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Basic calculation methods of investigation
of circumstances and mechanism
of man-made explosions

The article purpose is to analyze the danger of man-made explosions and
provide calculation methods for determining the mechanism of the occurrence
of an explosion during forensic examinations of the study of the circumstances
and mechanism of man-made explosions.

The relevance of the article is caused by the fact that present-day
production and everyday life cannot dispense with the usage of combustible
and explosive substances. The particular attention to be paid to emergency
prevention related to explosives, as well as the research to determine the
mechanism of man-made explosions. The research on the mechanism of man-
made explosions will make it possible to determine the technical cause of
their occurrence, to analyze for what reason and for whose fault the event
occurred, and also what measures should be taken to minimize the likelihood
of such situations occurence.

1t is noted that in order to obtain reliable conclusions about the mechanism
of man-made explosions, it is necessary to use scientifically based methods
and methodologies allowing us to assess the extent of destruction. The degree
of destruction of surrounding building structures and harm to people depends
on overpressure caused as the result of a significant expansion of the explosion
products and their spread to all directions from the center of explosion. The
most frequent causes of explosions in the explosive object are: destruction and
damage to production tanks, equipment and pipelines; deviation from production
regulations (excess pressure and temperature of equipment operating mode),
low-quality control of equipment and work while conducting require work, and
untimely or poor-quality maintenance of technological equipment.

© R. Huseinov, Yu. Panchuk, 2021
The authors declares no conflict of interest of relavance to this topic.



Theory{and]PracticelofikorensiciSciencelandlGriminalistics¥23idlissuel

The main calculation methods for the research of the man-made explosions
in open areas, indoors, and limited space are given, which will allow to
systematize the research process and analyze the flow of explosions in specific
situations, and to establish a mechanism for their occurrence when conducting
forensic examinations of the circumstances and mechanism of man-made
explosions.

Keywords: explosive, gas-vapor mixture, concentration limits for flame
propagation, emergency situation, overpressure, man-made explosion.

Formulation of Research Problem. Emergency situations (hereinafter
referred to as ES) of a man-made nature related to man-made explosions are
highly dangerous. An explosion combines a set of dangerous factors that can
result in injury and death of people, as well as significant material losses and
environmental pollution.

Since modern production and everyday life are impossible without the use
of flammable substances and explosives, particular attention should be drawn
to prevention of the occurrence of emergencies associated with explosions,
as well as research on determining the mechanism of the occurrence of man-
made explosions to further minimize their occurrence. Therefore, this topic is
relevant and necessitates detailed consideration.

Analysis of Essential Researches and Publications. Forecasting the
effects of man-made explosions occurring while deflagration of explosive-
fire-hazardous mixtures at facilities of economic activity has been
studied in detail by L. P. Piliuhin '. The scientist described destruction of
buildings and structures due to the influence of excess pressure. Dynamics
of scenarios of fire and explosions is provided in a research paper by
N. N. Brushlynskyi and A. Ia. Korolchenko 2. Consequences of fires and
man-made explosions depending on conditions of a dangerous scenario are
outlined by S. I. Taubkin 3. His son, I. S. Taubkin, developed foundations
for performing forensic examinations of circumstances and mechanism of
man-made explosions *.

The mechanism of man-made explosions occurrence as well as the
algorithm for conducting a research have been outlined by O. V. Tarakhno,
V. M. Syrykh and R. V. Tarakhno in the following research papers: Pressing

! TInutrorun JI. T1. TTIporHo3upoBaHue MOCIEICTBHI BHYTPEHHUX aBaPUITHBIX B3PbI-
BOB. Mockaa, 2010. 380 p.

2 bpyuunackuii H. H., Kopospaerko A. SI. MojennpoBaHie M0KapoB U B3PHIBOB.
Mockga, 2000. 482 p.

3 Tayoxun C. 1. Tloxap u B3pbIB, 0COOCHHOCTH HX 3KcrepTH3bl. Mocksa, 1999.
600 p.

4 Tay6kun U. C. CyaeOHast 9KcIepTH3a TeXHOTCHHbBIX B3pbIBOB. OpraHu3alOHHbIC,
METOAMYECKUE U MPaBoOBbIEe OCHOBBI. MockBa, 2009. 592 p.
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issues of a research on explosions of gas-air mixtures during fire investigation '
and Expert research on the version of gas-air mixture explosion indoors °.

The Article Purpose analysis of the danger of man-made explosions and
provision of calculation research methods to determine the mechanism of their
occurrence during forensic examinations of the circumstances and mechanism of
man-made explosions.

Main Content Presentation. Research on man-made explosions in an open
area aims to determine conditions for formation of explosive concentrations
of combustible substances, possibilities for ignition and consequences of the
development of explosive events. The potential danger is enterprises using large
volumes of combustible gases and flammable liquids (gas stations, warchouses
of liquefied gases and petroleum products, gas pipelines and oil pipelines). First
of all, this is due to the threat of releasing significant volumes of combustible
substances into the atmosphere to further explode.

Accordingly, simulation of emergencies associated with emergency leakage
of gas or flammable liquids from technological equipment and formation of
explosive areas is a pressing issue.

To obtain valid conclusions on the possibility of occurrence of fire and
explosions, scientifically substantiated techniques should be implemented.
In existing scientific and regulatory-procedural guidelines on forecasting
consequences of emergency release of combustible substances into the
environment, a sequence of calculation of such parameters as excess pressure,
radius and time of “life” of the object engulfed in flames, etc. are provided. An
important issue of research on man-made explosions in open area is to determine
the possibility of destruction of buildings, constructions and death of people
from the effects of explosion. The degree of destruction of surrounding building
structures and damage to people depends on excess pressure which develops as
a result of sharp thermal expansion of combustion products and spreads in all
directions from the center of explosion. Excess pressure is determined as follows:

2

033 0,66

AP =P |08 mm 4 3Mmm | gMun | 1)

° r T =
kIla,

where: P — atmospheric pressure, kPa;
m_ — TNT equivalent, kg;

r — distance from the geometric median of steam-gas mixture, m .
Determination of the explosion power is determined by the formula:

! Tapau O. B., Cupux B. M., Tapaxso P. B. IIpoGiemMHi mUTaHHS JOCIIPKCHHS BH-
OyXiB ra30MOBITPSIHIX CyMIIlIeH IIPU MPOBEICHHI OKSKHO-TEXHIYHUX eKcnepTus. /Ipo-
bnemul nodcaprotl bezonacnocmu : ¢6. Hayd. Tp. Xapbkos, 2009. Bem. 25. P. 175—180.

2 Ibid. ExcriepTHe OCIiDKEHHS BepCil BHHUKHEHHS BHOYXY Ta30MOBITPSIHOT CyMili
y npumimensi. Ibidem. Xapskos, 2010. Beim. 27. P. 198—205.

3 Tay6kun C. 1. Op. cit.
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QrmrB
m =
= @

where: Q_— combustion heat of combustible substance, kl/kg;

m_— mass of explosive combustible substance, kg;

4520 — explosion heat of trinitrotoluene, kl/kg.

However, unlike an explosion of condensed explosives, combustion of a gas-
vapor mixture (hereinafter referred to as GVM) in the explosion regime occurs
only on the outer part of the cloud and at a different speed in which concentration
of combustible substance is in the range from lower to upper flammability limit.

Therefore, while evaluating parameters of the explosion of the gas-vapor
cloud in open area, it is considered that the explosive (kinetic) combustion
involves from 2% to 10 % (max) of a combustible substance '.

What is more, explosion of condensed explosives occurs in the detonation
mode, at the same time transition of deflagration combustion of GVM in
detonation is possible only for a small range of combustible gases: for example,
hydrogen, acetylene. Given the above, the maximum possible efficiency of the
GVM explosion due to deflagration is not more than 30%. Some part of energy
converts into heated combustion products. After, the TNT equivalent of the
explosion is determined as follows:

m. = 0,3zQ . m_, ke 3)
0,9 -4520
where: 0,3 10,9 accordingly some part of energy spent on formation of explosion
of gas-vapor cloud and trinitrotoluene;

m_ —mass of combustible substance that entered the environment as a result
of an emergency and formed GVM, kg;

z —coefficient of involvement of energy of steam and gases in explosion.

The area with calculated center of explosion and limits determined by ther,
blast radius is considered to be the area where destruction and injury to people
takes place. And the probable destructive effect while explosion can be calculated
from the generalized data by the approximation formula:

ki3Vm53

= M

o)

where: k, —dimensionless coefficient of the impact level of explosion which is
determined depending on the excess pressure;

m_ —mass of combustible substance involved in an explosion and equal to
m -z, kg.

Top >

Y

4)

! Tapau O. B., Cupux B. M., Tapaxuo P. B. IIpoGiemMHi MUTaHHS JOCIIPKCHHS BU-
OyXiB ... .
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It is known, an emergency with the risk of explosion and subsequent
fire at an industrial building or premises may occur as a result of accidental
depressurization of an outdoor installation. The probability of explosion
in the event of a combustible gas leakage into the room is created when the
gas concentration reaches the lower flammability limit. Thus, to establish
the possibility of combustion, it is necessary to compare the actual average
concentration of combustible gas with the lower flammability limit of this gas.

The average actual concentration of gas formed in the room due to emergency
leakage can be calculated by the formula:

Py = = o —w,%

- = , or =
VﬂpHM (1 - 77) Vsmbu 3 (ocep P, V. (5)

KI'M™ T ' BiIbH

where: ¢’ , ¢ —accordingly mass and volume average actual concentration
. cep cep
of gas in a free volume of a room;
m_— mass of gas entered the room while emergency, kg;

Vnp“M — total room volume, m?;
1N — some part of room volume occupied by equipment or furniture;
V. — free volume of a room, m>.

BilIbH

To identify the average concentration of combustible gas, it is needed to
know the mass of gas that entered into the room while the emergency leakage,
with a certain mass flow rate of g " for a certain time of the emergency situation.

As it is known', the mass flow rate at which gas flows through the opening
and enters the room can be calculated by the formulas:

P
e <D
« if the leakage mode is subcritical (Pam ) —

Ky e
1 2k | P k (P k
WX _ o ogop . at™ _ | Zamm
g ot orB " cue R, T k-1 P P.. (6)
> KO

PC"C > 2

« if the leakage mode is critical (P am ) —

2

1 2k ( 2 Yk
B K S Peet| —— - ——| —— 7
gr OTB~OTB™ CHC R T k+l(k+1) Kr‘c-l ( )

where: K — gas flow rate through an opening (usually K = 0,64)
k —adiabatic index of combustible gas;

P_. — the pressure in the gas supply system which is greater than the
pressure of the environment where leakage occurs, Pa;
P —pressure in the environment in which gas leaks, Pa;

aTtM

! Psi6oBa 1. B., Caituyk 1. B., Illapmano A. SI. TepmoanHamika i Teruionepeaada
y MOKEXKHIN crpaBi : HaBd. nocib. Xapkis, 2002. 356 p.
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S,,, —the area of opening through which gas leaks, m?;

T — gas temperature, K;

R — relative gas constant, J-kg'-K".

Therefore, the time for which the average actual concentration of gas formed
in a room as a result of accidental leakage and lack of gas exchange with the
environment and will reach the value of the lower flammability limit can be

estimated by the formula:

VBJ'JIHQ;
HKMHH:ngaTJJX = gﬂaux > G (8)

where: ¢, —mass lower concentration limit of combustible gas flammability,
kg m?. The equation of the material balance of combustible gas entered into the
environment can be expressed by the differential equation:

dm, do! L. . O
— T — V . T _ GHAX _ BUT 7T
4 = Vg T8 8 9)

IC
s

where: ¢’ —the average mass concentration of gas in the room at the t time,
kg m;

g " — mass flow rate at which the mixture of air and combustible gas leaks
out of the room through openings (calculated depending on the gas exchange
scheme), kg s;

p,. — density of the gas-air mixture under such conditions, kg m=.

The mass flow rate at which the gas mixture leaks through openings of
a room can be calculated by the formula:

* if openings are at the same level —

e T3 033 . 0333 SKO-C o, (10)

BHT __ 2 K._S X/Zghompnmspnr (pHQB - pnr) -1
o018 0TB
(pHOB + pr[r

« if openings are at different levels —

2¢H -
g?é/n — Komsnpnnssm g gnozpm" (pnm; 2pm—) KT - C_l, (11)
pHOBSHpHH + prrrsnm

where: K — gas flow rate through an opening, which takes into account the loss
of kinetic energy of the gas flow during its passage through openings as a result
of friction, vorticity, etc. and depends on the shape of opening and wall thickness
(for window and door openings are taken equal as 0.6 + 0.65);

S, ., —the area of opening working to an air inflow;

S::T — the area of exhaust opening;

g — acceleration of gravity,

H — distance between centers of fresh air outlet and exhaust opening;
P,., —density of air outdoors;

p,, —density of gas environment in premises.
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Solving the equation of material balance enables to determine the gas mass
that accumulates in a premises during a certain time of the development of
emergency, taking into account gas exchange with the environment:

DBPITT
—— V TC .
V..
H]T=m 1—¢ "ro'sima | gp (12)
gBI/ll
e

Solving the equation within t =0, 9 =0Tat=1_ ., ¢ = ¢, helps to
calculate the time in which the average concentration of combustible gas in a free
volume of a room will reach the value of the lower flammability limit, given
partial leakage of combustible gas through openings of a room in the course of
its emergency entry:

HaJIX
T VBIJILle‘C In gr
HKMITIT BHT BUT, 1 >
IC HamIX grc (PH (13)
gr
Pre

Over a certain time of flammable gas leakage, the lower flammability limit
can be reached only in some part of a room. The so-called zone of explosive gas
contamination is created. The radius of the zone of explosive gas contamination
is estimated as follows:

R, =1,1314L 1.{1 3%, J M, (14)
P,

where: L — the length of premises, m;
¢, —volumetric lower combustible gas flammability limit, %,
¢, — pre-exponential factor which is determined by empirical formulas:
« in the immovable environment —
— . 3 mr o/ .
P, 73,77 10 —pr e 5 A), (15)
* in movable environment (viio> 0,1 m-c!) —
m

=300————, %,
¢’° prVBmHVnoB (16)
where: v — the speed of air in a room, m-c.
The time it takes for an explosive mixture to reach a potential ignition
source (e.g. electric switch, open flame installations, etc.) can be estimated by

the formulas (in the absence of airflows):

« in the immovable environment —

()
0 =1,92:107* B VomPs ner) (17)

&:
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* in the movable environment —

R 7 4
T=2,4-10_3 Pr VeV o e[1,1314L) . (18)
Hax
T
where: R — distance from the source of gas leakage to the probable ignition
source, m.

Investigation of accidents at work due to explosions in pressure equipment
(to establish the probable cause of their occurrence) is one of the main tasks
assigned to the study of man-made explosions (this conditioned by occurrence
possibility of such a physical phenomenon as gas-dynamic discontinuity). Due
to release of energy that accumulates while gases compression, the vessel is torn
into individual fragments. As it is known, during the arbitrary decay of a gas-
dynamic discontinuity, three situations are possible which are outlined in detail
below.

The first situation. The gas-dynamic discontinuity splits into two waves
that spread in different directions from the initial discontinuity and to a contact
discontinuity. This situation can occur during collision of two masses of gas
moving towards each other at a significant speed, if the following condition is
fulfilled ':

2/p1
N P, -P
wuz > (P 1)\/P1(Y1 —1)+Py(y; +1) (5

where: P, P, —pressure of gas environments (pressure of the first P, pressure
environment is lower that the pressure of the second P, gas environment );

u,, u, —speed of gas movement in the first and second environment;

p, —density of gas in the first environment;

vy, —adiabatic index of the first gas environment;

In practice, such events may occur at industrial machinery and equipment as
a result of violations of conditions of technological processes. Thus, one of the
stages in establishing the cause of explosion under the mentioned circumstances
is the research on technological automation.

The second situation is when the gap splits into two separate rarefaction
waves moving in opposite directions and into a contact discontinuity. Thus,
in practice, the above-mentioned situation is realized while destruction of the
vessel shell with subsequent collision of gases. It should be stressed that this
is the most typical scenario for the development of an emergency explosion of
pressure vessels with both combustible and non-combustible substances which
is implemented in the following conditions :

71

20;2 Pljzh \/ 2/:01
-2 <uy —uy, <(P,-B) | (20)
72_1[ P ' ’ (2 1) 131(71_1)+P2(71+1)

2

! Tay6kun C. U. Op. cit.
2 Tay6kun C. U. Op. cit.
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where: y, — the adiabatic index of the second gas environment;
c,, —speed of sound propagation in gas environment.

Thus, the destruction of vessels, being under the pressure, which contain
liquefied gas or low-boiling liquid, is also accompanied by the appearance of
an outside air wave and entering of the rarefaction wave into a vessel. This
phenomenon provokes boiling of the liquid phase in a vessel and intense
vaporization. During the described process, i.c. release of energy of the phase
transition and the energy accumulated due to compression of the substance, the
walls of the vessel shell are destroyed with possible spread of fragments over
long distances.

The third situation is when the gas-dynamic discontinuity splits into two
separate waves of rarefaction (their spread occurs in opposite directions). As
a result, dispersion of gases takes place. At a fairly high speed of dispersion, the
pressure in rarefaction waves drops to 0, and at the place of arbitrary discontinuity
the area without gas appears which is being expanded: a vacuum. Thus, the
explosion of the vessel with compressed gases and low-boiling liquids in the
focal area of fire is called BLEVE (Boiling Liquid Expanding Vapor Explosion,
that is explosion of vapors expanding while liquid boiling).

Studying the version of the occurrence of a physical or combined explosion
conditioned by BLEVE, the potential possibility of such a phenomenon for
a particular substance that was in the vessel is usually established. For this
purpose, calculate the proportion of substance that immediately evaporates at
a defined temperature according to the formula:

_ HT - HTmn _ Cp (T - TKHH)
Er - -

AH AH,,..

BHUII

e2y)

where:£_ —the proportion of liquid that immediately evaporates at T temperature;

H. —relative enthalpy of liquid at T temperature;

H, . —velative enthalpy of liquid at T temperature according to
atmospheric pressure;

AH  ~— relative heat of evaporation at the boiling point according to
atmospheric pressure;

c, —relative heat capacity of the liquid phase;

T, —temperature of liquid boiling according to atmospheric pressure;

T — temperature of the liquid phase (in the availability in the vessel of the
relief device, the T value is estimated by the formula:

B
T=—————C, +273 9
A—-1gP, K, (22)
where: P_— discharge pressure of the relief device;
A, B, C, —Antoine constants (determined according to the reference
literature).
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If &< 0,35, then BLEVE does not occur. At &> 0,35 probability of the
occurrence of this phenomenon is significant.

The explosive power of a vessel with superheated flammable and combustible
liquids or liquefied hydrocarbon gases is determined by the TNT equivalent, and
the degree of destruction of the facility structure is due to AR excess pressure and
i momentum of an explosion, which can be estimated by the formulas:

0,33 0,66
_ my, My, p
AP= P°[O’8r+3r2+5r3 i 23)
klla,
0.66
i=123—2 (24)

r
where: P —atmospheric pressure, kPa;

r — distance from the center of vessel, m;

m = — provided mass or the TNT equivalent of the explosion (mass of
trinitrotoluene provoking a similar degree of destruction), kg;

Qi =4,52-10° J-kg" — explosion heat of trinitrotoluene;

E ,—the effective energy of the explosion during the expansion of vessel
environment which is calculated by the formula:

P, P,
=1
where: y —the adiabatic index of the expanding gas atmosphere;

V —the volume of the tank being demolished;

P — the pressure at which the tank demolishes'.

To sum up, the above calculations enable to analyze how explosions occur
in particular situations, and to determine the mechanism of their occurrence
while forensic examination of the circumstances and mechanism of man-made
explosions.

Conclusions. The scientific paper presents main methods of studying man-
made explosions in the open area, indoors and in limited amounts. It should be
emphasized that in forensic expert practice of research on man-made explosions,
experts often encounter ambiguous situations related to the mechanism of
occurrence and development of such explosions. A full and multidisciplinary
analysis of probable circumstances of the development of an emergency with
application of calculation methods is provided allowing to resolve this issue and
to perform corresponding researches in short terms.

Eegr =V (25)
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P. H. I'yceiinos, 1O. B. Ilanuyk
OCHOBHi po3paxyHKOBi MeTOIHU JA0CJIiIsKeHHS
00cTaBHH i MexaHi3My TeXHOTeHHUX BHOYXiB

Ipoananizosano nebe3nexy mexno2eHHux ubyxie, KOMNIEKC HeOe3neuHux
YUHHUKIB SIKUX MOXCE CHPUYUHUMU MAICKT HACTIOKU.

Memorw cmammi € npogedennsi ananizy HeOesnexu MexHoLeHHUXx 6ubyXxie
i HageOeHHsl pO3PAXYHKOBUX MeMOOi8 OOCNIONCEHHSL OJisl GUSHAYEHHSL MEXAHIZMY
iX GUHUKHEHHS.

Y emammi suxnadeno ocHo6Hi po3paxyHkoi memoou 00CAIONCeHHsT mex-
HOCCHHUX BUOYXI8 HA GIOKPUMIL MICYEBOCMI, Y NPUMIWECHHIX [ 8 0OMENCCHOMY
00 emi, wo dacmov 3mM02y CUCMEMAMU3Y8amu npoyec O0CHIONCEH s Mmd Npo-
ananizyeamu, sik 6100Y8al0OMbCsl UOYXU 8 KOHKPEMHUX CUMYAYISX, | GUSHAUUMU
MEXAHIZM IX GUHUKHEHHS N0 Yac BUKOHANHS CYOOBUX eKCnepmu3 00CHIONCeHH s
00cmasun [ MEXaHiamy mexHoeeHHUxX uOYXIis.

Knrwouogi cnosa: eubyxosa peuosuna, ea3onaponosimpana cymiui, KOHyeH-
MPayitiHi Mexci NOWUPeHHsT NOJIYM 51, HAO36UHAUHA CUMYAYis, HAOIUUKOBUL
TUCK, MEXHO2EHHUL GUOYX.

P. H. I'yceiinos, 1O. B. Ilanuyk
OcHOBHbBIE pac4éTHbIE MEeTOIbI HCCJIeJOBAHMS
00CTOSATEJILCTB M MEXaHU3MA TEXHOT€HHbIX B3PbIBOB

Lenv oannoti cmamvu — NPOAHATUIUPOEANL ONACHOCHb TEXHOSEHHBIX
63DPbIBO6 U NPUSECMU PACUEMHbIE MENOObL UCCIeO06AHUS OJis YCMAHOGIEHUS
MEXAHUIMA UX BOZHUKHOBEHUS. NPU NPOBEOCHUU CYOCOHBIX IKCREPMU3 UCCAEN0-
6aHUSL OOCOAMENLCME U MEXAHUZMA MEXHOLEHHBIX 83DbLE0G.

Axmyansrnocms dannot pabomvl 00YCLO8IEHA MEM, YN0 COBPEMEHHOE NPO-
U3800CcmMB0 U ObIM He MO2ym 00X00umvbcst 6e3 UCNONb308AHUS 2OPIOUUX U 83Dbl-
soonacuvix geujecms. Ilpu smom ocoboe @HumaHue ciedyem yoeisims npeoy-
NPENCOCHUIO UPE3BIUAIHbIX CUMYAYUTLL, CEA3AHHIX CO 63DbIEAMU, A MAKICE
NPOBEOCHUI0 UCCIEO08ANHULL NO ONPEOeNIeHUI0 MEXAHUZMA 6O3HUKHOBEHUSL MeX-

268



Theory{and]PracticelofikorensiciSciencelandlGriminalistics¥23idlissuel

HO2EHHbIX 63pbl608. HcCie0068anuss MeXanusmMa 603HUKHOGEHUS MEXHO2EHHbIX
63PbIBOG NO3GONAM  YCMAHOGUMb MEXHUYECKVI0 NPUYUHY UX BOZHUKHOBEHUS,
NPOAHATUZUPOBAINb, NO KAKOU NPUYUHE U 1O Ybell GUHE HACIYNUILO OAHHOE CO-
bvlmue, a makoice Kaxkue mepol ciedyem npeonpuHuMams 05t MUHUMUSAYUU 6e-
POSIMHOCMU 603HUKHOGEHUSI NOOOBGHBIX CUMYayuil.

Ommeuero, umo 051 NOAYUeHUsE OOCMOBEPHBIX BbIBOO0E O MEXAHUSME BO3-
HUKHOBEHUsL MEXHO2EHHBIX 83DPblB06 HEOOXOOUMO UCHONb308AMb HAYYHO 000-
CHOBAHHbIE MEemOObl U MEMOOUKU, NO3GONAIOWUE OYEHUMb MACWMAadsl pas-
pyuierusi. Cmenens paspyuenust OKpyscaruux CmpoumenbHulX KOHCIpPYKYUll
U nopadicenus 00etl 3a8Uctm om U36bLIMOYHO20 0ABIEHUs, CO30aA8AeM0O20 8 pe-
3yIbmMame 3HAUUMENbHO20 PACUUPEHUS. NPOOYKMOS 63Pbl6éd U PACAPOCMpPAHe-
HUSL 80 6Ce CMOPOHbL Om dnuyenmpa. Ha 63pbieoonachvix 06vekmax npuiuHamu
63PbIBOG Ualje BCE20 SAGISIOMCIA: PAPYULEHUE U NOGPENCOCHUE NPOU3BOOCNGEH-
HbIX pe3epeyapos, 060py006anust u mpybonposooos;, OMKIOHEHUE O MEXHON0-
SUYECKO20 peclaMeHma (npesvlienue 0agieHus U meMnepamypHo2o peicuma
pabomsl 060PYO0BAHUSL), HEKAUECBEHHbILL KOHMPOJIb 3d 000PYOOSAHUEM U Pa-
60motl npu nPogedeHUl HeOOX0OUMbBIX PAbOMm, d MAKIICE HECBOCEPEMEHHOEe UL
HeKauecmeeHHoe MEeXHONL02UUECKoe 0OCIYIHCUBAHUE 0DOPYOOBAHUSL.

Tlpusedenvl ocrHogHble pacuémuvie Memoobl UCCIEO08AHU MEXHOSEHHbIX
63PbIBOG HA OMKPLIMOLU MECIHOCMU, 8 NOMEUWJeHUAX U OSPAHUUEHHOM 00béMe,
YUMo NO360JUM CUCTNEMAMU3UPOBAMb NPOYECC UCCTE008AHUS U NPOAHATUSUPO-
6amb NPOMeKaHUe E3Pble06 8 KOHKPEMHbIX CUMYAYUSX, A MAKICce YCIMAHOGUNb
MEXAHUZM UX BOZHUKHOBEHUSL NPU NPOGEOCHUU CYOEOHbIX IKCHEPMU3 UCCTLe006a-
HUsL 0OCMOAMENbCME U MEXAHUIMA MEXHOSEHHbIX 63PbIEOG.

Knrouesvie cnosa: e3pviguamoe gewecmeo, 2a30napo8o30VULHAS CMECh,
KOHYEeHMPAYUoHHble npedenvl PACnpPOCMPAHeHUs. NIAMEHY, YPE36bIUaliHasL Cli-
myayust, u30blmouHoe 0agieHuUe, MEeXHOSEHHbIL G3PbLE.
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