
PEIEH319 

opiuiÄnoro peuen3eHTa 

nOKTopa TeXH0HHX Hayk, Ipopecopa, 3aBiny Ba4a Kapenpu cnopyn 

cneuiasIbHOTO Ipw3HayeHHA 

CKOYKO BOJIOIMMMPA IrOPOBHYA 

Ha IHceprauiany po6oTy MakapenKo JIo6oBi Iropis1n 
«EHEPrOEOEKTHBHE BEHTMJIIOBAHHA IIOBITPA 3 

KOMEIHOBAHHM O4MIIEHHAM BII DI344HWX, XIMIYHHX TA 

BIOJIOrIYHWX 3ABPYIHIOBAYIB» 

nonaHy Ha 3106yTTA HayKOBoro cTyneHA IOKTOPa inocoii 

B ranysi 3HaHL 19 «ApxireKrypa Ta 6yxiBHHUTBO», 
3a cneuianBH0CTIO 192 «byniBHHuTBO Ta IHB0nBHa 0HKeHepia» 

1. AKTyaJIbH0CTb 06panoï TeMH. 

AKTyanbHicTL o6paHOÈ TeMH 3ymOBIeHa HH3KOIO HaranbHHX BHKIHK0B 

cyuacHocTi, ÊO CTOCyioTBCA AKocr0 BHYTpiuHLoro noB0TPA, eHeproeexTHBHOCTÈ 
6yaisenb Ta cTanoro pozBMTKY. 3poCTaro4e aHTponoreHHe 3aQpyaHeHHA 

aTMOCHepHOro noBiTpa, a rakox nownpeHHa pecniparopHux 3axBopo BaHb Ta 
Bipycis, 3arocrporoTs npoQneMy saõesneveHHI GesneHOro ra koMbopTHoro 
MiKpoKT0Mary B XHTIOBHX, oicHHX Ta iHUHX rpoMancBKHX npHM0ueHHSX. 
BoNHO4ac, 3HaYHa yacTKa eHepropecypciB y byniBJ1AX BHTpa4aeTBCA Ha CHCTeMH 

BeHTHIAuiï Ta onaneHHA, IO B yMOBaX 3pocTaHHA 0H Ha eHeproHOciï Ta iOTpeóH y 
3MeHLUIeHH0 BYTNeleBOrO cnAy BHMarae pospoQkH Ta BIlpOBanKEHHA 

eHeproeheKTHBHHX piueHb. TakHM YHHOM, N0cHiFKeHHA, cipaMoBaH0 Ha 
CTBOPeHHA KOMIneKCHHX CHCTeM, AK0 NO¬AHYIOT5 BHCOKOe)eKTHBHY )inBTpauiO 
nOB0TpA 3 pauiOHaTbHHM BHKOPHCTaHHAM TeIIOBO0 eHeprii, ¬ KpHTHYHo 

BaxTHBHMH A1A nOKpameHHa 3IopoB'a HaceneHHA, 3HHKeHHA eKcIyaraui}HHX 
BHTpaT Ta 10cArHeHHA LIeH cTanOO po3BHTKY B raty3i apxITeKTYPH Ta 

6yniBHHLTBa. 



KpiM TOro, HTaHHA O4HuteHHA NOB0TPA B0n KOMIJIeKCHHX 3aQpynHoBayiB 

þisuyHHX (HanpHKNal, PM2.s), xiMiYHHX Ta 6ionori4HHx CTac nenai 

aKTyanbHiIIHM JIs niaTPHMKH 310poB's Ta KOMHopTy MeuIkaHu0B. JlHCeprauiana 

poõora MakapeHKo Jlio6oBi, mo npucBAYeHa po3pooui eHeproeheKTHBHHX CHCTeM 
BeHTHJIHOBaHHS 3 KOMPiHOBaHHM o4HIIEHHAM, ¬ Han3BHYa}HO aKTyanbHOIO Ta 

CBOEHacHOIO. BoHa cnpaMOBaHa Ha BHpiueHHA KJIOYOBHX npooneM, noB'a3aHHX 3 

AKicTIO nOB0TPA Ta eHepro36epexeHHAM y 6yniB1ax, uo nOBH0cTKO BiNnOBiNae 

cyyacHHM BHKIHKaM QynieNbHOï raryzi. 
2. CryniHs 06rpyTOBaHOcTi HaykoBHx noI0KeHb, BHCHOBK0B i 

pekomeHnauiä. 

HaykoBi noNOKeHHA, BHCHOBKH Ta pezyIbTaTH AHcepTauiCHoi poQoTH 

MaroTb BHCOKH� CTôniHb o6rpyHTOBaHOCT0, IO MocAraeTbca 3aB1AKH pospoQui 

þisuKo-MaTeMaTHYHoi MONen0 npouecy TernoBiMavi, sKa o3BOIAE KiNBK0CHO 

onncyBaTH yHKuioHy BaHHS CHCTeMH. [A TeopeTHYHa 6a3a nikpinieHa 
peTesIbHHMH eKCrnepHMeHTaTbHHMH NOcHiIKeHHAMH, BKJIKOyaroyH MeTON NOBHOrO 

akTopHOro eKcnepHMeHTY IJIA BH3HaYeHHA 4acy ovHIeHHA nOB0TpA Ta 

oTPHMaHHA KpHTePiaTbHOÏ 3anexHOcT0 TennOB0Juayi, mo 3aQesneuye Hani�HicTb 

onetHX 1aHMX, 6asyroyncCb Ha peanbHHX BHM0pax aepoMHaM0YHOro onopy Ta 

Koe¢iuieHTa TennoBiJMani. IIpakTH4Ha uiHHiCTL poQoT4, AKa nonArac y pospooui 
iHKeHepHOro po3paxyHKy AJIA npnna0B THIIy "hin5Tp-TeJIoo6MiHHHK" Ta 

CTBOPeHHÈ yHKUioHyO4oï eKcnepHMeHTaJTBHOÏ MONeni, 3naTHa sabesewTH 

o4HIeHHA NOB0TPa y npuMimeHHAX nnomero No 150 M² 3 BHCOKOHO edeKTHBHÍCTIO, 

a TakoK B0JNOB0NH0CTB yiocKoHaneHMX pekoMeHnauiH SH B.2.2-10:2022, 

CB0I4HTb ipo be3nocepenHIO rOTOBH0CTb pesynbTaTiB 10 BIIpOBalKEHHA. TakuM 
KOMIJIeKCHe nocNHaHHA TeopeTHYHHX pospo6ok, eMnipuYHoro 

ninTBepiKeHHA Ta npakTHYHOd cpamoBaHocTri 3a6esnerye nepekoHJTHBY 

oorpyHTOBAHiCT5 ycix npenCTaBJIeHHX HayKOBHX IIoJIOKEHb Ta BHCHOBK0B. 

4HHOM, 

3. HaykOBa HOBH3Ha 01epKaHHX pezyIbTaT0B. 

Y Auceprauii onepKaHi HacTynHi HaykoBi pesynbTaTH. 
6nepuue: 



- pospo6neHa þisuKO-MaTeMaTHYHa MO,eNb npoUecy TeJIOB0JUIa"0 KOHBeKI0CIo B0J 

noroKy Tennoro BinnpaboBaHoro noBiTpa 10 30BH0LIHBoï noBepxHi ny"ka 
LHT0HIPHYHHX Tpy6OK, cepenuH0 AKHX pyxacTbCA XOIOJHe CB0Ke noBiTPa UIA 

niJBHUÊeHHA CHepreTHYHOÏ CheKTHBHOcri hinbTpa-TeniooÐM0HHHKa; 

MeTOIOM nOBHOro hakropHoro eKcnepuMeHTy oTpHMaHO piBHAHHA JIA 

BH3HaYEHHA 4acy oHujeHHA NoB0TPa 03 3HHKEHHAM KOHUeHTPauiï 3aQpyIHIOBa40B 3 
200 10 20 MKr/M (novaTKOBe 3HayeHHA piBHs 3a6pyaHeHHA PM2s), 3MiHH BATpaT 
noBiTPA 3 300 no 800 M°/rog Ta 3M0HH BËJHOCHOÏ BO10rocri nOB0Tpa Bin 35 no 55%; 

B pesyTbTaTI eKCnepHMeHTaNbHHX 10cIinKeHb oTpHMaHO 3aneKH0CTb y 

KpHTepianBHOMy BHrIsni Nu=0,3284- Re,629, mo oHCye 3aFavy TennoBiJaui 
KOHBeKL;0exo Bin nepeBaxaroyoro oÕ'eMy TeriToro BianpatboBaHoro noB0Tps, npu 
~oro nonepeHOMy pyci, no 30BH0UIHBoï roBepxHi KoPHIOpHoro nyyKa TpyQ, B 
cepenuHi AKHX pyxaeTbcA xoNOIHe cB0Ke nOBitpa (BH3HaYaNbHa TeMIneparypa 

cepenHA TeMneparypa rennoro innpausoBaHoro nosiTpa no ycsoMy o6°eMy 
KaMepH Tennoo6MiHHHKa, AKa 3MiHIOETLCS B aianasoni 18-22 °C, BH3HaYaNbHHÄ 
reoMerpu4HHÄ posMip - 1OBKHHA Tpy6o4KH, np# cniBBinHOuenni o6°eMy nyqka 
TpyQo40K J10 0'eMy TeInnoo6MiHHOÏ cekuiï 0,001: 

-

BCTaHOBJIEHO aepoIMHaM0YHHö onip 10-25 Tla 3anpornoHOBAHOÏ KOHCTPYKIii 

hinbTpa- TenIoOPM0HHKKa B 3aieKHOCT0 Bin 3M0HH BHTpaT noBiTpa Bin 300 10 800 

M'/ron; 
ydocKOHaneHo . 

MeTOJHKY inKeHepHoro pospaxyHKy rennoo6M0HHMKa "noBiTpA-noB0TPa" 
BÐyNOBAHoro B nOBiTpoo4HCHHK 3 BHKOPHCTaHHAM HH3BKOIOTeHuiaHoi TennOTH 

BianpaboBaHOro saQpyaHeHoro noBiTpA NA niirpiey cBixoro xonoAHOro 
noBirpa, AKe pyxacTbCA BCepeAMH0 TpyQok y kopuaopHoMy ix posrau1yBaHHi npa 
nepexpeCHOMy pyci TernOHOciïB (KyT arakH 90); 

ynoCKOHaneHo Ta HaÓynH nonaNbWoro pozsuTKy pekoMeHnauiï us SH 
B.2.2-10:2022 "3aKJanH OXOopoHH 310pos'a" uONO KpaTHOCT0 NOBiTpoo6MiHy 

orpHMaHHs noBirpa HeoóxiFHoï AKOCT0 IpH pisnux pisHAN ÄOro no9aTKOBOrO 
saõpyaHeHHA AIA nOÐYTOBHX npHM0meHs nIOexo 10 150 M² 



naoym nodabuuo.:0 poGuMKy 

HaykoBo o6rpyuTOBaHe 3acTOcy BaHHA þibTpa-TenJIOO6M0HHMKa B YMOBax 

KOHTPOJIbOBaHOrO npolecy TenuOMacoo6MiHy AK eHeproeheKTHBHOi CHCTeMH 

o9HUeHHA nOB0Tpa Bil hizuyHuX, X0MiMHHX Ta 6ionori4HHX 3a6pynHIOBayiB 3 

oJHoncHHM HarpiBOM o6'CMy nOB0TPA JIA AHXaHHA; 
KOHCTPy Kuia Tennoo6M0HHMKa JIA ninirpiBy 30BH0IIHbOro (CB0KOro) 

nOB0TPA 3a paxyHOK TenIOBOrO noTeHILia1y BHYTpiuIHbOro (peuwpkynAU0ÄHOro) 

IOB0TPA. 

luceprauis MicTHTH HaykoBi noNOKEHHI, HOB0 HaykoBo oÑrpyHTOBAH0 

TeopeTHYH0 pe3ybTaTH npoBeneHHX NOCniJIKeHb, AK0 MaIOTH 0CTOTHe 3HayeHHA JUIA 

ranysi 3HaHs 19- ApxireKTypa Ta QyniBHHUTBO. 

IpaktHHa uiHHicTL pooorH N01Arac B pospo6si iHxeHepHOro pozpaxyHKy AJIA 

no6ynoBn npunaaiB THny «hinsrp-Tennoo6MiHHMK». 
B poQori onepxani npaktHYHo BaKIHB0 Pesy1braTH: 

TeopeTH4HO nOBeICHO eKcriepHMeHTaIbHO niFTBepAKeHO 

eHeproeeKTHBH0CTL TennooóM0HHOÏ 4acTHHH O4HCHHKa nOB0Tpa ua Harpiey 

3OBH0UJHboro noBiTpA; 

Ta 

TeopeTH4HO OTPHMaH0 Ta eKcrnepHMeHTaIBHo niTBepxeHO piBHAHHA 

IiporHo3yBaHHA IpOIecy o4nuueHHA npu pisHux piBHAX 3aQpynHeHHI ; 
BH3HaYeHO eKcnepuMeHTanBHO AiÄCHH� KOe)iuicHT TeniOB0Jlaui ANA 

TenIoo6M0HHHKa «hinbTp - TennoooM0HHHKa», orpHMaHi HOB0 1ani, aKi 

xapakrepH3y10T6 3aKOHOMipHOCTri TennooóMiHY N0 30BH0UIH6oi nOBepxHi 
KoPHIOPHoro ny4Ka TpyQ B cepelMHÈ AKHX PyxaeTbcA xoNONHe CB0Ke nOB0TpA npa 

1JBHJKOcTi nOB0TpAHoro noTOKY nepen KopuIopHHM ny4KOM Io 3M0HIOBanacb B 

Jiana3oHi 1...3,5 M/C, B Jiana3oHi yHCHa PeaHOJbIca 700<Re<3500 i Pr-0,73; 

eKcnepMeHTaJIBHO oTpMMaHo KpHTrepianbHy 3anexHicTL A npouecy 

TeIOB0Jäjani KOHBeKuiCIO B0s noTOKy noBiTpA O Tpy6, uIO HHM OMHBACTbCA; 

MeTOJWKa ekcnepMMeHTaNbHOro 10cHiKeHHA nOB0TpooQMiHy npu pisHMX 

pIBHAX 3a6pylHeHHA MOKe 6yTH BHKOPHCTaHa Ia BH3HaYEHHA Heo6xiNHHX 

KpaTHoCTeä nosiTpoo6MiH0B VIA npumiuIeHb pi3Horo npu3HaveHHA; 



NOcHiKeHHA TernOB0nnaui B 

TenJIoo6M0HHMKy «noB0Tpa-noB0Tpa» MOKe 6yTH BHKOPHCTaHa ia BHBHaYeHHA 

uJIAX0B iHTeHCH)ikauiï npouecy TeIJJo06M0Hy, 3MeHIICHHA rabapuriB O4HCHMKa Ta 

36iNbleHHA eQeKTHBHOCT0 OHueHHA; 

MeTOJH Ka 

3a 

eKcnepHMCHTas1bHOro 

pe3ynbTaraMH nopiBHaHHA TeXH0KO-eKOHOM0YHHX IIOKa3HHK0B 

nOB0Tpo04HCHHKa 3 iHKeHepHHMH CHCTeMaMH , IO BHKOHyroTb TaK0 K yHKuï, 

O4CBHJIHO 1Ï MeHIIIy BapT0CTb 0 HynbBe crOKHBaHHA eHepriï Ha HarpiB 30BHiIHbOro 

noB0TPA; 

noQynoBaHa eKCIiepMMeHTaIBHa MONeIb npunany «pinsTp 
TerJIooÒM0HHHK», LIIO MOKe 3a6esneyHTH O4HIIeHHA NOB0TpA B K0MHaT0 IJIOmEKOo 

No150M 3 eeKTHBH0CTO OHHIIeHHA B0I PM2.5 M0H0MYM 95% 3 onHO4aCHHM 

ipouecOM Iepenayi TeMOBOrO nOTOKY Bin rapA4OrO TerniOHOCiA 10 XOJIONHOro; 

yaocKoHaneHO Ta HabyH nOnanBIIOro po3BHTKY pekoMeHIauiï BH B.2.2 

10:2022 «3aknanH OxopoHH 310p0B'a» Iono KpaTHocr0 NOB0Tpoo6M0Hy 

oTPHMaHHA HeobxiFHoi AKOCT0 NOB0Tpa npH pi3HHX piBHAX n04aTKOBOro 

3aópynHeHHA NOB0TpA JIA Io6yTOBHX npuMiueHL ILIOIeo 10 150M; 

BH3HaYeHO KiJIbKOCT0 XOnoNHOro TerJIOHOc0a, AK NOB0TPA IJIA po36aBieHHA 

HaxoDKeHL CO:, JIA 3aQesnneyeHHA yMOBH HarpiBy uiei KiTbKOCT0 nOB0TPA 

rapayHM TernnOHOcieM bes HanxoTKeHHI 101aTKOBHX CHepropcypciB; 
BHSBJeHO BnNHB BOIorocri B npuM0meHH0 Ha Ipouec oHIeHHA B «)inbTp 

TenJIoo6M0HHHKY»; 
BH3Ha4eHa 4acTKa npHponHOTO OcaKeHHA B CADR «þiTBTp 

TerJioo6M0HHMKa. 

4. 3arabHOHAL0OHaNbHe Ta cB0TOBe 3HaveHHA poQoTH. 

Ia VKpaiïHH, AKa nparHe eHepreTHYHOd HE3aneKHOCTi ra cranoro po3BKTKY, 
L4 pofora e HaasBH4a~HO aKTyanbHOIO. 3anponoHOBaHa cHCTeMA çinsTpauii Ta 
pekynepasiï TenJla n03Bo1AE 3aolaNKYBaTH 3Ha4H0 OÐcarH eneKTpoeHeprii. le 

npaMHÄ BHecOK y 3MeHIeHHA eHeproEMHOCT0 eKOHOM0KH Ta ninBHIleHHA 

eHepreTHYHoï Ge3neKH KpaïHH. KpiM TOrO, pospooka BinnoBinac cy4aCHHM 

ykpaïHCbKHM CTaHnapraM 6yniBHHUTBa 3 MaHKe HynbOBHM cnOKHBaHHAM eHeprii 



(nZEB), uo poôuTb üi iHHOO US HOBOro 6yniBHMUTBa Ta TepMOMoNepHizauii 
icHyioHX CHopyN. 

BonHOuac, nokpauteHHA AKocri IOB0Tpa B npHM0IeHHAX ¬ KpuTHYHO 

BaxJHBHM ANA 3AOPOB's Ta nponykTHBHOCT0 yKpaïnuiB. 3aóesneyeHHA caHitapHoï 
HopMH CB0xoro noBiTpa 3 KOMIeHcauie:o CO Ta ouHueHHA NOB0TPI 10 95% BiA 
yacTHHOK PM2s cnpuaTHNe SHHKCHHO 3aXBopIOBaHocri Ha pecniparopHi xBopoP4, 
nOKpauueHHIO caMonoyyrTa Ta niFBHuueHHIO AKOCTi KHTTS, Oco6nMBO B yMOBax 
spocra:OHOro saQpynueHHA aTMOchepHoro noB0TpA Ta nouwpeHHs Bipycis. 
EKOHOM04He oÑrpyHTY BaHHA, SKe JeMOHCTpye HMK40 kanitanbHi Ta eKcriyarauiHHi 
BHTpaTH pospooneHoÏ CHCTeMH nopiBHAHO 3 iCHYIO4HMH aHanoramu, po6Tb iT 

mpHBaoIHBOIO IJIA IHPOKoro BIIpOBaJNKeHHA AK y npuBaTHOMY, TaK iy nepxa HOMY 

ceKTopaxX. 

y rmo6aTbHOMY MacuIraQi, ne saópynHeHHA NOB0Tpa ¬ oNH0ieo 3 roNOBHHX 3arpo3 

AJIA 3IOPOB'a, a 6yiBI0 CnOKHBArOTb BeIHYEBHY KiIBK0CTL eHepriï, uA AHceprauiA 
IiponoHye yHÍBepcatBHe Ta iHHOBaL0ÄHe piueHHA. 3a naHHMH BO03, MiNbHOHH 

IIONeH MopiuHo noMHpakoTb Yepes 3aQpyHeHHA nOB0TPA, npu4OMy 3HaYHa YacTHHa 

lboro BinQyBaeTbcA y npuM0UIeHHAx. 3a1ponOHOBaHa TeXHOJIOria epeKTHBHOi 

þinbTpaii noBiTpa B nOEAHAHHi 3 peuHpKynauieHO Teia BHpiurye uO nONB0}Hy 

npo6neMy. I|e� inTerpoBaHH� ninxin 1o BHpimeHHA B3aCMOnOoB'3aHHX npo6nem 
AKOCT0 nOB0TPA, eHeproeceKTHBHOCTi Ta KOMoopry MOKe ciyryBaTH uiHHHM 

npHKIaNOM NIA MiKHapoIHOÏ CriIBHOTH, ponoHyIo9H MiUHYy HaykoBy Ta 

iHKeHepHy oCHOBY MA noNalblUIHX 1ocniDKEHb Ta BipoBaFkeHHA eKonoriyHO 

yHCTHX Ta eHepros6epiraouHx TexHOJIOriH nO BCLOMy cBiTy. 

5. IloBHoTa BHKIAneHHA 3A06yBaveM ocHOBHHX PezynbTaT0By HaykOBHX 
ny6nikauiAX. 

PesynbraTH nHcepTauiÄHHX 10cHiKEH5 Ony6niKOBaHO y 22 npykoBaHHX 

poQorax, cepen aKHX OJHa crarTA B HayKoBOMy xypHaIi, IO iHNeKcyeTbCA 

HaykoMeTpHYHOKO Qasoro SCOPUS 3 KBapTHIeM Q4, TpH CTarTi B 3akop1oHHHX 

BHIaHHAX 1epkaB, AKa BXoIHT5 o OECP Ta ¬C, 4 CTati y HaykoBHX HaxoBHX 

BHAaHHAX Vkpaïun kareropiï «B»; 14 Te3 HayKoBHX AOn0BineH B 36ipnuKax 



MatepianiB MiKHapoNHHX KOHQepeHuiñ, SKi A01aTKOBO BinoopaxaroTH HayKOBi 

pe3ylbTaTH AHCepraui". 

6. BiacytHÍCTB akalemi4Horo nJariaty, þaópHkaui+, þanbcH¢ikauiï 
He BeTaHOBIeHO hakriB nopyuueHHA akaneMiHOi no6poeCHOCT0 y 

AHceprauiÄHiH poóoTi, 3OKpeMa nposBiB Inariary, cnoTBOPeHHA að0 BHralyBaHHA 

pesy+bTaT0B 10cHiNKeHHA. BHKoPHCTaHi inei, pesynBTaTH 0 TeKeTH 0HUIHX aBropiB 
MakoTb nocHnaHHA Ha BinnoBiFHe Kepen0. Iuceprauis xapakrepH3yeTbcA 

eAHiCTIO 3MicTy Ta BinnoBinae BHMOraM mono iï odopmneHHA. 

7. OuiHKa MOBH , cTHJO Ta odopmeHHA AHCeprauiï. 

IHceprauiaHe AOCHinKeHHA OQOpneHO KOpeKTHOHO YKpaïHCBKOIO MOBOIO 03 
3acTOcyBaHHAM 3araIbHOBH3HAHOÏ HaykOBoï TepMiHOIorii. CTHIB NO1aHHA 

TeopeTHYHHX y3aratbHeHE, pe3y1bTariB eKcrnepHMeHT0B, hopMyIIOBAHHA 

BHCHOBKiB i pekoMeHJAuiH BiJ3HaYaeTbCA nOcniFoBH0cTHO Ta 10cTYNHiCTKO IA 

posyminHa. CrpykTypa ra oçopM1eHHA POGOTH nOBHiCTIO B0nrOB0JaIOTH BUMOraM, 
BHSHaNCHHM HOPMaTHBHHMH NOKYMeHTaMA MiHicrepcTBa ocBiTH i HaYKH Vkpainn. 

8. AHanis oCHOBHoro 3MiCTy poboTH. 

y BeTYni IHceprauiï oorpyHTOBaHO aKTyaNbHicTE TeMH, coopMyIbOBAHO 

MeTy, 3aBJaHHA, npenMer i o6'eKT 1ocniKeHHA. Brasaui noNOKeHHA, MO 
BH3HayaroTH HayKOBy HOBH3HY i npaKTHYHY iHHiCTH oTpHMaHHX pezynbTariB, 

oco6HCTH� BHeCOK 3n06yBaYa i Hanano iHHopMauiko npo anpobauio pezynsrariB 
nocI0KeHHA. 

B nepmoMy posniai npoaranisOBAHO Jn0TeparypHi axepena cnocoõiB 

3abe3neyeHHA Ge3neYHOrO nOB0TpAHOro npocTopy nepeQyBaHHA IHONHHH. OnHcaHi 

oCHOBH0 3aQpynHIOBaui arMochepHoro noBiTpa Ta HacniFKH 3aQpynHeHHA AMA 
JIKONHHH. HaBeneHi 3axonH uono 3anoQiraHHA Ta 3HHKEHHA 3aopynHeHHA IOB0TPA 

Ha oCHOB0 B0T4H3HAHOÏ Ta MiKHapoIHoi HopMaTHBHOd Ta TexH0yHoï AOKyMeHTai. 

OnucaHo MeToJH Ta cnoco6H o4HueHHA nOB0TpA Bin 3aÑpyHeHB: npote CH, 
KJIaCHQ0kauiï jinsTpiB Ta icHy:oyi ycTaHOBKH AnA O4HeHHA nOB0TpA. 

IIpoananisoBaHO CHCTeMM insrpauii nositps pisHoï KOHCTpy KUï Ta Buais, 
napamerpH ninõopy ounCHOrO O6.1aNHaHHA Ta ïx ejesTHBH0CTB AJIA O4HIICHHA BiI 



pisHux BHIIB 3aopynueHHA Ta cnocoón ninBHueHHA ix eheKTHBHocTi. 

BeraHOBIeno, ulo HainiesiuHM cnocoõOM o4MIeHHA nOB0TPA Bil hi3usHHX, 

xiM0MHHN Ta QionorivnUX 3a6pyaHIOBAH0B C þisuune BHAaneHHA 3aQpyaHMKa, a 
Ha~echekTHBH0LIHM 3aco6oM c BHTAKHa BeHTHIAU0A Ta MexaHi4na hinsrpauis 
nOB0TPA 3 KOMPinauiero hinsrpiB. Po3rnAHYTO npHKNaH BHKopHCTAHHA 

iHAHB0JyaIbHHX nOBiTpOoHHCHHX CHCTeM IK uNAXH MONePHiauiï cucTeM 
BeHTHIAUiï 3 MeTOO CKopoveHHA cnOKHBaHHA eHeprii. Bu3HaHCHO HaaKpaui 
IlapameTPH nOBITpAHOro cepenoBHla AA nocT0MHOrO nepebyBaHHA JIIONeH B 

npHMiueHHAX O6NaAHAHHX NOB0TPOo4nCHHMH 0HXCHepHIMH MepexaMH. OsHaveni 
BapiarTH BHKOPHCTaHHs BÓynOBAHHx eneMeHT0B B OB0TPOOHCH0 yCraHOBKH, LÊO B 
6iJbuOcTi BHnaJK0B MaroTb HM3BKy e)eKTHBH0CTE. IpoaHanisOBaHO MeToNH Ta 
MeTONHKH BM3HaYeHO oTHMaIBH0 yMOBH A1A O4HneHHA nOBiTpA: onTHM03auiko 
KpaTHocTi noBirpoo6miHy IsxOM BMKOpHCTaHHA neneHTPanisoBaHHx cHCTeM 
OYHIeHHA nOB0TPA, BHKOPHCTaHHA BHCOKOe)eKTHBHHX oinbTpiB HEPA aÑo ix 

KOMPiHauii, a TaKoK HanaHHA B IPHMiIeHHA CcaniTapHoi HopMM nOB0TPA. 
B ApyroMy posnini pozpaxoBAHO KOHCTpyKTHB pinbTp-TeIO06M0HHHKa. 

IIpencraBIeHO isuKO-MaTeMatHYHy MONeNb mpouecy TeniOB0Jlayi yepes 

KOHCTPYKuiHO nJIOCKOÏ CTiHKH B0A n¡TOKY, IlO oMHBAE. BuKianeHO MeTONHKy 

TeopeTHYHOro XOcHi1KeHHA 3 BHKopHCTaHHAM METOH0B TeopeTHYHOi TennOTeXH0KH, 
aHaniTHYHOÈ MaTeMaTHKH, MeTON0B MONeIHOBaHHA IIpoueciB i TeXH0YHHX CHCTeM. B 

po3nini BHpiuueHo Taki Hay KOB0 3anayi: BH3HaYeHO KiIBK0CT5 peuupkynAL0ÄHOrO 

noBiTpa 3 pospaxyHky TennoBoro noreHLiany ua ninirpisy 30BH0uHBoro (cBiKoro) 
noBiTpA - rapaun~� TennOHOciH; BH3HayeHo Heo6xiFHy kinskicTE nOB0TpA JIA 

nogaBaHHA caHiTapHoi HopMH nOB0TPA is AMXaHHA IKoNHHH B npuM0seHHA 

xoJNOMHHH TeniOHOociH; CKIaneHo piBHAHHA TeNOBOrO 6anaHcy Tennoo6MiHHHKa 

«nOB0TPA-nOB0TPA»; BH3HaYeHO TeMNeparypHHÄ THCK M0X TennOHOciaMH Ta Ai~CHy 

MBHAK0CTb pyxy TenioHOCiïB; BH3HaYeHO KOeiuieHT TeniOBiNuayi 

TenIonepenai; BH3HaYHTH HeooxiFHy nunoma noBepxHi HarpiBy Teni006M0HHHKa. 

Ha ocHOBi orpuMaHHX naHHX 3MONeNBOBAHO KOHCTPYKL0o hiNBTp-Tennoo6M0HHHKa 
3 Tenoo6M0HHOIO yacTHHOo BÓyNOBaHOHO B I10OB0TPO0YHCHHK. 

Ta 



B TpeTbOMy po3niJ0 npOBeNeH0 eKenepuMeHTaJIbHi J0cH0JDKeHHA B hiJbTD 

TennooÐM0HHHKy. HaBeNeHO OHC eKcnepHMCHTaJIbHOro cTeHAY Ta MeToH 

npOBeNeHHA eKcnepHMeHTaNbHHX NOCH0nKeHb. BH3HayeHi onTHMaIbH0 VMOBH 

BHKOPHCTaHHA inbTpyBaNbHHX eneMeHT0B Ta napaMerpiB caMoro o4HCHH Ka. 

AOBeneHO eKcnepHMeHTaNbHO TeopeTHYH0 naHi uoNo KpaTHocT0 noB0TPOo6M0Hy 

JMA 3a6esneyeHHA edekTHBHOoro o4HeHHA nOB0Tpa. Bu3HayeHO O4HCHY 

noTyKH0cTb þinsTp-Kanopepa ia BHnaneHHA pi3HMX piBHIB 3a6pynHeHHA PM2.5 

npH 3M0HÈ JeAKHX napamerpiB BHYTp0UIHLOrO noB0TPAHOrO cepenOBHUla (BiNHOCHa 

BH3HaveHa BONOricTb, KparHicTb nOB0TPo06MiHy) 3a oJHHHLIO 4acy. 

eKcnepHMeHTaNBHO BeIHYHHa CADR nOB0TPOo4HUIYBaya ng nporHo30 BaHoi 

TpHBANOcT0 O4HleHHA He QiNbuwe l ronHHH. MeHuHa BeIHYHHa CADR npH3BeNe 10 

H0BeJTHOe IOCTYIOBOrO HakoiHYeHHA 3aQpynHKOBaY0B, po6oty 

nOB0TPOO4HY Baya. laHHX SK0 oTPHMaTH B 10Cnini, 10BONAT5, IO npouec 

IipHpoHBOrO ocankeHHA Ta BeNHYHHa 3OBH0LUHbOrO 3aQpynHeHHA He I03BOJIAOTE 

O4HCTHTH NOB0Tpa bes BHKOPHCTaHHA MexaHiYHoi pinbTpauiï npu Qynb AKOMy 3 

BKasaHHX B A0CIiKeHHi 3aQpynHeHE. TepmiH 04HMEHHA B noB0TPO4HuIyBavi 

naHoro THIIY 6yne 3MeHUy BaTHCA Ha 20XBHJIHH npH niFBHUIeHH0 KpaTHOCT0 

noB0TpOo6M0HY Ha l kpar npu HH36KHX piBHAX 3aQpyIHeHHA , Ta Ha l ronuHy npu 
3HaYHHX. AJne KpaTH0CT5 NOB0TPo06M0Hy JIA O4HIeHHA He MOKe QyTH MeHIue JBOX. 

Bu3HaveHO piBHSHHA 3a AKHM 6yNe BMSHANEHO Hac OHHLIeHHA IpA BnOMHX BX0IHHX 
naHHx (piBHi 3a6pyHeHHS, B0FHOCHa BonoricTs, noTy*HicTs NOB0TpOOHICHHA). 
OJHO4aCHO 10cIiKY BaNHCA ipouecH TeriJIOMacooPM0HY B TeniooQMiHH0Ä ceKuii 

inbrp-Kanopnoepa. Bu3HaveHO KpHTepianbHoro piBHAHHA Nu A naHoro 

KOHKpeTHOrO BHnanky. 

B 4eTBepTOMy posaini HaBeFeHO TeXH0KO-eKOHOMiYHe oÑrpyHTY BaHHA 

BHÐopy CHCTeMH iNbTP-TenNoo6M0HHHK AK CHCTeMH 04HeHHA IOB0TpA 3 

A01aTKOBHM eKOHOM0YHHM eeKTOM. BH3HayeHa eKOHOM0YHa nouiNbH0CTE 

BIpOBanKeHHA )insTp-TenNOO6M0HHHKa B nopiBHAHHi 3 0HIHMH 0HKeHepHMMH 

CHCTeMaMM, UO BHKOHyoTb CXoK0 yHKU0ï npH nopiBHAHHA KartitalbHHX Ta 

ekcntyarauiÄHHX BHTpaT BapiaHT0B KOMTIOHYBaHHA O6iaNHaHHA, uO BHKOHY¬ 



VMOBy 3aÑesneveHHA npumiLuenHS CB0XHM noB0TPAM B o6'cMi 41M'/ron, Ta 
MOKJIHB0CTIO OHHUIeHHA 800M³/ron noB0Tpa no piBHi KOCT0 IOB0TPA 

pekOMeHIOBaHHX BO03. HaBeneHa MeTONOnoris BH3HaneHHA eKOHOM04Hoi 

epexTHBHOCT0 Ta MeTOIHKa ouiHKM eKOHOM0HOÏ eheKTHBHOCT0 hinsrp 

TennooÓMiHHHKa. BapricTh þiIbIP-TeJIOo6MiHHHKa Mac HHK4i kanitanbHi Ta 
eKcIyaraniani BHTpaTH. I MoKe 3aouaFwTH B0N 0,42 no 0,582 KBT TennOBoi 

eHeprii 3a ronuHy Heo6xiFHoi JIS HarpiBy 30BH0IJHBOro noB0TpA B 3HMOBHÄ nepion 
( 3riaHO Ta6nHui 10897,92rpH 3a onanoBaJIBHHÄ nepion). loxin cTBOpeHnÄ 

eKoHOM0ero BHTpaT B nepIH� Ke pik 103BonMT5 nepekpuTH eKcniyatatiHH0 

BUTpaTM Ha hyuKuioHy BaHHA þin5TP-TerNoo6MiHHHKa. 
y AHcepTauiaHoMy nocninKeHH0 reopetwuHO i eKcrnepHMeHTaTbHO 

oorpyHTOBaHo BHKOPHCTaHHA nOB0TPOOYHCHHK0B nOBiTpA IJIA npuMiuIeHb 

no6yTOBOro npu3HayeHHA, 1OBeneHHA ÎX eexTHBHOCTi npn o4nmeHH0 NOB0Tpa Bin 
hi3r4HKx, xiMiYHHX Ta GionoriyHnX 3a6pyaHIOBa0B Ta MOKIHBOCT0 

ynocKOHareHHA 0X eneproeexTHBHOCT0 IpH BHKOPHcTaHH0 B Peuwpky1Aui~HiH 
4acTHH0 TennooOM0HHHKa THIY «nOB0TpA-nOBiTp» IO 103BOIHTb oTpHMaTH 

caritapHy HopMy noBiTpA JIA AHxaHHA IHONHHH 3 pospaxyHKy po3QaBneHHA piBH0B 
CO, Ta He BHKOPHCTOBY BATH 6yns AKi Kepena eHepriï Ha Harpis LbOro nOB0TpA. 

9.3ayBakeHHA Ta AHCKyciqHi nHTaHHA. 

1. He npoaHanis0BaHO AHHAM0ky 3MiHH eheKTHBHOcri TenIOBiJjai Ta 

aeponHHaMiYHOrO onopy TpyQuacTOro TerINOOPM0HHHKa B yMOBax THBanoi 

eKeITyarauii Ta nocTynOBOrO HakonuveHHA 3a6pyIHeHL (HanpHKian, IHIy, 

KHPOBHx aeposoniB, 6ionn0BOK) Ha Horo nOBepxHAX Ta pinbTpyBaIbHHX 

eJteMeHTax. le e BaxIHBHM IA iporTHO3Y BaHHA eKCJIyaTaui�HHX BHTpaT Ta 

rpapika o6cnyroByBaHHA. 

2. BaxaHO 6 6yno npoBecTH 10cinKEHHA MOIO BITHBy cneuniYHOro 
xiM0YHoro CK+any yacTHHOK (Har1pHKNan, TBepIHX nponyKT0B ropiHHA, 

npoMHcIOBHX BHKHAiB) Ta HaABHOCT0 neTKHX oprariHX cnonyK (JIOC) Ha 
ehekTHBHicTL þinsTpauiï HEPA HIl hinbTpOM, a Takox Ha nOTeHUiÄHe 

IorIMHaHHA UHX peOBHH QinbTpyIOHHM MaTepianoM. 



3. Baxano 6 6yno nposecTH 10cniTKeHHA akyCTHYHOÏ eheKTHBHOCcTi 

3aipononOBAnoï KOHCTpy K;Üï hinsrpa-TenNoOÓM0HHMKa, oco6.1HB0 pH BHCOKHX 

KpaTHOCTAN nOB0rpooóMiHy. ockilbkiH piBeHb yMy ¬ BakIHBHM akTOpOM 
KOMQopIy B ipIMieHHAx. 

4. He ipoanani3oBaHO BIUHB 101aTKOBIIX HaKTOpiB Ha TeriiOBinmaty, oKpiM 

303HaVCHHX y KpHTepianbHiH 3aneKHOCT0 Nu, 3OKpeMa, BIJIHB KOHIeHcauiï B010TH 

Ta noreHiiHOrO oÐMep3aHHA Ha nOBepxHax TpyÑ TennoobM0HHHKa npu HH36KHX 
TeMIIeparypax 30BH0WHboro noBitpA, uoe aKTyanbHHM IA KI0MaTHYHHX yMOB 

Vkpaiun. 

5. BaxanO 6 6yno npoBecTH nocninKeHHS onTHMaTbHHX pexHM0B poõoTH 
hinsrpa-TennooGMiHHHKa B yMOBax Han3BHYaHHO0 3a6pynHeHOcTi nOB0Tps, 
cIipHunHCHOi, HanpHKnau, icoBHMH NOKeKaMH aQo ipoMHCHOBHMH BHKHIaMH, 

JUIA OL0HKH Äoro 3naTHOCT0 IO WBHAKOro BinnOBIeHHA HOPMaTHBHHX IOKa3HHK0B 
AKOCT0 NOB0TPA. 

6. He npoaHani30 BaHO BnIHB ce3OHHHX KoJTHBAHE 30BH0IIDHboro noBiTps 

(3HaYHHX nepenaniB TeMNeparypu ta Bonorocri) Ha crabiTbH0CTB eHepreTHYHOÏ 

eheKTHBHocri Ta eqeKTHBHOCT0 þinsrpauiï cHCTeMH IpoTATOM yCLoro poky, mo 
nO3BOJIHno 6 onTHM03y BaTH 0i 3acTOCyBaHHA y pisHHX KI0MaTHYHHX 30Hax. 

7. BaxaHo 6 6yno npoBecTH nocninkeHHA IIONO iHTerpauiï pospo6neHOro 

hinsTpa-TernsIoo6MiHHHKa B icHyioyi ueHTpani30BaH0 CHCTeMH BeHTHIALii Ta 

KOHIML0OHyBaHHA Pynise.lb, ouiHIOIO4H TexHi4H0 CKnaNHOCT0 MOHTaKy Ta MOKIHB0 
NOJnaTKOB0 BHTpaTH. 

3po6nenÈ 3ay BaxeHHA He e npuHuinoBHMH 0 He BInNHBaroTb Ha zaranbHy 

no3WTHBHy ouiHKy nceprauiiHoi po6oTn. 

BHCHOBOK 

lnceprauia MakapeuKo Jho6oei IropisHn Ha resy <«EHeproeexTHBHe 
BeHTHAOBaHHA nOB0Tpa 3 KOMPiHOBAHHM O4InueHHAM B0n hismqnnx, xiviHHX ra 
GionoriHMX 3a6pynHIOBaM0B» ¬ caMocTiÄHOIO 3aBepuieHOO HayKOBOIO po6oTOKO, 

Aka MicTHTb HOB0 HaykoBo o6rpyHTOBaHi pesynbTaTH. 3MicT Hceprauii noBHOO 



MipOro B0anoBinac BHMOraM ocBiTHBO-Hay KOBoi nporpaMu niaroTOBKH 3106y BaiB 
TpeTboro (oCBiTHbO-HayKOBOro) piBHA BHIoi oCBiTH 3a crneuianbHiCTIO 192 

«byniBHuuTBO Ta uHB0IBHa iHKeHepia» ranysi 3HaHb 19 «ApxiteKTypa Ta 
QyniBHHUTBO». PoóoTa TakoK y3ro1KyeTbCA 3 BHMOraMH, BCTaHOBJJCHHMH 

MinicTepcTBOM 0CB0TH i HayKu YKpaïHH 10 IHceprauiH Ha 31o6yTTA CTyneHA 

1OKTOPa þinocopii (Haras MOH VkpainH Bia 12.01.2017 Ne 40 3i 3MiHaMM Bin 
31.05.2019 No 759), a TaKox nyHKTaMH 5-9 «lopAIKy npHcy1KeHHA CTYneHA 

NOKTOpa þinocooiï ra ckacyBaHHA piueHHA pasoBoi cneuiani3oBaHoi B4eHoi panu 

3akJIay BHIoï oCB0TH, Hay KoBoï ycraHOBH npo npuHCynKeHHA CTYTIeHA 1OKTOpa 

pinoco�ii», 3arBepakeHOro nocraHOBOKO Ka6iHery Minicrpis VkpaiHn Bia 
12.01.2022 Ne 44. Ha nicrasi BHKJJaneHOro MakapeHKO Jl:o6OB IropiBHa 
3ac1yrOBy¬ Ha IIpHcy1KeHHA Hay KOBOro cTyneHA AOKTOpa inocopii 3i 

cneuiatbHOCT0 192 «EyniBHHLUTBO Ta uMBiTbHa iaKeHepia» rany3i 3HaH5 19 

«ApxirekTypa ra 6yniBHuTBO». 

O¢iuiaHH� peueH3eHT 
nOKTOP TeXH0YHHX Hayk, ipoecop, 
3aBinyBa4 Kahenpu cnopya cneuianbHOro 
npu3HayeHHA KHiBCBKOrO HauiOHaTBHOro 
yHiBepcHTeTy 6ynieHHUTBa i apxiTeKTypa 

IlinnHc npoecopa 
BononHMHpa CKoyKO 
3ACBIIYYIO 

Cekperap BuenospaEPKnaBCKOro 
HauiOHaIBHOO A)BepeHreTy 
6yniBHHuTB rapsirekTypa 

BononuMHp CKOYKO 

MHKOna KJIMMEHKO 
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