
Архитектура и строительная физика

существующего и реконструируемого фонда объектов жил соцкультбыта, а также сельского и заго­
родного строительства объектов индустриальной и индивидуальной застройки [1 -6 ] .

Математически и физически формализована модель управляемой фильтрации наружного воз­
духа с рекуперацией трансмиссионной теплоты в приточном вентиляционном теплообменнике РПВЭ 
при противоточном режиме теплообмена, защищенные авторскими свидетельствами [2 -4 ] .

1.

2 .

3.

4.

5.

6 .

Липко В.И. Вентиляция герметизированных зданий: В 2 т. -  Новополоцк: Полоцкий государственный уни­
верситет, 2000. -  Т. 1: Теория расчета и реформирование вентиляции герметизированных помещений. -  300 
с.; Т. 2: Сборник методических материалов по энергосберегающей технологии вентиляции с примерами рас­
чета и конструирования. -  246 с.
Патент № 4410 F 24F 13/08. Вентиляционное приточное устройство / Липко В.И., Борвонов В.А. - № а 
19981165; Заявл. 23. 12. 1998; Опубл. 30.03.2002. -  Национальный центр интеллектуальной собственности. 
Патент №4651 F 24F 13/08.Рекуперативный приточный вентиляционный элемент / Липко В.И., Боровонов 
В.А. - № а 19980753; Заявл. 12.08.1998; Опубл. 30.09.2002. - Национальный центр интеллектуальной собст­
венности.
Патент № 4963 F 24F 13/08 Воздухоприточное устройство/ Липко В.И. -  № 19990196; Заявл. 02.06.1999; 
Опубл. 10.04.2002. -  Национальный центр интеллектуальной собственности.
Патент № 5954 F 24F 7/04, Е 04F 17/04. Оголовок вытяжного вентиляционного блока/ Липко В.И.,'Борвонов 
В.А. -  № 20000367; Заявл. 18.04.2000; Опубл. 21.10.2003. -  Национальный центр интеллектуальной собст­
венности. . - п
Патент № 947 Е 06В 7/02, 7/10. Приточный вентиляционный оконный блок/ Липко В.И. -  Заявл. 04.12.2002; 
Опубл. 01.04.2003. -  Национальный центр интеллектуальной собственности.

U DK : 693.22.004.18 
L is  A n n a

PERSPECTW ES OF DEVELOPMENT OF ENERGYSAVINGS ACTIVITIES 
DETERMINING THE INDOOR ENVIRONMENT QUALITY IŃ THE BUILDING

Problems connected energy-saving determine of at present trends in projecting, real ization and expIoi- 
tation of buildings. Factors putting into influencing on character and dynamics of energy consumption for 
building one can.diyide on two groups. To first groups would belong to assemble these factors, which condi- 
tioned are location of building in definite climatic zonę and time of year that is to say temperaturę of airs ex- 
ternal, rosę of.winds, solar energy, precipitation and cloudiness. To śecond groups should credit factors con­
nected with planningkindof object and with place his locations on concrete ground, on base oftopical State 
o f knowledge of projecting. These factors then architectural-builder’s and material-construction Solutions, 
energy characterization of building, destination and manner his of exploitation, holding suitable values of 
parameters of microclimate, ąuantity of exchanges of airs ventilated, parameters of heating system and tech- 
nical State of building. '•

: Energy-saving actiyities determine at present degree problems connected with influence of artificial 
environments of rooms on people. Main direction of activities leaded in aim of lowering wastes of energy to 
heating of buildings is sealing;of.building’s barriers and modemization ofventilation and heating Systems. 
Then attracts oneself change of microenvironment in the rooms. Sharpening of reąuirements of thermal pro- 
tection of buildings leaded to height of thermal isolatioń óf cóoling barriers. In result noticed extension of 
participation of losses warm on ventilation in generally balance of losśes. On base of ahalysis of structure of 
energy-waste in building sector : one ascertained, that about 70%  happens on heating and ventilation of 
rooms. Energy consumption in residential building sector in Polandpreśent:Fig. I : '

Activities. restrictive waste warmth on heating of airs exchanged in ventilation process caused drastic 
lowering ąuantities of exchanges of airs and worsening his ąualities, what brought in effect to beginńińg of oc- 
currence sick building syndrome. Sojoum.in building embraced with occurrence of syndroine calls out and in- 
tensification many symptoms connected with incorrect working of organism and leading tó his weaknesseś or 
illness. Symptoms: these called symptoms of syndromemthis first of all initatiori óf eyes, of air passageś and 
skin, dizziness and headache, bad.frame o f mind, irritation, fatigue and :problems with concentration; It eats 
compactly with incorrect conditions of environment prevalent in the rooms. Main reason of occurrence of syn-
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drome suspected iń incorrect airs ąuality. Factors strengthening risk are alśo excessive'noise, insuffićient light- 
ing and psychological factors.1 About 30 % newly raised energy-saying building and serfs of modcrnizatioń is 
embracedthis problem,' 20-50% o f persons spendińg-his time in patHólogical environment notifies occurrence 
of related complaint with syndrome. One found correlations among formative factors o f  microenyironmeńt in 
the rooms and occurrence symptoms of syndrome [4]. The valueś of „r” are preśented in Table 1.
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Table 1 -  Correlation coefficient betwccn syndrome factors and syndrome symptoms [4]
Syndrome factors • ’ Syndrome symptoms cor. coef.

Exceed norm of bacteria in a dust Tiredriess, hcadache, bad concentration r.= 0.73
Exceed norm of bacteria in a dust ' Bad condition of mucous membranę of nose and throat r = 0.76

A lot ąuantity of volatile organie subst. Problems with concentration . ^ r = 0.85
A lot ąuantity of volatile organie subst.' Languidness andtiredness. , . . .. r = 0.72
A lot ąuantity of histamin from a dust Bad mood, dizziness "-i:-. , r.= 0.65
Alot ąuantity of histamin from a dust Problems with concentration r = 0.58

Problem of syndrome was not up to here in fullness seriously treated. This situation changing however 
from regard on sickness absence among new, workers in modemized office and iridustrial ćomplexes and h e r; 
distinct relationship with. environment ąuality of work. Potential one year's economic effects corinected with 
elimination occurrences of syndrome and extension of production carried out 25-60 % with:relation to uses 
other activities aifning to imprpyements of ąuality of work, unconnected with ńmprovement environments.

Assurance of proper microclimate and thermal comfort should become one. of the tasks of thermal 
buildings protections, because. rational running a farm with energetic, supplies leaded usually at ipresent to 
making wórse ąualities of erwironment in the rooms . and to reducing o f  thermal comfort of people. It seem,‘ 
that limiting of warmth losses does not go in a.pair with assurance of proper conditions iń the rooms!‘Hold­
ing required, values óf microclimate parameters projects of ępurse on energetic needs. On their size puts into 
port mostly value of temperaturę. Lowering temperatures at about 20C,ćauses falI o f  application on warmly 
at about 12%. Drastic lowering values of temperature joins o f  course withuncomfort feeling of environ- 
mental conditions. .. ■. ••= -

On thermal feelings puts into port also radiation temperaturę related with temperaturę of surrounding 
barriers. In building with higher thermal isplation canihold both higher temperaturę of airs as well as higher 
temperaturę of surrounding barriers carrying of course less costs of heating. *Requirement'to hołd relative 
moisture on level 50 % enlarges vyaste of energy. People spending in environment are morę exposed on con- 
nected complaints with bad ąuality of airs than these, which morę often sperid in dry rooms; Universally met 
winter drying of nose membranes mucous, throats and laiynx steps out mostly, in conseąuence excessive con- 
tents in’environment didkide of sulphur yyith hygroscopic dusts. ,Worsening ąualities of airs in the rooms and 
considerable moisture are reason of fprmationpf;allergy and asthma. n v * 

In Scandinavian is ob'served height of number of allergic illnesses in new and in modemized on level 
12-13%, High is leyel of occurrence of.allergic.illnesses in children in school age. One noticed distinct corre- 
lations among high yalue of relatiye moisture. of airs and ąuick dęyelopment o f  allergic symptoms ;and 
asthma on level r = 0,78. '• , v*-j r.n--
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, ,, Conducted in Poland energy-saying actiyities, conęentrated first at all on-thermoisolation and gasket 
' wbodworkś, puli' behirid oneself constant Jowering qualities of microclimate. Especially visible is making 
' worse ąualities óf airs in the ropms, Height of relatiye moisture of airs, appearance of different kind ofmould 
and fungus and óf height of syraptoms o f syndrome of pathogenic building. Too large hermetic sealing of 
building ban cali out illness and complaint even at 60-90% persons. ,

With difficuity is to recoricile expcctations aiming to assurances correct conditions of microclimate 
with limitation dictated with wish of minimize of finąnoia! outlays on exp!oitation of buildings. Corr.es into
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being, so ąuestion whether and in how attain connected energy saving would not put into port this negatively 
on microenvironments State.

With factors causing excessive losses warmth, staying in connection with loss of conditions of thermal 
comfort are mostly kind and thickness of isolation of thermal cooling bąrriers surrounding room, excessive sur- 
face of glass of elevation, manner óf Ventilation of room, manner of exploitatión of room and technical State of 
object. Enlarging of resistance Óf thermal bąrriers and limiting sizes surface of glass of buildings puts into port 
profitably on formation oneself of environment conditions not only in heating season but alsó in summer.

Enlarging in specific section thickness of isolation in not large degree puts into port on height of reali- 
zation costs of new objects and at thermoisolation. These activities improye clearly thermal characterization 
of building. However in building serfs only thermoisolation is observes oneself height of waste of energy and 
intensification of wholesome problems. Only complexes thermomodemization permits on diminution of 
waste of energy to heating even about 40-50 % and improvement of microenvironment ąiiality.

Participation application on warmly connected dug losses on penetration is morę and morę smaller in | 
comparison with application,on warmly necessary to heating of;airs,ventilating.' Ventilation process in our | 
climatic zonę joined with big energetic outlays. In ventilatión śystems śtay cónsiderable;potential of energy 1 
saving, this docs not behave in most to natural ventilation. Usage not regulated;natural ventilation is inade- 
quate for simultaneous realiżations óf connected requirements from proper exchange and airs quality in the j 

rooms and with energy-saving in buildings. At hermetic Windows ventilation take place thróugh them open- 
ing, what enlarges waste of energy^ and lowers level of comfort from regard on impetuous affluence of cold 
airs or obseryes oneself disappeararice of process óf ventilation and worsening of airs quality. ;. ,
* '. Present connected tendencies o f ventilation process should aim to bringing of airs in controlled manner,
in quantities resulting from manner o fu seó f rooms. Most straight and simiiltaheously exacting of not large fi- 
nancial outlays, manner of adjustment is steering quantity of airs reaching to rooms. Large energy-saving po- 
tential stays in recovering warm from airs removed fro'm rooms. Diminution of ventilating losses of warm 
should realize exclusively thfough improvinjg and controlling of oneself process ó f  ventilatióh; ihadmissible is 
thrift of energy cost o f limitations of exchange of airs belów reasóhable hygienic-whólesome norms.

■ In presented below materiał introduced the resultsłof investigatioris passed in building, which did not 
realize requirements.in rangę of thermal buildings prótection and in building after remoyal in then the ther- j 

momodemization works. Object of analysiś was waśte!warm to heating!óf róóms and State of microenviron- 
ment and persons ;thermal comfort; Analysis one5 passed under angle of estimation Óf infliience of energy- 
saying activities on quality of cnvironment and persons thermal comfort.

, ; Analysed buildings became surrendered thermómódemizatioń in different tinie, rangę of works-was dif­
ferent in.ęach objectsfBaśic executed works former additiónal thermoisólatiori of walls and of partly hórizontal 
cooling bąrriers, and alsó exch^ge of opening w;oódwórk and niÓdefnisation wórk in bóiler room źone.,

In building passed hwestigations in heating season, before and after realization the thermomodefniza- 
tion works, in rangę o f estimations of thermal parameters of research buildings and of microclimate in rooms 
persons thermal comfort state. ■ \ ■ . , r : ...... . .

It was to determine thermal transmittance of partition (U), season demand for heating (E), shape coef- 
ficient (A/V) and heat consumption (Q/V). The results are showri in Table 2.

.Ali buildings before thermomodemization didn’t realize technical, builder's conditions in the rangę of 
thermal isolation and energy-saving. • ‘ , u- . ' .

In building were measurement microclimate thermal elements air temperaturę (ta), air humidity (фа),
: airyelocity (va), and mean radiant temperaturę'(La). Thermal resistance of clothing (Ici) and physical activity 
level, i.e. the value of metabolism (M) were determined taking advantage of data given by ISO 7730: 1994 
standard. The results are shown in'Table 3 and 4: 5 ;; , /  ' 1

, ; \ The feelings analyśis was ęarfied:out ’using predicted mean vote of thermal comfort PMV (+3 + -3) 
and predicted percentage of dissatisfiedrwith thermal comfort (PPD). Measurements were carried out using 
thermal comfort measuring instrument. The results are shown in Table 4.
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ТаЫе 2 -  Thermal-energy parameters of research building
Before thermomodemization

Statistical ‘ 
indexes

U(S) U(Std) U(Snp) U(Png) U(O) U(D)’; A/V E0 Q/V
W/(m2K) 1/m - k\Vh/(mJ rok)

H 1.29 0.80 1.01 0.80 i 2.6 2.6 0.48 51.2 32.3 58.8
■ s 0.16 0.16 0.06 0.15 0 0.9 0.08 10.2 1.0 14.1

After thermomodemization '
Statistical'
indexes

U(S) U(Std) U(Snp) U(Png) U(O) -U(D) A/V . E E0 ' o / v

' . W/(m2K) 1/m ' kWh/(m3 rok)
H 0.22 0.18 0.46 , 0.62 1.5 : 2.5 0.48 .. 17.5 , 32.3 20.7
5 , , 0.02 0.02 0.18 0.09 0.19 0 0.08 3.4 1.0 4.7
Symbols: (H) harmonie mean, (s) standard deyiation, (S) wools, (Std) roof, (Snp) ceiling over the un- 

heated room, (Png) floor on the ground, (O) Windows, (D) door, max value of E (E0)
Table 3 -  The microclimate factors of the rooms

Statistical
indexes

Before thermomodemization : After thermomodemization
ta * t - ttra ’ ' ... Фа / va f ta : ' •' " t̂ra Фа . va

[°C] ■* ..[%i ; [m/s] [°C] ’ [%] [ni/s]
x 21.7 22.2 31 4 22.4 23.1 34 ■ V-
H - • 0.08 - - —.... 0.06
s 2.7 2.6 12 0.04 2.1 2.5 14 0.03

Table 4 -  The indicators of people’s thermal comfort
rr , Before thermomodemization ' ^

Statistical
indexes

7 Adults /  Children
Icl M P M V P P D ' - I c l M  ' P M V P P D

: clo met -  % 1 clo - met %
X 0 .8 1 1 .4 -0.3 17 0 .8 0 2.3 0.6 24
s 0 .0 9 0.2 0 .7 15 0 .0 8 0 .5 0.8 21

After thermomodemization

Statistical
indexes

. Adults <i -,v i Children
- Icl . M P M V P P D Icl M P M V P P D

clo met -■ % clo met .. ’ %
X 0 .7 8 1 .4 0.1 ?■■■ 19 0 .7 4 2.2 1.1 29 :
s .  0 .0 9 0 .0 5 0 .7 16 0.1 0 .4 0 .7 18  ,

The influence of microclimate element on people’s t lermal com ort was determined. Fig. 2. present
influence of air temperaturę on people’s thermal comfort evaluate.

The influence of Q/V on people’s thermal comfort evaluate is shown in Fig. 3.
One traced percentage of occurrence most often met of symptoms froirr group of symptoms of syn­

drome ofpathogenic building before and after thermomodemization (Table 5.У
Table 5 -  The symptoms of sick building syndrome

Туре of symptoms ■Percentage of symptoms ,
of sićk building syndrome Before thermomodemization After thermomodemization

Irritate of eyes, pain of eyes 16.2 36.6
Irritate ofskin . 3.4 1.2 .

Irritate of nose, mnny nose 18.0 31.1 ■ :
Irritate of throat, cough 26.4 58.3

Infection of respiratory tract 13.6 28.7
Headache ' 38.1 ; 62.8

Tiredness, sleepiness 21.3 52.1
Irritate, nervousness • 15:4 ...... 28.4

Problems with concentration • ' 17.7 -  • 36.7
General bad mood 24.6 45.5

Bad air quality 66.7 * 98.6
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Before thermomodernization After thermomodemization
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Figurę 2 -  The influence of air temperaturę on people’s thermal comfort evaluate

Figurę 3 -  The influence of Q/V on people’s thermal comfort
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After themomgdęmization^one>,obseryed considerable m akingw drseóf environmentconditions. ReT 
spondents signalled making worse qualities of airs^ąnd lack of.sufficientŁventilation. One noted intensifica- 
tion oneself o f symptoms o f syndrome, in peculiarities irritationś o f air passages and headache! Lack possi- 
bilities of adjustment of temperaturę, unsuitable ventilation, and bąd airs. quality in research rooms were ef- 
fective with necessity additional, freąuent ventilations of rooms. Put into port on excessive warm waste, con- 
sidcrably above appointed seasónal applicatións on warmly.

Архитектура и строительная физика

Conceived at ‘ present on wide scalę energy rsaymg 'activiti£ lot always Icaci to iiiiproYCiucnts of rni-
croclimate conditions :existing in closed roomś whether; but their maintenances, irioriginaf state. Reąuire- 
ments behaving to microclimate of rooms and people therma! comfort cań be fcuind in conflict with too cate-' 
gorical order ofm inim izeąuantitiesof thermal. energyused up in procesś of exploitation of buildings. Does 
not mark necessities óf entire resignatión with energy^saying actiyities. Outgoirigs conriected with realisation’ 
the programme of rational uses of thermal energy; iri building; at maintenance correct cónditións óf thermal ■ 
comfort, are relatively.not very high inrelation to entire ińvestment costś. " ' " "

This situation is morę profitable then, when energy-saving recommendations initiating on projecting 
phase and hot in already existing buildińg; Iri perspective superior value shopld be State good frameś of mind 
and healthofpersons spendmg one’s owntim eirithe rooms. \
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M ATERIAL-CONSTRUCTIÓŃIŃDEXES IN CORRELATION  
TO THERMAL REQUIREMENTS ÓF BUILDING

Energy-saving is currerit one of the important problems iri designing and exploitation of building. The 
idea of the research was tó find the cónrelatión! be1ween the materiał and cdnstnictiońal featureś o f  educa- 
tional buildings and the heat consumption o f these building. Energy consumption in educational building 
sector inPoland present Fig. 1. ' : : ’ ' ' "  "*• ' ‘ , .
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Figurę 1 -  Energy consumption in educational building sector iifPoland

The studied statistical sample consisted of 28 educational building, especia]ly building for children in 
nurseiy age. This_paper presents an analysiś óf.material-consfrućtipn-i'ndexes>of-educational buildings from 
the point ó f yiew of .their influence on heat consumption on cubic metre of cubature in the heating season. 
General characteristic of research building are preserited in Table 1 . ' 1 ’
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