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ABSTRACT

Bilous|.Yu. Estimation of building energy efficiency in conditions of environment
characteristicsdynamic changaManuscript.

The dissertation on completion of the candidate of technical sciences degree
specialty 05.14.01 Energy systems and complex&ational Technical University of
Ukraine " Igor Sikorsky Kyiv Polytechnic Institute" Ministry of Educatiord&cience
of Ukraine, Kyiv, 209.

The introduction introduces the relevance of the topic where the feasibility
developing methods and approacl@sassessing the energy efficiency of buildings is
substantiated. The purpose, scientific task, object, subject and methods of research
been formed, the scientific novelty and practical value of the obtained results have b
determined, the data dasting and publications are given, the personal contribution ¢
the applicant is outlined, the acts of implementation of the results of the dissertat
work are presented.

In the first section, an overview of the current trends in the use of mathdmati
modeling of the energy status and the determination of energy efficiency of building
In the overall energy balance of the country, the housing and utilities sector consur
the largest amount of energy, and thermal energy accounts for the bulk obthelc
order to assess the energy efficiency of buildings, an adequate model of calculat
taking into account a set of indicators, is needed, in particular, thermophysical and h
inertial features of fencing, microclimate conditions, operating sdbed climatic
conditions, heating and heat supply systems, etc., which influence the specific ene
characteristics (energy efficiency index) of the building is difficult a complex task

therefore the building should be regarded as a complex systemjunction with the
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external environment. Mathematical models can have different complexity and tir

intervals of calculation, which simplifies / complicates the model.

In most developed countries, optimization of energy efficiency indicators c
buildings & carried out at the design stage. Given that 80% of buildings in Ukraine «
not meet current standards, the analysis of indicators of energy efficiency is carried
at the stage of operation for existing buildings, which has its own characteristidd. Wo
trends in calculating the specific energy demand of a building (energy efficien
indicator) are aimed at reducing time intervals (for example, an hour). Harmonization
the best European approaches to the conditions of Ukramene of the main sbes.
Dynamic models based on software products and standards that are widely usec
leading energefficient countries in the world are sufficiently explored for their
climatic conditions. Such systems of comparison for buildings in the zone of a higr
contient climate (climate conditions of Ukraine) were not carried out.

The second section describes the methods for determining the energy demand
converting climatic data to the parameters that are taken into account in mathema
models (solar heatansfer, multiplicity of air exchange). The energy needs of building:
for heating and / or cooling can be determined on the basis of stationary (calculation
annual intervals), quastationary (monthly intervals) and dynamic (hourly intervals)
methods.Existing mathematical models of determination of energy characteristics |
buildings and proposed author dynamic models are considered in this work.

In the conditions of efficient use of energy resources (heating regulation), the ne
for heating should becalculated taking into account hourly changes in climatic
characteristics that can not be realized in stationary models. In Ukraine, more and n
applications are being acquired by dynamic models for determining the ener
performance of buildings thagguire hourly climatic data.

A comparative analysis of the peculiarities of the application of different climati
databases for different averaging intervals has been carried out. In the building clirr
of Ukraine, the average monthly value$ the exteral air temperature and solar heat
consumption on the vertical and horizontal surfaces are given, which is sufficient in 1

stationary and quasitationary method of calculation. Normative hourly climatology in
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Ukraine does not exist. The IWEC Internatibdimatic File includes hourly data.

Solar heat supply presented in this file requires methods and approaches for convel
to vertical surfaces. The paper considers climatic data for the cities of Kiev and Ode:
which is averaged characteristic of ttemperature zones of Ukraine. The difference is
about 40% in the winter and 30% in summer for Kyiv. For Odesa this discrepancy is
to 50%.

The adequacy of the models considered in the work is carried out to determine
energy demand of the buildingrfthe cold period of the year and to determine the
indoor air temperature in the room for the warm period of the year. The discrepancy
the reviewed models with the verifications is less than 5%, which is an adequ
assessment and acceptable disagreefaetheir application.

In the third section, a comparison of the methods for determining the ener
demand of the building for different temperature zones is made. The peculiarities of
use of the considered methods and application of various tietwatg of the averaging
of the initial parameters as an influential parameter on the research results
determined. Dynamic methods E + and 5R1C (hourly calculation) give almost the sa
value of the need for heating, the difference 48%4, in cooling node- up to 1618%
with climatic data IWEC. Comparison of these data for the heating period with tt
resultsof stationary according to DSTN 1 ¢b: 2R(07 @&hd quasstationary DSTU
B¢ . 212:2015 calculation methods, in which the data oftkeainian climatic data
are used, gives a difference of up to 15% anelb80, respectively, and for cooling by
a quasistationary method of 280%.

The analysis of temporal changes in climatic data and other parameters, a serie
simulation simulationg the chosen range of changes in the influence parameters (le\
of heating, solar heat transfer, external temperature, multiplicity of air exchange, whi
essentially affects the internal air temperature) is performed on the basis of simulat
modeling,alternating change of the selected parameters In the considered range, mi
factor regression equations for predicting the internal air temperature and / or hea
| evel are constructed. the deviation

obtai ned simul ati on, and the maxi mum ¢
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|l i near mul ti factori al model |, t he aver ¢

A C in comparison with simulation si mt

The development of methodologicaluindations and the creation of mathematical
models for forecasting and regulating the level of heating on the basis of regress
analysis and taking into account the background of the influence of the four groups
internal and external factors of influee. For the three days of the prehistory, the lineal
multivariable regression model requires the determination of 13 coefficients of tl
regression equation. Nonlinear multifactor regression allows one factor to be used
each of the influential paransss irrespective of the number of days into the history of
the change of the parameter, which is sufficient to determine which one moc
experiment.

In the fourth section the simulation of intermittent heating modes of the building
the university locai in Kyiv based on the simulation dynamic model of the building in
EnergyPlus is considered. Saving from the regulation and features of functioning of
building as an energy system with intermittent heating (lowering the air temperature
premises dung nonworking hours) is established. The introduction of constan
decrease of air temperature during fwoorking hours for the considered type of
structures and external conditions stabilizes the schedule of changes in the interna
temperature reach&s8 days, for the considered range of lowering the level of heatin
during nonworking hours, while reducing the intednair temperature by 1-%A 4 To
avoid falling air temperature during working hours, it is necessary to increase t
heating level dung working hours.

With daily loweredr oom t e mp er at wWCrderingonorwdrkihg houss;
can save {2; 6; Bb of heat, respectively. At intermittent heating mode heating of the
heating system before the start of working hounsetiuce the temperatuby 3-4 C#n
nonworking hours from the baseavings are achieved {5; 7}9, respectively. In
general, boosting the heating system before working hours allows you to increase
economy by 2% compared to a similar schedule of lowering the tempenatoost i

working hours without boosting the heating system.
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For the same object, an experimental and calculation determination of the intec

and dispersed characteristics of the thermal and energetic state of the building has |
carried out. On the basidg long-term observations (2003017), for the first time, data
were obtained on the distribution of temperatures in the premises of a multistc
building of an educational building, depending on their location, use and provision
heating. Gray modelingallows you to analyze by combining calculation and
experimental data. The multiplicity of the air exchange parameter, which is difficult 1
determine experimentally, therefore, the multiplicity of air exchange can be specified
the basis of the createduiti-factor regressio model and the actual value$ the
internal temperature, the level of heating, and solar heat transfer. For the conside
time interval, the multiplicity of air exchange was in the range of 0.2 .. Bhthe
selected premises, based on the ASHRAE calculation methods, the range of chan
similar.

For the group of public buildings, an analysis of energy efficiency (based on t
guastistationary method) and based on the location and operation fegiuwpssed
approaches to energy certification and scale construction. When constructing a scal
energy certification of buildings, the ratio of actual and normative values of ener;
consumption affects the spread of energy efficiency classes. The ampsoaf
determining the reference points for construction of scale of energy certification
buildings with consideration of peculiarities of their functioning and placement ai
offered.

The results were submitted to the use of the State Research énsfitBtilding
Structures, the Ukrainian Social Investment Fund, the Energy Management Service
Sumy State University and the National Technical University of Ukraine "lgor Sikorsk
Kyiv Polytechnt Institute', as well as in the educational the procestgof Sikorsky
Kyiv Polytechnt Institute at the Department of Heating Engineering and Energy
Saving. Obtained acts in the proceedings and certificates of copyright in t
methodology.

Key words: energy need, energy efficiency, buildings, mathematical mode

temperature, heat gains, climatology, energy certification.
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3. i SLH" dzjdedz? tsB' ' €SO L O HBfBRBSGEEE

jdzj di3j dzlsd *° 2t ff,sHIPAY X daOH, dztiks dzfs Hzolzts | t

4. [ BLSBECOL ONGHEYisEd "L Odzd & kOl j OIs o
jdzj Bjdzls' @ BEH" " adz * kL OcOdz dgj dzgts’™ BOIsj «
v dzs ik .

1 OEC s GMmMdsead ftoesj SIslzo Odzdzy | dzj tec 5] W
OQolststcOBd v OBERZAdN St ddz O .dots olOE 5 LTHEDARHHO Y J B
Sy ysets MjtcjHsodh O wW¢ “Hddes™ jdzgjtecjls

r s mdzlz¥ yd - BlzH' o j dz sO Isd=a, hs
Jdzj e s W j CIlsddgdasmdsOdz! dedsB Istis' o j dz@  j dzj G 5]
HsMWed@blsd2c ¢ L §)OH adOdifs shdzseo dzO k9 ©Oc O
Jdzgjce s jWjCIsdoe datsmls® . vy fdzso O jdzj etz W
fsCOLdzedC " o, w gt O OSIsjtedL s Is! Mw  HdIs
ShntdztsH Y j dedgv, o j dzlse tzff § s Oy @d@dgw y J ts fiios hsslz
(s SCt®RfdjShMke sSOoLddS' o Isjfdosets’  j d
Jj dzj toc j Isd udded,? Jjtdgjtdse s slstej B O Istsh 5.

1 slstejBO 9 jdzgjtedg' = dz0O i Odzj dzgdg? OB B s
BO Blzlsd HBMIOodzj dzfj yd o dHOdzj dzf ' w Is t€cfsc
ftodL dzOyj dzedr Isj k3 j e Olskztcded » [23s ol tHisdwyj BYQ] ¢
CSLEONBok s Mw *  dzgj Bsyj Bl dzj ¢C 1
LOMIstsMize Odadz? to' L desdzgOdz’ Isdzgd = d3j stsHd S, &
L 2Oy dz' {f sjlsdejjt®dts B ZH ' o gz'dzj todfjL lsiza(dad Ps CtddjL 2dis
Jdzgjtcetsj W jClsdo dgsdgilste e j Isd ydzd 2 tcj 2 Isd dze
CsdzHd ' Sdetso Odzz/ s Odz® 9 Odz! dgz ff dztsh 2

{ dz tcG j Isd qdizd] & s HB B o dy ' dbftB 5j6dzj tec j Isd yd
BEZH' ' o j dz dZzO0 tmhdtso ' Lo 0Oy j dats’ Mzdzd oL t
J dzj e S[dsMtz] e jusyl vz ai © o &z B 9o OF ‘IshB dzHtdtHa ISk
f tots J'9 lbsdf ) Is t5;f) Han@ jlzdzls © dz' dz’

Il dmdes ol =[S’ N j dzdzvj dzj @8 GY S Isd o dztsls® BLIzH'
Csif dzj SME f8C0OLddS o, s00 Isfif@dgs ' djj tf g2
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setetsHY Jdzr, Ed@isod o3 CtotsC dz 3@z, &z dfthsiddsC
s Odzj dzdzg? SO Isj ff dzsdzOH - SH Y J dzda Eefitec j v
~nOteOCIs] B S@Sded S( J dzj tecEslg H 'JEEREt®jdBEA IS Ind
f'  HoBHESC dZOH dzts & Codi3f dzj € Mdets® LOHOYJ ¥ .
Mise stej dedzy BBOIsy BOISdyded e BBHJdZj 2 HEZY HT
BEH ™ ddlIs.y d3OIsd ydz' dzts>iisslsiij dz's zIs d o' L dzsGts G
tesL cOn zdzC ' o ) L Odzj ) dztsfls” 9 ' H L OH Oy,
BsHj dzd .

1.4 J1dStstedilsOdzdz® BsHj dzs 0 Odadz®  f ted
jdzjteetsjWjChdodssmls' BEH' o] dz

[Hdeddz L fC0LddS" & J W, SHodw djicdl tocd ¢ st
fdlstsds L dzOyJ dedzv dzO tSHJdzd ys® f dztsh °
ftedH dzv' Is! Mw &BjlsHOBR 5 odL dOyj dedz® | d
ofMlsOdztseo dz ¥ Is+ fpw L dzOyJ dzdzv H dlstsdzdrm § 5C OL C
Btsy defts s to o dgw d S sdetsd3y’ jdzgj cetstej Miztefy
jdzgjteeatsjWjCIlsdoe detsfls BzH  ajdz2, LO s jtc
fslstc" Bdagts o dtc’ hdilsd towlH OPHOYPIsds™™  dftdsHs
[ sHj-dyj Mytesh jdoj bkwo dzj dzdzis Ot PO ' dptisdsts ' § ¢
ftotsyj M o. { HdZ 2 Is° ¥ ftsyjmd o BEZHS
BsHj &V B]. [ykk: odStstdhmlssokzoOldm! O
d $MY J ted d3j dals Odz! dad 4 dald’ AsdgcLRdz0O d3lpsiHAg) dzf s | d3ts ©
mf " 99" Hdtsh j dz 3" N L OH Odzd d3d 2 hzC Odz
BOIs j B3O Is d ydzd d3q W ts tc &3z dzO a3 ) w9 dzts d3iz o d
LOBC dzgzssdgz o e dzv H " E eodcdzwH' Wiz dsC y'
ud g dz dzd ~- ° BfapSste ) odzd 2 W H  uff By gzdzyd 2 dz'Os
Liczydz Hdzv odt’ h jdzdzv MEdZzZOHdzdr L O9 H Odz
ofMlsOdzgso dzj dzdz’ oL O dBsL o' WL C" 8 ' ¥ f OtcOd3,
9 odcedzvH' o6 tc® Gddgihic etaigfdglziHCdiy' otctsL tcOR
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' sCtso O diglsmy ditz® § 5° H d&z2Odzd & &5' ¥ B SH dW'
sfdmkz. 10 shdsse' M Csodi &sHjdj?2 6B
[ Olsj BOIsdydzO BtsHj dz/ ditsdyjn tBdy IstgfBCdfiBglafd ty @
slstod BOded & 5O E d2dIs@ls 'd8 , slstcd B3O dzd [266OL o 2 .

l qte' hjdedz" ydes L O9HOdMZ , OQdzOdz" L. W OSCIs
flsOdH Otelsdzd 7 kdkse HOddR 5 jdzgjtectsmysyd
CELEOREdSE O BHBOE @D s doV dzdizls ¢[26). 1] @& d tc @1
&ZOo j H | dats C ZOMdW ' SOy ¥ BsHj dzj 2 H dzw
jdzj et jWjClkdo dasfls

Krnacubikania MoneneH Ta MiaXoaiB 1711 BH3HAIEHHA eHeproe(eKTHBHOCTI OV IiBeTh
B 3aJIEKHOCTI

B - O — .
Baox 1 Baox 2 Baok 3 Brox 4
Bl eTamy XHTTEEOI0 LHKLY EiZ 3MiHH CTaHV OVIED B EiJ OTPHMAHHA JAHHX IPO BiJ METOE NpPeaCcTABIeHHA
00'exTY =aci 00'eKT
—p| CcTamioHApHI oLt mogemi ("white- dizmami:
NpPOEKTYBAHHA: ’ box'") | p| - omHOBHMIpH;
—® pospaxvHKOE] Mogem . . . s
po3paxy A —>| KEBAa3CTamioHAPHL - ABOEHMIPHI,
L Ll " - - 1
: E|p|f[:;|];[e_‘[| ( grey- TOHEHMIDHI.
eKCILTYATAIIA: .. 0x
N N BH AmHaMiEi / CTATHCTHYHI MoJe.Ti:
—p, CHCIEDHMEHTAIREL HeCTANIOHAPHI HeHDOHH MeneE )
Ta/a00 pozpaxyHKOEL sopHi mogemni ("'black- o Hp o PeEL .
— box") - perpeciiiui 3anexHoCTI,
- HEWTKa JIOriKa Ta igmd

tdfm.TskzOMdw " COyYy" W BHJ dzj 2 Hdzv
jdzgjteatsjWwjcl

Il Bdys tetdL ¢ dzW HE LIS &FHY dz 0  C sted Mis Odzdzy s H
BlzH' ' o dz 2O MmisOH" "’ ftesj Clszo Odegdz? SO
odStstcdmistsozs Is! MW L tcOrkzd o dsH | dz
[ dzv o3 J ' Mdziz stoydintc BaAHdz oS odz dsjCdzlO@®ds dg' C. MY J

| BdgRtetsL G dzW MO sHSY v H s € dzOfd W ' ISdBydzO fa
BkH' ' o d o Yyofm' , stsBlss 9o L Odzj y detsfls” o
Bsy ks Bklsd MsOy' sdzOtcdz' |, CoOL " " MisOYy
#lsOy ' tsdzOtgfdz’ to s jtdOHz dz$ Iz, hts dzgO2B ' dzt h 9 h
LED daBSL OSAdzY ¥ IS fticsosHdIsd L tcOn zdzs6
s Odzj dz' o o' Yydesd3z tetsL e’ L IsO dzj o tcO
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so OL ' MlsOy"' tsdz0tc dz' B ssHd 9o € jsiedftdpisdsto g Bd
HisMd Is stcdo Odzsets ' dzlsj tco Odzz yOMmMEz (L OL 9«
ftesyimMd odStstedmMisOdzdzy dzZOHRtSHY J dz'@ SO/ OBt
odL dzOYyd dzd d3 SrsgeW * m ] s @Esdsects OdzOdz' L 2 | o
Hs Yy ' dz des o dSCtstcdMmistsokzeo Olsd dzj MlsOyY' tsdzOtcdz
ddzj oMl sl d st a3 yYdedls] JdizisletsfR OB OdzOdzfp  t6
CsteslsC sistcdo Odzd dizd yYyOMmMtse d B ' delsj tco O dzO i3
sefMwve IsjfdzO, 00 Hddaglkzdr ds* igy My, [26PB RO

] L Odzj ) dztsflis” 9 ' HY tatds toaf 0O datizy L oHOdzdis=So  d
BdgsS3 totsL e dzv HO8 s Mw  Isted Isdf d d3sHbhladgbadx!), d
B' dzse s Whitech&Xzls @ "tdf  dzgneybok’). [27]] SH jvdR'® f sSB Izt
zO BOL tc' o dzv dz' W' Ldydedrs ftetsyjm' o IO/
"while-boX'. wdz" sOy"' 2 dzgj dBsHj dz¥ 9 Odzdz?  jtej HB OYOC
Oz stedlsdzz IsO CtsBBf o lsjtedes’ HtosetoOdRd, W
wdz' sOy' 2 dz d3tsH j dz tctSL G dzW H OB Is! fw w ¢
CsiBf 68 lsj tcOR, L BOIsJ BOIsd ydzd d3d BSH J d&zv &3
sB' ' Cls' 9. lted yY!' sz " &3 Iskzs sy mMw  j dzj dgj
LBy yddzdgv d3 "~ = dzse ' ydasmishistzl YoMtcd B & |
9 HtsdBtsMmlis" ftets MsOdz Mdmlsj 3d k& f J o dzd 2
mMdmilsj diz3d . wdz' sOy" 2 dz BBsH j dz' HSL © sdzw & Is!
OdzOdz' . If fygedz’ , w¢g fsBlkHo Odzg' zO0 s ipds(d-
HOdzdr ftots B EZH ' obdrkborzO L d asO sHIszOmrdzY" W L d Yy dz
BsHj dzj 2 0OdzOdz' L [greybext[g8eRBB).dzts dzOL o Iz

lBdzsg' LDz ydetsls' o' H d3j stsH' & 0OdzOdz" L |
MisOIsd misd ydz' . AL dydz g stsHdfftc” tlrkp ®OF Iz d
Ho o dd3' tcdz sO Istcdoe dd3 tcdz LOHOY' . dls0Ols
OdzOdz" L. 2O BMmdetses ' dgj 2tetsdzdzed ~ 3 64 3, t6d G
ssBlsted § Mise stcj dgdz' BSH j dzj 2 HOdzd fts
L Ofmistse@leod mMw W stedzOdz! dz' [B3, R sHd Dat amode
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Il datsHw yd L odh j tetsL 6 dzv dzgkz Is t5° ¢ dzOMmd W
2O oW 3Cd L OMmlssMmize Odzdz” , hts L Odzj y Ol o
Hisfmdz" HY j dzdav .

[ dzj e Slstcj BO 35y § [BY B6dAD 40Dsts{dry ™ fr) "o[2EdEtS dt
f SGtsH Jd RBzBMREESJctsL to' L ° dzO0O Mis@AB,'37]s P tcfp § §) I bz
[23,32,3739]B Iz H ' .0 j dz’

1 LicsMisOdzdey &3 s dlskz d2O jdzj eetsj W j ¢l
ftosedzsL o Odzdzy J dzj t6G j Isq ydats® JWiSlIlsdoe dztsf
[ sH j dzt 9 Odzdgy j dzgj e jIsdydes’ JWJjSCIlsdoe desfmls
odCtstcdmistseo 2° Is! dndew tsye dqdz) tc sditS H j dzs o O(Bzdlgling B
Information Modeling- BIM) - yJ “dzlsj dzj SIskzOdzr dzd?2 Bhsts
BsHjdva, wed?2 odittedmbseok’ s v dzO MMilsO]
JWiClkdodssets f zOdzzo Odedzv, § tetsj € Isz osCatmdzve i
SO " dWtcOMistczC B s elz0 9 s fy tatlets iz d3sts H J dz¥ 9 O dzdz"
o Cdzt yor yd: B ' d2h Iyded?2 kO fwodzd?2 0OdzO
ftesj Clslzo Odzdzw , L dzd 3 § dzdzv o Otcds, A Id "t yBiid IS
f' ' HoSHJddHSZ GediH ' o j dz Bkzdzd ftod22 dzvlIs’ L
BsH j dz BBEVH B o gzdz? h dtetsC jo Cdxdap@siIswe Isfpj B j
J dzj oG j Isd ydzts ¢ sBuildiny IsEnhemy - Mddeling - (BEM). [ dzj teG j Is C
BsH j dz¢ 9 Odzdzy © BLEkH' 9odzdylse’ J BBEMEY d 9 Gdedz
BlzH "' o dzj & ISP otc ‘Hjddgdie cHsolz B j toj X j dzdzy  f St8° 9
BOL so 58 dz* dz' * v . v OC dd3 yd dzts dz, YdJ HJ iBts
L j dzj dats’ T BEB.BEMS GuetscdetsL £° jdzjteetsjWjiCls
sdf co st sdgik] ydetets stk (TypTHY), MOt ¢
fedfzh jd "sHBEHS Bz OQds Ofge 8 yYjteek, H
o' Ldzg jdzjtoetsL P4, 4] cOBHM mO{HpHEgEZzISd odCts
M 5y do Odzdzy Jj dzj tec' OMstshlza Odzedzd yled L dztf BEd H
SO Hf csBOc O ftoesj Clskzo Odz' dzd ¢ OA343 4 3G.dBENBO Is
f'HAaBHd toj Odz' L ¥ Is' mMv dzZOdz@DB ' dzff e 5 B8 O 3tz
dzd ° EnepgyPluss GRNSYS[44, 49. BEM o d S tsted fylstso k25 Is* fqw
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H' 8 ydms BEH'" 9] dz . [ &ZY H' 8 ysets MIsOtetse s
zO MmMIlsoOH "~ | ¢ BEMaB®B Pyt d&zP2 Isdc i3z d ¢ sted Mis O dz
MisOH " J SMf zOIsOy" ° H dzw O dzO dz' L ded frisdy

Jj dzj to G tsd3j dzj H Y d3jBuEldily EBelgy ‘Mandgjemer(t Systems BEMS)
fesMmis' 2dzts ftedo j telsO¥ Is! oOelkz wC HA6 90X
mMdMmisj &3d ©®© HOdzd?2 yom FgwOyersilss L CdzOMJd y
o C dz¢¥ y-9 dedg? dzj dzd®ID-tc j G Iz dzeize O (proportional integral derivative
controlle) s© s Isd dizOdz' dz' f-ocjdktdd vy EzZgd B
tc' L dzd d3d L ts dzO BIWAC B(Heatingg dentilatio® and A#Conditioning -

mMdMmisj &3d ¢ Odzj dadzv , o4 dzlsddzv y' s O @ tsdzl
to' L dzs dzOdz' Is dzts’ fsojH' df d, welz o dzj Bsy d
C zOMdudzds BjlktsH' @9 bkftOod dedg® [ 29] .

CJtozo Odzgdzv, wWC¢' By klsy BtesBMdZVYISd HJC' dz
f* " HatSHBA Hdzw ¢ tsdzls tdaz dze B zls | 1 a4 c[s2 Qfgds Q «
BOIs ] i3ZOIsd YydzdBE Ms HY @Zj 2 dstsy k2 Is ¢ sf dmMize Olsd
Hsf sdiiselsd o bkMmf' ' hdsdik C(tSdstttsd jdjtects]

lted ftotsy Clslzo Odzdz Lo jJelsO' Is! Mw ko OGO ¢
Gtz d /ztc @Azts1{2R 48049, Hdzw t5€C tc] @0 -tc j& e L g jdzz'
ftiodd3' ROy of dzdolz C dz' BBOIsduydedr Y@ 6Iststc’ o

rdzw  JSmf dzE OOy’ 2dzd-r Ed3dse 9 Oy dzd o d O3
HVACH dzv to' L dzgd = YO i3& 493L, 32, 4B|AP tc sHQ@ixlr" off | to° tSH
[31,40,54Is ©/ OB & s~ [BAARH X J dzdaW

[ Olj BOlsdydz® dBsH ] dd  Sesied frpisdsth 2 dz30 kg B d
BH' PBY6MIsO ff sBbkzHtse " Jjdzj tec j IsdBpdsd,®2] tcj 2 Is d «

1 OkzC so Hisfpdz' H Y J dedz® O dedev W jj dz] tc cdjtdsd  dzts
BOE Is+ s d&zOf tew di3¢ d :

-ftste’ 9 dgW dzdzv, tiSL O 36O ttsLtesB SO dBts

-f Ot Od3d sted Yydzed 2 OdzOdz' L o ff e aftH altiziis’'s Ws@
¥ OC Is $52,'53} )

-esLtcsBCO SO fste’ odev dedz [536G]f @ SO h €O
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ldimdeso B d.B " dzt h sfyls tesL o d dzj dzd - CtcO’
JdzltcetsjWjCIlsdo desmls’ BkH' o j dz oS dzlz’ IsH
Ndldzsod?2 IsO ctesd@OHM! € d2 W s dfHEs BBAAHHE 90Q) deef 2
gt &t , stz OdzOdz' L. Y 8COLddC & jdzgjteetsj W
MlsOH' ° JC¢MYf dzEOlsOp ke ] dplipzsodg® H] L YUTESH O
OHJC9O0OIsdzs” Yy de¢d JjdzjtcecsftslsteiBd ©® BEH
o' HAB dzz o' H Ct.O dz | &, dzf sy dzdoe s o dL dz
jJdzjteetsjWjSIsdodesmis® MjClststcO® dzj tclzn @ Mis”
Ldad ) jdedz?r o fjtemtfjCilsde " . 1 Of tets{f ts dzts dz® dz'
Jddz 6c jIsdydsts’ il f)lstg figlislB dgfOe tdsfiyls ©  IsO 3§ 3§ ° L
otlcOnBBolzoOIsd ftod ttsLtetsBY' SO 9HBME 5dzOdzj

151 de ' tc IO (Bsw jotrpdBO ditsH j dzt o O dzdzw Is j
BlzH' 9 j dz

v OdzOdr' Lk sjfdzsotsets MsOdke BEH' 9
fcC Otz Sls' o, MisOdt Otsls' & HdzW o dL dzC
sdCstedmissokss! MW Oolktskm! ¢' ©BLEEBS .

[BHjd&Z' dO BOL' fHtosctcORdedr ftotsHEZCIS' 9.
[ dzv OdzOdz' Lk BEH' 0] dz ZOwodzd?2 o jdzdCd
o' LdWIls: v L O 9O0tls' Mist IsO HMiskzy dz' Miss
[ JssHBdEe " yYdts otdzd sy kzls! Bklsd {§tBlEZHT
oL tcOn 2dzC o ZzO shdso WL duydadn L OC 54
sflsddz L Oy' Hdz8 0 'dfislsi ‘j alz® g Qldec s 5 d o O
(MisOy' 5dzOtedzed ~ded & ,0 Odzf fiNs@uy" tisd@Mtsdzd = toj ¥ d d:
1 OGOt ftosetcOdRgdedr HtosHEZSIS 8 dsy dzO L
HsfMiszy ' OC ° yjtedL H ygQipj H2jded] 2 fHidplstdC
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HSLotsdzwIs! fHsotsHdlsd OdzOdz L w¢ S dists’
3" MisO.

10 CdzOmMsds odtc’" "o Odzgdr L OHOY tGESL G dzv dz
H dzw
-fted2dzviIslsw ' hj dz 9 B ISIfIss@®sciIsO Mg § is tz@Q
PLAN, TRACE [70];
- ftose desL [z 9 Odzdgw Is © f dzO dzlz © O dzdz" J dzj teG s
MESSAGE [70], EnergyPlus [71], eQUEST 2], TRNSYS [/3];
-y g€ d " doiMmMlsdyt 2dzds ftesiCIlst 9 MAC Tc
-y  dfd JStdse’ ydes® mMdlskzOy' o C O M@y E
Plus, Energy PLAN, SUPER, TIMES/MARKAL, VACTool, EFFECT]] 73];
-tsffilsd &&jud g sy d 0 O dzdz™ E n e Plgsy eQBESA,NTRNSES) e
0SeMOSYS, HOMER, Modelic&, 71, 74;
- W LaddssH j dzsk 9 Odzdzy fesyjm' o ISy dzstse d3' dzl
[75, 76], EnergyPlus [/1], eQUEST [2], TRNSYS [/3];
o dL dzOyd dzdaw jdgj e j Isdydzd n nOtcOCIsj tod Mls c
r d mt dzj 2 , EnergyPl us,77,dIQJEST, TRNSYS |
] tetsc tc O dzdz’ ftesHkzCIsd, ~nOtcOCIsjtedMisd& O
MS ZOH dz' Miss , HBMisizyf dz Mis¥ IsO * dzh ddsd 5L dat
L Ofmilstsmiz o Odzdzv .

redzg Hjwednrn ftotsctgOddayd ~dzjf totsH S Is" alz! dzts 3Lz
FLUENT), MmMbeotttjdzd BJLECBNIstsodz OdzOdztsc d

it BLGCdzw dzzIsde tfftctsdHtz@Qdgzd HEtSL oty add S d P d o
L OH Orydzw o dL dzOyj dzdgv jdzgjtoc jIsdydaed n nOts
tetsLftsofms HY j dedds ° odSBted MisOdzdzy ' Mdzkz ¥ Y
EnergyPlus, eQUEST, TRNSYS, ANSYS [l FL
76).
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O3Haku nporpaMHUX MPOAYKTIB

L

JocTynHicTh

| BeskomrroBHi: CO2DB, EnergyPLAN, EnergyPlus, GEMIS, EFFECT, ENPEP-

BALANCE, MAC Tool, GEMIS, 0SeMOSYS, RETSCREEN, TRACE, Iucmeii,

Modelica,

— YacrkoBo goctynHi: COMPOSE ( 30 guis), HOMER (2 tmxni), MAED i
MESSAGE - gnsa rpomancbkoro cexkropa, WEAR 1 LEAP — He KoMepmiiHHM,
HaBYAILHHM YCTaHOBAM JJISI KPaiH, [0 pO3BHBAIOTLCS.

— TlmatHi: REAP, SUPER, TIMES/MARKAL, Enepretnunuii macnopt, ANSYS,
FLUENT, SolidWorks

Ilnatdopmu

— Windows: CO2DB, EnergyPLAN, EnergyPlus, GEMIS, ENPEP-BALANCE, MAC
Tool, GEMIS, OSeMOSYS, RETSCREEN, TRACE, HOMER, LEAP, MAED,
MESSAGE, REAP, SUPER, TIMES/MARKAL, WEAR, ANSYS, FLUENT,
SolidWorks, Modelica

— Excel: COMPOSE, EFFECT, RETSCREEN
| Linux: MAED

A 4

MeTogoJtoris

— basn paaunx: CO2DB

| OnruMmisanisi: EnergyPLAN, EnergyPlus, ENPEP BALANCE, HOMER, LEAP,
MESSAGE. OSeMOSYS. WEAR. SUPER. TIMES/MARKAL.. Modelica

@i3znvyHNil po3paxyHOK: EnergyPLAN, EnergyPlus, LEAP, MAED, SUPER,
TRASE,WEAR ANSYS, FLUENT, SolidWorks, Modelica COMPOSE, EFFECT, GEMIS,
L LEAP, MAC Tool, MAED, RETSCREEN, TRACE, WEAR, EnepreTuunuii macroprt,
Juciei

h 4

IIpnznadeHHs

| TIpuilHATTA pillleHHS B MicTaX 3 BU3HAUYCHHSIM HeegeKTHBHUX CEKTOPIB: LEAP,
Enerev PLAN. TRACE.

— AHAaJi3 0ropoaKyBaJIBLHUX KOHCTPYKRILIH, M0O/ICJTHOBAHHS TEIJIOBHX MOTOKIB:
ANSYS, FLUENT, SolidWorks, EnergyPlus

— OnrumMisailiss eHeprocucreMin/eHeprocnoskKuBaHHs: Energy PLAN, EnergyPlus,

0SeMOSYS, HOMER, Modelica
BusznaveHHsi eHepreTHUHNX XapaKTePUCTHK OYMiBJIi: Exepreruunuii nacuopr,

ITucnuieit. Enerev Plus
— Ilporao3yBaHHSI/TUIAHYBAHHS €eHEProcNo:KABAHHS: OSeMOSYS, SUPER, MESSAGE,

EnergyPlus
— Jass omiHKM ekoJjoriyHoil cuTyalii: COMPOSE, CO2DB, LEAP, MAED, REAP,

EnergyPlus, Energy PLAN, SUPER, TIMES/MARKAL, VACTool, EFFECT
®DiznvHe Mo/IeTIOBAHHAYA MPOIECIB Ter1000MiHy: ANSYS, FLUENT, SolidWorks
__ JIJ1s1 OIiHKH] IHBECTHIIITHNX NPOoeKTiB: MAC Tool, RETSCREEEN, COMPOSE

t dM3i[1L ZOCd f tetsc tcOdsdkd R
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1 Odzj ydes © "' H L OaHOdMZ , hts o d tif 'tshe bz I4slzahn
sfmdese ' d3j IstsH Sdzts 6 'O dzOdigts s fdxizicOdigdlz' @ @GactsH €
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BO' MC ZOHdMM ', o' WL Ode L WisdWiOof st tf(
Medzgw ydzs®™ OCIsdodetsMmils’ Y lstc' Bdes o JCtsted Mls
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foskwctsd ttsCk kO 2cet L& dd (oskvYdsds

BilbsH]S L cORbdSlk Modw ydd® Isj f dztsdzOH 3 t
[ zOB' Ydz@ sy fz@ dzfls o OUs' 1 totists dztf Gdgdzts
oS @M@z §tstc’ odzv dzdz? tjLbdz SO & tetstL
SO tatsdztsHY jdzdzw L HJd&ZOB ydzse IsO CoOL " T
tcj ftejL JdzlsOlsdodzdr (tedd3 hj dz 171 ed3' PskzO|
LOMssMize Odzgdz® ' LdzgdR BOL Cdz' BOBdSE"
S Odzj dzdz” . 1 &g HOL dzff QRO Is¢ jW dBidlsusigSuiny dziz @
nOEOCIlkjtedmisdSd. LitdBibe' v  tjftejL jdidsO
CtcOW ' ydats BLGodgleSHk@St Icttar p, P 5 fd dzt e s dz' g tets Os
HdMStejlsdL Oy’ ~ tLteORdlE &ty dO sBOlsd
BWHE B M Hishdzd' desgE z0 EmergyRI@ls v Cdz0 el H
9 toLhdtoj dedz' I WEC R POW"dz (lez@ & f j dzdz’ f 56 BH(
[ zOd3' YdzO H ERiss GEiwted isz o Olsd § ¢ tsH d dzdzd 2
s5j & jteOskzted o Lisdd €' BdzOld, ' o jdz
sfisBdkzdo sfls' ]} OEOWELBE|dlsO ' dilsjtco Odzd  toj ¢

Mmd L sz, mw y! HisB O, GBHJdO) , w g BEHEIS
sBdtcO8 Is! Mw/ L Of tesh k8 Is! Mwv MORsMIs' 2 dzts.
Il dmdztsof .6 dzw dzlz Is B H | dz zZzO BOL fmls

f " HatH' &8 Blkzdzd odSttedMmlsOdedz HdzW tsy' dz€
f st h COdz jdzgjteei W] VEOGEMs dzj E@ sy § § &
f' Mdzw bkjteddsdicH jted L Oy~ . | Ofmissmize Odzdgw
Ener gyPdigs Oddsfte d3' ¥ M HdzYW kdz o j tof
sd 9 IO [HJMOdasdts Bt jFildo yomlstsets s
rdzv wbkzdirv LB dzg dZO d3OIsj BBOIsSd YydzO® dBtsH §
o dSBtedMisOdzO HdzvW fJtotscdesL 2z 6" adav s Odzj
tcj Odz' L tso Odzss 2@ B OL ftcsGtcORdtse 56" § 18
BsHj dz¢ 9 Odzdzy J dzgj e jIsdydzedrs R OttOCIsj ted Mmlisd
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2.3 [jlsHd OHOflOY' " HOded R € dz' O
BOIs j B3OIs g ydzd & BSH j dzv A

lted tBLOREdSE jdjttejlsdydzdr R OOSCIs |t
MlsOy' sdzOtcdzd dizd 2 Co0OL "' MisOY' sdzOtcded &3 .
nOtcOCIsjtedMmisdS d H dzW o' Hfs9 ' HdzsG ts tej G
fdtej Hdz' 53" MW ydz' §COL dzEYd Misazyhlaz ts'j f
2O ctstodLtsdzlsOdz dzz SO 9 jtelsdC Odzr dz8 5o j tor
[ 94] sO Mmjtcj Hdz L O- HisHfvO dzi jo IOt trizde? to @8y Bidi)
hodHCtsMIs' SO dOftew dklz o  Istclz o ditsHR TG
otcOnBolz" Is' MW ECwkzfdzj dzs yYJjtejL dzsted3OIlsd o c

J dste 3BOIsdo dzdr S dz' BOtsdzse ' yded = H Odzd
MjtjHd &3 Mw ydz L dzO Y j dzdz” L sodz hdg ts°
ISJ §f dzsdzOH n SH Y § dz dzO dalg Qols qAEO diff 5B | tds-Qlz’ G 5 td
MOy sdzOtcdzsdzsz IsO Co OL ' s Oy [1ESHz0 te|datstedziz O Is
Cdz' &kOIs d ydz H Odz' Blzdzd tslstcd dz0 dzdz' h dzwlsidfs d
o' Yydets® Mz Hiso detsfls’ .

l kd@seoOr JjWjiCldodzssets o d¢sdesddnGRdpdz
fslstcj BO o tsif Odzj dadz' ftsoddzdzO totsL tcOn S0 Iz¢
Cdz' BOIsdydedr R OLOCISjtedmisds, Mt dzj sy dz
l 1St d& ofMj hdehsets L OMistsmize Odzadzy  dz
jdzj e EPE®RET jtedMisdS BEH' 9 jdz, wC' (ks
Cdz' B3OIsdydzd~ HOdzdm. | Sted3Olsdo dzts’ f SEHOC
ANOSIsdyde SCdz' BBOIsdydz’ HOdzZ ditsy dzO BIsted B30
Isj f dzsdzOH R SH Y j dgdzgy o defd ydzi UaR'odz@ls[dsy dgVv
ZOC s dykzo Olsd L O mwid¥ tsdedinds stetk® 'Ods,d 1 o]
tc' odzgv Jjdzj cetsMftsydoOdzdz? SO OdzOdz' L 2 H dzw

Il t©Od¢ Onf HtsMmdz' H dzel@)s U.8.d\stionfltEBnpatic Ddta GRiRer
Blzdzd Mmlsd sEOjsdf ydL dzW 02 dzd bdfsotsets wsCk
Cal culations (I WEC) HA&v tWHE o Mmls. 1 tot
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o BBt sdtf s sets imts Yrzts ' tc tf lisViiEts astsHhRE lszZ
1 56 B5H ( dzdz' L dzOy g dzdzv L W O22dekz Ml WH C Is[j &3 ] 1
ISj ted3sd3j Iste®, o' Hdesmdzgz o BBdzse ' Mils: , hodH ¢
f so dzlz, ftewvwdzsk (o9dtOy J dzO@ yJ te fdiffusedhorizental}
Mtsdzgw ydzz OGBSO 5 dzlsdd@z! dzz § sSolg jetE dids StasS SN ¢
Mo stej dzs ¢ dz' B3O Isd ydz' | WEC WO2dzd Isdf tse
o' dzd desd3dz HtsMsizf-MOA IsitsdylsB@Hzd 5O Emer gy P
ddzgd e’ ") . 1 | WECE H2tz GrPlsdadis tisy dditS iFIlO v St O

f ZOlsdzd 5 o] Miemssdj k2 ' 7 odSttdflsOdd
ASHRAE) [154].

whdzs s flescteOBd ftesakzSlsd, we&°© ¢
nOEOCkjtedMmisdSd BRH'ad ' odCttdhmlssel
C &' ROsdse' . L Of 6 € dzOH , f 8¢ & 6@ &uzts Y f
Cdz' BOdyudzd?2 WO2d&z | WEC [82]. ) tedicOdds

f s dzv 02 dz | WEC tetsu "k tisjtedfdgis O"ddea» W'l WEC o
Cte' i3 fosctcOBdetse s ftwosHizS sz EnergyPl us,
ftcj HMIsOo dzj dzdaw. ‘Tddivstc RO B O 2 dzC 2 fntsdav y!
9 dSBtedMisOIsd f sdztsy § dedzv Mtsdzyw o ° H dzts i dzts
ftoslswegtsdz HtsB(J. EnergyPlus odStstcedmistse Iz
Isjf dzsdzZOH R SH Y jd&@ dzgO o9 jtolsdC Odzt dz' s JjtenC

1 Of tod SodzQuudzls j todzj Is toj Miztem® [ 156] , fmlso
“"At mospheric science data <center", a3
fslste' Bdzd?2 tW©j6e Bdz SO tslstedd@3dOIsd Isdfse’ M
f sodzts’™ Misdzgy ydes®™ tcOH DY t6n delzQ oSS talrf LCS digdsO
3" mw oy, L dz2Oyd dzdzd OLdszlslz IsO¢C J ©odzh
PmitejHdz dzgd d3d R OOCIsjtedMmMisdCOBBd L O BMIsOC

ste' @3 YsesHddzdds Cd' BOIdydzdrs HOdd~ V
el Mztem’ Met eonde@ mtslteldbdidIs d dze] IsOdz' L ts9 Oc
Msdev ydats® OCIsdo dztsis H dzw sdf sotsets tots§
[BdBBI N jdd?2 HBMIEYf Hts HOddr ' cEtdztse dztss
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J L Odzj ) dztsmls’ " H L OH Oy, h 5 odtc’ h Lz
o' Hf Bodzleijdabo Odzd EkEfmjtej Hdzj dedzw € dz' BOIs d ydzd -
teSLH' dzv' Is: Mw dzO Ho' Isj i3 j e Ols z tc dz' p ts dzth
tesClz | WEC ttsL cad® dzgzls® € dzdzi3O sy dz®@ L tsdz0O)
L SdAB3]. [ Mdetseo dzO Y Odn'lsHdit©Om o 1€ 'tefiPW dadts ff j teh t5°

1 OfmMistsmizeo Odzdzy to' L dzdr B lssHdE oL tcOR L
oL cOBZdzO o' Hd3 dzdesls ‘€ dziz d30 I f tsdesaffritpls enixded -
' HeBHEZY EigE dz@sde’ o dzgv dzdzv " HRSH ' © H'daL jdzk
rdzv Mt " eamMlsOo dzj dzdzv destedzOIlIsdo dzd~ MJ t6d H dz' ¢
fsctf §dzHOdzdr Isdff so 5665 {fisEisH tdezdy' VW ORREE HIdA
fslstc" Bdegs o dCtstcedMmlssoalzo Olsd dijlssHdSCd Hdzw
WH" 9 fOOd Istc’ 9.

10 odzH d3d ' H L Bsodz M dg G° Isj B j cOlskztcd |
9 HtsSBtcO) O5 [s! ot dzd o ftsdev ydzd Is j f dzts dzO+
ftcjHMlsOadlsd £ odedzwH' ¢  dyjodms WOCIBt
OBfts htsHtsBBSO ' L dzOy4 dzdzv s dgwia@il(dd" fislsi/ f offtsisiac
LOdzj ¥OIlst 9" H WWHE Cdz BOIsduydedes € OL dz ¢
teLtcORzdCE jdzjteetsfslstejBd LO H' ¥ yddd o
f sCOLdedC " o FtcOrtsoalz‘ Is! Mw L 59 dz' N dgv s
IS § GuisEztsH Y j dzdzv dzO 9 jtolsd & Odz! dz’ sO cettedlL
ftseo' stestsB 3" dzlz, hts L Odzjydls! 9 ' HIshwdH(
ftedqtesHdzts™ ojdzslsdadzwy® ™ [94, 35].

J M tctsh j dad 2 f sc tsH d dgdzd 2 HddOod' ydzd 2
‘ot j2M Ctsets MIsOdzH Otelsz EN 13790 [ 23
f 56 tsH d dzdz Mz &30 tc dz' s dzv ydz Isd § dzts dzOH ~ 51
sBdtcOIlsdmw L | WEC. l etsetcOd3dz'ls ' f t€ szl HFOIdSA,
sdf sotsets ttsCk | WEC ( &z0f ted & dzOH , Ener
fJtocjtcOrkdSz HjIOdZ L soOdzdr Hts Mftesh j dad r

J tcsB SIS tesLedzw dzklsO SO odCBtedMmlsOdz
Isj f dztsdzOH - BH Y § dz 9 Lidzz ¢ ' d3dzOOd g HE OF
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LOf el sSdztseo Odzd d3d ) ftcOYWw n r ow w " [ 15¢€
fseo' stestsBdg dzz f " H H® 8 to' L ded yd dz'Is difin€d g
[160-1 6 2 ] asFo j Hzff czu d - r dzw sdtf s dn H dzw ;

Isj f dztsf sfls Oy Otftaczedif ey @ £ ¢ lndizd a0 dedzy &3 f to d 2 dzv &
tc" odzw Y Odzjdedzy o jHJ MiBJ OdZOdSE' yYdets W
9 " Hitseo Hdzs HEts LOaHOd fjtitedo yomlssets t

1 JtojcOnblzdetsE Msdew ydedr Is§ § dzsdzOH = tsSH Y § dz
dnddzj dedzw wtsdzyw o f joded?2 Wdpss' @ o dL dzO-
d=23, 45sin§e360w
C 365 (2.48)
Hn-f stcWHSC BB d2 debdjtc HAdY, © HiEORtso OC
s'dz €' Mmls! Isj §f dztsIs wWCO dOHABHJIS! dz
LOdzj ¥ dIlst o' H tosLIsOhzo Odzdz" | eH dgW oglal 290 €' 3
[HjMmMd 46A 28E).
1 jazduyddz0 (dsdts’ lsjlfldse tst s dj dgd et H d Is
f' oHjdedets’ iHplBo gesRdetzzr OoadL dzOyO*' Is* mMw L O ¥
cos(/ - s)cosd cos w sin( /- S)S'”ﬁ Hy RO Hy, (2.49)

coy cosdcos # sin jsin d

HijH "Ho, J1°BHdglstsds’ Isjtfdzseo @ stetsC fif ' W dets aist
odf etsd3’ dz® o Odzdz" , hts f OH O O ctstedL sdalsC
fzdzSIsz fted BjL A ROtedetsBz dzj B °

RiIiC€CtsjW' y "daels fjtcjtcOrnkdllkz §tow B  Mtsd
f' oH] dadlats® tsto’ ' dzls Oy ‘¥

siCkls dzOR d dzz ff twdglddA dg's =HID A)tste d L

lted L tcORZzdzS OR49L Ols ¥ jsSHcERZz alzis® - 6 LIz o Ols
LOHtS9 tsdz! dg¥v 5 s EZditse Od3:

w<9®; w<y, accof tf / $-19)@Rg 0, (2.50)
M ~EBHJddzd? Skls MotHE (LOSBHE) Mida

G =Hg
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V LEOREdRS O ftd2izsbficn s 201t O dat
fMsdw YydzO® ©OH' Oy ' w. | HOd 2 &ibsHdy' o
L o3j dzh j dzdzv L dzOyJ dzdzy v i35’ Msdev ydats® 6 O
dzOo j H j dzd 2 .

vjfdzsead? ftsls' ¢, hits dzOHARBHdIL! 9o L Sdkz

Qo =GR kyk (2.51)

HQw-l5jfdzsod?2 s S o' H ftsdzyvw o L sdzkz

g -fdss®kd?2 bkjfdsesd?2 sl ¢, ht dOHAL
o' Hftse Hdzts' Tste'  desOy' *, 11/ o3

Fo-f dzsh O Mo bdztsf totsL sted m %4 dzj o3j dzls* & € tsd

kieCBJ W' y' ‘ dzs fosf2MC Odedzy Misdzy ydes' 6 G
k sSBJW' Yy ‘dils, hts stcORBOLE dzOW o dz fls:

I gL dzOyj dzdz? CtcOlsdesfmls’ o' btestse &' dk
Lsods * efmjteiHddy ftodd' M jdz

10L0dy0?2, &k &Okj &Oldyds dzj @ 5§ dels to jH miaf
o jdasddzv y' 2 dz0 MC ZOHBO O (s’ IstetstsB d3' da)
ftso' stestsB o' dzlz . 1 s stetstsBd3’ dz 90y 6¢ B8 odlL
sHd&ZOCtsoadr SCtdmlstczCy wWa o' Ctsdg, L Itsysd
o fHtoddWh fdslstcOff dzw o' LdzO® C' dz' ¢ Mls¢ f t
LOdzj ydls! ©"H twWwHEZ WOCItste' 9 WwW¢ Ltsods I dz
162] toLEdvdbklsd?2 fshdejdd2 § HE' ' H LO
t " Lddyw IdMS" o o BizABO ot L dgzdtodz] B O v L
(stack effect) IsdmCk o' Istelz, fteddizzmsod?2 Isdm¢
1 OcOdz dzd?2 IsdMmS o dL dzOYO" fists jipvin o G it tbatsct iyt
Lk dzd HOdzd: IsdMC' o s adMmtsls' &O wdf. 2
Dot =R +IP HDinE D (2.52)
Diii-L OGOdz! dzgO ' L dzedyw bkdme&* o, 1 0O;
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Di-te" Ldzdyw kdMC' o o' H jWjChkk Mljso,
Dty,-t6"Lddyw Isdmékz o' H o' lsttk, 1 0O;
Dt,-t6" Ldzdyy IsdmM¢ ' ®© o' H HtoddBzMmtsets’™ o]
Dti- deW ' dzt stcOy' 2dz0 to' Ldedyw Isdmc o, 1C

Stack effect Wind Ventilation Total
+ +
|
CTaK ederT EiTpAHHII THCE T —— PESYABTYIOHA
EeHTH AN Pi3HHIA THCKIB

t dMm.7112d& &zOH " HiMkz Bz o Odzdzv f tots

[(WjiClk BOF&O &OLJoOsIl! jWjiClk § &Oobkyt

ckfisdde B 3 bjfddd ' OdsHddd o  IStew o
odL dzOYO ' Is' v L O YWstedkzdtss (2. 53):
q S :te( )Z - |(t) de 4 ’;) ’ (2.53)

z-9 MO o' H Bfttedzsts’ Issy<cd, fi;

fo, Fr-GEMisddz0 tso' steWw Ltsoads hdz séts SO 9

10 tdfm. 2.5 dOos jHjdzts adMslsO z=0, ) ts
ftod WwWCsBBEZz odizlste” h dz 2 sO Lo dzYyjdd' 2 tc'ls
L dzZOrsHIS! MW dz20 MjtejHdz i3k ftseo jtem' BEHS
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NPL

oy

z
AP

tdfm. 1123 yddzO te' Ldedy’ bkdmc & o' H

J"H to' ody dzi2btOd ddR IsdMmS' e o Mmist
HisHOldzY, o dglsEiss dizsolipSGddaedy oh d §todf b
fso' steW Yj 'HjOd dd?2 cOL UsttdkdO (2. 5!

Dt 3456 @é %) (2,50
T.T-5j B j cOkt©GO Ltod hdz sEts O o dzzlsts
] "t ddhssEgGE s Mv, Csdkd fsk' ¢ fso
] jdzdyddzO0 o' kew dzgsets kdmMSk LOdjydlk! o' ¢
(dzOo ' lstew dgO®, ' Ho' ' lsttw d&zO0 Mstesdd ' . H.)
v B' & hsfk’ fesctcOBdzdr fosHkzSls' o
o dCtstedMistso iz 'O oo daz@fpls zt{ 2. 55) [ 160, 16!

rU2
DPW 2metC I p(q)

(2.55)
DR,-9 ' lsteWwdzd?2 §jtejfOH IdMmSk, 1 0O;
r-eemlsddz0 dzOo Csdzdh dz! sets MjtejHtsoadh O,
Uner" 8 dHS ' Mist o' tglzls) sipd®dzugt 3 ys &3/ f;
C-SBJW' y' ' dels IsdMmS kf 9 jstkise Nfipls o tOR 59 Iz

Cr=Uk My
U et Hret (2.56)

Ugp"odHS fMis: o stk o dz@2adh' 2 byy' ¢
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A-SBJW" Yy bteBn 58 I ECtedlslsw o' H o' letcl
wind shelter coefficient)[160

H-a dmMtslsO tsLedzv dzgzlstsets ftso jjtemnlz BEZH' 9

He-9 dMtslsO dzO wC ' 2 dBjlsj sMmisOdzy' v 3" tew '’

a-4JSmMfsdej dzgy’' Odzt ded?2 St W " y' ° dals, h s 9
" Myjesmis® [160].

st OBO MtseBdzde ' Mis! ZzOf oW &3¢ 2 9y ISteizW " oys (
o' BWdzse s IsdmMCkz Hdzw fjodzsets CEISO o dL dat

up(q)%{[ 8{0 )" #(180)] (cot( 9)'* [ @) 480 (co$ (9’6
He (90 ) #,(270)] (sifdg)f [4(90) w(278)] (sih @)O (B7)
p(@)-Sty W'y “ds sdmCk o' btiz,

g-9j zduyuddz®@ CklsO o' lstek o' Hdshdes dztstc BO

1 © todfm. 2.6 LtBttOY jdats odL dzOyj dzdzv ¢
SBKOnRtSo Odzts L dzOyj dzdz? o ' Istewdzdrm Ctzj ¥ tzgiis
ZOf W RSk o' bilk.

Kyt Habiranus BiTpy Ha MOBEPXHIO BiTHOCHO HopMai (0)
2 Pozramypannsg | 0° 45° | 90° 135° | 180° | 225° | 270° | 315°
3 1 4 norepxHi | 025] 006 | -035| -06 -0.5| 06| -035] 0.06
MOBEPXHA 2 -05] -06| -035] 0.06| 025)] 0.06| -035| -0.6
A MIOBEpPXHS 3 -0.6 0.2 0.4 0.2 06| -06 03] -06
noBepxHa4 06| -06 03] -06 -0.6 0.2 04 0.2

t dMm.i12{.L6z0Yj dedz" C kIO d IO L OR 5
9 Istclz Hdzv o fijl6

[Isyd, Cdz €' MmisH ftseo  Istew, hts dzOH A SH
fted2dzvlsdn bd®Rtse o' HiklsdztsfiplafL dz@Ry © Ok fzts
My 99" Hdzs" j dzdzV ds:

p
Gine =t ( DR )P OB s Gint = P (2.58)
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chGmf-Q‘dzJEZ‘fr]ls.J ftseo' Istew, hs dzZOH-tHJIs!
CGe/ e8H ;

g, -p Oded 2 Csy W' y' " dzls sO ftsCOL ded € fn s

B z H '[160jz162];
Rico -0 "6 5o’ s to ts f tcdShiz € AsiN®E [01 6330O;,
F-f d&zsh @ &' CdzO,
stcOlsdz Mis! o' Stestr Bc@E Is g ©Hf gt 6 j dzls
BOI ] BZOIsdydzd s BSHjEZV AR odL &ZOYO' s+ Mw L O c

G
u‘ — inf
A% (2.59)

V-sB' ‘B ftedtB hjdadzv, o
§-CtOlsdy fls! §oo' biestss & dkz, ¢BGH

24) stc' o dzgV dzgdz" HOddE S BOsdsE' © | WEC

c S L GOHEZo Odzts ! 2 f 2. 2, ) L Odzj ¥ dzts
odStedmMistsolzs Is! Mw H dzW BsH § dzt 9 O dzdzw |
odSCtstcdmistso zs Is! fmw o' L dzg “dzlsj tco Odd . Ez
f stc’ o dzVv dzdzW H' 8 Yy’ ) LSO dg Cdz' dizEOIs s
Cdz' BOsdydese s WO2dzz | WEC, h s sdtf so ts!
tesL G dzv dzz Ists G s ' Mils O, odSsted Mis Odzts dzO o
f 56 tsH d dzdzd = L d&zOyd dz ) dals @D ded: & H yif)jtsddzY Y dizp-
ftse jton dz' . [ dzwW f stc' o dzv dzdzv ) totsB tsls
Isj f dzsdzOH R SH Y j dg H dzw 1 H s© 1 dz ste’ ° dals
ofMlsOdetso dzj dets Mmjtej Hde sd3 Mw ydz L d&zO0yJ dzdzv
Isj f &z dzOH R tseifgj d2 . T )X2OH Y Hotsa d3 [Ad] vC O’

1tsode hdgw Isj d3tf j tcOlskztc® ffso ' IsteWw L O Hots
9 Hte' LdgVv' Ist fpw. g s dzv ydz' ISJ § dzsdzOH =~ BH Y J dz
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LEtO dg 9d dzd yddz. 1" Hd3 dzdz’L fflsl3ts o if B O diztg ded s
az' Isdz” 2 H dzw sd’ 9 0. r dzw JHiMd HORO
ISJ f dzsdzOn tSH Y § dzdz?v 20 Gt dL 5dzls OdD%EHA) s J t

_ 300 25
I
2 ; 250 20
~ _ 5
2 F= -
=T = 200 15 =
ik £
ez 150 10 2
s3: H II :
2 a 100 ] 5 =
Iz o @ I . =
Tk I I|. {114 (I l :
R %0 i ° ot
@ -] =
S i iI-I LA LA U :
0 -5 z
=
0 & 0 © © © 0 0 0 © © -
e \{ﬁd\ ,be,‘" & &Q‘ o (\n’? & (_‘z‘\ & (@?\ ?03" 3
[ o o 2,96 {g; ,(Q‘b Aé"} s\i\ &Q Q,QQ' G‘: Q‘\ E
@ =}
E=—= Osol NuIWEC —1 Qsol MH KaimaTon OTiA ﬁ QsolNa IWEC m
@1 Qsol Ng kaimaTonoria . Osol ropus. IWEC E=—== Osol ropus. KnimaTonoria
t3s IWEC - = = — t3B KinmaTonoria
300 25

250

S EJMEW D
50 \;.mili : : : E"ﬂm&l—l‘m 5

ciueHb ATHI OepeseHb KBITEHb TPAaBeHe YEPBeHb JAWNEHb CEpPreHb BepeceHb XKOBTeHb AMCToNaa rpyaeHs

20

wn
(=]

(=]

CepenHboMicaYHI COHAMHI
TEnAoHAAXOAHEHHA Ha noBepxHi, BT/m2

=

20BHILLHA TerMnepaTypa nosiTpa, °C

E== Qsol NHIWEC 1 Osol 1 knimaTonoria = Osol Na IWEC =T Osol Na kaimaTonoria
. (50l ropus. IWEC Qsolropus. KaimaTonoria = = = = 38 IWEC t38 KAimMaToaoria

B )
tdfm. 2.7 1 wjtjHdy s Mvyde ¢ d &O
LSO ded (C oz BOIs szt '8 & tg OF Q7 drlrOlte\WE CHOCH
IsO fdg.i Md ( B)

[ dzw i sw Mmdzj dzdzw tetsL B' ) detsfls j 2 (o A
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Haykosuii TBip "Heniniiini 6araTodaktopui perpeciiini 3aaexHOCTi

NPOrHO3YBAHHS BHYTPIlIHLOI TEMIIEPATYPH NOBITPS B aJMiHiCTPATHBHIH OyniBJx

Ta NApaMeTPHYHHMII AHAI3 30BHIMHIX Ta BHYTPimHIX GaKkTOpiB BIINBY"
(Bua, Ha3sa TBOPY)

Astop(u) Jemxo Baxepiii IBanou4, Bitoyc Inna IOpiisua
(noBHe iM's, NCEBAOHIM (3a HARBHOCTI))

3

Jama peccmpayii 31.05.2018

JepsxaBuuii cekperap Minicrepcersa
€KOHOMIYHOrO PO3BHTKY i TOPriBJIi
Vkpainu O. IO. IlepeBesennes

TIK «Yxpainar. 3am. 18-2001. 2018 p. I xs.
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MIHICTEPCTBO PEMOHANBHOIO PO3BUTKY, BYAIBHULITBA TA XKUTNOBO-
KOMYHAJIbHOIO rOCMOAAPCTBA YKPAIHU

JNEP)KABHE NnIIPHEMCTBO
= HAIBK »JAEPKABHUH HAYKOBO-/IOCJIIJIHUHA THCTUTYT
NIISK = BY/UBEJbHUX KOHCTPYKILUMA”
(A HAIBK)
fopuanuna aapeca: By, LKaumenka, 5/2, m. Kuis - 37, 03680, nomrosa aapeca: sy.. Ipeodpamenchbra, §/2,

. Kuis =37, 03037; Tea. (044) 249-72-34; darc (044) 248-89-09
www.niisk.com: e-mail: niisk-office@ndibk.gov.ua: ndibk@ndibk.kiev.ua: kon C/IPNIOY 02495431

3

ﬁ/ﬂj/f NQ///[)//yf// Ha Ne Bin

JTOBIJIKA
BIPOBA/DKEHHSI pe3yJIBTaTiB IMCEpTaLliHOl poOOTH aCUCTEHTA
HalioHanbHOro TeXHIUHOTO YHiBEepCUTETY Y KpaiHu

«KuiBchbKUil moniTexHiutuii incTuTyT imMeti Irops Cikopcbkoro»

BIJIOYC IHHU IOPIIBHU

B auceprauiiiniii poGoti binoyc LIO. mnposencHo anpoballito  yMOB
BMKOPHMCTaHHS METOMIB JUIsl BU3HAYCHHS SHEPreTHYHNX XapakTepHCTHK OyniBeib,
3ampoNOHOBaHi IMIAXOAM peanizauii Ta pPO3BHUTKY JMHAMIYHUX MOJeNeH s
ananizy OyaiBeab. B poGori BU3HAYCHI perepHi TOYKM Juls  100Y10BH
eHEPreTHUYHUX KAl JUisi JMdepeHitintor ceprudikaiii OyaiBesib rPOMaAIChKUX
3akjaaiB Y KpaiHu.

PosrasiHyTi B poGOTi AuHamiuHi mozjeni Ta BMKOHAHHI JIOCJI/KEHHS
CTYryroTh 6a3010 JUISl OPIBHSHHSA Ta ajanTailii MeTO/iB Mi’KHAPOHMX CTaHJApTIB
3 eHeproe)eKTHBHOCTI OyaiBesb 10 YMOB YKpaiHH, a TaKoXk PO3BUTKY CITKOBHX
mojenei OyaiBesnb. 30UIbLICHHS uucIa By3/iB Mozeii Ta JeTanizoBaHui
pPO3paxyHOK TEIIOIHEPLiiHUX 0COBIMBOCTEH OrOPOJUKEHb JI03BOTUTE POBOJINTH
Gijiblll TOYHI PO3paxyHKH, 0COOJIMBO Ul TEIJIOrO nepiojy poKy, 110 BijroBinae
Cy4aCHHMM CBITOBHMM MiIXO/1aM, SIKi 3aCTOCOBYIOTHCS Y psiJii KpaiH.

PesynbraTi 3a3Ha4YEHUX HAYKOBHMX nociiukenb BukopuctoBytoThes JII1
«JlepaBHHil HAyKOBO-JOCHIHUHA IHCTUTYT GyiBebHAX  KOHCTPYKLUiH»  MpH
pO3po6Ili CyuacHUX CTaHAAPTIB 11010 3a0e3NeUeHHs TENIoBoro CTaty Ta MeTOjliB
OLHKH eHeproepeKTHBHOCTI Oy iBellb K CKIAJHUX CHEPreTUIHHX CUCTEM.

Lleit JOKYMEHT He € MiCTaBOoKO /ISt (PiHAHCOBHX po3paxyHKiB.

[".I'. ®apentok




230

V K p a -I- HCbKW®T |7| 04071, M. Kwuis, Byn. Jlyk’saHiBceka, 77
PoHAa Ten.: (044) 417-2633, (044) 463-5836
C . daxkc: (044) 417-1057
oultanbH I{I 3( e-mail: usif@
IlHBEeCcTVMLHINM web: www.
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AKT
BNPOBa/’KEHHs pe3yJIbTaTiB AHcepTaliiiHOl po6oTH

Binoyc Innu KOpiiBHH

B nuceprauiiinii po6oTi acnipaHTku Kadeapu TEIJIOTeXHIKU Ta
eHepro30epe)xeHHs! [HCTUTYTy eHepro3bepexxeHHs Ta eHepProMeHeIKMEHTY
HauionaneHoro  TexHiuHoro  yHiBepcutery — YkpaiHu  «KuiBcbkwuii
nojiTexHiyHuid iHcTUTYT» bBinoyc Innm IOpiiBHM BUKOHaHO aHami3
CIIOXHMBaHHS  eHeprii  OyaiBens  3aknajiB  couianbHOi  cdepu  Ta
3aMpoNOHOBaHI MiAXOMW OO0 iX eHepreTW4Hoi ceprudikauii. PesynbraTu
poOOTH BHKOpHCTaHI JJIsi BIPOBAJKEHHS eHeproe(eKTUBHUX 3aXOJiB Y
OyniBnsx 3aknafiB couianbHOi cdepu B pamkax HpoekTy «CrpusiHHS
pO3BUTKY  comianbHoi  iH(pacTpyktypu»  (2013-2016pp.), nepenaHi
BJIacHUKaM 00’€KkTiB (MiCLUEBHUM BiJJilaM OCBITH) AJii BHUKOPHCTAHHS Y
ceprudikauii OyaiBenb Ta BIOPOBAIKEHHS OJATKOBUX eHeproe(eKTUBHUX

3aXO0/IiB.

3acTyNHUK BUKOHABUOTO TUPEKTOPA 2

KepiBHUK JienapTaMeHTy MiKpOIIPOEKTiB,

KaHIMJAT TEXHIYHUX HayK ‘—#r"_’ O.I1. KpacoBchkuii
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AKT BITPOBAI’KEHHS1

pesyJbTatiB AncepTauiiHol poGOTH HayKOBO-TeJarOTi9HOrO AL BHUKA Kadeapu
TEIJIOTEXHIKHU Ta eHeprosbepexenns binoyc LIO.

y HaBuaneHui niporec KIII im. Iropst Cikopebkoro

Kowmicist y cknazi 3aBigysaua kadenpy TeIuoTexHikyu ta eHepro3oepexeHHs
AT.H., npop. Jlemkxo B.I. Ta romoBu Merommunoi kowmicii IEE
K.T.H., nou. I'ana A.JI. cknanu mei akT npo Te, WO pe3yabTaTi JucepTauiinol
poboru Bistoye LIO. Bukopucrani y naBuansuomy mporeci Kapeapu TeraoTexHiku
Ta eHeprosdepexents KIII im. Iropst Cikopchkoro mist cTymeHTIB cremiaibHOCT]
144 «Tennoeneprerukay», crerianizanis «EHepreTHuHMii MeHeKMEHT Ta
THKMHIPUHIY.

3okpema:

—  JuHaMmivHa citkoBa Mozens SR1C mix wac pospoGku KOMIT IOTEPHOT'O
MPaKTAKyMY 3 IMCLMILTIHA «MeTo/I eHeproMOHITOPHHTY Ta eHeproayuTy»

—  METOAMKa pO3pOOKH LIKal eHepreTHyHoi ceprudikauii Ha nmpukiazi
TPOMaJICEKHUX OyniBenb Mia yac po3poOKH TPaKTUUHHX 3aHATH 3 JUCIMILIIHK
«MeTo1 eHeproMOHITOPHHIY Ta €HepProayauTy»

—  MCTOIMKA Ta pe3ylbTaTH CKIAJaHHs Ta aHaJli3y TeMIepaTypHUX KapT
M 4Yac po3poOKH MpPaKTHYHUX Ta 1abOpaTOpHUX 3aHATH 3 JUCLUILIIHU
«EHeproz6epexxeHns y 6yaiBusax»

3acTyNnHUK AUpeKTOpa,

rojioBa MeTou4yHol komicii IEE,
K.T.H, JIOII. ; A.JL T'an

3aBinysau kadenpu
Tennorexniku Ta eHepros6epeskeHHs,

A.T.H., Tpod. B.I. lemxo
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MinicrepcTBo ocBiTH 1 Hayku Vkpaiuu

Ministry of Education and Science of Ukraine

CYMCBKHMI JEPKABHUM SUMY STATE
YHIBEPCUTET UNIVERSITY
Byn.Pumcekoro-Kopcakosa, 2, m.Cymu, 40007 2, Rymsky-Korsakov, St., Sumy, Ukraine, 40007
Ten. 64-04-99, Ten/daxc (0542) 33-40-58 tel. 64-04-99, Tel/fax +38(0542) 33-40-58
E-mail: kanc@sumdu.edu.ua E-mail: kanc@sumdu.edu.ua
www.sumdu.edu.ua www.sumdu.edu.ua
Kon €[TIPTIOY 05408289 USREOU code 05408289
45 BEP 2018 20 p. Ne 57 72/75-0€/TES5)
Ha Ne BiX 20___p.

JOBIIKA

[PO BIPOBA/DKEHHS PE3YJIBTATIB IMCEPTALIAHOT POGOTH HayKOBO-IIEIArOTIMHOTO TPAITIBHIKA
Hauionansnoro Texniunoro yxisepcurery Ykpainn
«KuiBcbkuii mosiTexHiunmii inctutyT imMeni ropst Cikopcbkoroy
BIJIOYC IHHU IOPIIBHU

B nuceprauiiiniit po6ori binoyc L.IO. 1ocmimkeno ta po3BHHEHO UHAMIYHI MTiAX011
JI0 aHAl3y eHePreTUIHUX XapaKTePUCTHK Oy AiBIIi SIK CKJIaIHOT €HEePreTHYHOT CHCTEMH.

B poGoTi posristHy i iroui miIX0/11 Ta 3aIpoOHOBaHi aBTOPCHKI I AXOIH /10 OLHKH
CHEProeeKTUBHOCTI Ta MPOTHO3YBAHHS BHKOPUCTAHHS E€HEPril Ha OCHOBI AMHAMIYHIX
Mozteneii Oynienb. Jlns Oyaisni HapuaipHoro kopmycy JIA CymJ[Y pospobieHo
imiTalifiHi JMHAMiYHI MOJENi penpe3eHTaTHBHOI KiMHATH. Mogeni  103BOJSIIOTH
aHAJIi3yBaTH PEKMMH ONAJEHHA 3 BPAXyBaHHSAM TEIUIO(I3MYHUX Ta TeruIoiHepLiiiHux
0COOMBOCTEl OrOPOJUKEHb, BHYTPIIIHIX Ta 30BHIIIHIX TEIIOHAAXOKEHb, PEKUMIB
poGOTH, KIIMaTHYHKUX JAHKX, IO J03BOJISE aHANI3YBaTH Oy IiBIII0 KOMIUIEKCHO.

PesynbraTi  3a3sHauyeHMX HayKOBMX JOCIi/UKeHb BHKOPHMCTAaHi IDYNOK 3
CHEpreTHYHMX 06¢TexReHs CyMCHKOTO IEPIKaBHOTO YHIBEDCUTETY TIPH PO3poGLi METOAIB
aHallizy Ta POrHO3YBaHHA €HEProNnoTpeOr Ta TEIVIOBOro CTaHy Oy/iBiIi B 3a/1€KHOCTI Bi
CYKYIHOCTi MiHJIMBOCTI 30BHIlIHIX Ta BHYTPilIHIX HaKkTOpiB BILIMBY Ha 6a3i AMHAMIUHMX
Mozeneit pi3HOT CKJIaIHOCTI.

Lle#t nOKyMeHT He € niag;agqig A GiHAHCOBUX PO3pPaxyHKB.

4 )

1pod. 1.¢-m.H. A. M. Yoproyc
ww AL |
Buk. CotHuk M.I. oF 70 .j/f‘ 3

(050)3273417
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G111 TTOJII TeXHIYHUH

AKT BIIPOBAI’)KEHH 51

pe3yJbTaTiB AUcepTaliifHOl po6OTH acucTeHTa Kadeapy TEIIOTEXHIKH Ta
eneprosbepexxerHs KIII im. Iropst Cikopcskoro
BIJIOYC IHHU IOPIIBHA

B nmuceprauiiiniit po6oti Binoyc I.IO. 3anponoxoBano meTonuky mo6yaoBu
HEJHIAHMX ~6araToakTOpHUX perpeciiHUX Mogjeseil i NPOrHO3yBaHHS
eHepronoTpebu Ta/abo TEmIOBOro CcTaHy OyAiBenb, OTPUMAHO y3aradbHEHi
eKCIIePUMEHTANIbHI JIaHi GaraTopidHMX CIOCTEPEeKEHb 110 PO3MOALLY TEMIIEPATyp B
NPUMIIIEHHAX 6araTornoBepXxoBoi OyNiBII HaBYAIBHOIO KOPIYCY B 3aJI€KHOCTI Bijl
iX po3sTallyBaHHs, BUKOPHCTaHHA Ta 3a0e3le4eHHs piBHS ONaNeHHd, SKi
T03BOJISIOTh aHAJli3yBaTH Ta NepebavaTy BIUIUB LUX (aKTOpiB Ha TeMIepaTypHi
YMOBH eKcrutyaranii Oynisens. [lng Gyaini HaByansHoro xopiycy KIII im. Irops
Cixopcekoro cTBOpeHO HelniHiifHy GaratodakTopHy perpeciiiny mozaens GymiBii,
IO JI03BOJISIE TPOBOJUTH IPOTHO3 PiBHS OIAJCHHS, aHali3yBaTH (akTHYHHU Ta
NPOTHO3HUM TEIIOBHH CTaH NPUMILIEHb HABYAILHOIO KOPITYCy. 3a pe3yJibTaTaMu
po3paxyHKy Ha 0a3i JMHaMi4HOI MaTeMaTH4YHOI Mojei OyiBi, MOHMKEHHs
TEMIIEpaTypd B HepoOOYi TOAMHH JO3BOJHTH 3HU3WTH CIIOKMUBAHHS TEIJIOBOI
eHeprii 10 9%.

PesynpraTi 3a3Ha4eHNX HayKOBHUX JOCIIPKEHb BUKOPUCTOBYFOTHCS-CITY KOO0
enepreruyHoro meneLkMeHTy KIII im. Irops Cikopcbkoro mpu po3po0iii MeToiB
aHaji3y Ta IPOTHO3YBaHHS EHEeprornoTpebH Ta/abo TEIUIOBOro craHy OymiBii B
3aJIE)KHOCTI BiJl CYKyIHOCTi MiHJIMBOCTI 30BHIIIHIX Ta BHYTpilIHIX (akTopis
BILIMBY Ha 0a3i perpeciiHux 6aratopakTOpHUX MOJEIEH.

Lle# 10KyMEHT He € MiICTaBoIO Ui (hiHAHCOBUX PO3PaxyHKIB.

K.T.H. O.M. IlleBuenko

I"onoBHUI eHepromMeHe ke, 2 A/ //%L&é
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I-cTyneHns

XVI BCEYKPAIHCPKOTO KOHKYPCY
"MOJIOAb — EHEPTETHI]I YKPAIHH — 2016:
BIIKPHTHH KOHKYPC MOJIOJHX BYEHHUX TA
EHEPIETHKIB"

HATOPODXKY €M

BLJIOYC IHHA IOPIiIBHA
3a pobomy Ha memy:

«Enepreruuna ceprudikaunis 6yaisean 3akaagis coniaabnoi chepn»

8 HomiHayii “ Enepro3depe:keHHsI Ta eHePro MEHEIKMEHT ”
ceped Mosooux sueHux

TI'onoea Ilpagninna Ilpopexkmop Kuiscokozo
I'O BPBIIE, .I'epoii Ykpainu nonimexHiuHo20 incmumymy
im. Izopa Cikopcokozo
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