CoBpeMeHHble MeToAbl MUKPO- U CNEKTPOCKOMUK
State-of-the-arts methods of micro- & spectrometry

1. Ha3Banue:

COBpCMeHHI)Ie METOJbI MUKPO- U CIICKTPOCKOIINN
Course title:

State-of-the-arts methods of micro- & spectrometry

2. JlekTopsI:

3yeB Jmutpwii, AreeB Dayapa, Spormerko Buranmii
ACCHCTEHTBI:

ITonkparoBa Exarepuna

Lecturers: Dmitry Zuev, Ageev Eduard, Vitaly Yaroshenko
Assistants: Ekaterina Ponkratova

3. Kpartkas annoranus (500-700 cumMB0/10B, Ha IPOCTOM U JOCTYIIHOM fI3bIKE):

JanHbIl Kypc HampaBlieH Ha (opMHUpOBaHHE 0a30BBIX 3HAHUI B 007aCTH ONTHYECKON MHKPOCKOIHMU U
cnekTpockonud. [logpoOHO OyayT paccMOTpeHbl NPHHIUMIBI PabOThl ONTHYECKOTO MHKPOCKOIA,
CHCTEMBl M METOJBl CHEKTPAJIbHOTO aHaIW3a ONTHYECKOro W3NIydeHus. Tarke OyIyT OIMCaHBI
COBPEMEHHBIE METOJBl ONTHYECKOH MHKPOCKONIMM W CHEKTPOCKONHH, BKIOYAs MHUKPOCKOIIHIO
CBEPXBBICOKOTO pa3pelleHs U H3MEPEHHUS C BpEMEHHBIM pa3pelIeHUEM.

Annotation (500-700 characters, in plain and simple language):

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 state-
of-the-art miscopy and spectroscopy techniques, including super-resolution microscopy and time-resolved
measurements, are also considered.

5. Ha3BaHue mporpaMMbI U ceMecTp:

marucrparypa «KBaHTOBbIE ¥ THOPHIHBIE MATEPHAIIB», 20i CEMECTp
Study program and semester:

master program “Quantum and hybrid materials”, 2nd semester

6. [leranbHoe onucaHue Kypca ¢ pa30ueHHeM 1o JeKIUusM/ceMMHapaM/PaKTHKAM

Tema Tum 3agaTut

Yactb |. OCHOBBI ONITHYECKOM MUKPOCKOIHHU

1 [cropust Mukpockonuu Jlexuus

OcHOBBI onTudeckoil mukpockonuu (OM): ¢dopmupoBaHue
300pa’keHue,  paspelieHue, ocsemeHue 1no  Kémiepy,

2  |ycTpoiiCTBO MUKPOCKOIIA, ONITHYECKHE abeppanun Jlexuus
MuKpockomusi B OTpaXEHHOM M NPOXOJSILIEM CBETE, METOIbI

3 |[KOHTpacTUPOBAHMS Jlexuus
Y coBepiieHcTBOBaHHBIE MeTObI OM: J1a3epHas CKaHUPYHOLIAs
MUKPOCKOITHUS (xoH(poOKaNIBHA, MHOTO(OTOHHA) "

4 IMHKpPOCKOIHS TJIOCKOCTHOTO OCBEIIEHUS Jlexuus

Yacts |l. OcHOBBI ONTHYECKON CIIEKTPOCKOIUH

OcHoBbl ontuueckor cnekrpockonuu (OC): moriomieHue,
ITIOMUHECLICHIIMSL U PACCESHUE CBETA, NTapaMeTPbl ONTHYECKOIO

S5 [m3mydeHus Jlexuust
CriekTpanbHbIe TPUOOPHI U CIIEKTPATBHBIN aHAIN3 ONTHYECKOTO
6 M3mydeHuUs Jlexumst

7 Mcrounuku uzmyderus ais OC Jleknusa




8 |[Ipuemuuku uznydenus st OC Jlexuust
[[puknagneie Metoapl OC: CHHXpPOHHOE JACTEKTHPOBAHUE,
9 |meTon «Hakauyka-mpoOay, an-KOHBEPCHUs Jlexuust
I1l. CoBpemeHHBIE METO/IBI ONTHYECKOW MUKPOCKOIUHU M CIIEKTPOCKOITUHU
MHKpPOCKOITNSI CBEPXBBICOKOTO Pa3pEIICHHS
[IPOCTPAHCTBEHHO-CTPYKTypUpOoBaHHOE Bo30ykaeHue (STED),
iTfokanu3anuonnas mukpockomnus (AISTORM, PALM, PAINT,
10 ftc.) Jlexuus
DiryopecieHTHass OM u u3MepeHust ¢ BpEMEHHBIM
11 |pa3pemieHuem Jlexuust
12 [Mukpockomnus BU3yanu3anuy BpeMeHH KU3HU (PIIyopecleHIINN Jlexius
13 [@ayopecreHTHass KOPPESIMOHHAS CIEKTPOCKOITHUS Jlexius
14 [DnyopecueHTHBIN PE30HAHCHBIN MTEPEHOC YSHEPTUU Jlexuust
CpencTBa aHaJIM3a U IIOCTOOPAOOTKH IKCIIEPUMEHTAIBHBIX
15 |gma”HHBIX Jlexkuusa
JlaGoparopHble 3aHSATHS,
MIPOCKTHI M CEMUHAPHI
JlaGopaTopHas
16 |OnTrueckoe popmMupoBaHHe N300PAKEHHIA: BBEICHHE pabota
OnTHueckoe dbopMupoBanue U300paxKeHHI: Jlaboparopnas
17 jontuyeckue abeppanuu, ocsenieHue no Kémepy pabota
Ontuyeckoe (GOpPMHUPOBaHUE HM300PAKEHUN: TEOPHS JlaGopatopHnas
18 |AGGe, METOIbI KOHTPACTHPOBAHUS pabora
JlaGopatopHnas
19 [CmekTpasbHbII aHATU3 ONTUYECKOTO U3ITYYCHUS pabota
Jlaboparopnas
20 |M3mMepeHME BpPEMEHH JKU3HU JIIOMUHECIIEHIINH pabota
Mukpockomnuss ~ BH3yaJdM3alldd  BPEMEHH  KU3HU Jlaboparopnas
21  |pmyopecnennun pabota




Detailed content and structure with sectioning of lectures/seminars:

Classes
Topic type
Part |. Basics of micro- & spectroscopy methods

1 [The History of Microscopy Lecture
Basics of optical microscopy: image formation, resolution,
Kohler  illumination,  microscope  construction,  optical

2 [aberrations Lecture
Reflected and transmitted light microscopy, contrast enhancing

3 fechniques Lecture
Advanced OM: laser scanning microscopy (confocal,

4 multiphoton) and light-sheet microscopy Lecture

Part I1. State-of-the-arts methods of optical spectroscopy

Basics of optical spectroscopy (OS): light absorption,

5 [luminescence and scattering, characteristics of optical radiation Lecture
Spectroscopic instrumentation and spectral analysis of

6 |optical radiation Lecture

7 |Light sources for OS Lecture

8 |Detectors for OS Lecture
OS applied approaches: lock-in detection, pump-probe up-

9 lconvesion Lecture

Part I11. State-of-the-arts methods of optical microscopy

Super-resolution microscopy: ttimulated emission depletion

(STED), localization microscopy (dSTORM, PALM, PAINT,
10 ftc.) Lecture
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, Kohler illumination Lab practice

The Abbe Theory of Image Formation, Contrast
18 |Methods Lab practice
19 [Spectral analysis of optical radiation Lab practice
20  |Lifetime measurements Lab practice
21 [FLIM Lab practice

7. PexoMeH10BaHHasl TUTEPATYPA.
Textbooks:

1. Demtrdder, 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.

8. [IpenBapuTenbHO IPOHICHHBIE KyPChl, HEOOXOAUMBIC /I U3ydeHus npeamera: O0mas Gpusuka,
OnTuka (0a30BbIC KypCHI);
PexomennoBannbie Kypebl: @usmka TBepaoro Tena, JlazepHas gusuka.

Course prerequisites: General Physics, Optics (Basic Courses);
Additional Courses: State Physics, Laser Physics.

9. Tun caMOCTOSTENBHBIX 3aIaHuH (ITOXKATYHCTA, TPUIOKHUTE TAKKE HECKOJIBKO IPUMEPOB):
Assignments (please, attach a couple of examples): -

10. Kak orieHrBaeTCs yCIieBaeMOCTh 10 Kypcy:

- Utorosas onieHka oCHOBaHa Ha UTOTOBOM 3K3aMEHE.

- JInst morycka K 9K3aMeHy He00X0ANMO:

1) caate Bce Tpu MPOMEKYTOUHBIX TECTa,

2) cAaTh BCE OTYETHI M0 JIAOOPATOPHBIM paboTaM.

- Kaxxnas gacTh nexmuii conep>xut 15-MUHYTHBIN KOHTPOIBHBIN TecT (Beero 3 Tecta). TecThl BIUSIOT Ha
POMEXYTOUYHYIO aTTecTaluo. Bee Tpu Tecta MOXKHO HiepeciaTh OTHOBPEMEHHO, [UIS 3TOT0 €CTh OJIHA
TOTIBITKA.

- JlabopaTopHbIe pabOTHI OIIEHUBAIOTCA IO CUCTEME “‘3a4ueT/He 3a4eT’ .

Grading policy:

- The final grade is based on the final exam.

- For admission to the exam, student must:

1) pass all three intermediate tests,

2) submit all reports on laboratory work.

- Each part of the lectures contains a 15-minute control test (3 tests in total). Tests affect intermediate
attestation. All three tests can be retaken at the same time, there is one attempt for this.

- Laboratory work is evaluated according to the "pass / fail" system.

11. JononHUTENbHbIE KOMMEHTAPUHU:
Additional comments:



