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At present, the problem of energy efficiency remains extremely important. Modern
building technologies allow you to create houses with the minimum power consumption, using
energy efficient external protections, including plastic windows. This leads to a reduction in
the heat loss of the room, but there is a danger of reducing the required air exchange. This
article is prepared in Lviv Polytechnic National University within the framework of the
project VEGA 1/0697/17 in cooperation with the scientists of the Technical University of
Kosice (Slovakia) and Polytechnic of Bialystok City Bialystok (Poland). Investigation of the
condition of sanitary-hygienic conditions in the premises was conducted in the educational
auditorium of the training building during the classes. At the beginning and at the end of each
lesson, measurements were made of the parameters of the air environment of the auditorium,
in particular: its temperature, relative humidity and the content of carbon dioxide.
Measurements were carried out in two stages. The results of the research are shown in the
graphs and indicate the dependence of the airspace parameters change on the audience's room
on the effectiveness of ventilation. Research shows that even 10 minutes of ventilation of the
audience reduces the concentration of carbon dioxide by 33 %.

Key words: classroom, measurement, carbon dioxide, temperature, ventilation.

1I. Kananol, T. szmemcoz, 0. BOSHHKZ, B. )Keﬂnxz, M. Axamcki’
'"Texuiunuit ynisepcurer Komme,

IacturyT apxitekrypHoro OyniBHunTBa, ClioBay4nHa;
*Hanionansuuit yHiBepcutet “JIbBiBChKa MOMiTEXHiKa”,

kadeapa ra3zonocTadyaHHs Ta BEHTHIIALIT, YKpaiHa;

*Texuiunuii ynisepcurer Binoctoka,

(bakyJbTeT IUBIIBEHOI Ta EKONOTIYHOI iHkeHepii, [lombina

OHIHIOBAHHSA CTAHY CAHITAPHO-TIT'IEHIYHUX
YMOB Y BEHTUJIBOBAHUX TPUMIHIEHHAX

© Kanano I1., Knumenko I'., Bosuak O., JKenux B., Aoamcki M., 2019

Cporoani Ha3BNYAHO BAXKJIMBOIO 3AJTHIIAETHCA NMpodaemMa eHeproomaaHocti. CyyacHi
OyaiBeqIbHI TeXHOJIOTII al0Th 3MOIYy CTBOPIOBATH OYAMHKH 3 MIiHIMAJbHHUM €HeProcloKu-
BAHHSIM, BHKOPHCTOBYIOUHM eHeproeeKTHBHi 30BHIlIHI 3aXMINEHHA, 30KpeMa IIACTHKOBI
BikHa. Ile NpU3BOAMTH 10 3HM:KEHHSI TEIUIOBTPAT NPUMIlLlleHHS, ajle 3arPOKy€ 3MeHIIeHHAM
HeoOxinHoro mnosiTpooOMiny. Il10 crarrio minrorosneno B HamioHaabHoMy yHiBepcuTeTi
“JIbBiBCbKa moJiTexHika” y pamkax npoexty VEGA 1/0697/17 cminbHO 3 HAyKOBUSIMH
Texuniunoro yniBepcurery micta Komune (Cnosayunna) ta Iloaitexniku bisocronskoi micta
Binocrox (Ilosbma). JlocainKyBajaum CTaH CaHITAPHO-TIF€HIYHHX YMOB Yy NpHUMilleHHi
HABYAJIBHOI ayauTOpii y400BOro KOpmycy mia 4Yac NpPOBeJAeHHsI 3aHATb. Y NPHUMIlEHHI
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ayuTopii, 06’eM AKOI cTaHOBUTH 127 M’, BEeHTW/II0OBAHHS Nepea6adyeHo: NPHILIMB NOBITPS —
NpUpoIHNIi HeopraHizoBaHuii (BiIKpMBaHHAM BIKOH), BUTSDKKa — NMPUPOAHA, OPriHi3oBaHa.
Ha moyaTrky Ta B KiHII KOKHOI0 3aHAATTS 3aMipsAJd NMapaMeTpH MOBITPSHOrO cepeloBUINA
ayauTpii, 30kpeMa: i{oro Temmepartypy, BiTHOCHY BOJIOTiCTb Ta BMIiCT BYIJIEKHCJIOTO Tra3y.
HocninskeHHss mpoBoAWyiM B ABa eranu. Pe3yiabratH nochailkeHb, HaBelAeHi Ha rpadikax,
BKAa3yIOTh Ha 3ajieXKHicTh 3MiHM mNapaMeTpiB NOBITPSHOr0 cepefoOBMINA MNPHUMilllEeHHS
aynuTopii Big edekTuBHOCTI BeHTWIIOBaHHA. Ha nmepmomy erani B npuMillieHHi ayauTopii He
0yJI0 NMPUIUIMBHOI NMPUPOAHOI BeHTWIsANil (MpUMillleHHs] B NepepBax MiXK 3aHATTSAMU He
NpoBiTpoBaiN). Sk MOKa3aJu pe3yJbTaTH J0CTiIKeHb, TeMIepaTypa Ta BiTHOCHA BOJIOTiCTh
NOBITPSl 3aJMIIWJINCH Yy MeKaxX JAONMYCTHMHMX HOPM, a KOHLEHTpAalisi BYIJIEKHCJIOT0 Tra3y
3HAYHO IepeBUINYBajJla HOPMATHBHI 3HavyeHHsl. ToMy Aid MATPUMAHHSA HOPMATHBHHX
napaMeTpiB MOBITPSIHOr0 cepeJOBHMINA ayJIMTOPii 3aNPONOHOBAHO BCTAHOBHUTH NPHUIIMBHO-
BUTSKHY BeHTWIANiNHY ycranoBky. Ha apyromy erami min 4yac mnepepB npuMileHHS
BeHTHWIIOBAIU. Ilpu nbomy OyJi0 BCTAHOBJICHO, IO KOHUEHTPalis BYIVICKHCIOIO ra3sy
3MeHmujIace Ha 33 %. OTike, 32 TAKOr0 BEHTHU/JIIOBAHHA HaBYaJbHOI ayauTopii HaBiTh 10-
XBUJIMHHE NMPOBITPIOBAHHA iCTOTHO BIUIMBA€ HA AKICTH MOBITPSAHOIO cepel0BHILA HABYAJIBHOL
ayauTopii.

KuarouoBi cioBa: ayauTopisi, BUMiploBaHHsI, BYIJIEKUCJIMHA ra3, TeMmepaTtypa, BeHTH-
JIALA.

Introduction. The microclimate of the indoor environment is now a very important part of human
living space. According to some studies, most people spend up to 90 % of their time in buildings [1]. It is
therefore very important to create a healthy indoor environment in buildings. When designing ventilation
in buildings, it is necessary to abide by the standards and regulations that stipulate, inter alia, the required
air exchange in the rooms. One such legal regulation in Slovakia is also Decree 210/2016 [2], which
supplements and replaces Decree 259/2008 [3] dealing with the requirements for the internal environment
of buildings. Decree 210/2016 [2] also lists the required parameters for the thermal-humidity microclimate
for classrooms intended for children and young people. It states that the air temperature should be at least
20 to 24 C, the relative humidity of the air from 30 % to 70 % and the air should be replaced 3 to 3 times
per hour. According to Regulation 529/2007 [4], the exchange of air in classrooms is 20 m’ / h — 30 m*/h

per pupil.
Table 1

Requirements to ventilation in school

Country Standards Requirements to ventilation
Slovakia Order 527/2007 [4] 20-30 m’/h per 1 person
Ukraine SNIP II-L.4-62 20 m’/h per 1 person

16-20 m’/h per 1 person in dependence

Ukraine DBN'V.2.2-3-9715] on a type of educational establishment

PN-83/B-03430 and PN- - 3
Poland 23/B-03430/A23:2000 Minimum 20 m’/h per 1 person

Materials and methods. The aim of the paper is to document the study of indoor air parameters in
classrooms: temperature, relative humidity, and carbon dioxide concentration. The research was conducted
in two stages. In the first stage of the indoor air measurement (March 20, 2019) ventilation was not
provided during the lesson or during the break. In the second stage of the indoor air measurement
(25.3.2019) ventilation was not provided during the lesson, but room was ventilated during the break.
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Characteristic of the experimental space.
Experimental room is an classroom located in on the
four floor in the building Lviv Polytechnic National
University, Department of Gas Supply and Ventilation
(Figure 1). During the research, the selected room was
occupied by 7 till 16 persons. The sizes of the
classroom, where the experimental measurements were
carried out, are: length: 5.90 m, width: 6.30 m and
height: 3.30 m. The volume of the room is 127 m’ and
the floor area is 37 m”.

The measuring devices. In the experimental
space there was measured parameters of indoor air
quality: indoor air temperature, indoor relative humidity
and concentration of carbon dioxide. During the research, the following measuring devices were used in
the selected space: temperature and relative humidity sensor: S3541 Thermo humidity sensor and carbon
dioxide concentration sensor: C-AQ-0001R.

Fig. 1. Classroom in the Lviv Polytechnic
with the position of the CO; sensor

Results and discusions. The measured indoor air parameters: temperature, relative air humidity and
carbon dioxide concentration are documented in Figures 2 and 3.
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Fig. 2. Measured data of indoor air quarte in classroom — for day: 20.03.2019.

Based on the measured parameters of the indoor air, it can be seen that in the first stage, the
maximum air temperature was 22.1 °C. The temperature increased during the two lessons from 18.6 °C to
22.1 °C.The maximum relative air humidity was 52.3 %, which is in accordance with Regulation
210/2016 [2]. The concentration of carbon dioxide ranged from 430 ppm to 4,061 ppm, which is a value
too large.

On the basis of the measured parameters of the indoor air in the second stage, it can be seen that the
maximum air temperature was 22.6 °C. The maximum relative humidity was 48.1 %. Carbon dioxide
concentration reached maximum of 3.649 ppm.
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Fig. 3. Measured data of indoor air quarte in classroom — for day: 25.03.2019
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Fig. 4. Comparision of measurements carbon dioxide from 20.3.2019 and 25.3.2019

In Figure 4, we can observe differences in changes of the carbon dioxide concentration during the
day, when the classroom was not ventilated during the break and when the classroom was ventilated during
the break. From the graph, we can see if the class was ventilated during the break, so the average
concentration of carbon dioxide in the classroom was significantly reduced.

Conclusions. By comparing of measurements on March 20 and 25, 2019 of the air parameters in the
room that was not ventilated during the classroom and during breaks to measurements of air parameters,
when the class was ventilated during breaks, it can be stated that values of mean concentration are
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2.845 ppm and 1.896 ppm in time of measurements. The drop in the concentration of carbon dioxide was
33 %. In conclusion, even a short 10-minute ventilation has a significant impact on the air quality in the
classroom. For the standard regulatory parameters of the secondary center of the auditorium it is necessary
to install a privetno — knitting installation of the ventilator.
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