degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXKJAEHO
JupexTop HHCTUTYTA HAHO-, 0KO-,
HH(POPMALMOHHBIX, KOTHUTHBHBIX
U COLMOTYMAHUTAPHBIX HAYK U
TeXHOJIOTUH

T.E. I'puropses

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIHUIIHHE: KprosnekTpoHHast MEKPOCKOIHUS OMOIOTUYECKUX 00BEKTOB

10 HAMPABJIEHUIO: [MpuknagHpie MaTemMaTHKa U Qpu3nka

npo¢uIb NOArOTOBKH: [TpuponomnogoOHbIe TEXHOIOTHH 1 OHOMUMETHYECKHI TU3aifH MaTepraioB U CUCTEM
®dusrex-1IKoia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONorui nM. 1.B.
Kypuatosa
kadenpa HaHO-, OMO0-, HTHPOPMAITMOHHBIX Y KOTHUTUBHBIX TEXHOJIOTUH

Kypc: 1

KBaJIMpUKALUS: MarucTp

Cemectp, GopMBI IPOMEXKYTOUHOH arTecTauuu: 2 (BeceHHUN) - nuddhepeHunpoBaHHbIil 3a4eT

AynuropHbIx 4acoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 60 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy coctaBuiu:

A.JI. BacuibeB, kaHJl. u3.-MaT. HayK, JIOIIEHT
P.A. KambImHCKHIA, KaHI. (U3.-MaT. HAyK

[Iporpamma obcyxieHa Ha 3acefjanuy Kadeapsl HaHO-, OMO-, THPOPMAITMOHHBIX ¥ KOTHUTHBHBIX TEXHOJIOTHI
18.03.2022



AHHOTANMA

B pamkax kypca Oyner pacckazaHo 00 OCHOBHBIX TOAXOJIaX COBPEMEHHOW PACTPOBOW M MPOCBEUHBAOIICH
3NIEKTPOHHOH MMKPOCKONMHM M KX BO3PACTAIOUICH POJM B HU3YYCHHH MHKPOCTPYKTYPHI OHOIOTMYECKHUX,
MOJMMEPHBIX U OMOKOMITO3UTHBIX MaTE€pHajoB AJS PEIICHHs aKTyaJbHBIX HAyYHBIX 3ajad. 3a IMOCIeIHHE
ronpl, Omaromapst OypHOMY pa3BUTHIO NPUOOPHOM ©a3bl, MOSBUINCH HOBBIE METOIBI 3JIEKTPOHHOM
MUKPOCKOIIMH, TaKU€ KaK KPUOTEHHas 3JEKTPOHHAs MHUKPOCKOIMS U 3JIEKTPOHHAs MUKPOCKOIUS B PEXHUME
€CTeCTBeHHOM cpeapl. KpoMe crnennpukn NpUMEHEHUs TaKHMX METOJOB, TPEOYIOIIMX HOBBIX MOAXOIOB K
MOJrOTOBKE  OOpaslloB, HEOOXOJMMO  BJaJeTh HOBBIMH  METOJaMH  TONy4YeHHs] ¥ 00paboTKH
SKCIICPUMEHTAJIbHBIX JTAaHHBIX, BKIIIOYAs TPEXMEPHYIO PEKOHCTPYKIHIO 00bEKTOB HccienoBaHusi. OCHOBHAs
IeNb Kypca - 3HAaKOMCTBO CIIyIIaresieii ¢ MHOrooOpasueM HOBEHIINX MOAXOAO0B AIEKTPOHHONH MUKPOCKOIHH,
BKJIIOYAsl MOATOTOBKY 0OpPa3loB U 0OpabOTKYy SKCIEPUMEHTAIBHBIX JAHHBIX, & TAKXKe BHIOOP ONTHMAJbHBIX
IIOJXOA0B K UCCIIE0BAaHUIO B 3aBUCUMOCTH OT PELIaeMOi Hay4HOM 3a1auu.

1. lean u 3apa4n

Henp AucoMnInHBI
- OCBOCHHME CTYIEHTaMH 3JIEKTPOHHO-MUKPOCKOMMYECKUX METOAOB HCCICAOBAHUS CTPYKTYPHI
OeNKOBBIX MaKpOMOJICKYJI, BUPYCOB, HOJHMMEPHBIX, OHMOIOTMYECKUX M MEIUIHMHCKHX MaTepHasoB.
BynyT mpencraBieHbl METOAWKM MOATOTOBKK 00pa3loB, METOAbl MCCIEAOBAHUI C MCIONB30BAHHUEM
PacTpOBBIX M MPOCBEUNBAIONIINX KPHOT€HHBIX IEKTPOHHBIX MHUKPOCKOIIOB, (POKYCHPOBAHHBIX HOHHBIX
MyYKOB, MHUKPOCKOIMH B YCIOBHSX €CTECTBEHHOM CpeIbl, a TakKe HOBBIE METOIbl 00pabOTKH
n300pakeHHi, B YaCTHOCTH TPEXMEPHYIO PEKOHCTPYKIUIO H3y4aeMbIX OOBEKTOB.

3agauu AV CUMILUINHBI
- (dopmupoBaHue 0a30BBIX 3HAHUH O METONAX OMNPENSICHHH MUKPOCTPYKTYphl OOBEKTOB C
WCIIOJIb30BaHNEM KPHUOTE€HHOM AIIEKTPOHHOW MHUKPOCKOIHMH, MUKPOCKOIHH B PEXHME €CTECTBEHHOMU
Cpeapbl;
- GopmupoBanre 0a30BBIX 3HAHWH O METO/AAX IMOJITOTOBKM OOPAa3IOB JJisi UCCIEAOBAHUN METONAMU
KPUOTCHHOM DJIEKTPOHHOH MHUKPOCKONHMH, MHUKPOCKOIMM B PEXHUME €CTECTBEHHOM Cpe.bl;

- (opmupoBanue 0a30BBIX 3HAHHWN O MeETO/AX OOPaOOTKH M WHTEPIPETAIUH SKCIEPUMEHTAIBHBIX
JTaHHBIX, TIOJTy4aeMbIX B MIPOIIECCE HCCIICTOBAHUIA.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronux KOMHGTGHL[I/Iﬁi

Ko 1 HaumMeHOBaHKE KOMIIETEHIINH WNnaukaTtopsl AOCTHKEHHUS] KOMIIETCHIIN
OIIK-5 CriocoOeH 1 roToB K MOBBILICHUIO OIIK-5.2 Bmageer HaBBIKOM  PYKOBOJCTBA  MajbIM
KBaJTU(UKAIMH, TPOPECCHOHAILHOMY POCTY U |KOJUIGKTUBOM B cdepe cBoell  mpodecCHOHAIBHOM
PYKOBOJZICTBY KOJJIEKTHBOM B cpepe cBoeit JesITeTbHOCTH
PO(ECCHOHAIBHOMN JIESITEIILHOCTH, TONCPAHTHO |OTK-5.3 CTpemMuTcs K TNONY4EHHIO HOBBIX 3HAHMIL,
BOCHPHHHUMAsl COUHAIBHBIC, STHUICCKUC, poeCcCHOHATFHOMY M IMYHOCTHOMY POCTY

KOH(eCCHOHAbHBIE U KyJIbTYPHBIE Pa3Indus

[MIK-2.1 Cnoco0eH TuIaHUpOBaTh ¥ TPOBOJAWTH Hay4dHBIC

ITK-2 CriocobeH caMOCTOATENLHO UK B HCCIICAOBAaHUA CAMOCTOSATENIBHO HMIM B COCTaBE€ HAy4HOIO
KauecTBe 4jieHa (PyKOBOAUTEINS) MaJIOro KOJUIEKTHBA

KOJICKTHBA OPraHU30BbIBATH U IIPOBOJUTH [IK-2.2 Cnoco0eH mnpoBOIUTH ampoOaluio pPe3yJabTaToB
HayYHBIE HCCIIENOBAHMUS M UX anpoOaiuio Hay4HO-HCCIIEN0BATEIbCKON paboTHI MOCPEACTBOM

MyOJIMKAIMK HAYYHBIX CTaTeil U yyacTus B KOH(EPEHIUIX

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI
3HAThb!




YMETb:

- YCTPONCTBO MPOCBEYHMBAIONIETO KPHOTEHHOT'O 3JIEKTPOHHOTO MUKPOCKOIIA;

- YCIIOBHS TONYYECHUS ¥ (OPMUPOBAHUS W300paKEHHM, BIUSHHE NEPOKYCHPOBOK, MEPENATOYHOIM
(dyHKIIMK TpUOOPa, KOPPEKTOPOB ChepruIecKoil abeppalny;

- METOJMKH MOATOTOBKU 00PAa3IoB I KPHOTCHHOM AJIEKTPOHHON MUKPOCKOIIHH;

- METOIMKHM 00paOOTKH JaHHBIX [UISi BOCCTAHOBJICHUS TPEXMEPHBIX CTPYKTYP U3y4aeMbIX 0ObEKTOB;

- BO3MOYKHOCTH OILIEHKH MPOCTPAHCTBEHHOTO Pa3pPEUICHUS MOMYYSHHBIX TPEXMEPHBIX PEKOHCTPYKIINH;

- YCTPONCTBO PAaCTPOBBIX IEKTPOHHO-HOHHBIX MUKPOCKOIIOB, BKJIFOUasi KDHOTCHHBIE,

- BO3MOXKHOCTH OTIPEICIICHHS CTPYKTYPbl OMOMATEpUAIIOB U TIOJIMMEPOB C MCIIOIb30BAaHUEM PaCTPOBBIX
3JIEKTPOHHO-MOHHBIX MUKPOCKOIIOB.

- OmpeneNnsTb CTPYKTypy O€JKOB, BHPYCOB W MAaKpOMOJIEKYJI METOJAaMH OIWHOYHBIX YaCTHL H
KPHO-JIEKTPOHHON TOMOTrpadum;

- TOTOBUTH 00pa3Lbl ISl UCCIEIOBAaHUN METOIaMH KPUO JIEKTPOHHONH MUKPOCKOITNH;

- UCTIONB30BaTh (POKyCHPOBAaHHBIE MOHHbBIE IMYYKH MOATOTOBKH OOPA3LOB U IMOMYYEHUS TPEXMEPHOI
PEKOHCTPYKIIMH MaT€pHajiOB, BKIIOUAsi KPHOTEHHBIN PEXKHIM;

- HUCIONB30BaTh NpPOrpaMMHOE oOOecredyeHHe M BOCCTAHOBJIEHHE TPEXMEPHOW CTPYKTYpHI
MaTepHaoB, BKIIOYasl OJTUMEPHIL.

BJIAJIETh:

4. Con

- CIIEIMATTLHOW TEPMHUHOIOTHEHN B 00JIACTH 3JEKTPOHHON MUKPOCKOINH;

- METOJIMKaMHU MTOCTPOEHHUS MOJIEeH K OMMCAaHUIO0 B3aUMOJIEHCTBUS JIEKTPOHOB C BEIIECTBOM;

- OCHOBHBIMH METOJaMH TPHMEHEHUS KPHOTCHHON OJIIEKTPOHHOW MHUKPOCKONMH W 3JIEKTPOHHOM
MHUKPOCKOIIMH B PEXXMME €CTECTBEHHON CPE/IBI.

ep:KaHue THCHHILUIMHBI (MOYJIs1), CTPYKTYPHPOBAaHHOE 110 TeMaM (pa3jesaM) ¢ yKa3aHHeM

OTBECACHHOI'0O HA HUX KOJHYECTBA aKaJIEeMHUIECCKUX YaCOB U BU/10B y‘leﬁﬂbIX 3aHATHH

4.1. Paznenbl tuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 Kpro-anexTpoHHas MUKPOCKOIIHSI. 5 10
) [Moaroroska 00pas1os TUTsL 5 10
KPHO-3JIEKTPOHHOH MHUKPOCKOITHH.
Onpenenenue CTPYKTYPBI 0eTKoB,
3 BUPYCOB M MaKpOMOJIEKYJ METOJ0M 5 10
OJIMHOYHBIX YaCTHII.
4 Kpuo-anexrponnas tomorpadusi. 5 10
5 KommemenTapHbie METOABI. 5 10
6 DJIeKTPOHHAsT MHKPOCKONHUS B PEKUME 5 10
€CTECTBEHHOM cpeapl.
Hroro yacos 30 60
[ToaroTroBka k sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.
4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemecrtp: 2 (Becennuit)

1. Kpro-anexTpoHHas MUKPOCKOIHS.



[lepenarounas QyHKIM, ehOKYCHPOBKA, KOPpPEKIUs abeppaiuii, dHepreTudyeckas (QUIbTpaIus.
TexHuuka ManabIX 103.

2. HO):[FOTOBK& 06pa3u03 JJIA KpI/IO—Z)JIeKTpOHHOﬁ MUKPOCKOIINHU.

[Tpouenypsl HEraTUBHOTO KOHTPACTHUPOBAHMSA, BUTPU(HUKALNHU, CYIIKH I0J] BBICOKMM JaBICHHEM,
MPUTOTOBJICHUSI  KPUO-CKOJIOB, npuMeHeHus  kpuo-OUIl, kpuoreHHodl  ¢uryopecleHTHOR
MUKPOCKOIIMHU U JIp.

3. Ompeznenenue CTPyKTyphl OSJIKOB, BUPYCOB M MAaKPOMOJIEKYJI METOIOM OAMHOYHBIX YaCTHII.

TexHuka mMOMy4YeHHS W300paKEHUH, 3HAKOMCTBO C OCHOBHBIMH INIPOTPAMMHBIMH TAaKeTaMHU U
BBIYMCIIUTEIBHBIMI METOAAMHU O00pabOTKM TaHHBIX AJIS MONYyYeHHS TPEXMEPHBIX PEKOHCTPYKLUI C
BBICOKMM IPOCTPAHCTBEHHBIM Pa3pELICHUEM.

4. Kpuo-anexTpoHHas Tomorpadusi.

[Tomydyenne wu 00paboTKa OKCIIEPUMEHTAIBHBIX JaHHBIX KpPHO-DJICKTPOHHOH TOMOTpaduu.
Cy0-Tomorpaduueckoe ycpeiHEHHE, 3HAKOMCTBO C OCHOBHBIMH HPOTPAMMHBIMU IAKETAaMH |
BBIYHMCIIMTEIEHBIMI METOJAMH, TIOyUYCHHE TPEXMEPHBIX PEKOHCTPYKIUi. [IpiMeHeHne KpHOTeHHOM
pacTpoBoO¥ 3IEKTPOHHOM MUKpocokuu, kpuo-OUIT u merona Slice-and-view.

5. KoMiuiemeHTapHbBIE METOBI.
CBeToBast MUKPOCKOMHS, KOH(OKaJIbHAs MUKPOCKOITHSL.
6. DNeKTpOHHAsA MUKPOCKOIIHSI B pEKIUME €CTECTBEHHON CpeIbl.

[MoaroroBka 00pa3ioB ISl PaCTPOBON 3IEKTPOHHONH MHKPOCKOIHH IMOJUMEPOB M OHOIOTHYECKUX
00bekToB. Mcnonbp3oBaHue pexkuMa eCTeCTBEHHON CPEbl.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIEeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

yudeOHas ayTUTOpHsl, OCHAILEHHAS! KOMITBIOTEPOM U MYJIBTUMEAUHHBIM 000py10BaHHEM (IIPOCKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. Cxanupyromas JIeKTPOHHAS MUKPOCKOIIHS U PEHTT€HOCIIEKTPAIbHBI MUKpPOAHAJIM3 B IpUMepax
npakrudeckoro npumenenus [Teker] / M. M. Kpumrran [u ap.] - M.Texnocdepa,2009
2. Kpucramnorpadus [Tekct] : yueb. mocodbue ans By3oB / M. I1. llackonbckas .— 2-e u3j., mepepad.
u gon. — M. : Beicmas mxoia, 1984 .— 375 c.
®onn muteparypbl Kadenpbl

3. 3eaiinbe Axmen, Tomac JxoH TpéxmepHast 3JIeKTpOHHAs] MUKPOCKOIHS B peajibHoM BpemeHu /]
Hurtemext, 2013 .

4.T. Gonen, B.L. Nannenga. Methods in molecular biology. CryoEM. Methods and Protocols. 2021,
Volume 2215. ISBN: 978-1-0716-0965-1, DOI:10.1007/978-1-0716-0966-8

5. Roland A. Fleck, Bruno M. Humbel. Biological Field Emission Scanning Electron Microscopy.
2019. ISBN:9781118654064, DOI: 6.1002/9781118663233

JlomonHuTenpHAs IUTEpaTypa
1. Beenenue B pusuky tBeporo tena / Y. Kurrens ; mog oomr. pen. A. A. I'ycesa ; niep. ¢ 4-ro amep.
u3n. A. A. I'ycesa, A. B. [TaxueBa - M.Hayka,1978
2. ®usuka tBepaoro Tena [Teker] : B 2 T. T. 1 / H. Amkpodt, H. Mepmus ; riep. ¢ anri. A. C.
Muxaiinosa ; mox pen. M. U. Karanoa .— M. : Mup, 1979 — 399 c.



®onp nuteparypsl Kadeaps

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

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

http://lib.mipt.ru— snexrponnas oubnmoreka dusrexa.

e AN O M

http://www.Sci-lib.com — bonbuias HayuHas OMOIHOTEKA.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMBbIX NPH OCYLeCTBICHUH 00pPa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nekumoHHBIX 3aHATHIX UCIIONB3YIOTCS MYIBTUMEIUIHBIE TEXHOIOTUH, BKIIOUasl AEMOHCTPALHIO
npe3eHTanuil. B mpouecce camocTosTenbHOM paboThl 00YYarOMIMXCs BO3MOXKHO UCIIOJIB30BAHUE TAaKUX
mporpaMMHBIX cpeAcTB kak Mathcad, Mathlab ns pemenus puznyeckux 3agay 1 MOJEIUPOBAHUS
M3y4aeMBbIX IIPOIIECCOB Ha KOMIBIOTEPE.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

JIns  yCHemHOro OCBOGHHS Kypca, IOMHMO TOCEIIEHHs JIeKIMH, OT CTYyAEHTOB  Tpelyercs
camocrosTeNnbHas pabora B 00beMe HE MEHEE YeM T€ Yachl, KOTOPbIE YKa3aHbl Ui KaXKAOTO paszerna
IporpamMmsl. B 0CHOBHOM, 3TO BpeMsl OTBOAUTCS Ha CaMOCTOSTEIbHOE IIOBTOPEHUE MaTepuaa JIEKLUH,
YTEHUSl PEKOMEHIOBAHHOM JIMTEPaTypbl U MOATOTOBKY K MPOMEXYTOUYHBIM TECTUPOBAHHSIM, KOTODPBIE
IIPOBOJATCS M1l TEKYLIETOo KOHTPOJISL 332 YyCBOGHMEM MaTepuaia. Beero mpearnosaraercst IpoBECTH 3a
CEMECTP OAHY IMPOMEXYTOUHYIO KOHTPOJIbHYIO, & TAKXKe Psil IPOBEPOUHBIX paboT. CTyIeHTHI, YCIEIIHO
npomeqmue  JaHHyl0  (GopMy  IPOMEXKYTOYHOIO  KOHTpPOJS,  JOMYyCKAlTcs K  caade
TQepeHIMPOBaHHOTO 3a4eTa 110 AUCLHUILTHHE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: [TpuponomnogoOHbIe TEXHOIOTHH 1 OMOMUMETHYECKHUI TN3aifH MaTepraioB U CUCTEM
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuarosa
kagenpa HaHO, OMO, NH(HOPMAIIMOHHBIX U KOTHUTHBHBIX TEXHOJOTHIA

Kypc: 1

KBaJIMpUKALUS: MarucTp

Cemectp, GopMBI IPOMEXKYTOUHOH arTecTauuu: 2 (BeceHHUN) - nuddhepeHunpoBaHHblil 3a4eT
PazpaGoTunkm:

A.JL. BacuibeB, KaHl. u3.-MaT. HayK, TOLEHT
P.A. KampimmHackuid, kaua. ¢pu3.-MaT. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (prKaIy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cpepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCTIIPUHUMasI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAIILHEIE U KYJIETYPHBIC PA3IHUINS

OIIK-5.2 Brnameer HaBBIKOM  PYKOBOACTBA  MaJbIM
KOJUIGKTUBOM B  cdepe cBoel  mpodeccruoHaTbHON
JEATEIIbHOCTH

OIIK-5.3 CrpeMurcss K TOIXYYECHUIO HOBBIX 3HAHHM,

poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE uieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBIC
UCCJICZIOBAHUSI CAMOCTOSTENIbHO MJIM B COCTaBE€ HAydHOI'O
KOJIJIEKTHBA

[MIK-2.2 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
Hay4YHO-HMCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyONMKalUK HAYYHBIX CTATeH U y4acTusi B KOH)EPEHIUSIX

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pe3yabTare MH3YUYCHUSA OUCHUIIJIMHBI «KpI/IOBJ'IeKTpOHHaﬂ MUKPOCKOIIHA OHOJIOTHYECKHX OOBEKTOB)

00yJaronuiics JOKeH:

3HATb:

- YCTPONCTBO MPOCBEYHMBAIONIETO KPHOTEHHOT'O 3JIEKTPOHHOTO MUKPOCKOIIA;

- YCIIOBHS TONYYECHUS ¥ (OPMUPOBAHUS W300paKEHHM, BIUSHHE IEPOKYCHPOBOK, MEPENATOYHOIM
(dyHKIIMK TpUOOPa, KOPPEKTOPOB ChepruIecKoil abeppalny;

- METOJMKH MOATOTOBKH 00PAa3IIoB Il KPHOTCHHOM AJIEKTPOHHON MUKPOCKOIIHH;

- METOIMKH 00paOOTKH JaHHBIX [UISi BOCCTAHOBJICHUS TPEXMEPHBIX CTPYKTYP U3y4aeMbIX 0ObEKTOB;

- BO3MOYKHOCTH OLIEHKH MPOCTPAHCTBEHHOTO Pa3pPELICHUS MOMYYSHHBIX TPEXMEPHBIX PEKOHCTPYKIINH;

- YCTPONCTBO PAaCTPOBBIX IEKTPOHHO-HOHHBIX MUKPOCKOIIOB, BKJIFOYasi KDHOTCHHBIE,

- BO3MOXKHOCTH OTIPEICIICHHS CTPYKTYPhl OMOMATEPHAIOB U TIOJIMMEPOB C MCIIOIb30BAaHUEM PAaCTPOBBIX

3NIEKTPOHHO-MOHHBIX MUKPOCKOIIOB.
yMeThb:

- ompeaciisATb CTPYKTYpPY 66J'IKOB, BUPYCOB M MAKpPOMOJICKYJI MCTOAAMH OJWHOYHBIX YaCTUILl U

KPHO-JIEKTPOHHON TOMOTrpadum;

- TOTOBUTH 00pa3Lbl ISl UCCIEIOBAHUN METOIaMH KPUO JIEKTPOHHONH MUKPOCKOITNY;
- UCTIONB30BaTh (POKYCHPOBAaHHBIE MOHHbBIE IMYYKH MOATOTOBKH OOPA3LOB M IOJMYYEHUS TPEXMEPHOI
PEKOHCTPYKIIMH MaT€pHajiOB, BKIIOUAsi KPHOTEHHBIN PEXKHM;

- HCIIOJIB30BaTh
MaTepHaJioB, BKJIFOUAs TTOITUMEPBHI.
BJIaJeTh:

nporpaMMHOe  oOecriedeHHe MJIsi BOCCTAHOBJIEHHE TPEXMEpHOU

CTPYKTYPBbI

- CIIEIMAITLHOW TEPMUHOIOTHEHN B 00JIACTH 3IEKTPOHHON MUKPOCKOIHH;

- METOJIMKaMHU MTOCTPOCHHUS MOJIEeH K OMMCAaHUIO0 B3aUMOJIEHCTBUS JIEKTPOHOB C BEIIECTBOM;

- OCHOBHBIMH METOJaMH TPHMEHEHUS KPHOTCHHON OJIIEKTPOHHOW MHUKPOCKONMH W 3JIEKTPOHHOMN
MHUKPOCKOIIMH B PEXXMME €CTECTBEHHON CPEIBI.

3. IlepeyeHb THNOBLIX (IPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

B nensx Tekyluero KOHTpOJI yCIEBAEMOCTH MPENLyCMOTPEH KPaTKUH OIpOC IO TeMaM HpeAbLayIIHX
3aHATHH 110 TEME MTPOLION JIEKIIUN WM B KOHILIE 3aHATHS 110 IPOMIEHHOMN TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu

o0yuyarommxcst

1. Kpro-anexTpoHHass MUKPOCKOIHS.

2. I[MoaroroBka 00pa3oOB Il KPHO-3JIEKTPOHHON MUKPOCKOTIHH.




3. IIpouenypsl HEraTUBHOTO KOHTPACTHPOBAHUS, BUTPU(PHUKALMH, CYLIKH IO BBICOKUM JaBJICHHEM,
MIPUTOTOBJICHUSI KPHO-CKOJIOB, TpruMeHeHus: kpuo-DUII, kproreHHON (iyopeclieHTHON MHUKPOCKOITHH
u Jap.

4. OnpeneneHue CTPYKTYpbl OCIKOB, BUPYCOB U MAaKpPOMOJIEKYJ METOZIOM OAMHOYHBIX YacTHUIL.

5. Kpuo-anexkrponnas tomorpadust

6. [lonyuenue u 06paboTKa SKCIEPUMEHTATIBLHBIX JAHHBIX KPHO-3JIEKTPOHHOM ToMOorpaduu.

7. Cy0-tomorpaduueckoe yCpeagHEHHE, 3HAKOMCTBO C OCHOBHBIMHM NPOTPAMMHBIMU IAKETAaMH H
BBIYUCIIUTEJILHBIMU METOIaMHU, [10JIyUY€HUE TPEXMEPHBIX PEKOHCTPYKIIUH.

8. IlpuMeHeHue KpPHOT€HHON pacTpOBOil JNEeKTpoHHOW MuKpockonuu, kpuo-OUIl u meronma
Slice-and-view.

9. Kommiementapasie MeTobl. CBETOBAs MUKPOCKOIUS, KOH(POKaIbHAS MUKPOCKOIIHS.

10. DnexTpoHHAast MUKPOCKOIIHSA B PEKUME €CTECTBEHHOMN CPEIIbI.

11. IlogroroBka 06pa3LoOB [UIsl PACTPOBOM 3JIEKTPOHHON MHUKPOCKOIHH MOJUMEPOB U OMOIOTUYECKUX
OOBEKTOB.

[Mpumeps! OUIETOB:

bunetrNel
1. Kpno-anexTpoHHass MUKPOCKOIHS.
2. OnpeneneHue CTPyKTypbl OEIKOB, BUPYCOB U MAaKPOMOJIEKYJI METOZIOM OJMHOYHBIX YACTHII.

buner Ne2
1. DnexTpoHHas MUKPOCKOIHSI B pEKUME €CTECTBEHHON CpeIbl.
2. [Nonyuyenne u 00pabOTKa IKCIIEPUMEHTAITLHBIX JAHHBIX KPHO-3JIEKTPOHHOUN ToMorpaduu.

Kpurepun onennBanus
Onenka "ormmuuno" (10 0amioB) BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Onenka "oTamuHo" (9 0amwioB) BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE PU PEIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.
Onenka "oramuHo" (8 OayioB)  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.
Onenka "xopomo" (7 6aioB) BHICTABIISETCS CTYNEHTY, €CIM OH TBEPAO 3HAET MaTepual, IPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJy4YECHHBIC 3HAHHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
IrpaMOTHO 00OCHOBBIBAET MOITYUYECHHBIEC PE3YIJIBTATHI.
Onenka "xopomro" (6 0aJoB) BHICTABIISIETCS CTYICHTY, €CIM OH TBEPAO 3HAET MaTepUal, TPAMOTHO U
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHMS HAa NPAKTHUKE, HO JOIYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka "xopomo" (5 0anoB) BBICTABISAETCS CTYACHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall,
IPaMOTHO M IO CYLIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH IOJIy4YEHHbIC 3HAHUS Ha INPAKTUKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUYECTBO HETOYHOCTEH.
Onenka "ynoenerBopurenbHO" (4 Oania) BbICTaBISETCS CTYACHTY, IOKa3aBlieMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHUs JIOTHYECKOW MOCIIeIOBATEIIbHOCTH B M3JIOKEHUH IPOTPAaMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieiibl yueOHOW NMpOorpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIero oOy4eHus, U
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.



Onenka "ynoenerBopurenbHo" (3 Oamna) BhICTABISETCS CTYIACHTY, MOKa3aBiieMy (parMEeHTapHBIMH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HapyLICHUs] JIOTHYECKOM IOCIEeIOBAaTENbHOCTH B M3JIOKEHUM IPOrPaMMHOIO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pa3JieliaMy y4eOHOW MpOrpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYalHH.

Onenka "HeymnoBIeTBOpUTENbHO" (2 Oania) BBICTABISETCS CTYICHTY, KOTOPBIA HE 3HAeT OOoINbIIeH
9YacTH OCHOBHOTO COJICPXKaHWS Y4E€OHOH MpOrpaMMbl TUCHUIUIMHBI, JAOMyCKaeT rpyOble OMIMOKH B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIB30BaTh IOJyYSHHBIEC 3HAHUS NP PEIICHUN
THUIIOBBIX 33/1a4.

Onenka "HeynosnerBoputedabHO" (1 Oamt) BbICTaBISETCA CTYIACHTY, KOTOPHIM HE 3HAET OCHOBHOTO
cojiep )KaHusl y4eOHOH MpOorpaMMbl IUCIUILTUHBI, JOMycKaeT rpyOeiiinne omuOKd B (GOPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3ajad.

5. MeTtonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

ITpu npoBexenun muddepeHnInpoBaHHOrO 3aueTa olOydvaromemycs npenocrapisercs 40 MUHYT Ha
noarotoBky. Ompoc oOywaromerocss no Owiery Ha auddepeHIHpPOBaHHOM 3adeTe HE JOJDKCH
HPEBBIIATH JIByX aCTPOHOMUYECKUX YacOB.

Bo Bpems mpoBenenus auddepeHIMpOBaHHOTO 3adera OOydYarolmIuecsi MOTYT TIOJb30BaThCs
IpOrpaMMOi TUCHIUIUTUHBI, KOHCTIEKTAMH JICKLIUH, a TaKXkKe JIF000H CIIpaBOYHOM JIUTEpaTypoi.



