKHE BO3MOKHOCTH
CBETOBast
MUKpO-

CKOTHUS
2. JJaboparopHbie pabOThI
2.1 | TIpoce- | IlpurotoBieHue 0Opa3loB JUIsl IPOCBEUYMBAIOLICH AIEKTPOH-
YUBAlO- HON MUKPOCKOIIUU
2.2 mias HccnenoBanue kaauOpoBOUYHOro o0pasiia B IpOCBEYNBALO-
JJIeK- IIeM DIIEKTPOHHOM MHKPOCKOTIIE.
TPOHHAS
MHUKPO-
CKOTHS
2.3 | Pacrpo- | HccnemoBanne kaarnOpoBOYHOTO 00pasiia B pacTpOBOM DJIEK-
Basi 3JIEK- | TPOHHOM MHUKPOCKOTIE.
JJIeK-

TPOHHAs




MHKPO-
CKOTIHUSI
2.4 Onek- | Pabora Ha snekTpoHOrpade B pekUMax «Ha MPOCBET» U «HA
TPOHO- | OTPaKCHHEY.

2.5 | rpapusa | UHAMIMpOBAHUE SJIEKTPOHOIPAMM; YCTaHOBJICHHE (Ha30BOrO
cocrasa oOpasina

2.6 WNuaunupoBaHue 2JIEKTPOHOIPaMM; OIIPENIEICHUE TEKCTYPBI U
B3aUMHOI KpucTamiorpaguyeckoil OpHeHTAlMU 3€peH TreTe-
POCTPYKTYPBI
2.7 | Ckanmu- | V3MepeHue mIepOXOBaTOCTH pEaTbHBIX O0pPA3lOB METOJOM
pytomas | ACM;
2.8 | 3onpoBas | UccnenoBanue oopasnoB meronom CTM;
MUKPO-
CKOIIHUSI

13.2. Tembl (pa3aesbl) IMCUMIUIMHBI M BUbI 3aHATHI

‘ Bunb! 3ansTHil (4acoB)

Ne HaumenoBanue TEMBI Camocrosi- [TpomexyTo

n/ Jlex- | IIpaktu- JlaGopa- p YT | Bee-
(pa3znena) TUCIMUIUIMHBI TelpHAsA pa- YyHas

i UU YEeCKHe TOPHbIE ro

0oTa arTecTanus

Knaccudukanus metonos. | 6 12

1 10 28
®du3nuecKue NPUHIUIIBI

2 [IpocBeumBaromas  3mek- | 16 16 30 8 70
TPOHHAsI MUKPOCKOTIHSI

3 | DaekrpoHorpadus 2 6 8 6 22

4 PacrpoBass  snekrponHas | 4 5 8 4 99
MHUKPOCKOITHS

5 Ckanupytomass  30H10Bas | 4 8 8 2 99
MUKPOCKOTTHS

6 | ABTOMOHHAs MUKpOCKOTHS | 2 4 2 8

7 brnwxnenonbpHast cBeToBas | 2 4 2 8
MUKPOCKOTTHS
Uroro: 36 36 72 36 180

14. MeToanyeckue yKkazaHus 1Jisl 00y4alOIMXCsl 0 OCBOEHUIO THCIHHIIHHBI
(pexomenoayuu 00YYAIOWUMCS O 0CB0EHUIO OUCYUNIUHDBL, paboma ¢ KOHCNeKmMamu J1eKyull, npe3eHma-
YUOHHBIM MAMEPUATIOM, 8bINOJIHEHUE NPAKMUYECKUX 3A0aHUl, Mecmos, 3a0aHull mexkyweu ammecmayuu

um.o.)

N3yueHns quCHUTIIIMHBI OPTAaHU30BaHO PETIIaMEHTOM:

o U3y4EHUE TEOPETUUECKOI0 KypCa — BBIMOIHAETCS CaMOCTOATEIBHO KaXKIbIM CTYACHTOM II0 UTO-
raMm KakxJoW M3 JIEKLIIUH, YCBOEHUE KOHTPOJIMPYET IPENOAABATENb Ha JEKIIMOHHBIX 3aHATHAX; CTYIEHTHI
UCIOJIb3YIOT KOHCHEKT JIEKIIMH, y4eOHUKH, METOIUYECKUE TTOCOOUSI, PEKOMEHIyeMble TaHHOU Mporpam-
MOH.

o pelIeHre 3a/1ad U BBINOJHEHUE PACUETHBIX 3aJaHUM; KOHCYJIbTAlUs MPENOAaBaTelsl BO BPEMs
JIEKIIMOHHBIX 3aHATHH, CAada-IpUeMKa 3aJaHuil B KOHIIE CEMECTpA, CTYAEHThbI MCIOJB3YIOT KOHCIIEKT
JeKIMH, yaeOHUKHN, COOPHUKH 3a]1a4 (BKJIIOYAs 3JIEKTPOHHBIE), y4eOHO-METOAMYECKHE TOCOOHSI.

o M3y4YEHUE OCHOBHBIX U JIOIIOJIHUTEIBHBIX JINTEPATYPHBIX HCTOYHUKOB;

o BBITIOJTHEHHE JIA0OPATOPHO - MPAKTUYECKOI0 33/1aHUS; CAMOCTOSTEIbHOE U3yUeHHE allapaTHbIX U
IIPOrPaMMHBIX CPEACTB 3JIEKTPOBaKYyyMHBIX ycraHOBOK BVII, IIOM, POM u 30HA0BOrO MHKpOCKOIA
COJIBEP I147; cTyneHThl UCIONB3YIOT KOHCIIEKT JIEKIIUHA, YICOHHKH, MacrmopTa ¥ MHCTPYKIIMH TI0 KC-




TUTyaTaluy (BKJIIOYasl DJICKTPOHHBIE), YUeOHO-METOANYECKUE TTOCOOUS, KOHCYIbTHPYIOTCS Y TIperoaaBa-
TEJIST; TOTYYArOT JIOMYCK K BBITIOJTHEHHUIO JTA00PATOPHO - TIPAKTUIECKOTO 3a1aHHs,

J TEKYIIHA KOHTPOJIb YCIIEBAEMOCTH B (DOpPME YCTHOTO OMPOCca MO0 OCHOBHBIM pa3jieiaM JUCIIUILIN-
HbI WU TUCBMEHHBIX TECT - OTBETOB.

[ J

15. IlepeyeHb OCHOBHOI M JIOTOJTHUTEJIbHOM JUTEPATYPbI, PECYPCOB HHTEPHET, HEOOXOAUMBIX JIJIsI
OCBOEHMS JAUCUMILIMHBI (CHUCOK UMepamypvl OQpOopMIsAemcs 6 COOmMEemcmeuu ¢ mpebosanusmu
I'OCT u ucnonvsyemces 0bwas ck6o3Has Hymepayus 0Jisi 8cex U008 UCMOUHUKOB)

a) OCHOBHAs JTUTEpaTypa:

Ne n/r1 | UcTounuk

Mertonbl ucciaenoBanus marepuainoB. Yacts 1. MeToibl aHanu3a 3JIEKTPOHHON aTOMHOM
CTPYKTYpPBI, CYOCTPYKTYpPBI 1 MOP(OJIOTHH MOBEPXHOCTU TUICHOYHBIX T€TEPOCTPYKTYpP H

HaHOCTPYKTYp. Yu. mocobue/ benonoros E.K., lomamesckas 2.11., Uesne B.M. u np.
Boponex, BI'Y, 2005. — 180 c.

0) IOTMOHHTENBHAS INTepaTypa:
Ne ii/m | ctounuk

MeTopl HccieIoBaHUS aTOMHOM CTPYKTYpPBI M CYOCTPYKTYpPBhl MaTe€pHaioB: Yd. IOCO-
oue / B.M. Uernes, A.T. Kocunos u np. — Boponex: BI'TY, 2003. — 485 c.
.Pentrenorpaduueckuii u 3nekrpoHHoontudeckuit ananus, l'openuk C.C, M.: MU-
CuC, [lon. YMO, 2012

DNeKTpOHHAs MUKPOCKONUS TOHKUX KpuctaywioB / Xupi I1., Xosu A. u ap.; M.: Mup,
1968. - 574c.

Towmac I'., T'opunmx M.JIx. [IpocBeunBaroimasi 3M€KTPOHHAST MUKPOCKONUS MaTepua-
noB. M.: Hayka, 1983. - 320 c.

JudpakimoHHbIE 1 MUKPOCKOIIMYECKHUE METO/Ibl B MaTepUANIOBEACHUH / IO/ pell. AMe-
munkca C. u n1p. — M.: Metamnyprus, 1984. - 504 c.

[TpakTudeckasi, pacTpoBasi AJIEKTpOHHass MUKpockomus / moja pea. 'oyacteitna k. u
Sxosurna X. — M.: Mup, 1978. - 56 c.
MuKpoCTpyKTypa MaTepHaioB. METObI UCCIEAOBAHNS U KOHTPOJIS: yued. mocodue: nep
7. C aHIIL. 5I3.
bpannon J[. Kaman Y. M.: Texnocdepa, 2009
AHanmuTHYecKasl MPOCBEUYMBAIOIIAS 3JEKTpoHHAss Mukpockonus, Cunao ., OukaBa T
M.: Texnocdepa, 2006

ABTonoHHas Mukpockonus / non pea. Pena /Dx. u Panranarana C., M.: Mup, 1971. -
270 c.

1.

B)MH(OpMaLIMOHHBIE 3JIEKTPOHHO-00pa30BaTeIbHbIE pecypchl (0pUIIMAIbHBIE PECYPChl UHTEPHET)™ !
Ne /i | Pecypc
https://www.lib.vsu.ru/ - caiit 3onansHoi Hayunoit bubmmorekn Boponexckoro rocy-

10 JAPCTBEHHOTO YHUBEPCUTETA

11 http://WWW.ntmdt-Si.ru/v- caiit HanotexHonoruu 1 M3MEpUTENbHOE o0opyZ0BaHUE IS
HAYYHBIX UCCIICIOBAHHI METOITAMH CKAaHUPYIOIIEH 30HI0BOH MUKPOCKOITUH

12 https://www.microscop.ru/oborudovanie/ caiit komnanuu CUCTEMBI ISl MEKPOCKOITUU
U aHaJIn3a

13 http://www.nanometer.ru/ - Hanorexnosoruueckoe coodmiectBo «HanomeTp
http://www.nanonewsnet.ru/ - HOBOCTH  HAaHOTEXHOJOTWH, WHPOPMAIIMOHHO-

14 AQHAJMTUYECKOE M3JJaHUE, MOCBSIICHHOE BOIPOCAM IOMYJISIPU3AMH M Pa3BUTHS HAHO-
TexHosoruii B PO

15 http://www.rusnanonet.ru/ - nHpOpPMaIIMOHHO-aHATUTUIECKUI MOPTAT POCCHHUCKOW Ha-

[IAOHAJILHON HAHOTEXHOJOTMYECKON CETU



https://www.lib.vsu.ru/
http://www.ntmdt-si.ru/
https://www.microscop.ru/oborudovanie/
http://www.nanometer.ru/
http://www.nanonewsnet.ru/
http://www.rusnanonet.ru/

* Brauane ykasbiBatorcsi ObC, ¢ xoTopbiMu umeroTcs fgoroopa y BI'Y, 3aTteM OTKpBITBIE 37€KTPOHHO-
o0pa3oBaTebHbIE PECYPChI

16. IlepeueHb Y4eOHO-METOJMYECKOI0 OOeclmevYeHUs ISl CAMOCTOSITEJbHON PpadoThl (yuebHO-
MemoouyecKue peKomeHoayuu, nocoous, 3a0auHUKU, Memooudeckue YKa3anus no 6bINOJIHEeHU NPaKmu-
YecKux (KOHMpOoIbHbIX) pabom u op.)
No i/n | Uctounmk

OCHOBHble
Hesnes B.M. ToHkHe MICHKH HEOPTAaHWMYECKUX MATEPUAIOB: MeXaHH3M pocTa U Ccyo-
ctpykrypa. / B.M. Hesnes. yue6. mocodbue. — Boponex: UIIL BI'Y, 2008. — 496 c.
ToHKHE IUIGHKM M TEeTePOCTPYKTYpHI : COOpPHHMK 3aJad M BONPOCOB : y4yeOHO-
MeToAuYEeCcKOe ocodue i By30B : [[u1d cTyl. 4 K. Xxum.u 3-4 k. ¢pu3s. pakynbreToB Ha-
2 npasienus 020300 - Xumus, ¢pusuka U MexaHnuka marepuanos] / coct.: B.M. Hesnes,
A.C. IlpmwxumoB .— Boponex : U3parenbcko-nonurpaduueckuii ieHTp BopoHexckoro
rocy/1apcTBEHHOro yHuBepcureta, 2013

CO6opHuK 33134 10 Kypcey "@usuka ToHKUX miIeHoK" (Metoauueckue ykasanus) B.M.

3 Wesnes, benonoros E.K., U3narensctBo BI'TY, Boponex, 2004r. 30c.

4 . Bbpannon, Y. Kamnan. «MHUKpPOCTpYKTypa MarepuajioB. MeToapl MCCIECIOBAHUS U
KoHTpoJis.» TexHochepa, M 2004.

5 b. ®ynen, [Ix. Xay. [IpocBeunBaromas 3JeKTPOHHAS MUKPOCKOTHS U TU(PPAKTOMETPHS
MartepuanoB.» Texnochepa, M 2011.

6 J.Cunpno, T.OxuHaBa «AHaIUTHYECKAs! IPOCBEUMBAIOLIAS AIEKTPOHHASI MUKPOCKOIHSI»
Texnochepa, M 2006.

7 P.®. Drepron. «Pusndeckne MPUHIUIIBI MIEKTPOHHON MHUKpockonuu.» TexHochepa, M
2009.

O0ONOHUMENbHbIE

8 D.B.Williams and C.D.Carter. Transmission Electron Microscopy. A textbook for Mate-
rials Science. 2nd edition. Plenum Press, New York, London, 2007.

9 3.P Knapkx, K.H.D6epxapar «Mukpockonuueckue MeTOJbl HCCIETOBaHUS MaTepHa-

noBy. Texnocdepa, M 2007.

Ilocobust u memoouyeckue yKa3aHus.
Pemero B.H. //YuebHo-mMeTonuueckoe nocobue «CoBpeMEeHHbIE METO/bI UCCIEI0Ba-
10 HUSL HaHOpa3MEpHbIX CTPYKTyp. JlabGoparopusiii mnpaktukym» M3p. MOTU (I'Y)-
®I'GHY TUCHVYM, 2011.
M.M Kpumran, U.C.Acuukos, B.W.Ilonyaun, A.M.®unaros, A.I'.YneaaeakoB «Cxka-
11 HUpYIOLIasi 3JEKTPOHHAs MUKPOCKOIIHS U PEHTTE€HOCIEKTPAJIbHBII aHaIN3 B IPUMEPax
IpakTHYecKoro npuMenenus.» Texnochepa, M 2009.
DJEeKTPOHHBIE PECYPCHI, BKJIIOYAs IOCTYM K 0a3aM JIaHHBIX
http://www.gel.usherbrooke.ca/casino/index.html
www.matter.org.uk/tem/
http://ctem.web.cmu.edu/
www.matter.org.uk/tem/
http://www.cmca.uwa.edu.au/access/training
http://www.microscopy.info/Microscopy/Guide
database.iem.ac.ru/mincryst/descript.htm
www.crystallography.net

12
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17. UHdopMannoHHbIE TEXHOJOTHH, HCIOJb3yeMble IS peaaTu3alud y4eOHOH JAMCHMILIMHBI,
BKJIIOYAsl MPOrpaMMHoe odecnieyeHre U MH(OPMALHOHHO-CIIPABOYHbIE CHCTeMbI (IIpH HE00X0aH-
MOCTH)

HpOBGI{GHI/Ie TeKymeﬁ aTrTecralnuu nu CaMOCTOSITEIILHOU pa60TLI 10 OTACJIBHBIM pa3aciiaM JUCHUIIIINHBI.
Hcnoan3zoBanne DYMK https://edu.vsu.ru/course/view.php?id=12136




18. MaTepuajibHO-TeXHUYECKOe o0ecnedeHne TUCHUNINHBI:

[TpocBeunBatomue 3nekTpoHHbie MUKpockonbsl (LIBRA 120Philips EM-430 ST, DMB-100 BP) s

CTPYKTYPHBIX U CyOCTPYKTYPHBIX HCCIIE€AOBAHUM.

PactpoBbiii a5iekTponHbIil Mukpockon LEOSUPRA 50 VP ¢ cuctemoit Mukpoananuza INCA.
VierpamukporoMm Ultracut-R i mpoGonoAroToBku o MeTouKe cross-section.
Onekrponorpad (3I'-100M) ms npoBeneHus ucciaeaoBanuii merogaom J1bD.

JlaGopaTopHasi ycTaHOBKA ISl SJIEKTPOIOIMPOBAHUS METAIUTMYECKUX 00pa3IIoB.
O6opynoBaHue U CTEH]IbI ISl ONIPEICICHUS] MEXaHMUYECKUX CBOMCTB HAHOMATEPHAJIOB.

HoyTOyk, MyTbTUMEIUIHBIN POEKTOP, SKPaH

19. ®oHa OLIEHOYHBIX CPEACTB JIS POBeIeHNs TeKYIeH U MPOMEeKYTOYHON aTTeCTAMM |

19.1.
IUIAHMPYEMBbIX Pe3yJIbTATOB 00yUYeHH s

Hepeqenb KOMIIeTEeHIIUM ¢ YKa3aHueEM 3TanoB (l)OpMI/Ip()BaHI/Iﬂ H

Ne HaumenoBanue pasnena qucuun- Komnerennus(u) | MaaukaTop(s) | O1ieHOUHBIE CpeICcTBA
1/ | JTUHBI (MOJTYJIS) JIOCTHKECHUS
KOMIIETCHIINH
1 [IpocBeunBatonas ~ snekrponHas | [1K-3 [1K-3.1 [IpakTuueckoe 3ananue
MMKPOCKOIIUSA Nel,2
Y cTHBIN onpoc.
2 PactpoBasi anekTpoHHasT MHKpPO- [1K-3.2 [IpakTrueckoe 3amanue
CKOIIUSA Ne 3, 4
Y cTHBIN onpoc.
3 [IpocBeunBaronias anekTponHas | [1K-4 [1K-4.1 IIpakTuueckoe 3ananue
MUKPOCKOIIHS Ne5,6
YcTHBIN onpoc.
4 Ckanupyromias 30HI0Bas MHKpPO- [1K-4.2 [IpakTrueckoe 3ananne
CKOIIHS Ne 7,8
Pedepar

19.2 Onucanne KpuTepueB M IIKAJbI OLEHHMBAHUS KOMIeTeHUMH (pe3yJbTaToB 00y4deHHs])) NPH
NPOMEeXKYTOYHOM aTTecTanuu: 11 olleHuBaHMs pe3ynbTaTOB O0OYyUYEHMs Ha 3a4eTe MCIIONIb3yeTcs — 3a-

YTEHO, HE 3aUTEHO

CooTtHomieHHne HOKaSaTeHeﬁ, KPUTCPUCB U IIKAJIbl ONCHUBAHUS PE3YJILTATOB O6y‘IeHI/I${.

Kpurepun orieHnBaHus KOMIETCHIIUN

YpoBeHb
chopmupo-
BaHHOCTH
KOMIIETEH-
1007051

[Ixana orteHOK

3HAeT U MOHMMAET CYIIHOCTh MUKPOCKOIIMYECKHX METOJIOB MC-
CJIEZIOBAaHUS CTPYKTYphl MaTepUAJIOB U MPUOOPHOE obecreueHue;
3HAET YCTPOWCTBO JJIEKTPOHHBIX MHUKPOCKOIIOB M OCHOBHBIE
MOJXO/1bI TPOBEACHUS HCCIEIOBAHNUN; YMEET TOTOBUTH 00pa3LIbl
JUISL ICCTIEIOBAHMS; BJIAJICET HABBIKAMM HCITOJIB30BAHUS METOJIUK
JJIEKTPOHHOM MHKPOCKOIIMM M IPUMEHSET WX IPU PELICHUU
3a/lad  MaTepUalOBENCHUS, KOTOpbIE HE COJAEpXkKaT IPSAMBIX
yYKa3aHUM Ha TMOpAJOK JACUCTBUU g pewieHus. Bruaxeer
OCHOBHBIM MAaTE€pHAJIOM Kypca, JAeT IOJIHBIE U IPaBUIIbHBIC
OTBETHI HA 3a4€Te.

Ilopoeosuviii
VposeHb

3aumeno

Nmeet npeacraBieHue o Coep>KaHUM JUCIUTIINHBI, HO HE 3HACT
METOJIUK, COCTaBa U (PU3NYECKUX MPHUHIIUIIOB UCCIETOBAHUS Me-
TOAAMH DJICKTPOHHOM MHUKPOCKOIIMH; HE YMEET IPOBOJUTH

He zaumeno




HU3MCPCHUMA HaHOOG'LCKTOB n HAaHOCUCTEM METOJaMU
9JICKTPOHHOM MHMKPOCKOIIMHM; HE HMMEET HAaBBIKOB 00pabOTKH
pe3ynbraTtoB. CyIIECTBEHHO HCKAKCHHBIE OTBETBHI MO BOMPOCY
OmsieTa Ha 3adeTe.

20. TunoBble OLIEHOYHbIE CPEICTBA U MeTOAUYECKHE MaTepUAJIbl, ONpe/ieIsAoNne NPoueayphl oL e-
HUBaHHs (3aJaHUA, MATEPUAJIBI /Il OLIEHKH 3HAHUI, yMeHUIl, HABBIKOB U (WJIH) ONbITA JeSTe/b-
HOCTH, XapaKkTepu3ylolue 3Tanbl (OPMHPOBaAHUS KOMIIETEeHIIMII B Npouecce 0CBOeHHs 00pa30oBa-
TeJIbHOI MPOrpaMMblI

20.1 Texkymmii KOHTPOJIb yCIIeBAeMOCTH

RO ~NoOR~WNE

0.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23.
24,
25.
26.
27,
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

Tpancnsuronnas cummetpus. Uuaexkcsl Musnepa. Och 30HbI.
[Tpuniune! moctpoenus: oopataoi pemerku (Ha mpumepe I'LIK u OLIK kpucranios)
CrpykrypHbii (hakTop paccesHus nekTpoHoB (Ha mpumepe ['LIK u OLIK kpucrtamios)
Pu3nyecKue IPUHIUIIBI IPOCBEYUBAIOLIEH AIEKTPOHHOW MUKPOCKOIIUH
®dusndecKue TPUHIMUIIBI AIEKTPOHOrpaduu (UQpaKIus ObICTPHIX IJICKTPOHOB)
®Pu3nyecKue NPUHIMIII CKAHUPYIOIEH TYHHEIIBHOW MUKPOCKOIIMH
®uznyeckue NPUHIUIIBI 30HA0BON aTOMHO-CUIIOBOM MUKPOCKOIINU
®Pu3nyecKue NPUHIUIBI PACTPOBOM IEKTPOHHON MUKPOCKOIIUU
Pu3nyeCcKue OCHOBBI PEHTTEHOCIIEKTPAIIBHOIO MUKPOAHAIN3a
AOGCOpPOIMOHHBIN KOHTPACT B IPOCBESYHBAIOIICH IICKTPOHHON MUKPOCKOTTHH
JudpakimoHHBIH KOHTPACT B IPOCBEUMBAIOLICH 3IE€KTPOHHON MUKPOCKOIIUU
AMIUTUTYAHBIA KOHTPACT B IPOCBEYMBAIOIIEH 2JIEKTPOHHON MUKPOCKOIIUU
@Da30BbIi KOHTPACT B IPOCBEYUBAIOIIEH 3TIEKTPOHHON MUKPOCKOIIMH
CBeTsonoabHOE U TEMHONOJIBbHOE N300paxeHus B [IOM
Pa3pemenue u rmyOuHa pe3koctu nuzodpaxenus B [[OM
OcHoBHble npeumyuiecTBa metona JAb3O no cpaBuenuto ¢ P/I.
Bnusiaue pa3mepa KpucTauinTa Ha IOJIyd4aeMyro TU(GpPakIMOHHYIO KapTHHY B [I9M.
JudpakimonHas KapTHHA IS KPUCTAINIMYECKUX U aMOP(QHBIX MaTepUaoB.
(Cxema 1 OCHOBHBIE Y3JIbl IPOCBEUMBAIOIIETO JIEKTPOHHOIO MUKPOCKOIIA.
Haznauenune u KOHCTPYKLHUS MEKTPOMarHuTHLIX JinH3 B [I9M u POM
[TpenensHOE pazpenieHre n3odpaxkenus, noaydaemoe B [I1OM, POM u C3M
Cdepa DBanbaa, obparHas pemietka, Jlaye 30HbI.
[Tony4yenue nzo0paxeHnit Kpucrananueckoi pemerku. Kapruaelt Myapa.
TonmuHHbIE U U3TUOHBIE KOHTYPBI.
N300pakenue ne@eKkToB ynakoBKu. TpaHCIsIIMOHHbIE JeQeKThl. AHTHU(a3HbIE TPAHULIBL.
Orpanudenust s ucciaeayeMbix 00bekToB B [IOM, POM u C3M
WNuaunupoBaHue 3JIeKTPOHOIPaMM OT MOHO- U MOJMKPUCTAIIMYECKUX 00pa3lioB
AHanIu3 TEKCTYpbl MaTEPUATIOB METOA0OM AUPPAKIMH OBICTPBIX 3JIEKTPOHOB
O ekt 1BOMHON qUPpaKIUK B 3IEKTpOHOTpadhuu
AHaIN3 CTPYKTYphl MEXK3EPEHHBIX U MeX(a3HbIX TpaHul] MmetogoMm [1OM
Pa3zmepnslii o dext. 3aBUCUMOCTD (HOPMBI y351a 00paTHON PELIETKH OT pa3Mepa KpUCTaslia.
VYcnosus u npuHUunel popmupoBanus Kukyuu auHmii.
Mertox Myapa B IpOCBEUYMBAIOIIEN IEKTPOHHONH MUKPOCKOIINU
Meron penimk B MPpOCBEYMBAOIIEH 3IEKTPOHHOW MUKPOCKOIIHH
[TpoGonoAroToBka B MpOCBEYMBAIOLICH IEKTPOHHOW MUKPOCKOITUU
TounocTe n3mepennii B [IOM, POM u 30H10BOM MUKPOCKOITUU
YTo orpaHNYMBAET pa3pelIeHNEe B IPOCBEUNBAIOIIEH 3JIEKTPOHHOW MUKPOCKOIIHH.
Pannannonnbie moBpexaeHus oopas3ios B [IOM.
Bunabl peHTreHOBCKOIO H3JIy4€HUs IpU  B3aUMOAECWCTBUM JJIEKTPOHOB C  BEIIECTBOM.

XapakTepUCTUIECKOE U TOPMO3HOE PEHTI€HOBCKOE M3ITy4YEHHE.

40.

KakoBbl OCHOBHBIE pa3inuvs MeXAy Audpakiuueld oT BbIACNEHHOW oOmactu u audpakuved B

CXOJIAIIEMCS TTyYKe JICKTPOHOB. JlnHamudeckue 3 PexThl TudpaKkIiuu HIEKTPOHOB.



41. duznyecKue MPUHIUIBI KOHTpacTa BOM3H quciokanuu. Onpenenenue BekTopa broprepca

42. W cTovHMK 2IEKTPOHOB, IPKOCTh, KOTEPEHTHOCTh, CTAOMIIBHOCTb.

43.  Maruuthsle nuH3bl. Chepruyeckas u XpoMaTHuecKas abeppannu, aCTUTMaTH3M.

44,  TlomynpoBOJHUKOBBIC JETEKTOPHI AJIEKTPOHOB, CHUHTHLUIATOPRI-DDY, mpeumyiiecTBa U
HE/IOCTATKH.

45. BakyymHas cucrema D3JEKTPOHHO- M HMOHHO-30HAOBBIX mpuOopoB. JluddepeHnuanpHas

BaKyyMHas CHCTeMa, padoTa B PEKUMaxX €CTECTBEHHOU Cpe/Ibl.
20.2 MepeyeHb NPaKTHYECKUX 3aJaHUTH

1. Joxazats npunaanexHocts miockoctedt (111), (1 71), (2 1 2) oguoit 30He?

2. Jlns OLK u I'lIK pemreTok BEIYUCIUTD YTIIbI MEXKY HallpaBJICHUSIMH:

)[001] m <111>;2)[001] m <112>;3)[111]m <112 >;.

3. BeibpaTh MakcUMalIbHOE YUCIIO TUIOCKOCTEH OJHOM 30HBbI:

(111), (171), (312), (021), (311), (515), (133), (113), (110), (011), (101), (100).

4. ITocTpoUTh MIIOCKUE CETKU MPSMOI U 00paTHOM PelIeTOK, NepreHANKyIsspHble HanpaBienusm [001] ,
[110], [111] ana 'K pemeTku kpucrasia.

5. OnpenenuTb UHACKCHI MJIOCKOCTEHN, OTCEKAIOUINX HAa KOOPAMHATHBIX OCAX OTPE3KHU:

1)2,3,4; 2)-3,3,2; 3)1,-1,-5.

6. Haititu unnekcs (hkl ) mimockocTtu, B koTopoit Haxonarcs HanpasiaeHus [011] u [102] mis kpucramios
KyOMUY€CKON CUHTOHHH.

7. QudpakTorpaMma MOIUKPUCTAIUIMYECKOTO o0Opas3la UMeeT oTpakeHus npu yriax 0: 12,79; 14,81;
21,10; 25,00; 26,28; 30,74 rpan. IIpoBepuTh NMpUHAIICKHOCTh K KYOMYECKONH CHHTOHHMH, MPOBECTU UH-
JTUITUPOBAHUE, ONPEACIUTh mapameTp pemeTku (A = 0.1032 am).

8. Bions ocu [010] MOHOKpHUCTaIMYecKoi muacTuHbl Bojibdpama (3,16 A) pacnpocTpansercs mydok
3JIEKTPOHOB C JUTHHOM BOMHEI A=4-10" HM. TTocTpouTs Y311 06paTHOM pemerky miockocts [010], cdhepy
DBaibaa U HAIIPABIICHUS JUPPArUPOBAHHBIX TTYyIKOB.

9. OmpenenuTh HAMPaBISIONINE KOCUHYCHI AUPParipOBaHHOTO MyYKa MpH OTpakeHUH oT tutockocTH (hkl
) Ipy 3aJJaHHBIX HAIMPABIISIIOIIMX KOCHHYCAaX JUIsl KyOM4eCKON peleTKH.

10. ITy4ok peHTreHOBCKUX JTy4ell HanpasieH Baoub ocu [100] kpucranna menn. Onpenenursb MonokKeHue
IU(PPAKIMOHHBIX MAaKCUMYMOB OTPaXXEHHBIX OT INIOCKOCTEN MPHUHAJIEKAIUX 30He ¢ MHekcamu [111].
11. Paccuutate cTpykTypHblid paxtop ans OLIK pemerku kpuctan-
JIOB.

12. Paccuutath cTpykTypHbIil hakrop ans ['LK pemerku kpucran-
JIOB.

13. DnexTpoHOrpaMMa OT MOJMKPHUCTAJUIMYECKOTO 0Opasiia UMeeT
konbia ¢ Dpy: 28,0; 32,3; 45,7; 53,6; 56,0; 72,3 mm. IIpoBeputhb
MIPUHAJISKHOCTh K KyOMUYECKON CHHTOHHMH, WHIUIMPOBATH, OMpe-
nenuTh napamerp pemeTk (Dhg*dhg = 65,24mmx A),

14. DnexTpoHOrpaMMa OT MOJMKPHUCTAJUIMYECKOTO 0Opasiia UMeeT
kobia ¢ Dn: 29,2; 41,3; 50,6; 58,4; 65,3; 71,5 mm. IIpoBeputsb
MPUHAJISKHOCTh K KyOMYECKON CHHTOHHWH, WHIUIMPOBATH, OMpe-
nenuTh napamerp pemeTkH (DhgXdhg = 65,24mmx A).

15. Ha puc. snekTpoHOrpaMMa OT MOJHKPHCTAUTMUYECKOro oOpasma (TBepablii pactBop PdCu). Jlns
Dh*dn = 87,24mmx A Berauciutb Ohg 1 MIPOBECTH WHIUIIUPOBAHUE 1O TAOJUYHBIM 3HAYCHUSIM, OTIPE-
JIENUTh YUCIIO KpUcTandeckux a3z oopasma.




2" 16. Ha pHC. DIEKTPOHOTPAMMa OT MOJMKPUCTALTHYECKOro oOpasua (TBep-

JIBI pacTBOP PdCu) Borunciuts Ay ¥ IpOBECTH MHAUIUPOBAHKE 110 TaOIMYHBIM 3HAYCHHSM, OIpe/e-
JIATH TUII TEKCTYPHI.

17. Ha puc. mpeacraBieHa cxema 3JIEKTPOHOTPaMMbI OT MOJIMKPUCTAILNIMYECKOro o0pasia. OnpeaeuTh

CTPYKTYPHBIH THII KPUCTAJUINYECKOH pEILIeTKH.
18. Ha puc. npezacraBieHa cxema 3J€KTPOHOIPaMMbl OT MOJUKPUCTAIIINYECKOro obpasua. OnpenennThb

CTPYKTYPHBIA THII KPUCTANINYECKON PEIIECTKH.
19. Ha puc. nmpeacraBieHa cxema 3JIEKTPOHOTPAMMBI OT MOJUKPUCTALTUYECKOro o0pasia. OnpeaenuTsb

CTPYKTypHLIﬁ THUII KpHCTB.HJ'IH‘-ICCKOfI PCIICTKHU.



20. Ha puc. npeacraBieHa cxeMa 3JIEKTPOHOIPaMMbl OT MOJUKPHUCTALIMYECKOro odpasia. OnpenenuTthb

CTPYKTYPHBIN THUIT KPUCTAIUIMYECKON PELIETKH.

21. UHauumpoBaTh 2JIEKTPOHOTPaMMBbl OT MOHOKpHUcTaummaeckoro oopasna (I'TK).

* . . * .

. . . . - a) 6) . . . ‘

OneHka 3HaHUM, YMEHUN U HABBIKOB, XapaKTepHU3yIolas 3Tarbl (OPMUPOBAHUS KOMIIETEHLIUH B paMKax
M3Y4EHHUS TUCLIUILIMHBI OCYIIECTBIISIETCS B XO/I€ TEKYIIEH U MPOMEXKYTOUHOM aTTecTaluil.

Tekymas aTTecTanus NpoBOIUTCS B COOTBETCTBUU ¢ [lonoxeHneM o Tekyuiel aTrectaluy o0y4Jaronmxcs
10 IIPOrpaMMaM BBICILIEr0 00pa3oBaHUsl BOpOHEKCKOro rocy1apcTBEHHOIO YHUBEpCUTETa. Tekylas at-
TecTalus MPOBOAUTCS B (hOpME YCTHOTO OMpPOCa, BBHIMOIHEHUS MIPaKTUYecKoro 3a1anus. Kpurepuu ore-
HUBaHUS IPUBE/ICHBI BBIIIIE.

IIpoMexyTouHas arTecTalnysl IPOBOAUTCSA B COOTBETCTBUU ¢ [lonoXkeHHEM O MPOMEXKYTOYHOM aTTecTa-
MU 00y4aroUuMxcs MO MPOrpaMMaM BBICIIETO0 00pa30BaHUs.

KoHTponbHO-M3MepuTenbHble MaTepuaibl IPOMEKYTOUYHONW aTTECTalluMd BKIIOYAIOT B ce0sl TeopeTuyde-
CKH€ BONPOCHI, MO3BOJISIOLINE OLEHUTh YPOBEHb MOJyUYEHHBIX 3HAHUM.

IIpn oLeHMBaHMM UCHOIB3YIOTCS KOJIMYECTBEHHBIE IIKAJIBI OLIEHOK. KpuTepun olieHMBaHMsI NPUBEIEHBI
BBIIIIE.

20.3. @oHa OLEHOYHBIX CpeacTB CHOPMHPOBAHHOCTH KOMIIETEHIMI CTY€HTOB, PeKOMeEHIyeMblii
JJIS1 IPOBEAEHNUS TMATHOCTHYECKUX PadoT

Mepe4yeHb 3agaHNM ONA OLEHKU C(hOpPMUPOBAHHOCTUN KOMMETEHLUN:
MK-3 CnocobeH npoBoauTb 06paboTKy 1 aHanM3 pe3ynbTaToB UCCNEeAOBaHUS, NOSTYYEHHbIX OC-
HOBHbIMM METOAaMW aHanu3a BELLEeCTB, 3MIEMEHTHOro M pas3oBOro cocrtaBa, CTPYKTYpbl U
CBOWCTB MaTepuanos (BkMtoYas HaHoMaTepuarnbl)
1) 3aKpbITble 3a4aHUs (TECTOBbLIE, CPEAHUN YPOBEHb CIOXHOCTH):

1. A6copOIMOHHBIA KOHTPACT B MPOCBEYHMBAIONIEH AJIEKTPOHHON MUKPOCKOIIMH 00YyCIOBJICH !
a) HeynpyruM B3aHMO/IeliCTBHEM 3J1eKTPOHOB € aTOMAaMH BellecTBa;

0) ynpyrum B3auMOJICHCTBHEM 3JIEKTPOHOB C aTOMaMH BEIIECTBA;

B) YIPYTHM B3aUMOZCHCTBHEM aTOMOB BEIECTBA;

T') yIpyroi nedopmanneii HCCIeayeMoro BemecTBa.

2. AMIUTUTYTHBII KOHTPACT B IIPOCBEYUBAIONIEH 3IE€KTPOHHOH MUKPOCKOITUH O0YCIIOBIICH:
a) N3MEHEHHEM aMIUTUTY 16l KOJeOaHUsl aTOMOB HCCIIElyeMOoro o0pasiia;

0) U3MEHEHHEM CTPYKTYPBI HCCIIEIyeMOro o0pasia Mo IeHCTBUEM JIIEKTPOHHOTO TTyJKa;



B) PE3YJIbTUPYIOIIUM U3MECHCHUEM HHTCHCUBHOCTH 3JICEKTPOHHOT0 IMyYKa mocjae B3auUMOJeiicTBHS ¢ HCcIeayeMbIM 00-
pa3unom;
F) M3MEHEHHEM DJIEMEHTHOTO COCTaBa BEIIECTBA IO ISHUCTBHEM QJICKTPOHHOTI'O ITyYKa.

3. Koraa nabmronaetcst 3¢ deKT NBOWHOM qudpakiiuu B dJIeKTpoHOrpadum?

a) o ekt 1BOIHOI qUdpakIuy HAOIIOAAETCS B pe3yabTaTe OTPAKEHUS IIEKTPOHOB B BEIIIECTBE;

0) 3¢ pexT ABOIHOI IMppakuuu HA0II0JaeTCSl IPH YCJIOBUM JMPPAKIUH 3JIEKTPOHHOI0 y4YKA HA ABYXCJIOMHBIX KpPH-
CTAJLUIMYECKHX 00beKTAX;

B) 3 dexT aBoitHOH nnppakIuy IPOUCXOANUT IPH YABOCHUH HHTCHCHBHOCTH ITyUKa;

T) 3¢ eKT TBOWHON AU(PAKIIH MTPONCXOIUT MPU IIOBTOPHOM HAOIOCHHN.

4. Yem ornmuaercs qudpakiMoHHas KapTHHA JUIl KPUCTANIMYECKUX U aMOP(HBIX MaTepuanoB?

a) [ludpakioHHas KapTHHA, MONTyYeHHAs 0T aMOpP(HOro MaTepuaia, IMeeT BUJI rajo;

0) ludpaxkunonHas KapTHHA, NOJTYYSHHAS OT KPUCTAUTMYECKOTO MaTepralla, UMEET BUJI TOYEYHBIX Pe()IeKCoB;
B) ludpakunoHHas KapTHHA, OJYYEHHAs] 0T KPUCTAIMYECKOr0 MaTepuaia, MMeeT BU/J TOYEYHbIX pedieKcoB WIN
KoJiel, a 0T aMop(gHoro - rajo;

r) AndpakrioHHbIe KAPTHHEI HE 3aBUCST OT ()a30BOTO COCTOSHISI BEIIECTBA.

5. JIudpakunoHHbII KOHTPACT B IPOCBEYHMBAIOIIEH IEKTPOHHONH MUKPOCKOIIMU 00YCIIOBIIEH:

a) HeyNIpYT'UM paccesiHUEM 3JICKTPOHOB,;

0) ynpyrum B3auMojJeiicTBHeM 3JIEKTPOHOB ¢ KPUCTAJUINYECKOH pelleTKOM BelecTBa;

B) YIPYTHM B3aHMOJCHCTBHEM aTOMOB aMOP(HOTO BEIECTBA,

T') yIPYT'UM B3aUMOJICHCTBUEM 3JIEKTPOHOB MEXTy COOOH.

6. Ycnosust popmupoBanus Kukyun nuHui:

a) HeoOxoauMoe ycaoBue popmupoBanusi Kukyum JuHui - olHOBpeMeHHasi peajiu3alus yIpyroro 1 Heynpryroro
B3aMMO/1eliCTBHSA 3J1eKTPOHOB € BellleCTBOM;

0) mpH YCIIOBHN MaJIOH TONIIMHBI HCCIIETYEMOT0 OOBEKTA;

B) IIPH YCJIOBHH OOJIBLION TOJIIMHBI UCCIEAYEMOT0 00bEKTa;

T') TOJBKO JJISl KPUCTAIUIMYECKUX OOBEKTOB.

7. MeTox Myapa B IPOCBEUHBAOLICH 3JIEKTPOHHOW MUKPOCKOITHH TO3BOJISIET:

a) aHAJIM3MPOBATh paclpeeICHHE TOYSYHBIX Ne(DEKTOB B SIMUTAKCHAIbHBIX TUICHKAX;

0) BLIYMCJINTH BeJIMYUHY HECOOTBETCTBHS NapaMeTPOB KPHCTANIMYECKHX PelleTOK;

B) OLIGHUTH 3JIEMEHTHBII 1 (a3oBbIil COCTaB TOHKOH IICHKH;

T') paccyuTaTh MEXaHUUECKHE HANPSIKEHHS B TOHKOH TUICHKE.

8. MeTox peniik B IPOCBEUNBAIONIEH 3JIEKTPOHHOW MUKPOCKOITUH UCTIONb3YEeTCS JUIS .

a) aHaJIM3a 3JIEMEHTHOTO COCTaBa MaTepHuana;

0) ananm3a (Hha30BOr0 COCTaBa MaTEPHAJIOB;

B) aHAJIM3a MOP(0JI0ruM M pejibeda NOBEPXHOCTH 00pa3LOB;

T) aHAJIM3a BJIEMEHTHOTO M ()a30BOT0 COCTaBa 0OPA3IIOB.

9. Kak 3aBucur pasmep u popma qudpakimoHHOr0 MakcuMymMa (y3i1a 0OpaTHOW peIIeTKH) OT pa3Mepa Kprcramuia?
a) 1M paKIHOHHBII MAKCHMYM BBITATHBAaeTCA B HANIPaBJECHUM HaMMeHbIIero pa3Mepa KpUCTaJLIa;
6) pasmep IU(PAKIMOHHOTO MaKCHMyMa He 3aBUCHT OT pa3Mepa KpUCTaLIa;

B) pasMep JU(PAKIIHOHHOTO MaKCUMyMa BBITSTUBAETCS B HAITPABJICHHH HanOOJIBILETO pa3Mepa KpUCTaIlIa,;
T) AnPpaKMOHHBIH MAaKCUMyM BO3pacTaeT MPONOPLUHOHAIBHO pa3Mepy KpHCTaIa.

10. Pazpemenne m3o00paxeHus B [I9M orpaHmdeHo:

a) cheprueckoit abeppanueii;

0) acTUrMaTU3MOM OOBEKTUBHOMW JINH3HI;

B) YBEJIMYEHHEM MHUKPOCKOINA;

r) JIVIMHOM BOJIHBI e Bpoiijisi yckopeHHBbIX 3JIeKTPOHOB.

11. JIns momydeHus CBETIONOIBHOTO n300paxeHus B [IDM HeoOXoaumMo:

a) anepTypHoOil quadparMoi BEICINTH TOJIBKO JU(pParupoBaHHBINA IY4OK JIEKTPOHOB;

0) aneprypHoii AnadparMoii BIACINTH TOJBKO MPOXOAAIINNA MYY0K 3J1eKTPOHOB;

B) YOAIUTh allepTypHYIO Auadparmy;

T') YBEJIMYUTH OCBEIIEHHOCTD YKPaHa.

12. CtpykrypHBIii pakTop paccestHus 1uist kpuctawioB ¢ OLIK pemnrerkoii paBeH HYIIIO, €CIIH:

a) cymma uHaekcoB h, k, 1 kpucramuiorpaguyeckoii III0CKOCTH paBHa HEUETHOMY YHCITY;

0) cymma uHaexcoB h, k, | kpucramiorpadpuyeckoii niiocKoCcTH paBHAa YeTHOMY YHCIY;
B) cymMa nHzekcoB h, k, 1 kpucramiorpagduueckoil IuockocTy paBHa HyIIOMHIEKCH h, k, 1;
T') KpECTaIorpapuuecKoi INIOCKOCTH BCEe HEUETHEIE.

13. CtpykrypHbIi paktop paccesHust 1uist kpucrtaiuios ¢ ['TIK permetkoii paBeH Hyito, eciu:



a) Bce nHaeKchl h, k, | kpucrasnorpadpuyeckoi njaockocTu YeTHbIE UM HeYeTHbBIE;

0) Bce uHaekcHl h, k, | kpucrannorpaduueckoi miIoCKOCTH HEYETHEIE,

B) Bce MHAEKCHI h, k, | kpucramiorpaduueckoi miockocT paBHbI MEXAY COOOMH;

r) Bce mHACKCH h, k, | kprcTamiorpaduaeckoil IIOCKOCTH OTPUIIATEIBHEIE.

14. Yemy paBeH paauyc chepsl DBanbaa?

a) paauyc cdepsl DBajbla paBeH [UIMHE BOJHEI 1¢ bpoiins;

0) paauyc cdepbl IBajba paBeH AJIMHE BOJIHBI )JIEKTPOMATHUTHOTO U3Jy4eHHs] B MHHYC NIePBOIi CTeNeHN;
B) paauyc cdepbl DBalibia paBeH [UIHHE KaMepsl AU(PaKTOMETpa,;

T) paguyc cepsl DBaba paBeH NOJIOBUHE PACCTOSIHUS OT SJICKTPOHHOM ITYIITKH JI0 SKPaHa.
15. s monmyuenue B [IDM TeMHOMOIBHOTO H300paXkeHUs HEOOXOIMMO:

a) anepTypHOii AnadparmMoii BeIIETNTH TOJbKO TH(GPArupoBaHHbINA 40K 3JIEKTPOHOB;
0) anepTypHOii 1uadparmMoil BEIETUTh TOJIBKO HPOXOASIINHN ITy4OK 3JICKTPOHOB;

B) YOAJUTh allepTypHYIO Auadparmy;

T') YMEHBIINTH OCBEIICHHOCTh SKPaHa.

16. ®a30BbIif KOHTPACT B TPOCBEYHBAIOILEH IIEKTPOHHON MUKPOCKOIIMU 00YCIIOBIICH:

a) cTporuM cooitroeHrueM yenosus Bynbda-bperra;

0) MaJIo¥ TOIMIUHON HCCIeyeMO TUICHKH,;

B) MHTep(depeHuMeli NEPBUYHOr0 M IM(PPATHPOBAHHOIO IIyYKOB 3JIEKTPOHOB;

r) 1uddy3HBIM paccestHUEM dJIEKTPOHOB B aMOP(HOM BeLIECTBE.

17. Kakue (pyHKIMH BBINOJHSIIOT 3JIEKTPOMarHuTHeIe TuH3bI B [IOM u POM?

a) 3JIeKTPOMArHUTHAs JUH3a (OKyCcHpPYeT 3J1eKTPOHHBIN J1y4 Ha o0pa3ue B [I9M u POM;
0) 3NEKTPOMArHUTHAS JINH3A YCHUINBAET MOITHOCTh 3IEKTPOHHOTO JIy4a;

B) JIEKTPOMAarHUTHas JIMH3a U3MEHseT AJIUHY BOJbI e bpoiins;

I') JIEKTPOMarHUTHAs JINH3a CIIOCOOCTBYET coOIr0IeHnI0 ycioBus Bynega-bperra.

HK-4 CHOCOGeH MMpOBOANUTH aHAJIU3 CbIPbS U KOMIIOHCHTOB, ATTCCTALIUIO IIPOU3BOANMBIX MAaTCPHAJIOB I10
CTPYKTYpPE U CBOMCTBaM
1) 3aKkpblThble 3agaHug (TecToBbIe, CpeaHUN YPOBEHb CITIOXHOCTU):

Hcxons u3 npeacraBieHHbIX [I9M m300pakeHuit CTpyKTYPHI ¥ 3JI€KTPOHOTPAMMBI BapuanTts! otBeTa: IInenka xapakrepu-
BBIOpATh NPaBHIBHBINA OTBET 3yeTcs Kak:

1) ocTpoBKOBas;

2) JUMTaKCHAbHAS;

3) MOHOKpHUCTAIITYECKAs;
4) moJMKpUCTAILINYEeCKas;
5) ogHoasHas

€)

sekTpoHorpamma (a) u IIDM uzobpaxenue (6) muenku Ag-Al.

A 1) ocTpoBKOBas;
2) JIMTaKCHATbHAS;
3) MOHOKpHUCTAIITHYECKAs;

4) noNMKpUCTAIIYECKas;

5) onHodaznas

I1OM wuzobpaxenue (a) u sa-rpamma (6) mwienku Ag-Al.




1) octpoBKOBas;

2) JIUTaKCHANbHAS;

3) MOHOKPHUCTAIUTNIECKAST;
4) HONUKPUCTAIIINYECKAS
5) omHOazHas

1) ocTpoBKOBas;

2) onMTaKCHalbHAA,;

3) MOHOKPHUCTAIUTNIECKAST,;
4) MONMMKPUCTATUTNIECKAs;
5) omHOoazHas

1) ocTpoBKOBas;

2) sIuTaKCUalbHas;

3) MOHOKPHUCTAIUTNICCKAST,
4) HONUKPUCTAIIIMYECKAS

5) onHodaznas

T1OM wusob6paskenue (a) u anexrponorpamma (6) mienku aPdCu I'IIK: a = 0,375 uwm;

1) ocTpoBKOBas;

2) JnuTaKcHaibHasl;

3) MOHOKpHUCTAITHYECKAS,
4) MONMUKPUCTAITUIECKAs;

5) onHodazHas

OnekTponorpamma (a) u [19M m3o6paxkenue (0) mwienku CulnSe,. Pemmerka CulnSe,
I'gT:

1) ocTpoBKOBasi;

2) oIUTaKCHaIbHas;

3) MOHOKpHCTAITHYECKAS;
4) OJIUKPUCTAIITHYECKAS;

5) onHodasHas




DnexTponorpamma (a) u [I9M m3o6pakenue (6) crpykryps! mienku Cu,Se, ('K a
=0.576 um)

1) ocTpoBKOBas;
2) HHMTaKCHATbHAS:
3) MOHOKpHUCTAIUINYECKAS;

4) MONMMKPUCTATUTNIECKAS;

5) onHodazuas

®parmeHT 3ekTpoHorpaMmer U [19M uzobpaxenue mwieHku CIS, ocaxaeHHOM mpu
temneparype nomioxkn: Tr=50°C;

1) ocTpoBKOBas;
2) SnMTaKCHAaNIbHAS,

3) MOHOKPHUCTAIITNYECKAS;
4) HaHOKPHCTAIINYECKAS;
5) omHOGazHast
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®parmeHT 3ekTpoHorpaMmel U [19M uzobpaxenue mwieHku CIS, ocaxxaeHHO mpu
temneparype momroxkn: Tri=150°C;

1) ocTpoBKOBas;
2) SIUTaKCHATbHAS,

3) MOHOKpHUCTAITMYECKAS;
4) HONUKPUCTATIINYECKAS;
5) omHOazHas

®dparmeHT C-)HCKTpOHOI’paMMLI u [IBM 143o6pa>1<eH1/1e wienku CIS, ocaxxaenHoit npu
temneparype momroxkkn: Tri=250°C

1) octpoBKOBas;
2) SIUTaKCHATbHAS,

3) MOHOKPHUCTAIUTNICCKAST;
4) moJMKpUCTAITHYEeCKAs;
5) omHOo(azHas

1) ocTpoBKOBas;
2) SNHTAaKCHANbHAS;
3) MOHOKpHUCTAIIHYECKAS;

4) MOMMKPUCTAIUINYECKAs;

5) onHodazHas

OnektpoHorpamma (a) u [19M uzobpaxkenue (6) mienku PACu

1) ocTpoBKOBas;

2) sIUTaKCHaIbHas;

3) MOHOKpHUCTAIITMYECKAS,;
4) moJMKpUCTAIINYEeCKasl;
5) opHoazHas




1) nabupuHTHAS;
2) snuTaKCUAbHAS,

3) MOHOKPHUCTAIUTNIECKAST;
4) HONUKPUCTAIIINYECKAS
5) omHOazHas

<" B
Dnekrpororpamma (a) u IIOM uzobpaxenue (6) merku PACu

BepHsbIe 0TBETHI TOTYEPKHYTHI

CUTYallHOHHbIE, IPAKTUKO-OPUEHTUPOBAHHBIE 32124 /| MUHH-KEHChI



JlaHo: 3JIeKTPOHOrpaMMa IUIeHKH HUKeJIsl.

Onpenesutb: Och 30HBI NAPALIETBHYIO YYKY 3JIEKTPOHOB MPH ChbeMKe
3JIEKTPOHOTPAMMBI.

OTBET: [001]

JlaHo: 3JIeKTPOHOrpaMMa IUIEHKH aJTIOMUHHUS.

OmnpenesuTh: 0Ch 30HbI MAPAJLIENBHYIO IIYYKY 3JIEKTPOHOB MPH CheMKe JIeK-
TPOHOTPAMMBI «HA MPOCBET».

OTBET: [111]

JlaHo: 3JIeKTPOHOrpaMMa IUIEHKH aJTIOMUHHUS.

OnpeneuTh: 0Ch 30HBI NAPAIIEILHYIO MYYKY YJIEKTPOHOB IPU CheMKe
3JIEKTPOHOTPAMMBI «HA OTPAKEHHE».

OTBET: [110]

Jdano: Daexrponorpamma mienku Cu2Se, I'lIK, napamerp peumierku a =
0.576 nm, cuHTe3upoBanHoI Ha noBepxHocTh (001) NaCl npu (001), [110]
Cu2Se 11 (001), [110] NaCl

OnpeneuTh: 0Ch 30HbI NAPAIIEILHYIO MYYKY YJIEKTPOHOB IPU CheMKe
3JIeKTPOHOTPAMMBI.

OTBET: [001]




HJano: DaexkrpoHorpamma mienku CulnSe,, cuHTe3upoOBaHHOM MOC/I€10Ba-
TeJbHOM kKoHAeHcanuel moTokoB Cu-Se u In-Se npn Tn=670 K na nosepx-
noctu (111) NaCl Pemerka CulnSe, 'IIT: a = b = 0,612 um; ¢ = 1,171 um.

Onpenenursb: 0Ch 30HBI

OTBET: [111]

JuiekTpoHorpamma mieHku CulnSe;, CHHTe3UPOBaHHOM NOCIEI0BATEIbHON KOH-
nencaumeii norokoB Cu-Se u In-Se npu Tn=670 K na nosepxnoctu (100) NaClL
Pemerka CulnSe, I'llT: a=b = 0,612 um; ¢ = 1,171 um.

Onpez[e.mnb: 0OCb 30HbI
OTBET: [010]

Jano: snekrponorpamma twieHku PACu, nanecernoi npu Trn=650 K Ha moBepXHOCTH
(001) NaCl. Penrerxa PdCu I'lIK: a= 0,375 uwm;

Omnpeaenurb: 2) 0Ch 30HBbI

OTBET: [001]

Jano: snekrponorpamma mieHku PACu, Hanecenno# mpu Tn=650 K Ha moBepx-
noctb (111) NaCl. Pemrerka PACu T'IK: a = 0,375 wHm;

Onpeaenurb: 0Ch 30HBI

OTBET: [111]

Jano: snekrpoHorpamma mwieHku PdCu, HanecenHo# mpu Tn=650 K Ha moBepXHOCTH
(001) NaCl. Penrerka BPdCu IIK: a = 0,296 um

Omnpeaenurb: 0Ch 30HbI

OTBET: [001]




Hano: snexrpoHorpamma rienku PACu. Pemerka BPdCu ITK: a = 0,296 um u aPdCu
T'IK: a=0,375 aMm;

Onpenenurb: 0Ch 30HBI

OTBET: [111]

HMano: snexkrpororpamma ienku Ag-Al. Pemretka Ag: THK, a = 0,4086
um; pertetka Al: TTK, a = 0,405 uwm;

Onpeaenurb: 0Ch 30HBI

OTBET: [111]

Hano: Dnexkrpororpamma rienku Ag-Al. Pemetka Ag: 'K, a= 0,4086 uMm;
pemretka Al: TTIK, a = 0,405 um;
Onpenenurb: 0Ch 30HBI

OTBET: [001]

Jano: OJnexrpoHorpamma snurtakcuaibHoii mienku CuySe ('K, a = 0.576 um),
cuHTe3upoBaHHoi Ha noBepxHocTu (111) NaCl

Onpenenursb: 0Ch 30HBI

OTBET: [111]




JdaHo: Dnexrponorpamma snurakcuaibHoii mienkn CuySe (UK, a = 0.576 um),
CHHTe3UPOBaHHOI1 Ha nmosepxHocTH (100) NaCl

OTBET: [001]

Hdano: daexrponorpamma mienku CulnSe,, cHHTe3npoBaHHOIi MocJIe10Ba-
TeabHOH KoHAeHcanueil moTokoB Cu-Se u In-Se npu Tn=670 K Ha noBepxHo-
cru (100) NaCl. Pemerka CulnSe, I'lIT: a=b = 0,612 am; ¢ = 1,171 um.

Ol'lpeIle.]'lﬂTb: OCb 30HbI

OTBET: [001]

Jano: Jnexkrponorpamma mieHku CIS, cuHTe3upOBaHHOM MoOC/Ie10BaTe I b-
Hoii koHaeHcanueli moTokoB Cu-Se u In-Se npu Tn=670 K Ha moBepxnoctu
(100) NaCl. Pemerxa CulnSe, TOT: a = b = 0,612 um; ¢ = 1,171 um.

Omnpenenurb: 0Ch 30HBI

OTBET: [001]

Jano: dnexrponorpamma mienku CIS, cnHTe3npoBaHHON MocC/Ie10Ba-

=220 CIS TeJbHOI Konaencanueil norokos Cu-Se u In-Se npu Tn=670 K na no-
BepxHocTH (100) NaCl. Pemerka CulnSe, F'IT: a=b = 0,612 um; Cc =
112 CIS 1,171 am.

Omnpeaenaurb: 0Cbh 30HbI

OTBET: [112]; [110]




Jano: Dnexrponorpamma mienku CIS, chHTe3npoBaHHOIi moc/ie0Ba-
TeJLHOW KoHJeHcauueil noTokoB Cu-Se u In-Se npu Tn=670 K na no-
BepxHocTH (100) NaCl. Pemerka CulnSe, F'IIT: a=b = 0,612 um; ¢ =
1,171 um.

Onpenenurb: 0Ch 30HBI

OTBET: [112]







