MHUHHCTEPCTBO HAYKH U BBICIIIETO OBPA30BAHHS POCCUMCKON ®EIEPALTUA

®DenepanbHoe rocy1apcTBeHHOE GI0KeTHOE 06pa30BaTebHOE yUpeXKIeH e
BhICILIEro 00pa3oBaHUs

«KYBAHCKUH I'OCY IAPCTBEHHBIN YHUBEPCUTET»

QaKyJIbTEeT XMMHHU U BBICOKUX TEXHOJIOTHIA

VYTBEPXJIAIO:
,,,.gI_-:IpJQpeKTop 1o y4yeOHo# paborTe,
Sir12308 %

e ;.

o KAYeCTRY

Vo e ‘,”‘Jc‘,‘e’
"a;%" SbL AT
ey Xarypos T.A.
§ SRAE ST S0y0 P
& - o0 &
%ﬁ“ ey 2R,

PABOYAS ITPOI'PAMMA JUCHUITJIMHBI

b1.B.1B.03.02 9JIEKTPOHHASI MUKPOCKOIIUSA
HEOPIT'AHUYECKHUX U KOMIIO3UTHBIX MATEPHUAJIOB

Hanpanenue noarotoBku — 04.03.01 Xumus

Hanpasnennocts (mpoduis) — «HEOpraHu4ecKas XUMHUsS U XUMHUS KOOpAH-
HAIIMOHHBIX COeIHHEHHI»

®opma o0y4yeHus — ouHas

KBanudukauus BbITyCKHUKA — 6aKaaaBp

Kpacunonap 2025



PaGouasi nporpamma mucumnanubr 51.B.J[B.03.02 «DneKTpoHHas MHKpo-
CKOIIHS HEOPraHUYECKUX M KOMIIO3UTHBIX MAaTE€PHAIOB» COCTABIE€HA B COOTBET-
cTBUM ¢ @enepanbHbIM TOCYNApPCTBEHHBIM O00Pa30BaTEbHBIM CTAaHIAPTOM
BbiciIero obpasosanusi (PI'OC BO) no nanpapnenuto noxrorosku 04.03.01 —
Xumusl.

[Iporpammy cocraBwui:

Bosnbiakun B.A., 3aB. kadenpoit o61weil, HeopraHH4ecKoil XHMUH 1 uHpOopMa-

HOHHO-BbLIYHUCJIIUTEJIbHBIX TEXHOJIOTHH B XUMHH, K.X.H.

Pa6ouas nporpamma nuctumnas: 51.B.J1B.03.02 «DeKTpoHHAs MEKPOCKOIIHS
HEOPraHHYeCKUX U KOMITO3UTHBIX MaTEpUalIOB)» YTBEpP)KIeHa Ha 3aCeaHUH Ka-
(benper obwmeit, Heopranuyeckoit xumun u UBT B xumun

npoToko Ne 7 ot «22» anpens 2025 r.

3aBeqyromuii kKadeapoi ‘% BoneiakuH B.A.

YTBepXKzeHa Ha 3ace/laHiH YueOHO-METOANYECKOM KOMUCCHH (haKyIbTeTa XH-

MHH U BBICOKHX T€XHOJIOTUH, ITPOTOKOI Ne 7 «24» anpens 2025 r.

IIpencenarens YMK dakynstera Becrianos A.B. (/ﬁ‘

PeuienzeHToI:

Kpanusus I'. /1, rnaBuseiit HayuHslit cotpyaauk LIKIT «ALITTuXT»
®I'bOY BO «Ky6I'TY», n.X.H., mpodeccop

bonortun C.H, 3aB. kadenpoit 5K0I0ruK ¥ NPUPOIONOIb30BAHHS
®I'bOY BO «Ky6I'Y», K.X.H, 1OLEHT



1. llesin u 32124l OCBOEHHUSA TUCIIUILIHHBI
1.1. Heab TUCHUNJIMHBI.

OOy4YHTh CTYJICHTOB BJIQJICHUIO COBPEMEHHBIMU METOJaMU BU3yaIU3aIluU
U XMMUYECKOr0 aHaJIN3a MOBEPXHOCTU PA3JIMUHBIX TBEPABIX TEJ C TOMOIIBIO
METO/IOB JICKTPOHHOM MUKPOCKOITUH BBICOKOTO Pa3pelIeHus.

1.2. 3agaya AMCHMIIJIMHDI:
— 3HAKOMCTBO CTYJIEHTOB C OCHOBHBIMU METOAAMHU U BO3MOKHOCTSIMU CKa-
HUPYIOILIEH PacCTPOBOM U 30HI0BOM 3JIEKTPOHHOW MUKPOCKOIIUH;
— (opmupoBaHKE HaBBIKOB MOJYyY€HUs U 00pabOTKU MH(POPMAIIH C TOMO-
LIbIO DJIEKTPOHHOI'0O MUKPOCKOIIA.

1.3. MecTo aucuuninHbl (MOayJisl) B CTPYKType 00pa3oBaTe/ibHOM
MPOrpamMmmabl

JucuunnuHa «JE€KTPOHHAsT MHUKPOCKONHUST HEOPraHWUYECKUX U KOMIIO-
3UTHBIX MaTEPHAIIOB» OTHOCUTCSA K 9acTH, (OPMUPYEMON ydaCTHUKaMH 00pa3o-
BaTeNIbHBIX OTHOWIeHUH, bioka 1. Jucuummunasl (Moaynu) ydebHoro 1iaHa. B
COOTBETCTBHHU C pabOYUM y4EOHBIM IJIAHOM JUCHUIUIMHA U3ydaeTcs Ha 4 Kypce.
Bun nmpomMexxyTo4HOM aTTecTauuu: 3a4er.

J{nsi ee M3ydeHUs HCIONB3YIOTCS 3HAHUA KypcOB «DU3MYECKUE METOJbI
aHanu3a» U «Pu3uka». 3HaHUS U HABBIKY, [TOJYYECHHbIE B PE3YJIbTATE OCBOCHUS
JTAHHOT'O Kypca, MOTYT OBITh MCIOJIb30BaHbl MPU U3YYCHUU CICIHAIBHBIX MPO-
(GUIBHBIX JUCLMIUIMH, TaKUX Kak «MeTolbl HCClIeI0BaHUsl HEOPTaHUYECKUX U
KOMIIO3UTHBIX MaTepuaaoBy, «llepcnekTuBHbIE HEOPraHUUYECKUE MAaTEPUAIIBI CO
CrieMAIbHBIMU (PYHKUIMSIMUY, «HeopraHndeckue KOMITIO3UTHBIE MaTepUAIIbI», a
TaKXe€ B HAYYHO-HCCIIEIOBATENBCKOM pabOTe CTYIEHTOB.

1.4 IlepeyeHb MIIAHMPYEMBbIX Pe3yJIbTATOB 00y4YeHHUS IO TUCHUTIINHE
(MoayJ110), COOTHECEHHBIX € IVIAHUPYEMbIMH Pe3yJIbTATAMM 0CBOCHHS
00pa3oBaTeJbHOI NPOrpaMMbl

Koa n HamMeHOBaHHE MHAMKATOPA JOC-

Pe3y'J'IBTaTBI O6y‘leHI/I${ 110 AU CHUIIIIMHEC
THXKCHUA KOMIICTCHIINH

[IK-1 - CriocobeH OCYHICCTBIIATh CTAHAAPTHBIC OINICpalluU 110 IpCjraraCMbIM MCTOAUKAM, Ha-
IMPaBJICHHBIC HA MOJTYYCHHUC U UCCICIOBAHUC PA3JIMIHBIX COGI[I/IHCHI/Iﬁ 1 MaTCpUuajioB

MIIK-1.1. OcymecTBaser CTangapTHEIE O1ie- | 3HaTh OCHOBHBIE METOJIUKH TOJITOTOBKU 00pa3IioB
panouu 1o npeajiara€MbIM METOJJUKaM, Ha- U IIPOBEACHUS aHaIN3a.

MIPABJICHHBIE HA MOJYYEHHUE U UCCIIEI0BaHUE
XUMHMUYECKUX COCTMHEHUN pa3TuyHON npu-

POJIBI M MATEPUAIIOB HA HX OCHOBE YMeTh NIPOBOIUTH MOATOTOBKY 00pa3IioB U BbI-
NUIIK-1.2. Beibupaer ontuManbHble Jabopa- | HOJHATE aHAIIU3 U1 00pasIoB pa3IMYHOTO THUIIA.
TOPHBIE METOJIbI IIOJIYYEHUS U UCCIEA0BAHUS
XUMUYECKUX COCAUHEHUN pa3IM4HON IpU-

PO/l 1 MaTCpHaIOB Ha UX OCHOBE Brnanets MeToanKO# MOATOTOBKM 00PA3IOB U BHI-
MOJTHEHUS aHAJIM3a JUI1 00pa3lioB pa3IMYHOTO




Kon n HaumeHoBaHME UHIUKATOPA J10C-
THKEHUS] KOMIIETEHIIUN

Pe3y.]'IBTaTBI O6y‘leHI/Iﬂ 110 JUCHUIIIIMHEC

THIIA.

[K-2 - CnocoGeH MpUMEeHATh COBPEMEHHYIO amlaparypy MpH MPOBEACHUN HAYYHBIX HCCIIe-
JIOBaHMIA, a TaKke 00pabaThIBaTh M aHAJIM3UPOBATH MOJYyYEHHBIE PE3YIIbTATHI.

HIIK-2.1. OcymiecTBIseT UCCIEI0BAHNE XU-
MHYECKUX COCHMHEHUI N MAaTepPHAIIOB C HC-
M0JIb30BaHHEM COBPEMEHHOTO XUMHYECKOTO
00opymoBaHMS

UIIK-2.2. O6pabaTeiBaeT U aHATH3UPYET
9KCTIEPUMEHTAIBHBIC JAHHBIE, TTIOJTyYeHHBIC C
UCTIONIb30BAHUEM COBPEMEHHON XUMHYECKON
anmnaparypbl

OCHOBHBIE YaCTH COBPEMEHHOTO 3JIEKTPOHHOTO
MHKPOCKOIIA U IPUHIUIT UX AEHCTBUS

YMeTh MPOBOIUTH OCHOBHBIC ONIEPAIINN U TEXHU-
yeckoe 00ciyKuBaHue npubopa

Brnaners 6a30BbIMU HaBbIKAMH HCIOJIB30BAHUS
COBPEMEHHOM anmnaparypsl IIpy IPOBEICHUH Ha-
YYHBIX MCCIIEIOBAHUI

2. CTpyKTYypa M coaepkaHue TUCHUILINHBI
2.1 PacnpenesieHue TPyA0éMKOCTH JUCHMILIMHBI 110 BUAAM padoT

OO61mmas Tpymo€MKOCTh TUCITUIUIMHEI cocTaBisier 3 3a4. ef. (108 wacos),
WX pachpeiesieHre 1Mo BuaaM paboT MpeCTaBICHO B Ta0UIIE.

Bun yueOHol paboThl Bcero CemecTpbl
4acoB (dachl)
8

KonTakTHasi paboTa, B TOM 4HcJje:
AyIuTOpHBbIE 3aHATHS (BCEro): 60 60
3aHATHS JEKIIMOHHOTO TUTIA 20 20 - -
JlaGopaTopHble 3aHATHUS 40 40 - -
3aHATUS CEMUHAPCKOTO TUTIA (CEMHHAPBI, TPAKTHYEC-
CKHUE 3aHSTHS) i ) ) )
HNnas koHTaKTHas padora:
KonTtposbs camocrositensHOM paboTsl (KCP) 4 4
[TpomesxxyTounast arrectarus (MIKP) 0,2 0,2
CamocTosiTesibHasi paboTa, B TOM YHCJIe:
Kypcosast pabota - - - -
[TpopaboTka yueOHOro (TEOPEeTHUECKOro) MaTepraa 20 20 - -
BelInosnHeHre WHAMBUYaTIbHBIX 33 JaHui (TIOATOTOBKA 10 10 i i
COOOIIEHNH, TPE3EHTAITUN )
Pedepar - - - -
[TonroToBKa K TEKymeMy KOHTPOJIIO 13,8 13,8 - -
KoHnTpoJs:
ITonroroBka K SK3aMeHy - -
Oo01mas Tpy10eMKOCTh yac. 108 108 - -

B TOM YHC/Ie KOHTAKTHAS | o 42 | 642

paGora

3a4. eJ 3 3

2.2 CTpyKTYypa IMCHUILINHBI.




Pacnipenenenue Bu10B yueOHOI pabOThl U UX TPYIOEMKOCTH IO pa3jienaM
JACUUTINHBI.

Paznensl nucumminnel, u3ydyaemsie B 8 cemectpe (i ctyaeHToB ODO)

KommuectBo acos
Bueaynu-
Ne HammenoBanue pa3nenos (Tem) Beero AYS;T;)TI;HM TOpIZaSI
pabora
J | 113 | JIP | CPC
1 2 3 4 5 6 7
1. |Teoperuueckue OCHOBBI ITEKTPOHHON MUKPOCKOIUU | 22 4 8 10
2.  |YCTpOHCTBO 3JIEKTPOHHOT'O MUKPOCKOITA 40 8 16 16
3 dopmupoBaHUe N300paKEHUST B CKAHUPYIOIIEM 10 9 4 4
AIIEKTPOHHOM MHUKPOCKOTIE
4 Pa3HOBUAHOCTH CKaHUPYIOIIEH 2JIEKTPOHHOW MUKPO- 20 4 8 8
CKOIIUHU
5. |PeHTreHoBCcKuii MUKpOaHaJu3. 11,8 2 4 5,8
UTOI'O no pazoenam oucyuniurvl 103,8| 20 40 | 438
Koumpone camocmosmenvroii pabomor (KCP) 4 4
IIpomescymounas ammecmayus (MKP) 0,2 | 0,2
Tloocomoska k mexywemy KOHmpOoJo 13,8 | 13,8
Obwas mpyooemkocms no OUCYUNJIUHE 108 | 108
2.3 Conep:xkanue pa3iesioB IMCHUATIHHBI
2.3.1 3aHATHSA JTEKIMOHHOT0 THIIA
®opmMma
Ne Hauneroanme Conepxxanue paszena TEKYLIEro
paszzaena
KOHTPOJISI
1 2 3 4
1. | Teopernueckue | B3anmoaencTBHe 3JIEKTPOHOB BBICOKOW dHEPTUH C Be- | Kookeuym
OCHOBBI 9JIEK- | IECTBOM. PaccesiHue 311eKTpOHOB. XapaKTepucTrye-
TPOHHOW MHKPO- | CKO€ PEHTTEHOBCKOE m3irydeHue. Oxe- anekTpoHsl. Ka-
CKOTIHH TOJIOTFOMUHECIICHIIHSL.
2. YcerpoiictBo  |[KonoHHa 351eKTpOHHOTO MUKpOcKona. BakyymHuas cuc- | Peghepam.
AJIEKTPOHHOTO |TeMa. THUIBI JJICKTPOHHBIX MyIIeK. JleTeKTopsl u3nyde- | JJoknao na
MUKpockomna. |Huil. [IpucTaBKu A CKAaHUPYIOLIETO JIEKTPOHHOTO memy.
MHUKPOCKOIIA.
3. | ®opmupoBanue |CkaHHUpPOBAHUE IEKTPOHHBIM JTy4oM. CkaHupoBanue | Konnokeuym
M300paKeHUs B |BIOJb TUHUH. MeXaHU3MbI U IPpUpoJia GOPMUPOBAHUS
CKaHHpYIIeM |KoHTpacTa. [ myouna ¢okyca. Mckaxenus nuzodpaxe-
3JIEKTPOHHOM  |HUU.
MHUKPOCKOTIE
4. | PazHoBHIHOCTH |/I€TEKTOPHI CUTHATIOB, X XaPaKTCPUCTUKU U BITUSHHE Peghepam.
CKaHUpYyIoIeH |Ha (hopMHUpOBaHKE KOHTPACcTOB. Hu3koBakyymHas cka- | /[oxnao na
DJIEKTPOHHOW  |HUPYIOMIAs 3JICKTPOHHASE MUKPOCKOTIHSI. memy.




®dopma
HanmenoBanue
Ne Conepxanue pasaena TEKYILETO
paszena
KOHTPOJIS
1 2 3 4
MUKPOCKOIIHH
5. | PentrenoBckuii (['enepaius peHTreHOBCKOro m3nyueHus. Crnektpomer- | Ilposepka
MHKpPOAHAJIU3 |pHUs C dHEepreTudeckou aucnepcueit. Criekrpomerpus ¢ | pabom. Om-
BOJIHOBOU JUCIIEpCUEH. uemuwl O 6bl-
NOJIHEHUU.

2.3.2 3aHATHA CEMUHAPCKOI0 THIIA

(Y4eOHbBIM IIaHOM 3aHSATUSI CEMUHAPCKOI'0 THUIIA HE TPELYCMOTPEHBDI)

2.3.3 JlabopaTopHbIe 3aHATHUS

1 cemectp.

®dopma TEeKyIIero

Ne HaunmenoBanue 1abopaTopHbIX paboT
KOHTPOJISI
1 3 4
1. |A3ydeHue ycTpoHcTBa 3JIEKTPOHHOTO PACTPOBOTO MUKPOCKOIIA. Yemmuwviti onpoc

[TonroroBka 06pa3ioB.

2. |HUccnenoBanue MoBEpXHOCTH TECTOBBIX 00pa3IIOB. Omuem no nao.
pabome

3. |HccinenoBanue OMOIOrHUECKUX OOBEKTOB. Pewenue 3a0au

4. |HccrenoBaHue penbeda u COCTaBa MOBEPXHOCTH C TIOMOINBIO CKaHu- | Omuem no 1aod.
PYIOIIETO JIEKTPOHHOT'0 MUKPOCKOIIA pabome

5. |KontponpHas padota Nel. KP

6. [UccnenoBanue coctaBa HAHOCTPYKTYPUPOBAHHOTO 00pasiia metoioM| Omuem no 1aob.
PEHTTCHOCTPYKTYPHOTO aHAIIN3A. pabome

7. |Ompenenenne xapaKTEpPUCTUK ONTHUYECKHUX TUCKOB METOJIaMU TYH- Omuem no 1ao.
HEJIbHOW U aTOMHO-CHJIOBOM MHUKPOCKOITHU pabome

8. |[HUccnenoBanue AUAIEKTPUUECKHUX U JICKTPOIPOBOISAIINX CBONCTB Omuem no nao.
TOHKHUX MOJIMMEPHBIX IJIEHOK. MaTemaThdeckast 00paboTka pe3yiib- pabome
TaTOB.

9. |Maremartudeckasi 00paboTKa H300paskeHUH. Pewenue 3a0au

10. [KouTpoasHas pabora Nel. KP

2.3.4 IlpumepHasi TeMAaTHKAa KypPCOBBIX padoT

KypcoBbie paboThl — HE IPETyCMOTPEHbI




2.4 IlepevyeHb y4eOHO-METOAUYECKOI0 O0ecIeYeHUsI 1JI CAMOCTOS-
TeJbHOI PadoThI 00y4AaIONIUXCSH MO TUCHUIINHE (MOIYJII0)

[lepeueHs yaeOHO-METOAMIECKOTO 00CCIICUCHHSI TUCITUTUTHHEI 110

Ne Bun CPC o
BBITIOJTHEHUIO CAMOCTOSITENTLHOM paboThI
1 2 3
1 | Teoperuueckas ca- Meroanueckue peKOMEHIANHN K OpraHu3allui ayJJUTOPHON U

MOIIOJITOTOBKA  |BHEAYIUTOPHOU (CaMOCTOSATEIBHOM) PabOThI CTYJIEHTOB: METOH-
2 | Toxaroroska k JIP [deckue ykazanus / coct. T.I. Cropoxkenko, T.b. ITounnok, A.B.

3 Pedepar becnanos, H.B. Jlo3a. — Kpacnonap: Ky6auckuii roc. yu-1, 2018.
4 | oxnansl, mpesen- |89 c.
TaIUH HuTepHeT pecypcsl 0 AUCLHUILUIMHE, B TOM YHUCJIE YKa3aHHbIC B
1.6.

Y4yeOHO-MeTOoIMUECKHE MAaTepUaJIbI ISl CAMOCTOSTEILHON paboThl 00y-
YAIONIUXCsl U3 YKMCIIa MHBAJM/IOB U JIUIl C OTPAHUYCHHBIMHA BO3MOKHOCTSIMU
3nopoBbst (OB3) npegocrapisioTcst B hopmax, aanTUPOBAHHBIX K OTPaHUYECHU-
SIM MIX 3JIOPOBbS M BOCTIPUATHS WH(DOpMAITUH:

JUist vt ¢ HApYIIEHUSIMU 3PEHUS :

— B [Ie4aTHOU (hopMe yBETMYEHHBIM HIPUPTOM,

— B (hopMe JIEKTPOHHOT O IOKYMEHTA.

JUJis IWIT ¢ HApYIICHUSIMHU CITyXa:

— B neyatHou opme,

— B (hopme 2IEKTPOHHOTrO IOKYMEHTA.

JUJist W11 ¢ HApyIIEHUSIMUA OTIOPHO-/IBUTaTENBHOTO amnmapara;

— B reyaTHoi (opme,

— B (hopme 2IEeKTPOHHOTO JIOKYMEHTA.

JlaHHBII TIepevYeHb MOXKET OBITh KOHKPETU3UPOBAH B 3aBUCUMOCTHU OT
KOHTHUHTEHTa 00y4YalOIIUXCsl.

3. O0pa3oBaTejibHbI€ TEXHOJIOTHH

Jist popmupoBanus npodecCHOHATBHBIX KOMIIETEHLUHA B MPOLIECCE OC-
BOCHMS Kypca HCIIOJIb3YETCsS TEXHOJOrusl IMpodeccHOHaIbHO-Pa3BUBAIOIIETO
o0yueHus, IpeaycMaTpuBaroliasl HE TOJIbKO Iepefady TEOPEeTHYECKOro MaTe-
puana, HO U CTHUMYJMPOBAHUE M PA3BUTHE NPOAYKTHUBHBIX I[103HABATEIBHBIX
JNEUCTBUM CTYAEHTOB (Ha OCHOBE IICHXOJIOr0-IEJarormyeckoil Teopuu IMo3Tar-
HOT0 (POPMHUPOBAHUSI YMCTBEHHBIX JECHCTBUMN).

AKTHUBM3aIMM ¥ UHTEHCU(UKAIINK TIO3HABATEIBHOTO MpoIlecca Croco0CcT-
BYIOT MOJEIMPOBAHUE MPOOJIEMHBIX CUTYaIMi, MyJIbTUMEIUNHbBIE TPE3CHTALINH
B JICKIIMOHHOM Kypce. B pamkax 1abopaTopHbIX 3aHATHI PUMEHSIOTCS METOIbI
IPOEKTHOr0 00Y4EHHMsI, UCCIIeI0BATEIBCKUE METO/IbI, TPEHHUHI OBbIE (DOPMBI, Me-
TOJI KOHKPETHBIX CUTyalluid. B mpouecce caMoCTOSTENbHON AESITEIbHOCTH CTY-
JIEHTBl OCBauBAIOT U AHAIW3UPYIOT NEPEIOBOM OIIBIT, UCIOJb3YsI UMEIOIIYOCS
JUTEepaTypy U MHGOPMAIIMOHHBIE TEXHOJIOIMH, BBICTYNAIOT C MPE3CHTALMSIMU,



HAKaIJIMBAIOT MOPTHOIHO pa3paboTOK.

I[JIH Jug € OrpaHMYCHHBIMU BO3MOKHOCTAMU 3O0POBBA IMPCAYCMOTPCHA

OopraHu3anusAa KOHCYJ'II)TaI_[I/Iﬁ C UCITIOJIb30BaAHUECM BHGKTPOHHOﬁ ITIOYTHI.

4. OueHo4YHbIE CPEACTBA JJIA TEKYIIEr0 KOHTPOJIsSI YCIIEBAEMOCTH U
NMPOMEXKYTOYHOM aTTeCTAUU

4.1 OueHo4YHbIEe CPeACTBA JJIsl TEKYIIEr0 KOHTPOJISI yCIIEeBAEMOCTH U

HpOMe)l(yTO‘IHOﬁ arTrecranmmmu

Texymmmii KOHTPOJIb OCYIIECTBIISIETCS B YCTHOM U DJIEKTPOHHOU (hopme B mpo-
1[ecce BBIMONHEHUA J1Ta0opaTopHbIX padoT. [IpomMexyToYHbI KOHTPOIbL MPOBO-
JUTCSI B BUJI€ TECTOB M KOHTPOJIbHBIX pa0boT. I TOroBbIif KOHTPOJIb OCYIIECTBIIS-
eTcsl IPUEeMOM 3aueTra B 8 cemecTpe.

4.1.1 IlpumepHsbie TeMbl pepepaToB, T0KJIAA0B, ICCe

4.1.2 Ilpumepbl BADUAHTOB KOHTPOJIbHbIX padoOT, TECTOB

4.2 ®oH OLIEHOYHBIX CPEACTB /IJIs1 MPOBeeHusI MPOMEKYTOUHOI aTTecTa-

107041

4.2.1 Bonpochl 11l MOATOTOBKH K 324€eTy

1.

~w

0 N O

9.

B3aumoneiicTBue 35eKTpoHOB ¢ BemecTBoM. O0IacTh B3aMMOIEHCTBUS
AJIEKTPOHOB: BIUSHUE aTOMHOTO HOMEpPA, 3aBUCUMOCTb OT YHEPIUU MyU-
Ka, 3aBUCUMOCTh OT yIJla HakJioHa. J[imHa mpolera 3JeKTPOHOB.
OTpaxeHHbIE JIEKTPOHBI: BIUSHUE aTOMHOI'0O HOMEPA, 3aBUCUMOCTb OT
SHEPTUHM MyUyKa, 3aBUCUMOCTD OT yrila HaKJIOHA, YTJIOBOE pacipeeicHue,
pacrpezielieHue 1o SHEPTUSIM, IPOCTPAHCTBEHHOE pacipeieieHue, T1y-
OunHa BBIXO/A.

Bropuunbie 351eKTpOHBI: BIUSHUE MAPAMETPOB IMyUYKa U o0pasiia.
Penrrenosckoe uznydyeHnue. HenpepbIBHOE PEHTI€HOBCKOE U31yUEHHE.
XapakTepUCTUYECKOE PEHTIEHOBCKOE U3TyUYCHHE.

Oxe-3JIeKTPOHBI U KaTOAOTIOMUHECIICHITHSI.

TepMoaIeKTpOHHAS U aBTOAJIEKTPOHHASI SIMUCCHSI.

YCTpOUCTBO CKAHUPYIOLIEr 0 JIEKTPOHHOI'0 MUKPOCKOIIA.
DeKTpOMarHuTHBIC JTUH3BL. XpoMaTtudeckue adepparuu. Chepudeckue
abeppanuu. ACTUTMATHU3M.

Mexanu3mel 1 ipupoa popmupoBanust KoHTpacToB B COM. UuTepnpe-
Talus U300paKEHUI.

10.1306paxenus B COM. BnusHue yckopstoiero HanpspkeHus. Bnusaue

pasmepa anepTyphl.



11.Bnusiaue pabouero pacctosiHus. Biusiaue HakiioHa oOpasiia.

12. lerexTopsl curaanoB B COM. XapakTepUCTHKH U UX BIUSIHHUE HA (Hop-
MUPOBaHUE U300paKEHUH.

13.TpanunuoHHas CKAaHUPYIOMIAs AJICKTPOHHAST MUKPOCKOTTHS.

14 HuzkoBakyyMHasi CKAHUPYIOIIAS AIEKTPOHHAS MUKPOCKOTIHS.

15.Cxkanupyromast 3JIeKTpOHHasi MUKPOCKOITUS B PEXKUME €CTECTBEHHOM cpe-
TTBI.

16.Cxanupyromast 3JeKTpOHHasI MUKPOCKOITUS B PEXKUME HaBEAEHHOTO TOKA.

17.BpicoKOBaKyyMHas CKAHUPYIOMIAs 3JICKTPOHHAS] MUKPOCKOTIHS.

18.0xe-3meKTpoHHAasT CIEKTPOCKOMUSI.

19.Cxkanupyroiasi mpocBeYMBaIoIIast JIEKTPOHHAST MUKPOCKOITHSI.

20.CrekTpoMeTpusi C BOTHOBOMW JAUCTIEPCHUEH.

21.CnexkTpoMeTpusi ¢ YHEPTeTUIECKON AUCTIEPCUEH.

22. J[Iudpaxiusi oOpaTHO PACCESIHHBIX AIEKTPOHOB, (POPMUPOBAHUE KAPTUHBI
TU(PPaKINH.

23.Ananu3 mudpakIMOHHBIX KApTUH 00PaTHO PaCCEeSTHHBIX JIEKTPOHOB.

24.CdokycupoBaHHBIN HOHHBIN My40K U ero GpyHkuuu. Mmkekropsl. Manu-
MyJATOPHI BEICOKOW TOYHOCTH MO3UIIMOHUPOBAHUS.

25.TlocnoliHoe TpaBiaeHue JJIsi PEKOHCTPYKIIMK 3X MepHOUM CTPYKTYpshI (3D).

26.0OcHoBHBIE IpenMyIIecTBa U HepocTaTtku COM.

27.B03MOXHOCTH CKaHUPYIOIIEH MPOCBEUNBAIOIICH JIEKTPOHHON MUKPO-
CKOTIHH.

28.BosmokHoct COM 11t HOJydeHUs HAHOCTPYKTYP.

29.Ucnonp3zoBanne COM i nccieoBaHus CTPYKTYPBl MaTEpUAIOB.

30.Bosmoxkaoctr COM 181 BicclieioBaHUSI KHHETHKH TIPOIIECCOB.

31.IIpenmymectBa COM BBUY 00JbI110H TITYOUHBI (hOKYyCA.

32.Bo3moxkHOCTH (DpakTorpapaeckoro aHaaImsa.

33.[Tonyuenne oOBEMHBIX MpEACTaBIECHUN 00 00BEKTE.

34.9OnexkTpoHHas auTorpadus.

Kpurepuu oueHKH 10 POMEKYTOYHOM aTTeCTALMU

OrneHKH «3a4eTy 3aciay’KUBAET CTYACHT, OOHAPYKUBIIUNA CHOPMUPOBAH-
HOCTh KOMIIETCHIIMH, MPETyCMOTPEHHBIX MPOTrpaMMON JUCIHUILIMHBI, HEO0XO-
JTUMBIX JIJISl MajdbHEeHIen ya€onl u mpeacTosmiet paboTsl mo mpodeccuu, CrpaB-
JISTFOILMICS C BBIIOJTHEHUEM 3aJJaHUM, PEIyCMOTPEHHBIX MPOTPAMMOI.

OueHka «He3ayeT» BBICTABISAETCA CTYAEHTY, OOHApy>KMBIIEMY 3HauyH-
TeNbHBbIE TPOOENBHl B 3HAHUAX OCHOBHOTO MPOrPaMMHOI0 MaTepHuala, JOIycC-
TUBIIEMY MNPUHIUIIUAJIBHBIC OIUIMOKM B BBIMOJHEHUHU MPEIyCMOTPEHHBIX MPO-
rpaMMmoi 3aaaHuii. Kak mpaBuiio, olleHKa «HE3a4deT» CTAaBUTCA CTYAEHTaM, KO-
TOpbIE HE OCBOWIIM B IOJDKHOU Mepe (DYHKIIMH MpenofaBaTess XUMUU U HE CMO-
ryT MOPUCTYNUTH K MPO(HECCUOHATBHOMN AEATEILHOCTH 110 OKOHYAHUM By3a 0e3
JIOTIOJTHUTEIIBHBIX 3aHITUN 110 COOTBETCTBYIOIINM JUCLUIUINHAM.



Kpurepun orenku chOpMHUPOBAHHBIX KOMIIETEHIIMN  OIMpPEAesIOTCS
YPOBHEM YCBOCHHS M3y4aeMoro marepuaia u orpaxkeHbl B ®OC 1uCUUTUINHBI

OueHoYHbIE CpeCTBA JIJIl MHBAJIUOB U JIMIl C OTPAaHUYEHHBIMU BO3MOXK-
HOCTSIMU 3JIOPOBBSI BBIOUPAIOTCSI C YUETOM MX WHJUBUAYAIbHBIX TICUXOpU3UYe-
CKHX OCOOEHHOCTEI.

— IpU HEOOXOAMMOCTH WHBAJIMJAM U JIMIAM C O'PaHUYEHHBIMU BO3MOXK-
HOCTSIMU 3/I0POBBSI MPEIOCTABIISIETCS IOMOTHUTEIBLHOE BpEMs JIJIsl MOJITOTOBKU
OTBETA;

— MpU TPOBEACHUU MPOLETYPhl OLICHUBAHUS PE3yJIbTaTOB O0YUYEHUS WH-
BAJIUJIOB U JIUI[ C OTPAaHUYEHHBIMU BO3MOKHOCTSIMU 3JI0POBBS MpEIyCcMaTpUBa-
€TCsl UCIOJIb30BAaHUE TEXHUUECKUX CPENICTB, HEOOXOUMBIX UM B CBSI3U C UX MH-
JTUBUIYaTbHBIMA OCOOEHHOCTSIMU;

— MPU HEOOXOAUMOCTH ISl 00YJAIOIITUXCSI C OTPAaHUYEHHBIMU BO3MOYKHO-
CTSMH 3/I0POBbSI U MHBAJIUJIOB MPOILIEypa OIICHUBAHUS PE3YJbTaTOB O0YyUYEHHUS
M0 TUCIUIUTUHE MOXET MPOBOJIUTHCS B HECKOIBKO ATAIOB.

[Ipouenypa oleHMBaHMS Pe3yJbTaTOB 00YUYEHUS MHBAJIUOB U JIMI] C OT-
PaHUYECHHBIMH BO3MOXKHOCTSIMU 3JIOPOBbS MO JAUCHUILIMHE (MOAYJIO) MpEeay-
CMaTpHUBaeT MpeaocTaBieHne nHpopmaluu B Gopmax, alanTUPOBAHHBIX K OT-
PaHUYCHHUSIM UX 3]I0POBbSI U BOCIIPUATHS UHOOPMALIVH:

JI1st U1 ¢ HapYUIEHUSIMU 3PEHUSL:

— B Ie4aTHOU (hopMe yBETUYEHHBIM MIPUPTOM,

— B (popMe€ SIEKTPOHHOIO TOKYMEHTA.

JI71s1 I ¢ HapYLIEHUSIMU CITyXa:

— B neyatHou opme,

— B (popMe€ SIEKTPOHHOIO IOKYMEHTA.

JIst 1 ¢ HapyWIEHUSIMU OTIOPHO-ABUTaTEIbHOIO anmnapara:

— B neyatHou opme,

— B (hopme 2IEKTPOHHOTO IOKYMEHTA.

JlaHHBIN TIepeYeHb MOXKET ObITh KOHKPETH3UPOBAH B 3aBUCUMOCTH OT
KOHTHHTEHTA 00y4YalOInuXCsl.

5. IlepeyeHb OCHOBHOI1 U JONOJHUTEIbHOM yUeOHOI JUTEepaTypbl, HE00X0-
AMMOM JI OCBOCHUS JUCUUIIMHBI (MOXYJIs1)

5.1 OcHoBHas JuTEpaTypa

1. Kpumran M.M., fAcuukoB NU.C. Cxanupyromas 3JeKTpOHHAsT MUKPOCKOMUS
U PEHTTeHOCTIEKTpaIbHBIA MUKpoaHaius. - M.: Texnocdepa, 2009. - 208 c.

2. Bosnecenckuii, 3.®. MeToabl CTPYKTYPHBIX MCCIIEIOBAHUN MaTEpHasIoB.
MeTonbl MUKPOCKOTIUU [ DJNEKTPOHHBIN pecypce] : yuebHoe mocodbue / O.D.
Bosnecenckuit, ®©.C. lapudynmun, N.11. A6xynnun; M.-Bo 00pa3. u Hay-
ku Poccun, Kazan. nau. uccnen. texuon. yH-T. — Kazans: U3n-s0 KHUTY,
2014, — 184 c. — ISBN 978-5-7882-1545-7. — Pexum pgocrymna:

10



https://biblioclub.ru/index.php?page=book view red&book id=428294

5.2 JlonmosiHUTeJbHAA JUTEPATypa

1. PacTpoBasi 37n€KTpOHHAsT MHUKPOCKOIUS JUJisi HAHOTEXHOJOTrWil. MeToasl u
npuMeHeHue [DIeKTpoHHBIN pecypc] : ¢0. Hayd. Tp. - 3-¢ u3l. - Mockaa :
Jlabopatopwus 3Hanui, 2017. - 607 c. - https://e.lanbook.com/book/94144

5.3 Ilepuoanueckue U3IaHus

http://www.msa.microscopy.com

http://www.oup.co.uk/jmicro/scope/

http://www.microrgc.demon.co.uk

http://www.msa.microscopy.com/MSA/MscopyManalysis.html
http://www.edpsciences.com/docinfos/MMM/OnlineMMM.html
Micron (http://www.elsevier.nl/inca/publications/store/4/7/5/)

Ultramicroscopy (http://www.elsevier.nl)
SCANNING (http://www.scanning-fams.org/)

© N o ok wWwDdPRE

6. MeToauueckue yKazaHusl JJIs 00y4alOUUXCsl 0 OCBOEHUIO THCUUIIMHBI
(MmoayJin)

MeToan4yecKkue peKOMEHIAIMHU MPenoJaBaTejJ M Mo MeTOAUKE NMPOBeIeHUA
OCHOBHBIX BH/I0B Y4eOHBIX 3aHATHH

Jlekuuu

Memoouxa umenus nexyui
Jlexnyuu SBIISIOTCS OAHUM U3 OCHOBHBIX METOJIOB OOYUCHHS 110 TUCITUILIINHE,
KOTOPBIE JOJKHBI PELIATh CIEAYIONIUE 3a1a4Hu:
— U3JI0KUTh BAKHEMIIMN MaTepual NPOrpaMMBbl Kypca, OCBELIAIOIINN OC-
HOBHBIC MOMECHTBI;
— pa3BUTh Yy CTYJAEHTOB MOTPEOHOCTh K CaMOCTOSTENIBHON paboTe Hal
y4eOHON M HAYYHOU JTUTEpaTypoil.
['maBHOM 3a71a4€il Ka)0M JICKIIUU SIBJISIETCSI PACKPBITHE CYIIHOCTH TEMBI U aHa-
JIA3 €€ TJIABHBIX MOJIOKEHNN. PEKOMEHIYyEeTCS Ha MEPBOM JIEKIIUUA TOBECTH 110
BHUMAaHMS CTYJECHTOB CTPYKTYPY Kypca U €ro pasieisbl, a B TaJIbHEUIIEM YKa3bl-
BaTh HAYaJIO KaX0ro pa3Aena, CyTh U €ro 3aJ1a4u, a, 3AKOHYUB U3JI0KECHHUE,
MOJBOJUTH UTOT O ATOMY pa3zielly, YTOObI CBSI3aTh €0 CO CIETYIOIIHUM.

Cooepoicanue nexyuii
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https://biblioclub.ru/index.php?page=book_view_red&book_id=428294
https://e.lanbook.com/book/94144
http://www.msa.microscopy.com/
http://www.oup.co.uk/jmicro/scope/
http://www.microrgc.demon.co.uk/
http://www.msa.microscopy.com/MSA/MscopyManalysis.html
http://www.edpsciences.com/docinfos/MMM/OnlineMMM.html

Copeprxanue ek onpenensercs padodeil mporpammoit kypea. Kpaiine xe-
JaTENbHO, YTOOBI KaXKas JISKIIUsSI OXBaThIBaJa U UCUYEPIIbIBAIA ONPECICHHYIO
TEMY Kypca U MPECTaBIIsiyia COO0H JIOTMUECKH BITOJIHE 3aKOHYCHHYIO padoTy.
Jlydiie COKpaTuTh TEMY, HO HE JIOIYCKATh NIEPEPHIBA €€ B TAKOM MECTE, KOTr1a
OCHOBHAs HJI€s €IIIE MOJHOCTHIO HE PACKPBITA.

JlabopaTopHble 3aHATHSA

Memoouxa nposedeHus 1a60pamopHvIX 3aHAMULL
[{enstmu ipoBeieHrs 1a00PaTOPHBIX PaOdOT SABIISTFOTCS:
— YCTaHOBJICHHE CBSI3€l TEOPUHU C MPAKTUKOW B (opMe IKCIIEPUMEH-
TaJBLHOTO TIOJITBEPIKICHHSI TIOJIOKCHHUH TCOPHH;
— o0ydeHHe CTyJEeHTOB YMEHHUIO aHAIM3UPOBATh TMOIYUYCHHBIE PE3Yib-
TaThI;
— KOHTPOJIb CAMOCTOSITEIHHON pabOTHI CTYJCHTOB IO OCBOCHHUIO KypCa;
— o0yuyeHre HaBBIKaM MPOGEeCCHOHATBHON JIEATCITLHOCTH
[{enn mabopaTOpHOro MPaKTUKyMa IOCTUTAIOTCS HAWITYYIIHM 00pa3oM B TOM
clIydae, €ClIv BBITIOJTHEHHIO SKCTICPUMEHTA MPEIIeCTBYET ONpe/IeICHHAS MO/I-
rOTOBUTENIbHASL BHEayiuTOopHas padota. [loaTomy npenojaBarenb 00si3aH JOBeE-
CTH IO BCEX CTYACHTOB I'paUK BBITIOIHEHUS JJA0OPATOPHBIX pabOT C TEM, UTO-
OBl OHM MOTJIA 3aHUMAThCS IEICHAPABICHHON JOMAITHEH MTOATOTOBKOM.
[Tepen HauaoOM OYEpPETHOTO 3aHATHSI MPETIOAABATEND JIOJKEH YI0CTOBEPUTHCS
B TOTOBHOCTH CTYICHTOB K BBITIOJIHCHHUIO JTA0OPATOPHON PabOTHI ITyTEM KOPOT-
KOTo coOeceToBaHUs U MTPOBEPKU HAIMUHUS Y CTYJEHTOB 3arOTOBJICHHBIX MPOTO-
KOJIOB MPOBEAEHUS PaOOTHI.

Ykazanus o caMoCTOSATEeIbHOM padoTe

CamocTosTenbHas padota cocraBisger He MeHee 50% oT BpeMeHH, OTBO-
JUMOr0 Ha M3y4yeHue aucUMIUIMHBL. IIpu camocrositenbHO padoTe CTYAEHT
JIOJDKEH O3HAKOMUTBCS C OCHOBHBIMU yYE€OHUKAaMU U Y4€OHBIMU IOCOOHUSIMH,
JOTIOTHUTENIBHON JINTEPATypOH U MHBIMHU JOCTYIHBIMU JINTEPATYPHBIMU HCTOY-
Hukamu. [Ipu padote ¢ nureparypoii o KOHKpETHBIM TEMaM Kypca, B TOM YHC-
Jie yKa3aHHBIM JIJISl CaMOCTOSITENbHON NMPOPAOOTKU. OCHOBHOE BHUMAHHE CIIEAY-
€T yAENATh BaXXHEUIIUM MOHATHUAM, TEPMUHAM, ONPENEIECHUsAM, i1 CKOpeile-
IO YCBOEHHS KOTOPBIX 11€71€CO00pa3HO BECTU KPATKUN KOHCIEKT.

7. Ilepeyenb MHMOPMAIMOHHBIX TEXHOJOTHH, HCHOJb3yeMbIX NPH
OCYIECTBJICHUN 00pPa30BaTeJbHOI0 NpoLecca Mo AUCUMILIMHE (MOAYJII0)

(nMpu HeOOXOAMMOCTH)

8.1 Ilepeyens HHGPOPMALUOHHBIX TEXHOJIOT UM
Hcnonb3oBaHuE 3JIEKTPOHHBIX MTPE3EHTALMMI IIPU POBEACHUH 3aHITUMN.
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7.2 llepeyeHb HEOOXOAMMOI0 MPOrPAMMHOIO O0ecrevYeHust

B kypce mabopaTopHBIX pabOT MCHONB3YETCs CIeIyIoIee IpOrpaMMHOE
obecrieuenue: Imagel 1.45 (freeware), a Taxke CTaHIapTHOE MPOrPAMMHOC
oOecrieuenue, mocrasisiemoe ¢ obopynosanuem (JEOL SEM JSM-7500F, JEOL
JSPM-5400, Oxford Instruments INCA Energy).

7.3 IlepeyeHb HEOOXOAUMBIX HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM
1. Dnexkrponnas 6mbnuoreunas cucrema eLIBRARY.RU
(http://www.elibrary.ru)/

8. MaTepuajibHO-TeXHHYecKAasi 0a3a, He00OXoAUMAs IS OCYIIeCTBJIEHUSA
00pa30BaTeJIbHOI0 MPOLECCA MO JUCHUILINHE (MOTYJIIO)

MarepuajibHO-TeXHHYECKOe o0ecnevyeHne TUCHHILINHbI

Ne Bupa pador
(MoayJisl) M OCHAIIEHHOCTh
1. JlexuuonHnble 3aHATUS | JIeKIIMOHHAs ayauTOpUs, OCHAIlIEHHAs] y4eOHOM MeOebIo,
MIEPEHOCHBIM MIPOEKTOPOM, HOYTOYKOM, JTOCKOH-DKPAHOM
YHUBEPCATBHBIM U COOTBETCTBYIOIINM MPOTPaMMHBIM 0bec-
neuennem (ayn. 435C).
2. JlabGopaTtopHsbie 3aHs- | JIabopaTopus ¢ yCTaHOBICHHBIM 000PYAOBaHUEM: DJICKTPOH-
THUSA HbIH pacTpoBelid MuUKpockon JEOL JSM-7500F, 30H10Bb1#
ckanupyronmiit Mukpockon JEOL JSPM-5400. (aya. A020).
3. I'pynmoBeie (MHAUBH- | YdeOHAs ayauTOPHS JJIsI IIPOBEJCHUS TPYNIIOBBIX U WHIUBH-
JyajbHbIE) KOHCYJIbTA- | AyaJbHBIX KOHCYJbTAllMi, OCHAIIEHHAs yueOHOI Mebebio,
002078 nHTepakTuBHOM MocKoit SMART Board, kopoTkodokycHBIM
MHTEPAKTUBHBIM IPOEKTOPOM, HOYTOYKOM, MEJIOBOM JOCKOH
M COOTBETCTBYIONIUM IIporpaMMHbIM obecnieuenueM (422C)
4, Texyuuii KOHTPOJIb, YueOHas ayquTOpus 1Sl TPOBEJCHUS TEKYIIET0 KOHTPOJIS U
MPOMEXYTOUHAs aTTe- | MPOMEXYTOUHOM aTTecTallnu, OCHaIeHHas yueOHoil mebe-
CTarms nb0, nHTepakTUBHOU nockoit SMART Board, kopoTtkodo-
KYCHBIM MHTEPAKTUBHBIM IPOEKTOPOM, HOYTOYKOM, MEJIOBOM
JIOCKOM M COOTBETCTBYIOUIUM MPOrPaMMHBIM 0OecTieueHUEM
(422C)
5. CamocTtositenbHas pa- | [lomemenue s caMOCTOATEIHLHOM pabOTHI CTYI€HTOB, OC-

oora

HaIlleHHOE Y4eOHOM MeOesbio, KOMITbIOTEPHON TEXHUKOH C
BO3MO>KHOCTBIO MOAKII0OYEHUS K ceTu «HTepHeT» u obecrie-
YeHHOE JIOCTYIIOM B 3JIEKTPOHHYIO MH(OpMalOHHO-
obpa3zoBaTenbHy0 cpeay yHuBepcuteTa. (aya. 428c, 431¢)
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