MuHHCTEpCTBO HAyKH U BBICIIEro oOpa3oBanus Poccuiickoit denepannn
®enepalibHOE TOCYIAapCTBEHHOE aBTOHOMHOE 00Pa30BaTeIbHOE YUPEKICHUE
BBICITIIETO 00pa3oBaHUs
«HauuoHaIBHBIN UCCAEN0BATENbCKUN sIepHbId YHUBEpcUTeT «MUDI»

MHCTUTYT JIASEPHBIX U INTASMEHHBIX TEXHOJIOI' Wit

KA®EJIPA JIABEPHOU ®MU3UKU

OJIOBPEHO YMC JIAIIJIA3
[Tporoxon Ne 1/08-577

ot 29.08.2024 .

PABOYASI TIPOT'PAMMA YYEBHOM JUCHUIIINHBI

OIITUYECKUE METO/IbI B BUOJIOI' M U MEJJULIMHE (HA AHIJIMMCKOM SI3BIKE)

Hamnpasnenue noaroroBku [1] 12.04.05 Jla3epHast TEXHUKA U J1a3€pHbIE TEXHOJIOTUU
(cerManbHOCTD)
3

- = =

- o

= = . S S = e =

2 2 2 s s Z = >

e 131 = (=] 9 ¥ —_~

% % = ) SIS . ° Al o S = R =
=" > = = - = L 5 3 = = L ==
c &, | g |E EE|E |EEf: | 5i:
o =% | 55 | E 25 | &. | 222U ar 259
: |z: €2 |E |EE |gg |2Z5E |§& | FE:
o g |OkF | B =8 |RF |ma=E O =z ez 3
3 2 72 16 16 0 40 0 3
Utoro |2 72 16 16 0 0 40 0




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 JUCIUILIMHBI 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

YHuBepcaibHble U(UIH) 001enpodeccuoHaIbHble KOMIETSHIIUH:
Kox n HanmeHoBaHue koMneTeHInH | Ko 1 HauMeHOBaHHE MHIMKATOPa TOCTH)KEHHUSI KOMITETCHIIUT

YK-1 [1] — Cnocoben 3-YK-1 [1] — 3HaTh: METOABI CHCTEMHOTO H KPUTHUYECKOT'O
OCYIIECTBIIATh KPUTUICCKUH aHAITN3 =~ aHAN3a; METOAUKU pa3paObOTKH CTpaTeruu ACHCTBU is
npoOJIEMHBIX CHTYyaIllii HA OCHOBE | BBIIBIICHHS M PELICHUS MPOOJIEMHON CUTYaIHH
CHCTEMHOTO TIOX0/1a, V-VYK-1[1] — Y™MeTh: NpUMEHSATh METObI CHCTEMHOTO
BBIPA0ATHIBATh CTPATETHIO MOJIX0/1a U KPUTHYECKOTO aHaIM3a MPOOIEMHBIX CUTYaIHA;




NEUCTBUI

pa3pabaTeIBaTh CTPATErnIO ACHCTBUM, IPUHUMATh KOHKPETHbIE
PELICHUS IS €€ PeaTn3aliu
B-VK-1 [1] — Bnagers: METOOIOTHEH CHCTEMHOIO
KPUTHYECKOTO aHAJIN3a MPOOJIEMHBIX CUTYallUil; METOANKAMH
[IOCTAHOBKH LIEJIH, ONIPEIEIEHUS CIIOCOOOB €€ JOCTHKEHUS,
pa3paboTKu CTpaTeruii NeHCTBHIMA

HpO(beCCI/IOHaJ'IBHI)Ie KOMIIETCHIMKM B COOTBECTBHH C 3aJadyaMu H

3HaHUN) PO ECCUOHATBLHON eI TeIbHOCTHU

obbekTamu (00JaCTAMH

3agaua
npogdeccuoHaIbLHOM
aesateabnocTu (3I11)

O0BeKT nIn
00J1aCTH 3HAHUSA

Kon u nanmenoBanue
npogdeccuoHaIbLHOM
KOMIIEeTEeHI[UH;
OcHoBaHue
(mpogeccuoHaIbLHBIH
cranaapt-IIC, ananu3
OIbITA)

HAaY4YHO-UCCJIEA0BATEIbCKUI

Koa m naumeHoBaHHne
HHINKATOpPA
JOCTHKEHH S
npo¢eccuoHaAIBLHOI
KOMIIETEHI[MH

dbopMynupoBaHue
3a/1ayu ¥ TUIaHa
HAy4YHOTO
HCCTIEOBaHUS B
o0acTu n1a3epHon
(U3HUKY, TEXHUKHU U
Ja3epHBIX TEXHOJIOTUH
Ha OCHOBE MPOBEICHUS
oubnmorpaduaeckoit
paboThI ¢ IPUMEHEHUEM
COBPEMEHHBIX
MH(OPMAaLIMOHHBIX
TEXHOJIOTHI;
MMOCTPOCHUE
MaTeMaTUYeCKUX
Mojienie 0ObEeKTOB
UCCIIeIOBaHMS, BBIOOD
QITOpUTMa PEIICHUS
3a/1a4u; TEOPETUUECKUE
Y DKCTIEPUMEHTAJIbHBIE
HCCIeA0BaHUs B
o0nactu HpU3NKU
J1a3epoB,
B3aUMOJICUCTBUS
JIA3€pHOTO U3JIYYEHHUS C
BEIIIECTBOM, JIa3€PHBIX
TEXHOJIOTHI;
pa3paboTKa METOI0B
JIa3epHOM AUArHOCTUKU
cpen 1 0ObEKTOB,
JIa3epHBIX
METUITUHCKUX
TEXHOJIOTHI U
TEXHOJIOTHI 00paboTKH

MPOIIECCHI
B3aHUMOJICHCTBU
JIa3epHOTO
W3JIYy4EHUS C
BEIIECTBOM,
BKJIIOYas
OMOJIOrHYECKHUE
00BEKTHI; JIa3epHbIE
MPUOOPHI, CHCTEMBI U
TEXHOJIOTHU
pa3IuyHOrO
Ha3HAUYCHMS,
MPOLIECCHI
reHepaInH,
YCUJICHHS,
MOYJISIIINH,
pacnpocTpaHeHus U
JETEKTUPOBAHUS
JIa3epHOT0
W3ITY4YCHHUS,
JJeMEHTHas 0asa
JIa3€pHON TEXHUKH,
TEXHOJIOTUI 1
CUCTEM YTIPaBIICHUS
U TpaHCIopTa
JIa3epHOTO
W3IIY4YEeHUS;
MaTeMaTU4eCKHe
MOJIETIU 00OBEKTOB
HCCIICOBAHUS;
METO/bI JJa3€pHO-
(buzmyecKux
U3MEPEHUN

ITK-1.1 [1] - - cmocoben
pa3pabarbiBaTh HOBBIC
METO/IbI JIa3€PHOM
JMAarHOCTUKY CPEN U
00BEKTOB, JIa3epHBIC
MEITUIIMHCKUE
TEXHOJIOTUH U
TEXHOJIOTUH 00pabOTKH
MaTepUalIoB; ONITUYECKUE
nH(}OpMaLIMOHHBIE
TEXHOJIOTUH

OcHosanue:
[TpodeccuonanbHbIM
cranzaapt: 29.004

3-T1K-1.1[1] - 3uarts:
COBPEMEHHBIC METO/IbI
U pu3ndecKue
MIPUHIIMITEI, JISKAITUE B
OCHOBE JIa3epHOMU
JTUATHOCTHKH CPEJl 1
00BEKTOB, JIA3EPHBIX
TEXHOJIOTHIi;
V-IIK-1.1[1] - Y™meTb:
MPUMCHSITH 3HAHHSI O
MeTOJIaX JTa3epHOn
JTUATHOCTHKH,
JIa3epHBIX TEXHOJIOTHSIX
B MpO¢eCCUOHATBHOU
JeSITENbHOCTH;
B-TIK-1.1[1] - Bnagets:
HABBIKAMU PEIICHUS
3aJ1a4, CBS3aHHBIX C
pa3paboTKOI HOBBIX
METO/IOB JIa3€PHOI
JTUATHOCTHKH, HOBBIX
JIa3€PHBIX TEXHOJIOTHI




MaTepHaloB;
OTNITUYECKUX
WH(POPMAIIMOHHBIX
TEXHOJIOTHI;
pa3paboTKa JIa3epHbIX
npubOpoB U
TEXHOJIOTUIECKUX
CHCTEM pPa3IMYHOI0
Ha3HAYCHUS
MIpOBE/ICHUE
OINITUYECKHUX,
(boTOMETpHUECKUX,
AIIEKTPHUYECKUX
M3MEpEHU# ¢ BEIOOpOM
TEXHUYECKHUX CPEIICTB U
00paboTKOI
pe3yIbTaTOB;
odopmIIeHHE 0TYETOB,
crareii, pedeparoB Ha
0a3e COBPEMEHHBIX
Cpe/ACTB
pelaKTUPOBAHUS U
MeYaTH B COOTBETCTBUU
C YCTaHOBIICHHBIMHU
TpeOOBaHUSIMHU
bopmynupoBanue
3aJ]auy | TUIaHa
HAYYHOTO
HCCIIE/IOBaHMS B
o0acTu na3zepHOR
(bU3MKN, TEXHUKH U
JIa3€PHBIX TEXHOJIOTHI
Ha OCHOBE MPOBEICHUS
oubanorpaduueckoit
paloThI ¢ IPUMEHEHUEM
COBPEMEHHBIX
MH(POPMAIIMOHHBIX
TEXHOJIOTHIA;
MIOCTPOEHHE
MaTeMaTHYECKUX
MoJienieil 00bEKTOB
UCCIIeIOBaHMs, BBIOOD
aJITOPUTMA pEIIeHUs
3aJ]auu; TEOPETHIECKUE
U SKCTIEPUMEHTAJIbHBIE
WCCIIC/IOBAHHS B
obnact GpuU3nKH
Ja3epos.,
B3aUMOJICHCTBUSA
Ja3epHOTO U3ITYYEHUS C
BEIIECTBOM, JIa3€PHBIX
TEXHOJIOTHIL,

MIPOIIECCHI
B3aHMMOJIEHCTBHUSA
JIa3epHOTO
W3IIY4EeHUS C
BEIIECTBOM,
BKJIIOYAas
OHOJIOrHYECKHUE
00BEKTHI; Ta3epHBIC
MPUOOPHI, CHCTEMBI U
TEXHOJIOTHH
pPa3IuYHOTO
Ha3HAYEHMUS,
MIPOIIECCHI
reHEepaLNH,
YCUJICHHUS,
MOIYJISIIHH,
pacrpocTpaHeHUs u
JNEeTEKTUPOBAHUS
JIa3epHOTO
W3IIY4YEeHUS;
JJIeMEHTHas 0a3za
JIa3epHOM TEXHUKH,
TEXHOJIOTHH 1
CUCTEM YIIPaBIICHUS
Y TpaHCTopTa
J1a3epHOT0
W3ITYYCHUS;

ITK-1 [1] - cniocoben
BbIOMPATH ONTUMAIbHBIN
METO]I ¥ pa3pabaTbIBaTh
IIPOrpPaMMBbI
AKCIIEPUMEHTAIIBHBIX
HCCIIEI0OBaHMM JIa3€PHBIX
MpUOOPOB, CUCTEM,
KOMIIJIEKCOB U
TE€XHOJIOTH; IPOBOJIUTH
ONTUYECKUE,
(dboToMeTpuuecKkue u
INEKTPUYECKUE
M3MEpEeHUs C BBIOOpOM
HEOO0XOAUMBIX
TEXHUUYECKUX CPEJCTB U
00paboTKOA
MOJIy4E€HHBIX
pE3yJIbTaTOB

OcHosanue:
[TpodeccuonanpHbIM
crangapt: 29.004

3-T1K-1[1] - 3uats:
OCHOBHBIE METOJIbI
HCCIIEA0BAHUI
Ja3epHBIX PHOOPOB,
CUCTEM, KOMILJIEKCOB U
TEXHOJIOTHIi;
WCTOYHUKHU U
MPUEMHUKHI
ONTUYECKOTO
U3ITy4EHUS;
AIIEMEHTHYIO 0a3y
Ja3epHON TEXHUKH;
00acTu MPUMEHEHUS
Ja3€pHON TEXHUKU U
JIa3€pPHBIX TEXHOJIOTHIA;

V-IIK-1[1] - YmeTs:
BBIOMpPATH
HEO0OXOINMBIE
TEXHUYECKHE CPECTBA
JUTSL TIPOBEICHUS
ONTUYECKHUX,
(boTOMEeTpUYECKUX U
AIIEKTPUUYECKUX
U3MEpPEHHI;
o0pabaTsIBaTh
MIOJTyYCHHBIC




pa3paboTKa METOJI0B MaTeMaTHYeCKHe
Ja3epHON JUATHOCTUKH = MOJeNd 00BEKTOB
cpel 1 0ObEKTOB, HCCIIEIOBaHMUS;
Ja3epHBIX METO/IbI JIA3ePHO-
MEAUIIMHCKIX (buznuecKkux
TEXHOJIOTUH U U3MEPEHUN
TEXHOJIOTHI 00paboTKH

MaTepHaloB;

ONTUYECKUX

MH(POPMALMOHHBIX

TEXHOJIOTHI;

pa3paboTKa Jia3epHbIX

pUOOPOB U

TEXHOJIOTUIECKUX

CUCTEM Pa3INYHOTO

Ha3HAYCHUS

MpOBEICHUE

ONTUYECKUX,

(boTOMETpHUUYECKUX,

AIIEKTPHYECKUX

U3MEpeHHil ¢ BHIOOPOM

TEXHUYECKHUX CPEJCTB H

00paboTKoi

pe3yIbTaTOB;

odopmileHHEe OTYETOB,

crareid, peepaToB Ha

0a3e COBpEMEHHBIX

CpeAcTB

pEIaKTHPOBAHUS U

MeYaT B COOTBETCTBUU

C YCTaHOBIIEHHBIMU

IKCIICPUMEHTAIbHBIC
pe3yabTaThl |
B-TIK-1[1] - Bnazgets:
HaBBIKAMH [IPOBE/ICHHS
ONITHYECKHUX,
(boToMeTpHUECKUX U
IEKTPUICCKUX
u3MepeHuii, 0opadoTku
IKCIIEPUMEHTAIBHBIX
JTAHHBIX

TpeOOBaHUSIMHU

IPOEKTHO-KOHCTPYKTOPCKHI
aHaJIN3 COCTOSHUS Jlazepubie mpudopsl,  [1K-1.5 [1] - cmocoben 3-T1K-1.5[1] - 3uars:
Hay4YHO TEXHUUYECKOU CHCTEMBI U CTaBUTH 33/1a4H I10 COBpPEMEHHBIH ypOBEHb
poOIIEMBI, TEXHOJIOTHH MPOEKTHPOBAHUIO pa3BUTHS Ja3epHOU
COCTaBJICHHUE pa3IuYHOro Ja3€pOB U ONTUYECKUX TEXHUKHU U JIA3EPHBIX
TEXHUYECKOTO 33/IaHUs; = Ha3HAYCHUS; CHCTEM JUISI TEXHOJIOTHUH;
MMOCTAaHOBKA LIETU U JNeMeHTHas O6a3za MHHOBAIIMOHHBIX V-ITK-1.5[1] - Y™meTb:
3aJad MPOCKTUPOBAHUST | JIa3epHOU TEXHUKH,  IMPHUMEHEHHH B CTaBHTH 3aJ[a4H 110
Ja3epHON TEXHUKHU U TEXHOJIOTHH, CUCTEM = TEXHOJIOTUH, MPOEKTHPOBAHUIO
Ja3epHBIX TEXHOJIOTUH  YIIPaBJICHUS U JIMarHOCTHKE W HAYYHBIX  JIa3€POB U ONTHYECKUX
Ha OCHOBeE noadopa u TpaHCHIOPTa UCCIIeIOBAaHUSIX; CUCTEM ]ISt
M3YyYeHUS JIa3epHOTO WCTIOJH30BATh NpUMEHEHHH B
JUTEPATyPHBIX U U3ITyYCHUS WHHOBAIMOHHBIC TEXHOJIOTUH,
MATEHTHBIX Ja3epHbIe Pa3pabOTKU B JAMATHOCTHKE U
HCTOYHUKOB; TEXHOJIOTHH, HAYYHBIX
pa3paboTka TMAarHOCTHKE CPEeNl M JUTSI | MCCIICIOBAHUSAX;
(GYHKIIMOHATIBHBIX U ONTUYECKUX U3MEPEHUH,  HCIIOJIb30BATh
CTPYKTYPHBIX CXEM BJIQJIETh JIa3€PHBIMA WHHOBAI[OHHBIE
Ja3epHON TEXHUKHU U MeToAaMu 00paboTKU Ja3epHble pa3paboTKH B
Ja3ePHBIX TEXHOJIOTUI MaTepHaJIoB; TEXHOJIOTHH,




C OIpeNeIeHUEM UX
¢buznvecKkux
MPUHIIMIIOB ACHCTBUS,
CTPYKTYp H
YCTaHOBJICHUEM
TEXHUYECKUX
TpeboBaHUH Ha
OTJIeNbHBIE OJIOKH U
AJIEMEHTHI,
MIPOEKTUPOBAHKE U
KOHCTPYHUpPOBaHUE
Ja3epHBIX PHOOPOB,
CHCTEM, KOMIUIEKCOB U
TEXHOJIOTUH C
HCIOJIb30BaHUEM
CpeAcTB
KOMITBIOTEPHOTO
MIPOSKTHPOBAHWS,
MIPOBEJICHUEM
MIPOEKTHBIX PAaCUeTOB H
TEXHHUKO-
AKOHOMHYECKOTO
000CHOBaHHUSI.

aHaJIN3 COCTOSHUS
HAyYHO TEXHUYECKOMH
poOIIEMBI,
COCTaBJICHHE
TEXHUYECKOTO 3aJaHuS;
MMOCTaHOBKA LEH U
3aJ1a4 MPOCKTHPOBAHUS
Ta3epHON TEXHUKU U
JIa3€PHBIX TEXHOJIOTHI
Ha OCHOBE Nojidopa u
W3YYICHHUS
JTUTEPATypPHBIX U
MATCHTHBIX
HUCTOYHUKOB;
pa3zpaboTka
(GYHKIIMOHATIBHBIX U
CTPYKTYPHBIX CXEM
Ta3epHON TEXHUKU U
JIa3€PHBIX TEXHOJIOTHIA
C OTpeNeICHHEM UX
buznuecKux
MIPUHIIUIIOB JACHCTBHUSI,
CTPYKTYp U
yYCTaHOBJICHHEM
TEXHUYCCKUX
TpeboBaHuUil Ha
OTEIbHBIE OJIOKU U
AJIEMEHTHI,
MIPOSKTHPOBAHKE U

JlazepHbIe TPUOODPHI,
CUCTEMBI U
TEXHOJIOTUHU
pa3IuyHOrO
Ha3HA4YCHUS,
JJIeMeHTHas 6aza
JIa3€pHOMN TEXHUKH,
TEXHOJIOTH, CUCTEM
YIpaBJICHUS U
TpaHCIIOPTa
JIa3epHOTO
U3JIy4eHUs

OcHosanue:
[TpodeccnonanbpHbIM
crangapt: 40.011

ITK-3 [1] - ciocoben
pa3pabaThIiBaTh
(yHKIIMOHATILHBIC U
CTPYKTYpPHBIE CXEMBI
MPUOOPOB U CUCTEM
JIa3€pHON TEXHUKH C
orpesieIeHueM UX
(U3MYECKUX TPUHITUIIOB
NEUCTBHSL, CTPYKTYpPHO-
JIOTUYECKUX CBS3EH U
YCTaHOBJIEHUEM
TEXHUYECKUX
TpebOBaHMI Ha
OT/eNbHbIe OJIOKU U
AJIEMEHTHI

Ocnosanue:
[IpodeccrnonanbHbIit
crannapt: 40.011

JUArHOCTHKE Cpell U
JUISL OITHYECKUX
W3MEpEHHUIA,;
B-TIK-1.5[1] - Binagers:
Ja3epHBIMU METOJAMHU
00paboTku
MaTepuasoB, HAaBbIKAMU
MIPOCKTUPOBAHUS
JIa3epHBIX CHUCTEM,
IIPUMEHEHHUS Ja3€pOB B
TEXHOJIOTHH, JUIS
JIMarHOCTUKU Cpel U
ONTUYECKUX
U3MEPEHU,

3-T1K-3[1] - 3uats:
buznyecKre NPUHIUIIBI
JercTBUs TPUOOPOB U
CUCTEM Jla3epHOU
TEXHHKH, ;
V-IIK-3[1] - YmerTs:
IPOBOJTUTH
CPaBHHUTENBHBIN aHATH3
N31elINi-aHaJIoTOB;
bopmynupoBaTh
TEXHUYECKHE
TpeOoBaHUS Ha
OTHeNbHLIE OJIOKH,
Y3JIbI M SJIEMEHTHI
MPUOOPOB U CUCTEM
Ja3epHON TEXHUKHU;
pa3zpabaThiBaTh U
UCCIIEI0BaTh HOBBIE
CrocoObI U MPUHIUIIBI
(GYHKITMOHUPOBAHHUS
MPUOOPOB U CUCTEM
Ja3epHON TEXHUKHU ;
B-TIK-3[1] - Bagets:
METOJIaMU aHalu3a u
pacyera 0’KUTaeMBIX
napaMeTpoB
pa3zpabaThIBa€MBbIX
npuOOPOB U CUCTEM
JIa3€pHON TEXHUKH.




KOHCTPYHPOBaHUE
Ja3epHBIX PHOOPOB,
CHCTEM, KOMIUIEKCOB U
TEXHOJIOTHH C
HCIIOIb30BaHUEM
CpEICTB
KOMITHIOTEPHOTO
MIPOCKTUPOBAHWS,
MIPOBEACHUEM
MIPOEKTHBIX PAaCUeTOB H
TEXHUKO-
SKOHOMHYECKOTO
000CHOBaHHSL.

4. CTPYKTYPA U COJEP)KAHUE YYEBHOM JUCHUILINHBI

Pa3nensl yueOHON AUCHUIUINHBL, KX 00BEM, CPOKH U3ydeHHS U (POPMBI KOHTPOJIA:

Ne HauMeHnoBanue
.1 pasnena yuyeOHOM
JUCHMILINHBI

Henean

Jlexknuu/ Ilpaxr.
(cemuHnapsi )/

JlaGopaTopHbie
padoThIl, yac.
OO0s13aT. TeKyuui
KOHTPOJIb (popma*,
HemeIs)

MakcumMaabHBIIR

0aJu 3a pazgen™*

ATTecTanus

pasneaa (¢popma*,

HeJeJsl)

HNuaukaTopsl
OCBOCHHUSA
KOMIIETeHIIM U

3 Cemecmp

1 Yacte 1

0/1/0

N
(63}

K1

3-11K-1,
V-TIK-1,
B-IIK-1,
3-I1K-1.1,
V-TIK-1.1,
B-TIK-1.1,
3-11K-1.5,
V-TIK-1.5,
B-IIK-1.5,
3-T1K-3,
V-TIK-3,
B-TIK-3,
3-VK-1,
V-VK-1,
B-VK-1

2 YacTtb 2

9-16

16/7/0

25

KU-16

3-T1K-1,
V-TIK-1,
B-TIK-1,
3-11K-1.1,
V-TIK-1.1,
B-IIK-1.1,
3-TI1K-1.5,
V-TIK-1.5,
B-TIK-1.5,
3-T1K-3,
VY-TIK-3,




B-TIK-3,
3-VK-1,
V-VK-1,
B-VK-1

Umoeo 3a 3 Cemecmp 16/16/0 50

KonTtpoJbHbie 50 3 3-TIK-1,
Meponpusitusi  3a 3 V-1IK-1,
CemecTtp B-TIK-1,
3-11IK-1.1,
V-TIK-1.1,
B-IIK-1.1,
3-TI1K-1.5,
V-1IK-1.5,
B-TIK-1.5,
3-T11K-3,
V-IIK-3,
B-TIK-3,
3-VK-1,
V-VK-1,
B-VK-1

* — COKpaIIeHHOE HAUMEHOBaHHUE (POPMBI KOHTPOJIS
** — cyMMa MakCHUMaJbHBIX 0ayuloB AOJDKHA ObITh paBHa 100 3a cemecTp, BKIIOUYAs 3a4eT H

(wm) sK3aMeH

CoxkpallieHre HauMeHOBaHUN (POPM TEKYIIEr0o KOHTPOJISI U aTTECTALUU Pa3/AEIIOB:

O0o3uauenue | Ilo1HOE HAMMEHOBAHME

KN KoHTpoJb 110 uToram
3 3ayer
KAJIEHJAPHBIN IIJIAH
Henenu | Tembl 3ansaTuii / Conepxanue Jlek., | IIp./cem., | JIao.,
gac. gac. yac.
3 Cemecmp 16 16 0
8-8 Yacrtp 1 0 1 0
8 General patterns of light action on biological systems Bcero ayauTopHbIX 4acoB
Spectral region of photobiological processes. Absorption 0 |1 [0
spectra and chemical structure of biologically important Owutait
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.
9-16 Yactp 2 16 7 0
9 Sources of optical radiation Bcero ayiuTOpHbBIX 4acoB
Electromagnetic radiation from the sun, incandescent lamps, 2 [0 [0
arc lamps, light-emitting diodes (LED), superluminescent Ownutaitn
diodes (SLD), lasers. Spectral filtering of radiation. 0 0 0
Photometric quantities. Articulated manipulators. Fiber optic
transport of light. microstructured light guides. Spicule optics.




10

Microscopy

Classic microscope. Field of view and spatial resolution.
Varieties of the classical microscope. Near field microscope.
confocal microscope. High-resolution far-field microscope.
Generation of the second and third harmonics. Examples of the
practical use of microscopes in biology and medicine.

Bcero ayuTOpHBIX 4acoB

2 |1 [0
Ounaiu
0 0 0

11 Spectroscopy and Refractometry Bcero ayMTopHbBIX 4acoB
Measurement of refractive indices of biological tissues. 2 |1 [0
Intracavity reflective laser refractometry. Anisotropy of Ownunaitn
biological tissue. Circular dichroism and dispersion of optical | 0 0 0
rotation. Examples of practical use.

Absorption and reflective spectroscopy. Fluorescence
spectroscopy. fluorescent proteins. Method of multiphoton
spectroscopy. Time-resolving spectroscopy. Dynamic light
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.

12 Tomography Bcero ayauTopHbIX 4acoB
Diffusion tomography. Optical coherence tomography. 2 |1 |0
Optical-acoustic tomography. Examples of practical use Omnutaiin

0 |0 |0

13 Other optical methods Bcero ayauTopHbIX 4acoB
Diffraction measurements. backscatter. Anemometry, flow 2 1 [0
cytometry. Laser tweezers. Z-scan. Bionanophotonics. Laser Omnutaiin
energy-mass analyzer. 0 [0 [0

14 Treatment of diseases based on the destructive effect of a Bcero ayauTopHbIX 4acoB
laser on biological tissue. 2 |1 [0
Surgery, drilling and dissection of biological tissue. Omnutaitn
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

15 Treatment of eye diseases Bcero ayauTopHbIX 4acoB
Vision correction based on speckle therapy. Refractive 2 |1 [0
surgery. LASIC operation. Treatment of glaucoma. Ownutaitn
Photocoagulation of the retina. 0 |0 [0

16 Non-invasive laser therapy Bcero ayauTopHbIX 4acoB
Photodynamic therapy (PDT) of oncological diseases. 2 |1 [0
Photosensitizers. Existing problems of PDT. Low-Intensity Ownnaita
Laser Therapy (LILT). Stimulating mechanisms of LILI. Is 0 0 0

source coherence important?

COKpaIJ_ICHHBIC HaMEHOBaHUS OHJIAMH OIILIUM:

Oo6o3nauenue | IToiHOe HaMMeHOBaHKE
OK ONEKTPOHHBIN KypC
M IToTHOTEKCTOBBIN MaTepuan




I1I1 ITOTHOTEKCTOBBIE JIEKLIMU

BM Bupneo-maTtepuanbl

AM Aynuo-marepuaisl

I1p3 IIpe3enTannun

T TecTbl

OCM DJIEKTPOHHBIE CITPABOYHBIE MAaTEPUAIIbI
4(® NHTepakTUBHBIN CalT

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 MEPNhI 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

@OH/ OLIEHOYHBIX CPEACTB MO JAUCLUILUIMHE 00eCeuyrBaeT MPOBEPKY OCBOEHUS IIIAHUPYEMbIX
pe3ynbTaToB oOyueHus: (KOMIETEHIMH M MX HWHIUKATOPOB) MOCPEICTBOM MEPONPUSTUN TEKYIIETO,
pyOEKHOTO U IPOMEXKYTOUYHOTO KOHTPOJIS IO JUCIUIINHE.

CBs3p Mexay GOpMHUPYEMBIMH KOMIETEHLUUSAMU H (OpMaMHU KOHTPOJISL HMX OCBOEHHUS
IIPEJCTaBICHA B ClIeAYIOLIeH Ta0nuLe:

Komnerenuusi NuaukaTopbl 0CBOEHUsI ATTecTallMOHHOE MepPONpUsTHE
(KI1 1)

IK-1 3-11K-1 3, K-8, K1-16
V-TIK-1 3, K-8, K1-16
B-T1K-1 3, K-8, K1-16

IK-1.1 3-11K-1.1 3, K-8, K1-16
VY-TIK-1.1 3, K-8, K1-16
B-T1K-1.1 3, K-8, K1-16

IK-1.5 3-11K-1.5 3, K-8, KI-16
VY-TIK-1.5 3, K-8, K1-16
B-TTK-1.5 3, K-8, KI-16

I1K-3 3-11K-3 3, K-8, K1-16
VY-TIK-3 3, KI1-8, K1-16
B-T1K-3 3, K-8, KI-16

YK-1 3-VK-1 3, K-8, K1-16
Y-VK-1 3, K-8, K1-16
B-VK-1 3, K-8, K1-16




Il kaabl OLeHKU 00pa30BaTeIbHBIX JOCTHKEHH I

[IIkana KaXA0ro KOHTPOJIBHOI'O MEPOIPUATHS JIEKUT B Ipeaenax oT 0 10 yCTaHOBJIEHHOI'O
MaKCHUMaJIbHOTO 0aJuia BKIIOYMTEIbHO. MToroBast arrectanus mo AMCUUIUIMHE oneHuBaercs no 100-
0aJUIbHOM IIKae W MpeACTaBIsAeT co00i CymMMy OamioB, 3apadOTaHHBIX CTYJCHTOM IPU BBHIIIOJHEHUU
3aJJaHUH B paMKax TEKYILEro U MPOMeKyTOUHOTO KOHTPOJIS.

Hrorosas OLICHKA BBICTABJIICTCA B COOTBETCTBUHU CO CHC,HYIOH.ICIZ IIIKAJIOMN:

Cymma 6amtoB | Onenka o 4-ex Onenka TpeboBaHMs K YPOBHIO OCBOCHHUIO
OaJUILHOM IIIKAJIE ECTS y4eOHOM TUCIUILINHBI

O1neHKa «OTIMYHO» BBICTABIIACTCS CTYJCHTY,
€CITH OH TITyOOKO U TIPOYHO YCBOMII
IpOrpaMMHBII MaTepua, HCYEPIIBIBAIOIIE,
HOCJIEI0BATENIbHO, YETKO U JIOTHUECKU
CTPOMHO €ro u3jiaraer, yMeeT TECHO
YBSI3BIBATH TEOPHIO C PAKTHKOM,
UCTIOJIb3YET B OTBETE MaTepua
MOHOTpaUIeCKOH JIUTEPATYPHI.

90-100 5 — «omauunor A

85-89 B O1LeHKa «XOPOILIO» BBICTABIISETCS CTY/ICHTY,

75-84 C €CJIM OH TBEPIO 3HACT MaTepHal, IPaMOTHO U

4 — «xopouioy 10 CYIIECTBY M3JIaraeT €ro, He JOIycKast
70-74 CYILIECTBEHHBIX HETOYHOCTEN B OTBETE HA
BOIIPOC.

65-69 OleHKa «Y/I0BJIETBOPUTEIBHO»

BBICTaBJIACTCA CTYACHTY, €CJIIM OH UMECT
3HaHHA TOJIBKO OCHOBHOI'O Mar€puajia, HO HE
3 - YCBOUII €TO HCTaﬂeﬁ, A0IMyCKACeT HECTOYHOCTH,
60-64 «Y008IEMBOPUMENLHO E HEJIOCTATOYHO MPABUIIBHBIE (POPMYITUPOBKH,
HapylIeHUusA JIOTHYCCKOU
IIOCJIEA0BATCIIBHOCTU B U3JIOKECHUU
MPOTPaMMHOTO MaTepuaa.

OlleHKa «HEYIOBJIETBOPUTEBLHOY
BBICTABIISETCS CTY/IEHTY, KOTOPBIN HE 3HAET
3HAYMTETLHOM YaCTH POrPaMMHOIO
o_ marepuaia, J0IMyCKaeT CYIECTBEHHBIE
Hwuxe 60 F omnOku. Kak npaBuiio, orieHka

«Hey0081emBoOPUMENbHOY

«HEYJOBJIETBOPUTEIILHO» CTABUTCS

CTYyJIEHTaM, KOTOPbIE HE MOTYT IPOIOJKUTh
o0OydeHue 0e3 JOMOIHUTEIILHBIX 3aHATHIA 10
COOTBETCTBYIONIEN TUCIUILIMHE.

7. YYEBHO-METOJNUYECKOE U THOOPMAIIMOHHOE OBECIIEYEHHE
YYEBHOU JUCHUTLJIAHBI

OCHOBHAA JIUTEPATVYPA:

1. BU 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 MEIUIIMHCKUE CUCTEMbI U MEAUIIMHCKHUE TEXHOJIOTMU HA X OCHOBE : ,
Mumnaes B. I1., [lonronpyausiii: Matemnexr, 2017

4. DU T 92 Jlazepsl 1 BOJIOKOHHAS ONTHKA B OMOMEIUIIMHCKUX MCClIeoBaHusAX : , TyunH B. B.,
Mocksa: ®usmariaut, 2010

5. 91 M 30 OnTuyeckue MeToAbl B XUMUU, OMOJIOTUH 1 MenuiinHe. Monorpadus : , Mapsxuna B.C.,
Mocksa: ®nunTa, 2015

6. DU I1 16 ®duznueckre ocHOBHI GOTOHHKH : yueOHOoe mocooue, CotomoHoB A. B., [Tanos M. @.,
Cankr-IlerepOypr: Jlans, 2022

JOIIOJIHUTEJIbHASA JINTEPATYPA:
1. 61 JI17 Jlazepnas unxkenepus xpsuies : , , Mocksa: @uzmatiaut, 2006

2. DU 0-62 Onruueckas omoMmeaunuackas quargsoctuka T. 1 OnTudeckas OMOMeEIUIIMHCKAS
muartoctuka. Tom 1, , 1, 2006

3. 61 0-62 Onrnueckasa onomenunuuackas guargoctuka T.1 , , : @usmaraut, 2007
4. 61 0-62 Onruueckas OmoMenuIIMHCKasa qruargoctuka 1.2 , , : dusmariaur, 2007
5. 620 H76 OcnoBbl HanoonTuku : , HoBotHeii JI., XexT b., Mocksa: ®usmarinur, 2009

6. 57 I'65 PamaHoBCKasi CIEKTPOCKOIUS KAPOTUHOUIOB : yueOHoe nocodue, Jlagemans 1O., ['oHuykoB
C.A., Hapsun M.E., Mocksa: HUAAY MU®DU, 2012

7. 57 BS7 ®u3nko-XxUMHYECKHE OCHOBBI (POTOOMOIOTUYECKUX MPOLIECCOB : YUEOHHUK JIJISl BY30B,
[Toranenxo A.f., Bnanumupos F0.A., Mockga: [Ipocga, 2006

8. 535 I'65 daroopecuieHTHAs JUArHOCTHKA B CTOMATOJIOTHH : ydeOHoe nocodue, Cyxununa A.B.,
I'onuykoB C.A., Mocksa: HUSAY MU®U, 2010

I[MTPOI'PAMMHOE OBECITEYEHUE:

CrennanbHOe IporpaMMHoOe obecriedeHre He Tpedyercs
LMS U UHTEPHET-PECYPCBI:
https://online.mephi.ru/

http://library.mephi.ru/

8.  MATEPHAJILHO-TEXHWYECKOE OBECIMEYEHMWE YUYEBHOW
JUCLUIINHDBI

CrennanpbHOE MaTepUATBHO-TEXHUYECKOE 0OecriedeHrne He Tpedyercs



9. YYEBHO-METOJUYECKHUE 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. YYEBHO-METOJNYECKHWE PEKOMEHJIAIIVMM JIJISI TPENIOJABATEJIEN

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.

ABTOp(BI):

['onuykoB Cepreit AnekcannpoBud, A.¢.-M.H.,
npodeccop

PenensenT(b):
1. ¢.-M. H., noueHT Ky3ueros A.IL



