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[aHHbIN KypC HanpaBfieH Ha opMUpoBaHMe 6a30BbIX 3HAHUI B 0611aCTV ONTUYECKON MUKPOCKOMUM U CreKTpockonuu. MoapobHo
6yoyT paccMOTpeHbl MPUHUMUMLI PaboTbl OMNTUYECKOrO MUKPOCKOMA, CUCTEMbl M METOAbl CMeKTpasbHOro aHasim3a OMTUYECKOro
n3ny4deHus. Takxe 6yayT onmMcaHbl COBPEMEHHblIE MEeTOMbl ONMTUYECKOW MUKPOCKOMUM U CMEKTPOCKOMUMU, BK/IOHAs MUKPOCKOMUIO
CBEPXBbICOKOI0 Pa3peLleHunst 1 U3MepeHunst C BDEMEHHbLIM pa3peLleHrem.

This course represents basic information in the field of optical microscopy and spectroscopy. The optical microscope working theory,
systems, and methods of spectral analysis are described in detail. The stateof-the-art miscopy and spectroscopy techniques, including
super-resolution microscopy and time-resolved measurements, are also considered.
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Course content

MnaH Kypca

CTpyKTypa Kypca

Tema Tun 3aHATUN
YacTb |. OCHOBbI ONTUYECKOW MUKPOCKOMUM
1 NcTopua Mnkpockonuu Nekuus
2 OCHOBbI ONTUYeCKOoN MuUKpockonuu (OM): popMupoBaHue n3obparkeHne, paspeLleHne, oCBeLLeHme Nno Nekuns
Kénnepy, ycTpoicTBO MUKpOCKOMa, onTuieckue abeppauymm
3 Mwukpockonusa B OTPa>KEHHOM 1 MPOXOASLLEM CBETE, METOAbl KOHTPACTUPOBAHNSA Nekumsa
4 YcoBeplueHCTBOBaHHble MeToAbl OM: na3sepHasn CKaHupyloLwas MMKpockonusa (KoHhokabHas, Nekuns
MHOrOOTOHHAsA) U MUKPOCKOMNSA NJIOCKOCTHOrO OCBELLEeHNS
YacTb Il. OCHOBbI ONTMYECKON CAEKTPOCKOMUN
5 OcHoBbI onTuyeckon cnekTpockonuu (OC): nornoLleHve, JIOMUHECLLEHLMA U paccesHne CBeTa, Nlekuns
napameTpbl ONTUYECKOr0 MU3JTy4eHMUA
6 CnekTpabHble Npnbopbl N CNEKTPasibHbIA aHaiM3 ONTUYECKOro U3JTy4eHMUS Nekuusa
7 NcTo4HMKM nsnyyvenuns gna OC Nekuus
8 MpueMHnkn nsnydenna gna OC Nekuwnsa
9 MpuknagHble MeToabl OC: CUHXPOHHOE AeTEeKTUPOBaHME, MeTOA «Haka4vka-npoba», an-KoHBepCcua Nekuusa
IIl. CoBpeMeHHble MeTOAbl ONTUYECKON MUKPOCKOMUN N CMEKTPOCKOMUN
10 MUWKPOCKOMUSA CBEPXBbLICOKOIO pa3peLleHns: MPOCTPaHCTBEHHO-CTPYKTYpPMpPOBaHHOe Bo30yXAeHne Nekuns
(STED), nokanusaumoHHasa mnkpockonus (dASTORM, PALM, PAINT, etc.)
11 dnyopecueHTHasa OM 1 n3MepeHus C BpeMeHHbIM paspellueHnem Nekuus
12 MunKpockonusa Bn3yanmsaunm BpeMeHN XX1U3HW ayopecueHuLmn Nekuwnsa
13 dryopecueHTHasa KOppenaumMoHHas CNeKTpoCcKonus Nekuwnsa
14 D iyopecuUeHTHbIN pe30HaHCHbI MEPEHOC 3HEPrum Nekuus
15 CpepncTBa aHanun3a 1 NnoctTobpaboTKM sKCNepuMeHTasbHbIX AaHHbIX Nekuusa
NabopaTopHble 3aHATUA, MPOEKTbl U CEMUHAaPBbI
. NabopaTopHas
16 OnTuyeckoe hopMMpoBaHMe N3obpa>keHnin: BBegeHne P P
paboTa
o . NabopaTopHas
17 OnTuyeckoe hopMmpoBaHue n3obpaxeHnin: onTnyeckme abeppaunu, ocselleHme no Kénnepy paboTa
o NabopaTopHas
18 OnTunyeckoe hopMuposaHue nsobpaxkeHnin: Teopus Abbe, MeToabl KOHTPACTUPOBAHNS pEGOTg
. NabopaTopHas
19 CneKTpasibHbI @HaAn3 ONTUHYECKOro U3Nly4eHuns
paboTa
NabopaTopHas
20 MN3MepeHne BpeMeHn XXU3HN JIIOMUHECLLeHLINN
paboTa
NabopaTopHas
21 MunKpockonusa Bn3yanmsaunm BpeMeHN XX1U3Hu ayopecLeHumn paboTa
Plan of a course
CTpyKTypa Kypca
Topic Class type
Part I. Basics of micro- & spectroscopy methods
1 The History of Microscopy Lecture




Basics of optical microscopy: image formation, resolution, Kéhler illumination, microscope

2 construction, optical aberrations Lecture

3 Reflected and transmitted light microscopy, contrast enhancing techniques Lecture

4 Advanced OM: laser scanning microscopy (confocal, multiphoton) and light-sheet microscopy Lecture

Part Il. State-of-the-arts methods of optical spectroscopy

5 Basics of optical spectroscopy (0S): light absorption, luminescence and scattering, characteristics of Lecture

optical radiation

6 Spectroscopic instrumentation and spectral analysis of optical radiation Lecture

7 Light sources for OS Lecture

8 Detectors for OS Lecture

9 OS applied approaches: lock-in detection, pump-probe upconvesion Lecture

Part lll. State-of-the-arts methods of optical microscopy

10 Super-resolution microscopy: ttimulated emission depletion (STED), localization microscopy (dSTORM, Lecture
PALM, PAINT, etc.)

11 Fluorescence light microscopy and time-resolved measurements Lecture

12 Fluorescence Lifetime Imaging Lecture

13 Fluorescence Correlation Spectroscopy Lecture

14 Fluorescence Resonance Energy Transfer Lecture

15 Data analysis and postprocessing Lecture

Lab practices, lab projects and seminars

16 Introduction to Optical Imaging Lab practice

17 Optical Imaging: aberrations, Kéhler illumination Lab practice

18 The Abbe Theory of Image Formation, Contrast Methods Lab practice

19 Spectral analysis of optical radiation Lab practice

20 Lifetime measurements Lab practice

21 FLIM Lab practice

Recommended resources

1. Demtréder, Wolfgang. Laser spectroscopy: basic concepts and instrumentation. Springer Science & Business Media, 2013.

2. Murphy,

Douglas B. Fundamentals of light microscopy and electronic imaging. John Wiley & Sons, 2002.

3. Rost, Fred, and Ron Oldfield. Photography with a Microscope. Cambridge University Press, 2000.

4. Innoue,

S. "Video Microscopy: The Fundamentals (Language of Science)." (1997).

5. Bradbury, Savile, et al. Introduction to light microscopy. Oxford, UK: Bios Scientific, 1998.

6. Pawley, James, ed. Handbook of biological confocal microscopy. Vol. 236. Springer Science & Business Media, 2006.

7. James, Johannes, and Hendrikus Johannes Tanke. Biomedical light microscopy. Springer Science & Business Media, 2012.

Grading Policy

- ToroBas oueHka OCHOBaHa Ha UTOFOBOM 3K3aMeHe.- 1N Aornycka K 9K3aMeHy Heob6xoamMMmo:
1) coaTb BCe TPW NPOMEXXYTO4YHbIX TecTa,
2) chaTb BCe oT4eThl No nabopaTopHbIM paboTam.

- Kaxpaa 4acTb nekuui comepXXUT 15-MUHYTHbIA KOHTPOJIbHBLIA TecT (Bcero 3 TecTa). TecTbl BAUSAIOT Ha MPOMEXYTOYHYIO

aTTecTauuto. Bce Tpu TecTa MOXXHO nepecaaTb OQ4HOBPEMEHHO, AJ15 3TOr0 €CTb OA4HAa MOMbITKa.
- NNabopaTopHble paboThl OLLEHMBAOTCA MO CUCTEMe “3a4veT/He 3a4eT”.




