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PREAMBLE

Increasing of ecological safety level up to safe or legislative establi-
shed values of its indicators are relevance scientific, technical and practi-
cal problem both for life cycle of technics units and for technologies of
production, functioning and utilization of such technics. Complex solution
of the problem are possible by the way of creation of ecological safety
management systems of various stages of life cycle of such objects ba-
sed on using of principles of systematic approach, multilevel decomposi-
tion, hierarchical structures analysis and decimal division. Team of these
monograph authors created methodological basis of such management
systems for different types of technics and technologies. Its structures
are similar to each other but takes into account of specific features of
managed objects, in which is scientific character of created basics, that
differ by undoubted scientific novelty. Practical value of results of rese-
arch described in these monograph lies in the fact that activities for ensu-
ring of technogenic and ecological safety of technics and technologies
was systematized on all levels — strategic, tactical and technical.

First chapter of the monograph dedicated to presentation of me-
thodological basis of creation of ecological safety management systems
on examples of functioning process of different technics units and tech-
nologies, which form basis of accompany all stages of life cycle of that
technics. Second chapter contains the results of mathematical modeling
and calculated researches of with developed mathematical models of
processes of ensuring of ecological safety in technics and technologies.
In monograph third chapter presents the analysis results of technoge-
nic, ecological and metrological aspects of experimental researches of
values of indicators of ecological safety level as source of initial data for
calculated researches and for identification of mathematical models. Ba-
se of fourth chapter is researches of ensuring of ecological safety of
products of nanotechnologies as it is during its life cycle and its applica-
tion in practice. Eifth _chapter of these monograph, final in its structure,
dedicated to criterial and economical assessment of effectiveness of
process of functioning of ecological safety management system, which
must be carried out for implementation of feedback in corresponding ma-
nagement system.

These book will be useful for scientists and engineering technical
staff, Doctoral and PhD postgraduates, aspirants and adjuncts, students
and cadets and also listeners, which studying in areas «Civil Defense»,
«Technogenic and Ecological Safety», «Technologies of Protection of
Environment», «Ecology».




NMEPEAOMOBA

MiaBULLEHHS piBHA eKonorivyHol 6eanekn oo 6e3nevyHnx Ym HopmaTue-
HO BCTAHOBMNEHUX 3HAYEeHb MOKA3HUKIB, LLIO NOro XxapakTepusyTb, € akTya-
NbHOK HAYKOBO-TEXHIYHOM | MPUKITagHOK 3adadero siK Ans BUnagKy XutTe-
BOrO LIMKITY TEXHIKW, TaK i A4S TEXHOSIONN, WO fieXaTb B OCHOBI NPOEKTyBa-
HHA, BUPOOHMLUTBA, (OYHKLIOHYBaHHA 1 yTUAi3auil Takol TexHikn. Komnnekc-
He BUPILLEHHS Takol 3aJadvi € MOXINUBUM LUNIAXOM CTBOPEHHA CUCTEM yripa-
BNiHHS €KONoriyHot 6e3neKkol NPOTAroM XUTTEBOrO LMKMAY Taknx O6’eKTiB
Ha OCHOBI 3aCTOCYBaHHA MPUHUMNIB CUCTEMHOrO nigxoay, 6aratopisHEBOI
AeKoMno3uuii, aHanisy iepapXiyHnMx CTPYKTyp, AeCATUHHOro noginy. ABTop-
CbKNM KOJIEKTUBOM CTBOPEHO METOLOJSIOrNYHIi OCHOBM TaKUX CUCTEM ynpasni-
HHS AN Pi3HUX BUAIB TEXHIKW | TeXHONMOTIN. IX CTpyKTypn noaibHi ogHa of-
Hil, Xo4a i BpaxoByloTb cneumdiky 06’eKTiB ynpaBniHHSA, Y YOMY i BUpaXkae-
TbCHA HAYKOBMM XapaKTep CTBOPEHUX 3acap, sKi BUPI3HAKTbCA 6e3CyMHiB-
HOK HayKog80K HOBU3HOM. [lpakmuyHa UiHHICMb pe3ynbTaTiB OOCNiIKEHD,
LLIO HaBefeHi y uin MoHorpadii, nondrae y Tomy, WO 3axoau Wwoao 3abes-
NeYeHHs1 TEXHOreHHO-EeKONOriYHOI 6e3neKkn TEXHIKN | TEXHOMOTI cuctemaTu-
30BaHO Ha YCiX pPiBHAX — CTpaATEriYyHOMY, TaKTUHHOMY | TEXHIYHOMY.

Mepwwun pos3gin moHorpadii NpUcBAYEHO BUKNaAEeHHI0 MEeTOL4OMNO Y-
HWUX OCHOB CTBOPEHHS CUCTEM YNpaBIiiHHA €KONOriYHO Be3neKkoro Ha NpukK-
nagax (oyHKUIiOHYBaHHSA PI3HOI TEXHIKU Ta PI3HMX TEXHOMOriN, WO cKnaga-
IOTb OCHOBY YU CYNPOBOLKYIOTb YCi eTann XXUTTEBOIO LMKY TaKol TEXHIKW.
Opyrun po3ain MiCTuTb pesynbTatm MaTteMaTUYHOro MOLENIOBaHHSA Ta Yn-
CENbHUX PO3paxyHKiB 3a po3pobrieHnMn MaTeMaTUY4HUMKM MOOENAMMU NpPo-
LeciB i3 3abe3neveHHs piBHSA €KOMOorivyHOI Be3nekn y TeXHiui N TEXHOSMOrIsX.
Y TpeTboMy po3ainii MoHorpadoii HaBeeHOo pe3yribTaTu aHanidy TeXHOreH-
HO-EKOMNOrYHUX | METPOSIOrNYHMX acneKTIB ekcrepuMeHTanbHNX OOCNIIKEHD
NMOKa3HWKIB PIBHA €KOMNOrivyHoi 6e3nekn sk mkepena BUXiOHMX AaHUX AONS
pPO3paxyHKOBUX AOCNIMKEHb Ta AN4 ideHTUdiKauil MaTteMaTu4yHNX Moaenen.
OCHOBOI 4eTBEpPTOro po3A4iny € AOChiaKeHHSA oo 3abe3neyvyeHHst eko-
noriyHoi 6e3nekn NPoayKTiB HAHOTEXHOMONN SK TakuX MNPOTArOM iX XUTTeE-
BOro LMKy Ta iX 3acTOCyBaHHA Ha npaktuui. [I’aTun posain uiei MmoHorpa-
doil, 3aBepLIanbHUN Yy 11 CTPYKTYPI, MPUCBAYEHO KpUTepiaribHOMY Ta €KOHO-
MIYHOMY OLliHIOBaHHIO e(DEeKTUBHOCTI NpoLecy (PyHKLIOHYBaHHA CUCTEM Yn-
paBIiiHHA eKonoriyHok 6e3nekoto, Wo Mae 34iMCHIOBaTUCh AN 3BOPOTHOrO
3B’SI3KY Y BiAMOBIOHIN CUCTEMI ynNpaBIliHHS.

MoHorpadiss 6yae KOPUCHOK HayKoBUSAM Ta iHXEHEePHO-TEXHIYHUM
npaviBHMKaM, OOKTOpaHTaM, acnipaHTam, af’loHKTaMm, CTyLdeHTaMm, KypcaH-
Tam i criyxadam, §iKi HaB4yalTbCa 3a Hanpamkamun «LlmeinbHa ©e3nekay,
«TexHoreHHo-ekonoriyHa 6eaneka», «TexHonoril 3axncTty HaBKOSIULLIHBOrO
cepeposuLlar», «Ekonorisy.
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INTRODUCTION

Relevance of the study. Results of analysis of modern condition of
technogenic and ecological situation in the World and in Ukraine in particu-
lar indicates that measures to improve it should not be developed and im-
plemented unsystematically despite the fact that whatever significant posi-
tive effects they reached in a particular, narrow, one-sided direction.

Comprehensive and complex nature of processes and technologies
which constitute the essence or accompany all stages of the technics life
cycle including units of power plants, namely rescue vehicles and equip-
ment, causes a similar character of content, development and implementa-
tion of the measures to ensure legislatively established level of the indica-
tors values of ecological safety. To implement this ultramodern approach
there is an urgent necessary to develop scientific bases of appropriate me-
thodological support.

Algorithm of solving of this global problem should include manage-
ment process of development and implementation of such measures step
by step, between sequentially following steps must exist cause and effect
and hierarchical relations, also this algorithm must to use as the primary in-
itial data values of operational indicators real management objects and be-
ing locked by feedback. Such requirements can satisfy only the creation of
environmental safety management system on the basis of the principles of
a systematic approach, multilevel decomposition, analysis of hierarchical
structures decimal division.

As it shown in presents studies, such structured science approach
differs with wide universality. It was used as well for ensuring ecological sa-
fety of technological processes of uploading, downloading and storing of
bulk materials, as for functioning of mines, as for forest fire liquidation pro-
cesses with using of aerosol dispersed multiphase structures, as for explo-
itation process of power plants with piston internal combustion engines, as
for technological processes of plasma utilization of solid domestic wastes,
as for structuring processes of semiconductor nanomaterials and so on.
But it should be noted that activities for ensuring of ecological safety in any
case require time and money expenses, are scientific and labor capacious.
Development of management systems can only optimize these costs, not
reduce them to nothing.

That why creating of scientific basics of methodological maintains of
ecological safety management systems and whole complex of activities for
ensuring of legislative established level of indicators values of ecological
safety is extremely promising and relevant area of research in terms of en-
ergy and resource costs for scale of country as well as for global scale.

Contact with academic programs, plans, themes. These scientific
research reflects main results of performing of scientific work of young sci-
entists that carried out at the expense of state budget of Ukraine of Berdy-
ansk State Pedagogical University «Nanostructured semiconductors for en-
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ergy efficiency ecological safety technologies which increase level of ener-
gy saving and ecological safety of urbanic system» (State Registration Ne
0116U006961, 2016 — 2018). The research also reflects main results of
completed science research work of Applied Mechanics Department of Na-
tional University of Civil Defense of Ukraine «Theoretical research and de-
velopment of devices to enhance the operational safety of power plants ba-
sed on diesel engines» (State Registration Ne 0115U002040, 2015 — 2016)
and two uncompleted science research works — «Hydraulic steams resea-
rch at the control systems of the enhanceable danger objects ecological sa-
fety creation» (State Registration Ne 0116U002002 2016 — 2017) and «Me-
thodological support for criteria-based assessment of ecological safety ma-
nagement system of power plants of emergency rescue vehicles functioni-
ng process efficiency» (State Registration Ne 0117U002002, 2017 — 2018).

Methods of the study. During carrying out of the research we used
following methods. Analysis of scientific and technical literature; synthesis
of ecological safety management systems; principals of systematic appro-
ach, multilevel decomposition, analysis of hierarchical structures, decimal
division; methodics of analysis of data experimentally obtained on engine
test bench, calculation of middle exploitation values of technical, economi-
cal and ecological operational indicators of piston ICE with standardized
stationary testing cycles, calculated assessment of influence of hydraulic
resistance of elements of exhaust system of piston ICE of its fuel efficiency;
methodics of application of complex fuel and ecological criteria and genera-
lized desirability function; mathematical models of hydraulic resistance and
operational efficiency of DPF; mathematical model of motion of two-phase
multicomponent dispersed gas-and-drops fluid with taking into account in-
terphase interaction; methods of finite volumes and least squares; methodic
of assessment of economical effect of implementation of new technologies;
methodics of calculation of geometric parameters of motion trajectory of
water jet from manual fire barrel and assessment of influence of measure-
ment errors on it; methodics of analytical, calculated and expetimental as-
sessment of parameters of nanostructured semiconductor materials and
operational characteristics of photovoltaic converters.

Purpose of the study. Creation of scientific basis of methodological
maintains of ecological safety management systems during life cycle of va-
rious types of technics, which based on using of modern ecological safety
material and energy saving technologies.

Object of the study. Ecological safety management systems of life
cycle of technics and technologies.

Subject of the study. Scientific basis of methodological maintains of
ecological safety management systems.

Tasks of the study. During carrying out the research we solved follo-
wing problems.

1) creation of scientific basis of methodological maintains of ecologi-
cal safety management systems during life cycle of technics with taking into
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account specific features of technologies on which based on its exploitation
and utilization;

2) carrying out of mathematical modeling of processes of ensuring of
ecological safety as the base of rationalization of technical decisions of con-
struction, exploitation and utilization of technics units;

3) detection and description of technogenic, ecological and metrologi-
cal aspects of experimental researches of indicators of level of ecological
safety of technics and technologies as source of initial data for physical and
mathematical modeling and identification of models;

4) detection and studying of features of ways of ensuring of ecologi-
cal safety of products of nanotechnology during its life cycle as most proba-
bility alternative for traditional technologies;

5) creation of scientific basis of methodological maintains of criterial
and economical assessment of efficiency of functioning process of ecologi-
cal safety management systems as basis of monitoring and feedback of
such systems;

6) carrying out of SWOT-analysis of results of the study.

Science novelty of results of the study. Itis as follows.

1. Was further developed scientific basis of methodological maintains
of ecological safety management systems during life cycle of technics with
taking into account specific features of technologies on which based on its
exploitation and utilization.

2. Was further developed scientific basis of methodological maintains
of ecological safety management systems during life cycle of products of
nanotechnologies.

3. Was further developed scientific basis of methodological maintains
of criterial assessment of functioning efficiency of ecological safety mana-
gement systems.

Practical value of results of the study. It is as follows.

1. Developed methodological maintains of ecological safety manage-
ment systems during life cycle of technics and technologies is useful for
creation of such systems for new types of management objects.

2. Developed scientific basis of methodological maintains of ecologi-
cal safety management systems during life cycle of products of nanotech-
nologies is useful for creation of such systems for new types of manage-
ment objects.

3. Developed methodological maintains of criterial assessment of fun-
ctioning efficiency of ecological safety management systems is useful for
application with existing and developed systems.

4. Results of analysis of technogenic, ecological and metrological as-
pects of experimental researches of indicators of level of ecological safety
of technics and technologies is useful for development of activities for en-
suring of technogenic and ecological safety of experimental researches.

5. Developed ecological safety management systems is useful for im-
plementation in scientific and research works in order of searching of new
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ways for ensuring of ecological safety of technics, technologies and its pro-
ducts.

6. Developed methodological maintains of ecological safety manage-
ment systems was implemented in educational process of National Universi-
ty of Civil Defense of Ukraine and Berdyansk State Pedagogical University.

Material of the research published in 30 scientific articles, namely:
13 articles in professionals scientific journals, including 10 — in journals that
is listed in the PAD of Ukraine, 6 — in foreign journals (Republic of Moldova,
Republic of Kazakhstan), 8 — in journals, which referred in international sci-
entometric data bases, 1 chapter of handbook and also thesis of 16 scienti-
fic reports.

Material of the research passed approbation on 13 international,
with international participation, all Ukrainian and regional science, technical
and practical conferences and congresses, including on 3 foreign (Republic
of Moldova, Republic of Kazakhstan, Russian Federation).

Structure and scope of the research. This monograph presented
on 204 pages of main text, consists of preamble, introduction, five chapters,
general conclusions and one appendixe on 9 pages. Text of monograph in-
cludes 58 figures, 17 tables, bibliography of 195 sources.
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consultative and practical help in obtaining scientific data underlying the
study, which is reflected in this monograph to following persons: Dr. Sci.
(Ped.), Professor I. T. Bogdanov (Berdyansk State Pedagogical University),
Dr. Sci. (Tech.), Professor V. M. Shmandiy (M. Ostrogradsky Kremenchuk
National University), Dr. Sci. (Tech.), Professor M. S. Malyovany (National
University «Lvivska Polytechnica»), Dr. Sci. (Tech.), Professor V. A. Andro-
nov (National University of Civil Defense of Ukraine), Dr. Sci. (Tech.), Pro-
fessor Y. M. Semchuk (lvano-Frankivsk National Technical University of Qil
and Gas), Dr. Sci. (Tech.), Professor I. V. Parsadanov (National Technical
University «Kharkiv Polytechnical Institute»), Dr. Sci. (Tech.), Professor
O. P. Strokov (Zaporozhye Classical Private University), Cand. Sci. (Tech.),
Sr. Researcher A. M. Levterov (A. M. Podgorny Institute for Mechanical
Engineering Problems of NAS of Ukraine), Cand. Sci. (Econ.), Associate
Professor T. P. Nestorenko (Berdyansk State Pedagogical University).
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BCTYnN

AKTyanbHicTb AocnimKeHHA. Pe3ynbtati aHanidy cy4acHoro ctaHy
TEeXHOreHHo-ekonoriyHoi cutyadii y CBiTi B3arani Ta Ha YkpaiHi 30kpema
cBigyaTb Npo Te, WO 3axoau, CNpsIMOBaHi Ha il MoMiNWeHHs, He MakTb PO3-
pobritoBaTuca i BnipoBamKyBaTUCS 6€3CUCTEMHO, SIKMX BU CyTTEBUX MO3K-
TUBHUX €dOeKTiB BOHN He Jocrann y OKpeMo B3SATOMY, BY3bKOMY, O4HOOIY-
HOMY HarpsiMKYy.

KomnnekcHuin | cKnagHun XxapakTep npoueciB i TEXHOSOrNN, SKi CKra-
Oat0Tb CYTHICTb YN CYNPOBOLKYIOTb YCi €Tanu XXUTTEBOrO LMKIY TEXHIKK, Y
TOMY YNCAi N OOMHWLb EHEPreTUYHNX YCTaHOBOK, a CaMe aBapiNHO-pATyBa-
NbHOT TEXHIKW, 3YMOBJIOE aHanNOrYHUA XapakTep 3MICTy, po3pobku i BNpoO-
BaKEHHS 3ax0fiB LLoA0 3abe3neyeHHs 3aKOHO4aBYO BCTAHOBEHOIO piB-
HA 3Ha4YeHb MOKa3HWKIB ekonoriyHoi 6e3nekn. [ns peanisauil Takoro Hag-
cy4acHoro nigxody nocrtae HararnbHa HeobXxigHICTb y po3podui HayKoBUX
OCHOB BiANOBIAHOro0 METOAO0NOr4YHOro 3abeanevyeHHs.

ANropuT™M BUpILLEHHS NOCTAaBMEHOro rnobanbHOro 3aBaaHHsA Mae ne-
peabadatn ynpasniHHA NpoLecoM po3pobku i BNpOBaMKEHHS TaKUX 3aX0-
AiB MOKPOKOBO, MK MOCMILOBHO CRigyOUYMMW KPOKaMU MaroTb iCHyBaTw
NPUYNHHO-HACNIAKOBI Ta iepapXiyHi 3B’13KN, TaKNN anroputM Mae BUKOPUC-
TOBYBATW Y SAKOCTi NOYATKOBUX BUXIOHMX JAHUX 3HAYEHHS NOKa3HUKIB po6o-
TW peanbHUX 00’eKTIB yrnpaBniHHA Ta 3aMUKaTUCS 3BOPOTHUM 3B’A3KOM. Ta-
Ki BUMOIM MOXe 3a40BOSTbHUTU Nuwle nobyaoBa CUCTEMU YNpaBiHHSA €KOo-
noriyHoto Be3neKko Ha OCHOBI BUKOPUCTaHHA MPUHLMMIB CUCTEMHOrO nig-
xoay, 6araTopiBHEBOI 4EKOMMNO3WLIT, aHanidy iepapXxiYyHMUX CTPYKTyp, Aecs-
TWUHHOrO nogainy.

AK NnokasaHo y HaBeAeHUX OOCIIKEHHAX, TaKUW CTPYKTYpPOBaHUA Ha-
YKOBUW MiaXia BUPISHAETLCS LUMPOKOI YHIBEPCASIbHICTIO — BUKOPUCTaHUN
ans 3abea3nevyeHHs ekornoriYHoi 6e3nekn TEXHOMNOTYHNX NPOLECiB HaBaHTa-
XXEHHS-PO3BaHTaXXeHHS i 36epiraHHA CUMKMX NPOAYKTIB, (OYHKLiOHYBaHHSA
LIaxT, nikBigauil NicCOBUX NOXEX i3 3aCTOCYBAHHAM OUCMEPCHUX aepo3osib-
HUX BaratodasHMX CTPYKTYP; NPOLIECY eKcnnyaTaLil EHEPreTUYHUX YyCTaHo-
BOK 3 MOPLLUHEBUM OBUIYHOM BHYTPILLHBOIO 3ropsiHHs; TEXHOMNOMYHOro Npo-
Lieciy nnasmMmeHol ytunisauil TBepanx nobytoBmx BiaxXoais; NpoLeciB CTPYK-
TYpYBaHHSA HaniBNpoBiOHNKOBUX HaHoMaTepianis Towo. OaHak cnig Biami-
TUTK, WO 3axoam Wwoao 3abesneyvyeHHst ekosnorivyHol 6e3nekn y 6yab-akomy
BMNagKy NoTpebytoTb YaCcoBUX i MPOLLIOBUX BUTPAT, € HAYKO- Ta NpaLeeMHN-
mMn. Po3pobka cuctem ynpasniHHS JO3BOMSAE nuvLle onTUMi3yBaTW Taki BUT-
paTu, a He 3BECTU IX HaHIBELb.

Tomy CTBOpPEHHSI HaykOBMX OCHOB MeETOAOSorYHOro 3abesneveHHs
CUCTEM YynpaBniHHA eKONoriYHO 6e3neKko Ta NOBHOIo KOMIMSEKCY 3axX0/iB
i3 3abe3neYyeHHs1 3aKOHO4AaBYO BCTAHOBMEHOrO PiBHS 3HAYEHb MOKa3HMKIB
eKoJloriyHol 6esnekn € BKpan MepCcnekTUBHUM i akTyanbHUM HanpsiMKOM
AOCHNIIKEHb 3 TOYKM 30pY EHEPreTUYHNX | PECYPCHUX BUTPAT SK Y MacLuTa-
6i KpaiHW, TakK i y BCECBITHBOMY MacLUTabi.
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3B'A30K 3 HAYKOBUMM NMporpamMamu, ninaHamu, Temamu. [laHe Ha-
YKOBE [OCHIIKEHHS BigoOpaXkae OCHOBHI pe3yrnbTaT BUKOHAHHS HaykoBol
po60TM MOMNOANX YHEHMX, O BUKOHYETLCS 3@ paxyHOK KOLUTIB 3araribHOro
doHay aepxaBHoro OromkeTy YKpaiHu, bepasHCbLKOro gepxaBHoro neaa-
roriYHOro yHiBepcuteTy «HaHOCTPYKTypoBaHi HaniBNPOBIOHUKN OS5 eHep-
roepekTMBHUX eKonoriyHo Be3neyYHnX TEXHONMOrIN, WO NiABULLYIOTb PiBEHb
eHepro3bepexeHHs1 Ta ekosorivyHol 6eanekn ypbocmnctemm» (OP Ne 0116U
006961 2016 — 2018 pp.). LocnigpkeHHA TakoxX Bigobpakae OCHOBHI peay-
nbtatn 3asepieHol HOP kadenpu npuknagHoi mexanikn HYU3Y «Teope-
TWUYHI JOCNIMIKEHHA | po3pobka NpUCTPOIB AN NiaBULLEHHA ©e3nekn ekc-
nnyatauil eHepreTUYHNX YyCTaHOBOK Ha 6asi ausenbHux asuryHie» (4P Ne
0115U002040, 2015 — 2016 pp.), ABox BuKoHyBaHux HAP «ocnigpkeHHs
rigpaBriiyHMX CTPYMEHIB NPW CTBOPEHHI CUCTEM YMpaBIiHHA €KOMOri4HO
6e3nekoto 06’exTiB nigsuweHoro pusmky» (OP Ne 0116U00 2002, 2016 —
2017 pp.) Ta «MeTogonoriyHe 3abe3neyeHHsa KpuTepianbHOro ouiHIOBaHHSA
eEeKTUBHOCTI OYHKLIOHYBaHHA CUCTEMMW YyNpaBiiHHA eKOnoriYHo Beane-
KO npouecy ekcnnyarauil eHepreTUMYHNX yCTaHOBOK aBapivHO-pATYBarlb-
Hol TexHikny» (4P Ne 0117U 002002, 2017 — 2018 pp.).

MeTogamu pocnipkeHHA € aHarni3 HaykoBO-TEXHIYHOI fliTepaTypu;
CUHTE3 CUCTEM YNpaBSiiHHA eKooriYyHo 6e3nekoro; NPMHLNMN CUCTEMHOTO
nigxony, 6baraTopiBHEBOI AEKOMMNO3ULLiT, aHani3y iepapXiYHUX CTPYKTYp, ae-
CATMHHOIO NoAiny; MeToaukn aHanidy gaHnx MOTOPHUX CTEHOOBMX BUMPO-
ByBaHb, PO3paxyHKy cepeaHbOeKCnnyaTauinHMX 3Ha4eHb TEXHIKO-EKOHOMI-
YHUX | €KOSOrYHUX MOKa3HuKiB poboTn nopluHesux [0B3 3a ctaHoapTmso-
BaHMMM CTauioOHapHUMK BUNPOBYBanbHUMK LMKIaMK, PO3PaxyHKOBOI OLLiH-
KV BMAMBY rigpasniyHOro ornopy efieMeHTiB BUNMYCKHOI CUCTEMU MOPLLHEBUX
[B3 Ha X nannBHy eKOHOMIYHICTb; METOAMKN 3aCTOCYBaHHSA KOMMIIEKCHOIo
NanmMBHO-EKOSTONYHOrO KPUTEPItO i y3aranbHEHOI PyHKUiI 6axkaHOCTi; maTe-
MaTU4HI Mogeni rigpasniyHoro onopy i ecekTnBHocTi pobotn ®TY; mare-
MaTU4Ha MoAenb pyxy ABodasHoro 6araToOKOMMOHEHTHOMO AMCMEPCHOro
ra3o-KpanenbHOro cepeaoBuLLa 3 ypaxyBaHHSAM MibkdasHOI B3aeMogil; Me-
ToOW KiHUEBMX OO’eéMiB | HAMMEHLLMX KBagpaTiB; MeToauKa OLiHIOBaHHS
€KOHOMIYHOro edpekTy Bif, BNpOBa)KeHHS HOBOI TEXHOSOrII; MeToauka pos-
paxyHKy reoMeTpu4HuUX napameTpiB TPAaEKTOPIl rigpaBnidyHOro CTpymMeHs 3
PYYHOIO MOXEXHOro CTBOMA i OUIHKM BMfMBY Ha HUX MOXMBOK BMMIpIOBaHb;
METOAUKN aHaniTUYHOI, PO3paxyHKOBOI Ta eKCnepuMeHTanbHOI OLHKMA na-
paMeTpiB HAHOCTPYKTYPOBaHMX HaNiBNPOBIAHMKOBUX MaTtepianis i pobovmnx
XapaKTepUCTUK POTOENEKTPUYHUX NEPETBOPIOBAYIB.

MeToto aocnigkeHHs1 € CTBOPEHHSA HayKOBMX OCHOB METOA0SI0MYHO-
ro 3abeaneyeHHsa CUCTEM YynNpaBMiHHS €KOroriyHow 6e3nekotd MpPOoTArom
XUTTEBOTO LMKITY PiBHOMAHITHUX BMAIB TEXHIKM, WO nobyaoBaHa Ha BUKO-
PUCTaHHI Cy4acHMX eKOSoriYyHO BesnevyHnx martepiano- i eHeprooLlagHuX
TEXHOMOrIN.

O6’eKTOM poChnigXXeHHA € CUCTEMM YNpaBriHHA eKosoriyHo 0es-
NEKOI0 XKUTTEBOMO LIMKIY TEXHIKM | TEXHOMOTIN.
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NMpeameTom gocnimXeHHA € HayKOBi OCHOBM METOAOMOrYHOro 3a-
Be3neyeHHsa cucTeM ynpaeniHHS eKONorivYHoK Be3nekoto.

3apavyamMu OocnimKeHHs € Taki:

1) CTBOPEHHS HAyKOBMX OCHOB METOAOM0rYHOro 3abesneveHHs cuc-
TeM ynpasniHHS eKOSOrYHOK Be3NeKo MPOTArOM XUTTEBOIO LIMKITY TEXHI-
KM 3 ypaxyBaHHSIM OCOBNMBOCTEN TEXHOSONIN, NOKageHNX Y OCHOBY i pO-
6oTu i yTunisauir;

2) 30iNCHEHHS MeTaMaTUYHOrO MOZENBaHHA Npouecis 3abeaneveH-
HS1 eKONOoriYHOI 6e3nekn ik OCHOBM pauioHani3auil TEXHIYHUX pilleHb LWoao
KOHCTPYKL,I, ekcrinyaTauil 1 yTunidauil OQuHULb TEXHIKK;

3) BUSIBIIEHHS | ONUCAHHS TEXHOMEHHO-EKOMONYHNX | METPONONYHNX
acnekTiB eKkcnepuMeHTarnbHUX OOCHiQKEeHb MOKa3HMKIB PIBHS €KOSTOrivHOl
Be3nekn TEXHIKM | TEXHOMOrIN SK Jxepena BUXiaHNX AaHux ansa gisnyHoro i
MaTemMaTM4YHOro MoAentoBaHHsA 1 igeHTuiIKauil mogenem;

4) BUSABNEHHSA | OOCNIMKEHHA ocobnuBocTen WwnsxiB 3abe3nevyeHHs
ekonoriyHoi 6e3nekn NpPoAyKTiIB HAHOTEXHOMOMN MPOTArOM 1X XXUTTEBOrO
LMKy SIK HANIMOBIPHILLOT anbTepHaTMBU TpaguUiNHUM TEXHOSOTISIM;

5) CTBOPEHHSI HAYKOBUX OCHOB METOO0SI0MYHOro 3abeaneyeHHs Kpu-
TepiaribHOro Ta €KOHOMIYHOIO OLIHIOBAHHSA ePeKTUBHOCTI npouecy OyHKL-
OHYBaHHSI CUCTEM YNpaBMiHHS €KOSIOrYHOK Oe3neKo K OCHOBU MOHITO-
PUHry epeKTUBHOCTI (PYHKLIOHYBaHHA 1 3BOPOTHOIO 3B’A3KY TaKMX CUCTEM
ynpaBniHHS;

6) BukoHaHHA SWOT-aHani3y pesynbTaTiB JOCIIKEHHS.

HaykoBa HOBM3Ha OTpYMaHUX pe3ynbTaTiB Nondrae y Takomy:

1. OTpumManu noganbLUnin PO3BUTOK HayKOBi OCHOBU METOAOMNOTYHO-
ro 3abesneyvyeHHs CUCTEM YnNpaBmfiHHA €eKONOriYHoK Oe3neKko MOBHOMO
XUTTEBOIO LMKMY TEXHIKA 3 ypaxXyBaHHAM OCOBMMBOCTEN TEXHOMOrIN, no-
KnageHunx y oCcHOBY i poBoTu i yTunisauii.

2. OTpumanu noganbLlUnMn PO3BUTOK HAYKOBI OCHOBM METOO0S0rMYHO-
ro 3abesneyeHHs CUCTEM YnNpaBmfiHHA €eKONOriYHoK Oe3neKko MOBHOMo
XUTTEBOTO LMKIY NPOAYKTIB HAHOTEXHOSTOTIN.

3. OTpumanu noganbLumMi po3BUTOK HAayKOBI OCHOBW METOAOSOMNYHO-
ro 3abesneyvyeHHs KpuTepianbHOro OUiHIOBaHHA edeKTUBHOCTI (PYHKLOHY-
BaHHS CUCTEM YNpaBriiHHS eKONoriYyHow 6e3nekoto.

MpaKkTuyHa WiHHICTb OTPUMaHMX pe3yribTaTiB NonArae y Takomy:

1. Po3pobrieHe meTogonoriyHe 3abesnedeHHs cUcTeM ynpasriiHHS
eKomnoriyHot 6e3neKkoto MOBHOIO XXUTTEBOMO LMKIY Pi3HUX BUAIB TEXHIKW Ta
TEXHONOriN NpuaaTHe AN CTBOPEHHSA TaKMX CUCTEM Ans HOBUX BUAIB 06’e-
KTiB yrpaBniHHS.

2. Po3pobneHe metogornoriyHe 3abe3neyeHHss CUCTEM YnpaBniHHSA
€KOmnoriyHoto 6e3nekord MOBHOMO XUTTEBOIO LUMKIY MPOAYKTIB HAHOTEXHO-
Norin npuaaHe 4N CTBOPEHHSA TakMxX CUCTEM ANA HOBUX BMAiB OO'eKTiB yn-
paBniHHS.

3. Po3pobneHe meTtoponoriyHe 3abesneveHHs1 KpuTepianbHOro oui-
HIOBaHHA e(PeKTUBHOCTI (PYHKLIOHYBaAHHA CUCTEM YMNpaBIliHHA €KOMOriYHO
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6e3nekolo npuaaTHe OS5 BUKOPUCTAHHA 3 iCHYHOMMMUK Ta 3HOB po3pobito-
BaHNMW CUCTEMaMMW.

4. Pe3ynbTat aHanidy TeXHOreHHO-eKONMOrYHUX i MEeTPOSIOriYHNX ac-
MEKTiB eKCnepuMeHTanbHNX JOCHIKEHb MOKA3HWKIB PiBHA e€KosorivyHol 6e3-
MNEeKn TEXHIKM i TEXHOSMOriM NpuaaTHi Ansa po3pobrieHHs1 3axodiB Wwoao 3a-
Be3nevyeHHs1 TEXHOreHHO-eKomnoriyHoi 6e3nekn ekcnepumMmeHTanbHUX Ooc-
nNiJKeHb.

5. PospobneHi cuctemn ynpaeniHHA ekonoridHow 6esnekoro npuaart-
Hi ANA BNPOBaKEHHS Y HAYKOBO-A40CHiIAHY poBOTY 3 METOO MOLLYKY HOBUX
LUNAXiB 3abe3neyeHHsa eKonoridyHoT 6e3nekn TEXHIKK, TEXHONOTIN i X npoay-
KTiB.

6. Po3pobneHe meTogosoriyHe 3abe3neyeHHss cuctemMm ynpa.riHHA
eKonoriyHoto 6e3nekor BrpPOBaKEHO Yy HaedanbHuMM npouec HYLI3Y
ACHCY Tta bANY MOHY.

Matepianu gocnigpkeHHs onybnikoBaHo y 30 HaykoBUX npausx, a
came: 13 ctaTen y (paxoBuX HAyKOBUX BUAAHHAX, 3 HUX 10 — y BUOAHHSX,
o BHeceHi y nepenik JAK YkpaiHu, 6 — y 3akopgoHHUX BuaaHHsax (Pecny-
6nika Monpgosa, Pecnybnika KaszaxctaH), 8 — y BuaaHHaAX, pedepoBaHux y
MiXKHapOOHUX HayKOMETpUYHMX Basax gaHux; 1 posain gosigHuka; Te3n 16
Jonosigemn.

MaTtepianu gocnigxeHHA npouwnu anpobadito Ha 13 MikHapoa-
HWUX, 3 MPKHApPOAHOK Y4acTHO, BCEYKPaIHCLKMX i perioHanbHNX HayKoBO-TEX-
HIYHUX | HAYKOBO-NPaKTUYHUX KOH(PEPEHLIAX | KOHrpecax, y TOMy Yuchni Ha
3 3akopaoHHux (Pecnybnika KasaxctaH, Pecnybnika benapycbh, Pocinckka
depepadin).

CtpykTypa Ta 06car pobotn. MoHorpacis BuknageHa Ha 204 cTtop.
OCHOBHOIO TEKCTY, MICTUTb MepenmoBY, BCTYM, MATb PO3A4ifiB, 3ararbHi
BMCHOBKM | OOWH JOAAaTOK Ha 9 cTop. Y TekcTi MoHorpadii npucyTHI 58 puc.,
17 tabn., 6ibniorpadito 3 195 pxepen.

CnoBa BOAYHOCTI. ABTOPCbKUM KOMNEKTUB BUCMOBIIKOE BOAYHICTL 3a
KOHCYNbTaTUBHY N NPaKTU4HY AOMOMOry B OTPUMaHHI HayKOBUX AaHUX, LLO
NArnn B OCHOBY AOCHIIKEHHS, sike BigobpaxeHe Yy i MoHorpadii, HacTyn-
HUM NepcoHanisam: a. T. H., npodecopy I. T. boedaHosy (bepasHcbkiA aep-
KaBHUN NeaarorriyHnin yHiBepcuTeT), 4. T. H., npodecopy B. M. LLimaHOito
(KpeMmeHuyLbkmiA HauioHanbHun yHiBepeuTeT iM. Muxanna Octporpagcbko-
ro), 4. T. H., npocecopy M. C. MansogaHomy (HauioHanbHWA yHiBepcUTeT
«JIbBiBCbKa nosiTexHikax»), 4. T H., npodecopy B. A. AHOpoHosy (HauioHa-
NbHUMA  YHIBEPCUTET UMBINIbHOrO 3axucTy YKpainu), A. T.H., npodecopy
A. M. Cemuyky (IBaHO-PpaHKIBCbKUIW HaLOHANbHUA TEXHIYHUN YHIBEPCUTET
HadpTh i ragdy), 4. T. H., npodecopy /. B. NapcadaHosy (HauioHanbHUN Tex-
HIYHWA yHIBEpCUTET «XapKIBCbKUN MOMITEXHIMHUMW IHCTUTYT»), A. T. H., NPO-
decopy O. 1. Cmpokosy (3anopiKCbKNA KNacUYHUA NPpUBaTHUIA YHIBEPCU-
TET), K. T. H., C. H. C. A. M. Jleeameposy (IHCTUTYT npobriem mawmnHobyaysa-
HHs1 iM. A. M. MNigropHoro HAH YkpaiHw), k. e. H., goueHTy T. [l. Hecmepen-

Ko (BepastHCbKnn AepXXaBHUIW NeJaroriyHun yHisepcuTeT).
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Chapter 1. METHODOLOGICAL BASIS OF CREATION
OF ECOLOGICAL SAFETY MANAGEMENT SYSTEMS

1.1. GENERAL PROVISIONS

Purpose of studies, presented in the chapter, is creation metrological
basis of synthesis of ecological safety management systems for examples
of various types of technics and different technologies, which form the foun-
dation of its whole life cycle.

Object of studies, presented in the chapter, is ecological safety mana-
gement systems as a single entity.

Subject of studies, presented in the chapter, is structure and functio-
ning algorithm of ecological safety management systems.

The chapter includes materials of three articles.

The first of these articles includes material about the results of ap-
plication of systematic approach for solving the problem of management of
ecological safety of process of utilization of solid domestic waste of vital ac-
tivity with using of plasma technology. Wherewith main structural elements
of such system was described by verbal logical formulas.

The second paper devoted to issues of conceptual basis of creation
of ecological safety management systems, which uses multiphase disper-
sed structures, namely water-droplet screen for suppression of harmful and
explosive aerosols in mines, in enterprises of storing of bulk materials, na-
mely during loading and unloading processes, and also during localization
of high and low-level steppe and forest fires by generation of mineralized
ground stripes by the way of blasting of hose charges.

Materials of the third article consist of results of creation of methodo-
logical basis of criterial complex assessment of functioning efficiency of
ecological safety management systems of exploitation process of power
plants with piston internal combustion engines. Formulated requirements
for such criteria, grounded choice units of monetary equivalents of its com-
ponents, identified possibility of using it criteria for feedback in ecological
safety management systems.

Findings of presented in chapter 1 studies is submitted in general
conclusions of the monograph.

Bibliographyc description of presented in chapter 1 published scienti-
fic articles is submitted in are given in in Appendix A.
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Pospin 1. METOAONOIN4YHI OCHOBU CTBOPEHHA
CUCTEM YNPABJIIHHA EKONOIN4HOKO BE3INEKOIO

1.1. SATrAJlbHI MIPKYBAHHA

Memoto docridxXeHb, HaBeQeHUX Yy po3aini, € CTBOPEHHS METOA0S10-
MYHMX OCHOB CUHTE3Y CUCTEM YNpaBniHHSA eKOSToriYHOK 6e3neKkolo Ha NpukK-
nagax pisHOI TEXHIKN Ta PI3HNX TEXHOSOTIN, LLO CKagarTb OCHOBY YK Cyn-
POBOKYIOTb YCi €Tanu XXUTTEBOIO LIMKIY TaKol TEXHIKN.

O6’ekmom docridxeHb, NpeacTaBneHnx y po3aifi, € CUCTEMU ynpaB-
NiHHA eKornoriyHow 6e3nekoro Ak eanHe Line.

[pedmemom docrideHb, ONUCaHNX Y PO34ifi, € CTPYKTypa i anro-
PUTM OYHKLIOHYBaHHS CUCTEM YNpaBmiHHA eKOSoriYHo 6e3nekoto.

Posgin micmums matepiann TpbOX cTaTeun.

MNepwa 3 cTaten MiCTUTb MaTepianu Woao pesyrbTaTiB 3acToCyBaH-
HS1 CUCTEMHOrO NigX0Ay A0 BUPILLEHHS Npobnemu ynpaBniHHA eKONOriYHO
6e3nekoto npouecy yTunisauii TBepAnx NoByTOBUX BiAXOLIB XKUTTELIANBbHO-
CTi 32 JOMNOMOrol MnasmMoBOi TEXHOSIONI, MPU LibOMY OCHOBHI CTPYKTYPHI
erieMeHTN Takol cucTeMm onmcaHo BepbarbHO-NOrYHUMK GopMyIamu.

Opyra ctatra npuceBsveHa NUTaHHSM KOHLENTYyaribHUX OCHOB CTBO-
PEHHA CUCTEMM YNpaBniHHSA eKonoriyHo 6e3MneKkoto, Lo BUKOpUCToBYE ba-
ratodpasHi gucnepcHi CTPYKTypu, a caMme BOAOKpanersbHi 3aBicu Ona npur-
HiYEeHHS WKignmMBMX Ta BMByxoHebe3neyHMx aepo3oniB y waxrtax, Ha nig-
npuemMcTBax 36epiraHHsa CUMNKMX MaTtepianis, a came BNpPOOOBX MNPOLECiB
HaBaHTaXXEHHS | PO3BaHTAXEHHS, a TaKoX Mig Yac fokanisauil BEepXoBuX i
HU30BMX CTEMNOBUX i NICOBUX MOXEX LUIISIXOM CTBOPEHHS MiHepasi3oBaHUX
3eMNAHNX CMYT NIAPUBOM LUNAHIOBUX 3apsfiB.

MaTepianu TpeTbOoi CTaTTi CKNagalTb pe3yrbTaTy CTBOPEHHS METO-
A0JIONYHUX OCHOB KpUTEpiaribHOrO KOMMIIEKCHOrO OLHIOBaAHHSA eDeKTUBHO-
CTi (PYHKUIOHYBaHHS CUCTEM YNpaBIiiHHS €KOSoriYHOK 6e3nekoto npouecy
eKkcnnyartauji eHepreTU4HMUX YCTaHOBOK 3 MOPLLUHEBUM ABUIYHOM BHYTPILL-
HbOro 3ropsiHHsA. ChopMynbOBaHO BUMOIMM OO KPUTEPIKO OIS TAKOro OLHIO-
BaHHS, 06r'pyHTOBaHO BMOIp OANHWLIL ANSA BUPaXXEHHSA BapTICHUX ekBiBane-
HTIB MOro CKIagoBuX, BKAa3aHO MOXIMBICTb BUMKOPUCTAHHS KPUTEPIO O
opraHisauii y cMctem ynpasriHHs1 €KOMNoriYHO 6e3nekor 3BOPOTHOro 3B'S-
3KY.

BucHoeku no pesynbtatam OOCHIAKeHb, NpeacrasneHnx y poaaini 1,
BMHECEHO Y 3arasibHi BUCHOBKM MO MOHorpadii.

bibniogpaghiyHut ornuc HaBeaeHnX y po3aini 1 apykoBaHMX HayKOBUX
npaub HaBeneHo y [logatky A.
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1.2. SYSTEMATIC APPROACH TO SOLVING THE PROBLEM
OF MANAGEMENT OF ECOLOGICAL SAFETY DURING PROCESS
OF BIOWASTE PRODUCTS UTILIZATION [A.1.1]

Problem statement. Significant negative impact on the balance of
the natural environment, for ecological safety have excessive concentration
of ecologically dangerous manufactures imperfection of technological pro-
cesses, technical systems and the unreliability of other human activities.
Among the factors of ecological safety in the majority of regions is one of
the dominant position occupied by waste. One of the reasons of occurrence
of ecologically dangerous waste is a scientific and technological progress in
the creation of new kinds of materials [1.1]. In accordance with the Law of
Ukraine "Of Wastes" hazardous waste is waste that having such physical,
chemical, biological or other dangerous properties that create or could cre-
ate a significant risk to the environment and human health and which requi-
re special methods and means of handling them. An effective solution to
the problem of generation and accumulation of dangerous waste is to crea-
te a of ecological safety management system (ESMS) at their utilization
[1.2, 1.3]. In this case, it is reasonable to use a systematic approach to the
development of organizational and technological solutions for utilization.
The system approach allows rational formulate and solve the complex
problems, by structuring and allocation of their individual tasks as relatively
independent parts.

Methods of research. Like any complex system, the management of
ecological safety consists of many components that form the basis of their
functional characteristics and relationships in the operation of the whole
system. This allows presenting the system in the form of model suitable for
analytical research and synthesis of components-subsystems of systems
as itself and environment. The starting point for the development of such a
system is proposed the differentiation of production process on the specific
stages. Each of the components of management system of ecological safe-
ty during waste utilization is a very complicated and a large target subsys-
tem and characterized by certain functions, methods and mans of their imp-
lementation. The main tasks for management system of ecological safety
are to prevent (or substantially reduce) the negative impact on the natural
environment, mitigate the effects of manifestations of sources of danger,
the weakening of the intensity of the action of hazards. In this case the pri-
ority management technical solutions are the use of schemes of joint proce-
ssing of waste of different economic systems.

Results of research. Using the principle of multilevel decomposition
[1.4], we have to go to the formalization of solution of the problem of ratio-
nal management of ecological safety during utilization process of biowaste
products. The process of designing of the system is due to the division into
hierarchical levels of functionally completed stages of the solution of the
complex of subtasks of that level (Fig.1.1).
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Initial data for creation Improved and new Organization and exe- Results of using of
of ecological safety technologies, which cuting the processes, which using ecological
management system using ecological safety which using ecological safety management
management system safety management system
system
1% level 2" level 3% evel 4" level 5" level 6" level 7" level | 8" level
Identification | Identification | Preparing | Equipment | Organization | Manufac- | Outputre- | Control
of wastes of hazards processes and control- turing sults of system
dependently ling of processes | using of
of principals manage- manage-
of the ment system ment
formation of ecological system of
safety ecological
safety

Fig. 1.1 — General scheme of multilevel decomposition
(without excessive detailed elaboration)

Formation of the initial data (Fig. 1.2) includes two levels defining the
approaches to the identification of wastes and hazards. At the first level are
determined by the types of waste for utilization technological process. In
this case especially allocated groups promoting the formation of highly toxic
substances.

The second level involves detection and identification of hazards with
taking into account the characteristic features of the region (each of regions
have its own priorities and hierarchy of structures of accumulation of bio-
waste products and manufacturing), space and time structuring of hazard
(set of ecological dangerous wastes of any kind of genesis, which because
of interaction and mutually influence are hazard generators), quantitative
structuring (involves amiability of statistic data of each of types of biowaste
products). That level is finalizing by development of variants of principle te-
chnological schemes of utilization with taking into account ensuring of eco-
logical safety.

The stage of new and improving technologies as well as the previous
consists of two serial levels (Fig. 1.3) The third level covers the preparatory
processes of creating of technological system of utilization, which taking in-
to account ecological safety. It includes the technological process of ther-
mal processing of wastes, pyrolysis; creating the necessary thermochemi-
cal process, which prevents formation of highly toxic substances and the
process of following possible formation of highly toxic compounds.

On the fourth stage produced technical requirements and developed
equipment necessary for utilization process that ensured ecological safety
(in gaseous and solid residue). By these we mean servicing of technologi-
cal processes by main, auxiliary and additional equipment with taking into
account safety of staff. The character feature of that level is taking into ac-
count volumes and nomenclature of production processes and also dates
of performances.

Directly executing of process of utilization of biowaste products pre-
sented the third stage (Fig. 1.4). Here is fifth level that characterized by the
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solution of tasks of control and organization of technological process. If we
considering of specificity of the tasks, these level characterized by presen-
ce follow components of: organization of sequence of process; organization
of shop sections of executing of technological process; and also systems of
dispatching and management. The complex solving of tasks of that level
must be carried out jointly with solving of tasks of sixth level — manufactu-
ring. That involves the organization of technological and manufacturing pro-
cesses on Fig. 4, considering ensuring of ecological safety.

1% level 2" level 3 level 4" level
dentification Identification of Preparing processes Equipment
of wastes | hazards dependently of
principals
of the formation
Consuming Regionalization Technological process Equipment for
wastes of hazards of thermal processing preventing formation
of wastes of highly toxic
substances in exhaust
gasses
Industrial Space and time Technological process,
wastes structuring which prevent formation
of highly toxic substances
Domestic Quantitative Technological process, Equipment for
wastes structuring of which prevent the preventing formation
hazard sources secondary formation of of highly toxic
highly toxic substances substances in solid
residue
Subsystem of initial data for The new and improving ecological safety
developing of management system of technologies of utilization
ecological safety

Fig. 1.2 — Scheme of initial Fig. 1.3 — Scheme of new and
data formation stage improving technologies stage

The final stage of this algorithm is control of results of application of
management system of ecological safety (Fig. 1.5). The seventh level imply
obtaining of following parameters of ensuring of ecological safety, which
basis on executing utilization process: reducing of volume of wastes on fa-
cilities and polygons; obtaining the products of useful purpose (for example,
combustible gas, industrial chemical compounds, heat energy, electrical
energy, matter for building industry etc.). At the last, eighth level is neces-
sary to organize the system of controlling that allows evaluating efficiency
of works for ensuring of ecological safety.

Proposed hierarchic structure implies formalization of solution of the
assigned task just in strictly adhering to the basic principles of multilevel de-
composition. This implies the following features:

— presents of vertical (between the levels) and horizontal (between
the stages) communications;

— priority of action of levels and stages from bottom to top;
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— interrelation of levels;

— varieties of choosing and solving of the tasks for each of levels.

The functions of technological system of utilization of biowaste produ-
cts. The foundation of existing of any system is basis and availability of spe-
cific purpose for its operating. It must be assumed that taken separately
components of system perform their functions by subordinate its actions to
final goal. At the same time, all of components of scheme are in benefiting
interrelations and coordination in actions.

5" level 6" level 7" level 8" level
Organization and Manufacturing Output results of using | Control system
controlling of stages of of management
management system of technological system
ecological safety processes of ecological safety

Organization

High temperature

Reducing of volume

of sequence processing of of wastes on facilities
of process waste

Organization of Decomposition of Reducing of volume Ensuring of
shop sections of toxic substances of wastes on polygons parameters

executing of by of ecological

technological process low temperature safety
plasma
dispatching and Rapid cooling Obtaining the products
management of process | of exhaust gases of useful purpose
Methanation

Purification of
exhaust gases
Separation on
products
of useful purpose

Results of application of management
system of ecological safety

Organization and executing of processes
with using the management system
of ecological safety

Fig. 1.4 — Scheme of
organization and executing
stage

Fig. 1.5 — Scheme of
ensuring
of executing stage

The main function of technological system of utilization is to create a
technological process of utilization of biowaste products with taking into ac-
count ecological safety. We should also mention the ability of obtaining of
products of useful purpose for following usage. Form of the function is for-
mally represented as a complex of following three components:

F=(A, B, C), (1.1)

Here, under our notation should be understood: A — action of system (com-
ponent) which leads to necessary result; B — designation of object to which
directed action; C — formulation of special conditions and limitations under
which executed action of the system (components).
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Assuming that description of function for proposed technological sys-
tem of utilization can made by form of formula (1), components of that for-
mula taking following meanings:

F (system of ensuring of ecological safety) = [ecological safety (A)
in operating of technological process of utilization (B)
with rational organization and technical parameters

and application of improved technologies of ensured of safety (C)].

The general approach determines that each of components of the sy-
stem (component-subsystem, component-element) also is determined by
its own function. Functions of system components are dependent on their
own properties and on its relations with other components. To formulate the
main functions of components of the system we can use a proposed above
General multilevel scheme (Fig. 1.1) and schemes of its individual levels
(Fig. 1.2 —-1.5).

At the first level in subsystems we must allocate dangerous wastes
by their types of formation and identify them by risk of possibility of formati-
on of highly toxic substances in process of utilization.

In process of definition of main regularities of formation of ecological
danger in subsystems of second level (Fig. 1.2) the components of Formula
(1.1) taking the following meanings:

F%, (regionalization of hazards) = [as a result of analysis industrial and
social features of the region (A) allocate priorities of hazard structures (B)
in depending on possible development of hazard (C)];

F%, (space and time structuring of hazards) = [as a result of analysis
ecological dangerous objects of any kind of genesis, which due to
interaction and mutual influence between themselves are generated the
hazard (A), positioning its sources (B) with taking into account not only
spatial location of that sources in relation to various objects, but also nature
of environment in which they are distributing (C)];

F; (quantitative structuring of sources of ecological danger) = [as a result
of analysis of different variants of principal schemes of utilization
of biowaste products (A) they classified with taking into account
of disposable resources (B) and their kinds (C)].

The functions of subsystem of third level (Fig. 1.3) are following:
F3, (technological process of heat processing) = [choosing of technological
processes (A), which create thermodynamic conditions (B) necessary

for decomposition of wastes on molecular components (C)];
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F°, (technological process, which prevents formation of highly toxic
compounds, pyrolysis) = [choosing of technologies (A) for creation
of process of pyrolysis (B) and its organization in area (C)
where existing highly toxic compounds];

F3; (technological process, which prevents secondary formation of highly
toxic compounds) = [choosing of technologies (A) for creation and
transportation multiphase structures for realizing of regime of rapid cooling
of exhaust gases (B), which prevents secondary formation of highly toxic
compounds (C)];

The functions of subsystem of fourth level (Fig. 1.3) are following:

F*, (equipment for preventing formation of highly toxic compounds in
atmosphere) = [designing, manufacturing and choosing (A) of equipment
(B), which ensured ecological safety process of utilization of wastes that

prevent formation of highly toxic compounds (C) at minimal cost of
equipment);

F*, (equipment for preventing formation of highly toxic compounds in solid
residue) = [designing, manufacturing and choosing (A) of equipment (B),
which ensured quality of implementation of technological process of
pyrolysis (C) at minimal cost of equipment);

The functions of subsystem of fifth level (Fig. 1.3) are following:

F°, (organization of sequence of process) = [developing (A) of cyclic
schedule (B) of forming of thermal utilization, which ensured a minimal
spending of resources for ensuring of industrial and ecological safety (C)];

F>, (organization of shop sections of executing of technological process) =
= [designing and organization (A) of shop sections for realization
of technological process of ecological safety utilization (B) with taking
into account features of new and improving technologies (C)];

F°; (management of the process) = [regulation and network planning in
time (A) of cyclic schedules of using of technological processes of eco-
logical safety utilization (B) for implementation of manufacturing cycles (C)].

The basic regularities of subsystem of sixth level (Fig. 1.4) we can
describe following functions:
F®, (technological process of high temperature processing of wastes) =
= [regulation and network planning in time (A) of cyclic schedules
of technological processes of burning of biowaste products (B)
for implementation of predetermined manufacturing processes (C)];
26



F®, (technological process of decomposition of toxic substances) =
= [regulation and network planning in time (A) of decomposition of highly
toxic substances by low temperature plasma (B) for implementation
of predetermined task (C)];

F®; (technological process of cooling of exhaust gases) = [regulation
and network planning in time (A) of process of cooling of exhaust gases
with using of multiphase dispersed structures (B) for implementation
of predetermined task (C)];

F®, (technological process of methanation) = [regulation and network
planning in time (A) of process of methanation of exhaust gases (B)
for implementation of predetermined task (C)];

F°; (technological process of purification of exhaust gases) = [regulation
and network planning in time (A) of process of purification of exhaust
gases (B) for implementation of predetermined task (C)];

Fs (technological process of separation of exhaust gases) = [regulation
and network planning in time (A) of process of separation of exhaust gases
on technological gasses and combustible methane (B) for implementation
of predetermined task (C)];

The functional dependences for subsystems of seventh and eighth le-
vels (Fig. 5) fit into general dependences for process of utilization of biowa-
ste products with taking into accounts ecological safety.

F (system of ensuring of ecological safety) = [ecological safety (A)
in process of operation of technological process of utilization (B)
at rational organization and technical parameters with application
of improved technologies of ensuring of safety (C)].

Conclusions. Consideration of management system of ecological
safety in process of utilization of biowaste products as a complicated tech-
nological system, allows complex carrying out the problem of ecological sa-
fety. On basis of principle of multilevel decomposition was formalized the
task of rational management in utilization biowaste products and described
functions of technological system of utilization.

With taking into account of statements of systematic approach of sol-
ving of complicated problems and also specific features of creation of ma-
nagement system of ecological safety in utilization of biowaste products,
was proposed the methodological scheme for solving of task of manage-
ment of ecological safety considering obtaining the useful products.
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1.3. CONCEPTUAL BASIS AND CREATION OF ECOLOGICAL SAFETY
MANAGEMENT SYSTEM OF HARMFUL AEROSOL SUPPRESSION,
WHICH USES MULTIPHASE DISPERSED STRUCTURES [A.1.2]

Introduction. The process of multiphase dispersed structures (MDS)
formation in the respective statement of the problem may take a worthy pla-
ce in the creation of ecological safety management system (ESMS) [1.5].

Analysis of recent publications. During the technical preparations
for the implementation of management processes must be based on the
existing normative and technological documentation and results of carried
out experimental researches, perform spatial and temporal structuring of
danger and its quantitative indicators. It should take effective schemes of
implementation of ESMS [1.6].

On the basis of these materials is being developed technological pro-
cesses that use MDS, designing and manufacturing funds of equipment of
the process, determined the form of organization of the technological pro-
cesses and also the processes themselves are implemented.

Thus, an integrated model of the processes of ecological safety ma-
nagement, reflecting the variety of factors that affect the content of work for
ensuring ecological safety, can be arranged only if its decomposition and
the development of relatively independent models of individual complexes
of preparation for ensuring the ecological safety.

Since preparations for the implementation of ecological safety tech-
nologies requires significant investment of time and resources, the possibi-
lity of experimental verification of different options to address specific tasks
of development of ESMS practically impossible.

Under these conditions, modeling and definition of the rationality of
decisions taken is the only and very effective way to solve problems using
computer technology with minimal cost and sufficient accuracy.

Formulation and solving of problem. Based on the conceptual ba-
sis of a systematic approach [1.7], we propose the following scheme for
solving the problem of formation of a control system (Fig. 1.6).

Taking into account the basis of systematic approach in case of sol-
ving of difficult problems as well as the analysis of specific features of a sy-
stem ecological safety management creation process [1.7, 1.8], we propo-
se using the following sequence when forming a model ecological safety
management, which using multiphase dispersed structures:

— determination of problems and analyzing relevant information for
final statement of problems;

— elaboration of models in a descriptive, mathematical or other forms
of representation;

— selection efficiency criteria or criteria of decision making for rationa-
lization of such systems;

— development of methods and means for resolving identified prob-
lems, including the development of computer algorithms and programs to
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implement them with the help of computer technology;

— experimental studies to verify the results of theoretical develop-
ments, including in industrial conditions and real operation conditions;

— development of recommendations and regulatory technical docu-
mentation for practical application of proposed and studied method and
means and also optimization models of ecological safety management sys-
tems.

Ecological safety management system
which using multiphase dispersed structures

Y

l

Practical approbation of
recommended solutions,
correction of legislative
technical documentation
and alg_]orithms

Formulation of tasks,
searching forms of
representation and

description of ESMS

I .
Recommendations, Formalized models
legislative technical of processes of

documentation ecological
and algorithms safety ensuring

1 .

Elaboration of programs,
experimental studies of
proposed solutions

Choosing of conditions
and restrictions, determining
of goal function and developing

solving methods of problems

1 |
Methods and means for solving
the problems, algorithms of rationalization

Fig. 1.6 — Scheme of solving of ecological safety
management system creation problem

Like any complex system, the management of ecological safety con-
sists of many components that form the basis of their functional characteri-
stics and relationships in the operation of the whole system. This allows
presenting the system in the form of model suitable for analytical research
and synthesis of components-subsystems of systems as itself and environ-
ment. The starting point for the development of such a system is proposed
the differentiation of production process on the specific stages.

Each of the components of management system of ecological safety
during waste utilization is a very complicated and a large target subsystem
and characterized by certain functions, methods and means of their imple-
mentation.

The main tasks for management system of ecological safety are to
prevent (or substantially reduce) the negative impact on the natural enviro-
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nment, mitigate the effects of manifestations of sources of danger, the wea-
kening of the intensity of the action of hazards. In this case the priority ma-
nagement technical solutions are the use of schemes of joint processing of
waste of different economic systems

Results of research. Using the principle of multilevel decomposition
[1.7 — 1.9], we have to go to the formalization of solution of the problem of
rational management of ecological safety during aerosol suppression pro-
cess by water-drop curtain generation. The process of designing of the sys-
tem is due to the division into hierarchical levels of functionally completed
stages (of which there are 4) of the solution of the complex of subtasks of
that level (of which there are 8 — two for each stage) (Fig. 1.7) [1.9].

The 1% Stage — “Formation of the initial data” — includes two levels
defining the approaches to the identification of wastes and hazards.

At the 1% Level — “Identification of hazard aerosols” — are determined
by the types of hazard aerosols (of mineral dust, explosive coal dust of
combustion smoke in air). In this case especially allocated groups promo-
ting the formation of highly toxic substances (in case of forest fires) or ex-
plosive particle-air mixtures (in case of coal mines) of mineral dust and air
aerosols (in case of storage facilities) [1.9].

The 2" level — “Identification of hazards dependently of principals of
the formation” — involves detection and identification of hazard aerosols
with taking into account the characteristic features of the region (each of re-
gions have its own priorities and hierarchy of aerosol particles kind structu-
res), space and time structuring of hazards (set of ecological dangerous ae-
rosols of any kind of genesis, which because of interaction and mutually in-
fluence are hazard generators — coal mine, ports and storage facilities or
forest fires), quantitative structuring (involves amiability of statistic data of
each of types of hazard aerosol). That level is finalizing by development of
variants of principle technological schemes of hazard aerosol suppression
by water-drop curtain generation with taking into account ensuring of ecolo-
gical safety.

The 3™ Stage — “New and improving technologies” — as well as the
previous consists of two serial levels.

The 3" Level — “Preparing processes” — covers the preparatory pro-
cesses of creating of technological system of hazard aerosol suppression
by water-drop curtain generation, which taking into account ecological safe-
ty. It includes the technological process of generation and delivery to the
desired location of water-drop curtain, which prevents formation of highly
toxic substances in environment air.

On the 4™ Stage — “Equipment” — produced technical requirements
and developed equipment necessary for hazard aerosol suppression pro-
cess that ensured ecological safety. By these we mean servicing of techno-
logical processes by main, auxiliary and additional equipment with taking
into account safety of staff. The character feature of that level is taking into
account volumes and nomenclature of manufacturing processes and also
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dates of performances.

The 3 Stage — “Organization and executing the processes, which
using ecological safety management system” — consists of two serial levels.

Here is 5" Level — “Organization and controlling of ecological safety
management system” — that characterized by the solution of tasks of con-
trol and organization of technological process. If we considering of specifici-
ty of the tasks, these level characterized by presence follow components of:

— organization of sequence of process;

— organization of shop sections of executing of technological process;

— systems of dispatching and management.

The complex solving of tasks of that level must be carried out jointly
with solving of tasks of 6" Level — “Manufacturing processes”. That involves
the organization of technological and manufacturing processes on, consi-
dering ensuring of ecological safety.

The final, 4™, Stage of this algorithm — “Results of using of which us-
ing of ecological safety management system” — is control of results of appli-
cation of ecological safety management system.

The 7" Level — “Output results of using of ecological safety manage-
ment system” — imply obtaining of following parameters of ensuring of eco-
logical safety, which basis on executing hazard aerosol suppression by wa-
ter-drop curtain generation process: reducing of pollutants concentration in
environment air, increasing the ecology, fire and explosive safety level of
coal mines, ports and storage facilities or forests.

Initial data for Improved and new Organization and | Results of using of
creation technologies, which executing the which using
of ecological safety using ecological processes, which ecological safety
management system | safety management using ecological management
system safety management system
system
1%'level | 2" level | 3% level | 4" level | 5™ level | 6" level | 7" level | 8" level
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Fig. 1.7 — General scheme of multilevel decomposition
(without excessive detailed elaboration)

At the last, 8" Level — “Control system” — is necessary to organize the
system of controlling that allows evaluating efficiency of works for ensuring
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of ecological safety.

Proposed hierarchic structure implies formalization of solution of the
assigned task just in strictly adhering to the basic principles of multilevel de-
composition. This implies the following features:

— presents of vertical (between the levels) and horizontal (between
the stages) communications;

— priority of action of levels and stages from bottom to top;

— interrelation of levels;

— varieties of choosing and solving of the tasks for each of levels.

Conclusions. In present paper considered conceptual basis of crea-
tion of ecological safety management system of executing hazard aerosol
suppression by water-drop curtain generation process for coal mines, ports
and storage facilities or forest fires, which uses multiphase dispersed struc-
tures. That was done on basis of principle of multilevel decomposition and
systematic approach by formalization of rational management in executing
hazard aerosol suppression task. Also it was proposed the methodological
general scheme for solving of task of management of ecological, fire and
explosive safety of coal mines, ports and storage facilities or forests.

1.4. METHODOLOGICAL BASICS OF CRITERIAL INTEGRATED
ASSESSMENT OF ECOLOGICAL SAFETY MANAGEMENT SYSTEM
FUNCTIONING EFFICIENCY OF POWER PLANTS WITH PISTON ICE

EXPLOITATION PROCESS [A.1.3]

Relevance of the research. Power plants (PP), a mechanical power
source in which is an piston internal combustion engine (PICE), are a po-
werful source ecological danger, in particular — mass emission of gaseous
pollutants with the flow of exhaust gas (EG) [1.11]. Ensuring compliance of
PP with PICE with legislatively established ecological safety (ES) indicators
Is one of the priorities as well for experts in the PICE field as for experts in
the ES field. Due to the above it is also possible to ensure urbosystems ES,
which should also be based on the appropriate methodological support —
ecological safety managing systems (ESMS). For quantitative estimation of
measures to ensure the urbosystems ES effectiveness considering anthro-
pogenic impact on them there is a necessary for the relevant criteria. Also,
using such criteria, it becomes possible to compare competing designs and
individual technical solutions for the same designs. Thus, the development
of ESMS effective functioning criteria of the PP with PICE process exploita-
tion as an integral part of their life cycle (LC), characterized by the greatest
possible universality and taking into account in this context as much as
possible danger factors, is an actual problem with a significant scientific no-
velty and practical value

Analysis of previous studies. The authors of the study [1.11] have
developed a the ESMS of PP with PICE exploitation process. The structure
of such ESMS contains Stage 4, entitled "The results of ESMS use" which
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in their turn contains a Level 8, called "ES level monitoring and control sys-
tem" is the final in ESMS structure, closes her by feedback through use of
the ES indicators monitoring and control of the ESMS effectiveness as itself
[1.11 — 1.12]. Functions of the whole ESMS and its Level 8, which we are
interested in, can be described by the following verbal and logical formulas
[1.11, 1.13]:

F; {N} =[A, B, C] = F {ES ensuring system} = [ES indicators (A)
of extracting and processing of waste and pollutants
technological process, the source of which are PP with PICE (B),
by organization and technical parameters by the way of using
of new and improved technologies of ES ensuring (C)]; (1.2)

F® {ES level monitoring and ESMS operating control system} =
= [monitoring and control of ES of PP with PICE exploitation process
indicators level (A) in the appropriate ESMS functioning process of (B),
at the rational organization and technical parameters
with using of new and improved technologies of ES ensuring (C)], (1.3)

where A — action of the system or its component, which gives necessary re-
sult; B — name of the object, on which aimed action of the system or its
component; C — formulation of the special conditions and limitations, at
which performed action of the system or its component; i — number of the
ESMS Level; j — number of the ESMS Level structure element; N — name of
the ESMS Level structure element.

Structure of that ESMS is shown on Figure 1.8 [1.11].

Purpose of the study. Purpose of the study is creation of the metho-
dological basis for complex ecological and economical assessment of PP
with PICE exploitation process efficiency.

Goals of the study are following:

1. creation of the criteria for complex ecological and economical as-
sessment of PP with PICE exploitation process efficiency;

2. creation of the algorithm for such criteria and selection of its com-
ponents measurement units;

3. definition of the hierarchical place of such criteria in structure of
ESMS, of PP with PICE and of its LC.

Object of the study is the methodological basis for complex ecological
and economical assessment of PP with PICE exploitation process efficien-
cy. Subject of the study is the criteria, that gives complex characteristic for
object of the study.

Solution of task of the study. The solution of task of creation of me-
thodological support for implementation of that ESMS Stage are proposed
by the way of development of its functioning efficiency criteria, which differs
as much as possible universality. The proposed conception of that criteria
development and its application algorithm involves following sequence of

33



Steps, which shown in the Table 1.1.

Thus, proposed algorithm is closed with feedback (i.e., cyclic) and is
not autonomous regarding ESMS as itself, because it contains Steps B and
F, with which is implemented its interaction with the ESMS. Therefore, it
can be called integrated in ESMS. Here Step B is the source of the new in-
formation in the algorithm and the Step F is a source of information for
ESMS.

Stage 1 Stage 2 Stage 3 Stage 4
— — — —
Initial data for ESMS Improved and new Organization and Results of ESMS
creation technologies for ES performing of application
level ensuring which technological i
using by ESMS processes for ES level
ensuring which using
by ESMS
Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7 Level 8
— — — — — —

Identification of ecological danger
factors sources and analysis
of low and normative dada base
Classification of ecological danger
factors with taking into account its
genesis and significance
Development of improved and new
preparation technological processes
Development of improved and new
equipment for technological
processes implementation
Organization and management
of ESMS
Manufacturing and technological
processes which ensure specified ES| |
level
Output results of ESMS application:
values of ES factors and obtaining | |
of designated purpose production
System of monitoring and control
of ES level

Fig. 1.8 — Scheme of ESMS of PP with PICE exploitation process [1.11]

For realizing the Step A «Basic version of the object» and Step C
«Modernized version of the object» of developed algorithm, taking into ac-
count specific features of technical object on which acts ESMS, is proposed
using complex fuel and ecological criteria of prof. I.V. Parsadanov [1.14]
and other criteria, that is similar to it, developed on its basis or likeness. As
a mode initial data for such assessment should be used the results of expe-
rimental or computational researches, which based on known, improved or
developed methodic, such as in research [1.15]. For obtaining the middle
exploitation values of initial data should be used the test methodic, which
appropriate exploitation model of PICE or PP and because of it contains
stationary, transition or mixed operation modes list with its characteristics
(for PICE it is values of crankshaft speed, torque and weight factor etc.)
and also appropriate techniques for experimental obtained data processing.
In the case of impossibility of carrying out of experimental studies for speci-
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fic exploitation models and availability data from previous studies for obtai-
ning the necessary initial data can be use mathematical apparatus of ap-
proximation (for example, least square or linear regression methods), inter-
polation or extrapolation [1.13].

For implementation of Step B "Action of ESMS on the object" of the
algorithm is proposed to use results of other ESMS Steps described in
[1.10, 1.11].

Table 1.1 — Sequence of Steps of the algorithm

Step Name and gist of the Step

«Basic version of the object».
Quantitative estimation in absolute and relative units of values level of complex

A technical and economical mode or/and middle exploitation indicators of basic
version of PP with PICE, that is before implementation of events for increasing of
its ES level.

B «Action of ESMS on the object».

Development and implementation of events in the ESMS structure for ensuring of
certain ES level of PP with PICE exploitation process.

«Modernized version of the object».

C | Quantitative estimation values level of such indicators complex for modernized
version of PP with PICE, that is after implementation of events for increasing of its
ES level based on new or improved methods and means.

«Response of the object to ESMS action».

D | Definition of absolute and relative difference of values such indicators complex
for basic and modernized versions of PP with PICE, that is offered to consider the
ESMS functioning efficiency criteria.

«Normalization of the ESMS functioning efficiency criteria».

E | Comparison of obtained difference of such indicators complex values with its
legislative limited values or developed scale and conclusion of certain findings
based on a comparison of that results.

«Correction of action of ESMS on the object».
Correction of kind or sequence of events for ES level ensuring in the ESMS
structure and also intensity or nature of impact of individual event.

«Feedback».

G | Rationalization of ESMS functioning efficiency criteria value in iteration process
with variation of parameters values of technological processes and executive
organs, that ensure necessary ES level.

For implementation of Step D "Response of the object to ESMS acti-
on" of the algorithm is proposed the difference of complex of technical, eco-
nomical and ecological indicators values for basic and modernized versions
of PP with PICE actually considered the criteria of ESMS operation efficien-
cy of PP with PICE exploitation process — Qgsus [1.14]. Composition of co-
mplex of technical, economical and ecological PICE operational indicators,
that can be taking into account by such criteria, must be as comprehensive
as possible, what determines criteria universality level. For that it must be in
accordance with paragraphs of ecological danger factors classification, that
created in research [1.11] and presented on Fig. 1.9. In this case that crite-
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ria of ESMS operation efficiency of PP with PICE exploitation process defi-
ned by formula [1.13]:

Qegus = (EM _EB)/EB’ (1.4)

where Ey and Eg — accordingly monetary expenses for modernized and
basic versions of PP with PICE, $.

Justification of measurement units choice for Qggys criteria — US Dol-
lars ($) — presented in [1.13]. This decision is due to the following circums-
tances.

Firstly, by definition, money is the commodity of maximum liquidity
and the universal equivalent of the value of goods and services [1.16].

Secondly, the presence of the successful experience of applying well-
known approach to assessment of technical, economic and ecological indi-
cators of PICE developed by prof. I.V. Parsadanov as part of the methodo-
logy of calculation of the fuel and ecological criteria Kge [1.14].

Thirdly, not all of monetary expenses components is possible to bring
to form the dimensionless quantity B and, moreover, give them a physical
meaning of average operational efficiency specific mass hour fuel consum-
PtioN Qe.avexp, @S in the case Kge [1.14].

In research [1.14] monetary expenses, which included in Kge criteria
structure, expressed in Ukrainian Hryvnia (2). But in this case there is the
problem of assessing the effectiveness of measures to ensure the ES level
of PP with PICE which are in operation for a long time. So, for the case of
raising the ES level of diesel 2Ch10,5/12 by equipping it exhaust system
with DPF, developed in Piston Power Plants Dept. of A.M. Podgorny Insti-
tute for Mechanical Engineering Problems of NAS of Ukraine with the parti-
cipation of staff members of the Applied Mechanics Dept. of Technogenic
and Ecological Safety Faculty of National University of Civil Defense of Uk-
raine [1.15, 1.17 — 1.19], a direct comparison of Kee criterion values for the
basic (diesel without DPF) and modernized (diesel with DPF) version to
perform in the Ukrainian Hryvnia difficult.

This is due to the following circumstances.

Firstly, diesel 2Ch10,5/12 (D21A1), which was used as a generator of
aerosol of PM in the EG in these studies, released in the middle of the 80-
years of the XX century, modern its modification produced by the Vladimir
Tractor Plant (Russian Federation) and has significant constructive differen-
ces (e.g., electronic fuel supply control system). In this case to accurately
estimate total operating time and the residual motoresource, prehistory and
features of its exploitation, maintenance and repair measures and also, ac-
cordingly, its current technical condition and correlate it with any value indi-
cator is extremely difficult.

Secondly, at the time of its release, such monetary unit as the Ukrai-
nian Hryvnia didnt exist, and the unit in which to express it cost parameters

— USSR Ruble — do not exist at present; monetary unit in which its cost was
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estimated at the time when motor test bench was equipped with this diesel
engine — Ukrainian Coupon-Karbovanets, also no longer exists; and the
current modification of this diesel engine is estimated in Russian Rubles.

Thirdly, for some reason the Ukrainian Hryvnia exchange rate against
major freely convertible (so-called hard) currencies is very unstable. So, at
the time of introduction into circulation Ukrainian Hryvnia (1996), its rate ag-
ainst the US Dollar ($) amounts to less than 2 &/$, at the beginning of deve-
lopment of DPF concept (2008) — about 5 &/$, at the time of obtaining expe-
rimental data for the study [1.15] (2013) — about 8 &/$, at the time of mathe-
matical models [1.17 — 1.19] creation (2014) — about 12 &/$, at the moment
(October 2016) — about 26.5 &/$. To predict behavior of this macroecono-
mic indicator with reasonable accuracy for at least six months in advance is
impossible, not to mention the longer term.

In connection with the above considerations, it seems rational to ex-
press the monetary expenses values E in the formula (3), that forming
Qesus criteria value, in one of the widely used in Ukraine freely convertible
world reserve currencies — Euro or US Dollar. However, only the last one
has a history, that completely covering the PICE history from birth of the
idea (1807 de Rivas engine, 1860 Lenoir engine, 1863 two-stroke Otto en-
gine, 1876 four-stroke Otto engine, 1880 Kostovich engine, 1897 Diesel
engine) and to the present day.

In this case should take into account that purchasing capacity of the
US Dollar throughout its existence since the creation of the first PICE to the
present day was not constant too due to manifestations of inflation pheno-
menon, which can be accounted by applying the Consumer Price Index
CPI[1.16].

In order to enable comparative studies of different energy sources for
PP, such as PICE and separately photoelectric converter (PEC) based on
nanostructured semiconductors [1.20], or a complex of PEC and superca-
pacitor or a complex of PEC, supercapacitor and electric motor, in the stru-
cture of the developed criterion Qesys monetary expenses for fuel must be
converted into energy or power units.

It should also be noted that the equipping diesel by the DPF affects
the value of Kge criteria as a part of Qgsys, both positively — by reducing the
PM mass emissions from the EG flow (and corresponding money expenses
for compensation for impact of that ecological danger factor on environment
or urbosystem), and negative — due to fuel consumption increase to over-
come the DPF hydraulic resistance [1.13, 1.15, 1.19].

To implement Step E "Normalization of the ESMS functioning effici-
ency criteria" of the algorithm is proposed to use the data of regulatory legal
acts that are in force in the territory, where PP operation is carried out, such
as the UNECE Regulation number 49 or 96 [1.11].

To implement Step F "Correction of action of ESMS on the object" of
developed algorithm is proposed to be based on specific characteristics of
the particular measures to ensure the ES level of PP with PICE process ex-
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ploitation or complex of such measures.

To implement Step G "Feedback" of developed algorithm is proposed
to use experiment planning method [1.21], mathematical apparatus of mul-
ti-criteria optimization [1.22], as well as the mathematical apparatus of fuzzy
logic, namely Harrington generalized desirability function using psychophy-
sical scales [1.23, 1.24].

When developing Qgsys criteria must take into account the following
aspects of the hierarchical structure of ESMS, PP and its LC.

The whole LC of PP with PICE is traditionally divided into sequential
chain of phases, a division into which found no common approach among
researchers. In the light of specifics of this problem and the above conside-
rations it makes sense to them combined in blocks given in Fig. 1.10.

When developing Qgsus Criteria is also necessary take into account
the features of PP as is and PICE as they energy sources.

Firstly, one and the same PICE can be used as actuator for different
types of PP (for example, autotractor diesel engines), that is used by vario-
us exploitation models.

Secondly, one PP can contain more than one PICE (e.g., mobile con-
crete mixer with a drive mixer by a separate PICE, articulated lorry consis-
ting of tractor and power unit with electric generator, water pump or air
compressor on board, etc.) that can be exploited simultaneously, separate-
ly and with some overlap of each other's time.

Thirdly, PP as itself, excluding the presence in its composition PICE
and aggregates of its systems, made outside the engine compartment, are
also sources of ecological and technogenic danger, and must be both qua-
litatively and quantitatively characterized by its own factors, the criteria for
which evaluations also require development or modifications.

Fourthly, in some PP there is PICE, what is not the primary or main
source of mechanical energy, or produces such energy discontinuously
(e.g., hybrid venhicles), that is its operation model is fundamentally different
from a conventional as well by the structure, as by parameters of individual
modes of PICE exploitation modes.

Due to above, especially it should be noted that the proposed Qgsys
criteria in the proposed formulation takes the following hierarchical place in
the structures of LC and the composition of PP: firstly, characterizes only
Block Il of PP with PICE LC "exploitation"; secondly, characterizes ES level
only of part PP, namely PICE and systems units that its service, as shown
in Fig. 1.11.

In Fig. 4 there are the following notation: indices |, Il and Ill are mar-
ked Qesys criteria for the Block |, Block Il and Block Il of LC, respectively,
while the index ES and EC is designated Qgsys criterion for PP energy so-
urces (e.g., PICE and units of its systems, made by outside the engine
compartment) and its energy consumers (PP all executive organs, parts of
its skeleton, control and measuring equipment, etc.), respectively.
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Types of environmental pollution from PICE as part of PP

| L |
Pollutants | Harmful influence factors | | Wastes
! ! !
N Gaseous substances- N Energy N Solid substances-
pollutants contamination pollutants
N Fluid substances- N Information
pollutants contamination

Fig. 1.9 — Classification of Types of environmental pollution
from PICE as part of PP [1.11]

Block | __«Developing and manufacturing» |
. .
Life cycle of —
PP with PICE  LBlock Il IEXp|OItatI0n» |
Block Ill  «Utilization» |

Fig. 1.10 — Dividing the PP with PICE life cycle into blocks suitable
for use in the development ESMS process

Therefore, for the ESMS of the PP with PICE exploitation process its
functioning efficiency criterion can be expressed by the following formula.

PP ES EC
QESMSII B (ZlgESMSII ZlgEswlsuj (1'5)

where f — some mathematical function, that linking components of Qgsys
criteria with each other; j and m — number and quantity of energy source in
the PP structure; k and n — number and quantity of energy consumer in the
PP structure.

Summing up the above arguments, the structure of the algorithm of
estimation the efficiency of ESMS of PP with PICE exploitation processes
and its place in the ESMS structure shown in Fig. 1.12.

Conclusion. Thus, in the study developed methodological basis of
the criteria for evaluating the ESMS functioning effectiveness of PP with
PICE operation process, what consists the scientific novelty of the study
results. It is equal to the difference between the values of the complex tech-
nical, economic and ecological indicators of basic and modernized versions
of such objects.
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Hierarchical place of Qgsus criteria — in the PP structure |
!

in the LC structure Energy source | Energy consumer |

. . ES EC

Block | «Developing and manufacturing» . .

o ES EC
Block Il «Exploitation» . I oSl I

e ES EC
Block 1l «Utilization» ESMSIIl I oIl I

Fig. 1.11 — Hierarchical place of Qgsys criteria

ESMS of PP with PICE exploitation processes

Obtaining of initial data using Step A
experimental or computational S «gasic vergion ofthe [
research on the known, improved or obiects
developed methods J
L
. . Step B
Results oférgﬂesmsc?[gtaglscan of other S N «Action of ESMS on the
g object»
L
Obtaining of initial data in a manner St_ep c .
similar to Step A — «Modernlzed. version
of the object»
L
Criteria of efficiency of ESMS Step D
of PP with PICE 5 “ReSpObnsetOf the
L objec
exploitation processes Qesys t0 ESMS actions
L
Step E
Normative-legal acts, standards | «Normalization of the
ESMS functioning
efficiency criteria»
L
Step F
Recommendations for adjustment of - «Correction of action of -
action ESMS on the object ESMS
on the object»

Step G «Feedback»

Fig. 1.12 — Algorithm of estimation the efficiency of ESMS
of PP with PICE exploitation processes
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It is the final in the structure of ESMS, closes it with feedback through
the use of monitoring ES indicators and monitoring the effectiveness of the
ESMS as itself, what consists the practical value of the study results. Deter-
mined hierarchical place of such a criterion in the structure of ESMS, PP
and its life cycle. Confirmed by calculated studies results hypothesis about
the necessity of expressing the value equivalent of components of integra-
ted fuel and ecological criteria in terms of global reserve freely convertible
currency.
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Chapter 2. MATHEMATICAL MODELING OF TECHNOGENIC
AND ECOLOGICAL SAFETY ENSURING PROCESSES

2.1. GENERAL PROVISIONS

Purpose of studies, presented in the chapter, is achieving of mathe-
matical models of processes of providing of acceptable or legislative estab-
lished levels of ecological safety indicators and also results of calculated
assessment of it values.

Object of studies, presented in the chapter, is fundamental relation-
ships between main influencing factors and values of indicators in proces-
ses of providing ecological safety.

Subject of studies, presented in the chapter, is mathematical descrip-
tion of processes of providing ecological safety.

The chapter includes materials of four articles, one of them (the first
one) combines the contents of two reports.

The first of these articles described the background of beta-distribu-
tion mathematical apparatus application in numerical simulation of ecologi-
cal safety ensuring process. The study carried out for examples of ensuring
the localization of forest fires by creates a protective ground strips by using
the explosion and practical reduce the ecological danger of rescuers during
these works as well as for case of numerical simulation of ecological safety
ensuring process, namely for describing distribution low of certain characte-
ristics particulate matter as dispersed phase of aerosol diesel engine exha-
ust gases.

The second and the third articles includes materials about the des-
cription of relationship between regulatory and real manufacturing precision
of fire nozzle and its water jet trajectory geometric characteristics with me-
trology mathematical apparatus as well as results of calculated assessment
of values of this influence.

In the fourth paper discussed issues of numerical integration of co-
oling process of gas, formed by thermal recycling of domestic solid waste
with development of physical model of gas-dynamic processes of interfacial
interactions in viscous multiphase aerosol in the evaporative heat exchan-
ger with centrifugal water nozzles. That provides a sharp cooling of the ex-
haust gases and therefore ensure improvement of ecological safety level in
the thermal wastes utilization process by preventing the formation of highly
toxic substances in the generator gas.

Findings of presented in chapter 2 studies is submitted in general
conclusions of the monograph.

Bibliographic description of presented in chapter 2 published scientific
articles is submitted in are given in in Appendix A.
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Po3pin 2. MATEMATUYHE MOOENOBAHHA NPOLIECIB
3ABE3MNEYEHHA EKONOIYHOI BE3MEKU

2.1. 3ArAJllbHI MIPKYBAHHA

Memoro docridxxeHb, HaBedeHUX Yy po3aini, € po3pobka mMaTemaTny-
HUX Moaeneun npoueciB 3abe3nevyeHHsa NPUNHATHUX YM 3aKOHOA4ABYO BCTa-
HOBMEHUX PIBHIB MOKa3HMKIB €KONoriyHol 6e3nekn, a TakoX pes3ynbraTiB
PO3paxyHKOBOIO OLiHIOBaHHS X 3HAYEHb.

O6’ekmom docriidxeHb, NpeacTaBneHnx y po3aini, € pyHaameHTanb-
Hi B3aEMO3B’I3KM MiXK OCHOBHUMM BMNIMBAOYMMKU (hakTopamm Ta 3HAYEHHS-
MW MOKa3HUKIB B NpoLiecax 3abe3neyeHHs1 eKonorivHoi 6eaneku.

[lpedmemom docridxeHb, OnMcaHuxX y po3aini, € MateMaTtuyHe onu-
CaHHs npoueciB 3abe3neyeHHs1 eKonorivyHoi 6eaneku.

Po3gin micmums matepianu YoTMPbOX CcTaTeun, O4Ha 3 AKMX — nepLua
— MOESHYE BMICT Te3 ABOX OMOoBIAemN.

Meplwa 3 cTaten onuncye nepenymoBu 3aCTOCYBaHHA MaTeMaTU4Ho-
ro anapaty 6eta-po3noginy Afs YMcerbHOro MogertoBaHHA NpoLeciB 3a-
be3neyeHHs ekonoriyHol 6e3nekn. [ocnimkeHHs BUKOHAHO Ha npukniagax
3abe3neyeHHa nokanizauii NiCOBUX MOXEX LUMISIXOM CTBOPEHHA BUBYXOM
3aXUCHUX 3EMSISHUX CMYI Ta 3HWKEHHSI eKONoriYHOl Hebe3nekn psATiBHMKIB
BMPOAOBX LIbOro NpoLecy, a TakoxX ANs BUNagKy YMceribHOro MogerntoBaH-
HA NpoueciB 3abe3neyeHHs1 eKonoriyHol Be3nekn, a came OnUCaHHS 3aKOoHY
pPO3Noa4iSTy OCHOBHUX XapaKTEPUCTUK TBEPAMX YAaCTUHOK AK AMUCNepCHOI (ha-
31 aepo3orto BignpauboBaHWX rasiB AN3esibHUX ABUTYHIB.

Opyra i TpeTa CTarTi MiICTATbL MaTepiany Woao onncaHHs B3aeMo-
3B’AA3KY MK HOPMAaTMBHOK | pearibHOK TOYHICTIO BUFOTOBSIEHHA PYYHOrO
MOXEXHOro CTBOMAa Ta FeOMETPUYHUX XapaKTEPUCTUK CTPYMEHS BOAU 3
HbOro 3a JOMNOMOrol MaTemMaTU4HOro anapaTty MeTpOosioril, a TakoX LLOA0
pesyrnbTaTiB pO3paxyHKOBOro OLiHIOBAHHS 3Ha4YeHb Takoro BrjuByY.

Y yeTBepTiN CTaTTi OO6rOBOPEHO NUTAHHS YNCENBHOMO IHTErPYBaHHS
npouecy OXONOMKEHHS rasis, WO YTBOPUIUCH Nif Yac TepMidYHOI yTunisauil
TBepaMx NnobyToBmx BiaxoAdis, 3 NobyaoBo disnyHOI Mogeni rasogmMHamiy-
HUX NpoLeCiB MK dopakLUinHOT B3aemogii y B’a3koMy bGaratopasHoMy aepo-
3011 Yy BUNApHOMY TenSI00OMiHHMKY 3 BiALEHTPOBUMU BOASHUM POPCYHKa-
Mu. Taki npouecn 3abesnedytoTb NigBULLIEHHS PIBHA €KONOoriYHol 6esnekn y
npoueci TepMivHOI yTunisauil Bigxo4iB LWIAXOM nonepempxkeHHs popmyBsa-
HHSA BUCOKOTOKCUYHUX PEYOBUH Y reHepaTopHOMY rasi.

BucHoeku no pesynbTataMm SOCNiMKeHb, NpeacTaBneHnx y posaini 2,
BMHECEHO Y 3arasibHi BUCHOBKW MO MOHorpadii.

bibniozpachiyHut ornuc HaBegeHNX y po3aini 2 ApyKoBaHMX HayKOBUX
npaub HasegeHo y [logatky A.
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2.2. BACKGROUND OF APPLICATION OF BETA-DISTRIBUTION
IN NUMERICAL SIMULATION OF ECOLOGICAL SAFETY
ENSURING PROCESS [A.2.1,A2.2]

These article is based on materials of two reports at All-Ukrainian sci-
ence and technical conferences [A.2.1, A.2.2].

Relevance of the study exhaustive manner characterized by title of
the publication.

Purpose of the study is describing and substantiate the basic prere-
quisites of application of mathematical apparatus of beta-distribution for nu-
merical simulation of ecological safety ensuring process.

Object of the study is features of numerical simulation of ecological
safety ensuring process.

Subject of the study is substantiation of application of mathematical
apparatus of beta-distribution for object of the study.

Tasks of the study is:

1. definition of background of application of beta-distribution mathe-
matical apparatus for case of ensuring the localization of forest fires and re-
duce the ecological danger during these works rescuers practically creates
a protective ground strips by using the explosion;

2. definition of background of application of beta-distribution mathe-
matical apparatus for case of numerical simulation of ecological safety en-
suring process, namely for describing distribution low of certain characteris-
tics particulate matter as dispersed phase of aerosol diesel engine exhaust
gases.

2.2.1. Background of application of beta-distribution mathemati-
cal apparatus for case of ensuring the localization of forest fires and
reduce the ecological danger during these works rescuers practically
creates a protective ground strips by using the explosion.

To ensure the localization of forest fires and reduce the ecological
danger during these works rescuers practically creates a protective ground
strips by using the explosion. Together with the simplicity of use, low cost
and high efficiency, there are certain drawbacks associated with the use of
explosives.

Proposed by A.M. Grishin etc. version of the fuel-air mixture formati-
on by using the explosive charge, first used in ammunition of volume blast,
does not reuce the risks during the operation of such charges.

The bulk of the detonation-capable mixture is distributed along the
periphery of the cloud, which reduces the impact action with a correspon-
ding increase in fuel consumption. It is known that the three-dimensional
mathematical modeling of volume blast hose-charge action on the forest
phytocenosis and vegetation carried out using non-stationary gas dynamics
equations for compressed gas in the Cartesian coordinate system.

The existing software complex allows calculating the density, velocity,
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pressure, temperature of mixture, the concentration of mixture components
(fuel, air and combustion products), and the rate of heat release within the
limits each control volume mixture on each discrete time step.

From the metrological point of view in this situation we formally carry
indirect measurement accuracy of which substantially dependent on the ac-
curacy of measurement (or calculation) of variables included in the calcula-
tion formula. In the case where distribution of individual variables errors can
be considered a normal, error distribution of output value in principle is dif-
ferent from normal. In practice for testing of these distributions normality us-
ed visual methods, such as histograms, normal probability graphs or nume-
rical methods by using of estimation of asymmetry and excess coefficients.

But in case of inconsistency of the empirical distribution to the normal,
which is usually presented as a histogram, becomes the question of sear-
ching or selection of the distribution, according to certain criteria and more
accurately describes the empirical distribution.

The authors proposed approach to building the universal family of
distributions, including approximation based on families of Pearson distribu-
tions that is one that covers a broad class of probability distributions, not
close to normal.

Final thesis speaks about a variability and flexibility in solving the pro-
blem of approximation that under verification and substantiation the possi-
bility of using beta-distribution allows use the proposed in the mathematical
apparatus for determining parameters specified distribution when conduc-
ting research [2.1].

2.2.2. Background of application of beta-distribution mathemati-
cal apparatus for case of numerical simulation of ecological safety
ensuring process, namely for describing distribution low of certain
characteristics particulate matter as dispersed phase of aerosol die-
sel engine exhaust gases.

The ecological safety management system (ESMS) of exploitation
process of power plants (PP) with piston internal combustion engines (ICE)
contains individual stages, the implementation of which involves quantitati-
ve and qualitative identification of sources and factors of ecological danger,
theoretical and experimental investigation of their characteristics, develop-
ment or selection methods and means to bring them to the normative esta-
blished levels and monitoring of the ESMS operation [1.11]. In the case of
PP equipped with diesel ICE during their normal operation the main factors
of ecological danger are emissions of nitrogen oxides and particulate mat-
ter (PM) from exhaust gases (EG) [1.11, 1.18, 2.2, 2.3]. PM is dispersed
phase of EG aerosol consisting of adsorbent particles (soot cores) and ad-
sorbate (unburned hydrocarbon of fuel and motor oil), coagulated together.
At that the basic characteristics of PM in their ensemble (mass, counting
number, adsorbing surface area, hydraulic radius) vary in a wide range as
in individual sample and along the diesel exhaust tract, and also depend on
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diesel mode parameters [1.11, 2.3, 2.4]. Thus, typical (obtained by avera-
ging the results of experimental and theoretical studies for various types of
diesel engines operating under different conditions) distribution of weighted
values of mass, counting number and adsorbing surface area in the PM en-
semble on values of PM equivalent projection diameter within individual EG
sample has the form presented in the studies [2.2, 2.3] and shown in Fig. 1.

As shown in Fig. 2.1, distribution curves of these random variables
have the form with three modes and have a character which much different
from the normal distribution law. Mathematical expectation and values of si-
milar modes for the different characteristics of PM not match. Characteris-
tics of the distribution curve, which includes the central moments 2™ ... 4"
order (dispersion asymmetry coefficient, excess) for modes of the same
PM characteristics also not match.
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Fig. 2.1 — Averaged dispersed fractional composition of diesel PM
(in original language — Russian) [2.2]

In connection with foregoing there is some interest of scientific chara-
cter in getting the mathematical description of the PM distribution laws. The
results of such description (distribution law and its numerical characteris-
tics) also have practical value and can be used in computational studies of
EG aerosol motion laws in diesel exhaust tract and in aggregates of EG re-
ducing the toxicity system at forming of initial and boundary conditions. Fe-
atures of beta distribution mathematical apparatus detail discussed by the
same authors by the example of geometric characteristics of typical details
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of mechanical engineering constructions (rolling bodies of bearings) in the
study [2.4 — 2.6]. The feasibility and application algorithm of beta distributi-
on mathematical apparatus for the geometric characteristics of construction
elements of typical objects of fire and rescue equipment (manual fire barre-
Is) by the same authors reviewed in the study [2.7].

Conclussions. Thus, in present paper described dackground of ap-
plication of beta-distribution mathematical apparatus for case of ensuring
the localization of forest fires and reduce the ecological danger during the-
se works rescuers practically creates a protective ground strips by using
the explosion.

Also in the paper described background of application of beta-distri-
bution mathematical apparatus for case of numerical simulation of ecologi-
cal safety ensuring process, namely for describing distribution low of certain
characteristics particulate matter as dispersed phase of aerosol diesel engi-
ne exhaust gases.

2.3. RELATIONSHIP BETWEEN REGULATORY MANUFACTURING
PRECISION OF FIRE NOZZLE AND ITS WATER JET TRAJECTORY
GEOMETRIC CHARACTERISTICS [A.2.3]

Introduction. From the main provisions of the hydraulics is known
that the geometric parameters of trajectory of water jet from a convergent
conical nozzle, what is the manual fire nozzle (MFN), depends on diameter
of its outlet hole [2.8 — 2.12]. In approximate calculations of these water jet
parameters are used the nominal value of the MFN outlet hole diameter
[2.10 — 2.12]. However, this parameter is conditional and characterized by a
certain value of the precision [2.13, 2.14]. Analysis and evaluation of the ac-
curacy of manufacture of fire fighting equipment components, as well as
any technical object, is the subject of research of metrology [2.8, 2.9]. Since
the MFN is the product of mass production, the basic requirements to it are
reflected in GOST 9923-93 [6] and other normative legal acts, which are set
including the precision requirements of its manufacturing. From the main
provisions of hydraulics are also known, and other factors affecting the geo-
metric characteristics of the water jet from the nozzle of this type, as the
MFEN [2.10 — 2.12]. Therefore, study of the impact of MFN regulatory manu-
facturing precision on the geometric parameters of a water jet from it are al-
located a significant scientific and practical interest.

Statement of the problem and its solution. The purpose of study is
justification for the need to consider the regulatory established values of
MFN output hole size deviation in the calculation of its water jet trajectory
geometric characteristics and the calculated estimation the value of this im-
pact. The object of study is the geometric characteristics of the trajectory of
MFN water jet. The subject of study is the influence of MFN regulatory ma-
nufacturing precision as a mass-produced product on the object of study.

From described in [2.15] the list of geometric characteristics of the
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outlet opening MFN the most simple (basic) is its diameter d,. To describe
the effect of the value dy on the geometric characteristics of the trajectory of
the water jet from MFN is possible to use the method of approximate calcu-
lation of these characteristics from [2.10, 2.12]. Also we can use the asses-
sment methodology of influencing factors measurement errors on the MFN
jet trajectory geometric characteristics from [2.9, 2.10, 2.12]. The main geo-
metric characteristics of the MFN water jet trajectory are its flight length |
and lifting height h. In the approximate calculation (i.e. without taking into
account air resistance), these values are determined by the formulas (2.1)
and (2.2) in meters [2.9, 2.10, 2.12].

| = (\/O2 .cos 0, /g)- (sineO +sin?0, +2-g-hy IVZ ) (2.1)
h=VZ -sin0,/(2-g)+h,y, (2.2)

where V, — average initial velocity of water flow in a living cross section ma-
tching with the MFN outlet hole, m/s; g — acceleration of gravity, m/s% hgy —
height of MFN outlet hole center placement relative to an arbitrary horizon-
tal plane, which is directed along the x axis, m; @y — inclination angle of
MFN axis to the horizon, degree.

The trajectory of MFN water jet and its geometric characteristics and
also the factors influencing on it are illustrated in Fig. 2.2. [2.10, 2.12].

Yu

A—--"-% T~

(1]

0 l

Fig. 2.2 — Motion trajectory of water jet from MFN [2.10, 2.12]

In the such problem statement on the value of | and h is influenced
only following factors: Vg, hy, ©g, of which with MFN outlet hole geometric
characteristics is directly related value of V, only. Moreover, this relation-
ship can be described by the continuity equation of fluid flow from the for-
mula which binds the volumetric water flow rate through any MFN normal
cross section Q, (in m*/s) and the area of its outlet hole w, (in m?) by the
formulas (2.3) and (2.4).
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Vo = Qo / Wy, (2.3)
wo =17 - do” / 4. (2.4)

The value hy we will conventionally assumed to be constant both for
case of nozzle placed in rescuer hands, and for case of its fixed on carria-
ge. Accordingly, the setting and accounting the precision level of determi-
nation of this values in such problem statement does not make sense. Ac-
counting of precision of @, value in such problem statement is also meani-
ngless, since during the fire extinguishing MFN axis inclination angle dyna-
mically and randomly changing personally by rescuer for adjusting of jet im-
pact point on the burning object, that is, ©y = 0... 90°. The same applies to
the Qo value, which depends on the unpredictable changes in the parame-
ters of the pump and hose lines. Then the value of | in this problem state-
ment is a function of one independent variable — V,. Because the task of
setting of absolutely exact value of V, is impossible in principle, the impact
of error of its determination AV, on jet length error value Al may be descri-
bed by the formulas (2.5) and (2.6) from references [2.10, 2.12] (since there
is only one influence factor in these formulas, it is possible to use of partial
derivatives algebraic values), adding them by formulas (2.7) — (2.12).

Al [0l | V|- AV, (2.5)

Ah =|oh/ dVp| - AV, (2.6)

687':1 sin(20,)-V, +2-cos8, Vo -s.|n2 %+9M | (2.7)
o 9 W& sin? 0, +2-9 - hy

ohl oV, =sin0, -V, /g, (2.8)

AV, = (V1 00 )- Aoy, (2.9)

N,y éwy =—Q/ w3, (2.10)

Aoy ~ (Bwg 18dg)- Ady, (2.11)

dog lddy =m-dy /2. (2.12)

In the normative documents (for example, GOST 9923-93 [2.13]) and
in the specialized literature (for example, [2.10, 2.12]) established a series
of MFN outlet hole nominal diameters dy, and precision qualitet and type of
tolerance field for this parameter. Thus, for the nozzle RS-50A with dg, =
=13 mm set accuracy of H11, that according to the data given in [2.14],
means that the value of this parameter should be in the range 13.00...13.11
mm, and the diameter indicated the drawings as @13H11 or @13***, and
the parameter is changed by regulatory requirements by amount Ad, =
= +0,84 % relative to values dg, = do.

For the nozzle RS-50A with outlet hole having a maximum possible
value of diameter within the these requirements, and typical case described

51



in [2.10, 2.12], hg = 1 m (when MFN placed in the rescuer hands), and V, =
=20 m/s (a value close to the maximum possible for these conditions).
Then we have the following results of the application the formulas (2.9) —
(2.12): dwolddy = 0,0204 m, Awe=2,246-10° m? Vy/dw, = —1,507-107
(m-s)'l, AV, = —0,338 m/s (AVy = —1,692 %). For different ©, values have
the following results of formulas (2.1) — (2.8) application, they are shown in
Table. 2.1 and Fig. 2.3 — Fig. 2.5. Dependences of the values of | and h (in
m) from the ©, value are shown in Fig. 2.3. Dependences of the absolute
Al (in m) and relative Al, (in %) values of | from value of ©y are shown in
Fig. 2.4. Dependences of the absolute Ah (in m) and relative Ah;, (in %) va-
lues of | from value of @y are shown in Fig. 2.5.

Table 2.1 — Parameters of the water jet trajectory from fire manual nozzle
RS-50A, which are in compliance with regulatory requirements,
depending on the inclination angle of its axis to the horizon

Para- | Unit Value of parameter

meter athp=1m, Vo =20m/s, dy = 13.0 mm, Adp = +0.11 mm, AV, = -0.338 m/s

Oy |degree| O 10 20 30 40 45 50 60 70 80 90

/ m 9.030 | 18.274 | 28.717 | 36.967 | 41.314 | 41.751| 40.977 | 35.880 | 26.568 | 14.120 | 0.000
h m 1.000 | 1.615 | 3.385 | 6.097 | 9.424 |11.194 | 12.964 | 16.291 | 19.003 | 20.773 | 21.387
alldVy s 0452 | 1477 | 2641 | 3.538 | 4.019 | 4.080 | 4.017 | 3.532 | 2.621 | 1.395 | 0.000
Al m_ |-0.1563| -0.500 | -0.894 | -1.198 | -1.360 | -1.381 | -1.360 | -1.195 | -0.887 | -0.472 | 0.000
Al % |-1.692|-2.736 | -3.113 | -3.240 | -3.292 | -3.307 | -3.318 | -3.332 | -3.339 | -3.343 | -3.345
ohidVp| s 0.000 | 0.061 | 0.238 | 0.510 | 0.842 | 1.019 | 1.196 | 1.529 | 1.800 | 1.977 | 2.039
Ah m 0.000 | -0.021 | -0.081 | -0.173 | -0.285 | -0.345 | -0.405 | -0.518 | -0.609 | -0.669 | -0.690
Ah, % 0.000 | -1.289 | -2.385 | -2.829 | -3.025 | -3.082 | -3.124 | -3.177 | -3.207 | -3.222 | -3.226

As can be seen from Table. 1 and Fig. 3 at ©y = 45° the value of |,
dl/ldV, and Al reaching maximums: 41.751 m, 4.08 s and —1.381 m accordi-
ngly, and therefore | = 41.751 1 351 m, or 40.370 <1< 41.751 m, the value Al
amounts to —3.31 %, and the actual value of | in this case is determined
with an accuracy of £0.691 m or +1.66% relative to the value corresponding
to the influencing parameter middle of the tolerance field. The value of Al,
reaching its maximum equal to —3.345 % at Oy = 90°. When ©q = 0°, these
values are not equal to zero: | = 9.030 m, dl/loVy = 0.452 s and Al = -0.153
m, A |, =-1.692 %.

In contrast to the flight length of MFN water jet as is seen from Table.
2.1 and Fig. 2.5, the values of h, dh/dV,, Ah un Ah, reaching maximums at ©,
= 90° — accordingly: 21.387 m, 2.04 s, —0.690 m and —3.23 % and therefore
2.0697 <h <21.387 mor h =21.387_569 M, and the actual value of h in this
case is determined with an accuracy of +0.691 m nnun £1.66 % relative to
the value corresponding to the influencing parameter middle of the toleran-
ce field. When ©, = 0° the values of dh/dV,, Ah n Ah, are equal to zero and
h = ho.

Also from the data shown in Fig. 2.3 and 2.4 and Table. 2.1 implies
that the values of the relative errors in determining the values of | and h (Al,
and Ah,) significantly modified by changing the value of ©, between 0 and
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45°. After reaching values of ©, 45° and down to the 90° they "go on the
shelf", asymptotically approaching the value of —3.5 %. At the same time
influence factor (do) changed only by the amount of A do, = +0,846 %, being
in inverse correlation with desired values.

Let us get dependences describing research results analytically. De-
pendences for the absolute values of Al and Ah, received by transforming
the formulas (2.5), (2.6) taking into account the formulas (2.3), (2.4), (2.7) —
(2.12) (in m) have the form of formulas (2.13) and (2.14), where Ado, — rela-
tive change of diameter value d,, %; A and B — substitution values for faci-
litate the calculation, determined by the formulas (2.15) — (2.17). Depen-
dences for the relative values of Al, and Ah,, obtained by ratio of formulas
(2.13) and (2.14) with formulas (2.1) and (2.2) (in %) have the form of for-
mulas (2.18) and (2.19).

_\/K-ctg(ao - Adg, (\/K+\/§)2

Al = , 2.13
50-g-+/B (213)
Ap = - A-Ador (2.14)
50-g

A=V{ -sin® 0,; (2.16)
B=A+2-g-hg. (2.17)

Al 2. Ady, -(VA +B)
Al, ==—.100=— Or , 2.18
=7 5 (2.18)
Ah, :%-100=—w. (2.19)

Thus, from the analysis of the above results of performed estimation
it follows that impact of changes of MFN of the model RS-50A outlet hole
diameter, located within the regulatory established tolerance field, has a
significant impact on the geometric parameters of its water jet motion traje-
ctory, in particular on its flight length and lifting height.

The above confirms and illustrates the feasibility of using the mathe-
matical apparatus of the beta distribution to describe distribution law of phy-
sical value having a non-linear effect on the other physical values, even if
the condition of precise description empirical distribution of such physical
value by the normal law [2.4, 2.15]. In this case, such an influence quantity
is do, Which is a mathematical expression for: wy at 2™ degree (see formula
(2.4)), Vo at —2 degree (see formula (2.3)), | and h at —2 and —4 degrees
(see formulas (2.1) and (2.2)).
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Conclusions. Thus, this study shows the methodology, substantia-
ted, estimated, illustrated and described by analytical formulas the impact
of manufacturing precision of manual fire nozzle diameter outlet hole, which
corresponds with regulatory established requirements, on the trajectory ge-
ometric parameters of water jet from it, in particular its flight length and lif-
ting height, for various values of nozzle axis inclination angle to the of the
horizon, in both absolute and relative terms. It found that such an impact is
significant.

Also in the study was substantiated the expediency of using the beta
distribution for description of these variables taking into account non-linea-
rity of their mutual influence.

2.4. RELATIONSHIP BETWEEN REAL MANUFACTURING
PRECISION OF FIRE NOZZLE AND ITS WATER JET TRAJECTORY
GEOMETRIC CHARACTERISTICS [A.2.4]

Introduction. Geometric parameters of trajectory of water jet from
a manual fire nozzle (MFN) depends on diameter of its outlet hole. In ap-
proximate calculations of these parameters are used the nominal value
of the diameter [2.8-2.12], which is conditional and characterized by a
certain normative established (GOST 9923-93) value of the precision
[2.13,2.14]. However, as practice shows, on combat duty of subdivisions
of the State Emergency Service of Ukraine there is some number of
MFN that do not meet the standards for manufacturing precision, in parti-
cular the outlet hole diameter. Moreover, such deviations have value wi-
thin £5 % from both tolerance field limits. Therefore, study of the impact
of MFN real manufacturing precision on the geometric parameters of its
water jet from are allocated a significant scientific and practical interest.

Statement of the problem and its solution. The purpose of study
is justification for the need to consider the real, which differs from norma-
tive established, values of MFN output hole size deviation in the calcula-
tion of its water jet trajectory geometric characteristics (in particular its fli-
ght length and lifting height) and the calculated estimation the value of
this impact. The object of study is the geometric characteristics of the tra-
jectory of MFN water jet. The subject of study is the influence of MFN re-
al manufacturing precision as a mass-produced product on the object of
study.

In study [2.16] evaluated influence of the of MFN RS-50A outlet ho-
le diameter Ady (in mm), which meets requirements of GOST 9923-93
[3.13] and GOST 25347-2013 [2.14] (i.e. for its manufacturing precision),
on absolute and relative value determination error of MFN water jet geo-
metric characteristics (its flight length Al (in m) and lifting height Ah (in
m)). In these case using the data of study [2.4] was choused the basic
MFEN outlet hole geometric characteristic — its diameter dy (in m). In study
[2.15] was used the method of approximate estimation (i.e. excluding air
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resistance) of MFN water jet geometric characteristics (its flight length |
(in m) and lifting height h (in m)) from [2.10, 2.12] in function of influen-
cing factors changes — diameter d, and MFN axis to horizon inclination
angle Oy (in degrees). Also in that study was used the method for errors
determination (manufacturing, measuring, estimation) choused influen-
cing factor (Adg) on determination errors water jet geometric characteris-
tics (Al and Ah) from references [2.9, 2.10, 2.12], where the following par-
tial derivatives are used: dwo/ddo(in m), dVoldwg (in (m-s)™), alldV, (in s),
oh/dV, (in s), where wo — MFN outlet hole area (in mm?).

The above described evaluation was performed on the assumption
that on the values of Al and Ah affect only the values Ad, (changes dis-
cretely from one MFN unit to another) and ©, (changes continuously in
the firefighting process). Other influencing factors (average initial velocity
of water flow motion through life cross section which coinciding with MEN
outlet hole V, (in m/s), height of MFN outlet hole center placement relati-
ve to an arbitrary horizontal plane hy (in m), volumetric water flow rate
through any MFN normal cross section Qo (in m®/s)) are not independent
(according to continuity of fluid flow low Vo ~ wg ~ do® at Qo = const) or
changes unpredictable (in significant range, for example Q, depending
on the extinguishing fluid properties, on pump and a hose line parame-
ters), or randomly (in insignificant range, for example hy both for manual
and lafet fire nozzle) and therefore assumed constant (hg = const, Qg =
= const).

In GOST 9923-93 [2.13] established a series of MFN outlet hole
nominal diameters do, and precision qualitet and type of tolerance field
for this parameter. Thus, for the nozzle RS-50A with dg, = 13 mm set ac-
curacy of H11, that according to the data given in GOST 25347-2013
[2.14], means that dy = [13.00... 13.11] mm, do, are minimum allowable
value of dy and the diameter indicated the drawings as @13H11 or
@13, That is, the parameter is changed by the regulatory require-
ments by amount Ad,, = +0.84 % relative to value dg, = do.

Results of the study [2.16], carried out for nozzle RS-50A with ma-
ximum available within GOST 9923-93 requirements limits d, value and
the typical case hy = 1 m (when MFN placed in the rescuer hands) and
Vo = 20 m/s (a value close to the maximum possible for these conditi-
ons), shows that partial derivatives have the following values: dwy/ddy =
const = 0.0204 m, dVo/dw, = const = —1.507-10° (m-s)™, al/oV, and
dh/oV, are functions of ©, (see Table 2.2).

But nozzles RS-50A with which are equipped two research installa-
tions of hydraulic laboratory of Applied Mechanics Dept. of Technogenic
and Ecologic Safety Faculty of National University of Civil Defense of Uk-
raine characterized by the d, values which differs from normative estab-
lished. For them the d, values were determined by averaging the results
of eight times direct measurement using vernier caliper ShTs-1-150-0.02.
Thus for the first one dy = 12.6 mm and for the second do = 13.7 mm that
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differs from the nominal value of do on Ady = =—-0.40 mm and +0,70 mm
or Ado, = —3.1 % and +5.4 % respectively. For comparison was chosen
the nominal value of dy because it is used for MFN water jet trajectory
calculation. Thus, from the practice of study it becomes clear that in ex-
ploitation are certain number of MFN items which for various reasons do
not comply with GOST requirements for d, value. Exact number of such
MFN items is difficult to evaluate, as noted in introduction.

Results of that study are also summarized in Table 2.2 and presen-
ted on Fig. 2.6. Dependences of the absolute changes of flight length Al
and lifting height Ah values (both in m) of water jet from nozzle RS-50A
with varying degrees of compliance with GOST 9923-93 from the value
of inclination angle of its axis to the horizon ©, (in degrees) is shown on
Fig. 2.6, a, b. Same dependences for the relative values (Al, and Ah,,
both in %) is shown on Fig. 2.6, c, d.

As we can see from the data of Table 2 and Fig. 2.6 (where also
presented results of study [2.16] for comparison) for nozzle RS-50A with
outlet hole having a maximum possible value of diameter within the the-
se requirements values of I, dl/dVy and Al reaching maximums (41.751 m,
4.08 s, —1.381 m respectively) at @y = 45°, than | = [40,370...41,751] m
or | =41.751_; 351 m, Al, = 3.31 %, and the actual value of | in this case is
determined with an accuracy of £0.691 m or +1.66% relative to the value
corresponding to the influencing parameter middle of the tolerance field
(13.055 mm). The value of Al, reaching its maximum equal to —3.345 %
at ©, = 90°. It should be noted that when ©, = 0°, these values are not
equal to zero: | = 9.030 m, dl/loVy, = 0.452s and Al =-0.153 m, A |, =
=-1.692 %. The values of h, dh/dV,, Ah & Ah, reaching maximums at QO
=90° (21.387 m, 2.04 s, —0.690 m and —-3.23 % accordingly) and there-
fore h = 21.387_y569 M, Or 2.0697 < h < 21.387 m, and the actual value of
h in this case is determined with an accuracy of £0.691 M nnn £1.66 %
relative to the value corresponding to the influencing parameter middle of
the tolerance field. When ©4 = 0° the values of dh/dV,, Ah un Ah, are equal
to zero and h = hy [2.16].

Also from the data of Table 2 and Fig. 2.6 we can see, that the va-
lues of |, dl/oV,, h and oh/dV, for all three investigated cases are not diffe-
rent from the case of MFN with nominal value of diameter dy from the
study [2.16].

Results of such evaluation for the first one of MFN with Adg =
=—0.40 mm are following. Absolute values of Al and Ah reaching maxi-
mums (5.021 m and 2.509 m respectively) when ©q = 45° and 90°. Than
| = [41.751...46.772] mor |=41.751"°" m. Relative values of Al, & Ah,
reaching maximums (+12.162 % & +11.732 %) when Oy = 90°. Than h =
21.387%°% m or h = [21.387...23.896] m. Should be noted that when O,
=0° Al = +0.556 m, Al, = +6.154 %, Ah =0 m.

Results of such evaluation for the first one of MFN with Ad, = +0,70
mm are following. Absolute values of Al and Ah reaching maximums
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(-8.787 m and —4,391 m respectively) when ©y = 45° and 90°. Than | =
=[32.964...41.751] m or | =41.751_g,5; m. Relative values of Al, & Ah,
reaching maximums (-21.284 % and —20.531 %) when ©y = 90°. Than
h =21.387_4391 m or h=[16.996...21.387] m. Should be noted that when
©y=0° Al=-0.973 m, Al,=-10.769%, Ah = Om.

Thus, from the data of Table 2 and Fig. 2.6 are follows that the va-
lues of Al and Ah, significantly changing when the value of @y vary in li-
mits 0...45°. After ©, reaching values of 45° and down to the 90° they
"goes on the shelf", asymptotically approaching the value of +12.5 % for
the first one manual fire nozzle with Ady = —0.40 mm and —22.0 % for the
second MFN with Ady = +0.70 mm.

At the same time influence factor (dy) changed at a much lower va-
lue Ador (-3.1 % and +5.4 % respectively) being in inverse correlation
with the desired values. The above described is presented in Fig. 2.7.

On Fig. 2.7 are showed influence of absolute (Ado in mm) and rela-
tive (Ady, in %) values of nozzle RS-50A outlet hole diameter (dy) chan-
ging on absolute (Al and Ah in m) and relative (Al; and Ah, in %) values of
flight length (I) and lifting height (h) of its water jet in all possible combi-
nations.

As follows from the analysis of data contained in Fig. 2.7, these de-
pendencies are linear, influencing factor and the desired effect are inver-
sely correlated for the absolute values of Al and Ah and also these de-
pendencies on Ad, and Adg, are different (see Fig. 2.8, a, b), and for the
relative values Al, and Ah, they are identical (see Fig. 2.8,b,c). Linearity of
these relationships follows from the analysis of the formulas (13)—(19) in
study [2.16] with constant values of Q.

They described by the method of least squares (for all dependenci-
es R? = 1,0) and can be represented by the formulas (2.20) — (2.25).

Al =-12,553 - Ad,, m; (2.20)

Ah =-6,273 - Ad,, m; (2.21)

Al, = Ah, =-3,953 - Ad,, , %; (2.22)
Al =-16319 - Ad,, , m; (2.23)

Ah =-0,8155 - Ad,, m; (2.24)

Al, = Ah, =-30,4063 - Ad,, , %. (2.25)

So, from the above evaluation results analysis it follows that the
nozzle RS-50A outlet hole diameter value deviation, going beyond the
tolerance field according to GOST 9923-93 in both directions, has a sig-
nificant impact on its water jets motion trajectory geometric parameters
under otherwise equal conditions. In practice, the magnitude of such in-
fluence would not be as significant due to the influence of unaccounted
factors.
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This is the following factors: water jet motion air resistance, deviati-
on from roundness (deviation of the surface shape) of the MFN outlet ho-
le and distribution of this deviation on hole perimeter (beating of the radi-
us), changes of parameters of the pump and hose lines, presence of la-
teral wind and (or) headwind, varying the type and composition of the fi-
re-extinguishing liquid, changes of resistance, velocity and flow rate coef-
ficients of MFN as a conical converging nozzle, environmental parame-
ters (temperature, pressure, humidity) etc.

The above as well as the results of studies [2.4, 2.15, 2.17], confir-
ms and illustrates the feasibility of using the mathematical apparatus of
the beta distribution to describe distribution law of physical value having
a non-linear effect on the other physical values, even in case when con-
dition of precise description empirical distribution of such physical value
by the normal law [2.4].

Conclusions. Thus, this study includes the methodology, substan-
tiated, estimated, described by formulas and illustrated by graphs the im-
pact of manufacturing precision of manual fire nozzle diameter outlet ho-
le, which does not meet the regulatory established requirements of
GOST 9923-93 in varying degrees, on the trajectory geometric parame-
ters of water jet from it, in particular its flight length and lifting height, for
various values of nozzle axis inclination angle to the of the horizon, in
both absolute and relative terms. It found that such an impact under cer-
tain assumptions, and other conditions being equal is significant. Also in
the study was substantiated the expediency of using the beta distribution
for description of these variables taking into account non-linearity of their
mutual influence.

2.5. NUMERICAL INTEGRATION OF GAS COOLING,
FORMED BY THERMAL RECYCLING OF WASTE  [A.2.5]

2.5.1. Introduction

Relevance of the permanent increasing of wastes amount problem
is obviously. That situation is escalates by significant increasing of unsa-
nctioned storage places for danger wastes. Paces of various substances
decomposition in general wastes mass are not same and impact of indi-
vidual fractions on filtrate generation are different. Since the time period
from dump formation starting till filtrate in groundwater pervasion begin-
ning are not known, than at the moment of dump detection the harmful
consequences for environmental components from filtrate impact can be
significant. That’'s why such objects substantially decreasing the ecologi-
cal safety level [2.18] and must be eliminated as quickly as possible.

Serious attention requires waists of medical institutions, which are
quite epidemiological dangerous because contains helminth eggs and
pathogenic microorganisms and also may contain radioactive or toxic
substances [2.19]. No less a danger to the environmental components
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are polymer materials wastes [2.20]. They contain carbon and its compo-
unds and also are secondary material and energetic resources, as it
shown in references [2.21, 2.22]. Wide application of plastics and poly-
meric materials in various industrial sectors as well as in consumer go-
ods manufacturing causing to increasing of carbon part in waists and
carbon containing compounds, that during its thermal treatment causing
increasing of various pollutants amounts, including such super toxic as
dioxins.

2.5.2. Analysis of published data and problem statement

At the current stage for waists utilization apply thermal methods with
using plasma generators [2.23], whereby in high temperature conditions
(over 1200 °C) ensured decomposition of dioxin, cumulative poison,
which belonging to the danger xenobiotics group, into simple fragments
[2.24]. However, exist the mechanism for recrudescent dioxin forming, or
“‘de novo”, which observed in exhaust gases in temperature range from
300 till 450 °C. To the number of its forming factors includes gases coo-
ling speed in the specified temperature diapason and presents in it chlo-
rine and oxygen [2.25]. Therefore we can affirm, that maximal ecological
efficiency of wastes utilization process can be obtained by the way of
prevention the dioxin forming not only at the stage of wastes processing
in plasma reactor, but at its outlet at the stage of generator gas cooling.
Thus, most important and relevance from a scientific point of view are
searching of technical solution for ecological safety ensuring at solid
wastes thermal utilization.

Existing different methods for cleaning of hot smoke gases. In the
study [2.26] authors shows dioxin forming process during wastes thermal
treatment, at the same time in studies [2.27, 2.28] scientifically grounded
the effectiveness of dealing with them in conditions of using relevant cle-
aning systems. But in these case raises the question of following hand-
ling with used filters. So, the best way is prevent highly toxic substances.
In the study [2.29] authors presented wide enough review of modern me-
thods for dealing with dioxins, which basing on catalytic reactions. Com-
parative analysis of these methods allowed to reveal deficiencies, the
main ones are:

— urgency of controlling of wastes chemical composition to reduce
the amount of chlorine [2.30], which is quite difficult tusk, because com-
position of municipal wastes is not constant through time;

— urgency of controlling of catalyst condition for ensuring of catalytic
process high efficiency;

— high level of investments and exploitation costs, which limits appli-
cation of these methods in full.

One of rational variants of these problem solution are fast exhaust
gases cooling, whereby not create conditions for dioxin formation. But to
realize that cooling in broad temperature range is pretty difficult.
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Therefore, in present paper proposed investigation of possibility of apply-
ing evaporate heat exchanger with centrifugal nozzles, which provides
dispersed liquid injection in hot gas flow from plasma reactor.

2.5.3. Purpose and task of the study

Purpose of the study is increasing of ecological safety level during
wastes thermal utilization by the way of high toxic substances formation
prevention in generator gas.

For setting purpose obtaining we solve following tasks:

— analysis of actions of gas and dispersed phases during generator
gas irrigating cooling for decreasing probability of dioxin formation in
wastes utilization process;

— investigation of influence of interphase interaction on efficiency of
proposed cooling system for generator gas with liquid, which dispersed
with centrifugal nozzles;

— efficiency estimation by numerical modeling for different operatio-
nal modes of proposed technological plant for generator gas irrigating
cooling for temperature speed reduction until safety value.

2.5.4. Materials and methods of the study of efficiency different
operation modes of proposed technological plant for generator gas
irrigating cooling

2.5.4.1. Analysis of actions of gas and dispersed phases and
influence of interphase interaction on efficiency of proposed coo-
ling system

Issues of ecological safety with using of multiphase dispersed struc-
tures for other tasks described in references [2.31, 2.32].

Such irrigating systems using for ecological safety ensuring during
fire fighting, dust control at loading and unloading of granular materials
etc. [2.33]. In references [2.34, 2.35] by authors reviewed mathematical
models and performed calculated studies of that processes. But, it nece-
ssary to note, that during executing of these tasks considered specific
technical conditions and requirements. At present moment exist the ge-
neral approach to physical and mathematical statement of that class
tasks, which based on classical gas dynamic equations.

In conditions of costs reduction on research and development of
promising technologies, one of the most economical and convenient me-
thods for detailed analysis of complex processes in gas-dispersion envi-
ronments are numerical experiment. For its implementation and visuali-
zation of generator gas cooling processes results we have to use the
mathematical apparatus, which adequately reflex complex gas dynamic
processes. Since water drops in high temperature gas flow will be vapo-
rized, then we have studied two-phased multi-component environment
with phase transformations. Actions of single drop in gas dynamic field
describes by system of ordinary differential equations (ODE) [2.36], in
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which part of parameters functionally associated with independent varia-
bles. For closure and solution of ODE is necessary to taking into account
bilateral interaction by the way of alternately solution of equations of dis-
persed and continuous phases until solution for both phases becomes
steady in time.

Effectiveness of water curtain for generator gas cooling in evapora-
tive heat exchanger depends on structure and parameters of gas-drop
flow. One of operational effectiveness indicators is value of water supp-
lying parameters, which ensure certain water spraying dispersion and its
nozzle leakage velocity. So, it is necessary water supply variant with
centrifugal nozzles in high temperature gas flow, that can be recognized
as satisfactory, that is, provide fast gas cooling until gas temperature re-
aches safety value close to about 300 °C. Physical and mathematical
description of that process can be provide based on classical approach
for two-phase flow movement [2.36—2.38]. During the modeling of gene-
rator gas cooling process by the way of water injection centrifugal nozz-
les in a hot gas flow was investigated computational domain, that inclu-
des a piece of space bounded by the heat exchanger walls, its input/out-
put section (Fig.2.4).

Mathematical model of gaseous phase of generator gas cooling pro-
cess described in references [2.36, 2.37]. It allows to describe the featu-
res of three-dimensional flow in the heat exchanger and shows the im-
pact on the disperse phase. To analyze the action of the dispersed pha-
se in relation to it were accepted some assumptions, described in [2.38],
which allowed to examine its action in Lagrangian description.

Interaction between phases taken into account using the discrete
model "particle — source in the cell," according to which the presence of a
drop in the gas flow manifests itself through additional sources in the eg-
uations of the law of conservation of continuous phase [2.39]. During the
calculating of drops trajectories monitored the values of impetus, mass
and heat that is gained or lost by "package" of drops, that move along
this trajectory. Then these values were included in the calculation of the
gas phase in the form of source members S, S,, Sy in the gas dynamics
equations. Thus, as the gas phase are influences on disperse phase,
than opposite effect of dispersed phase on continuous phase is also ta-
ken into account [2.38].

The obtained mathematical models of gas and dispersed phases is
the basis for numerical experiments to investigate effectiveness of propo-
sed generator gas cooling system in order to improve ecological safety
level of wastes utilization process. Using the method of numerical inte-
gration of obtained equations of gas phase [2.36, 2.37], we can determi-
ne gas parameters at any point of the settlement area. This will allow to
control the temperature of gas flow in required sections of the heat ex-
changer and speed of its change.
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Fig. 2.4 — Evaporated heat exchanger:
a — irrigating system for gas cooling (evaporated heat exchanger);
b — control sections

However, we can determine the most rational parameters of water
supply with nozzles, which provide a sharp decrease of temperature of
gas flow and, consequently, increased ecological safety level of wastes
utilization process.

2.5.4.2. Numerical integration of gaseous phase equations

Numerical integration of differential equations in partial derivatives
with a given boundary conditions involves their discretization. Discretiza-
tion of equations in space performed by the method of control volumes
[2.40] with the unstructured (disordered) calculating net, which is compo-
sed of polyedrical elementary volumes — cells.

Allocation of drops volumes in the spray jet is based on data from
[2.35] and is well described by the Rozin-Rammler formula. The numeri-
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cal values of nozzle water supply parameters, determined with the me-
thod described above, for three water supply variants, that differs water
spray dispersion and speed of its discharge from the nozzle, provided in
Table. 2.3. Irregular calculated net includes 77087 polyedrical cells. We
consider that elementary volume of gas at initial time located in the cen-
ter of cross-sectional flow part of heat exchanger, which precedes area
of water injection (section "B — B" variants in the Ne 1 and Ne 2, section
"A — A" version Ne 3).

Table 2.3 — Numerical values of nozzle water supplying parameters

Parameter Variant number
name 1 2 3

do, ™ 0,000 | 0,000 | 0,001

' 6 9 1
Ai/(Dsdo) 0,75 1,3 1
Co 0,43 0,56 0,50
vV, m/s 10 3 3
Ap, Pa 48228 | 5650 | 3189
Ree 3858 2257 1957
n 3,77 3,99 3,6

In the process of gas cooling dispersed liquid drop temperature cha-
nge until it reaches the boiling point under the heat balance, which is de-
fined by the equation:

dT

MGy~ = 0, r, T, )+ L 9M

dt

, (2.26)

where c, — drop heat capacity; a — heat transfer coefficient between drop
and gas, which defined by experiment; A, — drop surface area; L — latent
heat of vaporization; T, — drop temperature; T.. — local gas temperature.
The results of experimental studies is usually served as a criterion
dependences Nu = f (Re, Pr), where Nu — Nusselt number. In view of
equations (14) and (20) [2.38] of equation (2.26) can be written as:

dat, (1,-T
p :( 00 p)+QL (227)
" Lshoble, ~c.)
LShpDl(c, —c¢
= ® 2.28
Q N (2.28)
d2c
o="p e (2.29)
6NUA

When the drop temperature reaches of boiling point, we can apply
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the boiling speed equation:

did Co \T, —-T
d)_ 1+023Re2% In| 1+ Sar) (2.30)
dt APpCpsdp L

where c,.. — gas heat capacity.

In considering of gas elementary volume movement in the flowing
part of heat exchanger, we generate control squirt of gas flow for three
variants of dispersed liquid supplying (Fig. 2.5) and graph of dependence
for gas elementary volume Z coordinates and time 1 (Fig. 2.6).

Determined from the graph Z(1) time points T1;, in which gas elemen-
tary volume crossing the control section i. Defined as the average gas
temperature t,,, coefficient of uniformity of temperature distribution in gas
yr control cross sections i, residence time At and average cooling rate
At/At of gas elementary volume between adjacent cross sections i and
(i-1) (Table. 2.3, 2.4).

Table. 2.4 shows, that the total residence time of gas elementary vo-
lume in the flow part of heat exchanger for the investigated variants of is
respectively 1.32 s, 6.42 s and 2.37 s. The coefficient of uniformity y
shows how temperature of gas-vapor mixture changes in the control sec-
tion. If there are no changes (i.e. reached the maximum uniformity of dis-
tribution) yr = 1.

The residence time At and average cooling rate At/Ar for gas eleme-
ntary volume in areas between control cross sections are necessary pa-
rameters on basis of which it is possible to decide which flow rate of the
coolant are need.

2.5.5. Results of study of gas dynamic processes in evaporated
heat exchanger during generator gas irrigating cooling

Maximum cooling of gas occurs during his contact with droplets of
dispersed liquid, that evaporates:

— for variant Ne 1 gas temperature decreased to 472 °C at 0,47 s of
it presents between cross sections C and E;

— for variant Ne 2 gas temperature decreased to 436 °C at 1,0 s of it
presents between cross sections C and E;

— for variant Ne 3 gas temperature decreased to 454 °C at 1,6 s of it
presents between cross sections A and E.

The maximum speed of the cooling in all variants takes place betwe-
en the crossings C and D (Fig. 2.7), reaching for variants Ne 1, 2 and 3
values of 1919, 1269 and 975 °C/s, respectively (Fig. 2.8). The rest of
the time it takes mixing of gas with water vapor.

Best quality of mixing takes place in variant Ne 2 (uniformity coeffici-
ent equal to 0.997) due to the great stay duration of gas between the
crossings G and D because of the presence of circulating currents in
there.
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Fig. 2.5 — Movement trajectory of elementary gas volume
(control squirt of gas flow): a — ¢ — variants of dispersed liquid supplying

Table 2.4 — Parameters of gas elementary volume,
which controls in cross sections i

Parameter Controls cross section
Al B | ¢c | pb|]E | 1] 2] 3| 4

Variant of dispersed liquid supplying Ne 1
T, S — - 0 0,17 | 0,48 | 0,72 | 0,9 1,1 | 1,32
tay, °C 1200 | 1199,8 | 1180,4 | 854,2 | 472,2 | 408,6 | 364,7 | 357,6 | 305,8
VT 1 0,999 | 0,985 | 0,792 | 0,728 | 0,815 | 0,899 | 0,938 | 0,961

Variant of dispersed liquid supplying Ne 2
T, S - - 0 0,25 1 5,8 6,0 6,2 | 6,42
tay, °C 1200 | 1200 | 1200 |882,8 | 436,0 | 356,9 | 354,4 | 354,4 | 354,4
VT 1 1 1 0,813 | 0,839 | 0,964 | 0,992 | 0,995 | 0,997

Variant of dispersed liquid supplying Ne 3
T, S 0 0,75 095 (115 | 16 | 1,76 | 1,96 | 2,16 | 2,37
tay, °C 1200 | 1053,7 | 891,8 | 696,8 | 454,0 | 418,2 | 393,3 | 382,0 | 375,0
VT 1 0,985 | 0,970 | 0,947 |0,885| 0,917 | 0,951 | 0,972 | 0,984
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Fig. 2.7 — The average cooling rate of gas (°C/s):
e — variant Ne 1 of dispersed water supplying; e — variant Ne 2; e — variant Ne 3
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Fig. 2.8 — The gas residence time (s) between control cross sections:
e — variant Ne 1 of dispersed water supplying; e — variant Ne 2; e — variant Ne 3;
A B,B, I, 0,1, 2, 3,4 — control cross sections

2.5.6. Discussion of the results of numerical integration of
equations describing gas-dynamic processes in the studying heat
exchanger

These paper is a part of scientific research for creation ecological
safety wastes utilization technology. Beginning of the study is [2.32, 2.36
— 2.38], where created the mathematical model of three-dimensional flow
of gas-dispersion fluid with phase transformation (evaporation) and inter-
phace interaction, that qualitatively and clearly defines the main features
of generator gas cooling process with injection in it dispersed liquid. This
mathematical model of study of drops in coolant trajectory allows us to
monitor changing impulse, mass and heat of set of drops and the tempe-
rature of gas-vapor mixture at different time points of gas in the heat ex-
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changer. The advantages of this method of ensuring ecological safety
during thermal waste utilization is to prevent the creation of temperature
conditions for the dioxins formation, unlike other methods, which use
complex filters or catalytic reactions.

The results of numerical experiments indicates that the second vari-
ant of supply dispersed coolant characterized by shortest time of establi-
shing equilibrium in vapor mixture, that reduces the coolant expenditure
and eliminates its accumulation in the heat exchanger. But in terms of
ecological safety ensuring it can be considered the most satisfactory is
first variant, because the time of gas flow cooling with a temperature of
1200 °C to a temperature, which close to safe, i.e. 305.8 °C, is 1.32 s. It
Is clear, that the proposed mathematical models of processes, which oc-
curring in the heat exchanger, satisfactory within the task of study and
show the possibility of its implementation. The research does not exclude
the possibility of determining the most effective variant, to find which sub-
sequently can formulate and solve relevant optimization problem.

2.5.7. Conclusions

1. Scientifically reasonable possibility of technical devices applicati-
on, the use of which provides a sharp cooling of exhaust gases, thus are
not created temperature conditions for dioxins formation and thereby in-
creasing the ecological safety level. Wherewith cooling physical model is
based on cooling liquid injection with centrifugal nozzles in the gas flow.

2. In order to following optimization the parameters of proposed te-
chnological plant for generator gas irrigation cooling in present research
through numerical simulations provided evaluation of its effectiveness by
temperature decrease speed parameters up to a safe value in a given
segment of space, limited by heat exchanger walls in different modes.
This numerical simulation provided on the basis of developed in previous
publications [2.36 — 2.38] mathematical models of interfacial interactions
gas-dynamic processes in evaporating heat exchanger, which describe
the change of impulse, mass and heat of drop set and also temperature
gas-vapor mixture at different time points of gas in the heat exchanger.

3. The numerical experiment shows that as a result of plant using
gas temperature can be reduced by 895 °C in 1.32 sec by using a nozz-
les with a spray diameter 0.6 mm and the coolant injection velocity 10
m/s. The maximum gas cooling occurs during its contact with evapora-
ting dispersed fluid droplets. However, variant, which used nozzles with a
spray diameter 0.9 mm and the coolant injection velocity 3 m/s characte-
rized by distribution of a gas temperature uniformity coefficient yr = 0.997
(compared to yr = 0.961) at the outlet of the heat exchanger, due to less
time of stabilization of equilibrium in vapor-gas mixture and also ensure
less coolant consumption and excludes its accumulation in the heat ex-
changer.
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Chapter 3. TECHNOGENIC AND ECOLOGICAL ASPECTS
OF EXPERIMENTAL RESEARCHES
OF ECOLOGICAL SAFETY LEVEL INDICATORS

3.1. GENERAL PROVISIONS

Purpose of studies, presented in the chapter, is to analyze techno-
genic, ecological and metrological aspects of experimental researches of
indicators of ecological safety level as an source of initial data for calcu-
lated researches and also for mathematical models identification.

Object of studies, presented in the chapter, is technogenic and
ecological safety of carrying out of experimental researches on highly
energetic testing installations of high-risk.

Subject of studies, presented in the chapter, is analysis of techno-
genic and ecological safety factors of carrying out of experimental rese-
arches of ecological safety level indicators and also its metrological as-
pects.

The chapter includes materials of four articles, two of them (the first
one and the third one) combines the contents of 9 and 5 reports respec-
tively.

The first of these articles dedicated to general issues of ecologi-
cal safety ensuring of exploitation process of power plants with piston in-
ternal combustion engine, namely: analyzed global trends over the past
25 years, structure of vehicle park of Ukraine, application of alternative
fuels of renewable sources, units of exhaust gas neutralization system,
namely particulate matter filters.

The second article includes materials about the grounding of ur-
gency of researching of factors of industrial, ecological, fire and explosi-
on safety of experimental studies on the engine test bench. Described
the features of construction, composition, and shows a diagram of the
bench.

The third article describes the results of analysis of general prob-
lems of experimental determination of mass emissions of legislative nor-
malized pollutants with diesel engine exhaust gas flow, namely particula-
te matters, classification of methods and instruments for such determina-
tion, aspects of fire, technogenic and ecological safety of engine bench
tests.

In the fourth paper discussed issues of relevance of researching
of metrological aspects of experimental studies on the engine test bench.
Described the features of composition and features of measurement in-
struments of the bench.

Findings of presented in chapter 3 studies is submitted in general
conclusions of the monograph.

Bibliographic description of presented in chapter 3 published scien-
tific articles is submitted in are given in in Appendix A.
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Posain 3. TEXHOMEHHO-EKOJIOINYHI ACTNEKTH
EKCNEPUMEHTAJNIbHUX AOCNIAXXEHb MOKA3HUKIB PIBHA
EKONOI4YHOI BE3MNEKU

3.1. 3ArAllbHI MIPKYBAHHA

Memoto docnidxeHb, HaBeAEHUX Y PO3A4ini, € aHani3 TEXHOreHHo-
€KOMNOoriYyHUX i MeTPOSIoriYHMX acnekTiB eKcnepuMeHTanbHUX OoCchnimxKe-
Hb NMOKa3HWUKIB PIBHA eKONoriYHoi 6e3nekn sk mkepena BUXIAHMX OaHUX
ANa po3paxyHKOBUX OOCHIMKEHb Ta ANs igeHTudikauil MaTemMaTuyHnX
mogenen. O6°ckmom OocnidxeHb, NpeacTaBreHnX y po3aini, € TexHo-
reHHo-ekonoriyHa ©Ge3neka npoBedeHHs eKCnepuMEHTanbHUX Aocnig-
XEHb Ha BMCOKOPHEPreTUYHNX OOCNIAHULBKUX YCTaHOBKax MigBuULLLEHOIO
pu3uky. lpedmemom OocrliOXXeHb, ONUCaHUX Yy po3aini, € aHanis gakro-
piB TEXHOrEHHO-EKOMOr4yHOI Be3nekn npoBeaeHHSA eKCnepuMeHTanbHUX
AOCNiopKEeHb MOKa3HUKIB PiBHA €KONOriYHoi 6e3nekn, a Takox IX MeTpo-
NOrivHi acnekTu.

Po3ain micmume maTepiann 4oTUpbOX CTaTeWn, ABi 3 AKX — nepLia
| TpeTa — NoeaHyTb BMICT Te3 9 Ta 5 gonosigen BianoBigHO.

Mepwa 3 cTaten nNpuceBsYeHa 3ararbHUM NUTaHHAM 3abes3neyeH-
HA ekonoriyHol 6e3nekn npouecy ekcnnyartauil eHepreTUYHNX YCTaHOBOK
3 MOPLUHEBUM [BUIYHOM BHYTPILIHBOrO 3roOpsHHS, a came: Npo aHani3o-
BaHO 3ararnbHi TeHAEeHUil 3a OCTaHHi 25 pOokKiB, CTPYKTYpy MNapKy aBsTo-
TPaHCMOPTHUX 3acobiB YKpaiHW, 3aCTOCYBaHHA anbTepHaTUBHUX NanvBe 3
BiOHOBMIOBASIbHUX QKepesi, arperaTtiB CUCTEM HeuTpanisauil Bianpaubo-
BaHWUX rasis, 3o0kpemMa inbTpiB TBEPANX YACTUHOK.

Opyra crartra MicTUTb MaTtepianu Woao obrpyHTyBaHHA Heobxia-
HOCTI QOCnigQKeHHs hakTopiB BUPOOHMYOI, EKOMNOrIYHOT, MOXKEXHOI Ta BU-
ByxoBoi 6e3nekn ekcnepuMeHTanbHUX OOCHiIgKEHb HA MOTOPHOMY BUM-
pobyBanbHOMY cTeHAi. [1pn ubOoMy HaBegeHO OnMMC OCOBIMBOCTEN KOH-
CTPYKLUIl, CKragy i cxemu cteHAay.

Tpeta _ctarTa onucye pesynbTaTyv aHanidy 3aranbHux npobrem
eKCnepuMeHTasribHOro BM3Ha4YeHHA MacOBWX BUKWAIB 3aKOHOOABYO HOp-
MOBaHMX MOJIIOTAHTIB 3 MOTOKOM BiNpaLboBaHUX rasax Ansenis, 30Kpe-
Ma TBepaMx YaCTUHOK, Knacudikauii metoais i 3acobiB And BU3HAYEeHHSA
MaCOBUX BUKUAIB TakKMUX MOMKOTAHTIB, aCNEKTIB NOXEXHOI Ta TEXHOreHHO-
eKororiYHol 6e3nekn CTeHg0BMX MOTOPHUX BUNPOOYyBaHb

Y yeTBepTiN_CcTaTTi 06roBOPEHO NMUTAHHSA LWOAO0 OBrpyHTYBaHHSA
aKTyasnibHOCTI OOCHiIgKEeHHS MeTPOSoriYHUX acnekTiB eKcnepuMeHTarb-
HUX OOCMigXeHb Ha MOTOPHOMY BuUMNpobyBanbHOMY cTeHAi. [pu ubomy
HaBegeHO onNnc ocobNMBOCTEN CKNady i XxapakTepucTuk 3acobiB BUMIpLO-
BasibHOI TEXHIKN CTeHAy.

BucHosku no pesynbTatam OOChiAKeHb, NpeacTaBrieHnX y po3aini
3, BUHECEHO Y 3ararnbHi BUCHOBKM No MoHorpadil. bibnioepaghiyHul onuc
HaBedeHUX Yy po3aini 3 AOpyKoBaHWX HAyKOBUMX Mpaub HaBeOdeHOo Y
Hopatky A.
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3.2. GENERAL ISSUES OF ENSURING OF ECOLOGICAL SAFETY
OF EXPLOITATION PROCESS OF POWER PLANTS
WITH PISTON ICE [A.3.1-A.3.9]

These article is based on materials of 9 reports at science and te-
chnical conferences, including 7 International [A.3.1 — A.3.9]. Relevance
of the study exhaustive manner characterized by title of the publication.
Purpose of the study is describing of general issues of ensuring of eco-
logical safety of exploitation process of power plants with piston internal
combustion engines. Object of the study is ecological safety of exploita-
tion process of power plants with piston internal combustion engines.
Subject of the study is general issues of ensuring of object of the study.

Tasks of the study is:

1. analysis of development of scientific thought and global trends in
guestions of ensure compliance with legislative established norms of ve-
hicle exhaust gas toxity between 1991 and 2010; 2. analysis of main pol-
lutantes in diesel exhaust gases; 3. analysis of structure of vehicle fleet
of Ukraine as a factor of ecological safety; 4. analysis of prospects of us-
ing petrol and alcohol mixtures by PICE; 5. analysis of aspects of using
of emulators of exhaust gas cleaning system of PICE. 6. analysis of die-
sel particulate matter filter on engine test bench as a source of technoge-
nic danger; 7. analysis of aspects of using diesel particulate matter filters
as a spark arrestor for fire and rescue vehicles; 8. analysis of basis of
classification of methods of regeneration of diesel particulate matter fil-
ters; 9. analysis of aspects of technogenic and ecological safety of the
diesel particulate matter filters regeneration process.

3.2.1. Development of scientific thought and global trends in
guestions of ensure compliance with legislative established norms
of vehicle exhaust gas toxity between 1991 and 2010

Purification of exhaust gases (EG) of diesel piston internal combus-
tion engines (PICE) from their harmful components, in particular of parti-
culate matter (PM), especially appropriate for vehicles and special mach-
ines (including one that is used by the State Emergency Service of Ukrai-
ne (SESU)), which operates in conditions of limited air exchange, in pub-
lic places and areas in towns, where there are established special regu-
lations for toxicity of vehicles, that harder for operating outside of these
areas, and also for vehicles, which took part in the military celebrations.
Diesel engines is a PICE with mixed heat supply in the working process,
compression ignition of the fuel-air mixture (with excess air ratio equal
1.3 ... 8.0), qualitative power regulation and external mixture formation,
consuming diesel oil as motor fuel. PM is all substances, which have set-
tled on a special filter of teflon fiber during passing through it a mixture of
air and exhaust gas in certain proportions at a temperature, not higher
than 52 °C and are not water [3.1].

79



Analysis of publications and reports of sections of the World Con-
gress of the Society of Automotive Engineers (SAE), which devoted to
guestions of ecological compatibility of PICE, for the period from 1991 to
2010 shows, that during this time in these issues sphere following trends
were observed [3.2-3.18]:

— dieselization of global and Ukrainian vehicle fleets;

— environmental regulations cover new types of vehicles, and their
PICE with them;

— introduction of ecological standards in new countries of the world
and strengthening of already existing requirements;

— transition from rationing smoke of EG to rationing of mass emissi-
ons of PM from EG;

— focusing on the fractional composition of PM — by weight, by the
active surface area and by counting;

— focusing on the chemical composition of PM and their internal
structure;

— transition from technology of EG simple filtration and their cataly-
tic oxidation to the application of reducing EG toxicity complex systems;

— commitment to modularity and compactness of systems of reduc-
ing EG toxicity and their units;

— solving the problem of cold start of PICE;

— improving the ceramic substrate material of catalytic converters
(CC) and DPF;

— transition from the solid ceramic filter elements (FE) to FE with
the cellular structure and channels of gas-permeable walls, that drowned
out in a checkerboard pattern;

— depth study of the catalytic properties of platinum group metals
and their combinations;

— search, research and manufacturing application of FE materials,
which alternative to ceramic — fibrous, granular, wound, woven and non-
woven steel mesh, membranes;

— development and application of various variants of realization
complex approach to reduction the toxicity of EG, that provides not only
improve of EG purification system, but also systems that are involved in
the work process organization of PICE, and improve the quality of motor
fuels and oils;

— development and implementation of measures to bring the of to-
xicity indicators of vehicles, that are in exploitation, to the level of the
newly introduced regulations;

— integration of the system of reduction toxicity of EG of PICE to
the system of electronic control of ICE or of vehicle;

— mathematical modeling of the mechanisms of formation of toxic
components of EG, including PM, in the workflow of PICE;

— mathematical modeling of the processes occurring in EG during

their movement of PICE exhaust tract;
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— mathematical modeling of the processes occurring in DPF during
regeneration process of 1% kind.

Thus, the scientific capacity of the above trends and spectrum of
scientific and technical problems in ecological compatibility matters of ve-
hicles and of PICE, that of their component, indicate that this subject is
very important.

3.2.2. Main pollutantes in diesel exhaust gases.

The main legislative normalized pollutants in EG of PICE with com-
pression ignition, working on a Diesel cycle, are follow substances: nitro-
gen oxides NO, and particulate matters PM because they account for up
to 95% of reduced toxicity, and their formation in the diesel combustion
chamber lead antagonistic factors. PM by definition is all substances in
sample of mixture of EG and pure air in a certain ratio that settled on a
special teflon filter during the passage of the sample through it, with tem-
perature less than 52 °C and aren’t water. That means PM is a product
of uncompleted combustion of motor fuel and oil and structurally is a liqu-
id unburned hydrocarbons C,H.,, which adsorbed on surfaces of coagu-
lated soot cores (porous amorphous carbon). PM conditionally divided on
oxidizable (C,H,, and soot cores) and non-oxidizable (products of wea-
ring of diesel parts, mineral dust of environment air, ash of combustion of
additives in motor fuel and oil, sulfates) fractions. NO, on the contrary are
a product of completed combustion of air-fuel mixture — nitrogen-contai-
ning fractions and additives in motor fuel and oil and atomic nitrogen on
air. NO, in chemical reaction with vapor of water of EG and environmen-
tal air generated an acid rains, and in chemical reaction with polycyclic
aromatic hydrocarbons of EG and PM gives its nitroderivatives which has
a mush greatest carcinogenic and mutagenic effect on human. NO, ge-
nerates at high temperatures in combustion chamber of diesel engine
and a fullness of combustion promotes it process. Since to the notion of
fullness of combustion is closely related notion of fuel efficiency of PICE,
usually its constructive and adjusting parameters optimize to achieve its
maximum value of that indicator, and therefore as an undesirable side ef-
fect is increase in emissions of NO, in EG flow. The exhaust of gasoline
PICE with spark ignition, working on an Otto cycle, there is a reverse si-
tuation. Of these legislatively normalized pollutants main contribution to
the toxicity of the EG is made unburned hydrocarbons motor fuel and oil
CnHm and carbon monoxide CO, that is, products of incomplete combus-
tion. This is due to the fact that such ICE operating in a narrow range of
air-fuel ratio near its stoichiometric value a = 1.0, and the maximum ca-
pacity is achieved with a deficiency of oxygen, that is at a = 0.8...0.9. In
EG of forced petrol supercharged PICE is also present a significant amo-
unt of nitrogen oxides NO,. This is caused by high temperature combus-
tion of fuel-air mixture in the combustion chamber [1.11].
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3.2.3. Structure of vehicle fleet of Ukraine as a factor of ecolo-
gical safety

Ecological parameters of vehicles, which equipped with PICE in ge-
neral, and in particular of PICE themselves, largely formed by qualitative
and guantitative composition of their EG. For PICE, which working on a
diesel cycle, the main pollutants in the EG are nitrogen oxides and PM.
In this case, the formation of these pollutants in the working process of a
diesel engine caused by antagonistic factors. Their emissions with the
flow of the EG of diesel PICE legislatively standardized [3.19].

All of the above relates to novel PICE. The technical level of PICE
being in operation, corresponded to the level of development of the in-
dustry at the time of release, but does not meet modern requirements for
fuel efficiency, production costs and reliability. Growth of radical moder-
nization of these characteristics can not be achieved. However, the requ-
irements for ecological characteristics irrelative to term of operation of
PICE and vehicle with such type of engine are allowed for exploitation
only together with the introduction of economic sanctions of their owners.
For owners of vehicle, which satisfying the these standards, on the con-
trary, granted preferences to the payment of taxes and fees, benefits for
payment of fuel and parking spaces. This leads to the need to develop of
methods to bring ecological performance of vehicles of earlier years of
manufacture to the requirements of modern standards [3.19].

Vehicle fleet of Ukraine is characterized by a significant number of
units of machinery that has reached a high degree of moral and physical
wear, but, nevertheless, can not be put out of operation for various rea-
sons. That is PICE of agricultural and military hardware, of building and
road machines, as well as locomotive, marine and aircraft PICE. The sa-
me situation is observed in the operation of vehicles on private property
of citizens of Ukraine. And their forced removal from operation is possib-
le only when the technical condition of their critical levels, hazardous to
the lives of other citizens [3.19 — 3.22].

The average service life a vehicle in the European Union is 8 years,
in Ukraine this index for domestic brands is at a level 14 — 16 years, and
for foreign cars — 10 — 12 years. Vehicle fleet of Ukraine in terms of age
of vehicles in 2009 consisted of such segments: up to 5 years — 22 %, 6
— 8 years — 10 %, more than 9 years — 68 % [3.20, 3.22].

Ukrainian car market is far from saturation. The average rate of mo-
torization in Ukraine is 130 cars per 1000 inhabitants (in the European
Union it is 400 — 600 cars per 1000 inhabitants). The volume of primary
car market in Ukraine in 2009 amounted to 162291 cars, and secondary
— twice as much because the price of the car with a run in 2-3 times lo-
wer than the price of a new car [3.21].

Trends in the car market of Ukraine in the time interval from 2008 to
2009 for its different segments were as follows: new car registrations
59,5 % in 2008 and 32,2 % in 2009, the resale of used cars in the dome-
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stic market — 40 and 67,2 % respectively, registration of imported used
cars — 0,5 and 0,6 % [3.21].

As of 2009 the value of the vehicle fleet in Ukraine amounted to ab-
out 6 million vehicles. From them about 70 % were cars of domestic bra-
nds (VAZ — 37 %, ZAZ — 15 %, Moskvich — 13 %, GAZ — 5 %), and on
the cars of the brands Opel, Daewoo, Volkswagen, Chevrolet, Ford, To-
yota, Mitsubishi, Skoda, Nissan, Mercedes, Mazda, Hyundai, Audi had 5
— 2 % of the units of vehicle fleet, respectively, on the other — 10 %[3.21].

In the secondary market in Ukraine in 2009 from solded cars 45 %
were cars produced in CIS countries, of which 38 % were for cars of
mark the VAZ, and best-selling car model in the market has become a
Daewoo Lanos [3.21].

Brand structure of sales of commercial vehicles with mileage (car-
go, vans, trucks) on a car market of Ukraine as of 2008 and 2009 was as
follows: GAZ — 14 and 18 % respectively, Volkswagen — 17,5 and 17,7
%, Mersedes-Benz — 19 and 17 %, Ford — 8 and 7,5 %, Renault — 9 and
8 %, Fiat — 6,5 and 6 %, ZAZ- 2,5 and 3,5 %, Peugeot — 3,3 and 3,2 %,
Izh — 2 and 3 %, UAZ — 2,7 and 2,9 %, Citroen — 3 and 2,7 %, Opel — 2,9
and 2,6 % others — 9 and 8 % [3.21].

Average service life of vehicles in vehicle fleet of Ukraine as of the
01.01. 2001 was 17,1 years, as of the 01.01.2006 — 18,5 years (historical
maximum), as of 01.01. 2011 — 18,2 years. Thus, the average statistical
car on the ukrainian road is car of 1993 release, predominantly the VAZ
[3.21, 3.22].

All of these data confirm what was said in the beginning of this the-
sis: the structure of the vehicle fleet in Ukraine is such that there is an ur-
gent need to develop a tools of bringing the ecological performance of
vehicles to the current level of legislatively established standards.

3.2.4. Prospects of using petrol and alcohol mixtures by piston
internal combustion engines

The problem of use of alternative fuels in PICE in recent years is
the most relevant in relation to the situation that has arisen in the world
to date — a decreasing of reserves and increasing in the price of fossil fu-
els. The potential of production of ethanol for passenger transport around
the world is estimated at about 32 % of the consumed gasoline when us-
ing E85 (85 % alcohol) [3.23]. The possibility of substitution of such a le-
vel of traditional fuels draws attention to the problem of use of renewable
resources and collateral damage to environment in the form of seizure of
agricultural land, pollution of water sources by pesticides, widely used in
the production of raw materials for biofuels. One of the important techni-
cal requirements related to the use of ethanol in composition of benzo-
ethanol (petrol and alcohol mixture) for ICE, is to increase its aggregate
stability. When the temperature drops and increase the amount of water
in the benzoethanol fuel occurs its delamination with the formation of two
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liquid phases. Tendency of the gasoline and alcohol mixtures to separati-
on depends on the petrol composition, water and alcohol content in the
composition. With increasing concentration of aromatic compounds in
petrol and with increasing alcohol fraction contained in a mixed fuel, its
cloud point temperature reduce [3.23]. The modern system of preparati-
on of mixed fuels are used, as a rule, hydrodynamic, vortex and ultraso-
nic cavitators. A promising direction of researches is the development of
small-dimension hydrodynamic cavitators which enable to maintain the
benzoethanol stability on board the vehicle [3.24]. One of the drawbacks
of this type of alternative fuel is its high corrosion activity [3.25].

This subject of research is one of the basic directions of work of
Piston Power Plants Dept. (DPPP) of A.N. Podgorny Institute for Prob-
lems in Machinery of NASU (IPMash NASU) [3.24 — 3.27]. The DPPP
Laboratory is equipped with the engine test bench (ETB), in which the
object of research is the transport piston engine MeMZ-307.1 (automo-
bile, gasoline, four-in-line vertical arrangement of cylinders and liquid co-
oling) [3.26, 3.27]. Given the decline of net calorific value of benzoetha-
nol fuel the engine has been primarily adapted to ensure efficient opera-
tion on gasoline and benzoethanol [3.28]. Adaptation carried out by rep-
rogramming the electronic control unit (ECU) and the change of the cha-
racteristic maps, in which the engine is running, depending on the mode
(increased length of fuel injection in the study mode, and ignition timing
is adjusted interactively using appropriate software). In the ECU was en-
tered additional program to ensure effective operation of the engine on
benzoethanol. In this paper carried out comparative studies of characte-
ristics of the MeMZ-307.1 transport engine operating on petrol mark A95
and benzoethanol mark E85 on a ETB. The ETB consists of a motor be-
nch and measuring equipment capable of measuring engines indicators
of work and test conditions. ETB includes the DC balancing dynamome-
ter type DS 926-4/V with integrated speed sensor and a weight device
for measuring the torque, the motor-generator, thyristor excitation unit,
control cabinet, control panel.

On the test modes (maximum torque and nominal power) effective
efficiency (ne) of engine adapted to mark E 85 benzoethanol is higher
than not adapted engine as well as of petrol version by 6.6 % and by 6.7
% (on maximum torque mode and nominal mode respectively). Indica-
tors of EG emissions of benzoethanol engine is significantly better than
indicators of gasoline engine. An exception is the content of nitrogen oxi-
des in EG, which at nominal mode higher for benzoethanol engine than
gasoline engine (ETB exhaust system has no car catalytic converter).
The values of the air excess factor (a) on the said modes were, respecti-
vely, 0.96 and 0.97, and the EG temperature decreased on 54 °C and
93 °C. Excess of benzoethanol E85 consumption compared to gasoline
consumption by 35.5 % and 31.5 % for the said modes explained by the
difference of the specific heat of combustion, which is 64 %. For the most
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favorable compromise between power, efficiency and toxicity of an engi-
ne running on benzoethanol must be coordinated regulation of the igniti-
on timing depending on excess air ratio. Also promising research directi-
on are improving the efficiency of application of benzoethanol in the
PICE by the developing a sensor that is integrated into the car standard
fuel system, which evaluates the composition of the mixed fuel, and the
allows car ECU to choose autonomously the most effective control pro-
gram (for petrol and benzethanol).

3.2.5. Emulators of exhaust gas cleaning system of piston
internal combustion engines

Ecological parameters of vehicles, which equipped with PICE in
general, and in particular of PICE themselves, are legislatively standardi-
zed. The technical level of PICE being in operation, corresponded to the
level of development of the industry at the time of release, but does not
meet modern requirements for ecological characteristics and irrelative to
term of operation of PICE and vehicle. Vehicle fleet of Ukraine is charac-
terized by a significant number of units of machinery that has reached a
high degree of moral and physical wear, but, nevertheless, can not be
put out of operation for various reasons.

In the structure of vehicle fleet of our country has a sufficiently lar-
ge number of foreign-made vehicle equipped at the time of exit from con-
veyor systems to reduce exhaust emissions, but in practice many of the-
se vehicle these systems no longer have. This is because rather expen-
sive repairs of these systems subject to the negative effects of exhaust
gas generated from the low-quality fuels, as well as prone to thermal de-
struction. Another two reasons for this phenomenon are the lack of state
supervision over compliance of legislatively established latest emissions
standards and the lack of qualified personnel in staff of official represen-
tative offices of foreign vehicle brands. Typically, after the failure of this
system it is completely dismantled from the board of vehicle with the fol-
lowing sensors: exhaust gas pressure, exhaust gas temperature, quanti-
ty of oxygen in the exhaust and replace it by the segment of the pipeline
and a so-called emulator of operation of exhaust gas cleaning system
(with the obligatory reconfiguration of ECU of such system, or of ICE or
of vehicle). Emulator generates signals of the sensors of vehicle exhaust
system in their physical absence according to the program laid down in it
and feeds them to the ECU of engine or vehicle. At the same time the
ECU for same vehicle models, which differing only in the presence of ex-
haust gas cleaning systems or its some parts, have different structure
and are not interchangeable. Expenditures on physical and software re-
moval of FPF range from 400 to 700 $ depending on the splitability of
DPF housing and the possibility of separation its filter element from it.
This procedure is in direct violation as well of the guarantee conditions of
use DPF as an ecological legislation in some countries. Therefore, to es-
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timate the number of vehicles equipped with emulators difficult. However,
their number significantly and steadily increased. This leads to the need
to develop methods to bring environmental performance of vehicles of
earlier years of production to the modern standards requirements [3.19].

3.2.6. Diesel particulate matter filter IPMash on engine test
bench as a source of technogenic danger

The Laboratory of DPPP of IPMash of NASU equipped by ETB
with autotractor diesel engine 2Ch10.5/12 (D21A1). Features of constru-
ction of ETB and modular DPF, which was designed in DPPP, described
in papers [3.19, 3.30].

It contain a parts, which manufactured of follow non harmful materi-
als: stainless steel rolling sheet, stainless steel woven mesh, bulk natural
zeolite of middle size fraction, and do not contain catalytic covering. But
it consists of minimal required number of modules and therefore contains
compaction elements of asbestos sheet.

At the operation conditions DPF modules filled with PM and there-
fore in their dismantling process and in other manipulations with them
(their parts connected by separable) should prevent sedimentation of PM
from them and their place of installation on exposed skin and inhalation
because of high toxic effect. Also working DPF filled the exhaust gas flow
temperature and therefore in their dismantling process and in other mani-
pulations with them (measuring of its operational parameters) it should
be cooled before till range of temperature, which allowing protective glo-
ves. However themselves demolition works must be carried out only by a
diesel engine stopped. The above relates to the purpose, tasks and re-
sults of development of the ecological safety management system of po-
wer plants with a PICE exploitation process [1.11].

3.2.7. Using diesel particulate matter filter as a spark arrestor
for fire and rescue vehicles

DPF for diesel ICE of fire and rescue vehicles, which are under
operation condition, including the State Service for Emergency Situations
of Ukraine, can be used to bring their environmental performance to the
level of legislatively established regulations. In world practice known DPF
that are in production and operation, the design of which there are no
parts of the ceramic honeycomb bodies with channels and/or catalytic
coatings and/or equipped with on-board regeneration system (system of
recovery of their operating characteristics). DPF, regeneration of 1* kind
of which is carried out by thermal or thermal catalytic oxidation of remo-
ved from the EG flow and accumulated in their FE PM in order to perform
the functions spark arrestor of vehicle exhaust system, they must have
housing, equipped with special structural elements of the output buffer of
DPF. In the DPPP of IPMash of NASU developed a DPF with new unco-
nventional design and don’t contain catalytic coatings. One of the possib-
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le ways to implement regeneration process of 1% kind of DPF IPMash as-
sumed the one that is used to oxidize the accumulated PM in its FE by
low-temperature plasma induced from the EG by plasmatron. Those de-
vise can be a part of the exhaust system of vehicle or separate device,
which used for centralized service of vehicle. In that case, EG tempera-
ture required for the regeneration process is reduced to 350 °C (in the
other cases, this temperature is 600 — 800 °C) that contributes to the
spark supperssion in exhaust and improve the fire safety of operation of
vehicle [1.11, 3.31, 3.32].

3.2.8. Basis of classification of methods of regeneration of
diesel particulate matter filter
According to UNECE Regulations # 49 and 96 level of EURO llI, to

the number of normalized pollutants in EG of diesel PICE of vehicles and
special machines, which used for ground handling of military and civil
aviation equipment in Ukraine, also included a PM. By definition it is all
substances in mixture of EG and pure air, which at maximum temperatu-
re of 52 °C collected by special filter of fiberglass and aren’t a water (an
aerosol containing soot cores (amorphous porous carbon) and adsorbed
on they surfaces unburned hydrocarbons of motor fuel and oil in general
and polycyclic aromatic hydrocarbons in particularly, which has carcino-
genic and mutagenic effects on life organisms). PM removed from the
exhaust flow, holds and neutralized by using the DPF. The process of
purification of DPF themselves from PM, which accumulated during die-
sel operation called regeneration. PM should be divided into oxidizable
and inoxidable. To the oxidizable factions, that are mass majority in EG,
can be attributed all components of PM, that can be oxidized by residual
oxygen of EG in the DPF body at a temperature, that is lower than 1000
°C, ie, without harm to material of its FE, housing and catalytic coatings.
In connection with this, one should distinguish between regeneration
DPF of 1% kind (cleaning FE from the oxidizable fractions of PM) and re-
generation of 2" kind (cleaning FE from the inoxidable fractions of PM
and coking products of oxidizable fractions) [1.11].

3.2.9. Aspects of technogenic and ecological safety of the
diesel particulate matter filter regeneration process

The aspects of technogenic and ecological safety of physical and
chemical processes, which are a essence and accompanied process of
regeneration of DPF for PICE, they also caused by follow factors.

1) The features of ICE as a source of environmental pollution in ge-
neral and qualitative and quantitative composition of their EG in particu-
lar. In diesel EG up to 90 % of EG average toxicity accounted for on nit-
rogen oxides NOyx and so-called PM. And 20 — 45 % of that parameter
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accounted for PM. This in turn is because PM contained the polycyclic
aromatic hydrocarbons, which include carcinogenic and mutagenic effe-
cts on humans or animals. Besides, to the appearance in diesel EG the-
se two types of legislative normalized pollutants caused by antagonistic
factors.

2) Model of exploitation of the vehicle, which powered by diesel
ICE of certain type and purpose with specific ecological and performance
indicators. It has a direct impact on absolute value of the mass emissions
of PM in its EG flow.

3) The operating efficiency of DPF that is, a part of removed PM
from diesel EG flow and neutralized in it FE from the common quantity of
their mass emission. Also must be assumed the change of the DPF wor-
king characteristics depending of regime, constructive, adjusting and
other diesel parameters.

4) The features of organization and flow of DPF regeneration pro-
cess. Also must be assumed the principal difference between processes
of DPF regeneration of 1% and 2" kind. DPF regeneration of 1% kind is a
periodic process of FE purification from the oxidisable fractions of PM,
which accumulated due to its exploitation. It is a integral part of life cycle
of DPF. DPF regeneration of 2" kind is a non periodic process of FE pu-
rification from the inoxidisable fractions of PM and coking products of oxi-
disable fractions, which accumulated due to its exploitation. It stands out
a much greater period between regenerations (or may be generally non-
recurrent) and may not enter into the life cycle of DPF. Most often the re-
generation process of 1% kind is released by appropriated onboard sys-
tems of vehicle by the thermal-catalytic method. In this case oxidation of
PM takes place in unsteady mode and may be interrupted and produce
the toxic products. Most often the regeneration process of 2" kind carri-
ed out by using out-board systems (manual or automated installations
stands), with washing of DPF with water in the opposite direction. The re-
sulting suspension of PM in water must be filtered, the received filtrate
must be evaporated of drained, obtained dry concentrate of PM must to
be burnt at steady state (e.g., in firebox or mini-boiler or plant for burning
solid waste) [1.11].

3.2.10. Conclusions

Thus, in present study described results analysis of issues of deve-
lopment of scientific thought and global trends in questions of ensure
compliance with legislative established norms of vehicle engine exhaust
gas toxity and main pollutantes in diesel exhaust gases, structure of ve-
hicle fleet of Ukraine, using petrol and alcohol mixtures for piston internal
combustion engines and emulators of exhaust gas cleaning system,
technogenic and ecological safety features of diesel particulate matter
filter using and regeneration processes.
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3.3. DESCRIPTION OF ENGINE TEST BENCH AS A SOURCE
OF DANGER FACTORS IN EXPERIMENTAL RESEARCHES [A.3.10]

Introduction. As well known, the main porpoise of any kind of sci-
entific researches is a creation of newest intellectual product of funda-
mental of applied nature, which characterized by scientific novelty, origi-
nality and practical value. In this connection, that product on its way bet-
ween initial idea and form of some kind of competitive goods, which im-
plemented in serial production, necessarily passes the stage of experi-
mental researches of its working characteristics. That fact causes the ne-
cessary of development of special programs and methods, designing
and manufacturing of experimental samples and also creating and impro-
ving of laboratory equipment — stands, plants, measuring instruments.
But any experimental researches of objects that related with energy pla-
nts, except co-called mental experiment, characterized by some kind of
danger factors. Therefore scientific research works aimed on identifying,
analysis and maximal reducing or elimination of danger factors, sources
of which are experimental plants and stands, are relevant because life
and health of researchers and laboratory staff are the values of much hi-
gher order, than any kind of scientific knowledge.

Analysis of recent publications. In Department of Piston Power
Plants (DPPP) of A.N. Podgorny Institute for Mechanical Engineering
Problems of NAS of Ukraine (IPMash NASU) was developed modular di-
esel particulate matter filter (DPF) with new nonconventional construction
and bulk natural zeolite in cassettes of stainless steel mash — DPF
IPMash. Several variants of DPF construction are embodied in the form
of operating layouts of its filter elements (FE). Their working characteris-
tics under real operation conditions was obtainned on engine test bench
(ETB) of DPPP [3.33]. The scheme of ETB shown in Fig. 3.1 and its ap-
pearance — in Fig. 3.2.

Porpoise of research is description of structure of ETB for follo-
wing identification and analysis of factors of industrial, ecological, fire
and explosive danger of carriage of experimental researches on ETB.

Formulation and solving of problem. ETB as himself is a compli-
cated system of follows interrelated power plants.

1) Bench contains electrical load machine made by firm VSETIN
with dynamometer of direct current of type DS 742/4-N in which structure
is control cabinet of type VH 136, two-machine unit (motor-generator) of
type IDP 942-1 and remote control panel [3.34].

2) On board of bench installed an autotractor diesel engine D21A1
(2Ch10.5/12) [3.35] as the object of study.

3) System of measuring instruments of ETB consists of following
devices: sensors, appliances and informational channels, which measure
and control the adjustment, regime and other parameters of diesel engi-
ne, load devise and other units of the bench [3.36].
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Fig. 3.1 — Scheme of Engine Test Bench:

1 — diesel engine D21A1 (2Ch10.5/12); 2 — load machine (motor-generator IDP 924-
4); 3 — remote control panel; 4 — cardan shaft with protecting casing; 5 — welded steel
fundament frame; 6 — exhaust ventilation; 7 — dynamometer DS 742-4/N; 8 — high
pressure fuel pump; 9 — all regimes regulator of crankshaft; 10 — coupling for variati-
on of angle of advancing of fuel injection; 11 — fuel tank; 12 — sensor of fuel level in
tank; 13 — electric-hydraulic automatic valve for fuel topping; 14 — laboratory scales
of 2" class VLR-200; 15 — optical sensor; 16 — consumption tank of fuel consumption
measurer; 17 — references weight; 18 — oil dipstick or oil temperature sensor in sump
of diesel; 19 — oil temperature sensor in sump of diesel TM100V; 20 — exhaust col-
lector of diesel; 21 — intake receiver of diesel; 22 — rotary gas counter RG-100; 23, 40
— mercury thermometer TL-4 Ne2 (0 — 50 °C); 24 — psychrometer; 25 — choke orifice
of intake air consumption measurer; 26, 34 — differential U-shape hydraulic manome-
ter; 27 — ventilator of diesel cooling system; 28 — exhaust collector; 29 — EG noise
muffler; 30 — EG toxicity sampler; 31 — filter holder for EG smokiness determination;
32 — 5 components gas analyzer Autotest-02.03P; 33 — exhaust tract; 35 — unconne-
cted coupling of loading machine; 36, 37 — control handle and metal cable; 38 — ba-
rometer-aneroid BAMM-1M; 39 — timer; 41 — appliance A-565; 42, 43, 45 — frequent-
cymeter-chronograph F-5040 or F-5041; 44 — appliance A-566; 46 — TDC marker;
47 — resistance thermometer TSM; 48 — oil pressure sensor; 49 — manometer MO

4) Diesel engine and load devise are installed on welded steel fun-
dament frame that rests on a concrete base.

5) Transmission of the bench is mechanically connect flywheel of
diesel engine and flange of rotor of loading devise with spline shaft and

Is covered by protecting casing. These questions are studied in [3.41].
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Fig. 3.2 — Engine Test Bench:
a — general view of bench; b — remote control; ¢ — loading device with dynamometer

All of these structure units of ETB characterized by definite set of
factors of industrial, ecological, fire and explosive danger. The motor ex-
periments provided in accordance with programs and methodics of
DPPP and also provisions of GOST 18509-88 and GOST 14846-87
[3.37, 3.38]. The programs of motor research is developed on basis of
standardized 13- and 8-regime stationary test cycles that are models of
exploitation of automotive and tractor diesel engines, respectively, and
are described in UNECE Regulations # 49 and # 96 [3.1, 3.40]. They
was adapted to abilities of laboratory of DPPP and features of it process
are described in [3.33]. To providing the engine bench researches of
DPF IPMash the exhaust system of ETB was modernized by the way of
adding to it the place for installing of experimental samples (insert for sa-
mple retention (ISR)), the new sampling systems of exhaust gases (EG)
for determine its toxicity and opacity and also for measuring of gas dyna-
mic parameters of EG flow. The scheme of modernized ETB exhaust
system shows in [3.33, 3.36]. The danger factors of experimental studies
on ETB is expedient to consider for each of its single units apart. That
will be the porpoise of following studies [3.41].

Conclusions. In present research considered structure, composi-
tion and features of engine test bench of DPPP of IPMash of NASU as a
source of factors of industrial, ecological, fire and explosive danger.

In following researches will be determined and analyzed that dan-
ger factors for each of it single bench units apart. It is the loading device,
transmission, diesel engine 2Ch10.5/12, measuring instruments and ex-
perimental samples of DPF. Also it will be proposed the list of actions for
ensuring industrial, ecological, fire and explosive safety of experimental
studies on ETB.
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3.4. GENERAL ISSUES OF METROLOGICAL MAINTENANCE
AND ENSURING OF TECHNOGENIC AND ECOLOGICAL SAFETY
OF EXPERIMENTAL ENGINE TEST BENCH RESEARCHES
[A.3.11 — A.3.15]

These article is based on materials of 5 reports at International sci-
ence and technical conferences [A.3.11 — A.3.15].

Relevance of the study exhaustive manner characterized by title
of the publication. Purpose of the study is describing of general issues
of metrological maintenance and ensuring of technogenic and ecological
safety of experimental engine test bench researches. Object of the stu-
dy is metrological maintenance and ensuring of technogenic and ecolo-
gical safety of experimental engine test bench researches. Subject of
the study is general issues of ensuring of object of the study.

Tasks of the study is:

1. analysis of problems of particulate matter mass emission in die-
sel exhaust gases experimental determination;

2. creation of classification of gravimetric methods for determinati-
on of particulate matter mass emission in exhaust gas flow of diesel in-
ternal combustion engines;

3. analysis of classification of optical devices for particulate matter
content in internal combustion engines exhaust gas determination;

4. analysis of classification of instruments for determination of ga-
seous pollutants concentrations in internal combustion engine exhaust
gases;

5. analysis of aspects of fire safety of engine bench researches.

3.4.1. Problems of particulate matter mass emission in diesel
exhaust gases experimental determination

Requirements for the ecological characteristics of diesel piston in-
ternal combustion engines (PICE) vehicles obligatory in the territory of
Ukraine, the Russian Federation and the European Union [2.2], as fixed
legislatively — UNECE Regulation Ne 49 [3.40] and Ne 96 [3.1] level of
EURO llI, IV and V respectively. These documents defines a list of nor-
med pollutants in the exhaust gas (EG) of diesel engines, limits for their
mass emissions, bench testing methodology and a list of modes in stati-
onary test cycles (13 and 8 respectively), is a model of the operation of
such vehicles. This sets the method for measuring a mass emissions of
particulate matter (PM) — gravimetric and means of its realization — full-
or partially flow tunnels. The high cost of manufactured tunnels, extreme
science intensity of their self-development and the complexity of their ce-
rtification determine the need to find methods and means for determining
the of PM mass emissions, alternative for tunnels and suitable for preli-
minary and comparative laboratory studies [2.2, 3.1, 3.40, 3.42, 3.43].

In Piston Power Plants Dept. (DPPP) of A.N. Podgorny Institute for
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Problems in Machinery of NASU (IPMash NASU) developed particulate
matter filter (DPF) with new modular unconventional construction for die-
sel vehicles in operation. Thus its operating characteristics under real
operating conditions determined during the bench experimental studies.
They were carried out on the engine test bench (ETB), equipped with an
autotractor diesel engine 2Ch10,5/12 (D21A1), but is not equipped with a
tunnel [3.42, 3.43, 3.35]. Test programs are based on standardized stati-
onary testing 13 and 8-mode cycles, which are a models of operation of
the vehicle and described in [3.40, 3.1].

The main operating characteristics of the developed DPF is the ef-
ficiency coefficient Kce of cleaning a diesel EG flow from the PM, which
defines by the following formula in % [3.42]:

KCE (GPM ) = (GPM.ICE _GPM.DPF ) 100 /GPM.DPF J (31)

where Gpy — PM mass emission with diesel EG, kg/h; indexes ICE and
DPF refers to cases of absence and presence of the DPF in the exhaust
system of a diesel engine.

This raises the following problems, the solution of which require the
use of appropriate approaches.

3.4.1.1. The approach to determining of particulate matter
mass emissions

It involves direct measurement of EG samples opacity (by Opaci-
meter INFRAKAR-D) and the volume concentration of unburnt hydrocar-
bons in EG (Five-component gas analyzer AUTOTEST-02.03.P) [3.42,
3.43], and the recalculation of these data into units of a of PM mass emi-
ssions according to the formula proposed by I.V. Parsadanov (Dr.Sci.
(Tech.), Prof., NTU "KhPI") and obtained in certification tests of the au-
totractor diesel engine SMD-31 of the company Ricardo bench, equipped
with a full-flow tunnel [1.14].

CCH -4,78 '10_7 ) (Gair + Gfuel )+

Gey = (231073 -Np +5-107% N2 +0,145.
0,7734-G, +0,7239 -Gy,

2
Ce -478-1077 - (G, +Gpyg )J . (07734-Gy, +0,7239- Gyl )

+0,33-
07734-G,;, +0,7239-Gy 1000

(3.2)

where Np — light absorption coefficient of EG sample, %: Ccy — volume
concentration of unburned hydrocarbons of EG sample, ppm; G U Gyel
— mass flow of air and fuel in the diesel engine on steady-state operation,
kg/h.
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3.4.1.2. The approach to implementation of standardized test
cycles

The list of operating modes of diesel engine included in above-
mentioned standardized test cycles, there are modes, the implementati-
on of which (transferred on this mode and its characterize parameters
automatic maintenance) is difficult for diesel engines and the ETB, not
equipped with an electronic control system [3.42, 3.35] — this is the mode
with zero and closest to it effective power. The second problem in this
case is a hit of measured values in the area of the lower measuring ran-
ge of measuring instruments of ETB and, as a consequence, the output
of errors of their measurement beyond the limits of established by stan-
dards [3.37, 3.38]. Therefore, the parameters of the diesel engine and
DPF for the modes from the list of toxicity regulations obtained in the stu-
dy of polynomials derived when describing by the linear regression me-
thod of the results of motor tests, in which registered the following cha-
racteristics of a diesel engine: the external speed, the loading with the
engine speed of maximum torque mode, the loading with the engine spe-
ed of nominal power mode and the characteristic of idling [3.42, 3.43].

3.4.1.3. The approach to comparative tests of various designs
of diesel particulate matter filters

These tests were carried out as part of the exhaust system of ETB
in order to obtain DPF working characteristics by registering one external
speed characteristics of diesel engine that has the following features
[3.42, 3.43]:

— exhaust gas flow along it (the exhaust gas mass flow rate per unit
of the characteristic section of the experimental sample) changes in the
most widely for diesel;

— it contains a maximum torque mode, which is usually observed
global minimum air excess factor a in the diesel engine operating conditi-
ons (the so-called "smoke limit" at a equal to 1.3) and, as a result, the
global maximum exhaust smoke. Also on this mode there is a global ma-
ximum of EG temperature. It is also important that on this mode at the
absence of autotractor diesel engine electronic control systems, the rest
of his work parameters agreed to achieve global minimum specific fuel
consumption;

— it contains a diesel engine nominal power operating mode, in
which there is a global maximum weight hourly fuel consumption;

—on its mode EG temperature is changed in range that sufficient
for prediction it depending on operating characteristics of the experimen-
tal sample.

3.4.2. Classification of gravimetric methods for determination
of particulate matter mass emission in exhaust gas flow of diesel
internal combustion engines
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Requirements for ecological indicators of the vehicle PICE fixed le-
gislatively [3.40, 3.1, 1.11]. Among the legally normed pollutants in EG of
diesel PICE (carbon monoxide (CO), unburned hydrocarbons of motor
fuel and oil (C,H.,), nitrogen oxides (NO,) and particulate matter (PM)),
2" place after NOy according to reduced toxicity occupy PM [3.1, 3.42].
So, existing UNECE Regulation Ne 49 and Ne 96 [3.40, 3.1] contain the
maximum level of average operating mass emissions of PM with the die-
sel PICE EG flow, the method and requirements for measuring equip-
ment for its experimental determination, the list and parameters of diesel
engine operating conditions at steady test cycle [3.40,3.1]. The levels of
these requirements and the dynamics of their alterations from the review
[1.11] reflects the Fig. 3.3. PM is dispersed phase of EG aerosol in which
in according with definition from the [3.40, 3.1] include all substances
which deposited on special Teflon filter, through which passes the EG
probe, diluted with clean air in certain ratio, at temperature is not above
52 °C and are not water. Main manners for PM mass emission determi-
nation in EG flow as well as some other EG aerosol characteristics and
also PM by itself, by used methods is expedient to divide into the follow-
ings [2.2, 1.11]:

1) optical;

2) gravimetric;

3) experimentally-estimated,;

4) estimated.

Operational principle of such measurement instruments as “Dilution
tunnels” is grounded on gravimetric methods [2.2, 1.11]. They operatio-
nal principle is to search the difference between weight of clean Teflon
filters and same specifically prepared filters (stabilized — dried at certain
temperature and during certain period of time) through which passed
specifically prepared EG sample (cooled and diluted once or twice in a
certain ratio by clean atmospheric air to simulate the PM scattering pro-
cess in the atmosphere), which taking through isokinetic sampler from
particular location of EG flow in diesel exhaust system or imitating it dilu-
tion tunnel.

From the value of part of the exhaust gas flow into the dilution tun-
nel such measurement instruments are divided into:

a) full-flow (whole diesel engine EG flow) dilution tunnels;

b) partially-flow (some representative of diesel engine EG flow)
dilution tunnels.

Partially-flow tunnels are divided into (overall dimensions of the
tunnels differs in three times):

a) mini dilution tunnels;

b) micro dilution tunnels.

Principal schemes of internal structure and samples taking in mini
and micro dilution tunnels, developed by domestic scientists, is shown in
Fig. 3.5 [3.44]. External view of Teflon filters, which were used in study
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[1.14] of PM mass emission with EG flow of autotractor diesel SMD-23,
stabilized and weighted is shown in Fig. 3.6.
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Fig. 3.3 — Legislative established requirements for diesel PICE ecological
indicators, in particular average operating mass emissions of PM and
NO, with the its EG flow [1.11] (in the original language)

Fig. 3.4 — External view of partially-flow tunnel which manufactured
by AVL company (a) and its filterholder (b) [3.46]
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Fig. 3.6 — External view of stabilized and weighted Teflon filters, which
used in study of PM mass emission with diesel EG flow [3.45]
(in the original language)

World leader in designing and manufacturing of full- and partially-
flow dilution tunnels is Austrian company AVL [3.44, 3.46]. But cost of its
products is about hundred thousands US dollars (for partially-flow mo-
dels) an up to about million US dollars (for full-flow models). External vi-
ew of partially-flow dilution tunnel, which manufactured by AVL company
and its filterholder (allonge) [3.46] is shown in Fig. 3.4.

Thus, in these section of paper vas reviewed such measuring in-
struments for experimental determination of PM mass emission with die-
sel PICE EG flow as dilution tunnels, both of foreign and of domestic ma-
nufacturing.

3.4.3. Classification of optical devices for particulate matter
content in internal combustion engines exhaust gas determination

One of the transport problems are the emissions of PM from the
exhaust gases of the piston internal combustion engine of vehicles, both
on urban and regional levels.

The main methods for determining the mass emissions of PM from
diesel EG flow as well as some other parameters of aerosol "EG — PM"
and proper PM according to used methods should be divided into the fol-
lowing [2.2, 3.47]:

1) Optical;
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2) Weight;

3) Experimentally-calculated;

4) Settlement.

On use of optical methods relies on such devices [2.2, 3.47]:

1. Instruments for measuring optical density EG (Hartridge type
opacimeters). They measure the absorption luminous flux coefficients K
(m™, K = 0...) and luminous flux weakening coefficients Np (in %, Np =
= 1...100) of cooled EG sample column (layer) of light signal (luminous
flux) with known parameters, which passed through the EG sample from
the calibrated light source, by the photosensitive element that signal re-
corded by device. With this method, the EG sample selected or from die-
sel exhaust tract by probe tube (in partially flow devices) or directly from
diesel exhaust system outlet cut (in full flow devices).

2. Devices of Laser Digital Holography. They are based on the use
of perspective principle which provides EG sample column scanning with
a laser beam that hits the high speed photosensitive pixel electronic mat-
rix, if not reflected from the PM (dissipated). Information from the matrix
processed by a computer, based on what is built hologram by interferen-
ce method. In analyzing of this diagram are defined diameter, weight and
volume of PM and distribution of these indicators their quantity.

3. Devices of exhaust filtration method (Bosch type opacimeters).
Principle of their work based on by passage samples of VG of certain vo-
lume through a special Teflon or paper filter and further determine its de-
gree of blackness by an optical method — or visually (compared to the
benchmark), or through photometer (shows or register parameters or re-
flected from the filter surface light flow from calibrated source) or by spe-
cial graphics software to work with images that are scanned of stabilized
filters.

3.4.4. Classification of instruments for determination of
gaseous pollutants concentrations in internal combustion engine
exhaust gases

EG of PICE consists of within from 200 to 2000 chemical compo-
unds, but only 5 mass % of it are toxic. Among all of harmful substances
in EG (pollutants) legislation normalized following four: unburned hydro-
carbons of motor fuel and oil CH,,, nitrogen oxides NO,, carbon mono-
xide CO, particular matter PM. In diesel EG for in total toxicity prevailing
PM (they contain also C,H;,) and NO,, in EG of petrol PICE — C,H,, and
CO, and for uprated engines — also NO,[1.11].

Quantitative and qualitative content of gaseous pollutants in PICE
EG examined by special devices — multicomponent gas analyzers
(MCGA) [3.47, 3.48]. By purpose they may be of the following types:

— automatic — for industrial purpose;

— manual — for laboratory research and controlling the EG composi-
tion in the operating conditions.
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MCGA by the principle of operation is divided into groups:

1) chemical (volumetric-manometrical);

2) based on physical or physic-chemical methods;

3) physical.

Chemical MCGA measure volume or pressure of the gas mixture
by the chemical reaction of its components.

MCGA, based on physical or physic-chemical methods, by the prin-
ciple of operation is divided into:

— chromatographical,

— thermochemical;

— photocolometrical;

— electrochemical.

Physical MCGA is divided into:

— thermoconductometrical,

— magnetical;

— optical;

— dencimetrical.

Chromatographical MCGA by the measuring methods can be divi-
ded into:

— displacerical;

— frontal;

— development.

Thermochemical MCGA measure the temperature effect of exo-
thermic redox catalytic reaction by thermistor.

Photocolometrical MCGA define the gas mixture components with
the light absorption from a calibrated source and is divided into:

— fluid type;

— tape type.

Electrochemical MCGA define the gas mixture components with
the electrical phenomena caused by the reaction of a chemical agent to
a specific mixture component and is divided into:

— galvanical — records the changing in electric conductivity;

— electric-conductometrical — records changing in electric current or
voltage;

— potentiometrical — record the change in intensity of electromagne-
tic field and active ions.

Thermoconductometrical MCGA measure the change in qualitative
and gquantitative gas mixture composition with change in its thermal con-
ductivity by thermistor and compare them with the pattern.

Magnetical MCGA measure the Ampere force which on measuring
device rotor in inhomogeneous magnetic field and is divided into groups:

— thermomagnetical,

— magneticmechanical.

Optical MCGA measure the change in optical properties of gas
mixture — optical density, spectral emission or refractive index, and is di-
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vided into:

— ultraviolet;

— infrared;

— spectral-photometrical;

— interferometrical.

MCGA by form factor is divided into:

— stationary;

— portative;

— transportable.

Now the most common are optical and electrochemical MCGA, and
in the analysis of the content of regulated pollutants in the exhaust gas
piston PICE — mainly optical [3.47, 3.48].

3.4.5. Fire safety of engine bench researches

Experimental comparative study of performance of various grades
of motor fuels and oils, petroleum and alternative (biodiesel, benzoehta-
nols, various combustible gases), carried out on engine benches.

In addition, these benches consist of the following components:

— piston internal combustion engine of the appropriate type;

— load device (electrical, hydraulic or mechanical brake);

— transmission of the stand;

— stand control system;

— system of measuring equipment;

— base frame.

Each of these components is characterized by definite indicators of
fire safety [1.11]. Special attention should be PICE himself and measure-
ment system of hourly mass fuel consumption.

The system includes the following substances:

— motor fuel (with pressure up to 200 MPa);

— motor oil (with pressure up to 0,5 MPa and temperature up to
150 °C).

Motor fuel is a highly-flammable volatile liquid or gaseous substa-
nce, which exothermic redox reactions with oxygen of air and emits heat
energy, which of this type of heat engine, like diesel PICE, converts into
mechanical work. The engine oil is a flammable volatile liquid which cir-
culates in engine lubrication system and provides a mode of fluid friction
in the engine, cooling its details and takeaway products they wear.

Exhaust system of diesel PICE contained follow harmful compo-
nents: toxic exhaust gasses, engine solid parts and parts (both with tem-
peratures up to 1000 °C), vapor of unburned fuel.

Ignition system (if any) and the launch engine system contain elec-
trical circuits with high voltage and current capable of producing of elec-
trical sparks and arcs.
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3.4.6. Conclusions

Thus, in present study described results analysis of issues of prob-
lems of particulate matter mass emission in diesel exhaust gases experi-
mental determination, creation of classifycations of gravimetric methods
and optical devices for determination of particulate matter mass emission
and instruments for determination of gaseous pollutants concentrations
in exhaust gas flow of diesel internal combustion engines, aspects of fire,
technogenic and ecological safety of engine bench researches.

3.5. METROLOGICAL MAINTENANCE OF EXHAUST GAS
SAMPLING SYSTEM OF ENGINE TEST BENCH
AS AN OBJECT OF RESEARCHES [A.3.16]

Introduction. As well known, the main porpoise of any kind of sci-
entific researches is a creation of newest intellectual product of funda-
mental of applied nature, which characterized by scientific novelty, origi-
nality and practical value. At the same time in this segment of life cycle it
passes the stage of experimental studies of physical processes that form
the basis of its functioning and also its operational characteristics as a fi-
nished product. Often, the programs of these studies and implement go-
als and objectives of so-called “pioneer” scientific research works for stu-
dying of “white spots” in specific fields of knowledge, that is the essence
of scientific research. The implementation of such researches related
with developing of appropriate programs and methods, designing and
manufacturing of experimental samples and also creating and improve-
ment of appropriate laboratory equipment — benches, plants, measuring
instruments and etc. That means, objects of laboratory equipment are
unique but designed for implementation of the widest possible range of
experiment programs.

It also well known, that no changes can not be executed absolutely
precisely and in any case contain some errors. We can only reliably de-
termine its magnitude, which determines the value of obtained data
[3.49]. That’'s why scientific works aimed at identification and analysis of
metrological aspects of creation of new and modernization of existing la-
boratory equipment are relevant because accuracy of direct and indirect
measurements has influence on clarity of the modern world view.

Purpose of the study is description of structure and construction
of modernized exhaust gases (EG) toxicity and smokiness sampling sys-
tem of engine test bench (ETB) of laboratory of Department of Power
Piston Plants(DPPP) of A.N. Podgorny Institute for Mechanical Enginee-
ring Problems of National Academy of Science of Ukraine (IPMash of
NASU) for its following analysis as a metrological system [3.43].

The scheme of modernized exhaust system of ETB shown on Fig.
3.7 and its external view — on Fig. 3.8 [3.43, 3.36]. Options of measure-
ment equipment of ETB summarized in Table 3.1, data in which taken
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from sources [3.36 — 3.38, 3.51 — 3.63].

Statement of problem of the study and it solving. In DPPP vas
developed modular diesel particulate matter filter (DPF) with new non
conventional design and bulk natural zeolite in stainless steel mash cas-
settes — DPF IPMash.
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Fig. 3.7 — Scheme of EG sampling system of ETB:

1 — diesel engine 2Ch10.5/12; 2 — diesel exhaust collector; 3 — insertion for experi-
mental DPF samples; 4 — angled EG pipeline; 5 — flexible heat resistant EG pipelines;
6 — EG noise muffler; 7 — exhaust pipeline; 8 — adapters; 9 — operating sample of FE
DPF; 10 — sample probe; 11, 12, 13, 15, 16 — intake fitting, cone, four way valve, cap
and exhaust fitting of allonge; 14 — exchangeable filter; 17 — adjusting valve; 18 — gas

flowmeter; 19 — five-component gas analyzer AUTOTEST-02.03.P; 20 — protective
covering with holder; 21 — connection gas pipeline; 22, 23, 24 — outdoor gas pipeline;

25, 26 — differential U-shape hydraulic manometers; 27, 28 — thermometric sensors
TKhA; 29 — electrical cord; 30 — appliance OVEN TRM-200; 31 — barometer-aneroid
BAMM-1M; 32 — mercury thermometer; 33 — timer; 34 — opacitymeter INFRAKAR-D,

35 — measuring receiver (6,36 I); 36 — air pump
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Fig. 3.8 — Modernizing exhaust system of ETB equipped with insertion for

DPF operating samples and EG toxicity and smokiness sampling system:
a — general external view, 6 — stand with measuring instruments,
B — insertion box for DPF operating samples
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Table 3.1 — Measuring equipment of ETB and its parameters

Name, designation of Limits and
the measured parameter | diapasons of Measuring instrument
and its units measuring
Frequency of rotation of 0-5000 Measuring complex IDS-742 4/N or mark of
engine crankshaft and mo- | 800 — 1800 |[TDC and five-ways gas analyzer Avtotest-
tor-generator rotor, n, min* 02.03.P
Torque of engine, M, N-m 0-250 Measuring complex IDS-742 4/N with
0-120 mechanical weight dynamometer
Time of consumption of 0—10000 |Scales of 1* accuracy class and weighted
diesel fuel weighed 0-600 portion and electrical hydraulic automatic valve
portion, 7, S for fuel refilling and optical sensor and
frequencymeter-chronometer F-5041
Volume consumption of 5-120 Gas counter RG-100 and frequencymeter-
air, Vg, m3h 30— 100 |chronometer F-5040
Drop of intake air 0-1200 |Throttling washer and differential manometer
pressure, AP,;, mm w.col. 0-300 type DM
Drop of exhaust gases 0-1500 Differential manometer type DM
pressure, APey,, mm 0-300
w. col.
Exhaust gas temperature, -50 — 1400 |Device A566 and thermocouple type K
texn, °C 20 — 700
Engine oil temperature, t,;, -50 - 180 |Sensor TM-100V and device A565 or sensor
°C 40-100 |and five-ways gas analyzer Avtotest-02.03.P
Engine fuel temperature, -50 — 180 |Device A566 and sensor type 10011
truel, °C 10-40
Intake air temperature, t,, 0-50 Mercury laboratory thermometer TL-4
°C 5-40
Environment air 0-50 - -
temperature, tp, °C 0-35
Environment air pressure, 80— 106 Aneroid barometer BAMM-1M
By, kPa 90— 104
Relative air humidity, ¢,, % 0-100 Psychrometer
0-100
NO, volume concentration 0—-5000 Five-ways gas analyzer Avtotest-02.03.P
in exhaust gas, Cnox, pPpm 0 — 3000
CO volume concentration 0-5 Five-ways gas analyzer Avtotest-02.03.P
in exhaust gas, Cco, % 0-2
O, volume concentration in 0-21 Five-ways gas analyzer Avtotest-02.03.P
exhaust gas, c,, , % 0-10
CO, volume concentration 0-16 Five-ways gas analyzer Avtotest-02.03.P
in exhaust gas, C, , % 0-5
CnHm volume 0—-2000 Five-ways gas analyzer Avtotest-02.03.P
concentration in exhaust 0-150
gas, Ccn, ppm
Linear dimensions of expe- 0-500 Caliper ShC-1 and locksmith ruler
rimental samples, |, mm 1-250
Samples taking time, Tsamp, 0-60 Timer SOSpr-2a
S 15-50
Opacity of exhaust gas: 0-100 Exhaust gas sampling taker and Teflon filter in
— weakening of light flow 10 -75; holder or opacitymeter INFRAKAR-D
coefficient, Np, %; 00—
— absorption of light flow 0-5

coefficient, K, m*
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Several variations of that DPF construction embodied in form of
operating experimental samples of its filter element (FE). Its working cha-
racteristics under real exploitation conditions vas studied on ETB [3.43].
ETB is a complex system of interrelated power plants and its structure
and features of work described in [3.36].

For executing a bench motor researches of DPF IPMash the exha-
ust system of ETB vas modernized by adding to it a place for FE opera-
ting samples (insertion box for samples (IBS)) and the new EG sampling
and EG flow thermodynamic parameters, toxicity and smokiness measu-
ring systems [3.43,3.36].

The tests executing in accordance with programs and methodics of
DPPP and also GOST 18509-88 and GOST 14846-87 [3.37, 3.38], in
which contains requirements for accuracy of measuring of some physical
guantities.

Programs of the study developed on basis of standardized test 13-
and 8-mode stationary cycles that are models of exploitation of automoti-
ve and tractor diesel engines respectively and are described in UNECE
Regulations # 49 and # 96 [3.40, 3.1]. They were adapted to possibilities
of equipment of DPPP laboratory by the way that described in [3.43,
3.36].

The methodic of obtaining of errors of direct and indirect measuring
of mode parameters diesel engine operation, EG gas dynamic parame-
ters, EG toxicity and smokiness parameters on ETB will be object of fol-
lowing studies.

A variety of measuring instruments on the bench allows us to con-
clude of rational use of the mathematical apparatus of the beta distribu-
tion as described in [8], to evaluate the measurement errors.

Conclusions. In present paper was considered structure, constru-
ction and features of EG toxicity and smokiness sampling system of
ETB of DPPP IPMash NASU laboratory as a metrological system.

In following studies will be developed and described the method of
obtaining of direct and indirect measuring errors of regime parameters of
diesel engine, EG gas-dynamic parameters, EG toxicity and smokiness
parameters on ETB.
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