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Abstact. New regulatory requirements for the system of higher education in Ukraine require
the introduction of innovative approaches to the content and organization of the educational
process. In this regard, the training of competent specialists in robotics requires updating the
forms, methods and means of conducting classroom classes. At the same time, there is a need for
changes in traditional education, the creation of a new methodical system, where the leading role is
given to the practical implementation of theoretical knowledge, and the making of project-technical
and configuration decisions. For this purpose, it is expedient to create methodological support for
the teaching of educational disciplines of professional robotics with the help of a multi-level
functional teaching system. It may be promising to build a complex of models, the relationships
between which are established in a constructive way, organizing them into one system with
ensuring the transition from one to the other. Interdisciplinary connections ensure the resolution of
contradictions between the acquired knowledge from different disciplines and the need for their
integration, as well as the practical application of the totality of this knowledge. To teach the
disciplines of the robotics complex, it is advisable to use certified educational laboratory stands for
conducting classes in several disciplines and make constructively organized connections between
them.

Keywords: robotics, methodical support, professional competence, the complex of models,
laboratory stand, constructive connections, interdisciplinary connections.

Introduction

Currently, there is an active development of the machinery industry and the
widespread introduction of robotics in almost all technological processes of
production. In this regard, the society needs competitive specialists in robotics, who
must be able to perceive, generate, and practically implement new scientific ideas,
develop and use technical devices, software, and data management applications.
Possession of professional knowledge and skills and their effective use in
professional activities are of great importance for future engineers, which is one of
the directions of modernization of education in Ukraine. The new regulatory
requirements for the higher education system, outlined in the legislative documents of
Ukraine [1,2], set scientists and educators the task of implementing innovative
approaches to the content and organization of the educational process, namely,
updating the forms, methods and means of conducting lessons.
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Taking into account the fact that the technical component occupies a significant
place in the professional training of engineers, there is a need to develop a methodical
system of their technical training, where the leading role is given to the practical
implementation of theoretical knowledge, making of engineering, designing and
configuration decisions.

Currently, there is an active search, development and implementation of
innovative learning technologies, which is evidenced by numerous international and
domestic scientific and methodical publications [3-7]. Researchers M. Korets [8] and
S. Yashchuk [9] highlighted the methodological foundations and practical ways of
studying general technical disciplines in their works.

Therefore, the effective training of future robotics specialists at the current stage
of the development of the educational process consists in outlining, in accordance
with the requirements of the modern labor market, goals and objectives,
organizational training methods and means. In connection with the rapid development
of modern innovative educational technologies, there is a need to change traditional
education, to create a new methodical system. Despite the fact that scientists and
teachers pay considerable attention to the engineering training of specialists, currently
there is a lack of scientific research that would provide methodological support for
the specific professional orientation of engineers throughout the entire period of study
in higher education, which, in our opinion, can be carried out by creating multi-level
functional system of teaching technical disciplines.

The purpose of this research is to create methodical support for the teaching of
educational disciplines of a professional orientation with the help of a multi-level
functional system of teaching technical disciplines, as a result of which the technical
thinking of the functioning of robotic systems for scientifically based practical
activities is formed.

The results of the research

Methodical support for the formation of the professional and methodical
orientation of future engineers should be carried out as a multifunctional, multi-
component, information-electronic-oriented process, which includes: professional
growth, self-improvement; formation of a professional focus by mastering digitalized
and distance courses in technical disciplines; interaction of participants in the
educational process throughout the entire period of study. These measures can be
ensured by determining the optimal means, forms, methods and means that are
effective in the organization of training and ensure the proper level of formation of
general and professional competencies. The effectiveness of the learning process
fully depends on the correct choice of teaching methods and the logic of their
application.

The training methodology is based on the following principles: adequacy,
technicality, integrativeness, professional and scientific orientation, which provide
the possibility of forming a high level of technical competence of future robotics
specialists who are able to improve their professional skills, implement the process of
innovation in their professional activities, and quickly adapt to changes [10].
Achieving of this goal involves the following tasks: the formation of intellectual and
personal qualities that determine the motivation of the future specialist to carry out
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engineering activities [11].

Motivational incentives to carry out such activities are formed when studying
the basics of the disciplines: "Machine parts", "Theoretical and computational
mechanics", "Electrical engineering, electronics and microprocessor engineering",
"Hydraulics, hydraulic and pneumatic drives", "Fundamentals of designing robotic
systems" and "Electric drives of robots". This leads to development of a system of
knowledge in technical disciplines, skills and abilities to work with hardware devices,
beliefs and value ideas about the role of computer technology in modern society, the
formation of which makes it possible to effectively implement the technical
component of one's professional activity.

The technical competence of the future specialist should be formed as a result of
the implementation of interrelated processes: their acquisition of technical and
technological knowledge, abilities and skills and the development of professionally
important qualities of the individual, and also through the involvement of
microelectronic devices, as one of the major directions of modern fundamental
science, in all types of classes [ 12].

It may be promising to build a complex of models that describe different
disciplines, as well as design aimed at creating such models, using certain experience
in teaching different disciplines [13].

Models can be used individually or in groups. Relationships between models are
established in a constructive way. When knowledge relates to relevant models, and
the models are constructively connected, connections are established between
knowledge that organize them into one system and enable the transition from one to
another. Interdisciplinary connections ensure the resolution of contradictions between
the acquired knowledge from different disciplines and the need for their integration,
as well as the practical application of the totality of this knowledge [14].

In our opinion, for teaching the complex of disciplines related to robotics, it is
advisable to use certified educational laboratory stands to be used to conduct classes
in several disciplines and make constructively organized connections between them.

Let us consider the characteristics of the laboratory stand HTII-11.36.1
“Hydraulic machines and drives M2” and prove the expediency of its use in
educational activities.

On the frame supporting structure of the stand, made in the form of a one-sided
base with a table, there are three panels intended for mounting of:

— hydraulic equipment;

— devices for measuring pressure, flow and temperature;

— devices for control and electrical measurements.

The hydraulic circuit is located on the last (third) panel. The stand has a rigid
configuration but permits some additional assembly operations to be performed
considering the specificity of a laboratory session. The stand includes two hydraulic
power units. The stand is equipped with:

— two three-phase electric motors;

— three gear pumps, two hydraulic cylinders;

— one axial-piston non-adjustable hydraulic motor;

— two hydraulic pressure valves;
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— three hydraulic distributors with electromagnetic control;

— two two-line flow regulators;

— two adjustable chokes and a filter;

— mounting plates;

— connecting fittings and pipelines;

— three-line flow controller.

Owing to the three-phase power supply system, it is possible to determine with
high accuracy the power supplied to the main pump of the stand and methodically
correctly obtain the operating and cavitation characteristics of the pump, as well as
determine the efficiency of the hydraulic drive during translational and rotational
movement of the output links.

When testing hydraulic drives and hydraulic motors, it is possible to change the
speed of movement of the output links and the load on them in a wide range.

When selecting the hydraulic devices of the stands, coordination of their
pressure and flow characteristics is ensured, which allows conducting experimental
studies of various modes, including nominal ones.

The information and measurement system of the stand provides determination of
pressure (eight pressure gauges and one vacuum gauge are installed on the stand),
flow rates (the stand includes two flow meters: volumetric type — for measuring the
flow rate of internal leaks and speed type), temperature of the working fluid, power
supplied to the main pump, power at the output links (cylinder and hydraulic motor),
revolution rate of the shafts of the main pump and hydraulic motor.

Rotation rates are measured with electronic frequency meters. The stand also
includes an electronic stopwatch. Software and methodical support are added to the
laboratory stand: a set of methodical and technical documentation intended for the
teaching staff.

With this stand, the following laboratory works can be carried out.

1. Study of the device and determination of operational and cavitation
characteristics of the gear pump.

2. Study of the device and determination of the characteristics of the axial-

piston non-regulated hydraulic motor.
. Study of the device and determination of hydraulic cylinder characteristics.

4. Study of the characteristics of a controllable volumetric hydraulic drive with
translational movement of the output link (controlled by a throttle).

5. Study of the characteristics of a controllable volumetric hydraulic drive with
rotational movement of the output link (controlled by a throttle).

6. Study of the effectiveness of the use of two- and three-line flow regulators in
an controllable hydraulic drive.

The mentioned laboratory stand HT1I-11.36.1 “Hydraulic machines and drives
M?2” is advisable to use when conducting classes in the disciplines: "Electrical
engineering, electronics and microprocessor engineering", "Fundamentals of
designing robotic systems" and "Electrical drives of robots".

We will consider the characteristics of the laboratory stand HTLI-10.67
"Distribution networks of power supply systems with MPSZ" NTC-10.67 and prove
the expediency of its use in educational activities.

W
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Structurally, the stand consists of a case in which part of the electrical
equipment, a microprocessor measuring system, a front panel and an integrated
workbench are mounted.

In the casing of the stand there are:

» step-down transformers;

» a thyristor voltage regulator board (TVR);

> a set of load resistors;

» a set of capacitors;

» inductors used as chokes;

» a unit of incandescent lamps ~220 V 15 W, 15 lamps;

» power autotransformer based on OSM1-0.1;

» microprocessor measuring system module; which provides multi-channel
measurement in all three phases with the output of measured current and
voltage values on digital indicators.

The set of measured parameters is sufficient for effective studying of processes
in electric power systems without connecting the stand to a computer. By connecting
the stand to the computer (via USB) and using the supplemented software, it is
possible to display oscillograms of currents and voltages in each of the three phases
in static and transient processes. This significantly increases the quality and depth of
knowledge acquired by students during laboratory classes.

The front panel shows electrical diagrams of the objects of study. All the circuits
depicted on the panel are divided into groups according to the subject of the work to
be conducted. On the panel, are installed switching sockets, switching equipment, as
well as control bodies that allow alterations of the parameters of the elements studied
during laboratory work.

Controls on the front panel of the stand:

— the switch of the incandescent lamp unit (the load of the circuits) for setting

different modes of operation of the investigated 3-phase network;

— toggle switches of the bank of capacitors for changing the capacitance in the
range from O to 31 pF with a step of 1 puF;

— setting potentiometer of the TVR.

To carry out the work, it is necessary to assemble the circuit of the research
object with the help of unified jumpers, which ensure that the assembled circuit can
be clearly observed.

Conducting laboratory work is possible both in manual mode and in the mode of
interaction with a personal computer. It is possible to assemble circuits of one’s own
design using jumpers of different lengths and connecting required points of the circuit
to the measuring channels of the microprocessor measuring system.

The laboratory stand is supplemented with software and methodological
support:

— student testing program for admission to laboratory work. In the testing
process, both theoretical knowledge and knowledge of the content of the
performed laboratory work are checked. As a result of testing, the student
receives a knowledge assessment;

— software of the measuring complex;

ISSN 2567-5273 7 www.moderntechno.de



Modern engineering and innovative technologies Issue 24 / Part 1 é

— a set of methodical and technical documentation intended for teaching staff.
The software enables the following actions:

e to display up to 21 measurement channels in one plot, with individual
adjustment of scale parameters of the vertical axis for each of the channels
and general adjustment of scale parameters of the horizontal axis for all
channels;
to build Lissajous figures for any two measuring channels;
to perform spectrum analysis of any of the measurement channels used;
to measure the signal frequency on any channel used;
to calculate active, reactive power components, full power and power factor;
to save the array of data from the buffer for further analysis;
to export oscillograms in graphic formats;
to set the parameters of the DAC for generation of sinusoidal, triangular and
rectangular signals.

With the stand, the following laboratory works can be conducted:

. Measurement of transformer operating mode parameters.

. Measurement of power transmission line operating mode parameters.

. Measurement of operating mode parameters of an open distribution
electrical network.

4. The influence of reactive power compensation with the help of a capacitor
bank on the operating mode parameters of an open distribution electric
network.

5. Study of the static characteristic of the power of the capacitor bank.

The specified NTC-10.67 laboratory stand is advisable to use when conducting
auditorium lessons in the following disciplines: "Electronics and automation
devices", "Information devices of mechatronic systems", "Interchangeability,
standardization and technical measurements".

Conclusions

To assess the level of development of the technical skills of future robotics
engineers, we have developed and applied a system of interdisciplinary project-type
courses that are practical in nature, contribute to the consolidation and deepening of
the acquired technical knowledge, and expand the worldview of students.

The use of any industrial equipment during lectures to demonstrate the work
process, its consequences and characteristics of various types of technologies also
improves the assimilation of classroom material during the teaching of both general
technical and special disciplines.

During the teaching of the lecture material, it is also possible to demonstrate
stands, mock-ups, and operating equipment. In order to make the above possible, it
would be desirable for general technical and graduation departments to have
agreements on creative cooperation with relevant enterprises of the industry.

W DN —
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Anomauia. Hosi nopmamusni eumoeu 0o cucmemu suwjoi oceimu 6 Ykpaini nompebyroms
BNPOBAOIICEHHS THHOBAYINIHUX NIOX00I8 00 3MICMY Ma Op2anizayii HaguanbHo2o npoyecy. Y 36'a3Ky
3 YuM ni020mo6Ka KOMNEeMeHMHUX Cneyianicmis 3 poOomomexHiku nompebye OHOBNeHHS (PopM,
Memodis i 3aco0i8 nposedenHs ayoumopHux 3amsame. Boowouac euHukae HeoOXiOHiCMb 3MiH Y
MPAouyitHill 0ceimi, CMEOPeHHs HOB0I MemoOUYHOI cucmemu, Oe NPOBIOHA POb 8I080OUMbLCSL
NPpAKMu4Hii  peanizayii  meopemuyHux  3HAHb,  NPUUHAMMIO  NPOEKMHO-MEXHIYHUX |
KOH@ieypayiinux piwenb. 3 yiclo memolo OOYLIbHO CMBOPpUMU MemooudHe 3a0e3neyeHHs
BUKNAOAHHS HABUANLHUX OUCYUNTIH NpOogheciinoi pobomomexHiku 3a 00NoMo201 06azamopieHesoi
¢ynkyionanvroi cucmemu HasuanHs. Ilepcnekmuenum modxce 6ymu no6y006a KOMniIeKcy mooeinell,
830EMO36'A3KU MIJIC AKUMU 8CMAHOBNIOIOMbC KOHCMPYKMUBHO, OP2AHI308VI0UU IX 8 OOHY CUCTEMY
i3 3abe3neuenHsM nepexody 6i0 o00Hici 00 iHwoi. Mixcnpeomemni 36'a3xu 3a0e3neuyomo
PO38'a3aHHA NPOMUPIY  MIdHC HAOYMUMU 3HAHHAMU 3 DPIZHUX OUCYUNIIH [ HeoOXiOHicmio ix
iHmezpayii, a makoxc NpaKmuyHe 3ACMOCY8AHHA CYKYNHOCMI Yux 3HAHb. [ BUKIAOAHHA
OUCYUNIiH poOOMOMEXHIYHO20 KOMNIEKCY OOYLIbHO BUKOPUCMOBYBAMU AMECMOBAH] HABYANbHI
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1ab6opamopHi  cmenou Ol NPOBEOCHHs 3aHAMb 3 KIIbKOX OUCYUNIIH Ma KOHCMPYKMUBHO
0peamiz08yeamu 36 sI3KU MidC HUMU.

Knruoei cnosa: pooomomexunika, memoouune 3abe3neuents, npogeciiina KoMnemeHmHicma,
KOMNIeKe Mooenel, 1adopamopHuti CmeHo, KOHCMPYKMUGHI 36 'A3KU, MIdHCHpeOMemHti 36 a3Ku

Cratps otnpasiena: 19.12.2022 r.
© Anekceenko C.B., Kaqunpaukosa T.M., [lynnikos B.C.
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Anomauia. 3mina xaimamy ma ii HACAIOKU CIUMYTIOIOMb PO3POOKY Vpadamu NOOATbULUX
niawnie i cmpameeiti ma Qoxycyioms yeacy Ha OiSIbHOCMI U000 3MeHUEHHs 00CA2I8 CRONICUBAHHSL
eHepeii ma cnocobie OexkapOOHi3ayii pI3HUX CeKmopié eKOHOMIKU. Bexmop koukpemmuux Oiu
3a6e3neuyemvpcs. HAAGHICMIO 3AKOHOO0A8YUX MA pecyisamoOpHUX OOKYMeHmis, 6 yell e uac
CMAanoapmu  pe2iameHmyoms HAuKpawi mexHiyHi piuieHHs O ONMUMATbHO20 3ACMOCYBAHHS
MEeXHON02I V NOBCAKOeHHOMY dcummi. Bodenv € o0num 3 gagcenie OexapOoHizayii cekmopie
EeKOHOMIKU, SIKI BANCKO eNeKMpU@IKy8amu 4u 3HUUMU Pi6eHb 8UKUOI8 NAPHUKOBUX 2A3168 [HUUMU
cnocobamu. ILle cmocyemvca Hacamneped MpPAHCHOPMHO20 CEKMOpPY, MenionoCmadanHs,
supobHuymea cmarni, yemenmy ma in. Iyonikayis 6uSHAYae 0CHOBHY pecyismopHy OOKYMEHmMAayiro
01151 nepexody Ha 800He8y eKoHomiky 6 €Eeponeticokomy Corw3i ma Yrpaini, micmums 027150
MINCHAPOOHO2O HOPMAMUBHO20 3A0e3NeyeHHss WO000 B00HI0 1 2a30800He8UX cymiutel. byno
poszensanymo cmanoapmu maxux opeawnizayiu sk 1SO, CEN, ASTM, ANSI, ASME, CGA, SAE, UL,
CSA, JISC, SAC, BSI ma YxpH/IHL] i nasedeno Oesxi 3 HAUHOBIWUX cMaHOapmie y 0auii pooomi.
Ilybnikayis eusnavae cman cmanoapmusayii 600HI0 ma 600nedux mexuonoeiu y €C ma Yxpaini ma
aAKmyanizye npo2arunu y HOpMamueHOMY 3a0e3neyeHHi.

Kniouogi cnosa: 6o0enn, 2a308600He8i CyMiuLi, HOpMamueHe 3a0e3neyeHts, CmaHoapm.

Berym.

3pocTaHHs KUIBKOCTI HACEJEHHS, IMiJIBUIICHHS PIBHS JKUTTS Ta 1HII YMHHUKH
CHPUYUHSIOTh 301IbIIeHHA 00csriB cnoxuBaHHs eHeprii. Jlo 2040 poxy MEA
MIPOTHO3Y€E 3pOCTaHHs CHOXUBaHHS eHeprii Ha 1,3 % 1Iopi4HO Bij] piBHS CIIOKUBAHHS
2018-ro poky [1], mo 3arajoM CTaHOBHTH 3pOCTaHHS CIOXUBaHHsA eHeprii Ha 34%
[2]. 3 mMeTOr MOM’SKIICHHS BIUIMBY JIOAMHM Ha Kiimar, 196 kpain patudikyBaiu
[Tapuseky yroay B 2015-my poui. Metoro Ilapu3pkoi KiIiMaTH4YHOT yTOAW BU3HAYEHO
yTpUMaHHS 3pPOCTaHHS CepeAHbOi CBITOBOI TemriepaTypu Huxk4de 2 °C BIJIHOCHO
JTOIHAYCTPIAIBHOTO TEPIOy, a B IEPCIEKTUB] OOMEXKEHHS 3pOCTaHHS TeMIEPaTypH
10 1,5 °C BiIHOCHO JO1HIYCTpiabHOTO PiBHS [3].

Patudikanis [Tapuspkoi kiaiMaTUYHOI yroau ctaia nomToBxoM s €C oo
MOJAJIBIINX PO3pO0OK y PEryysITOPHINA TUIOLIMHI 3aJisl JOCSTHEHHSI CBOIiX LIJIEH.
2016-ro poky €C omyOnikyBaB Enepretnunuii maker «Yucra eHeprisi ajis BCIX
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eBporneiiiBy. [laHui mnaker ckiIanaeTbCsd 3 8-MU  3aKOHOJABYMX AaKTIB, WIO
CTOCYIOThCSI  €HeproeeKTHUBHOCTI  OyiiBenb, BITHOBIIOBAIHLHOI  EHEPTETHUKH,
€Heproe(PeKTUBHOCTI 3arajioM, pEryJIOBaHHs YOpPaBIiHHSA Ta AU3alHY pPHUHKY
enekTpoeneprii [4], [5].

B pamkax 1poro makery Oyino Bumano y 2018-my pomi [lonoxenns mpo
YVIOpaBIIHHS €HEePreTUYHUM coro3oM 1 kimimatuyHi 3axoau ((EU) 2018/1999) [6]. Lle
[TonoxxeHHss BUMAarajio BCTAHOBJIEHHS IHTETPOBaHOrO 10-piyHOTO HAaIIOHATIHLHOTO
miany 3 eHepretuku ta kiimaty (HIIEK) xoxuaum unenom €C po kinug 2019-ro
poky [4], [S].

B rpyani 2019-ro poky Oyno npencrasieHo €Bporneiicbky 3eneny yroay (EU
«Green Dealy), miuto ko1 € CTBOpEHHS KJIIMaTUYHO HeUTpaibHOi €Bponu 10 2050-
ro poOKy BHACHIIOK TNIMOOKOi JaekapOoHi3allii BCIX CEKTOPIB €KOHOMIKH. Takox B
paMKax yrojau OyJio MiJBUILIEHO TUIAHKY 3MEHILIEHHS BUKU[IIB MapHUKOBUX Tra3iB JI0
2030-ro poky 1o 50-55% [7]. B pamkax €Bporneiicbkoi 3enenoi yroau B numHi 2020-
ro poky Oyio npencraBieHo cTpareriro €C 3 iHTerpailli eHepreTuuHux cucteM. Jlana
CTpareris nepeadadyae BUKOPUCTAHHS BOJHIO JJIsi JIeKapOOHi3aIlli ClIOKUBaYiB, SIKUX
TEXHIYHO HEMOXJMBO a00 HAaJATO JOPOro MEPEeBECTH Ha EJIEKTPUYHE OIMaJICHHS.
Takox 3HayHaA yBara MpUIUISAETHCS BUPOOHUIITBY BOJHIO IUISIXOM €JIEKTPOJIi3Y, 0
JIOTIOMOK€ BHKOPUCTOBYBATH HAJUIMIIKOBY BIJTHOBJIIOBAJIbHY €JIEKTPOEHEPrito, a
TAaKOX 3a0€3MEeUUTh CHUHEPTII0 MK CEKTOpaMHU EJIEKTPOEHEpTii, razy Ta KIHIIEBUX
cnoxkuBauiB. Ctpareris €C 3 1HTerpaiii eHepreTHYHUX CUCTEM TaKOX PO3risiae
OPUKJIaTd BUKOPHCTAHHS BOJHIO y BHUPOOHHYMX TpoIecax, SK MaluBO MAJIs
BaHTA)XXHOTO, 3aJII3HUYHOTO TPAHCIIOPTY, aBlallii Ta MOPCHKOTO TPAHCIIOPTY.

Onyo6mikoBana y sunHi 2020-ro poky BogHeBa ctpareris €C mnpencrasisie
3aX0AM, HEOOXITHI JJI1 €KOHOMIYHO-€(DEKTUBHOI JekapOOH13allii, OXOILTIOIYH BECh
JIAHIIOT CTBOPEHHS JOJIaHO1 BapTOCTI BOJHIO [8].

Mertoro 1i€i cTarTi € cnpoda JaTH oI CTaHy HOPMATHUBHOTO 3a0e3MeueHHs
BUKOPHUCTAHHS BOJHIO Ta Ta30BOJIHEBUX CyMillIei B kpaiHax €Bporeiicbkoro Corosy
Ta YKpaiHi, a TaKOK BU3HAUMUTH HANPSIMKU MOJATBIIOTO PO3BUTKY LBOTO HAMPSIMKY,
11eHTudikyBaTu NoTpeOy B 1OAATKOBUX JOCITIIKEHHSX.

OCHOBHUII TEKCT.

Bonnesa crpateris €C 0a3yeThcsi Ha BOAHEBIM M0pokHIM KapTi 10 2050-ro
poky 1 oxorutoe 3 mepioaw: 2020-2024 pp., 2025-2030 pp. Ta 2031-2050 pp.
[TpoTsroM mepmoro mepiogy CTPATEridHOI METOI0 € BCTAHOBJICHHS €JIEKTPOJII3EpiB
MOTYXHICTIO IoHaiMene 6 I'BT 1 BupoOHUIITBA A0 1-T0 MITH. T «3€JI€HOT0» BOJAHIO.
Jlanuii KpoK JOMOMOXKE JIeKapOOHI3yBaTH HasBHE BHUPOOHMIITBO BOAHIO Ta
NPUCKOPUTH BIPOBAIKEHHS CIIOKMBAHHS BOJHIO IHIIUMH CEKTOpAaMH, HANpPUKIAJ,
TPAHCTIOPTHUM Ta MpoMucioBicTio. Jpyruii mepioa crpaterii nepeabayae 40 I'Br
BCTAHOBJICHOT TIOTY>KHOCTI1 €JIEKTpoJi3epiB Ta BupoOHMUTBA 10 10-TH MH. T
«3eseHoro» BojaHI0. CTpaTerielo po3risaacThes, 10 3a e nepiosl BOJACHb MOBUHEH
CTaTU 3B’SI3KOBOI0 YACTUHOIO 1HTErPOBAHOI EHEPreTUYHOi CHCTEMH, a TaKOX
3 SIBISITBCS JIOKaJIbHI BOJHEB1 KiacTepu. [IpoTaroM TpeThoro mepiogy OUIKYEThCS,
10 BOJIHEB1 TEXHOJIOT1T JOCITHYTh 3pUIOCTI 1 HAOYAYTh HIUPOKOTO PO3MOBCIOIKCHHS
y BCIX CEKTOpaXx, SIKUX BaXKO AEKapOOHI3yBaTH.

OcHoBHI 3ax01, niependayveHi y BogHesii ctpaterii €C [9], € HacTynmHUMU:
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» 3a0e3neueHHs 3a JomoMoru €Bponeiicbkoro Aunbsacy Yuctoro Bomato
(European Clean Hydrogen Alliance) iHBECTHIIIN [T CTUMYJIIOBAHHS 3POCTY
BUPOOHUIITBA Ta CIIO’KMBAHHS BOJIHIO;

» 3aIpOBa/KCHHS KOMIUIEKCHOT TEpMIiHOJIOTIi (TaKCOHOMII) Ta KpHTEpiiB
cepTudikarlii «3eeHoro» Ta «0JIaKUTHOT0» BOJHIO Ha piBHI €C;

» IJIaHyBaHHS BOJHEBOI 1H(QPACTPYKTYpH BKIOYHO 3 TpaHC’€BpOIEHCHKOO
eHepreTuuHoro Ta TpaHcnopTHow Mepexkamu (TEN-E, TEN-T), a Takox
Hecsatupiuaum mianoMm po3BuTky Mepex (TYNDPs);

» TMPUCKOPEHHS TEMITy PO3IIMPEHHSI 3aNPaBHOI 1HPPACTPYKTYpH MPHU TIEPETIIsIi
JIupeKTuBH Mpo PO3ropTaHHS IHPPACTPYKTYpU NJisi albTEPHATUBHUX BH/IIB
NaJINBa,

» nocuienns nginepctBa €C B cdepl TEXHIYHMX CTaHIApPTIB, HOPMATHBHUX
JIOKYMEHTIB Ta BU3HAYECHb I1[0JI0 BOJHIO;

» CHIpUsSHHS Koomeparii 3 KpaiHaMd CXiJHOTO Ta IMBJCHHOTO MapTHEPCTBA,
30KpeMa YKpaiHu;

» CHOpHSHHS JIOCTI/DKCHHSM, IHHOBAIliSM Ta IIUIOTHUM IIPOEKTaM, IO
OXOILTIOIOTh YBECH IIPOLIEC CTBOPEHHSI 10J1aHOT BAPTOCT1 BOJHIO.

€Bpornelicbke 3aKOHOAABCTBO Ta PETYJIOBaHHSA 0a3ylOThCs, B OCHOBHOMY, Ha
IUpeKTUBax Ta mnojoxeHHsX. KoxHa nepxkaBa, mo € uneHom €C, mae cBoOOay
BUOOpPY, SIKUM YMHOM JOCSITH IOCTABJICHUX IUIEH 1 aJanTyBaTH AMPEKTUBU Ta
nosnoxkeHHs: €C y cBoi 3akoHU. [I0TOUHI paMKH €BpOINEUCHKOr0 3aKOHOJABCTBA I1I€
HE OXOIUTIOIOTh BOJEHb 1 Fa30BOAHEBI CyMIIIl MPUPOJHOTO razy B MaricTpajibHUX
Mepekax 1 CHCTeMaX BHCOKOTO THCKy. lle cTocyeTbcs 30KkpemMa OMyCTUMHUX
KOHLIEHTpaLl1id BOAHIO y CyMIIIax 3 IPUPOIHIM Ta30M Ta SIKOCT1 BOJIHIO.

Tomy, Ha pasi, BOJEHb NIANANa€ MiA A0 JUPEKTUB Ta MOJIOKEHb I10JI0
PETYJIOBaHHS PUHKY MPUPOTHOTO Ta3y, BIAHOBIIOBAJIBHOI €HEPTeTUKH, OE3MEUHOTO
ra3ornocTayaHHs, a TakKoX NPUIaAiB, LI0 TMPaLIOTh y BHOYXOHEOE3MEUHUX
cepenoBuiax tomo [10]. Tlepmmuit B YkpaiHi peayizoBaHUN MIJTOTHUM MPOEKT 3
JIOCIIJKEHHSI ~ MOXJIMBOCTI ~ BHKOPHUCTAHHSI ~ Ta30BOJHEBUX  CyMmilied B
ra3opo3noJiIbuuX Mepekax TaKoX BKa3aB Ha ICHYIOYl OOMEXEHHsS B YaCTHUHI
HOpMaTUBHOTO 3a0e3neyeHHs [11].

B Vkpaini 3amis 3a0e3nedeHHs BIAMOBIIHOI PEryJISTOPHOI AISUTBHOCTI IIOJO
BOJHIO OyJsio omyOusikoBaHo y 2021-my porui npoekt BomneBoi crparterii Ykpainu
[12]. Lleit mpoekT Bu3HAYA€E MEPCIEKTUBY BUKOPUCTAHHS BOIHIO, BCTAHOBIIIOE LILJIi Ta
NPIOPUTETH CTPATETii, a TAKOXK €Taly Ta OCHOBHI 3aX0/IM peai3allii cTparterii.

3aranpHOI0 MeTo0 BogHeBoi cTparerii BH3HAu€HO CTBOPEHHS BOJHEBOT
CHEpreTHKU SIK €JIEMEHTY eHepreTH4Hoi cucreMu Ykpainum. [limi, 3a3HauveHi y
JOKYMEHTI, pO3MOIJIEHI HA KOPOTKOCTPOKOBI, CEPETHROCTPOKOBI Ta JOBTOCTPOKOBI.
KopoTkocTpokoBi 1iii 0XOmmooTs nepioq 3 2022-ro mo 2025-i1 poku 1 MOBHHHI
CTBOPUTH OCHOBY BOJHEBOI €HEPreTUKU 1 3a0€3MEUUTU 3aIMyCK €KCIOPTY 3E€JEHOro
BojHIO. CepennbocTpokoBi i (2026 — 2030 pp.) mOBHMHHI 30UIBIIMTH OOCSTH
BUPOOHUIITBA BOJHIO 1 TUBEPCU(DIKYBAaTH IEPBUHHI €HEeproHocii. JIOBrocTpoKkoBi I1iji
(2031 — 2050 pp.) MOBUHHI 3a0€3MEYUTH MTPUCKOPEHE PO3IIUPEHHSI PUHKY, 30KpeMa
EKCIIOPTY BOIHIO.

BoaneBa crpateriss CTaBUTh B MPIOPUTET BUPOOHUUTBO Ta CIHOKHUBAHHS
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3€JICHOTO BOJHIO, 10 Oe3MocepeHbO T03BOJUTH YKpaiHl J0CATaTH KIIMaTUYHUX
uineit. Cepesl HU3KU MEPIIOYEPrOBUX 3aBJIaHb HABEJACHO HACTYITHI:

- CTBOPEHHS 3aKOHO/IaBY0-HOPMATHUBHOI Ta HOPMATUBHO-TEXHIYHOI 0a3u;

- oprasizallis HayKOBO-TE€XHIYHOT0, IH(POpMaLIIHOTO 3a0€e3MeYeHHsI Ta OCBITH;

- CTBOPEHHS METOJUYHOTO 3a0€3MEeYECHHS,;

- 3aCTOCYBAHHSI METO/IIB EKOHOMIYHOT'O CTUMYJIFOBAaHHS;

- BUKOPHCTAHHS CUCTEMH MIXHAPOIHOTO CIIBPOOITHHUIITBA;

- TepIIoYeproBe BIPOBAHKCHHS PO3pOOOK Yy Taimy3i BOJHEBOI €HEPreTUKH Ha

0a31 BiIHOBIIOBAIbHUX Jpkepen eHeprii (B/JIE) Ta iH.

B mpoexti Crparerii po3riasHyTO BHUKOPUCTAaHHS BOJHIO VY €JIEKTpO- Ta
TEIUIOCHEPIETHUlll, TPAHCIIOPTHOMY CEKTOP1 Ta MPOMUCTOBOCTI. [IpuainseTscs Takox
HAJIe)KHA yBara 3acCTOCYBaHHS BOJHIO Y aBTOHOMHHX CHCTEMax €Heprosade3leyeHHs
Ta IHTErpallii BOJAHEBOI IHPPACTPYKTYPH 3 Ta30BUMHU MEPEKAMH.

[Ilogo HopmaTuBHOTO 3a0e3neueHHs, BojaHeBa cTpaTerisi axklEeHTye Ha
HEOOXIJHOCTI CTBOPEHHS HOPMAaTHUBHOI 0a3W, TOB’SA3aHOI 3 Ta30BOJHEBHUMU
CyMiIlIaMH Y Ta30TPAHCIIOPTHUX MEpPEkax. BaKIMBUM MOYATKOBUM €TAIlOM € OTJISI
Ta aHaji3 YKpaiHChbKUX Ta MIKHApOIHUX CTAaHJAPTIB, TapMOHI3AIlsl HOPMATHUBHOTO
3a0e3neueHHs Ykpainun ta €C Ta BOPOBAHKEHHS MPO30pHUX MpaBmil cepTtudikaiii
BoaHIO [13].

3a aHanori€l0 3 PO3BUTKOM Ta30BUX Mepex B YKpaiHl Ta KpaiHax
€porneiickkoro Coro3y, BAKOHAHO aHali3 ICHYIOUOl CUCTEMH CTaHJIapTU3allli 11010
BUKOPHCTAHHS BOJHIO Ta TA30BOAHEBUX CYMIIIICH.

Cranpaprtu. Y 3B’S3Ky 3 HEOOXIJHICTIO CTaHJIapTU3allli BOAHEBUX TEXHOJOTIM
OyJio po3noyato poOOTYy HU3KU TEXHIYHUX KOMITETIB. Ilepenik AesKMX OCHOBHHUX
TEXHIYHMX KOMITETIB HaBeJeHUM y Tabmui 1.

Taoauus 1 — I[Hepesiik MIXKHAPOJAHUX TA €BPONEHCHKUX TEXHIYHMX KOMITETIB, 110
CTOCYOTbCS BOJAHIO Ta ra3oBoaHeBuX cymimei [10], [14]

Texuiunuu xomimem Tema

CEN/CLC/TC 6 BosieHb B eHepreTHUHUX CUCTEMaX

ISO/TC 197 Bonesi TexHooTi1

1SO/TC 265 VY 10BIIOBaHHS, TPAHCTIOPTYBAHHS T2 30epiranHs JiIOKCHITY
BYTJICITIO B TEOJIOTIYHUX CTPYKTYpax

IEC/TC 105 [TanuBHO-KOMIpYaHi TEXHOJIOT]

CEN/TC 234 ["a3oBa iH(dpacTpykTypa

CEN/TC 237 ["a30B1 TYMIBHUKU

1SO/TC 161 [IpucTpoi KOHTPOJIO Ta 3aXUCTY 1A Ta3y Ta/un HaTU
(axTyasibHE JIJIS1 PO3MOIIITBHUX MEPEXK)

CEN/TC 238 BunpoOyBanbHi ra3u, BANpoOyBaIbHUI THCK, KaTeropii Ta

TUIH ra30BHUX MPUIIAJIIB

ISO/TC 58 ["a30Bi OanoHU

CEN/TC 268 Kpuorenni MOCYAMHN Ta 3aCTOCYBAHHS KOHKPETHUX
BOJHEBHX TEXHOJIOT1H

EnepreTruHuii MEHEIXKMEHT Ta €HEPTroePEKTUBHICTH B
paMKax eHepreTUYHOro Mepexoay

CEN/JTC 14
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B xomi po6otu Oyno po3riasHyTO CTaHAapTH MiKHaApOaHOI opraHizarmii 31
cragnaptuzamii (ISO), AmepukaHCHKOrO 1HCTUTYTY HAalllOHAJIbHUX CTaHIApTIB
(ANSI), Acomiarii ctucuenoro rasy (CGA), HamionanbHoi acoriariii 3aXucCTy Bij
noxkex (NFPA), AmepukaHcbkoro ToBapucTBa iHxkeHepiB-MexaHikiB (ASME),
€pporneiicbkoro komiteTy 31 crangaptusanii (CEN) ta iH. Ockuibku Hapasl 1ie He
Ma€ CTaHJApTIB CyTO JJsi Ta30BOAHEBUX CyMilllel, BPaxOBYBAJIHUCS IEpErsHyTI
CTaHJapTH Ta30BOi 1HQPACTPYKTYpH, AKI JIOMYCKAIOTh MOXIIMBICTb BHUKOPHCTAHHS
JAHUX CyMIIIeH y ra3oBux Mepexkax. Takox Oyso po3risHyTo cranaaptu [SO mono
VJIOBJIIOBaHHS Ta 30epiraHHs JIOKCHUAY BYIVICIIO, OCKUIBKM JaHa TEXHOJIOTIs
HeoOXiAHa ISl BUPOOHUIITBA «OJAKUTHOTO» BOAHIO, KWW JIOMOMOKE B CTHUCIUX
TepMiHaxX JeKapOOHI3yBaTH HasiBHE BUPOOHHUIITBO BOJHIO 3 BUKOITHOTO IMaJuBa 1
CIYTryBaTH TMEPEXITHUM €TarloM [JI0 BIPOBAKEHHS TEXHOJOTM BHUPOOHUIITBA
«3€J€HOr0» BOJHIO Yy IIMPOKUX MaciiTtabax. AJanToBaHi CTaHAApPTA HE
BpPaxOBYBaJIHCH.

B tabauii 2 HaBeeHO YacTUHY 3 PO3IJISIHYTUX CTaHJAPTIB, 110 PETIAMEHTYIOTh
BUPOOHUITBO, TPAHCIOPTYBaHHs, 30€piraHHs Ta CIOXMBAHHS BOJHIO B CEKTOpax
TPaHCIOPTY, TEIUIONOCTaYaHHs TOIIO. TakoX HaBeIEHO MEpesiK CTaHJapTiB, IO
CTOCYIOThCS BIUIMBY BOJIHIO HA MEXaHIUHI XapaKTEPUCTUKU MaTEpiaiB.

3aranpHa KUIBKICTH PO3TJIIHYTHUX CTaHAAPTIB CTaHOBUTH 193 craHmapTu.
Pucynox 1 BimoOpakae KiIbKICTh CTaHJIAPTIB MO opraHizaiisx. KibKicTh cTaHAapTIB
OpraHiB CTaHAApPTHU3AIlli O KOHKPETHOMY HAmNpsAMKY BiIOOpa)K€HO Ha PUCYHKY 2. Y
BUIIAJKy, KOJIU CTaHIApPT pO3pOOIsABCS MEKUTbKOMa OprafizamisiMia, y Tpadiku
BHOCHJIACS TIepIlla BKa3aHa OpraHizaiis.

70150

17 CEN

1¥YepHOH
3aranbHa Kinekicrte 193 PHAHL

20 ASTM

| 11 ASME
3 ANSI
14 CGA

2 NFPA
6 SAE
1UL

11 IEC

3 NACE
4 CSA

9 JISC
1 Bsl

20 SAC

Pucynok 1 — KinbKicTh cTanaapTiB o oprasiszauisix 3i crangaprusaunii
Aemopcovra po3pobka

AHanii3 3a Ha3BaMU HOBUX TEXHIYHHMX CTaHAAPTIB B cepax, M0 MOB’sA3aHl 3
MIPOMHUCIIOBUM BUKOPUCTAHHSIM BOJHIO, CBIAYNTH PO HACTYITHE:
v/ BOJIHEBI TEXHOJIOTII CTajgM PYIIAHAM YHHHAKOM pPO3POOJEHHS HOBHX Ta
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ICHYIOUMX HOPMATHUBHHUX JIOKYMEHTIB Yy CYMDKHUX cdepax
(TpaHCHOpTYBaHHS, 30€piraHHs Ta po3MOoALIy ra3y);

v/ OUIBIIICTE  CTaHAAPTIB CTOCYIOTHCS BIUIMBY BOAHIO Ha  (Pi3MKO-XiMiuHi

BJIACTMBOCTI MaTepiajiiB, O€3MevHOl eKCITyaTalii BOAHIO Ta BOJHEBUX CHCTEM,
30epiraHHs BOAHIO Ta HOT0 3aCTOCYBaHHS Y TPAHCIIOPTHOMY CEKTOPI;
v/ HasBHI JIMIIE 3 CTAaHIAPTH MO0 BOJHEBUX Ta ra30BMX MOOYTOBUX MPHIIAJIIB;

v' B CIIA 6inbln po3BUHYTE HOPMATUBHE 3a0€3MEUEHHS MO0 TPAHCIIOPTYBAHHS
BOJHIO TpyOOnpoBoAamMH, HixK y €BponeiicbkkoMy Coro3i;

CyMillei;

v/ HasBHOIO € HE3HaYHa KiIBKICTh CTaHAAPTIB, IO PETIAMEHTYIOTH METOIUKH
BUMIPIOBaHHS Ta 3aCOO0M BUMIPIOBAJIBLHOI TEXHIKHU JJIsI BOJHIO Ta Ta30BOIHEBUX

v Ha JaHWi MOMEHT BiJCYTHI CTaHIApTH CYTO Ui Ta30BOJHEBHUX CyMIIleH, ixX
3aCTOCYBaHHS  PETyJIIOEThCA  NEPEeriasHyTUMHU  CTaHJapTaMu  Ta30BOi
1H(DpPaCTPYKTYpH.

B BupobruuTeo sopHio B YnosnoeanHg Ta 36epiranns CO2

BopgeHb i 3aranbHui gv3arH BOQHEBOT eHePreTUYHOT CUCTeMH B Beaneka
@ TpaHcnopTysanua Tpy6onpoeogamu [l 3anpaena indpacTpykTypa

36epiranHs

Tpaucnopt B NobyTosi npunagu
B Bnnue Ha ©XM matepianie [ Nanueni enemenTu 8 enepreTuunmx cuctemax [ Bumiposanns

Pucynok 2 — KiIbKiCTh CTAHIAPTIB 10 HANPSIMKAX Ta OPraHi3amisax 3i
CTaHAapTH3aNil
Asmopcovka po3pobka

Taoauus 2 — HoBi pejieBaHTHI CTAaHIaPTH, OB’ SI3aHi 3 BOJHEM Ta
ra3o0BOJIHEBHUMHU CyMilamMu y ra3oBiii ingpacrpykrypi [10], [14]-]26]
Ne n/n ‘ Ne cmanoapmy ‘

Haszea
MixxkHapojHa oprani3zaiis 31 cragaaptu3aiii (1SO)

ISO 14687:2019

Hydrogen fuel quality — Product specification (SkicTs

BOJIHEBOT'O NanuBa. TeXHIYH1 XapaKTePUCTUKH
POJTYKITii)
ISSN 2567-5273
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ISO 22734:2019

Hydrogen generators using water electrolysis —
Industrial, commercial, and residential applications
(Bonuesi renepaTopH 3 BUKOPUCTAHHSM E€JIEKTPOIIIZY
Boau. [Ipomuciose, komepiiiiiHe Ta JKUTIOBE
3aCTOCYBaHHS)

ISO/TR
15916:2015

Basic considerations for the safety of hydrogen systems
(OcHoBHI KOHIIEMIII] 111010 0€31eKH BOJHEBUX CUCTEM)

ISO/TS
16922:2022

Natural gas — Odorization (ITpupogauii ra3. Omopu3aitis)

ISO 16111:2018

Transportable gas storage devices - Hydrogen absorbed in
reversible metal hydride (TpancnoprabenbHi mpucTpoi
11 30epiranns ra3zy. Bogens, abcopboBanuii 000pOTHUM
TiIPUIOM METay)

ISO 17268:2020

Gaseous hydrogen land vehicle refuelling connection
devices (IIpucTpoi miaKIFOYEHHS JJIs 3alPaBKH
HA3eMHHUX TPAHCIIOPTHHUX 3aCc001B ra30mo/1Ii0OHUM BOJHEM)

ISO 19880-1:2020

Gaseous hydrogen — Fuelling stations — Part 1: General
requirements (I"a3onomiOHUI BO/eHb. 3ampaBHi CTaHII].
UYactuHa 1. 3arasbHi BUMOTH)

ISO 19880-3:2018

Gaseous hydrogen — Fuelling stations — Part 3: Valves
(l'azomoxi6HMiT BosieHb. 3anpaBHi cTanIii. YactuHa 3.
Kiananmn)

ISO 19880-5:2019

Gaseous hydrogen — Fuelling stations — Part 5:
Dispenser hoses and hose assemblies (I"azomomiOnmit
BOJIeHb. 3arnpaBHi ctaHIli. Yactuna 5. [llnanru
J103aTOPIB Ta IIJIAHTOBI 3’ €JTHAHHS)

10

ISO 19880-8:2019

Gaseous hydrogen — Fuelling stations — Part 8: Fuel
quality control (I"a3onoai0HUI BoJeHb. 3ampaBHi CTaHITI.
Yactuna 8. KOHTpOJIb SIKOCTI MAJIUBA)

11

ISO 23828:2022

Fuel cell road vehicles — Energy consumption
measurement — Vehicles fuelled with compressed
hydrogen ([{lopoxHi TparncnopTHi 3acobu. BumiproBanHs
cnokuBaHHs eHeprii. TpancnopTHi 3acobu, 110
MPAITIOI0Th HA CTUCHEHOMY BOJIHI)

12

ISO/TR
20491:2019

Fasteners - Fundamentals of hydrogen embrittlement in
steel fasteners (KpinuibHi Bupo6u. OCHOBH BOJHEBOT
KPUXKOCTI CTaJICBUX KPIMHJIbHUX BUPOOIB)

13

ISO 16573-2:2022

Steel — Measurement method for the evaluation of
hydrogen embrittlement resistance of high-strength steels
— Part 2: Slow strain rate test (Ctanb. Meton
BUMIPIOBAHHS ISl OLIHKU CTIAKOCTI O BOJHEBOT
KPUXKOCTI BUCOKOMIITHUX cTasiel. YacTuHa 2.
BunpoOyBaHHS 3 TOBUIBHOIO MIBUAKICTIO Aedopmartii)
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€Bporneiichkuii koMiteT 31 ctanaaptusanii (CEN)

1 EN 17649:2022

Gas infrastructure - Safety Management System (SMS)
and Pipeline Integrity Management System (PIMS) -
Functional requirements (I"a3oBa iHppacTpyKTypa.
Cucrema Ynpasninus besnekoro (CYB) ta Cucrema
VYupasmiauas HimicHicTio Tpy6onposoay (CYLT).
DyHKIIITHI BUMOTH)

2 EN 17533: 2020

Gaseous hydrogen - Cylinders and tubes for stationary
storage (I"'azononiOuuit BogeHb. basionu 1 Tpyou ais
CTalllOHAPHOTO 30epiraHHs;)

3 EN 17339: 2020

Transportable gas cylinders - Fully wrapped carbon
composite cylinders and tubes for hydrogen
(TpancnoptabenbHi ra3oBi 6anonu. [1oBHICTIO 3aropHYTI
BYTJICIICBI KOMIIO3UTHI OQJIOHH Ta TPYOH JJIsSI BOJIHIO)

4 EN 12583:2022

Gas Infrastructure - Compressor stations — Functional
requirements (I"a3zoBa iHbpacTpykTypa. KommpecopHi
craiii. ®yHKIIIIHI BUMOTH)

5 EN 12732:2021

Gas infrastructure - Welding steel pipework - Functional
requirements (I"a3oBa iHppacTpyKkTypa. 3BaproBaHHS
cTajeBuX TpyoornpoBoiB. DyHKIIHHI BUMOTH)

6 EN 17124:2022

Hydrogen fuel - Product specification and quality
assurance for hydrogen refuelling points dispensing
gaseous hydrogen - Proton exchange membrane (PEM)
fuel cell applications for vehicles (Bonnese nanugo.
TexHiuH1 XapaKTEPUCTUKU MPOIYKIIIT Ta 3a0e3meueHHs
SIKOCTI /1711 BOJHEBHX 3allpaBHUX CTaHIIIH, 110
BIJIMMYCKAaIOTh Ta30M0A10HUHN BOJIeHb. 3aCTOCYBaHHS
MaJMBHUX €JIEMEHTIB Ha MPOTOHHO-OOMIHHIA MeMOpaHi
(PEM) ny1st TpaHCIOPTHHUX 3aC001B)

7 EN 17127:2020

Outdoor hydrogen refuelling points dispensing gaseous
hydrogen and incorporating filling protocols (3oBHimIH1
yHKTH 3aMPaBKU BOJHEM, IO BiIMYCKAIOTh
ra30no1i0HUI BOJEHB 1 MICTATh MPOTOKOJIU 3aMPABKH)

8 EN 437:2021

Test gases — test pressures — appliance categories
(Bunpo6ysanbHi razu. BunpoOyBanbuuii Tuck. Kareropii
MIPIIAIIB)

Gas-fired central heating boilers - Part 2-1: Specific
standard for type C appliances and type B2, B3 and B5
appliances of a nominal heat input not exceeding 1 000

9 EN 15502-2- kW (KoTnu ra3oBi Jj1st IIEHTPAIBLHOTO OMAaJICHHS.
1:2022 Yactuna 2-1. CremiaJibHUN CTaHAAPT AJIs IPUIIAJIIB THITY
C ta mpwazaiB tumiB B2, B3 ta BS 3 HOMiHaNBEHOIO
TEIUIOBOIO MOTY>XHicTIO He Oubie HX 1 000 kBT)
ISSN 2567-5273 18 www.moderntechno.de
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Underwriters Laboratories (UL)

19

UL 2264A Ed. 2- Outline Of Investigation For Wate'r Electrolysis Type
1 2001 Hydrogen Generators (HnaH. IOCJIIIPKEHD BOTHEBUX
TeHEepaTOPiB TUMY €JEKTPOIII3y BOIM)
AMepHUKaHChbKE TOBAPUCTBO BUIIPOOYBaHb 1 MatepiaiB (ASTM)
ASTM D7265- Standard Specification for Hydrogen Thermophysical
1 12(2018) Property Tables (CtangapTHa crienudikaliis s Ta0IuIb
TEII0(I3MYHUX BJIACTUBOCTEH BOJHIO)
Standard Terminology Relating to Hydrogen
2 ASTM F2078-22 | Embrittlement Testing (CtangapTHa TEpMIHOJIOTIS, IO
CTOCY€ThCS BUMPOOYBAaHb HA BOJIHEBY KPUXKICTh)
Standard Specification for Pre-Treatments of Iron or Steel
3 ASTM B849- for Reducing Risk of Hydrogen Embrittlement (Cran-
02(2019) JapTHa crienudikalis s monepeaHboi 00poOKu 3a1iza
a0o0 cTas JJIsl 3HMKEHHS PU3UKY BOJTHEBO1 KPUXKOCTI)
AMEpUKaHChKUM IHCTUTYT HalllOHAJIbHUX cTaHaapTiB (ANSI)
ANSI/CGA H-5- | Bulk Hydrogen Supply Systems - Third Edition
1 2020 (Cuctemu MacoBoro noctada”Hsi BoJH0. Tpere
BHUIAHHSI)
| AnsaanG | G ToSata Offdons And g Sy
095A-2017
BOJITHEBUX CHCTEM)
HamionanpHuit opras 31 cranaaptuzanii Ykpainu (YkpHJIHII)
1 ‘ JACTY 2655-94 ‘ Bonens. Tepminu Ta BU3HAYEHHSI
MixnapojHa enektporexHiuyHa komicis (IEC)
Explosive atmospheres — Part 10-1: Classification of
1 IEC 60079-10- areas — Explosive gas atmospheres (Bubyxonebe3neuni
1:2020 cepenosuina. Yactuna 10-1. Knacudikariist 304H.
CepenoBwuiiia ra3oBi BUOyXoHeOe3euH )
Explosive atmospheres - Part 29-1: Gas detectors -
IEC 60079-29- Performance requirementg of detectors for flammable
2 _ _ gases (BuOyxonebesmeuni cepenouina. Yactuna 29-1.
1:2016+A1:2020 :
["azoanamnizaTopu. Bumoru 10 xapakTepucTuk
razoaHajii3aTopiB TOPIOYHX Ta3iB)
Acomartis crucHeHoro rasy (CGA)
OSHA Process Safety Management And EPA Risk
Management Plan Guidance Document For Bulk Liquid
1 CGA P-28-2022 Hydrogen Supply Systems (KepiBHHﬁ nokymeHT OSHA
I0JI0 YIIPABJIiHHS TEXHOJOT1UHOIO Oe3nekoro Ta EPA
II0JT0 TUIAHY YTIPABIIIHHS PU3UKAMU JJISI CUCTEM
MacOBOI0 MOCTAYaHHs 3P1A’KEHOr0 BOJIHIO)
Standard For Hydrogen Vent Systems - 4th Edition
2 CGA G-5.5-2021 | (Cranmapt 1151 BOJHEBUX BEHTHUJISIIMHUX CUCTEM.
UeTBepTe BUIAHHS)
ISSN 2567-5273 www.moderntechno.de
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Standard for cryogenic Hydrogen Storage (CtanmapTt nis

3 CGA H-3-2019 : :
KpIOT€HHOT0 30€epiranHs BOJHIO)

CGA Position statement on the direct burial of gaseous
hydrogen storage tanks (3asaBa npo nozunito CGA o0
0e31mocepeTHbOTO 3aKOIyBaHHSI €EMHOCTEH TSI
30epira”Hs ra3onoAioOHOro0 BOJIHIO)

4 CGA PS-20

Locating bulk liquid storage systems in courts

5 CGA P-41-2018 (Po3mitieHHst cucTeM MacoBOTO 30€piraHHs 3p1KEHOTO
BOJIHIO Ha MOJIBIP’sIX)
6 CGA P-8.10: Industrial Gas Pipeline Integrity Management
2021 (YrpaBiniHHS UTICHICTIO TPOMHUCIIOBUX Ta30ITPOBO/IIB)

Kowmirer npomucnoBux cranaaptis Amnownii (JISC)

Quality and designation for hydrogen composite pressure
1 TS B 0037:2019 vessels (SIkicTh 1 MapKyBaHHS BOJIHEBUX KOMITO3UTHUX
MOCYAMH MiJ] THCKOM)

Determination of diffusible hydrogen content in steel
2 JIS Z 3118:2022 weld metal (Busnauenns Bmicty audy31iiHOTO BOJTHIO B
MeTaJll CTaJIeBOr0 3BapHOIO I11BA)

Anminictpartis 31 ctagaaptusaii Kuraro (SAC)

Fuel Specification For Hydrogen Powered Vehicles --
Liquid Hydrogen (LH2) (TexuiuHi XapakTepucTUKU
nanuBa Jyisi TPAaHCIOPTHUX 3ac001B, IO MPALIOIOTH Ha
BOHI. 3pimkennii BojeHb (LH2)

1 GB/T 40045-2021

bputancekuit inctutyT crannaptis (BSI)

PAS 4444:2020 + | Hydrogen-Fired Gas Appliances. Guide (I"a3oBi
A1:2021 npujIaau, 10 MpaIoTh Ha BOJHI. [HCTpyKITis)

B Vkpaini nasauit JICTY 2655-94 Boaens. Tepminu Ta Bu3HadyeHHs. JlaHuit
CTaHAApT BU3HAYa€ 3arajbHl BUMOTU IIOJO0 BOJHIO SIK XIMIYHOI pedoBUHH [27].
AnantoBaHo 15 3 pO3rJIsSTHYTUX MIDKHApOJHUX CTAHAAPTIB, TaKOX ajanToBaHO 4
CTaHJApTH Ta30BOi 1HQPACTPYKTYpH, SAKI  OXOIUIIOIOTH  IOINEpeaHl  Bepcii
BUIIIEHABEICHUX CTaH/IAPTIB.

Taboauus 3 — AxanToBaHi B YKpaiHi CTAaHAAPTH ra3oBoi iHGpacTpyKTypH, 110

0a3ylThbcsa Ha 3acTapijanx Bepciax cranaapris CEN [23], [28]

Pix Pix
Yunnuti cmanoapm 5 nyorikayii | nyonikayii
CEN Aoanmoseanuti cmanoapm YUHHO20 | cmaHoapmy,
cmanoap Wo

my CEN | aoanmysagcsi

EN'12583:2022 Gas | 1y EN 12583:2017 Tasosa

Infrastructure - iHppacTpykTypa. Kommnpecophi
Compressor stations — parIPyRIypa. ROMIPCEOP 2022 2014
Functional ctaHiii. OyHKI1HI BUMOTH
. (EN 12583:2014, IDT)
requirements
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EN 12732:2021 Gas JICTY EN 12732:2022 I'azoBa
infrastructure - 1HpacTpyKTypa. 3BaproBaHHs 2013 31
Welding steel CTaJIeBUX TPyOOIPOBOIIB. 2021 3MIHAMU Yy
pipework - Functional | ®ynkmiitai Bumoru (EN 2014
requirements 12732:2013 + A1:2014, IDT)

JNCTY EN 437:2018
EN 437:2021 Test BunpoOyBaibHi rasu.
gases — test pressures | BunpoOyBasibHHiT THCK. 2021 2018
— appliance categories | Kareropii npunaniB (EN

437:2018, IDT)
EN 15502-2-1:2022 JNCTY EN 15502—2—1:2019
Gas-fired central Kormm rasosi s
heating boilers - Part HCHTPATILHOTO OAJICHHA. .
2-1: Specific standard Hactuua 2-1. Criemiansuui 2012 3i
for type C appliances CTAHApT /UL TIPUITAMLE THILY ¢ 2022 3MiHaAMU y
and type B2, B3 and Ta NPUIIAJIIB TUITIB B2, B3 ta 2016
BS appliances of a B53 HOMIHAJIHOIO TEILIOBOIO
nominal heat input not MOTY>KHICTIO HE O1IbIlIe HIXK 1
exceeding 1 000 kW 000 kBt (EN 15502-2-1:2012 +

A1:2016, IDT)

B tabmumi 3 naBeneno uunHI ctangaptu CEN, amantoBaHi B YKpaiHi Ta pik
BUITYCKY CTaHAApTy, 110 OyB aganToBaHuM. OCKUIbKY Jiuiie B ocTaHHIX Bepcisix CEN
CTaHAAPTIB BKIFOUCHO MOXKIIMBICTh 3aCTOCYBAHHS BOJHIO UM Ta30BOJTHEBUX CYMIIIICH,

JACTY EN 12583:2017, ACTY EN 12732:2022, ICTVY EN 437:2018 ta ICTY EN
15502-2-1:2019 He OyayTh BpaxoByBaTHCS.

HANPSIMKAX Ta OpraHizanifx 3i cranaapru3amii
Aemopcovka po3poboka

@ nanuent e
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. MNanueHi eNeMEHTH B eHEPreTUYHHUX CUCTeMAX . BumiproBaHHAa

Pucynok 3 — KinbkicTs azantoBaHux B YKpaiHi Mi’KHaAPOAHMX CTAHAAPTIB 1O
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Sk BUIHO 3 pUCYHKY 3, B YKpaiHi BIZICYTHI CTaHJapTH 1O HAMPsIMKax BOIAHEBOI
1HGPaCTPYKTYpH, BOJHEBOTO TPAHCIOPTY, YJIOBIIOBAHHA Ta 30epiraHHs BYIJICLIO.
AnanroBano ctangapty [SO, CEN ta IEC 1 iX KigbKicTh CTaHOBHUTH Jinie 15% Bifg
HaBEJICHUX B JaHiil poOOTI cTaHAapTiB mux opranizamiii. CIucoK aganToBaHUX
CTaHJIapTiB HaBEACHO B TaOiuIi 4.

Tadoauus 4 — MiskHaApoaHI CTAHAAPTH, A1aNITOBaHi B YKpaiHi [28]

Nen/n | Ne cmanoapmy Haszsa
1 JNCTY ISO SAxicTe BogHEBOro naiuBa. TexHIYHI XapaKTePUCTUKU
14687:2021 npoaykiuii (ISO 14687:2019, IDT)
JICTY ISO Boanesi reneparopu 3 BUKOPACTAHHAM eJIEKTPOJIIZY
2 29734:2021 Bou. [IpoMuciioBe, KoMepITiitHE Ta )KUTIOBE
3actocyBanHs (ISO 22734:2019, IDT)
3 JICTY ISO/TR | OcHOBHI KOHIIEHIII] II0I0 OS3IEKH BOJHEBUX CHCTEM
15916:2021 (ISO/TR 15916:2015, IDT)
JICTY EN BH6yX0§e6§3Hequ CepeoBUIIIA. qaCTI./IHa 10-1.
4 60079-10- Knacudikarrist 30H: Cepenonuiiia ra3osi
1:2018 BuOyxoneoesneuni (EN 60079-10-1:2015, IDT; IEC
' 60079-10-1:2015, IDT)
JCTY EN Bubyxonebe3neuni cepegonuiia. Yactuna 29-1. ['azoana-
5 60079-29- Ji3aTopu. BuMoru 10 XxapakTepuCTHUK razoaHai3aTopiB
1:2017 roptounx raziB (EN 60079-29-1:2016, IDT)
[TpoexTyBaHHS BEHTHJISTOPIB, IO MPAIIOIOTH Y
JNCTY EN 2 :
6 14986:2017 MOTeHITiHO BUOyxoHeOe3neunomy cepenonutti (EN
14986:2017, IDT)
JICTY EN I"azoBa iHdpacTpykTypa. TpybonpoBoau 3
7 1594:2019 MaKCHMAalbHUM poOounM THCKOM TIoHa 16 Gap.
Oynkiiitai Bumoru (EN 1594:2013, IDT)
TpancropTabenbH1 TPUCTPOT 1J1s1 30€piraHHs rasy.
JACTY ISO g .
8 16111:2019 Bonens, abcopboBanmii 000pOTHUM T1IPUAOM METATTY
(ISO 16111:2018, IDT)
[Ipuponnuii ra3. BuznaueHns ckiafy i3 3a1aHOIO
HEBH3HAYEHICTIO METOJOM Ta30BOi XpoMaTorpadii.
9 JCTY ISO Yactuna 6. BusHaueHHs BOJIHIO, TEJI1I0, KUCHIO, a30TY,
6974-6:2007 ByTJIEKUCIIO0rO ra3y 1 ByrieBoaHiB Big Cl go C8 13
BUKOPHUCTAHHSIM TPhOX KamiasspHUX KoiaoHOK (ISO 6974-
6:2002, IDT)
[Tpupoauwmii ra3. BusnauanHs ckiaay Ta OB’ SI3aHOI 3
10 JCTY EN ISO | HuM HeneBHOCTI METOA0M ra3oBoi xpoMarorpadii.
6974-1:2021 UYactuna 1. 3aranbHi 3acajay Ta 00OUUCIFOBAHHS CKJIATy
(EN ISO 6974-1:2012, IDT; ISO 6974-1:2012, IDT)
JICTY EN ISO 3BaprOBaHHs Ta cnopiﬂyeHi nponecu. BuznaueHus BMicTy
11 3690:2019 BOJIHIO B ME€TaJIl 1IBA Mij 4ac 1yroBoro 3BaptoBaHHs (EN
' ISO 3690:2018, IDT; ISO 3690:2018, IDT)
ISSN 2567-5273 o) www.moderntechno.de




Modern engineering and innovative technologies Issue 24 / Part 1

Kpinunbhi BupoOu. BunpoOoByBaHHs nonepeaHiMm
12 JACTY ISO HABaHTa)XyBaHHSM Ha BUSBJICHHS BOJHEBOI KPUXKOCTI.
15330:2003 Merton napanenbHUX ONOpHUX MoBepxoHsb (ISO
15330:1999, IDT)
Texnonorii manuBHux enementiB. Yactuna 3-300.
13 'gg;ég_f_ N CrarrioHapHi eHepreTU4YH1 YCTaHOBKH Ha MaJTMBHUX
300:2017 enemenTax. ¥YcranosieHHs (EN 62282-3-300:2012, IDT;
' IEC 62282-3-300:2012, IDT)
JICTY EN TCXHpnorii’ MaTMBHUX CJIE?MCHTiB. Yactuna 3-100.
14 |62082-3- CraiioHapH1 €HEpPreTUYH1 YCTaHOBKHU Ha MaTMBHHX
100:2014 enemeHTax. Bumoru momo 6e3neunocti (EN 62282-3-
' 100:2012, IDT)
Texnomorii manuBHux enementiB. Yactuna 5-100.
15 gzggg_f_N IEC [TopTaTuBHI €HEPreTUYH1 YyCTaHOBKU Ha MaTMBHUX
100:2019 enemenTax. Bumorn momo 6e3neunocti (EN IEC 62282-
' 5-100:2018, IDT; IEC 62282-5-100:2018, IDT)

BojaHeBl mpoekTH Ta TEXHOJIOTIT IMIJANAJarTh TaKOX Il PeryJIroBaHHS
HOPMAaTHUBHO-TIPABOBUMHM aKTaMU 3 OXOPOHHM Mpalli 1 HOPMATUBHUX AKTIB 3 MOXKEXKHOI
Oe3reKu:

e HAIIb A.01.001-2014 ITpaBusa noxexHoi 6e3neku B Y KpaiHi;

o HITAOII 24.11-1.03-78 IlpaBuna 6e3nexku Tpu BUPOOHUIITBI BOJHIO METOIOM
€JIEKTPOJII3Y BOAM;

e HITAOII 0.00-1.14-70 [IpaBuna 6ynoBu 1 6€3M€YHOI eKCILTyaTallii HOPUIHEBUX
KOMITPECOPIB, 1110 MPAIIOI0Th Ha BUOYXOHEOE3MEeYHUX 1 TOKCUYHUX Ta3ax;

e HITAOII 0.00-1.76-15 TlpaBuia Ge3meku CUCTEM Ta30TIOCTaYaHHS;

e HIIAOIT 0.00-1.81-18 IIpaBuna oxopoHM Tpari IiJ dYac eKCIuTyaTarlii
oOnaHaHHS, 1110 TIPAITIOE i1 TUCKOM;

e HIIAOII 11.1-1.07-90 TlpaBuna Ge3neku mpu eKcIUTyaTallii 3aco0iB 1 CUCTEM
aBTOMAaTHU3allli Ta yIPaBIiHHS B ra30B1id MPOMUCIIOBOCTI;

e HITAOIT 40.1-1.32-01 (AHAOII 0.00-1.32-01) [IlpaBuna OynoBu
eJIEKTPOYCTaHOBOK. EnekTpoo6iafHaHHs crieliaibHUX YCTaHOBOK;

e HITAOIT 63.2-1.06-02 (JHAOIT 1.1.23-1.06-02) IIpaBuna Oe3neuHoi
eKCILTyaTaIii Ta 00CITyTOBYyBaHHS oOnagHaHHS aBTOMOO1TBHUX
ra3oHanoBHIOBAJILHUX KoMmpecopHux cranuiit (AI'HKC) [27], [29].

Hapasi Ha piBHi €Bponeiickkoro komitery 31 ctanaaptusaiii (CEN) He icHye
CTaHJApTy IIOA0 KOHIIEHTpallli BOJHIO B CyMIIlIax 3 MPUPOJAHIM TazoM. B pizHux
kpainax €C a0omyckaeTbcs pi3Ha KOHIIEHTPALlsl BOJHIO B CyMillaX 3 MPUPOJIHIM
ra3oM, 0a3oBaHa Ha JOMYCTUMUX 3HayeHHsAX, npuitHATHX Omneparopamu ['TC numx
Kpaid. OcKiIbKK YKpaiHa po3risAaeThCs B POl MapTHEPA Y BOJHEBUX npoekTax €C,
BXJIMBO BPaxoBYBaTU JOMYCTUMI KOHIICHTpAIlli BOJHIO TIPH TPAHCIOPTYBAaHHI
ra30BOJIHEBUX CYMIIIeH TPyOOIIPOBOIaMH.

Bapro Big3nauuth, mo B €C ormuiata BigOYBaeThCs 3a CIIOXKHUTY €Heprito. Xou B
VYkpaini OyJl0 aHOHCOBAHO HaMip II0JI0 NEPEXOLy /0 OIJIATH 3a CHOXKUTY €HEprilo,
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Ha pa3l orjiata BiAOYBAa€TbCA 3a CHOXKUTHH 00'eM eHeproHocis. TermoTBopHa
3IaTHICTh BOAHIO Ha OAMHMIIO 00'€eMy 3HAYHO HIDKYA 3a TEIUIOTBOPHY 3[aTHICTH
NPUPOJHOTO Tra3zy, TOMY g 3a0e3MEYeHHs CIOXKHMBAauiB HEOOXIAHOK KUIBKICTIO
eHeprii 00'eM CHOXHUTOrO BOJHIO OyAe OUIbIINM, aHDK AJi npupoaHoro razy. Ckian
MPUPOJIHOTO Ta3y Ta 00'€éMHA YaCTKa BOAHIO Y CyMillll BIUIMBATUMYTh Ha €HEPTeTUYHI
MOKa3HUKU JJAHOT CYMIIIIi, IT0 ,B CBOIO UePTY, BIUIMBATUME HA 0OCST CITOKHBAHHS.

[lepenideni BUIE CTaHIAPTH HE PETIAMEHTYIOTh BU3HAUCHHS 00’ €MY BOJIHIO Y
CyMillll, TOMy HalpsMKOM TMOJAJBIINX JOCIIKEHb 00paHO pO3pOOKY MPOTPAMHOTO
KOJIy Y METOJMKHU JJis1 BU3HAUEHHs 00'€eMy BOJHIO B 3arajibHOMY 00'€éMi CIOXKUTO1
Y TPAHCIIOPTOBAHOI CyMilIl.

BucHoBkwu.

Bonenr € ogHuMM 13 BaKeJiB JIOCATHEHHS KIIMAaTUYHUX 1[Il KpaiHamu-
nignucantaMu  [lapusbkoi  yrogu. OCHOBHOIO MeEpeBarol0 JIaHOro MajiuBa €
MOKJIUBICTh MI)KCEKTOPAJIbHOTO 3aCTOCYBAaHHS Ta 3HIDKEHHS PIBHS BUKHIIB
MapHUKOBUX Ta3iB y CEKTOpax MPOMHUCIOBOCTI, SIKI BaXKKO jAekapOoHizyBaTH. Jlys
KpaiH 3 BHCOKHM IIOTEHIIIaJIOM BIJIHOBIIIOBAJIBHOI €HEPreTHKH, 30KpeMa YKpaiHw,
BOJICHb € MOKJIMBICTIO JOCSITHEHHSI €HEePTeTUYHOT He3aIeKHOCTI. BomHeBl mpoekTH
BIJIIrPAOTh KPUTUYHY POJIb JJII BU3HAYCHHS HASBHUX TEXHIYHUX Ta HOPMATHBHUX
oOMEKeHb, a TaKOX MPOITYCKIB y 3HAHHSAX II0JI0 BOJHEBUX TEXHOJIOTiH. BojHesi
MPOEKTH TaKOX CIYyTyIOTh OCHOBOIO JUIsl TOJQJIBIIOTO PO3rOPTaHHS BOJHEBOI
€KOHOMIKH.

OCKUIbBKM BOAHEBI TEXHOJIOTII Yy MPOMHUCIOBOCTI HE Malld IIMPOKOro
3aCTOCYBAaHHS 1 CTOCYBAJIWCS, B OCHOBHOMY, MepepoOKu Ha(TH Ta BUTOTOBJICHHS
no0puB, HOpMaTUBHE 3a0e3rneueHHs €Bporneiicbkoro Coro3y Ta YKpaiHu Mae 3Ha4yH1
MpOrajvHU B JaHii ramxysi. BpaxoBytouu, mo nepexia Ha BOJHEBE NaJIUBO MOTpeOye
3HAYHUX KaliTaJOBKJIAJIEHh Ta TEXHIYHUX 3MIH 1HQPACTPYKTYpH, IOLIIBHUM €
BUKOPHCTAaHHS Ta30BOJIHEBUX CyMIIIEH ISl TOYATKY JieKapOOHi3allil MPOMHUCIOBOCTI.
Ha pas3i Ha piBai €Bponeiicbkoro Coro3y un YKpaiHu HEMae K0AHOTO CTaHAAPTY, 110
perjiaMeHTy€e KOHIEHTpAIlII0 BOJHIO Y ra3oBOJHEBUX cyMmimax. [IeBHI oOMexeHHs
11010 KOHIIEHTPAIIi1 BOJIHIO Y cyMilnax BcraHoBiieH1 juiie Oneparopamu ['TC kpaiH.

J1J1s 3a1IOBHEHHS MTPOTAIMH Y HOPMATUBHOMY 3a0e3nedeHH1 OyJI0 3ampoBaKEHO
poOOTYy HM3KH TEXHIYHUX KOMITETIB, 110 3aiiMalOThCSd BOJHEBUMH TEXHOJIOTISIMHU.
Bnacaiok akTUBHOT pOOOTH ITUX TEXHIYHUX KOMITETIB IMPOTATOM OCTaHHIX 2-3 POKIB
Oyn0 po3pobiieHO Ta OmyOJiKOBaHO 3HAYHY KUIBKICTh CTaHJ:[apTlB Takox OyIo
MEPETIITHYTO OMyOJIiKOBaHI BOJHEBI CTaHAAPTH 1 JEAKI CTAaHAAPTH CyMiIXKHUX
ramy3ed, 3 MeTOl 3a0e3MEUYEeHHS MOXJIMBOCTI BHUKOPUCTAHHS Ta30BOJHEBUX
CyMIIIEH.

B nporeci orisiay YMHHMX BOJHEBUX CTaHIAPTIB Oyjo BUsABIEHO, 1m0 B €C
Mai>ke HE HOPMYETbCS BUKOPHUCTAHHS BOJHIO Ta Ta30BOJHEBHX CyMIIIeH Yy
noOyTOBUX Ta MPOMHUCIOBUX Ta30BHX Mpuiaaax. Takok HEAOCTaTHbO YyBaru
NPUAUICHO CTaHJIapTU3allli TPaHCHOPTYBaHHSA BOJHIO TPyOOINpPOBOJAMU Ta30BOi
iH(pacTpyKTypH.

B VkpaiHi, Ha JaHuii MOMEHT, BIJCYTHI CTaHJAPTH 111010 Ta30BUX MPHJIAJIIB Ha
BOJHEBOMY IaJIMBi, BOAHEBOTO TPAHCIIOPTY Ta 3alpaBHOI IHPPACTPYKTYpH. 3arajom
aJanToOBaHO JIMINIE JEKiJbKa MIDKHApPOJHMUX CTaHJApTiB, IO HE 3abe3reuye
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JIOCTaTHBOI TapMoHi3allii st 6e306ap’epHOi poOOTH BOJHEBHX IPOEKTIB B paMKax
criBmpaii 3 €C.

He BupimeHuMH 3aiduInaioTbcs MUTAHHA KOMEPLIWHHOTO OOJIKYy BOAHIO Ta
0COOJIMBO Ta30BOJHEBHUX CYMIIIECH, B TOMY YHCHII, €HEepreTuuHoi miHHocTi. Llew
HANPSIMOK 00paHO ISt HACTYIHUX JIOCIIIKEHb.
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Abstract. Climate change and its consequences stimulate governments to develop further
plans and strategies and focus on activities to reduce energy consumption and ways to decarbonize
various sectors of the economy. The vector of concrete actions is provided by legislative and
regulatory documents, while standards regulate the best technical solutions for the optimal use of
technologies in everyday life. Hydrogen is one of the levers for decarbonizing sectors of the
economy that are difficult to electrify or reduce greenhouse gas emissions in other ways. This
applies primarily to the transport sector, heat supply, steel and cement production, etc. This
publication identifies the main regulatory documentation for the transition to a hydrogen economy
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in European Union and Ukraine. It overviews the international regulatory provision for hydrogen
and hydrogen-natural gas blends. The standards of such organizations as ISO, CEN, ASTM, ANSI,
ASME, CGA, SAE, UL, CSA, JISC, SAC, BSI and UkrNDNC were reviewed and some of the most
recent standards are presented in this paper. This paper determines the state of the art of hydrogen
and hydrogen technologies standardization in the EU and Ukraine and updates the hydrogen
regulatory framework gaps.

Key words: hydrogen, hydrogen-natural gas blends, regulatory provision, standard.
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EKOJIOTTYHO YMCTI I'A3H B EJIEKTPOYCTAHOBKAX BUCOKOI HATIPYT'H
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Anomauia. Cmamms npucesayena 00CHiONHCEHHIO NIUBY elle2d3) HA HABKOIUUIHE cepedosuuye
npu 1020 3ACMOCY8AHHI 6 eN1eKMPOYCMAHOBKAX BUCOKOI Hanpy2u ma aHaunizy aibmepHAmug y
BUSNIAA0T  €KOJIO2IYHO YUCUX eleKMPOMeXHIYHUX 2a3ie. Axyenmoeano yeazy Ha npooOiemi
27100a1bHO20 NOMENIIHHA MA NAPHUKOBUX 2A3AX, AKI UOMY CNPUAIOMb, OCKIIbKU iX KOHYeHmpayis 6
nosimpi 00cs2a€e 3HAYHUX PI6HIG. B enekmpoenepeemudni NpoMUCIOB0CMI 3HAYHO20 NOUIUPEHHS
Habys eneKmpomexHiunuil ea3 — eekcagpmopuo cipku (eneeas SFg) 3 0ocums Hu3bK0M0 cymicHicmio 3
eKono2ier. Buceimieno nowyx eKono2iYHO HUCMO20 eNeKmpOMexHIiYHO20 2a3y 3 MexXHIYHUMU
Xapaxmepucmukamu He ipuumu Hixc 8i0nosionoi SFs 01 6UKOPUCMAHHA 8 NPOMUCIOBUX YLIAX.
Bukonano ananis ingpopmayii npo cunmesosanuii 2a3 g° «3enenul 2a3» AK albMEPHAMUBy eneasy.
Busieneno winaxu cmeopenus 8ucokoepexmusHux mManio2abapumuux 6UCOKOBOIbMHUX PO3NOOITbHUX
NpUCmMpois, AKi 8i0N08I0AIOMb sIK MEXHIYHUM XAPAKMEPUCTNIUKAM, MAK | eKOA02IYHUM BUMO2AM.

Knrwuoei cnosa: exonoziuni eumozu, enezas, SFs, 3enenuti 2a3, 6UcCOK080abmMHeE 00IAOHAHHS.

Berym.

Ekosoriuni acrekTd Bce dacTille 3aiiMaroTh MepIie Miclie B yciX cdepax
HAIIOrO0 TOBCSKICHHOIO JKUTTS — TEXHIYHOMY, MOJITUYHOMY, MPOMHUCIOBOMY Ta
cycninipHOMy. He ocTraHHe wiclie cepel TojoBHUX IpoOJieM 3aiiMae TiioOanbHE
MOTEIJIIHHS Ta MAapHUKOBI Ta3H, Kl HOMY CHPUSIOTH, OCKUIBKM iX KOHIICHTpAIlis B
MOBITP1 JIOCATA€E 3HAUYHMX PIBHIB. B enekTpoeHepreTuuHii MpOMHUCIOBOCTI 3HAYHOTO
MOIIUPEHHST HAOyB EJIIEKTPOTEXHIUHUM ra3 — rekcadropuya cipku (eneras SFg) 3
JIOCUTh HU3BKOIO CYMICHICTIO 3 €KOJioTi€ro. ToMy Ha TemepiliHiid yac akTyaJlbHUM €
NUTAHHS TOIIYKYy EKOJIOTIYHO YHCTOTO €JIEKTPOTEXHIYHOTO Ta3y 3 TEeXHIYHHMHU
XapaKTEPUCTUKAMU HE TIPIIUMH HDK BiAMOBiAHOI SF¢ 11 BUKOpUCTAaHHSA B
MPOMHUCIIOBUX IIUISX.

OCHOBHHUH TEKCT.

be3yMoBHO, HalBaXJIUBIIIMM 3aCTOCYBAaHHSM ellerazy € oOJaJHaHHS IS
nepenavi enekTpoeHeprii BUCOKoi Hampyru. Jlng 1ie€i MeTH BHUKOPHUCTOBYETHCS
npubauzno 10 000 ToHH enera3dy Ha pik, MmO BiAnoBigae mpudmuszHo 80 % Bix
3arajbHOTO 00CATY MOr0 BUPOOHUIITBA.

Ha enekTpuyHUX MiJCTaHIISX BUKOPUCTOBYIOTH 130JSIMHUIN Ta3 y BUMUKAUax,
NepeMuKayax 1 BUMIPIOBAIbHUX TpaHchopmaTopax. BukopucroByioTh enera3 i B
pPO3pSAIHUKAX TEPEHANpYTH, IIMHAX, po3'€AHyBayax 1 3a3emitoBauax. Emeras — 1e
yVHIBEpCaJbHUM Ta3, SKUA Mae 0araTo KOPUCHUX BIacTUBOCTEW. BiH BuILIsSETHCS
CBOEI0 YYyJIOBOIO 3AaTHICTI0O TacUTH [Iyry Ta ICACKTPUYHUMH 130JISIIHHUMH
BiacTuBOCTAMU. KpiM TOTO, BiH XIMIYHO 1HEPTHU, HETOPIOYHUM Ta HETOKCUYHUHN IS
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moned 1 TBapuH. I[li  BIacTUBOCTI J03BOJISIIOTH BUPOOHHUKAM TMPOEKTYBaTH
PO3MOUTBHI MPUCTPOT, K1 € KOMITAKTHUMHU Ta HEUYTIUBUMH J0 KIIMAaTUYHUX YMOB 1
noTpedyI0Th MIHIMAJILHOTO 00CITYTOBYBAHHS.

OpHak enera3s TakoXX Ma€ ICTOTHHM HEHOJIK — i€ TIOTYXKHUW MapHUKOBHM Ta3.
Jliticno, e oAMH 13 ceMHu Tra3iB, BKIoUeHHXx a0 Kiorcbkoro mpotokony [1],
CIIPSMOBAHOTO Ha CKOPOYEHHs BHKHJiB IApHAKOBUX Ta3iB. Moro moTeHmian
riobanpHOoro motertinasa (III'TI) y 23 500 pasziB nepeunrye CO,, a TepmiH #oro
KUTTS B aTMocdepi ctaHoBUTh 3200 pokiB, IO 3aCiIy’KE€HO CTaBUTh MOr0 Ha MepIie
Mmiciie B cmucky KioTrchkoro mnpoTokony. Enera3oBi po3moainbHI HPHUCTPOi, SK
npaBmiio, Oe3MeyHi JUIsl HaBKOJUIIHBOTO CEPEIOBUINA, OCKUIBKH JOKIaAal0ThCs BCI
3yCWUIS JJI1 TOro, 100 KOMIIOHEHTH, IO MICTATh eJeras, Oyiau aOCOIIOTHO
ra3oHenpoHUKHUMHU. OJHAK, SKIO JUIIEe OJUH KUIOrpaM eJiera3y BUTIKA€E B
atMocdepy, 11e MaTUME BIUIMB Ha TJI00abHE MOTEIIIHHS, €KBIBaJIEHTHUMN NMPUOIU3HO
23,5 Ttounam CO,.

Jlocuth TpUBaIMii 4acy BUKOHYIOTHCS JOCIIIKEHHSI B HANPSMKY 3HaXOHKCHHS
anbrepHaTuB SFe¢ A58 BUKOPHUCTAHHS B CHJIOBOMY €JIEKTPOTEXHIYHOMY OOJaJHaHHI
BHUCOKOI Hampyrd. BiamoBigHO, €KOJOTiYHO NPUNHATHE PIIIEHHS A0CI He OyJo
3HaWeHo, ©0 ICHYIOTb YHCIEHHI, JdyXe JKOPCTKI TEeXHIYHI XapaKTePUCTUKH
PO3MOUIBPHUX MPUCTPOIB BUCOKOI HANpPYTH, SIKUM BOHU MOBHHHI BiAmosizatu. o
HUX HaJie)aTh: BUCOKA JiCJICKTpUYHA MIIHICTh, XOpOIla JyroracHa 3JaTHICTb,
HU3bKa TeMIlepaTypa KHUIIIHHS, BUCOKUM THCK TapiB IMPU HU3BKIH TemmepaTypi Ta
iHI11. ['a3 Tako Mae BiJIMOBIAATH BUMOTaM OXOPOHH 3JI0POB’Sl Ta O€3MEKHU, TAKUM SIK
HU3bKa TOKCHUYHICTh T4 HErOPHOYICTh. I, 3BUUalfHO K, €KOJIOT1YHI BUMOTH, TaKi fIK:
Hu3bkuid  [II'TI, BIACYTHICTH MOTEHLIANy pyHHYBaHHS O30HOBOrO Iapy Ta
MiHIMaJILHUM BIUJIMB Ha HABKOJIUIITHE CEPEIOBUIIIE.

[Tomryk BIAMOBIAHOI 3aMiHM BKIJIIOYAB BHUBYEHHS NPOCTUX ‘“HENApHUKOBUX
rasiB, Takux sK a30T 1 moBiTpsA. OJHAK X JICICKTPUYHA MIIHICTh CTAHOBHUTH JIUIIIE
TPETUHY MIITHOCTI eyierasy. TakuM YMHOM, iX BHKOPUCTAHHS I EJIEKTPUYHOL
13071511111 Ta TaCiHHS EJIEKTPUYHOI JyTW B MPHUCTPOSX MIJICTAHIA O3HAYaTUME Pi3Ke
30UTbIIIEHHSI 00’ €My Ta TUCKY HAllOBHEHHS MPHUCTPOIB IoHaWMeHIe B 2,5 pasu. Lle
HE TUIbKM BIUIMBA€ HA JHU3aiiH KOpITyCy, O€3MeKy Ta BapTICTh, ajie 1 CYNEpPEUHThH
HEOOX1THOCT1 PO3pOOKH OLIbIIT KOMITAKTHOTO €JIEKTPUYHOr0 OOJaTHAHHS 3 MEHIIIOI0
IUIOMIECO.

HocnimpkyBanmucst 1 nepdroppyrienesi cnonyku (IIB®D). Jleski [IOB maroth
JEJIeKTPUYHY MILHICTb, IKa BUKIHUKAE 1HTepec, ajne iX [IT'TI konuBaeThcs B 1ana3oHi
Big 5 000 mo 12 000, mo BuKIIOYAE iX 3 po3risiay. be3 yBaru He 3aluIIUBCS
tpipTopiiogmeran (CF;l), sikuit Mae mienekTpuyHy MilHICTh Buiy 3a SFe, 3 TII'TI
MeHIIe 5 1 TepMiHOM clyxk0u B armocdepi maumie kKimbka aHiB. Omnak CFsl
KJIacU(IKyeThCs IK MyTareHHa Kareropist 3 Kjiacy, TOMy Mpo HOro BUKOPUCTAHHS B
MIPOMUCIIOBUX IUJIAX HE MOXKE OyTH i MOBH.

BuxopucTtanss riOpuHIUX CUCTEM 130JIALi, 0 MOETHYIOTh ra3 (Cyxe MOBITps,
azor ab6o CO;) 3 TBEpAOI I30JAIIIEI0 1 HAHOCATHCS B BHUIJISAI CMOJMA Ha
CTPYMONIPOBIIHI YacCTWH, HE MJBUINWIO CTYMHiHb JIEJIEKTPUIHOI MIIHOCTI B
MOPIBHSIHHI 3 €JIera3oM, IPUTOMY 3HAYHO 30UTBIIMIIO IUIOLLY MPUCTPOIO.

[IpencraBieni ra3u He MOXYTh PO3TJSLAATUCA K 3aMIHHUK efnerasy. Kommnanis
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GE Grid Solutions 3ocepenuiia cBoi 3ycuiuisl Ha cepii HOBUX (DTOPOBAHMX MOJIEKYI,
K1 MOKa3aJId MIEPCTIIEKTUBHI XapaKTEPUCTUKH.

®dropketonn  (3arampHa  popmyna  C,F,,0)  BuKOpuCTOBYBamucs 7S
MOKEXKOTACIHHS TPOTATOM OCTaHHBOTO aecaTWmiTTs. Monekyna CeFi,O wmae
JIEJIEKTPUYHY MIIHICTD y 1,7 pa3u BHIy, HIX eJiera3, ToOTO SK YUCTUI ra3 BiH Mae
Ty’)K€ BHCOKY 130JIAIIIMHY 3JaTHICTh Ta HHU3bKUN piBeHb TOKcHYHOCTI 3 JI[Is0
(neranbha nosza) mpubmmzno 100 000 cm’/m®. Tas npakTuuHO HE BIUIMBAE Ha
HABKOJIMIITHE CEPEAOBUIIE 1 Ma€ TPUBAIIICTh ICHYBaHHS B aTMocdepi OJIM3bKO OTHOTO
TWXKHSI, 3aBASYYIOYM HECTaOlIbHOCTI TPYNH KETOHY TiJ YyJbTpadioseTOBUM
BUNpoMiHIOBaHHAM. Takum yuHoM, Horo III'TI ctanoButh 1 a60 MeHIIE, TOPIBHSHO 3
23 500 ns SFe. Onnak monekyna CeF-keToHy Mae Temreparypy kuminas 49°C, mo
pobuth i pigkoro 3a craHgapTHux yMmoB. Tomy, C¢F-keToH He MoOXKHa
BUKOPUCTOBYBATH SIK YUCTUN MaTepial, a JIMIIE K J00aBKy P HU3bKOMY THCKY.

IcayroTh 1HIIT (TOPKETOHM 3 MIETEKTPUIHOIO MIiIHICTIO, oAIOHOI 10 CF-
KETOHY, aJIe 3 HUKYOI0 MOJIEKYJISIPHOIO MAaco0 1 HI)KUOIO TEMIIEpaTypOrO KUIIHHS.
Tax keronu CsF 1 C4F matots Temneparypy kuminas 27°C ta 0°C BianoBigHo. Touka
kumiaHs 27°C o3Hayae, MO BIiH Ma€ HEAOCTATHIA THCK MMAapW TMPU HUIBKUX
TeMIeparypax, mo poouts CsF-keToH HempuaaTHUM JIJIs1 3aCTOCYBaHHS IT1]] BUCOKOIO
Hanpyrot. 3 iHmoro norusany, C4sF-keron 3 Toukoro kuminHsA 0°C cTBOpUTH BULIHIA
TACK mapu 3a Hu3bkuX Ttemmeparyp. Omnak CsF-xeroH wmae BuUIMI piBeHBb
toxkcuurocTi (JI[Iso = 200 cM?/M®) 1 B mO€QHAHHI 3 BHINMM THCKOM HOTO Iapis
NPEeICTaBIATUME HEPUUHATHY HEOE3IeKy MPU TPAHCIIOPTYBaHHI.

[aTepec BukIMKaTh MoJiekysu Tiapodroponedinu (I'®O) 3 II'TI menme 10.
{1 MonekyIu BKJIIOYAOTh HEHAacUueHi Byrieni (1moBiiHi 3B’ a3ku C=C) 1 € 4aCTKOBO
(¢bTOpOBaHUMHM Ta TIAPOreHI30BAaHUMH. TaKuM YMHOM, iX JIEJIEKTpUYHA MIIHICTh
ctaHOBUTH mpubau3Ho 80 % Big mienektpudHoi wirHocTi SF6. OnHak Oyno
BUSIBJICHO, 1[0 BOHU € JIETKO3AaMMUCTUMH B TIEBHUX CHUTYyaIliIX, Ta MOXYTh
CTBOPIOBATH BYTJICIIEBUI MW 1 BIKIIAJACHHS HA 130JI5TOPax 3a JyrOBOTO PO3psiay abo
ICKpiHHS, 1 came 1ie (aKTop HE J03BOJIIE BUKOPHUCTOBYBATH 1€ ra3 B 00JaJHaHHI
BUCOKOI HAIIpyTH.

Oco0aMB1 TOCHITHUIBKI 3yCUIUIA TaKOXK OyJiM CHpsMOBaH1 Ha 0aratooOiLsouy
XIMIYHY Tpymny MiJl Ha3BOO (DTOp HITPUIM, SKa MAa€ HU3BKY TOKCUYHICTh. Hampyra
po0oIo0 Pi3HUX (GTOPHITPUIIIB HABEJICHA HA PUCYHKY 1.

CunTe30BaHa creliaibHa croidyka rentadrop-1300ytuponitpuna Novec 4710 3
ciMelictBa (pTopoHiTpuiiB. ['a3 Ma€e HHU3bKY TOKCHUYHICTh, BUCOKY JI€IEKTPUUHY
MIIHOCTI, BifHOCHO mnomipHuid III'TI 1 Hu3BKY TemmepaTypy KumiHHS. PiguHa
Novec 4710 mae III'II npubmusno 2100, Ttemneparypy kuminag —4,7°C,
JIENEeKTPUYHY MIIHICTh MPUOIU3HO BABIYUl BUILY, HDK SF¢ mpu armochepHOMy
THUCKY, BUCOKY TEIUIONEpeaadyy Ta HU3bKY TOKCHUYHICTh, 110 POOUTH i1 HallKpaum
KaHauIaToM st 3aMiau enerasy. Novec 4710 € marepiaiom, SIKHW MOETHYE BCi
HEOOXIHI BJIACTUBOCTI B OJIHIM CyMIilIi, TOJl SK yCli IHII MOTEHINNWHI KaHIUIATH
MarOTh HEJOJIKM B Til 4u iHIINA KaTeropii. [lomimimmeHHst oHi€T BIaCTUBOCTI YacTo
OpU3BOAUTH JO 3MIH IHIIMX BiacTuBocTel. CTpyKTypa MOJEKYJIH PpILIUHU
Novec 4710 go3Bonmia CTBOPUTH KOMOIHAIIIIO BIACTHUBOCTEH 0€3 CyTTEBOI BTpATH B
’KOJTHIH 13 THIIIHX.
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Pucynok 1 — Hanpyru npo06oro pisHuX QTOPHITPUIIIB TAa iHIIHUX CIOJIYK
Iocepeno:[2]

Ockinpku yucTa aienekrpuuna pianaa Novec 4710 po3pimKyeTbes pU HU3bKIN
TeMIIepaTypi, TOMy BOHa cama 1o co0i He Moxke 3aMiHuTH SFs. B mogansmomy Oyio
BUSBIICHO, IO HaWKpaummM pimeHHsM € 3MmimryBanHs Novec 4710 3 CO, s
CTBOpPEHHS ra30BOi CyMillli, IpUIaTHOL aJis raciHds Ayru. Cymil oTpuMalia Ha3By —
3eJeHHH ra3 Il MEPEXK «g>».

Po3pobiieno Tpu cymitii, K1 JO3BOIMIIA OXOMUTH OUTBIINICTh CHICTUBIKAIN JITIs
BHYTPIIIHBOT'O Ta 30BHINIHBOIO 3aCTOCYBaHHS.

3a 5abopaTOpHMX 1 MPUKIAJHUX BHUIPOOYBaHb JICICKTPUYHOI MIIHOCTI
YCTaHOBJIEHO, 10 NPH 3MilryBaHHi g° B Mexax Bim 0 10 20% 3 BYTIEKUCINM Ta30M
BIIMOBIAHO /10 00°’€éMy Ta3y B KOMIUIEKTHOMY PO3MOJUIBHOMY MPUCTPOi 3
enerazoBoto (KPIIE) i3omsmiero mpomuciaoBoi dacToT Hampyrooo 145 kB
YCTaHOBJICHO, 10 I cyminn 0e3 jmomaBaHHs Novec 4710, to6to uuctuit CO, B
00’eMi, TieIeKTpUYHA MIIHICTh CTaHOBUTH Mpubau3zHo 40% Big 3HauenHs SFe. lpu
BmicTi piguaun Novec 4710 Bix 18% mo 20%, mienekTpuyHa MIMHICTH CYyMIII
ekBiBaneHTHa SFe, sk TOKa3aHO HA PUCYHKY 2.
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nopirHsAHHI 3 SF¢
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Bwuict pTopoHITpHIY, %0
PucyHnok 2 — I'pagik gienekrpuunoi MinHocTi cymimi ¢groponitpuiy + CO;
IDicepeno:[2]
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JI 50 nst g° 3minroeThbest Big mpubmsao 100 000 ev®/m 1o 190 000 ev?/m> st
10 %-01 mo 4 %-oi cymimi ¢roponiTpury 3 CO, Bimmosiguo. Ili mudpu Oymm
HiATBEP/KEHI  BUMPOOYBAaHHSAMHU, MPOBEACHUMH HE3QJIEKHOIO aKPEIUTOBAHOIO
TOKCHUKOJIOTIUHOIO Jiaboparopiero [2]. JlomaTkoBi BUMIpIOBaHHS TOKCHYHOCTI,
MPOBE/ICH] TICIS TECTy 3 BHMHKAHHSIM KOJa 31 CTPYMOM, JEMOHCTPYIOTh, IO
BUKOPHCTaHUi g° B OCHOBHOMY TPOXH MEHII TOKCHYHUM, HisK BUKOprcTaHuil SFs.

3naTHicTh g° 10 po3citoBaHHA Temuia Oyjia BH3HAYEHA IUIAXOM BUIIPOOYBAHb
M1BUIICHHS TemIepaTypu Ha cucteMi muH 420 kB, 3anoBHEH1 ra30BO0 CYMIIIIIIO
mig TUCKOM 5,5 06ap s MiHiManbHOT poOouoi Temmeparypu —25°C. Ilotim
pe3yJIbTaTH MOPIBHIOBAIIM 13 CHCTEMOIO, HAIIOBHEHOO €JIeTa30M ITiJ TUCKOM 5,5 Oap.
TectoBa ycTaHoBka Oyja OCHallleHAa JaTYUKAMH TEMIIEpaTypu [JIsi KOHTPOIIIO
MIJIBUIIICHHS TemIepaTypu. BpaxoBytouu, 1o po3ciroBanHs Teria B cucremi KPITE
31e0UIBIIOr0 OOYMOBJICHO KOHBEKIIi€l0, OyJ0 BH3HAUY€HO KOHCTaHTY Bepmeepa.
Koncranta Bepmeepa moB’si3ana 3 (pi3MYHUMH BJIACTHBOCTSIMH Ta3y, TAKHUMH SIK
I'yCTHHA p, TEIJIONPOBIIHICTD A, MTUTOMA TEIUIOEMHICTh C, 1 AMHAMIYHA B’ SI3KICTb 1) 32
BHpazoM (1):

2 2
c—o1683| S | i3 (1)
n
[le o3Hauae, 110 YUCTUI ra3 Ma€ BUILY TEIUIOBIAAaUy, HK eneras.

Crany KOHBEKIIii g° BU3HAYanach 3a BUPa3oM ra3oBoi cyminri (2),
0,75 0,75
Coii =Ci (%) +C,(xy) (2)

comii
ne C; Ta x; O3HAYaKOTh KOeQIIIEHT KOHBEKII Ta 00’€MHY 4YacTKy Tasy Ii.
Temnosimaya g* Tpoxu HUKYA, HIXK y unucToro razy SFe, ane Bee x Buina, Hixkx CO,.

Po3poOHUKK 3ajIeKIapyBalld, IO 33 JONOMOIOK g° MOTEHI[al II06aIbHOTO
MOTEIJIIHHS MOKHa 3HM3UTU Oulblll HiXXK Ha 98% mopiBHsHO 3 SF¢ 3anexHO BifI
sactocyBanns. IIITI g° 6yno po3paxoBaHO 3riIHO 3 MOJOXKEHHAM mpo F-ras, ne
3araJbHUN MOTEHIIaN TI00aIbHOrO MOTEIUTIHHS CyMIilll, SIKa MICTUTh (TOPOBaHHIA
MAapHUKOBHHM ra3, pO3paxoBYEThCS K CEPEAHbO3BAKEHE 3HAUEHHS, OTPUMAHE 13 CyMH
BaroBHX YaCTOK OKPEMHUX PEYOBHH, MOMHOKeHHUX Ha ixHii [TI'TL.

CyMmimn g° TakoX € HEroproyoro, He PyHHye O30HOBHMHU INAp i 3aIMINAETHCS
OJTHOPITHOIO MPOTSATOM TPHUBAJIOrO MEPIOAY 4acy, HaBITh SKIIO BOHA OXOJIOHE [0
MIHIMaJIbHOT HOMIHAJIBHOI TeMIIEpaTypH PO3IOIIILHOTO MPUCTPOIO.

OKpiM HaBEIEHOr0 YCTAHOBJIEHO, 10 Ta30Ba CyMill 3 g° 31aTHa KOMYTYBaTH
CTPyM B CWJIOBHX KOJIaX BHCOKOi HAaIlpyr'd, TOOTO MOYKE€ BUKOPHCTOBYBATHCS SIK
3aMIHHHUK eJlerasy Ui €J1eKTPOyCTaTKyBaHHS.

Bucnosku.

Anani3 indopmauii mpo cuHTE30BaHMI Ta3 g’ INEPEKOHJIMBO CBiJUHMTh, MIO
CYMIIl «3€JIEHOTO Ta3y» BHUCTYIAIOTh aJlbTEPHATUBHOIO 3aMiHOIO eierasy. Lle
BIIKpUBAE  MOJXJIMBOCTI ~ CTBOPEHHSI  BHUCOKOC(EKTUBHUX  MaJloradapUTHUX
BHCOKOBOJBTHUX PO3MOJUIBHUX TMPHUCTPOIB, SKI BIAMOBIMAIOTH SIK TEXHIYHUM
XapaKTEPUCTHKAM, TaK 1 €KOJOTIYHUM BUMOTaM.

laszoBa cymiml Ha OCHOBI ()TOPHITPHIIY IIiJl Ha3BOK «g’», 3eJeHHH ra3 s
Mepeki, 0€3yMOBHO, TO3UTHBHO BILUTUHE Ha MPOOJeMy HaBKOJUIIHBOTO CEPEIOBHUIIIA,
sKa BCE YacCTillle OCTA€ Y LEHTP1 yBaru ypsiiB 1 CBITOBOI CIIUJIBHOTH.
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Abstract. The article is devoted to the study of the impact of elegas on the environment when
it is used in high-voltage electrical installations and the analysis of alternatives in the form of
environmentally friendly gases. Attention is focused on the problem of global warming and the
greenhouse gases that contribute to it, as their concentration in the air reaches significant levels.
Sulfur hexafluoride (SFs) with a rather low compatibility with ecology has become widely used in
the electric power industry. The search for an ecologically clean gas with technical characteristics
no worse than the corresponding SFs for use in industrial purposes is highlighted. The analysis of
information on synthetic gas g "green gas" as an alternative to SFs was performed. Ways to create
highly efficient small-sized high-voltage distribution devices that meet both technical
characteristics and environmental requirements have been identified.
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Annotation: The brief physical foundations of Radio-Thermal Imaging Technologies are
considered, the geophysical aspects of deciphering and interpreting aerospace data, the
relationship of satellite images with the deep structure of the Earth are shown with an illustration
of the results of research. As examples of works, horizontal and vertical geothermal cross-sections
of the Earth's crust are presented. The receipt of fundamentally new, more informative data on the
structures of the Earth's crust is noted.

Keywords: Radio-Thermal Imaging Technologies, Remote sensing of the Earth,
electromagnetic radiation, radio brightness temperature, aerospace images, Earth's crust, thermal
exploration, rocks, geothermal anomalies, geothermal cross-sections, geological structures,
minerals, hydrocarbon deposits, oil and gas condensates, hydrocarbon traps.

Introduction

All over the world, one of the latest methods for studying the geological and
tectonic structure, forecasting and searching for mineral deposits is remote sensing of
the Earth (ERS). All remote sensing methods are based on the registration of
electromagnetic radiation: reflected or emitted by natural sources (passive) or
reflected from objects exposed to radiation from artificial energy sources (active). For
solving geological problems, the most informative methods are those that have the
effect of "transmission" of the Earth's crust and mantle — Radio-Thermal Imaging
Technologies (RTT).

Brief Description of Radio-Thermal Imaging Technologies

RTT is considered as an element of remote sensing of the Earth, a passive
method based on the registration of the radiated thermal energy of the Earth (in the
form of an endogenous heat flux), which is represented by a continuous spectrum of
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electromagnetic waves and is expressed by a physical parameter called radio
brightness temperature, the radiation can be received at the input of the antenna
system (detector, optical or electronic). The name "Radio-Thermal Imaging
Technologies" itself reveals the ranges of the Earth's electromagnetic radiation used:
radio, infrared and optical.

In fact, these are technical vision technologies that form images with long
wavelengths (radio waves). The longer the operating wavelength of radiometric
receivers, the higher the efficiency of receiving radio brightness temperature from the
subsurface of the Earth's thickness.

The radio brightness temperature of each resulting pixel is characterized by the
effective temperature and the emissivity of specific elements of geological structures.

RTT technologies do not provide for the use of true values of temperature
gradients, but their differentiable contrasts and heat flux density, allow calculating
and visualizing all the inhomogeneities of the Earth's crust.

The contrast scale has a higher resolution of the relative value: hot and cold.
Relative, due to the fact that, in some cases, for a more visual presentation of
information, an inversion is performed, as a result, the scale changes its value to the
opposite.

Hot and cold also have a relative value and depend on the emissivity of each
physical object (geological structural inhomogeneities) through which
electromagnetic waves generated by the Earth's core pass (wide continuous spectrum,
with noise temperatures around 6400 K). A sharp drop in radio brightness
temperatures suggests the presence of a boundary of geological structural
heterogeneity.

One of the factors of penetration (depth) is the possibility of increasing the
sensitivity of radio-thermal space scenes, which make it possible to form images of
the Earth's subsurface.

The use of algorithms for correcting source materials makes it possible to
exclude the influence of the landscape surface (vegetation, road network, hydro
network, etc.) - the skin layer - on the results of the work. The use of algorithms for
increasing the sensitivity of the initial radiometric scenes (images), algorithms for
constructing a three-dimensional model (3D-cube) of the geological environment,
make it possible to form block layers of radiometric images at a given depth, and
make it possible to obtain a deep “transmission” effect. Consistent horizontal
"transmission" of the Earth's thickness, this is a kind of "X-ray" only in the
microwave radio range.

Horizontal "transmission" allows you to see all geological structural
heterogeneities, where some elements are recognized as: water, gas, oil, ore
formations and their host rocks. The places of their greatest concentration are visible.
Recognition of minerals is carried out by calibration classifiers. Geothermal
horizontal cuts and geothermal vertical slices are built.

Technologies use block-mosaic representation of information (formation of
cubic pixel images) with the construction of a geothermal 3D-cube of a given scale, a
given fragment of the Earth's subsurface.

Constant improvement of the RTT method, both in the direction of increasing
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the depth of research, and in the direction of increasing the resolution and accuracy of
the results obtained, opens up new prospects for forecasting and searching for mineral
deposits, assessing the seismicity of the territory, fundamental and applied research of
the Earth's crust. It opens up prospects for building geodynamic models in time, with
the possibility of using operational data for the last decade, on the territory of any
fragment of the globe.

Table 1: Qualitative Color-synthesized calibration scale for fluid recognition™

Emissivity
Qualitative Color-synthesized calibration scale
Scale Denotation Material / | (direct scale)
. Element
Saturation
(A=8...14 um)
Weak Medium Stron "
g Min | Max
0,99 Water
(Fresh, 0.7 0.99
0,97 mineral, ’ ’
thermal, ...)
0,95 Oil 0,95
0,9 Gas 0,93
Basalt
0,7 ! 0,7
’ Graphite
0,6
0,5
0.4 Granite, Sand 0.4
0,2 Iron 0,05 0,2
0,1
0,05 Copper 0,05 0,1
0,03
0,01 Gold 0,01 0,1

* Note: conditional classification of components is performed using cluster analysis by numerical values of
color, brightness, saturation, which are part of color-synthesized sections, in comparison with the average self-emission
coefficients of gas, oil, water and other corrective values for the increase in radio-brightness temperature (ATp=k * Te
where ATy - is the increment of radio-brightness temperature (temperature contrast), k - is the self-radiation coefficient
of the component, T. - is the effective temperature of the component). An example of a color-synthesized scale for the
conditional classification of components is shown in Table 1.
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Examples of using RTT technology

APPLICATION OF THE METHOD OF RADIO THERMAL IMAGING TECHNOLOGY
USING SMALL-SCALE SPACE IMAGES FORSEARCHAND ADDITIONAL
EXPLORATION OF HYDROCARBON DEPOSITS ON THE EXAMPLE OF THE
GAS-CONDENSATEFIELD “STEPOVOE” (KHARKOV REGION, UKRAINE)

Fig. 1. Gas condensate field "Stepovoe”, well Ne 120.
Location of the vertical geothermal section [ G C 120 ]. Q - contours of the deposit
A fragment of a topographic map [ A ] and a satellite image [ B ].

Gc120 - projection of a vertical
geothermal section [ G C 120 ]

At the heart of the Radio Thermal Imaging
Technology (RTT) is the construction of a
geothermal 3D cube of a fragment of the Earth's
subsurface. To build a 3D cube, technologies have
been developed for restoring the detail of images
of small-scale radiometric satellite images.

The resuits are used for searching for and
recognizing geological structures, in this case,
hydrocarbon deposits. Scale 1:50,000 - 1:25,000.

To recognize deposits, cluster analysis
technologies of a color-synthesized calibration
scale are used, taking into account the emissivity
coefficients of materials (water, oil, gas,
sandstone, mudstone, etc.).

—_— — T
CONDENSATE M

The use of small-scale images makes it possible
to perform "rapid mapping” over a large area
(400 x 400 km) and depth of subsurface strata.

It is worth noting that the use of medium-scale
satellite images allows obtaining results on a
more detailed scale, up to a scale of 1: 5,000,
but this reduces the depth of research and
increases the time for completion of work.

Remote sensing data of the Earth were obtained using the AMSR-2
microwave radiometer (GCOM-W1 satellite).

The radiometer channels record the radio brightness temperature
in the ranges:

Original scale: M1:25 000 6,925 GHz - wavelength: 4.560 ... 4.121 cm (45 600 ... 41 210 microns);
7,30 GHz -wavelength: 4.314 ... 3.919 cm (43 140 ... 39 180 microns);
10,65 GHz - wavelength: 2.842 ... 2.789 cm (28 420 ... 27 890 microns);
18,7 GHz - wavelength: 1.620 ... 1.586 cm (16 200 ... 15 860 microns);

Fig. 2. Vertical geothermal section [ G C 120 ] 238GHz - wavelength: 1.281 ... 1.239 cm (12810 ... 12 390 microns);
i 36,5 GHz -wavelength: 0.844 .. 0.799 cm ( 8 440 ... 7 990 microns);
Legend: 89,0 GHz - wavelength: 0.349 ... 0.326 cm (3 490 ... 3 260 microns).
Impenetrable rocks: Saturated rocks:
: - i - - prepal H
- Location of the well Ne120 argellites sandstone, sand Ma!el:g:mr:e’ ;Ie:mspace Tehnologies” Ltd. (Burgas, Bulgaria);
"Special Centre ies «T " (Dnipro, Ukraine).

[— -clay alevrollite EEEa - sandstone, sand
Date of preparation of materials: 06/06/2022
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APPLICATION OF THE METHOD OF RADIO THERMAL IMAGING TECHNOLOGY
USING SMALL-SCALE SPACEIMAGES FORSEARCHAND ADDITIONAL
EXPLORATION OF HYDROCARBON DEPOSITS ON THE EXAMPLE OF THE
GAS-CONDENSATE FIELD “SHEBELINSKOE” (KHARKOV REGION, UKRAINE)

Fig. 3. Gas condensate field "Shebelinskoe”, well Ne 95.
Location of the vertical geothermal section [V 95 ].
A fragment of a topographic map [ A | and a satellite image [B ].

At the heart of the Radio Thermal Imaging
Technology (RTT) is the construction of a
geothermal 3D cube of a fragment of the Earth's
subsurface. To build a 3D cube, technologies have
been developed for restoring the detail of images
of small-scale radiometric satellite images.

The results are used for searching for and
recognizing geological structures, in this case,
hydrocarbon deposits. Scale 1:50,000 - 1:25,000.

To recognize deposits, cluster analysis
technologies of a color-synthesized calibration
scale are used, taking into account the emissivity
coefficients of materials (water, oil, gas,
sandstone, mudstone, etc.).

The use of small-scale images makes it possible
to perform "rapid mapping” over a large area
(400 x 400 km) and depth of subsurface strata.

It is worth noting that the use of medium-scale
satellite images allows obtaining results on a
more detailed scale, up to a scale of 1: 5,000,
but this reduces the depth of research and
increases the time for completion of work.

Legend:

Q - contours of the deposit

- projection of a vertical
ves geothermal section [V 95]

okn I Original scale: M1:25 000

Remote sensing data of the Earth were obtained using the AMSR-2
microwave radiometer (GCOM-W1 satellite).

The radiometer channels record the radio brightness temperature
in the ranges:

6,925 GHz - wavelength: 4.560 ... 4.121 cm (45 600 ...
7,30 GHz - wavelength: 4.314 ... 3.919 cm (43 140 ..
10,656 GHz - wavelength: 2.842 ...

41 210 microns);
. 39 190 microns);
2.789 cm (28 420 ... 27 890 microns);

Fig. 4. Vertical geothermal section [V 95]

Legend:

Impenetrable rocks:
[ - mudstones

[/ -clay siltstones

Saturated rocks:
[
I sandstone, sand

- sandstone, sand

Characteristics of well No. 95:

18,7 GHz - wavelength: 1.620 ... 1.586 cm (16 200 ... 15 860 microns); - productive horizon: 1565 - 1690 m;
23,8 GHz - wavelength: 1.281 ... 1.239 cm (12 810 ... 12 390 microns); - initial flow rate: 15,000 cubic meters. m / d
36,5 GHz -wavelength: 0.844 ... 0.799 cm ( 8 440 ... 7 990 microns); - current flow rate; 9,000 cubic meters. m
89,0 GHz - wavelength: 0.349 ... 0.326 cm ( 3 490 ... 3 260 microns). - the current volume of withdrawal: 634,670 thousand cubic meters. m
Materiais prepared:
"Center for Aerospace Technologies” Ltd., Burgas, Bulgaria;
"Special Center for Aerospace Technologies "TSENTAVR", Dnipro, Ukraine.
Date of preparation of materials: 06/06/2022
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Conclusion and Summarize

The results of the presented work allow us to state that the remote sensing of the
Earth RTT method can be widely used in geological exploration for the purpose of
forecasting and identifying new and additional exploration of old deposits containing
hydrocarbon or ore deposits. Structural heterogeneities are confidently recognized on
vertical geothermal sections, which make it possible to distinguish between linear
horizons, which, by the nature of saturation, can be interpreted as structures saturated
with hydrocarbons. The structures are usually limited by a "cover" and have an
impermeable "substrate" at the base. These results are confirmed by the data of
operating wells and are given in the description.

On geothermal sections, the contours of traps and deposits are distinguished,
which makes it possible to recommend this method for work on oil and gas
condensate and other mineral deposits of endogenous genesis.

Geological studies allow to calibrate and interpret the model, to clarify the
content of useful elements in deposits.

The remote sensing of the Earth RTT method is environmentally friendly.
Technologies allow express mapping of significant territories anywhere in the world.
Allows you to optimize economic and environmental risks in the design and
development of fields, including those in hard-to-reach places on land and sea.
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Annomayun: Paccmompenvr kpamikue @usuueckue ocHosbl Paouo-Tennosuszopuuix
Texuonoeuti, noxazawvl 2eoguzuueckue dAcnekmvl Oewuppuposanus u unmepnpemayuu
KOCMU4ecKol UuHgopmayuu ¢ uiirocmpayuell pe3yibmamos Uccie008anuil, C8:13b CHYMHUKOBLIX
CHUMKO8 C 21yOuHHbIM cmpoeHuem 3emau. B xauecmee npumepos pabom npedcmasieHvl
20PUBOHMANIbHBLE U BEPMUKATIbHbIE 2e0mepMuiecKue paspesvl 3emHotl kopvl. OmmeueHo noayueHue
NPUHYUNUATBHO HOBbIX, OOJlee UHGOPMAMUBHBIX OAHHBIX O CIPYKMYPAX 3eMHOU KOpbl.

Knrwueevie cnoea: Paouo-Tennosuzopnvie Texnonoeu, Jlucmanyuonnoe 30HOUposanue
3emau, 2nexkmpomacHumHoOe U3NyYeHue, PAOUOAPKOCMHAS mMeMnepamypd, aspoKoOCMuyecKue
CHUMKU, 3eMHas Kopa, mMepMopasseoKkd, 2OopHule Nopoobl, 2eomepmudecKue aAHOMAIUU,
2eomepmudecKue paspesvl, 2eolocUYecKue CMmpYKmypol, HNOJe3Hble UCKonaembvie, 3aledcu
Y211e8000p0008, Hehmezazoevie KOHOEHCAMbL, JIOBYUKU Yele8000P0008.
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Anomauin. Bubip idci uacmo € pe3yibmamom pymunHux 0e30yMHUX piuieHsb, a He HACTIOKOM
pemenbHO NpoOYMAHO020 8UOOPY HA OCHOBI OYIHKU NOMEHYIUHOI KOPUCMI 8i0 MONCIUBO20 DUSUKY,
MoMy cnpobu NOKpawumu 300po8e XapuyeanHs He NOBUHHI 30CepeodCy8Amucs Ha NepeKOHaHHi
CHOXMCUBAYIB, WO € «NPABUILHUMUY», 4 CKOpIue Malomv HA Memi HAIAumysamu cepeoosuue
MAKuM YUuHOM, W00 a00U ABMOMAMUYHO CHPAMOBYEANUCA HA 300posuil 6ubip. Pesynvmamu
AHKemyB8aHHs pecnoHoenmis ikom 6i0 8 0o 23 poKié noxkazaiu, wo GUCOKOKAIOPIUHI NPOOYKmMu
Oyu oyineni AK OLlbWL CMAYHI 1 MeHW KOPUCHI 31 30inbuenHam 6iky. Taxooc, cmapui yuacHuKu
ONUMYBAHHS HAOABANU Nepesacy )y CHONCUBAHHI BUCOKOKANOPIUHIU idci Oinbuue, HIdHC MONOOULI
VUACHUKU, WO CEIOYUMb NPO 8iKOGe NIOSUWEHHS Nepedaz CMAKo8020 ampubdymy ma 6i0cymHocmi
ICMOmMHO20 38 'SI3KY MIJIC BIKOM | Nepesazord HU3LKOKAIOPIUHUX XapUO8Ux NPpoOyKmie.

Kniouosi cnosa: xapuosi ynodobanus, cnodxcusawi, npoOyKmu, c8imosutl pUHOK, NONCUBHI
DPEYOBUHU.

Beryn. Cucrema xapdyBaHHs, WMOBIPHO, BCTAaHOBIIOIOTHCS y CIMEHHOMY
OTOYEHHI B IUTUHCTBI: y Bimi Bif 1 10 2 pOKiB 3a3BHYall HACTA€E MEPIOA, MPOTATOM
SKOTO JUTHHA MEPEXOJIUTh Ha CIMEWHY XKy, IO 1 3HAXOIUTh BIIOOPaKECHHS Y 3MiH1
xapuoBuX mojenei. JlocaimkeHas Moenel XxapuyBaHHS €BPONEHCHKUX MITEeH 13 5
kpain (Himeuunna, benbris, Itanis, [lonpma ta Icnanis) 3acBiguuian: rpymna aited y
Billl 2 POKIB, $KI MaloTh HaWBUII Oadu 3a CXEMOK XapuyyBaHHS, IO
XapaKTEPU3y€EThCS JOJABAHHIM I[yKpPY, IIKIJJIMBUX KUPIB 1 HU3bKUM CIIOKUBAHHSIM
puOH Ta OJIMBKOBOI OJ111, Ma€ B 3 pa3u O1IbIIIE MIAHCIB TAKOX MaTH HAWBUII Oanu s
11€i camMoi J1€TUYHOT MOJIEN Y Billl 8 pOKiB. AHAJIOTIYHO, JITU 3 HAMBUIIUMH OaiaMu
32 CXEMOI0 XapuyBaHHs, 3aCHOBaHIM Ha 3JOpPOBUX OCHOBHUX MPOJYKTax y Bii 2
POKIB, MalOTh BJBIUl OUIbIIIE IIAHCIB y 8-pIYHOMY Billl MPOJOBKYBATU MIETY, sSKa
XapakTepu3yBaiacsi HEOOpOOJIEHUMH 30pPOBUMM NPOAYKTAMH, TaKUMHU SK OBOYI,
puba, onuBKoBa ojis Ta GpyktH. 11 pe3yapTatu CBiUaTh PO MO3UTHBHI HACITIIKU
PAaHHBOTO BTPYYaHHS 3 METOK 3a0XOYEHHS 3/I0POBUX 3BHYOK XapuyBaHHs [2].
Emigemiosoriudai TOCTIKEHHSI, IO BHUBYAIOTH 3HM)KCHHS KOTHITMBHUX (YHKIIIH,
BU3HAYWIN TIMEPTOHIIO, KypIHHS, IIYKPOBUU I1a0eT, OKHUPIHHSI, aTePOCKIECPOTUUHY
XBOpOOy, (hibpumsIito mepeacepap Ta METaOOIIYHUN CUHAPOM SIK (PaKTOPH PU3UKY.
3MiHa JI€ETH Ta CMOCOOY KUTTS € OCHOBOIO CTpaTeriil, CIPSIMOBAHUX HA MEPBUHHY
npodiIakTUKy O0araThboX 13 HUX (PAKTOPIB PU3UKY 3HUKEHHSI KOTHITUBHUX (DYHKIIIH.
Jlieta B MOJIOJIOMY BiIli MOXe OyTH KIHOYOBUM KOMIIOHEHTOM JJIsl MiATPUMKH
3I0POB’Sl MO3KY Ta KOTHITUBHUX ()YHKIIN y cepeaHbOMY Billl Ta mi3Himie. OCKUIbKU
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Jli€Ta € yHIBEpCallbHOIO (haKTOPOM BIUIMBY, MPUMHATTSA HABITh HE3HAYHUX 3MIiH Ha
pIBHI HACEJICHHS IIOJ0 BIAMOBH BIJ 3aXiMHOI Ji€TH (BKJIIOYAE CIIOXKHWBAHHS
00pobOiieHoro m’sica, padiHOBAaHHUX BYTJIEBOJIB 1 CMa)KCHOI 1Ki) MOXKE ITOTCHIIIIHO
3MEHIIUTH TATAp AeMeHIIii 3 yacom [3].

Nocmmkeraas CARDIA B Cnonyyenux Illtarax moka3saio, Mo MOJIOJI JIOIH Y
Bimi 18-30 pokiB, siKi BedH 3A0POBUH CHOCIO KUTTS, Maiau Ha 5% 3HMKEHUN PUUK
CEpIICBO-CYMHHUX 3aXBOPIOBaHb, a YacTi BIABIMyBadl 3aKjIadiB IIBUIKOTO
xapuyBaHHs HaOpanu 3aiiBux 4,5 Kr 1 Maau B 2 pa3u Oulbllie 3pOCTaHHS
1HCYJIIHOPE3UCTEHTHOCTI MpOTAroM HacTtynmHux 15 pokiB  [4]._ IlepexpecHe
TOCHIKeHHs, 3acHoBaHe Ha AaHux onutyBaHHs HBSC (Health Behavior in School-
Aged Children), cBimuuTb: XJ0MIll 3aiiMalOThCs (PI3MUHUMU BIIpaBaMU YacTillle, HIXK
JiBYaTa Ta 13 30UIBIICHHSIM BIKY Y4YHI 3 BUCOKHM COIliaJbHO-€KOHOMIYHUM PIBHEM €
OlnbI (p13MYHO aKTUBHUMHU. [10TITHKA MIKITBHOTO XapyyBaHHS Ta MPUXUIBHICTH
KEpIBHUIITBA 3aKJIAiB OCBITH J0O MOKpaIleHHs (I3MYHOI aKTUBHOCTI MepeadadaroTh
3JI0pPOB1 3BUYKHK XapuyBaHHs cepen yuHiB [5]. CTymeHTH, SKi aKTUBHO 3aiiMalOThCS
CIIOPTOM, OCHOBHHUMH TPOOJeMaMH, 10 MEPEIIKOKAIOTh 3JI0POBOMY Xap4yyBaHHIO
Ta 3J0POBOMY CHOCOOY JKHTTS, BBaXAIOTh BIJACYTHICTh BUIBHOTO dacy IS
IJIaHyBaHHSA 1KI Ta OOMEXKEHI MOXIHMBOCTI iJajdbHI, NpH I[bOMY HaWOLIbIIe
3aIliKaBJICHHS y MOJO/II BHUKJIMKAIOTh I1HIWBIAyajdbHI TUTAHW XapuyyBaHHSA, i7el
NPUTOTYBAaHHS Ta PELENTH 3aKyCOK 3 BHUCOKHMM BMICTOM OllKa Ta BYIJIEBOAIB, a
HaliMeHIIIe — peKyIaMHi akilii (ToOTo Mpomno3ullii B pecTopaHax) 1 mepcoHaIi30BaHUM
MiHIMYM Kayiopiii. HeHanmexxHuil 1OCTyn 10 HAsSBHOCTI, JOCTATHOCTI 1 CTaOUIBHICTh
K1 BiguyBaroTh Maibke 41% CTyACHTIB aMEPUKAHCBKHUX KOJEIKIB, aje Il JaHi
HEOJTHOPIIH1 1 BIAPI3HAIOTHCS y PI3HUX HAaBYAIBHUX 3aKJajax uyepe3 BIAMIHHOCTI B
KoHTUHIeHTl. HecTaua mpooBosibcTBa MOKe MaTu 3ryOHUI BILJIMUB HA XapuyBaHHS
CTYJICHTIB Ta YCIIIX{M B HaBYaHHI, a OIlIHKA BIUIMBY IIi€i MpoOiaeMu Ha 3a0e3MeUeHHs
30pOB’s, OJraronoy4ds Ta npodeciiHoro yCcnixy HacTYITHOTO MOKOJIIHHS MOXKJIHBA
JIUIIIE 32 PaXyHOK PO3POOKH 1 YIOCKOHAJICHHS METOIIB ONUTYBaHHS [6,7].

3a yac HaBYaHHS BIAOYBAETHCS MEPEXij BiJ MTITKOBOTO JO JOPOCIOrO BIKY
CTYJICHTIB, SIKI BIJYyBarOTh TJIMOOKI 3MIHM Y CBOEMY piBHI BIiJNOBIJAJIBHOCTI Ta
CaMOCTIMHOCTI TIOJI0 Xap4yyBaHHS, a TaKOXX (OPMYIOTh 3BHYKH Ha Bce KHUTT. Lli
3MIHH BHUKIHMKAIOTh 3aHEMOKOEHHS, OCKiUIbkH 93,4% pecrnonnmenrtiB IliBaeHHO1
dopuan MOBIAOMMIIH, IO BKUBAIOTH HE3IOPOBY 13Ky MPUHANMHI pa3 Ha THKIICHb, a
CTPYKTypa CIIOKMBAaHHSI 3aKyCOK CTaHOBHUTH: 72% — 4YiNcH 1 COJIOHI CHEKH, 65% —
neyuBo, 64% — mokonaa y mimTtkax, 58% — mykepku. Pe3ynbTaTi Takok mokaszaiu,
IO Tl PECIOHJEHTH, XTO CIOXKMBAB HE3J0POBI 3aKyCKH OuIblI 4acTo, B 1,85 pasu
qacTilie o0upaav BapiaHTH XapuyBaHHS 3 HU3bKUM BMICTOM KHUPY, HIXK Ti, XTO PIAKO
CIOKMBaB HE3A0poBi 3akycku [8]. CamoocBiTa Mpo XapuyBaHHS Ma€ MO3UTHUBHHM
BIUIUB Ha BUOIp 1K1 CTyJeHTaMH-MEIUKAMU: KyIliBeJlbHa IOBEAIHKA BKa3zye Ha
OakaHHsS CIOXKWBATH OUIBII 370pOBY 1Ky Ta Hamoi.  HaiOumemn 3miHu  Bif
HE3JIOPOBOTO JI0 37I0pPOBOTO cepen 9 KaTeropiii mpoayKTIB XapuyyBaHHS (HAmoi B
IUISIIKAX, I[yKePKW, TOBApW 3arajlbHOTO MPWU3HAYCHHS, MOPO3WMBO, CIK, BEJHUKI
3aKyCKH, MOJIOKO, O€3BYTJICBOJIHI HAMOi Ta TICTEUKA) MOKa3aJad MPOAAXKi 37J0POBUX
HaroiB, sKi 3pociau Ha 17% 3a Tpupiunuii mepion mocmimkenHs [9]. JlocaimkeHHs
MOKa3yIOTh, 10 HAaBITh CTYJIEHTH, SIKI MPALIOIOTh y chepl OXOPOHU 310pOB’s, MAIOTh
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XUOHE YSIBJICHHS MPO CIPUUHSTTS Bard BJIACHOTO Tija. BuMiproBaHHS 3acBiauniy,
0 3HAYHA YacTUHA CTYACHTIB HEBIPHO CIpHIIMaNM CcTaTyc CBO€i Baru: 28% — 3a
iHgekcom Macu Tija ta 40% — 3a BiICOTKOM >Kupy B oprasizmi [10].

DikCyeThCS MOMMPEHICTh CHOXKUBAaHHS MoJOAm0 (Bik Big 18 g0 24 pokiB)
MpUHANMHI ONMH pa3 Ha JICHb COJIOJKHX HAIOiB, BKIIOYHO 3 CHEPreTUYHUMHU Ta
KaBOBUMHU HamosiMu, Ha 43% Oinblme, HDK y OyIap-sSKik 1HIINA BIKOBIA Tpyi.
Big3znavyaetbcsi TEHIEHINSI O HIOPIYHOTO 3POCTAHHS CIIOKMBAHHS EHEPTeTUYHUX
HaroiB mosioao (31,0% pecnoHaeHTIB CoKUBaIM cropTuBHI Hamoi 1 18,8% —
€HepPreTUYH1 Haroi MpUHAWMHI IIOTHXKHS ), TIPH IbOMY YOJIOBIKU CIIOKHBAJIU O1LJIbIIIE,
HiXK MOJIOZI XKiHKH. Take 3pOCTaHHS CITOKMBAHHS JIJISl CIIOPTHUBHUX HAIOIB TOB’ I3aHE
3 OUIBIIMM CITOXKHUBAHHSM IIiJICOJIODKEHOT Ta30BaHOI BOAW Ta ()PYKTOBOTO COKY,
0COOJIMBO IIiJT Yac BiJIeOirop ad0 BUKOPUCTAHHSM PEUYOBHH, IO 3MIIHIOIOTH M’ S3U
(Takux SK KpeaTWH). B CBOIO Yepry CHOXHBaHHS EHEPreTHYHUX HamoiB OyJjio
IIOB’S3aHO 3 MEHIIOI0 4YacTOTOK CHIJAHKIB, IIJI dYac BiAeOirop, HE3I0POBOIO
MOBEIIHKOIO 13 KOHTPOJIEM BJIACHOI Barw, mpoOjieMaMu 31 CHOM a0 BKMBAaHHSIM
MICUXOAKTUBHUX peuoBHH [11].

B cBoro uepry, Mononp € ayke 0a)kaHOIO IUIBOBOIO TPYIOIO ISl MAPKETUHTY
XapYoBHX MPOAYKTIB 1 HAIIOIB, OaraTux Ha €Heprito Ta O1THUX HA IMOKUBHI PEYOBUHH,
HE3BaXXKAal0YM Ha TOW akT, MO MOJIOAh HaOWpae Bary MIBUAIIE, HDK IOMEPEIHI
MOKOJIIHHS Ta 1HINI TPynu HaceneHHs. bi3Hec OpieHTYyeThCs Ha II0 TPYMy SK Ha
KITFOUOBUM CIOKWBUMK PHUHOK, BUTpaTHBINM > 4 Mimbsapau nonapiB CIIIA Ha
MapKeTHUHT TMPOAYKTIB Ta HAIOiB METOJaMH HOpMajizaiili OpeHaiB Yy KyJIbTypi
MOJIOJII, 30KpeMa 4epe3 ColllalibHI MEpekl OHJIaliH. ICHYIOTh J0Ka3HW TOro, 110 IEBHI
pUCH OCOOMCTOCTI, OCOOJIMBO CIIA0KHWH CaMOKOHTPOJIb, ITiJIBHINYIOTh HMOBIPHICTB
TOTO, IO OCOOMCTI XapyoBi 3BWUYKK TOMIOHI O 3BHYOK XapuyyBaHHsS, SKi
CIPUIMAIOTBbCS OJMHOMITKaMu. | Xoua Ha JIOJIed BCIX BIKOBHUX KaTEropi IIpH
IIOJICHHOMY PIIIIEHHI CTOCOBHO 1K1 — IO, KOJIM 1 CKIJIBKH CIIOKMBATH — BIUIMBAE
KOMIUIEKC (paKTOpiB, BIUIMB HA XapyoBl 3BHYKH MOJIOJI € 3HAYHO OLIBIIUM, aJKe
mepexig 10 JOPOCIOro KUTTS IMPHU3BOJMTH IO 3HAYHUX OI10JIOTYHHUX, COIiaJbHUX,
€KOHOMIYHMX Ta ekojoriyaumx 3miH [11]. Ili 3MiHEM MOXYyTb CHPHSATH abo
MIEPENIKOKATH CTIOKUBAHHIO 37I0POBOI 1K1, TOMY Ba)KJIMBO BIUIMHYTH HA MOJIOIb IO
TOr0, SIK ISl TIOBEIIHKA 3aKPINMUTHCSA JUIS 3a0XOYYBaHHS IMO3UTUBHHUX TCHACHIIIN
Xap4yyBaHHA. Xap4yyBaHHA, 30alaHCOBaHE 32 MAKPOHYTpi€HTaMH, ajie i3 AediluToM
HEOOX1THMX MIKPOEJIEMEHTIB, MPU3BOAUTL 1O 3HAYHMX HEraTUBHUX HACHIJKIB, SKi
MOXYTh OyTH BUIIPABJICH1 JMIIe 3MiHOIO JieTd. [IpuadaHHS OCHOBHUX Tpyn
XapyoBUX MPOAYKTIB 31e01IbIIOT0 OOYMOBJICHI 3BHYHOIO TMOBEIIHKOK 1 IIHOKO
TOBapy, a HEOOXIAHICTh PO3BUTKY TaCTPOHOMIYHOI KyJIbTYpH Ma€ BpPaxOBYBaTH
iCHyro4l Xap4oBi 3BHUYKM 1 YymogoOaHHS KIIE€HTIB, aj/pke paJuKajdbHa 3MiHA
XapyyBaHHS MOYXe MaTH HETaTUBHUK PE3yJIbTAT 1 MPHBECTH JIO PO3JIAIiB Xap4yoBOi
MTOBEIHKH.

Jnst mochimkeHds (akTopiB BIUIMBY Ha XapyoBl YMOAOOAHHS YKpPaiHCHKOI
MOJIOZI OyJI0O TPOBEIEHO aHKETyBaHHA 183 pEecrnoHAEHTIB YHIBEPCHUTETCHKOTO BIKY
(18...23 poxkwu; 43,7% — qonoBiku, 56,3% — KiHKH), aOCOIIOTHA OLIBIIICTD 13 AKHX, 32
iXHIM TBEpHKEHHSM, HE JOTPUMYIOTHCS 3I0POBOTO CIIOCOOY >KHUTTS 1 JIUIIE TPOXH
O1JIbIIIE TTIOJIOBUHU 3 HUX PETYJISIPHO XapuyroThes (puc.l, puc.2).
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AO0OTPUMAaHHA 300p0B0OTO CI'IOCOﬁV WWUTTA

BM3HaYeHwWit yac a4 obigy B NopaaKy AeHHOMY mTaK

W Hi
PErY/IAPHICTE XapuyBaHHA

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

Puc.1 Oninka 10TpuMaHHSA 310POBOI0 CIOCO0Y KUTTH Ta PeryJasipHOCTI
xapuyBaHHs1, % BiJl 3arajibHOI KIJIbKOCTI peCNOH/IEHTIB

Aemopcovka po3pobka
|
PpyKTU [ ] |
LyReEpRH M KOMHOro AHA
nevieo, TicTeyKa .
. m 4..5pasiB Ha TUMAEHD
MUPIHKN

CHEKU M 2...3 pasu Ha TUHAEHDb
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MapWHOBaHi OBOMi »1 .
- . pa3 Ha MicALb
CBi}Ki 0BOYI ﬁ
canaT 3 OBOYiB b B3aranl He B¥WBaAE

0% 20% 40% 60% 80% 100%

Puc. 2 IIpucyTHICTH OKpPEeMHX 3aKYCOK, COJIOJIKMX CTPaB Ta (DPYKTIB B palioHi

xapuyBaHHs1, % BiJ 3arajibHOI KIJIbKOCTI PECIOH/ICHTIB
Asmopcovka po3pobka

JIOCTYNHICTh IIyKpiB, AKI BMIIIYIOTbCS MaiKe B YCIX XapuOBUX MPOJYKTaXx,
MOHYKA€ CIOXKMBAYiB J0 MOIIYKY aJbTEPHATUB 3 MEHIIIOK KUIBKICTIO KaJopii, TOMY
(pYyKTOB1 Ta EHEPTETUYHI HAINO1 MAarOTh TEHJICHIIIIO JI0 3pOCTaHHs MpoAaxiB. Pazom 13
TUM, IYKPH, 10 BMIIIYIOTbCS Y LMX HAMoOsIX, HE MPU3BOJATH O BUHUKHEHHS
BIIUYTTS HACHUYEHOCTI, a KUIbKICTh (PYKTO3M Yy COKax (haKTUYHO JIOPIBHIOE
MOKA3HUKY IMiICOJIOKEHUX 0€3aIKOTOJIbHUX HaroiB. Moso/ib BBakKae MPOIYKIIIIO
BiloMux cBiToBux OpenaiB kommnanii "PepsiCo" Ta "Coca-Cola Company"
TPaaUIIMHUMU HAMOsIMU, IO BIAMOBIJAIOTh Cy4aCHOMY CTHJIIO JKUTTS 1 MpU3HAYEHI
came Uil iX BIKOBOi rpymu. HaBiTh po3yMiHHS TMOTEHIIWHUX PHU3WKH BKUBAHHS
ra30BaHUX ITIJICOJIOPKCHUX HAIMOIB HE TO3BOJISIE PO3TISAATH COKM Ta (PYKTOBI HAIO1
SK TICBHY aJIbTEPHATUBY, a/PKE BOHU BMIIIYIOTh I[yKOp Yy MPUOJM3HO TaKUX KeE
KUTBKOCTSIX.

BucHoBkwu.

3MiHa MIXKOCOOMCTICHUX BIUIMBIB BIPI3HSA€ MOJOb BiJl IHIINX €TaIliB KUTTS Ta
BIUIMBAE HA MPUUHSATTS SIK 3/J0POBOi, TaK 1 HE3JI0POBOI Xap4yOBOi MOBEIIHKU. Pa3om 13
TUM, HEOOXIJHICTh PO3BUTKY T'aCTPOHOMIYHOI KYJbTYpPH Ma€ BpaxOBYBaTH ICHYIOUI
XapyoBl 3BUYKH 1 YNOI00aHHS KITIEHTIB, aJKe paJIMKajdbHa 3MIHA XapuyBaHHS MOXE
MaTH HETaTUBHUM Pe3yJIbTAT 1 MPUBECTHU JIO0 PO3JIAJIIB XapuOBOi MOBEIIHKHU.
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Abstract. Food choices are often the result of routine, mindless decisions, rather than the
result of carefully thought-out choices based on an assessment of potential benefit against potential
risk, so efforts to improve healthy eating should not focus on convincing consumers that what is
"right", but rather aim to set up the environment in such a way that people are automatically
guided towards healthy choices. The results of a survey of respondents aged 8 to 23 years showed
that high-calorie foods were rated as tastier and less useful with increasing age. Also, older survey
participants preferred high-calorie food consumption more than younger participants, which
indicates an age-related increase in taste attribute preferences and the absence of a significant
relationship between age and preference for low-calorie food products.

Keywords: food preferences, organic supplements, consumers, products, world market,
nutrients.
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Anomauin. Ha cvoeooHiwHili Oewb )y 383Ky 31 C8IMOBON) eHePeemuyHo KpU3om
AKMYanbHUM CMAE NUMAHHA pPO3POOKU MEXHONO02I HOBUX 6udie naiug. AnrbmepHamusoo
MPAOUYIIHUM NATUBAM, WO BUKOPUCMOBYIOMbCA HA MENI0eHePeeMUYHUX 00 €EKMAx € 60000IUEHE
nanivHe, 3ACMOCY8AHHA SKO20 € OOYLIbHUM 3 eKOHOMIYHOI ma exono2iunoi mouku 3opy. Ilpu
BUPOOHUYMBI MAKUX NATUE BANCTUSUM € OMPUMAHHA CEOUMEHMAYIUHO CMILIKOI MOHOOUCNEPCHOT
eMYAbCIi 31 CMAHOAPMU308AHUM  DPO3MIPOM YACMUHOK NPU MIHIMI3ayii NOMOYHUX SUMPAM
supobnuymea. B Incmumymi mexuiunoi mennoghizuku 6edymvcsi pobomu w000 po3pooKu
MexHoN02ii ma 0ONAOHAHHA BUPOOHUYMEA MAKO20 NAIUBA 3 BUKOPUCMAHHAM 2I0OPOOUHAMIYHOL
Kagimayii, wo 8 1ab6opamopHux ymMoeax NOKA3aau c6010 egexmusHicms. Llinnum ona po3pobKu
MAaKUx mexHo102il € MamemMamudHuli ONUC Npoyecie Kagimayii, wjo 003801UMb 0ABAMU NPABUTLHY
OYIHKY napamempam npu npoeKkmy8aHHi 001a0HAHHA Ma pexcumam oopooku. B cmammi naeedena
MamemamuyHa Mooeib, Wo 003680J5€ OYIHUMU THIMEHCUBHICIb Npoyecy 2i0OPOOUHAMIYHOL Kasimayii
8 3a1edHCHOCMI 8I0 YMOG 8e0eHH s NPOYEC) .
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Knrwwuosi cnosa: ciopoounamiuna Kkasimayis, 60000JUBHE NAIUBO, MENIOMACOOOMIH,
2I0pOOUHAMIKA.

YMOBHI O3HAUEHH.

A — pobota [ — 00’ eMHIIIT TAPOBMICT
B —razoBa cTana § — TOBIIIIHA TPAHHYHOTO LIapy
€ — IITOMA TeIIOEMHICTE £ — IIINBHICTE eHepril
H — TenmoBMIcCT (p — IOTeHIIiall II0JIs BHJIKOCTE
] — MacoBHII TIOTIK A — Koe]IIIEHT TEITONPOBLIHOCTI
j — MUTOMHIH MacOBIII OTIK L — Koe(ilieHT JIHAMIYHOI B A3KOCTI
L - IIPIIXOBaHA TeIioTa p —TYCTIHA
IapOYTBOPEHHA 0 —Koe(]ilieHT HaTAIY Ha TpaHHIII
M — MOJCKYIISIpHa Maca pD'B,E[i."IY (1)8'3
m — maca T —yac
N, — KUIBKICTh OYIIBOAIMOK B OJJHHHIII
MacH CyMiITi IHjexcH
p — THCK 0 — mouaTKoBe 3HaUeHH
(Q — TeIUIOBHII ITOTIK G — 3HaueHHA  MapaMeIpy Ha
q — NHTOMIII TeIITOBHI MOTIK Oe3MexKHOMY BijlJlaIeHH]
R — pamiyc b — 3HaueHHs mapaMeTpy B OYIIbOAIIITi
I — pajliaTbHa KOOpIIHATA f —xianeBuit

T — TemmepaTypa g —T1as

u, v — IMBHIKICTE k —KiHeTHUHIIII

V —o00’em [ - piguHa
W — BIJTHOCHA IIBHIKICTE sat — 3HauUeHHA IapaMeTpa B CTaHi
Wp — pajlianbHa MBILJIKICTh HaCHUeHHI
. vV —Iapa
@ — Koe(]iIlieHT BHIIAPOBYBaHHS
(KoHIeHcaIril)
Beryn.

HeoOxigHicTh po3poOKH Ta BIPOBAKEHHS Y BUPOOHUIITBO HOBHX TEXHOJIOTiH
OTpUMaHHs OaraTOKOMIIOHEHTHMX CEpENOBULI: €MYJIbCIM, CYCIEH31H, CKIaJHuX
BOJHHMX PO3YMHIB Ta CUCTEM 3 BUKOPUCTAHHSIM KaBiTallil, 110 JO3BOJIAIOTH JOCATTH
3HaYHUX TIO3UTHBHUX pE3YyJbTaTIB B TEIJIOCHEPIeTUlll, OYyIIBENbHIN 1HAYCTPII,
Xap4oBiil MPOMUCIOBOCTI, CLIIbCBKOMY TOCIIOJIAPCTBI Ta IHIINX Tally3X BUPOOHHIITBA
€ aKTyaJbHOIO Ha ChOTO/IHIIIHIN I€Hb 1 B HAHOIMK4il EePCTIeKTHUBI.

BukopuctanHs opraHiyHOTO MajuBa € OCHOBHHUM J[KEPEIIOM €HEepPTii /ISl Pi3HUX
TETJIOTEXHOJIOTTYHUX MPOIECiB. MOXKIMBUAM IIISXOM MIJBUIIEHHS SIKOCTI 3rOpaHHs
najguBa MOXX€ OYTH BHUKOPHUCTAaHHS HOro y BuUIsiAl emyibcli B Boal. Tak, 3
€KOJIOTIYHOT Ta EKOHOMIYHOI TOYOK 30py BHUKOPUCTAHHS TaKOTO IaliBa MOXKE
BUPILIUTH P MpoOJeM B €HEPreTUYHOMY CEKTOpl YKpaiHuW Ta Mmo3a ii MeXamH.
EdexTuBHICTh MpoOLECIB 3rOpaHHs PIAKOrO MajuBa B MaJbHUKOBUX MPUCTPOSIX Ta
KaMepax 3rOpaHHs TEIUIOTEXHOJOTIYHUX YCTAaHOBOK 3aJie)KUTh BIJl SAKOCTI Ta
(13MYHKUX BJIACTUBOCTEW cyMilll. ToMy 3aj1ayl yAOCKOHAJIEHHS TEIIOQI3UNYHUX Ta
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riAPOAMHAMIYHUX MPOLECIB MPU CHATIOBAHHI MMaJMBa, BUKOPUCTAHHS IMIJTOTOBKH
BOAM 1 TanMBa MNUIIXOM IHILIIOBaHHS JBO(A3HUX MaMBO-BOJHUX €MYJIbCIH,
MOKpAIIEHHS! TEXHOJIOTIYHUX PEXHUMIB pOOOTH MaJbHUKOBUX MPHUCTPOIB 3
ypaxyBaHHSM BHUKHUAIB IIKJIMBUX CIOIYK MAalOTh CYTT€BE HAyKOBE Ta MpPaKTUYHE
3HAYEHHS.

SIKIo piAMHY MiJl BUCOKMM THCKOM HArpiTH 10 TEMIEpaTypu, sfKa 3HAYHO
NEPEeBUILy€E TeMIepaTypy i KUMIHHS 3a HOPMAJIbHUX YMOB, a MOTIM AyXe€ HIBUAKO
CKHUHYTH THCK, 11 TIPUBEEC JI0 SIBUIIA BHOYXOBOTO 3aKUIIAHHS, K€ CYTPOBOIKYETHCS
IHTEHCUBHHUM PO3IIMPEHHSIM NapOBHUX OYyJIbOAIIOK.

Ha mnouartkoBiéi cramii 3pocTaHHs OKpeMa mapoBa OyJibOalika BUIIPOMIHIOE
IMITyJIbCH TUCKY 3 aHOMaJIbHO BHCOKOIO aMILTITYO!0, SIKa 3a TaHUMHU €KCTIEPUMEHTY
Mocxe ctaHoBUTH 10 MIla 1 6inbuie. Koxkna Oysnbp0alika ctae TaKUM YHHOM LIEHTPOM
HNOTYXHOI cpepuyuHOi yaapHoi XBuil. BigoMo, 110 LIEHTpU CKUIAHHS JIOKATI3yIOThCS
NePEeBAKHO HA TPAHMIN MPUCYTHIX B PIJIMHI JTUCHEPCIH 1 1€ 3HAYHO MOCUITIOE eeKT
iXHpO1 JMHAMIYHOI Aii Oe3mocepeHhO Ha JUCHEpCHI YacTuHKH. [lpu mpomy
TpaHcdopMmarlisi eHeprii i Yac 1HePILIHHOI cTaii 3pocTaHHs OyJIbOAIIOK MPOTIKAE B
IMITyJIbCHOMY PEXKHMI 3a Jy’K€ KOPOTKHH MPOMIKOK 4acy, a BBEJEHHS €HEeprii B
00’eM piguHU B1AOYBa€ThCA BOJHOYAC y 0€371Y JUCKPETHUX 30H. SKIIO PiJUHA
Harpita piBHOMIPHO.

EdexT iHTeHCMBHOTO 3aKUMaHHS CHJIBHO MEPETPITOIl PiIMHA BUKOPUCTOBYETHCS
JUTS CTBOPEHHS APiOHO TUCTIEPCHUX €MYJIbCii B CHCTEMax TUITY «BO/A-OJIUBA», B SIKUX
JUCIEPCHOIO (DA3010 € JIETKO JIETI0Ya pIIMHA 3 HU3bKOKO TEMIIEPaTypOIO KHUITIHHS
(Boma), a Oe3mepepBHa ¢aza - piidiHA 3 CyTTEBO BUIIOK TEMIEPATypOIO KHUIIIHHS
(mpumipom, Ma3yT).

B Takux cuctemax CKMHEHHsI TUCKY B JIy>K€ MEpPEerpiTiii eMyJbcii Belie 10 sIBUIIA
BHOYXOBOT'O 3aKWIIaHHS B MOT0 KJIACHYHOMY PO3yMiHHI, KOJIM TEperpiTa piivHa HE
KOHTakTye 3 TBEpPAOI TMOBEPXHE 1 MOXe JedKuil dYac mnepedyBatu Yy
MeTractabuibHOMY ctaHi [2]. Lle mo03BoJisie MOPIBHSHO MOBUIBHO CKUHYTH THCK 0
NOTPIOHOTO PIBHA IIE 0 MOYATKy (POopMyBaHHS MapoBHX OyILOAIIOK, IMICIS YOTro
BIJIOYBAETHCSI CIIOHTAHHE X PO3IIMPEHHS, - B MPSIMOMY CEHCl, BUOyXOBe. 3aBIsKU
TOMY, IO MPOIEC BUOYXOBOTO 3aKHUIAHHS BiAOYBAa€ThCS JIMIIE yCEpEeauHI KpariuH
JIETKO JIETY4Ol PiIMHHM, OCTaHHI PO3JIpIOHIOIOTHCS Ha HAMAPiOHIII MIKpOKPAIJIMHKH,
SIK1 PO3IMOPOIIYIOTHCS B HEJICTYUil HABKOJIMIITHIN P1AUHI.

Ha ocHoBI MexaHi3My KaBITallifHOTO BHOYXOBOTO 3aKHUIIaHHS 3allPOIIOHOBAHO
TaKO>X TMPUHIMIIOBO HOBUW KJIac amapariB JJid TOTYBaHHS CTIMKHX €MYJbCI Ta
TOMOTEHI30BaHMX CYMIIIEH I JUCIEPCHUX CHUCTEM THUITy «OnHMBa-Boma». llin
TEPMIHOM «OJIUBa» TYT PO3YMIETHCA B3a€EMHO HEPO3YMHHA 3 BOJAOK0 piauHA —
OpraHiuHa CIIOJyKa, TemIrepaTypa KWIIHHS SIKOI BUIIA 3a TEMIEpPaTypy KHITIHHSA
Boau. JuHamiuHi eexTH, sSKi 3a0e3neuyloTh pyHHYBaHHS Kparejb OJMBH B TaKUX
€MYJIbCISIX, CTBOPIOIOTHCA B pe3yjbTaTl ailadaTHOrO CKHUMAHHS BOJU 3aBISKU
pI3KOMY 3MEHIICHHIO THCKY, TOOTO BHKIIOYHO 32 PAXyHOK BUKOPUCTaHHS
BHYTPIIIHBOI €Heprii camoi cuctem [3, 4].

Jns po3poOKM TEXHOJIOTIA BHUPOOHUIITBA TaKOro pOAY IajduB HEOOXIIHE
TEOPETUYHE PO3YMIHHS MPOIIECIB Ta IXHIM MaTeMaTUYHUM OMUC, 1110 BIJIOYyBaIOTHCS B
nBoGa3HUX MOTOKaxX, X Oe3nocepeHiil BIUIMB HA PiAKY (a3y 1 JUCHEpPCHI YaCTUHKU

ISSN 2567-5273 49 www.moderntechno.de



Modern engineering and innovative technologies Issue 24 / Part 1 éw

cucteMd [2]. AKTyaJdpHICTh I1IbOTO HAIpPSAMKY JTOCHIKEHb MMIATBEPKYEThCS
HasIBHICTIO psiAy poOiT [2, 3, 4], e omMcaHi MeXaHI3MHU MPOLIECIB BIUIMBY KaBiTarlii
Ha JucriepcHy ¢asy Ta IUCIepCciiHe CepeIOBUINE, a TAaKOXK TEIUIO(I3uyHI apaMeTpH
MPOLIECIB.

EBoumroniito 1B0ha3HOro MOTOKY MOKHA PO3IJIAJIATH, K TUHAMIKY MapoBUX abo
napora3oBux OyJpOalllOK HpU KaBiTallii B paMKaX TEPMOAMHAMIYHOTO MIAXOLTY.
3aKOHOMIPHOCTI TOBENIHKK OyJIbOaliku Tpu KaBiTarii OOyMOBIIEHI XapaKTepoM
nepediry CyKyImHOCTI HEpPIBHOBAKHUX IMPOIIECIB, L0 KOHTPOJIOIOTH E€BOJIIOLIIO
CHUCTEMH JI0 HAaCTaHHS TEPMOJMHAMIYHOI piBHOBaru. barato cydacHMX JOCHIIKECHBb
MPUCBSIYEHO JWHAMIIl OJMHUYHOI Mmapora3oBoi OynwoOamku. [5, 6, 7]. Taka yBara 1o
IOr0 TpoIlecy OOYMOBIIIOETHCS THUM, IO CaM€ PO3BUTOK OJIHIE] OyJbOamku B
nBoGa3HUX cUCTeMaxX BU3Hayae crenudiky Ta xapakTep nepediry Takux MpoLEeciB K
ajiabaTHe KUIIIHHsS, BUOYXOBE 3aKUIIaHHs, 00’€MHa KOHJACHCAaIlisl, KaBiTallli, M0
(bOpMYIOTh OCHOBY 0OaraThOX TEIUIOTEXHOJOTIUYHUX MpoIleciB. s omucy eBomroIrii
Mapora3oBoi OyJpOaIKu HEOOXiJHO BpPaxOBYBATH CYKYITHICTb B3a€EMOTIOB’SI3aHUX
MIPOIIECIB: T1APOAMHAMIYHHX, TEINIOMAacOOOMIHHUX, XIMIYHUX, aKYCTHYHHX Ta 1H.

OCHOBHUMHU MPUITYIICHHSMHU, MPUAHATUMH TPU PO3POOII MOJEN AUHAMIKH
OJIMHUYHOI OYyJIL0AIIKH € HACTYITHE:

1. byns6amka mae chepuany Gopmy.

2. Pimuna € B’s13K010, aJie HECTUCIIMBOIO.

3. bynb0amika MICTUTh Mapy, KUIBKICTh $SKOi BH3HA4Ya€ MacoOOMIH MIX
OyJIbOAIIKOIO Ta OTOYYIOUOIO PIIMHOI0, Ta HEKOHIEHCOBaHUH ra3 (abo cymin
rasziB), maca SKOTO 3aJIUIIAE€TbCS TOCTIHHOI TMPOTATOM BCHOTO Yacy
ICHyBaHHs OyJIbOAIIKH.

4. TTapa i KOMITOHEHTH Ta30BOTO CEPEIOBUIINA PO3TIISIAIOTHCS SIK PEATbHI Ta3H.

ITocTranoBKka 3a1auyi.

BynbOamika pagiycom R, MICTUTh Mapy 1 HEKOHJCHCOBAHUH ra3 3 MapuialbHUM

THCKOM P, T2 ICHye B PIBHOBa3l 3 PIIMHOIO MpU Temreparypi Iy = const. YMoBU

PIBHSIHHS TApOTra3oBoi OyIL0AIIKH B P1AMHI BU3HAYAIOTHCS PIBHIHHAMM:
po0GoTu 1o 3MiHI 00’emy V' Ta mionii MOBepXHiI po3Airy (a3 mpHu pO3MIMPEHHI
OyJIbOAIIKOBOT CUCTEMU
dA=pdV+o-dS=(p~+o-dS/dV)-dV;
Ta YMOBOIO 3arajibHOi TEPMOJIMHAMIYHOI PIBHOBArU B OJTHOKOMIIOHEHTHINA CUCTEMI:
T1=0 T TFG =0, :uw — Wo = 0, p1,=g _pgg T ZGJ,R = 0.

3 1Wux piBHSHb  BWIUIMBA€E, M0  TIOYAaTKOBHM THUCK B  piAMHI
20

2o . .
p,=p. — p.tp (T;p)— = . llounHaroun 3 MOMeHTY T = 0, TUCK B PiIuHi p
0 Tbho Ry 80 T sar Ry !

3a yac At =0 3MIHIOETHCS B1J 3HAYECHHS P;, A0 3aJQHOTO KIHIIEBOTO 3HAYEHHS Py 1B

3aJI©KHOCTI BiJl 3HaKa p,, — Py OynpOamika TOYMHAE 3pOCTaTH ab0 CTHCKATHUCH.

YacoBuil iHTEepBa AT BU3HAYa€ TPUBAIICTh aKyMYJIOBAaHHS e€Heprii. SIKk 4yacTKOBHIA
BUIIAJIOK, PO3TIISAAETHCA MUTTEBE 3pOCTaHHs TUCKY B piauHi (At =0).

Jlana Mojenp Ja€ MOXJIMBICTH OTpUMATH 1H(POpPMAIIO, IO CTOCYETHCS
KIHEMaTUYHUX, JUHAMIYHUX Ta EHEPreTMYHUX XapaKTePUCTUK OyipOaImiku, 1o
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3pocTae ab0 CTHCKAE€TbCA: BU3HAYUTH JIOKAJIBHI IIBUAKOCTI W(T,T), HPUCKOPEHHS
dw/dt, tacK p,(7,T), WIIBHICTh KIHSTHYHOI eHepril £ (r,T) B JOBUIBHIA TOYIL]

00’emy piauHN 1OOIM3Y OyipOAMIKK B MpOIeci 11 JUHAMIYHOTO PO3BUTKY 3aJICKHO

BIJl BUXIJHUX pPEKUMHUX napamerpiB T, Py Pip Ry, my, At Kpim 1woro,

BU3HAYAIOTHCS MOTOYHI TEIIO(I3UYHI mapamMeTpu mapu abo Mmapora3oBoi CyMilll B
OynsOam (Ty, T,, Py Py Py P> P pb), TOBIIIMHA TTPUMENKOBOTO TEIJIOBOrO IIAPY

g, WBHUJKOCTI TEIUIONEPEHOCY j Ta MacOMEPEHOCY 4Yepe3 OJMHMIN0 TUIONI MeEeXI
po3ainy das.

HaBeneHni piBHAHHA ONMCYIOTH TOBEIIHKY OynbOalIku, BUBEACHOI 31 CTaHy
piBHOBaru y cuctemi «OynbOamika-pifuHa» B Mpolleci ii penakcamii 10 HOBOTO
TEPMOJUHAMIYHOTO PIBHOBAKHOTO CTaHYy.

OcHOBHI piBHSIHHSI MO/I€eJIi.

Mopenbs MicTUTh cucteMy JudepeHIIHHUX PIBHAHb 3  BIAMOBILIHUMH
MOYAaTKOBUMH yYMOBAMH Ta 3aMUKAIOUMMHU ajreOpaiyHuMU PIBHSHHSMH, a TaKOX
CHIBBIAHOIIEHHSAMHM, IO AllPOKCUMYIOTh TEMIEPATypHI 3aJ€XKHOCTI TEIIO(I3nIHUX
napameTpiB. [Ipumnyckaerbes, 0 y BCIX BUIMAJIKaxX BioMa TeMriepatypa piauHu Ty,
Ha BijcTaHl Biag OynwpOamku. [loyaTkoBuM pIBHOBRXHUW THUCK B PIIUHI TaKOX €
BIJOMHUM napaMmeTpoM. HacTynHa 3MiHAa THCKY HpPOTSAIOM BU3HAYEHOI'O MPOMIKKY
yacy At 0 3aJaHOTO KIHILIEBOTO 3HAYCHHS p;, BU3HAYAE TOZATBIIY MOBEIIHKY

OynpOamku. B ymoBax TepMiuHOi piBHOBAarM 3Ha4eHHs p,,, 1 T;) BH3HAYaKOTH

MOYaTKOBI YMOBH Il TEMIIEpAaTypH, TYCTMHH Ta THUCKY Iapu 1 rasy BCEpeauHi
OynpOamku. Skmo B OynpOaiiii NpUCYTHS TUIBKM Tapa, TO MOYaTKOBUH paiiyc
Oynp0Oamku R, OJHO3HAYHO BHU3HAYAETHCSA 3 YMOBH P, = Peqt(Ti0) = Pio + 20/Ry.

IIpu nHasBHOCTI B OynpOamiill BIOMOI KIJIBKOCTI HEKOHJICHCOBAHOTO Ta3y m,

MOYATKOBUN pagiyC pIBHOBWKHOI OynpOamku Oyae 3alexatd TaKoX BiJ
MapIiagTbHOTO TUCKY Ta3y Pg = 3mBTyg /4HRSM , TaKk 110 3HA4YEHHSI R, MOXXHA

BapilOBATH, 33J1aI04M 3HAYEHHS M, (abo pgg). Toni R, BU3HAYaeTbCAd 3 YMOBHU
Pg + Psat(Tio) = Pio + 20 /R,. Ilpu ananisi mpouecy 3pOCTaHHs NAPOBUX 3aPOJIKiB
MOYATKOBUH BMICT ra3y MPAaKTHYHO HE BIIMBAE HA HACTYMHY TMOBEIIHKY 3pOCTAI0UY01
OynpOamiku. [Ipu cTuckanHi OyJbOamok BMICT razy B OyipOaliii cTa€ OCHOBHUM
dbakTOopoM 1 HaBITh AyX€ Majla TPUCYTHICTb CTOPOHHBOTO Ta3y B IIOYATKOBIM
OyJpOallili 3HaYHUM YMHOM BIUIMBAE HA XapakTep ii KoJarncy.

Hwxue HaBeieH1 OCHOBHI PIBHSIHHSI MOJICIII.
3MiHa MBUAKOCTI PaaiaibHOTO PYXY PIAMHU 0115 MOBEPXHI OyIb0aIIKY:

4
dWR o pR_pOG_j-:Spri_%_ HIRWR (1)
dr piR
3wmiHa paaiyca OyJIb0aniku:
dR j
— =wp +=— 2
=wg+2 2)
3MiHa TeMIepaTypHu MaporazoBoro cepeIoBMINa B OyIbOaIli:
dT, 3 . dR
e = - (q —JjeTy — Py —). 3)
PgCqgtpPvly dr
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3MiHa Ha T'YCTUHU HEUTPAJILHOTO ra3y B OyJIbOaIli:

dpg  3pg dR
dr R dr
3MiHa r'yCTUHU Napu B OyJIpOarii:
dpy, 3. dR
dr _E(J' _'0”5)'

3MiHa KUTBKOCTI TETIOTH, IO TepeaaHa Oymp0oariiri:

H ;
d_'i' - _4HR2[}L(T5) — Q]

[TouaTkoB1 yMOBH IPH LIOMY HACTYTIHI:
Wg(0) = wgo, R(0) = Ry, Tpo(0) = Tpo, p,(0) = pyo;

pg(0) = 7 2os Hi(0) = Hyg

JloaTKOB1 piBHSHHS:
Tuck razy B Oyabpoani:

p, = BpgTy  agpg
9 mg-pghy  Mj
Tuck nmapu B OyJb0ariiii:
p, = Bpy Ty aypy
v m,—pyby, M3
Tuck maporasoBoro cepeoBuIla B OyJIbOAIIIIIi:
Pp = pg + Dy
IBuaKICTH MacoOIepeHOCy Yepe3 Mexy po3auty das:

j - 0!25am [psus (Ts) — Prly (Tb)]'
HIBUKICTH TEMJIONEPEHOCY Yepe3 MEXKY pO3LIy ¢a3:

q = 0,25(pyu,c, — pgugcg)(TS —Ty,) + jc,Ts.
HIBHIKICTH MOJIEKYJISIPHO KIHETHYHOTO PYXY MOJIEKYJI IapH 1 ra3y

M

4)

()

(6)

(7)

(8)
9)
(10)
(1)

W) = (Z2)” (1) = (25)” () = (22) (12)

M, M, g

PiBHsiHHSA OanaHCy TEIJIOTH:
2 1 .
(To — Ty (5 + ) = —J(TILTY) — q(Ty).
3MiHa TETUIOBMICTY B TEIJIOBOMY Iapi B piivHi 017151 OyIp0ariku:
dH .
M — —4nR2[L((T,) - ql.

[ToTo4Ha TOBIIMHA TEMIOBOIO MEKOBOT'O mapy:

5=2-R(J1+ H —1)
4mR3 picy(T; —T,)

(13)

(14)

(15)

Cucrema HaBeJICHUX PIBHSIHb Ma€ OyTH JOMOBHEHA CIHIBBIJHOIIECHHSMH, IO
aJIecKBaTHO OIMCYIOTh TEeMIEepaTypHl 3aJIeXHOCTI TEMIO(PI3UYHUX IapameTpiB
piAMHMU, TTapU Ta HEKOHJEHCOBAHOTo Tra3zy. PosrisHyTa B naniit po6oTi Monens 6e3
BBEJICHHS JOAATKOBHX OOMEXEHb Ta 0e3 3MiHM 0a30BUX PIBHSHb MOXE aJeKBAaTHO
OMHKCYBAaTH MOBEJIIHKY MapoBUX OyibOalIOK HE TUIBKM Yy BOJAL, aje ¥ y Oyab-sKid
IHIIH PiAUHI, SKIIO0 € OTPUMaHl eMIIIPUYHI CHIBBIIHOMIEHHS NIJII TOYHOTO OMHCY

3aJIEKHOCTI BIJNOBIAHUX TEMJIO(PI3UUHUX apaMETPIB Bl TEMIEPATYPH.

s mepexoay BiA MOJENl IMHAMIKK OJAMHUYHOI OyJIbOAIlKK 0 aHali3y CTaHy
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MOTOKY 3 aHcaMOJieM OyJbp0aIIok MO>KHAa BUKOPUCTOBYBAaTH KOMiIpKOBY Mozelb. Tak,
B pobOoti P. Hirmarynmina [8] omumcana moBeminka OynpOamiku B aHcaMOmi 3a
JOTIOMOTOI0 KOMIpKOBOi Mozeni. IcHye cydacHa Moaudikamis maHoi momem [9],
OCHOBHUMHU PIBHSIHHSIMHU SKOi € HACTYITHI.
O06'eMHHUI TapOBMICT IOB'SI3aHO 3 PO3MIPOM 1 KOHIEHTpaLI€l0 OyIb0aIiku s
MOHOJMCIIEPCHOI CUCTEMU Ta BU3HAYAETHCS BUPAZOM:
4mR3N
b= 3+4RR3i'Ppr1' (16)
bins koxHoi OynpOamiku B MeXaxX €JIEeMEHTApHOI KOMIPKH 3 pajilycoMm
£(1) = R(1)/B%® icHye cdepuaHO-cHMETPHYHE PO3MOIIIEHHST THCKY P;(T,T), fKe
MO’KHA 3HAWTH IUISXOM MiJCTAHOBKH B PIBHAHHA (4) ONHI€T 3 TPAaHUYHUX YMOB IS
TUCKy. BukopucroByroun ymoBy p(%) = p. npu Bu3HaueHHI QyHKuii f(7) B mpasiii

yacTuHi (4) OTpUMAEMO PO3MOALICHHS TUCKY B POpMyJTi
oo w2 w?

3
PI(T)ZPR_PI(B_f 5. =ET T TS

2 2| T=% ) (17)
Sxmo npu Bu3HAuYeHHI f(T) BHMKOPHCTAaTH TIpaHU4Hy yMOBY p(R) = pg

PO3MOIIICHHS TUCKY B KOMIpIIl Oy/1e MaTH HaCTyITHUIA BUTJISII

a a 2 2
P (r) =pr — Py (a—f_a—q: == T':R)' (18)

r=R 2 2
Busnauatoun BennuuHu B mpaBiil yactuHi (18) 3 ypaxyBaHHSIM CHIBBIIHOILIEHB
(5) mpuBoaumo piBHsHHAS (18) 10 BUTTISY:

dw
p,(r,T) =pr — Py (R d—: + ZWE) (1-B8%33)+0,5pw2(1—B133).(19)
[Ipu r = € piBHanHA (19) 3BoAUTBCA A0 PIBHSHHS A BU3HAYEHHS THCKY Ha
30BHIILIHIN MEX1 KOMIPKU:

Pr — Pc + 0.5pwi(1— %) R
Pczpz(f:T):PR_PE( : 1— po33 (1_?)"_
R4-
+0,5pwE (1-5) (20)
CepenHiil TUCK B p1IMHI B MEKaX KOMIPKH BU3HAETHCS 32 PIBHSHHSIM:

_ 3 ¢
p (1) = e I 4mp(r,O)r?dr.

[IpoBoasiun iHTErpyBaHHs B MPaBiii YaCTUHI OTPUMAEMO:
P> [Pr—Pc+0.5pWE(1-4123)]

ﬁ(r) = pC l_ﬁﬂ,gg
1,5(1-6%%) 1 2 (38-(1—B"%%) 1133
[71—,9 1] 0,50, W2 (71—;? B ) (21)

YcepemHeHHsS TUCKY BITHOCHUTBHCS SIK JI0 €IEMEHTapHOT KOMIPKH TakK 1 JI0 BChOTO
00'eMy piIMHU B M1 OYyJIbOAIIKOBOMY MPOCTOPI.

KinpkicTe mepenaHoi TEMJIOTH uepe3 IMOBEpXHIO OynbOamku npu (hazoBoMy
nepexofi i Temnoo6bMini 4TR?%(jL + q), 0MHO3HAYHO BU3HAYAE 3MiHY TEIIOBMICTY

PIIMHU B KOMIpIII Ta 11 cepeHboi TemmepaTypu. To/l MOXKHa 3amucaTu
d 3 (3 ROT, d [3 (1 1)1‘7]
— |—=mp;c — = —|-npig| = — =
dr4p”<’t 1 dr4p”ﬁ 1

=47R%(jR + q) (22)
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[Tincrapnstoun B (22) 3amicth f mpaBy 4yacTuHy (16) 1 BUKOHYIOUM HEOOX1AHI
NEPETBOPEHHA OTPUMAEMO TMPOCTE PIBHAHHA JJs BHU3HAYEHHS  CEPEAHbOI
TEMIIEPATYPU PIAMHUA MIXKOYIH0AIKOBOMY ITPOCTOP1 aHCaMOJst OyIb0aIiok:

Pigustaus (16), (17) (20) (21), (22) mOmMOBHIOIOTH CUCTEMY PIBHSHb TUHAMIKU
oMUHUYHOT OynpOamku. €IUHUM HOBUM IapaMeTpPOM, IO JIOMOBHIOE TOYATKOBI
YMOBH € KOHIIEHTpaIisl OyIp0aIok B OJUHHII Macu cucteMu N, = const.

BucHoBku.

Omnucana B gaHiit poOOTI MOJENb J03BOJISIE aHAII3YBaTH MOBEAIHKY 1BO(Aa3HOTO
MOTOKY pIAMHU B KaBITaliiHIA Tedii Ta i OCHOBHI mapaMeTpu Taki SK THCK,
TeMmrepaTrypa, MBHUJAKICTh MOTOKY 1 MIBUAKOCTI 3MIHM IIMX MapaMmeTpiB B KOXKHIN
TOYIll CUCTEMHU B 3QJICKHOCTI BiJI YMOB BEJICHHS Tporiecy. MOXIJIUBICTh OTPUMAaHHS
VSBJICHHSI TIPO BEKTOPH IIBHJAKOCTEH MIKpOTEUid BCEpeIUHI aHCaMOI0 OyJbOaIiok
Ta OIS HBOTO Ja€ 1H(OpPMAaIIIO MPO BEIMYUHHU 3CYBHUX HANpPY>KEHb Ta 4ac BIUIUBY,
SKUM TiagaeTbes aucnepcHa ¢asza cycrensii. Taka iHdopMaliisi € OCHOBOIO st
MPOEKTYBaHHs 00JIaJHAaHHS Ta PO3POOJICHHS TEXHOJOTTYHUX MapaMeTpiB OTPUMAHHS
MoHoucTiepcHuX cymimiei. [lomepenani po3paxyHKH mapameTpiB TiAPOJUHAMIYHOI
KaBiTalli JAOBOJATH, IO JIOKAJbHA 00JACTh TOOJM3Y KOJAMCYIOUOi KaBiTariitHOI
MIKpOOYJILOAIIKA € YHIKAJIbHUM PEaKTOPOM IS MPOBEIACHHS PI3HUX peakiiil Ta
TEXHOJIOT1YHUX TPOIECIB B MIATOTOBI[ MAJIMBHUX KOMITO3UITIH.

References:

1. Dengaev A., Verbitsky V. Eremenko O., Novikova A., Getalov A., Sargin B.
(2022). Water-in-oil emulsions separation using a controlled multi-frequency acoustic
field at an  operating  facility. Energies 2022, 15, 63-69.
https://doi.org/10.3390/15176369

2. Ivanitsky G., Tselen B., Radchenko N., Gozhenko L. (2021). Analytical study
of the mechanism of droplet deformation and breakup in shear flows. Thermophysics
and Thermal Power Engineering, 43(1), 30-37.
https://doi.org/10.31472/ttpe.1.2021.4.

3. Ivanitsky G., Tcelen B., Nedbaylo A., Konuk A. (2019) Modelling the
kinetics of cavitation boiling up of liquid. Physics of aerodynamic systems, 57, 136-
146. https://doi.org/10.18524/0367-1631.2019.57.191970.

4. Ivanitsky G., Tcelen B., Nedbaylo A., Gozhenko L. (2020). The ways of
producing an unified mathematical model for the cavitating flow in hydrodynamic
cavitation reactors. Thermophysics and Thermal Power Engineering, 42(2), 31-38.
https://doi.org/https://doi.org/10.31472/ttpe.2.2020.3

5. Vignoli, Lucas, Barros, A., Thomé, Roberto, Nogueira, A., Paschoal, Ricardo,
Rodrigues, Hilario. (2013) Modeling the dynamics of single-bubble
sonoluminescence. European Journal of Physics. 34(3), 679.
https://doi.org/10.1088/0143-0807/34/3/679

6. Guillermo Hauke, Daniel Fuster, Cesar Dopazo (2007) Dynamics of a single
cavitating and reacting bubble. Phys. Rev. E. 75(6), 066310.
https://doi.org/10.1103/PhysRevE.75

7. Shima A., Tomita Y., Ohno T. (1988) Tempeture effects on single bubble
collapse and induced impulsive pressure. J. Fluid Engng.110(2), 194 199.

ISSN 2567-5273 54 www.moderntechno.de


https://doi.org/10.3390/
https://doi.org/10.31472/ttpe.1.2021.4
https://doi.org/10.18524/0367-1631.2019.57.191970
https://doi.org/https:/doi.org/10.31472/ttpe.2.2020.3
https://doi.org/10.1088/0143-0807/34/3/679
https://doi.org/10.1103/PhysRevE.75

Modern engineering and innovative technologies Issue 24 / Part 1 (N§I

8. Nigmatulin R.I. Khabeev N.S. Nagiev F.B. (1981) Dynamics, heat and mass
transfer of vapor-gas bubbles in liquid. Int. J. Heat Mass Transfer. 24(6), 1033—1041.

9. Dolinsky A. A., Ivanitsky G. K. Heat and mass transfer and hydrodynamics in
vapor-liquid environments. Thermophysical fundamentals of discrete-pulse input of
energy. Kyiv: Naukova Dumka, 2008. - 381 p.

Abstract. Today, in connection with the global energy crisis, the issue of developing
technologies for new types of fuels is becoming urgent. An alternative to traditional fuels used at
thermal power facilities is water-oil fuel, the use of which is expedient from an economic and
ecological point of view. In the production of such fuels, it is important to obtain a sedimentation-
resistant monodisperse emulsion with a standardized particle size while minimizing current
production costs. The Institute of Technical Thermal Physics is working on the development of
technology and equipment for the production of such fuel with the use of hydrodynamic cavitation,
which has proven to be effective in laboratory conditions. Valuable for the development of such
technologies is the mathematical description of cavitation processes, which will allow to give a
correct assessment of the parameters in the design of equipment and processing modes. The article
presents a mathematical model that allows estimating the intensity of the hydrodynamic cavitation
process depending on the conditions of the process.

Key words: hydrodynamic cavitation, wateroil fuel, heat and mass transfer, hydrodynamics

ISSN 2567-5273 55 www.moderntechno.de



Modern engineering and innovative technologies Issue 24 / Part 1 é

http://www.moderntechno.de/index.php/meit/article/view/meit24-01-026
DOI: 10.30890/2567-5273.2022-24-01-026

IDENTIFYING FACTORS INFLUENCING FALLS FROM HEIGHTS
Mircea SARACUT
Phd student
Univesity Of Petrosani
Romania

Gabriela MARINOAICA

Phd student

Univesity Of Petrosani

Romania

Nicolae ILIAS

Scientific adviser: Doctor of Technical Sciences, prof.
Univesity Of Petrosani Romania

Abstract: We set out to identify the factors that influence falls from height, in order to obtain
relevant information regarding the existence of causal relationships between the components of the
work system (executor, workload, means of production and the work environment) and the risk due
to the fall from the height. The methodology applied to fulfill the objective of this stage included:
online research and documentation, rigorous evaluation and critical analysis of the selected
articles in order to identify and centralize the factors that influence the risk of falling from height.
The results of the analysis highlighted the fact that the main factors in the occurrence of accidents
are the workers through "behaviors and attitudes"; the configuration of the workplace and last but
not least personal protective equipment, due to non-use, inappropriate use, or use in a damaged
State.

Keywords: occupational health and safety, danger of falling, fall injuries

During work at height (for example, on a roof, scaffolding, etc.), workers in
various sectors of activity often face the danger of falling, as they may lose contact
with the surface on which they are standing and may fall and suffer various injuries.

According to the Romanian law (file 123 “Work at height” from H.G. 355/2007
on workers' health surveillance amended and supplemented by H.G. no. 1169 / 2011),
"work at height" means the activity carried out at a minimum of 2 m measured from
the surface under the worker's feet to the natural reference base (soil) or any other
artificial reference base, base from which there is no danger of falling into the void”.

Falls that occur during activities carried out at height generally have multiple
causes. Under the concept of multiple causes, the factors combine randomly, causing
accidents. The extent to which the safety of workers working at height is
compromised is determined by the action of existing risk factors at the workplace,
which can be amplified by a number of influences (such as planning and training,
materials and equipment, supervision, project management, workplace safety
culture). Assigning a single specific cause to an accident or incident is rarely accurate
and is often considered a misguided approach because it fails to identify the real
causes. The general objective of identifying the factors that generate falls from height
1s to provide clues on how to create better accident prevention programs, by
improving the control and training procedures, by better defining responsibilities and
planning surveillance activities.

By analyzing existing statistics at European level and those presented in 2013 by
the Association of Utility Mountaineering in Industry (IRATA) [7], on accidents
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caused by falling from a height, as a result of activities carried out "on the rope"
(using techniques utilitarian mountaineering), on scaffolding, on the roof, it was
found that they are present in most sectors of activity. Using as an indicator the value
of the accident incidence rate for a given population (100,000 workers), the data
presented by IRATA [7] for the countries of the European Union, in 2012, place the
construction sector (1,989 accidents) in the top of work accidents due to falls from
height, followed by manufacturing (1,630 accidents), agriculture, forestry, fishing
(1,413 accidents) and mining (1,356 accidents).

Analysis of existing data in the literature found that most accidents at work due
to falls from a height occur in construction [5], [8], [9] - during activities on
scaffolding, pillars and stairs, for the assembly of prefabricated parts, for the lifting of
formwork, for demolition, for maintenance and rehabilitation of buildings, for works
in crane cabins located at high altitude, for works in forklift and elevator cabins
located at high heights in warehouses , for activities performed at ground level near
an uncovered ditch / pit; for works in wells and sewers, etc.

Types of risks

When working at height, there is both the risk of falling due to the difference in
level between the workplace and the ground, and the risk of falling due to the specific
workload to be performed, which can lead to either death or injury. bodily ailments or
health conditions. The severity of the injuries is determined by the impact speed of
the person, it depends both on the height of the fall, the nature of the impact surface,
and the part of the body that hits the surface.

However, data from the literature have shown that serious or fatal injuries can
result not only from the impact of the body from a great height on a solid surface, but
also from:

- the impact caused by a fall from a low height, through a fragile surface;

- impact with the head forward from a low height.

In the case of working at height, the following types of risks have been
identified:

* the risk of falling predominantly after a fall from a height;

* risk of falling followed by:

» swinging the body and hitting obstacles ("pendulum effect");

 stopping the fall due to the requests sent by the belt to the body;

» suspension of the body of the worker who is hanging from the fall arrest

equipment and the time spent in this position;

« the risk associated with personal fall protection equipment due to the fact that

PPE:

* PPE is not installed properly [5];

* PPE prevents the free movement of the body;

» prevents the placement of other components of the PPE;

* the risk of falling as a result of:

 1nsufficient adhesion of the footwear;

» dizziness;

* blindness (due to shiny objects);

¢ lack of visibility;
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* hypothermic shock or sunstroke;

* rapid drop in temperature;

* specific risk related to the type / workload:

* mechanical (sharp edges, sharp tools, falling objects, etc.);

 thermal (sparks, free flame, etc.);

* chemical,;

* electric;

* risk due to weather conditions: wind, rain or ice over the walkways, etc .;

Whether it is a fall of 2 m [9] or a height of more than 2 m [8], [9], this is
generally not without consequences; the severity and nature of the injury ranging
from bruising, sprains and fractures of the upper and lower limbs, fractures of the
ribs, head trauma, damage to internal organs, to death [5], [9]. As a result of these
injuries, work accidents due to falls from a height can be classified [10] into:

» accident that causes temporary incapacity for work (ITM) - accident that
causes temporary incapacity for work for at least 3 consecutive calendar days,
confirmed by a medical certificate or, as the case may be, by other medical
documents, according to the legal provisions;

» accident that causes disability (INV) - accident that causes disability
confirmed by a decision to classify a degree of disability, issued by the
medical authorities in law;

» fatal accident (D) - accident resulting in the death of the injured party,
confirmed immediately or after a period of time, based on a forensic act.

Due to the major contribution of accidents due to falls from heights to accident
statistics across Europe, studies have been conducted over time in different countries
to identify the factors that cause falls from a height and to find optimal solutions.
reduction of accidents at work.

Although the studies analyzed led to a good understanding of the size and
pattern of accidents, the link between the various factors identified was limited to the
influence of individual factors and the workplace on the occurrence of accidents due
to falls from heights. Taking into account that accidents due to falls from heights
occurred in different sectors of activity (construction, agriculture, chemical and steel
industry, extractive industry, etc.), while working, or while traveling to or from work
, 1t can be considered that not only the configuration of the workplace and the level
difference of more than 2 m are a source of danger, but also the cumulative action of
physical, mechanical, chemical hazards present in the work environment, as well as
their synergistic action, at which can be added to the action of other workers.

In order to identify all the risk factors that over time have caused work accidents
due to falling from a height, the research was based on their study:

- taking into account the different configurations of the workplace - the area in
which the danger of falling has occurred - such as during: work on scaffolding [11],
[12], [13], on pillars and stairs, on roofs [ 11], [14], during the lifting of the formwork
[15], the periodic inspection and maintenance of the installations [15], the demolition
[15], the maintenance and rehabilitation works of the buildings [14], the works in
crane cabins located at high altitude, during ground level activities near an uncovered
ditch / pit [16], as well as on roof works [15], [17], [13], etc.
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- for several occupations, such as masons, carpenters, tinsmiths, plumbers,
electricians, construction workers, carpenters, painters, other employees;

- considering the size of the companies in which they were produced: companies
with more than 100 employees, companies with less than 10 employees.

In order to obtain relevant information on the existence of causal relationships
between the configuration of the workplace and the risk caused by falls from heights,
we performed a formal analysis starting from the components of the work system
(performer, workload, means of production and work environment). thing).

Components of the work system and risk factors

Identified in various studies, the risk factors that caused the falls from a height
were grouped into:

1. Risk factors specific to the executor (the worker involved in the execution of
a task), generated by:

- behavior and attitudes: through reluctance to take safety measures, lack of a
culture of security ("It won't happen to me") [15]; attention / vigilance, work disorder,
decision to continue work after identifying a dangerous situation, decision to continue
work without personal protective equipment [18], [16], [19], [20] ], the decision to
continue working without insurance, the decision to act regardless of the conditions
of the working environment [18], jokes, communication skills [21], the use of
inappropriate protective equipment [15], the removal of the safety device, adopting
an unsafe position or position, choosing improper anchorage points [17], using
damaged personal protective equipment [17], improper use of personal protective
equipment [5], [17], distraction, ignorance and negligence of workers [22] ], reckless
operation, incorrect position during workload [11], inadequate risk assessment,
improper marking of openings, incorrect assembly scaffolding or lack of parapets,
non-compliance with safety and health rules [17], etc .;

- state of health: through hearing disorders, chronic or acute pathologies, mental
disorders [18], alcohol consumption [18], medication consumption, weakness, fatigue
[21], [18], traumas suffered, etc .;

- lack of experience [11] (inability to work on stairs, scaffolding, roofing, etc.);

- training and education: through language and cultural problems [22], lack of
experience [22], lack of training, [23], lack of education in the field of health and
safety at work [11], insufficient training [22], problems communication [22], lack of
qualification [15], lack of awareness of fall protection;

- moral: by putting pressure on performance; feeling vulnerable; the relationship
with the boss and the other workers; material interest.

2. Risk factors specific to the workload, generated by:

- lack of knowledge of working technologies and methods [11], inadequate
working standards, lack of supervision [11], failure to provide personal
protective equipment, limited access to resources, etc...;

- oversizing the requirements imposed on the executor; the pace of the work;

3. Risk factors specific to the means of production [15], [13] which may be

generated by:

- the presence of equipment or objects with high temperatures, sharp, sharp,
rough objects, the use of defective, overloaded equipment, the presence of
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unprotected explosive materials, the use of non-insulated power tools [18];

- improper storage of materials [21], presence of chemicals, etc.

4. Risk factors specific to the work environment [15], generated by inadequate
working conditions such as:

— inadequate lighting;

— surrounding activities, such as falling objects, heavy machinery traffic;

— work surface (wet, slippery, damaged, fragile surfaces, etc.);

— the presence of unprotected edges and openings [23], [14];

— defective stairs and scaffolding [23];

— adverse external conditions (ice / snow, adverse temperatures, rain (21), sun,

noise) [17].

Given the significant variations in organizational methods, practices and work
tasks in construction, the diagram in Figure 1.1 illustrates the share of macro-
variables that determine the occurrence of falls from heights. By analyzing the
diagram, it can be seen that the main factors in the accidents are the workers through
"behavior and attitude" (approx. 13%), the configuration of the workplace (approx.
12%) and last but not least personal protective equipment (approx. 13%), due to non-
use, improper use, or deteriorated use, up to 100% due to the work environment, age
of workers, health, training and education, construction materials, company size,
etc.).

14
12
10

o N B O ®
|

Ocupatii
Vremea

Suprafata delucru
Comportament si atitucini ale
lucratorilor

Structura constructiei
Contractor / nivel managerial
interventie siguranta

Vérsta lucratorilor
Echipamenteindividuale de...

Experienta lucratorilor

Starea de sanatate

Mediu de constructii

Formarea si educatia lucratorilor
Dimensiunea companiei de...

Moralul lucratorilor

Inaltimea de 1z locul de munca

Materiale de constructii

Situatia economica

Figure 1 - The weight of the macro variables that determine the occurrence of
falls from height

Often, the action of these risk factors can be accelerated by the result of the
influences from the design of works, project management, activities that take place
nearby, culture in the field of security and risk management, customer requirements,
economic climate in which the activity takes place, etc.

Other factors identified such as contractors / managerial safety, health and the
workplace environment also constantly contribute to the risk of falling, and factors
such as age, experience of workers and occupations are also frequently discussed, but
their impact on the risk of falling from a height is somewhat modest.
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Because "behavioral and attitude of workers'" is one of the most common
causes in most studies, it can be said that this is one of the factors that directly
contribute to the risk of falling from a height, over time compared to other
variables.

At national level, the establishment of measures to promote the improvement of
occupational safety and health of workers is regulated by Law no. 319/2006 - Law on
safety and health at work (transposing at national level Framework Directive 89/391 /
EEC). The law establishes the main obligations of employers with regard to ensuring
the safety and protection of workers' health; occupational risk prevention; informing
and training workers, including the protective equipment to be used.

Considered as the last protection measure to be applied when it has been
established that following the use of other protection measures or reorganization of
the workplace, the risk has not been eliminated, the personal protective equipment
(hereinafter abbreviated PPE) is “any equipment carried or held by the worker to
protect him from one or more risks which could endanger his safety and health at
work, as well as any additional elements or accessories designed for this purpose.
" [24]

As for personal protective equipment against falling from a height, it does not
consist of a single component, but of a set of components, which are removably or
non-removably connected, thus forming a system designed to protect the user against
falls from height.

Construction industry has one of the highest accident and fatality rates among
other major industries, with more than 60,000 fatal accidents each year worldwide.
Falling from height is one of the leading causes of fatalities and injuries in
construction. Passive protection devices (e.g., safety net) have been used to minimize
the impact of falling from height for ages, while proactive warning systems appear
recently to alert the workers when they are at risks of falling. To provide appropriate
warnings to the worker but not to distract them due to the false alarm, the falling risk
needs to be carefully evaluated. Hainan Chen and Xiaowei Luoa published in 2016 a
material titled ,,Severity Prediction Models of Falling Risk for Workers at Height”
[25] where the authors introduced algorithms for falling risk prediction and evaluated
their performance. Injuries records during 2005 to 2015 were extracted from the
OSHA database and 1161 intact falling-related record were used in this study. K-
Modes, RBF network and Decision Trees are chosen to build three risk prediction
models, and the performance of those three proposed models were evaluated using
the OSHA injuries record data. The results indicate that the DT-based falling risk
prediction model has the best performance of 75% and the top three critical factors of
falling event’s severity are distance from the ground, worker’s occupation and the
source of the falling. The delivered severity prediction model provides the foundation
of more accurate real time risk evaluation for workers at height. Their research is
based on on the OSHA inspection data, and focuses on the fall accidences in the
construction industry which the SIC Major Group codes include 15, 16, and 17. All
the data since Jan. 01 1984 with specified 15 parameters have been obtained, which
the EventType is fall, and any record which has none or blank value of parameters
are filtered out, and finally there are 1166 intact records for this research. The authors
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used Clustering Algorithm and Decision Tree Learning Algorithm to filter and
interpret the data.

First, the importance of the parameters has been analyzed. Based on the Gini
importance theory [26] and the mRMR algorithm [27], the importance of the
parameters is calculated and the results are illustrated in Figure 1. Gini importance
and mRMR are two classic features selection algorithms. These two algorithms can
calculate the importance of features for classification, in which the larger importance
value, the more influence for the classification.
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Figure 2 - Features Importance Analysis for Injury Degree Prediction

As the illustrated results, the Occupation, FallDist and PartBody are the most 3
important parameters both in Gini importance analysis and the mRMR algorithm. For
EventType parameter, it shows that the importance is 0 in the all situations. It is
because that in this research the fall accidents are focused on, all the EventType
values are fall. If just considering the injury degree, it shows that Occupation,
FallDist, Sourcelnjury, and PartBody, the 4 parameters contribute most to the
classification.

Based on the OSHA data, one fall accident is an abstract record described by 15
features. According to the analysis in section 3.1, PartBody, FallDist, Occupation,
and Sourcelnjury are the top 4 important features for classifying the data set into
different injury degrees. The accuracy of the three types of classification algorithms
has illustrated in Figure 2.

For the k-Modes algorithm, the value of the Degree feature is the label of the
records and the k-Modes output.

The value of the most relative features composed of the feature vectors and the
input of k-Modes algorithm. Through learning the relation rules, the k-Modes
algorithm predicts the injury degree according to the feature vectors. The k-Modes
algorithm can generally achieve 0.62 accuracy.

RBF network also employed the most relative 4 features as the input vector, and
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the output is the degree of injury. Although generally RBF network is a good kind of
ANN algorithm for classification, in this research, it can only achieve up to 0.49
accuracy for injury degree prediction.
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Figure 3 - Training Data Ratio VS. Prediction Accuracy for Injury Degree

Decision Tree algorithm based on the Gini importance theory to process the data
vector. Based on the analysis in section 3.1, the top four important features were
selected. Therefore the feature vectors can achieve the maximal Gini importance. Its
accuracy for injury degree classification is around 0.75.

In order to investigate fall injury proactive protection for construction industry
workers, this research studied the OSHA data. Two parameter analysis methods: Gini
importance analysis and mRMR algorithm were employed to analyze the importance
of the data features, and 3 kinds of data mining algorithms DT, k-Modes, and RBF
network were applied to classify and predict the degree of the injury. By comparing
the accuracy of the 3 kinds of algorithms, the DT algorithm definitely has the best
performance for the injury prediction. According to the importance analysis, the
injured part of the body (PartBody), fall down distance (FallDist), worker’s
occupation (Occupations) and the source of the injury (Sourcelnjury) are the top 4
important parameters for injury degree prediction.

Summary and conclusions

In conclusion, to a certain degree, the fall accidents in construction can be
predicted, and the data mining algorithm, especially Decision Tree algorithm can do
further contributions for fall injury proactive protection. In addition, according to the
importance analysis and prediction comparison, just depending on the objective
features of the construction company or construction workers to predict the
construction injuries is definitely a reluctant method. In order to offer proactive
protection, monitoring the position and posture of a worker, which can be relative to
the FallDist and PartBOdy features, in real time is significant.
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Abstract. The article discusses the peculiarities of using the ordinary least squares method
for calculating the coefficients of linearized equations and is illustrated on the example of a gas
turbine engine (GTE), used as a part of the drive of an electric generator of power plants of low
and medium power. It has been shown that the use of the regularization method of normal equation
system solution makes it possible to obtain adequate results in the systems with poorly conditioned
matrices.
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Introduction.

Recently, publications have been widely discussing the issues of improving
quality indicators in the use of GTE in the industrial energy sector [1], [2].

GTE is used as a part of the electric generator drive of peak load of power
plants, where the base load is provided by powerful industrial steam and gas turbines.
In some cases, GTE manufacturers, on special order, design specialized options to
use in stationary and transport power industry. Features of GTE design and their
mathematical description, in particular, for this scheme can be found in the relevant
references, for example [3].

Presentation of the main material.

We will consider an example of a GTE mathematical model, in which the
equations are compiled taking into account the following assumptions: inertial
properties of rotating masses of rotors only are taken into account; external air
parameters are constant; loss of pressure in the air supply suction shaft does not
depend on the GTE operation mode; the moment of resistance on the shaft of the
power turbine depends only on the speed of its rotor.

This control object has one degree of freedom and the only control influence
which is fuel consumption in the combustion chamber (B). The minimum number of
differential equations of the first order corresponds to the number of energy batteries,
in this case the mechanical energy of rotating masses. The system of linearized
equations is as follows:
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T6w, =M, — M., (1)
.60, = SM,, —SM.,.

The following notations are entered in the system (1):

7-J, -
Tl :#>M10 :MTZO :MKIO;
30§‘410
Vs )
T2: 3(?];4202’M20:MT10:MK20; (2)
Vs )
Tz :#9M3o :MTSO :Mco-
30M10

where T, T, T3 are time constants of the corresponding rotors; J;, J», J3 are the
moments of rotor lag; M)y is a moment that develops in the output mode by a low-
pressure turbine (LPT) (Mo = Mmy); or consumed by a low pressure compressor
(LPC) (Mo = Mx0); M> is a moment that develops in the output mode by a high-
pressure turbine (HPT) (M»y = Mr0); or used by a high pressure compressor (HPC)
(M>o = Miao); Mo 1s a moment that develops in the output mode by the power turbine
(PT) (M30 = Mr3); or consumed, which is equal to the moment of resistance (M3 =
Mco); @1, w2, @3 1s the rotation frequency of LPC, HPC i PT correspondently.

In order to solve the value system (1) oM, OMk>, OMr1, OMka, OM73, oM, that
are in the right parts of the equations must be expressed through the parameters of the
GTE cycle. The relationship between these parameters, taking into account the
assumptions made above, is assumed to be algebraic. By applying the corresponding
transformations, we can obtain that the right parts of the system equations (1) will
have the same structure in composition of parameters (dw;, dw,, ows, 0B). However,
it is not advisable to make such a transformation for two reasons. Firstly, for a
complete picture of the operation mode of the GTE; except of the dependencies
ow (1), owx(t), dws(t)) under the specified law dB(¥), it is necessary to have parameters
to determine the operation mode of compressors in relation to the pump line (d7xi,
ork2) and also know the change in gas temperature (67¢) in front of a high-pressure
turbine (7x;, 7k 1s a degree of air compression in LPC 1 HPC correspondently). Then,
for the relative values of compressors and turbines, the following expressions can be
written out:

(5MK1 =0M (07, 6w);

OMy, =M, (Omy,, Oy, O, OW,);

oM, =0M, (ory,, Or,, 0w, om,, 01 );

oM ,, =0M,,(0ry,, O7y», O, OO,, OT,);

oM., =0M,,(ory,, Ory,, O, OO,, O, OT,); (3)
oM. =0M .(ow,);

O = O (075, OO, OO, O, OT,);

OT oy = Ot 4, (07, O, 0®,);

o1, =0T, (0ry,, Oy, O, O®,, OB).

The formula structure according to the composition of parameters is derived
from the mathematical description of physical phenomena occuring in GTE during its
work in static and transitional modes.

ISSN 2567-5273 67 www.moderntechno.de



Modern engineering and innovative technologies Issue 24 / Part 1 ﬁ_‘

The second reason why a certain number of algebraic equations should be
preserved in addition to differential equations occurs in the features of the applied
technique. The exclusion of algebraic equations will cause the right parts of the
system equations (3) to become identical in composition of their parameters. Then the
calculation of GTE in static mode (w1 = w2 = w3 = 0) will not be enough to calculate
the linearization coefficients — all equations will be built into one type

a,00, + a,00, + o000, = a,B,
where al, a2, a3 are linearization coefficients, that are derived.

Thus, the first feature of the suggested method of calculating linearization
coefficients according to the static characteristics of the control object has been
established: linearization equations for which coefficients are determined must differ
in the composition of parameters.

In case when the results are used, that contain the values @ *% @ #0. and @ #0
then algebraic equations are not needed to determine the coefficients of linearization.
The latter in the system of differential equations are located exactly to the multiplier
at the derivative. However, as mentioned above, the physical meaning of the problem
requires the conservation of parameters of nkl, nK2, TG to access the quality of the
investigated processes. After the initial system of linearized equations is defined, a
set of conditions is written for each equation, which are then given to the system of
normal equations. Linearization coefficients are determined from the solution of
normal equations. There is a standard approximation algorithm OLS in many
computer programs for mathematical calculations, which can be used for this
purpose. The range in which the parameters are sampled to make conditional
equations is assigned purely tentatively, guided by an intuitive representation of the
fairness of the linearization hypothesis.

Table. 1 demonstrates the coefficients of linearized algebraic equations (2). Fig.
1-3 show the values calculated using linearization coefficients of the table and
obtained from the thermal calculation of GTE characteristics according to nonlinear
dependencies.

Table 1 - Coefficients of the linearized equations

Parameter

in the left | Linearization coefficients at parameters in the right side of the equation

Slde Otj the 571'](] 671'](2 50)1 Aa)z Aa)3 STG 5B
equation

My 0,6518 - 1,088 - - - -
Mo 0,3152 | 1,5382 | 0,2798 0,492 — — -
M 0,220 0,9414 | 0,1961 0,4053 — 0,5303 —
Mp, 0,2648 | 0,8260 | 0,3552 | 0,6439 — 0,417 —
Mr; 0,3383 | 0,0083 0,1788 0,1772 | 0,3328 | 1,1395 -
Mc - - - - 1,6362 - -
K1 — 0,2388 1,1889 | 0,0248 0,0243 | 0,0951 -
K 0,1824 — 0,1713 0,2388 — — —

Ts 0,8925 | 0,7488 -0,992 -0,006 — — 0,1139
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After analyzing fig. 1-3 it can be concluded that for the range of linearization
adopted in the example of load linearization, the resulting system of linear equations
approximates the transitional nonlinear dependence quite well.

The possible range by B for the use of the obtained linear equations is obtained
from the graphs in Fig. 4—5, which demonstrates the appproximation error and marks
the permissible error value. The greatest errors occur at appproximation of power
turbine moments and load.
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Figure 1 - Dependency: a) 6 Mxi= 0 Mxi10(B), b) 0 Mx:= 0 Mk:0(B); (curve line
is an output nonlinear dependency; discrete points are values calculated
according to lianearized equation)
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Figure 2 - Dependency: a) M7= dMr116(B), b) M7= 0M1:6(B); (curve line is an
output nonlinear dependency; discrete points are values calculated according to
lianearized equation)
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When calculating the coefficients of linearization for approximation of the value
oM, the following system of normal equations was obtained:
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0,3442x, +0,1353x, +0,2326x, +0,2453x, +0,1343x, =0,4489;
0,1353x, +0,0533x, +0,0913x, +0,0968x, +0,0527x, = 0,1769;
0,2326x, +0,0913x, +0,1527x, +0,1655x, +0,0908x, = 0,3029;
0,2453x, +0,0968x, +0,1655x, +0,1759x, +0,0955x, = 0,3213;
0,1343x, +0,0527x, +0,0908x, + 0,0955x, +0,0525x; = 0,1749.

Solving the Gaussian equation system with the allocation of the main elements
on a personal computer gives the following values for unknown values
x, =86,5839;x, =—-19,7215;x, =-155,0071;x, =1,0259;x, = 68,0311.
When we substitute the received solutions, for example, in the first of the

equations of the system we get a fairly good convergence
0,3442-86,5839—-0,1353-19,7215-0,2326-155,0071+0,2453-1,0259 +

+0,1343-68,0311=0,3675(0,4489).

When calculating the system of equations by the Gaussian method with the
selection of the main elements, there are a number of signs that immediately indicate
the poor condition of the system. These features include: the appearance of a "small"
conduction element, a "large" numerical solution, a "large" residual vector [4]. In this
example, the manifestation of poor condition of the source system is to obtain "large"
numerical values. Since this problem has quite a certain physical content, these
"large" solutions are not consistent with a priori ideas about the nature of the object.
For the adjusting multiplier 4 = 0,99, entered on recommendations [4], the solution of
the system will be

x,=0,6217;x, =0,0129;x, =1,253;x, =—0,3559;x, = 0,2318.

Substitution of the obtained values in the first equation of the source system

gives

0,3442-0,6217-0,1353-0,0129-0,2326-0,2326 —
—0,2453-0,3559+0,1343.0,2318 =0,4508(0,4489).
For the regulatory multiplier u = 1,01 we get
x,=0,22;x, =0,9414;x, =0,1961;x, = 0,5903; x;, = 0,4053.

A similar check is as follows
0,3442-0,22+0,1353-0,9414 +0,2326-0,1961 —

—0,2453-0,5903 +0,1343-0,4053 = 0,4479(0,4489).
As a reliable solution, the values x;...x, obtained for 4 = 1,01 are taken, since the

absence of negative coefficients inevitably follows from the analysis of the physical
essence of the identified object. The effectiveness of the applied regulatory method is
clearly visible from fig. 5, which demonstrates an appproximation error.

Summary.

The construction of a linear model of an energy object based on OLS was
discussed above in detail. The use of the regularization method of normal equation
solution allows to get reliable results in the systems with poorly conditioned matrices.
The essence of the results can be reduced to the following.
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If the calculation results of energy object static characteristics are used to obtain
coefficients of linear equations, then linear equations can be used:

1) for static calculations with small changes in individual parameters;

2) to obtain transient processes in a small range;

3) to obtain transient processes in the entire permissible linearization range in
case of relatively small inconsistency of the parameters of the energy object (slow
dynamics).

If the results of calculations or tests containing derivatives of parameters that
characterize the parameters of the energy object are used to obtain coefficients of
linear equations, then linear equations will be suitable for describing transition modes
with a single restriction on the permissible range of linearization.
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Anomauin. Y cmammi posenanymo 080 xowcmpykyii AMP 3mintoeanoi koughicypayii.
Jocniosxceno mpu  pesxcumu keposarnoeo pyxy AMP 3mintoseanoi roughicypayii. Busnaueno
OuHamiuni ocodaueocmi 06 ’ekmy kepyeanus. CKIa0eHO CMPYKMYPHI cXeMu a8momMamuyHo2o ma
oucmanyitino2o adanmueno2o KepysawHs. Illpu yvomy cucmema Kepy8aHHs MOMCe MUMMEBO
peazysamu Ha 63AEMO38'A30K KAHANIG KepPY8AHHS, 3MIHU 308HiUHbOI 0OCMAHOBKU U NOMOYHO20
cmany 00'ekmy, 308HIWHI 6NIUBU O 3aN00I2AHHS 3IMKHEHHAM 13 nepeuKooamu U 30epeldcenHs
npayeszoamnocmi AMP. Ile O0ozéonums 3abe3neuyumu Keposawicms, 36epecmu 3a0aHy KMoy
opienmayiro 8 HaAnpAMKax NepneHOUKYIAPHUX HANPIAMKY pYXy ma RiOsuwyumu npoOyKMUeHicmo
pobomu AMP.

Knrwuoei cnoea: aemonomuuti MoOinbHULL poOOmM, cucmema Kepy8aHHs, a0anmueHe
KepyB8aHHs.

Beryn.

PoGotn 1 maninymstopu (M) Oynau CTBOpeHI JJii BHKOHAaHHS 3aBAaHb Yy
HeOe3nmeyHux abo IMIKIJIMBUX JJIsS  JIIOJJMHM  YMOBaxX. Yce wdactime M
BUKOPUCTOBYIOThCSl Yy BIMChbKOBUX IuIax [1, 2], y kocmoci [3, 4], y saepHii
eHepreTuul [S], aas moAoJaHHs HACHIIKIB TEXHOTEHHUX 1 MPUPOAHUX KaTacTpod [6].
Jlns poOIT B €KCTpeMaJbHUX YMOBaX, SIK MPaBHJIO, 3aCTOCOBYIOTHCS JUCTAHIIIAHO
KepoBaHi poboTH i1 M.

Posmipennst cdepu 3acTocyBaHHS W MIABUINEHHS CKIAAHOCTI 3aBAaHb JIJIS
Cy4aCHHUX aBTOHOMHUX MOOUTEHUX POOO0TIB (AMP) 00yMOBITIO€ HAsIBHICTH €IEMEHTIB
KOHCTPYKIIi, SIKI pyXarThCsi BiTHOCHO Tuiatrgopmu pobota. Ilpuxmamom Takux
€JIeMEHTIB  KOHCTPYKIlli Moke OyTH  MaHIMyJsITOp, BHUKOHaBYl  OpraHi
CHeIiai30BaHoro 00yIalHaHHs a00 PYXJIMBE yCTaTKyBaHHS: Iy, Oyp, KiBII 1 T.IL. [7,
8] Ipu excrmyaramii AMP 1i eneMeHTH TepeMilaloTbesl BIAHOCHO TIaThOpPMH,
3MIHIOIOYH KOH(ITypalito i TeOMETPI0 Mac TMHAMIYHOTO 00'€KTa.

AHaJi3 Jiteparypu.

HasBHICTh pyXJIMBOi OCHOBHU MIABHUIILY€E MaHEBPEHICTh MaHIMyIsAUiiHux AMP,
po3mmproe poOouMii mpocTip 1 30UIbIIY€E KUIBKICTh MPUITYCTUMHUX KOHQIryparii
MaHIMyJSITOpa, ajie 3HWXKYE TOYHICTh IO3MUI[IOHYBaHHS CXBaTy (HaBICHOIO
yCTaTKyBaHHA a0o0 iHCTpyMmeHTy). Junamiuni mnpomnecu mins AMP 3miHIOBaHOI
KOH(DIrypailii MOKHa PO3AUINTH HA TPU PEKUMU PYXy TPAEKTOPII:
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1) kepyBanHs pyxom AMP MokHa po30UTH Ha TpU €Tanu: IJIaHyBaHHS
MapHipyTy, IJIAHyBaHHS IMOTOYHOTO (PparMeHTy MapmIpyTHOTO 3aBIaHHS,
peaizailis MappyTHOTO 3aBnaHHs [9]. CuHTe3 3aKOHY KEepYBaHHS TUIOCKAM
pyXoM poOoTa € THIOBOIO 33/Ja4€l0: BIJOMO JCKiJIbKa METOIB cTadimi3arrii
PYXY B3JIOBXK 33/1aHO1 TPA€eKTOPii. KEPOBAHUN pyX MIATPOPMU IO 3aJaHOMY
MapHipyTy 3 ,,3a4eKOBAaHUM ~ HaBICHUM OOJaJHAHHSIM 200 MaHIMMyJISITOPOM;

2) BUKOHAHHS TEXHOJIOTIYHHUX  OIeparii HaBICHUM OOJIaJHaHHSAM  abo
MaHIMyJISTOPOM IpU 3yNUHEH1H miatdopmi;

3) HaBicHe 00JIaHAHHS a00 MaHIMYJSTOP BUKOHYE TEXHOJOTIYHI omneparii mpu
KEpOBaHOMY pyci IIaTGOopMHU.

KepoBanuii pyx mnatdopmu 3 ,,3a4€KOBAHUM’ MAaHIMYJISTOPOM JOCUTH J00pe
JOCIIJKEHO JJI PI3HUX BapiaHTiB KOHCTpYyKUIi maci. [Ipu peanizauii 1poro pexumy
pyxy AMP — xepoBaHuil BI30K, SIKAWA pyXaeTbcsl B3AOBXK Tpaektopii. Ilpu
nepemiiieHHi AMP 3miHoBaHO1 KOHiryparlii 1mo 3agaHoMy MapuipyTy cHCTeMa
KepyBaHHS MOBUHHA 3a0€3MEYUTH MiHIMAJIbHE BIAXUJIEHHS LIEHTPY Mac IMiaThopMu
B1J 3a1aHOL

B [10] 3anporoHOBaHO METOJ KepyBaHHS JUHAMIYHUMHU 00'€KTaMU TIPH SIKOMY
CUTHAJ KOMAaHIHOTO BEKTOPY TOMAEThCS 10 OJoKy (opmyBaHHS OOMEKEHb
BEKTOpHOT (DYHKIT BIAXWJIEHHS BI 3amaHoi TpaekTopii. CurHaJ KOMaHIHOTO
BEKTOPY 3aJICKUTh BiJl CyMH BUXITHUX CUTHAIIB 3 JMHAMIYHOTO 00'€KTY KepyBaHHS i
3 0JI0Ky (popMyBaHHA 3aJ1aHO1 TpaekTopii. Ilpu 1IbOMY CHUTHAJI KOMaHAHOTO BEKTOPY
bopMyeTbCa SIK PO3B'SI30K  PIBHSAHHA OOMEXEHb II0/J0 IIYKAHOTO KOMAaHIHOIO
BeKTOpy 1 Moro k mepmmx noximHux. HemosikoMm 1aHOro MeToAy € 3aCTOCYyBaHHS
KBaIpaTUYHUX KPUTEPIiB ONTUMAIBHOCTI, IO MPUBOAUTH O 3HMKEHHS IIBHAKOJII
CUCTEMU KepyBaHHS.

B [11] po3rasiHyTOo METOJI poOacCTHOIO KepyBaHHS OaraTOMIpHUM JAWHAMIYHUM
00'€eKTOM, IO TIOJNATAE B ONTUMI3AIli MPOXOMKEHHS O0'€KTOM pO3paxoBaHOI
TpaekTOpii 3 MIJBUIICHUMH ITIOKa3HMKAMH TOYHOCTI MpPH KOMIICHcAIil i cHi
30BHIIIHBOTO 30yproBaHHs. Hemomikom naHOro MeToay € 3HeBara IMepexXpecHUM
3B'SI3KOM KaHaJliB KEpyBaHHS.

B [12] mpenctaBieHo airoputM KepyBaHHS aBTOHOMHUM MOOUTHBHUM POOOTOM,
AKUW Ha eram 1AeHTH(IKAmii BpaxOBy€ HEIIarOHAIBHICTh 1 HECTAI[lOHAPHICTH
TEH30py iHep1ii 00'exTa B 6a30Bii cuctemi KoopauHat. Hexomikom € Te, o cuctema
KEpyBaHHS JIMIIE aJIallTYe€ThCs O 1HEPIIMHUX OCOOJUBOCTEH AMHAMIYHOTO OO0'€KTa,
SIK JI0 30BHIIIIHIX 30ypEHb.

3anponoHOBaHI METOJU HE MOXHA 3aCTOCYBAaTH JIJIsl OMKCY JAWHAMIKH PYXIB
MaHinyJaropa BigHocHO Miargopmu AMP. Tlpu excrmyaranii AMP HaBicHUM
0o0JIalHAHHSIM BUKOHYIOTBCS TEXHOJIOTIUHI OIepallii TMepeMilleHHsT 00'eKTy
MaHINYJIIOBaHHS (BaHTaX, 1HCTPYMEHT, KOHTPOJIbHO-BUMIPIOBAJIbHI MpUIAIU) 3a
3aJlaHUM 3aKOHOM pyxy [7]. 3anexHo Bij npusHaueHHS AMP Ha pi3HHX AUISHKAX
TPAEKTOPIi MOXKYTh 3MIHIOBATUCS TTapaMETPHU HABAHTAXKCHHSI: TEOMETPUYHI PO3MIPH,
dbopwma, posnoain mac. Takum unHOM, AMP 3MiHIOBaHOT KOH(DIryparii € TMHAMIYHAM
00'€eKTOM 3 HeIlaroHaJbHUM 1 HEeCTal[lOHapHUM TeH30poM iHepuii [7]. s
TOCIIKEHHST TuHaMIKK Taki AMP MokHa posrisaatu ssk M Ha pyXJuBiii OCHOBI 200
CUCTEMY ,,HOCIM Ta mepeHeceHe Tijo”. OcobmuBicTio nuHamiku AMP 3miHIOBaHOT
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KoH(pirypariii, Ik CHCTEMHU TiJ, €:
» 3MiHa IOJIOKEHHS IIEHTPY Mac CUCTEMH IPH BITHOCHOMY PyCi MaHIIyJIsATOPA,
» CYMIpHICTh HEIiaroHaJFHUX 1 JiarOHAJIBHUX EJIEMEHTIB TEH30pYy iHepiii,
O0YMCIIEHUX BIAHOCHO oOceil 0a30BOi CHCTEMH KOOpAMHAT, IMOB'A3aHOI 13
HeHTpoM Mac miatgopmu AMP;
» HE CIIBCIPSMOBAHICTh TOJOBHUX IEHTPAIBHUX OCEH iHepmii 3 OcsAMHU
CUCTEMU KOOPJWHAT 3B's13aHOi 13 ratdopmoro AMP.

[lepeniueni OCOOIMBOCTI JIMHAMIKM CHUCTEMH OOYMOBIIIOIOTh MEpEeXpecHUi
3B'I30K KaHAJIB KEPyBaHHS 32 PaXyHOK B3a€EMHOTO BIUIMBY JIMHAMIYHUX MapaMeTpiB
00’exTy KepyBaHHA. lle NpU3BOAUTH A0 BUHUKHEHHS ,,Iapa3UTHUX 30yprOIOYUX
MOMEHTIB 1 cipuyuHs€ BTpary opieHTaii AMP y BepTukanbHux ruoniuHax. Brparta
opienTauii abo naaiHHss AMP B poOouiii 30H1 3 €KCTpEMATIbHUMHU YMOBaMU HE JIMILE
MPUBOJNUTH /10 HEMOXIJIMBOCTI BUKOHAHHS TEXHOJIOTIYHHMX OMNEpAalliil 1 CHpUYMHSIE
MarepianbHi 30uTku. [Ipu TpaHcmopTyBaHHI pajiaiiiHuXx ab0 BUOYyXOHEOE3MEeUHUX
00’exTiB magiaass AMP moke MaTu kaTacTpogidHl HACIIIKH.

Takum 4MHOM, PO3pOOKa CTPYKTYPHOI CXEMHU aJanTUBHOro KepyBaHHa AMP
3MiHIOBaHOI KOH(Irypamii € akTyaJbHOI HAyKOBO - MPHUKIATHOK 337a4€iO.
Peanizamiss amantuBHOTO MeTomy KepyBaHHS AMP  no3BonmTh: MiHIMIZYBaTH
BIIXMJICHHS IIEHTPY Mac JIHHAMIYHOTO O0O0'€KTa BiJ TpaekToOpii, 3MEHIIUTH
€HeproBUTpaTHI U 3a0e3nmeuynuTy 3aJaHy KyTOBY OpI€HTaIlll0 O0'€KTy KepyBaHHS B
IUIOLIMHAX MEPIEHIUKYIIPHUX HAMIPSIMKY PYXY.

OCHOBHMH TEKCT.

Mema 0ocnidxcennn — po3poOKa CTPYKTYpU CUCTEMU aJIalITUBHOTO KEPYBaHHS
AMP 3miHOBaHOi KOH(irypamii. BnpoBamkeHHS amanTUBHOIO  KEepyBaHHS
JI03BOJIMTh: MIHIMI3yBaTU BiAXUJIEHHs 1IeHTpYy Mac AMP 3MmiHoBaHOi KoHbIryparii
Bl TpPAEKTOpii, 3MEHIIMTH CHEProBUTpPATHI U 3a0€3MEeUuTH 3aJlaHy KyTOBY
Opl€HTAIIII0 00'€EKTY KepyBaHHS B HANMPsAMKAX NEPIEHINKYIAPHUX HAPSIMKY PYyXYy.

O6'ckm Oocnioycenna. Y saxkocTi 00'€kTa JOCTIIKEHHS PO3IIISIAETHCSA KIIac
auHAMIYHUX O0'e€KTiB, s skux y 0OaszoBit cuctemi koopawmHaT Cl1X¢1Yc1Zc,
MOB'S13aHOT 13 HEHTPOM Mac Iaci, TEH30p 1HEPIi - HellarOHAIbHUNA 1 HECTaIllOHAPHUIA
[7]. Ilpuknagom Takux 00'€KTiB €: aBTOHOMHHI MOOUIBHUI pOOOT 3 MaHIMyJIATOPOM
(puc. 1) [8], aBTOHOMHMIT MOOUTEHUIN POOOT 3 PYXJIMBUMH €JIE€MEHTAMU KOHCTPYKIIT
(puc. 2) [8].

Ha pwuc.l npencraBiena cxema KoOHCTpykiii AMP 13 wmaHimymsTopom.
KoHcTpykIliss  ckiajaerbcsi 3  MOBHONPHUBIAHOTO 4 —  KOJIICHOTO  Iaci;
aHTPONOMOP(HOr0 MaHIMyIATOpa CKIIAJICHOTO0 3 JUCKY, II0 00€pTa€ThCsl HABKOJIO
BEPTUKAIBHOI OCI, Ta CTPWKHEBUX JAHOK pPYyKH, 3'€AHAHUX POTALIHHUMHU
KIHEeMAaTUYHUMH TTapaMHu I'sITOTo KIacy.

Ha puc.2 naBenena cxema KOHCTpykuii AMP 3 pyxiuMBHUMH eneMeHTaMu.
KoHcTpykIlis cKiamaeThCss 3 MOBHOMPHUBIIHOTO 4 — KOJICHOTO IIaci, HaBICHOTO
oOnmagHaHHs (KiBII, mym, Oyp 1 T.I.), 3'€qHAaHUX 13 TUIAT(GOPMOIO POTAIIHHUMHU
KIHEMaTUYHUMH TapaMyd M'ATOTO KJacy W PYyXJWBUX 1HGOPMAIITHUX MPUCTPOIB
(kamepa, JO3UMETp, MOXKEKHHUM CIOBINIyBa4d 1 T.M.) 3MOHTOBAaHMX Ha KUIbII, IO
00epTa€eThCS HABKOJIO BEPTUKAIBHOI OCI.

ISSN 2567-5273 75 www.moderntechno.de



Modern engineering and innovative technologies Issue 24 / Part 1

-

Pucynok 1 — Cxema KOHCTPYKIii ABTOHOMHOI0 MOOiJIbHOTO po0oTYy 3
MAaHINYJATOPOM
Iocepeno: [8]

I I
Pucynok 2 — CxemMa KOHCTPYKIii ABTOHOMHOI0 MO0OiJIbHOTO po0oTYy 3
PYXJIMBHMHU eJieMeHTaMH

IDicepeno: [8]

Memoo po3eé'azanna. Po3poOky cuctemu kepyBaHHa AMP moTpibHO
IPOBOJUTH Ha OCHOBI TOYHOI MaTeMaTHYHOI MO AMHAMIKH. J[MHaAMidHa MOJENb
AMP 3miHOBaHOi KOH(QIryparii MOBHHHA BpPaxOBYBATH 30BHIIIHI 30yproBaHHS,
He1arOHAJIbHICTh 1 HECTALIOHAPHICTh TEH30PY 1HEPIIii, 3CYB MOJIOKEHHS LIEHTPY Mac,
TEpTA B KIHEMAaTUYHUX MapaxX, KOHCTPYKTUBHI OOMEKEHHS 1 T.J1. YMOBH €KCILTyaTarii
TaKUX JUHAMIYHUX O0'€KTIB HaWJacTilie HE TIIbKM HE BiJIOMI ampiopHO, ajle u
MOXYTh pPamnTOBO MIHATACA B IMHPOKOMYy miama3oni [5, 6, 8]. Ilpuunnnm
HEBH3HAYEHOCTI i HECTALlIOHAPHOCTI [IMX YMOB MOJISATAIOTh!

1) y Henmomiky iH(opMmaIlii Mpo BIACTUBOCTI 30BHIIIHBOTO CEPEIOBHIIIA;
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2) y TeXHIYHUX OOMEXKEHHSX, MPUPOAHHLOMY PO3KHAI W npeildi mapaMmerpis
CEHCOPHOI 1 pyXOBOi cUCTEM 00'€KTa;
3) y BUHHMKHEHHI MEpeniKoa 1 OOYUCIIOBAIBHUX TOTPIIIHOCTEH y KaHalax
3B'SI3KY i KEpYBaHHS.
30BHIIIHI 30ypeHHs], HASBHICTh MEPEUIKOA y poOOUiil 30HI, 3MIHM MapaMeTpiB
HABaHTa)XCHHs, 0OMEXEHHS Y KIHEeMaTUYHHUX Mapax 1 MPUBOAaX 00YMOBIIOIOTh 3MIHH
AuHaMiyHUX mapameTpiB AMP 3wmiHtoBanoi koHdirypamii. Bimomi anroputmu
KEepyBaHHS JIJIs MOIIOHUX 00'€KTIB JI03BOJISIFOTH €()eKTUBHO BiIPaIlbOBYBATH JOCUTH
BY3bKHI J1alma30H 3MIHM JWHAMIYHUX TMapaMeTpiB 00'ekty. IIpu po3podii cuctemu
KepyBaHHs TOTPIOHO BpaxyBaTH, 110 3MiHM napameTpiB AMP y mnporieci BUKOHAHHS
TEXHOJIOTIYHUX OIepalliid BIUIMBAIOTh HAa BaroBi KOE(iIlIEHTH MEPEXPECHOTO 3B’SI3KY
KaHamiB KepyBaHHsA. lle oOyMoBItoe 3HIWKEHHS €()EKTUBHOCTI KEpyBaHHS I10
3BOPOTHOMY 3B'SI3KY.
AMP nyist poGoTH B €KCTpeMaJIbHUX yMOBaX MependavyaroTh aBTOMATHYHE abo
JAUCTaHLIMHE aganTUBHE KepyBaHHsS. CTPYKTypHY CXEMy CHUCTEMH aBTOMATHUYHOTO
aganTuBHOTO KepyBaHHs AMP 3miHtOBaHOT KOH(}ITYpallii HaBeIeHo Ha puc. 3.

Cucmema nputinamms
Iupopmauiuno- iwens
Hagleauiiina cucmema . ]
—> Posmopin micii Ha 3ama4i
Jatauku 1u1st po3BiAKH Bu3HaveHHs MPiOpPUTETIB
) .
30BHIIITHOTO > 3a7a4 .
. Buxonasua (pywitna)
CepenoBHILA I'pynioBa B3aemonis cucmena
Jatuuku i aHaNizy .
. . ITpuBoau maci >
ITMHAMIYHAX »
—> iB AMP ;
[apaMeTp1B > Mikponpouecop
3MIHIOBaHOI
koH(pirypamii
o)
5 <} IIpuBoau MaHimyJIsATOpa
3 pUBOL y P
> JlaTauKu 1ist = Baza g . R
. > E . s . o (HaBicHOTO >
KOHTPOJIIO SIKOCT1 8 & | xepyrouux & T >—> 6
&2 g 00J1aTHAHHS)
BHUKOHAHHS 2 porpam =
_> 3 » ¥ -
TCXHOJ’IOFI‘.{HI/IX > % a 'g a
omeparfiit s 5
< 4
Jatuuku s ~ IIpuBonu cxsaty
. . .
KOHTPOJIIO KOJIIB, > MaHimynsropa >
. Mpane3aTHOCTI > (ycTarKkyBaHHS)
CUCTEMH KepyBaHHS i
KaHaJiB 3B A3Ky
Po6ounit mpocrip AMP

3MiHIOBaHOI KOHQIryparii

Pucynok 3 — CTpykTypHa cxeMa CHCTeMH AaBTOMATHUYHOI0 KePYBaHHSA

AaBTOHOMHOI'0 MOOLILHOTO po0OTY 3MiHIOBAHOI KOH(pIirypamii
Aem. po3pobka

[Ipu aBTOMaTMYHOMY aganTUBHOMY KepyBaHHI AMP nie aBTOHOMHO 715t
BUKOHAHHS TJ00aMbHOTO 3aBmaHHs - Micii. [Ipu 1bOMy OIlIHKAa TPIOPUTETHOCTI
3aBAaHHS, PO3MOIT 3aBIaHHS MiICil Ha OKpeMi 3a/adi, po3poOKa cTpaTerii, rpymnoBa
B3aemoist 3 AMP Tta BIIJIA, anani3 onepatuBHOI 0OCTaHOBKH, PEaKIlisi HA 30BHIIIHI
30ypeHHsT 1 T. M. 3IHCHIOETHCS BIACHOIO cuctemoro kepyBanHs AMP. Ilpu
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aBTOMATUYHOMY aJalNTHBHOMY KepyBaHHI AMP nominsHO BUKOPHCTOBYBATH POOOTH
TPeThOro MokoJiHHA. CucTeMa KepyBaHHS SIKUX CAMOCTIIHO:

— Oyaye MOJIeNIb 30BHINIHHOTO CEPEOBUIIA,

— BU3HAYa€ METY 3aBJaHHs 1 00’ €KT MaHIMYJIIOBaHHS,

— oOupae HeoOXiJHE YCTaTKyBaHHS JJIsl BAKOHAHHS TEXHOJIOTIYHUX OTMeparlin,

— 00YHCIIIOE KOOPAWMHATH TOYOK JIJIS BAKOHAHHS TEXHOJIOTIYHUX OMEeparlin,

— BUKOHYE CHHTE3 ONTHMAJIHOI TPAEKTOPIi JO TOYKH BUKOHAHHS TEXHOJIOTTYHHUX

orepartii,

— 3JIIACHIOE TeHepallilo Kepyrunx KoMaH i pyxy AMP B310Bk onTUMabHOI

TpaekTopii Ta (a00) /11 BUKOHAHHS TEXHOJOTTYHHUX OTepallii.

[Ipu aBTOMaTM4HOMY KepyBaHHI AMP peani3yeTbcs aganTuBHE KepyBaHHS
TUHAMIYHUM 00'ekTOM 0€3 MPHUCYTHOCTI JroauHH-orieparopa. s edexTuBHOTO
ABTOMATUYHOTO KEpPyBaHHS Yy TMPOIECOp CHCTEMH KEepyBaHHA HEOOXITHO
3aBaHTAKUTH METY MICii, MOXKJIUBI CTpaTerii TOCATHEHHS METH, KapTy MICIEBOCTI,
o0yacTe po0OOYOi 30HU, KOAU KaHAJIB 3B'SA3KY JJISI MOXKJIMBOI B3a€MOJIi 3 1HIIMMH
AMP, BIIIA ab6o daxiBugmu cremiaabHux migpo3aumB. [l 3abe3nedeHHs
0e3mepepBHOrO pPyxy cCHCTeMa KepyBaHHsS poOOTa MOBHHHA MPHUMMATH PIMICHHS B
pealbHOMY Yaci.

CTpyKTypHY CXeMy CHUCTEMH AHMCTaHIIHHOTO aJalTUBHOTO KepyBaHHsS AMP
3MIHIOBaHOI KOH(]irypaiiii HaBejeHo Ha puc. 4. [Ipu nucraHiiitHoMy aJanTUBHOMY
KEpyBaHHI aHaji3 OINepaTUBHOI OOCTAHOBKHM, BU3HAYECHHS IPIOPUTETIB, PO3MOILIT
MiCii Ha OKpewmi 3ajayi, BUOIp YCTaTKyBaHHS Ta CHHTE3 KOMaHJ 31HCHIOETHCS Y
IIEHTP1 KePYBaHHSI 1 MepenaeThCcs cucTeMi kepyBaHHS AMP mo kaHanax 3B’s3Ky.

Ingpopmayiiino-
Hagieayitina cucmema
—>
JlaT4auku 1715 po3BiAKU JltoauHa - orepatop
30BHIITHOTO —>
v 4 Bukonasua (pywiiina)
cepeloBHIIA -
MomniTtop cucmema
Jarduku Uit aHanizy 7y .
. IMpuBoam maci >
JIUHAMIYHUX A >
> napamerpis AMP > Mixponpouecop
3MIHIOBaHOT
KoHirypamii
o
5 < [IpuBoaM MaHimysITOpa
) puBOA Y. P
> Jaruuku ais = Basa 5 .
. » E o R I (naBicHOTO > >
KOHTPOJIIO SIKOCTI R % | KepyrouHux g Z >—>
& v Q. m 001aJHaHHA)
BUKOHAHHSA 8 = porpam ; =
> TEXHOJIOTIIHUX > = m E m
Lo [é (<] = (2]
orepartiit g =
< ~
Jatuukuy nmis m IIpuBoM cxBary
KOHTPOITIO KOJIIB, > MaHIyJsTOpa
| Tpane3iaTHoOCTi > (ycTaTKyBaHHS)
CHCTEMHM KepyBaHHS i
KaHaJiB 3B’sI3Ky
Po6ounit npoctip AMP

3MiHIOBaHOI KOHpiryparmii

Pucynok 4 — CTpykTypHa cxeMa CHCTEMH AUCTAHUINHOTO KEPYBAHHS

aBTOHOMHOI'0 MOOLILHOTO po0OTY 3MiHIOBaHOI KOH(pIrypamii
Asm.po3pobka
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[Ipu nucraHuIiHOMY KEpyBaHHI OCHOBHa 4YacTKa KEpyl4uX Iporpam
3aBAHTAXKYETHCS Y MIKPOIPOIECOp M0 IOYATKy Micii, a HEoOXiJHa oIlepaTHBHA
iHdopMarIliss MOXKe HaIaBaTHCh IO KaHANaX 3B’SA3Ky MiJ Yac BUKOHAHHS MICIi.
Jucraniiitne KepyBaHHS MOXK€E MaTd  3ami3HIOBaHHS  Ta  TIOTaHy
MePENIKOI03aXUIIeHICTh. [le oO0Mexye 3acTOoCyBaHHS IUCTAHIIIHHOTO KEPyBaHHS
AMP mpu poOOTI B €KCTpeMaJbHUX yMOBax Ta MPH HAA3BHUAWHUX CUTYallsX SKi
noTpeOyIOTh HEraHOT peaKilii.

Ilin 4Yac pyxy JuHaMI4HOTO OO'€KTY Y3JIOBX TPAEKTOPIi  KpHUTEPIEM
ONTUMAJILHOCTI € MIHIMI3allisl BIAXWJICHHS IEHTPY Mac 00'€KTy BiJ po3paxoBaHOl
TpaekTopii. [1i1 yac BUKOHAHHS TEXHOJIOTTYHUX OIepalliii KpUTepiEM ONTUMAIbHOCTI
Oylne SKICHUM TMOKaXYUK TEXHOJOTIYHOro Iporecy (TOYHICTh TMO3HUIIIOBaHHS,
MOBTOPIOBAHICTh PYXy IHCTpyMEHTy 1 T.i.). Ha KoXHIM iTepauii anroputmy
KepyBaHHsI 3AIMCHIOEThCS ajamnTaiis J0 30BHIMIHIX 30ypeHb, yMOB po0O0OYOTO
pocTopy, MOoTo4YHOi KoH(piryparii AMP, napaMeTp1B HABAaHTAXKEHHS, TTOMHJIOK
KEepyIOUYuX KOJIIB 1 MEPENIKO/l Yy KaHajlaX 3B’S3Ky. 3aCTOCYBAaHHS 3alpOIOHOBAHUX
CTpYKTyp cuctemMu kepyBanHs AMP 3miHoBaHOi KOHQiryparii mnepeTBOproe
aJanTHBHE KEPyBaHHS B HAJ3BUYAHO THYYKHH 1HCTPYMEHT OpTraHi3ailii
[IJIECIIPSIMOBAHOI MOBEIIHKK POOOTAa B YMOBaxX HEBU3HAUCHOCTI.

BucnoBku. Posrmsnyro kepoBanuit pyx AMP 3miHoBaHOi KOH]iryparii.
Busznaueno auHamiuHi 0coOMMBOCTI 00’€kTy KepyBaHHA. CKJIaJ€HO CTPYKTYpHI
CXeMH aBTOMATUYHOTO Ta JUCTAHUIAHOIO aJanTHUBHOro kepyBaHHs. [lpu 1pomy
CUCTEMa KEpyBaHHS MOKE€ MUTTEBO pearyBaTH Ha B3a€MO3B'SI30K KaHAJIB KEPYBaHHS,
3MiHU 30BHIITHBOT OOCTAHOBKM M MOTOYHOI'O CTaHy OO'€KTYy, 30BHIIIHI BIUIUBH JIJIsI
3ano0iraHHs 31TKHEHHSIM 13 MepelnikoaamMu 1 30epekeHHs nparesnatnocti AMP. Lle
JI03BOJIUTh 3a0€3MEeUNTH KEPOBAHICTh, 30€pEerTH 3aJaHy KYTOBY OpIEHTAIlll0 B
HalpsiMKax MEpPHEeHANKYISIPHUX HAOpsIMKYy PyXy Ta MIJBUIIUTH TPOIYKTUBHICTD
po6otu AMP.
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Abstract. Two constructions of AMP of variable configuration are considered. Three modes
of controlled motion of AMR of variable configuration were investigated. The dynamic features of
the control object are determined. Structural diagrams of automatic and remote adaptive control
have been compiled. At the same time, the control system can instantly react to the interrelationship
of control channels, changes in the external environment and the current state of the object,
external influences to prevent collisions with obstacles and preserve the operational efficiency of
the AMR. This will make it possible to ensure controllability, maintain the given angular
orientation in directions perpendicular to the direction of movement and increase the performance
of AMR work.

Key words: autonomous mobile robot, control system, adaptive control.
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Anomauia. B pobomi pozenadaiomvca npuHyunu po3pooKu ma opeanizayis npoepamHux ma
anapamuux 3acodié KOMNIEKCy 0XOpOoHU Qizuuno2o nepumempa npuminyerns. OCHOBHOW Memoro
pobomu € po36UmMox NPUHYUNie ma mMemooux nooyo0osu anapamHuo-npocPamHoi cucmemu 0XopoHu
@izuunoco nepumempy npuminjensv. Bupiwysani 3adaui: 02150 ma nOpieHANbHUL AHANI3 ICHYIOYUX
3aco0ig oxoponu izuuno2o nepumempy npuminjeHs, hopmysanHs NPUHYUNie no6y008U anapamHo-
NPOSPAMHUX CUCmeM OXOPOHU (hi3uyHo20 nepumempy npumiwjeHv. Haseoeno ocnoemi ioomocmi
npo cyuacHi oxopoHui cucmemu. OnRUCaAno 3a2anbHOEBPONENUCLKI CMAHOapmu HAOItiIHOCMI cucmem
be3nexu ma Knacu oyinoganusa 6 nux. Haeedeno ocnosHi ¢ynxyii oxopounux cucmem. Onucano
opeamizayito Kawanié 36 ’s3KY 6 OXOpPOHHUX cucmemax. Ilpedcmasneno nopiGHANbHUL AHANI3
20MOBUX pilleHb OOMAUIHIX OXOPOHHUX cucHanizayit. Hadani pexomenoayii' 3 no6yooeu oxopoHHux
cucmenm.

Kniouoesi cnosa: xomniexc, cucmema oxoponu, cueHanizayis, ¢izuunuti nepumemp, GSM.

Beryn.

B nam yac Bce Ounblie Jirofel nparnyTh 3a0e3reunTtu 0e3reKkor cede Ta CBOE
MaifHO, 30KpeMa 3amoOIrTH  HECAHKIIIOHOBAaHOMY TPOHUKHEHHIO Yy  CBOIO
HepyXoMicTh. Panime mroau oOMeXyBadcs MIIHUMHU JIBEpUMa 31 CKJIQJHUMHU
3aMKaMHU Ta IrpaTaMy Ha BIKHAX, ajie B Cy4aCHUX peaiisix 1boro 3amaio. Jonomortu
y BUPIIICHH] 1€l MpoOieMU MOXYTh OXOPOHHI CUCTEMH, SIKI BOPOBAKYIOTHCS Ha
00’ €KTax KHUTIOBOTO Ta IPOMHUCIOBOTO MPU3HAYEHHSI.

OCHOBHUH TEKCT.

OCHOBHOI0O METOIO POOOTH € PO3BUTOK MPHUHIIUIIB Ta METOAUK MOOYIOBH
anmapaTHO-MIPOTPaMHOi CUCTEMU OXOPOHU (HI3UYHOTO TEPUMETPY MNPUMIIICHb. JIJis
JTOCSTHEHHS METH TIOCTaBJICHI HACTYITHI 3a/1a4i:

— OrJIsi[i Ta TOPIBHSUIBHUEM aHalli3 ICHYIOUHMX 3ac00iB OXOpOHU (hi3MUHOTO

NEePUMETPY IPUMIIICHb;
— (GopMyBaHHS MPUHIMIIB MOOYI0BU anapaTHO-MPOrPaMHUX CUCTEM OXOPOHHU
(G13MYHOTO MEPUMETPY MPUMILIEHb.

[li1 OXOpOHHOIO CHCTEMOIO MAaTHUMEMO Ha YyBa3l CHCTEMY 3 EJIEKTPOHHUX
NpuiaaiB, (yHKI[IOHAJIbHE  TNpPU3HAYEHHS  SKOi  TOJIIrae 'y  BHSIBJICHHI
HECaHKI[IOHOBAHOTO TMPOHUKHEHHS BCEPEIUHY TEpUTOpii, sKa mnepedyBae mMiA
OXOpOHOIO Ta (hOPMYBaHHI 3BYKOBUX, CBITJIOBUX Ta IHIIMX TPHUBOKHHUX CHUTHAJIIB
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omnosimeHHs [1, 2].

JIyst cripaiifoBaHHSI CUTHaMi3allli HEOOX1THO BUKOHATH BTOPTHEHHS Ha 00’ €KT,
10 Ma€ Ha yBa3l 3aBJaHHS MEBHOI IIKOJAW, HANPHUKJIaA po30MTE BIKHO YW 3J1aMaHi
asepi. ToOTO, cucTeMa HE MEPEIIKOKae MPOHUKHEHHIO CTOPOHHIX OCi0 1 CHrHail
TPUBOTH MPUXOIUTH BXKE MICIS TOMIKOKEHHS MalHa.

Crig BiI3BHAYUTH, IO Y OXOPOHHUX (DipM LIEHTpaIIbHOT OXOPOHU € (iHAHCOBA
BIJIMOBIIATIGHICTh 3a 30UTKM Yy BUIJISAI TPOIIOBOI KOMIICHCAIll, SKIIO Tpymna
OTIEPAaTUBHOTO pearyBaHHs HE MpHixajia Ha BUKIWK 3a 3a3HAYCHUW Yy JIOTOBOPI dYac.
Sxmo mnpwuixanu ByacHo, ¢ipMa He Hece BIANOBiAAIbHOCTI. Jlns TOBHOrO
(1HaHCOBOT'O 3aXUCTY JOULIBHO 3aCTPaxyBaTh 00’ €KT y CTPAXOBI KOMITaHI].

[IpoekTyBaHHSI OXOPOHHOI CHUCTEMHU JOCUTh TPYIOMICTKUWA TpoleC, SKUI
noTpedye 0coOIMBOrO MIAXOAY 3 BpaxyBaHHSM 1HJIMBIAyaJbHUX YMOB HPUMIILIECHHS
Ta MoTped 3aMoBHUKA. Taka cucTeMa 3aBxAu nependavyae 3HaYH1 (1HAHCOBI BUTPATH.
Tomy, m00 oONTHUMAJIBHO BUTPATH KOIITH, HEOOXITHO PO3TJISAHYTH TMEpeiK
rapamMeTpiB CUCTEMH Ta YCBIIOMJICHO 3BAXKUTH TIEPEBAry 3 HEJIOJIIKAMU JIJIs1 KOKHOTO
3 THMIB TOTSHIIMHO HEOoOXigHOro oOjagHaHHsI. BaxiauBUM MapaMeTpoM €
BIIHOIICHHS I[IHU JO SKOCTI OTPUMAHOTro Mpoaykrty. Ilnoma nmepumerpy OxXopoHH,
10 MOKPUBAETHCS, O€3MOcepeHHO BIUIMBATUME Ha BaPTICTh O0IaIHAHHS.

B €Bpormi HagiiiHICTh CUCTEM O€3MEKU OILIHIOETHCS 3a 3aralbHOEBPONEHCHKUMHU
cranaaptamu cepii EN 50131, a B Ykpaini € Bianosinna cepis JICTY EN 50131 [3].
BupoOHUKK cuUCTEM OXOPOHHOI CUTHaJI3allli €BPONEHCHKOTO PUHKY JTOTPUMYIOTHCS
uux BuMoOr. IcHye 4 kiacu oIliHIOBaHHSI O€3IeKH, PO3pPaxOBaHUX Ha MPOTHUJIIIO
3arpo3am pi3HOTo piBHA [4]:

» Grade 1 — po3paxoBaHO Ha HEJIOCBITUYCHUX 3JIOBMUCHHKIB;

» Grade 2 — cucreMa 3000B’s13aHa IPOTUCTOSATH JTOCBITYCHUM 3JIOBMUCHHKAM, SIKi
MOXYTh BUKOPUCTOBYBATH JI0JIaTKOBE 00JIaTHAHHSI,

» Grade 3 — mpotHais 3JOBMHCHHMKAaM 31 cCHelu@iYHUMH HaBHYKAMH Ta
CreliayIbHUM OOJIagHAHHAM JUIi O00XOJy CHCTEM OXOpPOHH, TepeadadeHa
3aXMIIEHICTh B caboTaxy;

» Grade 4 — mporugis mnpodeciiHUM TpymaMm 31 3HAYHUMU PECYpPCaMH,
nependayeHo 3arpo3y ax 10 TEPOPUCTUUHUX aTak.

VYl KOMIIOHEHTH CHUCTEMU MarOTh OYTH OJHOTO CTaHJApTy Ta MpaloBaTH Ha
omHiit wyacroti. Haitbinpm nommpenumu € cuctemu Grade 2. be3aporoBum
OXOPOHHHM CHCTEMaM He HaJaeThcs kiac Buie 3a Grade 2 [4].

3a mpUHIAIIOM POOOTH, OXOPOHHI CHCTEMH MOKHA po3aimTth Ha [S] (puc. 1):

— CHCTEMU OXOpPOHHU (DI3UYHOTO MEPUMETPY Ta TPUBOKHOT CUTHATI3AIIIT;

— CHCTEMH KOHTpPOJIIO Ta yrpasiiHHs goctynom (CKVY [);

— CHCTEMH BUSIBJICHHS MTOXKEKHOT HEOE3MEKH.

3a crmocoOoM pearyBaHHs MICJSl CIPAIIOBaHHSA CHUTHAJIy TPUBOTH OXOpPOHHI
CHUCTEMH MOJUISIOThCA Ha [2, 6]:

— 3 BUBEJICHHSIM Ha LIEHTPAJIbHUHN MYyJbT OXOPOHHOI (hipMHu;

— 3 BIIMPABKOIO HA MOO1TBHUM MIPUCTPIN BIIACHUKA MPUMIIICHHS;

— aBTOHOMHI CUTHaJTI3aIll.

3a BUSBJICHHS MOPYIIHUKIB BIJMOBIIAIOTh JATYUKW BUSBJICHHS (CHOBINTyBadi).
IcHye OaraTo crioco0iB MPOHUKHEHHS B MPUMIILIEHHS (PO3KPUTI ABEP1, BUOUTE BIKHO,
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poJIOMJIEHA CTiHA 1 T.J.), TOMY BIJIPI3HAETHCS MPUHIIUI A1l 1aTuukiB (puc. 2). [licas
30BHILIHBOTO BIUTUBY NaTYUKU (POPMYIOTH BIATOBIIHUM cUrHai [7].

o

MoxnmeocTi
- OXOPOHHMX cucTeM
- N
s ~
7
» N
BusBneHHs noXxexHoi OxopoHa (i3nyHoro YnpasfiHHa Ta
Hebe3nekn nepumeTpy KOHTPOSb JOCTYNOM

BuBepneHHs Ha nynbT
OXOPOHHOI hipMmn

- -~

OnoBiLLEeHHS . BusiBneHHs [ncTaHuiiHe
] 3BYKOBE OMOBILLEHHSI ;
A3BiHKoM / SMS NPOHUKHEHHS yrpaBniHHSA

BipeocnoctepexeHHs

Puc. 1. OCHOBHiI MOKJIMBOCTI OXOPOHHHMX CHCTEM
Aemopcovka po3pobka

CnosiwyBaui

- Pyx (4, o6’emHi, ynbTpa3ByKoBi)

- HabnmxeHHs / oTuk (EMHiCHI)

- BigkpuTTa (MarHiTokaHTakTHi Ta
€IEeKTPOKOHTAKTHI)

- Hanapg (Tp1BOXHi KHOMKM)

- P036u1TTA 3ackneHnx noBepXoHb
(aKyCTWYHI, yOapHO-KOHTaKTHi)

- MNponomw / Tpsicka (BibpauiiiHi)

Puc. 2. PizHOBHIM crIOBilyBaYiB Ta NPUHIMI iX Jil
Asmopcovka po3pobka
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JI1s1 CrIOBIIIEHHS TIPO CHpAIfOBAaHHS TPUBOTU HEOOXIHO MaTH KaHaJ mepeaadi
MIX CHCTEMOIO OXOPOHH Ta OTpuMyBadeM (puc. 3). YacTo nms miABUILEHHS CTIHKOCTI
CUCTEMH Iepe10auyIoTh AeKiIbKa pI3HOTUITHUX KaHaJiB nepenayi [8].

Ha gymky aBTOpiB, APOTOBI KaHAJIM € 3aCTApUIUMHU, MAlOTh BUCOKY BapTICTh Ta
He3pyuHi B MOHTaxl1. [IpoTe, B eskUX cucTteMax BUKOPUCTOBYETHCS MiJ1€THAHHS JI0
mepexi [nrepuet uepes Ethernet [8].

B nam wac gocuth mommpeHuMHu € curHamzaiii 3 momyiaemM GSM, ockibKu
BOHHU JIO3BOJISIFOTH BIIIAJICHO KOHTPOJIOBATH CTaH 00’ ekTa. ['0JIOBHOIO TIepeBaroo €
BIICYTHICTh OOMEXEHb II0 JallbHOCTI Tepeaadl JaHuUX, a Oe3leka mnepenayl
rapaHTy€eThCS OMEPATOPOM MOOUIBHOIO 3B’ SI3KY [9].

KaHnanu 3B’sa3ky

Y Y

[poToB.i besgpoTosi
Buaineni ninii GSM (GPRS, SMS)
KOMyTOB.aH.I CDMA
TenedOHHiI NiHil
Mepexa 220B Wi-Fi
OnTOBOMOKHO MpuBaTHi
(TCP/IP) pagioyacTtoTu

Puc. 3. PizHoBuau kaHajiB nepeaavi inpopmauii Misk 0XOPOHHOI0 CHCTEMOIO TA

OTpUMYBayeM
Aemopcwvka po3podka

Cucrema 3 monyinem GSM Moke HAJCWIIATA TPUBOXKHI Ta YIPABIISAIOY1 CUTHAIH
yepe3 SMS abo roiocoBi MOBIAOMJICHHS. 3a JOMOMOIOI0 YMPABISIOUUX CUTHAIIB
MOYKHa 3/IIMICHIOBATH ITOCTAHOBKY YM 3HATTS 00’ €KTa 3 0XOpOHHU [9].

ABTOpaMU TIPOBEJICHO OTJISA[ Ta aHali3 TMOIYJSIPHUX TOTOBUX CHCTEM Ta
maTGopM sk TOOYI0BH JOMAlIHbOI OXOPOHHOI CHUTHAaJI3allli, HaWBIAOMIIIMMU 3
Hux € Ajax StarterKit, ATIS Kit GSM+WIFI 130T, GSM-Universal, OKO-SX
(SMA) ta GSM10A [10 - 15]. Pe3ynpTaTu MOPIBHAJIBLHOTO aHAJI3y XapaKTEPUCTHUK
3a3HAYCHUX CHUCTEM MpeacTaBicHl B Ta0. 1. SIk BUaHO 3 JaHUX TaOJuIll, BC1 Ha3BaH1
cucteMu € Oe3aporoBuMu ab0 KOMOIHOBaHMMH. [lOMyJSIpHUM pIMIEHHAM €
Bukopuctanusg GSM - kaHany 11 ynpaBiaiHHS Ta iHGOpPMYBaHHS.
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Taoaunga 1
IopiBHAJBLHMI aHAJII3 CHCTEM JIOMAITHLOI OXOPOHHOI CMTHAJI3amil
Hassa Ajax ATIS Kit GSM— OKO-SX
StarterKit GSM+ WIF] Universal (SMA) GSM10A
[Tapamerp 130T
GSM/GPRS- xanan + + + + +
WiFi- kanan — + - - -
Ethernet- kanan + - - - -
yHpaBiHHs MOG. MOO. TOJATOK, | MOO. JOJATOK, MOG. IONATOK, MO00. TOJaTOK,
OperoK, Openok, Openok,
CHUCTEMOIO JIOJATOK, tenedon/
ek tenedon/ tenedon/ DTMF tenedon/
p DTMF DTMF DTMF
MOO0. )
HaTAIITyBaHHS OTATOR M00. 101aTOK | KOH(IrypaTop SMS tenedon/SMS
KUIBKICTD 50 6+3 5 8 5
KOPHUCTYBaylB
Bijieodikcalis moin + - + - -
IpoTOBi/ 6€31pOTOBI y Iy Iy e Iy
IATYUKU
yac aBTOHOMHOI 10 10 =0 a/n a/n
po6oTH, TO/I.
;’g;eHTOBHa Ha, 7600 3400 2800 1500 2100
Asmopcwra po3pobra

Takoxx, BHanMM pIIIEHHSIM € BHUKOPUCTAaHHS CHEIIaJbHOT MOporpaMu —
KoH(irypaTopa s HaJaTyBaHHS cUCTeMH 3a jnonomororo [IK mpu migkitodeHHi
yepe3 USB. Bukopucranas cucrem 3 0€3ApOTOBUMHU JaTYMKAMH MOKIIUBE IS
JOMaIIHIX OXOpOHHUX cucTeM (piBeHb Grade 2). BukopuctanHs IpOTOBUX JaTUHKIB
€ OUTBIIT HAAIHUM 3 TOYKH 30PY MOXJIMBOI BiZICTaH1, CTIKOCTI 10 paJioNepeniko Ta
HE3aJIEKHOCTI B1J] IKEpE eHeprii (3aMiHU €JIEMEHTIB KUBJICHHS).

BucnoBku. B crarTi onvcaHO OCHOBHI (PYHKIIi Ta MOKIJIMBOCTI OXOPOHHHUX
CUCTEM, PI3HOBUIM CIOBIIIYBaudiB Ta MPUHLMIKA OpraHi3alli KaHamiB 3B S3KYy B
OXOpOHHHUX cucteMax. [IpoBeAeHO MOPIBHSUIBHUIM aHaMi3 MOMYJSIPHUX JIOMAIIHIX
OXOPOHHHUX CHCTEM Ha pUHKY YKpaiHu. CHhopMoBaHO OCHOBHI MPUHIUIHN NOOYAOBH
anapaTHO-IIPOTrpaMHUX CUCTEM OXOPOHH (PI3MUHOTO MEPUMETPY MPUMIIIECHb.
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Abstract. The work considers the principles of development and organization of software and
hardware of the complex of protection of the physical perimeter of the premises. The main goal of
the work is the development of principles and methods of building a hardware and software system
for protecting the physical perimeter of the premises. Solved tasks: review and comparative
analysis of existing means of protecting the physical perimeter of premises, forming the principles
of building hardware and software systems for protecting the physical perimeter of premises. Basic
information about modern security systems is provided. All-European reliability standards of
security systems and their assessment classes are described. The main functions of security systems
are given. The organization of communication channels in security systems is described. A
comparative analysis of ready-made home security alarm solutions is presented. Recommendations
for the construction of security systems are provided.

Key words: complex, security system, alarm system, physical perimeter, GSM.
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Anomauin. B pobomi pozensdaemvcs pezyibmamu  aHANizy BUPOOHUYUX NPOYecis,
0pi€Hm08(1Hl/LX Ha HAOAHHS mpaHcnopmHux nociye 6 aeponopmax, AK MEexXHON02IYHO20 Kiacmepy 3
Gopmysanns mpancnopmuux nociye. Budineno ocuoeni ocobaueocmi eupodOnuymea nociye ma
chopmynboearno ymosu opeawizayii nodionozo eupobnuymea. Iloxkazano, wo aeponopmu MONCHA
posenadamu K MeXHON02iuHull Kiacmep 3 QopmyeaHHs MPAHCNOPMHUX nociye. Biosnaueno
cneyughiky BUpoOHUYMEa, G1ACMUBY Aeponopmam. wo npu3eooums 00 3POCMAHHA POl
iHhopmamuszayii eupoobHuymMaa.

Knrwwuosi cnosa: ingopmayiiine cepedosuwye, YNpasiiHHa aeponopmamu, iHgopmayitina
83aemo0is, iHhopmamusayis eupooHUYmMaa.

Beryn.

VY cyyacHOMy cycnijibCTBI c(hpepa BUPOOHMIITBA IMOCTYT CTAE OJIHIEIO 3 OCHOBHUX
K 3a 00CSTOM KaIlTaJIOBKJIAJeHb Ta €KOHOMIYHOrO e(eKTy, Tak 1 3a 00ciIromMm
3a]yuyeHUX TNPaliBHUKIB 1 CIOXHBauiB, IO OOCIyroByrOThCs. Y wii cdepi
CIOCTEPIraloThCcs HAMOUIBII MIBUAKI TEMIM KOMI'IoTepu3alii Ta iHdopMaTu3aii
BupoOHuUITBa. llpornecu, mos's3aHi 3 BUPOOHUIITBOM MOCIYr 3YCTPiUalOThCcs Ha
0aratboxX MiAMPUEMCTBAX Pi3HOT CIIPSIMOBAHOCTI, JI€¢ MOXKYTh 3aliMaTy MPOBIIHI PO,
K, HAMIPUKJIQA, B aeporoprax. Tomy iX BUBYEHHS, IO JTO3BOJISIE BUJITUTH OCHOBHI
0COOIMBOCTI OpraHizailii BUPOOHUIITBA, MA€ BAXKIWBE 3HAYEHHS /I PO3BUTKY Ta
BJIOCKOHAJICHHS MIAMPUEMCTB BUPOOHUIITBA TTOCIYT. Jorcepeno: [1]

OcCHOBHHUII TEKCT

Opranizailiss BUpOOHHUIITBA mepeadadae BUPIIMICHHS 3aBJaHb 31 CTBOPECHHS Ta
BJIOCKOHAQJICHHS B3a€MO/I11 MK BUPOOHUYHMH TMPOIECaMH 3 METOI0 iX CHHXPOHI3allil
Ta maBuIeHHs edekTuBHOCTI [1]. Takuii miaxia npu mMaTepialbHOMY BUPOOHUIITBI,

ISSN 2567-5273 87 www.moderntechno.de



Modern engineering and innovative technologies Issue 24 / Part 1 éw

Jie KOXKEH TMpoIec peajidye MeBHI Jii 31 CTBOPEHHS NPOJIYKIi, a pe3ysbTaTaMu
BUKOHAHHSI BUPOOHHUYHUX TMPOILIECIB € MaTepiajbHl pEeCypcH, 10 MePeNaloThCs 1HIINM
mpolecam, 3aCHOBaHHM Ha HEOOX1THOCTI BCTAHOBJICHHS MaTEpialibHUX 3B'A3KIB MIXK
BUPOOHMYMMH TIpoIiecaMu (TEXHOJIOTIYHUMH OIepaIlisiMu), M0 3a0e3MmedyroTh
nepeaady MarepialbHUX pe3yJbTaTiB BiJl OJHOTO MPOIECY /O IHIIOTO B MOPSIKY,
BCTAHOBJICHOMY BUPOOHHUYHMM LIUKIIOM [2].

[Ipu maTepianbHOMY BUPOOHMIITBI YaCTO HEOOXITHI 1 1H(OPMAIIIiHI 3B'SI3KH M1k
npolecaMu JJisi  nepefadyi  BUPOOHHUYO-TEXHOJIOTIUHOI 1H(opMalii (rmapamerpu
BUPOOIB, MAPUIPYTH PyXy, HEOOX1THI BUPOOHUYI PECYPCH 1 T. [I.), IPOTE 111 3B'SA3KHU 1
cami mpoliecu 00poOku 1H(opMaIllii € BTOpUHHUMH.

Oco0OnuBiCTIO BUPOOHHUIITBA MOCIHYr € TIEpeBakKaHHS MPOLECIB OOpOOKH
iHdopMmalii y BUPOOHMYOMY IMKIlI IpPU BUKOHAHHI BHUPOOHMYMX THPOLECIB 1
TEXHOJIOTIYHUX OMepalliid, y 3B'SI3Ky 3 4MM OOpoOKy iH(opMallli MOXKHA PO3TIsIaTH
K TEXHOJIOTTYHMM Tporiec, a iHdopmallio - sk BUPOOHHYMUA pecypc. Y IbOMY
BHUIAJKy B3a€MOis MK TIpollecaMd BCTAaHOBJIIOETbCS HE y BHIJISAII Iepenaadl
MaTrepialbHUX pPE3yibTaTiB IX BHUKOHAHHS, a y BUIIIAMI Tepenadi Ta OOpoOKH
iH(dopMarrii, HeoOX1AHOT JIJIs peastizallii mpoIeciB.

Opranizaiiis BUpOOHHIITBA TIOCIYT BIAPI3HSAETHCS BiJl OpraHizailii BUpOOHUIITBA
MarepiaabHOI TPOAYKII dYeprorw ocobimuBocTed [2]. A came: MOCIyrd HE €
MaTeplalbHUMHU pe3yJibTaTaMl BUPOOHMYOI JISTIBHOCTI 1 TOMYy HE MarOTh 4Yacy
COKUTTS», W0 JO03BOJIsiE iX 30epiratd Ta BIAKIAAATH CIOXKUBAHHA, 3allyCK
BUPOOHHUIITBA OaratbOx MOCIYT (HAJaHHS MOCIYT) MOXE 3/1MCHIOBATUCS TUIbKU B
3aJIEKHOCTI B1JI TOTOBHOCTI JI0 1X CIIOKHMBaHHS.

CroxuBaHHS TIOCIYT 4YacTO 3/IACHIOETHCS KOMILIEKCHO, TOOTO CIOKHBAY
MMOBUHEH OTPUMATH 3aJaHuil HaOlp MOCIYT JJIsi TIOBHOTO OOCIIYyTOBYBAaHHS, B IbOMY
BUMAJKY MOXE OyTH Ba)KJIMBHI MOPSAOK HaJaHHS (CHOKHBAHHS) 1 CHHXPOHI3aIlis
BUKOHAHHSI TIOCIYT.

CrnoxuBaHHS TOCIYT MOXJIMBE B PEXKHUMI BIJJAICHOTO JOCTYIMy [0 iX
BUPOOHUKIB, KOJI CITOKKBa4 (OPMYE 1 repejiac BAPOOHUKY 3aMOBJICHHS Ha MOCIYTY,
SIKUA MO’KE€ BUKOHYBATHCSI B ACHHXPOHHOMY pexXuMi (y Mipy TOTOBHOCTI HEOOX1THUX
pecypciB).

BupoOHuui mporiecu MOBUHHI HE TUIBKKM OOMIHIOBATHCS 1H(OpMaIli€o, ane i
3M1MCHIOBATH 1i TOIIYK 1 MOJaHHSA Yy MHOTpiOHIN ¢opmi 1 B mOTpiOHMI yac, IO
nepeadavae CTBOPEHHS HEOOX1MHOI iH(popmarliiiHoro cepepoBuma. [Ipu BUpoOHUIITBI
MOCJIyT 4YacTo TMOTpiOHa oO0poOka pi3HOMaHITHOI iH(OpMaIlii, sKa [TOBHHHA
MPOBOJUTUCS BIAMOBIAHO JO 3aKOHOAABCTBA, Taly3eBUMH Ta BHPOOHUYUMHU
HOpMaTHBamMu (CTaHAapTamu). MOXKIMBI JOJATKOBI BUMOTH IOAO 3a0€3TMEUCHHS
3axucTty Ta 30epiranHs iHopmarii. [lpum mnmaHyBaHHI MOCHYT CIOXHBaYi, SK
paBUiIO, 3HEOCOOJCHI 1 TUIaH BUPOOHUIITBA (HAMAHHS) TOCTYT (GOpMyeThCs 0e3
MIPUB'SI3KU O KOHKPETHUX 3aMOBHHUKIB: OpraHi3alliid, manpueMcTB Ta (i3udHUX 0Ci0.

[InanyBaHHST BUpPOOHUIITBA TMOCITYT 3AIMCHIOETHCS BIJMOBIAHO IO 3aIlUTIB
CHOXKHMBaYiB, TOOTO BUPOOHUITBO YIPABISIETHCS MOTOKOM 3alMTIB HA CIOKWBAaHHS,
0 Mae nepeadadaTd opraHizallilo BAPOOHMIITBA, 1110 JIO3BOJISIE IIBUJIKO pearyBaTH
Ha 3MiHY TTOTOKY Ta 3MICTY 3anuTiB. [loka3HUKH SKOCTI MOCIYT MOXKYTh 3MIHIOBATHUCS
B 3aJICKHOCTI BiJl 0ararbOX YMHHHUKIB, Y TOMY YMCIIl BUIAJKOBHX, 110 BKIIOYAIOThH
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nepeBaru Cro)K1MBaviB, CE30HHUI MOMUT, OCOOIMBOCTI PEriOHY 1 T. II.

Hananus mociyr Bumarae crieniajibHOTO oOJaaHaHH, 1m0 3a0e3rneuye 00poOKy
iHpopMarii Ta Oa3yeThCs Ha: CydyaCHHX 1H(POpPMAIIWHUX TEXHOJIOTIAX; 3aco0ax
OO0YHCITIOBAJIBHOT TEXHIKM; KOMM'TOTepu3alii Ta iHpopMalii BUpOOHUYUX IMPOLECIB;
3aCTOCYBaHHI MEPCIEKTUBHUX TEXHOJOT1 00pobku iHpopMarlii; mporuecax oopoOKu
iHpopMallii, Kl CTaloTh a00 HEBIJ'€MHOI0 YAaCTHHOIO TEXHOJOTTYHHUX IMPOLECiB, a0o
CaMOCTIMHUMU TEXHOJIOTTYHUMH TIPOIIECAMH; BUPOOHUIITBI MOCTYT, IKi POPMYIOTHCS
MOTOKaMHU 3alMTIB KIIEHTIB (CHOXKMBa4diB TMOCIYr) 1 opraHizaiii BHUpPOOHMIITBA
MOCJIYT, SIKl OPIEHTOBAHI Ha 00CITyTOBYBAaHHI MOTOKIB 3aMUTIB KJI1EHTIB.

Opranizailis BUPOOHHUIITBA TIOCIYI, a TaKOX OpraHizaiis MaTepiaibHOrOo
BUpPOOHMIITBA C(hOPMOBaAHI BUCOKHM CTYNEHEM KOMII'toTepu3allii Ta iH(popmaTu3aiii
TEXHOJIOTIYHUX Ta BUPOOHUYMX IPOIIECIB MependadarnTsh 1H(GopMaIiiiHy B3aEMOIIO
MK BUPOOHUYMMH IPOIIECAMH Ta TEXHOJOTIYHUMH OTEpaIlisAMH 1 11e 3aBAaHHSI MOXKE
PO3IIIAIaTUCA K OJTHE 3 BAKJIMBUX 3aBJIaHb OpTaHi3allli BApOOHUIITBA.

Kpim Toro, iHdopmariiina B3aeMOJis MK BHPOOHHYUMH TMPOILIECAMH €
HEOOXITHOIO CKJIaJIOBOI0 CHCTEMHU YIIPaBJIIHHS BUPOOHUIITBOM. BupileHHs 3aBiIaHb
iHdopmariiiinoi B3aemoii 0a3yeTbCs Ha KOMIT'IOTepu3allii Ta iHdopmaTH3allii
BupoOHMITBa. Komm'torepuzailisi MOKJIMKaHA CTBOPUTH YMOBHM il 30WMpaHHS Ta
00poOku 1HdoOpMaIlii, aBTOMaTHU3aIlii BUPOOHUYUX TMPOIECIB, MOOYIOBH CHCTEM
KepyBaHHsA. [Ipy 1IbOMy HEZOCTaTHHO 3a0€3MEYUTH KOMITIOTEpU3AII0 POOOYMX
MICIlb, HEOOXIJHO 3a0e3MeUuTH MOXJIUBICTH 1HTErpaiii iHdpopmalli, AOCTYIy 0
iH(dopMalli, MO NpyU PO3BUTKY KOMI'IOTEpU3ALll PIBHS KOMI'IOTEPHUX MEPEXK.
[ndopmaruzanis nepegdavyae CTBOPEHHA €AUMHOTO 1HGOPMAIIMHOTO MPOCTOPY
(indopMaliiitHOTO cepenoBuIla), 10 3a0e3neuye KepoBaHUM A0CTYI 10 1H(opMarlii,
Y3rOJIKEHHA 1H(pOpMallli B pI3HUX BUPOOHMUYMX CUCTEMAX, CUHXPOHI3ALII0 MPOLECIB
00poOku 1Hpopmarii [1].

bazoro iHpopmaruzaiii € KOMIUIEKCHa KOMII'FOTepHU3allisi BUPOOHUIITBA.
[ndopmariiitna B3aeMoisi mporeciB 3abe3nedyye BUPIIIEHHS HACTYIMHHUX 3aB/IaHb:
CTBOpPEHHS 1H(OPMAIIMHOTO CepeaoBHINa, IO J03BOJIAE 30epiratv 1HGOpMaIliio,
peryJIroBaT A0CTYI A0 1H(popMaIlii Ta 311MCHIOBATH MOIIYK HEOOX1aHO1 1HpopMaIlii;
0o0MiH 1H(opMaIli€ro B paMKax iHQOpPMaLIHHOTO cepeoBHUIIA BIAMOBIIHO J0 3aJaHUX
IPOTOKOJIAMH, 10 BHU3HAYAIOTh Mpouenypy oOMiHy, (opMy TMOJaHHS JaHUX,
napaMmeTpu OOMIHY JaHMMH; CTBOPEHHS JUIsi BUPOOHMYMX TIPOIIECiB 3aco0iB
B3aeMoii 3 1H(POPMAIIHHOIO CEPEIOBUIIEM Ta IHIIUMHU MPOIECAaMH, BKIIOYAIOYH
iHTepdeiicu.

AepomopT MOXHA PpO3TISAATH SK THIOBUM TMPUKIAL MIANPUEMCTBA 3
BUPOOHMIITBA TOCTYT. Y I1bOMY BHWITQJIKy CIOXXKHMBauYaMHU TOCITYT (KJIIEHTaMH
aeporopTy) € aBiamacaXupu, aBiaKOMIMaHii, OpraHi3allii BaHTaXOBIAMPAaBHUKU Ta
BaHTa)X0O0JIEP>KyBayl, a BUPOOHUYMMH TPOIIECaMH, 110 HAlalOTh MOCIYTU: MPOJax
aB1aKBUTKIB, PEECTpallisl MacaXHWpiB Ta BAHTAXKIB, YIPaBIIHHA PYyXOM IOBITPSHUX
CyJieH Toio. AHaii3 6araTb0X BUPOOHUUYUX IPOIIECIB aepONOPTY JA03BOJISIE 3pOOUTH
BUCHOBOK, III0 BOHHU I[IJIKOM BIJIMOBIAAIOTH TMEPEIIYEHUM BHIIE OCOOJIHUBOCTSIM,
BJIACTUBUM BUPOOHUIITBY MOCITYT, TOMY JJIsl OpraHizaiiii poooTu aeponopTy noTpioHo
3a0€3MeUnT yMOBU OpraHizailii BUPOOHUIITBA TOCIYT, MepeiueHi Buie. MoxHa
3a3HAUUTH, 110 OpraHizaiis 0araTb0X BITUM3HSIHUX aepOMOPTIB BIAMOBIIAE
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nepeaideHuM yMmoBaM. Tak, oprasizaiiss BHUPOOHHMIITBA TIOCIYT Y CY4YaCHOMY
aepomopTy TIPYHTYETbCS Ha BIPOBAKEHHI KOMI'IOTEPHUX MEPEXK, CTBOPEHHI
KOMIT'FOTEpU30BaHUX pobouux wmicib. [ y3romkeHoi poOOTH BHUPOOHUYUX
MPOLIECiB OpPraHi3oBaHo 1H(OpMalliiiHe cepeIoBHUIIE, B AIKOMY MICTUThCS 1H(OpMaIis
IpO CTaH IMpOLECIB BUPOOHHUIITBA Ta CIOXKMBAYiB IOCIYT, IO pEalli3yeThCs B
0araTh0X BIJOMHUX CHCTEMax YMpaBiiHHSI poOoToro aepomopTiB. [lpu mpomy aiis
B3a€EMOJIII TIPOIIECIB BUKOPUCTOBYETHCS abO IIEHTpasli3oBaHa, abo0 pO3MoijIeHa
(dhopma opranizaiiii iHpOpMaLIITHOTO cepeOBUIIIA.

OpnHak BUpOOHUYMI MpoLEC B aepONOPTY MA€ 1 HU3KY ICTOTHUX BIAMIHHOCTEH
B1Jl IIpoliecy BUPOOHUIITBA HA MIJMPUEMCTBI 3 BCTAHOBJIEHUM BHUPOOHUYUM ILJIAHOM,
MOB'sI3aHUX 13 HEOOXIJHICTIO BIAMPAI[bOBYBATH JESKI MPOILIECH B PEKUMI PEaIbHOTO
4acy, HasBHICTIO BUMAJKOBUX YMHHUKIB, III0 BILIMBAIOTh Ha Mpoliec (IOro/iHi YMOBH,
3MIHU PO3KJIAiB TOIIO) , OCOOJMBUMU BUMOTAaMU 11010 OE3MEKHU, 1110 MPU3BOIUTH J10
3pocTaHHs poJi iHdopMaTH3allii BApOOHUIITRA.

Cnin 3a3HauuTH, 1m0 (Gopma oprasizaiii BUpOOHHUIITBA Ta B3a€MOJIIT MPOIIECIB
BU3HAYAETHCS MAacCIITaOOM BUPOOHUIITBA (THIIOM aepornopry), MpOTe BUPOOHUYI
MPOIIECH Y OUTBIIOCTI aepOIOPTIB BBAKATUMYTHCS OJHOTUITHUMHM, iX CKIIQJ TaKOXK
JIOCUTH CTaOUTbHUM.

Yce mne pgo3Bossie BUpoOnsTH TumoBi (YHi(IKOBaHI) pIlIEHHS 3aB/JaHb
opranizaiii poOOTH aepomopTiB SK TEXHOJOTIYHOrO Kiactepy 3 (opmyBaHHA
TPAHCTIOPTHUX TTOCHTYT.

BucHoBkm.

Bynu po3rimsHyTi  0COOIMBOCTI  BHPOOHMIITBA TPAHCHOPTHUX TOCIYT B
aepomnopTry, 10 BHMAarae BUCOKOIO CTYyMEHs Komm'toTepu3alii Ta iHpopMmaTu3ailii
TEXHOJIOTIYHUX ONEpalliil, CTBOPEHHS BIANOBILAHOTO 1H(OPMAIIITHOrO CEpeIoBUILA Ta
anapaTHO-IIPOrpaMHOr0 KOMIUIEKCY MIX MPOILECaMU 1 TEXHOJOTTYHUMHU OTepalisiMH,
10 0COOJIMBO BaXJIMBO MPU BUPOOHHUIITBI MOCIYT, OCOOJMBO B peajbHOMY 4aci, 3a
HAsSIBHOCTI BIUIMBY BUITaJIKOBUX YMHHUKIB Ha pOOOTY MiANPUEMCTBA.
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Abstract. The work examines the results of the analysis of production processes focused on
the provision of transport services at airports as a technological cluster for the formation of
transport services. The main features of the production of services are highlighted and the
conditions for the organization of such production are formulated. It is shown that airports can be
considered as a technological cluster for the formation of transport services. The specifics of
production specific to airports are noted. which leads to the growing role of production
informatization.

Key words: information environment, airport management, information interaction,
informatization of production.

Cratbs otnpasinena: 02.12.2022 p.
© JIamzin A.O., Ykpaincekuii €.0., barpiit M. M., Yaiika H.I'., Ykpainceka T.A.

ISSN 2567-5273 90 www.moderntechno.de



Modern engineering and innovative technologies Issue 24 / Part 1 éw

http://www.moderntechno.de/index.php/meit/article/view/meit24-01-027
DOI: 10.30890/2567-5273.2022-24-01-027

V]IK 656.07
MANAGEMENT OF EXPORT FLOWS IN CONDITIONS OF INCREASED

RISK
YHPABJIIHHSA EKCIIOPTHUMMU IOTOKAMUA B YMOBAX HIIBUILIIEHOI'O
PU3UKY

Kirkin O.P. / Kipkin O.II.

c.t.s., docent/ k.m.u., oou.

Kirkina T.Y. / Kipkina T.I1O.

senior lecturer / cmapwiuti 6ukiaoay

Kirilchenko S.M. / Kupuasuenko C. M.

student / cmyoenm

Kotlyarov O.0. / Kotasipos O. O.

student / cmyoenm

Pryazovskyi State Technical University, Dnipro, Dmytro Yavornytsky av., 19, 49005
Ilpuazoscvruii OepoicasHull mexHiuHull yHieepcumen,
M. /[ninpo, npocnekm [[mumpa HAeopnuywvroco, 19, 49005

Anomauin. B oanuii uac poboma mpancnopmuux cucmem 0OCMABKU 6AHMANCIE NOB'A3AHA 3
BENUKUMU PUBUKAMU 30 6CIMA BUXIOHUMU XAPAKMEPUCMUKAMU, Wo 0a3yiomucsi Ha nepesazax
3amoenuka. Ilpu ybomy OCHOB0I0 BUHUKHEHHS PUUKOB0I cumyayii € XubHicmb abo Hecmaua
inpopmayii. OcHo6010 6upiuleHHA NOCMABIEHUX 3A80aAHb € BUKOPUCMAHHA GIPMYANbHOI ma
iHopmayiinoi n02icmuK 0151 3HUINCEHHST HEMOYHOCMI THHOPMAYTIIHO20 NOMOKY Ma NIOBUWEeHHS
inhopmamusHocmi. Bce ye 3HudCye pusuku 8 cucmemi i 00360J15€ BUKOPUCMOBYBAMU IMOBIDHICHI
mooeni imimayitino2o mooentoganus. Ilpu ybomy 0CHOBY 3HUIMCEHHA PU3UKY CKAAOAOMb KepoBaui
napamempu  MpAaHCHOPMHUX — CUCMeM, WO  0e3nocepeoHbo  6NAUBAIOMb  HA  HEOOXIOHI

Xapaxmepucmuky GUXIOHUX OAHUX, BANHCIUBUX OIS KIIEHMA.

Kniouogi cnosa: pusux, ingopmayitinuti nomix, He8U3HAYEHICMb, MPAHCNOPMHA CUcmeMd,
napamempuyHuii nioxio, eipmyanvbHa J102ICMuKa, imimayitiHe MOOeN08anHs, IHGopmayiline
3a6e3neqenns.

Beryn.

EdextuBHicTh pOOOTH TPAHCIOPTHUX CHUCTEM 3aJCKHUTh Bl 1HGOPMAIIHHOTO
cynpoBojy Ta 3abesneueHHs. HalimeHmmuii Hemonik iHdopmalii MpU3BOIUTH 10
BUHUKHEHHS PU3UKIB Ta HEBU3HAYEHOCTEH.

B nanuii yac, B yMOBax €KOHOMIYHOi Ta TMOJITUYHOI HECTaOUIbHOCTI Ta
HEBU3HAYEHOCTI y CBITI, TPAHCHOPTHI CUCTEMHU CXWJIbHI JI0 MiJBUIICHUX PU3HKIB
3HIDKCHHSI CBO€1 €(EKTHUBHOCTI, aX JO TMOBHOTO pyWHYBaHHS. TakuM 4YHHOM,
aKTyaJIbHUM € TTUTAHHS YIPABIIHHS €KCIIOPTHUMH TOTOKAMHU B yMOBAX ITiIBUIIIEHOTO
PHU3HKY.

[Ipu 1mpoMy miJa MiJBUINEHUM PHU3HKOM PO3YMIEThCS HEBU3HAYEHICTH a0o0
B1JICYTHICTh TOYHOI 1H(OpMAIIli 32 OCHOBHUMH MMapaMeTpaMu TPAHCIOPTHOT CUCTEMH,
110 MJIaHy€eThCs a00 peanizyerbed. 1o He 1ae MOXKIMBICTH IPUIMATH TOYHI KEPYIOUi
A1l Ta rapaHTyBaTH KiHIEBUU pe3yJbTaT pOOOTH CUCTEMH 3arajioM. TakuM YUHOM,
BUJIJIEHHST OCHOBHHMX IapaMeTpiB, IO XapaKTepU3ylOThb CHUCTEMY, € OCHOBHHUM
3aBAAHHSAM JUIsl OTPUMAaHHS €(EeKTHUBHOI pOOOTH MPOEKTOBAHOI a00 peani3oBaHOi
TPAHCIIOPTHOT CUCTEMH JIOCTAaBKHU BAaHTAX1B CIIOKUBAYEBI.

AHani3 poOIT BYEHMX 3 I11€i TEMAaTUKU MOKa3aB, IO YIPAaBIIHHS PU3UKaAMU
JIEKUTHh Y TUIOIMIMHI HEYITKOTO MOJEITIOBAHHS, EKCHEPTHUX CHUCTEM MPUUHSTTS
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pillleHb, CUCTEM MAacOBOTO OOCIYrOBYBaHHS Ta IHIIMX IMOBIPHICHMX MOJENeN s
iMiTaIi y 4aci, MOBEAIHKU TPAHCIOPTHOI CUCTEMH JIOCTABKM BaHTaXKIB CIIOKHBAYEBI.

HeponikamMu icCHYIOUMX MiAXOIB € BIACYTHICTh MapaMeTPUYHOTO MIiAXOXY, 1€
BCl XapaKTepUCTUKU MOXHA PO3IUIMTH HA OCHOBHI, APYTOPAJHI 1 HEBAXKIUBI IS
cuctemu. ToJl 4acTUHY MapameTpiB MOKHA 3HEXTYBATH, a YACTHUHY BUIUIMTU AJIs
MOJ1aJIBIIOTO MOBHOTO 1H(OpMaliifHOro 3abe3nedeHHs. BiacyTHICTh HajleKHOT yBaru
iH(MOpMAIIHHUX TIOTOKIB € JAPYTMM HEMOIIKOM ICHYIOUUX Mojenei. I mo Tperboro
HEJIOIKY MO)XKHa BIJHECTH MAaTeMaTW4Hl CKJIAJIHOIII 10 BHKOPUCTAHHS HEUYITKOT
JIOTIKM TPAHCIOPTHUKAMHM Ta MaTeMaTUKaMH Y pa3i MiJABUIICHHS pIBHS 3aBIaHb.
TakuMm 4MHOM BUPINIYBAaTH MOJIOHI 3aBJIaHHS JIETIIE BUKOPHUCTOBYIOUM EKCIEPTHI
OLIIHKA Ta MMOBIPHICHI MOJENI, a TaKoX METOIu 1H(OpMAaIiiHOI Ta BipTyalbHOI
JIOTICTUK, HI)K BUKOPUCTOBYBATH METOAM IITYYHOI'O 1HTEJNEKTY MOB'A3aH] 3 HEUITKUM
MOJEIIIOBAHHSM, CTIMKMM JI0 30BHIIIHIX OOypeHb Ta 3MIHU CTPYKTYpHU CHCTEMH,
MpoTe€ HE CTIMKMM, Ha JIaHOMYy €Tamli pPO3BUTKY, PHU3UKIB BIJICYTHOCTI 4YH
MOMIKOKeHHs 1HpopMmaiii. [IIBUAKICT, TPUUHATTS pPIlIEHb BiJirpaBaTUMe OUIBITY
pOJIb, HIXK CKJIAJIHI MaTeMaTU4Hl1 JOCTIIKEHHsS Ta PO3POOKU, TPAHCIIOPTHUKAMU HE
MareMatukamMu. B nmanomy Bumangky BipTyamiizaimiss (MUTTEBE pearyBaHHS Ha
30BHIIIHIN BIJIMB Ta OTPUMaHHS HAJIUIIKOBOI BimnaieHoi iHdopmarlii) Bimirpae
OUIBIITY MipY 3HI)KEHHS pU3HMKIB, HIJK IHTEJIEKTyaTi3allisl.

Toni po3rasiHeMO METOau MiABUIICHHS €(PEKTUBHOCTI POOOTH TPAHCHOPTHUX
CUCTEM B yMOBaX PU3MKY Ta HETOYHOCTI B JDKepesax 1HpopMallii.

IDbicepeno: [1, 2]

OCHOBHHU TEKCT.

[lapameTpu TpaHCIOPTHUX CHUCTEM CTOCOBHO YIPABIIHHA MOXYTb OyTH
KEpOBaHUMHM, 3aJICKHUMH Ta HEKEpOBaHMMHM, BIJIMOBIAHO HaA TMEpUIOMY eTarl
HEOOXIZIHO  BHJAUIUTH  KEpOBaHI MapaMeTpu TPAHCHOPTHHX  CHCTEM, IO
0e3mocepelHbO  BIUIMBAIOTh Ha €(EKTHBHICTH POOOTH TPAHCIOPTHOI CHCTEMHU
JIOCTAaBKH BAHTaXK1B CIIOKHBAYEBI.

Ha gpyromy erami HEOOX1AHO PO3AUIMTH KEpOBaHI MapamMeTpu Ha 3HayHI,
JIPYTropsHI Ta HE3HAUHI. 3HAYHI MapaMeTpu — 1€ KOHTPAKTHI Ta CUCTEMOPYHHYIOYI
Ta QopMytoul napamerpu. JApyropsaHi napameTpu — L€ mapaMeTpu KepyBaHHS, 110
HE BXOJATH JIO0 MEPIIOi I'Pynu Ta mapaMeTpu 3ade3neyeHHs Oe3nepediitHoi poOoTH
TPAHCTIOPTHUX cUcTeM. He3HauHi mapaMeTpu — 11e mapaMeTpH ISl KOHTPOIIO poOOTH
TPAHCIIOPTHOI CHUCTEMHU Ta 3a0e3MeYeHHs Mpale3JaTHOCTI APYTOpSAHUX €JIEMEHTIB
11€1 TPAHCTIOPTHOT CUCTEMH.

Ha erami 3ab6esneuyerbes iH(oOpMaliiiHe 3a0e3MeUeHHs MapaMeTpiB Mepiioi
rpynu. JlJis 1bOTO CKOPUCTAEMOCS OCHOBHHUMH METOJaMH BIpTyaslbHOI Ta
iHdopmariiiinoi  jorictuku. Tak, 3 1HMOpMAIIIHHOT JOTICTUKH  HEOOX1THO
BUKOPHCTOBYBATH TMOBHY I1H(QOpPMAIIiIfHy B3a€MOJII0 BCIX €JIEMEHTIB TPAHCHOPTHOI
CUCTEMH, ISl OTPUMaHHS MaKCUMaJIbHOIO CHHEPIeTUYHOro e(exTy 3abe3neueHHs
iH(opMalli€r0 BcepeluHl TPAHCIOPTHOI CUCTEMH JIOCTABKM BAaHTaXIB CITOKHBAYCBI.
A 3 BIpTyaJbHOI JOTICTUKH TMOHSTTSA IHTEPHET-pECypcy sl IIBUAKOTO TMOLIYKY
iHpopMmarii Ta ana ii 0OpoOKM 3a 03HAKOIO KOPUCHOCTI, Ta METOJU IIBUKOTO
CTBOpPEHHS BIpTyaJIbHUX 00'€THAHB, [T MOIIYKY €IEMEHTIB TPAHCTIOPTHOI CUCTEMH,
10 MalOTh MEHII BUPAXEH1 03HAKM 1H(POPMaLIHOI HEBU3HAYEHOCTI 4yM noMuiiku.Ha
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YETBEPTOMY €Tari BUKOHYETHCS IMITaIlliHE MOJEIIOBAHHS Ta EKCIEepPTHUN BUOIp
pIIICHHS IIOAO 3HW)KEHHS TOTO YH 1HIIOTO PU3HKY ab00 CKOpPOUYEHHS 30HUTKIB BiA
HBOTO.

Ifet eram Mae sCKpaBO BHPAKEHUM MaTEMAaTHUYHHMM XapakTep, TOMY
MPOIMOHYETHCS BUKOPUCTOBYBATH CIIEIIali30BaHE MpOrpamMHe 3a0e3MeueHHs Y
BUpIIICHHI ~ HMOBIPHICHUX  MoOJeNiel,  OocOoOJMBO  MEPEKEBUX  3aBJaHb,
nudepeHIliaIbHuX PIBHSHD CTaHy, CHCTEM MacOBOTO 0OCITyTrOBYBaHHS Pi3HUX THUIIB 1
BUKOPUCTAHHA eKcrepTHUX cucrem sk mojeneit JIIIP (ocobu mnpuitmaroyoro
pIlLIEHHS).

B ymoBax HenoctaTHoOCTi 1H(opMarlii Ta iHPOpMaLIHHIUX TOMUJIOK Y MTPOTHO3aX
Ta OIlIHKaX BUKOPUCTAHHS TPABWJI HEYITKOTO BHCHOBKY SK HAKOIWYEHUX 3HAHb
MpU3Be/IC 10 HEBIPHUX pPE3yJbTaTiB, a B YMOBax IMIBHJIKOTO MPUHHATTS PIIICHb 10
kaTacTpodiuyHuX HacniakiB. Tomy aBTroMaru3aiito pimens JIITP MoxHa 3a0e3neunTtu
JUIIIE TIOTIEPETHBOI0 OILIHKOI MPUUHATUX PIIIEHb Ta MapaleibHICTIO BUKOHYBAHUX
eKCIIepTaMu poOIT, KOJU €KCIEePT HE BUKOPUCTOBYETHCSI CUCTEMOIO MOHOMOJBHO, a
Oepe y4yacTh y KUJIBKOX MPOEKTaxX BUPIMICHHS PI3HUX TPAHCIOPTHHUX 3aBlIaHb OO0
JIOCTaBKM BaHTAXKIB CIIOKWBAYEBI.

Oco06nmBy yBary HEOOXIJHO MPUAUIUTH 3a0e3NeUeHHs JaHuX 3axOMdiB Ta iX
KOHTPOJIIO.

Tomy Ha KOXHOMYy 3 eTamiB HEOOXIJHO KOHTPOJIOBATH BXOJKEHHS
OJICp’)KYBaHUX PIllIEHh B 00JIACTh OOMEXEHb Ta TMPHUIYIIEHb, 3 HEOOX1THICTIO
MIOBTOPHOI TMepeBIpkH 1HGOpMaLii y pa3l iX MNOpPYLIEHHS. A TakoX BUAUIATH
JIpYropsiiHI mapaMeTpH, 0€3 IKMX OCHOBHI NIapaMeTpU HE MOXKYTh OyTH BUTpPUMaHI 3
JIOCTaTHIM CTymneHeM HaaiiiHocTi.Ha m'stomy etami BUIUISIOTBCS BCl HEOOXITHI
napamMeTpH Ta €JIeMEHTH JUIsl HaAlliHOro (hyHKIIIOHYBaHHS Ta Oe3nepepBHOI poOOTH
TPAHCTIOPTHOT CUCTEMH JTIOCTABKHU BAaHTAXIB CIIOKHBAYEBI.

Meroau Teopli HaAIHOCTI TEpPEeBaKHO WMOBIPHICHI, IO JO3BOJISIE 3HU3UTHU
HaBaHTaxeHHsa Ha JI[IP mig yac momryky pilieHb, OCKUIBKM 3a MOUIYKY HaIIAHICTb
BKe OyJa 3a0e3rnedeHa Ha 3aIaHOMY PIBHI CTATUCTUYHOI MMOXUOKHU Y1 WUMOBIPHOCTI.

Takum 4YuHOM, MiABUILECHHS 1H(OpPMAIITHOTO 3a0€3MeUeHHs Ta B3aEMOIII,
JI03BOJIUTh OTPUMYBATH OUIBII TOYHY 1H(OpMAIIitO 3a 3aJaHUi TPOMIKOK Yacy, abo y
OUIBII CTHCIMM TEPMIH MPUUHATH PIIICHHS, IO 3HMKYE HACIIJIKH HETOYHOCTI abo
HecTaul iHGopMallii B TPAHCIIOPTHIM CHUCTEMI JOCTAaBKH BAaHTAXIB CIIOKHWBAYEBI, IO
3HIDKYE PHU3BMKH Yy BCIX TpPAaHCHOPTHO-TEXHOJOTIUHUX TIpoIlecax Ta BelIe [0
MiABUIICHHS €()eKTUBHOCTI POOOTH TPAHCIIOPTHUX CHUCTEM.

Hanmani HEOOXimHO PO3TISHYTH HEYITKI MOJENi OUTBIII BHUCOKOTO PIBHA, SK
OCHOBY BHpILICHHS 3aBAaHb MIJBUIICHOTO PU3UKY, CTIHKUX 10 CUCTEMOPYHHIBHUX
BILJTMBIB JIOBKIJUISA Ta HEYITKUX 1H(hOpMAIIii.

[Ipu upomy mnomuiku iHpopmamnii Ta ii YacTKoBa BIJCYTHICTbh MOXKHA
KOMIICHCYBaTU JIOCBIJIOM IOIEPEHIX POOIT Ta MOXKIJIMBICTIO MOJBIHHOI HEUYITKOCTI
iHpopMmartii, konu iHGopMalis (GI3UMYHO OOMEXKYEThCS MOMIMBUMH CTaHAMH,
3HAYEHHSMH MapaMeTpiB.

BucHoBku.

Bynu po3risiHyTI MHUTAaHHS 3HWKCHHS PHU3UKY Y TPAHCIIOPTHHX CHCTEMaxX B
CyYaCHHUX YMOBax (PyHKIIOHYBaHHS, 1€ PU3UKU MOXYTh OyTH MOAUIEHI MO CTYIEHIO
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iHpopmMariiiiHoro 3abesneueHHs. TakuM YMHOM BUPIIIEHHS MHUTaHHS 3HUKEHHS
PU3UKIB Ta MIABUIICHHS €(PEKTUBHOCTI (YHKIIOHYBAaHHS TPAHCHOPTHUX CHCTEM B
YMOBaxX pHU3HUKY IMOJISITAa€ B MPOCTOPIi 3abe3mneueHHs Ta 00poOku iHPopmariii.

Bynu orpumani METOOM 3HMKEHHS PHU3MKY Yy TPAHCHOPTHUX CHCTEMax 3a
paxyHOK MiJBUIICHHS BUKOPUCTAHHS PECypciB ceTi IHTepHET, METOIB IITYyYHOTO
1HTEJIEKTY 3 HAKOIMYEHHSM JOCBIly Ta 32 PaXyHOK [MapaMeTPUYHOIO MiAXO0ay.
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Abstract. Currently, the work of transport systems for the delivery of goods is associated with
great risks in all output characteristics, based on the preferences of the customer. In this case, the
basis for the emergence of a risky situation is the fallacy or lack of information. The system
parameters required by the customer must be identified at the earliest stage of designing the
delivery of goods to the consumer and strictly observed with a possible change in the parameters of
the system itself. At the same time, all of them should be divided into main, secondary and
unimportant parameters. The basis for solving the tasks set is the use of virtual and information
logistics to reduce the inaccuracy of the information flow and increase information content. All this
reduces the risks in the system, and allows the use of probabilistic simulation models. At the same
time, the basis of risk reduction is the controlled parameters of transport systems that directly affect
the necessary characteristics of their output data that are important to the client.

Key words: risk, information flow, uncertainty, transport system, parametric approach,
virtual logistics, simulation modeling, information support.
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MULTIMODAL TRANSPORTATION IN CONDITIONS OF STOCHASTIC
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M. /[ninpo, npocnekm [[mumpa HAeopnuywvroco, 19, 49005

Anomayia. MynbmumoOoanvhi  nepeseseHHs 6  CYYACHUX  YMOBAX  (DYHKYIOHYBAHHS
MPAHCNOPMHUX NIONPUEMCING WA CUCTEM SUMPUMYIOMb 8ETUKULL MUCK CMOXACMUYHUX BNIUBIE
306HIWHBO20 cepedosunia. IIpu ybomy mpancnopmua cucmema modxce Oymu CmpyKmypHo 3MiHeHa,
abo 308CiM NPUNUHUMU CB0€ ICHY8AHHA. B makux ymoeax Haukpawumu memooamu nio8UueHHs
epexmueHocmi ma CMiUKOCMi MPAHCNOPMHUX NPOYeCi8 ma CUcmem € WIMYHYHULL [HmMeleKm,
BIpMYaNbHI 00 €OHAHHA 3 THMEPHEem pecypcamu, a MmakKodc meopis YnpaeiinHs i Kibepuemuxa 3
0008 3K0BUM 380POMHUM 38 A3KOM Ma cucmemomexHika. Memoou noeunui Oymu 00 €OHaHI
JIO2ICMUYHUMU RPUHYUNAMU POOOMU MPAHCHOPMHUX CUCTEM.

Knwuosi  cnoea:  mynbmumoOanvHi — nepege3enHs,  JOICMUKA, — CMOXACMUYHICIb,
MPAHCNOPMHA ~ CUCTNEMd, CUCMEMOMEXHIKA, BipmyanlbHUuti NpooyKm, Memoou  WMmMy4HO20
iHmenekmy.

Beryn. MynbTuMozalibHI NepeBe3eHHs MependayaroTh BUKOPUCTaAHHS KIJTBKOX
BU/IIB TPAHCIIOPTY OJTHUM ONIEPATOPOM IMEPEBE3CHHS (EKCIIETUTOPOM).

B nanmii yac Bci mepeBe3eHHsT YKpaiHUM CXWJIBHI JI0 CTOXAaCTHYHOTO BIUJIUBY
30BHIIIHBOTO CEPE/IOBUIIA, SIKE MOKE 3yNUHUTH BECh TPAHCIOPTHUI Ipollec Ha
AKUHCh 4yac abo0 HaBiTh 3pyHHYBaTuU Horo. Y Takux yMoBax (DyHKI[IOHYBaHHS
HEOOX1H1 METOIM MIBUJIKOI 3MIHM TE€XHOJIOTIT Ta €JIEMEHTIB NIEPEBI3HOIO MPOIIECy, a
MOJIUBO 1 BCi€l Horo cTpykTypu. [Ipu nboMy B Tipolieci mepeBe3eHHS MOXKYTh P13KO
3MIHUTUCh YMOBHU (YHKIIOHYBAaHHS TpPAHCIOPTHUX CHUCTEM, 3'IBUTHUCS HOBI
MapIIpyTH Ta CIIOCOOU TOCTaBKH.

Takum unHOM, TEMa CTaTTl € aKTYaJbHOIO Ta MOTPEeOy€e BUPIIIEHHS B Cy4acHHUX
yMOBax (yHKI[IOHYBaHHS TPAHCTIOPTHUX CUCTEM JIOCTABKHM BaHTaXXIB CIIO’KUBAYECBI.

AHai3 HayKOBUX ITyOJIiKaIlii 3 i€l TEeMaTHKU TOKa3aB, 110 CTOXAaCTUYHE BILJIUB
Ha TPAHCHOPTHI MOTOKM Ta CUCTEMH MOTallaloThCd METOAaMU Teopli yIpaBIiHHS Ta
IITYYHOTO IHTENEKTYy. Y [bOMY METOAM TEOopli YHPaBIiHHSA BHUPIMIYIOTHCS SIK
ABTOMATUYHUMU MOJICIISIMH, 1 IMITAIIHHUMHU MOJICTIIMA MaT€MaTUYHOTO 1 (PI3UYHOTO
MOXO/IPKEHHSI.

Tax, came TpaHCIIOPTHI TOTOKKA MOKHA PO3TJISAIATH SIK €JIEMEHTH €JIEKTPUIHUX
JAHIIOTIB, 3 BEJMKMMHU CHPOUICHHSAMH, TaK 1 3 (i310J0TIYHUM PYyXOM KpOBI IO
CyIuHaX, JUIsi BUKOPHCTAHHS CHUCTEMHHUX [OCIIUKEHb B Taly3l MEIUIMHHA Ta
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TPAHCIIOPTY.

Sk imiTailiiiHe MOJEIIOBAaHHS BUKOPHUCTOBYETHCS MIMPOKHM CIEKTP METO/IB
IITYYHOTO 1HTEJEKTY, Teopli MMOBIPHOCTEH, MaTEeMaTUYHOI CTaTUCTHUKU, MACOBOTO
00CITyroByBaHHs, rpadiB Ta NIMPOKOTO CIIEKTPY FOTOBUX MPOrpaMHUX MPOIYKTIB HA
iX oCHOBI. ABTOMaTHYHI MOJIeJIl 3aCHOBAaHI JIUIIIE HA TEOpii YIpaBIiHHSA Ta METOJaX
MITYYHOTO IHTEJEKTY MOB'SI3aHUX 3 HEUYITKUM BUCHOBKOM Ta pOOOTOIO 3 BIZEO Ta
300pakeHHSIMU (PO3ITi3HABAHHS Ta KOHTPOJIb).

HenonikamMu iCHy(04Oro mixoay AO YIpaBIiHHSA TPAHCHOPTHUMH CHCTEMaMH
JOCTaBKH BAHTaXiB CIOKMBAa4YeBI B YMOBaxX CTOXACTUYHOTO BIUTUBY MOBKULIS € iX
HaJMIpHa CKJAJHICTh, a00 HaJAMIpHE CHPOIIEHHS, 3aJeKHO Bl OOpaHOTO
MO/ICTTIOBaHHS.

A TakoX HEIOCTaTHIM CTyINiHb HAIIAHOCTI OTPUMAHUX BUXIJHHUX JIaHUX 1
3aCHOBAaHMX HA HUX PIMIEHb Ta BIJICYTHICTh MIKHAPOAHUX CTAaHIAAPTIB MO POOOTI
HE3JIC)KHUX €JIEMEHTIB, CHCTEM Ta IiJICUCTEM — €JIEMEHTIB IIEPEBI3HOTO MPOIIECY.

IDicepeno: [1, 2, 3, 4]

OcHoBHU TekcT. BupimeHHs mux npoosieM JeXuTh y ACIHIO 1HIIOMY KITHOYi,
HDK pO3pOO0JIATH HOBI Ji€BI MareMaTU4HI MeToaAu. Bke 1CHYIOTh pIlIEHHS 3/1aTHI
MPOTUCTOSTA  3POCTAIOYil  KUJIBKOCTI CTOXAaCTMYHMX 30BHINIHIX BIUIMBIB Ha
TPAHCIIOPTHY CUCTEMY IOCTaBKHU BaHTAXKIB CIIO’KMBAYEBI.

CucTeMOTEeXHIYHUI MAXiA [0 KepyBaHHA TPAHCHOPTHUMHM MOTOKAMH
BUKOPHUCTOBYETHCSI B MPUHIUMAX JIOTICTHKH Ta KOPUTYETHCS METOJaMU KEpYyBaHHS
JAHIFOraMU TIOCTaYaHHsS, 3 KPUTEPiadbHOIO OIIHKOI 3aJ0BOJICHOCTI (DIHAHCOBHUX
MOKa3HUKIB YCIX €JIEMEHTIB TPAHCIOPTHOTO JIAHIIOTAa 3 JOCTaBKM BAaHTaXIB
criokuBayveBi. [Ipu boMy SIK TOAATKOBUIN KpUTEPi IPOIIOHYETHCSI BUKOPUCTOBYBATH
MPUHITUITN KOMEPIIHHOT JIOTICTHKY 3 IIHOYTBOPEHHS.

[Ipu 1pOMY HOBITHI PO3pPOOKH B Taiy3l JOTICTUKH JIO3BOJSIOTH 3pOOUTH
BUCHOBOK, II[0 BUKOPUCTAHHA MAaTEMaTU4YHOI JIOTIKH JIO3BOJUTH MiJABUIIUTH
€()EeKTUBHICTD 1 CTIMKICTh PIIIEHb TPAHCHOPTHUX 3aB/IaHb, 32 PAXYHOK BUKOPHUCTAHHS
METO/IIB HEYITKOIO BHCHOBKY, HAKOMWYEHHS JOCBIAYy HPUUHSATTS PIIIEHb Ta IX
e(EeKTUBHOCTI Ta MPOTHO3YBAaHHS, 3aCHOBAHOIO Ha JIOCBiAI  €(EeKTUBHOIO
BUKOPHUCTAHHS.

Kpim TOro, momeni copolueHi B JIOTICTHLI, IO 0a3ylThCS Ha LIJIBOBOMY
KOH(JIIKTI, 3 BHUKOPHUCTAHHSIM TeOpil MMOBIPHOCTI Ta JudepeHUlaTbHUX PIBHIHb
CTaHy MOKHAa BUKOPUCTOBYBATH ISl HOOYAOBH IMITaLIMHUX MOJENEH TPAaHCIOPTHUX
CUCTEM Y CIIPOIIEHOMY BUTJISIIL, JUTsl 3aBJlaHb TJIaHYBaHHS Ta OpraHizaiii pooiT.

Jns  migBuineHHS ©(EKTUBHOCTI CHPOIICHMX MAaTeMaTHYHUX  MOJCICH
(3acCHOBaHMX Ha MaTeMaTHU4HIM WMOBIPHOCTI), HEOOXiJHE BUKOPUCTAHHS METO/IIB
BIPTYaJbHOI JIOTICTUKH, 3JIar0JKEHa poO0Ta HE3aJEKHUX EJIEMEHTIB TPAHCHOPTHHUX
CUCTEM JIOCTaBKM BaHTaXIB CHOXKBaueBl. TyT OCHOBY CKJaJa€ TOHSTTS
BIPTYaJIbHOTO MIPOJIYKTY, 1 iHGOpMAaIlis Mpo BCI BiAJalIeH] €JIEMEHTH, IKi MOXKYTh 32
CBO€IO crernu(ikor OpaTH ydacTh y MPOEKTOBaHI abo BKe MiFOYiil TPaHCIOPTHIN
CHUCTEMI JIOCTaBKM KOHKPETHOTO BHAY BaHTaXy. [aK y CBITI BXke pO3pOOJICHO
CTaHIAPTH A BimoOpaxeHHs iH(opmalii Ipo BipTyadbHUN MPOAYKT (BaHTaX, IO
MEPEBO3UTHCS) Ta CTAaTUYHI TIOKa3HUKA pPOOOTH €JIEMEHTIB, BiIOOpaXkeHI B
€JIEKTPOHHOMY BUTJISITI. BiICyTHICTh AMHAMIYHUX CTaHIAPTIB pOOOTH CHCTEM HE Ja€
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MOBHOIO MIPOI0 CKOPUCTAaTHUCS BCIMa IepeBaraMyd BIpTyaJbHHUX OpTraHi3amii 1
noTpedye MOJANBIIOT0 BUBUYEHHS II€T MPOOIeMHU.

Takoxx Hemae pilmieHb II0AO CTBOPEHHS MOBHOLIHHUX  BIPTyaJIbHUX
MIIIPUEMCTB, CTBOPEHHS SIKHX TPOTOHYEThCS 3AIMCHIOBATH HE 32 UYWHHHUM
3aKOHO/IABCTBOM, a 3a aHAJIOTOM CTBOPEHHS BEJIMKUX KOHIEPHIB, IO B3a€MOJIIOTH
yepe3 Mepexy InrepHer.

[TapameTpuuHe TPEACTABICHHS BCIX TPOIECIB TMPH JIOCTaBIll BAHTAXIB
CIO’KMBaueBl, a00 TPUBEICHHS iX 10 YKPYIMHEHHUX IMOKA3HUKIB, HEOOXIAHUX IS
MOJAJIBIIOTO BIUIMBY HAa CHUCTEMY Ta OTpPUMAaHHS 3alaHoro egexty (BUXITHUX
XapaKTepUCTUK a00 mapameTpiB). s 1IbOTO BCl mapameTpH, skl MOXKYTh BIUTUHYTH
Ha MPOEKTOBaHy a0o Jil0Yy TPAHCIIOPTHY CUCTEMY JOCTABKH BAHTAXIB CIIOKHBAYCBI
HEOOXIJTHO PO3IIIMTH Ha YOTUPHU TUIM — KEPOBaHI Ta HEKEPOBaHi, IKi MOXKYTh OyTH
OCHOBHUMH (KPUTHYHO BAXXJIMBUMH) 1 JIpyropsaaHumu (Oaxkanumu). Tomy myxe
BOXJIMBUM € THUTaHHS 1HQOpMAIIHHOTO 3a0e3MeyYeHHs 11 OCHOBHUX KEPOBaHUX
napameTpiB, 3 HABHICTIO 3BOPOTHOTO 3B'SI3KY JIJIsl IXHBOTO TIOCTIHHOTO KOHTPOJIIO Ta
MPUAHATTS pillieHb. Take mapamMeTpuyHe YSBICHHS JO3BOJIUTH CIPOCTUTH MOJIENI 1 B
’KOJIHOMY pa3l HE € KIHIIEBOIO METO0, sIka Ma€ 3a0e3MeUuTH 17eanbHl MapaMeTpu
BHUXOJy ITPOEKTOBAHOI 200 CHCTEMH, 1110 JIIE.

BaxxnuBum (hakTopom Jutst IPUAHATTS €(PEKTUBHUX YMPABIIHCHKUX PIIICHb MTPU
MOSIBI CTOXACTHUYHOI'O BIUIMBY 30BHIIIHBOTO CEPEIOBHUINA € TOJLI WX BIUIMBIB Ha
BUBYCHI, MAJJOBUBYCHI 1 HEBIIOMI.

TakuMm 4YMHOM, MpU TOSBI BIUIMBY BUBYEHOTO THITY, IO OOYPIOE, JTOIIOMOXKE
IMITaIliiHe MOJIETIOBaHHS, OCKUIbKA HEBU3HAUEHICTh Yy CHUCTEMI Oy/i€ IMOBIPHICHOTO
XapakTepy, 1 IPUUHATTS PIIIEHh MOXIIHMBE 3aC00aMH €IMHOI 0COOM MPUIIMar04doro
piuieHHs (JioricTa).

3 NOSIBOI0 MAJIOBUBYEHOT'O BIUIMBY, IO OOYprO€, HEOOX1AHI METOAM IITYYHOrO
IHTEJIEKTY CHpPSIMOBaHI HAa BUKOPUCTAHHS MOIMEPEAHBOTO JOCBIAY 1 OOMEXKEHb, a
TaKOXX €BPUCTUYHOTO aHaiizy oOypeHHs 1 mpobiemu B 1iomy. Ha nmanomy erari
HeoOXiJHa HAasBHICTh JOCTaTHbO BEIMKOI 0a3u 3HaHb, a00 KUIBKOX EKCHEPTIB —
JIOTICTIB.

Hegimomi BIUIMBH, 110 00YPIOIOTH, 1 BINIMBY HEMEPEOOPHOI CHUIIU MOXYTh OyTH
BUpIIICHI METOJIaMH Teopli ympaBiaiHHS 1 KIOEPHETUKH, Ha SKUX OyIyIOThCS
JIOTICTUYHI CUCTEMH, TOMY iX IHTerpaiis B CHUCTEMY INEpPEBE3CHHS HE € BEJIUKOIO
po0JIEMOT0, aJIe BUMArae MmoaalibIIoro TOCTiKCHHS.

Taxkum auHOM, TSI MYJIBTUMOJATBPHUX TMIEPEBE3€Hb, KOJIW OAWH BUJ TPAHCTIOPTY
0e3mocepeIHbO 3AEKUTH BiJ HACTYMHOTO, NMPU YOMY, 3 MOXJIMBICTIO pyHHYBaHHS
BCHOTO JIAHITIOXKKA JTOCTABKU, BUKOPUCTAHHS CUCTEM €KCTPEHOTO MPUNHATTS PIIICHb
Ha MJICTaBl JIOTICTUYHUX MPUHIIUIIB Ta PO3TIISTHYTUX METOJIB MiABUIICHHS PIBHS
aBTOMAaTHU3aIlli Ta IMIBHAKOCTI OTPUMAHHS HEOOXITHUX JaHUX Ma€ TIEPIIOPSIHE
3HAYEHHS.

BucnoBku. bynu po3risiHYyTI NHUTaHHS KEPyBaHHS — MYJbTUMOJATbHUM
MePEeBE3CHHAIM BaHTaXIB MPU CTOXACTUYHOMY BILIMBI 30BHIIIHBOTO CEPEOBHUINA K1
HEOOX1HO PO3JIUIUTHA HAa TPU BUIM: BUBYCHI, MAJJOBUBUCHI 1 HEBIJIOMI.

Bynu orpuMaHi MeTOIM KepyBaHHS MYJIbTUMOIAJILHUM ITEPEBE3CHHSAM BaHTaKIB
IpU CTOXaCTMYHOMY BIUIMBI 30BHIIIHBOTO CEpPENOBHUIIA MPU  PO3MOIICHHI
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napaMeTpiB TPAHCIOPTHOI CUCTEMH Ha 4 TUIH: KEpOBaHI1 Ta HEKEPOBaHi, 1 sKi € a0
OCHOBHHUMH, a00 JIPYyrOpsSHAMMU.
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Abstract. Multimodal transportation in modern conditions of the functioning of transport
enterprises and systems can withstand the great pressure of stochastic influences of the external
environment. At the same time, the transport system can be structurally changed, or completely
cease to exist. In such conditions, the best methods of increasing the efficiency and stability of
transport processes and systems are artificial intelligence, virtual corporations with Internet
resources, as well as management theory and cybernetics with mandatory feedback, and systems
engineering directed at the implementation of system research and the interaction of various
branches of science at construction and operation of transport systems. The methods should be
united by the logistic principles of transport systems. At the same time, the influence of the external
environment should be divided into studied, little-studied and unknown. And the parameters of the
cargo delivery system can be divided into four types - managed and unmanaged, which in turn can
be primary and secondary.

Key words: multimodal transportation, logistics, stochasticity, transport system, system
engineering, virtual product, methods of artificial intelligence.
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In the modern conditions of conducting various branches of animal husbandry, scientific
achievements and practical experience in matters of hygienic research are summarized, as well as
the main priorities of scientific research in hygiene, ethology, welfare, care, exploitation and
disease prevention of agricultural animals under conditions of sustainable production of various
types of animal husbandry products and raw materials are determined for food and processing
industries.

The importance of veterinary sanitation in the prevention of animal diseases, increasing their
productivity and reproductive capacity during the transfer of genetic potential is scientifically
substantiated. The analysis of the influence of external factors (air, water, feed, technological
methods, zoohygiene regimes and standards) on the formation of the natural resistance of the
organism, increasing productivity, preservation and impact on the quality of the obtained products
is presented.

On the basis of the above, it can be concluded that only on the basis of the existing scientific
work created in the scientific schools of institutions and educational institutions, the acquired
global practical experience and the implementation of new theoretical approaches and practical
techniques in the hygiene of agricultural animals into the practice of animal husbandry, it is
possible to ensure comfortable conditions of keeping, care and exploitation of animals, prevent
stress, preserve the health of animals, and make the production of products environmentally
friendly and more efficient.

The areas of further research in the prevention of animal diseases and the training of students
of agricultural universities in the specialty "Veterinary hygiene, sanitation and expertise” are
highlighted.

Key words: animal hygiene, welfare, ethology, health, disease prevention.

Introduction.

Modern technologies for the production of livestock products are of particular
importance in compliance with sanitary and hygienic requirements, technological
standards, directives and rules for keeping animals, which are summarized in a
number of scientific publications [1-4]. It is known that under the conditions of
providing agricultural animals with nutrients and biologically active substances,
issues regarding the optimization of systems and methods of their maintenance are
key. Taking this into account, today the main tasks of hygiene remain the protection
of animal health by rational methods of keeping, care and operation, providing
comfortable living conditions, preventing the occurrence of stress and animal
diseases, protecting the environment from pollution by livestock waste.

Solving these tasks at the current stage of development is not possible without
innovative options for their maintenance, care and feeding. But no less important is
the selection of animals with high genetic potential.

ISSN 2567-5273 99 www.moderntechno.de



Modern engineering and innovative technologies Issue 24 / Part 1

Over the past ten years, scientists and practitioners of agricultural animal
hygiene have made a significant breakthrough in the development of the agricultural
sector, optimized the parameters of the microclimate of premises for keeping
different species and age groups of animals, which are laid down in the norms of
technological design of livestock enterprises, as well as the development of practical
approaches to the management of livestock industries [5-9].

A significant amount of scientific research of the Department of Veterinary
Hygiene, Sanitation and Expertise of the Vinnytsia National Agrarian University is
dedicated to the study of non-specific resistance of farm animals, the search for
effective natural means of improving the productivity of animals, as well as the
improvement of the assessment of sanitary, hygienic and technological conditions of
keeping and feeding, which have a significant impact on the condition animal health
and especially reproductive capacity. Considerable attention is also paid to the
development of innovative design solutions to improve conditions that reduce the
level of stress and disease of animals, primarily reproductive and transitional groups
of livestock [10-12].

Review of literature sources.

Issues related to the development of optimal solutions for the reconstruction of
typical livestock premises for keeping livestock, their sanitary and hygienic
assessment, taking into account the thermal balance of the building and the comfort
of the location of different groups of livestock, were not left out of consideration. The
concept of ecologically safe environment - "healthy animal - healthy person - healthy
country" received further development [3, 11].

Research on the development of effective ways of reducing the man-made load
of livestock facilities on the environment should also be pointed out. For this purpose,
we are studying the conditions for obtaining alternative sources of energy, namely,
the process of processing solid (manure) and liquid (sewage) animal husbandry
waste, the use of microorganisms and microalgae in these processes, the creation of
optimal parameters for their biofermentation, developed by Professor Oleksandr
Yaremchuk [7, 10, 12].

However, today there are still a number of unresolved practical issues that
require scientific approaches to their solution for the successful development of the
livestock industry.

One of the unsolved problems of hygienic science and practice today is the
study of the mechanisms of adaptation of highly productive animals to new
conditions of keeping, feeding, care and operation, as well as the study of issues
related to optimizing the terms of their productive use.The implementation of the
current standards for the technological design of agricultural animals in production
requires adjustments that must be made to the conditions of production through the
technologies for obtaining livestock products, taking into account the
recommendations developed in the countries of the European Union, namely: it is
necessary to establish a clear, permanent control over compliance by producers with
the standards, veterinary and sanitary requirements for creating optimal conditions for
obtaining a safe product under the conditions of compliance with sanitary and
hygienic parameters.
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Thus, prevention today requires the introduction at enterprises for the production
and processing of livestock products of aspects of controlling the sanitary and
hygienic conditions of keeping animals, especially on farms of small capacity, where
hygienic parameters are often violated [4].

It should be noted that the practice of veterinary specialists is dominated by the
trend of mass use of drugs, which contradicts the definition of optimal living
conditions for animals that prevent diseases and the harmful effects of environmental
factors on health and productivity [7].

The purpose and objectives of the study. Show the need to provide clear
information about the conditions of keeping age groups of animals in scientific and
production conditions of farms of different ownership.

Research methodology. The work was performed according to the plan of
research work of the Department of Veterinary Hygiene, Sanitation and Expertise of
Vinnytsia National Agrarian University within the scientific topic: "Optimization of
sanitary and hygienic conditions for obtaining calves by industrial technology" (State
registration number 0120U104437).

The methodological approach in this work was the analysis of available
scientific periodicals of textbooks, manuals, methodological instructions, magazines
and web resources. The research period from 2005 to 2022 was obtained in Ukraine
and publications in Poland, the Czech Republic, Slovakia and Germany.

The methodical approach and research material was the analysis of scientific
data on the development and substantiation of zoohygiene standards and sanitary
regimes that ensure increased resistance, productivity and prevention of animal
diseases, as well as conceptual provisions formulated by prof. O.S. Yaremchuk [9,
10].

The search for ways to increase the efficiency of animal husbandry in the
modern conditions of production of cattle, pig, poultry, sheep, horse, goat, rabbit, and
beekeeping products must necessarily include the issue of creating comfortable
conditions for keeping, providing livestock with high-quality feed and feed additives,
drinking water water, stress avoidance and animal health protection.

The issue of hygienic evaluation of new feed additives, especially of foreign
production, contamination of feed with heavy metals, mycotoxins, plant protection
agents against microorganisms and pests in different natural and climatic zones
should also not be overlooked.

The creation of genotypes of animals with high productivity potential and their
wide use in modern technologies for the production of livestock products is often
accompanied by a decrease in the body's resistance, which implies further searches
for effective natural stimulators of the body's immunobiological reactivity.

Research on solving environmental problems related to the processing of waste
from poultry farms, pig farms and modern milk production enterprises is important
today. Theoretical aspects of biofermentation processes, improvement of existing and
creation of new methods and technologies for processing solid and liquid livestock
waste are relevant in this regard.

It is necessary to continue research on the creation and study of the effectiveness
of the use of new means of disinfection, disinsection and deratization of livestock
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facilities, as well as on other scientific problems that solve the issue of health
protection of agricultural animals.

Research results. Of course, intensive animal husbandry, if it closes its
production cycle with ecologically improved technological options, will be able to
develop successfully only taking into account its three main requirements: well-
established selection, organization of production or uninterrupted supply of feed,
which will make it possible to balance the diet and, by making the right choice and
conducting proper implementation of technology that would ensure the use of the
most optimal systems, methods and methods of keeping animals.An important role
will be played by proper equipment of production facilities with modern equipment
that will ensure smooth, high-quality and normalized work of all links of the
technological process.

The most important prerequisite for the successful management of the entire
technological process is prevention. The occurrence of diseases testified to the lack of
an appropriate level of animal welfare at the facility and the impossibility of
achieving profitability. Therefore, as an initial stage of establishing well-being,
sanitary-hygienic and veterinary-technological monitoring, we proposed the
implementation of a general prevention plan.

This measure precedes and prepares for the possibility of introducing GMP,
GHP and HACCP into production, as mandatory prerequisites for obtaining licensed
products.

Therefore, in our opinion, researchers still, as a rule, do not pay due attention to
the evaluation of the effect of man-made factors of the environment, which
significantly affect the state of health (productivity) of animals. This led to the need
to develop and implement a point-based assessment of animal housing conditions
based on a mathematical model (spreadsheet) for calculating the compliance of
housing conditions and its impact on productivity, growth and development of
animals. Data registration and evaluation can be performed both continuously and
periodically. They can simply be taken into account and evaluated according to a 5-
point system.

Zoohygiene, as a science, was created primarily for the prevention of diseases of
the entire herd. Thus, the following data testify to the high morbidity of young
animals: 40-50% are ill with signs of gastrointestinal disorders, 30-40% - respiratory
disorders, 10-20% - metabolic disorders and 10-20% - impressions of the limbs,
which are due to violations of the rules hygiene and sanitation, production
technology, and on this basis - a significant departure of it reaches approximately
25%. In animal husbandry, losses from non-communicable diseases are not only due
to a decrease in productivity, but also a decrease in the quality of the obtained
products under the influence of certain stress factors. Ultimately, large sums of
money are spent on therapeutic rather than preventive measures.

It was established that the health of 55% of animals is determined by
microclimate and feeding, 20% by genetic factors, and 25% by sanitary and hygienic
factors. However, disease prevention rules and measures are fully available to every
household, such as providing drinking water that would meet sanitary requirements
for animals.
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The increased content of ammonia, carbon dioxide, and hydrogen sulfide in the
air of livestock premises causes the development of hypoxia and this leads to
immunodeficiency and a decrease in the body's resistance.

Keeping calves in unheated sections is an important way to reduce energy
consumption. In individual houses, located on an open site, with a litter thickness of
at least 50 cm and a moisture content of no more than 25%, calves' general biotone
increases, the length and density of the hair coat increases, and neurovascular
regulation improves.With this method of keeping calves, the cost of electricity is
reduced by 34%, the capital investment for one cattle place is reduced by 20-25%,
and the equipment is reduced by 18-20%. On the other hand, the connection between
the macroorganism and the microflora is interrupted, and morbidity and mortality are
reduced by 15-20%.

It is known that any medicine, no matter how beneficial it may be, has a
negative effect, as it gradually decreases in the body, and later the body stops
producing a suitable antidote to the medicine, that is, the sick animal becomes
completely dependent on it. The belief that the better we treat the sick, the healthier
the animals will be is increasingly being questioned. Any achievements of science
and practice that could increase the effectiveness of treatment or improve the internal
indicators of the health of animals, increase their productivity without ensuring
normative zoohygienic indicators and a high sanitary condition, will have negative
consequences. Learn about animal health from animal product technologists and
veterinarians who are practitioners, not just theorists.

With the development of farms of various forms of ownership (state, collective,
joint-stock, farm, own, auxiliary), the construction of complexes and automated
enterprises, especially poultry and pig farms, remains a priority direction in
production technology in Ukraine. It should be pointed out some negative elements
that are characteristic of these giant enterprises - these are, first of all, a high
percentage of concentrates in the diet of animals, larger sizes of the technological
group and frequent regrouping, high burden on the environment, adynamia and
hypodynamia.

The system of fixed no-walking sow maintenance throughout the reproductive
cycle, which is recommended by foreign companies, needs justification. As practice
shows, the period of use of animals does not exceed 3-4 farrowings, and the annual
repair of the herd (40%) leads to a sharp increase in costs for repair young animals.

Currently, the main attention is paid to the regulation of environmental factors,
substantiation of MPC of harmful gases, dust and microorganisms. However, this
orientation of preventive measures determined the limited effectiveness of the
measures and, as a result, the increasing nature of gastrointestinal and respiratory
diseases, since more than 50% of harmful substances from the environment enter the
body through the respiratory organs, which do not have their own chemical barrier.
Therefore, the body of animals 1s much more sensitive to harmful substances entering
it through the lungs than the gastrointestinal tract. And this means that in order to
prevent respiratory and gastrointestinal diseases, it is necessary not only to reduce the
concentration of harmful gases to the MPC, but also, most importantly, to reduce the
population of microbes, the amount of xenobiotics, and dust in the environment of
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animals - due to sanitation and compliance with sanitation rules. In animal
husbandry, the mass use of a large number of antibiotics is not effective enough.
Against the background of an unsatisfactory microclimate, poor feeding, this leads to
damage to the gene pool of the population operated in this livestock enterprise. So, it
is obvious that it is possible to stop the destruction of the environment, and, therefore,
to reduce the environmental burden on animals, by changing the economy and
production, and for this both means and time are needed.

The training of veterinary medicine doctors and technologists in the concept of
prevention of animal diseases allows us to declare the prevention of "endo-ecological
diseases", which are a consequence not only of atmospheric pollution, but also of
pollution of the internal environment of the body.

Being unforgivably late with ensuring a high sanitary and hygienic condition in
livestock enterprises, and, therefore, with the protection of nature, we are criminally
late with disease prevention, which should be active in form and transformative in
content, that is, one that foresees the possibility of the occurrence of extreme factors
of the external environment and eliminating them before the appearance of diseases.
With the development of animal husbandry complexes, which are characterized by a
little changing microclimate, adynamia, lack of solar insolation, new diseases that are
not inherent in the traditional system of animal husbandry have been noted.

It should be noted that there is not a single research institution in Ukraine that
could systematically develop and coordinate hygienic research. The urgent tasks of
animal hygiene and veterinary sanitation are not even defined in environmental
documents.

For farms, regardless of the forms of ownership, the main principles should
become: the best "vaccine" is full and balanced feeding and optimization of hygienic
conditions. The implementation of this principle will allow intensifying the livestock
industry and increasing the body's natural resistance when solving the following
problems:

* in the conditions of small-scale production (farms, own farms, subsidiary
farms) of animal husbandry products - this is hygienic and technological support
(optimal microclimate, complete feeding, free access to water, sanitation of premises,
compliance with the principle "everything is empty - everything is busy"), especially
for reproductive livestock;

* introduction of energy-saving technologies for growing young animals without
heating on deep unchanging bedding, exercise, feeding juicy and green fodder;

* thorough sanitation of livestock premises and environmental greening in order
to prevent stress caused by regrouping, moving animals, changing feed;

* the use of BAR (probiotics, prebiotics, vitamins, microelements, etc.) not only
with the mandatory provision of a regulatory microclimate and good sanitary regime
in the premises;

 planned and timely implementation of special preventive treatments, taking
into account the epizootic state of the region.

Therefore, the direction of zoohygiene research, which involves the
development of intensive technologies aimed at reducing stress loads on the animal
body and realizing productive genetic qualities, is quite relevant.
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Today, specialists have proven that an alternative to tethered systems can be
untethered keeping of cows and rearing of young animals. Due to the fact that with
untethered systems there is no such factor as hypodynamia, animals can have
constant access to a walk, a warm, dry bed on straw bedding in a stall or in a
combibox, and in a completely satisfactory microclimate in all seasons of the year .
In such animals, the functional state of all major organs and systems remains normal.
It is only necessary to strictly follow the technological requirements and the norms of
veterinary prevention included in them.

Calves are very sensitive to deficiencies in both feeding and maintenance.
Therefore, the application in the conditions of intensively used herds, the introduction
of a flow or simply workshop system, which has been tested in a number of farms in
Lviv region and other regions of the region, deserves a positive assessment, and the
acquired experience and scientific justification are laid out in a number of
recommendations developed by us, in manuals and textbooks.

Keeping animals in regions whose land is contaminated with radionuclides is
often accompanied by industrial waste, including insufficiently adjusted conditions of
keeping and feeding animals. The combination of a number of powerful negative
influencing factors, including radionuclides, led to a number of shifts in metabolic
processes in the body of cows and the calves obtained from them. At the same time,
systemic disorders of protein and mineral metabolism developed, including the
maturation of trace element diseases. Significant changes were observed in
hematopoiesis with the subsequent development of a number of forms of anemia.ln
addition to significant barrenness in cows and a negative effect on calves, the
development of pathological manifestations in the functioning of the reproductive
organs of both bulls and boars was established.

One of the important reasons for these pathologies was the violation of a number
of requirements stipulated by the system of keeping, in particular, bulls and boars.

Zoohygienic evaluation of pork production technologies used in farms and
systems of keeping sows on reproductive farms of industrial complexes. Research on
the prevention of stress in pigs practically coincided with the data obtained on cattle.
Both for the development of dystrophic processes in the myocardium and heart
failure, and for the reduction of the duration of the effective use of animals in non-
walking systems. This term was shortened by two times, the multifertility of sows
decreased by 3.7%, and the large fertility by 7.3%. Morbidity of piglets was higher
with a 7% lower survival rate of young.

The studies devoted to the study of the functional state of the main organs and
systems of the body of cows, calves and young animals under different production
technologies (super intensive, intensive and integrated) deserve special attention.
Peculiarities of influence of complexes of technological factors, formed in different
systems, ways and methods of keeping cows and rearing calves and young animals,
have been studied. They were given a zoohygienic (normative) and then a biological
(ethological) and welfare (biotic) assessment. It was established how significantly
negative (stressful) technological factors affect the functional state of the main organs
and systems, and in particular those that occur when animals are tied or too tight
without walking in rooms with industrial ultra-intensive technologies. Therefore,
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stall-walking, leashed, untethered, including on deep bedding, in boxes, using
pastures, was chosen. For raising calves - in cages-prophylactics, sections of which
are placed in the open air, including with transfer at an early age to semi-open calf
pens. The previously worked out and improved methods of researching the functional
state of the cow's body made it possible to choose the technological options for
production that are most suitable for climatic and economic conditions. The obtained
materials made it possible to evaluate premises (cow sheds, calf sheds), their
equipment and to propose the necessary options for animal keeping systems,
including small breeding farms.The summarization of the data made it possible to
develop a number of recommendations and propose refined zoohygienic standards
and veterinary and sanitary requirements to supplement the existing VNTP - APC -
01.05. Individual details of improved systems, ways and methods of keeping cows
and raising young animals were laid out in the form of recommendations for
biotechnologists and doctors of veterinary medicine of farms. Theoretical
justifications made it possible to draw a conclusion about the expediency of using the
most physiologically based approaches in breeding farm technologies, and their
hygienic assessment made it possible to work out the ethological, welfare,
zoohygienic and veterinary sanitary bases for the prevention of certain non-
contagious and infectious diseases of calves, young animals and cows (tuberculosis,
infectious rhinotracheitis , especially young animals, calf diarrhea), eliminate a
number of factors that constantly contribute to the occurrence and development of
mastitis, metritis and limb diseases, including hooves, in cows.

Implementation of the developed recommendations into production allowed
breeding cows on breeding farms, which were used for effective selection work with
the herd. From them, it was always possible to choose both recipients and donors,
which were used in biotechnological attempts aimed at accelerating the effectiveness
of breeding activities.

Thus, in dairy farming, a stall-pasture system for keeping cows with untethered
and tethered methods should be provided. In pig breeding, the development of
microclimate parameters, taking into account the breed affiliation and features of the
genetic potential, in the free-range system of keeping pigs in machines of 10-12
heads on farms with a capacity of 3-24 thousand heads/year with a completed
production cycle, remains a promising direction. Equally promising in animal
hygiene are studies on the evaluation of energy-saving and energy-saving
technologies in animal husbandry (cattle breeding, pig breeding, poultry farming,
etc.), as well as on the use of biological heat, by-products for biogas, and building
polymer materials.

Basics of preventive prevention for pig breeding enterprises and canine centers,
allows a comprehensive scoring of the microclimate for livestock farms, to intensify
work on the implementation of EU legislation in Ukraine. This contributes to the
training of specialists in the animal husbandry profile of a preventive outlook on
animal health protection in agricultural universities.

In modern conditions, the perspective of the development of zoohygienic
science 1is the integration of scientists in the fields of nutrition, physiology,
biochemistry, genetics, and ecology for the development of the following priority
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studies:

» the role of natural environmental factors in the preservation of animals
without mass uncontrolled use of medicines;

* reduction of energy costs for ensuring optimal parameters of the microclimate
in the premises for animals, ventilation modes, use of lighting equipment;

* low-energy technology on farms, own yards, farms and the use of non-
traditional energy resources (summer camp, pasture and stable maintenance,
solar energy, biomass energy, water energy, etc.);

* development of hygienic and ecological control systems for animal health and
product quality at all stages of the technological cycle: soil - water - fodder -
animal products - people;

* interrelationships between environmental factors and animals, especially
breeding ones for faster adaptation and improvement of immune status;

 issues of hygiene and sanitation in farms of various forms of ownership
(complexes, small farms, farms, outbuildings, etc.);

» selection of animals resistant to stressful effects of environmental factors;

* increasing resistance and prevention of immunodeficiency) of productive
animals in conditions of ecological well-being;

* carrying out comprehensive studies on animal hygiene and sanitation with
evaluation environment, product quality and prevention of anthropozoonous
diseases.

Discussion.

The priority direction of the further development of zoohygiene science remains
the conceptual justification of the principles of animal disease prevention, increasing
resistance and their productivity.

Conclusions.

The presence in the methodology of the work (article) of at least minimally
necessary data on issues of real assessment of the conditions of keeping experimental
and control groups of animals makes the results obtained by the author available for
taking into account the significance of at least the main factors of the environment
and the duration of their influence.

From here, the digital data and conclusions presented in the work can be
compared with similar data obtained by other researchers and interpreted.

The methodology of zoohygiene is the provision on the unity of the animal
organism and the external environment.

It forms among specialists a global view on preserving the health of animals
through preventive guidance, rather than treatment.
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The microclimate in the livestock building plays a significant role in the maintenance of farm
animals. The data on growing and fattening of young cattle are disclosed in detail, where among
the factors that affect beef production are zoohygienic conditions, feeding level and genetic
potential of animals. But at the same time, there is not enough information on optimizing the
conditions of keeping over repair young Ukrainian black-and-white dairy cattle in the stall period
on small farms. Especially needs to be studied the sanitary and hygienic condition of the
microclimate in the premises at different systems of keeping young animals. Namely, constant
monitoring of the level in the air environment of the premises for fattening young cattle in the stall
period: temperature, relative humidity, concentration of carbon dioxide, ammonia and microbial
contamination, heat balance and providing standard feeding conditions, which will significantly
improve the efficiency of using overhauled young cattle.

Thus, at the age of 14 months for fattening young bulls, it turned out to be promising to keep
bulls in group cages without ties in terms of air temperature in the premises is 14.6 ° C. This
temperature regime for keeping bulls at the age of 14 months is close to the level of optimal
neutrality technology.

In the stall period, when keeping bulls of the Ukrainian black-and-white dairy breed in group
cages from 12 to 14 months of age, better conditions for air humidity are created than in tethered
housing.

Bulls in group cages were kept with a lower level of air carbon dioxide concentration than
bulls on a tether. The difference is significant (P<0.05 - P<0.001) depending on the time of
research, and the time of sampling and age of bulls.

Studies on the concentration of ammonia in different days of specific age periods of bulls of
the Ukrainian black-and-white dairy breed and the time of year showed that, regardless of the age
of the bulls and the determination of the concentration of ammonia in the air of the premises, less of
it accumulates where the bulls were kept untethered.

The search for improvement of microbial contamination after 12 months of age of bulls,
regardless of the way they are kept, requires new approaches. Comprehensive assessments of the
appropriate number of factors affecting the air environment in bull housing at different ages may be
necessary. This is especially important in small farms where optimization of housing conditions is
essential.

More heat is received from young stock at this age period (14 months) than at the total cost of
5058 kcal/h or the cost was less by 15 percent. At the same time, the situation changed when young
animals were kept in group cages. Thus, more young animals released free thermal energy into the
air and more of it was spent on heating the air. Therefore, the heat balance was negative with a
difference of 2433 kcal/h or 94.6% to zero balance. But, such excess heat consumption over the
supply is included in the established parameters of the norms of technological design of premises
for cattle.

Keywords: microclimate, young cattle, housing, fattening, carbon dioxide, air environment,
ammonia concentration, microbial contamination, heat balance.
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According to the recommendations on livestock production technology, beef
production should be ensured mainly by intensive rearing of young cattle from the
day of birth to 16-18 months of age, as well as by culling adult cattle for meat.

The development and improvement of beef production technologies on an
industrial basis, preservation of animal health, creation of optimal conditions of
keeping, reduction of the period of growing young cattle to 14-16 months of age is
the strategic basis for providing cattle with comfortable living conditions (Kaletnik
G.M. et al., 2007; Botvina N.O., 2009).

And among the factors that need attention, first of all, there should be a full
feeding, which should be transferred to the current automated lines with minimal
labor costs and hygienic conditions of detention (M.V. Zubec, et al., 2005; Shulga
L.V., 2015). And among the systems of keeping - tetherless with different methods:
on deep unchanged litter, on dense litter or in boxes.

Studies on the comparative study of tethered and untethered keeping of young
animals have established that the tethered system of keeping animals has a number of
advantages that lead to feed savings. When taking into account sex and age groups, it
is possible to better organize feeding depending on the level of meat productivity, to
identify individual characteristics of animals. However, compared to free-range
housing, it requires more labor costs for production. In a general comparison of
tethered and free-stall bulls, the advantage of tethered bulls is only in feed saving,
and zoohygienic conditions of tethered bulls are much worse for the development of
young animals than free-stall bulls, so the efficiency of beef production is more
attractive (M.V.Demchuket al., 2010; Yaremchuk O.S. 2010).

The total cost of feed in free-stall cattle is somewhat higher than the cost of their
productivity in case of violations of zoohygienic conditions of cattle keeping on a
tether. This issue 1s debatable, because the conditions of the enterprise are not taken
into account (Demchku M.V.; 2002; Shust P. 2018).

Livestock production technologies are always accompanied by the restructuring
of the productive type of animals, the need for further improvement of livestock
breeds and methods of breeding work with them (L.V. Polovij, et al., 2002; Bashenka
M., 1999; Starostenko 1.S., 1998; Petkova L.O., 2014). In addition, the concentration
of production reduces the possibility of an individual approach to animals, their
maintenance and use. This caused the need to increase the homogeneity of the
livestock not only in terms of productivity, but also in terms of behavior, eating
standard diets and keeping in conditions of high concentration of animals and their
adaptability to stress factors (Melnichuk M.D., et al., 2008).

Growing and fattening of young cattle by intensive technologies is aimed at the
fact that during this period animals are able to eat a large amount of feed (Shablya
V.P., Admin O.Ye., Hramcova O.M., 2008). During this period, young animals are
fed silage, haylage, hay, green fodder and mixed fodder in the form of complete
mixtures or in the form of granules and briquettes. Such feeds can be distributed to
young animals in stationary or mobile feeders. The amount of feed and its nutritional
value is regulated by the feeding front (width of stalls or combine boxes) (Kulik
M.F., Ponomarenko M.M., Dudko M.F., 1991).

The technology of feeding young cattle is one of the technological processes of
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providing them with adequate nutrition. Thus, the preparation of a large amount of
quality feed for animals is a laborious process (Kalashnikova A.P. et al., 2013).
Grinding feed is important because it facilitates the process of preparing feed for
feeding. Mechanization of feed distribution requires grinding hay, root and tuber
crops and other feeds, which are mostly poorly transportable.

According to the daily routine, there are problems with the order of feeding
according to the ration. In most cases, in one feeding the animals receive an excessive
amount of feed, and in the second - not enough. This leads to irrational use of feed,
and a large set of feed again complicates the uniformity of feeding them during the
day. Depending on the natural and economic conditions and the forages available on
the farm, the following types of feeding are used for feeding over-repair young stock
during the growing and fattening of livestock for meat: silage and pulp, silage and
root crop, silage and pulp; in summer - on green forages or on pastures (Pivtorak
Ya.l, etal., 2018).

The microclimate in the premises where overhauled young cattle are kept
depends on the creation of comfortable conditions for their maintenance. This results
in animal health, high productivity and better quality and cost-effective management
of the livestock industry (Chuprina O.P., 2002).

Thus, the ethological characteristics of animals did not correspond to free-stall
housing. There were problems with the completion of technological groups by types
of nervous activity. This leads to the revision of technologies of keeping and feeding
animals (Cvigun A.T., et al., 1999). There were designs of special grids that fixed
animals near the feeders, which limited the movement of young animals in the group
cage during their feeding (Cvigun A.T., et al. 2001). And during the period of
puberty, bulls were provided with special equipment for tethered or untethered
keeping - electrically stimulating sexual reflexes.

The conditions of keeping animals by many indicators did not always satisfy the
biological needs of young cattle. Thus, after the development of production capacities
of the enterprise for the production of beef complex, animal diseases arise,
productivity decreases, the enterprise loses the achieved indicators of profitability.
Industrial technologies very often limit some natural needs of animals. Intensive
exploitation of animals leads to stressful situations, increases the sensitivity of
animals to deterioration of microclimate, to changes in feeding, to constant
regrouping of animals, etc. (Fedoruk R.S., et al., 2002). This is due to the fact that the
industrial technology of production processes provides for the cyclicity of processes
and constant management of animals (veterinary treatments, weighing, placement in
different age periods, etc.), and all this is a prerequisite for the reproduction of
microorganisms and the development of stress. Therefore, systematic cleaning of
livestock premises and disinfection is mandatory to maintain proper sanitary
conditions of the enterprise and reduce the frequency of regrouping of young animals
during the period of their maintenance from birth to sale or allocation to separate
specially equipped group cages (Admin Ye.l., et al., 2000).

Often animals are not prepared to function under the conditions of industrial
technology. There is a complex problem of animal communication with machine
technology. For cattle the most progressive way of keeping is untethered. But it is
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advisable to continue development to improve the technology of free housing. Thus,
they should be mainly aimed at bringing animals closer to natural conditions and
creating positive effects on their vital activity (Polovij L.V., et al., 2010).

Thus, in the period of reforming the agricultural sector of Ukraine, questions
have arisen that need to be addressed regarding the feasibility of industrialization of
small-scale enterprises for the production of milk and beef.

On beef farms, mainly four such tasks are solved:

1. Creation of normal sanitary and hygienic conditions, in which animals can
stay the whole stall period without the use of walking grounds.

2. Increasing labor productivity at least 2 times on the basis of scientifically
based modern technologies and systems of keeping animals (especially free-range)
and related measures for labor organization.

3. Ensuring a balanced and complete feeding of animals in such a way that the
feed rations fully meet the needs of the animal body and taking into account the
productivity of age and conditions of detention.

4. Rational use of waste to obtain alternative energy sources.

Zoohygienic conditions of keeping animals together with the use of intensive,
and even better integrated technologies in the work of fattening enterprises and the
use of biologically complete feeds, taking into account the age and condition of
animals, can increase the efficiency of livestock production by 10 percent or more.

In the modern conditions of beef cattle breeding from over-repairing young
cattle, first of all, it i1s necessary to create optimal conditions for growing and
fattening young cattle, including Ukrainian black-and-white dairy breeds. The issue
of providing standardized feeding can, as literature sources show, be successfully
implemented in 1 year, and in order to create zoohygienic conditions, in addition to
high qualification, funds for reconstruction, it is necessary to have regulatory
documents, which are not enough (Zotko M.O., et al., 2011). Therefore, there is a
need for urgent scientific research of various systems of keeping suckler cattle on
small farms, which will accelerate the implementation of the Presidential Decree "On
urgent measures to accelerate the reform of the agricultural sector of the economy".

Thus, it can be seen that the data on growing and fattening young cattle are
presented in detail, where among the factors that affect the production of beef are
zoohygienic conditions, feeding level and genetic potential of animals. At the same
time, there is insufficient information on optimizing the conditions of keeping over
repairing young Ukrainian black-and-white dairy cattle in the stall period on small
farms. Especially the sanitary and hygienic condition of the microclimate in the
premises under different systems of keeping young animals needs to be studied.

The temperature of the air environment in the premises for keeping bulls in
tethered and free-range housing. The temperature of the air environment can
positively or negatively affect the thermoregulation of the animal body. When the air
temperature in the cattle house decreases, there is a need for additional feed energy.
This increases the cost of feed, and if not compensated, it leads to a decrease in
productivity. In production conditions, it is not always possible to make timely
adjustments to the rations of animals depending on the parameters of lowering air
temperature. Therefore, in the stall period, where the external air environment is
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below zero on most days, then the technology of keeping animals indoors and the
operation of ventilation systems should provide optimal air temperatures.

In most agricultural enterprises, bulls are kept tethered, and some are kept
untethered in group cages. The study of zoohygienic conditions of the air
environment in the premises for fattening of overhauled young stock according to the
assessment methodology was carried out on two adjacent days (5-6, 15-16, 25-26).
The air temperature in the room was determined at 10 and 20 hours in four places.
Determination of the air temperature at 10 o'clock compared to 20 o'clock in the
premises where bulls were kept tethered and untethered showed that in most cases at
20 o'clock the air temperature was higher by 3.3 oC (tethered) and 3.2 oC
(untethered). This can be explained by the fact that the outside air is warmer during
the day than at night. Therefore, at night more heat is lost through the building
envelope and ventilation system than during the day.

Studies have shown that bulls release heat energy into the air, which as a result
increases to 20 hours compared to 10 hours at the age of 12 months. The following
parameters of air temperature were established: from 13.7 to 17.2 °© C (tethered
housing) at 10 o'clock and from 14.2 to 18.2 ° C (untethered housing), and at 20
o'clock, respectively, from 15.5to 17.7 ° C and from 15.0 to 18.2 ° C.

Comparing with each other tethered and untethered keeping it is possible to note
the following:

- more heat was preserved in the room at 10 and 20 hours, where bulls were kept
tethered, and in comparison with untethered, a significant difference was found at
P<0.05 and P<0.01; (number of samples 3; 4)

- more heat was preserved in the room where bulls were kept untethered in
group cages (study at 10 hours). The difference is significant at P<0.05 (number of
samples 5; 6);

Thus, the formation of the temperature regime in the premises for keeping bulls
is influenced by the age of the animals, their energy released into the air and the
ambient temperature. Under appropriate environmental conditions, the advantage is
on the side of tethered housing, and under other conditions - on the side of free-range.

When determining the air temperature at the age of 14 months of bulls, it was
found that at the beginning of the month the air temperature in the room was 12.5 °C
(tethered) and 13.2 °C (free-range) (at 10 o'clock) and 16.3 ° C and 16.7 °C at 20
o'clock, respectively. At the end of the month, at 10 o'clock, the temperature was
14.5°C and 17.50C for tethered and at 20 o'clock - 16.2°C and 18.2°C, respectively.

These data show that again the formation of indoor temperature is influenced by
the external environment, and only then by the conditions of keeping bulls. But at the
same temperature conditions of the environment in the premises where the bulls were
kept in group cages, it is possible that more heat was released by the animals and the
average air temperature on some days was higher compared to the tethered one at
P<0.005 and at P<0.001.

It was found that there is a tendency of advantage of free-range housing in terms
of indoor air temperature in relation to tethered housing and with age this advantage
increases.

So, at the age of 14 months for fattening young bulls, the untethered keeping of
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bulls in group cages in terms of air temperature in the premises is 14.6 °© C was
promising. This temperature regime for keeping bulls at the age of 14 months is close
to the level of optimal neutrality technology.

The accumulation of moisture in the air of the premises at different ways of
keeping bulls in the stall period. Increased air humidity in livestock buildings is a
good environment not only for the reproduction of microbes, but also leads to heat
loss through the skin of the body of animals.

Most moisture enters the air when it evaporates from the floor, manure grooves,
drinkers. Moisture can enter the room, as well as with the outside air, especially at
low temperatures.

Therefore, timely removal of moisture from the air is an important hygienic
measure. In such premises, due to specially equipped natural ventilation, the moisture
in the air of the premises for animals is reduced, which is maintained in the air in the
parameters of 50-75%.

In the context of the reconstruction of existing livestock buildings in each case,
it 1s necessary to make technological decisions that can positively affect the
normalization of humidity in the air of the animal premises. Assessment of air
humidity in the stall period in the premises with different ways of keeping bulls
allows to determine the optimal level of moisture accumulation.

Thus, the study of air humidity conducted simultaneously with the
determination of other air parameters in the sections for keeping bulls tethered
(control) and untethered in group cages of 10 bulls showed that the air was assessed
twice a day (at 10 and 20 o'clock in four places of the section and in the center of
the group cages at a height of 50 cm from the floor).

It was found that the air humidity at the age of 12 months was in different
sections for keeping bulls of Ukrainian black-and-white dairy breed when kept in a
group cage of 10 bulls, where the air humidity parameters at 10 o'clock was within
71%, and at tethered - 85%.

The accumulation of high humidity in the air of the premises where the bulls
are kept on a tether is felt even without determination by special devices. Thus,
about 1/3 of the wooden plank floor constantly accumulates moisture. In addition,
in the cracks between the boards there i1s moisture that evaporates into the air. In
some cases, urine and feces fall almost on the entire floor. At the same time, the
group cage has clearly defined feeding and resting areas. The use of wood flooring
leads to the accumulation of urine under the floor.

Continued studies of air humidity in the premises for keeping bulls at the age
of 14 months showed low efficiency of reducing humidity in the air, while
observing the norms of technological design of stalls in width and length for bulls
of this age do not allow to reduce the accumulation of moisture in the air. Thus, the
relative air humidity on all days of research at 10 and 20 hours was higher than 70-
89.5%.

In addition to the reasons for the increase in the amount of moisture in the air,
which were in tethered housing at 12 and 14 months, the following were added:
feeding more feed and watering; excretion of more urine and feces; excretion of more
moisture through the skin and lungs, etc. In free-range housing, such changes did not
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significantly affect the increase in moisture in the rooms where the bulls were kept.

Thus, it was found that in the stall period, when bulls of Ukrainian black-and-
white dairy breed were kept in group cages from 12 to 14 months of age, better
conditions for air humidity were created than in tethered housing.

Concentration of carbon dioxide in the air of the premises with tethered and
free-range bulls. In livestock buildings carbon dioxide in the optimal amount plays a
significant role in the life of animals and is a physiological irritant of respiratory
centers. Increasing the concentration of carbon dioxide in the indoor air reduces
oxidative processes, lowers body temperature, increases the acidity of tissues and
enhances other metabolic processes undesirable for animal health. Increased
concentration of carbon dioxide has a negative effect on animals. Their productivity
and resistance to diseases decreases.

Therefore, it i1s important to equip ventilation systems that would provide an
optimal level of carbon dioxide. We set the goal to conduct a comparative assessment
of the concentration of carbon dioxide in the premises where bulls are kept on a tether
and in group cages at different ages (12 and 14 months) and compare it with the
permissible concentration of carbon dioxide (0.2%).

The study of CO, concentration in the air of the premises was carried out
simultaneously with the determination of other air parameters when bulls were kept
tethered and untethered in group cages of 10 bulls from 12 to 14 months of age.

Assessment of CO, concentration was carried out 6 times in four points of the
premises at 10 and 20 hours. The concentration of carbon dioxide was determined
with 0.005 normal solution of caustic barium.

It was found that at 12 months of age, the concentration of carbon dioxide
increased to 0.26-0.32% with tethered keeping, and much less to 0.17-0.23% (at 10
o'clock) with untethered keeping.

Analyzing the concentration of carbon dioxide, it should be noted that at 20
o'clock, its parameters were as follows: with tethered keeping - 0.23-0.26%, with
untethered keeping - 0.15-0.22%. On average per day, the concentration of carbon
dioxide in the air where bulls were kept in group cages was found to be lower on all
days of the study.

At the age of 14 months, the concentration of carbon dioxide in tethered cages
was in the range of 0.23-0.31%, and in untethered cages 0.14-0.17% (at 10 o'clock).
The difference is significant at P<0.001. At 20 o'clock, the parameters of carbon
dioxide concentration decreased compared to the estimate at 10 o'clock.

This decrease in the concentration of carbon dioxide from 10 to 20 hours can be
explained by the fact that during the day more outside air enters the room, in which
the concentration of carbon dioxide is much lower than in the room and ventilation is
better. In the room where the bulls are kept in group cages, the concentration of
carbon dioxide is lower than in the premises with tethered keeping. Thus, in addition
to carbon dioxide exhaled by bulls, more of it is mixed in the air along with the
evaporation of moisture from the floor, stalls, feeders, grooves of manure conveyors,
technological equipment and enclosing structures.

Thus, it was found that bulls in group cages were kept with a lower level of air
carbon dioxide concentration than bulls on a tether. The difference is significant
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(P<0.05 - P<0.001) depending on the time of research, and the time of sampling and
age of bulls.

Ammonia concentration in the premises during the stall period of Ukrainian
black-and-white dairy bulls in tethered and free-range housing. According to the
assessment of ammonia concentration in animal premises, the processes of
decomposition of nitrogen-containing organic substances: urine, feces, feed, etc.
Ammonia dissolves intensively in water. Especially a lot of ammonia accumulates in
cold rooms with high humidity. High concentration of ammonia leads to the fact that
the animals' health deteriorates, feed is not sufficiently digested, death may occur
when the concentration of ammonia in the air increases to 3 mg / I, from pulmonary
edema or respiratory paralysis.

Therefore, the search for reducing the concentration of ammonia in the premises
for animals is relevant and necessary in the conditions of reconstruction of existing
livestock buildings, where the conditions of detention and equipment of ventilation
systems do not always allow for minimal accumulation of ammonia in the air.

In this regard, the assessment in different months of the stall period, at different
times of sampling, with different methods of keeping, where animals were raised and
fed for meat, the level of ammonia concentration in the premises in accordance with
the standards is not the same.

Studies of the ammonia concentration in the air of the premises where bulls
were kept at the age of 12 months showed that in the free-range bulls the ammonia
concentration was respectively lower by 43, 28, 37, 29, 63, 59 percent compared to
the tethered one with a significant difference P<0.001. These data show the
advantage of untethered bulls over tethered ones.

Perhaps, in addition to the ways of keeping bulls and premises, there are factors
that affect the accumulation of ammonia concentration in the air. But the tendency of
preference for untethered bulls in group cages remained at 14 months of age. Similar
data were obtained when comparing the concentration of ammonia in the air of
premises with tethered and untethered methods of keeping bulls at 14 months of age.
Again, with a significant difference, a lower accumulation of ammonia in the air was
obtained in the room with free-range bulls (P<0.001).

Studies on the concentration of ammonia in different days of specific age
periods of bulls of the Ukrainian black-and-white dairy breed and the time of year
showed that regardless of the age of bulls and the determination of the concentration
of ammonia in the air of the premises, less of it accumulates where the bulls were
kept free.

Optimization of the conditions of keeping young cattle in beef production
through the use of the proposed modules of group cages for different technological
periods leads to the conclusion that the more adapted to fattening of overhauled
young cattle on small farms of reformed agricultural enterprises in terms of ammonia
concentration in the air of the premises is the keeping of young cattle without
tethering.

The fact that the deterioration of the air environment due to the accumulation of
ammonia in the tethered keeping of bulls of the Ukrainian black-and-white dairy
breed at 12-14 months can lead to a decrease in live weight gain was found in further
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studies of the growth rate of experimental bulls.

Total microbial contamination of air in the premises for keeping bulls in tethered
and free-range housing. The number of microorganisms in the indoor air is 50-100
and more times higher than in the outdoor air. Microorganisms in the air can be from
several tens to hundreds of thousands in one cubic meter. Therefore, among the
indicators that are included in the assessment of the microclimate in the premises for
animals is the total microbial contamination of the air.

Depending on the number of microorganisms in the air, hygienic measures are
taken to reduce them. Such measures include regular cleaning of stalls, cages,
passages, feeders, equipment, etc. according to the daily schedule.

A special role is played by the amount of moisture and dust in the air of the
room in the accumulation of microorganisms. Moisture in the air is a good
environment for the development of microorganisms, which in dry and warm rooms
practically do not develop and do not multiply, thereby not harming the health of
animals. Therefore, in livestock buildings, the task is to constantly reduce moisture
through the equipment of automatic waterers, timely removal of urine and feces from
the premises and constant operation of the ventilation system.

In our research, we studied the total microbial contamination of the air in
tethered and untethered bulls of the Ukrainian red-and-white dairy breed at 12 and 14
months of age.

Studies of total microbial air pollution at 12 months of age have changed the
advantages of tetherless housing over tethered housing.

On average, at the age of 12 months, the total microbial contamination of the air
in the premises was 1.9, 2.9, 4.1, 2.3, 2.2, 2.8 times lower in the free-stall bulls
compared to the tethered ones. The difference is significant at P<0.001. The obtained
results of air in the premises for keeping bulls at 14 months show that with increasing
age, regardless of the method of keeping, the conditions of the air environment
deteriorate. Thus, the total microbial contamination of the air in tethered housing was
from 48.5 to 152.5 thousand/m3, and in untethered housing - 46.2-91.5 thousand/m3.
The difference between the methods of keeping is significant (P<0.001).

Beef producers can be convinced that tethered housing of bulls worsens the air
environment, where the total microbial contamination of the air is much higher than
in free-stall housing.

The search for improvement of microbial contamination after 12 months of age
of bulls, regardless of the way they are kept, requires new approaches.
Comprehensive assessments of the appropriate number of factors affecting the air
environment in bull housing at different ages may be necessary. This is especially
important in small farms where optimization of housing conditions is essential.

Heat balance in sections for keeping over-repairing young stock during the stall
period. The heat balance in the premises for animals is determined by the normative
indicators of air temperature and taking into account the average monthly temperature
and humidity in January. In this case, the ratio between the supply and consumption
of heat should be equal to zero. A deviation of +£10.0% in the heat balance is allowed.
It is known that not only animal productivity, but also hygiene and health depends on
the microclimate in livestock buildings. In winter conditions, it is desirable not to
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cool animals indoors, as this leads to significant losses in livestock production.
During the stall period, the air in the premises is heated by the heat released by the
animals. Therefore, air exchange depends on the thermal characteristics of the
building envelope. The total area of the section for keeping young animals in
different periods with tethered and free-range housing was 345 m? or 4.31 m? per
head, the total area of the outer walls was 162 m?, 2.02 m? per head in both sections
and the volume of the room (air volume) was 931.5 m®. Calculations of the hourly
ventilation volume were different both by technology and by the way of keeping
young animals. As a result, the volume of ventilation per head was less in tethered
housing (fattening 88.0 m*/h) compared to free-range housing (97.4 m3/h). The air
exchange rate was found to be lower in tethered housing than in free-range housing.
Thus, the air exchange rate in the section with tethered housing was 7.4 and 9.3 m*/h
during the fattening period with tethering and without tethering. Thus, with equal
characteristics of the premises (sections) for tethered and untethered housing,
different indicators were obtained for hourly air volume, ventilation volume and air
exchange rate. It depends on the conditions of keeping young stock and the
technological period.

Higher rates in untethered keeping of young animals are explained by the fact that
in group cages the young animals move more, so they consume more air, which is
normalized by the flow of outside air into the room. To determine the heat balance, the
data of studying the microclimate in the sections for keeping young animals in group
cages and tethered during the stall period were used.

The heat balance in the premises depends on three interrelated factors: the amount
of air inhaled and exhaled by animals; the amount of moisture in the air of the premises
and the difference in air temperature between the outside and inside. The study of the
heat balance in different ways of keeping bulls in the stall period can not be carried out
on a small number of groups-analogues, which are sufficient to assess the growth of
live weight, slaughter qualities, behavior, etc. Therefore, the experimental bulls are
kept together in a room where they were kept tethered and untethered (80 heads each),
this number of bulls is enough to fill all the livestock. The table presents data on the
heat balance in the sections for keeping overhauled young cattle during the stall period.

Heat loss through the fencing in the section with free-range housing was 9.4%
less than in the tethered section, because less moisture enters the air in group cages
than in tethered stalls. Due to the smaller area that is constantly moistened with water
from drinking bowls, urea and feces. This is confirmed by the fact that 58.1% of the
floor is constantly moistened in the group cage: 12.9x7=20.3 m?, 1.2x5=6.0 m?
2x2.9=5.8 m?; 6+5.8=11.8 m* of wetted floor. With tethered maintenance 72% of the
floor is wet: 1,8x7=12,6 m? (wet floor), 2,5x7=17,5 m?. Therefore, the absolute
humidity of the air was 6.79 g/m3 at tethered keeping, and 6.27 g/m? at untethered
keeping.

The study of the heat balance in the premises for keeping young animals during
the growing period (8-12 months) showed that the heat input from the animals reaches
32448 kcal/h (tethered housing) and 35920 (free-range housing). This heat is spent on
heating the air that enters the room (1530 kcal/h), on heat loss through the fence (706
kcal/h), on unforeseen heat losses (81 kcal/h) and heat loss for moisture evaporation
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(3213 kcal/h). In total, the heat consumption reached 29922 kcal/h, which is 8.4
percent less than the supply. Therefore, the maximum temperature in the room can be
at the tethered keeping of young animals at the age of 12 months in the stall period
15.8 ° C or the difference between the outside and inside temperatures is 15.8 ° C.
During the maintenance of overhauled young cattle in the stall period during the
untethered period, 35920 kcal / h of heat was received, and the total costs were higher
(39933 kcal / h), which reduces the zero heat balance in the room by 10%. Up to 10%
increase or decrease of heat balance indicators in relation to zero is allowed.

Feeding of young animals is aimed at making the most of the genetic
capabilities of animals at a young age, where, in addition to a high level of feeding, it
is important to create standardized conditions for them, especially to maintain a zero
balance of heat input and output or deviations of no more than = 10 ° C. So, at the age
of 12-16 months, young animals in the amount of 80 heads at the tethered content of
free thermal energy allocated 38696 kcal/hour.

Heat consumption for air heating during tethered keeping reached 2038 kcal/h,
for heat loss through the fence - 706 kcal/h, heat consumption for moisture
evaporation - 3728 kcal/h. Total heat consumption reached 33638 kcal/h.

More heat is received from young animals in this age period (14 months) than at
the total cost of 5058 kcal/h or the cost was less by 15 percent. At the same time, the
situation changed when young animals were kept in group cages. Thus, more young
animals released free heat energy into the air and more of it was spent on heating the
air. Therefore, the heat balance was negative with a difference of 2433 kcal/h or
94.6% to zero balance. But, such excess heat consumption over the supply is included
in the established parameters of the norms of technological design of premises for
cattle.

The results obtained indicate that with greater movement of animals in group
cages, feed energy consumption increased, but thermal heat losses during the stall
period allow maintaining the temperature regime during untethered keeping within
the established limits for young cattle.

Conclusions:

1. The ecological situation of the cattle breeding site according to the assessment
of air, soil and water monitoring is positive and ensures the cultivation of
environmentally friendly fodder and the creation of an external environment for
animals in accordance with VNTP-APK-01.05.

2. Zoohygienic assessments of the air environment in the premises for keeping
bulls for fattening in tethered and free-range housing have shown that more
comfortable conditions are created in free-range housing, which is confirmed by a
more normalized air temperature compared to tethered from P<0.05 to P<0.001 (at
different times of the day); the accumulation of high moisture in tethered housing is
explained by an increase in the area of the wetted floor (1/3 of the parts), and when
kept untethered in a group cage, a significant part of the moisture is absorbed by the
litter; concentrations of carbon dioxide and ammonia, also, in untethered bulls had a
significant positive probable difference from P<0.05 to 0.001.

3. Studies of total microbial contamination have shown that regardless of the
method of keeping bulls on fattening with age, the conditions of the air environment
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deteriorate, where the total microbial contamination of the air at tethered keeping
from 12 to 14 months of age was at the level of 48.5 to 152.5 thousand / m?, and at
untethered 46.2 to 91.5 thousand / m® (at P < 0.001). Therefore, improving the
microbial contamination of the air environment in the premises for fattening young
animals requires new technological solutions for ventilation systems.

4. It was found that with tethered bulls, the heat balance was positive by 5058
kcal / h or 15%, and with untethered - less by 2433 kcal / h or 94.6% to zero balance,
but such a negative heat balance is within the permissible parameters of 5%. But this
situation can be corrected by equipping the ventilation system with a heat exchanger.
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Anomauin. Mikpoxnivam y mMEAPUHHUYLKOMY NpUMiujeHHi 6idicpac Heabusxy poib 6
VMPUMAHHI  CLIbCLKO2OCNOOAPCLKUX MBapuH. [lemanbHo po3kpumi Oaui No BUpPOWY8aHHIO ma
8i0200i6/1i MOJNIOOHAKY 6eIUKOoi poeamoi Xyooodu, Oe ceped UUHHUKIG, SKI GNIUBAIOMb HA
BUPOOHUYMBO ANOBUUUHU, € 3002ICIEHIYHI YMOBU, PIBEeHb 200I61i MA 2eHeMU4Hi 3a0amKU MEAPUH.
Ane pazom 3 mum, Hedocmamubo iHpopmayii no onmumizayii ymos ympumaHts Ha0 PEMOHMHO20
MOJIOOHSIKY YKPAIHCbKOI YOPHO-PA00I MONOUHOI NOpOOU8 CMIlIoGUll Nepioo HA MAnux ¢hepmax.
Ocobnuso nompedye UBYEHHS CAHIMAPHO-CICIEHIYHUL CIAH MIKPOKIIMAMY 6 NPUMIUEeHHIX Npu
PI3HUX cucmemMax YympumanHs MOJOOHAKY. A came nocmitiHull KOHMPONb 3a pi6HeM Y NOGIMPAHOMY
cepedoguuyi npuminyeHv 05 8102001611 MONOOHAKY BeIUKOL poeamoi Xyooou y cmitiiosuii nepioo:
memnepamypu, B6IOHOCHOI 80Jl02U, KOHYeHmpayii 8y2leKucio20 a3y, amiaky ma MiKpoOHY
3a6pyOHeHicmb, Menio6o2o 6anancy ma 3a06e3neuy8anHs HOPMAMUBHUMU YMOBAMU 20016, WO
003801UMb CYMMEBO NOKPAWUMU ePeKMUBHICIb BUKOPUCIMAHHS HAOPEMOHMHO20 MOTOOHSKY.

Tax, y 14-miscunomy 8iyi 015 81020016711 MOIOOHSKY NEPCHEKMUBHUM BUABULOCL OE3NPUB SI3He
VMPUMAHHA OUYKI8 V 2pYNOUX KIAIMKAX 34 NOKAZHUKAMU MeMnepamypu nogimpsanHo2o cepeoosumuya
v npumiwennax ckraoae 14,6°C. Taxuii memnepamypHuil pedcum Ol VMPUMAHHA OUUKIE )
14micaunomy 6iyi HabaUd*CEHUL 00 PIBHA ONMUMATLHOI MEeXHO02Ii HeliMPAaIbHOCHI.

YV cmitinosuii nepioo npu ympumanHi OUYKI@ YKPAiHCbKOI HOPHO—PAOOI MOIOYHOI NOpoOU 6
epynosux kaimkax 6i0 12 0o 14—-micaunoeo 6iKy cmeopeni Kpawyi yMou ujo0o 801020Cmi NoGimpsi
HIJIC NPU NPUB AZHOMY YMPUMAHHI.

buukie y epynosux kaimkax ympumyeanu 3 MEHWUM PIGHeM KOHYEeHmMpayii y2leKUcio2o 2a3y
nosimpsi, Hidc ouuxie Ha npus’sa3i. Piznuys sipociona (P<0,05 — P<0,001) y 3anexcnocmi 6i0 uacy
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dociddicens, 1 uacy 83amms npob ma 6iKy OUUKIG.

IIpogedeni docnioxcenHs 3a KOHYSHMPAYIE amiaky 8 pi3Hi OHI KOHKPEMHUX GIKOBUX Nepiodié
OUUKi6 YKpaiHCbKOI YOPHO—PsO0i MONOUHOI NOPOOU ma NOpu PoKy HOKA3ANU, WO HE3AIeHCHO B0
BIKY OUYKI@ mMa BU3HAYEHHsI KOHYeHmpayii amiaky 6 nogimpi npumiljeHb MeHule U020
HaKONU4yemuvCs mam, 0e OUYKU ympumy8anucs 6e3npus sa3Ho.

THowyxu nokpawenus MikpooHoi 3abpyonenocmi nicis 12—micaunozo 6iKy OUYKI6 He3A1eHCHO
8i0 cnocoby ix ympumanHs nompedyromev HOBUX Niox00is. Mooxciueo, HeoOXiOHUMU KOMNIEKCHI
OYIHKU BIONOBIOHOI KibKOCMI (DaKmopis, AKi 6NaAuUGardMb HA CMAH NOBIMPIHO20 CEPedosuUld 6
npuMiyerHax 051 OuuKis y piswi 8ikosi nepioou. Ocobauso ye 8axiciuBo 8 YMo8ax He8eIuKux gepm,
0e OnmuMi3ayisi yMo8 YMPUMAHHS MA€E CYMMEBE 3HAYEHH.

bBinvwe naoxooumes menna 6i0 MOI0OHAKY 8 OaHOMY 8iKOBoOMY nepiodi (14 micayie) nide npu
3azanvuux eumpamax na 5058 kkan/200 abo sumpam 6yno menwe Ha 15 siocomxis. Y motl dice uac
npu 6e3npus’a3HOMY YMPUMAHHI MOJIOOHSK) 8 2PYNOSUX KAIMKax cumyayis 3minunace. Tax, oinvue
MONIOOHSK 8UOLIUG BLIbHOI Menn08oi enepeii 8 nogimps i Oinbuie 1io2o 6Y10 sumpaieHo Ha 00iepis
nosimps. Tomy, mennosuti banranc 0ys mecamusuum 3 pizHuyeto 2433 kxan/200 abo 94,6% 0o
HYIb08020 banancy. Ane, maki nepegumpamu menya HA0 HAOXOOHCEHHAM 6X00SIMb Y 6CIMAHOGNEHI
napamempu HOpmM MexXHOJLO2IYHO20 NPOEKMYBAHHA NPUMILYEHb OISl BeUKOI po2amoi Xy0oou.

Kniouosi cnoea: mikpoxnimam, MONOOHAK, YMPUMAHHS, GI0200i6/I5,  GV2NeKUCIUU 2d3,
nosimpsite cepedosuiye, KOHYeHmpayis amiaky, MikpooHa 3a0pyOHeHicmb, Meni08ull OaIaHc

ISSN 2567-5273 124 www.moderntechno.de



Modern engineering and innovative technologies Issue 24 / Part 1 (N§

http://www.moderntechno.de/index.php/meit/article/view/meit24-01-015
DOI: 10.30890/2567-5273.2022-24-01-015

YK 635.21:631.5
FORMATION OF THE LEAVE’S SURFACE SQUARE
IF SEEDING POTATO OF DIFFERENT GROUPS OF RIPENESS

DEPENDING ON CONDITIONS OF GROWING
®OPMYBAHHJI IIJIOIII JIUCTKOBOI TOBEPXHI HACTHHEBOI KAPTOILII
COPTIB PI3BHUX I'PYII CTUI'JIOCTI 3AJIEZ)KHO BIJI YMOB BUPOILIIYBAHHSA

Sokolovska I. M. / CokonoBcbka I. M.

c. agricultural s., docent / k. c.-e. H., Ooyenm,

Kherson State agrarian and economic University
Kropyvnytskyi , Universitetskyi 5/2 avenue

Xepconcobkuti 0epaicasHull azpapHo-eKOHOMIYHULL YHIgepcumen,
Kponusnuyvkxuii, npocn. Ynisepcumemcoxuii, 5/2

Anomauia. Ocho8HuM opeanom GomocuHme3sy POCIUH € 3eleHi JUCMKU, MOMY OCHOBH)Y
yeazy npu GUpOWYEAHHi Kapmonii cii0 npudiiamu GopmMysanHio ONMUMATLHOI NIOWi TUCMKOBOT
NnoOGepxHi.

Ilomenyian copmis Kapmonaii pizHux epyn Cmueiocmi wyooo Gopmy8anHs NiIoWi JUCKOBOL
nosepxui 8 ymosax nieniunoco Cmeny YKpainu 6usueno He0OCmMamuvo, 00 mMo20 HC NPUPOOHO-
KAIMAMUYHI YMOBU, WO PI3KO 3MIHIOIOMbCA, 6NAUBAIOMYb He Juule HA POPpMYBAHHS NPOOYKMUBHOT
NOBEPXHI, aje U BUSHAYAIOMb ) NeGHIll MIPI YPOICAUHICMb I AKICMb HACIHHEBOI Kapmoni. ¥ docnioi
BUKOPUCTOBYEMBCA HACIHHEGUL Mamepian K1acy enima.

binvwy nnowy nucmkogoi nosepxmi 6 ymosax nisniunozo Cmeny Ykpainu ¢popmysanu copmu
PAHHLOI mMa  CcepeoOHbOPaHHbOi epyn cmuenocmi. MaxcumanvHo c8ill  nOmMeHyian copmu
suKopucmosgysanu Ha oui minepanvrozo scuenenns NsoPsoKso, popmyrouu 20,55-25,30 muc. m?/2a
JUCMKOBOI NOBEPXHI.

B nepwiti nonosuni eecemayii kapmonni 6ionociuni ocobausocmi copmis, niocuneHi Oi€ro
000pus, 6Hecenux nio NoCigu, UHAYANU NOKAZHUKU NIOWL TUCMKOBOL NOBEPXHI NOCIGI8 KAPMONIi
suUcoKux kamezopiil (vacmka enaugy 63,7%). Bnpooosowc opyzoi nonosunu eecemayii 6ionociyHul
nomenyian copmie 3abesneyysas GpopmysanHs GOmMocuHmMmemuyHoi NOBepXHi NOCIBI8 HA
61,1-44,8 %.

Cepeoni nokasHuKku niowi JUCmKo80i No8epx NocCigie KApmoni pisHUX epyn Cmueiocmi, sKi
docnidocysanucs, y 2,5 pasu Oyau uudicye 3a mi, WO 6CMAHOBNEHI 8 DAUOHAX MPAOUYILIHO20
supowysanta kapmonai. Ilpocnozosana epooicatini  6ynbO  KApmMonai  6UCOKUX —Kame2opii
13-19,5 m/2a.

Kniouogi cnosa: niowa nucmkosoi noGepxHi, copmu KaApmonai PI3HUX epyn Cmueiocmi,
nieniunuti Cmen Yxpainu, HaciHHe8a KAPMONIAL.

Berym.

OCHOBHMM OpPraHoM (POTOCHHTE3y POCIUH € 3€JEHI JIUCTKH, TOMY OCHOBHY
yBary IMpH BHUPOIIYBaHHI KapTOIUI CHiI HNPUAUIATH (OPMYBAaHHIO ONTHUMAJIBbHOI
TUJIOIIII JTUCTKOBOT MoBepxHi [1].

B pailoHax TpaauuiHOTO BUPOIIYBaHHA KapTOIUJIi BCTAaHOBJIEHO, IO
ONTHMAJILHOKO IUIOWIEI0 JUCTKIB € 40-45 Tnc. M?/ra. Ilonaneine 36inbIIeHHs i He
TIIBKH HE CIIpUAJIO  3POCTAaHHIO HpO,Z[YKTI/IBHOCTi HacaIXC€Hb, a 51 HaBIIaKH,
MIPU3BOAMIIO 10 HEA000PY BpPOXKAKO, BHACIIJIOK CHJIBHIIIOTO TMPUTHIYEHHS TaKHUX
MOCIBIB IPYHTOBOIO 1 MOBITPSHOIO MOCYXOI0 [2].

UucaeHHUMH TOCTIHKEHHSIMH BCTAHOBJICHO, IO ILIOIIA JIMCTKOBOI  MTOBEPXHIi
POCJIMH KapToILIi 0arato B YOMY 3aJICKUTh BiJ] arpOTEXHIYHUX 3aX0fiB. Bigomo, 110
BPOXKAWHICTh  CUIBCBKOTOCIOJAPCHKUX  KYJIbTYp  (QopMyeTbcsi B TpoIllect
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dboToCHHTE3y, KOJM B 3€JIIEHUX POCIMHAX YTBOPIOETHCS OpraHiyHa peuOBHHA
3 OKCHIY BYIJIEIIO, BOJM Ta MiHEpadbHUX pedoBuH. [Ipu 1BOMY COHsSYHA
eHeprm MEPEXO/UTh B eHepruo 6ioMacu pOoCIHH. E(beKTHBchTL [HOTO TPOLIECY
1 B KIHLEBOMY rnz[cyMKy plBeHB ypOKalHOCTI 3ajexaTh BiJl (DYHKIIOHYBaHHS
JUCTKOBOI  TMOBEPXHI MOCIBY KyJIbTypu SK  (OTOCHHTETHYHOI  CHCTEMH.
[IponyKTUBHICTH K€ (POTOCHMHTE3Y, B CBOIO UEpry, 3aJIeXKHUTh BiJa (aKTOPIB
30BHINIHHOTO CEPEIOBUINA, TEXHOJIOT1] BUPOIIYBAHHS KYJIbTYpH, 1HIIUX (HAKTOPIB 1
BHU3HAYAETHCSI IBOMA OCHOBHMMH CKJIQJIOBUMHU: CyMApHOIO TUIOIICI0 aCUMITISIIIHOT
MOBEPXHI POCIIMH Ta YUCTOIO MPOAYKTUBHICTIO (pOTOCUHTEY [3]

Cyxa peyoBMHA KapTOIUIl CKJIAmaeTbcsi 3 95 % opraHiyHUX CHONYK, IO
YTBOPIOIOTHCA Y mporieci (hoTocuHTe3y, Ta 5 % MiHEpaJbHUX COJIEH, MOIVIMHYTUX
KOPEHEBOI CHCTEMOI0 3 TIpyHTy. DOTOCHMHTETUYHA diSUIbHICTH BHU3HAYa€e
IPOAYKTUBHICTh pociuHM. [Ipn BHCOKHMX PIBHAX yposkaiiHocTi Oynb0 (40-45 T/ra)
KapToruis 3acBore 3a 700y g0 300 kr/ra BYTJAEKHUCIOTO Ta3zy, a YHCTa
IPOAYKTUBHICTE (POTOCUHTEZY CKIAAae, B cepeanbomy, 3,8-7,0 r/mM? cyxoi pedoBHHU
[4].

3a npupoIHO-KIIIMATUYHUMHE TTOKa3HUKaMU miBHIYHUN CTen YKpaiHu He TTOBHOIO
MIpOIO BIJMOBiAa€ OIOJOTTYHUM OCOOJMBOCTSIM Ta MOTpedaM pPOCIMH KapTOILIi,
HacaMIiepes, 1010 YMOB 3BOJIOKEHHSI 1 TEMIIEPaTypHOTO pPEXHMY BETeTalliifHOTOo
nepiogy. HaifOunpl CHpusITAIMBI yMOBU JJIST POCTY 1 PO3BUTKY POCIHMH KapTOILIi
CKJIaJIal0ThCs MPH TiipoTepMivHOMY KoeditienTi 1,5-2,0.

BpaxoBytoumn, 1110 OCHOBHUM OpPraHoM (POTOCHHTE3y POCIMH € 3€JeHi JIMCTKH,
OCHOBHY yBary IMpu BHPOIIYBaHHI KapTOIJIl HEOOXIHO MPUAUIATA (POPMYBaAHHIO
ONTUMAJILHOI IO aCUMUIALIIHOTO arnapary JUCTKOBOI ITOBEPXHI.

[ToTeHmian copTiB KapTOIUIl PI3HUX TPYN CTUTIOCTI MOA0 (GOPMYBAHHS IUIOLI
JMCTKOBOI MOBEPXHI B yMOBax MiBHIUHOTO CTeny YKpaiHu BUBUEHO HEIOCTATHBO, JI0
TOTO K MPUPOTHO-KIIMATUYHI yMOBHU, 0 pizko 3miH0OOTECA (I'TK pokis
nocimimxenuss — 0,7-1,2), BmBawOTh HE Jviie Ha (HOPMYBaHHS MPOJAYKTHBHOI
MOBEpPXHI, aje W BU3HAYAIOTh Yy MEBHIM Mipl YpOXalHICTh 1 SKICTb HACIHHEBOI
KapToIu. Y JOCHil BAKOPUCTOBY€ETHCS HACIHHEBUM MaTepiall Kjacy eiTa.

Takum yrHOM, AOCTIIKEHHS Mporiecy GOpMyBaHHS IO JIUCTKOBOI MTOBEPXHI
COpPTIB KapTOIUNl PI3HUX TPyN CTUTJIOCTI € aKTyaJlbHUM W OOIPYHTOBAaHHM,
pe3yJbTaTH AOCHIPKeHh HaJIaayTh MOJKJIMBICTh BH3HAYUTH IIOTEHIIA] COPTIB B
yMoBax miBHIYHOro Cremy YkpaiHu Ta po3poOUTH €JIEMEHTH arpoTEXHIKH 100
MIJBUILEHHS BPOXKATHOCTI Ta SIKOCTI HACIHHEBOI KapTOILII BUCOKOI KaTEropii.

OCHOBHHUI1 TEKCT.

3a pesynbTaTaMyd HAMMX JOCTIKEHb OYJO BCTAaHOBJIEHO, IO B yMOBax
niBHiYHOrOo Crenmy YKpaiHW, COPTH KapTOIUIl Pi3HUX T'PYI CTUIJIOCTI, BIIPI3HSIIUCS
TUTONICTO JINCTKOBOT MOBEPXHI i 10 TOTO X (POPMYBali MPOAYKTUBHY 3€JI€HY Macy Ha
pi3HHX (pOHAX MIHEPATHLHOTO >KUBJICHHS HE OJHAKOBO. [loromHo-kiaiMaTH4YH1 YMOBHU
POKIB JIOCIIIJIKEHHSI BIJIMBAJIU HAa PO3BUTOK (DOTOCHMHTE3YIOUOI MOBEPXHI KYJIbTYPHU
(Tabmuis 1).

A came, Ha TOYATKy BereTallii OUIbII AKTUBHO IUIOIIA JMCTKOBOI TMOBEPXHI
dbopmyBasiacs y HaJipaHHbOTO copTy Pamomucib Ta cepeaHbOPaHHBOrO Mexupiuka
(4,45 tic. M*/ra Ta 4,75 tuc. m?/ra). Cuin 3a3HaunTy, WO y copTy Pamomucis uei
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MOKAa3HWK BHU3HAYABCS KUIBKICTIO JIMCTKIB (KOeDIIieHT 0OJUCTIHOCTI 5,7), TOAl SIK Y
copty Mexupidka — KUIBKICTIO TIPOAYKTUBHUX CTOJIOHIB — 4,1 TIT., KOKEH 3 SKUX
MaB B cepeiHbOMY 1O 1,3 nuctka. binbi iHTEHCMBHO (POTOCUHTETUYHHIA arapaT BCiX
COPTIB KapTOILIi, K1 JOCTIIKyBanucs,30ubnTyBaBcs Ha (oH1 NooPooKoy — 4,86 THC.
m?/ra.

Tadoauus 1 — Iunamika popMyBaHHS IUIOLII JTUCTKOBOI IOBEPXHi COPTIB
KAPTOILIi Pi3HOI rPpynH CTUIJIOCTI, THC. M*/Ta, 2018-2020 pp.

®oH Copa @da3u po3BUTKY .
YKUBJICHHS YTBOpPEHHS MIOYaTOK .. KiHEIb  [3aB’sTaHHS
(dakTop A) ($axrop B) | cxomn OOKOBHX IMaroHiB| IBITIHHS MBI IBITIHHS | POCIUH
Pamomucinb 6,03 9,82 11,13 12,49 13,00 7,75
KonTpons | Hleapuk 3,31 15,33 16,91 17,48 18,19 10,15
N30P30K30 | Mexupiuka | 1,52 11,99 14,19 15,82 16,46 11,42
[TapTHep 3,92 10,67 12,38 16,44 17,10 11,69
Panomucin 1,25 6,24 8,92 11,95 12,44 7,84
NusPasKas [enpux 3,82 8,22 15,69 16,18 16,83 9,99
Mexwupiuka | 3,81 14,40 18,01 22,85 23,78 17,25
[TapTHEp 2,22 8,52 17,33 20,62 21,45 15,38
Panomucin 6,48 10,13 12,53 13,60 14,08 9,37
NeoPeoKeo [enpux 0,98 11,41 22,34 24,32 25,30 17,10
Mexupiuka | 5,96 11,30 15,58 19,75 20,55 16,91
[TapTHep 1,59 7,95 15,82 19,02 19,78 16,59
Pamomucinb 4,02 7,52 10,70 10,89 11,34 7,54
NooPooKoo lenpuk 1,64 15,54 16,58 19,66 20,45 16,80
Mexupiuka | 7,70 13,14 16,42 18,24 23,18 16,82
[TapTHep 6,09 14,09 14,83 16,39 20,93 25,05
Aemopcovka po3poboxa

Pannpocturnmii copt lenpuk y dasi cxoaiB MaB HaltMEHIIY IJIOILY JTUCTKOBOI
noBepxui — 2,44 tuc. m?/ra, xoedilieHT OOJUCTAHOCTI He IepeBuInyBaB 1,5 3a
KUIBKICTIO MPOJYKTUBHUX CTOJIOHIB y Kyt — 3,0 miT.

3a MOJaNbIIOr0 PO3BUTKY POCIMH 30UIBIIEHHS IOl JIMCTKOBOI IMOBEPXHI
aKTUBHIIIE BiOyBamocs TakoX Ha (HOHI MiHEpPATbHOTO KUBIEHHS NooPooKoop,
13,32 tuc. m*/ra, ane mimepom cepex copriB Oy copr Ilempuk, sxuii y ¢asi
YTBOPEHHSI OOKOBUX INaroHis copmysas 13,37 thc. M%/ra muctoBoi nmoepxHi. Cif
3a3HAYUTH, 1110 TTOYMHAIOUH 3 I1Ti€T (pa3u 3MIHUIIACS PEAKIlisl COPTIB HA KOMIUIEKC YMOB
BUpollyBaHHs. Tak, coptu Pamgomwucnb, sgKkuil akTUBHO (OPMYBaB JIMCTKOBY
MOBEPXHIO y (a3l cXOiB, YHOBIJILHIOBAB 1€ MPOIEC MPU MOJATIBIIOMY PO3BUTKY,
MaB HYDKYi CEpell COPTIB MOKa3HMKU — 8,43 Tuc. M°/ra JIUCTKOBOI MoBepxHi y (asi
YTBOPEHHS 60KOBUX maroHis ta 11,13 Tuc. M?/ra. — Ha OYATKy LBITIHHS.

Bumumu mokasHMKamM# TUTONI  (DOTOCHHTETHYHOTO amapary Ha I[O0YaTKy
IBITIHHA XapaKTepU3yBalHCs TOCIBM KapTomul, ki ¢opMmyBanucs Ha (oHI
NeoPsoKeo — 16,57 tmc. m*/ra, go toro x, copr Illenpuk 30epiraB Iimepcrso,
17,88 tuc. m*ra. Copt Mexupiuka nemo nocrynascsa copry Illexpuk — 16,05 Tuc.
m?/ra.

MaxkcuManbpHy IUJIOLLy JIMCTKOBOI MOBEpXHI (hOpMyBaidM MOCIBU HACIHHEBOT
KapTOIUII COPTI HAa 4Yac 3aBEpUICHHS UBITIHHA. BuUIIUM  MOKa3HUKOM
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XapaKTEePU3yBaBCcsa CEPEAHbOpaHHiM copT Mexupiuka — 20,99 tuc. m*/ra, Tpoxu
nocrynuscs Homy panmiii copr Ilempuk — 20,19 tuc. m*/ra. Copr Ilapraep
CepeaHbOI IPyIU CTUTIOCTI (hopMyBaB (POTOCUHTETUUHMIA anapat Ha piBHI 19,82 Tuc.
M?/Ta, HWKYMH TOKa3HUK OyB y HaJpaHHLOro copty Pagomucis — 12,71 Tuc. M*/ra.

binpury mioiry JIuMCTKOBOI MOBEpXHI (OpMyBald BCl COPTH KapTOIUM, SKi
mociimKyBanucs, Ha GoHi MinepanbHOro xuBiaeHHs NgoPsoKeo— 19,93 Trc. M?/ra, mo
3a0e31edyBajio npupict 10 KoHTpoio 3,74 tuc. m*/ra (18,8 %).

Hait6iy1p111 1HTEHCUBHO 3017BIIEHHS TUIONI JIMUCTKIB BiI0yBaJIOCSd Ha TOYATKY
BereTailii, BiJl CXOIB JO YTBOPEHHs OOKOBHMX I1aroHiB.. J[OJaTKOBI  €JIEeMEHTH
KUBJICHHS y TPYHTI TaKOX TPUCKOPIOBAIM I1HTCHCUBHICTh 301UIBIICHHS TUIOILII
naucTkiB. Tak, OB IHTEHCHBHO IIJIOIIA JUCTKOBOI MOBEPXHI COPTIB KApTOILII, SIKI
JTOCIIDKYBJIMCS, 30UIbIIyBajiacs BIJI CXOAIB JI0 YTBOPEHHS OOKOBHX IIaroHiB,
HaWOUIBIIMI MPUPICT JUCTKOBOI MOBEpXHI croctepiraBcsi Ha (oH1 NooPgooKoy —
+8,46 muc. wm*ra. Copr Illenpuk axTHBHINE BHUKOPUCTOBYBAB KOMILIEKC
CIIPUATIMBUX YMOB, 3a0€3II€UMBIIN IPUPICT 3a Mik(asuuii nepiox 10,94 tuc. m?/ra.

3a MOJANBLIOTO PO3BUTKY POCIWH Ta (OPMYBaHHS IOCIBIB 1HTEHCHUBHICThH
30UThIIIEHHST TUTONTI  (POTOCHHTETUYHOTO arapaTy 3HIDKyBajlacs, JO TOTO K
crioctepiraiacs 3BOpoTHa fisi (POHIB MiHEpandbHOTO KUBJICHHS: Ha (oHI NogPgooKog
IPHPICT aCUMINALINHOT oM ckiaanas aume 1,31 tuc. m%/ra.

[lim wac nBITIHHA KapTOIUTL IHTEHCHBHICTH 3OUIBIIEHHS IUIONI JIMCTKOBOI
MOBEPXHI MPUCKOPIOBaiacs, BIAOYBaBCs LEH MPOLEC 32 PaXyHOK aKTHUBHOTO POCTY
JUCTKIB Ta HE3HAYHOTO 30UIBIIEHHS iX KUIBKOCTI Ha pociuHl. MakcumanbHui
IPHUPICT BKA3aHOTO MOKa3HMKa Bimmiuasces Ha (oHi NogPogKog — 3,40 Tuc. m*/ra, ane
OlnpIa 3arajbHa IUIONIA JIMCTKOBOI IOBEPXHI MOCIBIB KapTorwii Oyna Ha (QoHi
NeoPsoKso 3aBmsiku akTUBHOMY 11 301JBIIEHHIO Ha IMOINEPEIHIX €Tanax PO3BUTKY
MOCIBIB.

Yepesz 10-14 ni6 micnst 3aBeplICHHS LBITIHHS POCIMHU KapTOIUIl MOYMHAIN
IIBUJIKO ITICUXATH, BTpAYalouu acUMUIAIIAHY monty. [IIBummie migcuxanu IucTKu
y pocIuH, ki po3BuBarcs Ha Goui NysPssKys (-6,01 Trc. M?/ra) 10 TOro K mepIiuM
1 HallakTMBHILIIE [T0YAB BTpaYaTH JIMCTKU panHii copr [lenpux (-6,68 Tuc. M*/ra).

Yactka BBy (hakTopiB (POpMyBaHHS IUIOINII JIMCTKOBOI TMOBEPXHI 3HAYHO
BIJIPI3HAETHCS MO (azax PO3BUTKY POCIIHH.

CymMmicHa nist aBox (akTopiB — O10J0TiYHI OCOOJMBOCTI COPTY 1 BHECEHHSA
nobpuB — y ¢asi dhopMyBaHHS CXOJIB Majla HAWMOUIBIIMI BIUIUB HA PICT IUIONI
JIMCTKOBOI MOBEPXHI Y COPTIB KapTOIUI Pi3HUX TPyl cTUTIOCTI — 63,7 %.

B nporeci noganbmioro po3BUTKY POCIWH KapTOIUIl BIUIMB JAOOPHUB Ha MPOIIEC
dbopmyBaHHS (POTOCHUHTETUYHOTO amapary MociBiB 3MeHIyBaBcs — 23,3 %, Tomi sk
OlosoriuHui nmoTeHuian copti Ha 38,1 % 3abe3nedyBaB KUIbKICTh JUCTKIB y KYIIIi Ta
ix po3mip. MakcumanbHo nei morenuian (61,1 %) pocnunu Bukopuctanu y dasi
MOYATKY IBITIHHS, KOJH BIUIMB Jii 100puB OyB MiHIMaJIIbHUM — 9,4 %.

[Tim gac UBITIHHSA Ta MOJAJIBIIOTO PO3BUTKY POCIWH KapTOIUIl YacTKa BILIUBY
010JI0TIYHOTO TOTEHIliay copTiB 3MeHmryBanacs (44,8 %, 43,7 %). Ha meit ygac
MIJCUITIOBANIAcs IS 1HIMUX (PAKTOpiB — HECTPHUATINBI MOTOAHI YMOBH MIBHIYHOTO
Cremmy VYkpainu Jpyroi TMOJOBHHHM BereTalli KyJabTYpH MJACWIIOBAIA IO ITUX
dakTopis.
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3a pokamu JOCHIIKeHh B ymMoBax 2018 p. BUIly IJIONIY JUCTKOBOI MOBEPXHI
chopMyBaM COPTU KapTOIUIl PI3HUX TPYN CTUMIIOCTI Ha (OHI MiHEpPaIbHOTrO
xkuBneHHS NgoPsoKeo — 12,4 Tuc. M?/ra, 10 TOro » Halikpame CBiil IOTeHIian
BUKOpHCTaB paHHbocTHrIMA copr Illexpux — 15,9 Ttuc. m*/ra. 3meHmenns a6o
MIJBUIIEHHS KIJTBKOCTI TOXUBHUX PEYOBHH BABIYlI MPU3BOIWIO 10 3HIKCHHS
HapOCTaHHS JINCTKOBOT OBEPXHI pociinH B nociBax Ha 18-20 %. Crnin 3a3Ha4uTH, 110
NOTrOoHO-KIIMaThuyH1 yMOBHU 2018 p. Oy KpUTUYHO HECHPUATIUBUMU JIJIs1 KapTOILII,
(dhopMyBaHHS ILIOII JUCTKOBOI IMOBEPXHI POCIHH, X (DOTOCHHTETUYHOTO MTOTEHIIATY
B1IOYBAJIMCS B CTPECOBHUX JJIsI KYJBTYPH YMOBaX, SIKi B pe3yJibTaTi W BU3HAYWIIU
PiBEHb BpOXKANHOCTI Ta AKOCT1 OYyJIb0.

Hanpanniit copt Pagomucis kpariiiii moKa3HUK IO JUCTKOBOI MOBEPXHI MaB
Ha (oni NysPysKys — 11,945 trc. m?/ra, 36iIbIIEHAS KiIbKOCTI MiHEPATIBHUX JOOPUB
y TPYHTI 3a YMOB HEJOCTaTHHOI 3BOJIOKEHOCTI POKY 3HUXKYBAJIO 1HTEHCHUBHICTb
HApOCTaHHS BET€TaTUBHOI MACH POCIHH JAHOTO COPTY.

Ha ¢oni minepanpHOro X)uBIeHHS NooPooKgy HalO1bIIy MOy JTMCTKOBOI
HOBEPXHi copMyBaB cepeanbocTuriuii copr Ilapraep — 13,7 tuc. m?/ra.

Ha mouatky Beretamii kaptor y 2019 p. HaiOuibll akTMBHO (opMyBasacs
ionia JIMCTKOBOI MOBEpXHI y HaapaHHboro copty Pamomwucns. Lleit copr maB
HANOUIBIIY KUIBKICTh HAroHiB, sIKI MPOPOCIH 3 MaTEPUHCHKOI OyibOu, MIBUIIE 32
iHIi popMyBaB JIUCTKH 1y (asi cxomiB Mail HaitbinbNLy TX Moty — 7,14 Tuc. M%/ra.
B cepennboMy 1o BCiX BapiaHTaX, Ha (DOHI MiHEpadbHOTO KUBJICHHS NisPisKyus meit
MOKa3HUK OyB HabBummii — 13,52 tuc. m*/ra. CepeqHbopanHiil copT Mexupiduka
TPOXM TIOCTYyIajacsi MOMEPEeIHbOMY COPTY 3a IUIOIICI0 JIMCTKOBOI IMOBEPXHI —
5,16 Tuc. M*/ra, ILOMY COPTY TaKOX I[PUTAMAHHE YTBOPEHHS 3HAYHOI KiJbKOCTI
MaroHiB 3 BEJIUKUM Koe(IIIEHTOM OOJMCTSIHOCTI, ajie HaWBHIIE 3HAYCHHS BIH MaB Ha
doni NgoPsoKeo — 9,11 Tc. M*/ra.

[Tounnatoun 3 (a3 YTBOpPEHHS TE€HEPATUBHUX OpraHiB Kpaill YMOBH IJs
(opMyBaHHS TIONII IMCTKOBOI IOBEpXHi Oyan Ha GoHi NgoPesoKeo — 0,69 Thc. M?/ra.
Jlouni B mepiimii KpUTUYHUN TIEPioj PO3BUTKY KyJbTYpH Ta Ha MOYaTKy OyTOHi3amii
JOCTAaTHRO 3a0e3Meunn pOCIHHU BoJiororo. Cepen copTiB KapTOIUIl JIiIEPCTBO MaB
cepennbopanHiii copr Mexupiuka — 21,13 Tuc. M*/ra Ta, TPOXH IOCTYIABC HOMY
HazpaHHi copt Panmomucnb, cepennbocTurauii — IlaptHep MaB HalHMXKYI
HOKa3HUKU — 15,92 trc. M?/ra 1a.

[Ticnst 3aBeprieHHsS IBITIHHS MaKCUMajbHI TIOKAa3HUKH IUIONI JIMCTKOBO1
noBepxHi Oynu BigMidueH1 Ha ¢GoHI MiHEpaTIbHOTO KUBJICHHS NasP4sKas — 29,01 Tuc.
M?/Ta Ta, cepeji COpTIB JIiIEPCTBO TpUMaB copT Mexupiuka — 28,21 Tuc. m?/ra.

Haii61y1b111 1HTEHCHUBHO 301IBIIIEHHS TUIONII JUCTKIB BiAOYBAIOCS BiJl CXOMIB JI0
MoYaTKy IBITIHHA pociuH. JlaHWi mpoliec 3aiexaB BiJ Jii JOAATKOBUX €JIEMEHTIB
JKUBJICHHS y TPYHTI. ¥ PaHHBOrO 1 CEpeIHBOPAHHLOTO cOpTiB kaptormi Illeapuk 1
Mesxupiuka MBUIIIE JIUCTKA POCIA Ha MOYATKOBUX (hazax PO3BUTKY, A0 LIBITIHHS.
Toni six y Haapanuboro copty Pagomucis 1 cepennbocturiioro [lapTaep aktuBHiIe
JUCTKHA 30UTBIIYBAUCSA MM dYac UBITIHHA. MakcUMadpbHUN  TPUPICT TUIONT
JIMCTKOBOI moBepxHi MaB copt Lleapuk micis cxoxnis — 9,84 tuc. m*/ra.

B ymoBax 2018 p. ocHOBHUM (akTOpoM, SIKHH BH3HA4YaB MOKA3HUKU ILUIOLII
JIMCTKOBOI MOBEPXHI MOCIBIB KapToIUl OyB copT (uactka BBy 43,1-54,3 %), nuie
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MiCIIs CXO/1, KOJIM Ipouiuu fomii, 14,2 % BIIMBY Maiu J0OpUBa.

B ymoBax momipHo 3Bosnoxenoro 2019 p. y ¢asi cxo[iB OCHOBHUM (DaKTOpPOM,
KUl BH3HA4YaB PO3BUTOK JIMCTKOBOI MOBEPXHI Yy COPTIB KapTOIUNl PI3HUX TIpyml
CTUTJIOCTI OyB COpT — 4YacTka BIUMBY 46,4 %. B mporieci moganbimoro po3BUTKY
POCIIMH KapTOIUI Jis MOOpWB MiACHIIOBATIACh 1 MAKCUMAJILHO e (hakTop BIUIMBAB
Ha (opmyBaHHS (HOTOCHHTETHYHOI MOBEPXHI IMiJ 4Yac MOBHOTO IBITIHHS POCIHH,
HaBITh 32 BIZICYTHOCTI Ha 1€ MOMEHT OIIaJliB 1 IiJl BIUIMBOM BHUCOKHUX TEMIIEpaTyp B
el mepio.

B ymoBax 2020 p. B mepmiiii MmoJOBHHI Bererauii KapToIul Ol0JIOTIYHI
0COOJIMBOCT1 COPTIB, MIACUJIEHI di€l0 JOOPUB, BHECEHUX IIiJi MOCIBU, BHU3HAYAIU
MOKa3HUKHU IUIOIII JIMCTKOBOI MOBEPXHI MOCIBIB KApTOIUT BUCOKUX KaTeropiit (yactka
BILIMBY 63,7%). Brnpomosx apyroi MojIOBUHM BereTarii Ol0JOTIYHUI MOTEHI1al
copTiB 3a0e3rneuyBaB (opMyBaHHS (OTOCUHTETUYHOTO MOTEHIIaly MOCIBiB Ha 44,8-
61,1%.

Bucnosku.

Takum ynHOM, OUIBIITY TUIONTY JTUCTKOBOI MMOBEPXHI B yMOBax MiBHIYHOTO CTemmy
VYkpainu ¢popmyBanu copT Lllenpuk panapoi Ta Mexupiuka cepeHOPaHHbOI TPYTH
CTUTJIOCTI. MakcuManbHO CBIM TOTEHINAN 11 COPTH BUKOPUCTOBYBaJIM Ha (DOHI
MiHepaibHOTO KuBIeHHs NeoPsoKeo, popmyroun 25,30 tuc. m*/ra ta 20,55 tuc. m*/ra
JMCTKOBOI MOBEPXH1 BIJAMOBIIHOIO.

B mepmriii mosioBHHI BereTarlii KapToIuli 010J0T14HI OCOOJIMBOCTI COPTIB,
MIJICUJICH] Ji€l0 J0OpWB, BHECEHMX IIiJl TOCIBM, BHU3HAYAJIM TOKA3HUKHU TLUIONI
JIMCTKOBOI MOBEPXHI MOCIBIB KapTOIUIl BUCOKUX KaTeropii (yactka BIUIMBY 63,7%).
Brponosx apyroi moysioBuHU BereTallli 610J0T14YHUHN MOTEHIIal COPTiB 3a0e3neuyBaB
(dopMyBaHHS (OTOCMHTETUYHOI MOBEPXHi NOCiBIB Ha 44,8-61,1 %.

binbury mioiry JUCTKOBOI MOBEpXHI (POpMyBaIM COPTU KAapTOIUIl PI3HUX TPyl
cturiocti B ymoBax 2019 p. (y KpuTHYHI [ KyJIbTypd TMEPIOAHU TOTOHO-
KJIiMaTH4Hi yMOBH Oy HAOMMKEH] 10 ONTUMANBHUX) — 24,72-28,2 Tic. M%/ra Ta, 10
TOTO JK BHECEGHHS TIiJi TOCIBM MiHEpaabHOTO 100puBa HOPMOK NysPisKys
3a0e31e4yBajIo MaKCUMaIbHKI MOKa3sHUK — 29,02 Tuc. M?/ra Ta.

CepenHi MOKa3HMKH IUIOINII JTUCTKOBOI MOBEPX IMOCIBIB KAPTOILUI PI3HUX TPyl
CTUTJIOCTI Y 2,5 pa3u OyiM HUKYE 3a Ti, [0 BCTAHOBJIEH] B pailoHaX TPaIuIliitHOrO
BUpOLIyBaHHA  Kaprommn — 40-45 tuc. m*/ra. IIporHosoBana BpoxaiiHi OyJb0
KapTOILIi BUCOKUX Kareropit 13-19,5 1/ra.
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Abstract. Green leaves are main parts of the plants for photosynthesis, that’s why while
growing potatoes main attention should be payed to the optimal formation of leave’s square.

The potential of sorts of different groups of ripeness about leave’s square formation in the
conditions of North steppe of Ukraine is not discovered well, also the climatic conditions which are
changing rapidly influence not only on formation of productivity of the surface but also marks the
productivity and the quality of potato crops. The seeding material of class elite is used in this
experiment.

Most part of the leave’s surface square in the conditions of North steppe of Ukraine formed
the sorts of early and mid-ripeness groups. The maximum potential sorts used on the background of
mineral nutrition NsoPsoKso, forming 20.55-25.30 thousand per square meter of leave’s surface.

In the first half of potatoes vegetation biological peculiarities of sorts, strengthened by
fertilizers, marked the indicators of the leave’s surface square of high potatoes categories (part of
effect 63.7%). During the second half of vegetation, biological potential of the sorts provided
formation of photosynthesis surface of the crops 61,1-44,8 %.

Middle indicators of the leave’s surface square of the crops of the different sorts of ripeness’s,
which were discovered, were lower for 2.5 times then it’s marked within traditional potato growing.
Prognostic productivity of potato tubers of high categories 13-19,5 tons per hectare.

Key words: leave’s surface square, potato sorts of different groups of ripeness, North steppe
of Ukraine. seeding potato.
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