


Pabouas mnporpamMma AUCLMILIMHEL «JJIEKTPOHHAf MHKDPOCKONHSI H
penTreHorpadusa MaTepHajaoB» i o00ydalolIMXCi IO  HaNpaBlIEHHIO
nogroroBkyd 03.03.02 ®usuxa ([Ipodune: dusmka), cocraBicHa Ha OCHOBAHHH
@enepanbHOrO0 TIOCYJapCTBEHHOr0 OOpPa3OBAaTENIbHOTO CTAaHAapTa  BBHICLIEro
oOpa3zoBaHusi — OakajaBpuaT 0 HampasleHHIO noAroTtoBku 03.03.02 Pusuka,
YTBEP)KIEHHOIO IMpUKa3oM MMUHHCTEpCTBA HayKd M BBICLIEro 00pa3oBaHUA
Poccutickoii ®enmepanuu ot 07.08.2020 Ne 891 (¢ u3sMm. u npom.), Ilopsanka
OpraHM3allMd U  OCYLUECTBJIEHHs  O0pa3oBaTeNbHON  HEATEIBHOCTH IO
oOpa3oBaTeNbHBIM  IpOorpaMMaM  BhICIero obpa3oBaHHs — IIporpaMmam
OaxanaBpuara, I[IporpaMMaM CHELUaJIHTeTa, IporpaMMaM  MarucTpaTryphl,
yTBEpXKIEHHOIO TpHKa3oM MuHucTepcTBA HayKM U BbICLIETO 0Opa3oBaHHUs
Poccutickoit ®enepauun ot 06 anpens 2021 r. Ne 245 (c u3M. M goim.), B
COOTBETCTBHH C yueOHBIM MJIaHOM, YTBEPXKAECHHBIM YueHbIM coBeToM @T'EOY BO
«JdoHl'Y» nns nabopa 2024 roga.

Pa3zpadoTtunk:

npodeccop kadeapsl TEOPETHYECKOI

(bHU3HKH 1 HAHOTEXHOJIOTHIH,

kaHa.Qu3.-MaT.HayK B.A. ®unoxuH

PaGouas mnporpamMa yTBEp)KAEHAa Ha 3acejaHuH kadelpbl TeopeTHUECKOH (H3HKH H
HaHOTEXHOJIOTHH.
[Tpotokon ot 26.03.2024 r. Ne 16

3apenyronii kadeapoi A.T. IletpeHko
COTI'JTACOBAHO:

JlekaH QH3HKO-TEXHHYECKOTO
¢axynpTeTa C. A. PoMeHKO
28.03.2024 .

YyeGHO-MeToAHUECKas KOMUCCHS (DH3HKO-TEXHHUECKOTO QaKynbTera.

[Tpotoxoi ot 27.03.2024 r. Ne 2.

[pencenatens //9/ B. H. Kotenko
4

PykoBoauTeni 0CHOBHOI npodeccHOHaIBHOI
00pa3oBaTeIbHOI TPOrPaMMBL:
KaHAHZaT (U3HKO-MaTeMaTHYeCKHX HayK
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1. MECTO JUCIHUILIUHBI B CTPYKTYPE OBPA3OBATEJILHOM
IMPOI'PAMMBbI

1.1.

TpeboBanus k npeaBapUTEIHLHON MOATOTOBKE O0yUYaIOIIUXCs, MPEALICCTBYIOIINE

U CONYTCTBYIOIINE AUCIUIUINHBI, HA KOTOPBIX OCHOBBIBACTCS U3yUCHHE JAHHOM:

JMCHUIUIMHBL TIpOrpamMMbl OakaiaBpuara: MaTeMaTHYeCKUH aHainu3, AHaIUTHYeCKas
reomeTpusi W JuHeWHas anreOpa. Teopus rpymm, OOmas u SKCepUMEHTalbHAs (U3HMKa
(Mexanuka), O0mas u sxkcriepuMenTanbHas pusuka (MonekynsapHas pusuka. TepmMoauHaAMHUKA).

1.2.
JUCIIUILINHEI

JIMCUUIUIMHBL, KypCOBbIe PaOOThl W MPAKTUKHU, JUII KOTOPBIX OCBOEHHE IaHHOM
HEOOXOIMMO KakK MpeIIeCcTBYIOLIee:

CtpykrypooOpa3oBaHue U SIBJICHUS

MEpCHOCA B KPUCTAJJIaX U TOHKHX IIJICHKAX, HpOI/ISBOIICTBeHHaSII npeaauIiIoMHas IpakKTuKa.

2.1.

2.

OO01as xapakTepucTHKa

OIIMCAHHUE JUCHUIIVINHBI

HanmenoBanue nmokaszareds

3HayeHne moKas3areis

Hazpanue oOpa3oBaTenbHOIl mMporpaMmbl

03.03.02 ®duzuka (ITpodwis: Ousnka)

Iudp 1 Ha3BaHHE B COOTBETCTBUH C

y‘le6HHM IIJ1aHOM

b1.B./1B.10.2 DnexkTpoHHast MUKPOCKOIIHS 1
peHTreHorpagus MaTepuaioB

Yactb 00pa3oBaTeIbHON NPOTrpaMMBbl

BapuaruBHas yactb: BEIOOp 00y4aromerocs

KonandecTBO 3a4eTHERIX CANHUIL / Bcero 4acoB

3,5/126

2.2.  PacmpenereHre 9acoB 10 MEPHOaM 00yICHHS
O0111ee KOJIMYECTBO YaCOB
o
= camocCTosI-
®opma | 9 o
> | € | mekum- | nmabopa- | MPakTH- | TEIBHOH dopma
00y4eHus 0 3 BCETO
8 | OHHBIX | TOpPHBIX | 4YecKHX | paboThI+ KOHTPOJISI
KOHTPOJIb
Ovynas 4 7 26 39 61 126 9K3aMEH

3. HEJHN ANCHOUTTIJIMHBI

[Tonyyenue yriyOieHHbIX 3HaHUN B 00JacTH (DPU3MYECKMX OCHOB METO/Aa TU(PPAKLIUU
AIIEKTPOHOB ISl UCCIIEI0BAHUS CTPYKTYPhl HAHOCTPYKTYPHUPOBAHHBIX MaTepUaoB

4. KOMIIETEHIIU OBYYAIOIIETI'OCs, @®OPMUPYEMBIE B PE3YJIBTATE
OCBOEHHUS KOMIIOHEHTA OBPA30BATEJIBHOM IMPOT'PAMMBI, X
NHANKATOPBI U IINTAHUPYEMBIE PE3YJIbTATBI OBYYEHUSA

Komnerenuu Wuaukatopsl Pe3ynbpTaThl 00y4eHus
[1K-3. I1K-3.24. [1K-3.24.1. 3 ObmuIue npuHIHUIIBI
Cnocoben mnpoBoauth u | Mcnonezyer METO/IbI | U paKLIKK AIEKTPOHOB Ha
yIpaBIATh aHalM3a MaTepHajoB IO | MaTepuanax U BO3MOXKHOCTH
pe3yJbTaTaMi Hay4YHBIX | 3JIEKTPOHHOM KapTUHE MCIIOJIb30BaHUs €€ /IS aHalln3a
UCCIJIEJOBAaHUM " CTPYKTYpPbI MaTepUaoB
OTIBITHO- I1K-3.24.2. Ymeer [lomyuaTsh 00pa3iis!




KOHCTPYKTOPCKHX padoT
B u30OpaHHOW oOnactu
AKCIEPUMEHTAIBHBIX U

(umm)  TEOpEeTHYECKHUX
bu3IIECKUX
UCCIIE0BAHUI c

HIOMOIIIBIO COBPEMEHHOMN
npubopHOil 6a3bl (B TOM

qucie CIIOYKHOTO
¢du3ugeckoro
000pyT0BaHUS ) u
UH(POPMALIMOHHBIX
TEXHOJOTUH C y4eToM
OTEYECTBEHHOTO U

3apy6e>I<Hor0 OIIBITA.

JUTSI 3JICKTPOHOMHMKPOCKOITMYECKOTO U
ANIEKTPOHOTPahUIECKOTO aHATTU30B
[1K-3.24.3. Biageer METOJaMU
onpeeeHus Ka4eCTBEHHOT'O
¢da3oBOro cocraBa MaTepHAIOB IIO
AIIEKTPOHHON mdpakmoHHON
KapTUHE

I1K-3.25

Hcnonp3yeT 3HaHUS
NPUHIUIOB AU(PaKIIH
AJIEKTPOHOB JIJIsI
onpeneneHus HpazoBoro
cocTaBa MaTepUaoB

I1K-3.25.1. 3naeT o0mme MpUHIIAITHI
JudpaKIuy 3JIEKTPOHOB Ha
MaTepuagax u BO3MOKHOCTH
HCIIOJB30BaHMs €€ IS aHaIu3a
CTPYKTYpPbl HAHOMATEPHAJIOB
[1K-3.25.2. YmMeeT nomy4daTs 00pasisl
JUTSI DJICKTPOHOMHKPOCKOITMYECKOTO U
AJIEKTPOHOrPahUUECKOTr0 aHATU30B
I1K-3.25.3. Baageer MmeTogamMu
ompe/e/IeHUs KaYeCTBEHHOIO
($a30BOTO cCOCTaBa MaTEPUAIIOB T10
AJIEKTPOHHOU AU(PPAKIIMOHHOM
KapTUHE

IMTPOI'PAMMA JUCHUIIJIMHBI

HasBanue teMnl ‘

KpaTkoe conepxanue TeMbl (BOIPOCH! TEMBI)

Pasznen 1. OCHOBBI 3JIEKTPOHHO-MUKPOCKONNYECKOTO UCCIIEOBAHMUS

OCHOBBI 2JIEKTPOHHOM ONTUKH.

IIpeamer
MHUKPOCKOIIMM. B3aumonIencTBUe 3IIEKTPOHOB C
BEIIECTBOM. 3a/1aul U OCOOEHHOCTH 3JIEKTPOHHOM
MHUKPOCKOIINH.

OCHOBHBIE TIOHATHS: ONTUYECKAsl CUJIA JINH3HI,
¢doxycHoe paccTosHue, [lapakcuanbHble MydkH,
CTUTMaTH4YeCKHe N300pakeHUs U JpyTHe.
JIBI>KEHUE IIEKTPOHOB B DJIEKTPHUECKUX U

crneukypca. HMcropuss 5IeKTpOHHOMI

MarHUTHBIX MOJISAX. 3aKOH MPEIOMIICHUS
AJIEKTPOHOB B DJIEKTPUYECKOM M0JIe. AHAIOTHS 1
pa3HULIa MEXKY CBETOBOM U DIEKTPOHHOM
ONTUKOMN. DJIEKTPUUYECKUE U MAaTHUTHBIE
ANEKTPOHHBIE JTUH3bI. ONITHYECKUE
XapaKTEPUCTUKU MAarHUTHBIX AJIEKTPOHHBIX JIMH3.
AGeppariu SIeKTPOHHBIX JIMH3.

OnekTpoHorpadus

MOJIMKPUCTAJUIMYCCKUX OOBEKTOB.

OnektpoHorpadusi. ['eomerpust audpakimoHHON
KapTuHbl. YpaBHeHus Jlays. YpasHenus Bynboda-
bpera. Ilpumenenue oOpaTHONW pelmIeTKH U
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MOCTPOEHU  DBajbia Uil UHTEPIpETalnu
TOYEYHBIX U KOJIBLIEBBIX AIEKTpOHOrpamM. Pacuer
KOJBIEBBIX  AyekTpoHorpamMMm.  OmpezneneHue
MEXIUJIOCKOCTHBIX ~ PAaCCTOSSHUM  KPUCTAJUIOB,
MHJCKCUPOBAHUS 3JIEKTPOHOTPAMM; OINpeesieHUue
rnapameTpoB KPUCTAJTUYECKUX pEIIEeTOK.
[lonyueHne W  WHICKCUPOBAHUS  TOYEYHBIX
anekTpoHorpaMM.  OnpeneneHue  OpUEHTalUu
MOHOKPHUCTAIITNYECKUX TJICHOK. MeTto b1
YTOYHCHUA OopucHTauuu KPpHUCTAJIJIOB.
VccnenoBanue cTpyKTypbl aMOp(HBIX BEIIECTB.

Ocobennoctr TU(PaKIIMOHHONW KapTHUHBI
B DJICKTPOHHBIX JIyYaXx.

Hudpaxmus s JIBOMHHUKOB. JIBoiiHas
mudpakius. Jluann Kukyan. Kaptuaer Myapa.

Metonsnl 3JIEKTPOHHO-
MUKPOCKOIHUYECKOTO UCCIICIOBAHUS.

KocBeHHBINM METOJ: PEIUIMKH, OTTEHEHHUS! PEILIUK.
[TomynpssMOil METOA: PEIUIMKH C BKJIFOYEHUSMHU.
[TpsiMoii METOJT: TOHKHE MJICHKH U (DOJIBTH.

OCHOBHBIE mapaMeTphbl QJICKTPOHHO-
MHKPOCKOITMYCCKOI'O I/I306pa)K€HI/I$I.

Kontpact B HM300paKeHUH KPUCTAUTHYCCKUX
00BEKTOB.

Kunematnueckas Teopus
JU(PPaKLHOHHOTO KOHTpAcTa.

OCHOBHBIE TIOJIOKEHUSI TEOpUHU. AMIUIUTYA
Jayded, AupparupoBaHHBIX OT COBEPLICHHOI'O
Kpuctaya. M3ruOHble KOHTYpbl 3KCTHUHKIUU.
KOHTYpBI TONIIMHBI SKCTUHKIMH. AMIUIUTYIHAS
¢dazoBass  guarpamma.  AMIuMTyna  JIy4ew,
nudparupoBaHHBIX OT HECOBEPILICHHOTO
KpHCTaJIa.

Paznen 2. HepCHeKTI/IBHHC HaIlpaBJICHUA HCCIIEIOBAHUN METOJIOM 3JICKTpOHHOI>'1
MHUKPOCKOIINHN

W3y4yeHne NHUCIOKAIMOHHOM CTPYKTYpPBI
KpHUCTaIa.

OcoOeHHOCTH ~ KOHTpacTa B M300pakeHUU
nucnokanuid. Ompenenenue BekTopa broprepca
JIMCIIOKAIIMH, 3HaKa JUCIOKAMK M UX MJIOTHOCTH

AHanu3 1epeKTOB yIaKoBKH.

OcoOeHHOCTH  KOHTpacTa B  H300pa’keHUU
negexToB  ymakoBku. OrmnpeneneHue SHEPruu
nedeKTa yrmaKkoBKH.

JuHamuyeckas Teopusi JUPPaKLIHOHHOTO
KOHTpAacTa.

OcCHOBHBIE TIOJIOKEHMSI AMHAMHYECKON TEOpUHU
JapBuHa. AMIIIUTYyJa BOJH, KOTOPbIE PacCEsHbI
OECKOHEYHBIM  IUIOCKMM  CJIOEM  BeIeCTBa.
3aBUCUMOCTh aAMILIUTY 1B OT  TOJIIUHBI
KpUCTa/UIa. YUYeT MHOIOKPATHBIX OTpPaXEHUU
ATOMHBIMM IUIOCKOCTSIMH.

HepCHeKTI/IBH pa3BUTHA METOJa
SJICKTPOHHO-MUKPOCKOIMNMYCCKOI'0

HCCICA0BaHUs.

Hosble o6nactu mnpumenenus I[19C. Ilpsmble
U300paXeHUs]  KPUCTAUNIMYECKOM  CTPYKTYphI
(dazoBeiii  koHTpact). BeicokoBonbTHas I19C.
I[I5C B cxomsmemcst myuke. [I9C BvIcOKOTO

paspemienusi. Kpuo II9C. Tpexmepnas 3D
TeMorpadusi.
ONEKTPOHHO-30H/I0BBIE Meroasl | PactpoBas ~ DleKTpOHHasT ~ MHUKPOCKONHS U

HCCIIEIOBAHUA.

pentreHorpadus marepuanos (POM). [lonyuenune

nzobpaxkenuit. KawectBo  m3o0paxeHuid U
pazpematoniasi  cnocoOHocTb.  DopMupoBaHUe
KOHTpAacTa. IIpumeHeHue POC B
MaTEPHUAIIOBEJCHHN. Penrtrenosckuii
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MuKpoaHanu3aTop. CKaHUPYIOIUN TYHHEIbHBIM
MUKpOCKOIL. Oxe-DJIEeKTpOHHAasT MHUKPOCKOIUS U

peHTreHorpadus MaTepuasoB u
cnekTpockonus. Jludpakuuns MEJIJICHH.
AIIEKTPOHOB.
6. CTPYKTYPA U COAEP KAHUE JUCHUIIJINHbI
6.1. ®opma oOydeHnus — ounasi, Kypc — 4, cemectp —/
HaumenoBanust pa3aenoB u Tem Kouriectso dacos
Jlexu. | JlaGop. | Ilpakr. | CPC | Bcero
Paznien 1. OCHOBBI AJIEKTPOHHO- 16 19 30 65
MHUKPOCKOIIUYECKOTO MCCIETOBAHUS
OCHOBBI 2JIEKTPOHHOM OINTHKH. 3 3 5) 11
OnekTpoHorpadus MOHO- U 3 3 5 11
HOJMKPUCTAIUTMYECKIX OOBEKTOB.
OcoOenHocTy AU PAKIIMOHHON KApTUHBI B 3 3 5 11
DIIEKTPOHHBIX JTy4dax.
MeTobl 2JIIEKTPOHHO-MUKPOCKOITUYECKOTO 3 3 5 11
MCCIICIOBaHMUS.
OCHOBHBIE TaPAMETPBI JIEKTPOHHO- 2 3 5 10
MHUKPOCKOIIMYECKOTO N300PaKECHHUSI.
Kunemarnyeckast Teopust TuppakIInOHHOTO 2 4 ) 11
KOHTpAcTa.
Paznen 2. IlepcniekTBHbBIE HANIPaBIEHUS 10 20 31 61
UCCIIEIOBAaHUI METOI0M 3JIEKTPOHHOM
MHUKPOCKOTIHU
N3y4yeHne  IUCIOKALIMOHHOW  CTPYKTYpBI 2 4 6 12
KpHUCTaJIa.
AHanu3 1eeKTOB yIaKOBKH. 2 4 6 12
JuHnamuueckas Teopust AUPPaKIIUOHHOTO 2 4 6 12
KOHTpAcTa.
[TepcrieKTUBBI Pa3BUTHUS METOA SIEKTPOHHO- 2 4 6 12
MHUKPOCKOIUYECKOT0 MCCIIeI0BAHUSI.
DIIeKTPOHHO-30HI0BbIC METO/IbI 2 4 7 13
UCCIICIOBaHMUS.
NTOI'O 1O KOMITIOHEHTY OIIOII 26 39 61 126

7. OLHEHOYHBIE MATEPHUAJIBI (CPEACTBA) JUISA TEKYIIEI'O KOHTPOJIA
YCHEBAEMOCTH, IPOMEXYTOYHOM ATTECTAIIUU

7.1. KoHTpoJibHbIEe BONPOCHI
Paznen 1

1. OcHoBBI 27eKTpOHHOM ONTHKH. OCHOBHBIC MTOHATHS: ONITHYECKAs CHJIa
. TIMH3BI, POKYCHOE paccTOsHUE, MapaKcuaibHbIe TyYKU, CTATMAaTHYECKOE

n3o0pakeHue u apyrue. JIBUKeHne JIEKTPOHOB B AJIEKTPUIECKUX U

2

3

4. MarHMTHBIX MOJIAX. 3aKOH MPEJIOMIICHHS 3JIEKTPOHOB B AIEKTPHUUECKOM TIOJIE.
5. Bnusnue nedexToB ynakoBKH Ha JUGPAKIUOHHYIO KapTHHY. OnpeneneHue
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Sk

AHaJIOTHA U pa3HUIlAa MEXIY CBETOBOM U 3JIEKTPOHHOM ONTHKOM.

7. DJEeKTpUYECKUE U MArHUTHBIE 3JIEKTPOHHBIE JIMH3bI. ONTHUYECKHE XapaKTEPUCTHKU
MarHUTHBIX IEKTPOHHBIX JIMH3.

8. Tlopsmoxk mpoBeAeHUs KAdyeCTBEHHOTO (a3oBoro anamusza. OCIOXHEHHS TpH
IIPOBE/IEHUH KaueCTBEHHOr0 ()a30BOro aHajn3a

9. Kunemartuueckast Teopust TU(PPAKIMOHHOTO KOHTpacta. OCHOBHBIC IOJIOKEHUS
TEOpUH. AMIUIUTYAA Ty4el, Iu(parupoBaHHbIX OT COBEPLIEHHOTO KpUCTAJLIA.

10. KosnmyecTBeHHbIH (ha30BbId aHanu3. MeTobl KOJTUYECTBEHHOTO (ha30BOTO aHAIM3A.

Mertoa roMosoruueckux nap. Meros rpaayupoBOYHOM KpUBOW. MeToa BHYTPEHHETO

JTaJOHA.
Pasnen 2
1. Dnextponorpadus. I'eomeTpus TU(PPaKIIUMOHHOM KapTHHBI. OcHoBHOE

uHTepdEepeHIIMOHHOe ypaBHeHHe. [IpuMeHeHne oOpaTHOM penIeTKH U MOCTPOSHHM
DBanbaa sl HHTEPIPETAIUU TOYCUHBIX JIEKTPOHOTPAMM.

2. MeToapl KOJUYECTBCHHOTO (ha30BOro aHanmmsa. Meron j100aBOK. MeToJi BHEIIHETO
stasioHa. Meron u3mepenus kodhduirenTa norionenus. MeTol MHOTOKaHATBHBIX
nudpakromMeTpoB. [TorpenrHocTH KoIru4ecTBEHHOTO (ha30BOr0 aHAU3a.

3. TlomydeHnwss ¥ WHIUIUPOBAHUE TOYCUYHBIX dJeKTpoHOrpamMM. OmnpenerneHue

OpPUCHTAIIMH MOHOKPHCTAIITMUECKUX TUICHOK.

PentrenoBckas ronorpadusi. CyTh M1 BOSMOKHOCTH PEHTTEHOBCKOM TOTOTpaduu.

PenTreHoBckasi KapTHHA MOJHOW TEKCTYphI M ee aHaiu3. [Ipsimas momocHast Gurypa.

AHanu3 OJTIOCHBIX QUTYD.

6. OmpeneneHue xapakTepa pacipeaeICHHs JUCIOKAIUN 1 UX IJIOTHOCTH.

BHyTpeHHUEe HanpsOKEHUST B MAaTepUAIax M MX PEHTTCHOBCKAsI XapaKTePUCTHKA.

8. ManoyrnoBoe  paccesHue. OrmpeneneHue  pa3MepoB  4YacTUIl  MOHO- U
MOJIMUCTICPCHBIX cUCcTeM. OCIIOKHSIOIHE (DaKTOPHI.

9. PactpoBas osnekTpoHHas Mukpockomus (POM). Paspematomas crnocoOHOCTS.
Mexanu3M pOopMUPOBaHUS KOHTPACTA.

10. Onpenenenne MakpoHanpspbkeHH. OJHOOCHOE HampshkeHHoe cocrostHue. [lnocko-
HaNpPsDKEHHOE COCTOSTHUE.

o~

~

7.2. Tembl 1a00PATOPHBIX padoT

— H3ydeHue mocTpoeHus U peKMMOB pabOThI AIEKTPOHHOTO MUKPOCKOTIA.
— KamubOpoBka 31eKTpOHHOTO0 MUKPOCKOTIA

— H3srorosnenue 006pa3ioB A MEKTPOHOrpadhUIeCKUX aHaTH3a

— Ormpezenenre KPUCTAUTMUECKOM CTPYKTYpPhl U (Pa30BOTO MOJUKPUCTATUTMUECKUX
IIJICHOK.

— UWnapexkcupoBaHue TOYEYHBIX d3JeKTpoHorpamm. W3ydenwe Mopdonorun u
OPHEHTALIMOHHOM CBSA3H SMUTAKCHAJIBHBIX ILUICHOK

— H3roroBieHue u ucciea0BaHus PEIUIUK U METAIIMYECKUX (OJIbD
—  DnekTpoHHO-(ppaKkTorpagUUecKuii aHaIn3 N3JI0MOB
— Omnpegenenue BekTopa broprepca v mIOTHOCTH AUCIOKAIUA TOHKUX TIJIEHOK.

— HW3yuenue METOINKHU AIEKTPOHHO MHKPOCKOITUYECKUX TEMHOITOJILHBIX
HUCCIIENOBAHUI.

- I/I3y‘-ICHI/IC KOHCTPYKIHUHU W [IPUHIUIIA JefcTBUSA pacTpOBOTO  DJICKTPOHHOI'O
MHKpPOCKOIIA.

KOHTpOHLHaﬂ pa60Ta 0 MTPOBCPKE TEOPCTUUCCKUX 3HaHUIL — MO BCEM TEMaM, C
HCIIOJIb30BAHUEM YKA3aHHBIX BBIINIC KOHTPOJIBHBIX BOIIPOCOB.
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7.3. OOpa3en cojep:KaHusi IK3aMeHALIMOHHOT0 OnJieTa

JloHenkuii rocy1apCTBEHHbI YHUBEPCUTET
Du3HKO-TeXHUUECKUI (PaKynbTeT
Kadenpa teopernueckoii puU3UKu 1 HAHOTEXHOJIOTHI

[Tporpamma Beiciiero oopasoanusi  I[Iporpamma 6akanaBpuata

Hamnpasnenue noaroToBku 03.03.02 ®uzuka

[Tpoduns moaAroTOBKH ®dusuka

®dopma 00yueHUs Ounas

Cemectp Cenpmoin

Hucuunnuna DNeKTpOHHAS MUKPOCKOIHUS U

penTreHorpadus MaTepruaioB
Dk3aMeHanoOHHbINA Ouier Ne 1
1. MeTtoabl KOJIMYECTBEHHOTO (Pa30BOTO aHAIM3A.
2. Tlopsmok mpoBeneHUs! KaueCTBEHHOTO (a30BOro aHaIM3A.

3. PactpoBas 3neKTpoHHAsE MUKPOCKOIIHS.

YTBepkK/IeHO Ha 3acelaHuu KadeIpbl TeopeTUYecKol (pU3MKU U HAaHOTEXHOJIOTUH, TPOTOKOJI
Ne ot 202 .

3aBenyronuii kKageapoit

DK3amMeHaTop

B ClIydac BCIACHUS yqe6Hor0 mnmponecca € UCIIOJIb30BAHHUEM 3JICKTPOHHOTO O6y‘IeHI/I${ n
JUCTaHIIMOHHBIX O6paSOBaTCJ'II>HI>IX TGXHOJ’IOFI/II\/JI, COZACPpIKaHUC oujeTa MOXKET OTJIMYATBECS OT
MMPUBCACHHOTO.

8. PACHIPEJAEJEHHUE BAJIVIOB, KOTOPBIE NIOJYYAIOT OBYYAIOIIUECSA

OOmiast olleHKa 3HaHUM O00yyaroImMXCs MO JUCHUIUIMHE MpoBoauTcs no 100-OammbHON
HIKaJ€ HUCXOJ W3 MaKCUMyMa, MpPHUBEACHHOro B Tabiuie Huxke. OpraHu3alMoOHHO-y4deOHas
paboTa B ayIWTOPHH OLIEHWBAETCS Ha OCHOBE TAKUX KPUTEPUEB KaK IMOCEHIAEMOCTb 3aHSATHM,
CBOEBPEMEHHOE M KaueCTBEHHOE BBINIOJHEHUE JIOMAIHUX 3aJaHUi, aKTUBHOCTh BO BpeMs
NPOBEIECHUS JIEKIMOHHBIX M NPAaKTUYECKUX 3aHATHH (ydacTHe B OOCYXAEHUH TEKYILEro Hu
IPOIIEHHOr0 MaTepuaia, peleHne 3a1a4 U T.11.).

8.1. Cewmectp 7

Howmepa paznenoB | Buasl pabot Makcumaisoe
KOJIM4ECTBO 0assIoB
Opranu3anvoHHO-y4eOHas paboTa B ayAUTOPUHI 20
CamocTosTenpHas pabora 10
1-2 JlaGopaTopHble paboThI 20
KonrponpHass pabora 1O TEOPETHUECKOMY 10
MaTepuanry
NTOT'O 60
DK3aMeH 40
OO0muii uTor 3a cCemMecTp 100




CooTBeTcTBYE 0AJLIOB OLIEHKE

KOiecTEO GaLIoR O1teHKa 110 IATHOAJUILHOM IIKaJie
s 100 ECTS | Dxzamen, nuddepeHunpoBaHHbIN 3auer
3a4er

90-100 A OTJINYHO 3a4TEHO
80-89 B XOpOIIO 3a4TEHO
75-79 C 3a4TEHO
70-74 D YIOBJIETBOPUTEIHHO 3a4TCHO
60-69 E 3a4TEHO
35-59 FX HEYIOBJICTBOPUTEIHHO HC 3a9TCHO
0-34 F HE 3a4TEHO

9. OBECIIEYHEHHUE OBPA30OBATEJIBHOI'O NTPOLECCA JJIs JINL C
OI'PAHUYEHHBIMHU BO3MOKHOCTAMMU 3JOPOBbSA 1 UHBAJINIOB

B xone peanu3zanyu TUCHHUIUTMHBI UCTIOJIB3YIOTCS CIEAYIOIINE JOMOTHUTEIbHBIE METOIbI
00y4YeHHsl, TEKYIIEro KOHTPOJISl YCIIEBAEMOCTH M MPOMEKYTOUHON aTTecTalliy 00Yy4aroIuXxcs B
3aBUCHMOCTH OT UX UHIUBUIYAbHBIX OCOOCHHOCTEH:

1) JUTSL CHEMBIX U CIIA00BUALINX

— ek OQOpMIISIFOTCS B BHUJAE OJCKTPOHHOTO JIOKYMEHTa, JOCTYIHOTO C
MOMOIIBI0 KOMIIBIOTEPA CO CIEUATH3UPOBAHHBIM TPOTPAMMHBIM 00€CTICUCHUEM;

— JUIs  BBINIOJHEHUS — 3aJaHWs TpM  HEOOXOAMMOCTH  MPEJOCTaBIISCTCS
YBEJIMYUBAIOIIEE YCTPOUCTBO; BOZMOXKHO TaKXKE MCIOJIb30BAHUE COOCTBEHHBIX YBETUYMBAIOIINX
YCTPOMCTB;

— MUCbMEHHBIE 3aJaHusl OPOPMIISIOTCS YBEIUYSCHHBIM HIPUDTOM.

2) IUTSL TIIYXHUX M CI1a00CIBIIIAIINX

— JEKIH OPOPMIISIOTCS B BUJIE 3JIEKTPOHHOTO JJOKYMEHTA;

— MTUCHMEHHBIE 3a[aHUs BHIITOJHIIOTCS HA KOMITBIOTEPE B TMCbEMEHHOH (popMe;

— 9K3aME€H NPOBOJUTCS B TIHCBMEHHOM (opMe Ha KOMIBIOTEpPE; BO3MOXKHO
npoBeieHue B (hopMe TeCTHPOBAHHUS.

3) JUISL JIUI] C HapYIIEHUSIMA ONIOPHO-JIBUTATENILHOTO afapara:

— JeKuuu oQOpMIISIOTCS B BHJIE DJEKTPOHHOTO JOKYMEHTA, JOCTYIHOIO C
MOMOIIBI0 KOMITBIOTEPA CO CHELHUATU3UPOBAHHBIM IPOTPAMMHBIM 00ECIIEYEHHUEM;

— MTUCHMEHHBIE 3a[aHUs BHIITOJHSIIOTCS Ha KOMITBIOTEPE;

— 9K3aMeH U 3a4€T MPOBOJATCSA B YCTHOW (pOpME MITM BBIMOJIHSAIOTCS B MUCbMEHHON
dbopme Ha KOMITBIOTEpE.

IIpy HEOOXOTUMOCTH NpeoyCMaTpUBAeTCs YBEIMYEHHE BPEMEHHM I IOATOTOBKU
OTBeTA.

[Iponienrypa  mpoBeAeHUsT  NPOMEXKYTOUHOH  aTTecTalMu A OOydaroUIMXcCs
YCTAHABJIMBACTCS C YYETOM WX HMHIUBUAYAIBHBIX TICHXO()U3HUECKHUX OCOOCHHOCTEH.
[TpomesxyTouHas arTecTalusi MOXKeT IPOBOJUTHCS B HECKOJIBKO ATAIIOB.

[IpoBenenne mpoueaypbl OICHHBAHWS PE3YJIbTaTOB OOYUYEHHsS JIOMyCKAeTCS C
UCIIOJIb30BaHUEM JUCTAHIIMOHHBIX 00pPa30BaTEIbHBIX TEXHOIOTUH.

ObecnieunBaeTcst 10CTyN K MHPOPMAIIMOHHBIM U OubnnorpadguyeckuM pecypcam B CETU
WuTepHer s Kaxkaoro oOywaromierocss B ¢gopMax, aJalnTHPOBAHHBIX K OTPaHUYEHUSM HX
3JIOPOBBS U BOCIIPUATHUS HH(DOpMAITIH:

1) JUTSL CIIETBIX U CIIA0O0BUISIINX

— B [I€YaTHOHN (popMe YBETUUECHHBIM LIPUPTOM;

— B (hopMe 3IEKTPOHHOTO JOKYMEHTA;

2) IUTSL TIIYXHUX ¥ CIa00CTBIIIAIIHX
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— B IeUaTHOM dopme;

— B (hopMe IIEKTPOHHOTO JJOKYMEHTA.

3) IUIsE 00YYArOIIUXCS C HAPYIICHUSIMHU OTIOPHO-/IBUTATEIBHOTO allapara:
— B [IEYAaTHOH (opme;

- B (hopMe IIIEKTPOHHOTO JJOKYMEHTA.

10 MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHUME YYEBHOI'O
ITPOLOECCA

VYuebuble 3aHsATHS mnpoBoaircs B 4 ydyeOHom kopmyce Jlonl'Y (r. [omenxk, mp.
Tearpanbubiid, 13). Jlna mnpoBeneHus Ja0OpPAaTOPHBIX 3aHATHA TpeOyeTcs ayauTopus,
000Opy/sOBaHHAss MEJIOBOM WM MAapKEpHOW JOCKOW, MYJIbTUMEIUIHBIA IPOEKTOp U SKpaH,
HOYTOYK, KOMIUIEKT yueOHOM MeOenu AJsl CTYAEHTOB, pabouee MECTO MPErnoaBaTelis, BbIXO/ B
WHTepHeT — MPOBOAHOM WK ¢ Ucoib3oBaHreM Wi-Fi.

Jlis caMoCTOSITENIbHOM pabOThl KCIOJIB3YIOTCS TEKCTOBBIE U DJIEKTPOHHBIE PECYPCHI
HayuyHno#i OMOIMOTEKM YHMBEPCHUTETa W JPYTUX ODJICKTPOHHBIX OHOIMOTEYHBIX 0a3 NaHHBIX,
yueOHO-MeToInYeckoe oOecreueHue, MPeJCTaBICHHOE B Yy4eOHO-METOJUYECKOM KaOWHETe
Kadeapsl TEOPETUIECKOI (PU3UKHN U HAHOTEXHOJOTHH (aym.256).

OOyuyaromuecss HMMEIOT BO3MOXXHOCTh HCIIONIb30BaTh y4yeOHble MaTepuaibl IO
TUCITUIUINHE, pa3MmenieHHbie Ha tiatrgopme Moodle IlenTpa mucTaHIMOHHOTO 00pa30BaHHS
OI'BOY BO «/lonl'Y». Ilpu uzydeHun IUCHUIUIMHBI IPUMEHSIOTCS JEKTPOHHOE O0y4YeHHE U
JMICTaHIIMOHHBIE 00pa30BaTEIbHBIC TEXHOIOTHH.

C  wucnonmp3oBaHHMEM  pecypcoB  MmiIaTGopMbl  JUCTAHIIMOHHOTO  00pa3oBaHUS
OCYIIECTBIISIETCS TEKYLIMH KOHTPOJb 3HAHUN OOy4arolMXCs Ha OCHOBE TECTUPOBAHUS U
MIPOBEPKHU PE3yIbTATOB CAMOCTOSTENLHOM paOOTHI.

11. PEKOMEHIAYEMAS JIMTEPATYPA

11.1. OcHoBHas nuTEparypa

1. DnexkTpoHHAass MHKPOCKONUS TOHKMX KPHUCTAJUIOB : mep. ¢ aHrl. / mox pexa. JI. M.
VYreBckoro. - Mocksa : Mup, 1968. - 574 ¢

2. MeTomudeckue yKka3aHusl K JIJaA0OpaTOpHBIM paboTaMm 1o crenkypcy "Teopus u MeTo bl
CTPYKTYpHOTO aHanu3a" : (Il CTyAeHTOB criennanbHocTu 6.040203 "dusuka") / A. H. Tpouas,
C. B. Yepronanos, I'. B. Tumodeesa ; lonHY. ®us.-texn. gax. Kad. nHanopusuxu. - /loneux :
HouHY, 2013. - 96 c.

3. Tpoman, A. H. Ilpaktukym 1o aHaJM3y TOHKOW CTPYKTyphl MarepuayiioB / A. H.
Tponan, M. I1. Kymnup, C. B. Ueptonanos ; [lonen. Hail. yH-T. - Jloneuk : lonHY, 2004. - 102
c.

4. BacunbeBa, JI. A. DeKTpoHHAsE MUKPOCKOIIHS B METAJIJIOBEIEHUH [IBETHBIX METAJIOB
: CnpaBounuk / A. A. Bacunwesa, JI. M. Manamenko, P. JI. Todpmenen ; Ilox pen. C. A.
Acranuuka ; AH BCCP, ®u3.-texH. uH-T. - MuHck : Hayka u Texnuka, 1989. - 208 c.

11.2. JlomonHUTEIbHAS JIATEPATYPA

1. TrokoB, B. I'. DnexkTpoHHast MUKPOCKOIUS JIOKaJIbHBIX noTeHuuanos / B. I'. /liokos, C.
A. Henmmiixo, H. H. Cenos ; AH YCCP, Un-1 pusuku. - K. : Hayk. nymka, 1991. - 198 c.

2. DIEeKTpOHHAs MUKPOCKOMMs TOHKMX KPUCTAJUIOB : mep. ¢ aHria. / mon pen. JI. M.
VreBckoro. - Mocksa : Mup, 1968. - 574 c.
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12.  HHO®OPMAILUNOHHBIE PECYPCBI

1. HauuonanbHast 3JIEKTPOHHASA OndbMoTeKa (HOB): dbenepanpHas
rocyaapctBeHHas uHdopMmaimonHas cucrema / MunucrepctBo Kynbryper P®; Poccwuiickas
rocynapcTBeHHas oubnnoreka. — MockBa, 2019- . — URL: https://rusneb.ru/ (mata oOpamieHus:

01.09.2023). — Pexkum mocryma: cBoOOIHBIN, MOAMKMCKa. HeoOXomuma ycTaHOBKA IPOrPaAMMHOTO
oOecrieyeHus. — TeKCT: AJIEKTPOHHBIN.

2. eLIBRARY.RU: Hay4nas snekTpoHHas OuOnmoreka: cat. — Mocksa, 2000- . —
URL: https://elibrary.ru (mara oopamenus: 01.09.2023). — Pexum mocTyma: i aBTOPU30B.
MoJb30BaTeel. —TeKCT: JIIEKTPOHHBIN.

3. Hayunast snextponnass OubOnuoreka «KubOepJlenmHkay»: caiit / Accoruanms
«OtkpbITas Hayka». — MockBa, 2014- . — URL: https://cyberleninka.ru/. — Pesxxum poctyma:
cBOOOHBIN. — TeKCT: ANEKTPOHHBIH.

4. DNeKTPOHHO-OUOIMOTEeUHAS cucreMa «Jlanby»: [caiiT]. — URL:

https://e.lanbook.com (mata oOpamenus: 01.09.2023). — Pexxum jgocTyma: JUisi aBTOPU30B.
moJib30Bateseii. — TeKCT: AJEKTPOHHBIM.

S. IBC IOpaiit: >nmexTpoHHas 6ubOnMoTeyHas cucrema: caT. — Mocka, 2013. —
URL: https://biblio-online.ru (mata oopamenwus: 01.09.2023). — Pexxum noctyma: uisi aBTOPU30B.
IIOJIb30BaTeIeN. — TEeKCT: 2JIEKTPOHHBIMN.

6. y1eKTPOHHO-0ubmoTeuHast cuctema Joul'Y: caiit / ®I'BOY BO «/lonl ' V». —
Honeuk, 2016- . — URL: http://library.donnu.ru/ (mara oopamenus: 01.09.2023). — Pexum
JocTyna: cBOOOIHBIN. — TeKCT: AIeKTPOHHBIM.

1. JJekTpoHHbI Katajsor Haywnoii 6uGmmoreku [lonl'Y: pasnen caiita / Hb
JouIl'Y. — Tekct: snekrponnsiii / DBC Jloul'Y: caitr. — URL: http://library.donnu.ru/catalog/
(mara oOpamenusi: 01.09.2023). — Pexum poctyma: MOUCK CBOOOAHBIN, 3JIEKTPOHHBIC
JIOKYMEHTBI — [ Itosbs3oBarene Jonl'y.

8. daexTpounblii apxuB Joul'Y: pasmen caiita / Hb Jlonl'Y. — Tekcr:
anektponHbii // OBC Jlonl'Y: caiit. — URL: http://repo.donnu.ru/ (mara oOpamieHus:
01.09.2023). — Pesxum roctymna: CBOOOIHBIH.

13. ITPOI'PAMMHOE OBECIIEYEHHUE

1. Windows 7 PRO (kopnoparusnas nuuen3us oY Ne 46484614)

2. Microsoft Office (koprnopatuBHas auuen3us oY Ne 46472919)

3. Microsoft Visual Studio (suniensust mporpammsl Dream Spark 11st BRICIINX Y4eOHBIX
3aBEJICHUN)

4. AntuBupyc Kacnepckoro, Adobe Acrobat Reader, xPDF (munensun GPL, Apache,
BSD a5t cBOGOAHOTrO MPOrpaMMHOI0 00ECTIEUeHHUS ).
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