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POSSIBILITIES OF DETERMINING THE TIME SINCE DEATH
USING THE METHODS OF MULTIDIMENSIONAL POLARIZATION
AND AUTOFLUORESCENCE MICROSCOPY OF THE HUMAN
VITREOUS BODY
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Summary. Given the current state of affairs in practical forensic medicine and the considerable
amount of scientific research on the exact determination of the postmortem interval, we conclude that the
determination of the time since death is a key problem, but not yet sufficiently solved. Accurately estimating
the time since death is critical to many investigations and remains one of the most challenging variables.

Carrying out an accurate determination of the time of death is important using a complex approach, since
solving this problem requires taking into account all aspects of thanatogenesis, the influence of environmental
factors and other circumstances of the case. This leads to an increase in the popularity of global research
involving the latest advances in medicine, chemistry, physics and forensics. The use of comprehensive
research allows us to come closer to establishing the approximate range of the time since death.

Aim of the work. Development of a complex of objective forensic medical criteria to improve
the possibilities of accurately determining the time since death over a long period of time by using
multidimensional polarization and autofluorescence microscopy of the human vitreous body.

Materials and methods. The object of the study were samples of human vitreous body, deceased
from cardiovascular pathology, with a known time of death.

The following research methods were used: Mueller-matrix mapping, microscopic polarization
tomography, spectral-selective laser-induced autofluorescence, statistical and wavelet analysis of the
results of experimental data.

Results. The significant effectiveness of the proposed methods in accurately determining the time
of death has been demonstrated. In particular, polarization microscopic tomography using scale-selective
wavelet analysis of distributions of linear birefringence of human vitreousbody layers provides a diagnostic
range for determining the time since death of 36 hours with an accuracy of up to 14-16 minutes, which
was not achieved by any of the existing laser polarization methods. At the same time, the combination of
polarization tomography of biological tissues with spectral-selective laser fluorescence microscopy —one
of the most sensitive methods, due to the assessment of the concentration parameters of molecules, opens
anew window of possibilities and establishing the time since death and diagnosis of various pathological
conditions. The obtained results confirm the effectiveness of this technique and show the diagnostic range
of determining the time since death of 36 hours with an accuracy of up to 15-20 minutes.

Conclusions. The innovative approach proposed in the scientific study makes a significant
contribution to the development of forensic medical examination, providing more accurate and reliable
identification of the time since death, which can be useful in criminal investigations and in solving
other forensic tasks.
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Introduction. One of the key challenges in forensic medicine is the accurate determination of
time since death (TSD) at various stages of postmortem morphological changes in human biological
tissues. At the current stage, the modernization and development of new, more advanced criteria,
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methods and approaches to the determination of TSD remain an extremely urgent task in the field of
forensic science and practice. Improving the accuracy and objectivity of the expert assessment of the
TSD a significant practical effect, contributing to more effective investigations of crimes against the
lives of citizens [1-4].

To determine the TSD, experts use various approaches, in particular, visual and descriptive
analysis of early and late cadaveric phenomena, supravital reactions, as well as instrumental and
laboratory methods, such as biochemical analysis, physical and mathematical models of changes in
biological tissues after death [5]. However, traditional methods often do not achieve high accuracy
and objectivity due to various limitations and shortcomings that may arise depending on the individual
characteristics of the organism and environmental conditions [6, 7].

Therefore, in order to improve the determination of the TSD, scientists are looking for new ways,
including the use of modern laboratory and instrumental methods that allow quantitative assessment of
changes in biological tissues after death [5-7]. Such changes associated with various physical, metabolic,
autolytic, physiological and biochemical processes that occur in the body after death alternately with
the passage of time, which makes it possible to evaluate them and helps to make assumptions about
the possible antiquity of the TSD. However, further research and improvement of these methods is
necessary in order to increase the accuracy and objectivity of determining the TSD in forensic medical
practice [8, 9].

In the world scientific literary sources, a number of scientific works are known, dedicated to the
possibilities of objective biophysical monitoring of changes in the biochemical and polycrystalline
structures of biological tissues. The implementation of these methods in forensic science and practice
was carried out by Prof. V. T. Bachynskyi and scientists of his school [10-12]. Significant fundamental
results were achieved [10], however, in our opinion, it is important to develop methods that would
allow obtaining more accurate results in working with depolarizing and partially depolarizing tissues
of the human body. In particular, it is necessary to expand the arsenal of experimental methods for the
study of such objects based on differential Mueller-matrix mapping and autofluorescence microscopy
of human tissue.

Aim of the work. Development of a complex of objective forensic medical criteria to improve the
possibilities of accurately establishing the TSD over a long period of time by using multidimensional
polarization and autofluorescence microscopy of the human vitreous body (VB).

Materials and methods. To establish the diagnostic possibilities of laser polarization-correlation
and autofluorescence methods in the diagnosis of TSD, samples of the VB of corpses, who died of
cardiovascular pathology with a known TSD were studied. Exclusion criteria were: presence of brain
and eyeball injury, laboratory confirmed presence of any endogenous and exogenous intoxications.

The following research methods were used: Mueller-matrix mapping, microscopic polarization
tomography, spectral-selective laser-induced autofluorescence, statistical and wavelet analysis of the
results of experimental data.These forensic methods are based on the definition and diagnostic use of
a set of objective relationships between the distributions of the obtained experimental data and the TSD.

Using the methods of polarization and spectrally selective fluorescence microscopy, a series of
coordinate distributions of the information parameters of the set of experimental data for VB layers
with different TSD was determined. The time elapsed since death was determined according to the
following algorithm:
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Results. The obtained results show that the main factor in the formation of the coordinate
structure of the parameter distributions of polarization microscopic images is the optical anisotropy
of biological objects. This mechanism leads to phase shifts between the orthogonal components of the
laser radiation amplitude at the points of the microscopic image of the VB layer.
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Such phase distributions in the microscopic image are formed due to the influence of the following factors:
+ structural anisotropy of a spatially ordered network of collagen fibrils — linear birefringence (LB);
* «partial» anisotropy of molecular protein complexes of the VB — circular birefringence (CB);

» multiple scattering of laser radiation in the volume of the optical anisotropicof the VB layer.
Due to the last factor, the distributions of the polarization parameters of microscopic images are

averaged and the phase modulation is reduced in the plane of the microscopic image of the VB samples.

Based on this, it is possible to formulate the following scenario of the dynamics of the
transformation of polarization manifestations of postmortem changes in the polycrystalline structure
of the human VB layersat different TSD:

1)  with an increase in TSD, the level of optical anisotropy of theVB decreases —the collagen network
is disordered and the concentration of protein complexes decreases;

2)  optically, this process of postmortem changes is manifested in a decrease in the depth of phase
modulation of laser radiation by polycrystalline structures of the VB,;

3) statistically, an increase in the degree of postmortem destruction of the polycrystalline component
of the VB is accompanied by a decrease in the mean (SM, ) and variance (SM,), and at the same
time, a decrease in the level of LB and CB of VB leads to an increase in the value of asymmetry
(SM,) and excess(SM,).

It is known that the disadvantage of Stokes-polarimetric and Mueller-matrix mapping, which
were proposed in the works of other authors, is the poor reproducibility of the methods due to the
azimuthal dependence of the azimuth value and the ellipticity of the polarization on the rotation of
the sample relative to the direction of irradiation or changes in the state of polarization of the probing
beam [8, 13].The mentioned techniques belong to the case of diagnosing the structure of optically
thin biological layers that do not depolarize laser radiation, but only transform it. At the same time,
it is practically impossible to achieve such an approach in the real practice of a forensic experiment.
Since the VB belongs to partially depolarizing biological tissues, the best results were achieved by
using polarization microscopic tomography (reconstruction) of human VB preparations with different
TSD. This method providesobtaining diagnostically important relationships between the distributions
of the average values of the anisotropy parameters of biological layers and its spatial transformations.

We will demonstrate the obtained results on the example of the LB of the crystalline component of human
VB. Fig. 1 shows the distributions of the LB values of the VB layers of the deceased with TSD at 3 hours and 12
hours. The obtained results illustrate the existence of differences between the data of microscopic polarization
tomography of the LB polycrystalline component of the VB layers of the deceased with different TSD.
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Fig. 1. Distributions of LB values of the crystalline fraction of the VB layers with the TSD of 3 hours
(1) and 12 hours (2).
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It was established that the coordinate distributions of the LB value of the VB samples of with
a greater TSD (12 hours) are characterized by a smaller average value (SM =0,68) and a range of dispersion
(SM,=0,34) of random values compared to histograms (SM =0,86, SM,=0,48), that were obtained for
the LB of the polycrystalline component of the sample of VB layers with TSD 3 hours (table 1).

Table 1
Temporal dynamics of changes in the value of statistical moments of the 1st-4th orders

(SM_,,,.,..)» Which characterize the distributions of the LB value of the crystalline fraction of

human VB layers with different TSD (T, hour)

SM,x107 T=1 T=3 T=6 T=12 T=18 T=24
SM, 0,92+0,043 | 0,86+0,038 | 0,81+0,035 | 0,68+0,031 | 0,56+0,025 | 0,41+0,019
p <0,05 <0,05 <0,05 <0,05 <0,05 <0,05
SM, 0,53+0,026 | 0,48+0,024 | 0,43+0,021 | 0,34+0,015 | 0,24+0,011 | 0,14+0,006
P <0,05 <0,05 <0,05 <0,05 <0,05 <0,05
SM, 0,710,036 | 0,82+0,041 | 0,924+0,045 | 1,13+0,055 | 1,34+0,059 | 1,5440,068
P <0,05 <0,05 <0,05 <0,05 <0,05 <0,05
SM, 1,21+£0,054 | 1,35+0,058 | 1,49+0,065 | 1,76+0,073 | 2,04+0,092 | 2,32+0,098
p <0,05 <0,05 <0,05 <0,05 <0,05 <0,05

We observed that this regularity is associated with destructive changes in the polycrystalline layers
of human VB after death. Polarizing manifestations of these changes are accompanied by a decrease
in the value of LB, which is determined by the spatial organization of fibrillar collagen networks. With
the increase in the duration of the postmortem period, this organization of networks is destroyed, which
as a result leads to a decrease in the value of LB.

The statistical analysis of the obtained results showed that the values of the average, dispersion,
asymmetry and excess, which characterize the LB maps of the fibrillar collagen meshes of the VB
layers of a person with different TSD, change linearly within 24 hours.

The following results were obtained for the accuracy of determination of the TSD by the method
of microscopic polarization tomography of LB collagen meshes of layers of VB of a person with
different TSD (table 2).

Table 2

Accuracy (£AT) of determination of TSD by the method of microscopic polarization

tomography of LB of collagen meshes of human VB layers, min

SM. T=1 T=3 T=6 T=12 T=18 T=24
SM, 40 41 41 40 42 43
SM, 36 38 37 38 38 38
SM, 24 25 24 25 25 25
SM, 19 20 20 20 21 21

The analysis of the given results revealed that with the help of this method, the maximum level
(highlighted in gray) of accuracy in determining the TSD was achieved within 19-21 minutes. This
level of accuracy exceeds the previously known temporal parameters of TSD determination.

Given the fact that postmortem changes in the polycrystalline structure of VB begin with changes
in the structure of small-scale protein complexes, the maximum differences between the postmortem
states of VB samples with different TSD should be sought on the small scales of changes in the structure
of microscopic image maps. Therefore, to improve the effectiveness of the applied methods, a scale-
selective wavelet analysis of the coordinate distributions of the obtained parameters of the microscopic
images of human VB layers was used.
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A comparative analysis of the results of the study of the dependences of the amplitudes of
the wavelet coefficientsW_ (X, y), characterizing different scales of structural elements of maps
of LB collagen meshes of VB layers of deceased people with different TSD, revealed postmortem
transformations of the fibrillar structure, the manifestations of which are shown in table 3.

The analysis of the given data revealed an increase to 36 hours in the linear range of the
determination of TSD — changes in the value of the set of all statistical moments of the 1st-4th orders,
which characterize the maps of wavelet coefficients C of the distributions of the LB collagen
meshes of the layers of the human VB.

a=15,b

Table 3
Temporal dynamics of changes in the value of statistical moments of the 1st-4th orders,
characterizing the distributions of the linear section C,, , of the map of the wavelet coefficients
Wa, b of the LB value of the crystalline fraction of VB layers with different TSD (T, hour)

SM, T=1 T=6 T=12 T=18 T=24 T=36
SM, 0,59+0,023 | 0,45£0,019 | 0,31£0,014 | 0,160,007 | 0,0130,006 | 0,0040,002
P <0,05 <0,05 <0,05 <0,05 <0,05 <0,05
SM, 0,45+0,021 | 0,380,016 | 0,320,014 | 0,25£0,011 | 0,19+0,009 | 0,054+0,002
P <0,05 <0,05 <0,05 <0,05 <0,05 <0,05
SM, 0,31£0,014 | 0,54+0,024 | 0,78+0,033 | 1,01£0,044 | 1,25+0,054 | 1,71+0,077
P <0,05 <0,05 <0,05 <0,05 <0,05 <0,05
SM, 0,38£0,016 | 0,720,031 | 1,05+0,044 | 1,39+0,054 | 1,720,065 | 2,39+0,108
P <0,05 <0,05 <0,05 <0,05 <0,05 <0,05

The obtained data illustrate that the values SM1;2;3; ,» Which characterize the distributions of the
magnitude of the amplitude of the wavelet coefficients of the maps of the polarization-reproduced
LB of the collagen networks of the polycrystalline component of the VB layers of the deceased with
different TSD, change linearly within 36 hours. At the same time, temporal changes in the magnitude
of asymmetry and excess (SM,, SM,) were the most sensitive to postmortem changes in the fibrillar
structure of collagen fibers of such samples. Quantitatively, this was manifested in the growth of the
angles of inclination of the linear dependences of the statistical moments of higher orders, which
characterize the distributions of the amplitude of the wavelet coefficients of the maps of the polarization-
reproduced LB of collagen networks, compared to the similar parameters of the maps of the polarization
manifestations of the structure of the collagen networks of the humanVB layers with different TSD.
Therefore, the sensitivity of the wavelet analysis method increased, and the accuracy of the TSD
determination improved by 5 minutes (table 4).

Table 4
Accuracy (£AT) of determination of TSD by the method of wavelet analysis of polarization
reproduction of the distributions of linear birefringence of the polycrystalline component
of the layers of the vitreous body, min

SM. T=1 T=6 T=12 T=18 T=24 T=36
SM, 35 36 36 36 37 37
SM, 31 32 32 32 33 33
SM, 18 19 19 20 20 21
SM, 14 15 15 15 15 16

Thus, the effectiveness of the scale-selective wavelet analysis of the LB value distributions of
the VB layers at the established TSD has been demonstrated: it provides an increase in the range of
sensitivity to 36 hours and an increase in the accuracy of the TSD determination to 14-16 minutes,
which was not achieved by any of the existing laser polarization methods.
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A new step in the development of methods of optical diagnostics of biological layers was the
successful combination of polarimetric and fluorescent methods. Spectral-selective laser fluorescence
microscopy is one of the most sensitive methods due to the assessment of concentration parameters
of molecules (the greater the number of fluorophores, the higher the fluorescence intensity). The
phenomenon of fluorescence is formed as a result of the absorption of optical radiation by various
biological compounds with subsequent reradiation into other spectral regions. Due to the differently
oriented spatial structure of the fibrils of fluorophores, different directions of oscillations of individual
fluorescence bands arise, accordingly, the distribution of azimuths of the polarization of fluorescent
radiation is formed, which is of important diagnostic value for the assessment of postmortem changes.

Therefore, the issue of establishing the diagnostic efficiency of spectrally selective laser-induced
autofluorescence microscopy of the layers of the VB in the diagnosis of the TSD is relevant.

In our work, two types of interference filters were used for spectral selection of manifestations
of different types of fluorophores: A, =0,55 pm — amorphous component of the VB; A =0,45 pm —
polycrystalline (protein) component of the VB.

Figure 2 shows the distributions of the intensity of laser autofluorescence of the polycrystalline
component of the layers of the human VB with the TSD 3 hours (1) and 6 hours (2).
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Fig. 2. Distributions of the intensity of the laser spectral-selective autofluorescence (A,=0,45 ) of the
polycrystalline component of the human VB layerswith the TSD 3 hours (1) and 6 hours (2).

A «decrease» of laser fluorescence with increasing of the TSD was experimentally demonstrated:
coordinate distributions of the value of laser autofluorescence of the polycrystalline component of the
VB layers with a larger TSD were characterized by a smaller average value (SM,=0,52) and the range of
dispersion (SM,=0,25) of random values of the fluorescence intensity compared to the data obtained for
the polycrystalline component of the VB layers with a smaller TSD (SM,=0,78; SM,=0,42). At the same
time, with an increase in the TSD, an increase in the value of SM, andexcess SM, was noted (table 5).

Table 5

Temporal dynamics of changes in the value of statistical moments of the 1st-4th orders, which

characterize the distributions of the intensity of laser spectral-selective autofluorescence of the
polycrystalline component of the VB layers with different DNS (T, hour)

SM. T=1 T=6 T=12 T=18 T=24 T=36
SM, 0,83+0,039 | 0,78+0,033 | 0,67+0,029 | 0,52+0,022 | 0,36+0,014 | 0,21+0,009
p <0,05 <0,05 <0,05 <0,05 <0,05 <0,05
SM, 0,47+0,021 | 0,42+0,018 | 0,36+0,015 | 0,250,011 | 0,15+0,007 | 0,03+0,002
p <0,05 <0,05 <0,05 <0,05 <0,05 <0,05
SM, 0,224+0,009 | 0,35+0,015 | 0,48+0,018 | 0,75+0,031 | 1,01+0,044 | 1,27+0,057
p <0,05 <0,05 <0,05 <0,05 <0,05 <0,05
SM, 0,11+0,005 | 0,51+0,022 | 0,71+0,031 | 1,11£0,046 | 1,52+0,069 | 1,91+0,087
p <0,05 <0,05 <0,05 <0,05 <0,05 <0,05
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The analysis of the obtained data on the time dependence of the postmortem changes in the
magnitude of the set of statistical moments of the 1st-4th orders, which characterize the coordinate
distributions of the magnitude of the intensity of the fluorescence maps of the polycrystalline fraction
of the human VB layers, revealed the highest possible level (highlighted in gray) of accuracy in the
determination of the TSD in the range of 15-17 minute for 36 hours (table 6).

Table 6
Accuracy of determination of the TSD by laser spectral-selective fluorescence microscopy
of human VB layers, min

SM, T=1 T=6 T=12 T=18 T=24 T=36
SM, 37 37 37 38 38 39
SM, 34 34 35 35 35 36
SM, 22 23 23 23 24 24
SM, 15 15 15 16 16 17

Thus, the analysis of the temporal dynamics of postmortem changes in the magnitude of statistical
moments of the 3rd-4th orders, which characterize the distributions of random values of the fluorescence
intensity of the polycrystallinecomponent of the VB layers, made it possible to establish a sensitivity
range of 36 hours with an accuracy of determining the TSD of 15 minutes.

So, the observed fact of a practically linear change in the magnitude of the statistical moments of
the 1st-4th orders, which characterize the distributions of the objective parameters of laser microscopic
images of histological sections of biological tissues, became the basis for generalizing the results of
the scientists of the school of V. T. Bachynskyi, who initiated a pleiad of studies of biological tissues
using polarization techniques. Thus, on this basis, an analytical algorithm was developed to determine
and increase the accuracy of establishing of the TSD while maintaining the value of the time intervals.

Conclusions.

1. A comprehensive comparative study of the informativeness of the set of multidimensional
polarization and autofluorescence microscopy systems through statistical and wavelet analysis
of the temporal dynamics of changes in the optically anisotropic and biochemical structure of
the partially depolarizing layers of the VB in the diagnosis of TSD revealed the most informative
methods: scale-selective wavelet analysis of coordinate distributions of maps polarization-
reproduced LB of collagen networks of the polycrystalline component of the layers of the human
VB; spectral-selective laser fluorescence microscopy of the polycrystalline fraction of the layers
of the human VB.

2. The paper proved that the use of microscopic polarization tomography and spectral-selective
autofluorescence microscopy of images of the VB layers allows determining the TSD within
36 hours with an accuracy of 14-20 minutes.
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MOXKJUBOCTI BCTAHOBJIEHHSI TABHOCTI HACTAHHSA
CMEPTI 3A TOITOMOTI'OIO METO/IB BATATOMIPHOI
MOJSIPUBAIUMHOI 1 ABTO®JIYOPECHEHTHOI MIKPOCKOIIIT
CKJIOBUJHOTI'O TUIA JIOAUHN

Bbauuncskuii B. T, CapkicoBa 1O. B.
BykoBUHCHKHIT IepKaBHUIM METUYHUHN yHIBEpcUTET, YepHiBIli, Ykpaina

Pe3iome. BpaxoByioun MOTOYHHI CTaH CIpaB y MPAKTHYHIN CyIOBO-MEIUYHINA €KCIIEPTH31
Ta 3HAYHY KUIbKICTh HaYKOBHX JIOCIIPKEHb 3 TOYHOTO BU3HAYEHHS IIOCMEPTHOTO 1HTEPBAILY, MU
HPUXOMMO JI0 BUCHOBKY, 1110 BCTAHOBJICHHSI 4acy MiCIs CMEPTI € KJIFOUOBOIO, aJIe MOKH 110 HEJJOCTATHBO
BUpileHoo npobiemoro. TouHa oIiHKa 1aBHOCTI HACTAHHS CMEPTI Ma€ BUpIIIAIbHE 3HAUYCHHS IS
0araTboX PO3CIIiyBaHb 1 3AJIMIIAETHCS OHIEI0 3 HAUCKIIAIHINIUX 3MIHHHX.

JUis mpoBeACHHS TOYHOTO BU3HAYEHHS IaBHOCT1 HACTAaHHS CMEPTi BaXKJIMBO 3aCTOCOBYBATH
KOMIUIEKCHUH TiJX1/, OCKIJIBKH PO3B’si3aHHS 11i€l MpoOIeMu BUMarae ypaxyBaHHs BCIX aCIIEKTIiB
TaHATOT€HE3Y, BILTUBY (DAKTOPIB 30BHIIIHHOTO CEPEAOBUINA i 1HITUX 00CTaBUH cripaBu. Lle mpu3BoauThH
JIO 3pOCTaHHS TOMYJSPHOCTI CBITOBUX JOCIIIXKEeHb, 0 3aJTy4aloTh HOBITHI JIOCATHCHHS] METUITUHH,
Ximii, pi3UKK Ta KPUMIHATICTUKU. BUKOpUCTaHHS KOMIUIEKCHUX JOCIIIKEHb JO3BOJISIE€ HAOIM3UTUCS
JI0 BCTAHOBJICHHS PUOIM3HOTO Jiaa30Hy JaBHOCTI HACTAHHS CMEPTI.

Merta nociimkeHHs. Po3poOka KOMIUIEKCY 00’ €KTUBHUX CYJI0BO-MEAMYHHUX KPUTEPIiB A
MOKPAICHHS! MOYKJIMBOCTEH TOUHOTO BCTAHOBIICHHS IaBHOCTI HACTaHHS CMEPTI Ha TPUBAJIOMY Tepiozi
IIIIXOM 3aCTOCYBaHHS OaraToMipHOI MOISpU3aLiiHoOi i aBTO(ITYOPECIEHTHOI MIKPOCKOIII1 CKJIOBUIHOTO
Tija JFOUHU.

Marepiaau Ta metogu. O6’€KTOM JOCIIKEHHS OyNn 3pa3Ku CKIOBUIHOTO TijIa JIIONEH,
MIOMEPJIIHX BiJI CEPLIEBO-CYIMHHOI ATOJIOT1, 3 BITOMUM YaCOM HACTaHHS CMEPTI.

BuxopucToByBajau HACTYIHI METOAM JOCTIKeHHs: Miomiep-marpuyHe KapTorpadyBaHHs,
MIKpOCKOTIIYHA MOJsgpHU3aiiiHa Tomorpadisi, CIeKTpaIbHO-CEISKTHBHA JIa3epHO-1HyKOBaHa
aBTO(IIYOpPECICHIIis, CTATUCTUYHUHN 1 BEMBIIET-aHAIII3H PE3YJIBTATIB €KCIIEPUMEHTAIBHUX JaHUX.

Pe3yabraTu. [IpogemoHcTpoBana 3Ha4Ha €)EKTUBHICTH 3aIIPONOHOBAHUX METOJIUK Y TOUHOMY
BCTAHOBJICHHI JaBHOCTI HACTaHHS CMePTi. 30KpeMa, mosisipusaliiina MiKpocKoIiyHa ToMorpadis
3 BUKOPHUCTaHHSIM MacIITaOHO-CEIEKTUBHOTO BEHBIIET-aHaJIi3y PO3IOA1IIB BETUYUHU JIHIHHOTO
JIBOTIPOMEHE3aJIOMJICHHS IIapiB CKIMCTOTO Tijia JIFOAWHU 3a0e3Ieuye M1arH0CTUIHUM Jiama3oH
BU3HAUEHHS JABHOCTI HAaCTaHHS cMepTi 36 rof 3 TOYHICTIO 10 14-16 XB, 1110 He OYII0 TOCATHYTO KOTHUM
3 ICHYIOUHX JIa3€PHUX MOJSPU3ALIHHUX METO/IB. BogHouac moetnanHs nossipusaniiftHoi Tomorpadii
010JIOTIYHHUX TKAHUH 31 CIIEKTPATbHO-CEICKTHBHOIO JIA3EPHOIO (PIIyOPECIICHTHOIO MIKPOCKOMI€E0 (01HA
3 HAUYYTIUBIIINX METOIUK 3aB/SKH OIiHIII KOHIIEHTPALIMHUX MMapaMeTpiB MOJICKYIT) BIAKPUBAE HOBE
BIKHO MOKJIMBOCTEH Y BCTAHOBJICHHI IaBHOCTI HACTaHHS CMEPTIi Ta AIarHOCTHUI PI3HOMaHITHUX
MaToJIOTIYHUX cTaHiB. OTpUMaHi pe3yiabTaTH MiATBEPIKYIOTh €(EKTUBHICTh TaHOT METOIUKHU
Ta MOKAa3yIOTh JIarHOCTHYHUHN Jiania30H BU3SHAYCHHS JABHOCTI HACTaHHS CMepPTi 36 TOJl 3 TOUHICTIO
no 15-20 xs.

BucHoBKH. 3anpONOHOBaHNN y HAYKOBOMY JOCHIPKEHH] 1HHOBallIMHUN TiAX11 pOOUTH
3HAUHUI BHECOK Y PO3BUTOK CYyJOBO-MEANYHOI €KCIIEPTU3H, 3a0€31euy0uH OUIbII TOYHY Ta HaJiHHY
iIeHTUdIKaIio JABHOCTI HACTAHHS CMEPTI, 1110 MOXKe OyTH KOPUCHUM Y KPUMIHAJIBHUX PO3CITiTyBaHHIX
Ta NP BUPIIICHH] 1HIIUX CYIOBO-MEIUYHUX 3aBIaHb.

KurouoBi cjioBa: cynoBa MeuIIMHA, CKJIOBUIHE TiJI0, IaBHICTh HACTAHHS CMEPTI, J1arHOCTHKA.
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