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Abstract. The article presents the results of study the shell for energy-efficient environmental low-rise residential
building, corresponding to the criteria of sustainable development in construction. Purpose. The purpose of the
presented research is providing a study of parameters for shell of energy-efficient environmental low-rise buildings.
Methodology. Research is carried out on the basis of an improved method for calculating the thermal characteristics of
the external walling, as well as physical heat transfer simulation. Conclusion.The ratio between the thickness of
external walling and the proportion of heat loss through them was determined, and also the heat loss through thermal
"bridges" was studied. Originality. The limits for the optimum thickness of the external walling of ecological materials
was analyzed, and it was offered solution for minimization of heat loss through the nodes of shell. Practical
value.Recommendations are worked out on constructing of thermal shell at planning of energy-efficient low-rise
residential buildings.
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JocmimkeHHss BUKOHAHI Ha OCHOBI HAa OCHOBI BIOCKOHAJICHOTO METOAY PO3PAaXyHKY TEIUIOTEXHIYHHUX XapaKTEPHCTUK
30BHILIHIX OrOPO/KYBAIBHUX KOHCTPYKIIH, & TakoX (i3MYHOro MOAENIoBaHHs Termionepenayi. Pesyrsmamu.
BusHaueHO CHiBBIAHOMIEHHS MiX TOBIIMHOIO 30BHIIITHIX OTOPOPKYBAJBHMX KOHCTPYKLIN 1 9aCTKOIO TEIUIOBMX BTPAT
4yepe3 HUX, a TaKOXK BTPATH TeIUIa 4epe3 TepMiuHi «MocTi». Haykoea noséuzna. BcraHoBiIeHa MeXa ONTHMAIbHOT
TOBUIMHHU 30BHILIHIX OTOPOKYBAJIBHUX KOHCTPYKIIH 3 €KOJOTIYHMX MarepiaiiB, 3alpoloHOBAaHO ONTHUMAJbHI
KOHCTPYKTHUBHI pillIEHHs BY3JIiB CIIOJIy4eHHS! KOHCTPYKLiH OyIiBii 3 TEIUI0BOT 00010HKO0. [Ipakmuuna 3navumicms.
Po3pobiieHo pexoMeHnamii 1100 KOHCTPYIOBaHHS TEIUIOBOI OOOJIOHKM IPH MPOEKTYyBaHHI eHeproe(exkTHBHUX
MaJIOTIOBEPXOBHUX JKUTIOBUX OYyIMHKIB.

KuouoBi cioBa: enepeoepexmusnicmo 6 6y0igHuymsi, cmanuii po3eumox, exonoziuna 6yoiens; meniosa o00I0HKa 0Y0ieni,
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Annomayusa. B crarbe TpEeNCTaBICHBl PE3YJNbTaThl HCCIEAOBAaHHSA OOOJOYKH  SHEProd(h(HEeKTUBHOTO
SKOJIOTUYECKOTO MAaJOATAXKHOI'O JKUIOTO 3/aHHUs, COOTBETCTBYIOILETO KpPUTEPHSM YCTOHUMBOIO pa3BUTHA B
crpoutenbcTBe. [lens. 3yueHne HEOOXOOMMBIX IapaMeTpoB 00O0JOYKH 3HEProdp(EeKTUBHOTO HKOJIOTUUECKOTO
MaJIO3TaXXHOTO 31aHus. Memooduxa. ViccnenoBaHus BBITIONTHEHBl HA OCHOBE YCOBEPIIEHCTBOBAHHOTO METOJA pacyera
TEIIOTEXHUYECKUX XapaKTEPUCTUK BHEUIHMX OrPakKJalolIMX KOHCTPYKIHH, a Tarkke (U3MYECKOrO0 MOJEITHPOBAHMS
teronepenaud. Pezynsmamsr. OnpeniesieHbl COOTHOILICHUE MEX/Ty TOJIIMHON BHEIIHUX OTPaXIAIONINX KOHCTPYKIMH
U JOJEH TEIUIOBBIX HOTEPh 4Yepe3 HUX, a TaKkKe MOTepU Temaa uepe3 TepMHUUECKUe «MocTol». Hayunas Hoséusna.
YcTaHOBIIEH MpeAen ONTHMAIBHON TOJIIMHBI BHEIIHUX OTPAXKIAIOINX KOHCTPYKIHMH U3 3KOJIOTHYECKHX MaTEepUalOB,
MIPEAJIOKEHBl ONTUMAJIbHBIE KOHCTPYKTHBHBIE DPELICHHUS Y3JIOB CONPSDKCHUS KOHCTPYKIMH 3[JaHUSI C TEIUIOBOH
obonoukoil. Ilpakmuueckaa 3nauumocms. Pa3paboTaHpl peKOMEHIAINH 110 KOHCTPYHPOBAHHIO TETIIIOBOH OOOJIOUKH
IIPU IPOEKTUPOBAHUHU SHEProd(h(HEKTHBHBIX MATOITAXKHBIX JKHIIBIX 3IaHUMH.

KurwueBble ciioBa: 3H€p203¢d)€Kmu6HOCmb 6 cmpoumenbecmee, ycmoﬁqueoe paseumue; dKojocuvecKoe 3001‘[146,' menJjioea:
obonouxa 3001‘[14}1,' npuee()eHHoe conpomuejieHue menﬂonepe()auu

Introduction. In recent years, the issues of
energy saving and energy efficiency policies
have acquired special urgency in Europe and
are directly linked not only with global envi-
ronmental problems, but also with energy secu-
rity.

Scientists and experts in numerous semi-
nars and conferences, both national and interna-
tional levels, are actively discussing various
aspects of the energy-efficiency problem. The
latest among these activities was the Climate
Conference in Paris in 2015 (COP21), the re-

sults of which have been adopted by a number
of solutions to reduce greenhouse gas emissions
(GHE), the main cause of which is the produc-
tion of oil and gas - the most common source of
energy.

Buildings and communal services is one of
the most energy-intensive sectors of the econ-
omy. In Ukraine and the countries of the Euro-
pean Union from 30 to 40% of total energy,
consumption is spending in the operation of the
building complex. However, the structure of
these costs is fundamentally different in our
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country. In developed countries, a significant
part of the energy is spending on ensuring the
comfort of human life - a sub-holding of the
normal temperature, both in winter and in the
warmer months, to work appliances. In our
country, the vast majority of energy is spending
only for space heating at a low level to ensure
comfortable heat and humidity parameters.

The economic crisis, increasing energy
prices, irreversible environmental degradation
of the planet make people to create new con-
struction projects that would be economically
viable in their construction, operation, utiliza-
tion, and create a comfortable environment for
human habitation, and were established in ac-
cordance with the concept of sustainable devel-
opment.

There is a high cost of engineering equip-
ment for the use of renewable energy sources
on the market of Ukraine.Moreover,by the re-
sults of previous studies it has quite a long pay-
back period.[1]That's why for the wider dis-
semination of energy-efficient building at the
national level, it is necessary to examine the
best possible optimization of the thermal per-
formance for the building shell. Itmay permit to
achieve a high level of energy efficiency only
through the efficient solutions of exterior build-
ing's walling. In addition, the use of local or-
ganic materials from renewable resources is an
opportunity to reduce costs and expenses of
energy at the stage of construction of the build-
ing and its recycling.

Research purpose. The aim of the pre-
sented research is providing a study of parame-
ters for shell of energy-efficient environmental
low-rise building.

In accordance with this aim the following
specific objectives were formulated:

- providing the analysis of possible optimiza-
tion the thickness of the shell for energy-
efficient environmental low-rise building;

- evacuation of modeling study of the heat
loss through thermal "bridges" to minimize
their effect to the energy-efficiency of the
building shell;

- propose the recommendations for construct-
ing of thermal shell at planning of energy-
efficient low-rise residential building.

ISSN 2312-2676

Methodology. The main arguments in the
article are developed by applying an improved
method for calculating the thermal characteris-
tics of the external walling, as well as physical
heat transfer simulation.

Conclusion. Energy-efficient building in-
cludes a set of architectural planning, design
and engineering solutions that meet the goals to
ensure a comfortable microclimate and minimal
energy consumption in the building premises.

The architectural and planning solution
includes: correct orientation of the building,
compactness of the building, lack of jetties,
zoning of the internal spaces, presence of ele-
ments of the summer sun protection as an inde-
pendent structure, well-isolated thermal shell of
the building, use of the terrain and vegetation.

The design solution includes the creation
of a continuous shell of a building with high
thermal insulation, with thermal "bridge" which
are absent or reduced to a minimum.

For energy-efficient buildings is preferable
to frame technology unit wall using environ-
mentally friendly natural materials such as
wood, soil-concrete. Eco-friendly, energy-
efficient thermal shell is formed by filling the
space between the uprights with environmental
organic insolation material - cereal straw, hemp
or flax fire, cane chaff and others.

The tightness of the thermal shell is pro-
vided: inside —by device protective layers of
vapor barrier, thermal capacitance designs of
soil-concrete blocks or bricks and plaster; out-
side —by device protective layers of wind-
protection and facade decoration.

The engineering solutions include differ-
ent systems such as heat pumps, solar and geo-
thermal collectors, solar panels, wind turbines,
etc.

Study of shell thickness for energy-
efficient sustainable building. Designing of
the heat-insulating shell for building on thermo-
technical parameters of its elements includes a
number of conditions [2]:

REnp 2 quin > (1)
where R, —reduced R-value, m’K/W;
R, — the minimum acceptable value of re-

sistance of heat transfer.
From the point of view of energy efficien-
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cy, the rational design of heat-insulating build-
ing envelope requires that all non-transparent
fence to have the same resistance to heat trans-
fer, which is achieved by appropriate selection
of the thickness of the insulation. We assume
that the heat transfer resistance of the attic and
basement floors equal to the resistance to heat
transfer of walls, which in turn is determined by
the formula (2).

Fig. 1 shows the dependence of the re-
duced thermal resistance R, of the thickness of

insulation ¢, .

The relationship is nonlinear: with an in-
crease ¢, in the growth rate R, decreases sig-

nificantly. This is due to the heat of the cost
through a translucent fencing. The dimension-
less fraction of heat loss through the opaque
g,, and translucent g, building shell are:

qH]‘l:_ —t+t— b qcn:_ — +t— M
R R R R R R

HIT HIT cn cn HIT ci

Fig. 2 shows the dependence 7, , g, of the
insulation thickness &, .

12 —
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Fig. 1. The normalized thermal resistance
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Fig. 2. Rates of the heat flow throw opaque (1) and
translucent (2) fences

ISSN 2312-2676

Analysis of the results shows that a rela-
tively small thickness of the insulation (0.3-

0.4m) when given thermal resistance R, close

to the minimum value R . , the vast majority of

gmin ?
the costs of heat occurs through the opaque part
of the outer fence. In this case, increasing the
thickness of the insulation can significantly
enhance R, and improve the energy efficiency

of the house. When the insulation thickness is
greater than 1m, the bulk of spending is on heat
translucent enclosures and therefore an increase
in the thickness of insulation does not result in
a significant increase R,_. In this case, to im-

prove energy efficiency of building, you must
first increase the thermal resistance of translu-
cent enclosures.

Studies of heat loss through the nodes
for environmental building shell. Calcula-
tions of heat loss through the shell of building
were carried out according to the procedure laid
down in the normative document [3].Study of
structural coupling nodes, where the formation
of cold bridge is possible was realized using
Elcut software package. [4] Analysis was pro-
vided for the building with the following design
solution.

The design concept of the house - a wood-
en frame. Exterior walls are three-dimensional
frame structure prefabricated, which consists of
wooden pillars of the "ladder" shape in incre-
ments of 500 mm, filled with insulating materi-
al of hemp. The thickness of the wall fence -
500 mm. Interior and exterior walls - brick 120
mm.

Overlap the floor, overlapping the attic
floor and the truss is wooden trusses 500 mm
with fastening elements to the wall frame on
metal toothed plates. Thermal insulation and
sound insulation design provides cross-farm
filling space in the same insulating material as
the house walls. The height of the truss ceiling -
600 mm, roof trusses - 500 mm. On the outer
and inner sides protecting load-bearing struc-
tures are sheathed film for hydro and wind pro-
tection and sheathed OSB plate 20 mm
thick.Coverage of the roof - slabs of reeds.

Windows and doors - made of metal or
wood with glass. Glazing - triple with low-
emissivity coated glass and filled with an inert
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gas. Thermal resistance of glass Rpr = 0.85 m2
-K/WI5].

Figure 3 shows the general construction-
planning solution of energy-efficient low-rise
building. We investigated the window to the
wall interface assembly (node) - determined the
optimal location of the windows on the width
of the wall (Fig.4)

b)

Puc. 4. Construction of low-storey building:
a) a vertical section through the outer wall:
1 - foundation,; 2 anchor for fastening the frame to the founda-
tion; 3 - technical underground floor,
4 - waterproofing and protection antiradon barrier;
5 - wooden frame "ladder"” type;
6 - farm overlap; 7 - thermal insulation;
8, 9 - frame elementss; 10 - roofing;
b) Wall construction:
1 - Front wooden frame 2 - thermal insulation, vapor barrier 3
and 4 - windscreen,
5 — base net, 6 - clay plaster, 7 - internal finishing

For determination the location of the win-
dow frame of rational thickness of the outer
wall of heat engineering calculations were
made for the following options:

1. Scheme 0 (standart): framing the window
opening - cement - sand mortar, the location of
the window frame - in the middle.

2. Scheme 1 (-200 utepl): insulation thick-
ness of 40 mm from the negative temperature,
insulation thickness of 20 mm from the zero
temperature, the window frame is shifted by
200 mm from the central position in the direc-
tion of the minus temperature.

3. Scheme 2 (-150 utepl): thickness of insula-
tion is identical, the window frame is shifted by
150 mm from the central position in the direc-
tion of the minus temperature.

ISSN 2312-2676

4. Scheme 3 (centr utepl): thickness of insu-
lation is identical, the location of the window
frame - in the middle.

5. Scheme 4 (+ 150 utepl): thickness of insu-
lation is identical, the window frame is shifted
by 150 mm from the central position towards
the positive temperature.

6. Scheme 5 (+ 200 _utepl): thickness of insu-
lation is identical, the window frame is shifted
by 200 mm from the central position towards
the positive temperature.

Puc.4. Structural decision of node interface of window
with a wall

; ; b)
Fig. 5. Temperature field for variants:
a) Schema 1 (-200_utepl); 6) Schema 5 (+200 _utepl)
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The criterion for evaluating the rational ar-
rangement of the window frame were the heat
flux passing through the segment and LG
teperatury value at characteristic points: A, B,
C,D,E,F,G,J,K, L and M.

The calculation results are shown in Fig. 5
and Table.1.

The calculation results indicate that the op-
timal location of the window at this construc-
tive solution is the central location of the win-
dow on the wall thickness (Figure 1), since the
total heat flow through the interface "wall-box"
unit is minimal - 5.7 W (Table 1.).

Table 1
Thermal characteristics of the host interface options
"window-wall"

The temperature in the | The heat flow

Ne characteristic points of the through the
Schema structure, °C segment

EGJKL, W

E G L

0 15,27 19,85 19,46 7,50
1 13,48 19,99 19,47 5,70
2 14,08 19,99 19,47 6,06
3 14,55 19,98 19,46 6,41
4 15,10 19,95 19,45 6,17
5 15,76 19,93 19,45 6,80

In order to select a rational constructive so-
lution for low-rise residential buildings we con-
sidered two options of nodal connection with
the foundation of the building and outer wall.
The node "wall-foundation" is the most vulner-
able point in the thermal shell of the building,
since it is possible the formation of "bridges".
Option one - heat insulation of the basement of
the building from the outside; second option -
the outer wall of the building is insulated from
the inside from the base (floor) insulation foam
glass.

For the considered node interface options
"foundation-wall" it was obtained values of
heat flux passing through the connection node,
the temperature differential across the inner
surface of the coupling assembly designs and
linear heat-transfer coefficient.

Constructive unit solution pairing options
"wall-foundation" and the results of the calcula-
tions are presented in Table. 2.

Analysis of the results of the calculation
shows that the option 2 is more efficient in
terms of thermal performance.It’s linear coeffi-
cient of heat transfer is in 37.5% lower com-
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pared with the option 1. Moreover,the value of
the temperature drop at the inner surface of the
node option 1 does not satisfy the requirements
of [6].

Originality and Practical value. The
study analysed the problem constructive ele-
ments of shell to make rational design of en-
ergy-efficient environmental low-rise building.

The limits for the optimum thickness of the
external walling of ecological materials was
provided, and it was offered solution for inter-
face design of building structures with a ther-
mal jacket.

Recommendations are worked out on con-
structing of thermal shell at planning of energy-
efficient low-rise buildings and outlined in the
conclusions.

Conclusions.

1. For the wider dissemination of energy-
efficient building at the national level, it is nec-
essary to examine the best possible optimiza-
tion of the thermal performance for the building
shell. It may permit to achieve a high level of
energy efficiency only through the efficient
solutions of exterior building's walling without
expensive engineering equipment.

2. When the thickness of the insulation ex-
ceeds 1m, the bulk of the heat loss falls on
translucent enclosures and therefore increasing
the thickness of insulation does not result in
significant growth. In this case, for energy effi-
ciency the heat resistance of translucent enclo-
sures should be increased.

3. The calculation results indicate that the
optimal location of the window at this construc-
tive solution is the central location of the win-
dow on the wall thickness.

4. Analysis of the results of the calculation
shows that the option when outer wall of the
building is insulated from the inside with foam
glass is more efficient in terms of thermal per-
formance. It's linear coefficient of heat transfer
is in 37.5% lower compared with the option
when heat insulation of the basement of the
building is realized from the outside with min-
eral wool.
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Table 2

The Structural decision and heating engineering descriptions of variants knot of interface "wall-foundation"

. .. Description of
Constructive decision of node puio! Thermal performance of node
constructive

"wall - foundation" element "wall - foundation"

Option 1 - building foundation insulation from the outside

1.concrete foundation
2.soil-concrete
3.wooden bar
4.insulation - hemp
5.Insulation - mineral wool
6 Ceramic tiles
7 Fibrous concrete
8 OSB plate 3
9 Wood Farm Linear heat transfer coefficient :
k=0.08 W/mK.

The temperature drop across the inner surface of the

structure: Af, =3K .

Option 2 - thermal insulation on the inside of the glass foam insulation

1.concrete foundation
2.soil-concrete
3.wooden bar
4.insulation - hemp
S.Insulation — foam glass
6 Ceramic tiles

7 Fibrous concrete

-

8 OSB plate =
7 AR = == 9 Wood Farm Linear heat transfer coefficient :
=7 N\ - k= 0.05 W/mK.
LV j The temperature drop across the inner surface of the
structure : Az, =2K .
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Summary. Raising of problem. Today, in all spheres of our life we can constate the permanent search for new,
modern methods and technologies that meet the principles of sustainable development. New approaches need to be, on
the one hand more effective in terms of conservation of exhaustible resources of our planet, have minimal impact on the
environment and on the other hand to ensure a higher quality of the final product. Construction is not exception. One of
the new promising technology is the technology of 3D -printing of individual structures and buildings in general. 3D-
printing - is the process of real object recreating on the model of 3D. Unlike conventional printer which prints
information on a sheet of paper, 3D-printer allows you to display three-dimensional information, i.e. creates certain
physical objects. Currently, 3D-printer finds its application in many areas of production: machine building elements, a
variety of layouts, interior elements, various items. But due to the fact that this technology is fairly new, it requires the
creation of detailed and accurate technologies, efficient equipment and materials, and development of common
vocabulary and regulatory framework in this field. Research Aim. The analysis of existing methods of creating physical
objects using 3D-printing and the improvement of technology and equipment for the printing of buildings and
structures. Conclusion. 3D-printers building is a new generation of equipment for the construction of buildings,
structures, and structural elements. A variety of building printing technics opens up wide range of opportunities in the
construction industry. At this stage, printers design allows to create low-rise buildings of different configurations with
different mortars. The scientific novelty of this work is to develop proposals to improve the thermal insulation
properties of constructed 3D-printing objects and technological equipment. The list of key terms and notions of
construction by 3D-printing and 3D-modeling. Practical value. Developed in this work equipment and materials allows
in the nearest future to move from theory to practice and implement such effective method of construction as the
technology 3D-printing.

Keywords: 3D-printing, printer, printing head, extruder, energy-efficient materials, building

3D-IIEYATDH CTPOUTEJIBHBIX OBBEKTOB

CABULIKUM H. B.', 0.m.1, npogp.,
ITATOB C. B.2*, 0.m.H, 00Y.,
OXKULLIEHKO O. A.>, k.m.n, ooy.

" Kadenpa Keme300eTOHHBIX H KAMEHHBIX KOHCTPYKIuii, [ocyaapcTBeHHOE BhICIIee yueGHOE 3aBeneHue «IIpHHEnPOBCKas
TOCYJapCTBEHHAs aKaJEeMUsl CTPOUTENBCTBA M aAPXUTEKTYpBD», Y. UepHblmeBckoro, 24-a, 49600, /IHempomeTpoBck, YKpauHa,
ten. +38 (0562) 47-02-98, e-mail: savl5@ukr.net, ORCID ID: 0000-0001-0002-0003

" Kadenpa CTpouTeNbHBIX M JOPOXKHBIX MammH, [ocyiapcTBeHHOe Bhicuiee yuebmoe 3aBemenne «lIpumHenpoBckas
roCyJapCTBEHHAs aKaJeMHsl CTPOUTEILCTBA U APXUTEKTYph», Yyi. UepHslmesckoro, 24-a, 49600, /IHemponerpoBck, Ykpauna,
ten. +38 (056) 756-33-47, e-mail: shatovsv@yandex.ua, ORCID ID: 0000-0002-1697-2547

> Kagempa xene306eTOHHBIX H KAMEHHBIX KOHCTPYKIMH, ['0CyZapcTBeHHOE BhICIiee yueOHOe 3aBeieHHe «IIpHmHenpoBcKas
roCyJapCTBEHHAs aKaJeMHsl CTPOUTENLCTBA M APXUTEKTYph», Y. UepHslmeBckoro, 24-a, 49600, [/InempomeTpoBck, YKpauHa,
ten. +38 (0562) 47-44-17, e-mail: olga.ozhyshchenko@gmail.com, ORCID ID: 0000-0003-0950-4582

Annortamus. ITocmanoeéka npoonemvr. Ha ceromHsmHWN JeHb BO BceX cdepax Hamedl JXU3HU HICT
MIEPMAaHEHTHBIA MMOMCK HOBBIX, 00JIee COBPEMEHHBIX METOJIOB M TEXHOJIOTHH, OTBCYAIONINX MPUHIIMIIAM yCTOWYHUBOTO
pasButusa. HoBble OAXOMBI MOIDKHEI OBITH C OJHON CTOPOHBI Ooiee I(PPEKTHBHBIMH C TOYKM 3PCHUS COXPaHCHHS
HeOe3rpaHNYHBIX PECYpCOB HAIeH ITAHETHI, UMETh MHUHHMAIBHOE BIMSHUE HAa OKPYXKAMIIYIO Cpedy, a ¢ APYrou
CTOpPOHBI 00ecIieunBaTh 00Jiee BHICOKOE (PUHATBHOE Ka4eCTBO MPOAYKIHH. CTPOUTEIHCTBO HE SBIISIETCS UCKIIIOYEHHEM.
OnHOM M3 HOBBIX IMEPCIIEKTUBHBIX TEXHOJOTHU SBISAETCS TEXHONOTUS 3D—TeuaTn Kak OTAEIbHBIX KOHCTPYKINH, TaK U
3IaHUH ¥ COOpPYKEHHH B 1esioM. 3D-1egats — 3TO Mporecc BOCCO3AaHUS peaTbHOro 00bseKkTa mo obpasiy 3D-moxemn.
B omimume orT OOBIYHOTO TPUHTEpA, KOTOPHIH BBIBOAUT HH(OpMAIMIO Ha JUCT Oymard, 3D-mpuHTEp MO3BOJISET
BBIBOJIUTH TPEXMEPHYI0 MH(OpMaLHIO, T.€. CO311aBaTh OlpeAenEéHHble Gpu3ndeckue o0bekThl. Ha nanublii Moment 3D-
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MIPUHTEP HAXOJHUT CBOE NMPHMEHEHHE BO MHOTHX c(epax MPOM3BOJCTBA: JEMEHTHI MATHHOCTPOSHUS, Pa3HOOOpa3HbIC
MaKeThl, JJIEMEHTHl MHTEphEpa, pa3uyHble Aetand. Ho B CBA3M ¢ TeM, YTO 3Ta TEXHOJOTHS IOCTATOYHO HOBas, OHA
TpeOyeT co3AaHus TOYHBIX U JIETABHO MPOPabOTaHHBIX TEXHOJIOTHH, 3()(EKTUBHOrO 000PYJIOBaHUS U MATEPUAJIOB, &
TaKKe pazpaboTKH OOIIENPHHATON JIEKCUKM M HOPMAaTHBHOW 0a3bl jaHHO# cdepsl. Ifens. AHanu3 CyLIeCTBYIOIIUX
METOJIOB CcO3/1aHus (HU3nYecKuX 00beKToB 3D-revyaTanueM U yCOBEpIIEHCTBOBAHHE TEXHOJIOTHU U 000PYAOBaHUS st
neyaTH 3JaHuid U coopyXeHui. Boteod. Ctpoutenbubie 3D-IPUHTEPHI — 3TO 00OPYAOBAaHHE HOBOTO TOKOJICHHS JJIS
BO3BEJCHUS 3JIaHUH M COOPY)XEHHMH, a TaK)Ke 3JIEMEHTOB KOHCTPYKUMi. Pa3HooOpa3ue CTpOMTENbHON NeyaTHON
TE€XHUKU OTKPBIBAET MIMPOKHE BO3MOXKHOCTU B CTPOUTENBHON MHAyCcTpuK. Ha qaHHOM 3Tamne KOHCTPYKIMH NPUHTEPOB
MIO3BOJISIIOT CO3/1aBaTh MAJIOITAXKHBIE MOCTPONKH PA3NUYHBIX KOHQUIYpalMii ¢ IPHUMEHEHHEM Pa3HBIX CTPOMUTEIBHBIX
cmeceil. Hayunaa Hoéu3na JaHHOW pPadOTBI COCTOMT B  pa3pabOTKe MPEAJIOKEHHS 110  IOBBINICHUIO
TEIUTOM30JISIIIMOHHBIX CBOWCTB BO3BOAWUMBIX 3D-meuaraHneM OOBEKTOB M YCOBEPIICHCTBOBAHUIO TEXHOJOTHYECKOTO
obopymoBanus. [IpemnokeH mepedeHbh OCHOBHBIX TEPMHHOB W TOHATHH cTpoutenpHO 3D-mewatm u 3D-
MonenupoBanus. Ilpakmuueckasa 3nauumocms. Pa3zpaboTaHHOE B paMKax [TaHHOM paboOTel 000pyHOBaHHE W
MaTepHalbl TO3BOJISIT YK€ B Onrkaiiinem OyaylieM rmepeiiTh OT TeOpHH K MPaKTHKE U BHEAPHUTH TakoH 3 QeKTUBHBIIM
METOJ] CTPOUTEIBCTBA, KaK TeXHonorus 3D —mevartn.

KuroueBble cioBa: 3D-neuams, npunmep, newamuas 201068Ka, IKCMpyoep, sHep2odpdexmushvie mamepuansl, 30anue
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Anorauisi. Ilocmanoexka npoonemu. Ha choroHilHIi qeHb y BCiX cdepax HAIIOrO XKUTTS We NepMaHEHTHUM
MIOIITYK HOBHX, OUTBII Cy9aCHMX METO/IB 1 TEXHOJOTIMH, 110 BiINOBIJAIOTh MPHHLIUIIAM CTAJIOT0 PO3BUTKY. HoBI migxonn
NOBUHHI OyTH 3 0IHOTO OOKY OUIBII €(heKTUBHUMH 3 TOUKH 30py 30epekeHHs] HeOe3MEKHUX PECypCiB HAIIOT IJIAHETH,
MaTd MiHIMaJIbHUH BIUIMB Ha HAaBKOJIMIIHE CEPENOBHILE, a 3 IHIIOro OOKy 3a0e3nedyBaTH BHILY KIHIEBY SKICTh
nponykuii. byniBHUITBO He € BHHATKOM. OJHI€I0 3 HOBUX INEPCHEKTUBHHUX TEXHOJIOTIH € TexHouorist 3D-mpyky sk
OKpeMHX KOHCTPYKILiH, Tak 1 OyaiBens i ciopyn B nitoMmy. 3D-1pyk - 1ie mpomec BiJTBOPEHHs peaJibHOro 00'ekTa 3a
3paskoM 3D-moneni. Ha BinmMmiHy Bin 3BHMuaiiHOro mpuHTEpa, KM BHBOAWTH iH(pOpMAaIio Ha apKym mamnepy, 3D-
MIPUHTEP JI03BOJISIE BUBOANTH TPUBUMIpHY iH(opMaito, TOOTO cTBOproBaTH neBHI iznyni 00'extH. Ha nannit MomeHT
3D-nipuHTEp 3HAXOOUTH CBOE 3aCTOCYBaHHSA B 0araTtbox cdepax BHPOOHMITBA: €IEMEHTH MAallMHOOYIyBaHHS,
PI3HOMaHITHI MaKeTH, eJIeMEHTH iHTep'epy, Pi3Hi AeTami. Aje B 3B'A3Ky 3 THM, IIO I TEXHOJIOTIS TOCHTh HOBa, BOHA
BHMAarae CTBOPECHHS TOYHHX Ta JETAIBHO OMPAIlbOBAHUX TEXHOJIOTiH, €PEKTHBHOTO OONAaIHAHHS 1 MaTepialiB, a TAKOX
PO3pOOKH 3aralbHONPHUITHATOI JIEKCMKM 1 HOpPMAaTHBHOI 0a3u naHoi cdepu. Mema. AHaniz iCHyIOUMX METOIIB
cTBOpeHHs ¢i3ndHuX 00'exTiB 3D-apyKyBaHHAM Ta YIOCKOHAJICHHS TEXHOJOTIl Ta 00JamHaHHA A ApyKy OyziBerns i
crniopyl. Bucnogsok. BynienbHi 3D-nipuHTepH - 11e 00JIaJIHAHHS HOBOTO TIOKOJIIHHS JIJIsl 3BeJJeHHs Oy iBelb 1 criopy, a
TaKOX E€JIEMEHTIB KOHCTPYKUii. Pi3HOMaHITHICTD OyiBeNIbHOT APYKApChKOI TEXHIKU BiJKPUBAE IIMPOKI MOXKIMBOCTI B
OyniBenpHil iHaYyCcTpil. Ha naHomy erari KOHCTPYKIii NMPUHTEPIB JO3BOJSIOTH CTBOPIOBATH MAaJIONOBEPXOBI OyaiBIi
pi3HUX KOHQIrypauiil i3 3acTocyBaHHsIM pi3HHX OyniBeNbHHMX cymimeld. Haykoea noeuzna naHoi podoTH mojisrae B
po3poO0Ili MPOMO3WIii IMOM0 IiJBUIICHHS TEIUIOI30JAIIMHNX BIIACTHBOCTEH 3BOMATHCS 3D-apykoM 00'€kTiB i
BJJOCKOHAQJICHHSI TEXHOJIOITYHOro 00Jia[HaHHs. 3alpOIIOHOBAHO ITIEPETiK OCHOBHHUX TEPMIHIB 1 MOHATH OYAiBEIHHOTO
3D-gpyky i 3D-monemroBanHs. Ilpakmuuna 3nauumicms. Po3pobieHe B pamkax gaHOi poOoTH oOmagHaHHS i
MaTepiany J03BOJIATH BXKE B HaHOMIKYOMYy MailOyTHROMY MepeiTd Bin Teopii IO MPaKTHKU 1 3aIpOBAJWUTH TaKHA
e(eKTUBHUN MeTO/ OYAiBHUIITBA, SIK TeXHOJOTISA 3D-IpyK.

KuiouoBi cnoBa: 3D-opykyeanns, npunmep, 20106Kka 015 OpYKY8anns, ekcmpyoep, enepzoeekmusni mamepianu, 0yoiens

Introduction. Today, in all spheres of our =~ New approaches need to be, on the one hand
life we can constate the permanent search for  more effective in terms of conservation of ex-
new, moderner methods and technologies that  haustible resources of our planet, have minimal
meet the principles of sustainable development.  impact on the environment and on the other
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hand to ensure a higher quality of the final
product. Construction is not exception. One of
the new promising technology is the technology
of 3D -printing of individual structures and
buildings in general. 3D-printing - is the pro-
cess of real object recreating on the model of
3D. Unlike conventional printer which prints
information on a sheet of paper, 3D-printer
allows you to display three-dimensional infor-
mation, i.e. creates certain physical objects.
Currently, 3D-printer finds its application in
many areas of production: machine building
elements, a variety of layouts, interior elements,
various items. But due to the fact that this tech-
nology is fairly new, it requires the creation of
detailed and accurate technologies, efficient
equipment and materials, and development of
common vocabulary and regulatory framework
in this field. These objectives and the focus of
this work.

Findings. Key technologies of 3D-printing
are [1-3]:

- Layer Object Manufacturing, LOM. The
main idea is to cut the sheet of various materi-
als with a laser beam (paper, laminates, metal
foil, ceramic), and then heated rollers glue the
layers between each other (Fig. 1a). The disad-
vantages are: a rough surface products, the pos-
sibility of bundling and mistaking if sheet is not
completely cuted (damaged layers are needed
to be removed, and done again);

- Fused Deposition Modeling, FDM —
This is three-dimensional printing technology,
in which the object is created of the melting the
plastic thread it fed through the extruder on a
work surface and is hardened there later. After
the first layer, the working platform is lowered
and the process continues again (Fig. 1b). It is
the only technology of «cultivation» 3D-objects
using industrial thermoplastics which can with-
stand high temperatures and mechanical loads.
Layering allows to receive parts of complex
geometry. The method has such disadvantages:
plastic melts and spreads in all directions, so
the models have pronounced relief surface, so
the object precision is lost;

- laser stereolithography, SLA - this 1is
three-dimensional printing technique in which
liquid photopolymer under the action of laser
light changes its physical properties and solidi-

ISSN 2312-2676

fies. The three-dimensional object is grown
layer by layer, the thickness of layer in an aver-
age i1s 0.1 mm, which ensures high print quality.
The disadvantages of the technology is high
cost of equipment and low printing speed (a
few millimeters per hour);

- selective laser sintering, SLS, is like the
previous technology, but the basic material is
powdered thermoplastic, sintering with laser
beam.
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Fig. 1. 3D-printers with print technology [3]:

a — production of object by layers: 1 — foil; 2 — heated roller; 3
— laser beam; 4 — scanning prism; 5 — laser device; 6 — layers;
7 — mobile platform; 8 — remains;

6 — modeling by melting method

The powder in the chamber is heated till
the nearly melting point temperature, than it is
leveled and the laser beam draws the required
contour on it. At the point of contact of the
beam and powder the particles melt and sinter
with each another and with the previous layer.
Then the platform is lowered a new layer of the
powder is poured in the chamber, it is leveled,
and the process is repeated. The technology is
characterized by high speedy printing (up to 35
mm / hour), but it requires a lot of time to pre-
pare to heat the powder and stabilize the tem-
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perature while resulting models have rough and
porous structure.
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Fig. 2. 3D-printers with print technology [3]:

a — stereoscopic printing; 6 — photopolymer sintering

- Three-Dimensional Printing, 3DP, 1is
based on inkjet technology. This kind of print-
ers is provided with two ingredients powdered
mass and liquid binder. The working chamber
of each printer consists of two parts (Figure 2,
a.): The first part is a powder feed chamber
(model material is loaded), and the second part
is the construction chamber where necessary
3D-model is grown. Initially, the material is
distributed uniformly on the entire surface of
chamber construction. Then, on the first thin
layer special binder is applied that glues all the
particles of the material together. After the plat-
form is displaced. The supply chamber platform
is lifted up, and the construction field platform
is lowered down. Dislocation must be made on
the same height. After this, immediately the
offset printing head again begins to move,
building up the model.

—~/

Dorowabnon

Aetane
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- Solid Ground Curing, SGC, is based on
the fact that the special tonic creates the specif-
ic model template on a glass plate (Fig. 2b).
Formed photomask is located over a thin layer
of photopolymer situated on the desktop, fur-
ther it should be exhibited by UV lamp. The
layer corresponding photopolymer pattern
hardens, and all liquid stocks are removed. In
the next step all inside cavities must be filled
with molten wax, solidifying enough quickly.
Then the process is repeated again, but the tem-
plate for the next section is already used. The
advantage of the technology is that the process
can be paused at any time and then be restarted
from the same moment (this is important when
you need to remove the defective layers or con-
tamination). The printer creates the model with
a moving component parts. A lot of noise, large
weight and the constant presence of the opera-
tor are disadvantages of this type of printing.

Constructions 3D-printing is a new tech-
nology of building, which allows to build a
house on an individual project using different
materials in a short terms. Building 3D-printer
uses extrusion technology, where each new
layer of building material is squeezed out of the
printer on the previous one. Construction print-
ers are divided into two groups, printers, print-
ing the entire building (Figure 3, b.), and print-
ers, printing separate elements (Figure 3 in.).
An example can serve models of buildings from
the real building materials, elements of land-
scape design, etc.

Application of printers producing separate
structural elements eliminates the seasonality of
the construction, i.e., it is possible to print the
buildings parts, to cure them in the warehouses
till concrete sets necessary strength and then to
assemble them into a building on the construc-
tion site (Fig. 3d).

Before start building mixture must be pre-
pared in accordance with the requirements of
the equipment. Accept the place for 3D-printer,
it is also required to provide land for: mixture
preparation, its supply to the printer printing
head, pre-drying station, warehouses and load-
ing site. To install the manufacturing equip-
ment, the area or equipment room should have
connection points to service lines (power, water

supply).
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Fig. 3. 3D-printing of constructions [11]:
a, 6 — building; 6 — printing of construction;
2 — assembly of printed building structures

In the process of creating a ready-made ob-
jects at least two people are involved : the oper-
ator (directly controls the printer) and a worker
(prepares a mixture, reinforces the products in
the process of printing, prepares equipment for
use at the beginning and the end of shift). The
number of workers is up tothe equipment size

ISSN 2312-2676

and the complexity of the process, depending
on design solutions manufactured object.

Printers for 3D-printing are of different di-
mensions and weight, for example, a printer
format of 12 x 12 meters for printing elements
of buildings, landscape items up to 3 meters
high, is a large-size 120-ton structure (Figure
4a.). To print individual structures in the en-
closed space we can use small-format printers
with the capacity of the head storage device 18
... 32 liters, dimensions of 4 x 6 meters and
weight of 620 kg (Fig. 4b). At this stage, the
design of printers allows to create low-rise
buildings of different configurations using dif-
ferent construction mixtures.

It is reasonable to simulate the shape of the
construction and verify the printing process of
the object (3D-modeling) before the construc-
tion using technology of 3D-printing. This can
be made by small format equipement using real
building mixes, allowing to check the adopted
architectural design and solutions. To print the
building model plaster mixes are used, while
cement mixture are used to create products de-
signed for outdoor use. The process of horizon-
tal and vertical reinforcement, installation of
reinforcing skeletons inside wall cavities, lay-
ing of communications is worked out on mod-
els. An important aspect is that printed patterns
are convenient for carrying out laboratory tests
on various parameters.

Advantages of 3D-printing are:

the ability to create objects of any shape
and complexity;

speed of building;

the use of different materials, including
environmentally friendly materials;

wasteless production;

the simplicity of the process;

reduction of the human factor, and thus
quality improvement and construction accura-
cy.

The disadvantages of this construction
technology are:

lack of common terminology;

constructed facilities do not have an effec-
tive thermal insulation and have a high energy
consumption;

tooling elements require further improve-
ment.
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Fig. 4. Building printers [11]:

a — format 12 x 12 metres; 6 — format 4 x 6 metres

Research purpose. is to analyze the exist-
ing methods of creating physical objects by 3D-
printing and the improvement of technology
and equipment for the printing of buildings and
structures.

Results of the study. Based on the analysis
of publications and research, authors suggest,
the following key terms and notions in the field
of 3D-printing building.

3D-printing — the process of real object
recreating based on the 3D-model.

Technology of 3D- printing — is based on
the principle of layered growing (creation) of
solid model.

3D-modelling — the process of construction
object physical model creating.

3D-printer - device to recreate real object
per sample of 3D-model.

Printing head — a component of the printer,
delivering the mixture to the object of construc-
tion.

Extruder — part of the printing head, form-
ing a thick layer of extruded mortar.

Extrusion — technological process, when
each new layer of building material is extruded
from the printer over the previous.

During the construction of the building by any
known at present method it is necessary to en-
sure high energy efficiency of building enve-
lopes as well as the whole building. Alternative
building wall structure created by 3D-printing,
makes it necessary to search for alternative
methods of energy efficiency. In this paper, we
propose to increase the thermal insulation prop-
erties of objects created by 3D-printing, and
reduce the overall energy losses of the building
by laying energy-efficient thermal insulation of

ecological materials in empty wall structures
(Fig. 5) (on the basis of cut reed, pressed straw,
hemp shives, adobe, lightweight adobe, light-
weight concrete on the base of boon of hemp).
All these materials have been created in our
laboratory [9, 10] and passed preliminary tests.
Their main propertie§lare . i

Fig. 5. Building hollow structure [11]:
a — reinforced with fiber;6 — reinforced by partitions

As for the technology, the printing process
by different mortars basically differs by thick-
ness of the printed layer and the total height of
the product. The thickness of the extruded layer
formes extruder. During the printing we can
adjust the geometry of the extruded layer,
change the speed of printing to obtain high-
quality products.
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Table 1

Characteristics of thermal insulation materials [10]
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To increase the efficiency of printing it is
proposed to use printing head with several ex-

: Volume Thermal conduc- | 4 qorg set at different levels one after the an-
Material weight, tivity coefficient, .
ke/m’ Watt/(m*K) other (Fig. 6).
400 0,12 Taking into account the properties of a
Chop of jonk 300 0,09 stacked mixture the distance between extruders
260 0.078 1, 3 and 4 can regulated extending the possibili-
220 0,06 ties of printing technology and capacity of con-
150-250 0,09 struction projects.
Pressed straw 9703_18150 08403505 Originality and Practical value. Devel-
100 0 0 s 4_0'0 o3 oped in this work equipment and materials al-
Boon of hemp 7090 0.043-0.06 lows in .the near.est future to move frqm theory
Adobe 1500 05 to practice and implement such effective meth-
. . 1000 0.13 od of construction as the technology of 3D-
iéiizwelght 900 0.114 printing and make the process of building fast,
580 0.073 efficient and modern.
. , 420 0.071 Conclusions.
Lightweight 260 0,075 1. Building 3D printers is a new generation
concrete on the 360 0,079 . . [
base of boon of of equipment for the construction of buildings
hemp 400 0,084 structures, and structural elements. A variety of

s

Fig. 6. Printing head with multiple extruders.
1, 3, 4 — extruders; 2, 5, 6 — cavity of mixture feed

building printing technologies opens up wide
range of opportunities in the construction in-
dustry. At this stage, printer design allows to
create low-rise buildings of different configura-
tions with different mortars.

2. The proposals for improvement of the
thermal insulation properties of constructed
3D-printing objects and improvement of tech-
nological equipment are developed.

3. The list of key terms and notions of con-
struction by 3D-printing and 3D-modeling
technology are proposed.
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INFLUENCE OF REBOUND EFFECTS ON THE ACHIEVEMENT OF
ENERGY SAVING TARGETS AFTER AN INCREASE IN ENERGY

EFFICIENCY ON NON-RESIDENTAL BUILDINGS
HIRSCHL B.!, Dr. Sc. (Phil.), Prof.,

GROSSMANN D.>, M. Se.

!"Faculty of Engineering and Computer Science, Brandenburg University of Technology (BTU) Cottbus-Senftenberg, Grossenhainer
Str. 57, DE-01968 Senftenberg, Germany

2 Faculty of Engineering and Computer Science, Brandenburg University of Technology (BTU) Cottbus-Senftenberg, Grossenhainer
Str. 57, DE-01968 Senftenberg, Germany

Abstract. Purpose. This article draws attention to rebound effects, which are responsible for missing the planned
energy savings after an increase in efficiency. For residential buildings already exist wide scientific studies to rebound
effects after a thermal retrofit. This article present first findings to rebound effects in non-residential buildings.
Methodology. 1t is presents a methodology for the determination of rebound effects and their causes in non-residential
buildings. In addition to the mathematical calculation of the rebound effects semi-structured-interviews to identify the
causes were describe. Conclusions. This article focuses on four office and administrative buildings with regard to their
actual and calculated building heat pre- and post-thermal-retrofit and comes to the conclusion that even in non-
residential buildings rebound effects are to be expected. However, the causes differ significantly compared to residential
buildings. Originality. For the first time a methodology for the determination of rebound effects and its causes has been
developed for non-residential buildings and tested on case study objects. In addition, the obtained results compared with
literature review for non-residential buildings and residential buildings. Practical value. These article gives information on
whether rebound-effects exists after a thermal retrofit and in the case these effect exist it renames possible reasons of this
effect.

Keywords: rebound effect, direct rebound effect, non-residential buildings, thermal retrofits

BILIVMB 3BOPOTHUX E®EKTIB HA JOCATHEHHS LIJIEA
EHEPI'O3BEPEKEHHA IIICJIA 3B1VIBINEHHSA
EHEPI'OEHEPTOE®EKTUBHOCTI HEXKUTJIOBUX BY AIBEJIb

XIPLLJIb B.", op. (¢hin.), npogp.,
T'POCMAHH J1.%, mazicmp

! ®akynerer imKeHepHHX Hayk Ta iHdopMmaruky, BpaHmeHOypspkuii Texmiummii ymisepcuter (BTY) KotGyc-3endrenGepr,
I'poccenxaiinep mrpacce 57, DE-01968 3endtentepr, Himeuunna
2 axyabTeT IHKCHEPHHX HAYK Ta iH(OPMATHKH, Bpammenbypseknmii Texmiummit ymisepcurer (BTY) Kor6yc-3endrenbepr,
I'poccenxaiinep wrpacce 57, DE-01968 3endrentdepr, Himeuunna

AHoTtauisi. Mema. 115 ctaTTs 3BepTae yBary Ha 3BOPOTHI €(DeKTH, sIKi TIOB’sI3aHi 3 BIJICYTHICTIO 3aIUIAaHOBaHUX Jif
10710 €KOHOMIi eHeprii, aje BIUIMBAaIOTh Ha JOCATHEHHs eHepro3Oepiratoumx mineil. st xurinoBux OyIUHKIB BiKe
ICHYIOThP INHPOKI HAYKOBi JOCIHIIKEHHS MIOJ0 3BOPOTHHUX e(eKTiB TMicis TemioBoi MopepHizamii. Lls crarts
MIPECTABUTH TEPIi BUCHOBKH IIOJIO 3BOPOTHHUX €(DEKTiB y HEKUTIOBUX OynuHKax. Memoouka. CTaTTs TpeACTaBIIsIE
METOJIOJIOTIF0 Ul BU3HAYEHHS 3BOPOTHHX €(eKTiB 1 IX NPUYMH B HEXHUTIOBHX OyIWHKAaX. Y JOTOBHEHHS IO
MaTEeMAaTUYHAX PpO3PaxXyHKiB IMIOAO 3BOPOTHMX HACHIAKIB JUIS BHSIBICHHS MNPHYUH Oylo BHKOPHCTAHO
MOJIYCTPYKTYpOBaHe iHTepB’10. Pezynvmamu. 115 cTatTst 30cepe/keHa Ha YOTUPHOX O(ICHUX Ta aJAMIHICTPaTHBHUX
OymiBIISAX, NEMOHCTPYE (aKTH4YHI 1 PO3PaXyHKOBI IMOKA3HWKH CIIOKMBAaHHA OY[iBIEI0 Tema M0 1 MICHA TEIUIOBOI
MOJIEpHi3allil, MPUXOANUTH A0 BUCHOBKY, 1110 HaBiTh Y HEXXUTJIOBUX OyJIBIISIX MOKHA O4iKyBaTH 3BOpOTHI edektu. Tum
HE MEHIl, 1X TMPUYUHM ICTOTHO BiJPI3HSIOTHCS Y MOPIBHSHHI 3 XUTIOBUMH OyauHkamu. Haykoea noeusna. Buepiie
Oyna po3po0JieHa METOMKA ISl BU3HAYCHHS 3BOPOTHUX €(DEKTIB JJI1 HEXKHUTIOBHX OyIiBENb, 3’SICOBAHO iX MPUYUHH,
3aCTOCOBAHE COLIOJIOTIUHE TociipkeHHs. KpiM Toro, oTpuMaHi pe3yabTaTi HOPIiBHIOIOTHCS 3 HABEJICHUMH Y JIiTEpaTypi
MarepiajJaMu Ul HEeXKUTIOBUX OyJiBeNb Ta >KUTIOBUX OynuHKIB. IIpakmuuna 3nayumicms. Y CTaTTI HaBOASATHCS
BIJJOMOCTI TIPO T€, Y iCHY€ 3BOPOTHMH e(eKT Mmicyisi TepMiuHOi Moaudikamii Ta 3’sCOBaHI MOXXIJIMBI NPUYUHH LOTO
eexTy.

KurouoBi ciioBa: 36opomnuuii epexm, npsima 0ist 360pomno2o eexmy, Hexcumnosi 6yoieii, menioge nepeooiIaoHanHs
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BJIUSAHUE OBPATHBIX D®®EKTOB HA JIOCTUXKEHUE LEJIEHA
HEPI'OCBEPEKEHUSA NTOCJIE YBEJIMYEHUSA

SHEPTI O ®PEKTUBHOCTHU HEXKWJIBIX 3JJAHUN
XUPIIb B.", 0p. (¢pun.), npogp.
T'POCMAHH ]1.%, mazucmp

! DakynbTeT MHXEHEPHBIX Hayk W MH(OPMATHKH, BpanaeHGyprekmii Texmmdeckuit yrmsepcuter (BTY) KotGyc-3endrenGepr,
I'poccenxaiinep mrpacce 57, DE-01968 3en¢tentepr, ['epmanus
2 dakynbTeT MHXEHEpHBIX Hayk M uHpopmartuku, bpannenOyprckuii texumueckuii ynuepcuter (BTY) Kor0yc-3endrenbepr,
I'poccenxaitnep mrpacce 57, DE-01968 3endrentepr, I'epmanus

Annoranusi. Ilens. JlanHass craThst oOpaimaeT BHMMaHHE Ha oOparHbie 3¢ QEKTHl, KOTOpPHIC CBA3aHBI C
OTCYTCTBHEM 3aIUIAHWPOBAHHBIX IEHCTBUII OTHOCHTEIHHO 3KOHOMUH 3HEPTHH, OJHAKO BIHSIOT HAa JIOCTH)KEHHE
sHeprocOeperaomux neneil. s )KUIbIX 31aHUH yXKe CYLIeCTBYIOT IIMPOKUE Hay4YHbIE WCCIIEOBaHUS 10 0OpaTHBIM
a¢dexramM mociie TEeIIOBOW MOJEPHHM3ALMH. JTa CTAaThsl NPEACTABUT NEPBbIE BBIBOJBI MO0 OOpaTHBIM 3(deKkram B
HEOKWIBbIX 31aHusIX. Memoouka. CtaThsi NPEICTABISET METOMOJOTHIO AJIsl ONpelesieHnsl 00paTHbIX dPPEKTOB U UX
MPUYUH B HEKWIBIX 3IaHUSIX. B TOMoTHEHHE K MAaTeMaTHYSCKUM pacdeTaM 0 0OpPaTHBIM CICICTBHSM ISl BBISBICHHS
MIPUYXH OBLIO PUMEHEHO MOIYCTPYKTYPUPOBaHHBIE HHTEPBBIO. Pe3yibmanpl. JTa CTaThsi COCPEIOTOUEHA HA YEThIpEX
O(UCHBIX M aIMMHUCTPAaTHBHBIX 31aHHAX, NEMOHCTPUPYET (AaKTHUECKHE W PacUeTHBIE MOKa3aTelH IMOTpeOJeHNUs
3IaHISIMH TEIUIa 0 M TOCIE TEeIUIOBOM MOAEPHH3AINH, TPUXOAUT K BHIBOAY, UYTO JaKe B HEXKWIBIX 3IaHUIX MOXKHO
oKumate oopaTHbie 3P QeKTrl. TeM He MeHee, UX MPUYNHBI CYIIECTBEHHO OTIMYAIOTCS 110 CPABHEHHIO C KHIIBIX JTOMOB.
Hayunas nosusna. Bniepbie Obuta pazpaboTaHa METOJMKA Ul ONpelelieHuss oOpaTHbIX I(PQEKTOB Ui HEXHUIIBIX
3MaHUH, BBICHEHBI WX MPWYHMHBI, HCIIOJB30BAaHBl COIMOJIOTHYECKHE HCCieqoBaHus. Kpome TOro, mHOIy4eHHBIE
pe3yabTaThl CPaBHUBAIOTCS C MPHUBEICHHBIMH B JINTEPAType MaTepuallaMH JUISI HEXWJIBIX 3JaHUA W JKWIBIX JOMOB.
Ilpakmuueckan 3nauumocmo. B cratbe NMPUBOIATCSA CBEACHHS O TOM, CYIICCTBYIOT Ji OOpaTHbie 3(GQEKThI HOcie

TEPMUYECKOH MOITU(UKALINK U BBISICHEHBI BO3MOXKHBIE IPHYHMHBI 3TOTO 3 deKTa.

KiroueBbie cioBa:
nepeobopyoosatie

obpamuviii  3¢pghexm,

Introduction. The production of thermal
energy accounted 58% of total final energy
consumption in the year 2013 in Germany [1].
The largest proportion (approximately 35% of
total final energy consumption) accounted for
the production of heat in buildings for space
heating and hot water (building heat) [1]. This
leads to a high proportion of the building heat
on the carbon dioxide emissions (CO;). Around
24% of carbon dioxide emissions of Germany
caused by the building heat, approximately
17% accounted for residential buildings and 7%
for non-residential buildings [2].

The German housing stock consists of
more than 18 million residential and 2.5 million
non-residential buildings [3, 4]. About 70% of
the residential buildings were erected before the
first legal regulations for the thermal quality of
buildings were adopted in 1979 [4]. Starting
with that year, minimum requirements for ener-
gy efficiency of buildings became obligatory.
Among the majority of these older buildings
only for a small amount a thermal retrofit on
the building envelope has been carried out. This
majority of existing buildings do not fulfill any

npsmoe Oeticmeue 0bpamHozo 3pghexma,

Heofcuible 30anz, menJjoesoe

minimum energy standards and, therefore, they
have very high energy consumption.

The German government has decided re-
duction of primary energy demand in existing
buildings by 80% until the year 2050 (based on
2008) by the Energy Concept in the year 2010
[5]. Already by 2020 reduction target for build-
ing heat says 20% based on 2008 [5]. To
achieve these goals a significant reduction of
energy consumption for space heating in resi-
dential and non-residential buildings is neces-
sary. A reduction of building heat be achieved
by retrofit to improve the thermal quality of the
building envelope (e.g. insulation of the facade
and/ or the upper and lower building closure or
a replacement of windows and doors) or re-
placement the heat generator or the heat source.

For residential buildings was observed that
the amount of the calculated consumption and
the actual consumption are different in several
scientific studies. The calculated consumption
is determined by approach of standard condi-
tion of use (e.g. temperature of rooms, the con-
sumption of warm water, the ventilation dura-
tions). In Germany, the standard conditions of
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use are specified in the
“Energieeinparverordnung” [5]. In contrast of
the calculated consumption the actual consump-
tion reflects the real consumption of energy
(e.g. listed on the invoice of companies for en-
ergy supply). After a thermal retrofit the
amount of the actual consumption is higher
than the amount of the calculated consumption.
Before the thermal retrofit it was the other way
around, the calculated consumption is higher.
One explanation can be offered by the rebound
effect. Rebound effects occur after there was an
increase in the energy efficiency of products or
services and the costs for these products or ser-
vices are reduced, and, as the result, they are
consumed more than previously [8]. The con-
sumers change their behavior and consume
more energy than previously. Thus, the ex-
pected energy savings and energy reduction
goals will not be achieved. A direct rebound
effect is present when an increase in energy
efficiency leads to increased consumption of
this product or service. For example, as a result
of purchasing a new car with lower fuel con-
sumption per kilometer driven, the cost per
kilometer declines and, as a consequence of the
lower costs, more total kilometers are driven
with the new car, compared to the older one.
The planned energy savings were reduced by
additional trips. An indirect rebound effect oc-
curs when an increase in energy efficiency
leads to increased consumption of other product
or service. For example, as a result of buying a
new car with lower fuel consumption per kilo-
meter driven, the cost per kilometer declines
and, as a consequence of lower costs, money
will be accumulated. With this money an addi-
tional electrical device (e.g. a TV) is bought.
This article considers only the direct rebound
effect, therefore in the following just called
rebound effect.

Identification of an unsolved problem.
Residential buildings are already well studied
for the presence of the rebound effect after a
thermal retrofit. But for non-residential build-
ings only a few results are available. However,
the known results of residential buildings can-
not be transferred to non-residential buildings
really, because on the one hand the buildings
are used differently and on the other hand the
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occupants of the non-residential buildings
aren’t pay for the cost of building heat usually
[6]. In residential buildings, the residents pay
the costs for the building heat itself usually.
However, it seems the level of costs for energy
consumption is an important motivation for the
user behavior. Therefore, it is interesting to
determine if there is a change in user behaviors
by occupants of non-residential buildings after
a thermal retrofit.

Analysis of the recent research. The
mathematical derivation of the rebound effect
has been described several times in detail,
compare [6, 7, 8]. At this point, the adopted
definition is reproduced [6]:

Ep*Cqy
In (ﬁ)
C1
In (C_z)
R(S) elasticity rebound-effect of energy ser-

vices consumption (S);
E, /E, actual consumption pre / post-retrofit;

R(S) =

C, / C, calculated consumption pre / post-

retrofit.

The mathematical model is based on the
actual and the calculated consumption pre /
post-retrofit. This makes it possible to analyze
if the user behavior has changed as a result of
the thermal retrofit.

The rebound effect is understood as elastic-
ity rebound effect. The elasticity is a term from
the economics that expresses the development
of demand to prices changes. In the context of
rebound effects was found that the elasticity
approach fits very well [6, 8, 12].

Only if the rebound effect is zero, there are
no change in user behavior. For residential
buildings the rebound effect lies between 16%
(study in Belgium with 964 buildings [9]), 48%
(studies in UK with 52 buildings [8]) and 50%
(study in France with 913 buildings [10]).

Identification of unsolved part of the
general problem. The attention of rebound
effects has been established in science for wide
range of applications. However for the general
public, rebound effects and their causes and
consequences are mostly unknown. But this can
result in overestimation of energy saving, com-
pare Fig. 1. For residential buildings in Germa-
ny it had been founded that residents, which are
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living in old and inefficient buildings, limit
their user comfort. Thus, the actual energy con-
sumption for space heating is lower than the
calculated consumption.

After the thermal retrofit the user behavior
has change, the residents know that the building
is now more efficiency and consume more en-
ergy for space heating mostly unconsciously.
For example the room temperature raised, more
rooms heated or room are heated for a longer
time.

space heating consumption (kWh' (m? a))
300
250 | calculated consumption pre retrofit (C,)

actual consumption pre retrofit (E )

actual consumption post retrofit (E,)

calculated consumption pre retrofit (C,)

calculated
50 energy

expected real
energy saving energy

Fig. 1. Schematic diagram for residential buildings
(Source: compiled by the authors)

Thereby the actual energy consumption is
above the calculated energy consumption after
thermal retrofit. As a consequence of Rebound-
Effects the real energy saving is less than the
expected and calculated saving. This can lead
to failure: a) the climate protection goals and b)
the individual expectations of the economics
for the thermal retrofit of homeowners.

Purpose. The purpose of the research is
the development and testing a method to esti-
mate if Rebound-Effects exist by non-
residential-buildings. And should this be the
case, the causes and the amount have been de-
termined.

Methodology. After a definition of terms
and mathematical definition of evaluation pa-
rameters, a methodology was developed [6].
The methodology was tested on four selected
case study objects. Selection criteria for the
case study objects were [6]: a) building should
be office or administration buildings, which
were used as constant as possible throughout
the year and for several years; b) comprehen-
sive thermal retrofit was carried out; c) thermal
retrofit completed already three years ago; d)
the amounts of the actual and calculated con-
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sumption pre- and post-retrofit are available; e)
buildings should have undergone no extensive
floor space change the last years.

The calculated consumption was removed
from energy-concept of each building. These
energy concepts were developed based on the
requirements of the German
“Energieeinsparverordnung” by engineering
offices. The state pre- and post-retrofit were
calculated separately. The actual consumption
pre and post-retrofit were removed from in-
voice values of energy supply companies and
divided by the heated area. For the actual con-
sumption different numbers of observed periods
are available (2-5 years). Each observed period
was corrected of the weather by the correction
factors of the German Weather Service for the
respective postcode area. The available values
were averaged arithmetically.

By the case study objects semi-structured
interviews have been carried out with technical
staff like caretaker, technicians, facility and
property managers. Content of the interviews
were [6]: a) a comparison between the structur-
al condition of the building, the thermal retrofit
with the adoptions of the energy concept of the
buildings and b) checked the reactions of the
occupants with regard to the condition of the
building pre- and post-retrofit. In addition in
each case study object have been carried out
semi-structured interviews with the occupants
(approximately five persons in each object).
Content of the interviews were [6]: a) the venti-
lation and heating behavior of a typical office
day, b) type of ventilation (opening the whole
window,  shock-ventilation in  German
»StoBliiften or tilting the window in German
,»Kippliiftung®), c) type of use the space heat-
ing, d) expectations for the retrofit; e) changes
caused by the retrofit; f) private ventilation and
heating behaviors. The digitally recorded inter-
views were transcribed and the transcript ana-
lyzed.

Another point was the calculation of re-
bound effects for case study objects and inter-
pretation of the results with literature data and
the findings from the interviews.

Findings. As case studies objects four
buildings in Germany were selected: two cus-
toms building, one police office and a College
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building for Music. Semi-structured-interviews
were conducted with 32 persons (21 occupants
and 12 persons of the technical staff) [6].

First, the results of the analysis of user be-
havior will be presented. Over 90% of occu-
pants had an office in an old and inefficient
building before the thermal retrofit, either in the
case study object or in another building. There-
fore, it can be assumed, that the occupants
could reflect the expectations and impact of the
thermal retrofit very well. More than a half of
the occupants can use their office most of the
time alone. Some of the users (10 of the inter-
viewed people), which are housed in shared
offices, reported that they have a different tem-
perature sensitivity as the colleague/s in the
office. They said that they adapted to each other
via the clothing style, individual operation of
the “own” radiator or ventilation of the over-
heated office when the colleague is not in the
office. Nearly all occupants ventilated their
office in the beginning of a working day. The
type of ventilation varied: the half of the inter-
viewed persons opening the whole window, a
quarter of them tilting the window and a quarter
combined both types. Reasons for tilting in-
stead of whole opening are the fear against fly-
ing paper on the desk and flowers that stand in
the way, or temperature-sensitive technology.
The duration and the type of ventilation are
greatly influenced by subjective user behavior
but also by external factors. It was observed
that the occupations, which have an office near
a multi-lane road, said that they quickly close
the window because the traffic noise had a neg-
ative impact on the working environment.

In analyzing the type of use the space heat-
ing the occupants indicated that they turned up
the heating much higher before retrofit and the
rooms cooled down more quickly. In addition,
the heating control before the retrofit was bad,
so they turned on the heating to the maximum
level and then ventilated the warm air away.

During the ventilation only a small part of
the user turns the heating off or down. For
many respondents it is only important that the
office would be warm. After the retrofit, many
users find it pleasant that the heating can be
controlled better and the rooms remained warm
longer.
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The occupants said that the common areas
become problematic after the retrofit in terms
of ventilation and heating. These rooms must
be ventilated after retrofit and nobody felt re-
sponsible for it. The heating position has been
changed in the common areas often and remain-
ing after the use at this level. Thus, the common
areas for the next users were either overheated
or cooled too much.

More than half of the respondents said that
they pay more attention to efficient behavior in
the private sector for themselves and other per-
sons in the household. The heating turned off
while ventilation and when leaving the house /
apartment significantly more. Also during ven-
tilation in the private sector there is more atten-
tion to energy efficiency, thus two thirds of the
persons which tilt and tilt / shock ventilation in
the office said that they ventilate only shock.
Also seeming barriers, like flowers in front of
the window are removed willingly.

The calculation of rebound effects for non-
residential buildings showed negative or very
small positive rebound effects in three of the

four case study objects, see Table 1.
Table 1
Calculated and actual space heating consumption and
the rebound effects of the case study objects
(non-residential buildings) [7]

Calculated con- Actual consump-
sumption C tion E Rebound-
(kWh/ (m? a)) (kWh/ (m? a)) E(f‘;e;t
Pre- Post- Pre- Post- °
retrofit | retrofit | retrofit | retrofit
Police 123 61 106 52 L6
office
Customs
244 136 204 117 4,9
office 1
Customs
office 2 215 96 206 88 -5,5
College
building 140 83 143 47 -113
for
Music

A negative rebound effect suggests a posi-
tive change in user behaviors after retrofit. The-
se findings are in contrast with the results of
rebound effects in residential buildings. There-
fore, the results of case studies objects must be
interpreted: a) on the one hand the number of
examined objects with four buildings is very
low. From literature studies a rebound effect in
non-residential buildings be detected, but this is
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also a wide spread of 17% - 73% (in 30-93
buildings [8]). b) Another reason for a small
rebound effect of the case study objects lies in
the fact that in contrast to residential buildings
the actual and calculated consumption pre-
retrofit demand closer together. That means,
users of non-residential buildings consume
careless energy as in residential buildings be-
fore retrofit, it also indicate the results of the
users interviews. ¢) It would also be conceiva-
ble that the calculation rule
(Energieeinsparverordnung) for the amount of
the calculated consumption is too high for non-
residential buildings.

The case studies object for the College
building for Music is a special case, because
inside installed sound insulation of the practice
rooms works like an additional interior insula-
tion. This additional interior insulation was not
considered in the energy concept and so the
amount for the calculated consumption is prob-
ably too high.

Originality and Practical value. For the
first time a methodology for the determination
of rebound effects and its causes has been de-
veloped for non-residential buildings and tested
on case study objects. In addition, the obtained
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results compared with literature review for non-
residential buildings and residential buildings.

These article gives information on whether
rebound-effects exists after a thermal retrofit
and in the case these effect exist it renames
possible reasons of this effect.

Conclusions. Although the case studies
objects have negative or very low rebound ef-
fects, but it can be concluded from the analysis
of the literature that rebound effects exist for
non-residential buildings too. However, the
number of examined buildings is still relatively
low, comparisons [8]. The aim should therefore
be that comparison data sets for actual and cal-
culated consumption for non-residential build-
ing pre- and post-retrofit will create. It is im-
portant to know the basis of the amounts. It is
notable that occupants in non-residential build-
ings use carefree energy markedly as in private
homes. Here it seems to missing incentive to
save energy through energy efficiency behav-
ior. Rebound effects should be given more at-
tention not only in residential buildings but also
in non-residential buildings. It is important to
know Rebound-Effects and their causes, be-
cause they have an impact on the achievement
of savings goals for the government and private
house-owners.
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Abstract. Purpose. The purpose of the presented research is to discuss the key directions for the reformation of
energy management in support of sustainable development policy implementation under conditions of transitional
economy. In accordance with this aim the following objectives were formulated: 1) to analyse the experience of the EU
and European countries, which have implemented the energy efficiency concept; 2) to identify the main methods for the
implementation of energy efficiency concept in a transitional economy; 3) to suggest conceptual approaches for
balancing targets of energy saving and economic growth in Ukraine. Methodology. The main arguments in the article
are developed by analysing scientific papers on the issue of energy efficiency in the context of sustainable development,
through comparative analysis of statistics in the area of energy consumption, energy efficiency and economic growth in
various regions and countries, and by analysing experience of different countries in this field, Germany in particular.
Conclusions. This article analyses the relationship between energy intensity and GDP growth, reviews the
contemporary model for energy efficiency in the EU and studies differences between energy policies in various regions
and the EU. The system approach allows to identify the main methods and measures that ensure the effectiveness of
energy policy in Germany, which can be considered as useful for Ukraine. Originality. The study reviewed and analysed
the main methods and measures that ensure the effectiveness of energy policy in Germany, including the domains of
regulatory policy, funding, market instruments. Practical value. The proposed system of methods and measures may be
useful for the planning of actions towards strengthening the capacity of energy efficiency in the conditions of the
transition economy.
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AHoTanigs. Mema. Meta [NOCHiKEHHS TIONATa€ Yy BH3HAYCHHI KIIOYOBHX HANpPSMKIB peQopMyBaHHS
€HEePreTUYHOr0 MEHEKMEHTY B TIATPUMKY 3/1iHCHEHHS MOJITHKU CTAIIOTO PO3BUTKY B YMOBaX IepeXiIHOT €eKOHOMIKH.
VY BIINOBIAHICTIO 3 1i€l0 MeTO, Oysu chOpMyJIbOBaHI HACTYIHI JOCTIIHUIBKI 3aBJaHHs: 1) npoaHaizyBaTH JOCBIX
€C i eBponeHCHKHUX KpaiH, sIKi MPONIIUIN HIISIX IMITIEMEHTalii KOHIeNIii eHeproeeKTUBHOCTI; 2) BU3HAYMTH OCHOBHI
criocobn peaiizanii KOHIEMIil eHeproeeKTUBHOCTI B YMOBaxX NEpeXifHOI EKOHOMIKM; 3) 3alpoloHyBaTH
KOHLENTYaJbHI MiAXOAW 10 30alaHCyBaHHS LJICH 3HIDKEHHS CIOXKMBAHHS €Heprii Ta €KOHOMIYHOIO 3pOCTaHHS B
VYkpaini. Memoouka. OCHOBHI apryMEHTH y CTaTTi po3poOJieHI Ha OCHOBI aHaNi3y HAyKOBHX Mpaib 3 IpodieM
€Heproe(eKTUBHOCTI B KOHTEKCTi CTallOTO PO3BHUTKY, IOPIBHSHHSI CTAaTHCTUKHA B OOJIACTI EHEPrOCIOKUBAHHSA,
€HeproeeKTHBHOCTI Ta E€KOHOMIYHOTO 3pOCTaHHS B PI3HMX perioHax i KpalHax, aHami3y IOCBidy pi3HHX KpaiH,
ocobnmBo B Himeuunni. Pe3yrsmamu. Y CTaTTi aHATI3YETHCS B3a€EMO3B’SI30K MK €HEProeMHICTIO 1 3pocTanHsM BBII,
posrisagae cydacHy moaens €C y ramy3i eHeproeeKTHBHOCTI, BUBYA€ BiIAMIHHOCTI €HEPTETHYHOI MOJITHKH B PI3HUX
perioHax Ta €C. CucTeMHHI MiAXIA JO3BOJISIE BUSBUTH OCHOBHI METOMM 1 3aX0/H, 110 3a0e3rnedyioTh e(heKTHBHICTh
eHepreTn4Hoi nouitiku B HiMewuuHi, mo xopucHi ans Ykpainu. Haykoea noeusna. Y JOCHIDKEHHI IPOaHaIi30BaHO
OCHOBHI METO/IM 1 3aX0/1H, 1110 3a0e3MeuyIoTh e()eKTUBHICTh EHEPreTHYHOT MoJMITHKK B HiMeuurHi, y TOMy YHMCIIi TaKUX
o0ylacTsiX, SK peryjsaTopHa TMoJiTHKa, (iHAHCYBaHHs, pPHUHKOBI IHCTpyMeHTH. IIpakmuuna 3unavumicme.
3ampornoHoBaHa CHUCTEMa METOMIB 1 3aXOAiB MOXYTh OYyTH KOPHCHHUMHU JUIs IUIaHYBaHHS [Iidf, CIIPSIMOBaHUX Ha
3MIIIHEHHSI TOTEHLaTy eHeProe()eKTUBHOCTI B YMOBaX I1€peXiTHOT €eKOHOMIKH.

KiwuoBi cnoBa: ynpasninus enepeoegpexmusHicmio;  eHepeosdepedcenns;, cmaauti  possumox; Hosa €gponeiicoka
Enepeemuuna Ilonimuxa; enepeemuyna mpinemma, NOKA3HUKU eHep2oedheKmueHoCni
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Aunnoramusi. Ilens. llenp wcciienoBaHus COCTOMT B ONpPEIEICHHH KIIOYEBBIX HampasieHHH pedopmupoBaHus
OHCPreTUYECKOI0 MCHEPKMCHTA B IMNOAACPIKKY OCYIIECTBJICHUA IOJUTHUKU yCTOﬁ‘iHBOFO pasBuTHA B YCJIOBHUAX
MIepeX0/IHOl PKOHOMHUKH. B cOOTBETCTBHME C 3TOW LeNbio, ObUIM CHOPMYIHUPOBAHBI CIIEAYIONIHE HCCIEI0BATEIbCKIE
3amaun: 1) mpoanammsuposath onbiT EC M eBponeiicknx cTpaH, KOTOpPbIE HPOLLIM MyTh HMMIUIEMEHTAMH KOHLETIIHN
9Heprod(EeKTUBHOCTH; 2) OINPEIEIUTh OCHOBHBIE CIIOCOOBI PEATM3aMN KOHIETILIMU SHEProd(PEeKTUBHOCTH B yCIOBUSX
MIEPEXOHON 3KOHOMHKH; 3) MPEUIOXKHUTh KOHLENTYaJIbHbIE IOAXOABI Ul COAJaHCHPOBAHMS LENeld CHIKEHHS
MOTPEeOJICHNS] SHEPTUHM M SKOHOMHYECKOTO pocTa B YkpanHe. Memoouxa. OCHOBHBIE apIyMEHTHI B CTaThe pa3paboTaHbI
Ha OCHOBE aHAIM3a HAYYHBIX pabOT mo mpobiiemMaM 35Heprod((GEKTHBHOCTH B KOHTEKCTE YCTOHYMBOTO Pa3BHTHSL,
CpPaBHEHHMS CTATUCTHKU B 0OJIACTH 3HEPronoTpedaeHus, 3HeprodhGeKTUBHOCTH U SKOHOMHYECKOTO POCTa B Pa3INYHBIX
pETHOHaxX M CTPaHaX, aHAJIN3a OIBITA PA3IMYHBIX CTPaH, 0c0OeHHO B ['epmanuu. Pesynibmamet. B cTaTthe aHanmusupyercs
B3aMMOCBSI3b MEXAY 3HeproeMkocTeio M poctoM BBII, paccmarpuBaercs coBpemenHas mozpens EC B obmactu
3HEProd(pPeKTUBHOCTH, U3YUYArOTCS Pa3IndMsl SHEPTeTUYCCKOM MONUTHKU B pa3auuHbix peruonax u EC. CucteMHbId
MOAXO0J IMO3BOJIACT BbIABUTHL OCHOBHBIC METOABI 1 MEPHI, o6ecneq1/13a10u1y1e 3(1)(1)CKTI/IBHOCTI) 3HepFeTM‘-IeCKOI>i TIOJIMTUKH
B I'epmaHuu, xotopble NOJE3HBI 11 YKpauHbsl. Hayunas noeusna. B uccienoBaHUU NPOAaHAIN3UPOBAHbl OCHOBHBIE
METOJbI U Mephl, obecrieynBarone 3(PQGEKTUBHOCTD 3HEPIeTUUECKOW IOJUTHUKM B ['epMaHHMM, B TOM YHCIE TaKUX
00nacTsIX, KaKk peryJisTopHas IOJMTHKA, (MHAHCHPOBAHWE, PHIHOUHBIE WHCTPYMEHTHL IIpakmuueckas 3nauumocmes.
[IpemnoxkenHas cucreMa METOJOB M MEp MOXKET OBITh IOJ€3Ha JUIS IUIAHMPOBAaHHUS JEHCTBHI, HalpaBleHHBIX Ha
YKpeIUIeHre NoTeHInala 3Heprodp(eKTHBHOCTH B YCIOBHSX IEPEXOJHON SKOHOMHKH.

KiioueBble ci10Ba: ynpasienue suepeospdexmusHocmoio; dnepeocoepescenue; ycmotiuusoe passumue; Hoeas Esponeiickas

3Hepeemultea<aﬂ Tonumuxa, Hepeemu4ecKas mpuiemma, nokasameiu 3Hep209¢qber<muenocmu

Introduction. In Europe and the world the
issues of energy supply and energy efficiency
are extremely urgent on the agenda. The de-
mand for mineral hydrocarbon-based fuel —
coal, oil and gas — is growing steadily. Accord-
ing to the International Energy Agency, the
global primary energy demand will increase by
37 per cent during the period of 2013-2040.
The growth of energy consumption affects the
overall level of environmental pollution and
accelerates the process of climate change: the
energy-related CO, emissions are projected to
be 16 per cent higher by 2040 [1]. At the same
time, it is proven that the growth and continu-
ing increase in energy consumption does not
always correspond to rates of economic growth,
both in the short and the long run [2]. In recent
studies it is well documented that governments
of various countries could pursue the energy
conservation policies aimed at reduction of
energy use for purposes of environmentally
friendly development without causing signifi-
cant negative effects on the economic growth
[3-4].

This is why back in April 2010 the Secre-
tary-General’s Advisory Group on Energy and
Climate Change (AGECC) called for the adop-
tion of two related targets: 1) to achieve univer-
sal access to modern energy services by 2030;
2) and for a 40 per cent reduction in global en-
ergy intensity also by 2030 [5]. They were later
included as targets 1 and 3, respectively, to goal
7 from the recently adopted list of UN’s Sus-
tainable Development Goals (SDGs).

The aim of providing universal access to
energy should create favourable conditions for
the economic take-off. Access to modern en-
ergy services must be reliable, affordable and
sustainable, as well as, where possible, based
on sources with a low greenhouse gas emission
potential.

According to Ban Ki-moon, improving en-
ergy efficiency is paramount if we are to stop
the growth of energy consumption and to re-
duce greenhouse gas emissions [5, p. 2]. Meas-
ures for improving energy efficiency are aimed
at the reduction of energy intensity through
reducing energy consumption, while maintain-
ing the same level of productivity, and through
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transformation of energy sources. Since 2000,
the global energy intensity has been decreasing
at a rate of about one per cent per year due to
both of these approaches [11]. At the same
time, it should be noted that the European Un-
ion makes a decisive contribution to the global
energy policy through its missions, activities
and authoritative interaction with countries,
peoples and organisations throughout the
world.

The European Union member states have
committed to the 20/20/20 goals, cutting green-
house gas emissions by 20 per cent, increasing
the use of renewable energy by 20 per cent, and
cutting energy consumption through improved
energy efficiency by 20 per cent. A number of
reviews and scientific publications have shown
the fundamental achievements of the European
countries (e.g. Germany, Denmark, the Nether-
lands and others), which in the course of the
past decades continuously promoted the energy
efficiency mechanisms at national level [17-
19].

It should be emphasised that energy effi-
ciency is produced domestically, supporting
national energy security [17]. So in 2014, the
International Energy Agency countries are es-
timated to have avoided primary energy im-
ports of natural gas, oil and coal, totalling at
least 190 Mtoe, and saving USD 80 billion in
import bills. Germany achieved the greatest
reductions in imports overall, and is estimated
to have saved USD 30 billion as a result of en-
ergy efficiency gains that reduced consumption
of imported oil, gas and coal.

However, while noting the progress made
in developed countries, the special reports con-
firm that in countries with transitional econo-
mies, such as Ukraine, energy management
remains limited to an outdated concept of en-
ergy consumption. The existing policies, strate-
gies, as well as the practice of coordination of
economy- and energy-related issues, are inade-
quate and insufficient to avert a further deepen-
ing of the crisis. In these countries energy pol-
icy is still an emerging sphere of activity where
little progress has still been made.

Research Purpose.The aim of the pre-
sented research is to discuss the key directions
for the reformation of energy management in
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support of sustainable development policy im-
plementation under conditions of transitional
economy.

In accordance with this aim the following
specific objectives were formulated: 1) to ana-
lyse the experience of the EU and European
countries, which have implemented the energy
efficiency concept; 2) to identify the main
methods for the implementation of energy effi-
ciency concept in a transitional economy; 3) to
suggest conceptual approaches for balancing
targets of energy saving and economic growth
in Ukraine.

Methodology. The main arguments in the
article are developed by analysing scientific
papers on the issue of energy efficiency in the
context of sustainable development, through
comparative analysis of statistics in the area of
energy consumption, energy efficiency and
economic growth in various regions and coun-
tries, and by analysing experience of different
countries in this field, Germany in particular.

Findings. Today, the EU has a common
energy policy in the overall context of sustain-
able development concept. However, it should
be noted that the basic objectives and ap-
proaches of energy efficiency policy have been
developed in the EU in the course of many
years.

Following a long consultation process with
all EU member states, in January 2007, the
European Commission published the decision
to develop a common energy policy — “Energy
for a Changing World: The New European En-
ergy Policy”, which has been approved at a
meeting of the European Council on 8-9 March
2007 [8]. As the point of departure the new
European Energy Policy declared the progress
in re-directing energy management towards
achieving the objectives of sustainable, com-
petitive and secure energy supply.

This fundamental goal anticipates that en-
ergy policy will lead to a ‘post-industrial revo-
lution’, and to a low-carbon economy in the
European Union, as well as it will increase
competition in the energy markets and improve
security of energy supply and employment
prospects [8].

The EU’s common energy policy includes
the following key provisions: 1) integration of
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networks and energy capacity in the EU; 2)
diversification of energy sources for strengthen-
ing the energy security; 3) assisting EU coun-
tries to increase independence from energy im-
ports; 4) making the EU a world leader in re-
newable energy and in the fight against global
warming.

The EU model for achieving the energy ef-
ficiency is set out in the series of directives of
the European Parliament and the Council, such
as: Directive 2006/32/EU on energy end-use
efficiency and energy services; Directive
2010/31/EU on the energy performance of
buildings (recast); Directive 2010/30/EU on the
indication by labelling and standard product
information of the consumption of energy and
other resources by energy-related products;
Directive 2012/27/EU on energy efficiency.
These directives established a unified frame-
work for all member states determining the
principles of energy efficiency and coordinating
their actions.

Under this main line, the European Union
wants to achieve a positive effects by 2020
compared to the 1990 levels, also known as
20-20-20’, including a 20 per cent cut in
greenhouse gas emissions, a 20 per cent reduc-
tion in energy use through energy efficiency
improvements and a 20 per cent increase in
renewables. In addition, all EU member states
must also achieve at least 10 per cent share of
renewable energy in their transport sector [8].

But some countries make even more ambi-
tious commitments. For example, Germany
aims to cut its greenhouse gas emissions by 40
per cent by 2020 and up to 95 per cent in 2050.
Germany’s climate targets were put on paper in
2007 and have been held up by all governments

since (Germany’s climate targets were confirmed in the
2014 progress report and are subject to an annual moni-
toring process. The latest monitoring report was pub-

lished in November 2015.) [9]. The new energy
policy of the UK is designed to achieve steady
economic development while reducing green-
house gas emissions by 60 per cent by 2050
[10].

Annual analytical reviews of the World
Energy Council reconfirm that the EU is seri-
ous about advancing the path toward a low-
carbon future. Today, the EU’s GDP has grown
by more than 44 per cent, and at the same time,
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it has decreased its emissions 19 per cent below
1990 levels; per capita emissions have likewise
fallen [11]. Countries such as Germany set a
benchmark for other countries to follow by put-
ting forward its contribution. In contrast, in
many countries with transition economies (e.g.
Ukraine), one of the main economic differences
is high energy consumption leading to in-

creased energy intensity (see Table I).
Table 1
Dynamic of energy intensity and GDP growth
(Source: compiled by the authors according to [11-12])

2000] 2014 | 2000 2000 2014
-2014,
Y%lyear
Energy intensity of GDP(billion USS$)
industry*
World 0.13 [0.12 -1.0 - -
European |0.11 |0.08 -2.0 - -
Union
CIS** 0.36 (0,20 -4.0 - -
Ukraine 0.59 10.27 5.4 31.3 131.8
Russia 0.35 10.23 / \ 2.9 259.7 1 860.6)
Kazakhstan [0.25 [020 5 P -1.6 18.3 217.9
South Africa 0.18 [0.18 0,2 136.4 350.1
China 0.23 10,18 -1.9 12053 103549
Sweden 0.19 0,14 24 259.8 571.1
Canada 0.18 [0.14 -1.9 739.5 1785.4
Australia  [0.18 [0.12 2.6 415.0 14547
South Korea [0.16 [0.12 2.0 561.6 14104
India 0.13 [0.11 0.7 476.6 2048.5
United States|0.13 [0.09 2.6 10284.8)  17419.0
Japan 0.11 [0.09 1.2 4731.2 4601.5
France 0.11 [0.08 -1.9 1368.4 2829.2
Germany  [0.08 [0.07 TN 1 949.9 3 868.3
United 0.09 10.06 2.0 1554.8 2988.9
Kingdom

*The energy intensity of industry is defined as the ratio between
the final energy consumption of industry and the value added
measured in constant purchasing power parities

**CIS — New Independent States, the former Soviet Union

A World Bank study indicates that coun-
tries with underperforming energy systems may
lose up to 1-2 per cent of growth potential an-
nually as a result of inefficient use of scarce
energy resources, over-investment and energy
subsidies, energy supply outages, and direct
energy losses [12].

As for the understanding of efficiency en-
ergy systems, it should be noted that it is
viewed through the lens of the energy trilemma:
energy security, energy equity and energy-
related environmental sustainability.
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According to the interpretation of the World
Energy Council [13], achievement of energy
security requires the effective management of
primary energy supply, the reliability of energy
infrastructure, and the responsibility of energy
companies operation to meet current and future
demand. Energy equity provides the accessibil-
ity and affordability of energy supply across the
population. Environmental sustainability is
supported by the achievement of provision /
consumption efficiencies, and by the develop-
ment of energy supply from renewable and
other low-carbon sources.

Europe
Gw Demand management and efficient energy
Greater share of low-carbon energy sources in energy
supply
North America
Research, development and demonstration

Lower carbon fossil fuel use through gas and
technology deployment

Middle East & North Africa

Transparent energy pricing to incentivise efficient
energy use

© RO

Increase share of solar and wind energy in energy
supply

Latin America & Caribbean
Regional integration and interconnection

6 Education and information to drive behavioural
changes in consumers and increase energy efficiency

Sub-Saharan Africa
Tap potential for renewables and gas for energy
supply
9 Access to energy and clean cooking fuels

Asia

= . Technology transfers to manage demand growth

ﬁ Greater social acceptance of changing energy supply

Fig. 1: Regional differences and priorities in measures
for developing the energy efficiency (Source: [16])

In this regard, Ukraine’s obligation to EU
is to create news models of energy management
based on nature conservation and reduction of
fossil fuel consumption while minimising addi-
tional environmental impacts caused by emis-
sions of greenhouse gasses into the atmosphere
[14-15].
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The results of this study show that specific
measures for developing the energy efficiency
vary greatly between regions and, in addition,
present great diversity among them (see Fig. I).

Country reports also reveal that the speed
and willingness to act varied greatly between
countries. The challenges have varied with each
country but often included limited financial
resources, insufficient experience or training in
leadership of authorities, as well as the lack of
experience in the developing and submitting
competitive proposals on energy services.

German experience is particularly valuable
for Ukraine, because both countries do not have
sufficient reserves of their own natural energy
resources. However, Germany’s ranking
reached the thirteenth position in the Energy
Trilemma Index (calculated by the World En-
ergy Council among 129 countries, 2015).
Germany also constantly improves its position
to balance the three sides of the energy
trilemma, with additional focus on social and
economic indicators, see Fig. 2 [13].

Ukraine (UA): Rank 110
Germany (DE): Rank 13

Energy performance VA 92 59 105

L

B e 1A
A, Eueigysecuiiiy U4

DE 24 i 5
,-? . Energy equiry a7 LA
e

Environmental L

s ,  sustainabifity a2 +

Q Contextual performance ! 104 no 112
DE 13 12 13

o 6 , Political strength LA 100 o 107

L DE 16 16 1%
, ‘ ci Societal strength LA 54 53 LH

-t ~ ¢ DE 151 1
—UA —DE :af‘ Economic strength UA 109 n 1w

DE 26 14 16
Owerall Rank UA * L1 110

DE 8 1 13

Fig. 2. 2015 Energy Index Rankings
(Source: compiled by the authors according to [13])

Germany has made progress in the imple-
mentation of energy efficiency targets owing
mainly to technology innovations and new
emerging energy service models, as well as due
to priorities set towards clean energy sources
and energy management systems. A large vari-
ety of services is offered by a plenitude of
stakeholders that differ significantly in size and
specification and that actively compete with
each other [6].

Consultation for private consumers is most
common in the following subjects: buildings,
saving electricity and saving fuel. The German
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market-oriented energy efficiency approach is
characterised by a variety of instruments and
measures that can be structured in the fields of
regulatory policy, funding and market instru-
ments.

The regulatory policy includes legal re-
quirements regarding quality of buildings and
energy consumption of new and refurbished
buildings (EnEV), legal requirements for en-
ergy services (EDL-G), and legal requirements
for energy consumption of products (EVPG).

Examples of financial instruments include:
programme BAFA ‘Local consultations to save
energy’, providing, among others, grants for
consultations with home owners by qualified
engineers; KfW programmes for energy-
efficient construction and refurbishment, pro-
viding public authorities with four to five euros
in revenue for every euro that went into the
promotion of energy-efficient construction and
refurbishment (as of 2010); market incentives
programme for the use of highly efficient cross-
sectional technologies, etc.

Examples of marketing instruments in-
clude: energy performance certification, pilot
projects, information and motivation, training
and qualification of technical specialists.

Originality and Practical value. The
study reviewed and analysed the main methods
and measures that ensure the effectiveness of
energy policy in Germany, including the do-
mains of regulatory policy, funding, market
instruments. The proposed system of methods
and measures may be useful for the planning of
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actions towards strengthening the capacity of
energy efficiency in the conditions of the transi-
tion economy.

Conclusions

1. The government can pursue the energy
conservation policies aimed at reduction of
energy use for purposes of environmentally
friendly development while supporting eco-
nomic growth.

2. UN included a goal to ensure access to af-
fordable, reliable, sustainable and modern en-
ergy for everybody to its list of Sustainable
Development Goals (SDGs) based, among oth-
ers, on two related targets: 1) to achieve univer-
sal access to modern energy services; 2) to re-
duce the global energy intensity.

3. The EU’s energy policy includes the fol-
lowing key lines of action: 1) integration of
networks and energy capacity of the EU; 2)
diversification of energy sources for strengthen-
ing the energy security in the EU; 3) develop-
ment of renewable energy.

4. The measures for developing the energy
efficiency vary greatly between regions and, in
addition, present great diversity among them.

5. Energy management in the EU includes
two main sets of actions: 1) demand manage-
ment and efficient energy; 2) greater share of
low-carbon energy sources in energy supply.

6. The German market-oriented instruments
and measures can be structured in the domains
of regulatory policy, funding and market in-
struments. All of these methods can be recom-
mended to Ukraine.
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Abstract. Purpose. The purpose of the presented research is to explore the potential of international energy
management standards to increase competitiveness of industrial enterprises under conditions of Ukrainian transitional
economy. The study had the following objectives: to trace the evolution of fundamental energy efficiency standards; to
discuss experience in their use in various countries; to identify factors that are key to achieving competitive advantage
under the implementation ISO 50001. Methodology. This article presents a historical overview of the standardisation of
principles and approaches for the purpose of the energy-efficient management. The research was carried out by studying
the international documents, voluntary standards and national practices in the field of energy efficiency. Conclusions.
The study examines the experiences of different countries in the field of energy management systems. The authors
conducted a comparative analysis of the ISO 50001 with the other basic standards for the organisation of management.
The system approach enables to identify the main factors and their impact on capacity to achieve competitive
advantages, which are possible to obtain after certification to ISO 50001. Originality. The study reviewed and analysed
the energy management penetration within its dynamics at time and country level. After analysing the statistical data and
the results of the interviews, the authors identified 20 key factors affecting the competitiveness of enterprises that are
certified to ISO 50001. All of these factors were divided into four groups, two groups represent external environment —
opportunities and threats, and two groups — internal capacity — strengths and weaknesses of enterprises. Practical value.
The proposed system of factors may be useful for the planning of actions towards strengthening the capacity of energy
management systems in the context of the formation competitive advantages on the industrial markets.

Keywords: energy efficiency management,; sustainable development; voluntary standards for efficient energy management;
energy efficiency indicators related to competitiveness
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AHoTaunisg. Mema. MeToro 3anporIOHOBAHOTO JTOCTI/KEHHS € BUBUCHHS MOTEHIIAy MIKHAPOJAHUX CTaHAAPTIB 3
€HEPreTUYHOr0 MEHEIDKMEHTY Uil MiABHINEHHS KOHKYPEHTOCIPOMOXKHOCTI IPOMHCIOBUX MIJANPHEMCTB B YMOBax
YKpaiHChKOI TepexigHoi eKOHOMikd. JlochmipkeHHS Mae€ HACTyIHI 3aBIAaHHA: IMPOCTEKUTH EBOIIOLII0 OCHOBHHUX
CTaH/apTiB eHeproeeKTUBHOCTI; OOrOBOPUTH JOCBIJ iX BUKOPHCTaHHsS B PI3HUX KpaiHaX; BHSBUTH (aKTOpH, SIKi €
KJIFOUOBUMH JUIsl JAOCSTHEHHsS KOHKYPEHTHHX mepeBar B pamkax peaizauii ISO 50001. Memoouka. Cratts siBisie
co0010 ICTOPUYHHUI OIS TPUHLMINB 1 MiAXOJIB 1O OpraHizamii cucrteM eHeproe()eKTUBHOTO MEHEIKMEHTY.
JlocmiKeHHsT TPOBOIMIIOCS NIISXOM BHBUYCHHS MIKHAPOJHHMX JOKYMEHTIB 1 HAI[IOHANBHUX MPAaKTHK B 00JacTi
JOCSITHEHHS! eHeproedexkTuBHOCTI. Pe3ynbmamu. Y nociipkeHH] po3rIIsIa€Thes JOCBI Pi3HUX KpaiH B 00J1acTi cCHCTEM
€HEepPreTHYHOr0 MEHE/DKMEHTY. ABTOpPHM TNpoBesM MopiBHAIbHME aHamiz ISO 50001: 2011 3 iHmmmu 06a3oBHUMH
CTaHIApTaMH MIOAO OpraHi3alii MeHemKMeHTy. CHCTeMHUH MiIXil HO3BOJIMB BUSBUTH OCHOBHI (PaKTOpH Ta iX BILTHB
Ha 3[aTHICTh JOCSTTH KOHKYPEHTHHX IEpeBar, sKi MOKIMBO OTpUMAaTH Ticis ceprudikarmii Ha ISO 50001. Haykosa
Hoéu3Ha. Y IOCHIDKEHHI PO3TILINAETHCSA 1 aHANIZYEThCSA NMPOHUKHEHHS €HEPreTUIHOTO MEHEHKMEHTY B TUHAMII Y
yaci Ta Ha piBHI KpaiH. Ilicias aHami3y CTaTUCTHMYHHMX JaHUX Ta pe3yJbTATiB ONMWTYBaHb, aBTOpW BU3Haummu 20
KIIFOUOBHX (paKTOPIB, 10 BINTMBAIOTH HA KOHKYPEHTOCIIPOMOXKHICTD MiANPUEMCTB, cepridikoBanux Ha ISO 50001. Bei
ui Qakropu Oy po3aisieHI HAa YOTHPH TIPYIH, ABI IPYNH IMPEACTABISIOTH 30BHIIIHE CEPEJIOBHIIE — MOMIMBOCTI 1
3arposH, 1 JBl rpynu — BHYTPILIHIA MOTEHIIa]d — CHIIBHI 1 c1aOKi cTOpoHHW mignpuemctsa. IIpakmuuna 3nauumicms.
3ampornoHoBaHa cuctema (akTopiB Moxke OyTH KOpUCHA AJIsl IUIaHYBaHHS i y HamnpsMKY 3MILHEHHS MOTEHIaTy
CHCTEM €HEpPreTHYHOr0 MEHE/DKMEHTY B KOHTEKCTI (pOpMyBaHHSI KOHKYPEHTHHX IIepeBar Ha IPOMHUCIIOBUX PUHKAX.
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cmanoapmu  ynpagninHs

Annorammsi. I]ens. 1lenbio npeacTaBIeHHOTO MCCIEIOBAHUS SBJIAETCS M3YUEHHE MOTEHIMAIA MEXKIyHapOIHBIX
CTAHJApTOB IO JSHEPreTHYECKOMY MEHEDKMEHTY M TOBBIIIEHHS KOHKYPEHTOCHOCOOHOCTH MPOMBIIUIEHHBIX
TIPENPHUATHI B YCIOBUSX YKPaWHCKOW MEPEXOHOM SKOHOMUKH. VccienoBaHne UMeeT CIEAyOLre 3aaul: IPOCIEANTD
SBOJIFOIMIO OCHOBHBIX CTAHIAPTOB SHEProd(H(eKTUBHOCTH; OOCYIUTH OIBIT MX HCIIOIB30BAHMS B PAa3iIMYHBIX CTpaHaX;
BBIIBUTh (DAKTOPBI, KOTOpBIE SBIAIOTCS KIIOYEBBIMH AJSI JOCTIDKEHHS KOHKYPEHTHOTO IIPEHMYIIECTBA B paMKax
peammzaruu [ISO 50001. Memoouxa. CtaThsi TpeACTaBISET COOOH HMCTOPHUYECKHM 0030p MPHHIUIIOB W IOAXOIO0B K
OpraHM3alid  CUCTeM 9HeprodG(eKkTHBHOrOo MeHeKMeHTa. lcciemoBaHWe NPOBOOWIOCH IIyT€M — H3YYCHHSA
MEXIIyHapOIHbIX JOKYMEHTOB U HAallHOHAIILHBIX MPAaKTHK B 00JIACTH JOCTYKEHUsI SHeproaddpekTuBHOCTH. Pe3ynbmameot.
B unccnenoBanum paccMaTpuBaeTCs OIBIT Pa3sHbIX CTPaH B OOJACTH CHCTEM DHEPreTUUECKOr0 MEHEPKMEHTAa. ABTOPBI
npoBeiM cpaBHUTENbHBIH aHanmm3 [SO 50001: 2011 ¢ napyruMu 0a30BBIMM CTaHAApTaMH 10 OpraHU3alUU
MeHe/PKMeHTa. CHCTEMHBIM I0JIXOJl TMO3BOJISICT BBIIBUTH OCHOBHBIE (AaKTOPHl M WX BIMSHHE Ha CIIOCOOHOCTB
JOCTUTHYTh KOHKYPEHTHBIX IPEUMYILECTB, KOTOpPbIE BO3MOXKHO HONy4YHTh mocie ceptudukannu Ha [SO 50001.
Hayunasa mnoeusna. B uccrneqoBaHMM paccMaTpuBaeTCs W aHAJIM3UPYETCs IPOHMKHOBEHHE OSHEPreTHYECKOro
MEHEKMEHTa B IMHAMHKE BO BPEMEHU M Ha CTPAHOBOM ypoBHe. [lociie aHanm3a cTaTUCTHYECKUX TaHHBIX M PE3yIbTaTOB
OIpocoB, aBTOpbl ompenenuan 20 KIFOYEBBIX (HAKTOPOB, BIMSIONMX HAa KOHKYPEHTOCIIOCOOHOCTH TPEATPHUSITHH,
ceptudumpoBanHbeix Ha ISO 50001. Bee 3t dakTops! ObUTH pa3nesieHbl Ha YeThIpe TPYIIIL, ABE TPYIIIHI IIPEICTABIIIOT
BHEIIHIOIO CPEly — BO3MOXKHOCTH M YIPO3bl, M JBE TPYNIbl — BHYTPEHHHE E€MKOCTH - CWJIBHBIE M ClaOble CTOPOHBI
npexnpuatus. Ilpakmuueckaa 3nauumocms. llpennoxeHHas cucrtemMa (AKTOPOB MOXKET OBITh TOJ€3HA Ul
TUTAaHUPOBAHUA ﬂeﬁCTBMﬁ B HaIrpaBJICHUM YKPCIUICHHUS IMOTCHIUAJIa CUCTEM DHEPIETUYCCKOIO MEHEIKMEHTA B KOHTCKCTC
(OpMUpOBaHUsI KOHKYPEHTHBIX ITPEMMYIIECTB HA IPOMBIIIIEHHBIX PhIHKAX.

KnioueBble clioBa: ynpasnenue snepeodgexmusnocmuvio; ycmouinugoe pazgumie; 000po8oabHble CMAHOAPMbl YNPAGIeH U
9Hep2eoIPhekmusHocmoio; KOHKYPEeHMOCHOCOOHOCb, nokasamenu 9HepeosIPhexmusnocmu ons usmepenus
KOHKYPeHmMocnocoonocmu

Introduction. Today, the need to improve
energy efficiency of industrial enterprises with
an outlook of attracting investments and in-
creasing competitiveness of the industrial sector
of Ukraine through the implementation of ad-
vanced international practices in this field can
be clearly recognised. Energy efficiency man-
agement enables enterprises to lower savings in
consumer spending, improve the product qual-
ity and increase their profitability, while reduc-
ing the need for additional investments in de-
velopment.

However, the ultimate goal of an energy-
efficient approach is not only to raise the over-
all performance levels, but also to achieve sig-
nificant competitive characteristics that will
enhance access to certain markets, to integrate
into efficient and inclusive industry value

chains, and ultimately to maintain the sustained
economic growth.

For many years Ukraine firmly occupies a
leading position in the world ranking of energy
intensity of the industrial sector'. In 2014, for
Ukraine this indicator was 0.27, while for
China — 0.18, for United States — 0.09, for
Germany — 0.07 [1]. The unit consumption of
steel industry” in Ukraine is 0.59, while in
China this indicator is 0.48, Germany — 0.31,
United States — 0.25 [2].

Global energy crisis has created a signifi-
cant stress in Ukrainian metallurgy, which is
the basis of its national economy. Rising energy

"The energy intensity of industry is defined as the ratio be-
tween the final energy consumption of industry and the value
added measured in constant purchasing power parities [3].

*The unit consumption of steel industry is calculated as the
ratio between the final energy consumption of steel industry
and steel output measured in tons [3].
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costs and conditions of an ongoing energy defi-
cit accelerated the requirements to reform the
production policy in support of the progressive
principles of energy management.

The sustainable and responsible develop-
ment of the production companies must be car-
ried out in an adequate framework, where en-
ergy efficiency and safety are essential ele-
ments. At the same time, such framework must
provide the necessary guarantees to all stake-
holders that the company is committed to com-
plying with the high standards of energy effi-
ciently and contributes to this requirement’s
implementation along the entire production
chain.

Taking into account these considerations,
the international scientific community offers
universal voluntary energy efficiency standards,
which were designed to ensure building sys-
temic capacity for industrial energy efficiency
as tool to promote sustainable production, mar-
kets and market relations.

For the Ukrainian enterprises obtaining
competitive advantages through the application
of energy efficiency standards is still a new
phenomenon, so the potential for reducing en-
ergy consumption by the industry in Ukraine
remains enormous.

It is worthwhile to note that scientific de-
bates on energy management in the industrial
sector have recently increased. Ukrainian scien-
tists investigate the role of energy management
and government control of energy-savings in
industry (e.g. Y. O. Kostenok [3]), the need for
energy efficiency and problems of implementa-
tion of energy management system (e.g. K. O.
Bratkovska [4]), approaches for the improve-
ment of energy efficiency (e.g. N. V. Par-
homenko and O. A. Polozova, [5]), and others.

In context of this research, of particular in-
terest are the last monographic publications in
this field, including those on the fundamental
principles and systematic processes of main-
taining and improving energy efficiency by
Craig B. Smith & Kelly E. Parmenter [6], en-
ergy efficiency management for the process
industries by Alan P. Rossiter & Beth P. Jones
[7], interdisciplinary approach to the various
barriers with energy efficiency by Pa-
trik Thollander & Jenny Palm [8]. Nonetheless,
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the capacity of voluntary energy efficiency
standards for the formation of competitive ad-
vantages in the industrial markets remain rela-
tively uncharted.

Purpose. The purpose of the presented re-
search is to explore the potential of interna-
tional energy management standards to increase
competitiveness of industrial enterprises under
conditions of Ukrainian transitional economy.
The study had the following objectives: to trace
the evolution of fundamental energy efficiency
standards; to discuss experience in their use in
various countries; to inquire the problem of
implementing the ISO 50001 standard in
Ukraine; to analyse functions of voluntary en-
ergy efficiency standards in the context of for-
mation of competitive advantages.

Methodology. This article presents a his-
torical overview of the standardisation of prin-
ciples and approaches for the purpose of the
energy-efficient management organisation. The
research was carried out by studying the inter-
national documents, voluntary standards na-
tional practices in the field of energy efficiency.
The system approach enables to analyse the
properties and functions of voluntary energy
efficiency standards and to identify their capac-
ity to achieve competitive advantages by
Ukrainian industrialists.

Findings. Progress in achieving industrial
energy efficiency is one of the most important
components of the sustainable development
concept, which is directly aimed at realisation
of its objectives — a balanced economic growth
and social development based on inexhaustible
and equitable use of primary natural resources.
This approach became the basis for the EU de-
velopment strategy, which includes not only
reduction in global energy intensity but the
transition to clean energy and green economy,
formation of a new type of markets and value
chains, based on the support of energy-efficient
tools and techniques.

In Ukraine since independence until recent
years the energy sector remained the most vul-
nerable and the most disturbing element in the
pursuit of competitive economy. The funda-
mental challenges for industrialists are how to
decouple the consumption of energy resources
from economic growth. In this regard, energy
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efficiency programmes for enterprises and re-
gions are primarily concentrated on achieving
energy saving — reducing or even partially op-
erating without an energy service to save en-
ergy’. Thus, ‘energy efficiency gain’ is defined
as providing the same level of production while
reducing the use of energy, or obtaining higher
economic benefits from the same energy input
[6-8].

At the same time it is important to under-
stand that the objectives of energy efficiency
and sustainable development are closely linked.
In this regard, the World Energy Council
(WEC) framed the energy efficiency concept as
the Energy Trilemma, which involves three
objectives of a balanced (sustainable) develop-
ment: energy security, energy equity and envi-
ronmental sustainability [10]. Such interpreta-
tion is steadily gaining weight in international
initiatives for energy efficiency management,
of which the energy efficiency standards can be
highlighted. Today’s energy standards may be
designed as industry standards (for specific
industries)’ or universal /cross-sectoral stan-
dards (for all industries)’; both types of energy
standards can come in two formats: required
(mandatory) and recommended (voluntary)
standards.

It should be noted that voluntary applica-
tion of international standards, such as ISOs
and sector specific voluntary standards, is a
new phenomenon for post-Soviet states linked
to a transition economy. As part of measures on
joining the EU space, Ukraine implemented
reforms to reduce the abundance of technical
regulations in production, management and
trade through harmonisation of certification
procedures with provisions of EU Directives
[14]. Moreover, starting with January 2016 the

3For example, in Ukraine the project of the German Society
for International Cooperation (GIZ) “Energy efficiency in
municipalities” focuses mainly on the implementation of en-
ergy-saving technologies in the housing and communal services
to reduce total energy consumption in municipalities [9].

“For example, the Electric Efficiency Institute (Washington,
USA) has developed the integrated codes and standards for
energy efficiency management in electric power sphere (2011)
[11]. The International Energy Agency (IEA) proposed re-
quirements for certain building codes relating to the new con-
struction (2009) [12].

>These include ISO standards — documents that provide re-
quirements, specifications, guidelines or characteristics that can
be used consistently to ensure that materials, products, proc-
esses and services are fit for their purpose [13].

ISSN 2312-2676

technical standards in Ukraine cease to exist as
mandatory (i.e. compulsory) standards — the
private sector / business will start implementing
western standards [15]. Under these conditions
it is important to understand the peculiarities of
voluntary standards of energy management and
the benefits for industrial enterprises.

Studying the best world practices on the
enhancement of energy management showed
that countries had different approaches to un-
derstanding and solving the problem of energy
efficiency. For example, Japan has the Energy
Conservation Act (1978), which includes multi-
sectoral requirements for energy -efficiency.
Energy management was introduced in the
Netherlands within the Voluntary Agreement
(VA) programme, not a standard; the pro-
gramme was established in the late 80’s of the
previous century as a policy instrument to in-
crease energy efficiency in Netherlands’ indus-
try. In some countries, the introduction of ISO
50001 is mandatory for large companies (e.g. in
Thailand). The penetration rate of energy man-
agement in industrial sector is also very differ-
ent (see Fig. 1).

100

90% 20-90%

60%

25%

Japan United States Netherlands*  Denmark Sweden Ireland

20%

197B| 2000 | 2001 | 2003| 2004 | ZUOSI ZU(I7| 2009

Japan  United States  Demmark ~ Sweden Thailand  Ireland Korea  CEN(EU)
Netherlands Cliina

*Companies representing 20% of energy use have LTAs and must use
the Energy Management System. The most energy intensive companies,
representing 70% of the energy use, have a separate, more stringent,
bench marking covenant and are typically ISO 14000 certified, but are
not required to use the EM System.

Fig. 1. The dynamics of penetration of the energy systems
in time and country (Source: [16] as updated by the
authors)

Almost all the national standards rests
upon several identical fundamentals — in par-
ticular, the concept of continuous improvement
(Plan-Do-Check-Act Cycle), the existence of
energy baseline date, the procedure for devel-
oping energy efficiency indicators, etc.

Today, the leading role in the development
of international standards belongs to the Inter-
national energy agency (IEA) and International
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Organization for Standardization (ISO). At the
G-8 meeting in 2008 these organisations sub-
mitted a joint Memorandum ISO/IEA to de-
velop ISO 50001:2011 Standard, Energy man-
agement systems — Requirements with guidance
for use. The new basic standard is intended for
creating and certification of energy manage-
ment systems (EnMS). The ISO 50001:2011
standard has taken into account the experience
of the U.S. standard ANSI/MSE 2000:2005,
Korean standard KS A 4000:2007, and other
national standards on energy management (see

Table 1). .
Table 1

National standards for energy management*

Country Reference Title of the standard
USA ANSI/MSE Management System for Energy
2000:2008
Denmark DS 2403:2001 Energy Management — Specifi-
Sweden SS 627750:2003 cation
IS 393:2005 Energy Management Systems —
Ireland Specification with Guidance for
Use
. UNE 216301:2007 Energy Management System —
Spain K
Requirements
EU EN 16001:2009 Energy Management Systems
Le Pré diagnostic énergétique
France BPX30-120:2006 | 4ans lindustrie
(engl. Diagnosis of energy
consumption in the industry)
Auditorias energéticas. Requisi-
Spain UNE tos . .
216501:2009 (engl. Energy audits. Require-
ments)
Gestione dell'energia - Esperti in
gestione dell'energia - Requisiti
enerali per la qualificazione
Ttaly UNICEL11339 (gengl. Réf]uiren(‘llents for experts
in the field of energy manage-
ment)
South KS A 4000:2007 Energy Management System
Korea
. GB/T 23331:2009 | Management System for Energy
China .
— Requirements
South SANS 879:2009 Energy Management — Specifi-
Africa cations

*Source: compiled by the authors according to [16-17]

It must be stressed that focus on the im-
plementation of the energy management sys-
tems has significantly increased after the publi-
cation of European energy management stan-
dard — EN 16001 in July 2009. In accordance
with the rules of the European Union standardi-
sation, the standard was to be adopted as na-
tional standards in the EU member states.

Specifications of EN 16001:2009 and ISO
50001:2011 are very similar because both are
formed on the basis of the widely used ISO
14001 standard. This not only facilitates the
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implementation of new basic standard, but de-
termines its high compatibility with the pro-
grams of quality management (ISO 9001-
2000), environmental ~management (ISO
14001), occupational health and safety man-
agement (OHSAS 18001), and allows you to
organise an integrated management system of
the enterprise. It is very important that the in-
troduction of ISO 50001 has eliminated the
inconsistency in relevant national standards and
unified energy management in different coun-
tries [17].

The adoption of Energy Efficiency Direc-
tive 2012/27/EU greatly encouraged the certifi-
cation of large enterprises in the EU. To reach
the EU’s 20% energy efficiency target by 2020,
Directive requires energy audits should be
mandatory and regular for large enterprises
[18]. This energy audits can be applied through
energy audit itself (EN 16247-1), energy man-
agement systems (EN ISO 50001) or under-
taken in accordance with EMAS, because
EMAS-certified companies often already meet
all the requirements of an energy management
system. Nevertheless, certification according to
ISO 50001 by global region is very uneven.
(see Fig. 2).

4% g 27 @ North America (2%)
1 9 o ~ . 0,
79, O Africa (0%)
B Central and South America (1%)
33%
OEurope (excluding Germany) (33%)

O Germany (52%)
O East Asia and Pacific (7%)
5904 @ Central and South Asia (4%)

@ Middle East (1%)

Fig. 2. Global distribution of certification according to
180 50001 by region (%) as of January 2014 (Source:
compiled by the authors according to [16-17])

Today, the leader in certification to ISO
50001 is Germany that occupies 52% of the
market. That could be explained partially by the
focus of national legislation on the issue of sus-
tainable development and energy efficiency, as
well as a higher awareness and recognition of
the part that strong energy management plays in
corporate social responsibility (CSR).

It shall be reminded that in Ukraine the
certification to ISO 50001 is only just begin-
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ning to develop. In this direction, the Ministry
of Economic Development and Trade approved
the National Standard DSTU ISO 50001:2014
“Energy Saving. Energy Management Sys-
tems: Requirements and Application Guidelines
(ISO 50001:2011, IDT)”, which entered into
force in January 2015. At the same time, many
industrial companies have already gone on a
way of certification on compliance with ISO
50001 (e.g. JSC Ingulets Ore Mining and Proc-
essing Plant, PJSC Energomashspetsstal, JSC
Zaporizhstal, etc.). The study of the experience
made it possible to highlight the preconditions
for the expansion of the process, as well as the
motivations, difficulties faced and the intended
benefits of introducing an EnMS standard.

Economic theory and the best international
practices have already proved that voluntary
certification of the energy management systems
is a tool of market activity. For the purpose of
gaining in-depth knowledge about the factors
that promote or inhibit the increase in the com-
petitiveness of certified companies, we have
interviewed 10 managers of 4 industrial enter-
prises. Interviews were conducted with the use
of laddering method®, including ten open ques-
tions. Respondents also had to identify the main
factors of success and failure, to assess the
strength of their impact and probability of oc-
currence.

Factors were selected by the assessing the
efforts and achievements. The identified factors
were divided into four groups, two groups rep-
resent external environment — opportunities and
threats, and two groups — internal capacity —
strengths and weaknesses of enterprises.
Twenty of the most significant factors (five
factors in each group) are represented in ta-
ble 2.

We shall dwell on some of these factors.
The analysis confirmed that in Ukraine the nec-
essary political and legal environment is being
formed. Firstly, under the Action Plan for Im-
plementation of Ukraine-EU  Association
Agreement and the Ukraine’s joining to the
Energy Community Treaty, the Government
carries out the harmonisation of domestic legal

5The laddering method of interviewing is a technique that is
particularly helpful in eliciting underlying values and goals, and
therefore is useful for capturing qualitative research data with a
small stock of empirical experience and a small sample.
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framework for energy to the acquis communau-
taire. These actions are supported by a pro-
gram for implementation of EU Directives in
the field, and the road map for compliance with
the EU energy efficiency legislation [19].

Sustainable energy value chains perceive
the high value for Ukrainian enterprises. How-
ever, all managers have noted as a strong threat
the lack of measures to enhance energy man-
agement.

In this regard, the German market oriented
approach is characterised by a variety of in-
struments and measures at federal, land and
municipal level. Germany has the biggest and
sophisticated markets of energy services — en-
ergy consulting and contracting; a huge variety
of services is offered by a plenitude of stake-
holders that differ significantly in size and
specification and that actively compete with
each other. Contracting is one of the most im-
portant energy services, its market turnover is
estimated well over 2 Billion Euro per year
[20].

By implementing the ISO 50001 manage-
ment system, companies can achieve significant
energy savings and gain a real competitive ad-
vantage [21].

Also, the strength of the Ukrainian indus-
trialists is certainly the experience in basic
standards of management DSTU ISO 9001,
DSTU ISO 14001, DSTU OHSAS 18001. As
of today, around two thousand certificates for
quality management system and environmental
management system operate in Ukraine. Such
enterprises have already been creating the inte-
grated system of corporate management [13].
Among the factors, that are important drivers
for Ukrainian enterprises certified to ISO
50001, can be noted the increase of investment
attractiveness due to the reduction of energy
and environmental risks with energy supply,
consumption limitations and other problems.

Another problem is poor Ukrainian public
knowledge and awareness of energy manage-
ment practices and successful experiences both
in Ukraine and in other countries. In this regard
it is important to take into account that objec-
tives of energy efficiency and sustainable de-
velopment cannot be achieved only by the ef-
forts of individual companies, and even coun-
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tries or regions. The experience on energy effi-
ciency should be available and distributed eas-
ily both in countries with advanced economies

and in developing countries.
Table 2
Factors of influence on the competitive advantages in
the implementation of ISO 50001 management*

No Rating (-5 to +5)
- Factors Overall
Value|Chance Rati
ating
External factors
Opportunities
1 | Prospect for Ukraine-EU Association
Agreement and the Ukraine’s joining 4 4 16
to the Energy Community Treaty
2 | Initiatives to establish energy value
. 5 3 15
chains
3 | Market development of energy saving
. 3 3 9
technologies
4 | Establishing an energy audit scheme
and energy baseline date for indus- 2 4 8
tries
5 | Programs of bank loans on preferen-
. 1 3 3
tial terms
In total 51
Threats
6 | The lack of government measures to
stimulate the implementation of ISO -5 5 -25
50001
7 | Lack of information and exchange of | 4 5 20
experience
8 | Lack of quality audit of the internal
-3 2 -6
market
9 | The lack of tax incentives for busi- 2 1 2
nesses that are certified
10 | The absence of labelling practice of
. -1 1 -1
energy efficient products
In total | -54

Internal factors

Strengths
11 | Reduction of energy consumption and | 5 4 20
the level of costs
12 | Experience of basic management 4 5 20

standards (DSTU ISO 9001, DSTU
ISO 14001, etc.)

13 | Increasing investment attractiveness 3 2 6

14 | Improving the environmental per- 2 2 4
formance

15 | Improving the image and prestige of 1 2 2

the company

Weaknesses

16 | Senior managers do not really know -5 4 -20
the principles of energy management

17 | The worn out equipment and low -4 5 -20
technology

18 | Insufficient level of basic staff train- -3 2 -6
ing

19 | No integrated development programs -2 3 -6

20 | The absence of internal incentives -1 1 1

In total | -53

*Source: compiled by the authors

To overcome these barriers the universities
should assume the mission of guides of new
ideas and achievements in this area. It is re-
markable that such a position was manifested

ISSN 2312-2676

by of participating universities in the Interna-
tional Workshop “Energy supply and energy
saving” (Baku, 21-27 September 2015), which
discussed the problems of energy efficiency in
Germany, Russia, Ukraine and Azerbaijan. At
this forum, the universities have established the
Neseff — the international network of
universities for energy supply and energy
efficiency.

Originality and Practical value. The
study reviewed and analysed the energy man-
agement penetration within its dynamics at time
and country level. After analysing the statistical
data and the results of the interviews, the au-
thors identified 20 key factors affecting the
competitiveness of enterprises that are certified
to ISO 50001: 2011. All of these factors were
divided into four groups, two groups represent
external environment — opportunities and
threats, and two groups — internal capacity —
strengths and weaknesses of enterprises.

The proposed system of factors may be
useful for the planning of actions towards
strengthening the capacity of energy manage-
ment systems in the context of the formation
competitive advantages on the industrial mar-
kets.

Conclusions

1. It is important to understand that the ob-
jectives of energy efficiency and sustainable
development are closely linked. In this regard,
the energy efficiency concept as the Energy
Trilemma involves the following objectives:
energy security, energy equity and environ-
mental sustainability.

2. The best international practices con-
firmed that voluntary certification of the energy
management systems is a tool of market activ-
ity.

3. The main factors of success or failure to
achieving competitiveness can be divided into
four groups, two groups represent external en-
vironment — opportunities and threats, and two
groups — internal capacity — strengths and
weaknesses of enterprises.
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Abstract. Purpose. Key challenges and barriers of mining machinery enterprises in the context of forming sustainable
supply chains in the mining industry are specified. Methodology. The algorithm of forming the industrial relations, which
are carried out by the enterprises of mining machinery in order to increase the sustainable development of a mining
industry, is offered. Conclusions.. Modern supply chains are confronted with dynamic trends and developments that are
hard to predict. In order to respond to these changes and remain competitive advantage, companies should be able to
identify and understand new sustainability issues in their branches. It is established that in the conditions of globalization
of the market and the general orientation of Ukraine’s economy to the European principles of development, for mining
machinery enterprises a proof of the commitment and observance of requirements of energy efficiency, i.e. energy saving,
energy safety and social energy responsibility are very important. Supply channels should increase not only energy
efficiency, economic and production stability of the company, but also strengthen the stability of all participants in the
production chain, as well as other stakeholders (business partners, customers, investors, local communities, etc.).
Originality. The interrelation of an indicator of energy efficiency in forming sustainable supply chain in a mining industry
is established. Practical value. Using the principles of sustainable development in the forming of value chains will
improve energy efficiency of industry in general; provide a competitive advantage to entry into the global production
chains in terms of European integration of Ukraine.

Keywords: sustainable development, energy efficiency,; responsible production; mining engineering; supply and distribution
channels; Ukrainian market of components
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AHoTtanis. Mema. YTOYHUTH KITIOYOBI 3aBJaHHS 1 Oap'epH MiANPUEMCTB TIPHUYIOTO MAITMHOOYAYBAHHS B KOHTEKCTI
(opMyBaHHS CTIHKHMX JIaHLIOTIB MOCTa4aHb B TiPHUYOI00YBHOMY cekTopi. Memoouka. 3anporOHOBAHUIA aJrOpUTM
(opMyBaHHS BHPOOHMYMX 3B'SI3KIB, LIO 3AIHCHIOIOTHCS MIANMPUEMCTBAMHU TIPHHYOrO MAIIMHOOYAYBaHHS JUIsl Iiiied
3a0e3neyeHHs 1 po3NoAlTy, 3 METOH IIJBHIIEHHS CTIMKOCTI PO3BUTKY BHIOOYBHOI IPOMHCIIOBOCTI B ILIJIOMY.
PesyabraTn. BcraHoBneHo, 1mo B ymoBax rIiofaiizauii pUHKY Ta CHUIBHOI OpieHTalii eKoHOMIKM YKpaiHu Ha
€BPOINEHCHKI MPHUHLIWIK PO3BUTKY, U MiJIPUEMCTB TiIPHMYOTO MAIIMHOOYyBaHHS CTa€ BAKIIMBHM JIOKa3 CBOET
MIPUXWIBHOCTI 1 JOTPUMaHHS BUMOT eHeproeeKTHBHOCTI, TOOTO eHepro30epekKeHHsl, eHeproOe3NneKu Ta COLiaabHOI
eHepro-BinnoBinanbHOCTI. Kanamy 3a0e3neueHHs Ta pPO3NOTY HOBHHHI IMiIBUIYBAaTH HE TUIBKH €HEeproe(eKTHBHICTS,
€KOHOMIYHY 1 BHPOOHMYY CTAaOUTBHICTH MiOIPHEMCTBA, & ¥ CIPHUATH 3MIiIHEHHIO CTIHKOCTI PO3BHTKY BCiX YYacHHUKIB
BHPOOHIYOTO JTAHITIOTa, a TAKOXK IHIINX 3aI[iKaBICHUX CTOPiH (Oi3HEC-TTapTHEPIB, MOKYIILIB, iIHBECTOPIB, TEPUTOPIaIbHIX
rpoman, T. 1.). Haykoéa Hoeusna. BCTaHOBIEHO, IO iCHye  B3a€MO3B'SI30K TIOKa3HWKAa €HEProe(eKTHBHOCTI 3
(hopMyBaHHIM CTIHKOTO BHPOOHHYO-30yTOBOTO JIAHIFOXKKA Y BUAOOYBHIN mpoMucioBocti. Ilpakmuyuna 3nauumicme.
BukopucTaHHs IPUHIKUIIIB CTAIOTO PO3BUTKY IpH (OPMYyBaHHI BUPOOHHYIO-30YTOBHX JIAHIIFOXKKIB JI03BOJIUTh I IBUILATH
eHeproe(eKTUBHICTh MPOMHUCIOBOCTI B IIOMY, 3a0€3MEUUTh NOCSTHEHHS KOHKYpPEHTHOI NepeBaru Ul BXOKECHHS B
r100abHI BUPOOHHYI JIAHIFO)KKH B YMOBAaX €BpoiHTerpauii YkpaiHu.

KuarouoBi cnoBa: cmanuii po3sumox, enepzoepexmugnicmy, 8i0nogioanvhe upoOOHUYMBO, 2ipHuye MawUuHO06Y0YE8aHHs, KAHATU
3abe3neyenns i po3nooiny, YKpaincoKuli pUHOK KOMHIEKMYIOUUX
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AnHoTaums. I]ens. YTOYHUTH KIIFOUYEBBIE 337a4 U Oaphephl MPEINPUSTHN TOPHOTO MAITHHOCTPOEHUS] B KOHTEKCTE
(opMHUpOBaHUs YCTOWYMBBIX LiEMell MOCTaBOK B rOpHOAOOBIBaroleM cekrope. Memooduka. TIpeniokeHHbId aaroput™
(l)Ole/IpOBaHl/IH MIPON3BOACTBCHHBIX CBH3eﬁ, OCYHICCTBIIAECMBIX MPCANPUATHAMN T'OPHOI'O MAIMHOCTPOCHUA IJIsA ueneﬁ
o0ecrieueHns] M paclpelesieHus], C LIeIbI0 IMOBBIIIEHHs YCTOWYMBOCTH Pa3BUTHUS JOOBIBAIONIEH IMPOMBIIIIEHHOCTH B
nesoM. Pe3zynomamet. Y CTaHOBJIEGHO, YTO B YCIOBHSIX INI0OANM3aLUMK PHIHKA M OOIIEH OpHEHTAIlMY SKOHOMHUKH YKpauHbI
Ha CBpOICIHCKHE WPUHIWIBI PA3BUTHSA, I OPSANPUATHA TOPHOIO MAIIUHOCTPOCHUS CTAHOBUTCS BaKHBIM
JIOKa3aTeIbCTBO CBOCH NMPUBEPIKCHHOCTH M COOJIONEHUS TpeOOBaHUM 3HEProdh(HeKTHBHOCTH, T.€. IHEProcOEpeKeHUs,
9HEpProOe30MacHOCTH ¥ COLHAIBHON HSHEPro-OTBETCTBEHHOCTH. KaHaibel o0eCreucHHss W PacHpeleNieHHs JIOJDKHBI
TIOBBIIIATH HE TOJIBKO SHEProd((PeKTUBHOCTD, SKOHOMHUYECKYIO H IMPOU3BOJCTBEHHYIO CTA0MIBHOCTh MPEATIPUATHS, HO H
CIIOCOOCTBOBATh YKPEIUICHHIO YCTOWYMBOCTH Pa3BUTHSA BCEX YYACTHHKOB TPOW3BOJCTBEHHOW IIEMH, a TaKKe IPYTHX
3aMHTEPECOBAHHBIX CTOPOH (OM3HEC-TIAPTHEPOB, TOKYIIATeIeH, HHBECTOPOB, TEPPUTOPHATIBHBIX OOUWH, T. 1.). Hayunas
HoGu3Ha. YCTaHOBIICHA B3aMMOCBsI3b  [OKazarenss dHeproddGekTuBHOCTH U (GOPMUpPOBAHMS  yCTOHYMBON
[IPOU3BOJICTBEHHO-COBITOBOM ~ IIETIOYKM B J0ObIBafolIed  HpoMblluieHHOCTH. IIpakmuueckas  3Hauumocmeo.
Hcnonp30BaHMe NPUHLMIIOB YCTOWYMBOTO pasBUTHS IpU  (OPMUPOBAHWMHM TPOU3BOJICTBEHHO-COBITOBBIX IIETIOYEK
IIO3BOJIMT ITOBLICUTH SHCPFOB(I)q)eKTI/IBHOCT]) IPOMBIIIJICHHOCTHU B LICJIOM, O6eCHe‘~Il/IT KOHKYPEHTHOC MPCUMYIIECTBA IJId
BXOX/ICHUA B FJ'IO6aJ'l])HbIe IIPON3BOACTBCHHBIC LICTIOYKH B YCIIOBUAX €BPOUHTEIpAlIUN praI/lHLI.
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2opHoe

Introduction. Due to the ratification of
economic part of the Ukraine—European Union
Association Agreement, Ukraine has to provide
implementation of the provisions fixed in the
section V "Economic and sectorial coopera-
tion". This section contains the basic provisions
of the harmonization of Ukrainian legal system
and EU legal system, the principles of coopera-
tion between Ukraine and the EU, and also a
number of liabilities for reforming establish-
ments in the main fields of activity, including
industry, energy, environment protection etc.
The fastest implementation of basic provisions
of this section will allow the ratification of the
section IV «Trade and issues related to trade”.
It will promote full integration of Ukraine into
EU internal market.

The industrial sector is one of the main in
economy of Ukraine as it provides a third of
Ukraine's GDP. During the last decade the
share of the industry in GDP of Ukraine fluctu-
ated from 36.7% in 2007 to 25% in 2014 (See
Fig. 1). Therefore, priority Ukraine must recon-
sider their attitude to the principles of develop-

ment of the industry, especially in terms of re-

ducing energy consumption and increasing the

sustainability of resource use, increase social

transparency and accountability, the connection

to the international initiatives aimed at creating

a sustainable development in the industrial sup-
ly chain and distribution. [12]

40,0%
35,0%
30,0%
25,0%
20,0%
15,0%
10,0%

5,0%

Fig. 1. Share of industry in GDP of Ukraine 2005 - 2014
(Source: calculated and compiled by the authors accord-

ingto [11])

In order to harmonize national and Europe-
an standards it is necessary to: 1) implement
the European method of industry standards; 2)
transit from compulsory to voluntary certifica-
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tion; 3) mutually recognize of -certificates
which will promote export-import operations;
4) carry out information campaigns.

Results. It should be noted that industrial
enterprises in Ukraine, as in many other post-
Soviet countries, take first place in the world in
specific energy consumption and resource in-
tensity of products. This is proved by GDP per
unit of energy use (See Fig. 2).
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Fig. 2. GDP per unit of energy use (constant 2011 PPP §
per kg of oil equivalent) 2006 — 2013 (Source: calculated
and compiled by the authors according to [16])

The reason for this situation in the post-
Soviet Union space is the absence of well-
founded state energy policy, which presuppos-
es:

- established branch indicators of energy
intensity;

- state structure responsible for compli-
ance with the established rules;

- effective policy of taxation and financing
of industrial enterprises;

- principles of responsible environmental
management in society.

Today progressive tendencies of resource-
saving, responsible mining, processing and us-
ing extend in the majority of industrialized
countries, particularly in the EU. This is due to
global trends of rising energy prices, growing
public awareness of environmental protection
and climate (reducing CO2 emissions). The EU
plans to reduce primary energy consumption by
20% until 2020. According to the energy pro-
gram of the EU it is expected annual increase in
energy efficiency by 2.1% up to 2050. This will
be achieved through the introduction of modern
technologies. The EU at the political level sup-
ports wider use of energy efficient technologies
through the relevant standards. According to
researches which were conducted by the Ger-
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man organization Roland Berger Strategy Con-
sultants, energy efficiency will be of im-
portance in the future for companies developing
technologies and technically complicated prod-
ucts. It will allow to realize competitive ad-
vantages. In European countries today, increas-
ing energy efficiency is one of the consumer’s
important selection criteria. It is a central factor
of differentiation (Unique Selling Proposition,
USP) the company's offer to consumers. Also
one of the main criteria for making manage-
ment decisions is life cycle costing: in increas-
ing frequency consumers take into account not
only purchase price, but also all operating costs,
including costs of energy consumption. Moreo-
ver, energy efficiency is considered as a signif-
icant long-term market entry barrier for new
sellers.

In the conditions of increasing energy pric-
es Ukrainian industrial products become more
and more uncompetitive in comparison with
technologically developed products such as
Germany, Britain, etc., that is one of the main
factors of decreasing the volume of national
industrial production. For example, for the last
three years in Ukraine sales of machine-
building production decreased by 27,5%, and
the number of cars produced for the mining
industry (drilling and tunneling equipment) —
decreased by 73,7% (see Table 1). Such dy-
namics was followed by increase in prime cost
almost by 9 times. By 2013 the share of electric
energy expenses in structure of costs of ma-
chine-building production increased from 30 to

55%.
Table 1

Dynamics of production of machine-building prod-
ucts in 2012-2014*

in % to

2012 2013 2014 2012

Sales of ma-
chine-building
products, mln. UAH

140539,3 | 113926,6 | 101924,7 72,5

Production  of
equipment for the
mining industry
(drilling, tunneling
equipment), thou-
sand pieces.

1,9 0,9 0,5 26,3

*In 2014 - excluding the occupied territories of Autonomous Republic
of Crimea and regions of Donetsk and Lugansk. (Source: calculated
and compiled by the authors according to [2])

The most part of needs for means of pro-
duction is satisfied on an extensive basis, which
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is due to accumulation of absolute volumes of
mining of raw products. It leads to increase the
weight of the mining and processing industries,
as a result, considerable scales of environmen-
tal destruction. At the reached sizes and rates of
miming, and primary processing of fuel, raw
materials the existing mechanisms of relation-
ship between industrial enterprises in supply
and distribution channels, and also a measure
for environmental protection don't allow to
solve the arisen problems as are aimed only at
eliminating the consequences, but not the rea-
sons of the developed situation. The crisis state
of machinery, including the mining industry,
indicates weaknesses in the supply chain man-
agement and marketing, lack of orientation of
the enterprise policy on sustainable develop-
ment, imperfection of the current management
system of energy resources and production
costs. Low energy and resource efficiency of
products increases its competitiveness, and, as a
result, complicates entry of companies into
profitable industry supply chain.

Analysis of recent researches and publi-
cations. The worsening of situation in machine-
building branches of Ukraine intensified search
of scientific decisions to optimize resource
management and supply policy for the produc-
tion purposes. A number of fundamental and
applied academic researches is dedicated to this
subject. In particular, the attention to problems
of economic stability management of machine-
building enterprise based on reduction of re-
source policy risks is increased (for example,
Maslyuk O. [9], Zanora V. [3]). A number of
researches are devoted to the method of strate-
gy management of logistics procurement as a
tool for adapting the machine building compa-
ny to the changing market conditions (for ex-
ample, Kopilets P. [5], Neurov I. [7]).

New directions of scientific research are
connected with understanding of the concept of
sustainable supply chains. In particular, there
are researches on development of logistic inte-
gration into production chains from a position
of level system approach (for example,
Kuzmenko Yu. etc. [6], Kiryukov S., Krotov K.
[4]). Issues of using the voluntary standards of
a sustainable development for forming the sta-
ble horizontal and vertical production supply
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chains (for example, Palekhova L., Pivnyak G.
G. [17]) became the important direction of re-
searches. At the same time, these researches
need to be deepened for individual industries,
for which adaptation to globalization and inte-
gration is especially critical factor of competi-
tiveness. The relevance and importance of solv-
ing this problem for the enterprises of mining
machinery are caused by insufficiency of sys-
tem development concerning ways of accumu-
lation of the mining sustainability.

Purpose. This research aims to clarify key
challenges and barriers of mining machinery
enterprises in the context of forming sustaina-
ble supply chains in the mining.

The presentation of the main research
material. The paradigm of supply chain man-
agement based on sustainable development
initiatives has led to subsequent changes in
business behavior concerning the interaction
strategy between enterprises in supply chains.
As a result, traditional theories (for example,
resource approach of firm, the transaction theo-
ry) aren't able to provide a comprehensive ex-
planation of management of a sustainable de-
velopment in these chains. The modern man-
agement theory of supply chains, can't explain
and predict the behavior observed concerning
initial sources of sustainability [13].

It is known that economic actors in produc-
tion chains (distribution and supply) enter into a
specific interaction (or interrelation) during
rather long time. Such interaction represents the
certain combined process, including not only
physical movement of goods, but also social,
business, information exchange across the sup-
ply chain [12].

Entry into stable production chains reduces
uncertainty in the conditions of supply of mate-
rial resources and services for their own pro-
duction, and also promotes stabilization of de-
mand for the final products. In addition, each of
the subjects included in the production chain,
have different possibility of impact on stability
development of other participants. Machine
building enterprises, due to the specifics of
their specialization and role in the technical
development of production, can be a powerful
generator of vertical stability of enterprises in a
number of industries, allowing to meet modern
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requirements to save resources, energy effi-
ciency, environmental sustainability and safety.

Enterprises of mining machinery are good
examples of such opportunities. Activity of
such enterprises and their products should con-
sider tendencies of development and the in-
creasing requirements (branch, regional, na-
tional, international) to the mining production
and promote formation of its responsibility in
Ukraine. Unfortunately, in Ukraine, as well as
in other post-Soviet countries, mining produc-
tion is in a critical condition and requires a pro-
found transformation. In transition economy
conflicts confrontation of mining sector be-
comes a serious barrier for forming the sustain-
ability of the national industry.

Apparently, from Fig. 3, for the last four
years production of a mining industry have a
steady trend on increase in sales, while indus-
trial production in Ukraine decreased. Substan-
tially such increase is due to stressful condition
of the Ukrainian energy market — the Russian-
Ukrainian political conflict threatened direct
supply of gas from the Russian Federation.
Therefore, Ukraine is forced to look for other
ways to solve the problem of energy supply,
including building its own production of hydro-
carbons and enhance energy independence. The
increase in production of coal and lignite, crude
oil and natural gas has to promote the solution
of problems of energy safety of domestic pro-
duction.
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Fig. 3 The basic indicator of growth rate of industrial
products sales in general and in mining industry for
2010-2014. (Source: calculated and compiled by the

authors according to [10])

It should be emphasized that the crisis state
of Ukraine's energy sector generates not only a
challenge, but unique opportunities for transi-
tion of mining industry to absolutely new mod-
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el of development which will bring them out
from traditionally low-profitable, ecologically
dangerous and socially unstable sector of econ-
omy.

According to the modern vision of progress
of the mining industry, management of mining
company has to provide its responsibility of all
supply chain. Forming the sustainable supply
chains in terms of minimization of energy con-
sumption or a share of the energy component in
product cost will provide a sustainable competi-
tive advantage.

It is planned that in 2016 the international
standard "Initiative for Responsible Mining
Assurance" — IRMA will come into force. It
will be recommended for wide use by all min-
ing companies in the world. It is supposed that
this standard will become key part of global
system of ensuring responsibility of mining
sector, will help to form responsible branch
chains of industrial productions, calculated on
using of the extracted metals and minerals.
IRMA forms multilateral agreement on the es-
tablishment of general values for all stakehold-
ers, the use of responsible practices by all par-
ticipants of the production chain. IRMA offers
the guidelines for all life cycle of production —
from investigation and an operational phase to
closing of object and long-term monitoring of
environment [15].

Besides, in September, 2009, Ukraine be-
gan the process of accession to the international
standard EITI (Extractive Industries Transpar-
ency Initiative) — the standard of responsibility
of the mining branches; and till 17.10.2015 the
country has to publish its first EITI report. Ac-
cording to the accepted obligations Ukraine
carries out necessary reforms in the organiza-
tions of subsurface use and the mining industry
[10].

In these conditions, requirements to the en-
terprises of mining machinery change. Produc-
ers of the equipment for mining production
have to join in carrying out reforms and pro-
mote strengthening of technical and technologi-
cal progress in a mining complex [1].

The process of increasing the energy effi-
ciency of the mining enterprise covers all ele-
ments of its value chain. At each stage of the
value chain for energy efficiency management
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is necessary to determine the key factors affect-
ing energy efficiency, identifying dependencies
that determine the impact of energy consump-
tion on the production component.

It is possible to allocate the following stag-
es for increasing the energy efficiency:

1. analysis of the economic and environ-
mental impact of the accepted changes;

2. determination at each stage of the supply
chain problem energy-intensive places, which
can be eliminated and ranking;

3. identification of the impact of changes
on the entire value chain. Each change in any
place of a chain influence the energy efficiency
of its subsequent units. Therefore, it is neces-
sary to take into account the integral effect of
the events on the energy efficiency of individu-
al units. So improving the quality of the output
product of one of the links, even with an in-
crease of the specific energy consumption for
its production, may lead to a noticeable reduc-
tion in energy consumption during its further
processing, i.e. integral effect can be positive,
and with a slight increase - negative.

As one of the main difficulties for forming
the sustainable chains of the mining enterprises
is that these companies are the largest consum-
ers of mining equipment, component parts, fuel
and energy resources, some of which they re-
ceive from suppliers, and another part of them
produce by itself. Due to the high-energy inten-
sity of products, reduction of the share of ener-
gy component in the cost of production is a
very complicated issue. It is obvious that the
main sources of energy consumption reduction
of mining companies consist in supply of the
corresponding equipment and component parts
to them. Mining companies establish precise
and explicit criteria of quality to equipment and
component parts before making the purchase.
Thus, formation of sustainable interrelations
occurs when products meet these criteria. These
criteria are often quantitative: the percentage of
energy consumption reduction, the percentage
of increase in efficiency or productivity, etc.

Potentially, mining machinery enterprises
have good market prospects of sales, because
today in the Ukrainian mining companies re-
placement more than 40% of all park of drilling
rigs is required. At the same time the drilling
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companies seek to receive the hi-tech installa-
tions that meet high production characteristics.
They require carrying out the control of the
installation of drilling rigs on a platform of the
producer and carrying out their tests in the
presence of the customer.

However more than 75% of the drilling
equipment made in Ukraine are already obso-
lete, and its production doesn't meet the interna-
tional requirements in terms of energy con-
sumption, reliability, safety, level of equipment
instrumentation, computerization, etc. New
development has too long terms of implementa-
tion and becomes outdated even before their
launch [8]. As a result it is difficult to domestic
producer to compete with foreign corporations
which seek to expand the sales markets and to
create the stable production chains covering the
Ukrainian consumers.

Analysis of export and import structure of
trade flows allows confirming that in 2014 im-
port of drilling rigs exceeds export that defines
import focused structure of the market of com-
ponent parts. Mining machinery companies,
which specialize on the production of parts,
components for machines, simple mechanisms,
can focus on repairing of both domestic and
imported equipment, as well as the production
of component parts for them. This product is an
integral part of the mining machine. They are
the most high-loaded and responsible elements
of drilling machine. Therefore, if the quality of
components is higher, the easier it is to over-
come the complexity of mining and geological
conditions, allowing mining enterprise to im-
plement the principles of sustainability of pro-
duction. Decisive factors of efficiency of the
components are operational stability, decrease
in loss of time for installation, dismantling and
also replacement of the worn-out tool and relia-
bility of assemblies and mechanisms. Expenses
on the boring tool for the entire period of
equipment using exceed by several times cost
of it as their life duration is less than the drill-
ing rig, and the change is more frequent.

Since, as noted earlier, mining machinery
is obsolete, the number of mining companies
that use the upgraded mining machines does not
exceed 20%, respectively, the entire value
chain does not correspond to European stand-
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ards of sustainable development, including en-
ergy efficiency. Germany and the United States
take the leading place in production of high-
tech mining equipment. Today, the majority of
foreign producers of components for mining
machinery focused on customers that have
modern equipment and require a correspond-
ingly high-quality tool. The Ukrainian produc-
ers of similar components deliver them mainly
on companies with "worn" machine park, with
the appropriate technical level of production.
But also in this case the quality and durability
of the components is important, because the
reduction in the time of their installation and
dismantling impact on energy efficiency of
production (the less often it will be carried out,
the production process will be more effective).

In the context of the modernization of the
equipment (for example,
"Ukrgazvydobuvannya" in 2016 plans to up-
grade a half of the existing drilling rigs) it is
advisable to develop a mechanism of interac-
tion between all actors of supply chain.

It should be noted that the increase of the
share of new equipment is not due to a gradual
upgrade of capacities, but due to the creation of
new industries. The peculiarity of the formation
of technological and production chain is the
high technical complexity of the task. There-
fore, in this case the supplier should be flexible.
Foreign producers of equipment and compo-
nents more often do not create a network of
regional offices and technical specialists who
used to provide the necessary service to cus-
tomers. It allows domestic producers of com-
ponent to take place in supply and distribution
chain of mining machinery.

Conclusions. One of approaches in the de-
velopment of Ukrainian mining machinery can
be stimulation of the creation of joint ventures
such as technology parks with the participation
of foreign companies. At the same time, it is
necessary to consider that such approach will
require from domestic producers to observe
standards of sustainable production, which ob-
serve the parent companies. Today the western
producers of the mining equipment are guided
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by the principles and standards of sustainable
production, which provide energy efficiency
and high technological efficiency, reliability of
production and compliance to the best world
samples. The use of reliable components will
help to reduce operating costs up to 30%.

In the context of globalization and the pur-
suit of sustainable industrial relations, market-
ing of machine-building enterprises increasing-
ly takes the form of deliveries in cooperation
with the high interest of the parties. In this situ-
ation, for the purposes of strategic planning of
markets, foreign practice widely uses a horizon-
tal segmentation and situational analysis allow-
ing to define entry points and a format of re-
sponsibility in the markets of mining equip-
ment. Using results of situation analysis it is
possible to choose the most effective supply
channels. It will allow not only to predict vol-
umes of ensuring production with resources
(raw materials, etc.), but to standardize and
harmonize the requirements in the supply chain,
including their energy efficiency. To reduce the
involvement extent of raw materials and energy
resources in economic circulation it is neces-
sary to reduce unit costs and increase re-use of
material resources. Thus, an urgent need of
modernization the reproduction model is dictat-
ed as political, economic, social, and ecological
circumstances.

In recent years in Ukraine, there are high
expectations on the formation of a global sus-
tainable supply chains, which, according to
domestic and foreign experts, are capable to
solve fundamental socio-economic problems,
including reproductive rebuild of the structure.
However, to overcome gaps between desired
result and existing will require a long time. For
transition to their formation should be created
corresponding starting conditions, including
implementation of standards (IRMA, EITI),
modernization of reproduction structure, a
competent tax policy and other organizational
and economic measures. Otherwise, the Ukrain-
ian industrial enterprises cannot be participants
in the global value chain.
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Summary. Problem statement. A bulldozer work at trench refilings is conducted by cyclic, machine shuttle
motions that increases a right-of-way; increasing of time charges, fuel and labour by the side of the continuous refilling
method. Besides the indicated defects gets worse also the quality of the trench refilling: the uneven soil output into a
trench with large portions results the damages of pipes isolation and emptinesses formation, in consequence — settling
and washing of soil. A bulldozer with the screw intensifier (SI), is deprived lacks of an odinary bulldozer — moving
along a trench, it moves the loose soil that does not fall on a pipeline, but rolles on it. Thus the circuitous speed of a
cutting edge of SI exceeds the speed of the base machine moving that provides the strong soil treatment (before
dispersion) before output into a trench. Purpose. The algorithm development of the rotational moment determination on
the SI driveshaft, the consumable energy, the energy intensity and the working process productivity of the reverse
trench refillings depending on physical and mechanical properties of soil, geometrical parameters of SI and bulldozer
optimal speed. Conclusion. The developed algorithm allows to define that at the fixed value of the rotational speed e,

the rotational moment Af o and indicated efficiency N, of SI at the optimum speed increasing ¢ of the base machine
change on a linear law; the optimum speed change of the base machine g practically does not influence on the energy

intensity E at the considered change of the rotational speed @, .

Keywords: screw intensifier, rotational moment, rotational speed, energy, energy intensity, trench refillings
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Anoranis. Ilocmanoexa npoonemu. Poborta Oynpmo3epa MpH 3acHIIll TPAHIICH, MPOBOIUTHCS IHMKIIYHUMH,
YOBHMKOBHMH PyXaMH MallWHH, IO 301JbIIy€E CMYTy BiAUY)KEHHS; 301IbLIYIOTHCS BUTPATH 4acy, IMajWBa i mpami y
MOpIBHAHHI 3 Oe3nepepBHUM criocoOoM 3acunkd. KpiM BKa3aHUX HENOJIKIB TaKOX IMOTIPUIYETHCS SIKICTh 3aCHITKH
TpaHIlel: HepiBHOMIpHa N0Aa4a IPYHTY B TPAHILIEIO BEIUKUMH MOPLISIMH TIPU3BOANUTH [0 TIOIIKO/DKEHb 130JIs1iT TpyO Ta
YTBOPEHHS ITyCTOT, B HACTIIOK YOTO — OCiTaHHS Ta BUMHBAHHA IPYHTY. Bynpmosep 3 mIHEKOBHM IHTEHCH(IKaTOPOM
(III), mo30aBneHMI HENOIIKIB 3BHYAfHOTO OyibIo3epa — pPyXalodWCh B3IOBXK TpaHIIei, BiH MepeMilrye B Hel
PO3NYIICHUH I'PYHT, IO HE Majgae Ha TPyOOIPOBi, a CKOUYETHCS 10 HhOMY. [1pn 1IbOMY OKpYIXKHA IIBHIKICTH PLKYYOT
kpomku LI mepeBuiye mIBUAKICTH NepeMilieHHS 6a30B0i MaIIWHU, 10 3a0e3nedye CHIIbHE MOAPiOHEHHS IPYHTY (IO
PO3MWICHHS) IIepex nofayero B TpaHiuero. Mema cmammi. Po3poOka alroputMy BU3HA4EHHS KPYTHOTO MOMEHTY Ha
Baimy I, cmokxnBaHOi MOTYXHOCTi, €HEPrOEMHOCTI Ta MPOAYKTUBHOCTI pOOOYOr0 MPOLECYy 3BOPOTHOI 3aCHIIKU
TpaHILe B 3aJIeKHOCTI Bi (hi3MKO—MEXaHIYHUX BJIACTUBOCTEH IPYHTY, reoMeTpruHux napamerpis I Ta mBuakocti
pyxy Oynbaosepa. Bucrnoexku. Po3pobicHuil anropuT™ A03BOJIMB BU3HAUUTH, IO MPH (HiKCOBAHOMY 3HAYCHHI KyTOBOT
WIBUJIKOCTI ¢, KPYyTHUH MOMEHT M o T MOTYXHICTh IPUBOJY N, T mpu 3pocTanHi WBKAKOCTI §, PyXy 6asoBoi

MAUIMHA 3MIHIOETCS 10 JIIHIHHOMY 3aKOHY; 3MiHa LIBUIKOCTI pyXy 0a30BOi MAalIMHA 9 ~MNPAKTUYHO HE BIUIMBAE HA

€HEPTrOEMHICTh £ NPH PO3MIIAHYTIH 3MiHi KyTOBO{ INBHAKOCTI ), .

KoarouoBi caoBa: wnexosuii inmencugixamop, Kpymuuii MOMeHm, Kymoea WGUOKICMb, NOMYIICHICMb, eHepeOEMHICb,
3acunka mpanuer
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AJI'OPUTM OHNPEJAEJEHUSA CUJIOBBIX U DQHEPTETUYECKHUX I10-
KA3ATEJEN IIHEKOBOI'O UHTEHCU®UKATOPA HA PABOYEM

OBOPYJAOBAHMUU BYJIBJAO3EPA I1PU 3ACBIIIKE TPAHIIIEN
KPOJIbP. H. ", k. m. n.

’ Kagenpa crpourensubix u nopoxkubix Mamms (CAM), IocynaperBenHoro Beiciiero yueoHoro 3asenenus (I'BY3) «IIpuanenpos-
CKasi TOCY/IapCTBEHHAs aKaJeMusi CTpoutenbcTBa U apxXuTekTypb» ([ICACA), yin. UepHbiiesckoro, 24-a, 49600, /[HenponeTpoBCK,
Vkpauna ten. +38 (0562) 46-98-73, e-mail: krol.roman2012@yandex.ua, ORCID ID: 0000-0002-7180-663X

Annorauus. Ilocmanoeka npoénemst. Pabota Oynpno3epa mpy 3achIKe TPAHIIEH, MPOBOIUTCS ITUKINICCKAMU,
YEITHOYHBIMH JIBH)KCHHUSMH MAIIMHBI, KOTOPas YBEIMUMBAET MOJIOCY OTUY)KICHUS; YBEINUIMUBAIOTCS PACXO/IbI BPEMEHH,
TOIUIMBA U TPYyZa B CPABHEHHWHU C HEIPEPBIBHBIM CIOCOOOM 3achINku. KpoMme yKa3aHHBIX HEOCTAaTKOB TaKKe yXy[IIa-
€TCsl Ka4eCTBO 3aCHIIIKM TPAHIIEH: HEPaBHOMEPHAs MoJaya ITpyHTa B TPAHIIEIO OOIBLUIMMH HOPLUSIMHU IPUBOIUT K MO-
BPEXKICHHUAM H30JIALNH TPyO 1 00pa3oBaHuUs IIyCTOT, BCIEACTBUE YETO — OCElaHNe M BHIMBIBAHUE I'PyHTA. bynbrosep ¢
mrHeKOBbIM mHTeHcupukaropom (LIN), mumreH HemocTaTKOB OOBIYHOTO OyibIo3epa — IBUTASCH BIOJH TPAHIIEH, OH
NEpeMEIIaeT y Hee Pa3phIXJICHHBIN IPYyHT, KOTOPBIA HE MajacT Ha TPyOOIpoOBOA, a CKaThIBaeTCs 1Mo Hemy. [Ipu sTom
OKpY’KHasi CKOPOCTh pexymiel kpoMku LIV mpeBsImaeT cKOpoCcTh nmepeMenieHns 6a30Boi MamuHbI, KOTopas obecte-
YMBAaeT CHJIbHOE M3MeJNIbYeHHEe IPYHTa (J10 pacibuleHHs1) epe nojauei B tpanuero. Jeas cmamou. PazpaboTka anro-
pUTMa onpeeneHus KpyTsero MoMmenTta Ha Baiy 1111, noTpeGisieMoii MOIITHOCTH, SHEPrOEMKOCTH H ITPOU3BOANUTEIb-
HOCTH pabodero mporecca 0OpaTHON 3aChIKM TPAHIIEH B 3aBUCHMOCTH OT (PU3MKO—MEXaHMYECKUX CBOWCTB IPYyHTAa,
reomerpuueckux napamerpos LW u ckopoctu apmxenus Oynbaosepa. Bstgoost. PazpaboTaHHBII arOPUTM MO3BOJIUIT
ONPENENNTD, YTO TIPH (PUKCHPOBAHHOM 3HAYEHHH YTJIOBOH CKOPOCTH ), KPYTALIMH MOMEHT Af o 1 MOIIHOCTb TIOBOJIA
N, TN nipu pocTe cKOpoCTH §, MBHKEHHS OA30BOM MAIIMHBI U3MEHSETCS 110 JTMHEHHOMY 3aKOHY; H3MEHEHHE CKOPO-
CTH JIBM)KEHMs1 0a30BOI MallMHBI 9, MPAKTHYECKN HE BIMACT Ha SHEProeMKOCTh E TPH PACCMOTPEHHOM H3MEHEHUH

YTJIOBOH CKOPOCTH @), -

KiroueBble ci10Ba: wHeKosblil uHmechqbuKamop, prmﬂmuﬂ MOMEHm, Y2l108d:i CKOpOChlib, MOWHOCMb, dJHEP2OEeMKOCMb, 3d-

CbINKa mpauuient

The problem topicality. The geograph-
ical position of Ukraine contributes to the
transportation of oil and gas through its terri-
tory to Europe, for what are used the pipe-
lines. The features of trench refilling works
(heavy workloads, a length of the pipeline, a
great distance from construction objects to the
mechanization base complex, the frequent
machinery relocation from object to object, a
wide variety of technology operations) define
specific requirements for machines used in
these works.

Problem statement. A bulldozer work at
trench refilings is conducted by cyclic, a ma-
chine shuttle motion that increases a right-of-
way; increasing of time charges, fuel and la-
bour by the side of the continuous refilling
method. Besides the indicated defects gets
worse also the quality of the trench refilling:
the uneven soil output into a trench with large
portions results the damages of pipes isolation
and emptinesses formation, in consequence —
settling and washing of soil. A bulldozer with
the screw intensifier (SI), is deprived lacks of
an odinary bulldozer — moving along a trench,
it moves the loose soil that does not fall on a

pipeline, but rolles on it. Thus the circuitous
speed of a cutting edge of SI exceeds the
speed of the base machine moving that pro-
vides the strong soil treatment (before disper-
sion) before output into a trench.

Analysis of publications. In the tech-
nical literature, informating the definition of
power and energy indexes of screw intensifier
on the bulldozer working equipment at trench
refillings is in a limited number. The most
complete information is reflected in the works
of Sevast’yanov K.M. [1], Zenkov R.L. [2],
Grigoriev A.M. [3], Balovnev V.,
Shkryl V.M [4], Spivakovsky A.O. [5, 6],
Ivanchenko F.K. [7], Sukhorukov V.S. [8].

The purpose of the article. The algo-
rithm development of the rotational moment
determination on the SI drivashaft, the con-
sumable energy, the energy intensity and the
working process productivity of the reverse
trench refillings depending on physical and
mechanical properties of soil, geometrical
parameters of SI and bulldozer optimal speed.

The material presentation is based on
the method of determining of the rotational
speed [9], the rotational moment on the SI
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drivashaft, the consumable energy, the energy oped an algorithm for their determination,
intensity and the working process productivity which is presented in the form of a block dia-
of the reverse trench refillings [10] is devel- grams (Fig. 1).
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Fig. 1. The block diagram of determining of the rotational moment on the SI driveshaft, the consumable energy, the
energy intensity and the working process productivity of the reverse trench refillings (continued on the page).
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energy intensity and the working process productivity of the reverse trench refillings (continued on the page).
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Fig. 1. The block diagram of determining of the rotational moment on the SI driveshaft, the consumable energy, the
energy intensity and the working process productivity of the reverse trench refillings (the end).

On the basis of the algorithm is devel-
oped computer program in Qbasic language
and were received dependencies of the rota-
tional moment M, on the SI driveshaft on the

w, (Fig. 4).

rotational speed w, (Fig. 2), the indicated ef-
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ficiency N, of SI drive on the rotational
speed o, (Fig. 3), the energy intensity £ of
the SI working process on the rotational speed
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Fig. 2. The dependence of the rotational moment M «p On the SI driveshaft from the rotational speed @,
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Puc. 4. The dependence of energy intensity E on the SI working process on the rotational speed @,

Conclusion. The developed algorithm al- machine change on a linear law; the optimum
lows to define that at the fixed value of the speed change of the base machine &, practi-
rotational speed , the rotational moment cally does not influence on the energy intensi-
M,, and indicated efficiency N,, of SI at the ty E at the considered change of the rotation-
optimum speed increasing &, of the base al speed @, -

REFERENCES

1. Sevast’yanov K.M. Issledovanie energoemkosti protsessa ekskavatsii torfa iz zalezhi gorizontalnymi shnek-frezami
[Research of energy intensityof the peat excavation process from a deposits of horizontal screw-milling cutters].
Avtoref. dis. kand. tehn. nauk [Abstact from the Cand. Sc. (Tech) Dissertation: 05.02.17]. Kaliningrad: Kalinin.

67



w

Bicauk [TpuaHinpoBcskoi aepkaBHOI akaneMii OyaiBHUITBA Ta apxiTekTypH, 2016, Ne 3 (216) ISSN 2312-2676

politekhn. in-t., 1973, 23 p. (in Russian).

Zenkov R.L., Ivashkov L.I. and Kolobov L.N. Mashiny nepreryivnogo transporta [Machines of the continuous
transport]. Moskva: Mashinostroenie, 1980, 303 p. (in Russian).

Grigorev A.M. Vintovye konveery [Spiral conveyers]. Moskva: Mashinostroenie, 1972, 182 p. (in Russian).
Balovnev V. 1. and Shkryl’ V.N Issledovanie raboty otvalov s mekhanicheskoy intensifikatsiej [Research of the dump
work with the mechanical intensification]. Stroitelnyie i dorozhnyie mashiny [Construction an road-building ma-
chines]. 1978, no. 4, pp. 24-26. (in Russian).

Spivakovskij A.O. and D’yachkov V.K. Transportiruyushchie mashiny [Transporting machines].Moskva:
Mashinostroenie, 1983, 3-d ed., 487 p. (in Russian).

Spivakovski A.O. and Goncharevich L.F. Spetsialnye transportiruyushchie ustrojstva v gornodobyivayushchej
promyshlennosti [Special transport devices in mining industry]. Moskva: Nedra, 1985, 129 p. (in Russian).
Ivanchenko F.K. Konstruktsiya i raschet pod'emno-transportnykh mashin [Construction and calculation of lifting-
transport machines]. Kiev: Vyshcha shk. 1988, 2-nd ed., 424 p. (in Russian).

Suchorukov V.S. and Dolgikh A.l. Snizhenie energoemkosti transportirovaniya grunta gorizontalnym shnekom
[Decline of energy intensity of the soil portage through horizontal screw]. Saratov, 1984, pp. 167-170. (in Russian).
Krol R.M. Algorytm vyznachennia kutovoi shvydkosti shnekovoho intensifikatora na robochomu obladnanni
buldozera pry zasyptsi transhei [An algorithm of determination of the rotation speed of screw intensifier on the bull-
dozer working equipment at trench refilings]. Visnik Natsionalnogo universitetu vodnogo gospodarstva ta
prirodokoristuvannya [Bulettin of the National University of Water and Environmantal Engineering]. Rivne, 2015,
iss. 2(70), pp. 84-91. (in Ukrainian).

10.Krol R.M. Teoretichne doslidzhennia zvorotnoi zasypky transhei buldozerom, scho obladnano shnekovym

intensifikatorom [The theoretical research of the reverse trench refiling by a bulldozer, that is equipped by a screw
intensifier]. Visnyk Pridniprovskoi derzhavnoi akademii budivnytstva ta arhitektury [Bulettin of Prydniprovs’ka
State Academy of Civil Construction and Architecture]. Dnipropetrovsk, 2013, no. 4, pp. 35-43. (in Ukrainian).

BUKOPUCTAHA JIITEPATYPA

. CesocthsiHoB K. M. I/ICCHCZ[OBaHI/IC OHEProCMKOCTH IpoLEecCa IKCKaBallun Top(ba 13 3aJIC’KU TOPU30HTAJIbHBIMU

nrHeK-(hpe3amu : aBroped. TUC. Ha COUCKAaHKE YICHOM CTereHn KaHa. TeXH. Hayk : 05.02.17 / CeBoctbsiHOB KOH-
craHTUH Muxaiinosuy ; KanunuH. nonurexH. uH-T. - Kanmuaug, 1973. - 23 c.

3enkoB P. JI. Mamuns! HenipepsiBHOTO TpaHcnopra / P. JI. 3erkos, W. U. MBamxos, JI. H. Komobos. — Mocksa :
MammHoctpoerue, 1980. —303 c.

I'puropeeB A. M. BurroBsie kouBeiiepsr / A. M. I'puropreB. — Mocka : MammaocTpoenue, 1972. — 182 c.
banosues B. I. UccaemoBanne paOOThl OTBAJOB C MEXaHWYeCKON wuHTeHcu(pukamueir / bamosaes B. U.,
[kpsuas B. H. // CtpoutensHbie 1 A0pOKHBIC MamuHbl. — 1978, — Ne 4, — C. 24-26.

CrnuBakoBckuid A. O. Tpancnoprupyrongre Mamusbl / A. O. CnuBakoBckuid, B. K. JIpsiukoB. — 3-e u3n., nepepad. —
Mocksa : MamuHoctpoenue, 1983. —487 c.

CrnuBakoBckuid A. O. CreuuanbHble TPaHCIOPTHPYIOIINE YCTPOMCTBA B TOPHOMOOBIBAIONIEH MPOMBIIIIIEHHOCTH /
A. O. CnuBakosckuii, 1. ®@. 'onuapesnu. — Mocksa : Henpa, 1985. — 129 c.

NBanuenko ®. K. Koncrpykuust u pacuer nogbeMHO-TpaHcnopTHbIX MamuH / MBandenko @. K. — Kues : Brima
mK., 1988. — 424 c.

CyxopykoB B. C. CHmKeHHE JHEPrOEMKOCTH TPAHCIIOPTUPOBAHWUSA TPYHTa TOPU3OHTAIBGHBIM ITHEKOM /
B. C. Cyxopyxkos, A. U. lonrux // [TpobaeMbl cenbCKOX03sicTBEHHOH Menmuopannu [1loBomkss / CapaToB. ¢.-X. HH-
T um. H.W. BaBunona. — Caparos, 1984. — C. 167-170.

Kpons P. M. Anroput™m BH3Ha4€HHS KyTOBOI IIBHIKOCTI ITHEKOBOTO iHTEHCHdiKaTOpa Ha poOodoMy 0OsagHaHHI
Oynbao3epa npu 3acumii tpanieit / P. M. Kpons // Bicauk HauioHanbHOro yHIBEpCHTETY BOJHOTO TFOCHOAAPCTBA
Ta npupoaokopuctyBanus. — Piue, 2015. — Bun. 2(70). — C. 84-91.

10. Kposb P. M. TeopernuHe IOCHIIPKEHHSI 3BOPOTHOI 3aCHIIKU TpaHIIEH OyJbI03epoM, IIO0 O0JaJHAHO IIHEKOBHM

inTeHcugikatopom / P. M. Kponb // Bicuuk IIpunHInpoBcbKOi nepkaBHOI akaaeMii OyIiBHHLTBA Ta apXiTEKTypH :
30. HayK. mp. — JJainponeTpoBcbk, 2013. — Ne 4, — C. 35-43.

Peyenzenm: 0-p m. n. B. I'. 3apenbin
Hamitinura mo penkoserii: 11.02.2016 p. Ilpuiiasara no apyky: 15.02.2016 p.

68



Bicauk [TpuaHinpoBcskoi aepkaBHOI akaneMii OyaiBHUITBA Ta apxiTekTypH, 2016, Ne 3 (216) ISSN 2312-2676

ARCHITECTURE

CONSTRUCTION TECHNOLOGY OF UKRAINIAN NATIONAL HOUSING
(PRYDNIPROVSK REGION IS AS AN EXAMPLE)

EYVSEYEVA G. P, Dr. Sc. (Publ. administer.), Prof.

The department of Ukrainian studies, State Higher Educational Establishment «Prydniprovs’ka State Academy of Civil Engineering
and Architecturey», 24-A Chernyshevsky str., Dniepropetrovsk 49600, Ukraine, phone: 38 (0562) 46-94-98, e-mail: evseeva@i.ua,
ORCID ID: 0000-0001-9207-6333

Abstract. Problem statement. Nowadays it is difficult to see a typical, old peasant house, or different types of
national confident buildings. It will take a little time and some monuments of national architecture will be difficult to
find. Meanwhile, rural housing was the most massive object of traditional construction. It embodies the best
achievements and experience of national architects; it is of great value for the history of Ukrainian culture, history of
Ukrainian art, architecture and ethnography, sustainable construction. National art of peasant house construction of
Prydniprovsk region of Ukraine, is multidimensional space and time in an array of hand-made Ukrainian art is a
national architecture, its decoration, clothing filling of the interior of the house and estate, as well as plastic and spatial
formation, determining loci ritual of family life of Ukrainian village since the ancient times to the present. Analysis of
publications. The first publications about the Ukrainian national housing, was made in the late nineteenth - early
twentieth century. These were the works of ethnographers and historians M.Sumtsova [17] and D. Bagaliya [1-4],
G.Lukomskogo a little [12]. B. Kharuzin’s work is interesting in the context of our study .[19]. The interesting materials
were found by us in the series of publications that have appeared in the end of XIX and beginning of XX centures and
are associated with vital trend to build fire-resistant housing, and ukrainian peasant house was such kind of housing.
"Nowadays such kind of peasant houses and storages are put because they cheap, strong and good and the most
important is to be resistant to fire. Houses with brick and stone trying to be built by reach people, and houses with the
clay and saman are built by poor people,they are elegant, strong, cheap long-existed and non-flammable " that is stated
in the foreword to a small edition by I. Ulashivsky "Saman building" [18]. A small booklet" Valkovi Building (with 20
figures into text). F.S. Dudko also describes in detail tehnology of ukrainian peasant houses construction as the safetiest
and the cleanest houses of present. In the 70th of the XX century, works began to appear devoted to the study of nation
architecture in Ukraine. The features of construction of one or another region, the types of peasant houses, their interior;
construction of farm buildings, equipping of the yard were considered in this work. Among them A. Danyluk "Closed
yards in Polesie" [6-7], A. Danyluk and M. Shpak "Traditional and new in boikivskyi housing construction" [8], M.
Strunka "Ukrainian national housing of Mykolaivshchina" [16], M. Manurevich “Gagauz nation housing...”[14], Z.
Petrova "Rural houses in the Carpathians" [15] and others [11; 13]. The purpose and the main directions of our research
is to study the complex technology of the walls construction of the Ukrainians’national housing of Middle and Lower
Naddniprianshchyny of Ukraine (of Prydniprovsk region) of the end of XIX and middle of the XX century, as the
Dnipropetrovsk region belongs to this historical and geographical, industrial and economic region.

Keywords: saman, rolls, pise-walled house, clay-moulded house

TEXHOJIOT'TI BUBEJJEHHS CTIH YKPATHCHKOI'O HAPOJHOI'O
KUTJIA (HA ITPUKJIAAI TIPUJIHIITPOBCBKOI'O PET'TOHY)

€EBCEEBAT. I1., 0. u. ynpas., npog.
Kadenpa ykpainosnasctBa, JlepkaBHuil BulMi HaBuasibHHMU 3akiaj «[IpuaHIIPOBChKA JepikaBHA akajaeMmis OyIiBHHIITBA Ta
apxiTekTypu», Byl UepHuuiescbkoro, 24-a, 49600, [IninponerpoBchk, YkpaiHa, ten. +38 (0562) 46-94-98, e-mail: evseeva@i.ua,
ORCID ID: 0000-0001-9207-6333

Anortauisi. ITocmanoeéxka npoénemu. Yxe cbOrojiHi 1o BCiii TepuTopii YKpaiHM HE 4acTO MOMKHA 3yCTPITH
TUTIOBY, CTapy XaTy, TOW YW IHIIMWA THIN HAPOAHHUX TOCHOAAPYMX CHOpPYyA. MuHe Hebarato 4acy i OKpemi mam’sTKd
HApOJHOI apXiTeKTypH BaXXKO Oyne 3HaiiTH. MK THM, CUTBChKE XKHUTIO OyI0 HAOLIBIT MacCOBUM 00’ €KTOM HapOTHOTO
OyxiBHHMLTBA. Y HHOMY BTiJIEHI Kpamli HagOaHHS 1 JOCBiJ HAPOIHHUX 30YMX, BOHO CTAHOBHUTH BEJIHKY LIHHICTH JJISA
icTopii KyJbTypH YKpaiHCBKOTO Hapoxy, IcTopil yKpaiHCBKOrO MHCTElTBa, apXiTeKTypu Ta erHorpadii,
exoOyniBHuITBa. Haponue mmcrenTBo xarobyayBanHa HanmgminpstHCbKOi YKpaiHum — OaraTOBHMIpHHH y IpOCTOpi it
Yyaci MacHWB YKPAlHCHKOI'O PYKOTBOPHOTO MHMCTEITBA — SIBIIsiE COOOK HApPOIHY apXiTeKTypy, I 03700H, pedoBe
HalOBHEHHS 1HTEp’€py JAOMYy Ta CaauOH, a TaKOX IUIACTUYHO-IIPOCTOPOBI YTBOPEHHS, IO BU3HAYAIOTh PHUTYalbHI
JIOKYCH POJUHHO JKUTTS YKPAlHCHKOIO cejia Bifl HAMIABHINIMX YaciB 10 ChOroneHHS. AHaniz nyonixauii. Ileprr
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(yHIaMeHTabHI CTIPOOH JOCTITUTH HAPOIHY apXiTeKTypy, 30KpeMa YKpaiHChKe HapoIHE KHTIO, Oyiw 3poOiieHi B
kinmi XIX — Ha nouatky XX cromitrs. Lle Oynu mpaii erHorpadis ta icropukis M.Cymiosa [17] ta [I. Baranist [14—4],
y neBHii mipi —I.Jlykomcekoro [12]. V po3pi3i Hamoro mociimkeHHA mikaBoio € pobora B. Xapysuna [19]. Llikasi
MaTepiany 3HaXOAMMO B cepii myOuikamii, ki 3’sBmwmcs B KiHmi XIX Ha mod.. XX CTOMTTS 1 MOB’s13aHi 3 )KUTTEBO
HEOOXITHOIO TEHJEHIli€l0 OynyBaTH BOTHECTIMiKE JKUTJIO, SKMM BiacHe Oyna ykpaiHcbka xata. «Ckpi3b Temnep
HAMararThCs CTaBUTH TaKi XaTW Ta KOMOPH, 100 1 jemieBi Oyiu, ¥ MiIHi, 1 JIOBKi, a caMe roJIOBHE — II00 HE
HiIaBaINCs TaK «YEPBOHOMY ITiBHEBI». 320X0UYIOThCS CTaBUTH — XTO 3aMOXHIIIIKH — OyIiBIi 3 LErNIM Ta KaMEHIo, a
XTO yOorimmii, TOH 10 TMIMHSHUX, CAMaHHUX OCpeThCs, — BOHM YCIYpPHI, MII[HI, JICIIEBi, JOBTOBIYHI i HETOPIOYi», —
3a3HAYAETHCS B MEPEAMOBI JI0 HeBenukoro BumaHHs 1. YiamiBcekoro «Camansi Oyaisii» [18]. HeBennuka Opomrypa
«BanpkoBust moctpoiiku (cb 20 pucyHkamu Bb TekcTb)» @. C. lyko Takoxk IETaIbHO ONMUCYE TEXHOJIOTiI0 OyayBaHHS
YKpaiHCBKOI XaTH K HaOe3MeUHIIIOro Ta HAWIHCTIIIOTO (8 3HaueHHi exonoziunozo 1. €.) xutia mporo yacy [10].

VY 70-t1i poku XX CT. moyanu 3’SBIATHCS TIpalli, IPUCBAYCHI BUBYCHHIO HApOJHOTO OyniBHHITBA B YKpaiHi. Lle
po0OTH, B SKHX PO3MIIAATUCS OCOOJMBOCTI 3a0yJOBH TOTO UM IHIIOTO PEerioHy, THIIM XaT, iX iHTep ep; OyIiBHUIITBO
rocrnogap4mux cmopyn, obmamryBaHHS aBopy. Cepexm Hux A. Jlanmmok «3amkHeHi aBopu Ha [lomicci» [6—7], A.
Hananmrok ta M. IlImak «Tpaauiiiine 1 HoBe B O0MKIBCBKOMY XHUTIOBOMY OymiBHHAITBI» [8], M. CTpyHKa « YKpaiHCBKe
HapoJHe kUTiI0 MukonaiBumHmy [16], M. Manypesnu «Hapoanoe »xumnuiie raray3os...» [14], 3. IlerpoBa Cenbckue
xuible qoma B Kapmartax [15] Ta immi [11; 13]. Mera i OCHOBHI HamnpsIMKH HAIIOTO JIOCITI/DKEHHS MOJISATaE y
KOMIUIEKCHOMY BHBYEHHI TEXHOJIOTii BHMBEAEHHsS CTiH HapoaHoro xwumia ykpaiHuiB Cepeanboi ta HukHbOT
Hapnninpsamman  Yxpainn  (IlpunsinpoBebkoro  periony) kinng XIX - cepeamam XX CT., OCKUIBKH
JIHiporeTpoBIIMHA HAJISKUTH CaMe JI0 IIbOTO ICTOPUKO-TeorpadiyHOro Ta MpoMHCIOBO-€KOHOMIYHOTO PETiOHY.

KurouoBgi ciioBa: CAMAH, 8AJIbKU, 2nunobumHa xama, 2aAuHoIuUma xama

TEXHOJIOI'MA BBIBEAEHUSA CTEH YKPAUHCKOI'O HAPOJIHOI'O
AKNJIbSA (HA ITPUMEPE ITPUTHEITPOBCKOI'O PET'TMOHA)
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Kadenpa ykpanHoBenenus, locynapcrBeHHOe BHcuiee ydeOHOe 3aBeneHue «lIpHAHENPOBCKas TOCYAAPCTBEHHAs aKaJeMus
CTPOUTENBHCTBA U ApXUTEKTYphl», yi. YepHblmeBchkoro, 24-a, 49600, /InempomnerpoBck, YkpauHa, Ten. +38 (0562) 46-94-98,
e-mail: evseeva@i.ua, ORCID ID: 0000-0001-9207-6333

Annoraums. ITocmanoexa npoodaempr. Yxxe CeroaHs 10 BCell TEPPUTOPUH Y KpauHbI HE YaCTO MOXHO BCTPETUTh
TUIWYHYIO, CTapyl0 XaTy, TOT WIN APYroil THI HAPOAHBIX XO3SHCTBEHHBIX COOPYXEHHH. MHUHYeT HEMHOTO BpeMs U
OTZEJbHBIE JIOCTOIPUMEYATEIIbHOCTH HApOJAHOW apXHMTEKTYyphl TPYIHO OyneT HailTh. Mexmy TeM, CeJIbCKOEe >KUIIbEe
ObUTO HamboJIee MacCOBBIM OOBEKTOM HAPOJHOTO CTPOUTEIHCTBA. B HEM BOIUIOMIEHBI JIydIIHe TPHOOPETECHHUS U OIBIT
HApOJHBIX 30[9MX, OHO IPEICTABISAET OONBINYI0 MEHHOCTH U MCTOPUH KYJIBTYphl YKPAaWHCKOTO HAapoIa, UCTOPHU
YKPAaWHCKOTO WCKYCCTBA, ApXHTEKTYpHl M ATHOTpauu, SKOCTPOMTENHCTBA. HapomHoe apXUTEKTypHOE HCKYCCTBO
Yxpanabl HaagHenpsHIIUHEI MHOTOMEPHBI B MPOCTPAHCTBE M BPEMEHH MACCHB YKPAaWHCKOTO PYKOTBOPHOTO
HCKYCCTBA; SBISIET COOOM HApOIHYIO apXHTEKTypy, €e¢ yOpaHCTBa, BEIIECTBEHHOE HAIIOJHEHHWE WHTEphepa JOMa U
ycanpObl, a TaKKe TIACTHYHO-IIPOCTPAHCTBEHHBIE 00pa30BaHUsl, KOTOPBIE ONPENEIISIOT PUTYaIbHBIE JIOKYChl CEMEHHON
JKU3HU YKPaWHCKOI'O ceja OT CaMbIX JaBHMX BPEMEH [0 HBIHEIIHEro BpeMeHU. Ananu3 nyonukayui. llepBbie
nyOJIMKauu 00 YKpanHCKOM HapOJIHOM JKWiIbe, ObUTH crenaHbl B KoHIle XIX - B Havame XX Beka. OT0 ObUTH TPYABI
stHorpadoB u ucropukoB M. Cymmosa [17] u [I. baranis [1-4], B onpenenennoir mepe - I'. Jlykomcokoro [12]. B
paspese Hallero MCClleIoBaHus HHTepecHo! sBisiercst pobora B. Xapysuna [19]. MHTepecHble MaTepHanbl HAXOAUM B
cepuu myONMKanuii, KOTopble NOsBWIHCh B KOoHIEe XIX Hawaime. XX Beka W CBS3aHBI C XKH3HEHHO HEOOXOIMMOI
TEH/ICHIINEH CTPOUTHh OTHECTOMKOE XKIIIbE, KOTOPHIM COOCTBEHHO OBLIa YKpawmHCKas xaTa. "Besne Temeph HBITArOTCA
CTaBHUTH TaKHME XaThl U KJIaIOBBIE, YTOOBI U JACUIeBhIC OBLIN, U KPEIIKKE, H XOPOIIHE, a TIIABHOE - YTOOBI HE ITOIJaBAIUCH
"kpacHoMy metyxy". IloompstoTcst CTaBUTH - KTO 0OJIee COCTOATENBHBIN - 3aHUs W3 KUPIUYa M KaMHA, a KTo Oolee
yOor, TOT K TIMHAHBIM, CAMAaHOBBIM OEpEeTCs, - OHH HAPSAHBL, KPEIKH, ACIIECBHI, JOJTOBEYHBI M HETOpro4YH", -
OTMEYaeTCsl B MpeaucioBud K HeOompmomy wmigaHuio I. Ymammsckoro "CamanoBeie 3manus” [18]. HeGompmas
Opourtopa "BampkoBus moctpoiiku (cb 20 pucynkamu Bb TekcTh)' @. C. [lyaxo Taxke AETAIbHO ONHCHIBAET
TexHouorito. B 70-pie roasl XX CT. Hayany MosBISTHCS TPY/bl, IIOCBSLICHHBIE H3Y4YEHHIO HAPOJHOTO CTPOUTENILCTBA B
VYkpaute. 1o paboThl, B KOTOPBIX pacCMaTPUBAINCh OCOOEHHOCTH 3aCTPOMKH TOTO WJIM APYrOr0 PErMOHA, THIIBI XarT,
UX HWHTEpbEp; CTPOUTEIBCTBO XO3SICTBEHHBIX COOpYXKeHHWil, oOycrtpoiictBa aBopa. Cpenn Hux A. JlaHHIIIOK
"3amkHyTHIe ABOPHI Ha [Tonecke" [6—7], A. Janwmmok u M. [lInak "TpamgunuoHHOE 1 HOBOE B OOMKOBCKOM JKHIHITHOM
ctpourensctBe” [8], M. CrpyHka "YkpauHckoe HapogHoe xunbe Hukonaesmunst" [16], M. Manypesuu "Hapongnoe
xuute raray3os”. [14], 3. IlerpoBa «Cenbsckue sxmible foma B Kapmatax» [15] u gpyrme [11; 13]. Lenp u ocHOBHBIE
HANPaBJICHUS HAIIETO WCCICIOBAaHUS 3aKIIOYaeTCs B KOMIUIGKCHOM W3YYCHHH TEXHOJOTHH BO3BEICHHS CTEH
HapomHOTO Xwibs ykpauHieB Cpexneit u Hikueit Hagmaenpsamuasl Ykpanss! ([IpuaHenpoBckoro pernoHa) KOHIA
XIX - cepennnbl XX CT., OCKOJbKY J{HEMPONETPOBIMHA IPUHA/ICKHUT KIMEHHO K 3TOMY HCTOPUKO-reorpaduueckomMy
Y TIPOMBIIUIEHHO-)KOHOMHYECKOMY PETHOHY.

KuroueBrble ciioBa: camar, 6djibKu, 2NUHOOUMHAS xama, ciuHojaumas xama
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Problem statement. Nowadays it is diffi-
cult to see a typical, old peasant house, or dif-
ferent types of national confident buildings. It
will take a little time and some monuments of
national architecture will be difficult to find.
Meanwhile, rural housing was the most massive
object of traditional construction. It embodies
the best achievements and experience of na-
tional architects; it is of great value for the his-
tory of Ukrainian culture, history of Ukrainian
art, architecture and ethnography, sustainable
construction. National art of peasant house con-
struction of Prydniprovsk region of Ukraine, is
multidimensional space and time in an array of
hand-made Ukrainian art is a national architec-
ture, its decoration, clothing filling of the inte-
rior of the house and estate, as well as plastic
and spatial formation, determining loci ritual of
family life of Ukrainian village since the an-
cient times to the present.

Analysis of publications.

Presenting main material. In the
Prydniprovsk region a tradition of different
housing technologies became traditional during
the centuries, but among the large variety, dis-
tinguished which required for its implementa-
tion the smallest quantity of timber. This was
crucial to the treeless or little wooded rural
Ukraine territories and Dnipropetrovsk region
territory belongs to them. territory of the
Dnipropetrovsk region. On the territory of the
region the construction of housing was given
with the following technologies:

Saman peasant house. Saman production
technology. Saman is a small block of clay and
?,'..‘_,.

.-

Fig. 4.5.Straw-mill (ran by kaa Yakove

Adding straw to clay reduces the thermal
conductivity of clay mud wall that for housing
is paramount. However, a large amount of
straw lead to an increase subsidence of wall,
makes the walls loose, accessible to rodents
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straw mass. As a construction material it is
widely used in national housing of southern
areas and western part of the forest-steppe zone
of Ukraine. The main advantage of saman wall
over other construction with clay is that they
quickly dries out and give a relatively small
subsidence. Ease of this design is that preform
of saman can be done gradually, pre-dry it. A
major drawback of clay walls, including with
saman, is that under the influence of atmos-
pheric moisture they become humid, thus they
get very significant deformation. As noted by
some studies [114] to avoid this, in the southern
walls of saman after their subsidence, it is ve-
neered often with brick, sometimes it is only
the lower part of the wall (to the level of win-
dows), and sometimes it is the whole wall. Typ-
ically, houses with sush walls have been warm-
er and stronger, but also more expensive be-
cause they were built mostly by wealthy farm-
ers.

For production of saman with clay the
greasy, sticky, plastic clay are taken (plasticity
and determine the fat content, see Part 3) be-
cause the clay dries crack, it added straw. Spe-
cifically breeze straw (threshing or chopped
straw) of different lengths from 10 sm to 20-25
sm. This straw strengthens (binding) clay solu-
tion, especially for broken efforts. If the straw
uses from 2 sm to 5 sm (chaff) so, the solution
loses its binding properties.

Straw may be wheat, barley, rye, and even
flax or hemp. If in the economy there was not
thrashing straw, it crushed on special equip-

nko, master of architecture).

that are too dangerous for rural areas. Value of
clay and straw clearly no one defines as the
ratio depends on the quality of clay and straw,
and it is in every village and even in yard is
own. But generalizing heard and seen, in our
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opinion, the straw can be up to 25% of the vol-
ume of clay, or 16 -20 kg per Im3 of clay.

There are several successive operations in
the production of saman:

1) preparing of clay solution;

2) mixing of clay solution;

3) production (formation) of saman;

4) drying of saman.

The first stage begins in the spring. Pre-
formed clay in the autumn (see part 3) of early
spring start to soak. This is done either in cur-
rent or in holes (Fig. 4. 6). On threshing-floor
the clay is put by layer of 25 - 35 sm of thick
with rollers on the edges to resist water. Then
pour water on the clay at the rate of 0.75 bucket
of water in a bucket of clay by breaking down
large lumps of clay. At the threshing-floor
mostly clay soaked with a small amount of
work: construction of barn, cellar, chicken coop
and etc.. With a significant amount of work,
such as building houses, barns, stables, etc.,
soaking the clay did in the pits. Soaking pit for
clay was made by depth of 60 to 80 sm with a
radius of 3 m to 4 m (it depended on the
amount of work). Pit was dug round, because
this is the best way to mix clay in pit by all
sides, in addition to the round pit there is more
space for backfilling clay. It is easier to take
ready solution from round pit. The edges or
walls of such pits were entrenched with boards,
to avoid slipping of these walls. Clay is put
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with layers into a pit: a layer of clay

By thickness of 20 - 25 sm, layer of straw,
filling with water. Having filled the pit, water is
poured to cover the clay, the top covered with a
thick layer of straw and left for 3-6 days. The
pit with of soaked clay and straw called Gras. It
i1s important to remember that soaked the clay
never stirred during soaking. Because of it clay
loses its quality, because clay lumps during
mixing slip and then are out of further slaking.

The second stage is mixing clay. Mixing
clay is one of the most important operations of
clay preparation solution, thus as clay is mixed,
the quality of the solution, its homogeneity de-
pends on it, and the strength and purity of
saman.

When the amount of clay solution is small,
it is kneaded with your hands or feet. This work
is done by women. The skills of women of
dough kneading are useful in the kneading of
clay. Only women's hands or feet are able to
qualitatively knead clay. With a large amount
of construction work a clay solution then is
mixed by wusing animals, usually horses.

Wrought iron horse well stirred clay. In the old
days used traction force oxen. When is kneaded
clay by animals and also they are under control
by, their riding. This work was performed with
great pleasure by teenagers who rides well even
without bareback.

Fig. 4.6. Kneading of clay by horses into the pit (h = 70-80 sm) (Drawn by Oleg Tokarev, architect student).

Regardless of the method of kneading clay,
clay is kneaded until it becomes completely
homogeneous and soft dough. Kneading tech-
nology is that the first clay is kneaded then
straw 1s added to it. Readiness of solution is
determined with help of visual inspection:
ready mixture does not stick to hands and feet
during stirring. Or quality kneaded of clay can

be set as follows: clod of clay is taken and cut
with a knife or spade, and if a cut across the
surface has the same color, moisture, viscosity
and the same allocation of straw, so clay and
straw solution is ready. Ready to use solution
covered with matting, and straw so clay do not
dry up.

The third stage of production of saman.
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Three ways of making saman has been forming
for the long centuries among Ukrainian, that is
hand, heel and machining methods. Workplace
to form saman is near the pit. Formation con-
ducted at the level of planned and sprinkled
with straw place (estrus) When hand-made
saman "moulder" (the same woman who

ISSN 2312-2676

kneads clay) separates from clay and straw
mass of a piece of clay straw mixture, plunges
it into the water, and with the force throws
soaked in water form, which is placed on a thin
layer of straw. The form for making of saman
made as a box without a bottom from 19 mm
planks on one or two samans (Fig. 4.7.).

POMA AAD BATITOBAEHH
TIABBHOTD CAMHY

Fig. 4.7. Forms for production of saman (for one and two samall‘{lﬁsg)w o

Then clay and straw solution is rammed
down with fists in the form so as to fill com-
pletely the whole form. Then it is smoothed on
surface by both hands (Fig. 4.8.), clearing the
surplus of top of wooden rolling pin or by hand.

Then carefully the form is removed with the
cuttings and on the chute is put the formed
saman. Next form rearrange to another place,
and the process begins all over again.

Fig.4.9. The procedure for drying of saman: 1) by flat; 2) on the edge; 3) on a threshing - floor; 4) in the cell; 5) in the
stack (Drawn by M. Ershov, student).

Production of saman of heel method, clay
and straw solution is trampled down with feet,
and placing the dampened shape on a thin layer
of straw. As in the hand and heel methods, dis-
tances between the ready saman should be 10 -
20 cm in the transverse direction and 4.10 cm
in longitudinal direction. One "moulder" with

help of assistant can be formed during daylight
hours from 400 to 600 pieces of saman.

Some farmers said that the mass post-war
reconstruction of villages (50-60 years of the
twentieth century.) there were machines for the
formation of saman. Production of saman with
them is called machine-way. Description of the
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drawings the machine described in the literature
[114, p.17; 57 p.14]. The advantage of machine
production is that during the day "moulder"
with an assistant can be molded from 900 to
1000 pieces of saman. Making saman in any
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manner described above, it is necessary to re-
member that the form must be filled with a
mixture in a single step, as another part of mix-
ture and for further drying easily fallen off and
it will reduce the quality of saman.

The fourth stage is drying saman. In hot
and windy weather adobe covered with straw
matting, etc., avoiding rapid drying or over
drying. After 2-3 days saman dries and then it
is turned over on a long edge, and then after a
while is put on the short edge (Figure 4. 9);
When saman well dries and hardens, it is made
up in the box, and then in stacks, leaving gaps
between saman. Stack is covered from getting
wet in the rain, or it is put under cover. As
such, saman finally dried 10-15 days (Fig.
4.10). In hot weather saman is drying faster and
ready within 7 - 10 days. In some villages there
was a tradition of smoking saman. For this
stack with saman lay round with straw and
scorch. There was a belief that the peasant
house built with smoking saman is"cleaner"
(more ecological, it lacks the unhealthy energy,
G.Ye.).The owner ensures that the dried saman
had right surfaces and edges, and in the hacking
is the same color. The absolutely dried saman,
can be stored for several years, becoming
stronger. Saman of the best quality meet the
following requirements:

While broking down on the ground from a
height of 1.5 - 1.7 m (human growth) saman
should not break;

While hitting with an ax handleon saman
surface should remain bright, shallow dent;

Qualityof saman canbe hacked and
hewed with an ax, while saman is not cracking

Saman which was put in water should not

e P T _- - s v * = =2
Fig. 10.4. Drying of saman ( by stacks and by expanded).

lose saman rectangular form for 2 hours and
should not disintegrate earlier than 8 hours;

Saman should not fall apart into pieces
when the nail is hit in it with length of 150-
180 mm.

Saman should be light in weight.

Thickness of saman wall determined by the
purpose and size of the buildings. People prac-
tice, based on climatic conditions of
Prydniprovsk region of Ukraine confirms the
need for residential buildings (houses)of 50 cm
is for external walls and 35 sm is for interior
walls and for little load wall. According to this
the most common saman size is 33 x 16 x 12
sm, but there are other dimensions. The best
size is where length is % larger than the width
and thickness equal to half of the width. This
size is advantageous when walling up. Saman
peasant house is walled up in the basement
(see. Section 4.1.).

Construction technology of clay walls of
peasant house. For the construction of peasant
houses with clay walls need wood material for
scaffolding. For medium-sized peasant houses
of 10 x 6 meters with one capitalpartition need:
rod of 22 pairs, of each length of about 6 meters
and a thickness of 13 - 15 sm; props for founda-
tions to 18 pairs, the length is about 4 m; 6 m
boards are 14 pieces. The size of the boards
should be approximately as follows: 4-6 sm
thick and 22 sm wide. Boards preferably should
be cleaned with gamble (plane). This purifica-
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tion greatly affects on the improvement work
on construction of the walls, and then the board
can be used for its intended purpose.

Picking up the wood for work, the owner
starts to prepare a solution. In the production of
a clay solution for pouring the walls, in front of
the building, two round pits for a clay solution
are dug out. Clay is filled with layers had been
freezing in fall, then is poured with water in the
spring. The solution was stirred in the same
manner as for saman (i.e., feet or horses) only
without straw. The clay is kneaded sparsely, "as
the thick cream." According to this the clay
solution is good: rye or wheat straw is taken
with length of the elbow or two hands, put it
down to the solution, and if the straw immedi-
ately leans over and lay down on the surface of
the solution, so the solution is liquid and heter-
ogeneous, if it stands without swaying, so the
solution is thick and when the straw slopes on
the side, but does not fall, it is a good solution";
"A good solution when the bucket is colored
with it and does not flow from the bucket walls
or clumps stick to the walls." Quality of solu-
tion for the strength of the building is of great
importance. For example, "when the solution is
liquid, so during trampling of the straw in
troughs, the solution will flow down and then
the straw is not enough saturated and converse-
ly, when the clay solution is thick, in the
troughs the layer of clay and straw will lie, and
in both cases the strength of the walls will be
small and will be a good shelter for mice". To
make sure, whether the solution is made in right
way you should, look at the wall, when the
shape is lifted and you will not see the individ-
ual layers of straw or clay, then touch with
hand and, when the whole mass will be the
same, it shows that the solution is made correct-
ly.

After the solution is prepared the walls will
begin to be poured. Pour the wall as follows:
"at first soft straw is put, an even layer of about
8-10 sm of thickness over the entire wall in
ready forms then clay solution is filled with and
immediately is trampled down with feet until
the top of straw does not act bubbles clay solu-
tion. In, to be equal and sharp, in the corners of
the sides it is necessary not to trample with feet,
and a stake or a special tamper (Figure 4.11).
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Having trampled a good one layer of straw, the
second layer is put, fill it and trample over
again until the entire form is filled to edge of
shields. To give greater strength to walls and
solidity, better each time over filling out forms
just across the wall make it with a wooden club
(rammer Figure 4.11), and after that lift up the
molding board".

Molding boards must be lifted carefully
and the job is done by entrusted experienced
master, who generally directs the entire work,
in addition, several workers who tramping
walls during lifting molding boards should re-
main on the surface of the wall, thereby not to
give the opportunity to rise the top of layer of
straw, that may be particularly at the edges and
corners of the walls.

Forming boards lifted with lever, on a
stand with notches. Molding boards is lifted as
follows: enclose one end of the lever (stick or
board) under molding board substitute board
with cutouts, and click on the other end down.
Molding board lift evenly around the walls to
the same height, so they covered with lower
edges one third of the width of the stuffed layer
walls, or in other words the board is lifted up in
the high of two-thirds of the entire width of
molding boards, having lifted the molding
boards, every time soil is checked with weight,
so the wall should be equal".

First they poured the first layer of height of
30 - 40 sm, sometimes up to 100 sm. After its
drying it shields raised to the height of the first
layer and poured next. Artificial of each next
wall layer after drying the previous, and so to
the required height. Wooden frame inside of
clay form strengthened clay wall mass, forming
a solid structure of the building.

With this technology the thickness of the
walls was different. At the bottom they could
reach one meter and rising to be narrowed.
Thickness of the lower and upper levels of the
walls had a 2: 1 ratio. The interior walls of the
building retained the right angle, and external
were under slight slope. This design provided
wall facades trapezoid shape.

Poured walls every day without a break,
but after bringing to the half of wall they were
been given to dry for 1-2 days and then has
again continued to work through. Walls were
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not poured during inclement weather (rain,
etc.). In this case, when the rain was great, the
walls were covered with top boards or other
material not to be wet especially when the
forms are not filled to overflowing mass. Spout
wall to the desired height, they made it possible
to dry well, then just continued other work
(ceiling, roof, windows, doors, etc.).

Soil and clay technology of walls. The
peasant houses or farm buildings with such
walls are built with soil or clay of moisture
which it usually has on the depth of 15-20 sm.
Suitability of soil (any clay) determined simply,
if the soil does not fall while digging pit, so soil
is suitable for soil technology. Clay or soil are
loosened. There is any other special preparation
is required. Earth and clay are used freshly dug,
old materials are not used. The material for the
walls is ready. Technology of soil and clay wall
are the same. Lathing is fixed of boards on
foundation (as in clay walls). In lathing, earth
(clay) is put by men with buckets, litter, There
deploying with thin layer is10-15 sm. The thin-
ner the layer, the better is trampled. Trample
with rammer (Fig. 4.11), made of solid and dry
wood. Sometimes base of rammer is sheathed
with iron.

Soil is trampled too much, so until while
hitting by rammer earth or clay will give a clear
sound, like the sound of hitting a tree and put
layer is reduced by half. Thus construct all of
the walls, the building is crammed simultane-
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ously around the perimeter, leaving openings
for windows and doors. The earth and clay
buildings warm and dry, cheap.

They construct without water, so don’t
raw. Such buildings dries quickly after recon-
struction, so quickly livable. This house owners
can "trample" by their own, and therefore
should not pay to masters.

The disadvantage of this technology is that
the building needs to be perfect with trampling
across the wall. If "to trample with unequal
force, the walls will be thick in some places,
while others will give porous cracks, and it is
dangerous for strength of building". In place of
porous plaster is put not well , eventually po-
rous places can crumble, it can cause the de-
struction of the building. Therefore, accurate
and thorough without printing the entire build-
ing will be strong. That is why the technology
of soil and clay is built with small rooms
(chicken coops, barns). So clay houses have
some flaws, but the advantages of this forgotten
technology are too much. Firstly it is, cheap.
Secondly, the material is available and on its
strength does not inferior either brick or con-
crete. Thirdly, such kind of building "breathes".
So creating a comfortable environment for liv-
ing and health: it is proved that the clay acts as
a filter for absorbing pollutants indoors. In oth-
er words cleans the air. So in clay peasant
houses feel good even those who are prone to
allergies.

Fig. 4. 11. Wooden rammers and with metal base

Soft saman (valkovi) walls. For soft
saman walls, solution is prepared as well as for
saman (sometimes is called raw saman). Soft

saman is made by women kneading clay and
straw solution like dough. Even clay and straw
consistency similar to dough mixture. For soft
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saman, straw was taken long, but the mint un-
like saman. Production of it was as follows:
"straw was spread out on the threshing - floor
and trampled on it with help of horses until the
straw would be soft" or straw - mill used (Fig.
4.5). The straw are put in sheaves around dug
pit with straw and clay mixture. Women who
made soft saman, stay on knee around du pit
with straw and clay mixture.the ground they put
straw. Taking clay and straw mixture from pit
women put it on the straw and begin to knead.
Soft straw is kneading until it will be plastic.
The prepared soft saman men put into the pre-
pared lathing (fig.4.12). One woman for one
hour can produce 10 to 15, putting them near
them. Clay soft saman walls had two design
solutions that are: simple clay and soft saman
and clay and soft saman “in herring bone *“. In
the first case used a fairly large soft saman of
clay and straw mass that concluded across the
walls in rows, close to each other. For the con-
struction of walls out of soft saman"in herring
bone" used soft saman of smaller size.Every
layer of soft saman stacked on wall not hori-
zontally but at an angle of 45 °, though two
adjacent layers have tilt in different directions.
This design of clay wall appeared in the nation-
al construction at the beginning of the XX cen-
tury. and widespread from 20 - 30 years up to
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50-60 years of the twentieth century. within the
reconstruction of the Ukrainian village in the
postwar years.

Soft saman walls of houses construct over
one day, laying house ceiling beam. Traditional
house measuring of 10 x 6 construct team of
women who makes soft saman about 10 - 15
people, and men and adolescent boys. Home
built from soft saman is warm, economical,
does not require large expenditures but some-
times used instead of clay soil, so these houses
were built often.

Sometimes, instead of soft saman used soft
saman with adding of excrements (lympachi)
The difference between soft saman with adding
of excrements and soft saman was that the mix-
ture from which made lampachi besides straw,
clay (or soil) and water added organic impuri-
ties, including animal manure (dung). Often
used horse dung because the horse was consid-
ered "clean" animals. In the steppe region ,
sheep dung is used. Technology of soft saman
with adding of excrements peasant house was
like a soft saman peasant house but soft saman
with adding of excrements is used raw. Some-
times soft saman with adding of excrements
was dried, then technology of such peasant
house was like a saman house technology.

Fig. 4. 12. Lathing for clay and soft saman peasant house (Drawn by Oksana Yakovenko, master of architecture).

All clay and soil structures, which have
been described above, characterized as con-
struction almost without wood in it. It is used at
these constructions not for windows and doors,
only for ceilings and rafters.

In the Prydniprovsk region it were popular
peasant houses on wooden frame (as a rule
from waste of wood) (turluchni khaty) among
peasants or peasant houses with wooden sup-
port in the corner (as a rule from good sort of

tree) (khaty na sohah) so that is framed build-
ing. This was associated with the natural and
geographical conditions which housed the vil-
lage. Unlike the above described technologies
in peasant houses on wooden frame, wood play
a great role because it is the main part of build-
ing the house, it‘s a frame of future peasant
house. The technology of building this peasant
house was in correct previous planning , choos-
ing a place and trampling to soil of 4 wooden
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support at the corners of peasant house,( it were
very thick pillar ) and from quite hard sort of
tree (for the Prydniprovsk region , it were: oak,
acacia, pine). At the top of the wooden support
there was connection between them with two
rows of horizontal bars or beams Bars or beams
are sharpened at the end with lock and on the
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board (the upper layer of tree) put the center
balk, and put above ceiling the wooden overlap
in “A” form for the roof. Then between wooden
support are trampled wooden stakes or put
transverse wooden sticks (wooden stick .Fig. 4.
13).

Further shell of the peasant house is joined
to wooden stick. The shell has its own variants
depending on local conditions. There are hous-
es that often are covered with clay and straw
solution. In such houses along the walls, be-
tween wooden support vertically and fairly
close to each other in soil is trampled wooden
stakes (often used with willow), putting in the
upper end of the stakes on the board (the upper

\Fig. 4. 13. Inserting of wooden sticks

layer of tree) of peasant house. Then the stakes
thin are braided with thin vine or wheat straw
or reeds (fig.4.14). In the Prydniprovsk region
there are peasant houses with braided walls
with one, two and three rows of netting ( fig.
4.14 and fig.4.15). Sometimes two - and three-
row of braiding covered with soil. Then such
braided frame coated with clay plaster.

Fig. 4.14. Braided frame of peasant house
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Fig. 4j 15. Two raw braiding of peasant house frame
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Plaster (thick doughy solution) whirs with
fists (Fig.D1.24), then tight, like smearing with
less dense of solution. Then allow to dry and
then whitewashed. These peasant houses are
called mazanka. Peasant house — mazanka for
centuries has been the traditional dwelling of
central and eastern Ukraine. Mazanka is a very
warm peasant house all of peasant houses
which are built with clay. In the construction of
mazanka was used local building materials.
Mazanka is a structure that combines both com-
fort and genuine housing, and strength, and
resistance to moisture and cold. The thickness
of the walls of mazanka are from 26 to 30 sm,
that equate as 120 sm of brick masonry. Ad-
vantage of mazanka is also because it dries
much faster than conventional clay peasant
house, it consumes less clay, that makes the

ISSN 2312-2676

there while constructing .Mazanka could be
built by family own.

In villages which are located along rivers and
streams, especially in the southern part of the
region, the peasant house with the same frame
are put with the reed or cane. Reed is bind in
bundles and thin tie, both inside and outside to
the wooden sticks, inserted between wooden
support. Make it so that there were no gaps
between the sheaves. Having tied of peasant
house of two sides, it is thrown with clay and
straw solution, making solution by hands
(fists), then trowel. After drying whitewashed.
Reed peasant house not as strong as saman or
clay pouring peasant house, but cheap because
have a large number of reed and ease while
making aframe, they are made quickly and
work is not hard.

construction easier and specialist should not be
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