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The article is devoted to solving the urgent task of increasing the efficiency of air distribution by
swirled-compact air jets to ensure the normative parameters of indoor air. The dynamic parameters of
the swirled-compact air jet during its leakage in the alternating mode and the formation of a dynamic
indoor climate in the room are determined. For improvement of comfortable conditions in the room
and design of energy saving circuits of air distribution it is suggested to use swirled-compact air jets,
which flow from the inflow and exhaust heat recuperators with heat recovery of the exhaust air. An
energy audit of the ventilation system reconstruction with a recuperator using was carried out. The
method of taking into account the fact of application of several measures, which cannot be carried out
simultaneously, and discount rate dynamics is proposed.

DOI: 10.30657/pea.2021.27.22

1. Introduction

The issues of energy and material saving (Selejdak, 2014;
Gumen, 2017), energy efficiency (Klymchuk, 2019) and ac-
counting and cost management are all over-the-top. In the face
of an acute economic crisis, careful use of energy is an im-
portant priority of the economic policies of European coun-
tries. The energy efficiency of the indoor climate system
(Zhelykh, 2020) and air quality (Lis, 2019) should be ensured.
Maintaining of the standard air parameters that create a com-
fortable indoor climate in the room is an important social task
(Buyak, 2017; Deshko, 2016). The high concentration of CO,
in the premises results in a deterioration of state of health and
a decrease in the working capacity of the personnel. Dynamic
indoor climate positively reflects on the state of health of the
human body and results in productivity increasing (Voznyak,
2020). There is no doubt that the energy costs of the ventila-
tion system need to be reduced as a result of energy efficiency
measures, particularly due to recuperators applying (Adamski,
2010; Adamski, 2017). To achieve the maximum effect, it is
necessary to determine the economically feasible level of ther-
mal protection of the microclimate security systems, which
should be optimal both in thermal and economic terms.

One of the important tasks for arrangement of premises ven-
tilation is creation of the effective organization of air exchange
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and in particular air distribution (Dovhaliuk, 2018). At the
same time, both the normalized air velocity (Tkachenko,
2020) and the normalized temperature (Basok, 2014; Bilous,
2016) in the working area must be ensured.

These values are normalized for different types of premises
and their non-observance can cause deterioration of the people
health and affect the operation of the equipment (Lis, 2002).
Choice of air supply depends on the purpose of the room, the
technological processes that take place in it, and any particular
features.

2. Recent research and publications

When designing indoor climate systems for different
purpose rooms, the main task is to create comfortable
conditions. The microclimate in the production premises
depends on the efficiency of work and the quality of
manufactured products. It is known that the variable mode of
air supply has a positive effect on a person's well-being and
efficiency of his work (Kapalo, 2018). However, in production
facilities for the adaptation of the apparatus of thermal
regulation, improvement of the health state and reduction of
fatigue of employees, especially in the monotonous nature of
work, hygienically justified by changing one of the
parameters, such as temperature or air velocity, that is, to
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create dynamic indoor climate.

Different ventilation schemes in different purpose rooms
and efficiency of air distribution have been considered.
However, an analysis of the provision of air exchange in
small-sized premises has shown that this is quite a challenge.

There are many different designs of air distributors with
high attenuation of air velocity v and temperature t
(Dovhaliuk, 2018). However, insufficient attention has been
paid to devices for supplying intake air with swirled-compact
air jets. A characteristic feature of the inflow jets created by
such air distributors is increased turbulence in comparison
with the outlet air jets. So does velocity distribution (Hnativ,
2019). The attenuation intensity of the parameters is
characterized by the magnitude of the coefficients of velocity
attenuation m and the temperature attenuation n. The air
supply to the upper area of the room is effective by supplying
air with a two-jet air distributor (Voznyak, 2020).

When choosing a method of supplying inflow air, it is
necessary to take into account the geometric dimensions of the
room, the location of equipment, sources of heat and
harmfulness, the location of jobs, as well as the possibility of
laying the inflow jets on various surfaces. However, the issue
of air supply to small industrial premises and the possibility of
laying them on the surface of various configurations is
remained unresolved.

For the rooms of low volume and height, there is difficulty
in supplying of great amount of air to the room while
maintaining a low air velocity in the work area (Voznyak,
2020). For this purpose there are suitable the air distribution
devices with a low attenuation coefficient. In this case, air
distribution devices with a sufficient air distribution area, low
initial velocity, and low attenuation coefficient are effective.
This is the optimal solution for proper air distribution.

One of the ways to increase turbulence is to use the effect of
swirling and laying, however, the laying increases the range
of the jet, which is undesirable for small spaces. The mutual
attenuation of impulses during the swirling of the air jets
results in to the formation of a turbulated air flow that coming
from the air distributor into the serviced room.

In addition to providing comfortable conditions in the room,
an important role is played by the technical and economic
evaluation (Aedah, 2018) of the efficiency of the ventilation
systems. Therefore, thermal modernization (Lis, 2019; Lis,
2013) of the ventilation and air conditioning systems is an
effective way of reducing energy costs, at condition of inflow
and exhaust recuperators application with the utilization of
heat of the exhaust air in small industrial premises.

To do this, it should be carried out an energy audit
(Myroniuk, 2020; Savchenko, 2020) of ventilation system. in
general and of the air distribution in particular. Using of up-
to-date methods for assessing of the cost-effectiveness of
energy efficiency measures has been taken into account in the
latest concept of economic calculations, in particular the
recommendation of UNIDO (United Nations Industrial
Development Organization). However, these instructions only
provide an algorithm for actions that can be applied at the
same time.

Based on the review of literature, we state:
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1. There is a need to develop a method for calculating a
compact jet using a swirling effect, that is, a swirled-
compact air stream.

2. There is a need to improve the method of energy audit

of the production room ventilation system during its
reconstruction in order to take into account measures
that can not be carried out simultaneously.

3. Objectives the formulation of the problem

The purpose of the work is to increase the energy and
economic efficiency of the air distribution of swirled-compact
air jets in the application of inflow and exhaust recuperators
with the utilization of heat of the exhaust air in small industrial
premises due to the improved method of energy audit.

To achieve this goal, the task was to carry out an energy
audit of the production room ventilation system during its
reconstruction in order to take into account measures that
cannot be carried out simultaneously.

4. Methods, materials and research

It should be noted that the intake and exhaust recuperators
(for example Prana-150, Fig. 1) have a characteristic design
feature. The axial fan is at a distance from the air outlet that is
less than 5 diameters of the inlet pipe. This factor causes
swirling of the inflow compact air jet, that is, the air flow exits
from the hole by the swirled-compact air jet. Therefore, the
attenuation coefficients of the velocity and temperature of the
inflowing air jet are reduced, that is, the aerodynamic
performance of the device is improved. This reduces the flow
rate of the ventilation system and the metal consumption of
the system as a whole.

Ability to regulate the air flow rate and heat recovery for its
heating is also positive feature of this device.

A model was developed to create a dynamic indoor climate
due to automation system. This makes it possible to change
the air flow in the ducts and, therefore, to supply the intake air
in a variable mode. This ensures a dynamic microclimate in
the room serviced area.

The connection of the electric actuator, which is controlled
by the automation unit, gives the possibility to smoothly
regulate the total air flow in the duct. The flow rate of intake
air through the air distributors changes smoothly, the period is
given by the automation unit, thus creating a dynamic indoor
climate in the working area, which makes it possible to
improve the hygienic conditions in the room.

An energy audit of the ventilation system was carried out
using a recuperator.

During the reconstruction of the ventilation system, two
alternatives variants of the recuperator using were selected:
Prana-150 and Prana-200. It is obvious that they cannot be
used simultaneously.

The following four
considered:

A — replacement of the mode of operation of the
ventilation system from stationary to variable when
installing automation;

energy saving measures were
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installation of recuperator with heat recovery of exhaust air:
B — Prana-150;
C — Prana-200;
D — application of the jets laying effect.

Fig. 1. Recuperator Prana-150.

The following solution algorithm is proposed.

Determination of annual energy consumption for the
ventilation system needs Qo, MJ/year for the baseline.

Selection of a list of simple termal renewal measures for this
system.

Determination of energy saving 4Q; of each thermal
renewal measure 4Q,=Q,—Q;, and therefore the annual savings
of K;, Euro/year. The cost of thermal energy (the value of Py)
in Ukraine is 1800-2200 UAH per 1 GCal, ie P= 17 Euro/GJ.

The amount of heat recovered from the exhaust air stream at
the passport value of the efficiency coefficient Prana-150 and
Prana-200 is respectively Qu: = 1.25 kW and Qu:= 1.40 KW. This
corresponds to Qy = 40 GJ/year and Qy = 45 GJ/year during the
year.

5. Results and discussion
The results of the calculations are given in Table 1.

Table 1. Characteristics of energy saving measures

Energy
costs After Energy saving .
g | for the the AQ; Savings money
No| 3 basic | change —O.P
g |option | Q, | 4Qi=Q,q |K=4QPe
= Qo,
Gllyear | Gllyear Gllyear Euro/year
1 A 160 114 46 782
2| B 160 120 40 680
3| C 160 115 45 750
4 D 160 152 8 136

Determination of each thermal renewal measure indexes
(Table 2) at condition of different magnitudes of the discount
rate: r =0.18 and r = 0.11.

Table 2. Economic indicators of the thermal renewal measures

o ' i i
§ Euro | Euro/year | years Euro Euro
1 A 322 782 0.41 +627 +2021
2 B 370 680 0.54 +534 +1673
3| C | 420 750 0.56 +632 +1832
4 D 125 136 0.92 +616 +316

Optimization of aggregate thermal innovation options
(Table 3). Five columns with the corresponding + and - marks
are arranged, taking into account that it is not possible to use
Prana-150 and Prana-200 simultaneously.

Table 3. Optimization of cumulative thermal innovation options

Variants
Ne [ Measures
| ] 11 v \%

1 A + + + + +

2 B - + + _ _

3 C —_ - — + +

4 D — — + - +

5 | 1(Euro) 322 | 692 | 817 | 742 | 867

6 | K (Euro) 782 | 1462 | 1598 | 1532 | 1668

7 | SPBT 041 | 047 | 051 | 048 | 052

(years)

8 'r\':%vféE“ro) +627 | +1389 | +1402 | +1298 | +1457

9 ’r\'zp(\)/ FﬁE“rO) +2021 | +3872 | +4207 | +3855 | +4370

Five aggregate options mean: | — renewal measure A, Il -
cumulative effect of measures A and B, Il - cumulative effect

of measures A, B and D, IV - cumulative effect of measures A
and C, V - cumulative effect of measures A, C and D. The
advantage is estimated by the maximum profit, as evidenced
by the value of NPVR. Option V, the combined effect of
measures A, C and D has maximum NPVR. So, it is optimal.
The maximum profit is derived from the implementation of
energy-saving technologies in the 5™ option and amounts to
4370 Euro at condition of the discount rate r = 0.11. The effect
is obtained by improving the energy efficiency of the
ventilation system, which consists in the simultaneous effect
of the following thermal renewal measures: the replacement
of the ventilation system from stationary to variable, using of
Prana-200 recuperator, application of the jets laying effect.
As a discussion of the results, the effect of the discount rate
on the amount of NPVR should be noted. Analysis of Table 3
shows that the profit increases with decreasing discount rate is
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not proportional. At r = 0.18 NPVR = 1457, and at r = 0.11 -
NPVR =4370. That is, when discount rate r changes 1.6 times,
NPVR increases 3 times.

Therefore, the feasibility of both aerodynamic and
technical-economic aspects of using of swirled-compact air
jets, formed by the Prana-200 recuperator with heat recovery
of the exhaust air, in alternating mode is proved. These
measures will make it possible to provide comfortable
conditions in the production premise and to obtain an
economic effect.

The research results can be used in the design of energy-
efficient air distribution schemes for small industrial premises.

6. Summary and conclusions

1. Using of the recuperators with heat recovery of exhaust air
will allow to get an economic effect 600-1800 Euro depending
on discount rate and recuperator brand.

2. The technique of energy audit conducting has been
improved. The method of taking into account the fact of
application of several measures, which cannot be carried out
simultaneously, and discount rate dynamics is proposed.

3. An energy audit of the production premises ventilation sys-
tem during its reconstruction has been conducted, which
showed that the air distribution in the non-stationary mode is
efficient because it allows to save energy costs for the
ventilation system and has the lowest the simple payback time.
The optimum profit from the implementation of energy-saving
technologies during operation is 4370 Euro at the following
conditions: discount rate r=0.11, replacement of the
ventilation system from stationary to variable with automatic
equipment, using of Prana-200 recuperator with heat recovery
of the exhaust air, application of the jets laying effect.

In future, it is advisable to take into account the impact of
production equipment and heat sources on air distribution in
apremise. Of interest there are studies on the acoustic
characteristics of the proposed equipment.

References

Adamski, M., 2010. Ventilation system with spiral recuperator. Energy and
Buildings, 42(5), 674-677. DOI: 10.1016/j.enbuild.2009.11.005.

Adamski, M., 2017. Mini longitudinal flow spiral recuperator. Healthy Build-
ings Europe 2017. DOI: 10.1051/matecconf/20141801001.

Aedah, M., Mahdi, J., 2018. Energy Audit a step to effective Energy
Management. International Journal of Trend in Research and
Development, 5(2), 521525. ISSN: 23949333.

Basok, B., Davydenko, B., Farenuyk, G., Goncharuk, S., 2014. Computational
Modeling of the Temperature Regime in a Room with a Two-Panel Ra-
diator. Journal of Engineering Physics and Thermophysics, 87(6), 1433-
1437. DOI: 10.1007/s10891-014-1147-5.

Bilous, I., Deshko, V., Sukhodub, 1., 2016. Building inside air temperature
parametric study. Magazine of Civil Engineering, 68(8), 65-75. DOI:
10.5862/MCE.68.7.

Buyak, N., Deshko, V., Sukhodub, I., 2017. Buildings energy use and human
thermal comfort according to energy and exergy approach. Energy and
Buildings, 146(1), 172-181. DOI: 10.1016/j.enbuild.2017.04.008.

Deshko, V., Buyak, N., 2016. A model of human thermal comfort for analys-
ing the energy performance of buildings. Eastern-European Journal of
Enterprise  Technologies, 4(8-82), 42-48. DOI: 10.15587/1729-
4061.2016.74868.

ARCHIWUM INZYNIERII PRODUKCJI

Dovhaliuk, V., Mileikovskyi, V., 2018. New approach for refined efficiency
estimation of air exchange organization. International Journal of Engi-
neering and Technology (UAE), 7(3.2), 591-596, DOI:
10.14419/ijet.v7i3.2.14596.

Gumen, O., Spodyniuk, N., Ulewicz, M., Martyn, Y., 2017. Research of ther-
mal processes in industrial premises with energy-saving technologies of
heating. Diagnostyka, 18(2), 43-49.

Hnativ, R., Verbovskiy, O., 2019. Distribution of local velocities in a circular
pipe with accelerating fluid flow. Eastern-European Journal of Enterprise
Technologies, 2(7-98), 58-63, DOI: 10.15587/1729-4061.2019.162330.

Kapalo, P., Spodyniuk, N., 2018. Effect of the variable air volume on energy
consumption — Case study, IOP Conference Series: Materials Science and
Engineering, 415(1.012027), DOI: 10.1088/1757-899X/415/1/012027.

Klymchuk, O., Denysova, A., Shramenko, A., Borysenko, K., lvanova, L.,
2019. Theoretical and experimental investigation of the efficiency of the
use of heat-accumulating material for heat supply systems. EUREKA,
Physics and Engineering, (3), 32-40, DOI: 10.21303/2461-
4262.2019.00901.

Lis, A., 2002. The research on microclimate and thermal comfort in nursery
school buildings. Archives of Civil Engineering,.48(3), 2002.

Lis, A., Spodyniuk, N., 2019. The quality of the microclimate in educational
buildings subjected to thermal modernization. E3S Web of Conferences,
100, 00048, DOI: 10.1051/e3sconf/201910000048.

Lis, P., 2013. The actual and calculated thermal needs of educational build-
ings. Environmental Engineering 1V, 405-416, 2013.

Myroniuk, K., Voznyak, O., Yurkevych, Yu., Gulay, B., 2020. Technical and
economic efficiency after the boiler room renewal. Springer, Proceedings
of CEE, Advances in Resourse-saving. Technologies and Materials in
Civil and Environmental Engineering, 100, 311-318.

Savchenko, O., Voznyak, O., Myroniuk, K., Dovbush, O., 2020. Thermal
renewal of industrial buildings gas supply system. Springer, Proceedings
of CEE, Advances in Resourse-saving. Technologies and Materials in
Civil and Environmental Engineering, 100, 385-392. DOI: 10.1007/978-
3-030-57340-9_47.

Selejdak, J., Ulewicz, R., Ingaldi, M., 2014. The evaluation of the use of a
device for producing metal elements applied in civil engineering. 23rd
International Conference on Metallurgy and Materials, Conference Pro-
ceeding, 1882-1888.

Tkachenko, T., Mileikovskyi, V., 2020. Increasing indoor air quality by
a natural sanitizing interior. The 1st JESSD Symposium: International
Symposium of Earth, Energy, Environmental Science and Sustainable
Development, 02015, 211, 1-8, DOI: 10.1051/e3sconf/202021102015.

Voznyak, O., Spodyniuk, N., Yurkevych, Yu., Sukholova, I., Dovbush, O.,
2020. Enhancing efficiency of air distribution by swirled-compact air jets
in the mine using the heat utilizators. Naukovyi Visnyk Natsionalnoho
Hirnychoho Universytetu, 5(179), 89-94, DOI: 10.33271/nvngu/2020-
5/089.

Zhelykh, V., Venhryn, |., Kozak, K., Shapoval, S., 2020. Solar collectors in-
tegrated into transparent facades. Production Engineering Archives,
26(3), 84-87, DOI: 10.30657/pea.2020.26.17.

174


https://www.scopus.com/authid/detail.uri?authorId=24074386000
https://www.scopus.com/authid/detail.uri?authorId=24074386000
https://www.scopus.com/authid/detail.uri?authorId=6602074819&amp;eid=2-s2.0-84925506803
https://www.scopus.com/authid/detail.uri?authorId=6507562784&amp;eid=2-s2.0-84925506803
https://www.scopus.com/authid/detail.uri?authorId=57209443630&amp;eid=2-s2.0-84925506803
https://www.scopus.com/authid/detail.uri?authorId=55657179500&amp;eid=2-s2.0-84925506803
https://www.scopus.com/authid/detail.uri?authorId=55657179500&amp;eid=2-s2.0-84925506803
https://www.scopus.com/authid/detail.uri?authorId=55657179500&amp;eid=2-s2.0-84925506803
https://www.scopus.com/sourceid/130097?origin=recordpage
https://www.scopus.com/authid/detail.uri?authorId=57194104035&amp;eid=2-s2.0-85018738743
https://www.scopus.com/authid/detail.uri?authorId=6506189670&amp;eid=2-s2.0-85018738743
https://www.scopus.com/authid/detail.uri?authorId=57140834000&amp;eid=2-s2.0-85018738743
https://www.scopus.com/sourceid/21100781412?origin=recordpage
https://www.scopus.com/authid/detail.uri?authorId=57192821169&amp;eid=2-s2.0-85019076900
https://www.scopus.com/authid/detail.uri?authorId=6506189670&amp;eid=2-s2.0-85019076900
https://www.scopus.com/authid/detail.uri?authorId=6506189670&amp;eid=2-s2.0-85008260084
https://doi.org/10.15587/1729-4061.2016.74868
https://doi.org/10.15587/1729-4061.2016.74868
https://www.scopus.com/authid/detail.uri?authorId=57201777976
https://www.scopus.com/authid/detail.uri?authorId=57191911698
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1088%2F1757-899X%2F415%2F1%2F012027?_sg%5B0%5D=ZdMr7Mb9wz2YKefUNU9Dm4WsEllo12By2gJGhUlMSmpRuCTeSua8HBWolRJjUHbIivQopvnESLuuEJGLUvXW9xC4YA.UH96lxQCD3aMqRzT2GUgR2uZ787P3hiTw2RaKEHJKV7XbNlAF_T3BV5TecBhgvVbusm_WeQ6rYScrKrAb7fypg
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=57208386245&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=57208393160&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=57209317756&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=57209316246&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=57209316116&zone=
https://www2.scopus.com/record/display.uri?eid=2-s2.0-85067342976&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=00257fea977e77b035bf1a6586294649&sot=aff&sdt=a&sl=56&s=AF-ID%28%22Odessa+National+Polytechnic+University%22+60008605%29&relpos=69&citeCnt=0&searchTerm=
https://www2.scopus.com/record/display.uri?eid=2-s2.0-85067342976&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=00257fea977e77b035bf1a6586294649&sot=aff&sdt=a&sl=56&s=AF-ID%28%22Odessa+National+Polytechnic+University%22+60008605%29&relpos=69&citeCnt=0&searchTerm=
https://doi.org/10.21303/2461-4262.2019.00901
https://doi.org/10.21303/2461-4262.2019.00901
https://www.scopus.com/authid/detail.uri?authorId=55520525600
https://www.scopus.com/authid/detail.uri?authorId=55520525600
https://www.scopus.com/authid/detail.uri?authorId=57191911698
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1051%2Fe3sconf%2F201910000048
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2F978-3-030-57340-9_47?_sg%5B0%5D=nRkU7aBgCj3EgDcfVstf8RvXR-5LtHPm7v5X2SzZmpvQhTQ7SD2lKylEZ3Ayi-YRcOQiAbvhYlJcgkop4MHJ5Qtfyg.TO0OynjFudUG1w7Am8F5YdgPLscoX_p0IFHrsbpFz2gPkqI8uX2-EdvToXWGCEdMTho0etDjJnwFFPTAheYgMw
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2F978-3-030-57340-9_47?_sg%5B0%5D=nRkU7aBgCj3EgDcfVstf8RvXR-5LtHPm7v5X2SzZmpvQhTQ7SD2lKylEZ3Ayi-YRcOQiAbvhYlJcgkop4MHJ5Qtfyg.TO0OynjFudUG1w7Am8F5YdgPLscoX_p0IFHrsbpFz2gPkqI8uX2-EdvToXWGCEdMTho0etDjJnwFFPTAheYgMw
https://www.scopus.com/authid/detail.uri?authorId=57203135001
https://www.scopus.com/authid/detail.uri?authorId=57193746163
https://doi.org/10.1051/e3sconf/202021102015
https://www.scopus.com/authid/detail.uri?authorId=57190436004
https://www.scopus.com/authid/detail.uri?authorId=57208441084
https://www.scopus.com/authid/detail.uri?authorId=57204755559
https://www.scopus.com/authid/detail.uri?authorId=56926554900
https://www.scopus.com/record/display.uri?eid=2-s2.0-85095699323&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85095699323&origin=resultslist
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.30657%2Fpea.2020.26.17?_sg%5B0%5D=pxKmhq6TnaZTFGc7MEM-R4EPuKtvnq3VQgX3ejQpM1IG3eP-BeAETYJTTQ1k39ISvOc3vBIFQQkdLAAe54uvWB5ojg.J6p7lbdv7xhXKmXef78tcTMRE2O8Y_ppSlKaqA-b5EBx_ZB6GXw8Yel5qrG9w9sd12Pk6lFBVaTaATjP-bKL9g

VASYL ZHELYKH ET AL. / PRODUCTION ENGINEERING ARCHIVES 2021, 27(3), 171-175

et R B R B NIRRT L IR R BN EH MR

B wE

ey AACH) TR Ve 5] 5 10 5 0 5 AU R4 9 4 A AR DA (3 1 2 R S MO 0
7L 5% e R 5L BSU{ES . BRE T VEU R T SR 26 2 B R TR 0 2 S D A
I E NGRS (BRI Ay 5 P BFAE 2P AT 45 I U B R PR MO0 T 2 U, MG
A HEAIF AR I TS B AR . SR TS 8 13 KR S B AT T REVE A . 3R T 08
ke % T RE R SR ST RRE UL, DA S SR E 2 1 )7

175 ARCHIWUM INZYNIERII PRODUKCJI



