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MOJEJTIOBAHHA OPIAHI3ALII BUTICHAKOYOI BEHTUNALII 3
3ABE3NEYEHHAM TENNOBOIO M LLYMOBOIO KOM®OPTY

Anomayia. Eunepeoegexmusnicme @opmyeanHs MIKpOKIiMamy oOmedlceHa
YMOBOI0 3abe3neueHHs Komgopmy 6 npumiujeHusax. Biticokosi ymoeu Ouxmyromo
2NUOOKI 0OMedHCEHHS WO000 eHepeocnodicusanus. Ak 0y10 nokasano 6 nonepeowix
poobomax, eghekmusHow € GUMICHAIOYUA BEHMUNAYIA 3 NepPiOOUYHUM NOOABAHHAM
nogimpsi 3 niOGUWEHUM poOoOYuUM  nepenaoom  memnepamypu. Pozenanymo
i0eanizosany mooeib BUMICHAIOHWOI GeHMUNAYLL, 0e NPUNIU8He NOGIMps NOCMYNOBO
ACUMINIOE MENTOHAOIUWKY Oe3 NIOMIULYB8AHHS NOGIMPsL 3 6epXHboi 30HU. Koegiyicnm
no8impooOMIiHy He Modice Oymu MeHwum 3a 2 1 3a1edcumv 6i0 CHiBBIOHOULEHHS.
MenIoOHAOIUWKIE V 30Hax. Y pa3i nepioouunozo nooasamnHs nosimps xoegiyienm
NOBIMPOOOMIHY 3a  MeMnepamypor0 HPUNIUBHO20 NOBIMPS  3HUNCYEMbCA 31
3MEHWEHHAM Yacy pobomu nosimpopo3nooilbHUKA, dlle 3POCMAE, AKWO 3d 0a308)
NPULIHAMU CepeOHIo memnepamypy nosimps Ha pisHi nionoeu. Illoxazano, wo
nepioouune noOABAHHs NOGIMPs. 00360NAE VHUKHYMU NOPYUIEHHS (0edni308aHol
MooOeni  yepe3 NIOCMOKMYBAHHA HASPIMO20 NOGIMps 3 BEPXHbOI 30HU, SIKe
RIOCUNIOEMBCS. PO3PIOHCEHHAM MIdHC NHOMOKAMU NOBIMPS, WO NPOKIAOAIOMb WIIAX Y
NPAKMU4HO Hepyxomomy nosimpi. Pexomenoosano nooasamu nosimps 6 medxcax
HUMCHbOI NONOBUHU POOOYOI 30HU, WOO VHUKHYMU NPUMYCOB020 SUUIMOBXYEBAHHS
nogimpss 3 30Hu. Ha niomeepoocenus cnio euxopucmamu  O0OYUCTIOBATILHY
2IOPOOUHAMIKY. [l MOdCIUBOCMI MOOENIOBAHHSA NUMOMA MENIOEMHICMb NOBIMpPSL
mae bymu nocmitinoro npomseom npoyecy. llonimponna menioemMHicme 3anexicums
8i0 NO4YamKoB8020 U KiHYego2o cmawy. 3oKpema, Ol npoyecié HaApisaHHs ma
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OXOJLOOJNCEHHSL NPU NOCMIUHOMY B0JI0208MICMI MENIOEMHICMb NOCMIUHA, aAlle He
sionosioae 1,006 k/[xc/(ke'K) 3 ypaxysauuam numomoi menioEMHOCMI 800SIHOI napu.
Busnaueno, wo aAkwo OyOb-AKuu NpAMULL NpoYyec Yy Medcax NOZUMUBHOL
memnepamypu  noOGimpsi NPUNUHUMU 8  OOBIIbHILL  MOYYi, MeNni0EMHICIb
3MiHI08amuMemovcs 8 medxcax 3,63 %, wo 0o36onae esaxcamu il NOCMIUHON0 05
OYIHIOBANLHUX PO3PAXYHKIE. Moolenioeanus 3anponoHoeano2o cnocody nooaeaHms
nOBIMpsi NOKA3an0 egekmusne 3a0e3neuenHs menio8o2o Kom@opmy nepeoysamms
mooell. llepioouune niosuujeHHs pigHs wiymy 30amue IMimysamu wymu 6impy, ujo
PEKOMEHO08AHO NOEOHamMU 3  QIimoOu3auHoM, V32004CEHUM 3 NPUSHAUEHHIM
NPUMIUYEHHSL.

Kniouosi cnosa: enepeoeghexmuenicms, xomghopm, umicHAOUA BeHMUNAYIA,
OUHAMIYHULL ~ MIKpOKIIMam,  OOYUCTIOBANbHA — 2I0pOOUHAMIKA, — KoeiyicHm
nogimpooOMIHy, imoou3aiit, wym.

IlocranoBka mnpodaemu. EneproedexTuBHICTE (OpPMYyBaHHS MIKPOKIIMATY
oOMeXeHa J10CTaTHhO KOPCTKUMHU yMOBaMU 3a0e3neyeHHs: KoMPopTy nepeOyBaHHS
JIONEeH y TPHUMIMICHHSX. 3 1HMIOro OOKy, BIMCHKOBI YMOBH JUKTYIOTh TJIHOOKI
OOMEXKEHHS 100 €HEePrOCIOKMBAHHS, 110 BUMAarae cTalili3alliiHuX Ta aBapiiHHUX
3HEeCTpyMJIeHb. Sk Oyl0 MOKa3aHO B MONEPENHIX poOOTax, €(PEKTUBHUM PIILICHHSIM €
BUTICHSIOUA BEHTWIALIS 3 TIEPIOAUYHUM IIOJABAaHHSAM IIOBITPS 3 IiABUIIEHUM
pobouuM TmepemanoM TemmepaTypu. Po3paxyHkoBa MOAENTh HE MOXE OI[IHHTH
OCOOJIMBOCTI  PO3BUTKY CTPYMHUHHUX Tedidd, 1[0 BHUMara€e MaTeMaTHYHOTO
MOJICTIOBAHHS.

AKTyaJbHicTh AociailzkeHHs. [liaBunieHHss eHeproe()KTUBHOCTI (HhOpPMYBaHHS
KOM(OPTHUX YMOB MIPHUMIIICHb Y BEHTWIALIT Ta KOHAUIIIOBAHHI MOBITPS € BaYKJIMBOIO
HAYKOBOIO MPOOJIEMOIO B paMKaXx 3€JI€HOTO Oy/IIBHUIITBA Ta CTAJIOCTI MICT.

Ocranni nocaigkenns ta myoaikanii. KompopTHHii cTaH y npuMILIEHH — L€
KOMIUIEKCHE TIOHATTSA, W0 TMependayae TEIUIOBUM BI3yalbHUM, aKyCTHYHHA,
IIYMOBUM, 3allaXOBU KOM(OPT, a TaKOXK BIJICYTHICTh IIKIAJIUBOIO BIUIUBY JOMIIIOK,
30KpeMa BYIJIEKHCIIOTro ra3y. ToMy CTBOpeHHS KoMQOpTy Mependadae KOMILIEKC
3aX0fIB — CUCTEMHU (HOPMYBAHHS MIKPOKIIMAaTy, MPUHOMH [H3aiiHy, HIyMO3aXHUCT,
BUKOPHCTAHHS EKOJIOTIYHUX MaTepialliB TOIIO. 30KpeMa, Oio(uUIbHUNA Au3aiiH
(Racusan, Dirja and Dumitras, 2020) xoda 1 CTBOpPIOE MaKCUMAaJbHO MPUPOTHE
Bi3yaJIbHE CEpPEOBHIIIE, aJie I03BOJISIE BUKOPUCTAHHS JUISl I[HOTO IITYYHUX €JIEMEHTIB
ab0 3acCyllIeHHUX KBITIB, II0 HIK HE MOKPAILIYIOTh MOBITPSHE CEPEIOBHILE Ta MOXKE
3a0pyIHIOBATH MOTO MHUJIOM 1 JIETKUMH OpraHiyHUMU pedoBuHamu. ditoauszaiin — 1e
outbin By3bke NOHATTS (CHikko and XapitonoBa, 2006), sike 3ampoNOHYBaB
yKpaiHChbKuil yueHuid AHapiit [poA3MHCHKUN N7 BHUKOPHUCTAHHS >KUBHX POCIHH
3a]JIs1 TIOKpAIlleHHs BHYTPIIIHBOTO cepenoBuila. Branuii ¢iTtoausailH cTBOpIOE
Bi3yaJbHI YMOBH, Onu3bki a0 npuponHux. Lleil edext moxe OyTu AOMOBHEHUN
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BIJIMOBITHUM aKyCTUYHUM cepefioBuIlieM. | 1ie 703BoJi€ IMOM’SIKIIY€E aKyCTHYHI
BUMOTHU JI0 BEHTWIAIl 32 YMOBHM OJM3BKOCTI LIYMOBOTO CHEKTPY JO0 BITPOBOTO Ta
NEePIOUYHOCTI Horo BIUIMBY. Y muHymdii poo6ori (Korbut et al., 2025) moniOuuii
X1, ajie 3 BUCOKOIO YacTOTOIO0 MEepeMHUKaHHS, OyJio 3alpONOHOBAHO 3aCTOCYBaTH
0 BUTCIHAIOUOI BeHTWislii (Jiang et al., 2025), mo 3a yMOBH NEPIOJUYHOTO
MOYEProBOr0 MOAABAHHS TOBITPS JO3BOJIAE MOEAHATA 3MEHIICHUM MOBITPOOOMIH 3
BUCOKMM  KO€(]II[IEHTOM TOBITPOOOMIHY, a 3HAa4UTh, JOCATTH 3MEHUICHHS
eHepronorpeo.

OcoOMMBICTIO BUTICHSIOUOT BEHTHJIALIT 3 TOJIaBaHHSAM TOBITPS 31 CTiH € MosBa
JIOJJATKOBOTO PO3PIIKEHH MK TymMOaMu abo penriTkaMu, o MOB’sI3aHO 3 €XKEKIIEI0
CTPYMHUH Ta OOMEXEHHSM MPOCTOPY MK HUMH. lle po3pimkeHHS TPHU3BOAUTH JI0
3aCMOKTYBAHHS MOBITPS 3 BEPXHBOI 30HU B pOOOUY 3 MOTIPIICHHSAM SKOCT1 TOBITPSI.
[eit edext OyB BusiBieHuit y 2015 p. il onucanuii aBropkoro B po6oti (KiaumeHko,
2015) six HeraTUBHUMN (PaKTOp, IO CIPUUUHAE PEIUPKYIAIII0 KOHBEKTUBHUX MOTOKIB
y TEIUIOHANPY>KEHUX MPUMIIICHHSIX 3 BUTICHSAIOUOK BEHTUIISIIEIO.

Y wmii ke poboTri Goporbba 3 maHUM edexkTom Oyla BH3HAUEHA SK yMOBa
3armo0iraHHs il PEIUpPKYIAII Ta 3aMpONOHOBAHO TEXHIYHE PIIICHHS — BIIMOBA Bij
MJIOCKUX PENITOK 1 TYMO Ha KOPUCTh TyMO 3 OMYKJIOK MOBEPXHEIO, IO PO3JAI0Th
MoBITps B pi3HI Ooku. IIpore Take pileHHS HE 3aBXKJIHU 3aCTOCOBHE B I'POMAJICHKHX
OyIiBIIAX. AJKe OMyKiIl TyMOU 3a0MPar0Th KOPUCHY TUIONTY TPUMIIIEHHS.

Bunukae (i3udyHa CynepedHiCTh: MOTOKH TOBITPST TMOBUHHI 3HAXOAUTHUCH
OJTHOYACHO Yy JIBOX HECYMICHUX CTaHaxX — TypOyJIeHTHHI CTPYMHUHHUN MPUMEKOBUMN
map (10 3aBXIU €XKEKTye IMOBITps) Ta MOTIK, 0 He exekrye. JlamiHizamis He
BUPIIIYE CYNEPEUYHICTh, aJKe TYpOyJICHTHUH CTPYMUHHUN MPUMEKOBUHI IIap
dbopmyeThbCs 6€3MOCePEIHHO B IMPUMIIIICHHI.

[lepioguyHe mMomaBaHHS MOBITPS CTBOPIOE MOTOKHM, M0 HAOyBarOTh 1HIIMX
aCpOMHAMIYHMX XapaKTePUCTUK, HDK y cramioHapHoMmy pexkumi (Bosmsk, 2018).
IxHi BlacTMBOCTI CHJIBHO 3alekaTh Bij IepioaMuHOCTI mojapaHHA. ToMy mHocCTae
3a/laya MOJIEJIOBAHHS 3allPOIIOHOBAHOIO MIAXOMY 3aJJIsl OTPUMAaHHS JOCTOBIPHHX
pe3yJbTaTiB.

@opmyIIOBaHHA 1ijieil crarTi. MeToto poboTH € nepeBipsiHHS €PEeKTUBHOCTI
BUTICHSIFOUO1 BEHTUJIAIIIT 3 IEPIOIUYHUM TTOJIABAHHSIM TTOBITPSI

IneanizoBana moaeab BHUTiCHAWYO0I BeHTWJsiii. [[[o0 BUABUTH KOpEKTHI
pilieHHs, CPOPMYITIOEMO MOJENb BUTICHAOYOI BEHTHJIALII MPU MOJAaBaHHI MOBITPS 3
TEMITepaTyporo, HIKYOIO 32 TEMIEpaTypy MOBITpsl poOouoi 30HU. [IpumivBHI TOTOKH
(puc. 1) mogaroth G, Kr/c, MOBITps 3 TeMreparypor Osyp, K. IToBiTps 3MimryeTses 3
MOBITPSIM PoOOYOi 30HU 3 3a0€3MEUEHHSAM TeMIIepaTypu Ha PiBHI MIIIOTU O g min.
[IpuruinBHE MOBITPs acUMUNIOE TeroHAATUIIKU @py, BT, pobodoi 30HM Ta Ha ii
BEPXHbOMY PIBHI Ma€ TEMIEPATYPY
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Puc. 1. IneanizoBana Mojieib TOTOKOPO3MOILICHHS TP BUTICHSIIOU1M BEHTUJIALII:
a — 32 HasIBHOCTI TEIUIOHAUIMIIKIB y pobouiii (D, BT) 1 BepxHiit (., BT) 30Hax;
0 — 3a B1JICyTHOCTI TEIUIOHAJIUIIKIB Y BEpXHIH 30H1

© 0tV ¢ 1

IDA, max — ~ SUP 5 Ny ()
c. G

€ ¢; — MHUTOMAa TEIUIOEMHICTh TMOBITPS B MOJITPOINHOMY MIPOLEC] aCHUMUISIIT

TEIJIOBOJIOTOHATUINKIB y TipuMitenHi, J[x/(kr-K).
Jlami 1e moBiTPS MiAHIMAETHCS BrOPY, aCUMIIIOE, 32 HASBHOCTI, TeTIOHATUIIKA
BepXHBOi 30HU O, Ta HAOyBa€ TEMIIEPATYPH BUTSHKHOTO TIOBITPS

®,, +D, K

Op=0Ogpt——,K;
ETA SUP
c.'G

2)

Takum uMHOM, TeMmiiepaTypa TMOBITpS B poOOYId 30HI MPU BUTICHAIOYIN
BEHTWJIAIIIT 3MiHHA 3a BUCOTOIO. [Ipy mocCTiitHOMY MMOxaBaHHi MOBITPsI B poO0dy 30HY
MOXKHA TIPUITYCTUTH, 1110 HA PiBHI MIJIOTH TEMIIepaTypa JIOPiBHIOBATUME

®IDA,min = ®SUP, K, (3)

Cepenns Temneparypa noBiTpsl B poOoUiii 30H1

@ _ ®IDA,min + ®IDA, max K, (4)

IDA™— 2 s

3 ypaxyBanusMm dpopmyi (1) 1 (3) piBusHHs (4) HaOyne BUDISITY

()
+—"~ K (5)

0,0 =Ogp e GO
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Toni xoedimieHT MOBITPOOOMIHY 32 MAaKCMMAJbHOIO TEMIEPATypoOI0 B poOOoUlid
30H1 32 popmymnamu (1)1 (2)

G)ETA_@SUP —| 1+ (Df

®IDA,max - ®SUP (DWZ

K,= , K. (6)

KoeoiwieHT moBiTpoOOMIHY 3a CEpPEelHbOI0 TEMIEPATYpOI0 B poOOoUild 30HI 3a
dbopmynamu (1)1 (5)

Q,

X QETA_®SUP:2_ 1+

L
®1DA - ®SUP ) Wz

, K. (7)

KoeiuieHT noBITpOoOOMIHY 32 MiHIMAJIbHOIO TEMIIEPATYPOIO MOBITPSL B pOoOOUI
30H1 32 popmymamu (2) i (3) HECKIHUECHHUH.

®opmymu (6) 1 (7) mOKa3yrTh, MO0 KOEQIMIEHT IMOBITPOOOMIHY HE MOXE
XapaKTepu3yBaTH €(QEKTUBHICTb oOpraHizamii noBiTpooOMiHy. Hampuknan, vy
CHIOpPT3aJli BBEYEPl TPEHYIOTHCS JBAa CIIOPTCMEHH, IO BUAULAIOTH Ot 600 Bt YV
BEpXHIN 30HI TpaIoe mTydHe ocBimieHHs noryxHicTio 600 BT. Toxai 3a hopmynamu
(6) 1 (7) xoedilieHT MOBITPOOOMIHY CTAaHOBUTH 2 1 4, BIAMOBIAHO. SIKIIO K BOHHU
TPEHYIOThCSl BJIEHb, & COHSYHA pajiallisi MePETBOPIOETHCS HA TEIJIOTY B OCHOBHOMY
Ha MiJ1031, TO TEIJIOHAIXOMKEHHS 0 BEpXHbOI 30HU MPAKTUYHO BijacyTHI. Toml 3a
dbopmymoro (6) xkoedirieHT OBITpoOOMiHY HabmmkaeTbes n0 1 abo 2. I mpu nmpomy
opraHizaris oBiTPOOOMIHY JUIIAETHCS HE3MIHHOIO.

Po3mssHeMO BHUIIAIOK, KOJW TOJAaBaHHS MOBITPSl BiAOYBA€ThCS MEPIOJUYHO 3
PI3HHUX MOBITPOPO3MOAUILHUX MPUCTPOIB. Y TaKOMY BHUIIQJKy CEPEIHs TeMIeparypa
MOBITPS O WIOTH Opymin HE MOXKE JTOPIBHIOBATH TEMIIEPATypl MPUILTUBHOTO
noBITPs Osyp, 110 ¥ JO3BOMSIE POMMUPUTH poOOUNH Tiepena Temmneparyp. Dopmynu
(1) 1 (2), 0 BupakarTh TEIUIOBUI OajmaHC POOOUYOT 30HU Ta MUMIIIEHHS B I[IJIOMY,
3aJIMIIAIOTHCS CIIPABENIMBUMH, SKIIO ITOAABAHHS IMOBITPS BiI0OYBa€THCS TTOYEPTOBO 3
MOBITPOPO3MOAUTEHUX MPUCTPOIB 31 30€peKEHHSAM HE3MIHHOCTI cyMapHoi Butpatu G
B yaci. AHQJIOT1YHO CIIPaBeUIHBOIO € i hopmyia (6).

OmiHuTH TeMmepaTypd MOXHA, SKIIO NPHUITYCTUTH, MO B 30HI KOXXHOTO
MOBITPOPO3MOAUTEHOTO MPUCTPOIO TPOTITOM vacy poOOTH Ha Temriieparypa Oifs
MIJJIOTH JIOPIBHIOE TeMIeparypl NPHUIUIMBHOTO TOBITPS ®Osyp, @ B IHIIMH 4Yac —
cepenHii Temmeparypi poOouoi 30HUM Oy Km0 yactka dYacy poOoTH
MOBITPOPO3IMOALUTEHOTO MPUCTPOIO CTAHOBUTH T, TO

10
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Oma, min = OsurT + Oma(1 — 1), K. (7)

PiBusnnas (1), (4) Ta (7) yTBOPIOIOTH CUCTEMY 3 PO3B’SI3KOM:

-t @
® 1p4, min=Osup+ 1+1 'Cn.W(Z;a K, (8)
_ 1 Dy,
®,,=0,,+—- , K, 9
IDA supr 1+T CTE'G ( )

a Takox popmyna (1).

Axmo B piBHsHHA (8) 1 (9) migctaButu T =1, TOOTO MOBITPS TOMAETHCS
nocTiHo, To oTpuMaeMo dopmynu (3) Ta (5). ToOro mpuMyIIeHHS OXOIUIIOE 1
BUITJIOK MTOCTIHHOTO MOJAaBaHHS MOBITPS K TPAHUYHUA BUMAIOK.

KoedimieHT MOBITPOOOMIHY:

[—<L2®ETA_®SUP:(1+T)_ Q,

®1DA - ®SUP

1+ , K. (10)

wz

Axmo muM Koe(dIliEHTOM XapaKTepu3yBaTH €(EKTUBHICTh MOBITPOOOMIHY, TO
«ONITHMATBbHUMY» 3HA4eHHSAM T Oyna 0 omuumnsd. [Ipore B maHii ¢opmi KoedillieHT
(10) HaBITh HE XapaKTEepU3y€e HEPIBHOMIPHICTh PO3MOALITY TeMmreparypu. BuzHauumo
KO€(ILIEHT MOBITPOOOMIHY 1HAKIIE:

IrzL_@ETA_@]DA,min:z_I_ﬁ. CI)€ =21+ (Df

+

K. (11

O~ ®1DA, min T wz wz

VYV Ttakiit popmi KoediliEHT MOBITPOOOMIHY XapaKTepu3y€e€ HEPIBHOMIPHICTH
posnoauty temmneparypu. [Ipu 3MeHIIEHH] T BiH OpsIMy€ 0 HECKIHUYEHHOCTI, a MpU
T =1 maemo popmyny (7).

Hanani HeoOXigHO pPO3MISIHYTH MOMKJIMBOCTI OpraHi3yBaHHS MOBITPOOOMIHY
MaKCUMaJIbHO HAOJMKEHO JJ0 JaHOT MOJEI.

11
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Pyx nmoBiTpsi mpu KOPOTKOYACHOMY NMOAAaBaHHi CTPyMHUH. [Ipu BHUTICHSIOUIM
BEHTWISIIIIT OTHUM 3 BOXJIMBUX (PAKTOPIB, 1[0 BUBHAYAIOTH M1JCMOKTYBAaHHS MOBITPS 3
BEPXHBHOI 30HM, € EXKEKIIHHA CIPOMOXKHICTH CTpyMuH. [Ipm posmisami cTpyMuH,
3a3BMYal, aHANI3YIOTh IXHIH PO3BUTOK B yCTajJeHOMY pexuMi. Jlume okpemi poboTu
(Bo3usk, 2018) po3misgaroTh mnepexiHi mpouecu npu (OpMyBaHHI CTPYMUHHHUX
teuiil. [IpoTe 3a pesynapraramu poOOTH Ba)KKO MpoaHaTI3yBaTH (Bi3MUHI MPUHIIUTIN
©XKEeKI1i MOIIOHUMHU CTPYMUHAMHU Yepe3 Ty>Ke BEIUKUI YaCOBUM KPOK.

VY nauiif poOOTI 3MOJIETHOBAHO HAUIIPOCTIIIY BUIbHY BICECUMETPUYHY CTPYMUHY
3 TOYATKOBOIO MIBUJKICTIO 3 M/C 1 KpokoM 20 MC. YKHUTO cTaHAapTHY K-& Monens.
CTpyMHHA BHUTIKa€ B HEPYXOMHUH TPOCTip. 3HAUYUTh, HA CAMOMY ITOYAaTKy PO3BUTKY
BOHA Ma€ BUINTOBXYBATH MOBITPS HABKOJO CBOTO (GpoHTy. DPopMa CTpyMHUHHU Uepes
1 ¢ HaOyBae BumIsIAy Ha puc. 2. DopMa xapakTepHa JIJIsl BUMAJIKY «PO3IITOBXYBAaHHS
HEPYXOMOTO TIOBITPS 3aajisi MPOKIAAaHHSI NUBIXYy, a HE IS CTPYMHUHHOTO
MIPUMEKOBOTO II1aPY.

Puc. 2. ®opma ctpymunn uepes 1 ¢ micis 3amycKy

BekropHe mone MIBUAKOCTI TMOKa3zye, IO TMONEPENy CTPYMHHHM HOBITPA
PO3XOJIUTHCA BiJl CTPYMHUHH, a OUIS BUXOMY NOYMHAE (HOPMYBATUCS MIATIKAHHS /10
CTPYMUHH 3 YTBOPECHHSM JIOKAJIbHOT MUPKYIIAIIT (puc. 3)

Hanani 6111 BUnycky nmodumHae ¢popMmyBatucs TypOyJISHTHUM TPUMEKOBUHN II1ap.
AJle HampUKIHII CTPYMHHH TIPOJOBKYETHCS TMPOILEC MPOKIAJAHHSI NUIAXY IS
po3BUTKY. Lle 100pe BuHO Ha puc. 4 yepes 4 ¢ Mmicis 3amycKy.

Hanpukiniii cTpyMuHa pO3BUBA€ThCS SIK y Karcyil. Bexrophe mose (puc. 5)
CBIAUUTH, 10 OUIA BUXOAY C(HOPMOBAHUI MPUMEKOBHI IIap €KEKTye€ HABKOJIHIIHE
MOBITPSI, a OLJIs1 KaIrlCyIu MaeMO JIUIIIE JIOKAJIbH1 IUPKYISAIIAHI Tedii.

OTxe, mepioguyYHEe MOJABaHHS CTPYMHUHHU JO3BOJSIE YHUKHYTH 3HAaYHUX 30H
€)KEKTyBaHHsI HABKOJMILIHBOTO IMOBITPS, TOOTO MiHIMI3yBaTu HETaTUBHUN e€(PEeKT s
BUTICHSAIOYOI BEHTHIALI.
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Puc. 3. BektopHae mose uepe3 1 ¢ micns 3amycky. Konbopu BiAnoBigaoTh puc. 2

Puc. 4. ®opma cTpymunn uepes 4 ¢ miciis 3amycKy
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Puc. 5. BekTopHe nose uepe3 4 ¢ micis 3amycKy: KOJIbOpU BIAMOBIIAIOTH puc. 4

HeoOxigHO 3BajkaTW Ha BHTICHEHHS MOBITPS Ta UUPKYISALiAHI Teuli. s
YHUKHEHHSI BTpPaTH HEBIANPAIlbOBAHOTO TIOBITPS Yy BEPXHIO 30HY HE BapTo
MOBITPOPO3MOAUIbHI TYMOHU Ta PEIITKU IMiHIMATH JI0 BEPXHBOI MEXi1 poOOUYOi 30HHU.
PexoMeH1yeEMO OOMEXUTHCS HUXKHBOIO MOJIOBUHOIO II1€1 30HH.

[MosiTponHa mnUTOMa TeEIJIOEMHICTHL NOBITPsA. binbmicte  mporpam
00YMCITIOBAJIBHOT T1JIPOIMHAMIKHY HE MOJIETIOIOTh MTPOIIECH BOJIOTOOOMIHY 3 OTVISITY Ha
IPUXOBaHy TEIJIOTy. TOOTO po3paxyHOK BiOyBa€eThCsS 3a SIBHOIO TEIJIOTOIO, a HE 3a
noBHOIO. OfHaK, TEIJIOEMHICTh Ta3iB CUJIBHO 3alIekuTh Bija mporecy. Came yepe3
BIJIMIHHICTb TE€IIOEMHOCTI Bcyneped Bumoram JIBH B.2.5-67:2013 noBiTpooOMiH y
NPUMIMICHHSIX 3 MaJIUMH 3HAUYE€HHSMH KyTOBOTO KOe(DiIlieHTa MPOMEHS MpOoIecy 3a
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SBHOIO TEIUIOTOIO HE paxykoTbh. [Ipm TOUHOMY KOMIT'IOTepHOMY po3paxyHky I[-d
JiarpaMH HeB’sA3Ka He nepeBuInye 3 %. Aje OCKUIbKM MOXHOKa py4HOi MOOYy/IOBH 32
I-d miarpamoro pgocsirae 5 %, TO B pa3i OIHOTO 3HAKy IUX MOXHOOK y pe3yibTaTi
HEB’s13Ka MOK€ BUWTHU 3a IOMyCTUMI Mexi — 5 Y.

[TomiTponHy TEMIOEMHICTh 5, JIK/(kr-K), nerme 3a Bce 3HAUTH MNIISAXOM
NPUPIBHIOBAHHS TMOBITPOOOMIHIB 3a SBHUMH TermioHammumkamu A®, Br,
BOJIOTOHQNIUIIKaMU W, 1/c, Ta mOBHUMU TeruioHaamumkamMu AD,,= Ad + W | Br,
IIPU TEIUIOT1 mapoyTBOpeHHs 7, JIx/T (ab6o k/[x/Kr):

G= AD = w = Aq)hf =

Can OETA_GSUP) dey=dsup L= sup

= AR+r W ke, (12)

Cpa'eETA+(’”+va'OETA)'dETA_Cpa‘GSUP_(’”"'va'GSUP)'dSUP

ne ders — BOJIOTOBMICT BUTSDKHOTO TIOBITPS, T/KT; dsyp — BOJIOTOBMICT MPHUILUIUBHOTO
MOBITPSA, T/KT; Ipry — CHTaNbIA BUTSDKHOTO TIOBITPS, T/KT; Isyp — €HTAJBINA
NPUILUIMBHOTO TOBITPS, I/KT; Opry — Temmeparypa BUTsSKHOro moBiTps, °C; Osup —
SHTaJBIIS TPUILUIUBHOTO TOBITPS, °C; ¢y — 1300apHA TEIIOEMHICTH CyXOTO TMOBITPA,
Jx/(xr-K); ¢,» — 1300apHa TermnoeMHICTh BoAsHO1 apu, [x/(kr-K)

— eETA'dETA_QSUP'dSUP_
C,=C,tC,,; =
Or2—Osup

=c, +c .®ETA_273’15)'dETA_(®SUP_273915)'dSUP (13)

pa pv _
®ETA ®SUP

VY nporiecax 6e3 3MiHU BOJOTOBMICTY d = drrs = dsup, T/KT, MaeMo (puc. 6)

C, =c,=c,*c,d. (14)

d=d g =dgp

Takum uuHOM, mepexin Bil Cp = | k/x/(krK) (Iekun et al., 1976) no
1,006 xJIx/(xr-K) (‘IBH B.2.5-67:2013 Onanenus, BCHTHIISLIIS Ta
koHauIionyBanus’, 2013) € wHeBumpaBganuM. [[ns mporieciB HarpiBaHHS Ta
OXOJIOJPKEHHA 0e3 3MIHM BOJOTOBMICTY CJiJi BH3HA4aTH MHUTOMY 1300apHY
TEIJIOEMHICTH 3a dhopmyrioro (14) abo puc. 2.

15



Benmunisuyis, oceimneHHss ma merinoaa3oriocmadyaHHs. Bun. 55, 2025

Cp> Cp>
Jhx/(xr-K) kJx/(kr-K)
. 1,07
10702 Pk
1060 - 1,06
] 7 F
] — :
1050 ] e 51,05
] — g
1040 ] > g1,04
] _— :
1030 g o 51703
] _— :
1020 ] i § 1,02
] — :
0 5 10 15 20 25 30 35
d, r/xr
Puc. 6. I'padik 3a1exHOCTI MUTOMOT 1300apHOT TETIIOEMHOCTI BOJIOTOTO TOBITPS Bij
BOJIOTOBMICTY

[Ipy mpoBeneHH1 MpoLeCy B PI3HUX HANpAMKaxX TEIUIOEMHICTh Oyae pi3HOIO 1
3aJIe)KHOI0 BiJ TOYaTKOBOI Ta KIHIEBOI TOYKM Impoiecy. ToMy KOpPEKTHICTh
MOJICJIIOBaHHS B TNporpamMax OOYHCIIOBAIBHOI TIAPOAMHAMIKM TOBUHHA OyTH
M1TBEP/KEHA BU3HAYCHHSIM B1IAHOCHOT 3MIHHU TEIJIOEMHOCTI.

CrBopeno nporpamy B cuctemi Scilab 2025.1.0. I-d miarpamy HakKpHUTO CiTKOIO
3a BosioroBmicToM Big 0 mo 32 3 kpokom 0,2 r/kr. [lo Beprukani (puc. 7) KOXHY
OTPUMAaHy JIIHIIO MOCTIMHOTO BOJIOTOBMICTY HAaKpHUTO CITKOIO 3a TEMIIEPATYpOIO BIJ
3Ha4eHHs 3 BigHOCHOIO BosoricTio 100 % (anme ne menme 273,15 K) mo 323.15K
(50 °C) 3 kpokom 0,1 K.

Jlam kokHa MOMKJIMBA Tapa TOYOK CIONYYA€ThCS BIAPI3KOM TPSIMOT, SIKAN
po3ouBaethes Ha 100 iHTEpBaNiB. OTpUMaH1 TOYKH CUMBOJI3YIOTh MOYKJIMBI 3HAYCHHS
TOYOK po0ouoi 30HHU. 3a Gopmynor (12) BU3HAYAETHCA MUTOMA TETUIOEMHICThH Bij
MOYaTKY BIAPI3KY 10 KOXKHOI 3 TAKUX TOYOK.

[licnss NpOXOMKEHHS KOXKHOTO BIAPI3KY HAKONUYYETHCA MaKCUMaJbHE 1
MIHIMAJIbHE 3HAY€HHs TeroeMHocTi. [Iporpama moBeprae HaOUIbLIYy MOXIJIHMBY
BIJIHOCHY PO30DKHICTH, BIIHECEHY JI0 MEHIIOTO 3HAYEHHS, sIKa BUSBUIJIACS PIBHOIO
5,63%. 1lsa BenuumHa CyMmipHa 3 TOXHMOKOK MOJICTIOBAHHSA, TOMY MOJEI
OOYHCITIOBATBHOI T1POAMHAMIKA MOXYTh OIIHIOBATH XapaKTep TEIUIOBHUX MPOIIECIB Y
MPUMIIICHHSX
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——©=32315K
1 L 9=100%
-

T ©=27315K

Puc. 7. Citka Ha I-d miarpami: TOHKI BepTHUKaJIbHI JIIHIT — pO3OUTTS BOJIOTOBMICTY

yepe3 koxH1 0,2 T/KT; 3aCIYKU — po30UTTS HUX JIIHIN 32 TEMIEPATYpPOIO 3 KPOKOM

0,1 K; yopH1 Kpy>KKH — pO3OUTTS JIiHII Mi>K Oy/lb-IKUMH OTPUMaHUMU By3JaMH Ha
100 Bizpi3KiB.

Mojaei0BaHHSI BHTICHAKOYOI BEHTHJIALII 3 MNepPiOAUYHUM TOJABAHHAM
NoBiTPsA. 3a3HayeHl MNPUHLUIM PO3MISIHEMO Ha Npukiaal (puc. 8) HmpUMILICHHS
po3mipamu 6000x12000 mMm, ne mepebyBae 72 TOAWHYU 3 PO3paxyHKY OJHA JIOIUHA
Ha KBajparHuii Merp. KokHa mroavHa, TpeAcTaBlieHa B MOJEl ENINTUYHUM
uuniaapom aiamerpamu 500x250 mM, Buauisie 100 BT Temnotu 3 BepTUKaIbHOI
noBepxHi. Ille 2700 Br sBHMX TEIJIOHAJAXOMKEHb BIJ COHSYHOI pajiamii Ta
BHYTpPIIIHHOTO  OOJaJHAHHS YMOBHO 3acTOCOBaHa JI0 MJIOTU. 3arajbHi
terioHamumkyn 10000 Bt  3ocepemxeni B poOouiil 30H1. [lpunnuB mnoBiTps
3MIACHIOETHCSI BIChMOMa CTIHOBUMHM PEIITKAaMU B3JIOBX 000X MOBIIMX CTiH (IO
YOTUPHU HA KOKHIM) 3aBBUIIKKA MOJOBMHA BHCOTH pobOouoi 30HH, TOOTO 1000 ™MM.
JloBxkuHa penritok He nepesuirye 2000 mm.

Temneparypy MOBITpS B peXUMI NEPIOJUYHOTO IOAABAaHHS 3a BIJICyTHOCTI
COLIIOJIOTIYHUX JOCTIIP)KeHb BU3HAYeHO 3a jgomyctumumu ymoBamu (‘ZIBH B.2.5-
67:2013 Onanenns, BeHTWIALIS Ta koHAuIionyBanns’, 2013). Temneparypa po6o4oi
30HU MOxke gocsratu 295,15 K, a remneparypa NpUIUIMBHOTO MOBITPS MOXKe OyTH Ha
1 K MCHIIIC, TOOTO @sUP = 294,15 K.
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Puc. 8. Monens npumitieHHs:
a — 3 pemritkamu 2000x1000 mm; 6 — 3 pemitkamu 1250%1000 MM
1 — oropomKyBasIbHI KOHCTPYKIIiT; 2 — 00’€M poO040i 30HH; 3 — MOJIEN1 JIIOEH;
4 — NpUIUIMBHI PELIITKH; Y LEHTP1 CTEN1 PO3MIILEHO
BUTsDKHY pewniTky 1000x1000 MM

[Ipn Takux mapamerpax 3a OyIdb-SKUX YMOB 3a BH3HAUCHHSIM JIOIyCTHMHX
napaMeTpiB MIKpOKJIIMATy MOTIPIICHHS CTaHy 3/I0POB’ sl HEMOXKJIUBE.

MaxkcumaiibHa TeMIieparypa moBiTpsi po0o4yoi 30HH 32 ONTUMAIBHUMUA YMOBAMH
nocsirae 299,15 K. 3a BiACYTHOCTI TEIUIOHA UIMINKIB Y BEPXHIM 30HI 1151 TeMIepaTrypa
BIJIOBIJIA€ TEMIIEpaTypl BUTSHKHOro mnoBiTps. 3a Qopmynowo (12) 1 puc. 6 npu
BOJIOTOBMICTI 12 /KT moTpiOHa BUTpaTa MOBITPs

_ 7200+2800
1028(299,15—294,15)

=1,946, kr/c,

IIpu ryctuni moBiTps  psup= 1,20 Kr/M’ 32 BigomMow  GOPMYIOKW  IIpH
armocgepromy Tucky 101325 I1a

pSUpzﬁ, KI/M°, (15)

SUP

Ma€eMO 00’ €MHY BUTpATy IIPUILIMBHOIO MOBiTps L = 1,946/1,20 = 1,62 xr/m’.

L{s BenmuuMHA HE BpPaxOBY€ YaCTKOBY BTpATy TETUIOTH BiJ JIFOACH Y BEPXHIO 30HY
KOHBeKIi€ro. ToMy MOIETIOBAHHSA PO3IOYHEMO 3 BHUTpaTH MOBiTPs 1,6 KO/Mm’.
[TonaBaru moBiTpss OyneMO MOYEProBO 3 MapU PEIIITOK HABNPOTU OAHE OJHOTO 3
4acTKoIo yacy K = 1/4 — 5 ¢ nonaBanus 1 15 ¢ nepepBu abo 2,5 ¢ mogaBanus 1 7,5 ¢
nepepBu. [logaBanHs yepe3 Taky mapy pelliToK yCyBa€ MPHUKIaJaHHS 00epTaibHOro
MOMEHTY JI0 BHYTPIIIIHBOTO MOBITPS.
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3a puc. 9-12 ana pemitok po3mipamu 2000x1000 mm (muBuakicts 0,4 M/c) Ta
10001000 mm (muBuakicte Buxoxy 0,8 m/c) 0auMmo, MO TEMIEPATypHU peXUM
YVKIAJa€ThCsl B ONTHUMANbHI TapaMeTpu MIKPOKIIMATy KpiM obriacTeil mpsimoi mii
MOTOKIB TMOBITPST 3 PEUITOK, J€ KOPOTKOYACHO TeMIeparypa 3HUKYEThCS 10
JOMYCTUMHUX 3Ha4eHb. [Ipy mogaBaHH1 NOBITPS IPOTATOM S5 € XapakTep pO3MOAUIEHHS
TeMIlepaTypu OUIS CTIH € XBWJIbOBHM, MPUYOMY B OOJNACTI PEIIITOK, IO HE
NPaIiol0Th, CHOCTEPIralOThCS 30HU BHINOI TeMmmeparypu. Y UEHTpl MpUMILICHHS
XBWJII 3aTyXalTh. SIKIIO MOBITPS MOMAETHCS MPOTAroM 2,5 ¢, 6a4MMO BIICYTHICTD
CYTTEBUX XBWIb 1 0OjacTeil meperpiBaHHs. 3OUIbIICHHS IIBUAKOCTI BIBIYl HE
OPU3BOAUTH JO TPHUHIMIIOBUX 3MiH PO3MOMAUICHHS TEeMIepaTypH, ajieé T03BOJISE
3MEHIIUTU TUionly pemritok. [Ipu mpomy 3a puc. 1 poboru (Korbut et al., 2025)
TeMreparypa Ta IMBHUAKICTh TOBITPS BIAMOBIJAIOTh TEIUIOOOMIHY JIFOIUHH TPH
TEIIOBOMY KOM(OPTI.

JInst MOpiBHSHHS 3MOJIEJILOBAHO HEMEpPEpPBHE TOJABaHHA MOBITPS 3 POOOYNM
nepenagom Ttemneparypu 1,5 K. Ilpu 1poMy BIA€TbCAd MOCATTH HOPMATUBHOI
MaKCHUMAaJIbHO1 TeMiieparypu nmoBiTps 299,15 K numie npu BUTpaTi BEHTUIAIIITHOTO
nositpas 8,5 m’/c (puc. 13). Sk Gaummo, HaliBUIIA TeMmIeparypa IOBIiTps
CIIOCTEPITaEThCA B 00JACTI MiJICMOKTYBaHHS MOBITPs cTpymuHamu. Yepes 1€ B
IEHTPAIbHIN TUIONIMHI TeMrepaTtypa Oinbine HiX Ha Ha 1 K Hmxk4Ya, aHDK BepxHA
MeXa 3a ONTHUMaJIbHUMHU ymMoBamH. JlJis TIOM’SIKIICHHS SIBHINA MOYHA ITiJIBUIIUTH
BHUCOTY PELITOK /10 BUCOTH poOOYOi 30HM, ajieé TOJAlI OCHOBHY pOJIb BiAirpaBaTUMe
M1JICMOKTYBaHHS MK pelriTkaMu (3KOBTI 30HH 3 TeMIiiepatyporo 298,9 K).

[lepeBipuMO MOXKJIMBOCTI MOJEIIOBAHHS TEIUIOBUX IIPOLECIB Yy TNPUMILIEHI
[UISXOM PIBHOMIPHOTO PO3MOAUICHHS TEIUIOHAAIHUIIKIB y 00’eMi poOodoi 30HU
(puc. 14) mpu TuUX Ke BUTparax MOBITps Ta pexuMax nofaBaHHs. Pe3ynbratu
(puc. 15-17) cBiguarh npo OJMU3BKHUIA TEIJIOBUH PEKUM OKPIM HE3HAYHUX BIAXUIIEHB
aMILTITYIA XBWJIb Ta GopMU 001acTed mpy NepioJuIHOMY TMOJaBaHH] TOBITPS.

[Ipy mocTiiHOMY TIOJJaBaHHI Ma€eMO CYTTEBINIy pI3HHIO. Aje 3a
TEMIEPaTyPHUM PEKMUMOM BOHA CTAHOBUTH MEHIIIE TIOJIOBUHHU KeJbBiHA. Lle mo3Bomse
JUIS OI[IHKOBOTO MOJICIIOBAaHHS HE BHMAJIbOBYBAaTH PIBHOMIPHO PO3MOIIJICHUX B
o0’emi 3anu JoAeil. TakuM YUMHOM, TEPIOAUYHE IOYEProBe MOJABAaHHS MOBITPS
JI03BOJISIE 3MEHILIUTH MOBITPoOOMiH y 5,31 pasiB. Lle €, B OCHOBHOMY, pe3yJIbTaToOM:

* MOXJIMBOCTI 30UTBIIMTH poOOYMI Tmepenaja TeMmieparyp OO0 JOIMYCTUMHUX

MIKPOKJIIMaTUYHUX MapaMmeTpiB, 1 NpU LOMY 3a0€3MeYUTH KOM(POPT HA PiBHI,

K MIHIMYM, ONITUMAaJIbHUX NapaMeTpiB;

* YHUKHYTH €(eKTy MiJICMOKTYBaHHS HAarpiToro BiANpPalbOBaHOIO MOBITPS

(peuupKysiii KOHBEKTUBHUX MOTOKIB) MK CTpYMHHaMu 0€3 moTpedu 3aitmaTu

KOPHUCHY TUIONLY OMyKIUMHU TYMOAMH.
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0 0 1 O

Puc. 9. Temneparypa noBitpst B mpumimnieHHi 3 pemritkamu 2000x1000 mm 3
MOJIaBaHHSM TOBITPS 1O 5 ¢ 3 mepepBoro 15 ¢ 'y po3pisi:
a — neHTpaibHoMy; 0 — 1000 MM BiJI CTIHH
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Puc. 10. Temneparypa noiTpst B npumitieHH1 3 pemritkamu 2000x1000 mwm 3
MO/IaBaHHAM MOBITPS 110 2,5 ¢ 3 mepepBoro 7,5 ¢ ¢ y po3pisi:
a — neHTpanbHoMy; 6 — 1000 MM BiJ CTIHH
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Puc. 11. Temnieparypa noBitpsi B mpuMiilieHHi 3 perritkamu 12501000 mm 3
MOJIaBaHHSM IOBITPS 0 5 ¢ 3 mepepBoro 15 ¢ y po3pisi:
a — neHTpanbHoMy; 6 — 1000 MM BiJ CTIHH
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Puc. 12. Temneparypa noBiTpst B npumitieHH1 3 pemritkamu 12501000 mwm 3
MOJIaBaHHSIM IOBITPS 10 2,5 ¢ 3 epepBoro 7,5 ¢ y po3pisi:
a — neHTpanbHoMy; 6 — 1000 MM BiJ CTIHH
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Puc. 13. Temneparypa noBiTps B npuminieHHi 3 pemitkamu 20001000 MM 3
HETepEepBHUM TIOJJaBaHHSM IOBITPS B PO3PI3i:
a — ueHTpaibHoMy; 6 — 1000 MM Bij cTiHU
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a 0
Puc. 14. Monens npuminienns 3 pemitkamu 20001000 MM 1 piBHOMIpHUM
posnoauieHHsM B 00’ emi 10000 Bt TeruionaamuikiB pododoi 30HH:
MO3HAYE€HHS IUB. puC. 4

OcraHHe, 30KpeMa, OCOOJMBO AaKTyallbHO JJisi OaraThbOX CIOPTUBHUX 3aliB.
TpenyBaHHSI MOXYTh Tepeadadary 6ir abo Oir 3 BpaBamMu B3IOBXK MEPUMETPY 3aJIH.
Ski1o B310BXK NepUMETPy OyAyTh CTOSTH OIMYKJIl TyMOH, TO IPOCTIP MK HUMU O1J1s
CTiH OyJe MEpTBOIO 30HOIO I TaKMX TPEHyBaHb. A Ha ChOTOJHI BHCOKa BapTiCTh
TUTONT HE IOMyCKAa€e TaKOTO MapHOTPATCTBA.

30UTbIIEHHS MIBUAKOCTI MOBITPSL 6€3 BTpaTH KOM(OPTY J103BOJISIE JOCATTH JTBOX
nepeBar:

* 3MEHUIEHHS IUIOLIl PEIIITOK Ta Mepepi3iB MOBITPOMPOBOAIB 3a1Jsl MOKPAIICHHS
1HTEp €py Ta 3MEHILIEHHS COOIBapPTOCTI CUCTEMU;
* CTBOPEHHS MEPIOJUYHOTO LIYMY, 1110 BIITBOPIOE IIIyM BITPY.

Jlns CTBOpeHHS TapMOHIMHOTO CepeaoBHINa HEOOXIAHO IMO€THATH TOIOHMIMA
myM 3 (itonuzaiiHOM. Y pa3l HEMOXJIMBOCTI 3aiMaTH IUIOIIl MPUMILIEHHS, CIIiJ
BUKOPUCTOBYBaTH JliaHM Ha CTiHaX Ta KAIIIO 3 POCIAMHAMM. IX CHij mizbuparu
3aJI€KHO Bl OCBITJIEHOCTI Ta BOJIOTOCTI.

BucHoBku. IneanizoBaHa MoJiefb BUTICHAIOUOI BEHTHJIALII J03BOJISIE OLIIHUTH
e(eKTUBHICTh OpraHizailii MmoBiTpooOMiHy. B imeanbHUX yMOBax, KOJIU MPHUIUTMBHE
MOBITPS TMOCTYNOBO ACHUMUIIOE TEIUIOHAJIUIIKK 0O€3 MiAMIIIYBaHHS TMOBITPS 3
BEPXHBOI 30HHU, KOE(DIllI€EHT MOBITPOOOMIHY HE MOXke OyTH MEHIIUM 32 2 1 3aJIeKUTh
B/l CHIBBIJHOIICHHS TEIUIOHQUIMIIKIB J0 poOouoi Ta BEpXHbOI 30H. Y pasi
MEePIOIMYHOTO TO/IaBaHHsI TOBITPS KOE(DIIIEHT MOBITPOOOMIHY 3a TeMIIepaTyporo
NPUIUIMBHOTO  TIOBITPS ~ 3HWKYEThCS 31  3MEHIIEHHSM  4acy  pobortu
MOBITPOPO3MOAUIbHUKA, aje 3pOCTa€, SKIIO 3a 0a30By MPUHHATH CEpPEIHIO
TeMIIepaTypy MOBITPS HA PiBHI MiJIOTH.
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a

(@)

Puc. 15. Temneparypa noBitpst B npumitieHH1 3 pemritkamu 2000x1000 mwm 3
MOJIaBaHHSM IOBITPS 0 5 ¢ 3 IepepBoro 15 ¢ y po3pisi:
a — neHTpanbHoMy; 6 — 1000 MM BiJ CTIHH
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Puc. 16. Temneparypa noiTpst B npumitieHH1 3 pemritkamu 2000x1000 mwm 3
MOJIaBaHHSIM IOBITPS 10 2,5 ¢ 3 epepBoro 7,5 ¢ y po3pisi:
a — neHTpanbHoMy; 6 — 1000 MM BiJ CTIHH
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(@)

Puc. 17. Temneparypa noBiTps B npuminieHHi 3 pemritkamu 20001000 MM 3
HETepEepBHUM TIOJJaBaHHSM IOBITPS B PO3PI3i:
a — neHTpanbHoMy; 0 — 1000 MM Bij CTIHH
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[TopymieHHst iaeani3oBaHOi MOJENl CHPUYHMHSE TIJICMOKTYBaHHS HArpiToro
MOBITPS 3 BEPXHBOI 30HU, IO MiJCUIIOETHCS PO3PIIHKEHHSIM MK MOTOKaMHU MOBITPS
31 CTIHOBUX pemiToK 1 TyMO. EdexTuBHUM pillleHHSIM € TepioguYHe TOJaBaHHS
NOBITPS, 100 NOTOKMA MPOKJIAAANM HUISIX Yy MPAKTHYHO HEPYXOMOMY IOBITPI.
PexoMeHIyeThCS TOMaBaTH MOBITPS B MEKaX HIKHBOI IMTOJIOBHHH POO0Y0i 30HU, II00
YHUKHYTHU PUMYCOBOTO BUIIITOBXYBAHHS MOBITPS 3 30HH ()POHTOM MOTOKIB MOBITPSL.
JItst MATBEPKEHHST TaKOT MOMKJIUBOCTI CJIiJi BUKOPUCTATH MOJCIIOBAHHS METOJaMU
obuncmoBabHOI TiapoauHamiku (CFD).

[Iporpamu CFD BHUKOHYIOTH MOJEIIOBAaHHS 3a SBHOIO Terioror. Jlid
MOKJIUBOCTI TaKOTO MOJIETIOBAHHS TUTOMAa TEIUIOEMHICTh TMOBITPS Mae OyTu
MOCTIHHOI0. SIK TIOKa3ye TOPIBHSHHS IMOBITPOOOMIHY 3a SIBHOIO, MPUXOBAHOKO Ta
MOBHOIO TEIUIOTOI0, TOJITPONHA TEIJOEMHICTh 3aJ€KHUTh BIJ IOYATKOBOTO U
KIHIIEBOro cTaHy. Jljs mpolieciB HarpiBaHHS Ta OXOJIOMKEHHS MpPU MOCTIHOMY
BOJIOTOBMICTI ITUTOMAa TEIUIOEMHICTh MOCTIMHA, aie He Biamosigae 1,006 k] x/(xr-K),
a Ma€ po3paxOBYBaTHUCS 3 ypaxXyBaHHSIM ITUTOMOI TEIUIOEMHOCTI BOISHOI mapu abo
Habmwkeno npuiiMarucs 1 kJDx/(kr-K). fAxmo Oynp-sikuii mpsMuii mporec y Mexax
MO3UTHBHOI TEMIIEpaTypu IOBITPs MPUIIMHUTH B JIOBUIBHINA TOYIN, TEIJIOEMHICTH
3MIHUTBHCS B MeXKax 5,63 %, 1110 T03BOJIsI€ BBAXKATHU 11 MOCTIHHOIO 1 BUKOPUCTOBYBATU
MOJICTTIOBAHHSI 32 SIBHOIO TEIJIOTOO IS OI[IHIOBAIBHUX PO3PAXYHKIB.

MogentoBaHHs MPOIECIB Yy TPUMIMICHH] 3 BHUTICHSIIOYOK BEHTHIIAIIEID 3a
3allpOMIOHOBAHOTO CMOCO0y TOAaBaHHS TMOBITPS TOKA3auo, IO TPHU PO3PAXYHKY
MOBITPOOOMIHY 3a 1/1€alli30BAaHOI0 MOJCIII0O BOHA 3a0e3nedye HOpMaTHBHI
napaMeTpu TOBITPSHOTO CepeloBHIa B POOOUIM 30HI 1032 MeEXKaMH IOTOKIB
MIPUTUIMBHOTO TIOBITPS. Y MeXaX TaKuX MEPIOAUYHUX TOTOKIB 3a0€3MEIy€EThCS Ta K
IHTEHCUBHICTh TEIUIOBIIaBaHHS BIJl OPTraHi3My JIIOAWHHU, 10 ¥ IPH ONTHUMaIbHUX
MIKPOKJIIMAaTUYHUX MapameTpax.

[TepionuuHe MMOgaBaHHS IOBITPS JO3BOJISE 30LIBIINTHA IIBUIKICTH 1 3MEHITUTH
IO TIOBITPOPO3IMOAUIBHUX TPUCTPOIB 0€3 TOTIpIIeHHS KOM(OPTHOTO CTaHY
monuHy. IlepioguyHe MiABUIIEHHS PIBHS LIYMY 3/JaTHE IMITYBAaTH IIyMH BITpPY, L0
PEKOMEHJIOBAaHO TMOE€AHATH 3  (PITOAM3AaWHOM, Y3TOKEHUM 3 TMPU3HAYCHHAM
IPUMIIICHHS.

IlepcnekTBH  MmogajdbIUX  JA0cCigkeHb. (OcTarodyHe  MiATBEPIKCHHS
KOM(OPTHOTO CTaHy JIOAEH y MeXax MEepiOAMYHUX IMOTOKIB TOBITPS BUMAaratume
COITIOJIOTTYHUX JOCTIKeHb 32 MeTtogoM PMV/PPD B maGopatopHux ymoBax, IO
noTpedye TPaHTOBOTO MiATPUMAHHSI.
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MODELING THE ORGANIZATION OF DISPLACEMENT VENTILATION
WITH ENSURING THERMAL AND NOISE COMFORT

Abstract. The energy efficiency of microclimate formation is limited by the need
to ensure comfort in the premises. Military conditions dictate deep restrictions on
energy consumption. As shown in previous works, displacement ventilation with
periodic air supply with an increased operating temperature difference is effective.
An idealized model of displacement ventilation is considered, where the supply air
gradually assimilates excess heat without mixing air from the upper zone. The air
exchange coefficient is greater than or equal to 2 and depends on the ratio of excess
heat in the zones. In the case of periodic air supply, the air exchange coefficient by
the supply air temperature decreases with a decrease in the air distributor operating
time, but increases if the average air temperature at floor level is taken as the base. It
is shown that periodic air supply allows to avoid violation of the idealised model due
to suction of heated air from the upper zone, which is enhanced by rarefaction
between air flows, which pave a path in practically still air. It is recommended to
supply air within the lower half of the working zone in order to avoid forced
expulsion of air from the zone. Computational hydrodynamics should be used for
confirmation. For modeling the possibility, the specific heat capacity of air should be
constant during the process. Polytropic heat capacity depends on the initial and final
states. In particular, for heating and cooling processes at constant moisture content,
heat capacity is constant, but does not correspond to 1.006 kJ/(kg'K) taking into
account specific heat capacity of water vapor. It is determined that if any direct
process within positive air temperature is stopped at an arbitrary point, heat capacity
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will change within 5.63%, which allows us to consider it constant for estimation
calculations. Modeling of the proposed method of air supply showed effective
provision of thermal comfort for people. Periodic increase in noise level can simulate
wind noise, which is recommended to be combined with phytodesign, consistent with
the purpose of the room.

Keywords: energy efficiency, comfort, displacement ventilation, dynamic
microclimate, CFD, air exchange factor, phytodesign, noise.
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AHATI3 TA LLUNAXU PO3BUTKY YKPAIHCbKOIO 3AKOHOOABCTBA Y
C®EPI BUMOI' O EHEPITOE®EKTUBHOCTI BYAIBEJb

Anomauia. Y cmammi npononyemuocs eHepeoeKOHOMIYHUL MemoO OYIHIOBAHHS
PIBHA  pO36UMKY eHep2oepeKkmugocmi Kpainu, AKUil 0a3yemvCs HA CYMAPHOMY
CHOJICUBAHHI NEPBUHHOI eHepeli ma enudyuHi GHYMPIUHLO20 BA08020 NPOOYKNILY.
Pesynomamu oyiniosanus € AKiCHUMU ma He MOXNCYMb 3ACMOCO8Y8AMUCS O]
KITbKICHO20 OoyiHloeanHs cekmopy. [lpome 6onu ceiouams w000 HeOOCmAamHb020
pieHs 8Np0BaO0NCEHHS 3aX00i8 NIOBUWEHHS eHepeemUudHol eghekmusnocmi 0yoisens 8
Vipaini ma 3naunui nomemnyian 6nposaoddicenHs maxux 3axodis. Kpim ywvoeo,
NPOaHANi308ano NiOX00U Ma KiNbKICHI NOKA3HUKU  8UMO2 U000 CEKmopy
eHepeoehekmusHocmi 6 Kpainax cgimy. Bxkazano Ha OCHOBHI KIOU08i (hakmopu, SKi
enIUBAIOMb  HA ~ OYIHKY  KIACYy  eHepeemuyHoi  eexmuenocmi  Oyoigenw.
Ilpoananizosano 3pocmanmnsi nacenenns micma Kuesa 1t Kuiscvkoi obracmi ma,
8I0N0GIOHO, AKMYAILHICMb PO3BUMKY 3aX00i68 NiOBUWEHHS eHepeoeheKmUBHOCMI 8
pecioni. Po3kpumo KinlbKicHi NOKA3HUKU NPUBEOEH020 Onopy menjionepeoayi
020P00IAHCYBAILHUX KOHCMPYKYIU MA NOHAMb eHep2OnompeduU, eHepeoCnoN*CUBAHHS,
nepseunHHoi enepeii 8 po3pisi kpain ceimy. Cucmemamu3z08aH0O MONCIUBT NEPCHNEKMUBHI
HanpAMKU po3eumky 2aay3i 6 Ykpaiui. Buoxkpemneno easxcaugicms KOpucyeamHs
KIMAMONO2IYHUX OAHUX, SAKI 3ACMOCOBYIOMbCS 8 I[HICEHEPHOM)Y NPOEKMYBAHHI, A
MaKodc HeoOXIOHICMb 0emanbHO20 BPAXY8AHHSA MACUBHOCMI ma 6I0N0GIOHOI il
mennosoi inepyii 6HYMPIWHIX [ 308HIUHIX 020POO0HCYBATILHUX KOHCIPYKYIUL.

Knrouosi cnoea: enepzoegexmusnicmos; enepeonompeba, eHepeoCno*CUGAHMHS,
NepeUHHA eHepeisl, NpueedeHull onip menjionepeoau.

IlocranoBka mnpoOsemu. EHeprocnokuBaHHS TMEPBUHHUX EHEPreTUYHUX
pecypciB 3aleXuTh Big 0e3midi  QakTopiB, $KI MOTPIOHO KOHTPOJIOBATH Ta
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OILIIHIOBAaTH. 3arajioM CHCTE€Ma TIe€HEPYBaHHs, TPAHCIOPTYBAaHHS, PO3MOAUICHHS Ta
CHIOKMBAaHHS €HEPrii € KOMIUIEKCOM MIJCUCTEM, JJIsl KOXKHOI 3 SIKMX ICHYIOTh IEBHI
MIIXOAW J0 OILIHIOBaHHS eHepreTudyHoi edextuBHOCTI [1]. 3akoHOMaBUO B YKpaiHi
ICHy€ paH)XyBaHHS 3a MiJCUCTEMaMHM 1 MIAXOaMH JI0 OIlIHIOBAHHS 1X €(PEeKTUBHOCTI,
BI/IMOBIAHO /0 YOTO 3aKpIIJICHO MOHSITTS TMEPBUHHOI €HEprii, eHepromnorpedu Ta
eHeprocnoxuBaHHa. Hapasi B yKpaiHCbKOMY 3aKOHOJABCTBI YITKO 3aKpPITIEHO
BUMOTH JI0 HOBOTO OYJIBHMIITBA, PEKOHCTPYKIIIi Ta KamiTaJIbHOIO PEMOHTY came B
PO3pi3i EHEPTOCIIOKUBAHHSI.

VYkpaiHa cTaja Ha HUISIX KOMILJIEKCHOTO CTallor0 PO3BUTKY OYIIBHMIITBA Ta
eHeproePeKTUBHOCTI, 30KpeMa 3aJeKjIapyBajia MPUHIUIINA Ta MiAXOAU, MPUTAMaHHI
Kpainam €Bporneiicbkoro Coro3y [2]. Ha xanb, ciaamuaa OymaiBenb TOCTPAISTHCHKOTO
IpOCTOpPY BKpail moTpedye BChOTO KOMIUIEKCY IMIJXOAIB PEKOHCTPYKIIT Ta
KaIiTaJabHOTO PEMOHTY, PEHOBAIIIl Ta TepMOMOIepHi3allii [3, 4] 3 METOIO MiIBUIICHHS
OJIOKY MOKa3HUKIB: €HEPTOCTIOKUBAHHS, COIIAIBHOTO Ta €KOJIOTTYHOTO €(EKTIB.

[IpoBOAMTH KOMIUIEKCHE OI[IHIOBAHHS €HEPreTUYHOI €(PEKTUBHOCTI KpaiHu
CKJIAJJHO Ta HE 3aBXKJIM MOXJIMBO 3a JOIOMOIOI KiIbKICHHX IOKa3HUKIB. [l
OILIIHIOBAHHS TOTEHIlaly YKpaiHM B HaANpsIMKy €HEPreTHMYHOi €(PEeKTUBHOCTI Ta
CTaJIOTO PO3BUTKY rairy3eil OyaiBHHMIITBA (30KpemMa PEKOHCTPYKIIi Ta KamiTaJlbHOIO
PEMOHTY) MOXJIMBUM SKICHHM MIAX1J OIIHIOBAHHS BIJHOIICHHS 3arajJibHOTO
MIUTOMOT'O CIIO’KMBAHHS €HEPTii Ha OJIMHULIIO HACEJICHHS 10 BEJIMYMHU BHYTPIIIHBOTO
BaJIOBOTO TMPOMYKTy KpaiHu. Ha pwuc. 1 HaBegeHa peTpPOCHEKTHBA IMHUTOMOTO
CYMapHOTO CIIOKMBAHHS MIEPBUHHO1 eHeprii Ha ogHy 0cody [5]. Ha puc. 2 300paxkeHo
3MiHY 3a POKaMU BHYTPIIIHHOTO BaJOBOTO MPOAYKTY Ha OAHY 0co0y [5].

3 moka3HuKiB puc. 1 Ta puc. 2 MmoxxHa cpopMyBaTH YMOBHUH SKICHUN MOKa3HUK
MOTEHITIANTY 3alPOBAKEHHS IT1IXO/IB CTAJIOrO OYIIBHUIITBA Ta KOMILUICKCY 3aXOJIiB 3
eneproedextuBHocTi. Ha ricrorpami (puc. 3) HaBeleHI Taki moka3Huku 3a 2021 pik
JUTS TIeBHUX KpaiH. [Toka3HUK, XapakTepHuid il YKpainu cTaHoBUTh 2,17 kBt ron/$
BBII, mo Ha 57 % O6inbiie Hixk moka3zHuk kpaiH €C Ta Ha 64 % OubIle 3a MOKa3HUK
BenukoOputanii. OTpumMaHui pe3ynbTaT CBIJYUTH MPO HASABHICTH BUCOKOTO
MOTEHINAJly /10 BIPOBAKEHHS 3aXOAIB TMIABUIICHHS €HEproeeKTUBHOCTI Ta
KOMILUTEKCHHUX 3aXOJiB 31 CTAJIOTO PO3BUTKY, 30KpeMa B Oy/liBeJIbHIH ramy3i YKpaiHu.

3 noka3HHKiB Ha puc. 1 1 2 MoxkHa Cc(hOpMyBaTh YMOBHHMM SIKICHUN MOKa3HUK
MOTEHITIANTy 3alPOBAKEHHS IT1IXO/IB CTAJIOr0 OYIIBHUIITBA Ta KOMILUICKCY 3aXOJiB 3
eneproedexruBHocTi. Ha ricrorpami (puc. 3) HaBeleHi Taki moka3Huku 3a 2021 pik
JUTS TIeBHUX KpaiH. [Toka3HUK, XapakTepHui sl YKpainu ctaHoBUTh 2,17 kBt-ron/$
BBII, mo Ha 57 % O6inbiie Hixk moka3zHuk kpaiH €C Ta Ha 64 % Ouiblle 3a MOKa3HUK
BenukoOputanii. OTpumMaHui pe3ynbTaT CBIJYUTH MPO HAABHICTH BUCOKOTO
MOTEHINATy 3allpOBA/PKEHHS 3aXOJIB IIOJI0 €HEProe(PEeKTUBHOCTI Ta KOMIUICKCHHX
3aXOJIB 31 CTAJIOr0 PO3BUTKY, 30KpeMa B Oy/iBeNbHIN raimy3i YKkpainu.
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Energy use per person

Energy use not only includes electricity, but also other areas of consumption including transport, heating and
cooking.
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Puc. 1. PerpocniektBa cymapHOTo CIIOKMBAaHHS MIEPBUHHOI €HEPTii 3a BCIMa BUIAMHU
najuBa B po3pisi KpaiH cBity, KBt*ron/mox [5]

GDP per capita, 1820 to 2018 m

This data is adjusted for inflation and for differences in the cost of living betweean countrias,
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Saurca: Maddison Project Database 2020 (Ball and van Zandan, 2020) OurWeorldinData org/aconomic-growth - CC BY
Mote: This data is expressed in international-3 at 2011 pricas.

Puc. 2. PeTpocniekTiBa 3MiHN TIOKa3HUKA BHYTPIIITHHOTO BAJIOBOTO MPOAYKTY B
po3pi3i kpaiH cBity, $/mrox [5]
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Puc. 3. BigHOIIEHHSI MMTOMOTO CIIO’KMBAHHSI €HEPrii A0 MOKAa3HUKA BHYTPIIIHBOTO
BaJIOBOT'O MPOAYKTY, KBT*ron/$

Xapakrepuumu ocoOmuBoctaMu KueBa Ta KuiBchkoi ob6macti VYkpainu €
CTpPIMKUN (30KpeMa TEXHOJOTIYHUN) PO3BUTOK IMPOTATOM OCTAaHHIX POKIB, AKUH
BOUCBH/Ib 3araJibMyBaBCs IICISl MOYATKY MOBHOMACIITAOHOI pociiickkoi arpecii 24
motoro 2022 poky.

Hacenenns periony (puc. 4) crpimko 3poctano 3 2012 poky [6]. Lle BomHOUac
3yMOBWJIO 1 CTPIMKE 3pOCTaHHs OyiBEIbHOI raidys3i, 30KpeMa B YacTHHI Oy/IiBHUIITBA
0araroKBapTUPHUX Ta IHAWBIAYyaJIbHUX XKUTJIOBUX OyauHKIB. Tak caMmo, 3pocTaHHS
HaceJeHHs MnoTpedye HOBOro OyIIBHHUITBA, PEKOHCTPYKLII Ta/ab0 KamiTaJlbHOIO
PEMOHTY HasiBHUX OyIliBEJIb COIliabHOI chepH Ta 00’ €KTIB EHEPTeTUKH [7].

ExoHoMiuHE 3pOoCTaHHS B MOEAHAHHI 31 CTaJUM COLIAJIBHUM Ta €KOJIOTTYHUM
e(eKTOM MOXKJIMBI B TOMY YHUCII HPU ONTUMAIbHOMY PO3BUTKY OyIiBEIbHOI raiysi
KpaiHH, sIKa TICHO IOB’s3aHa 3 €HEPreTUYHUM CEKTOPOM Ta CEKTOPOM BUPOOHUIITBA
OyxiBenabHUX Marepianis [8, 9].

AKTyaJbHicTh JociigkenHsi. EneproedexkTuBHiCTh OyiBeab € OIHUM 3
KJIIOYOBMX UYMHHMKIB  PalllOHAJFHOTO BUKOPHUCTAHHS  MaJUBHO-CHEPTreTUYHHX
pEeCypCiB Ta 3HWKCHHS HABAaHTAXXCHHS HA CHEPreTUYHY CHCTeMy KpaiHh. 3HayHa
JacTHHA ICHYIOYOTO KHUTIIOBOTO 1 rpomajachkoro (oHay Ykpainu Oyia 3BeleHa 3a
3aCTapUIUMU HOpMaMH, IO 3yMOBIIO€ Hee(EeKTUBHE BUKOPUCTAHHS eHeprii. B
yMOBaxX TapMOHI3aIlii HOPMAaTUBHOI JOKYMEHTAIll 3 €BPONEHCHKUMH BUMOTAMH
BUHHKAE MOTpeda y BIOCKOHAJEHHI HOPMATUBHOI 0a3u Ta po3poOIeHH! MPaKTUYHUX
M1XOA1B JI0 OLIIHKH 1 MiABUIIEHHS €HEProe(EKTUBHOCTI OY/I1BEIIb.
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Puc. 4. 3mina Hacenenns (tuc. iron) KuiBcbkoi o0macTi 3a mepion

2003-2022 poxku [6]

OcTanni gociaigkeHns ta myoOjikauii. byniBenbH1 eHepreTudHi HOpPMH U
CTaHIApTH, TAKOX BIIOMI B JEAKUX KpaiHax sK "eHepreTW4yHi CTaHmapTH IS
OymiBens", "TernoBi HopMu OyaiBens" abo "Hopmu eHeproeeKTUBHOCTI Oy/iBelnb", €
KJIFOYOBUM THCTPYMEHTOM pEryitoBaHHA. BOHM BUKOPUCTOBYETHCS JEp:KaBaMH s
3HIKCHHSI BIUIMBY Oy/iBellb Ha €HEPTreTHYHUN CEKTOp 1 HABKOJUIIHE CEPETOBUILE 3
3a0€3MeUeHHAM MpU [bOMY KOM(MOPTY Ta CydyaCHHX YMOB TMPOKHUBAHHS IS
MemkaHiiB [10].

3 Meroro 3a0e3neyuTH OOMIH JIOCBIIOM MK pI3HUMU KpaiHamu y cdepi
eHeproepekTUBHOCTI OyJI0 MpoBeaeHe AociipkeHHs [11], y sskomy mpoaHai i30BaHO
CTaHIApTH eHeproeeKTUBHOCTI OyaiBeNb, IO 3aMpOBAKCHI B KpalHaX-wieHaX
E€poreiicbkoi Exonomiunoi Komicii Opranizamnii O6’ennanux Harrii.

3 OCHOBHHUX KPUTEPIiB, 32 SKUMH MPOBOJAUIOCH OI[IHIOBAHHS CTaHAApTIB, SK-OT
000B’SI3KOBICTh JAOTPUMAHHS, TEXHIYHI BUMOTH, MEXaHI3MH MPaBO3aCTOCYBaHHS Ta
3a0X0U€HHA, YKpaiHa oTpuMalia HallMEHIIy OIIHKY JIMIIE 3 OCTaHHHOTO KPUTEPIIO.
Hu3bka o1iHKa NOSACHIOETHCS BIACYTHICTIO (DIHAHCOBUX CTHUMYJIIB BIJI Iep>KaBH, K1 O
MOTHBYBaJIM JIOTPUMYBATHUCA BHUMOT €HEProe(PeKTUBHOCTI Ta BIPOBAKYBATU
B1JIHOBJIIOBaHI JKepesia eHeprii, K 11e Bi0yBaeThcs B Oubiiocti kpain €C. Jlizepom
y MIATPUMAaHHI OMHCAHUX 3axofiB € @DpaHiif, y SAKI BCUISIKO 3a0XOYYIOTH 1
BUHATOPO/DKYIOTh 1HINIATUBH, IO IepeadadaroTh BHUXIJ 3a MeXl OymaiBeIbHHUX
€HEePreTUYHUX HOPMATHUBIB.

Y poGoti [12] mpencraBieHO MAOCHIIKEHHS OyIIBEIbHUX EHEPreTHYHUX
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cTaHAapTiB Ta mporecy ceprudikaiii B kpainax €C. OcobnuBy yBary 30cepemkeHo
Ha CyBOpPOCTi OyIiBEJIbHMX EHEPreTUYHUX CTaHIApTIB, MIHIMAJIbHUX TEXHIYHUX
BUMOTaX 1 MPOIECI MOHITOPUHTY Ta cepTudikarii OymiBenb. Orisg HOPMATHBHHUX
CTaHJapTiB MPOBOJAUBCS Ha MpHKIaal Tpbox kpaid: IlIBemii, Himeuunnu Ta Icmanii,
1[0 MPEJICTABISIOTh TPU Pi3HI KIIMAaTU4YHI 30HU, NTO3HAYEHI B POOOTI K «XOJIOAHAY,
«TIOMIpHa» Ta «TeIyia» 30HM BiAMoBigHO. OcoOMMBHII 1HTEpEC TMPU LHBOMY
BUKJIMKAIOTh BUMOTH A0 eHeproedekTtuBHocTi crangaprtiB IlIBenii Ta Himeuunnu.
AJpKe KUIBKICTh Tpagyconi0d, mpuTaMaHHa OMAIOBAJILHUM IepiofaM IuX KpaiH, €
JIOBOJII OJIM3BKOIO JI0 KIJTBKOCTI T'Pajycoaid omnmajtoBajIbHOTO MEpiogy MICT YKpaiHu
[13].

bynisensni Hopmm IlIBemii HasmBaroThesi Boverket’s Building Regulations
(BBR). I'omoBHMM 4MHOM iXH1 BUMOTH 0a3yrOThCSI HA BUMIPSIHUX 0OCATax CIOXKHUTOI
eHeprii JUisl OMaJeHHS, OXOJO/UKCHHS, TapsS4oro BOAOMOCTA4YaHHS Ta I1HIIHAX
3arajbHUX MOTpeO OymiBimi (HACOCH, BEHTUJISITOPH, OCBITICHHS /ISl BCIX OyIliBelb) 3a
BUHSATKOM CHEPrOCMOKUBAaHHSI MOOYyTOBUMHU mpuiagaMu. OCHOBHUM TOKa3HUKOM,
KWW BUKOPUCTOBYETHCS JJII BCTAHOBJICHHS KpPUTEPIiB €HEProe(EeKTUBHOCTI, €
nuroma npuadaHa eHepris (kBr-rox/m?). Ilutoma mpuabaHa eHepris B HOpMax
BU3HAYAETHCS K EHEpris, M0 HAAXOAUTh JIO0 TEXHIYHOTO OOJIagHAHHSA s
oOciyroByBaHHs OyiBiIi, HOPMOBaHAa Ha OJWHHUIIO OITAJIFOBAHOI IUIOMIl. IHITMMU
CJIOBaMH, II€ TIJIBKHM Ta €HEPris, 3a Ky BJIACHHK OYJIIBJII MOBUHEH 3aIlIaTUTH (TOOTO
0e3  ypaxyBaHHs  "OE3KOIITOBHOI"'  eHeprii, 30KpemMa  COHSYHOI  abo
reotepmainbHoi) [14, 15]. OcoOnuBICTIO BUMOT JIaHOTO HOPMATHBY € BIJACYTHICTh
HEOOX1IHOCTI TMEPEBIPSAHHA KOXXKHOTO 3 TapaMmeTpiB, SAKIIO MOKAa3HUK MUTOMOT
npua0aHoi eHeprii 3HaXOAUTHCS y BCTAHOBICHMX Mexkax [16]. Takum uuHOM,
BJIACHUKHU Oy/iBEIb MOXKYTh BUIBHO OOMpaTH, HA YOMY 30CEPEIUTH CBOI 3yCHILIS JIJIs
JIOCATHEHHSI €Heproe(eKTUBHOCTI. SK HacHiIOK, B HOPMATHBI HEMAa€ SIKICHUX
MOKA3HUKIB MO0 OKPEMHX YaCTUH CHCTeMH (HAmpuKiaja, €PEeKTUBHOCTI KOTIA).
Jloku 3aranbHe BUMIpPSIHE 3HAUCHHS € HUXXYMM 332 BUMOTHU, OYHIBIISI BBaXKAETHCA
TaKoI0, 10 BIAMNOBIAa€ BUMOraM. TUM He MEHIII, ICHYIOTh 3arajibHl peKOMEHAllI1, SK-
OT MiHIMaJbHI BUMOTH JI0 OMOpY TeIUIonepeaaydl Ta TepMETUYHOCTI, SKI TMOBUHHI
Oyt poTpuMmaHl. BiANoBiAHICTH KOHKPETHHM KpHUTEPisIM MNpUAOAHOI eHeprii
JOCSITAETHCS LIUISIXOM BUMIPIOBaHHS (DAKTMYHOTO €HEpProCIOKMBaHHS OymiBIl MicCis
3aCeJIeHHS.

VY HiMeuyunHi 3anmpoBaPKEHO CTaHAApT i Ha3Bowo EnEv, y skoMy MiHIMabHI
BUMOTH JIO €Heproe(EeKTUBHOCTI OYIIBIl PO3PAaXOBYIOTh NUISIXOM TMOPIBHSIHHS i
EHEPreTUYHUX MOKA3HUKIB 3 MOKa3HUKaMU eTanioHHoi Oymieni [17]. Lls Teopernyna
OyH1BIsA-OMM3HIOK 1IEHTUYHA peanbHii OyaiBil 3a CBOIM PO3TAIIlyBaHHIM, PO3MIPOM,
T€OMETPIEI0, OPIEHTAIIEIO TOIIO 1 BUKOPUCTOBYE CTaHAAPTHI €TAJIOHHI 3HAYCHHS IS
KOMITOHEHTIB 1 TEXHOJIOT1M ISl pO3paxyHKy eHeproe()eKTHUBHOCTI, SIK BU3HAUEHO B
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nonatky EnEV. Peanbna OyaiBis moBMHHA BIAMOBIAATH PO3PAaXyHKOBUM 3HAYEHHSIM
PIYHOTO CTOKMBAHHS TEPBHHHOI CHEPrii Ha OIAJICHHS, rapsde BOIOMOCTAadyaHHS,
BEHTHIIAIIIIO Ta OXOJIO/PKCHHS, TaK caMo 5K 1 €TaJOHHa Oy/IiBJIs.

Hogi OyniBii 3riHO 3 JTaHUM HOPMATUBOM MTOBUHHI Tepe0dadyaTu BUKOPUCTAHHS
BIJIHOBJIIOBaHOI eHeprii. [Ipy BUKOpHUCTaHHI BIJHOBIIOBAHOI €HEPTii, BUPOOJIEHOI Ha
MICIIi, BOHA BIJIHIMA€ThCS BiJl KIHIICBOI moTpeOu OymiBiai B eHeprii. MiHIManbHUN
o0CAr BUKOPHCTAHHS BIJHOBJIIOBAHOI €HEPrii 3aJeXUTh BiJ THUIY JKepena.
Hamnpuknan, 50 % 3aranbHOr0 €HEprocrnoXXUBaHHS Mae OyTH MOKPUTO 3a PaxyHOK
BIJIHOBJIIOBAHUX JIXKEPEI €HEPrii, SKII0 BUKOPUCTOBYETHCS reoTepMaibHa eHepris, Ta
15 % — sxmo consiyna [18]. SIkuro MiHIManbHI OOCSTH BiJIHOBIIIOBAHOI €HEprii Ha
MICIII HE MOXYTh OyTH BUpPOOJICHI Ta BHUKOPWCTaHIi, OyIiBJis MOBUHHA BIAMOBIAATH
aNbTepHATUBHUM BapiaHTaM, BKa3aHUM y HOPMATHUBI.

EneproedekTuBHICTh OyIBI 3TIHO 3 HOpMaTUBaMHU, YUHHUMU B KpaiHax €C,
MO)ke OyTH OIliHEHa JBOMa METOJIaMH: Ha OCHOB1 pO3paxyHKOBHX IOKa3HUKIB abo
(aKTUYHOTO EHEProCroXKMBaHHA. METONONOTisl OIIHKM €Heproe(peKkTUBHOCTI B
pisHux Kpainax-wieHax €C BigOyBaeThcsi mo-pisHOMY. Cepen 27 xpain €C 14
MPUIHSIIN METOIOJNOT IO, 10 0a3yeThCsl HAa pO3paXyHKOBOMY €HeprocroxuBanHi [12].

B iHmmx KkpaiHax BpaxoByeTbcs SK (akTUUHE, TaK 1 PO3PAXYHKOBE
E€HEPTOCTIOKUBAHHS, 110 3aJICKUTh, TOJIOBHUM YWHOM, BiJ TUITY Oy/iBii ab0 ii BIKY.

VYV rakiii kpaini, sk ClOBeHisl, METON0JOTiS (PaKTUYHOTO E€HEProCIOKHBAHHS
3aCTOCOBYETBHCS JIMIIE 0 HEXKUTIOBUX OymiBenb [19], Tomi sx B Ecrtonii Ta Jlarsii
OIlIHKA (DAKTUYHOTO EHEProCIOKUBAHHS TMOIIMPIOETHCS HA BCl HasBHI Oy/iBii, a
TakoX Ha HOBOOy0BH [20].

VY 1IBemnii po3paxyHKOBUN PEUTHHT BUKOHY€ETHCS A0 MOYATKy OyAiBHUIITBA HOBOI
OymiBIIi, a MiC/Is 3aBepIIeHHs OyAIBHUIITBA Ta BBEJECHHS B €KCIUTyaTallif0 000B’ I3KOBO
BUJIAETHCS CEPTU(IKAT HA OCHOBI BUMIPSHOTO €HEProcnoXuBaHHs [21].

dopmy/oBaHHS Hijel crarTi. 3a7auaMu CTaTTI € aHAII3 HASBHUX BHMOT JIO
eHeproepekTUBHOCTI Oy/AiBeab B YKpaiHi, TOPIBHAHHS IIUX BUMOT 3 MDKHAPOIHUMU
MPAKTUKAMH, BUSBICHHA TPOOJIEMAaTHYHUX  ACHEKTIB YWHHOI HOPMATHUBHOI
JOKyMEHTAIII1 Ta BU3HAYCHHS HAIIPSMIB 1i BIIOCKOHAJICHHS.

OcHoBHAa 4acTHHA. Bu3HaYMMO, HACKIIBKM BHMOTH JO0 MaKCHUMaJIbHHUX
KOeQIIi€HTIB TEIUIONepeadi OTOpPOKeHbh Ta JO MAaKCHMAJIBHOTO IHUTOMOTO
MOKa3HUKA €HEProCIOKUBAHHS >KUTIOBUMH OYIIBISIMH, BUCYHYTI B YKPaiHCHKOMY
HopmaruBi JIBH B.2.6-31:2021, Biapi3HAIOTBCA BiJi BUMOI HiMmelbkoro [12],
mBeacbkoro [11] ta mombebkoro [22] HOpmaruBiB. [l mbOro MOpPIBHIEMO I
noka3sHuku (tabmuii 1-2). 3HadeHHA Koe(iIlEHTIB TeIulonepenayi B HOpMaTUBaX
Vkpainu Ta IlIBewii 3amexarb Bl TEMIEpaTypHOi 30HM, TOMY B TaOIUIl BKa3aHl
Jiara3oHd MK MIHIMAJIbHAM Ta MaKCHUMaJIBHUM 3HAUCHHSIMHU. Y CTaHJIapTax
Himeuunnu ta Ilombll Takoro po3aiieHHsI HEMae.
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Tabnuys 1.

IopiBHsAHHA BUMOT 10 Koe(ilieHTa Temjionepeaadi oropokKeHb CTAHAAPTIB
eHeproe(eKTUBHOCTI PI3HUX KPaiH

T oropokeHss i Koeq)iu%EHT TeIIonepeaaui, .BT/MZ*K
VYkpaina Himeyunna [IBewis [Tonpma
30BHIIIHI CTIHA 0,25-0,28 0,28 0,1-0,18 0,2
Jlax 0,14-0,16 0,2 0,08-0,13 0,15
Bikna 1,11-1,43 1,3 1,1-1,3 0,9
JBepi 1,43-1,66 1,8 — 1,3
Tabnuys 2

IlopiBHAAHHS MOKA3HUKIB MUTOMOI'0 €HEProCHOKUBAHHSA KUTJIOBUMH OYAiBJIAMU
Mi’K PI3HUMH CTAHJIAPTAMHU eHeproeQeKTHBHOCTI

MakcuMaJbHUN ITUTOMUHN ITOKa3HUK
Twur XKUTI0BOTO 5
SHEeProcroKuBaHHs, KBT*roa/m
OyAMHKY - :
VYkpaina IIBems IHonpmia
[amBigyansHUN 110-120 80-130 105
bararoksaptupHuit 65—-85 75—-115 95

3 NOpPIBHSJIBHUX TaOMUIb BUIHO, 1[0 BUMOTH O MAKCHUMAaJIBHOTO KOE(DILIEHTY
tertonepenaayl ykpaincekoro JIbH B.2.6-31:2021 € mocuTh OMWM3BKMMHU JI0 BHUMOT
HIMEI[LKOTO Ta MOJIbChKOTO HOPMAaTHBIB.

Bumorn ykpaiHCbKOTO HOPMATUBY 710 KOE€(IIIEHTIB TEIUIONEpeaadyl MOKPUTTS Ta
JBepel BUSBUIMCH HABITh OUIBII CYBOPUMHU IOPIBHSHO 3 HIMEIBKUM HOPMAaTHBOM.
Ane BUMOTM [0 KO€(QILIEHTIB TEIUIONEpeaadl IMOKPUTTS M CTIH HIBEACHKOTO
HOPMAaTUBY Ta BUMOTH JIO BIKOH IMOJBCHKOTO BUSBUINCS HAUOUTBIIUMHU MOMIXK YCiX.
[Iono mMoka3HUKIB MUTOMOIO MAaKCMMAaJbHOTO €HEProCIOXHBaHHS OyIiBEIb MOXHA
3pOOHUTH BUCHOBOK, III0 BUMOTH YKPAiHCHKOTO HOPMAaTHBY IMOPIBHSIHO 3 HOPMaTHBaAMHU
[Berii Ta [TompI € OUIBII CYBOPUMH 10 6araronoBEPXOBUX KUTIOBUX OYIMHKIB Ta
M’ SIKIITUMU — 10 OAHOCIMEUHHUX OYJIMHKIB.

3aramoM cTamuidi PO3BUTOK y OYMIBHHUIITBI, apXITEKTypli Ta MPOCTOPOBOMY
IUTaHYBaHHI MOXXHa YMOBHO PO3JUIMTH Ha TakKl TPYNH HAMpPSMKIB 3 XapaKTepHUMU
caMe YkpaiHi 0COOJUBOCTSIMU:

1. Po3poGieHHs TUTaHiB Al CTAJIOr0 pO3BUTKY Ta iXHE BIPOBaKEHHA. bynb-sika
cucTteMa, 30KpeMa U OydiBellbHA Taily3b, € 1€papXidyHO TMOOYIOBAaHOKW 3
HEOOXIHICTIO 3aCTOCYBaHHS KOMIUIEKCHUX MIJIXOMIB IIOJ0 TEHEPaTbHOTO
TUTAaHYBAHHS 3 YPaxXyBaHHSIM MPOMHCIOBOTO PO3BUTKY PETIOHIB Ta HAsIBHOCTI
BTOPUHHUX €HEPreTUYHHUX PECYPCIB 1 BIAHOBIIOBAHUX JKEPET;
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2. ApxiTekTypa 3€JICHOTO BIJIHOBJIEHHS Ta Cy4acHOro OyIiBHHUIITBA. 3Ha4YHA
KUIBKICTh 3aCTapUIMX Ta 3 MEPEBUIICHUMH TepMiHAMU €KCIuTyaTallii OyiBenb,
a Hapasl TakoX 1 3HAYHA KUIbKICTh 00’€KTIB, SIKI MOTPEOYIOTH BIJHOBIICHHS
micns OonoBuUX ik, (popMye HEOOXITHUM HAMPSIMOK PO3BUTKY OymiBEIbHOT
rajxy3si JJisi OKpeMux Oy/iBeJb 1 KOMILJIEKCIB 00’ €KTIB.

3. OnrumizanifiHe KOHCTPYIOBaHHS Oy/iBellb IMBUILHOTO TPU3HAYEHHS Ta
00’exTiB 1H(ppacTpykrypu. OnHuM 3 0a30BMX Ta OCHOBHMX UYHMHHHKIB, IO
(bOpMYyIOTH €HEPTOCIOKMBAaHHS Oy/MiBENb, € BIACHE TEIIO3aXMCHA OOOJIOHKA,
ONTHUMI3yBaHHS fAKOI IMOBUHHO BiJ0yBAaTHUCAd KOMIUIEKCHO 3a HampsMKaMu
apXITEKTypHOi TeoMeTpii, KOHCTPYKTHMBHUX pIlI€Hb 1 TEIUIOTEXHIYHHUX
MOKA3HHUKIB.

4. EneproedekTuBHE MPOEKTYBAHHS I1H)XCHEPHUX CUCTEM MpPH BIJHOBJICHHI Ta
HOBOMY OYIIBHHMILITBI. |H)K€HEpH1 Mepexi, K 1 000JI0HKa Oy/1BJIl, BU3HAYAIOTh
HE JIMIIIE PIBEHb EHEPTrOCIOKMBaHHS Oy/iBIIi, a i piBeHb KOM(DOPTY.

5. HoctynHicth 1 O6e3neka B OyIIBHUIITBI 1 apxiTekTypi. He Bapro 3a0yBaru, 1o
Ha PiBHI 3 €KOHOMIYHUMH Ta €HEPTeTUYHUMHU TMOKA3HUKAMHU, 3HAYYITY POJh
BIJIIrparoTh 1 comianbHl edeKTH OyIiBHUIITBA, OCOOIUBO JIJIs BPA3IUBHUX TPyl
HaCEJICHHSI.

JIOCSKHICTD IIJIEH CTajIoro po3BUTKY B OyJIBHHUIITBI, apXITEKTypl Ta CTAIIOMY
MJIaHyBaHHI B MEPITy Yepry 3aJIeKUTh BiJ HABUYOK 1 BMIHb MalOyTHHOTO MOKOIIHHS
CHELIANICTIB y ranay3i. ToMy BKpail akTyaJlbHOIO € MiJITOTOBJIEHHS 332 Cy4YaCHUMH Ta
KOMIUIEKCHUMH TIX0JJaMU CTIEI[iaTiCTiB-OyiBeTbHUKIB, OCHOBHOIO METOI0 POOOTHU
AKUX Oyne CTBOpeHHs OyaAiBenb, IO MOXYTh 3a0€3MEUYUTH CTaIUil Ta BOJHOYAC
e(eKTUBHUHN PO3BUTOK KpaiHU.

Y 2025 pomi B VYkpaiHl OpHAHATO BUMOTH J0 OYyIiBeNb 3 ONH3BKUM 10
HYJIbOBOTO PIBHEM CHOXMBaHHs eHeprii [23]. Ha BigMiHy Bij 1HIIUX HOPMAaTHBIB,
0a3010 € TIEpBUHHA €HEPTisl, TOOTO eHepris 10 Oyap-sSKoro meperBopeHHs. Lle urano
3HAYHUM MPOrPECOM Ha IUISAXY EBPOIHTETPYBAHHS.

BucHoBku Ta mnpomno3umii. Y 1miiomy B VYkpaiHi (yHKIIIO€ J1O0CTaTHBO
HACUYCHHUM 1 KOPCTKHH KOMILJIEKC BHUMOT IIOAO €HeproepekTuBHOCTI OymiBenb. €
HEJOIITbHUM 30UIBIIYBaTH KiJIBKICHI BHUMOTH IIOJ0 KJIIOYOBUX MapaMmeTpiB Ha
KIITaJT MPUBEICHOTO OMOPY TEIIoNepeaadi Ta eHEProCOKUBAHHS.

3aranoM 3aKOHOJIAaBCTBO YKpaiHu B cektopi EneproedekTuBHOCTI 3a ocTaHHI 5-
10 pokiB CSATHYJIO AaJieKO BIEpE] Ta CTajo OUIbII OJM3BKUM JI0 €BPOMEUCHKHUX
TT17TXOTIB.

Knac eneprernunoi edekTUBHOCTI Oy/iBeslb TPU HOBOMY OYIIBHHUIITBI Ta
PEKOHCTPYKIlIi TMPUCBOIOETHCA HA €Tanl BUKOHAHHSA 3aTBEPIKYBaJIbHOI CTajii
npoekTHUX poOiIT. [IpucBoeHHs Kiacy BimOyBaeThbCsl 3a pe3ylibTaTaMU PO3PAXyHKIB
EHEepreTUYHOro ceprudikary, skuil 3aBaHTaxyerbcss B €JIECCH mnapanensHo 3
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3aBaHTKEHHSIM 3aTBEPKYBaJIbHOT CTaJli MPOEKTHO-KOIITOPUCHOI JTOKYMEHTAIII.
TakuM YMHOM, €HepreTUYHU cepTUudIKaT B MEPBUHHIN CBOIll (GOpMI € pe3yabTaToM
aHajJgizy MPOSKTHOI  JIOKYMEHTaIlii 1  BIOZHOIICHHS JI0  MOHITOPHHTOBHX
eKCIUTyaTallliHUX MOKa3HUKIB 00’ekTy He Mae. [Ipu 1boMy MpakTUKa eKcIuTyaTalli,
dKa CKjiaiacs B YKpaiHl, IpH MOBTOPHIN cepTudikaili 00’ €KTy 1acTb po301KHICTD 3
MPOCKTHUM cepTudikaToM B «Kpamry» cTopoHy. lle cBiquuth Jnume mpo
«HEEKCIUTyaTaIlif0» YaCTHHU 1HKEHEPHUX CUCTEM.

Knac enepretnunoi e(peKTHBHOCTI MPUCBOIOETHCS 3aJIEKHO BiJ BiJICOTKOBOTO
BIJIXWJICHHS MOKa3HUKA €HEProCHOXUBAaHHS BiJl MIHIMAJbHO BCTAHOBJIEHUX BHUMOT
(nna xnacy C). [Ipu nupoMy MiHIMaIbHO BCTAHOBJICHI BUMOTH JI0 €HEProCIOKUBAHHS
1 € paKTUYHO TEPBUHHUM aOCOIIOTHUM (PAKTOPOM, IO B MOAATBIIOMY BHU3HAYUTH
kyac. BOagaeThes, 1m0 MiHIMQJIBHO BCTAHOBJICHI BUMOTH JI0 PI3HUX THUITB OyIiBelb
MOBUHHI OyTH BIJJKOPUTOBAaHI.

Icnye  Tpu  0a30BUX  «CHEPreTUYHHX»  TEPMIHU:  eHepromorpeda,
CHEProcrnoKMBaHHSA (Ha HBHOTO 3apa3 1 OPIEHTYIOThCA MPU MPUCBOEHHI KJacy),
nepBUHHA eHepris. JloUiTbHO MPUCKOPUTH TEpeXiJl Ha HOPMYBAaHHS 3a MEPBUHHOIO
eHepriero. AJpKe HOMIHAJIBHO caMe TIepBUHHA eHepris BigoOpakae CyTh
BUKOPHCTAHHS €Heprii mo0aibHO, TOOTO 3 ypaxXyBaHHSIM YMHHHKIB 1 €KOHOMIKH, 1
eKOJIOT 1.

YucenbHl MOKa3HUKU €HEProCHOXUBAaHHS Ta MEPBUHHOI €Heprii (MaroThCs Ha
yBa3l MIHIMaJIbHI BUMOTH) JUIsl KOKHO1 KpaiHU OylyTh 1HIMBIAyaJbHUMH, OCKUIBKU
CIIUPAIOTHCS. B OCHOBI Ha KJIIMAaTW4HI MOKa3HUKU. TOMY BCTaHOBIIOBaTH OIM3bKi
3HAYEHHS €HEeproCHOXKUBAaHHS/TIEPBUHHOI €Heprii Juis YKpainu Ta Icmanii He Mae
CEHCY.

Jlnst iHBecTopa-Hepe3uAeHTa IOIUILHO MapaielbHO 3 YHHHUMHU YKPATHChKUMHU
BUMOTaMH 3aKOHOJIaBCTBA B CEKTOP1 €HEProe(PEeKTUBHOCTI:

* 03BOJIUTH 3000B’s3aTH MIAPSAIHI OpraHi3allii po3paxoByBaTH «IHIIHI Kiac
CHEePreTUYHOi e(PEKTUBHOCTI, TOB'SI3aHUN 3 TEPBUHHOIO €HEpricro (a He 3
€HEProCIOXKUBAHHSM);

* YBECTH MEXaHI3M MOHITOPUHTY 00’ €KTIB, CIIOPYIKEHUX 3a TPOIIl, TPU3HAUCHI
Ha «BIAHOBJICHHS/MOJEPHI3AIII0» YKpaiHU (MaeThCsd Ha yBas3l OUIbII JII€EBUHN
MeXaH13M, aH1>XK MOHITOPHUHT IO JAECITh POKiB);

* YBECTM MEXaHI3M JIOTallli/3HMKOK Ha EHEProHocii i 00’€KTiB, Kiac
E€HEPreTUYHOi €(EKTUBHOCTI SIKUX MIATBEPHPKEHUM MOHITOPUHIOM, a IpH
IIbOMY TOTPIOHO KOHTPOJIOBATH 3aJIY4YEHICTh TPU EKCIUTyaramii BCiX
3aMPOEKTOBAHUX 1HKEHEPHUX CUCTEM;

* BHU3HAUUTHU BUMOTH Ta 3allyCTUTU B YKpaiHi cepTUQIKaLio Oy/IiBesb HE JIMILIE 3
ONM3bKUM J0 HYJIBOBOTO EHEPrOCIOKMBAaHHAM, ajle W 3 HYJIbOBUM
C€HEProCIOKUBAHHAM 1 aKTUBHI (€HEPris IJII0C, MPOChIOMEPCHKI).
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ANALYSIS AND WAYS TO DEVELOP UKRAINIAN LEGISLATION IN THE
FIELD OF REQUIREMENTS FOR ENERGY EFFICIENCY OF BUILDINGS

Abstract. The article presents a possible energy-economic method for assessing
the level of energy efficiency development in a country, based on the ratio of total
primary energy consumption to gross domestic product. The proposed approach
makes it possible to identify qualitative trends in energy efficiency, but it is not
intended for quantitative analysis of individual sectors. At the same time, the obtained
results indicate an insufficient level of implementation of measures to increase the
energy efficiency of buildings and structures in Ukraine, and also demonstrate the
existence of significant potential for further development in this area. The study
emphasizes the relevance of implementing comprehensive energy conservation
measures that have technical, organizational, and regulatory dimensions. The
approaches and quantitative indicators of energy conservation requirements in
countries around the world are analyzed, modern practices for improving energy
efficiency in the construction sector are revealed, and the possibilities for their
adaptation to the conditions in Ukraine are shown. Key factors determining the
energy efficiency class of buildings and structures are indicated separately, including
the level of thermal characteristics of enclosing structures, the efficiency of heating,
ventilation and air conditioning systems, the use of renewable energy sources, and
the impact of climatic conditions. A separate aspect of the study is the analysis of the
demographic dynamics of the city of Kyiv and the Kyiv region, which determines the
growing need for energy-efficient residential and public buildings and reinforces the
relevance of implementing energy-saving measures in the region. Quantitative
indicators of the reduced heat transfer resistance of building envelopes are provided,
and the concepts of energy demand, energy consumption and primary energy are
clarified in an international context. Potential areas for development in Ukraine are
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systematized, including: improving the regulatory framework, expanding the building
certification system, introducing innovative design and operation technologies, and
creating economic incentives for investors and consumers. Another important factor
is the consideration of the mass and thermal inertia of internal and external
enclosing structures, which directly affect the energy performance of buildings.

Keywords: energy efficiency, energy demand; energy consumption, primary
energy, thermal resistance.
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NMOPIBHANIbHUA AHANI3 HECTALIOHAPHUX PEXXUMIB POGOTHU
NnobYTOBOIO KOHAUUIOHEPA INMPU HOPMAJIbHOMY TA
HEOOCTATHbOMY 3AINPABJIEHHI XOINOOOAIEHTY

Anomayia. YV cmammi npeocmaeneno NOPIGHANbHUU  aHAli3  pobomu
nobymoeo20 KOHOUYIOHEPA Yy PeXCUMi OXON00NHCEHHA ma Haz2pieanus (menniogozo
Hacoca) 3a yMo8 HOPMAIbHO20 Ma HeOOCMAmMHbO20 3apady xonrodoazenmy. Memoio
00CNIOJCEHHS € OYIHIOBAHHS 6NJUBY 3MEHUIEHOI KilbKocmi pobouoeo mina Ha
MePMOOUHAMIYHI NApamempu Xon00UIbHO20 YUKY, MenionpoOyKmusHicms ma
eHepeemuuny  eghekmusHicmb — cucmemu.  ExcnepumenmanvHui - 00CHIONHCEHHA
301UCHI0BANUCH Y HECMAYIOHAPHUX YMOBAX 3 NOOANbUIUM BUXOOOM HA CIMAYIOHAPHULL
Wo 00360JUN0 NPOAHANIZY8amuU OUHAMIKY 3MiHU poboyux napamempis. Y xo00i
eKcnepumMenmy npo8OOUBCS 3ANUC MUCKY mMa meMnepamypu Xono000a2eHmy Ha
KII0408UX OLIAHKAX YUKLY: HA 8UX00L 3 KOMNpecopa, nicisa KoHoeHcamopa, neped ma
nicis OpoOCenbHO20 eleMeHmd, a MaxKoxc Ha 6uxodi 3 eunapHuxa. L[i oawni Oanu
MOJCIUBICMb  BUBHAUUMU pOOOYI MOYKU Ha p—h Oiacpami ma OyiHUMU 3MIHU
eHmanvnii 6 OKpemux —enemenmax —cucmemu. Jlooamkogo — GUMIDIOBANUCA
memnepamypa, 6IOHOCHA B80102ICMb mMa WEUOKICMb NOGImpsi HA 6X00i U 6UXooi
BHYMPIWHBLO20 ONOKY Ol BU3HAYEHHs Npoyecie MmMenioBoNl02IiCHO20 00pobieHHs
nosimpsi ma gaxmuynoi menaionpooykmusHocmi. Taxooic ¢hikcysanacs cnoscusana
EleKMPUYHA  NOMYHCHICMb Ol NOOANbUIO20  BUSHAYEHHS  eHepeemuyHol
epexkmusnocmi (EER/COP). Pe3ynomamu 00CniodcenHss nokazanu, uwo HeooCmamHill
3aps0 X01000a2eHmy Npu3eo0Umd 00 3HUNCEHHS MUCKY HASHIMAHHA Ma KUNiHHA,
3MeHueHHs 00 eEMHOT NPOOYKMUBHOCMI KOMNpecopa, 3pOCMAHHs CIYNeHs nepezpigy
napu xono0oazeHmy ma NopyuleHHsi mennogoz2o banancy cucmemu. Lle cnpuuunse
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cymmese 3MEeHUIeHH s MenionpooyKmueHoOCmi ma Koeghiyienma
eHepeoehekmusHocmi, a makoxc 30iNbULYE 4ac 6uxody HA CMAYIOHAPHULL DeHCUM
Konouyionepa. Ompumani  pezyrbmamu  MOXCYmMob  Oymu  BUKOPUCMAHI 074

Knrwuosi cnoea: oOiacnocmuxka ma mMexXHIYHULL CMAH CUCMEMU, DeNCUM
mMenynoeo20 Hacoca, eHepeemuuna epexmuenicmo, EER, koeghiyicnm nepemeopenns,
COP, nedocmammiti 3aps10 X01000A2eHMOM.

Beryn.  CyuacHi  1moOyTOBI  KOHAMIIIOHEpHU €  KJIIOUOBUM  €JIEMEHTOM
3a0e3neyeHHss KOM(OPTHOTO MIKPOKIIIMATy, OAHAK IiXHS €(QEKTUBHICTb 3HAYHOIO
MIPOIO 3aJICKUTD BiJ] MPABUIBLHOTO 3apsly XOJOAO0AreHTY, 10 BU3HAYAE CTA0UIBHICTh
poboTu xonoaunbHO1 cucreMu. HemocTaTHiM 3apsll € ONHIEIO 3 HAUMOIIMPEHIIINX
MIPUYHH MOTIpIIICHHS TETIOTEXHITHUX XapaKTePUCTHK, 3HIDKEHHS
eHeproeeKTUBHOCTI Ta TEpeadacHUX BIIMOB KOMIIpECOpa, MPOTE OUIBIIICTh
JOCITIJDKEHb 30CEPEIKYETHCS TIEPEBAKHO Ha CTAIlIOHAPHUX PEKMMaxX 1 HEAOCTAaTHHO
pO3IIIsia€ HECTAIllOHAPHI TPOIECH, sIKI BUHUKAIOTH T Yac 3alycKy abo 3MiHU
pobounx yMoB. Y 3B’S3Ky 3 IIUM aKTyaJbHUM € KOMIUIEKCHHM aHaji3 MOBEAIHKU
KOHAUIIIOHEpA TIPU HOpPMaJIbHOMY Ta AeMIIUTHOMY 3apsjl XOJOJ0areHTy came B
MEPEeXiTHUX PEeKUMaxX, IO JIO3BOJSIE TIMOIIE 3pO3YyMITH JMHAMIKY 3MIHU THUCKY,
TEeMIIepaTypH, MEpPEerpiBy Ta MEPEOXOJIOMKEHHS, a TAKOK BU3HAYUTH J1arHOCTHYHI
O3HAaKH HECIPABHOCTEH 1 YWHHWKH, M0 BIUIMBAIOTH HA CHEPTOCIIOKMBAHHS Ta
HaIIHHICTH CUCTEMH.

AKTyaJIbHiCTh J0cJilkeHHsi. [loOyTOBI KOHIMIIIOHEpPH € OJHUMH 3
HAWUTIOMMPEHINUX CUCTEM 3a0€3MeYeHHS MIKpOKJIiMaTy, IpOoTe iXHs poOOTa CyTTEBO
3aJIeKUTh BiJ TPABWIBHOTO pIBHS 3ampaBlieHHs XojomoareHtoM. Hemocrarhs
KUTBKICTh ~ XOJIOJOAreHTy TMPHU3BOAUTH IO 3HWKCHHS  XOJOJOMPOMYyKTUBHOCTI,
3MEHIIIEHHSI €Heproe(PeKTUBHOCTI Ta 30UTbIIIEHHSI HABAHTAXKEHHS HAa KOMIIPECOp, 1110
MOXKE€ BHKJIMKATH TiepeadacHi BiaMoBU oOmaaHanus [2], [7]. HochimkeHHs
MOKa3yl0Th, 110 BIJXWJICHHS BiJ] HOMIHAJbHOI 3ampaBku HaBiTh Ha 10-15 % moxe
MPU3BECTH 0 ICTOTHOTO 3HIDKEHHs KoedimieHnta eHeproedekruBHocTi (COP) Ta
30uUTblIeHHsT  eHeprocmokuBanHg  [1], [5]. 3okpema, eKcnepuMEHTH 3
MIKpOKaHAJIbLHUMH  TEIJIOOOMIHHUKAMH  MIATBEPUKYIOTh, IO SK HEJOCTAaTHE
3alpaBjeHHs, TaK 1 TEpe3ampaBICHHsS XOJIOJOAreHTYy HETaTUBHO BIUIUBAIOTh Ha
po0OOTY KOHAMIIIOHEPA, X04a ASMIIUT BUSABIAETHCS OUILIIT KpUTHYHUM [5]. OcobauBo
BOXJIMBUM € aHaji3 poOOTH CHCTEMH B HECTAIllOHAPHUX PEXUMaxX, HAMPUKIAI i
gyac 3amycKy. Y Ie¥l Mepioja CIOCTepIraroThCs pi3Ki 3MIHHM THCKY Ta TeMIlepaTypu
XOJIOJIOAreHTy, 110 BIUIMBAIOTh HA CTAOUIBHICTH POOOTH KOMIIPECOpa Ta 4ac BUXOAY
Ha cramioHapHuii pexum [4]. CyyacHi MIIXOAW  HABITh  MPONOHYIOTH
BUKOPHCTOBYBAaTH JIWHAMIKY 3aIlyCKy SK JIarHOCTHYHHUKA METOJ /IS BHU3HAYCHHS
piBHS 3ampaBiieHHS XOJOJ0AreHTy, 3aCTOCOBYIOUN «gray-box» mozeni [3]. BogHouac
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ONISIIOB1 poOOTH [6] MIAKPECHIIO0Th, 10 MpodiemMa AShIIUTY XO0JI0J0areHTy Ma€ He
JWIIe TEXHIYHE, a ¥ eKOJIOTiuHE 3HAYCeHHS: HEMPaBWIbHE 3alpaBiICHHS CHCTEM
MPU3BOJIUTH JIO IJABUIIEHOTO CHEPrOCIOXKHMBAaHHS Ta, BIAMOBIAHO, BHUKHUJIIB
MapHUKOBUX Ta3iB. lle poOWTH AOCHIKEHHS TOBEAIHKM KOHJMIIIOHEpA B yMOBaXx
HECTavl XOJI0JJ0areHTy aKTyaJbHUM SIK 3 OIVISy Ha HAyKOBUM, TakK 1 HAa MPaKTUIHUI
1HTEepecC.

OcranHi gocaigxenHss Ta myOuaikanii. PiBeHb 3amnpaBiieHHs CYyTTEBO BIUIMBAE
Ha TpPOAYKTUBHICT, 1 koedimieHT meperBopenHs (COP). Excnepumentu nmis
noOyTOBUX CHCTEM IIOKa3yIOTh, 10 BIAXWUJIEHHS BIJ] HOMIHAJHLHOTO 3alpaBlieHHS
MPU3BOAUTH /10 MIOMITHOTO MAJIHHS XOJIOAONPOIYKTUBHOCTI Ta €HEProe(heKTUBHOCTI;
30KpeMa, 3HWKECHHS 3ampaBiieHHs Mpuoau3Ho Ha 25 % moxe 3meHmmtu EER/COP
outg 15 % 1 notyxHicTh oxonomkeHHs 611t 20 % (y3arajgbHeHi J1abOpaTOpHI J1aHi).
[8], [13].

AHanITH4YHI MOzeNl W MeTa-aHali3u (HOpPMalli3yloTh «HOPMOBAHI» 3aJEKHOCTI
MK PIBHEM 3alpaBieHHS Ta KIOYOBUMH MoOKazHUKamM (moTyxHicTh, COP, BuTpara
noBiTps/Teriooomin). Lle nmae iHmkeHepaM yHiBepcajbHI KpHBI Jerpafaiii, KOpUCH1
JUISL J1arHOCTUKH 1eIIUTY XonoaoareHrty [9].

Jnst cruoniT-cucteM 13 xonopoareHToM R290 i yac X0noIHOTO MyCKY MPOTATOM
nepmmx  200-300 cekyHJ CHOCTepiraloThCs PI3KO HEyCTaJeHl TeMIeparypu
KOHJICHCATOPa/CUCTEMH Ta TEPEPO3NOAUIEHHS MacH XOJIOIOAreHTy, IO MOI0BXKYE
BUXI1J] Ha CTAllIOHAPHUN PEKUM 1 MIJBUILIYE PU3UKHU BIIMOB Yy pa3l HEAOCTATHHOIO
3anpasieHHs [10].

Hns cucrem 13 wmikpokaHanamu (MCHX) moka3zaHo 1HIIY «KPUBU3HY»
3aJIe)KHOCTI €(EKTUBHOCTI BiJ 3apsAly TMOPIBHAHO 3 TpyO4acTo-pedpucTuMu
TEIJTI00OMIHHUKAMU; ONITUMYM DPiBHS 3allpaBlICHHS BY)KUWH, a BIIXUJICHHS (0COOIHMBO
nedInuT) MBUILIE MOTipIIye MOKa3HUkKH [11].

CydJacHl MiIXOAW 10 JIarHOCTHKHA HECTadl XOJIOJAOAreHTy IEPEXOIsiTh BiJl
CTaTUYHUX EMIIIPUYHUX 1HIUKATOPIB (THCKU/TEMIEpaTypu) 10 «CIpOMOMYIbHHUX)
(gray-box) Mopenei, Kl MOE€NHYIOTH (pi3MuYHI OalaHCH 13 HAaBYaHHSIM Ha JIaHHUX,
30KpeMa BUKOPHCTOBYIOUM JTUHAMIKY ITyCKY JJisl BUSIBIICHHS HecTaul [14], [9].

Jani monboBUX 1 J1a0OpaTOpPHUX JOCHIIKEHb MIATBEPKYIOTh: HEcTauda
XOJIOIOAreHTy BeJe /A0 JOBIIMX MepexinHux mporeciB, Hk4oro COP y peanbHii
poboTri (moBmMH runtime), MOXJIMBOTO oOOMEp3aHHS BHIAPHUKA/TPYOOK Ta
M1JBUIIICHUX HAaBAaHTAXKEeHb Ha KoMrpecop [12].

@opmyloBaHHA Uijedl crarti. Mera crarTi mojsrae B TOMY, 100
MpoaHaIizyBaTH Ta MOPIBHATH POOOTY MOOYTOBOTO KOHIHUIIIOHEpPA B HECTAI[IOHAPHUX
peXKMMax 3a YMOB HOPMAJIbHOTO Ta HEJAOCTATHHOTO 3alpaBICHHS XOJOAOAreHTY,
BU3HAYUTU OCOOJIMBOCTI 3MIHM THCKIB, TEeMIIEpaTyp, MOKA3HUKIB TEperpiBaHHs Ta
MIEPCOXOJIOMKEHHS, a TaKOK XapaKTepHW3yBaTH iXHIM BIUIMB HAa JHHAMIKY BUXOIY
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CUCTEMHU Ha CTalloHapHUW pexuM. JlogaTkoBOIO IIUUII0 € BCTAHOBJICHHS
JIarHOCTUYHUX O3HAK Je(IIUTy XOJIOMOAreHTy Ta OIL[IHIOBaHHS, SK TaKl BIAXUJICHHS
BIUTUBAIOTh HA CHEPreTHYHY €(EKTHBHICTh, CTAOUTHHICTH POOOTH Ta 3arajibHy
HAJIAHICT, KOHAMIIIOHEpA, IO JO3BOJIUTH YAOCKOHAJIUTH METOAU TEXHIYHOTO
00CITyroByBaHHS i MPOQPUIAKTHKH.

Metoauka [OCHIIKEHHSI Ta ONUC €KCIEPUMEHTAJBHOI YCTAHOBKH.
ExcniepumenTanibHa 4acTUHA JOCHIIKEHHS BHUKOHYBajacs B Jiaboparopii Kadeapu
“Termora3onocrayanfsi, BEHTWIANII Ta  TemwtoeHepretukn  HarmionambsHOTO
yHiBepcutety “TlonTaBchbka momitexHika imeHi IOpis  Kowpgparioka”  Ha
naboparopruoMy crenni gipmu “Hisense” (KHP), ctBopeHoMy Ha 06a3i moOyTOBOTO
korauiionepa wmoaeni  AS-07UR4SYDDKO2W, 3ampaBiaeHOro  X0J0740areHTOM
R410A y xinbkocTi 0,48 kr (puc.1). HoMinanbpHa crionBaHa MOTY>KHICTh YCTaHOBKU
ctaHoBUTH 670 BT y pexumi oxonomkenas ta 595 Bt y pexumi HarpiBanHsi. CTeH
OCHAIIICHW BHUMIPIOBAJILHUMHU TpUIaZlaMUd  Ta JaTddKamH, W10 3a0e3MeuyroTh
peecTpaliiio mapaMeTpiB XOJOI0AareHTy, TOBITPSI Ta €JIEKTPUYHOI MEPEXKi B PEKUMI
peanabHOro yacy.

30BHILIHI i 6/10K BHyTpiLIHIA 610K

T.I lazonogiGHHH X0J00areHT azononiGHMA Xo0q0aresT T4
omm (BHCOKHI THCK) mm (Hu3bKHIT THCK)
a ) e

=

i -

, ) .
[

Komnpecop =
Bentunsirop P11, P2 p3, p4 Bewtunarop

Kongumionep
ttttt
hedAgodennyg

Cymiw ras - piauHa
(HM3bKUIA THCK)

Pifkuia xonopoareHT mey
(BUCOKWA TUCK)

Puc. 1. Jlabopatopuuii ctena pipmu Hisense Ta maHenp npuiamiB CTCHIY

Ile mo3BOJIsIE OTHOYACHO 3HIMATH TaKi MapaMeTpu:
* THCKHU XOJOJI0AreHTY: BUCOKOTO Ta HU3bKOIO TUCKY — p4, p3, p2, pl, 6ap;
* TeMIlepaTypH XOJOJ0areHTy:

* y BHyTpimiHbOMY Onoui — T4, T3, °C;

* y3oBHImHBOMY 070111 — T2, T1, °C;
* [apaMeTpH MOBITPs Y BHYTPILIHOMY OJIOLII:

* TeMIiepaTypa Ha BXO/ll y BHYTpimHii 6ok — t1 (°C);

* BiJIHOCHA BoJioricTh Ha Bxomi — @1 (%);

e TeMriepaTypa noiTps Ha Buxoai — t2 (°C);

* BIJIHOCHA BOJIOTiCTh Ha Buxoai — 2 (%);
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* EIEKTPUYHI MapaMeTpy yCTAaHOBKHU:
* CHOXHBaHa MOTYXHICTh, BT;
* Harpyra >KuBJIICHHS, B;
* cuJa CcTpymy, A.

[[IBUAKICT, TOBITPSHOTO TOTOKY Ha BHXOJI 3 BHYTpPIIIHHOTO OJIOKa
BUMIpIOBAJIACs 3a JlonomMororo anemometpa “Benetech” GM816A, micist 4oro mMmacoBy
BUTpATy TOBITPS BU3HAYAJM 3a BIJIOMOIO IMIBHJKICTIO Ta IUIOMICI MOMEPEYHOTO
nepepizy BUTSDKHOTO OTBOpY. Takuil MiAXiJ JO3BOJIIE OTPUMATH TOBHUN HAOIp
napamMeTpiB, HEOOXiMHWW JUIsl aHami3y HECTAI[lOHAPHUX PEKUMIB  poOOTH
KOHJIUITIOHEpa 32 YMOB HOPMAJIBHOTO Ta HEIOCTATHBOTO 3apsAy XOJIOA0arcHTY.

YMoBH ekcniepuMeHTy. ExcnieprMeHTanbHI TOCTIKCHHS TPOBOIAMIACS JUISI
YOTUPHOX PEKUMIB pOOOTH MOOYTOBOTO KOHAUITIOHEPA, IO TOEIHYIOThH JIBa BapiaHTH
3aMpaBJICHHS XOJIOMOAreHTy (HOpMaJbHUN Ta HEAOCTaTHIN) 1 JBa poOOYl peKUMH
(OXOMOKEHHS Ta HArPIBaHHS).

1. Pexum Hedocmamuvoco 3apsady Xon000A2eHmy 8 pPedCUMi HA2PIBAHHS
KoHOuYyionepa. Y 1OMY PEXHMI KUIbKICTh XojiomoareHTy R410A Oyna 3MmeHIeHa
MOPIBHSHO 3 MaCHOPTHOIO.

30BHINTHI YMOBH ITiJT YacC JOCIIKCHb:

e Temmeparypa nositps mioc 16...17 °C,
* BIJHOCHA BOJOTiCTh NOBITPs 5052 %.
Konnuiionep 3amyckaBcs y peXHMl HarpiBaHHsi. 3a TakuX YMOB
CIIOCTEPITaloThCs:
* 3HIKEHHS THUCKY Ha CTOPOHI BCMOKTYBaHHS;
* 3MCHIICHHS TETUIONPOAYKTHBHOCTI;
* 30UIbIIIEHHS CTYTECHS MEperpiBaHHs MapH;
*  YNOBUIbHEHUN BUX1J] CUCTEMHU Ha CTAI[IOHAPHUHN PEXKUM.

[Tapamerpu peectpyBasmcs kokHi  30-60 cexyHA 10 BCTaHOBJICHHS
CTal[lOHAPHOCTI.

2. Pexcum HeOOCmMAamHvb020  3ANPABLEHHS  XON000A2EHMY 6  DPeHCUMI
OXOJLOOJHCEHHS KOHOUYIOHEDA.

IIpu pedinuti R410A KoHAMIIIOHED TMpalOBaB Yy PEXUMI OXOJOKEHHS.
30BHIIIHI YMOBHU:

e TeMreparypa noitps mioc 16...17 °C;
* BIJHOCHA BOJIOTiCTh MOBITPs 50 %.
XapakTepHi 03HaKH poOOTH:
* 3HIKEHHS THUCKY BUIapOBYBaHHS;
* HEIOCTaTHIH Tem1000MIH y BUIIAPHUKY;
* TMIJBUIIEHHA TEMIEpaTypu TOBITPs HA BHUXOJAl 3 BHYTPIIIHHOTO OJOKY
MOPIBHSIHO 3 HOPMOIO;
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* 3MEHIIEHHS XOJOJONPOAYKTUBHOCTI Ta MOPYIICHHS TEIUIOBOTO OAlaHCy IUKITY.

BumiproBaHHS MTPOBOAMIIMCS 3a AHAJIOTIYHOIO MPOLEAYPOIO: (pikcayBaHHS BCiX
napameTpiB 10 MOMEHTY cTalbimi3aii.

3. Hopmanvhe 3anpagienus Xon000a2enmy 8 pexicumi HazpieanHs KOHOUYioHepda.
Cuctema mpaifroBaia 3 NacloOpPTHO KuibKicTIO xonoaoareHty (0,48 kr R410A) Ta
3alycKajacs y peXuMi HarpiBaHHS. 3O0BHIIIHI yYMOBH BIAMOBIJATM TOMEPEIHIM
Jocaigam

e Temmeparypa nositps mitoc 13...14 °C;
* BIJHOCHA BOJIOTiCTh MOBITPs 48—50 %.
VY 1boMy pexuMi OU1KYBaJIHCS:
* HOMiHAJIbHI 3HAYCHHSI TUCKIB KOHCHCAIIIl Ta BUIIApOBYBaHHS,
e cralOuIbHE NeperpiBaHHs Ta MEPEOXOTOHKEHHS;
* e(exkTMBHMI  TEIIOOOMIH Yy  30BHIIIHBOMY  Ta  BHYTPIIIHbOMY
TEII000MIHHUKAX
* BHUJKE JOCATHCHHS CTAI[iOHAPHOTO PEIKUMY.

4. Hopmanvue 3anpagnenus Xon000a2eHmy 68 pedCumMi  0XON00NHCEeHHs
KOHOUYyioHepa.

Y mpoMy pexuMi CHCTEMa TIpalfoBaja 3 MOBHUM 3aBOJCHKHM 3alpaBIICHHIM

R410A B pexxumi 0XOJIOMKEHHS.
30BHIIITHI YMOBH:

* TteMreparypa nositps mioc 18...19 °C;
* BIJHOCHA BOJIOTICTh MOBITPs 58—60 %.

XapakTepHi 0COOIMBOCTI:
* THCK Y CUCTEMI BIJIMTOBI/Ia€ TACTIOPTHUM 3HAYCHHSIM;
* cdeKTUBHE BIABEJCHHS TEIUIOTH B KOHJEHCATOPI;
* cTalUIBHI TEMIIEpPATypH MOBITPS HA BXOA1 Ta BUXOIL;
* MaKCHMaJIbHa €HeproeeKTUBHICTh CHCTEMH.

IIpouenypa BuMipwBaHb. /{15 KOXXHOTO 3 YOTHPHOX PEKUMIB KOHIHUIIIOHEP
3allyCKajld TpPU HE3MIHHOMY pEeXUMI LUPKYJsLii moBiTps. THCK, TeMmIieparypy
XOJIONOAreHTY, TEMIIEpaTypHu Ta BIIHOCHI BOJIOTOCTI TIOBITPSI, €JICKTPUYHI MTOKA3HUKU
Ta MBUAKICTh NOBITPS (ikcyBanu mo 30-60 cekyHna. BumiproBaHHs TpuBaiu 10
MOMEHTY, KOJIM 3MIHA MMOKAa3HUKIB MPUITUHSIIACA, IO BIAMOBIIAJIO BUXOY CUCTEMU Ha
CTaIllOHAPHUI PEKUM.

BumiproBani mapamerpu. Y mporeci €KCIepUMEHTY 3I1MCHIOBABCS 3aIlnC
Takux OJIOKIB IapaMeTpiB:

* THCK Ta TeMIlepaTypa XOJOAOAareHTY Ha BHUXOAl 3 KOMIIpecopa, MicIs
KOHJICHCATOpa, Tepea 1 MICHs APOCETHHOTO €JIEMEHTa, a TaKOK Ha BUXOMl 3
BUTIAPHMKA, 10 JI03BOJIIE BH3HAYaTH PoOOUYl TOUKH XOJIOIMIHHOTO IMKIY Ha
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niarpami p—h Ta aHaJIi3yBaTH 3MIHY CHTAJIBIIT B OKPEMHUX €JIEMEHTaX CUCTEMH;

* TemIeparypa, BiJIHOCHA BOJIOTICTh 1 IMIBUAKICTh MOBITPS HA BXOAl Ta BHUXOI
BHYTPIIIHHOTO  OJOKY [T OIIIHIOBaHHS  IPOIIECIB  TEIIOBOJIOTICHOTO
00poOJIeHHsI IOBITPS Ta BU3HAYEHHS €(PEKTUBHOCTI TEIIOOOMIHY;

* yac BHUXOJIYy Ha CTallOHApHUH pEXKUM, TOOTO MPOMIKOK, HEOOXITHUH s
cTabuTI3yBaHHS TapaMeTpiB TICIs BBIMKHEHHsS KOHJIUIlIOHEpa abo 3MiHU
pexumy. Lleil moka3HMK T03BOJISIE OLIIHUTH AMHAMIKY POOOTH CUCTEMHU Ta
MIBUKICTG i1 aganTariii 70 3aJaHAX YMOB;

* CHOXHMBaHA EJNEKTPUYHA TMOTYXKHICTh KOMIIpEcopa Ta BEHTWJISATOpIB (3a
HasBHOCTI ~ BaTMETpa) M  MOAAJBIIMX  PO3PAXYHKIB  €HEPreTUYHOI
¢(hEKTUBHOCTI CHCTEMH.

Metoau o0poOaenHss nanmx. Jljis aHamizy eKCHEPUMEHTAIBHHUX PE3YJbTaTiB
3aCTOCOBYBAJIUCS TaKi METOJIH:

1. TlcuxpomeTpuuHMii aHaji3 TMOBITPSHOTO TMOTOKY. Ha migcTraBi BUMIpSHUX
TEeMIIepaTypH, BIAHOCHOT BOJIOTOCTI Ta IIBUAKOCTI MOBITPS BU3HAYAIUCS CHTAJIBIIIS
NOBITPSHUX TOTOKIB Ta TEIUIOBHM OanaHc BHYTpimHbOro Onoka. Lle mo3Bosmsiio
00YMCTUTH (aKTUIHY XOJOIOMPOYKTUBHICTh KOHIUIIIOHEPA.

2. Pospaxynok koedimientiB eHepretnuHoi edextuBHocTi (COP/EER). Koeditient
nepetBopeHHs COP (Coefficient of Performance) — BigHOIIEGHHS TEIIOBOI
MOTYXKHOCTI, IO TepenaeTbcss y npuMinieHHs (y peXumi HarpiBaHHs), 0
CHOXKMBAHO1 €JNEeKTPUYHOI MNOTYXHOCTI. XononuinbHuii koediuieHT EER (Energy
Efficiency Ratio) — BigHOIIIEHHS XOJOAOMPOIYKTUBHOCTI (Y PEXHUMI OXOJIOMKEHHS)
JI0 CTIOKMBAHOI €IEKTPUYHOT MOTYKHOCTI.

TakuM YHMHOM, KOMIUIEKCHE OOpPOOJICHHS IaHUX JO3BOJISIE OI[IHUTH BIUIUB
HOPMAJILHOTO Ta JIe(PIIIUTHOTO 3alpaBICHHS X0JIOJA0AreHTy Ha pOOOTY CUCTEMHU SIK 3a
napaMeTpaMu XOJIOAWJIBHOTO IUKITY, TaK 1 32 MOKa3HUKaMH €HEProe(EeKTUBHOCTI.

JluHamika 3MiHM mNapaMeTpiB X0J0J0areHTy MPH HOPMAJBLHOMY Ta

neiuMTHOMY pexumax. AHaI3 EKCHEPUMEHTAIBHUX JaHUX I[IOKa3y€e CYTTEBY
PI3HUII0O B TOBEIIHIII XOJIOJOAr€HTY TMpU POOOTI KOHIUIIOHEpAa B HOPMAIbLHOMY
pexumi  (IOcTaTHA KUIBKICTh XOJIOAOAreHTy) Ta Yy JedIIUTHOMY PEeKUMI
(Hemo3anpaBieHUN KOHTYD).
Tuck xonoooazenmy. Y 3anpaBiIeHOMY PEKHMMIi TUCK Ha HarHiTaHHI Komrpecopa (P4,
P3) 3pocrae no pobGoumx 3HaueHb (27-28 Oap mnpu HarpiBaHHi, ~19 OGap mnpu
OXOJIOJIKEHH1), 1[0 CBIIYUTH MPO CTAOUILHUM TEIIOMAaCOOOMIH y TEII0O0OMIHHUKY
(puc. 2-3). Y Hemo3ampaBICHOMY pEXUMI CHOCTEPIra€ThCsi 3aHIKEHUN THCK,
npu4yoMy BiH HecTaOUIbHMU y waci. [Ipu HarpiBanni P2 mamae go 1,8 Gap, mio €
O3HAKOI0 HEJOCTATHBROTO 3allOBHEHHS KOHTYpPY Ta TOTIPIIEHHS MpoLecy
BUIIAPOBYBAHHS.
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ITPOMDKOK YACY, I'OA:XB: C
Puc.3. 3miHa THCKY B KOHAEHCATOP1 Ta BUMAPOBYBaul B PEKKUMI "OXOMOKSHHA" ISt
3aIpaBJIeHOrO Ta HEJ03aMPaBICHOr0 KOHIUIIIOHEPA

Temnepamypni napamempu. llpu HOpManbHOMY 3allpaBlICeHHI TeMIeparypa y
BHyTpimiHbOMY Osonii (T3-T4) 3pocrae miaBHO (HarpiBaHHs) a00 3HUKYETHCA
(oxonmomkeHHs1) 3 UiTKOWO JAuHamikow (puc.4-5). Y nedimuTHOMY pexumi
TEeMIlepaTypa pi3Ko KOJMUBAETHCS. Y PEXKUMI OXOIOKEHHS CIIOCTEPITAEThCS HaBITh
nepexin T3 y Bix eMHi 3HadeHHs (—6...—9.9 °C) (puc.4-5), mo noscHIOE 0OMep3aHHs
TertooOMiHHUKa (puc.6).
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Poboma xomnpecopa ma enepeocnosxcusanns. Y HOPMAJIbHOMY pEXUMI
€JIEKTPUYHI TapaMeTpH (CTPyM 1 CIIOKUBAaHA MOTYXHICTh) 3pOCTAIOTh BIAMNOBIIHO /10
HaBaHTaXXeHHs, craOutizyrounch Ha piBHI 400-600 Btr. V nediuurHOMYy pexumi
MOTY>KHICTh 1 CTPYM KOMIIpecopa 3p0oCTaroTh puBkaMu. [Ipu iboMy CIOCTEpIraroThCs
KOpOTKi ()a3u HH3BKOTO HAaBaHTAXXCHHS Ta Pi3Ki IKH, IO € HACIIJIKOM
HECTalIbHOCTI ()a30BOT0 MEPEXOAY XOJIOA0ATECHTY.

Ilapamempu nosimps. Y 3ampaBieHOMY CTaHI BUTpara TMOBITPS Ta HOro
OXOJIOJ[KCHHSI/HArpIBaHHs BIANOBITAIOTh PO3PaXyHKOBUM: PI3HHIIS TEMIIeparyp Ha
Bxo/Al Ta Buxoji csarae 610 °C. YV HemoszampaBieHOMY CTaHi mepernaj TeMIeparyp
3HAYHO MEHIIMKA a00 HecTaOlIbHUM, IO CBIAYUTH MPO HU3BKY €(EKTHUBHICTH
TEIJIO00MIHY.

OTxe, HOPMaJIbHUI PEKUM XapaAKTEPU3Y€EThCS CTAOLIBHUMU 3HAYEHHSIMH THUCKY
Ta TEMIIEPaTypH, aACKBaTHUM €HEPrOCIOKUBAHHAM 1 €(PEKTUBHUM TEIUIONEPEHOCOM.
JedbinuTauii  pexuM  CYNpOBOKYETHCSA:  TMAIIHHSAM  THUCKY Ha  CTOPOHI
BUIIAPOBYBAHHSI; MOSBOI0 HU3BKUX TeMmeparyp (aX A0 BiJI'€MHUX), IO CHPUYUHSAE
oOMep3aHHs; HECTAOLIBHICTIO ENEeKTPUYHUX IMapaMeTpiB KOMIIPECOpa; 3HUKCHHSIM
€(hEKTUBHOCTI OXOJIO/KEHHS/HATrpiBaHHS MPUMIIICHHS.

3oBHiluHilt GIOK BuyTpIWHIA Brok
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PEKUMI «HarpiBaHHS» HEI03aMPaBICHOro KOHAUIIOHEepa

AHaJi3 po0oTH KOHAUIIOHEPA Yepe3 mo0ynoBy HMKJIY Ha aiarpami p—h. [{ns
MOSICHEHHS BUSIBJICHUX SBUL Oynu MOOYyJOBaHI IUKIU Y PEXKUMI OXOJIOIKEHHS IS
3arpaBjieHoOro (3eJieHa MYHKTHPHA JIiHis) Ta HEI03alpaBICHOrO (YepBOHA CYIILIbHA
JiHIA) KOoHAMIIOHepa (puc.7) Ta B peXUMI HarpiBaHHS JJIs 3alpaBiIeHOTO (3eJieHa
MyHKTUPHA JIiHISI) Ta HEI03alpaBlieHOro (YepBOHa CYLUIbHA JIiHIS) KOHJUIIIOHEpa
(puc.8).

Po3risitHeMo pexuM OXONOMKEHHS (puc. 7) y peXuMi HeI03arpaBiIeHOro
KoHuLIOHepa. g AediuuTy XOJIOAO0AareHTy XapaKTEpHI Takl €KCIIepUMEHTaJbHI
3HAYEHHS:

56



Benmunisuyis, oceimneHHss ma merinoaa3oriocmadyaHHs. Bun. 55, 2025

R410A, R32/125 (50/50), R410A
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Puc. 7. p-h-giarpama mukity poOOTH KOHAMITIOHEPA B PEKUM1 OXOJIOIXKEHHSI JJIsI
3amnpaBJICHOTO (3eJIeHa MyHKTUPHA JIiHIsI) Ta HeJ03anpaBieHOro (UepBOHA CYIIIbHA
JiHis) ctany: 1-2 — nporec y koHaeHcaTopi (30BH.010K) 2-3 — mpoliec ApOCeIFOBaHHS
(y mpocenpHOMY BeHTHUI1); 3-4 — TIpoliec y BUITapoByBaui (BHYTp. 0510K) 4-1 — mporiec
CTHCHEHHS B KOMITPECOPi

* THCK BUIIApOBYBaHHs p3 = p4 = 5 Gap, 110 ICTOTHO HUXKYE BiJl HOMIHAJIBLHOTO;

e TeMreparypa Ha Buxoai 3 BumapHuka T3 = — 89 °C, mo CBITYUTH PO
HaIMIpHO HHU3BKY TEMIIEPATypy KHUITIHHS XOJIOJ0areHTy;
e TteMmreparypa BcMmokTyBaHHd T4 = 15,1 °C, mo € 3Ha4YHO BHILOK 32

TEeMIIepaTypy KHUITIHHS, OTXKe NeperpiB HaummikoBui (superheat > 20 K);

* THCK KOHJeHcallil pl = p2 = 16,2 Oap, 110 Hk4Ye Bij HOpManbHOTO Jj1st R410A
B OXOJIOJ’KEHHI;

e Temmeparypa Ha BUXOAl KoHjeHcaropa T2 = 21,4 °C wmaiixke 30iraetbcs 3
Temrieparyporo Ha Bxoal B kommpecop Tl = 66,9 °C, mo cBigYUTH PO
BIJICYTHICTh ()a30BOTO MEPEXoay B KOHACHCATOPI Ta MOBHY pOOOTYy B 30HI
neperpiToi napwu.

TakuM dYWHOM, yCi TpOIECH B MUK 3CYHYTO B 30HY IMEperpiToi mapwu.
Konnencarop He 3a0e3neuye KOHJEHCAallli, OCKIJIbKM MacoBa BUTpaTa XOJIOJOATCHTY
3amana. e pi3ko moripinye TeIioBiajaqy, a Temieparypa Ha HarHiTa"Hi (66,9 °C)
cTae HeOE3MeUYHO BHCOKOIO [UIsi Kommpecopa. Sk pesyaprar 0ayumo, 10
XOJIONOMPOAYKTUBHICTh 3HIKeHa, EER magae, BHUHHMKAe pU3HK TeperpiBaHHA
KoMIIpecopa. XoJ0UIbHUI UK HE € TapOKOMIIPECIHHUM.
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R410A, R32/125 (50/50), R410A
T entical = 74.67 *C, p entical = 51.73703 Bar, v enitical = 0.00162 m’ kg
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Puc. 8. p-h miarpama nuxiry po60Tu KOHAMIIIOHEpPA B PEXKUMI HArPiBaHHS IS
3anpaBJIeHOTO (3eJIeHa MyHKTUPHA JIIHIS) Ta HEeA03aMpaBlIeHOTO (YUepBOHA CYIIIIIbHA
niHisg) ctany: 1-4 — mporec y komrpecopi 4-3 — mporiec y KoHIeHcaTopi (BHY TPINIHIHI
0110K); 3-2 — mpo1iec ApocentoBaHHs (Ha JPOCETHLHOMY BEHTHI)

2-1 — nporuiec y BUNapHUKY (30BHILIHINA OJIOK)

HopmanbHo 3ampaBiieHHl KOHAMIIIOHEP B PEXHUMI OXOJOMKEHHsS (puc. 7)
peaizye napoxkomnepciiuuii nuki. [lapamerpu:

* Tuck p3 = p4 = 8 6ap — xapaxrepauii THCK kumiHHI R410A y pobGouomy
pexuMI;

e Temmneparypu T3 = 2,5 °C, T4 = 5,9 °C, ToOTr0 meperpiBaHHS CTaHOBUTH
onu3bpko 3—4 K, 110 BiAMOBIa€ HOPMI;

* TtHCK pl =p2 =19 6ap — TUNIOBUI TUCK KOHECHCAIIII;

e temneparypu 12 = 21,1 °C, Tl = 20,3 °C — HasBHE MNEPEOXOIOKEHHS
XOJIOIOAT€HTY, 110 CBIYUTH PO HOPMAIbHUM (a30BU TIEpexXi/l.

Y Ukl YITKO MPUCYTHI 30HM: KHUIIHHA XOJOAOAreHTy VY BUIIAPHUKY,
KOHJICHCAITISI B KOHACHCATOPi, HAasgBHE SIK TEPErpiBaHHSA, TaK 1 MEPEOXOJOKECHHS.
[{ukyn HaONMKEHUH 1O TEOPETUYHOTO, TEIUIOBA MOTYXKHICTh BIANOBIAA€ MACHOPTY, a
KOMIIPECOP MPAIOE B ONTUMAIILHOMY PEXUMI O3 meperpiBaHHs.

Pexxum HarpiBaHHS 171 HEJA03aMPaBICHOTO KOHIUIIOHEDPY (puc. 8).

Jus  poboTH B pexHMMI TEIJIOBOTO Hacoca TpU  Hexo3ampaBlieHHI

CIIOCTEPIraloThCsl TaKl apaMeTPH:
* Tuck p3 =p4 = 13,2 oap,
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« temmneparypu T3 = 30,8 °C, T4 = 67,9 °C — nHa BUXOAl 3 KOHJIEHCATOpA
XOJIOZI0AreHT 3HAXOUThCA Y BUIVISIAI IEPETPITOi NapH;

e tucku pl =p2 =4,8 6ap — KPUTUYHO HU3BKHUI TUCK Y BUIAPHUKY JIJIST POOOTH
B PEXKHMI HarpiBaHHS;

e temmeparypu T2 = 53 °C, Tl = 17,6 °C, 100TO Temmeparypa micis
KOMITpecopa HU3bKa, 1110 CBIIYUTH PO Mally MacoBy BUTpATY.

BunapoByBanHs (akTuuHO He BiOyBaeTbcs HE 3a0€3Meuyloud CyTTEBOTO
NOTTIMHAHHS TerIoTu. Lle mpu3BoAUTh 10 3HAYHOTO MaAiHHS TEIIONPOAYKTUBHOCTI.
Cucrema mepexouTh Y PEXUM ‘XOJIOCTOr0” HArHITAHHS Mapu, a peajbHa TEIIoBa
MOTY>KHICTh 3HU)KYETHCS B Pa3H.

Pexxum HarpiBaHHsl JUisi HOpPMaJbHO 3alpaBiI€HOTr0 KOHAUIIOHEpa (puc. §)
peani3zye mapoKoMIIpeciiHuil HukII. ExcriepumMeHTanbH1 AaHi:

e tuck p3 = p4 = 27,5 Gap — mocraTHi THCK AJii HOPMaJbHOI KOHAECHCAIli B
pEeXHUMI1 HarpiBaHHS;

e temneparypu T4 = 61,7 °C, T3 =27,9 °C — neperpiB He3HAUHUM, XapaKTepHUI
JUIS PEXKHUMY TEIJIOBOTO HACOCA;

* Tuck pl =p2=38,5 6ap;

e rtemneparypu 12 = 7,6 °C, Tl = 9,9 °C — HopmanbHE BHIApPOBYBAHHS
XOJIOZI0AreHTY 3 TEMIIEpaTyporo KuiiHHA Onu3bko 5 °C.

[Mukn MicTuTh TOBHMM (a30BUN mepexil, 3a0e3rneuye MPOEKTHY TEIIOBY
MOTY>KHICTh, a CIIBBIAHOIICHHS TUCKIB MpaBmibHE 1T R410A.

Ha migcraBi awmamizy mwmkiaiB 3a p-h miarpamamu  (puc. 7-8) Ta
EKCIIEPUMEHTAIBHUMHU JIaHUMH MOXKHA CTBEP/KYBaTH, 110 ACIIUT XOJIOI0AreHTy
NPU3BOJUTH JI0 TIOBHOTO MOPYIIEHHS MapOKOMIIPECIHHOTO TEPMOINHAMIYHOTO ITUKITY,
NEPEBEICHHS CUCTEMHU B PEXXUM IEPETPITOi MAapH XOJIOJ0areHTy Ta Pi3KOro 3HUKEHHS
ii edexkruBHOCTI. BTpara @Qa3zoBux mnepexoqiB poOUTh poOOOTY KOHIAUI[IOHEpA
NPAaKTUYHO Hee(DEKTUBHOIO Ta MOTEHIITHO HEOE3MEUHOIO ISl KOMITpecopa.

IlopiBHSIHHSI 4Yacy BHMXOAY HAa CTaliOHApHMHA pexkuM. V  peorcumi
0X07100J/CceHHss B HOPMAJIbHOMY (3alpaBJICHOMY) CTaHi TeMmIeparypa MOBITps Ha
BUXOA1 cTtabum3yBaacs Ha piBHI 18-20 °C mpubnmzno yepe3 8—10 XB micis 3amycky.
THCK 1 MOTYXHICTh KOMIIpECOpa BHUXOIWJIM Ha CTaJl 3HAYEHHS CUHXPOHHO 3
TEMIIEpaTypoIo.

VY nedinuTHOMY peXMMi BUXiJT HA YMOBHUM CTalllOHApHUN pekuM OyB 3HAYHO
MOBUIBHIIIMM 1 HECTAOUTbHHUM: CIIOCTEpIrajivcs KoJMBaHHS Temmeparypu Big 0 g0
10 °C naBiTh micas 15 xB poO0OTH, a THCK y BHUNAPHUKY 3QJIMIIABCS 3aHIKECHUM.
TakuM ymHOM, cucrteMa (akTHYHO HEe 3a0e3meuyBaja CTAIUX TapaMmeTpiB 1 HE
Jocsiraia MOBHOI[IHHOTO CTAIlIOHAPHOTO CTAHY.

YV pexcumi Haepieanws B HOpPMalbHOMY CTaHl cTa0uLTi3allis BUXITHOI
temrneparypu noBitps Ha piBHI 30-32 °C BigOyBanacs depe3 7-9 xB. Ilapamerpu
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TUCKY Ta €JEKTPUYHOI MOTY>KHOCTI MPHU IIbOMY TaKOX HaOyBaju MaiiKe MOCTIMHHUX
3HAYCHb.

Y Hemo3ampaBiIeHOMY PEXHMI TeMIlepaTypa Ha BUXOl 3allUIIaNacs HUXKYOIO
(22-25 °C) 1 mponoBxKyBajga KOJMBATHCS HaBITh Micias 15 XxB poOOTH, a THUCK Yy
KOHTYpl HE€ BIJMOBIIaB poOouuMM 3HaueHHsM. lle Bkadye Ha HEMOXIMBICTH
JIOCSITHEHHS CTaOUIBHOTO PEXXUMY depe3 AeIIUT X0JIOI0areHTY.

Ouinka epexTUBHOCTI KOHAMIIOHepa (xomoxonpoaykTuBHicTh, COP/EER).
s omiHKK eHeproe(eKTUBHOCTI KOHIWIIOHEpAa BUKOPUCTAHO EKCIIEPUMEHTAbHI
JaHl, OTPUMaHl B PeXUMaX HOPMAJIBHOTO 3allpaBieHHs Ta ACIUUTY XOJOAO0AreHTY
M1 9ac poOOTH Ha OXOJIOJKEHHS Ta HATPIB.

Xonoodonpooykmuenicmes  cucmemu  BU3HAUallacsl BHXOIAYM 3  PI3HUIN
TeMIIepaTyp MOBITPS Ha BXOJl Ta BUXOJl BHYTPIIIHBOTO OJOKY Ta MAacOBOi BUTpPATU
TOBITPs. J{J1s1 CrIpOIIieHHST BUKOPUCTAHO 3QJICKHICTD:

QO = G'Cp,noe'(tgx - tgux), KBT, (1)

ne G — macoBa BUTpara MoBITpsl, KI/C, po3paxoBaHa K J0OyTOK 00’€MHOI BUTpATH Ta
TYCTUHH; Cpnos — TETUIOEMHICTH TOBITPsA, 110 JopiBHIOE 1,006 kJDX/(KrK); to, fon —
TeMIepaTypa MmoBiTps Ha BXoAi Ta Buxoxi, °C.

Po3paxyHok mokazaB, 110 MPHU 3aMpaBiICHOMY PEXHUMI XOJOAONPOTYKTUBHICTD
KOHAUIIIOHEpa nocsrana 1.9-2,1 kBT, a y Hefgo3anpaBieHOMY CTaHi 3HUXKYyBajacs J0
1,2-1,5 xBt. To6T0o mipu Hemo3amnpaBieHHI €()EeKTUBHICTh CUCTEMH Tajajia Maike B
1,4 pazmu.

Xonoounvnuti  xoeghiyienm (EER) i1 koegiyicnm nepemeopenus (COP)
BU3HAYAIMCS SK BIIHOIICHHS XOJIOMO- a00 TermonpoaykTuBHOCTI (o, KBT, 10
CIIOYKMBAHO1 €JIEKTPUYHOT OTY>KHOCTI Komnpecopa P, BT:

EER(COP) = Qy / P.. (1)

[Tpu HOpMaTbHOMY 3ampaBieHHI B pexxumi oxonomkenHss EER cranosus 3,7-4,6
(puc.9), mo BianoBigae kiacy eHeproegektuBHocTi A. YV nedinutHomy pexumi EER
3HM3UBCA 10 2,2-3,4, 110 CBIAYUTH MPO PI3KE 3POCTAHHS NMUTOMUX E€HEPrOBUTPAT
(puc. 9).

VY pexumi HarpiBanas COP pocsraB 2,4—4,0 nmpu HOpMaJlbHOMY 3allpaBJiCHHI,
TOJ1 SIK y Ae(ILUTHOMY peXUMIi BiH 3HMKYBaBcs 10 1,7-2,1 (puc. 10).
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BucHoBkn. VY pesynabrari MNpPOBEACHUX EKCIEPUMEHTAIBHUX JIOCTIIKEHb
noOyTOBOTO KOHAMIIIOHEPA 32 YMOB HOPMAJIBHOTO Ta Je(IIUTHOTO 3ampaBiICHHS
XOJIOJIOAreHTy OTPUMAaHO TaKi y3arajbHeHHs. BcTaHoBieHO, 10 MpU HOPMAJIbHOMY
3aMpaBJICHH] XOJIOI0AreHTY CUCTEMa MPAIIoEe Y CTA0IIbHOMY PEXUMI, 3a0€3eUyroun
HOMIHAQJIbHI 3HAYEHHS THUCKY, TEMIEpAaTypu Ta EHEPreTUYHOi €e(PEeKTUBHOCTI
(COP/EER). Yac Buxomy Ha CTaIllOHAPHUA PEXKUM 3aJIHIIAETHCA CTaJUM Ta
BIJIMOBIJIA€ MACIIOPTHUM XapaKTepUCTUKaM oOnaAHaHHSA. 3a yMOB Jedimuty
XOJIOIOAre€HTy CIIOCTEPIra€ThCsl 3HIDKEHHS THUCKY BCMOKTYBAHHS, 3MEHIICHHS
TEMIIepaTypy BUIIAPOBYBAHHSA Ta 3HUKEHHS XOJIOAOMPOAYKTHUBHOCTI cucrteMu. Lle
CYIIPOBOIKY€ETHCS 301IBIIICHHSIM TEeperpiBaHHs, 3MEHIICHHIM MEPEOXOO/HKCHHS Ta
MOTIPIIICHHSIM ~ €HEPreTHYHOT  €(PEeKTUBHOCTI  KOHAUITIOHEpa.  XapaKTepHUMU
JTIarHOCTUYHUMM O3HAaKaMH AEe(IIUTY XOJIOJOATeHTY € MOHMKEHUH THUCK 3 OOKY
BCMOKTYBaHHSI KOMIIpECOpa, NIABUILIEHE 3HAuUEHHA neperpiBanHs (superheat);
3HIDKEHEe  abo  BIJACYTHE  TepeoxoynoikeHHs  (subcooling); 3HIKEHHS
XOJIOMOTIPOYKTHBHOCTI Ta 3pPOCTAaHHSA MHUTOMHUX EHEPreTHYHUX BUTPAT; MOXKIUBE
YTBOpPEHHsI oOOMep3aHHS Ha TpyOompoBogax 1 TemmooOMiHHMKaX. OTpumani
pe3yabTaTi MIATBEP/UKYIOTh, IO KOHTPOJb IMapaMeTpiB XOJOAOAreHTy (THUCKY,
TEeMIEepaTypy, MEperpiBaHHs Ta MEPEOXONOMHKEHHS) € e(PEKTUBHUM J1arHOCTUYHUM
METO/IOM BUSIBJICHHS HECIIPABHOCTEH 3 HECTAUCIO0 XOJIO0I0areHTY.

[lepcnekTHBH MOAANBIIMX JAOCTiIKeHb. [loganbiini JOCTIKEHHS Y HAPAMKY
NIJBULIEHHS HAIIMHOCTI Ta EHEProeeKTUBHOCTI MOOYTOBUX KOHIUIIOHEPIB
JIOIIJIBHO 30CEePEIUTH Ha KUTBKOX KIIFOUOBHUX acmekTax. [lepeayciM nepcneKTHBHUM €
PO3pO0JICHHS] aBTOMAaTU30BaHUX AJITOPUTMIB JIIaTHOCTUKH, 3/IaTHUX Y PeabHOMY Yaci
BUSIBIISITU CTaH XOJIOIOAr€HTY 3a CYKYIHICTIO BUMIPIOBAaHUX MapaMeTpiB — THUCKY,
TEeMIlepaTyp, TMeperpiBaHHsS Ta IMEPEOXOJOKeHHsS. 3aCTOCYBaHHS  METOIB
MAIIMHHOTO HaBYaHHS Ta 0OpPOOJIEHHS BEIMKUX MACHBIB €KCIIEPHUMEHTAIBHUX JAHUX
MO>Ke 3a0€3MeUNTH CTBOPECHHSI IHTEJIEKTYaIbHUX CUCTEM MOHITOPHHTY, IO JI03BOJISThH
MPOTrHO3YBAaTH PO3BUTOK HECMPABHOCTEW I1I€ [0 iXHbOTO (PAKTUYHOIO MPOSBY.
BaxxnuBuM HampsMOM € TakKoX AOCIIKEHHS JUHAMIKM MEPEeXIJTHUX MPOLECIB y
KOHJIUIIIOHEpaX TpU PI3HUX PIBHAX 3ampaBieHHs xonogoareHToM. lle mo3BoiauTh
YTOUHUTH KPUTEpii BU3HAYEHHS CTALIOHAPHOTO PEXUMY, OLIHUTU BIUIMB HECTaul
XOJIOI0OAreHTy Ha Yac BUXOJAY CHCTEMHU Ha poOoul MapameTpud Ta BIOCKOHAIUTU
METOJMKHM EKCIUTyaTallliHOl J1arHOCTUKU. TaKuM YWHOM, TOMAJBIINN PO3BUTOK
JJAHOTO  HANpsSMKY TIOB’S3aHUM 13  MIJABUINCHHSM TOYHOCTI  J1arHOCTHUKH,
aBTOMATH3aIli€}0 KOHTPOJIIO TEXHIYHOTO CTaHy Ta CTBOPEHHSM €HEProe(eKTHUBHUX 1
HaJIHHUX CUCTEM KOHJMIIIOHYBaHHS MOBITPS HOBOTO MOKOJIIHHS.
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COMPARATIVE ANALYSIS OF UNSTEADY OPERATING MODES OF A
HOUSEHOLD AIR CONDITIONER UNDER NORMAL AND INSUFFICIENT
REFRIGERANT CHARGE

Abstract. The article presents the results of an experimental study of a
household air conditioner operating in cooling and heating (heat pump) modes under
conditions of normal and insufficient refrigerant charge. The aim of the work is to
evaluate the impact of a reduced amount of refrigerant on the thermodynamic
parameters of the refrigeration cycle, heating capacity, and energy efficiency of the
system. The study was conducted under non-stationary conditions with subsequent
analysis of the moment when the unit reaches steady-state operation. During the
experiment, the pressure and temperature of the refrigerant were recorded at key
points of the cycle: at the compressor outlet, after the condenser, and before and after
the throttling device. This made it possible to determine the operating points on the
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p—h diagram and track enthalpy changes within the system components. Additionally,
airflow parameters at the inlet and outlet of the indoor unit — temperature, relative
humidity, and velocity — were measured, enabling the assessment of air treatment
processes and actual heating capacity in heating mode. The electrical power
consumed by the compressor and fans was used for further calculations of energy
efficiency based on EER/COP indicators. The results demonstrated that insufficient
refrigerant charge leads to reduced evaporation and discharge pressures, increased
superheating of the refrigerant vapor, and disruption of the thermal balance of the
cycle. Under such conditions, the refrigerant mass flow rate decreases, the heating
capacity of the indoor unit is reduced, and the energy efficiency coefficient
significantly declines. Moreover, the time required to reach a steady-state regime
increases, confirming the instability of system operation under undercharged
conditions. The obtained results allow identifying characteristic signs of air-
conditioner operation with insufficient refrigerant charge and may be used for
diagnosing the technical condition of air-conditioning systems, optimizing
maintenance procedures, and improving the energy efficiency of the equipment.

Keywords: system diagnostics and technical condition, heat pump operating
mode, energy efficiency ratio, EER, coefficient of performance, COP, insufficient
refrigerant charge.
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INCREASING THE RELIABILITY OF ENERGY SUPPLY IN UKRAINE

Abstract. The use of alternative energy sources and fuels is one of the most
important areas of modern energy policy, aimed both at improving the environment
and saving traditional fuel and energy resources. The meaning of the process of
ecological and energy optimisation isn't the replacement of one energy source with
another, but economic and industrial transformation, decarbonisation, and
decentralisation. Russian aggression caused unprecedented destruction of Ukraine's
fuel and energy infrastructure, which created a threat to the reliability of providing
end consumers with natural gas — the main organic energy carrier capable of fully
satisfying the state’s own needs. Agricultural waste and solid waste landfills can,
under certain conditions, be transformed from environmental pollution into
renewable energy sources with the generation of biogas. Its main components are
methane and carbon dioxide. Biogas utilisation will simultaneously solve
environmental problems associated with "thermal" environmental pollution. The
results of the analysis of the European Green Deal strategy and global pricing of
carbon dioxide emissions show the need to increase tax obligations in Ukraine for
greenhouse gas emissions into the atmosphere to achieve the goals of limiting the
increase in global environmental temperature to 1.5-2 °C. The article substantiates
the possibility of full or partial replacement of natural gas with biomethane obtained
from the utilisation of agro-industrial waste, household waste, etc. to meet the needs
of the housing and communal services of Ukraine. A comparison of the
physicochemical parameters of traditional natural gas and biomethane with the
requirements of current regulatory documents has been made. The areas of
application of biomethane in gaseous and liquefied states have been determined. The
design solutions of technological installations for autonomous gas supply systems
have been substantiated.

Keywords: sustainable development, natural gas, carbon dioxide, methane,
biogas plant, biogas, biomethane, physicochemical properties, gas supply system, gas
supply reliability.
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Problem statement. The problem of rational use of energy resources,
improving energy efficiency and energy and environmental security is a necessary
condition for the harmonious development of any country. The changes taking place
in the modern world necessitate a critical rethinking not only of many existing
theories and historical views, but also a search for unique conceptual approaches to
developing a new paradigm of social development. The intensive and global impact
of humans on the environment throughout their existence is usually accompanied by
negative consequences.

Since the beginning of systematic meteorological observations in 1958, the
concentration of carbon dioxide — the most important anthropogenic greenhouse gas —
in the atmosphere has increased by more than 20% and by approximately 40 % since
1750. The concentration of methane in the atmosphere has increased by 150 %
compared to the pre-industrial period, and the concentration of nitrous oxide by 20 %.
Of particular concern is the rate of atmospheric pollution, which is unprecedented in
the last 20,000 years.

Currently, the entire Earth’s climate system is changing. The main disaster is
the increase in the frequency and intensity of dangerous climatic phenomena, which
is confirmed by direct observations over the last decades [1-3]. This is sufficient
reason to introduce measures for energy efficiency and energy conservation, the
development of renewable energy sources, the modernisation of transport, etc., which
are currently extremely necessary.

Analysis of recent studies and publications. The concept of sustainable
development [4] is considered the most promising ideology of the 21st century and
even the entire third millennium, which, with the deepening of scientific justification,
will supplant all existing world view ideologies as fragmentary and incapable of
ensuring the further balanced development of civilisation [5].

Sustainable development 1is systematically managed development. Its
manageability is based on a systematic approach and modern information
technologies, which allow for rapid modelling of various development scenarios,
highly accurate forecasting of their outcomes, and selection of the most optimal
option.

In September 2015, the UN Sustainable Development Summit was held in New
York as part of the 70th session of the UN General Assembly, at which new
development guidelines were approved. The outcome document, “Transforming our
world: the 2030 Agenda for Sustainable Development,” approved 17 global
Sustainable Development Goals (SDGs) and 169 targets [6]. Among them is the
seventh goal, “Affordable and Clean Energy,” which aims to ensure that humanity
has access to affordable, reliable, sustainable, modern, and environmentally friendly
energy sources. Expanding infrastructure and technological modernisation to ensure
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environmentally friendly energy in all countries is a critical task that can both
stimulate growth and contribute to environmental conservation.

Ukraine, like other countries, has joined the process of ensuring sustainable
development. Each global goal was reviewed and adapted to the specifics of national
development. This resulted in the National Report “Sustainable Development Goals:
Ukraine” [7], which provided Ukraine’s own vision of the benchmarks for achieving
the SDGs. It contains 86 tasks and 172 indicators for monitoring them, providing a
solid foundation for further planning Ukraine’s development and monitoring the
status of SDG achievement. One of the main groups of tasks is ecological balance
and sustainability. Economic growth will be based on a “green” economy model.
Thanks to energy-efficient measures and technologies, the energy intensity of gross
domestic product (GDP) will be significantly reduced. The share of environmentally
friendly energy production will steadily increase, replacing traditional technologies in
particular, which will significantly reduce emissions of pollutants and greenhouse
gases into the atmosphere. This will contribute to improving the quality of life of the
population without harming the environment and will be a significant factor in
increasing life expectancy.

The purpose of the article is to address the issue of rational use of available
energy resources in Ukraine, in particular natural gas, and to improve energy
efficiency and environmental safety.

Presentation of the main material. In 2019, the European Green Deal (EGD)
was presented to the European Parliament, which approved the move towards a
climate-neutral European continent by 2050 [8, 9]. Its main goal is to transform
Europe into the first climate-neutral continent by 2050, i.e., a place where all
greenhouse gas emissions caused by human activity will be absorbed by ecosystems
and carbon capture and storage technologies.

The annual United Nations (UN) conference on climate change, known as the
Conference of the Parties or COP, brings together world leaders, country delegates,
the public, and the media to reach a consensus on addressing climate change [10].
Since COP21 in 2015, the COP has focused on implementing the provisions of the
Paris Agreement [11].

Given that emissions from burning coal, oil, and gas are the main cause of the
climate crisis, it is striking that for the first time at COP26, the text of the final
decision (cover decision) mentioned fossil fuels, and the parties agreed to accelerate
“efforts to phase out uncompensated coal power and phase out inefficient fossil fuel
subsidies.”

Russia’s full-scale war against Ukraine also has an impact on the climate, but
these emissions are usually left out of countries’ national reports. Over 12 months,
greenhouse gas emissions related to the war are estimated at 120 million tons of CO,
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equivalent. This is roughly equivalent to the total annual emissions of a country such
as Belgium. The aggressor country must be held accountable for these emissions, as
well as for future emissions associated with the restoration of facilities in Ukraine
that have been damaged by military action — approximately 50 million tons of CO,
equivalent. Overall, emissions from military actions, including armed conflicts, can
account for a significant share of global greenhouse gas emissions, reaching about
5.5%.

In 2021, more than 100 countries, including Ukraine, joined the Global
Methane Pledge initiative, which aims to reduce methane emissions by 30% by 2030
from 2020 levels. For Ukraine, reducing methane emissions is possible through the
implementation of climate measures in the oil and gas and coal sectors, agriculture,
and the establishment of a waste management system.

In recent years, carbon pricing has become a key policy tool in the fight against
climate change for many governments. The World Bank report “The State and Trends
of Carbon Pricing in 2024” [12] provides a comprehensive overview of the current
state and trends in carbon pricing instruments, which currently remain inadequate to
meet the ambitious climate goals set by the Paris Agreement. To achieve meaningful
change, it’s necessary to improve both the coverage of carbon emissions and the level
of their price. Estimated carbon prices to achieve the goal of limiting global
temperature rise to 1.5 °C are $226-385/ton CO,, and to limit it to 2 °C are
$63-127/ton CO,. In 2024, only seven countries, accounting for less than 1% of
global greenhouse gas emissions, will have reached prices at or above the inflation-
adjusted minimum of US$63/ton CO,. The Netherlands is one of the countries where
the price of carbon dioxide emissions into the atmosphere slightly exceeds this
amount. In Sweden, where the main source of electricity generation is the nuclear
industry, the corresponding figure is 127, while in Norway, a powerful oil and gas
producing country, it is around 90, and in Germany it is close to 50 USD/ton of CO..
Overall, the average fee for carbon emissions in the European Union currently
slightly exceeds US$48/ton. In Ukraine, for comparison [13], tax liabilities for carbon
dioxide emissions into the atmosphere in 2025 will be US$0.77 (UAH 30)/ton of
CO,, which is one of the lowest prices in the world.

After gaining independence, Ukraine inherited a huge, “insatiable” industry in
terms of energy consumption. For example, in 1991, the country used an incredible
114 billion m® of blue fuel, mainly of imported origin, for its own needs.

Over time, Ukraine lost or modernised a significant part of its industrial
facilities, and consumption decreased significantly. Domestic production remained
virtually unchanged, at around 20 billion m’. Today, the state no longer needs as
much gas as it did in 1991. At the end of 2023, Ukraine used only 19.8 billion m* of
gas. Gross natural gas production in 2024 amounted to 19.12 billion m®. Compared to
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last year, it increased by 2.2 %. The majority of fuel is consumed by the population
and heat producers in populated areas (public utility companies) — approximately 11
billion m’. The share of industry in 2025 will be approximately 4 billion m®, and the
rest (approximately 5 billion m?) will be used for electricity generation.

According to the provisions of the Energy Strategy [14], natural gas will
remain the main energy source/fuel in Ukraine. It accounts for almost a third of all
primary energy consumption. At the same time, it is the most environmentally
friendly fuel compared to other traditional and alternative fuels [15].

The country has its own natural gas resources (which currently meet almost all
of the economy’s needs) and developed gas transportation and distribution networks
in populated areas, which contribute to the priority use of blue fuel.

Table 1
Emissions into the atmosphere from the combustion of natural gas [15, 16]
Emission Emissions Tax liabilities
Fuel | Ingredient | factor . .
[ g /G J] [ton] [ /0] [UAH/ tOl’l] UAH A)
Nitrogen 48,85 | 1,73103 | 009 | 257443 | 446 | 7.03
oxides
Carbon 170 | 0,610% | 0,03 96,99 | 0,06 | 0.1
Natural | monoxide
gas, Carbon 55442 | 1,936 | 99.88 30,00 | 58,89 | 92.84
1000 m® | dioxide
Methane 1,0 |3,5410° | 0,002 145,5 | 0,005 | 0,01
Nitrous 0.1 3,5410° | 0,0002 | 4216,92 | 0,015 | 0,02
oxide
Total 1,9384 | 100,0 | Total 63,43 | 100,0

However, the destruction of gas production, transportation, and distribution
infrastructure, which continues and peaked in the second half of 2025, imposes
significant constraints on ensuring the reliability of energy supplies to end consumers
[17]. Thus, there is currently a problem with maintaining gas infrastructure in
working order and providing consumers with blue fuel. One way to solve this
problem is to replace natural gas in the future (completely or partially) with artificial
biogas, at least during the warm season.

The potential for biogas production in Ukraine is about 10 billion m’/year,
which would reduce carbon dioxide emissions by approximately 20 million tons/year
[18] and, accordingly, reduce “thermal” pollution of the environment. A biomethane
plant capable of producing approximately 10 million m’ of biomethane per year costs
approximately EUR 15 million. If raw materials are purchased at EUR 40/ton (bales
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of straw or corn stalks), which will provide additional income for farmers, and
biomethane is sold at EUR 900/1000 m?, the return on investment for such projects
becomes attractive to investors, with a profitability of 25% [18].

If we compare the physical and chemical properties of biogas with the quality
requirements for natural gases established, for example, by the Gas Transmission
System Code [19], then without additional purification, biogases are unsuitable for
transportation through existing networks or for use in traditional gas equipment.
Various methods of using such biogas are known in global practice, ranging from
simple flaring directly at the point of generation without utilising the heat of
combustion products to significant purification with methane content reduced to 90-
95% (so-called biomethane) or the production of commercial carbon dioxide [20].
Currently, in Ukraine, given the partial destruction of the gas infrastructure, the use of
biogas purified to biomethane level will prevent emergency shutdowns of gas
transmission and distribution systems and ensure that end consumers are supplied
with blue fuel.

Analysis of the data presented in Table 2 clearly demonstrates that the quality
of biomethane is not lower than (and in some respects exceeds) that of natural gas
supplied through the network. In general, the physical and chemical characteristics of
these fuels meet the requirements of regulatory documents, in particular the Gas
Transmission System Code [19].

Once biomethane is obtained, the question arises as to how it can be used, for
example, to improve the reliability of existing gas supply systems in populated areas.
The volume of fuel generated and the regularity of its supply impose conditions on
how it can be transported to consumers.

First and foremost, biomethane can be supplied to rural settlements, most of
which are connected to existing high-pressure gas distribution networks (0.6-1.2
MPa) — the so-called inter-settlement gas pipelines of network gas [21, 22]. The
priority and main consumer is the population, which uses gas for domestic and
heating needs. Large-scale industry is usually absent. Accordingly, in rural areas
gasified with network natural gas, there is a significant seasonal unevenness in the
consumption of blue fuel: during the warm season, there is no need to heat buildings
and structures for various purposes, and during this period, gas consumption accounts
for up to 15% of the total gas consumption during the heating season.

The diameters of gas distribution network pipes, the calculation and selection
of gas control equipment, gas metering units, etc. are determined for maximum
hourly consumption [22]. Accordingly, during the warm season, the storage capacity
of the gas distribution network can be used to store fuel. If there are large agro-
industrial holdings nearby, they can become enterprises for the generation of biogas
with subsequent conversion into biomethane.

71



Benmunisuyis, oceimneHHss ma merinoaa3oriocmadyaHHs. Bun. 55, 2025

Table 2
Quality indicators for combustible gases
Meaning
requirements of

Indicator bio- natural
methane oas the Customs
Code [ 19]

1. Component content, %:
- methane 98,1251 | 89,5161 >90,00
- ethane - 5,0357 <7,00
- propane - 1,2027 <3,00
- butane - 0,3518 <2,00
- pentane - 0,6099 <1.00
- hexane and others - 0,0571
- oxygen 0,0340 | 0,0073 <0,02
- nitrogen 1,0595 1,6745 <5,00
- carbon dioxide 0,6814 | 2,0498 <2,00

2. Density (20/25 °C; 0.101 MPa), kg/m® | 0,6821 | 0,7545 | 0,555-0,7*
3. Heat of combustion, MJ/m*:

- higher 36,3990 | 38,26 36,20-38,30
- lower 32,8013 | 34,58 32,66-34,54
4. Wobbe index, MJ/m*:

- higher 48,3671 | 48,35 44,9-53,7
- lower 43,5865 - *ok

5. Impurity content, g/m’:

- hydrogen sulfide <0,006 | <0,006 < 0,006

- mercaptan sulfur <0,02 <0,02 <0,02

- mechanical <0,0005 | missing missing

Notes: * - relative gas density. ** - indicators are not normalised.

In this case, it is advisable to connect the biomethane plant to the existing gas
distribution network with subsequent verification of its throughput capacity. If
necessary, such a system should be reconstructed. During the warm season, with
appropriate calculations, network natural gas can be completely replaced by
biomethane. Natural gas is stored in underground storage facilities during this period.

If there is no network of inter-settlement gas pipelines near the biomethane
plant, the best option is to transport it in a liquid state (using the property of any
gaseous medium to change its aggregate state when the temperature decreases and the
pressure increases — to turn into a liquid), which makes it convenient for further
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storage of biomethane (the volume decreases by 600 times). Thus, an infrastructure
similar to that for the transportation, storage, and use of liquefied hydrocarbon
(propane-butane) gases can be created [23]. The main difference lies only in the
parameters of energy carriers. In European countries, liquefied gases are the most
popular compared to other types of fuel.

Such autonomous gas supply installations consist of the following structural
elements: a container for storing biomethane in liquefied form (cryogenic tanks with
a volume of 1 to 60 m’, depending on the gas consumption mode), atmospheric
evaporators for regasification (heated during the cold season), control and measuring
instruments, control and regulation systems.

For an individual residential building near Kiev for a family of four, equipped
with a domestic gas stove to meet the household needs of the residents and a water
boiler for heating and hot water supply, the total maximum hourly gas consumption
during the cold season will be 11 m’/h, and during the warm season, it will be
1.5 m*/hour. Thus, during the warm season, gas consumption will decrease by 86 %.
For a settlement with 50 similar houses, this is 438 and 27.5 m*/hour, respectively, or
a 93 % reduction in consumption (taking into account the coefficients of uneven
simultaneous operation of gas appliances and water boilers) [22].

The average fuel consumption of gas equipment in a individual residential
building during a month in the heating/non-heating period will be 3410/174
m’/month, respectively. During the warm period, a 3 m* gas tank with an evaporator
capacity of at least 1.5 m*/hour is suitable for supplying an individual house. For
uninterrupted gas supply to the consumer during the non-heating period (6 months of
active consumption), it is necessary to fill the tank of the specified volume at least
once every 6 months, and during the heating period — at least twice a month, while
increasing the evaporator capacity by installing a heater.

For a residential group in an urban-type settlement consisting of five 5-storey
buildings with 65 apartments each, with instantaneous water heaters and domestic
stoves installed in the kitchens, a 60 m’ tank with an evaporator capacity of at least
the total maximum hourly gas consumption of 170 m’/hour during round-the-clock
operation must be connected for autonomous gas supply. Heating needs during the
cold season are met from alternative sources, such as ground source heat pumps. The
tank should be filled at least 9 times during the year. The distance from such an
underground gas tank facility to the nearest building must be at least 40 m [22].

For small agricultural enterprises, such as milk processing, butter and cheese
production, where natural gas is used for technological needs and heating, and a G16
meter is installed to measure fuel consumption, the average monthly gas consumption
during the cold/warm periods of the year is 12,580/1,520 m*/month, respectively. For
autonomous gas supply, a 5 m’ gas storage tank should be used, which should be
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filled at least four times per month during the heating period and once every two
months during the warm period.

For backup gas supply in case of emergencies near the main gas control points,
small gas distribution stations that supply fuel to settlements with a population of up
to 5,000 people, it is necessary to install mobile units with tanks with a capacity of
40-60 m’, equipped with evaporators with a capacity (during round-the-clock
operation) of 200 m*/hour.

Conclusions. Currently, despite full-scale aggression by the russian federation,
Ukraine 1s implementing its strategic course — to become a full member of the
European Union, which, among other things, involves decarbonising the economy
(increasing energy efficiency, recycling accumulated waste, development of
renewable energy sources and the circular economy, and synchronisation with the
European Green Deal initiative). By declaring its commitment to the principles of
sustainable development, Ukraine has recognised that the development of renewable
energy sources, the reduction of consumption of traditional organic fuels, etc. are
important factors in increasing energy security and reducing the anthropogenic
impact of the economy on the natural environment. Replacing natural gas with
biomethane obtained from the disposal of household and agricultural waste will
contribute to improving the reliability of gas supply to end consumers, utilising the
existing potential of the gas infrastructure, continuing its accident-free operation, etc.
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NMIOBULLEHHA HAQIMHOCTI EHEPFOMNOCTAYAHHS B YKPAIHI

Anomayia. Buxopucmanus anemepHamueHux Odicepen eHepeii ma nanug €
OOHUM [3 HAUOINbW BANCIUBUX HANPAMIE CYHUACHOI eHepeemuyHoi NOoNImuKu,

CHPAMOBAHOI SIK HA NONINUIEHHS. CMAHYy OO06KILIA, MAaK 1 HA 3A0UA0NCEHHS
mpaouyiunux  naiugHo-enepeemudnux  pecypcie.  Cenc  npoyecy — eKonozo-
eHepeemuuHoi onmumizayii — He 3amiHa 00H020 Odcepena eHepeii IHWUM, a
eKOHOMIYHa  ma  [HOycmpianvHa — mpancopmayis,  OekapOoHizayis — ma

Odeyenmpanizayisn. Pocilicbka aepecis cnpuuununa 6e3npeyeoeHmHi pPyUuHy8aHHS.
nanusHo-enepeemuyHoi  ingpacmpykmypu  Yxpainu. Ile cmeopuno  3azpo3y
Haoilinocmi 3a0e3nedenHsi KIHYeBUX CHOMCUBAUI8 NPUPOOHUM 2A30M — OCHOBHUM
OP2AHIYHUM eHepP2OHOCIEM, 30aMHUM NOBHICMIO 3A0080JILHUMU GILACHI nompeou
Oepoicasu. Bioxoou cinbcbkococnooapcbko2o 8UpOOHUYMEA, NONICOHU MEEPOUX
no6ymosux 8i0xXo0ié 3a NesHUX YMO8 MONCHA Nepemeopumu 3 3a0pyOHUKIE 008K
Ha iOHoGmI0eani Odcepena eHepeii 3 eenepysannam 6iocazy. HMozco ocnoeHumu
KOMNOHEHMAaMy € Meman 1 Gyanekuciui eas. Ymunizayis 6ioea3y 003601umbv
BUPTUUMU BO0OHOUAC eKOJIO2IYHI NpoONieMu, NO8 a3aHi 3 «MEeNI08UMY 3A0PYOHEHHM
008KINIA. 3a pe3ynemamamu ananizy cmpameeii €8poneticbkoeo 3e1eHo2o0 Kypcy ma
CB8IMO0B0O20 YIHOYMBOPEHH HA BUKUOU BY2l1eKUCI020 2a3y NOKA3aHA HeoOXIOHICMb
30i1bUIEHHT NOOAMKOBUX 30008 ’43aHb 6 YKpaini 3a 6uKuOu NAPHUKOBUX 2a3i8 Y
ammocghepre nosimpsi 0l O0CACHEHHA Yilell Wo00 OOMENCeHHs NiOBUUeHHS
2nobanvHoi memnepamypu ooskiniisi na 1,5-2 °C. 'V cmammi obrpynmosano
MOJCIUBICMb  NOBHOI AO0 YACMKOBOI 3AMIHU NPUPOOHO20 2a3y OIoMemaHoM,
OMPUMAHUM Npu YmMunizayii 8i0xo0i6 azponpomMucio8o20 KOMNIEKCY, NOOYMOUxX
8i0x00i6 Mowjo 0Jis1 3a00801eHHs NOmMped IHCUMN0B0-KOMYHAILHO20 20CNO0APCMEa
Vipainu. Bukonano nopieHauHA — Qi3UKO-XIMIYHUX NOKA3HUKIE  MPAOUYIIHO2O
NPUPOOHO20 2a3y ma OiomMemany 3 GUMO2aMU YUHHUX HOPMAMUBHUX OOKYMEHMIs.
Busnaueno obnacmi 3acmocyeanHs Oiomemany 8 2a30n00iOHOMY Ma CKPANIEHOMY
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cmanax. OOIpYHMOBAHO KOHCMPYKMUBHI DIULeHHST MEXHONOIYHUX YCMAHOBOK OJis
cucmem A8MOHOMHO20 2A30NOCMAYAHHSL.
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AHATI3 HOPMATUBHO-NPABOBOI TA HOPMATUBHO-TEXHIYHOI
BA3U FA30MNOCTAYAHHSA YKPAIHU TA NPONO3uuIi Wwoao i
BOOCKOHAJIEHHA

Anomauia. [Iposederno cucmemamuyHull aHali3z YUHHOI HOPMAMUBHO-NPABOBOL
bazu Yxpainu y cgepi eazonocmauanns. Busenieno nemounocmi ma po30incHocmi y
MPAKMYBAHHI ~ AHANO2IYHUX MEPMIHIE | 6U3HAYEHb V DIZHUX HOPMAMUGHUX
ooxymenmax. Kpim moeo, écmanosneno negionogioHOCMi Midc YUHHUMU NPABULAMU
BUKOHAHHS POOIM 3 eKCniyamayii 2a306020 20CN00ApPCmMea ma peaibHuUMu yMosamu,
wo cnocmepiearomocsi Ha mepumopii xkpainu. Poszensnymo axmyanvhi npoodnemu
@yHKYit08aHHA cucmeM 2a30NOCMAYAHHA 8 HAABHUX eKCHIYAmAayiuHux ymoseax. 3
Memol  800CKOHANEHHSI HOPMAMUBHO-NPABOBO2O Pe2YIOBAHHS  3aNPONOHOBAHO
CMaHOapmu3y8amuy OCHOBHI MepMIiHU MAa BU3HAYEHHS 8 YUHHUX | HOBUX OOKYMEHMAX.
Ilepeenady nompebyromov oxpemi noxasnuxu, eusnaweni ¢ JIBH B.2.5-20:2018
«l azonocmauannsay, 30Kkpema uuceivHi 3HauenHs Koegiyienma oonouacnocmi K
ons Jlcumnosux 0younkie (0ooamox B) ma nonoocennss n.5 oooamxy I’ wooo
2lOpAaBNIYHO20 PO3PAXYHKY 2A30NPOB00IE. 3anpOnOHOBAHO 0OMENCUMU PO3PAXYHKOB]
CYMApHi émpamu MucKy 6 2a30Npo6o0ax HU3bK020 MUCKY (8I0 Odicepena
2azonocmavants 00 Haubinbw eiodanenozo npuiady) oo 100 oalla, 30xpema: 40
oalla y posnodinbhux eazonpogodax ma 60 oalla y eazonposodax-ysooax i
BHYMPIWHIX ~ 2a30nposooax. [[ns cucmem HU3bKO2O MUCKY PEKOMEHOO0B8AHO
BCMAHOBIIOBAMU  HUICHIO MeNCY CHPAYI08AHHS 3ANO00INCHO-3aNIPHUX KIANAHIE
8I0N0GIOHO 00 MUCKIB, 3asHauyeHUux y Texniunomy peziamenmi NpupooHo2o 243y, 3
nooanvuoro Kopexyicio v HIIAOII 0.00-1.76-15 «lIlpasuna oOesneku cucmem
2a30N0CMa4anHs».

Knrouosi cnoea: cazonocmauanus, HOpMamueHo-npasosa 06a3a, HOPMAMUBHO-
mexHiuHe 3a0e3neuents, be3neka ekxCniryamayii.
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Beryn. Cucrema razonocradanfsi YKpaiHU € KPUTUYHO BaXKIJIMBOIO CKIJIaI0BOIO
EHEePreTUYHOi 1HPPACTPYKTYypH JepKaBU. 3HAYHA YaCTHHA MaricTpalibHUX 1
PO3MOAUTFYUX MEPEk EKCIUTyaTyeThCsl MMOHaJ HOPMATUBHUN CTPOK, IO MPU3BOAMUTH
0 TPUPOAHOTO CTapiHHS MaTepiaiiB, 3HWKCHHS HAJIMHOCTI Ta IiABUIIECHHS
AMOBIPHOCTI aBapiiHMX cuTyamiii. CydacHl TEXHOJIOTIYHI BHKJIMKH, 30KpeMa
BUKOPHUCTAHHS BOJAHEBO-METAHOBHMX CyMIIIEH, YCKIAAHIOIOTh YIPABIiHHSA MOTOKaMU
rady Ta eKCIUlyaraiito iHdpacTpykTypu. 30poiiHa arpecis NpoTH YKpaiHU Ta
CIOPUYMHEH] HEIO MOIIKOKCHHSI ¥ pyHHYBaHHs ra30TPaHCIOPTHOI 1HPPACTPyKTypHu
ICTOTHO MIABUIIYIOTh TEXHOTE€HHI PU3UKH, YCKJIAIHIOIOTh MPOBEICHHS PEMOHTHO-
B1IHOBJIIOBAJIbHUX 3aXOJIB 1 (POPMYIOTH 3arpo3y CTaOLIBHOCTI Ta Oe3MepepBHOCTI
ra3ornocrayaHHs. BopHoWac 4YWHHA HOPMATHBHO-TIpaBOBa Ta TEXHIYHA Oa3za HE
3aBKJIM BIJINOBIJIa€ peaJbHUM YMOBaM €KCIUTyarallii: 1CHYIOTh TEPMIHOJIOTIYHI Ta
HOPMAaTUBHI PO301KHOCTI, BIACYTHI pErIaMEHTH JJI TPAHCHOPTYBaHHS HOBUX THIIB
ra3oBUX CyMIIIEH, a TAKOX HEAOCTATHHO BPAaXOBAaHO BIUIMB HOBITHIX TEXHOJOTIH Ha
0e3mneKy Ta JIOBrOBIYHICTh MEPEK.

AKTyajbHicTh gociailzkeHHsl. CyKyIHICTP OKpECJICHHX MpoOiIeM 1CTOTHO
CTPUMYE MPOIIECH MOJICPHI3YBaHHS CUCTEMH ra30MOCTadyaHHA. Y IIUX YMOBax MOCTAa€
00’eKTMBHA TMOTpeda MPOBENCHHS HAYKOBOTO JAOCIIIKEHHS, CHPSIMOBAHOIO Ha
BIOCKOHAJICHHSI HOPMAaTHBHO-IIPABOBOTO PETYIIOBAHHA, YHI(DIKYBaHHS TEPMIHOJOTI]
Ta MPUBEJEHHS EKCIUTyaTallifHUX MapaMeTpiB Ta30BUX MEPEX 10 BUMOT Cy4acCHOTO
oOmanHaHHg. O4iKyBaHI pe3yJlbTaTH TAKOro JIOCTIIKEHHS CTBOPATH MIAIPYHTS IS
MJIBUINCHHS HaAJIIMHOCTI, O€3MeKW M aJanTHBHOCTI CHUCTEMM TIa30IloCTayaHHS, a
TaKoXX 3a0e3medars ii 34aTHICTh €()EeKTUBHO (PYHKIIIIOBATH B YMOBAX BIIPOBA>KEHHS
CY4aCHHMX €HEpreTUYHUX TEXHOJIOTIN 1 3MIHEHUX PEXXUMIB €KCILTyaTaIlii.

OcTanHi gocaigkenns ta myosikanii. CyyacHi HayKoOB1 JOCHIIHKCHHS Jenani
OUIbIIE 30CEPEKYIOThCS Ha KPUTUUHHUX AacleKTax 3a0e3leueHHs HaAiiHOCTI
ra3oTPaHCIOPTHUX CHCTEM 1 BIOCKOHAJICHHI HOPMAaTUBHOI 0a3W  iXHBOTO
(GyHKIIIFOBaHHS B YMOBaXx IABUIIEHUX PU3UKIB 1 BUMOT CTaJIOTO PO3BUTKY. 30KpeMa,
y pobotri [l] mpoaHami30BaHO HampsiIMM  MOJEpPHI3yBaHHS HOPMAaTHBHOIO
3a0e3MeueHHsT CHCTEeMH «TpyOOIpoBii — KaTOAHUN 3axuct». Pesynbratom
JOCII/DKEHHSI CTall0 PO3pOOJICHHS HOBOTO METOMAY OIIHIOBAaHHS TEXHIYHOTO CTaHy
JIHIMHOI YaCTWHU MiJ3€MHOTO Ta30MpOBONY, KWW yTepIile KOMIUIEKCHO BPaXOBY€
BILJIUB KOPO31MHOT BTOMH Ta CTPEC-KOPO31MHOTO PO3TPICKYBaHHS.

Y poborax [2, 3] po3MISHYTO MNHUTaHHS BIOCKOHAJIEHHS HOPMAaTHUBHOTO
3a0e3neueHHss (yHKIIIOBAaHHS Ta30BUX MEPEX HHU3BKOTO Ta CEPEIHHOTO THCKY.
JlocniipKeHHsI MOEAHYIOTh €BPOINENUCHKI MIIXOAU Ta MPUHIIUIN HU3BKOBYTJIEIIEBOTO
PO3BUTKY, 30KpEMa BpPaXOBYIOTh €KOJIOT1UHI HACIiJKA BUTIKaHHS MeTaHy. ABTOpU
MPOIMOHYIOTh METOJIWYHI  PIIIeHHS, CHOpsIMOBaHI Ha 3a0€3MeYeHHs] CTajoro
(GYHKIIIOBaHHS Ta30pO3MOAUIBHUX MEPEX, a Takok (OPMYIOTh TEOPETUYHE
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MIATPYHTS JUIs pO3pOOJICHHSI ONTUMI3allIHOT MOJIEIl BIPOBAKEHHS aKTyali30BaHUX
HOPMATUBHUX JIOKYMEHTIB IIOJ0 €KCIUTyaralii Ta TEXHIYHOI J1arHOCTUKU
1HGPACTPYKTYPH.

Croctepiraerbcsi CTiHKa TEHJEHINST JO0 3HWKCHHS HAIIAHOCTI CHCTEM
ra3ornocrayaHHsi YKpaiHu, 110 0OyMOBIICHO SIK IPUIIBUIIIEHHSAM (DI3UYHOTO CTApIHHSA
TpyOONpOBOIIB 1 0ONMaAHAHHS, TaK 1 3HAYHUMH YIIKOIDKEHHSMU 1HGPACTPYKTypU
BHAcHiJOK OOHOBUX 1. YMHHI HOPMATHMBHI JTOKYMEHTH BHU3HAYalOTh MOPSAIOK
eKCIUTyaTaIlli MepeX y CTaHJApPTHHUX Ta CKJIQJHHUX 1HXKEHEPHO-TEOJOTIYHUX yMOBaAX,
OJTHaK BOHU HE OXOIUTIOIOTH CIienMdiKy (yHKIIFOBAaHHS B yMOBaX aKTUBHUX O0OHOBHUX
nii. Ile icToTHO MiABHUIYE piBEHb PU3BHUKIB I TMepcoHany Ta (opmye moTpely
BIIPOBA/KEHHS JTOJJATKOBUX MPOIEAYP TEXHIYHOTO KOHTPOJIO ¥ CIIeIiasli30BaHOTO
M1ITOTOBJICHHS MPaIiBHUKIB [4].

VY3arajgbHEHHsI Cy4yaCHUX JOCIIIKEHb 3aCBIIUY€ HAsBHICTh IEBHUX MPOTajuH Y
HOPMAaTUBHOMY PETYJIOBaHHI Ta TEXHIYHOMY 3a0€3MeYeHH] Ha/IIMHOI pOOOTH CUCTEM
ra3onocrayaHHs, 0COOJMBO B YMOBAaX ITiJIBUIIICHUX PU3UKIB 1 00HOBUX diH.

®opmyroBaHHSA wijied crarrTi. OTpUMaHHSA CUCTEMHOIO YSBJIEHHS IPO CTaH
YUHHOI HOpPMATHBHO-NPaBOBOi 0a3u  VYkpaiHu y cdepl razonocTadyaHHs,
OOTpyHTYBaHHsI TMPOMO3UINNA MO0 1 BIOCKOHAJICHHS, 30KpeMa CTaHIapTu3alli
TEPMIHOJIOTI, pEerJIaMEeHTyBaHHS TPAHCIOPTYBaHHSA, a TaKOX ONTHUMI3yBaHHS
TiIpaBIiYHUX TapaMeTpiB  Ta30MpOBOMIB HU3BKOTO THUCKY, IO CIPUATHME
N1JBULIEHHIO O€3MeKu Ta €(heKTUBHOCTI (PYHKIIFOBAaHHS T'a30BUX CUCTEM.

OcHoBHA yacTHHA. Y CydacHMX YMOBax €KCILTyarallii 0COOIMBOI aKTyallbHOCTI
HaOyBae 3a0e3mneueHHd O€3MEYHOr0 BHUKOHAHHSA poOIT y Tra3oBid ramys3l Ta
OiATpUMaAHHS ~ €(QEeKTUBHOTO  (YHKIIOBAaHHS  PO3MOAUIBYMX Ta30BUX  MEPEK.
3acTapulicTb HOPMATHUBHO-TIPABOBUX JOKYMEHTIB, IO PENIAMEHTYIOTh MOPSI0K
BUKOHaHHS ra3zoHeOe3neyHux poodit, 3okpema HITAOII 0.00-5.11-85 «Tunosa
THCTPYKIIisl 3 opradizaiiii 06€3Me4YHOro MPOBENCHHS Ta30HeOe3meuHux podi™» [5], a
TaKOXX TEXHIYHI OOMEXEHHS HAUBHUX CHUCTEM Ta30MOCTauyaHHs CTBOPIOIOTH 3HAUYHI
pu3MKUA 11 Oe3NeKu MepcoHaldy Ta HaJIIMHOCTI mocTadaHHs rasy. JlomaTkoBuUM
(dbakTopoM € BIPOBAKEHHS BOJIHEBUX TEXHOJIOTIN y ra3opo3moiIbHI Mepexi, 1110
noTpedye nepernisly YAHHUX PABUII 1 CTaHIAPTIB.

[TocTrae HEOOXiAHICTh KOMIUIEKCHOTO aHaji3y HOPMATHUBHOTO PErYIIOBAHHS
ra3zoHe0e3neyHnX poOIT Ta OIIHIOBAHHS EKCIUTyaTallliHUX XapaKTePUCTUK Ta30BHX
MEpeX HU3BKOTO THCKY 3 YpaxXyBaHHSM CYYaCHUX TEXHOJIOTIYHUX BUMOT 1 CTapiHHS
TpyOonpoBoiB. Takuii ananiz g03BoJiss€ chOpMyBaTH MPOIO3HIIIT MO0 OHOBJICHHS
HOpPMAaTUBHOI 0a3uW Ta MOJEPHI3YBaHHS 1H)XXKCHEPHHUX pIllleHb ISl 3a0e3MeueHHs
0e3nevHoi Ta e()eKTUBHOT pOOOTH Ta30BUX CHCTEM.

HopmaruBHo-tipaBoBe  3a0e3leUeHHS  BHKOHAHHSA  PoOIT y  Ta30BOMY
roCroJapcTBi nepeadayae MpoBeACHHS poOIT Y CBITIIY YaCTUHY A00U, Y MUPHUH yac,
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0e3 oOCTpUTIB Ta pyHHYBaHb, 3a HAsIBHOCTI TIOBHOTO INTaTHOTO CKJIady
kBamidikoBanux (axiBuiB. [Ipore cydacHi yMOBHM €KcCIUTyaTallli ra30BUX MEpEeX B
VYkpaiHi XapakTepu3ylOThCs BEACHHSIM OOMOBHX i, pyHHYBaHHSAM 1HPPACTPYKTypH
Ta OpakoM CHEIIaiCTIB IPU OJJHOYACHOMY 301JIbIIIEHH] 00CSTIB POOIT.

Bukonanusi poOiT miBUIIEHOT HEOE3MEKHW B Ta3oBiil cdepl periaMeHTyeThCs
BUMOTaMU HM3KM HOPMaTHUBHO-TIpaBOBUX akTiB, 30kpema HITAOIT 0.00-1.76-15
«IIpaBuna Oe3neku cucteMm raszonocradaHHs» [6], [IpaBun TexHIYHOT eKcruTyaTarii
razoBoro obmagHanus [7], HITAOII 0.00-5.11-85 [5], a takox Kopekcy ycraneHoi
npakTuku [8]. Ane «TumoBa I1HCTPYKIS 3 oprasizaiii O€3MeYHOro IPOBEACHHS
razoHeOe3neyHux pooiT», 3arBepmxeHa J[epxkriprexnamsagom CPCP 20.02.1985
(HITAOIT 0.00-5.11-85), € 3acrapinoro. Bona Bumana monam 40 pokiB TomMy HE
JIEP’)KaBHOIO MOBOIO Ta MICTUTh HEBIJIMOBIAHOCTI LIOJ0 TOPSAAKY BHKOHAHHS
ra3oHe0e3neyHux pooOiT, a Takok OOOB’S3KIB 1 BIANOBIAAIBHOCTI KEPIBHUKIB 1
BUKOHABIIIB. Y 3B’SI3Ky 3 IIUM BHHHKA€ HEOOXIIHICTh aKTyasli3yBaTh HOPMATHUBHO-
MpaBOBi  JOKYMEHTH, IO pPEIIaMEHTYIOTh OpraHi3yBaHHS Ta BHKOHAHHS
razonebe3nevyHux poOiT. JomiapbHO po3poOUTH CydacHi 1HCTPYKIIii, Ki BPaXOBYIOTh
CydacHI yMOBH €KCIUTyaTallli Ta30pO3MOAUIBHUX MEpeX, TEXHOJOTIYHI PH3HKH,
BUMOTM O€3MeKH MpaliBHUKIB Ta 3aJIy4eHHS BOJAHEBUX TEXHOJOTIH y CHCTEMY
ra3onocTadyaHHsl.

Bennka yacTka ra3ompoBojiiB YKpaiHM Ma€ 3HAUHMM CTPOK EKCIUTyaTallii, 1o
BIUIMBAE HA IXHIO MPaIe3/aTHICTh 1 0€3MEeKy TPAaHCIIOPTYBaHHSI rasy.

MakcuManbHuii poOOYMH THCK Ta3y MICHS PEryaaropa, IO TOJae ras
MoOyTOBUM MpUJIaJiaM, BCTAHOBIIOETHCS BIATIOBITHO JO HOMIHAJIBHOTO THUCKY MeEpen
npwiagamu, ane He oBuwine 300 malla mist mpupomgHoTOo Ta3y. J[ns cucTteM HU3BKOTO
TUCKY 3 poOouuM TuckoM 10 300 malla HIDKHS Meka CIpallfOBaHHS 3amoO1XKHO-
3aIipHUX KJIanaHIB YCTAaHOBIIOETHCS Ta30pO3NOAUIBHUM MiAnpueMcTBoM. [Ipu oMy
BOHA He moBuHHA Oyt MeHie 70 nalla y HaiiBigmaneHimoro cnoxuBada [6].

3amMiHa Ta30BUX MPWIAJIIB CY4aCHUMH IOTpeOye BIAMOBITHOTO KOPUTYBaHHS
eKCIUTyaTallliHUX XapaKTEPUCTUK PO3MOAITFHIUX CHCTEM Ta30MOCTavyaHHs HACEICHUX
MyHKTIB. 30KpeMa, HEeOOXITHO 3a0e3leunTH IOJaBaHHS Ta3y IIiJl ONTHMaJbHUM
TUCKOM, BU3HAYEHUM Yy MACMOPTI BUPOOHUKA OONagHaHHA. J[OCATTH LBOTO MOXKHA
IIUISIXOM BCTAHOBJICHHS TMYHKTIB PENyKyBaHHS razy y Oe3mocepenHiil OJu3bKOCTI 10
CMOXKMBaya, IO JI03BOJISE 3MIMCHIOBATH I1HIWBIyalbHE PETYIIOBaHHS THCKY Ta
rapaHtye ctalduIpHy 1 0e3neuny poboty razoBoro obdnaananss [9,10].

Ha cporogni B VYkpaiHi 3HaYHO PO3MIMPUBCA ACOPTHUMEHT Ta30BUX MPHUIAIIB,
0COOJTMBO HU3BKOTO THUCKY. [HO3eMHI CTaHIapTH mependavyaroTh 3 OJJHOTO OOKY pi3HI
3HAYEHHSI TUCKY Ta3y, a 3 1HIIOro — OUIbII KOPCTKI BUMOTH 11010 KOJIMBaHb TUCKY B
Mmicri npueaHadHs. Le 3po6neno 3amrs nigsumenas KKJI nanpHUKIB.
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Fa3oBe fazo0be odnadHaHHs,
Tuck, kMo ] 0d/1adHaHHA Wo MOHMYEMLCA
MakcUMaLALHUU HO YaC 8 Haw 4ac
podo4ul muck
35— HicAs dydybanHa cucmem
pezyasmopa 2030nacma4YaHHA
mucKy
3.0 3a n. 2.3 [6] . Komen "
I Mr-4 Buderus” Komen
- - "Vaillant™,
| poapaxyHkabui '
25 muck y W “";I‘c’l;}“-/ Komen MaKcC, KoHBek-
poanodinb4oMy %2500 Na ABmomamuka ~2500 Nal “PiBHo- [2500Ma | mop“GF”
2'0__ 2u303p7-550?li9] NAAMA ANOK-1 nr-d mepM“ ;%'Bigﬁn —
. , i a .
1,8 - 30 do S— W I-fllgl‘al(l)-lﬁﬂ. MOKC. i 2000Ma
1,7 - 18000 o MAKC. \ a | [1800Ma
pozpaxyHkaful a||=1800 Na MiH. ) 1700Na ]
1'5-_ MUCK . . ~1500(1a ~1300N MIH. MIH.
Y HOMiHO A, | [HOMIHGA.| |HOMIHEA. | 20 1400 14000
12 BBl 3a 12760a | [ 1300Na | [ 1300Ma HOMIHOA,
1'0 1 dod. 5 [9] . 1300Ma
| i i #000a || win ||~7000 780
MIHIMOABHUD MUCK = a . o a ~ a
0.7 T Wa nansHuKy b 6000 | Lo~
) HaOdiAbw
BiddoneHozo
cnoxuBava
0— 30 n 26 [6]

Puc. 1. Po3nonin Tucky rasy B ra3ompoBO/Ii Bijl Ta30pEryIATOPHOI CTaHIII /10
CIIOYKMBa4a, BUMOTH JIO0 TUCKY Ta3y JUIsl PUCTPOIB-CIIOKUBAYIB Ta3y

B Vkpaini 103BOJIECHO MIHIMAJIbHUA THCK Ha MaJbHUKAX MPWIAJIB HE MEHIIE
700 ITa mpu makcumanbHOMYy THCKY Ha Buxomi 3 ['PIT ne Ginbpmme 3000 ITa. 3 omHoTO
OOKy, TpH PO3PAXyHKOBUX pEKHMaX Yy PpI3HUX TOYKax Tra3olpoOBOJIB THCK
BIIPI3HSAETbCS TOHAJ 4 pas3u, 0 HE MOXe 3a0e3neuutu e(EeKTUBHY poOOTY
NaJbHUKIB. 3 1HIIOTO OOKY, MiJ Yac MPOBATIB CIOKMBAHHS ra3y THCK BUPIBHIOETHCS
70 3HA4YeHHs, ONM3bKOro A0 moyarkoBoro. JKojeH ra3oBuil mpuiaj He 34aTeH
BUTPUMATH [1alla30H TUCKIB 3 PI3HUIICI0 B YOTHPU pa3u. bynmu Bumajaku, KOdu B
MOMEHTH MIHIMYMY CIIO)KMBAHHSI TUCKOM 3PHUBAJIO KPHIIKH MaJbHUKIB 3 MOAABIIO0
HEOE3IEeKOI0 3aracaHHd TModyM’ss Ta BUOyXy Tra3y. Y pe3ynbrari JOCIHIJKEHb
MOKAa3aHo, M0 MpHU miaBUIIeHHI TUCKy rasy Ha 100 Ila ta 3umwxkenni Ha 250 Ila
BIJIHOCHO NTACIIOPTHOTO BUTpara razy 3poctae Ha 10 %. ToOTo BimOyBaeThCsl HeqoMA
yepe3 MOpyLIeHHS MPONOpPLii 3MIIITYBaHHS 3 MOBITPSIM. A 1€ IPU3BOAUTH y KPaIOMy
pa3i 1o 30uTklieHOro BUKHAY mapHukoBux rasziB (CO,, CH)), a B ripmiomy —
TOKCMYHOTO MOHOOKCHIY BYIVICIf0. TakuM YWHOM, CHCTEMH Ta30MOCTadaHHs
HU3bKOTO THCKY BHMAaralOTh YaCTKOBOTO PO3BAHTAXECHHS MUISIXOM IIiABEICHHS
CEPEeIHbOr0 THUCKY JO YaCTUHMU CIOXKMBAaYiB 3 YCTAHOBJICHHSIM 1HAMBIAYaJTbHUX
IPUCTPOIB peAYKyBaHHS THCKY Ta3y

[Tpu Bu3HaUEHHI pO3pPaxXyHKOBUX TOJUHHUX BUTPAT ra3y A OKPEMUX >KUTIOBUX

83



Benmunisuyis, oceimneHHss ma merinoaa3oriocmadyaHHs. Bun. 55, 2025

1 TPOMaJICBKMX OYJIMHKIB BHKOPHUCTOBYIOTH JOOYTOK CyM HOMIHAJbHHUX BUTpAT raszy
ra3oBUMHM MpWIaJaMi 3 ypaxyBaHHSIM KO€(IIIEHTIB OJHOYACHOCTI I1XHBOI mii.
Koedimienr  omnowacHocti  Ky»  Bu3Hauaetbess 3 JIBH  B.2.5-20:2018
«l"a3onocrauanusa» (momarok B «3HaueHHs koediiieHTa OMHOYACHOCTI Kim IJIS
KUTIOBUX OynuHKIB») [11].

Ane anami3 3HadeHHs KoedimieHTa ogHOYacHOCTI Ky, y MOMEPEeNHIX peaaKiisax
JBbH «Tazonocrauanus»: JABH B.2.5-20-2001 1 CHill 2.04.05-87 moxkasye, 110
YHCeNbHI 3HAUEHHS HE3MiHHI BOponoBXk ocTaHHiX 40 pokiB. lle He BiAmosinae
CydyacHHMM peajliiM, OCKUIbKM Hapaszl MpuiIagu-CIOoKHWBa4dl Tra3y  I1CTOTHO
mMonepHizoBaHi, maroTh Bullid KKJI. XKumnoBi OynuHKM BiAMOBIIHO 10 3aKOHY
Vkpainu [Ipo eHepreTuyHy eQeKTUBHICTH Oy/iBeldh MalOTh Kpallli TEIUIOTEXHIYHI
MOKa3HUKH, 1, K HACIIJIOK, MOTPpeOyIOTh MEHINO1 KIJIBKOCTI TeryioBoi eHeprii. Ha
MiJCTaBl BUIIEBUKIAJEHOTO PEKOMEHIYEThCS 3MEHIIUTH 3HAYEHHs Koe]ilieHTa
07HOYaCHOCT1 Kiim.

[TocTauaHHs cOKMBau€B1 ra30BOi CyMIIlll 3 BOAHEM BUMAarae neperisiay iHOBOi
MOJIITUKY 33 OAWHHITIO 00’ €My rasy, ajpke IS MOaBaHHs OJHIET 1 Ti€l K KUTBKOCTI
SHEeprii CHOXHWBauy, Tra30BOI CyMilll TOTPiOHO Oinblle, HDK TPATUIIMHOTO Tasy.
[lutanHa oOMIKy rasy Ta oOIUIaTH 3a HOr0 CIHOXKMBAaHHS MOXHa €(EeKTUBHO
BPETYIIIOBATH MPHU BIIPOBAKEHHI 00JIIKY CIIOKUTOTO MajiBa B OMHUIISIX €HEPTii.

OO6nik 1 omuiaTa 3a CHOXUTUHN Ta3 € BAXKJIMBUM IMHUTAHHSIM Yy Ta30MOCTaYaHHI.
Crouarky moTpibHO BU3HA4YaTH 06’ €M Tasy, M°, IPHUBEIECHHUI [0 CTAHIAPTHUX YMOB,
T00TO abcomorHoro Tucky 101,325 xlla 1 Temmneparypu 273,15 K (0 °C). Ilotim
HeoOXiHo o0uncIoBaTH (haKTHYHY TEILIOTY 3TOPSAHHS CyMinni rasis, KBr-rom/m® a6o
M]Ix/M’. JToOyTOK 00’ €My CHOKUTOIO Ta3y, IPUBEICHOrO A0 CTAHIAPTHUX YMOB, Ta
(haKTUIHOT TEIUIOTH 3TOPSHHS AacTh (DAKTUYHY KUIBKICTh eHeprii, KBT-rox abo MJIx,
3a SIKy TIPOBOJUTHCS OTLIaTa

3akon Ykpainu «lIpo BHeceHHS 3MiH 10 NESIKUX 3aKOHIB YKpaiHU IIOJ0
3alpOBa/PKEHHS HA PUHKY MPUPOTHOTO ra3zy OOJiKy Ta PO3PaxXyHKIB 32 00CATOM rasy
B OJMHMISIX €Heprii» nependadae, 00 «OAWHMIICID BHUMIPIOBAHHS €HEprii
MPUPOHOTO Ta3y € KimoBar-roguHa (kBt-rom)» [12].

Po3paxyHku 11010 TpaHCIIOPTYBaHHS, 30€piraHHs Ta BAKOPUCTAHHS MTPUPOTHOTO
rasy, KMl BU3HaY€HO B OJUHUIIX 00'eMy, HEOOX1IHO MPUBECTH B OAMHMIII €HEprii 3
3aCTOCOBAHHSM Koedili€eHTa, SKUH BIAMOBIa€ 3HAYEHHIO BUINOI TETUIOTH 3TOPSHHS —
10,64 kBr-ron/m’. V Toli Ke uac NIpu BU3HA4YeHHi aiamerpiB razomposoxis JBH
«[a3omocrayannsy pekoMeHye BUKopucToByBatr 34 MJ[x/M’. Omuiara BUMara€Tbes
32 3HAUEHHSM BEPXHbOI MEX1 poOOYOi BHUIIOI TEIUIOTH 3TOPSHHS, a PO3PaAXyHOK
JlaMeTpiB 3a CepeaHIM 3HAYEHHSIM pOO0UYOi HHXKYOI TETJIOTH 3TOPSHHSL.

EdexruBHe GyHKIIIOBaHHS Ta30MOCTaYaHHS 3HAYHOIO MIPOIO 3aJICKUTH Bijl
YITKOCTI ¥ OJHO3HAUYHOCTI TEPMIHOJOTIi B HOPMATHUBHO-NIPABOBUX JIOKyMEHTax. Y
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Cy4yaCHUX YMOBaX €KCIUTyaTallii ra30BUX Mepex YKpaiHH, 30KpeMa 3 ypaxXyBaHHSIM
3aJTy9CeHHsI BOJIHEBHX CyMIIlIeH Ta BIPOBA/KEHHS CY9acHOTO O0JIaTHAHHS, BaKIUBUM
€ 3a0e3neyeHHs yHI(IKyBaHHS TEPMiHIB 1 BA3HAYEHD, 110 PETJIAMEHTYIOThH IMapaMeTpu
rasy, TeXHOJIOT1YH1 IIPOIIECH Ta MpaBmiia 0€3MeYHOI eKCILTyaTarii.

AHai3 YMHHMX  HOpMaTWBHUX  akTiB, sk-or JBH  B.2.5-20:2018
«Tazonocravannsi», HITAOIT  0.00-1.76-15  «IIpaBunma  Oe3meku  CUCTEM
razonocradanusy», Tunora iHcTpyKiist HITAOIT 0.00-5.11-85 Ta iHIIKUX AOKYMEHTIB,
BUSIBIISIE PO301KHOCTI BUSHAYECHHS aHAJOTIYHUX TEPMIHIB, IO MOXE MPU3BOAUTHU IO
HETMOPO3yMiHb TNPHU MPOEKTYBAHHI, EKCIUTyaTallli Ta KOHTPOJIIOBAaHHI POOOTH Tra30BUX
Mepex (Tabmuus 1). KpiM Toro, pekoMeH/10BaHO BUIIPaBUTH MOBHI HETOYHOCTI Ta
pycusmu  (TUTOIAKa, BUMHMKAIOYOTO, Ta30BUKOPHCTOBYIOUOTO, Ta30perysiorue,
ra30CIoXUBaroyi TOIIIO).

Tabnuys 1
IopiBHSIHHSA TepMIHIB | BU3HAYEHb Y HOPMATHBHHUX JOKYMEHTAX
Ne TepMiHU Ta BUSHAYEHHS MOHATH HOPMAaTUBHUX
3/n JIOKYMEHTIB
1 Ilpupoonuii 2a3 | [11] IIpupooniii 2a3 - cyMim MeTaHy SK OCHOBHOTO
KOMITOHEHTa 3 IHIIUMHU BYIJIEBOIHIIMU Ta

HEBYTJICBOAHCBUMH KOMIIOHCHTAMHM, SKa BIiJIMIOBITAE
BUMOTaM CTaHJapTiB Ta HOPMATHUBHO-TIPABOBHUX aKTiB
CTOCOBHO TMPHUPOAHOTO Ta3y, MiATOTOBIEHOTO JUIS
3aCTOCYBaHHS B SKOCTI TajiuWBa [JIi KOMYHAaJbHO-
1oOyTOBOTO Ta MPOMUCIIOBOTO TPU3HAUCHHS.

[12] Ilpupoomiu ea3, HapTOBHIl (MONMYTHWI) ra3, ra3
(MeTaH) BYTUTbHUX POJOBHII Ta ra3 CJIAHIICBUX TOBIII,
ra3 KOJEKTOpiB IIUTbHUX TMOpPiJ, Ta3 IEHTPaJbHO-
OaceilHOBOro TUMy (#ajgl - MOPUPOAHHUI ra3) - CyMIll
BYIVIEBO/IHIB Ta HEBYIVIEBOJIHEBUX KOMIIOHEHTIB, IO
nepedyBae y ra3onoAioOHOMY CTaHi 3a CTaHJIapTHUX YMOB
(Trck - 760 MiTIMETpIB PTYTHOTO CTOBMA 1 TEMIIEparypa
- 20 rpaxyciB 3a L{enbcieM) 1 € TOBApHOIO MPOIYKITIETO.
[13] Ilpupoonuii ea3, HadTOBUN (NMOMYTHHMIA) ras, ras
(MeTaH) BYTUIBHHX POJOBUII Ta Tra3 CIAHIEBUX TOBII
(mam - MpUpPONHMM Tra3) - KOPUCHA KOMaJIWHA, KA €
CYMIIIIIITIO BYTJIEBOJIHIB Ta HEBYIIIEBOJIHEBHUX
KOMITOHEHTIB, IepedyBae y Tra3omnoliOHOMYy CTaHi 3a
CTaHJApTHUX YMOB (THUCK - 760 MM PTYTHOrO CTOBMA i
temrieparypa - 20 °C) 1 € TOBapHOIO MPOAYKITIETO.
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No
3/

TepMiHu Ta BU3HAYCHHS ITOHSATh HOPMaTUBHHX
JTOKYMEHTIB

2

T'azopezy-
JAMOPHU
nynkm (I'PII)

[11] Komruiekc o6GiagHaHHs, BUTOTOBJIEHOTO B YMOBax
BUpPOOHHMKA, JJI1 3HWKEHHS THUCKY rasy 1 HIATPUMAaHHS
HOro Ha 3aJlaHOMy pPiBHI, 3MOHTOBAaHHI O€3MOCEPETHBO
Ha MiIClLl, po3TalloBaHuid y OyauHKax (OKpeMo
pO3TallIOBaHUM Ta MPUOYJOBAHUX MO0 IHIIMX OyIHHKIB),
MPUMIIICHHSIX, BOYJIOBaHMX y OyIMHKH, a TaKOX Ha
BIJIKpUTHX MaiilaHUYNKAX.

[6] Komruieke oOmamHaHHS AJiS 3HIKEHHS THCKY Tasy i
NiATPUMaHHS MOTr0 Ha 3aJlaHOMYy PiBHI, pO3TalllOBaHUH B
OyaiBIAX (OKpEeMO po3TanioBaHUX ab0 nMpuOyqOBaHUX 0
IHmMX OyIMHKIB) Ta TMPUMIMICHHSX, BOYIOBaHUX B
OyIMHKHU.

[14] Komrneke oOmamHanHs A1 3HIKEHHS TUCKY Ta3zy 1
MIATPUMAHHS MOro Ha 3aJlaHOMYy PiBHI, 3MOHTOBaHMM
0e3nocepelHbO Ha MICLI 1 PO3TAlIOBAHMI B OyHIBISAX
(oKkpemMo po3TamoBaHuX a00 MpHOyTOBaHUX JIO 1HIIHUX
OyIMHKIB) Ta MPUMIIICHHIX, BOYJOBaHUX B OyJIWHKH, a
TaKOX Ha BIIKPUTHX TUIOIIAIKAX.

[7] Kommiekc oOmagHaHHS JUIS 3HIDKCHHS THCKY
OPUPOAHOTO Ta3dy 1 MIATPUMAaHHS MOro Ha 3aJaHOMY
piBHI, pO3TalllOBaHUl B OymiBnsix  (OKpeMmo
po3TaimoBaHux abo mpuOyqOBaHUX 1O 1HIIUX OYIMHKIB)
Ta MNPUMILIEHHAX, BOYyAOBaHUX B OYIMHKH, a TaKOX Ha
BIIKPUTHUX TUTOIIAIKAX.

BBigunii
ra3omnposin,
BHYTPIlIHIK
ra3onposia

[11] Bsionuti eazonposio - JIiAsHKa Ta30MpOBOAY BiJ
BUMMKAIOYOTO MPUCTPOIO, 110 HA BBOAI B OyIMHOK (IIpH
YCTaHOBIIl BUMHUKAIOUOTO MPHUCTPOIO 30BHI OYIMHKY) 110
BHYTPIITHBOTO Ta30MPOBOMY, BKIIOYAIOUM Ta30MpPOBIT,
NpoKJaeHuid B QyTisipi yepes cTiHny OyAnHKY
Buympiwniti 2azonposio - HAUIAHKA Ta30MPOBOAY BIJ
ra3onpoBOiy-BBOY (IpU YCTAHOBLI BUMHUKAIOYHOTO
MPUCTPOIO BCEpeauHl OyIMHKY) abo Big BBITHOTO
ra3onpoBOay 70 Micus 1 AKITFOYEHHS
ra30BHUKOPHUCTOBYIOUOTO 00JIaTHAHHS.

[6] Bsionuui eazonpogio - HiAsSHKAa Ta30MPOBOMY Bijl
BUMMKAIOYOTO MPUCTPOIO, 110 HA BBOAL B OyIUMHOK (IIpH
BCTAHOBJICHHI BUMHKAIOYOTO MPHUCTPOIO 30BHI OYJIMHKY)
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No
3/

TepMiHu Ta BU3HAYCHHS ITOHSATh HOPMaTUBHHX
JTOKYMEHTIB

JI0 BHYTPILIHBOTO T'a30MPOBOTY, BKIIOYAIOUU Ta30MpPOBI/,
NPOKJIAJIEHU B (PyTIsAp1 yepe3 CTiHy OyIHHKY.
Buympiwniti 2eazonposio - HAUIAHKA Ta30MPOBOAY BIJ
ra3onpoBoiy-BBoAy (IpU YCTAHOBLI BUMHKAIOUOTO
MPUCTPOIO BCEpeauHi OynWHKY) abo Big BBITHOTO
ra3onpoBOY /10 MICIS MIAKIIOUYEHHS ra30BOTO MpUiIady,
ra30BUKOPHCTOBYIOYOI YCTAHOBKH, TEIUIOBOTO arperary
TOLIO.

[7] Beionuui eazonpogio - NUISHKA Ta30MpPOBOAY Bij
BUMHKAIOYOTO MPUCTPOIO, 110 HA BBOAI B OyAMHOK (IIpH
BCTAHOBJICHHI BUMHKAIOYOTO MPUCTPOIO 30BHI OYIUHKY)
0  BHYTPIIIHBOTO  Ta3oNpoBOAYy  Oe3mocepenIHbo
BCEpEIHHI OyIMHKY, BKJIFOYAIOYH ra30mpoBi/,
MPOKJIAZACHUN B Py TiIspl Uepe3 CTIHY OyIUHKY;
Buympiwmnin eazonpogio - JUISTHKa Ta30NpoOBOAY BiJl
ra3onpoBONy-BBOAY (IIpM  YCTAHOBII BUMHKAIOUOTO
MPUCTPOIO BCepeauHi OyauHKy) abo BIiJ BBIJHOTO
ra3onpoBOJy /10 MICLS MiAKIIOYEHHS Ta30BOr0 MPUIIay,
ra30BUKOPUCTOBYIOUOI YCTAHOBKH, TEIJIOBOTO arperary
TOIIIO.

[8] 3Bosuiwmnin eazonposio - nig3eMHUN Ta/abo
HaJI3eMHUNM (HA3eMHUM) Ta30IpOBIN, PpPO3TAIIOBaHUMN
30BHI Oy/IIBIIL.

Buympiwmniti  2azonposio - r1a30mpoBia, MPOKIAICHHMA
BCEPE/IMHI OymiBi BIJI MICIIS BBOJY 110
ra30BUKOPHUCTOBYBAJILHOTO YCTaTKOBAHHSI.

I'azonpoBin-BBix

[11] [Tazonpogio-66i0 - Ta30mpoBiA Big  MicUA
NPUETHAHHS JI0 PO3MOAUIBHOTO  Ta30MpoOBOAY [0
BUMUKAIOUOT0 MIPUCTPOIO HA BBO/I, 1[0 BKIIFOUAE JTIISTHKU
JIBOPOBHUX Ta30MPOBOAIB O BUMHUKAIOYOTO MPUCTPOIO HA
BBIJIHOMY  Ta3ompoBoji  ab0 A0  BHYTPIIIHBOTO
ra3omnpoBOIY

[6] [a30nposio-66i0 - TA30NPOBIN BT MICLIS IPUETHAHHS
JI0 PO3MOJIUTBHOTO Ta30MPOBOAY /10 3aliPHOTO MPUCTPOIO
(BKITIOYHO) Ha BBOJII B OY/IMHOK.

[14] [Taszonposio-egio - Ta30mpoBi BiA  MicU
MpPUETHAHHS HAa  PO3MOAUIBHOMY  Ta30MpOBOMI [0
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No Tepminu Ta BUSHAYEHHS MTOHATH HOPMAaTUBHUX
3/n JIOKYMEHTIB

3aIipHOTO MPUCTPOIO (BKIIOYHO) HA BBOJ1 B OYJIMHOK.
5 Kom0inoBanmii

peryJsiTop TUCKY

[11] Kombinosanuii pecynsimop mucky 2asy - peryiastop
TUCKY, y SKOMY CKOMITIOHOBaHi (3'€/THaH1) 1 HE3aJIEKHO
NPAIIOITh TPUCTPOT - OE3MOCEPEAHBO PETYIATOP TUCKY,
aBTOMATUYHUMA  3alipHUM  TpHCTpid  (3amoOiXHO-
3aIipHUi KJ1amnaH); 3amo01KHO-CKUTHUN KITanaH.

[6] Kombinosanuti 6yOuHKo8uil pecyisimop mucky 2asy -
ra3operyirorode  oONlagHaHHSA,  TPHW3HAUYCHE  JUIS
MOCTauYaHHA TMPUPOJHUM Ta30M HU3BKOTO THCKY OJTHOTO
ab0 JIEKUIbKOX JKUTIOBMX OyOMHKIB Ta  IHIIUX
CITOKMBAYiB;

Kombinosanuii  pezynsamop mucky - Ta30peryiode
oOmajHaHHS, B SKOMY CKOMIIOHOBaHI (3’€mHaHi) 1
HE3QJIeKHO  TMPAIIOI0Th  MPUCTPOI:  Oe3MOCcepeHbO
pEryjisToOp THUCKY, 3amoODKHO-3AMIpHUN KiIamaH Ta
3armo01>KHO-CKHUTHAM KJIallaH.

[14] Kombinosanuii 6yOuUHKO8UL pe2yisimop mucky 2azy -
ra3operyiaioBajgbHe  OONagHaHHS, TMpPU3HAYCHE IS
MOCTauaHHS TPHUPOJHUM Ta30M HU3BKOTO THCKY OJTHOTO
a00  JIeKUIbKOX JKUTJIOBUX OyIMHKIB Ta  I1HIIUX
CIIO’KMBAYIB.

[7] Kombinosanuii Oyounkoguii pe2yiamop Mmucky
OPUPOJHOTO Trazy — Ta3operyniorde oOnaJHaHHS
(peryasarop THUCKY) Uil MOCTa4yaHHS TPUPOIHOTO Ta3y
HU3BKOTO THCKY JI0 CIIOKMBA4iB 3a BUTPATH HE OLIbIIE
10 M3/ron Ta BxigHoro tucky go 0,6 Mlla, B sxomy
CKOMITOHOBaH1 (3’€JHAHHI) 1 HE3AJIEKHO TMPAIIOIOTh
IIPUCTPOI:

- 0e310CepeIHBO PETYIISITOP TUCKY;

- aBTOMATUYHUUN 3amipHUl NpucTpid  (3amoO1KHO-
3aMipHUN KJIanaH);

- 3aMI00DKHO-CKUIHUH KJIamaH.

[8] Kombinosanuii 6younxosuii pecynsmop mucxky KbPT
- perynsaTop THCKY JUIsl TOCTadaHHS Ta30M HU3BKOTO
TUCKY OJHOTO a00 NEKUTHKOX CIIOKHMBAYIB 32 BUTPATU HE
6inmeme 10 M’/rom Ta BximHoro tucky o 0,6 MIla, B
SKOMY CKOMITOHOBaHI 1 HE3aJIeKHO MPaIOI0Th MPUCTPOI:
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No Tepminu Ta BUSHAYEHHS MTOHATH HOPMAaTUBHUX
3/n JIOKYMEHTIB
0€3IM0CcepeIHbO PETYISITOP THUCKY, 3aro01KHO-3aIlipHUAM
KJIallaH Ta 3arno01’KHO-CKUTHUM KJ1arnaH.
6 Cucrema [14] Cucmema eazonocmavannsi HaCEICHUX MYHKTIB Ta
ra3onocTayaHHs. | . o
azoBe HiIPHUEMCTB - TEXHIYHUH KOMILUIEKC, O CKJIaay SKOTO
rocrnoaapcrBo BXOIATD.

- PO3MOIIBHI TA30MPOBOIN (BKIIFOUAIOYN MIKCEIUIIHI);
- miaBiaH1 razonpoBoau 10 TEL] 1 koTeneHs;

- I'PI1, LOT'PIT, I'PY, KBPT;

- Ta30IIPOBON-BBO/IN;

- 3acO0U €JEeKTPOXIMIYHOIO 3aXUCTY B1J] KOPO3ii;

- 1HIIII CTIOPY/IU 1 IPUCTPOT HA Ta30MPOBOJAX;

lazo6e 2ocnooapcmeo - cucrema Ta3oMOCTaYaHHS, B
TOMY YHCIII Ta30IPOBOJM Ta CIOPYAM Ha HHX; 3aCO0HU
3aXUCTY BiJ €JIEKTPOXIMIYHOI KOpO3ii; ra30peryisaTopHi
NYHKTH; WagoBl Ta30peryiIsITOpHI NYHKTH (mami -
[IT'PIT); razoperynsaropui ycranoBku; KBPT; cucremmu
TeJIeMEXaHIKH 1 CUCTEMHU TeJIeMeTpli Ta aBTOMATUYHOI
CUCTEMHM yIpPaBIiHHSA TEXHOJOTTYHUMU MpoliecaMu (jaii
- ACY TII); nmpomuciosi, moOyToBlI Ta KOMYHaJbHO-
noOyToBl  00'€KTH, 10 CHOXHBAaIOTh Tra3; Ta30Be
oOnagHaHHS KUTIOBHX 1 TPOMAJCHKUX OyIUHKIB
HE3aJIC’KHO B1J] HAJIEKHOCTI Ta (DOPM BIACHOCTI;

[6] Cucmema ecazonocmauanms - TEXHIYHHN KOMILICKC,
JIO0 CKJIaJTy SIKOTO BXOJISITh:

- Ta30MPOBOAM 1 CIIOPY/IU HA HUX;

- Fa30BUKOPUCTOBYIOY1 YCTAHOBKH, pE€3€PBYapHi, IPyNoBi
Ta IHIUBIAyaJIbHI YCTAaHOBKH 3PiHKCHUX BYIJICBOIHEBHUX
ra3iB, a TakoXX Tra3u(dikoBaHi XHUTJIOBI Ta TPOMAJCHKI
OyJIMHKU;

- TA30PETYJIATOPHI MyHKTU Ta YCTAHOBKU;

- By3JIM OOJIIKY Ta3y;

- Ta3u(ikoBaHI TMPOMUCIIOBI, CUIBCHKOTOCTIOAAPCHKI Ta
THIII THATPUEMCTBA, KOTEJIbHI,

- 3acO0U eJEeKTPOXIMIYHOIO 3aXHUCTY B1J] KOPO3ii;

- IOTIOMDKHE TEXHOJIOTTYHE OOJIaIHaHHS, 110 3a0e3mneuye
poOOTYy CHCTEMU Ta30MOCTaYaHHS;

lazo6e 2ocnooapcmeo - Ta3onpoBOAM Ta CIOPYIW Ha
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No Tepminu Ta BUSHAYEHHS MTOHATH HOPMAaTUBHUX
3/n JIOKYMEHTIB

HUX, 3ac00M 3aXHUCTy BIJ EJIEKTPOXIMIYHOI KOpO3ii,
ra3operyiasiTOpHUN MYHKT, MIA(QOBUI Ta30perynsTOpHUI
MYHKT, ra3operyjsiTopHa  yCTaHOBKA, CUCTEMU
TeJeMEXaHIKU Ta aBTOMATU30BAHOI CUCTEMH YIIPaBIiHHS
TEXHOJIOTIYHUM TPOIECOM, IPOMHUCIIOBI, MOOYTOBI Ta
KOMYHaJIbHO-TIOOYTOB1 Ta30CMOXKHUBaO4l 00’ €KTH, ra30Be
oOnasHaHHA  TPOMAJCHKUX, AIAMIHICTpAaTUBHUX  Ta
KUTJIOBUX  OYIMHKIB  HE3aJeXHO  BI  BigOMYOIi
HaJICXKHOCTI Ta OPM BIIACHOCTI.

[7] Cucmema eazonocmauanus - TEXHIYHHUH KOMILIEKC
TPyOONPOBO/IIB Ta THKEHEPHUX CIIOPYI, 0 CKIAAY SIKUX
BXOJATh 00’ €KTH ra3oBoi 1H(}pacTpyKTypH,
ra30BUKOPUCTOBYIOUlI  yCTAHOBKM Ta  OONagHAHHS,
BHYTPIIIHbOOYIMHKOB] CUCTEMHM Ta30MOCTavyaHHsl, ra30Bi
MEpeXi BHYTPIIIHBOIO Ta30MOCTAa4YaHHsS, a TaKoX
00’€KTH Ta CIIOPYAH, OCHOBHE 1 JIOITOMIXKHE 00JIaTHAHHS,
10 BUKOPUCTOBYETHCS 7151 3a0€3MeUeHHs Oe3[1eYHOro Ta
HAJIHHOTO Ta30MOCTavYaHHS HAJIUITKOBUM THCKOM HE
oubme 1,2 MIla, oxpiM cuCTEM Tra30MoCTayaHHs
ra3oBUJ00YBHUX MiIIIPUEMCTB;

lazose 2ocnooapcmeo - 00°€KT (00'€KTH) CHCTEMH
ra3ornocTrayaHHs, 1110 Ha 3aKOHHUX IIiJICTaBax nepelyBae
y  BJacHOCTI  Ta/abo0  KOPUCTyBaHHI  Cy0'ekTa
rOCIoapioBaHHsl 200  HaJIeKUTh  CIIBBIIACHUKAM
0ararokBapTUPHOTO OYIMHKY Ha TMpaBl  CHUIBHOI
CYMICHOI BJIACHOCTI;

[12] [Tazoposnodinbna cucmema - TEXHOJOTIUHHM
KOMIUIEKC, 110 CKJIQJa€ThCid 3  OpraHizamiiHo 1
TEXHOJIOTIYHO TOB’SI3aHUX MIK Cc000I0 00’€KTiB,
NPU3HAYCHUX JJIS PO3MOMLITY MPUPOAHOTO Ta3y BiA

ra3opo3noAuIbHIX CTaHIIHI 0e3mocepeIHbO
CTIIO’KHUBAYaM.
[8] Mepesca eazoposnodinenns - TEXHOJOTIUHUM

KOMIUIEKC, 10 CKJIAJa€eTbCsi 3  OpraHizamiiHo i
TEXHOJIOTIYHO TOB’S3aHUX MIK C000I0 00’€KTIB,
NPU3HAYCHUX JJIA PO3NOALITY MNPUPOAHOTO Tra3y BiA

ra3opo3MOAUIBYNX CTaHIN g0 MicHsd 3a0e3IeUeHHS
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No Tepminu Ta BUSHAYEHHS MTOHATH HOPMAaTUBHUX
3/n JIOKYMEHTIB

MOTY>KHOCTI CIIOKHBaya
Cepgicna mepexca - Mepexa Bl MicUsd 3a0e3MeyeHHs

MOTY)KHOCT1 JI0 TIPHUCTPOIO OONIKY CIIOKUBAHHS Ta3y
BKIJIFOUHO

Mepeosica eazocnoocusannss - Mepexa Bil TPUCTPOIO
00Ky CIIO>KMBaHHS raszy 10 roro
ra30BUKOPHCTOBYBAJILHOTO YCTAaTKyBaHHS

7 Tennoreneparop | [11] Tennocenepamop (komen) — mKepeno Tervia
(ore) TEIJI0BOI0 MOTYXHIcTIO 10 100 kBT BKIIOUHO, Yy SIKOMY
JUISl HarpiBaHHS TEIJIOHOCIS, 1110 HAJXOAUTh JI0 CUCTEMU
OTaJICHHS 1 rapsiaoro BOJIONIOCTAYaHHS,
BUKOPUCTOBYEThCSI EHEPris, yTBOpPEHAa IIpU 3TOpPSHHI
ra3oBOro InajuBa.

[6] Manomempascui romau - KOTIM TEIJIOBOIO
npoaykTuBHICTIO 10 100 kBT BKIIIOYHO 3 TEMIiepaTyporo
termtoHocisa He outpie 115 °C ta tuckom 1o 0,7 Mlla.
[7] Tennocenepamop (MpOTOUHM Ta/ab0 €MHICHHIA
ra3oBUi BOJOHArpiBay, MaJOMETPAXHUN Tra30BUNA KOTEIN
Ta 1HIIE OIAJIFOBaJibHE ra3oBe OOJIagHAHHA) - JHKEPEIIO
TeIl1a, TeIIOBOI0 MOTYXHICTIO 10 100 KijIoBaT BKJIFOYHO,
y SIKOMY JJIsl HArpiBaHHS TEIIOHOCIS, 1110 HAJIXOAUTh J10
CUCTEMHU ONJICHHS 1 Tapsa4ol0 BOJAOINOCTA4aHHS,
BUKOPHCTOBYETbCSI EHEprisi, YTBOPEHAa NpH 3TOPSIHHI

ra3zoBOIO ITaJnBa.

[IpumiTka. Bu3HaueHHS HaBEICHO B peAakii, IO BIJANOBIIAE 3a3HAYECHUM
JTOKyMEHTaM, 0€3 MOBHOTO KOPUTYBaHHS

BucnoBku. Cucrema razonoctadyaHHs TPAIuIIAHO € ¥ Hajadl 3aJMIIAEThCA
OJJHUM 13 KJIIOYOBUX €JIEMEHTIB EHEpPreTUYHOi 1HQPACTPYKTYypU JepKaBd, IO
3a0e3neuye  CTaOUIBHICT, 1  HAAIAHICTD  €HEPro3ade3ledyeHHs  CIIOKUBAYiB.
[IpoBeneHuii aHani3 YMHHOI HOPMATHBHO-NPABOBOI 0a3u y cdepi razomocrayaHHs
3aCBIIYMB HM3KY CYTTE€BUX HEHONIKIB, 30KpeMa TEPMIHOJOTIYHI HETOYHOCTI Ta
pPO30DKHOCTI Y BH3HAYCHHSAX OJIHAKOBMX a00 TOMIOHMX TIOHATh Y PI3HHUX
HOPMATUBHUX JOKYMEHTaX; HEJAOCTaTHICTh HOPMATHUBHOTO PETYIIOBaHHS OO0
TPAHCTIOPTYBaHHS Ta BUKOPUCTAHHS BOJAHEBO-METAHOBUX CyMillled, 110 YCKJIaJHIOE
iXHe 3ajmydeHHs B HasBHY 1H(PpACTPyKTypy; HEOOXITHICTH Meperisiny KoedilieHTa
OoqHOYACHOCT] (Ksim) I KUTIOBUX OYIMHKIB, @ TaKOX MEperIsgy HOPMATUBHHUX
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3HaYeHb TPAHUYHHUX BTPAT TUCKY Yy Ta3olpoBOAaX HU3BKOTO THUCKY 3 ypaxXyBaHHSIM
Cy4YaCHUX EKCIUTyaTallliHUX YMOB; 3acTapilia 4yacTMHAa HOPMATHMBHOI JOKYyMEHTallli,
ycnaakoBana 3 nepiogy CPCP (3oxpema, HITAOII 0.00-5.11-85), mo He BiamoBinae
Cy4yaCHUM TEXHIYHUM 1 O€3MEKOBUM BUMOTraM; YMHHA HOPMAaTHBHA 0a3a HE BPAXOBYE
cnendiky eKcITyaTallii Ta30BOr0 TOCHOAApCTBA B yMOBaX BOEHHUX [iH, IO
CTBOPIOE JOJATKOB1 PHU3MKU JJisi Oe3meku Ta Oe3MepepBHOCTI IMOCTaYaHHS.
3anpornoHOBaHO KOMIUIEKC 3aXOJIB JjIsi BJIOCKOHAJICGHHS HOPMAaTHUBHO-TEXHIYHOTO
perysroBaHHs, a came yHI1(1KyBaHHS TEPMIHOJIOTIT IIISTXOM CTaHJapTU3allii OCHOBHHUX
TEPMIHIB Ta BHU3HAUYE€Hb Y YMHHHMX 1 HOBUX HOPMATHBHUX aKTaX; PO3IIUPEHHS
HOpMAaTWBHOI 0a3W MIOAO TPAHCIOPTYBAaHHS, 3MIIIyBaHHS Ta BHUKOPUCTAHHS
IPUPOHOTO ra3zy 3 BOJHEM, 30KpeMa 13 BUSHAYCHHSAM JOIMYCTUMUX KOHIIGHTpAIiil Ta
eKCIUTyaTalliHUX BUMOT; MEPErIsii HOPMATUBHUX 3HAY€Hb I'PAHUYHUX BTPAT THCKY B
ra3onpoBOax HU3BKOTO THUCKY 3 ypaxyBaHHSIM CYYaCHHUX XapaKTEPUCTHUK Ta30BOTO
oONajiHaHHA Ta YMOB pPOOOTH MEPEX; pPO3POOJIICHHS OHOBIEHUX HOPMATHUBHO-
MIPaBOBUX JTOKYMEHTIB, SIKI BPaXxOBYBaTMMYThb Cy4YacHI BUKJIMKH, 30KpeMa HACIIIKU
BOEHHOI arpecii pocii Ta HEOOXIMHICTIO MIABUINCHHS CTIMKOCTI Tra30BOi
1H(DpacTpyKTypH.

HanpsiMmkn nmogajbmux A0cailzkeHb. [lepcreKTuBHIM HAPSIMOM MONAJIBIINX
JOCJIIKEHD € MOTTHOJICHHS! HAyKOBUX POOIT, CIIPSIMOBAaHUX Ha OOTPYHTYBaHHS YMOB
3aCTOCYBaHHS  BOJIHEBO-METAHOBUX  CyMillell Ta  MOJEpHI3AIll0  CHUCTEM
ra3ornocTayaHHs 3 ypaxyBaHHSIM IXHbOTO BIUIMBY Ha Marepiaiu, oOiajHaHHS W
eKCIuTyaTariii pexxuMu. OcoOMMBO BaKJIUBUM € BHECEHHSI OTPUMAHUX HAYKOBUX
pe3yNbTaTiB Y HOPMAaTUBHO-TEXHIYHI JIOKYMEHTH 3 METOI0 aKTyalli3allii BUMOT I0JI0
Oe3nexu, HaaiiHOCTI Ta €()eKTUBHOCTI (DYHKIIIFOBAaHHS Ta30pPO3MOALTEHUX MEPEK.
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ANALYSIS OF THE REGULATORY AND TECHNICAL BASIS OF GAS
SUPPLY IN UKRAINE AND PROPOSALS FOR ITS IMPROVEMENT

A systematic analysis of the current regulatory framework of Ukraine in the
field of gas supply was conducted. Inaccuracies and discrepancies in the
interpretation of similar terms and definitions in various regulatory documents were
identified. In addition, inconsistencies were found between the current rules for
performing work on the operation of the gas industry and the real conditions
observed in the country. The current problems of the functioning of gas supply
systems in existing operating conditions were considered. In order to improve
regulatory regulation, it was proposed to standardize the main terms and definitions
in current and new documents. Certain indicators defined in DBN V.2.5-20:2018
"Gas Supply" require revision, in particular the numerical values of the simultaneity
coefficient Ksim for residential buildings (Appendix B) and the provisions of
paragraph 5 of Appendix D regarding the hydraulic calculation of gas pipelines. It is
proposed to limit the calculated total pressure losses in low-pressure gas pipelines
(from the gas supply source to the most remote device) to 100 daPa, in particular: 40
daPa in distribution gas pipelines and 60 daPa in gas inlets and internal gas
pipelines. For low-pressure systems, it is recommended to set the lower limit for the
operation of safety relief valves in accordance with the pressures specified in the
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Technical Regulations for Natural Gas, with subsequent correction in NPAOP 0.00-
1.76-15 "Safety Rules for Gas Supply Systems". A promising area for further research
is the deepening of scientific work aimed at substantiating the conditions for the use
of hydrogen-methane mixtures and modernising gas supply systems, taking into
account their impact on materials, equipment and operating modes. It is particularly
important to incorporate the scientific results obtained into regulatory and technical
documents in order to update the requirements for the safety, reliability and efficiency
of gas distribution networks.

Keywords: gas supply, regulatory framework, regulatory and technical
support, operational safety.
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YNCEJIbHE 3D-MOAENOBAHHA HECTALIOHAPHOIO
TEMNEPATYPHOIO NONSA BHYTPIWHbLOI NOBEPXHI TYHENIO
METPOMONITEHY

Anomauia. Tounuii po3paxyHox memnepamypu [PyHmy HAGKONO MYHEN0 Mempo
HeMOJCIUBULL Oe3 NpasUIbHO20 OYIHIOBAHHSA mMeMnepamypu NOB8epPXHi 6HYMPIUHbOL
CMIHKU MYHEeNI0, SIKAd 8UHAYAEMbCS KOMOIHAYIEI0 GHYMPIWHIX hakmopie y myHeni, a
came: aepoOUHAMIKOWO MNOMOKY, MENI08UOIIeHHAM 6i0 No0i30i8, KOHBEKMUBHUM
Menio0OMIHOM MIJIC NOGIMPSAM 1 MYHeleM, a MAaKoNC 6AACMUBOCMAMU md
MOBWUHOI Ya8yHHO20 obnuytosanHs. Ilonepedne 2D-00cniodcenHs GUABUNO 3A2ANIbHI
0coOIUBOCMI MeMnepamypHo20 Nois ma niomeepouslo NOmeHyidl GUKOPUCMAHHS
meniomu, wo ckuoaemvcs cucmemoro mempo. OOHAK, 8OHO He MOdce NPUHYUNOBO
8i0mMeopumuU NPOCMOPOBO-4Aco8y OUHAMIKY MENI08UX NOMOKI8 | momy He 00380/
NOBHICMIO 8PAX)BAMU pedcuMu poobomu myHenro. Y yiti pobomi po3pobiieHo Yuciosy
3D-mooenv y COMSOL Multiphysics ons nog'szanoeo ananizy meniogux npoyecie y
Mmidiccmanyiunomy myHeni. Moodenb 8paxosye mumuacose meniosuUdileHHs 8io
PYXOM0O20 CKaody, npeoCmasieHo20 K JNiHiliHe 0Jcepeno menjiomu, aepoOUHAMIKY
mypOyIeHMHO20 NOGIMPAHO20 NOMOKY 6 MYHell ma Meni000MiH 3 6HYMPIUHbLOIO
Nno8epxHer 4agyHHo2o oOnuyosanus. Knouosul npunyun O00CHiONCeHHS NOAA2A€E 8
MoMy, wo memnepamypa N08epxXHi 6HYMPIUHbOI CMIHKU He € 3a0aH00 K (ikcosate
3HauenHs. Hamomicms, 60Ha ompumyemvcs 3i 368'13aH020 AepOOUHAMIYHO20 mdA
Menyio8o20 MoO0eno8anus Ak @yuxkyis uacy. Ompumana memnepamypa 0Oyoe
BUKOPUCNAHA 8 MAUOYMHIU poOOmMI AK Pi3UYHO 0OIPYHMOBAHA SPAHUYHA YMOBA HA
Medci po30iny KpinieHHus ma IPYHmy ni0 4ac eupiuleHHsi 3a0ay menionepeoai 6
HABKONUWHbOM)Y — IDYHMOBOMY MACUBL, MUM CAMUM  RIOBUWYIOYU  HAOIUHICMb
NPOCHO318 memMnepamypu [pyHmy.

Knwuoei  cnoea:  mempononimen,  ymunizayisi — CKUOHOI  mMeniomu,
Mennio0OMIHHUKU, menionepeoaid, meniosull Hacoc

Beryn. ToyHuii  po3paxyHOK TEMIIEpATypud IPYHTY HAaBKOJIO  TYHEIO
METPOTIONITEHY HEMOXJIMBUHA 0€3 KOPEKTHOTO  OIlIHIOBAaHHS  TeMIepaTypu
BHYTpIIIHBOI TOBEPXHI CTIHKM TYHENO, sika (OPMYEThCA CYKYIHICTIO HMOTO
BHYTpIIIHIX (AKTOpPIB — aepoOAMHAMIKOK IOTOKY, TEIUIOBUIAUICHHSAM MOI3/1B,
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TEIJIO0OMIHOM MIDK TMOBITPSIM 1 TYHEJEM, a TaKOX BJIACTUBOCTSMH Ta TOBLIUHOIO
yaByHHO1 oOmmBKHY. [lonepeane 2D-nocnimxennd [ 1] nmokasano 3araJibHUIM XapakTep
TEMIIEPaTypHOTO TIOJI 1 MIATBEPAWIO TEPCIEKTHUBHICTh BUKOPUCTAHHS CKUIHOT
TEIJIOTH METPOMOIITEHY, aje MPUHIIMIIOBO HE BIATBOPIOE MPOCTOPOBO-UYACOBY
JUHAMIKy TEIJOBUX TMIOTOKIB, 10 HE JIO3BOJIIE TOBHOI[IHHO BpaxyBaTH
eKCIUTyaTaIlliHI peXUMHU TyHEN0. Y AaHiit poOoTi po3pobieHo uncenbHy 3D-monens
y mporpami COMSOL Multiphysics ais mo'si3aHOro aHaji3y TEIJIOBUX IMPOIIECIB Y
NeperiHHoMy TyHeni. Y  JaHOMy JOCIHIJUKeHHI BpaxOBaHO HECTalllOHApHE
TEIUTOBUJIJICHHSI PyXOMOTO CKJIaAy SK JIHIMHE Kepeno, OCOOJMBOCTI PO3BUTKY
TypOyYJIEHTHOTO MOTOKY B TYHENl, @ TAaKOXK TEIJIOOOMIH 3 BHYTPIIIHBbOIO MOBEPXHEIO
YaBYHHO! OOmMBKY. KITFOUOBWI MPUHITUIT TOCITIKEHHS: TeMIIEpaTrypa BHYTPIITHBOT
MOBEPXHI CTIHKM TYHEII0 HE 3aJa€ThCsl K (PIKCOBaHE 3HAYEHHS, a BU3HAYAETHCS
PO3PAaxXyHKOM TOB'SI3aHOI Aa€pOAMHAMIYHO-TEIIOBOI MoOAeNl SK (yHKIIS dacy.
OtpumaHa BenIMYMHA B MailOyTHbOMY Oyne mpuiiMarvcs sk (Hi3u4HO OOIpyHTOBaHA
rpaHdYyHa YMOBa Ha MeEXi OOIIMBKM Ta TIPYHTYy MNpU BUPILIEHHI 3a7a4
TEIUIONIEPEHECEHHS B HABKOJNUIIHHOMY MAacHBI, IO TMIiJBUIIY€E€ JOCTOBIPHICTD
PO3paxyHKIB TEMIIEPATYPHOTO IOJISI.

AKTyaJIbHiCTh JOCHigxenHs. [[ns peanizaimii KoHIENIii yTWIi3amii CKUAHOL
TEIJIOTU ~ METPOIONITEHY 3  BUKOPUCTAHHSIM  BEPTUKAIBHHX  IPYHTOBHUX
TEIJTIO0OOMIHHUKIB HEOOXIIHMM TOCTOBIPHHI MPOCTOPOBO-YACOBUH TeMIIepaTypHUIA
npodiib y IPYHTI HAaBKOJO TyHet0. KIlOWOBMM BXOJOM UIsl MOTO pO3paxyHKy €
TeMIlepaTypa BHYTPIIIHBOI MOBEPXHI CTIHKH TYHEIIO, sika (POPMYETHCS CYKYITHICTIO
aepOAMHAMIYHMX, TEIJIOTEXHIYHUX 1 KOHCTPYKTHBHUX (AaKTOPIB BCEPEAMHI LOTO
TYHEJIO.

dopmy/oBaHHS 1ijiedl crarti. Bu3HauuTH TPOCTOPOBO-4ACOBUN PO3IOLIT
TEMIIepaTypy BHYTPIIIHbOI MOBEPXHI CTIHKMA TYHEN0, IO (OPMYETHCS CHIILHUM
BIJTUBOM a€POMHAMIYHUX, TETUIOTEXHIYHUX 1 KOHCTPYKTUBHUX (PaKTOPIB.

3arajbHi ymoBu. Panime B jgociikeHHi [1] Oyma peanizoBaHa JIBOBUMIpHA
(2D) Mopenb TEIJIOBOI B3a€EMOJII MEPETIHHOIO TYHENI METPOMOJITeHY 3
HABKOJIUIITHIM TPYHTOM 1 BEpPTHKAJIBHUMHU TIPYHTOBUMHU TeIuiooOMiHHUKamu. Lle
JO3BOJIMJIO  BCTAHOBUTU (PakT BIUIMBY TYHENIO METPOIOJIITEHY Ha poOOoTy
BEePTUKAJIBHUX TPYHTOBHUX TeriooOMiHHMKIB. OmHak, 2D Momens Mae MPUHITUATIOBI
O0OMEKEHHS, TMOB'sI3aH1 3 HEMOMUIMBICTIO OIMUCY TPUBUMIPHOI T€OMETpPii CUCTEMHU Ta
IPOCTOPOBO-YaCOBOT IMHAMIKH TEIIJIOBHX MOTOKIB, a TAKOXK HE TO3BOJISIE BpaxyBaTH
eKCIUTyaTaIlliHI XapaKTepUCTUKU TyHEI0. Y 3BSI3KY 3 I[HM JJs  aHajizy
TEMIIEpaTypHOTO IMOJIsI Ta MOro BIUIMBY HAa HABKOJUIIHE CEPEIOBHINE OIUIHHO
3acrocyBatd  3D-uMcenbHMII METOJ, 3aCHOBAaHMM Ha BHPILIEHHI PIBHSAHb
Teruionepeaaydl MetoqoM ckindeHHux enemeHTiB (FEM), peanizoBanux y mporpami
COMSOL Multiphysics. VYV paniii Mozaeni po3DISIAAE€TbCS TEPEriHHUN  TyHEIb
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METPONOJIITEHY MK cTaHIisMu «Bok3anbHa» 1 «lleHTpanbHUN puHOK», ne Oyue
3MO/IeJIbOBAHO TYHEJIbHE MOBITPS Ta TEIUIOBE HABAHTAXEHHS BIJl MOI3/1B 1 MACAXKUPIB;
JOJJAHO YaByHHE OOMMUTTS TyHenro. J[ama poboTa AETAIBHO OMHUCYE TEOMETPIIo
MOJIeJIl, TPaHUYH1 YMOBH Ta (D13UYHI SBUIIIA.

Tensogizuuni BaacTUBOCTI TyHeJbHOI 001MBKHM. B Ykpaini oOnuItoBaHHs
TYHEJIB METPOIOJITEHY, IO CHOPYDKYIOTHCS 3aKPUTUM CIIOCOOOM, CKIIAJAETHCS 3
OKpEeMHX €JIEMEHTIB, 310paHux 3 OyiokiB a0o T0OiHTriB. Matepiasiom € 4aByH abo
3amizo0etod. [lpu BHyTpilIHBOMY JiaMeTpi TIOOIHTOBOrO Kinmblls Dp=35,1 M,
30BHIIIHIN J1aMeTp CTaHOBUTH Dy = 5,5 M [2].

[Teperinamii TyHenp Bix craHIiii «Bok3ambHay mo cranimii «lleHTpanbHmii
PUHOK» OYB MOOY/TI0BaHUM 3 TFOOTHTOBHX KiJIEllb, IK1 BUTOTOBIISITUCS 3 CIpOTO YaBYHY
mapku CUY20 [3] (puc. 1). HaByH Ma€ MOMITHO BHIILY TEIJIOMPOBITHICTh MOPIBHIHO 3
HABKOJIMIITHIM TPYHTOM, IO 3HAYHO BIUIMBAE Ha XapakTep TeIuionepeaadi Bij
TYHEJIBHOTO TOBITPS 10 MacuBy mopoau. OTke, BpaxyBaHHS pealbHUX
TEIUIOI30JIAMIMHUX ~ BJIACTUBOCTEM Ta 1HEpIii CTIHKM ICTOTHO  IIIJIBHIIUTH
JIOCTOBIPHICTh PO3PAXYHKY, OCOOJIMBO MPHU OILIIHIOBAaHHI KOPOTKO- Ta JOBIOCTPOKOBOI
TEIJIOBOI JUHAMIKU IMOOIU3Y TYyHEIIO.

Puc.1 36ipHa TyHenpHA OOMIMBKA 3 TYHEIBHUX TIOOIHTIB

Termnmod3uyni  xapaktepuctuku Oymu  B3ari 3 ['OCT 1412-85 «YaByH 3
MJIACTUHYACTUM TpadiToOM JJi BUIMBKIBY:

e rycruna p = 7100 kr/m’;

* TemIonpoBiHICTE A = 54 B1/(M*K);

e Ilutoma teroeMuicts C = 480 JIx/(kr-K).

T'eomerpisn Monmeni. TpuBuMipHa MOJEIh TE€OMETPUYHO BIATBOPIOE paHIiIIIe
noOynoBany 2D mogmenb, y K po3misaaiacs TEIIoBa B3a€MOJIsl MK TyHEJIEM
METPOMONITEHY, IPUJIETJIUM I'PYHTOM 1 BEPTUKAIBHUM I'PYHTOBUM TEIJIOOOMIHHUKOM.
Ha miacraBi pobotu [4], 1€ mOCHiAKyBaBCs BIUIMB Pi3HUX (DAKTOpIB HA JANbHICTh
Terionepeaayul BiJ CTIHUM TYHEII JO TIPYyHTY, OyJlo 3po0JICHO BHCHOBOK, IO
npulnu3Ho B pazgiyci 20 M Bif TyHENIO TEIUIOBUH e(eKkT Oyne MiHIMaJIbHUM.

98




Benmunisuyis, oceimneHHss ma merinoaa3oriocmadyaHHs. Bun. 55, 2025

Pesynerarn momnepemuboro 2D MopentoBaHHs [1] miaTBepauiaM pe3yiabTaTH JTaHUX
nociiKeHb. sl rapaHTOBaHOi BIACYTHOCTI €(EKTIB, 110 BHOCATHCS T'PaHUYHUMU
YMOBaMH, K1 3aCTOCOBYIOTHCS B JTaJIEKUX KIHIISIX 00JacTi MOACIIOBAHHS, 10 TaHOTO
3HaYeHHsI OyJ0 JOJAaTKOBO J0AaHO 5 M. BiamoBigHO, BiJICTaHh MK 30BHINIHBOIO
MEKEI0 OOIIMBKHU TYHEINIO Ta O1YHOI0 M HMKHBOIO MEKaMH IPYHTY CTaHOBHUJA 25 M.
JloBXHHA NUISHKY IPYHTY JOPIBHIOE TOBXKHUHI MPsAMOT JUIsTHKY ((pparMeHTa) TyHeIIo,
10 po3msigaerses — 102 m [S].

CtpykTypa IpyHTOBOI TOBIII 3aJIMIIMIIACS HE3MIHHOK: MOJENb Iepeadadae
KUIbKa IapiB 3 PI3HUMH TEIJIONPOBITHUMU BJIACTUBOCTSAMH, IO BIJMOBIIAIOTH
r'eOJIOTTYHOMY MPODUIIO TOCIIIKYBaHOT MiCIIEBOCTI.

HacunHui

= =
oo ¥ ) FPYHT
! c

Y . YITTAH KA
{i _ Ny [licok 1

=
o™l

- 25 M O 25M .
F N, TnuHa

\ Micok 2
\ BanHak

165 M

TSM

44,55 m

9m

25 M

13,65 M

1 Y
96 M

[

il

Puc. 2 BijcTtani MiXK CTIHOIO TYHEJIIO Ta O1YHUMU 1 HIDKHIMHU MEKaMH 00J1aCTi MOJIE1

Mopaens peanizoBaHa TaKUM YUHOM, 1100 3a0€3MEUYUTH MAaKCUMAJIbHY THYUYKICTb
3 MOXJIUBICTIO 3MIHH T€OMETPUYHUX PO3MIPIB TYyHEIIO, TOBIIMHHU IIApiB IPYHTY 1
mmOuHU  iX 3ansraHHda. KpiM TOoro, B pamMKax YHCEIBHOTO EKCIIEPHUMEHTY
nependaueHa MOXUJIMBICTE Moaudikamii Tero(i3uyHuX MapamMeTpiB MarepiaiiB
(TETUIONPOBIIHICTh,  TEIUIOEMHICTh,  IIUIBHICTH), a TaKOXK  TeMIIepaTypHHUX
XapaKTEepUCTUK HABKOJIMIIHBOIO cepenoBuia. MoXIHMBICTE MOAUQIKALII Ta 3MIHUA
BJIACTHBOCTEH Marepiajqy 1 TOBIIMHHM CTIHKH TaKoX IepeadadeHi, M0 PO3IIUPIOE
aJIANTUBHICTh YHUCEJNBHOTO EKCIEPUMEHTY TiJ pi3HI TUNK OOJUIIOBaHHS 1
KOHCTPYKTHUBHI 0COOJTMBOCTI METPOTIOIITEHIB.
I'panuyni i ¢izuuni ymoBu mnoBiTpsi. /[ns Toro, moO BIATBOPUTH PYyXHU
NOBITPSL Yepe3 TyHelNb, Oyiau 3adaHi rpaHuuHi ymoBu tumy Inflow 1 Outflow. Ha
BXIHIA MeXi TyHemto Ttumy Inflow  BUKOPUCTOBYBAJIWCA JBI TPaHWYHI YMOBU
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MPUILIUBY TOBITPSI.

-40

20 40

Puc.3. 3D-moaens TyHemnto

[lepma rpanmvHa ymMoBa Ha BXOJI — II€ 3aJie)KHA BIJ Yacy TeMmIeparypa
MPUILUIUBHOTO TOBITPS Ty(f) SIK TpaHu4Ha yMoBa Jlipixje, 3ajjaHa 3a eMIIpUYHUM
CHIBBIJHOIIEHHSM, JI¢ 3O0BHIIIHSA TEMIIeparypa ampoKCHMOBaHAa TEMIIEPaTypOIO

NOBEpXHi IpyHTy [1]:

Tlry, = Tol) (1)

T = 0,4745 Thoup + 14,72 )

ne [ee — BXigHa TpaHb; Thes.p — TEMIIEpPATYpA MOBEPXHI IPYHTY, K.
Jlpyroio rpaHWYHOIO YMOBOIO Ha BXOl € MEpPNEHANKYJISPHUA NMPUIUIUB MOBITPS 3
(hiKCOBaHOIO MIBU/IKICTIO:

ulr, =—Us " n (3)

1€ U — MIBUJKICTH MOBITPS, M/C; n — 30BHIIITHSA OAMHUYHA HOPMaJb 10 BXITHOI MEXi
(cipsiMOBaHa 3 PO3paxyHKOBOI obOmacti), M; Uy — HOpMaJIbHA MIBUIKICTh MPUILUIUBY
NOBITPs,, OTpuMaHe MojetoBaHHsIM y cepenounli SES (Subway Environment
Simulation — MoaemOBaHHS CEPENOBUIIA METPOIIONITEHY ), M/C;
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Ha mporunexxHomy OOIl TyHENIIO 3aCTOCOBYBAJAcs yMOBa BLIBHOTO BUXOAY
noBiTps (Outflow), 110 ONUCYETHCS PIBHAHHSAM:

—n- q|F = O: (4)

8UX

Jie ¢ — BEKTOP TYCTHUHHU TEIUIOBOTO MOTOKY, BT/M*; n — BEKTOp HOpMaJIi [0 IIOBEPXHI;
[ 4. — TpaHb HA BUXO/II.

I'paHnnyHa ymoBa sl TEIUVIOTH HA BHUXOJl TYyHENO 3a00poHsAe audy31iHMIMA
NEPEHOC TEIJIOTH KPi3b IUIOLIMHY BUXOJY, 3aJIMILAIOYN JIUIIE KOHBEKTUBHUUN BIJBI1]I
eHepriero NoTtoky. HopmanbHuil rpafieHT Temmnepatypu BiJICYyTHIH. TakuMm 4uMHOM,
TeMIlepaTypa Ha BHUXOJ1 HE 33/Ja€ThbCs, a OTPUMYEThCA 3 PO3B’SI3aHHA BCEpPEIUHI
PO3paxyHKOBOI 00J1aCTi.

Uepes 3pi3 i€ Temiora, sKy Hece MOTIK. TakuM 4YMHOM, MOBITPSA 3ajuIIaE
pPO3paxyHKOBY 00ylacTh 0€3 J0JaTKOBUX OOMEXeHb, 10 BiAmoBigae ¢di3uii
HACKPI3HOTO PyXy MOBITPS TYHENEM 1 3a0e3Meuy€e KOPEKTHUIN PO3paxyHOK PO3MOALTY
TEMIIEpaTyp y CUCTEMI.

Ha BHyTpimHii nOBEpXHI OOIIMBKY 33/1aHO YMOBY, 1110 TIOBITPSI HE IPOHUKAE i
HE mpwiunae 10 cTiHkd. Lle o3Hayae, 1m0 HOpMalbHAa MIBUIKICTH HYJIbOBA
(HEMPOHUMKHICTh);  TAHTEHIIAJIbHI ~ KOMIIOHEHTH  IIBUAKOCTI  HyJbOBI  (0e3
MPOKOB3yBaHH):

U Ny =0, (5)

u‘r| I, = 03 (6)

MIiHU

7€ ¢ — BEKTOP MIBUIKOCTI MOBITPS, M/C; M5 — ONUHUYHA HOPMAJh 3 OOKY MOBITPSTHOT
PO3paxyHKOBOI 00JIaCTi, CIIPSIMOBaHA IO CTIHKU, M; U, — TaHTEHIiabHA CKJIaJ0Ba
MIBUIKOCTI Ha CTiHI, M/C; I tpiny — BHYTPIIIHS MOBEPXHS OOIIMBKHU.

Uepe3 Taky MexXy HeMa€e KOHBEKTUBHOI'O NMEPEHECEHHS €HEprii 10 TBEPIOTO
TiJa, a BIAOyBaeTbCsA JUIIE MoJeKylsgpHa audy3id. [IIBuakicte MOBITps B JaHOMY
JTOCTIDKEHH] TPHHHATA 5 M/C 1 € CepeIHbOI0 IMOCTIMHOI BEIWYHUHOI0. JleTanbHUiA
PO3paxyHOK IIBUAKOCTI MOBITPS MPEJACTABICHUN HIDKYE.

HIBuaKicT, MOBITPA B TYHedi. Y 3B’S3Ky 3 HEMOXIIUBICTIO TIPOBEICHHS
HAaTYpHOTO EKCHEPUMEHTY 1010 BHUMIPIOBAHHS IIBUJKOCTI pyXy TMOBITpS B
NEPETIHHUX TYyHENIsIX XapKIBCbKOTO METPOIONITEHY, OyJI0 MNPUIHATO pIILIEHHS
BUKOHATH PO3PAaXyHKH 3 BUKOPHUCTAHHSIM MaTEeMaTHMYHOTO MojentoBaHHs. Jlyisg 1riel
MeTu 3actocoByBajiacs nporpama SES. [Ipu niarorosnenHi po3paxynky B SES Oynu
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3aJlaHl TEOMETPUYHI XapaKTEePUCTUKU TEPEroHy: KPYIIUH TyHEIb BHYTPIIIHIM
niametpoM 5,1 M 3aBnomkku 1000 M. XapakTepUCTUKH PyXOMOTO CKJIaay — Moi3aa 3
’sT BaroHiB tumy E Oynu B3sTi 3 [6] 1 [7] (moBXHWHA BaroHa, MIBUIKICTH PYXY),
1HTEepBal MDK moizgamu OyB B3sATUM 3 [8]. YV po3paxyHKy BHKOPHCTOBYBAJIUCS
peanbHi aepoAMHAMIYHI TapaMeTPH BaroH1B 1 TYHEIIO, cepell IKUX KOe(DILIEHT OMopy
1 3BY’KE€HHS MPOX1THOTO MEPETUHY Yepe3 PYXOMUMN CKIIA].

I'pannuni ymoBu B SES Oynu cpopmMoBaHi TakuM YMHOM, 10O BIJTBOPHUTH
OPUPOJHY LHMPKYJSAIII0 TOBITPS, CTBOPIOBaHY IMOPLIHEBUM €(EKTOM MpHU pPyci
noizaiB. Ha BXozi 1 BUXO/I 3 MOJIENIbOBAHOI JAUISHKH 3a/7aBajiCh YMOBH BIJIKPHUTHUX
TOPLIB JJI BpaXyBaHHs BUIbHOTO BUTIKAHHS MOBITPSHOTO MOTOKY B CYMIKHI JUISTHKA
miHili. BHyTpimmHiA 00’eM TyHenmto OyB pPO3MIJICHUH Ha JIUCKPETHI C€JIEMEHTH IS
YHCEJIBHOTO PO3B’SI3aHHS PIBHSIHb HECTAI[IOHAPHOIO MOTOKY MOBITPS, 1110 J103BOJIUIIO
3aikCcyBaTH 3MiHY IIBUJKOCTI B Yacl 3 IPOXOKEHHAM IO13/1a.

PesynbraTi po3paxyHky (puc. 4) mokasaiu, 110 CepeHs MBUAKICTb TOBITPS B
nepepizi TyHENK CTaHOBUTH Onu3bko 5 Mm/c (puc. 5). Ilpy upoMy B MOMEHT
IIPOXOJIPKEHHS MO137]a MOOIHN3Y TOYKH CIIOCTEPEKEHHS TOCATAETHCS MIKOBE 3HAYCHHS
onmu3pko 11 M/c, a B mepiog MK pyXxoM MOi3/1B MIBUIKICTh 3HIKYEThCS 10 0,35 m/c.
[TomiOHI BENWYUHU Y3TOKYIOTHCS 3 OIMYOJIKOBAHUMHU JAHUMH 3aKOPAOHHHUX
JOCHIJKEHb, HaMpUKiIag, pobotu [9], me misg METpOmoJiTeHy 3 OIU3bKUMU
T€OMETPUYHUMH Ta EKCIUTyaTallliHUMU mapaMeTpaMu (iKCyBaJlUCh aHAJIOT14HI
1ana30HU IIBUIKOCTI.

[Ipu cepenHiii MIBUAKOCTI MOBITPS 5 M/C, BHYTPIIIHBOMY JiaMETpl TYHEIIO
D, = 5,1 M, KiHeMaTuuHil B 13k0cTi OBiTpa v = 1,5-107 M*/c uncnno Pelinonbaca mis
IIOTOKY IIOBITpsi CTAHOBHUTH Re = 1,7x10° 1m0 OJHO3HAYHO BiANOBimac pO3BHHEHIM
TypOyJIEHTHOCTI B TyHEJII.

I[Ipy mnoOynoBi Mopeni TypOyJIEHTHOTO TOTOKY TIOBITpsT B  TyHem
BUkopuctoByBaBcs 1HTepderic Turbulent Flow, Algebraic yPlus. Jlanuii intepderic
NpU3HAUYCHUH ISl MOJETIOBaHHS OAHO(a3HUX TypOyJIEeHTHUX Tedild MPU BHCOKUX
yuciax PeifHosbAca 1 3aCHOBaHMII Ha BUPIIIEHHI ycepeaHEHUX Mo PeitHonbacy
piBuaHb Hap'e-Ctokca (Reynolds-Averaged Navier-Stokes, RANS). o ckuany
MO/IEJIl BXOJSITh PIBHSHHS 30€pEXKEHHS MacH Ta IMITYJIbCY.

OcHoBHOW mnepeBaroro RANS-migxoay € Te, 10 BIH J03BOJISIE OTPUMYBATH
ycepeaHEeHy 3a 4YacoM KapTUHY Tedii 0e3 HEOOXITHOCTI MOJENIOBAHHS KOXXHOI
okpeMoi TypOyneHTtHoi mynbcamii (sk B LES abo DNS). lle icTtoTHO 3HMXKYyE
OOYMCIIOBaJIbHI BUTPATH, 110 OCOOJMBO BAXXJIMBO MPU MOJETIOBAHHI MPOTSKHUX
TYHEJIbHUX T€OMETpid, € POo3MiIpH 00JacTi MOXYTh JOCSITaTH JECATKIB 1 COTEHb
MeTpiB. BukopucranHs naHoro iHTepQeicy J03BOJMIO BHUPILIMTA HACTYIHI JBa
OCHOBHI PIBHSIHHSI:
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11 _

10+ -

int2(t) (m/s)

ﬂ 1 1 1 1 1 1 1
0 10 20 30 40 50 60
t (min)

Puc. 4: KopoTkouacHi 3MiHU MIBUAKOCTI MOBITPS B TyHEI1

* pIBHSHHS HEPO3PUBHOCTI JJIsl 30€peKEHHS MacH MPH HECTUCIMBOMY MOTOLI 3
BEKTOpaMHU IIBHUJIKOCTI U, M/C:

V- u=0; (7)

* ycepennene 3a Peinonbincom piBHsiHHA Hap’e-Ctokca 1iisi 30epeskeHHs
iMiynibCcy (RANS-piBHSHHS IMITYJIBCY ):

prwViu=[-p-I+K]+F (8)

ne p — TyCTHHa MOBiTpsA, Kr/m?, p — tuck, Ila; I — omuawunwmii Tenszop; K —
TypOyJI€HTHA KIHETUYHA CHEPT1s:

K=(u+pr) [Vu+ (Va)']. )
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Puc. 5: CepenaboronnHHi 3MiHU IIBUIKOCTI ITOBITPSI B TYHEI

Je L — IMHaMHW4YHa B’A3KICThb, [la-c; pur — TypOyneHTHa B’s3KicTh, [la-c; F' — 00’ eMH1
cunu, H/M'; I — onHUYHMI TEH30D.

SIk Momeni NPUCTIHHOTO IIapy 3acTOCOBYBABCS aireOpaluHuii MeTom )
(Algebraic yPlus). Jlanuii MeToz peainizye anmpoOKCUMAaIil0 MPUCTIHHOIO Miauiapy Ha
OCHOB1 ()YHKLIA CTIHKMA 1 TUM CaMUM JI03BOJISI€ YHUKHYTH HaJIMIPHOTO 3TYIICHHS
CITKH 10o0JM3y cTiHOK. lle 3abe3neuye panioHanbHE CIIBBIIHOIICHHS MK TOYHICTIO
1 00YMCHIOBATIBHOIO €(DEKTUBHICTIO IPH POOOTI 3 BEIUKUMHU MOJEISIMH, SIK-OT TYHE1
MeTrpononiteHy. ¥ moxent Algebraic yPlus anreOpaiuni piBHSHHS ONUCYBaid TaKl
TypOyJIeHTHI €EeKTH OISl CTIHKU:

* 0o0uMCIIeHHs TypOyJIeHTHOI B'SI3KOCT1 B MPUCTIHHIN o0nacTi, [1a-c:

df !
—u- —1], 10
Ur—u dl:; (10)

. . + .

7ie L — MOJICKYJISIpHA B’ sSI3KicTh TOBiTps, Ila-c; /, — 6e3po3mipHa KoopAHHATA 10
. . + . . .

HOpMaTi 10 CTiHKY; f(/,) — yHiBepcaibHa (YHKI[iS 3aKOHY CTIHKH;
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* npoQseMy ONHUCYy HPUMEXKOBOIO Iapy Ta 3B'SI3yBaHHs IIBHUJKOCTI MOOIU3Y
CTIHKH 3 TYpOYJIEHTHOIO CTPYKTYpPOIO MOTOKY:

lul-1 -]

R 1
T T u w

u' =1fl,), (12)

ne Rey — nokanpHe unciio PeliHonb/ca y CTIHKY; |¢| — IBUIAKICTH MOBITPS, M/C;
p — TYCTHHA TIOBITPs, KI/M>?; L — MOJIEKYyJIIpHA B’s3KicTh, [la-c; [y — BigcTaHb
10 HANOMMKYOI CTIHKH, M; U, — IMIBIAKICTH TepTs, M/c; u — 6Ge3po3MipHa
IIBIKICTD; Z; — 0e3po3MipHa BIJCTaHb JI0 CTIHKH

* PpIBHSHHS JOTMOMDKHOT QYHKIIT IS BICTaH1 0 CTIHKH:

VGVG+ow G- VVG=(1+20n- G, (13)
1 lref
ly=—" 14
ne G — JomoMbKHA (QYHKIS JJi8 OOYMCIICHHSI BIJCTaHI /10 CTIHKH;

Oy — eMIipuYHnid KoedimienT; /., — OMoOpHA JOBXKWHA (XapaKTepHUH PO3MIp

PO3paxyHKOBOi KOMIpKH), M; [y — BIZICTaHb J10 HAWOIMKYO1 CTIHKH, M.

Y po3polOneHiit Mojeni TEIUIOBUX TMPOIECIB Yy TyHell MeTpo (puc. 6)
BPaxOBYBAJIOCA TEIJIOBUAUICHHS BIJ] PYXOMOTO CKJIaay Ta TacaxupiB, SKi €
JOMIHAHTHUMMHU JDKEpeJlaMH  TEIUIOTH, BHECOK IHIIUX JpKepesl (OCBITJICHHS,
TEXHOJOTIYHOro 00JaJHaHHs) € He3HauHMM. OCKUIBKM peajibHE TEIUIOBHIICHHS
MOI3/7IB Ma€ 3MIHHMM XapakTep 1 MOB'sS3aHe 31 3MIHOIO YacTOTH PyXy IHOi3/diB
MIPOTATOM 700U, MOJICTIOBAHHS 3 YpaxXyBaHHSM YCiX THMYACOBHUX KOJIMBaHb BUMArayo
0 3HAYHUX OOYMCITIOBAILHUX PECYPCIB.

JIist 3HMKEHHS! CKJIQAHOCTI 3aBIaHHS B MOjeNl Oys0 MPUMHSTO CHPOILICHHS:
TEIUIOBE HAaBAaHTAXKEHHS 3a7aBAJIOCS y BHUIVISAI MOCTIHHOTO YCEPEIHEHOTO 3HAUYCHHS.
TermmoBuii moOTIK OyB TpenCTaBIeHUNA y BUDISAL (puc. 6 6) JiHIAHOTO mKepena
teriotu (1D-eneMeHT), po3TalioBaHOrO B LEHTPl TyHENIO B3I0BXK HOro oci. Takuii
BUOIp BiamoBigae (i3uIl MIISHKA MK cTaHuisMmu. [Ipu po3BuHEHi TypOyrneHTHiH
Te4ii Ta 1HTEHCHUBHIM KOHBEKIIli MacOBO-yCEpEIHEHa 3a IOIMEPEUYHUM IepPepi3oM
TEeMIlepaTypa TIOBITPS BH3HAYAETHCS TOJOBHUM YHWHOM CyYMapHUM TEILUIOBUM
HABAaHTAKEHHSM Ha OJMHUITIO IOBKHUHH.
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Puc. 6. 3aranpHuii BUTIISAL MOIENI:

a — MICIIS BXOJZTy 1 BUXOJy MOBITPS 3 TYHEJIIO;
0 — JiHIHE JTKepesio TeIIOTH

®dopma nomnepeyHoro mpodiaro JpKepena (CKOHIICHTpOBaHA B3IOBXK OCi abo
po3noaiieHa 00'eMHO) Ha BIJACTaHAX, IO MEPEBHUILYIOTh KIJIbKa TiIpaBIiuHUX
JiaMeTpiB, Mae€ JIUIIE APYTOPSITHUMA BIUIMB HA 11€ YCEPEIHEHE 3HAUYEHHS.

JlokanbHi BIAMIHHOCTI MOJSl TEMIIEpaTypH, 10 BUHUKAIOTH Yepe3 MOJIOKEHHS
JDKepena, MIBUAKO 3[VIaJKYIOThCsl TOMEpPeYyHUM mepeMimryBaHHAM. Lleli BHCHOBOK
Y3TOKYETHCS 3 EKCIEpPUMEHTAIbHUMHU NaHuMU. [loka3zaHo, 10 3MiHA TOJIOKEHHS
JUKepesia BIUIMBAE Ha JIOKAIbHUI PO3MOLT TEMIIEpaTypH 3a NepepizoM. Asie cepeHe
B MIEPETUHI 3HAYCHHS 3aJTUIIAECTHCS MPAKTUYHO He3MiHHUM [ 10].

AHQJIITUYHI Ta YHCENIbHI JOCIIIKEHHS TEIUIO0OOMIHY B TYHEJSX, HaIlPUKIIAJ
[11], neMOHCTPYIOTh €(PeKT 3MIaKyBaHHS TPOCTOPOBO-YACOBUX (PIYKTyalllil y310BK
TYHENI0, IO JIOIaTKOBO OOIPYHTOBY€E 3aCTOCYBaHHS JIHIMHOTO YCEpeaHEHOTO
JKEpeJia MpU OIIHIOBaHHI CEPEIHIX TeMIEpaTypHUX XapaKTepUCTUK. Take mxeperno
0 3a/1aBanoCs MUTOMOIO MOTYKHICTIO Ha OMHUIIIO JOBXKUHU TyHemo, B1/m. Cepenne
3HAYeHHsSI TeruioBUIIeHHsT cTaHoBWiIO 180 Br/m. IHdopmaris momgo po3paxyHKy
HaBeIcHa Jall.

TensioBuaiieHHss Big pyxoMoro ckJjaamxy. Y AaHOMy JOCHiKeHHI Oyro
MPOBEJICHO BUBYEHHS TEMIIEPATypHOIO PEXUMY TIPyHTY Ta 10OyZOBaHO
pPO3paxyHKOBY MOeJb, fKa 3aJeXUTh BiA yacy. Ha puc. 2 mpencrtaBieHo rpadik
PO3IOALTY TEeMIIEPaTypH 3a INMOWHO, OTPUMAaHHUK Y pe3ynbrari 2D MojenroBaHHS.

TernnoBuil MOTIK y Mol MPEICTAaBICHUN Yy BUMISAIAI JIHIMHO PO3MOALIEHOTO
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JOKEpesia TEIUIOTH, IO MPOoJIsiTaE B3JOBXK OCI TYHENIO B TOBITPSHINA 00JacTi.
HanxomkeHHst TEIUIOTH BiJl JpKepenia po3paxoBaHa 3a meToaukoro [12]. daktuuni
peXUMHU PyXy (pO3TOHM, YCTaJeHUMW Xid, raJbMyBaHHS), a TAaKOX May3u H g000Ba
HEPIBHOMIPHICTh OyJIM MPUBEACHI JO MUTOMOI TEIUIOBOI MOTY>KHOCTI, BITHECEHOT 10
JTOBKUHU TyHeno, Bt/M. Takuil miaxig A03BOJISIE €HEPreTUYHO E€KBIBAJICHTHO
BpaxyBaTH TATOBO-TaJbMIBHI IpoIeCH 0€3 SBHOIO MOJEIIOBAHHS KOXKHOTO I0i3/a 1
3abe3redye CTIMKICTh OOUKCIICHb.
Buxigni naHi sl po3paxyHKy TyHENI0 MK craHuisMu «BokzanbHa» Ta

«lleHTpasibHUAN PUHOKY:

* BaroH EXX-3 [13];

* cepemHs MBUIKICTH pyxy moizaa 35,6 km/rox abo 9,89 m/c [12];

* Maca onHoro nacaxupa 70 kr [14];

* Mmaca Barona 32,5 T [13];

* rabaputu BaroHa 19210x2617%x3662 mm [6,7];

* macaxuponotik 15000 oci6 3a 106y [15];

* MicTKicTh ogHOro Barona 306 oci6 [13];

* BHYTpIIIHIN JiamMeTp TyHemto 5,1 m [2];

* IHTEepBaJ PyXy NOi3A1B 3MIHHMI [16]

* cepelHi TEIUIOBHIUICHHS BiJ ogHOro macaxupa 128 kkan/rom abo 148,9 Br

([12], miarBepmxkeno [17]);
* noBxkuHA TyHemoo 1 km [18].

Buxigni npunynieHHs: BIACYTHICTh peKymepalii 0pu TrajlbMyBaHHI Ta
NPUBEACHHS TEIUIOBUAUICHHS O JOBXHWHH MOJIEIHOBAHOI JUISTHKA TYHEJIIO.
[oguuHMiA Tpod Ik IHTEHCUBHOCTI pyXy OyB arperoBaHuil 1 IEPETBOPEHUN Y JIHIMHY
noTyxHictb (BT/M) y3moBxk TyHemo (puc. 7); MiCAs YCEpPEIHEHHS OTPUMAHO
sHadeHHs 180 Bt/m. V monmeni 1ie 3HaueHHs 3aCTOCOBYETHCS K MOCTIHHE JiHIWHE
JUKEpEsIo B3I0BXK OC1 TYHEJTIO.

Bubip  cepeaHbom000BOrO  €KBIBAJICHTa  LUICCOPSIMOBAHO  YCYBae
KOPOTKOYACHI KOJMBAaHHS TEIIOBUJIJICHHs, SKi ciab0 BIUIMBAIOTh Ha IOBLIBHI
TEIJIOBI MPOIECH B TIPYHTI Ta OOIIMBII, IO ICTOTHO 30UIBIIYE OOYMUCIIOBAIBHI
Butparu. [lpuitnara Benuunna 180 B1/m 3a0e3neuye eHepreTHYHO EKBIBAJICHTHE
MpeACTaBICHHS JO0O0BOTO TEIJIOBOTO 0ajaHCy BiJ MOi3/iB 1 BUKOPUCTOBYETHCS Y BCIX
cueHapisx 3D-moxenni.

I'pannuni Ta ¢izuuni ymoBH mnoBiTpst i crTiHku. /[[ns MonemtoBaHHS
MepexiJHOr0 TEIIO0OOMiHY B TOBITPSAHIM 001acTi TYHENIIO METPOTMOJITEHY B
nporpamHoMy naketi COMSOL Multiphysics BukopuctoByBaBcsi iHTepdeiic Heat
Transfer in Fluids, mos's3anuii 3 mogemnto TypOynentHoi teuii (Turbulent Flow,
Algebraic y+).
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MoroAnHHI TennoBuaiNneHHNA
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Yac (ron)
Puc. 7 I'padix 10060BHX TEITIOBUILJICHD

Ile#i iHTepdelic 6a3yeThcsi Ha 3araiIbHOMY PIBHSHHI €HEPTii NJIT PyXOMOTO
CEpelIOBUIA, SIKE € OKPEMHM BHUIAJKOM 3aKOHY 30epekeHHs eHeprii y Qopmi
PIBHAHHS KOHBEKIIi-auQy3ii. Y nudepeHuiaJsbHOMy BUMISAAI BOHO 3aMUCYETHCS SIK,
Bt i Br/M?%, BiAnoBiiHO

p-Cp-a—Z:+p-Cpu-VT+V-q:Q; (15)

q=—k VT, (16)

ne C, — mUTOMa TEIUIOEMHICTh TpU moctiiHoMy Tucky, Jx/(kr-K); VT — rpamieHt
temniepatypu, K/m; k — xoediuieHT TermionpoBigHocTi noBiTps Bt/(M-K);
QO — 00'eMHe JKepeNo TeIUIOTH (JKEepesio TEIJIOTH BiJl pyXOMOTo cKiiany, B1/m).

Ha wmexi moBiTpsi-CTiIHKa B MOJENI CTOITh CIHOJIyde€Ha YMOBa 17€ajJbHOI0
TEIJIOBOr0 KOHTAKTy. [HTEepdeiic omHouacHO po3B’si3ye PiBHSAHHS €HEPrii B MOBITP1 U
y TBepaomy Tim. IIpu npomMy Ha camiil MOBEpXHI aBTOMAaTUYHO PO3B’SI3YIOTHCS Bl
PIBHOCTI:

* 0e3MepPepPBHICTh TEMIEPATYPHU T o = Teminu| r

L eminu cminu’® 2

* 0e3nepepBHICTh HOPMAIBHOTO IU(PY31HHOTO TEMIOBOIO MOTOKY:
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— Rpos* q”0“|rcmiﬂu = — Reminu® qcminu|chiHus (1 5)

1€ Guos = — kuos* VT — I'yCTHHA TEILIOBOTO IIOTOKY 3 OOKy MOBiTps, Br/m?;

Gemins = — kemie VT~ — TYCTHHA TEIUIOBOTO IOTOKY 3 OOKy IOBITpsi, BT/M?;

M. — 30BHINIHS HOPMallb  PO3PAaxyHKOBOI  00JacTi  MOBITPA, M;

knos — KOEQILIEHT TerIonpoBiAHOCTI TOBITPs, BT/(M'K); Memivu — 30BHIIIHS

HOpMaJib TBEPAOTO AOMEHY, M; Keminy — TETITIOMPOBIIHICT MaTepiay OOIIMBKH,

Bt/(mK).

KOHBEKTMBHOIO MEpPEHECEHHS Yepe3 MEXY HEMAae€, OCKUIBKM Ha CTIHI Y
NOBITPSI BUKOHYIOTHCA HEMPOHMKHICTh 1 NpWiunaHHa. JlJis MeXl CTIHKa-IPyHT
aHAJIOTIYHO  3alMCYIOThCS  CBOI  YMOBHM  O€3MEpEepBHOCTI  TeMmmeparypu 1
0e31epepBHOCTI HOPMAIILHOTO TU(PY31MHOTO TETIOBOTO MOTOKY.

PesyabTraTn pociimkeHHss Ta Bagigamisi. Ha pwuc. 8 mokazano rpadiku
TEeMIIepaTypH MOBITPS B TYHEJ1, a TAKOK TEMIIEPATypH Ha BHYTPILIHINA CTIHII TYHEIIO
MIPOTATOM JCKIJTLKOX POKIB €KCIUTyaTaIlli.

A A
JN v
KA N A N/ /A
18 I A
o N N N
P P A\ S\ Py
\/ \./ \_J @ = ryveni

1 2 3
Yac (poku)
Puc. 8 MonenwoBaH1 TeMIieparypu MOBITPs B TyHEINI Ta BHYTPINTHINA TOBEPXHI
CTIHKH TYHEJIIO

Temneparypa (°C)

3 rpadika BUILTUBAE, IO CEPETHHOPIUHA TEMIIEpaTypa MOBITPS 1 CTIHKH TYHEIIO
MIIBUINYIOThC NpuOnm3Ho Ha 1 K 3a 4 poku ekcrulyarailii, 10 y3TroJXKYyeThCs 3
pesyapraramu  pobotu [19], nme 3adikcoBaHO MIABUINCHHS CEPEIHBOPIYHOT
TEeMIIepaTypH MOBITPsI Ha CTiHII MeTponojiTeHy Ha 2 K 3a 10 pokiB poO0TH, a TaKoxX
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il momaneiny cradimizamito. KpiM Toro, orpuMani B MOJiei JIITHI Ta 3UMOBI JTiaria30HU
TEMIEpaTyp TYHEIBHOTO TOBITPS BHUSBHIMCSA OMU3BKUMH /0 E€KCIEPUMEHTaIbHHUX
naHuX Jns  TyHeniB KuWiBCBKOTO METpOmoJiiTeHy, ne Oylu OTpuMaHi CXOXi
po3paxyHkoBi 3HadeHHs BiJ 287,15 K (+14 °C) no 299,15 K (+26 °C) [20]. PizHuns
MDXK TEMIIEpaTypOIO MOBITPsI B TYHEN 1 TEMIIEPATYPOIO HA CTIHLI TYHEIIO0 CTAHOBUTh
B cepennbomy Big 0,5 K 1o 2 K, 1m0 Takox miaTBepAKy€eThCS €KCIIEPUMEHTATLHUMU
nociikeHHsIMUA B KuiBCcbkoMy METpONOJITEH1 Ha PI3HUX AUIIHKaX TyHelto [20].

OTpuMaHi TemIeparypu MOBITPs B JaHIN MOJENl TakoXK J00pe y3romKyHThCs 3
pesynpTaramu  nomnepeanboro 2D-monemtoBanHa [1]. YV 3D-momeni BpaxoBaHO
TEIJIOBUAUICHHS BiJ MOi3/IB 1 MAacaXXHpiB (K BHYTPIIIHE HKEPEno) 1 TypOyJeHTHI
MOTOKM TOBITPS, II0 TMIABUILYE CEpeaHI 1 TMMKOBI 3HAYCHHS TEMIEparyp.
KoHBEeKTHBHMI TETIIOOOMIH 31 CTIHKOIO TYHEJII0 3MOJIeTIbOBAHMM OUIBII IETAIBHO, 110
NPU3BOJUTH JI0 JEIIO BUIIOI TEMIIepaTypu CTiHKH. Lle MosSCHIOE PI3HUII0 MPUOTU3HO
B 1°C 3 manumu 3 2D-momenmi [1], MmO BaXXJIWBO ISl MOAAIBIIOTO PO3PaXyHKY
TEMIIEpaTypHOro npoduI0 TIPYyHTYy 3 MOAAIBIIMM PO3MIIIEHHSIM B HBOMY
BEPTUKAIBHUX IPYHTOBHX TETNIOOOMIHHHKIB.

BucnoBkn. Po3pob6nena 3D-mozens MNEpPEeriHHOIO TYHETI0 METPOMOIITEHY
BpaxoBy€ TypOYJIEHTHUW PyX MOBITPsS, TEIJIOBUILIECHHS BIJl PyXOMOro CKjIaay Ta
MAcaXXupiB, a TaKOK KOHBEKTHUBHUHN TEIJIOOOMIH 3 YaBYHHOIO OOIIMBKOIO TYHEIIO.
Mogenb peaiizoBaHa METOJOM CKIHYEHHHX €JEMEHTIB Yy MPOTPaMHOMY KOMILIEKCI
COMSOL Multiphysics 3 Bukopuctanusm RANS-nigxoxy Ta anreOpaiunoi momeni
npuctinHoro mapy (Algebraic y+). Pesynpratu MopmentoBaHHS TOKa3alu CE30HHUMN
Jiana3zoH Temmeparypu nosiTps B TyHeni Big 287,15 K (14 °C — 3uMoBHid MiHIMYM)
10 299,15 K (26 °C, niTHIA MakCUMyM) 1 TeMIIEpaTyp BHYTPIIIHHOI TOBEPXHI CTIHKU
Bin 286,15K (13°C) mo 298,15K (25°C) mnpotsirom 4-piuHOTO TEPIOAy
eKcIuTyaTanii. PI3HUIS MK TeMIIepaTypor0 MOBITPS 1 CTIHKM 3MIHIOETBCS B ME¥Kax
0,5...2 K 3aiexxHo BiJi CE30HY: BIITKY TeMIepaTypa MOBITPsS MEPEBUIILYE TEMIIEPATYPY
CTIHKHM, B3UMKY CIIOCTEpPIra€ThCs 3BOPOTHA KapTuHa. OTpumaHi pe3ynbTaTu
Y3TOKYIOThCSI 3 EKCHEPUMEHTAIbHUMH JaHUMU KHIBCBKOTO METpOMOIiTEeHY, He
3apikcOBaH1 AaHAJIOTIUHI TEMIEPAaTypHI TPATIEHTH MDK TOBITPSIM 1 OOIIMBKOIO
TyHeno. CepenHbOpiYHE MIJABUIICHHS TEMIEpaTypu TMOBITPS 1 CTIHKH TYHEIIO
cranoBuio Onmspko 0,25...0,3 K Ha pik, 1m0 BIAMOBiIA€ CyMapHOMY MPHPOCTY
omuspko 1...1,2 K 3a 4-piunuii mepiog monenmtoBaHHs. Lle y3romkyerbcs 3 TaHUMU
MDKHAPOTHUX JTOCIHIHKEeHb, IO TOKa3ylOTh HAKOMWYCHHS TEIUIOTH B KOHCTPYKIIAX
TYHENII0 1 HaBKOJWIIHHOMY TPYHTOBOMY MACHBI B TIEPIII POKH EKCIUTyaTarii
MeTponoiTeHy. Bamigaris 3 nonepeaaporo 2D-Moaeio maTBepAnIa aaeKBaTHICTh
po3polbiieHoi Moneni BusBWIA, 10 3D-monens mokazajga TeMmIeparypu MOBITPS B
TyHen npubau3Ho Ha 1 K Bume, mo oOyMOBIEHO TOJAaTKOBHM YypaxyBaHHAM
MIPOCTOPOBOIO PO3MOAUTY BHYTPIIIHIX JKepend TEeIUIOTH Ta TPUBUMIPHUX €(]EKTiB
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TypOyJIEHTHOT KOHBEKIIIi. AHaJ3 CITKOBOI 301KHOCTI Moka3aB nmoxuoky mexie 0,5 %
IpU MEpPeXo/l BiJ] HOPMAJIbHOI 0 JPIOHOI CITKH, IO MIATBEPIKYE HE3AIEKHICTh
pO3B’si3Ky Bif auckperusanii. OTpumani pe3ynbTaTd OyayTh BUKOPUCTaHI st
MOJAJIBIIOT0 TPUBUMIPHOTO MOJIEIIOBAHHSA TEMIIEPATYpHOTO TOJsl TIPYyHTOBOIO
MacuBYy Ta ONTUMI3YBaHHS PO3MILIEHHS! BEPTHUKAIbHUX I'PYHTOBUX TEILIOOOMIHHUKIB
JUIS CUCTEM Fe0TepMaIbHUX TEIUIOBUX HACOCIB.
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NUMERICAL 3D SIMULATION OF THE NON-STATIONARY
TEMPERATURE FIELD OF THE INTERNAL SURFACE OF A METRO
TUNNEL

Abstract. Accurate calculation of the ground temperature around a metro tunnel
is impossible without a correct assessment of the temperature of the tunnel inner wall
surface, which is governed by a combination of in-tunnel factors—namely, flow
aerodynamics, heat release from trains, convective heat exchange between the air
and the tunnel, as well as the properties and thickness of the cast-iron lining. A
previous 2D study revealed the general features of the temperature field and
confirmed the potential of utilizing the discharged heat of the metro system, however,
it cannot fundamentally reproduce the spatiotemporal dynamics of heat fluxes and
therefore does not allow the tunnel operating regimes to be fully accounted for. In the
present work, a numerical 3D model was developed in COMSOL Multiphysics for a
coupled analysis of thermal processes in an interstation tunnel. The model accounts
for tranmsient heat release from rolling stock represented as a line heat source,
turbulent airflow aerodynamics in the tunnel, and heat exchange with the inner
surface of the cast-iron lining. The key principle of the study is that the inner wall
surface temperature is not prescribed as a fixed value, instead, it is obtained from the
coupled aero-thermal simulation as a function of time. The resulting temperature will
be used in future work as a physically justified boundary condition at the lining—
ground interface when solving heat-transfer problems in the surrounding soil mass,
thereby improving the reliability of ground temperature predictions. The simulation
results showed a seasonal range of air temperatures in the tunnel from 14 °C (winter
minimumy) to 26 °C (summer maximum) and the temperature of the inner wall surface
from 13 °C to 25 °C over a 4-year period of operation. The difference between the air
and wall temperatures varies between 0.5 and 2 °C depending on the season: in
summer, the air temperature exceeds the wall temperature, while in winter, the
opposite is true. The results obtained will be used for further three-dimensional
modelling of the temperature field of the soil massif and optimisation of the
placement of vertical ground heat exchangers for geothermal heat pump systems.
Keywords: metro, waste heat recovery, heat exchangers, heat transfer, heat pumps.
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THERMODYNAMIC ANALYSIS OF THE EFFECTIVENESS OF THE
THERMAL SCHEME OF GEOTHERMAL POWER PLANT

Abstract. Quoted results of numerical studies of the effectiveness of the thermal
scheme of geothermal power plant. Researched subcritical and supercritical Rankine
cycles with different working substances such as pure and mixtures in the temperature
range 70...130 °C. Exposed effect of operating parameters: temperature and pressure
of the steam before and after the turbine, heat exchange efficiency in the evaporator
and condenser and ambient temperature. Specified dependence of the electrical
power from the coefficient of performance of the power plant. The calculation of the
power generated by the power equipment and the utilization of the heat of the
geothermal fluid were carried out. The electrical power generated depends on the
temperature of the geothermal fluid and varies from thermal evaporation. It is shown
that each working fluid is effective in a certain temperature range. The use of a
variety of working fluids provides a variety of cycle utilization rates by geothermal
power plants.

Keywords: geothermal energy, geothermal power plant, refrigerant, binary
cycle.
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Introduction. There is an annual global increase in the installed capacity of
geothermal power plants of 10-20%, and their total capacity in 2023 is 16318 MW on
198 geothermal fields [1]. Efficient conversion of geothermal energy into electricity
requires the development of specialized power equipment. Conventional power plants
operate on water vapour (steam turbine at a pressure of 0,5-0,7 MPa) are not suitable
at temperatures of the heat source of low density and accordingly a large size of the
turbine. Use of low-boiling working fluids allows for reducing the size of the turbine.

Research relevance. The portion of renewable energy should be significantly
increased in the framework of the European Green Deal. Most of the sources are
weather-dependent, which causes instability of power grids. But geothermal energy is
constantly available. Thus, such sources should be exploited at the available places.

Recent studies and publications. Geothermal power systems are widely used
power plants with the Organic Rankine cycle (ORC) binary cycle (Fig. 1).

E ] > 1
A ——
1 46 B* 2
L e/ C
¢ PH CwW
P & 1 T
ia
3 CP

PWW’:W )

Fig. 1. Heat scheme of binary station [2]:

PH — pre-heater; E — evaporator; T — turbine; C — condenser; CP — condensate pump;
PW — production well(s) — the source for geothermal water; IW — injection well —
return of the cooled geothermal water; A-B-C — geothermal water loop;
1-2-4-5-6 — organic motive substance loop; CW — cooling water loop

Organic motive fluid of geothermal power plant in the binary cycle receives heat
from geothermal water (brine), evaporates, expands in the turbine, condenses and
returns via condensate pump to the evaporator. Currently, binary stations are widely
used. In 2023, 25.1 % of all operating geothermal power is generated on the binary
stations [1].

Analysis of the world’s geothermal resources shows that dominant geothermal
fields with edge water give temperatures below 150 °C. In Ukraine, there are also
geothermal fields with a temperature of 150-180 °C, stocks of which can produce
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about 200 MW of electricity. However, most of the fields are characterized by
temperature conditions below 130 °C.

At a temperature of heating medium 65-150 °C, it’s difficult to build a steam
power plant, which may have effective economic parameters. As international
experience shows, lowering the temperature of the geothermal source requires more
sophisticated technologies [1, 3].

The aim of the paper is to find the conditions of effective power generation
using geothermal energy.

Condition of the problem. An important characteristic of the organic motive
substance for the plant is a binary form of saturated steam curve, shown in Fig. 2 in
the coordinates P-H (temperature-enthalpy).
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Fig. 2 Diagram"pressure-enthalpy" of the binary cycle of a geothermal power station

The curve of the vapour of water has a positive slope, and some hydrocarbons
and Freon show a negative bias to the saturated vapour line segments.

Processes of steam expansion in the turbine in the Rankine cycle are shown by
curves 3-4 and 3'-4. For some substances, the working process of steam expansion
occurs from the saturated vapour line to superheat the water requires a considerable
degree of superheat to avoid significant moisture in turbine exhaust (condition 4).

In the first approximation, the mass and dimensions of the turbine determine its
value, and the size of the value can be estimated from the area of the exit section of
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the steam turbine:

__W
h—h, k-a,

F [m?]; (2)

where W — turbine capacity, kW; & and A, — starting and final enthalpy during steam
expansion, kJ/kg; v, — specific volume of steam after expansion, m’/kg; k — a factor;
o> — speed of sound in the organic motive substance at the turbine outlet, m/s.

By determining the change in energy and speed of sound at the outlet of the
turbine, the relative cross-sectional area and thus the relative sizes of turbines can be
determined.

Simulation technique. The equipment of the geothermal power plant is
calculated. The capacity of the pump is determined by the relationship:

Pﬂ,out_Pﬂ,in
Pa M,

-ml
N= /

[W] 2)

where Py, and Py, — pressure at the outlet and inlet of the pump [kPa]; m; — pumped
fluid flow, [kg/s]; ps — density of the fluid [kg/m’]; n, — adiabatic efficiency of the
pump.

The calculation of the turbines is made by the adiabatic model. As the initial
data the flow pressure P;, [kPa] and temperature 7, [K] at the turbine inlet, the flow
pressure P, [kPa] and temperature 7, [K] at the turbine outlet, organic motive
substance flow rate m [kg/s] and adiabatic efficiency of the turbine ) are used

Enthalpy of the organic motive substance is determined by the parameters:

h:=h(P;, T)) [kJ/kg]. 3)

Then the power generated in the ideal turbine under an adiabatic expansion
process is:

]vid = (hout - hin)'m [kW] (4)
Net power from the shaft of the turbine

N =N kW] (5)
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Enthalpy at the turbine outlet in the real process (including losses) is defined as

Bow = hin — (N/m) [kJ/kg], (6)

which makes it possible to calculate the temperature of the steam at the turbine outlet.

For determining the parameters in the counterflow heat exchanger in our
formulation of the problem (i.e. excluding the pressure losses and heat losses to the
environment), a system of three equations was used:

Q:mhot' h(Thot,in _h(Thot,out
Q:mcold' h Tcold,in _h Tcoldout ’ (7)
O=k-F AT

where Mo, Meoia — mass flow rate of the hot and cold heat transfer fluids, respectively
[kg/s]; Thoin, Thorowe — temperature, respectively, at the inlet and outlet of the hot heat
transfer fluid [K]; Tiowin, Tosone — temperature, respectively, at the inlet and outlet of
the cold heat transfer fluid [K]; F.e — heat exchange surface area; k — average heat
transfer coefficient of the heat exchanger [W/(m*K)]; AT — average value of the
temperature difference of the heat exchanger.

To find the mean value of the temperature difference of the heat exchanger, the
following correlation is used:

T

—T
hot ,in cold , out
AT=

T
T

—(T

hot , out Tcold,in

[K]. (8)

In
T

hot , out 4 old ,in

hot ,in Tcold, out )

The presence of the regenerative heat exchanger, in which the heat of
geothermal water at the evaporator outlet (or steam turbine) is given for heating the
low-temperature coolant to the evaporator, reduces the thermal load on the evaporator
and condenser. As the results of the performed research [3], we’ll obtain a maximum
net electrical power is achieved by increasing the flow of geothermal water,
geothermal circulating in the circulation system, and optimizing the parameters of the
thermodynamic cycle of the secondary circuit. The process of steam expansion in the
turbine 1s regarded as adiabatic. Calculation of steam expansion in a polytropic
process is associated mainly with the technical perfection of the process equipment.
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Results of the research. As it was mentioned earlier, now there are
environmentally friendly ozone-friendly substances of a new generation — freon
ethane, propane and butane series. The prospect of their use as an organic motive
substance for the cycle of a geothermal energy converter into electricity has been
studied in this work. Numerical study of Rankine cycle of the geothermal power plant
with a binary cycle was performed with different working substances (R12, R13,
R13bl, R22, R114, R134a, R142b, R143a, R152a, R218, R318).

Calculations of thermodynamic parameters of the Rankine cycle were performed
under the following conditions:

 adiabatic efficiency of the turbine n = 0.70 - 0.80;

» efficiency of pump 1, = 0.75 - 0.80;

e ambient temperature is 288,15, 293,15, 298,15 K (plus 15, 20, 25 °C).

« AT =15, 10, 15 K approach in the regenerative heat exchanger and evaporator
(minimum temperature difference between water and geothermal working
substance).

Pressure at the outlet of the turbine is determined by the condition of the
saturated state of the organic motive substance. Turbine inlet pressure is determined
by the value of the temperature and, at the evaporator outlet, the possible maximum
pressure is selected, at which the vapour stream at the turbine outlet will be a single
phase. The values of specific electrical power for a variety of halocarbons and their
mixtures are shown in Table 1. Thermal properties of the liquid motive substances are
taken from [4-6].

At increasing in the temperature of geothermal water, the generation of electric
power in the geothermal power plant increases (Fig. 3). The value of the electric
power at the temperature of geothermal water of 70 °C for the examined organic
motive substance — freon and mixtures thereof — is around 3.2-3.3 kW/(kg/s); at a
temperature of 130 °C it’s 29,8-31,3 kW/(kg/s). Dependence of the flow on the
temperature of the geothermal liquid is shown in Fig. 4.

Results of calculations show that to obtain the maximum specific electrical
power, the influence of the pressure values (P. [kPa]) and steam temperature (z. [°C])
of the organic motive substance upstream of the turbine, flow rate of the working
substance (m [m’/kW-h]), value of the minimum temperature difference (At [°C)),
ambient temperature (zop4 [°C]) and other parameters should be considered.

The impact of the minimum temperature difference is most significant. Thus,
reduction of AT, from 10-15 K to 5-7 K allows increasing the production of
electricity by 20-25 %. Increasing AT leads to a lowering of evaporation pressure

and temperature, which substantially reduces the efficiency and specific electrical
power (N [kKW]).
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Table 1.
Value of the specific electric power
Heating Eva- | Evapo- | Tempe- | Specific po- | Flow | Coef-
medium porati- | ration | rature | wer output | rate | ficient
on tempe- | of the N m of
pres- | rature | cooled | [kW/(kg/s)] | [kg/s] | per-
sure t. [°C] geo- for-
P. thermal man-
[kPa] water ce
tu, [°C] COPc
20%R12 + 80% R142b | 1452,5| 76,27 — | 62,73 29,87 1,096 | 0,01
77,59
10%R12 +90% R142b | 1370,0 | 76,20 — | 62,97 29,95 1,051 | 0,01
76,95
30%R12 + 70% R142b | 1575,0 | 76,76 — | 62,82 29,87 1,14 | 0,01
78,47
70%R12 +30% R142b | 1925,0 | 77,61 — | 61,90 30,52 1,35 | 0,01
79,23
80%R12 + 20% R142b [ 2034,0 | 78,04 — | 61,73 30,86 1,41 | 0,01
79,26
90%R12 + 10% R142b | 2155,0 | 78,67 — | 61,63 31,29 1,47 | 0,01
79,34

Note: refrigerant mixture in the secondary circuit #75 = 130 °C;

Numerical results show that each value of the temperature of geothermal water
corresponds to optimum temperature of evaporation of the organic motive substance
(Fig. 5). Numerical results show promising use of environmentally friendly
refrigerants and their mixtures as organic motive substances for geothermal power
stations. At a temperature of 70—130 °C, water geothermal specific electric power to
the turbine shaft at installation freon mixtures is 29-31 kW/(kg/s), which is 10-12%
higher than for the pure substances cycles 22-24 kW/(kg/s).

It’s offered [7] for a geothermal plant with a temperature of thermal water 120
°C to use in the secondary circuit of Freon R13b1 at supercritical parameters. Use of
refrigerants R142a, R134b does not allow for expanding the range of thermal water
temperature below 150-165 °C. In this work, a mixture of refrigerants (R13b1 +
R142b), (R13b1 + R13) was studied. The results of the calculation of parameters
beyond the critical cycle for a mixture of Freons (80%R13b1 + 20%R142b), thermal
water temperature —130 °C are shown in Table.2.

In the thermodynamic analysis of the system conversion of geothermal energy
into electrical energy, the following assumptions are taken:
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Fig. 3. Dependence of specific electric power of geothermal power station on the
temperature of the geothermal water

 all the processes occurring in the system are reversible;
 state of the fluid coming out (coming in) from the system is in thermodynamic
equilibrium with the environment.
Equation of the second law of thermodynamics for a geothermal circulation
system is:

N t1d
—; misi—!:?d—QrdIZO, 9)

where s; — entropy in i-th point, kJ/K; T — time, s; T, — time of the process start, s; 1, —
time of the process finish, s; O — the heat power, J. The integral in (9) the change in
entropy in the system is equal to the production of entropy due to irreversibility.

Equation of the first law of thermodynamics after disregarding the change in
kinetic and potential energy of the organic motive substance is:

O-W=m(h—h), (10)
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Fig. 4. Dependence of the flow of geothermal water temperature for different organic
motive substances: 1 —isobutane (¢, = 7 °C, At,.,,=10 K), 2 — isobutane (z. = 30 °C,
At.in=10 K), 3 — isobutane (¢ = 30 °C, At,,=20 K), 4 — R142b (z. = 25 °C,

Atyin =10 K); 5 —R13b1 (f. =25 °C, Atwin =10 K); 6 —20% R142b + 80% R13bl
(t. =25 0C, At,ii=10 K).

where W — the work performed, J.
Since the system interacts with the environment only through the transfer of
heat, equations (12) and (13) have the form:

—I’I’Z’(Sl —Sz)—(Qo/To)ZO, (11)
Qo— W=m (hz—hl), (12)
W=ml[h —h—T, (s1 — 52)]. (13)

where Qo — the heat transmitted to the system or from it at ambient temperature;
T, — the ambient temperature for which the exergy and the maximum useful work are
determined.

Assuming that the final state is identical to the "marginal" status, we obtain an
expression for the calculation of the maximum energy (exergy).
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Table 2. Parameters of supercritical cycle (R13 + R13b1)
Proportion of mixture N [kW/(kg/s)] m, [kg/s] COP [%]
80%R13+20%R13bl 17,00 3,02 4,6
50%R13+50%R13bl 22,57 3,13 6,04
20%R13+80%R13bl 28,48 3,30 7,58
10%R13+90%R13b1 30,57 3,36 8,14
We define Oy, W, in equation and substituting in (13), and obtain
Wm=m [hl —h()—T;(Sl —So)]. (14)

Expression in parentheses defines the value of the specific exergy.

With the increase in the temperature of geothermal water to 130 °C,
thermodynamic efficiency characteristics vary.

Coefficient of utilization cycle of geothermal power station at a temperature of
geothermal water of 70 °C is about 11.50 % at 130 °C. The energetic efficiency
(gross) of the turbine is 28,50-54,88 %.

Most effective working substances for cycles of geothermal power plants at a
temperature of geothermal fluid of 130 °C are R134a, R22, R143a, R218, R13bl1, and
the mixture (80% R13b1 + 20% R142b).
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Conclusions. Numerical studies of binary thermodynamic efficiency of
geothermal power plants have shown that in cycles with Freons R13bl, R22, and
R134a, an electric power output of 34.0-43.3 kW/(kg's) is provided at a temperature
of the geothermal liquid of 130 °C. There is a significant influence of the steam
pressure and temperature, the flow of the organic motive substance, and the minimum
value of the temperature difference in heat exchange equipment (evaporator,
condenser) on the effectiveness. Use of mixtures of halocarbons provides increased
production of electric power up to 10-12% and above. Analysis of the
thermodynamic cycle efficiency of the equipment in the geothermal power plant
shows that at the geothermal liquid temperature of 130 °C, the thermal efficiency is
from 7.58 to 10.96%, and the coefficient of cycle utilization is from 28.50 to 54.88%.

Thus, in consideration of the cycles thermal fluid temperature at the turbine
outlet is from 63,2 to 86,2 °C for R22 and R134a, from 28,1 °C to 91,1 °C for R318,
which indicates the possibility of an increase in the efficiency provided by a deeper
drop in temperature of the working substance in the turbine.
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TEPMOOAWHAMIYHUIA AHATNI3 EQEKTUBHOCTI TEMNIOBOI CXEMU
FEOTEPMAJBbHOI ENIEKTPOCTAHLII

Anomauia. Busuanuca 6inapui yuxau uucmux pooouux pevosun Rl44a, R22,
Ri143a, R218, R13b1 ma cymiweti (R13b1+ R142b) (RI3+ RI3bl), (RI2+ RI42b),
npu memnepamypax 70 °C ma 130 °C, npu pizHomaHimHiu memnepamypi
Hagkonuuinbo20 cepedosuwia (15, 20, 25°C), minimanvHiu memnepamypHiu pizHUyi
MidHC pobouUMU PIOUHAMU MA 2e0MePMATIbHOI0 pobouoto cymiwmuio (At =35, 10, 15K).
Haseoeno pesynomamu yucenvbHux 00CniodiceHb egexmueHocmi meniosoi cxemu
eeomepmanvhoi  enexkmpocmanyii. Ilposoouscs o0OpaxyHox NOMYIHCHOCMI, WO
BUPOOTANACL —~ eHep2eMUYHUM  YCMAMKY8AHHAM, ma  ymunizayii — menjiomu
eeomepmanvuoi  piounu. Ilokazamo, wo nomyxcHicme, sAKA GUPOOIAEMbCA 3a
memnepamypu 70 °C cmanosums 3,2-3,9 xBm/(ke/c), a 3a memnepamypu 130 °C
maemo 29,8-31,9 xBm/(ke/c). Bucoxa egexmusnicme 6inaproi eceomepmanbHOL
YCMAHOBKU 3 pOOOUOI0 PIOUHOIO 1300yman 3a0e3neyye 3HUNCEHHs MACO80i 8UMpamu
ceomepmanvroi  piounu oo 0,1-0,2 m’/(kBm-200) 3a memnepamypu 130 °C.
Enexmpuuna nomyoscnicms, Axa 6upoOIsiemuvces, 3anexcumv  6i0 memnepamypu
eeomepmanvhoi piounu. Ilpu memnepamypi éoou 70-130 °C ceomepmanvua numoma
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NOMYMHCHICMb  MYPOIHU  NpU  BUKOPUCMAHHI  CYMIWE  XOI000A2eHMI8 NOBUHHA
cmanogumu 24-31 kBm/(xe/c), wo na 10-12 % euwe, Hidc 015 yucmozo pobouoco
yuky piounu — 22-24 kBm/(xe/c). Iloxazano, wo xodcua poboua piouna epexmusna
VY Bu3HaueHoMy memnepamypHomy inmepeani. Hanpuxnao, xonoodoacemm RI3DI
epekmusnuil npu memnepamypi ceomepmanvroi piounu 120 °C, a R142a ma R134b
epexkmusni npu memnepamypi 150-165°C. BuxopucmaHnHs pi3HOMAHIMHUX poOOYUX
min 3a6e3nevye pisHOMAHIMHI KoeQhiyieHmu BUKOPUCMAHHI YUKTIE 2e0mMepMaNlbHUMU
enekmpocmanyiamu. Ilpu memnepamypi ceomepmanvroi piounu 70 °C maemo
onuzvko 11,5 %, npu 130°C, gionosiono, 6i0 28,5 0o 54,88%. Ilokazamno, wo &
OIHApHUX ~ eHep2emUYHUX  YCMAHOBKAX  e(eKmusHuMu  npu  memnepamypi
eeomepmanvroi piounu Ha pieui 130 °C € xonoooacenmu Rl134a, R143a, R218,
R113b1 ma cymiwi (80% RI13b1+20% R142D).

Kniwowuoei cnoea: ceomepmanvna euepeis, 2eomepmanvHa eleKmpoCmanyis,
xonoooazenm, OIHAPHUL YUK
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BEHTWJIALIA, OCBITJIEHHSA TA
TEIIJIOTASOIIOCTAYAHHA

HAYKOBO-TEXHIYHWH 35IPHUK

Bunyck 55

Busnanuit MOH Vkpainu sk HaykoBe ¢axoBe BHIaHHS YKpainu kareropii “b”, y
SKOMY MOXYTb IyOJIKyBaTuCs pe3ylbTaTH IUCEPTALIMHUX poOIT Ha 3100yTTS
CTYIIEHIB JOKTOpa 1 kanaujaara Hayk (Haka3 MinicTepcTBa OCBITH 1 HayKH YKpaiHU
Ne 409 Bin 17.03.2020 p.)

30ipHUK «BeHTumsisl, OCBITICHHS Ta TEIJIOra30MoCTadyaHHsy MpPEICTaBICHUN Ha
caiti  http://www.nbuv.gov.ua  HamioHanbHoi  0i6mioteku  HAH  Vkpainu
iM. B. I. Beprancekoro ta Ha caiiti KHYBA ( http://vothp.knuba.edu.ua/ ).
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