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Abstract. This paper discusses the possibilities of azimuth-invariant Muller-matrix

mapping of coordinate distributions of the magnitude of the phase invariant of
the vitreous body structure for use in forensic practice, in particular, to solve

one of the most important problems for forensic experts - determining the time

since death.

The purpose of the work is to develop a complex of new forensic medical ob-
Jective criteria to extend the ability of accurately establishing time since death

according to the azimuthally invariant Muller-matrix mapping of coordinate

distributions of the phase Muller-matrix invariant of the structure of vitreous

body preparations.

Material and methods. Object of study — layers of vitreous body of the human

eye, selected from 76 bio-mannequins. The azimuth-invariant Muller-matrix
mapping method for coordinate distributions of the phase invariant of the

structure of vitreous body preparations was used for the study.

Results. We obtained the numerical values of the change in the magnitude of
the statistical moments of the 1-4th order, which characterize the coordinate
distributions of the phase Muller-matrix invariant of the layers of the vitreous

body by the magnitude of the time since death. The results illustrate the existence

of differences between the optical anisotropy of fibrillar collagen networks of
layers of vitreous body with different time since death. It is established that
the value of SM1 varies within the range of the mean values determined for all
groups of samples from 0.49 to 0.19, SM?2 - from 0.27 to 0.09, SM3 - from 0.51
to 0.97, SM4 - from 0.61 to 1.19.

Conclusion. The results confirm the diagnostic performance of the technique
to accurately determine the time of death, which will provide scientific validity,
specificity and objectivity of expert opinion.
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HIATHOCTHKA JIABHOCTI HACTAHHA CMEPTI METO/IOM
A3UMYTAJIbHO-IHBAPIAHTHOI MIOJIUIEP-MATPHYHOI
MIKPOCKOIIII CKJIOITOAIEHOI O TUIA JIIOJHHH

F0.B. Capkicosa

Pezrome. V daniti pobomi po3eisaHymo MO#CIUBOCHI A3UMYMANbHO-IHBAPIAHMHO20
Mionnep-mampuunozo kapmoepaghysants KOOPOUHAMHUX POZNOOLNIE 8ENULUHU
Gazosozo ineapianma cmpyKkmypu npenapamie ckionodioHo2o mina ioOUuHU 015
3ACMOCYB8AHHSA 8 CYO0BO-MEeOUUHIL NPAKMUYL, 30KpemMa O BUPIULEeHHs OOHIET
3 HAUAKMYATbHIWUX NPodIeM — 6CTNAHOGNEHHS 0ABHOCTI HACTAHHS CMEPM.
Mema podomu — po3podoumu KOMIIEKC HOBUX CYOOBO-MEOUYHUX 0O EKMUBHUX
Kpumepiie 015 po3uuperst YyHKYiOHANLHUX MONCIUBOCEN MOUHO20 6CAHO6-
JIeHHs OA8HOCMI HACMAHHI CMEPMI 3 OAHUMU A3UMYMATbHO-IHBAPIAHMHO20
Mionnep-mampuunozo kapmoepaghysants KOOPOUHAMHUX POZNOOLNIE 8ENULUHU
pazoeozo Mionnep-mampuunozo ineapianma cmpyKmypu npenapamie cKiono-
0i6H020 mina n10OuHuU.

Mamepian i memoou. O6 ekm 00CiONCEHHA. Wapu CKIONO0IOHO20 Mina oKa
M0OUHU, 8i0IOpani 6i0 76 biomanekeHis. [[ist 00CHIONCEHHS BUKOPUCOBYBAIU
Memoo asuMymanvHo-ineapianmuozo Mioanep-mampuunozo kapmoepagyeanns
KOOPOUHAMHUX PO3NOOINI6 6enudunU (haz06020 ineapianma cmpyKkmypu npe-
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napamis ckionodiono2o mina.

Pesynomamu. Mu ompumanu wucioei 3HaueHHs 3MiHU 8ETUYUHU CIMAMUCIUYHUX
Mmomenmig 1—4-20 nopsaokie, AKi xapakmepusyrms KOOPOUHAMHI pO3NOOLIU
senuuuHy ¢azoeo2o Mwoniep-mampuurnoeo iH8apianma wapie ckionooioHozo
mina 3a eenuuunoro JJHC. Odepowcani pe3ynomamu iloCmMpyrOms HAA8HICMb
BIOMIHHOCMEN MIdHC ONMUYHOK AHI30MPONIEI0 PIOPUIAPHUX KOTA2EHOBUX Me-
pedic wapie ckionodionozo mina 3 pisnoio JJ{HC. Bcmarnosneno, uo eenuduna
SM1 3minroemvcs 6 mesrcax OianasoHy 8USHAUEHUX OJisl 8CIX 2PYN 3PA3KIE cepeoHix
3nauens 6io 0,49 0o 0,19, SM2 — gio 0,27 oo 0,09, SM3 — 6io 0,51 oo 0,97,
SM4 — 6io 0,61 oo 1,19.

Bucnoeox. Ompumani pe3yiomamu niomeepoxcyons 0ilaeHOCMuUu4Hy epex-
MUBHICTNbL MEMOOUKU OJis1 MOYHO20 6CMAHOBIEHHSA YaAC)y HACMAHHS cMepmi,
wo 3ade3neuums HAyKo8y 0OIPYHMOBAHICMb, KOHKPEMHICMb | 00'ekmusHicmb
EKCNEepmHO20 BUCHOBK).

Knroueewie cnoea:
JIA3epHas NONAPUMempusl,
cyoebHas meOuyuna,
0aBHOCMb HACMYNIeHUs
cmepmu, CmeKki08UoHoe
meio.

bykosunckuii meouyun-
ckuti eecmuux. T.24, No 1
(93). C. 128-133.

AUATHOCTHKA JIABHOCTH HACTYIIVIEHHA CMEPTH
METOJOM A3UMYTATbHO-HHBAPHAHTHOH MIOJLIEP-
MATPHYHOH MHKPOCKOITHH CTEKJIOBH/THOI'O TEJIA
YEJIOBEKA

1O.B. Capkucosa

Pe3ztome. B oannoii pabome paccmompeHrvl 603MONCHOCTNU A3UMYMATbHO-UH-
sapuanmnozo Mionnep-mampuunoco kapmozpapuposanusi KOOPOUHAMHBIX
pacnpedenenuii geruyunbl hazo6020 UHEAPUAHING CIMPYKMYPbL NPenapamos
CMEKI08UOHO20 Mmend 4elogeKa OJisi NPUMEHEHUs 8 CYOeOHO-MeOUYUHCKOU
npakmuke, 8 YaCMHOCMU OJI5L peuenusi OOHOU U3 CAMbIX AKMYAIbHbIX NPOOIeM —
yemanognenue 0a8HOCMU HACMYNieHUs CMEPMU.

Llenv pabomuvr — pazpabomams KOMNLEKC HOBBIX C)YOeOHO-MEOUYUHCKUX 00b-
EeKMUBHBIX Kpumepues O0isl pacuiupenus PyHKYUOHANbHBIX 603MONICHOCIENU
MOYHO020 YCMAHOGNEHUSI OABHOCU HACTTYNAEHUSL CMEPMU NO OAHHbIM A3UM)-
ManbHO-uHeapuanmuo2o Mioanep-mampuino2o kapmozspagpuposanus KOopou-
HAMHBIX pacnpedenenuti genudunvl pazosoco Miwoniep-mampuunozo uneapuanma
CMPYKMYpbl NPEenapamos Cmeki08UOH020 meia Yel06exd.

Mamepuan u memoowt. O6vexm uUccie008anusl: C10U CMeKI08UOH020 mend
enasa uenogexa, omoopanmvle om 76 buomanexenog. [ns uccredosanus uc-
NONb306ANU MEMOO AZUMYMATLHO-UHEAPUAHMH020 Mionnep-mampuunoco
Kapmozpaguposanusi KOOPOUHAMHBIX pacnpedeseHull 6eruyunsl Gazoeo2o
UHBAPUAHTA CIPYKMYPLL NPENApamos CmeKi08UOH020 meid.

Pesynvmamut. Mol nonyuunu 4uciogvle sSHaUeHuss U3MeHeHUs GeIUUHbL Cma-
MUCMUYECKUX MOMEHMO8 [—4-20 nopsaoKos, Komopwvle Xapakxmepuszyom Ko-
opouHamuule pacnpedenerus senuyunsl hazoeo2o Mwoaiep-mampuuno2o um-
8apuanma cuoee cmekI08UOH020 meia no GeluduHe Oa8HOCMU HACMYNIeHUs
cmepmu. Tlonyuennvie pe3yivmamol uLIIOCMPUPYIOM HALUYUe pasiuiuil Mexcoy
ONMUYeCcKol aHu30mponuet PUOPULIAPHLIX KOINLAEHOBbIX cemell Cloes cme-
KI0GUOHO20 MeNd ¢ Pa3HOU OAGHOCHbIO HACMYNIeHUs cMepmu. Ycmanosneno,
umo eenuuuna SM1 mensemcs 6 npedenax Ouana3oHa ONpeoeleHHbIX O 6cex
epynn obpasyos cpeonux suavenuti om 0,49 0o 0,19, SM2 — om 0,27 oo 0,09,
SM3 —om 0,51 oo 0,97, SM4 — om 0,61 oo 1,19.

Bui600. [lonyuennvie pe3yrbmamsi n00meepicoaon OUaAZHOCMUYECKYIo 3¢-
GexmuerHocms MemoouKu 01 MOYHO20 YCMAHOBNEHUS 6PeMEHU HACTYNILCHUS
cmepmu, obecneyum HayuHylo 000CHOBAHHOCIb, KOHKPEMHOCIb U 00bEeKmus-
HOCMb IKCNEPMHO20 3aKNIOUEHUS.
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Introduction. In recent years, the advances in medical
science clearly show the desire of scientists to objectify
the results in the study of biological tissues and physical
mediums of the body that are being analyzed [11, 15].
This is a general trend in evidence-based medicine that
uses various instrumental diagnostic methods to specify
the extent of pathological changes detected in the study
[7-9]. The state of scientific research in forensic medicine,
which tends to use biophysical methods of diagnosis, is no
exception [1-6]. This is due to the fact that they provide a
quantitative objectivity, instead of a subjective evaluation
by a medical expert. Biophysical techniques also provide
rapid results, allowing them to be used as express diagnos-
tics. In this research, we propose to consider the possibility
of laser polarization techniques for the investigation of
biological tissues and fluids of the human body for use in
forensic practice, in particular for the establishment of time
since death (TSD), because this problem is one of the most
relevant for the practitioner expert.

The purpose of the work. To develop a set of new
forensic objective criteria to extend the functionality of
accurate TSD detection according to azimuth-invariant
Muller-matrix mapping of the coordinate distributions of
the Muller phase matrix invariant of the structure of hu-
man vitreous body (VB).

Material and methods of research. The VB was col-
lected at the department of the MMI “Regional Bureau
of Forensic Expertise” of the Department of Health of
Chernivtsi Regional State Administration under mixed
lighting, air temperature +18-22 °C and relative humid-
ity of 60-75%. Sampling was performed with an insulin
syringe (needle was inserted in the area of the outer corner
of the eye) in the amount of 0.25 ml in people who died
of cardiovascular pathology with a known time of death
(n=76) at different intervals.

Measurements of the magnitudes of the phase distribu-
tion of the Muller matrix invariant (MMI) of VB prepara-
tions were carried out with a classical Stokes polarimeter,

the optical scheme of which is shown in Fig. 1 [12—14].

The results of azimuthal-invariant mapping of the co-
ordinate distributions of the phase MMI value illustrate the
differences between the optical anisotropy of the fibrillar
collagen networks of the layers of the human VB with
different TSD. It is found that the coordinate distributions
of the phase MMI value of the sample of the VB at TSD
12 hours are characterized by a larger average value and
a range of random values compared to the similar coor-
dinate distributions of phase MMI determined for the VB
at TSD for 3 hours.

The established fact can be explained by the value of
the optical anisotropy, which is inversely proportional to
the phase modulation at the points of the plane of the layer
of VB [6-10]. Therefore, with the increase of TSD due to
necrotic changes, the level of optical anisotropy decreases.
Accordingly, the depth of phase modulation of laser ra-
diation is increased by optically anisotropic structures of
the VB sample. This necrotic process is accompanied by
larger random values of phase MMI [3,4].

The results of the statistical analysis of the temporal
dynamics of necrotic changes of the phase MMI maps of
the VB layers at different TSD are accompanied by opposite
tendencies — the increase of the mean and the variance
(Fig. 2). On the contrary, the magnitudes of the statistical
moments of the 3rd and 4th orders, which characterize the
asymmetry and excess, decrease.

Quantitatively, this scenario of changing the phase
structure of fibrillar networks of samples of human VB
with different TSD illustrates the statistical moments of
the 1st — 4th orders, which are shown in table 1.

We found that the linear range of change in the magni-
tude of the statistical moments of the 1-4th order, which
characterize the coordinate distributions of the phase MMI
of the layers of the human VB by the TSD is 24 h. The value
of SM1 varies within the range defined for all sample
groups by the average values from 0.49 to 0.19, SM2 from
0.27 t0 0.09, SM3 from 0.51 to 0.97, SM4 from 0.61 to 1.19.

Table 1

Temporal dynamics of changes in the magnitude of the statistical moments of the 1st - 4th orders
(SMi=1;2;3;4), that characterize the phase MMI distributions

SMi T=1 T=3 T=6 T=12 T=18 T=24
SM1 0,49+0,022 0,45+0,019 0,410,017 0,33+0,014 0,260,011 0,19+0,008
P p <0,05 p <0,05 p <0,05 p <0,05 p <0,05 p<0,05
SM2 0,27+0,012 0,25+0,011 0,22+0,01 0,17+0,008 0,13£0,006 0,09+0,004
P p <0,05 p <0,05 p <0,05 p <0,05 p <0,05 p <0,05
SM3 0,5140,023 0,57+0,025 0,62+0,027 0,74+0,034 0,85+0,039 0,97+0,044
p p <0,05 p <0,05 p <0,05 p <0,05 p <0,05 p <0,05
SM4 0,61+0,027 0,65+0,029 0,72+0,033 0,87+0,038 1,010,045 1,19+0,052
p p <0,05 p <0,05 p <0,05 p <0,05 p <0,05 p <0,05
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Fig. 1 Optical Stokes polarimeter scheme: 1 —He-Ne laser with wavelength 2=0,6328um; 2
— optical node (collimator) - flat wave formation; 3 — polarizing irradiator; 4 — layer of VB; 5 —
polarizing microlens; 6 — polarization analyzer; 7 — CCD camera; 8 — device for analytical data

processing — PC

Y. plals

X pexois

The results of changing the magnitude of the set of
statistical moments SM1;2;3;4 are presented in the form
charts in Figs. 3.

From the obtained data (Fig. 3) it is evident that the val-
ues of the mean, variance, asymmetry and excesses linearly
change within 24 hours. In this case, the most sensitive to
necrotic changes in the polycrystalline structure of the VB
were the temporal changes of the asymmetry SM3 and ex-
cess SM4. Quantitatively, this is manifested in the increase

Y, plosls

0s

6)

Fig. 2. Maps and distributions of the phase MMI of the layers of VB at TSD 3 hours (a) and 12 hours (b)

of the slope angles of such linear dependencies of higher
order statistical moments — Table 2.

Analysis of the obtained data on the time dependences
of the set of statistical moments of 1-4th orders, which
characterize the distribution of magnitude of phase MMI
at different intervals of the TSD, revealed the maximum
level (highlighted in gray) of accuracy in the determination
of the TSD within 44 min.— 46 minutes.
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Fig. 3. Time diagrams of changes in the magnitude of the statistical moments of the 1st - 4th orders (SM1;2;3;4), which
characterize the phase MMI distributions of the layers of VB with different TSD (T, h)

Table 2
Accuracy of TSD determination by Muller-matrix mapping of VB layers
SMi T=1 T=3 T=6 T=12 T=18 T=24
SM1 55 min. 56 min. 55 min. 57 min. 60 min. 61 min.
SM2 52 min. 53 min. 52 min. 53 min. 53 min. 52 min.
SM3 45 min. 46 min. 48 min. 47 min. 48 min. 48 min.
SM4 44 min. 45 min. 44 min. 45 min. 46 min. 46 min.
Conclusions practica. 2014;32-3.

1. The method of azimuthal-invariant Muller-matrix
mapping of coordinate distributions of phase MMI of layers
of human VB with different TSD was tested.

2. The time dynamics of the change in the magnitude
of the statistical moments of the 1st — 4th orders, which
characterize the distribution of the phase MMI of the lay-
ers of the human VB with different TSD, is investigated.
The range of sensitivity (24 h) and accuracy (44—46 min)
of the Muller-matrix mapping method of VB layers into
determined TSD were established

3. In order to increase the range of sensitivity and to im-
prove the accuracy of the Muller-matrix mapping method
of VB layers, in our opinion, it will be promising to use
the information capabilities of the scale-selective wavelet
analysis of the coordinate distributions of the phase MMI.
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