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Iesb vccnenoBanus: HayuHOe 0OOCHOBaHUE U Pa3pabOTKa JOCTYIHBIX MOP(HOJIOTHIECKIX KPUTEPHEB, TI03BO-
JITIOTINX YCTAHABJINBATD VINTETPHOCTD YMUPAHUS W TEMI HACTYTIJICHUS CMEPTH.

Marepuass 1 MeToabl. MaTepras ocHOBHOTO uccienoBanns — 206 BBISABIEHHBIX CIydaeB CMEPTH Y JIUIL C Pa3-
JIMYHBIM 3apaHee U3BECTHBIM TIPOIIECCOM YMUPAHUS, UTO U SBJISIOCh KputepueM otbopa us 1500 ciydaes cMepTu
(n=206, 14%). 13 HuX B paMKax CyAe0HO-MeANINHCKOI aKctiepTusbl — 110 ciyuaes Habm0neHUH, Cy1eOHO-Meaun-
[IMHCKOTO UCC/IEI0BAaHUS TPYIIa — 79 CJIydyaeB U B PAMKAX [IaTOJI0T0aHATOMUYECKOTo BCKpbiTust — 17 ciryyaes. OObem
BBIPaBOTKHM UCXOJHOrO MaTepuana coctaui ot 30 10 57 ciryyaes HabmoneHus B 5 Tpyax. Jljist mepBoro BpeMeH-
HOTO HHTepBasia GbLII0 0TOOpaHo — 53 ciryyast HaboAeH!il, 111 Broporo — 30 HabJoeHuil, 4151 TpeTbero — 32 Ha-
OMIO/ICHNS, TS 4eTBEPTOro — 34 HabMoAeHus u st nartoro — 57 nabmoaenuii. [Ipu nceaegoBanmy MaTeprana
NPUMEHSIIH CJIEAYIONIME METObL: AHAIM3 CBEACHUN 06 06CTOATENbCTBAX HACTYIICHK cMepTH (110 MaTeprajiam
Jleq1a), peTPOCTIEKTUBHBIN KINHUKO-aHATOMIYECKUN aHaN3, OCHOBHOW (KJIACCUIEeCKUI ) METO/T BCKPBITHS TPYTIOB
JIfo/Iel TIPW CEKITMOHHBIX NCCJIEIOBAHUSX U THCTOJOTHYECKOe nccaenoBanue. lomosantenbao npumensan NI'X-
rccyieloBaHme, a Takske MopdoMeTprueckuii, MaKpocKonmumdeckKuit u hotorpaduaecknii MeTobl. /[ TouHOCTH 1
Ha/IeKHOCTH TTOJTyYeHHBIX Pe3yJIBTaTOB NCCIE0BAHNS NCIOIB30BAIN MOP(OIOTO-CTATUCTHYECKUH aHAIN3, KOTOPBIH
BKJIIOYAN B ce0s KaK CTATUCTUYCCKUI anains MOp(hOJOrMIeCKNX MPU3HAKOB, TaK M TAHATOTCHETUYCCKMIT aHAIN3
carydaeB 0TOOPAHHOTO MaTepuaa.

Pesyabrarel uccienoBanus. Pazpaborain u HaydHO 000CHOBAIN METOIMKY YCTAHOBJIEHUSI 5-1 TEMIIOB yMUPa-
HUs 10 MOPGOJOTHIECKUM ITPU3HAKAM, CUCTEMAaTU3UPOBAHHBIM B MOP(MOIOTHYECKIE KOMILIEKCHI: MOJTHUEHOCHDBII
temn <15—30 mMun; 6prcTporii Temmn >30 Mun — <2 u; cpeanuii Temn >2 — <6 u; MeIeHHbIH Temi >6 — <12 u; am-
TembHbIA Temr >12 4. Anpobarus npeIoKeHHOr0 METO/Ia Ha BATOBOM 9KCIIEPUMEHTATBHOM MaTEpUAJIE TO3BOJIIIA
JU7IST KQKA0TO MOPGOTIOTTIECKOTO KOMIIJIEKCA YCTAHOBUTD IUATHOCTUIECKUN TIPefiesl CYMMapHOH 3HAYUMOCTH 1,
TakuM 06pa3oM, yCOBEPIIEHCTBOBATh METOMKY YCTAHOBJIEHUSI TEMITA YMUPAHIS 110 MOP(OJIOTHYECKIM IIPU3HAKAM
JUIs1 Cy1eOHO-MEANIIMHCKOM TIPAKTUKHL.

3axiouenne. YCTaHOBJIEHHbIE B JaHHOI paboTe MOP(OIOrnyecKre KOMILJIEKChI TeMIIAa HACTYIJICHUST CMEPTH
HOCJIY/KaT JabHEHIIIeMY PAa3BUTHIO HE TOJBKO CyAeOHO-MeMIITHCKON TAHATOJIOT U, HO U COBEPIIEHCTBOBAHUIO Jie-
4eOHO-TTPO(YUITAKTUYECKON [TOMOIIIN.

Kantouesvie crosa: memn ymupanusi; OnumensHocms (npoooijcumensHoCcy ) YMUpanist; azoHaibHulll nepuoo; He-
3annas cmepmv; Moppono2uecKue NPUSHaK; MOPGON02ULECKUTI KOMNIEKC; MAHAMO2EHE3

The purpose of the study: scientific evidence and development of accessible morphological criteria that allow
to determine the duration of dying and the rate of dying.

Materials and methods. The material of the main study included 206 identified deaths of persons with different
pre-known processes of dying, which served as criterion for selection from1500 deaths (n=206, 14%). Of these, 110
cases were observed by the forensic medical expertize, 79 cases were revealed by the forensic medical examination
of the dead body and 17 cases were included after the postmortem autopsy. The sample included from 30 to 57 cases
subdivided in 5 groups. 53 cases were selected for the first time interval, 30 observations for the second one, 32 ob-
servations for the third one, 34 observations for the fourth one and 57 observations for the fifth time interval. The
following methods were used to study the material: analysis of information about the circumstances of death (based
on the records), retrospective clinical and anatomical analysis, the main (classical) method of autopsy of human
corpses in sectional studies and histological examination. In addition, an immunohistochemical test, as well as mor-
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phometric, macroscopic and photographic methods were used. For the accuracy and reliability of the findings, mor-
phological and statistical analysis was used, which included both statistical analysis of morphological characteristics
and tanatogenetic analysis of the cases of the sampled material.

Study results. We developed and scientifically proved a methodology for determining 5 rates of dying according
to the morphological characteristics systematized in morphological complexes: fulminant rate <15-30 min; fast rate
>30 min — <2 h; moderate rate >2 — <6 h; slow rate >6 — <12 h; lingering rate >12 h. Approbation of the proposed
method on the gross experimental material allowed to set the diagnostic limit of the total significance for each mor-
phological complex, and thereby, to improve the methodology of establishing the rate of dying in accordance to the
morphological characteristics for the use in forensic practice.

Conclusion. The morphological complexes of the rate of dying established in this work would serve as a base for
further development of not only forensic thanatology, but also for the aim of improving the medical and preventive

care.

Keywords: rate of dying; duration of dying; agonal period; sudden death; morphological features; morphological

complex; thanatogenesis
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BBenenue

Omnpezesienrie  TIPOJOIKUTETBHOCTH — SKU3HU
YyeJIoBeKa TIPU PA3TIMYHBIX BU/IAX HACHJIbCTBEHHON 1
HEHACUJIBCTBEHHOI CMEPTH OKa3bIBAET CYIIECTBEHHYTO
MOMOIIIb CyIeGHO-CIIE/ICTBEHHBIM OpraHaM Mpu ycTa-
HOBJIEHUU UCTHHBI B X0OJI€ PACKPBITUSI U PACCIIEN0BA-
HUSI IPECTYILIIEHIH.

YcTaHOBIIEHVIE JUTUTETBHOCTY YMUPAHUS YeJI0Be-
Ka, a TaK)Ke CBSI3AHHOTO C HUM TeMIIa HACTYILIE€HUS
CMePTU 10 MOP(OJIOTUIECKUM TIPUIHAKAM SIBJISTIOTCS
ofHON W3 HamboJiee CTapbIX M CIOKHBIX TPOBIEM
Cy1eOHO-MEUITMHCKON TAHATOIOTHH, 0 CUX MOP He
MOJIYYMBILEH YZIOBIETBOPUTENBHOTO pelleHrs. TemIr
HACTYIUICHVSI CMEPTU 3aBUCHUM OT Psifia CYOBEKTUBHBIX
U OOBEKTUBHBIX MPUYUH, KOTOPBIE MOTYT YCKOPUTh
WY 3aMEJIJTUTh €TO U, TEM CAMBIM, TIOBJIUSATH HE TOJIBKO
Ha JJTUTEJIBHOCTD TIPOllecca YMUPaHUs, HO 1 Ha TaHa-
ToreHe3 B 1iesioM. C MOHMMAaHUEM MTPOUCXOJISIINX B
YMUPAIOIeM OPraHI3Me IPOIIECCOB CBSI3aHbI CBOEBPE-
MEHHOCTb, MHTEHCUBHOCTh U I[€JIEHAIIPABJIEHHOCTb
Mep, HalpaBJEHHbIX HA peaHuMaIuio yejoseka [1].
I[Ipesxne Beero, aT0 BaXKHO U1t OObEKTUBH3AIMN TTPO-
1[ecca YMUPAHUSI BO BDEMEHH, UTO [TO3BOJIUT 3JIEKBATHO
OLIEHUTb CBOEBPEMEHHOCTD U TIOJTHOTY IIPOBEIEHHBIX
JiedyeOHbIX MeponpusiTuil. B ¢Bsi3u ¢ 3TUM u3yuerne
JUTUTETBHOCTH YMUPAHUST U TEMITA HACTYILIIEHI CMep-
TH TI0 MOP(OJIOTUIECKUM TIPU3HAKAM B XOJI€ TAHATO-
TeHEeTHYECKOTO aHA/IN3a TIPU PA3THMYHBIX ITPUYMHAX
HACUJIBCTBEHHOI 1 HEHACUJIBCTBEHHOI CMEPTH C yue-
TOM BJUSIHUS BHENIHUX WM BHYTPEHHUX (HaKTOPOB
MOCITYSKUT JAbHEHIIeMY PasBUTHIO HE TOJIBKO Cy1e0-
HO-MEeIMIINHCKON TAHATOJIOTUH, HO U COBEPIIIEHCTBO-
BaHUIO JIe4eOHO-IPOPUIAKTHIECKON oMOmIH [2—5].

B nacrostiiiee BpeMst B cyeGHON MeAUITMHE B
3aBUCHMOCTH OT CKOPOCTH HACTYILJIEHWS] CMEpPTH
(TeMma yMuUpaHUsI) ee TOAPA3AETSIIOT Ha GBICTPYIO
(ocTpyIo), HACTYIAIOILYI0 MTHOBEHHO, BHE3AITHO, Oe3
arOHAJIBHOTO MEPUO/IA, U MeJIEHHYIO (aTOHAJIBHYIO),
HACTYMAIOILYIO MeJJIEHHO U COMTPOBOSKIAIONIYIOCS aro-
HUel, UIATIecst HeCKOIbKO MUHYT UJIH 4acoB 1 GoJiee
[4, 5]. Ora KmaccuduKaiss OCHOBBIBAETCS, TIPEKIE
BCET0, HA KJIMHNYECKIX 1 UHCTPYMEHTATIbHBIX TPU3HA-

Introduction

The determination of the life expectancy in dif-
ferent types of violent and non-violent death provides
substantial assistance to the judicial and investigative
authorities in establishing the truth in the investiga-
tion of crimes.

The determination of the duration of dying, as
well as the associated rate of dying based on morpho-
logical characteristics is one of the oldest and most
complex problems of forensic thanatology, which has
not yet received a satisfactory solution. The rate of
dying depends on a number of subjective and objective
reasons that can accelerate or slow it down and thus
affect not only the duration of the dying process, but
also the thanatogenesis as a whole. The understanding
of processes occurring in the dying organism is associ-
ated with the timeliness, intensity and purposefulness
of measures aimed at resuscitation [1]. First of all, it is
important to objectify the process of dying in relation
to timing to assess the timeliness and completeness of
the treatment adequately. In this regard, the study of
the duration of dying and the rate of dying according
to the morphological characteristics during thanato-
genetic analysis at various causes of violent and non-
violent death, taking into account the influence of
external and internal factors, might contribute to fur-
ther development of not only forensic thanatology, but
also to improving preventive and medical care [2—5].

At present, in the forensic medicine, depending
on the rate of dying, the death is considered fast
(acute), coming instantly, suddenly, without agonal pe-
riod, and slow (agonal), coming slowly and accompa-
nied by agony, lasting several minutes or hours or more
[4, 5]. This classification is based primarily on clinical
and instrumental characteristics developed by physi-
ologists and clinicians in the second half of the last cen-
tury [6]. Such well-known scientists as Avdeev M.I.,
MD, Professor, corresponding member of the USSR
Academy of Sciences (1957), Davydovsky 1.V.,, MD,
Professor, academician of the USSR AMS (1966), and
Kasyanov M.I., MD, Professor (1954) pointed in their
scientific works that death from any cause within 12
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KaX, pa3paboTaHHbIX (PU3NOTIOTAMU ¥ KIMHUIIUCTAMI
e1ile BO BTOPOH TI0JIOBUHE TIPONLIOTo croserus [6]. O
TOM, YTO HACTYILJIEHUE CMePTU B TedeHnue 12 yacos, ot
KakuX Obl IPMYKUH OHA HY POUCXOJINIIA, IAET OJ[MHA-
KOBYIO MOP(OJIOTNYECKYIO KAPTHHY, HA KOTOPYIO yKa-
3bIBAJIM B CBOMX HAYYHBIX pabOTax TaKKe M3BECTHBIE
yueHble, KaK [I. M. H., TpO(eccop, YIeH-KOPPECTIOHIEHT
AHM CCCP Aszees M. 1. (1957), 1. m. 1., ipocbeccop,
akaseMuk AMH CCCP [asbiosckuit 1. B. (1966),
n.M.H., ipodeccop Kacbsinos M. 1. (1954). B cBoux
paboTax OHU OTMEUAJIH, YTO MPH OBICTPO HACTYITUBIIEHT
CMEPTHU B IIOJIOCTSIX CePJIIa U KPYITHBIX KPOBEHOCHBIX
cocyiax OOHAPYIKUBAIOT JKUKYIO KPOBb G€3 CBEPTKOB.
Haxoskiene KpacHbIX CBEPTKOB KPOBU TaKIKe CBH/IE-
TeJIbCTBYET O KOPOTKOM aroHaJbHOM rnepuoze. [Ipu
JUIUTEILHON aroHuu 06pasyioTcst JKeJToBaTo-6esbie
uin GeJible CBEPTKH 3a CYET TIOBBIIIEHUsT CBEPThIBAE-
MOCTH KpoBU. V3 MUKDPOCKONIUYECKHX ITPU3HAKOB
GBICTPO HACTYMUBIIEH CMEPTH UMU OBLIU OTUCAHBI:
pe3Koe MOJHOKPOBUE KAIMJLISIPOB M BEHO3HBIX COCY-
[IOB, CTa3bl, MEJIKIE TIePUBACKYJISIPHBIE KPOBOU3JIHSI-
HUSI, TIEPUBACKYJISIPHBIEN oTek 1 np. HecmoTpst Ha TO,
YTO MAaKpO- ¥ MUKPOCKOIIMYeCKast MOPhOIornuecKast
KapTUHA OCTPOI CMEPTH IOBOJIBHO OXapPaKTePH30BaHA
GJraro/iapst HAyYHbIM TPYAaM TIPEbIAYIIEro MOKOJIe-
HUS1 yYEHBIX, U He BO3HIKAET TPYIHOCTEH C ee IMarHo-
CTHKOI1, K COJKAJIEHUIO, HA CETOAHSIIHUN JI€Hb 9TOTO
HEJI0CTATOYHO JIJIsI CYKIEHUI O ITTUTEIbHOCTH 1 TEMIIe
YMUPAHUSI.

Heobxo1mnmMo Takxke OTMETUTD, YTO YCTaHOBJIE-
HU€ [IJTUTEJTbHOCTH U TEMIIA YMUPAHUS SIBJISIETCST BAXK-
HBIM 3BEHOM TAHATOT€HETUYECKOT0 aHAINU3A [IPU Pa3-
Gope JIeTaIbHBIX CJIYYAEB Ha KIMHUKO-aHATOMUYECKIX
KoHGepeHuaxX 1pu auddepeHImanbHOl JMarHOCTH-
Ke, HaIIpUMep: OCTPOI MACCUBHOM KPOBOIIOTEPH C OCT-
PBIM MaJIOKPOBUEM, BHE3AITHON U CKOPOIOCTUKHOI
cmeprbio (BC u CC, coorBercTBenHO) U T.71. [lmuTenb-
HOCTh MHTEPBAJIA MEXKAY CepPAEYHBIM IIPUCTYIIOM U
MOMEHTOM CMEPTH [03BOJIAET BbIenTh B rpymie CC
ObIcTpyIo cMepTh (B mpegenax 60 munyt — BC) u CC
C MIPOJIOJLKUTEILHOCTHIO MaHU(pecTanny 3a60IeBaHst
no 1 cyrok [7, 8]. I ue cayuaiino B hopmyJie creru-
asmpHOCTH — cyae6Hast MeautuHa (dp crenuanTbHo-
cru: 14.03.05) B 01HOM U3 IIyHKTOB €€ PHOPUTETHBIX
obJracTell uCeIeIoBatus yKa3aHo — U3yYeHue IPUInH
U TAHATOTeHEe3a BHE3AITHOI CMEPTHU, COBEPIIIEHCTBOBA-
HUe METO/IOB ee TUarHOCTUKU U MpoduaakTuku [9].
Bce 9710 00BEKTHBHO CBU/IETEILCTBYET 00 aKTyaIbHO-
CTH TIOJI0OHOTO MCCIEA0BAHUS U 00YCIOBUIIO HEOOXO-
IVIMOCTB JIAJTbHENIIEr0 U3y4eHus MOP(OJOruIecKUX
U3MEHEHUII IPollecca YMUPAHUSI BO BPEMEHU IIPU Pas-
JINYHBIX BUIAX HACUJIbCTBEHHOI M HEHACHIbCTBEHHOI
CMEDTH JIJIs COBEPIIIEHCTBOBAHUST METO/IOB INATHOCTH-
KU TeMIIa HACTYTIIEHUsS] CMEPTH B Cy1€0HO-CIIE/ICTBEH-
HOU MPaKTHKe, a TAKXKe B PELIEHUH BOIIPOCOB 3/[PABO-
oxpaHeHUs. B cBsI3u ¢ 4eM KOJIJIEKTUBOM aBTOPOB
DOIBY «PIICM3» M3 PO B TeueHue HECKOIBKUX
Jiet pazpabaTbiBaeTcs IpobJIeMa yCTaHOBJIEHUS TEMIIA
HACTYIIJIEHUS] CMEPTHU U JIJTUTEIBHOCTU YMUPAHUS 110

hours presents the same morphological pattern. In
their works, they noted that liquid blood without clots
was found in the heart cavities and large blood vessels
after rapid death. The presence of red blood clots also
indicates a short agonal period. In the case of pro-
longed agony, off-white or white clots are formed due
to increased blood clotting. They described the follow-
ing microscopic signs of fast death: precipitous plethora
of capillaries and veins, stases, small perivascular hem-
orrhages, perivascular edema, etc. Although the macro
- and microscopic morphological presentation of acute
death is sufficiently described by scientific works of the
previous generation of scientists, and there are no dif-
ficulties with its diagnosis, unfortunately, today it is
not enough to make judgments about the duration and
rate of dying.

It should also be noted that the determination of
the duration and rate of dying is an important part of
thanatogenetic analysis while assessing lethal cases at
clinical-anatomical conferences in the process of dif-
ferential diagnosis, for example: between acute mas-
sive blood loss and acute anemia, sudden and
unexpected death (SD and UD, respectively), etc. The
duration of the interval between the heart attack and
the moment of death makes it possible to distinguish
rapid death in the UD group (SD within 60 minutes)
and UD with the duration of the disease manifestation
for up to 1 day [7, 8]. And it is no accident that the for-
mula of the specialty, i.e. forensic medicine (code of
specialty: 14.03.05), contains the study of the causes
and thanatogenesis of sudden death, improvement of
methods of its diagnosis and prevention as one of the
items of its principle areas of research [9]. All this ob-
jectively indicates the relevance of such a study and
necessitated further study of the morphological
changes in the process of dying with time in different
types of violent and non-violent death, in order to im-
prove methods of diagnosis of the rate of dying in
forensic practice, as well as in addressing public health
issues. In this connection, the team of authors of the
Russian Center of Forensic Medicine under the Min-
istry of Health of the Russian Federation has been
studying the problem of establishing the rate of dying
and the duration of dying according to morphological
data for several years [10, 11]. The introduction of mo-
lecular biology methods in the study of the terminal
state morphology is urgent [12, 13], especially in view
of the efforts of clinicians to predict the outcome of re-
suscitation [14, 15].

The purpose of the study was to accumulate sci-
entific evidence and develop accessible morphological
criteria that allow to determine the duration of dying
and the rate of dying.

Materials and Methods

The material of the main study included 206 identi-
fied deaths of persons with different pre-known processes
of dying, which was the criterion for selection from1500
deaths (n=206, 14%). Of these, 110 cases were observed in
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Mopdonorndeckum jgannbiM [10, 11]. AkTyanbpabiM
SIBJIIETCST BHE/IPEHUE METOI0B MOJIEKYJIIPHOI G1OJI0-
I B U3y4yeHue MOpMOIOTuI TEPMUHATIBHBIX COCTOSI-
Huii [12, 13], ocobento BBUIY yCHUJIMSA KINHUIMCTOB
110 POrHO3MPOBAaHUIO MCX01a peaHuMaruu [ 14, 15].

[lenb viceeoBanus — Hay4HOe 0O0CHOBAHUE U
paspaboTKa AOCTYMHBIX MOPHOJOTHYECKUX KPUTEPU-
€B, TI03BOJISTIONINX YCTAHABIUBATH [ITIUTEIBHOCTD YMU-
PaHUsS U TEMIT HACTYILJIEHUS CMEPTH.

MaTepnaJI U METO/1bl

Marepuan octoBHoro nccsenopanus — 206 BbIsABICH-
HBIX CJTy4aeB CMEPTH Y JIMI[ C PA3JINYHBIM 3apaHee M3BeCT-
HBIM IIPOIIECCOM YMHPAHMUS, UTO W SIBJISIJIOCH KPUTEPHEM
orbopa uz 1500 cayuaes cmepru (n=206, 14%). V13 Hux B
pamKax cyae0HO-MeMIIMHCKOI aKcnepTussl — 110 cayuaes
HabJTIO/IeHUIA, CyIeOHO-MEIUITHCKOTO MCCIE0BAHS TPYTIa
— 79 caydaeB M B paMKax [aTOJIOTOAHATOMUYECKOTO BCKPbI-
tust — 17 coryqae. PacnipesiesieHie ieTaIbHBIX CJIYYaeB C 3a-
paHee  WM3BECTHBIM  IPOIECCOM  YMHUPaHUS 10
HEIOCPEe/ICTBEHHON TPUYNHE CMEPTH 1 ITTUTEIbHOCTH YMU-
panus npezcrasui B tabur. 1. Beibopky Matepuaia B OCHOB-
HOM TIPOBOJIVJIN C €TO PeYIIPOBAHUEM HA TPYIIIIBI C yIETOM
JUTUTETBHOCTH YMUPAHUS IO CJIEYIONINM BPEMEHHbBIM HH-
TepBajiaM aroHasibHoro nepuoza: 1) < 15—30 munyT; 2) > 30
MUHYT < 2 9acoB; 3) > 2 < 6 yacos; 4) > 6 yacoB < 12 yacos;
5) > 12 yacos. O6beM BbIPaOOTKN HCXOIAHOTO MaTepHalia co-
craBust o1 30 10 57 cirydyaes HabuoaeHus B 5 rpynax. [
MepPBOro BPEMEHHOTO WHTEepBasa ObLI0 0TOOpaHo — 53 ciry-
vast Habmogenuii (rpynma 1, n=53), ausa sroporo — 30 Ha-
6mogenuii  (rpynna 2, n=30), aas Tperbero — 32
Habumogenust (rpymmna 3, n=32), 1151 uerBeproro — 34 Habuo-
nenust (rpynna 4, n=34) u aus naroro — 57 HabsoaeHNi
(rpymma 5, n=57) (pUCYHOK).

1500 cases of violent and non-violent death,
check for the pre-known process of dying in their history

1178 excluded casesdo

_’ i e
not comply with the requirements

Y

322 randomly distributed
(expert's and specialist's conclusions
and protocols of postmortem autopsies)

v v v v

Group 1 Group 2 Group 3 Group 4| | Group 5
n=ﬁg n=56 n=55 n=56 n=87
15 26 23 22 30
excluded | | excluded | |excluded | | excluded | | excluded
v v v v v
Group 1| | Group2| | Group 3| | Group4| | Group 5
n=53 n=30 n=32 n=34 n=57
Sample
n=206

Puc. 1. Cxema BbIGOPKH MaTepuaJa.

Fig. 1. Sampling flow-chart.

ITpumeuanue. Cases — ciayuaes; of violent and non-violent death,
check for the pre-known process of dying in their history — nacuJib-
CTBEHHOM 1 HEHACUJTbCTBEHHO CMEPTH, TPOBEPSEMBIX Ha 3apaHee
M3BECTHBIN Ipoliece ymMmupanus B ux ucropuu; excluded — uckiio-
yennbix; do not comply with the requirements — ne yaosierso-
paomux  tpeboBanmsam; randomly distributed (expert's and
specialist's conclusions and protocols of postmortem autopsies) —
CITy9aifHO pacTpe/iesIeHHBIX (3aKTI0UeHnIT SKCIIEPTA 1 CIIEIHAIIT-
CTa, 1 TIPOTOKOJIOB MaTOJOTOAHATOMUYECKUX BCKPBITHUIT); group —
rpymia; sample — BbIGOpKa.

TaGmma 1. HenocpeacTBeHHbIe IPUYMHbI CMEPTH H JJIUTENBHOCTD YMHPAHHUSI HCCJIEyEMbIX JIHII.
Table 1. Immediate causes of death and duration of dying of the studied subjects.

Parameters Values of parameters in groups
Groups 15 2nd 34 4th 5t Total
Duration of dying <15—30min >30 min<2h >2h<6h >6h<12h >12h
Causes of death n n n n n
Death from injury (extensive and/or severe
destruction of the body and its parts) 16 5 2 1 2 26
Complications of trauma,
which directly resulted in death:
blood loss 10 9 10 9 6 44
shock 6 5 3 2 2 18
embolism 2 1 1 1 1 6
compression of organs with blood — 1 1 1 2 5
Asphyxia 14 2 1 1 2 20
Electric shock 1 1 1 4 8
Hypothermia — 2 1 2 2 7
Thermal burns — 1 1 3 10 15
Poisoning 1 1 5 7 9 23
Sudden death (cardiovascular diseases) 3 2 6 6 17 34
Total 53 30 32 34 57 206

IIpumeuanne. Parameters — nokazaresu; values of ... in groups — 3nauenusi ... B rpynmnax; duration of dying — pumuresnbnocts ymupanus;
causes of death — npuuunbr cmepru; death from injury (extensive and /or severe destruction of the body and its parts) — cmepts oT
TpaBMbl (0OIIUPHBIE U/WK TPyOble paspylieHus Teja U OTAeNbHbBIX ero yacreii); complications of trauma, which directly resulted in
death — ocsoxnenus TpaBMbI, KOTOPbIE HeTOCPeACTBEHHO MpuBesn kK cMepT; blood loss — kposonorepst; shock — 1mok; embolism —
amboaust; compression of organs with blood — caasnenue opranos kposbio; asphyxia — acdukcus; electric shock — anmekrporpasma;
hypothermia — o6mee oxnaskaenue; thermal burns — repmuueckue osxkoru; poisoning — orpasaenust; sudden death (cardiovascular dis-
eases) — BHe3salHast cMepTh (3a00JIeBaHIsI CePIeYHO-COCYAUCTOl crcTeMbl); total — Beero.
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MOHTATOPIAHI‘ M MCXOA KPUTUICCKNUX COCTOSHUM

[Tpu mccnenoBaHUN MCXOMHOTO Marepuasa IIphMe-
HSLTH CJIE/LYTOTIE METOJIBL: AHAJI3 CBEIEHUIT 06 00CTOSATEI b=
CTBaX HACTYIUIEHHS cMepTd (IO MarepuajiaMm Jeja),
PETPOCIIEKTUBHBII KJIMHUKO-aHATOMIYECKUH aHAJIN3, OC-
HOBHON (KJIacCHYEeCKNiT) MEeTO/l BCKPBITUS TPYIIOB Jroeit
TIPU CEeKIIMOHHBIX NCCIIEI0OBAHMIX, THCTOTIOTHIECKOE FCCIIe-
noBanne, a Takke MI'X-mcenenosanme, o HAIIUM TaHHBIM
00 skcnpeccun pubpuHoOreHa B jerkux (Tabir. 2), BHocsIee
BKJIAJ[ B Pa3pelieHue mpooIeMbl YCTAHOBICHHST TeMTIIa U [TH-
TeJILHOCTH yMUPaHUsL. [lOIOTHITETbHO TPUMeHSITH Mopho-
MeTPUYeCKUil, MaKkpoCcKomudecknii n goTtorpaduaeckuit
MeTozibl. B oHOM 13 cirydqaeB cMepTH OT yIbMIHAHTHOTO
cericrica (MOTHUEHOCHAs (hopMa cericrca) JIJIst NCCIIeioBa-
HUS Ay TONICHITHOTO MaTeprasa BliepBble IPUMEHHJIN METO]
[TIIP (mommvepasHast TierTHast peaKifist).

J1711 TOUHOCTH 1 HA/IESKHOCTH TIOTyYeHHBIX pe3yJIbTa-
TOB MCCJIE/IOBAHMS NCIIOJIB30BATN MOP(HOJIOTO-CTATHCTHYe-
CKWI aHAJIN3, KOTOPBII BKITIOYAT B ce0s1 KaK CTATUCTHIECKIUIT
aHaJII3 MOP(OJIOTHUECKNX TPU3HAKOB, TaK M TAHATOT€HETH-
YyecKuii aHaJIu3 ciydyaeB 0ToOpaHHOTO MaTepuasa [16, 17].
TanaToreneTnmuecknii (TIOTYKOJINIECTBEHHBIN ) aHamn3 [16]
TIO3BOJIUJI COCTABUTH CY’K/IEHVE O HETIOCPEACTBEHHOH TIPH-
YITHE CMEPTHU 1 TeMIIe YMUPaHMs, a TaKKe c(hOpMYyIUPOBATH
KJIMHUKO-aHATOMUYECKIH SMMKPU3 KaK HEOOXOMMBIN KOM-
MOHEHT 1151 MOP(OJIOr0-CTaTUCTHYECKOro aHasm3a (Tabir. 1).
[Ipy CTATUCTIYECKOM aHAIM3€ BBIYUCIIMIIN CPEIHIE OATITbI
U WX ONUOKH, CPeIHIE KBaJIPATHYHBIE OTKIIOHEHUSI, OBEPH-
TeJbHBIEe HTEPBAJBI, MPOBEIN KOPPEISIIMOHHbI aHAIN3
TAaHHBIX MOP(OTIOTHYECKNX TTPU3HAKOB. OIEHKY T0CTOBEP-
HOCTH IMPOBOANIH O t-kputepuio CteiofeHTa. Pazmmuns
CYMTAIM JIOCTOBEPHBIMH, e P coctaBisin 95% u Goiee
mporertos (p<0,05—0,01). O6paboTKy TaHHBIX OCYIIECTB-
JISITTH € TIOMOIIIBIO JTMTIEH3WOHHOI BEPCUH MaKeTa MpUKJIa-
Hbix nporpamm SAS (Statistical Analysis System) u
CTaHIaPTHBIX MaTeMaTHaecKux Tabimir «Microsoft Excels.

PesysbraThbl H 00CyKA€eHHE

Ha ocnoBe ananuza 1moy4eHHbIX PE3YJIbTATOB
onpenennsn 34 Hecnenupuueckux Mopdosiornyie-
CKUX TpU3HaKa (KPUTEPHUsI) C BBICOKOI YaCTOTOI
Berpevaemoctu (taba. 2). B 1-ii rpymme (n=53)
HAOJTIO/IEHNST CJIyIaeB HACUIbCTBEHHON 1 HEHACHIIb-
CTBEHHOU cMepTH, BoisiBUIN 12 Mopdosornueckunx
npusnakoB. Bo 2-it u 3-it rpynmnax (n=30 u n=32,
COOTBETCTBEHHO) — 110 6 MOpdosIOrnUecKrX TPU3HA-
KOB. B 4-it u 5-if rpynnax (n=34 u n=57, coorBer-
CTBEHHO) — 110 5 MOP(hOJIOTHYECKUX TPU3HAKOB.

Ha zaksiounTesnipoM aTare MCcie0Banmst IaH-
Hble MPU3HAKU ObLIM MCIIOJB30BAHBl B MOPHOJIOTO-
MaTeMAaTUYeCKOM MOJIEJIUPOBAHIK TIPOIECCa YMUPa-
HYsI, HA OCHOBAHMM KOTOPOTO pa3paboTajiv U HAy4yHO
060CHOBAJIN METO/IVKY YCTAHOBJICHUS ITUTEIIBHOCTH 1
TeMIa YMUPAHU 110 MOPMOIOrUYecKM ITpu3Hakam. B
XOJI€ UCCJIEIOBAHYST BBIIBUJIM, UTO CYOHEKTUBHAS IKC-
HepTHasT OlleHKA TIPU3HAKOB O MPUBEIEHHBIM M03H-
IVSIM PA3JINYAeTCsT B 3aBUCUMOCTH OT HABBIKA IKCITEPTA
U CTasKka ero paboThl, YTO OTPUIATEILHO CKA3bIBACTCS HA
JIOKA3aTeJIbCTBEHHOM 3HAYEHUH BBIBOJIOB HJIU CY KII€-
HUIL. /17151 COBEPIIIEHCTBOBAHMS IAHHOTO METO/IA Cy/1e0-
HO-MEIIUTIMHCKON TIPaKTUKKU pazpaboranu TabJiuiLy,
MO3BOJIIONIYIO YCTAHOBUTD IMSITh BAPUAHTOB TeMIIa
HACTYIUIEHUST CMEPTH 110 -1 MOP(OJIOTHYECKUM KOM-

the forensic medical expert examination, 79 cases in the
forensic medical examination of the dead body and 17 cases
in the postmortem autopsy. The distribution of lethal out-
comes with a pre-known process of dying in accordance to
the immediate cause of death and duration of dying is pre-
sented in Table 1. The sampling was mainly carried out
with its reduction into groups taking into account the du-
ration of dying in the following time intervals of the agonal
period: 1) < 15—30 minutes; 2) > 30 minutes < 2 hours; 3)
> 2 < 6 hours; 4) > 6 hours < 12 hours; 5) > 12 hours. The
baseline sample included from 30 to 57 cases of observation
in 5 groups. For the first time interval, 53 cases were se-
lected (group 1, n=53), 30 observations for the second one
(group 2, n=30), 32 observations for the third one (group
3, n=32), 34 observations for the fourth one (group 2,
n=34) and 57 observations for the fifth time interval
(group 5, n=57) (figure).

The following methods were used to study the mate-
rial: analysis of information about the circumstances of death
(based on the case records), retrospective clinical and
anatomical analysis, the main (classical) method of autopsy
of human corpses in sectional studies, histological study, as
well as immunohistochemical study, according to our data
on the expression of fibrinogen in the lungs (table 2), con-
tributing to the resolution of the problem of establishing the
rate and duration of dying. In addition, morphometric,
macroscopic and photographic methods were used. In one
case of death from fulminant sepsis, the method of PCR
(polymerase chain reaction) was applied for the first time to
study the autopsy material.

For the accuracy and reliability of the findings, mor-
phological and statistical analysis was used, which included
both statistical analysis of morphological characteristics and
thanatogenetic analysis of the cases of the sampled material
[16, 17]. The thanatogenetic (semi-quantitative) analysis
[16] allowed to make a judgment about the immediate cause
of death and the rate of dying, as well as to formulate clinical
and anatomical epicrisis as a necessary component for mor-
phological and statistical analysis (table. 1). During the sta-
tistical analysis, we calculated the average scores and their
errors, the mean square deviations, confidence intervals, and
conducted a correlation analysis of these morphological
characteristics. The significance was assessed according to
the t-test. Differences were considered significant, if p was
95% or more (p<0.05—0.01). Data processing was carried
out using the licensed version of the SAS (Statistical Analy-
sis System) application package and standard mathematical
tables «Microsoft Excel».

Results and Discussion

Based on the analysis of the findings, 34 non-spe-
cific morphological features (criteria) with a high fre-
quency of occurrence were determined (table 2). In
group 1 (n=53), the analysis of violent and non-vio-
lent deaths identified 12 morphological features. In
groups 2 and 3 (n=30 and n=32, respectively) 6 mor-
phological features were identified. In groups 4 and 5
(n=34 and n=57, respectively), 5 morphological fea-
tures were identified.

At the final stage of the study, these features
were used in the morphological and mathematical
modeling of the process of dying, on the basis of
which a methodology for determining the duration
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Ta6auua 2. Mopgosoruueckue NpU3HaKy /151 yCTAaHOBJICHHUS TEMIIA HACTYIUIEHHS CMEPTH.

ITokasarerp  OmnucaHue NPU3HAKOB HNupexc

3HAYUMOCTH
Mopdonornyeckuii Komiiekce I: MOJIHHEHOCHBI TeMIT HACTYIUICHUSI CMEPTH

X1 [OJIHOE OTCYTCTBYE WK KPaiiHe c1abast BhIPaKEeHHOCTh OTEKA JIETKUX 1 MO3Ta 0,29

X2 CBEKIIE APEAKTUBHBIE KPOBOUBIUSIHIIS B TAPEHXUMY JIETKUX W MO3Ta 0,16

X3 HabyxaHne HEHPOHOB PETHKYJISPHOI (HOPMAIIN TOTTOBHOTO MO3Ta C 0YATOBBIM aPEAKTHBHBIM 0,16
KapUOJIM30M U IIUTOJIU30M O€3 BBIPAKEHHON TIMATbHON Peakiun

X4 MOJTHOKPOBUE KATMJIISIPOB BHYTPEHHUX OPraHOB, 0COOECHHO JIETKUX W KOPBI MOYEK 0,19

X5 OCTpbIe N3BMEHEHNS MUOKAPAA 110 THIy anddysHoil pparMenTaiuy u/mim HuTon3a, 0,18
BOJIHOOOPA3HOIT M3BUTOCTHU KAPAUOMUOIIUTOB U APYTUe MPU3HAKK CEPAECYHOTO TAHATOreHE3a

X6 OTCYTCTBUE T. H. IOKOBOII T€PECTPOITKHI TeMOIITHAMUKI 0,24

X7 B HA/[IIOYEUYHHIKAX COCTOSIHUE KJIETOK KOPBI IEMOHCTPUPYET BBICOKOE COZIEPIKAHUE JINTINJIOB 0,18

X8 HaJlM4ue HePBUYHOI MOUYM B KAIICYJIaX HOYEUHBIX KJIyOOUKOB 0,2

X9 OBICTPOE Pa3BUTHE AYTOJNM3A B CEJIe3eHKe U JIP. OpraHax 0,26

X10 CIIEIMAIN3UPOBAHHBIE COCY/ICTBIE CTPYKTYPBI JIETKUX U MO3Ta B BUJIC TAK HA3bIBAEMBIX 0,19
3aMBIKAONIUX aPTEPUI IIPU OBICTPOM YMUPAHUY ABJSIOT KADTUHY ClIa3Ma

X11 MMMYHOTHUCTOXUMHUYECKOE BBIsIBIEHTE (KOPIUUHEBAsT OKPACcKa) He3HAYNTETHHOI dKCITPECCHI 0,18
(hubprHOreHa B TKAHI JIETKOTO

X12 OTCYTCTBUE CUH/IPOMA JIIICCEMUHIPOBAHHOTO BHYTpUcocyucToro ceeproisanus, win /[BC-cungpoma 0,19

(TI0JTHOE OTCYTCTBIE MUKPOTPOMOOB HJIM UX HATMYIE TOJIBKO B OJTHOM OPTaHe)
U PECHIPATOPHOTO JIICTPECC-CUHIPOMA
Mopddoaornyeckuii komiwiekc II: GbICTPbIN TEMI HACTYIIEHHS] CMEPTH
X1 HaYyaJbHBII OTEK TOJIOBHOTO MO3Ta 0,28
X2 B KOPE TOJIOBHOTO MO3Ta MOSIBJISTIOTCST HIIIEMUYCCKIe I3MEHEHNST MTUPAMUIHBIX HEHTPOHOB, 0,26
a B CTBOJIE TOJIOBHOTO MO3Ta 3aKOHOMEPHO HAOJIIOAIOTCSI ABJICHIISI CATEJINTO3a
11 04aroBOil HeHPoHO(MArNN KJIETOYHBIX 3I€MEHTOB C TPU3HAKAMI KapHoJIi3a
X3 B [I0YKaX yIKe MOSIBJISIIOTCS TIPU3HAKH [IEHTPATU3AINN KPOBOOOPAIICHMUST 0,27
X4 B JIETKUX OTMEYAETCSI TIPUMECH K MHTPAAIbBEOJIAPHOMY TpaHccyaTy (GubpUHOTreHa, 4T, BEPOSITHO, 0,28
oTpakaeT BO3HNKHOBEHHE HAYaTbHBIX TIPI3HAKOB PECIIIPATOPHOTO MCTPECC-CHH/IPOMA B3POCIIBIX,
3aKOHOMEPHO Pa3BMBAIOIIETOCS B OTBET HA ITOBPEXK/CHNE

X5 B HA/IMOYETHIKAX HA ITUX CPOKAX HEIIPEMEHHO UMEIOTCS 30HDI JICTUITONIN3AIUN B CETYATON 30He 0,28

X6 AyTOJIN3 CEJIE3EHKI 1 JIPYTUX OPTAaHOB MeHee BHIPAKEH, & CKOPOCTD €T0 Pa3BUTHSI 3aMe/[JIeHa 0,27
Mopdouornyeckuii kommiekc I1I: cpeuuii TeMn HacTyIUIeHUs] CMePTH

X1 BBIPAKEHHBII OTEK TOJIOBHOTO MO3Ta 0,24

X2 B KOpE€ TOJIOBHOTO MO3Ta WIIeMUYeCKIe M3MEHEeHNsT TUPAMUIHBIX HEHPOHOB CTAHOBSTCS 0,23

PacIpoCTpaHEHHBIMH, TTOSIBJISIIOTCS €/INHIYHbBIE TTMKHOMOP(hHBIE HEPOHBI, B CTBOJIE TOJIOBHOTO MO3Ta
3aKOHOMEPHO HAOJIIOIAIOTCS SABJICHSI CATEJUIITO3a 1 09aroBOM HEHPOHO(MArUU KIETOUHBIX 3IEMEHTOB
¢ IPU3HAKAMU KapruoJmsa
X3 B [IOYKAX y’Ke TOSBJSIOTCS] BBIPAKEHHbIC IPUZHAKM [CHTPAIM3AIMN KPOBOOOPAIIEH ST 0,13
X4 B JIETKUX OTMEYAETCsI TIPUMECH K MHTPAAIbBEOJISIPHOMY TpaHCCyaTy (GUOPHHA, YTO, BEPOSATHO, 0,23
OTpaskaeT BO3HUKHOBEHNE TIPU3HAKOB PECITUPATOPHOTO IMCTPECC-CUHIPOMA B3POCIIBIX, 3aKOHOMEPHO
Pa3BUBAIONIETOCS B OTBET Ha ITOBPeXkeHKeE (10c/Ie 8 UaCOB B JIETKHX IOSBJISIOTCS CHAYasIa
MHTPABEHYJISIPHbIE U MHTPAKAINJIISIPHBIE JIEHKOCTA3bI, 3aTeM JUalie/ie3 JeHKOIUTOB B aJIbBEOJIbI
Jlake TTPU MHTAKTHBIX GPOHXaX)

X5 B HA/IMOYEYHNKAX HEIIPEMEHHO MMEIOTCS 30HbI JIeTUIIONAN3AIII B CETYATOM 0,24
U BHYTPEHHeH TPeTH IIyYKOBOI 30HAX
X6 npusnaku /IBC-curapoma 0,25
Mopdonorunyeckuii kommiexc I'V: MeieHHbII TeMII HACTYIZICHHS] CMEPTH
X1 B CTBOJIE TOJIOBHOTO MO3Ta BBIPAKEHHbII CaTe/IIINTO3 U HellpoHO(arus 0,12
X2 B JIETKUX PA3JININMBbII TPY TPUMEHEeHNN PYTUHHBIX okpacok PACB, 0,12
KkoTopbiil moaTBepskaaetcs VII'X ncenenoBannem
X3 B [OUYKAX Ha (POHE HEHTPATUZAIMU KPOBOOOPAIIEHHS TIOSBJISIIOTCS AUCTPODUUECKIE 0,13
1 HauaJIbHble HEKPOTHYECKIE N3MEHEHIS KaHAIbIIEBOTO afapaTa
X4 nporpeccupyiomme npusnaku JIBC-cunapoma 0,13
X5 B Ha/[IIOYEUHMKAX [IPOIPECCUPYIONIast AeIUIIONINU3A1Us] IIyYKOBOI 30HbL 0,29
Mopdonornuecknii komiuiekc V: IMTENbHbII TEMIT HACTYIIEHUST CMEPTH
X1 B JIETKHX, T/Ie TOMUMO OTMEYEHHOM BbIle npuMech (pMOPHHA K aJIbBEOJIIPHOMY TPAHCCY/IATY, 0,8

BCTPEYAINCH OYArOBbIe HHTPAATbBEOJISIPHBIE UM TTAHOPOHXUAIbHBIE CKOTIIIEHUS JIEHKOIUTOB
¢ TIpuMechio GUOPHHA, T.€. Pa3BUIACh THOWHO-GUOPHHO3HAST THEBMOHUS, TPH 9TOM HUOPITH
YTPAuNBaJI CETYATYIO CTPYKTYPY, CTAHOBUJICS IJIOTHBIM, D03MHOMDUIIBHBIM,

a MECTaMU YiKe BCTPEYaInch chOpMUPOBAHHBIE THAMHOBbIE MEMOPAHBI

X2 B TKaHKU KOPBI M CTBOJIA MO3Ta HApacTaeT OTeK 1 0OPasyIoTest TIIMAJIbHbIE Y3ETKH 0,9
CMEIITAHHOTO CTPOCHHUS HA MECTE TOrUOIINX HEHPOHOB

X3 B Ha/[IIOYEUHMKAX YYACTKU JeJUIOUM3ANI UMEIOTCS B IIyUYKOBOI 30He, 0,8
U CTAHOBSITCSI TOTATBHBIMU B CETYATOM, YTO BBIPAKAETCST B XOPOIIEM OKPAIINBAHIH

X4 B HQ/[IIOYEUHMKAX BCTPEUAIOTCS OUarh IIUTOJIHM3A 0,8

X5 CKOPOCTDb Pa3BUTHSI Ay TOJIM3A 3aMeIJIEHa, BBIPAKEHHOCTD HE3HAUNTe I bHAsT 0,9
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Table 2. Morphological features to establish the rate of dying.
Parameter Feature description Index
of significance
Morphological complex I: fulminant rate of dying
X1 complete absence or extremely mild severity of pulmonary and brain edema 0.29
X2 fresh areactive hemorrhages in the parenchyma of the lungs and brain 0.16
X3 swelling of neurons of the reticular formation with focal areactive karyolysis 0.16
and cytolysis without a pronounced glial reaction
X4 plethora of capillaries of the internal organs, especially lungs and kidney cortex 0.19
X5 acute myocardial changes in the form of diffuse fragmentation and/or cytolysis, 0.18
wave-like tortuosity of cardiomyocytes and other signs of cardiac thanatogenesis
X6 the lack of so-called shock adjustment of hemodynamics 0.24
X7 in the adrenal glands, the state of the cortical cells shows a high content of lipids 0.18
X8 the presence of primary urine in the glomerular capsules 0.2
X9 rapid development of autolysis in the spleen and other organs 0.26
X10 specialized vascular structures of the lungs and brain in the form of the so-called 0.19
<«arteria obturatoria» in the case of fast dying present a pattern of a spasm
X11 immunohistochemical detection (brown color) of insignificant expression of fibrinogen in lung tissue 0.18
X12 the absence of disseminated intravascular coagulation, or DIC syndrome (complete absence 0.19
of microthrombi or their presence only within one organ) and respiratory distress syndrome
Morphological complex II: fast rate of dying
X1 initial brain edema 0.28
X2 ischemic changes in pyramidal neurons appear in the cerebral cortex; and in the brain stem, the signs 0.26
of satellitosis and focal neuronophagy of cellular elements with signs of karyolysis are naturally observed
X3 there are signs of centralization of blood circulation in kidneys 0.27
X4 in the lungs, there is an impurity to the intraalveolar transudate of fibrinogen, which probably reflects ~ 0.28
the development of the initial signs of respiratory distress syndrome in adults, naturally developing
in response to the damage
X5 in the adrenal glands, at this period, there certainly are areas of delipidation in the reticular zone 0.28
X6 autolysis of the spleen and other organs is less pronounced, and the rate of its development is decelerated 0.27
Morphological complex III: moderate rate of dying
X1 severe brain edema 0.24
X2 ischemic changes in pyramidal neurons in the cerebral cortex spread; solitary pyknomorph 0.23
neurons appear; and in the brain stem, the signs of satellitosis and focal neuronophagy of cellular
elements with signs of karyolysis are naturally observed
X3 there are signs of centralization of blood circulation in kidneys 0.13
X4 in the lungs, there is an impurity to the intraalveolar transudate of fibrin, which probably reflects 0.23
the development of the initial signs of respiratory distress syndrome in adults, naturally developing
in response to the damage (intravenular and intracapillary leukostasis first appear in lungs 8 hours later,
then diapedesis in the alveoli appear, even in the presence of intact bronchi)
X5 in the adrenal glands, there certainly are areas of delipidiation in the reticular zone 0.24
and inner third of the zona fasciculata
X6 signs of DIC syndrome 0.25
Morphological complex IV: slow rate of dying
X1 in the brain stem, there is pronounced satellitosis and neuronophagia 0.12
X2 in the lungs, RDS distinguishable due to application of routine stains, 0.12
which is confirmed by an THC study
X3 in kidneys, on the background of centralization of the circulation, initial dystrophic 0.13
and necrotic changes of the tubular apparatus appear
X4 progressing signs of DIC syndrome 0.13
X5 in the adrenal glands, progressive delipidation of the zona fasciculata 0.29
Morphological complex V: lingering rate of dying
X1 in the lungs, where in addition to the above-noted admixture of fibrin to the alveolar transudate, 0.8
there were intraalveolar or panbronchial focal deposits of leukocytes with an admixture of fibrin,
i.e., suppurative and fibrinous pneumonia developed; at that, the fibrin lost the reticular structure
and became dense and eosinophilic; sometimes hyaline membranes were found
X2 in the tissue of the cortex and the brain stem, edema increases and glial nodules 0.9
of mixed structure are formed at the site of the dead neurons
X3 in adrenal glands, sections of delipidation are in the zona fasciculata and become total 0.8
in the reticular zone, resulting in a good staining
X4 in the adrenal glands, there are foci of cytolysis 0.8
X5 the rate of autolysis is decelerated, the severity is insignificant 0.9

IJIeKCaM C olicanreM MOPhOIOrnYeCKUX IPU3HAKOB U
yKa3aHUeM JIMArHOCTUYECKOrO MpeJiesia nX CyMMapHOn
sHaurMocTH (Tabir. 2). [IMarHocTuaecKuii peiest Cym-
MapHO 3HAYMMOCTH JIJIst KA3K10T0 MOP(MOJIOTHYECKOTo
KOMIIJIEKCA YCTAHOBIIIH TIPU ATIPOOAITIN TIPETIOKEH-

and rate of dying on morphological grounds was de-
veloped and scientifically substantiated. The study
revealed that the subjective expert evaluation of the
characteristics of the above parameters differs de-
pending on the skill of the expert and the work ex-
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HOTO METO/Ia Ha BAaJIOBOM 3KCIIEPTHOM Martepuase. Jljst
MEPBOT0O KOMILJIEKCA IMArHOCTUYECKUM TIPEIETIOM CyM-
MapHO# 3HAYNMOCTH MOP(HOJOTUIECKUX TTPU3HAKOB
apisiercs Besimunaa — 1,21; 17151 BToporo KoMruiekca —
0,82; naa tperbero — 0,66; mis yerseproro — 0,39 u
naroro — 2,1. lannag tabuuua mpeacrasisger coboi
CIIPABOYHBII MaTepuas /sl OIEHKH 110 CyMMAapHO
JIMATHOCTHYECKON 3HAYMMOCTU BBISIBJIEHHBIX ITPU3HA-
KOB JIJTUTEJIbHOCTH YMUPAHUS U TeMIIa HACTYTLIEHUST
CMEPTH B CY1e0HO-MEIUIINHCKOI TPaKTHKE.

Taxum 06pasom, B Hatleil paboTe yCTaHOBUIIM MOP-
(bosrornueckrie KOMILJIEKCHI TEMITA HACTYTIJIEHHUS] CMEPTH.
[Tosryuennble faHHbIE MOKHO OIEHUTh C HECKOJIBKUX
03K BO-IIEPBBIX, OHI UMEIOT IIPAKTHYECKOE Cyael-
HO-MeJMINHCKOe 3HaYeHHe, T.K. [103BOJISIOT O0JIee TOYHO
1 000CHOBAHHO OTBEYATh HA BOIPOCHI CJIEACTBEHHBIX
OPraHoB O IIEPEKUBAHUI TPABMBI, O CIIOCOOHOCTI CMep-
TEJIbHO PAHEHBIX K AKTUBHBIM T[€JIeHATTPABICHHBIM JIeii-
CTBUSIM U T. 1. BO-BTOPBIX, MOKA3aHHBII HaMKU MOPGHO-
JIOTMYECKHI SKBUBAJIEHT TAaHATOr€HE3a BO BPEMEHHOM
OTHOLLIEHUY MMeeT 3HaueHue /I OHUMaHus o0Lena-
TOJIOTHYECKHUX TPOIECCOB. B TO BpeMst Kak KJIIMHIYecKue
€ero napaJijiesin yske Obuin gaBHo orvcanbi |18, 19], mop-
bostormyeckasi CTopoHa JIo CUX 1op Obljla M3ydeHa Helo-
CTaTouHO. B-Tperbux, 3HaueHne JaHHOI PabOThI 3aKJII0-
yaercd B BO3MOKHOCTHU aHajIn3a o011e010I0In4ecKoil
3aKOHOMEPHOCTU Pa3PyIIeHUsT TAKON CJIOKHON TOMEOo-
CTaTHMUYECKOI CUCTEMbI, KAK OPraHn3M YeJIOBeKa BO Bpe-
MEHHO¥ mKase. B 4acTHOCTH, HAIIIO TTOATBEPKIEHIE
Gaectsee obobmenne akagemuka Capkucosa [I. C. o
BPEMEHHON IPa/IAliy Pa3pyIIeHus TTOLypOBHeN (hyHK-
IIMOHAJIBHBIX CHCTEM OPraHu3Ma B IIPOIECce TaHATOTe-
Hesa [19]. Hakoner, Haima paboTa MMeeT HEKOTOPOE
brnocodckoe 3HaUeHNE B YACTH IEMOHCTPAIIUH 3aK0-
HOMEPHOCTEH pas3pyIleHust HepapXUuecK YCTPOEHHBIX
dbyuknmonanbabix cucrem. IlonsTre Takux cucrem
HCTIOJIb3YETCS B MEAUIINHE CO BPEMeH aKajieMuKa AHO-
xuHa I1. K., Ho ux paspyiiienue He BbI3bIBAJIO IO CUX TIOP
HPUCTAIBHOTO BHUMAHUS IIATOJIOTOB U CyAeOHBIX ME/IH-
koB [20]. B wactHOCTH, TPO/IEMOHCTPUPOBAHO, UTO HAU-
6oJ1ee paHHKE U3MEHEHMST IIPOMCXOAT B TOMEOCTATHYe-
CKUX HarboJiee IPEBHIX CUCTEMAX TeMOIUPKYJISIINH,
OZIHAKO, UX paciiajl Hab/I0AAeTCs, HAIIPOTHB, B IOCJIE]-
HIOIO OYepPE/lb, a [IEPBbIM HEOOPATUMO PaspyLIaeTcs cyo-
CTpaT BbICIIEN HEPBHOII IESITETHHOCTH.

3akaouenue

[Tosryyennble pe3yibTaThl U3yYeHUsT MOP(OJIO-
IMYeCKUX U3MEHEHU OCHOBHBIX TOMEOCTATHYECKUX
CHCTEM OPTraHMU3Ma YesI0BEKa TIPU PA3JIIMYHBIX KATEro-
PUSIX ¥ BUJIAX CMEPTHU TTO3BOJISIIOT TUATHOCTUPOBATH
TEMIT HACTYTIJIEHUSI CMEPTH C aTOHATIBHBIM [1€PUOIOM
1o 12 4acoB B BUji€ MSITH BPEMEHHBIX ITPOMEKYTKOB.

Ha ocuHoBanuu MopdoJoro-cTaTuCTHYECKOro
aHaiM3a MOPQOJOrHYECKUX MPU3HAKOB B CJIyYAsX
CMEPTH JIUI] C 3apaHee M3BECTHBIM MIPOIIECCOM YMHPa-
HUSI IOITBEP/IIIN PAHee YCTAHOBIEHHbIE U BbIIEJIUITH
HOBbIE (Bcero 34) ungopMaTUBHBIE HeCTIETU(pUIECKIe

perience, which adversely affects the probative value
of the conclusions or judgments. To improve this
method of forensic practice, a table was developed
that allows establishing five variants of the rate of
dying in 5 morphological complexes with a descrip-
tion of morphological features and the diagnostic
limit of their total significance (table 2). The diag-
nostic limit of total significance for each morpholog-
ical complex was established during the approbation
of the proposed method on the gross expert material.
For the first complex, the diagnostic limit of the
total significance of morphological features is —
1.21; for the second complex it is — 0.82; for the
third one it is — 0.66; for the fourth one — 0.39 and
the fifth one it is — 2.1. This table is a reference ma-
terial for the evaluation of the total diagnostic sig-
nificance of the identified features of the duration
and rate of dying in forensic practice.

Therefore, morphological complexes of the rate of
dying were established in our work. The data obtained
can be estimated from several points of view. First, they
have practical forensic value, because they allow an-
swering the questions of investigative authorities more
accurately and reasonably about the experience of
trauma, the ability of mortally wounded to active tar-
geted actions, etc. Secondly, the morphological equiva-
lent of thanatogenesis in a temporary relation is
important for understanding of general pathological
processes. While its clinical parallels have been de-
scribed long ago [18, 19], the morphological character-
istics has not been studied enough so far. Third, the
significance of this work lies in the possibility of ana-
lyzing the general biological pattern of destruction of
such a complex homeostatic system as the human body
in the time scale. In particular, the brilliant generaliza-
tion of academician Sarkisov D. S. on the time grada-
tion of the destruction of functional system sublevels of
the body in the process of thanatogenesis was confirmed
[19]. Finally, our work has some philosophical signifi-
cance in terms of demonstrating the laws of destruction
of hierarchically arranged functional systems. The con-
cept of such systems has been used in medicine since
the time of academician Anokhin P. K., but their de-
struction has not drawn close attention of pathologists
and forensic doctors [20]. In particular, it is shown that
the earliest changes occur in the homeostatically an-
cient systems of hemocirculation, however, their decay
occurs, on the contrary, last of all, while the substrate
of higher nervous activity is irreversibly destroyed first.

Conclusion

The results of the study of morphological
changes in the basic homeostatic systems of the
human body in different categories and types of death
allow diagnosing the rate of dying with agonal period
up to 12 hours in the form of five time intervals.

On the basis of morphological and statistical
analysis of morphological features in cases of deaths
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MOHTATOPMHI‘ M MCXOA KPUTUICCKNUX COCTOSHUM

MOpPQOJIOrnYecKue MPU3HAKU (KPUTEPUN) C BBICOKOI
YaCTOTOI BCTPEYAEMOCTH.

[Ipu momomu  MOPdOJIOro-MaTEMATUYECKOTO
MOJIEJTPOBAHUST [TATOJIOTUYECKHUX TIPOIIECCOB YMUPA-
Hust, abCTParupysiCh OT OCHOBHOM MIPUYMHBI CMEPTH Ha
OTHOCHUTEIbHO MHTAKTHOM (hore Habio/ienust, pa3pa-
6oranu 1 HayyHO 000CHOBaIM MeToauKy [1] yeranos-
JIEHUS -1 TEMIIOB YMHUPAHUs 110 MOPMOIOTUIECKUM
NPU3HAKAM, CHCTEMATU3MPOBAHHBIM B KOMILIEKCHI:

1) MOJIHMEHOCHBIIT TEMI, TIPH KOTOPOM aroHajIb-
HBII 1ieproz cocTaBsti < 15—30 MunyT;

2) BBICTPBIN TEMII, IPU KOTOPOM arOHAJIbHbIN
nepuoj cocTanisiy > 30 MUHYT — < 2 4acoB;

3) cpenHuil TeMII, KOrla aroHAJbHBIN TIePUOJL
cocraBJisiyl > 2 — < 6 4acos;

4) Me/IJIEHHBII TeMII, TIPU KOTOPOM arOHAaJIbHBbIIT
MIEPUOJL COCTABIISLI > 6 yacoB — < 12 yacos;

5) UTATETHHBIN TEMIT, IPU KOTOPOM arOHAJIbHbIN
MepHoJL cocTaBsia > 12 yacos.
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Mocrymuna 11.04.18

with a pre-known process of dying, we confirmed pre-
viously established informative nonspecific morpho-
logical features (criteria) and identified new ones (in
total, 34) with a high frequency of occurrence.

Using morphological and mathematical model-
ing of pathological processes of dying, abstracting
from the main cause of death on a relatively intact
background of observation, we developed and scien-
tifically justified the procedure [21] for identification
of 5 rates of dying based on morphological features
systematized in the complexes:

1) fulminant rate with the agonal period of
<15—30 min;

2) fast rate with the agonal period of >30 min —
<2 h;

3) moderate rate with the agonal period of >2 —
<6 h;

4) slow rate with the agonal period of >6 — <12 h;

5) lingering rate with the agonal period of >12 h.
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