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Formation procedure of thermal engineering researches as
a separate species of forensic engineering based on principles of
genesis in forensic science is considered. The latest research in
the field of specific expertise use during production, distribution,
transmission and consumption of energy resources is analyzed.
A review of the results performed at National Scientific Center «Homn.
Prof. M. S. Bokarius Forensic Science Institute» multidisciplinary
forensic researches on violations of accounting and theft of natural gas
by interfering with operation of accounting devices, on determining
the scope of performed works on installation, testing and operation
of heating equipment. Purpose: formulate definition of the concepts
of the topic and object of the forensic thermal analysis; compile a list
of areas of forensic thermal research and form typical tasks for this
type of forensic science based on. In order to achieve the goal, the
methods of scientific cognition are applied: observation, comparison,
abstraction, analysis, synthesis, modeling, etc. Abbreviated and
expanded definition of topic of forensic thermal analysis is proposed.
On the basis of general structure of the tasks of forensic engineering
a, as well as the results of the analysis of the requests of the pre-trial
investigation bodies and the court regarding the conduct of forensic
examinations in the thermal direction, a general list of tasks of the
forensic heat engineering examination with structuring into four
groups was developed. A list of the main areas of research in forensic
thermal analysis has been compiled.
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Research Problem Formulation

In the previous research paper, we
noted, “that on a praxeological basis there
is a development of all kinds and species
of forensic science (in particular: forensic
engineering ), that is, there is a path that can
be considered as a “classical” way of genesis of
new species of forensic examinations:

a) first, investigator / court draws up
a decision/ decision on appointment of forensic
examinations/ involvement of forensic experts;

b) in the decision / decision, investigator
/ court forms a range of issues that need to
be resolved within the framework of forensic
examinations;

c)forensicexpertsofvariousspecializations
conduct a number of examinations, often
multidisciplinary ones;

d) scientists generalize forensic expert
practice, which results in offer to initiate a new
type of forensic examination at the regulatory
level.”!

M. Shcherbakovskyi ?* considers the
praxeological approach to be the most
important principle of forensic science
phenomenon cognition, methodological
significance of which lies in orientation
of forensic science theory to solve its
immediate issues as an applied science.
Practical recommendations developed in
accordance with principles of praxeology
make it possible to use theoretically
established patterns to build algorithms

for solving specific problems in typical
expert situations that can be implemented,
in forensic thermal engineering
researches (on the example of forensic
multidisciplinary examinations performed
by professionals of National Scientific
Center «Hon. Prof. M. S. Bokarius Forensic
Science Institute» of the Ministry of Justice
of Ukraine, hereinafter referred to as NSC
«Hon. Prof. M. S. Bokarius FSI»).

Initiation of a new engineering in
the forensic specialization 10.30: Forensic
thermal researches is a typical example of
genesisinforensicscienceactivity.Increase
in the number of violations of regulatory
requirements recorded by energy
supply companies at heat engineering
and energy facilities has increased the
number of investigative proceedings on
these issues and, accordingly, requests
from pre-trial investigation bodies and
courts to professionals of forensic science
institutions knowledgeable in research
on hydronics, metering devices, sources
and verification of thermal energy
consumption calculations, etc., that
ultimately led to separation of thermal
engineering research into a separate
forensic science species. Determining
the topic and object of Forensic thermal
analysis, formulating the tasks of thermal
engineering research is an urgent issue at
the current stage of the formation of this
forensic science species.

1 Borganiok I. 3arajgpHa cucTeMa 3aBJaHb IHXXeHepPHO-TeXHIYHUX CYyA0BUX eKcrepTus. Teopisa ma
npaxkmuxa cydogoi excnepmu3su i kpuminaaicmuku. 2022. Bum. 4 (29). C. 110—123. DOI: 10.32353/

khrife.4.2022.05 (date accessed: 16.02.2023).

2 Illepb6akoBcbkuil M. I. MeTogoJoria gocaimkeHHs T GeHOMeHa CYZOBUX €KCIIepTH3 .

BicHuk

JIyearcvkoeo Oepicagrozo yHisepcumemy enympiwnix cnpag im. E. O. Jidoperka. 2016. Ne 3 (75).
C. 140. URL: https://[journal.lduvs.lg.ua/index.php/journal/article/view/496/434 (date accessed:

16.02.2023).
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Analysis of Essential Researches
and Publications

Interesting researches on engineering and
technical aspects of violations of the Code
of Gas Distribution Systems of Ukraine °
are research papers of D. Khomych and
A. Husak * (on specific expertise use of
during investigation of theft of natural
gas by training in the work of metering
devices). At the same time, violations of
technical and organizational requirements
for commercial metering of thermal
energy, hot and drinking water, as well
as unauthorized dismantling, deliberate
destruction, damage, dismantling, and
other unauthorized interference with the
operation of commercial metering units of
thermal energy, hot or drinking water did
not find appropriate coverage in the special
literature on forensic expert studies.

Unfortunatelyy, —modern  scientific
publications in this area of research are
rather limited and non-systematic in
nature. Thus, M. Toporkova ° studied
thermal energy as an object of civil rights,
butdid not pay attention to mechanisms and
methods of committing offenses that nullify
these rights. V. Kuts and Yu. Kyrychenko®
examined in detail the object of criminal
encroachment in matters of application of
Art. 188-1 of the Criminal Code of Ukraine
regarding the consumption of energy
resources. Criminal law characteristics of
the offense provided for in Art. 188-1 of the
Criminal Code of Ukraine 7 as a subject
of scientific research, was in the center
of attention of T. Chumachenko ¢ (in
particular, theft of thermal energy through
its arbitrary use), O. Avdieieva ° and other
scientists. O. Honcharenko ' noted that
the energy sector functions in the form

3

10

Kozekce ra3oposmofinbHUX CHUCTeM : 3aTB. IlocTaHOBOI0 HaIlkoM. eHepreTHMKM, KOM. ITOCIYT
Vkpainu Biz 30.09.2015 p. Ne 2494 (3i 3miH. Ta gomnos.). URL: https://zakon.rada.gov.ua/laws/
show/z1379-15#Text (date accessed: 16.02.2023).

Xomud /. [TopyuieHHS Ta KpaAiXKKY IIPU CIIOXKHUBAHHI IPUPOJHOTO rasy. [cmopuko-npasosuil wa-
conuc. 2017. Ne 2 (10). C. 186—190. URL: http://nbuv.gov.ua/UJRN/ipch_2017_2_39 (date accessed:
16.02.2023) ; I'ycak A., Xomud [I. TakTHKa CJIiZIY0TO OIJIAAY IIifl 9ac pO3ClifyBaHHS BUKpaZeHb
IIPUPOAHOrO ra3y B ra30BUX JidmIbHUKaX. Ibid. 2018. Ne 1 (11). C. 114—118. URL: https://evnuir.
vnu.edu.ua/handle/123456789/15138 (date accessed: 16.02.2023).

TormopkoBa M. M. TerutoBa eHeprist sK 00'€KT IUBIIbHUX IpaB. IIpago i Besnexa. 2010. Ne 5.
C. 274—276. URL: http://nbuv.gov.ua/UJRN/Pib_2010_5_66 (date accessed: 16.02.2023).

Ky B., Kupndenko F0. O6’eKT He3aKOHHOTO BUKOPUCTAHHS €JIeKTPUYHOI Ta TeIIOBOI eHepril.
Bicnuk Hayionaavhoi akademii npokypamypu Yxpainu. 2008. Ne 3. C. 49—54. URL: http://nbuv.gov.
ua/UJRN/Vnapu_2008_3_9 (date accessed: 16.02.2023).

KpuminanbpHUI Kozeke Yrpainu Big 05.04.2001 p. Ne 2341-III (3i 3miH. Ta gomos.). URL: https://
zakon.rada.gov.ua/laws/show/2341-14#Text (date accessed: 16.02.2023).

YymaueHko T. A. IIpegMeT BUKpaZeHHS eJeKTPUYHOI Ta TEIJIOBOI eHeprii HIIXoM i caMOBilIb-
HOT'O BUKOPUCTAHH: 1Ipo0ieMu BM3HaueHH:. Bicnuk Bepxoenozo Cydy Ykpainu. 2007. Ne 8.
C. 41—44 ; Eadem. BukpajeHHs eJeKTpUYIHOI a60 TeIyIoBol eHepril nuIsixoM ii caMOBiIBHOTO
BuKopucTaHHA (cT. 188-1 KK VkpaiHm): KpUMiHAIbHO-IPABOBA XapaKTePUCTUKA : aBTOped.
JUC. ... Kagz. lopu. HayK. Kuis, 2008. C. 18.

ABzees O. O. KpumiHaIpHO-IIpABOBA XaPAKTEPUCTUKA 3JI09HMHY, IIepe0ayeHoro cTaTTeo 188-
1 Kpuminanproro Kozgekcy Ykpainu. Bicnuk Kpuminonoeiunoi acoyiauii Yxpainu. 2014. Ne 6.
C. 25—35. URL: https://dspace.univd.edu.ua/xmlui/bitstream/handle/123456789/665/kriminal _
no_pravova_harakteristika_zlochinu_peredbachenogo_statteyu_188_1_kriminal_nogo_kodek-
su_ukrayini.pdf?sequence=2&isAllowed=y (date accessed: 16.02.2023).

Toxuapenko O. A. OGEKT BUKpPaI€HHS eJIEKTPUIHOI a00 TEILTIOBOI €Hepril IUITXoM ii CaMOBLIBHOTO
BUKOPUCTAHHS. BicHuk O0ecbko20 HAUI0HAAbHO20 YHisepcumemy. ITpagosnascmao. 2009. Bum. 1. T. 14.
C. 72—77. URL: http://dspace.onu.edu.ua:8080/handle/123456789/711 (date accessed: 16.02.2023).
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of a peculiar mechanism that subjects
are interconnected. The mechanism of
production, distribution, transmission and
consumption of energy is uninterrupted
and creates conditions for the reliable
operation of fuel and energy complex in
general that should be taken into account
while investigating the theft of electrical or
thermal energy through its arbitrary use.
It is worth noting that a certain number of
researches in expert proceedings regarding
the arbitrary use of electric energy were
carried out comprehensively until recently,
solving the tasks of forensic electrical
engineering and forensic economics.
Specialists of Hon. Prof. M. S. Bokarius
Kharkiv Research Institute of Forensic
Examinations (nowadays NSC «Hon.
Prof. M. S. Bokarius FSI») as early as
2017 offered an appropriate forensic
technique . However, direct application
of its best practices (certain principles) in
forensic electrotechnical examinations for
research on arbitrary use of thermal energy
is impossible, although the use of some
provisions of the mentioned methodology
is expedient, requiring at the same time
some refinement. The issue of expert
practice regarding conducting research
into the actual condition of gas, thermal
energy, drinking water, etc. metering nodes
requires separate consideration. The main
publication devoted to the construction
of gas meters and their operation is the
handbook by M. Andriishyn and O. Karpash

with co-authors 12, as well as the internet
publication by V. Maksymchuk *.

Analysis results of  forensic
examinations carried out at the NSC «Hon.
Prof. M. S. Bokarius FSI» in this direction
indicates that professionals most often
examine gas meters for the purposes of
forensic examination without taking into
account general condition of the entire
equipment (all measuring equipment)
and its operating conditions. Trace
evidence researches are primarily aimed at
establishing the process of trace formation
as a result of tampering with meters (in
particular, examinations of locking and
protective (control) devices , seals, etc.),
instead to find out the facts of intentional
destruction, damage, disassembly, other
unauthorized interference in the work
of a commercial node of thermal energy
accounting, hot or drinking water, gas
meters is impossible without specific
expertiseofthestructure ofthese measuring
equipment and specific expertise in the
field of fluid and gas dynamics and technical
thermodynamics that does not belong to
competence of forensic trace evidence
analyst. Science and technology literature
on thermal engineering researches, where
these physical processes are studied,
described and explained, in scientific and
engineering (applied) field, currently,
is represented either by an outdated
theoretical work (Hydrodynamics by
L. Landau and E. Lifshitz ¥), or by separate

11 MeToauka gociipxeHHs 3ac06iB 061Ky eeKTpudHOI eHeprii Ta cxeM IX ImiIKJII0YeHHS 3 METO0
BUpIillIeHHS AiarHOCTUYHUX 3aBAaHb (peecTp. Koz 0.1.21). Xapkis : XH/ICE Min'tocty Ykpainu,
2017 / PeecTp MeTOAMK IIPOBeIeHHS CYZ0BUX ekcriepTu3 Min'octy Vkpainu : odin. caiit. URL:
http://rmpse.minjust.gov.ua/page/1 (date accessed: 16.02.2023).

12 Angpiimuu M. II., Kapnam O. M., Mapuyk f. C., Ilerpumus I. C., Cepeziok O. €., YexoBcb-
kuii C. A. OGJIik IPUPOZHOTO Tazy : AOBiAHUK. [BaHO-PpaHKiBCHK, 2008. 180 c. : i1.

13 Maxkcumuyk B. [Ipriagu 06Ky rasy: OCHOBHI THIIM Ta OCOGIMBOCTI eKcIutyaTarii. JKypHaa
201081020 eHepeemuka. 2021. Ne 05. URL: http://jge.techmedia.com.ua/zhurnal-golovnogo-en-
ergetika-2021-5/prylady-obliku-hazu-osnovni-typy-ta-osoblyvosti-ekspluatatsiyi (date accessed:

16.02.2023).

14 Jlanpgay JI. [., Iudmun E. M. Teoperuueckas ¢pusuka. B 10 . T. VI: TuapoguHaMuka. 3-e usz.,

nepepab. Mocksa, 1986. 736 c.
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research papers of Ukrainian scientists
(Fluid and gas dynamics by S. Vasylenko
with co-authors ** and O. Husak with co-
authors ).

The next direction in conducting
research, demanded by the bodies of
pre-trial investigation and the court, is to
resolve the issue of compliance of specific
thermal equipment with the regulatory
requirements and the requirements of the
manufacturer, as well as the issue of the
amount of performed work on installation,
testing and operation of thermal
equipment. Since heat engineering
equipment is common in the modern
world (both in industrial and domestic
use), and differs in purpose, structure
and principles of work, it is problematic
to review the latest publications on these
issues due to their diversity and significant
volume.

In our opinion, on the territory of
Ukraine, the Power and heat engineering
processes and equipment V7 electronic news
is currently the most authoritative in
the field of heat engineering research;
East European Journal of Physics * (in
the part of publications on technical
thermal physics and industrial thermal
energy); Thermophysics and Thermal Power
Engineering * (in the part of industrial
thermal energy, conversion of renewable
types of energy, measuring devices and
methods of measuring thermal quantities,
etc.).

The analysis results of scientific
publications allow us to state that scientific
developments in forensic thermal
analysis require theoretical structuring,
generalization = and  methodological
concretization of individual cases
under research that primarily involves
determining the topic and object of
forensic thermal analysis, formulating the
tasks of thermal engineering research and
developing typical issues that should be
solved by forensic thermal analysis.

Article Purpose

This research purpose is to:

1) formulate concept definitions of:
forensic thermal analysis topic and
forensic thermal analysis;

2) compile a list of directions of forensic
thermal engineering research in
forensic examination (based on the
results of analysis of requests of pre-
trial investigation bodies, courts
and appeals of individuals and legal
entities);

3) identify typical tasks in certain areas
of thermal engineering research.

Research methods

For achieving the goal, such methods
of scientific cognition as observation,
comparison, abstraction, analysis,
synthesis, modeling, etc. were used.

15 Bacwuenko C. M., Kyninuenko B. P., [llesuenxko O. 0., [lizgy6uwuit B. A. TigporasogrHamika :

MoHorpadis. Kuis, 2016. 676 c.

16 Tycaxk O. I, Illapanos C. O., Parymuuii O. B. lgporasogunamika : HaB4. moci6. Cymu, 2022.

296 c.

17 EHepreTHYHi Ta TEIUIOTEXHIYHI IIPOLleCcH ¥ ycTaTKyBaHHA / BicHuk HaljioHaIpHOTO TeXHIYHO-
0 YHiBEPCUTETY «XapKiBCbKUH MOMiTeXHIYHUH iHCTUTYT». URL: http://vestnik.kpi.kharkov.ua/
etpo/uk/pro-zhurnal/ (date accessed: 16.02.2023).

18 CxizHo-eBpomericbkui (ismuHMI xypHaT / Bug-so XHY im. B. H. Kapasina. URL: https://peri-
odicals.karazin.ua/eejp/issue/view/1185 (date accessed: 16.02.2023).

19 Temnodisuka Ta TennoeHepreTuka / Bua-so IncTutyTy TexHiuHoi Terodisuku HAH Yipainu.
URL: http://ittf.kiev.ua/vidavnicha-diyalnist/ (date accessed: 16.02.2023).
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Main Content Presentation

In order to determine forensic thermal
analysis topic, you need to refer to the
formulation of the subject of forensic
expertise as a science. We consider the
wording: “Forensic science topic is the
factual data and circumstances of the case
(proceedings), established by the forensic
expert on the basis of specific expertise
use through the use of appropriate means
(methods) in the study of material and
materialized media for the purpose of solving
the tasks of forensic examination” presented
in the: Forensic science fundamentals:
Tutorial for professionals who intend to
obtain or confirm forensic expert qualification
book *.

Regarding the definition of subject of
forensic science topic, scientists are in
one of two positions:

1) I. Aliiev, N. Klymenko and M. Sehai
believe that forensic expertology
topic should include patterns due to
forensic science, since the theory
of forensic examinations is formed
in its depths and is largely based on
its methodology. This requirement
applies to the didactic component
containing professional training of
experts in various specializations;

2) F. Dzhavadov, S. Bychkova and
I. Pyrih deny possibility of legal and
organizational principles belonging to
forensic expertology topic.

The research object and topic are
categories of scientific process and
are related to each other as basic and
detailed, general and partial, primary

and secondary ones. Certainly, these
concepts are not identical ones: for
example, research topic can be common
to different sciences, and the subject can
be characteristic of only one science.
The object concept is broader: it covers
external world phenomena that are
subject to knowledge and practical
influence of subjects, persons. On the
other hand, the topic is a component,
a specific aspect of the object studied
by this science, it is embodiment of the
circle of the most essential studying
issues. In order to simplify the difference
perception between a topic and an object,
it is advisable to apply the constructions
topic — goal and object — means to these
concepts. It may be stated that subject
is the most essential, leading properties
of the researched object (phenomenon),
to which cognitive activity is directed.
The topic concept of and the forensic
examination task (if the task is not
understood in a broad sense — as
specific questions posed to the expert by
the person or body that appointed the
forensic examination, and in a narrow
sense — as achievement of what the
expert’s cognitive activity is aimed at)
are identical ones. Thus, the forensic
examination topic is determined by its
tasks, objects and methods of cognition.
A constant connection between the topic
and tasks is important for achieving our
goal.

At the preparation stage for initiation
of forensic thermal analysis, forensic
experts of NSC «Hon. Prof. M. S. Bokarius
FSI» prepared necessary changes to the
Research guidelines on preparation and

20 Tomouenko JI. M., JlozoBuii A. 1., CimakoBa-EdpemsH E. B. Ta iH. OCHOBU CyZ0BOI eKCIIEPTU3HU:
HaBYaJIbHUH NOCIOHUK 151 haxiBLiB, SIKi MAlOTh HAMIp oTpuMaTy abo migTBepAnTY KBaTidika-
IIiI0 CYZOBOTO eKclepTa. XapkiB, 2016. C. 25. URL: https://expertize-journal.org.ua/attachments/

article/924/ose.pdf (date accessed: 09.11.2022).
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appointment of forensic examinations
and researches * (hereinafter referred to
as RG). By order of the Ministry of Justice
dated on 15.08.2022 No. 3430/5 %* Sec. II
RG supplemented Ch. 17, which clause
17.2 sets out the following main tasks of
forensic thermal analysis:

« determination of characteristics and
parameters of objects related to production,
transportation, supply and use (consumption)
of thermal energy;

« compliance determination of district
heating thermal engineering equipment,
heating system, ventilation and air
conditioning systems with requirements
established in technical conditions, norms,
standards and rules;

- determination of the technical condition
of heat engineering equipment, heat power
plants, pipelines of heating system with
heating devices, heat exchangers and shut-off
and control valves;

- establishment of causes and consequences
of accidents and failures of thermal equipment
of thermal power plants that led to violation
of heat supply regimes of consumers;

- establishing causes and consequences
of accidents and failures of the equipment
under research, during which operation
thermal processes occur with deviation of the
parameters of this process from the standard
one;

« establishment of operating modes of
thermal installations and the mechanism of
thermal processes during technical operation

of thermal equipment and components of
district heating;

- establishing actual circumstances of the
occurrence and course of thermal processes
in thermal equipment, machines and
mechanisms and/or their components;

- setting use volume of heat and/or
fuel for heating, ventilation, water supply,
technological, production needs.

Other tasks can be assigned to thermal
engineering research if specific expertise in
the field of thermal engineering and energy-
efficient technologies is required for their
solving. Specific expertise use in the field
of thermal engineering can also be applied
in the complex solution of issues where it is
necessary to apply specific expertise in other
forensic expert specializations .

The object of forensic examination
is understood as “material (materialized)
sources of information (objects, formations,
etc.) that are investigated (recognized) by
forensic expert on the basis of the of specific
expertise application , within the framework
of subject of expert research by certain methods
and means in order to solve the tasks (issues)
set by the authorized person (body)” *.

Systematizing the above, we can
offer the following definition: object
of forensic thermal analysis is a re-
flection in the form of material and
materialized sources of material evidence
information (thermal engineering
equipment and equipment which energy
transformation takes place in accompanied

21 HaykoBO-MeTOZWYHI peKOMeHJAlii 3 MUTaHb MiJTOTOBKYU Ta IIPU3HAYEHHS CYZOBUX eKCIIep-
TH3 Ta €KCIIePTHUX JOCIi/KeHb : 3aTB. HakazoM MinlocTy Vkpainu Big 08.01.1998 p. Ne 53/5
(31 3amiH. Ta gomos.). URL: https://zakon.rada.gov.ua/laws/show/z0705-98#Text (date accessed:

16.02.2023).

22 3MiHU [0 AesSKUX HOPMAaTWBHO-NIPABOBUX aKTiB 3 IIUTAHb CYAOBO-€KCIIEPTHOI AisIBHOCTI :
3aTB. Haka3oM MiH'IocTy Vkpainu Big 15.08.2022 p. Ne 3430/5. URL: https://zakon.rada.gov.ua/
laws/show/z0922-22#n24 (date accessed: 16.02.2023).

23 HaykoBO-MeTOZUYHI peKOMeHZAIil
98#Text (date accessed: 16.02.2023).

URL: https://zakon.rada.gov.ua/laws/show/z0705-

24 TonosueHKo JI. M., Jlo3oBuii A. I., CimakoBa-Edpeman E. B. Ta in. Op. cit. C. 27. URL: https://
expertize-journal.org.ua/attachments/article/924/ose.pdf (date accessed: 16.02.2023).
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by heat processes; equipment for recording
parameters; documents about phenomena
and processes, schemes, drawings, etc.),
placed in the case materials (proceedings).
The given definition is quite concise,
convenient for delineating the limits
of the of specific expertise application,
but it does not fully correspond to the
constructions: subject - goal and object -
means. It is worth noting that the objects
of heat engineering research include: heat
engineering equipment and its components
that produce heat energy by converting
mechanical, electrical, and chemical
energy; thermal energy equipment that uses
thermal energy for heating, ventilation,
water supply, technological, production
or communal household needs; thermal
power plants that convert heat into work
or, conversely, work into heat; fuel and
heat supply systems and other engineering
and technical equipment or systems for
converting any type of energy into thermal
energy; components of such equipment
where heating occurs; systems of cooling
and heat-mass exchange of substances in
solid, liquid and gaseous aggregate states;
heat energy transmission (transportation,
supply) systems, gas, heat, and water supply
systems (gas pipelines, steam pipelines,
hot water pipelines) along with auxiliary
equipment that ensures transportation
and control of these processes; equipment
for accounting of energy resources (fuel,
thermal energy, natural gas, water),
measuring  equipment for  technical
implementation of such accounting, other
components and auxiliary equipment of
accounting units; systems of utilization
(recovery), accumulation (accumulation)

of thermal energy; systems for registering
operating  parameters  of  heating
equipment; operation modes (normal and
emergency) of heating equipment; direct
thermal processes as physical phenomena
in all forms of their detection and impact
on materials, substances, machines,
mechanisms, equipment, etc.; drawings,
technological schemes, instructions,
instructions, regulations for the operation
of heating equipment, etc.

Taking into account the above and
the general system of tasks of forensic
Engineering initiated by us earlier *, as
well as analysis results of the requests of
pre-trial investigation bodies and the court
to conduct forensic examinations of the
heat engineering direction, we propose to
differentiate the tasks of forensic thermal
analysis into the same four groups as the
tasks of forensic engineering *:

+  First group is research on the state

of objects;

«  Second group is establishment of
compliance / non-compliance
of the object state with certain
requirements;

« Third group is determination of
the mechanism of occurrence of
investigated situation;

- Fourth group is clarification
of cause-effect relation in the
situation (event) under research.

Synthesizing the main tasks of heat
engineering expertise fixed in RG?’and the
general system of tasks of engineering and
technical forensic examinations proposed
by us %, we can characterize the general
tasks of Forensic thermal analysis.

25 Borzauok I. Op. cit. C. 120—121. DOI: 10.32353/khrife.4.2022.05 (date accessed: 16.02.2023).

26 Ibid. C. 121.

27 [Jlus. m. 17.2 r1. 17 po3z. II HaykoBo-MeTOANMYHUX peKoMeHzami ... . URL: https://zakon.rada.
gov.ua/laws/show/z0705-98#Text (date accessed: 16.02.2023).
28 Borgauiok I. Op. cit. C. 120—121. DOI: 10.32353/khrife.4.2022.05 (date accessed: 16.02.2023).
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General tasks
of forensic thermal analysis
1. Investigation of the state of objects
with definition of:

1.1.

1.2,

1.3.

Designation of the object with
identification of performed
functions, identification of the
object (type, brand, model,
design, modification, etc.);

Characteristic parameters:

a) technical and operational
indicators  (temperature,
pressure,  concentration,
density, speed, acceleration,
current, flow, etc.),
specific characteristics
and parameters of objects
related to  production,
transportation, supply
and use (consumption) of
thermal energy;

b) technical indicators
(level, group, complexity,
configuration, limits of
application / use, etc.);

Actual  condition of heat
engineering equipment,
heat power plants, heating
pipelines with heating devices,
heat exchangers, shut-off and
control valves, metering units,
measuring  equipment and
control, gas, heat, water supply
systems (gas pipelines, steam
pipelines, hot water pipelines)
and air conditioning, heating
and cooling systems:

a) integrity (complete, partial,
set of fragments, fragment);

b) functionality (operable /
inoperable, critical / limit
state, etc.);

c) list of actual defects with
their identification and

33

1.4.

1.5.

1.6.

1.7.

1.8.

1.9.

establishment of the of
object malfunction type
(partial, complete, critical,
etc.) by defects recorded in
the research;

d) type of malfunction by
the method of detection
(obvious / hidden);

Operation mode / mode of

operating conditions; (change of

mode in time);

Identification = of  operation
mode (normal / abnormal /
emergency);

Identification of the state with
determination of type of the
studied state (primary/changed).
Determination of changes in the
state (what they were);
Identification of the
thermal process;

The type (nature) of
malfunctions (loss of integrity;
wear; destruction; thermal,
mechanical damage, etc.) of the
object as a whole or its individual
parts, elements, fragments;

List (scope) of works on
restoration, repair, elimination
of consequences.

studied

. Establishment of conformity or non-

compliance with the state of the
object:

2.1.

Requirements of regulatory and
technical and regulatory docu-
ments (technical requirements;
technical specifications; tech-
nical conditions; terms of the
contract of sale / provision of
services/supply/storage  /prop-
erty management/ lease / acces-
sion; requirements of technolog-
ical maps regulating compliance
with certain parameters: fuel
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consumption, production, con-
sumption / use of thermal ener-
gy, etc.);
Requirements regulatory
and technical documents
(rules, instructions, guidelines)
regarding the actions of certain
persons;
The scope of performed work
(manufacturing, construction,
installation, other work,
including modernization, repair,
restoration); the requirements
of regulatory and technical and
regulatory documents, as well as
contracts, project documentation
and estimates.

3. Research on objects with mechanism
establishment of occurrence of
studied objects:

3.1. Thermal process, event, incident,
situation, accident, etc.;

2.2. of

2.3.

3.2. Actual operation mode, actual
technological process;
3.3. Actual  condition,  existing

defects, malfunctions with the
definition of the occurrence
mechanism of malfunction type
due to:

a) inept handling of equip-
ment / appliance / compo-
nent;

improper and inappropriate
operation (maintenance),
installation, storage;
overload;

weakness;

wear-and-tear

aging, degradation;
coincidence of operational
resource;

constructive malfunction;

b)

c)
d)
e)
f)
g)

h)

34

i) production or technological
malfunction.

4. Establishment  of

conditionality relations:

4.1. Acquisition of actual state;

4.2. Occurrence of an event, incident,
situation, accident;
Improper operation, improper
use.

For a more complete understanding
Forensic thermal analysis object, which
definition is proposed above, it is
important to have a good understanding of
the types of heat engineering equipment
and its features, for example: industrial
and household; heat generating and
heat using; with a developed structure in
terms of the number of thermal processes
in the workflow and with one type of
thermal process; structurally complex
and simple; systemic in composition and
single-device; with the organization of the
thermal process in a closed system and an
open one; with the same or with different
principles of work, etc. In view of infinity
of this list, we will limit ourselves to
analysis of the main types of thermal
power equipment (only of industrial
purpose and without taking into account
constructive changes) as objects of
forensic thermal analysis.

causal and

4.3.

Main types
of thermal power equipment
as objects of forensic researches

Boiler plants.

Combustion chambers.

Industrial furnaces.

Steam turbines.

Gas Turbine and Combined Units.
Internal combustion engine,

Jet engines.
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Utility blowers
compressors).
Pipeline systems and shut-off and
control valves.

Gas control points.

Drying plants.

Industrial heat and
exchangers and installations.
Refrigeration and  cryogenic
plants.

Nuclear reactors.
Steam generators.
Other  hydroelectric
stations

Thermal power plants.
Nuclear power plants.
Plasma power plants.
Heating systems
Ventilation and air conditioning
systems.

Heating, heating, heat and power
supply systems.

Heat supply systems of industrial
enterprises.

Gas, water, steam, fuel metering
units.

fans,

(pumps,

mass

power

35

Heat accumulators.

Main types of Theat energy
equipment include both separate types
of equipment (which, although they are
complete products, but according to
their use or purpose are only elements,
for example: boiler rooms, turbines,
dryers, refrigeration units, heat and
mass exchange devices), and systems
containing several elements, structurally
and functionally interconnected to
perform system integral functions (for
example: thermal and nuclear power
stations; heating, ventilation and air
conditioning systems; heating and heat
energy supply systems). Such systems
maycontainthesameelements (E.g., Figs.
1 and 2), but they should be considered
as separate objects of study, since an
incorrectly or poorly designed system
cannot perform the functions assigned
to it (or perform them improperly), even
when individual elements fully meet
the necessary quality and functional
indicators.
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Thermal Nuclear

power power

plants plants
Boiler - —>| Steam Turbines |<— Nuclear
plants A reactors

—>| Energy Blowers |<—
Pipeline systems and shut-off _ Steam
and control valves N generators

Heat and mass exchange devices
(regeneration and cooling systems)

Generator part of the plant:
electric generators, power transformers,
current conductors -
and other technical equipment together [~
with support systems (including own
cooling systems)

Systems of control
and measuring equipment of working
conditions of heat and electric energy [«
production, as well as protection
and control systems

Y

Fig. 1. Thermal and nuclear power plants as complex system objects

of forensic thermal analysis
Shorthands:

] system object
object that is an element of the system and can be a subsystem

Heating, heating, heat
and power supply systems

Y w Y
Boiler Pipeline systems and shut-off Heat and mass
plants and control valves exchangers

Y Y

Energy
Blowers

Heat
accumulators

Fig. 2. Structure of a complex system object of forensic thermal expertise research
Shorthands:

system object
] object that is an element of the system
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Individual
power equipment can have their own
internal classifications (see, for example,

elements

of

thermal

obje

cts.

Fig. 3), and individual positions of these
classifications can be separate research

Boiler Combustion
plants Chambers
Energy Water Boiler plants Gas Turbine Internal
gases heater Units combustion
BRTE engines
) e 14
Vg I\ J Jet Design of Plasma|
Coal thermal Gas Engines Accelerators and
power plants (oil-gas) Power Plants
Heat and mass Energy
exchangers Blowers
Y v ]
| Energetic ones | | Industrial ones | | Pumps | |Gas—blowing machines|

R

Compressors Fans

Recuperative || Regenerative Mixing Dynamic ones|<— —>
ones ones ones

Fig. 3. Classification of elements of heating equipment systems

created): mechanical, thermodynamic,
fluid and gas dynamics, heat and mass
exchange (Fig. 4).

We should note that the same universal
physical processes operate in all variety
of objects of heat engineering equipment
(both existing and those that can be

Universal physical processes
used in thermal power plants

'

4 y Y
Thermodynamic Fluid and gas Heat and mass
ones dynamics exchange

A4
Mechanical
ones

Fig. 4. Physical processes in thermal power plants
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Compiling a comprehensive list
of thermal energy equipment is an
almost impossible task, because today
mankind uses many different devices
and equipment, which, moreover, are
improved every day. We have provided an
approximate list of such equipment for
a holistic understanding of the topic, object
and tasks of forensic thermal analysis and
a comprehensive understanding of its
methodology. Issues of the methodology
of forensic thermal analysis require
a separate research that is the goal of our
further scientific investigations.

Conclusions

Formation  procedure of  thermal
engineering researches as a separate
type of forensic engineering and thermal
analysis based on the principles of genesis
in forensic expertise is considered.
The latest research in the field of the
use of special knowledge during the
production, distribution, transmission
and consumption of energy resources
is analyzed. A review of the complex
expert studies carried out at NSC «Hon.
Prof. M. S. Bokarius FSI» on violations
of accounting and theft of natural gas by
interfering with the operation of accounting
devices, on the determination of the scope
of the completed works on installation,
testing and operation of heating equipment
was carried out. The need to define the
concept of topic and object of forensic
thermal engineering researches, formulate
the tasks of thermal engineering research
at the stage of formation of these species
of forensic science is substantiated.
Expanded definition of the subject of
Forensic Thermal Analysis is proposed. On
the basis of general structure of forensic
tasks, as well as the results of the analysis
of the requests of the pre-trial investigation
bodies and the court regarding conduct

of forensic examinations in the heat
engineering direction, general list of
tasks of the forensic thermal analysis
engineering examination structuring into
four groups has been developed. A list of
the main research areas of forensic thermal
analysis has been compiled.

CyZ0oBa TeIUIOTeXHIYHA eKCIIepTHu3a:
npeaMeT, 00 KT, 3aBJaHHs,
OCHOBHi HANIPAMU JOCJIi/I;KeHb
Izop Bozdaniok

Posenanymo npoyec popmysanus menaio-
mexHiuHux docaidiceHb AK 0kpemozo 8udy cy-
00801 THIHeHePHO-TMeXHIUHOL eKCnepmusy 3a
npuHyunamu zeHesucy 6 cyodosiii excnepmo-
noeii. IIpoananizosano ocmanHi docaiodiceH-
HA 8 UYApUHi BUKOPUCTIAHHA CNeyidAbHUX
3HaHb Nid 1wac supobHuymed, po3nodiny, ne-
Ppedasanna ma CnoXUsaHHs eHepzopecypcis.
3diticrero oenad sukonanux ¢ Hayionaavho-
MY Haykogomy yenmpi «IHcmumym cydosux
excnepmu3 im. 3aca. npog. M. C. Bokapiyca»
KOMTNAEKCHUX eKcnepmHuux Jdocaidieny i3 no-
pyuleHy 064iky ma Kpadinok NpupooHozo
2a3y WASXOM YMpY4auHs 6 pobomy npuaa-
0ig 00611iKY, i3 8U3HAYEHHS 00C2Y BUKOHAHUX
pobim i3 monmascy, eunpobyeanns ii excniy-
amayii menaomexHiuHo20 YCMAMKY8aHHA.
Mema: cpopmyniosamu 8usHa“eHHA NOHAMNY
npedmema ii 06’ckma cydoeoi menomexHiu-
HOL eKCepmu3u; CKAAcmu nepeaix Hanpamis
menaomexHivHux 00cAidxeHsb i cpopmysa-
MU 3d HUMU MUN0BL 3a80aHHsA 04 UbO2Oo
sudy cydosoi excnepmusu. JIna docseHeHHS
n0CcmasAeHol Memu 3Acmoco8aHo Memodu
HAYK06020 NISHAHHA: CNOCTMEpexHeHHs, No-
DIBHANHS, abcmpazy8anHs, aHania, CuHmes,
MO0eA108aHH MOWO0. 3anponoHO8aHO CKO-
poteHe ma posulupere 8U3HAUEHHA npedme-
ma cydoeoi memnnomexHiiHOl eKCcnepmusu.
Ha nidcmasi 3azanvioi cmpyKmypu 3a80aHb
THOICeHePHO-TMeXHIYHUX CYO08UX eKCnepmus,
a makosc 3a pe3yibmamami. AHAAI3Y8AHHS
3anumis opeanis 0ocydosozo po3caidy8aHHs
il cydy wodo nposedenHs cydosux ekcnepmus
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MenA0mexHiuHoe0 HANpPSIMY po3pobreHo 3a-
2a1bHUTL nepeik 3a80aHb Y0801 menaomex-
HI4HOL eKCnepmu3u 3i CmMpyKmypye8aHHam 3a
uomupma epynamu. Ckaadeno mnepeaix oc-
HOBHUX HANpAMmi8 docaidxiceHs 8 cydosiil me-
NAOMeXHIYHITL eKCriepmusi.

Kawuogi caoea: o06°ckm, npedmern,
3a80anHs, NumManHs cydosoi menaomexHiu-
HOU eKcnepmusu; npakceon02idHuil nioxid;
MenAomexHiuHi docAi0xHceH s, menioeHepee-
MuyHe YyCmamky8aHHts.
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