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Abstract—Current research deals with the problem of optical clearing during photometry by ellipsoidal reflectors.
The specific problem is optical clearing of human skin, specifically the level control tasks during non-invasive conditions of
experiment. In silico experiment involve Monte Carlo simulation of light propagation in multi-layered biological tissue and
ellipsoidal reflector. The research was made for the set of human skin layers optical properties and their anatomic thick-
nesses. There were received photometric images in back scattered light for human skin from following parts of body: palm
(hand), chest, abdomen, shoulder, back and thigh. Based on the zone analysis there were received illuminance dependencies
of middle and external rings of photometric images from the optical clearing time. In addition, there was investigated the
influence of optical clearing time on the character of light scattering on human skin from different parts of human body.

Ref. 45, fig. 5, tabl. 2.
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L INTRODUCTION

Optical and laser methods of diagnostic and therapy
rapidly develops in medical technologies. Due to the con-
structive variety and wide spectral range, they can solve
various tasks in ophthalmology, stomatology, oncology,
cosmetology, and other branches. Use of lasers as
the optical scalpels and tweezers in oncology allow to
remove malignant neoplasms with high ablation level
[1]-[3]. At the same time, it prevents cancer cells from
penetration into the surrounding healthy ones. During
the excimer laser correction and photorefractive keratec-
tomy [4], the technology allows to change the cornea
shape and to restore the effective focusing of rays on
the retina. Low-intensity laser radiation with therapeutic
purposes applies also for rugosity smoothing, cellulite
treatment, hair loss, laser acupuncture, and other [5]. In
diagnostic purposes ones uses laser radiation during reg-
istration of photoplethysmogram and oxygenation level
Additionally, such approach is used in devices for inves-
tigation of combination scattering spectrum (based on the
action of radiation on the fluorescent substances) and
tracking of their accumulation zones (which can indicate
the possible cancer disease) [6], [7].

Stochastic character of physical and physiological
model of optical radiation propagation in biological me-
dias (BM) and tissues (BT) is the main factor for preci-
sion and certainty of biomedical diagnostic method.
The following problems are also significant in the men-
tioned case:

o the uncertainty of character of scattering spatial in-
dicatrix [8]-[11]. This determines the scattering
anisotropy factor and the necessity of its investi-
gation for the specific BT sample with the known
geometric parameters;

o the significant weakening of collimated probing
radiation. The reasons are substantial difference in
the refractive indexes and relatively high BT sur-
face layer scattering coefficients [12], [13];

o the influence of BT layers distribution boundary
geometry. This results in the extinction coefficient
growth from the one side, and significant spatial
redistribution of forward and back scattered
light[14], [15];

e balancing during the selection of the wavelength
of incident light, applied for increasing of both
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probing depth and resolution during the register-
ing of optical stimulus feedback [16];

e the necessity of consideration of energetic
parameters of probing radiation. Such parameters
significantly influences the light scattering
by thin layers of BT with strong scattering proper-
ties [17], [18].

The last two factors can be adjusted by the selection
of the corresponding element base and engineering
design of the projected device. The first three ones refer
to the properties of investigated BM and can be changed
by the physical or chemical influence (compression, ten-
sion, dehydration, coagulation, refrigeration, introduction
of different chemical solutions, gels or 0il[19]). In many
researches such approach is called “control of optical
properties of biological tissues” [20], [21]. One of such
control procedures is tissue optical clearing, which per-
forms by adding of special chemical solutions (clearing
agents). The purpose of clearing is adjustment of refrac-
tive indexes of structural components of BT and sur-
rounding substances scattering; and reduction of scatter-
ing coefficient [19].

The mentioned investigation of the specificity of
optical clearing implementation performs in the various
branches of medicine and technologies, including
the conditions of post mortal experiments or involving
animals. There exists the technology in gynecology for
treatment of female urinary incontinence with the means
of laser irradiation by the visible and near infrared radia-
tion in the range 500 — 800 nm [22]. For improvement of
photons delivery to the necessary depth, there was used
BT optical clearing. The experiment was performed on
the vaginal tissue samples, which had been taken from
the corpses. As the result, the saturation of tissues
by glycerin increased the light penetration up to 65%.
Other investigations, performed with the goal of
the internal cranium components visualization improve-
ment [23], allow to visualize the dendritic spines and
microglia of mice brain, and also various neurobiological
phenomenon.

All clearing agents were successfully classified in
the investigation [24] and divided into multi-atomic alco-
hols, sugar, organic acids, and other organic solvents.
The most widespread agents for human skin clearing are
polyethylene glycol [25], glycerin [26], and sugars with
the high content of fructose [27].

There exist multiple methods and informational-
measuring systems for estimating of BT optical clearing
level. Such methods include optical coherence tomogra-
phy, fluorescent microscopy, multi-photon microscopy,
Raman spectroscopy, confocal microscopy, and other.

Optical coherence tomography is based on investiga-
tion the ray spectrum as a result of interference, which is
further registered by the spectrometer and high-speed
CCD cameras. The source for coherent radiation is usu-
ally wide-band super-luminescence diode. Parameters for
optical clearing level are calculated based on the regis-
tered spectrum complex, which was created due to
the reflection from the variously dived structures [28],
[29].

Double photon microscopy uses the excitation prop-
erty of fluorophore molecules during the interaction with
two photons with less energy (unlike single photon
impact), and further registering of fluorescence. This
allows to increase the depth of BT optical probing. As the
light source, there uses infrared impulse laser with low
beam divergence. After reaching to the molecule,
the rapid transition of electron on the unstable level
occurs (with further returning back). Such transition is
accompanied by the quantum irradiation in the green
spectrum, which is registered by photo multiplier and fur-
ther processed [30], [31].

Raman spectroscopy allows to determine the chemical
content of BM based on the analysis of inelastic light scat-
tering properties. The most often there uses laser irradia-
tion of visible and near infrared spectrum, the scattered
part of which is registered and analyzed as the Stokes or
anti-Stokes frequency shift. The modification of method
is micro spectrometry, which uses microscope together
with spectrophotometer. The image from the microscope
is formed as a result of scanning and registration of
Raman signal in each point of BT [32], [33].

Confocal microscopy allows to create highly contrast
images by BT step-by-step scanning with spatial filtering
of backscattered radiation due to the setting of appropri-
ate diaphragms [34], [35].

Additionally to high productivity and precision of
described methods and tools, their use requires complex
calculation mechanisms and significant computing capa-
bilities. Thus, in many applied tasks for estimating of
clearing level there uses standard spectrometers and pho-
tometers. Considering the optical clearing goal for tasks
of non-invasive diagnostic and therapy of human skin,
their application is significantly limited. For investiga-
tions in ex vivo or in vivo, the measuring scheme and con-
struction of device will become much complicated and
will require the using of additional devices and tools.
The number of applied implementations of photometers
with ellipsoidal reflectors [36]-[39] had significant
results during the optical properties determination of dif-
ferent biological tissues and medias. Moreover, there
were applied rather simple realization scheme and exper-
imental procedure.

Thus, the analytical review showed that the existing
typology of measuring tools for optical clearing level
control of human skin, has significant functional limita-
tions. At in vivo experiment condition, this may lead to
reduced reliability of the results of optical biomedical
analysis. Considering the mentioned information, the pur-
pose of the current research is the control of the human
skin optical clearing level during the evaluation of photo-
metric images illuminance in the mirror ellipsoid of rev-
olution method.

II.  METHODS AND TOOLS

The mechanism of optical clearing level control was
realized as a model experiment of light propagation in
biomedical photometer with ellipsoidal reflector.
The construction of the model photometer suggests to
proceed the investigation in the reflected (back scattered)
light with one ellipsoidal reflector as the base for measur-
ing core of biometric system.
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Fig. 1 represents the structural scheme of biomedical
photometer prototype. It was used during the BT optical
properties determination at authors research in inverse
Monte Carlo method[8], [40] and four-flux Kubelka-
Munk model [41].

The operation principle of photometer is based on
the directing the collimated radiation from the laser
source 1 by means of reflecting prism 2 to the surface of
multi-layered biological tissue (in the specific example,
such tissue is the human skin). The laser 1 and prism 2
includes the laser beam formation system; and are placed
inside the tube 3. Geometrical axis of tube and optical
axes of laser and prism coincide the minor semi-axis of
ellipsoidal reflector 4. At the same time, the prism 2 is
placed in the geometrical center of ellipsoid of revolution
(ER) and refracts the incident ray beam by the 90°. In such
manner, it coincides the major semi-axis of ellipsoid of
revolution. Ellipsoidal reflector is placed orthogonal to
the section in its focal plane relatively to its major semi-
axis. Due to such phenomena, all back scattered light left
the surface of investigated BT and coincides with
the ellipsoidal focal plane F1, is gathered by the ER 4 and
by ray-tracing mechanisms [38] with further transmission
into the second focal plane F2.

The conic optical hood 5 prevents the entering of
background radiation in photometer receiving channel,
thus improving the biometry precision. The lens 6 makes
a projection of the spatial distribution of scattered radia-
tion from the ER second focal plane into the photo-sensi-
tive plane of CCD camera 7. The received photometric
image is the precondition for further zone analysis in cor-
respondence to its structure [37].

The photometer operating model interpretation sug-
gests the forming the photometric images of reflector sec-
ond focal plane as a Monte-Carlo simulation result of
light propagation in system “multi-layered biological tis-
sue + ellipsoidal reflector” [36]-[41].At the same time,
the light source parameters in simulation are regulated
by the software by means of setting the required photons
quantity and cross section profile for the laser central
mode during its operation in continues wave single-mode
regime. Parameters of ellipsoid of revolution corresponds
to real photometer reflector and have following values:
eccentricity 0.66, focal parameter 16.875 mm, reflection
coefficient 0.95.

Initial parameters for modeling are optical properties,
which characterizes the dependency of set of parameters
from the duration of clearing by polyethylene glycol,
received from analytical models and investigation result,
represented in researches [19], [22], [42]-[44]. Such
parameters set includes scattering u, and absorption i,
coefficients, and scattering anisotropy factor g and refrac-
tive index n of human skin separate layers. At the same
time, the kinetic of scattering coefficient change for cor-
neous layer, epidermis, and derma is represented on
Fig.2.

The constant values of human skin layers optical
properties are represented in Table 1.

2

Hurmar skin

Fig.1 Scheme of photometer with ellipsoidal reflector: 1 — monochro-
matic light source; 2 — reflecting prism; 3 — tube of formatting system
for incident light beams; 4 — ellipsoidal reflector; 5 — conic optical hood;
6 - lens; 7 — CCD camera
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Fig.2 The kinetics of scattering coefficient s (cm™) of corneous layer
(blue line), epidermis (red line) and derma (yellow line) from
the clearing time t (min)

TABLE 1 OPTICAL PROPERTIES OF HUMAN SKIN LAYERS

1 1

Layer g n Ho, cM” Mg, cm”
Corneous layer | 0,8 Fig.3 0,10 Fig.2
Epidermis 0,8 1,36 0,15 Fig.2
Derma 0,76 1,39 0,073 Fig.2
Adipose tissue 0,8 1,44 0,068 15
Muscle tissue 0,9 1,37 2 215

This fact doesn’t mean the absence of even minimal
polyethylene glycol influence on the human skin proper-
ties during clearing (despite of the fact that it wasn’t
determined by authors during the analytical search). This
fact can be considered as the confirmation of the clinical
researches necessity for determination of the numeric val-
ues of human skin optical properties in the therapeutic
window during the clearing by various agents.

The dependency of the human skin corneous layer
refractive index from the optical clearing time is repre-
sented on the Fig.3.

The light scattering in both forward and back scattered
directions during the photometry by ellipsoidal reflectors
can be determined by the thickness of investigated BM
sample [36], [37]. Table 2 represents the data of anatomic
thickness of human skin layers, which were used during
simulation for the different zones of photometric images
illuminance estimation. To ensure the “non-invasive”
nature of modeled experiment, the value of thickness of
muscle tissue layer equals to 1 cm, and ensures conditions
of half-infinity of investigated media.
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Fig.3 The dependency of corneous layer refractive index from the clear-

ing time t (min)

TABLE 1 ANATOMIC THICKNESSES OF HUMAN SKIN LAYERS [45], CM

Body section Corneous Epidermis | Derma | Adipose
layer tissue

Abdomen 0,0025 0,00945 0,198 1,05
Back 0,0031 0,01 0,371 0,083
Palm (hand) 0,039 0,0473 0,128 0,181
Chest 0,002 0,00595 0,24 0,075
Thigh 0,004 0,011 0,243 0,097
Shoulder 0,0035 0,0107 0,246 0,072

IIl.  RESULTS AND DISCUSSION

During the Monte-Carlo simulation there were emit-
ted 20 million photons. These photons were distributed in
the central mode of laser beam with the radius 0.7 mm.
During the simulation in multi-layered human skin tissue
and ellipsoidal reflector, there were received series of
photometric images (size 453x453 pix with a scale of 10
[38]), the examples of which are represented on Fig.4.
The modeling was performed for data set, which charac-
terizes the optical properties change considering the 5-mi-
nute interval starting from the introduction of polyeth-
ylene glycol into the human skin. The maximum observa-
tion time was limited by 120 minutes, like in researches
[43], [44].

The quantitative evaluation of optical clearing level
was performed based on the zone analysis principles of
photometric images at ellipsoidal photometry, which

appears during axial-symmetry character of scattering
(371, [38].

Fig. 5 represents the relation the different illuminance
zones of photometric images in backscattered light. Such
experiments were performed during the optical clearing
with polyethylene glycol for human skin from different
body sections. The point on Fig.5, which characterizes
the clearing time 0 minutes, is the clearing agent action
countdown; but from the physical standpoint it character-
izes the human skin optical properties before introducing
of polyethylene glycol.

Graphs of illuminance zones of photometric images
from different body sections of human skin, depending on
the time of optical clearing for middle and external rings
[37], have the similar shape. From the one side, this is
the proof of the mathematical model adequacy of light
propagation in biomedical photometer. From the other
side, this allows estimating of the influence of clearing
agent action on the light scattering by human skin from
different body sections.

The illuminance graph of middle ring of photometric
images (Fig. 5, a) express the tendency for rapid growth
during the first 20 minutes after introduction of polyeth-
ylene glycol. The tendency is valid for the human skin
from all investigated body sections. After that, there
occurs the moderate decline to the end of the investigation
interval in the range 1-3%. The biggest relative growth
of illuminance of middle ring is observed for the palm
(hand) skin, which can be explained by the biggest corne-
ous layer thickness (comparing to other investigated sec-
tions). Considering the scattering coefficient character of
corneous layer (Fig. 2), this is the proof of high efficiency
of the optical clearing in the first 20 minutes of chemical
agent action. The mentioned fact directly correlates with
the trend of the refractive index change (Fig.3).
The decline of this index in the first 20 minutes of optical
clearing is similar to the change during the following
100 minutes.

g) h) i)

i)} k) 1)

Fig.4. Photometric images of back scattered light for human skin tissues before clearing (a, b, ¢, d, €, f), and on the 70" minute after clearing (g, h,
i, j, k, 1) during the investigation of skin sections from palm (hand) (a, g), chest (b, h), abdomen (c, i), shoulder (d, j), back (e, k), and thigh (f, 1)
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Fig.5 The illuminance of the middle (a) and external (b) ring of photometric images depending on the clearing time of human skin from different

body sections

The illuminance of external ring depends on the time
of optical clearing (Fig. 5, b). It has the similar nature with
the illuminance of middle ring in the first 20 minutes of
polyethylene glycol action. However, in the following
100 minutes, the illuminance growth continues more
moderately, which is caused by the absolute value com-
mensuration with the previous short interval. The lowest
dynamic of growth of external ring illuminance on whole
interval demonstrate the graph for palm (hand) skin. Con-
sidering the dependency, which is represented on Fig.2,
such trend means the rapid decline in the scattering coef-
ficients values of corneous layer and epidermis, and also
the corneous layer refractive index. Thus, there signifi-
cantly increases the part of rays, which are located near
the collimated reflection area during the observation in
the backscattered light. The diffuse constituent of scat-
tered flux is mostly influenced by the illuminance of
the external ring, and this value is growing more slowly.
The graph of external ring illuminance for back and
abdomen skin has also the similar tendency. This can be
explained by the bigger derma thickness comparing to
other body sections (for back) and adipose tissue (for
abdomen), which also can lead to the increase
the backscattered light part. Sections of skin from chest,
thigh, and shoulder have more rapid rate of growth of
external ring illuminance in the first 20 minutes (compar-
ing to the light scattering by other sections of human
body). These phenomena can be explained by the absence
of factors for slowing of growth of external rings illumi-
nance. These factors are corneous layer thickness — for
skin of palm (hand), derma thickness skin for back, and
adipose tissue thickness for abdomen.

During the analysis of graphs on the Fig. 5 from
the standpoint of illuminance level (i.e. optical clearing
level), it can be observed that the highest illuminance for
middle and external rings of photometric images is pro-
vided by the effects of backscattering by the abdomen
skin sections. The middle ring illuminance of abdomen
tissue exceeds the same illuminance for human skin from
other body sections on more than 25%. For external ring
illuminance, such excess is more than 55%. The different
zones of illuminance of photometric images for tissues,
received from the chest, thigh, and shoulder sections,
have similar dependency from clearing time. The phe-
nomena can be explained by the small difference between
the anatomic thicknesses of corresponding layers
(Table 2). The small difference (up to 10%), which can
be observed during the first 15 minutes after introduction

of polyethylene glycol into the skin in chest, thigh, and
shoulder, is reducing down to 5% during the remaining
observation interval. Comparing to the values of ana-
tomic thicknesses of human skin layers on different body
sections, and considering the illuminance, which was
made in photometric images, the significant advantage of
abdomen skin section illuminance can be explained
by the significant thickness of adipose tissue. During
the constant absolute value of scattering coefficient, equal
to 15 ecm’!, the increasing of thickness of adipose tissue
layer leads to the increase of backscattered light. The rel-
ative photons distribution, which had left the BT, depends
on the movement trajectory inside the tissue [37], [38]. It
is almost uniform in both first focal plane aperture
(caused by the absence of interaction between raising ER
sides and/or only one-time reflection) and boundary of
second focal plane (double reflection during the interac-
tion with the bottom part of ER and/or multiple reflection
during the interaction with the upper part of reflector).

The significant anatomic thickness of derma layer for
human back skin determines bigger absolute values of
illuminance of photometric image zones, comparing to
the skin of palm (hand), chest, thigh, and shoulder.

The relative positioning of human skin illuminance
graphs on investigated body sections for both middle and
external rings of photometric images are similar, except
of palm (hand) skin illuminance graphs. The illuminance
of external ring has the lowest absolute value. This can be
explained by the high efficiency of clearing because of
the reduction the corneous layer refractive index under
the influence of polyethylene glycol. At the same time, it
causes the rapid increase of the quantity of rays in the area
of collimated reflection, and, correspondingly, and reduc-
ing of the quantity of rays, which forms the diffusive
component on the whole observation interval.

In this research there is defined that the optical clear-
ing with the use of polyethylene glycol is performed sim-
ilar influence on the human skin on various body sections.
This leads to the optical properties change of correspond-
ing layers. During the use of optical clearing for deliver-
ing of the laser radiation through the human skin, it is nec-
essary to consider the localization of the organ or disease
for selection of the appropriate radiation parameters and
modes of physical influence. This can be implemented
by using of photometers with ellipsoidal reflectors in
the pre-diagnosis step prior the chemical agent introduc-
tion also. Such approach allows minimizing of
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the possible negative influence of laser radiation in
the place of localization and the surrounding tissues. Con-
sidering the illuminance distribution for middle and
external rings of photometric images (in the first
20-25 minutes after polyethylene glycol introduction),
the start of the laser delivery prior to this time pass is un-
considerable. This time is analogical to the “transition pe-
riod”, when the influence of the clearing agent is the less
stable and can lead to the undesirable diagnostic artifacts
and errors of therapeutic dozing.

CONCLUSIONS

The ellipsoidal reflector method is powerful and
promising method for the control of human skin optical
clearing level by the different zones of photometric
images illuminance level analysis. It ensures the high ver-
ification of biological medias types. The illuminance,
which is formed in the backscattered light by the human
skin on various body sections, is the precondition for
selection of effective diagnostic and therapy methods.
The ellipsoidal reflector method allows minimizing of
possible negative influence of laser radiation in the place
of localization and the surrounding tissues. The biomedi-
cal photometer with ellipsoidal reflector ensures the opti-
mization of the starting time selection procedure for
the laser radiation delivery and its duration according to
the fulfilled in the current research modeling prediction
of the specific chemical substance agent influence on
the human skin clearing.
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TepaneBTHYHI NMOKA3HMKH (YHKUiOHYBAHHSl Pi3HOMAHITHOI J1a3epHOi amapaTypH MeJMKO-0i0JIOriYHOr0 NpPU3HAYEHHS.
Opniero 3 BasKJMBHX 33124 JIa3epPHUX NPOUeAYP NPH HbOMY € KOHTPOJIb PiBHSI ONTHYHOIO NMPOCBIiT/ICHHS, 0 B 0araTbox
MPAaKTHYHHUX LiNSAX 3iliCHIOETHCSA 3 BAKOPUCTAHHSAM CKJIAJIHOTO Ta BapTicHOro od/1agHanHs. Po0oTa npucBsayeHa aHamizy
0c00/1MBOCTEl BUKOPHCTAHHS MeToay doToMeTpii eincoitanbHUMHU peieKTOpaMHu 115 32124 KOHTPOJIIO CTYNEHIO ONTH-
YHOI0 NPOCBIiT/ICHH LIKIPH JIOAMHU B YMOBAaX HeiHBa3MBHOI0 eKcllepuMeHTy. Moe/bHUI eKCIIePUMEHT MOJIArac y CuMy-
Janii Meronom MonTe-Kapiio nomupeHnHsi OITHYHOI0 KOJIMOBAHOI0 BUIIPOMIHIOBAHHA B s/1pi iHhopManiiiHO-BUMipIOBa-
JILHOI ccTeMH DioMeTUYHOTr0 (POTOMETPY, IO MOEAHYE DaraTomapoBy 0i0/10riYHy TKAHUHY Ta eJincoifaabHu pedJieKTop.
Cumyasinis 3ailicHeHa JJg HaG0py ONTHYHMX BJIACTHBOCTel MIApiB IIKIpH JIOAWMHY, 30KkpeMa iX koedilieHTIB po3cissHHsA
i morimHaHHA, pakTopy aHizoTpomnii po3cisiHHA Ta NOKa3HHKA 3aJI0MJICHHS, 10 AMdepeHIilioBAHO BU3HAYAIOTHCS YacOM
BBeJeHHSl NPOCBIT/JII0I0Y0ro areHTy (MOJieTH/IeHIIiK0/II0). AHATOMIYHI TOBIIMHU POroBOro Liapy, emigepmicy, Aepmw,
JKMPOBOI Ta M’5130BO TKAHWHHU YMOBHO BH3HAYAKOTh AUISHKY Tijla JIIOAUHM, CBIT/I0PO3CIsIHHA LIKiPOIO SIKOI AOCTiIKYyBa-
JIOCh. Y pe3yJIbTATi MO/IeJIIOBAHHSA OTPHMAaHi (poTOMeTPUYHI 300pakeHHs Y PO3CiTHOMY Ha3a] CBITJIi 1Sl AVITHOK 10J10Hb,
rpyaeii, ’KUBOTA, NJie4a, CIMHU Ta crerna. Ha miacrasi 3oHHOro anamizy orpuMani 3a/1e5KHOCTi OCBITJIEHOCTI cepeJHBOT0 Ta
30BHIIIHBOr0 KiJbIA (GOTOMETPUYHHX 300pakKeHb B 3aJIeXKHOCTI Bil 4acy ONTHYHOIO NIPOCBiT/IeHHs. JlociaKeHo BILIMB
4acy ONTHYHOI0 NPOCBITICHHS HA XapaKTep CBITJI0PO3CiAHHA MIKIPOIO JII0IMHY Pi3HUX ALISIHKAX Tijla AHaJi3 ¢poromerpu-
YHHUX 300pa’keHb NMOKA3aB, 0 ONTHYHE MPOCBITIeHHS 3 BHKOPHCTAHHSIM IOJieTHIEHIJIKOII0, iIKe MPU3BOAUTD 10 3MiHH
ONTUYHMX BJIACTUBOCTEH BiNOBiIHMX MmIapiB, 30iliCHIOE NOAIOHMIA BJHMB HA WIKIPY JIOAWHU HA Pi3HUX AinAHKax Tina. [lpu
BHKOPHCTAHHI ONITHYHOI0 NPOCBIiT/ICHHS 3 METOI0 A0CTABKH J1a3¢PHOI0 BUIIPOMiHIOBAHHS Yepe3 MIKIpy JI0INHI Heo0XiTHO
BPaxyBaTH JIOKaJIi3alilo oprany ado 3aXBOPIOBAaHHA 1A Mia0opy BiANOBiTHUX MapaMeTpiB BUNIPOMiHIOBAHHS TAa Pe:KUMIB
¢izuyHoro BmuBy. 3 OorJsy Ha pPo3MoaiJl OCBITJIEHOCTI CepeIHHOI0 Ta 30BHIIIHBOI0 KiJILUSA (POTOMETPHYHHUX 300pakKeHb
y nepui 20-25 XBu/IMH mic/is BBeJeHHS M0JIieTHIIEHIJIIKOJII0, paHillle PO3MOYNHATH NPOLeAYPY 10CTABKH JIa3ePHOr0 BHIIPO-
MiHIOBaHHS HefoUiIbHO. Ieii yac € aHaI0roM «IepexigHoro npouecy», KoJM BIUIMB HPOCBITII0I0Y0r0 areHTy € HaliMeHII
cTa0lJILHUM i MOsKe IPU3BECTH 10 He0AKAHUX AIArHOCTUYHHUX apTe(aKTIB Ta NOXUGOK TepaneBTHYHOI0 J03yBAHHS.
Bi6.. 45, puc. 5, Tadéu. 2.
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Annomayua—PaboTa NocBsilieHA AaHAJU3Y 0COOEHHOCTEH MCMOJIb30BAHUS MeT0Aa (POTOMETPHH FJIIMIICONIATBHBIMHU
peqmeKTopaMﬂ AJIA 3a1a4 KOHTPOJISl CTENEHH ONTHYECKOI0 NMPOCBETICHUA KON Y€JI0BE€KAa B YCJIOBUAX HEMHBA3UBHOI'O
KkcnepuMenTa. MoeabHbIH IKCIIEPUMEHT COCTOUT B cuMyJasauuu MonTe-Kapiio pacnpocTpaHeHus ONTHYECKOro H3J1y4e-
HHMSl B MHOT'OCJIONHOI 6M0JI0rHYecKOil TKAHU U JUIHICOUAAIBHOM peduiekTope. /L1 Ha0opa ONTHYECKHUX CBOWCTB CJI0CB
KO’KHM Y1€¢/IOB€KAa U UX aHATOMUYECKUX TOJJIIHUH IMOJYYECHHbIC (l)OTOMeTpl/l‘leCKPle moﬁpamelmﬂ B pacCessHHOM Ha3ajl CBETE
JUISl Y4ACTKOB JIaJJ0HH, TPY/IH, ’KUBOTA, IJIe4a, CHHBI U Oeapa. Ha ocHOBe 30HHOT0 aHAJIN3a IT0JIyYeHb] 3aBHCHMOCTH OCBe-
IEHHOCTH CPeJHero ¥ BHelIHero KoJel ()oToMeTpu4ecKHX H300paKeHHii 0T BpeMeHH ONTHYecKoro npocsetienust. Mccie-
J0BAHO BJIMSIHME BPeMEeHH ONTHYECKOI0 MPOCBET/ICHHsI HA XapaKTep CBeTOPACCesIHUS KOxKeil Ye0BeKa PasHbIX y4acTKaxX
TeJa.
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