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3ACTOCYBAHHSA METOAY JEPMATOI'II®IKHA
TP LIEHTU®IKAIII OCOBUCTOCTI (OIJIS JITEPATYPH)

Komroouucnka 0. 3.

Pestome: V cTaTTi IPOBENEHO aHANI3 OCTAHHIX MyOJiKauii 3 mpobleMi BUKOPHCTAHHA AePMATOrNi(pidHOro MeToay Aocii-
JUKEHHS, SIK OJHOTO 13 METOIIB, 1110 3aCTOCOBYIOTECS IPH iAeHTH(iKanii 0cobr. BinoOpaxeHo 3HaYEHHS IEPMATOrTi(iYHOTO METOXY
JOCIIKEHHS y CYAOBiH MeMITNHI Ta KpuMinaticTrui. [IpeacTaBieHo 38’ 130K CyA0BO-MEIMYHOI ePMATOrMIQiKy 3 iHIIAMH MeIr-
HUMH Ta HEMEJIMYHUMH HayKaMH.

K1040Bi ¢J10Ba: CylI0BO-MEANYHA EKCIIEPTH3a, AepMarortidika, inenTHikamis 0coou.

HUCIIOJb30BAHUE METOJA JEPMATOI'/TM®PUKHA
NP UIEHTUOUKALIIUUA JTUYHOCTHU (OB30P JIMTEPATYPBI)

Komrwonuckad 1O. 3.

Pe3rome: B ctatne TIPOBEICH aHAJIN3 MOCICAHUX Hy6JIPIKaLII/Iﬁ o Hp06J'IeMC HCIIOJIb30BaHUA nepMaTornmquecmro METOda
HCCIe0BaHMs, KaK OJTHOTO U3 METOOOB, MPUMEHACMBIX IPH I/IZLCHTI/I(I)I/IKaLII/II/I JIMYHOCTH. Oma}KeHo 3HA4YCHUC I[epMaTO]"J'II/ICI)I/I‘IECKOFO
METOJIa UCCIIEIOBAHUSA B Cyﬂ€6HOfI MCIUUIHUHE U KPUMUHAJIUCTHKE. HpeJICTaBJ'ICHO CBA3b CyﬂeGHO-MeHKHHHCKOﬁ ,HepMaTOFJII/I(i)I/IKI/I C
APYTUMH MEIUIMHCKAUMHA ¥ HEMETMIIMHCKUM HayKaMH.

Knarwuessbie ciioBa: Cy,HCGHO-MeI[I/IHI/IHCKaﬂ OKCIepTHnsa, [[CpMaTOFHI/I(I)I/IKa, I/I,HGHTI/I@I/IKaIII/ISI JJAYHOCTH.
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POST-MORTEM INTERVAL ESTIMATION BY LASER-INDUCED
FLUORESCENCE OF POLYCRYSTALLINE CEREBRO-SPINAL
FLUID FILMS IMAGES
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ABSTRACT.
There are many new optical diagnostic methods (photometric, polarization and correlation techniques) of biological
tissue structure assessment, which are the most perspective in post-mortem interval determination.
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The purpose of the work. Development and testing of the two-dimensional Stokes-polarimetric mapping of
wzczl layers own fluorescence to evaluate accuracy of the post-mortem interval (PMI) assessment using statistical
“:s of postmortem changes dynamics of the coordinate distributions values of polycrystalline films of liquor (PFL)

“uwzes laser-induced fluorescence polarization intensity (LIFPI).

Materials and methods. Objects of investigation are PFL, taken in 72 corpses with accurately known time of

» znd 20 healthy volunteers. The cause of the death was cardiovascular accident. Coordinate distributions of LIFPI
mzs values were determined for each sample of PFL in the optical arrangement of the Stokes polarimeter in short-range
mezmim of optical radiation.

The value of statistical points 1 - 4 th order was perfomed for each two-dimensional distribution of PFL images

-alues. Statistical processing of the calculated values of set of points that characterize the LIFPI distributions was

~ ~ut The depending on the time change of the most sensitive points of statistical values were built.

Results and conclusions. Two-dimensional Stokes-polarimetric mapping distributions LIFPI of PFL images may

¢ szl in determination of the PMI. Statistical points of the first and fourth order are the most sensitive PFL optical

“0 evaluate postmortem changes by short-range fluorescence.

Keywords: post — mortem interval, cerebro-spinal fluid, lazer polarimetry, autofluorescence.

INTRODUCTION. The issue of post-mortem interval (PMI) estimation always attracted both foreign and
I “ic scientists, because it is the main problem in forensic practice [1-3,5-9]. Considerable difficulties of accurate
" =sumation are related to impact of large number of both external and internal factors on posthumous processes
»ment. The main method of PMI estimation is still estimation of early and late post-mortem changes degree. An
woemience and skills of the forensic expert are equally important. The results demonstrate incomplete, often subjective
rmzion with broad time frames of different types of biological tissues (BT) postmortem changes that can not
“=v meet the needs of investigations.
“nysical methods of BT changes evaluation, which use laser technology to study the dynamics of changes in the
wrsizlline structure optical properties after death are the most perspective in this area [1,8,9]. Polarization methods
»= new information about the morphological and optical-anisotropic structure of BT. It makes possible to establish
« setween BT physiological condition and polarizative- phase images parameters of BT architectonics.
-urrently, the possibility of objective PMI estimation is insufficiently studied by examining postmortem changes
sructure of microscopic images of laser-induced fluorescence of human biological fluids (BF).
= uorescent optical-physical methods are widely and very effectively used in medical diagnostics. These methods
e mesec on the use of fluorescence effects - secondary radiation of different molecular structures arising under short-
rcal radiation to BT or BF.
< have used a technique that is based on excitation of avtofluorescence of biological molecules by laser
Fuiianiee - 2 laser-induced fluorescence. This method allows to combine study sites in different spectral distributions of
L ufinorescence intensity
THE PURPOSE OF THE WORK. Development and testing of the two-dimensional Stokes-polarimetric
umuominz of biological layers own fluorescence to evaluate accuracy of the post-mortem interval (PMI) assessment using
Witz analysis of postmortem changes dynamics of the coordinate distributions values of polycrystalline films of
Vwwer PFL) images laser-induced fluorescence polarization (LIFP) intensity.
MIATERIALS AND METHODS. Objects of investigation are PFL, taken in 72 corpses of both sexes aged 33 to

| = wihaccurately known time of death which ranged from 1 to 41 hours (the main group), and 20 healthy volunteers
Vmmerson group). The selection of liquor was carried out by suboccipital puncture from great occipital tank of corpse
Wi furmz spinal anesthesia performing for surgery preparation in healthy volunteers. In main group liquor was selected

i cadzvers who died because of cardiovascular disease — 58 cases (80.6%), pulmonary tuberculosis - 8 cases (11.1%),
pusimminiestinal tumors - 6 cases (8,3%). According to the time since death next allocation: 1-8 hours - 14 cases (19.4%),
e moers- 14 cases (19.4%), 16-24 hours- 15 cases (20.9%), 24-32 hours - 15 cases (20.9%), 32-40 hours - 14 cases

\ —squor films formed in identical conditions by causing a drop of liquor in optically homogeneous glass. Drying of
Bms weres conducted at room temperature (t =22°C). Mathematical processing and analysis of PFL images to establish
W -mesed dynamics of CSF postmortem changes was performed.

“viofluorescent laser polarimetry.

“'zure 1 demonstrates a laser-Stokes polarimeter circuit, modified for autofluorescent study of biological layers
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Fig. 1. Optical circuit of autofluorescence Stokes polarimeter.
The explanation in the text.

PPL 6 irradiations regime consisted of parallel ( @ = 2 x 10°um) bunch of “blue” (1, =0.405um ) semiconductor
laser 1. Polarization irradiator consists of two polarization elements - quarter-wave plate 3 and polarizator 4. Image 6 PFL
samples using polarization object glass 7 (Nikon CFI Achromat P, the focal length - 30mm, aperture - 0.1, magnification -
4x) was projected into the light-sensitive plane 10 of CCD-camera (The Imaging Source DMK 41AU02.AS, monochrome
1 /2 «CCD, Sony ICX205AL (progressive scan); resolution - 1280x960; photosensitive plane size - 7600x6200 pm;
sensitivity - 0.05 Ix; dynamic range - 8 bit). PFL 6 samples polarization analysis was carry out by the help of quarter- wave
plate 8 and polarizator 9.

Thus, the main information objects for optic-physical methods set of PMI determination in our work are collection
of directly measured coordinate distributions of PFL fluorescence I,°(m x n) intensity [10]:

(z2), .. (),
), . @).) 1)

The statistical moment of the first (Z, ), the second (Z, ), the third ( Z,) and the fourth (Z, ) orders were used as the
main analytical tool to assess the PFL fluorescence intensity values distribution (further g(m x n). These moments were
calculated according to the following algorithms [1,9]:

1 (mxn)=

2)

where “N” - the number of CCD-camera photosensitive area pixels.

Results and discussion:

Posthumous dynamics of cerebrospinal fluid biophysical changes is largely dependent on changes in proteins
and their decay products [2,4,5]. Last ones are the consequence of free radical oxidation of proteins processes which has
activated practically in case of any pathology intravitality. This phenomenon represents on PFL properties to refract light
rays and laser beams. Accordingly, depending establishment of PFL laser polarimetric characteristics to PMI estimation
can be applied for diagnostic purposes.

There are known [5] the following fluorofores — proteins and NADH, which ones emit most intensely in the short
wavelength « dark blue - blue» spectrum 44 =0,46um= 0,48um

The fluorescence intensity increases by the pH increasing and conversely that observed in the postmortem processes
course. As for NADH, in case when wave lenght is 450 nm, the autofluorescence is decreasing. We can assume that it is
caused by the destruction of cells and therefore decrease of production NADH by them because of reducing the number
of mitochondria. In the NADH transition to oxidized state it loses its ability to fluoresce. Reduced form of NAD has a
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~aracteristic absorption bands in the UV range (260 and 340 nm) and emission in the range 465-480 nm. In the NADH
~:nsition to oxidized state it is loses 340 nm absorption band and the ability to luminescence.

The two-dimensional mapping of the ILIF distribution of molecular PFL in the short-range spectrum.

In carrying out ILIF distribution of values mapping the A", =0,45mxu bandpass filter with a peak bandwidth were

Experimental study of post-mortem biochemical structure changes temporal dynamics of PFL proteins and NADH
- measuring ILIF coordinate distributions was performed by the following algorithm:

I. Blue semiconductor laser LSR405ML - LSR - PS -II emission with a wavelength A = 0,405um and power
= 30mWt was applied for each PFL sample in the Stokes polarimeter optical arrangement (Fig. 1).

2. Spectral-selective two-dimensional PFL ILIF values distribution were measured due to a digital camera.

3. PFL images fluorescence maps measuring was performed in two stages. The first one - every 15 minutes during
1z arst 6 hours after death. Second one every 30 minutes to 12 hours after death.

4.The value of statistical points of the 1 - 4 th order was perfomed for each two-dimensional distribution of PFL
zzes ILIF values (equation (2)).

3. Statistical processing of the calculated values of set of points that characterize the PPL ILIF distributions within
-resentative sampling was carrlied out.

6. The depending on the time change of the most sensitive to structure PFL fluorescent maps alteration statistical
=== were built for dynamic range of values «variation - stabilizationy.

7. The PMI and accuracy of time since death estimation were defined.

The examples of PFL images ILIF two-dimensional mapping in different time since death on the Figure2 and
core 3 are represented.
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Figure 2. Coordinate structure (left side) and distribution histogram (right
side) of random values of PPL ILIF image. Time - 1 hour.
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Figure 3. Coordinate structure (left side) and distribution histogram (right
side) of random values of PPL PE’s image. Time - 6 hours.
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The analysis of the data by ILIF mapping have found:

1. There is a distinct PFL proteins and NADH fluorescence dependence to PMI PPL in the «short-wave» spectrum.
The change in the maximum intensity and range of spread in the histogram distribution has indicated in this fact (Fig. 2,
Fig. 3, right side). :

2. Concentration of proteins and NADH is rapidly decreasing due to PFL degenerative changes at the molecular
level with increasing observation time after death.

3. Comparison of autofluorescence random values of distribution histograms (Fig. 2 and Fig. 3, right side) has
shown that the ILIF extreme value decreased almost 5 times - %, . (T=1 hour.)=0,5 — I?,  (T=6 hour.)=0,11 during 6
hours after death.

4. Statistical points of the 1st and the 3rd order are the most sensitive PFL optical values to evaluate postmortem

changes. They characterize PFL images ILIF values mean and asymmetry distribution. Table 1.
Table 1

Time dependence of statistical points 1st and 3rd order which characterize the ILIF values distribution of
protein and NADH molecules of PFL

T, hours 1 4 8 12 18 24
Z, 0,52+ 0,63+ 0,74 + 0,91 + 1,08+ 1,25+
0,038 0,044 0,058 0,08 0,09 0,1
zZ, 0,85 + 0,92 + 1,08 + 125+ 1,44 + 1,59 +
0,065 0,072 0,087 0,1 0,11 0,13

Statistical analysis of temporal dynamics of the PFL (proteins and NADH molecules) image ILIF map values
distribution has found

1) the range of variation statistical values of the 1st order which characterizes the average value distribution PFL
ILIF samples in the «blue» region of the spectrum is 2.4 times;

2) the range of variation statistical values of the 3rd order which characterizes the asymmetry value distribution
PFL ILIF samples in the «blue» region of the spectrum is 1.87 times.

Analytical algorithm to determine postmotrtem interval

Figure 8 illustrates algorithm of postmortem interval estimation

7 A
]
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Figure 8. Algorithm of postmortem interval estimation. Here: T, - time of value Z” measurement start;; 7, - time of
value Z?’measurement end in the moment of its value ( Z@ (T) = const); T, - time of death; { - inclination angle of
informational dependence. Z(T).

After chart analysis we get the next equation to estimate interval:

Zi(l) _ Zi(l) Azi(u)

tof = = . 3
g¢ =T Al 3)

12
Using equation (3), we obtain the equation to estimate time since death:

AT,
T = Z ==
" AZMY (4)




e 2016 p.

“ere: 7% - objective value, defined by a fence liquor collecting in vivo in healthy volunteers.
Conclusions.
The two-dimensional mapping intensity distribution of laser-induced autofluorescence polycrystalline films

smpices for estimating the time since death in short-range spectrum of optical emission was approved.

2 Optimal interval in 24 hours and the accuracy of the time since death determination 25 min by short-wavelenght
Suwrzscence for proteins and NADH molecules were estimated.

“nmamic laser changes of PFL have demonstrated the effectiveness of this method for post-mortem interval
SHRIRE T
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JTOCIIIKEHHSI EOEKTUBHOCTI BUSHAYEHHS
JTABHOCTI HACTAHHSI CMEPTI
METOJAMMU JA3EPHO-IHYKOBAHO{ ®JIYOPECIEHIII]
MOJIKPACTAJIYHAX IIIBOK JIKBOPY

I'apazaox M. C.

AH0TaNisA. BusHaueHns naBHOCT Hactanus cMepti (JIHC) € oqHuM i3 OCHOBHHX HPOGNEMHMX MHTaHb CYIO0BO-
wews=01 npakTHKH. TlepenexkTuBruMy € ontuadi Metoau AiarHoctukn JHC i3 BUKOPHCTAHHAM KOMILIEKCY (hOTOMe-
TmirEERTL. TOIAPU3AIIMHUX 1 KOPENIIMHUX METOAMK.

MeTa poboru: Po3pobuty Ta anpoOyBaTH MeTOJ ABOMIPHOro KaprorpadysaHHs (IyopecueHHii 6iomorignmx
ssE 75 OLTBII TOYHOTO BUsHaYeHHS JJHC mIaXoM CTaTHCTHYHOTO aHasli3y AMHAMIKM MOCMEPTHHX 3MiH KOOPIHHAT-

¥ DOETIOILTIB IHTEHCHBHOCTI J1asepHO-iHyKoaHoi duyopecuenii (IJTI®) nomikpuctaniunux miisok giksopy(IIILI).

Marepiann Ta MeToau. O6’extom nocnimkenns e II1JI Bixg 72 tpymis (OCHOBHA Ipyma) 3 HONEPEIHBO BiIOMHM
Wowe S2CTaHHS CMEpTI (IPUMMHA CMEPTI - CepleBO-CyIMHHA HATOIOris), Ta 20 310poBHX H0GPOBOIBIIB (IPyIa KOH-

1% KoxHoro 3pasky IIT1J] BusHavanucs koopAMHATHI posnoniny 3uadens 1JIID 306paxkeHHs 3 HACTYITHEM 06-

WLnzEEEM BEMYUHM CTATHCTUYHUX MOMEHTIB | — 4-T0 MOPANKIB i CTATHCTUYHOI 0GPOOKOK BUMIPSAHOI CyKYIMHOCTI

W BKA3aHUX CTATHCTHYHMX MOMEHTIB. BylyBasucs 9acoBi 3a/e)KHOCT] 3MiHM BETMYMHM HAHGIIBIT 9y TIHBHX CTa-
=X MOMEHTIB 10 TOCSATHEHHS cTabiizamii 3HaueHb.
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Pe3ybTaTH T2 BHCHOBKH. JlOCITIDKEHO JAMHAMIKY MOCMEPTHHX 3MiH BEIMYUHM CTATHCTHYHHX MOMEHTIB 1 —
4-10 MOPAMKIB, AKi XapaKTepu3yoTh posnoninu 3HadeHs LJIID 306paxeHb TIT1] Ta BUSBJIEHO, IO CTATUCTUYHI MOMEHTH
1-ro i 4-r0 NOPsAKIB € HAWOLIBII Yy TIUBUMH IS KOPOTKOXBIJIBOBOI TiJISIHKU CIIEKTPY BUIIPOMIHIOBAHH.

JpsaMiuHi 3MIHH JJa3ePHAX XapaKTePHCTHK ITTJT moka3zaiu eheKTHBHICTb JAHOTO METOAY JUISL miarnoctuku JHC.

K1104oBi ¢/10BAa; JABHICTH HACTAHHS CMEpTi, JIIKBOD, JIa3epHa [OJISIPUMETPis, aBTOGTYOPECIEHILIS.

NCCJEJOBAHUE DPPEKTUBHOCTH ONPEJEJEHUS JABHOCTH
HACTYILJIEHUS CMEPTU METO/JIOM HABEPHO-HHI[YHPIPOBAHHOFI
®JIYOPECHHEHIIMHA MOJIMKPACTAJUIMYECKUX IVIEHOK JIMKBOPA

I'apasaiok M. C.

Annoranus. OnpeneneHue JaBHOCTH HACTYIICHUS CMEPTH (IHC) stBnseTCcst OOHUM U3 Haubosee TPOOIEMHBIX
BOIIPOCOB CY/Ie0HO-MEIUIIMHCKOH PAKTHKY. [1epCIEKTHBHBIMU ABILTIOTCA ontuueckie Metoasl auarHoctuku JJHC ¢
HCTIONb30BAHMEM KOMILTEKCa (POTOMETPUYECKHX, OIAPU3ALMOHHBIX 1 KOPPEISIHOHHBIX METOMHK.

Llean paGorhi: PaspaboTaTh H anpoOHpoBaTh METOJ ABYXMEPHOTO KaprorpadupoBanus (GIyopecreHIH ouo-
OFMUYECKHX CT0eB g Gonee Tognoro onpexenenus JHC myTeM CTaTHCTHYECKOro aHalM3a JUHAMHKY TTOCMEPTHBIX
M3MEHEHH KOOPAMHATHBIX PacTpe/ieieHHi HHTEHCHBHOCTH J1a3epHO-UHIYIHPOBAHHOH (IIyopecHeHIH (NN D) mo-
JTUKPUCTAIUTHIECKUX TUIEHOK JTHKBOPa (TIITID).

Matepuansl 1 MeToabl. OOBEKTOM HCCIIEN0BAHUs ABJIAIOTCA TITJT ot 72 TpymoB (OCHOBHAs TPyTNa) ¢ Hpel-
BapUTENLHO M3BECTHBIM BPEMCHEM HACTYILICHUS CMEPTH (MpHYMHA CMEPTH - CEPICYHO-COCYIUCTast narosiorus), u 20
3JI0pOBBIX JOOPOBOIBIEB (TPYIIIa KOHTPOJLA).

Jns xaxmoro obpasua IIII onpenensmcs KOOpAMHATHBIC pacnipenieneryst 3Hadennit MJIN® n300pakeHns ¢
[IOCIe/yFONIMM BBIYHCICHAEM BEIMYMHbB] CTATUCTHYECKIX MOMEHTOB 1 - 4-T0 IOPAAKOB U CTATHCTHYECKOH 06paboTKOH
M3MEPEHHOM COBOKYITHOCTH HX 3HaueHHH. CTPOUIUCH BPEMEHHBIC 3aBUCHMOCTH M3MEHEHMs BEIMYHHBI Hanbonee 1yB-
CTBUTEIBHBIX CTATHCTHYECKMX MOMEHTOB JI0 JOCTHKEHHs CTaOHIH3aIiH 3HAYCHUH.

Pe3yabTaThl H BBIBOIBI. Vccnenoana IMHaAMHKa ITOCMEPTHBIX HN3MEHEHHH BEIMYMHBI CTATHCTHYECKUX MOMCH-
ToB 1 - 4-TO MOPAIKOB, XapaKTEPU3YIOIIHX PaCIpeAeIeHUA snauennit UJIN® u3o6paxkenuit [IT1J1 1 06HapyKeHO, YTO
CTATHCTUYECKHE MOMEHTHI 1-T0 1 3-TO TIOPSIKOB SIBJISIOTCS HauboIee qyBCTBATCIbHBIMA 11 KOPOTKOBOJIHOBOTO y4acT-
Ka CIeKTpa M3Tyuenus. JJHHaMIHecKue M3MEHEHHS J1a3ePHBIX XapaKTepUCTHK TII1JT nokazanu 3P PEeKTHBHOCT TaHHOTO
metona mia qaargoctuku JHC.

KioueBbie ¢/10BAa: J1aBHOCTH HACTYTUIEHUS CMEPTH, JIMKBOP, JTa3epHast MOIAPUMETPHA, aBTO(hITy OpECLEHITHS.

VK 340.624.6:616-073.65

JIMHAMIKA MIKPOCKONTYHUX 3MIH AXIJITOBOT'O CYXOXKWIKY
YIPOJOBX JIBOX THKHIB IICJIA HACTAHHS CMEPTI

©IMoBceTrsinmii B.A.

J13 «/IHinponeTpoBChKa MEANIHA akazemis MO3 Ykpainn»

Pestome. B cTarTi HaBe/IeHI Pe3yIbTATH TiCTONIOTIMHOTO JOCIiIKEHHS AXIIIOBOTO CYXOXKMIKA y Pi3Hi TEPMiHH MiC/s HACTaH-
HSI CMepTi. BKa3zaHo Ha MOJTHBICTb 06’ €KTUBI3aIlil OIiHKY 3MiH 110 BUHMKAKOTb y CIIONy9HiA TKaHVH] B M3HEOMY TOCTMOPTAIBHOM

nepiozii. 3aNpoIOHOBAHO CTIOCIO BU3HAYCHHS NABHOCTI CMEpTi, IO 3MiHAM MDKKIITHHHOI PeJOBUHH Ta KJIITHH BHACIIIOK PO3BUTKY
ABTOJII3Y.
Ki04oBi cioBa. TepMiH HACTaHHS CMEPTI, TOCTMOpTAIBHUI IIEPi0Jl, CHOIyYHA TKaHUHA, ABTOJI3.

AKTyaTbHICTH TeMH. 3aBkau iHbopMALLis ITPO naeuicte Hactanus cmepti (JJHC) Mae BaK/IMBE 3HAUCHHA 1A
cimuux opramis [5,11]. o6 BUPIMHTH LIFO npobeMy IPOTATOM Oararbox POKiB [OCIITHUKA MPOTIOHYBAIN GaraTo
pizHEx metoxis [2,7-16]. BinbmicTs 3 mUX MeTO/IiB NpU3HadeHa Ul BUKOPUCTAHHS Y paHHill TOCTMOPTaTbHUH MEPION
(1-3 mobm) [5]. OnHak, HA CHOTOAHI, HE iCHy€ 3araTbHONPHAHATOTO OCTATOYHOrO METOIY /i BCTAHOBICHHA OHC y
BHIA/KY BUABIEHHs TPYITy y Ginbu misHii tepmin [9]. Lle 3yMOBICHO BETHKOIO MiHJIMBICTIO YMOB, B SIKHX NnepebyBae
TpyM, i iHAMBiAyaTEHUMU OCOOIMBOCTAMH IIOMEPIIOTO (CTyTiHb BroZOBaHOCTi, HASBHICTh NIPUKUTTEBHX 3aXBOPIOBAHD,
ocobmBocTi Mikpodopy) . Li hakTopy HPU3BOAATE 10 3HATHUX KOJMBAHb yacosoro intepsany npu BuszHavenni JJHC 1
BiZIHOCHOCT] BUCHOBKIB €KCIIEPTIB, AKi 4aCTO 3HAYHO 3aIEKaTh BiJl IOCBiTy Ta pETENBHOCTI (ikcanii JaHUX MEPBUHHOTO




