AHOTALIS

€pvomin  A.B. EneproedekTUBHI CHCTEMH OMNaJ€HHS CYMICHI 13 CTaJolo
KOMIUIEKCHOIO TepMOMOJIepHi3alliero Oynaipm. - KpamidikaiiiiHa HaykoBa mpais Ha

paBax pyKOIUCY.

Hucepramisi Ha 3100yTTS HAyKOBOTO CTyIEHs MOKTOpa ¢inocodii (kaHmumaTta
TEeXHIYHUX HayK) 3a cremianbHicTio 192 — BymiBHUNITBO Ta NHBUIbHA 1HXKEHEPIs
(05.23.03 — BentusmisA, OCBITJICHHS Ta TeIUIora3onocradanus). — KuiBChbkuid

HarmionansHuil yHiBepcuTeT OyIiBHUIITBA 1 apxiTekTypH, Kuis, 2021.

OpHi€l0 3 OCHOBHUX €HEpPreTMYHUX crpateriii €sponericbkoro Corosy (€C) €
3MEHILEHHS 3arajbHOi KIJIBKOCTI CIOXKMBAaHHSA €HEprii 3a paxyHOK IMIJBUIIEHHS
eHeproeeKTUBHOCTI TEIJIOBUX TEXHOJOTIN. byaiBai croxkuBatoTh npubdanzao 40%
3arajbHOI KUTBKOCTI TETUIOTH Ta iX yacTka y riobanbHux €Bpornericbkux Bukumax CO;
ckiagae 6mmspko 36%. €Bponeiicbkka Komicis BBena y gito y 2002p. 1 oHOBMIIA Y
2010p. 3akonomaBumii mokymeHT ‘“Enepreruka. JlupexktuBa mnpo e(EeKTUBHICTDH
oyaisens” (EPBD), chnpsmMoBaHWi Ha MiABHINCHHS €HEProe(eKTUBHOCTI HOBHUX
OyniBenb Tak 1 THX IO EKCIUTYyaTyIOTbCS JIaBHO. TepMOMOJEpHi3allisl iCHYIYOro
oyniBensHOTO hoHy €C, sikuit cknanae 75% 3arajibHOTO nepedauyyBaHoro, MOBUHHA
yABIYl 3MEHIITUTH €HEPTOCTIOKUBAHHS Ta BUKHUIN JTBOOKHUCY BYTJICIIIO.

Bynieni 1 ciopyau BiTHOCSTBCS JO OCHOBHUX (POHJIB SIK1 BOJIOJIIFOTH HAWOUIBIINM
TEPMIHOM MPHUIATHOCTI TO BUKOPUCTAHHS. TOMy 3a 9ac CBO€i eKCILTyaTaIlii BIpOIOBK
YChOTO TEPMiHY, BIJIMOBITHO, CIOCTEPITAETHCS HAMOUTBIINN PO3PUB MK TEXHIYHUM
CTaHOM 1 (PYHKI[IOHATBbHUMH BJIACTUBOCTSMHU OYIIIBII, HAMPUKIAA T SITACCITH PIYHOL
JaBHUHU, 1 CyYacHUM TEXHOJIOTIYHO-IHHOBAI[IMHUM  piBHEM OYJIIBHUIITBA,
OOyMOBJICHIM HAyKOBO-TEXHIYHUM TMporpecoM. BusHauaapHUMHU Yy CydacHOMY
MacoBOMY OYJIBHHUIITBI € TEXHOJIOTIl MOB’s3aHl 13 X €HEePreTUYHOI €(PEKTHUBHICTIO,
EHEPro30epEeKEHHIM, €KOJIOTI3alli€l0, MPOCTOTOI 1 HAMIMHICTIO eKCIUTyaTallli Ta eKo

KOPUCHOIO yTHIIi3alli€lo. [CHYrOUMid BIPOJIOBXK JECATUIITH, B OCHOBHOMY, YKUTJIOBHIA



(GOoHJ TMOCTIMHO CHUCTEMHO 1 KOMIUIEKCHO TOTpeOye po3poOKHM 1 BOPOBAIKCHHS
TEPMOMO/ICPHI3ALIMHUX 3aXO0/IB 3 METOI0 JIOCATHEHHS BCTAHOBJIEHUX HOPMATHUBHUX
CHEepProoIIaTHUX EKCIUTyaTaIlllHHIX TTOKa3HUKIB, SIK1 CTPIMKO M1BUIIYIOTHCA HA KOPUCTD
eHeproeeKTUBHOI €KO Oe3MeYHO1 KUTTEAISUIbHOCTI. Hanpukiaa y po3BUHEHHUX KpaiHax
(Himeyunna, [anis, IlIBeimapis) HOpMaTHUBHUN KOE(DIIIEHT TEPMIYHOTO OIMOPY
30BHIIIHBOTO CTiHOBOIO OTOPOKEHHS JECATH POKIB TOMy cKimamas 4-5 m? K/Brt, y
nanuii yac 6-8 m? - K/BT, Ta mocriiiHO 3pocTae. 3MEHINYIOThCS HOPMATUBHI IUTOMI
IOKAa3HMKU eHeprocroxubanHs (kBt/(m? pik)) Ta B mpoleci ekcIulyaramii 3 pokamu
MOTIPIIYIOTHCS Bl CTApiHHS, y TOMY YHCII, TEIII0(131UUHI BIACTUBOCTI KOHCTPYKITIHHUX
OynmiBenpbHUX  MarepiamiB. OTke, HE3aIeKHO BIJ  3aCTOCYBaHHS  HOBITHIX
€Hepro30epiraroynx pilieHb B 1HKEHEPHUX CHCTEMAax 3a0e3MeYeHHs] MIKPOKIIMaTy Ta
CTYTICHSI BUKOPHUCTAHHS BIJHOBIIIOBAHUX JIXKEPENI €HEprii, TEIUIOBUM 3aXUCT OY/IBEIb
MOCTIAHO MiABUITYETHCSA. TaKUM YMHOM KOMIUIEKCHOI TEPMOMOIepHI3allii OTpeOyI0Th
He Tinbku OymaiBimi 60-90 Tux pokiB 3a0ymoBH, a ¥ OyAiBJIl 3HAYHO MOJIOJIIOTO BIKY, i
PaBIOINOAIOHO, 11eH MPOIEC € CTATUM I OJHIET 1 Ti€l sk OyaiBni. B Ykpaiuni 3axoau 3
TEPMOMOJIEPHI3aIlli perJaMeHTyIThcd HacTaHOBOIO 3 BUKOHAHHSI TEPMOMOJEPHI3aIlli
xutinopux OymuukiB (ACTY-H b B.3.2-3:2014). Lle#t cranmapT mOUIUPIOETHCS Ha
TEPMOMO/JIEPHI3ALII0 KUTIOBUX OYIMHKIB MIJl Yac iX TEXHIYHOI'O MEepEeOCHAIICHHS,
PEKOHCTPYKIIIT 200 KaniTaalbHOTrO PEMOHTY 1 PErjlaMEeHTy€e€ BUKOHAHHS POOIT 3 TEIJIOBOI
13071511111 30BHIIIHIX OTOPOJDKYBAJIbHUX KOHCTPYKIIH OyJAMHKIB, 3aMiHH BIKOH,
OQJIKOHHUX Ta 30BHIIIHIX JIBEpeM, MOJEpHI3aIlli CUCTEM OMNaJeHHS, BEHTUJIALII,
KOH/MIIIOHYBaHHS, OXOJIOJKEHHSI, Tapsiuoro BOAONOCTaYaHHs, €JIEKTPOIIOCTauYaHHs Ta
CJIEKTPOOCBITIACHHSI.  HailOumplm ~ eHeproeMHMMH 13 1HXKEHEPHUX  CHUCTEM
KUTTE3a0€3MEUCHHS € CUCTEMH OMAJICHHS, sIKI BUKOPUCTOBYIOTh OubIie 50% TemioBoi
eHeprii BiJ 3arajibHOi, 110 CIOXHBAIOTh Pa30M CHUCTEMH rapsyoro BOJOMNOCTAa4YaHHS,
BEHTWJIALIT 1 KOHJIMLIOHYBaHHA MOBITPS. KpiM IbOTO y KOJMIIIHIX KpaiHax 13 MIaHOBOIO
COINIATTICTUYHOIO E€KOHOMIKOIO, J€ BHU3HAYaJbHUMH OYB KUIBKICHUM TIOKa3HUK
eKOHOMIKH, y 0araronoBepxoBux Oyaiiax 60-90 Tux pokiB 3a0y10BH €KCILTyaTyIOThCA
OJTHOTPYOHI CHCTEMH ONaJ€HHS 13 BEJIMKMMH TiAPaBIIYHUMU BTpaTamMu Ha

MPOKAaYyBaHHS  TEIUIOHOCII Ta HEMOXJIHMBICTIO PIBHOMIPHOTO  TiIPaBIiYHOTO



OalaHCyBaHHS KOHKPETHUX OMNAaJIOBAIIbHUX NPWIAIIB, SIKI 4epe3 1€, MaloTh Haj
HU3BKOIO TEIUIOBY €(eKTUBHICTh. OTKEe METOI AUCEPTAIIHHOTO AOCIHIKCHHS OYJi0
TEOPETUYHE 1 EKCIIEPUMEHTaIbHE OOTPYHTYBAHHS yIOCKOHAJICHOI e€HEeproeeKTHUBHOI
CHUCTEMHM OMAaJICHHS CYMICHOI 13 CTaJIOI0 KOMILIEKCHOIO TEPMOMO/ICpHI3aIlI€0 Oy aiBIl.
Ha ocHOB1 KpUTUYHOTO aHAMI3y JITepaTypHUX JDKEPE 1 TAaTeHTHUX JIOCIIIKEHb, 3T1THO
JI0 BCTAaHOBJEHOI MeTH C(}OpPMYJIbOBAaHO 3aBIaHHS, fKI MOJSTalOTh y  (i3uKo-
MaTEeMaTUYHOMY MOJIENIIOBAHHI TEIUIOMPOBIIHOCTI 32 TPAHUYHUX YMOB MEPIIOTO POIY
yepe3 OaraTomiapoBy CTIHKY 30BHIIIHBOTO  OTOPO/UKEHHS 13  BHYTPINIHIMH
BEPTUKAJIILHUMH TEIUIONPOBOIAMHU CHUCTEMU OMAJICHHS Ta 3MIHAMHU 1HTEHCHUBHOCTI
TEIUIOBOI 1HEPIli, eKCIEePUMEHTAIbHI JOCTIKEHHS TEIUIONPOBITHOCTI Ta TEIUIOBOI
iHepiii 1 Bepudikallis EKCIEPpUMEHTAIbHUX Ta TEOPETUUYHUX JaHUX, a TaKoxX
pO3pOOJIECHHS METOAMKK IHXKEHEPHOTO PO3pPaxyHKy Ta TEXHIKO-€KOHOMIYHOTO
OOTpyHTYBaHHS JIJIsl BIPOBAKEHHS €HEProe(PeKTUBHUX CUCTEM OMAJIICHHSI CYMICHUX 13
CTaJIOI0 KOMIUIEKCHOIO TepMOMOJepHizaiieo OyaiBenb. OO0’€KTOM JOCIHIIKEHHS
BU3HAYECHO EHEProe(EeKTHUBHI CUCTEMH OIaJEHHS CYMICHI 13 CTaJOI0 KOMILIEKCHOIO
TepMOMOJIEpHI3aIli€0  OyaiBlIi, a TMPEeIMETOM -  HECTalllOHapHI  MpolecH
TEIJIONPOBITHOCTI Ta TEIJIOBOI 1HEPIli 3a TPAaHMYHHUX YMOB IEPIIOTO POy dYepes
OaraTtomapoBy CTIHKY 3O0BHIIIHBOTO OTOPOPKEHHS 13 BHYTPILIHIMU JIKEpEIaMH
TEIJIOTH, YTBOPECHUMHU BEPTUKATBHHMH TOJAaBAIBHUM 1 3BOPOTHIM TpPYyOOIIPOBOJIAMH
JBOTPYOHOI CHCTEMH OIaJIEHHS 3 TEIUIOHOCIEM. Y poOOTI 3aCTOCOBAHO Cy4acHi (pi3uKo-
MaTeMaTU4H1 Ta €KCIIEPUMEHTAIbHI METOIU TEOPETUUHUX JTOCTIKEHb HECTalllOHAPHUX
MPOIIECIB TEIJIOMPOBITHOCTI 32 TPAHUYHHUX YMOB TEPIIOT0 POy 4Yepe3 OararomapoBy
CTIHKY 30BHIIIHHOTO OTOPOJIKEHHS 13 BHYTPIIIHIMU JKEPEIaMH TEIUIOTH, YTBOPEHUMH
BEPTUKAJIBHUMM TIOAABAJIbHUM 1 3BOPOTHIM TPYOONpPOBOJaMH 3 TEIIOHOCIEM
MBOTPYOHOI ~ cHCTEMHM  OMaJieHHA.  MeTonu  4YHCEeNbHOTO  MOJIENIOBaHHS,
EKCIIEPUMEHTAJIbHUX JTA0OPATOPHUX Ta HATYPHUX JOCIHIIKEHb HAa OCHOBI Cy4YacHHMX
TEOpi TOCTAHOBKHM, BUKOHAHHS, MAaTEMaTUYHOI OOpPOOKH 1 OTpUMAaHHS JOCTOBIPHUX
JAHUX PE3yJIbTATIB  TEIIO(I3UYHOTO EKCIEPUMEHTY. BIpoTiHICTh OTpUMaHUX
pe3yJIbTaTiB, iX aHalli3, BACHOBKU Ta pEeKOMEH/allli 3yMOBJICHI 3aJJ0BUTLHOIO 301KHICTIO

pe3ynbTaTiB TEOPETUYHUX Ta EKCIEPUMEHTAIBHUX JOCHKeHb. HaykoBa HOBH3HA



OTPUMAHUX  PE3yJIbTAaTiB  TOJAra€ Yy  TEOPETHYHOMY  OOIpPYHTYBaHHI  Ta
EKCIIEPUMEHTAJILHOMY IIJITBEP/HKEHH1 YJIOCKOHAJIEHOI €HEeproeeKTUBHOI CHUCTEMU
OTaJICHHsI CyMICHOI 13 CTaJIOI0 KOMIUIEKCHOIO TEPMOMO/IEpHi3alli€lo OyIiBIl Ha OCHOBI
po3pobIieHoi (hi3UKO-MaTEMAaTUYHOI MOJENI TEeIJIONPOBITHOCTI 3a TPaHWUYHUX YMOB
MEPIIOTO POAY Yepe3 KOHCTPYKINI0 0araTrorapoBoi pi3HOPITHOI CTIHKH 30BHINIHHOTO
OTOPOJDKEHHSI 13 BHYTPIIIHIM JDKEPEJIOM TEIUIOTH Yy BHIVISIAI  BEPTHUKAIBHHUX
MO/JABAJIBLHOTO 1 3BOPOTHOTO  TPYOONPOBOIIB CUCTEMHU OMNAJICHHS 13 TEMJIOHOCIEM,
BOJIOI0, B CEpPEOWHI HHUX, TEOPETUYHOrO0 OOTPYHTYBAHHS 1 EKCIEPUMEHTAIHHOTO
niaTBepKeHHs miaBUIeHHS 10 10 % TemnoBoi iHepIli 3anponoHOBaHOI KOHCTPYKITIi
CTIHKM 30BHIIIHBOTO OTOPOKEHHS 13 30€peKeHHSM BIJHOCHO BHINOI 1 CTajIoi
TEMIIEpaTypyd Y TOBIII KOHCTPYKIII MpU MEPIOAUYHUX PI3KUX 3MIHAX 30BHILIHIX
TEIJIOBUX BIUIMBIB, OCOOJIMBO MpU  MIHIMAJIbHUX TEMIIEpaTypax HaBKOJIUIITHHOTO
cepenoBuia, ab0 I1HTEHCHUBHOCTI COHSYHOTO BUIIPOMIHIOBAHHSI. Y nockoHaieHO
METOJMKY EKCIEPUMEHTAIBHUX JOCIIHKEHb TETUIONMPOBIIHOCTI 32 TPAaHWYHUX YMOB
MIEPIIIOTO POy Yepe3 3alponoOHOBAHY KOHCTPYKIIIO OaraTolrapoBoi pi3HOPIIHOI CTIHKH
30BHIIIHBOTO OTOPOHKCHHS Ta HAOYIIH MOJATBIIOTO PO3BUTKY HAyKOBE OOTPYHTYBaHHS
CTaJIOi KOMIUIEKCHOI TepMOMOJIepHi3aiii Oy/iBelb Ha OCHOBI eHeproeeKTUBHUX
CUCTEM ONAJCHHS CYMICHUX 13 CTaJIOI0 3MIHOK KOHCTPYKIIi CTIHM 30BHIIIHBOTO
OTOPOJDKEHHS 3 IMIJIBUILIEHHSM TEIJIOBO1 1HEPIii Oy 1Bl Ta EHEPreTUYHOI, EKOJOTTYHOL
1 eKCIUTyaTaIlitHO1 €PEKTUBHOCTI JXKEPEeIia TEIIOTH 1 CHCTEMHU OTIAJICHHS B IIJIOMY.

VY Beryni guceprarii 0OrpyHTOBaHO aKTyaldbHICTh TEMH, C(HOPMYJIHOBAHO METY,
3aBJaHHS, TpPeAMET 1 00’€KT IOCTiIHKEHHS. 3a3HaueHl IOJIOKEHHS, 110 BHU3HAYAIOTh
HAyKOBY HOBHU3HY 1 IPAKTUYHY LIHHICTh OTPUMAHUX PE3yJIbTATIB, BKa3aHUN 0COOUCTHI
BHECOK 3/100yBaya 1 HajjaHo 1H(OpMalIiio PO anpoballiro pe3yabTaTiB JOCIIIKESHHS.

VY mepmomy po3aiii mpoaHaIi30BaHO JITEPaTypHi JKepesia 1 BUKOHAHO MATeHTHI
JOCITIKEHHST eHeproe(PeKTUBHUX CUCTEM OMaJIEHHS CYMICHHUX 13 CTAJIOK KOMILJIEKCHOIO
TepMOMOJIEpHi3aIli€ro OyaiBenanb cepiil TunoBoi 3a0yn0Bu 60-90 Tux pokiB. Po3risHyTo
CTPYKTYpY €HEpro30epekeHHsI Yy KOHTEKCTI 1H(PACTPyKTypH MICT, KEpyrouux i
KepOBaHUX (PaKTOpIB B IIIIIOMY Ta TEPMOMOJIEpPHi3allii OyaiBens 30kpema. BcranosieHo,

[0 OCHOBHHUMH KEPOBaHUMH (HaKTOpaMHu, SIKI CYTTEBO BIUTUBAIOTh Ha €(PEKTHUBHICTH



TEPMOMOJIEPHI3aIlll € yTEIJIECHHS €JIEMEHTIB OrOpOHKEHHS OYIBI1 Ta PEKOHCTPYKIIis
1HKEHEPHHUX CUCTEM KUTT€3a0€3MEUCHHS, 3 IKMX HaWOLIbII €HEPrOEMHUMU Ta TAKUMH,
IO CTAHOBJATh KPUTUYHI TEXHIYHI Ta COLIaJdbHI PU3UKH € CHUCTEMHU OMNaJICHHA.
[IpoananizoBaHo (i3MKO-MaTeMaTHYHE MOJCIIOBAHHSA TEIJIOMAacoOOMIHY  dYepes
30BHIIIIHI OTOPOKEHHS OyiBesnb. BCcTaHOBIEHO, M0 BU3HAYAIBHUM Ha €(PEKTUBHICTH
TEIUIOBOTO 3aXUCTy OyAiBIl € BIUIUB TEIUIONPOBIAHOCTI dYepe3 KOHCTPYKIIIO
OaraTomapoBoi OropojPKyBaJIbHOI CTIHKH, SIKa HE CYTTEBO MOKE 3MIHIOBATHUCH BiJ
CYMICHUX SIBHII[ TOBITPOTIPOHUKHEHHSI 1 MApONPOHUKHEHHS Ta TMEPEBIPAETHCS Ha
KPUTHYHICTh iX BIUIMBY. IIpu 11bOMy, B KOKHOMY OKpPEMOMY BHIIAJIKy HEOOXI1IHO
MPOBOJUTH TEIUIOMI3UYHUI aHali3 TEIJIONPOBIIHOCTI Ta MacoOOMIHY Ha OCHOBI
BEJIMUMHU Ta HANpsAMIB TpaJieHTa TEeMIEpaTypd, 1 TrpaJi€eHTa KOHIIEHTpaliid B
3aJIC)KHOCTI B1J] BEJIMYMHU T'YyCTHMHU TEIUIOBOTO MOTOKY Ta 0apo-, TEpMO- 1 MOJISIPHUX
mugy3ii.  Jlnsg  HecTalmioOHapHUX MPOLECIB  TEIUIONPOBIAHOCTI  Yepe3  30BHIIIHE
OTOPOJIPKEHHSI MiJ] MI€I0 30BHINIHIX BIUIMBIB, SIKI JAMHAMIYHO 3MIHIOIOThCS — (pi3Ke
3HIDKCHHSI TeMmIeparypd abo 3MiHa IHTEHCHUBHOCTI COHSIYHOTO BHUIIPOMIHEHHS)
CYTTE€BOIO 3HAYEHHs HaOyBae SBUIIE TEIUIOBOI 1HepLii OyaiBeIbHOI KOHCTPYKIII
30BHINIHBOTO OTOPOKEHHS (aKyMYyJIAIiiHA 3JaTHICTh), BETUYMHA K01 0€3M0CepeTHBO
BIIMBA€ HAa EHEPreTUYHy e(EeKTUBHICTh POOOTH JKepena TEeIoTh (KoTioarperar,
TEIUIOBUM HAcOC, TEIUIOBUI TYHKT) uepe3 pi3Ke MNpPUCKOpeHe 30UIbIIeHHS abo
3MEHIIICHHS] BUPOOHHUIITBA TEIUIOTH 1 Mojady il y CUCTEMy OmaJieHHs. BcTraHOBIEHO
TaKOXk, 10 peajibHI 3HAYEHHS TeIIO(PI3UYHUX MapaMeTpiB (TEMIONPOBIIHICTS,
TEIJIOEMHICTh, TYCTUHA) KOHCTPYKIIIT CTIHOBOTO OTOPOKEHHS OyiBenb 3a0y10Bu 60-
90 THX POKIB HE MOXJIMBO BCTAHOBUTU 0€3 1HCTPYMEHTAJIBHUX 1X BUMIPIOBAaHb 4acTO
yepe3 He BIAMNOBIAHICTh MPOEKTHIM MOKyMEHTalli Ta 3MiHI BJIACTHUBOCTEH 3 4acoM.
[TpoananizoBaHO METOIM 1 METOJMKHM Ha SKUX TIPYHTYIOTBCS  €KCIEpUMEHTAJIbHI
JOCIIJKEHHSI  TEeIUIOQI3UYHUX  XapaKTEPUCTUK IIApPIB  CTPYKTYPH  KOHCTPYKIIii
30BHIIIHBOTO OTrOpOKEHHsI. BCTaHOBIEHO BIUIMB KUIBKOCTI 1 SIKOCTI BUMIPIOBaHb
TeII0(I3UYHUX BETMYMH HA PEasIbHI 3HaYEHHS TEIUIOMPOBIIHOCTI 1 TETJIOBOI 1HEPIIi.
[IpoananizoBaHO MOJEPHI3aI0 1HXEHEPHUX CHUCTEM >KUTTe€3a0e3nedeHHs: OyiBelb.

Cucremu onajeHHs € HaAMOUTBIIT €HEPrOEMHUMH Ta TAKUMU, 110 CTAHOBJISATH KPUTHYHI



TEXHIYHI Ta COIlaJibHI PU3UKH JIJISl )KUTEJIIB Ta ONEPaTOPIiB 3 HATaHHS MOCTYT 1 CyTTERE
MIJBUILIEHHS EHEPreTUYHOi e(QEeKTUBHOCTI MOXKIMBE 332 PAXyHOK BHUKOPHUCTAHHS
JIBOTPYOHUX CHCTEM OIAaJeHHS 3 TApaBIiYHUM OajJaHCyBaHHSIM OKPEMHUX BITOK 1 CTOSIKIB
Ta 6e3MocepeIHbO Nepe]l ONANTIOBATILHUM MPUIIAJIOM.

VY apyromy po3aisii TpOBEICHO TEOPETHUYHI JOCIIIKEHHS TETUIONPOBITHOCTI Yepe3
KOHCTPYKIIif0 0aratomrapoBoi pi3HOPIAHOI CTIHKA 30BHIINIHBOTO OTOPO/KECHHS 13
CYMIIICHUMH BEPTUKAJbHUMHU TEIUIONPOBOJAAMHU BcepeauHi ii. OOIpyHTOBaHO
KOHCTPYKIIi MPOKJIaJaHHs BEPTUKAIBHUX MOAABAIBHOTO 1 3BOPOTHOTO TPYOOMPOBO/IiB
CUCTEMH OIAJICHHS y TOBII KOHCTPYKIII CTIHH, IO YTEIUISETHCS, B IITPoOax pi3HOI
reoMeTpuyHoi (popMuU Ta y TOBIII 13 30BHI MOBEPXHI CTIHU a00 BHYTPIIIHHOI MOBEPXHI
TEIJIOBOi 130JAL1i 1 AKI CYMICHI 13 KOMIUIEKCHOK TEPMOMOJIEpHI3alier0 OyAiBil.
Po3pobinieno ¢i3uko-maTeMaTHYHy MOJENb TEIUIONPOBIIHOCTI 32 TPAaHUYHHUX YMOB
MEPIIOTO POy uepe3 0araToliapoBy Pi3HOPIAHY CTIHKY 30BHIIIHHOTO OTOPOJIKEHHS 13
BHYTPIIIHIM JIKEPEIOM TEIJIOTH Y BUIJISAAl BEPTUKAIBHUX NAAAar0yoro 1 3BOPOTHOIO
TpyOOIPOBO/IiB CUCTEMHU OTMAJICHHSI HA OCHOBI CUCTeMHU TUMEPEHIIINHUX 1 anredpaiuHux
PIBHAHb TEIUIONpPOBIAHOCTI. KOpEeKTHO 3aAaHO MMOYaTKOBI 1 TpaHUYHI YMOBH Ta
PO3B’S13aHO YHMCEJIbHUM METOJOM IM03/10BXKHBO-TIONEPEYHOI MPOTOHKU OaraTOBUMIPHY
3aJlayy  TEIUIONPOBIAHOCTI.  ANropuT™M  po3B'si3aHHS  OyJlo  peaji3oBaHO B
obumncroBampHOMy KoMmimiekci ANSYSS. BceranomieHo, 1m0 TaOaWM4HI 3HAYCHHS
KOe(DIIIEHTIB TEIJIOMPOBITHOCTI CTIHOBUX KOHCTPYKIIWHUX OyAiBEIbHUX MaTepialiiB
MOXXYThb BIJPI3HATUCH OUIbIIE HIKX Yy JIBa pa3d BiJg (PAKTUYHUX 3HAYEHb Yepes
HEOJ/IHO3HAYHICTh, HE OJIHOPIAHICTh Ta CTAPIHHS BIJIMOBITHOTO MaTepialy 1 MOTPEOYIOThH
ix eKCIIEPUMEHTAILHO-JIA00PATOPHOTO JTOCITIJIPKEHHS TUISt e(eKTUBHOI
TEPMOMOJIEpHI3aIlii.

Y Tperbomy po3/iii BHKOHAHO KOMIUIEKC EKCIEPUMEHTAIBHUX JIOCHIKEHb
TEIJIONPOBITHOCTI Yepe3 KOHCTPYKIII0 CTIHM 30BHIIIHBOIO OTOPOJKEHHS CTapoi
OyIiBIl 3 METOK BU3HAYEHHS (PAKTUYHUX 3HAUYEHb KOE(DIIIEHTIB TEIUIOMPOBIAHOCTI
mapiB Ta ix Bepu@ikaiii i3 TEOPETHUHUMH TAaOJMYHUMH 3HAYCHHSIMHU. Po3pobiieHo
METOJMKY €KCIIEPUMEHTAJILHOTO JOCIHIPKEHHs] Ha OCHOBI IOBHOTO (PaKTOpHOTO

EKCIIEPUMEHTY 13 3MIHOIO (DaKTOpiB — TeMIEepaTypu Ta TOBUIMHU IIapy KOHCTPYKIIII.



[TiniOpaHo 1 BUKOPUCTAHO 3aCOOM BUMIPIOBAHb TEMIIEpaTypu 1 T'YCTHHHU TEIJIOBOTO
MOTOKY 3 OJHAKOBUMH KjacaMd TOYHOCTI Ta BHUKOHAHO CTaTUCTUYHHM aHami3
OTPUMAHUX  EKCHEPUMEHTAJIbHUX  JaHuX. JIOCHI/PKEHO  BIUIUB  JOJATKOBOTO
OOJIaIITYBAaHHS B TOBIII CTIHU BEPTUKAIBHUX MAJaI0Y0T0 Ta 3BOPOTHOTO TPYOOIIPOBO/IIB
CUCTEMHU OITaJICHHS 3 TEIJIOHOCIEM BOJOK Ha IMiJIBUIICHHS TEIJIOBOI 1HEPITii
KOHCTpYKIii. OTpuMaHO NONPaBKOBI KOEQIIIEHTH 11 BU3HAYCHHS (PAKTUUHUX 3HAUCHB
KOe(]iIlI€EHTIB TEIUIONPOBIIHOCTI MaTepiajliB KOHCTPYKIi CTIHM, Ta Ha iX OCHOBI
IPOBEJCHO BepHU(IKaIlil0 TEOPETUUYHUX Ta EKCIEPUMEHTAIbHUX JaHUX. BcTaHOBIEHO
[0 MiJBUIIEHHS TEIUIOBOI 1HEPIli 3ampolOHOBAHOI KOHCTPYKIII 30BHIIIHBOTO
CTIHOBOTO OTopokeHHs 10 10% crpusie MiABUILEHHIO €HEPreTUYHOI e(PEeKTUBHOCTI
JoKepena TerioTu Ha 5-7 % 3a paxyHOK 3IJ1aJ[P)KyBaHHS MKIB TETJIOBOIO HABAHTAXKECHHS
1 BIJIMOBITHO MPHUCKOPEHb-CIIOBLILHEHb (PUBKIB) pOOOTH MalbHUKA TEIUIOTEHEpaTopa
a00 1HIIOTrO JIKepena TEeIIOTH.

VY 4yerBepTOMYy pO37ii1l pO3pOO0JEHO METOAUKY I1HXXEHEPHOIO PO3PAXYHKY Ta
BUKOHAHO TEXHIKO-CKOHOMIYHHMI aHali3 CHUCTEMU ONAJCHHS 3 BEPTUKAIbHUMHU
TEIUIONPOBOIAMH 3 TEIJIOHOCIEM BOJIOIO y TOBIIMHI CTIHU 30BHIIIHBOTO OTOPOIKCHHS
TEPMOMO/ICPHI30BaHOI OyaiBil. BHKOHAHO TEXHIKO-€KOHOMIUHE OOIPYHTYBaHHS BIJ
BIIPOBA/DKCHHSI €HEProe(eKTUBHUX CHUCTEM ONAJICHHS CYMICHHX 13 CTajolo
KOMILJIEKCHOIO TEPMOMO/IEpHI3alli€r0 OyAIBIl 3 pIYHUM €KOHOMIYHUM epekToM 250 rpH.
Ha OJIMH M? 30BHIIIHLOIO CTIHOBOTO OrOPOKEHHS Oy aiBens 3a0yn08u 60-90 THX POKiB
(3a minamu 2020p.).

VY nucepTaimiitHoMy JOCIHIKEHHI TEOPETUYHO 1 €KCIIEPUMEHTAIILHO OOTPYyHTOBAHO
YIOCKOHAJIEHHSI €Heproe()eKTUBHOI CHUCTEMM OIaJ€HHS Ha OCHOBI PO3TallyBaHHS
MO/ABAJILHOIO 1 3BOPOTHOTO BEPTUKAIBHUX TPYOONPOBOJIB CUCTEMHU OMNAJCHHS 3
TEIJIOHOCIEM - BOJIOIO Y TOBIIIMHI CTIHOBOI KOHCTPYKIIi1 30BHIIIIHBOTO OTOPOIKEHHS M1k
30BHIIIHBOIO TOBEPXHEIO CTIHU 1 BHYTPIIIHBOIO — YTEIJIIOBa4Ya Ta CyMICHOIO 13 CTaJO0

KOMIUIEKCHOIO TEPMOMO/ICPHI3aIlI€r0 Oy TIBII.



KarwuoBi ciaoBa: TepMoMojepHi3allis, TEIIoBa 130101, TEIIOMPOBIIHICTb,
CHUCTEeMa OIaJICHHsI, TiIpaBIIYHUN PEXHUM, TEIUIOBAa MOTYXKHICTh, TEIUIOBA IHEPIi,

eHeproe)eKTUBHICTb.

SUMMARY
Eremin A.V. Energy efficient heating systems are compatible with sustainable
integrated thermal modernization of the building. - Qualifying scientific work on the

rights of the manuscript.

The dissertation on competition of a scientific degree of the doctor of philosophy
(candidate of technical sciences) on a specialty 192 - Construction and civil engineering
(05.23.03 - Ventilation, lighting and heat and gas supply). - Kyiv National University of
Construction and Architecture, Kyiv, 2021.

One of the main energy strategies of the European Union (EU) is to reduce the total
amount of energy consumption by increasing the energy efficiency of thermal
technologies. Buildings consume about 40% of the total heat and their share in global
European CO, emissions is about 36%. The European Commission entered into force in
2002 and updated in 2010 legislative document “Energy. Building Efficiency Directive”
(EPBD), aimed at improving the energy efficiency of new and long-standing buildings.
Thermal modernization of the existing EU building stock, which accounts for 75% of the
total projected, should halve energy consumption and carbon dioxide emissions.

Buildings and structures are among the fixed assets that have the longest shelf life.
Therefore, during its operation throughout the term, respectively, there is the largest gap
between the technical condition and functional properties of the building, such as fifty
years ago, and the current technological and innovative level of construction, due to
scientific and technological progress. Technologies related to their energy efficiency,
energy saving, greening, simplicity and reliability of operation and eco-friendly
utilization are decisive in modern mass construction. Existing for decades, mainly the

housing stock is constantly systematically and comprehensively in need of development



and implementation of thermal modernization measures in order to achieve the
established normative energy-saving performance, which is rapidly increasing in favor
of energy-efficient environmentally friendly life. For example, in developed countries
(Germany, Denmark, Switzerland) the normative coefficient of thermal resistance of the
external wall fence ten years ago was 4-5 m? - K/W, currently 6-8 m? - K/W, and is
constantly growing. Normative specific indicators of energy consumption (kW / (m?
year)) decrease and in the course of operation over the years deteriorate from aging,
including thermos physical properties of structural building materials. Therefore,
regardless of the application of the latest energy-saving solutions in engineering systems
to ensure the microclimate and the degree of use of renewable energy sources, thermal
protection of buildings is constantly increasing. Thus, not only buildings of the 60s and
90s of that year need complex thermal modernization, but also buildings of a much
younger age, and it is probable that this process is sustainable for the same building. In
Ukraine, thermal modernization measures are regulated by the Guidelines for thermal
modernization of residential buildings (DSTU-N B B.3.2-3: 2014). This standard applies
to thermal modernization of residential buildings during their technical re-equipment,
reconstruction or overhaul and regulates the performance of work on thermal insulation
of external enclosing structures of buildings, replacement of windows, balcony and
exterior doors, modernization of heating, ventilation, air conditioning, cooling, heating
power supply and electric lighting. The most energy-intensive of the life support
engineering systems are heating systems that use more than 50% of the total thermal
energy, consuming together hot water supply, ventilation and air conditioning systems.
In addition, in the former countries with planned socialist economies, where the
quantitative indicator of the economy was decisive, in multi-story buildings of the 60-
90s of that building single-pipe heating systems with high hydraulic losses for pumping
coolant and the impossibility of uniform hydraulic balancing of specific heaters. have
over low thermal efficiency. Thus, the aim of the dissertation research was the theoretical
and experimental substantiation of the improved energy efficient heating system
compatible with the sustainable complex thermal modernization of the building. Based

on a critical analysis of literature sources and patent research, according to the goal



formulated tasks, which are physical and mathematical modeling of thermal conductivity
under boundary conditions of the first kind through a multilayer wall of the outer
enclosure with internal vertical heating pipes and changes in thermal inertia intensity.
Thermal inertia and verification of experimental and theoretical data, as well as the
development of methods of engineering calculation and feasibility study for the
introduction of energy-efficient heating systems compatible with sustainable integrated
thermal modernization of buildings. The object of study is energy efficient heating
systems compatible with sustainable integrated thermal modernization of the building,
and the subject - non-stationary processes of thermal conductivity and thermal inertia
under boundary conditions of the first kind through a multilayer wall of external
enclosure with internal heat sources formed by vertical supply and return. Modern
physical-mathematical and experimental methods of theoretical researches of
nonstationary processes of thermal conductivity under boundary conditions of the first
kind through a multilayer wall of an external protection with the internal heat sources
formed by vertical supply and return pipelines with the heat carrier of two-pipe heating
system are applied. Methods of numerical modeling, experimental laboratory and field
research on the basis of modern theories of formulation, execution, mathematical
processing and obtaining reliable data on the results of thermos physical experiment. The
probability of the obtained results, their analysis, conclusions and recommendations are
due to the satisfactory convergence of the results of theoretical and experimental studies.
The scientific novelty of the obtained results lies in the theoretical substantiation and
experimental confirmation of the improved energy efficient heating system compatible
with sustainable complex thermal modernization of the building on the basis of the
developed physical and mathematical model of thermal conductivity under boundary
conditions of the first kind. Of return pipes of heating system with coolant, water, in the
middle of them, theoretical substantiation and experimental confirmation of increase to
10% of thermal inertia of the offered design of a wall of an external protection with
preservation of rather higher and constant temperature in a design thickness at periodic
sharp changes of external thermal influences, especially at the minimum ambient

temperatures, or the intensity of solar radiation. The method of experimental studies of



thermal conductivity under boundary conditions of the first kind has been improved due
to the proposed design of a multilayer heterogeneous wall of external enclosure and
further substantiation of scientific substantiation of sustainable complex thermal
modernization of buildings on the basis of energy efficient heating systems. And
operational efficiency of the heat source and the heating system as a whole.

In the introduction of the dissertation the relevance of the topic is substantiated, the
purpose, tasks, subject and object of research are formulated. The specified provisions
defining scientific novelty and practical value of the received results, the personal
contribution of the applicant are specified and the information on approbation of results
of research is provided.

In the first section the literature sources are analyzed and patent researches of energy-
efficient heating systems compatible with the constant complex thermal modernization
of buildings of series of typical construction of 60-90 years are executed. The structure
of energy saving in the context of urban infrastructure, control and management factors
in general and thermal modernization of buildings in particular is considered. It is
established that the main controlled factors that significantly affect the efficiency of
thermal modernization are insulation of building enclosures and reconstruction of life
support engineering systems, of which the most energy-intensive and critical technical
and social risks are heating systems. Physical and mathematical modeling of heat and
mass transfer through external enclosures of buildings is analyzed. It is established that
the influence of thermal conductivity through the construction of a multilayer enclosing
wall, which cannot change significantly from the combined phenomena of air penetration
and vapor permeation and is checked for criticality of their influence, is decisive for the
effectiveness of thermal protection of the building. In this case, in each case it is
necessary to conduct thermos physical analysis of thermal conductivity and mass transfer
based on the magnitude and directions of the temperature gradient and concentration
gradient depending on the magnitude of heat flux density and bar-, thermo- and molar
diffusion. For non-stationary processes of thermal conductivity through the outer
enclosure under the influence of external influences that change dynamically (sharp

decrease in temperature or change in the intensity of solar radiation) the phenomenon of



thermal inertia of the building structure of the outer enclosure (accumulation capacity) is
significant. (boiler, heat pump, heat point) due to a sharp accelerated increase or decrease
in heat production and its supply to the heating system. It is also established that the real
values of thermos physical parameters (thermal conductivity, heat capacity, density) of
the wall enclosure of buildings of 60-90 years cannot be established without their
instrumental measurements often due to non-compliance with design documentation and
changes in properties over time. Methods and techniques on which experimental
researches of thermos physical characteristics of layers of structure of a design of an
external protection are based are analyzed. The influence of quantity and quality of
measurements of thermos physical quantities on real values of thermal conductivity and
thermal inertia is established. The modernization of engineering life support systems of
buildings is analyzed. Heating systems are the most energy-intensive and pose critical
technical and social risks to residents and service providers, and a significant increase in
energy efficiency is possible through the use of two-pipe heating systems with hydraulic
balancing of individual branches and risers and directly in front of the heater.

In the second section, theoretical studies of thermal conductivity through the
construction of a multilayer heterogeneous wall of the outer enclosure with combined
vertical heat pipes inside it. The constructions of laying vertical supply and return
pipelines of the heating system in the thickness of the insulated wall structure, in gates
of different geometric shape and in the thickness from the outside of the wall surface or
inner surface of thermal insulation and which are compatible with complex thermal
modernization of the building. A physical and mathematical model of thermal
conductivity under boundary conditions of the first kind through a multilayer
heterogeneous wall of an external enclosure with an internal heat source in the form of
vertical incident and return pipelines of a heating system based on a system of differential
and algebraic equations of thermal conductivity. The initial and boundary conditions are
set correctly and the multidimensional thermal conductivity problem is solved by the
numerical method of longitudinal-transverse distillation. The solution algorithm was
implemented in the ANSYSS computing system. It is established that the tabular values
of thermal conductivity of wall structural building materials may differ more than twice



from the actual values due to ambiguity, heterogeneity and aging of the material and
require their experimental and laboratory studies for effective thermal modernization.

In the third section a set of experimental studies of thermal conductivity through the
construction of the wall of the outer enclosure of the old building in order to determine
the actual values of the thermal conductivity of the layers and their verification with
theoretical tabular values. The technique of experimental research on the basis of full
factorial experiment with change of factors - temperature and thickness of a design layer
is developed. Means for measuring the temperature and heat flux density with the same
accuracy classes were selected and statistical analysis of the obtained experimental data
was performed. The influence of additional arrangement in the wall thickness of vertical
falling and return pipelines of the heating system with the heat carrier water on the
increase of thermal inertia of the structure is investigated. Correction coefficients were
obtained to determine the actual values of the thermal conductivity coefficients of the
wall construction materials, and on their basis the verification of theoretical and
experimental data was carried out. It is established that increasing the thermal inertia of
the proposed design of the external wall enclosure to 10% increases the energy efficiency
of the heat source by 5-7% by smoothing the peaks of heat load and, accordingly,
accelerations (jerks) of the burner or other heat source.

In the fourth section the technique of engineering calculation is developed and the
technical and economic analysis of the heating system with vertical heat pipelines with
the heat carrier water in a wall thickness of an external protection of the thermal
modernized building is executed. Feasibility study for the introduction of energy-
efficient heating systems compatible with sustainable integrated thermal modernization
of the building with an annual economic effect of UAH 250 has been performed. per one
m? of external wall fencing of buildings built in the 60-90s of those years (at 2020 prices).

The dissertation research theoretically and experimentally substantiates the
improvement of energy efficient heating system based on the location of supply and
return vertical pipes of the heating system with coolant - water in the thickness of the

wall structure of the outer enclosure between the outer surface of the wall and the inner



- insulation and compatible with sustainable integrated thermal modernization of the

building.
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