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AHHOTAIUA

Within the framework of the course, modern optical methods of biomedical diagnostics and
treatment of human diseases are studied, using advances in the field of physical optics and
spectroscopy. The principles of the action of optical radiation on biological systems, as well as
equipment and devices for medical visualization and detection of biological tissue parameters at the
organismal, cellular and molecular levels are studied. Laser methods of treatment of various diseases
are described. The fundamental mechanisms of the destructive and non-invasive action of optical
radiation on biological tissue and the living organism as a whole are being studied. To consolidate the
material covered, specially designed educational films and computer presentations are shown, as well
as review lectures on modern problems of optical methods in biology and medicine are organized. The
course taken should contribute to the formation of a high culture in terms of hygiene, health
promotion, safety and social significance of their future profession.

Learning objectives of the course. Present the basic information about modern optical methods
for studying biological objects in vitro and in vivo. To teach to classify the result of the action of
optical irradiation of biological tissue according to the type of exposure; evaluate the absorption,
reflection and scattering of light energy in biological objects. To acquaint with the latest achievements
in the application of optical methods and approaches in the field of biology and medicine.

1. IEJIN U 3ATAYA OCBOEHUA YYEFHOU JUCIHUATIIIMHBI

The objectives of mastering the academic discipline "Optical Methods in Biology and
Medicine" are the acquisition by students of knowledge about the patterns of the action of optical
radiation on biological systems, methods of visualization and medical diagnostics, as well as laser
methods for treating diseases. Obtaining a clear understanding of the therapeutic mechanisms in the
destructive and non-invasive effects of optical radiation on biological tissue; the formation of a high
culture in terms of hygiene, health promotion, safety and social significance of their future profession.

2. MECTO YYEBHOM JUCHUIIJIMHBI B CTPYKTYPE OOII BO

Logically and meaningfully, this course is part of a specialization that is an integral part of the
knowledge of a physicist as a specialist in the field of modern methods and means of interaction of
light with living matter. Successful mastering of the discipline requires knowledge of previous
university courses in physics, chemistry and biophotonics.

3. O®OPMUPYEMBIE KOMIIETEHIIUA U IVTAHUPYEMBIE PE3YJIbTATBI
OBYYEHUA

YHuBepcanbHble U(WIH) 001enpodecCHOHATbHBIE KOMIETCHIINN:
\ Ko 1 HauMeHOBaHUE KOMITETEHIIAU \ Ko n HanMeHoBaHWME WHIUKATOPA JOCTHKCHHS KOMIIETCHITHH

[TpodeccnonanbHble KOMIETEHIIMM B COOTBECTBUH C 3agadyaMH M OOBEKTaMu (001acTsIMH
3HaHU) TpopeCCHOHATIBLHOMN 1A TeIbHOCTH:

\ 3apaua \ Oo0bekT uiu obsaactb  Koa u HammMeHoBaHMe \ Koa n




npogeccuoHaIbLHOM
aesteabnoctu (3I11)

3HAHUA

npogeccuoHaILHOM
KOMIIeTEHIIUM;
OcHoBanue
(mpogeccHoOHAIBLHBIH
cranaapr-IIC, ananu3
onbITa)

HAaHMeHOBaHUe
HHANKATOPA
AOCTHKEHU S
npogeccuoHaIbLHOM
KOMIIeTeHIIHH

bopmynupoBanue
3aJjauy U IU1aHa
HAy4YHOT'O UCCIIEI0BAHUS
B 00y1acTé (POTOHUKH U
ONTOMH(OPMATHKH;
IIOCTPOEHHE
MaTeMaTHYECKUX
MoJiesiell 0ObEKTOB
HCCTIEI0OBaHUS U BEIOOD
YHUCICHHOT0 METOoJIa UX
MOJIETTUPOBaHUS,
pa3paboTKa aJiropuT™Ma
pellIeHus 3a/1auu;
BBINOJIHEHHE
MaTeMaTH4eCKOIo
(KOMITBIOTEPHOT0)
MOJIETTUPOBAHUS U
ONTUMU3ALUU
rapamMeTpoB 0OBEKTOB
(hOTOHUKHU U
ONTOMH(POPMATHKU;
UCCIIEJOBAHNE
JJIEMEHTOB, YCTPOUCTB U
cucteM (OTOHUKU U
ONTOMH(POPMATUKU;
BBIOOp ONTUMAILHOTO
MeTo/a U pa3paboTKa
porpamMm
AKCIIEPUMEHTATBHBIX
UCCIIEA0BAHUN U
U3MEpeHHil ¢ BHIOOPOM
TEXHUYECKHUX CPEJICTB U
00paboTKO
pE3YJIbTATOB;
OCYILIECTBIICHUE
HaJIaJK1, HACTPOWKH U
ONBITHON IIPOBEPKHU
OT/ENbHBIX BUJIOB
cucTeM (POTOHMKH U
ONTOMH(OPMATHKH B
1ab0paTOPHBIX
YCIIOBUSIX; COCTaBJIEHUE
ONMMCaHUI MPOBOJUMBIX
HCCIIEAOBaHUIA,
MOJITOTOBKA JJAHHBIX JIJIS

HayLIHO-I/ICCJ'Ie,HOBaTCHBCKI/Iﬁ

(dyHIIaMeHTAJIbHEIE U
MPUKIIAIHBIC HAYYHO-
HCCIIeIOBATEILCKUE
pa3paboTKu B 00-
nactu (POTOHUKH U
ONTOMH()OPMATHKH,

[MK-1.5 [1] - cnocob6en
UCIIOJIb30BaTh 3HAHHMS O
COBPEMEHHBIX
pa3paboTKax u
OCHOBHBIX
NPUMEHEHHSX JIA3€POB,
0 u3uvIeCcKX OCHOBAX
Y BO3MOYKHOCTSIX
JIa3€pHON TUArHOCTUKH
cpel, 0COOEHHOCTSIX
B3aUMOJICVCTBHUS
JIa3EPHOTO U3IYYCHUS C
OMOTKaHSAMU U
HAHOCTPYKTYPaMH B
npoQeCCHOHAIBHON
JeSITeTTbHOCTH

Ocnosanue:
[TpodeccrnonanbHbIMI
cranaapt: 29.004

3-T11K-1.5[1] - 3uats:
COBPEMEHHOE
COCTOSTHUE
pa3paboToOK U 00JIaCTh
MPUMECHECHUSIX
Ja3epoB.,
COBPEMEHHHBIC
BO3MOXXHOCTH
Ja3epHOMN
JTMarHOCTHUKU
Pa3IUYHBIX CPEII;
V-TIK-1.5[1] - Ymers:
UCIIOJIb30BaTh 3HAHUS
0 COBPEMEHHBIX
pa3zpaboTkax u
OCHOBHBIX
PUMCHCHUSIX
Ja3epoB, 0
(U3NIECKUX OCHOBAX
Y BO3MOXKHOCTSIX
Ja3epHOMN
JTUArHOCTHKY Cpel,
0COOEHHOCTSIX
B3aMMOJICHCTBUS
Ja3epHOTO U3ITYYCHUS
¢ OMOTKaHsAMU U
HAHOCTPYKTYPaMH B
npodeccuoHanbHOM
NeSTEIIbHOCTH;
B-TIK-1.5[1] -
Bnaners: HaBbIKaMu
CPaBHHUTEIHLHOTO
aHajamn3a pa3padoToK
Ja3epoB, METOJIOB
Ja3epHOMN
JTUATHOCTHKH CPe




COCTaBJICHUS OTYETOB,
0030pOB U APYroi
TEXHUYECKOU
JOKYMEHTAIMH; 3aIUTa
MIPUOPUTETA U HOBU3HBI
MOJTyYEHHBIX
pe3yNbTaToB
HCCIIEA0BAaHUN C
HCIIOJIb30BaHUEM
IOPUINYECKON 6a3bl IS
OXpaHbl
HMHTEIUIEKTYyJIbHOMN
COOCTBEHHOCTHU
bopmynupoBanue
3aJlauM U IUIaHa
HAYYHOTO MCCIIEIOBAHUS
B 00y1acTH (POTOHUKH U
ONTOMH(OPMATHKH;
MIOCTPOCHHE
MaTeMaTHYECKUX
Mojiesie 00bEeKTOB
HCCJICIOBAHUS ¥ BBIOOD
YHCIEHHOTO METO/1a UX
MO/JICIIMPOBAHUS,
pa3paboTKa alropuTMa
peIIeHHs 3a/1a9H;
BBITIOJTHEHUE
MaTeMaTHIECKOTO
(KOMITBIOTEPHOTO)
MOJICIIMPOBAHUS U
ONITUMU3AINH
rapamMeTpoB 0OBEKTOB
(bOTOHUKH U
ONTOMH(POPMATHKU;
UCCIIeIOBaHHE
JJIEMEHTOB, YCTPOUCTB U
cucteM (OTOHUKU U
ONTOMH(POPMATHKU;
BBIOOp ONTUMAILHOTO
MeTo/a U pa3paboTKa
porpaMm
AKCTIEPUMEHTATBHBIX
HCCIIEA0BAHUHN U
U3MepeHHil ¢ BHIOOpOM
TEXHUYECKHUX CPENICTB U
00paboTKOi
pe3yIbTaTOB;
OCYILIECTBIICHUE
HaJTaJIKH, HACTPONKU U
ONBITHON IIPOBEPKHU
OT/eNbHBIX BUJIOB
cucteM (POTOHUKH U

(dyHIIaMeHTAIbHEIE U
MIPHUKJIaIHbIE HAYYHO-
HCCIICIOBATEIILCKHC
pa3paboTKHu B 00-
nactu (OTOHUKHU U
onTOMH(GOPMATUKY;

[1K-1.6 [1] - cmocoben
CTaBHUTH 3aJa4H 1
MIPOBOJIUTH
AKCIIEPUMEHTAJIbHBIE
HCCIICAOBAHUS B
obnactu
B3aNMOJICHCTBHSA
M3ILy4EHUS C
BCIICCTBOM,
HCCIIeI0OBATh
ONTHYECKHE CBOMCTBA
MaTepualioB,
HaHOCTPYKTYp U
KOHJICHCUPOBAHHBIX
cpen

OcHosanue:
[TpodeccnonanbHbIf
crangapt: 29.004

3-T11K-1.6[1] - 3uats:
OINTHYECKHE CBOMCTBA
MaTepHaJioB,
HaHOCTPYKTYp U
KOHJICHCUPOBAHHBIX
cpen;

V-IIK-1.6[1] - YmeTb:
MPOBOJIUTH
SKCIEPUMEHTAIbHBIC
HCCJICTIOBAHUS B
obnactu
B3aUMOJACHCTBUS
U3IIYy9CHUS C
BEIIIECTBOM,
HCCIICAOBaHUS
OINTUYECKHE CBOMCTBA
MaTepHaJioB;
B-TIK-1.6[1] -
Bnaners: HaBbIKaMu
ITOCTAHOBKH 3a7a4
MIpU TIPOBEICHUN
SKCHEPUMEHTAIBHBIX
HCCIeN0BaHuN B
o0actu
B3aNMOJICHCTBHS
U3IIy4EeHUS C
BEII[ECTBOM, TIPH
HCCJIEIOBAaHUH
ONTHYECKUX CBOICTB
MaTepHaoB




onTouH()OPMATHUKH B
n1a00paTOPHBIX
YCIIOBUSIX; COCTaBJICHUE
ONMCAHUH IIPOBOJUMBIX
HCCIICIOBAHHUIM,
MOATOTOBKA JAHHBIX IS
COCTaBJICHHS OTYETOB,
0030pOB U APYyroi
TEXHUYECKON
JIOKYMEHTAIUU; 3alllUTa
MIPUOPUTETA U HOBU3HBI
MOJTYYEHHBIX
pe3yNbTaTOB
HCCIIEIOBAHUM C
HCIOJIb30BaHUEM
OpUINYECKON Oa3bl 1Jis
OXpaHbl
HMHTEIUIEKTyJIbHOMN
COOCTBEHHOCTH

IIPOEKTHO-KOHCTPYKTOPCKUI

aHaJIu3 COCTOSHUS
HAaY4YHO-TEXHUYECKOM
Mpo0JIeMbl, MMOCTAHOBKA
LeJIH U 33]a4
MIPOEKTUPOBAHUS
prOOPOB U CHCTEM
(hOTOHUKHU U
ONTOMH(POPMATHKU;
pa3paboTka
(GYHKIIMOHAJIBHBIX U
CTPYKTYPHBIX CXEM
MPUOOPOB U CUCTEM
(bOTOHUKH U
ONTOMH(POPMATUKU U
YCTaHOBJICHHE
TEXHUYECKUX
TpeboBaHul Ha
OTJeNbHbIE OJIOKH U
JJIEMEHTHI;
MIPOEKTUPOBAHUE U
KOHCTPYHPOBaHUE
Pa3IMYHbIX TUIIOB
ONTUYECKUX U
ONTOUH(POPMAITMOHHBIX
cucTeM, OJIOKOB U y3JI0B
C MCTIOJIb30BaHUEM
CPEICTB
KOMITBIOTEPHOTO
IIPOEKTUPOBAHMS,
MIPOBEJICHUE MPOEKTHBIX
pacueToB U TEXHUKO-
SKOHOMHUYECKUM

aMeMeHTHas Oasza
MIOJIYTIPOBOJITHUKOBBIX,
BOJIOKOHHBIX U
IJIaHAPHBIX JIa3€pPOB;
aneMeHTHas 6aza u
CUCTEMBI
npeoOpa3oBaHus U
OTOOpaKEHUS
uH(pOpMaIHH;
YCTPOMCTBA U CUCTEMBI
Ha OCHOBE
KOT€PEHTHOU ONTHKH U
rojiorpaguu;
YCTPOMCTBA U CUCTEMBI
KOMIIBIOTEPHOM
(hOTOHUKU; CHCTEMBI
ONTHUYECKUX U
KBaHTOBBIX
BBIYMCIICHUMN U
ONTUYECKHUE
KOMITBIOTEPHI;
aJIeMeHTHas 0a3a,
CUCTEMBI U METO/IbI,
o0ecrieunBaroe
ONITUYECKYIO Nepeaauy,
npueM, o0paboTKy,
3auCh U XpaHEHUe
nHpopmManuu;

ITK-4 [1] - cocoben k
pa3zpaboTke
(GYHKIIMOHATIBHBIX U
CTPYKTYPHBIX CXEM
(hOTOHUKHU U
onTonH()OPMaTHKH Ha
YpOBHE Y3IIOB,
DIIEMEHTOB, CUCTEM U
TEXHOJIOTUI

OcHosanue:
[TpodeccuonanbHbIn
cranaapt: 40.011

3-T1K-4[1] - 3uaTh:
dusnueckue
MPUHIIUIIBI 1eHCTBUS
YCTPOMCTB U CUCTEM
(hoTOHUKHU 1
ONTOMH(OPMATUKHU ;
V-TIK-4[1] - Y™meTb:
IPOBOJTUTH
CpaBHUTENBHBIN
aHaJIU3 U3J1eIni-
aHaJIOTOB;
(bopMynupoBaTh
TEXHUYECKHE
TpebOBaHMS Ha
OTJIeNIbHBIE Y3IIbl,
9JIEMEHTHI, CUCTEMBI U
TEXHOJIOTUH ;
pa3zpabaThiBaTh U
UCCIIeI0BaTh HOBBIE
CHOCOOBI ¥ MPUHIUIIBI
(YHKIIMOHUPOBAHUS
ONITUYECKUX U
OIITUKO-3JIEKTPOHHBIX
MPUOOPOB U CUCTEM
HOJY4YEHUs, XpaHEHUS
1 00paboTKH
uHpOpMaLIUH ;
B-TIK-4[1] - Bnanets:
METO/IaMH aHaju3a U
pacueTa 0KHIaeMbIX
napamMeTpoB
pa3pabaThIBa€MBbIX




000CHOBaHHUEM
KOHCTPYKTOPCKHX
pELICHHUI; OIleHKa
TEXHOJIOTUIHOCTH
KOHCTPYKTOPCKHX
pelnieHui, pa3padoTka
TEXHOJIOTUYECKHIX
MIPOLIECCOB COOPKH U
KOHTPOJIS 3JIEMEHTOB,
YCTPOMCTB B CUCTEM;
COCTaBJICHHE
TEXHUYECKON
JOKYMEHTAIUH,
BKJTFOYAsi HHCTPYKIIUU
IO dKCIUTyaTaluH,
MIPOTPaMMBbI HCTIBITAHHH,
TEXHUYECKHE YCIOBUS;
ydacTue B HaJlaJKe,
UCIBITAHUAX U CJ]aue B
AKCILTYaTaIUIO OTBITHBIX
o0pasIoB.

pUOOPOB M CHCTEM
dboToHUKHU U
ONTOMH()OPMATHKH

4. CTPYKTYPA U COJIEP)KAHUE YYEBHOM JUCHUILINHBI

Pa3nensl yueOHON AUCHUIUIMHBL, HX 00BEM, CPOKH U3yYeHHS U (POPMBI KOHTPOJIA:

Ne HauMmenoBanue

.1 pa3aena yueoHoii

AUCHUIIJIMHBI

Henean

Jlexnumn/ Ipaxkr.
(cemuHapsi )/
JlaGopaTopHbie
padoThI, yac.
O0s3aT. TeKymuii
KOHTPOJIb ((popma*,
HeJ1eJs1)

MakcnMaJdbHBIN

0aJ1 3a pazgen™*

ATTecTan s

pazaeia (popma*,

HeJ1eJIs)

Nuauxkaropsl
KOMIIeTEeHIIUH

OCBOCHUA

3 Cemecmp

1 Yacts 1

N
(6]

K1

8 3-11K-1.5,
V-TIK-1.5,
B-IIK-1.5,
3-TI1K-1.6,
V-TIK-1.6,
B-TIK-1.6,
3-11K-4,
V-TIK-4,
B-I1K-4

2 YacTtb 2

9-15

25

KU-

15 | 3-IIK-1.5,
V-TIK-1.5,
B-TIK-1.5,
3-T1K-1.6,
V-TIK-1.6,
B-TIK-1.6,
3-T11K-4,
V-T1K-4,
B-T1K-4




HUmozo 3a 3 Cemecmp

0/30/0

50

KonTpoabHbie
MeponpusTusi 3a
Cemectp

3

50

3-TI1K-1.5,
V-1IK-1.5,
B-TIK-1.5,

3-T11K-1.6,
V-TIK-1.6,
B-IIK-1.6,
3-I11K-4,
V-11K-4,
B-T1K-4

* — COKpaIIeHHOE HAUMEHOBaHNUE (POPMBI KOHTPOJIS

*

(nn) sK3ameH

* — CyMMa MaKCHUMaJIbHbIX OayuloB J0oJkHA ObITh paBHa 100 3a cemectp, BKiIroYas 3a4eT U

CokpallieHre HauMeHOBaHUN (POpM TEKYILEr0 KOHTPOJISI U aTTECTALUU Pa3AEIIOB:

O6o3navenue | [loaHoe HAaMMEHOBaHUE

KN KoHTpoJIb 110 uToram

3 3auer

KAJIEHJIAPHBIN IVIAH
Hepnean | Tembl 3ansaTuii / Conepxxanue Jlek., | IIp./cem., | JIao.,
gac. gac. gac.

3 Cemecmp 0 30 0

1-8 Yacrtp 1 0 16 0

1 General patterns of light action on biological systems Bcero ayauTopHbIX 4acoB
Spectral region of photobiological processes. Absorption 0 |2 [0
spectra and chemical structure of biologically important Omnutaiin
molecules. Control of optical properties of biological tissues. 0 0 0
Stages and sections of photochemical reactions. Excited states
of molecules. Yablonsky's scheme. Absorption spectra and
action spectra. Distortion of spectra in biological objects.

2 Sources of optical radiation Bcero ayiMTopHbBIX 4acoB
Electromagnetic radiation from the sun, incandescent lamps, 0 |2 [0
arc lamps, light-emitting diodes (LED), superluminescent Omnutaiin
diodes (SLD), lasers. Spectral filtering of radiation. 0 0 0
Photometric quantities. Articulated manipulators. Fiber optic
transport of light. microstructured light guides. Spicule optics.

3-4 Microscopy Bcero ayauTopHbIX 4acoB
Classic microscope. Field of view and spatial resolution. 0 I [0
Varieties of the classical microscope. Near field microscope. Ownnaita
confocal microscope. High-resolution far-field microscope. 0 0 0
Generation of the second and third harmonics. Examples of the
practical use of microscopes in biology and medicine.

5-6 Refractometry Bcero aynutopHbIX 4acoB

Measurement of refractive indices of biological tissues.
Intracavity reflective laser refractometry. Anisotropy of
biological tissue. Circular dichroism and dispersion of optical
rotation. Examples of practical use.

0 | 4 |0
Ownnaiig
0 0 0




Spectroscopy

Bcero ayuTOpHBIX 4acoB

Absorption and reflective spectroscopy. Fluorescence 0 | 4 [0
spectroscopy. fluorescent proteins. Method of multiphoton Ownunaitn
spectroscopy. Time-resolving spectroscopy. Dynamic light 0 0 0
scattering. Speckles and interferometry of scattering media.
Spectroscopy of internal reflection. Raman Spectroscopy (RS).
Plasmon resonance. Giant CR (SERS). Electrocut. Comparison
of IR and Raman spectroscopy. Fourier spectroscopy.
Examples of practical use.
9-15 Yactb 2 0 14 0
9-10 Tomography Bcero ayiuTopHbIX 4acoB
Diffusion tomography. Optical coherence tomography. 0 | 4 [0
Optical-acoustic tomography. Examples of practical use Omnutaiin
0 I [0
11-12 | Other optical methods Bcero aymTopHbIX 4acoB
Diffraction measurements. backscatter. Anemometry, flow 0 [ 4 [0
cytometry. Laser tweezers. Z-scan. Bionanophotonics. Laser Omnnaitn
energy-mass analyzer. 0 |0 |0
13 Treatment of diseases based on the destructive effect of a Bcero ayauTopHbIX 4acoB
laser on biological tissue. 0 |2 |0
Surgery, drilling and dissection of biological tissue. Omnnaitn
Transmyocardial revascularization. Lithotripsy. Laser 0 0 0
telangiectasia. Laser thermotherapy. Cosmetology: removal of
pigmentation and port-wine stains, removal of tattoos, nevi and
skin defects. Laser epilation. Smoothing wrinkles and clearing
the skin. PUFA therapy. Laser engineering of biological
tissues. The structure of cartilage. Laser thermoplastic cartilage
of the auricle, nasal septum, trachea, intervertebral discs
14 Treatment of eye diseases Bcero ayauTopHbIX 4acoB
Vision correction based on speckle therapy. Refractive 0 |2 |0
surgery. LASIC operation. Treatment of glaucoma. Owunaiin
Photocoagulation of the retina. 0 I [0
15 Non-invasive laser therapy Bcero ayauTopHBIX 4acoB
Photodynamic therapy (PDT) of oncological diseases. 0 IE [0
Photosensitizers. Existing problems of PDT. Low-Intensity Ownnaita
Laser Therapy (LILT). Stimulating mechanisms of LILI. Is 0 0 0

source coherence important?

CokpallieHHbIe HAUMEHOBAHUSI OHJIAMH OTIINN:

Oo6o3nauenne | IloiHOe HAaMMEHOBaHHUE

OK DIIEKTPOHHBIN KypC

IIM I10IHOTEKCTOBBINM MaTepuai

111 ITOTHOTEKCTOBBIE JIEKIINH

BM Buneo-maTepuaisl

AM Aynno-marepuainsl

[1p3 IIpe3enTanmu

T TecTel

5CM DJNEKTPOHHBIE CITPaBOYHbIE MaTepUabl
nC WMHTEepaKTUBHBIN CANUT




S. OBPA3OBATEJIBHBIE TEXHOJIOI'MH

To deepen the course material and broaden their horizons, students are shown computer
presentations and videos from a specially created electronic library and film library on the topics of the
course. Traditionally, review lectures by leading experts of the country on topical issues of
biophotonics are organized.

Considering the almost complete absence of monographs and, of course, textbooks on
biophotonics, as well as the rapid development of this section of science and practice, the necessary
teaching aids are developed and published at NRNU MEPhI to reinforce the course being taught. The
monograph "Biophotonics” is being prepared for publication.

The academic discipline is provided with educational and methodological documentation and
materials. Its content is presented in the local network of the faculty and department and is in free
access mode for students. Access for students for self-study is through the computers of the display
class (as standard).

6.  ®OHJ OLIEHOYHBIX CPEJCTB

@DOH/T OLIEHOYHBIX CPEACTB IO TUCIUILUIMHE 00ECIeUnBaeT MPOBEPKY OCBOCHUS TUIAHUPYEMBIX
pe3ynbTaToB OoOyueHUs: (KOMIETEHIMH M MX WHAUKATOPOB) MOCPEICTBOM MEPONPHUITHI TEKYIIETro,
PYOEXKHOTO U IPOMEKYTOUYHOTO KOHTPOJIS O JUCIUILTUHE.

CBs3p Mexay (GOpMUPYEMBIMM KOMIETEHUUSAMU U (OpMaMHU KOHTPOJISL HMX OCBOEHHUS
IIpe/ICTaBjIeHa B CEAYIOLIeH Tabnuie:

KOMHETCHHI/IH I/IH)II/IKRTOPBI 0CBOCHUSA ATTeCTaHI/IOHH()e MeEponpusiTue
(KII 1)

TK-1.5 3-TIK-1.5 3, KU-8, KI-15
V-TIK-1.5 3, KI-8, K-15
B-TIK-1.5 3, KI-8, KI-15

TK-1.6 3-TIK-1.6 3, KU-8, KI-15
V-TIK-1.6 3, KI-8, K-15
B-TIK-1.6 3, KU-8, KI-15

TIK-4 3-TIK-4 3, KI-8, K-15
V-TIK-4 3, KU-8, KI-15
B-TIK-4 3, KU-8, KI-15

Ikaabl OeHKN 00pa30BaTeIbHBIX J0CTHKEHHI

IIIxama ka)xmoro KOHTPOJIBHOI'O MCPONPUATHUA JIC)KUT B IMPEACIaAX OT 0 A0 YCTAHOBJICHHOT'O
MaKCHMaJIbHOTO 0Oajljia BKIIOYMTEILHO. MToroBas arrecragus 110 JUCHUIINIIMHEC OLCHUBACTCA 110 100-
OaJNIbHOM IIKaJe U MMpEaACTaBJIAACT co0oit CYMMY 6aJ'I.HOB, 3apa60TaHHBIX CTYACHTOM IIPH BbIIIOJIHCHUU
3aJaHuM B paMKax TCKYIICTO U TPOMCIKYTOYHOT'O KOHTPOJIA.

Ntorosas onieHKa BBICTABISAETCS B COOTBETCTBUHU CO CIEAYIOMIEH IIKAIOM:

Cymma 6amnmoB | Onenka mo 4-ex Ouenka TpeGoBaHMsI K YPOBHIO OCBOCHHIO
OaJUILHOM 1IIKAJIE ECTS YIeOHOM TUCITUTUINHBI
OI.[GHKa «OTJIMYHO» BBICTABJIACTCA CTYACHTY,
90-100 5 — «omauuno» A €CJIM OH ITyOOKO ¥ POYHO YCBOMII
IPOrpaMMHBIN MaTepuall, HCYEPIIBIBAOLIE,




MOCIIEA0BATEIIBHO, YETKO U JIOTUYECKU
CTpPOWHO €ro U3JIaraer, yMeeT TECHO
YBSI3BIBATH TEOPHUIO C TIPAKTUKOMH,
HCIIOJNIB3YET B OTBETE MaTepHall
MOHOTpadUIECKOHN JINTEPATYPHI.

85-89 B OrneHKa «XOPOIIO» BBICTABIISETCS CTYCHTY,
75-84 C €CJIM OH TBEPJIO 3HACT MATepPUall, TPaMOTHO U
4 — «xopouio IO CYIIECTBY U3JIAracT ero, He JA0IMyCKas
70-74 CYILIECTBECHHBIX HETOYHOCTEN B OTBETE HA
D BOIIPOC.
65-69 OleHKa «Y/I0BJIETBOPUTEIBHO»

BBICTABJIACTCA CTYACHTY, €CJIM OH UMCCT
3HaHHA TOJIBKO OCHOBHOI'O MaT€puralia, HO HE
3— YCBOWII €T0 JeTalei, JoMycKaeT HeTOYHOCTH,
60-64 «Y008IEMBOPUMENLHOY E HEIOCTATOYHO MPABUIIBHBIE (OPMYITUPOBKH,
HapymeHus JOTHICCKOU
TIOCIICAOBATCIBHOCTH B U3JIOKCHUU
MPOTrPaMMHOT0 MaTepuaa.

OrneHKa «HEeyI0BIETBOPUTEIBHOY
BBICTABJISIETCS CTYJICHTY, KOTOPBII HE 3HACT
3HAYUTEIbHOU YaCTU IPOrPAMMHOIO
9_ Marepuala, 10IyCcKaeT CyIlleCTBEHHbIE
Hwuxe 60 F ommoOku. Kak npaBuiio, oreHka

«HEYO081eMEOPUMENLHOY

«HEY/IOBIICTBOPHUTEIILHOY» CTAaBUTCS

CTyACHTaM, KOTOPBIC HC MOT'YT ITPOJOKHUTH
oOydenue 0e3 JOTIONHUTENHHBIX 3aHATHHA 10
COOTBETCTBYIOIIECH AUCIUILINHE.

7. YYEBHO-METOJIMYECKOE U HTH®OPMAIIMOHHOE OBECTIEYEHUE
YYEBHOM JUCHUTIIAHBI

OCHOBHAA JIMTEPATYPA:

1. OU D39 Laser Spectroscopy : Vol. 2 Experimental Techniques, Demtroder, Wolfgang. , Berlin,
Heidelberg: Springer Berlin Heidelberg,, 2008

2. DU T90 Tissue optics : light scattering methods and instruments for medical diagnosis, Tuchin, V.
V., : SPIE, 2006

3.621.37 M 61 JlazepHble METUITUHCKHE CHCTEMbI M METUITUHCKUE TEXHOJIOTUN Ha UX OCHOBE : ,
Munaes B. I1., lonronpynssiit: Uatemnexr, 2017

4. OU T 92 Jlazepsl 1 BOJTOKOHHAS ONTHKA B OMOMETUIIMHCKUX HCCIIeIoBaHusAX : , TyunH B. B.,
Mocksa: ®uszmariaut, 2010

5. OU M 30 Ontuueckue METObl B XUMUH, Onosioruu 1 MmeauiuHe. Monorpadus : , Mapsxuna B.C.,
Mocksa: ®munTa, 2015

6. DU I1 16 ®uznueckre ocHOBHI (OTOHHKH : yueOHOe mocooue, ComomoHoB A. B., [Tanos M. @.,
Cankr-IlerepOypr: Jlans, 2022




JOITOJIHUTEJIBHAA JIMTEPATYPA:
1. 61 JI17 JlazepHast un>xkeHepust xpsien : , , Mocksa: @uzmaraut, 2006

2. DU 0-62 Ontuueckas duoMenuuuHackas nuargoctuka T. 1 Onruueckass OMOMEIUIIMHCKAS
muarHoctuka. Tom 1, , 1, 2006

3. 61 O-62 Ontuyeckas OunomMenuiuHcKkas guarsoctuka T.1 , , : dusmataut, 2007
4. 61 0-62 Onruyeckas ouoMeauUMHCKasa nuardoctuka T.2 , , : dusmariaut, 2007
5. 620 H76 OcnHoBrl HaHOONITHKY : , HoBoTHEIH JI., XexT b., Mocksa: ®usmaraut, 2009

6. 57 I'65 PamaHOBCKast CIIEKTPOCKOITHS KAPOTUHOUIOB : yueObHoe mocodue, Jlagemans 0., 'onuykoB
C.A., Hapsua M.E., Mocksa: HUSTY MU®U, 2012

7. 57 B57 ®u3uko-XUMHUYECKHUE OCHOBBI (POTOOMOIOTUYECKUX MPOLIECCOB : YIEOHUK ISl BY30B,
[Toramenko A.S1., Bnamumupos F0.A., Mocksa: [Ipoda, 2006

8. 535 I'65 dmroopeciieHTHas IUarHOCTUKA B CTOMATOJIOTHH : yuyebHoe nocobue, Cyxununa A.B.,
I'onuykoB C.A., Mocksa: HUAY MU®U, 2010

[MTPOI'PAMMHOE OBECITEYEHUE:

CHeHI/IaHLHOG IIporpaMmMHOC oOecrieueHue He Tpe6yeTc;I
LMS U UHTEPHET-PECYPCHI:
https://online.mephi.ru/

http://library.mephi.ru/

8. MATEPHAJIbHO-TEXHUYECKOE OBECIIEYEHUE YUYEBHOM
JUCHUITVINHBI

CrennanbHOE MaTepUATbHO-TEXHUYECKOE 0OecriedeHrne He Tpedyercs

9. YYEBHO-METOAUYECKHUE PEKOMEHJAIIMU JUIA CTYAEHTOB

When studying the course "Optical Methods in Biology and Medicine", it is necessary to firmly
master the basic principles of the structure of living matter, the optical properties of biological tissues,
the basics of the interaction of light with biological objects. Understand the possibilities of modern
optics and spectroscopy in the construction of equipment for biomedical purposes. It is necessary to
get a clear idea about the therapeutic mechanisms in the destructive and non-invasive effects of optical
radiation on biological tissue and organs.

It is necessary to know the properties and basic parameters of modern sources of optical
radiation, the means of recording their parameters and methods of radiation transportation. Have a
basic understanding of the methods of spectral filtering of light.

One should have a clear idea of the limiting technical possibilities of optical microscopy. Know
how to overcome the diffraction limit in optics. Understand the principles of fluorescence, confocal,



and near-field microscopy. Have an understanding of the operation of a high-resolution far-field
microscope, as well as a microscope based on a laser with reflected radiation injection.

Understand the principle of operation of optical coherence tomography, diffusion tomography,
optoacoustic tomography.

Know the modern possibilities of nanotechnology in the field of diagnosis and treatment of
diseases. Know the advantages of using fluorescent proteins and quantum dots in biodiagnostics.

Have a clear understanding of the possibilities of reflection, absorption and fluorescence
spectroscopy in the study of living matter. Understand the prospects for the application of multiphoton
and time-resolving spectroscopy.

Know the types of light scattering mechanisms. Understand the difference between Raman
spectroscopy and molecular absorption spectroscopy. Have an understanding of plasmon resonance
and understand the mechanism of giant Raman scattering (SERS). Understand the advantages of the
Fourier spectroscopy method.

To know the physics of the passage of light through the interface between media. Understand
the principles of interface measurements.

To know the possibilities of laser destructive effect on biological tissue for the purpose of
treating a number of diseases. The advantage of a laser scalpel. Understand the mechanisms of laser
transmyocardial revascularization, lithotripsy, telangiectasia, dermatology and cosmetology.

Know the possibilities of optical means in the treatment of eye diseases: vision correction based
on speckle therapy, retinal photocoagulation, glaucoma treatment, refractive surgery.

Clearly understand the mechanism of photodynamic therapy of tumors. Understand the
possibilities of existing photosensitizers and the problems of photodynamic therapy.

Have an understanding of the stimulating mechanisms of low-intensity laser therapy at the
molecular, cellular and organismal level. Understand the requirements put forward to the wavelengths
of radiation, power and coherence of radiation sources.

10. VYEBHO-METOJIMYECKHWE PEKOMEHIALIAU JJISI MTPENOJABATEJENR

When mastering the course, students need to get a clear idea of the general patterns of the
action of optical radiation on biological systems, methods of imaging and medical diagnostics, as well
as laser methods of treating diseases. For the successful development of the discipline, knowledge of
the previous university courses in physics, chemistry and the course of biophotonics is required.
Particular attention should be paid to the mechanisms of interaction of responsible biopolymers and
biological tissues with optical radiation, the processes of its destructive and non-invasive action.

Attention should also be paid to issues that are still insufficiently covered in the available
monographs:

1. Controlling the optical properties of biological tissues.

2. Microstructured light guides. Spicule optics.

3. High-resolution far-field microscope. Microscopy based on the generation of the second and
third harmonics.

4. Refractometry of biological tissues.

5. Plasmon resonance and giant Raman scattering of light.

6. Bionanophotonics.

7. Treatment of diseases by destructive impact on biological tissue.

8. Stimulating mechanisms of low-intensity laser therapy.



To consolidate the material covered, students are shown visual aids and computer presentations
that can be transferred to a temporarily substitute teacher. When demonstrating visual aids and
presentations, comments are required, so the substitute teacher needs to prepare in advance for the
demonstration.

The main requirement for students is to regularly attend lectures, which provide both classical
material and new aspects of optical methods in biology and medicine. This is especially important due
to the lack of monographs reflecting the latest achievements in the field of rapidly developing medical
physics.

As a result of mastering the discipline, the student must:

1) Know: the general patterns of the effect of optical radiation on biological systems, the
principles of visualization and medical diagnostics, as well as laser methods for treating diseases.

2) Be able to: classify the result of the action of optical irradiation of biological tissue by type
of exposure, evaluate the absorption, reflection and scattering of light energy in biological objects.

3) Possess: knowledge about the basic photobiological processes, about the mechanisms of
interaction of living matter with optical radiation at the organismic, cellular and molecular level.

ABTOpP(BI):

I'onuykoB Cepreii AnekcanapoBud, A.¢.-M.H.,
npodeccop

Penenzent(b):
1. ¢.-m. H., noueHT Ky3uenos A.Il.



