O6pasauy 2.
®akynteT _MalumHcku YHUBEP3UTET Y BEOIPALLY

Behe Hay4yHMX 0011aCTU TEXHUYKUX HayKa
(Hasus cTtpy4dHor Beha kome ce 3axTeB ynyhyje, carnacHo

491/5

ynaHy 6. n 4yn. 7 ctas 1. oBOr NpaBuUHUKa)
(Bpoj 3axTesa)
20.04.2017. roguHe
(atym)

3AXTERB
3a AaBame carnacHocTu Ha pedpepat o ypaheHoj AOKTOPCKOj AucepTauuju

Monumo ga, cxogHo YnaHy 46. cT. 5 Tau. 4. Ctatyta YHuepauteta y beorpagy (, macHuk YHuBepsuTeTa®,
©poj 131/06)“, paTte carnacHoOCT Ha pedepaT o0 ypaheHoj JOKTOPCKOj AMcepTaumju kKaHanaara:

TAMAPA (CITABKO) BAJL
(Mme,nme jeaHor of poauTerba v Npesnmve)

KAHOVWOAT TAMAPA (CJITABKO) BAJLI  ynucaHa Ha [lokTopcke ctyaumje 2009 roa.
(nve, nve jegHor og poauTerba u Nnpesvme)

MogHeo je 3axTeB 3a U3pagy AOKTOPCKe AucepTaumje:

YTULIAJ NNOKAJTHOI' CTABLA TOMJNIOTHOI KOM®OPA HA CMAHKEHWE PAOHE CIMOCOBHOCTU Y
HECTAMBEHWUM 3rPAOAMA (THE LOCAL THERMAL COMFORT IMPACT ON WORKING PRODUCTIVITY LOSS
IN NON — RESIDENTIAL BUILDINGS)

YHuep3uTeT je gaHa 08.02.2016. rog. ceojum aktom noa 6p._61206-394/2-16 [ao carnacHOCT Ha Npeanor Teme
[OKTOpCKe AncepTaumje Koja je rmacuna:

YTULAJ NNOKANMHOI CTABA TONMNOTHOI KOM®OPA HA CMAHKEHE PAOHE CNOCOBHOCTU Y
HECTAMBEHUM 3rPAOAMA (THE LOCAL THERMAL COMFORT IMPACT ON WORKING PRODUCTIVITY LOSS
IN NON — RESIDENTIAL BUILDINGS)

Komucuja 3a oueHy n ogbpaHy goktopcke auceptauuje kaHamaoata: TAMAPE (CITABKO) BAJL

(MMe,MMe jegHor of poauTerba u npesvve)

O6pa3soBaHa je Ha cegHuum ogpxkaHoj 02.03.2017. roguHe, oanykom dakynteTa nog 6p.491/3 , y cactasy:

Mme n npesnme ynaHa 3Bame Hay4yHa obnact yCTaHOBa Y KOjoj je 3anocneH
Komucuje
._Op Munow Bawau Pegn. npod. TepmomexaHuka MawwwuHcku doakynTeT Beorpag
. Op Maja Togoposuh BaHp. npocp. TepmoTexHuKa MawwuHckn cakynteT beorpag
. Ap MunaH lojak BaHp. npod. TepMoMmexaHuKa MawuHcku dpakynTeT Beorpaa
YHusepsutet ApuctoTten y ConyHy
. Op Aruc MNManagonoynoc Pen. npod. TepMmoMexaHuka MawuuHckn cakynteT
TepMoTexHUKa n
. Op »KaHa CteBaHoBMh HayuHw capapHuk eHepreTyika MHH BuHya Beorpag

HacTtaBHo-Hay4HO Behe chakynTeTa npuxBaTuno je ussewTtaj Komucuje 3a oueHy n ogbpaHy JOKTOpcke
OucepTaumje Ha cegHuum oapxaHoj gaHa 20.04.2017. roguHe.

JOEKAH
MALUNHCKOIT ®AKYNTETA

npod.ap Pagmeoje Mutposuh
Mpunor: 1. N3BeLwTaj KOMUCKje ca Npeanorom.
2. Akt HactaBHo-Hay4Hor Beha dpakynteTa o ycBajamy M3BeLUTaja.
3. Mpumenbe pate y TOKy CTaBrbaka M3BELUTaja Ha yBU jaBHOCTH,
YKONUKO je TakBUx npumenom 6uno.



YHUBEPSUTET Y BEOIPALY
- MALUMHCKW ©AKYNTET —
bpoj: 491/5

Oatym: 20.04.2017. roguHe
Beorpag, Kparemue Mapuje 16

Ha ocHoBy unaHa 30. 3akoHa o BMCOKOM obGpasoBawy (,CnyxbeHu rnacHuk PCY, 6poj
76/2005, 100/2007 — ayTeHTU4HO Tymaudeke, 97/2008, 93/2012 n 89/2013), unaHa 63.
Cratyta MawwuHckor dakynteteta (6poj 1876/1 og 04.10.2013. rogmHe) n udnaHa 37.
lMpaBunHnka o gokTopcknuMm ctyguvjama MalwmHckor dpakynteTta n pedepata Komucuje y
cactasy: ap Munow bamnau, pen. npod., meHTop, ap Maja Togoposuh, BaHp. npod., Ap
MwunaH [Nojak, BaHp. npod., ap Aruc MNanagonoynoc, pea. npod., YHnBepantet ApuctoTten
y ConyHy, MawwuHckn cakyntet, ap »KaHa CrteBaHoBuh, HayyHu capagHuk, MHH BuHua
Beorpag o oueHun JokTopcke AucepTaumje ,YTuuaj NokanHor ctaka ToNnoTHOr Komdopa Ha
CMakere pagHe crnocobHocTn y HecTtambeHum 3rpagama (The local thermal comfort
impact on working productivity loss in non-residential buildings)“ cTygeHTa AOKTOPCKUX
ctyavja Tamape baju, aunn. vHXx. maw., HactaBHO-Hay4yHO Behe MaluunHcKkor dpakynrteTta
Ha cegHuum ogpxaHoj 20.04.2017. roguHe, goHeno je cnenehy

oanyky

YcBaja ce pedepat Komuncuje o ypaheHoj gokropckoj anceptaumju ,,YTULAJ NTOKAJTHOI
CTABLA TOMINOTHOI KOM®OPA HA CMAWKWEWE PAOHE CMNOCOBHOCTU Y
HECTAMBEHUM 3rPAOAMA (THE LOCAL THERMAL COMFORT IMPACT ON
WORKING PRODUCTIVITY LOSS IN NON-RESIDENTIAL BUILDINGS)“ ctygeHTa
TAMAPE BAJLU, annn. nHx. mawu.

Hoktopcky auceptaunjy mn pedpepat Komucumje o ypaheHOj OOKTOPCKOj AucepTauumju
AOCTaBUTM Ha [fasBawe carnacHoctm Behy HayyHuMx o6nact TexXHWYKuX Hayka
YHuusepsuteTa y beorpaay, no ncreky poka og 30 gaHa y kome cy 6unu Ha yBuay jaBHOCTH.

Oanyky goctaButu: Behy HayyHMx obGnacTtu TexXHWYKUX Hayka YHuBep3auTeTa y Beorpagy,
CTyAEHTY, MEHTOPY U apxmeu dakynTteTa.

OEKAH
MALUNHCKOI ®AKYIITETA

npod. ap Pagueoje Mutposuh



Yuusepsurer y beorpany
MamuHcku axkyarer

BERY JOKTOPCKHUX CTYIHNJA

Ipeamet: Pedepar o ypaleHOj JOKTOPCKO] MUCEPTALIMjU KaHIUAATa
Tamape C. baju, qumui. WHX. Mall., CTYJCHTa JOKTOPCKUX CTYyI1]a

Onnykom 0poj 491/3 ox 02.03.2017. roaune, ©MEHOBaHK CMO 3a wiaHoBe Komwmcuje 3a
nperJie/l, OleHy U 0A0paHy TOKTOPCKE AUCEPTALH)E O] HACTOBOM

»Y TUIHAJ JJOKAJIHOI' CTAIBA TOIIVIOTHOI' KOM®OPA HA CMAILEILE PAJTHE
CIIOCOBHOCTHU Y HECTAMBEHUM 3I'PAJAMA“

(,THE LOCAL THERMAL COMFORT IMPACT ON WORKING PRODUCTIVITY LOSS
IN NON-RESIDENTIAL BUILDINGS”)

karnuaara Tamape C. bajin, qumr. wHX. Mall., CTYACHTa JOKTOPCKUX CTYIH]a.

Hakon mpernena poctaBjbeHE aAucepTalMje M JApyrux nparehux Marepujana, Kao u
pasroBopa ca kanauaaroM, Komucuja je caunnuna cienehu

PE®OEPAT

1. YBOJ

1.1. XpoHoJsoruja ogo0OpaBama M u3pajie Juceprammje

Kanmunar Tamapa C. baji, CTyAaeHT AOKTOPCKHX CTyAHja, ymHcala je TpPBY TOIUHY
JNOKTOPCKUX CTynuja Ha MamuHckoM ¢akynteTy YHuBep3uteta y beorpany mkoncke 2009/2010.
roguHe. Ha JoKTopcke cTyauje je ymucaHa IO HAacTaBHOM IUIaHy koju je CeHar YHHMBep3uTeTa
npuxBatuo 2007. roarHe Ha OCHOBY 3aKOHa O BUCOKOM oOpasoBamwy u3 2005. roauHe, a o KojeM
JIOKTOPCKE CTYJM]j€ HE MOTY TpajaTH IyXke oJ1 6 roanHa. Y TOKY Tpajama CTyauja, Kauauaar Tamapa
C. Baju, je y mkosckoj 2014/2015. rogune KOpuCTHIIA TPAaBO HAa MHPOBam-€ mMpaBa u obase3a. I1o
oBuM npaBwinMa, Tamapa C. Baji je nmana obaBe3y na auceprauujy onopanu no 30. cenremOpa
2016. roguse.

Ha mon6y xanmupmara Tamape C. Baju, Pememem 6poj 1951/1 ox 08.09.2016. romuwne,
carmacHo ojapenbama Craryra YHHMBep3uTera y beorpaay, pok 3a onOpaHy aucepranuje je
MpoJy>KeH 3a JiBa cemecTpa — 110 30. centemOpa 2017. ronune.

[To 3axteBy kanmunmata Tamape C. Bajii 6poj 2498/1 on 02.12.2015. roamue, mpeaiora
npod. a1p Munoma bamma, kao u carmacHoctu Kareape 3a Tepmomexanmky, Op. 2489/2 on
21.12.2015. ronune, na joj ce ogo0pu MpHjaBa TeMe AOKTOpPCKE aucepramnuje u uMenyje Komucuja
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3a OIICHY MCIYHCHOCTH YCJI0Ba KaHIMIaTa U HayYHE 3aCHOBAHOCTH TeMe JIOKTOPCKE JUcepTaluje,
HacraBHo-HayuHo Behe MamuHckor dakynrera y beorpany moneno je Omiyky 6poj 2498/3 on
24.12.2015. roguHe KOjoM Cce pHUXBaTa TeMa JOKTOPCKE TUCEpTallije U UMEHYje MEHTOp mpod. Ap
Munom Bamarn n umenyje Komucuja 3a oleHy HCHOYHBCHOCTH YCIOBa KaHIAMIATa W HAy4dHE
3aCHOBAHOCTH T€ME JJOKTOPCKE JHMCEPTAIUje Y CACTaBY:

= 11p Muom bamar, pen. npod., Yausepsuret y beorpany, MamumHcku gaxkyiarer
= 1p Maja Togoposuh, Baup.npod., YauBep3utet y beorpaay, Mammuncku ¢akynrer

= np XKapxo CreBanoBuh, HaydyHu caBeTHHK, YHuBep3uteT y beorpany, Wucturyr 3a
HyKJIeapHe Hayke Bunua

Ha ocnoBy u3Bemraja Komucuje 6p. 94/1 on 15.01.2016. roguue u omtyke HHB 6p. 94/2
on 21.01.2016. rommue, momHer je 3axteB MammHckor ¢akynrera Behy nHayunux oOnactu
TeXHUUYKHX Hayka YHuBep3uteTa y beorpany, xoje je Ha ceguunu onpxkanoj 08.02.2016. rogune
noHeno Omnyky Op. 61206-394/2-16, na ce Tamapu C. baji, IumiuHX.Maml., CTyACHTA
JOKTOPCKUX CTyIWja, Jaje carjacHOCT Ha MpeIor TeMe JOKTOPCKEe aucepranuje ,,¥YTHlaj
JIOKQJHOI CTamha TOMJOTHOI KOM(Opa HAa CMamelme pajJHe CIHOCOOHOCTH Yy HecTaMOeHHM
srpagama“ (“The local thermal comfort impact on working productivity loss in non-
residential buildings™), a mox merropcTBoM tpod. ap Munoma bama.

Ha ocHoBy oOaBermirema npod. ap Muomia bamiia, MeHTOpa, na je goktopann Tamapa C.
Baji, AWl WMEK. Mall. 3aBpIldia JOKTOPCKY TUCepTalujy, Kao W mpemiora Kareape 3a
tepMomexanuky, HacraBHo-HayuHo Behe MarmHckor dakynrera goneso je Omnyky 6poj 491/3 on
02.03.2017. ronuae o mMeHOBamy Kommcuje 3a oleHy W OJOpaHy JOKTOPCKE JHUCEpPTAlHje Y
cacraBy:

= 11p Muom bamar, pen. npo¢., Yuusepsuret y beorpany, MamuHcku gaxkynrer
= 51p Maja TonopoBuh, Banp.nipod., Yausepsuret y beorpany, Mammacku ¢akynrer
* 11p Munan ['ojak, Baup.npod., YauBepsuter y beorpany, Mammncku ¢akynrer

= 51p Aruc Ilanagonoynoc, pea. mpod. MammHcku QaxynteT YHuBep3utera ApPUCTOTEN Yy
Conyny, ['puka

= 1p JKana CreBaHoBuh, Hay4HU capaJHMK,YHUBep3uTeT y beorpany, HCTUTYT 3a HykileapHe
Hayke BuHua

1.2. HayyHa o0iact gucepramyie

Hokropcka nucepranuja Tamape C. baju, mox HacioBoMm ,,YTHHAj JOKAJHOI CTama
TOIJIOTHOT KOM(opa Ha cMamemh-e PajiHe CIIOCOOHOCTH Yy HecTamGeHuM 3rpaxama’ (“The local
thermal comfort impact on working productivity loss in non-residential buildings”), npunana
00JIaCTH TEXHUYKUX HayKa — MAIIMHCTBO, y’Ka Hay4yHa 00J1acT TEpMOMEXAHMKA, 3a KOJy jeé MaTH4aH
Mammncku gakynteT YHuBepsurera y beorpany.

W3panom NOKTOpcke aucepTanuje pykoBogauo je ap Munom bamar, penoBHu mnpodecop
rpymne ImpeaMera Be3aHHX 3a TepMoMmexaHuky u med Kareape 3a TepMomexaHuKy MarimHCKOT
(dakyntera YHUBep3utera y beorpany.



1.3. buorpadcku mmomanuy 0 KaHIUIaTy

Kanmunar Tamapa C. baju, Qumi. WHX. Mall., CTyJIeHT JOKTOPCKUX CTyIHja, poheHa je y
beorpany 12.03.1984., Penybnuka Cpouja. OcHoBHy mikoiy "Mapko OpemnikoBuh" 3aBpiiuna je ca
OJNTMYHUM ycrexoM, cTedeHoM "BykoBom mumiiomomM" M HMMEHOBameM 3a 'Daka TeHepanuje.
Cpenmy mkomny, "3emyHCKy TUMHAa3H]y" je moxahana y 3eMyHy U 3aBpIinia Takohe ca OUIMYHUM
ycriexoM. MammHcku ¢akynrer YHuBepsutera y beorpamy ymucana je mikosicke 2003/2004.
roauHe u 3appimia 26.02.2009. ca npocexkom 8,72 Ha cmepy Tepmortexnuka u oueHom 10,00 Ha
JMILIOMCKOM paay u3 npeamera Kimumarusanuja, Ha Temy: " EHeprercke norpebe nacuBHe kyhe ca
TpombeoBuM 3um0M 3a KIIMMaTcko noapydje beorpana", kox menropa npod. ap Maje Tomoposuh.

Y mepuony onm maja 2009. romumHe a0 kpaja aememoOpa 2010. roguHe paguia je Kao
MPOjEeKTAaHT TEPMOTEXHUYKHX HHCTananuja y ¢upmu "Aepnpojekr". YdecTBoBaja je y U3paau
BHIIIE O] JIBAJICCET MAIIMHCKHUX TpojeKaTta 3a rpal)eBUHCKY JO3BOJIY H MpOjeKaTa 3a M3BOheme, Ha
MIPOjEKTOBAKY TEPMOTEXHHUUKUX MHCTAJIAIM]A 32 CTAMOCHE, IIOCIIOBHE 3rpajie, XOTelle, TaMIIapHje,
rapaxe ut/.

koncke 2009/2010. Tamapa je ynucana Jloktopcke crynuje Ha MaimmHCKoM ¢GakynTeTy
VYuusepsutera y beorpany, a janyapa 2011. ronqune ce 3amocinuia Ha MammHCKOM (akynrery y
beorpany, kao HcTpakmBad-capaTHUK Ha HUCTPAKHBAYKOM IIPOJEKTy, KOjU je (uHAHCHpaH OI
crpane MUHHCTapCTBa MMPOCBETE, HayKe M TEXHOJIOIIKOT pa3Boja, eB. Op. TP33047.

l'ompune 2012, Tamapa C. Baji je ydectBoBasia Ha Mel)yHapOAHOM CTYACHTCKOM TaKMHUEHY
,International ASHRAE student design competition 2012” mnpenBomusBmm tuMm beorpaackor
VYuuBepsutera. ¥ okBupy kateropuje “Integrated sustainable building design” ocBojuina je Tpehe
MECTO Ha OBOM ITPECTHIKHOM CBETCKOM TaKMHUUCHY.

Ha ocnoBy oanyke M36opHor Beha 6poj 188/5 ox 07.04.2016. u Pemema 6poj 188/6 on
08.04.2016. umeHoBaHa je y 3Bambe ACHCTEHT 3a YKy HayuyHy oOmact TepmoTexHuka Ha
MammnckoMm ¢dakynrery y beorpany.

Tokom JIokTOpCcKHX CTyAMja, MOJ0XkUIa je cBe ucnure npeasuhene Craryrom akynrera,
ca npoceyHoM oneHoM 10,00, xkao u nBa CtpyuHa ucnurta y Muxkemepckoj komopu CpOuje u
HOCHJIAI] j€ JIBE MPOjEKTAHTCKE JIMIICHIIE.

VY okBHpY HayyHO-UCTpa)KMBayKe JI€IaTHOCTH W pada Ha mpojekry Tamapa baji je kao
ayTop WM KoayTop of0jaBmia 2 paga y MehyHapoIHMM HaydHHM dbacomucuma, oa tora 1y
kareropuju M21 u 1 y xareropuju M23. Ilopen Tora je kao ayrop uiau koaytop oOjaBuna 1 paxy
HaIlMOHAJTHOM YacoIlucy oj MelyHapoAgHor 3Havaja, y kareropuju M?24, xao u 4 paga y
JacomnrcuMa HaIllMOHATHOT 3Havaja, oj Tora 3 pana y kareropuju MS1 u 1 pan y xareropuju M52,
kao u caommTewna 11 HayyHux pajgoBa Ha Mel)yHapooHUM HaydHMM CKYINOBHUMa KOJU CY
HITAMIAHUX Y LEJIHHH.

KaHHI/IJIaT TE€YHO T'OBOPU CHIJICCKHU je3I/IK U CIIy) XM C€ HEMAYKHM U PYCKUM jeSI/IKOM Ha
OCHOBHOM HHBOY. Y CBaKkOJHEBHOM pajay KOPHUCTH TIpOrpaMcKe IakeTe 3a o0pagy TeKcTa
(MSOffice), rpajpuxe (AutoCAD, Inventor, Corel Draw, Adobe Photoshop), 3a Hymepuuky
mexanuky ¢uyuna (Phoenics Flair), kao u mporpameke makere 3a MaTeMaTH4Ke MpOpadyyHe,
NpOojeKTOBame U TepMoTexHuuke mpopauyne MATLAB, Origin, HEVA Comp, Carrier HAP E-
I1,20, AirCalc, Design Builder, ut.



2. OIMUC JUCEPTAILIUJE

2.1. Canprxaj quceprarje

Hoxropcka mucepranuja Tamape C. baju, aumul. WHX. Maml., TOJ HA3UBOM: ,,YTHHAJ
JIOKAJIHOI CTamba TOIUIOTHOI KOM(Opa Ha CMameme pajHe CIOCOOHOCTH y HecTaMOeHMM
srpagama“ (“The local thermal comfort impact on working productivity loss in non-
residential buildings”), nanucana je Ha €HIJICCKOM je3UKY, JIATHHHYHHM ITHCMOM, IIPH YEMY j€
HaIlMCaH MPOIIMPEHU PE3UME M Ha CPIICKOM je3uKy, hupunmuaum nucmoM. Canpxu 174 crpane
dopmara A4, 76 ciuka, 69 Tabena, 63 HymepucaHna uspasa u cnmcak nuteparype Ha 10 crpana.

HucepTtanuja caapxu cieneha moriasipa:

VYBog;

KBanurer yHyTpamme cpeauHe U TOIUIOTHH KOM(Op — Mpere] JINTEpaType;
['yOuTak pagHe ciocoOHOCTH— Iperiies IUTEepaType ;

ExcniepyuMeHTanHa HCTpakKUBamba;

CrarucTuuka UCTpaKUBambA;

Hymepunuka ucrpaxxuBama,

CuHTe3a eKCIIEpUMEHTAIHUX, CTATUCTUYKUX U HYMEPUYKUX PE3YINITaTa,
3akJbydlld ¥ Npeasior cMepHuua 3a Oyayhu pan;

Jlureparypa.

LNk wdE

OcuM HaBeIeHOT, TUCepTalMja CaApKd MPOIIMPEHU pPEe3UME Ha CPIICKOM M EHIJIECKOM
J€3UKY, caap:Kaj, HOMEHKJIATypy, IPUJIOT, Kao U 6uorpadujy ayropa u u3jaBy o ayTOpcTBY, U3jaBy O
MCTOBETHOCTH LITaMIIaHE U eNIEKTPOHCKE Bep3Hje TOKTOPCKOT paJia M n3jaBy 0 KOpHIIhemwy.

2.2. Kparku npukas [ojeIMHUX [HOrIaBJba

VY npBOM MOINIaBJbY je HarjalleH YTHULAj 3ApaBOr U C€HEPreTCKU e(UKACHOT OKpYyXKema Y
3rpajamMa y KojuMma Jbyau OopaBe, Ha HHXOBO 3/paBjbe, NIPOAYKTHUBHOCT U CMameme 3arahema.
[Ipukazanu cy, 10 caja Haj3HAYajHUJU, 00jaBJbEHU pe3ysIaTH U3 00JIaCTH TOIUIOTHOT KoMdopa Kao U
BUXOB yTUIA] Ha pajHy NPOAYKTHUBHOCT KOPUCHHMKA. Y OKBUpPY pa3MaTpama NpeaMera
UCTPaXMBamba, MCTAKHYTO je Jla je UCTpakuBame (OKYCHPAaHO Ha KBAHTU(UKAIM]y MPOIEHTa
HE3aJI0BOJbHUX M CMambelha NPOAYKTUBHOCTH KOPUCHUKA y HECTaMOEHHM 3rpajaMa y (QpyHKUIHjH
OJICTyTIaFha BPETHOCTH JIOKATHUX (DU3NYKHX TTapamMeTapa CTama OKOJIHMHE O] CPEIbUX BPEITHOCTH.

3atum cy AedUHUCAHH TIPEIMET, HaydHEe METOJIC M IIMJbEBH UCTPAKHUBAka, KOjJU 00yXBaTajy
MIPUMEHY CaBPEMEHUX €KCHEPUMEHTATHUX, HYMEPUUKUX U CTATUCTUYKUX METOJIa UCTPaKMBamba 3a
KBaHTU(UKOBaWkE YTHIAja JIOKATHUX Ilapamerapa cTamba YHYTpallkbe CpeluHe (Temreparypa
BazJlyxa, paJdjaHTHa TeMIlepaTypa, peJaTUBHA BIaKHOCT Ba3dyxa, Op3uHa Ba3lyXa M MHTCH3UTET
TypOyJieHI1je) Ha HUBO TOIUIOTHOT KOM(opa YHYTpalIkhEer MIPOocTopa HecTaMOeHe 3rpajie.

[ToceOHU 1IUIB U3pajie OBE JOKTOPCKE MUCEpTallHje je OMIIO yCIOCTaBIhamke KOPETalMOHUX
onHoca u3Melhy crama TormmoTHOT KoMdopa u TyOUTKa pajiHe CIIOCOOHOCTH JbYIH.

[IpakTHyHM 1MJb U3pajie OBE JAOKTOPCKE JHcepTalnyje je OO J1a ce Ha OCHOBY JOOMjeHHX
pe3yiTara UCTpakMBama MPEUIOKe TEXHUYKA YITYTCTBa M CMEPHUIIE MPOjeKTaHTHUMa, KaKo Ou ce
00e30en1o cBeoOyxBaTaH MHTEPAUCITUIIMHAPHH TIPUCTYIT Y MPOjEKTOBABKY, a YCIOBU KBATUTETHOT
TOIJIOTHOT KoM(opa pazmaTpalid y HajpaHujoj ¢a3u MpojeKToBamba.



[Ipukazane cy xopuniheHe HaydHe METOJE€ MCTpaKUBama KOje Cy MOJeJbeHEe y TPH TYIIe:
eKCIIepUMEHTAIHE, HyMEPUYKE M CTaTUCTUYKE MeTojze. ExcriepuMenTanHe mMerone cy KopuurheHe
32 KOMIIAPaTUBHY aHAJIM3y HEYHHU()OPMHOCTH MOJba (PU3MUKUX MapMeTapa YHYTpPAIImbE CPEIHHE.
W3Bpiiena cy oaroapajyha mepema TeMIepaType U pellaTUBHE BIAXKHOCTU Ba3/lyXa, pajiljaHTHE
TeMIeparype, Op3uHe cCTpyjama Ba3Ayxa W HHTEH3UTETa TypOyJeHIH]e Yy KapaKTepUCTHUYHUM
MEpPHUM Ta4yKama U J1e(UHUCAHUM BPEMEHCKUM MEPHOANMA.

Hymepuuke cumynanuje (U3MYKUX TapamMeTapa W HMHIUKATOpa TOILIOTHOT Komdopa
n3abpaHor Mojenia MpPOCTOpa, y OKBHPY NePUHUCAHHMX CIleHapuja, KopuinheHe Cy 3a OIeHy H
KBaHTH(HKAIM]y TAYHOCTH MOJelia MPEHOIICHka TOIUIOTe M oApehuBame (PU3MYKUX HapaMmerpa
BazJyxa y Taykama IpocTopa rlie Huje Omiio Moryhe BpIIMTH €KCIIEPUMEHTAIHA MEPEHHA.

VY okBHpY wu3pale IOKTOPCKE Jucepranuje, KOpuiheHe Cy W CTaTUCTHYKE METOJe.
AHKeTUpameM JbYIH KOjU OOpaBe y ImocMaTpaHUM IpocTtopuma, obe3dehenu cy momanu, 4ujom
CTaTUCTHYKOM 00OpaZioM Cy HW3BEICHH 3HA4YajHH 3aKJby4lld M, CHHTE30M ca pe3yJTaTuMa
eKCIIEpUMEHTAIHE M HyMEpUYKEe aHallM3e, YCIOCTaB/bEHE CYy EMIIMPHjCKE Kopenamuje 3a
onpehuBame HHAUKATOPA TOTUIOTHOT KOM(Opa 1 MHTEH3UTETA I'y0Jbeha pagHe CIIOCOOHOCTH JbY/IH.

Taxobe je maT kaTapak MpukKas CTpyKType JTUcCEepTaldje Mo MmorjaBbuma.

VY OpyroM moOriaBjby ce JeTaJbHUje pa3MaTpajy pe3yiTaTH HCTPaKuBama OCTBApHBaHA
TOIUIOTHOT KOM(Opa M KBAIUTETa YHYTAIE CPEIAUHE, KOJU Cy 00jaBJbeHH Y CKOpHjEe BpeMe, a y
OKBHPY MHOTOOpOjHE CBETCKE, EBPOIICKE M CPIICKE JIUTEPAType U 3aKOHOJABCTBA U3 OBE OOJIACTH.
[Tpukasyje ce mperyieql HajBaXKHHjUX CTaHIapAa W IPOMUCA y OKBUPY O0JACTH HCTPaKHBarba
ycjoBa TOIUIOTHOI Komdopa © KBaIMTeTa YHyTallkbe cpeauHe. JletalbHO cy MpUKa3aHH
WHIUKATOPH TOIUIOTHOT KoMdopa, aeduHHcaHM y OKBHpY TmocTojehe cBeTCke peryiaTtuBe, ca
MaKCUMAJTHO J03BOJbEHHM BPETHOCTHMA 33 TIOCTU3AbE JKEJBCHUX YCIIoBa KoMdopa y 3rpajgama.

VY tpehem nornasby je aaT npersieq 00jaBJbeHUX pe3yiTaTa yTUlaja KBaJIUTETa YHYTpAIlbhe
CpeIMHE U TOIUIOTHOT KoMdopa Ha paJiHy criocoOHOCT Jbyau. [Ipukazane cy nocrojehe kopenamuje
MHAMKaTopa TomIoTHOr koM¢popa PMV u rybutka pagHe cmiocOOHOCTH, y3 KOMEHTape o Moryhum
MPaBLMMA J1aJbeT UCTPAKUBAbA.

VY 4eTBpPTOM MOTIJIaBJby MaKkha j€ nocBeheHa eKCrnepuMEeHTAIHUM HCTPAXUBAakBUMa Koja Cy
obaBsbeHa. OmucaHO je KIMMATCKO MOJpydYje y KOME€ ce Haja3d 3rpajga Koja je NpeaMeT
UCTpaXMBamka M JaTe Cy OCHOBHE KJIMMAaTCKe KapaKTepucTHKe 3a mnojapydje beorpama, 3a
MPETXOJHUX TEeNeCT TOAWHA, a Ha OCHOBY IMojata o0jaBJbeHUX OJ] cTpaHe PemyOmmnukor
XHIPOMETEOPOJIOMKOT 3aBoja. Ilopem Tora, mpuKasaHe Cy HW3MEpPEHE JIOKAIHE BPEIHOCTH

CIIoJballIlb€ TEMIICPATYPC U PCIATUBHC BJIA)KHOCTU Ba3ayxa, III/Ija. MCpCHa Cy BpHICHA TOKOM
YKYIHOT IIepruoaa CKCIICPUMCHTAIIHUX UCTPAKHBabA.

Hedunucan je ¢pusznuku Moaen u ogadpaHa je 3rpaja, OAHOCHO IMPOCTOpHUja - YUHOHHUIA Y
KO0jOj Cy BplIeHa Mepema. JleTajbHO Cy onMcaHe U MpUKa3aHe KapaKTepUCTUKE TEPMUYKOTI OMOTaya
MpOCTOpHje, NMMEH3H]j€e, OpUjEeHTaI1ja 1 MOCTojehy cUCTeM IIEHTPAIHOT I'pejamba.

Crnenu perasbaH OMKUC TPOLEAYpa Mepema Koja Cy HM3BPIIEHA TOKOM EKCIIEPHUMEHTAHOT
Jena WCTpaxuBama. [IpoTokosoM Mepema Ccy aAepuHHCaHE, a 3aTUM W H3MepeHe ciexaehe
BEIMYMHE: TEMIIepaType YHYTPANIHHUX IMOBPIIUHA, TEMIIEpAaType U pelaTUBHE BIAKHOCTH Ba3ayxa
y BUIIIE O] TPHJECET Tayaka y YYMOHHWIM, paJdjaHTHA TeMIepaTypa, Op3uHe CTpyjama Ba3ayxa,
KOHIICHTpAaLlj€ YIJbeH-TUOKCHIA U TEMIIepaType MOBpIIMHE KOke KopHucHuka. [locraBibeHa cy
YeTHUPH DPA3IHUYUTA CLEHApHja, y CMHUCIY IIOCTH3amba PA3IMIUTUX TEPMHUUYKUX I1apaMeTapa
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VHYTpalllkbe CperHe, a Kako Ou ce KBaHTH()UKOBAIM yTUIAJH TUX Pa3IMYUTOCTH HAa WHAWKATOPE
TOIJIOTHOT KoM(opa u pagHy crnocoOHOCT Jbyau. Takohe cy mpukazaHe KapaKTEpUCTHKE MEPHHX
ypehaja, koju Ccy KOpuIIheHn TOKOM UCTpaXMBama, Ka0 W TadyHe MO3UIIMje UWHCTPYMEHATa TOKOM
cpoBolema yeTupu, yHanpen AedhruHucaHa, ClieHapuja.

Hakon Tora cy mpuka3aHu M KOMEHTapUCaHU PE3YNITaTH Mepema (U3NYKUX BEIUYMHA,
JIOKAJTHO, 32 CBaKy MO3MIIHM]Y CEICHa, Ka0 M MPOCCUHE BPEIHOCTH 3a CBaKH CIIeHapHo. [Iprka3aHu
Cy pe3yiaTaTd BPEJIHOCTH HHIMKATOpa TOIUIOTHOT KoMmdopa M TyOUTKa pajaHe CHocoOHOCTH
N0OHjeHU Ha OCHOBY M3MEPEHUX (DM3MUYKUX BEJIMYMHA, KA0 ¥ HA OCHOBY MIpOpadyHa , Koju 0azupajy
Ha METOOJIOTHjU MpenopyyeHoj cranaapauma u nocrojehom muteparypom. [loceOHa maxkma
nmoceeheHa je JIOKAIHMM TapameTpuma ToIuloTHOr komdopa. Ha ocHoBy nedunuiuja u
METO0JIOTHje mpopadyHa mpenopydenux crangapaom I1SO 7730:2005 u usmepeHux (GU3NIKHX
BEJIMYMHA y TIPOCTOPY, U3padyHaTe Cy BPEAHOCTH MHIMKATOPA JOKATHOT TOIUIOTHOT JAUCKOMQOpa,
Kao IITO Cy: BEPTUKAJIHA TEMIepaTypcKa pasiiiKa, IPOICHAT HE3aJ0BJFHUX TEMIIEPaTypoM TOAa,
yTHUILIa] TPOMaje U paJjaHTHa aCUMETpHja.

VYTHIaj cTama JOKATHOT TOIUIOTHOT KoM(opa Ha TEMIIEpaTypy MOBPIINHE KOXKE JbYAH, KOJU
OopaBe y MmocMaTpaHO] YYMOHHIIM, TaKole je MpuKa3aH HAa OCHOBY pe3yliTaTa Mepema, a Koja Cy
M3BpIIICHA Y TIEPUOY OJf YSTHPHU CEIMUIIC, Ha 3HaYajHOM Opojy ucrnuTaHuka. Takohe cy npukaszaHne
Kopenanuje u3Mmel)y Temmeparype MOBpIIMHE KOXKE KOPHCHUKA MPOCTOpa M HUXOBOT TJacama o
TOIUIOTHUM KapaKTepUCTHKaMa IOCMATPaHOT MIPOCTOPA.

Ha xpajy oBor moriaBspa Cy NMpHKa3aHU PE3yITaTH CHUMama TEPMOBHU3H]CKOM KamepoM,
KaKO TEPMHUYKOT OMOTa4a MMOCMaTpaHe YYHOHHMIIE, TAKO U MOBpIIUHE onehe KkopucHuKa. Pesynraru
NOOHjeHU CHHMambeM TEPMOBHU3UJCKOM KaMepoM KOpPUIINEHU Cy caMO Kao KOHTPOIHO MEpeme Y
OKBHUPY CBaKOT O] CLIeHapHja.

VY meroM moriaBiby ce NMPUKa3yjy METOJOJIOTHja U PE3YJITaTH CTATUCTHYKOT MCTPAKUBAMHA
KOj€ je CIIpoBeJIeHO y YuHoHHIHU. [IpruKka3anu cy HOBU yIUTHHUIM KOJU CY pa3BUj€HH Y OKBUPY OBOT
UCTpaXMBama, a y CKJIaJy ca Mpernopykama Baxehe cCBeTCKe perynatuBe W KopuurtheHu 3a
CTaTUCTHYKO NPUKYIUbAE I0JIaTaKa, Ca OMUCOM JIeJIoBa YNUTHUKA W TMUTamUMa. Y OKBUPY
UCTpaXHMBama KOpUIINeHe Cy JBE BPCTE YIIUTHUKA: OIIITH, KOJH C€ CaCcTOjao O MUTama BE3aHUX 32
CTapoCHy 100, 1oj, (U3NYKO CTamke M OJEBEHOCT MOMyNallkje Koja je WCHUTHBAHA, 3aTHM 32
eBaJlyalldjy CTama TOIUIOTHOI KoMdopa, Kao U JIOKAJIHUX Napamerapa KOju yTH4Yy Ha TOIMJIOTHH
nuckoMdop U eBayalnjy KBaJuTeTa rapaMmerapa yHyTpallhe CpelnHe, Kao U cyOjeKTUBHU ocehaj
KOPHUCHHUKA O YTHIAjy OBUX IapaMeTrapa Ha paJHy CIIOCOOHOCT, KOHIEHTPAIHjy W 3/PaBCTBEHO
CTale KOPHCHHKA; M MOCEOHM YNMUTHHK, KOJU je 00yXBaTao TeCT KOHIIEHTpauuje. 3HadajaH Opoj
TECTOBa KOHIIEHTpALMje U3BPILEH j€ Y Mepruoy O YeTHpHU ceamulie. TecTupama Cy BpIlIeHA CBAKU
JIaH ¥ Ha OCHOBY HHX j€ YTBpl)EH HUBO pagHe CIOCOOHOCTH, OJHOCHO HeH I'YOHTaK.

Ha nujarpamuma u y Talenama cy npuKa3aHd oOpalleHM CTaTMCTHYKM MOJald 3a
eBallyalldjy CTama KBaJHWTETa YHYTpAIIlbe CpPEIWHE W HE3aJ0BOJHCTBA JIOKATHUM YCIOBHMAa
TOIUIOTHOT KOM(opa, Ha OCHOBY Yera Cy KOMEHTApUCAHU PE3YITaTH W M3BEICHH BAKHU 3aKJbYUIIN
o cybOjextuBHOM ocehajy kopucHuka. YTBpheHo je na ce cyOjekTUBHM ocehaj KOpPHCHUKA O
KBAJIUTETY YHYTpAIlET Ba3ayxa yIJIaBHOM IOKJIana ca pe3yiaTaruMa Mepema. Ilokasarno ce na cy
WCIUTAHUIIM HAJOCETJbUBH]U HA TOBHILIEHE TEMIIEpaType y MpocTopy (paaujaHTHY U TeMIIepaTrypy
Bazyxa), BEPTUKAIHY TEMIEPaTypPCKy pasiMKy, BUCOKE KOHIICHTpAINWje YIJbeH-THOKCHIA U JIOUTY
BEHTHJIAIM]Y. YOUEH je HeraTUBaH YTULj] YCIIOBa YHYTpPAIIkhe CPeIUHE Ha 3IpaBJbe KOPUCHHKA, jep
cy ce y okBupy Cuenapuja 3 u CrieHapuja 4 KOPUCHUIIM AWM HA TI0jaBy TJIaBOOOJbE U CMamhEha
IPOAYKTUBHOCTH M KOHLIEHTpalyje MpOYy3pOKOBaHE OOpaBKOM y YYMOHMIM. Y OKBHpPY



HCTpaXMBamka Pa3BHJCH j€ HOBU HMHJCKC 3a CyOJEeKTHBHY €Ballyalldjy MPOIEHTYAJHOT YTHIlAja
TOIJIOTHOT KOM(opa Ha CMameme KOHILEHTpaldje W pagHe CHocOOHOCTHM KOpPUCHHKA ,, T IP“.
Wunpekc ,, TIP“ m3paxaBa ce y mpouentuma (ox 0 mo 100%) u mpexacraBiba KBaHTU(DUKOBAHY
Cy0jeKTUBHY OIIEHY yTHIIaja TOIUIOTHOT KoMmQopa Ha CMameHke KOHIICHTpAlMje M paJiHe
CIOCOOHOCTH KOpUCHMKA mpocTopa. [lokazano ce nma je CueHapuo 2 OLEHEH Kao CIEHApHO ca
HAjTIOBOJBHMJUM DPaJHUM YCJIOBHUMA, KOjU NpPOCEYHO OKO 14% yTHUy Ha CMameme pajHe
CIIOCOOHOCTH KOpUCHUKA, MoK je CieHapro 4 OIemeH Kao Hajiomuju, ca ckopo 30% BpeaHOCTH
TIP unnexkca. Ucniuranunm cy, Takohe, OIEHUIN U JIOKAJIHE WHIWKATOPE TOILIOTHOT KoMdopa, Ha
OCHOBY Yera ce IoKasajo Jia ¢y ce cBU kopucHuiM y CreHapuy 2 W3jaCHWJIM Ja je MHTCH3UTET
npomaje y yunonunu 0%, Aa je mpoIlieHaT He3aJO0BOJHHUX TEeMIlepaTypoM moja Takohe 6uo 0%.
HajMamu mporieHaT HE3aJ0BOJPHUX PAJMjaHTHOM aCHMEPHjOM U BEPTHKAITHOM TEMIIEPATypCKOM
pa3IMKOM, Y OJIHOCY Ha CBa YETHPH ClIeHapuja, Takohe je 3amaxen TokoM CrieHapuja 2.

Y OKBHUpY OBOT IIOTJIaBJba Cy HA WjarpaMuMa MpHUKa3aHu U pe3yaTatu yKymHo 240 tectoBa
IPOAYKTUBHOCTH CTYAEHTaTa TOKOM YETHUPU ceAMMLE HcTpaxuBama. [lokazano ce ga je HajBeha
IPOAYKTUBHOCT, OKO 68% mpoceuHo, 3abenexena y Toky Cuenapuja 2, nok je y Cuenapujy 4
3a0€eJIeKEeHO 3HAUajaHO CMambEHe MPOAYKTUBHOCTH CTyJeHaTa y oaHocy Ha CueHapuo 2, ox OKO
20%.

VY miectoM NOriaBiby Cy MPHKAa3aHU Pe3yITaTH HYMEPUYKHX CHMYNalyja 3a yCJlIoBe Y
YUYHOHHIM JePUHHCAHE TPOTOKOIMMA y OKBHpPY 4YETHpU cleHapuja. JlaT je caxer mperien
Haj3HAYajHUje JTUTEeparype U3 OBe O0JIacTH, ca MoryhHomhy mpuMeHe Pa3sTUYuTHX HYMEPUUIKUX
Mozena, a KOjU je MpeTxoAauo u30opy oarosapajyher mojena TypOyleHIMje 3a pellaBame
KOMIUIEKCHUX Tpo0JieMa CTpyjama Ba3ayxa, Kao W OIEHE HHIMKATOopa TOIUIOTHOT KoMmdopa y
3rpanama. llpukasan je paerajbaH MaTeMaTWYKW MOJIEN KOJU OIHKCyje MpoOJieM MpHUpOJHE
KOHBEKIIMje KopucTehH jeqHauumHEe OJp’Kama Mace, KOJUYMHE KpeTama U €Hepruje, 3ajeiHO ca
JONYHCKHUM jeJlHauMHama 3a 3aTBapame CUCTeMa jellHauMHa, Kao M MOJeN 3padyema Koju je
KopHIheH.

V HacTaBKy je ommcaH KomeprujanHu codrtBepcku maker ,,Phoenics FLAIR”, koju je
KopumiheH 3a HyMmMepHuke cuMyianuje (U3MYKUX IapaMeTapa M yclIoBa OIIITEr U JIOKaJIHOT
TOIUIOTHOI KoM@dopa y mnocmarpaHo] yuunoHunM. OnucaHo je MOJAENUpame TeoMETpuje
YHYTPAIIlOCTH TpocTopa U (opMupame Mpexe. [IpoBepeH je yTula) Mpeke Ha pesyiTare
npopadyHa. Mojienu cy BaluAMpaHu KOpHUIIThemeM Mpoleaypa Balujaaluje, 00jalllbeHUX y OBOM
NIOTJIaBJbY, a MopeheHo ca pe3ynraTiMa Mepema JT00UjeHUX E€KCIIEPUMEHTATHUM HCTPAKUBAEHEM.
[Ipukazanu cy pe3ynraTu cUMyJaluja 3a YeTUPH CLieHapHja, KOjJU Cy BaJIWAUPaHH, Kako 3a (pU3nuKe
napameTpe, Tako M 3a HHAWKATOpe TOIUIOTHOT KoM¢opa. [loka3aHo je o[yTMIHO crarame Mojena ca
U3MEPEHUM BPEIHOCTHMA, Ca PEIaTUBHUM OJCTYyNameM J10 5% 3a pusnuke napamerpe.

VY ceamoMm moriaB/by je TIpUKa3aHa CHHTE3a pe3yiTara JTOOMjeHUX EeKCIIEPUMEHTAITHO,
CTaTUCTUYKA W CHUMYyJalujamMa. AHATW3UPAHH Cy HAJBAXHUJU PE3YNTaTH U YCIOCTaBJbECHE
Kopenanuje u3Mel)ly MpOAYKTUBHOCTH KOPHUCHHMKA W HHHXOBOI CYOjJEKTHBHOI HE3a/J0BOJHCTBA
yTuIajeM TorioTHOr koMmdopa. Pasmarpana je Beza HoBoyBeaeHor nHziekca TP ca remnepatypom
MOBPIIIMHE KOYKE MCIUTAHWKA M HarjaiieH € cyOjeKTHMBHHM ocehiaj KOpHCHHMKA O YTHIAjy yCIoBa
ToruioTHOr Komdopa. Ha ykynmno 240 pesynarara TecToBa NpPOAYKTHBHOCTH YyTBpheHa je
KOMILJIEKCHA MPHUpoJia TYOUTKa pajHe cocoOHOCTH, KOja, KaKO jé MCTAKHYTO, HE 3aBHCH CaMoO O]
MHJIEKCA TOTUIOTHOT KoMm¢opa, Beh U 01 KOHIIEHTpalHje YIJbeH-AUOKCHUIA Y TIPOCTOPY, KA0 U O]
JUYHUX [apaMmerapa, KOju cy BeomMa KOMIUIEKCHE OMXEBHOPHCTUYKE MPUPOJE. Y CIOCTaBIbEHE CY




HOBE KOpeJaIuoHe jeqHavyrHe u3Mmel)y TormoTHor komd¢opa, KOHIICHTpalUje YrbeH-THOKCHUIA Y
MIPOCTOPY U pagHE CIOCOOHOCTH.

VY HacTaBKy je pa3MarTpaH Hay4dyHH AONPHUHOC AHMCEpTAlMje M MOTCHIHUjaJIHE MpPUMEHE
yTBpheHNX KopenauuoHux jenHaunHa. Pasmarpana je 1o cajga o0jaB/beHa Be3a TOIIOTHOT KoMdopa
U pajHe CHOCOOHOCTH y OKBHUPY pPaHUjUX HCTpPaKMBama PazIMYUTHX ayTopa W yropeheHa ca
HOBOJIOOWjeHUM pe3yJITaThMa, Ha OCHOBY yHarpeleHux penanuja. Harnamena je morpeda npumene
Kopenanuja 6a3upaHux Ha JOKATHUM BPETHOCTHMA MapaMeTapa TOIUIOTHOT KoMQopa, y CHHTE3H ca
yCIIOBUMA KBaJUTETa YHYTpAlllkhe CPeIUHE W JMYHUM IapamMeTpuMa, Koje I0jeIHOCTABJHCHH
rmo0alHu MOJENu, 10 caja MyONMKOBaHM, HEe Mory aa omumyy. Ommcyje ce 3Hadaj U3BEICHE
KOMITIEKCHE EKCIIEpUMEHTANIHE, CTaTHCTUYKE M HyMEpHUYKe aHaIN3e, Ka0 M HAy4YHHU JONPHHOCH
nucepranvje. HakoH Tora cy MCTakHYTH HajBRXHHUjH 3aKJbydIlM JOOMjEHHM CHHTE30M pe3ynraTa
UCTPAXKHUBAbA.

Y ocMoM mornaBjby AMCEpTaldje JAaT je 3aKk/bydaK O MPHKAa3aHUM W aHAJIM3HPaHUM
pe3ynaTaTiMa, U3BpIICHA je CHHTE3a MaplUjaHUX 3aKjbydaka O pe3yJiTaTHMa HCTPaXKUBama Y
MNpEeTXOAHUM IIOIJIaBJbUMa z{HcepTaque. N3netn Cy ACTaJbHU 3aKJby4dllM Ca KPUTHUYKOM aHaJIM30M
OCTBApCHUX pe3yJiTaTa HUCTpaXKMBama. HarmameHu cy CBEYKYIHH YTHUIAjU JIOKAJHOT CTamba
TOIUIOTHOT KoM(opa M KBAIUTETa YHYTPAIlbe CPEAMHE HA PajJHY CIOCOOHOCT KOPUCHHKA Y
HecTaMOSHMM 3rpajama. YKa3aHo je Ha nmpaBlie Oyayher uctpaxupama y IHJby U3HAAKEHa HOBUX
Kopenanuja Koje Ommke KBaHTUQUKYjy JHYHE IMapaMeTpe, KOju Cy HEpa3JBOjUBH JIEO aHAIU3e
HCTPAKUBAHA CMahCHha MPOTYKTUBHOCTH KOPUCHHKA. VICTaKHYT je HayYHU JOMPHHOC JUCEPTAIIH]C
Ka0 © MOryhHOCT NpUMEHE OCTBapeHHX pe3yliTara MNPUIUKOM pellaBakba KOHKPETHHX
UHKCHEPCKHUX podIieMa.

Hakon ocmor nornassba Hanasze ce [pumor wu_Jluteparypa. YBoay mperxomu Canpskaj u
Homenxknarypa.

3. OLEHA JUCEPTALIUJE

3.1. CaBpeMeHOCT ¥ OPUTHHAITHOCT

AHanuza uHpopManyja Koje cy MNpeTxoawie AepuHHCcamy NpeaMeTa HUCTpaXUBamba
JTOKTOpCcKe aucepranuje kanauaata Tamape C. baji, cTyneHTa TOKTOPCKUX CTyau]a, ce Oa3upa, mpe
CBEra, Ha aHallM3M PA3NUYUTUX BHUJOBa NyOnukanuja (oQUIMjEeTHUX IOKyMEHAaTa PpazTUuYUTHUX
CBETCKHUX, €BPOICKUX U AoMahuX MHCTUTYIIM]ja, Kao mTo cy CBeTcka 3ApaBCTBEHA OpTaHU3aIlH]ja,
EBporicka kommucHja, HallMOHATHA PETYJIATUBA, UTII.), KA0 U BEIIUKOT Opoja MyOJUKOBAaHHUX pajoBa
13 OBE 00J1acTH y MelyyHapOITHUM 4acoNUCHUMA.

OCHOBHM 3aKJbydaK aHAJM3E j€ Ja OJPKHBH Pa3BOj y 3rpaJapCTBy, OJHOCHO 31paBa U
eHepreTcku e(hukacHa 3rpaja, IpeJcTaB/ba He caMo JaHalmku Gokyc, Beh yITHMaTHBHU 3aXTeB 3a
OyayhuM KOHTHHyaJlHUM pa3BOjeM Hay4YHEe MUCIM U TpHMEHaMa pe3yiaTara HCTpaKUBama y
MPAKTUYHUM pelIeHhUMa, paad TUPEKTHOT YTHIAja Ha TOOOJbIIAKE PATHUX YCIOBA, CMambeHbha
pU3HKa TIO 37paBJbe JbYJH, CHEPTeTCKHUX YIITEIa W JIONPHHOCY CTpaTerdja CMamearma eMHCH]ja
racoBa cTakJieHe Oarlre.

Kiby4yHt 3akJbydliy aHaIM3€ TPEHYTHOT CTalkba HayyHE MUCIIH Y OBOj 00JIaCTH U IOCTUTHYTH
pe3yaTaru ca (POKycoM Ha MpeAMET UCTpaKUBamba, MOTY C€ CyMHUpaTH y cieaehum craBoBuMa:

— Jlocamamma HcTpaxuBama yKazyjy Ja TOIUIOTHH TUCKOM(OpP MOXKE YMamUTH paaHe
criocobHocTH 3a 5 110 15 mpouenara (Wargocki, 2009, Wayon, 1996).



— Ha ocHoBy pesynrara 24 WCTpaXKUBauKHX CTyHja O YTHIA]y TEMIIepaType Ba3ayxa
YHYTpallkher MpocTopa Ha aJMUHHCTPAaTHBHU pajl y KaHienapujama (Seppanen at al.,
2006), cyrepucana je rpyba Kopenamuja Ja ce pajHe CIIOCOOHOCTH CMamyjy 3a jelaH
IPOIIEHAT, HA CBAKO yMameme TeMreparype o 1°C y oJjHOCY Ha TeMIepaTypy Basiyxa
3a KOjy je IOCTUTHYTa TOIUIOTHA PAaBHOTEXA TeJia U OKOJIHE CPEAUHE.

— Kapna cy y nuramy 1IKoJICKe yCTaHOBE, CTyMja HaJl yYeHHLIMMa cTapocHe 1oou ox 10 u
12 romuHa, ykasyje Ha YHEEHHILY Jla CHIXKEEbE TeMIleparype y uarepainy ox 24 - 25 °C
Ha 20°C Moe yHAIpeauTH TOBOPHY M CIIOCOOHOCT padyHara haka 3a 2 10 4 mpolieHara
(Wargocki and Wyon, 2006).

— Tpeba HAMOMEHYTH Aa y MPUKA3aHUM OllEHAMa HUCY YKJbYUCHH pe3yJTaTH CTyauja y
KOjUMa Cy CaM{ UCTTUTAHUIIN MTPOIICHHUBAIM CBOj€ pajiHe CIOCOOHOCTH, Beh cy moOujenu
MOJIallK U3 CTYy/Mja KOje Cy ce CIIPOBOAMIIE Y 1a00paTOPUjCKUM YCIOBUMA.

— Iloctoje m mokymaju aa ce TOIUIOTHU JUCKOM(Op KOpEIHIe ca T'yOUTKOM pajHe
CTIOCOOHOCTH MPEKO MHIMKATOPa TOIUIOTHE yrognoctu PMV, anmu no nanac He moctoje
crymuje Koje Ou oBe Kopenamuje excriepumeHtanno norepauie (Roelofsen, 2002,
Kosonen, 2004).

YnpaBo 0Baj MpPOCTOpP HEMOCTOjarba SKCHEPUMEHTATHHX MOTBPAA KOPEJIAlMOHHX OJIHOCA
WHIMKATOpA TOIUIOTHE YrOJHOCTH W TPOLEHTa CMamema PaJHUX CIIOCOOHOCTH Y pPEaTHUM
yCJIOBHMMA, yKa3ao je Ha MOTyhHOCT OpHUIMHAJIHOI IPUCTYHa W JONPHHOCA y pealu3alMju OBe
JOKTOPCKE AUCEpTaLyje.

Tema ucTpakuBama JucepTalyje o0yxBaTa pa3BOj HOBHUX KOpEIAMOHUX OIHOca m3Mmelhy
MH/IEKCa TOIUIOTHOT KOM(Opa 1 CMambemha paJHe CIIOCOOHOCTH KOPUCHUKA. Y OKBUPY JHCepTaluje
pa3BUjeH j€ HOBU MHJAEKC 3a Cy0jeKTUBHO OLEHHMBAaHkE CTamka TOIIOTHOT KOM(popa U HEroBOT
MPOIEHTYaTHOT  yTHIlaja Ha CMamelme paJHe CIIOCOOHOCTH KOpUCHHMKA. Ha  ocHOBY
eKCTIEpUMEHTATHAX U CTaTUCTUYKUX PE3ylITaTa UCTPAKHUBAMA, YCIIOCTABJbEHA j€ HOBA KOpealuja
unaekca TIP ca Temrieparypom MOBpIIMHE KOXKE MCIMTAHUKA M HATJIAIICH Jé YTHIA] YCIOBa CTama
JIOKAJIHOT TOIUIOTHOI KoM(opa Ha cyOjektuBHU ocehaj kopucHuka. Ha ykynmHo 240 pesynrara
TECTOBa MPOJYKTHUBHOCTU YTBpl)eHa je KOMIUIEKCHAa IpHpoja T'yOuTKa pagHe CIoCOOHOCTH, Koja,
KaKo je MCTAaKHYyTO, HE 3aBHCH CaMO O]l MHJEKCa TOILUIOTHOT KoMdopa, Beh u o1 KOHIIEHTpaiuje
YIJbEH-JMOKCUA Y IPOCTOPY, Ka0 U O JINYHUX IapameTapa KOju Cy BeoMa KOMILIEKCHE TpUpoe.
VYcnocTaBibeHe Cy HOBE KOpeNallMoHe jeqHauyuHe u3Mel)y ToroTHor komdopa, KOHIEHTpaluje
VIIbEH-TUOKCHIA y TIPOCTOPY M pajaHe crmocoOHocTH. HakoH Tora Ccy WCTaKHYTH HajBaXKHHJU
3aKJbYUIIM TOOMj€HN CHHTE30M pe3yiTaTa HCTPAKHUBAKA.

C 063upom Ha oTpede y OynyhHOCTH 3a IPOJEKTOBAmkEM U U3TPAHOM HOBHX 3Tpajia, Kao u
peKoHCTpyKIMjoM mocTojehux, a uMmajyhu y BuAy na cy 3rpajae jedaH oj HajBehwx moTpoiraya
eHepruje, TeMa MCTpaxuBama oOpaljeHa y aucepTalyju je caBpeMeHa M 3HauyajHa C acleKTa
MHTETPAJIHOI NpPOjeKTOBama 3rpaja IMpH YeMy je MoTpeOHO OCTBAapUTH oOAromapajyhe yciose
KoMdopa, Kao u 37paBO OKPYXKEHe 3a OOpaBak W paja KOPHCHHKA. VcTpaKuBame ympaBo IMpyxka
YBUJI Y JeIaH O] TpaBalia pa3Boja u yHampehema moctojehnux Meromosoruja mpopadyyHa y OKBHPY
CTaHJap/a KOjHu MPOIUCYjy MpernopyyeHe BpeIHOCTH apamMmeTapa TOIUIOTHOT KoMdopa y 3rpajiama.

VY okBUpY IucepTanyje KaHIuaaT je U3BPIINO Pa3InIuTa eKCIIEPUMEHTATHA, CTATUCTHYKA U
HyMEpHYKa UCTPaXKNUBaKka, HA OCHOBY KOJHX j€ Pa3BHO U YHANPEAHO Pa3IMUUTE MOJIee MpopadyHa
W CTBapa OpHUTHMHAJaHE, KOMIUIEKCAaHE U OO0jequmeHe MaTeMaThdyke Kopenanuje usmely
MHIMKATOpa JIOKAJIHOT CTama TOIUIOTHOT KOoM(opa, KBaJIMTETa YHYTpAllllbe CPEeAHHE U pajHe
CIIOCOOHOCTH KOpUCHUKA. V3BpIIeHO je yHanpeheme METOI0IoTHje Mepemha (GU3NIKHUX TTapameTapa
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CTama CPEeIMHE y PEATHUM YCIIOBHMA M TO HA HAYMH yBol)eHa JIETaJbHOT KOHTHHYATHOT MEpema y
BEITMKOM Opojy Tadaka mnpocropa. OBaKBUM NPHUCTYIIOM OMOTyheHa je eBanyanuja yTuIlaja
¢U3MYKNX TapamMeTrapa Ha CTamke JIOKAIHOT TOIUIOTHOT KoM(opa 3a CBAaKOT I0jeINHAYHOT
KOPHUCHHUKA IPOCTOPa, y 3aBHCHOCTH OJ MecTa OOpaBKa y MNPOCTOPHjH. AHaW3a J00MjeHUX
pe3yaTara eKCIepUMEHTATHUX HCTPaXKMBamka, y TOM CMHUCIY, TPEACTaB/ba BaKaH JOTPUHOC 3a
KBaHTU(UKAIM]y yTUIAja JIOKAIHOT TOIUIOTHOI KoMdopa Ha 31paBjbe U pagHy CIOCOOHOCT
KOPHUCHHUKA. Y OKBHPY HYMEPUYKOT HMCTPaXHBarba, Pa3BHjEHU Cy MOJENIU KOju Cy omMoryhwmim
aHaM3y W eBaJlyalldjy rmapaMeTrapa CTama TOIUIOTHOT KoMdopa M y Taykama y KojuMa HHje OHIIo
Moryhe WM3BpIIMTH Mepema. Bamupanuja Mojena je u3BpiIeHa mnopehemeM ca JA00HjeHUM
JeTaJbHUM €KCIIEPUMEHTAIHUM Pe3yJITaTUMa, IIPU YeMY je OCTBApEHO OJJIMYHO ciarame Mojesa ca
M3MEPEHUM BpPEJIHOCTHMA, Ca PeIaTUBHUM OJCTynameM 10 5% 3a ¢usnuke napamerpe. Kanaunar
je aHaIM3Mpao YTHUIAj JIOKAIHOT CTama TOILIOTHOT KOMQopa Ha pajHy CIIOCOOHOCT KOPHCHHKA
Kopuctehn M craTHCTUYKE TOJAaTKe JOOUjeHEe y OKBHPY CIPOBEICHOT MCTpPaKUBamba. 3a MoTpede
OBOT' MCTPaKUBara, Pa3BUjEHH Cy HOBU YINUTHHUIM M TECTOBH 3a €BAIYalHjy NPOAYKTHBHOCTH
KOpUCHUKA 3rpajae. lIpukymubeHu Cy BpeoHHM TMOAALM, Y PEATHHM YCIOBHMA, y TOKYy Tekyher
3MMCKOT CEMeCTpa, 3a ojpaciie KOPHCHHKE mpoctopa crapoctd wusmehy 20 u 25 roauna.
Hocanammsu 00jaBJbeHH PE3YyJITaTH y JOCTYITHO] JIMTEPATypH Cy C€ YIJIaBHOM Oa3upaid Ha
UCTpaXHBabUMa CIIPOBEJICHUM Y J1a00OpaTOPHUjCKUM YCIOBHMA, A CIPOBEICHA UCTPAKUBAA Y
OKBUPY OBE AWCEpTaIje NPeCTaBbajy 3Ha4yajaH JONMPHHOC Pa3yMEBamy Kopemaluja JIOKaTHOT
CTama TOIIOTHOT KOM(Opa U omnajiamba paJHe CIOCOOHOCTH Y PEATHUM YCIIOBHMA, Y HECTaMOSHUM
srpagama. [lorpeba 3a OBaKBOM aHAJIM30M IMPOUCTEKIIA j& M3 YUEHLCHHUIIC JIa j€ TCUIKO MPEIBUICTU
CMambeHEe PaJIHE CIIOCOOHOCTH Y HECTaMOCHHMM 3rpajiaMa y pealHUM yCJIOBHMA, T€ Ja KOpeialnuje
nu3Mely crama TOIUIOTHOT KoMdopa aodujeHe y 1adopaTopujCcKUM YCIOBHMA 3HAYajHO OJCTYIIAjy
O]l pe3yJiTaTa y peaJlJHuM YYHOHMIIaMa U 3rpajiama CJIMYHe HaMeHe, ca BEJIMKUM OpojeM KOPHUCHUKA.
AnanuzupaH je yTHlaj Op3uHe CTyjama Ba3lyxa, pajJdjaHTHE TeMIepaType, BEpTHKAIHE pa3lIuKe
TeMIIepaType Bazayxa, TeMIIepaType 1Moja U KOHIICHTpaIije YIribeH-TNOKCHIa Ha CMAmhehe PaHe
CIIOCOOHOCTH JbyIAM. AHalu3ama j€ IOKa3aHO Ja BPEJHOCTH HUHAMKATOpa JIOKAJIHOT CTama
TOIJIOTHOT KOMGopa 3Ha4ajHO OJICTYIAjy OJf OCPEAEHUX BPEJHOCTH U Ja TO OCTYyName
IPEJCTaB/ba jeJlaH Of] y3pOKa I0jaBe CMambemha PajHe CIIOCOOHOCTH KOpHCHHUKA. [Ipyru 3Havajan
(bakTOp je KOHIEHTpaIllja yribeH-IUOKCHIa, Yyhje nmoBehame M3Ha MPOMMCAHUX TPaHUIA TOBOIU
JI0 CMamelha KOHLEHTpallKje, MOCMAHOCTH M JIOIIMje MPOAYKTUBHOCTH, JNOK je Tpehu, Taxohe
JIOMHHaHaTaH (GaKkTop, CKyI CI0KEHHUX JIMYHUX Mapamerapa Koje je BeoMa TEIIKO KBaHTU(UKOBATH
MaTeMaTHYKM MpPELU3HO, & TMME M KOMIUIEKCHO pa3ABOjUTH oBe yruuaje. JloOujeHe penamuje
n3Mel)y WHIWKaTopa CTama TOILIOTHOT KoM(opa, KOHIEHTpAIMje YIJbeH-IHOKCHUAA W pajHe
CIOCOOHOCTH KOPHCHHKa je Moryhe KOpHUCTHTH Yy CaBpPEMEHOM TMIPOIEeCYy HHTErpaHOT
MIPOjEeKTOBAmA 3rpaja, 3a yHarpeheme cranaapia 1 npenopyka 3a nocTH3ame ONTUMATIHUX YCIOBa
YrOJHOCTH Y 3Trpajiama, Bojehu pauyHa o 37paBjby KOPHCHHUKA.

Pesynrar uctpaxxkuBama je M pa3Boj Kopenauuja usMelhy CyO0jeKTUBHOT JOXKHBJbaja CTamba
TOIJIOTHOT KoM(opa M CTBapHE NPOIYKTUBHOCTH KOPUCHHMKA. Pe3ynraTH eKclepruMEHTalHOT,
HYMEPHYKOT ¥ CTaTHCTUYKOT MCTPAKUBaMka Cy IONPUHENTH 00JbeM pa3syMeBamy Mpolieca TyOuTKa
pagHe CIOCOOHOCTH y HECTaMOCHHM 3TpajaMa KOju j€ TOCIeIWIla JIOKATHOT CTama TOIJIOTHOT
KoMmdopa, aau M Jpyrux ¢axTopa KOju 10 caja HHUCY pa3MaTpaHU Kao HEPa3/BOJUBH JI€O
KOMILJIEKCHE Be3€ yTHIlaja OKOJMHE U JIMYHUX Mapamerapa. GopMupameM MojieNna U BaJIUIalijoM
HYMEpPHUYKUX METOAa ToMohy eKCIepMMEHTAHUX pe3yliTaTa yKa3alio ce Ha 3Hadaj U MoryhHoct
Kopuirhema HyMEpUUKUX CUMYJalfja IpUINKOM IUIaHUpamkba U MPOjeKTOBamka 3rpajaa, Kao U Ipu
OJUIyuYMBamky O CHCTEMHMa Trpejama, XJahema M KIMMaTu3alyje, KOju 3HayajHO YTHYy Ha
MOCTU3akE ONTUMATHUX YCIIOBa 32 OOpaBak U paj KOPUCHUKA.
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3.2. OcBpT Ha pedepeHTHY U KOpUITNEHY JUTEPATYDY

Cnucak JmrepaTtype Koja je KopuliheHa IPIMKOM H3pajie TUcepTaldje aat je y moceOHOM
olleJbKy pana. Jluteparypa oOyxBara pamoBe, 3aKOHCKY pEryJiaTUBY M KEUTE KOje Ce OJHOCE Ha
TEPMOJIMHAMHUKY M (DEHOMEHE INPEHOIICHa TOIUIOTE, MEXaHWKe (Iyuaa, HyMEpHUUKY MEXaHHKY
bayuna, TOIUIOTHH KOMQOp, KBaJUTET YHYTpAIllbe CpEeIuHEe, paaHy CIOCOOHOCT JbY/H,
MICUXOJIOIKE W CYOjeKTHBHE YTHIAje, 3aJI0BOJHCTBO KOPHCHHUKA YCIOBHMAa CpPEIHHE, WTI.
[Ipernenom nmucre kopuiheHWX pajoBa 3aKbydyje ce Ja je KaHAMJaT UMao Ha pacrojiaramy U
MPOYYHO JIOCTYNHY pedepeHTHY autepatypy. OHa je Ouia monasHa OCHOBA 3a MpuKa3 mocrojeher
CTamka y 00JacTH HMCTpaXKUBamka, ajll W TeMeJb 3a M300p HauWHA OICHE IapaMeTrapa CTamba
TOILIOTHOT KoMdopa U (opMHpamke HOBUX KOpelalja 3a CaBPEeMEHO, MHTETPATHO U OJIPIKUBO
MPOjeKTOBame 3rpaaa. Y aucepranuju je kopumrtheno ykynHo 103 pedepenue, xoje cy Hajpehum
JeIOM CaBpeMEHH pazoBu o0jaBJbeHH Yy BoaehuM Mel)yHapogHMM YacOMUCHMa WM
(GbyHIaMEHTaIHU PaJIoBH, KOjU Cy IajH J00ap OCHOB CaBPEMEHOM pellaBamy mpodiiemMa.

VY okBUpY IucepTalije KaHAUIAT ce MO3MBa HA aHallu3e, Pe3yNTaTe U 3aKJbyuke 00jaBIbeHE
y pedepeHTHUM AOKTOPCKUM AMcepTaljama, CTPyYHUM KI-UTraMma, pajioBuMa y MelyHapoaHum
YacomucuMa M pelieBaHTHUM BakehuM cTaHmapauma U3 00JaCTH TOIIOTHOT KoM(opa, KBAIUTETA
VHYTpalllbe CpeANHE M pajHe CIOCOOHOCTH Jbyau. KaHaunmaT je KOpEeKTHO MPOy4YHO M LUTHPAO
HaBeJICHE U3BOpE.

3.3. Onuc ¥ aIeKBaTHOCT IPUMELEHUX HAYYHUX METOA

Mertone koje cy kopuniheHe y TOKy peain3aliyje HCTPaKUBama 00yXBarTajy:

e (CucTeMaTcKH NPUCTYN U KiIacHU(PHUKALU]y AOCTYIHE JUTEpaType Kpo3 KPUTUUKY aHAINU3Y U
MehycoOHO Tmopeheme pazNIUuuTUX TPHUCTYNa MOJeIupama W aHaIW3e YTHIQJHUX
napaMmeTrpa TOIUIOTHOT KoMdopa;

e ExcrepumeHTanHe meTone: Y u3abpaHOM MPOCTOPY M3BpIIEHA Cy oaroBapajyha mepema
TEeMIIEpaType U peIaTHUBHE BIAXXHOCTHU Bas/lyXa, paJdjaHTHE TeMIlepaType, Op3uHEe CTpyjama
Ba3/llyXa M WHTEH3WUTeTa TypOyJeHIMje y KapaKTepUCTUUYHUM MEpHUM TaykamMa M
neUHUCAHUM BPEMEHCKUM IMepuoguma. Pesynratu oBHX Mepema KOopullheHH cy 3a
KOMIIapaTUBHY aHAIW3y HEYHU(POPMHOCTH TMOJba (U3MUKUX MapMeTapa YHYTpalllibe
CpeIuHe, Kao U 3a BAIHUJIAIN]y HYMEPUUKOT MOJIeNa;

e Hywmepuuke meroxe: HymepuukuMm cumynanyjamMa u3abpaHor HpocTopa U JedUHUCAHUX
ClleHapHja, KBaHTU(HUKOBAHA je TAYHOCT MOJIeNa MPeHoca TOIIOTe, U oipeheHu cy pU3ndKu
napaMeTpH Baz[yxa y Taukama IpoCcTopa rae Huje 6mio Moryhe BpIIUTH €KCIIEpUMEHTAIHA
Mepema. M3BpiieHa je Bamuaalja CHMYJIAIMOHOT HYMEPUUYKOT Mojenia mopehemem ca
pesnraTuma Maepema. Ha 6a3u oarosapajyhux mozena oapehuBama JOKaTHUX UHIUKATOpA
TOIJIOTHOT KoMdopa M TPOIEHTa CMamema pajgHe CIIOCOOHOCTH JbYIH, MPUKa3aH je
Mel)ycoOHM yTHIla] OBUX BEJIMYMHA M 3HAYajHO OJCTYNAame JIOKAIHUX OJ CPEImbHX
BPEIIHOCTH.

e Craructuyke MeTojie: Y OKBUPY JIOKTOPCKE TUCEpTallrje, aHKETUPAkEeM JbYIU, Koju OopaBe
U y4e y TMOCMaTpaHoM MpocTopy, obe3beheHu Ccy BpeqHU MOAAlM YHJOM CTATHCTUYKOM
oOpazoMm cy Ao00HjeHe eMITMpHjCKe Kopenamuje 3a oApehuBame WHTEH3UTETAa TYOJheHa
pajgHe CIOCOOHOCTHM Jhbynu y (YHKIMjM OJ WHAUKATOpa TOIJIOTHOT KoMdopa u
KOHIICHTPAIIHj€ YTJbeH-THOKCHIA Y TIPOCTOPY.
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3.4. IIpuMEeHJBUBOCT OCTBAPEHUX PE3YIITATA

JloOujeHn pe3ynTaTH UCTpaKUBamba y OKBUPY JOKTOPCKE AMcepTanuje Kanaumata Tamape
C. baju, mumi.MHX.Mam., CTYACHTa JOKTOPCKUX CTyAMja Cy HOBe W yHampehene mpenopyke u
CMEpHHIIC 33 WHTEPAMCIUIUIMHAPHO IMPOjEKTOBAE 3IIPABHX M CHEPreTCKH e(pUKacHUX 3rpana y
HajpaHujo] (a3 MPOjeKTOBaWka, Ka0 M YKJbYYMBAKE KOHIIENTA 3JpaBUX 3rpajga y TMpoIecy
MPOjeKTOBamka. Pa3BHjeHN HOBHM KOpEIAIMOHU M3pa3y 3a YTHIIA] JIOKATHUX HHIUKATOPA TOTUIOTHOT
KoMdopa Ha IPOIEHAT I'y0Jbemha pagHe CIIOCOOHOCTH Cy NMPUMEHJbUBU KakKo Yy (a3u MHTErPAIHOT
MIPOjEeKTOBaka HOBUX 3Tpajia, TaKo M MPWIMKOM yHampehema mocrojehux mepdopmancu 3rpaga u
TEPMOTEXHUYKUX CUCTEMA.

[lpumemeHUM MoOJENMMa W3BEJCHA j€ OICEe)KHA HyMepudka CcTyadja MoryhHOCTH
Kopuinhema HyMEPUUKUX CHUMYyJalMja 3a npeaBubhame yciaoBa TOILIOTHOT koMdopa y 3rpaxama,
Ka0 M YTHIIaja CTama JOKAIHOT TOILIOTHOT KOM(Oopa Ha CMamkeHke paHe CIIOCOOHOCTH KO JbY/IH,
Ka0 W OYCKHMBaHU IMPOICHAT HE3aJ0BOJbHHUX. JlOOMjEeHHM pe3yiTaTd ce MOry YIOTPEOUTH MpH
OJUlyuMBamy O TmpaBiuma Oynyher omaOupa M TpOjeTKOBaWka KAaKO CaMUX 3rpaja, Tako W
TEPMOTEXHUYKHX cucTeMa. JloHomemeM HOBE 3aKOHCKe perynatuBe y Pemyomuim Cpouju 2011.
TOJMHE, a KOja Ce OJHOCH Ha MpOIEC CHepreTcke ceprudukanmje 3rpaaa, yBelaeHa je U oOaBe3a
J0Ka3MBamka IMOCTU3amka YCJIOBAa TOIUIOTHOT Komdopa, Kpo3 wuspany Emabopara eneprercke
e(pUKACHOCTH 3a 3rpaiy.

Pa3BujeHn Cy HOBH YIHUTHHUIIM 33 CTaTUCTHYKO MPHUKYIUbAIE MOJaTaka O BpPEIAHOBAIbY
ycioBa komdopa y HectaMOSHUM 3rpajiaMa, KOju Cy OIIITE MPUMCHJbUBH y 3rpajamMa ca BeTHKHM
OpojeM KOpHCHHKA, Kao LITO Cy 3rpajic HaMEHeHEe 00pa3oBamy, yINpaBHE W aJIMUHHCTPATHBHE
3rpane, nocioBHe 3rpaae utia. OBo je on moceOHOT 3HAvaja WMajyhu y BUAY YTHIA] YCIIOBa
TOIUIOTHOT KOM(Opa U KBAIUTETA YHYTPAIIHE CPEAUHE Ha 3/IPaBJbe U MPOIYKTUBHOCT KOPUCHHKA,
a IITO je MOKa3aHO y OKBUPY jaucepranuje. Ha OCHOBY pa3BHjeHHUX YIUTHHUKA, MOTY CE€ YTBPIUTH
HENPAaBWJIHOCTH y Pajly TEPMOTEXHMUKHUX CHCTEMa, a OTyla M MOTYhHOCTH 3a yHampeheme Kako
cucTeMa, Tako W came 3rpaze. [loctuszameM onaromapajyhux mapamerapa komdopa y 3rpaaama,
3HAYajHO CE yTUYe Ha 3JIpaBJb€ U MPOJYKTUBHOCT KOPUCHUKA.

PaszBujen je HoBu unmekc TIP 3a cyOjekTuBHY eBaiyalyjy yTHilaja mapaMerapa cpeiiHe Ha
pajiHy CIOCOOHOCT JbyIU M CMameme KoHleHTpauuje. KopumthemeM OBOT MHAEKCA, Y OKBUPY
YyIIUTHHUKA 32 CTAaTHUCTUYKO MPUKYIUUbAmkE MojaTaka, Moryhe je JeTeKToBaTH MocTojame (akTopa
KOJU YTH4UY Ha CMamemhe TOIUIOTHOT KoM(opa y 3rpajama, a CaMUM THUM U OAKJIOHUTH OBE Y3POKE,
YUMe Ce JIONPUHOCH Pa3BOjy U yHampehemwy KOHIenTa 3/IpaBux 3rpajia.

3.5. OueHa JOCTUTHYTHX CIIOCOOHOCTH KaHAUAATA 38 CAMOCTAIHH HAay4YHH pas

YnaHoBu KOMHUCH]Ee cMaTpajy Ja je KaHIuAaT M0Ka3ao Ja UMMa CMHCA0 U 3HambE HEOIXOJHO
Jla CaMOCTaJIHO MIPETo3Ha U CUCTEMATCKU pelllaBa MHXKEHEPCKe U HaydHe IpodiieMe, IpuMemnyj yhu
CaBpEeMEHE METO/Ie TEOPHjCKOT, eKCIEPUMEHTAIHOT, HYMEPUUKOl U CTaTUCTHUYKOI Kapakrepa, Ja
KOPHUCTH PacIoJIOKUBY JIUTEPATYpy M Ja YCIEUIHO BJIaJja CABPEMEHUM UCTPaXMBAYKUM METOAAMA.
Pesynratu nokTopcke aucepranuje A0Ka3 Cy CIOCOOHOCTHM KaHIUAATa 3a CaMOCTaJlHU Hay4dHO-
HUCTpaXUBA4YKH pani.
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4. OCTBAPEHU HAYYHHU JOITPUHOC

4.1. ITpuka3 ocTBapeHNUX HAYYHUX JOOPHUHOCA

V okBHpY paja Ha TUcepTaluju MmoTBpheHa cy u mpormpena nocrojeha 3Hama 1 Kao TakBa
JMcepTaldja NpeACTaB/ba HAYYHH JONPHHOC Yy OOJaCTH TEPMOMEXAHHKE M TEPMOTECXHHKE.
Kopenanmonn opHocu u3mely yTumaja JOKajgHOT CTama TOIUIOTHOT KoMdopa W KBaJHTETa
YHYTpalllibe CPEIUHE Ha CMambeHhe pajHe CIOCOOHOCTH Jbyau ce peTko cpehy y murteparypw.
Behinna pacrnonoxuBux pazoBa y 00JacTH Ce OJHOCH HAa MOJEJN OIMIITEr TOIUIOTHOT KoM(opa, a
pe3ynTaTu ¢y A00MjeHH YIIIaBHOM Y JTaOOPaTOPHjCKUM YCIIOBUMA, HA MajoM Opojy HCIIUTaHUKA. Y
JOKTOpaTy C€ KOPHUCTE CONCTBEHH pe3yJTaTH TO0OHjeHH EKCIICPUMEHTATHOM, HYMEPUYKOM U
CTaTHCTUYKOM aHaJIM30M, Ha OCHOBY KOjHX CY pa3BHjCeHH HOBH KOPEJIAIIMOHU OJHOCU JIOKAJTHOT
CTama TOIUIOTHOT KOM(Opa U MPOAYKTUBHOCTH KOPHCHHUKA, TOOMjEHH y OKBUPY HCTPaKHBamba Y
peasiHuM ycioBuMa, Ha BeheMm y3opky ucnurtanuka. OcTBapeHUM HayYHU JOINPUHOC JIOKTOPCKE
JMcepTanyje oriena ce y cieaehem:

e yHampeheHa MeTomonormja Mepema (UIMYKUX Tapamerapa Ccramba CpeiuHe Y
peaHUM yCJIOBMMA Ha HA4YHMH yBOleHa IETAJbHOT KOHTHHYAJTHOT MEPEHa y BEJTMKOM
Opojy Tauaka mpocTopa;

e KkBaHTU(UKAIMja YTHIIAja JIOKATIHE HEXOMOTCHOCTH (PM3MUKUX Tapamerapa CTama
BazJyxa y YHYTpAIllbeM IPOCTOPY HA OMIITE M JIOKATHE WHIUKATOPE TOIUIOTHOT
KoM(popa, KopuhembeM eKCIIEPUMEHTATHUX METO/1a;

e MoOJENM 3a KOMIUIGKCHY HYMEpUYKY aHalU3y MapameTrapa JIOKaJTHOT TOIUIOTHOT
KoMQopa y CBUM Tauykama IIOCMaTPaHOT POCTOPa;

e HOBU YIUTHUIIM 332 CTATUCTUYKO MPUKYIIJbAE MOJaTaKa U CYO0jeKTUBHO BPEIHOBAKE
napameTapa OIIITET | JOKAJTHOT TOTUIOTHOT KoM(opa;

e HOBHU TECTOBH 3a €Bajyallljy cTeleHa MPOAYKTUBHOCTH KOPUCHUKA;

e HoBM uHAEKC TP 3a cy0jeKTHBHY NPOIEHTYaIHY KBaHTH(UKALN]y yTHLAja OMILITET
¥ JIOKQJTHOT CTama TOTUIOTHOT KOM(Opa Ha MPOAYKTUBHOCT JbY/IH.

e HOBU KOpENAlMOHH OJHOC M3Mel)y NOKamHMX WHAMKATOpa TOIJIOTHOT KoMdopa u
HHBOA I'y0Jbema paJHe CIIOCOOHOCTH JbYIU KOJU OOpaBe y TOM MPOCTOPY;

e HOBU KOpenanuoHu oaHoc u3mely mpoaykruBHocTy U TIP nHmekca;

® TMpenopyke U CMEpHHIIE 32 WHTEPAUCIUIUIMHAPHO MPOjeKTOBAEmE HOBHUX, 3APAaBUX
3rpaja y HajpaHujoj a3y MpOjeKTOBama, Ka0 U YKJbYUYHMBAHE KOHIIETITA 3APaBHX
3rpaja y mpoiiecy yHanpehema nocrojehux 3rpaga v TEepMOTEXHUUYKHX CHCTEMA.

e [IOJWTHYT HUBO 3HAaMa W pa3Marpama KOMIUICKCHHX YTHIaja CTama OIIITEer H
JIOKAJTHOT TOILIOTHOT KoM(opa, Kao M KBAIUTETa YHYTPAIIhe CPEANHE Ha 3/IpaBJbe U
MPOAYKTUBHOCT JbYAHU KOjU OOpaBe W pajie y HeCTaMOCHHUM 3rpajama, ca BEIUKUM
OpojeM KOpUCHUKA.

4.2. KpuTnuka aHajims3a pe3yiaTara UCTPAKNBAKA

Kputnuka ananmsa pesynaraTa TOKTOPCKE AHUCEpTalldje TOCTHTHYTa j€ KpO3 IMPUMEHY
pa3NIMYMTUX HAyYHMX MeToJa HCTpakMBama, a Koje cy mnorBpheHe y wmehyHapoaHum
nyonukanujama. Onabup Merola y paay H3BpLIEH je BeoMa NaXJbUBO, Kako OM 0AroBapao
npobieMaTUin Koja ce oOpahyje y mmcepranuju, ynme ce ob6e30ehyje peneBaHTHOCT M OmIITa
MPUMEHJBUBOCT pe3yiTara. KopumrhemeM TpH MOTHYHO pa3uyUTE HAydyHE METOE MOCTYrHyTa je
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pPENeBAaHTHOCT W BAJIMIHOCT pe3yiTara, MMajyhm y BUAy Ja je y JAHUCepTaluju KopuliheH
WHOBATHBHH MPUCTYI y 0/ipehUBamky JIOKATHUX BPEIHOCTH IMapaMeTapa YHYTPaIIkhe CPEIUHE.

Pasmarpame W aHamu3a 00jaB/bCHHX pe3ydTata W3 00JacTH TOIUIOTHOr Komdopa cy
KopuIheH! Kao OCHOBA 3a ofabup METOJOJIOTHje W HAayYHHX MEeToJa UCTpaxuBama. Omadpane
Hay4HE METOJIC INPEJCTaBJbajy A00ap HAUMH WCTPaXHBama Mapamerapa YHYTpAllkbe CPEIHHE Y
pEaTHUM YCIOBHMA M J1ajy PENPEe3CHTATUBHE PE3yiTare O CTBAPHUM BEIMYMHAMA KAKO OIIITHX,
TaKO U JIOKAJTHUX MapaMeTapa TOIUIOTHOT KoMdopa.

Pa3Boj HymMepHUKHX Mojeja JOIMPHHEO je MO3HABaky MHIWKATOPa TOIUIOTHOT KoMdopa, y
CBUM TayKaMa IOCMaTPaHOT MPOCTOPa, YaK M Y OHMM y KOJUM Mepema HHUCY Omita moryha, mTo je
3HAYajHO JOMPHUHENI0 pa3yMeBamby JOKATHUX BPEAHOCTH Iapamerapa, OJHOCHO CMameHa
MPOJIYKTHBHOCTH JIOKAJTHO, CBAaKOI KOpPHCHHKA TMoHaoco0. IlocturHyra cy noOpa crharama
pe3ysitaTa Ha HYMEPHUYKHM MOJEIMMa 3a CBa YETHUPH CIICHAapHWja, ca mojanuma U3 00aBJbEHUX
eKcriepuMeHara. Pe3ynratu qo0ujeHrn cumysianujama, peicTaBbajy OJJIMYHY IOJIa3HY TMOJIOTY 3a
JeTajbHEe aHaIM3e Y KOMOMHAIMjU ca MEepemHMa Ha MOCTOjehnM 3rpajamMa W MOTy MpPEACTaBJbaTH
BaKaH aJlaT MPU MPOjEKTOBAY HOBUX, OJJHOCHO PEBUTAIM3ANM]H U YIPABJbAKHY TCPMOTCXHUIKUX
cucrtema y nocrojehum HectamMOeHUM 3rpagama.

JloOujeHu pe3ynTatd MPUKYIUBCHH CTATUCTHYKHM HCTPKUBAKBEM, KOPHIINCHEM HOBHUX
YIIUTHUKA KOjU Cy Pa3BHjEHH Y OKBUDPY OBOT HCTPaXHBamba, NPEACTaBJbajy 3Ha4ajaH JOMPHUHOC
pasyMeBamy CyOjeKTUBHHX MEpIENIja O CTamby TOIUIOTHOT KoMdopa y 3rpagama. [lopehemem ca
eKCIICpUMEHTAIHAM, HYMEPHUKHM pE3yJlTaTHMa, Kao M 10 caxa o00jaB/beHHM pe3ylTaThMa,
yTBpheHo je ma mocroje oapelheHa oacTynama pe3yiarara NPUIMKOM Cy0jeKTUBHOT BPETHOBAMA O
CTpaHe KOPUCHHKA. Y OKBHPY HCTPaKHBama, CIPOBEACHUX y JUCEPTALHjH, TOKa3aHO je aa je
moryhe mmatu 0% HE3al0BOJBHUX JIOKAJIHUM IapaMeTpuMa TOIUIOTHOT KoM(opa, ako Cy CBH
OCTaJIi TIapaMeTPH Y KEeJbEHUM OTice3uMa (IoKa3aHo 3a Temmeparypy noja y CreHnapujy 2, kajaa je
ommirta BpegHoct PMV=0.29).

[TokazaHo je Aa ONTHUMAaHO pELIEHE YBEK IpPEICTaB/ba KOMIPOMHUC U3Mel)y paznmuuuTux
3axTeBa M Jl1a YMHOTOME 3aBHCHU O] KOHIEHTpalHje YIJbeH-AHOKCHIA Yy IMPOCTOPY, OJHOCHO OJ
KBaJIUTETA YHYTpPALIkHET Ba3ayXa U BEHTUIALM]e IPOCTOpa.

VY pesyaTtatuma je HaJasbe MPUMETHO Ja MOCTOJU 3HadyajaH yTHIlA) JIMYHUX [apaMmeTapa Ha
MPOAYKTUBHOCT KOpUCHHKA. Jlocajamima UCTpakuBama Cy pa3Mmarpaja caMo YTHIaje TOIUIOTHOT
KoMdopa Ha yoBeka, MehyTUM y JucepTalrju je MOoKa3aHo Ja pajHa MPOIYKTUBHOCT JbYAU HUje
camo (yHKIIMja CTama TOIIOTHOT KoMmdopa, Beh 1a yMHOroMe 3aBUCH W O] JTUYHUX TapaMmerapa
KOpUCHHKA, KOjI/I Cy CTOXAaCTHUYKa BCIIMUYMHA U B€OMaA UX je TCIIIKO KBaHTI/I(i)I/IKOBaTI/I MareMaTHu4Kn
MPELn3HO. 3a BUXOBY KBAHTU(UKAIH]Y PEUIOKEHA CYy MYATHANCIUILITMHAPHA UCTPAXHBaba KOja
00yxBaTajy U HEYpO-OUXEBHOPUCTUYKE TECTOBE, KA0 U MEIULIMHCKA UCTPAKUBakha UCIIUTAHUKA.

PasBujene kopenanuje koje 00jeumbyjy yTUIajHEe apaMeTpe CTama TOIIOTHOT KoMdopa 1
KBaJIUTETA YHYTpAIlbE CpelluHe, MPUKa3aHe y AucepTauuju, omoryhuie cy 6ojbe pazymeBame U
MpeNn3HUje KBAaHTU(HUKOBAKHE CMamkemha NPOMYKTHBHOCTH KOPHUCHHKA HECTaMOCHUX 3rpaja.
KoMOunHOBameM pa3BHjeHHX HOBHUX YIOUTHHKAa M KOpelaluja, 3ajeJHO ca JeJHOCTaBHUJUM
MepemuMa KBaIWTETa Ba3Ayxa y moctojehum 3rpagama, Mmoryhe je 3HayajHHMje YTULATH Ha
CMambeHhe OMNajama MPOJYKTHUBHOCTH JbYIU M IOOOJBIIAE CBAKOJHEBHMX YCJIOBAa 3a paa U
OopaBak, Kao pa3BOj KOHIIENTA 3/IpaBUX 3rpajia y a3y WHTErPATHOT MPOjEKTOBAKA.

4.3. Bepudukanmja Hay4HUX JOOPUHOCA

Jleo mompuHOCa IOKTOPCKE IHcepTanuje Bepu(UKOBaH je pagoBUMa Koje je KaHAWJar
ny6simkoBao y MehyHapomnum yaconucuma Ha SCI nucTH, panoBUMa y KOjeM je IpHUMEHheHa
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HyMepHYKa U eKCIIEpUMEHTAlIHA aHallu3a IapameTapa TOIUIOTHOT KoMdopa U BUXOBOT yTHIaja Ha
3/IpaBJb€ U MPOAYKTUBHOCT JbYIU y HECTAMOCHHMM 3TpajaMa, Ka0 U HEKOJIHMKO pajoBa y joMahum
4aconmucuMa, Kao U y BUIIE paJioBa CAOMIITEHUX Ha CKYMOBUMa 01 Mel)yHapOoJHOT 3HaYaja:

Kareropuja M21

1. Bajc, T., Todorovi¢, M., Svorcan, J., CFD analyses for passive house with Trombe wall and
impact to energy demand, Energy and Buildings, 2015, VOL.98, ISSN 0378-7788,
d0i:10.1016/j.enbuild.2014.11.018, Elsevier, pp. 39-44. (M21, IF 2014 (2015): 2.884)

Kareropuja M23

2. Bajc, T., Todorovic M., Papadopoulos, A., Indoor Environmental Quality in Non-
residential Buildings — experimental investigation, Thermal science, 2016, VOL.20,
Supplement 5, ISSN 0354-9836, doi: 10.2298/TSCI116S5521B, Vinc¢a Institute of Nuclear
Sciences, pp. S1521-S1529 (M23, IF 2015: 0.939)

Kareropuja M24

3. Todorovi¢, M., Ristanovi¢, M., Lazi¢, D., Gali¢, R., Bajc, T., A novel laboratory set-up for
investigation of intelligent automatic control in complex HVAC systems, FME Transactions,
2015/3, VOL.43, ISSN 1451-2092, Faculty of Mechanical Engineering University of
Belgrade, pp. 243-248. (M24)

Kareropuja M33

4. Bajc, T., Todorovi¢ M., Papadopoulos, A., Indoor Air Quality in Office Buildings —
experimental investigation, 17" International symposium on Thermal science and
engineering of Serbia, 20-23.10.2015., Sokobanja, Serbia, ISBN 978-86-6055-077-6,
University of Ni$, Faculty of Mechanical Engineering in Ni§, Proceedings on
http://simterm.masfak.ni.ac.rs. (M33)

5. Bajc, T., Todorovié M., Stevanovi¢, Zarko, Stevanovi¢, Zana, Banjac, M., Local thermal
comfort indices impact on productivity loss in classroom, The 1% international conference on
buildings, energy, systems and technology, 2.-4.11.2016., Belgrade, Serbia, Society of
thermal engineers of Serbia, Proceedings on http://www.best2016-conference.com/papers-
presentations.php. (M33)

5. 3AK/bYYAK U ITPEJIOT

Ha ocHoBy mperniena u getajbHe aHalu3e JOKTOPCKE AMCEpPTalMje MO HA3UBOM ,,Y THLAJ
JIOKAJIHOI CTamba TOIJIOTHOI KOM(opa Ha cMameme pajHe CIHOCOOHOCTH Yy HecTaMOeHMM
srpagama“ (“The local thermal comfort impact on working productivity loss in non-
residential buildings”) kanaunara Tamape C. baju, aurui. WHX. Mall., CTyAEHTa JOKTOPCKUX
crynuja, Komucuja 3a mpersien, oueHy W OI0paHy IOKTOPCKE AHMCEpTaldje KOHCTaTyje Ja je
ypaheHa TOKTOpcKa IucepTalija HalucaHa IpeMa CBUM CTaHJapauMa y HayYHO-HCTPaKUBAYKOM
pany, Kao U Jia HCIlylkhaBa CBE YCJIOBE NpeaBuleHe 3aKOHOM 0 BUCOKOM 00pa3zoBamy, CTaHIapANMa
u Craryrom MammnHckor ¢akynrteta y beorpany.

Ha ocHoBY pe3ynraTa u 3aKJbydaka MpUKa3aHUX y JOKTOPCKO] JUCEPTALMjU U YHH-EHHIIE Ja
Jj€ aHanM3MpaHa TeMaTUKa 3HayajHa U aKTyeJdHa y CTPYYHO] M Hay4HO] jJABHOCTH, KOHCTaTyje ce Jia
je xkaggunat Tamapa C. baju, nurmi. WHX. MaIl., CTyIGHT JOKTOPCKUX CTYAHja, YCIEITHO 3aBPIIUO
JIOKTOPCKY THUCEPTalNjy y CKIaaAy ca TpeABH)EHHM MNpPEeIMETOM W TIOCTaBJHEHHUM IIHMJHEBHMA
ucTpaxuBama. Kanauaar je ocTBapuo OpUTHMHAlIHE pe3yliTaTe BE3aHE 3a MOJEIHMpame M aHaIu3y
yTHUIaja JIOKAIHOT CTama TOIUIOTHOT KOoM(opa Ha CMamemhe pajHe CIIOCOOHOCTH Yy HECTaMOEHUM
3rpajama, KOpUcTehnm INpH TOM pacloJIOKUBY JIUTEpaTypy M pe3ysiTaTe eKCIEepUMEHTAIHUX,
CTAaTUCTHUYKUX U HyMEPUUYKUX UCTpaXkMBamwa. Pe3ynraru uctpaxkuBama cy CHCTEMAaTUYHO oOpaleHn
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http://dx.doi.org/10.1016/j.enbuild.2014.11.018
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http://www.best2016-conference.com/papers-presentations.php

W HA OCHOBY HbUX H3BEICHH CY BPEAHM 3aKJbYYld O YTHIAjUMa JIOKATHOT CTama TOIJIOTHOT
KoMdopa Ha CMamEHE pajJHe CIIOCOOHOCTH Yy HecTaMOeHMM 3rpajama. M3BeneHa aHanu3a U
pa3BHjeHE KOpenaluje MpeCTaBhajy KOPHCTAH alaT 3a pellaBalkbeé KOHKPETHHX WHIKCHEPCKUX
npobnema. Hayuna u cTpydHa jaBHOCT je yro3HarTa ca pe3yiaTaTuMa UCTPaKHBamba MyOJIMKOBAkHEM
nBa paga y mehynapomanum gaconucuma (1 pan kareropuje M21 u 1 pax kareropuja M23), jenan
paa y HalMoOHATHOM Hacomucy MehyHapomHor 3Hadaja (1 panm kareropuja M24), kao u 2 pana
CAOIIITeHa HAa CKYIMOBMMa 0J Mel)yHapoIHOT 3Hadaja W ImITaMIaHa y HeTuHU (2 paaa KaTeropuje
M33).

Komucuja 3a oneny u og0paHy JOKTOPCKE AMCEpTallMje 3aKJbydWiia je Na JucepTaimja
MPEJCTaB/ba OPUTHHAIHA HAYYHH PaJ] Ca HAYYHUM JONPUHOCOM y 00JIaCTH TEXHUYKHX HayKa, yKa
HayyHa oOmact Tepmomexanuka um TepMOTEeXHMKa, Ta carjlacHO ToMmMe mpeaiaxke HacraBHo-
HayyHoM Behy MammHckor dakynarera YHuBep3utera y beorpany na npuxsatu Pedepar Komucuje
u yirytd Ta Behy HaydHux 001acTy TEXHUYKHX Hayka YHHBEp3UTeTa y beorpany Ha ycBajame, a
JMCEPTaLHjy ,, Y THIAj JIOKAJHOT CTalbha TOIIOTHOT KoM(opa Ha cMambelhe PajiHe CIIOCOOHOCTH
y Hectam0enum 3rpagama‘ (“The local thermal comfort impact on working productivity loss
in non-residential buildings”) xanmumata Tamape C. baji, IumI. WHX. Mall., CTyJICHTa
JTOKTOPCKUX CTYy/Hja, CTABH HA YBUJ JABHOCTH.

VY beorpany, 05.04.2017. roqune

YJIAHOBU KOMUCHUJE

np Munom bamarr, penoBau npodecop
VYHuusep3utet y beorpany — MammHcku gakyntet

np Maja Tonoposuh, Banpeaau npodecop
VYuusepsutet y beorpany — Mammncku ¢akynrter

1p Munan ['ojak, Baupeanu npodecop
VuusepsuteT y beorpany — Mammncku gakyntet

np Aruc [lamagonoynoc, penoBau mpodecop
Yuusep3utetr Apuctoren y Conyny — MammHcku Gakynret

np XKana CreBaHoBuh, HayYHU cCapaJHUK
VYuusepsutet y beorpany — HCTUTYT 3a HykileapHe Hayke BuHua
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University of Belgrade
Faculty of Mechanical Engineering

TO THE DOCTORAL STUDIES COUNCIL

Subject: report on candidate Tamara S. Bajc’s (dipl.mech.eng., PhD student) finished doctoral
dissertation

According to decision number 491/3 on 02.03.2017, we, members of the committee, were
called for the examination, assessment and defense of the doctoral dissertation:

»THE LOCAL THERMAL COMFORT IMPACT ON WORKING PRODUCTIVITY LOSS
IN NON-RESIDENTIAL BUILDINGS”

G, YTHLHAJ JIOKAJIHOI' CTABBA TOIIVIOTHOI' KOM®OPA HA CMAIBEIHE PA/THE
CIIOCOBHOCTHU Y HECTAMBEHUM 3I'PAJAMA¥)

by candidate Tamara S. Bajc, dipl.mech.eng., PhD student

The committee proposes the following report based on the examination of the submitted
dissertation and other supporting materials, as well as discussion with the candidate:

REPORT

1. INTRODUCTION

1.1. Timeline of the approval and development of the dissertation subject

The candidate Tamara S. Bajc (dipl.mech.eng., PhD student) was enrolled in her first year
of doctoral studies at the Faculty of Mechanical Engineering University of Belgrade during the
academic year 2009/2010. The candidate was enrolled in PhD studies according to the curriculum
approved by the Belgrade University Senate in 2007, which follows the 2005 law on Higher
Education that states that PhD studies cannot last longer than 6 years. During her studies, the
candidate, Tamara S. Bajc, used the right to suspension of rights and obligations in the academic
year 2014/2015. According to these rules, Tamara S. Bajc had an obligation to defend the doctoral
dissertation by 30" of September 2016.

According to Tamara S. Bajc’s request, and Decision number 1951/1 from 08.09.2016, in
accordance with University of Belgrade Statute regulations, the deadline for the dissertation defense
was extended for two semesters — to the 30" September 2017.

On 24.12.2015, following Tamara S. Bajc’s request (number 2498/1) from 02.12.2015, the
proposal by Dr Milos Banjac and the consent of the Department of Thermal Mechanics (number
2489/2) from 21.12.2015, for the dissertation subject application and the nomination of an
assessment committee for the assessment of the requirements of the candidate and the scientific
foundation of thesis subject, the Academic Council of the Faculty of Mechanical Engineering in
Belgrade accepted the thesis subject and appointed Dr Milos Banjac as supervisor, and the
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committee for the assessment of the requirements of the candidate and the scientific foundation of
the thesis subject was nominated and comprised as follows (decision number 2498/3):

= Dr Milos Banjac, full-time prof., University of Belgrade, Faculty of Mechanical Engineering
= Dr Maja Todorovic, assoc. prof., University of Belgrade, Faculty of Mechanical Engineering

= Dr Zarko Stevanovic, scientific adviser, University of Belgrade, Vinca Institute of Nuclear
Science

According to the Committee Report (number 94/1) from 15.01.2016. and the decision of the
Academic Council (number 94/2) from 21.01.2016., the Faculty of Mechanical Engineering
submitted a request to the Academic Council of Technical Sciences University of Belgrade to
approve Tamara S. Bajc’s (dipl.mech.eng., PhD student) proposed doctoral dissertation on the
subject of “The local thermal comfort impact on working productivity loss in non-residential
buildings” (,,YTuuaj JJokaaHor cTamba TOILIOTHOI KoMdopa Ha cMambelhe PajHe CIOCOOHOCTH
y HectamMOenuM 3rpagama‘‘), under the supervision of Dr Milos Banjac. This was approved in a
session held on 08.02.2016 (decision number 61206-394/2-16).

According to the announcement of prof. dr. Milos Banjac, the supervisor, the PhD candidate
Tamara S. Bajc (dipl. mech. eng.) has finished her doctoral dissertation, titled “The local thermal
comfort impact on working productivity loss in non-residential buildings” (,,¥Tuuaj
JOKAJHOI CTalkba TOIIOTHOI KOM(l)Opa Ha CMalbE€ILEe pajaHe CIIOCOOHOCTH Yy HecTaMOEeHUM
srpagama‘’). So on 02.03.2017, according to the proposal of the Department of Thermal Mechanics,
the Academic Council of Faculty of Mechanical Engineering in Belgrade made a decision (number
491/3) on the nomination of the committee for the assessment and defense of the doctoral
dissertation. The committee is comprised as follows:

= Dr Milos Banjac, full-time prof., University of Belgrade, Faculty of Mechanical Engineering
= Dr Maja Todorovic, assoc. prof., University of Belgrade, Faculty of Mechanical Engineering
= Dr Milan Gojak, assoc. prof., University of Belgrade, Faculty of Mechanical Engineering

= Dr Agis Papadopoulos, full-time prof., University Aristotle Thessaloniki, Greece, Faculty of
Mechanical Engineering

= Dr Zana Stevanovic, research scientist, University of Belgrade, Vinca Institute of Nuclear
Science

1.2. The scientific discipline of the dissertation

The PhD thesis “The local thermal comfort impact on working productivity loss in non-
residential buildings” (,,¥Tuuaj nokamaHor crama TOMJIOTHOT KoM(opa Ha cMambemhe pajaHe
cnocoOHOCTH y HecTamM0eHuM 3rpaxama‘’) by Tamara S. Bajc belongs to the scientific discipline
of technical sciences — mechanical engineering and the scientific sub-discipline of thermal
mechanics. The Faculty of Mechanical Engineering, University of Belgrade, manages all research
in these fields.

The dissertation was completed under the supervision of Dr Milos Banjac, full-time
professor for a number of subjects dedicated to thermal mechanics and head of the Department of
Thermal Mechanics at the Faculty of Mechanical Engineering, University of Belgrade.



1.3. Candidate’s Curriculum Vitae

Candidate Tamara S. Bajc (dipl. mech. eng., PhD student) was born in Belgrade, Republic
of Serbia, on 12.03.1984. She finished Marko Oreskovic primary school with excellent grades, was
awarded the "Vuk Karadzic diploma" and was elected best pupil in the graduating class. She
attended the «Zemunska gimnazija» high school in Zemun, which she also finished with excellent
grades. She enrolled at the Faculty of Mechanical Engineering, University of Belgrade in the
academic year 2003/2004, and finished on 26.02.2009 with a grade average of 8,72 (out of the
maximum 10) at the Department of Thermal Mechanics, where she also received a grade of 10,00
for her M.Sc. thesis on air-conditioning, titled: "The energy demands of a passive house with
Trombe walls for Belgrade weather data”, under the supervision of Dr Maja Todorovic.

She worked for the company "Aerprojekt” as a mechanical engineering designer for HVAC

installations from May 2009-2010. During this time she was involved in more than twenty
mechanical design projects for building permits and construction, working on HVAC installation
design for residential and office buildings, hotels, printing centars, garages, etc.
Tamara enrolled in PhD studies at the Faculty of Mechanical Engineering University of Belgrade in
the academic year 2009/2010. In January 2011, she was employed at the Faculty of Mechanical
Engineering, University of Belgrade, to work as a research and teaching associate on a research
project (number TR33047) funded by the Ministry of Education, Science and Technological
Development.

In 2012, Tamara S. Bajc participated in the ,International ASHRAE student design
competition” as leader of the team representing the University of Belgrade. She won third place in
this prestigious competition in the “Integrated sustainable building design”category.

In April 2016, she was selected as the teaching assistant for the scientific sub-discipline of
Thermal Mechanics at the Faculty of Mechanical Engineering, University of Belgrade. This was
following the decisions of the selection committee on the 07.04.2016 (number 188/5) and
08.04.2016 (number 188/6).

During her PhD studies, she passed all of the compulsory exams dictated by the Statute of
the Faculty, with an average grade of 10,00 (from a maximum of 10), as well as two professional
exams from the Serbian Chamber of Engineers. Additionally, she has two licences for HVAC
installation design.

She is the author or coauthor of two published papers in international scientific journals, one
in the M21 category and one in the M23 category. Additionally, she is the author or coauthor of one
paper in an internationally important national scientific journal, in the M24 category, and four
papers in national scientific journals, of which three papers were in the M51 category and one was
in the M52category. She has also presented eleven papers at international conferences, which were
printed in the proceedings.

The candidate speaks fluent English and basic German and Russian. She has professional
working knowledge of word processing software (MSOffice), graphics software (AutoCAD,
Inventor, Corel draw, Adobe Photoshop), software for numerical fluid dynamics simulations
(Phoenics Flair), as well as software for mathematic calculations, design and HVAC calculations
and design MATLAB, Origin, HEVA Comp, Carrier HAP E-I1, 20, AirCalc, Design Builder, etc.



2. DISSERTATION DESCRIPTION

2.1. Content of the dissertation

The doctoral dissertation “The local thermal comfort impact on working productivity
loss in non-residential buildings” (,,YTnuaj Jokaanor crama TOILUIOTHOT KoMdopa Ha
cMamem€e pajHe CIocOOHOCTH y HecTaMOeHuM 3rpagama‘’) by Tamara S. Bajc (dipl.mech.eng.,
PhD student) is written in English with an additional expanded abstract in Serbian (using the
Cyrillic alphabet). It is 174 pages in A4 format with 76 figures, 69 tables, 63 numerated expressions
and 10 page bibliography.

The dissertation chapters are as follows:

Introduction

IEQ and thermal comfort — literature review

Working productivity loss — literature review

Experimental investigation

Statistical Analysis

Numerical simulations

Amalgamation of measurements, statistical and numerical results
Final conclusions and suggestions for future work

References.

Nk~ LDE

Additionally, the dissertation contains an expanded abstract in Serbian and English, a list of terms
and an appendix, as well as the candidate’s curriculum vitae and declaration of authorship, her
declaration of the identity of the hard and electronic copies of the doctoral dissertation, and the
declaration on the use of the submitted materials.

2.2. Brief description of selected chapters

The first chapter highlights the impact of healthy and energy efficient environments in
occupied buildings on health, productivity and emissions reduction. The most significant published
results regarding thermal comfort and its impact on occupants’ productivity loss are shown here.
When considering the case studies, it was noted that the study focused on quantifying the
percentage of dissatisfied users and their productivity loss in non-residential buildings, with
deviation value from the mean as a function of the local physical parameters of the environment.
Then the subject, scientific methods and research goals are defined, taking into consideration the
use of modern experimental, numerical and statistical research methods for quantifying the
influence of the local indoor environment parameters condition (air temperature, radiant
temperature, air relative humidity, air velocity and turbulence intensity) on the level of thermal
comfort of interior spaces in non-residential buildings.

The specific objective of this doctoral thesis was the establishment of the correlation

between thermal comfort conditions and the working productivity loss.
The practical aim of this doctoral thesis was to provide novel techniques and guidelines to designers
based on the research results in order to provide a comprehensive interdisciplinary approach to
design, and to implement the consideration of quality thermal comfort conditions in the earliest
stages of design.

The scientific research methods used are also presented and are divided into three groups:
experimental, numerical and statistical methods. Experimental methods were used in the
comparative analysis of the non-uniformity of physical fields and parameters in indoor



environments. The corresponding measurements of the air temperature and relative humidity,
radiant temperature, air velocity and turbulence intensity were carried out in the measurement
points selected in accordance with required characteristic variables, and in the defined time
intervals.

Numerical simulations of physical parametric and thermal comfort indicators of the elected
model space, within the defined scenarios, were used for evaluation and accuracy quantification of
the heat transfer model and the determination of physical properties of air at the points within the
room where it was not possible to perform the experimental measurements.

Statistical methods were also used as part of the doctoral dissertation creation process.
Significant conclusions were derived from the statistical analysis of data provided by surveys of
occupants in the monitored environments, and the amalgamation of experimental and numerical
analyses. Based on this, empirical correlations for the determination of thermal comfort indicators
and the intensity of loss of working ability were established.

A short review of the structure of the dissertation by chapter was also shown.

In the second chapter the results of research on thermal comfort accomplishment and the
indoor environmental quality in global literature and legislation are discussed in detail. An overview
of the most important standards and regulations within the field of thermal comfort and indoor
environmental quality is also presented. Thermal comfort indicators, defined in the current world
regulations are shown in detail, along with the maximum permittable values to achieve the desired
comfort conditions in buildings.

The third chapter provides an overview of the published results on the impact of the indoor
environmental quality and thermal comfort on occupants’ productivity. The so far published
correlations between thermal comfort indicator PMV and productivity loss are discussed together
with possible directions for further research.

The focus of the fourth chapter is on the experimental research carried out during the PhD
research. The climate area in which the researched building is located is described, as well as the
basic climate characteristics for the Belgrade region over the past fifty years, based on data
published by the Republic Hydrometeorological Institute. Additionally, the values of external
temperature and humidity measured during the observed research period are shown.

The physical model was defined and the building - the classroom where the measurement
were carried out - was selected accordingly. The characteristics of the room’s thermal envelope,
dimensions, orientation, and existing central heating system are described in details.

Following this is a detailed description of the measurement procedures, which were done
during the experimental part of the research. Using the measurements protocol, the following values
were defined and then measured: internal surface temperatures, air temperature and relative
humidity in more than thirty points in the classroom, radiant temperature, air velocity, carbon-
dioxide concentration and occupants’ skin surface temperature. Four different scenarios were
established, in terms of achieving different thermal comfort parameters of the interior environment
in order to quantify the impact of these differences on thermal comfort indicators and the
occupants’ productivity. The features of the measuring devices used during the research are also
presented in this chapter, as well as the exact position of the instruments during the implementation
of the four pre-defined scenarios.

After this follows the results and analysis of the measurement of physical quantities, locally,
for each seating position, and the average values for each scenario. The results of the thermal
comfort indicator values and productivity loss obtained from physical measurements, based on
caculations and suggested methods in the existing literature, are also shown. Special attention was
dedicated to the local thermal comfort parameters. On the basis of the definition and methodology




recommended by standard 1SO 7730: 2005, and based on the results of measured physical quantities
in the space, values of the local thermal discomfort indicators were calculated, such as the vertical
temperature difference, the percentage of dissatisfaction with floor temperature, the draught
influence and the radiant asymmetry.

The influence of the local thermal comfort state on the occupants’ skin surface temperature
are also shown, based on the measurement results, which were performed during a four-week
period, on a significant number of respondents. The correlation between the users’ skin surface
temperature and their votes regarding the thermal characteristics of the observed area were also
presented.

The results of the thermal imaging camera recording of the observed classroom’s thermal
envelope and the surface of users’ clothing are also shown at the end of this chapter. The results
obtained by the thermal imaging camera recording were used as a control measurement within each
of the scenarios.

In fifth chapter the methodology and results of the statistical survey conducted in the
classroom are presented. The original questionnaires developed during this research, following the
recommendations of current international regulations and standards, are presented and used for
statistical data collection, along with a detailed description of the sections and questions given in the
questionnaires. Two kinds of questionnaires were used during the research. The first kind collected
general data related to age, sex, physical condition and clothing of the population that were
surveyed, then the part with evaluation of the thermal comfort conditions; as well as the local
parameters that can affect thermal discomfort and evaluation of parameters regarding the indoor
environmental quality, as well as the subjective feeling of the users about the impact of these
parameters on working productivity loss, concentration and overall health of the user.The second
kind was a more specific questionnaire, which included a concentration test. A significant number
of concentration tests were performed during the four-week period. Tests were carried out every
day and the level of productivity, thus productivity loss, was determined using these results.

The diagrams and tables show the results of the statistical analyses for evaluating the indoor
environment quality state and dissatisfaction with the local thermal comfort conditions. These
results were discussed, from which valuable conclusions regarding occupants’ subjective feelings
were drawn. It was found that the users’ subjective feelings about the indoor air quality generally
correspond to the results of measurements. It has been shown that the occupants were most sensitive
to higher temperatures in the space (radiant and air temperature), the vertical temperature
difference, a high concentration of carbon dioxide and poor ventilation. A negative impact of indoor
environmental conditions on users’ health was noted, because in Scenario 3 and Scenario 4, users
complained of headaches and the productivity and a decrease in concentration caused by staying in
the classroom. A novel index for the quantitative subjective evaluation of the percentage of thermal
comfort impact on the concentration and productivity loss (TIP) was developed in the research. The
"TIP" index is expressed as a percentage (from 0 to 100%) and represents a quantitative subjective
evaluation of the impact of thermal comfort on the concentration and productivity loss of users.
Scenario 2 was rated as the scenario with the best working conditions, with influence on loss of
working productivity at an average of 14%, while Scenario 4 was rated as the worst, with a TIP
index value of almost 30%. Respondents also rated the local thermal comfort indicators and based
on what is shown, all users in Scenario 2 declared that the intensity of the draught in the classroom
was 0%, the percentage of those dissatisfied with the floor temperature was also 0%. The lowest
percentage of those dissatisfied with the radiant asymmetry and the vertical air temperature
difference was also observed during scenario 2, in comparison with all four scenarios.



Diagrams of the results of a total of 240 tests of students’ productivity during the four-week
study are also shown in this chapter. It has been shown that the maximum productivity of 68% was
recorded during Scenario 2 and in Scenario 4, a significant loss of students’ productivity of about
20% in comparison with Scenario 2 was recorded.

The sixth chapter presents the results of numerical simulations of the conditions in the
classroom defined by the protocols in the four scenarios. A concise overview of the most important
literature regarding this topic, with the possibility of different numerical models’ applicability is
shown, and which preceded the selection of a suitable turbulence model for solving complex
problems of airflow, as well as the assessment of thermal comfort indicators in buildings. A detailed
mathematical model describing the problem of natural convection, using equations of mass,
momentum and energy conservation, together with additional equations of the equation system
closure is presented, along with the radiation model that was used.

Following this, the commercial software package "Phoenics FLAIR", which was used for
numerical simulation of physical parameters and the general and local thermal comfort in the
representative classroom, is described. The geometry modeling of the interior space and grid
forming is also described. The influence of the grid on simulation results was checked. The models
were validated using the validation procedure, discussed in this section, and compared to the
measurement results obtained by the experimental research. The simulation results for four
scenarios are shown, which were validated for both physical parameters and the thermal comfort
indicators. It has been shown that the agreement between the model and the measured values was
very good, with a relative deviation of 5% for the physical parameters.

The seventh chapter presents the combined results obtained through experiment, statistical
analysis and the use of numerical simulation. The most important results were analyzed and the
correlation between the users’ productivity and their subjective dissatisfaction with thermal comfort
were established. The relationship between the newly introduced index “TIP” with the skin surface
temperature of respondents are considered and the users’ subjective feelings about thermal comfort
conditions are also highlighted. Using a total number of 240 productivity test results, the complex
nature of productivity loss was determined, which, as highlighted, does not only depend on the
thermal comfort index, but also on the concentration of carbon-dioxide in the space, as well as on a
variety of personal parameters, which are very complex in nature. Based on this analysis, a unique
correlation equation between thermal comfort, the concentration of carbon dioxide in a space and
productivity was established.

The dissertation’s scientific contribution and potential applications of the established
correlation equations are also considered in this chapter. The chapter considers existing published
relations between thermal comfort and productivity, in the context of previous research by various
authors, and compares these with the novel results obtained in this research. The need for the
application of a correlation based on local values of thermal comfort parameters in combination
with the quality of indoor environment and personal parameters is highlighted, which the simplified
universal models published so far cannot describe. The importance of the performed complex
experimental, statistical and numerical analysis is described, as well as the scientific contribution of
the thesis. Finally, the most important conclusions obtained through combined analysis of the
research results are emphasized.

The eighth section of the dissertation contains the conclusions drawn from the results and
analysis, representing the amalgamation of the partial conclusions outlined in previous sections of
the dissertation. Detailed conclusions with critical analysis of the achieved results are highlighted.
The overall impact of the local thermal comfort conditions and indoor environmental quality on
users’ productivity loss in non-residential buildings are outlined. And directions for future research
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to find new correlations that more closely quantify the various personal parameters, which are an
inseparable part of the research analysis of users’ productivity loss, are suggested. The
dissertation’s scientific contribution is highlighted, as well as the possibility of applying the
achieved results to solve specific engineering problems.

The Contents and List of Terms precede the eight chapters of the thesis, while the_Appendix
and Bibliography follow after.

3. ASSESMENT OF DISSERTATION

3.1. Contemporary relevance and originality

The analysis literature conducted by the candidate, Tamara S. Bajc, before the selection of her
thesis topic was based on a review of different publications by the renowned national, European and
international organizations and institutions, such as the European Commission, World Health
Organization, national and EU regulations, and a great number of papers published in national and
international journals.

The main conclusion, based on this analysis, is that sustainable development and the design of
healthy and energy efficient buildings are not only key focus areas, but also represent the ultimate
demands for future scientific progress; bearing in mind the implementation of the results in practice,
which would lead to improvements in working conditions, decreasing the risk of health problems,
increased energy savings and a reduction of greenhouse gas emissions.

The most important conclusions from the literature survey on this subject, based on actual
scientific ideas, can be summarized as follows:

- Previous research indicates that thermal discomfort can reduce productivity by about 5 to 15
% (Wargocki, 2009, Wayon, 1996).

- According to the results of 24 research studies on air temperature impacts on working
productivity in offices (Seppanen et al., 2006), working productivity is decreased by around
1% for every 1% in temperature reduction, where an equilibrium is reached between the
body and room temperatures.

- Looking at thermal comfort in school classrooms, studies on the productivity of pupils aged
10 and 12, imply that a temperature decrease from 24-25 °C to 20°C can improve verbal and
numerical performance by about 2 to 4 % (Wargocki and Wyon, 2006).

- It is important to emphasize that these results are based on experiments that were performed
in laboratories and do not include results obtained from occupants’ personal evaluation of
performance.

- There are attempts to correlate thermal discomfort with reduction of working performance
through PMV and PPD indexes, but there are no studies that experimentally confirm this
relation (Roelofsen, 2002, Kosonen, 2004).

It is precisely this fact that there are no experimental correlations between thermal comfort
indicators and loss of working productivity in real conditions that indicates the novel approach and
strong scientific contribution of this doctoral thesis.

The dissertation topic includes the development of unique correlations between thermal
comfort indexes and occupants’ productivity loss. The dissertation research also develops a novel
index for the subjective evaluation of the state of thermal comfort and its percentage impact on

8



occupants’ productivity loss. Based on the experimental and statistical research results, a novel TIP
index correlation with the respondents’ skin surface temperature was established and the impact of
local thermal comfort conditions on users’ subjective feelings was highlighted. From a total of 240
productivity test results, the complex nature of productivity loss was determined, which, as the
research highlights, depends not only on the thermal comfort index, but also on the concentration of
carbon dioxide in the space, as well as personal parameters that are very complex in nature. The
research also establishes a novel correlation equation between thermal comfort, the concentration of
carbon dioxide in a space and productivity; which contributed to the most important conclusions
obtained by the combined analysis of the research results.

Due to the future need for new building design and construction, and the reconstruction of
existing buildings, and bearing in mind that buildings are one of the largest areas of energy
consumption, the research topic addressed in this thesis is current and relevant in terms of integrated
building design, where it is necessary to achieve appropriate comfort conditions and healthy living
environments for users. This research provides insight into one direction of development and
improvement of existing calculation methodologies within the standards that prescribe the
recommended thermal comfort parameter values in buildings.

The candidate has carried out a number of different experimental, statistical and numerical
investigations in the research, based on which she has developed and improved various calculation
models and created original, complex and coherent mathematical correlations between local thermal
comfort indicators, indoor environmental quality and occupants’ productivity. The candidate has
also improved the methodology for measuring physical environmental parameters in real
conditions, by introducing detailed continuous measurement in a large number of places within the
volume. This approach enables the evaluation of the impact of physical parameters on the state of
local thermal comfort for each individual space user, depending on the seating position in the room.
Analysis of research results obtained in this way represents an important contribution to the
quantification of impact of the local thermal comfort on occupants’ health and productivity. For the
numerical research, the candidate also developed models that enabled the analysis and evaluation of
thermal comfort parameters in areas where it was not possible to carry out the measurement. Model
validation was performed by comparison with the obtained detailed experimental results, whereby
an excellent agreement between the model and the measured values was achieved, with a relative
deviation of 5% for the physical parameters. The candidate has analyzed the impact of the local
thermal comfort state on the users’ working ability using statistical information obtained through
surveys. Original questionnaires and tests to evaluate the productivity of building occupants were
created in order to fulfill the research needs.

Valuable data was collected in real conditions during the ongoing winter semester, for adult
occupants between the ages of 20 and 25. The results published so far in the literature are mainly
based on research conducted in laboratory conditions, but the research conducted for the
dissertation represents a significant contribution to the understanding of the correlation between
local thermal comfort and working productivity loss in real conditions, in non-residential buildings.
The need for this analysis came from the fact that it is difficult to predict productivity loss in non-
residential buildings in real conditions, and that the correlation between the thermal comfort
obtained in laboratory conditions substantially differs from the results in real classrooms and
buildings of a similar sort, with large numbers of users. The research also analyzes the impacts of
air velocity, radiant temperature, vertical air temperature differences, floor temperature and the
concentration of carbon dioxide on occupants’ productivity loss. Analyses have shown that the local
value of the indicator of thermal comfort conditions differs significantly from the averaged values,
and that this deviation is one of the causes of the occupants’ productivity loss. The second
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significant factor is carbon dioxide concentration which, when increased above the prescribed
limits, leads to concentration loss, drowsiness and reduced productivity loss. The third, and also
dominant, factor is the sum of complex personal parameters that are very difficult to quantify
precisely, and therefore complex to separate and analyze individually. The obtained relations
between the thermal comfort indicators state that the concentration of carbon-dioxide and
occupants’ productivity can be used in the design process of modern integrated building to improve
the standards and recommendations to achieve the optimal conditions in buildings, taking into
account the health of users.

An additional outcome of the research is also the development of the correlation between the
subjective experience of the thermal comfort state and the actual users’ productivity. Results of
experimental, numerical and statistical research have contributed to a better understanding of the
process of loss of working productivity in non-residential buildings, which is the consequence of a
local thermal comfort state, but also other factors that have not been considered so far, as an
inseparable part of the complex relations between environmental impacts and personal parameters.
Creating models and combining this with numerical methods, further validated by experimental
results, highlights the importance and potential of using numerical simulation during the planning
and design phase of a building, as well as to make decisions on new systems of heating, cooling and
air conditioning implementation, which significantly affect the optimal conditions for users’
comfort and productivity.

3.2. Review of references and literature used

The list of references used during the thesis is presented in a separate chapter of the
dissertation. The literature includes papers, legislation and books related to the phenomena of
thermodynamics and heat transfer, fluid mechanics, numerical fluid mechanics, thermal comfort,
indoor environmental quality, occupants’ productivity, psychological and subjective influences,
occupants’ satisfaction with indoor environmental conditions etc. Reviewing the list references, it is
concluded that the candidate had ample material available to them and made excellent use of this. It
was the starting point to review the current situation in this field of research, but also the basis for
selecting the evaluation methods for thermal comfort parameters and the creation of new
correlations for modern, integrated and sustainable building design. A total of 103 references were
used in the dissertation, most of which are current papers that have been published in leading
international journals, or fundamental papers that provide a good foundation for contemporary
problem solving.

Within the thesis the candidate refers to the analysis of the results and conclusions published
in reference dissertations, books, papers in international journals, and relevant current standards in
the field of thermal comfort, indoor environmental quality and occupants’ productivity. The
candidate has adequately studied and cited these sources.

3.3. Description and appropriateness of scientific methods

The methods used in this research include:

e A systematic approach to the classification of available literature, critical analysis and
mutual comparison of different modeling approaches, and analysis of influential thermal
comfort parameters.

e Experimental methods: in the specified classroom, corresponding measurements of the
temperature and relative air humidity, radiant temperature, air velocity and turbulence
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intensity were carried out in a variety of measurement points and in the defined time
intervals. The results of these measurements were used for the comparative analysis of non-
uniformity of physical parameter fields in the indoor environment, and for the verification of
numerical models.

e Numerical methods: Using numeric simulations of the selected areas and defined scenarios,
the accuracy of the heat transfer model was quantified, and the physical parameters of the air
were determined in places within the volume where it was not possible to conduct
experimental measurements. The validation of numerical simulation models was done using
comparisons with measurement results. Using appropriate models for determining the local
thermal comfort indicators and the percentage of occupants’ working ability illustrated the
mutual influence of these values, and significant deviations from the mean values.

e Statistical methods: Valuable data was provided in the doctoral thesis through the use of
surveys of regular users of the observed space. The empirical correlation for determining the
intensity of productivity loss as a function of the thermal comfort indicators and
concentration of carbon dioxide in the space was established through statistical analysis of
this data.

3.4. Applicability of results

The research results obtained candidate Tamara S. Bajc's (dipl.mech.eng., PhD student)
doctoral research are new and improved recommendations and guidelines for the interdisciplinary
design of healthy and energy-efficient buildings in the earliest design stages, that include the
concept of healthy buildings in the design process. The new correlations developed to assess the
impact of local thermal comfort indicators on the percentage of productivity loss are applicable both
in the integrated design stage of new buildings, and in the performance enhancement of existing
buildings and HVAC systems.

Using the applied models, the candidate carried out an extensive numerical study on the
possibility of using numerical simulations to predict thermal comfort conditions in buildings, as
well as in the prediction of the impact of local thermal comfort on human productivity, and the
expected percentage of user dissatisfaction. The results can be used to make decisions about the
future selection and design of buildings themselves, as well as HVAC systems. In 2011, the
Republic of Serbia adopted new legislation on the energy efficiency certification of buildings. This
introduced new requirements that demand proof of adequate levels of thermal comfort in buildings
by designing and conducting energy efficiency reports.

The original questionnaires used in this research were developed to collect statistical data on
the evaluation of the comfort conditions in non-residential buildings, which are generally applicable
to any buildings with a large number of users, such education establishments, administrative
buildings, office buildings and so on. This is particularly important when considering the thermal
comfort and indoor environmental quality impacts on health and productivity, which is
demonstrated throughout the dissertation. Irregularities in the function of HVAC systems can be
determined based on these questionnaires, and hence the opportunity to improve these systems and
buildings themselves. Achieving the appropriate comfort conditions in buildings significantly
affects the health and productivity of users.

The thesis also develops a novel TIP index for the evaluation of the subjective impacts of
environmental parameters on occupants’ productivity and concentration. By using this index in the
collection and analysis of questionnaire data, it is possible to detect the existence of factors that
decrease levels of thermal comfort in buildings, based on which, these causes can be eliminated,
thereby contributing to the development and promotion of the concept of healthy buildings.

11



3.5. Rating the candidate’s skills and ability to conduct independent scientific work

The Members of the committee consider the candidate to have the skills and knowledge
required to independently recognize and systematically solve engineering and scientific problems,
and to use the available literature to successfully master modern research methods, applying modern
theoretical, experimental, numerical and statistical methods. The results of the doctoral thesis are
evidence of the candidate's ability to conduct independent scientific research.

4. ACHIEVED SCIENTIFIC CONTRIBUTION

4.1. Review of the achieved scientific contributions

Existing knowledge was confirmed and extended as part of the doctoral research, thus
confirming its scientific contribution in the fields of thermomechanics and thermodynamics.
Correlations between the local thermal comfort state and indoor environmental quality impact on
occupants’ productivity loss can rarely be found in the existing literature. Most of the available
studies in this field are related to general models of thermal comfort, and the results are obtained
mainly in the laboratory, using a small sample size. In the dissertation, the candidate’s own results
were obtained using a variety of experimental, numerical and statistical analysis methods, from
which she develops novel correlations of local thermal comfort conditions and user productivity,
obtained in real conditions, using a large sample group of respondents. The scientific contributions
achieved in the doctoral dissertation are as follows:

e improved methodology for measuring the physical parameters of the environment in
real conditions introducing detailed, continuous measurement across a large number
of locations within the volume.

e quantification of the impact of local physical parameters of air non-homogeneity in
indoor environments on the general and local thermal comfort indicators, using
experimental methods.

e models for the complex numerical analysis of local thermal comfort parameters in all
points of the observed space.

e original questionnaires for statistical data collection and a subjective evaluation of
the parameters of general and local thermal comfort.

o novel tests for the evaluation of user productivity levels.

e anew TIP index for the quantification of the subjective impact of general and local
thermal comfort on occupants’ productivity.

e new correlation relations between local thermal comfort indicators and the level of
occupants' productivity.

e new correlations between productivity and TIP index.

e recommendations and guidelines for the interdisciplinary design of new, healthy
buildings during the earliest stages of design, as well as the inclusion of the concept
of healthy buildings in the process of upgrading existing buildings and HVAC
systems.

e increased levels of knowledge and consideration of the complex impacts of general
and local thermal comfort conditions, and the quality of the indoor environment on
the health and productivity of occupants in high-capacity non-residential buildings.
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4.2. Critical analysis of the research results

The critical analysis of the results of the doctoral dissertation is achieved through the use of
various scientific research methods, evaluated in international publications. The selection of
methods in the thesis was carried out very carefully in order to correspond to the issues treated in
the research, thus ensuring the relevance and general usefulness of the results. The relevance and
validity of the results is achieved by using three completely different scientific methods, bearing in
mind that an innovative approach was used in the thesis for determining the local values of the
indoor environmental parameters.

A review and analysis of existing studies in the field of thermal comfort were used as a basis
for the selection of the methodology and scientific methods. The selected scientific methods
represent a good approach to explore the parameters of indoor environments in real conditions and
provide representative results on the real values of both general and local thermal comfort
parameters.

The development of numerical models contributed to the widening of knowledge of thermal
comfort indicators in all observed spots of the volume, even in those where experimental
measurements were not possible, which significantly contributes to the understanding of local
parameter values, or local productivity loss for each occupant. Good agreement for the numerical
model results in all four scenarios was achieved using data from the performed experiments. The
simulation results present a good starting point for detailed analysis in combination with
measurements on existing buildings, and can be an important tool in the design of new buildings, or
in the renovation and management of HVAC systems in existing non-residential buildings.

The results collected in the statistical research, using original questionnaires developed for
this research, represent a significant contribution to the understanding of the subjective perception
of thermal comfort conditions in buildings. In contrast to the experimental, numerical, and existing
published results, it was found that there are some discrepancies in the results of the subjective
evaluation of users. The research framework used in this thesis demonstrates that it is possible to
have 0% dissatisfaction with local thermal comfort parameters, if all the other parameters are within
the desired ranges (proven by the floor temperature in Scenario 2, when the overall PMV value =
0.29).

The research demonstrates that the optimal solution is always a compromise between the
different requirements and largely depends on the concentration of carbon dioxide in indoor
environments, apropos the indoor air quality and ventilation space.

Furthermore, the results show that the influence of personal parameters on user productivity
is significant. Previous research has only considered the impact of thermal comfort to humans, but
within the thesis, it was shown that the occupants’ working productivity is not only a function of
thermal comfort conditions, but that it largely depends on personal parameters of the users, which
are random variables and are difficult to quantify precisely. In order to try to quantify them, the
research proposes the use of multidisciplinary research and neuro-behavioral tests, together with
medical testing of subjects.

The correlations developed and presented in this research combine the influential parameters of
thermal comfort conditions and indoor environmental quality, which allows better understanding
and accurate quantification of productivity loss in non-residential buildings. By combining
advanced original questionnaires and correlations with simple measurements of air quality in
existing buildings, it is possible to significantly decrease the productivity loss of occupants and
improve daily living and working conditions. This works to develop the concept of healthy
buildings in an integrated design phase.
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4.3. Verification of scientific contributions

The scientific contributions of the research can be verified by the publication of several sections of
the candidate’s work in papers for numerous international journals on the SCI list, national journals,
and those presented at international conferences significant to the field of study. These papers
applied numerical and experimental analyses of thermal comfort parameters and their impacts on
health and productivity in non-residential buildings:

Category M21
1. Bajc, T., Todorovi¢, M., Svorcan, J., CFD analyses for passive house with Trombe wall and
impact to energy demand, Energy and Buildings, 2015, VOL.98, ISSN0378-7788,
doi:10.1016/j.enbuild.2014.11.018, Elsevier, pp. 39-44. (M21, IF 2014 (2015): 2.884)

Category M23
2. Bajc, T.,Todorovi¢ M., Papadopoulos, A., Indoor Environmental Quality in Non-residential
Buildings — experimental investigation, Thermal science, 2016, VOL.20, Supplement 5,
ISSN 0354-9836, doi: 10.2298/TSCI16S5521B, Vin¢a Institute of Nuclear Sciences, pp.
S1521-S1529 (M23, IF 2015: 0.939)

Category M24
3. Todorovi¢, M., Ristanovi¢, M., Lazié, D., Gali¢, R.,Bajc, T., A novel laboratory set-up for
the investigation of intelligent automatic control in complex HVAC systems, FME
Transactions, 2015/3, VOL.43, ISSN 1451-2092, Faculty of Mechanical Engineering
University of Belgrade, pp. 243-248. (M24)

Category M33
4. Bajc, T., Todorovi¢c M., Papadopoulos, A., Indoor Air Quality in Office Buildings —
experimental investigation, 17" International symposium on Thermal science and
engineering of Serbia, 20-23.10.2015., Sokobanja, Serbia, ISBN 978-86-6055-077-6,
University of Ni§, Faculty of Mechanical Engineering in Ni$, Proceedings on
http://simterm.masfak.ni.ac.rs. (M33)

5. Bajc, T., Todorovi¢ M., Stevanovié, Zarko, Stevanovi¢, Zana, Banjac, M., Local thermal
comfort indices impact on productivity loss in classrooms, The 1% international conference
on buildings, energy, systems and technology, 2.-4.11.2016., Belgrade, Serbia, Society of
thermal engineers of Serbia, Proceedings on http://www.best2016-conference.com/papers-
presentations.php. (M33)

5. CONCLUSION AND PROPOSAL

Based on the review and a detailed analysis of the candidates doctoral thesis “The local
thermal comfort impact on working productivity loss in non-residential buildings” (,,YTuuaj
JIOKAJIHOI CTama TOIUIOTHOI KOM(Opa Ha CMameme pajHe CIOCOOHOCTH y HecTaMOeHMM
3rpagama‘’), the committee for the review, assessment and defense of the doctoral dissertation
concludes that the doctoral dissertation has been completed according to all standards in scientific
research, as well as those fulfilling the conditions determined by the Law on Higher Education, and
the standards and statute of the Faculty of Mechanical Engineering in Belgrade.

Based on the results and conclusions presented in the doctoral thesis, and the fact that the
analysed topics is significant and current in the professional and scientific community, it is
concluded that the candidate Tamara S. Bajc (dipl. mech. eng., PhD student) has successfully
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completed her doctoral dissertation in accordance with the provided subject and appointed research
objectives. The candidate achieved original results in the modeling and analysis of the effect of
local thermal comfort conditions on productivity loss in non-residential buildings, using the
available literature and experimental, statistical and numerical results. The research results are
systematically analyzed and through this, valuable conclusions on the influence of local thermal
comfort conditions on productivity loss in non-residential buildings are drawn out. The analysis and
developed correlations are useful tools for solving specific engineering problems. The scientific and
expert community are familiar with the research through the two papers published in international
journals (1 paper in category M21 and 1 paper in category M23), an article in a national journal of
international importance (1 paper in category M24), and 2 papers presented at conferences of
international importance and printed in the proceedings (2 papers in category M33).

The committee for the assessment and defense of the doctoral thesis conclude that the
dissertation presents original scientific work with scientific contributions in the field of engineering,
specifically in the sub-fields of thermal-mechanics and thermal-dynamics, and accordingly suggests
that the Teaching and Scientific Council of Mechanical Engineering, University of Belgrade,
accepts the committee’s report and addresses it to the Academic Council of Technical Sciences,
University of Belgrade to approve the dissertation “The local thermal comfort impact on
working productivity loss in non-residential buildings” (,,YTumaj JiokajHor crama TONJIOTHOT
KoMQopa Ha cMambee pajiHe COCOOHOCTH Y HecTambeHuM 3rpaaama‘) by candidate Tamara S.
Bajc (dipl. mech. eng., PhD student), and make it available to the public.

Belgrade, 05.04.2017.
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YcBaja ce pedepaT Komucuje o ypaheHoj aoktopckoj auceptaumjn ,YTULAJ NNIOKAJTHOI
CTAKBA TOMIOTHOI KOM®OPA HA CMAWEWE PAOHE CMOCOBHOCTU Y
HECTAMBEHUM 3IrPAOAMA (THE LOCAL THERMAL COMFORT IMPACT ON
WORKING PRODUCTIVITY LOSS IN NON — RESIDENTIAL BUILDINGS)“ ctyaeHTa
TAMAPE BAJLU, avnn. nHx. mad.

JaBHa oabpaHa goktopcke anceprtauuvje obasuhe ce no gobujary carnacHoCTN YHuBep3auTeTa
y beorpagy.

YHuBepauteT y beorpagy je ceojom Ognykom 6poj 61206-394/2-16, og 08.02.2016. roauHe,
[ao carnacHoCT Ha npeasior Teme AOKTOpCKe ancepTauuje.
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2. Bajc, T., Todorovi¢ M., Papadopoulos, A., Indoor Environmental Quality in Non-residential
Buildings — experimental investigation, Thermal science, 2016, VOL.20, Supplement 5, ISSN 0354-
9836, doi: 10.2298/TSCI16S5521B, Vinca Institute of Nuclear Sciences, pp. S1521-S1529 (M23,
IF 2015: 0.939)
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