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KEPYBAHHA EHEPTETUYHUMHAN
INPOLUECAMMU TA OBJIAJTHAHHAM
MONITORING, DIAGNOSTICS AND
MANAGEMENT OF ENERGY PROCESSES AND
EQUIPMENT

S. Shevchuk, Prof. Dr., ORCID 0000-0002-7517-0501
S. Zaichenko, Prof. Dr., ORCID 0000-0002-8446-5408
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

SECURING RELIABILITY AND JUSTIFICATION OF SERVICE
LIFE OF ELECTROMECHANICAL EQUIPMENT FOR ELEVATOR
GROUP OF A MULTI FLOOR BUILDING

Abstract. Elevators belong to the high risk mechanisms, so their reliable and safe operation is an important
task in the construction of various real estate objects, especially multi-storey buildings. Ensuring for the reliable
operation of elevators can be done in different ways. This is first of all the use of modern highly reliable
electromechanical equipment and technologies for the manufacture and installation of elevator installations, the
use of non-traditional kinematic circuits of the structural device of elevators, which allow to reduce the number of
units of equipment in the elevator installation. And in the period of operation is the use of effective systems of
technical diagnostics, maintenance and repair in order to prevent equipment failures and timely and quality
updating. The booking of elevators number, in more than 2 or 3 installations in the group of elevators of a single
building gives a significant result in improving of the reliability of the operation of elevators of multi-storey
buildings, that simultaneously contributes to reducing the period of time for applications for the carriage of
passengers. For countries such as Ukraine, the problem of operating an elevator system is the outdated fleet of
existing elevators, exceeding of the regulatory terms of their operation with the simultaneous mass growth of new
buildings, in addition, further complicated by the lack of a sufficient number of qualified maintenance staff with
sufficient material incentives and outflow. Therefore, the urgent problems of the present are the establishment of
reasonable operating times of single elevator installations, reliability indicators of the group of elevators, the
optimal amount of their reservation, ensuring their diagnostics and reforming of the maintenance and repair system
in accordance with the features of today's requirements of operation of a complex elevator economy as an important
component of high-functioning infrastructure cities. These studies are carried out with the application of queuing
theory and reliability of reserved passenger transportation systems, analytical methods for investigating of the
technical reliability of the operation for elevator installations.

Key words: elevator group, indicators of reliability, failure rate, renewal rate, status graph, readiness
function, readiness factor, service life.

Introduction. The most common of all types of elevators are passenger elevators, which are found in every
high-rise building. 20.3 million elevators are operated worldwide, China is the leader in the number of elevators -
4.67 million elevators (23% of the world). There are 6.1 million elevators operating in Europe, 1 million elevators
in the United States, 9% of them are in New York. There are 86,000 elevators in Ukraine, of which 60% have been
in operation for over 25 years. There are 22,428 elevators operated in Kyiv, of which 10,404 elevators (46.4%) have
been in operation for over 25 years (in the year 2017). The most powerful elevator manufacturers are: OTIS, Swiss-
based Schindler, Asian companies Toshiba, Hyundai, Mitsubishi, Thyssen Krupp - Germany, KONE - Finland; in
the post-soviet area - Mogilev, Karacharovsky and Shcherbinsky elevator plants.

There is a tendency of mass growth of the elevator park with a simultaneous insufficient number of qualified
service personnel to date, which requires the creation of the more modern system for routine preventive works,
maintenance, diagnosis and repair.

The main qualitative indicators of the functioning of passenger lifts is the safety and reliability of their

© C.II. leBuyk, C.B. 3aityenxo, 2019
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operation. There are some contradictions between these indicators. Thus, more sophisticated designs, control circuits

and elevator protection are achieved by increasing safety, which, on the other hand, causes a decrease in
the reliability of the installation. The elevator installation is a complex mechatronic system [1], reliable operation of
which is determined not only by the reliability of the equipment, the system of maintenance and repair, but also by
a number of factors of external influence- change of temperature, which promotes the appearance of condensate,
dust, vibration, vandalism and more. Single reliability indicators of elevators can serve: probability of failure-free
operation, intensity of failures, intensity of updates, term of time to failure and others. Complex reliability indicators
include: the readiness function and the readiness factor.

An elevator is a complex electromechanical system with serially connected elements (Fig. 1). Failure of
any elements cause the entire installation to fail. The reducing of the number of nodes will lead to increased
reliability, so the progressive directions of creating modern lifting installations are [2-5]: gearless winch with
frequency-controlled motor, endless lift with the use of a linear motor on the elevator cabin (Mitsubishi Electric
Corporation). Advantages of such installations: absence of ropes, reducer, counterweights. The downside is the high
power of the drive, which reduces safety.

Reserving of the number of elevators (group of elevators) in multi-story buildings significantly increases
the functional reliability for passenger transportation, but leads to more expensive buildings. Finding a compromise
between cost and reliability indicators is unlikely, but at least quantifying the values of reliability indicators for their
future legislative approval is an urgent scientific and technical challenge today.

On the other hand, the growth of the elevator park, their unit price and the limited working capital make it
impossible for them to be dismantled and replaced in timely manner, which facilitates the operation of the elevators
by exceeding the regulatory terms of their operation and reducing the reliability and safety indicators.

1 2 3

-

Fig. 1 Elevator installation scheme:
1- electric motor; 2- clutch with brake; 3 - gear; 4 - a friction pulley; 5 - door block; 6 - a cabin for
passengers; 7 — counterweight

Today there is no justification for the lifespan of elevators with specified reliability and safety indicators.
Technical regulations of the Customs Union [6] set the total lifespan of all types of elevators in 25 years, which
cannot be considered justified.

The goal of the work. To obtain quantitative values for the reliability of the elevator group, depending on
the number of elevators in the group, and justify their lifespan.
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The idea of the work is to establish in a statistical way the dependence of the reliability of the elevator
group on the number of elevators in this group, as well as to justify the end-of-life of the elevator group, based on
the criterion of performance of at least one elevator from the group. It was proposed to take the group of elevators
as considered functionally operable to the operating time to failure of at least one elevator from the group exceeds
the renewal time of other elevators after their simultaneous failure.

Materials and methods. According to State standards DSTU 2860-94, a group of elevators in a multi-story
building should be classified as a variable-reserve facility, the bulk of the equipment operating in a loaded reserve
for the purpose of faster passenger service. Therefore, the main research method is the theory of reliability of
redundant systems with elements of the theory of probability and the analytical method of studying the reliability
indicators of elevators.

A quality maintenance and repair system (MRS) is of particular importance in ensuring the reliable
operation of elevators. We should bear in mind that due to the limited availability of qualified service personnel of
the elevators for MRS is carried out by the mass service system (MSS) with expectation, and more specifically - by
the MSS with unlimited expectation, when there are successive periods of time for normal operation of the elevator,
exit it is out of order, waiting periods and repairs.

Research results. As each elevator in the group consists of consecutively connected nodes, so the trouble-
free operation of the elevator is possible with the trouble-free operation of each node. Assuming that the possible

failures of the nodes are independent, then the failure rate of the elevator ﬂ( 7 ) is equal to the sum of the
intensity of its nodes /’Ll. ( 4 ) at any distribution of the output of the nodes before the operation time to failure.

M) =2 2,(0). o

Figure 2 shows a typical failure rate function, which shows three periods of I - flushing; II - normal
operation; III - aging. In the period of III, there has been an over-standard operation of elevators for more than 25
years. Time to failure (in case of exponential random of distribution law) will be

T, =1/A.
: 2)

The dependence of this indicator of the reliability of the elevator on the operating time is shown by the dashed line
in Fig. 2.

A A 4\1..:”,

ooy

AlF) consi /

h
>
i

Fig. 2 Dependence of average intensity and time of work before
the average period of exploitation

Intensity of renewal of work of the elevator /LI for troubleshooting of its work - inversely proportional to

the period of renewal ]-;

wu=1/T;T =T, +T

rep (3)
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where T w - the period of waiting time from the moment of failure of the lift and before its repair

(according to the theory of QMS with expectation); ]—;e - period of time of repair of the lift.
D

The readiness function G(?) is a complex index of reliability because it depends on the characteristics of
renewal and uptime. As a rule, the ready function has the form shown in Fig. 3. The coefficient of readiness Kg
represents the asymptotic (constant) value of the function of readiness with unlimited time growth - t — oo (fig. 3).

Fig. 3 Readiness function

A Gii)

1,00

0,90 T Ke

Y

Readiness function and readiness factor for a single lift from a group of elevators will be written:

G,(t)=—t 4 A

A+pu A+ u )
o0 - yy
K’ =1 I (t)=—"—.
e iml’,(t) 7

To obtain the dependence of the readiness function for a group of elevators, we use the differential equation
method for the possible variants of the technical states of such a system, as shown by the corresponding state graphs
in Fig. 4 (in case for two lifts).

The system of differential equations, for example, for the case of the state of a group of elevators according
to the graph in Fig. 4, is written in the form

P(t)=A-P,(t)=A-P(t)—pu-F(t)=2u-P(t),
P.(t)=A-P(t)—2u-P(t),

To solve the system of differential equations (5) it is necessary to consider that
Py+P;+P;=1 and initial conditions at t=0: Py(0)=1,P;(0)=P(0)=0.
Using the forward and reverse Laplace transforms, we will obtain:
X 7
G (t)=1— 5 | £+ = -
(A+um) + p N + 4 A

(y,-e” —y, e )|

e (I+ A1)

CCl+A/ )’ +1° @
7,
. 3 2:_2/’1,+3,in—\//,12+4/1#-
where 7> >
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The reliability indicators for the other service options are solved analytically, they are shown in Fig. 4,a,b,c
= Ga(1), K", Gu(1), Kgb-

_______________ both lifts are
functional

one lift works
another mn repair

@ _______________ - both lifts are disabled

a b c

Fig. 4 status graphs of the elevator group : a - without updating; b - with renewal; ¢ - with unlimited
updates

The group of elevators must function smoothly between the repairs of each of the elevators. To determine

the conditions for the probability of such trouble-free operation state 2 on the graphs of Fig. 4, a, b must be
absorbing, which is reflected by the risks. Performing actions similar to (5), (6), we will obtain

I
Pa_b(t):Z_Z.@ -7 o)

1 (®)
where z,, :_ﬂ+241m.
The result (8) allows us to deteimine the average uptime of a group of elevators
- 3
T, =1P(t)dt; Ty BEYR Tf:%zzl' ©)
The time increasing to failure will be:
T%,'.’:Z(,u+22,). (10)

77 31
Thus, at values 4 = 0,05 147! 42 =0,11/4"" the average uptime of (10) is increased three times,

which shows the significant advantages of the reliability index of the redundant system of two elevators when their
working time (quality system of MR) is renewed.

Fig. 5 shows the dependences of the readiness functions G (z) determined for the states according to Fig. 4,

a, b, ¢, as well as for a single elevator G, (?) by (4) at the same values A and ££ to compare the different renewal

options and the number of lifts in the group The readiness coefficients are: kg’ = 0.67, kg” = 0.72, kg’ = 0.85, kg°
=0.92.

The refore, the highest reliability rates are found for a group of 2 or more elevators with an after-failure
system without restriction (function G, coefficient of readiness Kg¢ = 0,92).

Taking into account the possibility of secondary and multiple failures, as well as the possibility of
irreversible functional damage of the elevators during their wear during operation, there is a gradual irreversible.
reduction to the cutting to the failures of 77 (2), (9) and the increase of periods of renewal after failures of 7;(3).
Changes in these indicators are shown in Fig. 6 for two and three lifts in the group.

In this case, the coefficient of readiness Kg through these indicators with (3) is expressed
[ 7, . (11)
“ T, +T, T,+T +T

rep
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Gl
1,00
) 2 lifts with renovation
0,90 ~ without restrictions
\ T~ b 2 lifts with renovation
(0,80 \
(I-l . . .
070 \‘\ - 2 lifts without renovation
— — 1lift
(0,60
f, year
0 10 |5 20 25 -

Fig. 5. Function graphs of the elevators readiness for various upgrade options

Kg decreases at considerable periods of operation of elevators, especially more than 25 years, at the expense
of the numerator (decrease of Ty), and at the expense of the denominator (increase of 7).

Y

cred

Fig. 6. Trends in changing of probable trial periods for Trand failure refurbishment 7,
for groups of two and three elevators

There is a trend of changes of the indicators of 7y and 7, (Fig. 6), their equality is critical when the
working time for failure of one lift becomes equal to or less than the period of repair of the damaged elevator, and
the group of elevators becomes functionally disabled. The periods Tews’, Tens® should be considered as the end-of-
life of a group of elevators, followed by their replacement.

Conclusions. Reserving up of two or three elevators in a group provides a significant increase in reliability
if maintainance and repair is quality with unrestricted upgrade. At the same time,there is a rather high coefficient of
readiness Ky = 0,92, which is advisable to be fixed in the Technical Conditions as a standard set of reliability
indicator with the possibility of differentiating its values for different types of elevators and features of their
operation.

Supposing the technical condition of the elevators group remains safe for the carriage of passengers, then
the deadline for their service should be considered to be the point in time when the period of renewal of the damaged
elevator exceeds the period of failure of another working elevator. There is a period of time when the repair periods
of both elevators overlap, and the functional purpose of the whole group of elevators is lost.
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HanionanbHuii TexHivyHmii yHiBepcuTeT YKpaiHu
«KuiBchkmii nositexniyauii incTutyt imeHi Irops Cikopcbkoro»

3ABE3NNEYEHHSA HAIIMHOCTI TA OB PYHTYBAHHSI TEPMIHY
CJHYXBU EJEKTPOMEXAHIYHOI'O OBJIAIJHAHHA I'PYIIN
JIIDTIB BAT'ATOIIOBEPXOBOI'O BY/IUHKY

Jlipmu nanescamo 00 mexauizmie nioguujenHoi Hebesneku, momy Haditna ma 6e3neyna ix ekcniyamayis

€ BANCTUBUM 3A80AHHAM NpU 38e0eHHi PI3HUX 00 €Kmig HepyXxomocmi, ocobauso bazamonosepxosux 0ydigens.
3abesneuenns madiumoi excnayamayii nigpmie mooice 30ilichiogamucs piznumu wiiaxamu. Ile neput 3a ece
3ACMOCYBAHHA CYUACHO20 BUCOKOHAOINIHO20 eNeKMPOMEXAHIYH020 0DNAOHAHHA | MeXHONI02il 8UCOMOBIeHH ma
MoOHmadicy JAipmosux YCMAaHOBOK, 3ACMOCYBAHHA HEMPAOUYIIHUX KIHEMAMUYHUX cXeM KOHCMPYKIMUBHO2O
61AUIMYBAHHSA iQOMIB, AKI 003680A10Mb 3MEHUUMU KITbKICMb 00UHUYL 00NAOHAHHA 8 Nighmosiil ycmanosyi. A 6
nepioo exchiyamayii — ye 3acmocy8aHts eqeKmueHUx cucmem mexHiyHo2o O0iacHOCMY6anHs, 0OCIY208Y6aAHHS |
PEMOHMY 3 MEMOIO YNEPeONHCeH s 8i0MO8 0OIAOHANHSA MA CBOEYACHO2O0 I AKICHO20 1020 NOHOGLEHHS.
Cymmesuti pesyiemam 6 RIOSUWeHHI HaAOIUHOCmMi excniyamayii nigpmis Oacamonogepxosux 0ydigenv Haoae
pesepeysanHs ix Kinbkocmi, 00 Oinbuie Hidic 2,3 YycmanoeKu 6 epyni rigpmie okpemoi 6y0i6i, ujo 0OHOUACHO CRPUSE
CKOPOYEHHIO MEpPMIHY Yacy BUKOHAHHS 3A4560K HA Nepee3eHHs nacadxcupis. /[ns makux Kpain, Ak Ykpaiua,
npobremoro  ekcnayamayii  1igpmosoeo 20cnooapcmea  AeISEMbCs  3acmapilicme  napky  ICHylouux Jigmis,
nepesulyerH s HOpMAamUSHUX MEPMIHI8 ixX eKxcniyamayii 3 00HOYACHUM MACOBUM POCHOM HO800Y008, WO KPIM MO2o
000amKo80 YCKAAOHIOEMbCA BIOCYMHICMIO 00CMAMHbOI KibKOCMI K8ANIQIKOBAHO20 00CIY208YI04020 NEPCOHATY 3
ix OdocmamHim MmamepianbHUM 3A0XOYEHHAM Ma GIOMOKOM Npaye30amuo20 HaceieHHs. Tomy HazanrbHUMU
npooremMamu Cb0200€HHA € 6CMAHOBNICHHS  OOIPDYHMOBAHUX MEPMIHI6 eKCHAyamayii OOUHOYHUX Tighmosux
VCMAHOB0K, NOKA3HUKI@ HAOIUHOCMI eKchiyamayii epynu aigpmie, onmumanvbHoi KiibKocmi ix pe3epeyeanHs,
3a0e3neuentss ix OiAZHOCMYSAHHSA MA PEPOPMYSAHHSL CUCMEMU MEXHIYHO20 O0OCIY208Y6aAHHS | DPEMOHMY Y
8IONOBIOHOCMI 3 0COOIUBOCIAMU CbO2OOCHHUX BUMOZ EKCHIYamayii CKAAOH020 Jipmoeo2o 20Cnodapcmed sk
8axcau6oi cknadosol ingpacmpykmypu @QynkyioHysanus eucoxonaceienux micm. Lli docnioscenns 6 pobomi
NnpoBOOAMbCA i3 3ACMOCY8AHHAM MeOpii MAC08020 00CTY208Y8aHHA Ma 3abe3neyuents HAOIUHOCMI pe3epeo8aHuUx
cucmem 00CTY208Y8AHHA NACAICUPONEPEBE3EeHb, AHANIMUYHUX MemOOi8 O00CHI0NCeHHA MEXHIUHOI HAOTUHOCMI
DYHKYIOHYBAHHSL TIPMOBUX YCIMAHOBOK.

Knrouosi cnoea: cpyna nigpmis, noxasHuku HaOIUHOCMI, [HMEHCUGHICMb BIOMOG, [HMEHCUBHICIb
NOHOBIeHH S, epagp cmany, QYHKYIA 20mMOosHOCHI, KOeqhiyieHm 20MO8HOCMI, MePMiH CYHCOU.
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TEXHIKO-EHEPTETUYHI IIOKASHUKHA ABTOHOMHOI'O
CUHXPOHHOI'O TEHEPATOPA CEPEJHBOI ITOTYKHOCTI

Toxkpawenns enepeemuyHUX NOKA3HUKIE 30Y00CY8aYI6 GMUKAHHAM HYIbOBUX 0I00i6 MA KOHOEHCamopis
npu3e00uUmsb 00 CYmmesoi 3MIHU 2APMOHINHO20 CKIAOY Hanpyeu 30y0dicenHs. B pobomi nposedeno docniodicenns
2APMOHINHO20 CKAAOY Hanpyau 30y0dceHHs CUMXpoHnux eenepamopis (CI) i3 HecumempuuHumu Mocmosumu
30y0Jcy8avamu i3 3ACMOCY8AHHAM  8V31i8 Npumycogoi emuicnoi komymayii. Pezyiemamu  3pobnenozo
CNeKMpPanIbHO20 AHANIZY C8i0Yamev npo me, w0 Hanpyea 30Y0XiCeHHs Npu HOMIHANbHOMY  pexcumi pobomu
2eHepamopa Micmums 3HAYHY MpPemio 2apMOHIKY, AKaA CKaadae 66 8iocomkie 6i0 amnaimyou nepuioi 2apMOHIKu.
3Hnauna eenuuuna mpemuvoi capMOHIKU 00YMOBTIeHa BeIUKUMU KYMAMU Kepy8aHHs mupucmopamu 30y0ocysada 6
HOMIHALHOMY pexcumi pooomu CUHXPOHHO20 eeHepamopa. Hepe3 3HAUHY Mpemio 2apMOHIKY 6MOPUHHA 0OMOMKA
BUNPAMHO20 MpaHcpopmamopa nogunna 6ymu 3’ €OHana y mpuxymuux. Ilpucymuicme napHux 2apMOHIK 8UKIUKAHA
HecumMempicio Hanpyau no eiOHOUWleHHIO 00 oci abcyuc. Bukonano 00CHiONCeHHs pedcumie 2aciiHs nojs npu
BHYMPIWHIX KOPOMKUX 3aAMUKAHHAX oOMmomok cmamopa CI' 3 euKopucmauHam 8y3ii8 Npumycogoi €MHICHOI
xomymayii. Hagedeno po3paxynkoei 3anesicnocmi ma excnepumenmanvii pexcumu npoyecia eacinms noasn CI .

Kniwouoei cnosa: aBTOHOMHA TeHEpyrOYa YCTAHOBKA, CHHXPOHHHMI T'€HEpaTop, BY3JH MPUMYCOBOI €EMHICHOT
KOMYyTAIii.

Beryn

OCHOBHUM pPEKHUMOM POOOTH CHHXPOHHHX T'€HEPAaTOPiB aBTOHOMHHX TCHEPYIOUMX YyCTaHOBOK (AI'Y) €
pexuM OM3bKHI 10 HOMiHaNBHOTO. ONHAK, pH miaKIoueHHi 10 AI'Y crokuBadviB CiBCTaBHOT MOTYKHOCTI, AJIsI
crabimizauii BUXiZHOI HANpyrW TeHepaTopa 3acTOCOBYIOTH pelneiiHe abo mapaMerpuyHe (OpPCYBaHHS HANpyru
30y/PKeHHsI BIUIMBOM Ha KyTH KEPYBaHHS THPHCTOpamH 30ymkyBauya. OcCKiibkM KoediuieHT QopcyBaHHS 3a
HAaIpyro JeXKHUTh B MeXax 3...5 BIJTHOCHUX OJHMHUIIB (B.0.) B 3aJIe:)KHOCTI Bij noTtyxHocti CI, 11e Tpu3BOANUTH 10
3HAYHUX KYTIB KEPYBaHHS THPUCTOpPaMH 30y/)KyBadya B HOMIHAILHOMY PEXHUMI Ta BUKIIUKAE CIIOKUBAHHS 3HAYHOT
PEeaKTHBHOI MOTYKHOCTI 30y /[)KyBadeM 1 3HIKCHHS €HepreTHYHUX [TOKa3HUKIB.

Jns miABWINEHHA EHEPreTHYHUX IIOKa3HWKIB MOCTOBHMX 30y/DKyBadiB, OCOOJMBO HECHMETPHYHHX,
3aCTOCOBYIOTh KOH/IEHCATOPH B CHJIOBHX KoJlaX 30yKyBaibHOTO TpaHchopmaTopa [1], abo BUKOPHUCTOBYIOTH 1Ba
HYJTBOBHX JIIOJIH, SIKi 3’€THAHI MTOCIIAOBHO 1 MiJKIFOYEHI 10 BUXOMy 30ymKyBada. 3araibHa X TOYKa IiAKITIOYCHA
Yyepe3 KOH/IEHCATOP [0 HyJIs )XKMBHWIBHOTO TpaHchopmaTopa [2]. CyTTeBe NOKpaIeHHs eHepreTHYHHUX ITOKa3HUKIB
MOJKe OyTH OTpUMaHe 3 BUKOPUCTAHHIM BY3JIiB IPUMYCOBOI €MHICHOT KomyTanii [3].

OpnHak, MOKpAIeHHs! €HePreTHYHUX MOKa3HUKIB BMUKaHHSIM HYJIBOBHX MAi0JiB, KOHAEHCATOPIB Ta BY3IIB
TIPUMYCOBOI KOMYTAITil MPU3BOJIUTH 10 CYTTEBOI 3MiHM TAPMOHIYHOTO CKIIAAy HANpyTH 30yIKEeHHSI.

Kpim Toro, y Bumaaky kopotkoro 3amukaHHs (K3) B Mepexi, sky >xuButh Al'Y, aBapiiHUH pexum
JKBITYEThCS MAaKCUMaJbHUM CTPYMOBHM 3aXUCTOM. [Ipu BHYTPIlTHIX KOPOTKHUX 3aMHKAHHIX OOMOTKH CTaTopa
reHepartopa Js 0OMeXeHHs o0csATy pyiHHyBaHHS HeoOxiaHe (opcoBaHe racinus mois. PopcoBaHe TaciHHS MOJIS
MOXe OyTH BHKOHAaHO 3 BMHUKaHHSM PO3PSTHOTO pe3ncTopa aBToMaroMm raciHHs mons (AI'TI), mepeBemeHHAM
30y/KyBada B peXKHMM 1HBEpTYBaHHS ab0 3aCTOCYBaHHSAM IMITYJIbCHO-IyTOBUX KOMyTaTopiB. Bukopucranus AI'TI B
THUPUCTOPHUX CHUCTeMax 30y/DKEHHS € HEJOLIJbHUM Yepe3 MOJKIJIMBICTh BHHUKHEHHS IE€PEHANpyr, a pPEeXUM
iHBepTyBaHH: 30y/PKyBada MPUHIMIIOBO € HEMOXKJIMBUM IIPH BHYTPIIIHIX KOPOTKUX 3aMUKaHHSIX OOMOTOK CTaTOpa
CHHXPOHHOI'O TeHepaTopa. XapakTepHOIO PUCOI0 HECUMETPUYHUX 30YIKyBadiB € Te, IO MPH 3HATTI KEPYIOUUX
IMITyJIbCIB OCTaHHI HPOJOBXKYIOTh )XUBUTH OOMOTKY 30y/mkeHHsA. Tomy QopcyBaHHSI TaciHHS TOJISL Y BUIAAKY
KOPOTKOTO 3aMHKaHHS MOke OyTH 3a0e3redeHo By3JI0M ITPUMYCOBOT EMHICHOT KOMyTallii.

IlocTanoBka 3amaui

Mertoro poboTH € DOCIHiKEHHS BIIMBY By3Jla IPHUMYCOBOI €MHICHOI KOMYyTalii Ha TrapMOHIYHHMN CKJIaj
Harpyru 30y/DKEHHSI Ta PEKMMIB TaCiHHS MOJIS TPH BHYTPIIIHIX KOPOTKHUX 3aMHUKaHHAX oOMoTok cratopa CI.

Pe3yabTaTh nocaigkeHb

ExcrniepuMeHTalibHE JOCIIKEHHS! €HEPreTUYHHUX ITOKa3HHWKIB BUKOHAHO JJISI HECHMETPUYHHX MOCTOBHX
30y/PKyBadiB i3 3aCTOCYBAaHHSIM BY3JIiB IPUMYCOBOI eMHicHOI Komyrtauii [3]. Ilpu npoMy He pO3IIISHYTO BILIHMB
BY3JIiB IPAMYCOBOI €MHICHOI KOMYTAIlii Ha TApMOHIYHY CKIIaJIOBY HAIPyTH 30y/KEHHS Ta HE BU3HAYEHO MOXKIIUBI
PEKMMH TaciHHI 1MoJIst Mpu BHYTpimHIX K3 o6MoTok cTaropa CT.
© B.b. Hizimos, B.I. Xomenko, 2019
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ITpuHIITIOBa CXeMa TOCIiHKEHOT CUCTeMH 30y KEeHHS HaBeieHa Ha puc. 1.
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Pucynox | — I[IpuHIinnoBa cxemMa HECHMETPUIHOTO MOCTOBOTO 30y/KyBada
3 IPUMYCOBOIO €MHICHOIO KOMYTAIIi€I0

[Tpu HecuMeTpruHOMY 30y IKyBaui KepyOdi CUTHAIM Ha TUPUCTOPH KaTOIHOI IPYIH HOAAIOTHCS Bijl OJIOKY
iMmynscHO-(a3zoBoro kepyBanHs AUL uepes xmou K1.1.

[lin wac komyTalii TMPUCTOPIB KAaTOJHOI I'pyIM THUpHCTOpHOro 30ymkyBada (T3) mo uyepsi crpanboBYIOTH
repkoHoBi penie K2, K3, K4. CBoiMu KiIr0o4amMy BOHM 3aMHKalOTh KOJIO KEPYBaHHSI KOMYTYIOUMM THpHCTOpoM V'S4 i
nociinoBHo yepe3 kimod K1.4 mion VD4 minmukae i jo oOMoTku 30ympkeHHss LM, sika B Ll cXeMi € aBTOHOMHUM
JDKEpeIIoM eHepril. SIKIo MUTTEBE 3HAYEHHS eIeKTpopyLIiiHOT criH (e.p.c.) T3 crae MeHIIIe, Hixk Harpyra KOHJeHcaTopa
C, To BMHKaeThCsl KOMyTyrounii Tapuctop VS4, 1 xonaencarop C pospsipkaetses Ha O3 LM, 1o mpu3BoIuTh 110
3MEHIIIEHHS MyJIbCAIlii HAMPYyTH Ha 0OMOTIN 30y KEeHHS. SIKII0 K MHUTTEBE 3HA4eHHSI €.p.c. T3 BuIlle, HiXK IMOYaTKOBA
Harpyra Ha KoHneHcaropi C, To ocTaHHiH 3apsmKaeThes. [Ipr HeraTMBHOMY 3HaYSHHI MUTTEROI €.p.c. T3, 110 3a3Brdai
Mae Miclie B pexrMi HoMmiHainbHoTo 30ymkenHs CI', Hakonmyena B iHAykTHBHOCTI O3 LM enekTpoMartiTHa eHepris
BHUBOJUTRCS 1O KOHTYpY: O3 LM — xomytyrounii Tupuctop VS4 — xonaencarop C — O3 LM, a He ToBepTaeThes B
MepEKy, 3MEHIITYIOUX THM CaMHUM BCTAHOBIICHY MOTYXHICTh 30yIKYBaILHOTO TpaHCc(hopmaropa.

Jnst nocnijpkeHHsT TapMOHIYHOTO Py BUKOPHCTOBYETHCS EKCIIEPUMEHTAILHO OTPHMaHa KpHBa HANpYyTrH
30ymxenHs [3], sika po3kinanaeTbes B psax Dyp’e (puc.2).

1
3

(]

1 — cTpymM 0OMOTKH 30y/PKeHHS; 2 — cTpyM MocToBoro T3;
3 — e.p.c. mocToBoro T3; 4 — cTpyM KOMYTyHOUOr0 KOHAEHCATOPa

PucyHnox 2 — Ocumiiorpama HomiHansHoro 30ypxensst CIT ipu mikiroueHi Bysina
IIPUMYCOBOI EMHICHOT KOMYyTaLil

Bupas nns Hanpyru u (t) npeacraBneHuit psaom Oyp'e
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n
u(t)=U0+2Uvmsin(va)t+l//V), (1)
v=Il
ne Ugp— mocriiina cknagosa; U, sin (va)t +y, ) —TapMOHikH V —T0 Topsanky 3 ammiirtymoo U, i

IIOYaTKOBOIO (1)2130}0 l//V 5 N —TOPAOOK (HOMep) OCTaHHBOI 3 BUIIUX FapMOHiK, 10 BPpaxoOBYIOTHCA.

AMMuIiTY ¥ i MOYaTKOBi (hazu rapMOHIK MOXyTh GyTH 3Haliieni gepe3 oproronansi npoexuii U, ,, i va :

Uym =4 U12/a + U12/p - @)

KpI/IBa Hanpyruy, sska CKCIICpuMEHTAJIbHO OTpUMaHa, HaBC/ICHA Ha pUC. 3.

U

CEC

L]

=7
Eay

o=
o
——

o

Pucynox 3 — ExcriepumenTanbHa kpuBa Harpyru 30y pxenss CI0

IIpu posknananni B psg Dyp’e BpaxoBani 15 rapmonik. ['apMoHIMHMI ckian Hanpyru 30yIKEHHs
HaBeZieHWi Ha puc. 4. [IpudoMy € NpHUCYTHIMH SIK NapHi, TaKk i HemapHi TapMOHIKH, OCKUIBKM HarliBHepioan
MOYaTKOBOI KPMBOT Ha PHC. 3 HECUMETPHUYHI MO BiIHOIIEHHIO OJIMH JI0 OJTHOTO.

(U, /U, ) 100%

1
Al

L)

L)

1 2 3 4 5 46 7 8 & 1011 12 13 14

[
I
i

1

Pucynok 4 — AmMmiityHui criekTp Hanpyru 30ymkenns CI°

ITicnst oOumcIIeHp Cyma I’ ITHAAISITH TApMOHIK sy IpUiiMe BUTJISA:
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u(t) =11,89sin(@t~12,7° )+ 1,33sin 20t ~166,4° ) + 7,89sin 30t +31,5° )+

+0,74sin(4a)t+108,3°)+1,025in(5wt —72,2°)+0,97sin(6a)t —121,01°)+

3)
+1,24sin(7a)t —96,7°)+0,68sin(8a)t +116,4°)+0,29sin(9wt—58,9°)+

+0,77sin(10a)t + 64,2°)+ 0,57 sin(l loot + 92,6°)+ O,36sin(12wt + 23,2°)+

+0,37 sin(13a)t + 142,7°)+ 0,286sin(14a)t —107,6°)+ 0,32sin(15a)t + 78,1°)

VY KoopawHATHHX OCsAX MOOyaoBaHWH rpadik 3a JaHWUMH EKCIepHUMEHTaNbHOi KpuBOi (puc. 3) Ta
po3paxoBaHwmii 3a BUpa3oM (3). Pe3ynbraTi moOyM0BY IMOKa3aHi Ha pUC. 5, IKi MATBEPKYIOTh SKICTh alTPOKCHMAIII].

30

MM

0 1 2 3 4 5 6

Pucynoxk 5 — EkcniepiiMeHTanbpHa KpHBa HANpyry Ta il anpokcuMais 11 ITHAALSTEMa rapMOHIKaMy
TPUTOHOMETPUYHOTO PARY

®dopcoBane TacinHsg MarHiTHoro mons CI' 3miiicHIoeThcss HacTymHUM dYWHOM. biokom K1 3a curHamom
MaKCHMaJIbHO-CTPYMOBOTO a00 HYJIBOBOTO 3aXHCTIB (BIUTMBAIOTH TAKO)K HAa KOMYTALIMHWI BHMHKAd CTaTropa)
po3muKaeThest Kmod K1.4, a moTiM 3 BUTPHMKOIO HYacy, BiIIOBimHO 1 ... 3 mepiofam >KHBISTIOI HAPYTH, 3HIMAIOTHCS
kepyroui curHam 3 T3 wmouamu K1.1 1 K1.2 i 3ammkaerscss kmouem K1.3. Ilprr moBHOMY 3HWKHEHHI KUBIICHHS
30ymKyBaJbHOTO TpaHchopmaTopa Hanpyra Ha €HE Oyzne Bumme e.p.c. T3, a mpu 9acTKOBIi MOCAAI HAPYTH MEpexi
srasianuii kouaeHcarop C 3a 1 ... 3 nepioy >KMBISMOT HANPYTH 3apsiANThCS depe3 iox VDS 10 MakcHManbHOTO 3HaUCHHS
muTTEBOI €.p.c. T3. Kirou K 1.3 3amukarounchk BMuKae Tupuctop VS4 uepes mion VD4 Bif e.p.c. oOMoTkH 30y mKenHs. Jai
TIOTIEpEeIHBO 3apsipKeHni Konaencarop C BUMHUKae TUprucTopr T3 Ta po3ps/DKaeThes y KOHTYPI, YTBOPEHOMY ILTFOCOBOFO
obkmaznkoro kouzaencatopa C — O3 LM — tupuctop VS4 — miHycoBoro 00kankor konaencaropa C. Tupucrop VS4
BHMHKAETHCSI B MOMEHT JIOCSITHEHHS CTPYMOM HYJIBOBOTO 3HAYEHHSI, ITiCIISl 4OTO Tepe3aps/KEHHI Y POLIeC] TaCiHHS OISt
koHneHcarop C pospsipkaerses Ha O3 LM uepes gion VDS, 3MiHIOI0YH HANPSIMOK CTPYMY B OCTaHHiH.

Enepreruka po3po0bnenoi cxemu Oyia gociikeHa eKCIIEpIMEHTAIBHO Ha CHHXPOHHIN MammmHi Triry ECC-
52 — 4V2, noryxHictio 5 kBT, 1500 06/xB. B sKocti cratmyHOro 30ymKyBaua 3acTOCOBYBAaBCS CepiifHHI
TUpUCTOPHUN TepeTBoproBad Ty BYK-50/500 3 >KUBIEHHSAM CHIOBOTO MOCTY BiJl Y3TOKYBallbHOTO
TpaHchopmartopa 1,5 kBA, 220/20 B. OyHKIiT KOMyTyI0401 €MHOCTI BHKOHYBaB KoHAeHcatopHUil pinmstp OCT —
0,75-300¥2, 300 mx®, 0,75 xB. EnepreTnmuHi NOKa3HWKH 30yMIKyBadiB pO3paxOBYBAJIHCS Ha IIiJCTaBi
eKCIICpUMCHTANBHIX TaHUX I HOMIHAJIBHOTO i (hopcoBaHoro 30ymkeHHS CI' y BiIMOBIZHOCTI 3 METOIHMKOIO,
HaBeJIeHOIO B [4].

st OpiBHSUIBHOT OL[IHKM Pi3HUX MPHUCTPOIB 30YKEHHS OTPUMAaHI PO3PaxyHKOBI 3aJIeKHOCTI PEXHUMY
racinus mostst CIU it TaKuX TaHUX: MOMEHT cTatnaHoro onopy m = 0,1 B.o.; Ky, = 1,7; C=250 Mx®d (puc. 6).

Amnaii3 po3paxyHKOBHX 3aJIEKHOCTEH IOKa3ye, 0 HaiOimbu1 inTeHcuBHe racinns nosst CI™ BinOyBaeThest npu
BKJIIOYEHHI e1eKTprYHOoi eMHOCTI B O3.

3 MeToo MIATBEPKEHHS OCHOBHUX TEOPETHYHUX IIOJIOKEHh OYNH TPOBENCHI EKCIePHMEHTAIbHI
nociimkerus moaensaoro CI.
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a) 0)
a) mpu iHBepTyBaHHI 30ymKyBada, K,=1,7; 6) npu BMukanHi B O3 3 enekTpuaHOI0 eMHICTIO K =8,3

Pucynox 6 — Po3paxyHKOBI 3a5I€)KHOCTI IPOIIECiB TaciHHA Mot MoaensHoro CI°

Ha puc. 7, a HaBenena ocumiorpama mporecy racinasg moist CIT mpu mepeBoxi 30ymKyBada B peXuM
iHBepTYBaHH: 3 popcyBaHHAM Hanpyru piBHoi Ky=2,2. Hac nocsrHeHHs CTpyMOM 30y PKEHHS HYJIbOBOT'O 3HAUCHHS
cknaB 0,154 c.

Ha puc. 7, 6 HaBenena ocuminorpama npouecy racinasg nosst CI' 3 eneKTpUYHOI0 €MHICTIO 1 3BOPOTHHM
PO3psIoM mepe3apsKeHol OCTaHHBOI y mporieci raciHis moiisi. KpaTHICTh MaKCMMaIbHOTO 3HAaYEHHS MepeXigHol
Hanpyru Ha oomoTui 30y pxeHHs ckiana K=8,0. Yac nocsraeHHs ctpyMoM 30y DKEHHS HyJIbOBOT'O 3HAYEHHS CKJIaB
0,05 c.

TaxkuM 9rHOM, HAWOLTHIT e(heKTHBHUM € MPHUCTPIi 3 BY3JIOM IIPUMYCOBOI €MHICHOI KOMyTarii, o 3abe3nedye
BUCOKY IIBHAKOIIIO PEXWAMY TaciHHS TOJS TP BITHOCHO HI3BKOMY piBHI IlepeHanpyr Ha OOMOTIN 30yKEeHHS
CHHXPOHHOT'O TeHEepaTopa, He3aJIe)KHO Bill HASSBHOCTI Ta BEIMYMHY HANPYTH KUBJICHHS 30y/DKyBaJa.

- P
il

e [paaaamainy
1
1 i .“\\
UL "
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T
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i, - B Lc

L . . " i i i .
0 001 0,02 003 004 005 006 007 0,08 0,09

a) 0)

Yo

0 02 04 06 08 01 012 0,14 006 0,18

a) pyW 1HBEpTYBaHHI 30y)KyBaya IIpU >KUBJICHHI OCTAHHBOI'O BiJl HE3aJIEXKHOTO JKEpea;
0) Ip¥ BUKOPHUCTAHHI By3J1a IPUMYCOBOT €MHICHOT KOMYyTalii

Pucynox 7 - Ocuumnorpamu npouecy racinss moist CI'
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BucnoBku

1. Pesynbratu po3kiazanss B psg @yp’e Hanpyru 30yaKeHHS MOCTOBOTO HECHUMETPHYHOTO 30YIKyBada
CHHXPOHHOT'0 I'eHepaTopa CBiuarh, [0 TPETs TapMOHiKa cKiIajae 66% Bij aMILTITY 1 NepIIol rapMOHIKY. 3HaYHA
BEJIMUMHA TPEThOi TapMOHIKM OOYMOBJIEHa BEJIMKMM KYTOM KEpyBaHHS THpPHCTOpPaMu 30ymKyBada IIpH
HOMIHaJIbHOMY PEXHMi pOOOTH CHHXPOHHOIO reHeparopa. Uepes 3HaYHy TPETIO 'apMOHIKY BTOPMHHA OOMOTKa
BUIPSIMHOTO TpaHcdopMmaropa MOBHHHA OyTH 3’€lHaHA y TPUKYTHHK. Hecumerpis Hampyru 30y/DKEHHS MO
BIZIHOLIICHHIO JI0 OC1 a0CIUC BUKJIMKAE NIPUCYTHICTh TAPHUX TapMOHIK.

2. Haiibinpin epeKTUBHUM pPEXHUMOM TacCiHHA IIOJIS NMPH BHYTPIMIHIX KOPOTKHX 3aMHUKaHHIX OOMOTOK
CTaTopa € TPUCTPiil 3 BUKOPUCTAHHSAM BY3JIiB IPUMYCOBOI EMHICHOT KOMYTAIIii.
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TECHNICAL AND ENERGY INDICATORS OF MEAN POWER
AUTONOMOUS SYNCHRONOUS GENERATOR

The energy performance improving of the exciter by switching on the zero diodes and capacitors leads to a
significant change in the harmonic composition of the excitation voltage. The study investigates the harmonic
composition of the excitation voltage of synchronous generators with asymmetrical bridge exciters using the units
of forced capacitive switching. To determine the harmonic composition of the excitation voltage, we decompose the
experimental curve into a Fourier series and expressions for calculating the harmonic components. The results of
the spectral analysis indicate that the excitation voltage at the rated mode of the generator contains a significant third
harmonic, which is 66 percent of the amplitude of the first harmonic. The significant value of the third harmonic is
due to the large angles of control of the exciter thyristor in the nominal mode of operation of the synchronous
generator. Due to the significant third harmonic, the secondary winding of the rectifier transformer must be
connected to a triangle. The presence of even harmonics is caused by the voltage asymmetry with respect to the
abscissa.A non-symmetrical bridge exciter with a forced capacitance switching unit for a synchronous generator has
been developed, which provides improved energy performance during its nominal operation. The scheme of control
of the bridge asymmetrical exciter of the synchronous generator with the node of forced capacitive switching for the
rated mode of operation, as well as in the mode of the field suppression at short circuits of the stator windings has
been described.The comparative estimation of the suppression modes of the field at a short circuit of the windings
of the generator stator with the possible mode of inverting the exciter and using the node of forced capacitive
switching has been carried out. Experimental studies have confirmed the calculated dependences of the modes of
the magnetic field suppression. The analysis of experimental dependencies shows that the units of forced capacitive
switching provide a higher speed of the field suppression modes, regardless of the presence and magnitude of the
supply of voltage the exciter.

Key words: autonomous generating unit, synchronous generator, nodes of forced capacitive switching.
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TEXHUKO-SHEPTETUYECKHE ITIOKA3ATEJIX ABTOHOMHOI'O
CHUHXPOHHOI'O TEHEPATOPA CPEJHEN MOIIIHOCTHU

Yayuwenue snepeemuueckux noxazamenei 6030youmeneii 6KI04eHUEM HYIEBbIX OUOO08 U KOHOEHCAMOPOs
npUBOOUm K CYWECMBEHHOMY UBMEHEHUI0 2aPMOHUYHO20 COCMASA HANpAdCceHUus 6030yxcoenus. B pabome
npoeedeHo ucciedosanue 2apMOHUYHO20 COCMABA HANPANCEHUS B030YAHCOeHUs CUHXPOHHBIX 2enepamopog (CT) ¢
HEeCUMMEMPUYHLIMU ~ MOCHOBBIMU ~ 8030YOUMENAMU ¢ NPUMEHEHUeM Y3708 NPUHYOUMENbHOU —eMKOCIHO
Kommymayuy. Pe3yibmamul cOenanno2o CnekmpansHo20 aHaau3d CGUOemeabCmayion 0 mom, Ymo HanpajiceHue
6030Y2ICOeHUSL NPU HOMUHATLHOM PedcuMe pabombl 2eHepamopa COOEPIHCUNM 3HAUUMENLHYIO MPEmblO 2apMOHUKY,
Komopas cocmaeusiem 66 npoyeHmos om amnaumyovl nepeol 2apMOHUKU. SHAUUMENbHAS BeIUUHA mpembell
2apMOHUKYU 00YCN06IeHa OONLWUMU YeAaMU YRPAGIEHUs MUPUCOpaMU 6030y0umens 6 HOMUHANLHOM pedcume
pabomvl  CUHXPOHHO20 2eHepamopd. Yepes 3HAUUMENbHYIO MPEMbIO  2APMOHUKY GMOPUUHASL 0OMOMKA
BBLINPAMUMENLHO20 MPAHCHOPMAmMOpa O00adCHa Oblmb CcoeOuHeHHAss 6 mpey2oabHuk. IIpucymcmeue napHuix
2APMOHUK BbI36AHO HecuUMempueli HANPAdCeHUusi no OMmHOuleHulo K ocu abcyucc. Buinonneno uccnedosanue
PedACUMO6 2auieHus noJis NPU 6HYMPEHHUX KOPOMKUX 3amblkanusax oomomok cmamopa CI' ¢ ucnoavzoeanuem y3106
NPUHYOUMENbHOU eMKOCMHOU Kommymayuu. IIpugedensvl pacuemmvie 3a8UCUMOCMU U IKCHEPUMEHMATbHBLIE
pesicumbl npoyeccos cauienus noaa CI.

Knrwoueevie cnoea: aBTOHOMHas TeHEpPHUpYIOLas YCTaHOBKA, CHHXPOHHBIM TIeHepaTop,  Y3Jbl
NPUHYIUTETBHOW €eMKOCTHOH KOMMYTAIIHH.
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«KuiBchkmii nostitexniyauii incTuryt imeHi Iropst Cikopcbkoro»

OHNIHIOBAHHA ITAPAMETPIB BUPOBHHYO0I'O CEPEJOBUILIA ITPHA
JAUCKPETHOMY INPEJACTABJIEHHI IH®OOPMAILII

B pobomi posensdaromvca npunyunu no6yoosu cucmem KOHmMpoOnto Qisuynux Gaxmopie eupooHuu020
cepedosuwja, AKI 3aCHOBAHI HA 3ACMOCYBAHHI AHANO206UX O0AMHYUKIE | nepemeoplosayie ananioe-yacmoma O
nepeoaui ingopmayii. Cykynuicmov Odicepen iHGOpMayii KOHMPOO WKIOIUSUX mMa Hebe3neuHux Gaxmopie
BUPOOHUYO20 cepedosua po32ia0acEmvcs AK HAOIp 0amuukie unaokosux npoyecis. PopmysanHs OUCKPEmHUX
nogioomaensb 8 OuHaAmiyi 8i00Y8AEMbCA 3 YACTNIOMOI, WO 8i0OUBAE 8 YACi npoyec 3MIHU DI3UYHO20 napamempy.
Ipu yvomy mounicms 8uxioHoi inpopmayii 3anexcums 8i0 YACMOMU HAOXOOHCEHHSL IMNYIbCIE T 810 IHMep8ay uacy,
3a aKkull nodaemvcs ingpopmayia. [pedcmasnena ys3azarvHeHa CMpyKmypa cCUCmemu KOHMpomo Hebe3neyHux ma
WKIOnUBUX hakmopis supobHUYO20 cepedosuuya

Knrouosi cnosa: nebdesneddi Ta MKiAINBI pakTopu, BUPOOHIYE CEPEIOBHIIE, JATIUKH, IEPETBOPIOBAYI.

Beryn. Y cucremax KOHTPOJIIO ITapaMeTpiB BAPOOHUYOTO CepeOBHIIa BasKIIMBUM € OTIEPATHBHE OTPUMAaHHS
JOCTOBIpHOT 1H(pOpMAL], 10 3HAYHOI MIpOI0 OOMEXYEThCS (YHKIIOHAJBHUMH MOXKJIMBOCTSMH JATYHUKIB i
NPOITYCKHOIO CPOMOJKHICTIO KaHaJiB 3B's3Ky. Ha mpaxtuui, sik npaBuiio, BAKOPUCTOBYIOTHCS aHAIOTOBI IATYHKH
sk Olmpin mpocti 1 Habarato newesmn mudposux [1-3]. Ilpore, B icHylouMX cucreMax mepenadi JaHHX 3a
NPUHIHAIOM (DIKCOBAHOTO PO3MOALTY NMPOMYCKHOI CIIPOMOMKHOCTI KaHaly 3acTOCYBaHHS TaKHX MATYHKIB IS
CTBOPCHHS CHCTEM KOHTPOIO MajioeeKTHBHE.

MeTo10 podoTH € T1MOo0yI0Ba CUCTEMH KOHTPOJIIO IIKIUIMBHX Ta HeOe3MmedHuX (HaKTOpiB BUPOOHHUIOTO
CepellOBHUINA, B OCHOBY SIKOI MOKJIAJCHO 3aCTOCYBaHHS aHAJIIOTOBUX MEPBUHHUX BHUMIPIOBAUIB, MiIKIIOYEHUX [0
KaHaJIB Tiepeiavi JaHUuX depe3 MepeTBOPIoBadi aHAIOT-9acToOTa.

BuxiageHHs1 0CHOBHOIO MaTepiany.

[Ipu aBTOMaTH30BaHOMY KOHTPOJII JpKepeaaMu iHpopMalii (1aTYMKaMH) € NepBUHHI BUMipIoBadi Gi3naHuX
HeOe3MeYHNX Ta WIKIIUBUX (aKTOPiB BUPOOHUYOTO CEPEeIOBUINA.

@dopMyBaHHSI TUCKPETHUX IOBIIOMJIEHb B JWHaMIIl BigOyBa€ThCS 3 4acTOTOIO, IO BimoOpaxae B yaci
npolec 3MiH KOHTPOJbOBaHOTO HapaMeTpy. IIpn mpoMy TOYHICTH BHXiIHOI iH(pOpMALii 3aleXHUTh BiJ 4acTOTH
HAJXO/DKEHHS IMITYJIBCIB 1 BiJ iHTepBaly 4acy, 3a SKAH MOMa€eThCs iHPOopMaILis.

O4eBUIHO, IO IMiIBUMICHHS TOYHOCTI JTOCATAETHCS IIITXOM 301IbIIICHHS YaCTOTH BUXITHUX IMITYJIBCIB.

IIpore, MakcuManpbHa YacTOTa BUXIIHUX IMITYJIbCIB OOMEXEHA MPOMYCKHOIO CIIPOMOXKHICTIO KaHAy
3B’SI3KY.

IIpu muckpeTHOMY mpeacTaBieHHI iHpopMamii (pUCyHOK 1) HakoNMYEHE 3HAYCHHS KOHTPOJBOBAHOTO
napaMeTpy BU3HAYA€ThCsl LUISXOM MiJPaxyHKy YHCiIa IMITyJIbCIB y IIbOMY IIPOMDKKY.

E}l =K;N;, (1)
ne Ki - koeimieHT ToporoBoro 3HadeHHS KOHTPOJIHLOBAHOTO MPOIIECY HA OJIUH iMITYJIbC.

PeanbHe 3Ha4eHHS KOHTPOJIHOBAHOTO TIApaMETPy BiJPI3HAETHCS 1 BU3HAYAETHCS 32 (OPMYIIOIO
ne AE;.; 1 AE; TOMUIKY BUMIPIOBaHb BiATIOBIAHO B (i — /)-My Ta i-My iHTepBaJax.

CepenHe 3HaYeHHS KOHTPOJILOBAHOTO Tpoliecy 3a 4yac 1; nopiBHioe P; = E; / T

Heo0xigHo BigMiTHTH, IO 3a3HAYEHI MOMIJIKH iCTOTHO BIUTMBAIOTH HA MOBEIHKY MPOTHO3YIOYOT CHCTEMH.

3HaO4M OIIHKY peajbHy OI[iIHKY KOHTPOJILOBAHOTO TMPOIlECY B MOMEHTH 4acy MiX iH(popMariiitHuMu
IMITyJIbCaMH JaT4MKa, MOXKHA 3MEHIINTH IIOXMOKY MpeacTaBlieHHs iH(opMartii.

BumiproBaJIbHHI TpakT JaHOI CHCTEMH BKJIIOYae B cebe INEpBUHHI aHAJIOroBI BHMiproBaui (i3MYHHX
(baxTOpiB 1 MepeTBOPIOBaYl aHAJOT - YacToTa. ToAl y3arajgbHEHa MOJENb TAKOI'0 BUMIPIOBAILHOIO TPAKTy MOXE
OyTH onucaHa piBHIHHSAM

d
2 ole)+ Krole)= Kl o
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Jie (t) - MBUIKICTh 3MiHU KOHTPOJIBOBAHOTO TIPOIIECY; p () - MOTOYHE 3HAUCHHS KOHTPOJIHOBAHOTO TIApaMeTPy;
K, K>-xoeditieHTH Mozeni

4
A\
\ 4
A

A
\ 4

v

»
>

7'y

A 4

> <
l al >

dl | -
al >
Pucynok 1- ITpuaun BuMiproBaHHs QizndHUX (HAKTOPIB MPU AUCKPETHOMY MpEICTaBICHHI iHpopMariii

JlaTauk B Takiii cUCTeMi BHUMIPIB TpaIO€ 3a MPHUHIIAIIOM TIOPOTOBOTO IHTErpaTopa, i KOKEH YeproBHM
IMITyJIbC HAJAXOIHUTD MiCIIS TOCSTHEHHS BEIMYHHOIO p () TOPOrOBOTO 3HA4YeHH:. ToIi CIIiBBiTHOIICHHS MMay3U MiXK
IMITyJIbCaMH TIOB'SI3aHO i3 MIBUIKICTIO HACTYITHUM CITiBBiTHOIIIEHHSIM

li+1
ja)(t)dt =K, . )
)

Jn1s OIIHKM MOTOYHOTO 3HAYCHHS! KOHTPOJHOBAHOTO MapaMmeTpy p () B JEAKiH TOYL /; CKOPUCTAEMOCS
HACTYITHOIO ITPOLIEAYPOIO.

Posrisinaroun nmotoyHe 3HAUYEHHS KOHTPOJBOBAHOTO MapaMerpy SIK AESKUil BHIAJKOBHH HecTalliOHapHHUH
npouiec [4,5] npoaHatizyeMo XapakTep NepeTBOPEHHS HOro HMOBIPHICHUX XapaKTEPHCTHK IPH IPOXO/KEHHI yepes
naek# (3) 1 (4) BUMIpIOBaJBHOTO TPAKTY.

[Ipu mpoxoKeHHI BUMTAAKOBOTO IPOIIECY p(?) uepes NiHiiHY JUHAMIYHY JTaHKy (3) crpaBeaiIiBi HACTYIHI
3ayIexHoCTiI [4,5].

molt) = [ 0 2)ale
0

+00 +00

ACRE I Irp(tl ~ 71,1y ~ 73 )g(r) Jg(e2 My,

—00 —00

®)

ae m a)(t ) mp (t ) - MaTeMaTU4Hi 04iKyBaHHs NPOLECIB p(?) U (),
Ty (tl N o) ), 'y (tl R tz) - KopeJsiLiiHi GpyHKuii BUNagKOBUX MPOLECIB p(?) i w(t);

- .
g(T ) = e = - IMITyJbCHA XapaKTCPUCTHKA JTaHKH.

BuxomoMm gatumka € TUCKPETHUIN BUIAIKOBHIA MPOIIEC 3 €IIEMEHTIB
i+1
[ et ©)

i

W =—
Ti
ne T; =t; 1 —t; - inTepBan Mix (i + 1)-M Ta i-M iMITyJIbCaMH.

[HIIMMU CIIOBaMH, 3TigHO 3 (4) BUXiZHMI JUCKPETHUN CUTHAJ CKIAIacThCs 3 CXOQUHOK BHAY (6), IO MAIOTh
OJTHAKOBY ILIONTY, ajie pi3Hi TpuBasocTi. MaTeMaTHYHE CTIOAIBaHHS i —1 CXOJMHKH JOPIBHIOE
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| +1 | li+1
M; = M{a)l-}:: [ Miolo)ar =— [me ), )
Iy Iy
a KOpeJsList Mix i-fo Ta (¢ + k) -10 cCXOIMHKaMu JIOPiBHIOE
i | fitl
M, :M{a)l-}:? [ Miele)dr -— [ mee)de. ®)
oy Iy

[peacTaBuMO OLIHKY MOTOYHOTO MapaMeTpy Y BUTIISAII
plt)=2 a9, ©)
iel
ne I={ij, is, ... in}.

B sikocTi KpHUTEpilO OLIHKK NPUIMEMO BIIOMUI KpuTepiil cepeanbokBaaparuuHoro BigxwieHHs (CKB)
2 ~ 2
(0= {5(0)- pOF | 10

~ T~
pt)=a"a . (11
Minimizyroun (11) MeTomoM HalMEHIIMX KBaJApaTiB, MPUXOAUMO JI0 HEOOXITHOCTI BHPIMIEHHS CHCTEMH
NHIAHUAX PIBHIHb

Sanmmemo (9) y BUTIIS I

Kayp = Kp(t)’ (12)
ne K - kopensuiiiHa MaTpuis, IO CKIaIacThes 3 eneMenTis (8), K p (t)— BEKTOp, 1[0 CKJIAJAE€ThCS 3 CIIEMEHTIB

Kon(t) = M{wy p(t)}.
dopmanbHO 3aUCaBIIN

o 1z
Gopr = KK, (t) (13)
MPUXOJAUMO JI0 ONITUMATBHOT JTIHIHOT OIIIHKH
~ ~t =17
p)=a'K"'K ,(1). (14)

Posrisnemo Bexktop K P (t) . Moro xommnonenra K, (t) MIPECTaBIIsE COO0I0 KOPETIAIIIO MK CXOTUHKOIO M

1 3HAYCHHSIMHU BUIIAIKOBOTO Ipoliecy p(?) B Touli ¢. [Iporec p(?) popMaibHO MOKHA IPEACTABUTH Y BUIIISII

p(t)=D,[a(0)]. (15)
1d Kk . _
ne Dy = —— + —— - niniiiuuii nudepenmiiiuii onepaTop HEpIIOro MOPSIKY.
ky dt ko
BukoprcToByI0UM BIaCTHBOCTI JIIHIHHUX ONIEPATOPiB, BAKOHAEMO ITEPETBOPEHHS
tr+1
1
K pr (0) = M{ey p(0)} = Moo Do)} = — Dy [ M{alc)elo)idr | =
ir tiy (16)
1 lir+1
=Dy — J.ra)(r, t)dz' .
Tir t
ir
Bigmitumo, mo
lir+1
Kop()=—[ry(c.t)dt (17)
Tir tiy
IpE/ICTaBIsIE COOO0I0 KOPETSIII0 Mi>K CXOANHKOIO ;- 1 3HAUEHHSIMH BUIIAIKOBOTO TIPOLIECY (?) B TOULI (?).
Tonui
5(0)= D, |o" k'R (1)) = D, [a5(:)] 18)

e E)(z‘)— OIIiHKa peaizaii mporecy a)(t)
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TakuM YUHOM, OIliIHKa BHITAIKOBOTO IPOIIECY p(?) CKIAMa€eThCs 3 ABOX eTamiB (puc.3): moOyaoBa OIIHKH
CT)(Z‘ )i 3acTOCyBaHHs 10 Hel qudepeHuiansHoro oneparopa D, Oninka 5(1‘ ) - LIe BiJHOBJICHE 3-11iJ iHTerpana (4)

3HAYCHHS a)(t) Taka oIliHKa HOCHTh CYTO CTATUCTUYHUMN XapaKTep.
BiamosigHo no (18):

a)=a" KK ,(1). (19)

ii MaTemMaTHYHE OYiKyBaHHS
it (¢) = i, K 1K o (¢) (20)

1 KopeJssiiiiiHa QyHKIis
Folt1t2) = Mio(n Jooli )} = K (1)K ™ Ky 1)
A
P
/ i
=0 == ’,--// ) 11
< i—>
tL
t-- t: ti tiu

Pucynox 2- 3mina o (¢) i P(t) y 4aci

Ipu ocepenueHHi E)(l‘)ﬂa JIeSIKOMY 1HTepBaii A=[t;t;]

0
- [aly ="Kk, 22)
Ih =4 1

JIe 7 -a KOMITOHEHTA TIPEJICTABIISIE COO0I0 KOPETAIII0 CXOAMHOK Wir1 4.

DA

Sximo inTepBan A 36iracThes 3 iHTEPBANIOM OJHICIO 31 CXOAMHOK m;, [ € I , TO w, =,.

PosrnsHeMO MOKIHBICTh OOYJOBHA KBa3HONTHMAJIBHOT OIIHKH E)(t) 3 orsimy Ha Te, U0 KOMIIOHEHTH
op (1) = K™K 1) i o' = )
BEKTOpa aopt t)= ) ?) € BaroBuMu (DYHKIISIMH U1 BEKTOpPAa CXOAMHOK () = Wj1se-+s Wiy ), TO 17

3MEHIIEHHs BUTPAT Ha OOYUCIICHHS d (t) MOJKHAa BUKOPHCTOBYBATH allpiopHy iH(POPMaIio Ipo BUMAIKOBI poriecu
w(1) ip().
Taxk, HaPUKIIAJ, SKIIO IPOIIeC 3MIHM MAPaMETPIiB Mae€ KOPEIAIINHY (QYHKIIIO OJU3BbKY 10 SKCIIOHCHIIIHHOT,
TO MOXKHA MIPUHHATH
~ oAb
r,(tt,)~e : (23)
Jic TapaMeTp @ BUOMPAETHCS 3 alPiOPHUX MIPKYBaHb i MOXKE KOPUTYBATHCS B TeMITi nporecy. KoMmoHeHTH BeKTopa
a (t ) BH3HAYAIOTHCA 13 BUpa3iB (8) 1 (17) 3a BUXiAHUME JaHUMH TPUBAIOCTEH IHTEPBAJIB MIXK IMITYIIBCAMH [Zir fir+1]-

Takum 4MHOM, 3aMPOMOHOBAHMH ITiJIX1]] JO3BOJISE 3MICHUTH IOTOYHY OILIHKY KOHTPOJIHOBAHOTO ITAPaMETPy
JUTSL IOBUTBHOTO MOMEHTY Yacy 3a BHUXIJTHOO MOCIIIOBHICTIO IMITYJIbCIB.

Buxoasuu 3 mOCTaBIICHOTO 3aBJaHHS 1 Ha MIJCTaBi MPOBEACHUX JOCIHIDKCHB, pO3pOOJICHA y3arajibHEHA
CTPYKTYpa CHCTEMH KOHTPOJIIO HEOE3MCYHUX Ta MIKTUBUX (HAKTOPIB BHPOOHHYOrO cepeioBuina [6], ska
npeJCTaBICHA Ha pHC. 3.

B wmiit cucremi:

i, o, ..., JIn - maT9uku KOHTPOJILOBAHUX MapaMeTpiB (MEPBUHHI BUMipIoBadi Qi3nIHNX HeOE3MeUHUX Ta
MIKiJTMBUX (aKTOPiB BUPOOHUIOTO CEPEIOBHIINA);
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U/f1, U/fy,..., U/f n — mepeTBOpIoBadi aHAJIOT-9aCcTOTA;
Mixkpocepsep WEB — Giiok nonepeaHboro 300py i HAKOIMYEHHS JaHUX;
Lentp 0OpoOKH Ta aHai3yBaHHS JaHHUX — CEpBEp KOMYHIKalill Ta 0a3u TaHUX.

7 N 7 \

4 \ /7 \
1 \ 1 \
| ! | 1
- : - :
: Jikl Jibl An 1 : Jafl Ji An 1

1 1
1 1 1
: - ! :
1 : . :
1 1 1 1
| U/f1 U/f2 u/fn ! | U/f1 U/f 2 u/fn !
1 1 1 1
1
| ! | !
1 1 1 1
: )\ 4 \ 4 \ 4 1 : \ 4 \ 4 \ 4 .
1 1
'\ Mikpocepsep WEB /' '\ Mikpocepsep WEB /'
\\ < ,/ \\ < ,/
4 A
< >
A | | 4

Pucynox 3 - Y3aranbHeHa CTPYKTypa CUCTEMHU KOHTPOIIIO (h)aKTOPiB BUPOOHUUYOTO CepeOBHUIIA

Jo ckiany nepBHHHUX BHMIpIOBadiB BXOAATH BUMIpIOBaui LIyMy Ta BiOpalii, BUMiproBadi 3almieHOCTI,
OCBITJICHOCTI, MIKpPOKJIIMaTy, 1OHI3yIOYMX Ta €JIEKTPOMAarHiTHUX BUIPOMIHIOBaHb, iHmI. IlepBUHHI BuMiproBaui
MOBUHHI MAaTH JOCTaTHIO YYTJWBICTh Y BCIX JHiala3oHaX HOPMOBaHWX (DI3WYHHMX BEJIMYWH, a TAKOXX MOBUHHI
320€3MeYNTH MOXJIMBICTD ITOJAIBIIIOTO NMEPETBOPSHHS BUXITHOTO aHAJIOTOBOTO CUTHATY B TU(POBHIA KOJI.

Bci mepBuHHI Tpwiagu TMPEACTABISIOTECS SK CYKYITHICTh TIEPBHHHHMX BHUMIPIOBaYiB  (aTYHKiB),
MiIKITIOYCHHX dYepe3 IMepeTBOPIOBaYl aHAIOr-KoJ  (aHajor-4acTora) 1O  OJOKIB  MONEepeaHboro 300py i
HakonM4eHHs nanux (Mikpocepsepu WEB). Yrpasninas nepudepiiHuMu KOMITIIEKCAaMH Ta 3iHCHEHHSI 3aralIbHOTO
MOHITOPHUHT'Y 3[IHCHIOETHCS IEHTPOM 0OpOOKM Ta aHai3yBaHHS JAHMX, IO SIBJISIE COO0I0 cepBep KOMyHiKamii Ta
0a3u JaHuX.

BucnHoBok. 3anpornoHOBaHO NPOLEAYPY OLIHIOBaHHS IapaMeTpiB BHUPOOHWYOrO CEpeNOBUINA IPH
JIUCKPETHOMY MpEeCTaBICHHI iH(popMallii, 1o 3a0e3nevye migBUIICHHS TOYHOCTI IX KOHTPOJIIO 32 PaXyHOK OLIHKA
napaMeTpy B MOMEHTH 4acy MiX iHpOpMaliHHIMH IMITyJIbCaMH.
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PRODUCTION ENVIRONMENT ASSESSMENT WITH DISCRETE
PRESENTATION

The paper describes the principles of physical factors control systems construction that are based on the use
of analog sensors and analog-frequency converters for the transmission of information. The assembly of monitoring
hazards factors of the working environment information sources is regarded as a set of random processes. The
discrete messages formation in the dynamics occurs with a frequency that reflects the process of changing the
physical parameter in time. In this case, the accuracy of the output information depends on the pulse frequency and
the time interval over which the information is supplied. It is shown that the maximum frequency of the output pulses
is limited by the bandwidth of the communication channel, which leads to significant errors in the physical factors
control system. It is shown that the maximum frequency of the output pulses is limited by the bandwidth of the
communication channel, which leads to significant errors in the physical factors control system. These errors
significantly affect the behavior of the forecasting system. The actual evaluation of the controlled process at
moments between sensor information pulses allows to reduce the information representations error. The measuring
path of the control system includes primary analog physical factor meters and analog - frequency converters. The
current value of the controlled parameter is considered to be some random non-stationary process. The sensor in
such measurement system operates on the threshold integrators principle and each regular pulse is received after
reaching the threshold value. The procedure of estimation of parameters of a production environment at a discrete
presentation of information provides increase of accuracy of their control at the expense of estimation of a parameter
in the moments of time between information pulses. The general structure of the control of dangerous and harmful
factors of the production environment system is presented.

Key words: dangerous and harmful factors, hazards factors, the production environment, sensors, converters.
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MIPOBITHAUH iH)KEHEep MPOEKTHOTO Bigainy JlemapraMenTy

CHemiaJbHAUX Ta TIAPOTEXHIYHUX POOIT

TOB CII «OcHoBa-Coucig»

BIIJTUB BUKOHAHHSI EJIEMEHTIB CTPYMEHEBOI
HEMEHTANLII HA ®I3UKO-MEXAHIYHI XAPAKTEPUCTUKHU
HABKOJIMIITHBOI'O TIPYHTOBOI'O MACHUBY

Texnonoeia cmpymenegoi yemeHmayii BUKOPUCIMOBYEMbCA 0N  OOCACHEHHA PI3HUX OVOi8enbHUX 1
2e0MeXHIYHUX Yinell, OCKIbKU 00360/ CIMBOpUmMuU elemenmu pisHoi Kouicypayii ma npomsosicHocmi 6 piszHoi
CKIAOHOCMI  THICEHEPHO-2€0NI02TYHUX YMOB8AX.3 Yb020 BUNIUBAE, WO CYHACHI Npoyeoypu npoeKmysauHs
@dyHOamMeHmi8, 020pOOAHCYBATLHUX ThA YMPUMYIOUUX KOHCIPYKYIU, 2i0poi3onayitinux oap'epie ma expauis, myHenie
i M.IH. NOBUKHI 6YMU A0ANMOBAHI 00 AIbIMEPHAMUBU 3AMIHU JHCOPCMKUX e/IeMEHMI8, MaKux sik 0yposi i 3aousHi naui
Ha cmpymenego-yemenmayini eremenmu. /[o 36uyaiinozo npoyecy npoekmyeanhs Heobxiono oodamu cneyugiumi
acnekmu, NOB'SI3aHI 31 CIMPYMEHEBGOI YeMeHMayicro.: eubip muny Cmpymeresoi yemenmayii, OyiHKka napamempie
00pOOKU  IPYHMY, NPOSHO3Y8AHHSI PO3MIPI6 | MIYHOCMI CMPYMEHEBO-YEeMeHMAYIUHUX eleMeHmis,  aHali3
MOCIUBO20 HEDAICAHO20 BNAUBY HA HABKOIUWHT 6Y0i6ni ma cnopyou. J{o 00H020 3 makux cneyu@ivHux acnekmis
BIOHOCUMbCSL BNAUE GUKOHAHHS TPYHMOYEMEHMHUX eNeMeHmis, GUKOHAHUX 3d CMPYMEHEe80I0 MEXHON02ICI0, Ha
OMOYUYIOYUL TPYHMOBUL MACUB MA 3MIHA 11020 DI3UKO-MEXAHIYHUX NOKA3HUKIE. B damiti cmammi npoananizosano
pe3yrbmamu  O0CHIONCeHHA  (DI3UKO-MEXAHIYHUX XAPAKMEPUCIUK [PYHMIG, W0 pPO3MAULOBAHI NOMINC 080X
IPYHMOYEMEHMHUX KOJIOH, WO BUKOHAHI 3a CMPYMEHeBOr MexHoI02i€ln. Budineni 30Hu i3 nokpawerHumu
napamempamu IpyHmie. BukoHano aumaniz uuceibHuXx 3MiH NOKA3HUKIE (DI3UKO-MEXAHIYHUX XAPAKMepucmux i
BUSHAYEHO 30HU MAKCUMANbHO20 6NIUBY.3aNPONOHOBAHO BUKOPUCMAHHA OOCHIOHUX OQHUX HAABHOCMI 30HU
HOKPAWEH020 IPYHMY Ol  MOOENIOBAHHS A OOCTIONCEHHS. 3MIHU HANPYICEHO-0e(OPMOBAHO20 CIMANY MACUBY
IPYHMY 3 IPDYHMOYEMEHMHUMU eNleMeHMAMU NIOCUTIEHHSA, NPU 8KIIOYEHHT 8 PO3PAXYHOK HOKPAWEHUX 30H IPYHMY, WO
8 MaubymHboMy O00380AUMb 3MEHUWUMU KINbKICMb IPYHMOYEMEHMHUX eNleMeHMi68 Npu GUKOHAHHI NiOCUNeHHs
IPYHIMOBUX MACUBIS.

Knwwuosi cnosea: cmpymenesa yemenmayis, IPYHMOYEMEHMHI KOJOHU,0XHCEM-KOJIOHY, HANPYIHCEHO-
Odepopmosanuii cmam, 30Ha GNAUBY

Beryn

TexHoOTis CTpYMEHEBO1 IIEMEHTAllii 3aCHOBaHa Ha BUCOKOIIBUAKICHIH iH'€KIIii 01Hi€T 00 TEKITBKOX PiarH
(po3umH, TOBITPs, BOAa) B IPYHT. PimwHM iH'€KTYIOTBCS 4epe3 (OPCYHKH Majioro JIiaMeTpa, po3TamloBaHi Ha
TiAPOMOHITOpI, SIKMA TpPH 3BHYAHOMY 3aCTOCYBaHHI CIIOYaTKy OYpWUTH CBEPAJIOBHHY 10 HH3Y MaiOyTHHOTO
TPYHTOIIEMEHTHOTO €JIEMEHTA, a TIOTIM MiJHIMa€eThCS 10 TIOBEPXHI IPYHTY, BUKOHYIOUH MTOCTiHHY floro o6pooky [1,
2,3,4].

Twurm i1 ¢i3uKo-MexaHIuHI BIaCTHBOCTI IPYHTIB, B SKHX BUKOHYETBCSI CTPYMEHEBO-LIEMEHTALIIITHUI eJIeMeHT,
OylyTh OJHMMH 3 OCHOBHHMX YWHHHUKIB $Ki BIUIMBAalOTh Ha T€OMETPUYHHUHA PO3MIp E€IEMEHTIB 1 MIIHICTh
IPYHTOLIEMEHTHOTO MaTepiaiy.

CrpyMiHb pO34HHY, PYHHYIOUH 1 TEPEMILIYIOUH IPYHT, B MEKaxX CBOT'O MOKJIMBOTO pajliyca BIULIUBY GpopMye
I'PYHTOLIEMEHTHHUI €JIEMEHT.

Jis BUCOKOHAIIPHOTO CTPYMEHS, LIO0 BOJOXIE€ BEJIMKUM TiJPOJMHAMIYHMM THCKOM, 3aBJAIOYH YIApH I10
IPYHTY, IPU3BOJHUTH 10 PYHHYBaHHS HOTO BUXiIHOI CTPYKTYPH.

Kanemariy B cBOiit po0OTi [2] HABOIUTE XapaKTEPUCTUKH CTPYMEHS BOJIH, 10 BUKUAAETHCS B TIOBITPS (pHC.
1). 3ona 1 aBuse cobor0 AaPO, TIAPOIMHAMIYHAHN THCK B IKOMY HOCTiifHAH. 30Ha 2 sBJs€ COOO0 MPOMIKHY 30HY i,
SIK TIPaBUJIO, BIICTaHb A0 KiHI 30HH 2 gopiBHIOE 300 miaMmeTpiB coruia. 3a MeXaMy TaHOTO pajiyca BILIHBY 30HU 3
MOTIK BOJM BTpayae JOKyCyBaHHS, CTAa€ EPEPHBYACTHM, 1 TOYMHAIOTH TIepeBakaTH KaBiTawiiiHi epektu. Po3momin
riPOJMHAMIYHOTO TUCKY B 30Hi 3 y3JIOBXK OCi CTPYMEHS 3MEHIIYETHCS 3 BIICTAHHIO 1O €KCIIOHEHTI.

Bucokuii THCK IPU3BOJMTE J10 3MilllyBaHHS IPYHTY 1 Oe31epepBHOrO pyiiHYBaHHS IPYHTY B M&Xax pajiycy

© H.B. 3yerchka, JI.B. lllaiinemnska, B.€. ['ydamosa, 2019
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3 . *
Pucynox 1 — Xapaxrepuctuku BogHoro crpymens no Kanemarny: 1 - comno, 2 - 30Ha, 3 - 30Ha aapa

I'PYHTYIOUYHCH Ha CBOIX BUCHOBKaX, KaHeMaTIly IpHITyCTHB, 110 3aCTOCYBaHHS CTPYMEHEBOT lIeMeHTallii He BIUINBA€E
Ha HampyxeHo-Ae(opMoBaHMI cTaH B IPYHTI 3a MeXaMH pajiyca BIUIUBY, GaKTHYHO, HAaBITh MPH POOOTI 3 AyXe
BHCOKHM THCKOM, TIPOIIEC iH'€KII] MPU3BOAUTH TUIBKH 10 301IBIIEHHS THCKY B MeXax 00JacTi pyiHyBaHHA (30Ha 1
12). Taky % IyMKy maTpumMyoTh B cBoix podortax C.C. KoBmin i A.€. Ckinrep [3].

VY Toif ke Jac MpaKTUKYIOUi OpraHi3amii, IpyHTYIOYHCh Ha JOCIITHUX JaHUX, [TOKA3alld, [0 BHKOHAHHS
CTPYMEHEBO-I[EMEHTAIIITHAX €JIeMEHTIB KPYTIIOTO IIePEeTHHY BIUIMBAE HA HABKOJMITHIH iX IPYHTOBUI MacuB.

Kommnanieto Consolidamenti e Pali [4] B Itamii Oynm BuKOHaHI psin TabOpaTOPHUX TECTIiB IPYHTIB, IO
OTOYYIOTh KOJIO/53b, BUKOHAHMI 3 IIEPECIYHUX KOJIOH CTPYMEHEBOI'OiH'€KTYBaHHS (PHUC. 2).

c
?_‘jr T I Y OO A
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0 : 50 100 cm. 150
Pucynok 2 — 3MiHa MITBHOCTI IPYHTY, III0 OTOYYE KOJIOHHW CTPYMEHEBOI IIEMEHTAIli{ B 3aJIe)KHOCTI Bij
BITAJICHOCTI BiJl KOJIOHU [4]

MakcumasbHUH BIUIMB BUCOKOHAIIPHOTO CTPYMEHS Ha HaBKOJIMIIHIN IPYHTOBUII MAaCHB CIIOCTEPIracThcs Ha
Bizctani 10 1 30 cm (3pasku C; i C;), rpaHMuHMi BIUIMB Ha (I3UKO-MEXaHIYHI XapaKTEPUCTHKU IPYHTY
crniocrepiratorbest Ha Bifcradi 110 cm (Ce).

Mera po6oTu

[IpoananizyBatu ¢i3uko-MexaHiuHI BIACTHBOCTI IPYHTIB B 30HI BIUIMBY CTPyMEHEBOI IIeMEHTallii, a TaKoX
BU3HAYUTH T€OMETPHUYHI ITapaMeTpH 30HH i3 MOKPAIEHUMH XAPAKMEPUCMUKAMUY, WO 8 MAOYMHbOMY 003601UNb
BUKOPUCMOBYBAMYU OMPUMAHI OAHI 8 MOOETIO8AHHI HANPYHCEHO-0eOPMOBAHHO20 CMAHY IPYHIMOBO2O MACUBY
RIOCUNEHO20 TPYHIMOYEMEHMHUMU eleMeHMaMU

Martepian i pe3yJbTaTu A0CTiIzKeHHA

Jlnist BUBYEHHS BIUTMBY BUKOHAHHS €JIEMEHTIB CTpyMEHEBOI IEeMeHTallii Ha HABKOJIMIIHIA MacHB PO3IJITHEMO
2 00'eKTH, Jie¢ BHKOHYBAJOCS IiJICHJICHHSIOCHOBH (YHIAMEHTIB CTPYMEHEBO-IIEMEHTAI[IHHUMHU KOJOHAaMH Ha
Teputopii Ykpainu:

1. Pexonctpykiist Oynisii pecropany «Jleiinuur» B M.Kuesi

JocnimxyBaHa IpyHTOBa OCHOBA - MiJBaJMHU OYiBII, IO PEKOHCTPYIOETHCS, pecTopaHy «Jlednuur» Ha
nepetuHi ByJ. Bonoaumupcrkoi ta Ipopisnoi. Bynisns (konuiHiil poximHuii OynuHok) moOynoBano B 1900 p.
Bynieng i pynmamenTn merisiHi. Y 3B'SI3Ky 3 PI3HHICIO BIIMITOK penbedy OymiBIS Mae pi3HY IMOBEPXOBIiCThH (5-6
moBepxiB). [1ig yciM OyITMHKOM pO3TaIlIoBaHi IiIBaIH.

28 ISSN 2308-7382 (Online)




ISSN 1813-5420 (Print). Enepzemuka: eKoHOMIKa, MexHo102il, exonozia. 2019. No 4

B reomopdonoriqHoMy BiTHOIICHHI HOCTIMKyBaHa AIJITHKA PO3TAIIOBaHA HA CXWJI KOPIHHOTO JECOBOTO
ILIATO, IO 3HIKYETHCS B HAPSAMKY Xpemaruipkoi Oanku. [ToTyxHicTs cymicky jgecoBuanoro - 6-13 m. ITinzemui
BOJIM PO3KpHTI Ha THOuHax 9-11,6 m.

[Ipoexr migcunenns ocHoBu ¢yHaamenTiB Oyxisni"Jleinuur" OyB po3pobiiennii i Bukonanuii B 2004 poui
CII "OcnoBa-Coscud". 3rilHO 3 MPOCKTOM I yciMa HECYYMMHU CTiHAMH OYAiBIi Mo 0oOMaBa OOKH ETISTHOTO
(¢ynnameHTy Oyiu BUKOHAHI KOJIOHH CTPYMEHEBOTO iH'€KTyBaHHs AiamerpoM 600 Mm, mix KyToM 3°, rianbuHOIO
13,0 m i 3 kpokom Bix 1,2 M 10 2,4 M (puc. 3 a, 0).

a)

Fecnoriukmia pospis

CyF RO AECORMAHR

Eﬂﬁi

Puc. 3 — BukoHaHHS KOJIOH CTPYMEHEBOT'OIH'€KTYBAaHHS: a - CXeMa IiJCHIeHHs (yHIaMEHTIB; O -
KOJIOHA CTPYMEHEBOT'O1H €KTYBaHHS

B kinui 2010 poky Oynau mpoBeneHi poOOTH 3 JOCHI/PKEHHS HAaBKOJIMIIHBOIO IPYHTOBOTO MacuBy.3
BHYTPIIIHBOTO JABOpPY OymiBii Oymu po3kpuTi 3 cTpyMeHeBo-IieMeHTariitHi komoHn (Ne 166, 167, 168). ¥V
TOpM30HTANBHIH momuHiI Mixk Nel67 1 Ne166 Oymu BiniOpani 20 KiJbIIeBHX 3pa3KiB IpyHTY (puc. 4)

3pasku BigiOpanux 3 mo3uuiit 2 i 4 (225 i 450 MM Bix OOKOBOI IMOBEpPXHI KOJIOHM) HE MaJId CYTTEBUX
BiZIMIHHOCTE# Mixk coOoro. XapakrepucTukH 3pas3kiB 1 1 5 (50 MM Bij moBepxHI KOJIOHHM) IOKa3ajM 3MiHY B Oik
TIOJIITIIEHHsI B TIOPiBHSHHI 13 3pa3kamu 2 i 4.

JlocmimKyBaHHiA IPYHT - CYIICOK JICCOBHTHHIA, CBITIO-KOPUYHCBU, JISTKHI MIITyBAaTH, B BOJJOHACHYCHOMY
CTaHI TeKy4YHid, MaKpPOIIOPUCTHIH, IPOCITHHUH.

PesynbraTu 1ab0opaTOpHUX AOCIHTIKEHb BHECEHI 10 Tabulil.
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Tabmuil - @i3uko-MexXaHidHI XapaKTepUCTUKH IPYHTIB BiliOpaHuX 3pa3KiB

Xapaxmepucmuxu rpynmie ITE-2 (2 ma 4) ITE-2* (1 ma 5)
ITpupoaHa BOJIOTICTh w=0,12 w=0,135
BostoricTs Ha MEXi TEKYJOCTi W, =024 W, =0,28
BostoricTs Ha MeXi PO3KOUYBAHHS Wp =0,20 Wp =0,21
Ypci1o mIacTHIHOCTI Ip=0,04 Ip=0,075
IToka3HHUK TEKY4JOCTi <0 <0

IToka3HHUK TEKY4JOCTi TPH KOeiIiEHTI BOAOHACHICHHS S$-=0.9, I;>1 S-=0,9, 11> 1
[iNbHICTh YACTUHOK IPYHTY ps = 2,66 r/cm? ps = 2,66 r/cm?
[iNbHICT IPYHTY p=152r/cM’® p =154 r/cM’
[iNBHICTH CYXOTO IPYHTY pa= 136 T/c™m? pa= 1,355 r/em’
Koedimient mopucrocTi e=10,96 e=10.96
CtyniHb BOJIOTOCTI S,=0,33 S,=0,37
ITogyaTkoBHIA TPOCATHII THCK psi = 86 xlla psi = 175 lla
KyT BHYTpINTHBOTO TEPTS on=126,5° o =29,5°%
ITuroMe MEeTIeHHS IPYHTY Cy="17,5«klla Cy=28,5«klla
KyT BHYTpimHBOTO TEPTS or=23,5° Qr=26°
ITuToMe MEIIeHHS IPYHTY Cr=5«lla Cr=5,5«klla
Monynb nedopmalii IpyHTY B IPUPOIHOMY CTaHi E =4 Mlla E =6 MIla
Monynb nedopmaiii IpyHTY B BOJOHACHICHOMY CTaHi E =3 MIla E =5 Mlla

HeoOxigHO Big3HAUWTH, MO 4Yac MK BHKOHAHHSAM KOJIOH CTPYMEHEBOi NEMEHTAIlil i MpOBEICHHIM
JOCTIKEHb TPYHTIB CKJIaB 6 POKiB, OT)Ke, IH)KEHEpHO-TEOJIOTIUHI JaHi yacy BUKOHAHHS MiJICHICHHS OCHOBH HE
posrisnanucs. Bei MOpiBHAHHS XapaKTepUCTHK 3po0ieHi TITBKH MK OTpUMaHMMHU 3pa3KaMH B MIKKOJIOHHOMY
MIPOCTOPI.

3a OTpUMaHUMH pe3yIbTaTaMHt, MOXHA 3pOOHTH BUCHOBOK, II10:

- MaKCHMMaJIbHa 30HA BIIMBY Ha HABKOJIMIIHIN IPYHTOBHH MacuB - 10 cM;

-rpyHT 3paskiB 1 i 5 - cymicok (II'E-2, ymcno mmactuunocti /p = 0,04) mpundaB nesiki BIacTHBOCTI
TJIMHHACTOTO IPYHTY, TOOTO NepeimoB B Jerkuii mutyBaTuii cyrmHok (IFE-2 *, yucno mnacriuunocti 7p=0,075);

- IiTOME 34eruIeHHs 30impmmnacs Ha 12% (8,5 xIla s 3pas3kiB 115 17,5 klla g 3paskiB 2 i 4);

- KyT BHYTPIITHBOTO TepTs 30inbmmBes Ha 10% (26° 1 23,5°);

- Moy nedopmanii rpyHTY 30inpmuBcs Ha 33% (6 MIla s 3paskiB ITE-2 - 115, 4 MIla qs ITE-2 * - 2
14);

- SHU3WJINCS 3HAYCHHS MPOCITaHHS IPYHTY - MOYATKOBUH MPOCATHINA THCK 30UIBIINBCS 3 py = 86 klla 1o pg
=175 xlIla.

2. PexoHCTpyKIIist naM'siTHUKA apXiTeKTypu AHJIpiiBCchKa LiepkBa B Kuesi.

AmnnpiiBcpka 1iepkBa - nam'ssTHuK apxitektypu XVIII c1., nodynosana B 1747-1762 pp. 1.d. Miuypinum 3a
NpOeKTOM itaniiicbkoro apxirekropa ®.-b. Pactpemni. 3 1968 p AmzapiiBcbka 1epkBa - My3sei, ¢imian
Harmionansnoro 3amoBiguuka «Codis Kuiscbkay.

3 ki 2008 poky CIT «OcHoBa-Concid» mouana BUKOHaHHS poOIT 3 MpOTHAaBapiHUX Ta PEMOHTHO-
pecraBpaniiHuX poOiT, IO BKIOYanNW B ceOe 1 3aKkpiluIeHHs CXWIy, 1 HOCHJICHHS (QyHIaMEHTIB OyxiBii, i
pecrtaBpariifHi poOOTH IEPKBH 1 HABKOJIUIIIHIX €JIEMEHTIB.

IpyHramMu OCHOBM (YHAAMEHTIB IIBAEHHOrO, 3aXigHOro i miBHiUHOro (acaiiB € €oJ0BO-AeIIOBIaIbHI
cymicku. OcHOBOIO GyHIAMEHTIB CXiTHOTO (pacamy € MOPEHHI CYTTTHHKH.

[IpoekTHe pimieHHS 3 MACWICHHA (YHIAMEHTIB AHAPIIBCHKOI IEPKBH SBIBLIIO COOOI0 BHKOHAHHS JKET-
KOJIOH B OCHOBI 3arajibHOIO KiJIBKICTIO 259 mTyK, moBxuHOW Bix 10,8 mo 13 5 M 3 kyramu Haxmy Big 7° mo 13° 1
niamerpom 600 Mum 3 posmuperasM 800 MM, kpok 1,0 -2,7 m. [IprHIMTIOBa cXeMa MifcHIeHHS (pyHIaMeHTiB IePKBU
MOKa3aHa Ha PUCYHKY 5.

VY uyepBni 2010 poky Oyio mpoBeneHO AOCHIKEHHS (I3MKO-MEXaHIYHUX XapakTePUCTHK IPYHTIB B
MIDKKOJIOHHOMY HPOCTOpPI JUIs MiJATBEP/PKEHHS BIUIMBY BHKOHAaHHS CTPYMEHEBO-IIEMEHTALIHHHMX €JIEMEHTIB Ha
HaBKOJIMILHIH IPyHTOBUIT MacuB (CyIiCOK IHUITyBaTuil).

IpyHTYIOUHCH HA OTPUMAHHX PE3yJILTATAX, MOKHA 3POOMTH TaKi BUCHOBKH:

- Ha Biacrani 100 1 150 MM Big noBepxHi 1-i 1 Apyroi KOJOH IPH 1HKEHEPHO-TEOJOTTYHUX BUITYKYBaHHIX
BiJI3HAYCHO 3pOCTaHHs MUTbHOCTI Ha 4 1 5% BignosigHo. [Ipu BimbOopi 3pa3kiB Ha BimcTani 60 MM Bix moBepxHi 3-1
KOJIOHU OYJI0 BUMipsiHE 301IbIIEHHS MIbHOCTI Ha 5% 1 8% (110 0O0MABI CTOPOHU BiJ] KOJIOHN).

-TIpH yCepeAHCHHI OTPHMAaHWUX 3HAYCHb IIUJIBHOCTI IPYHTOBHX 3pa3kiB B MIDKKOJIOHHOMY MPOCTOpI
MIPOCTEKYETHCS YIUIBHEHHS IPYHTY Ha 3Ha4ueHHs B Aiana3oHi Big 1% mo 7%. KoedinieHT BiTHOCHOTO yIIiIbHEHHS
y BCbOMY MI>KKOJIOHHOMYTPYHTOBOMY IIpOCTOPi fopiBHIo€ 1,03;
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- 30HM MAaKCHMaJBHOTO BIUTMBY Ha HABKOJHIIHIM rpyHTOBHI MacuB 15 i 30 cM BiAMOBiIHO Bi MOBEpXHIi
Jpyroi 1 nepioi IpyHTOLEMEHTHOT KOJIOHH.

a) 0)

Puc. 5 — ArppiiBckka niepkpa. Cxema miicuieHHs QyHIaMECHTIB

Bei nmocnmimxenns Oynu nposeneni B ['eorexniuniii naboparopii CII "OcnoBa-Coucid". PesynbraTn
JIOCITIJPKEHb BHECEHI /10 Tabnumi 2.

Tabymia2 - ®i3uko-MexXaHIdHiI XapaKTePUCTHKU IPYHTIB

LinpHICTH [inpHICTH
PosramyBanns . . .. .
spasKis HOMeIf; Bincrann BI,I[. 00KOBOT BOJIOT'OT'O Bonoricts CyXoro
(rom6una, v) 3pas3ka MTOBEPXHI, MM rpyHTgf v, W, n.o. rpyHT% Yd,
T/M /M
1 100 (Bix 1-i mo 2-1) 1,66 0,130 1,47
2 200 (Bix 1-i mo 2-1) 1,66 0,130 1,43
2,2 3 300 (Bix 1-i go 2-i) 1,66 0,130 1,47
4 400 (Bix 1-i mo 2-1) 1,64 0,130 1,45
5 700 (Bix 1-i go 2-i) 1,67 0,138 1,47
6 800 (100 Bix moBepxHi 2-1) 1,67 0,147 1,46
7 60 (Bin 2-1 mo 3-i) 1,68 0,141 1,47
2,5 8 60 (Bin 3-1) 1,69 0,152 1,47
9 60 (Bin 3-1) 1,72 0,133 1,52
3pazok
HETIOPYIIEHOT 10 1,60 0,130 1,42
CTPYKTYpH

Buxonsun 3 Toro, mo Ha ABOX 00'€KTax IPYHT, WO OyB JOCIHIJKEHUI, - CYIICOK, 3p00MMO 3araibHUH
rpadiuyHuii aHai3 U1 BU3HAUYEHHS 30HH BIUIMBY Ha OTOYYIOYE IPYHTOBE CEPEOBUILE IPY BUKOHAHHI CTPYMEHEBO-
IH'€EKLIIHHUX eJIEMEHTIB.

Js moOynoBu rpadixy po3paxyeMo BiTHOCHE 3HAYCHHS IS IMIIBHOCTI IPYHTY: Y = Y/Yd , Ie Y - IIBHICTh
IPYHTY, BiiOPAHOTO i3 30HH BIUIMBY, Y, - WUIBHICTh YACTOK IPYHTY. Ta BiAHOCHE 3HAYCHHS PO3TALyBAHHS 3pA3Ky

TPYHTY B 3aJI€KHOCTI BiJl MDXKKOJIOHHO] BincTaHi:b = b/ B » D - BiACTaHb PO3TalllyBaHHS IPYHTOBOIO 3pasKy Bil

TOBEPXHI IPYHTOIIEMEHTHOI KOJIOHH, B — Mi)KKOJIOHHA BiJICTaHb.
Ha rpadik Ha pricyHKy 6 HaHeceHI KpHBa JJIsl CYIIICKY JIECOBHAHOTO Ta B T1JIKH, B 3aJIEKHOCTI BiJI TOBEPXHI
JIBOX KOJIOH, ISl CYTICKY IMHJIyBaTOrO TBEPOTO.
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3rigHo rpadiky ToUKa MepeTHHY A ISl KpUBUX JBOX BUIIB CYITICKY: b =0,118 1a y' = 1,139, TobTo mnst
BiJICTaHi MiX IBOMa I'PYHTOIIEMEHTHUMH KoJioHaMu 900 MM (1110 BiAMIOBIa€ BiJICTaHi HA IIUX TBOX 00’ €KTax) — 30HA
TOKpaIIeHoro rpyuty oyme: b = b’ - B = 0,118 -900 = 106 MmM.

1,15

1,14 ___._\x

Y —— CymiCOK JIeCOBHTHUI
N

1,12 \\ —— cymicok numyBatuii-1
e

CYITICOK NMMITyBaTHii-2

0,000 0,200 0,400 0,600
b'=b/B

Puc. 6 — 3anexHiCTh NPUBEICHOT BIJICTaHI MIX)KKOJIOHHOTO TIPOCTOPY
Ta MPUBEIEHOT IIIIBHOCTI IPYHTIB

He nuBnsauck Ha MPUIYLIICHHS ASSKUX aBTOPIB, 110 3aCTOCYBaHHSA CTPYMEHEBOI IeMEHTallii He BIUIMBAE HA
HaINpyXKeHO-1e()OpPMOBaHUI CTaH B IPYHTI 3a Me)XKaMH pajiyca BIUINBY, Ha MiICTaBl pe3ynbTaTiB BUIIPOOYBaHHSA Ha
IBOX OyniBeldbHHUX 00'€KTaX, BAKOHAHMX Ha TEpUTOPil YKpaiHH, A€ 3aCTOCOBYBAIHCS CTPYMEHEBO-IIEMEHTAIiHHI
eJIeMEeHTH, 0YyJI0 TOBEIECHO 3BOPOTHE.

BucHoBok

1. B mpoueci 00poOku pe3ynbTaTiB (i3MKO-MEXaHIYHUX BJIACTHBOCTEH IPYHTY JIECOBUAHOTO CYIICKY, L0
3HAXOJMBCS B 30HI BIUIMBY BUKOHAHHS IPYHTOLEMEHTHOI KOJOHHM, Oyno BiaMiueHO, o Ha Biactani 10 cMm Bix
MOBEPXHI KOJIOHU 3MIHWJIMCS 3HAUEHHS IIibHOCTI (+2%), muTomoro 34eruieHHs (+12%), KyTa BHYTPIIIHBOTO TEPTs
(+10%) ta Momyns npyxHocTi (+33%) 1o BiIHOIIECHHIO /10 3pa3KiB, PO3TAIIOBAHUX Aaji BiJl TOBEPXHI.

2. 3a pesynbTaTaMHM IH)XEHEPHO-TEOJIOTIYHUX BHUIIYKYBaHb 3pa3KiB CYIICKy MMIyBaTOrO TBEPIOL
KOHCHCTEHITI{ BiI3HAYCHO 3pOCTaHHA IITBHOCTI IPYHTY Bill 4 107%. KoedimieHT BITHOCHOTO yIIITEHEHHS Y BCHOMY
MIKKOJIOHHOMYTPYHTOBOMY IIpocTopi nopiBHIOE 1,03.30HI MaKCHMaIbHOTO BIUTUBY Ha HaBKOJUINHIN IPYHTOBUH
MacHB CTaHOBUTH 15 i 30 cM BiAIIOBIAHO BiJl MOBEPXHi APYTO] i MEPIIOi IPYHTOIIEMEHTHOI KOJOHH.

BuxopucToBylouH MOCTINHI JaHHI 3MiHEHHS (i3MKO-MEXaHIYHHX BIACTUBOCTEH IPYHTY, IO OTOYYE
CTPYMEHEBO-IIEMEHTAIlIHHIIA €NIeMEHT, Ta JIOBEJECHOI NPaKTHYHO Ta rpadiyHO HASBHOCTI 30HU IOKPAIIEHOTO
IPYHTY, MOXHa JOCHIINTH 3MIHEHHS HalpyXeHO-IeGOpPMOBaHOTO CTaHy MacUBY IPYHTY 3 eJeMEHTaMU
MIICUJICHHS, BAKOHAHHMHU 32 CTPYMEHEBOIO TEXHOJIOTIEI0, 3 BKIIIOUEHHSM B PO3PaXyHOK MOKPAIEHUX 30H IPYHTY,
10 B MaOyTHHOMY IO3BOJUTH 3MEHIIUTH KiTbKICTh IPYHTOLIEMEHTHUX €JIEMEHTIB NPH BUKOHAHHI MiJACHICHHS
TPYHTOBUX MacCHBIB.

Hatikpamim BapiaHTOM 171 iHXKE€Hepa Mae OyTH O€HAHHS TEOPETUIHHX 1 TEXHOIOTIYHUX 3HAHB, IS TOTO
00 Ha MPaKTHLI MOKJIMBUMH PilIEHHAMH 3a0e311e4nTH 0e31eKy, pyHKIIOHAIBHICTh 1 eKOHOMIYHY JOLIIbHICTD.
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BJIMSAHUE BBINOJHEHUS 3JEMEHTOB CTPYHHOM
HEMEHTAIMU HA ®PU3UNKO-MEXAHUYECKHUE
XAPAKTEPUCTHUKHU OKPYXAIOLEI'O I'PYHTOBOI'O MACCHUBA

Texnonocus cmpyiiHotl yemMeHmayuu UCnoab3yemcs O OOCHUIICEHUSl PA3IUYHBIX CIPOUMETbHBIX U
2eomexHu4ecKux yeetl, maxk Kaxk no3eosiaem co30ams dj1eMeHmbl pa3IudHoOU KOHQUIypayuu u npomsaiCcenHoCmi 8
PA3ZHOU CTIOHCHOCIU UHIHCEHEPHO-2e0N02UYeCKUX ycaosusax. M3 amozo credyem, 4mo co8pemeHHbvle npoyeoypbsi
NPOEeKMuUpo8aHuUss YYHOAMEHMOB, 02PANCOAIOWUX U YOEPHCUBAIOUUX KOHCIMPYKYULL, 2UOPOUOTIAYUOHHBIX ODAPbEPOs
U DKpAHO8, MOHHeell U M.0. O0JHCHbI ObIMb A0ANMUPOBAHLL K MOMY, YMOoObL K AIbMEPHAMUBE 3AMEHbL HCECMKUX
97eMeHmos, makue Kak Oypogvle u 3aOugHwle c8au HA CMPYUHO-YeMeHMAayuoHHble nemenmol. K o0b6biunoMy
npoyeccy NPOeKMuposanus HeobXooumo 000asumev cneyuguyecKue dacnekmsol, C6a3aHHble €O CMPYUHOU
yemenmayueti: 6b100p Muna CMpyuHol YeMeHmayuu, OYeHKa napamempos 00pabomxu epyHma, npocHOUPOBAHUS
pasmepos U NPOYHOCMU CMPYUHO-YEMEHMAYUOHHBIX INEMEHMO8, aHAIU3 BO3MOICHO20 HEHCeNamenbHO20
8030elicmaus Ha OKpyoJicarouue 30anus u coopyosicenust. K 00nomy uz maxux cneyughuieckux acnekmos Omocumcs
BIUAHUE BLINOJIHEHUS 2PYHIMOYEMEHMHBIX INEMEHMO8, BLINOIHEHHBIX NO CIPYUHOU MEXHON02UU, HA OKPYHCAIOWUL
2PYHMOBBIU MACCUG U USMEHEHUE €20 (DUUKO-MeXAHUYeCKUx nokasamenei. B oannotl cmamve npoananuzuposamsi
pe3yibmamyl  UCCIeO08AHUS  (PUBUKO-MEXAHUYECKUX —XAPAKMEPUCIUK — SPYHIMOS, PACHOIONCEHHBIX  MENCOY
08YXCPYHMOYEMEHMHBIX KOJOHH, GbINOJIHEHHbIX NO CMPYUHOU MexHoo2uu. Bvlioerenvl 30HbI ¢ yayuuieHHbIMU
napamempamu 2cpyumd. Bulnonnen aumanuz mHo2OUUCTIEHHBIX UBMEHEHUll NoKaszamenell (U3UKO-MEXaAHUYECKUX
Xapaxkmepucmux u onpeoeieHbl 30Hbl MAKCUMATbHO20 6030eticmsus. [IpednodceHo ucnonb308anue OnbIMHbIX
OGHHBIX HAMUYUS 30HbI VIYYUIEHHO20SPYHMA Ol MOOEIUPOBAHUS. U UCCIe008AHUS USMEHEHUs HANPINCEHHO-
0ehoOpMUPOBAHHO20 COCMOSIHUS MACCUBA SPYHMA C SPYHMOYEMEHMHBIMU J/1eMeHMaMU YCULeHUs, Npu GKIH0YeHUU
6 pacuyem YIVYUIEHHbIX 30H SPYHMA, 4mo 8 Oyoyujem No360Jum YMeHbUiUums KOIUYeCHEo 2PYHMOYEMEHMHbIX
97eMEeHMO8 NPU GbINOJIHEHUU YCUTIEHUS 2DYHIMOBLIX MACCUBOS.

Knrwouesvie cnosa: cmpyiinas yemenmayus, IpyHmMoyemMeHmublx KOAOHHbI, OHCem-KOIOHHbL, HANPAHNCEHHO-
deghopmuposantoe cocmosHue, 30Ha BIUAHUSA
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INFLUENCE OF PERFORMANCE OF ELEMENTS OF JET GROUTING ON THE PHYSICAL AND
MECHANICAL CHARACTERISTICS OF THE SURROUNDING SOIL MASSIF

The technology of jet grouting is used to achieve various construction and geotechnical goals, as it allows
you to create elements of different configurations and lengths of varying complexity in engineering and geological
conditions. It follows that modern procedures for designing foundations, enclosing and holding structures,
waterproofing barriers and screens, tunnels, etc. must be adapted to the alternative of replacing rigid elements such
as drilling and driven piles with jet grouted elements. Specific aspects related to jet grouting must be added to the
usual design process: selection of the type of jet grouting, estimation of soil treatment parameters, prediction of the
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size and strength of the jet grouted elements, analysis of possible undesirable effects on the surrounding buildings
and structures. One of these specific aspects includes the effect of the implementation of soil grouted elements made
by jet grouting technology on the surrounding soil massif and the change in its physical and mechanical properties.
This article analyzes the results of a study of the physical and mechanical characteristics of soils located between
two soil-cement columns made using jet grouting technology. Areas with improved soil parameters are highlighted.
The analysis of numerous changes in the indicators of physical and mechanical characteristics is carried out and
the zones of maximum impact are determined. It is proposed to use the experimental data on the presence of an
improved soil zone for modeling and studying the changes in the stress-strain state of an massif of soil with jet
grouted reinforcing elements, when including improved soil zones in the calculation, which will make it possible to
reduce the number of soil-cement elements in the future when reinforcing soil masses.
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"KuiBcbkuii noJirexniyanii incruryt imeni Irops Cikopcebkoro'

PO3POBKA EKCHEPUMEHTAJIBHOI'O CTEHAY JJIA
JOCJIIZKEHHA MAJIOITIOTY KHUX MAIINH MOCTIMHOI'O
CTPYMY 3 EJIEKTPOMATI'HITHUM 3BY/IKEHHAM

Mamepianu cmammi npedcmagnaoms cob0io pe3yIbmam npakmuyHoi po3pooKU, wo npucesyena po3pooyi
eKCNepUMEHMANbHO20 CMeHOY 0N OOCTIONHCEHHA Napamempie ma Xapakmepucmux Mawus nOCMitiHo2o0 Cmpymy
manoi nomysicnocmi. 3a pesynomamamu pob6omu po3pooieHo npUHYUnosy cxemy O O0CTIOHCEHHS OAHUX MAWUH
Ha ocHO8I Mikpoxowmponaepa. Tpaouyitini 3acodu UMIPIOGAHHS CMPYMY, HANpyeu, weuokocmi 00epmanHs
3amineno cyyachumu oasadamu. Dikcysanns ma 00poOKa pe3yibimamie O0CHIONHCEHHS SUKOHYEMbCA HA
NePCOHANLHOMY KOMN T0mepi 6 HanisasmomamuinHomy pescumi. Takodic pospobueno npocpamue 3abe3nedenis 0as
peanizayii HeoOXiOHOI npozpamu eunpodysams: Hepobouuii Xi0, KOpOmKe 3aMUKAHHA I M.iH. 3a O0ONOMO2010
PO3p00.IEH020 CMEHOY MOJICIUBO NPOBOOUMYU GUNPOOYBANHA MAWUH HOCMITIHO20 CIPYMY K 8 PEXCUMI O8ULYHA MAK
i 8 pexcumi 2eHepamopd, wo CYmmego NiOBUUYE 1020 VHIBEPCANbHICMb NPU HESHAYHUX 2aDAPUMHUX PO3MIDAX.
Anapamna uyacmuma cmenoy € MOOIIbHOIW, MOOMO 3a OONOMO2010 O00HO20 ONOKY MONCIUBO 3abe3neuumu
8UNPOOYBAHHSA PI3ZHUX MAWUH. 3acmocy8ants 8 akocmi pe2ynamopis nocmitnoi Hanpyau LLIM do3onuno 3Husumu
eabapummi posmipu ma nio8UWUMU HAOIUHICIb eKCNEPUMEHMAILHO20 CIMEHDY 6 YLIOMY 3d PAXYHOK GIOMOSU 8I0
MAacueéHux peocmamis.

Ku04oBi ci1oBa: excriepUMeHTAIbHUI CTEH]I, MAIlIMHA OCTIHHOTO CTPYMY, ITapaMEeTPH Ta XapaKTEPUCTUKH,
eJIEKTpOMarHiTHe 30y PKeHHS

Beryn Mammnay HOCTIHHOTO CTPyMY 3 €JIEKTPOMAarHiTHUM 30y/DKEHHSIM IIMPOKO 3aCTOCOBYIOTHCS B PI3HUX
rajy3sx NpOMHCIOBOCTI, TO6YTi, TEXHilli, Hayli i T. iH. [X 3HauHe BUKOPUCTAHHS Ta MOMYJIAPHICTH MOSCHIOETHCS
HasBHICTIO €KCIUTyaTallifHUX MapaMeTpiB Ta XapaKTEePUCTHUK, TAKHUX SIK: BUCOKHUI ITyCKOBUH 1 lTepeBaHTa)KyBaJIbHUN
MOMEHT, BUCOKA IIBUIKO/IisI, INMPOKHH Jlialla30H IJIAaBHOT'O PETYJIIOBAaHHS YaCTOTH 0OepTaHHSI.

EsexTpuuHi MalnIMHU TOCTIHHOTO CTPYMY IOTYXKHICTIO BiJ AECSATKAa JIO COTEHb BaT MalOTh MINPOKE
3aCTOCYBaHHS B CJICKTPONPHBOJAX 'HYYKHX BUPOOHHUYHMX CHUCTEM, IPOMHUCIOBHX POOOTIB, CHCTEM aBTOMATHKH i
TPAHCHOPTHUX 3ac00iB. BOHN TakoX 3aCTOCOBYIOTHCS B HABYAJLHOMY IPOIEC] U CTYACHTIB CHEPTETHYHOTO Ta
€JIEKTPOMEXaHITHOTO TPOQLIIO0.

B po0ori npoBeneHo aHami3 iCHYIOUHX CTEHIB Ui BUIPOOYBaHHS MAIIUH MOCTIHHOTO cTpyMy. OCHOBHI
BUMOTH JI0 TAKUX CTeHIIB Oynu chopMoBaHi 11e 3a pagsIHCHKOTO CO03Y i perimaMeHTyIoThes BinnoBiqaumu ['OCT,
Ha OCHOBI SKHX c(pOpMOBaHI OCHOBHI e€Tamu Ta MpOIenypH BUMpoOyBaHHS Takumx MamuH [1-3]. Ile xmacwuni
CHCTEMH, LIO TPEJCTABIAIOTh COOOI0 caM JOCIHiKYBaHMI arperar Ta HaBaHTaKEHHS/TPUBITHUN NBUTYH. s
HAaBaHTAXXCHHsI T€HEPATOPIB Ta JBUTYHIB MOCTIHHOTO CTPyMy BHKOPHUCTOBYBAJIMCH 0OaraTocTyIiHYaTi peocTaTu
BEJIMKOI TOTYXHOCTi. Jlnst peryiioBaHHS CTpyMy 30y/KeHHS B OOMOTII 30Yy/DKEHHS TakuX MalluH
BUKOPHCTOBYBAJIUCh JPOTSHI peoctaTd. [Iporpamoro Takux BHUIPOOYBaHb MHependayeHO OTPUMAaHHS POOOUYMX
xapakrepuctuk P, I, m, n= f(P»), perymroBanpHnx xapakrepucTuk st 1BuryHiB n=f(1;) Ta reneparopis I, =f(l,).

Bigomo i cydacHi 3acoOu Ta METOAM JAJIsI NPOBEJICHHST BUIPOOYBaHb MAJIONIOTYKHUX MAIIWH MOCTIHHOTO
ctpymy. B 3arami BoHM mpenctaBieHi B poboTtax [4-7]. B OCHOBY HaHWX CTEHIIB TOKJIAIEHO CYYacHi
MIKpomporiecopHi cucreMun B cykymHocti i3 IIM, nmdppoBuMH BHMIpPIOBAIBHUMH IPHCTPOSIMH  Ta
KOMIT FOTEpU30BaHUMHU 3aco0aMu OOpoOKHM Ta Bi3yami3amii oTpuMaHHMX pe3ynabTariB. Ilomampmmii aHami3
pe3yIbTaTiB IPOBOAUTECS B pYyIHOMY a00 aBTOMaTHYHOMY pexknMi. OfHaK, OCHOBHIM HEIOIKOM TaKHX CHCTEM €
X BHCOKa BapTICTh Ta HEOOXiTHICTh Y BUCOKOKBAIIi(hiKOBAHOMY OOCITyTOBYIOYOMY TIEPCOHAI, CKIIAHICTD ITyCKY Ta
HaJIaroPKeHHs TAKUX CHCTEM.

Ha croropHimiHiii JeHs MaTepiaibHO-TeXHIUHA 0a3a OLIBIIOCTI HABYAIBHUX 3aKJIA/IiB, OCOOIMBO TEXHIUHUX
creniaJbHOCTeH, CyTTEBO 3acTapiBac. Lle moB’s3aHO sK i3 OypXJIMBUM PO3BUTKOM HayKH 1 TEXHIKH B IIIOMY TaK i 3
c1abKuM JiepkaBHUM (iHaHCYBaHHSAM. TOMy CTOITh akTyajbHE 3aBJIaHHSI OHOBJIEHHS MaTepialbHO-TEXHIYHOT 0a3u
BUIMX HAYaJbHUX 3aKJaJiB Ta PO3POOJIEHHS Cy4YacHUX KOMIIAaKTHHMX, HEJIOPOTMX Ta OaraTodyHKIiOHaIbHUX
CTEHJIiB, III0 CTaHYTh OCHOBOIO JIJIsI MIPOBEJCHHS J1a0OPaTOPHUX POOIT, MPAKTUUHHUX 3aHSATh, HAYKOBO-IOCIITHUX
poOiT i T.iH. 3 iHIIOr0 OOKY 3pOCTAIOTh BUMOTH JI0 €HEPropecypco30epekeHHs, 1[0 BUMAara€e 3HWKCHHS BCTaHOBIIE-
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HOI IOTY>KHOCTI JOCTIKyBaHuX arperaTiB. HoBi cTeHau MaroTh OyTH TOCTaTHHO HAIIHHUMU 1 MICTUTH MiHIMaJIbHY
KiJIbKICTh HEeOe3MeYHUX B eKcIulyaralii mpeaMeTiB (HalpuKiIag peocTaTiB, HABAHTAXKYBAJIBHUX TyMO, BIAKPUTHX
KOHTaKTHHUX
3’etHaHb). OCHOBOIO TaKUX CTEH/IB IIOBUHHI OyTH cy4acHi HU(POBI MPUCTPOT, 1110 BUKOHYIOTH (QyHKLIT perynsropa
Ta KOHTPOJIepa BCIiX CIICKTPUYHKUX BEIUYHH. J{JIs MiBUIICHHS Oe3MeKu pOOOTH i3 TAKUM O0JIaTHAHHIM HEOOXiTHO
3MEHIIYBaTH poOOYy HANpyry J0 MiHIMaJbHO MO>JIMBOI, IO MiABHIIMTH O€3MeKy MiJl 4ac NpOBEAEHHs poOiT 3
TaKUM OOJIaJIHAHHSIM.

MeTa Ta 3aBAaHHS pOOOTH ITOJIATAE B PO3POOII EKCTIEPUMEHTATBHOTO CTEHAY JUTS TOCII [KEHHS TIapaMeTpiB
Ta XapaKTePUCTHK MaJOMOTYXHUX MaIIH TMOCTIHHOTO CTPYMY 3 METOIO OHOBJICHHSI MaTepialbHO-TEXHITHOI 0a3H,
3HIDKEHHST €HEPrOCTIOKUBAHHS, TABUINEHHS HAAiHOCTI Ja00paTopHOTO OONIaJHAHHS, MiJBUIICHHS O€3MeKH IIiJ
gac po6oTtu 3 obnamHaHHsM. OCHOBHHMM 3aBIaHHIM B pOOOTi € po3poOKa MPHHIIMITOBOI €IEKTPUIHOT CXEMHU IS
BUTIPOOYBaHHS MAIIHH IIOCTIHHOTO CTPYMY Ta TIPOTPaMHOTO 3a0e3MeYeHHS U KepyBaHHS Ta 00pOOKH pe3yIbTaTiB
BUTIPOOYBaHb.

Marepian i pe3yJbTaTH A0CTiIKEeHb 3a OCHOBY B pOOOTI B35Ta MAJIONOTY>KHA MaIlIMHA ITOCTII{HOTO CTPyMy
TUII HezanexHoro 30y UKEHHs 3 HACTYITHUMH ITapaMeTpamH (tada. 1.)

Ta6muus 1 HominaneHi napamerpu nocmimpkysanoi MIIC

Ne [Tapametp Bennuuna
1 HowminanbHa poboya Hampyra 110B

2 HowminanpHU# CTpyM sKOpst 235A

3 HowMiHanbHa IOTYKHICTH 240 Bt

4 | HominanbHa mBuikicts odepranus | 3300 06/xB
5 KKJ

6 Tun 30y pKeHHS HEe3aJICKHUIM
7 Omnip 0OMOTKH 30y PKEHHS 980 Om

8 Pexxum pobotn S1

Ha ocHOBiI TpoBeneHOTO JiTepaTypHOrO WOIIYKY Ui PO3POOKH EKCIEePHMMEHTAIBHOTO CTEHAY Ui
JOCTIKEHHSI MaJIOMOTYKHIUX MAIINH HOCTIHOTO CTPyMY 3 €JIeKTPOMAarHiTHUM 30y/DKeHHSM c(HOpMOBAHO P
TIPUHIIUTIOBUX BUMOT

— CyMapHa CIOXKMBaHAa TIOTYXHICTh YCTaHOBKM He Mae mepeBuimyBat 1,0 kBt 3 wMmeroro
eHepropecypcozoepekeHHS;

— HOMiHaJIBHA poOOYa Hapyra He MOBHHHA NepeBumryBaTh 110 B 3 MeToro mifBHIIEHHS OS3MEeKH Iif
yac poOOTH 3 00JaTHAHHSM;

—  TpaJMUiiHI peoCTaTHI CHCTEMHU pETYyJIIOBaHHS CTpyMy Ta Hanpyru 3aminuta IIM, 3 meroro
3a0e3neueHHs] KOMIIAKTHOCTI, ITiIBUIIICHHS HAIIHHOCTI Ta 3MCHIIICHHS CHEPTOBUTPAT;

—  TpaJMUiiiHI BUMIpIOBaJbHI BOJBTMETPH Ta aMIIEPMETPH 3aMiHUTH BIINOBIAHUMH IH(PPOBUMHU
JlaBayaM¥ CTPYMY Ta HaIlpyTH;

— 3a0e3meuynTd CTeH ] NU(POBUM BIMIpPIOBAadYEM IIBHIKOCTI;

— 1 00poOKH pe3ynbTaTiB Ta KepyBaHHS CTECHIOM BUKOPHUCTOBYBATH MIKPOKOHTPOJIEPH 3 IIPOCTOIO
MOJKJIMBICTIO iHTETpaIlil i3 mepcoHaIEHIUM KOMII IOTEPOM.

CreHn 3MOHTOBaHH Ha 0a3i momyisipHOTO MikpokoHTpoiepa Arduino Nano (Atmega328p) (Puc. 1), axuit
TTOBHICTIO BIATIOBiga€ TIOCTaBIICHUM BUMOTaM Ta 3aBIaHHAM i MOXe iX pearnizyBatu. BiH Moke moaBaTH Ha CHIIOBI
xmoui HIIM curnan, mo 1038014Th NaBHo perymosatu MIIC.

GND RXD
Microcontroller RST |TXD

(ATMEGA328P)

Digital Pins

SMD Cystal
(16MHz)

Miri-8 LED{White)

usB
Jack

X LED{Red)
ower|Blue)
Pin13 LED

Analog
i (Yellow)

Reference |

' 11 -~
sy | GND | RESET Button
RST Vin (150gf)

o —
3.3V Qutput -

Analog Input Pins

Pucynox 1- OcHoBa cTeHay — MikpokoHTpoiep Arduino Nano
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Jlaauii MiKpOKOHTpOJIEp Ma€e MOXMJIMBICTH TIEPETBOPIOBATH AHAJOTOBI CHTHAJNM 3 JaBadiB CTPyMy Ta
NOIJIPHUKIB HANPyTH Ha LUQPOBI Ta NlepeaBaTH 11l JaHHI Ha KOMII'I0Tep 3a JOIIOMOTOI0 BipTyabHOTO TEpMiHAIY
yepe3 USB-moprt. 3a momomororo BOYJOBAaHOTO TaliMepy Ta 30BHINIHBOTO (OTOAATYMKY MOXKIMBO peajli3yBaTH
TOYHUI BUMIp 4acTOTH 00EpPTIB MaIlIUH.

Crenn mpezcrasisie co0OK0 IBI €ICKTPUYHI MAIUHH MOCTIHHOTO CTPyMY, IO 3'€THYIOTHCS MiXK COOOIO
MyhTor0. IX 06MOTKH (K0P i 36yIKEeHHS) MOCTiIOBHO 3'€/IHAHI 3 [KEPENOM KUBJICHHS Yepe3 JaTYUKH CTPYMY i
CHJIOBI KJIIOUi, SIKI Y CBOIO 4epry mia'eiHaHi 10 KoHTposiepa. Hapyra mis BumiptoBanus ALl monHwmxyetecs
PE3UCTUBHUM IiNEHAKOM. YacToTa 00epTiB BUMIPIOETHCS (DOTOAATIUKOM.

ITnarpopma Nano, moGynoBana Ha MikpokoHTpoisepi ATmega328 (Arduino Nano 3.0) abo ATmegal68
(Arduino Nano 2.x), Ma€ HeBEJIMKi pO3MipH i MOX€e BHKOPHCTOBYBATHCS B JTa0OpaTOpHUX podoTax. BoHa Mae cxoxy
3 Arduino Duemilanove ¢ yHKITiOHANBHICTB, TPOTE BiIPI3HAETHCS CKIaTaHHIM. BiIMiHHICTD TIONSTaE y BiACYTHOCTI
CHIIOBOTO PO3'€eMy IMOCTIHHOTO cTpyMy i poOoti yepe3 kabems Mini-B USB. OcHoBHi xapakrepuctuku Arduino
Nano, 10 BUKOPUCTaBY€ETHCS B CKIIai pO3pOOJICHOT0 CTEHy HaBeJCHO B Ta0lI. 2.

Tabmuus 2 OcHoBHi xapakTtepuctiku Arduino Nano
MikpoKoHTpOJIEp Atmel ATmegal 68 a6o ATmega328
PoGoya Hampyra (J1oriuHa piBeHb) 5B

BxinHa Hanpyra (pekoMeH10BaHua)

7-12 B

BxinHa Hanpyra (rpaHuy4He)

6-20 B

Hudposi Bxoau / Buxonu

14 (6 3 IKMX MOXYTb BUKOPHCTOBYBATHCS
sik Buxoau [11IM)

AHajorosi BXoau

8

[MocTifiHuii cTpyM 4epe3 BXil / BUXif

40 m

demn mam ATh

16 K6 (ATmegal68) a6o 32 K6
(ATmega328) npu npomy 2 Kb
BUKOPHCTOBYIOTBCS JJIs 3aBaHTaXKyBaya

o3y 1 K6 (ATmegal68) ado 2 Kb (ATmega328)
512 Gaiit (ATmegal68) ado 1 Ko
EEPROM (ATmega328)
TakToBa yacToTa 16 MI'n
Posmipu 1.85cMx 4.2 c™m

Jis BUMIpIOBaHHS TOCTIHHOTO CTpyMy B OOMOTINI SKOps Ta 30yMIKEHHS MOCHIMKYBaHHX MAIIHH
BUKOPUCTOBYETHCS TOCTYIHUH naBad cTpymy tuiry ACS712 (puc. 2).

Pucynox 2— laBau ctpymy ACS712

Hatunk ctpymy ACS712 3acHoBaHW# Ha puUHIAMI, BigkpuToMy B 1879 poui Ensinom Xomom (Edwin Hall).
Mikpocxema ACS712 BummyckaeTbesl B MiHIaTIOpHOMY 8-BHBinHOMY Kopiryci SOIC it mOBepXHEBOTO MOHTAXY.
Bona ckiragaeThes 3 Mpenu3iiHOro JiHIHOTO JaTdrKa X0J1a 3 MAJIOI0 HAPYTOl0 3MIMIEHHS 1 MiTHUM IPOBITHUKOM,
10 TIPOXOIUTH 01N MOBEPXHi dilla i BUKOHYE POJIb CUTHANBHOTO Ui CTpyMy. BOymoBaHuit popMyBad CUTHAITY
(binbTpy€e CTBOPIOBaHE YYTJIMBUM €JIEMEHTOM HANpYTy i MiJICKIIIOE i1 10 PiBHS, KWW MOKe OyTH BU3HA4YCHUIT 3a
npornomororo AT mikpokoHTposIepa.

CuII0BOIO OCHOBOIO CTEH/Y € TPaH3MCTOpPH. BOHM BUKOHYIOTH (DYHKIIIO peryistopa Hampyrd B OOMOTI
AKOpsi Ta 30Y/KCHHsS, BHKOPUCTOBYIOTBHCS JUIs IUIABHOTO IIYCKY BHIIPOOYBajJbHUX JBUTYHIB. B poboTi
BUKOPHCTOBYIOThCs Tpansuctopu tuiry MOSFET IRF250 (200 V 30 A) mist nanmtora oomotku sikopst i MOSFET
IRF840 (500 V 8,8 A) myst nanirora 0OMOTKH 30y KeHHS (pHC. 3).

[Tepeparoto Buxopuctanas MOSFET B sKkocTi JOTIYHHX MEPETBOPIOBAYIB OYECBHIHA, OCKIIHKH BOHH B
CTaTHYHOMY PEXHMI He CHOXKMBAIOTh eHeprii. [lificHo, He 3ae’KHO Bijt JOTIYHOTO CTaHy Ha BUXOI, 3aBXIN OJMH
13 TTOCITITOBHO BKJIIOUEHHX TPAH3UCTOPIB € «BIIKPUTHI», @ IHIINI «3aKPUTHI», TOMY CTPYM 4epe3 HUX He MPOTIKaE.
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[IpoTe mpu mepeMHUKaHHi i3 OJHOTO CTa0IIFHOTO CTaHy B iHIIMI (TIepeXigHMIA IpoIec) 3BUYAfHO CTPYM MPOTIKAE, i
Horo ci1ijJy BpaxoByBaTH (0COOJIMBO IIPH BUCOKMX TAKTOBHMX YaCTOTaX JIOTTYHUX cxeM). Kpim Toro naHi TpaHsucropu
JIOCUTB PO3IMOBCIOKEHI, 1[0 00YMOBIIIOE TX HEBHCOKY BapTiCTh Ta JOCTYITHICTb.

Pucynox 3— N-xanansanit MOSFET IRF250 ta IRF840

i BuUMiproBaHHS IIBUAKOCTI 00€PTaHHS BUKOPHCTOBYETHCS ONTHYHUH U(POBUH maTduK (puc. 4).

Pucynox 4— OnTuyHuit JaBay MBUIKOCTI

OnrtuuHMii 1aBay MBHUIKOCTI sBJIste co00t0 onrTonapy. Onronapa — ONTOENEKTPOHHUH HaIliBIPOBITHUKOBHH
Mpuiaj, sIKUKA CKIIaa€ThCs 3 BUIIPOMIHIOBAYA Ta MpUiMadya BUIIPOMIHIOBAHHS, MK SIKUMH € ONTHYHUI 3B'S30K 1
3a0e3neueHa eneKkTpuyHa i3omsuis. s poOoTH Takoro JaBada HEO0OXiHO PO3MICTUTH Ha Bajly JABUTYHA AUCK abo
LIMaTOK TBEPAOTO BUPOOY (KapTOHY, IUIACTUKY, TEKCTOJITY, akpwiy i T.iH.). OnrompuiiMad paxye KUIBKICTb
IMITYJIBCIB 32 OAMHHMINIO Yacy 1 3a JOMOMOTOI0 MPOTPaMHOTO 3a0e3NeYeHHS B MIKPOKOHTPOJIEPi BH3HAYAETHCS
IMBUIKICTH 00epTaHHsA. J/[aBad € TpbOX MPOBITHUM — IO JBOM IPOBITHUKAM TIOJMAETHCS KUBIeHHS "+" Ta "—", 10O
TPETHOMY MPOBITHUKY MPOXOIUTH CUTHAM BiJl ONTHYHOTO MpHUiiMada, "—" B TaHill cXeMi € CIiTLHUM.

[TpyHIMIIOBA eNeKTPUYHA CXeMa PO3POOICHOT0 eKCIIEPUMEHTAIBHOTO CTEHy HaBeJeHO Ha PHC. 5.

Crabunizatop Hanpyrn PEIACTHEHNR NO0I NEHAK HANDY T MikpoxoHTponnep
+110v

- Taxomerp

Pucynox 5— IIpuHnunoBa cxema po3po0iIeHOro CTeHIy
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ATapaTHa 4acTHHA PO3POOJICHOI0 eKCIIEPUMEHTAILHOIO CTEHIY CKJIAJA€ThCs 3 HACTYIHHUX NPUHIMIIOBUX
YaCTHH Ta KOMIIOHEHTIB:

—  Jokepeno xuieHHs 110B, mo HagxoauTh 3 1a00paTOpPHOTO OJIOKY )KHUBJIEHHS HA KIIEMH KEPIBHOTO
MO/IYJIIO;

—  xonekropui MIIC 3 H3;

—  MOJIyJb KEepyBaHHS;

—  MIKpOKOHTpoJiep «Arduino nano» 3 MikpocXeMoIo0 3B'I3Ky 3 KOMII IOTEPOM;

—  Omox xuBaeHHs 128 300 MA;

—  TPOBIJHHUKHU Ta KJIEMHHKH;

— crabimizarop Hanpyru Ha 5 B 3 KoHIeHCaTOpaMu;

—  PEe3UCTHBHHHU NMOJIIBHUK HANPYTH I BUMIPIOBAHHS;

—  JIBa CHJIOBHX IOJBOBUX TpaH3uctopu 500 B 8,8A;

—  7Ba CWJIOBHX NMonboBUX TpaH3uctopu 200 B 30A;

—  aJIOMiHIEBHH pajiaTop 3 130JIIOI0YMMH NPOKJIAaJKaMH Ta TI'BHHTAMH, Ha SIKOMY 3aKpillieHi
TPaH3UCTOPH, BEHTHILSITOP JUIS OXOJIOJDKEHHS CHIIOBUX KIIIOYIB;

—  MIATATYI0YI Ta 00MEXYI0Yl pe3UCTOPH JUI TPAH3UCTOPIB;

—  JIaTYMKHU CTPYMY Ha edekTi XoIa, 1110 NPONOPLiHHO EPETBOPIOIOTH CTPYM Y HAIPYTY, L0 J03BOJISIE
BuMipsTH 11 BOynoBaauM ALIIT MikpokoHTpoIepa;

— RC oimetp HmKHIX uacToT. HeoOXimHWi, OCKIIPKM CHTHaXH 3 JaTIHKIB CTPyMy HE €
HEeIIepepBHUMH, Yepe3 Te IO CIIOBI KITI0Ui IePEeMHUKAIOThCS 3 9acToToro 490 I'm;

—  ONTHYHMHU JATYMK Ha OCHOBI ONTOIApH, IO Pearye Ha IEPEeIIKoAay, IO 3aX0AUTh y HOro IIUINHY.
Jl03BOJIsI€ 32 TOTIOMOT010 BOYZOBAHOTO Y MIKPOKOHTpPOJIEp TaiiMepa BUMIpPIOBAaTH YaCTOTY 00€pTiB.

3arabHui BUTIIA/L 3MOHTOBAHOTO €KCIIEPUMEHTANILHOTO CTEHJTY IIOKA3aHO Ha pHC. 6.

i —..,“ .

-

- .
- o :{‘vﬂ‘a-.t; *Ssscnsssnns!

Pucynok 6— 3araqibHuil BUTJISA] €KCIEPUMEHTAIbHOIO CTEHAY

Ha pwuc. 6. mokazano: 1, 2 — gocmimkysani MIIC i3 He3ane:XHIM 30yIDKEHHIM, STKi BMUKAIOThCS 3YCTPIYHO B
PEXUMi IBUTYHA Ta Y3TOJPKEHO B peXKUMI poOOTH reHepaTopa. B npoMy pexxnmi Ha 0OMOTKY SKOPsI MiAKITIOYAETHCS
peoctat ctpymoMm 3 A, 50 Om; 3 — anapatHa 4acTHHa, siKa cyMiliae B co0i MIKpPOKOHTpPOJIEp, CHIIOBI KJTOUi, laBayi
CTpyMYy, HAMIPYTH 1 T.1H.; 4 — MaHeJb KUBJICHHS nocTiiiHuM ctpymMoM 110 B ta mxepeno 220 B st 6710ka )KUBJICHHS;
S — BXIiJIHI TepMiHaJIN KHUBJICHHS CTEHJIOM; 6 — ONTUYHUII JaBay IBUIKOCTI; 7 — )KUBJIEHHS MIKDOKOHTpOJIEpa Bill
ABTOHOMHOTO JKEpeJa;

Jlo nporpaMHoro 3a0e3nedeHHs NOCTaBIeHI HACTYIIHI BUMOTH:KepyBaHHs Mocderamu 3a  I0IOMOTr0O0
IIM; 3unTyBaHHS MOKa3HHUKIB NaTYMKIB, IIEPEPaXyHOK 3HAUEHb; 3UMTYBAHHS YaCTOTH OOEPTIB 3a IOMOMOIOO
TiepepuBaHb; KOMYHIKalis 3 KOMII'IOTEPOM, OTPUMAaHHs KOMaH/, BUBiJl Ha €KpaH IT0Ka3aHb, BUKOHAHHS ITOJaHUX
Bumie 3amad omHodacHO (Real-time). Bei Bumorm Oynm BUKOHaHI 3a paxyHOK poO3pOOJCHOI MEPCOHATIBHO Ta
peaii3oBaHol B MIKpPOKOHTPOJIEP] aBTOPCHKOI IPOTpaMH.

Po3pobiiennii excriepuMeHTaIbHAN CTEH/T 3[1aTe€H peai3oByBaTH HACTYIHMH (YHKIIOHAT 3a JIOTIOMOTOIO
BipTyanbHOro mopTy Ta mporpamu Arduino ide (puc. 7): miIKIIOYaTHCS 10 KOMII'IOTE€pa, BUBOJWTH JaHHI Ha
MOHITOp, CIpUIIMaTH KOMaHIH; oJHOYacHO KepyBatu qsoMa MIIC 3 Hampyroro xwuBieHHas 10 190B, ctpymom sikopst
1o SA, ctpymom 30ymkeHHs 10 2A 3a gonomororo LIIIM; maBHo perymroBatu [1IIM 3 MeToro 3ano0iraHnHs BUXOLY
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3 JIay; BUMIPIOBATH CepeAHiil CTpyM, MPOTIKAIOYMil yepe3 0OMOTKH 3 TOUHIcTIO 10 0.1A; BUMIpIOBaTH 4acTOTY
00epTiB 3 TOYHICTIO 10 £5 00/XB; BUMipIOBaTH BXiHY Harpyry 1o 190B; po3paxoByBaTu 1ojjany CepeHIo Halpyry
3a naHuMH 3anoBHeHHs [11IM Ta BUMipsiHOT BXiZIHOT HAIIpYT'y; [TOKAa3yBaTH 4ac y CEKYH/1aX, 3 MOMEHTY MiAKIII0YeHHS
JI0 KOMII'I0Tepa 3 TOYHICTIO 10 Y2 CEKYHIIH.

Pucynox 7— MoHiTOp MOCIiJOBHOTO MOPTY U1l OOPOOKH Ta OTpUMAaHHS pe3yNbTaTiB

JlaHi mOMINAIOThCSA HAa CTOBITYMKH: 9ac Y CEKyHAAX 3 MOMEHTY 3aITyCKy, 3 TOYHICTIO JI0 2 CeKyHNH; 2 — CTaH
My MOC®ETiB, ne 0 — noBHICTIO 3akpuTHii, 255 — moBHicTiO Biakputwit. MOC®OET 1-4; 3 — moka3HUKH
JATYUKiB CTpyMy. JlaTauku cTpyMy MaroTh TOUHiCTh 01m3bK0 0.1 A; 4 — Ui, —Hanpyra Ha BXO/Ii.

Ha puc. 8, mis npukinany, mokasano po3paxoBany xapaktepuctuky n=f(P2) mist mocmimkysanoi MIIC.

=
1,00
0,90
0,80
0,70
0,60
0,50
0,40
0,30
0,20
0,10 P,, Bt
0,00
0,00 50,00 100,00 150,00 200,00

Pucynox 8— Poboda xapaxrepuctika nociimkysanoi MIIC

BucnoBkn B po6oTi po3po0neHO eKCriepuMEHTAIbHUI CTEH]T JUIsl JOCIIKEHHS. MaJOIOTY)KHUX MallliH
MOCTIHHOTO CTPyMy. BUKOPHCTOBYIOYM MIKPOKOHTPOJEPHY TEXHIKY, CydacHi CHJIOBI KIIIOYi Ta BUMIpIOBaJbHI
JlaBadvi, peaji30BaHO aBTOPChKE MpOrpaMHE 3a0e3MedeHHs Al KepyBaHHS JOCIIUKYBaHUMH €JICKTPUYHUMH
MalIHaMH Ta JUIs peajizanii Oyb-skoi nporpamu BUIIpoOyBaHb. PO3po0IeHi CTEH T MOKINBO BUKOPUCTOBYBATH
SK B HABYaJLHOMY IPOLECi JUIA CTY/ACHTIB HAllpSIMKYy €HEpPreTHKa, TaK 1 JUIs AOCIIIHULIBKUX IfiJield. 3a paXyHOK
BUKOPUCTAHHS CyJaCHUX KOMIIOHEHTIB BJIAJIOCS CYTTEBO 3HU3UTH Ta0apUTHI pO3MIpH CTEHAY Ta MiABUIIUTH HOTO
€HeproeeKTHBHICTh. 3a JOIOMOTOI0 PO3pOOIEHOTO CTEHIy YCIImHO mpoBeneHo BuipobyBanas MIIC Ta
OTPHMAHO BiNOBIIHI XapaKTEePUCTHKH.
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DEVELOPMENT OF AN DEVICE FOR SMALL POWER DIRECT
CURRENT MOTORS TESTING WITH ELECTROMAGNETIC
EXCITATION

In this paper are presenting the results of practical development, dedicated to the development of an
experimental device for the studying of the parameters and characteristics of low-power direct current motors.
According to the results, a principal scheme for the testing of these machines based on the microcontroller was
developed. Traditional methods for current and voltage measuring, rotation speed have been replaced by modern
high-sensitivity sensors. Storing of testing parameters and characteristic’s and its further post processing is
performed on a semi-automatic mode with the help of personal computer. Also, software has been developed to
implement the required test program: no load mode, short circuit mode, etc. This device can provide us to do
different types of direct current motor mods: we can test it as motor mode as generator mode. It significantly
increases its universality at small overall dimensions. The hardware of the experimental device is mobile, that is,
with the help of one it is possible to provide testing of different motors which are situated in different places. As
direct current regulators are use PWM which reduce the overall dimensions and increased the reliability of the
experimental device due to the rejection of massive rheostats. With the help of its device are investigated some
practical characteristics of small power direct current motor. These results are compare with theoretical results.

Key words: experimental stand, DC machine, parameters and characteristics, electromagnetic excitation.
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NIJIBUIIEHHS HAJIIMHOCTI POBOTH KOTJIA HIJIIXOM
PO3ITOAIVIEHHA TEIIJIOBOI'O HABAHTAKEHHS 110 BUCOTI
TOIIKHN

B crati po3risiHyTO OJMH 3 METOIB 3MEHIIEHHS aBapiii ekpaHHUX TpyO KoTenpbHUX arperatiB. CriociO
MOJISITa€ B PIBHOMIPHOMY DPO3MOJUIEHH]I TEIUIOBOTO HAaBAaHTAKEHHS B 30HI aKTWBHOTO TOPIHHS, IUIAXOM 3aMiHU
MaNBHUKIB 3 1-2 SpyCHMM poO3TamryBaHHSAM Ha 2-4 sSpycHE 31 3MEHIICHHSIM OJWHWYHOI MOTYXKHOCTI MalbHUKA.
JociipKeHHsT BUKOHaHI pO3paxyHKOBUM LIIIXOM, 3 IO30HHUM PO3paxyHKOM KoTia. [IpencraBieHa MateMaTniHa
PpO3paxyHKOBa MOJieJIb Ta rpadidHe po3OUTTS TONKU KOTJIa Ha 30HH TOPIHHS.

PesynpraTi mOCTIJDKEHHS TOKa3aJd IO 3POCTaHHS KINBKOCTI MAaJbHHUKIB Ta 3MEHIICHHS OJUHUYHOI
HOTY)KHOCTI OCTaHHIX, NMPU3BOAUTH JO OIIBII PIBHOMIPHOTO TEIUIOCHPUIHATTS IO BUCOTI E€KpaHHUX TPYO,
3MEHIIYETHCS MKOBE MaKCUMalbHe TeryioBe HaBaHTaxeHHs 3 100 % 1o 86,5% (590 kB1/M2 no 510 kBt/M2). Ilpu
30UIBIIEHH] KUIBKOCTI MaJbHUKIB 3pOCTAE TEIUIOBE HABAaHTA)XEHHSI B HIDKHIN 4aCTHHI aKTMBHOI 30HHM TOPIHHS, 110
OPU3BOAMUTEL IO OULTBII IHTCHCHBHOTO KHITIHHS, SIK HACIHIJOK 3POCTaHHS IIBHIKOCTI MAapO-piMUHHOI CyMmimi B
eKpaHHUX TPyOax Ta BiAMOBIIHO 301TBIIYETHCS OXOJIOKECHHS BUITAPHUX TPYO B 001aCTAX HAUOIIBIIOTO TETIOBOTO
HaBaHTaXeHHs. Temmeparypa MeTaly €KpaHHMX TpyO B 30HaX MaKCHMaJbHOI'O TEIUIOBOTO HaBaHTa)KCHHS
sHmKyeThesa Ha 20-30 °C, mo npu TpuBanoMy TepMiHy €KCIUTyaTallii IPH3BOIUTE 0 3MEHIICHHS TEMIIEPATYPHOTO
CTapiHHS, a BIAMOBIIHO MOJOBKEHHS MIKPEMOHTHOTO TEPMiHY €KCILTyaTalii KoTia.

HemomikoM Takoro MeTomy € YCKIQAHEHHS Ta 3AOPOKYCHHS BHTOTOBIICHHS EKpaHHHX TpyO, 30iMbIIeHHS
TiIPaBIIYHOTO OTOPY MiTHOMHHUX TPYO 3a PaxyHOK 301NBIICHHS KiTbKOCTI BUTHHIB TPYO, YCKIAHAETHCS CHCTEMA
MO/l IMajyBa Ta MoBiTps. Pe3ynbraTu po3paxyHKiB MpHBeAEH] B TpadivHOMY BHUIIISL, SIK 3aJI€KHOCTI TUTOMOTO
TEIJIOBOTO HAaBaHTa)KEHHS, TEMIIEPATypH 30BHIIIHBOI CTIHKH TPYOH, JOIMYCTUMOI'O TEIUIOBOTO HANpy)KEHHS, IO
BUCOTI TPYOH NP OJIHO-, ABO- Ta YOTHPHOX SPYCHOMY PO3TaIlyBaHHI IaJbHUKIB B 30HI aKTHBHOTO TOPIiHHSI.

Kniwouoei cnoea: TeruOCIpUHHATTS, 30HAa aKTHBHOTO TOPIHHS, IO30HHMH pPO3PaxyHOK, €KpaHHI TpyoOw,
TeMIlepaTypa CTIHKH, TEPMiH eKCIUTyaTalii.

Beryn

OpHa 3 mpuYMH aBapii KOTEIBHNX YCTAHOBOK € PYIHAISI eKpaHHUX TPYO, 110 1OB’s3aHa 3 TEMIEPaTypHUM
CTapiHHSAM Ta IeperpiBy MeTany ekpaHHuX TpyO. JlokampHa TemmepaTypa eKpaHHHMX TpyO 3aleXuTh BiX
TiIpaBIiYHOTO PEXUMY Ta TEIJIOBOrO HABAHTAXKEHHS Ha €KpaHi TpyOM Ta 1 TreOMEeTpHYHOTO PO3TallyBaHHS.
HepiBHOMIpHICTh TEIJIOBUX HAaBaHTaXXEHb TOIKOBHX IOBEPXOHb MOJXKE MPUBECTH O MOPYLICHHS LUPKYJISLIT i
MOB'SI3aHUM 3 HUM TieperopaHusm tpyo. [1,2,3]

Tonka € OAHOKW 3 HaWBAXUIMBIIIMX CKIAJOBUX KOTJIA, BiJ SKOI 3HAYHOIO MIpOI0 3aJIe)KUTh HOTO
€KOHOMIYHICTh 1 HalilHicTh ekciuryarauii. OfHAK CTal[iOHAPHI CUCTEMH KOHTPOJIIO TEMIIEPAaTYPHOTO DPEXHUMY
eKpaHHUX TPYO B JaHMH yac HE 3HAXOJATh IIUPOKOTO 3aCTOCYBAaHHS 4Yepe3 HU3bKY HaJiMHICTh pOOOTH AAaTYMKIB
KOHTPOJTIO 1 TPYIOMICTKOCTI iX 3aMiHU. | TUBKY Ha AESKHUX CTAHIISIX MPOWIUIA BUIPOOYBAaHHS CHCTEMH TEXHIUHOT
JIarHOCTUKH €KpaHHUX IIOBEPXOHB HarpiBy. [1,3,4]

B excrnepuMmeHTanbHMX poOOTax MO OIUHII TEIJIOBOTO CTaHy TOIIKM ITPOBOAATHCS BUMIPIOBAHHS
MIPOMEHHUCTHX JIOKAJIBHUX TEIUIOBHX IIOTOKIB, TeMmmeparyp ¢akena Ta Temneparyp ekpaHiB[4]. Ilpu mpomy
3aCTOCOBYIOTHCS Pi3HI METOIU BIUMIpIOBaHb [4,5].

AHagni3 jgirepatypun

Ha croromninmHii neHs, A TeHepallii mapi, BHKOPUCTOBYETHCS Ay)KE BEIHKA KUIBKICTh TAPOBHUX KOTIIB.
OpHaK KOMITIOHOBKA TOTIKOBHX KaMep NMPOMHCIIOBHX Ta €HEPreTHYHUX KOTIIB B Mexkax 25-220 1/rox B 6iIpmIOCTi
omnakosa [1,3].

Tomnkogi kamepu 1 Ta N mogiOHUX KOMIIOHOBOK KOTJIiB MPOYKTUBHICTIO 25-75 T/TO1 MalOTh OJTHOSIPYCHE
pO3TallyBaHHs MAIBHHUKIB MPH CHATOBAHHI TBEPAOTO TajHuBa Ta ABOSPYCHE NMPH BHKOPUCTAHHI ra3oMa3yTHOTO
nanuBa. [Ipu 3pocranHi naponpoxyktuBHOCTI KOT/iB (110-220 1/rox) MaJbHUKK B TONKOBiI KamMepi pO3TalIOBYIOTh
B /IBa SIPYCH Ha TBEPAOMY IaJIMBI, 110 MTOB’S3aHO 3 0OMEKEHOI0 OJMHUYHOIO MOTY>KHICTIO MAIbHUKIB.

OcHOBHa TpUYMHA aBapiii €KpaHHUX TPyO KOTENBHHX arperariB € JIOKaJbHHUH IIEeperpiB B 30HaX

MAaKCHMAJILHOI'O TEIIOBOTO HABAHTAKEHHS Ta B 30HAX 31 3MIHOIO FCOMCTpiIO TOIKOBHUX KaMEp [6]
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ExcriepuMeHTaNbHE BUMIPIOBaHHS € KOIUTOBHHM, Ta MOTPEOYIOTh 3YNMHKM KOTJIA, TOMY 4YacTo
3actocoBytoTh CFD MeToan MoientoBaHHS TEIIOBHX IPOLIECIB B TOMII KOTJIA Ta TEMIIEpaTypH eKpaHHUX TpyO [7].

OpuH 3 BapiaHTIB 3MHW)KEHHS JIOKAJIbHUX TEIJIOBUX HaBAaHTA)KEHb € 3MEHIICHHS OJIMHUYHOI MOTYXXHOCTI
31 30UIBIIEHHS] KUIBKOCTI MaJbHUKOBUX INPHUCTPOIB Ta PIBHOMIpPHE PO3IMOJUICHHS TEIIOBOTO HAaBaHTaXXEHHS IO
BCHOMY TOIIKOBOMY 00’ €MYy.

st aHanmizy TeMnepaTrypHOTro pexuMy eKpaHHUX TPYO BHKOHYETHCS TEIUIOTiIPaBIIYHUN PO3paxyHOK
korna [2,8,9]. Ileit po3paxyHOK BH3HAya€ NHUTOME TEIUIOBE HABAHTAXKECHHS EKpPaHHMX TpyO Ta HaaidHOCTI
LUPKYJLALIT B eKpaHaX 3 HallMEHIINM TEIUIOCTIPUIHATTAM. B TOif ske yac IBUIKICTE TApOBOASHOL CyMillli, 3aJIe)KUTh
BiJl MapOBMICTY B TaHOMY Iiepepi3i TpyOwH, a BiAMOBIAHO i TeMIIepaTypa eKpaHHOI TPyOH.

Onuc Ta BUpilIeHHA MPodieMu

B maniit po6oTi mpeAcTaBieHO aHANI3 TEIUIOCTIPHWHATTS MO BHCOTI €KpaHHUX TPYO MPH MO30HHOMY
TEIUIOBOMY PO3paxyHKy [9], mpu po3ranryBaHHi AILHUKIB B OJWH-, IBa- Ta YOTHPH SPYCH.

st mo6yI0BH MaTeMaTHYHOI MOJETI TEIJIOBOTO HaBAaHTAXKEHHS Ta TEMIICPATypPHOTO PEXKUMY CKPaHHHX
TpyO OyJIM BUKOPHCTAaHI 3aJIe>KHOCTI [9]:

- TemmepaTypa npoIyKTiB 3rOpaHHs Ha BUXO/I i3 30HM MAaKCUMaJIbHOTO TEIJIOBOTO HABAHTAKECHHS:

100
7Qﬁpﬂ3ow +Qnoe _Q
9// — IOO_Q4 ‘ _GO 30Hu( max) (l//F) OC

max /! sonuyy I/
Ve B Ve,
max
(D
- Cepenne TeIIOBe HABaHTAXXEHHA paliallifHUX TIOBEPXOHb B 30HI MaKCHMaJbHOTO TEIIOBOTO

HaBaHTa>XCHHA:
11 \4 4
max __ [(gmax ) "9 ]
Gy =00, 5 V., kBm | m*
2)
- Temmneparypa 3ropsiHHS Ha BI/IXOZ[i i3 HACTYITHHX 30H:
/\4 /1 /
'9// ﬁcch +_‘9/ [ + ('9_// 4] O-Oasanu (9 ) [(V/ _!// )Ep + F;Inl/lep)] ’()
V // l9/ 2B;mmVC//
)

- CepenHe TerioBe HABAaHTAKEHH paialliifHUX MOBEPXOHb B HACTYITHHUX 30HAX:
I9/ 4 _ 19// 4
G ( ) ]1//cp,1<Bfn/ﬂ42
2 )

- TemmepaTypa 30BHIIIHBOI CTIHKH €KPaHHUX TPYO:

¢, =t, + At + ,B,qumax(é“"” R —+ ! ).0 C
A 1+ o, 5)

Ha npuknani xormoarperaty E-58-18-280 Oymo 3ampormoHOBaHO 3aMiHHTH CTaHAAPTHI MaJBHUKH, IO
pO3TAIlloBaHi B J[Ba SAPYCH JJIs Ta30Ma3yTHOTO TajiuBa ab0 B OAMH SIPYC Ui TBEPIOTO, HA MPHUCTPOi MEHIIOT
MOTYXHOCTI ajie 31 30UIBIICHHSM iX KUIBKOCTI Ta pO3TalllyBaTH II0 KyTaX TONKU B YOTHPH SIpycH. Take pilleHHs
JIO3BOJISIE PO3TATHYTH 30HY aKTHBHOTO TOPIHHS IO BHCOTI TOIKH, IO B CBOIO Yepry MpHU3BeAe A0 PiBHOMIPHOTO
PO3MOIIICHHS TEIUIOBOI'0 HABAHTAXXCHHS HA €KPaHHI TPyOU MO BHCOTI TOIIKH, 30KpeMa B 30HI aKTHBHOTO TOPIHHS.
Ha pucysky 1 mpezcraBieHO po30UTTS TONKHM HA 30HH TOPiHHS. PO3MOMALN TONKY HA YOTHPHU 30HU TOPIHHS Ta 30HY
AKTUBHOTO TOPiHHS BUKOHAHO T10 PEKOMEHIAIIAM JIiTepaTypH [9].

[Tpu Oynb-sKiii KOMIOHOBIII MATEHUKOBHUX TPUCTPOIB BOHH PO3TAMIOBYIOTHCS B 30HI aKTHBHOT'O TOPIHHS
(3ona AT). [lpu omHOsSPyCHOMY pO3TallyBaHHI MaJbHUKIB 30HAa aKTHMBHOTO TOPIHHA Ma€ BUCOTY 3.2M IS
BH3HAYCHOTO KOTJIa (PUCYHOK 1), IpH IBOSIpYCHOMY PO3TalllyBaHHI 30Ha aKTUBHOTO TOPIHHS Mae BUCOTY 3,66M, a
pu 9oTHpHUApycHOMY 4,4M., 0 0OYMOBJICHO MIKITaTbHUKOBUMH BificTaHAMH Ha prucyHKy 2 300paskeHO muTOMe
TEIUIOBE HABAHTA)XEHHS MPH OJHO-, IBO- Ta YOTHPHAPYCHOMY PO3TAaIllyBaHHI MaJbHHUKIB. 3 TpadiKy TEIUIOBOTO
HaBaHTAXCHHS €KPaHHUX TPYOHM TONKOBOI KaMepH (PHUCYHOK 2) BHIHO, IO 3MEHIICHHS OJAWHUYHOI MOTY)KHOCTI
MANBHUKIB Ta 301IBIICHHSIM 1X KITBKOCTI (IPYCIB) MPU3BOAUTH JI0 3MECHIICHHS MUTOMOTO TEIUIOBOIO HABAHTAKCHHS.
Tax 1Ipu OJHOAPYCHOMY PO3TAIlyBaHHI MaKCHMalbHe MHUTOME TEILIOBE HaBaHTaxKeHH: ckianac 590 xkBr/m2, mpu
nBosipycHoMy 560 kBT/M2, Ta ipn gotupusapycaomy 510kB1/M2. 3aBasku 301TbIICHHS KiTbKOCTI PSAiB MaIbHAKIB
HIDKHIN SIpYC MaJbHUKIB PO3TAIIOBYETHCS HIDKYE, IO MPU3BOJAUTD 10 30UIbIICHHS TEIIOBOIO HABAaHTAXKCHHS Ha
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HIOKHIX BIIMITKaX TOMKW. BigmoBimHO 30UIBINEHHS KUTBKOCTI TAJNbHUAKIB TMPU3BOJUTH 1O 3MCHIICHHS
HEpIBHOMIPHOCTI TEIUIOCHIPUIHSATTS BUIIAPHUX TPYO.

H m

b 3oHo & 3oHO 4 3oHo

9,100

3 30HD 1 3oHD ERELTT
7530
7330

2 3okn 2 30HD 2 3o
5660 b—4+———— — — — - — - — — — — - —
5550 — =

4400 __-___‘I_JDE___-___-__EDLI]___-__ 1 aowo

60 F—f——————— - —
00 [

Jovo AT 3oun AT Jonn Al

OdnospucHe [ObospycHe HomupuspucHe

o.ooc

poamowy barHs poamowybonus posmowy boxHz

Pucynox 1 — Po30HTTS TONIKY Ha 30HH TOPIHHS

Tak npum 3acTOCyBaHHI YOTHPHSPYCHOTO PO3TAllyBaHHS NaJbHUKIB TEIUIOCIIPUUHATTS 30HH aKTHBHOTO
TOPIiHHS Ta TEpUIOi 30HM 3MIHIOETBCS B Mexax 35% B NMOPIBHAHHI 3 IHIIMMH KOMIIOHOBKaMH HaJbHUKOBHX
npuctpoiB. Tak TeroBe HaBaHTaXXEHHS HIKHBOT TUITHKM 30HM aKTUBHOT'O TOpPiHHS 3poctae Ha 35%. 3HUKAIOTh
SIBHO BHJIJICHHI 30HH MaKCHMAJIbHOTO TEIUIOBOTO HABAaHTAXKEHHS, SIKi B ME)ax 30H aKTUBHOT'O TOPIHHS Ta 30HH 1
MaroTh BigxwieHHs Oinbml HiXK Ha 100% (i1 0qHO- Ta MBOSIPYCHOTO po3TamryBaHHs). [lopiBHIOIOYM OJHO- Ta
IBOSIPYCHE pO3TAITyBaHHS MANBHUKIB (PUCYHOK 2) MO>KHA 3pOOWTH BHCHOBKH, IO TPH 30UTBIICHHI KiTBKOCTI
MaJEHUKIB 30HA MAKCUMAJIFHOTO TEIUIOBOT'O HABAaHTAKEHHS 301IIBIIYETHCS 110 BUCOTI ITPH 3MEHIIIEHHI a0COIIOTHOTO
3HAa4YeHHS. 3HAYCHHS Ta XapakTep PO3IOALUTY TeIIOBOTO HANPYKEHHs, III0 OTPUMAaHHI B pe3yJIbTaTi pO3paxyHKY Ta
MPE/ICTaBICHO HAa PUCYHKY 2 JUI1 OHO Ta ABOSIPYCHOTO PO3TAaIllyBaHHS MAlbHUKIB CHIBIAJa€E 3 pe3ysibTaTaMU
excrepuMeHTanbHuX pooit [4] Ta CDF moxenroBanus [7].
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Pucynok 2 — [Ilutome TeIioBe HABAaHTAKEHHS MPHU OJHO-, JIBO- Ta YOTUPUSAPYCHOMY PO3TaIlyBaHHI
MAJIbHUKIB
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Ha pucynky 3 moka3aHO 3MiHY 30BHIIIHBOI TEMIIEpaTypH CTIHKH €KpaHHHX TpyO. 3 3acTOCYBaHHSIM
KIJIbKasspyCHOT'O pO3TallyBaHHS NaJbHUKIB OUIbII PIBHOMIPHO PO3HOAIISAETHCS TEIUIOBE HAaBAHTAXKEHHS €KPaHUX
TpyO, a BiJNOBIZIHO BUPIBHIOETHCS 30BHILIHS TeMIepaTypa CTiHKH €KpaHUX TpyO IO BHUCOTI B 30HI aKTHBHOTO
ropinHs. 3riHO PUCYHKY 3 MakCHMalbHa JIOKaJlbHa TeMIeparypa CTiHKH TpyOu 3HmKyerbest 3 422 C mpu
onHosipycHOMY posramryBatnHi 710 407 Cta 367 C npu ABOSIpYCHOMY Ta YOTUPHUSIPYCHOMY PO3TalllyBaHHI NaJbHUKIB

BiAIIOBIIHO.
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PucyHoxk 3 — 3miHa 30BHIIIHBOI TEMIIEPATYPH CTIHKM €KPaHHHUX TPYO

TepMmiH ekciutyarauii MeTary eKpaHHHX TPyO HaIpsMy 3aJIeKUTh BiJl MAKCUMAaJIbHOI TEMIEpaTypH
CTIHKM B 30HaX HaWOLIBLIOTO TEIUIOBOTO HABaHTaKEHHS BIPOJOBXK TpHBajol ekcruryatauii. Ha pucynky 4
300pa)KeHO JIOMYCTUME TEIUIOBE HAIPYKEHHs MO BUCOTI TOIKM KOTJIA B 3aJIEXKHOCTI BiJ] PSTHOCTI pO3TaIlyBaHHS
nanbHuKiB. Lled rpadik oOepHEHO MPONMOPLIHHUIA TeMrepaTypi CTIHKM MeTally Ta IO0Ka3ye 30HM HaiOUIbIINX
Bpa3nmBoOCTel TpyO. 3TigqHO PUCYHKY 4 MOXKYTh OyTH BH3HAUEHHI 30HH KOHTPOIIIO TEMIIEPaTyp CTIHKH MeTay Ta

TCIIJIOBOI'O HaBaHTaXCHHAA.
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Pucynox 4 —I'padik 3MiHM HOMIHAJIBHOTO JOMYCTUMOrO HanpyxkeHHs Ctaini 20K B 3aJI€KHOCTI BiJl TeMIIepaTypu
0 BHCOTI TOTIKH
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3 pucyHKY 4 BUIHO, IO 31 30UTBIIEHHSIM SPYCHOCTI MAJILHUKIB 301BITYETHCS TOITYCTUME HAINIPYKEHHS, a
BIZIMOBITHO IOJIOBXKYETHCSI TEPMIH eKCIulyaTtamii ekpaHHUX TpyO komia. OcoOnnMBO 1€ BUPaKEHO IpU
YOTHPHUSPYCHOMY pO3TalllyBaHHI NanbHUKIB. OCKUIBKM pyHHalis eKkpaHHOI TpyOM BinOyBaeThCsi HE MO BCiH
JIOBXKHHI, a JIOKJIBHO B 30HaX MEperpiBy.

B Tabmuui 1 HaBe#neHO MakCHUMalbHE TEMJIOBE HABAHTAKEHHS, MaKcUMallbHa TEMIIepaTypa CTiHKH
eKpaHHOI TpyOM 0e3 ypaxyBaHHS TeMIepaTypHOI pO3BIpKM Ta JIONMYCTHME Halpy>KeHHS MeTaily, 110 BiANOBiJae
JaHHMM TeMIIepaTypaM IIpu TepMiHi excruryaTauii 10° Ta 3x10° rogun [10]. 3rigso manoi Tabnuii MoKHa 3pOOUTH
BHCHOBOK, 1110 IIPH PO3MOALJICHHI TEMJIOBOr0 HABAHTAKEHHSI, & BIAMOBITHO MOHW)KEHHS TEMIIEPATYPU 3MEHIIYETHCS
BIUIMB TEMIIEPATEPHOTO CTapiHHS Ha MeTaj TpyO, a BiAMOBIAHO 301IBITYETHCS HAMAIHHICTh KOTEIFHOTO arperary.

Tabmuns 1 — MakcumanbHe TEIIOBE HABAHTAXCHHS, MaKCHMallbHa TEMIIEpPAaTypa Ta AOIyCTUME HAIpyXEHHs 0e3
ypaxyBaHHS TeMIEpaTypHOI PO3BIPKH

ITo3Hauenns OnHosipycHE JBosipycHe YotupuspycHe
(max, kB1/M? 590 560 510
tmax, °C 422 407 367
6, Mna (mp# Texen=10° 78 87 96
roaun’

o, Mrma (mpu 55 63 96
Texen=3%10° rogun’

BucHoBknu
3 aHaJi3y NPOBEIECHUX PO3PAXYHKIB MOXHA 3pOOUTH HACTYIHI BUCHOBKH:

1. 3pocTaHHs KUIBKOCTI MAJBHUKIB 31 3MCHIICHHAM OJMHUYHOI IMOTYXXHOCTI MPHU3BOJWUTH 10 OUIBII
PIBHOMIPHOTO TEMJIOCIIPUUHSTTS 110 BUCOTI Ha €KpaHHI TPyOH.

2. Tlpwm 30impIICHH] KiTBKOCTI MAIBHUKIB 301TBIIYETHCS CEPEHE TEIUIOBE HABAHTA)KCHHS 30HW aKTUBHOTO
TOPIHHA IO TPU3BOAUTH IO 30UIBIICHHS MAPOBMICTY B HIDKHIM YacTWHI 30HW aKTHUBHOTO TOPIiHHS Ta
BIJIIOBITHO 3pPOCTaHHS INBHIKOCTI TAapo PITMHHOI CyMimmi B eKpaHHHMX TpyDOax Ta BIAMOBITHO OO
30UIPIICHHS IHTEHCHUBHOTO OXOJIO/DKCHHS BHUINAPHUX TPyO0 B OONACTIX HAHOITBIIOTO TEIUIOBOTO
HaBaHTa)KCHHSL.

3. 30uIblIEHHS KUIBKOCTI NAJBHUKIB MPU3BOUTH JI0 3MEHIIEHHSI MaKCUMAIIbHOTO TEIUIOBOIO HABAHTaXKEHHS
BiJNOBIIHO B IIMX 30HAX 3MEHINYEThCA TEMIeparypa cTiHku Merany Ha 20-30°C, mo mpu TpuBazoMy
TEPMiHi eKCIUTyaTalii MPU3BOIUTH JI0 3MEHIICHHS TEMIIEPATYPHOI'O CTAPiHHS a BiAMOBIIHO TOJOBXKCHHS
MDKPEMOHTHOTO TEPMiHY eKCILTyaTalii KoTJa.

4. TIlpu po3ramryBaHHI NAILHUKIB B YOTHPH PSIU 3MEHIIYETHCS MTIKOBE MAKCUMAJIbHE TETIJIOBE HABAHTAXKEHHS
3100 % 10 86,5% (590 kBt/M? 10 510 kB1/M2.)
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INCREASING OF REABILITY OF WORK OF BOILERS BY
EQUAL DISTRIBUTION OF THE HEAT LOAD OVER THE HEIGHT OF
FIREBOX

Detection of one of the methods for reducing the emergency screens of boiler units pipes is in the process of
being discovered. Specially used in the even distribution of heat load in the active combustion zone, replacing the
burners with 1-2 tier arrangement by 2-4 tier, reducing the single power of the finger. Investigation of the supported
solution, with the posture of the boiler. The mathematical calculation model and graphical division of the boiler
furnace into combustion zones are presented. The results of the research showed that a large number of burners and
a decrease in the unit power of the population, which reaches a greater uniform thermal voltage, are detected by the
height of the shielded pipe, reducing peak maximum consumption from 100% to 86.5% (590 kW / m2 to 510 kW /
m2) As the number of burners increases, the thermal load in the lower part of the combustion zone increases, which
results in more intense boiling, as a consequence of the increase in the velocity of the vapor-liquid mixture in the
screen tubes and, accordingly, the cooling of the evaporator tubes in the regions of the highest heat load. The
temperature of the screen metal in the zones of maximum heat load of the pipes is reduced by 20-30 °C, which, with
a long service life, leads to a decrease in temperature aging, and consequently an extension of the inter-repair life of
the boiler. The disadvantage of this method is the complication and complication of the manufacture of screen pipes,
increase the hydraulic resistance of the lifting pipes by increasing the number of bends of pipes, complicates the
system of supply of fuel and air. The results of the calculations are presented in graphical form, as the dependence
of the specific heat load, the temperature of the outer wall of the pipe, the allowable thermal stress, the height of the
pipe at one-, two- and four-tier arrangement of burners in the zone of active combustion.

Key words: heat perception, active combustion zone, posture calculation, screen tubes, wall temperature,
service life.
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3ACTOCYBAHHA 3ACOBIB R STUDIO JJIs1 AHAJII3Y
D®AKTOPIB SKI BINIMBAIOTH HA EHEPI'OCITOKUBAHHA

3menwienns pieHsA  eHepeOCNONCUBAHHSL € OOHUM (3 NPIOPUMEMHUX HANPSAMIE pO3GUMKY OJid  6CIX
enepeocnodcusais. Bubip epexmuenoi ma Hadilinoi Mo8U NPO2PAMYBAHHS 003601UMb 3a0e3neuumu AKICHUL AHANI3
6CIX MOJICTUBUX GNIUBIE, A GIONOBIOHO | OLIbUL PAYIOHATIbHE eHEPeOCNONCUBAHHS CHONCUBAYAMU MA NIOSUWUMU
AKIiCMb YNpasiinHa enepeocnoxcusanuam. OcHO8HOW0 Memor 0aHoi pobomu € susHauenHs 3acobis R Studio came
01 BUABNIEHHS HAUOLIbUL BNIUBOBUX HA €HEeP2OCHONCUBAHHA akmopis. Inopmayitini mexHono2ii 003601410Mmb
0bpobamu enuki 6a3u OAHUX, d MAKONHC 3ACMOCOBYBATNU MAMEMAMUYHI 3aco0uU Ol 8UAGNEHHA (akmopie, AKi
8NIUBAIOMb HA pigeHb enepeocnodcusanua. R Studio € @iokpumum Oowcepenom inmezposanoi 000ONOHKU [ Ma€
3pyunuil inmepdeitic, wo cnpowye pobomy 3 R. Pa0 ocobausocmeil, maxux K nioceiuy8anus i agmomamuine
3asepulents Kooy, 3py4yHa Hagieayisi no ckpunmy i iHwi, pobaamv R Studio npusabnusoro oOna awnanisy
cmamucmuyHux 6a3 OaGHUX 3 GeIUKOIO KINbKICMIO 3MiHHUX. ¥ 0aniti cmammi OOKAAOHO ONUCAHULL BMIC 207106HO20
sikna R Studio ma uioco ocnosnuu ¢hynkyionan. Ha npuxnadi 6azu oanux nionpuemcmea OVI0 pO32TNAHYMO
mamemamuyni incmpymenmu R Studio: nobyoosano mampuyio naprux xoegiyicumie kopenayii 0usi paxmoprux
03HAK, NPOBEOCHO KOPEAYIUHUL AHANI3 6NIUEY (PAKMOPIE HA eHEPLOCNONCUBAHMSL.
Knrouosi cnosa: R Studio, kopensyitinuii ananis, npocpamue 3a0e3neyuents, eHepeoCnoNCUSants, 6azu OaHux,
iHGhopmayitini mexHonozii.

Beryn. [yt npuiHATTS ONTUMANBHUX PilIEHb TPY BU3HAYCHHI JOIYCTUMOTO 3MEHIIIEHHS €HEPTOCIIOKHBAHHS
mianpueMcTBa abo JOMOTOCHOZApCTBA IIUPOKOTO PO3MOBCIO/PKEHHS 3a3HaB METOZ (PaKTOPHOTO aHali3y.
3HaXO/DKEHHSI 3aJIOKHOCTEH MIDK €HEepProCHOXHMBAaHHSAM Ta BIUIMBAIOYMMH (HaKTOpaMHM, BUSIBICHHS HaHOUIbII
3HAYyLIOro (akTopy Ta BiJICIFOBaHHS MEHII 3HAYYIIUX JUIsl TOOYAOBH perpeciiiHol Mojeii MOKHa Ha3BaTH MEPIINM
KPOKOM TIpH OLHIII Ta Mo0yaoBi mporHosy [1-5].

3actocyBaHHs (akTopHOro aHamizy B iH(opmauiiHux TtexHojdorisx (IT) no3BomuTh BIIIMBATH Ha
NPUCKOPEHHUH MpOLIeC aHali3y, OOpOOKH, MOUIMPEHHS 1 BUKOPHCTAaHHsS BeNUKOi 0a3u iH(opMmalii, a Takox
CBO€YACHO TpUAMATH HEOoOXiNHI pilleHHS 1 IUIaHyBaTH AisUTBHICTH BIAMOBIIHO JO OTPUMAaHHX pe3yibTaTiB. Ha
CBOTOHIIIHIN JAeHb iH()OPMAIIiifHI TEXHOJIOTIi BUCTYIAIOTh KaTali3aTOpOM €BOJIOIII B CcBiTi. TOMy 3acTOCYyBaHHS
IT st ananizy GpaxkTopiB NPU3BOJUTH A0 PO3BUTKY HAYKOBO-TEXHIYHOI'O MPOTPECY 1 A0 IHUPOKOTO BUKOPUCTAHHS
pe3ynbTaTiB B cepi eHepreTuk [6].

VY 3B'I3Ky 3 IMM 3aCTOCYBaHHS Cy4YaCHMX KOMI'TOTEPHHX TEXHOJIOTiH 1 po3poOKa HOBHX METOIIB 3 iX
BHUKOPHCTaHHSIM 00yMOBJICHA HU3KOIO IPUYMH, Cepe]] AKHX:

- 3pocTaHHs 00CATIB iH(pOpMAIii;

- CKJIIHICTD CTPYKTYPH JaHUX;

- 0sIBA CYYaCHUX METOJIIB MPOTHO3yBaHHsI, IX PO3BUTOK 1 BIIPOBA/IXKESHHS;

- CKJIIHICTh aJITOPUTMIB PO3pPaxyHKy Ta iHTepIpeTamnii pe3yIbTaTiB;

- BUCOKI BUMOTH JIO SIKOCTi MPOTHO31B;

- HEOOXi/IHICTP BHKODUCTAHHSI pPE3YJIbTATiB IPOTHO3YBaHHS /I BHUPIMICHHS 3a7ad IUIaHYBaHHSA 1
YIpaBIiHHS.

Besniu psziB TEXHIKO-eKOHOMIYHUX MOKA3HUKIB, IO BiJJOOpa’Kar0Th 3pOCTaHHS IiJIPHEMCTB 1 KOMITaHiH,
MaloTh HEJIHIHHUK XapakTep, L0 YCKJIAAHIOE iX aHaji3 Ta NPUHHSATTSA YNPABIIHCHKHX pIlICHb Ha IIiACTaBi
CTaTHCTHYHHX JaHUX.

R - MoBa, 1110 103BOJIsIE KOPUCTYBaueBl BUKOPHCTOBYBATH ONIEPATOPHU LUKIIIB, 00 MOCIITOBHO aHaJi3yBaTH
KimpKa HabopiB maHmx. Takox MoBa R Hajgae MOXXIIHMBiCTE 00'€ THATH B OKpeMy ITpOrpamy pi3Hi CTATUCTHIHI PYHKIIT
U TIPOBENICHHS OiMBIN CKJIaTHOTO aHamizy. R - MoBa 3 Oararema (QyHKIiSIMH U1 BUKOHAHHS CTaTHCTHIHOTO
aHawi3y i rpadigHOrOo BimOOpaKeHHS pe3yIbTAaTiB, SKi Bi3yalli3yIOThCS y BIACHOMY BiKHI 1 MOKYTh OyTH 30epekeHi
B pi3HHX (opmarax. Pe3ynapTaTH CTATHCTHYHOTO aHANi3y MOXYTh OyTH BimoOpakeHI Ha €KpaHi, a MPOMIXHI
pesynbrati (P-values, xoedimieHT perpecii i T. I.) MOXyTh OyTH 30epekeHi B (ailsli i BHKOPUCTOBYBATHCS IUIS
MTOTANTBIIIOTO aHAMTI3Y.

R Studio - ue BiibHE Ta BiAKPHUTE JKEPENO IHTEIPOBAHOTO CepeoBHINA PO3poOKH i R, cratmcTHyHmX
oOurcieHb, MOBa Ui aHamizy ganux. € nea mpoaykra R Studio. Oaun - e R Studio Server, sikuit moxe Oytu
JIOCTYITHUM 4epe3 BeO-Opaysep 3 BiaganeHoro cepsepa Linux. [Himuii npoaykr, sikuii npaiiroe gokainbHo - R Studio
Desktop, sikuii noctynuuit st Microsoft Windows, Mac OS X ta Linux [7-11].
© Imenko O.C., 2019
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Meta Ta 3aBIaHHS AOCTiTKEeHHS

Mertoro poboTu € Bu3HaueHHs 3aco0iB R Studio mist oniHky HaitOLIbII CyTTEBUX (DAKTOPIB, IO BIUIMBAIOTH
Ha 00CSITM €HEeProCOKUBaHHS.

Jist nocsirHeHHs nocTtaByieHol MeTH OyJi BU3HAYCHI HACTYITHI 3aB/IaHHS:

1. Po3risit BMiCTY TOJIOBHOTO BiKHA Ta icHyIo4HMX (yHKLiH B iHTerpoBaHoMy cepenoBuii R Studio.

2. OuiHkKa KOJiHeapHOCTi (haKTOpiB 3a JONOMOIOI0 MOOYAOBH MaTpHI MapHUX KOe(ilieHTIB KOpewsii
3acobamu R Studio.

3. AHaJi3 BIUMBY (haKTOPHUX O3HAK HA Pe3yJbTaTUBHY O3HAKY.

Marepianu Ta pe3yJabTaTH J0CTiTKeHb

1. PosristHeMo BMICT TooBHOTO BikHa mporpamu R Studio. YV BepxHBOMY psIOKy 3HAXOAATHCS OCHOBHI
menro: File, Edit, Code, View, Plots, Session, Build, Debug, Profile, Tools, Help. ¥ npyromy psaky 3HaXOAHTBCS
HaHeJb MBUAKOrO NocTymy. [leplia ikoHKa 103BOJIS€ CTBOPUTH (A Pi3HUX THIIB, JPYra iKOHKA TAKOXK J03BOJLIE
CTBOPHTH MPOCKT B R, TpeTst ikonka, Open an existing file, mo3BoJisie BiIKpUTH BKe icHyrounii (aiin (y mepiioi ta
Jpyroi IKOHKH 3 TIPaBoi CTOPOHH 3HAXOAUTHCS CTPLIIKA, IPH HATUCKAHHI Ha AKY 3 SBJISETHCS BUIA/IAIOUUI CIIHCOK).
HacrymHi 1Bi iKOHKH J03BOJISIOTH 30€perTH ITOTOUHHHN (haiii abo Bci BIAKpUTI ¢aiiiau. 3a 1omoMororo ikoHku Print
the current file MoxHa po3npykyBaTu motoyHui ¢aiin (motounuid Qaiin BinoOpakaeTbcs Y BEPXHbOMY JIIBOMY
BikHi). Go to file/function 103BoJIsIE MIBUAKO 3AIHCHATH MEpexi 10 HEOOXiMHOTO (aiiny uu QyHKIIIT.

Y BepxHiii JiBiil YBEpPTI 3HAXOIUTHCS BIKHO pelJaKTopa MOTOYHMX (haililiB. 3 JOMOMOrOI BKIAJOK 3BEPXY
MOJKHA 3IIHCHHUTH Tepexi MK BciMa BiIKpUTHMHU (aimamMu. [KOHKH y mpaBOMY BEpPXHBOMY KYTi JO3BOISIOTH
3rOpHYTH 200 PO3rOPHYTH AaHe BikHO. l1le HibKye 3HaX0MUTh NaHe b I MIBUAKOTO IOCTYIY y TAaHOMY BiKHI (IHB.
Puc. 4). [IBi cTpiikn Ha TOYATKy ITaHENi JO3BOJIIOTH MEPEMUKATHCS MK PI3HMMH BiIKpUTHMH (aitmamu. 3a
JIOTIOMOTOI0 HAacTYMHOI IKOHKM MOXHa 30epertd MOTOYHWH BigkpuTHi ¢aitn. Source on Save n03BoisE
HAIIAIITYBaTH CHHXPOHI3aMit0 ¢aiima 31 cBoiM mkepenoM. Ikonka File/Replace no3ponse 3HaiiTH abo 3aMiHHTH
HeoOximHy iHpopmMmarito y ¢aitni. Code Tools mictuts y co6i PyHkmii mias pobotu 3 komom. Compile Report
JIO3BOJISIE CKJIACTH 3BIT, y SIKOMY OyZe HaJaHO caM KOJ, a TaKOX BUXITHHUHA pe3yssTaT y 6axanomy dopmati (MS
Word i 1.i1.). Ilepmra ikonka y miBomy KyTi Run the current line or section 3amyckae o6panuii psiiok abo GpparmMeHT.
Jpyra ikonka Re-Run previous code region, 3amyckae monepeaHiit ¢pparmenT koxy. [korka Source the contents of
the active document moka3ye Bech BMICT aKTHMBHOTO JOKYMEHTY (3 MpaBoi CTOPOHM 3HAXOJUTHCS CTPiJIKA, TpH
HATUCKaHHI Ha SKY 3 SABISETHCS BUMAMAIOUHMN CIHMCOK). 3HU3Y JAHOTO BiKHA y MPaBOMY KYTi BimoOpaskaeThCs
MiCIIe3HaXOPKEHHST TEKCTOBOT'O Kypcopa, Harpukia 52:1 o3Havae, o Kypcop BBOAY CTOiTh y 51 psiaky mepex 1-
M 3HAaKOM. Y HIW)KHbOMY IPAaBOMY KyTi 3HAXOANUTH KHOIIKA, /ISl BHOOPY MOBH Ha SIKy MOKHA KOHBEPTYBATH Kol B R
[9, 11].

Brmagka Console 3HAXODMTHCS y HIKHIM JiBilf uYBepTi TroNOBHOTO BikHA. MOro MOXKHA Ha3BaTH
HaiBaxmBimuM s pobotn B R. YV Console MokHa mpomuCyBaTH CBOi KOMaHIM, a TaKOXX HPOIUBIATHCH
pe3ynbpTaTé podoTH mporpamu. Birimagka Terminal 3abe3medye qocTyn 1o cucTeMHOT 000510HKH 3cepennan R Studio
IDE (Integrated Development Environment).

VY BepxHiil npaBiii YBEPTi F'OJIOBHOTO BiKHAa 3HAXOJUThHCS BKIaaka Environment, mo mictuTh iHpopMmaito
npo 3MiHHI, aHi, 3HaueHHs, QyHKUII 1 T.iH. (quB. Puc. 1). Jlana BKiaaka Iy)e KOPHUCHA KOJIM € BEJIMKA KUIBKICTh
3MIHHHX Yy HaM’sTi KoM toTepa. Ha maHeni mBuakoro qoctymny Bkiaiaku Environment npeacraBieHnit HaiOLIbII
BaxiMBUil QyHKioHan. [lepma ikoHka 3a0e3neuye 3aBaHTakeHHs pobouoro mpocropy R (mpu 30epiranHi
poboyoro mpocTopy 30epiraloThCsi HaIllpamIOBaHHSI MOTOYHOI cecii, Ha3BW 3MiHHUX, BCi 00’€KTH, MOZEN 1 T.iH.).
Hpyra ikoHKa n03Boisie 30epertu poOoUmii mpocTip. 3a JONOMOTOI0 TPEThOi IKOHKH MOKHA IMIIOPTYBaTH Oa3u
naHux B R. HacTynHa ikoHKa JJO3BOJISIE OYMCTUTH POOOYMH IpoCTip. 3a JOMOMOTOI0 MEpIIOi iKOHKH Y IPaBOMY
BEpXHBbOMY KyTi MOKHa HaJAIUTYyBaTH sIK Oyae BifoOpakaTHCS JaHE BIKHO: CIIUCOK, MaTpuill. HacTymHa ikoHka
JI03BOJIsIE OHOBUTH iHpopMamiro. Hactynna Bkimaaka History BiamoBinae BuBix iHpopMarii mpo icTopiro KoMaHI
(muB. Puc. 4). JIBi mepi ikOHKH BiTIOBITalOTh 32 3aBAaHTAXKCHHA Ta 30€peKCHHS icTOPil BIANOBITHO. 32 TOTIOMOTOI0
ikonku To Console Mo)kHa mepeMicTUTH 00paHy koMaHny y BikHO Console. Komanna To Source kormitoe oOpany
KOMaHJy JI0 IOTOYHOTO (haily CKpHUMTa. 3a JOMOMOI0K OCTaHHIX JBOX iIKOHOK MOXKHA BUAAJIUTH BUIIICHI PSIKA
a0o >k B3arani Bci komanau. Yepes mose BBOAY BiKHA y BEpXHbOMY KYTi MOXKHA 3HIHCHHUTH TOINYK TI0 iCTOPIi
komaH. Briianika Connections 103BOJISIE JIETKO MIKIIOYATUCS JI0 PI3HUX JUKEPEN JaHUX Ta JOCIIDKYBaTH 00'€KTH
Ta IaHi Bcepe/uHi 3'eiHaHHs. BiH npu3HayeHuii [yt poOOTH 3 pI3HUMH IHCTPYMEHTaMHU JIJIsk poOOTH 3 0a3aMH JTaHUX
B R.

Y HWKHIN npaBiil YBepTi 3HAXOIUTHCS BIKHO 3 BKiIagkamu: Files (MicTHTB criicok (aiiniB y oOpaHiif Teri),
Plots (BuBin rpogikiB), Packages (MicTuTh iHQOpMAIIiFO IPO BCi MAKETH, TAKOXK MOKHA BUAAINTH a00 3aBaHTAXUTH
moTpiOHu maket), Help (BimoOpaskeHHS CTOPIHKH TOBIIKH PO MOTPiOHY QyHKIII0), Viewer (BHKOPHCTOBYETHCS
JUTS TIEPETTIATY JIOKAJTbHOTO BEO-BMICTY).

2. Jns omiHku (aKTOPIB BIUTUBY Ha CHEPTOCIIOKHBAaHHS IMiJIPHUEMCTBA MUIIXOM MOOYIOBH perpeciitHOi
Mozeni 3acobamu R Studio oOpano 0a3y nanmx mokasany Ha Puc. 1. CTaTHCTHYHI JaHI 3arajJbHOTO CHOXXHBAHHS

ISSN 2308-7382 (Online) 49



ISSN 1813-5420 (Print). Enepcemuxa: ekoHoMiKa, mexHonozii, exonozia. 2019. No 4

enekTpoeHeprii (tec) 310paHi 3a ABaHAIATE MICSIIB, TaKOX 00paHi HACTYIHI (akTopu BIMBY: «I'pamyco-no6a»
(dd), «Kimbkicte pobounx roaun» (wh), «Tapud» (et).

File Edit Code View Plots Session Budd Debug Profile Tools Help

o . > ] - « Adding - K Progect: (None| -
Data L RE ] ! | [Rhistary | Environment  History  Connections. |
Filler = |4 7% impont Dataset » | & Ligt =
“ e dd wh et T Globad Erviranment «
1 4003 ™ 465 19073 Data
7 38108 466 42 18073 A num [1:12, 1:4] 40013 39108 37485 42084 44474 ...
3 3MEs M0 485 19073 Sxlbeb Liorofi 3
AAT num [1:12, 1:12] 1.60e+08 1.57e+09 1.50e+09 1.68_
4 42084 190 4% 18073 AT e List of 2
5 4474 117 485 20218 AT.e List of 2
§ 50057 n 45 2028 ATA num [1:4, 1:4] 2.03e:10 1.332+08 2.21e+08 1.01le+
7 5ETEs 3 465 21870 DATa & List of 2
B ATITE 34 465 21574 Files  Plots  Packages  Help  Viewer =T
3BT 13 450 | 21574 @ MewFolder @ Delete = Rename  §F More -
10 066 38R 465 23639 24 Home
1 s 04 450 23639 A Hame Size Madified
12 MsEs el 488 13639 o Rpaa 99K Jun 1, 2020, 7:09 PM
Showing 1 to 12 gt 12 entnes Rhistory B53KB Jun 5, 2020, 10:38 PM
Adobe
omcols. [\ =] Article sbout R
GitHub
> plot(pata_plotim, pata_plotitec, type = 'o', col="blue’, Twd=2, xlab="Month', ylab-"Tota B
1 electricity consumption (kwh)®, main="actual electricity consumption Choh) ') MATLAB
> #_Leszan
_Lessans

Jamucnaie kvwsocn Onellote
Mo sragcaaniaci

Miw WCTTARH RARHbIX
Mo prcyrics

M biyseiva

Hactpaneaeume wakinows Office

Pucynox 1 — IIpencraBnenns 6a3u naHux y rojioBHoMy BikHi R Studio

Sk Oyno ckazaHo Buile, R Studio Mae y cBoemy dyHKIioHaN MOXIHMBICTb OOYynoBH rpadikis. Ha Puc. 2 y
HYDKHIH TpaBii 4BepTi npecTaBieHo rpadik 3aralbHOr0 eHeproCcoKMBaHHsI 3a JIOCHIDKYBaHUH epio.

File Edit Code View Plots Session Build Debug  Profile  Tooks  Help

C R - A - Addins - B Project Mone) -

Data @ svo * | Rhistary —["  finvonment History  Connections =i
Sourte an Save L M= +Run Y4 | Source + = id ToConscle | SPToSource O
ELS L SUUITEL L/ USERS ) SASTIU L d) UUWT | 0US / SYUZMAS LEr 0% ISTILIRTKU. N, BLHO=TRUE)
36 u.matf,2:3] u.mar[,2:3] 1 aueaeae
37 u.mat plot{pata_plot$dd, Data_plot$tec, type = '0°, col="blue', lwd=2, xlab="D.
}; - ; =ze plot(pata_plot$dd, Data_plot$tec, type = 'o°, col="blue', Twd=2, xlab="D
sas mertioned earlier, the singular values r are the square roots of the non-zero &

plot{pata_plotsm, pata_plorstec..1, type = ‘o', col="blue’, Twd=2, xlab=
: . i lot(pata_plot§dd, Data_plotStec, type = ‘o, col="blue', lwd=2, xlab="D_

a1 - diag (sgre(ATA.eival . Ar=12, nc=d P

a2 rr o A EldouT KU i plot{pata_plotfdd, Data_plot$tec, type = ‘o', col="blue', Twd=2, xlab="D.

43 plot{pata_plotim, Data_plot§tec..l, type = o', col="blue’, Twd=2, xlab=
44 #cheking in SvD by ste plot{pata_plotsm, pata.plotstec, type = ‘o', col="blue’, Twd=2, xlab="Mo.
45 svd.matrix U, mat kT T{v.mat plot{pata_plot$m, pata_plotitec, type = ‘o', col="blue’, lwd=2, xlab='Ma_
46  svd.matrix plot{pata_plotim, Data_plotitec, type = ‘o', col="blue’, Twd=2, xlab="Mo_ =
47 answers align wit the Tput f the swvd ¥ CEtior We can also sr That the
48 A — round(svd.matrix, 4 Files Plots  Packages Help  Viewer -
49 P
50 | A zoom | Sepon- | O F “E- Publish -
51 plot{pata_plotidd, Data_plotitec, type = ‘o', col="blue', Twd=2, x1ab='Degree Days'
52
53 plot(pata_plotim, pata_plotitec, type - ‘o', col='blue’, lwd=2, xlab-'"Month’, ylab- Actual e[ect[‘ici‘ty cgnsumpﬂon {kwh}
54 - | F
i RIE
561 [TopLevel ¢ RSwipt s =
E B8
Console  Terminal =1 = 8
2 un
E 4
> plot{pata_plotim, Data_plotitec, type = ‘0", col="blue’, Twd=2, xlab="Month', ylab="Tota 2 o
1 electricity consumption (kwh)', main='aActual electricity consumption (kwh)') g 8 -1
> =]
R
2 -1
ﬁ [=]
3 2 4
2 8
5..0“ T T T T T T
a1 2 4 6 8 10 12
Manth

Pucynox 2 — Kox Ta BuBizA gaHux [uist moOynoBu rpadika eHeprocnoXXUBaHHs i IIPUEMCTBA 32
JIOCTIIKYBaHUH Mepios

HactymHuM kpokoM miciist 30epesxeHHs 6a3u JaHuX y nporpaMHoMy 3adesnedeHHi R Studio Oyina nepeipka
(akTOpiB Ha HASIBHICTH KOJIHEAPHOCTI MK HUMH, I 3a0€3MEUUTh MEPEBIPKY HAa HE3aJEKHICTH (PaKTOPIB Mik
co00¥0, IO B CBOIO YEPTy BIUTUBAE HA MOOYOBY SKiCHOI perpeciiiHoi Moaemi. [ oIiHKYM HassBHOCTI 3B’ A3Ky MiX
(hakTOpHIMH O3HAKaMH OYIJI0O BHKOPHCTAHO iHCTpyMeHT Kopersmii (cor) y R Studio [12-14].
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Ha Puc. 3 BumineHo kox s BHBOAY IOCTI/KYBaHMX IaHHX, a TOTIM BXKe I MOOYZOBH MAaTpHIIL
KOPEJSIIHHOTO 3B’ 513Ky MiXK (akTopamu. MokHA M0OAYUTH, IO MPH 3aIMTI HA BUBIJ JOCHTIPKYBAHOT 0231 TaHUX
BUBOJIUTHCS JIMIIIC YACTHHA — JaHi 3a 6 MICAIIIB, aje e crenudika XapakTepHa JJisl BUBOIY JOCIHIDKYBAHUX TAHUX
MIPH PO3paxyHKax, HACTIPAB/i JOCTIKYEThCS TIOBHA 0a3a IaHuX.

File Edit Code View Plots Session Bulld Debug Profile Tools Help

0 - 0nia-H 4 « Agding * & Project: Mong) =
Data O Untitled1® = © Untitied?* =[]  Ewironment  History  Connections =
] |SourceonSave 4 SRun | S+ Source - ToComsele | —hToSowee O 4
R L G G s wiar
62 Hmisc::rcorr(as.matrix(r sashulia/Desktop/Data g fahline (it Thysd) ; g :
63 hist{simple.ficSresid, main="Histogram of residuals",
64 ylab="residuals")
65 #correlation between xl-x qgnorm{simple. fitfresid)
66 da!.a —dat?.frmfna‘:a[.—l 1} qqline(simple. fitsresid)
gi? Eillri'-!yd&fid v plot(pata_plotStec, Data_plot$dd, pch = 16, col="blue', Twd=2, xlab="al’,.
I roundicor{mydatal,2) plot(pata_plotSm, pata plotftec, type = ‘o', col="blue’, Twd=2, xlab="Mon.
70 . install.packages("energyr")
o m X library(“energyr”, lib.loc="C:/Program Files/R/R-3.5.2/1ibrary")
b*.\_l- Top Level) = R Stript = d -
A c-pnarmmr
Console  Teminal =1 Fies Plots Packages Help Viewer =
2 Export ~
> mydata<-data. frame(Data Master_Degree_0.Ishchenko [,-112
> head(mydata)
dd wh et

736 465 1.9073
466 420 1.9073
440 465 1.9073
190 450 1,9073
112 465 2.0218
39 450 2.0218
round (cor {mydata},2)
wh et
dd 1.00 -0.05 0.03
wh -0.05 1.00 0.31
et 0.03 11

VI T ST

Pucynox 3 — Kox Ta BUBiJ TaHUX NPH MOOYIOBI MAaTPHIl KOPEIALIHOTO 3B S3KY MiX (pakTOpaMu

AHaii3 Takoi MaTpHii JO3BOJS€ BH3HAYWTH CHJIM 3B'A3KYy MK (PAaKTODHHMH O3HAKaMH Ta HasBHICTbH
KoJliHeapHoCTi. [l XapaKTepUCTUKK CHIN 3B'SI3KY NMPUHHITO BUKOPUCTOBYBATH IIKay, Hafany y Taomumi 1 [12-
14].

Ta0auns 1 - XapakTepUCTHKA CHIIH 3B'I3KY MK O3HAKAMH
3Ha4YeHHS KOSQIi€HTY KOPEISLii 0,1-0,3 0,3-0,5 0,5-0,7 0,7-0,9 0,9-0,99

XapaxkTepuCTHKa CUIH 3B SI3KY crnabka noMipHa | mHOMITHa BHCOKa Jy’Ke€ BUCOKA

File Edit Code View Plots Session Build Debug Profile Took Help

O -0 -l “ = Adding - B Froject (None] =
Data O | untttedt* © @ Untitied2* 1 Envionment History Connections =
SAUTCE On Save | K. #Run | %% | 4 Soorce . * H wToConiole | ShTosomcs @
©3 SCOPTE|AT10N DETWEEN Xi-X . 1 P =
66 mydata<-data, frame{patal,-1 :b m\l;h 2' :y ) id Pt ] " iduals”
67 head(mydata) 1St(f1mP.E' ltf!ei1 + main="Histogram of Residuals”,
68 round(cor (mydata),2 ylab="Residuals") .
o qqnorm(simple. fitsresid)
70 #correlation between y ar 1-x3 ggline(simple. fitiresid)
71 mydata--data. frame(Data) plot(pata_plotStec, pata_plotsdd, pch = 16, col="blue', Twd=2, xlab='a1l",_
52 head (mydata) plot(pata_plot$m, Data_plotitec, type = ‘o', col="blue', Twd=2, xlab="Mon
?j round(cor (mydata) 2 _ install.packages("energyr”)
:_.5 i i Tibrary({“energyr", 1ib.loc="C:/Program Files/R/R-3.5.2/1ibrary")
T4 (Top Levely = R Sorpt 2 P e, -
Consale  Terminal =1  Files Plots Packages Help Viewer =
2 Export +

> mydata<-data.frame({pata)
> head({mydata)

tec dd wh et
1 40013 736 465 1.0073
2 30108 466 420 1.9073
3 37485 440 465 1.9073
4 42084 190 450 1.9073
5 44474 112 465 2.0218
G 50957 39 450 2.0218
> round(coer (mydata) ,2)

tec dd wh et

tec 1.00 -0.68 0.05 -0.43
dd -0.68 1.00 -0.05 0.03
wh  0.05 -0.05 1.00 0.31
E\'l =0.43 0.03 0.31 1.00
>

Pucynox 4 — Koz ta BUBiA AaHUX NpH OOYI0BI MaTpHIll KOPEJIALIHHOTO 3B’ 513Ky MIXK pe3yJIbTaTHBHOIO Ta
(axTOpHUMHU O3HAKAMHU
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Buxopucroyroun Tabmuirio 1 1y1s XapakTepUCTUKH CHJIH 3B’ 13Ky MOYKHA BH3HAUUTH, 1110 CHJIA 3B'SI3KY MiX
axropamu «I'panyco-no6a» (dd) ta «Kinbkicts pobounx rogus» (wh) € cnadkoro (1, ., = - 0,05), Te mo xoediuienT

Kopeysiii Mae BiJ’€MHE 3HAUCHHS O3HAYa€ Te, MO0 30UTBIICHHS (3MCHINCHHS) 3HAYCHHS OJHOTO (hakTopa
NPU3BOJUTH 1O 3aKOHOMIPDHOTO 3MEHIICHHsS (30UIbIICHHS) 3HAa4YeHHS IHIIOTO (akTopa; CHiIa 3B'SI3KY MiX

(haxropamu «I'paxyco-noda» (dd) ta «Tapud» (et) - cmadka (1, .= 0,03); cumna 3B's13ky Mixk pakTopamu «KinbKicTh

X3X2

pobounx ronua» (wh) ta «Tapud» (et) - momipna (r,,. = 0,31). OTxe, 3a pe3yabTaTOM MIPOBEIEHOTO PO3PAXYHKY

X3X1
JUTST TOCHTIDKYBaHOT 0a3u TaHWX MOKHA CKa3aTH, 1110 TPH 00paHi pakTOpHi 03HAKH € HE3AICIKHUMHU Ta TPUHHATHUMHU
JUTSL TOOYJIOBY CHEPTEeTHYHOI MOJICIT T AMPUEMCTBA.

3. JInst oiHKY BIUTMBY (haKTOPHHUX O3HAK Ha PE3yJbTaTHBHY 03HAKY TaKOXX OYJI0O BUKOPHCTAHO IHCTPYMEHT
kopesii (cor) y R Studio (Puc. 4). Ane citi 3a3Ha4nTH, 110 IPH LILOMY aHAaJIi31 CIIi/l 3BEpHYTH yBary Ha Ti pakTopHi
O3HaKH, sIKi MalOTh HAHOIBIINI BIUIMB Ha pe3yJIbTaTUBHY O3HAKy. B taHOMy aHaui3i 3B’ 130K HOBHUHEH OyTH TICHUM,
a OT)Ke 3Ha4YeHHsI KoedilieHTa Kopessiuii BUCOKe. 3 KopesiiitHol MaTpuui (mepmii cToBOYMK) MpeacTaBieHol Ha
Puc. 4 mMoxHa 3poOUTH BUCHOBOK, 110 HAHOUIBIIMI BIUIMB Ha 3arajbHE SHEPrOCIOXWBAHHS HIiANPUEMCTBA Ma€
axrop «I'pagyco-no6a» (dd) (ry,, v
Ha TIOKa3HUK €HEProCIIOKMBAHHS JOCIIKYBAHOTO HixnpueMcTBa Mae aktop «Kinpkicts pobounx roxuu» (wh)
(Tyx, = 0,05).

BucnoBku

JIst 03HAMOMIICHHS 3 OCHOBHUMH (DYHKIISIMH 1 MOKJIMBOCTSIMH IHTETPOBAHOTO cepepoBHUIa po3podku R
Studio OyyH po3TISHYTI CKIIA0BI YACTHHH TOJIOBHOTO BiKHA Ta iCHYIOUMH (YHKITIOHAI YCiX BOYJOBAHHX OIIIIIH.

IIpoBeneHO OIIHKY KOJIHEPAHOCTI MK (haKTOpaMmH, SKi BIDIMBAIOTH HA MOKA3HHUKH E€HEPTOCIIOKHUBAHHS
mignpuemcTBa. Ciabke Ta MOMipHE 3HAYEHHS KOEQIIIEHTIB KOPEJIil TOBOJUTH HE3AIEKHICTh KOXKHOTO 3
(axTopiB. Marpuis napHux KoedilieHTiB Kopemsiuii Oyna nodyaosaHa 3a gonomororo ¢yHkuii «cor» y R Studio.

Takoxx 3a J0OMOMOrow (YHKIT «COr» Yy IHTErpOBaHOMY cepeloBuIli po3podku R Studio Oymno
MPOaHaJi30BaHO BIUIMB TPHOX (PAKTOPHUX O3HAK HA PE3YJIbTATHBHY, ajle y IIbOMY BHITIa/IKy TICHOTA 3B’ 3Ky OBUHHA
OyTn MakcuMainbHOIO. HaiOinpmmidi moka3HUK KoedilieHTa Kopessinii BH3HAuMB HaWBIUIMBOBIMIMK Ha 00cCsATH
€HEeproCI0oKUBaHHS MiANPUEMCTBA 3a AOCIKyBaHui nepion pakrop — «I'paxyco-go0y» (dd).

=-0,68), Ha npyromy micti — «Tapud» (et) (1, = -0,43), Ta MiHIMaTEHUH BILUTUB
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APPLICATION OF R STUDIO TOOLS FOR ANALYSIS OF
FACTORS AFFECTING ENERGY CONSUMPTION

Reducing energy consumption is one of the priority areas of development for all energy consumers. The
choice of an efficient and reliable programming language will provide a qualitative analysis of all possible impacts,
and consequently a more rational energy consumption by consumers and improve the quality of energy management.
The main purpose of this work is to determine the means of R Studio to identify the most influential factors in energy
consumption. Information technology allows you to process large databases, as well as use mathematical tools to
identify factors that affect the level of energy consumption. R Studio is an open source integrated shell and has a
user-friendly interface that simplifies working with R. A number of features, such as backlighting and auto-
completion, easy script navigation and others, make R Studio attractive for analyzing statistical databases with
many variables. This article describes in detail the contents of the main R Studio window and its main functionality.
On the example of the enterprise database the mathematical tools of R Studio were considered: the matrix of pair
correlation coefficients for factor signs is constructed, the correlation analysis of influence of factors on energy
consumption is carried out.

Key words: R Studio, correlation analysis, software, power consumption, databases, information
technology.
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Hanionanbuuii TexHiuynuii yHiBepcuTer YKpainu

« KniBcbkmii noJtitexnivamnii incturyt imeni Iropst Cikopcbkoro»

MOJEPHI3ALISI YHIBEPCAJILHOI PO3PAXYHKOBOI MOJIEJI
EHEPTOCUCTEMM YPMEC-2

B pobomi pozenanymo eupiuienns ooHiel 3 3a0au 8600CKOHANEHHS YHIBEPCANbHOL PO3PAXYHKOB0T (DI3UUHOT
mooeni enepeocucmemu (YPMEC-2). Pozensanymo nepedymosu maxoi MoOeprizayii Ha npeomem 6UKOPUCHIAHHS
CYUACHUX MIKDOKOHMPONEPHUX OLOKI8 Ma KOMHOHEHmMI8. Bukonana mooepHizayis cuiogux akmueHux eiemenmis
YPMEC-2 wnsaxom 3aminu enekmposaxyyMHUX KOMNOHEHMI8 Ha MikpoenekmpoHHui. Po3pobnena enexmpuuna
NPUHYUNOBA CXEMA OCHOBHO20 MPUPAZHO20 2eHepamopa ONOpHOI Hanpyau 3MiHH020 cmpymy yacmomoio 200 Iy i3
peanizayiero cumempysanus Hanpyeu i niocuieHHs nomyschocmi. Hasedeno peanvuuii anpobosanuii eéapianm
KOHCMPYKMUGHOI peanizayii yb020 npucmpoio.

Kniwouosi cnosa: enexmpoenepeemuuna cucmema, 3MIHHITL cmpym, Qizuune MoOen08anHs, aHan0208d
MoOelb, MIKpOKOHmMpoep, obuucuiosarvia mooeis, YPMEC-2.

Beryn. HaBuukm poGOTH MalOyTHBOTO iHXKEHEpa-elIeKTpUKa 3 Cy4acHHMH 3ac00aMH KOMIT FOTEPHOT
TEXHIKHM Ta NMPOrPaMHUMH MAKETaMH € He3alepeyHolo HeoOXimHICTIo. Lle & CTOCYEThCS 1 BOJIOJIHHS Cy4YaCHUMH
CHCTEeMaMH MOJICITIOBAHHS, B SIKUX pPEaNi3ylOThCS MPUHIMITH Bi3yallbHO-OPIEHTOBAHOTO MpOrpamyBaHHs. BoHu
JIO3BOJIAIOTh  CKJIACTA  MOJIENIb CHUCTEMH YW TIPUCTPOI0O HAa OCHOBI BHOOpPY HEOOXiIHMX MaTeMaTHIHO
(dhopmarizoBaHuX (QyHKIIIOHATHHUX OJIOKIB Ta OPTaHI3aIi€l0 3B’ A3KiB MiXK HUMH.

He 3Baxkaroun Ha IiCHYIOUMH IIMPOKUH CIEKTp IMPOTPaMHHUX 3aco0iB Bi3yalli30BAaHOTO MaTEeMAaTHYHOTO
IMITaIifHOTO MOJETIOBaHHs, (Pi3WYHE MOJIEITIOBAHHS Ma€ CBOi TepeBar i € OiIbIn HAOIMKEHUM JIO0 PEaTbHOTO
00’€eKTa JOCIIPKEHHS Ta HaJlae JOCITHUKY OLIBII aleKBaTHE PO3YMIHHS eJIeKTPOMarHiTHUX mnpouecis. OcoOinBo
IIe CTOCYETHCSl BUIIAJKIB, KOJN PO3TalyIDKEHICTh 1 PO3MIPHICTH 00’€KTa YCKJIAIHIOIOTH aHajli3 HOro peKHMiB
PpOoOOTH Ta MOKJIMBICTB TPOBEJICHHS HATYPHUX JAOCIIIXKEHb UM eKcIiepuMeHTiB. Lle B mepury uepry BiZHOCHUTBCS /10
€JIEKTPOECHEPTETUYHUX CHCTEM Ta IX PEKMMHUX IapaMeTpiB.

Henomnikom cucteM aHajIoroBoro ()i3W4HOTO MOJIENIOBAHHS € iX BY3bKOCHIPSIMOBAHICTH Ta JIOPOXHEYa
BUTOTOBJICHHSA. TOOTO BIIHOBIICHHS Ta BIOCKOHAJCHHS BXXC HASBHUX 3ac00iB (Di3MYHOTO MOJICITIOBAHHS
EIIEKTPOCHEPTETUIHUX CHCTEM € JIOCHTh aKTyaJIbHUM 3aBJIaHHSM.

Meta poGOTH - BOOCKOHaNEHHS (Pi3MUHOI MOJENI IOCTIKEHHS PEKUMIB POOOTH €JIeKTPOCHEPTeTHIHOT
CHCTEMH 32 PaXxyHOK BBEJCHHS B il PO3PaxyHKOBI €JIEMEHTH, L0 BHUYEPIIAIU CBi pecypc poOOTH, CydacHHX
€JICKTPOHHUX KOMITOHEHTIB Ta 3aC00iB MiKPOITPOLIECOPHOT TEXHIKH.

AHaJi3 npo6aemu. Ha HOBoMY piBHI H(DPOBUX TEXHOJOTIH, MU (PAaKTUIHO MOBEPTAEMOCH JIO 3BHYHOTO
NpoLeCy MOJICTIOBAHHS BJIACTHBOIO Ul CTApUX Ta IHKOJM BXKE JaBHO BHBEACHHX 3 YXKHUTKY aHAJOTOBUX
o0uncIroBabHUX MamuH. OCTaHHI 4aCTO MOXYTh MAaTH HABITh CBOIO IIOBHY Ha3BY a00 ii aOpeBiaTypy BkKe JaBHO
HE BIANOBIOHI HAyKOBO-TEXHIYHIH TEpMIHOJIOTII NpUTaMaHHIA U1 cy4acHOro 1i BXKHTKY Ta CBOEMY
($yHKIIOHaTPHOMY Ipu3HadYeHHI0. He3Bakaroun Ha CBOIO apxaiyHiCTh, BOHH JAIOTh MOXJIMBICTH ONEpyBaTH HE 3
BIpTYaJIbHUMH, a pEAIbHUMH, X09a 1 MpoMaclITa0OBaHUMH, CICKTPUYHUMHE 3B’s13kaMu Ta Onokamu. Le nae merro
IHIIMHA piBeHb (I3MYHOTO OCMUCIICHHS NPOLECIB Ta 1X 3B’A3KY 3 PEABHICTIO, aJPke BOHM NPHU IIbOMY 3aiiMaroTh
MPOMIXKHE TIOJIOXKEHHS MK BIpTyaJIbHUM CEPEIOBHINEM KOMIT IOTEPHOTO MOJIETIOBAHHS Ta PEANbHICTIO, YUM
HAJAa0Th MOMUTMBOCTI JI0 OUTBII aKTHBHOI (POPMH JOCTIJHAIIBKOTO YU HABYAIHLHOTO MPOIIECY.

Pasom 3 TMM MarepianbHi Ta (DiHAHCOBI pecypcH, BHTpPadeHI CBOTO Yacy Ha BHTOTOBJICHHS TaKOTO POAY
YCTaHOBOK, B ITOPiBHSIHHI HABITh 3 Cy4aCHOIO KOMIT IOTEPHOIO TEXHIKOIO, HE CITIBMIPHO BEJIHKI, a iX pecypc poOoTH,
3 9acOM, 3HaXOIUTHCS Ha MEKi BUUEepIHOCTI. Tomy 1t 3a6e3medeHHs poOOTH TaKMX aHaJOTOBHX O0YHCITIOBATIHHIX
Cy4acHOMY pIiBHI pO3BHTKY KOMIOHEHTHOI 0a3u Ta TexHojorid. Cka3aHe, IIOBHOIO MIpOIO CTOCYETHCS
YHiBepcaJIbHOI po3paxyHKoBoi Mojeni eHeprocuctemu (YPMEC-2), sika mo3uioHyeThCS BIAIOBIIHO
© B.B. Kupuk, B.A. Xanikos, 2019
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MACTIOPTY K OOUHCITIOBAIbHA MAIlIMHA, aJie HaBITh IIPH IOBEPXOBOMY O3HAHOMIICHHI CTAa€ OYEBUIHO, IIIO 1€ HE TaK.
[Ipu upomy, B yuOOBHX 3aKyIafax HasBHUI 3HAYHUI ITapK TaKOTO POy YCTAHOBOK, SIKI SIK TIPABHUJIO 3HAXOAATHCS B
HepoOovoMy cTaHi. Lle He 1a€ MOXKIIMBOCTI BHKOPUCTOBYBATH ITIATOTOBIICHI Ta anpoOoBaHi 0araToiTHIM JOCBiIOM
BUKJIIaHHS KypCY IPEIMETY €IeKTPOCHEPreTHYHI MEPEeXi Ta CUCTEMH, 1iJIi KOMIUIEKTH JIaO0paTopHHUX poOiT, 1110
OpIEHTOBaHI /10 BUKOHAHHS Ha JIaHUX YCTaHOBKAX.

YPMEC-2 — ne po3po0Oka no4arky 80-x pokiB, 1110 siBJIsI€ c00010 (DYHKIIIOHAIBHO 3aKiHYEHUH OJIOK 3 TPHOX
30BHINIHBO 1IEHTUYHUX CEKIii. [[abapuTH MalMHK B IIIIIOMY, 110 BHCOTI, INUPUHI Ta BUCOTI CKJIQAAI0Th BiATIOBIHO:
276 x 151 x 231 cm, ipu maci y 1800 kr ta pecypci podotu y 2000 roxus [1]. KoxkHa cekIiisi MalmiHu BKITIOYAE B
cebe 32 OJI0YHI eTleMEeHTH, 110 MPEICTaBIISIOThL COO0I0 BiIMOBITHI €KBIBAJICHTH Pi3HOTO POy HABAHTAXKEHB: JIHIH
TepeIaBanHs, TpaHcPopMaTOpiB Ta B TOMY YHCHI 1 YOTHPHOX TeHepaTopiB. AOCOMIOTHA OUIBHIICTH  ITUX
(yHKITIOHATEHUX KOMITOHEHTIB € TIACHBHMMH 1 HAa CHOTOJHIIIHIN NIeHb IJIKOM (YHKI[IOHAJTLHUMH, TOOTO HE
MOTPEOYIOTh SKOTOCH 3HAYHOTO BiJHOBICHHS.

[Ipore, 1e HE CTOCYETHCS TeHEPATOPIB, HYHKITIFO KX BUKOHYIOTH TaK 3BaHi CEIbCHHHI TeHepaTOPHi CTaHIIii
(CT'C). Ix 3amaua — 3a6e3MeyeHHs MOJIENi CHHYCOIIAIbHOIO HANPYTOIo B Aianasoni 37 ... 83 B, npu ii wacToTi y
200 I'n, MmakcuManbHIN oTy»)HOCTI He Outbmr Hix 50...70 BT Ta MoxMBOCTSX perynmoBanHs (aszn Hanpyru Bix 0°
i 1o 360°. Cama cenbCHHHA 'eHEpPAaTOpHA CTAHIlS — [ie HE IO iHIIe, K MiACHIoBadY HU3bKoi yactotu (ITHY) 3
TpaHcopMaTOPHUM JBOTAKTHUM BHXIIHMM KackaaoM Ha jammnax 61145C 3 anomHuM kuBiIeHHsM Omusbko 500 B.
Aue uepe3 BiACYTHICTh B ii cxemi Xouya O SIKMXOCh IIPUCTPOIB 3aXHCTy BijJ NEPEBAHTAKECHHS Ta, BPAXOBYIOUH
HasIBHICTH NP €KCIUTyaTamii JIIOACKKOro (akTopy, FeHepaTopHa CTaHIisI CTaja OCHOBHUM JDKEPEJIOM BUHUKHEHHS
aBapiiiHUX cUTYyallii B po6oTi Momenm. TpuBanuit yac excruryararii HasBHOi kitbkocTi CI'C (Ha cexirito B 4 mT., a B
IiJIOMY Ha MOZeNb — 12 IIT.) IPU3BIB 10 BUYIEPITHOCTI HASTBHOTO PeCypCy 3aMiHN aKTHBHUX €JIEMEHTIB, SKi HUHI 10
TOTO X HE BUTOTOBIIAIOTHCS IIPOMHUCIOBICTIO.

Buxnagenns ocHoBHoro marepiaiy. [Ipore Bximanm curaamom ITHY CI'C € Hampyra, 1110 HaBOJHUTHCS Ha
OOMOTIIi 3arajgbMOBAaHOTO, BiAMOBITHUM pEAYKTOpPOM, poTopa ceiabcuHa bC-155A, sxuéi  3HAXOOUTBCSA B
00epTOBOMY MarHiTHOMY IIOJIi CTaTopa, FeHEPOBAHOMY CTPYMOM CHUMETPUYHOI TpU(a3HOI HAIpPyrd 4acTOTOIO
200+0,4 I'n Bix BoOchbMMIaMmnoBoro TpudasHoro reHeparopa omnopnoi Hampyru (TT'OH), aGo B Bu3HaueHHI
BUPOOHHMKA — EJICKTPOHHOTO OJIOKY J>KMBJICHHS CEJIbCHHIB Mopenmi. [lojokeHHS poTopa CelIbCHHY BiZHOCHO
craTtopHoi Horo oOMoTkM BiacHe i Bu3Hayae (aszy BuximHoi Hanpyru CI'C. Lleil renepatop (yHKLIiIOHaIBHO
o6cnyroBye Bcto YPMEC-2, To0T0 #oro BuXij 3 j1ay NpU3BOIUTH 0 HEIOJIAAKH BCiel MoJieni, a He JIuIIe Tiei un
IHIIIOT 3 TPHOX HASBHUX ii aBTOHOMHHUX CeKIliii. ToMy, 3a mocTaBIeHOT METH MOJICPHI3aLlii MOJIEIi, IPIOPUTETHUM €
BHPIIICHHS 3aJ1adi, Ka B TIEPIIY Yepry cTocyeTbes BimHonenns TTOH.

Ha puc.l mokazano aBa KOHCTpYKTHBHI Bapiantu peamizamii TI'OH. OdeBumHO, MO OpWUTIHAIGHUN -
JIAMTIOBH BapiaHT (B BEpXHii 4acTHHI puc.l), 10 TOTO X OCHAIIECHUH BiAMOBITHUMH Ta TOCTATHHO raOAPUTHUMU
BUXITHUMH TpaHchopmaropamu, Oyae 3HAYHO TIOCTYMATHCSA PO3POOJIICHOMY BapiaHTy — aHAJOTIYHOMY II0
¢dbyHkioHary reHeparopy, Ha 6asi mikpomporiecopHoro (MII) 6moky (B HIKHIM yacTwHI puc.l) i o pecypcy
po0O0TH, i IO CTabITFHOCTI YaCTOTH Ta BEJIMIMHM HANPYTH. Lle % cTOCYeThCs 3pyYHOCTI PEMOHTY Ta YCTAaHOBKH, a
TaKOX TrabapuTiB IPUCTPOIB, IX MacH, BETUYUH CHEPrOCIIOKUBAHHS, KON CIIBBIIHOIICHHS MIX CITiIBBIJTHOCHUMH
rapameTpamMH CTaloTh IIPOCTO HE CITiBCTaBHI.

Pucynoxk 1 — CyvacHuii Ta OpUTriHQIBHUN BapiaHTH KOHCTPYKTUBHOI peaiizauii TpudazHoro reueparopa

PamioHanbHicTh poO3pOoOKH Ta 3aMiHM JWKTYETHCSA 1 OJHUM TIOPSAAKOM BEIWYMH BHUXIIHUX HANpyT
BiJIMOBiAHO Ha mopTax MikpokoHTposepa (0 ... 5,0 B) ra TTOH. [lyis mopiBHSAHHS, B TeHepaTOopi JiHiliHA BUXiTHA
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HaIpyra IMOBHHHA MaTH 3Ha4eHHs O0nu3bke 10 4,0 B, mo BiamoBigae BenmuunHi GasHoi Hampyry 0smsbko 2,3 B.
e x crocyetbes i ctpymiB. Cymapue HaBantaxkeHHs TT'OH Big Bciei YPMEC cknanae He Oinbmn Hik 60 MA,
To0TO Ha KoxHY CI'C mpunaznae 6mu3bpko 5,0 MA BHXIHOTO CTpyMy r'eHepaTropa. BiZHOCHO HU3BKI 3HAUEHHS
CTPYMIB € LIIJIKOM OYiKyBaHMMHU, aJUKEe HOMIHAJIbHA Harpyra kuBJeHHs cenibcuHa BC-155A cknanae 110 Bine
3HA4YEHHs Ha NOPSAJOK OljIblIe BEIMYMHN BUXIIHOI HAIIPYTH reHepaTopa.

JlocuTe 4acTo B MIKpOIPOLECOPHHUX TpH(]a3HUX TeHeparopax CHIHANIB IIIKOM YCIIIIHO Peani3yroThCs
MOJJIMBOCTI BHKOPUCTAHHS IIMPOTHO-IMIYJIBCHOT MOIYNALII 3 HACTYMHUM eTanoM (uibTpamii opepskaHoi
iMITysibcHOT HanpyrH [2, 3]. Po3Butroxk MII TexHikH i BiANOBiAHI IOTpeOU MpU3BENN 10 BOYIYBaHHS B CTPYKTYPY
KOHTPOJIEPIB MITATHUX ITUPPO-aHATOTOBUX TepeTBOPIOBayiB. L TeHAeHIIisI oneprkana BiloOpaKeHHS 1 B peajbHO
JIOCTYITHUX 1 MTUPOKO THPAKOBAHUX 3pa3kax TpHu(a3HUX TeHepaTOPiB CUTHANIB Y BHTJISIII OKPEMHX KOHCTPYKTHBHO
3aKiHYCHHUX BY3JIiB, SIKi OPI€EHTOBAHI Ha IMOJAJbIIe BHKOPUCTAHHS B Pi3HOTO POAY MPUCTPOsx. [Tpukmamom Moxe
O0ytu 610k HS380 (pumc.2), 3 mapaMeTrpamMu Ta XapaKTePUCTHKAMH SKOTO MOXHAa 03HAHOMHTHCH BUKOPHUCTOBYIOUH
MOXIIMBOCTI IHTEPHET TOIIYKY, B TOMY YHCJI 1 Ha IIUPOKO BioMoMy aliexpress.com.

e nepu 3a Bce:

1.diana3oH yactotu BuxigHoi Harpyru 0,1 ... 2000 'y mpu kpoui perymroBanss gactotu 0,1 I'm.
2.[liara3on peryiroBanHs (a3u BuxigHoi Hanpyru 0 ... 360° npu Kpoli perysroBaHHs 4acToTH 1°.
3.diana3oH ammuiTyau BuxigHoi Hanpyru 0 ... 5 B.
4 Hampyra xupnenHsa 7 ... 12 B.
5.CTpyM criokuBaHHS He OUTBII HixK 50 MA.

6. T'abaputu (0e3 maneni inauKanii) 56 X 45x 20 MM i T. 1.

1. Freduency
C#@.1  268.8Hz |

Pucynox 2 — HS380 - mikpokoHTposiepHHii 070K Tprda3HOro reHepaTopa CHHYCOoiJajIbHOT HapyTru

HesBakaroun Ha LMl s OCTYIHUX OIIIH HaJalITyBaHb, caM OJIOK IOCTaBJISIETHCS 3 YCTAHOBKAMH I10
3aMOBYYBaHHIO BXXE HEOOXimHMMHU s mopepHizamii momeni YPMEC-2. ToMmy Hemae moTpeOu y SKHXOCHh
MaHIIyJISIIiSX JUIS 3MIHU TOTO UM IHIIOTO HapaMeTpy 4M po3podui abo Moaudikauii mporpaMHoOro 3abe3neyeHHsl.
Heo0xinHo suie y3roauTy BUXiIHI TapaMeTpy TaHOTo OJIOKY 3 BXigHuMH — it YPMEC-2.

Ha puc. 3 HaBegeHO NMPUHIMIIOBY €IEKTPUYHY CXEMY PO3pPOOIEHOTO Y3ropKyBalbHOTO mpucTpoio. Cama
cXeMa CUMETPYBaHHS HaNPyTH Ta TiICUICHHS CKJIATAEThCS 3 TPHOX OJTHAKOBUX CYOOIIOKIB BiAMOBIIHO YUCTy (a3 i
Ma€ KJIaCHYHy CXEMOTEXHIKY BUKOPHUCTAHHS OTepalliiHUX IMiJCHIIIOBadiB 0e3 SKHX0Ch 0coOmmuBOCcTel. OCKiIbKU
KpuBa BuxigHOi Harpyru 61oky HS380 Bxoauts B Mexi 0 ... +5 B, ToOTO Mae mocTiiiHy ckianoBy y +2,5 B, To Ha
KOXHUH cy00JI0K 3 cepenHboi Touku R4 momaeThest Hanpyra +US BenmmauHOI0 051M3bK0 +1,25 B 11s cumeTpyBaHHS
BUXIJTHOI HAIIPYTH BiTHOCHO i1 HyJIbOBOTO piBHA. HeratuHy Hanpyry xuBieHHS (-VCC) BeIMUnHOIO OJIM3BKO -
8,0 ... -10,0 B 3a0e3meuye meperBoproBau Ha 0a3i DA2. 3arajbHe >KWBJICHHS 3a0€3MEUYETHCSA B TMOCTIHHOT
Hanpyru +12 B, sike npote gemio 3umwkene 10 +10,5 B (+VCC) 3a paxyHok BitoueHHs giogis VD1, VD3.

KoHCTpYKTHBHO By30J1 CHMETpYBaHHS HANIPYTH Ta IiICWIICHHS IOTY)KHOCTI BUKOHAHO Ha OJJHOCTOPOHHIN
JpyKoBaHil mati 55,6 X 39,3 MM 3 BUKopucTaHHM utaHapHuX (SMD) komnoHeHTiB (puc. 4 a) 1 3MOHTOBaHO pa3oM
3 6mokom HS380 y 3akpuromy koxkyci po3mipamu 115,0 x 90,0 x 36,5 MM (puc. 1). CoiibHEe pO3MILIICHHS LIUX BY3IIiB
Ha TWIBHIN MaHesnl TaHOTO KOKyXa, 0e3 MOHTa)KHHMX 3’€JlHaHb, I0Ka3aHO Ha puc. 4 6. besymoBHO, reoMeTpHyHi
rapameTpu opuriHainsHoro 61oky (420,0x 250,0x 175,0 Mm) pu 1ibOMY He HIYTh Hi B SIKE IIOPIBHSIHHS, 1110 HAOYHO
BUAHO Ha puc. 1. Takok HOMyCKa€eThCs eKCIUTyaTallisi 00Ky Oe3 maHem iHAnKaIlii.

3a eHepreTMUYHUMHU IIOKa3HMKaMH JOCTaTHbO CKa3aTH, L0 CTPYM PO3XKAPEHHS JIMIIE OJHOTO 3 TPhOX
BUXIZIHUX TpioJiB Oumbm HX B 10 pa3 mepeBuIye CTPYM CIOKMBaHHS HEOOXIHHMH JUisi 3a0e3reueHHs] poOoTH
HOBOT'O T'€HEpaTopa, Mal4y Ha yBa3i NMpH [bOMY 1 HasBHICTH HOTr0 HOMIHAJIBHOI TOTY)KHOCTI HaBaHTa)KCHHSI.
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Boanodac ¢iHaHCOBI BUTpaTH HAa BUTOTOBJICHHS HOBOTO OJIOKY € MOPIBHAHHMMH 3 KOIITOPHUCOM 3aMiHH JIaMII
opwurinansHoro 6moxy TT'OH.
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Pucynox 4 — KOHCTpYKTHBHA peaji3allis By3ja CHMETPYBaHHS HAIPYTH Ta ITiICHICHHS
MOTY>KHOCTI (a) Ta fioro ycTaHoBKa B KOMIUIeKci 3 6moxom HS380 (6)

[IpoTe, 6e3yMOBHO, TOJIOBHUM € HAMIHHICTH pOOOTH TaKOoro TeHepaTopa Ta MiABHIICHHS HOTO pecypcy
poOOTH 3a paxyHOK 3MEHIIEHHS B daci piBHS Aerpafamii mapaMmeTpiB eIeKTPOHHHX KOMIIOHEHTIB 3aBISKH
CYTTEBOMY 3aHIDKCHHIO BUIIJICHOT Ta PO3CIIOBAaHHOI HOTO KOMIIOHEHTaMH eHeprii. OKkpeMo HEeOOXITHO BiIMITHTH
CTa0lIbHICTh NapaMeTpiB FeHepaTopa, TaKUX sSK: 4acTOTa CTPYMY, CTaOUIbHICTh BENWYMH BUXITHHUX HAIpyr Ta
3HAYCHb iX ()a30BUX CIIBBIAHOIICHD i T. iH.

BucnoBkm.

TakuM 9HMHOM, 3alPOMTOHOBAaHA MOJEpHi3allis (i3UIHOT MOJIETi €HEPrOCUCTEMH, JIUIIIe B YACTHHI HAJEHKHOT
mouikanii TI'OH o cyyacHoOro piBHS €lNEKTPOHIKH, A€ IMiABUIIEHHS HaIHHOCTI 11 QyHKIIIOHYBaHHS Ta pecypcy
pobotu 1mpu cyrreBoMy, Oinbml HiX B 40 pasiB, 3HMKEHHI €HEProCHOKHMBAHHS NPH HOMIHAIBHIA MOTYXHOCTI
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HaBaHTaXeHHS. [Ipy IbOMY HeMa€e HEOOXiTHOCTI y 3alTy4eHH1 SKHMXOCh CYTTEBUX KOHCTPYKTOPCHKO-TEXHOJIOTIIHUX,
NpOTPaMHUX Ta IHIIUX 3ac00iB, CIpaBa TUIBKK y BiTHOCHO HE3HAYHIH 1 OYCBHIHIN CXEMOTEXHIUHIN JOpOoOIL,
OB’ sI3aHiH 3 Y3r0JUKEHHSM BiANOBIHUX HapaMeTpiB CUCTEMH.

ParioHanbHICTh Ta TpaKTHYHA JOULIBHICTE JaHOI MOJEpHi3alil J0BeJeHAa HAJEXHOIO EKCILUTyaTalli€ro
NPOTATOM POKY JABOX JIBOXCOTTEPLIOBHX TpU(a3HUX TI'€HEpaTopiB OMOPHOI HANPYrd IPEJCTABICHOI CXEMHOI
peadizanii Ta KOHCTPYKTUBHOTO BUKOHaHHS B ycraHoBKax ¥ PMEC-2 Ha kadenpi mepex Ta cucreM HanionansHoro
texHiuyHOro yHiBepcutery Ykpainu «KIII im. Iropst CikopcbKkoroy.

BinnoBneHHs yHiBepcambHUX (Di3MUHIX po3paxyHKOBUX Mozeneii eHeprocucteM (YPMEC-2) € BunpaBmanuM,
yepe3 IX 3HAYHE MOIIMPEHHS B MUHYJIOMY Ta MOAAJbLIEC MTOCTYNOBE 3MCHIICHHS iX BUKOPHCTAHHS, SIK 3ac00iB
HAJIEXKHOTO 3a0e3neueHHs ya00BOT0 poIiecy He 3 MPUIHNHH 3aTpe0yBaHOCTI, a Yepe3 BUUEPITHICTh pecypcy podotn
KOMITOHEHTIB. IIpy 1IbOMy HE OCTAaHHIO POJIb BIIrpa€ aclekT PaliOHAILHOTO BUKOPHCTAHHS CYTTEBUX paHilIe
BKJIaJICHUX (piHAHCOBHX pecypciB. [IpoTte, maHuii BUCBITICHHIA eTall MOAEpHi3alii Oyae MaKCUMallbHO €EeKTHBHUM
JWIIE 32 YMOBH BHKOHAHHS IOJAANBIIO] HAJIC)KHOI MOJEPHi3allil, B MEpIly 4epry W IHIIMX aKTHBHHUX CKJIAJOBHX
YAaCTHH MOJIEJi CUCTEMH.
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MOJEPHU3AIIAS YHUBEPCAJIBHON PACUETHOM MOJIEJIN
JHEPT'OCUCTEMBI YPM3IC-2

B pabome paccmompeno peuwtenue 00nou U3z 3a0ay 60CCMAHOBNIEHUS U COBEPULEHCINBEOBANUS YHUBEPCANLHOU
sblyucIUmMenvHou usuyeckoi moodenu snepeocucmemvt YPMOC-2 ¢ npumenenuem co8pemeHHbiX 21eKmMpPOHHbIX
KOMNOHEHMO8, MUKPOKOHMPOILIEPHBIX CPeOCmE U mexHoao2ull. Paccmompenst npeonocuLiky makoi MoOepHu3ayuu
C  YUemom COSMEeCmMUMOCMU NAPAMEMPO8 COBPEMEHHbIX INEKMPOHHLIX KOMNOHEHMO8 C  pPeanbHbIMU
Xapakxmepucmukamy OaHHOU pacuemHol Qusuueckou modeau dHepeocucmemsl. Ilokazano, umo nem
HeobxX00UMocmu 8 paspabomxe U UCHOIb308AHUY KAKO20-TUOO CNeYUANbHO20 NPOSPAMMHO20 0becheyenus O
oocmuoicenuss dmoti yeau. JJocmamouHo uUcChoIb308ams 20mMoeble KOHCMPYKIMUBHbIE DJIeMEHMbl, Npu 4Yem Uux
@YHKYUOHATLHBIE BO3MONCHOCMU 3HAYUMENLHO NPesbluialon nompebHOCmU, 8O3HUKAlOWUe Npu padomax no
60CCMAHOBIEHUIO U YIIYYUIeHUI0 OGHHOU YCMAHOBKU. B Kauecmee npumepa npueedena noaHas 371eKmpuieckas
cxema 3a0anujeco mpexgasnoco eeHepamopa onopHO20 HAnpsaxceHus nepemennozo moxa yacmomoti 200 I'y na
base cywecmeyroujeco MUKPOKOHMPOJAEPHO20 ONOKA € NOCIeOVIOWUM OCYUWECMBIEHUEM CUMMEMPUPOBAHUS
HANPANCEHUSL U YCUNEHUEM €20 BbIXOOHOU MowHocmu. Paspabomano koncmpykmuseHnoe ucnoiHenue 2enepamopa.
Takum 0bpazom, peanru308ana 603MONCHOCHMb MOOUuKayuu mooeau suepeocucmemvl YPMOC-2 nymem 3amensi
JIAMROB8020 MPexXha3HO20 2eHepamopa CUSHAN08, BbINOIHUE HEOOILULYIO MOOUPDUKAYUIO 20M08020 DIOKA HA Dase
MUKDOKOHMPONIEPA ¢ Mpems yudpoanaio208blMu npeodpa3oeameniamu, a He nymem peaiusayuyu npozpammHou
WUPOMHO-UMNYTLCHOU MOOVIAYUY Hepe3 UCHONb308aHUe COOMBEMCMBYIOWUX MAMEPO8 MUKPOKOHMPOILIEPA.
Ilpeonazaemas 3ameHa OPUSUHATLHOZO 2eHEPAMOPA MPexPasHozo HANPANXCEHUS HOBbIM COBPEMEHHBIM €20
6apUAHMOM Odem 3HAYUMEeNbHOe YEeauueHue pecypca pabomsl MoOenu u yayuuaenm noKazameny HaoelcHoCmu,
aHepeodppexmusnocmu u m. n. Ilpakmuyeckas YeHHOCMb 3AKIOYAEMCS 8 BOCCHIAHOBNEHUU B03MOICHOCHEl
UCNONL30BAHUA MHOLOYUCTEHHBIX TAOOPAMOPHLIX pabom 6 yueOHOM npoyecce u3 Kypca d1eKmpoIHep2emuecKux
cemell U CUCEM C UCHOIb306AHUEM MOOEPHUSUPOBAHHOU YHUBEPCANbHOU AHANO2080U MOOEU IHEP2OCUCTIEMbL.

Knrouesvie cnosa: snexmposunepeemuueckas cucmema, nepemeHHulll Mok, uauieckoe mooeruposanie,
AHATI0208051 MOOETb, MUKPOKOHMPOLLED, 8bluuciumenvhas mooens, YPMIC-2.
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MODERNIZATION OF THE UNIVERSAL ANALOG MODEL OF THE
ENERGY SYSTEM YPMEC-2

Restoration and improvement of universal computational physical model of power system (YPMEC-2) by
application of modern electronic components and facilities of microcontroller technology. Results. The
prerequisites of such modernization for compatibility of parameters of modern microcontroller components with the
necessary characteristics of this calculated physical model of power system are considered. It has been shown that
you do not even need to use specific sofiware to achieve this. It is enough to use ready-made structural units, and
their programs of operation far exceed the needs for restoration and improvement of the installation. As an example,
an electrical circuit of a basic three-phase AC reference generator 200 Hz with the implementation of subsequent
voltage symmetry and power amplification. Generator design is developed. It is proposed to replace the old
generator, which gives a significant increase in the resource life. Originality. For the first time, the possibility of
upgrading the power system model (YPMEC-2) by replacing a three-phase signal generator made by a slight
modification of a finished microcontroller unit with digital-to-analog converters, rather than by implementing
software pulse-width modulation of the microcontroller, is shown. Practical significance. The practical value of the
work is to restore the possibility of using numerous laboratory works in the educational process with the use of this
universal analog model of the energy system.

Key words: power system, AC, physical modeling, analog model, microcontroller.
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OIJIsAA CTAHY I HEPCIIEKTHUB PO3BUTKY
EHEPITETUYHOI'O AHAJII3Y

B cmammi naoano ocnsio mepminonoeii, memoodis, yinei i 3a0ay eHEPeemuuHO20 AHANI3y, A MAKOJIC
MemoOUUHUX nioxo0ig 00 1020 SUKOHAMHA. BusHaueno npuuunu 0OMedHCeH020 3ACMOCYBAHHA eHepeemUYHO20
auanizy 6 Yxpaini: euxopucmantsa 6anrancosux mooeneti oomedgicene HedoCMamHicmio CMAMUCMUYHUX OAHUX WOOO
MidIcCeKmopHo20 6anancy, a aHarizy npoyecy — CKIaoOHiCmio po3paxyHKoeux mooenetl. 3anponoHo8ano Cmpykmypy
no6HOI enepeoeMHOCI. 3a3Hayeno, wo npu OYinyi eHepeemuyHUX UMpPam Ha iMNoOpm enep2opecypcie i npooyKyii
HeoOXIOHO GUKOPUCMOBYBAMU eHEeP2eMUYHUL eKBIGAeHM GANIOMU 3 BPAXYBAHHAM 6CIX HAOXOOJICEHb 6ANIOMU.
Busnaueno, wo nodanbuiuii po36UmMoK eHepeemuyHo20 AHANI3Y 3 3ACMOCY8AHHAM NIOX00Y «aHANi3 npoyecy»
sumazae doonpayiosauts 3anpononosanoi ¢ cmanoapmi JJCTY 3682-98 i T'OCT 30583-98 memoouku winraxom
PO3POOKU  A0eK8AMHUX — CHPOWYIOUUX NPUNYWeHb [ 3MEeHWeEHHS CKIAOHOCMI PO3DPAXYHKOBUX MOOenell.
Boockonanenus yici memoouku 003601umsv nioguwumu ehexmusHicms eHepeemuiHo20 AHANIZY THBeCMUYIIHUX
Npoexmis, 306HIUHbOCKOHOMIYHUX 36 SI13Ki8, NIIAHI8 eKOHOMIUHO20 PO3BUMKY KPAiHU, (DYHKYIOHYB8AHHA eKOHOMIKU |
OKpeMUX 8UPOOHUYUX NPOYECTs, A MAKONHC POSUUPUMY Cepu 3ACMOCYBANHS eHePLeMUUHO20 AHATI3Y.

Knwwuoei cnoea: eHepreTMUHW aHali3, IOBHI CHEPrOBUTPATH, MpPsIMi EHEPrOBUTPATH, HENpsMi

€HEepPrOBUTPATH, TIOBHA €HEPTrOEMHICTD, OATaHCOBI MOJIEINI, aHAJi3 IPOIIECY.

Beryn

MeTonu eHepreTHIHOTO aHallizy HaOyJIH pO3BUTKY 1 IMHPOKOTO 3aCTOCYBAaHHS micis HadToBoi kpm3u 1973
POKY, X049a BOHH OYJIH BiJOMi 3a70Bro 0 miei Kpu3u. OTHUM 3 3aCHOBHHKIB €HEPTETHYHOTO aHaNi3y, K OKPEMOTO
HayKOBOTO HANPSMKY AOCIHiIKeHb, € ykpainchkuil BueHuil C.A.Ilomommacekwmii [1], skuil moka3as, M0 Hparo i
MarepialbHy MiSJIBHICTD JIFOJMHM MOJXKHA PO3IJISIIATH SIK BUTPATH €HEprii, «pe3ysbTaToM SIKHX € 30UIbIIeHHS
CHEPreTUYHOTO OKOKETY CYCIUIBCTBa». AHaOriuHi ijel OyJio BUCIOBICHO B aHOHIMHIN mpaili [2], Ky HAyKOBIl
Takox npunucytoTs nepy C.A.IloronuHcbkoro.

B Incturyti 3aransraoi enepretuku HAH Ykpainu 6yno po3po6sieno cranaapt [3, 4]. Leit ctangapt 6yio
PO3pOOJICHO 3 METOI0 BU3HAYEHHSI METOJIIB PO3PaxXyHKy MOBHOI €HEProeEMHOCTI BUPOOHMIITBA TPOIYKIT, pOOIT i
nocayr (TIPIT). Ileli crammapT BUKOPHUCTOBYETHhCS CHeIiagicTaMd I[HCTUTYTYy Ui BH3HAUCHHS IOBHOI
€HePrOEMHOCTI HaWOUTBII €HePrOEMHUX BHIIIB MPOIYKIIi P BUKOHAHHI HAYKOBUX JOCIHIIKEHh Ta BUKOHAHHS
HAYKOBO-JIOCTiTHUX POOIT.

[Nomanbmmii po3BUTOK E€HEPreTHYHOTO aHajli3y BHMarae JIOONpPALOBAHHS 3alpOIIOHOBAHOI B CTaHIAPTI
METO/IMKH 3 METOI0 PO3IIMPEHHSI HOT0 3aCTOCYBAaHHS B IPAKTHII €HEPTeTHIHOTO aHai3y. [Ipu npoMy HeoOXinHO
BpaxyBaTH MI>KHAPOAHUH OCBIJI 3aCTOCYBaHHS €HEPIreTUYHOT0 aHaNi3y, HAKONMYCHHUH 3a 4ac, 110 MPOMIIOB Micis
BBEJICHHS B JTit0 cTaHAApTY - 1 cigdst 1999 p. B poOoTi HagaHo Oris] TEPMIHOJIOTIT Ta aHANI3 ICHYIOYIX METOIMIHIX
MiXOMIB 10 BU3HAYCHHS CKJIAJIOBUX MOBHOI eHeproeMuocTi [TPII.

TepMminu i BU3HaYeHHS

IcHye kimbka BW3HAYEHb MOHATTS EHEPreTHYHUN aHami3 abo YHCTUH eHepreTHdyHWid aHami3z [5]. 3a
BHU3HAYEHHSIM aHTJIOMOBHOI Bepcii eIEKTPOHHOTO CIOBHHKA Bikimesisi «eHepreTHYHUH aHami3 - 1e MeTo OOIMiKY,
METOIO SIKOTO € 3HAXOKEHHS 3arajibHOi CYyMH €Heprii, He0OXiTHOT IS BChOTO YKUTTEBOTO IUKITY MPOAYKTY». B [6]
CHEepPreTUYHUM aHalli30M HA3WBA€TbCS «BU3HAYEHHsS KUIBKOCTI €HEprii, BUTPa4eHOi HAa BUPOOHMITBO NMEBHOTO
MaTepiagbpHOro Onara abo IMOCIyrH, Ha OCHOBI NMPUHHATHX IOMOBIEHOCTEIH». X04a sl MO3HAUCHHS JIOCIIPKEHb
C€KOHOMIYHUX CHCTEM CHEPreTHYHHMH METOJaMM 3 BHKOPHUCTAHHSIM CHEPreTHYHHMX OAWHMIL JOLUIEHO Oyno O
BXKHMBaTH TepMiH [7] €HeproeKOHOMIYHMH aHami3. AJe, 3 ONIAY Ha YCTAJICHICTh TEPMiHY, IS MO3HAYCHHS
OKPECJICHOTO HANPSMKY JOCIIKEHb IIPOIIOHYETHCS KOPUCTYBATHCS HA3BOIO «EHEPTETHYHMI aHaII3.

B [8] 3a3HavaeThbcs, 1110 EHEPreTUYHUM aHai3 HE € EHePreTHYHOI0 Teopiero BapTocTi. [Ipu npomy rpomri
PO3TIAIAIOTECA K TOXiTHA Bill IBOX OCHOBHUX PECYpCIiB - €HEpTii i mpari, a eHepris TPaKTyeThCS SK Te, M0
3a0e3medye K HereHTPOIIi0, TaK i TETUIO.

OCHOBHUMH KiJIbKICHIMH TIOKa3HHKaMH B €HEPTeTHIHOMY aHali3i € IOBHI CHEPTOBUTPATH HAa BUPOOHHUIITBO
I1PII i moBHa eneproemuicts [1PI1. [ToBHA eHEPro€MHICTh BU3HAYAETHCS SK BiTHOMICHHS MTOBHUX €HEPrOBUTpAT Ha
BupoOHuITBO IIPII 1o 06csariB BupoOHUITBa. B CBOIO uepry moBHI eHeproBuTpaTH Ha BuUpoOHUITBO ITPIT
BHU3HAYAETRLCS K CyMa EHEPTOBUTPAT Ha BCiX eTanaxXx BUPOOHHUIITBA, BKIIOYHO 3 TOOYBaHHIM, MEPEPOOKOT0, TPaHC-
©TI.T". [Tanuenko, 2019

60 ISSN 2308-7382 (Online)



ISSN 1813-5420 (Print). Enepcemuxa: ekonomika, mexnonozii, exonozia. 2019. Ne 4

MOPTYBaHHIM, 30epiraHHsAM BXiIHOI MPOIYKIIii CHPOBUHH 1 MaTepianiB, BUPOOHUIITBOM OCHOBHUX BHPOOHUIHX
(oHAIB, Ha TEXHOJIOTIYHI NPOLECH, HA BIATBOPEHHS poOOYOi CHIM 1 Ha 3aXUCT HABKOJIMIIHLOTO IPUPOIHOTO
cepelloBUIA. Y BUIAAKY BHM3HAUCHHS MOBHOI €HEPrOEMHOCTI OKPEMMX BHJIB NMPOAYKLii (Takux, sK OymiBIi,
aBTOMOOLJTI TOIIIO) /10 OBHUX €HEPrOBUTPAT BKIIIOUAIOTH TAKOK BUTPATH Ha €KCIUTyaTallilo i€l MPOIyKIIii.

B 3aranpHOMy BuUMajKy TOBHI eHeproBuTparu Ha BupoOHuuTBO [IPIT moxinsioTe Ha mpsami, ski
BUTPaYaroThCsl OE3MOCEPEeH0 B TEXHOJIOTIYHOMY Mpoleci, 1 HempsiMi. B iHO3eMHIH JiTepaTypi, KpiM TepMiHy
HeNpsiMi CHEPrOBUTPATH, BUKOPHCTOBYIOTHCS TAKOXX TEPMIHM OpEUYEBIICHI €HEPrOBUTpAaTH a0 BTIJIEHA EHEpris
(embodied energy) [9, 10], akymynrsoBaHi [11], kymynsoBaHi eHeproButpatu [12, 13] i HaBiTh cipa eHepris [14]. B
JEeSKHMX BUIAIKaxX JI0 CKJIaAy MOBHUX €HEPrOBUTPAT BKIIIOYAIOTHCS CHEPTOBUTPATH 3a Yac €KCIUTyaTamii IpOayKILii,
30Kpema, OyaiBens [ 15] Ta moBHI eHEproBUTPATH HA IEMOHTAX 1 YTHIII3aIli0 Oy iBens i o0magHaHHs. Y BITYM3HAHIN
JiTepaTypi A MMO3HAYEHHS MOBHUX CHEPrOBUTPAT 3HAWIIM TAaKOX BHKOPHCTaHHS TEPMIHHU NPHUXOBAHA €HEPTis
[16], ckputi abo muHYIi eHeproBuTpat [17] i «Hackpi3Hi eHepropurpati» [ 18], o iX ckimagy B pi3sHHX BHITaKaX
3apaxoBYIOTh HE BCi GHEPrOBUTPAaTH. B 3aleXHOCTI Bil METH AOCHI/KEHb B HACKPI3HUX EHEProBUTpaTax
BPaxOBYIOThCSl €HEPTOBUTPATH B EKOHOMIL B LiIoMy a00 B OKpeMoMy ii ceKkTopi, Ha MiANPUEMCTBI a00 HaBITh B
OKpEMOMY LIEXY.

3araspHi BUTpaTH eHeprii Ha BupoOHuTBO [1PI] Halfuactinie Ha3MBalOTh MOBHUMH eHeproBuTparamu. Llei
TEPMiH BUKOPUCTOBYEThCS Takox B cranmaprax JJCTY 3682-98 ta TOCT 30583-98. Biu Bimnosimae Ha3Bi 1€l
BEJIMUMHH — «total energy» B aHIVIOMOBHUX JUKepeiax. [HOJI Ais TMO3HAYeHHs IIOBHHUX EHEPrOBUTPAT
BUKOPHCTOBYETHCSI TEPMiH 3arajibHa norpeda B eHeprii (gross energy requirement - GER), sika Bu3HauaeTbcs sk
CyMa BCIX HEBIJHOBIIIOBaHHX €HEPreTHYHHX PECYpCiB, IO CHOXKMBAIOTHCS MPHU HAZaHHI TOBapy abo MOCIYTH, i
BUPA)XKAETHCS B CHEPICTUYHUX OAWHUILIX Ha (hi3UUHY OAMHHIIO A0CTaBIICHOT Mpoaykuii abo mociryru [19].

Taxox TepMmin «embodied energy» B 3HaYCHHI MOBHUX CHEPTOBUTPAT MiATPUMYETHCS aHTIIOMOBHOIO BEPCI€I0
CJIEKTPOHHOTO CJIOBHHWKA Bikimexmis, B SKOMYy BiH BH3HAYa€ThCS SK «Cyma BCi€i eHeprii, HEOOXigHOI s
BUPOOHHUITBA OyIb-SKUX TOBapiB a00 IMOCIYT, IO PO3TILAAEThCA TaK, AKOW I eHepris Oyia BKIIOYEHa abo
«BTiJIEHa» B caMOMy HpoXaykTi». Ha Ham mormsapn, Take BH3HAUYEHHS HEIOCTAaTHBO TOYHO BimoOpaxkae ¢i3wmuHi
MpOILIeCH NiepeTBOpeHHs eHeprii mpu BupoOoHuiTBi [TPI1, ockinbku eHeproBUTpaTH He «BTUTIOIOTHC» B [TPI1, a mumme
BUKOPHCTOBYIOThCS NIPH 1X BUpOOHUNTBI. KpiM TOro0, Take TiiyMaueHHs NOBHUX €HEPrOBUTPAT HEJAOCTATHBO TOHYHO
BijoOpakae €KOHOMIYHI HPOIECH, SKi BH3HAYAIOTh BEIMYMHY IOBHUX E€HEPrOBHTpAT. AJDKE NPH BHU3HAYEHHI
MOBHUX CHEPrOBUTPAT 3a IMOBHUN JKUTTEBUI UK BHPOOHUITBA I BUKOPHUCTAHHS MPOIYKINi 0 iX CKIamy
BKIIIOUAIOTh TAKOXK CHEPrilo, ska Ine He Oyyia BUTpadeHa Oe3MmocepeaHbOro Ha 9ac BUPOOHUIITBA IMPOIYKIIii.
MaroThcst Ha yBas3i, B IEpIIy 4Yepry, CHEProBUTPATH Ha BiATBOPEHHS po0OOYOI CHIIM 1 Ha MOJOJIAHHS HEraTUBHUX
CKOJIOTIYHMX HACHIJKIB CKOHOMIYHOI JisUIbHOCTI, sIKi Im¢ HEe OynaM BHUTpadyeHI i HE MOXYTh BBa)KaTHCS
KyMyiiboBaHMMH. KpiM TOro, poGoTH Ta MOCIYTrH HE € MaTepialbHUMHU peyaMH 1 TOMY B HUX HE MOJXKE BTITIOBATHCS
eHeprisl.

Tak camo, K 3 TEPMIHOJIOTI€IO IIOJJ0 MOBHUX €HEPrOBUTPAT, OCTATOYHO HE CKJIAJIacs TEPMIHOJIOTISA 1 3
MO3HAYCHHSAM IUTOMHMX IIOBHHUX EHEPrOBUTpPAT — eHeproeMHocTi. KpiM TepMiHy IOBHAa €HEpProeMHICTh, B
JiTeparypi 3ycTpidaroThCS Ha3BH MpsMa, TEXHOJIOTIYHA, IIEXOBa, TIOBHA IIEX0Ba, 3aBOJChKa eHeproeMHicTs [20],
HACKpi3Ha, 3aBOJIChKA a TAKOX [TOBHA METAIypriifHa EHEproEMHICTh MPOAYKIIi [ 18], TeXHOIOTiYHA €HEPTOEMHICTD
mpoxykmii [21], eHeproTexHoJOTiYHA TIPOAYKTHUBHICTE [16], KoMmepriiiHa eHeproeMHicTh [22], eHepreTHyHa
peHTabenpHICTh iHBecTHHIN [23], TexHomoriyne mammeae dncio (TIIY) [16], a Takok TEXHOJOTIYHE ITaIHBHO-
ekonorigaoro uncno (TIIEY) [24].

Eneprernuny pentabenpHiCTh iHBecTHIIiN (energy returned on energy invested - EROEI) [23] moxHa
BU3HAYWTHU SIK EHEPrito, M0 MOBEPTAETHCS HAa BKIAJICHY CHEPTii0 - BiJIHOMICHHS KUIBKOCTI KOPHCHOI €Heprii
(exceprii), mocTaBIeHOT 3 KOHKPETHOTO €HEPTETUIHOTO PECYPCY, 0 KiTBKOCTI eKCeprii, 0 BUKOPUCTOBYETHCS IS
OTPHMAaHHS LOTO €HEPTeTHYHOTO PECYpPCY.

[Moxo Bukopuctannas TITY HeoOXimHO 3p0OUTH HACTYyIHE 3acTepekeHHs. [Ipu Bu3HaveHHi Bemuauan TITY
JO CKJIaay €HEPrOBUTPAT MOAAETHCS XIMIUHA EHEpris NMEPBUHHOTO MaJMBa, IO 3aBHIIYE BEIMYMHY ITOBHOL
€HEepProeMHOCTI. AJDKEe €HEepPreTWYHWIl aHaji3 3/1iHCHIOETbCS B KaTeropisx BapTocTi (BHmOOYTKy, 30aradeHHs,
TPaHCIIOPTYBaHHS, NEPETBOPEHHS TOILO), @ HE SHEPreTHYHOI LIHHOCTI (TEIUIOTBOPHOI 3/1aTHOCTI) EHEPreTHYHUX
pecypciB. Hanpuknan, eneprernyna ninHicTh Hadth, BugoOyroi B CayniBebkiii Apasii i B YkpaiHi, Moxxe OyTH
OJTHaKOBOIO, aJie EHePreTUYHI BUTPATH Ha i BUI0OYTOK 3HAYHO BiJpi3HAETHCS. TOMY B OAAIBIIOMY POIIOHYETHCS
He kopuctyBaTucs TITY sik CHHOHIMOM IOBHOT €HEPTOEMHOCTI.

Iini i 3axaui eHepreTHYHOro aHATIZY

B 3anexxHocTi Big piBHA CKIamHOCTI BHpOOHWYOi cucTeMH (ab0 paHTy €HEepreTHYHOTO aHamizy) B [9]
PO3PI3HAIOTHCS YOTUPH OCHOBHUX THUITH IUIEH TOCIIIKEHb 3 €HEPIreTHYHOTO aHANI3Y:

eJIeTAILHUI aHANI3 OKPEMHUX IMPOIIECiB, MO0 3pOOUTH BUCHOBOK IIOJO iX €Heproe(eKTHBHOCTI i HaJdaHHI
PEKOMEHAAIIIH 010 eHePro30epeKeHHS;

®aHaJI3 CIOKMBAHHSA CHEPrii y BENMKHX MacmTabaX, MPOTHO3yBaHHS MOIMUTY Ha eHeprifo abo po3podka
MOJITUKH, sIKa MOTJIa O 3MEHIIUTH MaiOyTHIl MomnuT;

®aHaJIi3 EHEProCIOKMBaHHS TaKUX 0a30BUX TEXHOJIOTIH, SIK BAPOOHUIITBO MPOJIYKTIB Xap4yBaHHs Ta BUIO-
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OyTOK MiHEpaiB, MO0 MoKa3aTh ACsKi 3 MAaHOYTHIX HACTIAKIB TEXHOJIOTIYHUX TEHACHIIIN ab0 nedinuT eHeprii;

®BI3HAYCHHS CHEPrOBUTPATH Ta IOCII/DKEHHS €HEPreTWYHUX IOTOKIB IUISi PO3YyMiHHS TEPMOAMHAMIKU
iHnycTpiasnibHOT cucteMu. Lle mociikeHHS BHKOHYETBCS JUIS JIOCATHEHHS JOBIOCTPOKOBOI METH, 3aCHOBaHE Ha
(i3MYHMX, a HE HA IPOLIOBUX MOTOKAX.

OcraHHi AOCIIKEHHS! JAI0Th MOXKJIMBICTh 3pOOUTH BUCHOBOK IIPO T€, 1[0 METOJM E€HEPTETHYHOTO aHATi3y
JIO3BOJISIFOTH BUPIIIYBaTH 3HAYHO IIUPIIE KOJIO 3a]a4, 30KpemMa:

®OIiHIOBaTH €()eKTHBHICTH ()YHKLIOHYBAaHHS Ha JIOOOMY piBHI YNpaBiliHHS BUPOOHHILTBOM - LIEX, 3aBOJ,
KOMIIaHisI, CEKTOp €KOHOMIKH Ta €eKOHOMiKa B LIIIOMY;

*PO3pOOIIATH CHEPTETHIHHH 1 ByTJICTIeBHI OalaHCH KpaiHH, CEKTOPY €KOHOMIKH Ta OKPEMOTO ITiAIIPHEMCTBA;

®0IiHIOBAaTH €()eKTUBHICTH 30BHIITHFOCKOHOMIYHHX 3B SI3KiB;

eBI3HAYATH €(PEKTUBHICTH MiSIIBPHOCTI MIOA0 €HEPro30epekeHHs, CKOPOUYCHHS BHKHUIB MAPHUKOBUX Ta3iB
[25] Ta onrTrMi3amii BUKOPHUCTaHHS 00OMEKEHOIT KITBKOCTI Ne(IIIUTHAX PECYPCiB;

®BIKOHYBAaTH aHaJli3 BIUIMBY OKpeMHX (paKTOpiB BUPOOHHUIITBA HA EHEPreTHYHY e(eKTUBHICTh (HANPHUKIIAL,
BILUIMB COPTaMEHTY IIPOKATy Ha HOro eHeproeMHICTh IPU PO3JMBLI cTaili y 31uBKH [18]);

®OIIHIOBATH BIUIUB NIPUPOJHUX (PaKTOPIB HA CHOXKHBAIBKY KOP3UHY [26];

®IIPEJICTABIISATH B €HEPreTUYHUX OJMHHULSAX BUTPATH, SKi 3a0€3MEUyIOTh >KUTTEAISUIBHICTH JIIOAMHHU Ta
MiBUIYBaTH €()EKTUBHICTH BUPILICHHS IHIINX 3a/1a4 €KOHOMIYHOTO PO3BUTKY.

MeToan4Hi MiAX0AU 10 eHEPreTHYHOI0 AHAJIZY

B enepreTnyHOMY aHaJTi31 BAKOPUCTOBYIOTHCS [JBa OCHOBHHX ITIJXOJH, SKi IPYHTYIOTHCSI HA BUKOPHCTaHHI
0amaHCOBUX MOETICH THITY «BUTPATH-BUITYCK» a00 Ha pe3yibTaTax aHaji3y mporecy [5, 27]. 3 ormsaay Ha [ukepena
MePBUHHIX JaHWX 1 HAMPSAMOK IMOCIITOBHOCTI PO3paxyHKIB, IIi MiAXOIM IIl¢ HA3WBAIOTH, BIANOBITHO, MiAXOIOM
«3BEPXY-BHH3Y 1 I IX0A0M «3HU3y-Haropy» [11].

[lepcieKTHBHNM BHIAETHCSA KOMIUICKCHUH MMAXIN 10 BU3HAYCHHS IMOBHUX CHEPrOBUTPAT, SIKHH IOJIATAE y
BUKOPHCTAHHI pe3y/bTaTiB PO3paxyHKIB, OJEpKaHMX Ha OCHOBI OalaHCOBOT MOJEINi €KOHOMIKHM 3 IMOJAJIBIIO
JIeTaji3alli€ero Ha OCHOBI aHai3y mporecis [28].

Bukopucrannsa 06ajaHcoBUX Mojeeil

[lepuri mocnmiykeHHS 3 SHEPTeTUYHOTO aHANli3y 3 BUKOPHUCTaHHAM OallaHCOBHX MOjeNel BHKOHYBAIHCh B
kpainax Oprasizanii eKOHOMIYHOTO CHiBpPOOITHUITBA Ta PO3BUTKY - Himeuunni [29], CHIA [30] i [27], Kanani [31],
Benuko6puranii — [32], Hogiit 3exanmii — [33]. Y 2000 p. Oyno BUKOHAHO IepIiie JOCTiKeHHS Takox B [Hil [34].
B VYkpaini nocmipkeHHS 3 BAKOPUCTAHHS MIKTaTy3eBOT0 OaaHCy B €HepreTHIII 3HaHIIIIN PO3BUTOK B poboTax [35,
36] Ta in. [y ekonomiku CIIA Oyno BUKOHAHO MEpIIi PO3paxyHKH 3 BUKOPHUCTaHHSAM MaTPHII MIXXCEKTOPHOTO
6anancy Ha 357 cextopiB 3a 1963 p. [27] Ta 3a 1967 pik [37]. OCHOBHUMH 3aBJJaHHSMH IIPH BUKOHAHHI PO3paxyHKiB
OyJin BU3HA4YECHHS MOTOKIB €HEPril 3 IOTOKaMU TOBapiB Yepe3 perioHabHI KOPJIOHH (10 Ma€ KIIOYOBE 3HAUEHHS
JUISL TINTaHHS €HEPreTHMYHOI CaMOJOCTAaTHOCTI), a TaKoX IHUTAaHHS EHEepPro30epeKeHHs! Ta IOTEHIaly €KOHOMil
eHeprii Ta 3aMilieHHs ToBapiB i mociyr [37].

IIpu 3acTocyBaHHI OaTaHCOBUX MOAEIIEH TOBOIUTHCS pOOUTH CIIPOINYIOYH MPHUITYIIICHHSI, SIKi BILTUBAIOTH Ha
TOYHICTH OIiHOK. [lepr 3a Bce, 11e CTOCYEThCS BpaxyBaHHS iMIopTy. B [37] 3a3Ha4aeThes, M0 1€ YCKIAAHIOETHCS
HasSBHICTIO IBOX BUIB iMIopTy. [lepmuii Bu iMOOPTY, KM Ha3BAHO KOHKYPEHTHHUM IMIIOPTOM, - IIe TOBapH, sIKi
MaloTh BITYM3HSHI aHAJIOTH, TaKi HANPHUKIAM, K cTajib. JIpyruil BUA - HEKOHKYPEHTHUN iMIIOPT, aHAJIOTIB SKOMY
HeMae, Hanpukiaa OaHaHu. [lepepaxoBanmii iMmopT craii B mMoneni [37] momaeTbest 10 OOCATIB BUPOOHHIITBA
BITYM3HAHOTO METAaypriiHOTO cekTopy. B Mozmenmi [27] oOcarm BajoBOTO BHITYCKY 3MEHIIYIOTHCS Ha 00CST
iMnopty. [ToniOHy KOpeKILito 3pOOUTH HEMOXKIIMBO JJIs IMIIOPTY APYToro THILY, TOMY IO PO3POOHMKAaM HeBizoMa
€HEeProeEMHICTb MPOAYKIii HEKOHKYPEHTHOTO IMITOPTY, HApUKJIa/A, HehpHTY, TUKY abo OanaHiB. B exoHomini CILHA
el IMIOPT € BiTHOCHO HEBEJIMKHUIT 1 pO3pOOHMKH HUM MPOCTO 3HEXTYBalU. AJie Ui KpaiH 3 OUIBIINM IMIIOPTOM,
HiK y CUIA, ne npunyieHHs mpu3Beae 10 3Ha4HUX MoMuiiok [37]. HeoOXimHO Bin3HauuTH, IO 32 Yac, SKUHA
MPOWIIIOB TMiCJI PO3POOKH IIUX MOJIENIEH, YacTKa IMITOPTY eHeproeMHUX BuaiB npoaykuii y CLIA 3HayHO 3pocna.
Tak mo po3poOHMKH CydacHHX MOJEJCH, pe3yabTaTd SKUX HE MyOINiKYIOThCS, OBHHHI BHOCHTH BiJIMOBITHI
MeToaugHi monpaBku. OTHIEO 3 OCHOBHHX IIepeBar BUKOPHCTAHHS OallaHCOBMUX MOJIeNIel Hal OUTBIN JeTaabHUM
TiIXOIOM € TIOPIBHSIHO IBHIKE BU3HAYCHHS BUIB MPOAYKIIil, IKi MafOTh MPUOIH3HO OAHAKOBY €HEPTOEMHICTD IS
OJIep KaHHS 3araJbHUX PE3YJIbTATIB AJSI IIHPOKOTO aCOPTUMEHTY TOBapiB, a TAKOXK IPH JOCTIPKCHHI, HAPUKIA,
OCHOBHOTO KaIliTaly, IMIIOPTY, eKcTopTy Tomio [27]. ToMy BUKOpUCTaHHS OalaHCOBHX MOJEICH 3aCTOCOBYETHCS
MIEPEBaYKHO VIS TOCATHEHHS TPHOX OCTAHHIX WiJIeH 3 MepeTidYeHnX paHTiB eHepreTHIHOTo aHamizy [9].

Tabmuus «BuTpatu-Bunyck» Ykpainu 3a 2016 pik MicTuTh AaHi npo 42 cektopu ekoHoMiku. Tomy mus ii
BUKOPHCTAHHS JIOCTIJHUKAaM HEOOXiJHO JOKJIAJATH 3HAYHUX 3YCHJIb JUIsS MIATOTOBKM TEPBHHHHUX JaHHX Ta
PO3pOOKU OOTPYHTOBAHUX MPUMYIICHB. J[JIst MOPIBHSAHHSI, TAOMHINI «BUTPATH-BUITYCK» JUIsl CTBOPCHHS 0aIaHCOBHX
mozerneit B CLIA B 1963 p. mictiu aani npo 357 cexropis 3a 1963 p. [27], a B Iuaii - 115 cekropis y 1983-1994
pp- [38].

Buxopucranns aHaiisy npouecy

Jpyruii MeTo eHepreTHIHOTO aHAJI3Y IPYHTYETHCS Ha BUKOPUCTAHHI IMITAllIHHIX MOIeNIel TEXHOJIOTTYHUX
MIPOIIECIB, B SIKMX OIHUCYIOTHCS IOTOKM MaTepiallbHUX 1 eHepreTMuHux pecypciB. lleit meron TpaaummiiiHO
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BUKOPHUCTOBYETHCS ISl AOCATHEHHSI TIEPINOi IiJIi 3 MepesliueHuX paHTiB eHepreTHYHOro aHawmizy [9], a came mis
JIETAILHOTO aHaJli3y OKpPEeMHX HpoleciB, M00 3poOHTH BHCHOBOK HIOAO IX €HEpProe(eKTHBHOCTI 1 HaJaHHA
pexoMeHanii o0 eneprozoepeskeHHs. Po3BuTOk MeToanku BuzHaueHHs eHeproemuocti [IPIT nacts MoxmBicTh
BUKOPDHCTOBYBaTH aHaJli3y MNpPOLECY A JOCSATHEHHS TAaKOX IHIIUX TPhOX LiIEH EHEepPreTHYHOro aHaizy,
HepesiueHrx B MoNepeAHbOMY po3aiii. Ha BiaMiHy Bi meprioro MeToay, aHaji3 IpOLECiB HE BUMarae iCHyBaHHS
JIOKJIATHOT CTATHCTUYHOT iH(pOpMAIIii 00 MIKTally3eBOro OanaHcy.

3rimHo 3 [5], BUKOHAHHS aHaJi3y MNpOLECY BHMAarae JIeTalbHUX JaHUX NP0 BUPOOHMITBO ILIJILOBOTO
MPOAYKTY 1 mMomiOHuWX (aye 3a3BMYail MEHII JETAi30BaHMX) JaHWX MO iHII (akTopw, sKi HE BimoOpa)keHi B
mporeci aHamizy. s arperoBaHUX BHUPOOHWYHMX CEKTOPIB IaHI OTPUMYIOTHCS 3 IEPXKaBHOI CTaTUCTHIHOL
iHpopMatii Mpo eKOHOMIUHY MisSUTBHICTB. [ oKpeMux BHPOOHHYHMX MpOIEciB iH(QOpPMAII0 YacTo HEOOXiTHO
30upartu Oe3nocepeHbO Y BUPOOHMKIB, TOPTOBHX aCOMialliii Ta KOHCYIBTAHTIB. SIKIIO BCi MIOTOKA MOXYTh OyTH
BUMIpsAHI y (I3MYHUX OJMHHUIIX, 3a3BHYAil HEMae MiACTaB JJs BBEIEHHS BapTICHUX (Y TPOIIOBHX OIMHHUILIX)
3Ha4YeHb y aHali3. ToMy pe3ynbTyioua CHEPrOEMHICTH BHPAXA€TbCA Yy (I3MYHUX TepMiHax (EHEpreTHUHHX
OJIMHMIIAX [IJTHOBOTO MPOAYKTY).

Mertoau aHai3y IpoIeciB 0OPe BiJOMI i ITUPOKO 3aCTOCOBYIOTHCS B HAYKOBUX TOCIIKCHHSX 1 IPAKTUYHIH
po6oti. CriBpobitHukn I3E HAHY 3acTocoByroTh IIi METOIM NpPU BUKOHAHHI JIOCITIIPKEHb 3 IiJABHIICHHS
e(peKTUBHOCTI BUKOPHUCTaHHs eHeprii B mpomucioBocti [39, 40], mporHodyBaHHi NOTpeOUM EKOHOMIKH B
€HEePreTUYHUX pPecypcax 3 ypaxyBaHHSM IIONUTY Ha €HEPrOEMHI €KCIOPTHO-OPIEHTOBaHI BUAM mpoaykiii [41],
BU3HAYCHHI CKJIJI0BOI MOBHOI €HEPrOEMHOCTI 3aXOJ[iB 3 OXOPOHHM HABKOJHIIHLOTO cepepoBuiia [42] Ta iHIINX
CKJIaJJOBHX TIOBHOI €HEPrOEMHOCTI TIPY BUPOOHMUIITBI SIEKTPHYHOI eHeprii [43, 44], B mepepoOHiil POMHUCIOBOCTI
[45], nns aHani3zy eeKTHBHOCTI HOBOBBeACHb [46] Ta iH. L{i MeTomu 3HaXOIATh 3aCTOCYBaHHS TaKOX B 1HIITNX
rajgy3sx BHPOOHHIITBA, B SKHX BOHM paHIille HE 3aCTOCOBYBAIWCS, HANPHKIAA, B TNpHiIafnoOymyBaHHi [47],
CLITBCHKOMY TOCTIOIapPCTBI IPY BUKOHAHHI OpHUX poOiT [48] Ta mpu BuOOpi TexHiku [49].

EdexTuBHe BHUKOPHCTaHHS aHai3y TEXHOJIOTIYHHMX IIPOIECIB BHMAara€ CTBOPEHHS €HEPrOEKOHOMIYHHX
Mojienell BUpOOHHYHMX IPOLIECiB 1 eKOHOMIUHUX cucTeM. OCHOBHI MPHUHINITH TOOYAOBH TAKUX CHEPTOCKOHOMITHIX
Mozenel [7] momsraioTs B HACTYITHOMY:

®BUIIICHHI 00’€KTY MOJENIOBAHHSA 3 OTOYYIOYOTO CEPENIOBHINA y BIAMOBITHOCTI IO paHry aHamizy (B
3aJISKHOCT] Bil MOCTAaHOBKH IPOOIEMH, paHT aHaJi3y 3pOcTae i3 301MBIICHHAM CKJIQAHOCTI BUPOOHNYOI CHCTEMH);

®CKOHOMIYHI IPOIECH ONHUCYIOThCS B EHEPreTHMYHHUX TEPMiHAX, a XapaKTePUCTHKU IX BIACTUBOCTEH
BUMIPIOIOTHCSI B €HEPTETUYHUX OJIMHUIISX;

®BUTPATH >KUBOI Ipalli BUPaXKaIOThCS Yepe3 BUTPATH XapyoBOoi 1 3aiydeHol eHeprii, siki 3a0e3neduyroTh
JKATTENISIBHICTD JIIOAUHH.

[Ipn mpOMy MoIeNb €HEpProcHOXMBaHHSA MOJXKHA IPEACTaBUTH YOTHPMA OCHOBHHMH EJIEMEHTaMH , SKi
BIJINOBIIAIOTH TaK 3BaHIi peallizoBaHiil, HepeanizoBaHii, NepeTBOPeHil 1 crokuTii eneprii [7]. s npakTuanoi
peaiizanii Mojesni HeoOXiTHO HAIIOBHUTH 11 €IEMEHTH 1 3B’ I3KH MI>K HUIMH KOHKPETHUM 3MICTOM. A came, eJIeMEHTY
peari3oBaHo1 eHepTii B eKOHOMIYHIH CHCTEMI MOYKHA ITOCTABUTH Yy BiJIMOBIIHICTh CEKTOPH IMATMBHO-CHEPTETUIHOTO
KOMIUIEKCY, TIEPETBOPEHOI €Heprii — CEeKTOPH MPOMHUCIOBOCTI 1 CLTBCHKOTO TOCIOIAPCTBA, CHOXHUTOI eHeprii —
chepy CHOXHMBaHHS MaTepialbHUX OJar, a Hepeami30BaHOi eHeprii — BTpPAaTH Ha BCIiX eTamax BUPOOHWIITBA i
CHOXMBAaHHS. 3B’S3KM MK eJIeMEHTaMH TaKoi MOJENi MpPEeICTaBISIOTh COOOI0 MOTOKH EHEepropecypciB i
€HEepPTrOHOCIIB BCiX BH/IB B CHEPTETHYHOMY BHTIIAAI a00 y BUTJLANI IOTOKIB €HEprii, BUTpadyeHO Ha BHPOOHHUIITBO
MpeaMeTiB BUPOOHUITBA 1/a00 CIIOKMBaHHA. A TOTOKH €HEprii y BHIUIAAI BTOPHHHUX EHEpropecypciB abo
YTUIII30BaHUX BIJXOJIB YTBOPIOIOTh B EHEPrOCKOHOMIYHIM MOJENI 3BOPOTHI 3B’SI3KH. 3OBHIIIHI 3B’S3KH
MIPEACTABISIIOTH COOO0 MEPETOKH €HEPTril, 00YMOBIIEHI €KCIIOPTOM 1 IMITOPTOM.

Mogenb Takoro THmy posrisganack B po6oti [50]. Taki Mojeni 3py4HO NPEACTABISTH Y BHIUISI
opieHTOBaHMX TpadiB, SKI CKJIANAIOTHCS 3 MHOKMHM BEPIIMH 1 AYT, 10 3’€IHYIOTh BepunHu [46]. Bepimun
oprpady Mo3HAYAIOTh TEXHOJOTIYHI MPOLECH a00 CEKTOPH EKOHOMIKH, BIJMOBIHO O PaHTy CHEPreTHYHOTO
aHaizy, a Iyr'u — HOTOKHU eHeprii B nMpsiMiii abo HenpsaMii Gpopmi.

OCHOBHUM HEJOJIKOM aHANi3y IPOLECy € HelliHiitHe MiABUIICHHS TPYIOMICTKOCTI HOTO 3aCTOCYBaHHS PH
MiABUINCHHI paHTy aHamizy. ToMy BiH pigKO 3HaXOJWUTh 3aCTOCYBAaHHS UIA CHEPTETHYHOTO aHANI3y CEKTOpiB
€KOHOMIKH 1 eKOHOMIKH B iToMy. [IJIs TogomaHHs IIFOTO HEOIKY HEOOXiTHO PO3pOOUTH aIcKBaTHI IPUIYIIICHHS,
SIKI 3MEHIIATh CKJIAJHICTh PO3PaxXyHKOBHX MOJENEH NMpH BHKOHAHHI €HEPreTHYHOTO aHaNi3y. BpockoHameHHS
IiIXOy aHaji3y NPOIECy AO03BOJIMTH 3HAYHO IJIBUIIUTH €()EeKTHBHICTH 3aCTOCYBAaHHS €HEPreTHYHOTO aHalli3y
IHBECTHIIMHNX TPOCKTIB, 30BHINTHPOSKOHOMIYHUX 3B’S3KiB, IUIaHIB EKOHOMIYHOTO pO3BHTKY KpaiHH,
(GyHKI[IOHYBaHHS ii €KOHOMIKM 1 OKpEMHMX BHPOOHMYHMX IIPOLECIB, a TAKOX PO3IIMPHUTH cepH 3acTOCYBaHHS
€HEePreTUYHOT0 aHalli3y.

CTpyKTypa NOBHOI €HEProEMHOCTI

VY BignosigHOCTI A0 [3, 4] Ta OCTaHHIX JOCHTIKEHb 3 €HEPTeTUYHOTO aHamizy [44] , 10 Cckiamy MOBHOL
eneproemuocti ITPT] HeoOXiTHO BKIIFOUATH MOBHY €HEPTOEMHICTb:

ecHepropecypcis, HeoOXinHux it BupoouuiTa [1PIT;

®BXi/THUX IPOIYKTiB, CHPOBHHH 1 MaTepiaiB;
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etpancropryBaHHs [1PI1 Ta BXiqHUX MPOAYKTIB, CHDOBHHHM 1 MaTepialliB;

®TIOBOPOTHUX BiJIXOJIIB;

®OCHOBHHX BUPOOHHYMX (DOH/IIB;

®BiITBOPEHHS pOOOUOT CHIIH;

®I10JIATKIB 1 000B’I3KOBHX ILIATEXKIB;

©3aX0/IiB 3 OXOPOHH JOBKIILIS;

®CKCIUTyaTaIlil MPOIYKIIii;

®IEMOHTAXY 1 yTHIIi3a1lii OyaiBens.

Jlnst BU3HAUEHHS [UX CKJIAJ0BHX B KOKHOMY KOHKPETHOMY BHUINAJKY BHKOHAHHS €HEPIETHYHOTO aHAJI3y
MOJXXYTh 3aCTOCOBYBATHCA JOJATKOBI ITOKa3HWKH, SKi BHU3HAYAlOTh TOBHI BUTpaTH Ha BupoOHMITBO [IPTL
Hanpuknan, npu BU3HAYeHH| IIOBHOI €HEPTOEMHOCTI CUTHCHKOTOCIOAPCHKUX POOIT MOXKYTh 3aCTOCOBYBATHCS TaKi
cnenn(idHi TMOKa3HUKH EHEPrOBUTPAT SK IOBHI CHEPrOBUTPATH MAIIWHO-TPAKTOPHHUX AarperatiB NpH BHOOPI
TexHIKH [49] Ta Ha TOCIBI - €HEPrOBUTPATH KMBOI Ipalli, CHEPIOBUTPATH BiJl 3MEHIIEHHS arpOTEXHOJIOTIYHUX
MOKa3HUKIB, MEepEeYIIUIbHEHHSI IPYHTY, TPaBMOBAHOCTI HACIHHS, HESKICHOTO IOCIBY, HEJOTPUMAaHHsS TEpMiHIB
NOCIBY Ta TIMOMHU OCiBY HaciHHA [48].

ITpu BuKOHaHHI eHepreTHYHOro asamizy BupoOHuuTBa I[IPIT npu owiHII eHepreTMYHHX BUTpAT IpU
BUKOPHCTaHHI IMIIOPTOBaHUX €HEPropecypcie (B Hepuly 4epry, IPUPOJHOTO rasy i sSIEpHOrO HajkBa), a TaKOoX
IMIIOPTHOT MPOAYKIIT HEOOXIHO BPaXOBYBAaTH €HEPreTUUHUI €KBiBaJIEHT BAJIOTH. Y BiANOBiAHOCTI 1o [3, 4, 28],
SHEepreTUYHUH €KBIBAJICHT BAJIIOTH BU3HAYAETHCA K BiIHOIICHHS TOBHUX eHEproBuTpaT Ha BUpoOHunTBo [1PI1, mo
EKCTIOPTYIOThCS, IO BAIIOTHUX HAJIXOJUKEHb BiJl X MPoAaxy. AJe iCHyIOTS 1 iHII JKeperna HaXO0IKESHHs BaIIOTH,
HEeBpaxyBaHHA SAKHUX OyIe MPHU3BOAWTH O CHOTBOPEHHS OILIIHOK ITOKa3HHWKa MOBHOI €HEPrOEMHOCTI BaMOTH. ToMy
BEJINYMHY TIOBHOI €HEPrOEMHOCT] BATIOTH HEOOXITHO BH3HAYaTH 3 BPAXyBaHHSAM BCIX BATIOTHUX HAIXOIKCHb B
KpaiHy.

BucHoBku

OmHUM 3 3aCHOBHHKIB EHEPTeTHYHOTO aHajii3y, SK OKPEMOro HAayKOBOTO HAMpPSMKY JOCIHiKEHb, €
ykpaincbkuit BueHuit C.A.IlonoanHChKHM, SIKMH TTOKa3aB, II0 MPAIo 1 MaTepialbHy AisJbHICTD JIIOJMHA MOXHA
PO3TIIAIATH K BUTPATH €HEPTil, «pe3yIbTaTOM SKHUX € 30UIbIIICHHS €HEPTETUIHOTO OIOKETY CYCIIILCTBAY.

B enepreTnyHOMy aHaNi3i BUKOPHUCTOBYIOTHCA JIBA OCHOBHHX IIiIXOH, SIKI IPYHTYIOTHCSI HA BUKOPHCTAHHI
GamaHCOBUX MOJENCH THIy «BHTPATH-BUIYCK» (iIXiJ «3BEpXy-BHU3») ab0 Ha pe3yinpTaTax aHaJi3y IpoIecy
(MOxim «3HHU3Y-HAropy»).

3 METOI0 BU3HAUCHHS METOIB PO3PAXYHKY IIOBHOI €HEPrOEMHOCTI BUPOOHMIITBA MPOAYKIIii, poOiT i mociyr
B [HCTHTYTI 3aranbHoi eHepreTnkn HAH Ykpainu 6yno pozpobiaeno cranmapt JACTY i TOCT 30583-98 Ha ocHOBI
JPYroro MiJIX0Xy IO €HEPreTHMYHOro aHali3y — aHali3y npouecy. BpockoHajeHHs i€l METOIWKH JI03BOJIUTH
MiBUIIUTH €PEeKTUBHICTh €HEPreTHYHOTO aHaJi3y 1HBECTHLIHHMX IPOEKTIB, 30BHIIIHHOCKOHOMIYHUX 3B’S3KiB,
IUIaHIB €KOHOMIYHOTO PO3BHUTKY KpaiHM, (YHKIIIOHYBaHHS €KOHOMIKU 1 OKPEMHX BUPOOHWYMX IPOLIECIB, a TAKOXK
po3mHpuUTH chepr 3aCTOCYBAHHS CHEPTETHYHOTO aHATII3Y.
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REVIEW OF THE STATE AND PROSPECTS
OF ENERGY ANALYSIS DEVELOPMENT

The article provides an overview of the terminology, methods, goals and objectives of energy analysis, as
well as methodological approaches to its implementation. The reasons for the limited use of energy analysis in
Ukraine are identified: the use of balance models is limited by the lack of statistics on intersectoral balance, and
the analysis of the process by the complexity of the calculation models. The structure of total energy intensity is
proposed. It is noted that in estimating energy costs for imports of energy and products, it is necessary to use the
energy equivalent of the currency, taking into account all foreign currency revenues. It is determined that the further
development of energy analysis using the process analysis approach requires refinement of the methodology
proposed in DSTU 3682-98 and GOST 30583-98 by developing adequate simplifying assumptions and reducing the
complexity of the calculation models. Improvement of this technique will increase the efficiency of energy analysis
of investment projects, foreign economic relations, plans for economic development of the country, functioning of
the economy and individual production processes, as well as expand the scope of energy analysis.

Key words: energy analysis, total energy, direct energy, indirect energy, total energy intensity, balance
models, process analysis.
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HucrutyT 001ieii 3Hepreruxky HannonaiabHoii akageMu Hayk YKpanHbl

OB30P COCTOSAHUA U TIEPCIIEKTHUB PASBUTUSA
JHEPTETUYECKOI'O AHAJIM3A

B c¢cmamve oan 0630p mepmunonozuu, memooos, yeneu u 3a0ay dHEPLeMUYecKo20 aHAIu3d, a Makdlice
MeMoOUUecKux n00X0008 K €20 6blnoinenuto. Onpedenenvl npuduHbl 02PAHUYEHHO20 NPUMEHEHUS IHEPLEMUYECKO20
ananuza 6 Ykpaune: ucnoib3osanue O6Aaiancogulx Mooenel 02pAHUteHo HeOOCMAamoYHOCmMbl0 CIAMUCHMUYeCKUx
OAHHBIX O MEICCEKMOPHOM Oanance, d AHAIU3A NPOYECCd - CIOJNCHOCMbIO pacyemublx mooenel. [Ipednodicena
cmpykmypa noanot aunepeoemrxocmu. OmmeueHo, 4mo npu OYEeHKe HIHEePemudeckux 3ampam Ha UMROpm
9Hepeopecypcos U NPOOYKYUY HeoOX00UMO UCHONb308AMb IHEPLEMUYECKUL IKGUBATIEHIN 8ANIOMbL C YYEMOM 8CEX
nocmynaenutl ganiomul. Onpedeneno, ymo OanvHelulee pa3gUmMue IHEPLeMuUYecKo20 aHalu3d ¢ NpPUMeHeHuem
nooxooa «ananus npoyeccay mpebyem oopabomxu npedioxcentou 6 cmanoapme JCTY 3682-98 u TOCT 30583-
98 memoouxu nymem paspabomKu Aa0eK8AMMHbIX YAPOWAIOWUX NPEONONONCEHUL U YMEHbULEHUST CLONCHOCU
pacuemnvix  mooenetl. CogepuieHcmgoganue >MoU  MeMmoOOUKU NO360AUM  NOGLICUMb  IPPeKmuUsHOCmb
IHEP2eMUecKo20 aHAIU3ad UHBECMUYUOHHBIX NPOEKMO8, BHEUHEIKOHOMUYECKUX Cs3ell, NIAHO8 IKOHOMULECKO20
PA36UmMusl CMpansl, (QYHKYUOHUPOBAHUE IKOHOMUKU U OMOEIbHbIX NPOU3EOOCHBEHHBIX NPOUECCO8, d MAKICE
pacuupums chepvl NPUMEHeHUsL IHEP2eMUUECK020 AHANU3A.

Knrwowuesvie cnosa: >HEpreTHUECKHN aHAIN3, TTOTHBIC YHEPrO3aTPAThI, IPSMbBIC YHEPro3aTPAThI, HEMIPSIMBbIE
9HEPro3aTpaThl, MOJIHAS YHEPTOEMKOCTh, OATaHCOBBIC MOJICIIH, AaHAJIN3 TIPOIECCa.
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B.I1. Po3en, noxrop TexHiYHUX Hayk, npodecop, ORCID 0000-0002-0440-4251
HanionanbHuii TexHivyHMii yHiBepcuTeT YKpainu

«KuiBchkmii nositexniyauii incrutyt imeni Irops Cikopcbkoro»

OLIIHKH IMIOXUBKHU IMTPOrHO3HUX MOI[E:JIEI?'I TA ITIPOT'HO3IB
CHOXKUTOI EJEKTPUUYHOI EHEPI'II HA OB’EKTAX
EHEPTETUYHOI' O PUHKY

B cTarTi mocmimKyeThest OliHKa MOJIeNIel IPOTHO3YBaHHS €JIeKTPUIHOI €HepTii Ha MPOMHCIIOBHX 00’ €KTax
EHEepreTHYHOro pUHKY YKpainu. B npotieci 1ocipKeHHsI BHKOPHCTAHO MOJIEINb €KCIIOHEHI[IaIbHOTO 314 DKYBaHHS
MEPIIOTO TOPSAAKY, MOJAENs XOJibTa, MOJenb Bintepa, momens boxca-/[xenkinca Tta meton Singular spectrum
analysis (SSA). 3acTocoBaHi METOAM SIBISIOTHCS TPOCTUMH JUIS TPOTHO3YBAaHHS EIIEKTPUYHOI EHeprii Ta
JIO3BOJISIIOTH JIOCITIAWTH TIOBEAIHKY MOXHOKH HPOTHO3YBaHHS B 3aJIE)KHOCTI BiJ CIOCOOY OINIHKM MPOTHO3HHUX
MoJeneld. Bukopucranas cydacHuX crioco0iB 300py iH(popMaliil 103BOIATHME NPUIMATH MPAaBWIbHI PillICHHS B
peasibHOMY 4aci. CTaTTs MOXKe CyTTEBO BIUIMHYTH Ha NMPABHIBHICTE BUOOPY K MapaMeTpiB MOJIENICH TaK 1 METOy
MPOTHO3YBaHHS CIEKTPUIHOT eHeprii. JJoCHiKeHHS JO3BOIHUTE 3 MCHIIIOK TOXHUOKOI0 MPOBOIUTH MPOTHO3YBAHHS
CJICKTPUYHOI €Heprii Ha 00’€KTaX CHEePreTUYHOI'0 PHHKY YKpaiHW, 3HAIOYHM CTATUCTHKY MOXHOOK METOIIB
MPOTHO3YBaHHSI.

KuouoBi cjioBa: eKCrOHEHIIaNIbHE 3TIa/DKyBaHHSA, MoJenb bokca-J[PKeHKiHca, eIeKTPOCTIOKUBAHHS,
MIPOMHUCIIOBHH 00’ €KT €HEPTOPHHKY, SSA, IPOTHO3YBaHHS, CEpEeAHbOKBaApaTHIHA TOXMOKa, KoedimieHt Teiina.

Beryn. BrimB Ha BETMUYMHY CIIOKHTOI €JIEKTPOCHEPTii Mae€ CTPYKTypa KOHKPETHOTO TiAMPHEMCTBA,
0COOIMBOCTI HOTO POOOTH Ta OIHUM i3 BaXXIIMBUX METOIB € BHOIp METOY MPOTHO3YBAaHHS Ta 3HAHHS CTaTHUCTHUKU
MOXMOOK MPOTHO3HUX Mozenei. [ BU3HaYeHHS MOXUOKH IPOTHO3HUX BENWYHH €IEKTPUIHOI CHeprii MOTpiOHO
NPaBUJIBHO BHOMpPATH METOJ IPOTHO3YBaHHSA Ta KOC(DIi€HTH, SKi BIUIMBAIOTH Ha TOAAJBINY MOXHOKY
NPOTHO3YBaHHS EJICKTPUYHOTO CIIOKMBAHHS. YIPaBIiHHS CIOXHMBAaHHAM E€JIEKTPUYHOI €Heprii MpOMHUCIOBUX
HiNPUEMCTB, KOMITaHIi OCTa4YaJIbHUKIB, KOMITaHIi PO3IO/iTy Ta BUPOOHUKA €JIEKTPUYHOI €HEPTii € BAXKIIUBUM 3
TOYKH 30py IPaBWIILHOCTI ii 3aMOBJICHHSI Ta BUPOOHHIITBA, 1110 B CBOIO YEPry BIUIMBAE Ha ii BApTICTh Ha ONITOBOMY
pUHKY ejnekTpuuHoi eHepril Ykpainu [1, 2]. Jlnst BUpOOHHMITBA €lEKTPOEHEPrii CYTTEBUM € BHpILICHHS 3a1ad
ONTHMIi3alii MMOCTaBKH, MPOTHO3YBAHHS 1 PE3epPBYBaHHS €JEKTPOCHEPrii, NPOBEAEHHs NMPOQIIaKTUYHUX POOIT i
3abe3neueHHs Oe3mekn QyHKUioHyBaHHS enekrpoeHepreTinuHoi cuctemu (EEC). CnoxuBady 3HaHHS CTaTUCTHKA
MMOXUOOK MPOTHO3HUX MOJIEIICH JO3BOIUTH MIPABHIHLHO BHOPATH MOJIE)Ib TPOTHO3YBaHH:L. Lleif ciocid B cBoto uepry
JO3BOJIMTH 3HWU3WUTH BEIUYMHY MIiHA Ha EJEKTPOCHEPTiI0 Ta NacTh MOXJIMBICTH MOBHICTIO MO30YTHCS OIDIATH
mrpadiB y pasi nepeBuIeHH TiMiTiB [1]. Y 3B’543Ky 3 UM 3a TPUBAJIHMIA 9ac B CHEPTreTHUYHIH cepi Oyio cTBOpeHO
BEJIMKY KUTBKICTh METOJIIB MIPOTHO3YBaHHS €JIEKTPOCHOXKUBAHHA [3-5], aje He MpOBOIMIACE CTATHCTHKA MOXHOOK
MPOTHO3HUX MOJENeH 3a IOMOMOTOK MPOCTHX  MPSIMHUX Ta HENPSIMHX BHMIpIOBaHb. BUIBIICTE MeETOIIB
NPOTHO3yBaHHS MOJXXHAa BHKOPHCTOBYBAaTH JUIS KOPOTKOCTPOKOBOTO Ta CEpPEIHbOCTPOKOBOIO MEPiony
MPOTHO3YBaHHS (AHI, TWXKHI Ta MicAli). TakuM YHHOM PO3TIIAJAI0ThCA MpoOIeMHU: IHO-TepIle, YA MOXKIMBO 3a
JIONIOMOT'OI0 BiJIOMHUX METOJIIB OMKCATH CTATUCTUUHHUN PSAJ] 1 MPOTHO3YBATH HOTO 3 3aJaHOI0 MOXUOKOI0; MO-JIpyTe,
SKIIO BUKOPHUCTOBYBaHI METOAM IIPOTHO3YBaHHS JalOTh HEBEIUKY MOXHMOKY, MOXIJIMBO BCTaHOBHUTH BIUIHMB
mapaMeTpiB Mojenedl Ha HMOXHOKy NPOTHO3YBaHHS; IMO-TPETE, MOKa3aTH Ha MPHUKIALI NMPaKTH4YHI pe3yabTaTd
nociipkeHHs [6]. B skocti MeToniB mocrmimkeHHs Oyimo BHOpaHO Moamdikamii MeTOqy eKCIIOHCHIalbHOTO
3rIIaJpKyBaHHA, MeToy bokca-Jl>keHkiHca Ta SSA, a B IKOCTi METO/IIB OLIHKY Oy BUOpaHi cepeqHs KBaqpaTUIHA
noxubka MSE, kopinb i3 cepenupokBanpaTinynoi noxudbkn RMSE, cepenus abcomorna noxnoka MAE, xopiss i3
CepeIHBOKBAAPATHIHOT TOXHOKK Yy BigcoTkax RMSPE, cepenns abcomrotHa moxubka y Bimcotkax MAPE Ta
yHiBepcalbHUH KoediuienT Teitna.

Otxe, cy0’€KT ONTOBOTO PHHKY, 3HAIOUHM CTATHCTUKY TTOXHOOK ITPOTHOZHUX MOJIEJICH EIeKTPOCIOXUBAHHS,
Oyne BUOHMpATH MPOTHO3HY MOJENh 3 HAWMEHIIOK MOXHOKOI0. B CBOIO Wepry 3MeHIIeHHS MOXUOOK (PaKTUIHOTO
CIIO’KWBAHHS BiJl 3asIBJICHUX 3HAYCHb €JICKTPOCIOKMWBAHHS MPHU3BEIE IO 3MEHIICHHS 3aKYIiBIi eIeKTPOSHEePTii 3
OalaHCYIOYOTO PUHKY. TaKM YWHOM, BICOKA TOYHICTh IMPOTHO3Y TO3BOJINTH 3HU3UTH (iHAHCOBI BTpAaTH Cy0’€KTa
OTITOBOTO PUHKY [2].

[ToxmbOka MPOTHO3HMX OIIHOK BU3HAYAE a/IEKBATHICTh BUKOPUCTOBYEMUX MAaTEMAaTHIHUX MOJIENEH IpoLecy
KOJIMBaHHS CIIOKMBAHHA €JIEKTpOoeHeprii. B mimoMy mpomec CHOXWBaHHS eJIEKTPOeHeprii sBisie Cco0oio
HECTAlllOHAPHUI BUIIAIKOBHIA MPOIIEC, Ma€ BU3HAUCHHSI IUKIIIYHOCTI [4, 6].
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Merta Ta 3aBaaHHs. MeToro NpOBEEHUX NOCIIDKEHb € BU3HAYCHHsI ONTUMAIBHUX YMOB, 3 SIKHX BHOIp
METOJly NPOTHO3YBaHHS Ta KoedilieHTIB OynyTh BIJIOBiIaTH HaWMEHIINM NOXMOKaM IpH NPOTHO3yBaHHI B
peanbHOMYy 4aci. OmuiHKa NPOTHO3HUX MOJIENel EJEKTPOCIIOKMBAHHS 332 pPaxyHOK BU3HAYEHHS MOXMOOK Ta
yHIBepCcaIbHOTO KoediuieHTy. DOpMyBaHHS CTaTHCTHYHHMX JIAHUX ITOXMOOK IMPOTHO3HHX MOJENIEH 3a paxyHOK
JIOCJIIPKEHHS 3aKOHOMIPHOCTI IIPH BUOOPi METOy MIPOTHO3YBaHHS Ta iX mapameTpis.

Marepianm i pe3yabTaTHm AOCTiIKeHb [IMTaHHSIM MPOTHO3YBAHHS CJICKTPOCIIOKHUBAHHSI 00 €KTIB
EHEepropruHKY 3aiMaIIncs Taki IpoBixHI ykpaiHchKi BueHi, sk [1.0. Yeprenko, A.B. [Ipaxosuuk, B.I1. Pozen, M.M.
Kymuk. Cepen iHO3eMHHX MOCHIJHHKIB TEOPETHYHHMH Ta TPAKTHYHIMH THTAHHAMH E€HEPTreTHIHOTO
npOrHo3yBaHHs MoxkHa HasBati M. Jlikmama, M1 Xopua, H.B. Konapamona, SI.B. Bacuibera. JlocmimKeHHs
Ha3BaHMUX BUIIIEC BUCHHX JAJH PE3yIbTaTH IJIS MOJANBIIOT poOOTH HaJ YAOCKOHAICHHSIM METO/IB MPOTHO3YBAHHSI.
OrmiHKa SHeprOBUTpPAT IIiJl Yac 3asBKU €JIEKTPOCHeprii MOBHHHA BH3HAUYATHCH 32 aJICKBATHUMH MaTeMaTHIHUMU
MOJIEIIIMU 00’ €KTIB JOCIIIKSHHS, IKi BpaXOBYIOTh BHYTPIIIHI MaTepianbHi Ta iHpopmariiiHi motoku. Lle no3pose
3IIMICHUTH aHaNi3yBaHHS MOJIEJIeH 1 Ha OCHOBI OTpUMaHol iH(pOpMaIlil BAKOHYBaTH ONTHMaJIbHE KOPOTKOCTPOKOBE
VIpaBIiHHS Ta MPOTHO3YyBaHHA. B cTarTi [7] pO3IISIHYTO METOMU EKCIIOHCHIAMBHOIO 3IJIaKyBaHHs Ta HOTro
Mou(ikanii i 3po0JIeHO BUCHOBOK, SKMM YHHOM HOBOJHUTH ceOe IPOrHO3 B 3aJIE)KHOCTI Bijl METOAY IPOTHO3YBaHHS
Ta KoedilieHTy 3r1a/pKyBaHHs. B ctaTTi [6] Takox nmpoBeaeHu NOPIBHUIbHUIA aHaii3 MeroiB bokca-/eHkiHca
Ta eKCIIOHEHIIAJIbHOTO 3IJIa/KYBaHHs. B CTaTTi 3alpOMOHOBAHO 3aCTOCYBaHHS METOAY SSA /i MPOrHO3yBaHHS
CIOXHMBAHHS eJieKTpoeHeprii. Takum unHOM, aHami3 myoikarii [7, 9-11, 12, 13, 14] no3Boisie 3p0OUTH BUCHOBOK,
0 B TENEPIiMIHIA dYac BimOYBAa€TbCS BIAXIM BiI BUKOPUCTAHHS CTATUCTHYHUX METOJIB IPOTHO3YBAaHHS
HECTAIlIOHAPHUX YaCOBHX PSIIIiB 33 IOMIOMOTOK MeToiB aekommosumii. [IlepeBaroro metomy SSA € BiICyTHICTH
BUMOTH ampiOpHOTO 3aJaBaHHA MOJCTI pPATy, a TaKOXX MOXKJIHMBICTH BHIUICHHS TapMOHIYHHUX CKJIAIOBUX 3i
3MIHHUMH aMIUTITyJJaMH Ta YaCTOTaMH, IO BUTITHO BiAPi3HSE HOTO B METOMIB, B OCHOBI SKOTO JIC)KUTh METOJ
dyp’e.

BukJiiag ocHOBHOr0 MaTepiany A0CJHiT:KeHb.

ExcnoHenyianoHe 321a04CY8AHHS.

MeTox € mpocTUM BapiaHTOM caMOHaBYaJIbHOT Mojeil. OOUMCICHHSI BUKOHYIOTHCS ITEPaTUBHO.
ExcrioneHItianbHe 3r1aKyBaHHS PSAAY 3MIHCHIOETHCS 32 PEKYpEeHTHOIO Gopmyoro[7]:

St =ax, +(1_a)St—l (1)

ne, 0 < a <1napamerp srnamkysanns.
EKCIIOHEHIIaNbHY CEPEHIO S; MOYKHA BUPA3UTH YePe3 3HAYEHHS YaCOBOTO PSLY.

t—1
S,=a) (I-a)x_+(1-a)'s,, )

i=0

SIK11o ropu3oHT NporHo3yBaHHs d Jy)Ke BENMKUI TO JUIsd BUpILIEHHS 3agadl IPOrHO3YBaHHS BUOMPAEMO
Mojens bpayna [11]:

Vog=ox,+(1-a)y,, . 3)

Mopens XonbTa a0 €KCHOHEHITIATHHOTO 3TIaJKYBaHHs 3 JIHIHHAM TPEHJIOM — POJOHAYAILHUK METOJIiB
aJlalTUBHOTO IPOrHO3YBaHH [7]:

Viea =, +db,,, “4)

Iie, a; — IPOTHO3, OYMIICHUHN Bi TpEeHAA; b, — mapaMeTp JiHIHHOTO TPEH/A.
a,=ay +(1-a)a_-b_), Q)
b =pa,~a_)+1=b,_,. (6)

Mopens XonbTa-BinTepa abo meton Bintepa, [7]:
Po3paxyHOK €KCIIOHEHIIAILHO 3TIIAKEHOTO PSY:

L=aY/S_+(+a)l_+T.), @)
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BusHaueHHs 3HaUE€HHS TPCHIY:

Tt:ﬂ(Lt_Ltfl)"_(l'i'ﬂ)T;fla (¥
O11iHKa CE30HHOCTI:
S =yY,/L+1-y)S,_,, Q)
TIpoBOoaUTHCS MPOTHO3:
Y, =L, TSy (10)

ne, L; - 3rimapkyBaHa BeTMYMHA HAa MOMEHT PO3paxyHKy; ¢ - KOeQiIli€HT 3TIaKyBaHHS DPSny; Ses -
Koe]ilieHT Ce30HHOCTI MOMEPEHBOTO psija; ¥; - 3HaYeHHS Iepiona; L.; - 3ria/yKyBaHHA BEIMYNHA 32 TIONIepEeTHIN
niepion; 7;/ - 3HaYEHHS TpeH A 3a MmonepenHii nepiox; 7; - 3HAYSHHs TPEHIa HA MOMEHT PO3pPaxyHKY;

S - KOedillieHT 3rNIaJKyBaHHSA TpeHAa; S; - KOe(illieHT CE30HHOCTI HAa MOMEHT PO3pPaxyHKY; y - KoeQillieHT
3MIJKYBaHHSl CE30HHOCTI; Vi, - MpOrHo3 nmo Mojeni XoybTa-BiHTepca Ha p mepioXiB BHepel; p - HOPSAKOBUIM
HOMeEp Ha SIKMH pOOMMO NPOTHO3; St.s+p - KOSDILIIEHT CE30HHOCTI 3a LeH JKe MepioJl B OCTAHHBOMY CE30Hi.

Takum YUHOM, 3 O/IHOT CTOPOHH, ITOTPIOHO 301LIBLIYBATH CTATUCTUYHUM P Ta OUIBII MPaBUIIEHO BUOMpaTH
Koe(ilieHTH 3riaJuKyBaHHsA. TakuM YMHOM, IOIIYK KOMIIPOMICHHMX 3Ha4€Hb a, f5, ¥ CKJIaJIa€ 3a7a4y ONThUMizauii
mozeri. OJHI€I0 3 BaXJIMBHX CKIAJOBHX € BHOIp KoedilieHTa SKMH BIUIMBAE Ha MOXHMOKY NPOTHO3YBaHHS 1 B
MOAATBIIOMY HA TOYHICTh TPOTHO3Y.

Memoo Bokca-/[icenxinca.

ARIMA a6o monens bokca-/[)xeHKiHCa — IHTETpOBaHa MOJAEIH aBTOPETpecii — 3SMiHHOTO CepeTHHOTO MO/IENb
1 METOZOJIOTIS aHaJi3y YaCOBOTO PANY € po3mupeHHsIM mozeneii ARMA nis HecTamioHapHUX 9acOBUX PSMIIB, SKi
MOXKHa 3pOOUTH CTalliOHAPHUMHU B3STTAM PI3HUIN IESKOTO TOPSAKY BiJl BHUXIZHOTO YacoBOTO psny. Momens
ARIMA (p, d, q) o3Ha4ae, O Pi3HMII 9aCOBOTO psAxy mopsnka d minkopserses monenb ARIMA (p, ¢) [10].

Monens ARIMA (p, d, q) 1151 HeCTalliOHAPHOTO YaCOBOT'O PsAY X; Ma€ BUTIIS:

AR A

p q
AX, =c+ D aA'X_ +Dbe e (1)
i=1 i=1

e € — CTalliOHApHUH YaCOBHUH DS
¢, a;, bj — mapamerpu mozeni,
A% — omepaTop pi3HHII 4ACOBOTO PALy MOPSAKY d.
Takox nmana momens iHTepnperyerbes sk ARIMA (p+d, g) Mmonens 3 d onuamaHUME KopHAMU. [Tpu d=0
Maemo 3BudaitHi ARIMA-monerni.
Minxin ARIMA 10 9acoBHX PSIIiB MMOJIATAa€E B TOMY, IO B MEPIIy YepTy OLIHIOETHCSA CTAIlIOHAPHICTH PSIY.
Jauti 3a He0OXiTHOCTI ps] IEPETBOPIOETHCS B3ATTSIM PI3HUII BiATIOBITHOTO MIOPAIKY 1 BXKE IS IEPETBOPEHOT MOJEi
Oynyerbes nesika ARMA-Mozenb, OCKUIBKHY nepeadadaeThes, 0 OTPUMaHUH MPOLIEC € CTallioOHapHUM, Ha BiIMIHY
BiJl BUXIJIHOTO HECTAI[IOHAPHOTO MPOIIECY.
Merton SSA 0azyerbcs Ha JUHAMIYHIA Moaudikanii METOAy TOJOBHHMX KOMIIOHEHT, SIKMH HE MOTpedye
CTaIliOHAPHOCTI YaCOBOTO PSIY.
IToOymyemo MareMaTHYHy MOJENIb YacOBOTO pPsAY €JIEKTPOCHOXKHMBAHHSA IPOMHCIOBUX 00’ €KTIB
eHepropuHky. Jlns uporo B sKocTi 00’€KTiB JOCHI/KEHb BHOpaHO CIIOCTEPEKEHHS 4YacOBHX psiB

enexrpocnioxusanus W(t),t €[1, N], ne N - pisuoapricui 3nauenns pynxuiii f(¢) (tabn. 1):
x, = f((—-DAr), (12)

ne i =1,2...N - xinbkicTh croctepexens, [ —uac, A — neskuii uacosuii intepsan, N — 10BxKuHA
gacosoro pany N =1,n, L —noxunasikaa L =1,7.

Anroput™ Metony SSA CKIIalaeThCsl 3 YOTUPHOX €TalliB:
Kpox 1. Broowcenns. Jlana npoueaypa nepeBoJUTh YaCOBHU Ps B TIOCIIIOBHICTh OaraToMipHUX
BEKTOPIB.
Ipouenypa Bnoxenns yreopioe K = N — L + 1 Bextopis B1oKeHHS, sKi MatoTh po3mipHicTs L :

X =(fiymnfr ) 1<i<K, (13)
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B pesyapTaTi OOYMCICHHS JAHOTO KPOKY OTPUMAcMO L — TPackTOpPHY MATpPHII0 BHUXITHOTO PAIY
€IeKTPUIHOTO CIIOKUBaHHA F .
Kpok 2. Cuneynapue posknadanus. Matpuusa X Moxxe OyTH 3aIMCAHO HACTYIHUM YHHOM:

X=X +X,+..+X,, (14)

T . .
ne X, =+ AUV'; U,..U,- opronopmambha cucTeMa BIACHMX BEKTOPIB  MATPHII;
T . . .
S(S=X-X");A,...A4, — snacui uncna marpuui S; d = max{i, 1, > 0}.
B crangapTHiit TepMiHOJIOTIT WM,[ Ha3MBAKOTLCS CUHTYJIAPHUMH unciamu, U, i V, - niBuMu Ta npaBuMu

CHHTYISPHAMM BEKTOpamu MaTpuii X Bianmosinxo. Koxna 3 matpuis X, mae panr 1. Tomy ix MoXkHa HazuBaTH

eJeMEeHTapHUMH MaTpuisiMu. HaGip 1//11. U l.,Vl. MU OyIeMO Ha3WBAaTH BJIACHOIO TPIHKOI CHHTYJISPHHX

PO3KIIa/IaHb.
Kpoxk 3. Biobip conosuux xomnonenm. Po3kianaHHs Moxe OyTH 3allMCaHO B HACTYITHOMY 3TPYIOBaHOMY
BUTIISA:

X=X+X,+..+X,,, (15)

Ae m TiaMHOXUHM MHOXHUH [;....[, .

PesynbraToM mbOTO KPOKY SBISIOTHCS CITiTYIOUOIO 3TPYIIOBaHA MHOKHHA:

I =X +X,+X,+ X,
IL=X,+X,+X, , (16)
L =X, +X,+X,

Kpok 4. [iaeonanvne ycepeonenns. Ha ocTaHHbOMY Kpoui 0a30BOro airopuTMy KOKHA MaTpUI
3rpyNOBAHOTO PO3KIANAHHs HOPMYETHCS HOBHH psijt MoBxuEE N 32 hopMyIoro:
1 k+1

—> 0<k<L -1
k+1zym,k—m+2

m=1

1 L * * *
gk = Z;ym,karZ’L _1£k<K (17)

1 N-K+1
S ' K ' <k<N
N . k m:kZKi}zm,k—m-Q

OI1iHKH TOYHOCTI MMPOTHO3HOI MOJIEITi Ta MPOTHO3iB
Hapamempuuni memoou ananizy mouHocmi npoeHosie. 3a pe3ylbTaTaMd HPOTHO3Y PO3PaxXOBYIOTh TaKi
MOKAa3HUKH TOYHOCTI MIPOTHO3IB 3a 1 KPOKIB:
- cepenHs KBaJIpaTUYHa TOXHOKa!

> ()

MSE — i=n—m+l (18)
m
-KOPIiHb 13 CepeAHbOKBAIPATHIHOT ITOXMOKH:
2
n
Zi:n—mﬂ (y’ B 9" )
RMSE = , (19)

m

-cepenHs abCOTIOTHA TOXHOKA!
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MAE: Zi:n—mﬂ yi _9" ’ (20)
m

2

-cepeHs abconoTHa oxu6ka y Bigcorkax (MAPE):

+, 100]y, -

MAPE =
i=n—m+l m |y1|

, 21

YuM MeHIIE 3HAYEHHS [UX BEJIMYUH, THM BHINA SKICTh NMPOrHO3y. Ha mpakTwili Ii XapaKTepHUCTHKH
BUKOPUCTOBYIOTH JTOCHUTH 9acTo. JlaHWH MiAXix Jae sKiCHI pe3ysbTaTH, SAKII0 Ha Mepioli MPOrHo3y He BUHUKAIOTh
MPHUHIIUTIOBO HOB1 3aKOHOMIPHOCTI.

Ha minicTaBi ocTaHHIX IBOX KPUTEPIiB MOXKHA JIIHTH BUCHOBKY CTOCOBHO 3arajbHOTO PiBHS MOXUOKH MOJIEII
HUIIXoM X nopiBHsHH. Llel piBeHb HaBeneHuit y Tadu.1 [5/22].

Tabmuus 1 — IToxuOka nporuo3y B 3anexHocti Bix MAPE, RMSPE

MAPE, IToxubka mporuo3y
Menme 10% Bucoka
10%-20% Hobpa
20%-40% 3a10BlIbHA
40%-50% Ilorana
Binbmre 50% HeszanosinpHa

Henomnixom 00roBopeHnX BUIE XapaKTEPUCTUK TOYHOCTI MMPOTHO3IB € X 3aJIeXKHICTh BiJj 0OpaHUX OJMHUIb
BUMipIoBaHHS. Byno © kopucHuM ykazaTh Oe3po3MipHUII TOKa3HMK, aHAJOTIYHMI 10 KoedilieHTa KOpeJsiii.
OnHUM 3 TaKuX NOKa3HUKIB € koedinieHT HeBianoBigHocti Teina U, 4UCEIBHUKOM SKOTO € CepeIHbOKBapaTHIHA
MOXMOKa MPOTHO3Y, @ 3HAMEHHHK JIOPIBHIOE KBaJIPaTHOMY KOPEHIO 13 cepeIHbOro KBajapara (pakTHYHHUX Ta OL[IHHUX
3HAYCHB!

n 2
U = \/Zi—l(gi_yi) /m ’
1 m 1 m A
T

ITepesara koedirmienra Tefina mossrae B ToMy, IO HOTO 3HAYCHHS 3aBXIIU MepeOyBaroTh y Mexax Bin 0 10
1. SIkmio Bci Iporuo3u adbcoroTHO TouHi, To U=0. SIKI10 BCci NPOrHO3M JOPIBHIOIOTH HYJIIO, & JKOJIHE 3 (PaKTUIHUX
3Ha4eHb HE JIOPIBHIOE HYJIIO a00 HaBnaku, U nopiBHIOBaTUME OMHHUII. TakuM unHOM, Mae 3HaueHHs U 3acBinuye,
110 MPOTHO3 € TOYHHM, ajle MAaKCUMAJILHOTO 3HA4YEeHHs He iCHye. 3Ha4YeHHs, sKe JOPIBHIOE OJMHUII, BIANOBiga€e
CHTYyaIlil, KOJIK BCl MPOTHO30B1 3HAYEHHS JOPIBHIOIOTH HYIIIO, 1[0 HEPEAJILHO i1 4ac MPOTrHO3yBaHHs HOMIHAIBHUX
BEJIMYHH, aJie IMiJ] Yac PO3MIISAY 3MiH TaKUi MPOTHO3 BIAMOBIAae MOETI «0e3 3MiH». BibIIni 3a OIUHUIO 3HAYCHHS
BKa3ylOTh Ha T€, L0 IIPOTHO3 T1pIIUiA, HiX MPOorHo3 «6e3 3MiH» [5/43].

OOroBopeHi XapaKkTepUCTHKH MOXHOOK IPOTHO31B € ITapaMeTPUYHUMHU B TOMY CEHCI, 1110 BOHH NOTPEOyIOTh
BUKOHAHHS 33/IaHUX TPHUITYLICHb I10JI0 BIACTUBOCTEH MAaTEeMaTHYHOT'O OYiKyBaHHS Ta JUCIEpPCii, YUHHUX 32 YMOB
HOPMaJIBHOCTI BiJNOBiAHUX po3mnoautiB. Hampuknan, BukopucroByroun MSE, MU HESBHO MPUITYCKa€EMO, IO BCi
MOXHUOKHU TIPOTHO3Y MAIOTh OJTHAKOBI 1 MOCTIHHI MaTeMaTU4Hi CIIOAiBaHHS Ta TUCTIEPCii.

(22)

PesysabTaT po6oTu. B po6oTi po3riiaHyTO 5 METOAIB IPOTHO3YBAHHS, IIPH SKUX 3MIHIOBAIUCS ITapaMeTpu
MoJIeIel, Ta BUKOHYBABCS aHAJII3 JaHUX IIPOTHO3YBAHHS.

Meron mpOCTOrO EKCIOHEHIIadbHOTO 3IJIaJKyBaHHS, METOJA XoJbTa, MeTon Bintepa, meron bokca-
xenkinca ta SSA BuOpano 3 2000 3HaueHb MporHO3iB 10% HalKpamux pe3yapTaTiB IPOTHO3YBAHHS.

Po3paxyemo BulnenepepaxoBaHi XapaKTEPUCTUKHU MPOTHO3iB, TOOYIOBAHUX 13 BUKOPUCTAHHSIM METO/IIB.

PesynbraT po3paxyHKiB 3a (opMmyrinaMu 3BeneMO B TaOnmiro 2 1 Ha iX OCHOBiI 3pOOMMO BHCHOBKH IPO
aJICKBaTHICTh TIOOYTOBAaHUX MOJIETICH

Po3paxyemo XapaKTepHCTUKH BU3HAYCHHS TOYHOCTI [T TOOYJOBaHUX TPOTHO3IB 32 (popMymamu.
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Tabmumg 2 — CrioskuBaHHS enekTpoeHeprii 3a mepiox 3 01.01.2018 mo 31.12.2018 p. Ta maHi MpOTHO3YBaHHS
01.01.2019 1o 31.01.2019 p meTonamu

DakTuuHe [Ipornosue
Mope Koed 3HA4YCHHS 3HA4YCHHS
MPOTHO3Y- ’ MSE RSME MAE MAPE U
BAHHS MOI. CJIEKTPOCIIO CJIEKTPOCIIONKU-
JKUBaHHS BaHHA
0,6 5740629 5713136,297 2,18882E+11 308740,2019 | 27492,7032 0,47 0,001
— 0,7 5740629 5727758,683 2,28536E+11 261059,2533 | 12870,3170 0,22 0,001
H;‘;Eg;;‘;r °1 08 5740629 5737518,009 2,3248E+11 202981,45 3110,99142 0,05 0,0008
BaHHs 0,9 5740629 5744418,075 2,3296E+11 138677,68 | 3789,07467 0,06 0,0006
1,0 5740629 5750054,04 2,3136E+11 71166 9425,04 0,16 0,0004
8"2‘ 5740629 5733884,953 1,8775E+11 479220,28 | 6744,04688 0,11 0,004
g’? 5740629 5745394,86 2,3747E+11 362382,74 4765,86 0,08 0,014
g’z 5740629 5759072,071 2,4931E+11 298671,95 18443,0706 0,32 0,009
XombTa ’
8’? 5740629 5766589,579 2,5206E+11 25960,579 | 25960,5788 0,45 1
g’? 5740629 5770895,592 2,5009E+11 30266,592 | 30266,5923 0,52 0,00006
(1)’2 5740629 5771661,5 2,1649E+11 31032,5 31032,5001 0,54 0,001
0,7
0,6 5740629 5741623,453 5,0669E+11 994,45325 994,45325 0,01 0,005
0,8
0,6
0,5 5740629 5734294,374 1,0267E+12 6334,6264 | 6334,62645 0,11 0,012
1,0
0,4
Binrepa 0,4 5740629 5734021,934 7,2922E+11 6607,0659 | 6607,06593 0,11 0,0005
0,7
0,4
0,5 5740629 5743075,166 3,7921E+11 2446,1659 | 2446,16587 0,04 0,010
1,0
0,7
0,7 5740629 5738326,755 8,083E+11 2302,2446 | 2302,24455 0,04 0,009
0,8
Bokca- 0
JIKeHKiH- " 5740629 5729596,362 6321839542 11032,638 11032,6376 0,19 0,0011
ca
;S 5740629 5743639,854 1,0678E+11 3010,8545 | 3010,85449 0,05 0,016
}gé 5740629 5739019,583 1,76966E+12 1609,416555 | 1609,41655 0,02 0,52
SSA 14267 5740629 5744545295 5,2357E+10 3916,2953 3916,2953 0,06 0,008
Z; 5740629 5742198,834 1,6594E+11 1569,8339 1569,83386 0,02 0,017
13312 5740629 5729596,362 6321839542 11032,638 11032,6376 0,19 0,0011

SIKOCTI PSIIT KTUYHHX 3HaY€Hb CIIOKUBAHOI €JIEKTPOEHEPTl y,, mpuiiMemo 3HadueHHs W, kBt*rox
B sixocri a 3HAaYE€Hb CIIO aHOi eNeKTPOeHeprii y, €MO 3Haue W, kBt*romg 2018

P-, @ B IKOCTI psiiy TPOTHO30BAHUX 3HAYEHB f/t, BIZINOBITHO pe3yJIbTaTH NPOrHo3y 000X Mozeined Ha 01.01.2019 p.

1o 31.01.2019p. a moTiM MOPiBHAEMO OTpUMaHi TOKa3HUKH.
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Ha migcraBi po3paxoBaHMX KpHUTEpiiB, a came — cepeaHboi KBaapaTHUHOI moxubku MSE, xopeHs i3
cepeHbOKBaIpaTHUHOT MOXUOKH RMSE, cepentaboi abcomroTHOT moxubku MAE, cepeiHboi abCOIIOTHOT TOXHOKH
y Bincotkax MAPE ta koediuienrta Teiina (puc.1) poOMMO BUCHOBOK CTOCOBHO 3arajibHOTO PiBHS a/IeKBaTHOCTI
MoJieJiell IUISIXOM X MOPIBHSHHS (UMM MEHIIE 3HaYEeHHs KPUTEPiiB, TUM Kpallie).

MSE RSME
i EECMOH 371874 1-T0 NOPAZKY === {0AbTa —4— EKCNOH 3rnaa 1-ro nopagry —8—XonbTa
—i— BinTepa —>—bonca-deHrnica i BiHTEDE —i— Bokca-[eHkitca

8 —im55A

2,00E+12 500000
500000

400000

1,50E+12

1,00E+12 300000

5,00E+11 200000

Pag "Xoneta" Touka 2
3Hauenue: 362382, 74

100000
0,00E+00

0 i e
1 2 3 4 5 g
MAE MAE
—+4— Excnoy 3rnag 1-ro nopagry —B—XoneTa = EiCOH 31034 1-T0 NOPAGHY =—B=XonuTa
i BiHTEPE i BORCE- [ EHKI HCR —i— BinTepa —i—BoKca-[iettitica
— SN —fim 554

35000
30000
25000
20000
15000
10000

5000

KOE®ILIEHT TEMUNA

0,018
0,016
—gp— ERCNOH 3raag 1-ro
0,014 nopaagy
0,012 —— X0nbTa
0,01
—i— BiHTE
0,008 g
0,006 i BOKCE-[#EHKIHCE
0,004
0,002 1 i
# —
0
1 2 3 4 5

Pucynok 1 — I'padiku mopiBHAHHS 3aJIe)KHOCTI IOXHOKH IPOTHO3Y BiAIMOBITHO O METOIY
MIPOTHO3YBaHHS:
cepenHs kBagpaTudHa nmoxuoka MSE, xopins i3 cepenapokBagpatuanoi noxudku RSME, cepenns
abcomotHa moxubka MAE, cepenns abcomoTHa moxubka y Bincotkax (MAPE)
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BucnoBku:

1. HocnijpkeHHs MOKasaio, IO OLIHKa MOJieNiedl NPOrHO3yBaHHS J03BOJHMTH POOHMTH BUOIpP NMPOTHO3HOT
MOJIeJi 32 KOPOTKHH Yac, IpH IbOMY IIOXHOKa IPOrHo3yBaHHs caratume 10 10%.

2. TlopiBHSHHS METOIB OI[IHKH MMOXHOKHM MOJCIICH MPOrHO3YBAHHS CICKTPOCIIOKHWBAHHS ITOKA3aJI0, 10
BiJTHOIIIEHHSI CTAHAAPTHOTO BiTXWJEHHS Ta KoedimieHta Teiyia € HalOIIbII MPUAATHUM JJIS IiJIeH TOPIBHSHHSA,
OCKIJIBKH sIBJIsiE 00010 umesno mMix 01 1.

3. 3HaueHHs KOPEHS i3 cepeanbokBaaparuynoi noxubku RMSPE nyxe maie came Uit METOIIB, Ha OCHOBI
4Or0 MOXHA CTBEPKYBaTH, IO TOYHICTh MPOTHO31B BUCOKA. 3HAYCHHs cepenHboi abcomorHol noxubku MAPE
CTaHOBUTb JUIA METOJIB BiJIIOBIIHO, III0 TAKOXK CBITYUTH IIPO BUCOKY TOUHICTB.

4. 3HavyeHHS OTpUMaHMX Oe3po3MipHHX KoediuieHTiB Telna cBig4aTh, 10 NPOTHO3M MAlOTh BHUCOKY
TOYHICTH (TIPOrHO3M abCOMOTHO TOYHI, sikio U=0).

5. Po3paxyHkamu MiATBEp/PKEHO, IO MeTox SSA  JOLIBHO BHKOPHCTOBYBAaTH B  3ajadax
KOPOTKOCTPOKOBOT'O IIPOTHO3YBAHHS Ta IPHU TUIAaHYBAaHHI PEKUMIB CIIOKUBAHHS €IEKTPOCHEPTii.

6. IlporHO3yBaHHS  €JEKTPOCIOXXHMBAaHHA 3HAaYHO  3&JEKUTh  Big  JOOOBOrO Ta  CE30HHOTO
eJIEKTPOCTIOKHUBAHHSA. B eHeprood’efHaHHIX, [ CIIOCTEPIiracThcsl BUCOKA HEPiBHOMIPHICTE TpadiKiB CIIOKUBAHHS
eJIeKTpOeHepTii 1 NMpW IHOMY HasSBHE CYTTE€BE BIiIXWJICHHS CIOXXHBAHHSA BiJl CE30HHOTO TPEHOY, HMOXHOKH
NPOTHO3YBaHHS HE € 3HAYHHMH.

7. Tlin wac oprafizamii pPHHKOBHX OIeEpamii 3 KyHiBIi-MPOJaXy eJIeKTPOeHeprii 1 MOTYXHOCTI
eHeproo0’eJHaHb 3 BHCOKOI HEPIBHOMIPHICTIO TpadikiB eNCKTPUYHOTO CIIOKUBAHHS MOXHOKa MPOTHO3yBaHHS
Oyze BUCOKOI0, i BOHH B OLIbLIIH Mipi OyayTh MiggaBaTHCs IWITPadHAM CAHKIIAM 32 MEPEBUIICHHS a00 3aHMKEHHS
BEJIMUMH CIIO)KUBaHHSI.

8. Haiikpami pe3yiabTaTH TNPOTHO3YBAHHS €JEKTPOCIIOKMBAHHS OTPUMaHi y pa3l BHKOPHCTaHHS
CreliabHO PO3POOJICHUX MOJIENEil MPOTHO3YBaHHSI 3 ypaxyBaHHIM MeTeo(akTopiB.
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ESTIMATIONS OF ERROR OF PROGNOSIS MODELS AND
PROGNOSES OF THE USED ELECTRIC ENERGY ARE ON OBJECTS
OF POWER MARKET

The article examines the estimation of models of forecasting of electric energy on industrial objects of the
energy market of Ukraine. The exponential first-order smoothing model, Holt model, Winter model, Box-Jenkins
model and Singular spectrum analysis (SSA) were used in the study. The methods used are simple to predict
electricity and allow you to investigate the behavior of the prediction error, depending on how the model is estimated.
Using modern methods of gathering information will allow you to make the right decisions in real time. The article
can significantly affect the correct choice of both model parameters and method of forecasting electricity. The
research will allow to make the forecasting of electric energy with less error in the objects of the energy market of
Ukraine knowing the statistics of errors of forecasting methods. The study has shown that estimation of forecasting
models will allow to make a choice of a forecasting model in a short time and the forecasting error will reach up to
10%. Methods for estimating the error of power consumption forecasting models have shown that the standard
deviation ratio and the Taylor coefficient are the most suitable for comparison purposes because it is a number
between 0 and 1. The root value of the root mean square error of the RMSPE for the methods is very small, namely
for the methods, on the basis of which it can be stated that the accuracy of the forecasts is high. The mean absolute
MAPE error is for the methods, respectively, which also indicates good accuracy. The values of the dimensionless
obtained Tail coefficients, which are equal and corresponding, respectively, indicate that the forecasts have high
accuracy (forecasts are absolutely accurate if U = 0). The calculations confirmed that the SSA method is appropriate
for use in short-term forecasting tasks and when planning power consumption modes. Electricity forecasting is
highly dependent on daily and seasonal power consumption. In energy associations where there is a high irregularity
in electricity consumption schedules, and there is a significant deviation of consumption from the seasonal trend,
the prediction error is not significant. When organizing market power sales and power interconnections with high
irregularity in electricity consumption schedules, the forecasting error will be high and they will be subject to greater
penalties for exceeding or reducing consumption. The best results from power consumption forecasting are obtained
when using specially designed weathering models.

Key words: exponential smoothing, Box-Jenkins model, power consumption, industrial facility, SSA,
forecasting, root mean square error, Taylor coefficient.
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VIIK 621.31

I1.B. CoxouoBcbkuii, PhD crynent, ORCID 0000-0002-0113-4479
HauionanbHuii TexHiunuii yniBepcurer Yxkpainu
«KuiBcbknii moitexniunuii ineTutyT iMeni Iropst Cikopebkoro»

AHAJII3 B3AEMO/III BIPTYAJIBHUX EJEKTPUYHUX CTAHIIA TA
AKTUBHUX CIIOKHUBAYIB Y PAMKAX IEPAPXIYHOI CUCTEMHA
IIPU OBMEXEHHSAX JIIBEPAJII3OBAHUX EHEPI'OPUHKIB

Possumox enepeemuxu Ykpainu nepebysac 6 pesxcumi peghopmyeanHs ma 3aKkoHooaguux 3min. Lllnax oo
nibepanizayii enep2opuHKie He € HOBUM NPOYECOM 8 PO3BUMKY eHepeemuynux cekmopis kpain €C ma CILLIA, oonax
we He peanizogaHuil 6 NOsHiU Mipi 6 Ykpaini. OcrHosna mema ni6epaniz08aHux PUHKI@ eleKmpoeHepeii -
eapanmyeamu 06e3neKy 3aeaibHOi cucmemu, niOGUWEeHHs epekmusHicmi pobomu ma 3HUdICEHHs eapmicmi
elleKmpoenep2ii 3a paxyHoK KOHKYpeHyil. Ycnix punxy enexmpoewnepeii, He 3anedcumsv jauuie 6i0 a0eK8amHol
pecynIsimopHoi noximukuy, a U 6i0 npudymroeocmi cy0'ekmis-yuacnuxig. Ilpocysanns konyenyii 6ipmyanrbHux
CIeKMPUYHUX CMAHYIU ™A KOHYEnyitl eHepeemuyHux Cnigmosapucme — CGIiMosull mpeHo, AKUull aKmueHo
npocyeacmucs ma peanizosyemcs 6 Gazamvox Kpainax ceimy. Ix doceid moowe Gymu euxopucmanuii Ons
GopmyeanHs 8imyusHAHOI KOHYeNnyii pO36UMKY CeKmopy enepeemuku. B pobomi npoananizosano cman ma 0CHOBHI
emanu peopmysanus enepeopunky Yrpainu. Haoano oyinky emanam, nepedymosam, Kpumepiam ma MOXCIUBUM
Hacaiokam 8 peanizayii i pobomi nibepanizosurux eHepeopunkie. Onucano 0CHOB8HI paxmopu, wo enaueaOms Ha
peanizayito ymosu nibepanizayii enep2opuHKy. [lna akmusHUX NOHCUBAUIE, SKI € OCHOBHUM eJleMeHmMOM Nepexooy
ma cmaHo8neHHs 1i0epaniz08aH020 eHePLOPUHKY BUSHAUEHO He2aMUSHI HACIOKU I nepesasu 8 npoyeci PopmysanHts
C8I00MO20 | AKMUBHO20 eHeP2eMUYHO20 CYCRiTbCMEd.

Knrwowuoei crosa: BimHOBIIOBaHA eHEPreTHKA, BipTyanbHa enekTpuuHa cranuis (Virtual Power Plant (VPP)),
nibepanizaris, enepropunok, Energy Smart Community (ESC), Smart City, Smart Grid, photovoltaic (PV),
renewable energy sources (RES), prosumage, coHsiuHa eleKTpocCTallis, po3nojaiicHa reHepais, Energy Storage
System (ESS).

Beryn. Ha cborosiHi po3BUTOK CEKTOPY BiJHOBJIIOBAHOI €HEPreTHKH YKpaiHW /e MBUAKMMHU TEMIIAMH 3a
PaXyHOK CIPHATIHBOTO CHEPreTHYHOTO Ta CKOHOMIYHOTO KiiMaTiB. 3a maHmMu HarioHanbHOI KoMicii, o
3IIICHIOE JIepKaBHE PETYIIOBAHHS Y cepaX eHepreTuku Ta komyHanbHUX mociyr (HKPEKII), 3a 9 micsanis 2019
poky Oymo BBeneno 7 638 (298 mpomucnoBux ta 7340 CEC momorocmomapcTB) 00’€KTiB BiJHOBIIOBAHOI
CJIEKTPOCHEPTETUKH 3araIbHOI0 MOTYXKHICTIO 2 661 MBT, 3 HuX: 253 00’€KTiB COHSYHOI €HEPTeTHKH 3aTrajbHOI0
noTykHicTio 2032 MBT; 25 00’€KTiB BiTpOCHEPTEeTHKH 3aTajIbHOIO0 MOTYXHICTIO 399 MBT; 7340 coHAYHMX CTaHIIN
JIOMOT'OCIIOJIapCTB 3arajlbHOI0 NMOTYXkHIcTI0 188 MBT; 7 00’€KTiB MaJIOf I'iJIpOCHEPTETHKH 3arajJbHOI0 MOTYKHICTIO
1,5 MBT; 9 enexrpocraHuiii Ha Oiorasi 3arajgpHo0 HOTYXHicTIO 24 MBT; 1 enekrpocraHuiii Ha 6ioMaci 3arajibpHOI0
HOTYXHicTI0 16 MBT.

Y OyniBaunTBo 3 968 MBT moTyXHOCTEH 00’€KTIB BiJHOBIIOBAHOI E€JIEKTPOCHEPIEeTHKH IHBECTOBAHO
6m3bko 3,4 mupx eBpo. Ctanom Ha 01.10.2019 poky B Ykpaini npamtoe 15 665 (875 npomucinosi ta 14 790 CEC
JIOMOTOCIIOJIapCTB) 00 €KTIB  BiJHOBIIIOBAHOI E€JIEKTPOCHEPTe€THKH, SKHM BCTAHOBJEGHO «3EJCHUI» Tapud,
3araipHO0 MOTYXHICTIO 4 935 MBT, 3 HEX: 611 CEC 3aramsHoto notyxHicTio 3 420 MBT; 55 BEC 3aransHOIO
notyxHicTio 932 MBT; 14 790 CEC npuBataux gomorocmonapcets 345 MBt; 153 MI'EC 3araipHOO MOTYKHICTIO
112 MBT; 45 enexrpocranmnii Ha Oiora3i 3arampHO0 TOTyXHicTIo 70 MBT; 11 enekrpocranmiii Ha Giomaci
3araJpHOIO MOTYKHICTIO 56 MBT [1].

OcTaHHIMH POKaMH 3pOCTaHHS CEKTOpa OyJlo IIBHIKUM, i Taka TEHACHIS TPUBAaTHME y HACTYNHI POKH,
OJTHAK iHBECTOPH IMOBMHHI PETEIBHO OIIHIOBATH BILUIMB HOBOTO PEKUMY ayKIIiOHIB.

3a o¢iniinumu nannmu HKPEKII BcTaHOBNEHI MOTYXKHOCTI 1 KIIIOYOBI MPOEKTH CTaHLIN 3 BUPOOHUITBA
BIZIHOBJIIOBaHO{ €Heprii B po3pisi perioHiB craHoM Ha 31 rpynanst 2018 p. (He BpaxoBytoun odiLiiiHUX CTATUCTUYHUX
nanux 3a 2019 pik), MBr-nik [1,2] npexncrasieni Ha puc. 1.

VYxpaiHa mianye 30UIbIIMTH BUPOOHUIITBO €HEPTii 3 BiHOBMOBaHKUX JuKepen 3 4% B 2015 poui no 12% no
2025 poky i noBecTH nokasHuK 110 25% B 2035 poui. Lle 3pocTanHs 3a51eXUTh BiJl IPABOBOTO CEPEAOBHIIA 1 TOCTYITY
JI0 Mi>KHapoiHoro (iHaHCyBaHHS. 10 IbOTO Yacy 3pOCTaHHs, 3HAYHOIO MipOI0, 3yMOBITIOBaJIOCS yXBasieHHM y 2008
poui 3eneHnM Tapudom, SKUM 10 KiHOA 2029 poKy TapaHTYIOTBCS IIIHM Ha EJIEKTPOCHEPrilo, OTPUMaHy 3
BUPOOHHUYHX MOTYKHOCTEH BiTHOBITIOBAJIBHOT €HEPTETHKH, BBEICHUX B CKCILTyaTalliro 1o KiHmsa 2019 poky [3,4].

[Nonmanbmnii po3BUTOK, 6€3 CYTTEBOTO BIUIMBY Ha IiHY €IEKTPOCHEPTii, CTUMYIIOBATUMETHCS 3a PAXyHOK
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yXBaJeHOTo 3aKoHY 1po aykiionu [4]. [linoTHuit aykuioH moBuHeH BindOyTHcs 10 31 rpyxas 2019 poky. Iepmmit
i3 3aIJIaHOBAaHKX PETYJISIPHUX ayKIIOHIB, 10 OYAyTh IPOBOIUTHCS JIBiYl Ha piK, Oyzae npoBeaeHo 1o 1 kBiTHsa 2020

POKYy.
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TpuBae pobota i3 CHHXpOHI3AIlil YKpaiHChKOI eHeprocucTteMu 3 eBpomneiicbkoro ENTSO sxka, oxpim
3a0e3reveHHs] TakuxX HeoOXiTHUX (YHKIIIH pe3epByBaHHs B CUCTEMI, TAKOXK JO3BOJUTH €()EKTHBHO KOHKYpPYBaTH
Ha BHYTPIIIHBOMY DPHHKY €JEKTPOCHEeprii 3 HaJXO/DKEHHSIM BiJl MDKHApOJHHMX IOCTa4albHUKIB, OJHOYACHO
Hajgaroun ykpaiHCbkUM AEC 1 enekTpocTaHIisIM Ha OCHOBI BiJIHOBJIIOBaHHMX JDKEpeN JOCTYH 10 PHHKIB
€sponeiicbkoro Corozy. 3aBepIueHHs X poOiT J03BOJINUTH YKpaiHi po3ipBaTH eHepreTUuHi 3B’ s13KH 13 Pocilichkoro
®enepaniero. [IporHo3 BupoOHHuTBa enekrpoeHeprii (mipa KBr-rog) Ta nporHoswm moao CTPYKTypH
eHepronocTayanHs YKpaiHu OKa3aHO HA pUCYHKax 2,3.

Taka iHTepHAaIliOHANI3aMlisl PUHKY ITiIBUIINATH iHBECTHUIIIHY NMPHBAOIUBICTh YKPATHCHKOTO €HEPTETHYHOTO
CEKTOpa, a OTKE 320XOTUTH IHBECTOPIB A0 yJIacTi y HOBHUX MPOEKTaX, OB’ I3aHUX 3 BiTHOBIIOBAHOIO EHEPTETUKOIO
(5]

Merto10 po6OTH € aHANTI3 B3a€EMOIiT BipTyaJbHHUX €JICKTPUIHUX CTAHIIIN Ta aKTUBHUX CIIOKMBAYiB B YMOBaX
nibeparizalii eHepropruHKy Y KpaiHu

IlepenymoBu 10 jiGepaJiizanii eHepropuHky Y Kpainu

VYkpaina 3poOuia BelauKi TEXHIYHI, eKOHOMIUHI Ta MOJITHYHI KPOKHU JI0 jibepaizauii po3apiOHOro pUHKY
eJieKTpoeHeprii, BiamoBigHo no cranaaptie €C. Temep Maibke BCi CIIOKHBAadl MarOTh MOMIIMBICTH CAMOCTIIHO
obupaTu CBOrO IOCTayalbHUKA eJleKTpoeHeprii. JlomorocmonapcrBa Ta MiJIPUEMCTBA MAJIOTO Ta CEPEIHBOTO
6i3aecy (MCB), 3a3Buuaii, Oy1yTh 00CITyroByBaTHCS ICHYIOUMMH MOCTaYajIbHUKAMHU (SIKi HA MOMEHT OTPHUMAaHHS
JineH3ii OyjJM YacTHHOI BEPTUKAIBHO IHTErpOBAaHMX KOMIIAHIii), SKUM JOPYY€HO BHUKOHYBAaTH TaK 3BaHe
«3000B'13aHHS MOJI0 YyHiBepcaJdbHUX mociyr» a0 cepeaunn 2020-ro poxy. JomorocmomapctBa ta MCB sk
CIOXHBAYi ENEKTPOCHEPTii MOXYTh OOMpaTH KOMEPUIHHOTO IOocTavyajbHHKAa (KpPIM CBOTO TOCTadalbHUKA
yHIBepcaJIbHUX mociyr). IIpoTe, OCKiNbKM MakCUManbHa IiHa, SIKy YHiBepCaJIbHUH NOCTaYaJbHUK MOKE CTATYBATH
31 CIOKHMBaYiB, BCTAHOBIIIOETHCS AJAMIHICTPaTHBHO Ha OCHOBI Tapudy, 3arBepmxenoro HKPEKII, odikyerbes
MacOBHH Iepexij] Bii yHiBepCcaTbHUX MOCTAYaJbHUKIB, IO 1 € TOJIOBHOIO METOIO NMPUHHATOTO 3aKOHY. Ypsa Xoue
peanmizyBaTH yMOBY: a0W JKOZHE IOMOTOCIONAPCTBO ab0 cy0’ekT Maioro Oi3HeCy He 3ajumimiucs 0e3
nmocTavabHUKA, MICIS BBEACHHS B 1it0 pedopmu [6].

Takum YMHOM, Ha PUHKY PO3APiOHOT TOPriBIi KOHKYPEHIIis Oyne BigOyBaTHCS TOJJOBHUM YHHOM Y CETMEHTI
BEIMKHUX CIOXWBA4iB, NpWHANMHI Ha mepmomy erami. IIpoMHciIOBI CHOXHBadi MOXYTb TOMOBHUTHCS IIOJO
KOHTPAKTY Ha ITOCTa4aHHA 3 OyJb-SIKHM OOpaHHUM MOCTadyaJIbHHUKOM i 3MIHIOBaTH HOTO JeKinbka pa3iB Ha pik. Ha
ceoroaHi JIIT «kEHepropuHOK», orepaTop pUHKY, EAMHUN Cy0'€KT MpaBa Ha MPHUIOaHHS Ta MPOAAK EICKTPOSHePril
Ha ONTOBOMY PUHKY 0 JumHA 2019 poky, mianucaB KOHTpakTH i3 179 eHepromnocrayansHukamu. To dakr, mo 11
«Enepropunok» 30epexe 1110 MOHOIOJIIO0 NPOTSATOM HACTYITHUX LIECTH MICSILIB 1 MPOJOBXKUTH aJMIiHICTPATHBHO
BCTaHOBJIFOBaTH ONTOBY PUHKOBY ITiHY O JIWITHS, CEPHO3HO 00MEKY€e KOHKYPCHIIIFO Ha PiBHI pO3ApIOHOTO PUHKY.
Hesposymino, Ha kil migcraBi po3npiOHI MOCTaYalbHUKKM KOHKYPYBAaTHMYTh, SKIIO €JIEKTPOEHEPTis, SKY
3aKyNOBYIOTh Ha ONTOBOMY PWHKY, OHAKOBa JUIs BCIX 1 TAKUM YMHOM HE MOXke OyTH OTpMMaHa KOHKYpPEHTHa
nepeBara. Uepes 1ie peajibHa KOHKYPEHIIisl, HABITh y OUIBIIOMY CETMEHTI CII0)KMBauiB, MIBUALIE 32 BCE 3 SIBUTHCS
yute 3 yunHsA 2019 poky, micis MOBHOTO BIIKPHUTTSI ONITOBOTO PUHKY.

®akTopH, 1110 BIVIMBAIOTH HA peaJi3aiilo yMoBH Ji0epaizauii eHepropuHky.

Peaxizanis npomecy BperymoBaHHS HebanaHciB a0 oprasizamii KOMEPIIHOTO 00Ky, SKi € KIFOUOBIMH
U HAJIS)KHOTO (PYHKITIOHYBAaHHS ONTOBOTO PHHKY, 3aTATYEThCS. BiNCYTHICTH KOHKYpEHIii MiXK BHPOOHHKaMHU
enekTpoeHeprii. Ha puHKY € Kilbka BEIMKHX BHPOOHHKIB (B OCHOBHOMY JI€pKaBHI TEIUIOBI €IIEKTPOCTAHINI Ta
enekrpocTanii, mo Hanexatrs [TEK), i MOXIHMBOCTI U1 TpaHCKOPAOHHOI TOPTiBII oOMexeHi. JIumie BiqHOCHO
HeBelMKa dvacTuHa Ykpainum (BypituHChKMii eHeproocTpiB) mnoB'sizaHa 3 eHepropunkamu €C. Jlimii
enekrponepenadi 3 Pocieto ta Binopyccio He BUKOPUCTOBYIOTHCS Uil TOPTIBEIBHUX IIUICH, 1 MOXKIIMBE PHHKOBE
criosry4eHHs 3 MoJ1I0BOI0 MaTHMe BiJTHOCHO OOME)XEeHHH BIUTMB Ha JIIKBIZHICTh YKPATHCHKOTO PUHKY 1 HE 3pyiHY€
HUHIIIHIO oJiironofictuuny crpykrypy. llIBunka ¢isuuna interpanis i3 ENTSO-E Ta nonmansina mibepanizanis
EKCIIOPTY Ta IMIIOPTY eJEeKTpOoeHepril (BaJloBi 00CATH SKUX Hapasl MiUsraloTh NONEepeIHbOMY 3aTBEPPKEHHIO 3
00Ky ypsily) MaloTh HOTEHIIIal JUIsl 3HAYHOTO 301IBILEHHS JIIKBIHOCTI YKpPaiHCHKOTO PUHKY €JIEKTPOEHEeprii.

HeratuBauM ¢akTopoM € i Te, mo nepexin Ha crumymotode perymoBanas aiast OCP (perymsoBana 6a3za
aKTUBIB SK OCHOBa U1 PO3paxyHKy Tapu(iB) Oyma BigkrageHa. Mozaenb KOMIEHcAmii A MOCTaYallbHUKIB
VHiBepCAIbHUX ITOCIYT TSI OM'SIKIICHHS HACTIIKiB MOKJIMBOT HECTaOLIEHOCTI ONMTOBOTO PUHKY Micst tumHs 2019
poKy naneka Bim wiTkoi. CuTyamis i3 3aXHIICHAMH CIOXXHBadyaMH Ta MMUTAHHS IOJO HAIEKHOTO OallaHCy Mik
IUIATDKHOIO JTUCHHUIUIIHOIO Ta 3aXHCTOM Bij IepepUBaHb IOCTABOK (HAINPUKIAM, 3 BOJOKAaHAIAMHU) 3IHIIAI0THCS
HeBupimeHnMH. HeoOXimHO 3ampoBauTH ¢PEeKTHBHY CHCTEMY IMiITPUMKH BPa3IUBUX CIOXHBAYiB, SIKI MAarOTh
TPYAHOILI 3 OIUIaTOI0 KOMYHaJNbHHMX mHociyr. BomHouac, sik Oyno 3asHaueno, HEK «Yxkpenepro» He mocsria
3HAYHOTO MPOrpecy y CTBOpeHHi IT-cuctemMu s EHTPaIi30BaHOTO BPETyIIOBAaHHS HeOaIaHCIB, 1 HA TaHUH Jac
ypsan He obpaB OaHK, skuil Oyne 3abe3meuyBaTd (iHAHCOBI TapaHTii Ta KIIPUHT. BakKKO OLIHHUTH TOTOBHICTH
YYacCHHKIB PHHKY /10 HOBOI MO (X04a, BUXOSYH 3 OTMUTYBaHb, IPOBEIACHUX MPOEKTHUM o(hicoM mpotsarom 2018
POKy, MOoxHa Oyso BiA3HaYMTH MeBHUH mporpec). Jleski ydacHUKH pHHKY (Takuil sk, «EHeproatom») 3poOmim
KOHKpETHI KpOKM 1, Hampukiaj, Bxke mnpuadamm IT-cuctemu, sfKi MO3BOJATH IM KyIyBaTH Ta IPOAABATH
€JICKTPOEHEPTII0 Yepe3 pUHOK JABOCTOPOHHIX JIOTOBOPIB, pUHKY «Ha /100y BIlepe/» Ta BHYTPIIIHEO000BOMY PUHKY.
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[HmIi Bee me OOPIOTHCS 3 amamnTallielo BiAMOBITHOI cTpaTerii i MOXKYTh BiJCTaBaTH Bix 3akymiBenb IT-cuctem Ta
peaiizauii iHIIMX OpraHi3allifHUX 3aX0/iB (CTBOPEHHS LEHTPIB KIJIIEHTCHKOI MIATPUMKH, €()EKTHBHUX CHUCTEM
OiniHTy, TOMIO) [6].

Ha nanumii MomeHT YkpaiHa € €IMHOIO JEep)KaBOIO MOCTPaJIIHCHKOTO MPOCTOPY, SKa iJe LUISIXOM
pedopMyBaHHs eHEPreTHYHOTO PHHKY. HeoOXi1HO Tak0ok BpaXxyBaTH, IO JJIs TOTO, 1100 po3apiOHi Ta ONTOBI PUHKH
eJIEKTpOEHeprii cTabii3yBanucs, 3HaT00UThCS ACSKUI Yac, ajle HAPUKIHI OUISXY JISKUTh BUHAropo/a 3a OuIbI
KOHKYPEHTHHH 1 Oe3NeuHHi PHHOK EeJNEKTPOEHEprii 3 MEepCHeKTUBOIO NPHEIHAHHS 10 3arajlbHOEBPOINEHCHKOrO
PHHKY €JIEKTPOEHEPTii Ha PIBHIX YMOBaX, Ha KOPUCTh YKPaiHCHKOTO CHOXKHMBAYa.

3acTepe:keHHs, AKi MOKYTh BIIMBATH Ha peatizauii mpouecy Jgidepanizamii enepropunky YKkpainu

3a [OCTiHKeHHSMH, IMPOBEACHUMH AHTHUMOHOIIONBHIM KoMiTeToM Ykpainum (AMKY), miGepamizarris
€HEepreTUYHOr0 PUHKY YKpaiHW IepIl 3a BCE NMOBHHHA MPOXOJUTH 3 3aKPUTTAM NPOOJIIEMHHX (HEBUPIIICHHX)
NHUTaHb, HAHOUIBII TOCTPUM 3 SKMX € BUCOKA KOHLIEHTpALisl pUHKY: yacTka «EHeproaromy» - moHag 55 % puHKY
reneparii enextpoeHeprii, «/ITEK» 3aiimae 6mu3pko - 61m3bK0 25 %.

Le nonepexye NPUCYTHICTh Ha PUHKY ()aKTOPIB BUCOKOT'O PH3MKY 3JIOBKMUBAHHS PUHKOBOIO BIIAJION0, SIKi
MOXYTb CTAHOBUTH :

— BCTaHOBJICHHS] MOHOIIOJILHO BUCOKHUX IIH OKPEMUMH TPABLSIMH PUHKY;

— 3aCTOCYBaHHs PI3HHMX JIOTOBIPHHUX MiAX0IB (I[iH 4M YMOB) JI0 PIBHO3HAYHHX yroJ;

— CTBOpPEHHs WITY4YHOTro AedinuTy (BiAMOBa BiJ| peanizalii / 0OMeKeHHs] BUPOOHHIITBA);
— HeJIONYCK Ha PUHOK HOBUX I'PABIB / yCYHEHHS 3 PUHKY KOHKYPEHTIB;

— BHUKOPHCTaHHSI a00 pO3rojonieHHs KOHQIACHIIHHOI (1HCainepchKoi iHpopMaii).

[lependavaeTnes, MO B MepIi MIBPOKY HOBHI PHHOK IPAIFOBATHME B PEXKHMI «OE3MEUHOTO MEPEXiTHOTO
PEXUMY», T Yac SIKOTO MIATUMYTh IIE€BHI OOMEXCHHS CaMOCTIHHOCTI TeHepyrounx kommadii. Llei mepion mae
OyTH BHKOpHCTaHMH At poOOTH 31 CTBOPEHHS YMOB, 3a SIKMX TOJIOBHHUM PETYJSTOPHUM (DaKTOPOM CTaHe
KOHKYpeHIist. Jist Toro, mo0 3MycHTH HaHOIIBIINX TPABIIB 3MaraTucs (a He TOMOBIIATHUCS ) MiXk cOOO¥0.

3okpema AMKY HajmaB mpomoswmilifo i3 3ampoBapKeHHS Ha PHHKY IBOCTOPOHHIX IOTOBOpPIB Oip>KOBOI
TOPTiBIi 3a MPUHIMIIOM IBOCTOPOHHBOTO EJIEKTPOHHOTO AYKI[OHY Ta 3IyYUTH IMIOPTHY €JIEKTPOCHEPTilo SK
JIIEBOTO KOHKYPEHTA IS BITYM3HIHUX BUPOOHUKIB (Ha IIEPIIOMY eTari NpruHaiMHI B « BypIITHHCBKUH OCTPiBY, M0
BXE CTBOPUTH KOHKYPEHTHHH THCK Ha TeHepallio). Peamizamis I[bOro JO3BOJIUTH 3alPOBAJAUTH CIIPABKHIO
KOHKYPEHIIII0, sKa 3a0€3MeUnTh: 3HIKEHHS I[iH Ha €JEKTPOSHEPTilo; MiJBUINCHHS SKOCTI Ta OE3MeKu HaJaHHS
MOCIyT 3 11 mocTavyaHHs, 3a0e3MeUeHHsT eHEPreTUIHO1 Oe3mnekn JepkaBu depes3 cuaxpoHizamito OEC Ykpainu i3
€BPONENCHKUM PUHKOM [7].

PedopmyBaaHHs eHEPrOPHHKY Ta HACTIAKH.

PedopMyBaHHS €HEPreTHMYHOTO PHHKY € IepIIOYEproBOI0 YMOBOIO cTparerii po30yloBH pPO3YMHOTO
cniBroBapucTa Energy Smart Community, sik o1Ha 3 KJIIOUOBHX CKJIaIOBHX Iepexony 1o Smart Grid ta Smart City
nependavyae MOAUT 3a TUIIOM T'€O-JIOKALIIHOrO MiICHE3HAXO/KEHHSI YYaCHHKIB, aKTUBHHMX CIIOKMBAYiB, Ha
CHIBTOBapHCTBAa B MiCBKOMY CEPEIOBHIIIi, TIEPEAMICTS Ta IPUBATHOMY CEKTOpi. Takuii oI MOSICHIOETHCS PI3SHUMHA
XapakTepaMH: CIOKHUBaHHA EJIEKTPOSHEPTii, COLialbHO-eKOHOMIYHUMH BiIMIHHOCTSIMH, IIUTBHICTIO 3a0yIOBH,
HasBHICTIO IPUBAaTHAUX Ta/a00 KOJIEKTUBHIX T€HEPYIOUMX CHCTEM 3 TIOAAJBIIOI0 KOOTIEPAIli€ro Ta CTBOPeHHM VPP.

ComnstaHa (oToenekTpraHa eHepris - ne tTun BJE, skuii Mae HaitOiIpII IPOTPECHBHAN PICT Ta MAKCUMAIBHY
KOMEpIiifHY IiHHICTh B YKpaiHi, 0T)Ke, BHHUKAE HEOOXITHICTh B OUTBII JeTaTbHOMY PO3JIS/AL caMe IIOTO CETMEHTY
OEC VkpaiHu, BUXOIYM 3 YMOBH TEMIIB pOCTy, Homyisipusanii B YKpaiHi, BapTocTi 0OJaJHaHHI Ta
KOMIUIEKTYI0uuX [8].

BripoBa/pkeHHSsI B eHepreTUuHy cucteMy Ykpainu PV cucrem i 3MiHM €KOHOMIKO-CIIO)KMBYOTO MHCIICHHS
CIIO’KMBAYiB IMPU3BEJIO JI0 MOSIBY Ta (QYHKIIOHYBaHHS TaKMX MOJIEJIEH CIIOKMBAYiB, OKPIM TpaJULiHHOTO consumer,
sK prosumer Ta prosumage. Ile € mepearyMoBoro s 3MiHH 0a30BOT cTparerii ()yHKIIIOHYBaHHS €HEPTrOCHUCTEM 1
CHEPrOpUHKY, CTBOPEHHS HOBUX (HOpMATiB B3aEMOJII B paMKaxX «CIOKHBa4Y-CHEPrornocTayagbHa KOMIAHIsD», SKI
OTIHCaHi B MOHATTI BipTyanbHa enektpocrtaniis (VPP).

OpHak Ha BUPOOHUIITBO COHSYHOT (POTOCTEKTPHYHOI SHEepril 3HAYHO BIUIMBAIOTH €KOJIOTIYHI Ta KITIMAaTHIHI
(axTopy, O poOUTH mpolec reHepanii MIHJIMBAM Ta HEBH3HAUEHHWM, Ma€ BEJMKHH BIUIMB Ha IUIAHYBaHHS Ta
eKCILTyaTaIlito enexkrpomepex [1, 2].

BipryanbHa enekrpocranmis (Virtual Power Plant (VPP)) mmpoko BuB4YaeThCs I BUPIMIEHHS MIPOoOIeM 3
I AKITFOYSHHSM 10 PO3NOAITIEHIX MEPEX BiTHOBIOBaHOI eHeprii. VPP Moxe po3misaaTucs Sk cucreMa ynpaBJliHHS
KOOPJMHAIIIEI0 €HEepPropecypciB, sSKa IOENHYE Ta ONTHMI3ye cucTeMy HakommueHHs eHeprii (ESS), kepopane
HaBaHTa)XCHHS, €JIEKTPOMOOiIE Ta iHIII po3noaiieHi enepropecypcu (DER) Ha ocHOBI mepenoBux iHGopMaIiiitHo-
KOMYHIKaIlifHUX TeXHOJIOTiil. BiH BHUCTYyIIae K crierjiaibHa yCTaHOBKA, sika Oepe y4JacTh Yy pHHKY €JIeKTPOCHepril
Ta eKCIUTyaTallii eHeproMepex, IoloMarac peaylidyBaTh MiAKIIOYEHHS 0 MEpexXi Ta MOKpallye 3AaTHICTh
EHEPTOCTIOKMBAHHS ~ BimHOBIIOBaHOi  eHeprii. VPP - 1ie BHcOKoedekTMBHA  cHCTEMa  ITiIBUICHHS
eHeproeeKTUBHOCTI Ta CIPHUSHHS PO3BUTKY BiIHOBIIOBAHOI €HEPTil.
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Jlibepamizaliiss pUHKY €JIEKTPOCHEPTii — I MepIn 3a BCe MONITHIHHN Ta PETYISTOPHWHA TPOIEC, KU
CTBOPIOE KOHKYPEHIIIIO 3aMicTh MOHONOIIT y eHepreruui. ['oloBHa MeTa s1ibepanizanii — miIBUIEeHHS eEeKTUBHOCTI
Ha PHHKY e/e 4epe3 KoHKypeHUio. Kpama epexTHBHICT NPU3BOANTD 10 3HMXKEHHSI BUTPAT 1 LiH, IO MiJBHILYE
KOHKYPEHTOCIIPOMOXKHICTh Y4aCHHKIB PUHKY.

PuHoK enexTpuuHOi eHeprii OyB JlibepanizoBanuil y Beix kpainax €C, kpim bourapii Ta Manstu. 3a 1ocBizom
kpain €C, nibepaizauis puHKY BinOyBaeTbcs npoTsiroM 5—10 pokiB. B Ykpaini npoiiio nuie 1Ba poku 3 1atu
NpuiHATTA 3akoHY «IIpo pHHOK eneKTpu4HOI eHeprii» 10 BIpoBa/uKeHHs pedopm st nibepanizanii pHHKY.
Hespaxaroun Ha Te mo B kpainax €C miGepanizamis Bxe 3aBepIInIach, 10Ci iCHYIOTh IIEBHI TEXHIUHI Y1 IO THYHI
Oap’epu U1 BOPOBAILKEHHS €IMHOTO PUHKY, IO MPHU3BOIATH O PETIOHAIBHOTO TOILTY.

OpmHa 3 0COONHMBOCTEW EJEKTPOCHEPTil MOJSITrae B TOMY, IIO BOHA HE € PO3IOBCIOKEHHM IIPEIMETOM
MDKHapOAHOI TOPTiBII Ha BIIMIHY Bil HAQTH Ta MpUpoaHOTO ra3y. Y 2015 pori 3 ychoro BaIOBOTO BUPOOHHIITBA
eJIeKTpoeHeprii y cBiti sume 6inst 3% OyiIo eKcrnopToBaHO Yepe3 HallloHaJbHI KopAoHH. [Ipu mpomy i3 nmx 3%
OinpiIa yacTHHA eKcriopTy — 58% — mpumnanae Ha Kpainu €sporu Ta 9% — Ha excniopt 3 Kananu no CIIA. Oxnak
CTBOPEHHIO €JJMHOTO PUHKY €JeKTpU4HOi eHeprii kpaiH €C Ta ekcropTy nepeayBasii NeBHI pe)OpMHU Ta CyTTEBI
perynsaTopHi 3Minu y kpainax €C [9].

3okpema, Jibepaiizauii PUHKIB €JIEKTPUYHOI €Heprii nepeayBaid HacTynHi pedopMH, TOKa3aHi Ha
PHUCYHKY 4:
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PucyHnox 4— cTpykTypHa cxema eHepretuaHoro VPP punky
Jis mocTymoBoi Jibepanizamii Oynu npuiHSTI HACTYITHI JUPEKTHBH, TIOKa3aHi Ha puC 5:

Mepmuii enepromaker — [lupekrusa 96/92/€C CTOCOBHO CHINBHUX TPaBHJI Ul BHYTPIIIHBOTO PHUHKY
CJIEKTPOCHEPTi.

s qupexTHBa CTBOpHIIA IIEpeIyMOBH A JTibeparizamii puHKy enekTpuaHoi eHeprii €C nuIixoM HaJaHHS
nepeBarv KOHKYPEHIii Ta BIIbHIA TOPTiBIIi.

Jpyruii enepronaxer — /lupektua 2003/54/€C CTOCOBHO CIHITBbHUX MPaBUJ I BHYTPIITHBOTO PUHKY
eJIeKTpOeHeprii, sika ckacoBye JlupexktuBy 96/92/€C.

IIpuitHaTTs 1wiei aupexkTuBH OYJIO CHpsSAMOBaHE Ha 3a0e3MeueHHS TOCTadyaHHs eJNeKTPOeHeprii BCiM
CIOXXHMBaYaM, CTUMYIIFOBaHHS KOHKYPEHIIT Ta CTBOPEHHS HE3aJCKHOI'O PETYITFOI0UOT0 OpraHy.

Tperiii enepromaker — upextuBa 2009/72/EC mono 3araJbHUX MpaBWI ISl BHYTPINIHBOTO PUHKY
CJICKTPOEHEPrii.

s nupexTBa Oyna 30cepe/kKeHa Ha IUTAHHSX, IOB'SI3aHMX 13 TOJINIIEHHSAM (YHKLIOHYBaHHS
BHYTPIIIHBOTO PHUHKY €JIEKTPOEHEPril, MOCHJICHHSIM ITOBHOBAXXCHb Ta HE3aJEKHOCTI HALlIOHAILHUX PETYJIATOPIB,
3ax0/ax 100 TOCHIICHHS OE3IIeKN MoCTadyaHHs.

3axoH Ykpainu «I[Ipo pruHOK eNeKTpUIHOI CHepTii» CIIPsIMOBAaHHMA HA IMIUIEMEHTAIIII0 aKTiB 3aKOHOJABCTBA
Enepretndnoro criBroBapucTBa y chepi CHEPreTHKH, a CaMe AUPEKTHBH TPEThOro CHEPrOMaKETY.

YerBepTHuii enepromaker «Umcra eHepris UIA BCiX €BPONIEUIIIB» JIMIIC IMOYMHAE BIIPOBAIIKYBATHCS B
kpaiHax €C Ta 1Ie He 3aCTOCOBYETHCA 0 pedOpMyBaHHS PHHKY eJeKTpoeHeprii Ykpainu. [Ipun npomy ogHHM i3
3aBJjaHb YETBEPTOrO EHEProlakeTy € CTBOPEHHS CY4acHOTO JH3aiHy /ISl €BPOIEHCHKOr0 EHEPropUHKY,
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aJanTOBaHOTO 10 HOBUX pealiii — OiNbII THYYKOTO Ta TPHCTOCOBAHOTO IS iHTerpamii OimbInoi 9acTKu
BiJTHOBJIFOBAHHX JKEPEI CHEPTil.

[ ETAMW NIBEPANISALLIT PMHKY ENEKTPMYHOT EHEPTIT €EC

MEPLUMA APYIUIA EHEPTONAKET TPETIV EHEPTONAKET YETBEPTHIA

EHEPTONAKET =

bl S FanLH] MNpuckopeHHa 3aransHoEBpONelcoKa EHEPTONAKET

2 ";“B'ma ﬂ“ niBepanizauji Ta iHCTMTYLfHa Ta «MucTa eneprin ans scix
F_' A iHTerpawii puHRry HopMaTheHa Baza esponeiiujsn
BHYTRIWHLOMO PUHKY
@)
MOHOMOMA

MBEPAMIZALIA

Pucynox 5 — Etanu nibepanizauii puaky enekrpudnoi eneprii €C

OcHoBHa Meta Ji0epalli3oBaHUX PHHKIB eJIEKTpoeHeprii - rapantyBaTH Oe3leKy 3arajbHOi CHCTEMH,
MiIBUIUTH e(EKTUBHICTE POOOTH Ta 3HU3UTH BAPTICTh EIEKTPOSHEPTii 32 PaXYHOK KOHKYPEHIIIi.

VYenix pHHKY €NeKTpOCHeprii, He 3aJeKUTh JIMIIE BiJ aJeKBaTHOI PETYJATOPHOI MHOJITHKH, a W Bix
IPHOYTKOBOCTI CYO'eKTiB-ydacHUIb. ENeKTpryHi pUHKY - 116 KOHKYPEHTOCIIPOMOXKHE Ta JUHAMIYHE CEPEIOBHIIIE,
Jie Pi3Hi WICHHU TPAIOTh PI3HOMAHITHY POJIb, MIPUHMAIOUN PIiIIEHHS, SKi MOXKYTh KapIMHAJIBFHO 3MIHUTH Pe3yJIbTaT
pHUHKY. 31 301IpIICHHSIM BiTHOBIIOBaHUX HKEPEN €HEPTii Ta HEOOXiJHICTIO TX BIPOBa/KEHHS HA PHHOK EIeKTPHYHO1

eHeprii CTBOPIOETHCA Bee OUTBIT HEeCTaOlIbHA CHcTeMa, AKa MOTpedye iHHOBANiHHMX IHCTPYMEHTIB MiATPUMKH JJIS
TTOM'SIKIIICHHSI ITi€1 CIOPaJIMYHOT ITOBEIIHKH.

Mpogaeseup
en. eHepril

hpeﬁgep 1 @
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Pucynox 5 — cTpyktypHa cxema eHepreruuoro VPP punky
€JIEKTPUYHOT eHeprii

IrpoBi mosist MOBUHHI OyTH BUPIBHSHI JUIsS TOTO, OO BKJIIOYUTH LI HOBITHI TEXHOJIOTI, Yepe3 JepikaBHE
peryJroBaHHs, NpPUBaTHI Ta JepKaBHI I1HBECTHIl, MICIEBY y4acTb Ta HAayKOBI JOCHI/PKEHHS 1 PO3BHUTOK.
MynbsTHareHTHa cucteMa KepyBaHHA eHepreTuaHuM puHKOM (MACKEP) 3a6e3nedye 3B'SI30k MiXK aKaIeMidHIM,
JepKaBHAM Ta TPUBATHAM CEKTOPOM, CTBOPIOIOYH TEXHIUHY Ta OpTaHi3aIliiiHy OCHOBY, sIKa IO3BOJIIE TOPTiBII
eJIEKTPUYHOIO €HEPTi€l0 3 PO3MOAIICHOTO MOKONIHHSA OYTH KOHKYPEHTOCIIPOMOXKHOIO Ha €HEPTeTHYHHUX PUHKAX,
MarO4YH 3MOTY MOJEIIOBaTH YOTHPU THIM PHHKIB: (GopBapiHi puHKYM, PUHKH Mylly, ABOCTOPOHHI KOHTPAaKTH Ta
riopunai puaka. MACKEP - GaratoareHTHHI CHMYNSTOp KOHKYPEHTHHX PHHKIB enekTpoeneprii [3, 4]; me
iMiTamiHHUHN IHCTPYMEHT MIATPUMKH NPUHAHATTS PillleHb, MPU3HAYCHUHN [T aHaJ3y Ta eKCIEPUMEHTY 3 Pi3HUMHU
PUHKOBMMH MOJIEJISIMH, MOB'S3aHUMHU 3 PHHKOM, IO BHIIEpE/XKAE JeHb, Ta 24-TU nepiogamu toprisii. [Iporpama
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BUKOPHCTOBYE MYJIbTHATCHTHY apXiTEKTYypy, AKa BU3HAUA€ CYO'€KTIB, sIKi OpaTUMYTh y4acTh Y KYIiBJIi Ta IPOJAXKY
eJIEKTPOEHEPT i, Ta BKIIFOYAE Pi3HI CTPATETIl JUIs1 KPAIIOT0 MOJICITFOBAHHS MOBEIIHKY MOKYIIIB Ta IPOJIABIIIB il 4ac
yuacTi B CTPYKTYpi pUHKY ejekTpuuHoi eHeprii. baratoarenrceka Mogens MACKEP € nmotyxHHUM iHCTpyMEHTOM
JUISL PO3YMIHHS TOBEAIHKM areHTiB (MOKYIIB, NPOAABIIB, TPaBLiB PHHKY, TOPrOBI[B Ta OIEpPaToOpiB) 3
BUKOPHCTAHHIM JMHAMIYHUX CTpATeriid Ta aHaji3y CLeHapiiB, 3aCHOBAaHUX Ha MAaTEMaTHYHUX MOJIEISX, TAKHX 5K
TEopis irop, MallMHHE HAaBYaHHS Ta ONTHMI3alis METOOM MOJIEIIOBAaHHS PHUHKOBHX areHTIB Ta HaJaHHS M
MIATPUMKH TPUHHSTTS pillleHb, 010 HabuparoTh KOHKypeHTHY mnepeBary. MACKEP 3ocepemkyerscsi Ha
TIePErOBOPHUX CTPATETisAX KYIIBII Ta MPOAAXyY eNeKTPUIHOI CHepTil I TOTo, M00:

-3a0e31meYnTy 3aco0n Iy OTPUMAHHS BiIIYTHHX PEe3yJbTATIB Ta IPUHHATTSA OOTPYHTOBAHUX PIIIEHb, THM
caM#M OTPUMYIOUH KOHKYPEHTHI mepeBaru. Lfo mepeBary oTpuMyOTh, BUBYAIOUH KiJIbKa MEXaHI3MIB IIEPErOBOPIB,
II0 3HAXOJSITHCS HA PUHKAX €JIEKTPOEHEPTii, 0 BUNEPEHKAIOTHCS, HAIAl0UM IHCTPYMEHT MiATPUMKH HPUHHATTS
pimress Ta gomomaratounn VPP BmockoHamutm cBoi crparerii OopotrsOom 3 puakKoM [8]. Momems MACKEP
3abesneuye 0a3zy mis VPP, mo0 BHKOpPHCTOBYBaTH CTpaTerii, IO IO3BOJSIIOTH arperamii po3MOIiICHIX
reHepaliiHUuX YCTAHOBOK OTPUMATH TEXHIUHI Ta EKOHOMIYHI IIepeBary, OTPUMaHi BiJl KOMOIHOBaHHMX

-BUKOPUCTAHHS Pi3HUX TEXHOJIOTIH BUPOOHMITBA, 1[0 NEPEBEPIIYE HEJOJIKM TaKUX TEXHOJOTIH Ta Hajae
KOpHUCTYBauaM JJMHAMIYHI CTpATeril, SIKi MOXKYTh OYTH CIelialbHO aJanToBaHi 10 0a)XKaHUX XapaKTEPUCTHK areHTa.
Crpykrypa MACKEP no3Bosnsie KopucTyBayeBi BIiATBOPUTH Ta IIPOAHATi3yBaTH PUHOK Y KOHTPOJILOBAaHOMY

-HaBKOJIMIITHE CEPEIOBHUIIIE, BAKOPUCTOBYIOUH KiJIbKa METO/IiB LITYYHOT'O IHTEJIEKTY Ta OOMIHY JJAHUMH, 11100
MOKa3aTH, SIK PUHOK MOBOJUTHCS Ta PO3BUBAETHCS, 1 YITKO MOKA3yIOYH, sIKi Jil MOTPIOHO BXKHUTH, afalTyIOuUCh JI0
3MiHH PHHKOBOTO cepeloBHIIa. 3aBasku BKitodeHHI0O VPP B mporpamue 3a6e3neuenns, MACKEP moxxe BuBdatn
e(eKTH YIpaBIiHHS KOANiMi€r0, €(PEeKTHBHO Ta ONTHMI3YBaTH 3arajbHy CYKYIHY IOTYXKHICTh, KEPYHOUH
BHYTPIIIHIMHI MUTAHHAMH (HAIPHUKIAL, OIJIaTa Tpalli, YIpaBlIiHHS pe3epBaMH, BUPOOHWYI BUTPATH TOIIO) MiX
KOMITaHI€I0 Ta TeHepaTopaMy Ta aHaJli3ye BIUIMB KOXKHOTO KOHKPETHOTO reHepaTtopa Ha podoty VPP. InTerpamis
BiJTHOBJIFOBAHHX JDKEPEI CHEPTii Ta MOCTIiHI 3MIHM YPsIOBOi NOJMITUKH Ha JATHHI.

MACKERP - ineansHult iHCTpYMEHT JIJIsl MOJSIOBaHHS 0aKaHOi CTPYKTYPH JIJISl PO3YMiHHSI TOTO, SIK MPAITIOE
PHHOK eJEeKTPOeHeprii, 1 YyTOBHHA 1HCTPYMEHT I HAaBYAaHHSA, OCKUIBKM BiH BKJIIOYa€ CHUMETPUUYHI PHHKH ITyITy,
3MilIaHi pUHKH (K CHMETPHUYHI, TaK 1 ACHMETPHYHI) Ta TBOCTOPOHHI KOHTPAKTH.

Peanizamis mporiecy BperystoBaHHs HeOanaHCiB abo opraHizarii KOMepIiHHOTO 00Ky, sIKi € KIIFOUOBUMH
JUT HaJIS)KHOTO (DYHKI[IOHYBAaHHS OINTOBOTO PHHKY, 3aTATYEThCS. BiNCYTHICTP KOHKYpeHIii MiXK BHPOOHHKaMHU
€JICKTPOEHEPTII € 11e OLIBII CEepHO3HOI0 MEPEIIKOI010 IS JOCSATHEHHS JIKBIIHOTO Ta 3/10pOBOTO (DYHKI[IOHYBaHHS
ONTOBOrO PUHKY. Ha puHKY € KijbKa BelIWKHX BUPOOHHKIB (B OCHOBHOMY JI€pKaBHI TEIUIOBI €JIEKTPOCTaHIIl Ta
esrekTpocTaniii, mo Hanexats JATEK), 1 MOXIMBOCTI AJ1s1 TpaHCKOPJOHHOT TOPTiBiIi 0OMexeHi. Jlumie BigHOCHO
HeBenMKa 4yacThuHa Ykpaiun (BypmruHcbkuii eneprooctpiB) mos'szaHa 3 enepropuHkamu €C.  Jlimii
esrekTponiepenadi 3 Pociero Ta binopyccio He BUKOPUCTOBYIOTHCS AJIsl TOPTiBEJIBHUX LijJeH, 1 MOKIIMBE PHHKOBE
criosrydeHHs 3 MOJIIOBOIO MaTHM€ BiTHOCHO OOMEKEHUH BIUIMB Ha JIIKBIAHICTh YKPAiHCHKOTO PUHKY 1 HE 3pyHHYE
HUHIIIHIO OJIromoJicTHYHy cTpykTypy. llIBunka ¢izumuna interpamis i3 ENTSO-E Ta moganmeima mibepamizartis
EKCIIOPTY Ta IMIIOPTY eNeKTpoeHeprii (BaJoBi 00CATH SKUX Hapasi MiAIsAraroTh MOMEPEIHROMY 3aTBEPDKCHHIO 3
00Ky ypsiy) MarOTh IOTEHIIIAM IS 3HAYHOTO 301IBIIEHHS JIIKBITHOCTI YKPAaTHCHKOTO PUHKY €JIEKTPOCHEPTIi.

Opnak y 2018 pori 6yno 3po6ieHo 6arato Ayt TOro, MO0 peali3yBaTH KOHIICIIII0 PO3ApiOHOTO PHUHKY
esiekTpoeHeprii. 3okpema, ykpaincskuii peryisitop (HKPEKIT) po3po6uB i npuiiHsIB BCi HEOOXi/HI MMi3aKOHHI aKTH
B PEKOPJHO KOpOTKi TepMiHu. Lli mocsrHeHHs BpaxkaroTh mie Ounblue, ajpke nepiua mnojoBuHa 2018 poky Oyna
BiJI3HAaUYeHa BTPATOI0 KBOPYMY, HEOOXiJHOTO ISl IPUUHSATTS pillleHb, i iHCTUTYLis Oyna mapaiizoBaHa. Y OepesHi
2018 poxy Oynu npuiinsti [IpaBuna punky, [IpaBuna po3npionoro punky, Konekc posnoainsaux cucrem ta Konexe
KOMEPIHOTO 001TiKYy. SIK HaCIiJ0K, OYJI0 BCTAHOBJICHO CTPYKTYPY KOHTPAKTHHUX BiTHOCHH MK Y4IaCHUKaMH PUHKY
Ta IHITUMH KJIIOYOBUMHU MPOIIECaMHU, TAKIMH SIK TIPaBHJIa 3MiHH MTOCTaYaIbHUAKA, TIPOTICAYPH BUPIMIEHHS CIIOPiB 200
obmiky. Ha mouarky oceni 2018 poxy HKPEKII mpuiinsna tapudu mns oneparopiB cuctem posmnoziny (OCP),
MocTavalbHAKA YHIBEPCATBHOT TIOCIYTH, Ta TIOCTaYaIbHUKA «OCTaHHBO1 Halii». CTBOpeHHS Tapu(HOT METOIOIOT 1
Ta nepe0avyBaHoi CTPYKTYpH Tapru(diB ISl KOKHOTO 3 IIUX YIACHHUKIB PUHKY € TEePETyMOBOIO JUTS BiTOKPEMIICHHS
(unbundling) Ta nikBigamnii nepexpecHoro cyocuaitoBaHus. IlocTayanbHUKY yHIBEPCAIBHUX MTOCTYT TOBUHHI MaTh
MOJJIUBICTB (DYHKITIOHYBaTH He3aneskHo Big OCP B merkax onHi€el cTpykTypu BiaacHocTi; OCP noBuHHI OTpUMYBaTH
JIOCTaTHBO KOIUTIB JUIsl (piHAHCYBaHHS TEXHIYHOTO 0OCITyroByBaHHS Ta po3BUTKY Mepex. Jlo ki poky HKPEKII
cxBaywia KOoHTpakTd MK /1 «EHepropuHOK», mocTadyalbHUKaMH YHIBEPCAIBHHUX IOCIYT Ta MOCTa4aJbHUKOM
«ocTaHHbOI Hazii». B octanni 1Hi 2018 poxy, ypsx BUPIMIMB NPU3HAYUTH JEpKaBHY KOMITaHiI0 «YKpiHTEpEeHEepro»
(BimmoBimanbHa 3a IMIOPT / €KCIOPT ENEKTPOCHEPTii) MOoCTavyaIbHUKOM «OCTaHHBOI Halii» Ha BCIH TepuUTOpii
VYkpainu go ciuasg 202 1-ro poky.

JlaHi KpOKHM BUMarajiy 3HaA4HUX 3yCHIIb, 1 IEAKi aCIeKTH 3aJIUIIAIOTLCS CIHIPHUMHU Ta/a00 HEBUPIIICHUMHU.
Hanpuknan, nara nepexony Ha ctuMmymorode perymoBaHas 1 OCP (perynpoBana 6a3a akTHBIB SIK OCHOBaA IS
po3paxyHKy Tapu(iB) Oyna BimkiaaeHa. Mojeiab KOMIICHCAIIi IS MOCTAYalbHUKIB yHIBEPCATBHUX HOCIYT JUIS
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MOM'SIKIIICHHSI HACTIKIB MOIIMBOT HECTA0IIFHOCTI ONTOBOTO PUHKY Micis jymmHg 2019 poky maneka Bij HiTKOi.
Curyaris i3 3aXUIIEHUMHA CITOKWBaYaMH Ta MUTAHHS 00 HAJIEKHOTO OajJaHCy MiX TUIATIXHOIO TUCITUILTIHOIO Ta
3aXHMCTOM BiJ TIepepUBaHb MOCTABOK (HAMPHUKIAA, 3 BOJOKAHAIAMH) 3aJIMIIAIOTHCSA HEeBUpimeHUMH. HeoOximHo
3anpoBaguTH e(EeKTUBHY CHCTEMY IIITPUMKH Bpa3jMBHX CIOXKHBAdiB, SKi MAalOTh TPYAHOLI 3 OILIATOIO
KOMYHQJIBHUX Tocayr. BomHouwac, six Oyino 3azHayeno, HEK «Ykpenepro» He nocsiriia 3Ha4HOTO HpoOrpecy y
crBopenHi IT-cucremu 1u1si IEHTPasi30BaHOTO BPETYIIIOBaHHs HeOalaHCIB, 1 HAa TaHMH yac ypsii He oOpaB OaHK,
aKkui Oyne 3a0e3neuyBarn (iHaHCOBI rapaHTii Ta KJIIpUHT. Ba)KKO OLIHUTH FOTOBHICTH YYaCHHUKIB PHHKY JI0 HOBOT
MoJieTi (X0o4a, BUXOJSYM 3 ONHUTYBaHb, NMPOBEICHUX NMPOEKTHHM odicom mpotsirom 2018 poky, mMoxHa Oyio
BiI3HAYNTH NEBHUU mporpec). Jeski ydacHUKN puHKY (Hampuknaj, «EHeproaTom») 3poOuim KOHKPETHI KPOKH i,
Harnpukiaj, Bxe npundamn [T-cuctemu, siki JO3BOISATE iM KyIyBaTH Ta MPOAABATH EJIEKTPOCHEPTII0 Yepe3 PUHOK
JIBOCTOPOHHIX JOTOBOPIB, PHHKY «Ha 00y BIepem» aT BHYTPIIHFOI000BOMY PHHKY. IHII Bce me OOproThCs 3
aJanTamielo BiAMOBIMHOI cTparerii i MOXyTh BimctaBatm Bin 3akymiBens [T-cmctem Ta peamizamii iHIIHX
OpraHizalliifHUX 3aX0/iB (CTBOPEHHS IEHTPIB KIIEHTCHKOI MATPIUMKH, e(pEeKTHBHUX CHCTEM OimiHTY, Tomo). [IpoTte
€ JIOCBiZYEeHI KOMIIaHii, ki BXKe IMpaIfoloTh B YKpaiHi 1 3/1aTHI 3alpONOHYBATH FOTOBI PIllIEHHS /IS YYacHHUKIB
pusKy. [leski xommanii, y ToMmy uucai 31 ClloBa44MHHM, JONOMAraroTb «YKpEeHEepro» Ta IHIIUM YYacCHHUKaM
YKpaiHCHKOTO PUHKY.

Hes3Bakaroun Ha BCl 11l HEJOJIIKM Ta HEMUHYYl BHUKJIMKH, € MiJCTaBH TOTO, 10 YKpaiHa LiJeHarpaBiIeHo
BUKOHYE IpOTrpamy 3 Jlibepaizaiii cBOiX eHepreTHYHUX PHHKIB.

3a BuHATKOM KpaiH bantuku ta ['py3ii, Ykpaina € equHOI0 AEeprkaBOIO IOCTPAASHCHKOTO MPOCTOPY, KA i/1e
HOBHM MIISXOM, peOpMyBaHHI €HEPrOPUHKY Ha IUTYTY JI0 Iporpamu 3 Jibepaizarii. OueBumHO, 00 po3apiOHi
Ta ONTOBI PHMHKHU ENIEKTPOCHEpTii cTabimi3yBaiics, 3HaJOOUTHCSA ICIKHHA Yac, aje HANpPHKIHII NUIXY JIEXHUTh
BUHAropoja 3a OiTbIl KOHKYPEHTHHH i Oe3leYHWi pPHUHOK eJEKTPOCHEPrii 3 MepCIeKTHBOIO NPHETHAHHS 0
3araJbHOEBPOIIEHCHKOTO PUHKY EJIEKTPOEHEPTii Ha PIBHUX YMOBaX, Ha KOPUCTh YKPaiHCHKOTO CIIOXKHBAYa.

BucHoBku:

Ykpaina 3poOuia BeMHKUN TeXHIYHI, EKOHOMIUHHI Ta MOJIITHYHI KPOKHU 10 Jibepamizamii po3apiOHOTO PHHKY
eJeKTpoeHeprii, BimmoBigHO mo craHaaptieB €C. B poboTi po3riaHyTo (haKkTOpH, IO BIUIMBAIOTH HA pealizalliio
YMOBH Jlibepaitizallii eHepropuHaKy. Peaizamist mporecy BperymoBaHHs HebananciB a0 opraHizallii KOMepuiiHOTO
00Ky, SKi € KIIOYOBHUMH JUIS HAJEKHOTO (YHKIIOHYBaHHS OINTOBOTO PHHKY, 3aTATyeThCH. BiAcyTHICTH
KOHKYPEHIIii M’k BUpOOHUKAaMU eJeKTpoeHeprii. Ha piHKY € KijbKa BETMKUX BUPOOHUKIB (B OCHOBHOMY AepKaBHI
TEIUTOBI €NEKTPOCTaHIl Ta elekTpocTaHmii, mo Hamexats JITEK), i MOXIHBOCTI IJIsI TPAaHCKOPIOHHOI TOPTiBII
obmexeHi. HaBeneHo 3acTepeskeHHs, sIKI MOXKYTh BIUIMBAaTH Ha peaiizauil npouecy Jjibepamnizamii eHepropuHKy
VYxpainu. [IpencrasneHo eranu peopMyBaaHHsI eHEPIOPUHKY Ta HACIIIKH.

Hapmano omiHKy eramam, MOepeayMOBaM, KpUTEpiAM Ta MOXJIMBHAM HacligkaM B peanmizanii i po0oti
Ji0epali3oBUHUX eHepropuHKiB. ONKUcaHO OCHOBHI (hakTOpH, IO BIUIMBAIOTH Ha peaizaliilo yMOBH Jribepaizarii
€HepropuHKy. /Iyl akTHBHUX ITOKMBAYIB, SIKI € OCHOBHUM €JIEMEHTOM IIEPEX0/1y Ta CTAHOBJICHHS JIIOEpati30BaHOTO
SHEprOpHHKY BH3HAYCHO HETaTHBHI HACHIIKK 1 TepeBarn B mpoleci (OpMyBaHHS CBIIOMOTO 1 aKTHBHOTO
€HEepreTUYHOTO CYCILIBCTBA.
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THE VIRTUAL POWER PLAN INTERACTION AND ACTIVE
CONSUMERS ANALYSIS, IN THE FRAMEWORK OF THE
HIERARCHICAL SYSTEM WITH THE LIBERALIZED LIMITATIONS

Ukraine's energy development is under review in the regime of reform and legislative forces. The path to
energy liberalization will not be a new process in the development of the EU and US energy sectors, but it will not
be fully implemented in Ukraine. The liberal energy main features are the guarantee of a secure overall system,
efficient operation and electricity vacancies use for competitors. The success of the electricity market, not using
adequate regulatory policies, and the participating entity's profitability. Offered by virtual power plants and
concepts of energy collaboration - a global trend that is actively promoted and implemented in their regions. It can
actually be used for the domestic development of the energy sector. As a result, the state and main stages of
reforming the Ukrainian energy market are analyzed. The stages, transitional, criterion and possible conservation
in enterprises and liberalized energy markets are evaluated. The main factors that should make the implementation
of energy market liberalization are described. For the active consumers, who are the main element of the transition
and placement of the larger-scale libero, the energy market remains negative, experiencing and experiencing a
conscious and active energy value in the world.

Key words: Renewable Energy, Virtual Power Plant (VPP), Liberalization, Energy Market, Energy Smart
Community (ESC), Smart City, Smart Grid, Photovoltaic (PV), Renewable Energy (RES), Distribution, Solar power
generation, distributed generation, energy storage system (ESS).
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EHEPI'ETUYHA EOEKTUBHICTD TA
EHEPI'O3BEPEKEHHSA
ENERGY EFFICIENCY AND ENERGY
SAVINGS

VIIK 621.311

I'.B. MeabHu4yK, Marictp mpoMuciioBoi enekrponiku, ORCID 0000-0002-8173-0472
MiHicTepcTBO PO3BUTKY FPOMaj Ta TepUTOPiil Ykpainu

EHEPTOMEHEJJ)KMEHT HACEJIEHUX ITYHKTIB TA TEPUTOPIA
HA OCHOBI IHTEJIEKTYAJIBHUX CUCTEM
KEPYBAHHS EJIEKTPOKUBJIEHHAM

Pedepar. MeTo1o gociiUkeHHs € BU3HAYECHHS TEHACHIIH PO3BUTKY €JIEKTPOMEPEX HaceJIeHUX MYHKTIB Ta
ONTHMAJIBHUX MiAXOAIB J0 TX aHalli3y Ta PO3paxyHKIiB B yMOBaX BIPOBAPKCHHS TEXHOJIOTTYHHX iHHOBaLil y chepi
iHpOpMaLiHHUX Ta EHEPTeTHYHNX TEXHOJIOTIH, a TAKOX JICLeHTpalli3allii HaceJeHnX MyHKTIB. Y cTarTi 3A1iCHEHO
OISl CyYacHUX MiAXOMIB Ta TEXHIYHHMX pillleHb, JETaJli30BaHO NUTAHHS (OPMYBaHHS «PO3YMHOI MEpexi»
SmartGrid nusIXoM No€eTHaHHS 3alpOBa/PKEHHS IHTEIEKTYJIbHUX MiAXOIB Ta IHTETPOBAaHUX CHUCTEMaM TeHepauii
eJIEKTpOeHeprii, ii crokuBaHHs Ta 30epiranns. Cepea BaXJIMBUX acnekTiB ¢popMmyBanHs SmartGrid y HaceaeHux
ITyHKTax 3a3Ha4eHa HEOOXiTHICTh PO3BUTKY CHCTEM KEPYBaHHS KOMYHAJbHAMH CHCTEMaMH B MEXaxX OKPEMHX
OyAMHKIB Ta KOMIUICKCiB YCTaHOB, a TAaKOXK (DOPMyBaHHS IHTEIPOBAHOI TPAHCIIOPTHOI CHCTEMH, 1110 BKIIFOYAE B cebe
K TPOMAaJCHKHI TPAaHCIOPT, TaK i iHAWBIAyalbHI TPAHCIIOPTHI 3acO0M Pi3HMX THIIIB i (OPM BIACHOCTI. 3arajiom
MOETHAHHS 3YCWIb OpraHiB MICIEBOTO CAaMOBPSIYBaHHA, KOMEPHIIHHMX Ta HEKOMEPUIHHUX YCTaHOB,
JOMOBJIACHHUKIB Ta MICIEBUX MEIIKAHI[IB BH3HAYA€ThCS SK BAKJIMBA IIEPEAYMOBAa YCIIIIHOTO (OPMyBaHHS
SmartGrid y HaceneHuX myHKTaX. Pe3ynbTaToM poOOTH € BHU3HAYEHHS Cy4aCHHX TEHJICHLIN PO3BUTKY CHUCTEM
CJICKTPOXKMBJICHHS HACEJICHUX ITyHKTIB, 30KpeMa, HEOOXiJHICTh (POPMYyBaHHS MPOMIKHOI JIaHKH E€HEPreTUYHOI
NOJNITUKK — Ha PIBHI HACEJICHWX IIYHKTIB Ta TEPHUTOPIH, IO MOETHYIOTH JIOKAIGHHX YYaCHHKIB €HEPrOPUHKY
(cuctemu reHeparii, 30epiraHHsl Ta CIIO)KMBAHHS €JICKTPOEHEPTii) Ta BUCTYNAIOTh IHTETPOBAHUMH AKTHBHUMH
yYacHHKAMH 3arajJbHOHAI[IOHAIBHOI €IUHOI C€HEProCHCTEMH KpaiHW Ta HAIIOHAJIHHOIO CHEPropuHKY. Takoxk
HaBeJICHO OOIPYHTYBaHHS aKTYaJIbHOCTI BAKOPUCTAHHS METO/IIB PO3PAXyHKIB CHCTEM €JICKTPOKUBIICHHS, 30KpeMa,
PO3LIMPEHHS METOAY OKPEMHX CKJIaJIOBUX Ha OCHOBI HepeTBopeHb Jlaruiaca Ta onepaTopHHX OOYHCIIEHb, SKi
JIO3BOJISIIOTH OTPUMATH €HEPreTHYHI XapaKTEpPUCTHKH 1 apaMeTpH eJIEeKTPOCHEPrii y aHaNITHIHOMY BHTJISL JUTA
BUKOPHCTAHHS y IHTENEKTYaJIbHUX CHCTEMaX KEpYBaHHS €JICKTPOXKUBICHHS. Y MiIICYMKY HaBEIEHE JIOCHIHKCHHS
MiATBEPIKYE TBEPIDKCHHSA IPO HEOOXIAHICTH IMONANBIIOrO BIOCKOHANEHHS KoHmenmii SmartGrid nuisxom
IHTETpalii eIIEMEHTIB EHEPTeTUYHNX CUCTEM, IHTEJICKTyalli3allii IpoIeciB KepyBaHHs Ta PO3BUTKY HOBHUX ITiIXOIIB
JICTICHTpaNi3alii eHepropHHKY.

Karwuosi cinoa: SmartGrid, emekrponocTadaHHs, €JISKTPHYHI MEpPEX, €HEPrOMEHEIXMEHT, HacCeJeH]
MYHKTH, JIelIeHTpaIi3allis, eJIeKTPOTPAHCIIOPT.

1. IIpodaemaTiKa PO3BUTKY CHCTEM €J1eKTPONOCTAYAHHS HaceJeHHNX MYHKTIB

IcToprYHO PO3BHUTOK €JIEKTPONOCTavaHHS PO3MOYABCS CaME 3 HACENCHUX ITyHKTIB, JI€ CTBOPIOBAIHCS
JIOKQJIbHI €HEPrOCUCTEMH ISl MICLIEBOTO OCBITIIEHHSI, EJIEKTPOTPAHCIIOPTY (TpaMBaiB Ta METPOMONIITEHY), @ TAKOXK
MPOMUCIIOBOCTI. 3aBASKU LIBUJKOMY 3POCTaHHIO MOMUTY OyJIBHUILTBO HEBEJIMKHX MICHKHMX €JIEKTPOCTaHIIN cTae
npuOyTKOBMM BHUJIOM IHBECTHIIH, MPH LOMY BYTUIBHI €JEKTpOCTaHLii OyAyroThCS cepell MICBKHX KBapTalliB,
CTal04YM YNHHUKOM 3a0pyIHEHHS MOBITPS B MICTaX.

IanycrpianbHuit Oym mouaTKy-cepeanHu XX CTOMITTS CHPUYUHUB MOTPEOyY B OUIBII MOTYKHUX JKepenax
eJIeKTpOeHepTii: OyIyIOThCS BENHKI eNeKTpocTaHmii, 30kpeMa moryxHi ['EC, jokanbHI MiCBKi €IeKTpOMepeKi
MOCTYIIOBO TMOEMHYIOThCSA, 1 Hapasi €IMHA €HeprocucTeMa YKpaiHH BXOIOWTH 10 €IOWHOI eIeKTPOSHEPTEeTHIHOI
CHCTEMH, sika 00'€IHye TOCTPaASHCHKUI TpOCTip i iHTerposaHa 3 eHeprocuctemamu CximHoi i LleHTpanpHOI
€Bporn. OfgHaK B yMOBaxX HOCTIHAYCTPIalbHOI EKOHOMIKH, 3pPOCTaHHA PIBHS JKUTTS HACENCHHSA Ta 3MiHM
TEXHOJIOT1H, 30KpeMa, B MOOYTi, EHEPrONOCTa4aHHs CTUKHYJIOCS 3 HU3KOI HOBHX BHKJIMKIB.

1.1. 3pocmanus wacmru nobymosoeo cnoxcugants. BomHodac Hampukiami XX cTOMITTS Ta 3 moyatkoM XXI
CTOJIITTS TI0YaJIa CYTTEBO 3MIHIOBATHCS CTPYKTYpa CHOXKHUBAHHS elleKTpoeHeprii. OHOYaCHO 31 CKOPOYEHHIM
©T'.B. Menbauuyk, 2019
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CIIO’KMBAHHS €JIEKTPOCHEPTii MPOMHUCIIOBICTIO BiIOYIOCS CTPIMKE 3pOCTaHHS CIOKHBAHHS JOMOTOCIIOAPCTBAMH.
Skuio yacTka cnoxuBaHHs enekTpoeHeprii y 2002 pori Bona ckiasnana e maixe 19% (i 2,7% — koMyHaJIbHO-
noOyToBi crioxkuBayi, To, y 2011 pomui — Bxe 25,5% (38,5 mupza kBr-rox) [9].

3a 12 micsauiB 2019 poky, 3rigHo 3 0QiNIHHUMHU AaHUMHU LIOAO PO3MOALTY CIIOKHBAUiB €IEKTPOCHEPTii,
CIIO)KMBAaHHS HaceleHHsM ckiagae Omm3bko 30% (1 me pomatkoBo Maibke 13% —  KOMyHallbHO-IOOYTOBI
cnoxxuBaui) [10]. s nopiBasHHEA: y 2017 poui CHOXXHUBaHHS €JIEKTPOSHEPTil TOMOrocnoAapcTBaMu y €Bpocorosi
cknano 27% KIHIEBOTO CIIOKMBAaHHS, TOOTO Hapas3l 4YacTKa CIOXKHBaHHS EJIEKTPOEHEpTii HaceleHHAM
HAOMKAETHCS 10 TIOKA3HUKIB PO3BHHEHHX KpaiH [17].

Taka TeHACHIIiS 3yMOBJICHAa 3HAYHUM 3POCTAaHHSIM BHKOPHCTaHHS €JICKTPOCHEpril B MOOYTi, 30KpemMa s
OTIaJICHHS, MiITPiBy BOAM, Yepe3 301IbIICHHS KITBKOCTI TOOYTOBOI TEXHIKH — BHACIIIOK 3pOCTaHHSA JOOpoOyTY
JOMOTOCTIOIapcTB. | IIIKOM MOMJIMBMM € TOAAjiblIe 3pPOCTaHHS aOCONIOTHUX ITOKa3HWKIB CIIOXHBAHHS
CJICKTPOEHEPTii HACENEeHHSM — HAIpUKIaJ, 3a paxyHOK Bce OLIBIIOr0 BUKOPHUCTAHHS IHAWBIAYaIbHOTO
CJICKTPUYHOTO OOJIaJHAHHS Ta MOMIMPEHHS KYXOHHHX EJEKTPOIUIMT 3aMiCTh Ta3oBuxX IiuT. L[pomy crpuse i
HOpPMaTHBHA MOJITHKA Ta TeHJAeHUii y OyniBHuurei: 3rimHo JIBH, y OynuHKax BHCOTHICTIO MOHaa 9 TOBepXiB
3a00pOHEHO BUKOPUCTAHHS ra3y y KBapTHPaX, MOXKIIUBI JIUIIIE SIICKTPOTUTUTH.

Tak, y 2018 poui, 3a ganumu HarioHanbHoT KoMmicii 3 peryitoBaHHs y cdepax eHEpPreTHKH Ta KOMYyHaJIbHUX
nociyr (HKPEKIT), ciosxuBaHHs eHeprii joMorocnoaapcTBaMu Y KpaiHu cKiajio B cepepnbomy 164 kB1/roa, Toxi
K B KpaiHax €Bpocorosy — 304 kB1/roz. [Ipu upomMy ykpaiHChKHUii MOKa3HUK 3HAXOMUTHCs Ha piBHi [lonbuii (168
kBt/ron), Bummit 3a pymyHcekuii (140 kBrt/ron), ane momiTHO HyXuuid, HX B Yropmuni (227 kBt/ron) Ta
CrnoBauuuni (219 xB1/ron) [4].

1.2. 36invwenns nikogoeo cnoocugants oomococnooapcmeamu. OCOONMBICTE CHEPrOCIIOKHUBAHHSI
HACCJICHHSIM, Ha BIZMIHY BiJl IPOMHUCIOBOCTI, — JOCHUTh CTPIMKi KW CHOKUBaHHA. J[JI MpUKiIaxy, HaBeICHO
cepenHiil MiTon000BHA MPOoQih BUKOPUCTAHHS CICKTPOCHEPTii 32 pe3yabTaTaMH JOCTIKeHb 250 OpUTaHCEKHX
nmomMorocmonapetB y 2012 pomi [21].

B ymoBax VYkpaiHu npu OLiHII CTyNeHs BIUIMBY CIIOXKHBaHHS JOMOTOCIOJapcTBAaMHM Ta (OPMyBaHHS
MIKOBMX HAaBaHTa)XEHb BapTO 3TafaTH 1 NPO PETiOHATBHUN pO3MOAUT BUPOOHWYHMX TOTYXHOCTEH, IO €
HaHOUTLIIMIMK  CIIOKMBAYaMU  eJeKTpoeHeprii. Tak, cepen Taidy3edl NPOMHCIOBOCTI YKpaiHH HaWOimbII
EHEepProMICTKOIO OyIa i 3aIHIIa€ThCSI METATypriifiHa IPOMHCIOBICTD — 23,9% y 3aranbHii cTpyKTypi 3a 12 Mics1iB
2019 poky.

OpnHak BpaxOBYIOUH, IO B OiIBIIOCTI PETIOHIB MiAMPUEMCTB ITi€l Tay3i B3araii He MpencTaBiIeHO, MOXHA
TOBOPHTH TIPO Te, IO y 06araThboxX MicTax Ta HaBiTh OKPEMHUX PErioHaX YacTKa JOMOTOCIIOJNAPCTB y CHOXHMBaHHI
Moxke csiratu 50% 1 Ginbre. 1o, BiAMOBIAHO, MiIBUIYE aKTyaIbHICTh IIPOOJIEMH MIKOBHX HAaBaHTaKCHb.

1.3. Ilossa i 30inbuienHs Yacmku KpUMuyHUX Cnocueéayie. PO3BUTOK TEXHOJIOTIH 3yMOBHMB 1 IOSIBY
CIIO’KMBAYIB, 110 BITHOCATHCS 10 00’ €KTIB KPUTUYHOT iHPPACTPYKTYpH Ta Bijl HAJIHHOCTI €HEpronocTayaHHs IKUX
3aJIeXKHUTh He JIMIe 3a0e3MeYeHHs IHIINX KOMYHAJIbHUX ITOCIYT, OKPIM OCBITIIEHHS Ta poOOTH MOOYTOBUX IPUIIAIIB,
a i Oe3nexa Ta KUTTA JIOJCH.

Tak, B yMOBax CydaCHOTO BEIIMKOTO MiCTa IO KaTeropii KPUTHIHHUX CIIOKWBAYiB BIIHOCATHCS MEIUYHI
3axuaan (oOMagHaHHS MIATPUMAHHS XKUTTENISUIBHOCTI, Oe3nepediliHa poboTa obnaqHaHHA ONepaIliifHnX), 00’ €KTH
TpaHCHOPTHOI iHpPacTpyKTypHu (cBiTIO(OpHI 00’€KTH, METPOMONiTEeH), 3B’sA3Ky (0a30Bi craHmii MOOUIEHOTO
3B’A3KY), CHCTEMH TPOMAJIChKOi Oe3MeKH (BiAeocCIoCTepeKeHHs, CUTHATI3AiT), 1 UM OLUTBIIe i IITbHIIIEe MiCTO —
TUM OUTBIIE TAKUX CIOXKUBAUIB.

Pa3om 3 THM, HEe BapTO HETOOIIHIOBATH MIPOOJIEMY CTIHKOCTI i B yMOBaxX OKpEMOTO OYIMHKY UM HEBEITUKOTO
HACEJICHOT 0 MyHKTY. Bij eslekTpoeHeprii 3a/1e)nuTh pod0Ta JXKUTTEBO BXKIIMBUX IPUIIAJ(IB Ta CUCTEM — OTIAJICHHS,
BOJOIIOCTaYaHHA, 3B’ 13Ky, CUTHai3a1ii. HaBiTh ra3oBi iHAWBIIyalbHI ONATIOBATIbHI KOTJIH Hapa3i MOTpeOyOTh
eJIeKTPOCHEPTii 111 poOOTH CHCTEMHU KepyBaHHS Ta aBapiifHoro 3axucry [22].

SIK HacTiOK, OCTAaHHIMM POKAaMH BCE YACTIIE 32 METy PO3BHTKY CHCTEM EIICKTPONOCTAYaHHS CTABUTHCA
MABUIIEHHS «CTIMKOCTI» €HEPreTHYHNX iHPPACTPYKTYp IO BIUTUBY SIK MOTOYHHX, HEPIOTUIHUX BIUIMBIB MIKOBHX
HaBaHTaKeHb, TaK 1 MaJOHMOBIPHMX IOAIN 31 3HAYHMMH BIUIMBAMM, TaKUX SK EKCTpEMalbHI IOTOJHI SBHUILA,
TEXHOT'€HHI aBapii, TEPOPUCTHYHI aKTH Ta JWBEPCii, 1HII 30BHINIHI BIUIUBH.

3a BU3HAUYEHHSM ITOHATTS «CTIMKICTBY (BiJ JATUHCHKOTO cJI0Ba «resilion, sike OYKBalIbHO O3HAUYa€ 37aTHICTh
00'eKTa YK CUCTEMH ITOBEPHYTHUCS JI0 CBOTO IEPBICHOI'O CTaHy ITiC/IsA HaBaHTa)XEHHs), 3alpoBaLkeHoro y 1973 p.
C.C.XomniHroM, BOHO BU3HA4Ya€e CTIHKICTh B3a€EMO3B'SI3KIB BCEPEIMHI CHCTEMH 1 € MIpOO 3JaTHOCTI IIUX CHCTEM
TIOTJIMHATH 3MIHM 3MIHHUX CTaHy, pyIIiifHUX 3MIHHUX Ta apaMeTpiB i 30epiraTu npane3aTHicThb.

2. TexHoJioTiuHi HOBaMii: MOKJIMBOCTI Ta HOBi BUKJIMKH JJIsl CHCTEM €HEepromnocTavyaHHs

ITutaHHs MKiB CTIOXUBAHHS Hapa3i € OJHUM 3 KIIOYOBHX JUIS €IMHOT eIeKTPOSHEPTeTHIHOT CUCTEMH, 1110
BHUPINIYETHCS K BUKOPUCTAHHIM MaHEBPOBHX IMOTYKHOCTEH TEIIOCNEKTPOCTAHIIIH (ATOMHI CTaHIIil MPaIioloTh Y
CTabUTLHOMY PEKUMI, TETUIOBI K MOKYTh IIIBHJIKO 3MiHIOBATH PEKHM POOOTH), TaK 1 MUISIXOM 30epeKeHHs eHepTil
3a JIONOMOT OO0 Tigpoakymymorounx enekrpoctaniii (CAEC) y HenmikoBi TOAWHY 1 IOBEPHEHHSI Y MEPEXY TIiJ Jac
HaOLTBIITNX HABAHTA)KEHb.
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OcTaHHI MPaIOIOTh K TPaBITAIlIHHUN aKyMyJIsATOp, CXOKWH Ha BOJOHAIMIPHY BEXY: Y HEIIKOBI TOIMHHI
€JISKTPOHACOCH BUKOPHCTOBYIOThH Ha/UIMIIIKOBY €HEPTilo, abu 3akauyaTH BOAY Y BEPXHIil pe3epByap, y MiKOBI TOJUHA
BOJa Tedye BHM3, oOepratoun TypOiHM TeHeparopiB. Tako) SK MaHEBpPOBI IIOTYKHOCTI eJeKTporeHepaii
BUKOPUCTOBYIOTh TEIUIOBI €JICKTPOCTAHIIIi — HA BiMIHY BiJl aTOMHHX, BOHU 3JIaTHI IIBHJKO 3MIHIOBATH PEKUM
po0oTH IPOTATOM T100U.

Brim, Hapa3i KIO4OBI pilleHHS y BUPIMIEHHI MpoOieM 3Iia/pKyBaHHs IIKOBHX HaBaHTaKEHb, a TaKOX
CTIHKOCTI /10 30BHINIHIX BIUIMBIB Ta €HEProe(eKTUBHOCTI y CEKTOPi TOOYTOBOTO €HEPTOCIIOKMBAHHS 3HAXOIATHCS
MEPEeBAKHO HA PIiBHI KIHIEBUX CIIOKMBA4YiB — BIIACHE, IOMOrocCroaapcTB. lle cTocyeTbes sK KepyBaHHS
CIIO’KMBAHHS, TaK 1 3aCTOCYBaHHs PE3EPBHUX JKEpPEN €JCKTPOTIOCTAYaHHS, a BiJHEJIaBHA — HABITh TeHEpallii Ta
30epiranns ejaekTpoeHeprii. OTHaK HOBI MOKIIMBOCTI MPUHOCATH 1 HOB1 BUKJIMKH.

2.1. Kepysanns cnooscusannsm. 1lle y 1980-X mpoBiiHI €HEPrOKOMITaHii CBITY OYaJIA 3alPOBAKYBATH TaK
3BaHI «IHTENEKTyaJIbHI JIYMIBHUKW», SKi TOCTIHHO MepeaaBayid JaHi B eHeprokommadii. Ile — MoHiTOpuHT, a
HACTYITHUN PiBEHb — YIPABJIHHS CIIOKHBAHHIM, 1 HAWBIIOMINIHKA cIOCiO — pi3HI Tapudu 3a 4acoM, KOJIM BHOYI
eJleKTpoeHeprisi  gemieBiie. JliuwipHUKM 3 Takolo (yHKLIEIO Hapa3di Ha3MBalOTh OaraTo3oHHMMH abo
OararorapudHuMH, 1 UIT HUX He OOOB’SI3KOBMM € HAsBHICTH IIOCTIHHOTO 3B’SI3KYy 3 OOJIKOBHM IIGHTPOM
eneprokommnanii. Hainpocrimi — 1Bo30HHI, 1 came BianosigHo no nocranou HKPE Bix 23.04.2012 Ne 498 (3i
3MiHaMH1) eHeprorocTayaibHi KOMIIaHii HagaoTh 3HWKKY 50% Tapudy 3 23:00 no 07:00 [11].

OnHak [ajieko He BCiX CIOXKMBAayiB MOXKHA CIOKYCHTH IEPEMHMKATH EJIEKTPONpPHIagd BHOYI, TOMY
MOBHOIIIHHO «IHTEICKTYaJbHI JIYMIBHUKIY MPALIOOTh Y TIOEAHAHHI 3 BiIOBITHIM O00JIaJTHAHHSAM Y CII0KUBAYIB —
HAIPUKJIAJ, «PO3YMHI» PO3ETKH Ta CHUCTEMH, SKi BKIIOYAIOTh i BUMHUKAIOTh MPUCTPOi B 3aJICKHOCTI BiX dacy,
noTpedu, piBHA HaBaHTaKEHHS. Hapasi Ha pUHKY TOCTYITHI Pi3HI THITH MOAIOHUX MPHIIAJIB: PO3ETKH 3 TaliMepaMH,
oOMexXyBadi HaIIpyTH, aBapiliHi JpKeperna eHeprii, 0 MiIKITI0YaloThCS Y pasi BIAKIIOYeHbh OCHOBHOTO MEPEKEBOTO
€JICKTPOXKHUBIICHHS.

IloennaHHS TakuX MPHIIAAIB 1 YHPaBIiHHA €IMHUM KOHTPOJIEPOM OTPHMAJIO Ha3BY «PO3YMHHH OyIMHOK
(smart home, digital house) [20]. Taka cucrema CKIamaeTbCs 3 BIACHE KOHTPOJEPA, JATYHKIB Ta aKTyaTOPIB —
BUKOHABUMX HPHUCTPOIB (TI cami «pO3yMHI PO3ETKH», PI3HOMAaHITHI BUMHKadi, KJIIMaT-KOHTPOJIEPH TOLIO).
Texnomorii 0e3mpoBiTHOTO 3B’SI3KY, TaK 3BAaHMH «IHTEPHET peueil» O3BOJSIOTH 00ilTHCS 0Oe3 MpoBOMIB i
3a0e3MeYnTH BiijalieHe KePYBaHHS «PO3yMHHUM OyIUHKOM).

Pazom 3 TMM y Hu3LI BHNajaKiB po0OTa CHUCTEM «PO3YMHHUI OYAMHOK» MOXE MaTd pi3HI HACIAKU JUId
3arajbHOi eHepromepexi. 3 oHOro OOKy, y pa3i opieHTauii Ha eHepro30epeXEeHHs 3 YpaxyBaHHSIM «HIYHOTO
Tapudy MOXKHA OTPHMATH 3TJQDKYBAaHHS IPOBAIIB CIOXWUBaHHSA BHOYI, 3 iHIIOTO — MOJMJIHMBE 30iIbIICHHS
CIIO)KMBAHHS CaMe y MIKOBI TOAWHH, HANpPHKIAJ, KOJNH EJIEKTPOONAICHHS BUMHKAETHCA BICHb 3@ BiACYTHOCTI
MEIIKAHI[iB BJJOMA i BMUKA€ETHCSA TIEpe]l iX MOBEPHEHHSM 3 poOOTH BBeUepi.

2.2. Aemonomui Odicepena enepeii. PO3BUTOK TEXHOJIOTIM «3€JICHOI» CHEPreTHKH Ta 3allpOBaKCHHS
VYkpaiHOI0 CTUMYITIOIOYOTO BUCOKOTO «3EJIEHOT0» Tapr(y Ha 3aKYIBIIIO €JIEKTPOSHEPTii BiJl COHSIYHUX Ta BITPOBUX
€JIeKTPOCTAHIK (yTpUYi BUINMK 3a TPATWIiAHI €IEKTPOCTAHINi) CHPHYWHWIO CHpaBXkHIA OyM y i Taysi.
[MoTtyxHicTh 00'€KTIB BiIHOBIIOBaJIbLHOI eHepreTHKH B Y kpaini 3a 2017 pik 3pocina Ha 30% no 290 MBT, 3a 2018 pix
—Ha 66% no 849 MBT, a 3a Tpu xBaptamu 2019 poxy — yrpuui o 2,6 I'Br [7].

OnHak Taki MO3WTHBHI NMOKa3HUMH OTPHMaid i 3BOpOTHIM edekr. Y 2019 poui omeparop o00'eaHaHOl
eneprocucremu kpainn HEK «Ykpenepro» 3asBuB 1npo Opak pe3epBiB €HEprocucTeMH s I ATPUMKH 11 CTalloCTi,
1 0/1Ha 3 IPUYMH — BEJINKi 00'eMH BUPOOHUIITBA COHSYHOI Ta BITPOBOI reHepaiii i BiACyTHICTh TOCTaTHBOT KiJIbKOCTI
BHCOKOMaHEBPOBHUX MOTY)KHOCTel [6]. Ha BiaMiHY BiJl BiTHOCHO NMPOTHO30BAHMX IiKiB CIIOKMBAHHS, COHSIYHI Ta
BITPSTHI €JIEKTPOCTAHIIIT X0U i HAMAraroThCsl PO3MIIIyBaTH Y HAUOIIBIT MPUPOTHO BAAIUX JUIS I[HOTO MICIISIX, OJJHAK
(bakTruHa TX poOOTa CYTTEBO 3aJIEKUTH Bij MOTOAH. SIK HACTIMOK — IO CTPUOKIB CIIO’KUBAHHS JOAFOTHCS II1€ MEHII
MIPOTHO30BaHI MiKKU TeHepaltii.

BTtim, 11e He TpHBiN BiAMOBISATHCS BiJl «3€JI€HO» €HEPTEeTHKH — MHUTAHHS JIAIIE B TOMY, XTO OiJbIne
3aIliKaBJICHU y BIOCKOHAJICHHI €JEKTPOMEPEeXK I 3abe3lmeueHHs CTINKOCTI EHEepProcUcCTeMH. Y  CBITI
«JIOKOMOTHBaMM» BiJIHOBJIIOBAJIbHOI €HEPreTHKU Bce Olnblie cratoTh Micra — sik HeBenuki (y CLIA, nanpukian,
HeBeJHKi Micta AcnieH, Konopano ta Bepninrron, BepMoHT Ta iHIII BXXe NMPAaLIOIOTh NOBHICTIO HA BiJIHOBIIIOBAHUX
JoKepesiax eHeprii), Tak 1 Meranosicu. Konenraren craButh 3a Mety 3 2025 poKy BHKOPHCTOBYBATH BHKIIFOYHO
CJIEKTPOCHEPTiI0, BUPOOJICHY 0Oe3 cranroBaHHSA BHKOMHOTO manmuBa, CaHn-/liero, mrar KamidopHis, Mae Ha MeTi
3abe3neunt 100% >XUBJICHHS BiJHOBIIOBAaHUMH JpKepenamu 10 2035 poky, a kaHaackkuii Bankysep — o 2050
poky [15].

2.3. Posnodinene 36epesicenns enepeii. 30amaHCyBaTH CIIOKHUBAHHS €HEPril Ha JOKaJIbHOMY piBHI MOTIH O
HaAKOIIMYyBadi eHeprii (energy storage) — oIHaK, 3BiCHO, MOBA H/ie HE PO TiIPOaKyMyIIOI0Ui eeKTPOCTAHIII], K Y
00’eqHaHIN eHeprocucTeMi. [Ioku Taki TEXHOJIOTII € 3aHAATO JOPOTHMH i 3aTajbHUN 00CST TAKUX «CXOBHII Y CBITI
omiHoeThes y 9 I'BT. OnHak 3a mporHozom Bloomberg New Energy Finance no 2040 poky mo Bceomy cBiTy Oyne
BcTaHoBJeHo 1095 I'Bt akymynsaTopis, a inBecTHiii B chepy 30epirants eneprii ckiaayts $ 622 mipa [26].

Hapasi Bxke MOXKHA cTIoCTepiraTi 3/IeIeBIIaHHS TEXHOJIOT1# 30epeskenHs eneprii. Taky 2010 pori BapTicTh
30epirannus 1 kBtr popisHioBana 1200 nomapis CIIIA, a y 2019 poui Bona menme 200 monapis CILA i Oyze
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3HKyBaTuCA naii. OCHOBHI TEXHOJIOTII — eNeKTPOXIMidHI aKyMyJIATOpH, MEXaHidYHI MaXOBWUKH, CHCTEMH
HaKOIMYEHHS €Heprii Ha OCHOBI CTHCHEHOTO IMOBITpS, 30epiraHHs TEIIOBOI eHeprii, BAKOPUCTAHHS IpaBiTalii, 10
ocranHix BinHOcsThCs 1 [EC.

Brim, 6ib01icTh 3 HUX Hapa3si He OTPUMaNK 3Ha4HOro nomupenHs, okpiMm ['EC y npomucnoBomy mMaciradi.
Brim, Hapa3i BAPOOHUKH €JIEKTPOMOOLIIIB Ta aKyMYJISITOPIB JI0 HUX BXKE IPONOHYIOTh PILIEHHS JUIsl iHAMBITYaIbHUX
OyIMHKIB — HACTIHHI aKyMYJIITOPH 3 IPOTPAaMHUM 3a0€3MeUeHHSIM CUCTEMH «PO3yMHHH OyJIMHOKY, 3aps/PKarouiCh
BHOUI 3a nemreBiinM Tapudom [19]. OgHak He BapTO HEMOOLIHIOBATH 1 BIUIMB CaMHUX EJICKTPOMOOLUIIB Ha
eJIEKTPOMEPEXKY — SIK HeTATUBHUHN TaK 1 TOSUTHBHUIA.

Crpasi, moku eekTpoMoOitiB O0yito Hebararo, ix BIUIMB Ha CHEPrOMEPeKy OyB Maike HETIOMITHUH, OTHAK
HOMINPEHHS «IIBUIKUX) 3apsIOK 3 BEIMKUM CHEPTOCIIOKUBAHHIM MO>KE IIPU3BECTH O EPEBAHTAKECHB 1 aBapiHUX
BigKiroueHp. Pa3zom 3 THM, Bce OiNbIe HOBHX MOJEJEH eIeKTPOMOOLTIB MOXKYTh BiIaBaTH €HEPTiI0 B MEPEXY,
T00TO OyTH MepexeBUMH akymyistopamu. Hapasi texnomorito Vehicle to Grid (V2G) tecTyioTh BUPOOHUKH
eJIeKTPOMOOLTIB, i BOHA HAJa€ 3MOTY BJIACHHKAM €JICKTPOMOOIIIB 3apobisaT Ha 30epekeHH] eHeprii (3a omiHKaMu
(axiBuiB komnanii Nissan, HaBiTh 70 1300 €Bpo Ha MICSIIb).

Cnpaspai, B cepeJHbOMY NPUBATHHI aBTOMOOUIF BUKOPUCTOBYEThCs 4% Yacy, Bech iHIIMI 4ac BiH CTOITb.
Tox enexkTpoMoOLIi 3 MOXKITMBICTIO BilIaBaTH €HEPTi0 B Mepexy 3a TexHojoriero Vehicle to Grid (V2G) MoxyTb
OyTH «MICBKHMH aKyMyJsITOpaMn», IPUHOCSYM JOX1J BIAaCHUKAaM, Ha/Ial0uM €HEpTril0 Ha €HEPropuHOK MiCTa il
yac MIKOBMX HaBaHTaxeHb. Lle, 10 pedi, JOAATKOBUI CTUMYJ y TOJMHY MK CKOPHCTaTUCS IPOMAaJICbKHM
TPaHCIIOPTOM, a HE BJACHMM €JEKTPOMOOUIEM, IO 3HMXKYE 3aTOpH. SIKIIO BBaXKAaTH, 1[0 EHEPrOCIIOKMBaHHS
BiZIOYBA€THCS TaM, [I€ 3HAXOANTHCS JIIOJMHA, TO TaKe PIIICHHS BUAAETHCS IIIKOM nepcrnekTuBHUM. [llonpasna, He
BapTO 3a0yBaTH PO PECYPC aKyMYJIATOPIB — OJHAK YUM JIaJli, THM BOHU BUTPUMYIOTH OLIIbIIIC ITEpe3apsIKEHb.

3. EHepreTu4HuUii aHAJIi3 PO3NOAIIEHUX CUCTEM eJIeKTPOKMBJICHHS

CTBOpEHHSI CKIAQIHUX CHCTEM EJICKTPONOCTA4aHHs 3 KiJbKOMa IPKepellaMy >KUBJICHHS Ta CIIOKMBadaMu
PI3HUX THIIIB MOTpeOye BUPIMICHHS MPOOJIEM eJICKTPOMArHIiTHOI CYMICHOCTI €JEMEHTIB CHUCTeM (YCYHEHHS iX
B3a€MHOT0 BIUIMBY), 1, BIAMOBIJHO, BHUKOPHCTAHHS ONTHMI3alliiHUX TMPOLEAYP Ta CUCTEMHHUX IiIXOMIB IS
MO/ICITFOBaHHSI ITPOLIECIB Y TaKUX cucTeMax. J{iist y3ro/pkeHHs napaMeTpiB eeKTPUYHOT eHeprii JyKepes )KUBJICHHS
(reHepatopiB) Ta crio)KMBaviB (HaBaHTaXXEHb) BUKOPUCTOBYIOThCS MepeTBoproBadi esekTpuuHoi eneprii (I1EE).

IIpu onTumizanii pexxumiB i napametpiB enemeHTiB cucteM 3 IIEE BuHHMKae HEOOXiqHICTH 3MiHCHEHHS
KOMIUIEKCY JOCIIKeHb MIOA0 aJeKBATHOI'O MOJIENIOBAHHS €JIEKTPOMArHiTHUX mnponecis. Tomy npu ix aHamisi B
cucremax 3 [IEE HeoOXigHO BpaxoBYBaTH HE JIHIIE KIIIOYOBI MOJAET BEHTHIIB, a W MapaMeTpHuHi 3aJeKHOCTI
€JIEMEHTIB MOAENEH HaBaHTAXXCHHS, IO 3YMOBIIOE HEOOXIJHICTH PO3paxyHKy €JIEKTPOMArHITHHX IIPOIECiB HA
IHTEepBaJIi TEXHOJOTIYHOTO MEPiOAY, IO MEPEBUIIYE TIEPIOIN TIFOUMX TEHEPATOPIB Ta/9H MEPioAN TOBTOPIOBAHOCTI
KOMYTAIlill KITFOYOBUX CIEMCHTIB.

TpannsroTecst BUNAAKK, KOJIX HEOOXiHO 3a0e3MeunTy crienianbHy GopMy Halpyrd TeHepaTopa, IpH oMY
BiIOYBA€TbCS TAKOXK LUKIIYHA 3MiHA IapaMeTpiB HaBaHTaXeHHS. TakWi Kilac NMepeTBOPIOBAauiB HA3HMBAETHCS
NIepeTBOPIOBaYaMHt 3 IMKJIIYHO 3MiHIOBaHMMH rapamerpami. OCHOBHUM y BHOOpI METOJIB PO3PAaXyHKY TaKHX

ePETBOPIOBAYIB € BPaXyBaHHI CITiBBIHOIICHB Mk repiogamu QyHKuil Hanpyru rerepatopa 1, Ta GyHKuii 3MiHK

napameTpiB HaBaHTaxeHHs 7, . HalimpocTilmm € BUIag0K CIiBMaiHHsA [UX MEPioiB, GiIbIn CKIIaJHUMH — KOJIH
OIIMH 3 TEPiOiB MICTHUTH AEKiJIbKa iHIINX, a00 iCHye HaliMEHIIe CIIiTbHE KpaTHE IS IepioiB poboTH reneparopa
Ta HaBanTaxenns, komu 1.1, =n, T, =T,, ne T, —nepiox poboru cucremu, 1,1, — Uil 9ucia.

OpxHnM 3 HaWO1TBII TEPCTIEKTUBHIX METOIB PO3PaxyHKY eIeKTPHYHHX KiJl Ha OCHOBI mepeTBopeHs Jlamraca
€ METOJ] OKPEMHX CKIIaJJOBUX, IKUH JO3BOJIIE OTPUMATH PO3B’SI30K PIBHAHB ISl 3HAXOPKEHHS 3HAYEHb CTPYMY B
eJNIEKTPUYHIX KOJIaX MPH KBa3iyCTaleHUX Mpolecax y 3aMKHeHil ¢popmi. BpaxoByroun nexami OuibIe momupeHHs
IMIYJIBCHUX IIEPETBOPIOBAYIB T4 BUKOPUCTAHHS HECTAIIOHAPHIX HABAHTA)KEHB, CaMe PO3PaxyHOK KBa3iyCTaleHIX
TIPOIIECIB € OAHIEIO 3 OCHOBHUX 3aJad IIPHU IX pO3paxyHKy Ta aHamizy. Hikue nqeTansHO po3IIIiHYTO BUKOPUCTAHHSA
METOJly OKpEMHUX CKIaI0BHX /I po3paxyHky cucteM 3 [1EE 3i cryniHuaTHMM Ta CHHYCOiaJbHUMH CHTHAJIaMHU, a
TaKOX 3 MOIYJISILIEI0 TAPAMETPIiB CUTHAIIIB.

3.1. Mooenioganns exgisaneHmHuux 2eHepamopie ma HA6AHMANCEHb NOCMIUHOI Ma 3MIHHOI CMPYKMYPU.
[TutaHHs aJeKBaTHOT'O OITUCY NPOLIECIB Y CHIIOBUX KOJIaX MEPETBOPIOBAYIB Y Pa3i BAKOPUCTAHHS KYCOYHO-JTIHIHHNX
MoJIeJIell €JIEMEHTIB — OJJHE 3 OCHOBHHX NPHU MOOYAOBI AITOPUTMIB Ta IPOTrpaM aBTOMAaTU30BaHOT'O PO3PAXYHKY i
MPOCKTYBaHHsI MIEPETBOPIOBaUiB. Y BHOOpPI MoJIerneit HeoOXiTHO BpaXOBYBaTH, M0 e(hEKTUBHICTD X BUKOPUCTAHHS
3aJeXNUTh B THITy 3aiadi, IO PO3B’SI3YETHCS, Ta BHUIY HPOLECIB, SIKi JOCTIHKYIOTHCS, B HEPETBOPIOBAIBHUX
npUCTpOsIX [5].

Bun cxemnoi mopeni [TEE 3ane:xuTh Bl HOTO CTPYKTYpH Ta BUKOPHCTAHIX MOJEINCH HaIliBIIPOBITHUKOBUX
BeHTWIIB. Koy y BUIasiKy BUKOPHCTaHHS HEMIHIHHMX (I3MYHUX MOJEJICH BEHTHIIIB CXeMa MEpPEeTBOPIOBaYa Mae
HE3MIHHY CTPYKTYPY 1 MICTHTB HENiHIHHI €IeMEHTH, TO P BUKOPHUCTaHHI KIFOYOBHX MOJICJICH BOHA MOXE MaTH
SK TIOCTiHHY, TaK i 3MiHHY CTPYKTYPY Ta MICTHTH JiHIAHI €IIEMEHTH 3 MOCTIHHUMH YU 3MIHHIMH MTapaMeTpamu. Y
Tabui 1 HaBeIeHO MPUKIIAAX BUKOPUCTAaHHS S- Ta R-Mmoneneit mist mpencrasnenns [1EE.

Tabmuus 1
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Cxema cuctemu 3 [TEE | EkBiBasieHTHa cXeMa | ®dopma cuTHATY TeHepaTopa
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[Ipu upomy ITEE OCHOBHMX NpOCTHX KJaciB — BUIPSMIISIYi, aBTOHOMHI 1HBEPTOPH, HMIMPOTHO-IMITYJILCHI
MepeTBOpIOBaYl — NPH 3aCTOCYBaHHI NMPOCTHX KIIIOUOBHX MOJIeJel BEHTWIIB MOXXHAa HPEJCTABUTH Yy BHIIISAI
«EKBIBAJICHTHUH TEHEPaTop» — «HAaBaHTAXCHHs». BHXOASYM 3 LMX MIpKyBaHb, ONTUMAJIbHUMHM € METOIM Ta
ANTOPUTMH PO3PaXyHKY €JEKTPOMArHiTHUX IIPOLECIiB Yy CHJIOBHX KOJax II€pPEeTBOPIOBAYiB, OPi€HTOBaHI Ha
BUKOPUCTAHHS JIHIHHUX YM KyCOYHO-NTiHIHHUX MOJENel MAaCHBHUX €JIEMEHTIB 1 KIIOYOBMX MOJENIEH CHIIOBHX
HATIBOPOBITHUKOBHX MPHUCTPOIB (TiOAIB, TPAH3UCTOPIB, THPUCTOPIB TOIIO) i MPU3HAUCHI IS PO3PaXyHKY IIPOLIECIB
B MIEPETBOPIOBAYAX i3 3MIHHOIO CTPYKTYPOIO. AHAIOTIYHIM YHHOM MOXe OyTH 3 iCHEHE MOICIIOBAaHHS CKIIaTHIX
(yHKIIH CHUTHANB EKBiBAJICHTHHX TEeHEPATOpiB 3 (QYHKLIIIMH MOAYISAMIl (IIMPOTHO-IMITYJIbCHA, YaCTOTHO-
iMITyJIbCHA, (Da30-IMITyJIbCHA MOIYJISILIIT).

3.2. Mooenosanus nepioouunux npoyecie ma 3asad y cucmemax 3 I1EE. 3aransHuil miaxia 10 po3paxyHKiB
cucreM 3 [IEE MeTo10M OKpeMHX CKJIaJIOBUX 3 BUKOPUCTAHHSIM NiepeTBOopeHHs Jlamnaca nonsrae y no0ynoBi Mozeni
«TEHEepaTOp» — IEepeTBOpIoBaY» — «HaBaHTaxeHHs» (cucrema {I'}—{IIEE}—{H}), ne nepionu poGoTu eneMeHTIB
MHOXXUH reHeparopiB {I'}, BnacHe neperoptoauiB {IIEE} ta HaBanTaxxens {H} nopiuiotots BignosinHo 7r, Tip
ta Ty. B monmanmbmioMy Taka MOZAENb CIPOIIYETHCS O CUCTEMH «CKBIBAJICHTHHH T€HEpPaTop» — «EKBIBaJCHTHE
HaBaHTaxxeHHs» {ekB.I'}—{exB.H}, BinnoBigHo 10 moGynoBanux mozenei [2].

Tabmums 2
Tun Hazpa bazoBa Qynkmis f5,(2) 3o0paxxeHus Fri(t)
1 DyHKITiSE piBHS t)=A A
fir® Foytt
p
2 CunycoinansHa QyHKITS J5.2(1)=sin ot w
Fpo)=——
p tow
3 ExcrioneHmiiina QpyHKIis —p 1
Jest)=e Fs(t)=——
pta
4 DyHKIis TpsAMOi Jra(t)= At
IPONOPLiitHOCTI Fra)=—

Buxinai Hampyru renepatopa ur(f) Ta HaBaHTaXeHHA un(f) Ha mepiomi pobotu cucremu 3 IIEE Tty
3araJlbHOMY BHIIQ/IKY PO3TIIAAI0THCS SIK MPOMOTYIHOBaHI BiAMOBIHOIO (hyHKITiEr0 Moy i frm(?, Ilrm, orm) Ta
fam(t, M, ®HM), 1€ OrM Ta ®yM — 9acTOTa MOAYJSILIi A reHeparopa Ta HaBaHTaxeHHS; [Irm Ta [lum —
MHOXXIHA TTapaMeTpiB MOIYJIAMLIL U TeHepaTopa Ta HapaHTaxkeHHI. Dynakmii Moxynsamil frm(z, Ilrm, orm) 1 fam(?,
IMiM, ©HM) MOXYTh OYTH SK 3a3JaJIeTib BiOMi, Tak i 3aJaBaTHCS B pealbHOMY MacIuTabl yacy CHCTEMOIO
YIOpaBITiHHS YM BA3HAYATHCS XapaKTepOM IPOTIKAHHSA €HEPTOTEXHOJIOTIYHNX YH/Ta TEXHOJIOTIYHMX TPOIECiB, M0
JeTaIbHO PO3TILIHYTO Y [3].

HactynHum eranmom e moGyznoBa 300paxeHb (yHKIii cHrHany ekBiBaieHTHoro reseparopa I, (p)

¢ynkmii curnany u(f). Hanpukian, Ans BHMAAKy NMPsSIMOKYTHHX IMITyTbCiB amIniiTyaoro U; Taka (yHKIS mae
BUIJIS:
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1 (1-e?T) & —(i-1)pT
F (p)—— Ue P Q)
" p(1- e P )ZZ:

VY tabmuui 2 HaBeJeHO 300pa)KeHHS Ul PI3HUX THIIB MPOCTHX (YHKILIH, IO TO3BOJISIOTH 3MOJIEIIOBATH
NPaKTHYHO OYAb-SIKMI CUTHAJ €KBIBAJICHTHOTO TeHEPaTOpA.

300pakeHHsI CTPYMiB Ha iHTEepBaJlaX 3HAXOOUTHCA BIANOBIZHO 10 3akoHy Oma, mo nie i B obmacti
300pakeHb, PO3PaxOBYETHCA 32 (POPMYIIOIO:

Ii(p):Ui/Zi’ 2

BiJIMTOBiTHO, TTOTIEPETHHO BU3HAYAETHCS 300paKEHHST HABAaHTAKEHHS, sIKE Ha Pi3HUX iHTepBaJlaX MOXKE MaTH Pi3Hi
3HAYCHHSI.

OpwuriHan cTpyMy Ha iHTepBasi 3HAXOMUTHCA SIK Pi3HHUIA HepPeXiIHoOTo I P (l‘ ) (1o € pe3ynbTaToM podoTH
TeHepaTopa Ha iHTepBai, SKHH PO3pPaXOBYETHCS) Ta BUIBHOTO (IO € Pe3yIbTaTOM POOOTH T'eHEpaTopiB Ha BCiX

iHIIKX iHTEpBaNax, KPiM TOTO, IKUH PO3PAXOBYETHCS) ; (l ) CTPYMiB 32 POpPMYIIOI0:

i(1) = iP,i (0) _iV,i (). (3)

[Ipu BU3HAYCHHI MEPEXiTHOTO CTPYMY BPaXOBYIOTHCS CKJIAMOBI (QYHKINI reHepaTopa, M0 MIIOTH JIMIIE Ha
IHTEpBaJIi, 110 PO3PAXOBYETHCS, B CBOIO YEPTY NP PO3PAXyHKY BUILHOTO CTPYMY BUKOPUCTOBYIOTHCS JIMIIIE KOPEH,
1110 BU3HAYAIOTHCS] HABAHTAKEHHSIM.

3.3. Moosicnusocmi pospaxyukie xapaxmepucmux pobomu cucmem 3 [IEE. AHaNITUIHUN BUDIA QYHKIINA
Halpyra Ta CTPyMy JO3BOJISIE 3AIHCHUTH PO3paxyHKH y aHAIITHYHOMY BUDNISJI XapaKTEePUCTHK EIEKTPUYHOI
eneprii. Binnosigno no JICTY sikocTi enekTpoeHeprii, OCHOBHUMH € JIIOYHH Ta CepelHid CTpyMH, aMIUTITYAHI
MaKCHMYMHU Ta MiHIMyMH, KoedinieHTH popmu, mymbcamiii 32 aMIDITYIHAM 3HA4YeHHSIM, IMyNbcaliil 3a airounm
3HAYCHHSM, ITyJbCAIlil 32 CepeTHIM 3HAUCHHAM, aMIUTiTyqu. [Ipr rapMoHIiTHOMY aHami3i GYHKIIIIO JOCITiIKYIOTHCS
TaKOX KOE(QIIiEHTH TapMOHIK, aMIUITyAH TapMoOHIK Tomo. OTpuMaHHA (YHKIIH CTpyMiB Ha IHTepBaNax y
AHANITAYHOMY BUTJISII J1a€ 3MOTY 3MIHCHHUTH TOYHI PO3paxyHKH IMX KOESQIII€HTIB Ta YHHUKHYTH 3aCTOCYBaHHS
YUCEIIbHUX METOMIB 3 ToXuOKamu [14].

Hampuknan, po3paxyHOK cepeIHbOTO CTPYMY 3IIHCHIOETECS 3a (GOpMYIIOI0:

1 T
iep = [ieyar. )
0

a po3paxyHoK JIiF0Y0TO CTPyMY — 32 POPMYIIOL0:

1
[ @at 5)
r 0

Je BUrIa pyHKIil cTpyMiB OTPUMAaHO 3 PO3PaxyHKIB 32 METOJOM OKPEMHX CKJIQJIOBHX.

Taxo ozHI€I0 3 KIIIOYOBUX NpoOIieM poOoTH cucTeM pos3ocepemkeroi renepaitii 3 [IEE € crabinbaa podora
CHUCTEMH TiX Mi€0 IMIyTbCHUX TNEpIOJUYHUX 3aBaj, aKe IpH poOOTI CHCTEMH eNeKTPOKUBICHHS
BUKOPUCTOBYIOTHCS PI3HOMaHITHI IEPETBOPIOBAYi EIEKTPOCHEPTI, SIKi € JPKEPEIoM 3aBal B MEPEXKi.

OmHrM 3 HaWOUTBII ONTHMAaJbHHUX NUIAXiB PO3B’SA3aHHA TMOMIOHHMX 3afad y MOZENSAX «TECHEpaTopy —
«HaBaHTKCHHs» (3IiMICHEHHS IH)KEHEPHUX PO3paxyHKIB NPH IPOCKTYBaHHI, BHOIp ONTHMAaJIbHHUX MapaMeTpiB
€JIEMEHTIB CHCTEM 3 TIEPETBOPIOBAaYaMH €NIEKTPOCHEPTii, ONITUMI3allis IPOLEAyp Y CUCTeMaX KepyBaHHs, KITbKICHHN
Ta SKICHHI aHami3 BHXIIHHX XapaKTEePHUCTHUK Ta IPOBEICHHS EHEProayJuTy CHCTEM 3 IEPeTBOPIOBAYaAMH
€JIEKTPOEHEPTii TOIIO) € PO3IMIMPCHHS BUKOPUCTAHHS aHANi3y Ha OCHOBI METOy OKPEMHUX CKJIAJOBHX, KUK
JI03BOJISIE OTpUMATH (PYHKIIT CTPyMYy Ta HAPYTH y aHATITHYHOMY BHUTJISA.

Taxi po3paxyHKH JTO3BOJISIIOTH HE JIMILE BU3HAYATH aHAJIITUYHUI PO3KIIaJl CUTHAIB CTPYMYy HaBaHTa)KCHHS
y TapMOHIYHHH CIIEKTp, aHAJITHYHI BUpa3u aKTUBHOI IOTY)KHOCTI P, peakTHBHOI NOTy)HOCTI O, noTyxHocTi Opuze
QOo, a TaKOX CTBOPIOE MOXKJIMBOCTI JJIsl 3J[IMICHEHHS TapaMeTpUYHOro aHaiizy podoru cucremu 3 I[1EE npu 3mini
MOYATKOBUX IMapaMeTpiB TeHepaTopa Ta HaBaHTAXKEHHS, 3MiHI 3aKOHY KepyBaHHS TOIIO. I, OKpiM TOTO, O3BOJIIE
3MIHCHATH PO3PaxyHKH ITapaMeTpiB Ta peKUMIB pOOOTH KOMIIEHCATOPa PeakTUBHOI HOTYXHOCTI (Cy).

4. InTesiekTyabHi CHCTEMH KepYBaHHSI CHCTEMAMH eHeProsKuBJICHHs.

KnrouoBnM mUTaHHAM JUIs PO3YMIHHS MOJENEH CIIOKHMBAaHHA CHEPrii y JIOKaJbHUX EHEPrOCHCTEMax
HACEJICHWX IYHKTIB 1 HAJIC)KHUX BIATIOBiAeH Ha BUKJIMKH, MTOB'SI3aHi i3 CTaOUIBHICTIO IX poOOTH Ta EHEPTEeTUIHOIO
0e3mexor0 HeoOXiqHO € 3MiHCHEHHS BiAMOBiIHOTO 300py Ta aHANI3Y AaHUX i BIPOBAKCHHS CyJacHUX ITiIXOIB A0
BJIOCKOHAJICHHSI JIOKATbHUX €Heprocuctem [24].
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Hapasi 11i nuTanHs IepeBa)KHO BiTHOCATHCS JI0 €JIEMEHTIB 3arajbHOi KOHIIETIIi1 «P03yMHOT0 MicTay, OJHUM
3 HaNpsIMKIB SIKOT € yIpaBJIiHHS TeHEePaLi€ro Ta CIOXKUBaHHAM enekTpoeHeprii — Smart Grid («po3yMHi» Mepexi),
[0 nepeadayae BUKOPUCTAHHS IIU(PPOBUX TEXHOJIOTIH sl e(EeKTUBHOTO PO3IMOJIUTY i CIIOKMBAHHS eHeprii [1].

4.1. lTioxoou SmartGrid ma MicroGrid y 3azanehiti konyenyii « Pozymne micmoy. Cucrema «SmartGrid» a6o
«MicroGrid», konu MoBa ¥je mpo OUIBII JIOKATbHUX PIBEHb 3 HEBEJIMKOIO KiJIBKICTIO YYacHHKIB 1 BHIIOIO
ABTOHOMI3aLli€l0, € MPOMDKHUM PiBHEM MDXK CYKYIHICTIO BCIX KIiHIIEBUX BUPOOHHMKIB, CIIOKMBA4iB Ta 30epiradin
eHeprii Ta 3arajJbHOI0 €IMHOI0 EHEPreTHYHOI0 CUCTEMOIO Ha PiBHI KpaiHH Ta MKAEP>KaBHOTO periony [8].

Micielo TakuX CHCTEM € OINTHUMI3allis €HEeproroCTadyaHHs Ha TEBHOMY PiBHI CIIJIBHOTH — BiITAICHOTO
MOCEJIEHHS, IPOMICIOBOTO KOMIUIEKCY, MiKpopailoHy, HAaceIeHOTO ITyHKTY, perioHy. BiamoBimHo, i CKIQAHICTh
TaKAX CHCTEM € JIOCHTh PI3HOI0 — 3a 3arajloM CITBHOTO TIIXOAY: KepyBaHHsS TeHepalli€ro, 30epeKeHHAM Ta
CHOXHMBAHHAM €JIEeKTPOSHEprii Ha OCHOBI MOTOKIB AAHWX Yy peaJbHOMY dYaci, MaTeMaTHYHOTO NPOTHO3YBAHHS,
3a0e3mneueHHsT HEeOOXITHUX IMapaMeTpiB EJIIEKTPOCHEPTii Ta MaKCHMAaJbHO CTIHKOi pOOOTH CHCTEM KPHTHIHOL
inppactpyxrypu [13].

Jns npuknany, mig MicroGrid MokHa pO3yMITH Mepexy MOE€JHaHHX MDK COOO0I0 Y MEpeKy «pO3yMHHX
OyZIMHKIB», 10 € He JIMIIE CIIOKUBaYyaMHU EJIEKTPOCHEPril, a i MaroTh BJIACHI aJIbTEPHATHBHI JUKepena reHeparii
eJIeKTpoeHeprii (COHsUHI OaTapei, BITPSIKH, AN3eNb-TeHEPaTOPH), a 9acoM i cucTeMu 30epexeHHs eHeprii. CyuacHi
MOXIIMBOCTI 1HQOpMalIHHIX TEXHOJOIiH 3a0e3NeuyloTh SIKICHO HOBHMH pIBEHb YIPABIIHHS TAaKOIO JIOKAJIbHOIO
€HEeProcUCTEMOI0, 1110 Pa30M 3 TUM 3AJIMILIAETHCS BIIKPUTOIO — TOOTO Ma€ MiAKITIOYEHHS JO €IMHOT eHepProcUCTEMU
KpalHu, SIK JIJIs CIIOKUBAHHS, TaK 1 JJIs TeHeparlil enekTpoeneprii [16].

4.2. Jloceio ma mendenyii sanpogadcennss SmartGrid y cyuacnhux micmax. Hapasi KI040BHMH
iHiIiaTopaMu cripoBapkeHHs migxoniB SmartGrid € Benwki Micta — 3 OJHOTO OOKY, Yepe3 3Ha4yHi KOJMBAHHS
CHOXXWBAHHS, HASBHICTh BEJIHMKOI KUTBKOCTI 00’€KTIB KPHUTUYHOI iHPPACTPYKTYpH, 3 IHIIOTO — UYepe3 MOoTpedy
TUHAMIYHOTO PO3BUTKY, TEXHIYHI MOIIMBOCTI IS SKOTO HE 3aBXKIU 3MaTHI 3a0€3IEUNTH EHEePronocTadabHi
KOMMaHii abo K TaKi 3aX0/I1 3a TPAIUIIHHIMH TEXHOJIOTISIMH € 3aHAATO BUTPATHUMHU. Pa3oM 3 THM MyHIIIUTIIATITETH
BUCTYIAIOTh 1 SIK IHBECTOPH Ta ONEPaTOPHU aJbTEPHATUBHUX FCHEPYIOUHX MOTYKHOCTEH.

Hanpukiiaz, y Zpyromy 3a BEIHUMHOIO ANOHCHKOMY MicTi Mokorama (Hacenenns 3,7 M sxkutenis) y 2010
poui 3amovyatkoBaHo MpoekT Yokohama Smart City, mo 3abe3meunB BIpoBakeHHs cucteM SmartGrid mis
YIPaBJIiHHS EHEPreTMYHUMH IMOTpedaMu JOMOrOCIONapCcTB, OyAiBenb Ta MicleBUX rpoman. Hapasi mictom
BCTAHOBJICHO MOHaJ] 260 OJOKIB COHSYHMX OaTapeil, sKi 3a0be3meuyroTh 0au3bk0o 37 MBT reHepaitii, po3ropHyTo
cucremy npokaty nonas 2000 enekTpoMoOiiB Ta CTBOPEHO €JMHUI 00YHCITIOBAIBHUIA LIEHTP KepyBaHHs SmartGrid
[18].

BigmosigHo mo 3aranproi kKoHnemniii Yokohama Smart City, mo SmartGrid mepen0avyaeTbcsi iHTETpyBaTH
30BHIIIHIO €JIEKTPOTeHepallilo, JIOKaJIbHI yKepena reHepanii eHeprii (COHSYHI Ta BITpAHI cTaHMii), CHCTEMH
30epeKeHHsT eHeprii, «po3yMHI OyJUHKH», CHCTEMY I'DOMAJICBKOIO TPAHCHOPTY (EJIEeKTpoOycH) 3 MOKIMBICTIO
MIBUAKOT 3aMiHM OaTapeil Ta iHQPacTPYKTYpy s €IeKTPOMOOLTIB 3 MBUIKUMH 3apSJHUMH CTaHIISIMH y MICTI Ta
HIYHAMHU 3apsSTHAMU MPUCTPOSMU Y rapaxax.

V ciuni 2018 poky Oputanchka xommanist Juniper Research omy6mikyBanma pe3ynbTaTd AOCHTIKEHHS,
Ha3BAaBIIIN IT'SITh MICT CBiTY, SIKi aKTUBHO po3BUBatoTh Smart Grid-rexHoJorii. AHaIITHKY BiA3HAYAIOTh, 110 70 2022
poky BrpoBamkeHHs Smart Grid 703BOJUTH KUTEISIM eKOHOMUTH 0in3bko $ 14 mapn Ha pik [12].

Jlinepom peiitunry craB Cey, e Hapa3si Bxe noHay 160 THCSY JOMAITHIX COHAYHHUX EJICKTPOCTAaHIIH, a y
2022 pomi MicTO TIaHye 00JaAHATH COHSYHIMH MaHEJSIMH BCi TPOMazChKi OyniBii Ta moHax | MIIH MpHUBaTHUX
OynuukiB. Y IliBnennii Kopei nependauyaerscs Bxke y 2020 pori BCTAaHOBUTH «PO3YMHI JIYMIBHUKH» Y BCIX
JIoMorocmoapcTeax kpainu, a 10 2030 poky — oonagnati cuctemamu SmartGrid BCi eeKTpOMEpeki Ta 3aIyIUTH
6mu3bko 30% rpoMajisH K aKTUBHUX YYaCHUKIB CHEPrOPHHKY Kpainu [23].

Cepen CHCTEMHUX MOMIJIMBOCTEH JJIT MIiCT — i BUKOPHCTaHHS €JICKTPOMOOLUTIB Ui 30epiraHHs eHeprii.
3actocyBanns TexHoyorii Vehicle to Grid Ta OymiBHALTBO MiCTaMU €HEPTOMAPKiHTIB 3 BiMOBIAHUMH MeEpeKaMu
Ta MiAKIIOYCHHSIMH CTBOPIOE MOXKIIUBICTh 3alTydaTH BJIACHUKIB €JIEKTPOMOOLTIB 10 MiCBKOTO €HEPTOPHHKY. Takox
HEPCIEKTUBHUM € 3aCTOCYBaHHsS TAaKOro IJXOLYy IPH CTBOPEHHI MEpEX NpPOKATy eJIEKTPOMOOLTIB — KOJIH
KOPHCTYBayi iX OTPUMYIOTH Ta 3JIMIIAIOTH Ha CHELiaIbHUX CTaHLIsX, 00NaHaHUX 3apaJHUM 00JIaqHaHHM [25].

Jns moOynoBM TakMX CHCTEM JIOPEYHO TaKOXX BHKOPHUCTOBYBATH ICHYIOUI MICBKI E€JIEKTPOMEpEexi
OCBITJICHHSI, @ OCOOJMBO TI'POMAICHKOrO eNeKTpoTpancnopry. IlincraHuii MerpomoiiTeHy, TpaMBalHUX Ta
TPOJICHOYCHHX MeEpeX pO3TalloBaHi B PI3HUX paloHax MicTa, A0 TOrO > BHOYI BOHHM IPAaKTHYHO HE
BUKOPHCTOBYIOThCS. AKTyaJIbHUM € 1 OIIMPEHHS eJIeKTPOOYCIB — HE JIMILE K BUIY TPAHCIIOPTY, a i K MOOIJIbHUX
pE3EePBHUX JDKEPEN eICKTPOSHEPTii 111 00’ €KTIB KPUTHIHOT iHPPACTPYKTYPH.

4.3. EHepeopuHOK 2epomaou: 3anum HA HOBI eKOHOMIKO-npasosi moleni. 'OJOBHHMHU iHTepecaHTaMH
3anpoBamkeHHs SmartGrid € rpoMaj HacelneHuX MyHKTIB — MICT, CEJIHII, CilI, a/Ke TaleKo He BCi BUKJIMKH 3IaTHI
OTIpaIfOBATH BEIIMKiI €HeproKOMIIaHii, sIKi, HAlPUKIaJA, HE HAATO 3alliKaBlieHI y eHepro30epekeHHI KiHIIEBUMHU
criokxuBadamu. [IOKY MOHATTS «CHEPreTUIHA TOTITHKA MICTay Hapa3si cTae OUIBII MIMPIIAM TIOHATTSAM HiX TPOCTO
3anpoBaKEHHS CHEPTOePEKTUBHNX TEXHIYHUX PIillIeHb, 0COOJIMBO KOJIHM MOBa He po 3a0e3nedeHHs THHAMIYHOTO
PO3BUTKY TPOMa/IH.
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EneprocucteMu MiCT MPOWIIIN iCTOPUYHUM NMUIAX BiJ JIOKaJhbHOTO (OpMYBaHHS 1O iHTErparii y €auny
eHeprocucreMy KpaiHu — OJTHaK Hapasi, sIK 1 B 6ararbox iHIIUX cdepax XKUTTS, aKTyaJIbHOIO € JIelleHTpai3alis, B
TOMY YHMCJIi €HEPrOPHHKY, SIK TeHepallii, Tak 1 nepenadi eJIeKTpOeHeprii, a/pke 3arpoBaPKEHHS] HOBUX TEXHIYHHX
pillleHp, y SIKUX HE HA/ITO 3alliKaBJeHI eHepreTHYHI KOMIaHIl 1 BKpai 3alikaBlieHi MyHIIUIATITETH, MOTPeOYIOTh
BIZIMOBITHUX NOBHOBa)KEHb Ta PECYPCIB.

VY KpamoMy II0JIOXKEHHI 3HaXOAATHCS MICTa, IO MalOTh CHCTEMH EJEKTPOTPAHCIOPTY: 1X CHEepreTHdHi
Mepexi Ta MiJCTaHMLii 3HAXOISTHCS Y BIACHOCTI KOMYHAJIbHUX HiJIPHUEMCTB, TOOTO MICBKOI rpoMaan — SIK 1 €TO
POKiB ToMy. 3arpoBaKeHHSI €Hepro30epiralouux TEXHOJIOTIH y eIeKTPOTPAHCIIOPTi Ta HOBI BUKIIMKH, MTOB’s3aHi 13
3a0e3medeHHsIM POOOTH CHCTEM aJbTepPHATHBHOI PO3MOALNIEHOI reHepallii y mictax (CoHs4HI OaTapei Ha maxax,
CMiTTenepepoOHi 3aBOIH, BITPSKH), CHCTEM 30epiraHHS €Heprii, Mepexi eJIeKTPOMOOITIB, eIeKTPOcaMOKaTiB Ta
TPOMAJICBKOTO EJIEKTPOTPAHCIIOPTY HO03BOJIAIOTH cHOpMyBaTH HOBI IIUJIi i 3aBAaHHS 3 PO3BUTKY IHTETPOBAHHX
MICBKHX €JIIEKTPOMEPEIK, 0 3HAXOIATHCS y BIACHOCTI MYHIITUIAJITETIB.

Taxum 4uHOM, AEpEryIsLlisl eHEPrOPUHKY B YAaCTHHI T'eHepaii, 30epeKeHHs, KepyBaHHsI CIIO’KUBAHHIM Ta
nepenayi eJIeKTPOCHEPTii, 3 epeiauero BiANOBIIHIX PecypciB eHeProKOMITaHiH-TI0CTa4yaIbHUKIB Ta PEryJIITOPHUX
MOBHOBa)XEHb OpPraHaM MICLIEBOIO CaMOBPSAYBaHHS HAJAcTh BEJIUKUI CTUMYJ PO3BHTKY CYYaCHHX TEXHOJIOTIH
SmartGrid y HaceIeHUX MyHKTaX, 3Ty4YCHHsI IHBECTHUIIIH Ta MiIBUIIECHHS CBIAOMOCTI CIIOXKHMBAYIB CICKTPOCHEPTil
y 3arajpHiil cripaBi CKOPOYEHHS CHOKMBAHHS €JICKTPOCHEPTil Ta CKOPOYCHHS BUKHIIIB, 11O BIUIMBAIOTh HA 3MiHH
KJIIMaTy Y JIOKaJbHOMY Ta IJI00aJbHOMY KOHTEKCTaX.

BucHoBku

Hogi TexHoOTIi ¥ Cepax eHepreTHku Ta iHGOpMATH3ALil HATAIOTh HOBI MOKIIMBOCTI JJIsl BIOCKOHAJICHHS
EHEeProCHUCTEM HACEICHUX ITYHKTIB, [0 3HAYHO BIDTHBAE | HA SKICTH )KUTTS MCIIKAHIIIB, 1 HA MOYKIIMBOCTI IJIS A1JIOBOT
AKTUBHOCTI, 1 Ha TOJIMIICHHS EKOJOTIYHOI curyamii. Y TO€IHAHHI 3 KOHICTIIEI IEICHTpai3amii BIagu Ta
MiIBUINCHASM 3HAYCHHS HACEICHHX IYHKTIB 1 X 00’€JHaHb II¢ CTBOPIOE MEPEAYMOBH IS JACLEHTpaizarlii
EHEeProCHCTeM, IiIBHIICHHS CHEproe()eKTUBHOCTI Ta CTiiiKoCTi iH()PAaCcTPYKTyp OO MPUPOJHUX Ta TEXHOTCHHHX
PH3HKIB.

KitouoBumME HampsMKaMu PO3BHTKY €HEProCHCTEM HACEIeHMX IYHKTIB € Iojanblia iHpopMmaTu3alis Ta
3aCTOCYBAHHSI TEXHOJIOTIH «BEJIMKHX IaHUX», 30KpeMa 3alpOBa/PKEHHS 1HTENEKTyaJbHUX JIYAIBHUKIB, CHCTEM
KepyBaHHs CIOXXHMBAaHHAM 3 Judepermiamiero TaprudiB Ta BU3HAYCHHSIM KPUTHYHUX CIIOKHMBAYiB, 3aCTOCYBAaHHS
THYYKHX IHTENEKTYaJbHUX aJTOPUTMIB KOOpPIWHAIT POOOTH CIIOXKHMBAYiB Ta CHCTEM PO3MOJIICHOT TeHepallii Ta
30epeKEeHHS EIeKTPOSHEPTii.

[Ipu boMy axkTyaIbHUM € BUKOPHCTaHHS METOJIB po3paxyHKiB cucteM 3 IIEE, 1m0 103BOMSIIOTE OTpHMaTH
SHEepreTUYHI XapaKTepHCTHKH 1 TMapaMeTpH EJIEKTPOEHEPTil y aHAITHYHOMY BHIJISI, 30KpeMa, METOJ] OKPEMHUX
CKJIQIOBHX, aJalTOBaHMX JUI1 PO3PAXyHKY CHCTEM 31 CKIaJHUMH (OpMaMH EKBIBAICHTHHX I'€HEpaTopiB Ta
HaBaHTaKEHb.

Pazom 3 TUM 3pocTa€e poib JOMOTOCHOAAPCTB Ta IHIIMX KIHLEBHX CHOXHBauiB eJeKTpoeHeprii (ogicHi Ta
TOProBeNbHI EHTPH, TPOMAJICHKI 3aKJa/id, HEBEJIUKI MiANPUEMCTBA) — 3aB/ISKM HOBUM TEXHOJIOTISIM BOHH MaloTh
3MOTy HE JIMIIE 3AIHCHIOBATH 3aXOMU 3 €HEPro30CpeKCHHS, a ¥ MONyYHTHCS OO JIOKAIBHOTO EHEPTOPHHKY,
BCTAHOBIIIOIOYH BIIACHI CHCTEMH TeHepalii, B TOMY YHCIIi pe3epBHOI, 30epiraHHs eNeKTPOeHepTii, 1 BHOCIYH CBiit
BHECOK 10 iH(opMatiitHoi cuctemu SmartGrid mITxoM 3anpoBaKEHHS IHTEIEKTYaIbHUX TEXHOJIOT1H KepyBaHHS
BIIACHIMH €HEPTOCHCTEMaMHU.
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ENERGY MANAGEMENT OF SETTLEMENTS AND TERRITORIES
BASED ON INTELLECTUAL SYSTEMS OF POWER SUPPLY
CONTROL

The purpose of the research is to determine the tendencies of development of power grids of settlements and
optimal approaches to their analysis and calculations in the conditions of introduction of technological innovations
in the field of information and energy technologies, as well as decentralization of settlements. The article reviews
modern approaches and technical solutions, details the issues of SmartGrid formation by combining the introduction
of smart approaches and integrated electricity generation, consumption and storage systems. Important aspects of
SmartGrid formation in settlements include the need to develop municipal management systems within individual
homes and complexes, as well as the formation of an integrated transportation system that includes both public
transport and individual vehicles of various types and forms of ownership. In general, the combination of the efforts
of local governments, commercial and non-profit institutions, homeowners and local residents is identified as an
important prerequisite for successful SmartGrid formation in settlements.The result of the work is to identify current
trends in the development of power systems of settlements, in particular, the need to form an intermediate link of
energy policy - at the level of settlements and territories that connect local participants in the energy market
(generation, storage and consumption of electricity) and act as integrated active participants of the national energy
country and national energy market. There is also justification of the relevance of the methods of calculation of
power systems, in particular, the extension of the method of individual components based on Laplace
transformations and operator calculations, which allow to obtain energy characteristics and parameters of electricity
in analytical form for use in intelligent power management systems. As a result, the study confirms the need to
further refine the SmartGrid concept by integrating elements of energy systems, intellectualizing management
processes and developing new approaches to energy market decentralization.

Key words: SmartGrid, power supply, power grids, energy management, settlements, decentralization,
electric transport.
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EHEPITETUYHA EOEKTUBHICTb BEHTHNJIBHOI'O IBUT'YHA

Y ecmammi naseoeno pesynomamu 0ocniodxcenHs 6naugy cnocobie KepyeaHHs KOMYmamopom Hd AKICHb
nepemeopenst eiekmpoenepeii 6eHmuabho2o 0gucyHa. TIoKa3sHuKu sAKOCmi nepemeopeHHs eHepeii 8eHMUIbHUM
OBUSYHOM OYIHIOIOMbCA NOKAZHUKAMU cmpymy, Hanpyeu i nomyowcnocmi. Iloxkasano, wo 30 30inbuieHHAM
HABAHMADICEHHsT 08U2YHA Koeiyichmu gopmu, amniimyou i eapMOHIUHI Koeiyichmu npacHyms 00 3HAYEHb
XapakmepHux Onsl CUHYCOIOAIbHO20 cmpyMy. s [HIICeHepHUX pPO3PAXyHKI6 Npu OpPIEHMOGHIU OYIHYI SAKOCMI
nepemeopents enepzii 6eHMUNLHUM O8ULYHOM NOKA3HUKU CIPYMY OOCUMb GUIHAYUMU 3 YPAXYBAHHAM OCHOBHOI i
KiibKOX nepuiux eapmorix. IlokasHuku, aKi xapakxmepuszyoms Qopmy Kpugsoi Hanpyau 08ucyHa i ii eapmoniyHuil
CKIA0, 3HAX00AMbCA 8 CKAAOHIN (PYHKYIOHATbHIU 3A1eHCHOCMI 8I0 CNOCO0Y Kepy8aHHs NPUeo0OoM, d MAKONIC Kymie
sunepeodcents, Komymayii i sanacy. Iloxkaswuku sAKocmi Hanpyeu RO2ipuiylomvcs 30 30LTbUleHHAM KYmie
sunepeodcents i 3anacy. /[na peanvHux Kymie komymayii i cnocody Kepy8anHsa 6 NiOMpUMAHHI CMAN0T 8eIUYUHU
KYma 3anacy Ha MIHIMATbHOMY DI6HI, NOKA3HUKU SKOCMI HANPYy2U Md ROMYAICHOCMI BEHMUIbHO20 O08USYHA
8I0N08I0AOMb KPAWUM NOKAZHUKAM YACMOMHO-PE2yIb08AH020 NPUB0OA 3 ACUHXPOHHUMU O8ucyHamu. ¥ cmammi
NOKA3aHO, WO MAK Camo, K [ NOKA3HUKU HANPY2U, NOKAZHUKU NePemEOPEHHs NOMYIHCHOCMI 3HAYHO BUWI OJis
Cnocoby KepysarHs RIOMPUMAHHA CIMANO0L 8eIUNUHU KYMA 3aNacy HA MIHIMALIbHOMY PIGHI, HIdC Osl RIOMPUMAHHS
Ccmanozo 3Hawenuss Kyma eunepeoicennsi. Pospaxynku noxasyloms, wo y pasi peanizayii cnoco6y xepyeamHs 6
niOMpUMAanHi CMAaoi eruyuHU Kyma 3anacy Ha MiHIMAibHOMY PIi6HI 6mMpamu y 6eHMUIbHUX O8USYHAX 8i0 SUUUX
2APMOHIYHUX CKAAOHUKIE HEeBeNUKi [ MOJCYmb Oymu 3MEHUWIeHI 3ad PAXyHOK 30UIbUeHHS [HOYKMUBHOCHI
3211A094CY8ATLHO20 OPOCEsl.

Knrouosi cnosa: genmunvHuil 08UcyH, AKICMb NEPEMBOPEHH s eHepaii, nepemseoprosay, Kym 6UNnepeoiCenHs,
Komymayii ma 3anacy.

Beryn. OmauM 3 KpuTepiiB BHOOpPY THIy pEryJIbOBaHOTO EJICKTPONPHBOAA € SKICTh IEPETBOPCHHS
CJNIEKTPUYHOI CHEeprii, fKa XapaKTepu3yeThes (POPMOIO i TapMOHIYHHM CKIIAJOM CTPYMIB 1 HAmpyr Ha BHUXOII
KomyTaropa (meperBoproBaya) [1]. Iloka3HHKH SKOCTI TEpETBOPCHHS CHEprii BeHTHWIbHHM auryHom (BJI)
OIIIHIOIOTHCS TIOKA3HUKAMHU CTPYMY, HAIIPYTH 1 TIOTYXHOCTI.

CMmyra npoImycKaHHs IIePeTBOPIOBaYa, KEPOBAHOTO 3a MOJOXKEHHSAM pOTOpa cHHXpoHHOro nsuryHa (ClI),
PETYIIOEThCSI 3MIHOIO KyTa BHIIEpeKEHHs Bo 200 B (KyTH MK CTPYMOM 1 BIJIIIOBIAHO €JIEKTPOPYLIIHHOIO CHIIO0
(EPC) HepoOouoro xoy Ta Hampyrow JABUIYHA).

AmHaJti3 nonepeanix gociizkeHb. [cCHYIOTh Taki criocoOu kepyBaHHs neperBoptoBadem BJI [2].

[epmmit Ta apyruit HanpocTimi cnocoOr KepyBaHHS MOJIATAIOTh y MIATPUMAHHI CTAJOr0 3HAYeHHS KyTa
BUIIEpePKeHHs o= const abo B = const, 1e Bo = P + 0; O - kyT HaBanTaxkenns CJI; B =y + J; v - KyT KomyTamii; d -
KyT 3anacy (BpaxoBy€ MOXHMOKY CHCTEMH KepyBaHHS 1 TPHBAIICTh BiJHOBJICHHS 3aMMKAlOYMX BJIACTHBOCTEH
€JICKTPOHHUX KITIOYiB MIEPETBOPIOBAYA).

3a muMHu crioco6amMu KepyBaHHsI KyT BHIIEPEDKEHHS JINIIAETHCS CTAIMM y BCIX PeKUMax poOOTH MpHBOAa i
PO3PaXOBYETHCS BIAMOBIAHO 10 MaKCHMAalbHOI BEIMYMHM HABAaHTAXXEHHA. B IIbOMy BHIaAKy CTPyMY XOJOCTOTO
X0y BiAmNoBimac Haibinpme 3HaueHHs KyTa 3amacy 40°..50°, Xou I BiIHOBJIEHHS 3aMHKAIOYHX BIACTHBOCTEH
kmouiB gocrarabo 3°...5°.

Tperiit cioci® kepyBaHHS IOJIATA€E B MIATPUMAHHI CTaJIOl BEIMYUHH KyTa 3alacy Ha MiHIMaJIbHOMY piBHI [3
= Bmin=f(Y) 32 YMOBH O = Opmin = const.

MeTto10 poGoTH € IOCHIIKEHHS BIUIMBY CIIOCOOIB KepyBaHHS KOMYTAaTOPOM Ha SKICTh IMEPETBOPEHHS
enektpoeneprii B/I.

Marepianu i pe3yabTaT gocaiTxKenb. 11 BCTaHOBJIEHHS BILIMBY CIIOCOOIB KEPYBaHHSI KOMYTaTOpPOM Ha
SKICTh TIEPETBOPEHHS eslekTpoeHeprii B/ nmpoBenemMo aHamiTHUHE AOCiKeHHs. BcraHOBMMO Taki MpHITyIIEHHS:
NepeTBOPIOBAY MPALIOE B PEKUMI JPKepelia CTPyMY 3 BHIIEPEIKatoUiM KOoe(illieHTOM MOTYKHOCTI; AJIsl KOMYyTaii
KJIIOYiB IHBEPTOPa BUKOPUCTOBYETHCS peakTHBHA eHepris CJ1; BiICYTHS IIUPOTHO-IMITYJIbCHA MOYJISILISL HATIPYTH;
NaJiHHS HaIlpyry Ha KJII0Yax IepeTBOPIOBava BiJICYTHE; HANPYra CUHYCOINaJIbHA, 3 KOMYTAlllHHUMHU TpOBaNaMu 1
BUKHJIAMH, aMILTITY/Ia SIKHX JIOPIBHIOE CEpeTHbOMY 3HAYCHHIO JIBOX CYCIJHIX HaNpyr, a TPUBAJIICTh BU3HAYAETHCS
KyTOM KOMYTAIIil; CTPyM 3MIHIOETHCS JIHIHHO B MpoIleci KOMYTaIllii, iieaJbHO 3TIIaKeHUH 1 Mae TpaneneinaabHy
(dhopMy, a HamiBIEpioN CTPYMY CKIIANAEThCA 3 OUITHOK mpoBigHOCTI 120° + v 1 may3u 60° - y; KyT HaBaHTaXCHHS,
Oymyun BHyTpimHIM napamerpom CJI, He CIpHYMHSE BIUIMBY Ha €HEPIeTHYHI XapaKTEPUCTHKHU TIEPETBOPIOBAYA.

3B'130K MIXK aMIUTITY THAM [, CEpEIHIM Iz 1 JIIOYMM 3a TTOJOBHHY Tiepiony / 3HAYeHHSAMHU CTPyMY BH3HaYa-
© 0.0. Baknaguunii, 2019

ISSN 2308-7382 (Online) 99




ISSN 1813-5420 (Print). Enepcemuxa: ekoHoMiKa, mexHonozii, exonozia. 2019. No 4

€Tbcs KoedimieHTaMu GOPMH k¢ 1 aMIUTITYIH ki, OOUNCITIOBAHIMH 32 BiTOMUMH (POPMYIIaMH:
. 1
kq) — L 5 = _m. (1)
1, 1

TapMOHIYHMI CKIIaJ CTPYMY SIKOPS JBUTYHA XapaKTEPU3YETHCS KOe(illieHTaMHu:

1 } = 1 / 1
=— 212(61111) > kc :(T’ ZI (6p1) 51* k (2)
I, = (1)

Ie ku, ke, kr - KoediIlieHTH BiIIOBITHO ITyIbCAalii, CIIOTBOPEHHS 1 TApMOHIK; i * - BiTHOCHA BEJTMYMHA TIF0YO0TO
3HAYEHHA CTPYMY; (1) 1 I(6p=1) - AlF0UI 3HAUCHHS MEPILIOT 1 BUIIUX TapMOHIK CTPyMYy.

3HadyeHHS KOe(DiMi€HTIB kg, ka, kn, ke, kv, i* 171 pI3HUX KyTiB KOMyTaii v, o0uncieni 3a popmymnamu (1)1 (2)
3 ypaxyBaHHSM TapMOHIK CTpyMy Bix mepmioi 1o 43-i, HaBeIeHI B YHCEIBHUKY YMOBHOTO ApoOy Tabm. 1. Anami3
Tabn. 1 mokasye, mo 3i 30iNMBIICHHSIM HaBaHTAXCHHS IBUTYHA KoedillieHTH (OpMH, aMIUIITyId i TapMOHIYHI
KoeilieHTH MParHyTh 10 3HAYEHb XapaKTePHHUX I CHHYCOITAIEHOTO CTPYMY.

Tabmuus 1. 3anexxHicTs KoediuieHTiB ctpymy B/l Bin KyTa KoMyTari.

Y, Tpaj kg ka kn ke ke i*
10 1,21 1,242 0,261 0,967 0,222 1,034
1,169 1,28 0,242 0,9 0,218 1,111
20 1,19 1,26 0.25 0,978 0.215 1,022
1,164 1,26 0,22 0,917 0,2 1,09
30 1,172 1.28 0,193 0,986 0,167 1,014
1,147 1,307 0,183 0,937 0,168 1,067
40 1,155 1,299 0,142 0,992 0.124 1,008
1,146 1,306 0,141 0,961 0,129 1,041
50 1,137 1,319 0,092 0,997 0,081 1,003
1,133 1,32 0,094 0,982 0,087 1,018
60 1,125 1,342 0,052 0,999 0,046 1,001
1,117 1,34 0,048 0,995 0,045 1,005

Jliist imKeHepHUX pO3PaxyHKiB MPU OPI€HTOBHIH OIIHIII IKOCTI IIEpETBOPEHHS eHeprii B/l mokazHUKH cTpyMy
JIOCUTHh BU3HAYUTH 3 ypaxyBaHHSM OCHOBHOI i KiTbKOX mepmmx rapMmoHik [3]. B Takomy Bumaaxy koedirieHTH
CTPYMY MalOTh BUTJISIL:

3\/gsin% 01 sinl sin5 .

hy ==k, =Ly = sinS s k= 2 Pk =0,045 3)
! 26sin © ! \/ sin® L +0,01sin5 " sin”
2 2 2 2

[IpaBOMIpHICTh TaKOro MiIXOMYy MiITBEPIUKYETHCS HMOPIBHSHHSAM YHCENbHHKA 1 3HAMEHHUKA YMOBHOTO
JIpoOy (Tabi. 1), B 3HAMEHHHKY SIKOTO HaBe/IeHI 3HAYE€HHS BiJMTOBITHUX KOe]ili€HTIB, 00YHCIEeHHX 3a hopMyIaMu
(3). TToxubka, sika IOMYCKAETHCS NPH TAKOMY PO3PaxyHKy, HE HEepeBHILyE B cepeqHboMy 5...10%, mo miikom
3aJI0BOJIbHSIE BUMOTaM OPi€EHTOBHOI OIIIHKH.

[Toxa3HMKH, SIKi XapaKTepH3yIOTh (HOpMy KpHUBOI HAIIPYTH IBUTYHA 1 1 TApMOHIYHIH CKIIaJA, 3HAXOAATHCS B
CKJIagHIM (YHKIIOHANBHIN 3aleXHOCTI Bif cnocoOy KepyBaHHA NPHUBOJOM, a TaKOX KyTiB BHIIEPEIHKCHHS,
KoMyTatii i 3amacy. OTpuMaTH aHANITUYHI 3aJIS)KHOCTI [T HUX, 3Ba)KalOUM Ha TPOMI3IKICTh BUPA3iB IS HIFOUUX
3HadeHb mepmoi rapmoniku U1, BUIMX TapMoHIYHUX Upk+) 1 Hampyru U, He € MOXIUBHM. TOMy 3 METOIO
TIOJIETIICHHS 1HKEHEPHHUX PO3PaxyHKiB B Ta0J. 2. HaBeIeHi 3HaUYeHHA KOe(ili€HTIB, PO3PaxOBaHUX 3 ypaxyBaHHAM
rapMOHIK Hanpyr Binx nepmoi go 41-i 3a qupMynaMI/I'

U, .. ' <1> , 1
’kn ZU(2k+1) b k 7k - ZU(2k+]) > * Fa
U U ¢

;K=

k=
(]
Ud)

e U, =k, U cos[[} - j cos— ; kex= 1,35 — koeimieHT cxemu Tpru(ha3HOTO MOCTOBOTO IIEPETBOPIOBAYA.

Hesunpasnane 361m,nleHHﬂ KyTa 3aracy NpU3BOJUTH /0 30UIbIIEHHS KOeillieHTIB, SKi XapaKTepUu3ylTh
3MiHHY CKIaqoBy Hampyru (k'y, k'r), 1 3MEHIICHHS KOCQIIIEHTY CIIOTBOPCHHS, IO OCOOJIMBO BUSBIISETHCS B
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HOMIHAJILHOMY pexuMi poboTtu mpuBoga (y =~ 20). [lopiBHSHHS maHuX Tabn. 2 3 OMyOJIKOBaHMMH JaHUMH [4]
MOKasye, 110 Ul peaibHUX KyTiB KoMyTauii i crocoOy KepyBaHHSA Pmin=f (Y) MOKa3HWKH sIKOCTI Hampyru BJ]
BIINOBIJAIOTH KPAIIMM [TOKa3HUKaM 4aCTOTHO-perysiboBaHoro rnpusoja (UPII) 3 acHHXpOHHMMU JBUTYHAMHU.

Tabumusg 2. 3anexHicts koediuieHTiB Hanpyru B/l BiJi KyTiB BUNIEpEPKEHHS, KOMYTAIl1 i 3anacy

B, rpan y,rpan | &,rpan kg k’a k'y ke kv U*
20 10 10 0,8 1,355 0,252 0,949 0,331 1,054
30 10 20 0,913 1,339 0,349 0,924 0,413 1,082

20 10 0,831 1,364 0,293 0,936 0,377 1,068
10 30 0,934 1,374 0,344 0,93 0,396 1,075
40 20 20 0,886 1,387 0,343 0,922 0,42 1,085
30 10 0,856 1,4 0,317 0,929 0,4 1,076
10 40 1,109 1,34 0,518 0,884 0,528 1,131
50 20 30 0,977 1,421 0,418 0,904 0,474 1,106
30 20 0,91 1,461 0,356 0,919 0,428 1,088
40 10 0,87 1,48 0,309 0,935 0,38 1,07
10 50 1,348 1,358 0,663 0,871 0,564 1,148
20 40 1,186 1,394 0,645 0,839 0,647 1,192
60 30 30 1,032 1,487 0,508 0,872 0,56 1,147
40 20 0,956 1,523 0,429 0,895 0,499 1,117
50 10 0,852 1,558 0,327 0,926 0,407 1,08
10 60 1,81 1,38 0,914 0,862 0,588 1,16
20 50 1,485 1,433 0,867 0,812 0,72 1,23
70 30 40 1,287 1,466 0,842 0,79 0,777 1,266
40 30 1,12 1,55 0,64 0,83 0,674 1,2
50 20 1,04 1,57 0,542 0,854 0,61 1,17

SIx BUIHO 3 Tabn. 2, MOKa3HUKH SIKOCTI HAIPYT'HM MOTIPIIYIOTHCS 31 3017IbLIEHHSM KYTIiB BHIEPEIUKEHHS 1
3amnacy. [Ipu npomy 3a crioco6oM KepyBaHHS Pmin=/(y) Ll MOKa3HUKW 3HAYHO BUILI, HIX 3a f=const (puc. 1).

o7 ,r\L L__‘— - | -
) | T — o — | |
08 {
|
0.6 -_-——."‘}kh\x = ! I
| = e
0.4 S t
‘f\-l‘ . e ; l \ :
02 ken /ﬂ-“—-— | | ‘
| | |
| |
|
" | |
10 20 30 40 Y. rpax

Pucynok 1- Kpusi sanexunocti koediuientis k., , k! Bix kyra kKomyrauii:

ron Bmin =f(Y) 3a YMOBHU o= 100;
B = 60° =const

KopucHoto notyxHicTio y B/ € He cymapHa akTHBHA MOTYXXHICTH Ps, a MOTYXXHICTh P() TepIInX rapMOHIK
Hanpyru i crpymy. [loenminka BJ] xapakrepmsyerbcss KoedillieHTaMH BiJHOCHOI aKTHBHOI MOTYXHOCTI p*,
KOPHCHOTO 3aCTOCYBAaHHS CHOXHMBAaHOI MOTYXHOCTI Ci i TepMidHMM KoedimieHToM mepeBaHTaxkeHHS C;, sKi
o0uHcIIIoI0ThCA 32 hopmyinamu [3]:

" | > P(k)
i C=—s c,:mﬂT, (4)

By p

p*=
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ne B = ﬁU]m cos(p —%) cos% 5 By =3Uq Ly cos(B —%) ; LP - cyma BTpaTr akTUBHOI IIOTY>KHOCTI B MiJi i
T

0
cram CJI; z P(k) - AOZAQTKOBI BTPaTH aKTHBHOI IIOTYXKHOCTI BiJl BULLMX FaPMOHIYHHMX CKJIA/IHHKIB.
k>1

Ockinbky B KOXHIN (a3l BJ] 32 onun 00epT Basly CTpyM HPOTIKAE MPOTIIOM 2(211 +7v |, craTopHi 0OMOTKH
3

BUKOPHCTOBYIOThCS Tipiue, HiX y 3BuyaiiHoro CJI. Tomy mpu 3agaHoMy MoMeHTi oOepTaHHs (azHi 0OMOTKH
JIBUTYHA HArPiBATUMYThCS CUIbHilIE, TOOTO KK/l mpuBoaa 1, , 10 pO3paxoByeThes 32 BUPa3oM

1
nB;[ = Z = ncxl 1 b (5)
1+ 7[7 Ne (X - ) +
B
crane HWKIUM [3]. ¥V Bupasi (5): e, x - BiamoBiagao KKJI CJI i koedimient Bukopucranas BJI; Py - MexaHiuHa
TIOTYXHICTb.
3HaueHHS KOe]illieHTa BUKOPHUCTAHHS ) MOKHO OTPUMATH 3 BUpa3y motyxHocti BJl 3a hopmysoro
Y Y Y
=—cos(f——)ctg—. (6)
x=5 ® 5)ote

Hecunycoinansae sxusnerns CL] IpU3BOAUTE 10 HEOOXITHOCTI MiABUILEHHS HOTO rabapUTHOI HOTYXHOCTI,
SIKE€ MOXKHA BpaxyBaTy KoeQillieHTOM L€l OTYXHOCTI

*—1
C = 1+2—. )
l_nc
IToBHa moOTYyXHIiCTh ABUTYHa S B cxemi BJl Bu3HadaeThcs TphOMa CKIQJIHUKAMH, SKi 3HAXOAWMO 3a
JTIOTIOMOTOI0 iHTETPAIbHUX METOJIIB:

S=\R+0°+F’ =%Ulm; Q=Pztg(B—§); P IJ(;Q—1)(1’22+Q2)=3\/8U1m1/1:2—1’ ®)
TC C C TC C

ne O, P. - BIATIOBiTHO peakTUBHA TOTY>KHICTb 1 TOTY>KHICTh CIIOTBOPEHHS.
Koedirient motyxHOCTI k), Ha 3aTHCKadax craTtopa C/I po3paxoByeThCs 3a HopMyIIo0

Y
P s —

_ (l):kck3 2
S

k, : ©)

2
ne k,=cos(p - %) - KoeQiLlieHT 3cyBY ABHIYHA; sin © / ¥ - penuummHa, sika Bpaxosye npumymenns Uy~ U.
2/ 2

Tabaus 3— 3anexxHocTi KoedimieHTiB moTykHOCTI B/l Bill KyTiB BUNICpEIXKESHHS, KOMYTAIlii i 3amacy

B,rpax | vy,rpan | O,rpanm p* Cx C X Nex Cr ks kp
20 10 10 1,053 0,95 1,842 0,964 0,934 1,352 0,966 0,934
30 10 20 1,087 0,92 2,351 0,9 0,93 1,536 0,906 0,876

20 10 1,06 0,943 1,958 0,93 0,932 1,392 0,94 0,919
10 30 1,079 0,927 2,229 0,817 0,923 1,495 0,819 0,792
40 20 20 1,079 0,927 2,233 0,857 0,926 1,495 0,866 0,85
30 10 1,04 0,962 1,629 0,886 0,928 1,275 0,906 0,894
10 40 1,139 0,878 3,171 0,71 0,912 1,781 0,707 0,684
50 20 30 1,091 0,917 2,425 0,758 0,917 1,556 0,766 0,75
30 20 1,046 0,956 1,714 0,8 0,921 1,311 0,819 0,808
40 10 1,034 0,967 1,538 0,831 0,924 1,237 0,866 0,86
10 50 1,153 0,867 3,4 0,572 0,893 1,841 0,5736 | 0,555
20 40 1,193 0,838 4,0 0,636 0,903 2,004 | 0,6428 0,63
60 30 30 1,107 0,903 2,661 0,691 0,91 1,635 | 0,7071 0,697
40 20 1,068 0,936 2,06 0,735 0,915 1,436 0,766 0,76
50 10 1,008 0,992 1,127 0,77 0,918 1,06 0,8192 | 0,817
10 60 1,1 0,968 2,55 0,422 0,861 1,6 0,423 0,41
20 50 1,165 0,858 3,6 0,495 0,88 1,89 0,5 0,489
70 30 40 1,113 0,898 2,755 0,56 0,891 1,663 0,574 0,566
40 30 1,083 0,923 2,314 0,616 0,9 1,516 0,643 0,638
50 20 1,047 0,955 1,732 0,66 0,906 1,317 0,707 0,705
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Koedimientu p*, Cx, Cy, %, Non, Cr, ks 1 kp, po3paxoBani st 1 = 0,936 3a popmymnamu (4)...(9), HaBeneHi B
Tab.3, 3 IKOT BUJIHO, L0 TaK CaMo, 5K 1 TOKa3HUKHU HAPYTH, [IOKa3HUKHU IIEPETBOPEHHS MOTYKHOCTI 3HAYHO BHIII
JuLst criocoOy kepyBaHHS PBmin=f(Y), HiX mi1st f=const.

Tak, nanpuxnaz, it = 60° npu y= 20° koedilieHTH MalOTh HacTynHi 3HaueHHs: p* = 1,193; C=0,838;
C=4; = 0,636; Nsx= 0,903; C:=2; k; = 0,6428; kp=0,63.

Juis 3akoHy Pmin=Ay) mpu 6= 10° i y= 20° i Bemmumnan Taki: p*=1,06; C:=0,943; C, = 1,958; y=0,93;
Mex=0,932; C:=1,392; k= 0,94; kp=0,919. Aue 11i 3HAYCHHS HE € MAKCHMAIBHO MOYKJIHBHMHU.

[pu y =20° i manomy 4aci BiZHOBIIEHHS BEeHTHIIB Koedimientu p*, Cy, ¥, ks, kp ONMM3bKI 70 OAMHUIIL, & Mpr~Nc.
[NopiBHsAHHS maHUX Ta01. 3 3 OMyOIiKOBaHUMH JaHUMH [4, 5] TOKa3ye, O A peaJbHUX KyTiB KOMYTalii i cIioco0y
KepyBaHHS Pmin = f(y) MOKa3HMKH sKOCTI OTykHOCTI B/I He ripmi 3a anamoriuni nokasauku YPIIL.

Ha pwuc. 2...4 naBeneHi 3a1eKHOCTI KOe(DIIiEHTIB p ¥, ¥ 1 My BLI KYTOBHX MapaMeTpiB i CIOCO0y KepyBaHHS.

Pucynox 2— 3anexxHocTti koedinieHta BiqHOCHOI noTyxHocTi BJ] Bix KyToBUX mapameTpiB i crioco0iB KepyBaHHS

z* in_cso" '

BT o

L.16

112

1.08

1.04 1
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Pucynox 3— 3anexxnocTi KoedimienTa BukoprucTanasa B/l Big KyTOBHX mapaMeTpiB i CIOCO0IB KepyBaHHSA
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Pucynox 4— 3anexxnocti KK/ B/l Big KyToBHX mapaMeTpiB i CIIOCO0IB KepyBaHHS
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BucHoBKH. SIKIIO KYT BHINCPEKEHHS MiATPUMYBATH CTAIUM, TO KOCQII[IEHT MOTYXHOCTI Cos(pzcosl

3aJeXuTh Bin HaBaHTaxeHHA, 1 CJI mpamtoe 3 HaWOIBIIMM KOe(iliEHTOM MOTYKHOCTI 1 HalKpaluMmu
EHEPreTUYHNMH MOKa3HUKAMH JIMIIC B HOMIHAJIBHOMY peknMi. B ycix iHmMMX pexumax, TOOTO 31 3MEHIICHUM
HAaBaHTAXKCHHSIM [PUBOJ MPALIOE 3 TOTIPIICHUMH SHEPIeTUYHIUMH TTOKa3HUKAMH.

HaBmaku, BUKOHaHHS c1TOCO0y KepyBaHHS Pmin= f(Y) 32 yMOBHU & = Omin = const 3abe3neuye podoty C/I i3
MaKCUMAILHOK BENMYMHOKW KoedilieHTa MOTYx)HOCTI  COSQ = cOS(O

min+1), TOOTO 3 MiHIMATBHUM
2

CIOXXMBAaHHSAM PEaKTHBHOI €HEprii 1 HalKpaIluMu SHEPreTUYHUMH MMOKa3HUKAMHU TIPU BCIX MOXIIMBUX 3HAUCHHSIX
4acTOT MAIIMHHO! KOMYTaIlii i HaBaHTaXCHHS.

3a peanbHUX KyTiB KOMYTalii 1 MaJMM 9acoM BiJHOBJICHHS KIIOYiB KOE(IIi€HT MOTYKHOCTI MPSIMYy€E IO
onuami, a KKJ] npuBona — no KK/ apuryHa.

Po3paxyHKH TIOKa3yIOTh, MO Y Pa3i Pmin = AY) BTpaTé y B/ Bix BUIIX rapMOHIYHUX CKJIAJHHUKIB HEBEJIHKI 1
MOXYTh OyTH 3MEHIIIeH] 32 paxXyHOK 301bIIEHHS iHAYKTUBHOCTI 31JIa/I)KyBaJIbHOTO JIPOCEIIS.

OTpuMaHi pe3ynbTaTH JA03BOJIATE KOHCTPYKTOPY MpH BHOOPI €NEKTPOIPUBOA i MiHIMI3amii BCTAaHOBIICHOT
MOTY>KHOCTI YCTATKyBaHHS JIOCTaTHBO IPOCTO 1 3 BHCOKOK TOYHICTIO BpaxyBaTH BIUIMB HapameTpiB
MEePETBOPIOBAYa, IBUTYHA i CIOCO0Y KepyBaHHsI Ha SKICTh EepeTBOPeHHS eHeprii y B/I.
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QUALITY OF ELECTRICITY CONVERSION BRUSHLESS ELECTRIC
MOTOR

The results of the impact study ways to control the switch to electricity conversion quality valve engine.
Quality energy conversion brushless estimated parameters of current, voltage and power. It is shown that an
increase in engine load factors shape, amplitude and harmonic ratios tend to values characteristic sinusoidal
current. For engineering calculations when assessing the quality indicative of power conversion valve motor current
can sufficiently identify with the main and first few harmonics. The indicators characterizing the shape of the voltage
curve of the engine and its harmonic components, are difficult depending on how functional the drive and advance
angles, switching and stock. Quality deteriorate with increasing voltage angles and advancing stock. For real
corners and mode switching control to maintain a constant angle stock at a minimum, quality voltage and power
brushless correspond best indicator variable-frequency drive with induction motors. The article shows that as well
as indicators voltage power conversion rates are much higher for the process control to maintain a constant angle
stock at a minimum, to maintain than the angle of sustainable value. Calculations show that in the case of the control
method to maintain a constant angle stock at a minimum loss in valve engine from the higher harmonic components
are small and can be reduced by increasing the inductance smoothing choke.

Key words: valve engine conversion quality power converter, timing angle, switching and stock.
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JHEPTETHYECKASA DOPEKTUBHOCTDb BEHTHJIBHOI'O
JABUT'ATEJIA

B cmamve npusedenvi pezynomamel ucciedo8anus GIUAHUS CHOCOO08 YNPAGLEHUS KOMMYMAMOPOM HA
Kayecmeo npeoopasosanust J1eKmpoIHepeuu 6eHmMulbHbiM osuzamenem. Tlokazamenu kavecmea npeoopasoeanus
OHepeuu BeHMUIbHLIM O8UeaAMeneM OYEeHUBAIOMCs NOKA3AMeNAMU MOKa, Hanpsadjcenus u mownocmu. Iloxasano,
umo ¢ ygenuueHuem Hazpy3Ku ogueamens Kodgguyuernmot popmul, amnaumyosi u capmMorudeckue Kosgppuyuenmol
CMpeMsamcst K 3HAYEHUsIM XAPAKMEPHbIM Ol CUHYCOUOATbHO20 MOKA. [l UHIICEHEPHbIX pPACHemos npu
OPUEHMUPOBOYHOT OYEHKe Kayecmaa npeobpasz0eanus IHepeUuU 6eHMULbHbIM 08ULAMEeNeM CUTLY MOKA 00CTAMOYHO
onpeodenums ¢ y4emom OCHOGHOU U HECKOIbKUX nepeblx 2apmonuk. Ilokazamenu, xapaxmepu3sylouue popmy Kpugou
HANPSINCEHUsL O8UAMENS U ee 2APMOHUYECKUL COCMAB, HAXOOSIMCSL 8 CLONHCHOU (DYHKYUOHATILHOU 3A8UCUMOCIIU OM
cnocoba ynpasieHust npueoOOM, a Makdice yeno8 onepedicenus, Kommymayuu u sanaca. Ioxkazamenu xauecmea
Hanpsicenusi YXyouarmesi ¢ yeeauyenuem yeio8 onepedcenus u sanaca. [[isa peanibHvix Yeio8 KOMMYmayuu u
cnocoba ynpasnenus 6 noO0ePICAHUY NOCMOSHHOU 6EIUYUHBL Y2ld 3aNaAcd HaA MUHUMALLHOM YPOBHe, NOKA3amenu
KAuecmea HAanpsijcenust U MOUWHOCTU G8EHMUNLHO20 O08USAMENs COOMBEMCMEYIOM  JIVHUUM NOKA3AMEeNsIM
YACTOMHO-PE2YIUPYEMO20 NPUBOOA C ACUHXPOHHBIMU Ogucamensimu. B cmamve noxasano, umo max e, kax u
noKazamenu HanpsdCenusl, NOKa3amenu npeodopa306anus MOWHOCHY 3HAYUMENbHO 8bluie Ol CNocoba YnpasneHus
NO00EPIHCAHUSL ROCMOSHHOU GENUYUNDL Y2lld 3aNACA HA MUHUMATLHOM YPOBHE, YeM 071 NOOOEPICAHUSL HOCOSIHHO20
3HaueHust yena onepedxcenus. Pacuemvl nokazwleaiom, umo 6 CIy¥ae peamuzayuu cnocoba Ynpaeienus 6
NOO0EPIHCAHUU NOCMOSIHHOT BETUUUHBL Y2lld 3aNACA HA MUHUMAILHOM YPOGHE NOMEPU 8 6EHMULbHbIX O8ULAMEIISIX
OM GHICUUUX 2APMOHUYECKUX COCMAGNAIOWUX HeboIbuue U Mo2ym Oblmb YMEHbULeHbL 3d CUem YGeluyeHUsl
UHOYKMUBHOCIU CAANCUBAIOWE20 OPOCCelsL

Knrwouesvie cnosa: senmuivbhbill 08ucamens, Ka1ecmeo npeodpaso8aHusl Hepeul, npeodpasosameny, y2oi
onepesicenust, KOMMYmayuu U 3anaca.
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JOCJIIKEHHS T'IJIPOJUHAMIKHU IIPU TEYI IIJIIBKA
PITIUHU BEPTUKAJIBHOIO ITOBEPXHEIO 3 ITIOB3/10BKHIM
OPEBPEHHAM

Poszenanymo ocobaueocmi po3noodiny niieku piounu npu ii meuii no 6epmMuKaIbHitl NOBEPXHI 3 NO3008IHCHIMU
pebpamu. Ha ocnosi ananisy cun, saki 0itoms y niuigyi piouHu npu i0CymHoCmi MidxcgasHo2o mepms misxe piouHoo
ma 2azoeum cepedosuuem, OMpPUMAani 3a1eHCHOCMI, AKI ONUCYIOMb (OpMY NO8epXHi PIOuUHU Y MixcpeOepHOMY
npomiocky. ITlokazano, wo Koau 2ycmuna 3poutenHs Oinvlua 3a MIHIMAAbHY, Npu AKil opedpeHa nosepxHs 6yoe
2apaHmMoBaHO NOBHICMIO 3MOYEHOI (MIHIMAIbHA MOBWUHA NIIBKU HA cepeluHi mixcpebepHo2o npomixcky >0),
NnoBepXHaA NI6KU PIOUHU NpuliMae opmy 3 pIBHOI0 KpususHow. B 3anescnocmi 6i0 KoHKpemHUX nonepeuHux
2EOMEMPUYHUX PO3MIDI6 mpyou, pedpa i MidcpebepHO20 NPOMINCKY NOBEPXHSL PIOUHU MOJICe MAMU SIK GBIHYMY,
max i eunykiuy gopmy. Ompumani pezyromamu 0armo MONCIUGICIb GUBHAYUMU SPDAHUYHT YMOBU HA MINCHA3HIU
nosepxwi (piouna — 2as), sKi HeOOXIOHI OJisl AHATIMUYHUX MA eKCNePUMEHMANIbHUX O0CHI0MNCeHb 2I0POOUHAMIKY |
MenomMacooOMiny npu meyii piOuHU NO 6ePMUKANbHIL OPeOPEHill NOBEPXHI.

Knwowuoei cnoea: 1iiBka piJviHU, MO3JI0BXKHE OpEOPEHHs, MiHIMaJbHAa T'YCTHHA 3POIICHHS, KPAa€BUH KYT
3MOYyBaHHS, IHTEHCU]IKAIis MPOIECIB TETUIOMAacOOOMIHY.

Meta gocaixKeHHs

Hdus  iaTeHCcH(ikamii TEIOMacoOOMIHHMX TIPONECiB Yy IUNBKOBHX amaparax 3 BEpTHKAIBHOIO
TEIUTOOOMIHHOIO TTOBEPXHEI0 BHKOPHCTOBYIOTH pizHOMaHIiTHEe opebpenHns [1-10]. BpaxoByroun TicHHH 3B’S30K
MMUTaHb TiAPONWHAMIKM IUTIBKH PIiTUHH Ta IHTEHCHBHOCTI TEIIOOOMIiHY, MOWITHHO IPOAHANi3yBaTH OCHOBHI
napaMeTpH IUTIBKY Ta MiHIMaJIbHOT HIIJIBHOCTI 3POIICHHS PiINHOIO MOBEPXHI 3 MOB3JJOBXKHIM OpeOpEHHsIM. 3 METOI0
CIIPOIICHHS TPOBEICHHS EKCIIEPUMEHTAIbHUX JOCTIDKEHb 11l pedpa MO)KHa MOJENIOBATH JAPOTaMH Pi3HOTO
JiaMeTpa, 3aKpilUIeHUX Ha IUIOCKIiH, ui TpyO4acTiii 6a30Bil TOBEpXHi 3 HEOOXITHUM KPOKOM.

AHATITHYHI 32/1€:KHOCTI A1 BUSHAYEHHSI OCHOBHHUX NapaMeTpiB IUIiBKU piiuHu

[Ipu Teuii IIiBKY PiUHM II1aJKOI0 BEPTUKAIBHOIO TOBEPXHEIO TapaMeTpH IUTIBKH (TOBIIMHA ILTiBKH, PEXKUM
Tedii i T.7.) 0OyMOBJIEHI TaKUMH (haKTOpaMH SIK CHUJIa TSDKIHHS, CHJIa B’SI3KOTO TEPTS BCEPEIUHI PiTUHH, a TaKOX
YMOBaMH Ha 30BHIIIHIH MOBEPXHI IUTIBKH, TOOTO HASBHICTIO 200 BiICYTHICTIO JOTHYHOTO HAMIPY>KEHHS Ha MMOBEPXHI
po3smnojity pinkoi Ta razonozaioHoi ¢da3u. Tedis 1aMmiHapHOI IUTIBKY piMHM onucyeThes piBHAHHSIM Hap’e-Crokca,
SKe JUIl BUNAJKy CTIKaHHSA PIIMHM 3 TJIAJKOI IOBEPXHi, 3 BpaxXyBaHHSIM 3arajJbHONPHHHATUX IPHITYIIEHb,
3aIMCY€EThCS Y BUTIISIL:

2
0 C;) + g_ 0 1)
oy~ v

I'pannuHi yMOBHM Ta pIBHSHHS HEPO3PHBHOCTI POONATH CHCTEMY PIBHSHb 3aMKHYTOIO, IO JO3BOJISIE
OTpHUMATH JOCTATHHO MPOCTI BUPA3H AJIs TOBIIMHM IUIIBKU PiIMHM,BEIMYMHA SIKMX BU3HAYA€THCS IHTEHCHBHICTIO
TEII000MiHY, SIK TPH IUIIBKOBIH KOHJEHcalii, TaK 1 PU MapOyTBOPEHHI B ILIBLI PIAMHM, IIO CTIKAE TIIaJIKOIO
MOBEPXHEIO.

[Ipw Teuii mIiBKK piJJHYU MTOBEPXHEIO 3 ITOB3JIOBXKHIM OPEOPEHHAM (TYT Ta HaJajl pO3rIISAAETHCS BUIAIOK,
KOJIM PiJJHA 3MOYY€ IMOBEPXHIO Ta peOpO) MIBUAKICTH TeUil 3MIHIOETHCSI HE TUIBKH 32 HAIPSIMKOM oci y (puc.1), ane
1 B HanpsAIMKY oci x. Tomy, piBHsHHEsS Hap’e-Ctokca, 3 BpaxyBaHHIM aHAJIOT1YHUX 3aTaIbHOTPUITHATHX IPUIYIICHB,
HaOyBae BUTIISAY:

2 2
g?+g?+%=0 2
X y

I'parngHi yMOBH:
aympuy =0iw=0;
O)npux=Itax=-liw=0;
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B)pu y =5 i—— = () ymoBa sika Mae MicIie PH BiACYTHOCTi IOTMYHOTO HANPY/KEHHS HA MOBEPXHi TLTiBKH.
y=90 0

YV BUMajAKy, KOJIM TOBIIWHA IIIBKH PiIMHU HE TIEPEBUIIYE BUCOTY pedpa, OBEPXHS PiIUHMU TiAXOIUTH 10
TOYKH JOTHKY 3 peOpOM IIil KyTOM PiBHUM KPa€BOMY KyTy 3MOUyBaHHA 6,. [Ipy bOMy Ha MOBEPXHIO PiIHHM,B
TOPU30HTANBHIH IUTOMKHI, TiFOTH JIUIIE CHIM MOBEPXHEBOTO HATATY 1 THCK apOoBOi (a3, OCKUTEKH MPOCKIIis CHIIN
TSOKIHHS Ha TOPU30HTAJIBHY IUIONIMHY piBHA HYJH0. @OopMyBaHHS MMOBEPXHI IUIBKH B IIbOMY BHITAJIKYy BiTOYyBaeThCS
B YMOBaxX, sIKi HaraJayloTh YMOBH IIpH HYJBOBIH rpaBiTallii, KOIM NOBEPXHS pinuHU HaOyBae chepudaroi hopmu. 3
I[bOTO BHIUIMBAE, IO MPU TeUil PiAMHY IJIACKOI0 MOBEPXHEIO 3 JIPOTSHUM OPEOPEHHSM (SKIIO TOBIIMHA IUIIBKU
MEHIIIa BUCOTH pedpa) MOBEPXHs PIANHY Ma€ MPUIHATH YBIrHYTY (OpMY 3 piBHOIO KpuBH3HOIO (puc.1). Bimomo 1o
TUCK MapoBo1 a3y Ha PiAMHY OLIBIIE HAJ BUTHYTOIO MOBEPXHEIO HiX HAJ INIAJKOI0, a HAJI TJIAJKOI0 — O1IIbIIe, HiXK
HaJl YBITHYTOIO. SIKIIIO MPHITYCTHTH, 110 MOBEPXHS IUTIBKM B IPOMIKKY M)XK JIBOMa CYCiJHIMU peOpaMu Ma€ 3MiHHY
KpPHMBH3HY, TO Ha IOBEPXHI piiMHM Oyjae AiATH TPAliEHT TUCKY, CIPUYMHSIOUN INEPEMIILCHHS PIAMHH, TaM Je
MOBEPXHsl IUNBKM Ma€ OUIbLIy MO3UTHBHY KPUBHU3HY (IIO3UTHBHOIO OYyZEMO BBa)KaTH KPHBU3HY YBITHYTOIO
noBepxHi). [lepeTikaHHs piAMHN MIPUIMHUTHCS TUTHKHU TOIi, KOJIM 3HUKHE TPAIEHT TUCKY, a BiH OyJe piBHAM HYITIO,
KOJIM TIOBEPXHS IUTIBKYU NpHiiMe (GOpMy 0HAKOBOT KPHBHU3HU.

Paniyc kxpuBU3HU MTOBEPXHI 3aJICKHUTH BT KPOKY § MiXK peOpamu, niamerpa (Bucotu pedpa) d = 2-r, KpaeBoro
KyTa 3MOYyBaHHA peOpa 6, Ta MiHIMAIBFHOI TOBIIUHM IUTIBKH 0o, 3HAUEHHS SIKOI 3MIHIOETHCS 31 3MIHOIO BHTPATH
PiIVHHA.

Jlnst BU3HA4YCHHS R,; IS TUTACKOI MOBEPXHI 3 IPOTSIHUM OpeOpeHHsM (pHuc. 1) BUKOPHUCTAEMO TEOpeMy
kocunyciB. Toni 3 Tpukytanka AO;OK (puc. 1), B sskomy ctopona OK — mykaHuil pajiyc KpUBU3HH IUTIBKH Ry, @
O,K — paniyc ApoTsiHOTO pedpa, OTPUMAEMO:

0102:anﬂ+r2—2-r-Rm-cos(l8O—6?p) 3)
2 2 2
3 BpaxyBaHHAM TOTO, 110 COS (1 80— Qp) =—cos0,.a 00" = (%) + (Rm —-r+ 50) , 1 IpUHABIIH

S
— =l, Ma€eMO

12:(Rm—r+50)2:Ri+r2+2-r~Rm-c059p )

y
0

3¢

Loy

I _,q_ B

|

- v /m v d
S X
o
g [

A)

Puc. 1. ®opmMa noBepxHi ITIBKA HAa BEPTUKAIBHIN TUIACTHHI 3 IPOTIHUMU pedpaMu

[epeTBopuBIIYM Bupa3 (4) i BUPIIIUBIIK HOTO BITHOCHO R, OTPUMAEMO:
_ P+2r-5,46, )
" 2~(r+r-cos€p —50)
3a Ru:3 AOAB HeckIIagHO BU3HAYNTH TOBIIMHY TUTIBKH B OYIb-sIKOMY Tiepepisi x (puc.1).

0,=R _+6,—04

Tomi:
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§x = Rrw + 50 - er? _x2 (6)

CepenHpo-iHTErpabHy TOBITUHY TUTIBKA MOXKHA 3HAWTH JiIEHHIM IDIOIII, 0OMEKEHOI OBEPXHEIO IUTIBKH 1
CTIHKOIO Ha s-d (SIKIIO 3HEXTYBAaTH KUTBKICTIO PIAMHY, IO 3HAXOAUTHCS g Apotom). lllykana miormia BU3HAYAE€THCS
SK PI3HUII MK TUIOIICIO TPSIMOKYTHHKA (S-d)dx Ta CEerMEeHTY, 110 YTBOPHMBCS B HACIIIOK MEPETHHY paaiycy R
JIHIEIO MapaJIeFHOIO OC1 X 1 TPOBENICHOIO Ha BiJICTaHi /4 BiJ CTIHKH, Je:

h=6.=1=R_+3,—\R —(-r) 7

=2/3-(h-9,)-(s—d), To cepennbo-

SIKII0, TIJIONTY CETMEHTY 3HANTH 3a HaOIMKEHOIO (OPMYIIOI0 §

ceam
IHTETpabHY TOBIIMHY IIiBKH, MOYKHA Oy/Ie BA3HAYUTH 3 BUPa3Yy:

5:%-h+§-50 )

st rafikoi moBepxHi 3 MPSIMOKYTHUMH pedpamH (prc.2) HeoOMeXeHOT BUCOTH Pajilyc KPUBU3HH MOBEPXHI
TUTIBKH PiIWHY (SIKIIO 3MOYEHO BECh MPOCTIp MiXK pedpamu) MOXXHA BU3HAYUTH 3 BHUPA3y, 10 BUKOPHCTOBYETHCS
JUTSI BU3HAYEHHS pajiiyCy MEHICKa y KaIispax:

g

Puc. 2. dopma noBepxHi IUTIBKH HAa BEPTHKAJIbHIHN IUTACTHHI 3 IPSIMOKYTHUMH pedpaMu

R, = L 9
cos Gp

ITincranoBka B (6) 3HaUeHHS R,;3 (9), Ipu x=[, nae BUCOTY MiAHOMY TUTIBKH Oiss pedpa:

(10)

V Bunaaky, Koy pedpo HmKYe h — MOBEpXHS IUIiBKH OyJie MiAXOIUTH 0 HBOTO IMiJ KyTOM, OiBIIAM Bif
KyTa KpaeBoro 3MouyBaHHs 6,. [Ipu npoMy pebpo 1o Bcili BHCOTI 3MOYEHe, a 1l 03Hayae, Mo paaiyc KpUBU3HU

. . 2 2
IMOBCPXHI IIIBKH HECKIIAAHO OTPUMATH 3 BUpA3y IS CETMCHTY hp - 50 = Rm - Rm —l , AKIIO p033’513aT1/1

HWOro BITHOCHO R,:

/? h, -9,

R, = +-2£
2(h,~5,) 2

JlokayibHI TOBUTWHY TUTIBKH 3HAXOAATHCS 3 PiBHAHHS (6), a cepeHe iHTerpalbHe 3HAUSHHS 3 PiBHAHHA (8),
IUTS IKOTO h=h,.

(11)
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B npomuciioBux amapartax TEmI000MiHHA MIOBEPXHS B OUTBIIOCTI BUTAKIB BUTOTOBIISIETHCS 3 TPYO Pi3ZHOTO
JiaMeTpy, TOMy JOLUIBHO OTPUMATH 3ajeXHOCTi aHayioriuHi piBHsHHSA (5), (6), (7) Ta (8) A BUNAAKY KOIH
KPHMBH3HA MOBEPXHI 3 IPOTSHUM OpeOPEHHSIM CIIBpO3MipHA 3 KPUBU3HOIO ILTIBKH PiJHHU.

B 3anexxHocTi BiJ| CHIBBIIHOIIEHHS JiaMeTpa TpyOu, BUCOTH pedp 1 X KIIBKOCTI, MOBEPXHS TUIIBKM MOXE
npuiiMaTH, K yBirHyTy dopmy (puc.3a), Tak i BUrHyry (puc.30).

A

S)
Qo
<
Qo

a 0

Puc. 3. ®opma moBepxHi IIiBKA Ha BEPTUKAIBHIN TPpyOi 3 APOTIHUMHE peOpaMu: a — yBIrHyTa; O — BUTHYTa

3 puc.3a BUIHO, 110 pajiyc KPUBU3HU IUIIBKY HA LWIIIHAPUYHIN TOBEPXHI Oyie pIBHUM pajiycy JUis IIaaKoi
noBepxHi MN3 THMH caMUMH pedpamu, SKIIO0 MiHIMaJIbHa TOBIIMHA IUTIBKH PiBHA:

Oy =0, +A +A, (12)

Bpaxosyroun, mo:
A =R,,(1-cos ) (13)
A, =r-(1-cos f) (14)

Micna mipcranoBku (12), (13) Ta (14) B (5) oTpuMaemMo BUpa3 Juisi paliyCy KpUBHU3HM IUTIBKM Ha
MWTIHIPUIHOT TIOBEPXHI 3 IPOTIHUMHU peOpaMu:

[6,+(r+R,,) (1=cos )] ~2r-[ 8, +(r+R,,)(1-cos B) |+
2| reosd, -5, ~(R,,, +r)-(1-cos f)+7 |

ni

Tosnaummo xommneke Oy + (7 + R, )+ (1—cos B) = &, , tozi:
(5:) ~2-6; - r+r
"2 (r-cosf, — &, +r)

ne [=(R,, +r)-sinf, B =360/2N

N — KiTbKiCcTh pedep.

PiBasaHS (15) MOXXKHAa BHKOPUCTOBYBATH 1 JUIS BHUIAIKY, KON IUTIBKA PIIWHH CTa€ BHITYyKIIOIO (puc.30);
3HAYCHHS Palliycy KPUBHU3HH R,; B IIbOMY BHIAJAKYy — Bix emHe. [lepeBipuTu 1ie TBEpIKECHHSI MOXIUBO MUITXOM
BUBOJTY 3aJICKHOCTI JUIs pajiyCy KPUBU3HU BUITYKJIOT IUTIBKA METOJIOM, IO BXKE BUKOPHCTOBYBABCS IPH OTPUMAHHI
dbopmyn (5) ta (15). BpaxoByrouu MpoOCTOTY BUBEACHHS, OMMYCTUMO HOTO, 3a3HAYMBIIHN JIUIICHb, 0 TPUHHIBIIN
KPHMBU3HY BUITYKJIOI IUTIBKH BiJI’€MHOIO, 3aJISXKHICTB I R,; Oyae inentuyHoro (15).

3a JOKaNbHY TOBLIMHY IUTIBKM PIAMHM, IO CTIKA€ LMJIIHJIPUYHOIO IOBEPXHEI0 3 APOTSIHUM OpeOpeHHSIM
OymeMo mpHWiMaTH TOBIIMHY IO HOpPMaji 1O TOBepxHI Tpyowm. Tomy Bupa3 s Hel AOIIBHO INyKaTH B
ITIHAPUYHUX KOOPIMHATAX, 32 BICh SIKUX IPUIHATO Bich TPyOH.

3 puc.4, BUAHO, IO JIOKAJFHA TOBIIMHA ITIBKH €

(15)

6, = AK = 0K - 0A (16)

ISSN 2308-7382 (Online) 109



ISSN 1813-5420 (Print). Enepcemuxa: ekoHoMiKa, mexHonozii, exonozia. 2019. No 4

ITosznaunBmmm OK=n ta O;0=1n 3 TpukyTHUKA AO;OK MOXIIMBO OTPUMATH 3 TEOPEMHU KOCHUHYCIB
2=2 +1; —R2, =0
n =41, Cosp+1j, o

Po3B’s3yroun KkBajpaTHE PiBHSHHS BiJHOCHO #, 3HAHAEMO:

=, COS(DJ—F\/Ug cos’ 911, +R;,

[{um ymoBaM 3a]10BOJIbHSE KOPiHb

7 =11, 08 —[72 cos’ p—11 + R, (17)

IIpu ¢ = 0, orpumyemMO =n-R,;, 1O Y3rOAKY€ETHCA 3 pUC. 4.

g,

i

Puc. 4 Jlo po3paxyHKy yBIrHyTOi ()OpMH ITOBEPXHI IUTIBKM HA BEPTUKAJIBHIN TPYyO1 3 APOTIHUMH pedpamu

MincraBuBmm (17) B (16), oTpumaeMo BHpa3 [UIA JOKATBHUX TOBIIMH YBICHYTOI IUTBKH DPiIUHH Ha
IUTIHAPUYHIN TIOBEPXHI 3 MO3A0BXHBO-IPOTSIHAM OpeOpEeHHIM:

5p =1y cos 9=, cos’ p—1, + R}, =R, (18)
3 puc.4 BuaHo, mo 77, =R+ R _+0,

HKIIIO TOBCPXHA IUTiBKA BUITYKJIA, TO HIIAXOM aHAJIOTTYHHX MipKyBaHL MOXHa OTpUMaTH

Sp=Anicos’ p—nt +R% ~n,cosp—R,,, (19)

ne 770 = |Rm - Rno@ - 50 .

CepenHsi TOBIIMHA IUIIBKM PIAMHM, IO CTIKae IIHIPUYHOIO MOBEPXHEIO 3 APOTSHUM OPEOpPEHHSM,
HpoCTillle OTPUMATH 3 BUpa3y JUIsl JIOKAaJIbHOI TOBIIMHM ii B A€KapTOBHX KoopauHaTax. CKOpHCTaBIIUCH pHC.3a,

3HaiIeMo:
_ [H2 2
5x - Rno(; + 50 - Rno@ —X + Rnfl ’

Inoma nomepeyHoro nepepisy mwiisku Fua ginsuni 0+7, ne [, = R sin [, Gyze Bupaxena iHTerpanom:

4
i 2
2 2 2 . X X .X
Fz!&xdx:x(Rnog+§O+R,U)—O,5~[X«/Rm—x +R2 arcst—]—O,S{me fl—R—2+arcst—] €2y

(20)

nos ni
0

[lincranoBKy paxiycy mpo¢itro mwiiBku y Bupaszax (20) Ta (21) BapTo BUKOHYBATH 3 BpaxyBaHHSM HOTO
3HaKy, TOOTO BiZl’€MHHM, SIKIIO TIOBEPXHS ILUTiBKH — BHUITYKIa (puc.30).
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- *
3uatoun F, He CKJIaIHO OTPUMATH BUPA3 uis O , SKIO poszimutn Fra noxuny nyru [ =77R, [ / 360.

(R + R +6,) =05 (1R, I + B2 -arcsind /R, | =0,5+(R,, 1[I~ /R, +aresind, /R,

(22)
7R,,.B/360

S =

B = ﬂ , Ie N — KiTbKicTh pebep.
2

BucnoBku

B po6oTi oTprMaHi aHATITHYHI 3aJI€KHOCTI IS TTapaMeTpPiB IUTIBKH PITUHU Ha BEPTHKAIBbHIA opeOpeHiit
noBepxHi. Li 3a1eXHOCTI MOXKYTh OyTH BUKOPUCTaHI Y SIKOCTI KPa€BUX YMOB IIPH PO3PAXyHKY IIOJIS IIBUIAKOCTEH y
IUTIBIII DPiOWHHM Ha OpeOpeHi NOBEepXHi, BUTPAT PIAWHU, MIiHIMAJBFHOI TYCTHHH 3pOIICHHA Ta IOCIiIKCHHI
Koe(IIiEHTIB TEIJIOBIA a4l MPK HArpiBaHHI IUTIBKY PiJMHU Ta MPH 11 BUIIApOBYBAHHI.
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«KueBcknii mommrexandeckuii HHCTUTYT uMeHU Uropsa Cukopckoro»

HCCJEIOBAHUE 'NIPOAUHAMUKHA TEYEHUS TIVIEHKH
AKNAKOCTH HA BEPTUKAJIBHOU ITOBEPXHOCTH C
NnPOAOJIbHBIM OPEBPEHUEM

Paccmompenvt ocobennocmu pacnpedeneHusi nieHKU HCUOKOCMU NpU ee meyeHUuu Nno BepmuKaibHol
nosepxHocmu ¢ npooorbHeiMu pebpamu. Ha ocmose amanusa cun, Oelicmeyiowux 6 NieHKe JCUOKOCmu npu
OMCYMCMEUU  MeNCPHasHo2o mpeHust MenHcoy AHCUOKOCMBIO U  2a3080U Cpedoll, NOAYUeHbl 3A8UCUMOCHIU,
onucwisarowue Gopmy HnOBEPXHOCMU IHCUOKOCTU 6 Medcpebepuom npomedcymie. Iloxkaszano, umo Koeda
NIOMHOCHb OpouleHUst OObUEe MUHUMATLHOU, NPU KOMOPOU OpeOpeHHasi NOBEePXHOCMb Oyoem 2apaHmupo8aHo
NOAHOCMbIO CMOYEHHOU (MUHUMAIbHAS MONWUHA NIEHKU HA cepedune Medcpebepublx npomedxcymkos > (),
NOBEPXHOCMb NJEHKU HCUOKOCMU NPUHUMAEm (QOopMy ¢ pOBHOU KpususHou. B 3asucumocmu om KoOHKpemmuwvix
NONEPEeYHbIX 2e0MeMmpPUiecKux pazmepos mpyovl peopa u MexcpedepHbix NPOMeHCYMKO8 NOBEPXHOCHb HCUOKOCHU
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MOdiICem UMemb KaK 60SHYMYIo, max u ebnykiyio gopmy. Ilonyuennvie pesynomamor 0aiom 603MONCHOCIb
onpedenums SpaHuyHble YCI08US HA MENCEHAZHOU NOBEPXHOCMU (HCUOKOCMb - 2d3), KOMopbvle HeoOXo0umbl OJis
AHATUMUYECKUX U IKCNEPUMEHMATbHBIX UCCICO08AHUL 2UOPOOUHAMUKYU U MENIOMACCOOOMEHa Npu medeHuu
AHCUOKOCTU NO BEPMUKATLHOU OPEOPEHHOU NOBEPXHOCTU.

Knwouesvle cnosea: TmieHka KUAKOCTH, MPOAOJIbHOE OpeOpeHHe, MHHUMAIbHAS TUIOTHOCTh OPOIICHHS,
KpaeBOU yroJl CMauMBaHMUs, MHTEHCU(UKALIUS TPOIIECCOB TEIIOMAcCOOOMEHa.
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STUDY OF THE HYDRODYNAMICS OF THE LIQUID FILM
FLOW ON A VERTICAL SURFACE WITH LONGITUDINAL FINNING

The features of the flow of a liquid film on a vertical surface with longitudinal ribs are considered. The forces
that are present in the liquid film in the absence of interfacial friction between the liquid and the gas medium are
analyzed. Dependencies are obtained that describe the shape of the surface of the fluid in the space between fins. It
was shown that when the irrigation density is greater than the minimum at which the finned surface is guaranteed
to be completely wetted (the minimum film thickness in the middle between the fins is greater than zero), the surface
of the liquid film has a shape with smooth curvature. Depending on the specific transverse geometric dimensions of
the pipe, the ribs and the gaps between the ribs, the surface of the liquid can have either a concave or convex shape.
The results obtained make it possible to determine the boundary conditions on the interphase surface (liquid - gas),
which are necessary for analytical and experimental studies of hydrodynamics and heat and mass transfer during
fluid flow along a vertical fin surface.

Key words: liquid film, longitudinal finning, minimum irrigation density, contact angle, intensification of
heat and mass transfer processes.
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INDICATOR-BASED ANALYSIS OF PRECONDITIONS FOR
DEPLOYMENT OF INNOVATIVE SOLUTIONS FOR EXPANDING
ACCESS TO ELECTRICITY IN SUB-SAHARAN COUNTRIES

In the article, there was conducted an indicator-based analysis for assessing the preconditions for the
deployment of innovative energy solutions in Sub-Saharan countries for extending access of their population to
electricity. This type of analysis was used to assess the state of investigated Sub-Saharan countries with certain
criteria over a defined period of time regarding their abilities to attract investments in innovative energy solutions
for extending access to electricity. The criteria and indicators necessary for assessing preconditions on the
deployment of innovative energy solutions in Sub-Saharan countries in the frame of indicator-based analysis were
determined. The middle-income economy, the institutional and social stability, the acceptable level of security, the
lasting economic growth, and the rate of electrification were chosen as the key criteria attractive for investments in
the energy sector. The criteria were based on the set of universal typical indicators that define the state of the
economic, institutional and social environment across the countries in the identical qualitative definitions and
quantitative features. To avoid the bias of inferences and reduce the vulnerability of the decision-making process,
information modeling techniques were applied for data processing. Grounded on these techniques, the binary matrix
table was designed to manage and arrange the descriptive informational data about countries. As a result of the
indicator-based analysis, the group of Sub-Saharan countries, which confirmed the criteria for attracting investment
in innovative energy solutions, was defined. These countries were analyzed in detail regarding the dynamics of the
electrification rate. The number of inhabitants without access to electricity and the approximate number of
households that need to get access to electricity were evaluated. The possible innovative solutions for improving
access to electricity were also considered.

Key words: indicator-based analysis, electrification rate, access to electricity, innovative solutions, Sub-
Saharan countries.

Introduction. Economic growth accelerates the industrial and urbanization processes, increases households'
purchasing energy that have a strong impact on the level of electricity consumption. As stated by the latest research
ofthe International Energy Agency (IEA) the rapid economic and population growth in Africa will have considerable
consequences not only for the regional energy sector but also for the global one. Projected by the International
Monetary Fund in 2019, the average economic growth in developing Sub-Saharan countries will rise to 3,6 %.
However, the real level of per capita income will significantly vary between the countries in this region. It will be
much higher for 24 non-resource-intensive countries with a total population about 500 million people. The average
economic growth expected for this group of countries is about 6 %. There is an obvious relationship between
economic activity and electricity demand. The use of electrical technologies impacts significantly on the economic
productivity that makes a background for increasing economic growth. It is one of the most essential factors that
drive progress in the industrial, transport and agriculture sectors and services. As the growth of energy demand in
developing countries is accompanied by an existing world trend in decreasing the cost of key renewable
technologies, the combination of these two tendencies may open the ways for stimulating consumer interest in the
introduction of renewable energy. However, the financial and social measures in developing countries should not be
©T.T. CrpenxoBa, M.T. Ctpenkos, 1.lanro, 2019
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limited only to the issues on increasing the penetration of renewable energy technologies at themselves. To ensure
sustainable economic growth and raise the living standards together with developing green-electricity generation,
the modern-day solutions require innovative approaches regarding the new digital technologies for energy service.
These matters are crucial and challenging issues for developing economies of Sub-Saharan countries because to
solve them efficiently sufficient access to electricity is needed [1-4].

As it is well known the affordable and reliable access to electricity is a foundation of economic development.
In the context of Sub-Saharan countries, the most difficult obstacles to ensure universal electricity access are related
to economic, social or institutional problems. In 2018, according to IEA data on Sub-Saharan Africa, the average
level of electrification was 45%. This level is almost twice lower than the global access level, which equals 87 %.
Totally there are about 600 million people without access to electricity in Sub-Saharan countries and more than 80
% of them are living in rural areas. The concept of modern access to electricity covers a wide range of economic
activities of market economy entities. Ensuring modern access to electricity is considered both in the context of the
activities of individual households and small industrial enterprises or small agricultural firms. Also, the availability
of modern access to electricity is an important condition for the provision of various socially significant goods and
services by state municipalities: street lighting, the activities of medical institutions, schools, etc. Simultaneously
with electricity access, related issues of electricity supply, such as quality, safety, and availability, are often
appeared. The range of actions to improve access to electricity is defined not only by economic, regulatory and
social factors but also by the characteristics of the spatial factor. This matter is especially true for communities
placed in remote and rural areas. In cases where the problem of improvement is considered at the level of regional
electricity networks, there is already a significant amount of experience that has been successfully implemented in
many countries around the world [2-5].

Successfully addressing the problem of extending access to electricity for rural and remote areas remains a
challenge for many developing countries. A possible way, which may be considered as a solution to extend access
to electricity, is the transfer and adaptation of innovative technologies and processes, which have shown the positive
results in other countries with a similar problem. However, this approach needs significant funding and favorable
conditions for investments in innovative energy solutions for extending access to electricity. To define the
developing Sub-Saharan African countries, which have the opportunities to attract investment in energy innovations
to extend access to electricity, this study was conducted.

Goal and tasks of research

The goal of the research is to conduct indicator-based analysis for assessing preconditions for the deployment
of innovative energy solutions in Sub-Saharan countries for extending access of the population to electricity.

To achieve the goal the next tasks were defined.

1. To determine criteria and indicators for assessing preconditions for the deployment of innovative energy
solutions in Sub-Saharan countries.

2. To conduct an indicator-based analysis comparing the Sub-Saharan countries on their abilities to attract
investments in innovative energy solutions for extending access to electricity.

3. To consider the innovative solutions for improving access to electricity for populations in Sub-Saharan
countries.

Materials and results of research

To solve the problem with limited access to electricity and overcome the barriers to sufficient electricity
supply, significant financial support is required for developing Sub-Saharan countries. These countries must meet
certain conditions concerning the investment climate. The pattern of these Sub-Saharan countries significantly varies
in economic conditions. For identifying the country-specific challenges to meet the key criteria essential for
attracting investments in improving access to electricity, the indicator-based analysis was used. This type of analysis
is widely used for assessing the state of the investigated countries with certain criteria for defined periods. The
criteria must be based on the set of universal typical indicators that define the state of economic, institutional and
social environment in the same qualitative definitions and quantitative features. Assessment obtained by indicator-
based analysis allows us to avoid the bias of inferences and reduce the vulnerability of the decision-making process.

As the key criteria attractive for investments in the energy sector, the middle-income economy, the
institutional and social stability, the acceptable level of security, the lasting economic growth, and the rate of
electrification were chosen. The choice of criteria was grounded on the following preconditions. As stated in [6-7],
for the middle-income economies there is a strong relationship between income, consumption, and gross domestic
product (GDP). The consistent increase in GDP is an attractor of foreign direct investment. In Sub-Saharan countries,
the positive relationship between the consumption and the GDP per capita growth is detected as well. These
indicators also depend on institutional and social stability. The conflicts lead to a large and persistent decline in the
GDP per capita, make strains on countries’ public finances, lowering revenue, and take the resources away from
economic and social development. Usually, non-resource-intensive countries are more desirable for investments
related to energy innovations. And finally, to attract investments in energy solutions it is necessary to have a positive
dynamics of the electrification rate that shows the changes in the percentage of the population that got access to
electricity in Sub-Saharan countries.
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For country grouping and arrangement, the methodological approaches, used by the International Monetary
Fund [1] and the World Bank [8], were applied. By these methodologies, all Sub-Saharan countries can be
aggregated into a few different groups. One of the groupings divides resource-intensive and non-resource-intensive
economies. The oil exporting countries and the non-renewable natural resource exporting countries belong to
resource-intensive economies. The countries, which do not belong to the first two groups, are classified as non-
resource-intensive economies. Another grouping varies the countries by their income in high-, middle-, and low-
income economies. The next type of grouping classifies countries according to levels of institutional and social
fragilities, which are identified by public indicators. Finally, the countries are classified as countries affected by
conflict and countries not affected by conflict. Thus, to meet the lasting economic growth criterion, the economy of
the country must be classified as at least low-middle-income and non-resource-intensive. To meet the criteria of
institutional and social stability, there must be absent institutional fragility in the country. To meet the acceptable
level of security, the country must be defined as not affected by conflicts. To attract investments, the country must
also have a consistent increasing GDP.

Based on the criteria given above, the comparative qualitative and quantitative indicator-based analysis of
developing Sub-Saharan countries was conducted. To avoid the bias of inferences and reduce the vulnerability of
the decision-making process, information modeling techniques [9] were applied. Grounded on these techniques the
binary matrix table was designed to manage and arrange the descriptive informational data about countries. This
matrix supported the checkup process regarding the country's conformity to the key criteria. In binary matrix table,
the text informational data were converted to numbers by the following rules: if information about the country meets
criteria, the value is equal one, and if it does not - the value is equal zero.

To provide the investigation, the informational and statistical open databases [1, 8] were used. The most
recent qualitative and quantitative information was given by these sources for 2018.

In 2018 there were 48 developing Sub-Saharan countries and all these countries must be evaluated by
macroeconomic, institutional, and social criteria. At using the binary matrix table, the checkup process was started
with the primary criterion - an economy with at least low-middle-income. This criterion was confirmed only for 18
countries, which made it possible to reduce the list of the examined countries by almost 2.5 times. The results of the
checkup process, obtained for 18 countries on their confirmation to key criteria, were performed as a binary matrix
and given in Table 1.

Table 1. Evaluation of Sub-Saharan countries on confirmation to economic, institutional, and social criteria
required for investments in innovative energy solutions (state on 2018)

Criteria
Countries middle-income non-resource- absence of not affected by
economy intensive institutional fragility conflicts
Angola 1 0 1 1
Botswana 1 0 1 1
Cabo Verde 1 1 1 1
Cameroon 1 0 1 0
Cote d’Ivoire 1 1 0 1
Equatorial Guinea 1 0 1 1
Eswatini 1 1 1 1
Gabon 1 0 1 1
Ghana 1 0 1 1
Kenya 1 1 1 1
Lesotho 1 1 1 1
Mauritius 1 1 1 1
Namibia 1 0 1 1
Nigeria 1 0 1 0
Republic of Congo 1 0 0 1
Sdo Tomé & Principe 1 1 0 1
Senegal 1 1 1 1
Seychelles 1 1 1 1

The comparative cross-country analysis of the data in the matrix table showed that there were only seven
countries from eighteen examined ones that completely confirmed the requirements of criteria. These countries are
Cabo Verde, Eswatini, Kenya, Lesotho, Mauritius, Senegal, and Seychelles. According to the World Bank data, the
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economies were specified as a lower-middle-income for Cabo Verde, Eswatini, Kenya, Lesotho, Senegal, and as an
upper middle-income for Mauritius. The level of the economy for Seychelles was classified as a high-income
economy.

To evaluate the lasting economic growth, the next step was related to the analysis of the annual rate of GDP
growth in the group of selected countries in 2018. The annual percent changes in GDP growth for these countries
are given from the highest to the lowest values: Senegal - 6.7%; Kenya - 6.3 %; Cabo Verde - 5.1%; Seychelles -
4.1%; Mauritius - 3.8%; Lesotho - 2.8% and Eswatini - 2.4%.

The group of Sub-Saharan countries, for which the key criteria were confirmed, was analyzed in detail
regarding the dynamics of the electrification rate. There are three types of indicators that describe the electrification
rate in the country. The total access to electricity reflects the percentage of the country’s population with access.
The urban access to electricity shows the percentage of the population with access in urban areas. The rural access
to electricity is stated by the percentage of the population with access in rural areas. For analysis, the more recent
data on access to electricity offered by [10] were used.

In Fig. 1 the comparative diagram about the levels of access to electricity in investigated countries is given
from the highest level of electrification to the lowest one.
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Figure 1 — The level of access to electricity in the selected group of developing Sub-Saharan countries, 2017

The comparative analysis of countries’ indicators showed that among these countries Seychelles has reached
universal access. With having 98% of total access to electricity and 100% access to electricity for the rural
population, Mauritius is also on the way to achieve it soon. Cabo Verde can be considered as a country where access
to electricity for total, urban and rural populations is higher than the average global level of electrification rate equal
to 87 %. Other countries, in 2017, had the levels of total access to electricity lower than the global one, and
significantly lower access was observed for the rural population compared to the urban population.

At the same time, it should be noted that during the two last decades all countries had considerable progress
in solving the access problem and undertaken activities to expand access. For Eswatini the first available data about
electricity access are dated by 2001 when the level of total access to electricity was only 27%. In 2017, it grew up
to 74% with rising the urban access from 53% to 93% and the rural access from 19% to 67%. From 2000 to 2017
Kenya has also shown a high-positive dynamic with a rising access level for the total population from 15% to 64%.
The access level for urban population grew up almost twice — from 50% to up 81 %, and the access level for the
rural population — from 7% to 58%. Today, the country's energy policy is aimed to reach universal access by 2022,
and the grid would be the main least-cost solution for most of the population with lacking access. In Senegal, the
total access level was increased from 38% in 2000 to 62% in 2017, wherein the access level in urban areas increased
from 75% to 92%, and the access level in rural areas rose from 13% to 35%. With a successful energy policy
regarding the electrification and the adoption of a comprehensive integrated plan, it is planned to achieve full access
in 2025. The grid represents the least-cost option for most of the population in this country, which are currently
without access to electricity. For rural and most remote areas the decentralized solutions are foreseen. In 2000,
among these countries, the worst situation with electrification was in Lesotho, where only 4% of the total population
had access to electricity. In 2017 this indicator grew up to 34 % together with rising level of access for the urban
population from 14% to 70%, and for the rural population — from 2% to 20%. A few years ago, Lesotho established
its energy policy for 2015-2025 with the target of reaching total access to electricity for 40% of the total population
for 2020. In the country's energy policy, renewable energies were indicated as one of the tools for increasing access
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to electricity and it was also planned to develop the program on renewable energy feed-in-tariffs to attract
investments.

The selected countries varied significantly not only in the electrification rate but also by numbers of
inhabitants and the pattern of population. Defining the number of people and households without access to electricity
in selected developing Sub-Saharan countries can be used as a background for further studying the projected
electricity demand caused by electrification. From the practical point of view, defining the value of electricity
demand projected for the country under its electrification will help to evaluate the installation capacities needed to
cover demand as well as the necessary investment. Based on the average household size and amount of populations
in these countries [11-12], the number of people and households without access to electricity were calculated. The
results are given in Table 2.

Table 2. Populations and households without access to electricity in selected countries, 2017

Average Population without access, min households without access, min
Country .

household size total urban rural total urban rural

Cabo Verde 4.2 0.04 0.020 0.019 0.009 0.005 0.004
Eswatini 4.7 0.30 0.018 0.282 0.064 0.004 0.060
Lesotho 33 1.40 0.181 1.212 0.423 0.055 0.367
Senegal 8.3 6.07 0.621 5.411 0.732 0.075 0.652
Kenya 3.9 18.60 2.630 15.912 4.769 0.674 4.080

The worst state with access to electricity in the number of populations and households was observed for
Kenya. In 2017, in this country, the number of populations without access was equal to 18.60 million people.

The quantitative indicators obtained, together with the values of average annual electricity consumption per
capita or per household, will make it possible to make forecasts regarding the demand for electricity caused by
electrification in the investigated countries.

Today the implementation of targets on improving access to electricity needs the deployment of innovative
energy solutions. They are conducted in the context of the existing Agenda about the sustainable economic
development of Sub-Saharan countries and addressing access to electricity. There exist significant opportunities for
these countries in the renewable energy sector, but this potential remains mostly unused. The development of society
and the formation of sustainable economies require reforms in the electricity sector. The global tendencies in
innovative energy solutions must also be launched for the energy transition in these countries to implement the
following tasks: decarbonization, decentralization and digitization. Over the past decade, innovative reform in
energy sectors has widely deployed throughout the world. Recently, there has been growing interest in the
development and implementation of innovative approaches to the organization and functioning of electricity
markets. Significant attention is paid to the formation of energy communities and local electricity markets. All these
tendencies must be taken into account under the implementation of innovative energy solutions in Sub-Saharan
countries. Based on Sustainable Development Goal 7 on ensuring access to affordable, reliable, sustainable and
modern energy for all, the several options have been modelled by IEA for improving the electrification of the Sub-
Saharan countries. The further discussion about the deployment of energy innovations for improving access to
electricity is given together with technical measures projected by the IEA modelling and opinions concerning the
economic viability of suggested solutions [13-16].

According to the IEA projections, there is no single universal approach regarding access to electricity and
the practical solutions will be different in different countries. There are three options for improving access to
electricity in Sub-Saharan countries. By the first on-grid option, access to electricity for households will be provided
through a connection to the local network, which is linked to the transmission network, or through the extension of
the existing grid. For this case, electricity supply is usually provided through the operation of large centralized power
plants operating on typical conventional resources such as coal, natural gas, and hydro. However, in some
circumstances, the improvement of access in the frame of this option will be realized through the implementation of
distributed generation. This case involves the installation of solar photovoltaic systems or biogas plants and
connection to the grid at low voltage. The on-grid option of extending access to electricity is considered by the IEA
as the least costly. But investments in the development of transmission and distribution networks will have economic
benefits only under certain conditions. The most important among them are the high density of potential consumers,
their closeness to existing networks, as well as the appropriate region terrain.

The second option for extending access to electricity is the installation of mini-grid systems. This option is
offered for those areas where, for various reasons, electricity supply cannot be provided with the on-grid option.
Thus, mini-grid system is a local solution for electrification designed to serve customers in a certain region.
Technically, a mini-grid system can be described as a combination of three subsystems: a production system for
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generating electricity, a distribution system for delivering electricity to customers, and an end-user system for
connecting and providing customers with electricity. This type of system does not have infrastructure for electricity
transmission outside the served region. Mini-grid systems operate due to a set of small-scale electricity generators
based on available renewable energy resources (such as solar photovoltaic modules, wind turbines, small-scale
hydropower plants etc.) as well as the diesel generators. But electricity generation by solar and wind installations is
intermittent and cannot be completely predictable. For the stable operation of mini-grid systems, small low-power
diesel generators and energy storages (like back-up battery systems) are also required. From an economic point of
view, supplying electricity to customers via mini-grid system usually requires higher costs. To attract investment,
an initial level of demand for electricity in the served region is needed. In most cases, this must be confirmed by a
certain level of electrical load of public, industrial and commercial facilities and services. The mini-grid option will
also give economic benefits when trading in electricity in rural areas with a fairly dense population.

The third option for extending access to electricity is related to off-grid systems or stand-alone systems. This
option will be the most cost-effective for electrification of sparsely populated and remote areas. Technically, the
stand-alone system is composed of one or more electrical generators and is not connected to transmission and
distribution systems. It operates independently by providing electricity to several individual households. One of the
benefits of stand-alone systems with renewable energy technologies is that they can be designed for any scale to
cover basic household electricity needs, and can be scaled-up in the event of increasing demand. From an economic
point of view, stand-alone systems can be considered as a cost-competitive solution under declining the cost of the
components that make up off-grid systems. However, among the other available options for extending access to
electricity, the levelised costs of electricity, considered as the ratio of the sum of all costs over the lifetime to the
total amount of electricity generated over the lifetime, is still the highest for stand-alone systems.

Nevertheless, reforming the energy sectors using any of the previously discussed options requires modern
solutions that should not be limited to existing traditional measures on improving access to electricity. Delivering
modern energy services to rural communities and remote areas also requires the dissemination of digital technologies
in Sub-Saharan countries.

The growing rate of electrification will lead to an increasing demand for electricity. As shown above, the
practical realization of an innovative solution will also require forecasts regarding electricity demand, which should
be met along with improved access to electricity.

Conclusions

For future growth, overcoming poverty, and private sector development, innovative solutions are needed to
expand access to electricity. The indicator-based qualitative and quantitative analysis was applied to compare Sub-
Saharan countries by their ability to attract investments in innovative energy solutions. The middle-income economy,
the institutional and social stability, the acceptable level of security, the lasting economic growth, and the rate of
electrification were chosen as the key criteria attractive for investments in the energy sector.

Matching the results of the indicator-based qualitative and quantitative analysis of Sub-Saharan countries, it
is possible to say that only 7 countries from 48 examined ones — Cabo Verde, Eswatini, Kenya, Lesotho, Mauritius,
Senegal, and Seychelles — have the highest potential to attract investments in innovative energy solutions to expand
access to electricity. Over the past two decades, in these countries, the level of access to electricity for the entire
population, urban and rural population, has been constantly increasing. Such tendencies were also enforced by the
respective goals and strategic plans of the energy policies of these countries.

Since there is no single universal approach regarding access to electricity and practical solutions to this
problem will be different in different countries, three main options as innovative solutions for improving access to
electricity in selected Sub-Saharan countries may have the following order of priority from a technical point of view,
namely: stand-alone (off-grid) systems, mini-grid systems, and on-grid systems. But from an economic point of
view, they may have the opposite order of priority and will have economic benefits only under certain conditions,
such as the high density of potential consumers, their closeness to existing networks, the appropriate region terrain,
and the cost of elements that make up the system.

Increasing rates of electrification will increase electricity demand. Any practical realization of any of the
innovative solutions will require forecast of electricity demand, which must be met along with improved access to
electricity. Defining the level of access to electricity for selected developing Sub-Saharan countries together with
the suggested indicators can be used as a background for forecasting electricity demand in countries under
electrification.
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HanionanbHuii TexHiunuii yHiBepcuTer YKpainu

«KniBcbknii nonirexniynuii incruryt imeni Irops Cikopcbkoro»

IHI[I/IKATQPHI/Iﬁ AHAJII3 IIEPEAYMOB PO3I'OPTAHHA
IHHOBAIIIMHUX PIIIEHD /JIA POSHIMPEHHA 1OCTYITY
0O EJIEKTPOEHEPI'TI B KPAIHAX HA IIIBAEHD BI/I CAXAPHU

YV cmammi 6yno npogedeno iHOukamopHuil aHaniz OYIHKU NepedyMO8 PO320PMAHHA [HHOBAYIUHUX
eHepeemuuHUX piliets 6 Kpainax Ha nisdens 6io Caxapu 051 po3wUpents OOCmyny ix HacenenHs 00 eleKmpoeHepeii.
Leti mun ananizy 6y6 suxopucmanuil 0isi OYIHKU CMAHy 00CTIONCY8AHUX Kpain Ha nigdenb 6i0 Caxapu 3a negHuMu
Kpumepisimu npomsicoM GU3HAYEH020 Nepiody 4acy wjooo ix 30amHOCMI 3anyyamu iHeecmuyii 6 IHHOGAYIUHI
eHepeemuyHi pillenHs Ol pO3WUPEHHs OOCMYNny 00 elekmpoeHepeii. Busnaueno xpumepii ma NOKA3HUKU,
HeOOXiOHI 01151 OYIHKU NepeOyMO8 pO320PMAHHA IHHOBAYIUHUX eHepeemUdHUX pilleHb Y KpaiHax Ha nieoeHv 8i0
Caxapu 6 pamkax iHOUKamMopHoeo awnanisy. B axocmi xnouosux xpumepiie, npusabaueux Oas iHgecmuyii 6
eHepeemuKy, 0yiu 0OpaHi eKOHOMIKA I3 cepeOHimM pigHem 00X00y, THCMUMYYIliHA Ma coyianbHa cmabilbHICMb,
NPUUHAMHULL pi6eHb Oe3neKu, mpusaie eKOHOMIYHe 3pOCMaHHA ma OuHamika erekmpugixayii. Kpumepii
IPYHMY8ANUCA HA HAOOPI YHIBEPCANbHUX MUNOBUX NOKA3HUKIB, AKI BU3HAYAIOMb CMAH eKOHOMIYHOZO,
IHCMUmMYYIiliH020 Ma CoYianbHO20 cepedosuld 8 Pi3HUX KPAIHAX 8 0OHAKOBUX SKICHUX BUSHAYEHHAX MA KLTbKICHUX
o3nakax. LL{o6 ynuxnymu ynepeosceHocmi 8UCHOBKIE Ma 3MEHWUMU 8DPA3IUGICIMb NPOYECY NPUTIHAMMSL piuieidb, Ois
00pobKU danux Oyau 3acmocosani 3acobu iHgopmayitinoco moodentosanus. Iypmywouuce Ha yux 3acobax, Oyna
Ppo3pobrena binapna mabauyHa mampuyst 05l YRpasiinus ma ynopsaoKy8auns ORUCOSUX THGHOPMAYIIHUX OAHUX NPO
Kpainu. B pe3ynbmami inouxamopHnozo ananizy Oyna eusHauena epyna Kpain Ha nigdenv 6i0 Caxapu, Axa
niomeepouna Kpumepii 015 3a1y4eHusa ingecmuyil 6 iHHoBayiliHi enepeemuyti piwenns. Lfi kpainu o6yau demanvho
npoananizoéani wooo OuHamixu enekmpugpixayii. bByno oyineno Kirbkicmv ocumenie 6e3 docmyny 00
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enrekmpoenepeii ma npubIu3Hy KilbKiCmb 00MO20CNO0APCME, AKUM HOMPIOHO ompumamu O00Cmyn 00
enexmpoenepeii. Takooic Oyau posensawymi MONCIUBL [HHOBAYIUHI piuleHHs Olsi NONINWEHHs O00Cmyny 00
enekmpoeHnepeii.

Knrouosi crosa: inouxamophuii ananis, pieensv eiekmpugixayii, IHHOGAYIliHI piuleHHsl, KpAiHU Ha NiGOeHb
6i0 Caxapu.
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EXPERIMENTAL STUDY OF FEATURES BIOGAS PRODUCTION
BY PYROLYSIS OF CORN PELLETS

The material in the article contains useful information for studying and analyzing the production processes
of biogas with a low tar content by pyrolysis and gasification of corn straw pellets in a composite fixed bed of a pilot
plant. The results show good adaptability of the installation to this fuel, the ability to ensure optimal temperature
distribution in each zone. Temperature control in the resin cracking zone is carried out by supplying the required
volume of secondary air, which can significantly reduce the presence of resin in biogas while maintaining the
calorific value of the gas at 4700 kJ /nm>.

Key words: biomass; pellets; pyrolysis; gasification; resin cracking; biogas, environmental cleanliness.

Introduction
The modern world challenge is that mankind needs to move to sustainable development with a stable rate of
energy production in compliance with the basic principle of development of the fuel and energy complex - the
principle of ecological balance [1]. Recently, the world has formed the opinion that energy facilities should not use
organic (fossil) fuel and nuclear energy for the subsequent increase in energy capacities in connection with negative
environmental consequences. As an alternative energy source, it is advisable to consider the use of biomass for these

purposes.
Table 1. Data on the energy use of biomass (BM) in different countries [4]
Indicators USA |Denmark Austria Sweden Finland
BM share of total energy resource consumption 32 6,0 12,0 18,0 23.0

Share of different types of BM in total energy
production from BM.%:

- Firewood 85 37,0 74,2 83,0 73
- Straw - 24,7 - - -
- Liquid fuel 5,5% - - - -

- Peat - - - 4.8 25,2
- Solid household waste 9,5 40,5 18,9 5,2 1,8
- Biogas 5,5% 0,33 - - -

* — This figure is a combined indicator for biogas and liquid fuel.

—

Table 2. Energy potential of biomass in Ukraine [4
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2 £ |z |2 |88 |©
- £ = 2 |8 % [million tons|  PJ million tons
2 g <
o <
Cereals 28,53 | 1,771 | 0,85 [42,95| 15,7 | 20 8,59 , 134,8 4,6
Corn for grains 5,34 12 | 07 |449] 13,7 | 50 2,24 30,72 1,05
Sugar beet 1766 | 04 | 04 | 283 13,7 | 50 1,41 19,36 0,66
Sunflower 231 37 | 0,7 |597] 13,7 | 50 2,99 40,94 1,39
Wood 594 | 055 | 09 [2,94] 150 | 40 1,18 17,65 0,60
Manure (dry substance) | 7,39 — [062]458] 150 | 100 4,58 68,7 2,34
Total _ _ — |63,76| _ _ 20,98 312,15 10,64
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At the same time, the sustainable development of industrial potentials of various countries should be based on
the stable development of energy production at a pace that should outpace the pace of energy consumption of all
sectors combined [2]. A promising paradigm for the development of the energy industry, it is advisable to name the
New energy-ecological paradigm [3], which reads: "Sustainable development in harmony with nature."

In this sense, it is advisable to pay attention to renewable energy sources. Solar and wind energy can not be
fully used as stable sources of energy production to satisfy axioms, principles and development paradigms [1-3] of
energy industry. In this regard, the most favorable is the possibility of a more rational use of biomass for energy
production as one of the types of renewable energy sources [4].

Recently, more and more attention has been paid to this type of energy source, since the use of biomass in the
process of production of heat and electric energy solves a set of problems: obtaining energy and processing
agricultural waste. Table 1 shows data on the level of bioenergy development in developed countries [4].

Table 2 presents the energy potential of biomass (BM) in Ukraine [4], which is now actively considered as an
alternative to using fossil fuels in energy production processes [5].

The purpose and objective of the study
The aim of the research is to study the process of pyrolysis of biomass fuel pellets obtained from corn straw using
an experimental gasification unit in a composite fixed layer with determination of the structure and optimal
conditions for the pellet gasification to produce biogas with a low resin content.

The objective of the research is to study the gasification characteristics of corn pellets in the gasifier of a
composite fixed layer depending on the amount of primary and secondary air supplied, determine the temperature
and depth of the pyrolysis reaction, determine the temperature distribution in the furnace and in the cracking zone
of the resin, the effect of temperature on the depth of cracking of the resin, and the effect of the volume of secondary
air on the thermal value of the obtained biogas.

Compared with other energy production technologies, the use of biomass energy has two technological
routes: direct combustion and gasification, which can use biomass on a large scale [6]. Power plants with direct
biomass burning, in which coal is replaced by agricultural and forest waste, significantly contribute to the use of
biomass energy [7,8].

However, the efficiency of using direct biomass burning is low due to its low specific gravity, inconvenient
collection, storage and transportation [9-11]. Moreover, biomass energy is the only material energy with carbon
among all types of renewable energy, so it’s a pity to use it directly as coal.

The technical route of gasification utilization can realize the co production of biomass gas, biomass carbon
and wood vinegar according to the regional resource status. It can also realize the combined power supply of
electricity, gas, cold and heat according to the regional energy demand. According to the investment scale, the
technical route of gasification can further extend the development of biomass chemical industry, such as hydrogen
production from biomass, methanol production from biomass and dimethyl ether production from biomass. With
the development of biomass gas tar removal and purification technology, the tar problem in gasification utilization
has been solved gradually. The utilization of gasification technology for the comprehensive utilization of agricultural
and forestry wastes has attracted more and more attention of researchers. Ukraine and China has a wide corn planting
area and rich corn straw resources. It is widely used to compress corn straw into pellet fuel by pelletizer to improve
its bulk density and energy density. In this case, it is possible to widely use the compression of corn straw into
granular fuel using a granulator in order to improve its bulk density and specific calorific value.

Corn straw pellet fuel

To create effective technological processes of energy conversion based on the use of pellet fuel, it is necessary
to take into account its characteristics for the management of gasification processes based on pyrolysis. Element
analysis, industrial analysis, heat value and ash fusibility test were carried out for corn straw pellet fuel according
to relevant test standards. The analysis results are shown in Table 3. According to the results of element analysis of
fuel, the theoretical air quantity is calculated, and different gasification equivalence ratio is selected to determine
the sum of primary and secondary air volume. The results of industrial analysis can be used to determine the ratio
of primary and secondary air volume. The heat value analysis can provide a basis for determining the raw material
treatment capacity according to the volume load of the gasification unit. The ash fusibility of pellet fuel can be used
to guide the determination of the upper temperature limit of the combustion zone in the test run, so as to avoid
excessive fuel slagging.

Table 3 - Comprehensive analysis of the properties of corn straw fuel pellets

Elemental Component composition Thermal dynamics (°C) Low heat value
analysis (%) (%) (kJ/kg)
C 31,19 | Volatile matter 54,68 | Deformation temperature 1030
H 4,24 Fixed carbon 13,31 | Softening temperature 1050
0 31,31 | Moisture content 3,93 | Hemisphere temperature 1080 11680
N 0,96 Ash content 28,07 | Flow temperature 1100
S 0,29 Volatile matter 0,01 Flow temperature 1100
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Introduction to the pilot plant of low tar gasification in composite fixed bed

The traditional biomass fixed bed gasification devices are mainly divided into two types: up draft and down
draft [12,13]. The up draft gasifier has high gasification and thermal efficiency, but it has the disadvantages of high
tar content of crude gas and. The quality of gas produced by the down draft gasifier is stable, and the amount of tar
formed by the down draft gasifier is lower than that of the up draft gasifier. However, the down draft gasifier has
the disadvantages of low gasification efficiency and thermal efficiency. In the process of biomass pyrolysis and
gasification, tar components are formed in the stage of fuel pyrolysis and decomposed in the stage of high
temperature oxidation [14,15]. The thermal decomposition of tar components is mainly related to temperature
[16,17]. However, in the traditional fixed bed gasifier, no matter up draft or down draft, the reaction stages of
pyrolysis, combustion and reduction are not clearly separated in the furnace space which makes the two forms of
gasifier difficult to provide a stable high temperature environment for tar cracking in physical space. The composite
fixed bed low tar gasifier involved in this study integrates the advantages of the up draft fixed bed and the down
draft fixed bed. In the composite gasification unit, the internal pyrolysis tube is used to separate the space in the
furnace, and the three stages of the gasification process, namely dry pyrolysis, combustion reduction and tar
cracking, are relatively separated in the same unit.

The pilot plant of this study is shown in Figure 1. The inner diameter of the gasifier is 1,5 m, the height is
4m, and the raw material processing capacity is 0.4 t/h. The diameter of corn straw pellet fuel is 8 mm, its length is
20-50 mm, and its bulk density is about 650 kg/m?>.

Biomass

yellots l Punifier for

gas analysis
1 Biomass
gas

™~ Top cracking zone

™ Pyrolvsis zone

Secondary

= i _: : Reduction

reaction zone
21 Oxygen reaction

Zone

Ash

Blower

Fig. 1 - Scheme of experimental setup for studying biomass gasification
processes in a composite stationary layer

The pellet fuel is uniformly and continuously fed into the gasifier from the top of the gasifier. Firstly, the fuel
is indirectly heated by high temperature gas at about 1000 °C in the pyrolysis zone to carry out pyrolysis reaction.
The generated pyrolysis gas is led to the middle of the gasifier by the induced draft fan and burns with the secondary
air. A small part of the pyrolysis gas is burned through the control of the secondary air volume. A slight decrease in
the heat value of the pyrolysis gas causes the combustion temperature to remain around 1100 °C. After partial
combustion, the pyrolysis gas heated up the tar cracking area in the gasifier. The tar cracking area is built with heat
storage bricks. The cracking zone absorbs the sensible heat of the pyrolysis gas and forms a high temperature field
to crack the tar in the pyrolysis gas into small molecule non condensable gas, so as to remove the tar in the furnace.
The fuel is pyrolyzed in a pyrolysis tube to produce semi coke. Under the action of gravity, semi coke forms a carbon
layer about 1.8m high above the grate. The primary air at the bottom of the furnace is evenly distributed through the
annular gap of the tower grate and then sent into the furnace. Under the action of primary air, the carbon in the upper
part of the grate is completely burned, and the generated ash is discharged out of the grate continuously by the rotary
grate and then cooled by the slag cooler. The generated flue gas will go up through the carbon layer to generate
carbon monoxide, which will be discharged from the top of the gasifier together with the pyrolysis gas.

The speed of induced draft fan, primary fan and secondary fan can be adjusted by frequency conversion. The
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gasifier body is equipped with five temperature measuring points, and the temperature of five areas, including
combustion area, reduction area, gas combustion area, tar cracking area and gas outlet area, is detected respectively
from T1 to TS. The gas sampling port is connected by the infrared gas analyzer (Gasboard-3100p), and the gas
composition is detected and recorded online.

Experimental results and their analysis

Through the experiment, the gasification characteristics of corn straw pellet fuel in the composite fixed bed
gasifier were studied. By adjusting the parameters of primary air quantity, secondary air quantity and feed quantity,
the temperature and reaction depth of each reaction zone are controlled. The temperature distribution in the furnace,
the influence of secondary air volume on the temperature of tar cracking zone, the influence of temperature of tar
cracking zone on tar cracking and the influence of secondary air volume on the heat value of gas were studied.

Temperature distribution in the furnace

During the operation of biomass gasification plant, the change of temperature in the furnace is a direct
characterization of chemical reaction. With corn straw particles as fuel, the gasification unit has reached a stable
operation state after a period of start-up. The temperature of each zone in the furnace is shown in Figure 2.
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Ti-temperature of the oxidation zone; T, - temperature of the reduction zone; T - temperature gas oxidation zone;
T4 - temperature of tar cracking zone; Ts- temperature of biomass gas outlet point
Fig. 2 - Temperature distribution in the furnace during the study period

When the temperature T; of the oxidation zone at the bottom of the installation (Fig.1) is between 810 °C
and 860 °C, the biomass carbon is oxidized by the action of primary air. The reaction rate depends on the rate of
chemical reaction of the interaction of oxygen and carbon on the surface of carbon particles. In other words,
oxidation is largely controlled by dynamic factors. In the experiment, the temperature of the oxidation is controlled
in a reasonable range by adjusting the primary air volume. On the one hand, overtemperature T above 800 °C can
provide enough heat for reduction zone. On the other hand, it should be below 900 °C to avoid slagging. The
temperature of the reduction zone T, is between 640-690 °C, which means that the temperature of the reduction
reaction between C and CO; remains high after the completion of the reduction reaction, so as to ensure that the
reduction reaction can be carried out normally. The temperature T3 of gas oxidation zone is in the range of 1080-
1130 °C. The temperature of tar cracking zone T4 ranges from 980 °C to 1025 °C. By controlling the air intake of the
secondary air burner, a small part of the pyrolysis gas is burned to provide the heat needed to maintain the high
temperature in the tar cracking area. The outlet temperature Ts is between 750 °C and 790 °C. The temperature
difference between Ts and T4 within 200 °C indicates that the heat is continuously supplied to the new fuel entering
the pyrolysis drum and the cracking heat of the tar components in the tar cracking zone.

Influence of secondary air volume on temperature of tar cracking zone

The volatile content of corn straw pellet fuel is 54,68 %. After the fuel is indirectly heated in the pyrolysis
tube, the volatilization analysis goes into the gas combustion area. The pyrolysis gas can react with the secondary
air quickly when the ambient temperature is higher 300 °C. As shown in Fig. 3, under the condition of stable feed
and ash output, the secondary air intake is adjusted to 130 Nm?3/h, 200 Nm?/h and 270 Nm?/h respectively by motor
frequency conversion, and the temperature changes of tar cracking zone T4 is investigated. With the increase of
secondary air volume, the combustion share of pyrolysis gas transported from pyrolysis cylinder is increasing, and
the temperature T4 of tar cracking zone is increasing. This shows that the design of the secondary air burner is
reasonable and the method of adjusting T4 by adjusting the secondary air volume is feasible.
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Fig. 3 - The influence of secondary air flow on temperature T4 of tar cracking zone

Effect of temperature in tar cracking zone on tar cracking

As shown in Table 4, after high temperature cracking at 1060 °C, the hydrogen content in the biomass gas
increased from 16,77 % to 20,82 %. Other components in the biomass gas such as CO, CH4 and C,H,, all
decreased in varying degrees. In particular, the content of light hydrocarbon gas CinH, decreased from 4,03 % to
0,49 %.

Table 4 - Biogas composition data

Sample | Temperature H» CO CH4 CwHn Tar
number in tar volume volume volume volume content
cracking percent percent percent percent | (mg/Nm?®)
zone (°C) (%) (%) (%) (%)
1 750 16,77 19,26 5,17 4,03 1875,41
2 1060 20,82 18,03 2,24 0,49 19,56

This is because the tar group of larger molecules is split into light hydrocarbon components, and the light
hydrocarbon is further split into CH4 and H». The significant decrease of the proportion of light hydrocarbon gas
indicates the almost complete cracking of tar components in the furnace. The tar content in the gas is detected by
sampling. The test results are shown in Table 4. When the temperature of tar cracking zone is 750 °C, the tar content
is 1875,41 mg/Nm?®. When the temperature of tar cracking zone increased to 1060 °C, the tar content decreased to
19,56 mg/Nm?.

Influence of secondary air volume on heat value of gas

As shown in Figure 4, when the secondary air volume is 130 Nm?/h the heat value of gas is as high as 7266
kJ/nm?. As the volume of secondary air increases, more pyrolysis gases participate in the oxidation reaction and the
flue gas mixes with the not yet oxidized combustible components so that the calorific value of the biomass exhaust
gas decreases.
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Fig. 4 - Influence of secondary air consumption on the heat value of biogas
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When the secondary air volume increases to 270 Nm®/h the heat value of gas decreases to 4460 kJ/Nm?®. The
constancy of gas oxidation zone T3 temperature about 1060 °C and tar cracking zone T4 temperature about 955 °C
provides a relatively stable high temperature environment for the cracking zone of tar components. It is feasible to
use the energy of pyrolysis gas to create a high temperature field in the cracking zone of tar in order to remove the
tar components in the gas.

Conclusions

1. The use of energy from burnt fossil fuels and nuclear fission in nuclear reactors for energy production at
energy facilities has recently been limited for a number of reasons, one of which is a negative impact on the
environment.

2. As an alternative source of energy, it is advisable to consider the use of biomass for these purposes.

3. The study of the gasification characteristics of fuel pellets from corn straw was carried out using an
experimental gasification unit in a composite fixed bed and allowed to obtain positive results.

4. The results of the study provide useful information for the production of biogas for energy purposes by
pyrolyzing biomass and producing biogas without burning tar.

5. A stable equilibrium of the chemical reaction in the installation was achieved in the pyrolysis zone, the
reduction zone, the gas oxidation zone and the resin cracking zone by optimizing the temperature distribution in
each of these zones.

6. The 1000 °C high-temperature cracking zone of the resin can be adjusted in the furnace by adjusting the
secondary air supply. This zone can separate almost all groups of resins in biogas.

7. Flexible adjustment of the secondary air supply for the gasification of pellets in a gas generator with a
composite fixed bed allows optimizing the high-temperature medium for cracking the resin while maintaining the
calorific value of biogas at 4700 kJ / nm3.

8. The ability to control the volume of secondary air supply allows you to accurately maintain the required
temperature in the cracking zone of the resin with a decrease in its content in biogas.

9. The results obtained make it possible to achieve high gasification of corn pellet granules for biogas
production with high ecological purity, which contributes to the increase in their use in energy production processes
with the simultaneous utilization of agricultural waste.

References

1. G. Varlamov, O. Daschenko, S. Kasianchuk, M. Ocheretyanko. The principle of ecological equilibrium as
a key to increasing environmental security. Collective monograph. Sustainable development of the 21st century:
management, technology, models, 590 c. Bielsko-Biala (PL), Kiev (UA) 2016, -C. 153-158.

2. G. Varlamov , Jie Shi. Sustainable development in harmony with nature: axioms and principles of a new
energy-ecological paradigm. -C. 361-369. / Sustainable development - 21st century: management, technologies,
models. Discussions 2018: a collective monograph / Minenko MA, Bendyug VI, Komarista BM [etc.]; NTUU “Igor
Sikorsky Kyiv Polytechnic Institute”’; National University of Kyiv-Mohyla Academy; Higher School of Economics
and Humanities / in science. ed. prof. Khlobistova EV - Kyiv, 2018. - 620 p. Adopted by Academic Council No. 12;
date 14/12/2018.

3. G. Varlamov, O. Dashchenko, K. Romanova. Sustainable development of megacities on the basis of the
introduction of a new ecological-energy paradigm / IV International Scientific Conference on Sustainable
Development - 21st Century: Governance, Technologies, Models. Discussions 2017: collective foreign monograph,
11.05.2017, -C.355-358.

4. G. Varlamov, Yu. Landau, V. Malyarenko, K. Priymak. Environmental aspects of energy generation.
Power engineering within renewable sources: tutorial allowance. - K .: NTUU "KPI", 2014. - 376 p.

5. G. Geletukha, V. Kramar, A. Epik T. Antoshchuk, V. Titkov. Comprehensive analysis of the Ukrainian
market of biomass pellets. -K.: United Nations Development Program, 2016.- 334 p.

6. N. Scarlatn, J. Dallemand and F. Monforti. The role of biomass and bioenergy in a future bioeconomy:
Policies and facts/ Environmental Development, no. 15, pp. 3-34, 2015.

7.Y. Zhenhong, W. Chuangzhi, M. Longlong. Principle and technology of utilization of biomass energy.
Beijing: Chemical Industry Press, 2005.

8. F. Fabby, C. Rehmet, V. Rohani. Waste gasification by thermal plasma: A review/ Waste & Biomass
Valorization, no. 4, pp. 421-439, 2013.

9.Y. Guolai. Experimental study on catalytic pyrolysis of biomass in a fluidized bed/ Huazhong University
of Science and Technology, 2007.

10. H. Junjun, H. Chengpeng, D. Jun. Present situation and Prospect of straw power generation technology /
Energy and Environment, no. 5, pp. 95-97, 2006.

11. S. Changdong, Z. Jun. Characteristics and advantages of co-combustion biomass power generation
technology in pulverized coal fired boiler / Heat Generate Electricity, no. 3, pp.10-11, 2006.

12. S. Deren, Y. Xiuli, W. Chuangzhi. Study on synthesis gas from biomass fluidized bed oxygen rich

126 ISSN 2308-7382 (Online)



ISSN 1813-5420 (Print). Enepcemuxa: ekonomika, mexnonozii, exonozia. 2019. Ne 4

gasification /Transactions of the Chinese Society fro Agricultural Machinery, vol. 3, no. 42, pp. 100-104, 2011.

13. https://www.dissertationtopic.net/school/Nanjing+Normal+University/Experimental ~ study on the
characteristics of low temperature pyrolysis carbonization and denitrification by reburning way of biomass.
Dissertation W. Qinchao: Nanjing Normal University, 2012.

14 https://www.google.com/search?rlz=1CIAOHY ruUA835UA835&sxsrf=ALeKk00xOBQrOp7YGmS56
08NjPplEyh1cPw%3A1587546341725&¢i=5QigXqfsK6-
Ik74P6aarsAl&qg=National+Renewable+Energy+Laboratory%2C+report+1998&og=National+Renewable+Energy
+Laboratory%2C+report+1998&gs 1cp=CgZwc3ktYWIQAzoECCMQJzoFCCEQoAE6CAghEBYQHRAeULoU
WPpJYOWIAWgBcAB4AIABpgGIAcoHkgEDMi43mAEAoAEBqgEHZ3dzl Xdpeg&sclient=psy-
ab&ved=0ahUKEwjn80z-1vvoAhUvxMOBHWNTCiYQ4dUDCAw&uact=5 / Biomass gasifier “tars”: their nature,
formation and conversion. T. Milne, N. Abatzoglou and R. Evans. Technical Report National Renewable Energy
Laboratory. Information Resources Catalogue, 1998.

15. https://ru.qwe.wiki/wiki/Energy Research Centre of the Netherlands / The Energy Research Centre of
the Netherlands: H. Boerrigter, V. Paasen and P. Bergman. Section "Biomass", report 2005.

16. https://www.zju.edu.cn/english/research/list.htm / Experimental and mechanism research on biomass
gasification and catalytic tar cracking. Dissertation Z. Xiaodong: Zhejiang University, 2003.

17. S. Bhattacharya, A. Mizanur and H. Pham “A study on wood gasification for low-tar gas production”,
Energy, no. 24, pp. 281-283, 1999.

VK 620.952

Y. Beiiue, PhD-acmipant, ORCID 0000-0001-8537-8528

I'. Bapaamos, 1.1.1H., npodecop, ORCID 000-0002-4818-2603
Hanionanbsuuii TexHiuyHuii yHiBepcuTer YKpainu

«KuiBcbknii noairexniynuii incrutyT iMeHi Irops Cikopcbkoro»
C. Pourdgenr, 6akanaBp, HAyKOBUI CIiBPOOITHUK

JI. CycsiHr, MaricTp, NpoBiJHHI HAYKOBHH CITIBPOOITHHK
JlocaigHUIBKHI iHCTUTYT eHepreTuku Axajaemii

Hayk nposinnii [lansayn (I3unans, Kuraii)

EKCIHEPUMEHTAJIbHE BUBUEHHS OCOBJIUBOCTEM
BUPOBHHUIITBA BIOT'A3Y IHIPOJII3OM KYKYPY/3AHUX IIEJIET

Mamepian cmammi micmums KOPUCHY [HQOpMayito Oiisi GUEYEHHS MA AHALI3Y GUPOOHUYUX NpoYecie
OmMpUManHs 6ioeasy 3 HUZLKUM 8MICIOM CMOAU WAAXOM NIPOAI3Y i ea3uikayii epanyi KyKypyoO3aHO20 COAOMU 8
KOMNO3UMHOMY HEPYXOMOMY Wapi eKCnepuMeHmanbHoi yCcmanosku. Pesyromamu nokasyroms Xopouty
NPUCTNOCOBAHICMb  YCMAHOBKU 00 UYbO20 NANUBA, MONCIUGICMb 3a0e3nedeHHs ONMUMAIbHO2O PO3NOOLTY
memnepamypu 8 Koxchill 30Hi. Konmponv memnepamypu 8 30Hi KpeKiHey cMoau 30iUCHIOEMbCA WAAXOM HO0AYi
HeoOXiOH020 00cA2Yy 8MOPUHHO20 NOBIMPS, WO 0036018€ 3HAUHO 3MEHUUMU NPUCYMHICIb CMOTU 8 OMPUMAHOMY
biozasi npu 36epesicenni meniomeopnoi 30amnocmi 2azy na pieni 4700 ke / wm’.

Knrouosi cnosa: 6iomaca; neremu; niponis;, easugpikayis,; Kpekine cmoau, 0io2as, eKon02iuHa Yyucmomd.

Hamidinna 15.11.2019
Received 15.11.2019

ISSN 2308-7382 (Online) 127


https://www.dissertationtopic.net/school/Nanjing+Normal+University
https://www.google.com/search?rlz=1C1AOHY_ruUA835UA835&sxsrf=ALeKk00xOBQr0p7YGm5608NjPp1Eyh1cPw%3A1587546341725&ei=5QigXqfsK6-Ik74P6aarsAI&q=National+Renewable+Energy+Laboratory%2C+report+1998&oq=National+Renewable+Energy+Laboratory%2C+report+1998&gs_lcp=CgZwc3ktYWIQAzoECCMQJzoFCCEQoAE6CAghEBYQHRAeULoUWPpJYOWIAWgBcAB4AIABpgGIAeoHkgEDMi43mAEAoAEBqgEHZ3dzLXdpeg&sclient=psy-ab&ved=0ahUKEwjn8oz-1vvoAhUvxMQBHWnTCiYQ4dUDCAw&uact=5
https://www.google.com/search?rlz=1C1AOHY_ruUA835UA835&sxsrf=ALeKk00xOBQr0p7YGm5608NjPp1Eyh1cPw%3A1587546341725&ei=5QigXqfsK6-Ik74P6aarsAI&q=National+Renewable+Energy+Laboratory%2C+report+1998&oq=National+Renewable+Energy+Laboratory%2C+report+1998&gs_lcp=CgZwc3ktYWIQAzoECCMQJzoFCCEQoAE6CAghEBYQHRAeULoUWPpJYOWIAWgBcAB4AIABpgGIAeoHkgEDMi43mAEAoAEBqgEHZ3dzLXdpeg&sclient=psy-ab&ved=0ahUKEwjn8oz-1vvoAhUvxMQBHWnTCiYQ4dUDCAw&uact=5
https://www.google.com/search?rlz=1C1AOHY_ruUA835UA835&sxsrf=ALeKk00xOBQr0p7YGm5608NjPp1Eyh1cPw%3A1587546341725&ei=5QigXqfsK6-Ik74P6aarsAI&q=National+Renewable+Energy+Laboratory%2C+report+1998&oq=National+Renewable+Energy+Laboratory%2C+report+1998&gs_lcp=CgZwc3ktYWIQAzoECCMQJzoFCCEQoAE6CAghEBYQHRAeULoUWPpJYOWIAWgBcAB4AIABpgGIAeoHkgEDMi43mAEAoAEBqgEHZ3dzLXdpeg&sclient=psy-ab&ved=0ahUKEwjn8oz-1vvoAhUvxMQBHWnTCiYQ4dUDCAw&uact=5
https://www.google.com/search?rlz=1C1AOHY_ruUA835UA835&sxsrf=ALeKk00xOBQr0p7YGm5608NjPp1Eyh1cPw%3A1587546341725&ei=5QigXqfsK6-Ik74P6aarsAI&q=National+Renewable+Energy+Laboratory%2C+report+1998&oq=National+Renewable+Energy+Laboratory%2C+report+1998&gs_lcp=CgZwc3ktYWIQAzoECCMQJzoFCCEQoAE6CAghEBYQHRAeULoUWPpJYOWIAWgBcAB4AIABpgGIAeoHkgEDMi43mAEAoAEBqgEHZ3dzLXdpeg&sclient=psy-ab&ved=0ahUKEwjn8oz-1vvoAhUvxMQBHWnTCiYQ4dUDCAw&uact=5
https://www.google.com/search?rlz=1C1AOHY_ruUA835UA835&sxsrf=ALeKk00xOBQr0p7YGm5608NjPp1Eyh1cPw%3A1587546341725&ei=5QigXqfsK6-Ik74P6aarsAI&q=National+Renewable+Energy+Laboratory%2C+report+1998&oq=National+Renewable+Energy+Laboratory%2C+report+1998&gs_lcp=CgZwc3ktYWIQAzoECCMQJzoFCCEQoAE6CAghEBYQHRAeULoUWPpJYOWIAWgBcAB4AIABpgGIAeoHkgEDMi43mAEAoAEBqgEHZ3dzLXdpeg&sclient=psy-ab&ved=0ahUKEwjn8oz-1vvoAhUvxMQBHWnTCiYQ4dUDCAw&uact=5
https://www.google.com/search?rlz=1C1AOHY_ruUA835UA835&sxsrf=ALeKk00xOBQr0p7YGm5608NjPp1Eyh1cPw%3A1587546341725&ei=5QigXqfsK6-Ik74P6aarsAI&q=National+Renewable+Energy+Laboratory%2C+report+1998&oq=National+Renewable+Energy+Laboratory%2C+report+1998&gs_lcp=CgZwc3ktYWIQAzoECCMQJzoFCCEQoAE6CAghEBYQHRAeULoUWPpJYOWIAWgBcAB4AIABpgGIAeoHkgEDMi43mAEAoAEBqgEHZ3dzLXdpeg&sclient=psy-ab&ved=0ahUKEwjn8oz-1vvoAhUvxMQBHWnTCiYQ4dUDCAw&uact=5
https://ru.qwe.wiki/wiki/Energy_Research_Centre_of_the_Netherlands
https://www.zju.edu.cn/english/research/list.htm%20/

ISSN 1813-5420 (Print). Enepcemuxa: ekoHoMiKa, mexHonozii, exonozia. 2019. No 4

EKOJIOTTYHI ITPOBJIEMHU B EHEPI'ETHUIII
ENVIRONMENTAL PROBLEMS IN ENERGY

N. Remez, Doctor of technical sciences, Professor, ORCID 0000-0001-8505-0266
V. Bronytskyi, TF, ORCID 0000-0001-6882-2295

National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

ESTIMATION OF RISKS FOR DEVELOPMENT OF NATURALLY
TECHNOGENIC ENVIRONMENTS

The risks of development of such natural-tech environments as landfills of solid household waste, tailings
dams, waste heaps at extraction of minerals for the possibility of their re-use as a basis of structures for civil and
industrial construction are carried out in the work. The example of the Boryspil solid waste landfill highlights the
main indicators of sources of risk: human impact, risk of explosions and fires, respiratory response, sanitary-
epidemic danger, effect on the atmospheric air, impact on the ground cover, accumulation of heavy metals on
groundwater in the presence of systems for collecting and draining filtration water, deformation of the surface. The
methodology of Failure Mode and Effects Analysis was used to expertly assess the risks of reuse of areas occupied
by natural and man-made environments for the construction of civilian and industrial sites. The experts were asked
to rank the action by paired comparisons. A pairwise comparison consisted in a consistent comparison of each action
with each other. The methodology assumes a risk rating based on the Risk priority number, which is a product of
the rankings obtained by expertly assessing the severity of the consequences and the likelihood that an object will
not be detected, by the frequency of emergencies. First, the risks with the highest Risk priority number are
eliminated. Possible scenarios and combinations of risk spectrum scenarios (technical, environmental, social,
economic) have been identified. These priorities were ranked in descending order (from 10 to 0): the highest score
was assigned to the maximum value (the most dangerous) that was given effect. The results of the expert evaluation
of the signs of severity and non-detection obtained from one expert are presented. We show matrices of related trait
severity and non-detection traits, compiled by all experts. 16 experts participated in our work. Based on the ranking
of expert indicators, matrices for estimating the impact of sources of risk for the choice of remediation direction and
subsequent use of natural-tech environments were constructed. The result was used to quantify the risk presented by
the criticality matrix of this indicating system, a measure of its impact on its reliability.

Key words: naturally technogenic environments, solid waste landfill, risk assessment, Risk priority number,

sustainability.

Introduction. The urgency of solving problems related to the development of landfills, dumps, tailings and
landfills closed for the reception of solid household waste is determined by the shortage of free space in urbanized
territories and the need for high-cost rehabilitation of old landfill formations, potentially dangerous in environmental
and sanitary and epidemiological terms. Risk assessment in the development of these territories is a key factor in
reducing potential negative impacts. The most common method of waste management in Ukraine is their disposal
at solid household waste landfills or landfills. Every year Ukraine produces more than 10 million tons of solid
household waste at existing landfills and polygons with a total area of 9.4 thousand hectares [1].

Field researches by determination of composition of municipal solid waste were conducted in 2010-2011 on
municipal solid waste landfill of Boryspil of Kiev region, the average on classification of Public service of statistics
of Ukraine the city with the population of 57.5 thousand inhabitants placed in 15 km from Kiev with big business
activity and a share of the population living in the private sector. According to local management of housing and
communal services from total amount of educated municipal solid waste a third is the share of administrative and
commercial agencies; at the same time 67% of waste are the share of the inhabited sector from which 50.1% —
inhabited apartment houses, and 49.9% — the private sector [1-4].

Considering specifics of Boryspil, it was separately studied municipal solid waste which was formed in
apartment buildings, the private sector and office rooms. In spite of the fact that such distribution is rather
conditional, the composition of municipal solid waste in these three sources considerably differs, and such approach
allowed to estimate correctly different streams of municipal solid waste and their contribution to the general the
number of formation of municipal solid waste in Boryspil.

Classification of components of the studied municipal solid waste in Boryspil provided in tab. 1 [1-4]. It differs
from classification of organic components of the guidelines of IPCC a little, was developed and claimed 2006 for
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all member countries of the SWC Env Ind project: To Ukraine, Lithuania, Georgia and Russia.

Table 1 Classification of components of municipal solid waste, Boryspil

Ne Fraction Subfraction Note
1 Paper and Mixed paper
cardboard Office paper
Glossy paper
Newsprint
Cardboard
2 Plastic PET bottles White, Blue, Green, Brown *
HDPE Products from rigid polyethylene
PVC Polyvinyl chloride products
PS Polystyrene products
Another plastic Plastic not in other categories
3 TetraPack Cardboard based multilayer packaging
4 Food waste All food waste except bone
5 Landscaping Grass, branches, plant residues and other plant
waste material
6 Wood Large branches, bars, furniture and more
7 Another Organic Textiles, leather, rubber and more
8 Ferrous metals
9 Non-ferrous Aluminum
metals Other non-ferrous
metals
10 Glass Transparent
Brown
Green
Blue
Not packing
Mixed
11 | Another inorganic Construction debris, ceramics, stones, sand,
bones and more
12 | Hazardous waste Batteries, lamps, sharp objects, medical waste,
etc.

The absence of a civilized waste management system for many decades has led to a large variety of old
landfill bodies, many of which, despite long lifetimes (60 or even 100 years), the presence of sanitary backfilling
from the ground remains sources of methane and groundwater pollution.

Goal and tasks. The purpose of the work is to carry out a risk assessment of the development of natural
engineering environments for further use as the basis of civil and industrial construction structures.

Presentation of the main research material. Analysis of physical and chemical processes in the landfill
body of the technogenic environment, engineering and technical problems arising on the natural technical
environments at the final stages of the life cycle, allows to determine the following environmental risks caused by
deposited without preliminary treatment of natural technical environments and prevent active urban planning
development (reuse) of the territories of technogenic environments [1-4]:

ecmissions and migration of biogas;

« contamination of groundwater, soils with filtrate;

* deformation of polygon working body;

* sanitary-epidemic danger of the territory of solid household waste landfill.

Thus, in order to ensure the most optimal and economical set of measures to prepare the territories for
economic use, taking into account the required minimization of risks, it is necessary to find out which of these risks
should be managed first.

Ranking risks of this kind is a complex technical and economic task, involving diverse, sometimes disparate,
factors. This problem can be solved by means of mathematical and statistical methods combined with heuristic
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methods, which have been increasingly recognized in recent years by mathematicians, economists and ecologists,
which have been developed in ISO 14000 standards in particular [5].

Failure Mode and Effects Analysis (FMEA) is a special system reliability and safety assessment technique
designed to detect and eliminate technical problems in complex systems and to analyze and assess risks that differ
in nature and direction of impact, strength and time of occurrence [6].

The FMEA analysis methodology is based on an expert assessment of the problem being studied. Experts
make up for the lack of quantitative information to a large extent. The methodology involves risk assessment by
RPN rank, which is the product of ranks obtained by expert assessment of severity of consequences (A) and
probability of non-detection (B) of the object, by frequency of emergency situations (E). First of all, the risks with
the highest RPN are eliminated [6].

Expert Group was asked to consider the impact of landfills closed for receiving solid waste on the
environment and in terms of the risk of accidents, the severity of the consequences and possibilities of their
discovery, and then rank the impact and justify their answers. The severity of the consequences for the environment
and humans was determined taking into account legal liability in accordance with ISO 14000 [5]:

sthere are no public or legislative restrictions - low hazard potential,

« increased attention in society, presence of special legislative restrictions - medium potential of danger,

« great risk of accidents, causes debate in society, significant legislative restrictions - great potential danger.

Experts were invited to rank impacts by paired comparisons. The pair comparison consisted in a consistent
comparison of each exposure with each other: if A is more important than B, 1.0 point is assigned; If B is more
important than A, 0 is assigned; If A and B are equal, 0.5 points are assigned. The following were considered as
impacts in the post-culturing period:

* human effects:

- danger of explosions and fires (x);
- effects on the respiratory tract (x2);
- sanitary and epidemic hazard (x3);

» effects on atmospheric air (greenhouse effect, depletion of the ozone layer x4);

« influence on soil cover (death of the root system of plants in case of violation of the gas regime of soil xs);

+ accumulation of heavy metals in soil (x¢);

« effects on groundwater with filtration water collection and discharge systems (x7);

* surface deformations (x3).

For each criterion, a matrix of conjugate characteristics was compiled and the priority value Py and the total
value of all priorities P were determined.

Pp=%bix, k=1m (1)
Pi=Yi 1P i=1x; ()

where 7 is the number of independent experts.
Normalization of the priority value was carried out for each impact according to the formula:

Pk_rel = Pi/zpi- (3)

The ranking of these priorities was carried out in descending order (from 10 to 0): the highest score was
assigned to the maximum value (the most dangerous) that received the impact [6]. Tables 2, 4 show the results of
an expert assessment of the signs according to the severity of consequences and non-detection, obtained from one
expert. Tables 3, 5 show matrices of conjugate signs by severity of consequences and by non-detection, compiled
according to the results of evaluations by all experts. 16 experts took part in our work.

Table 2 Table of ranging on weight of consequences by one expert

Impacts X Xz X3 X4 X5 X6 X7 X3 Pk
X1 0,5 0,5 0,5 0,5 0 1 0,5 1 4,5
X 0,5 0,5 1 1 0 0 0 0,5 3,5
X3 0,5 0 0,5 0,5 0 0,5 1 0,5 3,5
X4 0,5 0 0,5 0,5 1 0,5 0,5 0 3,5
Xs 1 1 1 0 0,5 0 0,5 0,5 4,5
X 0 1 0,5 0,5 1 0,5 0,5 0 4
X7 0,5 1 0 0,5 0,5 0,5 0,5 1 4,5
Xs 0 0,5 0,5 1 0,5 1 0 0,5 4
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Table 3 Matrix of conjugated characteristics by severity of consequences (A)

Experts
Impacts 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 14 Pi P Pr_ret
Xi 45115105 3513545105 (35(35|75|1,5(35]05]6,5]| 45 0,0980
Xz 3501651452525 (35(45] 2 [25]05(65]25]45]55]515 0,1122
X3 3515 (45| L5 |1,5]35]45 1 5165 5 1,5 45125 465 0,1013
X4 3515505506565 [35[55] 5 [65[15[55]65]55]1,5]685 450 0,1492
Xs 451 5 |45 145145145145 (354535 5 [45]45]|55| 63 0,1373
Xs 4 |5 |6 2535 4|6 [45]35[45| 5 [35] 6 |1,5]595 0,1296
Xy 450 1 | 5 |45]55[45] 5 |65]55(45| 1 |55] 5 |45]625 0,1362
Xs 4 |25 2 (65750 4|2 165[75[35[25]75] 2 |45]625 0,1362
Table 4 Ranking table by non-detection by one expert
Impacts X, Xz X X4 Xs X6 X7 X3 Px
X 0,5 0 0 0 0 0 0,5 0,5 1,5
Xz 1 0,5 1 0,5 0,5 1 1 1 6,5
X3 1 0 0,5 0 0 0,5 1 1 4
X4 1 0,5 1 0,5 0,5 0,5 1 1 6
Xs 1 0,5 1 0,5 0,5 0,5 1 1 6
Xs 1 0 0,5 0,5 0,5 0,5 1 0,5 4,5
X7 0,5 0 0 0 0 0 0,5 0 1
X3 0,5 0 0 0 0 0,5 1 0,5 2,5
Table 5 Matrix of conjugated characteristics by probability of non-detection (B)
Experts
Impacts 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 Pi YPi Pi_rel
Xi 151450156565 15/45(65|55[65](55|55]55]3,5] 65 0,1476
X, 65(55| 6 | 55|55 6 [55[25]25(55( 5 [25|25] 3 | 64 0,1453
Xs 4 1 15045(35(35[45]15(35]25(35( 7 25|25 2 |465 0,1056
X4 6 [65(55[05[25/55]65|1,5]75[05[45]75|75]| 4 | 66 0,1498
Xs 6 [45(25(55(65(25(45|45]15](55[25]15|1,5] 5 | 54 03 0,1226
Xs 45(55(55(25(35(55|55[35/(35[25] 2 |35[35]| 4| 55 0,1249
X7 1| 1,5045]25/25[45|15(35(25(25[15]25[25] 6 | 39 0,0885
Xs 25125 I |55 LS| 1 [25]1,5(65(55(35]65]65]45] 51 0,1158
Table 6 Ranking table by RPN
Impacts A B E RPN
Xi 0,098 4 0,1476 9 9 324
X2 0,1122 6 0,1453 8 8 384
X3 0,1013 5 0,1056 4 6 120
X4 0,1492 10 0,1498 10 7 700
Xs 0,1373 9 0,1226 6 3 162
X 0,1296 7 0,1249 7 5 245
X7 0,1362 8 0,0885 6 4 192
Xs 0,1362 8 0,1158 5 10 400
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Based on the resulting conjugate feature matrices according to the FMEA methodology, factors are ranked by
the total criterion RPN (Table 6), the value of which is defined as the product of ranks A, B, E:

RPZ=A-B-E. (4)

The RPN risk parameter indicates the relationship between the causes of the hazards. First of all, the risks
with RPN index most exceeding the allowed value of RPN = 125 are eliminated. If one of indicators A, B, E is 9 or
10, risk reduction measures should be developed. RPN values from 40 to 100 mean risk, RPN < 40 negligible risk.
Correction parameters for risk reduction are developed in the following sequence: elimination of causes of
emergency situation (reduction of parameter E); Decrease of cause effect (decrease of parameter A); High
probability of detecting an emergency situation for this reason (reduction of parameter B).

Based on the evaluation of expert views on RPN, it can be concluded that the indicators with high severity
of effects (RPN > 125) are:

+ atmospheric air exposure (greenhouse effect, ozone depletion x4) RPN = 700;

* surface deformations (xg) RPN = 400;

* airway exposure (x2) RPN = 384;

» explosion and fire hazard (x;) RPN = 324.

It should be noted that experts find it difficult to assess the sanitary and epidemic danger of landfill soils and
the degree of danger of developing vehicle surface deformations.

Selection of the direction of recultivation and subsequent use of the CAT territory should be carried out taking
into account minimization of these risks, first of all - formation, accumulation, migration of landfill gas, reduction
of impact on the ozone layer, reduction of risk of surface deformation.

A set of measures, including preliminary mechanical and biological treatment of natural media before burial,
filtrate collection-removal systems and biogas, will also reduce RPN environmental risks to medium and negligible
risks.

Conclusion. The work using the methodology Failure Mode and Effects Analysis carried out an assessment
of the risks of re-development of the territory using the example of Boryspil landfill of solid household waste. The
main indicators of the sources of risks are identified: human impact; Danger of explosions and fires; Effects on the
respiratory tract; sanitary and epidemic danger; Effects on atmospheric air; Impact on soil cover; Effects on
groundwater when filtration water collection and discharge systems are available; deformations of a surface.
Possible scenarios and their combinations of risk spectrum (technical, environmental, social, economic) were
identified. Based on the ranking of experts 'indicators, matrices are constructed to estimate the impact of risk sources.
Based on an evaluation of the expert opinion on RPN, it was found that the high-severity indicators were atmospheric
air effects (greenhouse effect, ozone depletion RPN = 700; deformations of a surface RPN=400; Respiratory effects
RPN = 384; Explosion and fire hazard RPN = 324. The result was used to select the direction of recultivation and
subsequent use of natural-man-made media.
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«KuiBcbkmii nositexniunuii incruryt imeni Iropst Cikopcskoro»

OIITHKA PU3UKIB ITPYM OCBOCHHI ITPUPOJIO-TEXHOTEHHIX
CEPEJIOBUIII

YV po6oTi mpoBeneHa OIliHKa PHU3HWKIB OCBOEHHS TaKHX MPHUPOIHO-TEXHOTEHHUX CEPEJIOBUII SIK ITOJITOHH
TBEPIUX MOOYTOBHX BiXO/iB, XBOCTOCXOBHIIIA, BiABAIN MPH BUAOOYTKY KOPUCHHUX KOTAJMH U MOXIIMBOCTI iX
MOBTOPHOT'O BUKOPHCTAHHS SK OCHOBH CIIOPY[ U IMBUIFHOTO i HpoMHCiIoBoro OymiBHWITBA. Ha mpukimami
Bopucminbcpkoro MOJIroHy TBepAMX MOOYTOBMX BIIXOMIB BHAUICHI OCHOBHI ITOKa3HUKH JDKEpEN BUHUKHEHHS
PU3HKIB: Oii Ha TroANMHY, HeOe3rmeka BUOYXiB 1 MOXKeX, il Ha MUXalbHI OUIIXH, CAaHITapHO-EIieMiyHa HeOe3eKa,
Iist Ha aTMOC(epHe TOBITPS, BIUINB Ha TPYHTOBHUI IMOKPWB, HAKOMMYEHHS Ba)KKUX METAJliB B TPYHTI, BIUIMBHU Ha
TPYHTOBI BOIM 3a HAasBHOCTI cHCTeM 300py 1 BiaBeneHHs (UNbTpalifHUX BoJX, AedopMalii MOBEpXHi.
BukopucroByBainacst MeToo0rist mpoBesieHHs ananizy Failure Mode and Effects Analysis 1 ekcriepTHOT OLIHKH
PU3MKIB BTOPMHHOTO BUKOPHCTaHHS TEPUTOPii, 3alHATHX NPUPOJHO-TEXHOTEHHHMHU CEpPEJIOBHIIAMH IS
OyniBHHIITBA LHMBUILHUX 1 MPOMHCIOBUX 00'ekTiB. IIpoBesieHO BU3HAYEHHS MOXJIMBHX CIIEHapiiB i KOMOiHauin
CIICHAPITB CIIEKTPY PU3UKY (TEXHIYHOTO, €KOJOTTYHOI0, COIiaJbHOr0, €EKOHOMIYHOT0). Ha OCHOBI paHXHpyBaHHS
MOKa3HUKIB €KCHEPTIB OOYA0BaHI MaTpHUL OLIHKa BILUTMBY JKEPEJ PU3HKY JUIs BUOOPY HAINPsMY PeKyJIbTHBALT i
MOJAJBIIOT0 BUKOPUCTAHHS MPHPOIHO-TEXHOTEHHUX CEPEIOBHII. Pe3ylbTaT BUKOPHCTOBYBABCS ISl KiJbKiCHOT
OIIHKHA PW3WKIB, MPEICTABICHAN MAaTPHUICI0 KPUTHIHOCTI IIi€i CHCTEMH Ti€i, 0 MmoKa3ye, Mipy BIUIMBY Ha il
HAIIHHICT.

Knrouoei cnosa: mpupogHO TEXHOTEHHI CEpelOBHUINA, MOJIrOH TBEPAUX MOOYTOBUX BIAXOMIB, OIliHKA
pu3ukiB, RPN, cTilKiCTB.
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HanionanbHuii TexHivHMii yHiBepcuTeT YKpaiHu

«KniBcbknii noairexniynuii incruryt imeni Irops Cikopcbkoro»

BU3HAYEHHS PAIIIOHAJIBHOI'O ITOKA3ZHUKA BOJIOTI'OCTI ITPH
CITAJIIOBAHHI TBEPAUX ITOBYTOBUX BI/IXOAIB

B cmammi posenamymo axmyanvhe 0 cb0200eHHSI NUMAHHA NOBOOMNCEHHS 3 MBEPOUMU NOOYMOBUMU
8i0X00amu ma aKyeHmos8ano yeazy Ha me, wo HAuoOiIbul eqheKmuBHUM MEMOoOOM CKOPOUeHHs 00csey 8i0X00i6 €
mepmiuna 0bpobra. Ilpudineno ysazy maxomy 6axXCIUBOMY naApamempy npu CHAm08AHHI MEepoux Nnooymosux
8i0X00i8 5K 80102ICMb MA HABEOEeHO OaHi MUnoeoi eonozocmi. Ilpoeedeno 02140 6NIUEI6 3AOPYOHIOIOHUUX PEHUOBUH,
wWo BUOLIAIOMbCS 8 NPOYeCi CRATIOBARHS NOOYMOBUX 8i0x00i8. TIposedeno ananiz KOHYEeHMPayii OCHOBHUX XIMIUHUX
CHOMYK NpU CHATIOBAHHI MEepoux nobymosux 6ioxoodie 6 3danedxcHocmi 8i0 cmynewns ix eonozcocmi. Pospaxosarno
NOKA3HUK NPUUHAMHOL 8071020CMI 07151 CHATI0B8AHHA 8I0X00i8, NPU AKOMY KITbKICMb 8UKU0i8 OyOe MiHiManbHow. [
CHPOWEHHS PO3PAXYHKY 3ACMOCO8YBANUCH hpozpamni 3abe3neyenns Microsoft Excel ma MathCad. Ilpu susnauenmi
BUKOPUCMOBYBANUCL PeaNibHi  3HAYEHHS 60N020cmi ma  KoHyewmpayii  eukudie. Illnaxom nepemeopeny,
CNiBGIOHOUWIEHb ™A PO3PAXYHKIE BCMAHOBIEHO 3ANEHCHOCMI Ol KOJCHO20 3 6UKUdis. Buxopucmosyiouu
Koegiyicumu, sKi 6paxo8yroms Kiac HeOe3neKu peyosurn ma 000aswu 6Ci 3HAUeHHs 0YI0 3HAUOEHO MIHIMAlbHE
3HAueHHs. BUKUOI6 Mma 80a02icmb, Npu AKIU cnocmepicacmocst ye sHadenns. Cmeopeno aneopumm po3paxyuKy, 3d
SKUM MOJICHA SUHAYUMU KUIbKICMb GUKUOLIE, W0 YMEOPUMbCS NPU CNANIOGAHHI KOHKPEMHOI CyMiudi meepoux
nobymosux ioxodis.

Knwuosi cnoea: meepdi nobymosi 6i0xoou, 3a0pyOHI0I04i pedosUuHU, 60]102iCMb, YMULi3ayis, 6UKuou,
XIMIYHI CROTYKU.

Beryn

VYrTumizamiss TBEpAUX BIIXOIIB € TOCTPOIO Ta MOIIMPEHOI0 MPOOJIEMOIO SK Y MICBKHX, TaK 1 B CUIBCBKUX
paiioHax OaraTboX PO3BMHEHUX KpaiH Ta KpaiH, 110 pO3BHBAIOTHCA. 30ip Ta 3aXOpPOHEHHs TBEPAUX MOOYTOBUX
BigxoniB (TIIB) e oani€ero 3 TOJOBHUX MPOOJIEM MICHKOI'O CEpEIOBHIIA B OUTBIIOCTI KPaiH CBITY ChOroHI. PimieHHs
mono ynpasiinasg TIIB moBuHHI OyTH (iHAHCOBO CTIHKMUMH, TEXHIYHO 3JIHCHEHUMHM, COLIAIBHO, IOPUINYHO
NPUIHATHAME Ta €KOJIOTTYHUMU. [T0BOPKEHHS 3 TBEPAMMH BiAXOAaMH — HAHOUIBIINI BUKIIMK JUIs BJIaJH SIK MaJIUX,
TaK 1 BEJIUKUX MICT.

V cBoIO Uepry, caMe eHepreTUIHA YTHITi3alIlis MOAUISETHCS Ha TP OCHOBHHX THITH:

1. 36ip Giora3zy Ha mouironax i 3anumax TIIB 3 HacTymHHM BHUPOOHHWIITBOM €JIEKTPO- Ta/ab0 TEIIoBOi
EHEeprii;

2. Mexano-6ios0riuna 06podka TIIB 3 MoxIHMBUM BUPOOHHUIITBOM Oiora3y Ta/abo TBepaoro manusa 3 TIIB
3 MIOJAITBIITUM BUKOPUCTAaHHSIM Ha IIEMEHTHHUX 3aBojiaX abo B crienianizoBanux TEILl/koTenbHSX;

3. Tepmiuna oOpoOka/mepepoOka 3MimaHUX (3aIWMIKIB Ticas coptyBaHHs) TIIB 3 momambimam
BUPOOHMIITBOM EJIEKTpOEHepTii Ta/abo Teria

Tepmiuna o0poOka TIIB [1] € HalOUIbII e(EKTUBHUM METOJOM CKOPOYCHHS BIAXOJIB i HEOOXITHOCTI IX
BUlJIeHHsI. MOXIIMBI Taki BUJM yTHIIi3alii OOYTOBHUX BiJIXOJiB:

1) BupoOHuTBo Tera i enekrpoeHeprii 3 RDF (Refuse Derived Fuel)/SRF(Solid Recovered Fuel),
OTPHUMAHOTO TicJIsi MeXaHiqHOI Ta GionoridHoi 00poOKH;

2) KJIaCHM4Ha CMITTECHANIIOBaJIbHa YCTAHOBKA — crantoBaHHA 3Mmimanux TIIB micnst BuwirydeHHS LiHHO{
CHPOBUHH;

3) ekcriepuMeHTANbHI TEXHOJIOT11: MipoJIi3, Tazudikaris.

IIpore B mpomeci crnamoBanHs TIIB B armochepy BHIIISIOTHCS 3a0pyAHIOIOYI PEYOBHMHHM Ta XiMidHI
CIIOJTYKH, IO 3aJIeXkKaTh Bl 0aratbox (hakTopiB i 371MCHIOIOTh HETATUBHUN BIUIMB HA JTOBKIJUIA.

Merta Ta 3aBIaHHSI.

Mertoro poOOTH € BU3HAYECHHS [MOKA3HWKA MPUHHATHOI BOJIOTOCTI JJISI CIAJIOBaHHS TBEPAUX IOOYTOBHX
BIZIXO/IIB, IPH SIKOMY KiJIbKICTh BUKHIIB Oy/e MiHIMaJIbHOIO.

Martepian i pe3yJIbTaTH J0CTiIKEHb.

[Ipu rutanyBanHi npouecy cnamoBanHHs cyminn TIIB BpaxoByeThCs Unmasno nmapaMmeTpiB: TEXHOJIOTIS, 3a
KO0 OyZie YTHIII3yBaTHCh CMITTsI, MOP(OJIOTIYHUI CKIaa, HEOOXiAHICTh MONEPEeTHbO MiATOTOBKU (COPTYBaHHS,
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MOJpiOHEHHs), arperaTHU CTaH BiAXOMiB, (pakIiHHWUN CKJIan, TEIMJIOTa 3rOpaHHs BimxomiB Tomo. He MeHmn
BaXKJTUBOKO XaPAKTEPUCTHKOIO € i BOJIOTICTh BiJIXOIIB.

Bosiora — KibKicTh BOJIH, 1110 BOUPAEThCS B MaTepial y BUMTIAI Tapy abo pigunu. [i MOKHA BUpa3uTH 1BOMA
OKpEMHMH cIIoco0aMH, K BIJICOTOK BiJl MOKPOT MacH 3pa3ka a0o sIK BiJICOTOK Bij cyxoi Macy 3pa3ka. [lepiuii MeTon
BUKOPHCTOBYETHCS YacTille, i popMyia Jisi HOro BUPasKeHHSI:

w—d
M= * 100%
w
(1)

ne M — BMmict Bojioru, %;
W — Bara CBi)OT0 3pa3Ka;
d — Bara 3pa3ska miciisl BACUXaHHS.

Pi3Hi Bigxou MaroTh pi3Hi XapaKTEepUCTHKH, III0 CTOCYIOTHCSI BMICTY BOJIOTH Ta MUTOMO] Bard [2]. Sk BHIHO
3 tabi.1, THHOBMIA BMicT Bostory 3MiHIOETHCS BiJ 80% mo 0% 3anexxHo Bij Martepialis.

Tabauus 1 — Jladi 1010 TUIIOBOT BOJIOTOCTI Y BiIX0Aax

Bouoricts, % Macu

Tun Bigxoxis

Jiamazon Tumosa
JKutJioBi Bixxoamn
Xap4oBi Bigxoau (3milIaHi) 50-80 70
ITamip 4-10
Kapron 4-8 5
ITnactux 1-4

TexcTrib 8-15 10
I'yma 1-4 2

Hlkipa 8-12 10

JIBOpoOBi Bimxoau 30-80 60

JepeBuna 15-40 20
Ckio 1-4 2
Kepctsai 6ankH 2-4 3
AmoMiHIN 2-4 2
[H1mi MeTanu 2-4 3
Bpyn, 30ma oo 6-12 8
TTomin 6-12 6
[H1re cMiTTS 5-20 15

Komepuiiini Binxoau

Xap4oBi BiIxoau 50-80 70
[punagu 0-2 1
JlepeB’stHi BUpOOH 10-30 20
OO6pi3ku 3 nepeB 10-80 15
Cwmitrs (Troproue) 10-30 15
CwmitTa (Heroproue) 5-15 10
CMmitT4 (3Mimane) 10-25 15
ByaiBHMUTBO Ta 3HeCEeHHS
3wminrane 3HeceHHs (Heroproue) 2-10 4
3minrane 3HeceHHs (Toproye) 4-15 8
3MilraHa KOHCTPYKLis (roproya) 4-15

3a3Buuail MyHIUOAIBHI BIIXOAU MICTATh OUIbIE BOJIOTH, Hik KomepiiiHi. {e BinOyBaeTbcs TOMY, IO
XapuoBi BIZIXO/M 3MIIIYIOTHCS 3 MYHILUNAIEHIUMH BiIX0/1aMH, TOMY BMICT BOJIOTM MO>Ke ImiBHITyBaTHCs 110 40%,
a B KOMepLiitHuX Biaxoais - 10 30%.

3rigao [3] mpu pi3HUX KUTbKOCTAX Boyiord y cymimi TIIB mijg yac cnamioBaHHS y JOBKULIS HAIXOMASATh
3a0pyAHIOIOYi pEYOBHHH 3 Pi3HOIO KOHIEHTpaIier. JlaHi pedoBHH Ta X KOHIICHTpaIliii HaBeJeHO B Tabm.2.

ISSN 2308-7382 (Online) 135




ISSN 1813-5420 (Print). Enepcemuxa: ekoHoMiKa, mexHonozii, exonozia. 2019. No 4

Tabmuis 2 — KoHneHTpaitisi OCHOBHHX XiMIYHHX CHOJIYK TIPH CTIAJTFOBAHHI

Booricts Ximiuni cionyku, mr/m?
TIIB, %
HCL NH;3 HCN H,S SO, CS;
34 2,5 0,05 0,73 16,3 0,3 0,75
17 3,0 0,01 0,85 14 0,3 1,7
5 6,5 0,006 1,0 7,9 0,4 24

IIpoBeaemo OLIBIT eTaTBHUN aHAJI3 KOKHOI 31 CHONYK. JlaHi peHOBHHHM MiAMATAIOTh €PEKTY cyMarlii, ToMy
MOXHA BU3HAYUTH 1X BIJICOTKOBHH CKJIAJ] Ta IEPEBECTH 3HAUYCHHS KOHIICHTpAIlii B MacoBi BUKUAM (Tab1.3).

Tabsmus 3 — IlepepaxoBaHi KiJIbKOCTi 3a0py/IHIOIOUMX PEYOBHH

Bounoricts Ximiuni cionyku, Mr/m3
TIIB, %
HCL NH; HCN H,S SO, CS,
34 0,359 0,0001399 0,028 12,88 0,0061 0,053
17 0,454 0,000008363 0,035 9,869 0,0051 0,143
5 2,307 0,000001145 0,042 3,428 0,0068 0,242

Jani rpadivHo HABOMMO 3aJI€)KHOCTI KIIBKOCTI BUKU/IIB BiJl BOJIOTOCTI cnaimtoBanoi cymimi (puc.l — puc.6).

HCL

2,5

1,5

0,5

0 5 10 15 20 25 30 35 40

Pucynok 1 — 3anexHicTh KiIbKOCTI BUKH/IB BiJl BOJIOTOCTI cramoBanoi cymimi st HCL

NH3

0,0002
0,00015
0,0001

0,00005

0 G
0 5 10 15 20 25 30 35 40

PucyHok 2 — 3ajexHICTh KiJIBKOCTI BUKHUIIB BiJl BOJIOTOCTI CHAMOBAHOI cyMminmi juist NH3
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0,045 HCN

0,04
0,035
0,03
0,025
0,02
0,015
0,01
0,005

0
0 5 10 15 20 25 30 35 40

RZ=1

PucyHok 3 — 3ajexHICTh KiIbKOCTI BUKUJIIB BiJl BOJIOTOCTI criaimoBanoi cymimti it HCN

14
12

10

0 5 10 15 20 25 30 35 40
PucyHoK 4 — 3aneKHICTh KUTBKOCTI BUKH/IIB BiJl BOJOTOCTI criaytoBanoi cymimti st HoS

SO,

0,008
0,007

0,006
0,005 y = 7E-06x? - 0,0003x + 0,0082

0,004
0,003
0,002
0,001

0 5 10 15 20 25 30 35 40

PucyHOK 5 — 3aneHICTh KiIbKOCTI BUKH/IIB BiJl BOJOTOCTI cramoBaHoi cyMmimti st SO,

3riqHo nmaHWX, y mporpamHoMy cepemoBuini MS Excel Bm3HadeHO miHIIO TpeHIy Ui KOXHOI i3
3aIIEKHOCTE.

JliHist TpeHAy BUKOPHCTOBYETHCS JUIsl IPOTHO3YBaHHS OyIb-AKOI MOJI1 Ha OCHOBI YK€ HasBHHUX JaHUX. 3a
JIOTIOMOT0I0 Hel MOJKHA Bi3yaJbHO 3pO3YMITH, SIKY AMHAMIKY MarOTh JIaHi, 3 SIKMX MoOynoBaHui rpadik. Marouu
JiHIT TpeHay AJsl JaHUX BUKHJIIB MOXKHA PO3paxyBaTH iX KUIBKICTh MPH PI3HUX 3HAYEHHAX Bojorocti. s uporo
BUKOPHCTOBYETHCS MporpaMHe 3ade3nedenns MathCad [4].
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s,

0,3

0,25

0,2

0,15

0,1

0,05 RZ=1

0 5 10 15 20 25 30 35 40

Pucynoxk 6 — 3asexxHicTh KUIBKOCTI BUKH/IB Bijl BOJIOTOCTI criayitoBanol cyMiri aist CSy
3HaueHHs BOJIOTOCTI 33 IKUMH PO3Pax0OBYBaTUMYThCS KUIBKICTh BUKHIIB!
x = (5; 10; 15; 20; 25; 30; 35; 40) 2)

Tenep Ui KOXKHOTO BHIIAJIKY 3amucyeMo (OpPMYTy TPEHIy, 3a SKOK pPO3PaxOBYBATHMEThCS KiJIbKICTh
BUKHUIIB.

Kinvkicmo euxuoie HCL:
vy, = 0,0051x* — 0,2662x + 3,5111 = (2,308; 1,359; 0,666; 0,227; 0,044; 0,115; 0,442; 1,023) (3)
MiniMasibHe 3HaYCHHST BUKH/IIB min(yl) = 0,044 nocsiraeTbcs NP 3HAYEHHI TEMIepaTypH Xs = 25.

Kinvxicmo suxuoie NHj:
y,=3-107x* -5-10%c+2-107° = )
=(25-107% 0; 1,25-107%; 4-107°; 8,25-107°; 1,4-107% 2,125-107% 3
-107%
MiHiManbHe 3HAYCHHS BUKUIIB min(yz) = 0 mocsraeTbcs IpW 3HAYCHHI TemIeparypu x, = 10.
Kinvkicmo suxudie HCN:
y, =3 1077x% — 0,0005x + 0,0443 = (0,042; 0,039; 0,037; 0,034; 0,032; 0,03; 0,027; 1,025) (5)

MiniMasibHe 3HaYCHHS! BUKH/IIB min(y3) = 0 gocsiraeThCs IPYU 3HAYEHHI TeMmeparypu xg = 40.

Kinvxicmo euxuoie H,S:

y, = —0,0127x* + 0,7872x + 4,2607 = (6)
= (7,879; 10,863; 13,211; 14,925; 16,003; 16,447; 16,255; 15,429)

MiHiManbHe 3HAYCHHS BUKHUIIB min(y 4) = 7,879 nocsiraethCs NpU 3HAUYEHHI TEMIepaTypu xX; = 5.

Kinvkicmo euxuoie SO;:

ys = 7-107°x* — 0,0003x + 0,0082 = @)
=(6,875-1073; 59-1073; 5,275-107%; 5-1073; 5,075-1073; 5,5+ 1073;
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MiniMaJibHE 3HaYCHHS! BUKH/IIB min(ys) = 51073 gocsraeTses npy 3HaYeHHI TemnepaTypu x, = 20.

Kinvxicmo euxuoie CS,:

Ve = 0,0001x2 + 0,0104x + 0,2813 = (0,232; 0,187; 0,148; 0,113; 0,084; 0,059; 0,04; 0,025) ()

MiniMasibHe 3HaYCHHS! BUKH/IIB min(yé) = 0,025 nocsraeTbcs Npyu 3HAUYEHHI TeMmeparypu xg = 40.

I'pynu Ta xitacu HeOe3MeKn BU3HAYAIOTHCS 3aJIEXKHO BiJl PiBHS BIUIMBY Ta PiBHS 3aXHUCTY, IO 3a1o0irae mei
BIUHB. Kitacu HeOe3neKu BH3HAYAIOTHCS 33 BUIAMU HEOC3IICKH.

PeyoBuHM, 110 HAIXOAATH Y JOBKUUISA NPH CHATIOBAHHI BIAXOJIB MAlOTh Pi3HUN HETATHMBHUN BIUTUB Ha
JIOBKUILISA, SIK pe3yJbTaT — HAJCKATh JI0 PI3HUX KJIACIB HEOE3MeKH, X Kiacudikallis HaBeaeHa B Tabm. 4. [S]. dus
MOJANTEHUX PO3PaXYHKIB pEYOBUHAM HAJIAETHCS KOSQIIIEHT, SKHIA 3aJIe)KATUME BiJ] KJIaCy HEOE3MEUYHOCTI PEUOBHHU
1 IOKa3yBaTHME PiBEHb BILIHBY.

Ta6muig 4 — Kitacu HeOe3nekn peuoBUH

PeuoBuna Kiac nebesnexn KoedimieHT
HCL 2 1,3
NH; 4 1,1
HCN 2 1,3
H,S 2 1,3

SO, 3 1,2
CS, 3 1,2

3rigHo TabIuUI, HaBeIeHOI BUIIIE PO3PAXOBYEMO 3aralbHy KUIBKICTh BUKHUIIB IPH JaHUX TeMIIEpaTypax:

Y = 1,3 yl + 1,1y2 + 1,3y3 + 1,3}/4 + 1,2y5 + 1’2y6 = (9)
= (7,809; 10,571; 12,866; 14,692; 16,051; 16,941; 17,364; 17,318)

MinimanbHe 3Hauenns ukuis min(Y) = 7,809 nocaraeTbes npy 3HAYEHHI TeMIEpaTypu x; = 5.

Tabmurg 5 — Tunu BiAXOMiB 711 pO3paxyHKY BUKHIIB

e Tun Bigxoxnis Bouoricts, % Macu
1 Xap4oBi Bigxou (3minIaHi) 70
2 [amip 6
3 Kapton 5
4 [Tnactux 2
5 Tekctuib 10
6 I'yma 2
7 kipa 10
8 JIBopoBi Bigxoau 60
9 JepeBuna 20
10 Ckio 2
11 XKepcrsini banku 3
12 AsroMiHIA 2
13 IHmi Meranu 3
14 Bpyx, 30ma Tomio 8
15 [Tomin 6
16 [HIIe cMitTs 15

Jlis BU3HAYEHHSA BOJIOTOCTI BiAMOBIAHOI cyMmimri MOTpiOHO 3aHECTH JaHI MIOAO0 MOP(OIOTIYHOTO CKIAILy
BIIXO/IIB.

OCKINBKY CTIATIOBaHA CyMilll MOXKe OyTH YTBOpPEHA Pi3HUMH BiJJICOTKOBHM Ta MOP(OJIOTIYHNM CKIIAZIOM, TO
OyB po3poOJIeHNIT aNTOPUTM, IO TO3BOJIITHME PO3PaxyBaTH KiIbKICTh BUKHAIB Il KOHKPETHOTO MOP(OIOTiTHOTO
cxirany TIIB. Ins mboro B3SITO MEpemiK rpyl moOyTOBHX BiAXOIIB Ta XapaKTEPHUCTHKH iX THIIOBOI BOJIOTOCTI (Ta0II.
5).

11:10; I :10; 13:5; 14 :5; 15:5; Is :5;17:5; Is :5; (10)
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Io=10; Iio=5; Iii=5; Iio=5; Ii3=5; Liu=5; Lis=5; Lis=5.
Bounoricts cyminn (WW) BU3Ha4a€eThCsl HACTYITHUM YHHOM:
WwW=1-W =224 11

ne 1= (1/100; 1,/100; I5/100; 14/100; Is/100; I¢/100; 17/100; Is/100; Is/100; T10/100; 111/100; T1,2/100; 1,3/100;
114/100; I15/100; 116/100);
W= (70; 6; 5; 2;10; 2; 10; 60; 20; 2; 3; 2; 3; 8; 6; 15).

[lizcraBuMo OTpUMaHe 3HAYEHHs B HasBHWIA mianason 3navens: x = (5; 10; 15; 20; 22,4; 30; 35; 40)

Jani po3paxyHKH MPOBOIATHCS aHAJIOTTYHO TIOTIEPEIHIM 1 HAIPUKIHII OTPUMYEMO 3HAYECHHSI CYMH BUKHUJIIB
npu AaHiit Temneparypi. Po3paxoBane 3Hau€HHS BOJIOTOCTI 3HAXOAUTHCS Ha I1°SITIM MO3UIIT, TOMY BiIpasy LIyKaeMo
3HAYCHHS BUKU/IIB MIPH 11’ ITOMY 3HaueHHi (puc. 7).

Y = 1,3 yl + 1,1y2 + 1,3y3 + 1,3y4_ + 1,2y5 + 1’2y6 = (12)
= (7,809; 10,571; 12,866; 14,692; 15,403; 16,941; 17,364; 17,318)
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PrucyHOK 7 — 3ayIexHICTh BUKUIIB BiJl BOJIOTOCTI BUITAIKOBOT CYyMIIITi

Takum 4YHMHOM, JaHUH aNTOPUTM MOXKHA 3aCTOCOBYBATH JUIsl Oy/b sikoro ckianay TIIB.

BucHoBku

JlociIKeHO THIIOBI BOJIOTOCTI [T PI3HUX TPYIT BiIXOMAiB. 3HAYCHHS BOJIOTOCTI MOKe KOJMUBATHCH Bif 0 10
80% B 3aJIe)KHOCTI BiJl TUITY CMITTS. Bigxoau Bij )KUTIOBOI Tany3i MaroTh HalOLIBIIY CTYIIHB BOJIOTOCTI, OCKLIBKA
TaM BEIUKUH BiICOTKOBHUII CKJIax OpTaHIYHWH BimxoziB. BcTaHOBIEHO 3aleXKHOCTI I KOXKHOTO 3 BUKHIIB,
HaBelleHO iX rpadivunnii Burnsaa. [Ipu 3MeHIIeHHI BOJOTOCTI MiJ Yac MPOIECy CIATIOBAHHS BiIXOMIB, KUTBKICTH
BUKHIB MO’KE€ 3MEHIITYBaTHCh a00 30inbnryBaTCh. Lle moB’s13aH0 3 e(heKTUBHICTIO X BUITAJIOBAaHHS Ta XapaKTepOM
BUKHIIB.

3a IOTIOMOTOI0 iICHYIOUOTO MPOTPaMHOTO 3a0€3MeUeHHs JUIsl KO’KHOTO BUKUAY PO3paxoBaHO HOTO KUTBKICTh
TIpH 3aJaHUX 3HAYCHHSIX BOJOTOCTI cymimi. Po3paxoBaHo cymapHe 3HA4YCHHsS BUKHAIB MPH 3aJaHill BOJOTOCTI.
BuzHaueHo onTHManbHe 3HaUEHHS BOJIOTOCTI JUIsl CHIAIOBAHHA cyMimi — 5 %.

Po3pobnieno anropuT™, 3a SKMM MOXXHa BU3HAYMTH CyMapHy KiJbKICTh 3a0pyJHIOIOYMX PEYOBUH MIO
HaJXOJUTh Y JIOBKIJUIS B ITPOIIECi TEPMI4HOT yTHIIi3amii BiAX0iB
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DEFINITIONS OF A RATIONAL INDICATOR OF HUMIDITY AT
COMBUSTION OF MUNICIPAL SOLID WASTE

The article deals with the current issue of solid waste management for today and emphasizes that heat
treatment is the most effective method of waste reduction. Under the heat treatment, the combustion process is
considered. The impact of pollutants released during the incineration of household waste is reviewed. It is revealed
that a number of certain parameters are taken into account while planning the process of incineration of a mixture
of solid waste. Such as technology that will dispose of debris, morphological composition, the need for pre-treatment
(sorting, grinding), the aggregate state of waste, fractional composition, heat of combustion of waste, etc. Equally
important is the humidity of the waste to be recovered through incineration. Humidity is the amount of water
absorbed into the material in the form of steam or liquid. It can be expressed in two separate ways, as a percentage
of the wet weight of the sample or as a percentage of the dry weight of the sample. Therefore, this paper focuses on
such an important parameter when burning solid waste as humidity, and presents typical humidity data. The analysis
of the concentration of basic chemical compounds during the incineration of municipal solid waste, depending on
the degree of their humidity was done. The acceptable waste incineration humidity is calculated, with minimum
emissions. Microsoft Excel and MathCad software were used to simplify the calculation. Real values of humidity
and emission concentration were used in the determination. The transformations, ratios and calculations determine
the dependencies for each emission were established. Using the factors that take into account the hazard class of
the substances and adding all the values, the minimum emission value and the humidity at which this value is
observed were found. A calculation algorithm has been developed to determine the amount of emissions that will be
generated by burning a specific mixture of solid waste.

Key words: municipal solid waste, pollutants, humidity, recycling, emissions, chemical compounds.
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XMeabHUUbKH HAIOHAJILHUI YHIBepCUTET

OYUIINEHHA CTIHHUX BO/I I'AJIbBAHIYHUX BUPOBHUIITB:
EKOJIOI'TYHI TA EKOHOMIYHI ACIIEKTHA

B Vpaini € cocmpa nompeba 6 mioi, Ky 6UKOpUCmMOB8YIOMb @ PIHUX 2any3sX npomuciosocmi. I arveaniute
BUPOOHUYMBO MA Yexu BUPOOHUYMEA OPYKOBAHUX NIAmM € 0dxceperamu exonociunoi nebesnexu. Memoro pobomu €
eKonociune ma eKoHOMiuHe OOIPYHMYSAHHS BUOANEHHS. MIOi 3 CMIYHUX 600 mMaA NOOAbule ii 6UKOPUCMAHHAL.
Buseneno ocHosHi yuHHUKU He2amMUBHO2O0 6NAUBY BIOX00I6 SUPOOHUYMBEA NIAM | 2ANbEAHIYHO20 SUPODHUYMEA HA
oogkinns. LL{o6 ynuknymu HakonudeHns wiamie na mepumopii nionpuemMcme 3anponoHO8AH0 6UKOPUCTOBYEAMU
MEeXHON02II0 pecenepayii 8ioNpayboBaAHUX PO3UUHIE MPAGIEHHS, 34 AKOI GUOLIEHUL Memail UKOPUCINOBYIOMb K
8MOPUHHY CUPOBUHY 051 BUPOOHUYMBA MIOI, A peceHepO8aHULl PO3UUH NOBMOPHO BUKOPUCIOBYIOMb O MPABILeHHs
opykosanux niam. Haykoea Hosusna pobomu nonseac 6 momy, wo 3anponoHOBAHO NiOXIO 01 OMPUMAHHA
000amKo80i cUposunu i3 CMIYHUX 800 6UpobHUYMEa Opykoganux niam. Ilpakmuuyna 3umauywjicme nonseac y
3MeHUleHHI 8NUBY 8I0X00i8 BUPOOHUYMBA HA OOBKINIA, d MAKOHC OMPUMAHHI Oeuleoi CUpOBUHU i3 CIMIYHUX 800
npomucnosux nionpuemcms. Omodiwce, BUSHAUEHO CYMAPHULL THOEKC Hebe3NneKu Wiiamy 3a ICHYY020 CMAHy
30epesicenns winamie na mepumopii nionpuemcms (0.045) ma nicis peanizayii eionosnenus cmiynux 600 (100).
Oyineno eKOHOMIUHI NOKA3HUKU CIBOPEH020 HA OCHOBI OAH020 O0CHIONCeHHs 00aa0HanHs. Bnposadacenns nosoi
MEXHON02I] OYUUWeHH CMIYHUX 600 MINbKU OOHIEI0 YCMAHOBKOI Modice npunecmu Oitvute 2,8 MIH. 2pH
EKOHOMIYHO20 eeKmy

Kniouosi cnosa: miov, canveaniune supoOHUYmMe0, CMiuni 600U, OPYKOBaHi Naamu, pecenepayis.

Beryn. B YkpaiHi € HaranbHa oTpeda B Mifi, Ky 3aCTOCOBYIOTh Y 0araTbOX Taidy3sX MPOMHUCIOBOCTI. Y
TOW >Xe "ac B YKpaiHi He po3BifaHi pojoBUIIa MigHHX pyA. [IepcrekTHBHI Ta MPOTHO3HI PECypcH MITHUX Py
omiHeHO: Y BonmHckkoMYy perioHi, Ha JlorOaci i B JIHinmpoBchKo-/l0HEBKIH 3amaanHi B Mekax YKpaiHCBKOTO MIUTa
B Cepennpo-IIpunHinpoBcrkoMy Ta BonmmHCEKOMY perioHax. 3aranbHi pecypcu pyd BoimHCBKOTO paiioHy 3
cepenniM BMicToM Mifi 1,0 % omiHIOOTECS B 28 MITH T MeTany. Bece BUKIIaZieHe CBITYHUTH PO HECTady IMOKIAIIB
MigHEX pyx B Ykpaini. lllopiuni motpedu Ykpainu Ha meil Metan cTaHOBIATH npuOausHo 120-140 tucsd ToH,
JIBAALATH BIJCOTKIB 3 SKHUX 3a0€3MeUylOTh BIACHUM MIiZHHM OpyXTOM, a peITy y BUIJLAI YOPHOBOI Miai
JIOBOAUTHCS 3aBO3UTH 3 cycinHix Pocii Ta ITosemi [1].

lanpBaHiuHE BHPOOHMITBO € OJHUM 3 HaWHEOE3NMEUHINMX Kepen 3a0pyAHEHHS NOBKULIL, TOJIOBHUM
YHUHOM ITOBEPXHEBUX 1 MIA3EMHHUX BOJIOIM, Yepe3 yTBOPEHHS BEIHKOTO OOCATY CTIYHHMX BOJ, a TaKOX BEIHKOI
KUTBKOCTI TBEPUX BIIXOIiB, 0COOJIMBO BiJl pEar€HTHOTO CIIOCO0Y 3HEMIKOKEHHS CTiYHUX BOJ. CIOTyKH METaliB,
SKI BUHOCSATBCSI CTIYHUMH BOJAMH TaIbBaHIYHOTO BHPOOHHWIITBA, JOCHTH IIKiJIMBO BIUIMBAIOTh HAa €KOCHCTEMY
TPYHT-POCJINHA-TBAPUHHUHI CBIT-TIfoANHA [2].

[lizgyac BUKOpHCTAHHS r'ajbBaHIYHUX IPOLECIB B Cy4aCHOMY BHPOOHHUIITBI BUHHMKAE PHU3HK, TOB’I3aHUH 3
aBapiifHUMM CHUTYaIisIMHU, KU MOYKHA PO3IIISLAATH K PU3UK 30epiraHHs BiIXOIIB 1 Oe3rmocepeHbO MPOBEICHHS
TEXHOJIOTIYHUX TporeciB. [Ipy 1iboMy NPUHATO BUAUISATH TEXHIYHI, TEXHOJIOTIYHI, OpraHi3aliiHi Ta 1HII NPUYNHA
PO3BHUTKY HECIPUSATIMBHX CHUTyalid. 30epiraHHsi BiAXOAIB 1 TEXHOJIOTIYHI NHpoLecH € HeOE3NeYHUMHU IS
HaBKOJIMIIIHBOTO CEPEJOBUINA, B IKOMY IepeOyBae JI0OANHA, TBAPUHHUHN CBIT Ta (hayHa. ToMy Taknii pH3HK MOKHA
Ha3MBATH €KOJIOTIIHHM.

CyuacHi mianpueMcTBa, ki BUpoOIsian npubausHo 1o 4-103 M niar, HaKONUYMIIM Ha CBOTH TepuTopii Gins
1500-3000 TOH BiAXOJIB 3a PiK y BUTIIAAI COJICH, sSIKi 30€pIraloThCsl B €MHOCTSX, MOJIICTHJICHOBUX MIIIKaX Ta
NonajaroTh MiJ Jifo aTMocdepHux ocaiiB. Y mporueci aii Ha HUX aTMOC(EpHUX OcajiB COJli BUMHBAIOTHCS Ta
HepeXOoiTh B I'PYHTH, HOBEPXHEB] BO/IH, 3a0py/JHIOI0OYH HABKOJIUIIIHE CEPEIOBHUIIIE.

BupoOHHUITBO IpyKOoBaHMX IIaT B YKpaiHi npenctasneHo Takumu mignpuemctsamu: AT HITO “ETAJT” m.
KipoBorpanm, sxe Bumyckac Oimsg 4-5 Thc. M” IIaT, Maro4M IIOTYXKHOCTI i1 BHIycKy a0 50000 m? muiar,
AI1 “T'ansBanotexuika” [TAT “KuiBcekoro 3aBoxy “Pamap”, ITAT HoBarop (M. XMeTbHHIBKHI) 3 BHILYCKOM B
mexax 0,9 Tuc Mm%, ITAT “Konuepr-Enextpon” — 0,8 Tuc M2, 1le o3Hauae, MO TiIIBKHM OAHE IiANPHEMCTBO MOXKE
CKHHYTH 3 CTIYHUMH BOJaMH a00 HAKOTMYUTH IIIAMIiB 3a Pik 10 5-6 T Miai, IO SBHO HE CIPHSE TOJIIMIIICHHIO
€KOJIOT19HOT 00CTaHOBKH HABKOJIO IMiITPUEMCTB, SKi 3alMarOThCsl BAPOOHHUIITBOM TuIaT. Jlo 1992 p. Tineku B Kuesi
ckunanoch Oimbmie 20 T Migi mopiuro. 3aBox Enexrponmarn mopidHo ButpasmoBa ~15000 m? miar (a ne
NPU3BOAMTSH J10 BuateHHs 7500 kr mini) [3].
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[[To6 yHWKHYTH HArpoOMaJDKEHHS MIIaMiB Ha TEPHUTOPii MiIMPHEMCTB MPOMOHYETHCS BUKOPHUCTOBYBATH
TEXHOJIOTIIO pereHeparliii BiANpanboBaHUX PO3UMHIB TPABJICHHS, NIPU SIKIH BUIIEHUH MeTajl BUKOPHCTOBYIOTh SK
BTOPHMHHY CUPOBHHY JUIsSl BAPOOHHUIITBA MiJli, @ pereéHepOBaHU PO3YHMH IIOBTOPHO BUKOPUCTOBYIOTb JIJIsl TPABJICHHS
JpyKOBaHUX miar [3].

Jns BunoOyBaHHS pyau BIAKPUTHUM CIIOCOOOM MOTPIOHO BUKOHATH PO3KPHBHI POOOTH 3 MEpeMillleHHIM
BEJIMKOT KUIBKOCTI IPYHTIB Ta iHIIUX nopif. Tak, skiio 20-25 pokiB TOMY rpaHUYHUI KOe(illieHT pO3KPHUBHUX POOIT
npuiiMaBcs y po3mipi 2-4 M>/T, To HUHI Mmia9ac PO3POOKH POJIOBHII 31 CKENLHUMH MPCHKMMH TTOPOJIAMH BiH J0CSATAE
3Ha4eHp 5-10 M*/T, a miguac po3poONEHHs MOIOTOCIAJHUAX POJOBHUIN 3 M’SIKUMH MOKPUBHMMH Hopojamu — 20-
25 M*/1. 3apa3 BimkpuTa po3poOKa MOKIaAiB KOPHCHAX KOMAJIUH MOKE BUKOHYBAaTHCh Ha rimoOuHax 10 250 m. Lle
BEJIMKI MacH, sIKi TOTPiOHO MePEMiCTUTH, YKJIACTH, IO CBITYUTH PO 3HAYHI 3aTPATH Mpalli Ta MaTepialibHi BUTPATH
[1,3].

IIpupomooxopoHHA HiSUTBHICTE Y chepi HaOpOKOPHCTYBAHHSA PETIIAMEHTYETBCA cepel IHmMUX [ipHuInM
3aKOHOM Y KpaiHH, SKWI BU3HAYAE TaKi OCHOBHI BUMOTH JI0 TIPOBEACHHS TIpHUYHX POOIT: 3a0e3rmeueHHs Oe3MeTHOT0o
MPOBEICHHS TIPHUYMX POOIT Ta palioHanbHe BU100yBaHHS, BUKOPHCTaHHS KOPUCHUX KOMAJIMH 1 0XOpoHa Hazap [5].

CkJ1aqHicTh 1 TOCTPOTa NPOOJIEMHU 3yMOBIIEHO THUM, 10 YKPaTHCHKI CIIOYKHMBaYi, sIKi TOCTPO NOTPeOyIOTh Miji,
3MyIIEeHI 3aKyNoBYBaTH 3HA4yHy il YacTMHY 3a MeXaMHM YKpaiHH Ta depe3 BiACYTHICTh IHO3EMHOI BaJIIOTH
CKOpOYYBaTH BUPOOHHUIITBO TOBapiB. Y TOM ke Yac HasBHI B YKpaiHi MOTYXHOCTI 3 BAPOOHUIITBA IPOKATY MiJi Ta
ii CIUIaBiB HE 3aBaHTA)KEHO, OCKIILKUA HEMAE MiTHOT CUPOBHHH, a 3HAYHA YACTHHA MiJIEBMICHOTO OPYXTY 1 BIZIXO/IIB
3 PpI3HUX MPUYMH EKCHOPTYEThCS, HE3BAXKAIOUM Ha Te, IO EKCIOpPT IMpoKary Miai Ta ii cruiaBiB 3HA4HO
e(eKTHBHIMMUH, HDK eKCopT OpyxTy i1 BimxomiB Mimi. Ha KoXHIH TOHHI €KCIOPTOBAHOTO MPOKATy, OKpIM
30epexeHHsT poOoUYNX MicIlh, MOXHa oaepkyBatu 10 1000 monapis CILIA BamtOTHOT BUPYYIKH OAATKOBO, TOOTO 30-
40 mutH. momnapiB Ha pik [1, 3]. Ane aHami3 maTeHTHOI Ta TEXHIYHOI JiTepaTypW IOKa3aB, IO 3a YMOB HeCTadi
CHPOBUHH JUTSI BUIIABKH KOJIBOPOBHUX METANIB MUTAHHAM BUAIICHHS Mifi 3 CTIYHUX BOJ NPUALIIETHCS HEAOCTATHS
yBara.

®opMyTOBaHHSA HiJIell cTaTTi (MOCTAaHOBKA 3aBAaHHA). TeXHOIOTisS BUPOOHHIITBA KOJIEOPOBHX METAIIB
Mae CBOi 0co0IUBOCTI. Lle MoB’s13aHO 3 HU3BKOO KOHIICHTPAIIIE0 KOJTBOPOBUX METAJIIB Y PY/Ii MOPIBHAHO 3 3aJ1i3HOIO
(y pyZiax KOJIbOpOBHX METaNiB — JIMIIIE KiJIbKa BiICOTKIB), & TAKOK HASIBHICTIO B PYIi JCKUIBKOX METaJiB. 30Kpema,
JUTSE OTPUMAaHHS Mijli BUKOPHCTOBYIOTh PY/IH 3 BMICTOM OCHOBHOIO MeTany B cepenabomy 2—3 %. [lepeBo3utu ix
Janeko HepouiabHo. ToMy BHIUIaBKa Miji 3AiHCHIOETBCA MOONM3y Micup BuIOOyTKy. Croyatky MiaHI pyau
30arayyloTe ¥ OTPUMYIOTH MITHMH KOHIEHTpaT 3i BMicToM Mertamy 35 %. IloTim BigOyBaeThCcs IUIaBKa Ta
MPOAYBaHHS B KOHBEPTOPI [UTsI OTPUMAaHHS YOPHOBOT MiIi, OCTaHHIHN eTall — OYHIICHHS BiJ TOMIIIOK (padiHyBaHHSI).
I3 3acToCyBaHHAM CIIEIiaIbHOT TEXHOJOTII 3 MiTHOT PyAX MOXKHA OTPUMATH ¥ JesiKi 1HIII KoIpopoBi Metan [1, 3].
[Ipu iboMy THTOMI BUTpATH ENEKTPOCHEPTii migJac BHIDIaBKH AocsraioTh 230 — 350 kBt rox va 1 1 wmimi. Le
BUMarae JOCTaTHbO BEJIMKUX 3aTpaT Ha MiJBiJ eNeKTpoeHeprii. A BUPOOHHMITBO MeTaly 3 OpyXTy JeIIeBIle B
25 pasiB, BUTpATH Ha TPAaHCHIOPTYBAaHHS CHPOBHHU CKOPOUYIOThCA B 5-6 pasiB. [Ipu 1boMy cKOpodyeThes Hepion
BUT'OTOBJICHHS METAJTy 1 3MEHIIYIOThCSI BUTpATa €JIEKTPOEHEPTii; Mae Miclie NpUpOI00XOpoHHUH edekr [1, 3].

B Vkpaini MiHepaJlbHO-CHPOBHHHA 0a3a KOJILOPOBOI MeTalyprii HemocTaTHs, 1 0araTo MiANMpUEMCTB
MPAIOIOTh Ha MPHBI3HIA CHPOBUHI a00 MepepoOIsatoTh OpYyXT KOJBOPOBUX MeTamiB. [lix wac po3mimmeHHs mux
MATIPUEMCTB TAKOK BPaXOBYIOTh CIIOXKMBYHMM, TPAHCTIOPTHHN Ta €KOJOTTYHMN YMHHHUKW. KombopoBa mertamypris €
3a0pyTHIOBaYEeM HaBKOJIMIIIHBOTO CEPENOBHIIA I TOJIOBHUM JDKEPEIOM HaIXODKEHHS BAXKKAX MeTaliB [3, 6-8].

VY ToH ke Yac JDKEpenoM IOMOBHEHHS PEcypciB OpyXTy KOJIbOPOBHX METalliB YaCTKOBO MOJXKE CTaTH
BUPOOHMIITBO IUIAT Ta TAIBBAHIKH, JIE MiJlb BAKOPHCTOBYIOTb SIK TPOBIIHUKOBHUI MaTepiall i CTPaBIIOIOTh y MPOLeci
MiATOTOBKY ITOBEPXHI 10 BUKOPUCTaHHSI.

Mertoro poOOTH € €KOJIOTIYHE Ta EKOHOMIUHE OOIPYHTYBAaHHS BHJAJIEHHS Mijii 3 CTIYHUX BOJ Ta MOJAJbIIE
BUKOPHCTAHHS JUISl IPOMUCIIOBHX LILJIEH.

Marepian i pesyabraTn pociimkenb. OOCTe)KEHHS MOKaszalu, MO MIANPUEMCTBAMH, SIKI 3afiMaloOThCs
BUTOTOBJICHHSIM JIPYKOBAHHX IJIAT CKUAAETHCS LIJUH CIIEKTP METAJIIB — MiJib, 3aJ1i30, HIKeJIb, XpOM Ta 1HII. 30KpeMa,
Hifi yac piuHOi OJHO3MIHHOI POOOTH JIiHII TpaBleHHS APYKOBAHMX ILIAT MPOAYKTUBHICTIO 14 M*/ron Gyme
BUIOTOBJIEHO Maibke 28000 M? 3aT0TOBOK, a KibKiCTh BUAIIEHOTO (CTPAaBIEHOro) MeTaly (Mifi) CKiaae IpHOIH3HO
14 ton, mo 3a wuinum 85 rpu/kr ckimane 14000 kr-85 rpu/kr=1190000 rpu. Ileft Meranm MoXXHa TOBTOPHO
BUKOpHCTaTH. KibKicTh MeTaiy, sika Oyze CTpaBIItOBAaTHCH I11/19aC BiJIHOBJIEHHS IIPOMKCIIOBOTO BUPOOHUITBA ILIAT,
MOXe CKJIacTH (IIpH OJTHO3MIHHIH po0oTi 1 KiIbKOCTI JTiHiH B po6oTi 350 mit) 14000 xr-350=4900000 kr=4900 TOH.

Hatinommpenimmm criocoboM BHA0OYTKY METalliuHUX Py (B TOMY YHCII MiJHUX) € BiIKpHUTa po3poOka
POIOBHII, 32 JOMIOMOTOIO SIKOi 3 HaZp BUOHMpAeThCS MOHAX 2/3 BCiX KOpHCHUX KomaiwH. lle BimHOCHO nmemreBuit
cnoci06 po3poOKH, SKWH Ta€ 3MOTY 3aCTOCOBYBATH IMOTY)KHE M BHCOKONPOXYKTHBHE obOnmamHaHHi. OgHAK TpH
MPOBEACHHI BIOKPUTHUX POOIT HA 0araTo AECATHIITH 3 TOCHOJAPCHKOTO OOIry BHIIYYarOTh BEIMYE3HI ILTOIII
CLTBCHKOTOCIIONAPCEKUX Ta JICOBHX yTiAb. s OOCTymy A0 pOJOBWINA 3 TOBEPXHI JOBOAWTHCS BUHMATH,
TepeMiliaTi Ta CKIaJaTH Y BiABaJH MOPOKHI MOPOAH, OOCST SKHUX Y KiJIbKa pa3iB MEpeBHIIye o0cAT BHI0OYTOT
KOpHCHOI Komanuay [ 1, 3].
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Jpyruii 3a 3Ha9eHHAM c1I0Ci0 PO3pOOKH POJOBHI — MMiJ3EMHHM, HA YAaCTKy SAKOT0 npumnanae 6mmspko 20 %
BHIOOYTKY 3aiiza, 10 45 % BunoOyTky mini, g0 70 % uumHKy, 10 75 % onosa ¥ cunio, 100 % Bombdpamy.
Butpatn Ha BUIOOYTOK py/Au Hij 4ac mif3eMHOT po3poOKH pOIOBHUIL MOMITHO OB, HIXK JUISl BIAKPUTOTO CIIOCO0Y.
OjiHaK BiH BeJICThCS Ha POJIOBHUIIAX, SIKI CKOHOMIYHO HEJOIIEHO 200 TEXHIYHO HEMOXKIIUBO PO3POOIISITH BiIKPUTUM
criocoboM. Y 3B’S3Ky 3 NEPHIOYEPTOBHM BHCHAKCHHSIM JICTKOJAOCTYITHHMX 3alaciB METATIYHHX pPyA T[JIMOWHA
PO3pOOOK MOCTYIMOBO 3pOCTAE, 30UTBIIYIOYH COOIBAPTICTH Mi3eMHOTO BUAOOYTKY. TeHICHINis 301bIIICHHS TITHOMHH
PO3pO0OK MPOCTEXKYETHCSA B ycboMy CBITi. Y Kananai BUIOOYTOK Py, IO MiCTATh 30JI0TO, Mijlb, HIKEJIb, BEAYTh Ha
rimbouHax 18002600 M, y CIIA — mizi Ta 30mota — Ha rimrbuHax 1700-3000 M, B [Hi1 30110TO AiCTAIOTH i3 ITHOMHA
3500 m. Y IliBneHHoadpukaHchKiit PecryOumini po3pobinseTbess HaUTIHOIIE Y CBiTi pOIOBHIIE, 1e pOOOTH BEIYTh
Ha ruonHi moHan 4000 M. ITinzemHa po3poOka B psili BUMAIKIB T03BOJISE TOBHICTIO 30€perTr 3eMHY MOBEPXHIO,
110 3a0e3reuye 3HaYHy IepeBary nepes BiIKpUTUMH ripHnauMu podoramu [1, 3].

VY Toii ke "ac 4acTWHY HEOOXiIHOI MiTHOI CHPOBHHH MOXXHA OTPpUMATH HE 3 HalIp, a 3a JOIOMOTOIO
OYMINEHHS CTIYHMNX BOJ BUPOOHHUIITBA IIIAT Ta TaJIbBAHIKH.

3apa3 HaWMONIMPEHIlli PeareHTHI TEXHOJIOTIi BHJIYUYCHHS METANiB 3 BOAU HE 3a0e3MeUyrOTh HEOOXiTHOT
e()eKTHUBHOCTI OYMIICHHS BOJAM JUIA ii MOBTOPHOTO BHKOPHCTAHHS, MPU3BOIATH O YTBOPCHHS 1| HAKOMWYCHHS
TOKCHYHHX IUIAMIB, SIKi MPOJOBXKYIOTh HAKOMUYYBATHCh HA TCPUTOPIAX SK TIFOUHMX IiJIPUEMCTB KOJIHIIHBOTO
CPCP, Tak i 3aHOBO yTBOpeHUX. He BUpIIIEHNM 3aMIIA€ThCsl MUTAaHHS yTUIII3alll pereHepauiiiHiX po34YHHiB, 1110
YTBOPIOIOTHCS IiT4ac 3aCTOCYBaHHs 10HOOOMIHHHMX TE€XHOJIOTIH, SIKi Ial0Th 3MOTYy CTBOPIOBATH 3aMKHEHI CUCTEMU
BOJIOKOPUCTYBaHHS B TJIbBAaHIYHUX BUPOOHHUITBAX [6-8].

Ha pucyHky moka3aHo cxeMy JiHii TpaBJICHHS 3 BiABEJCHHIM CTIYHUX BOJ Ha pereHepamiro [3].
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Pucynox. Cxema JiHii TpaBJieHHs IpyKOBaHHX IUIAT 3 BiZIBEJICHHSIM Ha pereHepariito: 1 — Moayib
3aBaHTa)XEHHST; 2 — TPABHJIBHUI MOJYJb; 3 — MO/IyJIb OCBITJICHHS; 4 — OTJISIIOBUN MOIYJIb; S5 — TPETid MO/YJIb
KacKaJHOTO MMPOMUBAHHS; 6 — IpYruit MOIY/b KaCKaJHOTO IIPOMUBAHHS; 7 — HEPIINil MOAYJIbE KaCKaJHOTO
MIPOMHBAHHS; 8 — MOJIYJIb TAPSYOTO CYIIIHHS; 9 — MOIYITb XOJIOHOTO CYIIiHHS; 10 — MOIy)Ih BUBaHTaXCHHST; 17 —
pereHepaTop TPaBWIBHOTO PO3UHHY; 18 — pereHepaTop NpoMUBHEX BOJ; 19 — dimpTpamiiiHa yctanoBka; 20 —
OYHCHI CHOPYIH MIATPHEMCTBA; 21 — ycTaHOBKA HAaHECEHHSI MMOKPUTTIB (32 HEOOXiTHOCTI).

SIK moKa3anu pe3yJIbTaTH JOCIHIiIKeHb, BUJAJICHa 3 CTIYHUX BOJ Miflb BIATIOBiJa€ BUMOTaM, SIKi JI03BOJIAIOTh
BUKOPHUCTATH 11 B IOJANBIIIOMY JUIS MIEPEIUIaBKH a0 U MeTali3alil miAKIag0K MPH BiIOBITHAX TEXHOIOTIIHIX
npouecax [3].

BpaxoBywoun (akt cTBOpeHHs1 00JaHAHHS, SKE € SKOJIOTIYHO OC3MEeYHUM Ta eHepro30epiraruuMm, iCHye
3MOra OLIHUTH €KOHOMi4HI MOKAa3HMKH CTBOPEHOTO Ha OCHOBI JAHOTO IOCTi/KeHHA oOnagHaHHA. IIpum mpomy
HEOoOXi/THO BPaXOBYBAaTH KOHKPETHI LIIHK HA OCHOBHI MaTepialii, sIKi BHKOPHCTOBYIOTh Y TEXHOJIOTTYHOMY IPOLECi
Ta HapaMeTpH YCTaHOBOK, 1[0 CTBOPIOIOTh MOXJIMBICTh HOBTOPHOTO BUKOPHCTAHHS BOJHHUX PO3YMHIB 0€3 CKUIaHHS
Ha OYHMCHI CTIOPYAH SIK MiAIPUEMCTBA, TaK i MicTa. [Ipu BU3HaUeHi €eKOHOMIYHOI JOIITEHOCTI BUXOIUMO 3 KPUTEPito
3MEHIICHHS KON HABKOJHITHBOMY MPHUPOIHOMY cepemoBury [9-10].

[Mizyac mpoBeaeHHS PO3paxyHKIB KOPUCTYEMOCS THM (DaKTOM, 11O iCHYIOUa JIiHis 3a0e3neuye min’ e JHaHHA
YCTaHOBKH BiJHOBJIEHHs (pereHepanii) CTiYHUX BoJ O€3 BHECEHHS KOHCTPYKTUBHHMX 3MiH Yy JIHIIO TpaBJICHHA
JPYKOBaHMX IUIAT Ta HE BHMAara€ 3MiH B TEXHOJIOTIYHOMY MpoLeci BHIOTOBJIEHHS IuiaT. HeoOximHi maHi s
PO3paxyHKiB MPEJCTaBICHO HIKYE:

— IiHa Ha BOAy Ta BoAoBigBenenns B Kuesi cranom Ha 2019 p. — 21,756 rpu/m’;

— 1iHa Ha enektpoeHeprito B Kuesi cranom Ha 2019 p. — 2,47 rpu/kBt-Tox;
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— BapTICTh YCTAHOBKH BiJIHOBJICHHS (pereHeparii) CTiYHUX BOJ JUISA JIiHIi TpaBICHHS NPYKOBAHWX IUIAT —
450000 rpH;

—BapTicTh MigHOTO OpyXTy 140 rpH/KT.

Po3paxyHOK eKOHOMIUHOI €()eKTHBHOCTI BiJl BIPOBA/KEHHS HOBOI'O OOJIaHAHHS BHKOHAEMO JUISl PIYHOI
nporpamMu BUPOOHMIITBA 3arOTOBOK Ta poOOTH obnaaHaHHsA. [Ipu 1[boMy Bi3bMEMO 1O yBaru, o piyHuil GoHI
pobouoro yacy ckiane 247 mHIB, 0 PU OJHO3MIHHIH poboTi nacTe 247-8=1976 rox.

3a neit wac 6yne Burotorneno 1976 roa-12 m*rog=23712 m? 3arotoBok. KiJbKiCTh BUIIJIEHOTO MeETANy
(mizi) cknage 23712 m?-0,5=11856 kr. B Tabnumio 1 38e1eHO PE3yIbTaTH PO3PAXYHKIB EKOHOMIYHOT e()eKTHBHOCTI.

Tabmung 1 - Pe3ynbTaTi po3paxyHKiB €KOHOMIYHOT €)EeKTUBHOCTI

HaiiMenyBaHHsI cTaTTi BUTPAT ba3osuii Bapiant 3anponoHoBaHMii
HOBHIi BapiaHT
Burparu Ha Matepianu (OCHOBHI Ta JIOTIOMIKHI JJIs 3’ €qHAHHSA 3 | — 55000
JIiHI€I0), TPH
Butpatu Boju 1151 3a0€31€YEHH IPOLIECY, M>/TOT 4,8 0,8
Llina Ha BO/ly Ta BOJOBiABEI€HHS, IpH/M’ 21,756 21,756
BapricTb Boau Ha piuHy IPOrpamMmy 21,756-4,8 21,756-0,8-1976=343
(1976 ron pob6otu), rpu/m’ 1976=206351 91
KinpKicTh YTBOPEHHX IILJIAMiB, MOH 2,1-12 =252 0,25-12 =3
Bapricts BuB03y 1uamis (2500rpe/1), rpH 25,2-2500= 3-2500=7500
63000
30UIbIIEHHS KUIbKOCTI €NEKTpOeHeprii Juii 3a0e3ledeHHs mpouecy | — 14227,2
BiZJHOBJICHHS CTIYHMX BOJ, KBT TOI
Lina Ha exeKTpoeHeprio, rpH/KBT rox 2,47 2,47
301IbIICHHST BapTOCTI  €NEKTpOCHeprii ans 3abe3mneveHHs | — 14227,2:2,47=35141
nporieccy, rpH
KinbKicTh BUALICHOTO MeTany (Mifi), KT — 11856
Bapricts BuaiieHOrO MeTany (Miji), rpH — 11856-140=-1659840
Burpartu Ha po3uuH, IpH 2100000 600000
CymapHi BUTpaTH, TPH 3569351 722192

BapricHa omiHka BUTparT 3a po3paxyHKOBUi nepiof (pik):

bazosuii Bapiant: 3,,=1200000+206351+63000+2100000=3569351 rpH.

Hoguit Bapiant: 3,=1200000+450000+55000+34391+7500+35141-1659840+600000 =722 192 rpH.
Exonomiunuii edexkr cknane £=3,5-3m=3569351-722192=2 847 159 rpH.

[Hnexc HeGe3meKu BiJl CKUAaHHS [IUTaMiB 3 MiTHUMH 3’ € THAaHHAMH 00paxoBY€ETHCS 32 (GopMyIIor0:

T7IK,

1

K, =—"—
ne, K;— ingexc HeOe3meKy;

i — TIOPSAKOBHH HOMEp JJaHOI PEeYOBHHH,

I'JIK; — TpaHUYHO JONyCTHMa KOHIEHTpaLis B IPyHTI HeOe3Me4Hoi XiMIYHOI pEUOBHHH, 10 YTPUMYETHCS Y
BiZIX0/1aX, MI/KT TPYHTY;

S — xoedimieHT PO3YMHHOCTI XIMIYHOT PEYOBHHH Y BOJI;

C¢ — BMICT XIMIYHOI PEUOBHHU B 3aralibHiil Maci BiJIX0IiB, MI/KT;

CymapHuii iHekc HeOe3neky, BU3HadaBcs 3a (HOpMyIIoLo:

K=Y K. @
n

Iie, n — KUTbKICTh HeOe3MeYHHX XIMIYHHX PEYOBHH, SKi yTPUMYIOTHCS B IUIaMi BHPOOHHWIITBA TUIAT Ta
rarbBaHIKH.

PesynbraTe po3paxyHKy CyMapHOTO iHIEKCY HeOe3leKH HulaMy BHPOOHHWITBA IDIAT Ta TalbBaHIKH IS
OJTHOTO 3 JIFOYUX MiANPHEMCTB MOKA3aJl 3pOCTaHHSA (3HAUEHHS CYyMapHOTO iHIEKCY HeOe3NeKH IUIaMy 3aMiCTh
icHytounx 3HaueHb 0,045 crano Biamosizao 100).

OCKUTBKH KIJBKICTh IIJIAMIB Ta Mii B HUX Pi3KO 3MCHIIYETHCS, a 1€ BEC J0 MOKPAIICHHS MOKa3HUKIB
iHeKCYy HeOe3NeKH, TOOTO A0 MiABHUIIEHHS €KOJIOTIYHOT Oe3MeKH.

HoBuszHa poboTy nossrae B TiM, 110 BUSBICHO MEXaHI3M OEp)KaHHS J10JaTKOBOT CHPOBUHU 31 CTIYHHUX BOJ
BUPOOHMIITBA IPYKOBaHKX IUIAT. 3HAYMMICTb TIOJISTAE B TOMY, 1110 OTPUMaHI pe3yJIbTaTH MOXYTb OyTH 3aCTOCOBaHi
Yy BUPOOHUIITBI IPYKOBaHMX IIJIAT /IS SMEHIIECHHS BILIMBY BiJIXOJIiB BAPOOHUITBA HA HABKOJIMIIIHE CEPEIOBHIIE, a
TaKOX OJIepIKAHHS JACIIEBOT CHPOBUHH 31 CTIYHUX BOJ POMHUCIOBUX MiIIPUEMCTB.

BucHoBku. OTxe, eKOHOMIYHUI e(eKT Bill BIPOBAPKCHHS HOBOI TEXHOJIOTII OYMIICHHS CTIYHUX BOJ Ta
3MEHIIEHHS KUTPKOCTI IITaMiB 3a po3paxyHkoBuii epiox (1 pik) ckimane 2847159 rpa. ToOTO BipoBakeHHS HOBOT
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TEXHOJIOTIi OYHWINEHHsI CTIYHUX BOJ TUIBKH OJHIEI0 YCTAaHOBKOIO MOXE MpUHECTH Oinbine 2,8 MIIH. TpH
€KOHOMIYHOTIO e(eKTy, MOKPALIUTh CTAaH HABKOJHIIHBOTO IPUPOJHOIO CEpelOoBHIA Ta JOBEIE MOKIMBICTH
peaiizanii eKoJIoriyHO Oe3MeYHOro Npolecy yTWizamii MiJi 3 CTIYHMX BOJA TajJbBaHIYHOIO BHPOOHUIITBA.
30UIbIIECHHST BUTPAT €JIEKTPOSHEPrii Ha Mpolec pereHepauii (BiJHOBJICHHS) CTIYHUX BOJ KOMIICHCYETHCS Pi3KHM
IIIBUILICHHSM PiBHS €KOJOTIYHOI Oe3rekn (CyMapHHU 1HJeKC HeOe3eKH IaMy 3aMicTh icHytoYHuX 3HaueHb 0,045
craB BinnoBigHO 100) HAaBKOJMIIHLOTO CEPENOBHINA HABKOJIO BHPOOHMYMX MiJNPHEMCTB Ta 3arajoM B perioHi
po3TalryBaHHs IPOMHUCIIOBOCTI.
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PURIFICATION OF SEWAGES GALVANIC PRODUCTIONS:
ECOLOGICAL AND ECONOMIC ASPECTS

There is an urgent need for copper in Ukraine, which is used in various industries: electrical engineering,
mechanical engineering, construction, food and chemical industries. Meanwhile, there is insufficient exploration of
copper ores in Ukraine. At the same time, galvanic and PCB manufacturing are sources of environmental hazard.
The object of the study is the process of using copper from sewage production boards and electroplating processes.
The purpose of the work is environmental and economic justification for the removal of copper from wastewater for
its further use. The aspects of mining (copper) in a mine and open method are described. The data on explored
reserves of copper ores in Ukraine and real needs for copper for the successful operation of industrial enterprises
are presented. The condition with the presence of sludge during the work of the etching lines of the printed circuit
boards during normal operation at full capacity is considered, and it is established that for the productivity of the
etching line 14 m2 / h the amount of sludges per month of work in one shift will be about 2400-2500 kg. This leads
to the accumulation of significant amounts of hazardous waste on the territories of enterprises, which cause
environmental damage. In order to avoid the accumulation of sludge on the territory of the enterprises it is proposed
to use the technology of regeneration of waste digestion solutions, in which the recovered metal is used as secondary
raw material for copper production, and the recovered solution is reused for etching of printed circuit boards. The
scheme of the line of etching of printed circuit boards with a lead for regeneration is offered. The introduction of a
new wastewater treatment technology with only one plant can bring more than 2.8 million UAH of economic effect.
The total sludge hazard index for the current state of sludge storage in the territory of enterprises (0.045) and after
the implementation of wastewater recovery (100) has been determined.

Key words: copper, galvanic production, sewages, printing boards, regeneration
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V]IK 502.3

B./. llorpedenHuk, a-p TexH. HayK, mpod., ORCID 0000-0002-1491-2356
HaunuonajabHblil yHUBepcuTeT «JIbBOBCKAS MOJTUTEXHUKA»

A.A. Hecrep, kanz. TexH. Hayk, go1., ORCID 0000-0002-1276-6068
XMeabHUIbKHIT HAITNOHAJTbHBIH YHHBEPCUTET

OYUCTKA CTOYHbIX BOJA I'AJIBBAHUYECKOI'O
INPOU3BOJACTBA: 9KOJJOI'MYECKHUE 1 S KOHOMUNYECKHUE
ACIIEKTbBI

B Vkpaune ecmv ocmpas nompeobnocms 6 MeOu, UCnoIb3yeMoli 8 pa3IUUHbIX OMPACIAX NPOMBIULEHHOCHIU.
Tanveanuueckoe npouzeo0cmseo u yexa npou3Bo0CmMEd NeYamHulX Niam AGIAIOMCA UCTOYHUKAMU IKOJIOSUHECKOU
onacrocmu. Llenvio pabombi 16151€MCS IKOIOSUYECKOE U IKOHOMUUECKOE 0O0CHOBAHUE YOUNEHUSL MeOU U3 CIOYHBIX
600 U OanvHeliuiee ee UCNONbL308AHUe. Bbiseienvl 0OcHOBHbIE (AKMOPbI HE2AMUBHO20 GIUAHUS OMX0008
nPoOU3800CmMea NIAM U 2AIbEAHUYECKO20 NPOU3B00CMEA HA OKpYJicarowyio cpedy. dmobvl uzbesxcams HaKonieHus
WIAMO8 HA Meppumopuu npeonpusimuil nPedioACeHo UCNONb308ANb MEXHOIO2UI0 pe2eHepayul ompadomaHHbIx
PACmEopo8 mpaesienusi, Rpu KOMopot GblOeeHHbLIL MEMAILL UCHOAb3YION KAK 6MOPUYHOE Cbipbe OJisl NPOU3600CMEad
MeOuU, a peceHepuUpOBaArHbILL PACMEOp NOSMOPHO UCHOIb3YIOM 0I5l MpasieHus neuamuvlx niam. Hayunas nosusna
pabomvl 3aKIOUACTNCS 8 MOM, YN0 NPEOLOACEH NOOX0O 05l NOTYYEHUs OONOTHUMENLHO20 ChIPbsL U3 CHIOYHBIX 600
npousgoocmea newamuvlx niam. Ilpakmuueckas 3HAUUMOCMb 3AKTIOYAECMC 8 YMEHbUEHUU GIUSHUSL OMX0008
NPOU3B00CMEA HA OKPYICAIOWYIO CPedy, d MAKI’CE NOTYYEHUU OeUEB8020 ChIPbS U3 CHIOYHBIX 600 NPOMbBIULIEHHBIX
npeonpusmuil. Mmak, onpedenenvi CyMMapHulii UHOEKC ONACHOCMU WLAAMA NPU CYWEeCmEYIOueM NON0HCEHUU
coxpanenus waamos na meppumopuu npeonpusmuii (0.045) u nocne peanuzayuu 60CCMAHOBIEHUS CHOYHBIX 0O
(100). Oyenenvr s3KOHOMUYECKUE NOKA3AMENU CO30AHHO20 HA OCHOBe OAHHO20 UCCAEO08aHUsL 000PYOOBAHUS.
BHEOPeHUe HOBOU MEXHOLO2UU OHYUCTIKU CIOYHBIX 600 MOLKO 00OHOU YCMAHOBKOU Modicem npunecmu bonvute 2,8
MJIH. 2PH IKOHOMUYECK020 d¢hhexma.

Knrwouesvie cnosa: mednv, 2anibeanuueckoe npou3e00cmeo, Cmoutvle 600bl, NEeYamuble Niambl, Pe2eHepayusl.
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BUMOTI'HA 1O OPOPMJIEHHSI CTATEN
Jis monaHHsS PYKOIMUCY 1O XKYpPHAJTy aBTOPH IOBHUHHI JOTPUMYBATHCh BCiX BCTAHOBJICHUX BHMOT, SKi
BKa3aHi HUXKYE.
Y pa3i HeBiAMOBIAHOCTI MOJAHMX MAaTepiajdiB CTATTI NYHKTAM LMX BHMOL, 2 TAKOX SKIIO BOHU He
BiIMOBITAIOTL  TeMATHII HAYKOBOIO KYPHAJY, PEIAKIlisi INOBEPTATHME aBTOpaM _Marepiajm _ Ha

J00NpaloBaHHA!

Obcar crarri

BaranpHMA 00cAT cTtaTTi — Big 6 10 10 ctopinok ¢popmaty A4. CTOpiHKHM MOBHICTIO 3alIOBHEHi TEKCTOM.
Cxemu, puCyHKH, Tabnwmi i ¢opmynu moBuHHI OyTH IPOHYMEPOBaHi Ta pO3MIIIEH]I B TEKCTi MiCJIS TMOCHIAaHb Ha
HUX. MaTepian Mae OyTH BUKIAICHHH CTHCIIO, 0€3 TOBTOPIOBAaHb NAaHWX TaONMHMIb 1 PHUCYHKIB Yy TEKCTi.
HenpumycTiMo BHKOPHCTOBYBAaTH €JIEMEHTH (OpPMaTyBaHHS SK «PO3PHB PpO3IiTy 3 HOBOi CTOPIHKH» Ta
KOJIOHTHTYJIH.

CraTTsi Ma€ OYVTH peTeJIbHO IepeBipeHa aBTOpaMM Ta BiANOBiAaTH BCiM NYHKTaM BHMOI 70
odbopmaenns!!!!

TexkcToBHIl pegaKkTop

Crartst HabupaeTbesi B TeKcToBOMY penakropi Microsoft Word (Bepcii 2007 ta Bume) i 30epiraersest 3
posumpenHsaM *.doc abo *.docx.

O00B’SI3K0BO HaICWIIAETHCS CTATT, 30epexeHa y ¢popmari *.pdf !!!

3aranbHe ohopmIIeHHSA:

1) MoBa. CraTTi npuiiMaloThCs 0 APYKY TPhOMa MOBaMU: YKPaiHCHKOIO, POCIHCHKOI0, aHTIIHCHKOIO.

2) [MapameTpu cTOPiHKM:

e [ons: 3miBa, cripaBa, 3BepXy, 3HU3Y — 2,5 cM.

e BupiBHIOBaHHSI OCHOBHOTO TEKCTY — 32 LHIMPUHOIO.

e [lepmri psaxu Beix a03atis — 3 Bizerynom 1,0 em!!!

e llIpudgr — Times New Roman, keras 10, mizkpsiakoBuii intepsain 1.

e Ha3zga crarTi apykyetbes Benukumu (Caps Lock) naniBxupanmu nitepamu (OK) — keras 14.

e 3aroJIOBKH €JIEMEHTIB OCHOBHOT'O TeKcTy (Berym, Merta Ta 3aBJaHHs TOIIO) BHIUISIOTHCS HAIIBXKHUPHUM
mpuprom (K).

3) CTpykTypa crarTi:

e Homep YK (y BEpXHLOMY JIIBOMY KYTKY CTOPiHKH, HaIiBXXKUPHUM MIpU(TOM KerJib 10)

e npizBuma aBtTopiB (mpukian: LI IMerpenko (ykp.), U.H. Ilerpenko (poc.) I. Petrenko (anrm)) Ta
BiJIOMOCTI TIpO aBTOPiB (HAYKOBUH CTYIIiHb, BUeHE 3BaHH:); iHIeKC ORCID — 060B’13K0BO;

e (Ilopsinok odopmiaeHHS HAYKOBMX CTYNEHIB Ta BYEHHUX 3BaHb ONHCAHO HHUXKYE B IBOMY 3K
JOKYMeHTIi B po3aini «PekoMeH10BaHi CKOPOUYEHHS BYEHUX 3BAHB i HAYKOBHX CTYNEHIB»).

e TI0BHA HA3Ba OpraHizaiii (HaBYaILHOTO 3aKJIay, YCTAHOBH) — BUPiBHIOBAHHS 32 MPaBUM KPaeEM;

e pedepat obcsirom Bix 1000 mo 1100 3makiB MoBHHEH BigOOpakaTW KOPOTKHMH 3MICT CTaTTi, HE
MOBTOPIOBAaTH HAa3BY, HE MICTUTH 3arajbHUX (pa3 Ta OyTH CTPYKTYPOBaHMUM (MeTa JOCIIJUKEHHS, METOAMKA
peanmizamii, pe3yJNbTaTH  JOCHI/DKCHHS, BHCHOBKHM). B  aHIJIOMOBHIM  Bepcii CTaTTi  HABOJSUBCS
pedepat odcsirom 1700-2000 3HaKIB,

e KJIOYOBI coBa: (6—8 ciiB), cioBocnonyueHHs1 «KIT04oBi cJ10Ba» — HAMIBXUPHUM + KYPCHUB.

Binmosinxo o mocranosu IIpesunii BAK Vkpainu Ne 7-05/1 Bix 15.01.2003p. 10 ApyKY OpUHAMArOThCS
HAYKOBi CTaTTi, 10 MAfOTh TaKi €JICMEHTH:

OCHOBHMIA TEKCT CTATTIi

Beryn (moctaHoBka mpoOJeMH B 3aralbHOMY BHIISIAI Ta i1 3B’S30K 13 BaKIWBUMU HAYKOBHUMH abo
MPAKTUYHAMH 3aBJaHHSIMHU; aHAJI3 OCTaHHIX JOCIIDKEHb 1 MyOikalliid, B AKX 3aIll09aTKOBAHO PO3B’sI3aHHS JaHOT
mpoOyieMr, Ha SIKi CIIMPAETHCS aBTOP; BHIUICHHS HEBUPINICHWX paHillle YaCTWH 3arajbHoi MpoOJIeMu, SKUM
NPUCBSYYETHCS 3a3HAUYEHA CTATTS);

Merta Ta 3aBaanHs (HOpMyITIOBaHHS LICH CTATTi, TOCTAHOBKA 3aBJaHH);

Marepian i pe3yapTaTHm AOCHiKeHb (BUKJIAJ OCHOBHOI'O MaTepially IOCHTI[DKEHHS, 3 IOBHUM
OOIPYHTYBaHHSIM OTPUMaHUX HAYKOBHUX PE3YJbTATIB, 3 MOKJIMBHUM I1OJIIJIOM Ha YACTUHU 3 BIANIOBITHUMH Ha3BaMH);

Pucynkn (miarpamu, (OTO TOINO) MOJAIOTHCS Y YOPHO-0id0oMYy 300pakeHHi pa3oM i3 TEKCTOM, MiCIs
nocwiaHb Ha HuUX. Bumora no rpadiynmx wmarepiagiB: Oyab-ika indl0cTpanias noBMHHa OyTH
€IMHUM HepO3pUBHUM TrpadiuyHuM 00’€KTOM. PEeKOMEHIYEThCSA 3aCTOCYBaHHS pacTpoBuX (opMmartiB 3
po3nineHOI0 31aTHICTIO He MeHIe 300 dpi. PricyHok Mae OyTr po3TanioBaHuil y eHTPi, 0e3 00TiKaHHS TEKCTOM.
[lignucn 10 pUCYHKIB MOBHHHI MICTUTH HyMEPAIilo B TOPSIKY PO3MIIIEHHS B TEKCTI Ta TOSCHIOBAILHUH ITiIITHC.
Henpumyctimo BKIFOYATH MIAIHACH 10 CAMOTO PUCYHKA. PHCYHOK He MOBHHEH 3aiiMaTH BCIO IUIOIY apKyia!!!

Kpanku miciast Ha3BH CTPYKTYPHUX YaCTHH CTATTi HE CTABUTH.

I'padikym moBUHHI MICTUTH IIAIIMCH yciX oceii Ha caMoMy pPHCYHKY. Bynb-sikuit iHmuMi BUrIISN mianucy
pO3MIIsAaTHCh Ta BUITPABJIATUCH He Oye!
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Taonauui. [Tpu 3amoBHEeHHI cimix KopucTyBatuch mpudToM 10 kermro. KokHa TaGiwis MOBHHHA MaTH
HOPSJKOBUIT HOMEp Ta Ha3BY i PO3TAlIOBYBAaTHCH ITiCNISl MOCWJIAHHS Ha Hel y TekcTi crarti. Skmo Tabmuus He
BMIII[YETHCSl HA CTOPiHII @00 BUXOJMTH HA 1HIILY, CJIiJi BUKOpHUCTAaTH Mo3HaueHHs «[IpomoBikeHHsT TadJL.».

®opmyaun moBuHHI OyTm HaOpaHi3a pomomoror pepaktopa Qopmyn Math Type (Bepcis 6.8 i
BHIIE) 200 BHYTPIIIHINA penakTop dhopmyn y Microsoft Word 3 pe3mipamu: 3Bu4aiiHOro cumMBoJry — 11, BeJTHKOT0
ingexcy — 10, maJjoro ingexcy — 9. Kupwinuni ta rpeupKki CHMBOJIM MaloTh OyTH HaOpaHi HNPSMHUM IIPUPTOM,
JATUHCBKI JITEPH — NOXWINM. BHHSATOK CTaHOBISATH CHMBOJM ONEpaTropiB 1 CTaHIApTHUX QYHKIIH, sKi
Habuparotbes npsMuM mmpudrom. Hymeparist ¢popmyn, Ha SKi € TOCHIAHHA B TEKCTi,— cmpaBa B Aykkax. Llimi
YaCTHHH Bi IECATKOBUX BiJOKPEMITIOIOTHCS KOMOIO OauMHUIi po3MipHOCTi MO:KHA HaOUpaTH OKpeMO Bil
¢opmya, aGo y popmynax, 3 000B’I3KOBHM BUKOPUCTAHHS MPOMIKKY.

BucHOBKH:(HaBeCTH OCHOBHI BHCHOBKH 3 JOCIIIKEHHS Ta MEPCIEKTHBU HOTO MOAANBIIOTO PO3BUTKY B
IOMY HaIPSIMKY).

CnucoKk BHKOPHCTAHOI JIITEPATYPH HABOAMWTHCS B TOPSAIKY MOCWIAHb y TeKcTi, BimmoBigHo o JACTY
8302:2015.(ykp) [Tocunanus Ha siTepaTypHi JpKepesa B TEKCTI HABOJSTHCS Y KBaJIPaTHUX AY)KKaX.

Crrcok BUKOPUCTaHHX JiTepaTypPHUX JzKepeJl MOAA€Thes ABiYi: MOBOIO opuriHany BianosiaHo o JCTY
8302:2015.(ykp, poc) i anrmiiicekoro, BiamosinHo j0 Bumor IEEE style

Y pasi BincyTHocTti a00 HHM3BKOro piBHSI NepekJiajy aHIJIOMOBHOI Bepcii cnucKy BHKOPHCTAHOI
adirepatypu (References) crarrsi 6yae noBepHyTa Ha AoonpauoBanHs!!!

Jnst HajaHHA BIIOMOCTEH 1PO aBTOPIB aHIIIHCHKOIO, a00 POCIMCHKOI0 MOBaMH, CIiJi BUKOPHCTOBYBATH
3aralbHONIPUHHATY JIEKCHKY TIIepeKNIaly HAayKOBHX CTYIEHIB, BYEHHX 3BaHBb, Mocaj (OMHCAaHO B PO3Mii
«PexoMeH10BaHI CKOPOUYSHHS BUYCHUX 3BAHB 1 CTYIICHIBY).

AHIJIOMOBHA aHOTalisl 32 00CATOM PpPeKOMEHAYEThCs OLIbIIOI 3a YKpaiHCbKy (pociiicbky) 1700-
k2000 3HaKiB, OCKUTEKH IJIS 3aKOPAOHHUX BUCHHUX aHOTAIlS €, SIK MPABHIIO, €AMHUM JDKEpeIoM iHdopMariii mpo
3MICT CTAaTTi.

¥ pas3i BiacyTHocTi 200 HU3BKOTr0 pPiBHS NepeKaaay aHrja1oMoBHoI aHoTauii (B Google Translate Ta in.)
CTATTH Oy/ie MOBEPHYTA Ha 100NpanIoBaHHsA!!!

B okpemomy ¢haiini nodaromuca eidomocmi npo asmopie y 6uznaodi ankemu:

(AHkeTH osaroThCst 3 MOBaMu (YKP., aHTJI. Ta poc.). Bka3yeTbcs MOBHa Ha3Ba opraHizailii ab0 yCTaHOBKH,
BKa3aTH MICIIC JIe TPaItoe aBTop. SIKIO BCi aBTOPU CTATTi MPAIFOIOTh a00 HABYAIOTHCS B OJHIN yCTaHOBI, MOXKHA
HE BKa3yBaTH Miciie poOOTH KOKHOTO aBTOPa OKPEMO. )

Ipi3Buine, im’s1, N0-0aTbKOBI aBTOpa
(noBHicTIO, 0€3 CKOPOYCHB)

Buennii cTyninb, BUeHe 3BaHHS, MOCAAA

Micue po0GoTH KOKHOr0O AaBTOPa B  HA3UBHOMY
BifiMiHKY (1IOBHa Ha3Ba 0€3 CKOPOYEHb)

IlomToBa agpeca micusi podoTH, 3 NOIUTOBUM iHAEKCOM
KonTakTHuii TesiedoH

Enextponna aapeca

ORCID

BinmoBimaneHIiCTh 3a 3MICT CTarTi HecyTh aBTopu. (OcTaToO4yHe pIlIGHHS MO0 JAPYKY CTraTeu
YXBaJIIOE peKosteris. Penakuis 3anumae 3a co00k0 paBo MPOBOJUTH PeIaKliiHy MPaBKy cTaTeil.

Penakuis :xkypHamy 3ailicHIOE mepeBipKy Ha miariaT 3a A0MOMOrol0 creniaaibHOro MPOrpamMHOro
3a0e3neyeHHs!!!

CrarTi, siki He BiAmoBigaTh BUMoram pegakuii ;kypHaiay "EHepreruka: ekoHoMmika, TeXHOJIOTII,
eKoJIoris" Ta He MPOHIIJIM MepeBipKy Ha muiariaT, 6yayTh NOBEPHYTi HAa JOONMPAIIOBAHHA.

Yeara!!! Ha ejiekTpoHHY agpecy ;KypHAJIy HaCHJIAEThC:

- crarTs Bepcis B popmari *.doc a6o *.docx;

- crarts Bepcig B popmarti *.pdf (OBOB’SI3KOBO);

- aHKeTa BiJIOMOCTEH IIpO aBTOPIB;

- aKT eKCIEePTH3H PO MOXKIMBICTh ONMPHIIIOIHCHHS MaTepiaiiB y 3ac00ax MacoBoi iH(opMmariii.

Konrakru:

e Tes.: +38(044) 204-82-37;

e caiir: http://energy.kpi.ua;

e e-mail: kravkpi@ukr.net
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