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Abstract.. The relevance of increasing the energy efficiency in buildings of domestic
higher educational institutions is determined not only by the need to save energy
resources, but also by the fact that such “green campuses” can become the basis for the
formation of an ecological and energy efficient lifestyle for today's youth. An integrated
approach to the selection of energy-saving measures in a building requires the models of
thermal comfort which take into account the intensity of human activity, the type of
clothing, the speed of air movement in the room, relative humidity and the like.

The purpose of this study is to improve the efficiency of the energy system of campus
buildings by taking into account the interaction of energy sources, the heating system, the
thermal properties of the enclosing structures and the standardized parameters of the
indoor microclimate.

Along with an integrated approach to the problem under study, taking into account
the necessary comprehensive analysis of energy-saving measures in the system "heat
source - enclosing structures - external parameters"”, attention should be paid to the
indoor climate and the problem of meeting human needs for thermal comfort.

With the help of a miniature temperature datalogger RC-1B, a round-the-clock
monitoring of temperatures was carried out in some rooms of the educational building No.
8 of National University of Life and Environmental Sciences of Ukraine during the heating
season.

The analysis of the experimental data shows that despite the improvement of the
thermal accumulative properties of the outer fencing of the building after the
implementation of thermal modernization work, the temperatures in the room do not
always correspond to the norm.

Thus, when implementing energy-saving measures, it is impossible to violate the
conditions of comfort in rooms in which thermal equilibrium is maintained in the human
body and there is no tension in its thermoregulation system.

Key words: energy efficiency of the building, multifactor mathematical model,
thermal comfort
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The relevance. The problem of energy efficiency has recently become global, but it
Is especially relevant for Ukraine, where these issues are closely related to ensuring the
energy independence of the state.

The acuteness of the problem of energy supply for domestic higher education
institutions (HEIs) is associated with limited budgetary financing of expenditures
(primarily for utilities, among which the most significant are the costs of energy supply)
and low energy efficiency of buildings of HElIs.

The relevance of improving the energy efficiency in buildings of domestic higher
educational institutions is determined not only by the need to save energy resources, but
also by the fact that such "green campuses” can become the basis for the formation of an
ecological and energy efficient lifestyle for modern youth [1].

Analysis of recent research and publications. General principles for assessing the
thermal energy efficiency of buildings lay in the establishment of a set of estimated
indicators characterizing the unit energy consumption for heating and ventilation or air
conditioning of the premises.

In N. Mkhitaryan’s works [3] the need for a comprehensive analysis of energy-saving
measures in a building is substantiated, as far as maximizing one of them can contribute to
maximizing the other. The author used a systematic approach to the building, taking into
account the heat source, enclosing structures and the influence of the external climate.
However, this study did not pay sufficient attention to the indoor microclimate and the
issue of meeting human needs for thermal comfort.

The basic principles of considering a building as a unified energy system are
presented in the work of A. Tabunshchykov [2], but the author did not take into account
the influence of a heat source on energy exchange processes.

It was proposed to choose certain energy-saving measures for already constructed
buildings [4] on the basis of a unified energy model of the building, taking into account
the influence of the environment and determining the thermal characteristics of the

building envelope.
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When choosing an investment project for reduction of the energy consumption of
buildings, various researchers used approaches based both on linear models and on the
application of the theory of fuzzy sets [5].

However, during the analysis and design of complex systems "source of heat -
building” in these works, such an important aspect as a person was left without attention.
An integrated approach to the selection of energy-saving measures in a building requires
the models of thermal comfort which take into account the intensity of human activity, the
type of clothing, the speed of air movement in the room, relative humidity and the like.

The purpose of the study is to improve the efficiency of the energy system of the
campus buildings by taking into account the interaction of energy sources, heating
systems, heat-shielding properties of enclosing structures and standardized parameters of
the microclimate of premises.

Materials and methods of research. Despite the fact that the studied system for
ensuring the energy efficiency of campus buildings is multi-parameter, for the process of
its modeling it is advisable to use a multivariate mathematical model and a procedure for
constructing multivariate linear regression equations, with the help of which it is possible
to reflect rather accurately the change in the volume of fuel or energy consumption on the
object under study depending on numerous factors which significantly affect this process.
The use of multivariate mathematical models in the study of the process of ensuring
energy efficiency of campus buildings will allow obtaining much more accurate and
substantiated results of monitoring the energy efficiency on the objects under study and
predicting its increase.

The experimental studies will confirm the legitimacy of the application of the
methods of self-organization of mathematical models by taking into account the
interaction of energy sources, the heating system, heat-shielding properties of building
envelopes and standardized parameters of the microclimate of the premises.

Research results and their discussion. Along with an integrated approach to the
problem under study, taking into account the necessary comprehensive analysis of energy-

saving measures in the system "heat source - enclosing structures - external parameters”,
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attention should be paid to the indoor climate and the problem of meeting human needs for
thermal comfort.

In some rooms of the educational building No. 8, during the heating season, round-
the-clock temperature monitoring was carried out. A miniature RC-1 temperature
datalogger with an internal temperature sensor was used for measurements [6]. Typical
graphs of temperature changes are shown in Fig. 1 - for room No. 4 and in fig. 2 - for

room No.30.
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Fig.1. Temperature change in room No.4 of the educational building No.8
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Fig.2. Temperature change in the room No.30 of the educational building No.
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It should be noted that these measurements took place after the completion of work
for thermal modernization of the building, when the value of thermal resistance was
brought to the standard, which contributed to the improvement of the thermal storage
properties of the external enclosure and, as a result, the leveling of the internal air
temperature profile both along the floors of the building and along the facades [ 6].

The analysis of the data obtained shows that if in room No. 4 (on the ground floor of
the southern facade of the building) the temperature is on average +18° C, which
corresponds to the standard value for classrooms, then in room No. 30 (on the second floor
of the northern facade) the temperatures fluctuate around value +15.8° C, which is below
the norm.

The temperature minimums on weekends are conditioned by automatic decrease in
the heat load on heating at this time, which is carried out by the heating controller and
RVD 115/109 controller, installed in the individual heating point of the building [6]. But
an excessive decrease in temperature on February 28 and March 8 indicates a failure of the
regulator settings.

Conclusions and prospects.

1. The main provision of the concept of studying the process of assessing and
improving energy efficiency of energy consumption in campus buildings is its
interpretation as a complex multi-parameter system.

2. The solution to the multifactorial task of increasing the efficiency of the complex
system "heat source - man - building envelope™ will contribute to the development of
recommendations as for the reduction of the specific and total energy consumption in
campuses of Ukraine’s HEISs.

3. When implementing energy-saving measures, it is impossible to violate the
conditions of comfort in rooms in which thermal equilibrium in the human body is

maintained and there is no tension in its thermoregulation system.
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MATEMATHUYHE 3ABE3INEYEHHS EHEPITOE®EKTUBHOCTI TA

KOM®OPTHHUX YMOB B YCTAHOBAX BHUIIIOI OCBITU YKPAIHU

H. I'. Bameuko, O. B. Illenimanosa, C. B. Illocmak

AHoOTaNisA. AKmyanbHicmb ni0BUWEHHS eHep2oedheKkmueHocmi 0Y0igelb GIMUUZHAHUX
BUWUX HABUANLHUX 3AKIA0I8 0OYMOBIIOEMbCS He MINbKU HEeOOXIOHICIIO 3A0UA0NCEHHS
eHepeopecypcis, a maKodc i MuM. Wo MAaxi «3eileHi cmyoMiCmeyuKkay MONCYMb cmamu
OCHOB010 0/ (DOPMYBAHHS €EKOJO2IUHO20 Ma eHepeoepheKmusHo20 cnocoby cumms
cyuacnoi monooi. Komnnexcuutl nioxio 0o eubopy enepeosbepicarouux 3axo0dis 6 0y0ieni
BUMA2AE MAKUX Mooelell Meni08o20 KoM@popmy, sKi 8paxo8yioms IHMEHCUBHICMb
OIAIbHOCMI TIOOUHU, MUN 00512, WUBUOKICIb PYXY NOBIMPsL 8 KIMHAMI, 8IOHOCHY 80102iCb
moujo.

Mema Oocnioscenns — niosuwjenus eghekmueHocmi QyHKYIOHYBAHHS eHep2emuyHol
cucmemu  0yo0igesb  YHIBePCUMEMCbKO20 MICMeUKd WLISIXOM 6DAXY8AHHA 683AEMOOIL
ooicepeiia enepeii, cucmemu ONAaieHHs, Menio3axXUCHUX G1ACMUBOCMell 020P00NCYBAIbHUX
KOHCMPYKYIU | HOPMOBAHUX NAPAMEMPI8 MIKPOKIIMAMY NPUMIUEHD.

llopso 3 komniexcHum nioxo0om 00 00CHIOHCYBAHOI NpobaeMu, 3 YPAaxy8aAHHAM
HE0OXIOH020 KOMNJIEKCHO20 AHAJI3y eHep2o30Oepicaioyux 3axo0ie y cucmemi «0icepeno
menjiomu - 020PO0XCYBANbHI KOHCMPYKYIL - 308HIUHI napamempuy, Mae oymu npuoiieHo
yeazy MIKpoKiimMamy 6 HNpumMiwjeHHi [ npobnemi 3a0080J]1eHHS nomped JN00UHU 8
menyio8omy Komgopmi.
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3a oonomozor miniamiopno2o memnepamypHo2o oamanozepa RC-1B 30iiicuiosascs
Yino00008ULl MOHIMOPUHE MeMNnepamyp 8 OKpeMux NPUMIUEHHSIX HABYAIbHO20 KOPNYCY
Ne8 HYBill Ykpainu npomscom onanto8aibHo20 Ce30H).

Ananiz excnepuMeHmanbHux OaHUX MNOKA3YE, WO He38aMCayu HA NOJINUEHHS
MeNnIoaKymMyisIMIBHIX — GIACMUBOCMEU  308HIUHBO2O  020POOJCeHHsT  OVOieni  nicis
BUKOHAHHA pPOOIM 3 MepMOMOOepHI3ayii, memnepamypu 6 NPUMIUeHHI He 3a8iHcou
8i0n06I0armMv HOPMI.

Taxum uunom, npu peanizayii enep2o3bepieaiouux 3ax00i6 He MONXCHA NOPYULY8amu
VMO8 KOMGPOpMHOCMI 6 NPUMIWEeHHAX, Npu sAKUX 30epieacmvcsi Menniosa pisHosaza 8
OpP2aHizMi TIOOUHU T 8IOCYMHS HANPY2d 8 U020 CUCIeMI mepmMopeYAyi.

Kuarw4osi cJioBa: enepzoehexkmuenicmo 0yoieni, oazamoghaxmopna
MamemamuyHna mooesib, menaioeoi Komgopm

MATEMATHYECKOE OGECIIEYEHHUE DHEPI'O®PEKTUBHOCTHU U
KOM®OPTHBIX YCJIOBHI B YUPEKJIEHUSX BRICIIETO OEPA3OBAHUS
YKPAUHBI

H. I'. bameuko, E. B. Illenumanoea, C. B. Illocmak

AHHOTAUMSA. AKMyanbHOCMb  NOGbIUEHUs — dHep2odpgexmusHocmu  30aHUlL
OMeyeCmeeHHbIX  BbICUUUX — YUeOHbIX  3d8e0eHuti  00yclasiueaemcs He  MOAbKO
He0bX00UMOCMbIO COepedCeHUsi IHeP2oPecyPcos, a MakKdHce U mem. 4mo maxue «3eieHbvle
CmMy020pOOKU» MO2Ym CMmams OCHOB0U Ol  (POPMUPOBAHUS  IKOJIO2UUECKO20 U
9Hep203ghhexmusHo2o 0bpaza HcusHu cospemennHol monodexcu. Komniekchviii no0xXoo K
8b1O0PY IHEpeochHepearwux Meponpuamuil. 6 30aHuu mpebyem makux mooenet
menyiogo2o Komgopma, Komopbvle YUUmvléaiom UHMEHCUBHOCb — O0esmelbHOCmU
yenogeKa, mun 00excobl, CKOPOCMb OBUNCEHUsl 8030yXA 8 KOMHAme, OMHOCUMETbHYIO
BIIANHCHOCHb U MOM) NOOOOHOE.

Llenv oannozo uccnedoganus - nogviueHue 3Q@exmusHocmu QYHKYUOHUPOBAHUS
IHep2emuyeckou CUcmemvl 30QHULL  YHUBEPCUMEMCKO20 20pOOKA NymeMm  yuemd
83AUMOOCUCMBUSL UCOYHUKA SHEP2UL, CUCMEMb] OMONJIEHUsl, MENL03aUUMHbIX CEOUCME
02PaNCOAOUWUX KOHCMPYKYULL U HOPMUPYEMBIX NAPAMEMPOE MUKPOKIUMAMA NOMEUeHULL.

Hapsaody ¢ komnnexcuvim nooxodom « ucciedyemou npobieme, ¢ yuemom
HeobXo00UM020 KOMNIEKCHO20 AHANU3A IHep2ochepearujux Meponpusimuti 8 cucmeme
«UCMOYHUK MENI0mbl - 02paxcoaroujue KOHCmMpYKYuu - HeUHUe napamempoly, 00JIHCHO
ObIMb YOeNeHO GHUMAHUE MUKPOKIUMAMA 8 NoMewjeHuu u npooneme y0081emeopeHus
nompebHOCmel Yen08eKa 8 menjiogom Komgopme.

C nomowbo MuHUamMOPHO20 Mmemnepamyprozo oamanocepa RC-1B ocywecmensincsa
KpPY2lOCYMOUHbI  MOHUMOPUHZ MeMNepamyp 6 OmOeIbHbIX NOMEWeHUsX Y4ebHo20
kopnyca Ne8 HYbull Ykpaunvl 6 meuenue omonumenbHo2o ce30Ha.

AHanu3z 3KCnepumMeHmaibHblX OAHHLIX NOKA3bl8Aen, YMoO HeCMOMps HA YIyduieHue
MenIoaKyMYIAMUGHUX CBOUCME HAPYICHO20 02PANCOeHUsl 30aHUsl NOCIe GblNOJHEHUs
pabom no  mepmMoOMOOepHU3aAyUY, MeMnepamypvl 6 NOMeWjeHuu He  8ce20d
COOMEemcmeyonm HopMme.

Taxkum obpazom, npu peanuzayuu dHepeocbepearujux MeponpuUsImull Helb3sl

Hapyuianio yCJZOGUMU Komqbopmﬂocmu 6 NnomewleHuslx, npu Komopvlx COXpPAaHAENnicAa
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menjiogoe pagHogecue 6 Op2aHu3Me Yel08eKa U OMCYMCmeyem HANPAiCeHUue 6 e20
cucmeme mepmope2yiayuu.

KioueBble cjioBa:  InepzoIppekmusnocms  30anus, MHO20paKkmopHa
Mamemamuyeckan mooesv, menaiogoi Komgopm
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